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PREFACE 


O ver the past four years, our authors hâve exhaustively 
reviewed a multitude of new techniques, new equip- 
ment, and new information in the world literature to produce 
a comprehensive update of our textbook. This édition reflects 
the growing numbers of less-invasive surgical techniques and 
devices that are being described, with promising results 
reported, and many arthroscopic and endoscopie techniques 
that continue to expand their indications. Over the last several 
years, ambulatory surgery centers hâve become an important 
part of orthopaedic surgery—from ligament repair to total 
joint arthroplasty—and outpatient orthopaedic surgery is 
now more frequently performed than standard hospital-based 
surgery in many centers. With knowledge and technology 
expanding and evolving at an ever-increasing speed, we hâve 
attempted to include the latest orthopaedic procedures while 
retaining as a foundation many of the classic techniques. 

As always, the Campbell Foundation staff—Kay Daugh- 
erty and Linda Jones, editors; Shawn Maxey, graphies; and 
Tonya Priggel, librarian—were essential in the production of 
this édition. Thanks to Kay and Linda for taking sometimes 
illegible notes on a napkin and translating them into éloquent 
English, to Shawn for keeping track of the hundreds of illus¬ 
trations, and to Tonya for always locating the latest informa¬ 
tion on any topic. As many of our orthopaedic colleagues who 
hâve visited our institution can affirm, the piles of references, 
rough draffs, and jammed-full file folders that occupy the 
office floor are a testament to this monstrous undertaking. 
Our thanks, too, to Taylor Bail, Content Development Editor; 


Dolores Meloni, Executive Content Strategist; and John 
Casey, Senior Project Manager, at Elsevier publishing, who 
provided much guidance, encouragement, and assistance and 
who, while they may hâve doubted that we would get material 
in on time, never expressed anxiety. We also are most appré¬ 
ciative of the worldwide community of orthopaedic surgeons 
for their expertise and innovation without which our book 
would not be possible. Without their zeal to learn, teach, and 
contribute to the body of orthopaedic knowledge, our purpose 
would be compromised. 

We are most grateful to our families, especially our wives, 
Sissie Canale, Terry Beaty, and Julie Azar, who patiently 
endured our total immersion in the publication process. 

Technology has made the exchange of information easier 
and faster, but, as noted by one pundit, we can “drown in 
technology” and the “fog of information can drive out knowl¬ 
edge.” We hâve attempted to take advantage of current tech¬ 
nology while presenting information in a consistent and 
concise manner that clears the “fog” and adds to knowledge. 
Dr. Campbell noted many years ago, “The purpose of this 
book is to présent to the student, the general practitioner, and 
the surgeon the subject of orthopédie surgery in a simple and 
comprehensive manner.” We hope that this édition continues 
to live up to his standards. 

Frederick M. Azar ; MD 
James H. Beaty ; MD 
S. Terry Canale , MD 
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CHAPTER 1 SURGICAL TECHNIQUES AND APPROACHES 


SURGICAL TECHNIQUES 

There are several surgical techniques especially important in 
orthopaedics: use of tourniquets, use of radiographs and 
image intensifiers in the operating room, positioning of the 
patient, local préparation of the patient, and draping of the 
appropriate part or parts. Operative techniques common to 
many procedures, fixation of tendons or fascia to bone, and 
bone grafting also are described. 

TOURNIQUETS 

Operations on the extremities are made easier by the use of 
a tourniquet. The tourniquet is a potentially dangerous 
instrument that must be used with proper knowledge and 
care. In some procedures a tourniquet is a luxury, whereas in 
others, such as délicate operations on the hand, it is a neces- 
sity. A pneumatic tourniquet is safer than an Esmarch tour¬ 
niquet or the Martin sheet rubber bandage. 

A pneumatic tourniquet with a hand pump and an accu- 
rate pressure gauge probably is the safest, but a constantly 
regulated pressure tourniquet is satisfactory if it is properly 
maintained and checked. A tourniquet should be applied by 
an individual experienced in its use. 

Several sizes of pneumatic tourniquets are available for 
the upper and lower extremities. The upper arm or the thigh 
is wrapped with several thicknesses of smoothly applied cast 
padding. Rajpura et al. showed that application of more than 
two layers of padding resulted in a significant réduction in 
the actual transmitted pressure. When applying a tourniquet 
on an obese patient, an assistant manually grasps the flesh of 
the extremity just distal to the level of tourniquet application 
and firmly pulls this loose tissue distally before the cast 
padding is placed. Traction on the soft tissue is maintained 
while the padding and tourniquet are applied, and the latter 
is secured. The assistants grasp is released, resulting in a 
greater proportion of the subcutaneous tissue remaining 
distal to the tourniquet. This bulky tissue tends to support the 


tourniquet and push it into an even more proximal position. 
Ail air is expressed from the sphygmomanometer or pneu¬ 
matic tourniquet before application. When a sphygmoma¬ 
nometer cuff is used, it should be wrapped with a gauze 
bandage to prevent its slipping during inflation. The extrem¬ 
ity is elevated for 2 minutes, or the blood is expressed by a 
stérile sheet rubber bandage or a cotton elastic bandage. 
Beginning at the fingertips or toes, the extremity is wrapped 
proximally to within 2.5 to 5 cm of the tourniquet. If a Martin 
sheet rubber bandage or an elastic bandage is applied up to 
the level of the tourniquet, the latter tends to slip distally at 
the time of inflation. The tourniquet should be inflated 
quickly to prevent filling of the superficial veins before the 
arterial blood flow has been occluded. Every effort is made to 
decrease tourniquet time; the extremity often is prepared and 
ready before the tourniquet is inflated. The conical, obese, or 
muscular lower extremity présents a spécial challenge. If a 
curved tourniquet is not available, a straight tourniquet may 
be used but is difficult to hold in place because it tends to 
slide distally during skin préparation. Application of adhesive 
drapes, extra cast padding, and pulling the fat tissue distally 
before applying the tourniquet generally Works. A simple 
method has been described to keep a tourniquet in place on 
a large thigh. Surgical lubricating jelly is applied circumfer- 
entially to the thigh, and several layers of 6-inch cast padding 
are applied over the jelly. The tourniquet is then applied. The 
cast padding adhères to the lubricating jelly-covered skin and 
reduces the tendency of the tourniquet to slide. 

The exact pressure to which the tourniquet should be 
inflated has not been determined (Table 1-1). Evidence indi- 
cates that pressures greater than necessary hâve been used for 
many years. The correct pressure dépends on the âge of the 
patient, the blood pressure, and the size of the extremity. Reid 
et al. used pneumatic tourniquet pressures determined by the 
pressure required to obliterate the peripheral puise (limb 
occlusion pressure) using a Doppler stéthoscope; they then 
added 50 to 75 mm Hg to allow for collateral circulation and 


TABLE 1-1 


Published Recommendations on Tourniquet Use 

ORGANIZATION/STUDY 

PRESSURE 

DURATION (MIN) 

REPERFUSION INTERVAL 

Association of Surgical 
Technologists 

Upper extremity, 50 mm Hg above SBP; 
lower extremity, 100 mm Hg above SBP 

Upper extremity, 60; 
lower extremity 90 

15 min 

Association of 
Perioperative 

Registered Nurses 

40 mm Hg above LOP for LOP <130 mm 

Hg; 60 mm Hg above LOP for LOP 
<131-190 mm Hg; 80 mm Hg above LOP 
for LOP > 190 mm Hg 

Upper extremity, 60; 
lower extremity 90 

15 min déflation after 
every 1 h of tourniquet 
time 

Wakai et al. 

General recommendation, 50-75 mm Hg 
above LOP; upper extremity, 50-75 mm 

Hg above SBP; lower extremity, 

90-150 mm Hg above SBP 

120 

30 min at 2-h point in 
surgery lasting >3 h 

Kam et al. 

50-150 mm Hg above SBP, using the 
lower end of the range for the upper 
extremity and the higher end for the 
lower extremity 

120 

10 min at the 2-h point 
for surgery lasting < 2 h 

Noordin et al. 

Use LOP. No margin specified 

120 

NR 


From Fitzgibbons PG, DiGiovanni C, Hares S, Akelman E: Safe tourniquet use: a review of the literature. J Am Acad Orthop Surg 20:310, 2012. 
LOP, Limb occlusion pressure; NR, no recommendation; SBP, systolic blood pressure. 
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A f Straight (rectangular) tourniquets fit opti- 
mally on cylindrical limbs. B f Curved tourniquets best fit conical 
limbs. (From Pedowitz RA, Gershuni DH, Botte MJ, et al: The use of 
lower tourniquet inflation pressures in extremity surgery facilitated by 
curved and wide tourniquets and integrated cuff inflation System, Clin 
Orthop Relat Res 287:237, 1993.) 


blood pressure changes. Tourniquet pressures of 135 to 
255 mm Hg for the upper extremity and 175 to 305 mm Hg 
for the lower extremity were satisfactory for maintaining 
hemostasis. 

According to Crenshaw et al., wide tourniquet cuffs are 
more effective at lower inflation pressures than are narrow 
ones. Pedowitz et al. showed that curved tourniquets on 
conical extremities require significantly lower arterial 
occlusion pressures than straight (rectangular) tourniquets 
(Fig. 1-1). The use of straight tourniquets on conical thighs 
should be avoided, especially in extremely muscular or obese 
individuals. 

Any solution applied to skin must not be allowed to run 
beneath the tourniquet, or a Chemical burn may resuit. A 
circumferential adhesive-backed plastic drape applied to the 
skin just distal to the tourniquet prevents solutions from 
running under the tourniquet. Stérile pneumatic tourniquets 
are available for operations around the elbow and knee. The 
limb may be prepared and draped before the tourniquet is 
applied. Rarely, a superficial slough of the skin may occur at 
the upper margin of the tourniquet in the région of the gluteal 
fold. This slough usually occurs in obese individuals and is 
probably related to the use of a straight, instead of a curved, 
tourniquet. 

Pneumatic tourniquets should be kept in good repair, and 
ail valves and gauges must be checked routinely. The inner 
tube should be completely enclosed in a casing to prevent the 
tube from ballooning through an opening, allowing the 


pressure to fall or causing a “blowout.” The cuff also should 
be inspected carefully. Single-use stérile disposable tourni¬ 
quets are préférable because reusable tourniquets must be 
thoroughly decontaminated affer each use to prevent micro- 
bial colonization. 

Any aneroid gauge must be calibrated frequently. Newer 
gauges carry instruction cards with them. They are sold with 
test gauges so that the gauges on the tourniquets can be tested 
for proper calibration. Many automatic tourniquet control 
units will self-test when turned on. If there is a discrepancy, 
the unit must be manually checked with a test gauge. If the 
discrepancy is more than 20 mm Hg, the unit should be 
repaired or replaced. One of the greatest dangers in the use 
of a tourniquet is an improperly registering gauge; gauges 
hâve been found to be 300 mm off calibration. In many tour¬ 
niquet injuries, the gauges were later checked and found to 
be grossly inaccurate, allowing excessive pressure. 

Tourniquet paralysis can resuit from (1) excessive pres¬ 
sure; (2) insufficient pressure, resulting in passive congestion 
of the part, with hémorrhagie infiltration of the nerve; (3) 
keeping the tourniquet on too long; or (4) application without 
considération of the local anatomy. There is no rule as to how 
long a tourniquet may be safely inflated. The time may vary 
with the âge of the patient and the vascular supply of the 
extremity. In an average healthy adult younger than 50 years 
of âge, we prefer to leave the tourniquet inflated for no more 
than 2 hours. If an operation on the lower extremity takes 
longer than 2 hours, it is better to finish it as rapidly as pos¬ 
sible than to deflate the tourniquet for 10 minutes and then 
reinflate it. It has been found that 40 minutes is required for 
the tissues to return to normal affer prolonged use of a tour¬ 
niquet. Consequently, the previous practice of deflating the 
tourniquet for 10 minutes seems to be inadéquate. Posttour¬ 
niquet syndrome, as first recognized by Bunnell, is a common 
reaction to prolonged ischemia and is characterized by 
edema, pallor, joint stiffness, motor weakness, and subjective 
numbness. This complication is thought to be related to the 
duration of ischemia and not to the mechanical effect of the 
tourniquet. Posttourniquet syndrome interfères with early 
motion and results in increased requirement for narcotics. 
Spontaneous resolution usually occurs within 1 week. 

Compartment syndrome, rhabdomyolysis, and pulmo- 
nary emboli are rare complications of tourniquet use. 
One study, using transesophageal echocardiography during 
arthroscopie knee surgery, showed that asymptomatic pul- 
monary embolism can occur within 1 minute affer tourniquet 
release. The number of small emboli depended on the dura¬ 
tion of tourniquet inflation. Vascular complications can 
occur in patients with severe arteriosclerosis or prosthetic 
graffs. A tourniquet should not be applied over a prosthetic 
vascular graff. 

Pneumatic tourniquets usually are applied to the upper 
arm and thigh, and a well-padded proximal calf tourniquet 
is safe for foot and ankle surgery. General guidelines for 
the safe use of pneumatic tourniquets are outlined in 
Table 1-2. 

The Esmarch tourniquet is still in use in some areas and 
is the safest and most practical of the elastic tourniquets. It is 
never used except in the middle and upper thirds of the thigh. 
This tourniquet has a definite, although limited, use in that it 
can be applied higher on the thigh than can the pneumatic 
tourniquet. The Esmarch tourniquet is applied in layers, one 
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TABLE 1-2 


Braithwaite and Klenerman's Modification of 
Bruner's Ten Rules of Pneumatic Tourniquet Use 

APPLICATION 

Apply only to a healthy limb or with 
caution to an unhealthy limb 

SIZE OF 

Arm, 10 cm; leg, 15 cm or wider in 

TOURNIQUET 

large legs 

SITE OF 
APPLICATION 

Upper arm; mid/upper thigh ideally 

PADDING 

At least two layers of orthopaedic 
felt 

SKIN PREPARATION 

Occlude to prevent soaking of wool. 
Use 50-100 mm Hg above systolic for 
the arm; double systolic for the 
thigh; or arm 200-250 mm Hg, leg 
250-350 mm Hg (large euffs are 
recommended for larger limbs 
instead of increasing pressure) 

TIME 

Absolute maximum 3 h (recovers in 

5-7 days) générally not to exceed 2 h 

TEMPERATURE 

Avoid heating (e.g., hot lights), cool 
if feasible, and keep tissues moist 

DOCUMENTATION 

Duration and pressure at least 
weekly calibration and against 
mercury manometer or test 
maintenance gauge; maintenance 
every 3 months 


Modified from Kutty S, McEIwain JP: Padding under tourniquets in tourniquet 
controlled surgery: Bruner's ten rules revisited, Injury 33:75, 2002. 



A f Cut 1 cm from the end of the corresponding 
glove finger, then cut through the palm half of the glove finger 
at the base and extend both ends of the cut longitudinally along 
the back side of the glove. Remove the remaining glove and 
finger and apply it to the palm side of the hand. B f Roll the glove 
finger back to serve as a tourniquet. Tourniquet start time can be 
written on the glove flap. (From Osanai T and Ogino T: Modified 
digital tourniquet designed to prevent the tourniquet from inadvertently 
being left in place after the end of the surgery. J Orthop Trauma 24:387, 
2010 .) 


on the top of the other; a narrow band produces less tissue 
damage than does a wide one. 

A Martin rubber sheet bandage can be safely used as a 
tourniquet for short procedures on the foot. The leg is ele- 
vated and exsanguinated by wrapping the rubber bandage up 
over the malleoli of the ankle and securing it with a clamp. 
The distal portion of the bandage is released to expose the 
operative area. 

Spécial attention should be given when using tourniquets 
on fingers and toes. A rubber ring tourniquet or a tourniquet 
made from a glove finger that is rolled onto the digit should 
not be used because it can be inadvertently left in place under 
a dressing, resulting in loss of the digit. A glove finger or 
Penrose drain can be looped around the proximal portion of 
the digit, stretched, and secured with a hemostat. A modified 
glove finger with a volar flap will help prevent inadvertently 
leaving the tourniquet in place after surgery (Fig. 1-2). 

It is difficult to include a hemostat inadvertently in a 
digital dressing. 

Stérile disposable rubber ring tourniquets are now avail- 
able for use on the upper and lower extremities. These tour¬ 
niquets are wrapped in stockinette and are applied by rolling 
the rubber ring and stockinette up the extremity, which 
exsanguinates the extremity. The stockinette is then cut away 
at the operative site. Rubber ring tourniquets are not indi- 
cated in the presence of malignancy, infections, significant 
skin lésions, unstable fractures or dislocations, poor periph- 
eral blood flow, edema, or deep venous thrombosis. Sizing of 
these tourniquets is based on systolic blood pressure. 


The use of preoperative prophylactic antibiotics in ortho- 
paedic operations has been accepted practice for over 30 years 
and decreases the likelihood of postoperative infection. Most 
believe that these antibiotics should be given prior to inflation 
of the tourniquet to ensure that the antibiotic is présent in the 
tissues before the incision is made. There has been no con¬ 
sensus as to the interval between antibiotic administration 
and tourniquet inflation, with variations in time from 5 to 20 
minutes being reported. Our institution requires administra¬ 
tion of cephazolin within 1 hour of tourniquet inflation. 
Studies hâve shown that a 1-minute interval resulted in cep¬ 
hazolin concentration in soft tissue and bone at or greater 
than the minimum inhibitory concentrations for micro- 
organisms encountered in orthopaedic surgery. A prospective 
randomized study found that the administration of antibiot¬ 
ics 1 minute after tourniquet inflation resulted in a signifi- 
cantly lower infection rate than the administration of 
antibiotics 5 minutes before tourniquet inflation, suggesting 
that administration before tourniquet inflation does not give 
better results. 

RADIOGRAPHS IN THE OPERATING ROOM 

Offen it is necessary to obtain radiographs during an ortho¬ 
paedic procedure. Radiography technicians who work in the 
operating room must wear the same clothing and masks as 
the circulating personnel. These technicians must hâve a clear 
understanding of aseptie surgical technique and draping to 
avoid contaminating the drapes in the operative field. Por¬ 
table radiograph units used in the operating room should be 
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cleaned regularly and ideally are not used in any other area 
of the hospital. 

When an unsterile radiograph cassette is to be introduced 
into the stérile field, it should be placed inside a stérile double 
pillowcase or stérile plastic bag that is folded over so that the 
exterior remains stérile. The pillowcase or plastic bag is 
covered by a large stérile towel, ensuring at least two layers of 
stérile drapes on the cassette. The operative wound should be 
covered with a stérile towel when anteroposterior view radio- 
graphs are made to avoid possible contamination from the 
machine as it is moved into position. 

Portable C-arm image intensifier télévision fluoroscopy 
allows instantaneous évaluation of the position of fracture 
fragments and internai fixation devices. Many of these 
machines hâve the ability to make permanent radiographs. 
When used near the stérile field, the C-arm portion of the 
machine must be draped in a stérile fashion (Fig. 1-3 A). 
Every time the C-arm is brought to the latéral position (Fig. 
1-3B), a fresh drape should be applied over the end of the 
C-arm and dropped off the field when complété. This pre- 
vents the potentially contaminated lower half of the drape 
from getting near the patient and operating surgeon. 


As with any electronic device, failure of an image intensi¬ 
fier can occur. In this event, backup plain radiographs are 
necessary. Two-plane radiographs can be made, even of the 
hip when necessary, using portable equipment (Fig. 1-3C and 
D). Closed intramedullary nailing or percutaneous fracture 
fixation techniques may need to be abandoned for an open 
technique if the image intensifier fails. 

Ail operating room personnel should avoid exposure 
to radiographs. Proper lead-lined aprons should be worn 
beneath stérile operating gowns. Thyroid shields, lead- 
impregnated eyeglasses, and rubber gloves are available to 
decrease exposure. C-arm imaging should be used as a 1- to 
2-second puise to produce a still image for viewing. Active 
fluoroscopy with the C-arm should be avoided to prevent 
excessive radiation exposure. 

POSITIONING OF THE PATIENT 

Before entering the operating room, the surgeon and the 
awake, alert patient should agréé on the surgical site, and the 
surgeon should mark this clearly to prevent a “wrong-site” 
error. The position of a patient on the operating table 
should be adjusted to afford maximal safety to the patient and 



A and B, Portable C-arm image intensifier télévision fluoroscopy setup for fracture repair. C-arm rotâtes 90 degrees 
to obtain latéral view. C and D f Technique for two-plane radiographs during hip surgery with a portable machine for anteroposterior 
and latéral views. Film cassette for latéral view is positioned over superolateral aspect of hip. 
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convenience for the surgeon. A free airway must be main- 
tained at ail times, and unnecessary pressure on the chest or 
abdomen should be avoided. This is of particular importance 
when the patient is prone; in this position, sandbags are 
placed beneath the shoulders, and a thin pillow is placed 
beneath the symphysis pubis and hips to minimize pressure 
on the abdomen and chest. Large, moderately firm chest rolls 
extending from the iliac crests to the clavicular areas may 
serve the same purpose. 

When the patient is supine, the sacrum must be well 
padded; and when the patient is lying on his or her side, the 
greater trochanter and the fibular neck should be similarly 
protected. When a muscle relaxant drug is used, the danger 
of stretching a nerve or a group of nerves is increased. Figure 
1-4 shows traction on the brachial plexus from improper 
positioning of the arm. The brachial plexus can be stretched 
when the arm is on an arm board, particularly if it is hyper- 
abducted to make room for the surgeon or an assistant or for 
administration of intravenous therapy. The arm should never 
be tied above the head in abduction and external rotation 
while a body cast is applied because this position may cause 
a brachial plexus paralysis. Rather, the arm should be sus- 
pended in flexion from an overhead frame, and the position 
should be changed frequently. Figure 1-5 shows the position 
of the arm on the operating table that may cause pressure on 
the ulnar nerve, particularly if someone on the operating 
team leans against the arm. The arm must never be allowed 
to hang over the edge of the table. Padding should be placed 
over the area where a nerve may be pressed against the bone 
(i.e., the radial nerve in the arm, the ulnar nerve at the elbow, 
and the peroneal nerve at the neck of the fibula). 

LOCAL PREPARATION OF THE PATIENT 

Superficial oil and skin débris are removed with a thorough 
10-minute soap-and-water scrub. We prefer a skin cleanser con- 


taining 7.5% povidone-iodine solution that is diluted approxi- 
mately 50% with stérile saline solution. Hexachlorophene- 
containing skin cleanser is substituted when allergy to shellfish 
or iodine is présent or suspected. After scrubbing, the skin is 
blotted dry with stérile towels. This scrub can be performed in 
the patients room just before surgery or in the operating room. 
If performed outside the operating room, the extremity must be 
wrapped securely with stérile sheets. 

After a tourniquet has been placed, if one is required, the 
stérile sheets applied during the earlier préparation should be 
removed. Care should be taken that the operative field does 
not become contaminated because the effectiveness of the 
préparation would be partially lost. With the patient in the 
proper position, the solutions are applied, each with a sepa- 
rate stérile sponge stick, beginning in the central area of the 
site of the incision and proceeding peripherally. Tincture of 
iodine containing 85% alcohol is still widely used as a skin 
préparation. Once painted on, it is allowed to dry and then is 
taken off with plain alcohol. S orne surgeons routinely use 
povidone-iodine solution, especially when the risk of a Chem¬ 
ical burn from tincture of iodine is significant. The immédiate 
operative field is prepared first; the area is enlarged to include 
ample surrounding skin. The sponges used to préparé the 
lumbar spine are carried toward the gluteal cleft and anus 
rather than in the opposite direction. Sponges should not be 
saturated because the solution would extend beyond the 
operative field and must be removed. Excessive iodine, even 
in the operative field, should be removed with alcohol to 
prevent Chemical dermatitis. If the linen on the table or 
the stérile drapes become saturated with strong antiseptie 
solutions, they should be replaced by fresh linen or drapes. 
Solutions should not be allowed to flow underneath a tour¬ 
niquet. Pooled alcohol-based solutions should be removed 
from the field because they can be ignited by a spark from a 
cautery unit. 



Scalenus médius 
muscle 


Scalenus anterior 
muscle 

Clavicle 


Pectoralis minor muscle 


Humérus 
Axillary artery 


Anatomie relationships of brachial plexus when limb is hyperabducted. Inset , With patient in Trendelenburg position, 
brace at shoulder is in poor position because limb has been abducted and placed on arm board. 
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Points at which nerves of arm may be damaged by pressure (dashed lines). Inset, Pressure is applied to médial side 
of arm because patient is poorly positioned on operating table. 


If a patient is allergie to iodine, plain alcohol can be used 
as a skin préparation. Colored proprietary antiseptics, com- 
monly used in abdominal surgery, are not suitable in surgery 
of the extremities when préparation of the toes or fmgernails 
is involved. Most of these solutions are difficult to remove, 
and the residual red, pink, or orange color makes évaluation 
of the circulation difficult affer surgery 

When traumatic wounds are présent, tincture of iodine 
and other alcohol-containing solutions should not be used for 
antiseptie wound préparation. Povidone-iodine or hexachlo- 
rophene solutions without alcohol should be used instead to 
avoid tissue death. 

In operations around the upper third of the thigh, the 
pelvis, or the lower lumbar spine in male patients, the genitalia 
should be displaced and held away from the operative field with 
adhesive tape. A long, wide strip of tape similarly helps cover 
the gluteal cleff, from which there is the potential of infection. 
In female patients, the génital area and gluteal cleff also are 
covered longitudinally by strips of adhesive tape. Adhèrent, 
stérile, plastic drapes can be used for these purposes. 

Before the operative field in the région of the lower 
lumbar spine, sacroiliac joints, or buttocks is prepared, the 
gluteal cleff is sponged with alcohol and stérile dry gauze is 
inserted around the anus so that iodine or other solutions 
are prevented from running down to this région, causing 
dermatitis. 

Brown et al. and others recommended that before total 
joint arthroplasty the extremity should be held by a scrubbed 
and gowned assistant because this reduces bacterial air counts 
by almost half. They also recommended that instrument 
packs not be opened until skin préparation and draping are 
completed. 

When these préparations are done in haste, the gown or 
gloves of the stérile assistant preparing the area may become 
contaminated without the assistants knowledge. To prevent 
this, a nurse or anesthetist should be appointed to watch this 
stage of préparation. 

■ WOUND IRRIGATING SOLUTIONS 

At our institution, we routinely irrigate clean surgical wounds 
to keep them moist with stérile isotonie saline or lactated 


Ringer solution. Occasionally, if the risk of wound contami¬ 
nation is high, antimicrobial irrigating solutions are used. 
Dirschl and Wilson recommended a triple antibiotic solution 
of bacitracin, neomycin, and polymyxin because it provides 
the most complété coverage in clean and contaminated 
wounds. Antibiotic solutions should remain in the wound for 
at least 1 minute. Pulsatile lavage Systems and basting-type 
syringes blow débris into the soft tissues and are being 
replaced with cystoscopy tubing for irrigation and curettage 
for debridement, especially in treatment of open fractures 
and infections. 

DRAPING 

Draping is an important step in any surgical procedure 
and should not be assigned to an inexperienced assistant. 
Haphazard draping that results in exposure of unprepared 
areas of skin in the middle of an operation can be cata- 
strophic. Considérable expérience is required in placing the 
drapes, not only to prevent them from becoming disar- 
ranged during the operation but also to avoid contamina¬ 
tion of the surgeon and the drapes. If there is the least doubt 
as to the sterility of the drapes or the surgeon when draping 
is complété, the entire process should be repeated. Unless 
assistants are well trained, the surgeon should drape the 
patient. 

In the foundation layer of drapes, towel clips or skin 
Staples are placed not only through the drapes but also 
through the skin to prevent slipping of the drapes and expo¬ 
sure of the contaminated skin. In every case, the foundation 
drapes should be placed to overlap the prepared area of skin 
at least 3 inches (7.5 cm). During draping, the gloved hands 
should not corne in contact with the prepared skin. 

Cloth drapes are being replaced with disposable paper 
and plastic drape packages specffically designed for the area 
to be draped (Figs. 1-6 and 1-7). A disposable drape package 
should hâve at least one layer made of waterproof plastic to 
prevent fluids from soaking through to unprepared areas of 
the body. Drape packages for bilateral knee and foot surgery 
also are available. Paper drapes give off lint that collects on 
exposed horizontal surfaces in the operating room if those 
surfaces are not cleaned daily. 
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FIGURE 


Disposable drape package for hip surgery. 


■ DRAPING THE EDGES OF THE INCISION 

The gloved hand should not corne in contact with the skin 
before the incision is made. For the extremities, a section of 
stérile stockinette is drawn proximally over the operative 
field. The stockinette is grasped proximally and distally and 
eut with scissors to uncover the area of the proposed incision. 
Its eut edges are pulled apart, and the area is covered by a 
transparent adhesive-coated material (Fig. 1-8). A large trans¬ 
parent plastic adhesive drape may be wrapped entirely around 
the extremity or over the entire operative field so that the 
stockinette is not needed. The incision is made through the 
material and the skin at the same time. The edges of the inci¬ 
sion are neatly draped, and the operative field is virtually 
waterproof; this prevents the drapes in some areas from 
becoming soaked with blood, which can be a source of con¬ 
tamination. The plastic adhesive drape minimizes the need 
for towel clips or Staples around the wound edge and allows 
the entire undraped field to be seen easily. Visibility is espe- 
cially important when there are scars from previous injuries 
or surgery that must be accommodated by a new incision. 


PREVENTION OF HUMAN 
IMMUNODEFICIENCY VIRUS AND 
HEPATITIS VIRUS TRANSMISSION 

At our institution, we follow the American Academy of 
Orthopaedic Surgeons (AAOS) Task Force recommendations 
on acquired immunodeficiency syndrome (HIV), hepatitis B 
virus (HBV), and hepatitis C virus (HCV), which go beyond 
those recommended for health care personnel by the Centers 
for Disease Control and Prévention (CDC) and the American 
Hospital Association. Every effort should be made to prevent 
further transmission of these diseases in ail areas of medical 
care. For spécifie recommendations, the reader is referred to 
the AAOS Task Force guidelines. We strongly agréé with the 
following AAOS recommendations regarding HIV, HBV, and 
HCV précautions in the operating room: 

1. Do not hurry an operation. Excess speed results in injury. 
The most experienced surgeon should be responsible for 
the surgical procedure if the risk of injury to operating 
room personnel is high. 

2. Wear surgical garb that offers protection against contact 
with blood. Knee-high, waterproof, surgical shoe covers, 
water-impervious gowns or undergarments, and full 
head covers should be worn. 

3. Double gloves should be worn at ail times. 

4. Surgical masks should be changed if they become moist 
or splattered. 

5. Protective eyewear (goggles or full face shields) that 
covers exposed skin and mucous membranes should be 
used. 

6. To avoid inadvertent injury to surgical personnel, the 
surgeon should: 

■ Use instrument ties and other “no-touch” suturing 
and sharp instrument techniques when possible. 

■ Avoid tying with a suture needle in hand. 

■ Avoid passing sharp instruments and needles from 
hand to hand; instead they should be placed on an 
intermediate tray. 

■ Announce when sharp instruments are about to be 
passed. 

■ Avoid having two surgeons suture the same wound. 
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■ Take extra care when performing digital examinations 
of fracture fragments or wounds containing wires or 
sharp instrumentation. 

■ Avoid contact with osteotomes, drill bits, and saws. 

■ Use of full protective gowns, hoods, and surgical face- 
masks with eyeshields when splatter is inévitable, such 
as when irrigating large wounds or using power 
equipment. 

■ Routinely check gowns, masks, and shoe covers of 
operating room personnel for contamination during 
the surgical procedure and change as necessary. 

7. Incidents of exposure of healthcare personnel to poten- 
tially infected fluids should be reported to a person des- 
ignated by the health care facility to be responsible for 
managing occupational exposures. Relevant historiés and 
incident information should be documented, and the 
source patient and exposed health care worker appropri- 
ately tested within applicable laws as recommended by 
the CDC. Foliow-up testing of exposed personnel should 
be performed as recommended by the CDC. Patients 
exposed to a potentially infected health care provider 
should be immediately informed of the incident and the 
above recommendations for exposed health care provid¬ 
ers be followed. 

8. Postexposure prophylaxis for HBV and HIV should be 
provided as recommended by the U.S. Public Health 
Service. There is no postexposure prophylaxis for HCV. 

9. Protective gowns and full hoods with surgical facemask 
should be routinely used for total joint arthroplasty and 
for large trauma and elective cases. Blood spatter should 
be avoided and at a minimum protective eyewear and 
gloves should be worn by ail members of the team includ- 
ing observers. 

PREVENTING MISTAKES 

The operative site should be marked before entering the oper¬ 
ating room by at least one member of the operative team, 
preferably the surgeon, to avoid operation on the wrong site. 

Once the patient is under anesthésia, a designated 
member of the team should State the name of the patient, the 
procedure, and the correct site. Ail members of the team 
should be in agreement. This statement should be clear, 
concise, and not contain unnecessary information. A short 
statement is more likely to be closely heard. This statement 
should be preferably made after draping. 

SPECIAL OPERATIVE TECHNIQUES 

Spécial operative techniques are used in a variety of proce¬ 
dures and are described here so that répétition in other chap- 
ters will be unnecessary. The methods of tendon or fascia 
fixation and bone graffing are discussed here. The methods 
of tendon suture are discussed in Chapter 66. 

METHODS OF TENDON-TO-BONE FIXATION 

The principles of tendon suture are described in Chapter 66 
on the hand; in Chapter 48, in which disorders of muscles 
and tendons are discussed; and under the discussion of 
tendon transfers in Chapter 71. The foliowing discussion 
deals only with the methods of attaching a tendon to bone. 

Attaching tendon to bone can be a fairly easy task. Healing 
of tendon to bone with something close to biologically normal 


tissue is the challenge. Multiple modalities such as osteoin- 
ductive growth factors, periosteal grafts, osteoconductive 
factors, platelet-rich plasma, biodégradable scaffolds, ultra- 
sound, and extracorporeal shockwave therapy are being 
studied in the laboratory. Controlled level-1 human trials are 
necessary before these procedures become commonplace in 
clinical practice. 


FIXATION OF TENDON TO BONE 


TECHNIQUE 1-1 


■ Scarify the apposing surfaces of bone and tendon to 
hasten attachment by incising the periosteum and elevat- 
ing it enough to expose the bony surface. After comple- 
tion of the tendon fixation, an attempt should be made 
to close the periosteum over the tendon, although this 
usually is impossible. Instead, the periosteum may be 
sutured to the edges of the tendon. 

■ Place a suture in the end of the tendon by one of the 
techniques described in Chapter 71. With this suture, pull 
the tendon distally, removing ail slack, and détermine the 
point of attachment. 

■ Drill a hole transversely into the bone just distal to this 
point. 

■ Pass the sutures on each side of the tendon through this 
hole in opposite directions and tie them tightly over the 
shaft of the bone (Fig. 1-9A). 

■ If the tendon is long enough, pass the end through 
the hole in the bone and suture the tendon to itself 
(Fig. 1-9B). If passing the tendon or piece of fascia 
through the hole drilled in bone is difficult, construct a 
homemade Chinese finger trap from two pièces of suture 
woven around the tendon (Fig. 1-10). 



FIGURE 


A-C, 


NIQUES 1-1 AND 1-5. 


Fixation of tendon to bone. SEE TECH- 

















CHAPTER 1 SURGICAL TECHNIQUES AND APPROACHES 


X X Xl 



A 


For larger muscles, a broad, firm, bony attachment 
must be ensured (Fig. 1-9C). The advantage of this 
method is that drilling a transverse hole through the shaft 
of the bone is unnecessary; such a procedure is some- 
times difficult in deep wounds, and exposure requires 
considérable stripping of soft tissues from the bone. 



C 



Krackow and Cohn technique for passing 
tendon or fascia through hole in bone. A f Suture is wrapped in 
crisscross fashion around the distal end of the tendon or fascia 
and is tied in a knot, leaving the ends of the suture long. B f A 
second suture is wrapped in similar fashion but out of phase with 
the first suture. C f A Chinese finger-trap suture fits tightly around 
the tendon or fascia and allows it to enter the hole without dif¬ 
ficulté (Redrawn from Krackow KA, Cohn BT: A new technique for 
passing tendon through bone: brief note, J Bone Joint Surg 69A:922, 
1987 ) SEE TECHNIQUE 1-1. 


■ If a distally based strip of iliotibial band is to be inserted 
into bone, roll the part of the band that is to be inserted 
into a cylindrical shape and wrap a suitable length of 
strong, nonabsorbable suture around the fascia in a criss¬ 
cross fashion, beginning about 4 cm proximal to the end 
of the strip. At the end of the strip, tie the suture into a 
knot, leaving the ends long (Fig. 1-1 OA). 

■ Wrap a second piece of suture around the fascia in the 
same way but out of phase with the first piece of suture 
(Fig. 1-1OB) and tie it at the end. 

■ Pass the ends of the suture through the hole in the bone 
(Fig. 1-1 OC), followed by the rolled up fascial strip. 

■ Finally, eut the sutures just proximal to the knots at the 
apex of the finger trap and remove them one at a time. 


TENDON FIXATION INTO THE 
INTRAMEDULLARY CANAL 


TECHNIQUE 1-2 


■After placing the suture in the end of the tendon and 
leaving two long, free strands, create a trapdoor in the 
bone, exposing the medullary canal at the predetermined 
point of attachment. 

■ Just distal to the trapdoor, drill two holes through the 
cortex into the medullary canal. 

■ Pass the free ends of the suture through the trapdoor and 
out through the two holes. 

■ Pull the sutures taut and draw the end of the tendon 
through the trapdoor into the medullary canal. 

■ Partially replace the trapdoor or break into small frag¬ 
ments and pack it into the defect as grafts. 


TENDON TO BONE FIXATION USING 
LOCKING LOOP SUTURE 

Krackow et al. hâve devised a locking loop suture that is 
relatively simple to use and is especially suited to attaching 
fiat structures, such as the tibial collateral ligament, joint 
capsule, or patellar tendon, to bone. It allows the applica¬ 
tion of tension to the structure, resists pulling out, and does 
not cause major purse-stringing or bunching. A doubled 
suture of strong suture material is nearly twice as strong as 
staple fixation to bone. When the suture is used in combi¬ 
nation with a staple, fixation is significantly improved. 


TECHNIQUE 1-3 


(KRACKOW, THOMAS, JONES) 

■ Approach the tendon or ligament from the raw end, and 
place three or more locking loops along each side of the 
structure. 

■Apply tension during the procedure to remove excess 
suture material within the locking loops. This suture may 
be reinforced proximal to the first suture. 

■Attach the tendon or ligament and the suture to bone 
through holes drilled in the bone, or tie the suture over 
a screw or staple fixed in the bone. 










PART I GENERAL PRINCIPLES 



Krackow, Thomas, and Jones technique for ligament or tendon fixation to bone. A-G, Detail of placement of suture 
in wide tendon. (Redrawn from Krackow KA, Thomas SC, Jones LC: Ligament-tendon fixation: analysis of a new stitch and comparison with 
standard techniques, Orthopedics 11:909, 1988.) SEE TECHNIQUE 1-3. 


TENDON TO BONE FIXATION USING 
WIRE SUTURE 

Because of the scarcity of surrounding soft tissue and the 
nature of the bone, Cole's method is especially applicable 
to the fixation of tendons to the dorsum of the tarsus, to 
the calcaneus, or to the phalanges of the fingers. 


TECHNIQUE 1-4 


Figure 1-12 


(COLE) 

■ Préparé the tendon and place a pull-out suture in the 
end of the tendon, as described for end-to-end sutures 
(Chapter 66). 

■ Reflect a small flap of bone with a chisel, and at the apex 
of the flap drill a tunnel through the bone. 

■ Place both ends of the wire suture on a long, straight skin 
needle. 

■ Pass the needle through the hole in the bone and out 
through the skin on the opposite side, drawing the end 
of the tendon into the tunnel. 

■ Anchor the wire snugly over a loop of gauze or a padded 
button. If considérable tension is necessary, as in Achilles 
tendon, the skin should be padded with heavy felt. 

■ Apply a cast with the wires protruding through the 
bottom of the cast. After the plaster sets, anchor the wire 
over a button on the outside of the cast. 



The Cole method of anchoring tendons to 
bone. Ends of wire suture are passed on a straight skin needle 
through a hole drilled in bone. The needle is drawn through the 
skin on the opposite side. Wire sutures are anchored over a 
rubber tube or button. To prevent necrosis of the skin when the 
suture is under considérable tension, ends of wire may be passed 
through the bottom of the cast. Subsequently, wire is anchored 
over the button on the outside of the cast. SEE TECHNIQUE 1-4. 
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Suture-anchoring implants. A f Statak (Zimmer) 
suture-anchoring device is drilled into bone. B, QuickAnchor 
(Mitek) suture anchor consists of a hook device with suture that 
is anchored into drill hole in the bone. 


■ SUTURE ANCHORS 

Suture-anchoring devices also are useful in securing tendon, 
ligament, or capsule to bone (Fig. 1-13). The pull-out strength 
of these devices is at least equal to that of a suture passed 
through drill holes in bone, and these devices are especially 
useful in deep wounds with limited room, such as in the 
shoulder. Tingart et al. found that métal suture anchors with- 
stand a significantly higher load to failure than biodégradable 
anchors. Bottoni et al. found that the suture used usually 
failed before the suture anchor in an animal model. Suture 
anchors made from methyl méthacrylate cernent are useful 
in ostéopénie bone (Fig. 1-14). Giori et al. found that aug- 
menting suture anchors with methyl méthacrylate greatly 
improved pull-out strength in ostéopénie cadaver bone. 

A tendon or ligament also can be secured to bone through 
a drill hole using a screw for an interférence fit as in anterior 
cruciate ligament reconstruction procedures (Chapter 45). 
Allograff cortical bone is now being commercially machined 
into screws for such a purpose. 


FIXATION OF OSSEOUS ATTACHMENT 
OF TENDON TO BONE 

When larger muscles are transferred, such as the quadri- 
ceps or the abductor muscles of the hip, better fixation is 
secured if the tendon is removed with a portion of its bony 
attachment. 


TECHNIQUE 1-5 


■ Remove sufficient bone to ensure a cancellous surface. 

■ Draw the bony segment distally and détermine the loca¬ 
tion of its reattachment. 

■ Elevate the periosteum, scarify the surface of the shaft, 
and fix the attachment of the tendon to the raw area 
by two threaded pins inserted obliquely or by a screw 
(Fig. 1-1 5A). Staples also are useful for anchoring a liga¬ 
ment or a tendon to bone (Figs. 1-16 and 1 -1 7), and wire 



> 3 mm 


Methyl méthacrylate suture anchor. Figure-of- 
eight knot increases load to failure. 



Fixation of osseous attachment of tendon to 
bone. A f Fixation by screw or threaded pins. B f Fixation by mat- 
tress suture of wire through holes drilled in bone. C f Fixation by 
wire loops. SEE TECHNIQUE 1-5. 
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Stone staple, used most frequently for anchor- 
ing tendinous tissue to bone. SEE TECHNIQUE 1-5. 



Arthrex low-profile bridge staple. (Courtesy 
Arthrex, Naples, FL). SEE TECHNIQUE 1-5. 


S loops passed through holes drilled into the bone (Fig. 
1-15B and C) are efficient. Heavy sutures may be used 
instead of métal for fixation of tendons in the less power- 
ful muscles. 

■ If desired, create a trapdoor in the shaft of the bone, and 
countersink the osseous attachment of the tendon into the 
defect and hold with a suture, as illustrated in Figure 1-9. 


■ SUTURE BUTTONS 

Suture-button devices are now available for minimally inva¬ 
sive tendon-to-bone, ligament-to-bone, and fracture fixation. 
The Endobutton (Smith and Nephew, York, UK) and the 
TightRope Fixation System (Arthrex, Naples, Florida) can be 
inserted through a single incision and drill hole. These devices 
hâve been successfully used in acromioclavicular joint dislo¬ 
cations, Neer II distal clavicular fractures, ankle syndesmosis 




TightRope Syndesmosis Buttress Plate Kit 
(Arthrex, Naples, Florida). One suture strand is used to "flip" the 
médial button so a second incision is unnecessary. 


disruptions, and high-energy os calcis fractures with compro- 
mised skin (Fig. 1-18). 

BONE GRAFTING 

The indications for bone graffing are to: 

■ Fill cavities or defects resulting from cysts, tumors, or 
other causes 

■ Bridge joints and provide arthrodesis 

■ Bridge major defects or establish the continuity of a long 
bone 

■ Provide bone blocks to limit joint motion (arthroereisis) 

■ Establish union in a pseudarthrosis 

■ Promote union or fill defects in delayed union, malunion, 
fresh fractures, or ostéotomies 

■ STRUCTURE OF BONE GRAFTS 

Cortical bone graffs are used primarily for structural support, 
and cancellous bone graffs are used for osteogenesis. Struc¬ 
tural support and osteogenesis may be combined; this is one 
of the prime advantages of using bone graff. These two factors 
vary, however, with the structure of the bone. Probably ail or 
most of the cellular éléments in graffs (particularly cortical 
graffs) die and are slowly replaced by creeping substitution, 
the graff merely acting as a scaffold for the formation of 
new bone. In hard cortical bone, this process of replacement 
is considerably slower than in spongy or cancellous bone. 
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Although cancellous bone is more ostéogénie, it is not strong 
enough to provide efficient structural support. When select- 
ing the graft or combination of grafts, the surgeon must be 
aware of these two fundamental différences in bone structure. 
When a graft has United with the host and is strong enough 
to permit unprotected use of the part, remodeling of the bone 
structure takes place commensurate with functional demands. 

■ SOURCES OF BONE GRAFTS 
S AUTOGENOUS GRAFTS 

When the bone grafts corne from the patient, the grafts 
usually are removed from the tibia, fibula, or ilium. These 
three bones provide cortical grafts, whole bone transplants, 
and cancellous bone. Rarely is a resected rib appropriate. 

When internai or external fixation appliances are not 
used, which is currently rare, strength is necessary in a graft 
used for bridging a defect in a long bone or even for the 
treatment of pseudarthrosis. The subeutaneous anteromedial 
aspect of the tibia is an excellent source for structural auto- 
grafts. In adults, after removal of a cortical graft, the plateau 
of the tibia supplies cancellous bone. Apparently, leaving the 
periosteum attached to the graft has no advantage; however, 
suturing to the periosteum over the defect has definite advan- 
tages. The periosteum seems to serve as a limiting membrane 
to prevent irregular callus when the defect in the tibia fills in 
with new bone. The few bone cells that are stripped off with 
the periosteum can help in the formation of bone needed to 
fill the defect. 

Disadvantages to the use of the tibia as a donor area 
include (1) a normal limb is jeopardized; (2) the duration and 
magnitude of the procedure are increased; (3) ambulation 
must be delayed until the defect in the tibia has partially 
healed; and (4) the tibia must be protected for 6 to 12 months 
to prevent fractures. For these reasons, structural autograffs 
from the tibia are now rarely used. 

A good source for bulk cancellous autogenous graft is 
material from a reamer-irrigator-aspirator (RIA) used in the 
canal of the fémoral and tibial shafts. A complication rate of 
less than 2% has been reported in approximately 200 patients 
with a mean volume harvested of 47±22 mL. Débris har- 
vested during RIA and bone graft harvested from iliac crest 
hâve similar RNA transcriptional profiles for genes that act 
in bone repair and formation, suggesting that material har¬ 
vested by RIA is a viable alternative to iliac crest autogenous 
cancellous graft. 

The entire proximal two thirds of the fibula can be 
removed without disabling the leg. Most patients hâve com- 
plaints and mild muscular weakness after removal of a portion 
of the fibula. The configuration of the proximal end of the 
fibula is an advantage. The proximal end has a rounded prom- 
inence that is partially covered by hyaline cartilage and forms 
a satisfactory transplant to replace the distal third of the 
radius or the distal third of the fibula. After transplantation, 
the hyaline cartilage probably degenerates rapidly into a 
fibrocartilaginous surface; even so, this surface is préférable 
to raw bone. 

The middle one third of the fibula also can be used as a 
vascularized free autograft based on the peroneal artery and 
vein pedicle using microvascular technique. Portions of the 
iliac crest also can be used as free vascularized autograft. The 
use of free vascularized autografts has limited indications, 
requires expert microvascular technique, and is not without 


donor site morbidity. The management of segmentai bone 
loss can be difficult. Taylor et al. described a two-stage 
induced membrane technique using a methyl méthacrylate 
spacer. The spacer is placed into the defect to induce the 
formation of a bioactive membrane. Four to 8 weeks later 
the spacer is removed and cancellous autograft is placed in 
the now membrane sur rounded defect. The membrane help s 
prevent graft résorption, promote revascularization, and con¬ 
solidation of new bone. 

1 ALLOGENIC GRAFTS 

An allogenic graft, or allograft, is one that is obtained from 
an individual other than the patient. In small children, the 
usual donor sites do not provide cortical grafts large enough 
to bridge defects or the available cancellous bone may not be 
enough to fill a large cavity or cyst; the possibility of injuring 
a physis also must be considered. Allograft is preferred in this 
situation. Allografts are also indicated in the elderly, patients 
who are poor operative risks, and patients from whom not 
enough acceptable autogenous bone can be harvested. Larger 
structural allografts hâve been used successfully for many 
years in révision total joint surgery, periprosthetic long bone 
fractures, and reconstruction after tumor excision. Osteo- 
chondral allografts are now being used with some success in 
a few centers to treat distal fémoral osteonecrosis. Large 
osteochondral allografts, such as the distal fémur, are used in 
limb salvage procedures after tumor resection. Autogenous 
cancellous bone can be mixed in small amounts with allograft 
bone as “seed” to provide ostéogénie potential. Mixed bone 
grafts of this type incorporate more rapidly than allograft 
bone alone. Increased allograft union rates and less résorp¬ 
tion hâve been noted in large acetabular defects when 
allografts were loaded with bone marrow derived mesenchy- 
mal stem cells. The various properties of autogenous and 
allogenic bone grafts are summarized in Table 1-3. 

I HETEROGENEOUS GRAFTS 

The use of heterogeneous graft material (bone from another 
species) is not recommended and is not commercially 
available. 

■ BONE BANK 

To provide safe and useful allograft material efficiently, a bone 
banking System is required that uses thorough donor screen¬ 
ing, rapid procurement, and safe, stérile processing. Stan¬ 
dards outlined by the U.S. Food and Drug Administration 
(FDA) and American Association of Tissue Banks must be 
followed. Donors must be screened for bacterial, viral (includ- 
ing HIV and hepatitis), and fungal infections. Malignancy 
(except basal cell carcinoma of the skin), collagen vascular 
disease, metabolic bone disease, and the presence of toxins 
are ail contraindications to donation. No System is perfect, 
and the transmission of disease by allograft material has been 
reported from single donors to multiple récipients. 

Bone and ligament and bone and tendon are now banked 
for use as allografts. The use of allograft ligaments and tendons 
in knee surgery is discussed in Chapter 45. Bone can be stored 
and sterilized in several forms. It can be harvested in a clean, 
nonsterile environment; sterilized by irradiation, strong acid, 
or ethylene oxide; and freeze-dried for storage. Bone under 
stérile conditions can be deep frozen (-70°C to -80°C) for 
storage. Fresh frozen bone is stronger than freeze-dried bone 
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TABLE 1-3 


Bone Graft Activity by Type 





MECHANICAL 


GRAFT 

OSTEOGENESIS 

OSTEOCONDUCTION 

OSTEOINDUCTION 

PROPERTIES 

VASCULARITY 

AUTOGRAFT 

Bone marrow 

++ 

± 

+ 

- 

- 

Cancellous 

++ 

++ 

+ 

+ 

- 

Cortical 

+ 

+ 

± 

++ 

- 

Vascularized 

-H- 

++ 

+ 

++ 

++ 

ALLOGRAFT 

Cancellous 

- 

++ 

+ 

+ 

- 

Cortical 

- 

± 

± 

++ 

- 

Demineralized 

- 

++ 

+++ 

- 

- 


From Kahn SN f et al: The biology of bone grafting, J Am Acad Orthop Surg 13:80, 2005. 


and better as structural allograft material. Articular cartilage 
and menisci also can be cryopreserved in this manner. Can- 
cellous allografts incorporate to host bone, as do autogenous 
cancellous grafts. These allografts are mineralized and are not 
osteoinductive, although they are osteoconductive. Cancel¬ 
lous allografts can be obtained in a demineralized form that 
increases ostéogénie potential but greatly decreases résistance 
to compressive forces. 

Enneking and Mindell observed that cortical allografts 
are invaded by host blood vessels and substituted slowly with 
new host bone to a limited degree, especially in massive 
allografts. This probably accounts for the high incidence of 
fracture in these grafts because dead bone cannot remodel in 
response to cyclic loading and then fails. 

■ CANCELLOUS BONE GRAFT SUBSTITUTES 

Interest in bone graft substitutes has mushroomed in recent 
years. Dozens of products are in general use or in clinical 
trials. To understand better the properties of these products, 
the following bone synthesis processes need to be understood 
(see Table 1-3). Graft osteogenesis is the ability of cellular 
éléments within a graft that survive transplantation to syn- 
thesize new bone. Graft osteoinduction is the ability of a graft 
to recruit host mesenchymal stem cells into the graft that 
differentiate into osteoblasts. Bone morphogenetic proteins 
and other growth factors in the graft facilitate this process. 
Graft osteoconduction is the ability of a graft to facilitate 
blood vessel ingrowth and bone formation into a scaffold 
structure. 

Bone graft substitutes can replace autologous or allogenic 
grafts or expand an existing amount of available graft mate¬ 
rial. Autologous cancellous and cortical grafts are still the 
“gold standards” against which ail other graft forms are 
judged. Bone graft substitutes are classified based on proper¬ 
ties outlined in Table 1-4. FDA-approved applications for 
these products are variable and ever changing. Table 1-5 lists 
bone graft substitutes that are FDA approved with published, 
peer-reviewed, level I or II human studies as burden of proof. 
Surgeons must carefully review the manufacturer^ stated 
indications and directions for use. For more in-depth discus¬ 
sions of the biologie events in bone graft incorporation, see 
the reviews by Khan et al. and Gardiner and Weitzel. The 


_ TABLE 1-4 _ 

Classification of Bone Graft Substitutes 


PROPERTY 

DESCRIPTION 

CLASSES 

Osteoconduction 

Provides a 
passive porous 
scaffold to 
support or direct 
bone formation 

Calcium sulfate, 
ceramics, calcium 
phosphate 
cements, collagen, 
bioactive glass, 
synthetic polymers 

Osteoinduction 

Induces 

différentiation of 
stem cells into 
ostéogénie cells 

Demineralized 
bone matrix, bone 
morphogenic 
proteins, growth 
factors, gene 
therapy 

Osteogenesis 

Provides stem 
cells with 
ostéogénie 
potential, which 
directly lays 
down new bone 

Bone marrow 
aspirate 

Combined 

Provides more 
than one of the 
above mentioned 
properties 

Composites 


From Parikh SN: Bone graft substitutes in modem orthopedics, Orthopedics 
25:1301,2002. 


Orthopaedic Trauma Association Orthobiologics Committee 
(DeLong et al.) reported a review of the literature on bone 
grafts and bone graft substitutes and provided recommenda¬ 
tions to the orthopaedic community based on levels of 
evidence. Kurien et al. reviewed 59 bone graft substitutes 
available for use in the United Kingdom, only 22 of which 
had peer-reviewed published clinical literature. They ques- 
tioned the need for so many products and called for more 
prospective randomized trials. They also provided a good 
review of uses of various bone graft substitutes. 

Bone graft substitutes are not without complications, 
however. Recombinant human bone morphogenic protein-Z 
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TABLE 1-5 


Commercially Available FDA-Approved Bone-Graft Substitutes with Peer-Reviewed Published Level l-ll 
Human Studies as Burden of Proof (2010) 

PRODUCT 

COMPOSITION AND MECHANISM OF ACTION 

FDA STATUS 

HEALOS 

DePuy Spine 

Mineralized collagen matrix in strips of varying sizes 
Mechanisms of action: osteoinduction/conduction, 
creeping substitution, osteogenesis when mixed with 
autogenous bone graft 

Cleared as bone filler 
but must be used with 
autogenous bone 
marrow 

Vitoss 

Orthovita 

100% beta TCP; 80% beta TCP/20% collagen; 70% 
beta TCP/20% collagen/10% bioactive glass as putt, 
strip, flow, morsels, or shapes 

Mechanism of action: osteoconduction/bioresorbable, 
bioactive, osteostimulation, osteogenesis and 
osteoinduction when mixed with bone marrow 
aspirate 

Cleared as bone void 
filler 

NovaBone 

NovaBone/MTF 

Bioactive silicate in particulate or putty or morsel form 
Mechanism of action: osteoconduction, bioresorbable, 
osteostimulation 

Cleared as a bone void 
filler 

GRAFTON 

A-FLEX, Fl ex, Matrix 

Scoliosis Strips, Putty 
Osteotech 

DBM fiber technology in flexible sheets of varying 
shapes and sizes or moldable or packable graft 

Mechanism of action: osteoinduction/conduction, 
incorporation, osteogenesis when mixed with 
autogenous bone graft or bone marrow aspirate 

Cleared as bone graft 
substitute, bone graft 
extender, and bone 
void filler 

GRAFTON 

Crunch 

Orthoblend Large Defect 
Orthoblend Small Defect 
Osteotech 

DBM fibers with demineralized cortical cubes or 
crushed cancellous chips as packable or moldable graft 
Mechanism of action: osteoinduction/conduction, 
incorporation, osteogenesis when mixed with 
autogenous bone graft or bone marrow aspirate 

Cleared as bone graft 
substitute, bone graft 
extender, and bone 
void filler 

GRAFTON 

Gel 

Osteotech 

DBM in a syringe for MIS and percutaneous injectable 
graft 

Mechanism of action: osteoinduction/conduction, 
incorporation, osteogenesis when mixed with 
autogenous bone graft or bone marrow aspirate 

Cleared as bone graft 
substitute, bone graft 
extender, and bone 
void filler 

GRAFTON Plus 

Paste 

Osteotech 

DBM in a syringe for MIS injectable graft that resists 
irrigation 

Mechanism of action: osteoinduction/conduction, 
incorporation, osteogenesis when mixed with 
autogenous bone graft or bone marrow aspirate 

Cleared as bone graft 
substitute, bone graft 
extender, and bone 
void filler 


DBM, Demineralized bone matrix; MIS, minimally invasive surgery; TCP, tricalcium phosphate. 


(rh BMP-2) has been associated with an increased cancer risk. 
Data from a randomized trial involving over 500 patients who 
had spine fusion with single-level lumbar fusion using rh 
BMP-2 in a compression-resistant material showed a signifi- 
cant increase of cancer events in the rh BMP-2 group. A 16% 
complication rate involving soft-tissue inflammation also was 
noted in another study of 31 patients after the use of trical¬ 
cium phosphate and calcium sulfate. An increased risk for 
rétrogradé éjaculation also has been reported after anterior 
lumbar interbody fusion using rhBMP-2. 

■ INDICATIONS FOR VARIOUS BONE 
GRAFT TECHNIQUES 
I ONLAY CORTICAL GRAFTS 

Until relatively inert metals became available, the onlay bone 
graft (see Chapter 59) was the simplest and most effective 
treatment for most ununited diaphyseal fractures. Usually 
the cortical graft was supplemented by cancellous bone for 
osteogenesis. The onlay graft is still applicable to a limited 


group of fresh, malunited, and ununited fractures and after 
ostéotomies. 

Cortical grafts also are used when bridging joints to 
produce arthrodesis, not only for osteogenesis but also for 
fixation. Fixation as a rule is best furnished by internai or 
external metallic devices. Only in an extremely unusual situ¬ 
ation would a cortical onlay graft be indicated for fixation, 
and then only in small bones and when little stress is expected. 
For osteogenesis, the thick cortical graft has largely been 
replaced by thin cortical and cancellous bone from the ilium. 
Dual onlay bone grafts are useful when treating difhcult and 
unusual nonunions or for bridging massive defects (see 
Chapter 59). The treatment of a nonunion near a joint is dif- 
ficult because the fragment nearest the joint is usually small, 
osteoporotic, and largely cancellous, having only a thin 
cortex. It often is so small and soft that fixation with a single 
graft is impossible because screws tend to pull out of it and 
wire sutures eut through it. Dual grafts provide stability 
because they grip the small fragment-like forceps. 
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The advantages of dual grafts for bridging defects are as 
follows: (1) mechanical fixation is better than fixation by a 
single onlay bone graft; (2) the two grafts add strength and 
stability; (3) the grafts form a trough into which cancellous 
bone may be packed; and (4) during healing, the dual grafts, 
in contrast to a single graft, prevent contracting fibrous tissue 
from compromising transplanted cancellous bone. A whole 
fibular graft usually is better than dual grafts for bridging 
defects in the upper extremity except when the bone is osteo- 
porotic or when the nonunion is near a joint. 

The disadvantages of dual grafts are the same as those of 
single cortical grafts: (1) they are not as strong as metallic 
fixation devices; (2) an extremity usually must serve as a 
donor site if autogenous grafts are used; and (3) they are not 
as ostéogénie as autogenous iliac grafts, and the surgery nec- 
essary to obtain them has more risk. 

I INLAY GRAFTS 

By the inlay technique, a slot or rectangular defect is created 
in the cortex of the host bone, usually with a power saw. A 
graft the same size or slightly smaller is fitted into the defect. 
In the treatment of diaphyseal nonunions, the onlay tech¬ 
nique is simpler and more efficient and has almost replaced 
the inlay graft. The latter still is occasionally used in arthro- 
desis, particularly at the ankle (see Chapter 11). 

I MULTIPLE CANCELLOUS CHIP GRAFTS 

Multiple chips of cancellous bone are widely used for grafting. 
Segments of cancellous bone are the best ostéogénie material 
available. They are particularly useful for filling cavities or 
defects resulting from cysts, tumors, or other causes; for 
establishing bone blocks; and for wedging in ostéotomies. 
Being soft and friable, this bone can be packed into any nook 
or crevice. The ilium is a good source of cancellous bone; and 
if some rigidity and strength are desired, the cortical éléments 
may be retained. In most bone graffing procedures that use 
cortical bone or metallic devices for fixation, supplementary 
cancellous bone chips or strips are used to hasten healing. 
Cancellous grafts are particularly applicable to arthrodesis of 
the spine because osteogenesis is the prime concern. Iliac 
crest cancellous grafts can be easily harvested from the ante- 
rior crest, using an acetabular reamer as described by Dick 
with excellent results and no graft-related complications as 
reported by Brawley and Simpson. 

Large-volume cancellous bone grafts can be harvested 
from the fémoral canal using a reamer-irrigator-aspirator as 
described by Newman et al. 

I HEMICYLINDRICAL GRAFTS 

Hemicylindrical grafts are suitable for obliterating large 
defects of the tibia and fémur. A massive hemicylindrical 
cortical graft from the affected bone is placed across the 
defect and is supplemented by cancellous iliac bone. A pro¬ 
cedure of this magnitude has only limited use, but it is appli¬ 
cable for resection of bone tumors when amputation is to be 
avoided. 

IWHOLE-BONE TRANSPLANT 

The fibula provides the most practical graft for bridging long 
defects in the diaphyseal portion of bones of the upper 
extremity, unless the nonunion is near a joint. A fibular graft 
is stronger than a full-thickness tibial graft. When soft tissue 


TABLE 1-6 


Local and Systemic Factors Influencing Graft 
Incorporation 

POSITIVE FACTORS 

NEGATIVE FACTORS 

LOCAL 

LOCAL 

Electrical stimulation 

Good vascular supply at 
the graft site 

Growth factors 

Large surface area 
Mechanical loading 
Mechanical stability 

Denervation 

Infection 

Local bone disease 

Radiation 

Tumor mechanical instability 

SYSTEMIC 

SYSTEMIC 

Growth hormone 

Insulin 

Parathyroid hormone 
Somatomedins 

Thyroid hormone 

Vitamins A and D 

Chemotherapy 

Corticosteroids 

Diabètes 

Malnutrition 

Metabolic bone disease 
Nonsteroidal antiinflammatory 
drugs 

Sepsis 

Smoking 


is scant, a wound that cannot be closed over dual grafts can 
be closed over a fibular graft. Disability after removing a 
fibular graft is less than after removing a larger tibial graft. In 
children, the fibula can be used to span a long gap in the tibia, 
usually by a two-stage procedure (see Chapter 59). The shape 
of the proximal end of the fibula makes it a satisfactory sub- 
stitute for the distal end of the fibula or distal end of the 
radius. 

A free vascularized fibular autograff has greater ostéo¬ 
génie potential for incorporation but is technically much 
more demanding to use. Bone transplants consisting of whole 
segments of the tibia or fémur, usually freeze dried or fresh 
frozen, are available. Tfieir greatest use is in the treatment of 
defects of the long bones produced by massive resections 
for bone tumors or complex total joint révisions (see 
Chapter 59). 

■ CONDITIONS FAVORABLE FOR BONE 
GRAFTING 

For a bone graffing procedure to be successful, patient factors, 
such as patient overall condition and récipient site prépara¬ 
tion, must be optimal, as outlined in Table 1-6. 

■ PREPARATION OF BONE GRAFTS 


REMOVAL OF A TIBIAL GRAFT 


TECHNIQUE 1-6 


■ To avoid excessive loss of blood, use a tourniquet (prefer- 
ably pneumatic) when the tibial graft is removed. After 
removal of the graft, the tourniquet may be released 
without disturbing the stérile drapes. 
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Method of removing tibial graft. Graft is wider 
proximally than distally. A hole is drilled at each corner before 
cutting to decrease stress riser effect of sharp corner after 
removal of graft. Cortex is eut through at an oblique angle. SEE 

TECHNIQUE 1-6. 


■ Make a slightly curved longitudinal incision over the 
anteromedial surface of the tibia, placing it so as to 
prevent a painful scar over the crest. 

■ Without reflecting the skin, incise the periosteum to the 
bone. 

■ With a periosteal elevator, reflect the periosteum, medi- 
ally and laterally, exposing the entire surface of the tibia 
between the crest and the médial border. For better expo- 
sure at each end of the longitudinal incision, incise the 
periosteum transversely; the incision through the perios¬ 
teum is I shaped. 

■ Because of the shape of the tibia, the graft usually is 
wider at the proximal end than at the distal end. This 
equalizes the strength of the graft because the cortex 
is thinner proximally than distally. Before cutting the 
graft, drill a hole at each corner of the anticipated area 
(Fig. 1-19). 

■ With a single-blade saw, remove the graft by cutting 
through the cortex at an oblique angle, preserving the 
anterior and médial borders of the tibia. Do not eut 
beyond the holes, especially when cutting across at the 
ends; overcutting here weakens the donor bone and may 
serve as the starting point of a future fracture. This is 
particularly true at the distal end of the graft. 


■Asthe graft is pried from its bed, hâve an assistant grasp 
it firmly to prevent it from dropping to the floor. 

■ Before closing the wound, remove additional cancellous 
bone from the proximal end of the tibia with a curette. 
Take care to avoid the articular surface of the tibia or, in 
a child, the physis. 

■ The periosteum over the tibia is relatively thick in children 
and usually can be sutured as a separate layer. In adults, 
it is often thin, and closure may be unsatisfactory; sutur- 
ing the periosteum and the deep portion of the subeuta- 
neous tissues as a single layer usually is wise. 

■ If the graft has been properly eut, little shaping is neces- 
sary. Our practice is to remove the endosteal side of the 
graft because (1) the thin endosteal portion provides a 
graft to be placed across from the cortical graft; and (2) 
the endosteal surface, being rough and irregular, should 
be removed to ensure good contact of the graft with the 
host bone. 


REMOVAL OF FIBULAR GRAFTS 

Three points should be considered in the removal of a 
fibular graft: (1) the peroneal nerve must not be damaged; 
(2) the distal fourth of the bone must be left to maintain 
a stable ankle; and (3) the peroneal muscles should not 
be eut. 


TECHNIQUE 1-7 


Figures 1-20 and 1-21 


■ For most grafting procedures, resect the middle third or 
middle half of the fibula through a Flenry approach. 

■ Dissect along the anterior surface of the septum between 
the peroneus longus and soleus muscles. 

■ Reflect the peroneal muscles anteriorly after subperiosteal 
dissection. 

■ Begin the stripping distally and progress proximally so 
that the oblique origin of the muscle fibers from the 
bone tends to press the periosteal elevator toward the 
fibula. 

■ Drill small holes through the fibula at the proximal and 
distal ends of the graft. 

■ Connect the holes by multiple small bites with the bone- 
biting forceps to osteotomize the bone; otherwise, the 
bone may be crushed. A Gigli saw, an oscillating power 
saw, or a thin, air-powered cutting drill can be used. An 
osteotome may split or fracture the graft. The nutrient 
artery enters the bone near the middle of the posterior 
surface and occasionally may require ligation. 

■ If the transplant is to substitute for the distal end of the 
radius or for the distal end of the fibula, resect the proxi¬ 
mal third of the fibula through the proximal end of the 
Henry approach and take care to avoid damaging the 
peroneal nerve. 

■ Expose the nerve first at the posteromedial aspect of the 
distal end of the biceps femoris tendon and trace it dis¬ 
tally to where it winds around the neck of the fibula. In 
this location, the nerve is covered by the origin of the 
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Peroneus longus 
and brevis muscles 

Fibula 

Line of incision 
for fibular graft 

Soleus muscle 



Deep and superficial 
peroneal nerves 


Fibula 


Line of incision 
for tibial graft 

Tibial graft 

Tibia 



■ Line of incision 
for tibial graft 


Tibial graft 


Tibia 


Section 93 

Level of tibial tuberosity 


Section 97 

Level near junction of upper and 
middle thirds of tibia 



Peroneus longus 
and brevis muscles 


Line of incision 
for fibular graft 


Line of incision 
for tibial graft 
Tibial graft 


Flexor hallucis longus muscle 
Soleus muscle 


Section 101 

Level of junction of middle and lower thirds of tibia 


Cross-sections of leg showing line of approach for removal of whole fibular transplants or tibial grafts. Colored 
segment shows portion of tibia to be removed. Thick, strong angles of tibia are not violated. SEE TECHNIQUE 1-7. 



Common peroneal 
nerve 
Gastrocnemius 
muscle 


Biceps 

muscle 



Common 

peroneal 

nerve 



Peroneal 

muscles 

(reflected) 

Soleus 

muscle 

Fibula 


Resection of fibula for transplant. A f Line of skin incision; levels of cross-sections shown in Figure 1-20 are indicated. 
B f Relation of common peroneal nerve to fibular head and neck. C f Henry method of displacing peroneal nerve to expose fibular head 
and neck. SEE TECHNIQUE 1-7. 
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S peroneus longus muscle. With the back of the knife blade 
toward the nerve, divide the thin slip of peroneus longus 
muscle bridging it. Displace the nerve from its normal bed 
into an anterior position. 

■As the dissection continues, protect the anterior tibial 
vessels that pass between the neck of the fibula and the 
tibia by subperiosteal dissection. 

■ After the resection is complété, suture the biceps tendon 
and the fibular collateral ligament to the adjacent soft 
tissues. 


■ CANCELLOUS ILIAC CREST BONE GRAFTS 

Unless considérable strength is required, the cancellous graft 
fulfills almost any requirement. Regardless of whether the 
cells in the graft remain viable, clinical results indicate that 
cancellous grafts incorporate with the host bone more rapidly 
than do cortical grafts. 

Large cancellous and corticocancellous grafts may 
be obtained from the anterior superior iliac crest and 
the posterior iliac crest. Small cancellous grafts may be 
obtained from the greater trochanter of the fémur, fémoral 
condyle, proximal tibial metaphysis, médial malleolus of the 
tibia, olecranon, and distal radius. At least 2 cm of subchon- 
dral bone must remain to avoid collapse of the articular 
surface. 

If form and rigidity are unnecessary, multiple sliver or 
chip grafts may be removed. When préservation of the iliac 
crest is désirable, the outer cortex of the ilium may be removed 
along with considérable cancellous bone. If a more rigid piece 
of bone is désirable, the posterior or anterior one third of the 
crest of the ilium is a satisfactory donor site. For wedge grafts, 
the cuts are made at a right angle to the crest. Jones et al. 
found that full-thickness iliac grafts harvested with a power 
saw are stronger than grafts harvested with an osteotome, 
presumably because of less microfracturing of bone with the 
saw. 

If the patient is prone, the posterior third of the ilium is 
used; if the patient is supine, the anterior third is available 
(Fig. 1-22). In children, the physis of the iliac crest is ordinar- 
ily preserved together with the attached muscles. To accom- 
plish this, a eut is made parallel to and below the apophysis, 
and this segment is fractured in greenstick fashion at the 
posterior end. Ordinarily, only one cortex and the cancellous 
bone are removed for grafts, and the fractured crest, along 
with the apophysis, is replaced in contact with the remnant 
of the ilium and is held in place with heavy nonabsorbable 
sutures. When full-thickness grafts are removed from the 
ilium in adults, a similar procedure may be used, preserving 
the crest of the ilium and its external contour. The patient 
cannot readily detect the absence of the bone, and the cos- 
metic resuit is superior. This method also is less likely to resuit 
in a “landslide” hernia. Wolfe and Kawamoto reported a 
method of taking full-thickness bone from the anterior ilium; 
the iliac crest is split off obliquely medially and laterally so 
that the edges of the crest may be reapproximated after the 
bone has been excised (Fig. 1-23). They also used this method 
in older children without any evidence of growth disturbance 
of the iliac crestal physis. 



Coronal sections (A-D) from anterior portion of 
lium. Accompanying cross-sections show width of bone and its 
cancellous structure. Iliac grafts for fusion of spine are ordinarily 
removed from posterior third of crest (E-G). 


REMOVAL OF AN ILIAC 
BONE GRAFT 

Harvesting autograft bone from the ilium is not without 
complications. Hernias hâve been reported to develop in 
patients from whom massive full-thickness iliac grafts were 
taken. Muscle-pedicle grafts for arthrodesis of the hip (see 
Chapter 5 for hip arthrodesis techniques) also hâve resulted 
in a hernia when both cortices were removed. With this 
graft, the abductor muscles and the layer of periosteum 
laterally are removed with the graft. Careful repair of the 
supporting structures remaining after removal of an iliac 
graft is important and probably the best method of pre- 
venting these hernias. Full-thickness Windows made below 
the iliac crest are less likely to lead to hernia formation. In 
addition to hernia formation, nerve injury, arterial injury, or 
cosmetic deformity can be a problem after harvesting of 
iliac bone. The latéral fémoral cutaneous and ilioinguinal 
nerves are at risk during harvest of bone from the anterior 
ilium. The superior cluneal nerves are at risk if dissection is 
carried farther than 8 cm latéral to the posterior superior 
iliac spine (Fig. 1-24). The superior gluteal vessels can be 
damaged by retraction against the roof of the sciatic notch. 
Removal of large full-thickness grafts from the anterior 
ilium can alter the contour of the anterior crest, producing 
significant cosmetic deformity (see Fig. 1-26). Arteriove- 
nous fistula, pseudoaneurysm, urétéral injury, anterior 
superior iliac spine avulsion, and pelvic instability hâve been 
reported as major complications of iliac crest graft 
procurement. 
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Wolfe-Kawamoto technique of taking iliac bone graft. A and B f Outer ridges of iliac crest are split off obliquely with 
rétention of muscular and periosteal attachments. C and D f Closure of donor site. Note offset anteriorly for reattachment of crest to 
anterior superior iliac spine (D). (Redrawn from Wolfe SA, Kawamoto HK: Taking the iliac-bone graft: a new technique, J Bone Joint Surg 60A:411, 
1978.) 



Posterosuperior 
iliac spine 


Line of dissection 

\ 

\ 

\ 

\ 


Superior cluneal 
nerves 


FIGURE 


Posteroanterior view of pelvis showing superior 


cluneal nerves Crossing over posterior iliac crest beginning 8 cm 


latéral to posterior superior iliac spine. SEE TECHNIQUE 1-8. 


TECHNIQUE 1-8 


9 " Make an incision along the subcutaneous border of the 
iliac crest at the point of contact of the periosteum with 
the origins of the gluteal and trunk muscles; carry the 
incision down to the bone. 

■ When the crest of the ilium is not required as part of the 
graft, split off the latéral side or both sides of the crest 
in continuity with the periosteum and the attached 
muscles. To avoid hemorrhage, dissect subperiosteally. 

■ If a cancellous graft with one cortex is desired, elevate 
only the muscles from either the inner or the outer table 
of the ilium. The inner cortical table with underlying 
cancellous bone may be préférable, owing to body 
habitus. 

■ For full-thickness grafts, also strip the iliacus muscle from 
the inner table of the ilium (Fig. 1-25). 

■ When chip or sliver grafts are required, remove them with 
an osteotome or gouge from the outer surface of the 
wing of the ilium, taking only one cortex. 

■ After removal of the crest, considérable cancellous bone 
may be obtained by inserting a curette into the cancellous 
space between the two intact cortices. 

■ When removing a cortical graft from the outer table, first 
outline the area with an osteotome or power saw. Then 
peel the graft up with slight prying motions with a broad 
osteotome. Wedge grafts or full-thickness grafts may be 
removed more easily with a power saw; this technique 
also is less traumatic than when an osteotome and mallet 
are used. For this purpose, an oscillating saw or an air- 
powered cutting drill is satisfactory. Avoid excessive heat 
by irrigating with saline at room température. Avoid 
removing too much of the crest anteriorly and leaving an 
unsightly deformity posteriorly (Fig. 1-26). 
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■ After removal of the grafts, accurately appose and suture 
the periosteum and muscular origins with strong inter- 
rupted sutures. 

■ Bleeding from the ilium is sometimes profuse; avoid using 
Gelfoam and bone wax and dépend on wound packing 
and local pressure. Gelfoam and bone wax are foreign 
materials. Bone wax is said to retard bone healing, and 
Gelfoam in large amounts has been associated with 
stérile serous drainage from wounds. Microcrystalline col- 
lagen has been reported to be more efficient in reducing 
blood loss from cancellous bone than either thrombin 
powder or thrombin-soaked gelatin foam. Gentle wound 
suction for 24 to 48 hours combined with meticulous 
oblitération of dead space is satisfactory for the manage¬ 
ment of these wounds. 

■ When harvesting bone from the posterior ilium, Colter- 
john and Bednar recommended making the incision par- 
allel to the superior cluneal nerves and perpendicular to 
the posterior iliac crest (see Fig. 1-24). 


Method of removing full-thickness coronal 
segment of ilium. (Redrawn from Abbott LC: The use of iliac bone in 
the treatment of ununited fractures, AAOS Instr Course Lect 2:13, 
1944 ) SEE TECHNIQUE 1-8. 



Defect in ilium after large graft was removed. 
Anterior border of ilium that included the anterior superior iliac 
spine was preserved, but because the defect was so large, defor- 
mity was visible even under clothing. Unsightly contour was 
improved by removing more bone from the crest posteriorly. SEE 
TECHNIQUE 1-8. 


SURGICAL APPROACHES 

A surgical approach should provide easy access to ail struc¬ 
tures sought. The incision should be long enough not to 
hinder any part of the operation. When practical, it should 
parallel or at least consider the natural creases of the skin to 
avoid undesirable scars. A longitudinal incision on the flexor 
or extensor surface of a joint may cause a large, unsightly scar 
or even a keloid that may permanently restrict motion. A 
longitudinal midlateral incision, especially on a finger or 
thumb or on the ulnar border of the hand, produces little 
scarring because it is located where movements of the skin 
are relatively slight. The approach also should do as little 
damage as possible to the deeper structures. It should follow 
lines of cleavage and planes of fascia and when possible 
should pass between muscles rather than through them. 
Important nerves and vessels must be spared by locating and 
protecting them or by avoiding them completely; when an 
important structure is in immédiate danger, it should be 
exposed. In addition to learning approaches described by 
others, the surgeon should know the anatomy so well that an 
approach can be modified when necessary. 

Not ail approaches are described in this chapter, but 
rather only those found suitable for most of the orthopaedic 
operations now in use. Additional approaches are described 
in other sections of this book. There has been recent interest 
in less invasive total joint arthroplasties. These approaches are 
outlined in Chapters 3, 7, 10, and 12. 

Unnecessary scarring and disfigurement should be 
avoided. Making a long incision parallel to the scar of a previ- 
ous long incision is unjustified. An incision through an old 
scar heals as well as a new incision; and even though the scar 
may not be ideally located, the deeper structures may be 
reached by retracting the skin and subcutaneous tissues. A 
second incision made parallel to and near an old scar may 
impair the circulation in the strip of skin between the two, 
leading to skin slough. 

The position of the patient for surgery also is important. 
It should be properly established before the operation is 
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begun, and provisions should be made to prevent undesirable 
changes in position during the operation. The surgeon should 
be able to reach ail parts of the surgical field easily. 

A tourniquet, unless specifically contraindicated, should 
always be used in surgery on the extremities; the dry field it 
provides makes the dissection easier, the surgical technique 
less traumatic, and the time required for the operation shorter. 
Also, in a dry field, the cutaneous nerves are identified and 
protected more easily, and they often may be used as guides 
to deeper structures. The identification, dissection, and liga- 
tion of vessels also are made easier. Although the extremity 
is temporarily ischémie, an electrocautery unit should be 
used to cauterize small vessels that cross the incision. An 
electrocautery unit is even more useful in surgical sites where 
a tourniquet cannot be employed, such as the shoulder, hip, 
spine, or pelvis. 

TOES 


APPROACH TO THE 
INTERPHALANGEAL JOINTS 


TECHNIQUE 1-9 


■ For procedures on the interphalangeal joint of the great 
toe, make an incision 2.5 cm long on the médial aspect 
of the toe. 

■ For the interphalangeal joints of the fifth toe, make a 
latéral incision. 

■ Approach the interphalangeal joints of the second, third, 
and fourth toes through an incision just latéral to the 
corresponding extensor tendon. 

■ Carry the dissection through the subeutaneous tissue and 
fascia to the capsule of the joint. 

■ Reflect the edges of the incision with care to avoid dam- 
aging the dorsal or plantar digital vessels and nerves; 
retract the dorsal nerves and vessels dorsally and the 
plantar nerves and vessels plantarward. 

■To expose the articular surfaces, open the capsule trans- 
versely or longitudinally. 




Incision into bunion 
and joint capsule 



Head of first metatarsal 


FIGURE 


A-C, Médial approach to metatarsophalangeal 


joint of great toe (see text). (Modified from Floppenfeld S, deBoer P: 


Surgical exposures in orthopaedics: the anatomie approach, Philadel¬ 


phia, Lippincott Williams & Wilkins, 2003.) SEE TECHNIQUE 1-10. 


■ APPROACHES TO THE 

METATARSOPHALANGEAL JOINT OF THE 
GREAT TOE 

The metatarsophalangeal joint of the great toe may be exposed 
in one of several ways. Two ways are described. 


MEDIAL APPROACH TO THE GREAT 
TOE METATARSOPHALANGEAL JOINT 


TECHNIQUE 1-10 


■ Make a curved incision 5 cm long on the médial aspect 
of the joint (Fig. 1-27A). Begin it just proximal to the 
interphalangeal joint, curve it over the dorsum of the 


metatarsophalangeal joint médial to the extensor hallucis 
longus tendon, and end it on the médial aspect of the 
first metatarsal 2.5 cm proximal to the joint. 

■As the deep fascia is incised, laterally retract the médial 
branch of the first dorsal metatarsal artery and the médial 
branch of the dorsomedial nerve (a branch of the super- 
ficial peroneal nerve), which supplies the médial side of 
the great toe. 

■ Dissect the fascia from the dorsum down to the bursa 
over the médial aspect of the metatarsal head. 

■ Make a curved incision through the bursa and capsule of 
the joint (Fig. 1-27B); begin the incision over the dorso¬ 
medial aspect of the joint, continue it proximally dorsal 
to the metatarsal head and plantarward and distally 
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around the joint, and end it distally on the medioplantar 
aspect of the metatarsophalangeal joint. This incision 
forms an elliptical, racquet-shaped flap attached at the 
base of the proximal phalanx (Fig. 1-27C). Although distal 
reflection of this flap amply exposes the first metatarso¬ 
phalangeal joint, the use of a dorsomedial approach is 
préférable because healing of the skin flap may be 
delayed. 


DORSOMEDIAL APPROACH TO GREAT 
TOE METATARSOPHALANGEAL JOINT 


TECHNIQUE 1-11 


■ Begin the incision just proximal to the interphalangeal 
joint and continue it proximally for 5 cm parallel with and 
médial to the extensor hallucis longus tendon. 

■ To expose the capsule, divide the fascia and retract the 
tendon. 

■The capsule can be incised by forming a flap with its 
attachment at the base of the first phalanx, as in the 
preceding approach, or by continuing the dissection in 
the plane of the skin incision. 


APPROACH TO THE LESSER TOE 
METATARSOPHALANGEAL JOINTS 


TECHNIQUE 1-12 


■ The second, third, and fourth metatarsophalangeal joints 
are reached by a dorsolateral incision parallel to the cor- 
responding extensor tendon (Fig. 1-28). 

■ The fifth metatarsophalangeal joint is best exposed by a 
straight or curved dorsal or dorsolateral incision. 

■ The joint capsules may be opened transversely or longi¬ 
tudinal^, as necessary. 


CALCANEUS 

Approaches to the calcaneus are carried out most easily with 
the patient prone. The médial approach, however, can be 
made with the patient supine, the knee flexed, and the foot 
crossed over the opposite leg. The latéral approach also can 
be made with the patient supine by placing a sandbag under 
the ipsilateral buttock, internally rotating the hip, and evert- 
ing the foot. 


MEDIAL APPROACH TO THE 
CALCANEUS 


TECHNIQUE 1-13 


Figure 1-29 


■ Begin the incision 2.5 cm anterior to and 4 cm inferior to 
the médial malleolus, carrying it posteriorly along the 
médial surface of the foot to the Achilles tendon. 

■ Divide the fat and fascia and define the inferior margin 
of the abductor hallucis. 

■ Mobilize the muscle belly and retract it dorsally to expose 
the médial and inferomedial aspects of the body of the 
calcaneus. 

■ Continue the dissection distally by dividing the plantar 
aponeurosis and the muscles attaching to the calcaneus 
or by stripping these from the bone with an osteotome. 
Carefully avoid the médial calcaneal nerve and the nerve 
to the abductor digiti minimi. 

The inferior surface of the body of the calcaneus can 
be exposed subperiosteally. 


LATERAL APPROACH TO THE 
CALCANEUS 


TECHNIQUE 1-14 


■ Begin the incision on the latéral margin of the Achilles 
tendon near its insertion and pass it distally to a point 
4 cm inferior to and 2.5 cm anterior to the latéral malleo¬ 
lus (Fig. 1-30). 

■ Divide the superficial and deep fasciae, isolate the pero- 
neal tendons and incise and elevate the periosteum 
below the tendons to expose the bone. 

■ If necessary, and if no infection is présent, divide the 
tendons by Z-plasty and repair them later. 


EXTENDED LATERAL APPROACH TO 
THE CALCANEUS 

The extended latéral approach was developed for open 
fixation of calcaneal fractures. The condition of the skin 
is most important. Swelling and bruised skin are factors 
leading to superficial and deep infections. The initial trauma 
impairs the microvasculature of the skin and subcutaneous 
tissues. A single-layer interrupted absorbable subcuticular 
suture is recommended for closure. This is less traumatic 
to the skin and subcutaneous tissues than a two-layer 
closure. An inverse relationship between surgeon expéri¬ 
ence and wound complications has been demonstrated, 
and patient âge and use of nicotine in any form also are 
important factors. 
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Branches of superficial 
peroneal nerve 


Extensor 
digitorum longus 


A 




Tendon of extensor 
digitorum longus 


C 




Head of second 
metatarsal 


Base of proximal 
phalanx 


Approaches to metatarsophalangeal joints of second, third, fourth, and fifth toes. A, Skin incision. B, Incision through 
deep fascia médial to tendons. C, Longitudinal incision in joint capsule. D, Joint is exposed. (Modified from Hoppenfeld S, deBoer P: Surgical 
exposures in orthopaedics: the anatomie approach, Philadelphia, 2003, Lippincott Williams & Wilkins.) SEE TECHNIQUE 1-12. 



FIGURE 


Médial approach to calcaneus. A, Skin incision. B f Fascial incision. C, Isolation of neurovascular bundle. (Modified from 


Burdeaux BD: Réduction of calcaneal fractures by the McReynolds médial approach technique and its experimental basis, Clin Orthop Relat Res 


177:93, 1983 ) SEE TECHNIQUE 1-13. 
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FIGURE 


Latéral approach to calcaneus. A f Skin incision. B f Incision in periosteum of calcaneus. C f Calcaneus is exposed. SEE 


TECHNIQUES 1-14 AND 1-15. 


EXTENDED LATERAL APPROACH TO 
THE CALCANEUS 


TECHNIQUE 1-15 


■ Beginning several centimeters proximal to the posterior 
tuberosity and the latéral edge of the Achilles tendon, 
begin the incision and carry it to the smooth skin just 
above the heel pad. Curve the incision anteriorly follow- 
ing the contour of the heel and carry it to below the tip 
of the fifth metatarsal base (Fig. 1-30A). 

■ Develop a full-thickness flap containing the peroneal 
tendons and sural nerve. 

■ Reflect it anteriorly and hold it in place with one or two 
Kirschner wires drilled into the latéral talus. 

■ At closure, use a single layer of interrupted 2-0 absorb¬ 
able sutures. 

■ Use a single tube vacuum drain and apply a stérile Jones- 
type compression dressing. 


U-SHAPED APPROACH TO THE 
CALCANEUS 


TECHNIQUE 1-16 


■ With the patient prone, support the leg on a large 
sandbag. 


■ For access to the entire plantar surface of the calcaneus, 
make a large U-shaped incision around the posterior four 
fifths of the bone (Fig. 1-31). 

■ After the dissections described, retract a flap consisting 
of skin, the fatty heel pad, and the plantar fascia. 


KOCHER APPROACH (CURVED L) TO 
THE CALCANEUS 


TECHNIQUE 1-17 


■ The Kocher approach is suitable for complété excision of 
the calcaneus in cases of tumor or infection. 

■ Incise the skin over the médial border of the Achilles 
tendon from 7.5 cm proximal to the tuberosity of the 
calcaneus to the inferoposterior aspect of the tuberosity, 
continuing it transversely around the posterior aspect 
of the calcaneus and distally along the latéral surface 
of the foot to the tuberosity of the fifth metatarsal (see 
Fig. 1-34B). 

■ Divide the Achilles tendon at its insertion and carry the 
dissection down to the bone. 

■ To reach the superior surface, free ail tissues beneath the 
severed Achilles tendon. 

■ The calcaneus may be enucleated with or without its 
periosteal attachments. 

The central third of the incision is idéal for fixation of 
posterior tuberosity avulsion fractures. 
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Plantar 
aponeurosis 
and muscles 
retracted 


U-shaped approach to calcaneus. A f Skin incision. B f Periosteal incision. C f Incision in plantar aponeurosis and muscles. 
D f Plantar aponeurosis and muscles are retracted. SEE TECHNIQUE 1-16. 


TARSUS AND ANKLE 
■ ANTERIOR APPROACHES 


ANTEROLATERAL APPROACH TO 
CH O PART'S JOINT 

The antérolatéral approach gives excellent access to the 
ankle joint, the talus, and most other tarsal bones and the 
anterior tuberosity of the calcaneal joints, and it avoids ail 
important vessels and nerves. Because so many reconstruc¬ 
tive operations and other procedures involve the structures 
exposed, it may well be called the "universal incision" for 
the foot and ankle. It permits excision of the entire talus, 
and the only tarsal joints that it cannot reach are those 
between the navicular and the second and first cuneiforms. 
This approach is good for a single-incision "triple" arthro- 
desis and a pantalar arthrodesis, as the tibiotalar, talona- 
vicular, subtalar, and calcaneocuboid joints are exposed. 


TECHNIQUE 1-18 


■ Begin the incision over the antérolatéral aspect of the leg 
médial to the fibula and 5 cm proximal to the ankle joint, 


carrying it distally over the joint, the antérolatéral aspect 
of the body of the talus, and the calcaneocuboid joint, 
and end it at the base of the fourth metatarsal (Fig. 
1-32A). The incision may begin more proximally or end 
more distally, or any part may be used, as needed. 

■ Incise the fascia and the superior and inferior extensor 
retinacula down to the periosteum of the tibia and the 
capsule of the ankle joint. This dissection usually divides 
the antérolatéral malleolar and latéral tarsal arteries. 

■ While retracting the edges of the wound, identify and 
protect the intermediate dorsal cutaneous branches of 
the superficial peroneal nerve. 

■ Divide the extensor digitorum brevis muscle in the direc¬ 
tion of its fibers or detach it from its origin and reflect it 
distally. 

■ Retract the extensor tendons, the dorsalis pedis artery, and 
the deep peroneal nerve medially and incise the capsule. 

■ Expose the talonavicular joint by dissecting deep to the 
tendons and incise its capsule transversely. 

■ Continue the dissection laterally through the capsule of 
the calcaneocuboid joint, which lies on the same plane 
as the talonavicular joint. 

■ Incise the mass of fat latéral to and inferior to the neck 
of the talus to bring the subtalar joint into view. 
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A and B f Antérolatéral approach to ankle joint and tarsus. SEE TECHNIQUE 1-18. 


■ Extend the dissection distally to provide access to the 
articulation between the cuboid and the fourth and fifth 
metatarsals and between the navicular and the third 
cuneiform (Fig. 1-32B). 


ANTERIOR APPROACH TO EXPOSE 
THE ANKLE JOINT AND BOTH 
MALLEOLI 

Gaining access to the part of the ankle joint between the 
médial malleolus and the médial articular facet of the body 
of the talus often is difficult when fusing the ankle through 
the antérolatéral approach. Through the anterior approach, 
however, both malleoli may be exposed easily. Usually 
the approach is developed between the extensor hallucis 
longus and extensor digitorum longus tendons (Fig. 1-33), 
but it also can be developed between the anterior tibial 
and extensor hallucis longus tendons. In this case, the 
neurovascular bundle is retracted laterally with the long 
extensor tendons of the toes, and the anterior tibial tendon 
is retracted medially. 


TECHNIQUE 1-19 


■ Begin the incision on the anterior aspect of the leg 7.5 
to 10 cm proximal to the ankle and extend it distally to 
about 5 cm distal to the joint. Its length varies with the 
surgical indication. 

■ Divide the deep fascia in line with the skin incision. 


Extensor 
digitorum 
longus tendon 



Extensor hallucis 
longus tendon 

Anterior tibial 
artery 


Deep peroneal 
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FIGURE 


Anterior approach to ankle joint. Extensor hal¬ 


lucis longus and anterior tibial tendons, along with neurovascular 
bundle, are retracted medially. Tendons of extensor digitorum 


longus muscle are retracted laterally. SEE TECHNIQUE 1-19. 
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ï 



A, Kocher approach to ankle. B, Kocher 
approach to calcaneus. C, Ollier approach to midtarsal and sub- 
talar joints. SEE TECHNIQUES 1-17,1-19,1-20, AND 1-21. 


■ Isolate, ligate, and divide the antérolatéral malleolar and 
latéral tarsal arteries, and carefully expose the neurovas- 
cular bundle and retract it medially. 

■ Incise the periosteum, capsule, and synovium in line with 
the skin incision, and expose the full width of the ankle 
joint anteriorly by subcapsular and subperiosteal dissec¬ 
tion (Fig 1-34A). 


■ LATERAL APPROACHES TO THE TARSUS AND 
ANKLE 


KOCHER LATERAL APPROACH TO THE 
TARSUS AND ANKLE 

The Kocher approach gives excellent exposure of the mid¬ 
tarsal, subtalar, and ankle joints (Fig. 1-34A). The disadvan- 
tage of this procedure is that the skin may slough around 
the margins of the incision, especially if dislocation of the 
ankle has been necessary, as in a talectomy. The peroneal 
tendons usually must be divided. In most instances, the 
antérolatéral incision is more satisfactory. 


TECHNIQUE 1-20 


■ From a point just latéral and distal to the head of the 
talus, curve the incision 2.5 cm inferior to the tip of the 
latéral malleolus, then posteriorly and proximally, and end 
it 2.5 cm posterior to the fibula and 5 cm proximal to 
the tip of the latéral malleolus or, if desired, 5 or 7 cm 
further proximally, parallel with and posterior to the fibula 
(Fig. 1-34A). 

■ Incise the fascia down to the peroneal tendons and 
retract them posteriorly, protecting the lesser saphenous 
vein and sural nerve lying immediately posterior to the 
incision. 


■ If a larger operative field is necessary, divide the tendons 
by Z-plasty and retract them. 

■ Deepen the dissection distally, divide the calcaneofibular 
ligament, and expose the subtalar joint. The calcaneocu- 
boid and talonavicular joints may be reached through the 
distal part of this incision. 

■ After dividing the talofibular ligaments, dislocate the 
ankle by médial traction if access to its entire articular 
surface is desired. 


OLLIER APPROACH TO THE TARSUS 

The Ollier approach is excellent for a triple arthrodesis: the 
three joints are exposed through a small opening without 
much retraction, and the wound usually heals well because 
the proximal flap is dissected full thickness and the skin 
edges are protected during retraction (see Chapter 84). 


TECHNIQUE 1-21 


■ Begin the skin incision over the dorsolateral aspect of the 
talonavicular joint, extend it obliquely inferoposteriorly, 
and end it about 2.5 cm inferior to the latéral malleolus 

(Fig. 1-34C). 

■ Divide the inferior extensor retinaculum in the line of the 
skin incision. 

■ In the superior part of the incision, expose the long exten¬ 
sor tendons to the toes and retract them medially, prefer- 
ably without opening their sheaths. 

■ In the inferior part of the incision, expose the peroneal 
tendons and retract them inferiorly. 

■ Divide the origin of the extensor digitorum brevis muscle, 
retract the muscle distally, and bring into view the sinus 
tarsi. 

■ Extend the dissection to expose the subtalar, calcaneocu- 
boid, and talonavicular joints. 


POSTEROLATERAL APPROACH TO THE 
ANKLE 

The Gatellier and Chastang postérolatéral approach permits 
open réduction and internai fixation of fractures of the 
ankle in which the fragment of the posterior tibial lip (pos¬ 
terior malleolus) is large and laterally situated. It makes use 
of the fact that the fibula usually is fractured in such inju¬ 
ries; should it be intact, it is osteotomized about 10 cm 
proximal to the tip of the latéral malleolus. The approach 
also is used for osteochondritis dissecans involving the 
latéral part of the dôme of the talus and for osteochondro- 
matosis of the ankle. 


TECHNIQUE 1-22 


(GATELLIER AND CHASTANG) 

■ Begin the incision about 12 cm proximal to the tip of the 
latéral malleolus and extend it distally along the posterior 
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Postérolatéral approach of Gatellier and Chastang. A f Peroneal tendons hâve been displaced anteriorly, and fibula 
has been divided; distal fragment has been turned latérally after interosseous membrane and anterior and posterior tibiofibular liga¬ 
ments hâve been divided. B f Distal fibula has been replaced and fixed to tibia with syndesmosis screw. SEE TECHNIQUE 1-22. 


margin of the fibula to the tip of the malleolus. Curve the 
incision anteriorly for 2.5 to 4 cm in the line of the pero¬ 
neal tendons (Fig. 1-35). 

■ Expose the fibula, including the latéral malleolus subperi- 
osteally, and incise the sheaths of the peroneal retinacula 
and tendons, permitting the tendons to be displaced 
anteriorly. 

■ If the fibula is not fractured, divide it 10 cm proximal to 
the tip of the latéral malleolus and free the distal frag¬ 
ment by dividing the interosseous membrane and the 
anterior and posterior tibiofibular ligaments. 

■ Carefully preserve the calcaneofibular and talofibular liga¬ 
ments to serve as a hinge and to maintain the integrity 
of the ankle after operation. Turn the fibula laterally on 
this hinge and expose the latéral and posterior aspects of 
the distal tibia and the latéral aspect of the ankle joint. 
Great care should be used in children to avoid creating a 
fracture through the distal fibular physis when reflecting 
the fibula. 

■ When closing the incision, replace the fibula and secure 
it with a screw extending transversely from the proximal 
part of the latéral malleolus through the tibiofibular syn¬ 
desmosis into the tibia just proximal and parallel to the 
ankle joint. 

■ Overdrill the hole made in the fibula to allow for compres¬ 
sion across the syndesmosis. Dorsiflex the ankle joint as 
the screw is tightened because the talar dôme is wider at 
its anterior half than its posterior half. Failure to overdrill 
the fibula can resuit in widening of the syndesmosis and 
ankle mortise, with resulting arthritic degeneration of the 
tibiotalar joint. Add additional fixation with a small plate 
and screws if desired. 

■ Replace the tendons, repair the tendon sheaths and reti¬ 
nacula, and close the incision. 


■ After the osteotomy or fracture has healed, remove the 
screw to prevent its becoming loose or breaking. 


ANTEROLATERAL APPROACH TO THE 
LATERAL DOME OF THE TALUS 

As an alternative to latéral malleolar osteotomy, Tochigi 
et al. described an antérolatéral approach to the latéral 
dôme of the talus for extensive latéral osteochondral 
lésions. Ail but the posterior one fourth of the latéral talus 
can be exposed. An osteotomy of the antérolatéral tibia is 
required. 


TECHNIQUE 1-23 


(TOCHIGI, AMENDOLA, MUIR, AND SALTZMAN) 

■ Make a vertical 10-cm incision along the antérolatéral 
corner of the ankle, avoiding the latéral branch of the 
superficial peroneal nerve. 

■ Outline the osteotomy of the antérolatéral tibia to include 
the anterior tibiofibular ligament. The cortical surface 
of the fragment should be at least 1 cm 2 (Fig. 1-36). 
Predrill the fragment to accept a 4-mm cancellous screw. 

■ Use a micro-oscillating sawto begin the osteotomy in two 
planes. Complété the osteotomy with a small, narrow 
osteotome by gently levering it in an externally rotated 
direction. The cartilaginous surface of the tibia is 
"cracked" as the fragment is rotated. 

■ At wound closure, rotate the fragment back into position 
and secure it with a 4-mm cancellous screw and washer. 
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POSTERIOR APPROACH 
TO THE ANKLE 

If only the antérolatéral distal tibia needs to be exposed, 
the antérolatéral tibial osteotomy is omitted and the super- 
ficial peroneal nerve is protected until its position becomes 
more posterior entering deep fascia. 


TECHNIQUE 1-24 


■ With the patient prone, make a 12-cm incision along the 
postérolatéral border of the Achilles tendon down to the 
insertion of the tendon on the calcaneus (Fig. 1-37A). 



Tochigi, Amendola, Muir, and Saltzman antéro¬ 
latéral approach to talus. A f Anterior view of osteotomy. 
B f Latéral view of osteotomy. (From Tochigi Y, Amendola A, Muir D, 
et al: Surgical approach for centrolateral talar osteochondral lésions 
with an antérolatéral osteotomy, Foot Ankle Int 23:1038, 2002.) SEE 
TECHNIQUE 1-23. 


■ Divide the superficial and deep fasciae, divide the Achilles 
tendon by Z-plasty or retract it, and incise the fat and 
areolar tissue to the posterior surface of the tibia in the 
space between the flexor hallucis longus and the peroneal 
tendons (Fig. 1-37B). 

■ Retract the flexor hallucis longus tendon medially to 
expose 2.5 cm of the distal end of the tibia, the posterior 
aspect of the ankle joint, the posterior end of the talus, 
the subtalar joint, and the posterior part of the superior 
surface of the calcaneus (Fig. 1-37C). 

■ If the dissection is kept latéral to the flexor hallucis longus 
tendon, the posterior tibial vessels and the tibial nerve 
will not be at risk because this tendon protects them. 

■ Alternative^, the Achilles tendon can be split from just 
above the ankle joint distally to its insertion on the os 
calcis. Hammit et al. found a lower wound complication 
rate without sacrificing exposure using this technique 
rather than standard posteromedial and postérolatéral 
approaches. 


■ MEDIAL APPROACHES TO THE ANKLE 


MEDIAL APPROACH TO THE ANKLE 

Koenig and Schaefer approached the ankle from the médial 
side by a method similar in principle to the Gatellier and 
Chastang exposure of the postérolatéral side. It is not a 
popular method because, despite utmost care, it is possible 
to injure the tibial vessels and nerve. Nevertheless, it may 
be useful for fracture-dislocations of the talus, other trau- 
matic lésions of the ankle joint, and osteochondritis dis- 
secans of the talus. 




Tibia 

Ankle 

joint 


Flexor hallucis 
longus muscle 


Talus 


Subtalar 

joint 


Posterior approach to ankle. A f Skin incision. B f Z-plasty division and reflection of Achilles tendon. C f Exposure of 
ankle and subtalar joints after retraction of flexor hallucis longus tendon and posterior capsulotomy. SEE TECHNIQUE 1-24. 
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Incisions for médial approaches to ankle joint: 
Koenig and Schaefer (A), Broomhead (B), and Colonna and 
Ralston (C). SEE TECHNIQUES 1-25 AND 1-26. 


TECHNIQUE 1-25 


(KOENIG AND SCHAEFER) 

■Curve the incision just proximal to the médial malleolus 
(Fig. 1-38A) and divide the malleolus with an osteotome 
or small power saw; preserve the attachment of the 
deltoid ligament. 

■ Subluxate the talus and malleolus laterally to reach the 
joint surfaces. 

■ Later replace the malleolus and fix it with one or two 
cancellous screws. To make replacement easier, drill the 
holes for the screws before the osteotomy, insert the 
screw, and then remove it. At the end of the operation, 
reinsert the screws and close the wound. 

■ The surfaces of the osteotomized bone are smooth, and 
the malleolus can rotate on a single screw. Two screws 
are used to prevent rotation of the osteotomized médial 
malleolus (Fig. 1-39). Interfragmentary technique (see 
Chapter 53) should be used for screw fixation of the 
médial malleolus to provide compression across the oste¬ 
otomy site. 


MEDIAL APPROACH TO THE 
POSTERIOR LIP OF THE TIBIA 

Broomhead advised a curved médial incision for fractures 
of the médial part of the posterior lip of the tibia that 
require open réduction. The line of approach lies midway 
between the posterior border of the tibia and the médial 
border of the Achilles tendon, curves inferior to the médial 
malleolus to the médial border of the foot, and permits 
exposure of médial and posterior malleoli (Fig. 1-38B). The 
latter is exposed by reflecting the capsule and periosteum 
and retracting the tendons of the posterior tibial, flexor 
digitorum longus, and flexor hallucis longus muscles 
together with the neurovascular bundle posteriorly and 
medially. 

Colonna and Ralston described the following modifica¬ 
tion of Broomhead's approach. 



Osteotomy of médial malleolus for access to 
médial dôme of talus. Note line of osteotomy. SEE TECHNIQUE 1-25. 

Flexor hallucis longus tendon 



to distal tibia. Posterior tibial and flexor digitorum longus tendons 
hâve been retracted anteriorly, and flexor hallucis longus tendon, 
posterior tibial vessels, and tibial nerve hâve been retracted pos¬ 
teriorly and laterally. SEE TECHNIQUE 1-26. 


TECHNIQUE 1-26 


(COLONNA AND RALSTON) 

■ Begin the incision at a point about 10 cm proximal and 
2.5 cm posterior to the médial malleolus and curve it 
anteriorly and inferiorly across the center of the médial 
malleolus and inferiorly and posteriorly 4 cm toward the 
heel (Fig. 1-38C). 

■ Expose the médial malleolus by reflecting the periosteum, 
but preserve the deltoid ligament. 

■ Divide the flexor retinaculum and retract the flexor hal¬ 
lucis longus tendon and the neurovascular bundle poste¬ 
riorly and laterally. 

■ Retract the tibial posterior and flexor digitorum longus 
tendons medially and anteriorly to expose the posterior 
tibial fracture (Fig. 1-40). 
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In addition to the approaches described, short médial, 
latéral, and dorsal approaches may be used to expose small 
areas of the tarsal and metatarsal joints. In ail, the vessels, 
nerves, and tendons must be protected. 

TIBIA 

The tibia is a superficial bone that can be easily exposed 
anteriorly without damaging any important structure except 
the tendons of the anterior tibial and extensor hallucis 
longus muscles, which cross the tibia anteriorly in its lower 
fourth. 


ANTERIOR APPROACH TO THE TIBIA 


TECHNIQUE 1-27 


■ Make a longitudinal incision on either side of the anterior 
border of the bone. 

■ Reflect the skin and incise and elevate the periosteum 
over the desired area. 

■ Strip the periosteum as little as possible because its circu¬ 
lation is a source of nutrition for the bone. 


MEDIAL APPROACH TO THE TIBIA 

In some delayed unions and nonunions, Phemister inserted 
a bone graft in a bed prepared on the posterior surface of 
the tibia. 


TECHNIQUE 1-28 


(PHEMISTER) 

■ Make a longitudinal incision along the posteromedial 
border of the tibia. 

■ Incise the subcutaneous tissues and deep fascia and 
reflect the periosteum from the posterior surface for the 
required distance. 


POSTEROLATERAL APPROACH TO THE 
TIBIAL SHAFT 

The postérolatéral approach is valuable in the middle two 
thirds of the tibia when the anterior and anteromedial 
aspects of the leg are badly scarred. It also is satisfactory 
for removing a portion of the fibula for transfer. 


TECHNIQUE 1-29 


(HARMON, MODIFIED) 

■ Position the patient prone or on the side, with the affected 
extremity uppermost. 


■ Make the skin incision the desired length along the latéral 
border of the gastrocnemius muscle on the postérolatéral 
aspect of the leg (Fig. 1-41 A). 

■ Develop the plane between the gastrocnemius, the 
soleus, and the flexor hallucis longus muscles posteriorly 
and the peroneal muscles anteriorly (Fig. 1-41 B). 

■ Find the latéral border of the soleus muscle and retract it 
and the gastrocnemius muscle medially and posteriorly; 
arising from the posterior surface of the fibula is the flexor 
hallucis longus (Fig. 1-41C). 

■ Detach the distal part of the origin of the soleus muscle 
from the fibula and retract it posteriorly and medially 
(Fig. 1-41 D). 

■ Continue the dissection medially across the interosseous 
membrane, detaching those fibers of the posterior tibial 
muscle arising from it (Fig. 1-41 E). The posterior tibial 
artery and the tibial nerve are posterior and separated 
from the dissection by the posterior tibial and flexor hal¬ 
lucis longus muscles (Fig. 1-41 F). 

■ Follow the interosseous membrane to the latéral border 
of the tibia and detach subperiosteally the muscles that 
arise from the posterior surface of the tibia (Fig. 1-41G 
and H). 

■The posterior half of the fibula lies in the latéral part of 
the wound; its entire shaft can be explored. The fiat 
posterior surface of the tibial shaft can be completely 
exposed except for its proximal fourth, which lies in close 
relation to the popliteus muscle and to the proximal parts 
of the posterior tibial vessels and the tibial nerve. 

■ When the operation is completed, release the tourniquet, 
secure hemostasis, and let the posterior muscle mass fall 
back into place. 

■ Loosely close the deep fascia on the latéral side of the leg 
with a few interrupted sutures. 


■ TIBIAL PLATEAU APPROACHES 


ANTEROLATERAL APPROACH TO THE 
LATERAL TIBIAL PLATEAU 

The antérolatéral approach is commonly used because 
most tibial plateau fractures involve the latéral tibial 
plateau. 


TECHNIQUE 1-30 


(KANDEMIRAND MACLEAN) 

■ Place the patient supine on a radiolucent table. 

■ Begin the incision 2 to 3 cm proximal to the joint line and 
extend it 3 cm below the inferior margin of the tibial 
tubercle Crossing Gerdy's tubercle at the midpoint of the 
incision (Fig. 1-42). 

■ Detach the iliotibial band and develop the interval 
between it and the joint capsule. 
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Postérolatéral approach to tibia. A f Skin incision. B f Plane between gastrocnemius, soleus, and flexor hallucis longus 
posteriorly and peroneal muscles anteriorly is developed. C, Flexor hallucis longus arising from posterior surface of fibula. D, Distal part 
of origin of soleus is detached from fibula and retracted posteriorly and medially. E, Dissection medially across interosseous membrane, 
detaching fibers of posterior tibial muscle. F, Posterior tibial artery and tibial nerve are protected by posterior tibial and flexor hallucis 
longus muscles. G and H, Muscles are detached subperiosteally from posterior surface of tibia. (Modified from Hoppenfeld S, deBoer P: 
Surgical exposures in orthopaedics: the anatomie approach, Philadelphia, Lippincott Williams & Wilkins, 2003.) SEE TECHNIQUE 1-29. 






































PART I GENERAL PRINCIPLES 



Gerdy’s 

tubercle 


Antérolatéral approach to the tibial plateau. 
Begin the incision 2-3 cm proximal to the joint line and carry it 
obliquely across Gerdy's tubercle aiming for a point 1 cm off the 
latéral aspect of the tibial tubercle. Extend it as far distally as 
needed. FH, Fibular head; P, patella; TT, tibial tubercle. SEE TECH¬ 
NIQUE 1-30. 


9 " Reflect the origin of the tibialis anterior muscle from the 
antérolatéral tibia and reflect it posteriorly exposing the 
antérolatéral surface of the tibial plateau. 

■ If direct exposure of the articular surface is necessary, 
perform a submeniscal arthrotomy incising the menisco- 
tibial ligaments. Leave the anterior horn of the meniscus 
intact. 

■ Place three or four sutures in the periphery of the menis¬ 
cus to serve as retractors and for later repair. If a repair- 
able vertical meniscal tear is présent, pass the necessary 
number of sutures in a vertical fashion through the 
inner part of the meniscus for later attachment to the 
capsule. 

■ If a submeniscal arthrotomy is not planned, a hockey-stick 
skin incision can be used for minimally invasive proce¬ 
dures. Make the proximal limb of the incision parallel to 
the latéral joint line and cross Gerdy's tubercle. 



Médial and posteromedial approaches to the 
tibial plateau. A, Begin the skin incision for the médial approach 
2 to 3 cm above the joint line at the médial épicondyle and 
extend it distally, bisecting the posteromedial border of the tibia 
and tibial crest. B, Begin the skin incision for the posteromedial 
approach 2 to 3 cm above the joint line and follow the postero¬ 
medial border of the tibia. SEE TECHNIQUES 1-31 AND 1-32. 


MEDIAL APPROACH TO THE MEDIAL 
TIBIAL PLATEAU 

This approach is useful for isolated médial plateau fractures 
and for médial half of bicondylar plateau fractures. 


TECHNIQUE 1-31 


■ With the patient supine, make an incision 1 to 2 cm 
proximal to the joint line in line with the médial fémoral 
épicondyle and extend it over the pes anserinus insertion 
(Fig. 1-43). Avoid the saphenous vein and nerve that 
usually are posterior. 

■ Take the pes anserinus tendons down sharply from the 
tibia, exposing the superficial and deep médial collateral 
ligaments (MCL). 

■ Indirectly reduce the fracture and apply a plate over the 
MCL. 


POSTEROMEDIAL APPROACH TO THE 
MEDIAL TIBIAL PLATEAU 

This approach is useful for shear fractures of the médial 
plateau. It can be performed with the patient supine or prone. 


TECHNIQUE 1-32 


(SUPINE) 

■ Externally rotate and slightly flex the knee. 

■ Make a longitudinal incision along the posteromedial 
aspect of the tibia, beginning 3 cm above the joint line 
and extend it as far distally as needed (Fig. 1-43B). Avoid 
the great saphenous vein and saphenous nerve anterior 
to the incision. 

■ Mobilize and retract the pes anserinus tendons proximally 
and anteriorly or distally and posteriorly. 

■ Retract the médial gastrocnemius and soleus muscles pos¬ 
teriorly, exposing the junction of popliteal fascia, the 
semimembranosus insertion, and the MCL. 

■ Incise the periosteum longitudinally and subperiosteally 
elevate the popliteus muscle insertion off the posterior 
tibia (Fig. 1-44). 
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FIGURE 


Posteromedial approach (supine). Retract the 


tendons of the pes anserinus distal and posterior. Incise the pos- 
terior edge of the médial collateral ligament and reflect the 
popliteus muscle insertion from the posterior border of the tibia. 

SEE TECHNIQUE 1-32. 


POSTEROMEDIAL APPROACH (PRONE) 
TO THE SUPEROMEDIAL TIBIA 

The posterior approach to the superomedial région of the 
tibia is useful for fixation of posteromedial split fractures 
of the tibial plateau. 


TECHNIQUE 1-33 


(BANKS AND LAUFMAN) 

■ With the patient positioned prone, begin the transverse 
segment of a hockey-stick incision (Fig. 1-45A) at the 
latéral end of the flexion crease of the knee, and extend 
it across the popliteal space. Turn the incision distally 
along the médial side of the calf for 7 to 10 cm. 

■ Develop the angular flap of skin and subcutaneous tissue 
and incise the deep fascia in line with the skin incision 
(Fig. 1-45B). Identify and protect the cutaneous nerves 
and superficial vessels. 

■ Define the interval between the tendon of the semitendinosus 
muscle and the médial head of the gastrocnemius muscle. 

■ Retract the semitendinosus proximally and medially and 
the gastrocsoleus component distally and laterally; the 
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Banks and Laufman posterior approach to superomedial région of tibia. A f Incision extends transversely across pop¬ 
liteal fossa and then turns distally on médial side of calf. B f Skin and deep fascia hâve been incised and reflected. C f Broken line indicates 
incision to be made between popliteus and flexor digitorum longus. D f Popliteus and flexor digitorum longus hâve been elevated 
subperiosteally to expose tibia. SEE TECHNIQUE 1-33. 
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popliteus and flexor digitorum longus muscles lie in the 
floor of the interval (Fig. 1-45C). 

■ Elevate subperiosteally the flexor digitorum longus muscle 
distally and laterally and the popliteus muscle proximally 
and medially, and expose the posterior surface of the 
proximal fourth of the tibia (Fig. 1-45D). Further élévation 
of the popliteus will expose the posterior cruciate liga¬ 
ment fossa. 

■ If necessary, extend the incision distally along the médial 
side of the calf by continuing the dissection in the same 
intermuscular plane. The tibial nerve and posterior tibial 
artery lie beneath the soleus muscle. 


POSTEROLATERAL APPROACH TO THE 
TIBIAL PLATEAU 

This approach is useful for latéral and postérolatéral plateau 
fractures. This approach with a fibular osteotomy is useful 
for fractures of the postérolatéral plateau. 


TECHNIQUE 1-34 


(SOLOMON ETAL) 

■ Position the patient supine with the knee extended. Make 
a 6-cm longitudinal incision anterior to the biceps femoris 


tendon contour on the fibular head. The incision can be 
extended distally as needed. 

■ Flex the knee to 60 degrees. 

■ Incise the subcutaneous fat in line with the skin incision, 
exposing the deep fascia. 

■ Incise the fascia lata over the biceps tendon and the 
common peroneal nerve. Identify the common peroneal 
nerve in the adipose tissue of the popliteal fossa 

(Fig. 1 -46 A). 

■ Knee flexion relaxes the common peroneal nerve. Expose 
the nerve down to the fibular head. Protect the sural 
nerve branch from the common peroneal nerve in the 
popliteal fossa. 

■ Transect the branch of the common peroneal nerve to the 
proximal tibiofibular joint. 

■ Release the common peroneal nerve from the posterior 
intermuscular septum posterior to the peroneus longus 
muscle as it enters the latéral compartment. 

■ Expose the deep peroneal nerve by detaching the pero¬ 
neus longus and tibialis anterior muscles from the poste¬ 
rior and anterior aspects of the anterior intermuscular 
septum, respectively. 

■ Release the deep peroneal nerve as it enters the 
anterior compartment and goes through the anterior 
septum. 

■ Pre-drill the fibular head and neck just latéral to the biceps 
femoris insertion. 
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Postérolatéral approach with osteotomy of the fibular neck. A f Superficial dissection of postérolatéral corner. 
B f Osteotomy and reflection of fibular head proximally with attached biceps femoris tendon and latéral collateral ligament. Flex the 
knee to relax the common peroneal nerve, latéral head of gastrocnemius muscle, and popliteus muscle. Visualize the joint between to 
posterior cruciate ligament and posterior border of the iliotibial band. (Redrawn from Solomon LB, Stevenson AW, Baird RPV, Pohl AP. Pos¬ 
térolatéral transfibular approach to tibial plateau fracture: technique, results, and rationale, J Orthop Trauma 24:505, 2010.) SEE TECHNIQUE 1-34. 
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Postérolatéral approach with osteotomy of 
fibular head. Make the plane of the osteotomy parallel to fibular 
articular surface. Remove the entire fibular head if needed but 
leave the attachments of the fibular collateral ligament and 
biceps femoris intact. (Redrawn from Yu B, Han K, Zhan C, et al: 
Fibular head osteotomy: a new approach for the treatment of latéral or 
postérolatéral tibial plateau fractures. The Knee 17:313, 2010.) SEE 
TECHNIQUE 1-34. 


■ Osteotomize the fibular neck with an osteotome just 
above the peroneal nerve (Fig. 1-46B). 

■ Release the joint capsule from the proximal tibiofibular 
joint and reflect the fibular head proximally with attached 
biceps femoris tendon and latéral collateral ligament 
complex, exposing the postural corner of the knee joint. 

■ Mobilize the latéral meniscus by detaching the coronary 
ligament from the posterior cruciate ligament medially to 
the iliotibial band laterally, and elevate it to expose the 
tibial articular surfaces. 

■ At closure, repair the osteotomy with a longitudinal screw. 

■ Alternative^, the fibular head can be osteotomized in a 
longitudinal direction as described by Yu et al. One-third 
of the fibular head or the entire fibular head can be 
removed, depending on the exposure required (Fig. 1 -47). 
The biceps femoris and latéral collateral ligament inser¬ 
tions are left intact. 
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Postérolatéral corner of tibia. Develop the 
interval between the popliteus muscle and the biceps femoris 
muscle. Reflect the soleus muscle origin from the proximal tibia. 

(Redrawn from Frosch KH, Balcarek P, Walde T, Stürmer KM: A new 
postérolatéral approach without fibular osteotomy for the treatment of 
tibial plateau fractures, J Orthop Trauma 24:515, 2010.) SEE TECH¬ 
NIQUE 1-35. 


■ Make a 15-cm postérolatéral incision starting 3 cm above 
the joint line then following the fibula distally. 

■ Incise the posterior portion of the iliotibial band from 
Gerdy's tubercle and perform a latéral arthrotomy. 

■ Bluntly dissect into the popliteal fossa between the latéral 
origin of the gastrocnemius muscle and soleus muscle, 
exposing the popliteus muscle. 

■ Ligate the inferior geniculate vessels if necessary. 

■ Develop the interval between the biceps femoris muscle 
and the popliteus muscle (Fig. 1-48). 

■ Detach the soleus muscle from the posterior aspect of the 
fibula exposing the postérolatéral plateau. 


POSTEROLATERAL APPROACH TO THE 
TIBIAL PLATEAU WITHOUT FIBULAR 
OSTEOTOMY 


TECHNIQUE 1-35 


(FROSCH ETAL) 

■ Place the patient in the latéral decubitus position with the 
operative side up. 

■ Support the knee with a thick, rolled pillow. 


TSCHERNE-JOHNSON EXTENSILE 
APPROACH TO THE LATERAL 
TIBIAL PLATEAU 

This approach is useful for depressed latéral plateau fractures. 


TECHNIQUE 1-36 


(JOHNSON ETAL) 

■ Position the patient supine with a bump under the ipsi- 
lateral hip. 
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Tscherne-Johnson extensile approach to the latéral tibial plateau. A f Elevate Gerdy's tubercle with two ostéotomies 
with bone cuts 90 degrees to each other. Base it on a posterior hinge behind Gerdy's tubercle. B f Externally rotate the fragment leaving 
the posterior insertion of the iliotibial band attached. (Redrawn from Johnson EE, Timon S: Tscherne-Johnson extensile approach for tibial 
plateau fractures. Clin Orthop Relat Res 471:2760, 2013.) SEE TECHNIQUE 1-36. 


■ Flex the knee over a large bump so that the leg will rest 
just off the edge of the table. 

■ Perform a latéral parapatellar incision from the supracon- 
dylar area of the distal fémur to below and latéral to the 
tibial tubercle. 

■ Develop a latéral soft-tissue flap from the wound edge to 
the postérolatéral corner of the tibial plateau. 

■ Identify Gerdy's tubercle and the anterior and posterior 
edges of the iliotibial band. 

■ Flex the knee to 40 degrees and incise the central portion 
of the iliotibial band distally from a point 4 cm above the 
joint line to the joint line and continue it anteriorly, divid- 
ing the anterior half of the band (Fig. 1-49A). Carry the 
incision anteriorly to the patellar tendon. 

■ Retract the anterior half of the iliotibial band exposing 
the latéral joint line. 

■ Incise the meniscal coronary ligament from posterior to 
anterior ending at the level of the patellar tendon. 

■ Place three 2-0 absorbable sutures in the meniscal edge 
and elevate it. The sutures will be used to later repair the 
meniscus to the latéral plateau rim. 

■ Incise the origin of the tibialis anterior muscle along the 
latéral tibial metaphyseal flair and elevate it distally. 

■ Perform two ostéotomies anterior and distal to Gerdy's 
tubercle with a narrow osteotome (Fig. 1-49A). 

■ Rotate the Gerdy's tubercle fragment posteriorly on its 
posterior soft-tissue hinge to expose the undersurface of 
the latéral plateau (Fig. 1-49B) 


■ At closure, repair the osteotomy with an overlying plate 
and screws with one of the screws directly repairing the 
osteotomy. 


FIBULA 


POSTEROLATERAL APPROACH 
TO THE FIBULA 


TECHNIQUE 1-37 


(HENRY) 

■ Beginning 13 cm proximal to the latéral malleolus, incise 
the skin proximally along the posterior margin of the 
fibula to the posterior margin of the head of the bone 
and continue farther proximally for 10 cm along the pos¬ 
terior aspect of the biceps tendon. 

■ Divide the superficial and deep fasciae. Isolate the 
common peroneal nerve along the posteromedial aspect 
of the biceps tendon in the proximal part of the wound, 
and free it distally to its entrance into the peroneus longus 
muscle (Fig. 1-50). 

■ Pointing the knife blade proximally and anteriorly, detach 
the part of the peroneus longus muscle that arises from 
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||^P Method of mobilizing and retracting common peroneal nerve when approaching proximal fibula. A f Anatomie rela- 
tionships. B f Part of peroneus longus that arises from latéral surface of fibular head proximal to common peroneal nerve has been 
detached, allowing nerve to be retracted over fibular head. SEE TECHNIQUE 1-37. 


the latéral surface of the head of the fibula proximal to 
the common peroneal nerve. Retract the nerve over the 
head of the fibula. 

■ Locate the fascial plane between the soleus muscle pos- 
teriorly and the peroneal muscles anteriorly and deepen 
the dissection along the plane to the fibula. 

■ Expose the bone by retracting the peroneal muscles ante¬ 
riorly and incising the periosteum. When retracting these 
muscles, avoid injuring the branches of the deep peroneal 
nerve that lie on their deep surfaces and are in close 
contact with the neck of the fibula and proximal 5 cm of 
the shaft. 

■ The distal fourth of the fibula is subeutaneous on its 
latéral aspect and may be exposed by a longitudinal 
incision through the skin, fascia, and periosteum. 
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KNEE 

■ ANTEROMEDIAL AND ANTEROLATERAL 
APPROACHES 


Anatomie relationships of superficial structures 
on médial aspect of knee. SEE TECHNIQUE 1-38. 


ANTEROMEDIAL PARAPATELLAR 
APPROACH 

When any anteromedial approach is made, including one 
for meniscectomy, the infrapatellar branch of the saphe¬ 
nous nerve should be protected (Fig. 1-51). The saphenous 
nerve courses posterior to the sartorius muscle and then 
pierces the fascia lata between the tendons of the sartorius 
and gracilis muscles and becomes subeutaneous on the 
médial aspect of the leg; on the médial aspect of the knee 
it gives off a large infrapatellar branch to supply the skin 
over the anteromedial aspect of the knee. Several variations 
exist in the location and distribution of this infrapatellar 


branch. Consequently, no single incision on the anterome¬ 
dial aspect of the knee can avoid it for certain. The nerve 
should be located and protected if possible. 


TECHNIQUE 1-38 


Figure 1-52 


(VON LANGENBECK) 

■ Begin the incision at the médial border of the quadriceps 
tendon 7 to 10 cm proximal to the patella, curve it around 
the médial border of the patella and back toward the 
midline, and end it at or distal to the tibial tuberosity. As 
a more cosmetically pleasing alternative, a longitudinal 
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FIGURE 


Anteromedial approach to knee joint. SEE TECHNIQUE 1-38. 


incision centered overthe patella can be made, reflecting 
the subcutaneous tissue and superficial fascia over the 
patella medially by blunt dissection to the médial border 
of the patella. 

■ Divide and retract the fascia. 

■ Deepen the dissection between the vastus medialis 
muscle and the médial border of the quadriceps tendon 
and incise the capsule and synovium along this médial 
border and along the médial border of the patella and 
patellar tendon. 

■ Retract the patella laterally and flex the knee to gain a 
good view of the anterior compartment of the joint and 
the suprapatellar bursa. Divide the ligamentum mucosa 
if necessary (see Fig. 1-56). 

■ Attain wider access to the joint in the following ways: (1 ) 
extending the incision proximally, (2) extending the proxi¬ 
mal part of the incision obliquely medially and separating 
the fibers of the vastus medialis, (3) dividing the médial 
alar fold and adjacent fat pad longitudinally, and (4) 
mobilizing the médial part of the insertion of the patellar 
tendon subperiosteally. 

■ If contracture of the quadriceps prevents sufficient expo- 
sure, detach the tibial tuberosity and reattach later with 
a screw. Fernandez described an extensive osteotomy of 


the tibial tuberosity (see Fig. 1-64) and reattachment of 
the tuberosity with three lag screws engaging the poste¬ 
rior tibial cortex. This technique achieves rigid fixation and 
allows early postoperative réhabilitation. 


SUBVASTUS(SOUTHERN) 
ANTEROMEDIAL APPROACH 
TO THE KNEE 

Problems with patellar dislocation, subluxation, and osteo- 
necrosis after total knee arthroplasty performed through 
an anteromedial parapatellar approach led to the rediscov- 
ery of the subvastus, or Southern, anteromedial approach 
first described by Erkes in 1929. According to Hofmann 
et al., this approach préserves the vascularity of the patella 
by sparing the intramuscular articular branch of the 
descending genicular artery and préserves the quadriceps 
tendon, providing more stability to the patellofemoral joint 
in total knee arthroplasty. This approach also is useful for 
lesser anteromedial and médial knee procedures. The rela¬ 
tive contraindications to this approach are previous major 
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knee arthroplasty and weight greater than 200 Ib, which 
makes eversion of the patella difficult. In a rétrospective 
study of 143 knees in 96 patients, In et al. found that in 
patients with a thigh girth of larger than 55 cm the patella 
could not be everted when using a subvastus approach for 
total knee arthroplasty. 


TECHNIQUE 1-39 


(ERKES, AS DESCRIBED BY HOFMANN, PLASTER, AND 

MURDOCK) 

■ Exsanguinate the limb and inflate the tourniquet with the 
knee flexed to at least 90 degrees to prevent tenodesis 
of the extensor mechanism. 

■ Make a straight anterior skin incision, beginning 8 cm 
above the patella, carrying it distally just médial and 2 cm 
distal to the tibial tubercle. 


■ Incise the superficial fascia slightly médial to the patella 
(Fig. 1-53A) and bluntly dissect it off the vastus medialis 
muscle fascia down to the muscle insertion (Fig. 1-53B). 

■ Identify the inferior edge of the vastus medialis and 
bluntly dissect it off the periosteum and intermuscular 
septum for a distance of 10 cm proximal to the adductor 
tubercle. 

■ Identify the tendinous insertion of the muscle on the 
médial patellar retinaculum (Fig. 1-53C) and lift the vastus 
medialis muscle anteriorly and perform an L-shaped 
arthrotomy beginning medially through the vastus inser¬ 
tion on the médial patellar retinaculum and carrying it 
along the médial edge of the patella. 

■ Partially release the médial edge of the patellar tendon 
and evert the patella laterally with the knee extended 
(Fig. 1-53D). 
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Subvastus anteromedial approach. A f Superficial fascia is incised médial to patella. B f Superficial fascia is bluntly 
elevated from perimuscular fascia of vastus medialis down to its insertion on médial patellar retinaculum. C f Tendinous insertion ele- 


vated by blunt dissection. Dashed line indicates arthrotomy. D, Patella is everted, and knee is flexed. SEE TECHNIQUE 1-39. 
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ANTEROLATERAL APPROACH 
TO THE KNEE 

Usually the antérolatéral approach is not as satisfactory as 
the anteromedial one, primarily because it is more difficult 
to displace the patella medially than laterally. It also requires 
a longer incision, and often the patellar tendon must be 
partially freed subperiosteally or subcortically. The iliotibial 
band can be released or lengthened, and the tight postéro¬ 
latéral corner can be released easily. The fibular head can 
be resected through the same incision to decompress the 
peroneal nerve if necessary. 


TECHNIQUE 1-40 


(KOCHER) 

■ Begin the incision 7.5 cm proximal to the patella at the 
insertion of the vastus lateralis muscle into the quadriceps 


tendon; continue it distally along the latéral border of this 
tendon, the patella, and the patellar tendon; and end it 
2.5 cm distal to the tibial tuberosity. 

■ Deepen the dissection through the joint capsule. 

■ Retract the patella medially, with the tendons attached to 
it, and expose the articular surface of the joint. 


Satish et al. found the modified Keblish approach useful 
in total knee arthroplasty in patients with fixed valgus knees. 
The approach relies on a quadriceps snip and coronal Z-plasty 
of latéral retinacular capsule complex. The latéral retinacular 
complex is separated into two layers, deep (capsule and 
synovium) and superficial. The latéral parapatellar arthrot- 
omy is performed 3 to 7 cm latéral to the patella and the deep 
and superficial layers are separated with dissection carried 
medially toward the patella. The superficial layer is kept 
attached to the patella, and the deep layer remains attached 
to the iliotibial band. At closure, the layers are approximated 
in an expanded fashion (Fig. 1-55). 
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FIGURE 


A-C, Kocher antérolatéral approach to knee joint. SEE TECHNIQUE 1-40. 
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Coronal Z-plasty of latéral retinaculum capsule 
complex. (Redrawn from Satish BRJ, Ganesan JC, Chandran P, et al: 
Efficacy and mid-term results of latéral parapatellar approach without 
tibial tubercle osteotomy for primary total knee arthroplasty in fixed 
valgus knees, J Arthroplasty 28:1751, 2013.) 
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FIGURE 


Médian septum separating two posterior com¬ 


partiments of knee. Note fenestra at proximal pôle. Synovial 
septum invests cruciate ligaments and contains branch of middle 


genicular artery. SEE TECHNIQUE 1-38. 


■ POSTEROLATERAL AND POSTEROMEDIAL 
APPROACHES TO THE KNEE 

In some patients, a médian septum séparâtes the posterior 
aspect of the knee into two compartments. The posterior 
cruciate ligament is extrasynovial and projects anteriorly in 
the septum; it contributes to the partition between the two 
posterior compartments. The middle genicular artery courses 
anteriorly in the septum to nourish the tissues of the inter¬ 
condylar notch of the fémur (Fig. 1-56). The presence of this 
septum may assume great importance when exploring the 
posterior aspect of the knee for a loose body or when draining 
the joint in the rare instances in which pyogénie arthritis of 
the knee requires posterior drainage. In the latter, both pos¬ 
terior compartments must be opened for drainage, not one 
alone (see Chapter 22). 


POSTEROLATERAL APPROACH 
TO THE KNEE 


TECHNIQUE 1-41 


Figure 1-57 


(HENDERSON) 

■ With the knee flexed between 60 and 90 degrees, make 
a curved incision on the latéral side of the knee, just 
anterior to the biceps femoris tendon and the head of 
the fibula, and avoid the common peroneal nerve, which 
passes over the latéral aspect of the neck of the fibula. 

■ In the proximal part of the incision, trace the anterior 
surface of the latéral intermuscular septum to the linea 
aspera 5 cm proximal to the latéral fémoral condyle. 

■ Expose the latéral fémoral condyle and the origin of the 
fibular collateral ligament. 

■ The tendon of the popliteus muscle lies between the 
biceps tendon and the fibular collateral ligament; mobi- 
lize and retract it posteriorly, and expose the postérolat¬ 
éral aspect of the joint capsule. 

■ Make a longitudinal incision through the capsule and 
synovium of the posterior compartment. To see the inser¬ 
tion of the muscle fibers of the short head of the biceps 
muscle onto the long head of the biceps, develop the 
interval between the latéral head of the quadriceps 
muscle and the long head of the biceps tendon. To isolate 
the common peroneal nerve, dissect directly posterior to 
the long head of the biceps. These intervals are useful in 
repair of the postérolatéral corner of the knee. 


Bowers and Huffman found the Hughston and Jacobson 
technique for exposure of the postérolatéral corner by wafer 
osteotomy of the latéral collateral ligament insertion on the 
latéral fémoral épicondyle with reflection of the ligament dis- 
tally useful. Alternatively, if a fracture of the latéral fémoral 
condyle needs to be treated, an osteotomy of Gerdy s tubercle 
can be performed with reflection of the iliotibial band proxi- 
mally as described by Liebergall et al. 


POSTEROMEDIAL APPROACH 
TO THE KNEE 


TECHNIQUE 1-42 


Figure 1-58 


(HENDERSON) 

■ With the knee flexed 90 degrees, make a curved incision, 
slightly convex anteriorly and approximately 7.5 cm long, 
distally from the adductor tubercle and along the course 
of the tibial collateral ligament, anterior to the relaxed 
tendons of the semimembranosus, semitendinosus, sar- 
torius, and gracilis muscles. 

■ Expose and incise the oblique part of the tibial collateral 
ligament and incise the capsule longitudinally and enter 
the posteromedial compartment of the knee posterior 
to the tibial collateral ligament, retracting the hamstring 
tendons posteriorly. 
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FIGURE 


Henderson postérolatéral approach to knee joint. SEE TECHNIQUE 1-41. 


■ MEDIAL APPROACHES TO THE KNEE AND 
SUPPORTING STRUCTURES 

Usually the entire médial meniscus can be excised through a 
médial parapatellar incision about 5 cm long. If the posterior 
horn of the meniscus cannot be excised through this incision, 
a separate posteromedial Henderson approach can be made 
(Fig. 1-58). The anterior and posterior compartments may be 
entered, however, through an approach in which only one 
incision is made through the skin but two incisions are used 
through the deeper structures; this type of approach is rarely 
indicated. 


MEDIAL APPROACH TO THE KNEE 

The Cave approach is a curved incision that allows exposure 
of the anterior and posterior compartments. 


TECHNIQUE 1-43 


(CAVE) 

■ With the knee flexed at a right angle, identify the médial 
fémoral épicondyle and begin the incision 1 cm posterior 
to and on a level with it approximately 1 cm proximal to 
the joint line. Carry the incision distally and anteriorly to 
a point 0.5 cm distal to the joint line and anterior to the 
border of the patellar tendon. 

■ After reflecting the subcutaneous tissues, expose the 
anterior compartment through an incision that begins 
anterior to the tibial collateral ligament, continues distally 
and anteriorly in a curve similar to that of the skin inci¬ 
sion, and ends just distal to the joint line (Fig. 1-59). 

■ To expose the posterior compartment, make a second 
deep incision posterior to the tibial collateral ligament, 
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FIGURE 


A-C f Henderson posteromedial approach to knee joint. SEE TECHNIQUE 1-42. 


from the level of the fémoral épicondyle straight distally 
across the joint line. 


MEDIAL APPROACH TO THE KNEE 


TECHNIQUE 1-44 


(HOPPENFELD AND DEBOER) 

■ With the patient supine and the affected knee flexed 
about 60 degrees, place the foot on the opposite shin 
and abduct and externally rotate the hip. 


Begin the incision 2 cm proximal to the adductor tubercle 
of the fémur, curve it anteroinferiorly about 3 cm médial 
to the médial border of the patella, and end it 6 cm distal 
to the joint line on the anteromedial aspect of the tibia 

(Fig. 1-60A). 

Retract the skin flaps to expose the fascia of the knee and 
extend the exposure from the midline anteriorly to the 
posteromedial corner of the knee (Fig. 1-60B). 

Cut the infrapatellar branch of the saphenous nerve and 
bury its end in fat; preserve the saphenous nerve itself 
and the long saphenous vein. 

Longitudinally incise the fascia along the anterior border 
of the sartorius, starting at the tibial attachment of the 
muscle and extending it to 5 cm proximal to the joint line. 
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Exposure of anterior and posterior compartments of knee joint through one skin incision, according to Cave. A, Single 
skin incision. B f Two incisions through deep structures. C, Removal of meniscus. SEE TECHNIQUE 1-43. 


■ Flex the knee further and allow the sartorius to retract 
posteriorly, exposing the semitendinosus and gracilis 
muscles (Fig. 1-60C). 

■ Retract ail three components of the pes anserinus poste¬ 
riorly and expose the tibial attachment of the tibial col¬ 
lateral ligament, which inserts 6 to 7 cm distal to the joint 
line (Fig. 1-60D). 

■ To open the joint anteriorly, make a longitudinal médial 
parapatellar incision through the retinaculum and 
synovium (Fig. 1-60E). 

■ To expose the posterior third of the médial meniscus and 
the posteromedial corner of the knee, retract the three 
components of the pes anserinus posteriorly (Fig. 1 -60F) 
and separate the médial head of the gastrocnemius 
muscle from the posterior capsule of the knee almost to 
the midline by blunt dissection (Fig. 1-60G). 

■ To open the joint posteriorly, make an incision through 
the capsule posterior to the tibial collateral ligament. 


TRANSVERSE APPROACH TO THE 
MENISCUS 

Using a transverse approach to the médial meniscus has 
the advantage that the scar has no contact with the fémoral 
articular surface. 


TECHNIQUE 1-45 


■ Make a transverse incision 5 cm long at the level of the 
articular surface of the tibia, extending laterally from the 
médial border of the patellar tendon to the anterior 
border of the tibial collateral ligament (Fig. 1-61). 


■ Incise the capsule along the same line and dissect the 
proximal edge of the divided capsule from the underlying 
synovium and retract it proximally. 

■ Open the synovium along the proximal border of the 
médial meniscus. Charnley advised making a preliminary 
1.5-cm opening into the small synovial sac beneath the 
meniscus, introducing a blunt hook into it, and turning 
the hook so that its end rests on the proximal surface of 
the meniscus. By cutting down on the point of the hook, 
one can make the synovial incision at the most distal level. 

■ Divide the anterior attachment of the meniscus, retract 
the tibial collateral ligament, and complété the excision 
of the meniscus in the usual way (see Chapter 45). 

■ When closing the incision, place the first suture in the 
synovium at the médial side near the collateral ligament 
while the knee is still flexed; if the joint is extended before 
the first suture is inserted, the posterior part of the syno¬ 
vial incision retracts under the tibial collateral ligament. 
To complété the suture line, extend the joint. 

■ The transverse incision is not satisfactory for removing the 
latéral meniscus because it would require partial division 
of the iliotibial band. To avoid this, make an oblique inci¬ 
sion 7.5 cm long centered over the joint line (Fig. 1-62). 

■ In the capsule, make a hockey-stick incision that runs 
transversely along the joint line and curves obliquely 
proximally along the anterior border of the iliotibial band 
for a short distance. 

■ Undermine and retract the capsule and incise the synovial 
membrane transversely as previously described. 


■ LATERAL APPROACHES TO THE KNEE AND 
SUPPORTING STRUCTURES 

Latéral approaches permit good exposure for complété exci¬ 
sion of the latéral meniscus. They do not require division or 
release of the fibular collateral ligament. 
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Médial approach to knee and supporting structures. A f Skin incision. B f Skin flaps hâve been retracted. C f Sartorius 
has been retracted posteriorly, exposing semitendinosus and gracilis. D f AN three components of pes anserinus hâve been retracted 
posteriorly to expose tibial attachment of tibial collateral ligament. E f Médial parapatellar incision has been made through retinaculum 
and synovium. Continued 
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F, Three components of pes anserinus hâve been retracted posteriorly to expose posteromedial corner. 
G, Médial head of gastrocnemius has been separated from posterior capsule of knee and has been retracted. Capsulotomy is made 
posterior to tibial collateral ligament. (Modified from Hoppenfeld S, deBoer P: Surgical exposures in orthopaedics: the anatomie approach, Phila¬ 
delphia, Lippincott Williams & Wilkins, 2003.) SEE TECHNIQUE 1-44. 



Transverse approaches to menisci. Médial 
meniscus is approached through transverse incisions in skin and 
capsule; latéral meniscus is approached through oblique incision 
in skin and hockey-stick incision in capsule. SEE TECHNIQUE 1-45. 


from the proximal end of the fibula to the latéral fémoral 
condyle (Fig. 1-62A). 

■ Incise the subeutaneous tissue and expose the iliotibial 
band, whose fibers are parallel with the skin incision 
when the knee is fully flexed (Fig. 1-62B). Split the band 
in line with its fibers. Posteriorly, take care to avoid injur- 
ing the relaxed fibular collateral ligament; it is protected 
by areolar tissue, which séparâtes it from the iliotibial 
band. 

■ Retract the margins of the iliotibial band; this is possible 
to achieve without much force because the band is 
relaxed when the knee and hip are flexed. 

■ Locate the latéral inferior genicular artery, which lies 
outside the synovium between the collateral ligament 
and the postérolatéral aspect of the meniscus. 

■ Incise the synovium. The latéral meniscus lies in the depth 
of the incision and can be excised completely (Fig. 1-62C). 

■ With the knee flexed 90 degrees, close the synovium 
(Fig. 1-62D); and with the knee extended, close the deep 
fascia. 


LATERAL APPROACH TO THE KNEE 


TECHNIQUE 1-46 


(BRUSER) 

■ Place the patient supine and drape the limb to permit full 
flexion of the knee. Flex the knee fully so that the foot 
rests fiat on the operating table. 

■ Begin the incision anteriorly where the patellar tendon 
crosses the latéral joint line, continue it posteriorly along 
the joint line, and end it at an imaginary line extending 


LATERAL APPROACH TO THE KNEE 

Brown et al. hâve developed an approach for latéral men- 
iscectomy in which the knee is flexed to allow important 
structures to fall posteriorly as in the Bruser approach. In 
addition, a varus strain is created to open the latéral 
joint space. 


TECHNIQUE 1-47 


(BROWN ETAL) 

■ Place the patient supine with the extremity straight and 
with a small sandbag under the ipsilateral hip. 
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Bruser latéral approach to knee. A f Skin incision (see text). B f Broken line indicates proposed incision in iliotibial 
band, whose fibers, when knee is fully flexed, are parallel with skin incision. C, Knee has been extended slightly, and latéral meniscus 
is being excised. D, Latéral meniscus has been excised, and synovium is being closed. (Modified from Bruser DM: A direct latéral approach 
to the latéral compartment of the knee joint, J Bone Joint Surg 42B:348, 1960.) SEE TECHNIQUES 1-45 AND 1-46. 


■ Make a vertical, oblique, or transverse skin incision on the 
antérolatéral aspect of the knee. 

■ Identify the anterior border of the iliotibial band and 
make an incision in the fascia 0.5 to 1 cm anterior to the 
band in line with its fibers. 

■ Incise the synovium in line with this incision and inspect 
the joint. 

■ By sharp dissection, free the anterior horn of the 
meniscus. 

■ Flex the knee, cross the foot over the opposite knee, and 
push firmly toward the opposite hip, applying a varus 
force to the knee. Ensure the thigh on the involved side 
is in line with the sagittal plane of the trunk; the hip is 
flexed about 45 degrees and externally rotated about 40 
degrees. Push, as described, until the joint space opens 
up 3 to 5 mm. If necessary, internally rotate the tibia to 
bring the latéral tibial plateau into better view; however, 
this tends to close the joint space. 

■ With proper retractors, expose the entire meniscus, which 
can be excised completely by sharp dissection. 


LATERAL APPROACH TO THE KNEE 


TECHNIQUE 1-48 


(HOPPENFELD AND DEBOER) 

■ Place the patient supine with a sandbag beneath the 
ipsilateral buttock and flex the knee 90 degrees. 

■ Begin the incision 3 cm latéral to the middle of the 
patella, extend it distally over the Gerdy tubercle on the 
tibia, and end it 4 to 5 cm distal to the joint line. Com¬ 
plété the incision proximally by curving it along the line 
of the fémur (Fig. 1-63A). 

■ Widely mobilize the skin flaps anteriorly and posteriorly. 

■ Incise the fascia between the iliotibial band and 
biceps femoris, carefully avoiding the common peroneal 
nerve on the posterior aspect of the biceps tendon 

(Fig. 1-63B). 

■ Retract the iliotibial band anteriorly and the biceps femoris 
and common peroneal nerve posteriorly to expose the 
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Latéral approach to knee and supporting structures. A f Skin incision. B f Incision between biceps femoris and iliotibial 
band. C f Deep dissection (see text). (Modified from Hoppenfeld S, deBoer P: Surgical exposures in orthopaedics: the anatomie approach, Phila¬ 


delphia, Lippincott Williams & Wilkins, 2003.) SEE TECHNIQUE 1-48. 


fibular collateral ligament and the postérolatéral corner 
of the knee capsule (Fig. 1-63C). 

■To expose the latéral meniscus, make a separate latéral 
parapatellar incision through the fascia and joint capsule 
(Fig. 1-63B). 

■ To avoid cutting the meniscus, begin the arthrotomy 2 cm 
proximal to the joint line. 

■ To expose the posterior horn of the latéral meniscus, 
locate the origin of the latéral head of the gastrocnemius 
muscle on the posterior surface of the latéral fémoral 
condyle. 

■ Dissect between it and the postérolatéral corner of the 
joint capsule; ligate or cauterize the latéral superior genic¬ 
ular arterial branches located in this area. 

■ Make a longitudinal incision in the capsule, beginning 
well proximal to the joint line to avoid damaging the 
meniscus or the popliteus tendon. Inspect the posterior 
half of the latéral compartment posterior to the fibular 
collateral ligament (see Fig. 1-63C). 


EXTENSILE APPROACH TO THE KNEE 

Fernandez described an extensile anterior approach to the 
knee based on an antérolatéral approach that allows easy 
access to the médial and latéral compartments in the fol- 
lowing ways: (1) by an extensive osteotomy of the tibial 
tuberosity that allows proximal reflection of the patella, 
patellar tendon, and retropatellar fat pad and (2) by tran- 
secting the anterior horn and anterior portion of the coro- 
nary ligament of the médial meniscus or the latéral meniscus 
or both as necessary to achieve adéquate exposure. This 
approach may be used for tumor resection, ligament recon¬ 
struction, fracture réduction and fixation, and adult recon¬ 
structive procedures. Part or ail of this approach may be 
used as necessary to achieve the required exposure. Rigid 
screw fixation of the tibial tuberosity engaging the poste¬ 
rior cortex of the tibia allows early postoperative knee 
motion. 

Perry et al. first reported transection of the anterior 
horn of the latéral meniscus to aid exposure of latéral tibial 













CHAPTER 1 SURGICAL TECHNIQUES AND APPROACHES 


■ Reattach the anterior tibial muscle and pes anserinus to 
bone with interrupted sutures. 

■ Reattach Gerdy's tubercle with a lag screw. 

■ Rigidly fix the tibial tuberosity osteotomy with lag screws 
obtaining good purchase in the posterior cortex of the 
tibia. 

■ Close the arthrotomy with interrupted sutures (Fig. 1-64G). 


plateau fractures. Alternative^, the articular surface of 
either tibial plateau can be approached with a submeniscal 
exposure by releasing the peripheral attachment of the 
meniscus at the coronary ligament and by elevating the 
meniscus, as described by Gossling and Peterson. 


TECHNIQUE 1-49 


(FERNANDEZ) 

■ Place the patient supine and drape the limb to allow at 
least 60 degrees of knee flexion. 

■ Begin a latéral parapatellar incision 10 cm proximal to the 
latéral joint line; continue it distally along the latéral 
border of the patella, patellar tendon, and tibial tuberos¬ 
ity; and end it 15 cm distal to the latéral joint line 
(Fig. 1 -64 A). 

■ Develop skin flaps deep in the subcutaneous tissue, 
extending medially to the anterior edge of the tibial col¬ 
lateral ligament and laterally, exposing the iliotibial band 
and the proximal origins of the anterior tibial and pero- 
neal muscles (Fig. 1-64B). 

■ To expose the latéral tibial metaphysis, detach the ante¬ 
rior tibial muscle and retract it distally, and elevate the 
iliotibial band by dividing it transversely at the joint line 
or by performing a fiat osteotomy of the Gerdy tubercle 
(Fig. 1-64C). If exposure of the posteromedial portion of 
the tibial metaphysis is necessary, divide the tibial inser¬ 
tion of the pes anserinus or elevate it as an osteoperios- 
teal flap. 

■ Fernandez advocates an extended osteotomy into the 
tibial crest in the presence of a bicondylar tibial plateau 
fracture to ensure that the osteotomy fragment is securely 
fixed into the tibial diaphysis below the level of the 
fracture. A less extensive osteotomy may be used as 
appropriate. 

■ Perform an extended trapézoïdal osteotomy of the tibial 
tuberosity as follows: 

1. Mark with an osteotome a site 5 cm in length, 2 cm 
in width proximally, and 1.5 cm in width distally. 

2. Drill three holes for later reattachment of the tibial 
tuberosity. 

3. Complété the osteotomy with a fiat osteotome. 

■ Elevate the tibial tuberosity and patellar tendon and incise 
the joint capsule transversely, medially, and laterally at the 
joint line. 

■ Carry each limb of the capsular incision proximally to the 
level of the anterior border of the vastus medialis and 
vastus lateralis (Fig. 1-64C and D). 

■ If further exposure of the articular surface of the tibial 
plateaus is needed, detach one or both menisci by tran¬ 
saction of the anterior horn, cutting the transverse liga¬ 
ment and dividing the anterior portion of the coronary 
ligament. The meniscus may be elevated and held with a 
stay suture (Fig. 1-64E). 

■ At wound closure, repair the anterior meniscus, coronary 
ligament, and transverse ligament with 2-0 nonabsorb- 
able sutures. Use square stitches to repair the meniscus 
and two or three U-shaped stitches to stabilize the periph- 
ery of the meniscus. 

■ Tie the stitches over the joint capsule after closure of the 
médial and latéral arthrotomies (Fig. 1-64F). 


■ DIRECT POSTERIOR, POSTEROMEDIAL, 

AND POSTEROLATERAL APPROACHES TO 
THE KNEE 

The posterior midline approach involves structures that, if 
damaged, can produce a permanent, serious disability. Thor- 
ough knowledge of the anatomy of the popliteal space is 
essential. Figure 1-65 shows the relationship of the flexion 
crease to the joint line, and Figure 1-66 shows the collateral 
circulation around the knee posteriorly. The approach pro¬ 
vides access to the posterior capsule of the knee joint, the 
posterior part of the menisci, the posterior compartments of 
the knee, the posterior aspect of the fémoral and tibial con- 
dyles, and the origin of the posterior cruciate ligament. Ail 
posterior approaches are done with the patient supine. 


DIRECT POSTERIOR APPROACH TO 
THE KNEE 


TECHNIQUE 1-50 


(BRACKETTAND 0SG00D; PUTTI; ABBOTT AND 
CARPENTER) 

■ Make a curvilinear incision 10 to 15 cm long over the 
popliteal space (Fig. 1-67A), with the proximal limb fol- 
lowing the tendon of the semitendinosus muscle distally 
to the level of the joint. Curve it laterally across the pos¬ 
terior aspect of the joint for about 5 cm and distally over 
the latéral head of the gastrocnemius muscle. 

■ Reflect the skin and subcutaneous tissues to expose the 
popliteal fascia. 

■ Identify the posterior cutaneous nerve of the calf (the 
médial sural cutaneous nerve) lying beneath the fascia 
and between the two heads of the gastrocnemius muscle 
because it is the due to the dissection. Latéral to it, the 
short saphenous vein perforâtes the popliteal fascia to 
join the popliteal vein at the middle of the fossa. Trace 
the posterior cutaneous nerve of the calf (the médial sural 
cutaneous nerve) proximally to its origin from the tibial 
nerve because the contents of the fossa can be dissected 
accurately and safely once this nerve is located. Trace the 
tibial nerve distally and expose its branches to the heads 
of the gastrocnemius, the plantaris, and the soleus 
muscles; these branches are accompanied by arteries and 
veins. Follow the tibial nerve proximally to the apex of the 
fossa where it joins the common peroneal nerve (Fig. 
1-67B). Dissect the common peroneal nerve distally along 
the médial border of the biceps muscle and tendon, and 
protect the latéral cutaneous nerve of the calf and the 
anastomotic peroneal nerve. 




5 


PART I GENERAL PRINCIPLES 



Vastus 

lateralis 

muscle 


lliotibial 

band 


Patellar 

tendon 


B 



Capsular 

incision 

Pes 

anserinus 


Outlined 

osteotomy 



Latéral 

meniscus 


E 




Médial 

meniscus 



Fernandez extensile anterior approach. A f Antérolatéral incision. B f Extensor mechanism exposed. C f lliotibial band 
is reflected with Gerdy tubercle. Anterior compartment and pes anserinus are detached and elevated as necessary. Osteotomy of tibial 
tuberosity is outlined, and screw holes are predrilled (see text). D f Patella, patellar tendon, and tibial tuberosity are elevated. E f Médial 
and latéral menisci are detached anteriorly and peripherally and are elevated. F, Meniscal repair is performed with 2-0 nonabsorbable 
sutures (see text). Gerdy tubercle is reattached with lag screw. Anterior tibial and pes anserinus are reattached. G, Tibial tuberosity is 
secured with lag screws engaging posterior cortex of tibia. Capsule is closed with interrupted sutures. Sutures in periphery of menisci 
are now tied (see text). (Modified from Fernandez DL: Anterior approach to the knee with osteotomy of the tibial tubercle for bicondylar tibial 
fractures, J Bone Joint Surg 70A:208, 1988.) SEE TECHNIQUE 1-49. 
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9 " Expose the popliteal artery and vein, which lie directly 
anterior and médial to the tibial nerve. Gently retract the 
artery and vein and locate and trace the superolateral and 
superomedial genicular vessels passing beneath the ham- 
string muscles on either side just proximal to the heads 
of origin of the gastrocnemius (Fig. 1-66). 

■ Open the posterior compartments of the joint with the 
knee extended and explore them with the knee slightly 
flexed. The médial head of the gastrocnemius arises at 
a more proximal level from the fémoral condyle than 
does the latéral head, and the groove it forms with the 



FIGURE 
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Knee with Kirschner wire taped along flexion 
Note relation of wire to joint line. Flexion crease sags 
in elderly or obese individuals. 


semimembranosus forms a safe and comparatively avas- 
cular approach to the médial compartment (Fig. 1-67C). 
Turn the tendinous origin of the médial head of the gas¬ 
trocnemius laterally to serve as a retractor for the popli¬ 
teal vessels and nerves (Fig. 1-67D). 

■Greater access can be achieved by ligating one or more 
genicular vessels. If the postérolatéral aspect of the joint 
is to be exposed, elevate the latéral head of the gastroc¬ 
nemius muscle from the fémur and approach the latéral 
compartment between the tendon of the biceps femoris 
and the latéral head of the gastrocnemius muscle. 

■ When closing the wound, place interrupted sutures in the 
capsule, the deep fascia, and the skin. The popliteal fascia 
is best closed by placing ail sutures before drawing them 
tight. Tie the sutures one by one. 

Nicandri et al. reported that the médial head of the 
gastrocnemius can be left intact by identifying and ligat¬ 
ing the anterior branches of the middle geniculate artery 
and dissecting free the tibial motor branches to the 
médial head of the gastrocnemius. This allows enough 
mobilization of the médial head of the gastrocnemius to 
expose the posterior cruciate ligament insertion on the 
posterior tibia. 


DIRECT POSTEROMEDIAL APPROACH 
TO THE KNEE FOR TIBIAL PLATEAU 
FRACTURE 

Galla and Lobehoffer described a direct posteromedial 
approach for managing médial tibial plateau fractures. This 
approach does not involve dissection of the popliteal neu- 
rovascular structures and uses the interval between the 
semimembranosus complex and the médial head of the 
gastrocnemius muscle. 
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FIGURE 


Collateral circulation around knee posteriorly. SEE TECHNIQUE 1-50. 
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FIGURE 


Posterior approach to knee joint. A f Posterior curvilinear incision. Posterior cutaneous nerve of calf exposed and 


retracted. B f Sciatic nerve and its division defined. C f Médial head of gastrocnemius muscle exposed. D f Tendon of origin of médial 
head of gastrocnemius muscle divided, exposing capsule of knee joint. If further exposure is necessary, latéral head of gastrocnemius 
is defined, incised, and retracted in similar fashion. SEE TECHNIQUE 1-50. 


TECHNIQUE 1-51 


(GALLA AND LOBENHOFFER AS DESCRIBED BY FAKLER 

ET AL.) 

■ Make a straight 6- to 8-cm-long longitudinal skin incision 
along the médial border of the médial head of the gas¬ 
trocnemius muscle, beginning at the level of the joint line. 

■ Incise the subcutaneous tissue and popliteal fascia sharply. 

■ Free up the médial head of the gastrocnemius muscle 
without detaching it and retract it laterally. 


■ Bluntly dissect the semimembranosus complex and retract 
it medially (Fig. 1-68). 

■ Identify the upper edge of the popliteus muscle and 
detach it subperiosteally, exposing the posteromedial 
tibial plateau. 

■ If more exposure is needed, incise the tibial insertion 
of the semimembranosus muscle in a subperiosteal 
fashion. 
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Galla and Lobenhoffer posteromedial approach. 


(Modified from Fakler JKM, Ryzewicz M, Hartshorn C, et al: Optimizing 


the management of Moore type I posteromedial split fracture- 


dislocations of the tibial head: description of the Lobenhoffer approach, 
J Orthop Trauma 21:330, 2007.) SEE TECHNIQUE 1-51. 


DIRECT POSTEROLATERAL APPROACH 
TO THE KNEE 

Minkoff et al. described a limited postérolatéral approach 
to the proximal latéral tibia and knee. It uses the interval 
between the popliteus and soleus muscles and exposes the 
uppermost latéral portion of the posterior tibial metaphysis 
and the proximal tibiofibular joint. Although this approach 
was developed to excise an osteoid osteoma from the 
latéral tibial plateau, it can be used for other conditions 
affecting the posterior aspect of the knee. 


TECHNIQUE 1-52 


(MINKOFF, JAFFE, AND MENENDEZ) 

■ Begin the skin incision 1 to 2 cm below the popliteal 
crease slightly médial to the midline of the knee, carrying 
it transversely and curving it distally just médial and 
parallel to the head of the fibula, ending 5 to 6 cm distal 
to it. 

■ Reflect the skin and subcutaneous flap inferomedially. 

■ Isolate the latéral cutaneous nerve of the calf, retract it 
laterally, and preserve it. 

■ Identify the short saphenous vein superficial to the fascia 
and divide and ligate it. 


■ Open the fascia carefully in line with the incision. The 
sural nerve lies deep to the fascia just superficial to the 
heads of the gastrocnemius muscle and must be pro- 
tected (Fig. 1-69A). 

■ Identify the common peroneal nerve and retract it 
laterally. 

■ Develop the interval between the latéral head of the 
gastrocnemius and the soleus muscles and retract the 
latéral head of the gastrocnemius medially. 

■ Retract the popliteal artery and vein and the tibial nerve 
along with the latéral head of the gastrocnemius (Fig. 
1-69B). Dissect free the fibular origin of the soleus muscle 
and retract it distally. 

■ Retract the underlying popliteus muscle medially to 
expose the posterior aspect of the latéral tibial plateau 
and proximal tibiofibular joint (Fig. 1-69C). 


FEMUR 


ANTEROLATERAL APPROACH 
TO THE FEMUR 

The antérolatéral approach exposes the middle third of the 
fémur, but postoperative adhesions between the individual 
muscles of the quadriceps group and between the vastus 
intermedius and the fémur may limit knee flexion. The 
quadriceps mechanism must be handled gently. Infections 
of the middle third of the shaft are best approached pos- 
terolaterally. When the shaft must be approached from the 
médial side, this antérolatéral approach, rather than an 
anteromedial one, is indicated. 


TECHNIQUE 1-53 


(THOMPSON) 

■ Incise the skin over the middle third of the fémur in a line 
between the anterior superior iliac spine and the latéral 
margin of the patella (Fig. 1-70). 

■ Incise the superficial and deep fasciae and separate the 
rectus femoris and vastus lateralis muscles along their 
intermuscular septum. The vastus intermedius muscle is 
brought into view. 

■ Divide the vastus intermedius muscle in the line of its 
fibers down to the fémur. 

■ Expose the fémur by subperiosteal reflection of the 
incised vastus intermedius muscle. 

Henry exposed the entire fémoral shaft by extending 
this incision proximally and distally. The approach is not 
recommended for operations on the proximal third of the 
fémur because exposing the bone here is difficult without 
injuring the latéral fémoral circumflex artery and the 
nerve to the vastus lateralis muscle. Distally, the incision 
may be extended to within 12 to 15 cm of the knee joint; 
at this point, however, the insertion of the vastus lateralis 
muscle into the quadriceps tendon is encountered, as is 
the more distal suprapatellar bursa. 
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FIGURE 


Minkoff, Jaffe, and Menendez postérolatéral approach. A, Superficial dissection. B, Gastrocnemius and popliteal 


vessels are retracted medially, and fibular origin of soleus is reflected distally. C, Popliteus is retracted medially, exposing the posterior 
aspect of tibial plateau and proximal tibiofibular joint. (Modified from Minkoff J, Jaffe L, Menendez L: Limited postérolatéral surgical approach 
to the knee for excision of osteoid osteoma, Clin Orthop Relat Res 223:237, 1987.) SEE TECHNIQUE 1-52. 


LATERAL APPROACH TO THE 
FEMORAL SHAFT 

Anatomically, the entire fémoral shaft may be exposed 
by the latéral approach, but only its less extensive 
forms are recommended. The postérolatéral approach is 
preferred whenever possible to avoid splitting the vastus 
lateralis. 


TECHNIQUE 1-54 


■ Make an incision of the desired length over the latéral 
aspect of the thigh along a line from the greater trochan¬ 
ter to the latéral fémoral condyle (Fig. 1-7IA). 

■ Incise the superficial and deep fasciae. 

■ Divide the vastus lateralis and vastus intermedius muscles 
in the direction of their fibers and open and reflect the 
periosteum for the proper distance. 
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Vastus lateralis muscle 


Antérolatéral approach to fémur. A f Skin incision. B f Fémur exposed by séparation of rectus femoris and vastus late¬ 
ralis muscles and division of vastus intermedius muscle. SEE TECHNIQUE 1-53. 


■ A branch of the latéral fémoral circumflex artery is 
encountered when exposing the proximal fourth of the 
fémur and the latéral superior genicular artery in the distal 
fourth; these may be clamped, divided, and ligated 
without harm. 


POSTEROLATERAL APPROACH TO THE 
FEMORAL SHAFT 


TECHNIQUE 1-55 


■ Turn the patient slightly to elevate the affected side. 

■ Make the incision from the base of the greater trochanter 
distally to the latéral condyle (Fig. 1-7IB). 

■ Incise the superficial fascia and fascia lata along the ante- 
rior border of the iliotibial band. 

■ Expose the posterior part of the vastus lateralis muscle 
and retract it anteriorly (in muscular individuals this rétrac¬ 
tion may be difficult); continue the dissection down to 
bone along the anterior surface of the latéral intermus- 
cular septum, which is attached to the linea aspera. 

■ Retract the deep structures and split the periosteum in 
the line of the incision. 


■ With a periosteal elevator, free the attachment of the 
vastus intermedius muscle as far as necessary. 

■ In the middle third of the thigh, the second perforating 
branch of the profunda femoris artery and vein run trans- 
versely from the biceps femoris to the vastus lateralis. 
Ligate and divide these vessels. 

■To avoid damaging the sciatic nerve and the profunda 
femoris artery and vein, do not separate the long and 
short heads of the biceps femoris muscle. 


POSTERIOR APPROACH 
TO THE FEMUR 


TECHNIQUE 1-56 


(BOSWORTH) 

■ With the patient prone, incise the skin and deep fascia 
longitudinally in the middle of the posterior aspect of the 
thigh, from just distal to the gluteal fold to the proximal 
margin of the popliteal space. 

■ Use the long head of the biceps as a guide. By blunt dis¬ 
section with the index finger, palpate the posterior surface 
of the fémur at the middle of the thigh. To expose the 
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Incision A 


Incision B 





Postérolatéral and latéral approaches to middle third of fémur. Latéral approach (A). Vastus latéralis and vastus 
intermedius hâve been incised in line with their fibers. Cross-section shows these approaches. Postérolatéral approach (B) along latéral 
intermuscular septum. SEE TECHNIQUES 1-54 AND 1-55. 


9 middle three fifths of the linea aspera, use the fingers to 
retract the attachment of the vastus medialis and lateralis 
muscles. 

■ To expose the proximal part of the middle three fifths of 
the fémur, continue the blunt dissection along the latéral 
border of the long head of the biceps, developing the 
fascial plane between the long head of the biceps and 
the vastus lateralis muscle, and reflect the long head of 
the biceps medially (Fig. 1-72A). 


■ To expose the distal part of the middle three fifths of the 
fémur, carry the dissection along the médial surface of 
the long head of the biceps, developing the fascial plane 
between the long head of the biceps and the semitendi- 
nosus, and retract the long head of the biceps and the 
sciatic nerve laterally (Fig. 1-72B). 

■ To expose the entire middle three fifths of the fémur, carry 
the blunt dissection to the linea aspera latéral to the long 
head of the biceps, divide the latter muscle in the distal 
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Bosworth posterior approach to fémur. A f To expose proximal part of middle three fifths of fémur, long head of 
biceps femoris has been retracted medially. Inset, Skin incision. B, To expose distal part of middle three fifths of fémur, long head of 
biceps femoris and sciatic nerve hâve been retracted laterally. C, To expose entire middle three fifths of fémur, long head of biceps 
femoris has been divided in distal part of wound, and this muscle and sciatic nerve hâve been retracted medially. D, Sciatic nerve would 
be subject to injury if entire middle three fifths of fémur were exposed by retracting biceps femoris laterally. SEE TECHNIQUE 1-56. 


part of the wound, and displace it medially, together with 
the sciatic nerve (Fig. 1-72C). 

■ Part of the nerve supply to the short head of the biceps 
crosses the exposure near its center; this branch of the 
sciatic nerve may be saved or divided, depending on the 
requirements of the incision because it does not make up 
the entire nerve supply of this part of the biceps. 

■ After exposing the linea aspera, free the muscle attach- 
ments by sharp dissection and expose the fémur by sub- 
periosteal dissection. 

■ Bosworth points out that the entire middle three fifths of 
the fémur should never be exposed by retracting the long 
head of the biceps and sciatic nerve laterally because this 
unnecessarily endangers the sciatic nerve (Fig. 1-72D). 


■ When the distal end of the long head of the biceps 
is to be divided, place sutures in the distal segment 
of the muscle before the division is carried out; this makes 
suturing the muscle easier when the wound is being 
closed. 

■ After suturing the biceps, close the wound by suturing 
only the skin and subcutaneous tissue because the other 
structures fall into position. 

■ When developing this approach, the surgeon must keep 
in mind the possibility of damaging the sciatic nerve. 
Rough handling and prolonged or strenuous retraction of 
the nerve may cause distressing symptoms after surgery 
or possibly a permanent disability in the leg. 
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MEDIAL APPROACH TO THE 
POSTERIOR SURFACE OF THE FEMUR 
IN THE POPLITEAL SPACE 

When possible, the médial approach to the posterior 
surface of the fémur in the popliteal space should be used 
in preference to an anteromedial approach because in the 
latter the vastus medialis must be separated from the rectus 
femoris and the vastus intermedius must be split. 


TECHNIQUE 1-57 


(HENRY) 

■ With the knee slightly flexed, begin the incision 15 cm 
proximal to the adductor tubercle and continue it distally 
along the adductor tendon, following the angle of the 
knee to 5 cm distal to the tubercle (Fig. 1-73A). 

■ In the distal part of the incision, carry the dissection pos- 
teriorly to the anterior edge of the sartorius muscle just 
proximal to the level of the adductor tubercle. 



■ Free the deep fascia proximally over this muscle, taking 
care to avoid puncturing the synovial membrane, 
which is beneath the muscle when the joint is flexed. 
After this procedure, the sartorius falls posteriorly, 
exposing the tendon of the adductor magnus muscle. 
Protect the saphenous nerve, which follows the sartorius 
on its deep surface; the great saphenous vein is superfi- 
cial and is not in danger if the incision is made 
properly. 

■ Divide the thin fascia posterior to the adductor tendon 
by blunt dissection to the posterior surface of the fémur 
at the popliteal space. 

■ Retract the large vessels and nerves posteriorly; branches 
from the muscles to the bone may be isolated, clamped, 
and divided. 

■ Retract the adductor magnus tendon and a part of the 
vastus medialis muscle anteriorly and expose the bone. 
The tibial and common peroneal nerves are not encoun- 
tered because they lie latéral and posterior to the line of 
incision. 



Henry médial and latéral approaches to posterior surface of fémur in popliteal space. A f Médial approach. B f Latéral 
approach. SEE TECHNIQUES 1-57 AND 1-58. 
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LATERAL APPROACH TO THE 
POSTERIOR SURFACE OF THE FEMUR 
IN THE POPLITEAL SPACE 


TECHNIQUE 1-58 


(HENRY) 

■ With the knee slightly flexed, incise the skin and superfi- 
cial fascia for 15 cm along the posterior edge of the 
iliotibial band and follow the angle of the knee to the 
head of the fibula (Fig. 1-73A). 

■ Divide the deep fascia immediately posterior to the ilio- 
tibial band. 

■ Just proximal to the condyle, separate the attachment of 
the short head of the biceps from the posterior surface 
of the latéral intermuscular septum; reach the popliteal 
space by blunt dissection between these structures. 

■ Ligate and divide the branches of the perforating vessels 
and retract the popliteal vessels posteriorly in the poste¬ 
rior wall of the wound. The tibial nerve lies posterior to 
the popliteal vessels, and the common peroneal nerve 
follows the médial edge of the biceps. 

■ Expose the surface of the fémur by incising and elevating 
the periosteum. 


LATERAL APPROACH TO THE 
PROXIMAL SHAFT AND THE 
TROCHANTERIC REGION 

The latéral approach is excellent for réduction and internai 
fixation of trochanteric fractures or for subtrochanteric 
ostéotomies under direct vision. 


TECHNIQUE 1-59 


■ Begin the incision about 5 cm proximal and anterior to 
the greater trochanter, curving it distally and posteriorly 
over the postérolatéral aspect of the trochanter and dis¬ 
tally along the latéral surface of the thigh, parallel with 
the fémur, for 10 cm or more, depending on the desired 
exposure (Fig. 1-74A). 

■ Deepen the dissection in the line of the incision down to 
the fascia lata. 

■ In the distal part of the wound, incise the fascia lata with 
a scalpel and split it proximally with scissors. In the proxi¬ 
mal part of the wound, divide the fascia just posterior to 
the tensor fasciae latae muscle to avoid splitting this 
muscle. 

■ By retraction, bring into view the vastus lateralis muscle 
and its origin from the inferior border of the greater 
trochanter. Divide the origin of the muscle transversely 
along this border down to the postérolatéral surface of 
the fémur. 


■ Divide the vastus lateralis and its fascia longitudinally with 
scissors, beginning on its postérolatéral surface, 0.5 cm 
from its attachment to the linea aspera. 

■ Alternative^, first split the muscle fascia alone laterally 
instead of posterolaterally, dissect the muscle from its 
deep surface posteriorly, and divide the muscle near the 
linea aspera (closing the fascia lata then is easier). The 
muscle is divided where it is thin rather than thick, as is 
necessary in a direct latéral muscle-splitting approach (Fig. 
1-74A and B). Section no more than 0.5 cm of the muscle 
at one time. Keep the body of the vastus retracted ante- 
riorly; by this means, if one of the perforating arteries is 
divided, it may be clamped and tied before it retracts 
beyond the linea aspera. 

■ After dividing the muscle along the fémur for the required 
distance, elevate it with a periosteal elevator and expose 
the latéral and antérolatéral surfaces of the fémoral shaft 

(Fig. 1-74C). 

■ By further subperiosteal élévation of the proximal part of 
the vastus lateralis and intermedius muscles, expose the 
intertrochanteric line and the anterior surface of the 
fémur just below this line. 

■ The base of the fémoral neck may be exposed by dividing 
the capsule of the joint at its attachment to the intertro¬ 
chanteric line. 

■ If a wider exposure is desired, elevate the distal part 
of the gluteus minimus from its insertion on the 
trochanter. 

■ In closure, the vastus lateralis muscle falls over the latéral 
surface of the fémur. Suture the fascia lata and close the 
remainder of the wound routinely. 


HIP 

Numerous new approaches to the hip hâve been described 
since the 1990s; most are based on older approaches and are 
modified for a spécifie surgical procedure. In this section, the 
general approaches we hâve found most useful are described. 
The spécifie approaches used in révision total hip arthroplasty 
are described in Chapter 3. Approaches used for minimally 
invasive hip arthroplasty procedures are described in Chap- 
ters 3 and 4. 

The approach selected should be based on access needed, 
the potential for complications, the procedure to be per- 
formed, and the expérience of the surgeon. The need for 
maintaining the primary blood supply to the fémoral 
head (médial fémoral circumflex artery and its ascending 
branches) must be considered before the procedure (Fig. 
1-75). In total hip arthroplasty, disruption of the ascending 
branches of the médial circumflex fémoral artery is of no 
conséquence. If hip resurfacing, fémoral neck fracture repair, 
or osteotomy is to be performed, latéral antérolatéral, 
anterior, or médial approaches are more desirous to prevent 
osteonecrosis of the fémoral head. Latéral approaches 
requiring osteotomy of the greater trochanter hâve a signifi- 
cant nonunion rate of that osteotomy, which should also be 
considered. 
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Latéral approach to proximal shaft and trochanteric région of fémur. A f Cross-section shows level of approach at 
lesser trochanter. Fascia lata has been incised in line with skin incision. Vastus lateralis has been incised transversely just distal to greater 
trochanter and is being incised longitudinally 0.5 cm from linea aspera. Inset, Skin incision. B, Cross-section shows approach at level of 
distal end of skin incision. C f Approach has been completed by dissecting vastus lateralis subperiosteally from fémur. Hip joint may be 
exposed by continuing approach proximally as in Watson-Jones approach. SEE TECHNIQUE 1-59. 


Vastus lateralis muscle 



Piriformis 

muscle 


Quadratus 
femoris muscle 

Médial circumflex 
fémoral artery 


Obturator internus and gemelli muscles 


The relevant deep anatomie structures of pos- 
terior aspect of the hip shows the course of médial circumflex 
fémoral artery to the fémoral head. (From Nork SE, Schàr M, Pfander 
G, et al: Anatomie considérations for the choice of surgical approach 
for hip resurfacing arthroplasty, Orthop Clin North Am 36:163, 2005.) 


■ ANTERIOR APPROACHES TO THE HIP 


ANTERIOR ILIOFEMORAL APPROACH 
TO THE HIP 

Smith-Petersen improved and revived interest in the ante- 
rior iliofemoral approach, and now it is used often. Nearly 
ail surgery of the hip joint may be carried out through this 
approach, or separate parts can be used for different pur- 
poses. The anterior fémoral incision exposes the joint but 
is inadéquate for reconstructive operations. The entire ilium 
and hip joint can be reached through the iliac part of the 
incision; ail structures attached to the iliac crest from the 
posterior superior iliac spine to the anterior superior iliac 
spine are freed and are reflected from the latéral surface 
of the ilium; dissection is carried distally to the anterior 
inferior iliac spine. Smith-Petersen also modified and 
improved this approach for extensive surgery of the hip by 
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reflecting the iliacus muscle from the médial surface of the 
anterior part of the ilium and by detaching the rectus 
femoris muscle from its origin. 


TECHNIQUE 1-60 


Figure 1-76 


(SMITH-PETERSEN) 

■ Begin the incision at the middle of the iliac crest or, for a 
larger exposure, as far posteriorly on the crest as desired. 
Carry it anteriorly to the anterior superior iliac spine and 
distally and slightly laterally 10 to 12 cm. 

■ Divide the superficial and deep fasciae, and free the 
attachments of the gluteus médius and the tensor fasciae 
latae muscles from the iliac crest. 

■ With a periosteal elevator, strip the periosteum with the 
attachments of the gluteus médius and minimus muscles 
from the latéral surface of the ilium. Control bleeding 
from the nutrient vessels by packing the interval between 
the ilium and the reflected muscles. 

■ Carry the dissection through the deep fascia of the thigh 
and between the tensor fasciae latae laterally and the 
sartorius and rectus femoris medially. 

■ Clamp and ligate the ascending branch of the latéral 
fémoral circumflex artery, which lies 5 cm distal to the hip 
joint. 

■The latéral fémoral cutaneous nerve passes over the sar¬ 
torius 2.5 cm distal to the anterior superior spine; retract 
it to the médial side. 

■ If the structures at the anterior superior spine are con- 
tracted, free the spine with an osteotome and allow it to 
retract with its attached muscles to a more distal level. 

■ Expose and incise the capsule transversely and reveal the 
fémoral head and the proximal margin of the acetabu- 
lum. The capsule also may be sectioned along its attach- 
ment to the acetabular labrum (cotyloid ligament) to give 
the required exposure. 


■ If necessary, the ligamentum teres may be divided with a 
curved knife or with scissors and the fémoral head dislo- 
cated, giving access to ail parts of the joint. 

Schaubel modified the Smith-Petersen anterior approach 
after finding reattachment of the fascia lata to the fascia 
on the iliac crest difficult. Instead of dividing the fascia lata 
at the iliac crest, an osteotomy of the overhang of the iliac 
crest is performed between the attachments of the exter- 
nal oblique muscle medially and the fascia lata. The oste¬ 
otomy may be carried posteriorly as far as the origin of the 
gluteus maximus. The tensor fasciae latae, gluteus médius, 
and gluteus minimus muscle attachments are subperioste- 
ally dissected distally to expose the hip joint capsule. The 
abductors and short external rotators may be dissected 
from the greater trochanter as necessary for total hip 
arthroplasty, prosthetic replacement of the fémoral head, 
or arthrodesis of the hip. At closure, the iliac osteotomy 
fragment is reattached with 1-0 nonabsorbable sutures 
passed through holes drilled in the fragment and the ilium. 


ANTERIOR APPROACH TO THE HIP 
USING A TRANSVERSE INCISION 

Somerville described an anterior approach using a trans¬ 
verse "bikini" incision for irreducible congénital dislocation 
of the hip in a young child. This approach allows sufficient 
exposure of the ilium, and access to the acetabulum is 
satisfactory even when it is in an abnormal location. For 
réduction of a congenitally dislocated hip, the following 
sequential steps must be performed: psoas tenotomy, com¬ 
plété médial capsulotomy including the transverse acetabu¬ 
lar ligament, excision of hypertrophied ligamentum teres, 
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Smith-Petersen anterior iliofemoral approach to hip. A f Line of skin incision. B f Exposure of joint after reflection of 
tensor fasciae latae and gluteal muscles from latéral surface of ilium and division of capsule. SEE TECHNIQUE 1-60. 
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Somerville technique of open réduction. A f Bikini incision. B f Division of sartorius and rectus femoris tendons and 
iliac epiphysis. C f Incision of capsule. D f Capsulotomy of hip and use of ligamentum teres to find true acetabulum. E f Radial incisions 
in acetabular labrum and removal of ail tissue from depth of true acetabulum. F, Capsulorrhaphy after excision of redundant capsule. 

SEE TECHNIQUE 1-61. 


and réduction of the fémoral head into the true acetabu¬ 
lum. Spécifie indications and postoperative care for con¬ 
génital dislocation of the hip are discussed in Chapter 30. 


TECHNIQUE 1-61 


(SOMERVILLE) 

■ Place a sandbag beneath the affected hip. 

■ Make a straight skin incision, beginning anteriorly inferior 
and médial to the anterior superior spine and coursing 
obliquely superiorly and posteriorly to the middle of the 
iliac crest (Fig. 1-77A). Deepen the incision to expose the 
crest. 

■ Reflect the abductor muscles subperiosteally from the iliac 
wing distally to the capsule of the joint. Increase exposure 
of the capsule by separating the tensor fasciae latae from 
the sartorius for about 2.5 cm inferior to the anterior 
superior spine. 

■ Expose the reflected head of the rectus femoris and sepa- 
rate it from the acetabulum and capsule, leaving the 
straight head attached to the anterior inferior spine (Fig. 
1-77B). The straight head may be detached to increase 
exposure. 


■ Near the acetabular rim, make a small incision in the 
capsule and extend it anteriorly to a point deep to the 
rectus and posteriorly to the posterosuperior margin of 
the joint (Fig. 1-77C). 

■ Exert enough traction on the limb to distract the cartilage 
of the fémoral head from that of the acetabulum about 
0.7 cm. 

■ Examine the inside of the acetabulum visually (Fig. 1-77D). 
If no inverted labrum is seen, insert a blunt hook and 
palpate the joint for the free edge of an inverted labrum. 
If one is found, place the tip of the hook deep to the 
labrum and force it through its base; separate from its 
periphery that part of the labrum lying anterior to the 
hook until the hook cornes out. 

■ With Kocher forceps, grasp the labrum by the end thus 
freed and excise it with strong curved scissors or make 
radial T-shaped incisions to evert the limbs and allow 
réduction of the fémoral head (Fig. 1-77E). 

■ Reduce the head into the acetabulum by abducting the 
thigh 30 degrees and internally rotating it. Hold the joint 
in this position and close the capsule (Fig. 1-77F). 

■ Reattach the muscles to the iliac crest, close the skin, and 
apply a spica cast. 
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MODIFIED ANTEROLATERAL 
ILIOFEMORAL APPROACH TO 
THE HIP 

Smith-Petersen described a modification of the anterior 
iliofemoral approach that he used for open réduction 
and internai fixation of fractures of the fémoral neck. This 
approach retains the advantages of the anterior iliofemoral 
approach but exposes the trochanteric région laterally; this 
makes aligning a fracture or osteotomy of the fémoral 
neck and inserting pins, screws, or nails under direct vision 
easier. This approach also is useful in reconstructive proce¬ 
dures such as osteotomy for slipping of the proximal 
fémoral epiphysis and procedures for nonunions of the 
fémoral neck. It gives a continuous exposure of the anterior 
aspect of the hip from the acetabular labrum to the base 
of the trochanter. 


TECHNIQUE 1-62 


(SMITH-PETERSEN) 

■ Make the skin incision along the anterior third of the 
iliac crest and along the anterior border of the tensor 
fasciae latae muscle; curve it posteriorly across the 
insertion of this muscle into the iliotibial band in the 
subtrochanteric région (usually at a point 8 to 10 cm 
below the base of the greater trochanter) and end it 
there. 

■ Incise the fascia along the anterior border of the tensor 
fasciae latae muscle. Identify and protect the latéral 
fémoral cutaneous nerve, which usually is médial to the 
médial border of the tensor fasciae latae and close to the 
latéral border of the sartorius. 

■Cleanly incise the muscle attachments to the latéral 
aspect of the ilium along the iliac crest to make reflection 
of the periosteum easier. Reflect it as a continuous struc¬ 
ture, without fraying, distally to the superior margin of 
the acetabulum. 

■ Divide the muscle attachments between the anterior 
superior iliac spine and the acetabular labrum. The pos- 
terior flap thus reflected consists of the tensor fasciae 
latae, the gluteus minimus, and the anterior part of the 
gluteus médius (Fig. 1-78). 

■ Inferiorly carry the fascial incision across the insertion of 
the tensor fasciae latae into the iliotibial band and expose 
the latéral part of the rectus femoris and the anterior part 
of the vastus lateralis muscles. 

■ Begin the capsular incision on the inferior aspect of the 
capsule just latéral to the acetabular labrum; from this 
point, extend it proximally, parallel with the acetabular 
labrum, to the superior aspect of the capsule, and curve 
it laterally, continuing on beyond the capsule to the base 
of the greater trochanter. This incision divides that part 
of the reflected head of the rectus femoris that blends 
into the capsule inferior to its insertion into the superior 
margin of the acetabulum. By reflecting it with the 
capsule, the capsular flap is reinforced, and repair is made 
easier. 
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■ LATERAL APPROACHES TO THE HIP 


LATERAL APPROACH TO THE HIP 


TECHNIQUE 1-63 


Figure 1-79 


(WATSON-JONES) 

■ Begin an incision 2.5 cm distal and latéral to the anterior 
superior iliac spine and curve it distally and posteriorly 
over the latéral aspect of the greater trochanter and 
latéral surface of the fémoral shaft to 5 cm distal to the 
base of the trochanter. 

■ Locate the interval between the gluteus médius and 
tensor fasciae latae. The délinéation of this interval often 
is difficult. Brackett pointed out that it can be done more 
easily by beginning the séparation midway between the 
anterior superior spine and the greater trochanter, before 
the tensor fasciae latae blends with its fascial insertion. 
The coarse grain and the direction of the fibers of the 
gluteus médius help to distinguish them from the finer 
structure of the tensor fasciae latae muscle. 

■ Carry the dissection proximally to expose the inferior 
branch of the superior gluteal nerve, which innervâtes the 
tensor fasciae latae muscle. 

■ Incise the capsule of the joint longitudinally along the 
anterosuperior surface of the fémoral neck. In the distal part 
of the incision, the origin of the vastus lateralis may be 
reflected distally or split longitudinally to expose the base of 
the trochanter and proximal part of the fémoral shaft. 

■ If a wider field is desired, detach the anterior fibers of the 
gluteus médius tendon from the trochanter or reflect the 
anterosuperior part of the greater trochanter proximally with 
an osteotome, together with the insertion of the gluteus 
médius muscle. This préserves the insertion of the gluteus 
médius in such a way that it can be easily reattached later. 
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Watson-Jones latéral approach to hip joint. 
A, Skin incision. B, Approach has been completed except for inci¬ 
sion of joint capsule. SEE TECHNIQUE 1-63. 


LATERAL APPROACH FOR EXTENSIVE 
EXPOSURE OF THE HIP 

Harris recommends the following latéral approach for 
extensive exposure of the hip. It permits dislocation of the 
fémoral head anteriorly and posteriorly. This approach 
requires an osteotomy of the greater trochanter, however, 
with the resulting risk of nonunion or trochanteric bursitis. 
Also, as reported by Testa and Mazur, the incidence of 
significant or disabling hétérotopie ossification is increased 
after total hip arthroplasty using a transtrochanteric latéral 
approach compared with a direct latéral approach. 


TECHNIQUE 1-64 


(HARRIS) 

■ Place the patient on the unaffected hip and elevate the 
affected one 60 degrees; maintain this position by using 
sandbags or a long, thick blanket roll extending from 
beneath the scapula to the sacrum. 

■ Make a U-shaped skin incision, with its base at the pos- 
terior border of the greater trochanter as follows (Fig. 
1-80A). Begin the incision about 5 cm posterior and 
slightly proximal to the anterior superior iliac spine, curve 
it distally and posteriorly to the posterosuperior corner of 
the greater trochanter, extend it longitudinally for about 
8 cm, and finally curve it gradually anteriorly and distally, 
making the two limbs of the U symmetrical. 

■ Beginning distally, divide the iliotibial band in line with 
the skin incision; at the greater trochanter, place a finger 
deep to the band, feel the fémoral insertion of the gluteus 
maximus on the gluteal tuberosity, and guide the incision 


in the fascia lata posteriorly, but stay one fingerbreadth 
anterior to this insertion. 

■ Continue the incision in the fascia lata proximally in line 
with the skin incision, releasing the fascia overlying the 
gluteus médius. 

■ Exposure of the posterior aspect of the greater trochan¬ 
ter, the insertion of the short external rotators, and the 
posterior part of the joint capsule is limited by the pos¬ 
terior part of the fascia lata and the gluteus maximus 
fibers that insert into it. To obtain wide exposure poste¬ 
riorly and to provide a space into which the fémoral 
head can be dislocated, make a short oblique incision in 
the deep surface of the posteriorly reflected fascia lata, 
extending into the substance of the gluteus maximus 
(Fig. 1-80A). Begin this incision at the level of the middle 
of the greater trochanter and extend it medially and 
proximally into the gluteus maximus parallel to its fibers 
for 4 cm. 

■ Reflect anteriorly the anterior part of the iliotibial band 
and the tensor fasciae latae, which form the anterior flap, 
passing a periosteal elevator along the anterior capsule 
to the acetabulum. 

■ Free the abductor muscles by osteotomizing the greater 
trochanter as follows (Fig. 1-80B): reflect distally the 
origin of the vastus lateralis; place an instrument 
between the abductor muscles and the superior surface 
of the joint capsule, and direct the osteotomy superiorly 
and medially from a point 1.5 cm distal to the tubercle 
of the vastus lateralis to the superior surface of the 
fémoral neck. 

■ Free the superior part of the joint capsule from the greater 
trochanter. During these maneuvers, protect the sciatic 
nerve by using a smooth retractor. 

1. Divide the piriformis, obturator externus, and 
obturator internus at their fémoral insertions (Fig. 
1-80C). 

2. Excise the anterior and posterior parts of the capsule 
under direct vision as far proximally as the acetabulum. 

■ Proceed with the operation anteriorly. Deep to the rectus 
femoris insert a small, blunt-pointed Bennett retractor 
so that its hook is placed over the anterior inferior iliac 
spine. 

■ Reflect superiorly the greater trochanter and its attached 
abductor muscles to expose the superior and anterior 
parts of the capsule. 

■ Place a thin retractor between the capsule and the ilio- 
psoas to expose the anterior and inferior parts of the 
capsule. Working from the anterior and posterior aspects 
of the joint, excise as much of the capsule as desired; if 
the iliopsoas muscle is to be transplanted, leave the 
stump of the anterior part of the capsule intact. 

■ Dislocate the fémoral head anteriorly by extending, 
adducting, and externally rotating the fémur. Before or 
after the hip has been dislocated, bring the lesser tro¬ 
chanter into view by flexing and externally rotating the 
fémur and, if desired, divide the iliopsoas under direct 
vision. 

■ Expose the full circumference of the fémoral head by 
placing the greater trochanter and its muscle pedicle 
into the acetabulum and externally rotating the fémur 

(Fig. 1-80D). 
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Harris latéral approach to hip. A f lliotibial band has been divided proximal to greater trochanter. A finger has been 
placed on insertion of gluteus maximus deep to band, and fascia lata is to be incised 1 fingerbreadth anterior to insertion (broken line) 
without cutting into insertion of gluteus maximus. B, To obtain wide exposure posteriorly and to provide space into which fémoral 
head can be dislocated, a short oblique incision has been made in posteriorly reflected fascia lata, extending into gluteus maximus (see 
text). Greater trochanter is to be osteotomized (see text). C, Greater trochanter has been osteotomized and retracted superiorly; superior 
part of joint capsule has been freed; and insertions of piriformis, obturator externus, and obturator internus are to be divided. D, Full 
circumference of fémoral head has been exposed by placing greater trochanter and its muscle pedicle into acetabulum and externally 
rotating fémur. E, Entire acetabulum has been exposed by retracting the greater trochanter superiorly and dislocating the fémoral 
head posteriorly. SEE TECHNIQUE 1-64. 
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■ To expose the entire acetabulum, retract the greater tro¬ 
chanter superiorly, and dislocate the fémoral head poste- 
riorly (Fig. 1-80E) by flexing the knee and adducting, 
flexing, and internally rotating the hip. Flexing the knee 
reduces tension on the sciatic nerve while the head is 
dislocated posteriorly. 

■ When closing the wound, position the limb in almost full 
abduction and in about 10 degrees of external rotation. 
Transplant the greater trochanter distally, and fix it directly 
to the latéral side of the fémoral shaft with two wire 
loops, screws, or a cable grip. For a more detailed descrip¬ 
tion of fixation of the greater trochanter, see Chapter 3. 


LATERAL APPROACH TO THE HIP 
PRESERVING THE GLUTEUS MEDIUS 

McFarland and Osborne described a latéral approach to the 
hip that préserves the integrity of the gluteus médius 
muscle. They noted that the gluteus médius and vastus 
lateralis muscles can be regarded as being in direct func- 
tional continuity through the thick periosteum covering the 
greater trochanter. 


TECHNIQUE 1-65 


(MCFARLAND AND OSBORNE) 

■ Make a midlateral skin incision (Fig. 1-81 A) centered over 
the greater trochanter; its length dépends on the amount 
of subcutaneous fat. Expose the gluteal fascia and the 
iliotibial band, and divide them in a straight midlateral 
line along the entire length of the skin incision (Fig. 
1-81 B). 

■ Retract the gluteus maximus posteriorly and the tensor 
fasciae latae anteriorly. 

■ Expose the gluteus médius and separate it from the piri- 
formis and gluteus minimus by blunt dissection. 

■ Identify the prominent posterior border of the gluteus 
médius where it joins the posterior edge of the greater 
trochanter. From this point, make an incision down to the 
bone through the periosteum and fascia obliquely and 
distally across the greater trochanter to the middle of the 
latéral aspect of the fémur; continue it further distally in 
the vastus lateralis to the distal end of the skin incision 
(Fig. 1 -81C). 

■ With a knife or a sharp chisel, peel from the bone, in one 
piece, the attachment of the gluteus médius, the perios¬ 
teum, the tendinous junction of the gluteus médius and 
vastus lateralis, and the origin of the vastus lateralis. The 
portion of the vastus lateralis peeled off includes that 
attached to the proximal part of the linea aspera, the 
distal border of the greater trochanter, and part of the 
shaft of the fémur. 

■ Anteriorly retract the whole combined muscle mass, con- 
sisting of the gluteus médius and vastus lateralis with 
their tendinous junction (Fig. 1-81D). Split, divide, and 
proximally retract the tendon of the gluteus minimus to 
expose the capsule of the hip joint (Fig. 1 -81E). Incise the 
capsule as desired (Fig. 1-81 F). 


■ During closure, suture the capsule and gluteus minimus 
as one structure. Abduct the hip, return the gluteus 
médius and vastus lateralis to their original position, and 
suture them to the undisturbed part of the vastus latera¬ 
lis, to the deep insertion of the gluteus maximus, and to 
the proximal part of the quadratus femoris. 


LATERAL TRANSGLUTEAL APPROACH 
TO THE HIP 

Hardinge described a useful transgluteal modification of 
the McFarland and Osborne direct latéral approach based 
on the observation that the gluteus médius inserts on the 
greater trochanter by a strong, mobile tendon that curves 
around the apex of the trochanter. This approach can be 
easily made with the patient supine. Osteotomy of the 
greater trochanter is avoided. 


TECHNIQUE 1-66 


(HARDINGE) 

■ Place the patient supine with the greater trochanter at 
the edge of the table and the muscles of the buttocks 
freed from the edge. 

■ Make a posteriorly directed lazy-J incision centered over 
the greater trochanter (Fig. 1-82A). 

■ Divide the fascia lata in line with the skin incision and 
centered over the greater trochanter. 

■ Retract the tensor fasciae latae anteriorly and the gluteus 
maximus posteriorly, exposing the origin of the vastus 
lateralis and the insertion of the gluteus médius (Fig. 
1-82B). 

■ Incise the tendon of the gluteus médius obliquely across 
the greater trochanter, leaving the posterior half still 
attached to the trochanter. Carry the incision proximally 
in line with the fibers of the gluteus médius at the junc¬ 
tion of the middle and posterior thirds of the muscle. This 
gluteus médius split should be no farther than 4 to 5 cm 
from the tip of the greater trochanter to avoid damage 
to the superior gluteal nerve and artery. Distally, carry the 
incision anteriorly in line with the fibers of the vastus 
lateralis down to bone along the antérolatéral surface of 
the fémur (Fig. 1-82B). 

■ Elevate the tendinous insertions of the anterior portions 
of the gluteus minimus and vastus lateralis muscles. 
Abduction of the thigh exposes the anterior capsule of 
the hip joint (Fig. 1-82C). 

■ Incise the capsule as desired. 

■ During closure, repair the tendon of the gluteus médius 
with nonabsorbable braided sutures. 

Frndak et al. modified the Hardinge direct latéral 
transgluteal approach by placing the abductor "split" 
more anterior, directly over the fémoral head and neck 
(Fig. 1-83). The "split" must not extend more than 2 cm 
above the latéral lip of the acetabulum to avoid damage 
to the gluteal neurovascular bundle. Because the abduc¬ 
tor "split" is more anterior, exposure of the fémoral head 
and neck requires less retraction. 
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McFarland and Osborne latéral or postérolatéral approach to hip. A f Skin incision. B f Gluteal fascia and iliotibial band 
are divided in midlateral line. C f Incision is made to bone obliquely across trochanter and distally in vastus lateralis. D f Combined muscle 
mass consisting of gluteus médius and vastus lateralis with their tendinous junction is elevated and retracted anteriorly. E f Tendon of 
gluteus minimus is split and divided before retraction proximally. F, Capsule has been opened to expose joint. (From McFarland B, Osborne 
G: Approach to the hip: a suggested improvement on Kocher's method, J Bone Joint Surg 36B:364, 1954.) SEE TECHNIQUE 1-65. 
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Hardinge direct latéral transgluteal approach. A f Lazy-J latéral skin incision. B f Tensor fasciae latae retracted anteri- 
orly, and gluteus maximus is retracted posteriorly. Incision through gluteus médius tendon is outlined. Posterior half is left attached to 
greater trochanter. C f Anterior joint capsule is exposed. (Modified from Hardinge K: The direct latéral approach to the hip, J Bone Joint Surg 
64B 17, 1982 ) SEE TECHNIQUE 1-66. 



FIGURE 


Modified direct latéral transgluteal approach. A f Abductor "split" is determined by location of the fémoral neck. 


B, Capsular incision parallels superior border. 


LATERAL TRANSGLUTEAL APPROACH 
TO THE HIP 

McLauchlan described a direct latéral transgluteal 
approach to the hip through the gluteus médius used 


for many years by Hay at the Stracathro Hospital. It 
also is based on the anatomie observation made by 
McFarland and Osborne mentioned earlier that the 
gluteus médius and vastus lateralis are in functional con- 
tinuity through the thick periosteum covering the greater 
trochanter. 
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TECHNIQUE 1-67 


(HAY AS DESCRIBED BY MCLAUCHLAN) 

■ Place the patient in the Sims position with the affected 
hip uppermost. 

■ Make a latéral longitudinal skin incision (Fig. 1-84A) cen- 
tered midway between the anterior and posterior borders 
of the greater trochanter and extending an equal distance 
proximal and distal to the tip of the trochanter. In latéral 
rotational deformities of the hip, place the incision more 
posteriorly. 

■ Incise the deep fascia and the tensor fasciae latae in line 
with the skin incision. 

■ Retract these structures anteriorly and posteriorly to 
expose the greater trochanter with the gluteus médius 
attached to it proximally and the vastus lateralis attached 
distally (Fig. 1-84B). 

■Split the gluteus médius in the line of its fibers for a 
distance of no more than 4 to 5 cm to avoid damage to 
the superior gluteal neurovascular bundle. Elevate two 
rectangular slices of greater trochanter, one anteriorly and 
one posteriorly with an osteotome. These slices of tro¬ 
chanter hâve gluteus médius attached to them proximally 
and vastus lateralis attached distally (Fig. 1-84C). 

■ Retract anteriorly and posteriorly to reveal the gluteus 
minimus. 

■ Rotate the hip externally and split the gluteus minimus 
in the line of its fibers or detach it from the greater 
trochanter. 

■ Incise the capsule of the hip joint, insert spike retractors 
anteriorly and posteriorly over the edges of the acetabu- 
lum, and dislocate the hip anteriorly by flexion and exter- 
nal rotation (Fig. 1-84D). The fémoral neckand acetabulum 
are well exposed for routine total hip arthroplasty or for 
difficult révisions. 

■ When closing, suture the capsule if enough of it is left. 

■ Internally rotate the hip and suture the trochanteric slices 
to the periosteum and the other soft tissue covering the 
trochanter. The trochanteric slices unité without any 
problem, and abductor function returns rapidly. 

■ Carefully close the deep fascia with interrupted sutures. 


POSTEROLATERAL APPROACH 

Alexander Gibson is responsible for the rediscovery in North 
America of the postérolatéral approach to the hip first 
described and recommended by Kocher and Langenbeck. 
Because detaching the gluteal muscles from the ilium and 
interfering with the function of the iliotibial band are 
unnecessary, réhabilitation after surgery is rapid. 


TECHNIQUE 1-68 


(GIBSON) 

■ Place the patient in a latéral position. 

■ Begin the proximal limb of the incision at a point 6 to 
8 cm anterior to the posterior superior iliac spine and just 
distal to the iliac crest, overlying the anterior border of 


the gluteus maximus muscle. Extend it distally to the 
anterior edge of the greater trochanter and farther dis¬ 
tally along the line of the fémur for 15 to 18 cm (Fig. 
1-85A). 

■ By blunt dissection, reflect the flaps of skin and subcuta- 
neous fat from the underlying deep fascia a short distance 
anteriorly and posteriorly. 

■ Incise the iliotibial band in line with its fibers, beginning 
at the distal end of the wound and extending proximally 
to the greater trochanter. 

■ Abduct the thigh, insert the gloved finger through the 
proximal end of the incision in the band, locate by palpa¬ 
tion the sulcus at the anterior border of the gluteus 
maximus muscle, and extend the incision proximally along 
this sulcus. Adduct the thigh, reflect the anterior and 
posterior masses, and expose the greater trochanter and 
the muscles that insert into it (Fig. 1-85B). 

■Separate the posterior border of the gluteus médius 
muscle from the adjacent piriformis tendon by blunt 
dissection. 

■ Divide the gluteus médius and minimus muscles at their 
insertions, but leave enough of their tendons attached to 
the greater trochanter to permit easy closure of the 
wound. Reflect these muscles (innervated by the superior 
gluteal nerve) anteriorly (Fig. 1-85C). The anterior and 
superior parts of the joint capsule now can be seen. 

■ Incise the capsule superiorly in the axis of the fémoral 
neck from the acetabulum to the intertrochanteric line; 
incise as much of the capsule as desired along the joint 
line anteriorly and along the anterior intertrochanteric line 
laterally. The hip now can be dislocated by flexing the hip 
and knee and abducting and externally rotating the thigh 
(Fig. 1-85D). 

■ Sufficient exposure of the hip often can be obtained with 
less extensive division of the muscles inserting on the 
trochanter; the extent of division dépends on the type of 
operation proposed, the amount of exposure required, 
the tightness of the soft tissues, and the presence or 
absence of contractures around the joint. Conversely, 
when wide exposure of the joint, especially of the ace¬ 
tabulum, is needed, more extensive division of the muscles 
may be necessary. Gibson thought that reattaching the 
muscles to the greater trochanter by interrupted sutures 
is adéquate. 

■To preserve the insertion of the abductor muscles, oste- 
otomize the trochanter and later reattach it with two wire 
loops, 6.5-mm lag screws, or cable grip. Wire loops are 
passed through the insertion of the muscles proximal to 
the trochanter and through a hole drilled in the fémoral 
shaft 4 cm distal to the osteotomy. 

Figure 1-86 shows a modification of the Gibson 
approach by Marcy and Fletcher for insertion of a pros- 
thesis in which the hip is dislocated by internai rotation 
and the anterior part of the joint capsule is preserved to 
keep the hip from dislocating anteriorly after surgery. 


■ POSTERIOR APPROACHES TO THE HIP 

Posterior approaches are ideally suited for procedures in 
which fémoral head viability is unnecessary, such as resection 
arthroplasty and insertion of a proximal fémoral prosthesis. 
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FIGURE 


Hay latéral transgluteal approach to hip. A f Skin incision. B f Greater trochanter is exposed with gluteus médius 


attached to it proximally and vastus lateralis distally. Broken line indicates incision to be made in soft tissues. C f Rectangular slices of 


greater trochanter hâve been elevated anteriorly and posteriorly. D f Hip joint has been opened and can be dislocated as described. 

(Modified from McLauchlan J: The Stracathro approach to the hip, J Bone Joint Surg 66B:30, 1984.) SEE TECHNIQUE 1-67. 


If fémoral head viability is necessary, such as in hip resurfac- 
ing arthroplasty or fracture repair, the médial fémoral cir- 
cumflex artery and its ascending branches must be protected 
(Fig. 1-75). The piriformis, obturator internus, and gemelli 
muscles must be separated well away from the posterior 
aspect of the greater trochanter (Fig. 1-87) and the attach- 
ments of the obturator externus and quadriceps femoris 
muscles must be preserved. Other, more anterior approaches 
offen are better suited for these procedures. 


POSTERIOR APPROACH TO THE HIP 


TECHNIQUE 1-69 


(OSBORNE) 

■ Begin the incision 4.5 cm distal and latéral to the poste¬ 
rior superior iliac spine and continue it laterally and 
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FIGURE 


Gibson postérolatéral approach to hip joint. A f Skin incision. B f Anterior and posterior muscle masses hâve been 


retracted to expose greater trochanter and muscles that insert into it. C f Gluteus médius and minimus hâve been divided near their 
insertions into greater trochanter and retracted. Incision in capsule is shown. D f Hip joint has been dislocated by flexing, abducting, 
and externally rotating thigh. SEE TECHNIQUE 1-68. 


distally, remaining parallel with the fibers of the gluteus 
maximus muscle, to the posterosuperior angle of the 
greater trochanter, and distally along the posterior border 
of the trochanter for 5 cm (Fig. 1-87A). 

■ Separate the fibers of the gluteus maximus parallel with 
the line of incision, no more than 7 cm to protect the 
branches of the inferior gluteal artery and nerve (Fig. 
1-87B). 

■ Divide the insertion of the gluteus maximus into the fascia 
lata for 5 cm, corresponding to the longitudinal limb of 
the incision. 


■ Rotate the thigh internally, detach the tendons of the 
piriformis and gemellus muscles near their insertions into 
the trochanter, and retract the muscles medially. The 
gemelli protect the sciatic nerve (Fig. 1-87C). 

■ The capsule of the joint is now in view and may be incised 
longitudinally to expose the posterior surface of the 
fémoral neck and posterior border of the acetabulum. 
Further exposure may be obtained by retracting the 
gluteus médius muscle proximally and the quadratus 
femoris muscle distally. 
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Modification of Gibson postérolatéral approach to hip. Anterior part of joint capsule is preserved to keep hip from 
dislocating after surgery. Acetabulum is not well exposed, but approach is sufficient for removing fémoral head and inserting 
prosthesis. 
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Osborne posterior approach to hip joint. A f Skin incision. B, Gluteus maximus has been opened in line with its fibers 
and retracted. C f Piriformis, gemellus, and obturator internus muscles hâve been divided at their insertions and reflected medially to 
expose posterior aspect of joint capsule. SEE TECHNIQUE 1-69. 


POSTERIOR APPROACH TO THE HIP 


TECHNIQUE 1-70 


(MOORE) 

■ Moore's approach has been facetiously labeled "the 
Southern exposure." Place the patient on the unaffected 
side. 

■Start the incision approximately 10 cm distal to the 
posterior superior iliac spine and extend it distally and 


laterally parallel with the fibers of the gluteus maximus 
to the posterior margin of the greater trochanter. Direct 
the incision distally 10 to 13 cm parallel with the fémoral 
shaft (Fig. 1-88A). 

Expose and divide the deep fascia in line with the skin 
incision. 

By blunt dissection, separate the fibers of the gluteus 
maximus no more than 7 cm from the tip of the trochan¬ 
ter to avoid injury to the branches of the inferior gluteal 
artery and nerve (Fig. 1-88B). 

Retract the proximal fibers of the gluteus maximus proxi- 
mally and expose the greater trochanter. Retract the distal 
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Moore posterior approach to hip joint. A f Skin incision. B f Gluteus maximus has been split in line with its fibers and 
retracted to expose sciatic nerve, greater trochanter, and short external rotator muscles. C, Short external rotator muscles hâve been 
freed from fémur and retracted medially to expose joint capsule. D, Joint capsule has been opened, and hip joint has been dislocated 
by flexing, adducting, and internally rotating thigh. SEE TECHNIQUE 1-70. 


9 fibers distally, and partially divide their insertion into the 
linea aspera in line with the distal part of the incision. 

■ Expose the sciatic nerve and retract it carefully. (After the 
surgeon becomes familiar with this approach, the sciatic 
nerve rarely needs to be exposed.) Divide a small branch 
of the sacral plexus to the quadratus femoris and inferior 
gemellus, which contains sensory fibers to the joint 
capsule. 

■ Expose and divide the gemelli and obturator internus and, 
if desired, the tendon of the piriformis at their insertion 
on the fémur, and retract the muscles medially. Tag these 
for later reattachment to the trochanter if desired. 

■ The posterior part of the joint capsule is now well 
exposed (Fig. 1-88C); incise it from distal to proximal 
along the line of the fémoral neck to the rim of the 
acetabulum. 

■ Detach the distal part of the capsule from the fémur. 

■ Flex the thigh and knee 90 degrees, internally rotate the 
thigh, and dislocate the hip posteriorly (Fig. 1-88D). 


■ MEDIAL APPROACH TO THE HIP 

The médial approach to the hip, first described by Ludloff in 
1908, was developed to permit surgery on a congenitally dis¬ 
located hip with the hip flexed, abducted, and externally 
rotated. With the hip in this position, the distance from the 
skin to the médial aspect of the fémoral head and lesser 
trochanter is about half that présent when the hip is in the 
neutral position. 

The muscular interval for the Ludloff approach is believed 
to be between the sartorius and the adductor longus with the 
deeper interval being between the iliopsoas and pectineus, 
although Ludloff did not precisely define the interval in his 
original German articles. A review by Mallon and Fitch clari¬ 
fies the anatomie intervals for the various médial approaches. 


MEDIAL APPROACH TO THE HIP 

Ferguson and Hoppenfeld and deBoer described a médial 
approach based on Ludloff # s approach with the superficial 
muscular interval between the gracilis and adductor longus 
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and the deep interval between the adductor brevis and 
adductor magnus (Fig. 1-89). 


TECHNIQUE 1-71 


(FERGUSON; HOPPENFELD AND DEBOER) 

■ Make a longitudinal incision on the médial aspect of the 
thigh, beginning about 2.5 cm distal to the pubic tubercle 
and over the interval between the gracilis and the adduc¬ 
tor longus muscles. 

■ Develop the plane between the adductor longus and 
brevis muscles anteriorly and the gracilis and adductor 
magnus muscles posteriorly. 

■ Expose and protect the posterior branch of the obturator 
nerve and the neurovascular bundle of the gracilis muscle. 
The lesser trochanter and the capsule of the hip joint are 
located in the floor of the wound. 


ACETABULUM AND PELVIS 

Computed tomography and three-dimensional computerized 
scanning hâve aided greatly in characterizing fracture con¬ 
figurations and in preoperative planning for réduction of 
acetabular and pelvic fractures. Modifications of more tradi- 
tional approaches hâve been developed for anterior, posterior, 
and latéral acetabular fractures. Extensile approaches hâve 
been developed for more complex fractures involving the 
anterior and posterior columns of the acetabulum and pelvis. 
The procedure for open réduction and internai fixation of 
acetabular fractures is detailed in Chapter 56. Complications 
associated with these more extensile approaches hâve led to 
the development of indirect réduction and percutaneous fixa¬ 
tion techniques for acetabular fractures using only portions 
of these approaches if possible. Many of these approaches 
can be adapted for difficult primary or révision total hip 
arthroplasty. 
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Ferguson; Hoppenfeld and deBoer médial approach to hip joint. A f Skin incision. B f Plane between adductor longus 
and gracilis is to be developed. C f Adductor longus has been retracted anteriorly, and gracilis and adductor magnus hâve been retracted 


posteriorly. D, Lesser trochanter has been exposed. SEE TECHNIQUE 1-71. 
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■ ANTERIOR APPROACHES TO THE ACETABULUM 


ILIOINGUINAL APPROACH TO THE 
ACETABULUM 

Letournel developed the ilioinguinal approach in 1960 as 
an anterior approach to the acetabulum and pelvis for the 
operative treatment of anterior wall acetabular and ante¬ 
rior column pelvic fractures. The articular surface of the 
acetabulum is not exposed, which is a disadvantage. This 
approach provides exposure of the inner table of the 
innominate bone from the symphysis pubis to the anterior 
aspect of the sacroiliac joint, however, including the quad¬ 
rilatéral surface and the superior and inferior pubic rami. 
The hip abductor musculature is left undisturbed, and rapid 
postoperative réhabilitation is possible. 

A thorough knowledge of the surgical anatomy of this 
area is necessary to avoid disastrous complications. 


TECHNIQUE 1-72 


(LETOURNEL AND JUDET, AS DESCRIBED BY MATTA) 

■ Position the patient supine on a fracture table with skel- 
etal traction applied on the injured side through a distal 
fémoral pin. Traction should not be used in the presence 
of contralatéral superior and inferior pubic rami fractures 
because deformity of the anterior pelvic ring results from 
pressure from the périnéal post. Apply latéral traction, if 
necessary, through a traction screw inserted into the 
greater trochanter and attached to a latéral support on 
the fracture table. 

■ Begin an incision 3 cm above the symphysis pubis and 
carry it laterally across the lower abdomen to the anterior 
superior iliac spine. Continue it posteriorly along the iliac 
crest to the junction of the middle and posterior thirds of 
the crest (Fig. 1-90A). 

■ Sharply elevate the origins of the abdominal muscles and 
the iliacus muscle from the iliac crest. 

■ Elevate the iliacus by subperiosteal dissection from the 
inner table of the ilium as far as the anterior aspect 
of the sacroiliac joint. Continue the incision anteriorly 
through the superficial fascia to the external oblique apo- 
neurosis and the external fascia of the rectus abdominis 
muscle (Fig. 1-90B). 

■ Sharply incise the aponeurosis of the external oblique and 
the external fascia of the rectus abdominis at least 1 cm 
proximal to the external inguinal ring and in line with the 
skin incision. 

■Open the inguinal canal by elevating and reflecting the 
distal edge of the external oblique aponeurosis and 
the adjacent fascia of the rectus abdominis (Fig. 1-90C). 
Protect the latéral fémoral cutaneous nerve, which may 
be adjacent to the anterior superior iliac spine or 3 cm 
médial to it. 

■ Identify the spermatic cord or round ligament and adja¬ 
cent ilioinguinal nerve. Bluntly free these structures and 
secure them with a Penrose drain. 

■ Clean the areolar tissue from the inguinal ligament and 
incise the ligament along its length carefully with a 
scalpel, leaving 1 mm of ligament attached to the internai 


oblique and transversus abdominis muscles and the 
transversalis fascia (Fig. 1-90D). Exercise extreme caution 
to avoid damaging the structures beneath the inguinal 
ligament. 

■ Having released the common origin of the internai oblique 
and transversus abdominis from the inguinal ligament, 
the psoas sheath is entered. Continue to protect the 
latéral fémoral cutaneous nerve beneath the inguinal 
ligament. 

■ To gain further exposure medially, retract the spermatic 
cord or round ligament laterally, exposing the transversalis 
fascia and conjoined tendon, which form the floor of the 
inguinal canal. 

■ Divide the conjoined tendon of the internai oblique and 
transversus abdominis and the tendon of the rectus 
abdominis at their insertions on the pubis to open the 
retropubic space. 

■ The structures beneath the inguinal ligament lie within 
two compartments or lacunae. The lacuna musculorum 
is latéral and contains the iliopsoas muscle, the fémoral 
nerve, and the latéral fémoral cutaneous nerve. The 
lacuna vasorum is médial and contains the external iliac 
vessels and lymphatics. The iliopectineal fascia, or psoas 
sheath, séparâtes the two compartments (Fig. 1-90E). 
Carefully elevate the external iliac vessels and lymphatics 
from the iliopectineal fascia by blunt dissection and gently 
retract them medially. 

■ Elevate the iliopectineal fascia from the underlying ilio¬ 
psoas and divide it sharply with scissors down to the 
pectineal eminence (Fig. 1 -90F and G); continue the dis¬ 
section laterally beneath the iliopsoas until the muscle 
and surrounding fascia are freed from the underlying 
pelvic brim. Pass a Penrose drain beneath the iliopsoas, 
fémoral nerve, and latéral fémoral cutaneous nerve for 
use as a retractor. 

■ Using blunt finger dissection, begin mobilizing the exter¬ 
nal iliac vessels and lymphatics, working from latéral 
to médial. Search for the obturator artery and nerve 
médial and posterior to the vessels. Occasionally, the 
obturator artery or vein has an anomalous anastomosis 
with the external iliac or inferior epigastric artery or 
vein (Fig. 1-91). This is known as the corona mortis, 
or "crown of death," because if it is accidentally eut 
hemostasis is difficult to achieve. If the anomalous obtu¬ 
rator vessel is présent, clamp, ligate, and divide it to avoid 
an avulsive traction injury. Place a third Penrose drain 
around the external iliac vessels and lymphatics. Leave the 
areolar tissue surrounding the vessels and lymphatics 
intact. 

■ To expose the internai iliac fossa and adjacent pelvic brim, 
retract the iliopsoas and fémoral nerve medially. Continue 
élévation of the iliacus muscle subperiosteally to the 
quadrilatéral surface of the pelvis as necessary. Avoid 
injuring the internai iliac and gluteal vessels as the dissec¬ 
tion is continued proximally along the quadrilatéral space 
(Fig. 1-90H and I). To increase the exposure of the supe¬ 
rior pubic ramus, retract the iliac vessels laterally and 
release the origin of the pectineus muscle. 

■To obtain access to the entire pelvic brim distally to the 
latéral aspect of the superior pubic ramus, the anterior 
wall of the acetabulum, the quadrilatéral surface, and 
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Letournel and Judet ilioinguinal approach. A f Skin incision. B f Origins of abdominal and iliacus muscles hâve been 
elevated from iliac crest. Broken line shows incision through superficial fascia and external oblique aponeurosis. C f Latéral fémoral 
cutaneous nerve has been exposed, and aponeurosis of external oblique has been incised. Iliacus has been reflected from inner table 
of ilium. Inguinal canal has been opened by reflecting incised flap of external oblique aponeurosis distally. Internai oblique, inguinal 
ligament, and spermatic cord or round ligament hâve been exposed. D, Inguinal ligament has been incised, releasing common origin 


of internai oblique and transversus abdominis muscles. 


Continued 


the superior aspect of the obturator foramen, retract 
the iliopsoas and fémoral nerve laterally and the exter¬ 
nal iliac vessels medially (Fig. 1-90J). To gain access to 
the superior aspect of the obturator foramen and the 
superior pubic ramus, retract the external iliac vessels 
laterally and the spermatic cord or round ligament 
medially. During retraction of the external iliac vessels in 
either direction, check the puise of the internai iliac 
artery frequently and lessen the traction force if the 
puise is interrupted. To obtain access to the médial 
aspect of the superior pubic ramus and symphysis pubis, 
retract the spermatic cord or round ligament laterally 
(Fig. 1-90K). 

■ If necessary, release the inguinal ligament and sartorius 
muscle from the anterior superior iliac spine and elevate 
the tensor fasciae latae and gluteal muscles from the 
external surface of the iliac wing. 


■ In repairing a pelvic fracture, preserve ail substantial mus- 
cular attachments to the fracture fragments to avoid devi- 
talizing the bone. 

■ Before wound closure, insert suction drains into the ret- 
ropubic space and internai iliac fossa overlying the quad¬ 
rilatéral space. 

■ Reattach the abdominal fascia to the fascia lata on the 
iliac crest with heavy sutures. 

■ Reattach the tendon of the rectus abdominis to the peri- 
osteum of the pubis. 

■ Reattach the transversalis fascia and the internai oblique 
and transversus abdominis muscles to the inguinal 
ligament. 

■ Repair the iliopectineal fascia that séparâtes the iliopsoas 
from the fascia of the rectus abdominis and the aponeu¬ 
rosis of the external oblique. 













ESSES E f lliopectineal fascia séparâtes lacuna musculorum and lacuna vasorum. F f lliopectineal fascia is incised toward 

pectineal eminence. G f Internai iliac vessels hâve been separated and retracted medially from iliopectineal fascia. H, Three régions of 
pelvis exposed during approach. I, Latéral fémoral cutaneous nerve, iliopsoas, and fémoral nerve hâve been retracted medially to expose 
internai iliac fossa. J, Pelvic brim and pectineal eminence hâve been exposed by latéral retraction of iliopsoas and fémoral nerve and 
médial retraction of external iliac vessels. K f Médial aspect of superior pubic ramus and pubic symphysis hâve been exposed by release 
of rectus abdominis and latéral retraction of external iliac vessels and spermatic cord or round ligament. SEE TECHNIQUE 1-72. 
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The corona mortis artery behind the superior 
pubic ramus. (Modified from Daramains S, Lewis A, Bircher M: Corona 
mortis: an anatomical study with clinical implications in approaches 
to the pelvis and acetabulum, Clin Anat 20:453, 2007.) SEE 

TECHNIQUE 1-72. 


ILIOFEMORAL APPROACH TO THE 
ACETABULUM 

The Letournel and Judet anterior ilioinguinal approach can 
be used in a bilateral fashion for extensile exposure of the 
entire anterior half of the pelvic ring, symphysis pubis, 
iliac fossae, and the anterior aspects of both sacroiliac 
joints. The skin incision described in Figure 1-90 is carried 
across the opposite superior pubic ramus to the anterior 
superior iliac spine and then posteriorly along the iliac crest 
(Fig. 1-92). The insertions of both rectus abdominis muscles 
are released. The remainder of the exposure is developed 
as described in the unilatéral ilioinguinal approach. 

Letournel modified and improved the Smith-Petersen, 
or iliofemoral, approach. The muscles on the inner wall of 
the ilium are elevated to gain access to the anterior column 
directly within the pelvis. 


TECHNIQUE 1-73 


(LETOURNEL AND JUDET) 

■ Begin the skin incision at the middle of the iliac crest. 
Carry it anteriorly over the anterior superior iliac spine and 
distally along the médial border of the sartorius to the 
middle third of the anterior thigh (Fig. 1-93A). 

■ Divide the superficial and deep fascia. 

■ Develop the interval between the tensor fasciae latae 
laterally and the sartorius medially, exposing the rectus 
femoris. 

■ Divide the sartorius at its attachment to the anterior 
superior iliac spine. 



Bilateral ilioinguinal approach. A f Skin incision 
and deep dissection hâve been performed as described for uni¬ 
latéral ilioinguinal approach (Fig. 1-90). B, Insertions of both 
rectus abdominis muscles hâve been released, and symphysis and 
superior pubic rami hâve been exposed. 


■ Divide the external branch of the latéral fémoral cutane- 
ous nerve. 

■ Incise the anterior abdominal musculature from the iliac 
crest and reflect it medially. 

■ Expose the iliac fossa by elevating the iliacus muscle (Fig. 
1-93B). Carefully protect the fémoral nerve and vessels 
and the remaining branches of the latéral fémoral cutane- 
ous nerve that lie just médial to the plane of the 
dissection. 

■ Detach both origins of the rectus femoris and reflect the 
muscle medially to expose the anterior surface of the hip 
joint capsule and anterior wall of the acetabulum. The 
iliopsoas tendon can be divided to provide more access 
to the anterior column. Preserve the musculature on the 
external surface of the iliac wing in this approach. Further 
reflection of the iliacus and abdominal musculature pos¬ 
teriorly and medially allows exposure of the inner wall of 
the ilium to the sacroiliac joint. Anteriorly, the superior 
pubic ramus can be exposed but the symphysis pubis 
cannot. 
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Letournel and Judet iliofemoral approach. A f Skin incision. B f Anterior aspect of hip joint and anterior column are 
exposed by releasing sartorius and rectus femoris and reflecting iliacus medially. SEE TECHNIQUE 1-73. 


■ POSTERIOR APPROACHES TO 
THE ACETABULUM 

The combination of the Kocher approach and the Langenbeck 
approach, described as the Kocher-Langenbeck posterior 
approach by Letournel and Judet, provides access to the poste¬ 
rior wall and posterior column of the acetabulum. 

Gibson modified this approach by moving the superior 
limb of the incision more anteriorly (see Technique 1-75 and 
Fig. 1-95). Moed further described a modification of the 
Gibson approach that uses a straight latéral incision and 
approach that preserve the neurovascular supply to the ante¬ 
rior portion of the gluteus maximus muscle and allow more 
anterosuperior exposure of the acetabulum and iliac wing. As 
with the Kocher-Langenbeck technique, this approach is 
useful for the treatment of posterior wall, posterior column, 
and certain transverse and T-type acetabular fractures. For 
more complex fracture types, it can be performed with the 
patient prone. 


KOCHER-LANGENBECK APPROACH 


TECHNIQUE 1-74 


(KOCHER-LANGENBECK; LETOURNEL AND JUDET) 

■ Place the patient in the latéral position with the affected 
hip uppermost. If a fracture table and a supracondylar 
fémoral traction pin are used, keep the knee joint in at 


least 45 degrees of flexion to prevent excessive traction 
on the sciatic nerve. 

■ Begin the skin incision over the greater trochanter and 
extend it proximally to within 6 cm of the posterior supe¬ 
rior iliac spine (Fig. 1-94A). The incision can be extended 
distally over the latéral surface of the thigh for approxi- 
mately 10 cm as necessary. 

■ Divide the fascia lata in line with the skin incision and 
bluntly split the gluteus maximus in line with its muscle 
fibers for a distance of no more than 7 cm (Fig. 1-94B), 
protecting the branch of the inferior gluteal nerve to the 
anterosuperior portion of the gluteus maximus to avoid 
denervating that part of the muscle. 

■ Identify and protect the sciatic nerve overlying the qua- 
dratus femoris (Fig. 1-94C). Incise the short external rota- 
tors at their tendinous insertions on the greater trochanter 
and reflect them medially to protect the sciatic nerve 
further (Fig. 1-94D). Leave the quadratus femoris and 
obturator externus intact to protect the underlying 
ascending branch of the médial circumflex fémoral artery. 
The tendinous insertion of the gluteus maximus on the 
fémur can be incised to increase exposure. 

■ Elevate the gluteus médius and minimus subperiosteally 
from the posterior and latéral ilium. Retraction of these 
muscles can be maintained by inserting two smooth 
Steinmann pins into the ilium above the greater sciatic 
notch. Identify and protect the superior gluteal nerve 
and vessels as they exit the greater sciatic notch. The 
entire posterior acetabulum and posterior column are 
now exposed. Further exposure can be gained by an 
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Kocher-Langenbeck posterior approach. A f Skin incision. B f Incision of fascia lata and splitting of gluteus maximus 
outlined. C f Gluteus maximus has been retracted, exposing short external rotators, sciatic nerve, and superior gluteal vessels. Ascending 
branch of médial circumflex fémoral artery underlies obturator externus and quadratus femoris. D, Hip joint capsule has been exposed 
by division and posterior reflection of short external rotators. Quadratus femoris and obturator externus are left intact to protect the 
ascending branch of the médial circumflex artery. E f Osteotomy of greater trochanter and reflection of hamstring origins from ischial 
tuberosity hâve enlarged exposure. SEE TECHNIQUE 1-74. 


osteotomy of the greater trochanter and reflection of 
the origins of the hamstrings from the ischial tuberosity 
(Fig. 1-94E). 

■ Reattach the greater trochanter with two 6.5-mm lag 
screws during wound closure. 


MODIFIED GIBSON APPROACH 


TECHNIQUE 1-75 


(MODIFIED GIBSON APPROACH, MOED) 

As with the Kocher-Langenbeck approach, this approach is 
useful for the treatment of posterior wall, posterior column, 


and certain transverse and T-type acetabular fractures. For 
more complex fracture types it can be performed with the 
patient prone. 

■ Position the patient in the latéral decubitus position as 
one would for a Kocher-Langenbeck approach (see Tech¬ 
nique 1-74). 

■ Make a longitudinal incision beginning at the iliac crest, 
continuing it over the greater trochanter and down the 
latéral thigh as far as necessary (Fig. 1-95). 

■ Dissect through the subcutaneous tissue until the iliotibial 
band and gluteus maximus muscle fascia are reached. 

■ Identify the anterior border of the gluteus maximus 
muscle by identifying the branches of the inferior gluteal 
artery that run in the fascia between the gluteus maximus 
and gluteus médius muscles. Do not split the gluteus 
maximus as in the Kocher-Langebeck approach. 
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Modified Kocher approach as described by 
Gibson. Greater trochanter is dotted line. ADE is the Kocher- 
Langenbeck incision. BDE is Gibson's original incision. CDE is 
Moed's modification of the approach. (Redrawn from Moed BR. The 
modified Gibson posterior surgical approach to the acetabulum, J 
Orthop Trauma 24:315, 2010.) SEE TECHNIQUE 1-75. 


Deep dissection with gluteus maximus muscle 
reflected posterior and a retractor in the lesser sciatic notch. 
Retract the gluteus médius muscle in an anterior direction to 
expose the hip joint. (Redrawn from Moed BR. The modified Gibson 
posterior surgical approach to the acetabulum, J Orthop Trauma 24:315, 
2010 ) SEE TECHNIQUE 1-75. 


■ Release the anterior border of the gluteus maximus, 
leaving an anterior fascial end for later repair. Release it 
from the level of the greater trochanter to the level of the 
iliac crest. Preserve the neurovascular supply to the ante¬ 
rior gluteus maximus. 

■ Retract the gluteus médius in an anterior direction and 
the gluteus maximus in a posterior direction. Release the 
gluteus maximus insertion on the posterior fémur if nec- 
essary. Release the posterosuperior origin and fascia from 
the iliac crest as needed. 

■ Release the piriformis and short external rotators. Leave 
the obturator externus and quadratus externus intact to 
protect the médial circumflex fémoral artery (Fig. 1-96). 


■ EXTENSILE ACETABULAR APPROACHES 

Because complété exposure of anterior and posterior columns 
of the acetabulum requires separate anterior and posterior 
approaches, several surgeons developed extensile approaches 
to the acetabulum to avoid the problems encountered when 
using these separate approaches. Included here are the 
approaches that my colleagues and I hâve found most useful. 
For a more complété review of extensile acetabular approaches, 
refer to the textbook of Mears and Rubash (see References). 


EXTENSILE ILIOFEMORAL APPROACH 

Letournel developed an extended iliofemoral approach that 
provides complété exposure of the inner and outer table 
of the ilium, acetabulum, and anterior and posterior 
columns. It requires incision, however, of the origins and 
insertions of the gluteus minimus and médius from the iliac 
crest and the greater trochanter. Great care should be 
taken to avoid damaging the superior gluteal vessels to 
prevent ischémie necrosis of the hip abductors. In the prés¬ 
ence of a fracture through the greater sciatic notch and 
artériographie evidence of damage to the superior gluteal 
vessels, this approach should not be used. 


TECHNIQUE 1-76 


(LETOURNEL AND JUDET) 

■ Place the patient in the latéral position on a fracture table 
if distal fémoral traction is necessary. If traction is not 
necessary, a standard operating table can be used. Keep 
the knee joint flexed more than 45 degrees to avoid 
excessive traction on the sciatic nerve. 

■ Begin the incision at the posterior superior iliac spine and 
extend it along the iliac crest, over the anterior superior 






























CHAPTER 1 SURGICAL TECHNIQUES AND APPROACHES 


iliac spine, and carry it distally halfway down the antéro¬ 
latéral aspect of the thigh (Fig. 1-97A). 

■ Elevate the gluteal muscles and the tensor fasciae latae 
from the outer table of the iliac wing as far anteriorly as 
the anterior superior iliac spine. Division of some of the 
posterior branches of the latéral fémoral cutaneous nerve 
is inévitable, but protect the main trunk of the nerve. 

■ Open the fascia covering the greater trochanter and 
vastus lateralis longitudinally. 

■ Isolate, ligate, and divide the latéral fémoral circumflex 
artery (Fig. 1-97B). 

■ Continue the dissection posteriorly to the greater sciatic 
notch. Carefully identify and protect the superior gluteal 
vessels and nerve. 

■ Divide the tendons of the gluteus minimus and médius, 
dissect these muscles from the hip joint capsule, and 
reflect them posteriorly (Fig. 1-97C). 

■ Divide the tendons of the piriformis and obturator inter¬ 
nus at their insertions on the greater trochanter and 
elevate these muscles from the hip joint capsule. The 
sciatic nerve exits the greater sciatic foramen beneath the 
piriformis muscle and must be protected. A retractor can 
be placed in the greater sciatic notch; gentle retraction 
exposes the posterior column (Fig. 1-97D). Avoid a trac¬ 
tion injury to the sciatic nerve in this exposure. Leave the 
quadratus femoris muscle intact to protect the ascending 
branch of the médial circumflex fémoral artery. 

■ Open the hip joint by a capsulotomy around the rim of 
the acetabulum. 

■ Exposure of the internai surface of the ilium and anterior 
column proceeds as in a routine iliofemoral approach. 

■ Elevate the abdominal muscles and iliacus from the iliac 
crest of the ilium and divide the attachments of the 
sartorius and inguinal ligament subperiosteally from 
the anterior superior iliac spine. Divide the origins of the 
direct and reflected heads of the rectus femoris to expose 
the anterior portion of the hip joint capsule (Fig. 1-97E). 

■ During wound closure, reattach the rectus femoris, sar¬ 
torius, fascial layers of the hip abductor musculature, and 
tensor fasciae latae to the iliac wing with sutures passed 
through the bone. 

■ Repair the gluteus minimus and médius tendons 
anatomically. 

■ Reattach the tendons of the piriformis and obturator 
internus to the greater trochanter also with transosseous 
sutures. 


EXTENSILE ILIOFEMORAL APPROACH 

Reinert et al. developed a modification of the Letournel 
and Judet extended iliofemoral approach designed to allow 
later reconstructive procedures. It provides exposure for 
repair of complex and both-column acetabular fractures. 
The skin incision is positioned more laterally. Also, the hip 
abductors are mobilized by ostéotomies of their origins 
and insertions. Rigid bone-to-bone reattachment of these 
muscles permits early réhabilitation with less risk of failure 
than when the abductors are reattached through soft 


tissue. As with the extended iliofemoral approach, the 
patency of the superior gluteal artery is necessary to avoid 
catastrophic necrosis of the hip abductors. In the presence 
of a displaced fracture at the sciatic notch, a preoperative 
arteriogram is recommended. If a later reconstructive 
procedure is required, the same operative site can be 
approached using part or ail of the same skin incision as 
necessary. 


TECHNIQUE 1-77 


(REINERT ET AL.) 

■ Place the patient in the latéral position. Drape the lower 
extremity free on the side of the pelvic injury. 

■ Begin the skin incision 2 cm posterior to the anterior 
superior iliac spine and carry it posteriorly along the iliac 
crest for 8 to 12 cm. Make the vertical limb of the 
T-shaped incision by incising from the midportion of the 
iliac crest incision in a curvilinear fashion down the latéral 
aspect of the thigh to a point 15 cm distal to the greater 
trochanter (Fig. 1-98A). 

■ Develop the anterior flap by dissecting the subcutaneous 
tissue from the deep fascia until the anterior superior iliac 
spine and the interval between the sartorius and tensor 
fasciae latae muscles are reached. Protect the latéral 
fémoral cutaneous nerve. Develop the posterior flap in 
the same fashion. 

■ Flex the hip to 45 degrees and abduct it. Incise the fascia 
lata longitudinally from the center of the greater trochan¬ 
ter distally to a point 2 cm distal to the insertion of the 
tensor fasciae latae muscle. 

■ Incise the gluteal fascia and bluntly split the gluteus 
maximus in line with its fibers until the inferior gluteal 
nerve and vessels are encountered. 

■ Divide the anterior portion of the fascia lata transversely 
2 cm distal to the insertion of the tensor fasciae latae 
muscle. Release the proximal portion of the gluteus 
maximus insertion on the fémur. 

■ Bluntly develop the interval between the tensor fasciae 
latae and the sartorius. 

■ Continue the deep dissection anterior and posterior to 
the tensor fasciae latae, separating it from the sartorius 
and the rectus femoris. 

■ Carefully identify, ligate, and divide the ascending branch 
of the latéral fémoral circumflex artery in the proximal 
part of the dissection. Microvascular reanastomosis of 
this artery can be used as a substitute to restore 
collateral circulation to the hip abductors should the 
superior gluteal artery be severely damaged during the 
procedure. 

■ Elevate the abdominal and iliacus muscles from the iliac 
crest subperiosteally. Extend the dissection posteriorly to 
expose the anterior aspect of the sacroiliac joint and 
sciatic notch as necessary. 

■ Perform an osteotomy of the anterior superior iliac spine 
and reflect the attached sartorius and inguinal ligament 
medially, along with the abdominal and iliacus muscles. 

■ With an osteotome or 90-degree power cutting tool, 
perform an osteotomy of the tricortical portion of the iliac 
crest beginning along the inner table and producing a 
fragment 10 to 12 cm long and 1.5 cm high (Fig. 1-98B 
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Letournel and Judet extended iliofemoral approach. A f Skin incision. B f Gluteal muscles and tensor fasciae latae hâve 
been partially elevated and retracted posteriorly. Latéral fémoral circumflex vessels hâve been isolated. C f Tendon of gluteus minimus 
has been completely severed from anterior aspect of greater trochanter. Gluteus médius tendon has been partial ly incised. D f Reflection 
of piriformis, obturator internus, and gluteal muscles has exposed external surface of innominate bone. E f Internai surface of ilium and 
anterior acetabulum and hip joint hâve been exposed by reflection of iliacus, sartorius, and rectus femoris (see text). SEE TECHNIQUE 
1-76. 










FIGURE 




Reinert et al. modified iliofemoral 
approach. A f Skin incision. Cutaneous flaps hâve been 
developed. Broken line indicates incision through fascia 
lata. B and C f Ostéotomies of iliac crest, anterior superior 
iliac spine, and greater trochanter. D f Ostéotomies hâve 
been completed, and muscle flaps hâve been reflected, 
exposing anterior column. E f Posterior column has been 
exposed. Broken line depicts incision for release of rectus 
muscle (see text). (From Reinert CM, Bosse MJ, Poka A, et al: 
A modified extensile exposure for the treatment of complex or 
malunited acetabular fractures, J Bone Joint Surg 70A:329, 
1988 ) SEE TECHNIQUE 1-77. 
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9 and C). Leave the hip abductor muscles attached to the 
fragment, and reflect this musculo-osseous flap laterally. 
■ Elevate the abductors subperiosteally from the outer table 
of the ilium during this reflection. Carefully preserve the 
superior gluteal nerve and vessels. 

■ Perform a standard trochanteric osteotomy and release 
the abductors from the hip joint capsule. 

■ Carefully reflect the abductors and attached greater tro¬ 
chanter posteriorly (Fig. 1-98D and E). Release the short 
external rotators from the greater trochanter. The quadra- 
tus femoris is preserved, protecting the ascending branch 
of the médial circumflex fémoral artery. 

■ Identify and protect the sciatic nerve. Further avoid trac¬ 
tion injury to the sciatic nerve by maintaining the hip 
extended and the knee flexed to at least 45 degrees. 

■ If further anterior exposure is needed, release the direct 
and reflected heads of the rectus femoris (Fig. 1-98E). 
Incise the hip joint capsule circumferentially at the ace- 
tabular labrum. 

■ During closure, reattach the origins of the rectus femoris 
with heavy sutures through holes drilled in the anterior 
inferior iliac spine. 

■ Repair ail ostéotomies with lag-screw fixation. 

■ Repair the fascia lata and reattach the iliacus and abdomi¬ 
nal muscles to the iliac crest with heavy sutures. 


TRIRADIATE EXTENSILE APPROACH 
TO THE ACETABULUM 

Mears and Rubash modified Charnley's initial total hip 
arthroplasty approach and developed an extensile acetabu- 
lar approach providing access to the acetabulum, the ante¬ 
rior and posterior columns, the inner iliac wall, the anterior 
aspect of the sacroiliac joint, and the outer aspect of the 
innominate bone. This triradiate approach was developed 
for réduction and repair of complex acetabular fractures. 
It avoids the potential complication of massive ischémie 
necrosis of the hip abductors caused by injury to the supe¬ 
rior gluteal vessels, which is a possibility when the extended 
iliofemoral approach is used. 


TECHNIQUE 1-78 


(MEARS AND RUBASH) 

■ Place the patient in the latéral position on a conventional 
operating table. A fracture table can be used if skeletal 
traction is necessary. Keep the knee joint in at least 45 
degrees of flexion to avoid excessive traction on the 
sciatic nerve. 

■ Begin the longitudinal portion of the triradiate incision at 
the tip of the greater trochanter and carry it distally 6 to 
8 cm. Carry the anterosuperior limb from the tip of the 
greater trochanter across the anterior superior iliac spine. 
Begin the posterosuperior limb of the incision at the tip 
of the greater trochanter as well, and carry it to the pos¬ 
terior superior iliac spine, forming an angle of approxi- 
mately 120 degrees (Fig. 1-99A). 


■ Divide the fascia lata in line with its fibers in the longitu¬ 
dinal limb of the incision. 

■ Incise the fascia lata and fascial covering of the tensor 
fasciae latae in line with the anterosuperior limb of the 
incision (Fig. 1-99B). 

■ Dissect the anterior border of the tensor fasciae latae 
from its overlying fascia and elevate the origin of the 
muscle from the iliac crest. Elevate subperiosteally from 
the iliac crest the origins of the gluteus médius and 
minimus from anterior to posterior and distally to the hip 
joint capsule. 

■ Incise the fascia of the gluteus maximus in line with the 
posterosuperior limb of the incision and split the muscle 
in line with its fibers (Fig. 1-99C). 

■ Perform an osteotomy of the greater trochanter and 
reflect the trochanter with the attached insertions of the 
gluteus médius and minimus proximally. 

■ Sharply elevate the gluteus médius and minimus from the 
capsule of the hip joint, preserving the capsule during the 
dissection. Continue the dissection to the greater sciatic 
notch and identify and protect the superior gluteal vessels 
(Fig. 1-99D). 

■ Divide the insertions of the short external rotators on the 
proximal fémur, including the upper third of the quadra- 
tus femoris. Leave intact the remainder of this muscle and 
the underlying ascending branch of the médial circumflex 
fémoral artery. 

■ Reflect the divided short external rotators posteriorly to 
expose the posterior aspect of the hip joint capsule and 
the posterior column. 

■ Maintain the exposure of the posterior column by care¬ 
fully inserting blunt Hohmann retractors into the greater 
and lesser sciatic notches. 

■ Secure the abductor muscles superiorly by inserting two 
Steinmann pins into the ilium 2.5 cm and 5 cm above the 
greater sciatic notch (Fig. 1-99E). 

■ Sharply incise the origins of the hamstrings to expose the 
ischial tuberosity. 

■To expose the anterior column and inner table of the 
ilium, extend the anterosuperior limb of the skin 
incision 6 to 8 cm médial to the anterior superior iliac 
crest. 

■ Incise the abdominal musculature from the anterior iliac 
crest and elevate subperiosteally the iliacus muscle from 
the inner table of the ilium. Continue the dissection pos¬ 
teriorly to expose the anterior aspect of the sacroiliac joint 

(Fig. 1 -99F). 

■ To increase the exposure further, divide the origin of the 
sartorius from the anterior superior iliac spine and the 
origins of the direct and reflected heads of the rectus 
femoris from the anterior inferior iliac spine and hip joint 
capsule. 

■ Incise the aponeurosis of the external oblique muscle 
1 cm proximal to the external inguinal ring and in line 
with the inguinal ligament as described for the ilioingui- 
nal approach. 

■ Carefully develop the interval between the external 
iliac vessels medially and the psoas muscle laterally. Next, 
develop the interval between the external iliac vessels 
and the spermatic cord or round ligament (Fig. 1-90B 
to K). 
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Mearsand Rubash triradiate extensile approach. 
A f Skin incision. B f Superficial fascial incision. C f Origin of tensor 
fasciae latae has been elevated from anterior iliac crest. Gluteus 
maximus has been split in line with its fibers up to inferior gluteal 
nerve and vessels. D f Greater trochanter has been osteotomized 
and reflected posteriorly exposing sciatic nerve and short external 
rotators. Gluteal and tensor fasciae latae muscles hâve been ele¬ 
vated from outer table of ilium and hip joint capsule and reflected 
posteriorly. E f Short external rotators hâve been severed from 
greater trochanter and reflected posteriorly. Quadratus femoris 
remains intact. Gluteal and tensor fasciae latae muscles hâve been 
retracted superiorly and held with Steinmann pins to expose 
posterior column. Joint capsule has been severed circumferen- 
tially from acetabulum. F f Abdominal muscles hâve been incised 
and iliacus muscle elevated subperiosteally from ilium and 
reflected medially to expose inner table of ilium (see text and also 
Fig. 1-97E). (Modified from Mears DC, Rubash HE: Pelvic and acetabu- 
lar fractures, Thorofare, NJ, Slack, 1986.) SEE TECHNIQUE 1-78. 
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■ Use the longitudinal intervals developed and expose sub- 
periosteally the superior pubic ramus and quadrilatéral 
surface of the pelvis. 

■ Incise the joint capsule of the hip circumferentially at the 
edge of the acetabulum as far anteriorly and posteriorly 
as necessary, but leave the acetabular labrum intact. 

■ During closure, reattach the abdominal fascia to the 
fascia lata along the iliac crest with heavy sutures. 

■ Reattach the gluteal muscle origins and the tensor fasciae 
latae to the iliac crest. 

■ Drill small holes in the ilium and use heavy sutures to 
reattach the origins of the rectus femoris and sartorius 
muscles. 

■ Repair the trochanteric osteotomy with two long 6.5-mm 
cancellous screws with washers. 

■ Close the three fascial limbs of the triradiate incision, 
beginning with a single apical suture. 

■ Complété the closure of each limb of the incision. 


EXTENSILE APPROACH TO THE 
ACETABULUM 

Carnesale combined Henry's reflection of the gluteus 
maximus with several other approaches to the hip joint to 
form an extensile approach for open réduction of complex 
acetabular fractures. The posterior or anterior part of the 
approach may be used alone as indicated in the given 
instance; the entire approach is rarely required. 


TECHNIQUE 1-79 


(CARNESALE) 

■ Secure the patient on the uninjured side on a standard 
operating table so that the table may be tilted to 
either side. 

■ Préparé the skin from the middle of the rib cage to below 
the knee. 

■ Drape to allow free manipulation of the extremity. 

■ Start the skin incision at the posterior superior iliac spine, 
extend it anteriorly parallel to the iliac crest, and end it 
just proximal to the anterior superior iliac spine (Fig. 
1-100A). If the anterior part of the approach is to be used, 
extend the incision into the groin crease (Fig. 1-100G). 
Perpendicular to this transverse incision, incise the skin 
distally in the latéral midline of the thigh, cross the center 
of the greater trochanter, and at the gluteal fold turn the 
incision 90 degrees posteriorly and extend it to the pos¬ 
terior midline of the thigh; if necessary, extend it distally 
in the posterior midline of the thigh for 4 or 5 cm. 

■ Raise appropriate flaps of skin, investing fascia anteriorly 
and posteriorly (Fig. 1-100B). 

■ Reflect the gluteus maximus, leaving it attached medially 
at its pelvic origin as described by Henry as follows: 

■ In the distal part of the incision, locate the posterior 
cutaneous nerve of the thigh just beneath the deep 
fascia. Open this fascia and trace the nerve to the distal 
edge of the gluteus maximus; the nerve will be freed 
from the muscle later. 


■ Free the fémoral side of the gluteus maximus by longi¬ 
tudinal^ splitting the part of the iliotibial band that 
slides on the fémoral shaft and greater trochanter. 

■ Extend the incision in the iliotibial band slightly proxi- 
mally; at this point, insert a finger, locate the superior 
border of the gluteus maximus where it joins the iliotibial 
band, and, with the scissors, free this border of the 
muscle proximal to the iliac crest (Fig. 1-100C and D). 

■ Raise the distal edge of the gluteus maximus and the 
posterior cutaneous nerve of the thigh, and divide the 
thick insertion of the muscle from the fémur. Control 
the constant vessel found at this insertion. 

■ Detach the posterior cutaneous nerve of the thigh from 
the deep surface of the gluteus maximus and gently 
reflect the muscle medially, hinged on its pelvic attach- 
ment (Fig. 1-100E). 

■ Detach the short external rotators from the greater tro¬ 
chanter, reflect them medially, and strip them subperios- 
teally from the ilium sufficiently to expose the posterior 
acetabular wall. If more superior exposure of the acetabu¬ 
lum is required, osteotomize the greater trochanter, and 
with it reflect the hip abductors proximally (Fig. 1-100F). 

■ In fractures of the anterior aspect of the acetabulum, 
continue the skin incision anteriorly to the groin crease 
as already described (Fig. 1-100G). 

■ Locate the latéral fémoral cutaneous nerve and preserve 
it (Fig. 1-100H). 

■ Detach the inguinal ligament, sartorius, and rectus 
femoris from the pelvis, but leave the tensor fasciae latae 
intact (Fig. 1-1001). 

■ Strip subperiosteally the iliacus and, if necessary, the 
obturator internus from the médial pelvic wall, exposing 
the anterior aspect of the acetabulum (Fig. 1-100J). 


ILIUM 


APPROACH TO THE ILIUM 


TECHNIQUE 1-80 


■ Incise the skin along the iliac crest from the anterior 
superior spine to the posterior superior spine. 

■ Reflect the attachments of the gluteal muscles subperios¬ 
teally, proximally to distally, as far as the superior rim of 
the acetabulum, and expose the latéral surface of the 
ilium. 

■ Reflect subperiosteally the attachment of the abdominal 
muscles from the iliac crest, or osteotomize the crest, 
leaving the abdominal muscles attached to the superior 
fragment. In children, make the osteotomy of the crest 
inferior to the epiphyseal plate. Reflect subperiosteally the 
iliacus muscle from the médial surface of the ilium. Also 
divide at their origins the structures attached to the ante¬ 
rior superior spine and the anterior border of the ilium. 
Most of the ilium can be denuded. 

■ In this procedure, a nutrient artery on the latéral surface 
of the ilium 5 cm inferior to the crest and near the juncture 
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A-J, Carnesale extensile exposure of acetabulum (see text). SEE TECHNIQUE 1-79. 


Continued 


of the anterior and middle thirds is divided. Because ligat- 
ing it is impossible, control the bleeding with the point of 
a small hemostat or, if necessary, with bone wax. 


SYMPHYSIS PUBIS 


APPROACH TO THE SYMPHYSIS PUBIS 


TECHNIQUE 1-81 


(PFANNENSTIEL) 

■ Place the patient supine and insert a Foley cathéter for 
intraoperative identification of the base of the bladder 
and the urethra. 


■ Make a curvilinear transverse incision 2 cm cephalad to 
the superior pubic ramus (Fig. 1-101 A). 

■ Incise the external oblique aponeurosis parallel to the 
inguinal ligament. 

■ Identify the spermatic cords or round ligaments and adja¬ 
cent ilioinguinal nerves. Release the aponeurotic insertion 
of both heads of the rectus abdominis from the superior 
pubic ramus (Fig. 1-101 B). 

■ Expose subperiosteally the superior, anterior, and poste- 
rior surfaces of both rami laterally for 4 to 5 cm as neces¬ 
sary (Fig. 1-101C). During this dissection, identify the 
urethra and base of the bladder by manual palpation of 
the Foley cathéter. 

■ During wound closure, insert a suction drain into the 
retropubic space and repair the rectus abdominis with 
heavy interrupted sutures. 

■Carefully repair the external oblique aponeurosis to 
prevent an inguinal hernia. 
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Pfannenstiel transverse approach to pubic symphysis. A f Skin incision. B f Rectus abdominis insertions hâve been 
released. C f Entire pubic symphysis has been exposed. SEE TECHNIQUE 1-81. 
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SACROILIAC JOINT 


POSTERIOR APPROACH TO THE 
SACROILIAC JOINT 


TECHNIQUE 1-82 


■ Make an incision along the latéral lip of the posterior third 
of the iliac crest to the posterior superior spine (Fig. 
1-102A). 

■ Deepen the dissection down to the crest, separate the 
lumbodorsal fascia from it, detach and reflect medially 
the aponeurosis of the sacrospinalis muscle together with 
the periosteum, and expose the posterior margin of the 
sacroiliac joint. This exposure is ample for extraarticular 
fusion. 

■To expose the articular surfaces of the joint for drainage 
or intraarticular fusion, continue the skin incision laterally 
and distally 5 to 8 cm from the posterior superior spine. 
Split the gluteus maximus muscle in line with its fibers, 
or incise its origin on the iliac crest, the aponeurosis of 
the sacrospinalis, and the sacrum, and reflect it laterally 
and distally to expose the posterior aspect of the ilium 
(Fig. 1-102B). Branches of the inferior gluteal nerve and 
artery may be présent. 

■To expose more of the ilium, reflect the gluteus médius 
anterolaterally. The gluteus médius cannot be reflected 
very far anteriorly because of the presence of the superior 
gluteal nerve and artery. 

■ With an osteotome, remove a full-thickness section of the 
ilium 1.5 to 2 cm wide, beginning at its posterior border 
between the posterior superior and posterior inferior 
spines and proceeding laterally and slightly cephalad for 


4 to 5 cm. The inferior border of this section roughly 
parallels the superior border of the greater sciatic notch. 
■ Exposure of the joint is limited by the size of the section 
removed. 


ANTERIOR APPROACH TO THE 
SACROILIAC JOINT 

Sometimes primary suppurative arthritis of the sacroiliac 
joint may localize anteriorly; Avila approaches this région 
by an intrapelvic route. This approach also is useful for 
open réduction and plating of sacroiliac joint dislocation. 


TECHNIQUE 1-83 


(AVILA) 

■ With the patient supine, make a 10- to 12-cm incision 
1.5 cm proximal to and parallel with the iliac crest, begin¬ 
ning at the anterior superior iliac spine (Fig. 1-103). 

■ Dissect distally to the iliac crest and detach the abdominal 
muscles from it without disturbing the origin of the 
gluteal muscles. 

■ Incise the periosteum and strip the iliacus muscle subperi- 
osteally, following the médial surface of the ilium medially 
and slightly distally. 

■ Retract the iliacus medially and complété the stripping by 
hand with the gloved finger covered with gauze. Proceed 
as far as the latéral attachments of the anterior sacroiliac 
ligament; detach them and palpate the joint. 

■To expose the anterior aspect of the joint, extend the 
incision farther posteriorly in the intermuscular plane 
along the iliac crest. 


Posterior 
inferior 
iliac spine 


A 


Incision 



' 

! 



Ilium 

Sacroiliac 

joint 
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Posterior approach to the sacroiliac joint. A f Incision for the posterior approach to the sacroiliac joint is vertical from 
just above the posterior superior iliac spine distally about 1.0 cm. B, Deeper dissection involves incising the gluteus maximus fascia and 
subperiosteally elevating the maximus off of the ilium just latéral to the posterior superior iliac spine. SEE TECHNIQUE 1-82. 
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FIGURE 


Anterior approach to the sacroiliac joint. SEE 


TECHNIQUE 1-83. 


APPROACH TO BOTH SACROILIAC 
JOINTS OR SACRUM 

When bilateral, unstable sacroiliac disruptions or com- 
minuted vertical fractures of the sacrum occur as part 
of a pelvic ring disruption, Mears and Rubash approach 
these through a transverse incision made across the 
midportion of the sacrum. These injuries can be stabilized 
with a contoured reconstruction plate through this 
approach. 


TECHNIQUE 1-84 


(MODIFIED FROM MEARS AND RUBASH) 

■ With the patient prone, make a transverse straight inci¬ 
sion across the midportion of the sacrum 1 cm inferior to 
the posterior superior iliac spines (Fig. 1-104A). If one or 
both of the sciatic nerves are to be explored, curve the 
ends of the incision distally to allow exposure of the 
sciatic nerves from the sacrum to the greater sciatic 
notch. 



PM Exposure of both sacroiliac joints or sacrum. A f Skin incision. B f Posterior iliac crests, gluteus maximus muscles, and 
paraspinous muscles hâve been exposed. C f Outline of ostéotomies of posterior superior iliac spines for application of plate and screws. 
D f Ostéotomies hâve been performed, and gluteus maximus muscles hâve been reflected laterally. SEE TECHNIQUE 1-84. 
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■ Extend the incision through the deep fascia to expose 
the superior portions of the origins of both gluteus 
maximus muscles on the posterior superior iliac spines 
(Fig. 1-104B). 

■ Elevate the paraspinous muscles from the posterior supe¬ 
rior iliac spine and perform an osteotomy of each spine 
posterior to the sacrum, from médial to latéral, leaving 
the origins of the gluteus maximus muscles intact (Fig. 
1-104C and D). This provides a fiat surface for application 
of a plate. 

■ Elevate the paraspinous muscles subperiosteally from 
the sacrum and adjacent posterosuperior iliac spines to 
provide a tunnel for application of a plate. 

■ Remove the tips of the spinous processes of the sacrum 
as necessary. 

■ If further exposure is necessary for drainage of a sacroiliac 
joint or intraarticular fusion, split the gluteus maximus 
muscle on that side or incise its origin from the posterior 
superior iliac spine, and reflect it laterally to expose the 
posterior aspect of the ilium. 

■ Perform a larger osteotomy of the posterior ilium as 
described for the standard posterior approach to the sac¬ 
roiliac joint (see Technique 1-82). 


SPINE 

Surgical approaches to the spine are discussed in 
Chapter 37. 


ACROMIOCLAVICULAR JOINT AND 
CORACOID PROCESS 


APPROACH TO THE 
ACROMIOCLAVICULAR JOINT 
AND CORACOID PROCESS 


TECHNIQUE 1-86 


Figure 1-105 


(ROBERTS) 

■ Make a curved incision along the anterosuperior margin of 
the acromion and the latéral one fourth of the clavicle. 

■ Expose the origin of the deltoid, free it from the clavicle 
and the anterior margin of the acromion, and expose the 
capsule of the acromioclavicular joint. (By retracting the 
deltoid distally, the coracoid process also may be exposed.) 
To expose the acromioclavicular joint alone, use the latéral 
third of the incision. 


SHOULDER 

■ ANTEROMEDIAL APPROACHES TO 
THE SHOULDER 

Any part of the approaches to the shoulder described can be 
used for operations on more limited régions around the 
shoulder. 


STERNOCLAVICULAR JOINT 

Contrast computed tomography scans of médiastinal struc¬ 
tures hâve shown that the brachiocephalic vein is the most 
frequent structure at risk for injury deep to the sternoclavicu- 
lar joint. If a posterior dislocation is to be reduced or drill 
holes made in the sternum or médial clavicle during recon¬ 
structive procedures, help from a cardiothoracic surgeon is 
recommended. 


APPROACH TO THE 
STERNOCLAVICULAR JOINT 


TECHNIQUE 1-85 


■ Make an incision along the médial 4 cm of the clavicle 
and over the sternoclavicular joint to the midline of the 
sternum. Incise the fascia and periosteum. 

■ Reflect subperiosteally the origins of the sternocleido- 
mastoid and pectoralis major muscles, the first superi- 
orly and the second inferiorly; and expose the 
sternoclavicular joint. 

■ When the deep surface of the joint must be exposed, 
avoid puncturing the pleura or damaging an intratho- 
racic vessel. 


ANTEROMEDIAL APPROACH 
TO THE SHOULDER 


TECHNIQUE 1-87 


(THOMPSON; HENRY) 

■ Begin the incision over the anterior aspect of the acro¬ 
mioclavicular joint, passing it medially along the anterior 
margin of the latéral one third of the clavicle and distally 
along the anterior margin of the deltoid muscle to a point 
two thirds the distance between its origin and insertion 
(Fig. 1-106A). 

■Expose the anterior margin of the deltoid. The cephalic 
vein and the deltoid branches of the thoracoacromial 
artery lie in the interval between the deltoid and pecto¬ 
ralis major muscles (the deltopectoral groove), and 
although the cephalic vein may be retracted medially 
along with a few fibers of the deltoid muscle, it may be 
damaged during the operation. Ligating this vein proxi- 
mally and distally as soon as it is reached may be 
indicated. 

■ Define the origin of the deltoid muscle on the clavicle; 
detach it by dividing it near the bone or at the bone 
together with the adjacent periosteum or by removing 
part of the bone intact with it (Fig. 1-106B). We prefer 
the first method, leaving enough soft tissue attached to 
the clavicle to allow suturing the deltoid to its origin later. 
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Roberts exposure of acromioclavicular joint and coracoid process of scapula. A f Skin incision. B f Deltoid muscle 
detached from clavicle and acromion, exposing acromioclavicular joint, and retracted distally for exposure of coracoid process. SEE 


TECHNIQUE 1-86. 
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Anteromedial approach to shoulder joint. A, Skin incision. Transverse part of incision has been made along anterior 
border of clavicle and longitudinal part was made along interval between deltoid and pectoralis major. B, Deltoid has been detached 
from clavicle and reflected laterally to expose anterior aspect of joint. SEE TECHNIQUE 1-87. 


9 " Laterally reflect the anterior part of the deltoid muscle to 
expose the structures around the coracoid process and 
the anterior part of the joint capsule. 

■To expose the deep aspects of the shoulder joint more 
easily, including the anterior margin of the glenoid, oste- 
otomize the tip of the coracoid process. First, incise the 
periosteum of the superior aspect of the coracoid; next, 
eut through the bone and reflect medially and distally the 
tip of the bone along with the attached origins of the 
coracobrachialis, the pectoralis minor, and the short head 
of the biceps. Predrill the coracoid process. 


■ For wider exposure, divide the subscapularis at its mus- 
culotendinous junction about 2.5 cm médial to its inser¬ 
tion into the lesser humerai tuberosity; separate the 
tendon medially from the underlying capsule and expose 
the glenoid labrum. 

■ When closing the wound, replace the tip of the coracoid 
and secure with a screw. 

■Suture the deltoid in place and close the wound in the 
usual way. 

■ If an extensile exposure is unnecessary, the skin incisions 
and deeper dissection may be limited to the deltopectoral 
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9 



FIGURE 


^ Henry shoulder strap or suspender incision. SEE 


TECHNIQUE 1-87. 


portion of the approach. The anterior deltoid muscle need 
not be detached from the clavicle. Approach the joint 
anteriorly without an osteotomy of the coracoid process 
by retracting the short head of the biceps muscle in a 
médial direction. Take care to avoid a traction injury to 
the musculocutaneous nerve lying beneath the short 
head of the biceps in the distal part of this wound. 

■ Instead of this curved anteromedial approach, Henry later 
used an incision that arches like a shoulder strap over the 
shoulder from anterior to posterior (Fig. 1 -107). The ante¬ 
rior part of this incision is similar to the deltopectoral part 
of his original approach, but at its superior end it pro- 
ceeds directly over the superior aspect of the shoulder 
and distally toward the spine of the scapula. Mobilize a 
latéral flap by dissecting between the subcutaneous 
tissues and the deep fascia, and expose the latéral and 
posterior margins of the acromion and adjacent spine of 
the scapula. Detach as much of the deltoid as needed to 
reach the deeper structures sought. 


the capsule continuously from anterior to posterior over 
the head of the humérus; take care not to sever the 
tendon of the long head of the biceps (Fig. 1-108C). In 
this approach, the fibers of the deltoid are not divided 
and the axillary nerve that supplies the deltoid is not 
disturbed. 


■ ANTERIOR AXILLARY APPROACH 
TO THE SHOULDER 


ANTERIOR AXILLARY APPROACH 
TO THE SHOULDER 

The anterior axillary approach as described by Leslie and 
Ryan is indicated when cosmesis is a factor. This approach 
can be used with most of the anterior procedures described 
in this chapter. Placement of the skin incision over the 
anterior axillary fold is quite satisfactory, and the scar is not 
noticeable when the arm is at the side. This is not a direct 
axillary approach to the glenohumeral joint but simply a 
placement of the skin incision. The remainder of the 
approach is through the deltopectoral interval. 


TECHNIQUE 1-89 


(LESLIE AND RYAN) 

■ Make a straight vertical 3 to 4-cm incision over the ante¬ 
rior axillary fold (Fig. 1-109A). 

■ Undermine the skin and subcutaneus tissue so they can 
be retracted anteriorly and superiorly (Fig. 1-109B). 

■ If needed, both the coracoid process and subscapularis 
tendon can be easily detached and reattached at closure. 

■ Close the wound with a continuous subcuticular suture 
(Fig. 1-109C). 


ANTEROMEDIAL/POSTEROMEDIAL 
APPROACH TO THE SHOULDER 

If a wider field is needed, the anteromedial approach may 
be extended as Cubbins et al. suggest. 


TECHNIQUE 1-88 


(CUBBINS, CALLAHAN, AND SCUDERI) 

■ Make the anterior limb of the Cubbins incision similar to 
that in the anteromedial approach. Extend the incision 
laterally around the acromion and medially along the 
latéral half of the spine of the scapula (Fig. 1-108A). 

■ Detach the origin of the deltoid from the acromion and 
from the exposed part of the spine of the scapula and 
reflect the deltoid inferiorly and laterally to expose the 
anterior, superior, and posterior parts of the joint capsule. 

■ Reach the joint anteriorly or posteriorly by a correspond- 
ing incision of the capsule (Fig. 1-108B). To expose the 
articular surface of the humérus and the glenoid, incise 


■ ANTEROLATERAL APPROACHES 
TO THE SHOULDER 


ANTEROLATERAL LIMITED DELTOID- 
SPLITTING APPROACH TO THE 
SHOULDER 

The limited deltoid-splitting approach is appropriate for 
limited operations that need only to expose the tendons 
inserting on the greater tuberosity of the humérus and to 
reach the subdeltoid bursa. 


TECHNIQUE 1-90 


■ Begin the incision at the antérolatéral tip of the acromion 
and carry it distally over the deltoid muscle about 5 cm. 

■ Define the avascular raphe 4 to 5 cm long between the 
anterior and middle thirds of the deltoid; splitting the 
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Cubbins et al. approach to anterior, superior, and posterior aspects of shoulder joint. A f Skin incision. B f Origin of 
deltoid reflected from clavicle, acromion, and spine of scapula; posterior capsule incised vertically. C f Capsule retracted, exposing pos¬ 
terior portion of glenoid and humérus. SEE TECHNIQUE 1-88. 


muscle here provides a fairly avascular approach to under- 
lying structures. 

■ For maximal exposure, split the deltoid up to the margin 
of the acromion, but do not split it distally more than 
3.8 cm from its origin to avoid damaging the axillary 
nerve and paralyzing the anterior part of the deltoid (Fig. 
1-110). (The axillary nerve courses transversely just proxi¬ 
mal to the midpoint between the latéral margin of the 
acromion and the insertion of the deltoid.) 

■ Incise the thin wall of the subdeltoid bursa and explore the 
rotator cuff as desired by rotating and abducting the arm to 
bring different parts of it into view in the floor of the wound. 


■ A transverse skin incision about 6.5 cm long may be used 
instead of the longitudinal one to leave a less conspicuous 
scar (Fig. 1-111). Place it about 2.5 cm distal to the infe- 
rior border of the acromion, dissect the skin flaps from 
the underlying deltoid muscle, and split the muscle in the 
line of its fibers. The rest of the approach is the same as 
that just described. 

■ To approach a more posterior aspect, place the skin incision 
more laterally and split the deltoid just beneath it. To 
maintain a dry field, cauterize the intramuscular vessels 
encountered. 
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Subcutaneous suture 


■ Anterior 
axillary fold 


C 


|jJ|P Anterior axillary incision to approach shoulder joint. A f Incision. B f Skin and subcutaneous tissue are being under- 
mined ail around incision. C f Incision has been closed by continuous subcuticular wire suture. SEE TECHNIQUE 1-89. 


EXTENSILE ANTEROLATERAL 
APPROACH TO THE SHOULDER 

Gardener et al. demonstrated that the limited deltoid- 
splitting approach could be successfully extended by isolat- 
ing the axillary nerve and posterior circumflex artery. This 
extensile antérolatéral approach is very useful for plate fixa¬ 
tion of proximal humerai fractures (Fig. 1-112). Chou et al. 
demonstrated that this approach is also useful for fracture 
management with hemiarthroplasty. 


TECHNIQUE 1-91 


Figure 1-112 


■ Make an incision beginning at the antérolatéral tip of the 
acromion and carry it distally for 8 to 10 cm. 

■ By blunt dissection, identify the avascular raphe between 
the anterior and middle third of the deltoid muscle. 

■ Make a 2-cm incision in the deltoid raphe beginning at 
its attachment on the acromion. 

■ Spread this incision bluntly and insert a finger laterally 
beneath the raphe. Sweep the undersurface of the deltoid 


from the proximal humérus. Palpate the cordlike axillary 
nerve on its undersurface. 

■ Carefully further incise the raphe and identify the axillary 
nerve and posterior humerai circumflex artery. Isolate 
them and tag them with a vessel loop. Thoroughly elevate 
these structures medially and laterally to free up the 
deltoid to allow easy passage of a plate. 


TRANSACROMIAL APPROACH 
TO THE SHOULDER 

The transacromial approach is excellent for surgery of the 
musculotendinous cuff and for fracture-dislocations of the 
shoulder. 


TECHNIQUE 1-92 


(DARRACH; MCLAUGHLIN) 

■ Incise the skin just latéral to the acromioclavicular joint 
from the posterior aspect of the acromion superiorly like 
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Scapular 

origin 



Insertion 


HP Deep surface of left deltoid showing location 
of axillary nerve. Nerve courses transversely at level about 5 cm 
distal to origin of muscle. One branch of nerve has been exposed 
fully to show that incision that splits muscle, even in the opérable 
area, damages smaller branches of nerve. SEE TECHNIQUE 1-90. 



Extended antérolatéral deltoid-splitting approach. 
The axillary nerve lies approximately 3.5 cm distal to the latéral promi- 
nence of the greater tuberosity. The nerve is then identified and 
protected. SEE TECHNIQUE 1-91. 



Incision options for a limited antérolatéral 
deltoid-splitting approach to the anterior rotator cuff. SEE TECH¬ 


NIQUE 1-90. 


■To repair the rotator cuff, an oblique osteotomy of the 
acromion (Fig. 1-114 A) gives enough exposure, and the 
cosmetic resuit is satisfactory; to expose the joint com- 
pletely, McLaughlin advises using the osteotomy tech¬ 
nique shown in Figure 1-114B. In either instance, excise 
the detached segment of the acromion. Armstrong 
advises complété acromionectomy (Fig. 1-114C) if sub¬ 
acromial impingement of the rotator cuff would be a 
problem. 

■To expose the joint, split any of the tendons of the cuff 
in the line of their fibers or separate two of them; the 
best way is to approach between the subscapularis 
and supraspinatus tendons through the coracohumeral 
ligament. 

■ Close the cuff by side-to-side suture, bevel the stump of 
the acromion, and suture the edge of the deltoid to the 
fascia on the stump. 

Kuz et al. recommended a coronal transacromial oste¬ 
otomy just anterior to the spine of the scapula and paral- 
lel to itfor hemiarthroplasty and total shoulder arthroplasty. 
The osteotomy is repaired with two large, absorbable, 
1-0, figure-of-eight sutures passed through drill holes. 
Kuz et al. reported an 87% union rate using this oste¬ 
otomy, with the remaining patients having a stable, pain- 
less, fibrous union. 


9 a shoulder strap and anteriorly to a point 5 cm distal to 
the anterior edge of the acromion (Fig. 1-113A). 

■ Deepen the anterior limb through the deltoid muscle, 
detach the deltoid from its acromial origin, and divide the 
coracoacromial ligament (Fig. 1-113B to D). 


■ POSTERIOR APPROACHES TO THE SHOULDER 

Similar posterior approaches to the shoulder joint hâve been 
described by Kocher, McWhorter, Bennett, Rowe and Yee, 
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FIGURE 


Transacromial approach to shoulder joint. A f Skin incision. B f Fibers of deltoid separated. C f Osteotomy of acromion. 


D f Line of incision through coracohumeral ligament. Detached segment of acromion is usually discarded. SEE TECHNIQUE 1-92. 


Harmon, and others. For any such approach to be done safely, 
a thorough knowledge of the anatomy of the posterior aspect 
of the shoulder is essential (Fig. 1-115). 


POSTERIOR DELTOID-SPLITTING 
APPROACH TO THE SHOULDER 

Wirth et al. described a posterior deltoid-splitting 
approach (Fig. 1-116). As with more anterior approaches, 
it is limited by the location of the axillary nerve and 
posterior circumflex artery. Karachalios et al. used this 
approach to successfully reduce a neglected posterior dis¬ 
location of the shoulder. 


TECHNIQUE 1-93 


(WIRTH ETAL) 

■ Place the patient in the latéral decubitus position. 

■ Make a 10-cm straight incision beginning at the posterior 
aspect of the acromioclavicular joint and carry it toward 
the posterior axillary fold (Fig. 1-116). 

■ Raise sufficient subcutaneous flaps and identify the 
fibrous septum between the middle and posterior third 
of the deltoid muscle. The muscle split should be no 
longer than two thirds of the length of the muscle to 



Lines of osteotomy of acromion. Oblique oste¬ 
otomy (A) is adéquate for repair of ordinary shoulder cuff lésion. 
Resection of acromion at B is préférable when complété exposure 
of shoulder joint is required. Line of osteotomy for complété 
acromionectomy (C). SEE TECHNIQUE 1-92. 


avoid damage to the axillary nerve and posterior circum¬ 
flex humerai artery (see Figs. 1-116 and 1-120). 

■ Identify the insertion of the two heads of the infraspina- 
tus muscle and separate them in a médial direction, 
exposing the posterior capsule of the glenohumeral joint. 









PART I GENERAL PRINCIPLES 



Supraspinatus 

muscle 


Suprascapular 


Triceps 

muscle 


Teres minor 
muscle 


Infraspinatus 

muscle 


Deltoid 

muscle 


Axillary 

nerve 


Radial 

nerve 


Teres major 
muscle 


ici es minor 
muscle 


FIGURE 


Anatomy of posterior aspect of shoulder joint. 


POSTERIOR APPROACH TO THE 
SHOULDER 

One of the most practical posterior approaches to the 
shoulder joint and inferior scapula is the posterior (Judet) 
approach. The interval between the infraspinatus (supra¬ 
scapular nerve innervated) and teres minor (axillary nerve 
innervated) muscles can be extended medially exposing a 
large portion of the inferior half of the scapula. One exten¬ 
sive cadaver study showed that the médial branch of the 
supraclavicular nerve was on average 2.7 cm latéral to the 
sternoclavicular joint and the latéral branch was on average 
1.9 cm médial to the acromioclavicular joint. Between 
these two points, there is wide variability in nerve branch 
location and increased risk for injury without meticulous 
dissection along the shaft of the clavicle. 


TECHNIQUE 1-94 


(MODIFIED JUDET) 

■ Begin the skin incision just latéral to the tip of the acro- 
mion, pass it medially and posteriorly along the border of 
the acromion, curve it slightly distal to the spine of the 
scapula, and end it at the base of the spine of the scapula 

(Fig. 1-117A). 

■ Reflect the skin and fascia and expose the origin of the 
deltoid muscle from the spine of the scapula. Detach this 
part of the deltoid from the bone by subperiosteal dissec¬ 
tion, and reflect it distally and laterally, taking care to 
avoid injury to the axillary nerve and vessels as they 
emerge from the quadrangular space and enter the 
muscle (Fig. 1-117B). As a précaution against injuring this 
nerve, do not retract the deltoid distal to the teres minor 
muscle, and to avoid injuring the suprascapular nerve, do 
not enter the infraspinatus muscle. 

■ After reflecting the deltoid, expose the posterior surface 
of the joint capsule by detaching the inferior two thirds 
of the infraspinatus tendon near its insertion on the 
humérus and reflecting the detached part medially. 



Posterior deltoid-splitting approach. Dashed 
line represents the deltoid split. SEE TECHNIQUE 1-93. 


■ Alternative^, the posterior part of the joint can be 
exposed by an oblique incision between the infraspinatus 
and teres minor muscles (Fig. 1-117C) and then opening 
the joint capsule by a longitudinal or a transverse incision 
or by a combination of both, as needed. The interval 
between the infraspinatus and teres minor muscles can 
be extended medially, exposing more of the inferior 
scapula for fracture fixation. Extend the incision distally 
along the médial border of the scapula if necessary. 


SIMPLIFIED POSTERIOR APPROACH 
TO THE SHOULDER 

Brodsky, Tullos, and Gartsman described a simplified pos¬ 
terior approach to the shoulder introduced to Tullos by J.W. 
King. It is based on the fact that wide abduction of the 
arm raises the inferior border of the posterior deltoid to 
the level of the glenohumeral joint. This approach can be 
used for a wide variety of procedures and does not require 
freeing large portions of the posterior deltoid from the 
scapular spine or splitting the deltoid; postoperative immo- 
bilization for healing of the muscle is unnecessary. Réha¬ 
bilitation of the shoulder can be started as soon as tolerated 
by the patient if the particular procedure performed does 
not require immobilization. 


TECHNIQUE 1-95 


(KING,AS DESCRIBED BY BRODSKY ETAL) 

■ Place the patient prone or in the latéral position. 

■ Drape the arm and shoulder free and abduct the shoulder 
to 90 degrees, but no farther, avoiding excessive traction 
on the axillary vessels and brachial plexus. 
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Modified Judet posterior approach to shoulder joint. A f Deltoid is being detached from spine of scapula and from 
acromion. Inset ; Skin incision. B f Deltoid has been retracted to expose interval between infraspinatus and teres minor. C f Infraspinatus 
and teres minor hâve been retracted to expose posterior aspect of joint capsule. Inset, Relationships of suprascapular and axillary 
(circumflex) nerves to operative field. SEE TECHNIQUE 1-94. 


Begin a vertical incision at the posterior aspect of the acro- 
mion and carry it inferiorly for 10 cm (Fig. 1-118A and B). 
Retract the posterior deltoid superiorly (Fig. 1-118C) and, 
if necessary, release the médial 2 cm of its origin from the 
scapular spine. 

Develop the interval between the infraspinatus and teres 
minor muscles. 


■ Incise the capsule of the joint in a manner dépendent 
on the procedure to be performed; to prevent injury 
to the axillary nerve and the posterior humerai 
circumflex vessels beneath the inferior border of the 
teres minor, avoid dissecting too far inferiorly (Fig. 
1-118D). 
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King simplified posterior approach. A f Skin incision. B f Posterior deltoid muscle has been elevated to level of joint 
by abduction of arm to 90 degrees. C f Deltoid has been retracted superiorly exposing muscles of rotator cuff. D f Capsule has been 
exposed (Modified from Brodsky JW, Tullos HS, Gartsman GM: Simplified posterior approach to the shoulder joint: a technical note, J Bone Joint 
Surg 71 A:407, 1989.). SEE TECHNIQUE 1-95. 


POSTERIOR INVERTED-U APPROACH 
TO THE SHOULDER 

The deltoid muscle has three parts—three heads of origin— 
and two relatively avascular intervals separating the three. 
The anterior part (which originates on the latéral third of 
the clavicle and the anterior border of the acromion) 
and the posterior part are composed primarily of long 
parallel muscle fibers extending from the origin to the 


insertion. The middle part is multipennate, with short fibers 
inserting obliquely into parallel tendinous bands. The inter¬ 
val between the posterior and middle parts can be found 
by beginning the dissection at the angle of the acromion 
and proceeding through the fibrous septum; with care, the 
division can be extended distally through the proximal two 
thirds of the muscle without endangering the nerve supply 
because the posterior branch of the axillary nerve supplies 
the posterior part of the muscle and the anterior branch 
supplies the anterior and middle parts. The interval between 
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Nerve and blood supply of deltoid muscle. A f Anterior and posterior divisions of axillary nerve to deltoid muscle. 
B, Blood supply of deltoid muscle from posterior humerai circumflex artery and anastomotic branches from adjacent arteries. SEE 


TECHNIQUE 1-96. 


the anterior and middle parts is less distinct; it extends 
distally from the anterior apex of the shoulder formed by 
the antérolatéral tip of the acromion. 

In view of this tripartite division, Abbott and Lucas 
described inverted-U-shaped approaches to reach the 
anterior, latéral, and posterior aspects of the shoulder joint, 
dissecting the deltoid distally at the two intervals described 
and detaching the appropriate third of the muscle from its 
origin. They, too, warn that to separate the anterior and 
middle thirds distally more than 4 to 5 cm endangers the 
trunk of the axillary nerve (Fig. 1-119). 


TECHNIQUE 1-96 


(ABBOTT AND LUCAS) 

■ Begin the skin incision 5 cm distal to the spine of the 
scapula at the junction of its middle and médial thirds, 
and extend it superiorly over the spine and laterally to the 
angle of the acromion. Curve the incision distally for 
about 7.5 cm over the tendinous interval between the 
posterior and middle thirds of the deltoid muscle (Fig. 
1-120A). 

■ Free the deltoid subperiosteally from the spine of the 
scapula, split it distally in the interval, and turn the result- 
ing flap of skin and muscle distally for 5 cm to expose 
the infraspinatus and teres minor muscles and the quad- 
rangular space (Fig. 1-120B). The posterior humerai cir¬ 
cumflex artery and the axillary nerve each divide into 
anterior and posterior branches, so the splitting of the 


deltoid between its posterior and middle thirds does not 
injure them. 

■ Carry this division of the deltoid to its insertion to give 
full access to the quadrangular space if desired. 

■ To expose the glenohumeral joint, incise the shoulder cuff 
in its tendinous part and retract the muscles; then divide 
the capsule (Fig. 1-120C). 

■ If exposure of both the posterior and anterior shoulder is 
needed, bring the latéral portion of the incision around 
the acromion laterally then medially along the anterior 
clavicle (Fig. 1-111). 


HUMERUS 

Almost ail major approaches to the humérus involve isolat- 
ing or potentially damaging the radial nerve. The radial 
nerve course and relationships to other structures must be 
kept in mind with most approaches. Hasan et al. described 
the “zone of vulnerability” for injury to the radial nerve with 
a study of 33 cadaver arms. They found the proximal aspect 
of the triceps tendon to be a reliable landmark being approx- 
imately 2.3 cm below the radial nerve at the posterior 
midline of the humérus. The “zone of vulnerability” was 
found to be 2.1 cm (average) of radial nerve that lies directly 
on the latéral cortex before piercing the latéral intramuscu- 
lar septum and the few centimeters of nerve distal to the 
septum. 
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FIGURE 


Abbott and Lucas inverted-U approach to posterior aspect of shoulder. A f Skin incision. B f Skin and muscle flap turned 


down, exposing quadrangular space and posterior aspect of rotator cuff and muscles. C f Rotator cuff and capsule incised, exposing 


humerai head. SEE TECHNIQUES 1-93 AND 1-96. 


ANTEROLATERAL APPROACH 
TO THE SHAFT OF THE HUMERUS 


TECHNIQUE 1-97 


(THOMPSON; HENRY) 

■ Incise the skin in line with the anterior border of the 
deltoid muscle from a point midway between its origin 
and insertion, distally to the level of its insertion, and 
proceed in line with the latéral border of the biceps 
muscle to within 7.5 cm of the elbow joint (Fig. 1-121). 

■ Divide the superficial and deep fasciae and ligate the 
cephalic vein. 

■ In the proximal part of the wound, retract the deltoid 
laterally and the biceps medially to expose the shaft of 
the humérus. 

■ Distal to the insertion of the deltoid, expose the brachialis 
muscle, split it longitudinally to the bone, and retract it 
subperiosteally, the latéral half to the latéral side and the 
médial half to the médial. Retraction is easier when the 
tendon of the brachialis is relaxed by flexing the elbow 
to a right angle. The latéral half of the brachialis muscle 
protects the radial nerve as it winds around the humerai 
shaft (Fig. 1-122; see also Fig. 1-121). 

If desired, the distal end of this approach may be 
carried to within 5 cm of the humerai condyles and the 
proximal end farther proximally, as in the anteromedial 
approach to the shoulder. The advantages of this approach 
are that the brachialis muscle usually is innervated by the 
musculocutaneous and radial nerves and can be split 
longitudinally without paralysis and that the latéral half 
of the brachialis muscle protects the radial nerve. 


The anterior aspect of the humerai shaft at the junc- 
tion of its middle and distal thirds also can be approached 
between the biceps and brachialis muscles medially and 
the brachioradialis laterally (Fig. 1-122). In a rétrospective 
study, King and Johnston reported that the original 
antérolatéral skin incision as described by Henry (Fig. 
1-123; see also Fig. 1-122) frequently transected branches 
of the lower latéral brachial cutaneous nerve, resulting 
in painful neuroma formation, numbness, or tingling 
around the wound scar in 62% of 30 patients. This 
was confirmed by an anatomie study of seven cadaver 
arms. King and Johnston recommended a more anteriorly 
placed incision (Fig. 1-124) in the watershed zone 
between the lower latéral brachial and the médial bra¬ 
chial cutaneous nerves. 


SUBBRACHIAL APPROACH TO THE 
HUMERUS 

The subbrachial approach avoids splitting the brachialis 
muscle. Both the radial and musculocutaneous nerves are 
protected, and according to Boschi et al., there is much less 
brachialis muscle damage as supported by a postoperative 
electromyoneurography study. 


TECHNIQUE 1-98 


(BOSCHI ETAL) 

■ Flex the elbow taking tension off the biceps brachii 
muscle. Move the muscle in a médial to latéral direction 
to define the latéral edge of the muscle. 
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FIGURE 


Antérolatéral approach to shaft of humérus. A f Skin incision. B f Deltoid and biceps muscles retracted; brachialis muscle 


incised longitudinally, exposing shaft. SEE TECHNIQUE 1-97. 
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FIGURE 


Cross-sections at various levels in arm (see Fig. 


radial nerve. SEE TECHNIQUES 1-97 AND 1-98. 


1-121) to show approach through deep structures and relationship to 
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FIGURE 


Exposure of humérus at junction of middle and distal thirds through antérolatéral approach. A f Skin incision. B f Interval 


between biceps and brachialis muscles medially and brachioradialis muscle laterally is developed, and muscles are retracted. C f Radial 


nerve identified and retracted. D f Nerve is retracted, and brachioradialis and brachialis muscles are separated, exposing humerai shaft. 
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FIGURE 


A, Relationship of lower latéral brachial cutaneous nerve and anterior midline skin incision. B, Relationship of lower 


latéral brachial cutaneous nerve and standard Henry antérolatéral skin incision. (From King A, Johnston GH: A modification of Henry's 


anterior approach to the humérus, J Shoulder Elbow Surg 7:210, 1998.) 
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9 " Make a longitudinal skin incision 1 cm posterior to the 
latéral edge of the muscle. 

■ Develop the interval between the biceps brachii muscle 
and the brachialis muscle starting in the proximal portion 
of the wound using blunt dissection. 

■ Stay on the anterior surface of the brachialis muscle and 
once over the médial edge bluntly dissect the muscle 
from the anterior and latéral edge of the humérus 
(Fig. 1-122, III). 


POSTERIOR APPROACH TO THE 
PROXIMAL HUMERUS 

Berger and Buckwalter described a posterior approach to 
the proximal third of the humerai diaphysis for resection of 
an osteoid osteoma. This approach exposes the bone 
through the interval between the latéral head of the triceps 
muscle innervated by the radial nerve and the deltoid 
muscle innervated by the axillary nerve. Approximately 
8 cm of the bone can be exposed, with the approach 
limited proximally by the axillary nerve and posterior cir- 
cumflex humerai artery and distally by the origin of the 
triceps muscle from the latéral border of the spiral groove 
and by the underlying radial nerve. 


TECHNIQUE 1-99 


(BERGER AND BUCKWALTER) 

■ Place the patient in the latéral position with the extremity 
draped free and positioned across the patient's chest. 
Beginning 5 cm distal to the posterior aspect of the acro- 
mion, make a straight incision over the interval between 
the deltoid and triceps muscles and extend it distally to 
the level of the deltoid tuberosity. 

■ Bluntly develop the interval between the latéral head of 
the triceps and the deltoid (Fig. 1-125). 

■ Expose the periosteum of the humérus and incise it 
longitudinally. 

■ Elevate the periosteum medially and retract it and the 
latéral head of the triceps medially. 

■ Continue the subperiosteal élévation of the triceps proxi¬ 
mally until its origin from the proximal humérus is reached. 
Retract the triceps medially with care to avoid injury to the 
radial nerve as it cornes in contact with the periosteum 
about 3 cm proximal to the level of the deltoid tuberosity. 

■ Elevate the periosteum laterally, and retract it and the 
deltoid laterally. 

■To extend the exposure proximally, carefully continue the 
subperiosteal dissection to the proximal origin of the latéral 
head of the triceps. Protect the axillary nerve and posterior 
circumflex artery at the proximal edge of this exposure. 

■ To extend the exposure distally, partially release the insertion 
of the deltoid muscle carefully, avoiding the radial nerve that 
is beneath the latéral border of the triceps (Fig. 1-125). 


■ APPROACHES TO THE DISTAL 
HUMERAL SHAFT 

Henry described a posterior approach that splits the triceps to 
expose the posterior humerai shaft in its middle two thirds. 
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Berger and Buckwalter posterior approach to 
proximal humerai diaphysis. Broken line indicates course of radial 
nerve beneath latéral head of triceps muscle (see text). (Modified 
from Berger RA, Buckwalter JA: A posterior surgical approach to the 
proximal part of the humérus, J Bone Joint Surg 71A:407, 1989.) SEE 
TECHNIQUE 1-99. 


This approach is sometimes valuable when excising tumors 
that cannot be reached by the antérolatéral approach. Medially 
the humerai shaft can be approached posterior to the intermus- 
cular septum along a line extending proximally from the 
médial épicondyle. The ulnar nerve is freed from the triceps 
muscle and retracted medially; the triceps is then separated 
from the posterior surface of the médial intermuscular septum 
and the adjacent humerai shaft. If this approach is extended 
proximally to the inferior margin of the deltoid muscle, one 
must keep the radial nerve in mind and avoid its path. 


POSTEROLATERAL APPROACH TO THE 
DISTAL HUMERAL SHAFT 

Moran described a modified latéral approach to the distal 
humerai shaft for fracture fixation. This approach uses the 
interval between the triceps and brachioradialis muscles 
and does not involve splitting the triceps tendon or muscle. 


TECHNIQUE 1-100 


(MORAN) 

■ Place the patient prone or in the latéral decubitus 
position. 

■ Make a longitudinal skin incision 15 to 18 cm in length 
over the postérolatéral aspect of the arm (Fig. 1-126A). 
Extend the incision distally midway between the latéral 
épicondyle of the humérus and the tip of the olecranon 
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FIGURE 


Modified postérolatéral approach to the posterior distal humérus. A f Skin incision. B f Interval between latéral head 


of triceps and latéral intermuscular septum is developed. C f Médial retraction of triceps exposes the posterior aspect of the humérus. 


D, Cross-section of upper arm at midpoint of skin incision. SEE TECHNIQUE 1-100. 
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9 4 cm distal to the elbow joint. The proximal portion of 

the incision is located 4 cm posterior to the latéral inter- 
muscular septum. 

■ From the midpoint of the wound, dissect laterally until 
the latéral intermuscular septum is reached. 

■ Incise the triceps fascia longitudinally a few millimeters 
posterior to the intermuscular septum and carefully sepa- 
rate the triceps muscle from the intermuscular septum 
working distally to proximally. 

■ Distally, incise the fascia at the latéral edge of the anco- 
neus and carry this 4 cm distal to the latéral épicondyle. 
■ Retract the anconeus muscle and fascia in continuity with 
the triceps. 

■ Identify and protect the posterior antebrachial cutaneous 
nerve as it leaves the posterior compartment at the latéral 
intermuscular septum (Fig. 1-126B and D). 

■ Retract the radial nerve anteriorly. The radial nerve passes 
through the latéral intermuscular septum at the junction 
of the middle and distal thirds of the humérus (Fig. 
1-126B). 

■ Retract the triceps muscle medially to expose the poste¬ 
rior humerai shaft (Fig. 1-126C). If more proximal expo- 
sure is needed, carefully followthe radial nerve proximally 
and bluntly dissect it from the région of the spiral groove. 
■ To close the wound, allow the triceps muscle to fall ante¬ 
riorly into its bed, and loosely close the fascia with inter- 
rupted sutures. 


POSTEROLATERAL EXTENSILE (COLD) 
APPROACH TO THE DISTAL HUMERUS 

Lewisky et al. described how the postérolatéral approach 
can be extended proximally and distally to expose most of 
the posterior humerai shaft and elbow joint for complex 


fracture treatment. They described an extensile approach 
combining an olecranon osteotomy, latéral triceps sparing, 
and deltoid insertion splitting (COLD). 


TECHNIQUE 1-101 


(LEWICKY, SHEPPARD, AND RUTH) 

■ Carry the distal limb of the incision distally over the sub- 
cutaneous border of the ulna far enough to allow an 
olecranon osteotomy and anterior transposition of the 
ulnar nerves. 

■ Extend the proximal limb of the incision to allow further 
mobilization of the latéral head of the triceps muscle and 
exposure of the deltoid muscle insertion on the proximal 
humérus. Dissection can be extended as far proximally as 
the level of the posterior branch of the axillary nerve in 
its subdeltoid position. 

■ Pay careful attention to isolate and protect the radial 
nerve and profunda brachii artery (Fig. 1-127). 


ELBOW 

There has been a marked increase in information pertaining 
to surgery of the elbow. Table 1-7 provides a summary of 
surgical approaches to the elbow and proximal forearm. Only 
the more commonly used of these approaches are described 
here. 

■ POSTERIOR APPROACHES TO THE ELBOW 


POSTEROLATERAL APPROACH 
TO THE ELBOW 

Campbell used a postérolatéral approach to the elbow for 
extensive operations such as treatment of old posterior 
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The COLD approach, described by Lewicky, Sheppard, and Ruth, with the patient in the latéral decubitus position 
(right arm depicted). The olecranon osteotomy component is reflected proximally while dissection proceeds along the latéral intermus¬ 
cular septum. The radial nerve is seen obliquely Crossing the humérus distal to the deltoid insertion split. (Modified from Lewicky YM, 
Sheppard JE, Ruth JT: The combined olecranon osteotomy, latéral para tricipital sparing, deltoid insertion splitting approach for concomitant distal 
intra-articular and humerai shaft fractures, J Orthop Trauma 21:135, 2007.) SEE TECHNIQUE 1-101. 
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_ table 1-7 _ 

Summary of Surgical Approaches to the Elbow 
and Proximal Forearm 


AUTHOR 

TISSUE PLANE 

POSTERIOR APPROACHES 

Campbell 

Midline triceps split 

Campbell 

Triceps aponeurosis tongue 

Extended Kocher/ 

Ewald 

ECU and anconeus/triceps 

Wadsworth 

Triceps aponeurosis tongue and 
full-thickness deep head 

Bryan, Morrey 

Elevate triceps mechanism from 
médial olecranon and reflect 


latéral ly 

Boyd 

Latéral border of triceps/ulna and 
anconeus/ECU 

Muller, MacAusIand 

Olecranon osteotomy—transverse 
or chevron 

LATERAL APPROACHES 

Kocher 

Between FCU and anconeus 

Cadenat 

Between ECRB and ECRL 

Kaplan 

Between ECRB and ECU 

Key, Conwell 

Between BR and ECRL 

MEDIAL APPROACH 

Hotchkiss 

Between FCU and PL/FCR; 
brachialis resected latéral ly with 

P L/F CR/PT 

Molesworth 

Médial épicondyle osteotomy 

GLOBAL APPROACH 

Patterson, Bain, Mehta 

Kocher interval; ± latéral 
épicondyle osteotomy; ± Kaplan 
interval; ± Hotchkiss interval; ± 
Taylor interval 

ANTERIOR APPROACH 

Henry 

Between mobile wad and biceps 
tendon; elevate supinator from 
radius 


From Mehta JA, Bain Gl: Surgical approaches to the elbow, Hand Clin 20:375, 
2004. 

BR, brachioradialis; ECRB, extensor carpi radialis brevis; ECRL, extensor carpi 
radialis longus; ECU, extensor carpi ulnaris; FCR, flexor carpi radialis; FCU, flexor 
carpi ulnaris; FDP, flexor digitorum profundus; PL, palmaris longus; PT, pronator 
teres. 


9 dislocations, fractures of the distal humérus involving the 
joint, and arthroplasties. 


TECHNIQUE 1-102 


(CAMPBELL) 

■ Begin the skin incision 10 cm proximal to the elbow on 
the postérolatéral aspect of the arm and continue it dis- 
tally for 13 cm (Fig. 1-128A). 

■ Deepen the dissection through the fascia and expose the 
aponeurosis of the triceps as far distally as its insertion on 
the olecranon. 


■ When the triceps muscle has been contracted by fixed 
extension of the elbow, free the aponeurosis proximally 
to distally in a tongue-shaped flap and retract it distally 
to its insertion (Fig. 1-128B); incise the remaining muscle 
fibers to the bone in the midline. 

■ If the triceps muscle has not been contracted, divide the 
muscle and aponeurosis longitudinally in the midline and 
continue the dissection through the periosteum of the 
humérus, through the joint capsule, and along the latéral 
border of the olecranon (Fig. 1-128C). 

■ Elevate the periosteum together with the triceps muscle 
from the posterior surface of the distal humérus for 5 cm. 

■ For wider exposure, continue the subperiosteal stripping 
on each side, releasing the muscular and capsular attach- 
ments to the condyles and exposing the anterior surface, 
taking care not to injure the ulnar nerve. 

■ Strip the periosteum from the bone as conservatively as 
possible because serious damage to the blood supply of 
the bone causes osteonecrosis. The head of the radius lies 
in the distal end of the wound. 

■ When the elbow has been fixed in complété extension 
with a contracted triceps muscle, it should be flexed to a 
right angle for closure of the wound. Fill the distal part 
of the defect in the triceps tendon with the inverted-V- 
shaped part of the triceps fascia and close the proximal 
part by suturing the remaining two margins of the triceps. 


EXTENSILE POSTEROLATERAL 
APPROACH TO THE ELBOW 

To achieve the maximum safe exposure of the elbow and 
proximal radioulnar joints, Wadsworth modified the known 
postérolatéral approaches. His extensile approach is useful 
for displaced distal humerai articular fractures, synovec- 
tomy, total elbow arthroplasty, and other procedures 
requiring extensive exposure. 


TECHNIQUE 1-103 


(WADSWORTH) 

■ With the patient prone and the elbow flexed 90 degrees 
over a support and the forearm dépendent, begin a 
curved skin incision over the center of the posterior 
surface of the arm at the proximal limit of the triceps 
tendon and extend it distally to the posterior aspect 
of the latéral épicondyle and farther distally and medially 
to the posterior border of the ulna, 4 cm distal to the tip 
of the olecranon (Fig. 1-129A). 

■ Dissect the médial skin flap far enough medially to expose 
the médial épicondyle, and gently elevate the latéral skin 
flap a short distance; keep both skin flaps retracted with 
a single suture in each. 

■ Identify the ulnar nerve proximally and release it from its 
tunnel by dividing the arcuate ligament that passes 
between the two heads of the flexor carpi ulnaris muscle; 
gently retract it with a rubber sling. 

■ To fashion a tongue of triceps tendon with its base 
attached to the olecranon, leaving a peripheral tendinous 
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Campbell postérolatéral approach to elbow joint 
aponeurosis has been freed and reflected distally. C f Elbow joint has 
identified and protected. SEE TECHNIQUE 1-102. 


in contracture of triceps. A f Skin incision. B, Tongue of triceps 
been exposed by subperiosteal dissection. Ulnar nerve has been 


rim attached to the triceps for later repair, begin sharp 
dissection at the médial surface of the proximal part 
of the olecranon, extend it proximally along the triceps 
tendon, across laterally, and distally through the tendon 
to the posterior aspect of the latéral épicondyle. From this 
point, deviate the incision distally and medially through 
the triceps aponeurosis to separate the anconeus from 
the extensor carpi ulnaris (Fig. 1-129B). 

Divide the posterior capsule in the same line. 

Reflect the triceps tendon distally, dividing the muscle 
tissue with care in an oblique manner for minimal damage 
to the deep part of the muscle; stay well clear of the radial 
nerve. 


■ Reflect the anconeus and underlying capsule medially. 

■ Behind the latéral épicondyle, the incision lies between 
the anconeus muscle and the common tendinous origin 
of the forearm extensor muscles. To increase exposure, 
partially reflect from the humérus the common extensor 
origin, the latéral collateral ligament, and the adjacent 
capsule. 

■ Excellent exposure is easily achieved (Fig. 1-129C); 
increase the exposure by putting a varus strain on the 
elbow joint. 

■ During closure, repair the triceps tendon, posterior capsule, 
and triceps aponeurosis with strong interrupted sutures. 
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Wadsworth extensile postérolatéral approach to elbow. A f Skin incision. Right, Patient is prone with elbow flexed 
90 degrees and arm supported as shown. B f Distally based tongue of triceps tendon with intact peripheral rim is fashioned. Ulnar nerve 
is protected. C f Exposure is complété (see text). (Redrawn from Wadsworth TG: A modified postérolatéral approach to the elbow and proximal 
radioulnar joints, Clin Orthop Relat Res 144:151, 1979.) SEE TECHNIQUE 1-103. 


POSTERIOR APPROACH TO THE 
ELBOW BY OLECRANON OSTEOTOMY 

In a comparative anatomie study, Wilkinson and Stanley 
showed that an olecranon osteotomy exposed significantly 
more articular surface of the distal humérus than a triceps- 
reflecting approach. 


TECHNIQUE 1-104 


(MACAUSLAND AND MÜLLER) 

■ Expose the elbow posteriorly through an incision begin- 
ning 5 cm distal to the tip of the olecranon and extending 
proximally médial to the midline of the arm to 10 to 
12 cm above the olecranon tip. 

■ Reflect the skin and subeutaneous tissue to either side 
carefully to expose the olecranon and triceps tendon. 

■ Expose the distal humérus through a transolecranon 
approach. 

■ Isolate the ulnar nerve and gently retract it from its bed 
with a Penrose drain or a moist tape. 

■ Drill a hole from the tip of the olecranon down the medul- 
lary canal; then tap the hole with the tap to match a large 
(6.5-mm) AO cancellous screw 8 to 10 cm in length (Fig. 
1-130A). 

■ Divide three fourths of the olecranon transversely with an 
osteotome or thin oscillating saw approximately 2 cm 
from its tip. Fracture the last fourth of the osteotomy (Fig. 
1-130B and C). 

■ Reflect the olecranon and the attached triceps proximally 
to give excellent exposure of the posterior aspect of the 
lower end of the humérus. 


■ Alternative^, the osteotomy may be done in a chevron 
fashion to increase bone surface area for healing and to 
control rotation. 

■ At wound closure, reduce the proximal fragment and 
insert a cancellous screw using the previously drilled and 
tapped hole in the medullary canal. 

■ Drill a transverse hole in the ulna distal to the osteotomy 
site, pass a No. 20 wire through this hole around the 
screw neck, and tighten it in a figure-of-eight manner 
(Fig. 1 -130D). In our expérience, posterior plate and screw 
fixation of the osteotomy yields a higher union rate but 
the hardware often has to be removed after union 
because of its subeutaneous location. 


EXTENSILE POSTERIOR APPROACH TO 
THE ELBOW 

Bryan and Morrey developed a modified posterior approach 
to the elbow joint that provides excellent exposure and 
préserves the continuity of the triceps mechanism, which 
allows easy repair and rapid réhabilitation. 


TECHNIQUE 1-105 


(BRYAN AND MORREY) 

■ Place the patient in the latéral decubitus position or 
tilted 45 to 60 degrees with sandbags placed under the 
back and hip. Place the limb across the chest. 
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l*W Osteotomy of olecranon. A f Préparation of hole for 6.5-mm cancellous screw. B f Incomplète osteotomy made with 
thin saw or osteotome. C f Osteotomy completed by fracturing bone. D f Lag screw (6.5 mm) and tension band wire fixation. This tech¬ 
nique also is useful for internai fixation of olecranon fractures. SEE TECHNIQUE 1-104. 


■ Make a straight posterior incision in the midline of the 
limb, extending from 7 cm distal to the tip of the olec¬ 
ranon to 9 cm proximal to it. 

■ Identify the ulnar nerve proximally at the médial border 
of the médial head of the triceps and dissect it free 
from its tunnel distally to its first motor branch 
(Fig. 1-131 A). 

■ In total joint arthroplasty, transplant the nerve anteriorly 
into the subcutaneous tissue (Fig. 1-131 B). 

■ Elevate the médial aspect of the triceps from the 
humérus, along the intermuscular septum, to the level 
of the posterior capsule. 

■ Incise the superficial fascia of the forearm distally for 
about 6 cm to the periosteum of the médial aspect of 
the olecranon. 

■ Carefully reflect as a single unit the periosteum and 
fascia medially to laterally (Fig. 1-131 C). The médial part 
of the junction between the triceps insertion and the 
superficial fascia and the periosteum of the ulna is the 
weakest portion of the reflected tissue. Take care to 
maintain continuity of the triceps mechanism at this 
point; carefully dissect the triceps tendon from the olec¬ 
ranon when the elbow is extended to 20 to 30 degrees 
to relieve tension on the tissues, and then reflect the 
remaining portion of the triceps mechanism. 

■ To expose the radial head, reflect the anconeus subperi- 
osteally from the proximal ulna; the entire joint is now 
widely exposed (Fig. 1-131 D). 

■ The posterior capsule usually is reflected with the triceps 
mechanism, and the tip of the olecranon may be 
resected to expose the trochlea clearly (see Fig. 1 -131 D). 


■ To attain joint retraction in total joint arthroplasty, 
release the médial collateral ligament from the humérus 
if necessary. 

■ During closure, carefully repair the médial collateral liga¬ 
ment when its release has been necessary. 

■ Return the triceps to its anatomie position and suture it 
directly to the bone through holes drilled in the proximal 
aspect of the ulna. 

■ Suture the periosteum to the superficial forearm fascia, 
as far as the margin of the flexor carpi ulnaris (Fig. 
1-131 E). 

■Close the wound in layers and leave a drain in the 
wound. In total joint arthroplasty, dress the elbow with 
the joint flexed about 60 degrees to avoid direct pres¬ 
sure on the wound by the olecranon tip. 


■ LATERAL APPROACHES 


LATERAL APPROACH TO THE ELBOW 

The latéral approach is an excellent approach to a fracture 
of the latéral condyle because the common origin of the 
extensor muscles is attached to the condylar fragment and 
need not be disturbed. 


TECHNIQUE 1-106 


Figure 1-132 


■ Begin the incision approximately 5 cm proximal to the 
latéral épicondyle of the humérus and carry it distally to 
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Q Bryan and Morrey extensile posterior approach to elbow (see text). SEE TECHNIQUE 1-105. 
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Latéral approach to elbow joint. A f Cross-section shows approach at level of proximal part of incision; right, skin 
incision and its relation to deep structures. B, Cross-section shows approach at level just proximal to humerai condyles; right , approach 
has been completed. SEE TECHNIQUE 1-106. 


the épicondyle and along the antérolatéral surface of the 
forearm for approximately 5 cm. 

■To expose the latéral border of the humérus, develop 
distally to proximally the interval between the triceps 
posteriorly and the origins of the extensor carpi radialis 
longus and brachioradialis anteriorly. In the proximal 
angle of the wound, avoid the radial nerve where it enters 
the interval between the brachialis and brachioradialis 
muscles. 

■ With a small ostéotomie, separate the common origin of 
the extensor muscles from the latéral épicondyle together 
with a thin flake of bone, or divide this origin just distal 
to the latéral épicondyle. 

■ Reflect the common origin distally and expose the radio- 
humeral joint. Protect the deep branch of the radial nerve 
as it enters the supinator muscle. 

■ Elevate subperiosteally the origins of the brachioradialis 
and extensor carpi radialis longus muscles and incise 
the capsule to expose the latéral aspect of the elbow 
joint. 


LATERAL J-SHAPED APPROACH TO 
THE ELBOW 


TECHNIQUE 1-107 


(KOCHER) 

■ Begin the incision 5 cm proximal to the elbow over the 
latéral supracondylar ridge of the humérus, extend it 
distally along this ridge, continue it 5 cm distal to the 
radial head, and curve it medially and posteriorly to end 
at the posterior border of the ulna (Fig. 1-133A). 

■ Dissect between the triceps muscle posteriorly and the 
brachioradialis and extensor carpi radialis longus muscles 
anteriorly to expose the latéral condyle and the capsule 
over the latéral surface of the radial head. 

■ Distal to the head, separate the extensor carpi ulnaris 
from the anconeus and divide the distal fibers of the 
anconeus in line with the curved and transverse parts of 
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Kocher latéral J approach to elbow joint. A f Skin incision. B f Approach has been completed, and elbow joint has 
been dislocated. SEE TECHNIQUE 1-107. 


the distal skin incision. Reflect the periosteum from the 
anterior and posterior surfaces of the distal humérus. 

■ Reflect anteriorly the common origin of the extensor 
muscles from the latéral épicondyle by subperiosteal dis¬ 
section or by detachment of the épicondyle. 

■ Incise the joint capsule longitudinally. 

■ Reflect the anconeus subperiosteally from the proximal 
ulna to dislocate and examine the joint under direct vision 
(Fig. 1-133B). 


the branches of the médian nerve that supply these 
muscles, entering along their latéral margins. 

■ Free the médial aspect of the coronoid process, incise the 
capsule, and strip the periosteum and capsule anteriorly 
and posteriorly from the humérus as far proximally as 
necessary. Avoid injuring the médian nerve, which passes 
over the anterior aspect of the joint. 

■ With the latéral capsule acting as a hinge, dislocate the 
joint. 


MEDIAL APPROACH WITH 
OSTEOTOMY OF THE MEDIAL 
EPICONDYLE 


The médial approach with osteotomy of the médial épicon¬ 
dyle was developed by Molesworth and Campbell, working 
independently of each other. Each needed to treat a 
fracture of the médial humerai épicondyle. In Campbell's 
patient, the fragment had been displaced distally and later- 
ally and was incarcerated in the joint cavity. During surgery, 
Campbell found the radius and ulna could be dislocated 
on the humérus so that ail parts of the joint, including ail 
the articular surfaces, could be inspected. 


TECHNIQUE 1-108 


Figure 1-134 


(MOLESWORTH; CAMPBELL) 

■ With the elbow flexed to a right angle, make a médial 
incision over the tip of the médial épicondyle from 5 cm 
distal to the joint to about 5 cm proximal to it. 

■ Isolate the ulnar nerve in its groove posterior to the épi¬ 
condyle, free it, and retract it posteriorly. 

■ Dissect ail the soft tissues from the épicondyle except the 
common origin of the flexor muscles, detach the épicon¬ 
dyle with a small osteotome, and reflect it distally together 
with its undisturbed tendinous attachments. 

■ By blunt dissection, continue distally, reflecting the 
muscles that originate from the médial épicondyle. Protect 


MEDIAL AND LATERAL APPROACH TO 
THE ELBOW 


TECHNIQUE 1-109 


■ When extensive exposure is not needed, an incision 5 to 
7 cm long can be made on either or both sides of the 
joint just anterior to the condyles and parallel with the 
epicondylar ridges of the humérus. The flexion crease of 
the elbow is proximal to the joint line (Fig. 1 -135). On the 
médial side, carefully avoid the ulnar nerve. 

■ Incise the capsule from proximal to distal on each side. 


GLOBAL APPROACH TO THE ELBOW 

The "global" approach allows circumferential exposure of 
the elbow. The collateral ligaments, coronoid process, and 
anterior joint capsule can be reached through this approach. 


TECHNIQUE 1-110 


(PATTERSON, BAIN, AND MEHTA) 

■ Make a straight posterior midline incision. 

■ Sharply dissect down through the deep fascia to the 
triceps tendon and subcutaneous border of the ulna. 
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Campbell médial approach to elbow joint. A f Skin incision. B f Ulnar nerve has been retracted posteriorly, and médial 
épicondyle is being freed. C f Epicondyle and attached common origin of flexor muscles hâve been reflected distally. Joint capsule is to 
be incised longitudinally. D f Approach has been completed, and elbow joint has been dislocated. SEE TECHNIQUE 1-108. 



Kirschner wire has been taped along flexion 
crease of elbow. Note relation of wire to joint line. SEE 


TECHNIQUE 1-109. 


■ If the médial aspect of the elbow is to be exposed, open 
the cubital tunnel, isolate the ulnar nerve, and transpose 
it anteriorly. Protect it throughout the procedure with a 
Penrose drain (Fig. 1-136A). 

■ Develop full-thickness médial or latéral fasciocutaneous 
flaps, depending on the procedure to be performed. 

POSTEROLATERAL APPROACH 

■ Develop the Kocher interval between the anconeus and 
extensor carpi ulnaris muscle to expose the elbow capsule 
and latéral épicondyle. 

■ To expose the olecranon fossa and posterior aspect of 
the distal humérus, reflect the anconeus and triceps 
medially. 

■ To expose the radial head, elevate the common extensor 
origin anteriorly from the underlying capsule, latéral ulnar 
collateral ligament, and latéral épicondyle (Fig. 1-136B). 

■ Make an arthrotomy along the anterior border of the 
latéral ulnar collateral ligament and carry it distally, divid- 
ing the annular ligament. 

■ If additional exposure of the radial head is needed, 
perform a chevron osteotomy of the latéral épicondyle 

(Fig. 1-136C). 
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Global approach to elbow joint. A f Initial incision and isolation of ulnar nerve. B, Latéral component. C f Chevron 
osteotomy of latéral épicondyle. 


9 " Predrill and tap holes to accept one or two 4-mm cancel- 
lous or 3.5-mm cortical screws. Use a small sagittal saw 
or osteotome to perform the eut. 

■ Elevate the muscles from the supracondylar ridge subperi- 
osteally, keeping them in continuity with the latéral épi¬ 
condyle and the common extensor origin. 

■ Develop the interval between the extensor digitorum 
communis and extensor carpi radialis longus and brevis 
to the level of the deep radial (posterior interosseous) 


nerve where it enters the supinator at the arcade of 
Frôhse. This allows reflection of the common extensor 
origin, latéral ulnar collateral ligament, and attached 
latéral épicondyle in an anterior and distal direction. 

■ If additional exposure of the radial head, neck, and proxi¬ 
mal shaft is needed, pronate the forearm to translate the 
posterior interosseous nerve anteriorly (Fig. 1-136D) and 
divide the annular ligament 5 mm from the edge of the 
lesser sigmoid notch (Fig. 1-136C). Elevate a posterior 
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D f Translation of posterior interosseous nerve with forearm pronation. E f Médial component. SEE TECHNIQUE 


capsular flap if needed. This violâtes the latéral ulnar col¬ 
lateral ligament, which must be repaired at closing. 

■ Release the supinator muscle from the supinator crest of 
the ulna and retract it along with the posterior interosse¬ 
ous nerve to expose the proximal radius. 

POSTEROMEDIAL APPROACH 

■ To extend the approach medially, release the flexor carpi 
ulnaris and flexor digitorum profundus muscles subperi- 
osteally from their ulnar origins. 

■ Retract anteriorly to expose the coronoid process, the 
anterior bundle of the médial ligament complex, and 
anterior joint capsule (Fig. 1-136E). 


RADIUS 


POSTEROLATERAL APPROACH TO THE 
RADIAL HEAD AND NECK 

A postérolatéral oblique approach safely exposes the radial 
head and neck; it corresponds to the distal limb of the 
lateral-J approach of Kocher to the elbow. It is the best 
approach for excising the radial head because it is not only 
extensile proximally and distally without danger to major 
vessels or nerves, but it also préserves the nerve supply to 
the anconeus. It is safer than an approach that séparâtes 
the extensor carpi ulnaris from the extensor digitorum com- 
munis or one that séparâtes the latter muscle from 
the radial extensors because both of these endanger the 


posterior interosseous nerve. After experimental work on 
cadavers, Strachan and Ellis recommended a position of full 
pronation of the forearm for maximal protection of the 
nerve during this procedure (Fig. 1-136D). 


TECHNIQUE 1-111 


■ Begin an oblique incision over the posterior surface of the 
latéral humerai condyle and continue it obliquely distally 
and medially to a point over the posterior border of 
the ulna 3 to 5 cm distal to the tip of the olecranon 

(Fig. 1-137). 

■ Divide the subcutaneous tissue and deep fascia along the 
line of the incision and develop the fascial plane between 
the extensor carpi ulnaris and the anconeus muscles. This 
plane can be found more easily in the distal than in the 
proximal part of the incision because in the proximal part 
the two muscles blend together at their origin. 

■ Retract the anconeus toward the ulnar side and the 
extensor carpi ulnaris toward the radial side, exposing 
the joint capsule in the depth of the proximal part of the 
wound. 

■ Note that the fibers of the supinator cross at a right angle 
to the wound, near its center and deep (anterior) to the 
extensor carpi ulnaris; retract the proximal fibers of the 
supinator distally. 

■ Locate the joint capsule in the depth of the wound, incise 
it, and expose the head and neck of the radius (Fig. 1-137). 
The deep branch of the radial nerve that lies between the 
two planes of the supinator remains undisturbed. 
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Postérolatéral approach to head of radius. Cross-section shows relationship of surgical dissection to adjacent anatomy. 


SEE TECHNIQUE 1-111. 


APPROACH TO THE PROXIMAL AND 
MIDDLE THIRDS OF THE POSTERIOR 
SURFACE OF THE RADIUS 

Exposing the proximal third of the radius is difficult because the 
deep branch of the radial nerve (posterior interosseous) tra¬ 
verses it within the supinator muscle; one must keep this nerve 
constantly in mind and take care to protect it from injury. 


TECHNIQUE 1-112 


(THOMPSON) 

■ Make the skin incision over the proximal and middle 
thirds of the radius along a line drawn from the center 
of the dorsum of the wrist to a point 1.5 cm anterior to 
the latéral humerai épicondyle (Fig. 1-138A); when the 
forearm is pronated, this line is nearly straight. 


■ Expose the latéral (radial) border of the extensor 
digitorum communis muscle in the distal part of the 
incision. 

■ Develop the interval between this muscle and the exten¬ 
sor carpi radialis brevis and retract these structures to the 
ulnar and radial sides. 

■ The abductor pollicis longus muscle is visible; retract it 
distally and toward the ulna to expose part of the poste¬ 
rior surface of the radius. 

■ Continue the dissection proximally between the 
extensor digitorum communis and the extensors carpi 
radialis brevis and longus to the latéral humerai 
épicondyle. 

■ Reflect the extensor digitorum communis toward the 
ulna to expose the supinator muscle, or for a wider 
view, detach the extensor digitorum from its origin on 
the latéral épicondyle and retract it further medially 

(Fig. 1-138B). 
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FIGURE 


Thompson approach to proximal and middle thirds of posterior surface of radius. A f Skin incision. B f Relationships 


of supinator and deep branch of radial nerve to proximal third of radius. C f Approach has been completed. SEE TECHNIQUE 1-112. 


■ Expose the part of the radius covered by the supinator by 
one of two means. Either divide the muscle fibers down 
to the deep branch of the radial nerve and carefully 
retract the nerve or free the muscle from the bone sub- 
periosteally and reflect it proximally or distally along with 
the nerve; the latter is the better method if the exposure 
is wide enough (Fig. 1-138C). 


ANTEROLATERAL APPROACH TO THE 
PROXIMAL SHAFT AND ELBOW JOINT 


TECHNIQUE 1-113 


(HENRY) 

■ With the forearm supinated, begin a serpentine longitu¬ 
dinal incision at a point just latéral and proximal to the 
biceps tendon and extend it distally in the forearm along 
the médial border of the brachioradialis and, if necessary, 
as far as the radial styloid (Fig. 1-139A). 

■ Expose the biceps tendon by incising the deep fascia on 
its latéral side; divide the deep fascia of the forearm in 
line with the skin incision, taking care to protect the radial 
vessels (Fig. 1-139B and C). 

■ Isolate and ligate the récurrent radial artery and 
vein immediately; otherwise, the eut ends may retract, 
resulting in a hematoma that may cause ischémie 


(Volkmann) contracture of the forearm flexor muscles. 
Flex the elbow to a right angle to allow more complété 
retraction of the brachioradialis and the radial carpal 
extensor muscles to expose the supinator. 

■ Incise the bicipital bursa, which lies in the angle between 
the latéral margin of the biceps tendon and the radius, 
and from this point distally, strip the supinator subperios- 
teally from the radius and reflect it laterally; it carries 
with it and protects the deep branch of the radial nerve 
(Fig. 1-139D and E). 

■ Pronate the forearm and expose the radius by subperios- 
teal dissection. 


ANTERIOR APPROACH TO THE DISTAL 
HALF OF THE RADIUS 

The volar (anterior) surface of the distal half of the radius 
is broad, fiat, and smooth and provides a more satisfactory 
bed for a plate or a graft than does the dorsal (posterior) 
convex surface. 


TECHNIQUE 1-114 


(HENRY) 

■ With the forearm in supination, make a 15- to 20-cm 
longitudinal incision over the interval between the 
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Modified Henry antérolatéral approach to elbow joint. A f Incision. B, Fascia has been incised to expose brachioradialis 
latérally and biceps and brachialis medially. Lacertus fibrosus has been divided to permit dissection to be deepened between biceps 
tendon and pronator teres medially and brachioradialis laterally. C f Dissection has been deepened to expose radial nerve. Nerve and 
its sensory branch are protected, and récurrent radial artery is ligated and divided. D, Broker) line represents incision to be made through 
joint capsule and along médial border of supinator to expose capitellum and proximal radius. E f Forearm has been supinated, and 
approach has been completed by reflecting supinator. Radial nerve, which courses in supinator, is protected. SEE TECHNIQUE 1-113. 
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been retracted laterally and flexor carpi radialis medially. Radial artery and sensory branch of radial nerve must be protected because 
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and flexor pollicis longus. E f Broken line indicates incision to be made through periosteum. F f Periosteum has been incised, and flexor 
pollicis longus and pronator quadratus hâve been elevated subperiosteally from anterior surface of radius. SEE TECHNIQUE 1-114. 


brachioradialis and the flexor carpi radialis muscles (Fig. 
1-140A to C); this interval, as Kocher stated, "lies in the 
frontier line between the structures innervated by the 
different nerves." 

Identify and protect the sensory branch of the radial 
nerve, which lies beneath the brachioradialis muscle. 
Carefully mobilize and retract medially the flexor carpi 


radialis tendon and the radial artery and vein. The flexor 
digitorum sublimis, flexor pollicis longus, and pronator 
quadratus muscles are now exposed. 

■ Beginning at the antérolatéral edge of the radius, elevate 
subperiosteally the flexor pollicis longus and the pronator 
quadratus muscles (Fig. 1-140D to F) and strip them 
medially (toward the ulna). 






















PART I GENERAL PRINCIPLES 


ULNA 


APPROACH TO THE PROXIMAL THIRD 
OF THE ULNA AND THE PROXIMAL 
FOURTH OF THE RADIUS 

Because part of the posterior surface of the ulna through- 
out its length lies just under the skin, any part of the bone 
can be approached by incising the skin, fascia, and perios- 
teum along this surface. 

The following approach is especially useful when treat- 
ing fractures of the proximal third of the ulna associated 
with dislocation of the radial head. It also can be used to 
expose the proximal fourth of the radius alone, with less 
danger to the deep branch of the radial nerve than with 
other approaches. 


TECHNIQUE 1-115 


(BOYD) 

■ Begin the incision about 2.5 cm proximal to the elbow 
joint just latéral to the triceps tendon, continue it distally 
over the latéral side of the tip of the olecranon and along 
the subcutaneous border of the ulna, and end it at the 
junction of the proximal and middle thirds of the ulna 
(Fig. 1-141 A). 

■ Develop the interval between the ulna on the médial side 
and the anconeus and extensor carpi ulnaris on the latéral 
side. 

■ Strip the anconeus from the bone subperiosteally in the 
proximal part of the incision; to expose the radial head, 
reflect the anconeus radially. 

■ Distal to the radial head, deepen the dissection to the 
interosseous membrane after reflecting the part of the 
supinator that arises from the ulna subperiosteally. 

■ Peel the supinator from the proximal fourth of the radius 
and reflect radially the entire muscle mass, including this 
muscle, the anconeus, and the proximal part of the exten¬ 
sor carpi ulnaris (Fig. 1-141 B). This amply exposes the 
latéral surface of the ulna and the proximal fourth of the 
radius. The substance of the reflected supinator protects 
the deep branch of the radial nerve (Fig. 1-141C and D). 

■ In the proximal part of the wound, divide the récurrent 
interosseous artery but not the dorsal interosseous artery. 


WRIST 

■ DORSAL APPROACHES TO THE WRIST 


DORSAL APPROACH TO THE WRIST 


TECHNIQUE 1-116 


■ Through a 10-cm dorsal curvilinear incision centered over 
the Lister tubercle (Fig. 1-142A), expose the dorsal carpal 
ligament and define the fibrous partitions separating the 
tendon sheaths on the dorsum of the radius and ulna. 


■ Divide this ligament and the underlying periosteum over 
the tubercle, taking care not to injure the tendon of the 
extensor pollicis longus; dissect between the extensor 
tendons of the thumb and fingers. 

■ Elevate the periosteum of the distal inch of the radius, 
but preserve as much as possible of the extensor tendon 
sheaths. 

■ Retract the extensor tendons of the fingers medially 
(toward the ulna) to expose the dorsum of the wrist joint 
and to allow transverse incision of the capsule (Fig. 
1-142B). 


DORSAL APPROACH TO THE WRIST 


TECHNIQUE 1-117 


■ Begin a transverse curved skin incision on the médial side 
of the head of the ulna, and extend it across the dorsum 
of the wrist to a point 1.5 cm proximal and posterior to 
the radial styloid (Fig. 1-142A). 

■ Retract the skin and the superficial and deep fasciae and 
retract the tendons as described in the first technique, 
exposing the radial side of the dorsum of the wrist. 

■ To expose the ulnar side, make a longitudinal incision 
through the dorsal carpal ligament between the extensor 
digiti quinti proprius and the common extensor tendons. 
Retract the common extensor tendons to the radial side 
and the tendons of the extensor digiti quinti proprius 
and extensor carpi ulnaris to the ulnar side and incise the 
capsule transversely. 

■ By combining these deeper incisions and alternately 
retracting the tendons of the common extensors of the 
fingers to the radial or ulnar side, one may reach the 
entire dorsal aspect of the joint. 


VOLAR APPROACH TO THE WRIST 

The volar approach often is used to remove or to reduce a 
dislocated lunate. 


TECHNIQUE 1-118 


■ Make a transverse incision across the volar aspect of the 
wrist in the distal flexor crease (Fig. 1-143). (A curved 
longitudinal incision has been used but is less désirable 
because Crossing the flexor creases produces a scar that 
may cause a flexion contracture.) 

■ Incise and retract the superficial and deep fasciae. 

■ Identify the palmaris longus tendon. Find and isolate the 
médian nerve; it is usually deep to the palmaris longus 
tendon and slightly to its radial side. In patients with 
congénital absence of the palmaris longus tendon, the 
médian nerve isthe most superficial longitudinal structure 
on the volar aspect of the wrist. Gently retract the 
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FIGURE 


Boyd approach to proximal third of ulna and fourth of radius. A f Skin incision. B f Approach has been completed. 


C and D f Relationship of deep branch of radial nerve to superficial and deep parts of supinator. C f Numbers 1, 2, 3, and 4 correspond 
to levels of cross-sections in D with same numbers. SEE TECHNIQUE 1-115. 
























PART I GENERAL PRINCIPLES 





Dorsal approaches to wrist. A f Solid Unes repo¬ 
sent curved longitudinal and transverse skin incisions. Broken 
Unes represent incisions through dorsal carpal ligament (see text). 
B f Scaphoid, lunate, and distal radius hâve been exposed through 
curved transverse skin incision and through incision in dorsal 
carpal ligament centered over Lister tubercle. SEE TECHNIQUES 
1-116 AND 1-117. 




S palmaris longus tendon (if présent) and the flexor pollicis 
longus tendon to the radial side. Retract the flexor digi- 
torum sublimis and profundus tendons to the ulnar side 

(Fig. 1-143A). 

■ Incise the joint capsule, exposing the distal end of the 
radius and the lunate (Fig. 1-143B). 


LATERAL APPROACH TO THE WRIST 


TECHNIQUE 1-119 


■ Make a 7.5-cm latéral curvilinear skin incision shaped like 
a bayonet on the radial side of the wrist (Fig. 1-144A). 


Volar approach to wrist. A f Optional transverse 
or curved longitudinal skin incisions. B f Flexor tendons and 
médian nerve retracted as in cross-section, exposing lunate bone 
and distal end of radius. SEE TECHNIQUE 1-118. 


■ Retract to the volar side of the wrist the extensor pollicis 
brevis tendon, the abductor tendons of the thumb, the 
radial artery, and the latéral terminal branch of the super- 
ficial branch of the radial nerve; retract the extensor pol¬ 
licis longus tendon dorsally. This retraction exposes the 
tubercle of the scaphoid (Fig. 1-144B). 

■ Longitudinally divide the radial collateral ligament and 
capsule to expose the latéral aspect of the wrist joint. Take 
care to protect the radial artery, which passes between the 
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abductor pollicis longus and the extensor pollicis brevis 
tendons laterally and the radial collateral ligament medially, 
and the superficial branches of the radial nerve, which 
supply the skin on the dorsum of the thumb. 


Superficial Extensor pollicis 

radial nerve Incision brevis tendon 



FIGURE 


Latéral approach to wrist joint. A f Skin incision. 


B, Approach has been completed. SEE TECHNIQUE 1-119. 


MEDIAL APPROACH TO THE WRIST 

The médial approach may be used for arthrodesis of the 
wrist when tendon transfers around the dorsum of 
the wrist are contemplated (see Chapter 71). Historically, 
Smith-Petersen used it for arthrodesis of the wrist when 
the distal radioulnar joint was diseased or deranged; in his 
technique (Fig. 1-145), the distal 2.5 cm of the ulna is 
resected. 


TECHNIQUE 1-120 


■ Make a médial curvilinear incision centered over the 
ulnar styloid. Its proximal limb is parallel to the ulna; 
at the level of the ulnar styloid, it curves dorsally and 
toward the palm toward the proximal end of the 
fifth metacarpal, and its distal limb parallels the fifth 
metacarpal for about 2.5 cm. While incising the skin 
and subcutaneous tissue, carefully avoid injuring the 
dorsal branch of the ulnar nerve, which winds around 
the dorsum of the wrist immediately distal to the head 
of the ulna and divides into its three cutaneous branches 
supplying the little finger and the ulnar half of the ring 
finger. 

■ Incise the fascia and open the capsule longitudinally. Do 
not injure the triangular fibrocartilage attached to the 
ulnar styloid. 


HAND 

Surgical approaches to the hand are discussed in 
Chapter 64. 



Incision in 
periosteum 



Ulnar stump 


Reflected 

periosteum 



Radius Carpus 


Smith-Petersen médial approach to wrist. A f Médial curvilinear incision. B f Ulna osteotomized obliquely 2.5 cm proxi¬ 
mal to styloid process. C f Distal ulna resected and periosteum of radius incised. D, Radiocarpal joint exposed by reflection of capsule 
and ligaments from carpus and distal end of radius. SEE TECHNIQUE 1-120. 
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Aside from routine radiography, no imaging modality has as 
great an impact on the current practice of orthopaedics as 
magnetic résonance imaging (MRI). MRI provides unsur- 
passed soft-tissue contrast and multiplanar capability with 
spatial resolution that approaches that of computed tomog- 
raphy (CT). Consequently, MRI has superseded older imaging 
methods such as myelography, arthrography, and even angi- 
ography. In the past 40 years, MRI has matured to become a 
critical component of the modem orthopaedic practice. 

Unlike radiography or CT, the MR image is generated 
without the use of potentially harmful ionizing radiation. MR 
images are created by placing the patient in a strong magnetic 
field (tens of thousands of times stronger than the earth’s 
magnetic field). The magnetic force affects the nuclei within 
the field, specifically the nuclei of éléments with odd numbers 
of protons or neutrons. The most abundant element satisfying 
this criterion is hydrogen, which is plentiful in water and fat. 
These nuclei, which are essentially protons, possess a quantum 
spin. When the patients tissues are subjected to this strong 
magnetic field, protons align themselves with respect to the 
field. Because ail imaging is performed within this constant 
magnetic force, this becomes the steady State, or equilibrium. 
In this steady State a radiofrequency (RF) puise is applied, 
which excites the magnetized protons in the field and per- 
turbs the steady State. Affer application of this puise, a receiver 
coil or antenna listens for an emitted RF signal that is gener¬ 
ated as these excited protons relax or return to equilibrium. 
This emitted signal is then used to create the MR image. 


MRI TECHNOLOGY 
AND TECHNIQUE 

A wide variety of MR imaging Systems are commercially 
available. Scanners can be grouped roughly by field strength. 
High-field scanners possess superconducting magnets 


considered to hâve field strengths greater than 1.0 Tesla (T). 
Low-field scanners operate at field strengths of 0.3 to 0.7 T. 
Ultra low-field scanners operate below 0.1 T but are generally 
limited to studying the appendicular anatomy. The strength 
of the magnetic field directly correlates with the signal avail¬ 
able to create the MR image. High-field scanners generate 
higher signal-to-noise images, allowing shorter scanning 
times, thinner scan slices, and smaller fields of view. At lower 
field strengths, scan field of view or slice thickness must be 
increased or imaging time lengthened to compensate for 
lower signal. In the past, lower field strength scanners pre- 
sented the advantage of an “open” bore, which helped mini- 
mize claustrophobia and allow for more comfortable patient 
positioning when imaging off-axis structures such as elbows 
and wrists. However, current-generation high-field scanners 
hâve bores of larger diameter and shorter length, thus elimi- 
nating this low-field advantage. Powerful 3 T scanners hâve 
become commercially available in the past several years. 
Although high-quality musculoskeletal imaging can be per¬ 
formed at 1.5 T, these 3.0 T scanners are quite useful when 
evaluating small body parts and may provide better image 
quality in larger patients. 

Although an image can be acquired in the main coil (the 
hollow tube in which the patient lies during the study), 
almost ail MR images are acquired with a separate receiving 
coil. For évaluation of smaller articular structures, such as 
the menisci of the knee or the rotator euff, specialized surface 
coils are mandatory. Several types of surface coils are avail¬ 
able, including coils tailored for spécifie body parts such as 
the spine, shoulder, wrist, and temporomandibular joints, as 
well as versatile flexible coils and circumferential extremity 
coils. These coils serve as antennae placed close to the joint 
or limb, markedly improving signal and resolution but also 
limiting the volume of tissue that can be imaged. Thus, 
larger surface coils hâve been developed with phased-array 
technology, providing the improved signal that is seen in 
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smaller coils with an expanded coverage area. These phased- 
array coils are available for the knee, shoulder, and torso and 
are now standard on most state-of-the-art scanners. Optimal 
coil sélection is mandatory for high-quality imaging of joints 
or small parts. 

Although ail studies involve magnetization and RF 
signais, the method and timing of excitation and acquisition 
of the signal can be varied to affect the signal intensity of the 
various tissues in the volume. Musculoskeletal MRI examina¬ 
tions primarily use spin-echo technique, which produces 
Tl-weighted, proton (spin) density, and T2-weighted images. 
Tl and T2 are tissue-specific characteristics. These values 
reflect measurements of the rate of relaxation to the steady 
State. By varying the timing of the application of RF puises 
(TR, or répétition time) and the timing of acquisition of the 
returning signal (TE, or écho time), an imaging sequence can 
accentuate Tl or T2 tissue characteristics. In most cases, fat 
has a high signal (bright) on Tl-weighted images and fluid 
has a high signal on T2-weighted images. Structures with 
little water or fat, such as cortical bone, tendons, and liga¬ 
ments, are hypointense (dark) in ail types of sequences. 
Improvements in MR techniques hâve allowed for much 
faster imaging. Shorter imaging sequences are better tolerated 
by patients and allow for less motion artifact. One such 
improvement, fast spin-echo technique, can reduce the length 
of T2-weighted sequences by two thirds or more. Fat signal 
in fast spin-echo images remains fairly intense, a problem that 
can be eliminated by Chemical-shiff fat-suppression tech¬ 
niques (Fig. 2-1). Fat suppression also can be achieved by 
using a short tau inversion recovery (STIR) sequence. These 
fat-suppression techniques can be useful in the détection of 
edema in both bone marrow and soft tissue and therefore play 
an important rôle in the imaging of trauma and neoplasms. 
For simplicity, imaging sériés, whether acquired with Chemi¬ 
cal shiff or inversion recovery fat-suppression techniques, 
often are referred to as “fluid-sensitive” sequences. Another 
fast imaging method, gradient-echo technique, can be used 
selectively for cartilage imaging (such as for the glenoid 


labrum). In certain situations, for example in the assessment 
of the extrinsic ligaments of the wrist, gradient écho imaging 
can be used to generate isovolumetric images that permit 
multiplanar image reconstruction. Most musculoskeletal MR 
studies are composed of a number of imaging sequences 
or sériés, tailored to detect and define a certain pathologie 
process. Because the imaging planes (axial, sagittal, coronal, 
oblique) and the sequence type (Tl, T2, gradient-echo) are 
chosen at the outset, advanced understanding of the clinical 
problem is required to perform high-quality imaging. 

CONTRAINDICATIONS 

Some patients are not candidates for MRI. Absolute contra- 
indications to MRI include intracérébral aneurysm clips, 
automatic defibrillators, internai hearing aids, and metallic 
orbital foreign bodies. The vast majority of cardiac pacemak¬ 
ers are not MRI safe; however, a new génération of MRI- 
compatible pacemakers has been recently developed. Cardiac 
valve prostheses can be safely scanned. Relative contraindica- 
tions include first-trimester pregnancy and intravascular 
stents placed within 6 weeks. Generally, internai orthopaedic 
hardware and orthopaedic prostheses are safe to scan, 
although ferrous metals can create local artifact that can 
obscure adjacent tissues. Severity of métal artifact dépends 
on hardware bulk, orientation, and material. For example, 
titanium prostheses generate much less artifact than stainless 
Steel (Fig. 2-2). Certain adjustments to the scan parameters 
may reduce but not eliminate métal artifact. In fact, newly 
developed imaging sequences are proving useful for détection 
of periprosthetic bone résorption and soff-tissue masses. 
Métal prostheses may also become warm during the exami¬ 
nation, although this is rarely noticed by the patient and 
almost never requires termination of the study. Patients with 
métal external fixation devices should not be scanned. If there 
is a question regarding the MR compatibility of an implant¬ 
able device (e.g., pain stimulator, infusion pump), the manu¬ 
facturer should be consulted. 



Chemical shift fat-suppression technique. A f Axial fast spin-echo, T2-weighted image of large soft-tissue mass in calf. 
Hyperintense fat blends with anterior and posterior margins of lésion. B, Addition of fat suppression allows for better délinéation of 
tumor margins. 
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Magnetic résonance imaging with orthopaedic hardware in a patient with metastatic lung disease. A f Latéral radio- 
graph of the proximal fémur shows a subtle lésion in the posterior cortex adjacent to the fémoral component of a titanium total hip 
prosthesis (arrow). B, Fat-suppressed inversion recovery image displays a metastasis immediately adjacent to the hardware (arrow). Note 
that minimal artifact is generated by the titanium stem. 


FOOT AND ANKLE 

One of the more complex anatomie régions in the human 
body is the foot and ankle. The complexity of midfoot and 
hindfoot articulations and the variety of pathologie condi¬ 
tions in the tendons and ligaments make évaluation difficult 
from a clinical and imaging perspective. Most examinations 
of the foot and ankle are performed to evaluate tendinopathy, 
articular disorders, and osseous pathologie conditions, offen 
affer trauma. MRI can be quite useful when the examination 
is directed at solving a certain clinical problem, but its value 
as a screening study for nonspecific pain is more limited. 
Given the small size of structures to be examined, optimal 
imaging is achieved on a high field strength magnet, and the 
use of a surface coil, typically an extremity coil, is mandatory. 
Ideally, the clinical présentation will allow the examination to 
be directed at either the forefoot or ankle/hindfoot. This arbi- 
trary division allows for a sufhciently small field of view 
(10 to 12 cm) to generate high-resolution images. Images 
can be prescribed in orthogonal or oblique planes, with com¬ 
binations of Tl-weighted, T2-weighted, and fat-suppressed 
sequences. The examination should be tailored to best define 
the clinically suspected problem. 

TENDON INJURIES 

MRI excels in the évaluation of pathologie conditions in the 
numerous tendons about the ankle joint. Most commonly 
affected are the calcaneal and posterior tibial tendons. In 
chronic tendinitis, the calcaneal tendon thickens and becomes 
oval or circular in cross section. The pathologically enlarged 
tendon maintains low signal on ail sequences. When partially 
torn, the tendon demonstrates focal or fusiform thickening 
with interspersed areas of edema or hemorrhage that brighten 
on T2-weighted sériés (Fig. 2-3). With complété rupture, 
there is discontinuity of the tendon fibers. Similarly, abnor- 
malities of the posterior tibial tendon can be confidently diag- 
nosed with MRI. Increased fluid in the sheath of the tendon 


indicates tenosynovitis. Insufficient or ruptured tendons can 
appear thickened, attenuated, or even discontinuous (Fig. 
2-4). Less frequently, similar abnormalities are seen in the 
flexor tendons or peroneus tendons (Fig. 2-5). Longitudinal 
splitting of the peroneus tendon usually is quite well dis- 
played on axial MRI images (Fig. 2-6). 

LIGAMENT INJURIES 

The médial and latéral stabilizing ligaments of the tibiotalar 
and talocalcaneal joints and the distal tibiofibular ligaments 
are well-visualized with proper positioning of the foot. 
Although ligamentous injuries about the ankle are common, 
MRI has a limited rôle in the évaluation of acute injury. In 
the acute setting, the MRI examination is helpful in detecting 
associated occult osteochondral injury. In patients with 
chronic instability, MRI can provide useful information of the 
integrity of the latéral ligamentous complex, tibiofibular liga¬ 
ments, and tibiofibular syndesmosis. Additionally, MRI has 
proven useful in evaluating the latéral recess of the ankle joint 
in patients with impingement. Régions of fibrosis associated 
with antérolatéral impingement are identified in the latéral 
gutter, especially when fluid is présent in the ankle joint. 

OSSEOUS INJURIES 

As with the rest of the skeleton, MRI is especially well suited 
for evaluating occult bone pathology in the foot and ankle. 
MRI is offen used to evaluate patients with heel pain, where 
the differential diagnosis includes both stress fracture and 
plantar fasciitis. Stress fractures are depicted as areas of 
marrow edema well before radiographie changes are apparent 
(Fig. 2-7). MRI is as sensitive as bone scintigraphy while 
providing greater anatomie detail and specificity. The multi- 
planar capability of MRI is useful in assessing the ankle and 
subtalar joints. With high-quality imaging, excellent charac- 
terization of osteochondral lésions of the talus can be useful 
in surgical planning. Hepple et al. developed a classification 
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Partial tear of calcaneal tendon. A f Sagittal Tl-weighted image demonstrates markedly thickened calcaneal tendon 
containing areas of intermediate signal (arrow). B, Sagittal fat-suppressed, T2-weighted image exhibits fluid within tendon substance, 
indicating partial tear (arrow). 



Posterior tibial tendon tear. A, Axial Tl-weighted image reveals swollen, ill-defined région of intermediate signal 
intensity, representing fluid and abnormal tendon (arrow). B f Axial fat-suppressed, T2-weighted image shows thickened tendon (arrow) 
surrounded by hyperintense fluid. 
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Peroneus longus tendon rupture. A f Coronal Tl-weighted image through midfoot shows increased diameter of pero- 
neus longus tendon (arrows). B, Coronal fat-suppressed, T2-weighted image reveals fluid signal within ruptured tendon (arrow). 



Longitudinal split tear of the peroneus brevis 
tendon. Tl-weighted axial image at the level of the ankle joint 
shows a longitudinal split of the peroneus brevis tendon (arrow) 
between the latéral malleolus anteriorly and the peroneus longus 
tendon posteriorly. 


of osteochondral lésions of the talus based on the MRI 
appearance. Lésion stability can be inferred by inspection of 
the overlying articular cartilage and the underlying osseous 
interface (Fig. 2-8). CT plays a complementary rôle to MRI 
if osseous avulsions or tiny intraarticular calcifications are 
suspected. Other pathologie marrow processes such as osteo- 
necrosis and tumors can be evaluated as well. 


OTHER DISORDERS OF FOOT AND ANKLE 

MRI has become an increasingly useful tool in the workup of 
forefoot pathology. Studies can be designed specifically to 
evaluate the metatarsals and phalanges and adjacent joints. 
Focused imaging of the metatarsophalangeal joints can detect 
sesamoid pathology and plantar plate injuries. MRI is a fun- 
damental tool in the workup of a patient with a soff-tissue or 
bone tumor. The excellent multiplanar anatomie information 
provided by MRI allows détection and définition of masses 
in the foot. Interdigital or Morton neuroma is most frequently 
found in the distal third metatarsal interspace. Unlike most 
other tumors, this lésion lacks increased signal on T2-weighted 
sequences. Another common foot mass, plantar fibroma or 
plantar fibromatosis, usually is quite easily confirmed by the 
presence of signal-poor mass arising from the plantar fascia. 
The MRI évaluation of other neoplasms is discussed later in 
this chapter. 

MRI also is a valuable imaging modality in the évaluation 
of patients with suspected bone or soft-tissue infection. 
Because of the excellent depiction of bone marrow, osteomy- 
elitis can be detected quite early, perhaps 7 to 10 days before 
radiographie abnormalities are visible (Fig. 2-9). The ana¬ 
tomie information provided by MRI can assist in surgical 
planning by defining the extent of disease. Certain fat- 
suppressed sequences are so sensitive that reactive marrow 
edema (osteitis) can be seen even before frank osteomyelitis. 
Although the sensitivity of MRI for osteomyelitis approaches 
100%, the reported specificity is less. Some authors hâve sug- 
gested relying on Tl-weighted marrow replacement rather 
than T2-weighted signal abnormality (edema) to increase 
specificity. In neuropathie patients, the specificity of MR 
signal abnormalities is reduced; therefore the current workup 
of osteomyelitis in the diabetic foot offen involves a combina¬ 
tion of scintigraphy, MRI, laboratory data, and especially 
physical examination. In almost ail cases of pedal osteomy¬ 
elitis, osseous involvement is secondary to spread from 
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Calcaneal stress fracture. A f Sagittal fat-suppressed T2-weighted image through the hindfoot shows hyperintense 
marrow edema in the calcaneal tuberosity. B f Sagittal Tl-weighted image at the same location clearly demonstrates a linear hypointense 
fracture line ( arrow ). 



Osteochondritis dissecans of talus in college football player. A f Coronal Tl-weighted image shows osteochondral 
fragment in médial talar dôme. Loss of fat signal suggests sclerosis or fibrosis (arrow). B f Coronal fat-suppressed, T2-weighted image 
demonstrates fluid signal between lésion and host bone (arrowheads), indicating unstable fragment. C f Coronal fat-suppressed, spoiled 
gradient-echo technique reveals abnormal decreased signal (arrow) in overlying articular cartilage, indicating defect confirmed by 
arthroscopy. 


adjacent soft-tissue infection and ulcération. Conversely, the 
presence of bone marrow signal abnormalities in the absence 
of a régional soft-tissue wound strongly favors neuropathie 
disease rather than osteomyelitis. For the évaluation of sur- 
rounding soft-tissue infection, MRI is the modality of choice. 
The addition of contrast-enhanced sequences is helpful in 
defining nonenhancing fluid collections/abscesses and devas- 
cularized or gangrenous tissue. Although the diabetic foot 


can be a diagnostic challenge, normal MRI marrow signal 
confidently excludes osteomyelitis. 

KNEE 

The knee is the most frequently studied région of the 
appendicular skeleton. Standard extremity coils allow 
high-resolution images of the commonly injured internai 
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Osteomyelitis of calcaneus. A f Sagittal Tl-weighted image shows abnormal hypointense marrow signal throughout 
the posterior calcaneus (arrow). B, Sagittal fat-suppressed T2-weighted image shows subcortical marrow edema consistent with osteo¬ 
myelitis (arrow). Note the overlying soft-tissue ulcer ( arrowhead ). 


structures of the joint. The routine MRI examination of the 
knee consists of spin-echo sequences obtained in sagittal, 
coronal, and usually axial planes. Most examiners prefer to 
evaluate the menisci on sagittal proton (spin) density- 
weighted images. The sagittal images are prescribed in a plane 
parallel to the course of the anterior cruciate ligament, 
approximately 15 degrees internally rotated to the true sagit¬ 
tal plane. Coronal images are useful in evaluating médial and 
latéral supporting structures. The patellofemoral joint is best 
studied in the axial plane. 

PATHOLOGIC CONDITIONS OF MENISCI 

A large percentage of knee pain or disability is caused by 
pathologie conditions of the menisci. The menisci are com- 
posed of fibrocartilage and appear as low-signal structures on 
ail puise sequences. The menisci are best studied in the sagit¬ 
tal and coronal planes. On sagittal images, the menisci appear 
as dark triangles in the central portion of the joint and assume 
a “bow tie” configuration at the periphery of the joint. Régions 
of increased signal offen can be seen within the normally dark 
fibrocartilage of the menisci. Areas of abnormal hyperintense 
signal may or may not communicate with a meniscal articular 
surface. Noncommunicating signal changes correspond to 
areas of mucoid degeneration that are not visible arthroscopi- 
cally. Conversely, abnormalities that extend to the meniscal 
articular surface represent tears (Figs. 2-10 to 2-12). Although 
it has been suggested that noncommunicating signal or 
mucoid changes progress to meniscal tears, follow-up exami¬ 
nations hâve not confirmed this progression. Generally, 
communicating signal abnormalities that are seen on only 
one image should not be considered tears unless there is 
associated anatomie distortion of the meniscus. Meniscal 
tears should be defined as to location (anterior horn, body, 
posterior horn, free edge, or periphery) and orientation 



Meniscal tear. Sagittal fat-su ppressed proton 
density-weighted image demonstrates linear increased signal tra- 
versing posterior horn of médial meniscus, indicating horizontal 
oblique tear (arrow). 


(horizontal, vertical/longitudinal, radial, complex). Relatively 
common and particularly debilitating in elderly patients, 
radial tears of the posterior horn or posterior root ligament 
of the médial meniscus are best seen on far posterior coronal 
images (Fig. 2-13). These root ligament injuries allow for 
peripheral meniscal displacement and frequently are associ¬ 
ated with subchondral stress or insufficiency fractures of the 
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Meniscal tear. Sagittal proton density-weighted 
image reveals small defect in free edge of body of latéral menis- 
cus, indicating radial tear (arrow). 



Root ligament tear of the posterior horn of the 
médial meniscus. Coronal fat-suppressed proton density-weighted 
image demonstrates a fluid-filled defect (arrow) in the posterior 
horn of the médial meniscus at the root ligament. 



Meniscal cyst. Sagittal fat-suppressed, proton 
density-weighted image of knee shows a hyperintense meniscal 
cyst (straight arrow) adjacent to médial meniscus. Associated tear 
is présent in inferior articular surface of meniscus (curved arrow). 


médial compartment. Complications of tears, such as dis- 
placed fragments (bucket-handle tears, inferiorly displaced 
médial fragment), should be suspected when the orthotopic 
portion of the meniscus is small or truncated. Careful exami¬ 
nation of the joint, offen in the coronal plane, will reveal 
the displaced, hypointense meniscal fragment (Figs. 2-14 
and 2-15). The sensitivity and specificity of MRI in detecting 
meniscal tears routinely exceed 90%. 

Studies hâve shown that many factors affect the accuracy 
of MRI with respect to meniscal évaluation, including the 
expérience of both the radiologist in interpreting studies as 
well as the orthopaedist performing the correlating arthros- 
copy. Many pitfalls in interprétation exist. When studying the 
central portions of the menisci, the meniscofemoral liga¬ 
ments and transverse meniscal ligament can create problems. 
Récognition of the hiatus for the popliteus tendon will prevent 
the false diagnosis of a tear in the posterior horn of the latéral 
meniscus. Meniscocapsular séparation offen is difhcult to 
detect in the absence of a complété detachment and resulting 
free-floating meniscus. Elderly patients offen exhibit a greatly 
increased intrameniscal signal that can be mistaken for a tear. 
The specificity of MRI for meniscal tear is reduced in patients 
who hâve undergone prior meniscal surgery. Most examiners, 
however, continue to rely on MRI in such patients, using 
caution with menisci that hâve greater degrees of surgical 
resection. Awareness of any history of prior meniscal débridé - 
ment or repair may affect the interprétation of the examina¬ 
tion, and such history should be provided to the interpreting 
physician. If possible, corrélation of the postoperative exami¬ 
nation with preoperative MR images is quite helpful in iden- 
tifying the presence of a new tear. Rarely, the intraarticular 
injection of gadolinium (MR arthrography) can help differ- 
entiate healed or repaired tears from reinjury. 
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Bucket handle tear of médial meniscus. Coronal (A) and axial (B) fat-suppressed, proton density-weighted images 
demonstrate centrally displaced portion of médial meniscus (arrows). 



Inferiorly displaced médial meniscal fragment. 
Fat-su ppressed, proton density-weighted image demonstrates 
portion of médial meniscus displaced inferiorly and deep to 
médial collateral ligament (arrow). 


Other morphologie abnormalities of the menisci and 
adjacent structures are nicely shown with MRI. The abnor- 
mally thick or fiat discoid meniscus is seen more commonly 
on the latéral side. Although visualization of the “bow tie” 
configuration of the latéral meniscus in the sagittal plane on 
more than three adjacent images indicates a discoid menis¬ 
cus, the abnormal cross section usually is quite apparent on 
the coronal images (Fig. 2-16). Meniscal cysts, which usually 


are associated with and adjacent to meniscal tears, frequently 
can be easily seen as discrète T2-weighted hyperintense fluid 
collections located medially or laterally (Fig. 2-12). 

CRUCIATE LIGAMENT INJURY 

MRI is the only noninvasive means of imaging the cruciate 
ligaments. As described earlier, the sagittal imaging plane of 
the knee examination is prescribed to approximate the plane 
of the anterior cruciate ligament (ACL). The normal ACL 
appears as a linear band of hypointense fibers interspersed 
with areas of intermediate signal. The ACL courses from its 
fémoral attachment on the latéral condyle at the posterior 
extent of the intercondylar notch to the anterior aspect of the 
tibial eminence. High-resolution images offen will define dis- 
creet anteromedial and postérolatéral bands. On the sagittal 
images, the orientation of the normal ACL is parallel to the 
roof of the intercondylar notch. Reliable signs of ACL rupture 
include an abnormal horizontal course, a wavy or irregular 
appearance, or fluid-filled gaps in a discontinuous ligament 
(Fig. 2-17). Chronic tears can reveal either ligamentous thick- 
ening without edema or, offen, complété atrophy. Several sec- 
ondary signs of ACL rupture exist. In acute injuries, bone 
contusions are manifested as régions of edema in the sub- 
chondral marrow, typically in the latéral compartment. The 
overlying articular cartilage should be closely inspected for 
signs of injury. These bone contusions usually résolve within 
6 to 12 weeks of injury. Anterior translocation of the tibia 
with respect to the fémur, the MRI équivalent of the drawer 
sign, is highly spécifie for acute or chronic tears. Buckling of 
the posterior cruciate ligament offen is présent, but this sign 
is more subjective. Although usually best evaluated in the 
sagittal plane, the ACL can and should be seen in coronal and 
axial planes as well. In large sériés correlated with arthroscopic 
data, MRI has achieved an accuracy rate of 95% in the assess- 
ment of ACL pathologie conditions. Unfortunately, as is fre¬ 
quently the case with the physical examination, the imaging 
distinction between partial and complété ACL tears is more 
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Discoid meniscus in 3-year-old boy. A f Sagittal proton density-weighted image reveals abnormally thick latéral menis- 
cus (arrow). B, Coronal fat-suppressed, proton density-weighted image demonstrates extension of discoid meniscus centrally (arrow) 
into weight-bearing portion of latéral compartment. 



Acute anterior cruciate ligament tear. A f Conventional proton density-weighted sagittal image shows abnormal, 
more horizontal orientation of the distal portion of torn anterior cruciate ligament (arrows). B, T2-weighted image at the same loca¬ 
tion shows fluid at the site of the avulsed fémoral attachment (arrow). 


challenging. Even when the diagnosis of an ACL tear is a 
clinical certainty, MRI is valuable in assessing associated 
meniscal and ligament tears and postérolatéral corner inju¬ 
ries. MRI can accurately depict the reconstructed ACL within 
the intercondylar notch and define the position of intraosse- 
ous tunnels. A redundant graff or absence of the graff on MRI 
suggests graff failure. Because the normal revascularization 
process may resuit in areas of increased signal within and 
around the graff, edematous changes in the early postopera- 
tive period should be interpreted with caution. 

In extension, the posterior cruciate ligament is a gently 
curving band of fibrous tissue, appearing as a homogeneously 


hypointense structure of uniform thickness on sagittal MRI 
sériés. Discontinuity of the ligament or fluid signal within its 
substance indicates a tear (Fig. 2-18). In the coronal imaging 
plane, the médial collateral ligament (MCL) appears as a thin 
dark band of tissue closely applied to the periphery of the 
médial meniscus. Mild injuries resuit in edema about the 
otherwise normal ligament. Severe strain or rupture causes 
ligamentous thickening or frank discontinuity (Fig. 2-19). 
Although mild degrees of MCL injury correlate nicely with 
MRI appearance, imaging is less accurate in grading more 
severe injuries. Injuries of the latéral supporting structures, 
including the latéral collateral ligament, iliotibial band, 
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Posterior cruciate ligament tear. Sagittal fat- 
suppressed proton density-weighted image shows abnormal 
increased signal (arrow) within the disorganized fibers of the 
distal posterior cruciate ligament. 



Popliteal fossa cyst. Axial proton density- 
weighted image demonstrates hyperintense fluid extending from 
knee joint into popliteal fossa between semimembranosus tendon 
(straight arrow), and médial gastrocnemius tendon (curved 
arrow). 



Médial collateral ligament tear. Complété dis- 
ruption of proximal médial collateral ligament (arrow) is demon- 
strated in coronal fat-suppressed, proton density-weighted image; 
this appearance suggests grade 3 médial collateral ligament injury. 


biceps femoris, and popliteus tendon, also are depicted with 
MRI. 

OTHER KNEE PROBLEMS 

Severe injuries to the extensor mechanism of the knee are 
usually clinically obvious, but when partial tears of the 


patellar or quadriceps tendon are suspected, MRI can confirm 
the diagnosis. Discontinuity of tendinous fibers and fluid in 
a gap within the tendon are seen with complété tears. Incom¬ 
plète tears show thickening of the tendon with interspersed 
edema. Generally, tendinitis demonstrates tendon thicken¬ 
ing, although normal low signal is maintained. Posteriorly, 
popliteal, or Baker, cysts are noted in the médial aspect of the 
popliteal fossa. These cysts can rupture distally into the calf, 
mimicking thrombophlebitis. In this situation, MRI will 
demonstrate fluid dissecting inferiorly along the médial gas¬ 
trocnemius muscle belly. Caution should be used when evalu- 
ating T2-weighted hyperintense popliteal fossa structures 
because other lésions, such as popliteal artery aneurysms and 
tumors, are common in this location. Démonstration of the 
neck of a popliteal cyst at its communication with the joint 
between the médial gastrocnemius and the semimembrano¬ 
sus tendon will avoid potential misdiagnosis (Fig. 2-20). 

Other potential problems about the knee for which 
MRI is well suited include osteonecrosis, synovial pathologie 
conditions, osseous contusions (Fig. 2-21), and occult frac¬ 
tures (Fig. 2-22). Direct coronal and sagittal MRI is helpful 
in assessing complications of physeal injuries in children 
(Fig. 2-23) and in demonstrating osteochondritis dissecans. 
T2-weighted or gradient-echo sequences can show fluid sur- 
rounding an unstable osteochondral fragment. MRI also is 
helpful in determining the integrity of the overlying cartilage 
(Fig. 2-24). The fat-suppressed proton density-weighted 
sequence is most commonly used in the assessment of hyaline 
cartilage in the routine knee examination. Fat-suppressed, 
fast spin-écho, proton density-weighted, or gradient-echo 
sequences obtained with volumétrie technique are helpful in 
the évaluation of articular cartilage in the knee and many 
other joints (Figs. 2-8, 2-24, and 2-25). Loose bodies are best 
seen in the presence of joint effusion with conventional 
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Patellar dislocation. A and B, Axial fat-suppressed, proton density-weighted images through patellofemoral joint 
show régions of increased signal, representing marrow edema beneath médial facet of patella (long arrow) and in latéral aspect of 
latéral fémoral condyle (thick arrow). This pattern of osseous contusion indicates recent latéral patellar dislocation. Note hematocrit 
level in joint effusion (arrowheads). 



Occult Salter II fracture of distal fémur in 14-year-old boy. A, Coronal Tl-weighted image reveals ill-defined reduced 
signal in médial distal fémoral metaphysis. B f Fat-suppressed, T2-weighted image demonstrates irregular hypointense fracture (arrow) 
surrounded by hyperintense marrow edema. Edema continues along latéral physis, indicating extension of fracture. 


radiographs as a reference. Specialized cartilage imaging 
techniques such as T2 mapping and delayed gadolinium- 
enhanced magnetic résonance imaging of cartilage (D- 
GEMRIC) require additional scan time or contrast injection 
and generally are reserved for clinically difficult cases. 

HIP 

MRI is an extremely useful tool in the évaluation of the hip 
and pelvis. With the unsurpassed ability to image marrow in 


the proximal fémur, MRI can detect a spectrum of pathologie 
conditions of the hip. When evaluating patients for processes 
that may be bilateral, such as osteonecrosis, or conditions that 
might involve the sacrum or sacroiliac joints, the examination 
should include both hips and the entire pelvis. A surface coil 
such as a torso or large wrap coil with phased-array design 
combines improved signal for high-resolution images coupled 
with large field-of-view coverage. For patients with suspected 
unilatéral conditions, such as fémoral stress fractures, sus¬ 
pected occult trauma, or labral injury, a unilatéral study with 
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Chondral lésion. Fat-suppressed proton density 
weighted sagittal image of knee reveals a small well defined fluid 
filled full-thickness defect in the articular cartilage of the postero- 
medial fémoral condyle ( arrow). 


Physeal bar in 12-year-old boy. Gradient-echo 
sagittal image of knee demonstrates interruption of posterior 
extent of distal fémoral physis (arrow). Osseous bridge has 
resulted in posterior angulation of articular surface of distal 
fémur. Articular and physeal cartilage exhibits increased signal 
with most gradient-echo techniques. 



Osteochondritis dissecans. Coronal fat- 
suppressed proton density-weighted image of the knee demon¬ 
strates hyperintense fluid signal (arrow) surrounding an unstable 
osteochondral fragment. 


a smaller field of view is désirable and surface coils are indis¬ 
pensable. Spin-echo sequences are usually performed in axial 
and coronal planes. Sagittal images are quite useful when 
investigating osteonecrosis. 

OSTEONECROSIS 

One of the most frequent indications for hip imaging is évalu¬ 
ation of osteonecrosis because early diagnosis is désirable 
whether nonoperative or operative treatment is considered. 
Although initial radiographs are offen normal, either scintig- 
raphy or MRI may confirm the diagnosis. Of the two 
techniques MRI is the more sensitive in detecting early osteo¬ 
necrosis and better delineates the extent of marrow necrosis. 
The percentage of involvement of the weight-bearing cortex 
of the fémoral head as defined by MRI, as well as the presence 
of perilesional marrow edema and joint effusion, may be 
helpful in predicting prognosis and the value of surgical 
intervention. On Tl-weighted images, the classic MRI 
appearance of osteonecrosis is that of a géographie région of 
abnormal marrow signal within the normally bright fat of 
the fémoral head (Fig. 2-26). This area of abnormal signal, 
offen circumscribed by a low-signal band, represents isché¬ 
mie bone. The T2-weighted images reveal a margin of bright 
signal, and the resulting appearance has been termed the 
“double line” sign. This sign essentially is diagnostic of osteo¬ 
necrosis. Initially appearing in the anterosuperior subehon- 
dral marrow, the central area of necrotic bone can demonstrate 
various signal patterns throughout the course of the disease, 
depending on the degree of hemorrhage, fat, edema, or fibro- 
sis. Subchondral fracture, articular surface collapse, cartilage 
loss, reactive marrow edema, and effusion are seen in more 
advanced cases of osteonecrosis. 

TRANSIENT OSTEOPOROSIS 

A second condition also well depicted with MRI is transient 
osteoporosis of the hip. This unilatéral process, initially 
described in prégnant women in their third trimester, 
is most commonly seen in middle-aged men. Transient 
osteoporosis is a self-limited process of uncertain etiology, 
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Corticosteroid-induced bilateral osteonecrosis of fémoral head. A and B f Coronal Tl-weighted and inversion recovery 
images through both hips reveals géographie focus of marrow replacement in weight-bearing aspect of left fémoral head, indicating 
osteonecrosis (solid arrows). More advanced disease is seen in right fémoral head with collapse of articular surface, adjacent marrow 
edema (open arrows), and effusion. 



Transient osteoporosis of hip in 30-year-old man. A, Coronal Tl-weighted image reveals diminished signal intensity 
within right fémoral head and neck. B, Coronal inversion recovery sequence demonstrated hyperintense bone marrow edema in more 
diffuse pattern than seen in osteonecrosis. 


although ischémie, hormonal, or stress-related étiologies 
hâve been proposed. Many patients hâve later involvement 
of nearby joints, such as the opposite hip, hence the associa¬ 
tion with régional migratory osteoporosis. Initial radiographs 
may be normal or may reveal diffuse osteopenia of the 
fémoral head, with préservation of the joint space. The MRI 
appearance is that of diffuse edema in the fémoral head, 
extending into the intertrochanteric région. Focal MRI signal 
abnormalities, as seen in osteonecrosis, generally are not 
présent in transient osteoporosis. Occasionally, a tiny focal, 
offen linear lésion in the subcortical marrow in the weight- 
bearing portion of the fémoral head indicates an insuffi- 
ciency fracture in the demineralized bone. Tl-weighted 


sequences depict diffuse edema as relative low signal in con- 
trast to background fatty marrow. The edema becomes 
hyperintense on T2-weighted sériés and is accentuated when 
fat-suppression techniques are used (Fig. 2-27). This marrow 
appearance has been termed a “bone marrow edema pattern.” 
Rare case reports hâve documented this pattern presenting 
as the earliest phase of osteonecrosis. For this reason, if 
initial radiographs are normal, repeat films 6 to 8 weeks affer 
the onset of symptoms should demonstrate osteopenia of the 
fémoral head, confirming the diagnosis of transient osteopo¬ 
rosis. Transient osteoporosis of the hip generally résolves 
without treatment within 6 months, and the radiographs and 
MRI appearance return to normal. 
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Radiographically occult fémoral neck fracture in elderly woman. A f Questionable cortical disruption is noted on 
radiograph of left hip obtained after fall. B f Coronal Tl-weighted image confirms greater trochanter fracture manifested as vertically 
oriented band of reduced signal (curved arrow) within normal bright fat signal of fémoral neck. C f Coronal inversion recovery sequence 
shows edema at fracture. 


TRAUMA 

Frequently MRI can be helpful in évaluation of the hip after 
trauma. Radiographs often are négative or equivocal for frac¬ 
ture of the proximal fémur in elderly individuals. Although 
bone scanning has been used to confirm or exclude fracture, 
this study can be falsely négative in elderly patients in the first 
48 hours after injury. The MRI abnormalities are apparent 
immediately, with linear areas of low signal easily seen in the 
fatty marrow on Tl-weighted images and surrounding edema 
seen with T2-weighted images (Fig. 2-28). In addition, the 
anatomie information provided can assist in determining 
the type of fixation required. In fact, many radiographically 
occult fractures subsequently discovered by MRI are confined 
to the greater trochanter or incompletely traverse the fémoral 
neck and in certain patients may be treated conservatively. 

A great deal of effort has been directed at the imaging 
évaluation of femoroacetabular impingement and the acetab- 
ular labrum. Original reviews of the accuracy of conventional 
MRI in the assessment of labral pathologie conditions were 
disappointing because of large field of view images that lacked 
adéquate resolution. The advent of MRI arthrography per- 
formed with surface coil or phased-array technique has 
greatly improved visualization of the cartilaginous labrum. 
Unfortunately, the geometry of the labrum of the hip displays 
a wide range of normal variation even in asymptomatic indi¬ 
viduals. As the vast majority of labral tears are found in the 
anterior or antérolatéral labrum, these labral segments should 
be closely evaluated for the presence of deep or irregular 
intralabral cleffs suggestive of a labral tear (Fig. 2-29). Adja¬ 
cent régions of acetabular cartilage délamination often are 
présent. In patients with mechanical hip symptoms or pos¬ 
sible femoroacetabular impingement, the addition of an anes- 
thetic injection at the time of arthrography is useful in 
confirming an intraarticular origin of pain. Recently, the 
improved resolution provided by 3 T MRI studies has allowed 



Anterior labral tear of the hip. Postarthrogram 
sagittal fat-suppressed Tl-weighted image shows contrast opaci- 
fying a tear of the anterior labrum of the hip (arrow). 


labral assessment without the need for intraarticular contrast. 
Nonarthrographic examinations for the workup of hip 
impingement and labral pathology should be specifically 
ordered with such history to ensure the necessary sequence 
sélection and small field of view required to appropriately 
evaluate the labrum. 







CHAPTER 2 MAGNETIC RESONANCE IMAGING IN ORTHOPAEDICS 



Cervical dise extrusion (herniation). A f T2-weighted sagittal image of the cervical spine reveals extruded C6-C7 dise 
(arrow). B, Gradient-echo sagittal image demonstrates displaced dise material isointense to nucléus pulposus. Note the absence of 
cerebrospinal fluid pulsation artifact seen on the T2-weighted image. C f Gradient-echo axial image shows left eccentric extrusion com- 
pressing the cervical cord and filling the left neuroforamen (arrow). 


SPINE 

MRI of the spine accounts for a large percentage of examina¬ 
tions at most centers. MRI allows a noninvasive évaluation of 
the spine and spinal canal, including the spinal cord. The 
anatomy of the spine, cord, nerve roots, and spinal ligaments 
is complex. Because the spine is anatomically divided into 
three sections—cervical, thoracic, and lumbar—each is eval- 
uated with coils specifically designed for spine imaging. 
Spinal examinations include sériés obtained in both axial and 
sagittal planes. Coronal images may be helpful in patients 
with significant scoliosis. There is no one correct imaging 
construct, and the makeup of the study dépends on many 
factors, including the type and field strength of the magnet, 
the availability of hardware (coils) and software, and the préf¬ 
érences of the examiner. However, ail studies should produce 
images that can detect and define pathologie conditions of 
the cord, thécal sac, vertébral bodies, and intervertébral dises. 

INTERVERTEBRAL DISC DISEASE 

The most common indication for MRI of the spine is évalua¬ 
tion of intervertébral dise disease. After routine radiography, 
MRI is the procedure of choice for screening patients with low 
back or sciatic pain. In the lumbar and thoracic spine, MRI 
has supplanted CT myelography because it is noninvasive and 
less expensive. The combination of high soft-tissue contrast 
and high resolution allows idéal évaluation of the interverté¬ 
bral dises, nerve roots, posterior longitudinal ligament, and 
intervertébral foramen. Additionally, MRI provides excellent 
assessment of the spinal cord. Because of bony structures, 
such as osteophytes and bone fragments, CT myelography is 
invasive and more costly and therefore is reserved for patients 
who hâve contraindications to MRI or who hâve equivocal 
MRI examinations. Regardless of the région of the spine being 
evaluated, sagittal images provide an initial évaluation of the 
intervertébral dises and posterior longitudinal ligament. 
Because of its high water content, a normal dise exhibits signal 
hyperintensity on T2-weighted images. The aging process 
results in a graduai desiccation of the dise material and there¬ 
fore loss of this signal. Disc herniations or extrusions 
appear as convex or polypoid masses extending posteriorly 
into the ventral épidural space, frequently maintaining a 


signal intensity similar to that of the dise of origin (Fig. 2-30). 
Sagittal T2-weighted or gradient-echo images create a “myélo¬ 
graphie” effect and are useful in evaluating compromise of the 
subarachnoid space. However, sagittal Tl-weighted images 
should be closely examined to identify narrowing of the neu- 
roforamina. The normal Tl-weighted hyperintense perineu- 
ral fat in the foramina provides excellent contrast to darker 
displaced dise material. Far latéral dise herniations are best 
seen on selected axial images that are localized through dise 
levels. Free dise fragments appear discontinuous with the 
intervertébral dise, usually of intermediate Tl-weighted 
signal in contrast to the hypointense cerebrospinal fluid. Of 
great significance in the cervical and thoracic spine is the 
ability of MRI to detect significant spinal cord compromise. 
Edema within the cord is readily demonstrated as hyperinten- 
sity with T2 weighting. 

The terminology of pathologie conditions of the interver¬ 
tébral dise is confusing. In an effort to standardize terminol¬ 
ogy, Jensen et al. proposed the following terms: a bulge is a 
circumferential, symmetric extension of the dise beyond the 
interspace around the endplates; a protrusion is a focal or 
asymmetric extension of the dise beyond the interspace, with 
the base against the dise of origin broader than any other 
dimension of the protrusion; an extrusion is a more extreme 
extension of the dise beyond the interspace, with the base 
against the dise of origin narrower than the diameter of the 
extruding material itself or with no connection between the 
material and the dise of origin; and, finally, a séquestration 
specifically refers to a dise fragment that has completely sepa- 
rated from the dise of origin. 

POSTOPERATIVE BACK PAIN 

In a patient with persistent postoperative back pain, residual 
dise, épidural hematoma or abscess, and discitis must be con- 
sidered. Distinguishing between récurrent or residual dise 
material and scar tissue offen is impossible with CT myelog¬ 
raphy or unenhanced MRI, and the administration of intra- 
venous gadolinium is extremely useful in MRI of the 
postoperative spine. After contrast administration, repeat 
Tl-weighted images typically demonstrate enhancement of 
scar or fibrosis (Fig. 2-31). Beyond the immédiate postopera¬ 
tive period, dise material (in the absence of infection) will not 
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Récurrent lumbar dise extrusion (herniation). A f Sagittal Tl-weighted image demonstrates intermediate signal inten- 
sity in L4-L5 dise material (arrow) surrounded by hypointense cerebrospinal fluid. B f Sagittal T2-weighted image shows displaced dise 
material contiguous with intervertébral dise. Hyperintense cerebrospinal fluid provides improved contrast. C f Sagittal Tl-weighted 
image after gadolinium administration demonstrates enhancement of épidural venous plexus (arrow) and overlying granulation tissue 
but no enhancement of dise material. 



Postoperative discitis. A f Sagittal Tl-weighted image exhibits reduced marrow signal adjacent to narrowed L4-L5 
intervertébral dise. B, Sagittal T2-weighted image reveals corresponding hyperintense areas of vertébral marrow edema (arrows). 
C, After administration of gadolinium, sagittal Tl-weighted image exhibits enhancement of vertébral marrow, intervertébral dise 
(arrow), and posterior longitudinal ligament (arrowheads). 


enhance. For this reason, examinations performed on patients 
with a history of dise surgery within the previous 20 years are 
usually done without and with intravenous contrast. Epidural 
hematomas and abscesses appear as collections within the 
spinal canal, demonstrating peripheral enhancement with 
gadolinium on Tl-weighted images. Gadolinium contrast 
agents also are helpful in postoperative évaluation of the spine 
for discitis. Signal changes in the dise space and adjacent 
vertébral endplates frequently are seen after surgery on the 
spine even when complications do not occur, but the 
triad of vertébral body endplate enhancement, dise space 
enhancement, and enhancement of the posterior longitudinal 


ligament is highly suggestive of postoperative discitis (Fig. 
2-32). Corrélation with the érythrocyte sédimentation rate, 
C-reactive protein, gallium or tagged white blood cell radio¬ 
nuclide imaging, and percutaneous aspiration often is 
necessary. 

Although diagnosis of dise space infection in a patient 
who has not undergone surgery generally is more straightfor- 
ward, the MRI appearance of degenerative dise disease is 
varied and can be confusing. Although vertébral endplate 
edema and even enhancement do occur in the absence of 
infection, the presence of dise space enhancement strongly 
suggests infection. Pyogénie and fungal/tuberculous infection 
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frequently is associated with épidural and paraspinal abscesses. 
In the lumbar spine, extension into the adjacent psoas muscles 
is best demonstrated on axial T2-weighted sequences because 
hyperintense fluid and edema invade the normal hypointense 
musculature. Subligamentous spread of infection with relative 
sparing of the intervertébral dise should raise the suspicion 
of tuberculous spondylitis. Both pyogénie and tuberculous 
infections demonstrate abnormal enhancement with gado¬ 
linium administration. Abscesses, given the lack of central 
perfusion, enhance only at the periphery. 

SPINAL TUMORS 

Although tumor imaging in general is discussed later in this 
text, MRI has proven valuable in the assessment of spinal 
neoplasms. Excellent délinéation of vertébral body marrow 
allows détection of both primary and metastatic disease 
with high sensitivity on Tl-weighted sequences. Normally, 
Tl-weighted vertébral body marrow signal progressively 
increases with âge, a reflection of a gradually higher percent- 
age of fatty marrow. Diseases such as chronic anémia resuit in 
a higher percentage of hematopoietic marrow, thus diffusely 
diminishing this Tl-weighted signal. Malignant osseous 
tumor foci appear as discrète areas of diminished Tl signal. 
As is typical with tumors, these lésions become hyperintense 
to surrounding marrow on T2-weighted studies and enhance 
with contrast. These aggressive lésions can be distinguished 
from benign bony hemangiomas, which usually are hyperin¬ 
tense on Tl-weighted images because of their internai fat 
content. Neoplastic processes that diffusely involve vertébral 
marrow, such as leukemia and occasionally multiple myeloma, 
may be more problematic because différentiation from dif¬ 
fusely prominent hematopoietic marrow can be challenging. 

SPINAL TRAUMA 

CT remains the most useful advanced imaging technique for 
spinal trauma. The inhérent contrast provided by bone and 
unmatched spatial resolution makes CT the preferred initial 
examination in trauma patients. MRI is helpful in patients 
with suspected spinal cord injury, épidural hematoma, or 
traumatic dise herniation. Soff-tissue injuries, such as liga- 
mentous tears, can be identified in the acute stage. Disconti- 
nuity of normally hypointense ligaments, hemorrhage, and 
edema can be seen on sagittal T2-weighted images. In the 
setting of trauma, MRI usually is reserved for neurologically 
impaired patients whose CT examinations are négative or for 
patients in whom spinal fracture réduction is planned and 
associated dise pathology must be excluded. The rôle of MRI 
in evaluating nontraumatic compressed vertebrae and in the 
exclusion of any underlying pathologie condition is critical. 
Préservation of normal marrow signal in a portion of the 
compressed vertébral body, especially with a linear pattern of 
signal abnormality, is suggestive of a fracture caused by a 
benign process, such as osteoporosis. Complété marrow 
replacement or the presence of additional focal abnormal 
marrow signal at other levels should prompt considération of 
biopsy. The association of an irregular or asymmetric soff- 
tissue mass or broad convexity of the dorsal vertébral cortex 
is also suggestive of underlying neoplasm. In questionable 
cases, a follow-up MRI at 6 to 8 weeks may demonstrate at 
least partial reconstitution of normal marrow signal around 
osteoporotic fractures. The identification of edema within a 
compressed vertebra can confirm a fracture as either acute or 


subacute because normal marrow signal typically is restored 
in chronic compression fractures. 

SHOULDER 

The major indications for MRI évaluation of the shoulder 
include three interrelated problems: rotator euff tear, impinge- 
ment, and instability. The complex anatomy of the shoulder 
requires oblique imaging planes and surface coil technique. 
The typical MRI shoulder examination includes axial spin- 
echo or gradient-echo sequences to evaluate the labrum. 
Oblique coronal images prescribed in the plane of the supra- 
spinatus tendon best detect pathologie conditions of the 
rotator euff. Oblique sagittal images confirm abnormalities of 
the euff tendons and evaluate rotator euff muscles in cross 
section. Both conventional arthrography and MRI can detect 
complété tears of the rotator euff. However, although arthrog¬ 
raphy shows full-thickness tears and partial tears along the 
articular (inferior) surface, noninvasive MRI also detects 
partial-thickness intrasubstance and bursal surface tears and 
can reliably détermine the size of full-thickness defects. 

PATHOLOGIC CONDITIONS OF 
THE ROTATOR CUFF 

Oblique coronal spin-écho imaging with T2 weighting opti- 
mally detects most pathologie conditions of the rotator euff. 
With the humérus in neutral to external rotation, the oblique 
coronal plane is chosen parallel to the supraspinatus tendon. 
As is the case with ail other tendons, the tendons of the 
supraspinatus, infraspinatus, and teres minor muscles nor¬ 
mally maintain low signal on ail puise sequences. Rotator euff 
tears appear as areas of increased T2-weighted signal, repre- 
senting fluid within the tendon substance. This signal may 
traverse the entire tendon substance, indicating a full- 
thickness tear (Fig. 2-33). Alternatively, intact euff fibers may 
persist along the articular surface, bursal surface, or both, as 
seen in partial-thickness tears. Fluid may be identified in the 
subacromial-subdeltoid bursa. In patients with large or 
chronic tears, the euff may be so atrophied that its identifica¬ 
tion is impossible. In these cases, fluid freely communicates 
between the glenohumeral joint and the subacromial bursa 
and the humerai head often migrâtes superiorly. Excessive 
retraction of the euff tendons and atrophy of the euff muscu¬ 
lature portend a poor surgical resuit. 

Most examiners hâve used the terms tendinosis or tendi- 
nopathy to describe focal signal abnormalities within the euff 
that do not achieve the signal intensity of fluid on T2-weighted 
images. Because artifacts frequently occur within tendons on 
Tl-weighted and gradient-echo images, the diagnosis of 
rotator euff tear should not be made in the absence of discrète 
foci of T2-weighted fluid signal abnormalities or complété 
absence of the tendon. Typically, areas of normal fluid can be 
appreciated elsewhere in the glenohumeral joint for refer- 
ence. Diffuse or focal signal abnormalities less intense than 
fluid should be considered tendinosis. MRI has shown greater 
than 90% sensitivity in detecting full-thickness rotator euff 
tears. For the assessment of partial tears, the sensitivity is 
greater than 85%. The addition of fat suppression to 
T2-weighted images has been shown to improve détection of 
partial-thickness tears. MRI assessment of the repaired 
rotator euff should be done with caution. Often irregular foci 
of increased T2-weighted signal normally can be seen with 
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Full-thickness rotator cuff tear. A f Oblique coronal Tl-weighted image poorly differentiates normal tendon from 
pathologie condition. B f At same location, oblique coronal fat-suppressed, T2-weighted image clearly shows fluid-filled, full-thickness 
tear (arrow) in supraspinatus tendon. 


an intact healing tendon, likely representing areas of granula¬ 
tion tissue. For this reason, the diagnosis of partial-thickness 
tears in the postoperative shoulder should be avoided. 
However, larger, fluid-filled, full-thickness defects and tendon 
retraction correlate well with failed repairs or retears. MR 
arthrography offen is helpful in the évaluation of the postop¬ 
erative rotator cuff. 

IMPINGEMENT SYNDROMES 

Although impingement can be suggested by an imaging tech¬ 
nique, it remains a clinical diagnosis. MRI can be helpful in 
confirming the clinical impression or providing additional 
information. Imaging findings that suggest the possibility of 
impingement include narrowing of the subacromial space by 
spurs or osteophytes, a curved or hooked acromial morphol- 
ogy, and signal abnormalities in the cuff indicating tendinosis 
or tendinopathy. 

PATHOLOGIC CONDITIONS OF LABRUM 

Much study has been directed at MRI évaluation of the labro- 
ligamentous complex of the shoulder. The cross-sectional 
anatomy of the normal labrum is quite variable, and the adja¬ 
cent glenohumeral ligaments create many potential diagnos¬ 
tic pitfalls (Fig. 2-34). For these reasons, early conventional 
MRI évaluation of the glenohumeral joint for instability 
achieved mixed results. With modem scanner and coil tech- 
nology, however, the labrum offen is quite well depicted in 
routine shoulder MRI. Nevertheless, many investigators still 
believe that the distension of the joint achieved by the injec¬ 
tion of intraarticular fluid improves évaluation of the labrum, 
biceps tendon origin, and joint capsule. MR arthrography 
most offen uses dilute gadolinium as a contrast agent and 
subséquent Tl-weighted sequences in the axial, oblique sagit¬ 
tal, and oblique coronal planes performed in a standard posi¬ 
tion with the arm at the patients side (Fig. 2-35A). Additional 
imaging can be performed with the humérus in abduction and 
external rotation (ABER) position for assessment of the infe- 
rior glenohumeral ligament and its labral attachment (Fig. 



Anterior labral tear. Axial gradient-echo image 
through glenohumeral joint shows anterior displacement of 
avulsed anterior labral fragment (curved arrow). Hypointense 
middle glenohumeral ligament (arrowhead) lies between labral 
fragment and subscapularis tendon and should not be mistaken 
for portion of labrum. 


2-35B). Anterior labral injuries are best seen in the axial plane, 
whereas superior labral abnormalities or SLAP (superior 
labral anterior posterior) lésions are best depicted in the axial 
or coronal images (Fig. 2-36). Using MR arthrography, a sen- 
sitivity of 91% and a specificity of 93% hâve been reported in 
the détection of pathologie labral conditions. The accuracy of 
MRI in évaluation of SLAP lésions is somewhat less. Some 
investigators hâve proposed indirect arthrography as an alter¬ 
native method of joint opacification. In this technique, delayed 
intraarticular enhancement is achieved by exercising the joint 
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Anterior labral tear. A f Postarthrogram fat-suppressed Tl-weighted axial image of the shoulder shows a small defect 
in the anteroinferior labrum ( arrow ). B f Oblique axial imaging in abduction/external rotation places tension on the inferior glenohu- 
meral ligament, better demonstrating the tear (arrow). 



Superior labral anterior posterior (SLAP) tear. A, Fat-suppressed Tl-weighted oblique coronal image from MR arthro- 
gram shows contrast opacifying a defect in the long head biceps anchor (arrow). B, Fat-suppressed Tl-weighted axial image shows 
extension of the tear into the anterior and posterior labrum (arrows). 


after intravenous administration of gadolinium. Although 
this is a less invasive technique, the degree of distention is less 
than that achieved with direct arthrography. 

OTHER CAUSES OF SHOULDER PAIN 

MRI also can demonstrate additional causes of shoulder pain, 
such as occult fractures or osteonecrosis (Fig. 2-37). Patho¬ 
logie conditions of the tendon of the long head of the biceps, 
including rupture, dislocation, or tendinitis, should be 
detected on routine MRI examination. A less frequent cause 


of shoulder pain, suprascapular nerve entrapment, is a gan¬ 
glion cyst of the spinoglenoid notch. Like ganglia elsewhere, 
these lésions appear as lobular, multiseptate, hyperintense 
collections on T2-weighted or gradient-echo sequences (Fig. 
2-38). The presence of these ganglia may be associated with 
infraspinatus atrophy and should trigger a careful search for 
an associated labral injury. The brachial plexus is not imaged 
on the routine shoulder MRI examination, and if a pathologie 
condition of the brachial plexus is suspected, a study dedi- 
cated to this anatomie région should be performed. 
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Osteonecrosis complicating comminuted fracture of proximal humérus. A f Oblique coronal Tl-weighted image dem- 
onstrates displaced fracture through neck of proximal humérus (curved arrow). Géographie région of abnormal marrow within articular 
fragment is characteristic of osteonecrosis (long arrow). B, Oblique coronal fat-suppressed, T2-weighted image shows hyperintense rim 
of reactive tissue (arrow) surrounding now hypointense fatty avascular marrow. 



Soft-tissue ganglion in painful shoulder. 
Gradient-echo axial image of right shoulder reveals lobulated 
homogeneous hyperintense lésion in spinoglenoid notch (white 
arrow). Ganglia and other masses in this location can be associ- 
ated with suprascapular nerve entrapment. Note subtle hyperin- 
tensity indicating edema in the infraspinatus muscle along the 
posterior scapula related to denervation (black arrows). 


WRIST AND ELBOW 

MRI has an expanding rôle in the évaluation of pathologie 
conditions of the elbow and wrist. Successful study of both 
articulations requires high-resolution images that are best 
obtained with surface coil technique and high field System. 
Often these joints are examined in the extremity coil, requir- 
ing extension of the arm overhead within the center of the 
magnet field. This position is difficult to maintain in elderly 
patients. The larger-diameter bore current génération of 


high-field scanners can allow for off-axis imaging with the 
arm at the side. Dedicated wrist coils, when available, or 
coupled surface coils also are designed for imaging of this 
articulation at the patients side. Again, the MRI examination 
should be directed at solving a spécifie clinical problem or 
question. 

CARPAL LIGAMENT DISRUPTIONS 

In the wrist a common indication for MRI is évaluation of 
the intrinsic carpal ligaments. With proper technique, inju¬ 
ries to the triangular fibrocartilage complex (TFCC) can be 
demonstrated with MRI. The TFCC is composed of signal- 
poor fibrocartilage, and perforations in the TFCC appear as 
linear defects or gaps filled with hyperintense fluid on coronal 
gradient-echo or T2-weighted puise sequences (Fig. 2-39). 
Although évaluation of the scapholunate and lunatotriquetral 
ligaments is more challenging, with optimal technique and 
equipment the integrity of these structures can be consis- 
tently assessed. The addition of arthrographic contrast 
improves the visualization of these ligaments on MR images. 
The extrinsic carpal ligaments can be identified with three- 
dimensional volumétrie scanning and subséquent recon¬ 
struction; however, at présent, the MRI assessment of these 
ligaments has less impact on treatment. 

OTHER PATHOLOGIC CONDITIONS 
OF HAND AND WRIST 

MRI has gained a greater rôle in the évaluation of acute wrist 
trauma. Not infrequently, bone marrow edema may reveal 
fractures of the carpal bones or distal radius that are radio- 
graphically occult. MRI is useful in detecting additional 
marrow abnormalities in osteonecrosis, as seen in the lunate 
in Kienbôck disease (Fig. 2-40) or in the scaphoid affer frac¬ 
ture. Asymmetry of marrow signal in proximal and distal 
fragments of a fractured scaphoid is suggestive of proximal 
pôle ischemia (Fig. 2-41). MRI currently has a limited rôle in 
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Triangular fibrocartilage complex (TFCC) perfo¬ 
ration. Coronal fat-suppressed, proton density-weighted image 
of wrist demonstrates central perforation of TFCC (long arrow). 
Note fluid in distal radioulnar joint (eurved arrow). Scapholunate 
ligament (open arrow) is intact in this wrist. 



Osteonecrosis of lunate (Kienbôck disease). 
Coronal Tl-weighted image of wrist shows loss of normal high- 
signal fat in lunate (arrow), indicating osteonecrosis. 



Early osteonecrosis of scaphoid following fracture. A f Tl-weighted coronal image of the wrist shows a transverse 
fracture of the mid-scaphoid {arrow). B, Fat-suppressed T2-weighted coronal image reveals marrow edema in the distal pôle fragment 
only {arrow), suggesting proximal pôle ischemia. 


the évaluation of carpal tunnel syndrome. Although this 
remains a clinical diagnosis, axial imaging with T2 weighting 
can clearly display masses within the confines of the carpal 
tunnel, as well as edema and swelling of the médian nerve. 
As in the ankle, tenosynovitis and tendon injuries in the wrist 
and hand can be assessed (Fig. 2-42). Additionally, MRI has 
an expanding rôle in the évaluation of inflammatory arthritis. 
Numerous studies hâve shown that MRI provides earlier 


détection of synovitis and erosive bone changes associated 
with rheumatoid arthritis than do radiographs. 

ELBOW 

In the elbow, MRI is useful in assessment of the biceps and 
triceps tendons. Although complété tears of these tendons 
frequently are clinically apparent, MRI can assist in surgical 
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planning (Figs. 2-43 and 2-44). MRI can detect partial tears 
as well. Conventional MRI and MR arthrography hâve a criti- 
cal rôle in the évaluation of médial instability and the study 
of the ulnar collateral ligament. The ulnar collateral ligament 
is a complex structure, its anterior band normally visible as a 
linear hypointense structure along the médial aspect of the 
joint on ail sequences. When injured, fluid is seen within and 
around the disrupted ligament. In a throwing athlete, MR 
arthrography may be helpful especially in assessment of 
partial-thickness ligament tears (Fig. 2-45). Conventional 
MRI also is valuable for détection of occult elbow fractures 
in adults as well as children in whom unossified epiphyses are 
radiographically problematic. 



TUMOR IMAGING 

Perhaps nowhere in orthopaedics has MRI had as profound 
an impact as in the field of surgical oncology. Exquisité 
soff-tissue contrast combined with detailed anatomy and 
multiplanar capability place MRI at the forefront of 



Image of rupture of flexor digitorum profundus 
tendon in long finger made 2 weeks after repair. Sagittal inversion 
recovery image demonstrates abrupt discontinuity of flexor tendon 
(arrow) with laxity of more proximal tendon segment. 


Rupture of distal biceps tendon. Sagittal inver¬ 
sion recovery image of elbow demonstrates ruptured distal biceps 
tendon. Proximal tendon (arrow) has retracted several centime- 
ters, and edema is présent in tissues anterior to brachialis muscle. 



Avulsion of triceps tendon. A f Sagittal fat-suppressed, proton density-weighted image of elbow shows avulsed triceps 
tendon (long arrow) retracted proximally from olecranon (thick arrow). B, Sagittal fat-suppressed, T2-weighted image demonstrates 
hyperintense fluid (arrows) in gap between bone and detached tendon. 
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Partial ulnar collateral ligament tear at MR 
arthrography of elbow. Coronal fat-suppressed, Tl-weighted 
image reveals contrast tracking deep to ulnar attachment of ulnar 
collateral ligament (arrow). 


musculoskeletal tumor imaging methods. Excellent bone 
marrow délinéation is most helpful in defining tumor extent 
and planning surgical and radiation therapy. MRI is fre- 
quently helpful in defining aggressive versus indolent pro- 
cesses; however, the contribution of routine radiographs 
cannot be overemphasized. In tumor imaging, interpreting 
MRI studies without radiographs is risky. 

Most oncologie MRI examinations are performed after 
radiographie détection of a bone lésion or discovery of a 
clinically palpable soft-tissue mass. Whether imaging bone or 
soff-tissue neoplasms, the basic concepts are similar. If the 
lésion is sufficiently small (<20 cm), surface coil technique is 
preferred. Larger masses or lésions in the pelvis or thigh 
usually are best imaged in the body coil or with a phased- 
array torso coil. Imaging should be performed in at least two 
planes, one of which should be axial (or transverse). This 
plane is most helpful in defining the relationship of lésions to 
nearby muscles and neurovascular structures and best dem- 
onstrates extraosseous extension of bone tumors. Compart- 
mental anatomy is also best demonstrated in this imaging 
plane. The sagittal or coronal images define the proximal and 
distal extents of bone or soft-tissue involvement. Tl-weighted 
images are useful in identifying areas of marrow replacement 
of edema. T2-weighted sequences delineate soft-tissue exten¬ 
sion because most neoplasms become hyperintense in 
contrast to surrounding muscle and fat (Figs. 2-46 and 2-47). 
The addition of fat-suppression techniques when available 
can prove invaluable in defining subtle foci of tumor or 
edema. The rôle of intravenous gadolinium in the study of 



Giant cell tumor of distal fémur. A f Radiograph shows lytic lésion in the distal fémoral metaphysis and epiphysis. 
B f Tl-weighted coronal image confirms a well-demarcated intermediate-signal lésions replacing the normal hyperintense fatty marrow 
of the distal fémur. C f Fat-suppressed proton density-weighted coronal image shows heterogeneous hyperintense tumor in a similar 
distribution. There is subtle cortical destruction of the latéral metaphyseal cortex (arrow). 
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Chondrosarcoma arising in osteochondroma. A f Radiograph reveals irregular ossification throughout exostosis of 
distal fémur. B, Tl-weighted coronal image shows hypointense marrow signal within lésion and extension of this abnormal signal into 
medullary canal of fémur (arrows). C f Axial fat-suppressed, T2-weighted image demonstrates typical hyperintensity of neoplastic tissue 
(arrows), in contrast to surrounding normal tissues. 


musculoskeletal oncology is expanding. In the évaluation of 
soft-tissue masses, contrast-enhanced, Tl-weighted images 
can differentiate solid from cystic lésions and may assist in 
biopsy planning by distinguishing active from necrotic 
tumors. Unfortunately, because active tumor, tumor edema, 
and granulation tissue ail demonstrate enhancement, this 
enhancement cannot separate tumor from surrounding reac¬ 
tive changes. Dynamic contrast enhancement has shown 
promise in distinguishing tumor from surrounding edema 
based on relative enhancement rates, but this technique is not 
widely available. Currently, routine use of intravenous gado¬ 
linium in the initial évaluation of neoplasm is probably not 
necessary. Conversely, in a patient who has undergone 
surgery, the presence of nodular areas of contrast enhance¬ 
ment in the surgical bed is suggestive of récurrent or residual 
neoplasm, and the use of intravenous gadolinium is advised 


in these patients. Preoperative MR angiography with gado¬ 
linium enhancement can provide important information 
regarding the blood supply of very vascular lésions. 

The differential diagnosis of most bone tumors is derived 
from routine radiographs, and the rôle of MRI is to define the 
extent of disease. With the exception of densely sclerotic 
lésions, such as osteoid osteoma, MRI has replaced CT for the 
assessment of skeletal tumors. 

The détection of soft-tissue masses is more dépendent on 
the history and physical examination, given the infrequency 
of radiographie abnormalities. Most soft-tissue lésions présent 
a nonspecific MRI appearance, typically isointense to muscle 
on Tl-weighted images and hyperintense to muscle and fat 
on T2-weighted images (Fig. 2-48). Certain lésions do exhibit 
signal patterns that allow a tissue-specific diagnosis. For 
example, soft-tissue lipomas reveal homogeneous fat signal 
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Synovial sarcoma of the thigh. A f Tl-weighted axial image reveals a large, well-defined mass ( arrow ) in isointense 
surrounding muscle in the deep posterior compartment of the mid-thigh. B, Fat-suppressed T2-weighted axial image shows a well- 
defined hyperintense lésion abutting the neurovascular structured (arrow). 



Intramuscular lipoma of soleus muscle. A, Coronal Tl-weighted image through calf shows marked fatty infiltration 
of soleus muscle (arrow). B f Coronal inversion recovery image shows complété suppression of fat signal within mass. Muscle fibers 
exhibit slightly more signal than dark fat (arrow). 


intensity on ail sequences (Fig. 2-49). In fact, subcutaneous 
lipomas are notoriously difficult to image because of the lack 
of contrast with the surrounding subcutaneous fat. Certain 
subtypes of liposarcoma exhibit régions of fat and nonfat 
signal. Therefore, the diagnosis of lipoma should be restricted 
to those lésions that contain only fat and almost impercep¬ 
tible fibrous septae. As do their intraosseous counterparts, 
soft-tissue hemangiomas show areas of bright signal on both 
Tl- and T2-weighted studies (Fig. 2-50). These signal char- 
acteristics resuit from the presence of fat and large amounts 
of slow-flowing blood within the lésion. Situated within or 
around joints, pigmented villonodular synovitis reveals 
marked T2-weighted hypointensity because of the presence 
of hemosiderin (Fig. 2-51). In general, malignant soft-tissue 


masses are well defined, subfascial, large (>5 cm), and hetero- 
geneous. Exceptions to these rules are plentiful, and the dis¬ 
tinction between benign and malignant disease must be made 
with caution. 

CONCLUSION 

This discussion of MRI attempts to briefly summarize its 
important rôle in orthopaedics. As the growing field of mus- 
culoskeletal MRI is far broader than can be covered in this 
text, innumerable clinical situations in which MRI can be 
used hâve not been discussed. Ongoing research is continu- 
ally defining new indications for MRI in orthopaedic patients. 
Certainly, continued improvements in hardware and software 
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Soft-tissue hemangioma of foot. A f Coronal Tl-weighted image of midfoot shows infiltrating mass of heterogeneous 
increased signal (arrow). B, Corresponding fat-suppressed, T2-weighted image demonstrates markedly increased signal within mass 
(arrow). Morphology and signal characteristics of this lésion (hyperintense Tl - and T2-weighted signal) are typical of hemangiomas. 



Pigmented villonodular synovitis. A f Sagittal Tl-weighted image of the elbow shows lobulated intermediate to 
hypointense soft tissue distributed diffusely throughout the synovium. B f T2-weighted imaging reveals the typical dramatic decrease 
in signal throughout these masses (arrow) due to the presence of hemosiderin. 


will further shorten imaging time and improve image quality 
The techniques described in this chapter are widely available 
with most commercial imaging Systems. Optimal image 
quality can be obtained only when meticulous attention is 
paid to imaging technique by both the radiologist and the 
MRI technician. Greater interaction between orthopaedists 
and radiologists will ensure that studies are performed appro- 
priately to solve the spécifie clinical problem. 
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CHAPTER 3 ARTHROPLASTY OF THE HIP 


Total hip arthroplasty is the most commonly performed adult 
reconstructive hip procedure. This chapter discusses cemented 
and noncemented arthroplasties, bearing choices, and current 
trends in surgical approaches and less invasive techniques. In 
addition, révision hip arthroplasty, which comprises an 
enlarging segment of procedures performed, is reviewed. 

The results of the Charnley total hip arthroplasty are 
the benchmark for evaluating the performance of other 
arthroplasties. The laboratory and clinical contributions of 
Charnley hâve improved the quality of life for many patients. 
Nevertheless, the history of hip arthroplasty has been 
dynamic, and research continues to improve results, espe- 
cially in young patients. Investigation has proceeded along 
multiple paths, including (1) improvement in the durability 
of implant fixation, (2) réduction in the wear of the articulât - 
ing surfaces, and (3) technical modifications in the operation 
to speed réhabilitation and reduce implant-positioning 
errors. 

In response to the problem of loosening of the stem and 
cup based on the alleged failure of cernent, press-fit, porous- 
coated, and hydroxyapatite-coated stems and cups hâve been 
investigated as ways to eliminate the use of cernent and to use 
bone ingrowth or ongrowth as a means of achieving durable 
skeletal fixation. Although some initial cementless implant 
designs hâve proved very successful, others hâve been beset 
by prématuré and progressive failure because of inadéquate 
initial fixation, excessive wear, and periprosthetic bone loss 
secondary to particle-induced osteolysis. As expérience has 
accumulated, the importance of certain design parameters 
has become apparent and the use of cementless fixation for 
the fémoral and acetabular components has become more 
common. 

Many different techniques hâve evolved to improve 
cemented fémoral fixation, including injection of low- 
viscosity cernent, occlusion of the medullary canal, réduction 
of porosity, pressurization of the cernent, and centralization 
of the stem. Similar techniques hâve been less successful in 
improving the results of acetabular fixation. Stem fracture has 
been largely eliminated by routine use of superalloys in their 
fabrication. 

As technologie advances improve the longevity of 
implant fixation, problems related to wear of articulating 
surfaces hâve emerged. Highly crosslinked polyethylenes 
hâve demonstrated reduced wear and hâve now largely 
replaced conventional ultra-high-molecular-weight polyeth- 
ylene. Ceramic-ceramic articulations hâve been used because 
of their low coefficient of friction and superior in vitro wear 
characteristics; these hâve also been successful. The initial 
enthusiasm for metal-on-metal articulations has been tem- 
pered by high failure rates caused by métal hypersensitivity 
reactions. The introduction of these more wear-resistant 
bearings has led to the use of larger component head sizes 
and modifications of postoperative regimens. 

Consider the problems of previous materials and design 
modifications that did not become apparent until the results 
of a sufficient number of 5-year or more follow-up studies 
were available. There is little debate that the results of révi¬ 
sion procedures are less satisfactory and that primary total 
hip arthroplasty offers the best chance of success. Sélection 
of the appropriate patient, the proper implants, and the 
technical performance of the operation are of paramount 
importance. 


Total hip arthroplasty procedures require the surgeon to 
be familiar with the many technical details of the operation. 
To contend successfully with the many problems that occur 
and to evaluate new concepts and implants, a working knowl¬ 
edge of biomechanical principles, materials, and design also 
is necessary. 

APPLIED BIOMECHANICS 

The biomechanics of total hip arthroplasty are different from 
those of the screws, plates, and nails used in bone fixation 
because these latter implants provide only partial support and 
only until the bone unités. Total hip components must with- 
stand many years of cyclic loading equal to at least three times 
body weight. A basic knowledge of the biomechanics of the 
hip and of total hip arthroplasty is necessary to perform the 
procedure properly, to manage the problems that may arise 
during and affer surgery successfully, to select the compo¬ 
nents intelligently, and to counsel patients concerning their 
physical activities. 

FORCES ACTING ON THE HIP 

To describe the forces acting on the hip joint, the body weight 
can be depicted as a load applied to a lever arm extending 
from the body s center of gravity to the center of the fémoral 
head (Fig. 3-1). The abductor musculature, acting on a lever 
arm extending from the latéral aspect of the greater trochan¬ 
ter to the center of the fémoral head, must exert an equal 
moment to hold the pelvis level when in a one-legged stance 
and a greater moment to tilt the pelvis to the same side when 
walking. Because the ratio of the length of the lever arm of 
the body weight to that of the abductor musculature is about 
2.5:1, the force of the abductor muscles must approximate 
2.5 times the body weight to maintain the pelvis level when 
standing on one leg. The estimated load on the fémoral head 
in the stance phase of gait is equal to the sum of the forces 
created by the abductors and the body weight and has been 
calculated to be three times the body weight; the load on the 
fémoral head during straight-leg raising is estimated to be 
about the same. 

An intégral part of the Charnley concept of total hip 
arthroplasty was to shorten the lever arm of the body weight 
by deepening the acetabulum and to lengthen the lever arm 
of the abductor mechanism by reattaching the osteotomized 
greater trochanter laterally. The moment produced by the 
body weight is decreased, and the counterbalancing force that 
the abductor mechanism must exert is decreased. The abduc¬ 
tor lever arm may be shortened in arthritis and other hip 
disorders in which part or ail of the head is lost or the neck 
is shortened. It also is shortened when the trochanter is 
located posteriorly, as in external rotational deformities, and 
in many patients with developmental dysplasia of the hip. In 
an arthritic hip, the ratio of the lever arm of the body weight 
to that of the abductors may be 4:1. The lengths of the two 
lever arms can be surgically changed to make their ratio 
approach 1:1 (see Fig. 3-1). Theoretically, this reduces the 
total load on the hip by 30%. Fémoral rotational alignment 
also plays a rôle in these changes in moment arms. In a finite 
element model, Terrier et al. found that changes in moment 
arms with cup medialization were inversely correlated with 
fémoral antéversion, such that hips with less fémoral antéver¬ 
sion gained more in terms of muscle moments. 
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Lever arms acting on hip joint. A f Moment produced by body weight applied at body's center of gravity, X, acting 
on lever arm, B-X, must be counterbalanced by moment produced by abductors. A, acting on shorter lever arm, A-B. Lever arm A-B 
may be shorter than normal in arthritic hip. B f Medialization of acetabulum shortens lever arm B r X, and use of high offset neck 
lengthens lever arm A-pB-i. C f Latéral and distal reattachment of osteotomized greater trochanter lengthens lever arm A 2 -B 2 further and 
tightens abductor musculature. 


Understanding the benefits derived from medializing the 
acetabulum and lengthening the abductor lever arm is impor¬ 
tant; however, neither technique is currently emphasized. The 
principle of medialization has given way to preserving sub- 
chondral bone in the pelvis and to deepening the acetabulum 
only as much as necessary to obtain bony coverage for the 
cup. Because most total hip procedures are now done without 
osteotomy of the greater trochanter, the abductor lever arm 
is altered only relative to the offset of the head to the stem. 
These compromises in the original biomechanical principles 
of total hip arthroplasty hâve evolved to obtain bénéficiai 
tradeoffs of a biologie nature; to preserve pelvic bone, espe- 
cially subchondral bone; and to avoid problems related to 
reattachment of the greater trochanter. 

Calculated peak contact forces across the hip joint during 
gait range from 3.5 to 5.0 times the body weight and up to 6 
times the body weight during single-limb stance. Experimen- 
tally measured forces around the hip joint using instrumented 
prostheses generally are lower than the forces predicted by 
analytical models, in the range of 2.6 to 3.0 times the body 
weight during single-limb stance phase of gait. When lifting, 
running, or jumping, however, the load may be équivalent to 
10 times the body weight. Excess body weight and increased 
physical activity add significantly to the forces that act to 
loosen, bend, or break the stem of a fémoral component. 

The forces on the joint act not only in the coronal plane 
but, because the bodys center of gravity (in the midline ante- 
rior to the second sacral vertébral body) is posterior to the 
axis of the joint, also in the sagittal plane to bend the stem 
posteriorly. The forces acting in this direction are increased 
when the loaded hip is flexed, as when arising from a chair, 
ascending and descending stairs or an incline, or lifting (Fig. 
3-2). During the gait cycle, forces are directed against the 
prosthetic fémoral head from a polar angle between 15 and 
25 degrees anterior to the sagittal plane of the prosthesis. 
During stair climbing and straight-leg raising, the résultant 
force is applied at a point even farther anterior on the head. 



Forces producing torsion of stem. Forces acting 
on hip in coronal plane (A) tend to deflect stem medially, and 
forces acting in sagittal plane (B), especially with hip flexed or 
when lifting, tend to deflect stem posteriorly. Combined, they 
produce torsion of stem. 


Such forces cause posterior deflection or rétroversion of the 
fémoral component. These so-called out-of-plane forces hâve 
been measured at 0.6 to 0.9 times body weight. 

Implanted fémoral components must withstand substan- 
tial torsional forces even in the early postoperative period. 
Consequently, fémoral components used without cernent 
must be designed and implanted so that they are immediately 
rotationally stable within the fémur. Similarly, the shape of a 
cemented implant must impart rotational stability within its 
cernent mantle. 

The location of the center of rotation of the hip from 
superior to inferior also affects the forces generated around 
the implant. In a mathematical model, the joint reaction force 
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Dorr radiographie categorization of proximal fémurs according to shape; corrélation with cortical thickness and canal 
dimension. (From Dorr LD, Faugere MC, Mackel AM, et al: Structural and cellular assessment of bone quality of proximal fémur, Bone 14:231, 
1993.) 


was lower when the hip center was placed in the anatomie 
location compared with a superior and latéral or posterior 
position. Isolated superior displacement without lateraliza- 
tion produces relatively small increases in stresses in the peri- 
acetabular bone. This has clinical importance in the treatment 
of developmental dysplasia and in révision surgery when 
superior bone stock is déficient. Placement of the acetabular 
component in a slightly cephalad position allows improved 
coverage or contact with viable bone. Nonetheless, clinical 
studies hâve documented a higher incidence of progressive 
radiolucencies and migration of components in patients with 
protrusion, dysplasia, and révision situations when the hip 
center was placed in a nonanatomic position. 

STRESS TRANSFER TO BONE 

The quality of the bone before surgery is a déterminant in the 
sélection of the most appropriate implant, optimal method of 
fixation, response of the bone to the implant, and ultimate 
success of the arthroplasty. Dorr et al. proposed a radio¬ 
graphie categorization of proximal fémurs based on their 
shape and correlated those shapes with measurements of cor¬ 
tical thickness and canal dimensions (Fig. 3-3). Type A 
fémurs hâve thick cortices on the anteroposterior view and a 
large posterior cortex seen on the latéral view. The narrow 
distal canal gives the proximal fémur a pronounced funnel 
shape or “champagne flûte” appearance. The type A fémur is 
more commonly found in men and younger patients and 
permits good fixation of either cemented or cementless 
stems. Type B fémurs exhibit bone loss from the médial and 


posterior cortices, resulting in increased width of the intra- 
medullary canal. The shape of the fémur is not compromised, 
and implant fixation is not a problem. Type C fémurs hâve 
lost much of the médial and posterior cortex. The intramed- 
ullary canal diameter is very wide, particularly on the latéral 
radiograph. The “stovepipe’-shaped type C bone is typically 
found in older postmenopausal women and créâtes a less 
favorable environment for implant fixation. 

The material a stem is made of, the geometry and size of 
the stem, and the method and extent of fixation dramatically 
alter the pattern in which stress is transferred to the fémur. 
Adaptive bone remodeling arising from stress shielding com¬ 
promises implant support and prédisposés to fracture of the 
fémur or the implant itself. Stress transfer to the fémur is 
désirable because it provides a physiologie stimulus for main- 
taining bone mass and preventing disuse osteoporosis. A 
decrease in the modulus of elasticity of a stem decreases the 
stress in the stem and increases stresses to the surrounding 
bone. This is true of stems made of metals with a lower 
modulus of elasticity, such as a titanium alloy, if the cross - 
sectional diameter is relatively small. Larger-diameter stems 
made of the same material are stronger, but they also are 
stiffer or less elastic, and the increased cross-sectional diam¬ 
eter negates any real benefits of the lower modulus of elastic¬ 
ity. The bending stiffness of a stem is proportional to the 
fourth power of the diameter, and small increases in stem 
diameter produce much larger incréments of change in flex- 
ural rigidity. When the stem has been fixed within the fémur 
by bone ingrowth, load is preferentially borne by the stiffer 
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Response of bone to load. A f Postoperative radiograph of extensively porous-coated stem. B f Two years later, cortical 
and cancellous bone density in proximal fémur has decreased as a resuit of stress shielding. 


structure and the bone of the proximal fémur is relieved of 
stress. 

Detailed examinations of stress shielding of the fémur 
after cementless total hip replacement found that almost ail 
fémurs showing moderate or severe proximal résorption 
involved stems 13.5 mm in diameter or larger. With a press-fit 
at the isthmus and radiographie evidence of bone ingrowth, 
more stress shielding was évident. Extensive porous coating 
in smaller size stems does not seem to produce severe stress 
shielding. More recent follow-up with larger stem sizes shows 
greater stress shielding, however, with more extensively 
coated stems (Fig. 3-4). Localized bone hypertrophy can be 
seen in areas where an extensively porous-coated stem con¬ 
tacts the cortex. This is seen often at the distal end of the 
porous coating with an extensively coated stem. Such hyper¬ 
trophy is less pronounced when the porous surface is con- 
fined to the proximal portion of the stem. 

Videodensitometry analysis of autopsy-retrieved fémurs 
found that for cemented and cementless implants, the area of 
greatest decrease in bone minerai density occurred in the 
proximal médial cortex. If a prosthesis has a collar that is 
seated on the eut surface of the neck, it is postulated that axial 
loading of the bone would occur in this area. It is technically 
difficult, however, to obtain this direct contact of collar or 
cernent with the eut surface of bone. Although the rôle of a 
collar in preventing loosening of a cemented fémoral compo- 
nent has not been clearly established, any loading of the 
proximal médial neck is likely to decrease bone résorption 
and reduce stresses in the proximal cernent. A collar also 
serves as a simple means of determining the depth of inser¬ 
tion of the fémoral component because vision is temporarily 
obscured by extrusion of the cernent. The presence of a collar 
on cementless fémoral components is more controversial 


because it may prevent complété seating of the stem, making 
it loose at implantation. 

Cementless stems generally produce strains in the bone 
that are more physiologie than the strains caused by fully 
cemented stems, depending on the stem size and the extent 
of porous coating. Proximal médial bone strains hâve been 
found to be 65% of normal with a collarless press-fit stem and 
70% to 90% with a collared stem with an exact proximal fit. 
A loose-fitted stem with a collar can produce proximal strains 
greater than in the intact fémur, although the conséquences 
of a loose stem negate any potential benefits in loading pro- 
vided by the collar. When a stem is loaded, it produces cir- 
cumferential or hoop stresses in the proximal fémur. Proximal 
wedging of a collarless implant may generate excessive hoop 
strains that cause intraoperative and postoperative fractures 
of the proximal fémur. 

Stem shape also seems to affect stress transfer to bone. In 
a review of three different types of titanium stems with 
tapered geometries, an overall incidence of radiographie 
proximal fémoral bone atrophy of only 6% was found in the 
748 arthroplasties studied. In no patient was the proximal 
bone loss as severe as that seen in patients with stems of a 
cylindrical distal geometry that filled the diaphysis. 

Cadaver studies hâve identified a wide variability in the 
degree and location of bone remodeling between individuals 
in clinically successful arthroplasties with solid fixation. A 
strong corrélation was shown, however, between the bone 
minerai density in the opposite fémur and the percentage of 
minerai loss in the fémur that had been operated on, regard- 
less of the method of implant fixation; it seems that patients 
with diminished bone minerai density before surgery are at 
greatest risk for significant additional bone loss after cemented 
and cementless total hip arthroplasty. 
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The amount of stress shielding that is acceptable in the 
clinical setting is difficult to détermine. A point of equilib- 
rium is reached, and bone loss does not often progress after 
2 years. In a sériés of 208 hip arthroplasties followed for a 
mean 13.9 years, Engh et al. reported patients with radio- 
graphically évident stress shielding had lower mean walking 
scores but no increase in other complications and were less 
likely to require révision for stem loosening or osteolysis. 
Although proximal fémoral stress shielding does not seem to 
affect adversely early or midterm clinical results, expérience 
with failed cemented implants has also shown that révision 
surgery becomes more complex when fémoral bone stock has 
been lost. Ongoing investigations into materials of lower 
modulus of elasticity and stem geometries that diminish flex- 
ural rigidity are likely to be bénéficiai in reducing adverse 
fémoral remodeling. 

On the pelvic side, finite analysis has indicated that with 
the use of a cemented polyethylene cup, peak stresses develop 
in the pelvic bone. A metal-backed cup with a polyethylene 
liner reduces the high areas of stress and distributes the 
stresses more evenly. Similar studies hâve indicated that 
increased peak stresses develop in the trabecular bone when 
the subchondral bone is removed and that decreased peak 
stresses develop when a metal-backed component is used. 
The highest stresses in the cernent and trabecular bone 
develop when a thin-walled, polyethylene acetabular compo¬ 
nent is used and when the subchondral bone has been 
removed. A thick-walled polyethylene cup of 5 mm or more, 
as opposed to a thin-walled polyethylene cup, tends to reduce 
the stresses in the trabecular bone, similar to the effect of the 
metal-backed cup. The préservation of subchondral bone in 
the acetabulum and the use of a metal-backed cup or thick- 
walled polyethylene cup decrease the peak stress levels in the 
trabecular bone of the pelvis. 

Favorable early results with metal-backed, cemented ace¬ 
tabular components led to their widespread use in the past. 
Longer follow-up has shown no sustained benefit, however, 
from the use of métal backing, and in some sériés survivor- 
ship of the cemented metal-backed acetabular components 
has been worse than that of components without métal 
backing. Using a thick-walled, all-polyethylene component 
and retaining the subchondral bone of the acetabulum are 
two steps that seem to provide a satisfactory compromise 
without excessive stress shielding or stress concentration. 

When cementless acetabular fixation is used, métal 
backing is required for skeletal fixation. Ideally, the métal 
should contact acetabular subchondral bone over a wide 
area to prevent stress concentration and to maximize the 
surface area available for biologie fixation. The accuracy of 
acetabular préparation and the shape and size of the implant 
relative to the prepared cavity dramatically affect this initial 
area of contact and the transfer of stress from implant to the 
pelvis. If a hemispherical component is slightly undersized 
relative to the acetabulum, stress is transferred centrally 
over the pôle of the component, with the potential for 
peripheral gaps between the implant and bone. Conversely, 
if the component is slightly larger than the prepared cavity, 
stress transfer occurs peripherally, with the potential for 
fracture of the acetabular rim during implantation (see 
section on implantation of cementless acetabular compo¬ 
nents). Polar gaps also may remain from incomplète seating 
of the component. 



FIGURE 


to rim. 


Destabilization of cup from strains médial 


The manner of stress transfer from a cementless acetabu¬ 
lar component to the surrounding acetabular bone dictâtes 
its initial stability. As the cup is impacted into the acetabulum, 
forces generated by elastic recoil of the bone stabilize the 
implant. Peripheral strains acting on a force vector perpen- 
dicular to the tangent at the rim stabilize the cup. Strains 
médial to the rim generate a force vector that pushes laterally 
and destabilizes the cup (Fig. 3-5). 

Stress shielding of the periacetabular bone by cementless 
implants has received less attention than with fémoral com¬ 
ponents but does occur. Using a novel method of CT-assisted 
osteodensitometry, Mueller et al. assessed bone density 
around cementless titanium acetabular components at 10 
days and 1 year postoperatively. Cortical bone density cepha- 
lad to the implant increased by 3.6%. Conversely, cancellous 
bone density decreased by 18%, with the area of greatest loss 
anterior to the cup. The clinical importance of acetabular 
stress shielding has not been determined. 


DESIGN AND SELECTION OF 
TOTAL HIP COMPONENTS 

Total hip fémoral and acetabular components of various 
materials and a multitude of designs are currently available. 
Few implant designs prove to be clearly superior or inferior 
to others. Certain design features of a given implant may 
provide an advantage in selected situations. Properly selected 
and implanted total hip components of most designs can be 
expected to yield satisfactory results in a high percentage of 
patients. No implant design or System is appropriate for every 
patient, and a general knowledge of the variety of component 
designs and their strengths and weaknesses is an asset to the 
surgeon. Sélection is based on the patient s needs, the patients 
anticipated longevity and level of activity, the bone quality 
and dimensions, the ready availability of implants and proper 
instrumentation, and the expérience of the surgeon. 

We routinely use many total hip Systems from different 
manufacturers; we présent here an overview of the available 
Systems, emphasizing similar and unique features. Numerous 
investigators and manufacturers hâve changed their designs 
within a relatively short time to incorporate newer concepts, 
and this confuses many orthopaedic surgeons and patients. 
The surgeons recommendations should be tempered by the 
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Offset 



Features of fémoral component. Neck length is 
measured from center of head to base of collar; head-stem offset, 
from center of head to line through axis of distal part of stem; 
stem length, from médial base of collar to tip of stem; and angle 
of neck, by intersection of line through center of head and neck 
with another along latéral border of distal half of stem. 


knowledge that change does not always bring about improve- 
ment and that radical departure from proven concepts of 
implant design yields unpredictable long-term results. 

Total hip fémoral and acetabular components are com- 
monly marketed together as a total hip System. Although 
these Systems are often convenient, the variety of modular 
head sizes with most fémoral components allows use with 
other types of acetabular components if necessary. Fémoral 
and acetabular components are discussed separately. 

FEMORAL COMPONENTS 

The primary function of the fémoral component is the 
replacement of the fémoral head and neck after resection of 
the arthritic or necrotic segment. The ultimate goal of a bio- 
mechanically Sound, stable hip joint is accomplished by 
careful attention to restoration of the normal center of rota¬ 
tion of the fémoral head. This location is determined by three 
factors: (1) vertical height (vertical offset), (2) médial offset 
(horizontal offset or, simply, offset), and (3) version of the 
fémoral neck (anterior offset) (Fig. 3-6). Vertical height and 
offset increase as the neck is lengthened, and proper recon¬ 
struction of both features is the goal when selecting the length 
of the fémoral neck. In most modem Systems, neck length is 
adjusted by using modular heads with variable internai 
recesses that fit onto a Morse taper on the neck of the stem 
(Fig. 3-7). Neck length typically ranges from 25 to 50 mm, 



Modular heads for fémoral components. Neck 
taper mates with modular fémoral heads. Motion is absent 
between head and neck segments. Different diameter heads with 
various neck extensions are available. Extended neck, or "skirt," 
of longer components has larger diameter than neck of conven- 
tional components, and arc of motion of hip is decreased. 



Nonskirted head 

A 



Head-to-neck ratio of implants. Large-diameter 
head with trapézoïdal neck (A) has greater range of motion and 
less impingementthan smaller diameter head and skirted modular 
neck (B). 


and adjustment of 8 to 12 mm for a given stem size routinely 
is available. When a long neck length is required for a head 
diameter up to 32 mm, a skirt extending from the lower 
aspect of the head may be required to fully engage the Morse 
taper (Fig. 3-8). For heads larger than 32 mm a skirt is unnec- 
essary even for longer neck lengths. 

Vertical height (vertical offset) is determined primarily 
by the base length of the prosthetic neck plus the length 
gained by the modular head used. In addition, the depth the 
implant is inserted into the fémoral canal alters vertical 
height. When cernent is used, the vertical height can be 
adjusted further by variation in the level of the fémoral neck 
osteotomy. This additional flexibility may be unavailable 
when a cementless fémoral component is used because depth 
of insertion is determined more by the fit within the fémoral 
metaphysis than by the level of the neck osteotomy. 

Offset (i.e., horizontal offset) is the distance from the 
center of the fémoral head to a line through the axis of the 
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_ Variations in fémoral component necks to 

increase offset. A f Neck-stem angle is reduced. B f Neck is attached 
at more médial position on stem. 


distal part of the stem and is primarily a function of stem 
design. Inadéquate restoration of offset shortens the moment 
arm of the abductor musculature and results in increased 
joint reaction force, limp, and bone impingement, which may 
resuit in dislocation. Offset can be increased by simply using 
a longer modular neck, but doing so also increases vertical 
height, which may resuit in overlengthening of the limb. To 
address individual variations in fémoral anatomy, many com- 
ponents are now manufactured with standard and high offset 
versions. This is accomplished by reducing the neck-stem 
angle (typically to about 127 degrees) or by attaching the neck 
to the stem in a more médial position (Fig. 3-9). Réduction 
of the neck-stem angle increases offset but also reduces verti¬ 
cal height slightly. When the neck is attached in a more 
médial position, offset is increased without changing height; 
leg length is therefore unaffected. 

Version refers to the orientation of the neck in reference to 
the coronal plane and is denoted as antéversion or rétroversion. 
Restoration of fémoral neck version is important in achieving 
stability of the prosthetic joint. The normal fémur has 10 to 15 
degrees of antéversion of the fémoral neck in relation to the 
coronal plane when the foot faces straight forward, and the 
prosthetic fémoral neck should approximate this. Proper neck 
version usually is accomplished by rotating the component 
within the fémoral canal. This présents little problem when 
cernent is used for fixation; however, when press-fit fixation is 
used, the fémoral component must be inserted in the same 
orientation as the fémoral neck to maximize the fill of the 
proximal fémur and achieve rotational stability of the implant. 
This problem can be circumvented by the use of a modular 
fémoral component in which the stem is rotated independent 
of the metaphyseal portion. So-called anatomie stems hâve a 
slight proximal posterior bow to reproduce the contour of the 
fémoral endosteum, predetermining the rotational alignment 
of the implant. Most such stems hâve a few degrees of antéver¬ 
sion built into the neck to compensate for this, and separate 
right and left stems are required. Finally, newer fémoral com- 
ponents with dual modular necks in different geometries and 
lengths allow the adjustment of length, offset, and version 
independently (Fig. 3-10). 

The size of the fémoral head, the ratio of head and 
neck diameters, and the shape of the neck of the fémoral 



Modular fémoral neck with taper junctions for 
stem body and fémoral head. Multiple configurations allow inde¬ 
pendent adjustment of length and offset and version. 



Range of motion with different head sizes. For 
given diameter neck, implant with smaller fémoral head (A) will 
hâve lesser arc of motion than larger one (B). 


component hâve a substantial effect on the range of motion 
of the hip, the degree of impingement between the neck and 
rim of the socket, and the stability of the articulation. This 
impingement can lead to dislocation, accelerated polyethyl- 
ene wear, acetabular component loosening, and liner dislodg- 
ment or fracture. For a given neck diameter, the use of a larger 
fémoral head increases the head-neck ratio and the range of 
motion before the neck impinges on the rim of the socket will 
be greater (Fig. 3-11). When this impingement does occur, 
the fémoral head is levered out of the socket. The “jump dis¬ 
tance” is the distance the head must travel to escape the rim 
of the socket and is generally approximated to be half the 
diameter of the head (Fig. 3-12). For both of these reasons, a 
larger-diameter head is theoretically more stable than a 
smaller one. In a large sériés of total hips performed with 
a head size of 36 mm or larger, Lombardi et al. reported a 
dislocation rate of only 0.05%. The introduction of advanced 
bearing surfaces has allowed the use of larger head sizes than 
those traditionally used in the past. In practical terms, the 
fémoral head diameter is limited by the size of the acetabu- 
lum, regardless of the bearing materials used for the fémoral 
head and acetabulum 
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Jump distance. With subluxation, smaller head 
(A) has shorter distance to travel before escaping rim of acetabu- 
lar component than larger one (B). 



Cross-sectional comparison of circular and trap¬ 


ézoïdal neck. 



Abduction 

/ 

■y 

Flexion ( ( 

/ Extension 

\ 

Adduction 

v 
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Effects of head size and neck geometry on 
range of motion. A, Changing from 28-mm head (light shading) 
to 32-mm head (dark shading) results in 8-degree increase in 
flexion before impingement. B f Large circular taper has dramati- 
cally decreased range of motion to impingement (dark shading), 
which is diminished even further by having skirted modular head 
(light shading). (From Barrack RL, Lavernia C, Ries M, et al: Virtual 
reality computer animation of the effect of component position and 
design on stability after total hip arthroplasty, Orthop Clin North Am 
32:569, 2001.) 


In a range-of-motion simulation with digitized implants 
and Virtual reality software, Barrack et al. found an improve - 
ment of 8 degrees of hip flexion when head size was increased 
from 28 to 32 mm. Range of motion was dramatically reduced 
by the use of a circular neck, especially when combined with 
a skirted modular head, which increases the diameter of the 
fémoral neck (Fig. 3-13). A trapezoidal neck yielded greater 
range of motion without impingement than a circular one 
(Fig. 3-14). In an experimental range-of-motion model with 
head sizes larger than 32 mm, Burroughs et al. found that 
impingement between prosthetic components could be 
largely eliminated. When a head size larger than 38 mm was 
used, however, the only impingement was bone on bone and 
was dépendent on bony anatomy and independent of head 
size. The idéal configuration of the prosthetic head and neck 
segment includes a trapezoidal neck and a larger diameter 
head without a skirt. 

Ail total hip Systems in current use achieve fixation of the 
fémoral prosthesis with a métal stem that is inserted into the 
medullary canal. Much of the design innovation to increase 
prosthetic longevity has been directed toward improvement 
in fixation of the implant within the fémoral canal. Many 
fémoral stems hâve been in clinical use for variable periods 
since the 1990s. Récognition of the radiographie profile of a 
stem is offen bénéficiai, however, in planning révision surgery. 


Readers are directed to previous éditions of this text and 
other historical references for this information. 

Fémoral components are available in both cemented and 
cementless varieties. 

■ CEMENTED FEMORAL COMPONENTS 

With the introduction of the Charnley low-friction arthro¬ 
plasty, acrylic cernent became the standard for fémoral 
component fixation. Advances in stem design and in the 
application of cernent hâve dramatically improved the long- 
term survivorship of cemented stems. Despite these advances, 
the use of cernent for fémoral fixation has declined precipi- 
tously over the past decade and there has been little recent 
innovation in implant design. Nonetheless, worldwide regis- 
try data suggest that in patients older than 75 years outcomes 
are better with cemented fémoral fixation, owing mainly to a 
lower risk of periprosthetic fracture. 

Certain design features of cemented stems hâve become 
generally accepted. The stem should be fabricated of high- 
strength superalloy. Most designers favor cobalt-chrome alloy 
because its higher modulus of elasticity may reduce stresses 
within the proximal cernent mantle. The cross section of the 
stem should hâve a broad médial border and preferably 
broader latéral border to load the proximal cernent mantle in 
compression. Sharp edges produce local stress risers that may 
initiate fracture of the cernent mantle and should be avoided. 
A collar aids in determining the depth of insertion and may 
diminish résorption of bone in the médial neck. 

Mounting evidence suggests that failure of cemented 
stems is initiated at the prosthesis-cement interface with 
debonding and subséquent cernent fracture. Various types of 
surface macrotexturing can improve the bond at this interface 
(Figs. 3-15 to 3-17). The practice of precoating the stem with 
polymethyl méthacrylate (PMMA) has been associated with 
a higher than normal failure rate with some stem designs and 
has largely been abandoned. Noncircular shapes, such as a 
rounded rectangle or an ellipse, and surface irregularities, 
such as grooves or a longitudinal slot, also improve the 
rotational stability of the stem within the cernent mantle 
(Fig. 3-17). 

There is concern that even with surface modifications the 
stem may not remain bonded to the cernent. If debonding 
does occur, a stem with a roughened or textured surface 
generates more débris with motion than a stem with a smooth, 
polished surface. Higher rates of loosening and bone résorp¬ 
tion were found with the use of an Exeter stem with a matte 
surface than with an identical stem with a polished surface. 
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Summit stem. Intégral proximal polymethyl 
méthacrylate spacers and additional centralizer facilitate proper 
stem position and uniform cernent mantle. (Courtesy DePuy Ortho- 
paedics, Inc., Warsaw, IN.) 



Omnifit EON stem. Normalized proximal textur- 
ing converts shear forces to compressive forces. A f Standard 
offset. B, Enhanced offset. (Courtesy Stryker Orthopaedics, Kalama- 
zoo, Ml.) 


Spectron EF stem. Rounded rectangular shape 
and longitudinal groove improve rotational stability. (Courtesy 
Smith & Nephew, Memphis, TN.) 


Similar findings hâve been reported when comparing the 
original polished Charnley stem with its subséquent matte- 
finish modification. For this reason, interest has been renewed 
in the use of polished stems for cemented applications. Ling 
recommended a design that is collarless, polished, and tapered 
in two planes (Fig. 3-18) to allow a small amount of subsid¬ 
ence and to maintain compressive stresses within the cernent 
mantle. 

Stems should be available in a variety of sizes (typically 
four to six) to allow the stem to occupy approximately 80% 
of the cross section of the medullary canal with an optimal 
cernent mantle of approximately 4 mm proximally and 2 mm 
distally. Neutral stem placement within the canal lessens the 
chance of localized areas of thin cernent mantle, which may 
become fragmented and cause loosening of the stem. Some 
designs hâve preformed PMMA centralizers that are affixed 
to the distal or proximal aspects, or both, of the stem before 
implantation to centralize the stem within the fémoral canal 
and provide a more uniform cernent mantle (see Fig. 3-15). 
The centralizers bond to the new cernent and are incorpo- 
rated into the cernent mantle. 

Finally, the optimal length of the stem dépends on the 
geometry and size of the fémoral canal. The stem of the origi¬ 
nal Charnley component was about 13 cm long. This was 
long enough to obtain secure fixation in the metaphysis and 
proximal diaphysis of the fémur. A stem of longer length, 
which engages the isthmus, makes it more difhcult to err and 
place the stem in a varus position. As a resuit of the normal 
anterior bow of the fémoral canal, however, the tip of the stem 
may impinge on the anterior cortex or even perforate it when 
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Collarless, polished, tapered (CPT) hip stem. CPT 
design allows controlled subsidence and maintains compressive 
stresses within cernent mantle. (Courtesy Zimmer, Warsaw, IN.) 


the cortex is thin. In addition, it is technically difficult to 
occlude the canal below the level of the isthmus adequately, 
and the resuit may be an inadéquate column of cernent 
around the stem and beyond the tip. The lengths of current 
stem designs range from 120 to 150 mm. Longer stems are 
available if the cortex has been perforated, fractured, or weak- 
ened by screw holes or other internai fixation devices and 
particularly for révision procedures. 

■ CEMENTLESS FEMORAL COMPONENTS 

In the mid-1970s, problems related to the fixation of fémoral 
components with acrylic cernent began to emerge. As a resuit, 
considérable laboratory and clinical investigations hâve been 
performed in an effort to eliminate cernent and provide for 
biologie fixation of fémoral components. The two prerequi- 
sites for biologie fixation are immédiate mechanical stability 
at the time of surgery and intimate contact between the 
implant surface and viable host bone. To fulfill these require- 
ments, implants must be designed to fit the endosteal cavity 
of the fémur as closely as possible. Still, the fémur must be 
prepared to some degree to match accurately the stem that is 
to be inserted. In general, the sélection of implant type and 
size must be more précisé than with their cemented counter- 
parts. Current cementless stem designs differ in their materi- 
als, surface coating, and shape. 

Expérience has been confined largely to the use of two 
materials: (1) titanium alloy with one of a variety of surface 
enhancements and (2) cobalt-chromium alloy with a sintered 
beaded surface. Both materials hâve proved to be satisfactory. 
Titanium has been recommended by many designers because 
of its superior biocompatibility, high fatigue strength, and 


lower modulus of elasticity. Titanium is more notch-sensitive 
than cobalt-chrome alloy, however, predisposing it to initia¬ 
tion of cracks through métallurgie defects and at sites of 
attachment of porous coatings. When the stem is of a tita¬ 
nium substrate, the porous surface must be restricted to the 
bulkier proximal portions of the stem and away from areas 
that sustain significant tensile stresses, such as on the latéral 
border of the stem. Titanium alloy has been recommended 
as the material of choice because its modulus of elasticity is 
approximately half that of cobalt-chromium alloy and there- 
fore less likely to be associated with thigh pain. Lavernia et 
al. reported titanium alloy and cobalt-chromium alloy stems 
of an identical tapered design in 241 patients. Thigh pain was 
unrelated to the material composition of the stem but was 
more common in patients with a larger stem size. 

A variety of surface modifications including porous coat¬ 
ings, grit blasting, plasma spraying, and hydroxyapatite 
coating hâve been used to enhance implant fixation. Many 
cementless fémoral component designs feature combinations 
of these surface enhancements. Although the type and extent 
of coating necessary is controversial, most experts agréé that 
it should be circumferential at its proximal boundary. Some 
early porous stem designs used patches or pads of porous 
coating with intervening smooth areas, which allowed joint 
fluid to transport particulate débris to the distal aspect of the 
stem. Schmalzried et al. referred to these extensions of joint 
fluid as the “effective joint space.” This design feature has been 
associated with early development of osteolysis around the 
tip of the stem despite bone ingrowth proximally. Circumfer¬ 
ential porous coating of the proximal aspect of the stem pro- 
vides a more effective barrier to the ingress of particles and 
limits the early development of osteolysis around the distal 
aspect of the stem. 

Bone ingrowth into a porous coating has demonstrated 
durable fixation for a multitude of cementless stem designs. 
Porous coatings hâve historically been created by either beads 
or fiber mesh (Fig. 3-19A and B) applied to the stem by sinter- 
ing or diffusion bonding processes. Both processes require 
heating of the underlying substrate and can cause significant 
réduction in the fatigue strength of the implant. A considér¬ 
able volume of research has determined the optimal pore size 
for bone ingrowth into a porous surface to be between 100 
and 400 jllm. Most porous coated implants currently available 
hâve pore sizes in this range. Highly porous metals such as 
tantalum were initially utilized for cementless fixation of 
acetabular components but hâve more recently been applied 
to fémoral stems also (Fig. 3-19C). Porous metals hâve higher 
porosity than traditional porous coatings, and their high 
coefficient of friction against cancellous bone may improve 
their initial stability. Porous tantalum closely resembles the 
structure of cancellous bone. Rapid and extensive bone 
ingrowth into this implant surface has been reported. 

Bone ongrowth implies growth of bone onto a roughened 
(albeit nonporous) surface. Ongrowth surfaces are created by 
grit blasting or plasma spray techniques. Grit blasting involves 
the use of a pressurized spray of aluminum oxide particles to 
produce an irregular surface ranging from 3 to 8 pm in depth 
(Fig. 3-20 A). Plasma spray techniques use high-velocity 
application of molten métal onto the substrate in a vacuum 
or argon gas environment and produce a highly textured 
surface (Fig. 3-20B). Heating of the implant is not required, 
and, consequently, there is little réduction in fatigue strength 
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Types of bone ingrowth surfaces. Traditional surfaces produced from sintered beads (A) and diffusion bonded fiber 
mesh (B). C, Newer highly porous tantalum more closely resembles structure of trabecular bone. (A Courtesy Smith & Nephew, Memphis, 
TN; B and C Courtesy Zimmer Biomet, Warsaw, IN.) 



Types of bone ongrowth surfaces. A f Grit-blasted surface. More highly textured plasma-sprayed surfaces: titanium 
(B) and hydroxyapatite (C). (A Courtesy Zimmer, Warsaw, IN; B Courtesy Biomet Orthopedics, Warsaw, IN; C Courtesy Stryker Orthopaedics, 
Mahwah, NJ.) 


compared with the application of porous coatings. Hydroxy¬ 
apatite and other osteoconductive calcium phosphate coat¬ 
ings can also be applied to implants by plasma spray (Fig. 
3-20C). The thickness of the coating is typically 50 to 155 Jllm. 
Although the literature reports mixed results with regard to 
whether hydroxyapatite coating improves outcomes, there is 
no evidence that it is deleterious. 

The évolution of cementless fémoral fixation has resulted 
in a variety of implants. The shape of a cementless stem déter¬ 
mines the areas of the fémoral canal where fixation is obtained 


and the surgical technique required for implantation. Out¬ 
comes are also generally more dépendent on stem geometry 
than on either materials or surface enhancements. Khanuja, 
Vakil, Goddard, and Mont proposed a classification System 
for cementless stems based on shape. Types 1 through 5 are 
straight stems, and fixation area increases with type. Type 6 
is an anatomie shape. 

Type 1 stems are so called single-wedge stems. They are 
fiat in the anteroposterior plane and tapered in the mediolat- 
eral plane (Fig. 3-21). Fixation is by cortical engagement only 
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Taperloc stem. Single wedge design is tapered in medial-lateral plane (A) and fiat in anteroposterior plane. B, Plasma- 
sprayed proximal surface. C f Shortened microplasty version. (Courtesy Zimmer Biomet, Warsaw, IN.) 


in the mediolateral plane and by three-point fixation along 
the length of the stem. The fémoral canal is prepared by 
broaching alone with no distal reaming. Consequently, it is 
important to ensure that the stem is wedged proximally. In 
Dorr type A fémurs, distal engagement alone risks fracture 
or rotational instability. These stems hâve performed well in 
Dorr type B and C fémurs. 

Type 2 stems engage the proximal fémoral cortex in both 
mediolateral and anteroposterior planes. So-called dual- 
wedge designs fill the proximal fémoral metaphysis more 
completely than type 1 stems (Fig. 3-22). Fémoral préparation 
typically requires distal reaming followed by broaching of the 
proximal fémur. They can be used safely in Dorr type A 
fémurs. 

Type 3 represents a more disparate group of implants. 
These stems are tapered in two planes, but fixation is achieved 
more at the metaphyseal-diaphyseal junction than proximally 
as with types 1 and 2. Type 3A stems are tapered with a round 
conical distal geometry. Longitudinal cutting flûtes are added 
to type 3B stems (Fig. 3-23). These implants hâve recently 
gained popularity in complex révision cases. Type 3C implants 
are rectangular and thus provide four-point rotational support 
(Fig. 3-24). Such implants hâve been used extensively in 
Europe with success. 

Type 4 are extensively coated implants with fixation 
along the entire length of the stem. Canal préparation requires 
distal cylindrical reaming and proximal broaching (Fig. 
3-25). Excellent long-term results hâve been achieved with 
these implants. Fémoral stress shielding and thigh pain hâve 
been reported with various designs. Their use in Dorr type C 



FIGURE 


Synergy stem. Dual wedge design is tapered in 


medial-lateral (A) and anteroposterior (B) planes. Longitudinal 


flûtes provide additional rotational stability. Shown with oxidized 


Zirconia head. (Courtesy Smith & Nephew, Memphis, TN.) 
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Restoration modular stem. Tapered round 
conical distal geometry with longitudinal cutting flûtes are avail- 
able in varying lengths for primary and révision indications. Proxi¬ 
mal segments are available in various lengths and offsets for 
soft-tissue tensioning. (Courtesy Stryker Orthopaedics, Mahwah, NJ.) 



Extensively porous-coated stems. A f Anatomie 
medullary locking (AML) stem for primary and révision arthro- 
plasties when isthmus is intact. B f Extensively coated solution 
long stem used for révisions when proximal bone loss is severe. 
C f Calcar replacement long stem. (Courtesy Depuy Synthes, 
Warsaw, IN.) 



Alloclassic stem. Conical straight stem with rect- 
angular cross-section and grit-blasted nonporous surface. (Cour¬ 
tesy Zimmer Biomet, Warsaw, IN.) 


fémurs can be problematic because of the large stem diameter 
required. 

Type 5 or modular stems hâve separate metaphyseal 
sleeves and diaphyseal segments that are independently sized 
and instrumented. Such implants often are recommended for 
patients with altered fémoral anatomy, particularly those with 
rotational malalignment such as developmental dysplasia. 
Both stem segments are prepared with reamers, leading to a 
précisé fit with rotational stability obtained both proximally 
and distally. This feature makes modular stems an attractive 
option when fémoral osteotomy is required (Fig. 3-26). 
Modular stems can be used for ail Dorr bone types, but 
increased cost and potential problems with modular junc- 
tions should be taken into account. 

Type 6 or anatomie fémoral components incorporate a 
posterior bow in the metaphyseal portion and variably an 
anterior bow in the diaphyseal portion, corresponding to the 
geometry of the fémoral canal (Fig. 3-27). Right and leff stems 
are required, and antéversion must be built into the neck 
segment. Anatomie variability in the curvature of the fémur 
usually requires some degree of overreaming of the canal; if 
the tip of the stem is eccentrically placed, it impinges on the 
anterior cortex. This point loading has been suggested to be 
a source of postoperative thigh pain. The popularity of ana¬ 
tomie stems has declined over the past decade in favor of 
straight designs. 

With cementless devices, the requirements for canal 
filling often mean the stem must be of sizable diameter. 



















PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS 



S-ROM modular stem. A f Multiple proximal 
sleeve sizes can be combined with given diameter stem. Stem can 
be rotated in relation to sleeve to correct rotational deformity of 
fémur. Distal flûtes improve rotational stability. B f Long curved 
stem. Distal part of stem is slotted in coronal plane to diminish 
bending stiffness. (Courtesy Depuy Synthes, Warsaw, IN.) 



Balance anatomie stem. Asymmetric metaphy- 
seal shape conforms more closely to proximal fémoral geometry. 
Fémoral neck is anteverted 5 degrees, and dedicated right and left 
stems are required. (Courtesy Zimmer Biomet, Warsaw, IN.) 


Because stiffness of a stem is proportional to the fourth power 
of the diameter, an increased prevalence of fémoral stress 
shielding can be seen with larger stems. The mismatch in 
stiffness between implant and bone also has been cited as a 
cause of postoperative thigh pain. Current stem designs deal 
with this problem in several ways. The section modulus of the 
stem can be changed to allow greater flexibility while leaving 
the implant diameter unchanged so that stability is not com- 
promised. The addition of deep, longitudinal grooves reduces 
bending and torsional stiffness. The bending stiffness in the 
distal third of the stem also can be reduced substantially by 
splitting the stem in the coronal plane, similar to a clothespin 
(see Fig. 3-26). Tapered distal stem geometries are inherently 
less stiff than cylindrical ones (see Fig. 3-22) and hâve been 
associated with minimal thigh pain. 

A considérable amount of data supports a superiority of 
cementless fémoral fixation in younger patients. Takenaga et 
al. reported a sériés of extensively porous-coated stems in 
patients 59 years of âge or younger. At a minimum of 10 years 
after surgery no stems showed radiographie signs of loosen- 
ing or had undergone révision for loosening. Survivorship 
was better than in a cohort of cemented stems from the same 
institution. McLaughlin and Lee reported a sériés of single- 
wedge design stems in patients younger than 50 years. At a 
mean foliow-up of 16 years, no stems showed radiographie 
loosening. Costa, Johnson, and Mont reported 96% survivor¬ 
ship at mean follow-up of 5 years in a sériés of patients 
who had arthroplasty at a mean âge of 20 years. Evidence 


supporting the use of cementless fémoral fixation in patients 
over the âge of 75 is less compelling. Registry data and indi- 
vidual sériés both call attention to a higher rate of révision 
for periprosthetic fractures in this population. 

■ SPECIALIZED AND CUSTOM-MADE 
FEMORAL COMPONENTS 

The adoption of minimally invasive surgical techniques has 
generated interest in shorter bone-sparing fémoral implants. 
Some are novel implants designed to fit within the intact 
ring of bone of the fémoral neck (Fig. 3-28). Others are 
shortened versions of existing designs described previously 
(see Fig. 3-21C). These implants hâve been used most com- 
monly in minimally invasive anterior approaches where 
access to the fémoral canal is more difficult. A shorter stem 
also avoids the problem of proximal-distal mismatch 
encountered with conventional length stems in Dorr type A 
fémurs. Data supporting the use of these implants are 
limited. The surgical technique must be more précisé to 
avoid malalignment and undersizing. Subsidence has been 
reported more commonly with some designs. 

Despite the large array of fémoral components available, 
deformity or bone loss from congénital conditions, trauma, 
tumors, or previous surgery may make it impossible for any 
standard stem to fit the fémur or restore adequately the posi¬ 
tion of the fémoral head. Several types of calcar replacement 
fémoral components (see Fig. 3-25C) are available for patients 
with loss of varying amounts of the proximal fémur in lieu of 
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Metha short hip stem. Designed for less-invasive 
surgery with rétention of fémoral neck and metaphyseal fixation 
(shown with modular neck). (Courtesy Aesculap Implant Systems, 
LLC, Center Valley, PA.) 



the use of bone graffs. Limb salvage procedures for some 
malignant or aggressive benign bone and soff-tissue tumors 
may require a customized component. Modular segmentai 
replacement stems also are used in patients with extensive 
fémoral bone loss from multiple failed arthroplasty proce¬ 
dures and periprosthetic fractures (Fig. 3-29). Rarely, a 
prosthesis may be required to replace the entire fémur, incor- 
porating hip and knee arthroplasties. 

Customized, cementless, CT-generated computer-assisted 
design/computer-assisted manufacturing (CAD/CAM) pros- 
theses hâve been recommended when preoperative planning 
indicates that an off-the-shelf prosthesis cannot provide 
optimal fit or when excessive bone removal would be required. 
Such implants require a carefully made preoperative CT scan 
of the acetabulum, hip joint, and fémur. An identical broach 
is supplied with the implant to préparé the fémur. Custom¬ 
ized fémoral components also hâve been recommended for 
révision surgery with proximal fémoral osteolysis, congénital 
hip dislocation, excessively large fémurs, and grossly abnor¬ 
mal anatomy and when a fracture has occurred below the tip 
of a fémoral stem. With the prolifération of newer révision 
stem designs and techniques of fémoral osteotomy for révi¬ 
sion procedures, custom stems are seldom needed in our 
practice. 

ACETABULAR COMPONENTS 

Acetabular components can be broadly categorized as 
cemented or cementless. Acetabular reconstruction rings also 
are discussed in this section. 


Specialized fémoral components for replace¬ 
ment of variable length of proximal fémur. Orthogenesis limb 
préservation System uses modular segmentai replacement stem 
for replacement of large segment of proximal fémur. Stem can 
be combined with total knee replacement to replace entire 
fémur. (Courtesy Depuy Synthes, Warsaw, IN.) 


■ CEMENTED ACETABULAR COMPONENTS 

The original sockets for cemented use were thick-walled poly- 
ethylene cups. Vertical and horizontal grooves offen were 
added to the external surface to increase stability within the 
cernent mantle, and wire markers were embedded in the 
plastic to allow better assessment of position on postoperative 
radiographs. Many of these designs are still in regular use. 
More recent designs hâve modifications that ensure a more 
uniform cernent mantle. PMMA spacers, typically 3 mm in 
height, ensure a uniform cernent mantle and avoid the phe- 
nomenon of “bottoming out,” which results in a thin or dis- 
continuous cernent mantle (Fig. 3-30). A flange at the rim of 
the component aids in pressurization of the cernent as the cup 
is pressed into position. 

Despite such changes in implant design, the long-term 
survivorship of cemented acetabular components has not 
substantially improved. Consequently, there has been a trend 
toward cementless fixation of acetabular components in most 
patients. The simplicity and low cost of all-polyethylene com¬ 
ponents make them a satisfactory option in older, low- 
demand patients. 
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JP Acetabular component designed for cernent 
fixation. Textured surface and polymethyl méthacrylate spacers 
optimize cernent mantle and cement-prosthesis interface. (Cour- 
tesy Smith & Nephew, Memphis, TN.) 


Cemented acetabular fixation also is used in some tumor 
reconstructions and when operative circumstances indicate 
that bone ingrowth into a porous surface is unlikely, as in 
révision arthroplasty in which extensive acetabular bone 
grafting has been necessary. In these instances, a cemented 
acetabular component often is used with an acetabular recon¬ 
struction ring (see Fig. 3-34). 

■ CEMENTLESS ACETABULAR COMPONENTS 

Most cementless acetabular components are porous coated 
over their entire circumference for bone ingrowth. Instru¬ 
mentation typically provides for oversizing of the implant 1 
to 2 mm larger than the reamed acetabulum as the primary 
method of press-fit fixation. Fixation of the porous shell with 
transacetabular screws has become commonplace but carries 
some risk to intrapelvic vessels and viscera and requires flex¬ 
ible instruments for screw insertion. Analyses of retrieved 
porous acetabular components showed that bone ingrowth 
occurs most reliably in the vicinity of the fixation devices, 
such as pegs or screws. The most extensive ingrowth has been 
reported in components initially fixed with one or more 
screws. Pegs, fins, and spikes driven into prepared recesses in 
the bone provide some rotational stability, but less than that 
obtained with screws. The use of these other types of supplé¬ 
mentai fixation devices has declined as manufacturers hâve 
incorporated highly porous métal coatings with improved 
initial press-fixation (Figs. 3-31 and 3-32). Solid métal shells 
without screw holes hâve not proven bénéficiai in reducing 
the presence or size of osteolytic lésions; their use has conse- 
quently diminished over the past decade. 

Most Systems feature a métal shell with an outside diam- 
eter of 40 to 75 mm that is used with a modular liner. With 
this combination, a variety of fémoral head sizes, typically 
22 to 40 mm, can be accommodated according to the 
patient s need and the surgeons preference. The liner must be 
fastened securely within the métal shell. These mechanisms 
of fixation hâve been under increasing scrutiny because in 



Zimmer trabecular métal acetabular compo¬ 
nent with various modular augments for bony deficiencies. (Cour- 
tesy Zimmer Biomet, Warsaw, IN.) 


vivo dissociation of polyethylene liners from their métal 
backings has been reported. In addition, micromotion 
between the nonarticulating side of the liner and the interior 
of the shell may be a source of polyethylene débris génération, 
or “backside wear.” Récognition of this problem has led to 
improvements in the fixation of the liner within the métal 
shell, and some designs also hâve included polishing the inte¬ 
rior of the shell. Monoblock acetabular components with 
nonmodular polyethylene also hâve been produced to allevi- 
ate the problem of backside wear but hâve not proven to be 
superior to modular implants. 

With the adoption of newer bearing surfaces such as 
ceramic-on-ceramic and metal-on-metal designs, manufac¬ 
turers hâve introduced acetabular components that will 
accept any of a variety of insert types. Newer locking mecha¬ 
nisms typically incorporate a taper junction near the rim for 
hard bearings. The polyethylene locking mechanism may be 
recessed within the shell where it is less susceptible to damage 
if impingement from the fémoral neck occurs (Fig. 3-32B). 

Finally, the issue of excessive wear of thin shells of poly¬ 
ethylene is a major concern. The métal backing must be of 
sufhcient thickness to avoid fatigue failure, and there must be 
a corresponding decrease in thickness of the polyethylene 
liner for a component of any given outer diameter. High 
stresses within the polyethylene are likely when the thickness 
of the plastic is less than 5 mm, leaving the component at risk 
for prématuré failure as a resuit of wear. To maintain sufhcient 
thickness of the polyethylene, a smaller head size must be 
used with an acetabular component that has a small outer 
diameter. 
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R3 acetabular component. A f Hemispherical 
shell with optimal screw fixation and highly porous titanium 
coating. B f Locking mechanism is recessed to avoid thin polyeth- 
ylene at rim and accept various bearing inserts. (Courtesy Smith & 
Nephew Orthopaedics, Memphis, TN.) 


Most modem modular acetabular components are 
supplied with a variety of polyethylene liner choices. Some 
designs incorporate an élévation over a portion of the cir- 
cumference of the rim, whereas others completely reorient 
the opening face of the socket up to 20 degrees. Still other 
designs simply lateralize the hip center without reorienting 
its opening face (Fig. 3-33). Lateralization also allows for the 
use of a larger-diameter head while maintaining adéquate 
polyethylene thickness. Such designs can compensate for 
slight aberrations in the placement of the métal shell and 
improve the stability of the articulation; however, with ele- 
vated rim liners, motion can be increased in some directions 
but decreased in others. An improperly positioned élévation 
in the liner can cause impingement rather than relieve it, 
rendering the joint unstable. With larger-diameter fémoral 
heads, elevated rim liners are being used less frequently. 

A constrained acetabular component includes a mecha¬ 
nism to lock the prosthetic fémoral head into the polyethyl¬ 
ene liner. The tripolar-style mechanism features a small inner 
bipolar bearing that articulâtes with an outer true liner (Fig. 
3-34A). The bipolar segment is larger than the introitus of the 
outer liner, preventing dislocation. Other designs use a liner 
with added polyethylene at the rim that deforms to capture 
the fémoral head. A locking ring is applied to the rim to 
prevent escape of the head (Fig. 3-34B). Indications for con¬ 
strained liners include insufficient soft tissues, déficient hip 
abductors, neuromuscular disease, and hips with récurrent 
dislocation despite well-positioned implants. Constrained 
acetabular liners hâve reduced range of motion compared 
with conventional inserts. Consequently, they are more prone 
to failure because of prosthetic impingement. A constrained 
liner should not be used to compensate for an improperly 
positioned shell, and skirted fémoral heads should be avoided 
in combination with constrained inserts. 

A dual mobility acetabular component is an uncon- 
strained tripolar design. The implant consists of a porous- 
coated métal shell with a polished interior that accepts a large 
polyethylene bail into which a smaller métal or ceramic head 
is inserted (Fig. 3-35). The two areas of articulation share the 



Array of liner options available with contemporary modular acetabular System: standard fiat liner (A); posterior lip 
without antéversion (B); 4-mm lateralized fiat (C); anteverted 20 degrees (D). (Courtesy Smith & Nephew, Memphis, TN.) 
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A f Tripolar design with small bipolar shell captured 

Stryker Orthopaedics, Mahwah, NJ; B f Courtesy Zimmer Biomet, Warsaw, IN 


within outer lines. B f Peripheral locking ring design. (A Courtesy 
.) 



Dual mobility acetabular component. Porous- 
coated shell with polished interior, large polyethylene head, and 
smaller inner bearing. (Courtesy Stryker Orthopaedics, Mahwah, NJ.) 


same motion center. The design effectively increases the head 
size and the head-neck ratio of the construct. Implant 
impingement is reduced and stability is improved without 
reducing the range of motion as with constrained implants. 
A modular métal shell and insert are available for cases in 
which screw fixation may be required. In a large sériés of 
primary total hip arthroplasties using a dual mobility implant, 
Combes et al. reported a dislocation rate of 0.88%. Wegrzyn 
et al. reported dislocations in 1.5% of révision cases. Also 
reported are intraprosthetic dislocations between the small 
head and polyethylene bail. As with constrained acetabular 
devices, dual mobility components cannot be relied on to 
compensate for technical errors in implant positioning. 

Custom components for acetabular reconstruction rarely 
are indicated. Most déficient acetabula can be restored to a 


hemispherical shape, and a standard, albeit large, acetabular 
component can be inserted. In patients with a large superior 
segmentai bone deficiency, the resulting acetabular recess is 
elliptical rather than hemispherical. A cementless acetabular 
component with modular porous métal augments (see Fig. 
3-31) can be used instead of a large structural graft or exces- 
sively high placement of a hemispherical component. Aug¬ 
ments of various sizes are screwed into bony defects to 
support the acetabular component. The augments are joined 
to the implant with the use of bone cernent. 

Historically, métal rings, wire mesh, and other materials 
hâve been used to improve acetabular fixation. Tfiese devices 
were intended to reinforce cernent, and generally their long- 
term performance was poor. More recently, numerous ace¬ 
tabular reconstruction rings hâve been introduced to allow 
bone grafting of the déficient acetabulum behind the ring, 
rather than relying on cernent on both sides of the device. 
(Cernent is used only to secure an all-polyethylene acetabular 
component to the ring.) The reconstruction ring provides 
immédiate support for the acetabular component and pro- 
tects bone grafts from excessive early stresses while union 
occurs. Tfiese devices are commonly referred to as antipro- 
trusio rings and cages. 

The preferred devices are those with superior and inferior 
plate extensions that provide fixation into the ilium and the 
ischium (Fig. 3-36). Success with these devices dépends on 
sélection of the proper device and careful attention to tech¬ 
nique. Implantation of the antiprotrusio cage requires full 
exposure of the external surface of the posterior column for 
safe positioning and screw insertion. Alternatively, the infe¬ 
rior plate can be inset into a prepared recess in the ischium 
without the need for inferiorly placed screws. For ail types of 
devices, dôme screws are placed before the plates are attached 
to the external surface of the ilium. Results to date seem to 
be best when the device is supported superiorly by intact host 
bone rather than by bone grafts. These implants do not 
provide for long-term biologie fixation and are prone to 
fracture and loosening. The advent of highly porous métal 
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Contour antiprotrusio cage has titanium 
support ring fixed to ilium and ischium with screws. Alternatively, 
inferior fin can be impacted into ischium without screws. (Courtesy 
Smith & Nephew, Memphis, TN.) 


implants has reduced the need for cages in current practice. 
Rarely, an antiprotrusio cage may be used in tandem with a 
révision acetabular shell. This “cup-cage” construct has 
greater potential for biologie fixation. 

■ ALTERNATIVE BEARINGS 

Osteolysis secondary to polyethylene particulate débris has 
emerged as the most notable factor endangering the long- 
term survivorship of total hip replacements. Several alterna¬ 
tive bearings hâve been advocated to diminish this problem, 
particularly in younger, more active patients who are at 
higher risk for rapid polyethylene wear. Newer highly cross- 
linked polyethylenes, metal-on-metal articulations, and 
ceramic-on-ceramic bearings ultimately may supplant con- 
ventional polyethylene, but each has potential pitfalls. 

I HIGHLY CROSSLINKED POLYETHYLENE 

Historically, polyethylene implants hâve been sterilized by 
subjecting them to 2.5 Mrad of either electron-beam or 
gamma radiation. These processes produce free radicals in 
the material, however, predisposing the polyethylene to oxi- 
dation and rendering it more susceptible to wear. Higher 
doses of radiation can produce polyethylene with a more 
highly crosslinked molecular structure. Initial testing of this 
material has shown remarkable wear résistance. Crosslinking 
is accomplished by either gamma or electron-beam radiation 
at a dose between 5 and 10 Mrad. However, the radiation 
process also generates uncombined free radicals. If these are 
allowed to remain, the material is rendered more susceptible 
to severe oxidative dégradation. The concentration of these 
free radicals can be reduced by a postirradiation heating 
process, either remelting or annealing. Remelting entails 
heating the material above its melting point (approximately 
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135° C). Free radicals are virtually eliminated with remelting, 
but the crystallinity of the resulting material is also reduced. 
The decrease in crystallinity diminishes the material proper- 
ties of polyethylene, particularly fracture toughness and ulti- 
mate tensile strength. Annealing refers to a process of heating 
the material just below the melting point. This avoids the 
réduction in crystallinity and conséquent réduction in 
mechanical properties, but annealing is less effective than 
remelting in extinguishing residual free radicals. Newer 
manufacturing methods hâve sought to mitigate the deleteri- 
ous effects of remelting. Soaking the radiated polyethylene in 
vitamin E (or vitamin E “doping”) appears to be effective in 
scavenging free radicals without a remelting stage. Another 
process applies the radiation in three smaller doses with 
annealing affer each stage. Terminal sterilization is most 
commonly done with either gas plasma or ethylene oxide 
because gamma radiation would generate additional free 
radicals. The processes used by individual manufacturers for 
production of highly crosslinked polyethylenes are proprie - 
tary and differ in the initial resin used, the amount and type 
of radiation used, the use of postirradiation thermal Process¬ 
ing, and the method of terminal sterilization. Although early 
clinical results for ail methods are encouraging, the long- 
term performance of these materials may vary and will need 
to be studied individually. 

Test data from contemporary hip simulators hâve shown 
an 80% to 90% réduction in wear with highly crosslinked 
polyethylenes. When tested in conditions of third-body wear 
with abrasive particulates or against a roughened counterface, 
crosslinked polyethylene has improved wear performance 
substantially compared with conventional polyethylene. 
Muratoglu et al. showed that the wear rate of this material is 
not related to the size of the fémoral head within the range 
of 22 to 46 mm in diameter. Consequently, larger fémoral 
head sizes can be used. Highly crosslinked polyethylenes 
remain within current American Society for Testing and 
Materials standards, but concerns hâve been raised over the 
potential for fatigue, délamination, and implant fracture 
when a thin liner is used to accommodate a large-diameter 
head. Prior attempts to improve the performance of polyeth¬ 
ylene hâve universally failed. Carbon fiber reinforcement, 
heat pressing, and Hylamer (DePuy, Warsaw, IN) are notable 
examples. 

Early clinical results hâve shown réductions in wear that 
are less dramatic than those predicted in hip simulators. The 
bedding-in process is similar with highly crosslinked and 
conventional polyethylenes and impacts calculations of wear 
rates with short-term clinical studies. Longer follow-up is 
needed to assess the true wear réduction affer the bedding-in 
process is complété and a steady State of wear is reached. It 
also is important to view reports of wear “réduction” in the 
context of the quality and performance of the material used 
as the control. 

There are now a sufficient number of studies with 10-year 
follow-up to conclude that the performance of highly cross¬ 
linked polyethylenes surpasses that of conventional polyeth¬ 
ylene. Snir et al. found that affer an initial bedding-in period, 
there was an annual mean wear rate of 0.05 mm/year with 
a first-génération highly crosslinked polyethylene. Using 
précision radiostereometric analysis, Glyn-Jones et al. mea- 
sured steady-state wear of only 0.003 mm/year at 10 years. In 
a sériés of patients younger than 50 years, Babovic and 
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Trousdale noted no radiographie evidence of osteolysis at 10 
years and a mean wear rate of 0.02 mm/year. The available 
data indicate a wear rate for highly crosslinked polyethylenes 
as well below the generally accepted osteolysis threshold of 
0.1 mm/year. 

Fémoral head size appears to hâve less of an effect on 
highly crosslinked polyethylene than on conventional mate- 
rial. Allepuz et al. published data aggregated from six national 
and régional registries that showed no différence in wear rates 
with 32-mm heads compared with smaller diameter sizes. 
Lachiewicz, Soileau, and Martell reported no différence in 
linear wear rates with 36- to 40-mm heads compared with 
smaller sizes; however, volumétrie wear was higher in patients 
with larger diameter heads. Most of the published data involve 
head sizes of 32 mm and smaller. Tower et al. reported four 
fractures of a highly crosslinked polyethylene liner in a design 
with thin polyethylene at the rim and a relatively vertical 
position of the acetabular component. Using an excessively 
thin polyethylene liner purely to accommodate a larger head 
is still to be avoided. 

Highly crosslinked polyethylene liners from most manu- 
facturers are compatible with existing modular acetabular 
components. The liner can be replaced with the newer mate- 
rial without revising the shell in the event of reoperation for 
osteolysis, dislocation, or at the time of révision of the fémoral 
component. An array of liner options is available as has been 
the case with conventional polyethylene (see Fig. 3-33). 

I METAL-ON-METAL BEARINGS 

The clinical expérience with metal-on-metal hip arthroplasty 
now exceeds 40 years. Although some implants hâve survived 
with a remarkably low wear rate, others hâve failed because 
of flawed materials sélection, poor manufacturing tolérances, 
inadéquate clearance between implants, and impingement. 
Autopsy retrieval of implants that hâve survived long term 
has been invaluable in determining désirable features for a 
new génération of these implants. 

High-carbon (>0.20% carbon) cobalt-chromium alloy 
has been demonstrated to hâve lower wear rates than low- 
carbon alloys. After investment casting of high-carbon cobalt- 
chromium alloy, large blocky carbides are precipitated 
throughout the métal matrix. These carbides are approxi- 
mately five times harder than the metallic matrix, approxi- 
mately the same as alumina ceramic. A high Carbide content 
confers wear résistance on a metal-on-metal articulation and 
is a désirable feature. Wrought material has a smaller grain 
size with a fine, homogenous distribution of carbides. 

Diamétral clearance refers to the gap between the two 
implants at the equator of the articulation and may be the 
most important variable affecting wear of the couple. Smaller 
clearances tend to produce fluid film lubrication and reduced 
wear. Inadéquate clearance leads to équatorial contact 
between the implants, however, and the resulting high fric- 
tional torque may be responsible for the high loosening rate 
seen with some earlier-génération metal-on-metal implants. 
Conversely, too large a clearance leads to reduced surface 
contact, loss of effective lubrication, and more rapid wear. 
Current implants promote primarily polar contact with a 
clearance in the range of 100 to 200 pm, depending on the 
diameter of the head. With a monoblock métal acetabular 
component, elastic deformation occurring during implanta¬ 
tion can reduce clearance. 


This couple also has been described as “self-healing” 
because minor surface damage may be polished smooth over 
time. Hip simulator data and retrieval analysis hâve yielded 
combined wear rates less than 10 pm/yr for modem metal- 
on-metal articulations. Large-diameter heads (>54 mm) hâve 
been associated with reduced wear. The particle size is much 
smaller than polyethylene, however, and the number of par- 
ticles is larger. 

Patients with metal-on-metal hip replacements hâve 
elevated levels of cobalt and chromium ions in sérum, éryth¬ 
rocytes, and urine compared with patients with metal-on- 
polyethylene arthroplasties. The methods for measurement of 
these ion levels are complex, and there are no uniform stan¬ 
dards for reporting. The long-term exposure to these ions 
raises concerns of malignancies. In a long-term follow-up of 
579 patients with metal-on-metal total hip replacements, 
Visuri et al. found no increase in cancer rates. A substantially 
larger sériés would be required to hâve the statistical power 
to rule out such an association, but at présent there is no 
causal link between elevated métal ion levels and the develop¬ 
ment of malignancies. 

Métal ions are excreted in the urine. Impaired rénal func- 
tion can resuit in large increases in sérum levels of cobalt and 
chromium. These implants are contraindicated in patients 
with established or impending rénal failure. Few data are 
available concerning the placental transport of métal ions. It 
would seem prudent to avoid metal-on-metal implants in 
younger women of childbearing âge. 

Willert described a delayed-type hypersensitivity reac¬ 
tion in approximately 0.3% of patients with metal-on-metal 
hip arthroplasties. Local tissues are characterized by a peri- 
vascular lymphocytic infiltrate on biopsy, and the histologie 
présentation has been termed aseptie lymphocytic vasculitis- 
associated lésion (ALVAL). Patients présent with pain local- 
ized around the hip with or without evidence of loosening 
Révision of the implant may be required for relief of 
symptoms. 

More recently, various adverse local tissue reactions hâve 
been reported in association with metal-on-metal bearings. 
Patients présent with a spectrum of findings, including pain, 
periarticular fluid accumulation, solid mass formation (or 
so-called pseudotumor), and, rarely, extensive tissue necrosis, 
including the hip abductors. The phenomenon appears 
related to wear débris and corrosion products. Implant mal¬ 
position, particularly a high acetabular abduction angle (>50 
degrees), has been associated with increased wear and local 
tissue reactions. Excessive antéversion also may be deleteri- 
ous. Women and those with smaller-diameter fémoral heads 
are more at risk. Tribocorrosion at the modular taper junc- 
tion also has been implicated as a source of adverse local 
tissue reactions in patients with large diameter metal-on- 
metal total hip components. In these patients, sérum cobalt 
levels often are elevated more than chromium levels. 

The true incidence of local tissue reactions remains unde- 
termined but in April 2010 was deemed sufficient to prompt 
the United Kingdoiris Medicines and Healthcare Products 
Regulatory Agency (MHRA) to issue a Medical Device Alert 
on metal-on-metal hip replacements. Recommendations for 
symptomatic patients include measurement of blood cobalt 
and chromium ion levels and/or cross-sectional imaging 
including MRI or ultrasound. The United States Food and 
Drug Administration (FDA) has not issued such an alert but 
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has made extensive recommendations available to providers 
on its website. The recent problems with metal-on-metal 
bearings hâve led to a precipitous décliné in their use. Because 
of the evolving nature of these issues, surgeons who choose 
to implant these devices should stay abreast of current recom¬ 
mendations from regulatory bodies and their professional 
organizations. 

I CERAMIC-ON-CERAMIC BEARINGS 

Alumina ceramic has many properties that make it désirable 
as a bearing surface in hip arthroplasty. Because of its high 
density, implants hâve a surface finish smoother than métal 
implants. Ceramic is harder than métal and more résistant to 
scratching from third-body wear particles. The linear wear 
rate of alumina-on-alumina has been shown to be 4000 times 
less than cobalt-chrome alloy-on-polyethylene. Hamadouche 
et al. measured ceramic wear at less than 0.025 mm/yr in a 
sériés of patients with a minimum of 18.5 years’ follow-up. 

Early ceramic implants yielded disappointing clinical 
results because of flawed implant designs, inadéquate fixa¬ 
tion, implant fracture, and occasional cases of rapid wear with 
osteolysis. Numerous improvements hâve been made in the 
manufacture of alumina ceramics since the 1980s. Hot iso- 
static pressing and a threefold decrease in grain size hâve 
substantially improved the burst strength of the material. 
Refinements in the tolérances of the Morse taper hâve reduced 
the incidence of ceramic head fracture further. In addition, 
proof testing validâtes the strength of each individual implant 
before release. The fracture rate of current alumina ceramic 
heads is approximately 4 in 100,000. 

Impingement between the fémoral neck and rim of the 
ceramic acetabular component créâtes problems unique to 
this type of articulation. Impact loading of the rim can produce 
chipping or complété fracture of the acetabular bearing. 
Répétitive contact at extremes of motion also can lead to 
notching of the métal fémoral neck by the harder ceramic and 
initiate failure through this relatively thin portion of the 
implant. In past sériés, ceramic wear has been greater when 
the acetabular component has been implanted in an exces- 
sively vertical orientation. Ceramic-on-ceramic arthroplasties 
may be more sensitive to implant malposition than other 
bearings. “Stripe wear” has been reported on retrieved ceramic 
heads. This term describes a long, narrow area of damage 
resulting from contact between the head and the edge of the 
ceramic liner. Microseparation of the implants during the 
swing phase of gait is a recognized phenomenon. Walter et al. 
mapped the position of stripes on retrieved implants, however, 
and proposed they occur with edge loading when the hip is 
flexed, as with rising from a chair or stair climbing. 

Enthusiasm for ceramic-on-ceramic implants has recently 
been somewhat tempered by reports of reproducible noise, 
particularly squeaking. The incidence is generally low but in 
some sériés has exceeded 10% and has been a source of dis¬ 
satisfaction requiring révision. The onset of squeaking usually 
occurs more than 1 year affer implantation, and the develop¬ 
ment of strip wear has been implicated in noise génération. 
A spécifie cementless fémoral component with unique metal- 
lurgy and taper size has been implicated in several reports. 
Vibrations generated at the articulating surfaces may be 
amplified by a more flexible stem, resulting in audible events. 
The etiology of squeaking has not been fully elucidated and 
is likely multifactorial. 


Osteolysis has been reported around first-génération 
alumina ceramic implants in instances of high wear. Wear 
particles are typically produced in smaller numbers and are 
of smaller size than seen with polyethylene, however, and the 
cellular response to ceramic particles seems to be less. 
Alumina ceramic is inert, and ion formation does not occur. 
There hâve been no adverse systemic effects reported with 
ceramic bearings. 

Oxidized zirconium (OXINIUM, Smith & Nephew, 
Memphis, TN) is a zirconium métal alloy that is placed 
through an oxidation process to yield an implant with a zir¬ 
conia ceramic surface. The enhanced surface is intégral to the 
métal substrate and not a surface coating. So-called cerami- 
cized metals are not susceptible to chipping, flaking, or frac¬ 
ture as are other ceramics. Compared with cobalt chromium 
alloy, the material contains no détectable nickel and has 
therefore been recommended for patients with demonstrated 
métal hypersensitivity. Oxidized zirconium is currently avail¬ 
able only in fémoral head components mated with polyethyl¬ 
ene and not as a ceramic-on-ceramic couple. Reduced wear 
has been reported when oxidized zirconium is mated with a 
conventional polyethylene acetabular component. Aoude et 
al. found no différence in wear rates between cobalt chro¬ 
mium and oxidized zirconium when mated with highly cross- 
linked polyethylene. The material is more prone to surface 
damage than conventional ceramic heads after épisodes of 
dislocation. 

Ongoing investigation with composites of alumina and 
zirconia ceramic (BIOLOX delta, CeramTec GmbH, Plochin- 
gen, Germany) holds promise for further improvement in the 
material properties of these implants. Excellent wear proper¬ 
ties and increased fracture toughness hâve been reported for 
this material, but few clinical data exist to détermine fracture 
rates compared with alumina ceramic implants. 

Acetabular components comprise a ceramic insert that 
mates with a métal shell by means of a taper junction. As with 
metal-on-metal components, lipped and offset liners are 
unavailable. The locking mechanism for a given implant may 
not be compatible with other types of inserts. Chipping of the 
insert on implantation has been reported in multiple sériés. 
Spécial care should be taken during the operative assembly 
of the acetabular component to ensure that the insert is prop- 
erly oriented before impaction. Métal backing of the insert 
has been advocated to prevent insertional chips and protect 
the rim of the ceramic from impingement. Alumina ceramic 
fémoral heads are manufactured with only a limited range of 
neck lengths, and skirted heads are unavailable. Careful pre- 
operative planning with templates is required to ensure that 
the neck resection is made at an appropriate level for restora- 
tion of hip mechanics with the range of neck lengths 
available. 


INDICATIONS FOR TOTAL HIP 
ARTHROPLASTY 

Originally, the primary indication for total hip arthroplasty 
was the alleviation of incapacitating arthritic pain in patients 
older than âge 65 years whose pain could not be relieved 
sufficiently by nonsurgical means and for whom the 
only surgical alternative was resection of the hip joint (Gir- 
dlestone resection arthroplasty) or arthrodesis. Of secondary 


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS 



Disorders of the Hip Joint for Which Total Hip 
Arthroplasty May Be Indicated 


Inflammatory arthritis 
Rheumatoid 
Juvénile idiopathic 
Ankylosing spondylitis 

Osteoarthritis (degenerative joint disease, hypotrophie 
arthritis) 

Primary 

Secondary 

Developmental dysplasia of hip 
Coxa plana (Legg-Calvé-Perthes disease) 

Posttraumatic 

Slipped capital fémoral epiphysis 
Paget disease 
Hemophilia 
Osteonecrosis 
Idiopathic 

Post fracture or dislocation 
Steroid induced 
Alcoholism 

Hemoglobinopathies (sickle cell disease) 

Lupus 

Rénal disease 
Caisson disease 
Gaucher disease 

Slipped capital fémoral epiphysis 
Failed reconstruction 
Osteotomy 
Hemiarthroplasty 

Resection arthroplasty (Girdlestone procedure) 
Resurfacing arthroplasty 


importance was the improved function of the hip. After the 
operation had been documented to be remarkably successful, 
the indications were expanded to include the other disorders 
listed in Box 3-1. 

Historically, patients 60 to 75 years old were considered 
the most suitable candidates for total hip arthroplasty, but 
since the 1990s this âge range has expanded. With an aging 
population, many older individuals are becoming candidates 
for surgery. In a review of 99 procedures in patients 80 years 
of âge and older, Brander et al. found that complication rates 
and length of hospital stay were not significantly different 
from a control group of younger individuals and that func- 
tional gains were similar. Advanced âge in itself is not a con- 
traindication to surgery; poor outcomes seem to be related 
more to comorbidities than to âge alone. 

The 1994 National Institutes of Health Consensus State- 
ment on Total Hip Replacement concluded that “THR [total 
hip replacement] is an option for nearly ail patients with 
diseases of the hip that cause chronic discomfort and signifi- 
cant functional impairment.” In younger individuals, total hip 
arthroplasty is not the only reconstruction procedure avail- 
able for a painful hip, however. Charnley warned that (1) the 
procedures suitable for older patients may not be suitable for 
younger patients; (2) the problems in bilateral disease are 


different from the problems in unilatéral disease; (3) the 
treatment for an arthritic hip with good range of motion is 
different from the treatment for an arthritic hip with poor 
range of motion; and (4) the demands on the hip in a laborer 
are greater than the demands in a sedentary worker. The 
potential for failure in young patients and the increased risk 
of infection and other complications should révision of the 
procedure become necessary must be emphasized. 

Fémoral or periacetabular osteotomy should be consid¬ 
ered for young patients with osteoarthritis if the joint is not 
grossly incongruous and satisfactory motion is présent. Peri¬ 
acetabular osteotomy in patients with dysplasia may decrease 
the need for structural bone graffing if later conversion to 
arthroplasty is needed. If an osteotomy relieves symptoms for 
10 years or more, and then an arthroplasty is required, the 
patient will hâve been able to engage in more physical activity, 
bone stock will hâve been preserved, and the patient will be 
older and less physically active and will need the use of an 
arthroplasty for fewer years. Core décompression, vascular- 
ized fibular graffing, and osteotomy should be considered for 
patients with idiopathic osteonecrosis of the fémoral head, 
especially when involvement is limited. Management of fem- 
oroacetabular impingement should be considered in suitable 
candidates. Arthrodesis is still a viable option for young, vig- 
orous patients with unilatéral hip disease and especially for 
young, active men with osteonecrosis or posttraumatic arthri¬ 
tis. If necessary at a later âge, the arthrodesis can be converted 
to a total hip arthroplasty. 

Before any major reconstruction of the hip is recom- 
mended, conservative measures should be advised, including 
weight loss, analgésies, reasonable activity modification, and 
possibly the use of a cane. These measures offen relieve the 
symptoms enough to make an operation unnecessary or at 
least delay the need for surgery for a significant period. When 
surgery is anticipated in a young individual with a physically 
demanding occupation, considération should be given pre- 
operatively to job retraining in a more sedentary vocation. If 
the demand on the hip is lessened, the need for surgery may 
be delayed, and ideally the patient may remain gainfully 
employed after surgery. 

Surgery is justified if, despite these measures, pain at 
night and pain with motion and weight bearing are severe 
enough to prevent the patient from working or from carrying 
out activities of daily living. Pain in the presence of a degen¬ 
erative or destructive process in the hip joint as evidenced on 
imaging studies is the primary indication for surgery. In our 
opinion, patients with limitation of motion, limp, or leg- 
length inequality but with little or no hip pain are not candi¬ 
dates for total hip arthroplasty. 

In a study of a large inpatient database, Rasouli et al. 
found a higher risk of systemic complications with bilateral 
total hip procedures carried out under a single anesthetic. 
Stavrakis et al. found a higher rate of sepsis, but no différence 
in other complications. The major indication is a medically 
fit patient with bilateral severe involvement with stiffness or 
fixed flexion deformity because réhabilitation may be difficult 
if surgery is done on one side only. Elderly patients with other 
comorbidities are not suitable candidates for such a proce¬ 
dure. A documented patent ductus arteriosus or septal defect 
is an absolute contraindication. More intensive intraoperative 
monitoring, including an arterial line, pulmonary artery 
cathéter, and urinary cathéter, is recommended. The surgeon 
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should décidé in concert with the anesthesiologist as to 
whether the second procedure could be completed safely. 


CONTRAINDICATIONS TO TOTAL 
HIP ARTHROPLASTY 

Absolute contraindications for total hip arthroplasty include 
active infection of the hip joint or any other région and any 
unstable medical illnesses that would significantly increase 
the risk of morbidity or mortality. Other relative contraindi¬ 
cations include morbid obesity, severe dementia, tobacco use, 
severe osteoporosis, untreated skin conditions such as psoria¬ 
sis, and absence or relative insufficiency of the abductor mus¬ 
culature. Asymptomatic bacteriuria has not been associated 
with postoperative surgical site infections and should not be 
considered a contraindication. Although perioperative glycé¬ 
mie control seems important, hemoglobin Aie levels are also 
not reliable for predicting postoperative infection. According 
to Charnley, total hip arthroplasty can be done in the prés¬ 
ence of a chronic, low-grade infection in the opposite hip 

PREOPERATIVE EVALUATION 

Total hip arthroplasty is a major surgical procedure associ¬ 
ated with a significant number of complications. Conse- 
quently, when total hip arthroplasty seems indicated, patients 
must be evaluated carefully, especially for systemic disorders 
and for general debility that may contraindicate an elective 
major operation. Preoperative medical consultation is recom- 
mended. We hâve been impressed with the number of patients 
whose preoperative évaluation identified unsuspected prob- 
lems requiring correction before hip surgery, such as cardiac, 
pulmonary, and rénal disorders, hypertension, poorly con- 
trolled diabètes, and undetected malignancy. 

Careful patient évaluation before surgery is important in 
total hip arthroplasty because many complications are pos¬ 
sible aff er surgery; some catastrophic or even fatal. Of primary 
importance is determining whether the pain is sufficient to 
justify a major elective operation. Comorbidities known to be 
inhérent to elderly patients should be considered, especially 
cardiopulmonary disease, infections, and the propensity for 
thromboembolism. Functional limitations from an arthritic 
hip may mask the symptoms of coronary or peripheral vas- 
cular disease. A thorough general medical évaluation, includ- 
ing laboratory tests, is a recognized prerequisite that affords 
the clinician the opportunity to uncover and treat various 
problems before surgery. 

Aspirin and other antiinflammatory and antiplatelet 
médications should be discontinued 7 to 10 days before 
surgery, and oral anticoagulants such as warfarin should be 
discontinued in sufficient time for coagulation studies to 
return to normal. A bridging program with a short-acting 
anticoagulant such as enoxaparin may be required when dis- 
continuing warfarin. The spécifies should be coordinated 
with the medical consultant. Many herbal médications and 
nutritional suppléments may cause increased perioperative 
blood loss, and we recommend that these médications be 
discontinued preoperatively. Pyogénie skin lésions should be 
eradicated, and preoperative skin préparation with chlorhexi¬ 
dine for several days should be considered. Urinary rétention 
caused by prostatic or bladder disease and dental problems 
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should be addressed before surgery. Cessation of tobacco 
products can reduce postoperative complications. 

If a patient has a history of previous surgery, purulent 
drainage from the hip, or other indications of ongoing infec¬ 
tion, laboratory investigation including érythrocyte sédimen¬ 
tation rate (ESR) and C-reactive protein (CRP), nuclear scans, 
and a culture and sensitivity détermination of an aspirate of 
the hip are advisable before surgery. Infection must be sus- 
pected if part of the subchondral bone of the acetabulum or 
fémoral head is eroded or if bone has been resorbed around 
an internai fixation de vice. 

The physical examination should include the spine and 
the upper and lower extremities. The soft tissues around the 
hip should be inspected for any inflammation or scarring 
where the incision is to be made. Gentle palpation of the hip 
and thigh may reveal areas of point tenderness or a soft-tissue 
mass. The strength of the abductor musculature should be 
determined by the Trendelenburg test. The lengths of the 
lower extremities should be compared, and any fixed defor- 
mity should be noted. Adduction contracture of the hip can 
produce apparent shortening of the limb despite equally mea- 
sured leg lengths. Abduction contracture conversely produces 
apparent lengthening. Fixed flexion deformity of the hip 
forces the lumbar spine into lordosis on assuming an upright 
posture and may aggravate lower back pain symptoms. Con¬ 
versely, fixed lumbar spine deformity from scoliosis or anky- 
losing spondylitis may produce pelvic obliquity, which must 
be taken into account when positioning the implants. When 
the hip and the knee are both severely arthritic, usually the 
hip should be operated on first. Hip arthroplasty may alter 
knee alignment and mechanics. Also, knee arthroplasty is 
technically more difficult when the hip is stiff, and réhabilita¬ 
tion would be hampered. 

An alternative or additional diagnosis should be consid¬ 
ered. The complaint of “hip pain” can be brought about by a 
variety of afflictions, and arthritis of the hip joint is one of the 
less common ones. True hip joint pain usually is perceived in 
the groin and latéral hip, sometimes in the anterior thigh, and 
occasionally in the knee. Arthritic pain usually is worse with 
activity and improves to some degree with rest and limited 
weight bearing. Pain in atypical locations and of atypical 
character should prompt a search for other problems. Pain 
isolated to the buttock or posterior pelvis offen is referred 
from the lumbar spine, sacrum, or sacroiliac joint. Arthritis 
offen coexists in the hip and lumbar spine. A total hip arthro¬ 
plasty done to relieve symptoms predominantly referred from 
the lumbar spine would do little to improve the patients 
condition. Likewise, surgical intervention in the face of mild 
hip arthritis when the pain is actually caused by unrecognized 
vascular claudication, trochanteric bursitis, pubic ramus frac¬ 
ture, or an intraabdominal problem subjects the patient to 
needless risk. 

The Harris, Iowa (Larson), Judet, Andersson, and 
dAubigné and Postel Systems for recording the status of the 
hip before surgery are useful for evaluating postoperative 
results. Pain, ability to walk, function, mobility, and radio¬ 
graphie changes are recorded. As yet, no particular hip rating 
System has been uniformly adopted. The Harris System is the 
most frequently used (Box 3-2). 

Adoption of a single rating System by the orthopaedic 
community would help standardize the reporting of results. 
Rating Systems hâve been criticized as being subjective, for 
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Harris Hip Evaluation (Modified) 


Nonunion, fémoral neck and trochanteric fractures with 
head involvement 
Pyogénie arthritis or osteomyelitis 
Hematogenous 
Postoperative 
Tuberculosis 

Hip fusion and pseudarthrosis 
Bone tumor involving proximal fémur or acetabulum 
Hereditary disorders (e.g., achondroplasia) 


downgrading the importance of pain relief and for emphasiz- 
ing range of motion rather than functional capabilities as a 
resuit of hip motion. Improved motion in the hip is of little 
benefit if one is still unable to dress the foot and trim the 
toenails. The Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) considers the functional 
abilities of patients with hip arthritis in greater depth than 
spécifie hip rating Systems. The 36-item short form health 
survey (SF-36) is a more generic survey of health and well- 
being. These two tools offen are used in addition to a hip 
rating score in reporting results. A frank discussion of the 
patients expectations of the operation may reveal unattain- 
able goals or suggest that an alternative procedure may be 
préférable. 

General inhalation anesthésia or régional anesthésia can 
be used for the surgery. The choice should be made in col¬ 
laboration with the anesthesiologist and may be based on 
institutional protocols or the spécifie needs of the patient. The 
introduction of multimodal pain management protocols has 
been an important adjunct to the surgical anesthetic. Preemp- 
tive analgesia including lumbar plexus blockade, local 
infiltration of long-acting local anesthetics, celecoxib, and 
long-acting oral analgésies is useful. 

Finally, preoperative éducation classes and institutional 
réhabilitation protocols hâve proven to be useful adjuncts in 
shortening hospital stays and reducing readmissions. With 
careful patient sélection, proactive management of comor- 
bidities, preoperative éducation, and the use of preemptive 
analgesia, we hâve reduced length of stay for most patients to 
a single hospital day. In carefully selected younger patients, 
we are now performing total hip arthroplasty as an outpatient 
procedure in both hospital and surgery center settings. As 
payers, including CMS (Centers for Medicare & Medicaid 
Services), transition to bundled payment méthodologies, 
strategies to reduce cost while maintaining patient safety will 
become even more important for maintaining surgeon com¬ 
pensation for hip arthroplasty procedures. 

PREOPERATIVE RADIOGRAPHS 

Before surgery, radiographs of the hip s are reviewed and, if 
indicated, radiographs of the spine and knees are obtained. 
An anteroposterior view of the pelvis showing the proximal 
fémur and a latéral view of the hip and proximal fémur are 
the minimal views required. Radiographs of the pelvis should 
be reviewed specifically to evaluate the structural integrity of 
the acetabulum, to estimate the size of the implant required 


and how much reaming would be necessary, and to détermine 
whether bone graffing would be required. Significant protru¬ 
sion or periacetabular osteophyte formation may make dislo¬ 
cation of the hip difficult. In patients with developmental 
dysplasia, the pelvis should be evaluated with spécial care to 
détermine the amount of bone stock présent for fixation of 
the cup. In patients with previous acetabular fractures, obtu- 
rator and iliac oblique views are obtained, in addition to the 
routine anteroposterior view of the hip, because a significant 
defect may be présent in the posterior wall. A three- 
dimensional CT scan also is helpful in evaluating the acetabu¬ 
lum in these complex cases. 

The width of the medullary canal also is noted because it 
may be narrow, especially in patients with dysplasia or dwarf- 
ism. In these instances, a fémoral component with a straight 
stem may be needed. In Paget disease, old fractures of the 
fémoral shaft, or congénital abnormalities, a latéral radio- 
graph of the proximal fémur may reveal a significant anterior 
bowing that may make préparation of the canal more difhcult. 
If excessive bowing or a rotational deformity is présent, 
fémoral osteotomy may be required before or in addition to 
the arthroplasty. Appropriate instruments must be available 
to remove any internai fixation devices implanted during pre¬ 
vious surgery (see the section on failed reconstructive proce¬ 
dures); otherwise, the procedure may be unduly prolonged. 

Preoperative planning should include the use of tem- 
plates supplied by the prosthesis manufacturer. Careful tem- 
plating before surgery removes much of the guesswork during 
surgery and can shorten operative time by eliminating répéti¬ 
tion of steps. The wide array of implant sizes and fémoral 
neck lengths allows précisé fitting to the patient, but it also 
allows for major errors in implant sizing and limb length 
when used without careful planning. Templating aids in 
selecting the type of implant that would restore the center of 
rotation of the hip and provide the best fémoral fit and in 
judging the level of bone resection and sélection of the neck 
length required to restore equal limb lengths and fémoral 
offset. 


PREOPERATIVE TEMPLATING FOR 
TOTAL HIP ARTHROPLASTY 


TECHNIQUE 3-1 


(CAPELLO) 

■ Make an anteroposterior pelvic radiograph and a latéral 
view of the affected hip. The pelvic film must include the 
upper portion of both fémurs and the entire hip joint. 

■ Position the hips in 15 degrees of internai rotation to 
delineate better fémoral geometry and offset. Fémoral 
offset will be underestimated when the hips are posi- 
tioned in external rotation. 

■ On the latéral view, place the fémur fiat on the roentgen 
cassette to avoid distortion and include the upper portion 
of the fémur. 

■ On each view, tape a magnification marker (with lead 
spheres 100 mm apart) to the thigh so that the marker 
is parallel to the fémur and is the same distance from the 
film as the bone. 
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■ Tape the marker to the upper médial thigh for the antero- 
posterior view and move it to the anterior thigh for the 
latéral view. 

■ Measure the distance between the centers of the spheres 
to estimate the amount of magnification of the radio- 
graph. For a standard pelvic radiograph, magnification is 
approximately 20%. 

■ Templates are marked as to their degree of magnification. 
Take any discrepancy into account when templating. 

■ Draw a line at the level of and parallel to the ischial 
tuberosities that intersects the lesser trochanter on each 
side (Fig. 3-37A) and compare the two points of intersec¬ 
tion and measure the différence to détermine the amount 
of limb shortening. 

■ Place the acetabular overlay templates on the film and 
select the size that matches the contour of the patient's 
acetabulum without excessive removal of subchondral 
bone. The médial position of the acetabular template is 
at the teardrop and the inferior margin at the level of the 
obturator foramen. Mark the center of the acetabular 
component on the radiograph (Fig. 3-37B); this corre¬ 
sponds to the new center of rotation of the hip. 

■ Place the fémoral overlay templates on the film and select 
the size that most precisely matches the contour of the 
proximal canal and fills it most completely (Fig. 3-37C). 
Make allowance for the thickness of the desired cernent 
mantle if cernent is to be used. 

■ Select the appropriate neck length to restore limb length 
and fémoral offset. If no shortening is présent, match the 
center of the head with the previously marked center of 
the acetabulum. If a discrepancy exists, the distance 
between the fémoral head center and the acetabular 
center should be equal to the previously measured limb- 
length discrepancy (Fig. 3-37D). 

■ When the neck length has been selected, mark the level 
of anticipated neck resection and measure its distance 
from the top of the lesser trochanter to use as a reference 
intraoperatively. Template the fémur on the latéral view 
in a similar manner to ascertain whether the implant 
determined on the anteroposterior film can be inserted 
without excessive bone removal (Fig. 3-37E). 

■ Measure the diameter of the canal below the tip of the 
stem to détermine the size of the medullary plug if 
cernent is to be used. 

■ If a fixed external rotation deformity of the hip is présent, 
templating is inaccurate. 

■ If the opposite hip is without deformity, template the 
normal hip and transpose the measurements to the opér¬ 
ative side as a secondary check. 


Many modifications of this technique are commonly 
used. For determining leg-length discrepancy, a line between 
the inferior edge of the acetabular teardrop (interteardrop 
line) or the bottom of the obturator foramen (interobturator 
line) can be used as the reference line. Perpendicular 
measurements to the proximal corner of each lesser trochan¬ 
ter are compared to compute the leg-length discrepancy. 
Meerman et al. found measurements from the interteardrop 
line to be more accurate than those from the ischium. 


Digital radiographs are now commonplace in orthopae- 
dic practice. Templating digital images requires specialized 
software and a library of précision templates supplied by each 
manufacturer that can be manipulated on a high-resolution 
computer monitor in a manner similar to that described for 
conventional films. A number of software packages are com- 
mercially available and may be intégral to a picture archiving 
and communication System (PACS) or acquired as a separate 
module. Magnification is assessed in a manner similar to that 
used for conventional radiographs with a marker of known 
size placed at the level of the hip joint. The software then 
calibrâtes the image, and the digital templates are scaled to 
the correct degree of magnification. The subséquent steps are 
spécifie to the software package but generally mimic the 
process described for acetate templates used on printed 
radiographs. Iorio et al. and Whiddon et al. found acceptable 
accuracy with digital templating. Eliminating the cost of 
printing films and having a permanent archive of the preop- 
erative plan are clear advantages of digital methods. 

PREPARATION AND DRAPING 

An operating table that tilts easily is recommended, especially 
if the patient is placed in the latéral position. If the patient is 
not anchored securely, the proper position in which to place 
the acetabular component is difficult to détermine. A variety 
of pelvic positioning devices are commercially available for 
this purpose. Positioning devices should be placed so as not 
to impede the motion of the hip intraoperatively, otherwise 
assessing stability is difhcult. Also, the positioning devices 
should be placed against the pubic symphysis or the anterior 
superior iliac spines so that no pressure is applied over the 
fémoral triangles or limb ischemia or compression neuropa- 
thy may resuit. We also hâve used suction-deflated beanbags 
for this purpose, but dedicated hip positioning devices are 
more secure. Bony prominences and the peroneal nerve 
should be padded, especially if a lengthy procedure is 
expected. If the patient is to be operated on in the supine 
position, a small pad is placed beneath the buttock of the 
affected hip; this is especially helpful in obese patients because 
it tends to allow the loose adipose tissue to drop away from 
the site of the incision. 

The adhesive edges of a U-shaped plastic drape are 
applied to the skin to seal off the périnéal and gluteal areas, 
and the hip and entire limb are prepared with a suitable bac- 
tericidal solution. The foot preferably is covered with a stocki- 
nette, and the final drapes should be of an impervious material 
to allow abundant irrigation without fear of contaminating 
the field. If anterior dislocation of the hip is anticipated in the 
latéral position, a draping System that incorporâtes a stérile 
pocket suspended across the anterior side of the operating 
table is helpful; this allows the leg to be placed in the bag 
while the fémur is being prepared and delivered back onto 
the table without contaminating the stérile field. 


SURGICAL APPROACHES 
AND TECHNIQUES 

Many variations hâve evolved in the surgical approaches and 
techniques used for total hip arthroplasty. This is in keeping 
with the natural tendency of surgeons to individualize 
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Templating of radiographs for preoperative planning (Capello). A f Line is drawn across bottom of pelvis. Différence 
in point of intersection on fémurs approximates amount of limb shortening. B f Acetabular template that corresponds most closely to 
subchondral bone plate with adéquate latéral coverage is placed in appropriate position, and hip's new center of rotation is marked. 
C f Fémoral template that most closely matches proximal and distal size and contour of fémoral metaphysis is placed in correct orienta¬ 
tion. D, Neck length and offset are estimated. In this case, -fO neck length gives vertical height needed to correct amount of limb 
shortening marked below, and high offset stem is needed to restore offset. Anticipated level of neck resection is marked. 


operations according to their own clinical and educational 
expériences. The surgical approaches differ chiefly as to 
whether the patient is operated on in the latéral or the supine 
position and whether the hip is dislocated anteriorly or 
posteriorly. 

The choice of spécifie surgical approach for total hip 
arthroplasty is largely a matter of personal preference and 
training. The surgical protocol for a given total hip System 
may advocate a certain approach, as reflected in the tech¬ 
nique manual. In reality, virtually ail total hip fémoral and 
acetabular components can be properly implanted through 
numerous approaches, provided that adéquate exposure is 


obtained. Each approach has relative advantages and 
drawbacks. 

The original Charnley technique used the antérolatéral 
surgical approach with the patient supine, osteotomy of the 
greater trochanter, and anterior dislocation of the hip. This 
approach is used much less commonly now as a resuit of 
problems related to reattachment of the greater trochanter. 
Amstutz advocated the antérolatéral approach with osteot¬ 
omy of the greater trochanter, but with the patient in the 
latéral rather than the supine position. The Müller technique 
also uses the antérolatéral approach with the patient in the 
latéral position but includes release of only the anterior part 
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E, Fémoral size is confirmée! on Lowenstein latéral view. F and G f Completed arthroplasty corresponds to pre- 
operative plan. Implants are properly sized, and leg length and offset are correctly restored. SEE TECHNIQUE 3-1. 


of the abductor mechanism. The Hardinge direct latéral 
approach is done with the patient supine or in the latéral 
position. A muscle-splitting incision through the gluteus 
médius and minimus allows anterior dislocation of the hip 
and affords excellent acetabular exposure. Residual abductor 
weakness and limp after this approach may be the resuit of 
avulsion of the repair of the anterior portion of the abductors 
or of direct injury to the superior gluteal nerve. The Dali 
variation of this approach involves removal of the anterior 
portion of the abductors with an attached thin wafer of bone 
from the anterior edge of the greater trochanter to facilitate 
their later repair. Abductor function is better after bony reat- 
tachment of the anterior portions of these muscles. Head 
et al. used a modification of the direct latéral approach, in 
which the patient is in the latéral position and the vastus 
lateralis is reflected anteriorly in continuity with the anterior 


euff of the abductors. This approach allows much greater 
exposure of the proximal fémur than the Hardinge approach 
and is more appropriate for révision surgery. Keggi described 
a supine anterior approach through the médial border of the 
tensor fascia lata muscle; variations of this approach hâve 
become popular recently and are advocated for a reduced risk 
of posterior dislocation. Fémoral exposure is more difficult 
through this so-called direct anterior approach, and injury to 
the latéral fémoral cutaneous nerve can be problematic. The 
postérolatéral approach with posterior dislocation of the hip 
requires placing the patient in the latéral position and has 
proven satisfactory for primary and révision surgery. Expo¬ 
sure of the anterior aspect of the acetabulum can be difficult, 
and historically the postoperative dislocation rate is higher 
with the postérolatéral approach than with the antérolatéral 
or direct latéral approaches. 
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The spécifie technique for implantation of a given total 
hip System varies according to the method of skeletal fixation; 
the préparation for ancillary fixation devices for the acetabu- 
lum; the shape of the fémoral component; the length of the 
stem; and the assembly of modular portions of the acetabular 
component, the fémoral head, and, with some Systems, the 
fémoral component itself. The instrumentation supplied with 
a System is spécifie for that System and always should be used. 
The manufacturer supplies a technique manual with the 
System that gives a précisé description of the instruments and 
the manner in which they are to be used for correct implanta¬ 
tion of the components. Although instruments in various 
Systems serve similar purposes, there may be substantial dif¬ 
férences in their configurations and in the way they are 
assembled and used. The surgeon and scrub nurse should 
become thoroughly familiar with ail of the instrumentation 
before proceeding with the operative procedure. A practice 
session with plastic bone models or cadaver is useful before 
using a new prosthesis for the first time. 

Considering the number of total hip Systems in current 
use, this text cannot discuss the particular points of ail or any 
one of them. A general technical guideline is presented 
for exposure and insertion of cemented and cementless 
fémoral and acetabular components, along with points 
germane to many types of implants. Additional steps are 
required for préparation and insertion of certain implants, 
and the manufacturer s technique must always be followed in 
these instances. The techniques presented here are for the 
posterior and direct anterior approaches; the préparation of 
the fémur and acetabulum is similar for other approaches (see 
Chapter 1). A traditional approach is presented here. Although 
a less extensile exposure may be appropriate in most cases 
(see section, “Minimally Invasive Techniques”), it is impor¬ 
tant for surgeons to understand the full array of soft-tissue 
releases that may be needed in stiff hips and more complex 
procedures. 

TOTAL HIP ARTHROPLASTY THROUGH 
POSTEROLATERAL APPROACH 


POSTEROLATERAL APPROACH 
WITH POSTERIOR DISLOCATION 
OF THE HIP 

The postérolatéral approach is a modification of posterior 
approaches described by Gibson and by Moore (see 
Chapter 1). The approa ch can be extended proximally by 
osteotomy of the greater trochanter with anterior disloca¬ 
tion of the hip (see section on trochanteric osteotomy). 
The approach can be extended distally to allow a postéro¬ 
latéral approach to the entire fémoral shaft. We use the 
postérolatéral approach for primary and révision total hip 
arthroplasty. 


TECHNIQUE 3-2 


■ With the patient firmly anchored in the straight latéral 
position, make a slightly curved incision centered over the 
greater trochanter. Begin the skin incision proximally at a 


point level with the anterior superior iliac spine along a 
line parallel to the posterior edge of the greater trochan¬ 
ter. Extend the incision distally to the center of the greater 
trochanter and along the course of the fémoral shaft to 
a point 10 cm distal to the greater trochanter (Fig. 3-38A). 
Adéquate extension of the upper portion of the incision 
is required for reaming of the fémoral canal from a supe¬ 
rior direction, and the distal extent of the exposure is 
required for préparation and insertion of the acetabular 
component from an anteroinferior direction. 

■ Divide the subeutaneous tissues along the skin incision in 
a single plane down to the fascia lata and the thin fascia 
covering the gluteus maximus superiorly. 

■ Dissect the subeutaneous tissues from the fascial plane 
for approximately 1 cm anteriorly and posteriorly to make 
identification of this plane easier at the time of closure. 

■ Divide the fascia in line with the skin wound over the 
center of the greater trochanter. 

■ Bluntly split the gluteus maximus proximally in the direc¬ 
tion of its fibers and coagulate any vessels within the 
substance of the muscle. 

■ Extend the fascial incision distally far enough to expose 
the tendinous insertion of the gluteus maximus on the 
posterior fémur. 

■ Bluntly dissect the anterior and posterior edges of the 
fascia from any underlying fibers of the gluteus médius 
that insert into the undersurface of this fascia. Suture 
moist towels or laparotomy sponges to the fascial 
edges anteriorly and posteriorly to exclude the skin, 
prevent desiccation of the subeutaneous tissues, and 
collect cernent and bone débris generated during the 
operation. 

■ Insert a Charnley or similar large self-retaining retractor 
beneath the fascia lata at the level of the trochanter. Take 
care not to entrap the sciatic nerve beneath the retractor 
posteriorly. 

■ Divide the trochanteric bursa and bluntly sweep it poste¬ 
riorly to expose the short external rotators and the pos¬ 
terior edge of the gluteus médius. The posterior border 
of the gluteus médius is almost in line with the fémoral 
shaft, and the anterior border fans anteriorly. 

■ Maintain the hip in extension as the posterior dissection 
is done. Flex the knee and internally rotate the extended 
hip to place the short external rotators under tension. 

■ Palpate the sciatic nerve as it passes superficial to the 
obturator internus and the gemelli. Complété exposure 
of the nerve is unnecessary unless the anatomy of the hip 
joint is distorted. 

■ Palpate the tendinous insertions of the piriformis and 
obturator internus and place tag sutures in the tendons 
for later identification at the time of closure. 

■ Divide the short external rotators, including at least the 
proximal half of the quadratus femoris, as close to their 
insertion on the fémur as possible. Maintaining length of 
the short rotators facilitâtes their later repair. Coagulate 
vessels located along the piriformis tendon and terminal 
branches of the médial circumflex artery located within 
the substance of the quadratus femoris. Reflect the short 
external rotators posteriorly, protecting the sciatic nerve. 

■ Bluntly dissect the interval between the gluteus minimus 
and the superior capsule. Insert blunt cobra or Hohmann 
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A, Skin incision for postérolatéral approach to hip. B, Complétée! posterior soft-tissue dissection. C f Neck eut planned 
at appropriate level and angle by using trial components of templated size. D f Anterior capsule divided along course of psoas tendon 
sheath. E f Fémur retracted well anteriorly to allow unimpeded access to acetabulum. (A f B f and E redrawn from Capello WN: Uncemented 
hip replacement, Tech Orthop 1:11, 1986; also Courtesy Indiana University School of Medicine.) SEE TECHNIQUE 3-2. 


retractors superiorly and inferiorly to obtain exposure of 
the entire superior, posterior, and inferior portions of the 
capsule. 

■ Divide the entire exposed portion of the capsule immedi- 
ately adjacent to its fémoral attachment. Retract the 
capsule and preserve it for later repair (Fig. 3-38B). 

■ To détermine leg length, insert a Steinmann pin into the 
ilium superior to the acetabulum and make a mark at a 
fixed point on the greater trochanter. Measure and record 
the distance between these two points to détermine 
correct limb length after trial components hâve been 
inserted. Make ail subséquent measurements with the 
limb in the identical position. Minor changes in abduction 
of the hip can produce apparent changes in leg-length 
measurements. We currently use a device that enables 
the measurements of leg length and offset (Fig. 3-39). 


■ Dislocate the hip posteriorly by flexing, adducting, and 
gently internally rotating the hip. 

■ Place a bone hook beneath the fémoral neck at the level 
of the lesser trochanter to lift the head gently out of the 
acetabulum. The ligamentum teres usually is avulsed from 
the fémoral head during dislocation. In younger patients, 
however, it may require division before the fémoral head 
can be delivered into the wound. 

■ If the hip cannot be easily dislocated, do not forcibly 
internally rotate the fémur because this can cause a frac¬ 
ture of the shaft. Instead, ensure that the superior and 
inferior portions of the capsule hâve been released as far 
anteriorly as possible. Remove any osteophytes along the 
posterior rim of the acetabulum that may be incarcerating 
the fémoral head. If the hip still cannot be dislocated 
without undue force (most often encountered with 
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Device for intraoperative leg-length measure- 
ment. Sharp pin is placed in pelvis above acetabulum or iliac crest, 
and measurements are made at fixed point on greater trochanter. 
Adjustable outrigger is calibrated for measurement of leg length 
and fémoral offset. SEE TECHNIQUE 3-2. 


S protrusio deformity), divide the fémoral neck with an 
oscillating saw at the appropriate level and subsequently 
remove the fémoral head segment with a corkscrew or 
divide it into several pièces. 

■ After dislocation of the hip, deliver the proximal fémur 
into the wound with a broad, fiat retractor. 

■ Excise residual soft tissue along the intertrochanteric line 
and expose the upper edge of the lesser trochanter. 

■ Mark the level and angle of the proposed osteotomy of 
the fémoral neck with the electrocautery or with a shallow 
eut with an osteotome. Many Systems hâve a spécifie 
instrument for this purpose. If not, plan the osteotomy 
by using a trial prosthesis (Fig. 3-38C). Use the stem size 
and neck length trials determined by preoperative 
templating. 

■ Align the trial stem with the center of the fémoral shaft 
and match the center of the trial fémoral head with that 
of the patient. The level of the neck eut should be the 
same distance from the top of the lesser trochanter as 
determined by preoperative templating. 

■ Perform the osteotomy with an oscillating or reciprocat- 
ing power saw. If this eut passes below the junction of 
the latéral aspect of the neck and greater trochanter, a 
separate longitudinal latéral eut is required. Avoid notch- 
ing the greater trochanter at the junction of these two 
cuts because this may prédisposé to fracture of the 
trochanter. 

■ Remove the fémoral head from the wound by dividing 
any remaining soft-tissue attachments. Keep the head on 
the stérile field because it may be needed as a source of 
bone graft. 


EXPOSURE AND PREPARATION OF THE ACETABULUM 

■ Isolate the anterior capsule by passing a curved clamp 
within the sheath of the psoas tendon. 

■ Retract the fémur anteriorly with a bone hook to place 
the capsule under tension. 

■ Carefully divide the anterior capsule between the jaws of 
the clamp (Fig. 3-38D). 

■ Place a curved cobra or Hohmann retractor in the interval 
between the anterior rim of the acetabulum and the 
psoas tendon (Fig. 3-38E). Erroneous placement of this 
retractor over the psoas muscle can cause injury to the 
fémoral nerve or adjacent vessels. The risk increases with 
a more inferior placement of the retractor. The safest 
position is near the level of the anterosuperior iliac spine. 
Place an additional retractor beneath the transverse ace- 
tabular ligament to provide inferior exposure. 

■ Retract the posterior soft tissues with a right-angle retrac¬ 
tor placed on top of a laparotomy sponge to avoid com¬ 
pression or excessive traction on the sciatic nerve. As an 
alternative, place Steinmann pins or spike retractors into 
the posterior column. Avoid impaling the sciatic nerve or 
placing the pins within the acetabulum, where they 
would interfère with acetabular préparation. 

■ Retract the fémur anteriorly and medially and rotate it 
slightly to détermine which position provides the best ace¬ 
tabular exposure. If after complété capsulotomy the fémur 
cannot be fully retracted anteriorly, divide the tendinous 
insertion of the gluteus maximus, leaving a 1-cm euff of 
tendon on the fémur for subséquent reattachment. 

■ Complété the excision of the labrum. Draw the soft tissues 
into the acetabulum and divide them immediately adjacent 
to the acetabular rim. Keep the knife blade within the 
confines of the acetabulum at ail times to avoid injury to 
important structures anteriorly and posteriorly. 

■ Expose the bony margins of the rim of the acetabulum 
around its entire circumference to facilitate proper place¬ 
ment of the acetabular component. 

■ Use an osteotome to remove any osteophytes that pro- 
trude beyond the bony limits of the true acetabulum. 

■ Begin the bony préparation of the acetabulum. The pro¬ 
cedure for cartilage removal and reaming of the acetabu¬ 
lum is similar for cementless and cemented acetabular 
components. 

■ Excise the ligamentum teres and curet any remaining soft 
tissue from the région of the pulvinar. Brisk bleeding from 
branches of the obturator artery may be encountered 
during this maneuver and require cauterization. 

■ Palpate the floor of the acetabulum within the cotyloid 
notch. Occasionally, hypertrophie osteophytes completely 
cover the notch and prevent assessment of the location 
of the médial wall. Remove the osteophytes with ostéo¬ 
tomies and rongeurs to locate the médial wall. Otherwise, 
the acetabular component can be placed in an excessively 
lateralized position. 

■ Préparé the acetabulum with motorized reamers (Fig. 
3-40). Begin with a reamer smaller than the anticipated 
final size and direct it medially down to, but not through, 
the médial wall. Make frequent checks of the depth of 
reaming to ensure that the médial wall is not violated. 
This allows a few millimeters of deepening of the acetab¬ 
ulum with improved latéral coverage of the component. 
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i BeffiM Reaming of acetabulum. SEE TECHNIQUE 3-2. 


■ Direct ail subséquent reamers in the same plane as the 
opening face of the acetabulum. 

■ Retract the fémur well anteriorly so that reamers can be 
inserted from an anteroinferior direction without impinge- 
ment. If the fémur is inadequately retracted anteriorly, it 
may force reamers posteriorly, and excessive reaming of 
the posterior column occurs. Use progressive^ larger 
reamers in 1- or 2-mm incréments. 

■ Irrigate the acetabulum frequently to assess the adequacy 
of reaming and to adjust the direction of the reaming to 
ensure that circumferential reaming occurs. Reaming is 
complété when ail cartilage has been removed, the 
reamers hâve eut bone out to the periphery of the ace¬ 
tabulum, and a hemispherical shape has been produced. 

■ Expose a bleeding subchondral bone bed but maintain as 
much of the subchondral bone plate as possible. 

■ Curet any remaining soft tissue from the floor of the 
acetabulum and excise any overhanging soft tissues 
around the periphery of the acetabulum. Search for sub¬ 
chondral cysts within the acetabulum and remove their 
contents with small curved curets. 

■ Fill the cavities with morselized cancellous bone obtained 
from the patient's fémoral head or acetabular reamings 
and impact the graft with a small punch. 

■ Before insertion of the acetabular component, ensure 
that the patient remains in the true latéral position. If the 
pelvis has been rotated anteriorly by forceful anterior 
retraction of the fémur, the acetabular component can 
easily be placed in a retroverted position, which may 
prédisposé to postoperative dislocation. Most Systems 
hâve trial acetabular components that can be inserted 
before final implant sélection to détermine the adequacy 
of fit, the presence of circumferential bone contact, and 
the adequacy of the bony coverage of the component; 
using the trial components also allows the surgeon to 
make a mental note of the positioning of the component 
before final implantation. 



Acetabular quadrant System described by 
Wasielewski et al. for determining safe screw placement 
(see text). Quadrants are formed by intersections of lines A and 
B. Line A extends from anterior superior iliac spine (ASIS) through 
center of acetabulum to posterior aspect of fovea, dividing ace¬ 
tabulum in half. Line B is drawn perpendicular to line A at mid- 
point of acetabulum, dividing it into quadrants: anterosuperior, 
anteroinferior, posterosuperior, and posteroinferior. (Redrawn 
from Wasielewski RC, Cooperstein LA, Kruger MP, et al: Acetabular 
anatomy and the transacetabular fixation of screws in total hip arthro- 
plasty, J Bone Joint Surg 72A:501, 1990.) SEE TECHNIQUE 3-4. 


■ Proceed with implantation of either a cementless or 
cemented acetabular component. 


COMPONENT IMPLANTATION 


IMPLANTATION OF CEMENTLESS 
ACETABULAR COMPONENT 

The size of the implant is determined by the diameter of 
the last reamer used. An acetabular component that is the 
same size as the last reamer has intimate contact with bone 
but no intrinsic stability. Fixation must be augmented with 
fins, spikes, or screws. A component that is oversized by 1 
to 2 mm can be press-fit into position to provide a greater 
degree of initial stability. Attempts to impact a much larger 
component into position results in diminished congruency 
between the bone and porous surface and incomplète 
seating of the component against the médial wall. It also 
might fracture the acetabulum. 

Major intrapelvic and extrapelvic vessels and nerves are 
at risk for injury with erroneously placed transacetabular 
screws. Wasielewski et al. devised a clinically useful System 
for determining safe areas for placement of the screws. The 
System is based on two lines, one drawn from the anterior 
superior iliac spine through the center of the acetabulum 
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and the other drawn perpendicular to the first, creating four 
quadrants: anterosuperior, anteroinferior, posterosuperior, 
and posteroinferior (Fig. 3-41). Screws placed through the 
anterosuperior quadrant emerge within the pelvis danger- 
ously close to the external iliac artery and vein. Screws 
passing through the anteroinferior quadrant may injure the 
obturator nerve and vessels. Screws placed through the 
posterosuperior and posteroinferior quadrants do not 
emerge within the pelvis, but they may pass into the sciatic 
notch and endanger the sciatic nerve and superior gluteal 
vessels. The drill bit and screw threads can be palpated in 
the vicinity of the sciatic notch, however, as they emerge 
so that injury of these structures can be avoided. The pos¬ 
terosuperior quadrant is the safest, and screws longer than 
25 mm frequently can be placed through strong bone in 
this area. The anterosuperior quadrant should be avoided 
if possible. In a subséquent study, Wasielewski et al. found 
that only the peripheral halves of the posterior quadrants 
were safe for screw placement when the acetabular com- 
ponent was implanted with a high hip center. 


TECHNIQUE 3-3 


■ Place the operating table in a completely level position 
and ensure that the patient remains in the true latéral 
position. 

■ Expose the acetabulum circumferentially and retract or 
excise any redundant soft tissues that may be drawn into 
the acetabulum as the component is inserted. 

■ Préparé the appropriate recesses for any ancillary fixation 
devices présent on the component as specified by the 
manufacturées technique. 

■Attach the acetabular component to the positioning 
device included with the System instrumentation. Be 
certain of the means by which the positioning device 
orients the Socket. Usually a rod emerging from the posi¬ 
tioning device is oriented either parallel or perpendicular 
to the floor to détermine the proper angle of abduction 
(or inclination) (Fig. 3-42A). An additional extension from 
the alignment device détermines antéversion (or forward 
flexion) in relation to the axis of the trunk of the patient 
(Fig. 3-42B). The optimal inclination of the component is 
40 to 45 degrees. The optimal degree of antéversion is 
20 degrees. 

■ The transverse acetabular ligament also is a useful ana¬ 
tomie reference for component positioning. Place the 
component parallel and just superior to the ligament. 

■ If the fémoral component is of an anatomie design, with 
antéversion already built in the fémoral neck, position the 
socket in only 10 to 15 degrees of antéversion. Excessive 
antéversion of the socket in this case may resuit in ante- 
rior dislocation. Carefully reassess the positioning of the 
implant before impaction because it may be difficult to 
extricate or change if malpositioned. The edges of the 
component should match the position of the trial implant 
fairly closely. If they do not, carefully reassess the position¬ 
ing of the patient and the insertion device. 

■ Maintain the alignment of the positioning device as the 
component is impacted into position. A change in pitch 
is heard as the implant seats against subchondral bone. 


Reassess the positioning; if it is satisfactory, remove the 
positioning device. 

■ Examine the subchondral bone plate through any avail- 
able holes in the component to confirm intimate contact 
between implant and bone. If a gap is présent, impact 
the component further. 

■ If screws are to be used for ancillary fixation, place them 
preferably in the posterosuperior quadrant. Use a flexible 
drill bit and a screwdriver with a universal joint to insert 
the screws from within the métal shell. Use a drill sleeve 
to center the drill hole within the hole of the métal shell. 
If the drill hole is placed eccentrically or at too steep an 
angle, as the screw is inserted its threads may engage the 
edge of the hole in the métal shell and lift it away from 
the bone as the screw is advanced; this requires reposi- 
tioning and reimpaction of the implant. Additionally, if a 
screw is placed eccentrically, the edge of the head may 
sit proud within the screw hole and prevent insertion of 
the liner. Bicortical purchase usually can be obtained with 
screws in the posterior quadrants. 

■ Confirm screw length with an angled depth gauge. Self- 
tapping 6.5-mm screws are preferred. Use a screw- 
holding clamp to maintain alignment of the screw as the 
self-tapping threads become engaged. Screw alignment 
cannot be maintained by a screwdriver with a universal 
joint. Ensure that the screw head seats completely and is 
recessed below the inner surface of the shell so that the 
liner can be fully seated. 

■ If screws are inserted in the posterior quadrants, palpate 
along the posterior wall and place a finger within the 
sciatic notch to protect the sciatic nerve. 

■ If the drill bit exits in close proximity to the sciatic nerve, 
use a screw slightly shorter than the measured length or 
choose a different hole. 

■ If screws must be placed in the anterior quadrants to gain 
fixation, perform drilling and screw insertion with utmost 
care. Use the shortest length drill bit with light pressure 
on the drill to avoid plunging as it pénétrâtes the opposite 
cortex. Stop the drill frequently and gently push the drill 
bit to ensure that its tip is still within bone. Avoid over- 
insertion of the depth gauge. Screw lengths of 20 mm 
or less usually are required in these quadrants unless the 
screw can be directed within the superior pubic ramus. 

■ After insertion of screws, test the stability of the compo¬ 
nent. There should be no détectable motion between 
implant and bone. If the fixation is unstable, place addi¬ 
tional screws or consider using a cemented device. 

■ With a curved osteotome, remove any osteophytes that 
protrude beyond the rim of the acetabular component. 
Pay particular attention to the anteroinferior rim. Retained 
osteophytes in this région cause impingement on the 
fémur in flexion and internai rotation, reducing motion 
and predisposing to dislocation. 

■ Irrigate any débris from within the métal shell. 

■ Insert the polyethylene liner ensuring that no soft tissue 
becomes interposed between the polyethylene liner and 
its métal backing because this would prevent complété 
seating and engagement of the locking mechanism (Fig. 
3-42C). If the System has a variety of liner options avail- 
able (see Fig. 3-33), a set of trial liners usually accompa- 
nies the instrumentation. Final sélection of the degree of 
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FIGURE 


A f Socket positioning in abduction. B f Antéversion. C f Insertion of liner. SEE TECHNIQUES 3-3 AND 3-4. 


rim élévation and the position of rotation of the offset 
within the métal shell can be delayed until the time of 
trial réduction. The center of the offset usually is placed 
superiorly or posterosuperiorly. Use the smallest offset 
that provides satisfactory stability. 


Intraoperative changes in the position of the pelvis can 
affect the accuracy of orientation of the acetabular compo- 
nent. Abduction of the hip or traction on the limb may rotate 
the pelvis in the craniocaudal plane and lead to errors in the 
abduction angle. Forceful anterior retraction of the fémur 
rotâtes the pelvis forward with the tendency to position 
the acetabular component with inadéquate antéversion if the 
surgeon relies solely on a positioning guide afhxed to the 
insertion device. The surgeon also should evaluate 


component position relative to bony landmarks. In the idéal 
position, the inferior edge of the implant should lie just 
within and parallel to the transverse ligament. The degree of 
latéral coverage of the implant should also be compared with 
the amount estimated by preoperative templating. 


IMPLANTATION OF CEMENTED 
ACETABULAR COMPONENT 

The design features of cemented acetabular components 
are discussed in the earlier section on cemented acetabular 
components. Many components incorporate numerous 
preformed PMMA pods that ensure a uniform 3-mm 
cernent mantle (see Fig. 3-31). Although some designs 
incorporate an offset or rim élévation in the polyethylene, 
the components are not modular and must be inserted as 
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a single unit. The position of rotation of the offset must be 
selected before cementing the component. All-polyethylene 
implants usually are available in relatively few sizes. There 
may be some variability in the thickness of the cernent 
mantle depending on the size of the acetabulum. The size 
of the implant can be denoted by either the outer diameter 
of the polyethylene or the outer diameter of the polyeth- 
ylene plus the additional size provided by the PMMA 
spacers. Typically, this adds 6 mm to the outer diameter of 
the implant. The size of the reamed acetabulum should be 
equal to the outer diameter of the component including 
the spacers. Otherwise, the component cannot be com- 
pletely seated. 


TECHNIQUE 3-4 


■ Place the operating table completely level. 

■ Obtain circumferential exposure of the bony rim of the 
acetabulum. 

■ Retract the fémur well anteriorly to allow unobstructed 
passage of the implant into the acetabulum. 

■Check the component positioning device again to be 
certain of its mechanism for orienting the component in 
proper position. Also, ensure that the positioner can be 
easily released from the component such that it does not 
tend to pull the component away from the cernent as it 
is polymerizing. Use a trial component to evaluate the fit 
and the bony coverage of the component when placed 
in the optimal position (see Fig. 3-38). Also note the 
relationship of the edges of the trial component to the 
bony rim so that this can be reproduced when the final 
implant is cemented. 

■ Place the implantable component on the positioner so 
that it is immediately available when the cernent is mixed. 
Do not contaminate the surface of the implant with blood 
or débris because this would compromise the cement- 
prosthesis interface. 

■ Drill multiple 6-mm holes through the subchondral bone 
plate of the ilium and ischium for cernent intrusion (Fig. 
3-43). As an alternative, 12-mm holes can be drilled in 
the ilium and ischium with additional 6-mm holes between 
them. Do not drill through the médial wall because this 
would allow cernent intrusion into the pelvis. 

■ Obturate any pénétration of the médial wall with bone 
grafts or a small wire mesh. 

■Curet any loose bone from the drill holes and remove 
débris and bone marrow from the surface of the acetabu¬ 
lum with pulsatile lavage. 

■ Thoroughly dry the acetabulum and promote hemostasis 
with multiple absorbable gelatin sponge (Gelfoam) pled- 
gets or gauze soaked in topical thrombin or 1 :500,000 
epinephrine solution. 

■ Mix one package of cernent for a smaller patient and two 
packages for a larger size acetabulum or if an injecting 
gun is used for cernent delivery. Reduce the porosity of 
the cernent by vacuum mixing. Inject the cernent in an 
early dough phase. If the cernent is chilled or injected in 
a very low-viscosity State, it runs out of the acetabulum 
and pressurization is difficult. 

■ Dry the acetabulum and suction the fixation holes with a 
small cathéter immediately before cernent injection. Inject 



FIGURE 


Fixation holes for cernent in acetabulum. SEE 


TECHNIQUE 3-4. 



Acetabular cernent pressurizer. Flexible Silastic 
dam seals rim of acetabulum while manual pressure is applied. 

SEE TECHNIQUE 3-4. 


each of the fixation holes first. Use a cernent injection 
nozzle, which has a small occlusive seal that allows pres¬ 
surization of each of the holes. Fill the remainder of the 
acetabulum with cernent injected from the gun. Pressur- 
ize the major portion of the acetabular cernent with a 
rubber impactor (Fig. 3-44). 

■ After removing the pressurizing device, carefully dry any 
blood or fluid that may hâve accumulated over the 
surface of the cernent. 

■ Some types of cernent, such as Palacos, do not pass 
through a low-viscosity State and are not easily injected 
through a gun. Such cements may be used in dough form 
and inserted manually. Change to a new pair of outer 
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gloves before handling the cernent. The bolus of cernent 
is placed into the acetabulum after it ceases to stick to 
the dry gloves and its surface becomes slightly 
wrinkled. 

■ Finger pack a smaller bolus of cernent into each of the 
previously prepared fixation holes. Distribute the remain- 
der of the cernent uniformly over the surface of the 
acetabulum and pressurize it. Remove any blood on the 
surface of the cernent with a dry sponge. 

■ Insert the acetabular component using the appropriate 
positioning device. Place the apex of the cup in the center 
of the cernent mass to distribute the cernent evenly. Note 
the relationship of the rim of the component to the bony 
margins of the acetabulum to verify that the position of 
the trial component has been reproduced. If no spacers 
are used, avoid excessive pressure because the cup can 
be bottomed out against the floor of the acetabulum, 
producing a discontinuity in the cernent mantle. 

■ Hold the positioner motionless as the cernent begins to 
polymerize. When the cernent becomes moderately 
doughy, carefully remove the positioning device. Stabilize 
the edge of the component with an instrument as the 
positioner is removed. 

■ Replace the device with a bail-type pusher inserted into 
the socket to maintain pressure as the cernent hardens. 

■ Trim the extruded cernent around the edge of the com¬ 
ponent and remove ail cernent débris from the area. 

■ After the cernent has hardened completely, test the stabil- 
ity of the newly implanted socket by pushing on several 
points around the circumference with an impactor. If any 
motion is detected or blood or small bubbles extrude 
from the interface, the component is loose and must be 
removed and replaced (see the section on removal of the 
cup and cernent from the acetabulum). 

■ Remove any residual osteophytes or cernent projecting 
beyond the rim of the implant because they may cause 
impingement and postoperative dislocation. 

■ Long-term outcomes with cemented acetabular compo- 
nents are correlated with the presence of radiolucencies 
on immédiate postoperative radiographs, emphasizing 
the importance of technique and obtaining a dry bed for 
cernent pénétration into cancellous bone. 

EXPOSURE AND PREPARATION OF THE FEMUR 

■ Place a laparotomy sponge in the depths of the acetabu¬ 
lum to protect the acetabular component and prevent the 
introduction of débris during préparation and insertion of 
the fémoral component. 

■ Expose the proximal fémur by markedly internally rotating 
the fémur so that the tibia is perpendicular to the floor 
(Fig. 3-45). Allow the knee to drop toward the floor, and 
push the fémur proximally. 

■ To deliver the proximal fémur from the wound, place a 
broad, fiat retractor deep to it and lever it upward. Retract 
the posterior edge of the gluteus médius and minimus to 
expose the piriformis fossa and to avoid injuring the 
former during préparation and insertion of the fémoral 
component. 

■ Excise any remaining soft tissue from the posterior and 
latéral aspect of the neck. Use a box osteotome or a 
specialized trochanteric router to remove any remaining 



Positioning of fémur for reaming, with patient 
in latéral position (looking down on patient). Hip is internally 
rotated, flexed, and adducted until tibia is vertical and axis of 
knee joint is horizontal. Fémoral neck now points downward 15 
to 20 degrees, and consequently table is tilted to opposite side 
for reaming of canal. (From Eftekhar NS: Principles of total hip arthro- 
plasty, St. Louis, 1978, Mosby.) SEE TECHNIQUE 3-4. 


portions of the latéral aspect of the fémoral neck and the 
médial portion of the greater trochanter to allow access 
to the center of the fémoral canal (Fig. 3-46). 

■ If inadéquate bone is removed from these areas, the stem 
may be placed in varus and may be undersized, the latéral 
fémoral cortex may be perforated, or the fémoral shaft 
or greater trochanter may be fractured. 

■ If the proximal fémoral cortex is thin, or if stress risers are 
présent because of previous internai fixation devices or 
disease, place a cerclage wire around the fémur above 
the level of the lesser trochanter to prevent inadvertent 
fracture. 


IMPLANTATION OF CEMENTLESS 
FEMORAL COMPONENT 

The design features of relevant implants are reviewed in 
the earlier section on cementless fémoral components. 
Younger patients with good quality fémoral bone are the 
best candidates for cementless fémoral fixation. Straight 
fémoral components require straight, fully fluted reamers, 
but anatomic-type components may require fémoral prépa¬ 
ration with flexible reamers to accommodate the slight 
curvature of the stem. Some designs of tapered stems 
require only broaching for canal préparation. Reaming can 
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Removal of remaining latéral edge of fémoral 
neck and médial portion of greater trochanter with box osteo- 
tome. SEE TECHNIQUE 3-4. 


be done by hand or with low-speed power reamers. Only 
the instrumentation supplied by the manufacturer should 
be used to machine the fémur to match precisely the 
fémoral stem shape being implanted. The preoperative 
plan should be reviewed for the anticipated stem size, as 
determined by templating. 


TECHNIQUE 3-5 


■ Expose the proximal fémur as described in Technique 3-2. 

■ Insert the smallest reamer at a point corresponding to the 
piriformis fossa. The insertion point is slightly posterior 
and latéral on the eut surface of the fémoral neck. An 
aberrant insertion point does not allow access to the 
center of the medullary canal. 

■ After the point of the reamer has been inserted, direct 
the handle laterally toward the greater trochanter (Fig. 
3-47). Aim the reamer down the fémur toward the médial 
fémoral condyle. If this cannot be accomplished, remove 
additional bone from the médial aspect of the greater 
trochanter, or varus positioning of the fémoral compo- 
nent results. Generally, a groove must be made in the 
médial aspect of the greater trochanter to allow proper 
axial reaming of the canal. Insert the reamer to a prede- 
termined point. Most reamers are marked so as to be 
referenced against the tip of the greater trochanter or the 
fémoral neck eut to détermine the proper depth of 
insertion. 

■ Proceed with progressively larger reamers until diaphyseal 
cortical reaming is felt. Assess the stability of the axial 
reamer within the canal. No deflection of the tip of the 
reamer in any plane should be possible. 



Reaming of fémoral canal. Hand or power 
reamers must be lateralized into greater trochanter to maintain 
neutral alignment in fémoral canal. (Redrawn Courtesy Smith & 

Nephew, Memphis, TN.) SEE TECHNIQUES 3-5 AND 3-6. 


■ If an extensively porous-coated straight stem is used, 
ream the fémoral diaphysis so that 10 to 40 mm of the 
stem fits tightly in the diaphysis, but underream the canal 
0.5 mm smaller than the cylindrical distal portion of the 
stem so that a tight distal fit can be achieved. 

■ Proceed with préparation of the proximal portion of the 
fémur. Remove the residual cancellous bone along the 
médial aspect of the neck with précision broaches. Begin 
with a broach at least two sizes smaller than the antici¬ 
pated stem. Never use a broach larger than the last 
straight or flexible reamer used. 

■ Place the broach precisely in the same alignment as the 
axial reamers. 

■ Push the broach handle laterally during insertion to 
ensure that enough latéral bone is removed and avoid 
varus positioning of the stem (Fig. 3-48). 

■ Rotate the broach to control antéversion. From the pos¬ 
terior approach, the médial aspect of the broach must be 
rotated toward the floor. 

■ Align the broach to match precisely the axis of the 
patient's fémoral neck. Do not attempt to place the 
broach in additional antéversion because this would 
lead to undersizing of the stem and insufficient rotational 
stability (Fig. 3-49). Maintain précisé control over 
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Fémoral component antéversion (as viewed 
from posterior approach). A f Stem placed in same axis as fémoral 
neck. Largest possible stem size fills metaphysis well and obtains 
rotational stability. B, Stem placed in excessive antéversion. 
Largest possible stem size does not completely fill metaphysis 
and tends to retrovert when fémur is loaded. SEE TECHNIQUES 3-5 
AND 3-6. 


Fémoral broaching. Progressively larger 
broaches are inserted, lateralizing each one to maintain neutral 
alignment. (Redrawn Courtesy Smith & Nephew, Memphis, TN.) SEE 

TECHNIQUE 3-5. 


antéversion as the broach is gently impacted down the 
canal. Seat the cutting teeth of the broach at least to the 
level of the eut surface of the neck. 

■ Proceed with progressively larger broaches, maintaining 
the identical alignment and rotation. Use even blows with 
a mallet to advance the broach. The broach should 
advance slightly with each blow of the mallet. If motion 
ceases, do not use greater force to insert the broach. 
Reassess the broach size, adequacy of distal reaming, and 
alignment and rotation of the broach. 

■ If a broach sized smaller than that anticipated by templat- 
ing cannot be fully inserted, the broach may be in varus. 
Lateralize farther into the greater trochanter with reamers 
to achieve neutral alignment in the fémoral canal and 
proceed with broaching. 

■ Seat the final broach to a point where it becomes axially 
stable within the canal and would not advance farther 
with even blows of the mallet. The cutting teeth should 
be seated at or just below the level of the preliminary 
neck eut to allow précision machining of the remaining 
neck if a collared stem is to be used. 

■ Assess the fit of the broach within the canal. The broach 
should be in intimate contact with a large portion of the 
endosteal cortex, especially posteriorly and medially. 

■ When a straight stem is used, there may be a thin rim 
of remaining cancellous bone anteriorly. Conversely, an 


anatomie stem often fills this area. If the broach seems 
to fill the canal completely, with little remaining cancel¬ 
lous bone, assess the rotational stability of the broach. 
Manually attempt to rotate the broach into a retroverted 
position. Carefully observe the broach for any motion 
within the fémoral canal. If rotational motion is évident, 
proceed to the next largest stem size. Proceed one size 
at a time with distal axial reaming and subséquent 
broaching until the broach fills the proximal fémur as 
completely as possible and adéquate axial and rotational 
stability has been achieved. 

■ When adéquate stability has been obtained, make the 
final adjustment of the neck eut. Most Systems hâve a 
précision calcar planer that fits onto a trunnion on the 
implanted broach (Fig. 3-50). Précisé préparation of the 
neck is essential if a collared stem is to be used; this step 
is optional when a collarless stem design is employed. The 
final level of the neck eut should correspond with the 
measured distance above the lesser trochanter deter- 
mined by preoperative templating. If different, adjust the 
component neck length accordingly. 

■ Select the trial neck component determined through pre¬ 
operative templating. In most Systems, the trial head and 
neck components fit onto the trunnion used for attach- 
ment of the broach handle (Fig. 3-51). Evaluate thecenter 
of the fémoral head relative to the height of the tip of 
the greater trochanter and compare the level with the 
templated radiographs. 

■ If the neck length seems satisfactory, irrigate any débris 
out of the acetabulum. 
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Planing of calcar with précision reamer placed 
over broach trunnion. (Redrawn Courtesy Smith & Nephew, Memphis, 
TN.) SEE TECHNIQUES 3-5 AND 3-6. 



Assembly of trial head and neck segments 
determined from preoperative templating. (Redrawn Courtesy 
Smith & Nephew, Memphis, TN.) SEE TECHNIQUE 3-5. 


9 " Apply traction to the extremity with the hip in slight 
flexion. Gently lift the head over the superior lip of the 
acetabulum and any élévation in the polyethylene liner 
that may hâve been inserted. If the réduction is difficult, 
check for any remaining tight capsule, especially anteri- 
orly, and incise it. If réduction is still impossible, use a 


shorter neck length, rotate the élévation in the liner to a 
different position, or remove it entirely. 

■ As an alternative, use a plastic-covered pusher that fits 
over the head of the fémoral component to push the 
head into the socket. Do not use excessive force or place 
excessive torsion on the fémur as the hip is reduced, or 
fémoral fracture may occur. 

■ Reassess the limb length and fémoral offset by the previ- 
ously placed pin nearthe acetabulum and make changes 
accordingly. 

■ Move the hip through a range of motion. Note any areas 
of impingement between the fémur and pelvis or between 
the prosthetic components with extremes of positioning. 
Impingement can occur with flexion, adduction, and 
internai rotation if osteophytes hâve not been removed 
from the anterior aspect of the acetabulum, greater tro¬ 
chanter, or fémoral neck. Likewise, impingement during 
external rotation may require removal of bone from the 
posterior aspect of the greater trochanter, the rim of the 
acetabulum, or the ischium. 

■ If prosthetic neck impingement occurs on an elevated 
polyethylene liner, rotate it to a slightly different position 
or remove it entirely. 

■ The hip should be stable (1) in full extension with 40 
degrees of external rotation; (2) in flexion to 90 degrees 
with at least 45 degrees of internai rotation; and (3) with 
the hip flexed 40 degrees with adduction and axial 
loading (the so-called position of sleep). If the hip dislo- 
cates easily and the head can be manually distracted from 
the socket more than a few millimeters (the so-called 
shuck test), use a longer neck length. 

■ If excessive lengthening of the extremity would resuit 
from a longer neck length, use a stem design with a 
greater degree of offset, if available (see Fig. 3-9). This 
change would reduce bony impingement and improve 
soft-tissue tension without additional lengthening of the 
limb. Slight lengthening of the limb is préférable, however, 
to the risk of instability. 

■ If the hip cannot be brought into full extension, use a 
shorter neck length, or, if a severe flexion contracture was 
présent preoperatively, release any remaining tight ante¬ 
rior capsular tissues. 

■ If there is uncertainty regarding appropriateness of 
implant size and position or of limb length, then make 
an intraoperative radiograph for confirmation. 

■ If stability is acceptable, note the position of any élévation 
of the trial polyethylene liner, redislocate the hip by 
flexion and internai rotation, and gently lift the head out 
of the acetabulum. Remove the trial components and 
broach. 

■ If a modular trial polyethylene liner has been used, place 
the final component at this time. 

■ Regain exposure of the proximal fémur and remove any 
loose débris within the fémoral canal, but do not disturb 
the bed that has been prepared. 

■ Insert the appropriate-size fémoral component. Insert the 
stem to within a few centimeters of complété seating by 
hand. Reproduce the précisé degree of antéversion deter¬ 
mined by the broach. 

■ Gently impact the stem down the canal. Use the driving 
device provided with the System or a plastic-tipped 














CHAPTER 3 ARTHROPLASTY OF THE HIP 


5 


pusher. Use blows of equal force as the component is 
seated. As the component nears complété seating, it 
advances in smaller incréments with each blow of the 
mallet. Do not use progressively increasing force to insert 
the component, or fémoral fracture can resuit. Insertion 
is complété when the stem no longer advances with each 
blow of the mallet. An audible change in pitch usually 
can be detected as the stem nears final seating. 

■ Occasionally, it is impossible to seat the prosthesis to the 
level of the eut surface of the neck. If a collared prosthesis 
has been used and the collar has not made full contact 
with bone, leave the collar slightly proud rather than risk 
fémoral fracture. When a collarless prosthesis is used, 
occasionally the prosthesis may advance a few millimeters 
past the level achieved with the broach. In these instances, 
the neck length can be changed and an additional trial 
réduction is necessary to confirm the final neck length 
and the stability of the joint. 

■ Test the stability of the implanted stem to rotational and 
extraction forces. If the stem is deemed unstable, décidé 
whether it can be impacted further or whether a larger 
stem size can be inserted. 

■ Carefully inspect the fémoral neck and greater trochanter 
for any fractures that may hâve occurred during stem 
insertion. 

■ If a fracture is produced as the stem is being seated, 
immediately stop the insertion procedure. Completely 
expose the fracture to its distal extent and remove the 
stem. Otherwise, the extent of the fracture may be 
underestimated. 

■ If an incomplète fracture occurs with extension only at 
the level of the lesser trochanter, place a cerclage wire 
around the fémur above the lesser trochanter. Reinsert 
the stem and ensure the cerclage wire tightens as the 
stem is seated into position. Reassess the stability of the 
implanted stem. 

■ If the fracture extends below the level of the lesser tro¬ 
chanter, a longer stem with greater distal fixation is 
required (see later). If the greater trochanter is fractured 
and unstable, proceed with fixation as for a trochanteric 
osteotomy (see section on trochanteric osteotomy). 

■Wipe any débris from the Morse taper segment of the 
prosthetic neck and carefully dry it. 

■ Place the prosthetic head of appropriate size and neck 
length onto the trunnion and affix it with a single blow 
of a mallet over a plastic-capped head impactor. Use only 
fémoral heads specifically designed to mate with the stem 
and ensure that the fémoral head and acetabular com¬ 
ponent are of a corresponding size. 

■ Remove any débris from the acetabulum and again 
reduce the hip. Ensure no soft tissues hâve been reduced 
into the joint. 

■ Confirm the stability of the hip through a functional 
range of motion. 


IMPLANTATION OF CEMENTED 
FEMORAL COMPONENT 

Improvements in préparation of the fémur and the 
mixing and delivery of cernent and modifications in 
component design hâve yielded dramatic improvements 
in the survivorship of cemented fémoral components. 
Cernent fixation is indicated especially when the fémoral 
cortex is thin or osteoporotic and secure press-fit fixation 
is less predictably achieved. Design features of fémoral 
components used with cernent are reviewed in the earlier 
section on fémoral stems used with cernent. 


TECHNIQUE 3-6 


■ Expose the proximal fémur as described. Use rongeurs, a 
box osteotome, or a trochanteric reamer to remove resid- 
ual portions of the latéral aspect of the neck and gain 
access to the center of the canal. 

■ Insert a small, tapered reamer to locate the medullary 
canal. Insert the tip of the reamer into the lateralmost 
aspect of the eut surface of the neck and swing it into 
the greater trochanter to point it toward the médial 
fémoral condyle (see Fig. 3-47). This maneuver ensures 
neutral positioning of the fémoral component. 

■ Review the preoperative plan for the templated stem size. 
Begin with the smallest size broach. Insert the broaches 
in 10 to 15 degrees of antéversion in relation to the axis 
of the flexed tibia. From the posterior approach, this 
means that the médial aspect of the broach must be 
rotated toward the floor (see Fig. 3-49). Maintain correct 
axial alignment as the broach is inserted. 

■ Alternative^, impact and extract the broach to facilitate 
its passage. Use progressively larger broaches to crush 
and remove cancellous bone in the proximal fémur. 
Because fixation is achieved with cernent, the require- 
ments for absolute stability of the broach are not as rigor- 
ous as with cementless techniques. Nonetheless, a stem 
that fills the fémoral canal with an adéquate cernent 
mantle is still désirable. 

■ Use the largest size broach that can be easily inserted 
proximally. If résistance is felt during insertion of the 
broach, the area of impingement is most likely distal 
within the diaphysis. The broach cannot be used to 
préparé cortical bone in the diaphysis. Do not attempt to 
impact the broach further because a fémoral fracture can 
occur, or the broach can become incarcerated. 

■ A narrow canal can be anticipated easily by preoperative 
templating. Use graduated-sized reamers to enlarge the 
canal sufficiently to allow insertion of a broach that is 
appropriately sized proximally. Because removal of ail can¬ 
cellous bone from the canal leaves a smooth cortical 
surface not amenable to microinterlock with cernent, 
avoid excessive reaming of the medullary canal. Canal 
préparation is distinctly different with this procedure than 
for a cementless stem, even though many contemporary 
total hip Systems use the same instrumentation for the 
two applications. 

■ In most current Systems, the broach is larger than the 
corresponding stem size, although the amount of 
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S oversizing varies. The channel prepared allows insertion 
of an appropriate-size stem with an adéquate surround- 
ing cernent mantle. A cernent mantle thickness of 2 to 
5 mm proximally and 2 mm distally is satisfactory. 
■Countersink the final broach slightly below the provi- 
sional fémoral neck eut. Precisely préparé the fémoral 
neck to receive the collar by using a planer (see Fig. 3-50). 
■ Select the templated neck length and assemble a trial 
component. Note the relationship of the trial collar to the 
eut surface of the fémoral neck for axial and rotational 
positioning of the final stem as it is implanted. The médial 
edge of the collar may sit flush with the médial cortex or 
may protrude slightly beyond it; either is acceptable. 
Reproduction of this degree of overhang helps prevent 
varus or valgus positioning of the stem as the final com¬ 
ponent is inserted. 

■ Perform a trial réduction, as described in Technique 3-5, 
to détermine limb length, range of motion, and stability 
of the arthroplasty. 

■ If the limb has been excessively lengthened, use a shorter 
trial neck. Alternative^, seat the broach further and reçut 
the fémoral neck to reduce limb length while maintaining 
the same degree of fémoral offset. A smaller broach size 
may be required to accomplish this. 

■ Because the stem is to be fixed with cernent, the depth 
of insertion of the component is predetermined at this 
point. This is in contrast to a cementless implant, which 
may achieve stability at a slightly different depth of inser¬ 
tion than did the corresponding broach. 

■ When final component sizes hâve been selected and limb 
length and stability hâve been assessed, dislocate the hip 
and remove the trial components. 

■ Regain exposure of the proximal fémur. 

■ Remove remaining loose cancellous bone from the fémur 
using a fémoral canal brush or curets. Retain a few mil- 
limeters of dense cancellous bone for cernent intrusion. 

■ Occlude the fémoral canal distal to the anticipated tip of 
the stem to allow pressurization of the cernent and to 
prevent extrusion of the cernent distally into the fémoral 
diaphysis. This is accomplished by use of a plastic, flexible 
canal plug or a bone block fashioned to fit the canal or 
by injecting a small plug of cernent distally. A preformed 
flexible plastic plug is the easiest to use, but it must be 
of a large enough size to prevent its distal migration 
during cernent pressurization (Fig. 3-52). 

■ Détermine the canal diameter by using sounds. Insert the 
cernent restrictor to a depth of approximately 2 cm below 
the anticipated tip of the stem. Détermine the depth of 
insertion by comparing the insertion device with the 
broach or the actual stem. Account for any additional 
stem length produced by the use of a distal stem 
centralizer. 

■ After insertion of the cernent restrictor, reinsert the broach 
or trial stem to ensure that the restrictor has been placed 
sufficiently distal to allow the stem to be fully seated. 

■ As an alternative, fashion a plug of bone removed from 
the fémoral head or neck. This plug should be slightly 
larger than the diameter of the canal. Impact it into posi¬ 
tion with a punch. 

■Occlusion of the canal with a small bolus of PMMA 
requires more préparation but is more reliable when the 



flexible, thin flanges can be inserted to occlude medullary canal; 
plugs of several different diameters are available. They are 
screwed to end of calibrated rod for insertion to correct depth. 

SEE TECHNIQUE 3-6. 


canal is excessively large or when the canal must be 
occluded below the level of the isthmus to insert a longer 
length stem. To occlude the canal with a PMMA plug, mix 
a single package of cernent. Insert the cernent when it is 
in the early dough phase because extremely low-viscosity 
cernent runs down the canal and does not completely 
occlude it. Inject a small bolus of cernent at the predeter¬ 
mined level using a cernent injecting gun or a cernent 
syringe, or introduce the cernent through a small chest 
tube, using a plunger to maintain the cernent bolus in 
proper position as the chest tube is extracted. Rotate the 
injecting gun in ail directions to disperse the cernent 
uniformly. Reinsert the trial component and gently tamp 
the cernent before it hardens to ensure that the final 
component can be fully seated. 

■ After occluding the fémoral canal, thoroughly irrigate it 
to remove loose débris, bone marrow, and blood. This is 
best accomplished by using a pulsatile lavage System with 
a long, straight tip and radially directed spray. Thoroughly 
irrigate ail débris and bone marrow out of the residual 
trabeculae of cancellous bone so that maximal cernent 
intrusion can be obtained. Thorough lavage of the canal 
also reduces the amount of marrow embolization that 
can occur during cernent pressurization and stem 
insertion. 

■ Dry the canal with a tampon sponge with a suction 
attachment or with sponges soaked in 1:500,000 
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epinephrine solution to diminish bleeding while the 
cernent is being prepared. 

■ Open the previously determined implants. Do not touch 
the stem or allow it to become contaminated with blood 
or débris because this may compromise the cement- 
implant interface after implantation. 

■ Assemble any modular PMMA spacers that can be used 
to centralize the stem within the canal. 

■ Do not leave unfilled any holes in the stem intended for 
centralizers because entrapped air would expand with the 
heat of cernent polymerization, producing a void in the 
cernent mantle. Fill such holes with cernent before intro- 
ducing the implant, or use the centralizers provided with 
the System. Centralizers also can be fixed to the implant 
with a small amount of cernent to ensure an adéquate 
interface between the two. This distal stem centralizer 
size is determined by the canal diameter previously deter¬ 
mined from sounds. Ideally, the centralizer should be at 
least 4 mm larger than the diameter of the distal end of 
the stem to ensure a 2-mm circumferential cernent 
mantle. 

■ Change the outer gloves. Mix two or three packages of 
cernent for a standard-size fémur and three or four pack¬ 
ages for a larger fémur or if a long-stem component is 
to be used. Current pressurization techniques require a 
greater volume of cernent than has been used in the past. 
Préparé the cernent with a porosity réduction technique 
such as vacuum mixing. 

■ If internai fixation devices hâve been removed from the 
fémoral shaft during the same procedure, the holes left 
in the fémoral cortex must be occluded to allow pres¬ 
surization of the cernent and to prevent its egress into 
the soft tissues. Hâve an assistant place fingers over the 
holes before cernent injection, or use a small amount of 
cernent to occlude them before the remainder of the 
fémur is filled with cernent. 

■ Use a cement-injecting gun for the most reliable cernent 
delivery. Plan to inject the cernent just when it no longer 
sticks to a gloved finger. This typically is about 4 minutes 
after the start of mixing for Simplex cernent, although it 
can vary significantly with the type of cernent used, the 
room température, and whether the monomer compo¬ 
nent was chilled before mixing. If the cernent is injected 
in an excessively low-viscosity State, it tends to run out of 
the fémur during pressurization, making it more suscep¬ 
tible to the introduction of blood and débris, thus weak- 
ening the mantle and compromising the cement-bone 
interface. 

■ Pack a sponge within the acetabulum and shield the sur- 
rounding soft tissues with sponges to prevent the escape 
of cernent. 

■ Immediately before introduction of the cernent injecting 
gun, remove any packing sponges and suction the distal 
aspect of the canal to remove any blood that has pooled 
there. 

■ Pump the trigger of the cernent injecting gun to deliver 
cernent to the tip of the nozzle so that no air is intro- 
duced. Insert the nozzle to the level of the cernent restric- 
tor, and use smooth, sequential compressions of the 
trigger to deliver the cernent in a uniform manner (Fig. 
3-53). Allow the pressure of the injected cernent to push 



Rétrogradé injection of cernent with gun. 
Cernent gun with long nozzle can be used to inject semiliquid 
cernent. Distal part of canal is filled first, and tip is slowly with- 
drawn as cernent is injected. Injection is continued until canal is 
completely filled and tip of nozzle is clear of canal. (Redrawn 
Courtesy Smith & Nephew, Memphis, TN.) SEE TECHNIQUE 3-6. 


the nozzle out of the canal as the canal is filled in a rét¬ 
rogradé fashion. Do not pull the nozzle back too quickly 
or voids would be created in the cernent column. Fill the 
canal to the level of the eut surface of the fémoral neck. 

■ Pressurize the cernent by one of many methods. Prefer- 
ably, use an occlusive nozzle that allows the injection of 
more cernent through it (Fig. 3-54). Ensure that an adé¬ 
quat e seal is maintained and slowly inject more cernent 
over 15 to 30 seconds to produce intrusion of 4 mm into 
the remaining cancellous bone bed. As an alternative, use 
a plastic impactor or mechanical plunger-type device 
placed over a glove or rubber sheet. Cernent and bone 
marrow can be seen extruding from the small vascular 
foramina along the fémoral neck during pressurization. 

■ Remove the pressurization device; if a void has been left 
in the proximal cernent by the device, refill it with cernent. 

■ Hâve the fémoral component immediately available for 
insertion and insert the component when the cernent 
has entered a medium dough phase, typically at about 6 
minutes after the start of mixing for Simplex cernent. The 
optimal time may be considerably less for other types of 
cernent. 

■ Détermine the desired amount of antéversion and 
the mediolateral position of the stem before insertion. 
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Manual cernent packing. A f When cernent is 
inserted manually, it must be packed firmly in canal with finger 
before stem is introduced. B f After canal has been filled, cernent 
is pressed with thumb, preventing its escape and increasing pres¬ 
sure within canal. SEE TECHNIQUE 3-6. 


Cernent pressurization. Flexible pressurizing 
nozzle is placed over end of cernent gun to seal proximal fémur, 
and firm pressure is applied as additional cernent is injected. 

(Redrawn Courtesy Smith & Nephew, Memphis, TN.) SEE TECHNIQUE 
3-6. 


9 Changes in alignment and rotation of the stem as it is 
inserted introduce voids into the cernent. 

■ Hold the stem by the proximal end and insert it manually 
at first. Insert the tip of the stem within the center of the 
cernent mantle. Use firm, even pressure to insert the 
stem. When the cernent has been pressurized, it can be 
difficult to seat the stem completely by hand; hâve a 
plastic-tipped head impactor and a mallet immediately 
available to complété the seating of the stem. Most 
contemporary Systems hâve an insertion device for this 
purpose. 

■ Reproduce the position of the trial collar in relation to the 
eut surface of the fémoral neck to aid in aligning the stem 
properly. Remove the cernent from the région of the collar 
to ensure that the stem has been fully inserted; if not, 
impact it farther. 

■ Maintain firm pressure on the proximal end of the com- 
ponent as the cernent hardens. Hold the stem motionless. 
This is best accomplished with a plastic-tipped pusher or 
dedicated stem inserter that is not rigidly fixed to the 
component. Insertion devices that screw into the fémoral 
component or are rigidly fixed to it cause any small 
amount of motion between the surgeon and the assistant 
holding the leg to be transmitted to the cement-prosthesis 
interface. 

■ As the cernent enters a late dough phase, eut the cernent 
around the edges of the prosthesis and carefully remove 


it from the operative field. Do not pull the cernent from 
beneath the component, or proximal support may be lost. 

■After the cernent has fully hardened, use a small ostéo¬ 
tomie to remove any additional fragments of cernent and 
carefully inspect the anterior aspect of the neck for 
retained cernent. 

■ Meticulously remove ail cernent débris from the wound. 
Irrigate and inspect carefully the acetabular component 
and remove any cernent that may hâve entered it during 
fémoral cementing. 

■ Carefully clean and dry the taper, and assemble the 
modular fémoral head with a single blow using a plastic- 
capped impactor. 

■ The preferred method forfilling the canal with cernent is 
to use an injecting gun with the cernent in a relatively 
low-viscosity State. Some cements, such as Palacos, exist 
primarily in a dough phase, however, and are not easily 
injected. Under these circumstances, the cernent can be 
inserted manually. To insert cernent into the fémoral canal 
manually, mold the cernent to the shape of a sausage and 
hold it in the palm of one hand or in an open plastic 
container. Push the cernent into the canal with the index 
finger or thumb of the opposite hand as far distally as 
the finger reaches (Fig. 3-55A). If the cernent is still sticky, 
pack it by short strokes with the fingertip. Avoid mixing 
blood with the cernent and keep the bolus of cernent 
intact. Lamination of the cernent or incorporation of 
blood weakens it. 

■ After the cavity has been filled, press the cernent with the 
thumb (Fig. 3-55B). A mechanical impactor or plunger 
can be used. Two packages usually suffice, but additional 
cernent may be necessary for larger medullary canals. A 
small plastic suction tube can be placed in the fémoral 
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canal to allow air and blood to escape while the cernent 
is being inserted. If a suction tube is used, place it into 
the canal and attached to the suction tubing before the 
cernent is introduced; remove it after about two thirds of 
the cernent has been inserted. 

SOFT-TISSUE REPAIR AND CLOSURE 

■ After réduction of the hip, proceed with repair of the 
posterior soft-tissue envelope. Repair the preserved 
portion of the posterior capsule with heavy nonabsorb- 
able sutures placed through holes in the posterior edge 
of the greater trochanter. Reattach the previously tagged 
tendons of the short external rotator muscles. 

■ Repair any portion of the gluteus maximus insertion and 
quadratus femoris that has been divided. 

■ Careful reconstruction of the posterior soft-tissue 
envelope greatly reduces the risk of postoperative 
dislocation. 

■ If desired, place a closed-suction drain deep to the fascia. 
Abduct the hip 10 degrees while closing the fascial inci¬ 
sion with closely approximated sutures. Tight closure of 
this layer helps stabilize the hip and may prevent a super- 
ficial inflammatory process from extending to a deeper 
level. Loosely approximate the subcutaneous layer with 
interrupted, absorbable sutures. 

■ Close the skin in routine fashion. 


TOTAL HIP ARTHROPLASTY THROUGH THE 
DIRECT ANTERIOR APPROACH 


DIRECT ANTERIOR APPROACH WITH 
ANTERIOR DISLOCATION OF THE HIP 

The direct anterior approach uses the distal half of the 
traditional Smith-Petersen approach to the hip. Initially 
described by Light and Keggi in 1980, modifications of the 
approach hâve become considerably more popular over the 
last several years. The interval is both intermuscular and 
internervous, so little muscular dissection is required. Per- 
formed with the patient supine, the procedure can be done 
on a conventional radiolucent table or a specialized table 
similar to those used in fracture surgery. An accessory hook 
mounted on the side of the table can be used to aid in 
elevating the fémur for préparation and component 
implantation. Intraoperative fluoroscopy can also be used 
to check the progress of reaming, the positioning of 
implants, and restoration of limb length. 

The approach traverses anatomy that may be unfamil- 
iar even to experienced hip surgeons. The learning curve 
for the procedure can be improved by cadaver laboratory 
instruction sponsored by orthopaedic societies and industry 
or by personal visitation with surgeons already experienced 
in the procedure. Acetabular préparation and component 
implantation generally are straightforward. Access to the 
fémur is more difficult, leading many surgeons to use 
shorter or curved fémoral components to simplify the pro¬ 
cedure (see Figs. 3-2IC and 3-28). 


Certain patient factors make the approach more 
complex. The interval cannot be safely extended distally, so 
a separate exposure is required to access the fémur in 
patients with deformity requiring osteotomy, removal of 
previously placed hardware, or placement of fémoral cer¬ 
clage. Access to the fémoral canal can be more difficult in 
patients with a wide iliac crest and those with a short, varus 
fémoral neck. In obese patients the subcutaneous layer 
about the anterior aspect of the hip tends to be thinner 
than the latéral aspect, and with the patient supine gravity 
displaces the tissues away from the incision. In patients 
with a large panniculus, however, the inguinal crease is 
prone to dermatitis and chronic fungal infection leading to 
problems with wound healing. 


TECHNIQUE 3-7 


■ Position the patient supine on a radiolucent table with 
the anterior superior iliac spine (ASIS) at the level of the 
table break such that the operated limb can be positioned 
in marked hyperextension (Fig. 3-56). If fluoroscopy is to 
be used, ensure that the pelvis is level and that both hips 
can be adequately imaged. 

■ Préparé the skin of both lower limbs above the level of 
the ASIS and drape the limbs separately such that the 
operated limb can be crossed beneath the opposite limb 
in a figure-of-four position. An additional padded and 
draped Mayo stand is useful for supporting the opposite 
limb during préparation of the fémur. 

■ Place the skin incision latéral to the interval between the 
tensor fascia latae (TFL) and sartorius to avoid injury to 
the fibers of the latéral fémoral cutaneous nerve, which 
may be variable in its course. Begin the incision approxi- 
mately 3 cm distal and 3 cm latéral to the ASIS. Extend 
the incision distal and slightly latéral for 8 to 12 cm. 

■ Divide the fascia over the muscle belly of the TFL fibers 
to stay latéral to the latéral fémoral cutaneous nerve 
(Fig. 3-57A). 

■ Now bluntly dissect medially with an index finger in the 
interval between the TFL and sartorius (Fig. 3-57B). If 



Direct anterior approach. Patient positioned 
supine with anterior superior iliac spine placed at level of table 
break. (Redrawn from Biomet.) SEE TECHNIQUE 3-7. 
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Tensor fascia lata 


A, Fascial incision (green line) is positioned over the tensor fascia latae (TFL) muscle and latéral to the interval between 
TFL and sartorius (dotted white line). B, Blunt dissection medially beneath fascia leads to interval between TFL and sartorius. C, Within 
the fat layer at distal extent of interval are branches of the latéral fémoral circumflex vessels that must be identified and carefully 
cauterized. D, Extracapsular placement of retractors superiorly and inferiorly before capsulotomy. An additional retractor may be 
placed medially beneath rectus femoris. (A from Post ZD et al. J Am Acad Orthop Surg 2014;22:595-603. B-D redrawn from Depuy.) SEE 
TECHNIQUE 3-7. 


uncertain of the correct plane, expose proximally to ascer- 
tain that the dissected interval is latéral to the ASIS. 

■ The fémoral neck can be palpated through a thin layer of 
fat overlying the anterior capsule. Within this fat layer in 
the distal extent of the interval, locate the ascending 
branches of the latéral circumflex vessels and cauterize 
them with electrocautery or a bipolar sealer (Fig. 3-57C). 
Brisk bleeding may be encountered if these vessels are 
divided and allowed to retract. 

■ Place blunt curved retractors superior and inferior to the 
fémoral neck. Elevate the fibers of the rectus femoris from 
the anterior hip capsule and place a pointed retractor over 
the anterior rim of the acetabulum just distal to the direct 
head of the rectus (Fig. 3-57D). Release the fibers of the 
reflected head of the rectus to allow improved médial 
retraction of the direct head. Slight flexion of the hip also 
relaxes the rectus. Take care in the placement of the 
retractor beneath the rectus to avoid injury to the fémoral 
nerve and vessels. 


■ Divide the anterior hip capsule in a T-shaped or H-shaped 
fashion for later repair, or alternative^ excise the capsule. 
Release the inferior capsule to the level of the lesser tro¬ 
chanter. Now replace the superior and inferior curved 
retractors inside the capsule to completely expose the 
fémoral neck. 

■ Perform an in situ osteotomy of the fémoral neck at the 
level determined by preoperative templating. Measure 
the osteotomy from the lesser trochanter or by use of 
fluoroscopy. It may be necessary to make a second paral- 
lel osteotomy at the subcapital région producing a 
"napkin ring" of bone, which is secured with a threaded 
Steinmann pin for removal (Fig. 3-58A). 

■ Extract the fémoral head with a corkscrew, which can be 
placed before the neck osteotomy is made. Take care to 
protect the TFL from sharp bone edges when removing 
the fémoral head. Recheck the neck osteotomy height. If 
the fémoral neck is left excessively long, acetabular expo- 
sure will be more difficult. 
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A, Fémoral neck osteotomy. Two parallel cuts made (dotted Unes) and the "napkin ring" segment removed with a 
threaded pin. Fémoral head is then removed with a corkscrew. B, Retractors placed inferior to transverse ligament and also posteriorly 
to retract fémur. (A redrawn from Biomet. B redrawn from Depuy.) SEE TECHNIQUE 3-7. 


■To expose the acetabulum, place curved retractors distal 
to the transverse acetabular ligament and along the 
posterior rim of the acetabulum to displace the fémur 
posteriorly (Fig. 3-58). An additional retractor can be 
placed over the anterior acetabular rim if needed. Excise 
the labrum and préparé the acetabulum with reamers 
(see Fig. 3-40). Specialized offset reamers and cup posi- 
tioners are available for this purpose. The progress of 
acetabular reaming and cup positioning can be verified 
using fluoroscopy. There is a tendency to place the cup 
in excessive abduction and antéversion with the patient 
supine. 

■ Elévation of the fémur is the most difficult step with the 
patient in the supine position. To expose the proximal 
fémur, place the operated limb in figure-of-four position 
beneath the opposite limb. Adduct the fémur slightly and 
externally rotate 90 degrees. Avoid excessive knee flexion 
because this position tightens the rectus femoris, making 
fémoral élévation more difficult. 

■ Now "break" the table to position the operated hip in 
hyperextension. Raise the table and place it in the Tren- 
delenburg position to prevent the lower end from 
approaching the floor. Support the opposite leg on a 
padded stérile Mayo stand or arm board (Fig. 3-59A). 

■ Elevate the fémur laterally and upward with a bone hook 
placed within the fémoral canal or around the latéral 
aspect of the fémur. Take care that the fémur is not 
trapped behind the acetabulum during this maneuver; 
élévation of the fémur will be more difficult, or fracture 
of the greater trochanter may occur. A stérile hook 
mounted on a table attachment can be used during this 
step (Fig. 3-59B). Place the hook just distal to the vastus 
ridge. Position a curved retractor beneath the posterome- 
dial fémoral neck to retract the médial soft tissues. Place 
an additional pronged retractor over the tip of the greater 
trochanter to protect the abductor musculature and lift 
the fémur anteriorly. 


■ Additional soft-tissue release often is required at this 
stage to avoid excess retraction force, which may resuit 
in fémoral fracture. Patients with fixed external rotation 
deformity typically require a greater amount of release to 
deliver the fémur anteriorly. First, release the superior 
capsule from the greater trochanter from anterior to pos¬ 
terior, completely exposing the trochanteric fossa or 
"saddle" (Fig. 3-60). In more difficult cases, release the 
piriformis and conjoined tendons to allow élévation of the 
fémur without undue traction (Fig. 3-61). 

■ Préparé the fémur and implant the fémoral component 
(see Technique 3-5). It is technically easier to implant 
a fémoral component using a broach-only technique 
because it may be difficult to pass straight reamers down 
the fémoral canal even with satisfactory fémoral expo- 
sure. Specialized angled broach handles and stem inser¬ 
tion devices also simplify the procedure (Fig. 3-62). A 
canal sound or guide pin is useful to judge the alignment 
of the fémoral canal and avoid varus stem positioning or 
perforation of the latéral fémoral cortex. 

■ During the trial réduction of implants, take spécial care 
to assess the stability of the hip in extension and external 
rotation, particularly if a complété anterior capsulectomy 
has been performed during the initial exposure. Use fluo¬ 
roscopy to assess position of the implants and restoration 
of limb length and offset. Limb length also can be 
assessed directly by comparison with the opposite limb. 

■ If the anterior capsule has been retained, perform a 
secure closure of the capsular flaps. When closing the 
fascial layer, take small bites on the médial edge to avoid 
entrapment of the latéral fémoral cutaneous nerve in the 
repair. 


Some proponents of the supine intermuscular approach 
hâve advocated the use of a dedicated surgical table similar 
to those used in lower extremity fracture care. Both feet are 
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A, Table position for exposure of fémur. Operated limb is placed in figure-of-four position beneath opposite lower 
limb, and lower end of table is dropped to place hip in hyperextension. Proximal fémur must be retracted laterally and upward. 
B f Accessory hook mounted to table aids fémoral élévation. (A redrawn from Biomet. B Courtesy Innomed, Inc. Savannah, GA.) SEE 

TECHNIQUE 3-7. 



Soft-tissue release for fémoral élévation. Supe- 
rior capsule is released from anterior to posterior to completely 
expose trochanteric fossa and allow élévation of fémur without 
undue force. (Redrawn from Biomet.) SEE TECHNIQUE 3-7. 


secured in compression boots attached to mobile spars that 
allow traction, rotation, and angulation of the limb in any 
direction (Fig. 3-63). An intégral hook is used to aid in 
fémoral élévation, and intraoperative fluoroscopie imaging is 
easily obtained. Because both feet are secured in boots, 
however, it is more difficult to manually assess the stability of 
the hip and directly compare limb lengths. The use of such a 
table requires a significant institutional financial investment, 
and the use of strong traction and limb rotation also intro- 
duces a risk of traction nerve palsy and fractures. 

Matta et al. reported a sériés of494 primary arthroplasties 
performed on a dedicated table. Clinical and radiographie 
results were excellent, but there was one fémoral nerve palsy, 
three greater trochanteric fractures, two fémoral shaff frac¬ 
tures, and three ankle fractures. The complications under- 
score the importance of obtaining exposure by judicious 



Insertions of short external rotators as viewed 
from médial. Piriformis (p) inserts near cephalad extent of greater 
trochanter. Conjoined tendon (*) and obturator externus (oe) 
insert more distal. (From Ito Y et al. Clin Orthop Rel Res 470:1690, 
2012 ) SEE TECHNIQUE 3-7. 


soft-tissue releases rather than by forceful traction and limb 
rotation. 

The results using intraoperative fluoroscopy hâve been 
mixed. Hamilton et al. reported no excessively abducted cups 
(over 55 degrees) using fluoroscopy with the direct anterior 
approach. Leucht et al. found that fluoroscopy reduced the 
incidence of limb length discrepancy of more than 1 cm but 
did not improve the précision of cup positioning. In a large 
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Fémoral instrumentation. After adéquate élé¬ 
vation of fémur, préparation is facilitated by instruments with 
offset handles. (Redrawn from Biomet.) SEE TECHNIQUE 3-7. 



Dedicated table for positioning during direct 
anterior approach. Surgeon Controls élévation of fémur with inté¬ 
gral hook. (ProFx table, courtesy Mizuho OSI, Union City, CA.) 


sériés from the Rothman Institute, Tischler et al. found no 
différence in acetabular inclination angle, leg length, or offset 
using fluoroscopy and concluded that the increased operative 
time and cost were not justified at a high-volume arthroplasty 
institution. Careful attention must be paid to both the tilt and 
rotation of the pelvis in relation to the x-ray beam to maxi- 
mize the utility of intraoperative fluoroscopy. Standard 
protection in the form of a lead apron and thyroid shield 
are recommended for those in proximity to the beam. 
McArthur et al. reported radiation dose and fluoroscopy 
times that were comparable to other fluoroscopically-guided 
hip procedures. 

MINIMALLY INVASIVE TECHNIQUES 

Hip arthroplasty has been performed through small incisions 
by Kennon et al. since the 1980s. More recently, minimally 
invasive techniques hâve been introduced to the orthopaedic 
community and hâve received widespread media attention. 
The term minimally invasive total hip replacement does not 
describe a single operation but rather a group of procedures 
performed through various incisions of smaller dimensions 
than traditionally described. 

The introduction of these techniques has generated 
considérable controversy in the orthopaedic community. 


Advocates of these techniques hâve advanced the position 
that minimally invasive hip replacement has the potential to 
reduce soff-tissue injury, postoperative pain, operative blood 
loss, and hospital length of stay; increase speed of the patient s 
postoperative réhabilitation; and produce a more cosmeti- 
cally acceptable surgical scar. Adoption of minimally invasive 
techniques has revolutionized other procedures, such as 
meniscectomy, cruciate ligament reconstruction, rotator cuff 
repair, discectomy, and others. Critics of these new tech¬ 
niques cite the excellent results of current methods with 
regard to pain relief, functional improvement, and long-term 
durability, with a remarkably low complication rate. The 
potential benefits of smaller incisions must be weighed 
against the pitfalls of poor exposure and the learning curve 
associated with any new procedure. There is the potential for 
implant loosening from suboptimal bone préparation, dislo¬ 
cation from malpositioned implants, infection and delayed 
wound healing from trauma to the skin, unrecognized frac¬ 
tures, neurovascular compromise, and leg-length inequality 
from the lack of exposure of bony landmarks. Ail of these 
problems may require reoperation and are likely to be more 
common in the hands of surgeons performing fewer proce¬ 
dures. Surgeons must décidé whether the potential risks in 
adopting minimally invasive techniques are justifiable given 
the scope of their individual practices. 

There is general consensus that a minimally invasive hip 
arthroplasty is done through an incision of 10 cm or less. A 
single posterior incision is currently the most commonly 
used approach, followed by single-incision direct anterior 
approaches. We hâve gradually adopted minimally invasive 
techniques and now perform hip arthroplasty in most patients 
through a single posterior incision of 8 to 10 cm (see Video 
3-1). We hâve more recently adopted the direct anterior 
approach in selected primary procedures. 

Thin patients are idéal for minimally invasive approaches. 
The operation is more difhcult in muscular males and obese 
patients (body mass index > 30 kg/m 2 ). Although a longer 
incision may be needed in these individuals, the same prin¬ 
cipes can be applied. Patients requiring révision surgery and 
patients with dysplasia, prior reconstructive procedures, or 
very stiff hips require larger incisions. As a basic tenet, there 
should never be any hésitation to lengthen the incision if 
exposure is inadéquate. An operation done well through a 
larger incision is préférable to an unsatisfactory resuit with a 
small incision. 

At a given time, only a portion of the hip is exposed. A 
variety of specialized instruments are helpful in gaining 
exposure and viewing the acetabulum and fémur while 
protecting the surrounding soft tissues (Fig. 3-64). A long 
Charnley retractor blade is needed to avoid excessive 
stretching of the wound corners. Acetabular retractors with 
long handles and blades narrower than usual reduce clutter 
within the wound. Some Systems hâve incorporated fiberop- 
tic lighting into acetabular retractors. Angulated acetabular 
reamer shaffs and component positioning devices reduce 
the retraction required on the inferior soft tissues. Reamers 
with side cutouts are more easily inserted into the acetabu¬ 
lum and appear to be acceptably accurate. It is particularly 
helpful to hâve an assistant to position the limb for fémoral 
préparation and implant placement. Exposure also is 
enhanced by the use of hypotensive régional anesthésia to 
reduce intraoperative bleeding. 
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A and B f Array of retractors with long handles, angulated acetabular insertion device, and fiberoptic lighting (B) for 
minimally invasive hip surgery. (Courtesy Zimmer, Warsaw, IN). 


Sculco and Jordan advocated a postérolatéral approach to 
the hip through a 6- to 10-cm incision. The incision is placed 
in line with the fémur along the posterior edge of the greater 
trochanter with approximately one third of the incision proxi¬ 
mal to the tip of the greater trochanter and two thirds distal. 
The gluteus maximus is split for only a short distance, the 
incision of the fascia lata is limited, and the quadratus femoris 
is left mostly intact but retracted to expose the lesser trochan¬ 
ter and resect the fémoral neck. The incision may be easily 
extended in either direction to approximate a more tradi- 
tional posterior approach if needed. In a prospective random- 
ized study by this group, Chimento et al. showed that patients 
with an 8-cm postérolatéral approach had less intraoperative 
and total blood loss and limped less at 6 weeks follow-up 
than patients with a standard approach. There were no différ¬ 
ences in operative time, transfusion requirements, narcotic 
use, hospital stay, or other réhabilitation milestones. Compli¬ 
cations were similar in the two groups, and a 5-year follow-up 
on the same cohort showed no radiographie loosening. 
Radiographie measures of cup and stem position and cernent 
technique were not compromised in the minimally invasive 
group. DiGioia et al. found that patients in the mini-incision 
group walked with less of a limp and had better stair climbing 
ability at 3 months and improvement in the limp, distance 
walking, and stair-climbing at 6 months. There were no dif¬ 
férences at 1 year. In a prospective, randomized sériés, Dorr 
et al. found that a group that had minimally invasive surgery 
had shorter hospital stays, less in-hospital pain, and less need 
for assistive devices. There were no différences affer hospital 
discharge. 

Other investigators hâve not shown any benefit to the use 
of a smaller incision. In a prospective, randomized, controlled 
trial, Ogonda et al. found that a minimally invasive approach 
was safe and reproducible but offered no benefit compared 


with a traditional approach. The trial was done affer the 
senior author had gained considérable expérience with less 
invasive techniques, and the learning curve was not included 
in this sériés. In another study from the same institution, 
Bennett et al. found no différence in any gait analysis param- 
eter at 2 days affer surgery. Goldstein et al. likewise were 
unable to show any différences between a standard and mini¬ 
mally invasive postérolatéral approach. In another prospec¬ 
tive sériés with 5-year follow-up, Wright et al. found no 
différence other than patients enthusiasm regarding the cos- 
metic appearance of the scar. 

Minimally invasive anterior incisions are modifications 
of the Smith-Petersen approach. Although the acetabular 
exposure is superior, it can be difficult to place the fémur in 
a position where the stem can be inserted in line with the 
shaff. Several manufacturers hâve introduced shorter stems 
with curved broaches to simplify fémoral component place¬ 
ment (see Fig. 3-28). Although a daim of the anterior 
approach is that no muscle or tendon is transected, multiple 
authors recommend release of the posterior capsule and short 
external rotators to deliver the fémur into the wound. Prob- 
lems related to injury to the latéral fémoral cutaneous nerve 
hâve led many to place the skin incision slightly latéral to the 
intermuscular plane of the deeper dissection. The anterior 
approach also has been advocated because of a low incidence 
of dislocation, although few published data are available. 
Woolson et al. reported prolonged surgical time, increased 
blood loss, and an intraoperative fracture rate of 7.3% in their 
initial expérience with 247 total hip arthroplasties done 
through an anterior approach. There were no dislocations. 
Yi et al. reported complications in 16.4% and a 6.5% reopera¬ 
tion rate during the learning curve in an academie setting. 
Christensen, Karthikeyan, and Jacobs reported wound com¬ 
plications requiring reoperation in 1.4% of direct anterior 
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procedures, significantly higher than in posterior approach 
procedures. Russo et al. found wound complications also 
were more common in obese patients operated through a 
direct anterior approach. 

Parratte and Pagnano evaluated tissue injury with various 
approaches and concluded that it is not possible to routinely 
perform minimally invasive total hip arthroplasty without 
causing some measurable degree of muscle damage. Rather, 
the location and extent of muscle damage is spécifie to the 
approach. Tissue damage in the anterior approach involved 
the anterior part of the gluteus médius, the tensor fascia lata, 
and the external rotators. The posterior approach was associ- 
ated with substantial damage to the short external rotators 
and gluteus minimus and a small amount of damage to the 
gluteus médius. Bergin et al. measured sérum inflammatory 
markers in patients undergoing hip arthroplasty through 
minimally invasive posterior and anterior approaches. Sérum 
creatine kinase levels in the posterior group were 5.5 times 
higher than the anterior group in the postanesthesia unit. The 
clinical significance of the finding was not delineated. 

Advocates frequently describe enhanced recovery affer 
minimally invasive hip arthroplasty. However, multimodal 
pain management and accelerated réhabilitation protocols 
hâve been introduced simultaneously, and these factors also 
influence the speed of recovery. In a sériés of 100 patients, 
Pour et al. found that at the time of hospital discharge, patient 
satisfaction and walking ability were better in patients who 
had received an accelerated preoperative and postoperative 
réhabilitation regimen regardless of the size of the incision. 
Poehling-Monaghan et al. found no systematic advantage of 
a direct anterior approach over a mini-posterior approach 
when using the same rapid réhabilitation protocols with no 
hip positioning précautions. 

Minimally invasive techniques and instrumentation con¬ 
tinue to evolve. Refinements in surgical approaches and the 
intégration of computer-assisted navigation may ultimately 
improve outcomes and surpass the excellent results of stan¬ 
dard hip arthroplasty procedures. Rigorous scientific study of 
these new methods must précédé widespread adoption in 
clinical practice. 

COMPUTER-ASSISTED SURGERY 

Improper positioning of acetabular and fémoral components 
may compromise the outcome of the arthroplasty because of 
impingement, dislocation, increased wear, and leg-length 
discrepancy. Patient size, the presence of deformity, limited 
surgical exposure, intraoperative movement of the pelvis, 
inaccuracies in conventional instrumentation, and surgeon 
expérience are ail variables that may negatively affect the 
accuracy of component positioning. Surgeons assessments of 
intraoperative position of both fémoral and acetabular com¬ 
ponents are inaccurate when compared with postoperative 
CT scans. Strategies such as computer-assisted surgical navi¬ 
gation are being investigated to improve the accuracy of the 
operation. 

Computer-assisted navigation provides the surgeon with 
real-time information regarding the positioning of the fémur 
and pelvis relative to each other and to the surgical instru¬ 
mentation. The tracking of these positions is by infrared ste- 
reoscopic optical arrays that must be visible to a caméra. 
Navigation of the acetabular component requires registration 
of anatomie landmarks to allow the computer to détermine 


the position of the pelvis in space. Although individual navi¬ 
gation Systems vary in both durable equipment and software 
algorithms, there are three general types of Systems: image - 
free, fluoroscopie, and CT-based. 

Image-free navigation is based only on landmarks that 
are digitized at the time of surgery without confirmation by 
imaging studies. A reference frame is attached to the pelvis, 
and an optical pointer is then used to reference the anterior 
superior iliac spines and pubic symphysis by palpation or by 
small percutaneous incisions. The registration process is per- 
formed with the patient supine to allow access to the opposite 
anterior spine. If the operation is to be done with the patient 
in the latéral position, the optical tracker is mounted to the 
pelvis and must be prepared and draped into the surgical field 
affer the patient is repositioned. In larger patients, inaccurate 
digitization of pelvic landmarks can introduce errors. Com¬ 
puter screen images are of standardized bone models and do 
not reflect the patients individual anatomy. Using imageless 
navigation, Hohmann et al. demonstrated a significant 
decrease in déviation of acetabular component placement 
with respect to both inclination and antéversion compared 
with conventional techniques. Ellapparadja et al. found res- 
toration of both leg length and offset within 6 mm in over 
95% of cases. Conversely, Brown et al. found no différence in 
acetabular inclination angle or leg-length discrepancy 
between imageless navigation and conventional techniques. 

When fluoroscopie navigation is used, reference frames 
are again applied to the bones. Fluoroscopie images made at 
multiple angles are combined to yield three-dimensional 
information. The referencing process can be performed with 
the patient in the latéral position. If there is a change during 
the procedure, then new images may be acquired. A radiolu- 
cent operating table is required, and protective lead aprons 
must be worn by the surgical team. Bulky fluoroscopie equip¬ 
ment must remain available during the procedure, and time 
has to be allotted for acquisition of images. Fluoroscopie navi¬ 
gation has been more reliable for limiting variability of cup 
abduction than for antéversion. No preoperative planning or 
imaging is required. Consequently, the technique provides no 
information about the requirements for restoration of proper 
hip mechanics. 

CT-based navigation provides detailed, patient-spécifie 
information compared with image-free and fluoroscopie 
techniques. Intraoperative registration requires digitization 
of multiple points on the bony surface of the acetabulum that 
are then mapped onto the computer model. The process can 
be done with the patient in the latéral position without the 
need for repositioning. The accuracy of the mapping and 
navigation can be confirmed in real time. Detailed informa¬ 
tion is available preoperatively regarding component size, 
positioning, leg length, offset, and range of motion. Preopera¬ 
tive imaging and planning are required, but no intraoperative 
imaging is needed, and the surgical procedure is consequently 
faster than with fluoroscopie navigation. 

Beckmann et al., in a meta-analysis of the use of naviga¬ 
tion to improve acetabular component position, found that 
whereas mean cup inclination and antéversion angles were 
not significantly different, navigation reduced the variability 
in cup position and the risk of placing the acetabular compo¬ 
nent beyond the safe zone. Long-term outcomes and cost 
utility data were not available. Moskal and Capps drew similar 
conclusions and found fewer dislocations in hips with 
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navigated acetabular component placement. To assess the 
accuracy of navigation in correcting leg length, Manzotti et 
al. compared 48 navigated hip arthroplasties with a matched 
cohort of procedures using a traditional freehand alignment 
method. Restoration of limb length was significantly better in 
the computer-assisted group. Dorr et al. reported using navi¬ 
gation to optimize restoration of offset: offset was restored 
within 6 mm of the contralatéral hip in 78 of 82 hips. 

There has been little development of patient-spécifie 
instrumentation in total hip arthroplasty compared with knee 
procedures. In one study, Small et al. found that such instru¬ 
ments improved accuracy of acetabular antéversion but not 
abduction angle. 

Investigation into the feasibility of robotic-guided instru¬ 
mentation continues. Kanawade et al. found a contemporary 
robotic System achieved précision in acetabular inclination, 
antéversion, and center of rotation in over 80% of cases. To 
date, surgeons hâve been slow to incorporate this technology 
into current practice. 

Computer-assisted navigation appears effective in reduc- 
ing outliers in component positioning and can be bénéficiai 
in restoring optimal hip mechanics. Whether these advances 
in accuracy will translate to improvements in outcomes and 
implant survivorship remains to be validated. The cost of 
necessary equipment, software, and imaging studies may be 
prohibitive for many institutions. 

TROCHANTERIC OSTEOTOMY 

Although osteotomy of the trochanter for exposure and 
latéral reattachment to lengthen the lever arm of the abduc- 
tors was an intégral part of Charnley s concept of total hip 
arthroplasty, most total hip procedures are done now without 
osteotomy. The advocates of osteotomy believe that in addi¬ 
tion to the opportunity to advance the trochanter laterally 
and distally at the time of surgery, dislocation of the hip is 
easier, exposure of the acetabulum is better, préparation of 
the fémoral canal is complicated by fewer pénétrations, 
cernent can be inserted more optimally, and components can 
be inserted more easily and more accurately. The disadvan- 
tages of osteotomy are increased blood loss, a higher inci¬ 
dence of hematoma formation, longer operating time, 
technical difficulty with fixation of the trochanter, nonunion, 
wire breakage, bursitis, greater postoperative pain, and 
delayed réhabilitation. 

In most patients, adéquate exposure can be obtained with 
the postérolatéral, anterior, antérolatéral, or direct latéral 
approach without osteotomy of the trochanter. Although 
leaving the trochanter intact has many advantages, osteotomy 
may be necessary if the anatomy of the hip is markedly dis- 
torted, such as in cases of ankylosis or fusion, severe protrusio 
acetabuli, or developmental dysplasia with high dislocation 
of the hip. Occasionally, residual laxity of the abductor mus¬ 
culature results in hip instability despite proper restoration of 
length and offset. In this instance, trochanteric osteotomy 
with distal reattachment can render the hip more stable 
without lengthening the limb excessively. In révision proce¬ 
dures, trochanteric osteotomy facilitâtes exposure of the 
fémur and acetabulum and may be required to extract 
the fémoral component without excessive risk of fracturing 
the fémur. 

Three basic types of trochanteric ostéotomies are 
currently used in hip arthroplasty: (1) the standard or 


Gluteus médius 
and minimus 


Vastus tubercle 


Vastus lateralis 



Types of trochanteric osteotomy and their rela- 
tionships to muscular attachments. A, Standard trochanteric oste¬ 
otomy with only superior abductor attachment. B, Trochanteric 
slide with abductors and vastus lateralis attached to trochanteric 
fragment; C, Extended trochanteric osteotomy. 


conventional type, (2) the so-called trochanteric slide, and (3) 
the extended trochanteric osteotomy (Fig. 3-65). Various 
modifications hâve been described for each type. The various 
types are suitable for spécifie purposes and should be tailored 
to the procedure being contemplated. Finally, the fixation 
method must be adapted to the type of osteotomy. 

The standard trochanteric osteotomy is indicated when 
extensile exposure of the acetabulum is needed for complex 
révisions of the acetabular component, placement of an anti- 
protrusio cage, or a large structural bone graff. Superior 
retraction of the greater trochanter and abductor musculature 
yields unparalleled exposure of the ilium with less tension on 
the superior gluteal neurovascular bundle than would be 
experienced with the trochanteric slide technique. When a 
standard trochanteric osteotomy is done, the vastus lateralis 
first should be detached subperiosteally from the latéral 
aspect of the fémur distal to the vastus tubercle. The osteot¬ 
omy may be made with a power saw or an osteotome. The 
osteotomy is initiated just distal to the vastus tubercle and 
directed proximally and medially at an angle of approximately 
45 degrees to the shaff of the fémur. It should not extend into 
the fémoral neck, and spécial care must be taken not to injure 
the sciatic nerve. In general, a large piece of bone should be 
removed, with ail of the tendinous attachments of the gluteus 
médius and underlying gluteus minimus muscles. Other 
soff-tissue attachments, including the short external rotators, 
are released as necessary to allow superior retraction of the 
trochanteric fragment. The osteotomy also can be made with 
a Gigli saw passed deep to the abductor muscles and directed 
laterally (Figs. 3-66 and 3-67). Charnley emphasized keeping 
the “strap” of the latéral capsule from the superior aspect of 
the acetabulum to the base of the trochanter intact to make 
reattachment more stable than pulling on muscle fibers alone. 
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Gallbladder clamp is inserted into joint and 
pushed through capsule posterior to insertion of gluteus médius 
to grasp Gigli saw (see text). 



Before trochanter is osteotomized, finger is 
used to ensure that Gigli saw is sufficiently posterior and sciatic 
nerve is not trapped between saw and bone. Inset, Direction of 
osteotomy is first distal and then latéral to detach trochanter just 
proximal to abductor tubercle. 


Excessive tension on the trochanter by the abductors can 
be lessened by maintaining the distal soff-tissue attachments 
on the trochanter. Glassman, Engh, and Bobyn described a 
technique of osteotomy that maintains an intact musculoos- 
seous sleeve composed of the gluteus médius, greater tro¬ 
chanter, and vastus lateralis. This technique has been termed 
the trochanteric slide technique (Fig. 3-68). Although non- 
union rates for this procedure were similar to the rates for 
other techniques, superior migration of more than 1 cm 
occurred in only 11% of the nonunions, and the incidence 
of abductor insufhciency and limp was significantly lower 
than in similar sériés. Neither a standard osteotomy nor a 



Trochanteric slide technique described by Glass¬ 
man, Engh, and Bobyn. Osteotomy is oriented in sagittal plane 
and includes origin of vastus lateralis. (Redrawn from Glassman AH, 
Engh CA, Bobyn JD: A technique of extensile exposure for total hip 
arthroplasty, J Arthroplasty 2:11, 1987.) 


trochanteric slide is idéal when the bed for reattachment has 
been compromised, such as when the greater trochanter has 
been filled with cernent. 

More recently, various techniques of extended trochan¬ 
teric osteotomy hâve been introduced. In essence, these are 
proximal fémoral ostéotomies in which a segment of the 
latéral fémoral cortex of variable length is raised in continuity 
with the greater trochanter. These techniques are of greatest 
benefit in removing well-fixed implants in révision surgery 
and when the bony bed for reattachment of a standard oste¬ 
otomy would be compromised. Because a large segment 
of the latéral fémoral cortex is removed, and cementing 
techniques are rendered imperfect, extended trochanteric 
ostéotomies are used only when a cementless fémoral recon¬ 
struction is anticipated (see Technique 3-5). Lakstein et al. 
described a modified technique in which the posterior capsule 
and short external rotators are leff intact to reduce the risk of 
dislocation. 

The lever arm of the abductors is lengthened according 
to the amount of latéral placement of the osteotomized tro¬ 
chanter. The hip should not be abducted more than 10 to 15 
degrees while the trochanter is being reattached, or excess 
strain on the fixation would resuit when the hip is adducted, 
and avulsion and nonunion of the trochanter may foliow. The 
position of reattachment of the greater trochanter has been 
found to affect the rate of union. Anatomie réduction or a 
slight distal overlap of the trochanter results in trochanteric 
union within 6 months. Fixation of the trochanter with resid- 
ual superior and médial tilt invariably led to delayed union 
or nonunion. For union to occur reliably, compression must 
be applied across the osteotomy. Fixation should stabilize the 
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Wire fixation of trochanter. A f Two vertical wires are inserted in hole drilled in latéral cortex below abductor tubercle; 
they emerge from eut surface of neck, and one is inserted in hole in osteotomized trochanter. Two vertical wires are tightened and 
twisted, and transverse wire that was inserted in hole drilled in lesser trochanter and two holes in osteotomized trochanter is tightened 
and twisted. B f One-wire technique of Coventry. After component has been cemented in fémur, two anteroposterior holes are drilled 
in fémur beneath osteotomized surface and two holes are drilled in osteotomized trochanter. One end of wire is inserted through 
latéral loop before being tightened and twisted. C f Oblique interlocking wire technique of Amstutz for surface replacement. (A modi- 
fied from Smith & Nephew, Memphis, TN; B and C redrawn from Markolf KL, Hirschowitz DL, Amstutz HC: Mechanical stability of the greater 
trochanter following osteotomy and reattachment by wiring, Clin Orthop Relat Res 141:111, 1979.) 


trochanteric fragment to vertical and anterior displacement. 
Displacement in the anteroposterior plane occurs when the 
hip is loaded in flexion, and fixation failure is more complex 
than the abductors simply pulling the trochanteric fragment 
superiorly. A biplanar or chevron osteotomy yields greater 
résistance to anteroposterior displacement than a uniplanar 
osteotomy. Such an osteotomy is useful in complex primary 
procedures but is impractical in most révisions because of the 
loss of bone needed not only to perform but also to repair the 
osteotomy. 

Various wire fixation techniques using two, three, or four 
wires hâve been described and are illustrated in Figures 3-69 
and 3-70. No. 16, 18, or 20 wire can be used, and because 
spool wire is more malléable, it is easier to tighten and tie or 
twist. A Kirschner wire spreader or wire tightener is used to 
tighten the wire. Stainless Steel, cobalt-chrome alloy, or tita¬ 
nium alloy wire may be used, depending on the métal of the 
fémoral component. Also, multiple filament wire or cable is 
available; the ends are pulled through a short métal sleeve, 
which is crimped after the wire has been tightened. Spécial 
care should be taken not to kink or nick the wire. 

In our expérience, wire fixation techniques do not pre- 
dictably provide rigid fixation of the trochanter. Trochanteric 
nonunion rates of 25% hâve been reported using wiring tech¬ 
niques. With the trend toward cementless fémoral révision, 
techniques requiring intramedullary passage of wires and 
screws hâve become difhcult. In most cases, we prefer an 
extramedullary cable fixation device instead (Figs. 3-71 and 
3-72). A variety of new devices featuring proximal hooks with 
a plate extension also are available (Fig. 3-73). Full weight 
bearing on the hip should be delayed for 4 to 6 weeks if fixa¬ 
tion is not rigid. When fixation is less stable (i.e., with a small 


Four-wire technique 


Latéral view 




Harris four-wire technique of reattachment of 
trochanter. A f Two vertical wires are inserted through hole drilled 
in latéral cortex and corne out in groove eut in neck of fémur so 
as not to interfère with seating of collar. Two transverse wires are 
inserted in holes in lesser trochanter and in two holes in osteoto¬ 
mized greater trochanter. B f Two transverse wires are tied over 
two tied vertical wires. One transverse wire can be used instead 
of two. (Redrawn from Harris WH: Révision surgery for failed, nonseptic 
total hip arthroplasty: the fémoral side, Clin Orthop Relat Res 170:8, 
1982.) 
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FIGURE 


Dali-Miles cable grip device for reattachment of 


trochanter. (Redrawn from Dali DM, Miles AW: Reattachment of the 


greater trochanter: the use of the trochanter cable-grip System, J Bone 
Joint Surg 65B:55, 1983.) 




Accord trochanteric fixation plate. Trochanteric 
fragment is captured by proximal hooks. Plate extension is fixed 
to fémur with cerclage cables and can be used to stabilize 
standard or extended trochanteric osteotomy. (Courtesy Smith & 
Nephew, Memphis, TN). 



Osteotomy of anterior trochanter in direct 
latéral approach (see text). (Redrawn from Head WC, Mallory TH, 
Berklacich FM, et al: Extensile exposure of the hip for révision arthro- 
plasty, J Arthroplasty 2:265, 1987.) 


A, Fifteen years after Charnley total hip replace¬ 
ment, acetabular loosening and wear are apparent, but there is 
no evidence of fémoral loosening. B, Exposure for acetabular 
révision was improved by trochanteric slide osteotomy, leaving 
fémoral component intact. Reattachment was secured with cable 
fixation device (Dali-Miles). Wires are completely extramedullary 
and do not violate fémoral cernent mantle. Union was complété 
at 3 months. 


piece of bone or soft bone, difficulty in pulling the bone down 
to the fémur, or loss of the bony bed for reattachment of 
the trochanteric fragment), the hip may be maintained in 
abduction in a spica cast or orthosis for 6 weeks. (See the 
section on complications for trochanteric nonunion and wire 
breakage problems.) 

Dali described a modification of the direct latéral 
approach that involves osteotomy of the anterior portion of 


the greater trochanter rather than division of the anterior 
portion of the abductor insertion from the trochanter. Head 
et al. used a similar osteotomy in conjunction with an exten¬ 
sile direct latéral approach for révision arthroplasty (Fig. 
3-74). This approach détachés only the internai rotational 
component of the abductors and leaves the important abduc¬ 
tor portion of the gluteus médius intact. Reattachment of 
the anterior trochanteric fragment allows for primary bony 
union and is easier than direct repair of the abductor tendon 
to bone. 


SURGICAL PROBLEMS RELATIVE 
TO SPECIFIC HIP DISORDERS 

Much information has been accumulated since the 
1970s concerning the various entities for which total hip 
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arthroplasty has been done. In some instances, the routine 
surgical techniques must be modified to meet the needs of 
the various conditions. For this reason, the following entities 
are discussed relative to total hip arthroplasty. Révision 
surgery for failed total hip arthroplasty is discussed in a sepa- 
rate section. 


native bone. Careful attention to the removal of acetabular 
osteophytes is necessary to avoid impingement, decreased 
range of motion, and dislocation. Trochanteric osteotomy 
usually is unnecessary, but often the greater trochanter is 
enlarged, and some bone must be removed from its anterior 
or posterior surface to prevent impingement during 
rotation. 


ARTHRITIC DISORDERS 
■ OSTEOARTHRITIS (PRIMARY OR SECONDARY 
HYPERTROPHIC ARTHRITIS OR 
DEGENERATIVE ARTHRITIS) 

Osteoarthritis is the most common indication for total hip 
arthroplasty; it can be primary or secondary to femoroace- 
tabular impingement, to previous trauma, or to childhood 
disorders of the hip. The extremity often is shortened slightly, 
although the discrepancy can be greater than 1 cm if érosion 
or deformation of the fémoral head or acetabulum has 
occurred. The hip often is flexed, externally rotated, and 
adducted, and there is additional apparent shortening of the 
limb because of the deformity. Less commonly, the limb may 
appear lengthened because of a fixed abduction contracture. 
Removal of the osteophytes from the anterior or posterior 
margin of the acetabulum may be necessary to dislocate the 
hip safely. The subchondral bone of the acetabulum is thick 
and hard, and considérable reaming may be required before 
a bleeding surface satisfactory for bone ingrowth is reached. 
Osteophytes may completely cover the pulvinar and obscure 
the location of the médial wall. 

If the fémoral head has been displaced laterally, intraar- 
ticular osteophytes inferiorly may thicken the bone consider- 
ably and require deepening of the acetabulum to contain the 
cup fully (Fig. 3-75). Failure to medialize the acetabulum in 
this instance may leave the superior portion of the cup unsup- 
ported or supported primarily by osteophytes rather than 



Inadéquate deepening of acetabulum. A and 
B f Degenerative arthritis with intraarticular osteophyte formation 
and latéral subluxation. Médial osteophytes were not removed, 
and socket remains in lateralized position. Superior coverage is 
provided only by large osteophyte. 


■ INFLAMMATORY ARTHRITIS 

Total hip arthroplasty often is indicated to relieve pain and 
increase range of motion in patients with inflammatory 
arthritis and other collagen diseases, such as rheumatoid 
arthritis, juvénile idiopathic arthritis, juvénile rheumatoid 
arthritis or Still disease, psoriatic arthritis, and systemic lupus 
erythematosus, especially when involvement is bilateral. 
Arthroplasties of the knees and other joints may be necessary. 
Often these patients are generally disabled, having varying 
degrees of dermatitis, vasculitis, fragile skin, osteopenia, and 
poor musculature. In addition, they hâve been or are receiv- 
ing corticosteroids and other immunosuppressive drugs; con- 
sequently, the risks of fracture during surgery and infection 
after surgery are greater. The fémoral head may be partially 
absent because of érosion or osteonecrosis, and some degree 
of acetabular protrusion may be présent. 

Limitation of motion of the cervical spine, upper extrem- 
ities, and temporomandibular joints complicates the anesthé¬ 
sia, and fiberoptic techniques may be required to intubate the 
patient safely. Preoperative flexion and extension radiographs 
of the cervical spine to rule out subluxation are advisable if 
endotrachéal intubation is planned. Additional cortico¬ 
steroids also may be required in the perioperative period. 

Spécial handling of the limb is necessary so as not to 
fracture the fémur or acetabulum or damage the skin. Prépa¬ 
ration of the fémur usually is easy because the canal is wide, 
but the cortex is thin and easily penetrated or fractured. Simi- 
larly, the acetabulum is soft and easily reamed, and the médial 
wall is easily penetrated. Care must be taken not to fracture 
the anterior margin of the acetabulum or the fémoral neck 
with a retractor used to lever the fémur anteriorly. Severe 
osteopenia often makes cementless fixation more difficult, 
although successful use of cementless fémoral and acetabular 
components has been reported in several sériés. Small com- 
ponents may be necessary, especially in patients with juvénile 
idiopathic arthritis, because the bones often are underdevel- 
oped. Excessive fémoral antéversion and anterior bowing of 
the proximal fémur also are common in patients with juvénile 
idiopathic arthritis. Extrême deformity may require fémoral 
osteotomy. 

When operations on the hip and the knee are indicated, 
opinions vary concerning which joint should be treated first. 
Total knee replacement can be technically difficult in the 
presence of a markedly stiff arthritic hip joint. Conversely, a 
severe flexion contracture of the knee may prédisposé to dis¬ 
location of a total hip replacement. If involvement is equal, 
the hip arthroplasty probably should be done first. 

Most patients with rheumatoid arthritis, including young 
patients, hâve excellent pain relief and increased mobility 
after total hip arthroplasty. Functional improvement as evi- 
denced by hip scores may be limited, however, by other 
involved joints. Because these patients are relatively inactive, 
they are not physically demanding of the hip. Although the 
incidence of radiolucencies at 10 years is high, patients 
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continue to function well with their reduced demands. In 
most sériés, radiolucencies and démarcation are more 
common around the acetabulum than the fémur for cemented 
and cementless fixation. 

OSTEONECROSIS 

Osteonecrosis of the fémoral head remains a challenge for 
diagnosis and for treatment. In some instances, the cause of 
the osteonecrosis can be identified as being associated with 
alcoholism, corticosteroids, systemic lupus erythematosus, 
rénal disease, caisson disease, and various other diseases 
(sickle cell disease and Gaucher disease are discussed sepa- 
rately). Osteonecrosis may also be associated with coagulopa- 
thies and human immunodeficiency virus (HIV). In many 
patients with osteonecrosis of the fémoral head, no disease 
process can be identified, however, and in these patients the 
osteonecrosis is classified as idiopathic. Up to 75% of patients 
with atraumatic osteonecrosis hâve radiographie or MRI évi¬ 
dence of bilateral hip disease at présentation. 

In the so-called idiopathic group and in patients with 
corticosteroid-related osteonecrosis without subchondral 
collapse or significant arthritic changes in the hip (stages I 
and II), symptoms can be relieved by core décompression, as 
advocated by Hungerford; by vascularized fibular graffing; or 
by valgus osteotomy with or without bone graffing (see 
Chapter 6). Hip fusion is not recommended because the 
involvement offen is bilateral. Resurfacing arthroplasty is rec¬ 
ommended only if the avascular segment constitutes a small 
segment of the fémoral head (usually <50%). Resurfacing of 
only the fémoral head is an option as an intérim procedure if 
the acetabulum appears normal. 

With osteonecrosis, the capsule and synovial tissue pro¬ 
lifération frequently is quite hyperemic; and on entering the 
capsule, a considérable amount of bleeding may be encoun- 
tered. Offen a large synovial effusion is présent and may raise 
suspicion of infection, although this is uncommon. If cortical 
bone graffing of the fémoral head was done previously, such 
as with a vascularized fibular graff, careful attention must be 
paid to removing the intramedullary portion of the graff 
completely. Conventional reamers and broaches are ineffec¬ 
tive in this regard. Fehrle et al. found that undersizing and 
varus placement of the fémoral component were common 
because of inadéquate graff removal, especially in the tro- 
chanteric fossa. They recommended removing the graff rem- 
nants with a high-speed burr and using intraoperative 
radiographs with the broach in place to ensure adéquate 
removal of the graff and a good fémoral fit. 

Many patients with osteonecrosis are young, and total hip 
procedures hâve not been as satisfactory in this group as in 
older patients or those with osteoarthritis. Many reports of 
unsatisfactory results were based on patients who were oper- 
ated on with first-génération cementing techniques, however, 
and the results may prove more favorable with improved 
methods, materials, and designs. Improved results hâve been 
reported with the use of an alumina ceramic head with highly 
crosslinked polyethylene. At average 8.5 years follow-up, wear 
was low and no hip had aseptie loosening or osteolysis. The 
use of advanced bearings appears particularly warranted in 
this young population. 

Patients with osteonecrosis potentially are at greater risk 
of complications because of the previously noted comorbidi- 
ties. Stavrakis, SooHoo, and Lieberman found a higher risk 



Primary protrusio acetabuli. Otto pelvis in 
52-year-old woman. Fémoral head has migrated médial to iliois- 
chial (Kohler) line. Hip motion is severely limited. 


of both sepsis and readmission based on information from a 
statewide hospital database. 

PROTRUSIO ACETABULI 

Protrusio acetabuli can be primary or secondary. The primary 
form, arthrokatadysis (Otto pelvis), involves both hips, occurs 
most offen in younger women, and causes pain and limitation 
of motion at a relatively early âge (Fig. 3-76). The secondary 
form can be caused by migration of an endoprosthesis, septic 
arthritis, or prior acetabular fracture. It can be présent bilater- 
ally in Paget disease, arachnodactyly (Marfan syndrome), 
rheumatoid arthritis, ankylosing spondylitis, and osteomala- 
cia. The radiographie hallmark of protrusio acetabuli is the 
médial migration of the fémoral head beyond the ilioischial 
(Kohler) line. The deformity may progress until the greater 
trochanter impinges on the side of the pelvis. Frequently, 
there is an associated varus deformity of the fémoral neck. 

The principles of reconstruction of a protrusion defor¬ 
mity are as follows: (1) the hip center must be placed in an 
anatomie location to restore proper joint biomechanics; (2) 
the intact peripheral rim of the acetabulum should be used 
to support the acetabular component; and (3) the remaining 
cavitary and segmentai defects in the médial wall must be 
reconstructed, preferably with bone graffing (Fig. 3-77). 
Determining the anatomie location of the hip center and the 
degree of migration caused by progressive protrusion can be 
difficult. Variations in the amount of flexion and rotation of 
the pelvis may distort radiographie measurements. Ranawat, 
Dorr, and Inglis proposed a method of determining the hip 
center by the radiographie relationships of the Kohler and 
Shenton fines and the height of the pelvis. Although this 
method is useful for radiographie measurement, it offers no 
assistance in correcting the hip center to the anatomie loca¬ 
tion during surgery. Generally, the relationship of the pros- 
thetic socket to the remaining acetabular rim and the 
measurement of the remaining médial and superior bony 
déficits in comparison to the preoperative templating assist 
in bringing the hip center to a more latéral and inferior 
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Reconstruction for protrusio acetabuli deformity. A f Protrusio deformity in 52-year-old woman with lupus. B f After 
total hip arthroplasty. Hip center was restored to more latéral and inferior position. Large acetabular component allowed rim fixation 
without need for screws, and médial déficits were grafted with cancellous autograft from fémoral head with excellent incorporation. 
Low neck resection and high-offset stem design helped avoid overlengthening of limb. 



Incomplète reconstruction of protrusio defor¬ 
mity. A f Shortly after surgery. Hip center remains in superior and 
médial location; médial wall has been perforated. B f Progression 
of deformity with loosening of socket and destruction of médial 
wall. 


position. The adequacy of correction of the deformity cor¬ 
rélâtes with long-term prosthetic survivorship (Fig. 3-78). 

Offen, because of the médial migration of the fémur, the 
sciatic nerve is nearer the joint than normally, and conse- 
quently it should be identified early in the operation and 
protected. Trochanteric osteotomy occasionally may be 
required for exposure. Dislocation of the hip can be extremely 
difficult, and removal of a small overhanging portion of the 


posterior acetabular wall may facilitate dislocation. In severe 
cases, the fémoral head is incarcerated within the acetabulum 
and dislocation is impossible. In this instance, the fémoral 
neck must be osteotomized in situ at the appropriate angle. 
Considérable capsular release is necessary to deliver the prox¬ 
imal end of the fémur out of the depth of the wound. The 
fémoral head is removed from the acetabulum with a cork- 
screw or a threaded pin. If it is more firmly fixed in the ace¬ 
tabulum, it is sectioned and removed piecemeal. The médial 
wall of the acetabulum usually is thin or may be partly mem- 
branous, and it should not be penetrated. Médial reaming 
is unnecessary; instead, the cartilage and soft tissues are 
removed with a curet. The smooth, sclerotic floor is rough- 
ened with a curet or chisel, but penetrating into the pelvis is 
avoided. 

The peripheral rim of the acetabulum is intact when a 
protrusio deformity occurs. This rim can be relied on to 
provide stability for a cementless socket but must be pre- 
pared carefully. When the fémoral head has protruded into 
the pelvis, an “hourglass” deformity is created and the walls 
of the periphery of the acetabulum diverge (Fig. 3-79A). If 
only the periphery of the acetabulum is reamed to a larger 
size, the walls can be made to converge. The acetabular com¬ 
ponent is stabilized on the reshaped rim, and the thin or 
déficient médial wall is not relied on to prevent récurrent 
deformity. Reaming is begun with the largest size reamer 
that fits comfortably into the opening of the acetabulum. The 
reamer is advanced only until it is flush with the rim, and 
the médial wall is not reamed. Progressively larger reamers 
are inserted in the same manner until a convergent rim is 
created that is wide enough to support the acetabular com¬ 
ponent (Fig. 3-79B). The anterior and posterior walls are 
palpated frequently during reaming to avoid excessive bone 
removal or the création of a complété segmentai defect in the 
anterior or posterior wall. Any segmentai or cavitary déficit 
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Insertion of acetabular component for protrusio. A f Périphéries of acetabular walls are divergent, and hip center is 
displaced superiorly and medially. B, Peripheral reaming créâtes new rim with convergent walls. C, Implanted component is stable on 
prepared rim. Hip center shifted from point A to point B and is now in more anatomie location. 


that remains medially is grafted with particulate cancellous 
bone, wafers, or a solid graft from the fémoral head and 
impacted by using the last reamer, turning it in the reverse 
direction for a few turns. A component 1 to 2 mm larger than 
the final reamer size improves stability on the prepared rim 
(Fig. 3-79C). 

Sloof et al. popularized the technique of impaction graff- 
ing of the acetabulum for correction of protrusio associated 
with rheumatoid arthritis and révision procedures. Particu¬ 
late cancellous bone graffs measuring 0.5 to 1.0 cm are tightly 
impacted into the médial acetabular defects, and a segment 
of wire mesh is placed on top of the bone graft. A conven- 
tional acetabular component is cemented into the construct. 
Weight bearing is limited for 3 months. In a sériés of 36 hips 
with protrusio caused by rheumatoid arthritis, Sloof et al. 
reported a survival rate of 90% at 12 years with the impaction 
grafting technique. Although this technique has not been 
widely used, Sloof s approach has been adapted for use in the 
fémur in révision procedures and has gained more wide- 
spread acceptance (see Technique 3-31). 

Surgical correction of protrusio acetabuli often entails 
significant lengthening of the limb. Patients with bilateral 
deformity should be advised of this before surgery. The 
lengthening occurs on both sides of the joint; the center of 
the acetabulum is brought to a more inferior and latéral posi¬ 
tion, and the fémoral side is lengthened because of the prior 
varus deformity of the fémoral neck. We hâve found a low- 
level fémoral neck resection coupled with a fémoral compo¬ 
nent with enhanced offset (see Fig. 3-16) to be helpful in 
minimizing limb lengthening while maintaining adéquate 
joint stability (see Fig. 3-77). 

DEVELOPMENTAL DYSPLASIA 

In surgery for developmental dysplasia of the hip, proper 
patient sélection is crucial. Pelvic or periacetabular osteotomy 
should be considered in young patients with retained carti¬ 
lage space on radiographs. Total hip arthroplasty still is often 


required for patients with symptomatic arthritis secondary to 
dysplasia. 

The complexity of the reconstruction is influenced by the 
degree of anatomie abnormality (Fig. 3-80). The classification 
of Crowe et al. has been used to describe the degree of dys¬ 
plasia and is based on the magnitude of proximal fémoral 
migration relative to the acetabulum as measured on an 
anteroposterior radiograph of the pelvis. The migration is 
calculated by measuring the vertical distance between the 
interteardrop line and the médial head-neck junction of the 
involved hip. The degree of subluxation is the ratio of this 
distance to the vertical diameter of the opposite fémoral head. 
If the distance from the médial head-neck junction to the 
interteardrop line is half the vertical diameter of the opposite 
fémoral head, the degree of subluxation is 50%. In patients in 
whom the opposite fémoral head also is deformed, the verti¬ 
cal diameter of the fémoral head is estimated as 20% of the 
height of the entire pelvis as measured from the top of the 
iliac crest to the bottom of the ischial tuberosities. Dysplastic 
hips are classified by the amount of subluxation: type I, less 
than 50%; type II, 50% to 75%; type III, 75% to 100%; and 
type IV, greater than 100% subluxation. 

In addition to the proximal migration of the fémur, 
several deformities of the bone and soft tissues are of surgical 
importance. The fémoral head is small and deformed; the 
fémoral neck is narrow and short, with varying but often 
marked antéversion. The greater trochanter usually is small 
and often located posteriorly. The fémoral canal is narrow; 
Dunn and Hess found its average width 2 cm inferior to the 
lesser trochanter to be only 1.5 cm. The narrowness of the 
fémur and the increased anterior bowing of the proximal 
third make canal préparation difficult. If the fémoral head has 
subluxated and migrated proximally, the acetabulum is 
oblong and its roof is eroded. In high and intermediate dis¬ 
locations, the impingement of the fémoral head on the ilium 
stimulâtes the formation of a false acetabulum that usually is 
not deep or wide enough for containment of the cup. The 
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Developmental subluxation or dislocation. A f Dysplastic hip with defect in superior aspect of acetabulum. B, Inter- 
mediate congénital dislocation with false acetabulum above true acetabulum, usually with shallow groove connecting two acetabula. 
C f High dislocation of hip, with some reactive bone on side of ilium where head impinges on cortex. 


thickest bone available usually is in the true acetabulum, and 
the cup should be implanted there if possible (Fig. 3-81). 

The abductor muscles frequently are poorly developed 
and oriented more transversely than normal. The adductors, 
psoas, hamstrings, and rectus femoris muscles usually are 
shortened. The capsule is elongated and redundant. Extensive 
capsulectomy and tenotomy of the psoas, rectus femoris, and 
adductors may be required to correct the deformity. The 
sciatic nerve has never assumed its normal length and is 
susceptible to stretch injury when the bony and soff-tissue 
deformities are corrected. 

Before surgery, anteroposterior radiographs of the pelvis 
and proximal fémur and a latéral view of the fémur must be 
studied carefully to détermine the amount of bone available 
in which to fix the cup, the level at which it should be fixed, 
the problems likely to be encountered in reaming the fémoral 
canal because of the anterior bowing and narrow width, the 
need for a fémoral osteotomy, and the size and type of com- 
ponents to be used. In patients with unilatéral dislocations, 
lengthening of the affected extremity during surgery is désir¬ 
able to correct some or ail of the discrepancy in limb lengths. 
No more than 3 to 4 cm of lengthening should be planned. 
The leg lengthening often is offset to some extent by the 
necessity of shortening the fémur to place the fémoral head 
in the true acetabulum. 

The shallow dysplastic acetabulum may require a very 
small acetabular component (<40 mm). Implants of this size 
are not typically part of the standard implant sets and may 
need to be specially ordered. A 22-mm fémoral head size 
should be used because it can be difficult to maintain adé¬ 
quate polyethylene thickness when a larger head size is used 
with a small cup. Charnley and Feagin warned that no more 
than 5 mm of the cup should protrude beyond the bone. If 
possible, the entire cup should be confined within the bone, 
and the médial wall of the acetabulum should be leff intact. 
Intentional fracture of the médial wall to obtain latéral cover- 
age has been proposed, but this is not universally accepted. 

Most authors recommend placement of the acetabular 
component within the true acetabulum (see Fig. 3-81), rather 
than leaving the center of rotation in a superiorly displaced 
position with the cup in a false acetabulum (Fig. 3-82). This 


médial and inferior location diminishes joint contact forces 
compared with the superior and laterally displaced position 
of a false acetabulum. In addition, placement in the true 
acetabulum facilitâtes limb lengthening, improves abductor 
function, and in most cases places the acetabular component 
in the best available bone stock. Long-term studies hâve 
found the frequency of loosening to be two to three 
times higher when the cup is placed outside the true acetabu¬ 
lum than when it is initially positioned within the true 
acetabulum 

With Crowe type I hips, there is relatively little bony 
deformity, and the acetabular component can be placed in the 
true acetabulum without difficulty. Medialization to the floor 
of the acetabulum provides adéquate containment of a stan¬ 
dard component. In Crowe type II and type III hips, when 
the socket is placed within the true acetabulum, a large supe¬ 
rior segmentai déficit remains with a lack of superior cover- 
age of the component (Fig. 3-83). In most patients, graffing 
is not required if the acetabular component is placed in a 
slightly high location as long as it is not also lateralized. 

Although early reports of acetabular graffing showed 
acetabular loosening in as many as 47%, other reports of 
bulk acetabular bone graffing in developmental dysplasia of 
the hip hâve been more positive, with loosening in approxi- 
mately 15%. 

Technique is most important in achieving success with 
solid acetabular bone graffs. Ail cartilage and soft tissue is 
removed from the contact areas between donor and host 
bone. The graft is prepared with an oscillating saw, and the 
acetabular bed is prepared with a curet. The fit of the graft to 
the host is crucial; the head is placed in the defect in its most 
congruous position. The graft should be positioned beneath 
a buttress of host bone that is capable of supporting weight 
bearing, and the trabeculae of the graft should be oriented in 
line with the weight-bearing forces. The graft is provisionally 
fixed with smooth Kirschner wires. Definitive fixation is 
achieved with two or three cancellous lag screws with washers. 
The screws should be oriented in parallel and along lines of 
weight-bearing forces. Screws must be inserted with careful 
interfragmentary technique, and the graft should be over- 
drilled to allow this if necessary. Initial shaping of the graft is 
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Developmental dysplasia. A and B f Thirty-year-old woman with prior fémoral and acetabular ostéotomies. There is 
residual Crowe type 1 dysplasia. Fémur is excessively anteverted with anterior bow and retained hardware. C and D f Small acetabular 
component placed at level of true acetabulum. Fémoral osteotomy was needed to correct angular and rotational deformities. 
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Placement of cup in false acetabulum. A f Dislocation in 35-year-old woman. B f Cup was implanted in false acetabulum 
with high hip center. Limb remains 4 cm short, and abductor function is poor. 



Grafting of superior segmentai defect of acetabulum with part of fémoral head. A, Sequelae of dysplasia in 54-year- 
old woman. B, Cementless socket is placed in true acetabulum. Autogenous graft is fixed with cancellous screws and covers about 30% 
of implant. C, At 5 years, graft has united and socket is stable. 
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Bone graft, superior and posterior aspect of acetabulum. Large bone bank fémoral head with some neck attached 
(A) is eut in coronal plane (B) so that upper part is slightly more than half of head. C f Full-thickness elliptical piece of bone is eut out 
with end-cutting reciprocating saw. This concave surface of graft is placed on convex surface of pelvis above and posterior to acetabu¬ 
lum. D f Graft is rotated 90 degrees, and another elliptical eut is made that is slightly smaller than diameter of acetabulum. Several 
fittings are necessary for graft to hâve maximal contact with underlying bone. E f Graft is temporarily fixed to underlying bone with 
two Kirschner wires. F f Four lag screws fix graft to pelvis. High-speed burr and reamers are used to finish contouring graft. 


done with a high-speed burr. Final shaping of the graft and 
remaining host acetabulum is done with hemispherical 
reamers. Caution must be exercised during reaming to avoid 
excessive torque on the graft. For this reason, we prefer to 
préparé and ream the graft before definitive screw fixation 
(Fig. 3-84). In this way, the final sites for screw fixation are 
selected after the graft has been prepared and are not com- 
promised during the reaming process. Final shaping of the 
latéral aspect of the graft also can be done at this point with 
a trial acetabular component in place before final screw fixa¬ 
tion. If a portion of the graft is left prominent beyond the 
latéral edge of the cup, the unstressed portion likely will be 
resorbed over time (Fig. 3-85). 

The rate of union and résorption and the long-term via- 
bility of acetabular grafts are concerns. Sanzén et al. found no 
incorporation of cortical bone grafts. Limited résorption of 
the latéral aspect of the graft occurred in 20 of 32 hips, but 
résorption involving bone supporting the Socket occurred in 
only three hips (see Fig. 3-85). Radioisotope scanning did not 
correlate with bone résorption, nonunion, or loss of bone 
structure. In most reported cases of acetabular loosening after 
bulk acetabular bone grafting, the graft was viable and révi¬ 
sion was accomplished without the need for additional bone 
grafting. 

There is no potential for bone ingrowth from bulk ace¬ 
tabular grafts. The amount of the component that must be 
placed in contact with viable host bone for long-term stability 
remains to be determined. This problem and the failure of 
large bulk grafts led Harris to advocate placement of a small, 
porous acetabular component at a superiorly displaced posi¬ 
tion. Isolated superior displacement or superomedial dis¬ 
placement results in only limited increase in joint contact 
forces. In reconstructing a hip with a so-called high hip 
center, a larger amount of the porous surface can be placed 



Résorption of fémoral head autograft. A f After 
total hip arthroplasty with fémoral head autograft for superior 
and posterior segment déficits. Graft is united at 6 months. 
Portion of graft protrudes beyond edge of component. B f Two 
years after surgery, unstressed latéral portion of graft has 
resorbed. Note médial migration of washers. Function is excel¬ 
lent, component shows no migration, and there is no résorption 
of graft that supports socket. 


against viable host bone. When a small socket is placed in 
a superior and médial position, however, femoral-pelvic 
impingement and instability become problems. Resection of 
a large amount of bone from the anterior column adjacent to 
the superior pubic ramus and from the ischium offen is 
required to allow motion and reduce the risk of dislocation. 
Some degree of superior displacement of the hip center is 
acceptable. Nawabi et al. found no loosening when the hip 
center was approximately 1 cm higher than the anatomie 
position, but found a higher wear rate in hips in which the 
center was left in a lateralized position. 
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With a high dislocation, as in Crowe type IV, the acetabu- 
lum is hypoplastic, but its superior rim has not been eroded 
by the fémoral head. The reconstruction usually can be done 
with a conventional, albeit very small acetabular component 
placed within the true acetabulum and without structural 
bone grafting. When the hip is initially exposed, the fémoral 
head is dislocated from a false acetabulum and the site of the 
true acetabulum may not be immediately apparent. A ledge 
of bone usually séparâtes the true acetabulum from the false 
one, and it should be used as a landmark from which dissec¬ 
tion is carried inferiorly. The transverse acetabular ligament 
usually can be located along with the cotyloid fossa, retaining 
some atrophie fat from the pulvinar. A retractor placed infe- 
rior to the transverse ligament and into the obturator foramen 
ensures that the dissection has been carried far enough infe- 
rior to place the component in the true acetabulum. The 
depth of the acetabulum often is deceptive because it is filled 
with bone. Removal of the pulvinar exposes the depth of the 
cotyloid fossa and the médial wall of the acetabulum, allow- 
ing the surgeon to détermine the amount of medialization 
that can be safely accomplished by reaming. If the cotyloid 
fossa is not apparent, a hole can be drilled and a depth gauge 
used to détermine the thickness of the available bone. The 
anterior wall of the acetabulum often is thin and can be pen- 
etrated easily, but the posterior wall usually is adequately 
thick. When enlargement of the acetabulum from anterior to 
posterior is necessary, more bone is resected from the poste - 
rior wall than from the anterior wall. Any reaming must be 
done with care so as not to compromise the edges of 
the acetabulum or penetrate the médial wall. The bone is 
often very soft, and the final reamers may be used in reverse 
to enlarge the acetabulum by impaction rather than removal 
of bone. 

Transacetabular screw fixation of the acetabular compo¬ 
nent usually is required because of rim deficiencies and osteo- 
penia. Liu et al. used three-dimensional CT to simulate 
placement of the acetabular component within the true ace¬ 
tabulum in hips with Crowe type IV dysplasia and found that 
the center of rotation shifted anteroinferiorly. Consequently, 
the “safe zone” for screw placement (see Fig. 3-41) is nar- 
rower. Screws placed in the médial portion of the posterosu- 
perior quadrant risk injury to the obturator vessels. 

When the center of the acetabulum has changed little, as 
with Crowe type I and type II dysplasias, fémoral length is 
not problematic and the fémoral reconstruction generally is 
straightforward. Small-diameter cemented or cementless 
stems generally are satisfactory. The fémoral component must 
be placed in neutral or slight antéversion in relation to the 
axis of the knee joint. Marked antéversion of the fémoral 
neck can be misleading when positioning the fémoral com¬ 
ponent, and anterior instability may occur, particularly if 
the acetabular component has been placed in additional ante- 
version. Excessive fémoral antéversion can be corrected 
with a modular cementless fémoral component that can be 
rotated into any degree of version (see Fig. 3-26). This does 
not correct the posterior displacement of the greater trochan¬ 
ter, however, which may cause impingement in external 
rotation. 

For Crowe type III and type IV hips, fémoral length is 
more problematic. When the prosthetic socket has been 
placed in the true acetabulum, the fémur must be translated 
distally several centimeters to reduce the prosthetic fémoral 



Dunn and Hess osteotomy of greater trochan¬ 
ter and resection of proximal fémoral metaphysis (see text). Tro¬ 
chanter is resected along lines A and B for large fragment to 
facilitate reattachment and to increase abductor lever arm. 
Metaphysis is divided at about line C. (From Dunn HK, Hess WE: 
Total hip reconstruction in chronically dislocated hips, J Bone Joint Surg 
58A:838, 1976.) 


head into the acetabulum. Often the tissues most limiting this 
distal translation are the hamstrings and rectus femoris rather 
than the abductors. In such cases, a fémoral shortening oste¬ 
otomy allows réduction of the fémoral head into the true 
acetabulum without extensive soft-tissue release. Osteotomy 
of the greater trochanter and resection of 2 to 3 cm from the 
proximal fémoral metaphysis may be necessary to permit 
réduction of the joint without causing undue tension on the 
sciatic nerve or fracture of the fémoral shaft (Fig. 3-86). As 
described by Dunn and Hess, the bone should be resected 
0.5 cm at a time, and trial réductions are repeated until 
enough shortening is obtained to reduce the hip without 
undue soft-tissue tension. The narrow canal and the resection 
of the metaphyseal flare of the fémur often require the use of 
a component with a small, straight stem. 

Sponseller and McBeath described a technique of subtro- 
chanteric fémoral shortening using the fémoral component 
for intramedullary fixation. This approach allows correction 
of excessive fémoral antéversion along with the posterior 
displacement of the greater trochanter while avoiding tro- 
chanteric osteotomy and the potential for nonunion. The 
architecture of the proximal fémoral metaphysis is preserved 
and the orientations of the greater trochanter and abductors 
are corrected to restore hip mechanics and prevent instability 
and limp. A standard stem design also can be used. Addition- 
ally, the level of the fémoral osteotomy provides excellent 
exposure of the acetabulum if structural bone grafting is 
required (Fig. 3-87). The fémur is provisionally prepared with 
reamers and broaches before the fémoral osteotomy. The 
depth of reaming of the distal canal should take into account 
the length of the segment of fémur that will be removed in 
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Subtrochanteric fémoral shortening osteotomy. 
A f Initial fémoral osteotomy is made at subtrochanteric level. 
B f Proximal fémur is retracted to expose level of true acetabulum, 
and socket is placed in anatomie location. C f Proximal fémoral 
fragment is prepared, and trial réduction is done with fémoral 
component placed only in proximal fragment. Traction is applied 
to distal fémoral fragment, and overlapping portion of fémur is 
resected. D f Fémoral fragments are reduced, and excessive 
fémoral antéversion is corrected. Fémoral component provides 
intramedullary fixation of osteotomy. 


the shortening. The osteotomy is made just distal to the lesser 
trochanter, and the two fragments are retracted anteriorly for 
acetabular préparation and implantation. A trial réduction is 
then carried out with the fémoral component in the proximal 
fragment alone. Traction is applied to the distal fémoral frag¬ 
ment, and the overlapping portion is resected from the distal 


fragment. Final préparation of the distal fragment is then 
carried out. A larger diameter stem may be required to obtain 
a tight fit affer removing the segment from the fémur. The 
two fragments are reduced, the proximal fragment is dero- 
tated to 10 to 15 degrees of antéversion, and the osteotomy 
site trimmed for optimal apposition. The final stem is 
implanted maintaining the proper rotation of the fragments 
and the implant. The stem must be rotationally stable within 
both fragments to ensure union. Prophylactic cerclage wiring 
of the distal fragment (or both fragments) helps prevent frac¬ 
tures because a very tight fit is required. The resected portion 
of fémur can be bivalved and placed over the osteotomy as 
onlay graffs. Becker and Gustilo reported using a chevron- 
shaped osteotomy to improve rotational stability. A short 
oblique or step-cut osteotomy fixed with cerclage wires also 
provides greater rotational stability than a transverse osteot¬ 
omy but adds a degree of technical difhculty. Muratli et al. 
investigated multiple osteotomy configurations in composite 
fémurs. None proved superior in stability and the application 
of strut graffs did not make a significant contribution to sta¬ 
bility. Sofu et al. reported nonunion in 4 of 73 patients when 
a cable plate was used for osteotomy stabilization in conjunc- 
tion with a tapered fémoral component. We hâve used a 
modular stem with distal flûtes to gain rotational stability 
with a simple transverse osteotomy, and union has been reli- 
able (Fig. 3-88). 

In most cases, total hip arthroplasty can be performed 
without osteotomy of the trochanter, but if at the end of trial 
réduction the trochanter impinges on the pelvis when the hip 
is abducted, it should be osteotomized and reattached distally. 
In addition, if the trochanter is posterior and impinges on the 
posterior aspect of the acetabulum during external rotation, 
it must be osteotomized and reattached more laterally. Abduc¬ 
tion is improved when a stem with greater offset is used and 
there is less tendency for impingement (Fig. 3-89). 

The results of total hip arthroplasty in selected patients 
with dysplastic or intermediate dislocation of the hip hâve 
been satisfactory for stability, mobility, and pain relief. With 
high dislocations, a Trendelenburg gait and some limitation 
of motion usually persist, however. The survivorship of 
cemented arthroplasty in dysplastic hip s is inferior to that of 
other groups because of the young âge of the patients and the 
complexity of the procedures. Early and midterm cementless 
results seem more promising. The chief complications hâve 
been dislocation and sciatic nerve injury (see the section on 
complications). 

LEGG-CALVÉ-PERTHES DISEASE 

The potential for Legg-Calvé-Perthes disease (LCPD) to 
cause symptomatic secondary osteoarthritis has long been 
recognized. Froberg et al. found that 13% of patients with 
LCPD eventually required hip arthroplasty; the prevalence 
was highest in patients with more severe head involvement. 

The sequelae of LCPD include anatomie abnormalities 
that may impact the performance of hip arthroplasty. The 
acetabulum offen is dysplastic and may be retroverted, 
although graffing is seldom required as with developmental 
dysplasia. The limb is shortened due to coxa vara deformity, 
and the greater trochanter is increased in height. Fémoral 
neck version abnormalities may resuit from the disease 
process or prior reconstructive surgery. Offen there is a size 
mismatch between the metaphyseal and diaphyseal régions of 
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Subtrochanteric fémoral shortening osteotomy. A f Bilateral high congénital dislocations and progressive pain in 
35-year-old woman. B f After bilateral, staged, total hip arthroplasties. Both sides were lengthened about 3 cm despite removal of 6-cm 
segment of fémur. Fémoral ostéotomies (arrows) united uneventfully by 3 months with modular, fluted fémoral components. 



Trochanteric impingement. A, Total hip replacement in patient with congénital hip dislocation. Valgus neck with 
little offset produced trochanteric impingement in abduction. Motion was severely limited. B, After révision for loosening with progres¬ 
sive osteolysis. Stem with greater offset restored adéquate abduction. 


the fémur, which makes fixation more difficult with conven- 
tional cementless fémoral components. 

Baghdadi et al. reported a sériés of patients from an insti- 
tutional joint registry with a mean âge of 48 years at the time 
of hip arthroplasty. Cementless implant survival at 8 years 
was 90%. Intraoperative fractures were common, and nerve 
palsies were related to overlengthening of the limb. Seufert 
and McGrory reported the use of a modular fémoral compo- 
nent (see Fig. 3-26) to manage fémoral metaphyseal- 
diaphyseal size mismatch and version abnormalities. There 


were no implant related failures at minimum 2-year follow-up. 
No fémoral fractures or nerve injuries were reported. 

SLIPPED CAPITAL FEMORAL EPIPHYSIS 

Patients with adolescent slipped capital fémoral epiphysis 
(SCFE) may develop secondary osteoarthritis due to femoro- 
acetabular impingement with abnormal hip mechanics. 
Arthroplasty also may be required due to osteonecrosis or 
chondrolysis following surgery for fixation of the neck. 
Deformity of the fémoral neck with rétroversion may occur 
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Painful hip in dwarfism. A and B f Thirty-five-year-old woman with spondyloepiphyseal dysplasia. Fémoral canal 
measures only 7 mm. C and D f After reconstruction with miniature components and 22-mm head. Fémoral shortening and derotational 
osteotomy were required to correct deformity. 


because of the disease process. Antiquated fixation devices 
placed in adolescence may become completely encased in 
cortical bone, making their extraction difficult. 

In a report from the New Zealand National Joint Registry, 
Boyle, Frampton and Crawford found no différence in out- 
comes between patients with SCFE and primary osteoarthri- 
tis undergoing hip arthroplasty. 


DWARFISM 

Prématuré osteoarthritis of the hip often is seen in skeletal 
dysplasias because of abnormalities of articular cartilage, 
arrested joint development, and altered mechanics. The prob- 
lems encountered in total hip arthroplasty in short-statured 
individuals (Fig. 3-90) are similar to those encountered in 
persons with hip dysplasia. Excessive fémoral bowing is 
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common, and the fémoral canal may be wide proximally but 
narrow distally, creating a mismatch. Many patients hâve had 
prior surgery, including osteotomy that may complicate 
arthroplasty further. Thorough preoperative planning is 
impérative. Often, spécial miniature fémoral components are 
necessary because of the narrow canal and fémoral osteotomy 
or customized short stems may be required to accommodate 
fémoral bowing. Cups with small outside diameters are nec¬ 
essary CT of the pelvis and fémur is helpful in delineating 
abnormal bony anatomy and size and in determining whether 
custom implants would be necessary 

Many syndromes that cause short stature involve other 
joints, including the cervical spine, which may be unstable. 
Lumbar deformities also may cause referred pain in the hip 
and should be investigated before hip surgery Knee instabil- 
ity also may bring about the need for future knee arthroplasty 
with stemmed implants; therefore, a long-stem fémoral 
component for the hip arthroplasty should be avoided if 
possible. 

Survivorship in this challenging group of patients is 
worse than in those with osteoarthritis. In a sériés of 127 
patients, Guenther et al. found a survival rate of 92.6% at 
5-year follow-up. 

POSTTRAUMATIC DISORDERS 
■ ACUTE FEMORAL NECK FRACTURES 

Conventional fracture fixation techniques and hemiarthro- 
plasty traditionally hâve been recommended for displaced, 
acute fractures of the fémoral neck. Total hip arthroplasty has 
been perceived as excessively costly with a higher risk of 
dislocation. Recent evidence suggests the management of 
acute fémoral neck fractures should be reevaluated. 

A number of randomized controlled trials are available 
comparing internai fixation, hemiarthroplasty, and total hip 
arthroplasty. In a multicenter study of 450 patients, Rogmark 
et al. reported 43% failures with internai fixation compared 
with 6% with arthroplasty. Arthroplasty patients also had 
better walking ability and less pain, but dislocation occurred 
in 8%. Blomfeldt et al. randomized 120 cognitively normal 
patients to either hemiarthroplasty or total hip arthroplasty. 
Blood loss and operative time were higher in the total hip 
group, but there were no différences in complication rates or 
mortality. Harris hip scores were higher in the total hip group 
at both 4 and 12 months. Ail patients had the same antéro¬ 
latéral approach, and there were no dislocations in either 
group. In a 4-year follow-up of this same sériés of patients, 
Hedbeck et al. found that these différences persisted and 
increased, favoring total hip replacement. Macaulay et al. 
compared results of 40 patients randomized to hemiarthro¬ 
plasty and total hip replacement. Operative time was only 7 
minutes longer in the total hip group, although ail participât - 
ing surgeons were specialized in hip arthroplasty. At 24 
months, total hip patients had significantly less pain than 
those with hemiarthroplasties and had significantly better 
SF-36 mental health and WOMAC function scores. Only one 
patient with a total hip arthroplasty (5.8%) experienced dis¬ 
location requiring révision. Iorio et al. carried out a cost- 
effectiveness analysis of treatment methods for displaced 
fémoral neck fractures accounting for initial hospital costs, 
réhabilitation, and costs of reoperations and complications. 
They concluded that cemented total hip replacement was the 


most cost effective and that internai fixation was the most 
expensive. 

Although this topic remains controversial, total hip 
arthroplasty is an acceptable option for treatment of acute, 
displaced fractures of the fémoral neck in patients who are 
living independently, fully ambulatory, mentally lucid, and 
living an active lifestyle. Those who are less healthy, institu- 
tionalized, cognitively impaired, or require assistive devices 
for ambulation are better suited for hemiarthroplasty. The 
sélection process also dépends on availability of experienced 
personnel at a given institution. 

The risk of complications in patients with acute fémoral 
neck fractures is higher than in patients with osteoarthritis. 
Using information from the National Hospital Discharge 
Survey (NHDS) over the years 1990 to 2007, Sassoon et al. 
found that patients having total hip replacement for acute 
fracture had higher rates of mortality and pulmonary embo- 
lism compared with osteoarthritis patients. Rates were also 
higher for hematoma formation, infection, and dislocation, 
although these différences decreased over time. There was no 
différence in dislocation rate between groups during the most 
recent period. Fracture patients had a longer length of stay 
and discharge to a réhabilitation facility at ail time periods. 

Spécifie measures can be taken to reduce the incidence of 
dislocation in this population. In a sériés of 372 acute fémoral 
neck fractures, Skôldenberg et al. reduced the risk of disloca¬ 
tion from 8% to 2% by switching from the postérolatéral to 
the antérolatéral approach. The use of anterior approaches 
appears justified. If a posterior approach is used, considér¬ 
ation should be given to use of a larger-diameter head and 
careful repair of the posterior capsule and short external rota- 
tors. Using such an approach, Konan et al. had no dislocations 
in a sériés of 20 patients. Cementless dual-taper fémoral com¬ 
ponents were used in this sériés with no stem loosening and 
no fractures reported. Using a single taper cementless stem 
in 85 patients, Klein et al. reported two intraoperative frac¬ 
tures requiring cerclage cables and one postoperative fracture 
requiring révision of the fémoral component. The utility of 
modem cementless fémoral components in this population 
is not well established. 

Other indications are displaced fractures of the fémoral 
neck in patients with Paget disease (see later under “Paget 
Disease) and some displaced neck or trochanteric fractures 
in patients with a preexisting painful arthritic hip. Fémoral 
neck fractures are uncommon in most patients with arthritis 
of the hip, however, except for patients with rheumatoid 
arthritis. These patients usually hâve osteoporosis, and inter¬ 
nai fixation of displaced fractures often is unsatisfactory. For 
this reason, a total hip arthroplasty may be considered. 

■ FAILED HIP FRACTURE SURGERY 

Internai fixation of proximal fémoral fractures may fail 
because of nonunion, malunion, osteonecrosis, or posttrau- 
matic osteoarthritis. Patients with pain caused by destruction 
of the fémoral head and acetabulum as a resuit of intrusion 
of an internai fixation device are best treated with total hip 
arthroplasty. This is common in nonunion of trochanteric 
and fémoral neck fractures (Figs. 3-91 and 3-92). Total hip 
arthroplasty for painful posttraumatic osteonecrosis of the 
fémoral head or nonunion usually is possible, but certain 
technical points are noteworthy. Bleeding may be more exten¬ 
sive than usual because of the increased vascularity of the 
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Nonunion of trochanteric fracture. A f Eight weeks after internai fixation, lag screw was eut out, creating large cavitary 
defect in head and neck. Repeat fixation is unlikely to succeed. B, Calcar replacement fémoral component was required to restore 
length. Long stem bypasses screw holes by two bone diameters. 



Fémoral strut grafting. A, A 52-year-old man 25 years after plating of comminuted trochanteric fracture with shaft 
extension. Multiple screws were intracortical and difficult to remove. Latéral fémoral cortex under plate was thin with multiple defects 
from screw removal. B, Long allograft cortical strut was used to avoid an excessively long stem. 



















PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS 



Primary total hip with acute acetabular fracture. A f Elderly man with mild preexisting arthritis of hip had moderately 
comminuted T-type fracture of acetabulum. B f CT scan showing comminution of weight-bearing area of acetabular dôme. C f Fracture 
was fixed with lag screws and figure-of-eight braided cable. Primary total hip accomplished with cementless acetabular component 
fixed with multiple screws. Fracture is united, implants are well positioned, and fixation is stable. 


subsynovial tissue, which is part of a reactive process second- 
ary to the avascular bone in the head. Considérable soft-tissue 
release may be necessary for exposure and restoration of limb 
length. If evidence of active infection is noted at the time of 
removal of internai fixation devices, the total hip procedure 
should be abandoned. 

With nonunion of a fémoral neck fracture, a portion of 
the fémoral neck may be eroded but reconstruction usually 
can be accomplished easily using a standard fémoral compo¬ 
nent with a long neck. In contrast, with trochanteric non- 
unions, the length of the fémur generally cannot be restored 
with a standard implant, and a calcar replacement stem often 
is required (see Fig. 3-25C). Because a calcar replacement 
stem simplifies the operation, allows early weight bearing, 
and obviâtes the need for union at a graft-host junction, it is 
préférable to bone grafting. 

Plates and screws in the proximal fémur may be covered 
with bone and difficult to remove. Removal of broken screws 
may leave a large defect in the fémoral cortex that can give 
rise to fracture. In these cases, a longer stem is required to 
bypass screw holes by approximately two bone diameters (see 
Fig. 3-91). Cortical bone beneath a fémoral side plate may 
become markedly porotic and easily perforated by reamers 
and broaches. We hâve used cortical strut grafts over the site 
of the plate in these cases for protection from fracture (see 
Fig. 3-92). When a cemented stem is used, an attempt should 
be made to occlude fémoral screw holes during cementation. 
Still, the cernent mantle quality is typically inferior compared 
with intact fémurs. Additionally, with previously uns table 
trochanteric fractures, malunion with médial displacement at 
the fracture site may produce distortion of the proximal 
fémur and make préparation of the fémur more hazardous. 

Hospitalization and subséquent réhabilitation of patients 
with total hip arthroplasty for sequelae of failed fixation of a 
hip fracture are more prolonged than for similar patients with 
arthroplasty for arthritic conditions. Many patients with hip 
fractures hâve been nonambulatory for a period after the 
initial fracture and become very debilitated. Complications 


are more common, and the overall mortality is higher than 
for patients who undergo total hip arthroplasty for arthritic 
conditions. Archibeck et al. reported an early complication 
rate of 11.8% including dislocations and periprosthetic 
fractures. 

■ ACETABULAR FRACTURES 

Fractures of the acetabulum with or without dislocation of 
the hip, although they can become painful later, usually are 
treated initially by open réduction and internai fixation. A 
united fracture provides better bone for support of the ace¬ 
tabular component if arthroplasty should become necessary. 
Occasionally, primary arthroplasty is indicated in an older 
osteoporotic patient who has an acetabular fracture com- 
bined with an unreconstructable fracture of the fémoral head 
or neck, marked articular surface impaction or comminution, 
or a previously arthritic joint (Fig. 3-93). Mears and Shira- 
hama reported a technique of acetabular fracture fixation 
with braided cables combined with acute total hip arthro¬ 
plasty. Fracture union occurred in 19 patients, and there were 
no loose implants. In a larger sériés of elderly patients with 
acute acetabular fractures treated with arthroplasty, Mears 
and Velyvis found good or excellent outcomes in 79% of 
cases. Small degrees of acetabular component migration 
occurred within the first 6 weeks, but no acetabular compo¬ 
nent had evidence of late radiographie loosening. Both the 
fracture réduction and arthroplasty can be carried out though 
a single posterior approach. High rates of blood transfusion 
and prolonged operative times hâve been reported in other 
sériés. Chakravarty et al. described a technique of percutané - 
ous column fixation combined with total hip arthroplasty to 
reduce operative time and blood loss associated with tradi- 
tional acetabular fracture fixation techniques. This procedure 
is best accomplished with collaboration of surgeons familiar 
with techniques of open réduction of acetabular fractures and 
of complex hip arthroplasty. 

In old fractures of the acetabulum treated nonoperatively, 
residual pelvic deformity and areas of nonunion are common. 
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A significant bony defect may be présent posteriorly, espe- 
cially if there has been a previous fracture of the posterior 
wall. Judet views (see Chapter 56) of the acetabulum and a 
CT scan show the extent of the defect and detect areas of 
nonunion not identified on plain radiographs. Failure to rec- 
ognize these posterior deficiencies offen leads to placement 
of the acetabular component in rétroversion, with subséquent 
dislocation. At the time of arthroplasty, either the acetabulum 
must be deepened so that the posterior edge of the cup is 
supported by bone or the posterior wall must be extended by 
a graff consisting of part of the excised fémoral head and neck 
or an allograff anchored with several screws or a buttress 
plate. For smaller contained defects, morselized autograff 
from the fémoral head is adéquate. In patients with nonunion 
of a displaced transverse acetabular fracture or patients with 
extremely irregularly shaped defects, an antiprotrusio cage 
with bone graffing can be considered. 

If open réduction of the acetabulum has been done previ- 
ously, extensive soff-tissue scarring can be expected and 
exposure may be difficult. Hétérotopie ossification compli- 
cates exposure further and can cause impingement affer the 
components are placed. Excision of hétérotopie bone is labo- 
rious and increases operative time and blood loss. Efforts to 
prevent récurrence of hétérotopie bone are warranted (see 
section on hétérotopie ossification). 

Previously placed internai fixation devices can be exposed 
during the process of reaming the acetabulum, and it may be 
necessary to remove them to implant the acetabular compo¬ 
nent properly. Considérable additional exposure may be 
required to remove screws and plates, risking injury to the 
sciatic nerve within scarred soft tissues. The ready availability 
of metal-cutting tools and screw removal instruments facili¬ 
tâtes extraction of previously placed implants from the inte- 
rior of the acetabulum without added extraarticular exposure. 
The acetabular component offen can be implanted with 
removal of only a portion of the hardware, leaving the remain - 
der undisturbed. 

Makridis et al. conducted a meta-analysis of published 
sériés of total hip replacement in patients with acetabular 
fractures. Hétérotopie ossification, infection, dislocation, and 
nerve injuries were the most commonly reported complica¬ 
tions. Acetabular component survival was only 76% at 10 
years. Yuan, Lewallen, and Hanssen reported no aseptie loos- 
ening with a highly porous métal acetabular component (see 
Fig. 3-31), but failures related to infection were reported. 

FAILED RECONSTRUCTIVE PROCEDURES 
■ PROXIMAL FEMORAL OSTEOTOMY 
AND DEFORMITY 

Several problems may be encountered in inserting the fémoral 
stem for arthroplasty affer proximal fémoral osteotomy or 
when the proximal fémur is otherwise deformed. Anatomie 
distortion and scarring from previous surgery make the sur- 
gical exposure more hazardous. The displacement of the frag¬ 
ments and the dense, cancellous bone in the fémoral canal at 
the level of the healed osteotomy require careful reaming to 
broach the obstruction and to avoid cortical perforation or 
fracture. A high-speed burr may be required to remove dense 
intramedullary bone. Implant malposition and bony impinge¬ 
ment resulting from the distorted fémoral architecture can 
lead to hip instability. Previously placed internai fixation 


devices offen are covered with bone, and their removal alone 
constitutes a significant operation. Broken screws are 
common, and the fémur is prone to fracture affer their 
removal. The fémoral cement-bone interface offen is imper- 
fect when there are multiple cortical perforations, and the 
durability of fixation is compromised. If removal of hardware 
is complex, a staged procedure is appropriate, with the arthro¬ 
plasty being done affer the soft tissues and any fémoral corti¬ 
cal defects hâve healed. 

Deformity may be présent either in the proximal metaph- 
yseal area or distally in the diaphysis. The location, type, and 
degree of deformity are important factors in preoperative 
planning. A metaphyseal valgus deformity produces a fémur 
with a straight médial border, and conventional metaphyseal - 
filling cementless implants are unsuitable (Fig. 3-94). In this 
instance, a small cemented stem provides a simple solution. 
We also hâve used modular stems effectively in this situation 
(see Fig. 3-94). Alternatively, the deformed neck segment may 
be resected and replaced with a calcar replacement type of 
stem (see Fig. 3-25C). When there has been a previous 
metaphyseal varus osteotomy, conventional implants gener- 
ally can be used, although overhang of the greater trochanter 
may require trochanteric osteotomy to avoid fracture or varus 
stem alignment. Metaphyseal rotational deformities usually 
can be managed by cementing a slightly smaller stem in the 
proper rotational alignment or by use of a cementless stem 
with diaphyseal fixation alone. Repeat osteotomy at the 
metaphyseal level should be avoided because the proximal 
fragment would be small, and it would be difficult to achieve 
stability at the osteotomy site. The application of supplémen¬ 
tai plates and strut graffs to the metaphysis offen is technically 
unsatisfactory, and the added bulk increases the risk of bony 
impingement and dislocation. If repeat osteotomy is required 
to manage a metaphyseal deformity, it generally should be 
done at the subtrochanteric level where fixation is more 
reliable. 

Diaphyseal deformities generally hâve a more substantial 
effect on implant placement. For deformities in the distal part 
of the diaphysis, a short stem can be used and the deformity 
need not be directly treated. If the deformity is in the subtro¬ 
chanteric area, however, careful preoperative planning is 
mandated. Minor angular and translational deformities 
usually can be negotiated with a cemented stem of a size 
smaller than usual to preserve an adéquate circumferential 
cernent mantle. If angular deformity is significant, however, 
or translation of greater than 50% is présent, repeat osteot¬ 
omy is needed (Fig. 3-95). Surgery can be done in two stages, 
although the introduction of cementless stems has simplified 
the operation and made union predictable with a single-stage 
procedure. Osteotomy also provides direct access to dense 
intramedullary bone at the previous surgical site, simplifying 
its removal. Stable fixation must be obtained at the osteotomy 
site for union to occur. A fluted or extensively porous-coated 
stem is needed to achieve distal fixation, and a précisé fit in 
both fragments must be obtained to provide rotational stabil¬ 
ity. If this cannot be achieved with the stem alone, a cortical 
strut or a plate must be added. An oblique or step-cut oste¬ 
otomy is intrinsically more stable than a transverse one, 
although the procedure is more complex. This is particularly 
true if there is rotational malalignment that must be cor- 
rected. Cernent can be used for stem fixation, but the cernent 
inevitably extrudes into the osteotomy site and jeopardizes 
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Fémoral osteotomy. A f Prior valgus fémoral osteotomy for posttraumatic osteonecrosis in a 42-year-old woman. Mild 
deformity of proximal fémur is présent. B f After reconstruction with modular stem with sleeve reversed. Repeat osteotomy was avoided. 



Fémoral osteotomy. A and B f Significant anterior angulation with rotational malunion and canal stenosis in a 68-year- 
old woman after fémoral osteotomy in childhood. C and D f Repeat osteotomy was required for correction of deformity before fémoral 
component could be implanted. 


union. For this reason, we prefer cementless fémoral compo- 
nents when a fémoral osteotomy is necessary. Mortazavi et al. 
reported a sériés of 58 patients with proximal fémoral defor¬ 
mity who had hip arthroplasty. Nonprimary fémoral compo- 
nents were used in 25%, and 23% required fémoral osteotomy 
Cementless fixation provided reliable fixation in this techni- 
cally challenging situation. 


■ ACETABULAR OSTEOTOMY 

With a resurgence of interest in pelvic and periacetabular 
osteotomy, the need for later hip arthroplasty in these patients 
is likely to become more common. Parvizi, Burmeister, and 
Ganz reported results in 41 patients undergoing total hip 
procedures after prior periacetabular osteotomy. Because the 
initial ostéotomies were performed through a Smith-Petersen 
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approach, the procedures were done through virgin latéral 
soft tissues. There were no acetabular column defects, but 
rétroversion of the acetabulum was a common finding. 
Careful attention is needed when positioning the acetabular 
component. The prior osteotomy was not thought to compro¬ 
mise the results of the arthroplasty. In a sériés of patients with 
prior Chiari osteotomy, Hashemi-Nejad et al. found less ace¬ 
tabular augmentation was needed compared with dysplastic 
hips without prior osteotomy 

■ ARTHRODESIS AND ANKYLOSIS 

With the widespread media attention of the success of hip 
replacement, patients offen are unwilling to accept arthro- 
desis as a primary treatment option and likewise request 
conversion of an existing arthrodesis to restore motion. The 
effects of hip fusion on other joints are significant. Offen the 
ipsilateral knee is limited in motion, with a variable degree of 
ligamentous laxity, and has a tendency for valgus malalign- 
ment. Pain caused by arthritis or other conditions of the 
lumbar spine can increase significantly when sitting with 
the spine partially flexed because of a fused hip. Care must 
be taken, however, to détermine whether back and leg pain 
may be caused by a herniated lumbar dise or some other 
condition that may not be improved by total hip arthroplasty. 
If the hip is fused in poor position (i.e., flexed > 30 degrees, 
adducted >10 degrees, or abducted to any extent), osteotomy 
to correct the position should be considered, especially in 
younger patients. Arthrodesis of one hip also applies greater 
mechanical stress to the opposite hip. Total hip arthroplasty 
may be indicated if a fused hip causes severe, persistent low 
back pain or pain in the ipsilateral knee or contralatéral hip 
or if a pseudarthrosis affer an unsuccessful fusion is suffi- 
ciently painful (Fig. 3-96). 

The history of the initial reason for the arthrodesis is 
important. Patients with prior infection require a thorough 
évaluation to rule out persistence. A careful assessment of the 


function of other joints, especially the lumbar spine, should 
be done, and leg-length discrepancy should be measured. 
Preoperative métal-subtraction CT can be helpful in deter- 
mining the adequacy of bone stock and the presence of a 
pseudarthrosis. 

Function of the abductors is difhcult to evaluate before 
surgery, but in some patients active contraction of these 
muscles can be palpated. Examination of the hip with the 
knee flexed helps differentiate the tensor fasciae latae from 
the abductor muscles. If the hip has been fused since child- 
hood, and the trochanter appears relatively normal, the 
abductor muscles are probably adéquate. If the bone around 
the hip has been grossly distorted by disease or by one or 
more fusion operations, the abductor muscles may be inad¬ 
équate. The utility of electromyographic testing of abductor 
function or imaging modalities such as MRI has not been 
established. Weak abductor musculature is associated with 
poorer functional outcome. 

At surgery, a variety of screwdrivers, métal cutters, and 
other extraction instruments should be available to remove 
antiquated fixation devices. The conversion of a fused hip to 
a total hip arthroplasty is safer and easier if the trochanter is 
osteotomized. Complété mobilization of the fémur without 
trochanteric osteotomy is difhcult, and the resulting inadé¬ 
quate exposure prédisposés to component malposition, errors 
in fémoral reaming, and fractures. In addition, the limb offen 
is hxed in external rotation, and consequently the trochanter 
is posterior, overhanging the hip joint. Osteotomy of the neck 
can be difhcult through a posterior approach unless the tro¬ 
chanter is osteotomized. The sciatic nerve offen is displaced 
doser to the hip because the head-neck length is shorter than 
normal and the nerve may be hxed in scar tissue; for this 
reason, spécial care is taken to avoid damage to the nerve. 
Careful monitoring of tension on the nerve is necessary, and 
neurolysis may be indicated if the extremity is signihcantly 
lengthened. 



A f Arthrodesis in a 61-year-old woman who developed disabling back pain 4 décades after successful arthrodesis of 
hip. B, After conversion to hybrid total hip arthroplasty. Trochanteric osteotomy provided excellent exposure. Patient had persistent 
Trendelenburg limp after surgery, but back pain had diminished. 
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Osteotomy of neck in conversion of fusion to 
total hip arthroplasty. A f Neck usually is short and should be 
osteotomized proximally at base of trochanter. B, Sufficient bone 
is left on pelvic side for full coverage of cup at inclination of 
approximately 45 degrees and without penetrating médial cortex 
of pelvis. 


After the fémoral neck has been exposed, it is divided 
with a saw. The location of the osteotomy is determined from 
bony landmarks or the position of previous fixation devices. 
The neck should not be divided flush with the side of the 
ilium because sufficient bone must be left to cover the supe- 
rior edge of the cup (Fig. 3-97). After the neck has been 
divided, release of the psoas tendon, gluteus maximus inser¬ 
tion, and capsulotomy are necessary to mobilize the proximal 
fémur. 

Usually the pelvic bone is sufficiently thick to cover the 
cup adequately if the site for acetabular préparation is chosen 
carefully. Distortion of the normal bony architecture may 
cause difficulty in locating the appropriate site for acetabular 
placement. Usually the anterior inferior iliac spine remains 
intact and serves as a landmark. Additionally, a retractor can 
be placed in the obturator foramen. Acetabular préparation 
is performed with conventional reamers, centering within the 
available bone to preserve the anterior and posterior columns. 
An intraoperative radiograph is helpful early in the acetabular 
préparation to ensure that the position of the reamer is as 
expected. 

The fémoral canal is prepared in the usual manner, taking 
into account any deformity from prior disease or fémoral 
osteotomy. Trochanteric fixation is accomplished by standard 
techniques (see Figs. 3-69 to 3-71). If the abductors are mark- 
edly atrophie or déficient, a constrained acetabular compo- 
nent should be considered. Additionally, the tensor fasciae 
latae may be attached to the trochanter to supplément the 
abductors. 

After the procedure has been completed, the patient is 
placed supine. If the hip cannot be abducted 15 degrees 
because the adductors are tight, a percutaneous adductor 
tenotomy is done through a separate small médial thigh inci¬ 
sion. The extremity usually is lengthened by the procedure 
and correcting prior flexion deformity. Lengthening usually 
is désirable because in most instances the limb has been 


shortened by the original disease, by the procedure for fusing 
the hip, or by the flexion deformity. 

The postoperative treatment is routine, but the hip should 
be protected for at least 3 months by use of crutches and then 
by use of a cane while the hip abductors and flexors are being 
rehabilitated. Patients rarely regain flexion to 90 degrees, but 
they achieve sufficient motion to relieve back symptoms and 
permit sitting and walking and tying shoes. Walking ability 
usually is improved, but in patients with inadéquate abductor 
function the gait pattern may worsen, and the support of a 
cane or walker may be required even if the patient did not 
use one before conversion to arthroplasty. Most patients hâve 
some degree of residual abductor weakness and limp, although 
this tends to improve over several years. 

The complication rate for conversion of an arthrodesis to 
an arthroplasty is high. In the Mayo Clinic sériés of Strathy 
and Fitzgerald, 33% of patients experienced failure within 10 
years because of loosening, infection, or récurrent disloca¬ 
tion. Patients with a spontaneous ankylosis fared much better 
than patients who had a prior surgical arthrodesis. Stürup, 
Pedersen, and Jensen found a similar failure rate and recom- 
mended the procedure only for disabling pain. Kim et al. 
reported révision in 16% at 10 years and a higher than average 
polyethylene wear rate with osteolysis in more than half of 
patients. A 10-year survivorship of 74% was reported by 
Richards and Duncan. Complications were noted in 54%, and 
functional scores were inferior to those of révision surgery. 

METABOLIC DISORDERS 
■ PAGET DISEASE 

Patients with Paget disease may hâve degenerative arthritis in 
one or both hips, varying degrees of protrusio acetabuli, varus 
deformity of the neck and proximal fémur, and antérolatéral 
bowing of the shaff (Fig. 3-98). In addition, incomplète 
(stress) fractures may develop on the convex side of the 
fémoral shaff. These fractures, the metabolic disease alone, 
secondary sarcoma formation, and radicular problems refer- 
able to the lumbar spine ail can cause hip pain, in addition to 
the hip arthritis, and it may be difficult to differentiate the 
sources of pain. Preoperative medical management with 
bisphosphonates and calcitonin can help control pain and 
decrease perioperative blood loss. If the disease is active, the 
administration of calcitonin before and after surgery is advis- 
able to decrease the osteoclastic activity and possibly to 
reduce the risk of loosening as a resuit of postoperative bone 
résorption. 

The deformed proximal fémoral bone may be osteopo- 
rotic or markedly dense, and these changes can cause techni- 
cal difficulties. Consequently, anteroposterior and latéral 
radiographs of the hip and fémoral shaff should be evaluated 
carefully before surgery to détermine the extent of bowing 
and the presence of lytic or dense lésions. Usually the antéro¬ 
latéral bowing is not a problem in reaming the canal or posi- 
tioning the stem because the medullary canal is wide. If the 
deformity is considérable, however, a fémoral osteotomy may 
be needed for stem placement. The presence of dense intra- 
medullary bone can make identification and opening of the 
canal difficult. A high-speed burr and intraoperative use of 
fluoroscopy are helpful when this is recognized on preopera¬ 
tive radiographs. 

Bleeding can be excessive, especially in patients with 
osteoporotic bone. The lack of a dry bone bed can reduce 
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A f Extensive Paget disease of acetabulum and proximal fémur in 82-year-old man. Note protrusio deformity and 
varus fémoral neck. B f After total hip replacement. Acetabulum required autogenous bone graft from fémoral head. Considérable 
blood loss occurred during acetabular préparation. Cementless acetabular component appears bone ingrown 5 years after surgery. 


cernent interdigitation in the fémur and the acetabulum and 
compromise fixation. Conversely, cementless fixation has 
proven durable despite concerns that altered bone morphol- 
ogy may prevent osseointegration. 

The results of total hip arthroplasty for painful arthritis 
and for displaced fémoral neck fractures in Paget disease are 
encouraging, with a reported 7- to 10-year survival rate of 
86%. The results of internai fixation of these fractures and of 
endoprostheses for fractures or arthritis in this disease hâve 
been unsatisfactory. Total hip arthroplasty has become the 
procedure of choice. Hétérotopie bone formation has been 
reported as a common postoperative complication, and pro- 
phylactic measures to reduce its formation seem warranted. 

■ GAUCHER DISEASE 

Patients with the chronic nonneuropathic form of Gaucher 
disease may hâve osteonecrosis of the fémoral head bilater- 
ally, and if it is sufficiently painful, they may require a total 
hip arthroplasty. Osteonecrosis of the fémoral head may 
produce the first symptoms that suggest the diagnosis of 
Gaucher disease. The disease is characterized, however, by 
osteopenia with areas in which the trabeculae hâve a moth- 
eaten appearance and patchy areas of sclerosis; much of the 
bone marrow may be replaced by Gaucher cells. Because the 
medullary canal usually is wide, implant fixation even with 
cernent is difficult, and the fémur can be fractured easily. The 
disease often is characterized by recurring, nonspecific bone 
pain, making évaluation of some postoperative symptoms 
difficult. Anémia and thrombocytopenia may complicate sur- 
gical interventions. Many patients hâve required splenec- 
tomy, and infections are a common complication of Gaucher 
disease. Other complications include excessive intraoperative 
and postoperative hemorrhage and a high incidence of loos- 
ening because of the continued Gaucher cell prolifération and 
érosion of bone. Enzyme replacement therapy may amelio- 
rate the osseous problems associated with the disease. 


■ SICKLE CELL ANEMIA 

Patients with sickle cell anémia and sickle cell trait may 
develop painful osteonecrosis of the fémoral head. The 
process can be bilateral. Radiographs may reveal a large col- 
lapsed avascular area or an arthritic process caused by small 
focal areas of osteonecrosis near the articular surface. 

In the past, the life expectancy of patients with the SS 
form of sickle cell anémia was thought to be short (approxi- 
mately 30 years), but with improvements in medical manage¬ 
ment and antibiotics, they may live much longer. Although 
patients with sickle cell trait also develop osteonecrosis, they 
do so less often than patients with sickle cell disease. Many 
more patients hâve the trait than the disease, however. 

Patients with sickle cell anémia may require transfusions 
before surgery, and transfusion reactions owing to alloim- 
munization are more frequent. Many patients are chronically 
dépendent on narcotic analgésies, and épidural anesthésia 
and multimodal pain management techniques are advisable. 
Cardiopulmonary care must be aggressively managed, and 
perioperative hypoxia, acidosis, and déhydration must be 
avoided. A multi-disciplinary approach to the medical man¬ 
agement of sickle cell patients reduces morbidity. 

Acetabular bone quality may be poor and a variable 
degree of protrusio deformity may be présent, making hip 
dislocation more difficult. Bone graffing of acetabular defects 
may be required (see section on protrusio acetabuli). Areas 
of fémoral intramedullary sclerosis from prior infarction can 
produce major technical problems in reaming the canal. In 
our expérience, this problem is underestimated by preopera- 
tive radiographs, and at surgery the canal may be completely 
obstructed by very dense bone. The risk of fémoral fracture 
and cortical perforation is high. Use of the image intensifier 
is helpful for centering instruments in the fémoral canal, and 
reaming over a guidewire is inherently safer. Preliminary 
removal of sclerotic bone with a high-speed burr also makes 
broaching easier. 
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Although these patients are more susceptible to Salmo¬ 
nella infections, the literature does not support this as being 
a pathogen in postoperative sepsis of hip arthroplasty. Spé¬ 
cifie prophylaxis for Salmonella does not seem to be war- 
ranted. Because of functional asplénia, patients with sickle 
cell anémia are prone to developing hematogenous infection 
of the hip after surgery. Aggressive antibiotic management is 
indicated when the possibility of hematogenous infection 
exists. The ESR is of no value in determining whether a 
patient with sickle cell disease has an inflammatory process. 
Pain resulting from a sickle cell crisis caused by vascular 
occlusion offen présents a problem in determining whether a 
particular pain is caused by infection. 

Complications such as excessive bleeding, hematoma for¬ 
mation, and wound drainage are common after arthroplasty 
in patients with sickle cell disease; complications hâve been 
reported in nearly 50% of total hip arthroplasties in sickle cell 
patients. With the improved longevity of patients with sickle 
cell disease, the dismal results of arthroplasty in this group 
can be expected to worsen. Because no other option yields 
consistently superior results, the procedure is still justified in 
patients with severe pain and disability. Patients should be 
advised, however, of the increased risk of complications 
imposed by their disease. 

■ CHRONIC RENAL FAILURE 

Osteoporosis, osteonecrosis, and fémoral neck fracture are 
common sequelae of chronic rénal failure. With the institution 
of hemodialysis and the success of rénal transplantation, an 
increasing number of these patients are becoming candidates 
for hip arthroplasty. Poor wound healing, infection, and an 
array of general medical complications related to the disease 
process can be anticipated. Sakalkale, Hozack, and Rothman 
reported total hip arthroplasty in 12 patients on long-term 
hemodialysis. There was an early complication rate of 58%, 
and infection developed in 13%. Longevity was limited after 
surgery, and the authors recommended limiting the procedure 
to patients with a longer life expectancy. Lieberman et al. 
reported their results after total hip arthroplasty in 30 patients 
who had rénal transplants and 16 who were being treated with 
hemodialysis. Patients with transplants had postoperative 
courses similar to other patients with osteonecrosis, whereas 
in the patients who were being treated with hemodialysis 81% 
had poor results and 19% developed infection. These authors 
recommended limiting hip arthroplasty to patients who are 
expecting rénal transplant or who hâve already had successful 
transplantation. In contrast, a sériés from the Mayo Clinic 
found a higher cumulative révision rate in transplant patients 
with complications in 61%. A high rate of loosening of 
cemented fémoral components was noted. More encouraging 
results hâve been reported with cementless, extensively 
porous-coated implants. Nagoya found predictable bone 
ingrowth with no infections in 11 patients on long-term 
hemodialysis with average follow-up of more than 8 years. 

■ HEMOPHILIA 

Hémophilie arthropathy involves the hip joint far less offen 
than the knee and elbow. When hip involvement develops 
before skeletal maturity, valgus deformity of the fémoral neck, 
flattening of the fémoral head, and a variable degree of ace- 
tabular dysplasia are présent. The radiographie appearance is 
similar to that of Legg-Calvé-Perthes disease. 


A multi-disciplinary approach is essential for surgical 
treatment of hémophilie arthropathy. Ready access to a well- 
managed blood bank and an experienced hematology staff 
are requisites; for this reason, arthroplasty in hémophilie 
patients generally is done only in specialized centers. Patients 
with circulating antibodies to clotting factor replacements 
(inhibitors) are not considered suitable candidates for surgery 
because of the risk of uncontrollable hemorrhage. 

Complications occur frequently in these patients. In a 
multicenter study, Kelley et al. reported that 65% of cemented 
acetabular components and 44% of cemented fémoral com¬ 
ponents had radiographie evidence of failure at a mean 
follow-up of 8 years. Nelson et al. found similar failure rates 
in a long-term study of patients from a single center. Results 
hâve been better with modem cementless implants. Carulli 
et al. reported no failures or complications at mean follow-up 
of 8.1 years in 23 patients with a mean âge of 40.6 years. 

Late hematogenous infection may be a significant 
problem, and the risk increases if patients previously exposed 
to HIV through factor replacements develop clinical mani¬ 
festations of acquired immunodeficiency syndrome. 

INFECTIOUS DISORDERS 
■ PYOGENIC ARTHRITIS 

Most patients with a history of pyogénie arthritis of the hip 
who are considered candidates for total hip arthroplasty had 
the hip joint infection in childhood and had either a sponta- 
neous or surgical hip fusion or developed a pseudarthrosis of 
the hip. Pyogénie arthritis of the hip in adults is rare except 
after internai fixation of fractures. 

Arthroplasty may be considered in an adult whose hip 
was fused by a childhood pyogénie infection and in whom 
inflammation has not been évident for many years. A solid 
fusion with a uniform trabecular pattern Crossing the joint 
usually indicates the absence of residual infection. Focal areas 
of decreased density and some sclerosis and irregularity of 
the trabeculae Crossing the joint line may signify a residual 
focus of infection, however. Tang et al. found MRI to be 100% 
sensitive in showing the presence of active infection in 
patients with prior osteomyelitis. Détermination of ESR and 
CRP levels, hip joint aspiration, bone biopsy, and radionu¬ 
clide scanning ail may play a rôle in the preoperative évalua¬ 
tion. Intraoperative frozen sections of periarticular tissues 
also should be obtained. When any of these studies points to 
residual infection around the hip, a two-stage procedure is 
appropriate. 

Often the limb is shortened as a resuit of partial destruc¬ 
tion of the fémoral head and neck and the acetabulum. The 
flexed and adducted position of the hip adds to the apparent 
shortening. The fémur may be hypoplastic with antéversion 
of the fémoral neck and variable degrees of résorption of the 
fémoral head. Deep scarring may be présent as a resuit of 
multiple incision and drainage procedures and sinuses around 
the hip. If présent, previous incisions should be used, and 
prior sinus tracts should be completely excised. Lack of sub- 
cutaneous tissues over the trochanter and in the area of the 
proposed incision may require rotation of a skin flap before 
the total hip arthroplasty. 

In a group of 44 patients who underwent total hip arthro¬ 
plasty after pyogénie arthritis in childhood, Kim found no 
réactivations of infection despite the use of acetabular 
allografts in 60% of the patients. Perioperative fémoral 
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fracture was common because many of these patients had a 
small, deformed proximal fémur. In a larger sériés of 170 
patients from the same institution, there were no récurrent 
infections when the period of quiescence had been at least 10 
years. Operative difficultés were frequent, however, and 
polyethylene wear and implant loosening were common late 
complications. Similarly, Park et al. reported that poor results 
in this population were attributed to anatomie abnormalities 
that had developed as a resuit of infection rather than récur¬ 
rence of infection following arthroplasty. 

■ TUBERCULOSIS 

A few reports describe satisfactory results of total hip arthro¬ 
plasty in patients with quiescent tuberculosis of the hip. In 
some instances, the diagnosis was made postoperatively by 
microscopie examination of suspicious tissue. Hecht et al. 
reported réactivation of a tubercular infection affer total hip 
arthroplasty in which the diagnosis had not been made before 
surgery. The diagnosis should be considered in patients who 
corne from a country in which the disease is prévalent, in 
patients with a history of having been in a spica cast as a child, 
in patients being treated for acquired immunodeficiency syn¬ 
drome, and in patients with undiagnosed arthritis of the hip. 
Tuberculous bacilli are fewer in number in bone infections 
than in infected sputum, making the diagnosis of tuberculous 
osteomyelitis difficult. 

A longer period of chemotherapy has been recommended 
when hip arthroplasty is performed in the presence of active 
tuberculous arthritis. Mycobacterium tuberculosis has little 
biofilm and adhères poorly to implants. Many patients with 
réactivation of tuberculous infections affer total hip arthro¬ 
plasty can be treated with debridement and drug therapy with 
rétention of the prosthesis. Because of the emergence of drug- 
resistant strains of tuberculosis, preoperative tissue biopsy 
with culture and sensitivity are helpful in selecting the optimal 
chemotherapeutic agents. 

TUMORS 

Possible candidates for total hip arthroplasty include patients 
with (1) metastatic tumors with a reasonable life expectancy, 
(2) some low-grade tumors, such as chondrosarcoma and 
giant cell tumor, and (3) benign destructive lésions, such as 
pigmented villonodular synovitis. For patients with primary 
lésions, curing the disease, and not restoration of function, 
should be the goal of surgery. Consequently, careful planning 
to détermine the amount of tissue to be resected may require 
a bone scan, CT, and MRI. The surgical approach must be 
more extensive than usual to ensure complété excision of the 
tumor. A conventional total hip arthroplasty may suffice, 
however, if only a limited amount of the acetabulum or the 
fémoral head and neck must be resected to excise the tumor 
and a margin of normal tissue. If the greater trochanteric and 
subtrochanteric areas are resected, the hip may be unstable 
because reattaching the abductor muscles is difficult. An 
extra-long fémoral component may be necessary because of 
other lésions more distal in the fémoral shaff. A custom-made 
component or segmentai replacement stem can be used (see 
Fig. 3-29); the gluteal muscles are sutured to holes made in 
the component for this purpose. An allôgraff-prosthesis com¬ 
posite with a long stem is an option in young patients. Cernent 
fixation within the graff and a step-cut at the junction of the 
graff and host bone provide stability. The acetabulum can be 


reconstructed with cernent, with additional support provided 
by a reinforcement ring or cage (see Fig. 3-36) or by threaded 
Steinmann pins inserted through the iliac wing into the 
acetabulum. 

NEUROMUSCULAR DISORDERS 

Patients with chronic neuromuscular disorders who corne to 
hip arthroplasty usually hâve increased muscle tone or spas- 
ticity. Spasticity may be congénital, as with cérébral palsy, or 
acquired through brain or spinal cord injury. Acquired spas¬ 
ticity may be complicated by the presence of hétérotopie ossi¬ 
fication about the hip. Patients become candidates for total 
hip arthroplasty because of fracture, end-stage hip arthritis, 
or painful subluxation. Although this group encompasses a 
broad range of congénital and acquired diseases and syn¬ 
dromes, certain management principles are applicable to ail. 

Patients with generalized neurologie problems are at 
greater risk for complications, and careful attention must be 
paid to care of the skin, pulmonary function, and urinary 
tract to prevent sepsis at these sites. Early mobilization, at 
least to a chair and preferably to weight-bearing status, pre- 
vents further muscular détérioration. Patients with retained 
motor function and intact cognition hâve better potential for 
recovery of mobility. 

Combined flexion and adduction contractures are 
common, but their presence may not be appreciated when a 
patient has an acute fracture. This combination of deformities 
prédisposés to postoperative dislocation, especially when 
surgery is performed through a posterior approach. A direct 
anterior or antérolatéral approach may be préférable, although 
these approaches are less extensile when excision of hétéro¬ 
topie ossification is needed. Release of the anterior capsule 
and psoas and percutaneous adductor tenotomy ail may be 
required. The degree of contractures usually is more severe in 
patients with congénital neurologie disorders. Placement of 
the acetabular component in additional antéversion also 
makes the hip more stable. If the stability of the hip during 
surgery is unsatisfactory, or if the patients muscular control 
of the hip is insufficient to maintain appropriate postopera¬ 
tive précautions, a hip spica cast probably should be worn for 
4 to 6 weeks until the soft tissues hâve healed sufficiently to 
stabilize the joint. Occasionally, a constrained acetabular 
component may be necessary to prevent postoperative dislo¬ 
cation. Other ténotomies may be required to achieve knee 
extension and a plantigrade foot. 

Patients with paralytic conditions, such as the residuals 
of poliomyelitis, may develop hip arthritis in either the 
affected limb or a normal contralatéral hip. Dysplasia may be 
présent on the paralytic side, and overuse degenerative 
arthritic changes predominate on the nonparalytic side. Yoon 
et al. found that polio patients often had some residual pain 
affer hip arthroplasty, possibly caused by muscular weakness 
inhérent to the disease. 

COMPLICATIONS 

Complications associated with total hip arthroplasty can be 
divided into those that are directly related to the surgical 
procedure in the intraoperative, early postoperative, and 
late postoperative periods and others that may affect 
nonmusculoskeletal organ Systems in the perioperative 
time frame. As with any surgical procedure, prévention of 
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complications should be a consistent focus of the surgeon and 
caregivers. Surveillance for and effective treatment of compli¬ 
cations can hâve a dramatic effect on patient satisfaction and 
overall outcomes. 

MORTALITY 

Reported mortality rates affer total hip arthroplasty vary 
depending on the historical time period during which the 
surgeries were performed, the postoperative end point at 
which the rate was determined, and the patient population 
being evaluated. According to the American College of Sur¬ 
geons National Surgical Quality Improvement Program, the 
30-day mortality rate is 0.35% for primary total hip arthro¬ 
plasty. Mortality at 90 days postoperatively in the United 
States Medicare population is 1% for primary total hip arthro¬ 
plasty and 2.6% for révision surgery. Increased mortality rates 
are associated with patients older than 70 years, male sex, 
American Society of Anesthesiologists (ASA) class greater 
than 2, preexisting cardiac disease, or rénal insufficiency. 
Although careful preoperative medical évaluation is war- 
ranted in ail patients, spécial attention should be directed to 
patients with these risk factors. 

HEMATOMA FORMATION 

Careful preoperative screening should identify patients with 
known risk factors for excessive hemorrhage, including anti- 
platelet, antiinflammatory, or anticoagulant drug therapy; 
herbal médication use; blood dyscrasias and coagulopathies; 
and family or patient history of excessive bleeding with previ- 
ous surgical procedures. 

The most important surgical factor in preventing hema- 
toma is careful hemostasis. Common sources of bleeding are 
(1) branches of the obturator vessels near the ligamentum 
teres, transverse acetabular ligament, and inferior acetabular 
osteophytes, (2) the first perforating branch of the profunda 
femoris deep to the gluteus maximus insertion, (3) branches 
of the fémoral vessels near the anterior capsule, and (4) 
branches of the inferior and superior gluteal vessels. The iliac 
vessels are at risk from pénétration of the médial wall of the 
acetabulum and removal of a medially displaced cup. Bleeding 
from a large vessel injury usually becomes apparent during 
the operation (see section on vascular injuries). Late bleeding 
(1 week postoperatively) may occur from a false aneurysm or 
from iliopsoas impingement (Fig. 3-99). Arteriography may 
be required for identification of a false aneurysm along with 
possible embolization. Acetabular révision may likewise be 
necessary to correct iliopsoas impingement. 

We hâve selectively used suction drains deep to the fascia 
and remove them after 24 hours. In our patients without 
excessive bleeding at the time of surgery or risk factors for 
hemorrhage, drainage is not required after primary total hip 
arthroplasty. Drains are used routinely for révision proce¬ 
dures or primary surgeries with increased hemorrhage and 
in at-risk patients. The need for drainage has been ques- 
tioned, however. A meta-analysis of the literature by Parker, 
Roberts, and Hay, regarding closed suction drains and total 
joint replacement concluded that the use of drains led to 
increased transfusion requirements but less frequent dressing 
reinforcement. The benefit of closed suction drainage in 
uncomplicated primary arthroplasties remains unproven. 

Excessive hemorrhage leading to hematoma formation 
uncommonly requires surgical intervention. Most patients 



CT scan shows fluid within the iliopsoas muscle 
sheath consistent with hematoma secondary to impingement 
from acetabular component. (From Bartelt RB, Sierra RJ: Récurrent 
hematomas within the iliopsoas muscle caused by impingement after 
total hip arthroplasty, J Arthroplasty 26:665, 2011.) 


can be managed by dressing changes, discontinuation of anti¬ 
coagulants, treatment of coagulopathy, and close observation 
of the wound. Indications for surgical treatment of hematoma 
include wound dehiscence or marginal necrosis, associated 
nerve palsy, and infected hematoma. Evacuation of the hema¬ 
toma and achievement of meticulous hemostasis should be 
accomplished in the operating room. The hematoma should 
be cultured to assess possible bacterial contamination, and 
antibiotics should be continued until these culture results 
become available. Debridement of necrotic tissue as needed 
and watertight closure also are required. Closed suction 
drainage seems warranted in this setting to avoid a récur¬ 
rence. Patients requiring surgical évacuation of hematomas 
are more likely to expérience diminished functional out¬ 
comes and lower overall satisfaction, along with higher rates 
of morbidity and mortality. 

HETEROTOPIC OSSIFICATION 

Hétérotopie ossification varies from a faint, indistinct density 
seen in the région of the abductors and/or iliopsoas to com¬ 
plété bony ankylosis of the hip. Groups at high risk for 
hétérotopie ossification include patients with a history of hét¬ 
érotopie ossification or hypertrophie posttraumatic arthritis 
and males with hypertrophie osteoarthritis. Moderate risk is 
associated with ankylosing spondylitis, diffuse idiopathic 
skeletal hyperostosis, Paget disease, and unilatéral hypertro¬ 
phie osteoarthritis. 

Surgical technique may play a rôle in the development of 
hétérotopie ossification. Anterior and antérolatéral approaches 
carry a higher risk of hétérotopie ossification than transtro- 
chanteric or posterior approaches. Although cementless fixa¬ 
tion has been implicated as a risk factor for hétérotopie 
ossification in a rétrospective review of cemented and cement¬ 
less stems, subséquent prospective randomized and matched 
pair studies hâve refuted this association. 

Calcification can be seen radiographically by the third or 
fourth week; however, the bone does not mature fully for 1 
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JjJU A f Anteroposterior radiograph showing radiation portais for total hip arthroplasty. Radiation field is indicated by 
lined rectangle. Potential ingrowth portions of fémoral and acetabular components were spared. B f Latéral radiograph showing actual 
radiation portai (dark area) with blocking shields (light areas top and bottom) in place. (From lorio R, Healy WL: Hétérotopie ossification 
after hip and knee arthroplasty: risk factors, prévention, and treatment, J Am Acad Orthop Surg 10:409, 2002.) 


to 2 years. The following classification of Brooker et al. is 
useful in describing the extent of bone formation: 

Grade I: islands of bone within soft tissues 

Grade II: bone spurs from the proximal fémur or pelvis with 

at least 1 cm between opposing bone surfaces 
Grade III: bone spurs from the proximal fémur or pelvis with 

less than 1 cm between opposing bone surfaces 
Grade IV: ankylosis 

The prevalence of this complication ranges from 2% to 90% 
of patients. Most who develop hétérotopie ossification are 
asymptomatic; however, restricted range of motion and pain 
may occur in patients with more severe Brooker grade III or 
IV ossification. Marked limitation of motion or bony anky¬ 
losis is uncommon, but significant loss of function has been 
reported in up to 10% of patients. Routine prophylaxis against 
hétérotopie ossification is not recommended for ail patients 
but is warranted in high-risk groups. 

Prophylactic efforts towards prévention of hétérotopie 
bone include low-dose radiation and nonsteroidal antiin- 
flammatory drugs (NSAIDs). Preoperative and postoperative 
radiation regimens with doses as low as 500 cGy hâve been 
successful. In a multicenter évaluation of radiation prophy¬ 
laxis, failures occurred more commonly in patients treated 
more than 8 hours preoperatively or more than 72 hours 
postoperatively. Preoperative treatment should resuit in less 
patient discomfort than in the early postoperative period. 
Radiation exposure is limited to the soft tissues immediately 
around the hip joint, and ingrowth surfaces must be appro- 
priately shielded (Fig. 3-100). 

Hedley et al. reported no clinical evidence of loosening, 
subsidence, or radiolucent Unes around cementless pros- 
theses after irradiation. Kennedy et al. also reported no 
increase in radiolucent Unes and no révisions for aseptie 
loosening in a group of cementless total hip arthroplasties 
treated with radiation prophylaxis. Although delayed union 
or nonunion of trochanteric osteotomy is a potential 
problem with radiation therapy, malignancy after prophy¬ 
lactic radiation has not been reported with currently rec¬ 
ommended dosages. 

NSAIDs hâve been shown to reduce the formation of 
hétérotopie bone in many studies. Historically, nonselective 


cyclooxygenase -1 (COX-1) and cyclooxygenase -2 (COX-2) 
inhibitors for 6 weeks hâve been recommended, although 
courses of administration of 7 days are successful. Compli¬ 
ance is limited by medical contraindications to these drugs 
and patient intolérance. Cella, Salvati, and Sculco found that 
37% of patients were unable to complété a course of treatment 
with indomethacin. Two meta-analyses comparing COX-1 
and COX-2 inhibitors showed no différence in efficacy in 
preventing hétérotopie ossification. In light of a more favor¬ 
able safety profile for the COX-2 inhibitors, they were recom¬ 
mended for HO prophylaxis. NSAIDs hâve been shown to 
diminish bone ingrowth into porous implants; however, no 
method exists to shield the bone/implant interface from these 
effects. 

An operation to remove hétérotopie bone is rarely indi¬ 
cated because associated pain usually is not severe and exci¬ 
sion is difficult, requiring extensile exposure. The ectopic 
bone obscures normal landmarks and is not easily shelled out 
of the surrounding soft tissues. Substantial blood loss can be 
anticipated. Decreased technetium bone scan activity indi- 
cates that the hétérotopie bone is mature, allowing for reliable 
excision. Radiation and NSAIDs hâve been used successfully 
to prevent récurrence. Range of motion should improve, but 
pain may persist. 

THROMBOEMBOLISM 

Thromboembolie disease is one of the more common serious 
complications arising after total hip arthroplasty. In early 
reports of total hip arthroplasty without routine prophylaxis, 
venous thrombosis occurred in 50% of patients, and fatal 
pulmonary emboli (PE) occurred in 2% (Johnson et al.). 
More recently, the prevalence of pulmonary embolism in a 
group of approximately 1.5 million patients over 60 years of 
âge in the United States undergoing primary total hip arthro¬ 
plasty between 1998 and 2009 was 0.2%. 

Several factors, including anesthésia technique, affect the 
risk of thromboembolism (Table 3-1). Tfiere is some evidence 
that régional anesthésia carries a lower risk of deep vein 
thrombosis and pulmonary embolism than general anesthé¬ 
sia. Davis et al. found a 13% incidence of deep vein throm¬ 
bosis (DVT) in patients whose surgery was performed under 
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_ TABLE 3-1 _ 

Risk Factors for Venous Thromboembolie Disease 


CUNICAL RISK FACTORS 

Advanced âge 
Fracture of pelvis, hip, 
fémur, or tibia 
Paralysis or prolonged 
immobility 
Prior venous 
thromboembolie disease 
Operation involving 
abdomen, pelvis, or lower 
extremities 
Obesity 

Congestive heart failure 
Myocardial infarction 
Stroke 


HEMOSTATIC ABNORMALITIES 
(HYPERCOAGULABLE STATES) 
Antithrombin III deficiency 
Protein C deficiency 
Protein S deficiency 
Dysfibrinogenemia 
Lupus anticoagulant and 
antiphospholipid 
antibodies 

Myeloproliferative disorder 
Heparin-induced 
thrombocytopenia 
Disorders of plasminogen 
and plasminogen 
activation 


Adapted from Anderson FA, Spencer FA: Risk factors for venous thromboembo- 
lism, Circulation 107:S19, 2003; Lieberman JR, Hsu WK: Current concepts review: 
prévention of venous thromboembolie disease after total hip and knee arthro- 
plasty, J Bone Joint Surg 87A:2097, 2005. 


spinal anesthésia compared with a 27% incidence in a group 
that received general anesthésia. 

Thromboembolism can occur in vessels in the pelvis, 
thigh, and calf. Of ail thromboses, 80% to 90% occur in the 
operated limb. Calf thrombi previously were thought to be 
unlikely to cause pulmonary emboli. Proximal propagation 
of untreated calf thromboses was found by Pellegrini et al., 
however, in 4 (17%) of 23 patients, resulting in 2 nonfatal and 
2 fatal pulmonary emboli. 

The temporal relationship of DVT and PE to surgery is 
controversial. The peak prevalence of DVT varies among 
studies, with a range of 4 to 17 days after surgery reported. 
With shorter hospital stays, more thromboembolie events 
occur after discharge. 

The clinical diagnosis of DVT usually is made on the 
basis of pain and tenderness in the calf and thigh, positive 
Homan sign, unilatéral swelling and erythema of the leg, low- 
grade fever, and tachycardia. In at least 50% of patients, the 
diagnosis is not clinically apparent, however. The clinical 
diagnosis of PE is based on symptoms of chest pain (espe- 
cially if pleuritic), évaluation by electrocardiogram and chest 
radiographs, and détermination of arterial blood gas levels. 
Most PE are not clinically apparent, however. For DVT and 
PE, adjunctive testing often is required to make the 
diagnosis. 

Currently, venography is considered the most sensitive 
and spécifie test for the détection of calf and thigh thrombo¬ 
ses but does not reliably detect pelvic vein thrombosis. 
Venography is costly, uncomfortable, and invasive and 
involves the risks of allergie reaction to the contrast media 
and of inducing thrombosis. Combined duplex and compres¬ 
sion ultrasonography is nearly as accurate as venography in 
détection of fémoral and calf thrombosis but is not as helpful 
in the diagnosis of pelvic thrombi. Ultrasound testing is non- 
invasive and easily repeated. The diagnosis of pulmonary 
embolism usually is confirmed by helical computed tomog- 
raphy (helical CT). Radionuclide perfusion lung scanning 


also may be used in patients with rénal insufficiency or allergy 
to contrast media. Pulmonary angiography is invasive and 
carries higher risk but is required rarely when other diagnos¬ 
tic modalities are equivocal. 

The best method of prophylaxis for thromboembolism 
is debatable. Currently, mechanical and pharmacologie 
modalities are used. Many surgeons prefer mechanical 
methods because they do not entail the risks of prophylactic 
anticoagulation. Prolonged immobilization is related to the 
development of DVT, although no definite data are available 
to verify that early ambulation reduces the incidence of 
thromboembolism after total hip arthroplasty. It is generally 
agreed that patients should be mobilized as early and as 
rapidly as their general condition permits. Active exercises of 
both lower extremities help reduce venous stasis and throm¬ 
bus formation. External pneumatic compression devices 
compare favorably with Chemical prophylaxis in some ran- 
domized studies. Thigh-calf, calf-only, and foot pumps are 
available. Stérile versions of some of these can be applied 
intraoperatively to the surgical limb. Alternatively, they may 
be applied to the nonoperative limb during surgery or to both 
limbs in the recovery room. Patient dissatisfaction with these 
devices occurs, and compliance may be a problem, although 
mobile units may hâve better acceptance. 

Several methods of Chemical anticoagulation are effective 
in preventing thromboembolism, although the idéal agent is 
not clearly established. The most commonly used agents are 
warfarin, low-molecular-weight heparin (LMWH), factor Xa 
inhibitors, and aspirin. 

Warfarin has proved to be effective while maintaining a 
relatively low risk of bleeding complications. Treatment is 
begun on the night before or the night of surgery, and the 
dosage is adjusted daily to maintain an international normal- 
ized ratio (INR) of approximately 2.0. Most studies compar- 
ing warfarin and LMWH hâve shown a higher prevalence of 
DVT for warfarin, but higher bleeding complications with 
LMWH. Other problems with warfarin include regular moni- 
toring of the INR, delayed onset of action, drug interactions, 
and dietary restrictions for patients on warfarin therapy. 

Studies using LMWH also seem promising. Enoxaparin 
has been the most widely used, but ardeparin, tinzaparin, 
dalteparin, and nadroparin also hâve been studied. The phar¬ 
macologie properties of these agents differ from those of 
unfractionated heparin. Their relative lack of antithrombin 
activity produces minimal élévation of activated partial 
thromboplastin time, and they can be administered subeuta- 
neously once or twice daily without the need for monitoring 
levels of activity. Although the reported incidence of heparin- 
induced thrombocytopenia is less with LMWH than with 
unfractionated heparin, periodic monitoring of the platelet 
count is recommended. LMWHs are more costly than warfa¬ 
rin or aspirin, and patient compliance after discharge from 
the hospital may be problematic. Dosage adjustment may be 
necessary in patients with rénal insufficiency because drug 
accumulation may occur in these patients. 

Aspirin is a commonly used anticoagulant in the préven¬ 
tion of récurrent myocardial infarction and stroke. It has been 
used as a prophylactic agent in the prévention of DVT but 
has not been used for treatment of an established thrombosis. 
Cost-effectiveness data favor aspirin over warfarin in low- 
risk patients undergoing total hip arthroplasty. Most com¬ 
monly, aspirin is prescribed in combination with mechanical 
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prophylaxis or as a method of longer-term prophylaxis after 
an initial period of warfarin or LMWH. 

Fondaparinux is an indirect inhibitor of factor Xa given 
in a single daily injection. Clinical trials comparing 
fondaparinux and enoxaparin demonstrated équivalent or 
better efbcacy in preventing DVT with similar rates of major 
bleeding. Similar to LMWH, fondaparinux is associated with 
the risks of bleeding complications and thrombocytopenia. 
Rénal insufhciency requires adjusted dosing or use of another 
agent. 

Newer oral agents, such as rivaroxaban, apixaban, and 
dabigatran, offer the advantage of oral administration without 
the need for routine laboratory monitoring. Rivaroxaban and 
apixaban directly inhibit factor Xa, whereas dabigatran is 
a thrombin inhibitor. Randomized trials comparing these 
drugs with enoxaparin demonstrate similar efbcacy and 
safety probles in total hip and knee arthroplasty patients. 

No clear preference for thromboembolie prophylaxis 
in elective total hip arthroplasty procedures has emerged; 
however, most authors agréé that some form of prophylaxis, 
whether pharmacologie, mechanical, or a combination of 
the two, is warranted. For patients undergoing elective total 
hip arthroplasty, the American College of Chest Physicians 
(ACCP) recommends one of the following anticoagulant 
agents: LMWH, fondaparinux, apixaban, dabigatran, rivarox¬ 
aban, low-dose unfractionated heparin, adjusted-dose warfa¬ 
rin, aspirin, or intermittent pneumatic compression. For 
patients with high risk of bleeding, mechanical prophylaxis 
with intermittent pneumatic compression or no prophylaxis 
should be used. A minimum of 10 to 14 days of prophylaxis is 
preferred, with a period of up to 35 days also being suggested. 

In 2011, the American Academy of Orthopaedic Sur¬ 
geons (AAOS) published a revised clinical practice guideline 
regarding the prévention of venous thromboembolie disease 
after hip or knee arthroplasty. These recommendations strat- 
ify patients based on their risk of thromboembolism and 
major bleeding. Previous venous thromboembolism is con- 
sidered a risk factor for récurrence, whereas bleeding disor- 
ders or active liver disease are associated with increased risk 
for bleeding complications. After assessment of these risk 
factors, prophylactic measures are tailored accordingly. 
Patients who are not at increased risk for VTE or bleeding 
complications should receive pharmacologie and/or mechan¬ 
ical prophylaxis. Those with a history of VTE require com- 
bined pharmacologie and mechanical prophylactic measures, 
whereas patients with increased bleeding risk are covered 
with mechanical devices only. 

Despite early mobilization, mechanical and pharmaco¬ 
logie prophylaxis, and careful clinical monitoring, some 
patients develop DVT and/or PE and require full therapeutic 
anticoagulation. Respiratory support, serial arterial blood gas 
déterminations, and repeat helical CT scans may be indi- 
cated. Two thirds of patients who die of pulmonary emboli 
do so within 30 minutes (Fig. 3-101). Patients who survive 
long enough to hâve the diagnosis established usually survive 
if appropriate treatment is started, provided that they do not 
hâve certain other comorbidities. If additional PE develop 
despite adéquate anticoagulation, or if bleeding complica¬ 
tions occur because of anticoagulation, it may be necessary 
to place a filter in the inferior vena cava. Thrombolysis with 
tissue plasminogen activator has been used to dissolve emboli 
but can produce massive hemorrhage from the surgical 



jjjp Gross pathologie specimen with saddle embolus 
spanning right and left main branches of the pulmonary artery. 

(From University of Utah Eccles Health Sciences Library. The internet 
pathology laboratory for medical éducation, http://library.med.utah.edu/ 
WebPath/jpeg1/LUNG062.jpg.) 


wound or other sites. Embolectomy, either transcatheter or 
surgical, may be required in unstable patients at high risk for 
bleeding. 

The continuation of prophylaxis after the patient has been 
discharged présents a dilemma. With the current emphasis 
on cost containment and reducing the length of the hospital 
stay, many patients are discharged at a time when they remain 
at significant risk for developing DVT. If anticoagulants are 
to be continued after discharge, préparation must be made 
for monitoring their eftects. Frequent clinical évaluation for 
wound complications and diligent laboratory monitoring of 
coagulation studies for warfarin are required. Our current 
practice includes the use of aspirin along with mechanical 
compression devices during the initial stay for low-risk 
patients. Aspirin is continued for up to 5 weeks postopera- 
tively. High-risk patients, particularly those with previous 
history of thromboembolism, are treated with LMWH or 
warfarin for 4 to 6 weeks. 

NEUROLOGIC INJURIES 

An analysis of the literature by Goetz et al. determined the 
risk of nerve palsy after primary total hip arthroplasty (THA) 
for arthritis to be 0.5%, for hip dysplasia 2.3%, and 3.5% for 
révision surgery. Risk factors associated with nerve palsy after 
total hip arthroplasty include hip dysplasia, posttraumatic 
arthritis, posterior approach, cementless fixation, révision 
surgery, female s ex, and significant lengthening of the extrem- 
ity. The sciatic, fémoral, obturator, and superior gluteal nerves 
can be injured by direct surgical trauma, traction, pressure 
from retractors or components, extremity positioning, limb 
lengthening, ischemia, and thermal injury from cernent. 

The sciatic nerve is particularly susceptible to injury 
during révision surgery because it may be bound within scar 
tissue, which places it at risk during the exposure. Injudicious 
retraction of firm, noncompliant soft tissues along the poste¬ 
rior edge of the acetabulum can cause a stretch injury or 
direct contusion of the nerve. Intraoperative monitoring via 
spontaneously elicited electromyography, near-nerve action 
potentials, and somatosensory evoked potentials during révi¬ 
sion procedures has shown abnormalities in about one third 
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of patients. Surgical exposure, soft-tissue retraction, fémoral 
positioning for cernent removal or canal préparation, and hip 
réduction maneuvers may elicit abnormal signais. Sciatic 
nerve monitoring may prove to be a useful adjunct in some 
révision procedures and in other high-risk situations, but, 
because of the cost of equipment, spécial anesthetic require- 
ments, and time commitment, is not indicated in routine 
primary total hip arthroplasties. 

Exposure of the sciatic nerve during a posterior approach 
is not necessary routinely but is advisable if the anatomy of 
the hip is distorted, as in external rotational deformity of the 
fémur, protrusio acetabuli, shortening of the fémoral head 
and neck, révision surgery, or congénital dysplasia. In these 
patients, the nerve may be displaced from its normal position 
and may be tethered by scar tissue near the posterior aspect 
of the acetabulum. If so, it is carefully exposed, mobilized, 
and protected during the remainder of the operation. Usually 
it can be identified more easily in the normal tissue proximal 
or distal to the scar by the characteristic loose fatty tissues 
that surround it. While the soft tissues from the posterior 
aspect of the fémur are being released, the dissection must 
remain close to the fémur, especially in révision procedures. 
If an anchoring hole for a cemented acetabular component 
pénétrâtes the médial or posterior cortex, a wire mesh retainer 
or bone graft should be inserted to prevent extrusion of the 
cernent into the sciatic notch. Careful attention to the place¬ 
ment of retractors during fémoral and acetabular préparation 
is also mandatory. 

The association between limb lengthening and sciatic 
nerve palsy has been studied with varying conclusions. 
Edwards et al. correlated the amount of lengthening with the 
development of sciatic palsy. Injury to the peroneal branch 
occurred with lengthenings of 1.9 to 3.7 cm. In comparison, 
complété sciatic palsy occurred with lengthenings of 4 to 
5.1 cm. Other authors hâve questioned the importance of 
lengthening alone in relation to postoperative sciatic nerve 
palsy. Nercessian, Piccoluga, and Eftekhar reported 1284 
Charnley total hip arthroplasties with lengthening of up to 
5.8 cm. Lacération of the sciatic nerve accounted for the only 
nerve palsy in this group. Eggli, Hankemayer, and Müller 
reviewed 508 total hip arthroplasties performed for congéni¬ 
tal dysplasia of the hip and found no corrélation between the 
amount of lengthening and nerve palsy. They concluded that 
these palsies were the resuit of mechanical trauma rather than 
lengthening alone. 

Modular head exchange and/or fémoral shortening hâve 
been used to treat sciatic palsy attributed to overlengthening. 
Silbey and Callaghan reported one patient with postoperative 
sciatic nerve palsy that resolved with early exchange of a 
modular head to one with a shorter neck length. Sakai et al. 
similarly noted complété resolution of postoperative sciatic 
nerve palsy after shortening of the calcar and modular fémoral 
neck. 

Sciatic nerve palsy also has been reported as a resuit of 
subgluteal hematoma formation, which may occur after pro- 
phylactic or therapeutic anticoagulation. Subgluteal hema¬ 
toma should be suspected in patients with pain, tense swelling, 
and tenderness in the buttock and thigh, along with evidence 
of a sciatic nerve déficit. Early diagnosis and prompt surgical 
décompression are impérative. 

Dislocation in the perioperative period may injure the 
sciatic nerve by direct contusion or by stretch. The status of 


the sciatic nerve always should be documented after a dislo¬ 
cation before any réduction maneuvers. Réduction requires 
gentle techniques with general anesthésia if necessary. 

Postoperative positioning can cause isolated peroneal 
nerve palsy. Triangular abduction pillows usually are secured 
to the extremity with straps that can cause peroneal nerve 
compression if applied tightly over the région of the fibular 
neck. Such straps should be applied loosely and positioned to 
avoid this area. 

Patients with persistent sciatic or peroneal palsy should 
hâve the foot supported to prevent fixed equinus deformity. 
In most patients, partial function returns, although complété 
recovery is uncommon. Studies with follow-up of more than 
1 year show complété recovery in 20% to 50% of patients. 

Late exploration of the sciatic nerve may be considered if 
some recovery is not présent in 6 weeks, or if a mass of 
cernent or a transacetabular screw is suspected of compress- 
ing the nerve. CT of the acetabulum is helpful in delineating 
the position of an offending object. Complex régional pain 
syndrome resulting from incomplète sciatic nerve injury may 
require sympathetic blocks or other pain management 
techniques. 

Because injury to the fémoral nerve is less common and 
is easily overlooked in the early postoperative period, diag¬ 
nosis often is delayed. The fémoral nerve lies near the anterior 
capsule of the joint and is separated from it only by the ilio- 
psoas muscle and tendon. It can be injured by retractors 
placed anterior to the iliopsoas, during anterior capsulec- 
tomy, or with fémoral retraction for acetabular préparation. 
The fémoral nerve also can be compressed by extruded 
cernent if acetabular cernent pressurization is used. Hema¬ 
toma within the iliacus muscle is another known cause of 
fémoral nerve compression and potential palsy. We hâve seen 
fémoral nerve palsy develop when a severe preoperative 
flexion contracture was corrected. Simmons et al. reported 
fémoral nerve palsy in 2.3% of patients, ail occurring when a 
Hardinge direct latéral approach was used. The prognosis for 
recovery is good except when the nerve is encased in extruded 
cernent. The patient should wear a knee immobilizer or 
hinged knee brace with drop-locks for walking to prevent 
knee buckling and falls while the quadriceps remains weak. 

Obturator nerve injury may occur with extruded cernent, 
mechanical injury secondary to retractors, or prominent 
hardware such as screws placed in the anteroinferior quad¬ 
rant (see section on vascular injuries). Persistent groin pain 
may be the only symptom. 

The superior gluteal nerve is most susceptible to injury 
with antérolatéral approaches that split the gluteus médius 
muscle. A safe zone has been described for splitting the 
muscle 5 cm proximal to the greater trochanter (Fig. 3-102). 
Other maneuvers that may injure the superior gluteal nerve 
include vigorous acetabular retraction for component inser¬ 
tion and extreme leg positioning for fémoral préparation. 
Abductor weakness with a Trendelenburg gait may resuit 
from superior gluteal nerve injury. 

VASCULAR INJURIES 

Vascular complications as a resuit of total hip arthroplasty are 
rare (0.04% primary THA, 0.2% révision); however, they can 
pose a threat to the survival of the limb and the patient. 
Mortality rates after these injuries range from 7% to 9%, with 
15% risk of amputation and 17% chance of permanent 
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|j{| Safe zone for splitting of the gluteus médius 
muscle 5 cm proximal to greater trochanter. (Redrawn from Jacobs 
LG, Buxton RA: The course of the superior gluteal nerve in the latéral 
approach to the hip, J Bone Joint Surg 71A:1239, 1989.) 



fjjjÿ False aneurysm in 67-year-old woman who had 
two total hip révisions and continued to bleed intermittently 
from operative site for approximately 32 weeks after surgery. 
Arteriogram showed false aneurysm (arrow). Suture inserted to 
close fascia had penetrated wall of branch of superior gluteal 
artery. Aneurysm was ligated proximally and distally and excised. 


disability. Risk factors for vascular injury include révision 
surgery and intrapelvic migration of components. Vessels can 
be injured by lacération, traction on the limb, or retraction of 
the surrounding soft tissues. Direct trauma or compression 
by components such as screws, cernent, cables, antiprotrusio 
cages or rings, threaded acetabular components, or structural 
allografts also can resuit in vascular injury. 

In general, the measures taken to avoid injury to the 
fémoral nerve also protect the accompanying fémoral artery 
and vein. The anterior retractor should be blunt tipped, care- 
fully placed on the anterior rim, and not allowed to slip 
anteromedial to the iliopsoas. Care must be taken in releasing 
the anterior capsule, especially in the presence of extensive 
scarring, and in dividing these soft tissues to correct a flexion 
contracture. 

Removal of soft tissue and osteophytes from the inferior 
aspect of the acetabulum can cause bleeding from the obtura- 
tor vessels. Pénétration of the médial wall of the acetabulum 
while reaming or intrusion of cernent into the pelvis may 
injure the iliac vessels. These vessels usually are separated 
from the médial cortex of the pelvis by the iliopsoas muscle, 
but in some patients this muscle is thin. 

The use of transacetabular screws for socket fixation 
places the pelvic vessels at risk for injury. Wasielewski et al. 
described the acetabular quadrant System for guidance in the 
placement of these screws. A line drawn from the anterior 
superior iliac spine through the center of the acetabulum and 
a second line perpendicular to the anterior superior iliac 
spine line divide the acetabulum into four quadrants (see Fig. 
3-41). The external iliac vein lies adjacent to the bone of the 
anterosuperior quadrant, and the obturator vessels and nerve 
are in close proximity to the pelvic bone in the anteroinferior 


quadrant. Thinner bone, lack of soft-tissue interposition, and 
relative immobility of the vessels make them more susceptible 
to injury. The use of a short drill bit and meticulous technique 
are mandatory whenever screws are placed in the anterior 
quadrants. Screw placement should be limited to the poste - 
rior quadrants whenever possible. The posterosuperior quad¬ 
rant, which roughly corresponds to the superior acetabulum 
between the anterior superior iliac spine and greater sciatic 
notch, allows for the longest screws and contains the best 
bone for fixation. The posteroinferior quadrant requires 
shorter screws. Although the superior gluteal vessels and 
sciatic nerve are potentially at risk from screws placed through 
the posterosuperior quadrant, the drill bit and screw tip can 
be palpated through the sciatic notch to protect these struc¬ 
tures from injury. Excessive bleeding encountered during 
placement of the acetabular component or screw insertion 
may require rétropéritonéal exposure and temporary clamp- 
ing of the iliac vessels to prevent additional blood loss and to 
preserve the patients life and limb. An immédiate call should 
be made for the coopération of a vascular surgeon. Arteriog- 
raphy and transcatheter embolization hâve been used to 
control excessive postoperative intrapelvic bleeding. 

Late vascular problems include thrombosis of the iliac 
vessels, arteriovenous fistula, and false aneurysms. False 
aneurysms hâve been reported especially in patients with 
postoperative hip infections, after migration of threaded ace¬ 
tabular components, and from the use of pointed acetabular 
retractors. This diagnosis should be considered in patients 
who hâve persistent bleeding from the incision or a pulsatile 
mass (Fig. 3-103). 

Because of the risk of vascular injury associated with 
removal of a markedly protruded acetabular component, 







2 


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS 

arteriography, contrast-enhanced CT scan, or both may be 
considered before undertaking this type of révision. In addi¬ 
tion, the patients abdomen should be prepared for surgery, 
and the assistance of a vascular surgeon may be required. 

The contralatéral limb is at risk for vascular injury because 
of errors in positioning and pelvic immobilization. Pelvic 
positioning devices should apply pressure to the pubic sym- 
physis or iliac spines, and pressure over the fémoral triangle 
should be avoided. 

LIMB-LENGTH DISCREPANCY 

Ideally, the leg lengths should be equal affer total hip arthro- 
plasty, but it may be difficult to détermine this accurately at 
the time of surgery Overlengthening is more common than 
shortening, and a lengthened limb is more poorly tolerated. 
Lengthening may resuit from insufficient resection of bone 
from the fémoral neck, use of a prosthesis with a neck that is 
too long, or inferior displacement of the center of rotation of 
the acetabulum (Fig. 3-104). In a survey of 1114 primary total 
hip arthroplasty patients, 30% reported a perceived limb 
length discrepancy. Of these, only 36% were radiographically 
confirmed. 

The functional significance of leg-length inequality affer 
total hip arthroplasty has not yet been well defined. Leg 
lengthening of more than approximately 1 cm frequently is a 
source of significant patient dissatisfaction despite an other- 
wise technically satisfactory operation, and the commonly 
used hip rating Systems vastly underestimate the degree of 
dissatisfaction. If lengthening exceeds 2.5 cm, sciatic palsy 
and a vaulting-type gait may resuit. 

The risk of excessive leg lengthening can be minimized 
by a combination of careful preoperative planning and opéra¬ 
tive technique. Edeen et al. found that clinical measurements 
of leg lengths correlated with radiographie measurements to 
within 1 cm in only 50% of patients. Flexion and adduction 
contractures produce apparent shortening of the extremity, 



Total hip arthroplasty for osteonecrosis in 
47-year-old man. Fémoral head was reconstructed level with tip 
of trochanter. Oversized acetabular component brought hip 
center more inferior and overlengthened limb 1 cm despite 
correct positioning of fémoral head. 


and abduction contracture, although less common, produces 
apparent lengthening. True bony discrepancies sometimes 
require surgical correction, whereas apparent discrepancies 
arising from contracture must be recognized, but seldom 
require extensive soft-tissue release. A history of previous 
lower extremity trauma should be sought, and the extremities 
should be examined for différences below the level of the hip. 
Good-quality radiographs and templates of known magnifi- 
cation (see discussion of preoperative templating in the 
section on preoperative radiographs) are used to select a 
prosthesis that allows intraoperative restoration of leg length 
and fémoral offset. 

Several clinical methods for determining leg length hâve 
been described. One method involves intraoperative évalua¬ 
tion of soft-tissue tension around the hip, commonly referred 
to as the “shuck test.” When traction is applied to the limb 
with the hip in extension, distraction of 2 to 4 mm usually 
occurs. The extent of soft-tissue release, the type of anesthé¬ 
sia, and the degree of muscular relaxation may change the 
surgeons appréciation of tissue laxity. In addition, soft-tissue 
tension dépends not only on the height of the fémoral head 
but also on the fémoral offset (see Fig. 3-6). If fémoral offset 
has been reduced and is not appreciated at surgery, tissue 
tension has to be restored by inadvertent overlengthening of 
the limb; in effect, height is substituted for offset to place the 
soft tissues under tension. Careful preoperative templating 
should alert the surgeon to this possibility, and arrangements 
should be made for implants that allow reproduction of the 
patients natural offset and appropriate soft-tissue tensioning 
without overlengthening of the limb. Although the assess- 
ment of soft-tissue tension is a useful maneuver, it alone 
should not be relied on to détermine limb length equality. 

Multiple methods of limb-length détermination hâve 
been described using transosseous pins placed above and 
below the hip joint and a measuring device. Ranawat et al. 
used a pin below the infracotyloid groove and measured the 
distance between it and a mark on the greater trochanter. This 
technique resulted in an average limb-length discrepancy of 
1.9 mm, with no patient requiring a shoe lift (Fig. 3-105). 
These techniques dépend on précisé repositioning of the limb 
in the same degree of flexion, abduction, and rotation for 
each measurement. Using a carpenter s level to reproduce the 
positioning of the limb, Bose found an average 3.4-mm limb- 
length discrepancy in a group of 58 patients, 7% of whom 
required a shoe lift. 

Currently, the most reliable method of equalizing leg 
lengths is the combination of preoperative templating and 
intraoperative measurement. Using this approach in a sériés 
of 84 hips, Woolson et al. reported that only 2.5% of patients 
had legs that were lengthened more than 6 mm. In a study of 
the usefulness and accuracy of preoperative planning, Knight 
and Atwater concluded that fémoral and acetabular compo¬ 
nent size could not be predicted reliably by templating; 
however, when templating was combined with operative 
measurement, the postoperative leg length was within 5 mm 
of the planned degree of lengthening in 92% of patients. 

Computer-assisted techniques may hold promise in 
achieving limb-length equality affer total hip arthroplasty. 
Although some studies hâve shown more accurate reproduc¬ 
tion of equal limb lengths, others hâve found little or no 
différence when compared with manual techniques. Also, 
functional outcomes to date are not improved by use of 





CHAPTER 3 ARTHROPLASTY OF THE HIP 


9 



Steinmann pin in position to mark greater tro¬ 
chanter on initial exposure of hip. Subséquent measurements 
reference distance from pin to this trochanteric reference line. 

(From Ranawat CS, Rao RR, Rodriguez JA, et al: Correction of limb- 
length inequality during total hip arthroplasty, J Arthroplasty 16:715, 
2001 .) 


computer navigation. Increased cost and longer operative 
times hâve limited the widespread adaptation of computer- 
assisted techniques. 

If both hips are diseased and bilateral staged surgery is 
expected, length is determined by the stability of the hip, and 
leg lengths are equalized by making the same bony resections 
and using the same implants on both sides. The patient should 
be advised that a shoe lift may be required between surgeries. 
Occasionally, arthroplasty may be indicated in a hip that is 
already longer than the contralatéral side. Shortening of the 
limb by excessive neck resection or use of a prosthesis with 
a neck that is too short poses the risk of dislocation because 
of inadéquate soft-tissue tension or impingement. In this 
instance, distal transfer of the greater trochanter or shorten¬ 
ing by a subtrochanteric osteotomy may be considered. 

The main objectives of total hip arthroplasty are, in order 
of priority, pain relief, stability, mobility, and equal leg length. 
The patient should be informed before surgery that no assur¬ 
ance can be given that the limb lengths will be equal. If 
lengthening of the limb provides a substantially more stable 
hip, the discrepancy is préférable to the risk of récurrent 
dislocation. Discrepancies of less than 1 cm generally are well 
tolerated, and the perception of the discrepancy tends to 
diminish with time. Apparent leg-length inequality and pelvic 
obliquity caused by residual soft-tissue contracture usually 
respond to physical therapy with appropriate stretching. 

Patients with an unacceptable limb-length discrepancy 
must be evaluated carefully to détermine the cause of the 
discrepancy if surgical treatment is to be successful. Pelvic 
radiographs are evaluated for component placement that may 
cause limb-length discrepancy, such as an inferiorly placed 
acetabular component below the teardrop or a proximally 
placed fémoral component with insufficient neck resection. 
Parvizi et al. described limb-length discrepancy caused by 
acetabular component malpositioning and subséquent insta- 
bility which had been accommodated by overlengthening 


with the modular fémoral head. In their group of patients 
surgically treated for limb-length discrepancy, most required 
révision of a maloriented acetabular component placed infe- 
rior to the teardrop or excessively anteverted (20 degrees), 
rétroverted, or abducted (50 degrees). Limb lengths were 
equalized in 15 of the 21 patients, with the average limb- 
length discrepancy decreasing from 4 cm to 1 cm. Only one 
patient developed récurrent instability, whereas three patients 
with pain secondary to neurapraxia had complété resolution 
of their symptoms. 

DISLOCATION 

The prevalence of dislocation after total hip arthroplasty is 
approximately 3%. Anatomie, surgical, and épidémiologie 
factors may increase this risk. Trochanteric nonunion, abduc- 
tor muscle weakness, and increased preoperative range of 
motion are anatomie features that increase the risk of instabil¬ 
ity. Posterior approach, component malposition, uncorrected 
bony and/or component impingement, inadéquate soft tissue 
tension, and smaller head size are variables under the sur¬ 
geons control that hâve also been implicated. Previous hip 
surgery, including révision hip replacement, female sex, 
advanced âge, prior hip fracture, and preoperative diagnosis 
of osteonecrosis or inflammatory arthritis are épidémiologie 
factors that negatively affect hip stability. 

Postoperative dislocation is more common when there 
has been previous surgery on the hip and especially with 
révision total hip replacement. Alberton, High, and Morrey 
reported a 7.4% dislocation rate in a group of 1548 révision 
total hip procedures with at least 2-year follow-up. Likely 
contributing factors include extensive soft tissue release, mus- 
cular weakness, small fémoral head size (22 mm), and tro¬ 
chanteric nonunion. 

The choice of surgical approach affects the rate of post¬ 
operative dislocation. Berry et al. found the dislocation rate 
to be 6.9% when a postérolatéral approach was used com- 
pared with 3.1% when the antérolatéral approach was used. 
There is a tendency to retrovert the socket when total hip 
arthroplasty is done through a postérolatéral approach. This 
is usually caused by inadéquate anterior retraction of the 
fémur so that the acetabular positioning device is forced pos- 
teriorly during component insertion. Division of ail the short 
external rotators probably is another factor, and meticulous 
repair of the posterior soft tissue envelope improves stability. 
Various soft-tissue repair techniques are advocated for 
improving hip stability after the postérolatéral approach, with 
dislocation rates ranging from 0% to 0.85%. A meta-analysis 
comparing posterior approaches with and without soft tissue 
repair showed an almost ten-fold réduction in dislocation 
rates from 4.46% to 0.4% in favor of soft-tissue repair. Our 
preference includes repair of the posterior capsule and short 
external rotators to the greater trochanter and/or abductor 
tendon with nonabsorbable sutures (Fig. 3-106). When con- 
sidering total hip surgery in a patient at high risk for posterior 
dislocation, particularly individuals with neuromuscular 
disease or marked flexion contracture, an anterior approach 
should be considered. 

In fixing the cup in the proper position, especially with 
respect to antéversion, the surgeon must be able to judge the 
position of the patients pelvis in the horizontal and vertical 
planes. Errors in positioning the patient on the operating 
table are a common source of acetabular malposition, and 
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secure stabilization of the patient in the latéral position is 
crucial. When in the latéral position, women with broad hips 
and narrow shoulders are in a relative Trendelenburg posi¬ 
tion, and the tendency is to implant the cup more horizon- 
tally than is planned. In men with a narrow pelvis and broad 
shoulders, the reverse is true. With reference to antéversion, 
the pelvis flexes upward by 35 degrees in the latéral position, 



Sutures passed through trochanteric drill holes 
using suture passer. External rotators and hip capsule are incor- 
porated into repair. GM, Gluteus maximus; GMi, gluteus minimus; 
01, obturator internus; P, piriformis; Q, quadratus femoris. (From 
Osmani O, Malkani A: Posterior capsular repair following total hip 
arthroplasty: a modified technique, Orthopedics 27:553, 2004.) 


and with extension in the supine position it becomes rela- 
tively retroverted. Also, forceful anterior retraction of the 
fémur for acetabular exposure often tilts the patient forward. 
Placement of the acetabular component in the usual orienta¬ 
tion relative to the operating table produces inadvertent rét¬ 
roversion relative to the pelvis. Acetabular insertion devices 
may provide a false sense of security, and the true position of 
the pelvis must always be taken into account. Being able to 
palpate the anterior superior iliac spine through the drapes is 
helpful in judging the position of the pelvis, and good ace¬ 
tabular exposure that allows observation of bony landmarks 
is essential. When an acetabular insertion device is used, the 
angle at which it holds the cup must be known. The trial cup 
should be placed in the position in which the final cup is to 
be inserted, and its relationship to the periphery of the ace- 
tabulum and the transverse acetabular ligament should be 
carefully noted. This orientation is precisely reproduced on 
placement of the final implant. 

Quantifying the degree of antéversion of the cup by plain 
radiographie examination is difficult. McLaren reported a 
mathematic method of determining the degree of antéversion 
whereby the relative positions of the anterior and posterior 
halves of the circumferential wire in a cemented cup are con- 
sidered (Fig. 3-107). Similarly, the antéversion of a cementless 
acetabular component can be estimated by comparing its 
anterior and posterior margins. Superimposition of the two 
margins suggests little or no antéversion. If they form an 
ellipse, some degree of antéversion or rétroversion is présent. 
A cross-table latéral view of the affected hip also may be 
helpful in assessing acetabular antéversion, but CT can be 
used to assess the degree of antéversion of the cup more 
accurately (Fig. 3-108). The inclination or abduction of the 
acetabular component can be measured more directly from 
plain radiographs, although flexion or extension of the pelvis 
relative to the beam may distort this relationship. 



JjU Anteroposterior radiographs of three different patients to illustrate estimation of angle of antéversion by position 
of circumferential wire (see text). A f Near superimposition of anterior and posterior halves of wire suggests little or no antéversion (or 
rétroversion). B and C f Position of anterior and posterior halves suggests more antéversion (or rétroversion) than in A. AN three hips 
are stable anteriorly and posteriorly. 
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|j£| Détermination of angle of antéversion (or rétroversion) of cup by CT. A f Acetabular component appears well posi- 
tioned in 39-year-old nurse who had multiple révisions and was referred for fémoral loosening with récurrent subluxation. B, CT scan 
shows acetabular rétroversion of 20 degrees. 


Cup position correlates somewhat with dislocation risk. 
Lewinnek et al. reviewed radiographs of 300 total hip replace¬ 
ments with direct measurement of inclination and calculation 
of antéversion. The dislocation rate for cup orientation with 
antéversion of 15 ± 10 degrees and inclination of 40 ± 10 
degrees was 1.5%, whereas 6.1% of those outside this “safe 
range” dislocated. Similarly, Biedermann, et al. studied a 
group of 127 hip s with postoperative instability and com- 
pared them with a control group of stable hips using comput- 
erized radiographie analysis. They found increased antéversion 
and abduction for patients with anterior dislocation and 
decreased antéversion and abduction for posterior disloca- 
tors. The lowest risk values for dislocation were 15 degrees of 
antéversion and 45 degrees of abduction. 

If the cup is excessively anteverted, anterior dislocation 
can occur during hip extension, adduction, and external rota¬ 
tion. If the cup is retroverted, dislocation occurs posteriorly 
with flexion, adduction, and internai rotation. Excessive incli¬ 
nation of the cup can lead to superior dislocation with adduc¬ 
tion, especially if there is a residual adduction contracture, or 
if the fémur impinges on osteophytes leff along the inferior 
margin of the acetabulum (Fig. 3-109). Conversely, if the cup 
is inclined almost horizontally, impingement occurs early in 
flexion and the hip dislocates posteriorly; this is accentuated 
if the cup also is in less antéversion. 

Fémoral component antéversion is estimated intraopera- 
tively by comparing the axis of the prosthetic fémoral neck 
with the shaff of the tibia when the knee is in 90 degrees of 
flexion. Neutral version is defined by the prosthetic neck 
aligned perpendicular to the tibia. Relative antéversion occurs 
when this angle is greater than 90 degrees and rétroversion 
when it is less (Fig. 3-110). The fémoral component should 
be fixed with the neck in 5 to 15 degrees of antéversion. 
Severe antéversion of the anatomie fémoral neck is seen in 
developmental dysplasia or juvénile rheumatoid arthritis, 
whereas rétroversion may be encountered with previous 
slipped capital fémoral epiphysis, proximal fémoral mal¬ 
union, or low levels of neck resection. If the neck of the 
component is in more than 15 degrees of antéversion, 



Excessive inclination of acetabulum. Récurrent 
dislocation is caused by 65-degree inclination of socket. Hip dis¬ 
located with adduction when patient was standing. Révision was 
required. 


anterior dislocation is more likely (Fig. 3-111). Conversely, 
rétroversion of the fémoral component tends to make the hip 
dislocate posteriorly, especially during flexion and internai 
rotation. 

Amuwa and Dorr described combined antéversion, a 
method in which the antéversion of the fémoral component 
is determined by fémoral préparation first. The acetabular 
component is then placed and the sum of the antéversion of 
the cup and stem is determined, with the goal of 35 degrees 
total and an acceptable range of 25 to 50. Computer naviga¬ 
tion is required to precisely détermine these values. 

Impingement may occur because of prominences on the 
fémoral, acetabular, or both sides of the joint. Bone or cernent 
protruding beyond the fiat surface of the cup must be removed 
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jjj Antéversion of fémoral component is estimated 
by comparing tibial axis with prosthetic fémoral neck axis. Ninety 
degrees represents neutral antéversion. Acute angles (<90 
degrees) are consistent with relative rétroversion and obtuse 
angles (>90 degrees) with increasing antéversion. 



Dislocation caused by malrotation of fémoral 
component. Component was malrotated into 70 degrees of ante- 
version. Hip dislocated anteriorly several times and was revised. 



Récurrent posterior dislocation after arthro- 
plasty after fracture of acetabulum. Acetabular component had 
been placed in inadéquate degree of antéversion because of 
deficiency of posterior wall. Retained anterior osteophyte (arrow) 
produced impingement in flexion and internai rotation and con- 
tributed to dislocation. Révision was required. 


after the cup has been fixed in place; otherwise, it serves as 
a fulcrum to dislocate the hip in the direction opposite its 
location. Residual osteophytes, especially located anteriorly, 
cannot be seen well on standard radiographs but are easily 
shown by CT scan (Fig. 3-112). After a shallow acetabulum 
is deepened to provide coverage of the superior part of the 
cup, excess bone often must be removed anteriorly, posteri- 
orly, and inferiorly. This is difiicult if the cup has been placed 
with a high hip center. If the greater trochanter is enlarged or 
distorted because of previous surgery or as a resuit of the 
underlying disease process, some bone often must be removed 
from its anterior or posterior margin to prevent impinge¬ 
ment. Finally, bony impingement is much more likely if 
fémoral offset has not been adequately restored. The use of a 
fémoral component with enhanced offset can be very bénéfi¬ 
ciai in this situation (see Fig. 3-9). 

The ratio of the head diameter to that of the neck of the 
prosthesis is important, as smaller heads hâve a lower 
“jumping distance” required for dislocation (see Fig. 3-12). 
Larger head size is a stabilizing factor reported in some sériés 
of primary and révision total hip arthroplasties. Modular 
fémoral head components that hâve an extension, or “skirt,” 
to provide additional neck length reduce the head-to-neck 
diameter ratio because the neck of the component is fitted 
over a tapered trunnion that must be of sufficient diameter 
(see Fig. 3-8). The range of motion to impingement is 
decreased compared with a shorter neck that does not use a 
skirt. Although lengthening the prosthetic neck may improve 
soff-tissue tension and increase offset, the range of prosthetic 
motion and ultimate stability of the hip may be diminished 
if the longer neck requires the addition of a skirted head. 

Many current acetabular components hâve modular 
liners with élévations that can be rotated into a variety of 
positions to reorient the face of the acetabulum to a slight 
degree to provide greater coverage of the prosthetic head (see 
Fig. 3-33). Such components may improve stability, but they 
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may hâve the opposite effect if an excessively large élévation 
is used, or if it is rotated into an inappropriate orientation. 
Careful assessment of impingement of the prosthetic neck on 
the liner élévation during trial réduction is mandatory. 

The adequacy of soft-tissue tension across the hip joint 
offen is suggested as a cause of postoperative dislocation as 
well. In a sériés of 34 dislocated total hips reported by Fackler 
and Poss, the leg on the operated side was 1.5 mm longer than 
the opposite normal leg; however, there was a tendency 
toward decreased fémoral offset (average 5 mm decrease) in 
the dislocation group. Trochanteric nonunion, with résultant 
diminished abductor tension, also is associated with an 
increased incidence of dislocation. Woo and Morrey found a 
dislocation rate of 17.6% in patients with displaced trochan¬ 
teric nonunions compared with 2.8% when the trochanter 
healed by osseous or fibrous union without displacement. 

Physical therapists, nurses, and other attendants who care 
for the patient and assist in postoperative mobilization should 
be aware of the positions likely to cause dislocation. These 
positions may differ from patient to patient, depending on 
the surgical approach and other factors. Above ail, the patient 
should be able to voice the appropriate précautions before 
discharge, and instructions should be reiterated at follow-up 
office visits. Specialized devices for reaching the floor and 
dressing the feet are immensely helpful for maintaining inde- 
pendence while avoiding extremes of positioning in the early 
postoperative period. Noncompliance with hip précautions, 
whether because of alcohol abuse, médication, or unrecog- 
nized dementia with short-term memory loss, can increase 
the risk of dislocation. 

Most dislocations occur within the first 3 months after 
surgery. The dislocation often is precipitated by malposition- 
ing of the hip at a time when the patient has not yet recovered 
muscle control and strength. Late dislocations can be caused 
by progressive improvement in motion after surgery. Impinge¬ 
ment caused by component malposition or retained osteo- 
phytes may not become manifest until extremes of motion 
are possible. Late dislocations are more likely to become 
récurrent and require surgical intervention. Von Knoch et al. 
reported that 55% of late dislocations were récurrent, with 
61% of the récurrent dislocators requiring surgery. 

Ail attending personnel, including nurses and physical 
therapists, should be aware that excessive pain, limited range 
of motion, rotational deformity, or shortening of the limb is 
suggestive of dislocation. If these symptoms are noted, radio- 
graphs of the hip should be obtained. Réduction usually is 
not difficult if dislocation occurs during the early postopera¬ 
tive period and a timely diagnosis is made. If the dislocation 
is not discovered for more than a few hours, réduction may 
be more difficult because of additional swelling and muscle 
spasm. Intravenous sédation and analgesia often are suffi- 
cient, but sometimes a general anesthetic is required to assist 
with réduction of the hip. Réduction techniques should 
always be gentle to minimize damage to the articulating sur¬ 
faces. The use of image intensification sometimes is valuable 
in reducing the hip. Réduction is accomplished by longitudi¬ 
nal traction and slight abduction when the head is at the level 
of the acetabulum. The Allis or Stimson maneuver (see 
Chapter 55) also can be used. Radiographs should be repeated 
to confirm the adequacy of réduction. Modular polyethylene 
liners may dissociate from their métal backings when disloca¬ 
tion occurs, or when réduction is affected. Incongruous 



Dissociation of modular polyethylene liner. 
A, After placement of metal-backed acetabular component with 
modular polyethylene liner. B, Six weeks after surgery, hip dislo¬ 
cated while patient was sitting in low chair. After réduction 
maneuver, fémoral head is eccentrically located in métal backing. 
Radiolucent shadow of displaced polyethylene liner is visible in 
soft tissues inferiorly (arrows). Reoperation was required to 
replace liner. 


placement of the fémoral head within the métal backing indi- 
cates such an occurrence. Open réduction with replacement 
of the liner or révision of the acetabular component is required 
(Fig. 3-113). 

If the components are in satisfactory position, closed 
réduction is followed by a period of bed rest. Mobilization is 
accomplished in a prefabricated abduction orthosis that 
maintains the hip in 20 degrees of abduction and prevents 
flexion past 60 degrees, although removable devices are not 
practical in noncompliant patients. Immobilization for 6 
weeks to 3 months is recommended. The efficacy of abduc¬ 
tion bracing was challenged in a rétrospective review by 
DeWal et al., who found no différence in the risk of subsé¬ 
quent dislocation between groups of patients treated with or 
without an abduction brace. 

Wera et al. published a sériés of 75 révision total hip 
arthroplasties performed for récurrent dislocation according 
to a proposed algorithmic classification. The six étiologies 
were: 

Type I: acetabular component malposition 

Type II: fémoral component malposition 

Type III: abductor deficiency 

Type IV: impingement 

Type V: late wear 

Type VI: unresolved 




PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS 


Types I and II are treated by révision of the malpositioned 
component(s). Abductor deficiency and those without 
known etiology for dislocation (types III and VI) are revised 
to constrained acetabular liners. When impingement is the 
causative factor (type IV), sources of impingement are 
removed, offset is restored, and head size is increased. Late 
wear (type V) associated with instability requires modular 
head and liner exchange, including a larger fémoral head. In 
their sériés, repeat dislocation occurred in 14.6% of patients, 
with the highest risk of récurrence in those with abductor 
deficiency. 

If no component malposition or source of impingement 
is identifiable, distal advancement of the greater trochanter 
was recommended by Kaplan, Thomas, and Poss to improve 
soff-tissue tension. In their sériés, 17 of 21 patients had no 
additional dislocations. Ekelund reported similar results. 

Constrained liner designs offer higher résistance to dis¬ 
location than do unconstrained components because the 
fémoral head is mechanically captured into the socket. Cal- 
laghan et al. reported the best results with constrained ace¬ 
tabular components. They used a tripolar liner in combination 
with a new uncemented acetabular component (6% failure 
rate) or cemented into a well-fixed existing shell (7% failure 
rate). They did not report increased wear or osteolysis with 
this device. In a literature review of constrained components, 
Williams, Ragland, and Clarke found an average récurrent 
dislocation rate of 10% and an average reoperation rate for 
reasons other than instability of 4%. 

If a constrained component is used, the range of motion 
of the hip is reduced, and correct positioning of the compo¬ 
nent is crucial to minimize impingement of the neck on the 
rim of the liner. Excessive prosthetic impingement with con¬ 
strained components can disrupt the liner locking mecha- 
nism or lever the entire component out of the acetabulum if 
fixation is not rigid. Guyen, Lewallen, and Cabanela described 
and categorized the various modes of failure of a tripolar 
constrained liner in 43 patients. Failures occurred at the 
bone/implant interface (type I), at the liner/shell interface 
(type II), at the locking mechanism (type III), by dislocation 
of the inner bearing from the bipolar fémoral head (type IV), 
and as a resuit of infection (type V). They recommended the 
use of these devices only as a last resort because of their 
complexity and multiple modes of mechanical failure. 

Finally, some patients are not candidates for reconstruc¬ 
tion. Noncompliant individuals; alcohol and drug abusers; 
elderly, debilitated patients; and patients with several previ- 
ous failed attempts to stop récurrent dislocation are best 
treated by removal of the components without further 
reconstruction. 

FRACTURES 

Fractures of the fémur or acetabulum can occur during and 
affer total hip arthroplasty. Fémoral fractures are more 
common and usually require some form of treatment. Ace¬ 
tabular fractures probably occur more frequently than recog- 
nized but offen are not clinically apparent. According to the 
Mayo Clinic Total Joint Registry, postoperative fractures 
occur in 2% of primary total hip arthroplasties and in 5% of 
révision procedures. Patients at risk for periprosthetic frac¬ 
ture include females, elderly patients, and those with post- 
traumatic osteoarthritis or inflammatory arthritides, bony 
deformity, or osteoporosis. 


Fémoral fracture is likely to occur during one of several 
stages in the procedure. Fracture can occur early while 
attempting to dislocate the hip. The fragile bone of elderly 
patients and of patients with rheumatoid arthritis or disuse 
osteoporosis can be fractured by a moderate rotational force. 
Cortical defects from previous surgery or fixation devices 
increase the risk further. If résistance is met in attempting 
dislocation in these patients, more of the soft tissues must be 
released. If the operation is done for a painful endoprosthesis, 
intrapelvic protrusion, or hypertrophie osteoarthritis, thin 
osteophytes extending from the margin of the acetabulum 
must be resected before dislocation; otherwise, the fémur or 
the posterior wall of the acetabulum may be fractured. In 
some patients with intrapelvic protrusion of the acetabulum, 
the neck should be divided and the head removed from the 
acetabulum in a piecemeal fashion, rather than risk fracture 
by applying excessive rotational force to the fémur. While the 
neck is being divided, little, if any, rotary force should be 
applied to the fémur to avoid fracturing the neck at an incor¬ 
rect level before the osteotomy is complété. Complex defor- 
mities of the proximal fémur also increase the risk of fracture, 
especially when the medullary canal is narrowed. Révision 
surgery carries a substantially higher risk of fracture than 
primary procedures because of the presence of thin cortices 
from implant migration and osteolysis. 

Fractures of the fémur can occur during broaching or 
insertion of the fémoral component. Instrumentation Systems 
for cemented fémoral components may include only a set of 
broaches, and no provision is made for préparation of the 
distal portion of the canal. Broaches are designed to crush 
and remove cancellous bone and do not remove cortical end- 
osteal bone safely from the diaphysis. The need to remove 
cortical bone distally can be anticipated from preoperative 
templating. A straight or flexible reamer must be used to 
remove this bone before insertion of the broach, or a major 
fracture extending into the fémoral shaft may occur. 

Intraoperative fémoral fractures occur more commonly 
in cementless total hip arthroplasties. Berry reported intra¬ 
operative fractures of the proximal fémur in 5.4% of cement¬ 
less primary arthroplasties and in 21% of cementless révision 
procedures. 

The Vancouver classification of periprosthetic fémoral 
fractures has been altered to include intraoperative fractures 
and perforations (Fig. 3-114). Type A fractures are confined 
to the proximal metaphysis. Type B fractures involve the 
proximal diaphysis but can be treated with long stem fixation. 
Type C fractures extend beyond the longest révision stem and 
may include the distal fémoral metaphysis. Each type is sub- 
divided into simple perforations (subtype 1), nondisplaced 
(subtype 2), or displaced (subtype 3). Treatment options 
include bone grafting, cerclage, long stem révision, or open 
réduction and internai fixation depending on the level and 
displacement of the fracture. 

If a fémoral fracture occurs during cementless total hip 
surgery, it must be completely exposed to its most distal 
extent. This is done with the broach or actual component in 
place because the fracture gap may close when the implant is 
removed, and the extent of the fracture may be underesti- 
mated. Once the fracture is exposed, the implant is removed, 
and cerclage wires or cables are placed around the fémoral 
shaft. A trial broach one size smaller may be inserted in the 
canal to prevent overtightening and potential collapse or 
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FIGURE 


Intraoperative periprosthetic fractures of fémur. (Redrawn from Greidanus NV, Mitchell PA, Masri BA, et al: Principles of 


management and results of treating the fractured fémur during and after total hip arthroplasty, Instr Course Lect 52:309, 2003.) 


Continued 


overlap of the fracture fragments. One cable should be placed 
distal to the fracture to prevent its propagation during final 
component insertion. As the final component is reinserted, 
the cables corne under increased tension, and further expan¬ 
sion of the fracture is prevented. There is a tendency to under- 
estimate such fractures and to regard them as stable. We know 
of no objective method for determining whether such frac¬ 
tures are in fact stable and recommend cerclage fixation in ail 
cases. Prophylactic placement of cerclage wires should be 
considered when the cortex is thin or weakened by internai 
fixation devices or other stress risers. Cobalt chrome cables 
and hose clamps hâve the advantage of superior stiffness 
compared with other cerclage Systems. 

Postoperative fémoral shaff fractures can occur months 
or years after surgery. McElfresh and Coventry identified 
three settings for these fractures: (1) stress fractures caused 
by increased use of the limb after surgery, (2) fractures caused 
by stress risers in the fémoral shaft, including cortical defects 
and other implants (Fig. 3-115), and (3) fractures caused by 
trauma violent enough to fracture a normal limb. Most of 
these injuries resuit from low-energy trauma, with high- 
energy mechanisms reported in less than 10%. Larsen, Menck, 
and Rosenklint identified massive hétérotopie bone forma¬ 
tion around the hip as a potential risk factor. Decreased 
motion in the hip joint transfers stress to the fémoral shaft, 
similar to a hip arthrodesis. Stem loosening and osteolysis 


also can weaken the cortex and prédisposé to late postopera¬ 
tive fracture. 

The treatment of periprosthetic fémoral fracture dépends 
primarily on the location and stability of the fracture, fixation 
of the indwelling fémoral component, quality of the remain- 
ing bone, and medical condition and functional demands of 
the patient. Treatment options include traction, open réduc¬ 
tion and internai fixation of the fracture while leaving the 
stem in situ , and fémoral révision with or without adjunctive 
internai fixation. 

Historically, many authors hâve described treatment by 
traction, with union rates of 66% to 100%. Malunion occurs; 
however, in more than 20% of patients, and subséquent stem 
loosening is also a problem. Also, elderly patients tolerate 
prolonged bed rest poorly, and medical problems are 
common. Traction should be considered only for the man¬ 
agement of fractures in patients in whom surgery is medically 
contraindicated and in whom a satisfactory réduction can be 
maintained. Because of the benefits of early mobilization and 
more reliable outcomes in terms of malunion and subséquent 
loosening, surgical management of unstable periprosthetic 
fémoral fractures generally is préférable in medically stable 
patients. 

Duncan and Masri proposed a classification System for 
postoperative periprosthetic fémoral fractures. It provides a 
straightforward, validated System that provides guidance in 
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making treatment decisions. The factors considered include 
the location of the fracture, the fixation of the stem, and the 
quality of the remaining bone stock (Table 3-2). 

Type A fractures involve the trochanteric area and are 
divided into fractures involving the lesser or greater trochan¬ 
ter. Most type A fractures are stable and can be managed 
conservatively with a period of protected weight bearing. 
Greater trochanteric fractures with significant displacement 
may be treated with trochanteric fixation. Surgical treatment 
of lesser trochanteric fractures should be reserved for those 
that involve the médial cortex of the fémur and cause instabil- 
ity of the fémoral stem. 

Type B fractures occur at the tip of the stem or just distal 
to it. Tfiese are the most common fractures in large sériés and 


r TABLE 3-2 

Vancouver Classification of Fractures of the 

Fémur After Total Hip Arthroplasty 

TYPE 

LOCATION 

SUBTYPE 

A 

Trochanteric 

A g : greater trochanter 


région 

A l : lesser trochanter 

B 

Around or just 

Bv prosthesis stable 


distal to stem 

B 2 : prosthesis unstable 



B 3 : bone stock inadéquate 

C 

Well below stem 



From Duncan CP, Masri BA: Fracture of the fémur after hip replacement, Instr 
Course Lect 44:293, 1995. 
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Fémoral fracture. Large stress riser was created 
between tip of fémoral component and upper end of plate, 
resulting in fracture between implants. 



Type B1 fémoral fracture. A, Preoperative 
radiograph shows well-fixed stem and spiral fémoral fracture. 
B, Postoperative radiograph demonstrates anatomie réduction 
and fixation with latéral plate, locking and nonlocking screws, 
and cable. (From Pike J, Davidson D, Grabuz D, et al: Principles of 
treatment for periprosthetic fémoral shaft fractures around well-fixed 
total hip arthroplasty, J Am Acad Orthop Surg 17:677, 2009.) 


the most problematic. This category is subdivided on the 
basis of the stability of the stem and the quality of the remain- 
ing proximal fémoral bone stock. In type B1 fractures, 
the stem remains well fixed, whereas in type B2 fractures, the 
stem is loose. In type B3 fractures, the stem is loose, and the 
proximal fémur is déficient because of osteolysis, osteoporo- 
sis, or fracture comminution. Primary open réduction and 
internai fixation with the prosthesis leff in situ is most appro- 
priate for type B1 fractures in which the stem remains solidly 
fixed. Fixation must be rigid; treatment with simple cerclage 
wiring, bands, or isolated screws is associated with high 
failure rates. Plate fixation has evolved from the Ogden plate, 
fixed with screws distally and Parham bands proximally, to 
cable-plate Systems such as the Dali-Miles plate, with incor- 
porated sites for cable attachment proximally and screws dis¬ 
tally, to locking plates using unicortical screws proximally 
and bicortical screws distally, placed with percutaneous tech¬ 
niques (Fig. 3-116). Biomechanical studies show greater 
mechanical stability for constructs with proximal and distal 
screw fixation in comparison with those fixed proximally 
with cables only. Allograff struts, used alone or in combina¬ 
tion with plate fixation, also show promise in the fixation of 
periprosthetic fémur fractures (Fig. 3-117). 

If the stem is loose, as in type B2 fractures, révision with 
a long-stem fémoral component is préférable. This approach 
not only restores stability to the fémoral component but also 
provides reliable intramedullary fixation of the fracture. 
Many reports in the literature support the use of cemented 
long-stem fémoral components for this purpose (Fig. 3-118). 
If cernent is to be used for fémoral component fixation in the 
presence of a fémoral fracture, the fracture must be reduced 



Latéral plate and anterior cortical strut graft 
used for fixation of type B1 fémoral fracture; cancellous allograft 
also is placed at fracture site. 
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Type B2 fémoral fracture. A f Elderly, debilitated woman was referred for fémoral fracture. Proximal fémur apparently 
had been fractured during initial arthroplasty. Distal cernent mantle is disrupted, and stem is loose. Réduction in traction is unsatisfac- 
tory. Malunion would greatly complicate subséquent révision. B and C, Six months after révision of fémoral component to long stem 
with additional cerclage wires and extensive bone grafting. 


anatomically and held with bone-holding forceps or cerclage 
wires to prevent extrusion of cernent between the fracture 
fragments; otherwise, nonunion can resuit (Fig. 3-119). If the 
fracture is transverse, réduction can be maintained by span- 
ning the fracture with a plate secured to each fragment with 
bone-holding forceps to stabilize the fracture temporarily. 

A more recent trend involves the use of cementless long- 
stem fémoral components to treat these problematic cases. In 
a sériés of 118 periprosthetic fémoral fractures, Springer, 
Berry, and Lewallen reported improved outcomes using 
extensively porous-coated cementless fémoral components. 
We hâve used proximally porous coated modular uncemented 
stems with flûtes for distal rotationally stability and exten¬ 
sively porous coated stems with good success (Fig. 3-120). 
Supplémentai internai fixation with cerclage or onlay cortical 
allograff struts is sometimes required to restore rotational 
stability at the fracture site. Additional bone grafting at the 
fracture site is recommended by most authors. 

In type B3 fractures, the proximal fémur is so déficient 
that it cannot be treated with open réduction and internai 
fixation or support a new fémoral component. The fémur can 
be reconstructed with an allograff prosthesis composite (see 
Technique 3-32) to restore bone stock. Alternatively, the révi¬ 
sion can be done with a proximal fémoral replacement pros¬ 
thesis, such as that used for tumor reconstructions (see Fig. 
3-28). Distally fluted tapered stems are enjoying increasing 
popularity in treating B2 and some B3 fractures (Fig. 3-121). 
Fracture union, implant stability, and some restoration of 
proximal fémoral bone stock hâve been observed. 



Nonunion from cernent extrusion. A and 
B f A 72-year-old woman was referred after surgery for fémoral 
fracture. Inaccurate réduction of fracture led to cernent extrusion 
and nonunion of fémoral shaft fracture. Apparent rétroversion 
of fémoral component probably caused early postoperative 
dislocation. 
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j|J Type B2 fémoral fracture. Loose fémoral com- 
ponent was revised to extensively porous coated stem. Cerclage 
cables were used to assist with fixation and restoration of rota- 
tional stability. 


Type C fractures occur well below the tip of the stem with 
no stem loosening. These can be treated with internai fixa¬ 
tion, leaving the fémoral component undisturbed (Fig. 3-122) 
As in B1 fractures, locked plates and less invasive techniques 
are gaining popularity. Areas of stress concentration between 
fixation devices and the fémoral stem should be avoided. 

Fracture of the acetabulum seldom occurs intraopera- 
tively in primary arthroplasties, although fragile portions of 
the posterior wall can be fractured easily during révision 
surgery. Haidukewych et al., in a review of 7121 primary total 
hip arthroplasties, found a 0.4% prevalence of intraoperative 
acetabular fracture. Ail of these occurred in uncemented 
components, most commonly with a single monoblock ellip- 
tical design. Most of the fractures were stable, and the original 
acetabular component was retained. Components that were 
thought to be unstable were converted to a different compo¬ 
nent that allowed supplémentai screw fixation. Ail fractures 
united, and no révisions were necessary. 

Davidson et al. described a periprosthetic acetabular frac¬ 
ture classification based on the extent of the fracture and 
stability of the implant. Type I fractures are nondisplaced, and 
the cup is stable. Type II fractures are nondisplaced but with 
potential instability because of the fracture pattern, such as a 
transverse or posterior column fracture. Type III injuries are 
significantly displaced and inherently unstable. Spécifie treat- 
ment guidelines are not available from the literature, but 
some suggestions are warranted. Type I fractures require 
no spécifie treatment. Potentially unstable, type II fractures 



Type B3 fémoral fracture. Fémoral component 
was revised to modular tapered fluted stem. Note restoration of 
proximal bone stock and solid fracture union. (From Mulay S, 
Hassan T, Birtwistle S, Power R: Management of types B2 and B3 
fémoral periprosthetic fractures by a tapered, fluted, and distally fixed 
stem, J Arthroplasty 20:751, 2005.) 


should be managed by conversion to a component with mul¬ 
tiple screw holes allowing adjunctive screw fixation. Type III 
fractures with displacement require posterior column fixa¬ 
tion with a reconstruction plate with additional anterior 
column lag screw fixation as needed (Fig. 3-123). If reason- 
able fracture stability is achieved, then an uncemented hemi- 
spherical component with additional screw fixation should 
suffice. If implant stability is questionable, then considération 
should be given to the use of an antiprotrusio cage with 
proximal and distal fixation through the flanges of the 
implant. 

Acetabular rim fractures are seldom seen on postopera- 
tive radiographs; if detected, 6 weeks of limited weight bearing 
is prudent. Postoperative fracture of the acetabulum is rare 
and usually associated with significant trauma. If displace¬ 
ment occurs and fixation is rendered unstable, révision 
usually is necessary. Some combination of reconstruction 
plating, bone graffing, and an uncemented hemispherical 
component or antiprotrusio cage is used, depending on the 
amount of host bone available for fixation as described for 
intraoperative type III fractures (see Fig. 3-36). 
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Type C fracture of distal fémur. Fracture was 
fixed with latéral plate using locking screws and cables. (From 
Davidson D, Pike J, Grabuz D, et al: Intraoperative fractures during total 
hip arthroplasty. Evaluation and management, J Bone Joint Surg 
90A:2000, 2008.) 


TROCHANTERIC NONUNION 

Trochanteric osteotomy is seldom necessary in primary total 
hip arthroplasty Exceptions include some patients with con¬ 
génital hip dysplasia, protrusio acetabuli, or conversion of an 
arthrodesis. If the fémur has been shortened, distal advance- 
ment of the trochanter may be required to restore appropriate 
myofascial tension to the abductor mechanism. Trochanteric 
osteotomy is also sometimes necessary for the extensile expo- 
sure of the acetabulum and fémur required for révision 
surgery. 

Avoiding nonunion of the greater trochanter requires 
careful attention to the technical details of the osteotomy and 
its reattachment. Factors contributing to trochanteric non- 
union include a small trochanteric fragment, poor-quality 
bone, inadéquate fixation, excessive abductor tension, prior 
radiation therapy, and patient noncompliance. The most sig¬ 
nifiant problems of trochanteric nonunion are related to 
proximal migration of the trochanteric fragment. Failure of 
trochanteric fixation and proximal migration are not caused 
simply by the abductors pulling the fragment off superiorly. 
Charnley proposed that anterior and posterior motion of the 
trochanter occurs first as the hip is loaded in flexion, as 
during rising from a chair or stair climbing. This produces 
shear forces between the trochanter and its underlying bed. 
Subséquent fatigue failure of the fixation device allows proxi¬ 
mal migration. 

The incidence of nonunion in primary surgery varies 
from approximately 3% to 8%, but révision surgery car ries 
greater risk. Nonunion rates of 9% to 13% hâve been reported 
in révision surgeries using trochanteric wiring, wire plus 
mesh, cable-grip, and cable-plate techniques. McCarthy et al. 
found that union was more likely when a trochanteric slide 
osteotomy was used, cables were placed circumferential to the 
fémur rather than intramedullary, and good bone-to-bone 
apposition was achieved. 

Although stable fibrous union without proximal migra¬ 
tion usually produces good functional results with little pain 
(Fig. 3-124), trochanteric nonunion and/or trochanteric 



Periprosthetic acetabular fracture treated with 
reconstruction plate along posterior column and tantalum socket 
with multiple screw. 



Trochanteric nonunion without migration 
usually produces little pain and only mild functional limitation. 
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migration are typically associated with gait abnormalities 
and worsened functional outcomes. According to Amstutz 
and Maki, migration of more than 2 cm significantly 
impairs abductor function even if union eventually occurs 
(Fig. 3-125). 

Trochanteric nonunion also is associated with an 
increased incidence of dislocation. Woo and Morrey found a 
dislocation rate of 17.6% in patients with displaced trochan¬ 
teric nonunions compared with 2.8% when the trochanter 
healed by osseous or fibrous union without displacement. 

Prominent or broken trochanteric hardware offen is a 
source of latéral hip pain. Injection of a local anesthetic may 
be helpful in establishing the diagnosis. Local steroid injec¬ 
tions offen relieve such symptoms. Removal of the hardware 
occasionally is indicated, but Bernard and Brooks found that 
less than 50% of patients obtain substantial relief from simple 
wire removal. 



Trochanteric nonunion with marked proximal 
migration and hardware failure. Révision was necessary for ace- 
tabular loosening as well. 


Broken trochanteric wires or cables can migrate with 
untoward effects (Fig. 3-126). Cases of delayed sciatic nerve 
symptoms associated with migrated wires impinging upon 
the nerve hâve been reported. Fragmentation of braided 
cables may generate a large amount of intraarticular métal 
débris that damages the articulating surfaces. Complété exci¬ 
sion of this type of wire débris at révision is almost impos¬ 
sible, and subséquent révisions may be at risk for accelerated 
wear. Altenburg et al. found higher rates of acetabular wear, 
osteolysis, and acetabular révision in patients who underwent 
cemented total hip arthroplasty via trochanteric osteotomy 
repaired with braided cables in comparison to those who had 
wire fixation. They recommended cable removal if fretting or 
trochanteric nonunion occurs. 

Trochanteric repair occasionally is indicated for a dis¬ 
placed trochanteric nonunion with a painful pseudarthrosis 
or significant abductor weakness with Trendelenburg limp. 
Established pseudarthrosis is suspected if a patient has pain 
with resisted hip abduction, local tenderness to palpation, 
and relief of pain by injection of local anesthetic into the area 
of the pseudarthrosis. Surgery should be approached cau- 
tiously, and patients should be informed that union may not 
be obtained with a second operation. Wire fixation alone has 
met with poor results; therefore, augmented techniques are 
warranted. Hodgkinson, Shelley, and Wroblewski obtained 
bony union in 81% of patients using a double crossover wire 
with a compression spring, and Hamadouche et al. reported 
successful union in 51 of 72 patients with previous trochan¬ 
teric nonunion treated with a claw plate combined with wire 
fixation. 

Careful préparation and contouring of the trochanteric 
fragment are essential to obtain maximal stability. An attempt 
must be made to place the trochanter against bone. It must 
not be reattached under excessive tension, and the hip should 
be abducted no more than 10 to 15 degrees for approxima¬ 
tion. Autogenous bone graffing seems prudent. Weight 
bearing and active abduction exercises are delayed until there 
is early radiographie evidence of bony union. A period of 
bracing in abduction or spica cast application reduces tension 
on the repair. 



Trochanteric nonunion with wire in joint. A f Wire breakage after fixation of trochanteric nonunion with braided 
cables. B f Fragmentation of braided cables, with voluminous débris in vicinity of articulation (arrow). 
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Chin and Brick described a technique to facilitate reat- 
tachment of a severely migrated greater trochanter whereby 
the abductor muscles are advanced by subperiosteal release 
from their origin on the iliac wing. Union was achieved in 
four of four patients. 

If the direct latéral approach has been used, avulsion of 
the repaired abductor mechanism can occur and présents 
many of the same problems as trochanteric migration; pain, 
abductor weakness, and hip instability. A few small sériés of 
patients treated with late abductor tendon repair hâve shown 
mixed results in terms of pain relief and overall patient satis¬ 
faction, probably caused by chronic degeneration of the 
abductor mechanism. Augmented repair techniques using a 
gluteus maximus muscle flap or an Achilles tendon allograft 
hâve shown promise in two case sériés. 

INFECTION 

Postoperative infection is a difficult complication affecting 
total hip arthroplasty. It is painful, disabling, costly, often 
requiring removal of both components, and is associated with 
a reported mortality rate of 2.5%. Consistent efforts at pré¬ 
vention are mandatory. Treatment of infection requires 
appropriate assessment of its chronicity and causative factors, 
the status of the wound, and the overall health of the patient. 

Affer the introduction of modem hip arthroplasty, septic 
complications threatened the continued viability of the pro¬ 
cedure. Charnley reported infection in 6.8% of the first 683 
procedures. The expérience of Wilson et al. in the United 
States was even more ominous, with 11% of 100 arthroplas- 
ties becoming infected (Table 3-3). Advances in understand- 
ing of patient sélection, the operating room environment, 
surgical technique, and the use of prophylactic antibiotics 
hâve dramatically reduced the risk of this devastating 
complication. 

Currently, approximately 1% to 2% of hip arthroplasties 
become infected. The incidence of sepsis is higher in patients 
with diabètes, rheumatologic disease, obesity, coagulopathy, 
preoperative anémia, or sickle cell disease. Additional risk 
factors include prolonged operative time and previous hip 
surgery. Wound healing complications, such as necrosis of 
the skin and postoperative hematoma, also make an infection 
more likely. 


_ TABLE 3-3 _flSraSSSaSES 

Breakdown of Bacteria Found in Infected 
Arthroplasties 



UNITED 

UNITED 



STATES 

KINGDOM 

AUSTRALIA 

S. aureus 

35 

29 

40 

Coag (-) staph 

31 

36 

13 

Streptococci 

11 

7 

3 

Enterococci 

7 

9 

1.5 

Gram négative 

5 

12 

5 

Other 

11 

7 

37 


Data from Fulkerson E, Valle CJ, Wise B, et al: Antibiotic susceptibility of bacteria 
infecting total joint arthroplasty sites J Bone Joint Surg 88:1231 -7,2006; Peel TN, 
Cheng AC, Choong PF, Buising KL. Early onset prosthetic hip and knee joint infec¬ 
tion: treatment and outcomes in Victoria, Australia. J Hosp Infect 82:248-253, 
2012 . 


Bacterial infections can occur by one of four mecha- 
nisms: (1) direct contamination of the wound at the time of 
surgery, (2) local spread of superficial wound infection in the 
early postoperative period, (3) hematogenous spread of 
distant bacterial colonization or infection from a separate 
site, or (4) réactivation of latent hip infection in a previously 
septic joint. Strict attention to surgical technique and the 
operating room environment is essential in preventing infec¬ 
tion by direct contamination. Water-repellent gowns and 
drapes are recommended. Double gloves also are recom- 
mended to protect the patient and operating team from con¬ 
tamination, as glove puncture is common. It is especially 
important to handle tissues gently and to minimize dead 
space and hematoma formation. The level of airborne bacte¬ 
ria can be reduced by limiting traffic through the operating 
room and using laminar flow Systems and body exhaust suits. 

■ ANTIBIOTIC PROPHYLAXIS 

Most total hip infections are caused by gram-positive 
organisms, particularly coagulase-negative staphylococci and 
Staphylococcus aureus (Box 3-3). Although the relative per- 
centages of infections with these organisms hâve remained 
roughly stable, their virulence has increased. Methicillin 
résistance has become common in many medical centers, and 
the élaboration of glycocalyx by Staphylococcus and Pseudo- 
monas is recognized as a marker for higher virulence. Gram- 
negative organisms are encountered more frequently in 
hematogenous infections, especially those emanating from 
the urinary tract. Mixed infections typically occur when a 



Intraoperative Antibiotic Administration 
Guidelines 


Choice of Antimicrobial Agent 

Cephalosporin (cefazolin, cefuroxime) 

If |3-lactann allergy, use clindamycin or vancomycin 
Consider preoperative screening for MRSA colonization 
If infected or colonized with MRSA, use vancomycin 

Timing of Administration 

Start up to 60 min before incision: cefazolin, cefuroxime, 
clindamycin 

Start up to 120 min before incision: vancomycin 
Infusion completed 10 min before tourniquet inflation 

Dosing 

Cefazolin, 1-2 g (2 g for patient weighing >86 kg) 
Cefuroxime, 1.5 g 

Vancomycin and clindamycin dosing based on patient mass 
Pédiatrie dosing based on patient mass 

Duration of Antimicrobial Use 

Single preoperative dose 

Redose antimicrobial intraoperatively for prolonged proce¬ 
dure or significant blood loss 

When using postoperative doses, discontinue within 24 h 
after wound closure 

From Prokuski L. Prophylactic antibiotics in orthopaedic surgery. J Am Acad 
Orthop Surg 16:283-93, 2008. 

MRSA, Methicillin-resistant Staphylococcus aureus. 
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draining sinus has developed, with superinfection by one or 
more additional organisms. 

It is generally recognized that the most important factor 
in reducing perioperative sepsis is routine use of antibiotic 
prophylaxis. The AAOS published guidelines regarding pro- 
phylactic antibiotic choice, intraoperative dosing, and optimal 
postoperative duration in 2008. These guidelines recommend 
the following evidence-based practices for the appropriate 
use of intravenous antibiotic prophylaxis in primary total 
joint arthroplasty to reduce the risk of infection. 

■ CLASSIFICATION 

Appropriate initial treatment of an infection dépends on its 
extent and chronicity, implant stability, and the patients 
medical status. Although the treatment of deep infection affer 
total hip arthroplasty is typically surgical, the decision of 
whether to remove or retain the components may partially be 
guided by the chronicity of the infection. Tsukayama classi- 
fied periprosthetic infections into four categories: 

1. Early postoperative infection: onset within the first 
month affer surgery 

2. Late chronic infection: onset more than 1 month affer 
surgery, insidious onset of symptoms 

3. Acute hematogenous infection—onset more than 1 month 
affer surgery, acute onset of symptoms in previously well- 
functioning prosthesis, distant source of infection 

4. Positive intraoperative cultures: positive cultures obtained 
at the time of révision for supposedly aseptie conditions 

The classification described by Trampuz and Zimmerli 
extends the définition of an early infection to 3 months post- 
operatively. Delayed infections occur between 3 and 24 
months from the index surgery, and late infections occur affer 
24 months. Another System published by Senneville et al. 
focuses primarily on the duration of symptoms rather than 
timing of the infection: acute infections présent with less than 
1 month of symptoms and the remainder are considered late. 

■ DIAGNOSIS 

A careful history and physical examination are crucial in 
making the diagnosis of total hip infection. Although the diag- 
nosis of early postoperative infection or acute hematogenous 
infection is offen not difhcult, late chronic infections can be 
challenging to distinguish from other causes of pain in a 
patient with a previous total hip arthroplasty. Early or late 
acute infections may be characterized by pain, fever, or ery- 
thema. Pain unrelieved by a seemingly well-functioning 
arthroplasty may be a due towards chronic infection. A history 
of excessive wound drainage affer the initial arthroplasty, mul¬ 
tiple épisodes of wound erythema, and prolonged antibiotic 
treatment by the operating surgeon also are worrisome. Phys¬ 
ical examination focuses on the presence of painful hip range 
of motion, swelling, erythema, sinus formation, or fluctuance. 

Offen radiographs of the affected hip are normal or at 
best may be indistinguishable from aseptie loosening of the 
prosthesis. Progressive radiolucencies or periosteal reaction 
occasionally may be seen, indicating possible infection. Pseu- 
dobursae demonstrated on arthrography of the hip hâve been 
described as diagnostic of deep infection. Although we do not 
generally use arthrography in the workup for infection (Fig. 
3-127), it may be useful for the délinéation of sinus tracts. 

Laboratory évaluation includes érythrocyte sédimenta¬ 
tion rate (ESR) and C-reactive protein (CRP). Peripheral 



Arthrogram of infected hip. A and B, Deep 
delayed infection in 84-year-old man in whom acetabular com- 
ponent had migrated. Arthrogram done at time of aspiration for 
cultures showed long sinus track extending posterior to fémoral 
shaft. Patient had spontaneous drainage of purulent material 
from latéral thigh the next day. 


white blood cell count (WBC) is rarely elevated in late chronic 
infection and is not a sensitive screening tool. ESR greater 
than 30 mm/h and CRP greater than 10 mg/L are reasonably 
sensitive and spécifie for the diagnosis of infection. In non- 
infected patients, the ESR may take 1 year to return to normal, 
whereas the CRP should normalize within 3 weeks affer hip 
replacement. 

Hip aspiration is warranted if the inflammatory markers 
are elevated, or if the index of suspicion for infection is high 
despite normal values. Aspiration should not be undertaken 
until at least 2 weeks affer discontinuation of antibiotic 
therapy. This is done in an outpatient setting with the patient 
under local anesthésia. Fluoroscopy or ultrasonography are 
useful for accurate insertion of the needle. The aspiration is 
done with the same attention to stérile technique as a surgical 
procedure, with a full surgical scrub and préparation. Skin 
flora may be introduced into the cultures and confuse the 
results, or, worse, they may be introduced into the joint. An 
18-gauge spinal needle is inserted from anterior at a point just 
latéral to the fémoral artery along a line from the symphysis 
pubis to the anterior superior iliac spine (see Chapter 22). As 
an alternative, the needle is inserted laterally, just superior to 
the greater trochanter. The tip of the needle must enter the 
joint and must be seen and felt to corne in contact with the 
métal of the neck of the fémoral component. Gentle rotation 
of the extremity helps bring fluid toward the needle if none 
is easily withdrawn affer entering the joint. Gram stain, 
aérobic and anaérobie cultures, and cell count with differen- 
tial are obtained from the aspirant. According to Schinsky et 
al., if the aspirate WBC count is greater than 4200 leukocytes/ 
mL with greater than 85% polymorphonuclear leukocytes, 
infection should be suspected. The most accurate scénario for 
the diagnosis of infection occurs when abnormal ESR and 
CRP are found in combination with an aspirate WBC count 
greater than 3000 leukocyte s/ml. 
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The International Consensus on Periprosthetic Infection 
convened in August 2013 to develop guidelines relating to 
periprosthetic infection. The group released the following 
parameters regarding the diagnostic criteria for such 
infections: 

■ Two positive periprosthetic cultures with phenotypically 
identical organisms, or 

■ A sinus track communicating with the joint, or 

■ Having three of the following minor criteria: 

■ Elevated sérum C-reactive protein (CRP) and érythro¬ 
cyte sédimentation rate (ESR) 

■ Elevated synovial fluid white blood cell (WBC) count 
or -H-change on leukocyte esterase test strip 

■ Elevated synovial fluid polymorphonuclear neutrophil 
percentage (PMN%) 

■ Positive histologie analysis of periprosthetic tissue 

■ A single positive culture 

Alpha defensin-1, a synovial fluid peptide produced by neu- 
trophils in response to infected joint replacement, recently 
has shown promise in the diagnosis of periprosthetic infec¬ 
tion. Demonstrating 100% sensitivity and 95% specificity, this 
assay offers at least a complimentary rôle to the criteria of the 
international consensus. Further research is required to 
détermine its relative utility compared with the other inves¬ 
tigations previously listed and its overall cost-effectiveness. 

■ MANAGEMENT 

The treatment of infected total hip arthroplasty consists of 
one or more of the following: 

1. Antibiotic therapy 

2. Debridement and irrigation of the hip with component 
rétention 

3. Debridement and irrigation of the hip with component 
removal 

4. One-stage or two-stage reimplantation of total hip 
arthroplasty 

5. Arthrodesis 

6. Amputation 

Management choices are made based on the chronicity of the 
infection, the virulence of the offending organism, the status 
of the wound and surrounding soft tissues, and the physio¬ 
logie status of the patient. 

I EARLY POSTOPERATIVE INFECTION 

Early infections may range in severity from superficial cel- 
lulitis that can be managed with antibiotics alone to deep 
infections that require surgical management. Superficial 
infections causing wound dehiscence or purulent drainage 
and infections associated with wound necrosis or infected 
hematoma often require surgical debridement. Thorough 
inspection should be made for subfascial extension of the 
infection, which requires a more extensive procedure. 

If an infection is thought to be superficial, preoperatively 
the joint is not aspirated to avoid contaminating it. Once 
medical comorbidities are optimized, arrangements are made 
to take the patient to the operating room, and under general 
anesthésia the hip is prepared and draped in the routine 
manner. The previous skin incision and surgical approach are 
used. The wound is opened down to the deep fascia, and the 
structures are examined carefully to détermine whether the 
infection extends beneath it and into the hip joint. If this 
fascial layer was closed carefully at the time of surgery, it may 


hâve acted as a barrier and prevented extension of the infec¬ 
tion into the deeper tissues. If there is any question at the time 
of surgery as to whether the infection is deep, it is wiser to 
insert a needle into the hip joint to détermine the presence 
or absence of a deep infection than to risk not draining an 
infected joint. If the infection is superficial, the wound is 
thoroughly irrigated with large quantities of a physiologie 
solution containing antibiotics, and ail necrotic subeutaneous 
tissue and skin are excised. The skin edges are loosely approx- 
imated with interrupted sutures over suction drains. 

If the infection extends to the hip joint, the wound is 
thoroughly debrided and irrigated with an antibiotic solution. 
The hip must be dislocated to perform this procedure thor¬ 
oughly, and if modular components hâve been implanted, the 
liner and fémoral head are exchanged to limit the number of 
previously contaminated foreign bodies and allow for more 
thorough debridement. Implants should be tested carefully 
for stability and should be left in situ only if there is no évi¬ 
dence of loosening. Cultures of joint fluid or other fluid col¬ 
lections encountered along with tissue cultures from the 
superficial, deep and periprosthetic layers are sent for analysis 
of the offending organism and antibiotic sensitivities. The 
appropriate antibiotic, as determined by the cultures and sen¬ 
sitivity tests, is given intravenously for at least 6 weeks, prefer- 
ably under the direction of an infectious disease consultant. 
Continued oral antibiotic therapy for suppression may be 
considered in patients unable to tolerate further surgical 
procedures. 

Tsukayama et al. reported a 71% success rate in patients 
with early postoperative infection treated with debridement 
and component rétention. Failures occurred primarily in the 
setting of uncemented prostheses. Other négative risk factors 
include duration of symptoms of more than 5 days, infection 
with methicillin-resistant staphylococci, and obesity. 

I LATE CHRONIC INFECTION 

Surgical debridement and component removal are required 
for late chronic infection if éradication of the infection is to 
be reasonably expected. Poor results are documented after 
debridement and component rétention in patients with late 
chronic infections. 

The joint is approached through the previous incision. 
Narrow skin bridges between previous scars should be 
avoided to minimize the risk of marginal wound necrosis. 
Sinus tracks are debrided, and previously placed non- 
absorbable sutures and trochanteric hardware are removed. 
The hip is dislocated, and ail infected and necrotic material 
is excised. Joint fluid and tissue specimens from the acetabu- 
lar and fémoral régions are sent for cultures. Intraoperative 
Gram stains are not helpful at this stage because of poor 
sensitivity. The fémoral and acetabular components and any 
other foreign material, including cernent, cernent restrictors, 
cables, or wires, are removed to eliminate ail surfaces that 
could harbor bacteria (see section on révision of total hip 
arthroplasty). One possible exception to the recommended 
complété removal of hardware is a well-fixed fémoral compo¬ 
nent whose removal would cause significant bone loss. 

After ail cultures are taken, the joint is irrigated copiously 
with antibiotic-containing solution using pulsatile lavage. 
After irrigation, the joint should be carefully inspected again 
for retained foreign bodies or infected or necrotic tissue. 
Intraoperative radiographie or image intensifier inspection is 
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indicated if complété hardware removal is in doubt. If this 
inspection proves satisfactory, the fascia is closed with a 
running, absorbable, monofilament suture, and the skin is 
closed with interrupted nonabsorbable monofilament sutures. 
If antibiotic-containing beads or spacers hâve been placed, 
some authors hâve recommended that drains not be used to 
maintain a high concentration of antibiotic in the wound. 
Antibiotic-impregnated méthacrylate beads and temporary 
articulating antibiotic spacers are discussed in the section on 
reimplantation after infection. 

IACUTE HEMATOGENOUS INFECTION 

Some patients hâve no history suggestive of perioperative 
sepsis, yet the hip becomes acutely painful long after the 
index operation. In these instances, the infection may hâve 
been caused by hematogenous spread from a remote site of 
infection or from transient bacteremia caused by an invasive 
procedure. Patients with total hip arthroplasties should be 
advised to request antibiotic management immediately if they 
hâve a pyogénie infection, and they must be observed care- 
fully for any evidence of hip infection. 

Prosthetic infection has been reported after dental pro¬ 
cedures, including simple cleaning. In 2012, the AAOS and 
American Dental Association published recommendations 
for antibiotic prophylaxis for patients with total joint arthro¬ 
plasties undergoing dental procedures. 

1. The practitioner might consider discontinuing the prac¬ 
tice of routinely prescribing prophylactic antibiotics for 
patients with hip and knee prosthetic joint implants 
undergoing dental procedures. Grade of Recommenda¬ 
tion: Limited 

2. We are unable to recommend for or against the use of 
topical oral antimicrobiais in patients with prosthetic 
joint implants or other orthopaedic implants under¬ 
going dental procedures. Grade of Recommendation: 
Inconclusive 

3. In the absence of reliable evidence linking poor oral 
health to prosthetic joint infection, it is the opinion of the 
work group that patients with prosthetic joint implants 
or other orthopaedic implants maintain appropriate oral 
hygiene. Grade of Recommendation: Consensus 

Pain on weight bearing, on motion of the hip, and at rest is 
the chief symptom of acute hematogenous infection. The 
patient may be febrile and hâve an elevated peripheral white 
blood cell count; the ESR and CRP level also usually are 
elevated. The diagnosis usually can be established by aspirat- 
ing the hip and obtaining WBC count with differential and 
bacterial cultures and antibiotic sensitivities. An arthrogram 
can be obtained at this time, but usually is unnecessary. If 
granulation tissue rather than an abscess is présent, purulent 
material or cloudy fluid may not be obtained, but cultures of 
the aspirant may be positive. While reports on cultures are 
being completed, broad-spectrum antibiotics effective against 
gram-positive and gram-negative organisms are adminis- 
tered intravenously. If acute hematogenous infection is con- 
firmed, debridement and component rétention may be 
attempted as previously described for early postoperative 
infection. The acceptable amount of time between onset of 
symptoms and debridement is controversial, ranging from 5 
days to 3 months. Other factors, such as the virulence of the 
infecting organism, medical status of the patient, and overall 
quality and integrity of the surrounding soft tissues, also must 


be considered. Alternatively, some authors hâve pursued a 
more aggressive approach to patients with acute hematoge¬ 
nous infection by complété removal of components and 
immédiate reimplantation with primary cementless compo¬ 
nents. Hansen et al. treated 27 patients in this manner, along 
with 6 weeks of intravenous antibiotics and varying courses 
of oral antibiotics; 70% retained their implants although 
repeat debridement was required in four. Regardless of the 
timing of the infection and other variables, if the prosthesis 
is loose, debridement should be combined with complété 
component removal as for late chronic infection. 

■ RECONSTRUCTION AFTER INFECTION 

The results of modified Girdlestone resection arthroplasty 
after a total hip replacement in general are not as satisfactory 
as the results after hip joint infections that hâve required less 
bone and soft-tissue resection. Almost ail patients require 
some sort of assistive device to walk. Functional outcomes are 
poor in elderly patients, females, and patients with more 
extensive resection of bone from the proximal fémur. Most 
patients are unwilling to live with the constraints of a resec¬ 
tion arthroplasty and will elect to undergo reimplantation of 
their prosthesis. 

Reconstruction after infection of a total hip arthroplasty 
is problematic. The functional impairment of the patient, the 
infecting organism(s), the adequacy of debridement, and evi¬ 
dence of control of local and distant sites of infection ail are 
factors in the decision to implant a new prosthesis. 

Another dilemma involves the decision to proceed with 
reimplantation of the hip prosthesis at the time of the initial 
debridement, so-called direct exchange, or to wait to reim¬ 
plant the arthroplasty at a second operation. Two-stage or 
delayed reimplantation, commonly done in North America 
for chronic infections, is advantageous for a number of 
reasons: (1) The adequacy of debridement is ensured because 
repeat debridement of soft tissues, necrotic bone, and 
retained cernent can be done before reimplantation; (2) the 
infecting organisms are identified, their sensitivities are 
determined, and appropriate antibiotic management is insti- 
tuted for a prolonged period before reimplantation; (3) 
diagnostic évaluation for foci of persistent infection can be 
done; (4) distant sites of infection responsible for hematog¬ 
enous spread can be eradicated; and (5) an informed deci¬ 
sion can be made as to whether the degree of disability from 
the resection arthroplasty would justify the risks inhérent in 
the implantation of another prosthesis. The disadvantages of 
a two-stage reconstruction include (1) the prolonged period 
of disability and the lengthy hospital stay, (2) the sizable 
cost, including lost wages, (3) delayed réhabilitation, and (4) 
technical difficulty of the procedure owing to shortening 
and scarring. 

According to the International Consensus on Peripros- 
thetic Infection, one-stage exchange is reasonable when effec¬ 
tive antibiotics are available and systemic symptoms of sepsis 
are absent. Other relative contraindications to single-stage 
treatment include lack of preoperative identification of 
the infecting organism, presence of sinus track(s), and 
soft-tissue compromise possibly requiring flap coverage. The 
committee also recognized the importance of antibiotic- 
containing cernent or bone graff in the reconstruction to 
achieve success. Conversely, two-stage exchange arthroplasty 
is indicated for septic patients, unidentified organisms, 
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virulent/drug-résistant bacteria, sinus tracks, and compro- 
mised surrounding soft tissues. 

Delayed reconstruction is associated with lower rates of 
récurrent infection in most studies. In a review of 168 patients 
treated with two-stage exchange, infection-free survival was 
87.5% at 7 years average follow-up. Fémoral component 
fixation method, with or without cernent, had no effect on 
reinfection or mechanical complication rates. The decision 
regarding cemented or cementless reimplantation should 
be guided by the available fémoral bone stock and the 
physiologie âge and expected longevity of the patient, in 
addition to the reported infection cure rates with each tech¬ 
nique. Two-stage exchange does carry a significant risk of 
mortality. In one study, 7% of patients died before planned 
reimplantation. 

Duncan and Beauchamp described a technique of two- 
stage reimplantation in which a prosthesis of antibiotic- 
loaded acrylic cernent (PROSTALAC) is implanted at the 
time of the initial debridement. The prosthesis is constructed 
intraoperatively by molding antibiotic-laden cernent around 
a simplistic fémoral component and an all-polyethylene 
acetabular component. The custom-made components are 
implanted with an interférence fit without any attempt to 
achieve cernent intrusion, simplifying extraction during the 
second stage. In the intérim, the articulated spacer maintains 
leg length and improves control of the limb and mobilization. 
At 10 to 15 year follow-up, Biring et al. reported an overall 
89% success rate with the PROSTALAC technique. Others 
hâve described similar interval spacers of various types, with 
77% to 100% éradication of the infection reported (Fig. 
3-128). Complications other than récurrent or persistent 
infection include dislocation or fracture of the interval 
prosthesis. 

The optimal timing for reimplantation of another pros¬ 
thesis has not been determined. Numerous authors hâve 
reported sériés of patients in whom reimplantation was 
undertaken in periods of less than 1 year, with an incidence 
of récurrent infection similar to that in patients in whom 
reconstruction was delayed. Currently, we continue paren¬ 
téral antibiotics for 6 weeks. Reconstruction is performed at 
approximately 3 months if the ESR and CRP are improving, 
and repeat aspiration of the hip is négative. 

Reimplantation of a total hip can be difficult because of 
extensive scarring of the soft tissues and disuse osteoporosis. 
Restoration of limb length and full motion of the hip should 
not be expected, and dislocation after surgery is not uncom- 
mon. The operation can be done with or without osteotomy 
of the greater trochanter. If the trochanter is osteotomized, 
and the limb is significantly lengthened, reattaching the 
abductors can be difficult because of the scarring and short - 
ening of the abductors and osteoporosis of the greater tro¬ 
chanter. The sciatic nerve may be encased in scar tissue near 
the posterior margin of the acetabulum and should be pro- 
tected. Complété capsulectomy, along with release of the ilio- 
psoas and gluteus maximus tendons may be necessary to 
reduce the hip. The latéral surface of the ilium may be smooth, 
and identifying the superior margin of the acetabulum may 
be difficult. The bone usually is soft, and the acetabular bed 
can be prepared easily, but care must be taken not to penetrate 
the médial wall of the acetabulum. The superior margin of 
the acetabulum may be déficient, and augmentation in this 
area may be required. 



Unipolar intérim spacer constructed from 
fémoral stem and coated with antibiotic-laden cernent. Head 
portion was fashioned from bulb syringe. 


If the anterior or posterior wall is thin, it may be fractured 
if an oversized acetabular component is press-fit into place. 
The fémoral canal must be prepared carefully to avoid frac¬ 
ture or pénétration of the cortex. Placement of one or more 
prophylactic cerclage wires helps prevent shaft fracture. 
Before the fémoral component is permanently seated, a trial 
réduction of the hip is absolutely necessary. Using a fémoral 
component with a short neck or shortening the fémur by 
removing more bone from the neck may be necessary before 
the hip can be reduced. 

Aérobic and anaérobie tissue cultures are taken from at 
least three sites, along with tissue specimens for histologie 
examination. If éradication of the infection is in doubt, frozen 
sections of tissue can be examined by the pathologist for 
evidence of residual inflammatory change. If large numbers 
of polymorphonuclear cells are présent (10/high-power field), 
the hip is debrided again, and reimplantation is delayed. If 
cultures taken at the time of surgery are positive, the appro- 
priate antibiotics are continued for at least 6 weeks after 
surgery. 

Récurrence of infection after two-stage reimplantation of 
an infected total hip is a particularly difficult situation and 
seldom results in a satisfactory outcome. Repeated two-stage 
exchange may be attempted if the infection is controlled after 
the first stage, the patient is able to tolerate subséquent 
surgery, and adéquate soft tissues are available for coverage. 
A 36% to 40% success rate has been reported in these circum- 
stances. Resection arthroplasty is more effective in resolving 
the infection but is associated with poor function and resid¬ 
ual pain (Fig. 3-129). 
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A and B f Elderly, minimally ambulatory man 
with infected total hip arthroplasty and draining sinuses. Treat- 
ment with resection arthroplasty and intravenous antibiotics was 
successful. 


Treatment of the infection takes precedence over recon¬ 
struction of the hip. In rare cases, disarticulation of the hip 
may be indicated as a lifesaving measure because of uncon- 
trollable infection or vascular complications. This drastic pro¬ 
cedure should be considered in the presence of a persistent, 
painful, untreatable infection that is debilitating to the patient 
and a limb that hinders walking and sitting. 

LOOSENING 

Fémoral and acetabular loosening are some of the most 
serious long-term complications of total hip arthroplasty and 
commonly lead to révision. (The treatment of component 
loosening is discussed in the section on révision of total hip 
arthroplasty.) In ail patients suspected of having loosening of 
one or both components, the possibility of infection must be 
considered. In this section, noninfected (aseptie) loosening is 
discussed (loosening as a resuit of sepsis is discussed in the 
section on infection). 

Criteria for the diagnosis of loosening of either the 
fémoral or acetabular component hâve not been universally 
accepted. This complicates the comparison of available studies 
in the literature of loosening and long-term performance of 
total hip arthroplasty. Some studies define failure as radio¬ 
graphie evidence of loosening despite continued satisfactory 
clinical performance. Others stress survivorship and define 
the end point as révision or removal of the prosthesis. 

At each postoperative visit, radiographs should be 
inspected for changes in the components, the cernent (if 
présent), the bone, and the interfaces between them. Antero- 
posterior and latéral radiographs must include the entire 
length of the stem and must be inspected carefully and com- 
pared with previous films for changes. It is helpful to record 



Zones around cernent mass in fémur (A), as 
described by Gruen, and in pelvis (B), as described by DeLee and 
Charnley. (Redrawn from Amstutz HC, Smith RK: Total hip replacement 
following failed fémoral hemiarthroplasty, J Bone Joint Surg 61 A: 1161, 
1979.) 


the spécifie zones around acetabular and fémoral components 
in which changes develop (Fig. 3-130). The fémoral compo¬ 
nent and associated interfaces are divided into seven zones, 
as described by Gruen et al. The acetabular component and 
surrounding bone are divided into three zones, as described 
by DeLee and Charnley. 

■ FEMORAL LOOSENING 

To compare radiographs made at various intervals affer 
surgery, standardized technique and positioning of the limb 
should be used. Albert et al. found apparent changes in the 
position of the fémoral component with 10 degrees of rota¬ 
tion of the extremity. Such changes may be interpreted incor- 
rectly as component migration or mask real changes in 
component position. 

I CEMENTED FEMORAL COMPONENTS 

Following is a list of changes in the stem and the 
cernent around it suggestive of loosening of the fémoral 
component. 

1. Radiolucency between the superolateral one third of the 
stem (Gruen zone 1) and the adjacent cernent mantle, 
indicating debonding of the stem from the cernent and 
possible early stem deformation 

2. Radiolucency between the cernent mantle and surround¬ 
ing bone 

3. Subsidence of the stem alone or in combination with the 
surrounding cernent mantle 

4. Change of the fémoral stem into a more varus position 

5. Fragmentation of the cernent, especially between the 
superomedial aspect of the stem and the fémoral neck 
(Gruen zone 7) 

6. Fracture of the cernent mantle, most commonly near the 
tip of the stem (Gruen zone 4) 

7. Deformation of the stem 

8. Fracture of the stem 
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Harris, McCarthy, and O’Neill defined fémoral component 
loosening radiographically in three gradations: definite loos- 
ening, when there is migration of the component or cernent; 
probable loosening, when a complété radiolucency is noted 
around the cernent mantle; and possible loosening, when an 
incomplète radiolucency surrounding more than 50% of the 
cernent is seen. 

The mechanism of loosening of cemented fémoral com- 
ponents is not easily determined by examination of retrieved 
specimens after gross failure has occurred. The study of well- 
fixed components retrieved at autopsy has provided more 
pertinent information. In such a study, Jasty et al. found 
failure at the prosthesis-cement interface of well-fixed fémoral 
components before the development of fibrous tissue inter¬ 
faces between cernent and bone, suggesting that the inception 
of loosening of cemented fémoral components is mechanical. 
Debonding of the stem from the cernent and cernent fracture 
précédé clinical loosening, and the development of a fibrous 
membrane between the cernent and bone is a biologie 
response to débris generated from these mechanical initiating 
factors. Still, debonding between prosthesis and cernent does 
not inevitably resuit in implant loosening. In a review of 297 
Charnley stems with a smooth finish and more than 20 years 
of foliow-up, Berry, Harmsen, and Ilstrup stated that a super- 
olateral lucency of less than 2 mm was not indicative of loos¬ 
ening or symptoms. Thicker lucencies were associated with 
worse survivorship and increased risk of aseptie loosening 
with this design. 

Not ail gaps or radiolucent fines between the fémoral 
cortex and cernent mantle indicate loosening. Areas of 


radiolucency at this interface on immédiate postoperative 
radiographs can be produced by cancellous bone that is not 
completely removed at surgery. In addition, normal age- 
related expansion of the fémoral canal and associated thin- 
ning of the fémoral cortex may give the appearance of a 
progressively widening radiolucency at the bone-cement 
interface. Poss, Staehlin, and Larson found that the medullary 
canal expands at an average rate of 0.328 mm per year at a 
mean interval of 11.5 years after cemented total hip arthro- 
plasty, and cortical thickness decreases by 0.155 mm per year. 
These radiolucent zones typically do not hâve the surround¬ 
ing sclerotic line noted in loose fémoral stems (Fig. 3-131), 
and differentiating between these two processes is clinically 
important. In 13 autopsy specimens, Jasty et al. found a “neo- 
cortex” apposed to the cernent with no intervening fibrous 
tissue. This new cortex was attached to the outer cortex by 
new trabecular struts oriented in a radial pattern, yet was 
invisible on radiographs because of its close proximity to the 
cernent. Apparent radiolucencies were présent at the bone- 
cement interface on radiographs of ail specimens. Bone 
remodeling occurs around cemented stems with time, con¬ 
tributif to clinical stability and long-term function. 

Subsidence may not be appreciated unless the relation- 
ship of the stem and cernent mantle to the proximal fémur is 
carefully evaluated with serial radiographs. The stem may 
subside in the cernent, in which case there usually is a fracture 
of the cernent near the tip of the stem, or the entire cernent 
mantle and stem may subside. Subsidence may be quantified 
by measuring the distance between a fixed point on the stem 
and another radiographie landmark, such as a trochanteric 



Différences in radiolucencies at bone-cement interface. A and B f Cemented fémoral component in a 76-year-old 
woman immediately after surgery (A) and 9 years after surgery (B). Hip is asymptomatic with excellent function. Widening radiolucency 
at bone-cement interface is caused by age-related expansion of medullary canal and thinning of fémoral cortex, rather than by loosen¬ 
ing. C and D f Cemented fémoral component in a 56-year-old laborer immediately after surgery (C) and 7 years after surgery (D). Patient 
has marked thigh pain. Sharply defined, widening radiolucency at bone-cement interface indicates loosening with progressive 
osteolysis. 
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wire or cable or a bony prominence such as the lesser or 
greater trochanter. 

The following are technical problems that contribute to 
stem loosening: 

1. Failure to remove the soft cancellous bone from the 
médial surface of the fémoral neck; consequently, the 
column of cernent does not rest on dense cancellous or 
cortical bone and support the stem. The cernent is sub- 
jected to greater forces and fractures more easily. 

2. Failure to provide a cernent mantle of adéquate thickness 
around the entire stem; a thin column cracks easily. The 
tip of the stem should be supported by a plug of cernent 
because this part of the stem is subjected to axial loading. 

3. Removal of ail trabecular bone from the canal, leaving a 
smooth surface with no capacity for cernent intrusion or 
failure to roughen areas of smooth neocortex that sur- 
rounded previous implants. 

4. Inadéquate quantity of cernent and failure to keep the 
bolus of cernent intact to avoid lamination. 

5. Failure to pressurize the cernent, resulting in inadéquate 
flow of cernent into the interstices of the bone. 

6. Failure to prevent stem motion while the cernent is 
hardening. 

7. Failure to position the component in a neutral alignment 
(centralized) within the fémoral canal. 

8. The presence of voids in the cernent as a resuit of poor 
mixing or injecting technique or allowing blood or frag¬ 
ments of bone to be mixed in the cernent. 

Barrack, Mulroy, and Harris described a grading System for 
the fémoral component cernent mantle. Complété filling of 
the medullary canal without radiolucencies (“white-out”) is 
termed grade A. Slight radiolucency at the bone-cement 
interface (<50%) is grade B. Lucency surrounding 50% to 
99% of the interface or any cernent mantle defect constitutes 
grade C. Complété lucency on any projection or a defect of 
the mantle at the tip of the stem is considered grade D. Grade 
C and D mantles hâve been associated with increased risk of 
loosening, as reported by Malik et al. and Chambers et al. 
(Fig. 3-132). 

ICEMENTLESS FEMORAL COMPONENTS 

Engh, Bobyn, and Glassman proposed a simple classification 
System for uncemented fémoral component fixation based on 
radiographie inspection. Fixation is classified as (1) bone 
ingrowth, (2) stable fibrous fixation, or (3) unstable. 

Fixation by bone ingrowth is defined as an implant with 
no subsidence and minimal or no radiopaque line formation 
around the stem. Most of the bone-implant interface seems 
stable. Cortical hypertrophy may be présent at the distal end 
of the porous surface, and “spot welds” may be évident 
between the stem and endosteum. Variable degrees of proxi¬ 
mal stress shielding can be seen (Fig. 3-133). 

An implant is considered to hâve stable fibrous ingrowth 
when no progressive migration occurs, but an extensive radi¬ 
opaque line forms around the stem. These lines surround the 
stem in parallel fashion and are separated from the stem by 
a radiolucent space 1 mm wide. The fémoral cortex shows no 
signs of local hypertrophy, suggesting that the surrounding 
shell of bone has a uniform load-carrying function. 

An unstable implant is defined as one with definite évi¬ 
dence of progressive subsidence or migration within the canal 
and is at least partially surrounded by divergent radiopaque 



A f Postoperative radiograph shows excellent 
cernent distribution ("white out"). B, Postoperative radiograph 
shows slight radiolucencies at cement-bone interface. (From 
Barrack RL, Mulroy RD, Harris WH: Improved cementing techniques and 
fémoral component loosening in young patients with hip arthroplasty: 
a 12-year radiographie review, J Bone Joint Surg 74B:385, 1992. Copy¬ 
right British Editorial Society of Bone and Joint Surgery.) 



Cementless stem with bone ingrowth. No 
radiolucent lines are présent. Trabeculae directed towards porous 
surface indicate stable fixation. Note lack of calcar atrophy. 


lines that are more widely separated from the stem at its 
extremities. Increased cortical density and thickening typi- 
cally occur beneath the collar and at the end of the stem, 
indicating régions of local loading and lack of uniform stress 
transfer (Fig. 3-134). 

Subsidence of a cementless fémoral component early in 
the postoperative course may allow the stem to attain a more 
stable position within the fémoral canal. Bone ingrowth may 
still occur, and early subsidence is still compatible with 
durable implant fixation. Subsidence seen months or years 
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Unstable cementless stem. Stem has subsided 
over time. Radiolucencies surround entire stem, revealing lack of 
bone ingrowth. 


after surgery implies that the implant fixation is unstable. A 
bony pedestal often develops in zone 4 at the stem tip and is 
evidence of pistoning of the stem (Fig. 3-135). The détermi¬ 
nation of small amounts of subsidence is difficult because of 
différences in magnification and positioning on serial films 
and stress-related rounding and atrophy of the calcar. 

Séparation of metallic beads from the substrate material 
may occur as the stem is impacted into position, and loose 
beads may be identified on immédiate postoperative radio- 
graphs. If bead shedding is progressive on serial radiographs, 
it may indicate micromotion at the bone-implant interface. 

■ ACETABULAR LOOSENING 

Serial radiographs should be inspected for changes in the 
acetabular bone, the component itself, and the three zones of 
the bone-implant interface (see Fig. 3-130). 

I CEMENTED ACETABULAR COMPONENTS 

Changes in the pelvis and acetabular component that can be 
observed in serial radiographs include the following: 

1. Absorption of bone from around part or ail of the cernent 
mantle and an increase in the width of the area of absorp¬ 
tion, which is especially significant if more than 2 mm 
wide and progressive 6 months or more after surgery. 

2. Cephalad translation combined with sagittal plane rota¬ 
tion, which correlates highly with aseptie loosening. 

3. Wear of the cup, as indicated by a decrease in the distance 
between the surface of the head and the periphery of 
the cup. 



Formation of bony pedestal. Three years after 
cementless fémoral révision, formation of bony pedestal at tip of 
stem indicates pistoning. 


4. Fracture of the cup and cernent (both rare). 

5. A radiolucency 2 mm wide with or without a sur round¬ 
ing fine line of density, which may develop in one or more 
of the three zones around the cernent mass in the pelvis 
(see Fig. 3-130). As in the fémur, this is produced by the 
dense, fibrous membrane that forms around the surface 
of the cernent and the surrounding shell of reactive bone. 

Although fémoral loosening commonly occurs at the 
stem-cement interface, acetabular loosening rarely occurs at 
the cup-cement interface. In autopsy-retrieved specimens, 
Schmalzried et al. determined that acetabular loosening 
occurs by three-dimensional résorption of bone adjacent to 
the cernent mantle. The process is initiated at the periphery 
of the cup and progresses toward the dôme. This finding 
explains the frequent appearance of early radiolucencies at 
the periphery of the implant that later involve ail three zones. 
The mechanical stability of the implant is determined by the 
overall degree of bone résorption at the cement-bone 
interface. 

Technical problems encountered during surgery that may 
resuit in loosening of the cup include the following: 

1. Inadéquate support of the cup by the surrounding bone 
and cernent, especially superiorly and posteriorly, because 
bone stock is insufficient, or the acetabulum is not reamed 
deeply enough. The entire cernent mantle and the cup 
may rotate and be extruded from the pelvis if the acetabu¬ 
lum is not deep enough, or if the posterior wall is défi¬ 
cient. The cup may migrate medially into the pelvis if the 
bone on the médial wall of the acetabulum is inadéquate, 
or if it is reamed too much or fractured during the prépa¬ 
ration of the acetabulum. 

2. Failure to remove ail of the cartilage, loose bone frag¬ 
ments, fibrous tissue, and blood, and failure to make a 
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Change in position of cemented cup in a 59-year-old woman. A f Immediately after surgery. B, Seven years later, pain 
developed. Complété radiolucency has developed, and cup has migrated proximally and become more horizontal. Change in position 
of cup is definite evidence of loosening. 


sufficient number of holes in the acetabulum so that the 
surface is irregular enough to secure a good cement-bone 
bond. 

3. Failure to pressurize the cernent adequately to obtain an 
optimal cement-bone bond. It is more difficult to pres¬ 
surize cernent in the acetabulum than in the fémur 
because the cernent tends to leak out of the acetabulum. 
Mechanical devices are available to pressurize cernent, 
and cups with flanges tend to pressurize the cernent more 
adequately. 

4. Failure to distribute the cernent around the entire outer 
surface of the cup, which may occur if the cup is pressed 
too firmly into the acetabulum while the cernent is still 
doughy, or if the amount of cernent is insufficient, so part 
of the cup is in direct contact with bone. This can be 
prevented by using spacers or pods fixed to the surface of 
the cup. 

5. Movement of the cup or cernent mantle while the cernent 
is hardening, which may occur while removing the posi- 
tioning device. 

6. Movement of a relatively undersized cup while it is held 
in a large cernent mantle within the acetabulum. A small- 
diameter cup would not pressurize the cernent adequately 
in this situation. 

7. Malpositioning of the cup, so that the neck of the fémoral 
component impinges on the margin of the Socket, trans- 
ferring excessive force to the cup. Impingement may 
occur while the hip is being flexed if the cup is relatively 
horizontal and not anteverted. 

It is generally agreed that the acetabular component is loose 
if a radiolucency of 2 mm or more in width is présent in ail 
three zones. The significance of partial acetabular lucencies is 
determined by their width and the presence or absence of 
associated symptoms. Hodgkinson, Shelley, and Wroblewski 
correlated the extent of radiolucencies at the bone-cement 


interface with intraoperative assessment of loosening of the 
socket; 94% of sockets with démarcation in ail three zones 
were loose at révision. When two zones of the bone-cement 
interface showed radiolucency, 71% were loose, and only 7% 
were unstable when démarcation was présent only in one 
zone. The extent of radiolucent line formation was more 
important than the width of the lucency in determining 
loosening. 

A change in the position of the cup in inclination, ante- 
version, or rétroversion, as seen on the anteroposterior radio- 
graph, is definite evidence of loosening (Fig. 3-136). Because 
of the difficulty in obtaining serial comparable radiographie 
views, however, a change in the position of the cup is some- 
times difficult to verify Using a consistent bony landmark, 
such as the acetabular teardrop may be helpful. 

Catastrophic failure of the cup is rare. Cups hâve been 
reported to break if the wall is thin and there are deep grooves 
on the surface, or if the underlying bone in the superior 
aspect of the acetabulum is irregular. 

I CEMENTLESS ACETABULAR COMPONENTS 

Radiographie criteria for loosening of cementless acetabular 
components are similar to those for uncemented fémoral 
fixation. Engh, Griffin, and Marx classified these components 
as stable, probably unstable when progressive radiolucencies 
are présent, and definitely unstable when measurable migra¬ 
tion occurs. Loosening of cementless, porous-coated acetab¬ 
ular components is an uncommon finding with foliow-up of 
10 years. Most sériés report variable incidences of radiolucen¬ 
cies around porous acetabular components, although the sig¬ 
nificance of these findings remains to be determined. Léopold 
et al. found nonprogressive radiolucencies in one or more 
zones in more than 50% of révision acetabular components 
that were performing well clinically. They attributed little sig¬ 
nificance to the finding. 
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Change in position of cementless cup in a 62-year-old man. A f Immediately after implantation of cementless 
hydroxyapatite-coated cup. B, Four years after surgery, hip became painful. Acetabular component has migrated into more vertical 
position without excessive wear. Révision was required. 


Other types of cementless acetabular components hâve 
been less successful. Threaded components and some 
hydroxyapatite-coated, nonporous components had exces- 
sively high early failure rates. These implants typically show 
migration on serial radiographs, although they form nar- 
rower radiolucencies than loose cemented acetabular compo¬ 
nents (Fig. 3-137). 

■ DIAGNOSIS 

Establishing whether symptoms are the resuit of loosening or 
some other process can be problematic. In many instances, it 
is difficult to détermine whether a radiolucent area around 
the cernent mande of the fémur or acetabulum represents a 
nonprogressive finding, loosening, or infection. Often aseptie 
loosening can be verified only by observing a patient over 
time to détermine whether symptoms develop and whether 
radiographs show progressive changes. Some radiographie 
evidence of loosening most often appears before the onset of 
symptoms. Careful review of previous radiographs of a 
patient with symptoms often reveals changes that may hâve 
been overlooked or were thought to be insignifiant when the 
patient was asymptomatic. 

Loosening usually produces pain on weight bearing, 
which may be présent in the thigh or groin. So-called 
“start-up” pain refers to pain that is worst with the first few 
steps and improves to some degree with further ambulation. 
This pain suggests a loose implant that moves but settles into 
a relatively stable position with weight bearing. Usually the 
pain is relieved by rest and aggravated by rotation of the hip. 
An antalgie gait may develop, and sometimes a patient vol- 
unteers that the limb is becoming shorter and is turning 
outward. Although most patients with loosening hâve an 
asymptomatic period postoperatively, some complain of pain 
from the time of surgery. Early postoperative pain should 
suggest that an infection has developed, that one or both 
components was not fixed securely, or that the pain is referred 
from a source extraneous to the hip joint. 

The diagnosis of loosening is accepted in most instances 
if progressive radiolucency or implant migration occurs, and 
a patient has symptoms on weight bearing and motion that 


are relieved by rest. If a patient is asymptomatic, making the 
diagnosis of loosening is less urgent, unless a considérable 
amount of bone has been destroyed. If destruction of bone is 
progressive, even if symptoms are absent, révision usually is 
indicated because with delay, additional bone may be lost, 
making révision much more difficult and the results less 
satisfactory. 

Adjunctive imaging such as arthrography or nuclear 
medicine studies may be used if the clinical présentation and 
plain radiographie appearances do not correlate. Salvati et al. 
and others reported the use of subtraction arthrography to 
show whether dye has penetrated around the cernent mass. 
In a meta-analysis by Temmerman et al., subtraction arthrog¬ 
raphy was found to be a useful tool for determining fémoral 
component loosening. Two other studies by the same first 
author recommended bone scintigraphy and/or nuclear 
arthrography in cases where plain radiographs are not diag¬ 
nostic for loosening. 

Migration of a component can be shown by placing small 
métal markers in the bone adjacent to the fémoral and ace¬ 
tabular components and subsequently making radiographs in 
two planes. This roentgen stereophotogrammetric analysis 
(RSA) method requires computer software for interprétation 
of the data and is highly sensitive to small changes in implant 
position. It can be used to predict early failure but is not cur- 
rently practical for routine clinical use. 

OSTEOLYSIS 

Osteolysis has been reported in association with numerous 
loose and well-fixed cemented and cementless components 
of several designs. Although increased fluid pressure and 
implant motion may play a rôle, the final pathway is effected 
by the host response to particulate débris of ail types. It is now 
recognized that particles of métal, cernent, and polyethylene 
can produce periprosthetic osteolysis, either alone or in 
concert. Osteolysis also has been reported in conjunction 
with metal-on-metal and ceramic-on-ceramic bearing 
surfaces. 

The mechanism of production of osteolysis (and its 
prévention and treatment) can be viewed from three 
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perspectives: (1) the génération of wear particles, (2) the 
access of these particles to the periprosthetic bone, and (3) 
the cellular response to the particulate débris. Most polyeth- 
ylene particles are produced by abrasive, adhesive, microfa¬ 
tigue, and third-body wear mechanisms. The number of 
particles actually présent in periprosthetic membranes vastly 
exceeds what has previously been estimated from light 
microscopy. Maloney, Smith, and Schmalzried examined the 
membranes from failed cementless fémoral components with 
électron microscopy and automated particle analysis and 
found that particles (métal and polyethylene) were predomi- 
nantly less than 1 micron in size and were présent in amounts 
of more than 1 billion per gram of tissue. Macrophages are 
the prédominant cell line involved in the response to particu¬ 
late débris. Surface interaction between macrophages and 
wear débris can incite an inflammatory response whether 
phagocytosis occurs. Multiple cytokines and chemokines are 
produced as a resuit of this interaction. These mediators ulti- 
mately resuit in bone loss by activation of osteoclast produc¬ 
tion and inhibition of osteoblast formation from mesenchymal 
stem cells (Fig. 3-138). 

Particles of polyethylene and other débris are dispensed 
through the joint fluid. Fluid flows according to pressure 
gradients, and any area of bone accessed by joint fluid is a 
potential site for déposition of débris. It is now recognized 


that segments of the fémoral and acetabular components that 
are not contiguous with the articulating surfaces still may 
corne in contact with joint fluid. Schmalzried, Jasty, and 
Harris described these areas of access as the “effective joint 
space,” which is defined by the intimacy of contact between 
the implants and bone. This concept explains the develop¬ 
ment of osteolysis at the tip of a well-fixed fémoral compo- 
nent with noncircumferential porous coating or over the 
dôme of an acetabular component with holes in the métal 
backing. 

The pattern of osteolysis dépends on the implant design. 
Fémoral components with limited or noncircumferential 
porous coating are subject to early development of distal cor¬ 
tical lésions because débris may gain access to the distal parts 
of the implant-bone interface by way of channels between 
areas of bone ingrowth (Fig. 3-139). Circumferential and 
more extensive porous coating seems to prevent distal oste¬ 
olysis, but proximal lésions in the greater and lesser trochan¬ 
ters may be seen. Although the overall incidences of osteolysis 
may be equal, the confinement of bone loss to the proximal 
portion of the fémur lessens the likelihood of implant 
loosening. 

Acetabular components with thin polyethylene, incon¬ 
gruent or poorly supported liners, and poor fixation of the 
liner within its métal backing hâve higher rates of pelvic 
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osteolysis. Lésions may be detected at the periphery of the 
acetabular component or in rétroacetabular areas (Fig. 3-140). 
Peripheral lésions probably resuit from ingress of débris from 
the articulating surfaces, similar to the process that occurs 
with cemented acetabular components. Retroacetabular 
lésions may resuit from wear of the back side of the liner, with 



Distal fémoral osteolysis. Five years after 
cementless reconstruction for osteonecrosis. Fémoral component 
was not circumferentially porous coated. Large lytic defects hâve 
developed around middle and distal portions of stem (arrows). 


migration of débris through holes in the métal backing, 
although osteolytic defects of this type hâve been reported in 
implants without screw holes. The design of implants, the 
manufacturing and quality of polyethylene, and the measure- 
ment and réduction of wear are discussed in other sections 
of this chapter. 

The progressive nature of particle-induced bone loss 
underscores the importance of continuing radiographie 
follow-up of patients after hip arthroplasty, especially if an 
implant considered at high risk for wear has been used. Many 
patients with osteolytic changes remain asymptomatic until 
catastrophic failure occurs from gross implant migration or 
periprosthetic fracture. Serial radiographs must be scruti- 
nized carefully for progressive wear and for the development 
of osteolysis, and osteolytic changes must be differentiated 
from stress shielding and other forms of bone loss. Finally, 
radiographs provide only a two-dimensional picture of a 
three-dimensional problem. The degree of bone loss encoun- 
tered at surgery, especially in the acetabulum, often is greater 
than is apparent radiographically. 

When fémoral or pelvic osteolysis has been detected, 
more frequent follow-up is advisable. Radiographs should be 
made at 3- to 6-month intervals. Loose implants and large 
lytic lésions are clear indications for surgery. Progressive oste¬ 
olysis is another cause for reoperation, even in the absence of 
symptoms. If allowed to progress, révision becomes more 
complex or impossible. If the fixation of the implant has been 
compromised by the lytic process, complété révision of the 
component is unavoidable. If the implant remains stable 
despite periprosthetic bone loss, some investigators recom- 
mend bone graffing of the defect(s) with rétention of the 
implant. 

Graffing of proximal fémoral déficits with rétention of a 
stable fémoral component is straightforward. In three sériés 
of patients who had fémoral bone graffing of osteolytic lésions 
around well-fixed stems, no stems loosened and lésions gen- 
erally showed graff incorporation at 3- to 5-year follow-up. 



A and B f Middle-aged woman with painful osteolysis and acetabular wear with well-fixed components. She was 
treated with liner and fémoral head exchange along with bone grafting through acetabular screw holes. 
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Options for treatment of acetabular osteolysis around a 
well-fixed cementless component include liner and fémoral 
head exchange alone, liner and head exchange combined with 
bone graffing of osteolytic lésions, and complété acetabular 
révision of the liner and modular shell with or without bone 
graffing. Isolated liner and head exchange has the advantage 
of a simpler procedure and rétention of well-fixed compo- 
nents which should minimize iatrogénie bone loss. 

Hamilton et al. detailed their expérience with this tech¬ 
nique over a 17-year period encompassing several acetabular 
designs. They reported an approximately 10% re-revision 
rate, mainly for récurrent dislocation and acetabular loosen- 
ing. They continue to use this technique but recommend 
complété acetabular révision for cups with notoriously poor 
designs, careful assessment of cup stability at the time of liner 
exchange, and considération of converting to a larger fémoral 
head size to reduce the chance of dislocation. 

Curettage and graffing of retroacetabular defects présent 
more of a technical challenge. Some of these déficits may 
be accessible from the periphery of the acetabulum if com¬ 
plété circumferential exposure is obtained. Others can be 
debrided and graffed through screw holes in the retained 
shell. Small curets and suction tips facilitate removal of 
membrane via the holes. Caution must be taken during 
the debridement because a complété médial bony defect may 
be présent. Bone graffing of large defects through screw 
holes is a time-consuming and tedious process, but probably 
less so than complété révision with significant bone loss. This 
approach présupposés that (1) the métal backing remains 
well fixed within the acetabulum; (2) the implant is a modular 
type and the locking mechanism remains competent; (3) a 
replacement liner of adéquate thickness and acceptable 
design can still be obtained; and (4) the lytic areas are 
accessible for graffing without removal of the métal shell. 
Maloney et al. reported the results of this technique in a 
sériés of 35 patients. At a minimum of 2 years, ail of the 
acetabular components remained radiographically stable, 
and ail lytic lésions regressed in size or remained the same 
size. In a rétrospective comparison of patients with acetabu¬ 
lar osteolysis treated with either liner exchange and bone 
graffing versus complété acetabular révision, Restrepo et al. 
found a 10% rate of loosening of retained acetabular shells. 
They recommended complété révision in cups with broken 
locking mechanisms, complété wear-through of the acetabu¬ 
lar liner, or malpositioned components which could prédis¬ 
posé to dislocation. 

Cementing a new liner into the existing shell has been 
described in cases in which the locking mechanism is incom¬ 
petent or a replacement liner is not available. Biomechanical 
studies hâve shown similar mechanical stability of such con¬ 
struis compared with standard liner locking mechanisms. 
Springer, Hanssen, and Lewallen found no liner dissociation 
or acetabular loosening with this technique. To be technically 
feasible, the shell must be large enough to permit the inser¬ 
tion of a liner of acceptable thickness, allowing for a 2-mm 
cernent mande. Some authors recommend scoring the back 
of the new liner to improve fixation and scoring the métal 
shell if screw holes are not présent. One biomechanical study 
demonstrated superior loads to failure with liners designed 
for cementation with integrated pods that provide for a 
uniform cernent mande compared with scored liners origi- 
nally designed for cementless components. 


REVISION OF TOTAL HIP 
ARTHROPLASTY 

Because increasing numbers of primary total hip arthroplas- 
ties hâve been done over the past 3 décades, and because the 
operation is being performed in younger and more active 
patients, the number of révision procedures has increased. 
Between 1990 and 2002, 17.5% of ail hip arthroplasties 
performed in the United States were révision procedures. 
Because of expected increases in both primary and révision 
procedures, this percentage was predicted to remain fairly 
steady at 16.3% in 2005 and 14.5% in 2030. 

Révision of total hip arthroplasty usually is much more 
difficult, and the results typically are not as satisfactory as 
affer a primary total hip arthroplasty. Révision requires more 
operative time and blood loss, and the incidences of infection, 
thromboembolism, dislocation, nerve palsy, and fracture of 
the fémur are higher. The complexities of révision surgery 
underscore the importance of technical précision in primary 
arthroplasty. A well-done index procedure provides the 
patient with the best opportunity for long-term success. 

INDICATIONS AND CONTRAINDICATIONS 

In determining the need for révision of painful total hip 
arthroplasty, the patient first must be evaluated to détermine 
whether their symptoms are the resuit of failed total hip 
arthroplasty or other problems, including spinal disease, 
tumor, vascular occlusion, stress fracture, or complex régional 
pain syndrome. If the symptoms are caused by a failed total 
hip arthroplasty, the decision must be made as to whether the 
patient has sufficient disabling pain to warrant a major opera¬ 
tion. Activity modification, weight loss, use of external 
support, and analgésie médications may be more appropriate. 
Many patients are elderly, not physically active, and their 
general condition may be such that révision surgery would 
be ill advised. In debilitated patients in whom reconstruction 
would be exceedingly complex, a modified Girdlestone resec¬ 
tion arthroplasty may be a more suitable alternative. It may 
be difficult, however, for a patient with a painful, disabling 
hip problem to accept the decision that another operation 
should not be done. 

Pain is the major indication for revising a total hip 
arthroplasty. Sometimes the operation is performed in the 
absence of disabling pain to prevent progression of structural 
abnormalities that, with delay, would make the operation 
more difficult. Common indications for révision surgery 
include (1) aseptie loosening of one or both components, 
(2) progressive bone loss, (3) implant fracture or other 
mechanical failure, (4) dislocation, (5) infection, and (6) 
periprosthetic fracture. Periprosthetic fractures, dislocations, 
and infections are discussed in detail in the section on 
complications. 

One of the more common indications for révision is 
painful loosening of one or both components, and this 
usually can be substantiated by serial radiographie findings 
(see section on loosening). It is vital that mechanical loosen¬ 
ing be differentiated from septic loosening based on the 
clinical and radiographie présentation, as well as screening 
laboratory values as described in the section on infection. 
The hip should be aspirated if there is clinical suspicion of 
infection based on a history of delayed wound healing, radio¬ 
graphie changes, or abnormal laboratory values. The routine 
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aspiration of ail hips before révision has been largely aban- 
doned, mainly because of poor sensitivity and positive pré¬ 
dictive value. 

Pain associated with loose total hip components typically 
occurs with the first few steps a patient takes (so-called 
“start-up” pain). A loose acetabular component usually pro¬ 
duces pain in the groin, whereas a loose fémoral component 
may cause pain in the thigh or knee. Ancillary studies are 
seldom required, but comparison of previous radiographs 
often is helpful. If bone loss associated with loosening or 
osteolysis is severe or progressive, révision should be consid- 
ered because symptoms are likely to worsen, and further 
résorption of bone would make the procedure more difficult 
and the resuit less favorable. 

Révision is indicated for progressive stem deformation or 
incomplète fracture. Left untreated, the stem ultimately frac¬ 
tures completely, and révision is much more difficult because 
the distal segment must be retrieved from the medullary 
canal. Complété stem fracture, failure of a Morse taper junc- 
tion, or disengagement of a modular liner locking mechanism 
typically requires révision. 

Révision surgery is not often indicated for some func- 
tional problems, such as painless loss of motion in the hip or 
limb lengthening. In the absence of substantial hétérotopie 
bone formation, reoperation to increase motion is unlikely to 
be successful. Shortening of the operated limb may resuit in 
récurrent dislocation, which is a signfficantly greater problem. 
Likewise, surgery to diminish limp is inadvisable unless a 
known mechanical source is identifiable and surgically 
correctable. 

When pain similar to that présent before the primary 
arthroplasty continues postoperatively, réévaluation is neces- 
sary to détermine whether the hip abnormality was the cause 
of pain. In patients who continue to hâve pain affer surgery 
and who hâve had no signfficant period of pain relief, techni- 
cal problems or infection should be suspected. Every effort 
should be made to détermine the cause of pain before con- 
sidering exploration or révision. Occasionally, no source for 
the pain can be determined, yet the patient is insistent that 
“something must be done.” The results of révision surgery in 
this setting are unpredictable, and the patient may be wors- 
ened if complications occur. Before proceeding with surgery, 
referral to other surgeons with expérience in révision proce¬ 
dures for additional opinions may be helpful. 

PREOPERATIVE PLANNING 

Planning for a complex révision total hip arthroplasty requires 
more time than for a routine primary procedure. Ail points 
in the preoperative planning for primary surgery (see section 
on preoperative évaluation) are applicable to the formulation 
of a general plan for a révision procedure; however, intraop¬ 
erative findings and complications often require changes in 
the basic plan. Anticipation of potential complications and 
the formulation of numerous contingency plans to deal with 
them require additional equipment and expedite their 
management. 

High-quality radiographs of the pelvis and entire fémur 
must be obtained. Poor-quality films may lead to under- 
estimation of bone loss because areas of thinned cortex 
cannot be distinguished from adjacent cernent. Magnffica- 
tion markers are helpful in précision templating and identify 


the need for extra-small or extra-large components. Latéral 
views of the fémur should be obtained to estimate the 
bow of the fémur and to assist in choosing fémoral compo¬ 
nents of appropriate diameter, length, and overall geometry. 
Fémoral osteotomy can be anticipated if signfficant angular 
or rotational deformity is présent. The presence of intrapelvic 
cernent or a markedly protruded acetabular component may 
require further évaluation with vascular studies. Finally, ace¬ 
tabular deficiencies can be assessed further by CT. Useful 
information about bone stock can be gained even in the 
presence of a metal-backed acetabular component (see 
Fig. 3-112). 

Radiographie identification of the type of prosthesis and 
a review of the operative notes often are helpful, especially if 
one component is to be left in situ. A mental note of the stem 
shape and any peculiarities in its surface can aid in determin- 
ing the sites of cernent removal necessary for extraction. In 
addition, the head size must be determined. Révision of the 
opposite component may be required for mismatch, malposi¬ 
tion, or incorrect neck length, and the required implant 
inventory and equipment must be available. 

Substantially more equipment is needed for révision 
surgery than for primary total hip arthroplasty. Many hospi- 
tals do not hâve this expensive equipment readily available, 
and it must be brought in as needed. If the prosthesis to be 
revised is a contemporary design, arrangements should be 
made to hâve the instruments spécifie to that System avail¬ 
able. Unique extraction tools, screwdrivers, and head disas- 
sembly instruments can make the procedure much easier. In 
addition, inventory spécifie to that System (e.g., modular 
heads and polyethylene liners to accommodate anticipated 
head sizes and offset requirements) may eliminate the need 
to revise both components. Additional equipment and mate- 
rials often needed during révision surgery include the 
following: 

■ Image intensifier and radiolucent operating table 

■ Stem and cup extraction instruments 

■ Hand instruments for cernent removal 

■ Motorized or ultrasonic cernent removal instruments 

■ Motorized métal-cutting instruments 

■ Flexible intramedullary reamers 

■ Flexible thin osteotomes for cementless stem removal 

■ Trephine reamers 

■ Curved osteotomes or modular blades for cementless 
socket removal 

■ Fiberoptic lighting 

■ Pelvic reconstruction plates, screws, and instruments 

■ Tro chanter ic fixation de vice and cerclage wires or 
cables 

■ AllografT bone (cancellous chips, fémoral head, struts, and 
segmentai allograff) 

■ Intraoperative blood salvage device 

In addition to equipment, a large prosthetic inventory must 
be available. A variety of short- and long-stem fémoral com¬ 
ponents, calcar replacement stems, or stems with extended 
neck lengths are necessary to correct limb-length discrep- 
ancy, bone loss, and intraoperative fémoral fracture. Most 
manufacturers hâve available sets of fémoral components that 
are specifically designed to meet the needs of révision proce¬ 
dures. Acetabular components of 70 to 75 mm sometimes are 
needed to fill large acetabular deficiencies. Rarely, déficits are 
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Custom triflanged acetabular component. Fixa¬ 
tion was obtained with multiple iliac and ischial screws. Cancel- 
lous allograft was placed in massive acetabular defect in attempt 
to restore some bone stock. 


Extended trochanteric osteotomy. (Modified 
from Jando VT, Greidnaus NV, Masri BA, et al: Trochanteric ostéotomies 
in révision total hip arthroplasty: contemporary techniques and results, 
Instr Course Lect 54:143, 2005.) 


so massive that a custom-made component is the only solu¬ 
tion (Fig. 3-141). 

SURGICAL APPROACH 

Many different skin incisions already may be présent from 
previous surgery. If possible, a previous incision should be 
used. Skin necrosis between incisions is less of a problem than 
in the knee, but the possibility should not be ignored. Ail 
approaches used for primary total hip arthroplasty can be 
used for révision surgery. The requirement for extensile expo- 
sure becomes even more important, however, in the révision 
setting. Straightforward acetabular révisions are performed 
through an anterior, antérolatéral, direct latéral, or postéro¬ 
latéral approach. Bone grafting of the posterior column of the 
acetabulum is difficult through an anterior approach, however, 
as is extensile exposure of the fémur. Also, the superior gluteal 
nerve is at risk if the exposure is extended more than 5 cm 
above the superior rim of the acetabulum. 

The postérolatéral approach with élévation of the vastus 
lateralis provides excellent exposure of the posterior column 
of the acetabulum and of the fémoral shaft, but the risk of 
dislocation is higher than with anterior approaches. Anterior 
acetabular exposure is difficult from the postérolatéral 
approach, especially if a fémoral component with a fixed head 
is left in situ. In this case, the abductors must be stripped off 
the ilium superiorly and anteriorly and the prosthetic fémoral 
head placed in this recess superior and anterior to the acetab¬ 
ulum. Complété release of the anterior capsule and some- 
times the gluteus maximus insertion is required to allow 
adéquate anterior translation of the fémur. Slight external 
rotation of the fémur rotâtes the fémoral head out of the way 
to allow préparation of the acetabulum. 

The transtrochanteric approach provides the most com¬ 
plété exposure of the fémur and the acetabulum and is 
utilized for complex révision procedures. Reattachment of 
the greater trochanter may be a problem, however, especially 
if the leg is lengthened or the fragment is osteoporotic. 


Trochanteric osteotomy can be done easily by a standard 
method or trochanteric slide technique (see section on tro¬ 
chanteric osteotomy) at any stage of the procedure if required 
for exposure or for removal and reimplantation of the com- 
ponents. If problems are anticipated with extraction of the 
fémoral component or adjacent cernent, an extended tro¬ 
chanteric osteotomy is préférable (Fig. 3-142). 


TRANSTROCHANTERIC APPROACH 
FOR REVISION TOTAL HIP 
ARTHROPLASTY 


TECHNIQUE 3-8 


■ If a trochanteric nonunion exists, use it to improve expo¬ 
sure, and attempt to obtain union by improving 
fixation. 

■ Carefully remove previously placed wires and other inter¬ 
nai fixation devices to avoid fragmenting soft areas of 
bone. 

■ The sciatic nerve usually does not need to be exposed, 
but if the limb is to be lengthened significantly, expose 
the nerve or palpate it to ensure it is not placed under 
undue tension. Posteriorly placed retractors should hâve 
smooth edges and must be placed carefully against bone, 
without soft-tissue interposition. 

■ Divide soft tissues immediately adjacent to the trochanter 
to minimize the risk of injury to the sciatic nerve. 

■ If any tendons of the short external rotators can be identi- 
fied, tag them for later reattachment. More commonly, 
the short external rotators are absent; the pseudocapsule 
should be tagged for repair at the time of closure. 

■ The thickness of the residual hip capsule varies. Often, 
proliférative synovium on its articular surface contains 
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9 large amounts of particulate polyethylene and cernent 
débris. 

■The pseudocapsule can be thinned if its overall thickness 
limits exposure or produces impingement. 

■ Release portions of the gluteus maximus insertion, if 
necessary. 

■ Dislocate the hip posteriorly as usual. 

■ Excise scar tissue circumferentially from the host-implant 
interface of both components to complété the 
exposure. 

■ Obtain unobstructed exposure of each component before 
attempting removal because prématuré attempts at 
extraction often resuit in fracture. 

See a/so Videos 3-2 and 3-3. 


■ FEMORAL COMPONENT REMOVAL 


REMOVAL OF CEMENTED 
FEMORAL COMPONENT 


TECHNIQUE 3-9 


■ Occasionally, the fémoral component is so grossly loose 
that it can be removed simply by hand. "Loose" does not 
always equate with "easily removed," however. In most 
cases, the stem must be forcibly disimpacted from the 
fémur by some means. 

■ If the stem has a fixed head, use a commercially available 
extraction device with an attached slap hammer or driving 
platform. Several devices are available that pass over the 
head and hook around the neck of the implant (Fig. 
3-143). 

■ If the stem is a contemporary design with a modular 
head, standard extraction devices simply pull the head off 
and cannot be used. Most Systems with modular heads 
hâve a spécifie stem extraction device that is part of the 
System instrumentation. Typical designs hâve a hook that 
is inserted through a hole in the stem, a threaded device 
that screws into the stem, or a clamp-like device that is 
secured to some irregularity on the neck. Identify the 
stem design and contact the manufacturées représenta¬ 
tive to hâve the extraction device available in the operat- 
ing room. An extraction device is available that bolts onto 
the modular neck and may be useful if an implant-specific 
extractor is not available (Fig. 3-144). 

■ If no extraction device is available, use the collar as a 
driving platform. Tap the stem out from below with a 
mallet and punch. If the collar does not protrude beyond 
the médial cortex of the neck, remove a small amount of 
bone from the neck to expose a portion of the collar. 

■ Extraction of early design cemented stems usually prés¬ 
ents no major problems. Most of these designs are 
smooth and tapered with few surface irregularities. 
Before attempting to extract the stem, remove overhang- 
ing bone from the greater trochanter that may impede 



Moreland fémoral component extractor. 
(Redrawn from Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECH¬ 
NIQUE 3-9. 


stem removal. If the stem has a proximal curvature, 
remove the latéral cernent that lies over the shoulder of 
the implant (Fig. 3-145); otherwise, the stem cannot 
move proximally without fracturing the fémoral 
metaphysis. 

■ Removal of cemented stems that hâve been predated 
with PMMA or are porous-coated can be difficult. If the 
stem is not loose, it is unlikely that it can be extracted 
without first removing some of the cernent or porous 
coating. 

■ Use a motorized instrument with a long, thin burr to 
separate the proximal cernent or porous surface from the 
stem. 

■ Do not use osteotomes for cernent removal at this point 
because they may create a wedge effect that would split 
the fémur. Use osteotomes only after the stem has been 
safely extracted and a central space has been opened into 
which the fragmented cernent can displace. 

■ Pass the cutting burr circumferentially around the stem 
until the predated or porous surface has been completely 
exposed. 

■ Insert the burr at an angle to remove the médial cernent 
from beneath the collar. 

■ Remove the collar from the stem with a metal-cutting, 
carbide-tipped burr if necessary to gain access to the 
médial surface of the implant. If the stem is composed of 
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Fémoral component extractor for modular 
fémoral component. Bolts are tightened around modular 
fémoral neck, and device is attached to slap hammer for compo¬ 
nent removal. (Courtesy Smith & Nephew, Memphis, TN.) SEE 

TECHNIQUE 3-9. 



Moreland V osteotome for removal of latéral 
cernent over shoulder of implant for stems with proximal curva- 
ture. (Redrawn from Johnson & Johnson, DePuy, Warsaw, IN.) SEE 

TECHNIQUE 3-9. 


a modem high-strength alloy, this may take an excessive 
amount of time. 

■ After removal of the proximal cernent, attempt to extract 
the stem. 

■ If it cannot be removed with forceful blows on the extrac¬ 
tor and the proximal cernent has been removed as com- 
pletely as possible, do an extended trochanteric osteotomy 
(see Fig. 3-149 and Technique 3-12) to gain access to a 
larger portion of the cement-prosthesis interface or make 
a small window in the fémoral cortex. Place the window 
just distal to the level exposed by proximal cernent 
removal and not at the tip of the stem. Remove additional 
cernent through the window until the stem can be 
extracted. 


CEMENTLESS FEMORAL 
COMPONENT REMOVAL 


TECHNIQUE 3-10 


■ The extraction of cementless stems varies in complexity, 
depending on the extent of the porous coating, the 
amount of bone ingrowth, and the degree to which the 


stem fills the medullary canal. A loose-fitting, nonporous, 
cementless stem can be extracted without intervention at 
the bone-implant interface. A well-ingrown, fully porous- 
coated stem that fills the canal présents a significant 
problem for removal. Such a situation may arise when the 
stem is being removed because of infection or dislocation. 
Identify the stem type on preoperative radiographs, and 
détermine the amount of porous surface. Evaluate the 
bone-implant interface to estimate the probability of 
bone ingrowth (see section on loosening of cementless 
fémoral components). 

■ If the porous coating is limited to the proximal aspect of 
the stem, disrupt the areas of bone ingrowth using spe- 
cialized thin, flexible osteotomes (Fig. 3-146). Standard 
osteotomes usually are too thick for this purpose and may 
split the fémur if they are inserted adjacent to a stem that 
fills the canal. Insert the thin osteotomes immediately 
adjacent to the porous surface to avoid pénétration of 
the fémoral cortex. Direct them at various angles to gain 
access to ail aspects of the porous surface. 

■ Alternative^, disrupt the areas of ingrowth with a long, 
thin, high-speed burr inserted immediately adjacent to 
the stem. Carefully monitor the line and depth of inser¬ 
tion to avoid cortical pénétration. 

■ Extract the stem after disruption of the bone ingrowth. 
Areas of purely fibrous ingrowth sometimes can be 
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Moreland specialized, thin, flexible osteotome 
for disrupting bone ingrowth at proximal end of porous-coated 
stem. (Redrawn from Johnson & Johnson, DePuy, Warsaw, IN.) SEE 

TECHNIQUE 3-10. 


S loosened by forceful attempts at stem extraction without 
the use of osteotomes. 

■ An extensively porous-coated implant may be consider- 
ably more difficult to remove. Osteotomes are effective 
in disrupting ingrowth into the fiat areas of the proximal 
stem, but the area of greatest bone ingrowth often is at 
the distal extent of the porous coating. The stem is round 
at this level and fills the canal. Osteotomes cannot be 
directed into this interface without excessive risk of 
fémoral fracture. 

■ After disrupting areas of proximal ingrowth with osteo¬ 
tomes or a thin burr, attempt to extract the stem using 
moderate force. If the stem cannot be extracted without 
risk of fracturing the fémur, an alternative means must 
be used to disrupt areas of distal bone ingrowth. 


Glassman and Engh described a technique for removal of 
implants with extensive distal bone ingrowth. Specialized tre- 
phine reamers and high-speed, metal-cutting instruments are 
required. 




Removal of implants with extensive distal bone 
ingrowth (Glassman and Engh). A f Prosthesis is transected with 
carbide-tipped, metal-cutting burr. B f Distal cylindrical portion of 
stem is removed by reaming over it with trephine reamer. 
(Redrawn from Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECH¬ 
NIQUES 3-11 AND 3-12. 


REMOVAL OF IMPLANTS WITH 
EXTENSIVE DISTAL BONE INGROWTH 


TECHNIQUE 3-11 


(GLASSMAN AND ENGH) 

■ Disrupt areas of bone ingrowth proximally with thin 
osteotomes. 

■ Using a high-speed burr, make a small transverse window 
in the fémoral cortex at the level of the junction of the 
triangular and cylindrical portions of the stem. 

■ Transect the prosthesis at this level using a carbide-tipped, 
metal-cutting burr (Fig. 3-147A). Avoid notching or divid- 
ing the opposite cortex. 

■ Remove the proximal portion of the stem. 

■ Remove the distal cylindrical portion of the stem by 
reaming over it with a trephine reamer (Fig. 3-147B). 
Détermine the proper size of the trephine reamer by 
measuring the distal end of the removed proximal portion 
of the stem. Irrigate the trephine frequently to avoid 
burning the bone. More than one set of reamers may be 
required. After the distal ingrowth has been disrupted, 
withdraw the trephine from the canal with the distal stem 
fragment inside it. 
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Younger et al. described a technique of extended trochan- 
teric osteotomy for difficult fémoral révisions. The greater 
trochanter is removed along with an attached segment of the 
latéral fémoral cortex, minimizing the risk of trochanteric 
fracture and avoiding the problems of reattachment of a 
smaller trochanteric fragment. The technique is ideally suited 
for removal of well-fixed cementless or cemented stems after 
dislocation of the hip. Other indications include varus remod- 
eling of the fémur and removal of loose fémoral components 
with well-fixed cernent mandes. The osteotomy also can be 
done before dislocation if difficulty is anticipated with dislo¬ 
cation, or after removal of the stem. This osteotomy provides 
direct access to the distal portion of the fémoral canal for safe, 
expédient removal of cernent and insurance of proper reaming 
of the distal fémur for neutral stem alignment. Extensile 
exposure of the acetabulum can be achieved as with other 
methods of trochanteric osteotomy. Distal translation of the 
osteotomized segment allows précisé tensioning of the abduc- 
tors to improve the stability of the joint. The procedure is 
most appropriately used when a cementless fémoral révision 
is planned because cernent intrusion into the osteotomy site 
may inhibit union. Union rates of 98% to 99% with this oste¬ 
otomy hâve been reported. 


EXTENDED TROCHANTERIC 
OSTEOTOMY 


TECHNIQUE 3-12 


(YOUNGER ETAL) 

■ Plan the length of the osteotomy so that the distal extent 
of the well-fixed cemented or cementless prosthesis is 
maximally exposed, leaving enough of the fémoral 
isthmus intact to allow endosteal cortical contact by the 
révision prosthesis over a distance of 5 to 6 cm (Fig. 
3-148). 

■ Expose the hip by a postérolatéral approach with circum- 
ferential exposure of both implants. 

■ Protect the sciatic nerve throughout the procedure. 

■ Dislocate the hip, or, alternative^, perform the osteotomy 
before dislocation if the procedure is complicated by stem 
subsidence, acetabular protrusion, or stiffness of the hip. 

■ Position the thigh in internai rotation. 

■ Incise the vastus lateralis along its posterior edge to the 
level of the distal extent of the planned osteotomy. 

■ Mark the osteotomy longitudinally just latéral to the linea 
aspera, extending distally to the level determined by pre- 
operative radiographs (Fig. 3-149A). 

■ With a thin, high-speed burr, make multiple perforations 
in the posterior fémoral cortex and connect them with 
the burr. Skirt the latéral edge of the underlying fémoral 
component. 

■ Divide the latéral cortex transversely at the predetermined 
level. 

■ Perforate the anterior cortex with the burr at multiple 
sites, attempting to create an osteotomy fragment con- 
stituting approximately one third the circumference of the 
fémur. Leave as much of the vastus lateralis attached to 
the fragment as possible. 


■ Divide the superior portion of the anterior cortex with an 
oscillating saw because the burr may not be long enough 
in the trochanteric région. 

■ Insert two or more broad osteotomes into the posterior 
limb of the osteotomy and gently create a controlled 
fracture through the perforated anterior cortex, leaving 
the anterior soft-tissue attachments undisturbed (Fig. 
3-149B). 

■ With the osteotomy fragment reflected anteriorly, the 
latéral portion of the fémoral component is visible, and 
the anterior and posterior surfaces are accessible. Remove 
cernent from the interfaces under direct vision to allow 
extraction of the stem. 

■ If a well-fixed cementless stem is in place, pass a Gigli 
saw blade beneath the collar and direct it distally, follow- 
ing the médial edge of the fémoral component (Fig. 
3-149C). Control the blade so that additional bone is not 
removed from the anterior or posterior cortex. 

■ Divide the interface down to the distal extent of the 
porous surface. Several Gigli saw blades may be required. 

■ Alternative^, make the osteotomy shorter and divide the 
fémoral component with a high-speed, metal-cutting 
burr at the junction of the triangular and cylindrical por¬ 
tions of the stem. 

■ Remove the distal segment of the stem with a trephine 
reamer (see Fig. 3-147B). Remove any remaining cernent 
or distal pedestal under direct vision through the oste¬ 
otomy site. 

■ Place a prophylactic cable or wire around the fémoral 
shaft and distal to the osteotomy to prevent propagation 
of a nondisplaced fracture. 

■After placement of the révision fémoral component, 
repair the osteotomy with multiple cerclage wires. 

■ Shape the undersurface of the osteotomy fragment to fit 
the révision prosthesis. 

■ Remove the distal edge of the osteotomy fragment and 
advance it distally to adjust the soft-tissue tension around 
the hip joint if necessary. 

■ Supplément the posterior edge of the osteotomy site with 
cancellous bone graft. If the osteotomized fragment is 
thin and fragile, reinforce it with a cortical allograft strut. 


BROKEN FEMORAL 
COMPONENT REMOVAL 

Extraction of a fractured fémoral stem is a difficult problem. 
The proximal portion usually is loose and easily removed 
along with any fragmented proximal cernent. In contrast, 
the distal portion of the stem remains firmly fixed in the 
fémur. Most stems fracture in the proximal or middle third 
and are accessible from above. A fiberoptic light usually is 
necessary to view the fractured end of the stem and make 
préparations for removal. Numerous techniques hâve been 
described for removal of broken stems. Some of these 
require specialized instrumentation for removal of the 
broken fragment from above, and others require the cré¬ 
ation of a fémoral cortical window to give direct access to 
the stem. 
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Extended trochanteric osteotomy. A and B f Acetabular loosening with damage to fémoral head. Porous fémoral 
component has been cemented and remains well fixed, but fémoral révision is required because head is not modular. C and D f Extended 
trochanteric osteotomy greatly simplified removal of fémoral component and cernent without bone loss and facilitated acetabular 
exposure. Note formation of callus around osteotomy at 3 months. SEE TECHNIQUE 3-12. 
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Extended trochanteric osteotomy for difficult stem removal. A f Longitudinal portion of osteotomy follows latéral 
border of stem and extends distally to predetermined level. B f Anterior cortex is divided, and entire latéral cortical segment, with 
trochanter, is retracted anteriorly, exposing latéral surface of stem. C, Bone ingrowth is disrupted with Gigli saw passed down médial 
side of stem. SEE TECHNIQUE 3-12. 


S Collis and Dubrul devised a System using a disposable 
trephine and a collet extractor to ream through the cernent 
and subsequently remove the broken fragment. A cortical 
window is not required. 


TECHNIQUE 3-13 


(COLLISAND DUBRUL) 

■ Remove the loose proximal fragment and proximal 
cernent. 

■ Remove a small amount of cernent from around the 
fractured end of the stem to allow sélection of a trephine 
that fits over the distal stem fragment. 

■Attach the correctly sized trephine to a power reamer 
and align it concentrically with the embedded stem. The 
fractured stem acts as a drill guide for the trephine (Fig. 
3-15OA). Copiously irrigate the trephine during reaming 
to dissipate heat. 

■ The fractured stem can be removed within the trephine 
if reaming is continued to a sufficient depth. 

■ If the appropriate depth cannot be reached because the 
stem is longer than the trephine, attach a collet instru¬ 
ment to the exposed proximal end of the fragment. 

■ Extract the stem with a slide hammer (Fig. 3-150B). 


Techniques for removal of the broken fragment from 
above are offen time-consuming and may fail. In these cases, 
a fémoral window is required to allow access to the broken 
fragment directly. Window techniques hâve the disadvantage 
of weakening the fémur, especially if the window is made at 
the distal aspect of the stem. Moreland, Marder, and Anspach 
devised a technique for broken stem removal using a tungsten 
Carbide punch inserted through a small proximal window. 
They reported successful extraction of 10 broken stems by 
this technique, with no failures. The technique is attractive 
because only a small window is required, and the window 
usually is bypassed a satisfactory distance by a standard 
length révision stem. 


t 




JïJ ColIis and Dubrul method for removal of 
broken stem. A, Trephine is used to eut circumferentially around 
fractured prosthesis; stem acts as drill guide for trephine. B, Stem 
is removed from medullary canal with slide hammer and collet 
instrumentation. (Redrawn from Collis D, Dubrul W: The removal of 
fractured prosthetic components from medullary cavities: a new tech¬ 
nique, Contemp Orthop 8:61, 1984.) SEE TECHNIQUE 3-13. 
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REMOVAL OF A BROKEN STEM 


TECHNIQUE 3-14 


(MORELAND, MARDER, ANDANSPACH) 

■ Remove the proximal fragment of the prosthesis and 
proximal cernent. 

■ Measure the distance from the opening of the fémur to 
the top of the broken prosthesis. Make the window just 
distal to this level, not at the tip of the prosthesis. 

■ Spread the fibers of the vastus lateralis to expose a small 
area of the anterior fémoral cortex at this level. 

■ Use a small burr to make a longitudinal window 4 mm 
wide and 10 mm long (Fig. 3-151). 

■ Remove bone and cernent to expose the proximal end of 
the retained stem fragment. 

■ Introduce a narrow carbide-tipped punch into the distal 
aspect of the window and direct it cephalad. 

■ Make a small divot in the surface of the prosthesis and 
drive it proximally. 

■As the stem moves proximally, reposition the punch pro¬ 
gressive^ more distally and continue driving it proximally 
until it becomes loose and can be removed from above. 

■ If the punch does not gain adéquate purchase, use a 
metal-cutting burr to make a larger divot. 

Occasionally, the above-described method is not suc- 
cessful, and a more extensive fémoral window is neces- 
sary. This may occur when the stem has a complex 
geometry that cannot move proximally without bringing 



Tungsten 

Carbide 

punch 


Divots made 
by punch 


Method of removal of broken stem described 
by Moreland, Marder, and Anspach. Small window is made in 
anterior fémoral cortex just distal to break in stem. Carbide punch 
is used to push prosthesis proximally. (Redrawn from Moreland JR, 
Marder R, Anspach WE Jr: The window technique for the removal of 
broken fémoral stems in total hip replacement, Clin Orthop Relat Res 
212:245, 1986 ) SEE TECHNIQUE 3-14. 


the cernent mantle with it. An l-beam configuration that 
tapers distally is an example. Cernent must be removed 
from a round the stem before it can be extracted. 


REMOVAL OF A BROKEN STEM 


TECHNIQUE 3-15 


■ Remove a cortical window from the antérolatéral aspect 
of the fémur 0.8 cm in diameter and extending about 
3 cm proximal and distal to the tip of the prosthesis. 
Preserve the cortical fragment in a single piece. 

■ Remove ail cernent visible within the medullary canal with 
small burrs and osteotomes. 

■ Insert an offset driver through the window and drive the 
stem proximally through the residual cernent mantle. 
Ensure that the window is large enough, or the driver 
may impinge on the edge and produce a complété frac¬ 
ture of the fémur. 

■ After the broken stem fragment has been removed, use 
the window to remove additional cernent and to guide 
cernent removal instruments down the center of the 
canal. 

■ Replace the cortical fragment in its bed and secure it with 
multiple cerclage wires. 

■ Use a stem of sufficient length to bypass the defect by a 
distance of two cortical diameters. In our opinion, creat- 
ing a large cortical window in the fémur should be 
reserved as a last resort. 


Fracture of cementless fémoral components has not been 
a significant problem, although the incidence may escalate as 
the length of follow-up in young, active patients increases. 
The difhculty in removal of the distal portion of such a stem 
is determined by the extent of the porous surface, the amount 
of bone ingrowth, and the degree to which the stem fills the 
medullary canal. For a fracture to occur, it is likely the distal 
portion of the stem is well fixed and the stem has been sub- 
jected to cantilever bending. The proximal fragment is likely 
to be loose and can be removed after the residual bone- 
implant interface is disrupted with thin osteotomes. A tre- 
phine drill is used to core out the distal fragment (see Fig. 
3-147B). 

■ FEMORAL CEMENT REMOVAL 

Removal of the fémoral cernent mantle usually is the most 
time-consuming and hazardous part of révision total hip 
surgery. This task is delayed until after the acetabular compo- 
nent has been revised because persistent bleeding from the 
fémoral canal obstructs the view of the acetabulum and adds 
to the operative blood loss. As such, this sometimes arduous 
task begins late in the operation, when the surgeon already 
may be fatigued from a difhcult exposure and acetabular 
reconstruction. Fémoral fracture, cortical pénétration, and 
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further destruction of fémoral bone stock sometimes resuit 
from hurried attempts to remove fémoral cernent. 

Fémoral cernent removal requires a wide array of instru¬ 
ments, including a fiberoptic light source; a long, straight 
suction cathéter; cernent removal osteotomes with various 
configurations; a long pituitary rongeur for removal of loose 
cernent fragments; long, hooked instruments for rétrogradé 
cernent removal; a high-speed burr with long attachments; 
and reamers of graduated diameters. Many manufacturers 
supply the aforementioned instruments in sets specifically 
designed for this purpose. A radiolucent operating table and 
image intensification to view the hip and fémur are offen 
necessary. 

The most appropriate technique for removal of fémoral 
cernent dépends on the quality of the surrounding bone and 
the depth of cernent within the fémoral canal. The proximal 
cernent is easily accessible, and the bone-cement interface is 
relatively easily viewed without additional lighting. The sur¬ 
rounding cortex offen is thin and fragile, however, because of 
osteolysis. If this is the case, one or more cerclage wires are 
placed around the fémur to diminish the risk of fracture. The 
cernent from the midportion to the tip of the stem is more 
difficult to see, as is the bone-cement interface. Fiberoptic 
lighting is essential (see Fig. 3-152). We hâve used a combina¬ 
tion device containing a fiberoptic light and irrigation and 
suction ports to see the interface better. The cernent distal to 
the tip of the previous stem offen fills the canal completely 
and extends a variable distance down the shaff, depending on 
whether a cernent restrictor was used. The distal cernent is 
the most difficult portion to see and remove. If cernent 
removal seems exceedingly difficult, an extended trochanteric 
osteotomy may be appropriate. 



Removal of cernent from fémoral canal. A and 
B f After removal of varus stem, channel in cernent is such that 
drill or osteotome tends to follow channel and penetrate cortex. 
C, Cernent must be removed from médial wall to prevent pénétra¬ 
tion; fiberoptic light is helpful in this procedure. SEE TECHNIQUE 
3-16. 


REMOVAL OF FEMORAL CEMENT 


TECHNIQUE 3-16 


■ To remove the proximal cernent, clear soft tissue and over- 
hanging cernent away from the proximal fémur to expose 
the proximal edge of the bone-cement interface. 

■ Remove any cernent and overhanging bone from the 
greater trochanter first to allow unobstructed passage of 
instruments directly down the canal. This is especially 
important if the previous stem was placed in varus. If the 
trochanter blocks passage of instruments directly down 
the canal, the instruments are likely to exit through a 
perforation created in the postérolatéral cortex (Fig. 
3-152). Osteotomize the greater trochanter if necessary. 

■ Make numerous longitudinal radial splits in the proximal 
cernent column (Fig. 3-153). 

■ Insert osteotomes into the bone-cement interface and 
fracture the fragments of cernent into the open central 
area (Fig. 3-154). Do not attempt to wedge instruments 
into the bone-cement interface before making the radial 
splits, or a fémoral fracture is likely to occur. 

■ Removal of cernent from around the middle and distal 
segments of the stem is more difficult, although it still 
can be accomplished with hand tools. Adéquate lighting, 
irrigation, and suction become more important to show 
the bone-cement interface. The available space centrally 
narrows because of the taper of the stem. Narrow, angled 
cernent osteotomes are often required. 



Removal of cernent from fémoral canal. Longi¬ 
tudinal radial splits are made in proximal cernent column. (Redrawn 
from Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECHNIQUE 3-16. 
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Small cernent fragments may occlude the central space. 
Remove them with a pituitary rongeur or curets. 

■ Review the preoperative radiographs to détermine the 
relative thickness of areas of cernent to be removed and 
to détermine any déviation of the tip of the stem that 
may direct instruments out through the cortex rather than 
centrally in the canal. Also take into account the normal 
antérolatéral bow of the fémur. Sometimes this segment 
of the cernent mantle can be removed en masse by 
passing a large threaded tap into the defect left by the 
stem and extracting it with a slap hammer. 

■ Removal of the distal cernent mass usually is the most 
difficult. If the plug of cernent is thin and not tightly 
adhèrent to the cortex, it occasionally can be driven dis- 
tally in the canal and left. This should not be done in the 
presence of infection. 

■ If the plug is thin and does not fill the canal completely, 
it often can be extracted with a hook. Pass the hook 
between the cortex and cernent through any apparent 
gaps on the preoperative radiographs (Fig. 3-155A). Turn 
the hook 90 degrees to engage the cernent and gently 
tap the hook with a mallet to withdraw the cernent plug 
(Fig. 3-155B). 

■ Fragmentation of solid distal cernent with cruciate-shaped 
osteotomes can be attempted, but this technique is slow 
and unrealistic if the distal cernent extends more than 
1 cm. 

■ If the cernent plug fills the canal and is firmly fixed, per- 
forate it with a drill and use reamers to enlarge the hole. 
Carefully drill the initial hole in the center of the distal 
cernent plug and align the drill with the fémoral canal. 
Use a centering sleeve to position the drill bit precisely 
(Fig. 3-156). Enlarge the hole with masonry drills specially 
designed for this purpose. After a hole of sufficient size 
has been made, remove the remaining cernent adhèrent 
to the cortex with a reverse cutting hook. Alternative^, 


\à 



Fragmentation of proximal cernent. After lon¬ 
gitudinal radial splits hâve been made in cernent column, curved 
osteotome is inserted into bone-cement interface and cernent 
fragment is fractured into central vacancy. SEE TECHNIQUE 3-16. 


insert a tap into the hole and extract the cernent plug 
with a mallet. 


REMOVAL OF DISTAL CEMENT WITH 
A HIGH-SPEED BURR 

Turner et al. recommended the use of a high-speed burr 
for removal of distal cernent. We hâve used this technique 
with success, but meticulous attention to technique is man- 
datory to prevent fémoral cortical perforation. The high- 
speed burr can be deflected easily from the hard cernent 
to the softer bone, which is removed preferentially. Careful 
monitoring of the path of the burr under biplane image 
intensification is necessary. 


TECHNIQUE 3-17 


(TURNER ETAL) 

■Orient the C-arm either horizontally or vertically, and 
rotate the leg to obtain two-plane views of the fémur. 



Removal of solid cernent below tip of prosthe- 
sis. A f Thin, curved hook is inserted between cortex and cernent 
plug. B f Hook is turned 90 degrees and used to pull up cernent. 
(Redrawn from Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECH¬ 
NIQUE 3-16. 
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Centering sleeve is used as drill guide to posi¬ 
tion drill bit precisely in center of cernent plug. (Redrawn from 
Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECHNIQUE 3-16. 


Repeated manipulation of the C-arm increases the risk of 
contamination of the field. 

■ Insert the cutting tool with short strokes. The burr cuts 
cernent on the forward stroke and removes débris as it is 
withdrawn. 

■ Irrigate the canal continuously to remove débris and cool 
the burr. If the burr becomes too hot, the cernent can 
melt and reform behind the cutting end, which makes 
extraction difficult. 

■ Frequently monitor the path of the burr in two planes 
under the image intensifier. Follow a path down the 
center of the canal, not along the course of the previous 
stem. 

■After the cernent column has been perforated, use a 
larger side-cutting burr to remove additional cernent 
along each area of the cortex. 

■ Continue to monitor the path of the burr under biplane 
image intensification. Never use this technique without 
radiographie guidance. 

■ If résistance suddenly decreases as a burr or reamer is 
being advanced, cortical pénétration is likely. Insert a ball- 
tipped guidewire, such as that used for flexible medullary 
reaming, into the canal and move it in various directions. 
Sometimes the movement of the rod can be palpated in 
the soft tissues of the distal thigh if perforation has 
occurred. Obtain intraoperative radiographs, or view the 
rod under the image intensifier. 

■ If cortical perforation is évident, expose the area of the 
fémur. 


■ Elevate and preserve any segments of cortex that may 
hâve been fractured off. 

■ Use the window created to remove additional cernent 
and subsequently to guide the burr or reamer in the 
correct path down the center of the medullary canal. 

■ Reconstruct the area of cortical perforation with cortical 
strut grafts and use a stem of sufficient length to bypass 
the defect by a distance of at least two cortical 
diameters. 


Even with experienced surgeons, Turner et al. reported 
fémoral cortical perforation in 10% of cases using high-speed 
cernent removal instruments. Mallory stated that when such 
aggressive instrumentation is used, perforation is almost 
expected. Such perforations occur in an uncontrolled manner, 
producing large gaps in the cortex. They often occur anteri- 
orly and laterally, where they render the fémur susceptible to 
fracture and are difficult to reconstruct. Mallory recom- 
mended a technique using “controlled perforations” for safe, 
rapid removal of fémoral cernent using a high-speed burr. 


REMOVAL OF DISTAL CEMENT WITH 
A HIGH-SPEED BURR (MALLORY) 


TECHNIQUE 3-18 


(MALLORY) 

■ Obtain extensile exposure of the fémoral shaft by éléva¬ 
tion of the vastus lateralis. 

■ After removal of the prosthesis, create a 9-mm hole in 
the anterior or antérolatéral cortex of the fémur using a 
high-speed burr. Use the prosthesis as a template to 
détermine the most bénéficiai site for placement of the 
hole. 

■ Usually the first hole is placed 8 to 10 cm distal to the 
vastus lateralis ridge. 

■ Use the portai to guide the burr visually down the center 
of the fémoral shaft. 

■ Shine a fiberoptic light through the perforation to illumi- 
nate the fémoral canal. Irrigate the canal through the hole 
to remove cernent débris generated by the burr. 

■ Place a second or occasionally a third perforation with a 
distance of at least 5 cm separating the portais. Make the 
most distal portai at the level of the distal cernent mantle. 

■ Reconstruct the fémur with a long stem prosthesis that 
extends a distance of twice the diameter of the fémur 
past the most distal perforation. 


In a related biomechanical study, Dennis et al. found no 
significant changes in stress patterns of the fémur around 
anteriorly placed holes. In addition, no cumulative stress con¬ 
centrations were seen when multiple holes were located at 
least 5 cm apart. In contrast, tensile strain increased 40% after 
a hole was drilled through the latéral fémoral cortex. Careful 
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Methods of cernent extraction. A f Segmentai extraction of cernent. Well-intruded cernent was removed because of 
infection. After stem had been removed, new cernent was injected around thread-forming rod. Extraction rods were screwed into 
threaded hole. Entire mantle was removed successfully in short segments. B f Ultrasonic attachment for removal of loose cernent plug 
from distal fémoral canal. With ultrasonic device turned on, tool is advanced into center of cernent plug. When the device is off, cernent 
hardens onto the attachment. The attachment and associated cernent plug are removed with a slap hammer. 


placement of perforations in the anterior cortex, with adé¬ 
quate spacing between them, is essential. 

Wuh et al. devised a technique of cernent removal that 
takes advantage of the fact that new cernent bonds to the old 
cernent already présent in the canal. The prosthesis is removed, 
leaving the cernent mantle intact. Additional low-viscosity 
cernent is injected into the recess around a thread-forming 
rod that is subsequently removed. New and old cernent are 
removed together by screwing threaded extraction rods into 
the new cernent and disrupting the bone-cement interface in 
short segments (Fig. 3-157). The technique is limited in that 
it cannot be used when the cernent mantle widens distally, or 
when a fémoral fracture or perforation has occurred. Cernent 
mandes with no evidence of loosening also can be difficult to 
extract. We hâve used this technique successfully in carefully 
selected patients. 

Ultrasonically driven tools for cernent removal are also 
commercially available. Ultrasonic instruments are of great- 
est value in removing cernent distal to the tip of the prosthe¬ 
sis. The incidence of cortical perforation with ultrasonic 
techniques has been low, but ultrasonic tools rarely suffice for 
removal of ail of the cernent and usually are used along with 
standard hand tools. 

Klein and Rubash advocated the use of a fémoral window 
in the antérolatéral fémoral cortex if distal cernent is difficult 
to remove. The création of an extensive window or gutter 


significantly weakens the fémur; however, and should not be 
used routinely. Cortical defects already may be présent from 
previous révision surgery; if so, the Windows can be exposed 
and used for direct removal of cernent. We occasionally make 
Windows or gutters in the fémur when the cortex has already 
been thinned by osteolysis or previous surgery and augmen¬ 
tation with an allograft cortical strut is planned. 

If the révision fémoral prosthesis is to be recemented, it 
is acceptable to leave some of the cernent in the fémur, pro- 
vided that it is firmly bonded to the fémur with no radiolu- 
cency on radiographs and there is no evidence of infection. 
If enough cernent is removed to allow placement of the new 
prosthesis in proper alignment with an adéquate cernent 
mantle, the new cernent bonds to the old cernent. If a cement- 
less révision prosthesis is to be used, it is préférable to remove 
ail of the cernent to facilitate bone grafting and biologie fixa¬ 
tion. Retained cernent also may deflect reamers used for canal 
préparation and lead to fémoral perforation. If infection is 
présent, ail of the cernent must be removed. Regardless of the 
type of révision prosthesis, ail of the membrane from the 
bone-cement interface must be removed because it impairs 
fixation. Curets and reverse cutting hooks are used to remove 
the membrane. In addition, the smooth surface of any neo- 
cortex must be removed to allow fixation to true cortical 
bone. A high-speed burr, flexible reamers, and curets are used 
to remove this bone from the fémoral canal. 
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■ ACETABULAR COMPONENT REMOVAL 
I CEMENTED ACETABULAR COMPONENT 

To remove the cup and cernent from the acetabulum, the 
surgical exposure must provide direct access to the entire 
circumference of the cup. We hâve found the postérolatéral 
approach (see Technique 3-2) satisfactory, usually without 
osteotomizing the trochanter. The trochanter should be oste- 
otomized if needed; however, to gain the necessary exposure. 
The capsule is released from the anterior edge of the acetabu¬ 
lum, and a retractor is inserted in this région to lever the 
proximal fémur anteriorly (see Fig. 3-38D and E). If the 
fémoral component is not being revised and the fémoral head 
is modular, the head is removed to improve exposure. If the 
head is not modular, the abductors and capsule are elevated 
from the anterosuperior aspect of the acetabulum, and the 
fémur is rotated to place the head into this recess. A sponge 
is sutured over the surface of the fémoral head or Morse taper 
so that it is not inadvertently damaged during reaming and 
préparation of the acetabulum. 

The following technique can be used to remove a loose 
all-polyethylene cup. 


REMOVAL OF A LOOSE ALL- 
POLYETHYLENE CUP 


TECHNIQUE 3-19 


■ If the cup has a flange, remove it with an osteotome or 
rongeur to expose the cement-cup and cement-bone 
interfaces. 

■ Starting superiorly, remove cernent from between the cup 
and surrounding bone with a thin osteotome, minimizing 
damage to the bone. 

■ Drive a thin, curved osteotome between the cup 
and cernent in numerous places around the cup and 
carefully pry the cup partially out of the cernent (Fig. 
3-158A). Avoid doing this with the instrument between 
the cernent and bone because this may damage the 
remaining acetabular bone or fracture the rim of the 
acetabulum. 

■ Place a small punch in one of the grooves along the edge 
of the component and tap it out from behind with a 
mallet, or use a commercially available extraction device 
that engages the polyethylene from within the recess to 
extract it (Fig. 3-158B). 

■ If the cup is more securely fixed in the acetabulum or if 
removal is not successful by the aforementioned method, 
divide the cup into quarters with a saw or burr and 
remove it in segments. The amount of polyethylene débris 
generated with this technique is of concern and should 
be carefully removed. 


de Thomasson et al. described removal of well-fixed all- 
polyethylene components with acetabular reamers to thin the 
polyethylene and allow easier extraction. They reported no 
fractures or acetabular defects with this technique (Fig. 
3-159). 




Removal of polyethylene cup. A f Curved, thin 
osteotome or gouge is used to disrupt interface between implant 
and cernent. B f Cup is removed by prying it gently from cernent 
with extraction device. (Redrawn from Smith & Nephew, Memphis, 

TN ) SEE TECHNIQUE 3-19. 


EXTRACTION OF A METAL-BACKED, 
CEMENTED ACETABULAR 
COMPONENT 


TECHNIQUE 3-20 


■ Use curved osteotomes to fragment the cernent and 
disrupt as much of the cement-prosthesis interface as 
possible. 

■ Insert an impactor into a surface irregularity or groove 
along the superolateral edge of the prosthesis and 
attempt to tap it out from behind. 

■ If the métal backing cannot be loosened by external 
dissection, remove the polyethylene liner. Use a 
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Acetabular reamer reams cup until cernent is 
visible through transparent polyethylene. Remaining polyethyl- 
ene and cernent are removed with curved osteotomes or gouges. 

(From de Thomasson E, Mazel C, Gagna G, et al: A simple technique 
to remove well-fixed, all-polyethylene cemented acetabular component 
in révision hip arthroplasty, J Arthroplasty 16:538, 2001.) SEE TECH¬ 
NIQUE 3-19. 


metal-cutting, high-speed burr to remove a quarter 
section of the métal backing. 

■The apex of the cernent mantle and cement-prosthesis 
interface is now exposed. Disrupt this interface with 
curved osteotomes and remove the remainder of the 
métal backing. 

■ When extracting a cup and cernent that are appreciably 
displaced into the acetabulum, especially if there has 
been an infection, vascular damage is possible. For this 
reason, a preoperative venogram or arteriogram may be 
advisable to détermine how close the cernent mass is to 
the vascular structures. Préparé and drape the patient so 
that, if necessary, a lower abdominal incision can be made 
for rétropéritonéal exposure of the pelvic vessels, and 
preoperatively make arrangements to hâve personnel 
available for vascular repair if necessary (see section on 
vascular injuries). 

■ Usually a moderate amount of cernent remains in the 
acetabulum after removal of the cup, unless bone résorp¬ 
tion was marked, or the loosening was caused by infec¬ 
tion, in which case most or ail of the cernent is extracted 
with the cup 

■ Remove the cernent from the floor of the acetabulum by 
lifting the edge of the cernent with a curet and cracking 
it gently with an osteotome; do not damage the médial 
wall of the acetabulum or drive the cernent into the 
pelvis. 

■ If a métal mesh or plastic dise restrainer has been used 
to cover a centering hole or defect, it usually cornes out 
with the cernent. 

■ The fibrous membrane covering the cernent mantle may 
be thick, and most often it remains adhèrent to the bone 
rather than the cernent. Completely remove the fibrous 
tissue with a curet or Cobb elevator. A high-speed burr 
can be used to remove firmly adhèrent fibrous tissue that 
remains. 


■ Remove plugs of cernent from the anchoring holes if 
possible. 

■ Except in the presence of infection, removing pièces of 
cernent that hâve been displaced into the pelvis is unnec- 
essary, difficult, and may cause excessive bleeding. 


I CEMENTLESS ACETABULAR COMPONENT 

Removal of a well-fixed, porous, cementless acetabular com¬ 
ponent is difficult and may resuit in removal of additional 
bone stock with the need for a larger implant for reconstruc¬ 
tion. When the prior implant has been placed against the 
médial wall of the acetabulum, it is possible that a complété 
médial segmentai bony déficit would resuit from the extrac¬ 
tion. If the reason for révision of the component is malposi¬ 
tion with récurrent dislocation, exchanging the polyethylene 
liner for one with a larger lip or degree of offset may suffice. 
If not, révision of the ingrown métal backing is done. Our 
preferred technique for removal of well-fixed porous acetabu¬ 
lar components involves an acetabular centering device 
attached to a rotating handle and blades of varying diameters 
to disrupt the bone-implant interface. Mitchell et al. reported 
31 révisions with this technique, resulting in minimal bone 
loss and 5 minutes of operative time for cup removal. 


REMOVAL OF A CEMENTLESS 
ACETABULAR COMPONENT 


TECHNIQUE 3-21 


(MITCHELL) 

■ If no screws are présent, leave the liner in place; other- 
wise, remove the liner to allow screw removal and replace 
it to accommodate the centering device. If the liner is 
excessively worn or damaged, a trial liner can be used. 
A trial bipolar head that matches the inner diameter of 
the cup may be used to center the blade in a resurfacing 
acetabular component for which appropriately sized trial 
liners are not available. 

■ Employing a centering device of a diameter matching the 
internai diameter of the liner, use a short blade initially to 
disrupt the interface between the implant and bone by 
rotating the handle of the device (Fig. 3-160A). The outer 
diameter of the implant must be known to choose the 
appropriate blade. 

■After the short blade has made a channel circumferen- 
tially, use a longer blade in the same manner to disrupt 
any remaining bone ingrowth at the dôme of the implant. 

■ Lift the implant out between the blade and centering 
device (Fig. 3-160B). 


Removal of a bipolar component from the acetabulum 
typically présents no problems, but spécial instruments may 
be required to remove the bipolar shell from a fémoral com¬ 
ponent with a fixed fémoral head. Attempt to identify the type 
of prosthesis, and arrange to hâve the appropriate removal 
instruments available. If the instruments are unavailable, 
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JU A f Expiant System (Zimmer Orthopaedics, Warsaw, IN) used to remove well-fixed, acetabular, cementless components. 
B f Two blades used by Expiant® System. Short blade (left) and full-radius blade (right). (From Mitchell PA, Masri BA, Garbuz DS, et al: 
Removal of well-fixed, cementless, acetabular components in révision hip arthroplasty, J Bone Joint Surg 85B:949, 2003. Copyright British Editorial 
Society of Bone and Joint Surgery.) SEE TECHNIQUE 3-21. 



Removal of bipolar cup without damaging head of prosthesis when instrumentation for removal is unavailable. 
A f Hole is drilled in polyethylene liner down to inside of métal cup without damaging head of prosthesis. B f Screw with diameter 
slightly larger than that of hole is inserted; when tip of screw impinges on inner aspect of métal cup, métal cup is lifted off polyethylene 
liner. C f Polyethylene liner is levered off head of prosthesis. (Courtesy Howmedica, Rutherford, NJ.) SEE TECHNIQUE 3-22. 


remove the bipolar component by drilling a hole through the 
edge of the polyethylene and inserting a small screw to lift off 
the outer métal shell (Fig. 3-161). Do not damage the surface 
of the fémoral head if the implant is to be retained. 

RECONSTRUCTION OF ACETABULAR 
DEFICIENCES 

Deficiency of acetabular bone stock is one of the major prob- 
lems in révision total hip arthroplasty and may resuit from 
numerous factors, including the following: (1) osteolysis 
caused by wear, loosening, or infection; (2) excessive bone 
resection at the time of previous surgery, especially if the 
patient has had a resurfacing procedure or previous acetabu¬ 
lar révision; (3) preexisting bone déficit from acetabular frac¬ 
ture or dysplasia that was not corrected at the time of previous 
surgery; and (4) inadvertent destruction of bone during 
removal of a previous component or cernent. 

■ CLASSIFICATION 

The development of guidelines for management of acetabular 
deficiencies has been hindered by a lack of standard nomen¬ 
clature to describe them. The AAOS Committee on the Hip 
devised a clinically useful classification System for acetabular 
deficiencies (Table 3-4). This classification System is presented 


_ TABLE 3-4 _j M JW WW w îW WWpg 

American Academy of Orthopaedic Surgeons 
Classification of Acetabular Deficiencies 


Type I: Segmentai deficiencies 

Peripheral 

Superior 

Anterior 

Posterior 

Central (médial wall absent) 

Type II: Cavitary deficiencies 

Peripheral 

Superior 

Anterior 

Posterior 

Central (médial wall intact) 

Type III: Combined deficiencies 
Type IV: Pelvic discontinuity 
Type V: Arthrodesis 

From D'Antonio JA, Capello WN, Borden LS, et al: Classification and management 
of acetabular abnormalities in total hip arthroplasty, Clin Orthop Relat Res 
243:126-137, 1989. 
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A f Superior segmentai defect violâtes superior supporting rim and part of anterior supporting rim of acetabulum. 
B f Médial segmentai defect violâtes médial supporting rim. C f Three cavitary defects involve excavation of bone without violation of 
superior, posterior, or anterior rim. D f Médial cavitary. Excavation of médial wall of acetabulum occurred without violation of médial 
rim (contained bone defect). E, Combined segmentai cavitary defects. Superior, anterior segmentai lésion combined with superior, 
anterior, and médial cavitary defects. F, Pelvic discontinuity. Interruption of anterior and posterior columns créâtes rare but unstable 
defect. G f Arthrodesis. Acetabular cavity filled with bone. 


in the section on révision of total hip arthroplasty because 
this is the setting in which most acetabular deficiencies are 
encountered. The System is equally applicable to primary 
arthroplasties, however. Description of acetabular déficits 
makes preoperative planning easier and simplifies operative 
management (Fig. 3-162). 

Acetabular déficits are of two basic types: segmentai and 
cavitary. A segmentai deficiency is a complété loss of bone in 
the supporting rim of the acetabulum, including the médial 
wall. A cavitary deficiency is a volumétrie loss in the bony 
substance of the acetabular cavity. Segmentai and cavitary 
déficits are subdivided according to their location: anterior, 
superior, posterior, or central. These deficiencies may be iso- 
lated or may exist in combinations. A protrusio deformity 
represents a central cavitary déficit. When a loose socket 
migrâtes into the pelvis, a combined central segmentai and 
cavitary déficit is produced. Previous cernent fixation holes 
produce combined superior and posterior cavitary déficits. 
Superior segmentai and superior cavitary déficits occur in 
congénital hip dysplasia or with superior migration of an 
endoprosthesis or loosened socket. 


Pelvic discontinuity describes a fracture traversing the 
anterior and posterior columns with séparation of the supe¬ 
rior and inferior portions of the acetabulum. Arthrodesis 
implies no actual deficiency of acetabular bone stock, although 
the site of the true acetabulum may be difficult to locate. 

Although the A AO S classification is helpful in describing 
acetabular defects, the various types may be difhcult to appre- 
ciate on plain radiographs. Paprosky et al. developed a clas¬ 
sification System based on preoperative radiographs and 
intraoperative findings with the various classes determined 
by the relative position of the acetabular component to the 
host acetabulum, and the status of the host bone defined by 
bony landmarks. This System is helpful in preoperative 
planning because the defects encountered at surgery can 
offen be predicted by the class of deficiency (Fig. 3-163) and 
(Table 3-5). 

Anteroposterior and latéral radiographs, Judet views, and 
CT scans are offen helpful in evaluating the acetabular déficits 
preoperatively. Ultimately, the degree of deficiency is deter¬ 
mined intraoperatively when loose components are removed, 
and trial révision components are placed. Preoperative 
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A f Type I defect has minimal bone loss and negligible component migration. B, Type 2A defect with less than 2 cm 
superomedial migration. C f Type 2B defect with less than 2 cm superolateral migration. D f Type 2C defect with médial migration only. 
E f Type 3A defect with more than 2 cm component migration and bone loss from 10-o'clock to 2-o'clock position. F, Type 3B defect 
with more than 2 cm migration and bone loss from 9-o'clock to 5-o'clock position. (Redrawn from Paprosky WG, Perona PG, Lawrence JM: 
Acetabular defect classification and surgical reconstruction in révision arthroplasty: a 6-year follow-up évaluation, J Arthroplasty 9:33, 1994.) 


_ TABLE 3-5 _ JfgZH, 

Paprosky Classification of Acetabular Deficiencies 


Type I Supportive rim with no bone lysis or migration 
Type II Distorted hemisphere with intact supportive 
columns and <2-cm superomedial or 
superolateral migration 

a. Superomedial 

b. Superolateral (no dôme) 

c. Médial only 

Type III Superior migration >2-cm and severe ischial and 
médial osteolysis 

a. Kohler's line intact, 30%-60% of component 
supported by graft (bone loss: 10 o'clock to 
2 o'clock position) 

b. Kohler's line not intact, >60% of component 
supported by graft (bone loss: 9.00 o'clock to 
5.00 o'clock position) 


From Paprosky WG, Perona PG, Lawrence JM. Acetabular defect classification and 
surgical reconstruction in révision arthroplasty. A 6-year follow-up évaluation. 
J Arthroplasty 9:33-44, 1994. 


templating is useful to anticipate the size of the component 
required and the need for structural augmentation when the 
new component is placed in the proper location. 

■ MANAGEMENT 

The objectives of acetabular reconstruction are to (1) restore 
the center of rotation of the hip to its anatomie location, (2) 
establish normal joint mechanics, (3) reestablish the struc¬ 
tural integrity of the acetabulum, and (4) obtain rigid fixation 
of the révision prosthesis to host bone. Currently, most ace¬ 
tabular révisions are done with cementless components. 


MANAGEMENT OF ACETABULAR 
CAVITARY DEFICITS 


TECHNIQUE 3-22 


■Cavitary deficiencies are the easiest to manage. If the 
déficits are very small, ream to a slightly larger size to 
increase the area of host bone in contact with the implant 
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A f Cavitary deficiencies (arrows) in 42-year-old postal worker with groin pain 13 years after bipolar hemiarthroplasty. 
Polyethylene wear has produced large superior and médial cavitary deficiencies. B f Defects were filled with cancellous allograft with 
placement of porous révision implant. Hip center accurately restored. C f At 4 years, bone grafts hâve remodeled and appearance is 
that of a primary arthroplasty. SEE TECHNIQUE 3-22. 


surface. Insert the révision socket using the same tech¬ 
niques as for primary replacement (see Technique 3-3). 

■ If the déficits are larger, significant additional reaming 
would compromise the rim of the acetabulum and create 
a segmentai deficiency. 

■ Fill larger cavitary deficiencies with morselized autoge- 
nous or allograft cancellous bone grafts and impact them 
into place by using the last-sized reamer, turning in 
reverse or by impaction with an acetabular trial compo- 
nent of appropriate size. A larger than average final 
acetabular component may be required (Fig. 3-164). 

■ Large superior and central cavitary deficiencies require 
more extensive bone grafting. Use morselized graft or a 
solid bulk graft for large defects with additional particu- 
late bone graft to fill any smaller cavitary déficits (Fig. 
3-165). In either case, use the bone graft only as filler 
material and not as a structural support for the new 
implant. The intact peripheral rim of the acetabulum 
should be able to provide implant stability before the 
addition of any bone grafts. 

■ Through judicious reaming and careful implant sizing, 
place as much of the porous surface of the implant as 
possible against viable host bone. Use an implant over- 
sized 1 to 2 mm to achieve rim fixation, especially if large 
médial déficits hâve been grafted. 


■ Use ancillary screw fixation if the stability of the implant 
is in question with press-fit fixation alone. 

■ Insert an acetabular liner that will accommodate a fémoral 
head 32 mm or larger to enhance stability. 


■ SEGMENTAL DEFICITS 

Many segmentai acetabular déficits involve only a small area 
of the rim. These déficits seldom compromise prosthetic sta¬ 
bility and usually can be disregarded. Segmentai déficits in 
the anterior column usually do not require reconstruction 
(Fig. 3-166). If the prosthesis is contained by bone posteriorly 
and superiorly, the center of rotation of the hip is restored, 
and component stability is achieved, structural augmentation 
of the acetabulum is not required. In addition, central seg¬ 
mentai déficits can be managed similarly to central cavitary 
déficits. Particulate bone grafts are contained by intact soft 
tissues over the médial wall defect and incorporate readily. 
Structural médial wall bone grafts are seldom necessary. 
Some isolated superior segmentai déficits can be managed 
with an oblong-shaped révision acetabular component. This 
prosthetic solution allows restoration of the hip center to 
an anatomie location without the need for additional struc¬ 
tural augmentation (Fig. 3-167). Implantation of these devices 
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A f Large cavitary deficiencies in 85-year-old woman with acetabular loosening 18 years after primary cemented 
arthroplasty. Large superior and médial cavitary deficiencies combined with poor bone stock. Fixation is unlikely with conventional 
porous-coated implants. B f Extensive bone grafting with cancellous allograft combined with antiprotrusio cage. Implant is stable at 2 
years, and bone graft is incorporated. SEE TECHNIQUE 3-22. 



Anterior segmentai deficiency in young woman. A, Polyethylene wear produced this segmentai deficiency (between 
arrows) in anterior column of acetabulum. Posterior column is intact. B, Révision accomplished with large-diameter porous implant and 
cancellous bone grafting. No structural graft was required. 


requires spécial instruments and is technically more chal- 
lenging than for hemispherical implants. There is a tendency 
to place such implants in an excessively vertical position. A 
few small sériés hâve reported successful use of these implants 
in carefully selected patients. 

Structural augmentation is needed most commonly for a 
large posterior or superior segmentai deficiency that compro¬ 
mises the stability of the implant or that requires superior 
displacement of the center of rotation of the hip more than 
2.5 cm to place the implant against intact bone. Segmentai 
defects of this type may be managed with structural allograft s 


or, more recently, with modular métal augments. In most 
reported sériés, results of structural bone grafting for segmen¬ 
tai deficiencies hâve been best when at least 50% of the support 
of the révision acetabular component was provided by host 
bone rather than graft. Modular augments are advantageous 
because rigid initial fixation of the augment can be achieved, 
résorption of the augment is not a concern (unlike with 
allograft), and multiple augment sizes and configurations are 
available to accommodate complex bone loss and deformity 
(see Fig. 3-31). Short-term outcomes are encouraging with 
these devices, but longer-term follow-up is necessary. 
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Superior segmentai deficiency. A f Elderly woman with two previous révisions for developmental dysplasia. Residual 
high hip center with superior segmentai déficit can be seen. B f CT scan shows déficient posterior bone stock at high location. C f Best 
available posterior bone stock is at level of true acetabulum. D f Reconstruction with specialized, oblong révision acetabular component. 
No structural bone grafts were required, and early weight bearing was facilitated. 


MANAGEMENT OF SEGMENTAL 
ACETABULAR DEFICIT 


TECHNIQUE 3-23 


■ If a segmentai déficit is limited to the superior or the 
posterior rim of the acetabulum, a fémoral head allograft 
usually is sufficient. Use bone from an osteoarthritic 
fémoral head. Osteoporotic bone from a patient with a 
fémoral neck fracture is inadéquate. 

■ With a high-speed burr or matching male and female 
reamers, préparé the surfaces of the graft and the récipi¬ 
ent bed to match or leave the graft slightly larger than 
the déficit so that an interférence fit can be obtained to 
enhance stability. 

■ Use rigid internai fixation to secure the graft to host bone. 
Most superior segmentai déficits hâve a residual shelf of 
bone that supports the graft, and lag screws alone are 
sufficient for fixation (Fig. 3-168). Because bony support 
of posteriorly placed structural grafts often is not achieved, 
fixation with a buttress plate is required. 

■ Provisionally fix the graft with Kirschner wires. 


■ Ream the acetabulum to contour the inner surface of the 
graft along with the host acetabular bed for the final 
acetabular component. 

■ Contour a pelvic reconstruction plate along the posterior 
column and fix it with multiple screws. Remove the 
Kirschner wires. 

■ After placement of the révision socket, use ancillary 
screws to fix the implant to host bone. Screws fixing the 
socket to the bone graft do little to increase the stability 
of the construct. 


MANAGEMENT OF SEGMENTAL 
ACETABULAR DEFICIT 


TECHNIQUE 3-24 


(FLETCHER) 

■ Ream the native acetabulum in 1-mm incréments until 
two points of fixation are found. 
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Superior segmentai deficiency. A f Multiple previous révisions had been done for sequelae of congénital hip dysplasia. 
Socket previously was placed in false acetabulum with high hip center. Large superior segmentai defect is above true acetabulum. 
B, Five years after révision with structural bone grafting of superior segmentai déficit and cementless acetabular component, no migra¬ 
tion is seen but bone ingrowth is unlikely. SEE TECHNIQUE 3-23. 


■ Place an acetabular trial one size larger than the last 
reamer and assess stability. 

■ If stability is questionable, acetabular augments are used 
to improve stability by filling bony defects. 

■ Using trial augments as a guide for sizing the defect, 
ream the defect line-to-line to accommodate the augment 
while minimizing host bone removal. 

■ Place the definitive augment in the defect and fix with 
6.5-mm screws to host bone. Cancellous allograft can 
then be packed into the voids in the augment and in 
remaining cavitary defects (Fig. 3-169). 

■ Place doughy cernent at the interface of the augment and 
acetabular component and then impact the acetabular 
component into position. 

■ Use multiple screws through the acetabular shell into host 
bone to provide stability to the entire construct. 


■ COMBINED DEFICITS 

Combined superior and either posterior or anterior segmen¬ 
tai déficits usually are too large to be managed with a fémoral 
head allograft. Distal fémoral allograffs, modular métal aug¬ 
ments, cancellous allograft combined with an antiprotrusio 
cage, acetabular allograffs, custom triflanged acetabular com- 
ponents, and hemispherical components placed at a high hip 
center ail hâve been used to reconstruct these massive seg¬ 
mentai deficiencies. Cementless hemispherical components 
hâve shown better results when more than 50% of their 
surface is in contact with host bone. A tantalum métal révi¬ 
sion socket has been developed, which may require less than 
50% host bone available for stability, but long-term results are 
unavailable. Antiprotrusio cages hâve been combined with 
structural allograffs and cancellous impaction grafting for 



Combined deficiency including superior seg¬ 
mentai deficiency. Large hemispherical socket and trabecular 
métal augment fixed with multiple screws span the déficit. 
Smaller cavitary deficiencies were filled with cancellous allograft. 
(From Flecher X, Sporer S, Paprosky W: Management of severe bone 
loss in acetabular révision using a trabecular métal shell, J Arthroplasty 
23:949, 2008 ) SEE TECHNIQUE 3-24. 
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combined defects where less than 50% host bone is available 
for fixation. 

Sporer et al. described a technique of structural grafting 
using a distal fémoral or proximal tibial allograff fashioned 
in the shape of the numéral 7. The technique is recommended 
when superior migration of the hip center of more than 3 cm 
has occurred while the anterior and posterior columns are 
mostly intact (Paprosky IIIA). At 10 years follow-up, 17 of 23 
uncemented hemispherical cups combined with distal 
fémoral allograffs were successful without radiographie loos- 
ening or révision of the acetabular component. This tech¬ 
nique may be used for younger patients to improve bone 
stock, but older patients are treated with modular métal 
augmentation. 


MANAGEMENT OF COMBINED 
DEFICITS WITH STRUCTURAL 
GRAFTING 


TECHNIQUE 3-25 


(SPORER ET AL.) 

■ Select a distal fémoral allograft of appropriate size to fill 
the defect. Shape the condylar portion of the graft with 
female reamers so that the size of the graft is approxi- 
mately 2 mm larger than the defect. Fashion the graft in 
the shape of an inverted 7. 

■ Make a diaphyseal eut in the coronal plane, leaving the 
anterior cortex thick enough for screw fixation. 

■ Make an oblique eut through the posterior cortex, exiting 
just proximal to the posterior condyles (Fig. 3-17OA). 

■ Place the graft over the defect in the superior portion of 
the acetabulum and gently impact it into place with the 
eut portions of the graft buttressed against the superior 
portion of the acetabulum and ilium. 

■ Secure the graft to the ilium with multiple screws or a 
plate. Place the screws in a staggered fashion and tap the 
drill holes to avoid fracturing the graft (Fig. 3-170B). 


■ Ream the graft and remaining portions of the acetabulum 
with standard acetabular reamers to a size that leaves the 
anterior and posterior columns intact while maximizing 
contact for bone ingrowth for the révision prosthesis 

(Fig. 3-170C). 

■ Impact the acetabular component in the appropriate posi¬ 
tion and fix it to the host bone with multiple screws. 

When segmentai and cavitary déficits occur simultane- 
ously, the segmentai defect is reconstructed first to restore 
the rim. Any remaining cavitary déficits are filled with 
particulate cancellous graft. 


■ PELVIC DISCONTINUITY 

Pelvic discontinuity results from a transverse fracture of the 
acetabulum with complété séparation between the superior 
and inferior halves (Fig. 3-171). Berry et al. recommended 
posterior column plating and uncemented hemispherical 
components for patients with sufficient host bone to support 
such a component. They advised the use of an antiprotrusio 
cage and structural or cancellous graft for patients with pelvic 
discontinuity and more significant bone loss or previous 
pelvic irradiation. Paprosky et al. developed an algorithm for 
treating pelvic discontinuity based on its perceived healing 
potential. If such potential exists, the discontinuity is treated 
in compression with plating of the posterior column and a 
structural allograff or with a tantalum révision socket used as 
a hemispherical plate. If healing potential is insufficient, as in 
the setting of previous pelvic irradiation, the discontinuity is 
placed in distraction and the acetabulum reconstructed with 
an acetabular allograff, a tantalum métal socket combined 
with an antiprotrusio cage (so-called “cup-cage” construct), 
or a custom triflanged acetabular component (Fig. 3-172). 

Antiprotrusio cages hâve been used for combined defi- 
ciencies and pelvic discontinuities with insufficient host-bone 
contact or stability for a hemispherical socket. This is particu- 
larly true when structural bone grafting has been required. 
The flanges of the device should be supported by intact host 
bone in the ilium rather than graft. Winter et al. reported no 
migration and graft incorporation in 100% of 38 hips treated 



^gp Paprosky "7" graft for segmentai acetabular deficiency. A f Distal fémoral allograft is shaped to resemble numéral 7. 
B, Graft is shaped to fit acetabular deficiency and fixed as shown, with several screws placed above acetabulum through remaining 
cortical portion of graft. C f Graft is reamed, and révision component is implanted. SEE TECHNIQUE 3-25. 






CHAPTER 3 ARTHROPLASTY OF THE HIP 


9 



Pelvic discontinuity. A f Four years after total hip replacement in a 70-year-old woman with history of pelvic irradia¬ 
tion for cervical carcinoma; acetabular component failed. Large deficiency of anterior column with fracture through posterior column 
(arrow). B, Acetabular reconstruction done with antiprotrusio cage and extensive bone grafting. 


with cancellous allograft and a Burch-Schneider cage at 7.3 
years average follow-up. In our expérience, failures with 
these devices hâve occurred with higher-grade deficiencies 
and inadéquate ischial fixation. 


MANAGEMENT OF PELVIC 
DISCONTINUITY WITH 
ANTIPROTRUSIO CAGE 


TECHNIQUE 3-26 


(WINTER ETAL.) 

■ Expose the failed acetabular component 
circumferentially. 

■ Remove the component and débridé cernent and mem¬ 
brane from the remaining acetabulum with curettes, 
ostéotomies, and hemispherical reamers to achieve a well- 
vascularized bed. 

■ Morselize cancellous allograft bone into 1-cm 3 chips; 
press the cancellous chips into the cavity and condense 
them into a hemispherical shape. 

■ Bend the flanges of the antiprotrusio cage to fit into a 
slot in the ischium and against the host ilium. Fix the ring 
to the ilium and ischium with screws. 

■ Cernent an all-polyethylene Socket into place with a 2- to 
3-mm cernent mantle. 


In rare instances, the acetabulum is so déficient that a 
whole acetabular allograft or a custom triflanged component 
is the only option. Garbuz, Morsi, and Gross found that 45% 
of massive acetabular allograft révisions required révision at 
minimum 5-year follow-up. Their best results were obtained 



Cup-cage construct. Pelvic discontinuity and 
large superior segmentai defect required tantalum hemispherical 
acetabular component with superior augment, antiprotrusio 
cage, and cemented polyethylene liner. 


when the allograft was augmented with an acetabular rein¬ 
forcement ring. DeBoer et al. reviewed a group of 20 hips in 
18 patients with pelvic discontinuity treated with a custom, 
triflanged component (Fig. 3-173). At average 10-year sur¬ 
veillance, no components were revised and none were radio- 
graphically loose. Dislocation was the most common 
complication, occurring in five hips. Procedures of this degree 
of complexity are best referred to a major center with sur¬ 
geons skilled in révision surgery. 
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Custom porous-coated triflanged acetabular 
prosthesis for pelvic discontinuity. (From DeBoer DK, Christie MJ, 
Brinson MF, Morrison JC: Révision total hip arthroplasty for pelvic dis¬ 
continuity, J Bone Joint Surg 89A:835, 2007.) 


MANAGEMENT OF PELVIC 
DISCONTINUITY WITH ALLOGRAFTING 
AND CUSTOM COMPONENT 


TECHNIQUE 3-27 


(DEBOER ETAL) 

■ Expose the failed acetabular component through a pos¬ 
térolatéral approach and remove it along with any resid- 
ual cernent and fibrous membrane. 

■ Trace the sciatic nerve up to the greater sciatic notch 
to avoid injury during ischial dissection and cup 
implantation. 

■ Perform limited dissection in the sciatic notch région and 
avoid abductor tension by abduction and proximal trans¬ 
lation of the fémur. 

■ Elevate the gluteus médius subperiosteally off of the ilium 
for placement of the iliac flange of the component. 

■ Release part of the hamstring origin from the ischium 
before placement of the ischial flange. 

■ Place cancellous allograft bone along the area of the 
discontinuity. 

■ Fix the ischial flange first with multiple screws. 

■ Insert iliac screws second, reducing this flange to host 
bone. 


_ TABLE 3-6 _ 

American Academy of Orthopaedic Surgeons 
Classification of Fémoral Deficiencies 


Type 1 

Segmentai deficiencies 
Proximal 

Partial 

Complété 

Intercalary 

Greater trochanter 

Type II 

Cavitary deficiencies 
Cancellous 

Cortical 

Ectasia 

Type III 

Combined deficiencies 

Type IV 

Malalignment 

Rotational 

Angular 

Type V 

Fémoral stenosis 

Type VI 

Fémoral discontinuity 


From D'Antonio J, McCarthy JC, Barger WL, et al: Classification of fémoral abnor- 
malities in total hip arthroplasty. Clin Orthop 296:133-139.1993. 


■ Place the desired acetabular liner, giving considération to 
a constrained liner if the abductor muscles are déficient. 


RECONSTRUCTION OF FEMORAL 
DEFICIENCIES 

Fémoral bone stock is déficient to some degree in most révi¬ 
sions, a condition that may resuit from (1) osteolysis caused 
by loosening, wear, or infection, (2) perforation or création 
of Windows during removal of the previous stem or other 
implant, (3) stress shielding from an excessively stiff or exten- 
sively porous-coated implant, or (4) preexisting osteoporosis. 
Reconstruction may be complicated further by fémoral defor- 
mity or fracture. 

■ CLASSIFICATION 

The AAOS Committee on the Hip proposed a System for the 
classification of fémoral deficiencies in total hip arthroplasty 
(Table 3-6). Although the System is most commonly used in 
reference to révision surgery, it also is applicable to primary 
arthroplasties. The essential terminology from the acetabular 
classification has been maintained to promote continuity. 
Accurate description of deficiencies simplifies preoperative 
planning (Fig. 3-174). 

Fémoral bony deficiencies are of two basic types: segmen¬ 
tai and cavitary. A segmentai déficit is defined as any loss of 
bone in the supporting cortical shell of the fémur. A cavitary 
déficit is a contained lésion representing an excavation of the 
cancellous or endosteal cortical bone without violation of the 
cortical shell of the fémur. Involvement can be categorized as 
level I, proximal to the inferior border of the lesser trochan¬ 
ter; level II, from the inferior margin of the lesser trochanter 
to 10 cm distally; or level III, distal to level II. 
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Fémoral defects. A f Segmentai defect: loss of fémoral cortical bony support. It may be partial and proximal involving 
loss of bone through level of fémur, or it may be intercalary lésion with intact bone above and below or involve greater trochanter. 
Most severe degree of segmentai bone loss is complété proximal circumferential loss of bone. B f Cavitary defect: loss of cancellous or 
endosteal cortical bone without violation of outer cortical shell. Ectasia is severe form of cavitary defect in which fémoral cavity is 
expanded. C, Combined defects: combination of segmentai and cavitary bone loss in fémur. It can occur in combination through any 
of three levels of fémur. D, Malalignment: a distortion of fémoral architectural geometry in either rotational or angular plane. 
E f Fémoral stenosis: partial or complété occlusion of fémoral intramedullary canal. F, Fémoral discontinuity: interruption of integrity of 
fémoral shaft, usually as a resuit of fracture or nonunion, with or without presence of an implant. G, Fémoral levels. (Redrawn from 
D'Antonio JA: Classification of fémoral bony abnormalities. In Galante JO, Rosenberg AG, Callaghan JJ, editors: Total hip révision surgery, New York, 
1995, Raven Press.) 
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Segmentai fémoral deficiencies can be divided further 
into deficiencies that are partial or complété and by their 
involvement of the anterior, médial, or posterior cortex. 
When a segmentai déficit has intact bone above and below, 
such as with a cortical window, it is referred to as an interca- 
lary déficit. The greater trochanter is treated as a separate 
segmentai déficit because of the spécial problems of trochan- 
teric nonunion and abductor insufficiency. 

Cavitary déficits are subdivided according to the degree 
of bone loss présent within the fémur. Cancellons déficits rep- 
resent loss of only the cancellous medullary bone. Cortical 
cavitary déficits are more extensive and involve loss of cancel¬ 
lous and endosteal cortical bone stock. Ectasia is a specialized 
cavitary déficit in which the fémur is dilated in addition to 
loss of cancellous bone, with thinning of the cortex. Com- 
bined segmentai and cavitary déficits often are encountered 
in révision surgery, such as when a loose stem subsides or 
migrâtes into varus or rétroversion, and there is concomitant 
osteolysis. 

Distortion of the fémoral canal is described separately. 
Malalignment refers to a distortion of the fémoral architec¬ 
tural geometry and can be either angular or rotational. Devel- 
opmental diseases of the hip, fracture malunion, previous 
osteotomy, and the process of loosening ail may contribute to 
malalignment. Stenosis describes a partial or complété occlu¬ 
sion of the fémoral canal resulting from previous trauma, 
fixation devices, or bony hypertrophy. Fémoral discontinuity 
refers to a loss of fémoral integrity, from either an acute frac¬ 
ture or an established nonunion. 

Délia Valle and Paprosky developed a fémoral defect clas¬ 
sification along with guidelines for treatment of each type of 
deficiency. Type I fémurs hâve minimal metaphyseal cancel¬ 
lous bone loss with an intact diaphysis. This type of defect 
occurs with uncemented, non-porous-coated, press-fit stems. 
Most type I fémurs can be reconstructed with cemented or 
uncemented primary length components. Type II fémurs 
hâve extensive cancellous metaphyseal bone loss down to the 
level of the lesser trochanter with an intact diaphysis. Calcar 
replacement stems are often required to restore limb length. 
Cementless stems with diaphyseal fixation from extensive 
porous coating or proximally porous-coated modular stems 
hâve been used successfully in this setting. Type IIIA defects 
are characterized by extensive metaphyseal cancellous bone 
loss with some diaphyseal bone loss as well, but with more 
than 4 cm of diaphyseal bone available for distal fixation. 
Extensively porous-coated stems 8 inches or longer are rec- 
ommended for type IIIA fémurs. Type IIIB defects are dif- 
ferentiated by less than 4 cm of intact diaphysis with extensive 
metaphyseal and diaphyseal bone loss. Extensively porous- 
coated cylindrical stems hâve performed poorly in this 
setting. Impaction grafting of the fémur may be considered 
in this situation, along with modular tapered fluted stems. 
Type IV fémurs hâve a widened fémoral canal and no diaphy¬ 
seal bone of sufficient quality for cementless fixation. Impac¬ 
tion grafting or proximal fémoral replacement with an 
allograft-prosthetic composite construct or modular tumor 
prosthesis may be used in this extreme bone deficiency 
(Fig. 3-175). 

■ MANAGEMENT 

High-quality anteroposterior and latéral radiographs of the 
fémur are prerequisites for fémoral révision. When significant 


proximal déficits are présent, films showing the distal portion 
of the fémur are necessary to evaluate bone stock for distal 
fixation. Preoperative templating is helpful in evaluating leg- 
length discrepancy and for selecting the correct implant 
diameter, length, neck length, and offset. The need for spe¬ 
cialized implants and bone grafts also can be anticipated. The 
objectives of fémoral révision surgery are to (1) maintain 
fémoral integrity and bone stock, (2) achieve rigid prosthetic 
fixation, (3) restore hip biomechanics to promote efficient 
abductor function, and (4) equalize leg lengths. 

■ SEGMENTAL DEFICITS 

Segmentai déficits, such as fémoral cortical Windows, create 
stress risers in bone that prédisposé to postoperative fracture. 
Biomechanical studies hâve shown that the stress pattern of 
a tubular bone returns to normal at a distance of two bone 
diameters distant to a defect. A révision stem of sufficient 
length to pass at least this distance beyond cortical defects is 
used. If the ratio of the diameter of the perforation to that of 
the fémur is less than 30%, the decrease in strength is not 
appreciably different for holes of varying size. For perfora¬ 
tions less than one third the diameter of the bone, particulate 
graff can be used. 

For larger cortical Windows, an onlay cortical allograff 
strut is used (Fig. 3-176). Allograff cortical struts typically are 
harvested from the proximal or distal fémur or from the tibia. 
The endosteal surface of the allograff strut is contoured to 
match the outer diameter of the host fémur and is secured 
with multiple cerclage wires (Fig. 3-177). The interfaces are 
augmented with autogenous or allograff cancellous bone 
graff. Cortical strut grafts reliably unité to the fémoral cortex 
when fixation of the graff and the implant is rigid. Emerson 
et al. showed radiographie union in 96.6% of patients at an 
average of 8.4 months affer surgery. Grafts underwent vari¬ 
able degrees of rounding off, partial or complété bridging, 
cancellization, and résorption. 

Segmentai loss of cortical bone from the proximal fémur 
is common in révision surgery. The médial neck frequently is 
absent down to and including the lesser trochanter. Fémoral 
length must be restored for proper leg length and abductor 
tension. 

A calcar replacement or extended neck prosthesis is a 
relatively simple option for restoring fémoral length (Fig. 
3-178). The available Systems hâve build-up lengths of 25 to 
55 mm, which generally replace médial bone loss down to the 
inferior aspect of the lesser trochanter. The opposite fémur is 
templated to détermine the size necessary to restore fémoral 
length and offset. Rotational stability is achieved by using 
cernent or a stem with distal flûtes, extensive porous coating, 
or a curved stem. Reattachment of a trochanteric osteotomy 
fragment is difficult when a calcar replacement stem design 
has been used. Generally, no bony bed remains for reattach¬ 
ment, and although many such stem designs may provide for 
fixation of the trochanteric fragment to the stem, this is prone 
to failure. If trochanteric osteotomy is required for exposure, 
an extended-type osteotomy (see Fig. 3-149) is préférable 
when a calcar replacement stem is to be used. 

When partial segmentai déficits extend below the level 
of the lesser trochanter into zones II or III, a calcar replace¬ 
ment stem alone is insufficient, and distal fixation of the 
fémoral component is required. The révision prosthesis must 
be supported predominantly by host bone; strut grafts are not 




A and B f Type I fémoral deficiency: minimal loss of metaphyseal cancellous bone and intact diaphysis. C and D f Type 
Il fémoral deficiency: extensive loss of metaphyseal cancellous bone and intact diaphysis. E and F, Type MA fémoral deficiency: metaphysis 
is severely damaged and nonsupportive, with greater than 4 cm of intact diaphyseal bone available for distal fixation. Horizontal lines 
on radiograph demarcate amount of fémoral isthmus available for distal fixation. G and H, Type INB fémoral deficiency: metaphysis is 
severely damaged and nonsupportive, with less than 4 cm of diaphyseal bone available for distal fixation. Horizontal lines on radiograph 
demarcate amount of fémoral isthmus available for distal fixation. I and J, Type IV fémoral deficiency: extensive metaphyseal and 
diaphyseal damage in conjunction with a widened fémoral canal. Isthmus is nonsupportive. (From Valle CJD, Paprosky WG: Classification 
and an algorithmic approach to the reconstruction of fémoral deficiency in révision total hip arthroplasty, J Bone Joint Surg 85A:1, 2003.) 
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reliable to provide primary support for the fémoral 
component. 

■ CAVITARY DEFICITS 

Cavitary déficits are always présent in the proximal fémur to 
some degree after removal of the previous fémoral compo¬ 
nent. If déficits are limited to cancellous bone and areas of 
intact trabecular bone remain adjacent to the cortex, suffi - 
cient cernent interdigitation may occur to provide long-term 
fixation with a cemented révision prosthesis (Fig. 3-179). 
Using second-generation cernent technique, Mulroy and 
Harris found that 20% of stems had been revised again at 15.1 
years, and an additional 6% were radiographically loose. Katz 
et al. found a similar failure rate of 26% for cemented révision 



A f Patient was referred with failed long-stem 
cemented révision prosthesis. Large antérolatéral cortical window 
had been created during previous surgery and was filled with 
cernent (arrows). B, Window was used for cernent removal. Fémur 
was reconstructed with cementless long stem and allograft corti¬ 
cal strut to restore latéral cortex. Note restoration of bone stock 
at 3 years. 


stems followed for more than 10 years. Third-generation 
cernent technique has not improved the results with cemented 
fémoral révisions. Hultmark et al. reported an 85% survivor- 
ship at 10 years in 109 hips treated with second-generation 
or third-generation technique. At a minimum of 20 years of 
surveillance, Trumm et al. showed that 7 of 23 fémoral com- 
ponents (30.3%) were revised for either aseptie loosening or 
radiographie loosening. 

The loss of bone stock in the fémur is a major factor in 
the failure of cemented fémoral révisions. Often the trabecu¬ 
lar surface of the bone is lost with a loosened prosthesis, 
leaving a smooth interface with few crevices for cernent inter¬ 
digitation. The mechanical interlock that is intégral to cernent 
fixation becomes difficult to obtain in this setting. In a cadaver 
study, Dohmae et al. measured fémoral bone-cement inter¬ 
face shear strength at only 20.6% of primary strength after a 
single révision and 6.8% after a second cemented révision. 



Restoration of fémoral length with calcar 
replacement prosthesis. A f Severe stem subsidence produced this 
proximal segmentai deficiency. Limb was 5 cm short. B, Length 
was easily restored, and stable fixation was achieved with calcar 
replacement stem. 



Placement of cortical allograft strut for fémoral cortical defect. A f Mismatch between inner diameter of allograft 
strut and outer diameter of fémur produced poor contact with host bone. B f Endosteal surface of graft is contoured with burr to 
produce matching curvatures. C f Graft is fixed securely with multiple cerclage wires. 
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Cemented fémoral révision. A f Elderly woman with acetabular loosening 15 years after primary procedure. Fémoral 
component was not loose, but révision was required for incompatible head size (Bechtol stem). B f After removal of cernent, adéquate 
cancellous bone remained for interdigitation with another cemented stem. Cernent interfaces are satisfactory. 


Particulate cancellous bone graft is useful for filling small 
déficits adjacent to a cementless révision stem that is mechan- 
ically stable by virtue of its fit within the canal. After obtain- 
ing the stem size that achieves stability, areas that require 
grafting are determined. The stem is inserted partially to 
occlude the canal and prevent the distal egress of particulate 
graft material. Cancellous bone graft is inserted into cavitary 
déficits as the stem is inserted so that the bone graft is 
impacted into position. Particulate bone grafting cannot be 
relied on, however, to provide axial or rotational stability to 
a cementless fémoral component. 

When more extensive cavitary déficits or ectasia is présent 
proximally, a size mismatch occurs between the proximal and 
distal aspects of the fémur. This mismatch can be accommo- 
dated in several ways: 

1. Reaming the canal to a larger size to allow insertion of a 
larger implant that fills the metaphysis more completely 

2. Use of a specialized révision fémoral component that 
is intentionally oversized proximally compared with 
primary stems 

3. Reliance on distal fixation of an extensively porous coated 
or distally tapered fluted component with cancellous 
grafting of proximal cavitary déficits or a réduction oste- 
otomy of the proximal fémur. 

4. Use of cancellous impaction bone grafting combined with 
a cemented fémoral component 

Reaming of the distal portion of the canal to allow insertion 
of a larger fémoral component that provides adéquate proxi¬ 
mal fit sacrifices host bone unnecessarily. A larger diameter 
stem is more likely to produce stress shielding of the fémur 
with additional bone loss. Larger, stiffer stems also hâve been 
implicated as a cause of postoperative thigh pain. To alleviate 
this problem, many implant Systems now include modular 
révision fémoral components with two or more proximal 


stem sizes for each distal diameter. These implants are over¬ 
sized proximally compared with implants typically used in 
primary arthroplasties. 

Cameron advocated the use of a modular stem to allow 
individual sizing of the proximal and distal portions of the 
fémoral canal so that deficiencies can be managed without 
the need for additional removal of distal bone (see Fig. 3-26). 
Précisé reaming of the remaining proximal bone stock allows 
a stem with limited porous coating to be used while restoring 
proximal loading of the fémur. Using this approach, Cameron 
reported a 1.4% rate of aseptie loosening in a group of 320 
révision arthroplasties at a mean follow-up of 7 years. McCar¬ 
thy and Lee found 60% survivorship at 14-year follow-up 
using the same type of implant. Their sériés showed reliable 
fixation in Paprosky type II and IIIA fémurs, but they recom- 
mended other forms of fixation for type IIIB and IV deficien¬ 
cies. The version of this implant with hydroxyapatite sleeves 
has had excellent results in a sériés of predominantly type I 
through IIIA fémoral defects, with 90.5% survivorship at 
15-year follow-up and 0.7% rate of aseptie loosening. 


MANAGEMENT OF FEMORAL DEFICIT 
WITH MODULAR FEMORAL 
COMPONENT 


TECHNIQUE 3-28 


(CAMERON) 

■ Perform the neck resection at the appropriate level, based 
on preoperative templating and/or intraoperative use of 
the neck resection guide. The neck resection is made 
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S perpendicular to the long axis of the fémur. In the révision 
setting, further neck resection may not be necessary. 

■ Ream the diaphysis of the fémur with straight rigid 
reamers until cortical contact is achieved. Final reamer 
diameter should be equal to or 0.5 mm larger than the 
minor diameter of the proposed fémoral component. 

■ Ream the metaphysis with the appropriate conical reamer 
until cortical contact occurs within the metaphysis. 

■ Préparé the calcar région by milling with the triangle 
reamer to accommodate the triangular portion of the 
metaphyseal sleeve. 

■ Impact the trial metaphyseal sleeve. 

■ Assemble the remainder of the diaphyseal portion of the 
stem along with the proximal body and neck. Place this 
portion down the fémoral canal in the desired amount of 
antéversion. This can be adjusted independent of the 
orientation of the metaphyseal sleeve. 

■ After trial réduction ensures adéquate length and stability, 
place the final components as described previously for the 
trial components. Consider placing a prophylactic cable 
or wire around the proximal fémur if it is ostéopénie to 
prevent fracture. 


Extensively porous-coated stems (see Fig. 3-25) achieve 
stability through distal fixation when proximal bone stock is 
déficient. Some of the longest follow-up studies of cementless 
fémoral révisions hâve used this technique. At a mean 7.4 
years, Lawrence, Engh, and Macalino found that 5.7% of 
stems required repeat révision. Weeden and Paprosky 
reported an overall mechanical failure rate of only 4.1% of 
extensively porous-coated révision stems with distal fixation 
at 14.2 years. Emerson, Head, and Higgins reported similarly 
favorable results with a 40% porous-coated calcar replace¬ 
ment stem. At average 11.5 years follow-up, 94% remained 
in situ with only 3% mechanical failure rate leading to révi¬ 
sion. These results surpass the results of most cemented 
fémoral révision sériés with comparable follow-up. 


REVISION WITH EXTENSIVELY 
POROUS-COATED FEMORAL STEM 


TECHNIQUE 3-29 


(MALLORYAND HEAD) 

■ Perform the neck resection at the appropriate level, based 
on preoperative templating and/or intraoperative use of 
the neck resection guide or a trial prosthesis. Approxi- 
mately two [thirds of the proximal fémoral component 
should be supported by host bone. 

■ Ream the diaphysis of the fémur with flexible reamers if 
a bowed component is desired. Reaming continues until 
cortical contact occurs. Rigid cylindrical reamers are used 
if a straight fémoral component is chosen. Bowed stems 
require overreaming by one millimeter, whereas straight 
stems are reamed "line-to-line," in that the stem matches 
the size of the last reamer. 


■ Broach the proximal fémur with appropriately sized 
broaches attached to a distal pilot of the same size as the 
last reamer. Broaching may be unnecessary or even 
impossible if the proximal fémur is ostéopénie. 

■ Assemble a trial component of the correct size and 
perform a trial réduction to ensure appropriate limb 
length, stability, and offset. 

■ Place the final fémoral component, carefully maintaining 
the desired amount of antéversion while remaining vigi¬ 
lant for fractures. 


Unreliable fixation occurs with extensively porous coated 
stems when less than 4 cm of diaphyseal bone remains 
(Paprosky IIIB). Impaction graffing techniques and modular 
distally fluted stems are recommended in this setting. Tapered 
fluted stems historically suffered from high rates of subsid¬ 
ence and problems with dislocation. Modular designs, which 
allow independent sizing of the distal and proximal portions, 
allow for more reliable distal fixation with lower rates of sub¬ 
sidence and improved restoration of offset and limb length 
(see Fig. 3-121). Often these components are combined with 
various types of fémoral osteotomy to allow “straight-shot” 
access to the distal fémur and reduce the risk of fémoral 
perforation or fracture. Mechanical failure of the modular 
taper has been reported and has led several authors to recom- 
mend some structural support to the proximal body of the 
prosthesis by cabling the host bone around the stem or by 
allograff augmentation with struts or more substantial graffs. 
In a rétrospective multicenter sériés of 143 patients treated 
with the same modular fluted tapered stem, survivorship was 
97% with 2.1 mm mean subsidence at average 40 months 
follow-up. Another sériés with longer follow-up, including 
patients with Paprosky III or IV fémoral defects or Vancouver 
B3 periprosthetic fractures, found 97% of the fémoral com¬ 
ponents remaining in place at an average of 6.4 years 
postoperatively. 


MANAGEMENT OF PROXIMAL 
FEMORAL BONE LOSS WITH DISTALLY 
FIXED STEM 


TECHNIQUE 3-30 


(KWONG ETAL) 

■ Expose and remove the previous fémoral component by 
a postérolatéral approach. Use an extended trochanteric 
osteotomy if necessary. 

■ Ream the diaphysis of the fémur into a tapered shape 
with the appropriate reamers. Ream to the depth estab- 
lished by preoperative templating 

■ Impact the distal portion of the stem into the prepared 
distal fémur. Seat the stem only as far as reaming has 
occurred, based on preoperative templating. Place the 
stem initially with the bow directed laterally. Rotate the 
stem, moving the bow anteriorly as the stem is driven 
down the fémoral shaft. 
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■ Thread the reamer adapter to the distal portion of the 
stem and ream the metaphysis. 

■ Perform a trial réduction with a provisional proximal 
segment. Adjust leg length, antéversion and offset as 
needed for stability. 

■ Place the definitive proximal portion of the fémoral com- 
ponent and reduce the hip. 

■ If an extended trochanteric osteotomy was performed, 
reduce the osteotomy and repair it with cerclage wiring. 
Preserve blood supply to the proximal fémur as much as 
possible. 


When using diaphyseal fixation, large gaps may remain 
between the fémoral component and the remaining proximal 
fémoral cortical shell. Kim and Franks described the use of a 
longitudinal wedge osteotomy of the postérolatéral fémoral 
cortex to reduce the size of the proximal fémur. Affer removal 
of the cortical wedge, the remaining segments of cortex are 
carefully compressed, and cerclage wires are placed around 
the proximal portion of the révision stem (Fig. 3-180). A 
réduction osteotomy restores some degree of proximal 
support of the prosthesis and improves the apposition of bone 
to the porous surface of the implant, improving the chances 
for bone ingrowth in difficult révisions. 

Gie et al. described a technique for management of proxi¬ 
mal fémoral deficiencies that combines impaction bone graff- 
ing with a cemented révision stem (Fig. 3-181). The authors 
reported 98% survivorship for aseptie loosening and 84% 
survivorship for révision at 10 years with 540 fémoral révision 
arthroplasties using this technique. Most of the complications 
were caused by dislocation (4.1%) or fémoral fracture (5.4%). 


A Swedish study of 1305 impaction graffing fémoral révisions 
found 94% survivorship for ail causes of failure at 15 years. 

Collarless polished stems and collared stems with various 
finishes hâve been used successfully with impaction graffing 
in multiple studies. Longer-term follow-up is necessary to 
assess the effect of surface finish on the success of this tech¬ 
nique. Impaction graffing requires specialized instrumenta¬ 
tion and the availability of large amounts of cancellous bone 
graff. We hâve used this approach in some patients and been 
impressed by the degree of restoration of proximal fémoral 
bone stock. 


MANAGEMENT OF PROXIMAL 
FEMORAL DEFICIENCIES WITH 
IMPACTION BONE GRAFTING AND 
CEMENTED REVISION STEM 


TECHNIQUE 3-31 


(GIE, MODIFIED) 

■ Expose and remove the previous fémoral component. 

■ Débridé any residual cernent or fibrous membrane from 
the canal. A well-fixed cernent plug may be retained to 
support the bone graft and cernent column. 

■ Inspect the fémur for segmentai defects. If présent, 
occlude these with wire mesh or allograft struts. 

■ Occlude the canal 3 cm below the lowest cavitary defect 
or below the planned tip of the stem. 

■ After placing the centering guide, pack the canal with can¬ 
cellous chips using progressively sized cylindrical packers. 



jJU Fémoral réduction osteotomy. A f Large proximal fémoral osteolytic defects produce ectasia, but with relatively small 
distal canal diameter. B f Mismatch was managed by resecting wedge from proximal fémur to reduce its size. Proximal fragments are 
more closely apposed to révision stem. Note formation of callus at 3 months (arrow). 
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Impaction grafting. A f Failed cemented fémoral component with large cavitary deficiencies and ectasia. B f One year 
after impaction grafting and cemented révision with collarless, polished, tapered stem. Small degree of subsidence has occurred. 


■ When the canal is two-thirds full, shape the canal with 
the appropriately sized tamps. Tamping continues until 
rotational stability of the last tamp is achieved. 

■ Perform a trial réduction and assess leg-length and 
stability. 

■ Remove the tamp and inject cernent into the canal 
with a cernent gun, followed by the definitive fémoral 
prosthesis. 


■ MASSIVE DEFICITS 

Occasionally, bone loss in the proximal fémur is so extensive 
that the remaining bone cannot support a new prosthesis. 
Most patients with this problem hâve had multiple previous 


operations on the hip, and the fémur may hâve been fractured 
or perforated. The cortex in the proximal fémur is thin and 
fragile and may be completely absent in several areas, requir- 
ing a massive proximal fémoral allograff or modular proximal 
fémoral replacement prosthesis for reconstruction of the 
fémur. Large segment allograff s usually must be purchased 
from a régional tissue bank, and careful preoperative plan¬ 
ning is required to ensure a graff of adéquate size and length 
is obtained. Calibration markers are placed on preoperative 
radiographs of the allograff to ensure the graff spans the 
length of the bony déficit, and the canal of the graff is tem- 
plated to ensure a prosthesis of adéquate size can be placed 
through the graff. A large discrepancy between the diameter 
of the graff and the host fémur makes the reconstruction 
more difficult. 
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Proximal fémoral allograft. A and B, Extensive ectasia and osteolysis of proximal fémoral cortex in 42-year-old woman 
with three previous failed révisions. Distal portion of stem remained well fixed and required slotting of fémur for removal of cernent 
and stem. C and D f Reconstruction with proximal fémoral allograft. Long step-cut in graft covered cortical slot and improved rotational 
stability between graft and host bone. Stem was cemented to graft only and not distally. 


Cernent provides the best fixation between the prosthesis 
and allograft because bone ingrowth cannot be expected to 
occur. Most authors recommend fixation of the prosthesis 
into the distal host bone without cernent if technically feasi- 
ble. Whatever the means of fixation, axial and rotational sta¬ 
bility must be achieved at the allograft-host junction. This can 
be accomplished by making a step-cut osteotomy (Fig. 3-182), 
by press-fitting the allograft into the host fémur, or by using 
a plate or an additional onlay cortical strut. 

Proximal fémoral allograft reconstructions are techni¬ 
cally demanding and are associated with higher complication 
rates than other révision procedures. Union at the graft-host 
junction often requires months, and unprotected weight 
bearing should be delayed until there is radiographie évi¬ 
dence of union. Despite incorporation at the interface, the 
greater substance of the graft persists as dead bone through- 
out the duration of implantation. Dislocation rates are high, 
and numerous authors advocate the prophylactic use of an 
abduction orthosis or spica cast. Fracture is common with 
unsupported load-bearing allografts, and these grafts should 
be supported by an intramedullary stem Crossing the allograft - 
host junction. Because of the length of the procedure and the 
degree of soft-tissue dissection, infection is more common 
than in other révision arthroplasties, and these infections 
usually resuit in failure because of the large segment of dead 
bone. Most surgeons advocate the use of antibiotic- 
impregnated cernent in procedures requiring large-segment 
allografts, although no long-term studies are available to 
support this practice. 

Sternheim et al. published the longest follow-up study of 
allograft-prosthetic composites. They followed 28 patients for 
an average of 15 years and reported 75% survivorship. At 
similar long-term follow-up, Babis et al. reported a 69% 
success rate at 12 years. 


MANAGEMENT OF MASSIVE DEFICITS 
WITH PROXIMAL FEMORAL 
ALLOGRAFT-PROSTHESIS COMPOSITE 


TECHNIQUE 3-32 


■ Preferably, two separate surgical teams are available 
for the procedure. After appropriate measurements are 
taken, one team préparés the allograft while the other 
complétés the surgical exposure, removes the compo- 
nents and cernent, and préparés the distal fémur. 

■ Expose the hip and fémoral shaft through a transtrochan- 
teric approach. 

■Osteotomize the trochanter as a large fragment so that 
it can be rigidly reattached to the allograft later. 

■ Place a pin in the pelvis and measure the length of the 
fémur to a fixed point distally so that limb length can be 
accurately restored. 

■ Dislocate the hip and remove the fémoral component by 
previously described techniques. 

■ Evaluate the extent of bony deficiency and détermine if 
an allograft is necessary for reconstruction. If so, divide 
the fémoral shaft at the distal extent of the bony defi¬ 
ciency. Often the deficiency is more pronounced on one 
side of the bone than the other. 

■ Make a step-cut, oblique, or transverse osteotomy of the 
fémur, preserving the best bone on the host distal fémur. 

■ Split the remaining proximal fémur longitudinally, preserv¬ 
ing as much of the soft-tissue attachment as possible. 

■ Remove residual cernent and membrane from the proxi¬ 
mal fragments. 
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■ Take cultures of the fémoral allograft. 

■ Measure the length of the proximal fémur that must be 
replaced and fashion the allograft to match the fémoral 
osteotomy. 

■ Maintain proper rotational alignment between the 
allograft and host bone by aligning the linea aspera. 

■ Préparé the allograft at a separate workstation while 
cernent is being removed from the remainder of the distal 
fémur. Stabilize the allograft in a vise and use reamers and 
broaches to préparé it in standard fashion. Avoid excessive 
reaming of the allograft in an attempt to place a larger 
sized stem because the graft would be weakened. 

■ Place the trial fémoral prosthesis within the allograft in 
the correct degree of antéversion and insert the compos¬ 
ite into the distal fémur. 

■ Trim the bone as necessary to produce a précisé fit at the 
allograft-host junction. 

■ Provisionally fix the junction with bone-holding forceps or 
with a heavy plate held with forceps at each end. 

■ Measure the limb length, evaluate the stability of the 
joint, and make any necessary adjustments. Several trial 
réductions may be necessary to adjust the length of the 
limb and to contour precisely the junction between the 
allograft and the remaining host bone. 

■ Select a fémoral prosthesis long enough to bypass the 
junction and achieve distal stability. Cernent the prosthe¬ 
sis into the allograft first. 

■ Clean the graft with pulsed lavage and use cernent 
mixed with porosity réduction techniques (see Technique 
3-6). 

■ Remove cernent from the distal portions of the stem and 
allograft. Pay spécial attention to the removal of cernent 
from the vicinity of the step-cut because it may impair 
union at the allograft-host junction. 

■ After the cernent has hardened, insert the prosthesis- 
allograft composite into the distal fémur. Often the size 
of the fémoral component precludes a secure press-fit 
into the distal fragment. Axial and rotational stability 
usually still can be achieved by fixing the step-cut with 
multiple heavy cerclage wires or by placing supplémentai 
allograft struts and cables. 

■ If cernent is to be used for distal fixation, occlude the 
canal with a PMMA plug or plastic restrictor. 

■ Cernent the stem into the distal fémur as a separate step 
and carefully remove cernent from the interface between 
the allograft and host bone. 

■ Augment the junction with additional morselized cancel- 
lous bone graft. 

■ Use the remaining fragments of the proximal fémur to 
form a vascularized envelope around the allograft-host 
junction and use additional cerclage wires to fix them in 
position. 

■ Resect a portion of the greater trochanter from the 
allograft and préparé a bed for stable fixation of the host 
trochanteric fragment. 

■ Use wires or a trochanteric fixation device to secure the 
greater trochanter under appropriate tension. 


Proximal fémoral replacement traditionally has been 
limited to elderly, low-demand patients with severely 
compromised fémoral bone not appropriate for other 



Modular proximal fémoral replacement stem. 
Massive osteolysis caused by loose cemented stem with unrecon- 
structable proximal fémur required proximal fémoral replace¬ 
ment. Remaining proximal fémoral fragments were wrapped 
around prosthesis to enhance soft tissue attachment and leg 
control. 


reconstructive techniques. Modular prostheses with proximal 
porous coating for improved reattachment of soft tissue and 
bone hâve been developed to improve restoration of limb 
length and instability issues that plagued previous megapros- 
theses (Fig. 3-183). In an analysis of the available literature 
regarding these implants in the treatment of nonneoplastic 
conditions, Korim et al. studied 356 hips followed for an 
average of 3.8 years. The implant rétention rate was 83%, with 
a 23% reoperation rate, most commonly due to instability 
(16%). The relatively poor results must be balanced against 
the desperate circumstances surrounding these operations in 
multiply operated and often medically compromised patients. 


MANAGEMENT OF MASSIVE DEFICITS 
WITH MODULAR MEGAPROSTHESIS 


TECHNIQUE 3-33 


(KLEIN ETAL) 

■ Remove the previous fémoral component through the 
desired approach. Exposure and removal of the fémoral 
component is facilitated by the extreme bone loss already 
présent. 
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■ If necessary, split the fémur in the coronal plane to expe- 
dite stem removal. 

■ Remove métal débris, cernent, or other retained foreign 
material from around the fémur. 

■ Expose and inspect the acetabular component. If it is well 
positioned and stable, it may be retained; otherwise, 
revise it as needed being mindful that a constrained liner 
may be necessary. 

■ Perform a transverse fémoral osteotomy at the most 
proximal level with intact circumferential bone. 

■ Préparé the distal fémur by broaching, preserving available 
cancellous bone to allow better cernent interdigitation. 

■ Place trial components and assess limb length, soft-tissue 
tension, and stability. Mark the distal fémur with electro- 
cautery to ensure proper rotational alignment of the final 
prosthesis. 

■ Insert a cernent restrictor to the appropriate level and 
cernent the fémoral component into place. Make sure 
that the proximal flare of the prosthesis rests directly 
against the distal fémoral segment, without intervening 
cernent. 

■ Approximate the proximal fémoral fragments to the prox¬ 
imal body of the prosthesis with wire or nonabsorbable 
suture. With the leg abducted, reattach the greater tro¬ 
chanter to the proximal body with nonabsorbable sutures 
through the holes in the prosthesis. If the trochanter is 
absent, the abductors may be sutured to the vastus late- 
ralis or tensor fascia lata. 

■ Reduce the hip and assess stability. If the hip is unstable 
despite restored limb lengths, place a constrained liner, 
either by snap-fit or cementation, depending on the type 
of acetabular component in place. 


■ FEMORAL DEFORMITY 

Occasionally, fémoral révision is complicated by residual 
angular malalignment of the fémoral canal, so a révision 
prosthesis with a straight latéral border cannot be inserted 
without fracturing the fémur. This is most common when a 
loose, cemented stem migrâtes into varus (Fig. 3-184). Other 
causes include malunion of fractures and previous fémoral 
ostéotomies. In these cases, a fémoral osteotomy must be 
done before a révision prosthesis can be safely inserted. The 
site and orientation of the osteotomy must be carefully 
planned by templating preoperative radiographs. An osteot¬ 
omy to correct deformity in two planes may be required. The 
greatest difficulty involves obtaining rotational stability at the 
osteotomy site. Augmentation at the osteotomy site with 
allograff struts or a cable-plate may be necessary. Extensively 
porous-coated and proximally porous-coated modular 
implants with flûtes hâve been used successfully in combina¬ 
tion with fémoral osteotomy. 


POSTOPERATIVE MANAGEMENT 
OF TOTAL HIP ARTHROPLASTY 

There is no universally accepted postoperative réhabilitation 
program affer total hip arthroplasty. Although a pain-free hip 
can be restored with the most limited of efforts, a well- 
constructed réhabilitation program speeds the recovery of 
motion and function, diminishes limp, and aids the return to 
independent living. 

Ideally, réhabilitation should begin before the operation. 
A patient who is motivated, informed, and has appropriate 
goals is a better participant in the réhabilitation process. A 
preoperative session may be used to teach the appropriate 



A f Osteotomy for fémoral deformity. Loose cemented fémoral component and osteolysis caused excessive varus and 
anterior bow. Standard long-stem prosthesis cannot accommodate deformity without fracture of fémur. B f Transverse fémoral oste¬ 
otomy corrected deformity. Extensively porous coated stem gave excellent axial and rotational stability at osteotomy. No external 
immobilization was necessary. 
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Triangular pillow splint used to keep hip 
abducted and neutrally rotated (see text). A f Anterior view with 
patient supine. B, Posterior view with patient in latéral 
position. 


mechanisms for transfers, the use of supportive devices, how 
to negotiate steps, dislocation précautions, and the antici- 
pated schedule for récupération and hospital discharge. 

In the immédiate postoperative period, the hip is posi- 
tioned in approximately 15 degrees of abduction while the 
patient is recovering from the anesthetic. For patients treated 
with a posterior approach, we use a triangular pillow to main- 
tain abduction and prevent extremes of flexion (Fig. 3-185). 
This device aids rolling onto the opposite side in the early 
postoperative period but limits independent motion to some 
degree. Straps used to secure this device to the limb must be 
positioned carefully to avoid undue pressure on the peroneal 
nerve. For patients in whom a direct anterior approach is 
used, a pillow may be used instead. 

If patient discomfort and anesthésia recovery allow bed 
exercises and limited mobilization may be initiated on the 
affernoon affer surgery. Deep breathing, ankle pumps, quad- 
riceps and gluteal isométries, and gentle rotation exercises are 
begun. Straight leg raising, although bénéficiai affer total knee 
surgery, is not helpful affer total hip arthroplasty. Groin pain 
offen results, and this exercise places unnecessary rotational 
stress on the fémoral component in the early postoperative 
period. Patients are instructed to exercise for a few minutes 
each hour they are awake. 

When anesthetic recovery and pain allow, the patient can 
sit on the side of the bed or in a chair in a semirecumbent 
position. One or two pillows in the seat of the chair helps 
prevent excessive flexion. An additional pillow between the 
thighs limits adduction and internai rotation. 

Gait training usually can begin on the affernoon affer 
surgery. Most elderly patients require a walker for balance 
and stability. Many younger patients require a walker for only 
a few days and progress to crutches. The amount of weight 
bearing allowed on the operated limb dépends on the means 
of fixation of the components, the presence of structural bone 
graffs, stress risers in the fémur, and trochanteric osteotomy. 
If the components were cemented, early weight bearing to 
tolérance is permitted. With cementless, porous ingrowth 
implants, many authors recommend limited weight bearing 
for 6 to 8 weeks, whereas others encourage early weight 
bearing as comfort allows. In a literature review involving 
cementless implants and weight-bearing restrictions, Hol et 
al. found no adverse effects on subsidence and osseointegra- 
tion with unrestricted weight bearing. They did recommend 


protected weight bearing during stair climbing for the first 
weeks affer surgery because of high torsional loads. Ail 
implants and patients may not be the same in this regard, and 
the decision must be individualized according to the implant 
and expérience of the surgeon. When the patient is able to 
walk far enough to reach the bathroom with supervision, 
bathroom privilèges with an elevated toilet seat are allowed. 
A bedside commode may be used initially. 

A few periods of instruction by an occupational therapist 
are valuable. Patients who live alone can return to indepen¬ 
dent living sooner if they are able to dress, put on shoes, pick 
up objects from the floor, and carry out other activities of 
daily living in a safe manner. Many simple appliances are 
available to assist in these activities. 

The patient can be discharged when able to get in and out 
of bed independently, walk over level surfaces, and climb a 
few steps. Printed instructions reviewing the home exercise 
program and précautions to prevent dislocation are helpful. 
These should be supplemented with spécifie instructions 
from the surgeon regarding any particular positions of insta- 
bility noted during the operation. 

Initiatives to control the cost of total hip arthroplasty 
hâve led to shortened hospital stays, and even same-day dis¬ 
charge from outpatient surgery centers in some cases. Patients 
with multiple joint involvement, preexisting weakness, or 
other limiting factors may require an additional period of 
inpatient care at an inpatient facility before they can return 
safely to independent living. Carefully constructed protocols 
for exercise regimens, dislocation précautions, medical man¬ 
agement, and anticoagulation make the transfer of care from 
one facility to another much easier. 

For the first 6 weeks affer surgery, patients are instructed 
to use an elevated toilet seat and to use one or two ordinary 
pillows between the knees when lying on the nonoperative 
side. Showers but not baths are allowed when wound healing 
is satisfactory. Sexual activity can be resumed in the supine 
position. 

The patient is seen in the outpatient clinic approximately 
two weeks affer surgery, and radiographs are made. If the 
procedure was an uncomplicated primary arthroplasty, 
crutches can be discontinued and the patient instructed in 
the use of a cane when strength and balance allow. The timing 
of this transition is usually best determined between the 
patient and their supervising physical therapist. If structural 
bone graffing was required, or the procedure was a révision, 
crutches can be continued for 3 months or longer, depending 
on radiographie incorporation of bone graffs. We encourage 
use of a cane until pain and limp hâve resolved. In patients 
who hâve had révision procedures, continued use of a cane is 
advisable. Strengthening exercises for the abductor muscles 
help eliminate limp. Stretching exercises are continued until 
the patient is able to reach the foot for dressing and nail care. 
The feet are dressed by placing the ankle of the operated limb 
on the opposite knee. Patients with uncomplicated hip pro¬ 
cedures usually can résumé driving at approximately 2 to 4 
weeks. This decision should be individualized, depending on 
the return of strength, leg control, and reaction time. 

Gait analysis and force-plate data suggest that recovery of 
strength in the musculature around the hip is a prolonged 
process. Foucher et al. reported persistent abductor weakness 
at 1 year postoperatively, supporting the need for a prolonged, 
supervised exercise regimen. 
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Many patients with sedentary occupations can return to 
work after 4 weeks. At 2 to 3 months, patients can return to 
occupations requiring limited lifting and bending. We do not 
encourage patients to return to manual labor after total hip 
arthroplasty. 

Limited athletic activity is permitted. Swimming, cycling, 
and golfing are acceptable. Jogging, racquet sports, and other 
activities requiring répétitive impact loading or extremes of 
positioning of the hip are unwise, and patients should be 
warned that such activities increase the risk of failure of the 
arthroplasty After arthroplasty, cardiovascular fitness usually 
improves. Ries et al. found significant improvement in exer¬ 
cise duration, maximal workload, and peak oxygen consump- 
tion in hip arthroplasty patients compared with Controls 
treated medically. 

Follow-up visits are made at 6 weeks, 3 months, 1 year, 
and periodically thereafter. Routine radiographs are made at 
2-year intervals and compared with previous films for signs 
of loosening, migration, wear, and implant failure. Regular 
follow-up is advised because loosening, wear, and osteolysis 
may occur in the absence of clinical symptoms, and révision 
is more difficult if the diagnosis is delayed until symptoms 
occur. 
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The concept of hip resurfacing is not new. In the 1970s, 
Calandruccio had expérience with total hip articular replace¬ 
ment by concentric shells (THARIES) that consisted of an 
all-polyethylene acetabular component and a métal fémoral 
cap. Both components were cemented, but because the 
fémoral component was as large as a normal fémoral head, 
acetabular bone had to be sacrificed. At the same time, the 
all-polyethylene cup design was very thin and failures were 
primarily on the acetabular side of the hip. The THARIES was 
abandoned by the mid- 1980s in favor of total hip replacement 
with smaller fémoral heads and thicker acetabular compo¬ 
nents. Despite these early failures with hip resurfacing, the 
appeal of a hip more appropriate for younger, more active 
patients persisted. Also appealing was the concept of bone 
préservation in the proximal fémur that would reconstruct a 
painful joint and at the same time preserve a patients own 
natural anatomy and biomechanics. Leg length and offset are 
not altered with resurfacing, and the patients own proximal 
fémoral bone is preserved. 

Since the problems with early resurfacings were thin 
polyethylene acetabular components and loss of acetabular 
bone stock, these problems were eliminated by solid métal 
ingrowth type acetabular components. To achieve acceptably 
low rates of wear, attention to maintaining high levels of 
diamond-like molécules of Carbide in the métal was neces- 
sary. This requires an exact manufacturing technique that 
calls for the beads on the back of the acetabular component 
to be cast into the métal rather than sintered in place as is the 
usual technique of manufacturing. In addition, wear is less- 
ened by manufacturing tolérances within 2 microns and sub- 
stantial implant stiffness to prevent deformation of the 
components during implantation. 

Since the réintroduction of hip resurfacing in the United 
States in 2006, problems with local reactions to the accumula¬ 
tion of chrome and cobalt métal wear débris in metal-on- 
metal hips hâve been recognized. It is important, however, to 
realize that the greatest risk of metal-on-metal hips is in total 
hips rather than in hip resurfacing. While the survival of 
metal-on-metal hip resurfacing is 98% at 15 years in men, the 
survival of metal-on-metal total hip arthroplasties has been 
poorer. The junction of the trunnion of a fémoral stem to the 
inner portion of the large fémoral head (trunnion/taper junc¬ 
tion) is the reason for the différence. Metal-on-metal hip 
resurfacings also hâve had some reported complications from 
métal ion and particulate débris, and the incidence of wear is 


greater in some implants, while others hâve had a lower inci¬ 
dence of métal ion élévation and failure. The incidence of 
sérum métal ion élévation and local complications, such as 
pseudotumor and chronic hip pain, is greatest in (1) women, 

(2) patients with fémoral head size smaller than 50 mm, and 

(3) hips in which the abduction angle of the acetabulum is 
greater than 50 degrees. 

In 2013, Liu and Gross introduced the idea of an acetabu¬ 
lar component “safe zone.” Their observation was that the 
smaller the fémoral head component, the more sensitive to 
wear the acetabular component will be with greater abduc¬ 
tion inclination. For a 52-mm head component, the idéal 
acetabular inclination would be abduction of 48 to 57 degrees, 
while for a 48-mm head the acetabulum should hâve less 
abduction at 43 to 52 degrees (Fig. 4-1). Acetabular compo¬ 
nent position with the ‘contact patch to rim distance” farther 
away from the edge of the acetabular component is critical to 
success of hip resurfacing. 

PATIENT SELECTION 

We limit hip resurfacing mainly to active men younger than 
the âge of 60 years with osteoarthritis or posttraumatic arthri- 
tis. Nearly normal proximal fémoral anatomy is needed to 
provide a satisfactory bony substrate for implant fixation. Hip 
resurfacing may be more bénéficiai for male manual laborers 
who are required to squat, which generally is not allowed affer 
conventional total hip replacement. Also, the well-informed 
patient whose recreational activities, such as running, squat- 
ting, and kicking, make a conventional hip replacement an 
unacceptable choice may be a good candidate for a hip resur¬ 
facing procedure. 

Patients with osteonecrosis or large fémoral head cysts 
may or may not be candidates for a resurfacing based on 
how much intact viable fémoral head remains affer contour- 
ing the head for the resurfacing component. As a rule, three 
fourths of the fémoral head should be intact affer contour- 
ing the head. There is a greater incidence of failure second- 
ary to fémoral component loosening in patients with 
osteonecrosis. 

Because fémoral neck fracture has been reported in 
1% of the Australian Registry, bone quality should be consid- 
ered before doing a hip resurfacing; patients with osteoporo- 
sis should not be considered candidates for this type of 
procedure. 
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Results from study by Liu and Gross indicated 
that the acceptable acetabular inclination angle decreased with 
implant bearing size with a 95% and 99% confidence interval for 
a métal ion level lessthan 10 |ig/L. A, Cases having métal ion level 
10 |ig/L or more. B, Eight adverse wear related failures were 
identified at the time of study and plotted according to acetabu¬ 
lar inclination angle on standing radiographs plus two disloca¬ 
tions. (Reproduced from: Liu F, Gross TP: A safe zone for acetabular 
component position in metal-on-metal hip resurfacing arthroplasty: 
winner of the 2012 HAP PAUL award, J Arthroplasty 28:1224, 2013.) 


PREOPERATIVE RADIOGRAPHIC 
EVALUATION AND TEMPLATING 

As with ail arthroplasty hip surgery, preoperative templating, 
radiographie évaluation, and planning are critical to success. 
If a patients anatomy is distorted by previous surgery, injury, 
or deformity, he may not be a candidate for hip resurfacing. 
The fémoral head and neck bone quality should be normal, 
and there should not be more than 25% to 30% of the head 
involved with osteonecrosis or cyst formation as seen on 
radiographs. If the fémoral neck is enlarged by remodeling, 
there may not be a clear délinéation between the head and 
neck, with the head being larger than the neck (Fig. 4-2). If 
the neck and head are of the same width, especially along the 
superior neck as seen on an anteroposterior radiograph, then 
removing bone from the head will risk notching the fémoral 
neck and thus risk neck fracture. 

The first step in templating is to measure the size of the 
fémoral component. A template is laid over a radiograph of 
the proximal fémur. The width of the opening of the fémoral 
component should be wider than the fémoral neck by 2 to 


4 mm total. If not, the next larger template should be used. 
Then, the center post of the implant is aligned over the center 
of the fémoral neck on radiograph. The line from the top of 
the greater trochanter to where the line on the template inter- 
sects the latéral cortex is measured and documented (Fig. 
4-3A). This distance will be used when measuring the valgus 
angle of the implant intraoperatively (Fig. 4-3B). 

POSTOPERATIVE MANAGEMENT 

Patients who hâve had their hips resurfaced rather than 
replaced hâve a much more rapid recovery to a much more 
normal level of activity than patients with traditional poste - 
rior hip replacements in our practice. Because the risk of 
dislocation is negligible (0.3% in the Australian Registry), no 
abduction pillow is used, and patients do not hâve to follow 
strict hip range of motion précautions. The patient is mobi- 
lized to low impact activity very rapidly. Most patients return 
to a higher level of activity by 2 to 3 weeks. 

For the first 6 months affer surgery, the patient is encour- 
aged to participate in low-impact activities such as walking, 
swimming, and cycling. This gives the acetabular bone a good 
chance for fully stable ingrowth and allows the fémoral neck 
to remodel affer the trauma of the surgery. Affer this, patients 
are released to full activity, including running, soccer, and 
skiing. They should be informed of course that these activities 
do carry increased risk of fracture (acute or stress fractures); 
the risk of injury should be balanced by the reward of 
activity. 

OUTCOMES 

The results of hip resurfacing at our institution remain excel¬ 
lent (0.5% révision rate in over 200 hips). Fémoral aseptie 
loosening was noted in one patient who required a révision. 
The published results also remain excellent, especially in men. 
McMinn et al. reported 98% average 15-year survival rate in 
men and 91% in women. A Canadian sériés reported similar 
results with shorter follow-up. Since the results of hip resur¬ 
facing in women hâve not been as satisfactory, we recom- 
mend total hip arthroplasty for women, small men, and 
patients who are not active enough to justify the added risks 
of the procedure, which include sérum métal ion élévation, 
pseudotumor, and chronic hip pain. 

The issue of métal hypersensitivity and the development 
of local tissue reactions hâve discouraged many from pursu- 
ing hip resurfacings. To date, we hâve not seen these reactions 
in the resurfaced hips in our practice, but we remain watchful 
for its development. Also associated with early failure is ace¬ 
tabular dysplasia. This may well be because the acetabular 
component is fixed in a more “open” or abducted position in 
these patients. That position of the acetabulum is known to 
increase wear on the edge of the acetabular component 
against the métal head of the fémoral component. For this 
reason, patients with acetabular deficiencies or dysplasia 
should hâve resurfacing with a spécifie “dysplasia” cup placed 
in a more horizontal position and use of screws (described 
later) to supplément fixation. 

Other complications of deep venous thrombosis, pulmo- 
nary embolus, hétérotopie bone formation, and intraopera¬ 
tive nerve or vessel injuries appear to be comparable to those 
of total hip arthroplasty. 
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FIGURE 


A and B, Preoperative views of fémoral head and neck before templating. 



HIP RESURFACING TECHNIQUE- 
BIRMINGHAM HIP REPLACEMENT 

Numerous hip resurfacing implants are commercially avail- 
able, but our current expérience has been with the Birming¬ 
ham Hip Replacement (BHR) System (Smith and Nephew, 
Memphis, Tennessee), which is described below. Many of 
the same principes apply among ail hip resurfacing proce¬ 
dures; however, for other hip replacement Systems the 
reader is referred to the respective technique manuals. 


TECHNIQUE 4-1 


POSITIONING 

■ Position the patient in the latéral position with the 
affected hip up. Stabilize the pelvis with a pelvic clamp 
or pegboard, with the pelvis oriented straight up and 
down. If the pelvis is leaning forward, the acetabular 
component may be placed in rétroversion; and if it is 
leaning backward, the acetabular component may be 
placed in excessive antéversion. 
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APPROACH AND EXPOSURE 

■ To resurface the hip, extensive exposure is necessary to 
allow the acetabulum to be visible and later on in the 
procedure to keep the fémoral head visible over its entire 
surface. Therefore, steps must be taken to achieve expo¬ 
sure not commonly used in total hip replacement surgery. 
Obviously, the fémoral head is removed during a total hip 
replacement which greatly aids in exposure. 

■ Make a curved skin incision over the greater trochanter, 
angling the proximal portion posteriorly, pointing toward 
the posterior superior iliac spine (Fig. 4-4A). Carry the 
incision over the center of the greater trochanter and 
then distally over the shaft of the fémur to end over 
the attachment of the gluteus maximus on the linea 
aspera. 

■ Divide the subcutaneous tissue in a single plane over the 
fascia of the gluteus maximus proximally and the fascia 
of the iliotibial band distally. Make a longitudinal incision 
over the middle to posterior third of the fascia over the 
greater trochanter and extend it distally over the fémoral 
shaft. Extend the proximal end of the incision through the 
thin fascia over the gluteus maximus in the same direction 
as the skin incision. Bluntly split the fibers of the gluteus 
maximus muscle, taking care to find and cauterize any 
bleeding. 

■ Release the tendinous attachment of the gluteus maximus 
from the linea aspera to maximally internally rotate the 
fémur to provide satisfactory exposure of the proximal 
fémur and fémoral head. If the gluteus maximus is not 
released, the sciatic nerve may be at risk of compression 
at the time of préparation of the fémoral head. Place a 
hemostat under the gluteus maximus tendon as the 
tendon is divided to avoid injuring branches of the médial 
fémoral circumflex artery and the first perforating artery. 
Leave a centimeter of tendon attached to the linea aspera 
and fémoral shaft for later repair. 

■ Widely spread the fascial plane just divided using a 
Charnley or self-retaining retractor. The posterior greater 
trochanter and gluteus médius should be easily seen. 
Remove the trochanteric bursa. 

■ Retract the gluteus médius muscle and tendon anteriorly. 
A hooked instrument such as a Hibbs retractor is useful. 
Under the gluteus médius is the piriformis, which is 
exposed. Tag the piriformis tendon with suture and then 
release it from the fémur. Under and anterior to the piri¬ 
formis tendon are the muscle fibers of the gluteus 
minimus. With an elevator, raise the gluteus minimus off 
the capsule of the hip completely. The entire capsule of 
the hip should be exposed superiorly. Use of a narrow 
cobra retractor is helpful to see this area when it is placed 
under the gluteus minimus and médius. 

■ Expose the plane distally between the capsule and the 
short external rotator muscles. Release the short external 
rotator muscles off the fémur including the quadratus 
femoris distally. Coagulate the vessels in this area. 

■ The capsule of the hip is now completely exposed poste¬ 
riorly, superiorly, and inferiorly. The lesser trochanter also 
is visible. With the hip in internai rotation, make an inci¬ 
sion in the capsule circumferentially, leaving at least a 
centimeter of capsule still attached to the fémoral neck. 
This centimeter of capsule is later used to repair the 


capsule back as well as to provide protection to the 
intraosseous vessels needed to maintain vascularity of the 
fémoral neck. 

■ Make two radial incisions in the posterior capsule to 
create a posterior capsular flap. This is helpful for rétrac¬ 
tion and later repair (Fig. 4-4B). 

■ Dislocate the fémoral head and perform a complété ante¬ 
rior capsulotomy with sharp scissors. The inferior portion 
of the capsule is seen by extending and internally rotating 
the fémur. The psoas tendon is exposed at the lesser 
trochanter, and the capsule is isolated just in front of the 
psoas tendon. While maintaining the scissors just poste¬ 
rior to the psoas tendon, incise the capsule from inferior 
to superior (Fig. 4-4C). Maintain the fémur in internai 
rotation and apply anterior traction with a bone hook on 
the lesser trochanter. 

■ Perform the proximal end of the capsulotomy by flexing 
the fémur 90 degrees and maintaining a narrow cobra 
retractor under the gluteus muscles. Incise the capsule 
with sharp scissors while internally rotating the fémur to 
beyond 100 degrees. If a complété capsulotomy is not 
performed, exposure of the fémur is compromised. 

■ Measure the fémoral neck from superior to inferior, its 
longest dimension (Fig. 4-4D). The measurement tool 
should loosely fit over the fémoral neck to avoid undersiz- 
ing the fémoral component, which could cause notching 
of the fémoral neck. Fémoral neck notches may weaken 
the neck and prédisposé it to early postoperative fracture. 
If there is any doubt, choose the next larger size of the 
fémoral head component. 

■ Once the size of the fémoral component is known, the 
acetabular component size also is known because the 
acetabular component is matched with components 
either 6 or 8 mm larger than the fémoral component. 
Therefore, if the fémoral head measures 52 mm, the 
acetabular component will need to be either 58 or 
60 mm. That means (in this case) the acetabulum will 
need to be reamed to 57 or 59 mm, respectively. 

■ The key to exposure of the acetabulum is to dislocate the 
fémoral head out of the way anteriorly and superiorly. 
Create an anterosuperior pouch large enough for the 
fémoral head under the gluteus muscles and above the 
ilium. This is done by sharply dissecting the soft tissues 
off the bone of the ilium, including the capsule and 
tendons of the rectus femoris from the superior acetabu¬ 
lar lip and the anterior inferior iliac spine. 

■ Once the pouch has been created, dislocate the fémoral 
head into the pouch under the gluteus muscles and 
retract it with a sharp, narrow Flohmann retractor driven 
into the ilium superior to the acetabulum and resting on 
the fémoral neck (Fig. 4-4E). Additional pins may be 
driven into the ilium and ischium to help with the ace¬ 
tabular exposure. A retractor also is placed inferiorly to 
expose the transverse acetabular ligament. Sharply excise 
the labrum. 

■ Ream the acetabulum medially through the cotyloid 
notch of the acetabulum to the médial wall. Take care 
not to ream through the médial wall. Once medialized, 
the reamers are used to increase the bony acetabulum to 
the desired size. The acetabulum usually is underreamed 
by 1 mm from the desired component size. Use 
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Hip resurfacing procedure. A f Skin incision for postérolatéral approach to hip. B f Completed soft-tissue dissection. 
C f Anterior capsule divided along course of psoas tendon sheath. D f Measurement of fémoral neck diameter. E f Fémur retracted well 
anteriorly to allow access to acetabulum. F f Cup trial used to détermine correct implant positioning. 
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UBUiiiaEE^ffiZ) G f Osteophytes removed posteroinferiorly and anteroinferiorly. H and l f Cup positioning in abduction and ante- 
version using preoperative template (J) to détermine correct valgus angle. K f Acetabular component fully impacted in 10 to 20 degrees 
antéversion and 35 to 45 degrees abduction. SEE TECHNIQUE 4-1. 
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an acetabular trial to assess the potential component's 
stability. The trial components in the BHR System are 
1 mm smaller than their stated size to provide for tighter 
fitting of the actual component. Impact the trial into the 
acetabulum with a mallet, and excise osteophytes for 
unobstructed cup insertion (Fig. 4-4F and G). If that size 
trial is tight, the acetabular implant of the same size is 
selected. If the trial is loose, the acetabulum may be 
reamed 1 or 2 mm more to the next size acetabular 
component that matches the appropriate size fémoral 
head. There are two acetabular sizes per fémoral head 
size available. The trial should be used for the larger cup 
size; if it is tight, that cup should be selected. Mark the 
edge of the trial with electrocautery inside the acetabu¬ 
lum to predict the depth of the implant when inserted. 

■ It is critical for the long-term success of the hip that the 
acetabular component's orientation is done correctly. 
Implant the acetabular component in 10 to 20 degrees 
of antéversion and 35 to 45 degrees of abduction (Fig. 
4-4H-J). If greater than 50 degrees of abduction is 


accepted or there is more than 25 degrees of antéversion, 
the métal fémoral head component may be subjected to 
edge wear and associated with accelerated métal débris 
and ion production. 

■To properly insert the acetabular cup, push the insertion 
tool down against the inferior portion of the wound (Fig. 
4-4K). The mark made on the inside of the acetabular 
wall while the trial was in place is used to judge if the 
acetabular component is fully seated (there are no holes 
in the cup). Remove periacetabular osteophytes to the 
edge of the cup. 

DYSPLASIA CUP 

■The dysplasia cup is used when there is significant ace¬ 
tabular dysplasia or latéral or superior érosion of the rim 
of the acetabulum. It is only 3 mm larger than the fémoral 
component and has two screw holes external to the rim 
of the cup for superior and posterior screw fixation (Fig. 
4-5A). Cup préparation and position are the same. Drill 
the holes for the screws using a drill guide through the 



C 



A, Dysplasia cup. B f Screw insertion. C f Distance from tip of trochanter to point on latéral cortex as seen while tem- 
plating. Point marked with electrocautery to then align varus or valgus rod. SEE TECHNIQUE 4-1. 
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threaded holes on the edge of the cup. The screws must 
thread into the holes in the cup and then into the iliac 
bone above or posterior to the acetabulum (Fig. 4-5B). 

■ Attention is now turned to the fémur. Place a clean 
sponge in the acetabulum to protect it. The template 
created on radiographs before surgery shows a line drawn 
over the latéral shaft of the proximal fémur that when 
continued up the fémoral neck corresponds to the correct 
valgus orientation of the fémoral component at its post 
that will be inserted down the middle of the fémoral 
neck. This line, where it intersects the latéral fémoral 
shaft, usually aligns with a point on the lesser trochanter 
medially. The measurement from the tip of the greater 
trochanter to where the line intersects the latéral fémoral 
shaft corresponds with the measurement taken during 
surgery. At the time of surgery, use a spinal needle to find 
the tip of the lesser trochanter and then measure distally 
to a point on the latéral fémoral cortex and mark it with 
a cautery (Fig. 4-5C). This point will then be a reference 
to help orient the fémoral component into proper valgus 
alignment. 

RESURFACING OF FEMORAL HEAD 

■ To resurface the fémoral head, internally rotate the fémur 
much farther than needed to perform a total hip replace¬ 
ment. With the soft-tissue release, which was already 
discussed, this may be safely done, even though the posi¬ 
tion may seem extreme and more force than usual is 
required. Fear of fémoral fracture should not be great, 
however, because resurfacings of the hip should be only 
done in patients with hard bone. 

■ Flex the fémur to 80 to 90 degrees and then internally 
rotate it between 120 and 150 degrees to expose the 
fémoral head and neck circumferentially. The anterior 
portion of the head is most difficult to expose. A retractor 
between the acetabular cup and the proximal fémur 
lifting the fémur out of the wound may be helpful. 

■ With the fémoral head and neck exposed, remove peri- 
articular osteophytes, taking care not to violate the bone 
of the fémoral neck. A Kerrison rongeur may be helpful 
anteriorly. Take care not to strip soft tissue from the 
fémoral neck that contains vessels supplying the fémoral 
head. 

■ Place a guide pin down the center of the fémoral head. 
There are two jigs designed to help with pin placement. 
The jig we hâve most expérience with is a clamp design 
that has two legs that clamp around the fémoral neck 
superiorly and inferiorly. Place a long guide rod posteriorly 
over the fémoral neck to orient the jig in a valgus position 
(Fig. 4-6A). The latéral tip of that guide rod should 
line up with the point marked on the latéral fémoral 
cortex and its soft-tissue mark made after measuring 
down from the greater trochanter. This ensures the place¬ 
ment of the pin down the center of the fémoral neck in 


proper valgus alignment. View the guide pin from the 
médial side of the neck to be certain that it is not placed 
in rétroversion (Fig. 4-6B). The guide pin position should 
be completely evaluated by its orientation to the fémoral 
neck and not the fémoral head. The pin usually is placed 
superior to the fovea, but, with wear, the head may be 
deformed. 

■ Once the guide pin is inserted down the middle of the 
fémoral neck in anteroposterior and latéral planes, use a 
cannulated reamer to ream over the pin. Remove the pin 
and place a large reaming guide rod into the hole in the 
head and neck. Take circumferential measurements with 
a feeler-gauge to be certain the selected head size will 
not notch the fémoral neck, especially laterally and supe¬ 
riorly (Fig. 4-6C). Once this has been confirmed, ream the 
fémoral head circumferentially with the correct size 
reamer (Fig. 4-6D and E). Protect the fémoral neck from 
notching with the measurement tool. 

■ Measure to see how far above the head-neck junction 
line the head needs to be resected (Fig. 4-6F), and ream 
the head to that line (Fig. 4-6G and Fl). Use a chamfer 
reamer of the correct size to finalize the shape of the 
fémoral head to match the geometry of the interior of 
the fémoral head component (Fig. 4-61). Remove the 
reaming rod. 

■ Drill small to medium cernent fixation holes into the 
fémoral head around the chamfer and the tip of the head 
(Fig. 4-7A). Ream the hole in the fémoral head and neck 
to a larger size with the appropriate head and neck 
reamer (Fig. 4-7B). 

■ Drill a hole into the lesser trochanter and place a métal 
vent in this hole to vent the proximal fémur during 
cementing of the fémoral component. This vent is 
attached to suction. Mix a very viscous cernent in a 
vacuum for a short time and then inject it into the fémoral 
component (Fig. 4-7C). While the cernent is in a liquid 
State, cernent the component down to the fémoral head 
(Fig. 4-7D). Take care not to break the fémoral neck while 
impacting the component down onto the head. Remove 
excess cernent and the vent tube. Carefully reduce the 
hip to avoid scratching the métal head against the edge 
of the acetabular component. 

■ Close the capsule with a running absorbable suture. 
Repair the gluteus maximus and the piriformis. Drains are 
usually used, and the fascia is routinely closed. 

POSTOPERATIVE CARE. Early mobilization is encour- 
aged. Most patients are encouraged to walk the after- 
noon or evening of surgery. No abduction pillow is used 
because the fémoral head is so large the risk of disloca¬ 
tion is small. Physical therapists are informed that the 
patient has a resurfaced hip and does not need hip 
précautions. 
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A f Long guide rod placed posteriorly over fémoral neck to orient jig in valgus position. B, Guide pin viewed from 
médial side of neck. C f Guidewire inserted in desired position. D f Circumferential measurement taken to make sure head size will not 
notch fémoral neck. E and F f Reaming of fémoral head. 
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ESSES G-I f Head is reamed to line after measuring how far fémoral head needs to be reamed. J, Fémoral head shaped 

to match geometry of fémoral head component. SEE TECHNIQUE 4-1. 
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A 



B 




A, Cernent fixation holes drilled. B, Reaming of fémoral head and neck. C, Cernent injected into fémoral component. 
D, Component cemented to fémoral head. SEE TECHNIQUE 4-1. 
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Arthrodesis of the hip is infrequently done today in devel- 
oped countries because of the excellent results of total hip 
arthroplasty. In the past, a good candidate for hip fusion was 
a young, healthy laborer with a stiff and painful arthritic 
hip. Advances in total hip arthroplasty, which hâve greatly 
improved functional scores and patient satisfaction, hâve 
made hip fusion a much less désirable option for most 
patients. Good intermediate outcomes hâve been reported 
affer total hip arthroplasty in patients as young as adoles¬ 
cence. Nevertheless, a number of recent literature reviews 
agréé that hip arthrodesis still has a rôle in the treatment of 
carefully selected patients. In developing countries, where 
resources are limited or unavailable, fusion still represents a 
major treatment option for patients with painful hip arthritis. 
Internai fixation to achieve hip fusion was introduced by 
Watson-Jones and others in the 1930s and improved by 
Charnley; however, these early methods of internai fixation 
were associated with high rates of incomplète union and pro- 
longed external immobilization. To gain more stability of the 
arthrodesis, Müller described a double compression plating 
technique that did not require postoperative casting. Sch¬ 
neider later developed a cobra-head plate that also does not 
require postoperative immobilization. Other internai fixation 
modalities, such as hip compression screws or cancellous 
screws alone, hâve been described for certain situations and 
can be useful alternatives as the clinical situation and avail- 
able resources dictate. 

INDICATIONS AND RESULTS 

Arthrodesis of the hip still may be considered an alternative 
in patients younger than 40 years of âge with severe, usually 
posttraumatic, arthritis and normal function of the lumbar 
spine, contralatéral hip, and ipsilateral knee. Hip arthrodesis 
has been shown to be successful in treating painful spastic 
subluxed or dislocated hips in ambulatory adolescents with 
cérébral palsy. Before arthrodesis is considered, nonoperative 
treatment of arthritis, such as the use of walking aids and 
antiinflammatory médication, should be tried, as should less 
invasive and potentially less debilitating operative proce¬ 
dures. Hip arthrodesis can provide a functional and durable 
alternative to total hip replacement in properly selected 
younger patients. This has been confirmed by several reviews, 
including those by Stover et al. and Schafroth et al. Both 
noted that a properly performed arthrodesis can lead to years 
of pain relief and reasonable function. 

An absolute contraindication to arthrodesis is active sepsis 
of the hip; the infection should be eradicated and inactive for 
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some months before arthrodesis is undertaken. Relative con- 
traindications include severe degenerative changes in the lum- 
bosacral spine, contralatéral hip, or ipsilateral knee. Poor bone 
stock from osteoporosis or iatrogénie causes, such as proximal 
fémoral resection for tumor, also is associated with lower 
success rates and increased disability. 

Good or excellent functional results hâve been reported 
with hip arthrodesis, but low back pain, limited ambulation, 
and sexual dysfunction hâve been noted. The importance 
of careful patient sélection cannot be overemphasized. Hip 
fusion increases stress in the lumbar spine, contralatéral hip, 
and ipsilateral knee and requires greater energy expenditure 
for ambulation; hip fusion probably should be done only in 
young, otherwise healthy patients. Properly selected patients 
generally are satisfied with the results of hip fusion; several 
long-term follow-up studies hâve documented patient satis¬ 
faction of approximately 70% at 30 years, despite evidence of 
degenerative changes in the lumbar spine and adjacent joints 
of the lower extremities. 

Degenerative changes in nearby joints typically begin to 
become symptomatic in 15 to 25 years affer arthrodesis. A 
review of such patients confirmed that the average time from 
fusion to onset of back and joint pain was 24 years. Pain most 
commonly affected the back (75%), then the ipsilateral knee 
(54%), with fewer complaining about the contralatéral knee 
or hip. It appears such pain symptoms are ultimately quite 
common but usually quite delayed in onset, especially with 
an optimally positioned fusion. Although ipsilateral knee 
pain and contralatéral hip pain occur less frequently than 
back pain, they more offen require operative intervention, 
such as total knee or hip arthroplasty. 

Late onset of pain in patients previously asymptomatic 
for many years affer hip arthrodesis has been reported by 
Wang et al. The pain in their two patients was found to be 
caused by implant protrusion and was resolved by implant 
removal. 

Other more unusual complications can occur with hip 
fusion. Proximal fémoral fractures, perhaps made more likely 
by the increased stresses in the vicinity of an immobile joint, 
hâve been reported as long as 53 years affer arthrodesis. Wong 
et al. reported fémoral shaff fractures, distal to plate hard¬ 
ware, treated successfully by rétrogradé nailing. 

TECHNIQUES 

Successful arthrodesis of the hip can be achieved through a 
variety of methods. Ail techniques require removal of articu- 
lar cartilage for préparation of the fusion site. Acetabular 
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reamers and hip resurfacing (reverse) reamers hâve been 
shown to be helpful in the préparation of the acetabulum and 
fémoral head. General principles of fracture fixation, such as 
rigid fixation and optimal biologie environment, are appli¬ 
cable. Regardless of the technique selected, the idéal fusion 
position is 20 to 30 degrees of flexion, 0 to 5 degrees of adduc¬ 
tion, and 0 to 15 degrees of external rotation. 


ARTHRODESIS WITH CANCELLOUS 
SCREW FIXATION 

Benaroch et al. described a simple method of hip arthrod- 
esis for adolescent patients. Fusion was obtained in 11 of 
13 patients (average âge 15.6 years); two had mildly symp- 
tomatic nonunions. At an average 6.6-year follow-up, nine 
patients had no pain or slight pain, three had mild pain, 
and one had marked pain. According to a modified Harris 
hip scoring System, functional results were excellent in five 
patients, good in two, fair in five, and poor in one. The 
investigators noted a progressive drift into adduction aver- 
aging 7 degrees, most of which occurred within 2 years of 
surgery; because of this, they recommended fusion with 
the hip in 20 to 25 degrees of flexion and neutral or 1 to 
2 degrees of abduction. 


TECHNIQUE 5-1 


(BENAROCH ETAL.) 

■ With the patient in the latéral position, make an antéro¬ 
latéral approach and perform an anterior capsulotomy. 

■ Dislocate the fémoral head and dénudé both sides of the 
joint of the articular cartilage and necrotic bone. 

■ Place the leg in the desired position, and insert one or 
two cancellous screws through the fémoral head into the 
inner surface of the ilium. 

■ Before tightening the screws to compress the fémoral 
head into the acetabulum, perform an intertrochanteric 
osteotomy to decompress the long lever arm of the 
fémur. 

POSTOPERATIVE CARE. A spica cast is worn for 8 to 
12 weeks. 


ARTHRODESIS WITH ANTERIOR 
FIXATION 

Anterior plating through a modified Smith-Petersen 
approach is useful when there is loss of acetabular or 
proximal fémoral bone stock. The plate is placed along the 
pelvic brim immediately latéral to the sacroiliac joint and 
posterior-superior iliac spine (Fig. 5-1 A). A lag screw 
inserted from the trochanteric area through the center of 
the fémoral head into the supra-acetabular bone provides 
additional compression because of a latéral tension-band 
effect (Fig. 5-1 B). Matta et al. reported successful fusion in 
10 of 12 patients with anterior plating. 


TECHNIQUE 5-2 


(MATTA ET AL.) 

■ With the patient supine on a fracture table, expose 
the hip through a modified Smith-Peterson approach 
(Technique 1 -73), exposing the inner table of the ilium to 
the sacroiliac joint. 

■ Expose the anterior hip capsule between the tensor fascia 
lata and the rectus femoris. 

■ Expose the proximal fémur by retracting the vastus latera- 
lis medially. 

■ Excise the anterior hip capsule and dislocate the hip with 
traction and external rotation of the fémur; a Steinmann 
pin in the proximal fémur can assist with this maneuver. 

■ Dénudé the hip of articular cartilage. 

■ Relocate the hip and, using the fracture table, place the 
leg in the desired position of fusion. 

■ Through a percutaneous incision, place a lag screw 
through the greater trochanter and fémoral neck into the 
iliac bone superior to the acetabular dôme. 

■ Contour a 12- to 14-hole, wide, 4.5-mm dynamic com¬ 
pression plate overthe internai ilium, pelvic brim, fémoral 
neck, and proximal fémoral shaft. Place the proximal part 
of the plate just latéral to the sacroiliac joint (Fig. 5-1). 

■ Secure the plate to the pelvis first. Use a tensioning device 
distally on the fémur, and fill the distal screw holes. 

■ Pack bone graft from reaming or from the iliac crest over 
the fusion site as needed. 

■ Irrigate and close the wound in layers. 

■ No postoperative immobilization is required; weight 
bearing is protected for 10 to 12 weeks. 


ARTHRODESIS WITH DOUBLE-PLATE 
FIXATION 

Double-plating may be useful in difficult situations such as 
an unreduced hip dislocation, avascularity of bony surfaces, 
multiply operated hips, and poor patient compliance. A 
significant (more than 4 cm) limb-length discrepancy may 
require correction before the fusion. Six to 8 weeks after 
intertrochanteric osteotomy, a broad latéral plate is con- 
toured over the trochanteric bed and placed anterior to the 
greater sciatic notch and along the latéral aspect of the 
fémur. After removal of the anterior inferior iliac spine, a 
narrow anterior plate is applied along the fémoral shaft 
(Fig. 5-2). 


TECHNIQUE 5-3 


(MÜLLER ET AL.) 

■ With the patient in the latéral position, expose the hip 
through a Watson-Jones approach (Technique 1-63). 

■ Develop the interval between the gluteus médius and 
tensor fascia lata, and perform a trochanteric osteotomy. 

■ Externally rotate the leg and develop the interval 
between the anterior hip capsule and the rectus femoris. 
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Anterior plate fixation for hip arthrodesis. A, Latéral lag screw through fémoral head. B, Optimal position of plate. 

(Redrawn from Beaulé PE, Matta JM, Mast JW: Hip arthrodesis: current indications and techniques, J Am Acad Orthop Surg 10:249, 2002.) 

SEE TECHNIQUE 5-2. 



Double-plate fixation for hip arthrodesis. Optimal position of the plates. A, Anteroposterior view. B, Latéral view 
and after reattachment of the greater trochanter (C). (Redrawn from Beaulé PE, Matta JM, Mast JW: Hip arthrodesis: current indications and 
techniques, J Am Acad Orthop Surg 10:249, 2002.) SEE TECHNIQUE 5-3. 


■ Perform an osteotomy of the anterior-inferior iliac spine, 
and retract the rectus medially. Excise the anterior hip 
capsule. 

■ Dislocate the hip and remove the articular cartilage from 
the fémoral head and acetabulum. 

■ Relocate the hip and place in the desired position of 
fusion. Use bumps and bolsters to provisionally secure the 
leg in this position. 

■Contour the latéral plate (wide, 4.5 mm) from the ilium 
just anterior to the sciatic notch over the trochanteric 
osteotomy site and extending over the latéral fémoral 
shaft (Fig. 5-2A). Recheck the position of the hip. 


Secure the proximal portion of the plate to the pelvis and 
apply a traction device distally. 

Contour the anterior plate (narrow, 4.5 mm) from just 
below the anterior-superior iliac spine over the inferior 
spine osteotomy, anterior fémoral neck, and anterior 
fémoral shaft (Fig. 5-2B). Ensure that the fémur is abut- 
ting the latéral plate while contouring the anterior plate. 
Secure the proximal portion of the plate to the pelvis and 
apply a traction device distally. 

Tighten both tension devices and insert the distal screws 
of both plates into the fémur. Remove the tension devices 
and fill the remaining screw holes. 
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9 " Replace the greater trochanter to the osteotomy site. 
Some bone will need to be removed from the trochanter 
to accommodate the plate. Secure the greater trochanter 
with screws anterior and posterior to the plate (Fig. 5-2C). 
■ Place bone graft from reaming or the iliac crest at the 
fusion site as needed. 

■ Irrigate and close the wound in layers. 

■ No postoperative immobilization is required; weight 
bearing is restricted for 10 to 12 weeks. 


ARTHRODESIS WITH COBRA PLATE 
FIXATION 

Since Schneider's development of the cobra-head plate for 
hip arthrodesis, the technique has been modified to allow 
restoration of abductor function if the fusion is later con- 
verted to a total hip arthroplasty. The technique includes a 
médial displacement osteotomy of the acetabulum and 
rigid internai fixation with the cobra plate. Murrell and 
Fitch reported successful fusion in eight young patients 
(average âge 17 years) with this technique. Ail eight 
patients had diminished pain and significant improvements 
in function. A disadvantage of the technique is that it 
créâtes a stress riser distally that may resuit in fémoral 
fracture with relatively minor trauma. Pseudarthrosis has 
been reported in adolescent patients at or above the 90th 
percentile for their age-determined weights after this tech¬ 
nique. Alternative or supplementary stabilization methods 
in adolescents at or above the 90th percentile weight for 
âge are recommended. 


TECHNIQUE 5-4 


(MURRELL AND FITCH) 

■ Place the patient supine with a sandbag under the ipsi- 
lateral buttock. Préparé and drape both lower extremities 
and anterior superior iliac spines to allow access to both 
iliac crests and both ankles. 

■ Make a linear longitudinal midlateral incision along the 
fémoral diaphysis to a point 8 cm distal to the tip of the 
greater trochanter (Fig. 5-3A). 

■ Open the fascia lata in line with its fibers for the length 
of the wound; identify and protect the sciatic nerve 
throughout the procedure. 

■ Maintain exposure with a self-retaining retractor. Incise 
the origin of the vastus lateralis, and reflect it off the 
greater trochanteric flare and the linea aspera for a dis¬ 
tance of 6 cm. 

■ Identify the anterior and posterior margins of the gluteus 
médius. 

■ Use an oscillating saw to make a greater trochanteric 
osteotomy so that the proximal fragment includes 
the insertion of the gluteus médius and minimus 

(Fig. 5-3B). 

■ Elevate the hip abductors with the greater trochanteric 
fragment, and hold them superiorly with two large Stein- 
mann pins hammered into the iliac wing (Fig. 5-3C). 

■ Perform a superior hip capsulotomy. 


■ Dislocate the hip and dénudé the acetabulum and fémoral 
head of the articular cartilage and necrotic bone. Reduce 
the hip joint. 

■ Elevate the periosteum of the outer table of the iliac wing 
superiorly to the retracting Steinmann pins, anteriorly to 
the anterior superior iliac spine and the anterior inferior 
iliac spine, and posteriorly to the sciatic notch. 

■ Place one blunt Hohmann retractor in the sciatic notch 
subperiosteally to protect the sciatic nerve and the supe¬ 
rior gluteal artery and one anterior to the iliopectineal 
eminence. 

■ Make a transverse innominate osteotomy between the 
iliopectineal eminence and the sciatic notch at the supe¬ 
rior pôle of the acetabulum. 

■ Make the iliac eut with an oscillating saw, and complété 
it with an osteotome. Use osteotomes and curets to 
remove any remaining cartilage and sclerotic cortical 
bone from the superior weight-bearing surface of the 
fémoral head and from the acetabulum. 

■ Displace the distal hemipelvic fragment and the proximal 
fémur medially 100% of the thickness of the innominate 
bone by placing a curved, blunt instrument in the oste¬ 
otomy and levering the distal hemipelvis 1 cm. 

■ Remove the sandbag and place a Steinmann pin into 
both of the anterior-superior iliac spines; use the pins 
and a long-limbed protractor to détermine adduction and 
abduction of the limb. 

■ Evaluate internai and external rotation by observing the 
patella and the malleoli relative to the two vertical Stein¬ 
mann pins. 

■ Position the hip in 25 degrees of flexion, neutral internai 
and external rotation, and neutral adduction and 
abduction. 

■ Contour a nine-hole cobra plate, and secure the proximal 
portion to the ilium with a 4.5-mm cortical screw. 

■ Distal to the plate, attach an AO tensioner to the latéral 
fémoral cortex with a single unicortical 4.5-mm cortical 
screw (Fig. 5-3D). 

■ Insert a screw in the most distal hole of the plate, hook 
the tensioner to the plate, and apply compression force 
across the hip joint to ensure good bony apposition. 

■ Secure the plate to the latéral fémur with 4.5-mm bicorti- 
cal screws in eight of the nine holes, and remove the 
tensioner. 

■ Insert 4.5-mm cortical screws in the proximal plate, taking 
care to protect the neurovascular structures on the inner 
table of the pelvis. 

■ Remove the retractors and the Steinmann pins holding 
the greater trochanter, and drill a 4.5-mm hole in the 
center of the proximal greater trochanteric fragment. 

■ Drill and tap a 3.2-mm bicortical screw in the proximal 
fémur through the third or fourth hole of the cobra plate. 

■ Reattach the greater trochanter with a 4.5-mm cortical 
screw and washer (Fig. 5-3E and F). A trochanteric 
grip plate with wires may provide superior fixation if 
necessary. 

■ Pack any remaining corticocancellous bone around the 
hip joint, and obtain an anteroposterior pelvic radiograph 
to check the position of the plate, screws, and hip joint 

(Fig. 5-3G). 
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Hip arthrodesis with cobra plate fixation (see text). A f Longitudinal midlateral incision. B f Osteotomy of greater 
trochanter. C f Transverse innominate osteotomy. D, Cobra plate contoured and attached with two screws for application of compression 
force. E f Final fixation of plate. F f Latéral view of plate and reattachment of greater trochanter. G f Hip fusion with cobra plate. 


SEE TECHNIQUE 5-4. 
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■ Thoroughly irrigate the wound, and close the soft tissue 
in layers over drains. 

■ No postoperative immobilization is applied. 

POSTOPERATIVE CARE. Ambulation with partial weight 
bearing is encouraged on day 2 or 3 after surgery. Partial 
weight bearing with two crutches is continued for 8 to 
12 weeks. 


ARTHRODESIS WITH HIP 
COMPRESSION SCREW FIXATION 

Pagnano and Cabanela described hip arthrodesis with a 
sliding hip compression screw, supplemented by two or 
three cancellous screws placed proximal to the hip screw. 
They thought that this technique best met their criteria 
because it (1) minimizes or delays the appearance and 
severity of low back pain by ensuring that the hip is fused 
in the proper position, (2) minimizes postoperative immo¬ 
bilization to speed recovery, (3) allows later conversion to 
total hip arthroplasty if necessary, (4) préserves the abduc- 
tor musculature without significantly altering the anatomy 
of the hip, and (5) avoids the use of bulky internai fixation 
devices that might damage the abductor muscles. 


TECHNIQUE 5-5 


(PAGNANO AND CABANELA) 

■ Position the patient supine on the fracture table, and 
make a Watson-Jones approach to the hip (see Technique 
1-63). 

■After the fascia is incised, develop the interval between 
the gluteus médius and the tensor fascia femoris. 

■ Obtain proper hemostasis, and detach the anterior third 
of the gluteus médius from the greater trochanter to 
improve access to the hip joint. 

■ Externally rotate the leg, and detach the reflected head 
of the rectus femoris from the joint capsule. 

■ Make an anterior capsulectomy, and take the leg off the 
foot holder on the fracture table. 

■ Dislocate the hip, and place the leg in a figure-four posi¬ 
tion. A complété capsulectomy usually is necessary at this 
point to gain access to the acetabulum. 

■ After the fémoral head is retracted out of the way, use curets 
and reamers to remove ail remaining cartilage and soft tissue 
and obtain a bleeding articular cancellous surface. 

■ Clean the fémoral head in the same manner, using 
fémoral head female reamers such as those used for 
surface replacement procedures. 

■ After both articular surfaces are reamed, reduce the 
fémoral head into the acetabulum, replace the foot in the 
foot holder, and place the hip in the proper position for 
arthrodesis (30 degrees of flexion, neutral abduction and 
adduction, and slight external rotation to match the 
opposite limb). 

■ If needed, pack cancellous chips from the reamings or 
from the iliac crest into the interstices between the 
fémoral head and the acetabulum. 


■ Expose the latéral aspect of the proximal fémur. 

■ Drill a hole in the latéral fémoral cortex 2.5 to 3 cm below 
the abductor ridge and, using radiographie control, insert 
a guide pin through the center of the fémoral head and 
into the thick supraacetabular area of the ilium. Usually 
an angle of 150 degrees is required. 

■ Choose an appropriate compression screw and implant 
as described for treatment of hip fractures (see Chapter 
55). Place two or three cancellous screws proximal to the 
hip screw for added stability. 

■ Close the wound in the usual manner, and apply a single 
hip spica cast. 

POSTOPERATIVE CARE. Touch-down weight bearing is 
continued for 8 to 10 weeks. If radiographs show évi¬ 
dence of bony healing, a mini-spica cast (with the knee 
free) is applied and partial weight bearing is progressed 
to full weight bearing over the next 4 to 6 weeks. The 
fusion is reevaluated at 12 to 14 weeks, and if stable 
union is questionable, another mini-spica cast is applied 
or a removable polypropylene orthosis is used for another 
4 to 6 weeks. Full recovery often takes 6 months, and 
patients may require 12 months before returning to labor- 
intensive occupations. Routine removal of the implants is 
advisable after 18 months to promote bone remodeling 
and make later conversion to total hip arthroplasty easier. 


ARTHRODESIS IN THE ABSENCE OF 
THE FEMORAL HEAD 

Abbott and Fischer designed a method for arthrodesis of the 
hip after infection with complété destruction of the fémoral 
head and neck. The procedure also has been used after 
nonunion of the fémoral neck, in patients with osteonecrosis 
of the fémoral head, after failed fémoral head prostheses, 
and in patients with infected trochanteric mold arthroplas- 
ties. The operation is carried out in two or three stages: 
(1 ) correction of the deformity (rarely necessary as a separate 
stage), (2) arthrodesis of the hip in wide abduction, and 
(3) final positioning by subtrochanteric osteotomy. 


TECHNIQUE 5-6 


(ABBOTT, FISCHER, AND LUCAS) 

CORRECTION OF DEFORMITY 

■ To correct severe deformity, first free the greater trochan¬ 
ter from the wing of the ilium, then apply heavy traction 
to the fémur through a Steinmann pin that is inserted 
through the distal fémoral metaphysis. 

■ Gradually bring the extremity into a position of wide abduc¬ 
tion, which brings the greater trochanter near the acetabu¬ 
lum and permits apposition at the time of arthrodesis. 

ARTHRODESIS OF THE HIP IN WIDE ABDUCTION 

■ Expose the acetabulum and proximal fémur using an 
anterior iliofemoral approach (see Technique 1-60). 

■ Excise the capsule anteriorly and superiorly. 
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■ Débridé the joint, removing ail acetabular articular carti¬ 
lage down to healthy cancellous bone. 

■ Deepen the roof of the acetabulum to permit better 
seating of the greater trochanter. 

■ Resect the remaining portion of the fémoral neck at its 
base, and strip the abductor tendons from the greater 
trochanter and adjacent fémoral shaft. 

■ Dénudé the greater trochanter down to bleeding cancel¬ 
lous bone. 

■ Bring the extremity into wide abduction, forcing the 
greater trochanter well into the prepared acetabular 
cavity. 

■ Pack any remaining space with autogenous iliac grafts. 

■ The degree of abduction varies with the individual: In 
some patients 45 degrees may be sufficient, whereas 70 
to 90 degrees may be required in others for accurate 
fitting and good apposition of the bony surfaces. The 
degree of abduction must be sufficient, however, to place 
the apposed surfaces under firm compression. 

■ Apply a spica cast from the nipple line to the toes on the 
affected side and to the knee on the opposite side. 

FINAL POSITIONING BY SUBTROCHANTERIC 
OSTEOTOMY 

■ When the arthrodesis is solid, as affirmed by clinical and 
radiographie examination, open the distal limb of the 
iliofemoral approach, retract the rectus femoris medially, 
and incise the periosteum of the fémur in the interval 
between this muscle and the vastus lateralis. 

■ Ligate branches of the latéral fémoral circumflex artery as 
required. 

■ Using a transverse osteotomy 5 cm distal to the lesser 
trochanter, eut the shaft three-fourths through and care- 
fully fracture the médial cortex. 

■ Adduct and displace the shaft of the fémur slightly medially 
so that the médial cortex of the proximal fragment fits 
into the medullary cavity of the distal fragment. Usually no 
internai fixation is necessary. Abbott and Lucas recom- 
mended a position of 5 to 10 degrees of abduction, 35 
degrees of flexion, and 10 degrees of external rotation. 

POSTOPERATIVE CARE. Apply a bilateral spica cast; if 
radiographs through the cast are satisfactory, the patient 
is immobilized until the osteotomy is solid. 


ARTHRODESIS OF THE PROXIMAL 
FEMUR TO THE ISCHIUM 

When the fémoral head is extremely diseased or absent, 
arthrodesis of the proximal fémur to the ischium, as 
described by Bosworth, can be done (see earlier éditions 
of this text for technique description). 


TOTAL HIP ARTHROPLASTY AFTER 
HIP ARTHRODESIS 

Conversion of a hip arthrodesis to total hip arthroplasty most 
often is indicated for pain or generalized loss of function from 


immobility or malposition. This is a technically demanding 
procedure, complications and failures are frequent, and 
improvement of function is uncertain. Best results hâve been 
noted in patients who are young and who hâve had a hip 
fusion for a relatively short time. Most patients are satisfied, 
however, with their improved mobility, maneuverability, and 
sitting ability. A 10% infection rate, a 10% révision rate, and 
a 5% resection arthroplasty rate because of infection hâve 
been reported in replacements done affer hip fusions. Less 
than optimal results for takedown to total hip replacement 
hâve been confirmed by other studies. Richards et al. found 
a 54% complication rate, 74% 10-year survival, and lower 
outcome scores than either primary or révision total hip 
replacement comparison cohorts. Peterson et al. also found 
only 75% 10-year survival, and although 90% had minimal 
pain, 87% had a limp and 61% required a gait aid. Somewhat 
more promising results were reported by Sirikonda et al., 
with much improved hip scores (8.8 to 13.6), although seven 
of 67 patients required further révision surgery. A more 
recent comparison of total hip arthroplasty affer arthrodesis 
to primary hip arthroplasty found that hip function, rate of 
complications, component survival, and patient satisfaction 
were similar. In a systematic review, however, Jain and 
Giannoudis found inconsistent reports of pain relief and 
complications were reported in up to 54% of patients. 

Those willing to perform this procedure may find interest 
in the report by Akiyama et al., who used CT-based naviga¬ 
tion to more accurately détermine the site and direction of 
the fémoral neck osteotomy and the positioning of the ace¬ 
tabular socket, hoping to maximize results in this difhcult 
procedure. 

Long-standing hip arthrodèses (average 33 years) hâve 
been studied in patients who hâve had total knee arthroplasty, 
total hip arthroplasty, or both. Findings suggest that total 
knee arthroplasty alone is unlikely to provide satisfactory 
results in patients with hip fusions. Total hip arthroplasty 
followed by total knee arthroplasty is recommended even if 
severe osteoarthritis of the knee is the main complaint. Total 
hip arthroplasty affer arthrodesis is discussed in detail in 
Chapter 3. 
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The treatment of hip pain in young adults is an evolving field. 
It has long been known that significant hip deformity resuit - 
ing from childhood conditions such as developmental dys- 
plasia of the hip and Perthes disease can lead to secondary 
hip osteoarthritis in adult life. Over the past two décades, 
more subtle deformity of the hip has been implicated in the 
development of osteoarthritis in patients who previously 
were thought to hâve “primary osteoarthritis” of the hip. 
Primary or idiopathic osteoarthritis of the hip attributes 
arthritic progression to the effect of age-related Chemical and 
mechanical détérioration of hip articular cartilage présent in 
a subset of individuals for unknown reasons. Many patients 
who would formerly hâve been thought to fall within this 
primary group are now believed to hâve had hip impinge¬ 
ment leading to osteoarthritis over time. 

As early as 1965, Murray described the subtle “tilt defor¬ 
mity” of the proximal fémur that he believed would lead to 
osteoarthritis. This theory that small deformities of the hip 
from childhood would inevitably lead to osteoarthritis was 
again stated in 1975 by Stulberg et al., who coined the term 
“pistoi grip” deformity of the proximal fémur (Fig. 6-1). In 
the mid-1990s, Ganz et al. refined the description of hip 
impingement caused by fémoral and acetabular deformity 
and ushered in a new era of hip preserving surgery in symp- 
tomatic young adult patients by describing techniques to 
correct these deformities. 

Periacetabular osteotomy (PAO), with or without fémoral 
osteotomy, for treatment of painful hip dysplasia in young 
adults appears to be effective in delaying prosthetic hip 


reconstruction when the surgical intervention occurs while 
the arthritic progression is fairly mild. The results of PAO in 
patients with more advanced arthritis hâve been less favor¬ 
able. More recently, the disease patterns of hip impingement 
hâve been elucidated, and surgical procedures aimed at hip 
préservation for this condition hâve been applied. Similar to 
hip dysplasia, it appears that the articular damage resulting 
from hip impingement can occur while symptoms remain 
relatively mild and intermittent. These facts argue for early 
intervention in both hip dysplasia and hip impingement 
before the onset of irréversible arthritis. The goal of hip 
préservation surgery in both dysplasia and impingement 
is to alter the hip joint morphology to allow more unhin- 
dered physiologie range of motion while optimizing hip 
joint mechanics to delay or hait the progression of hip 
osteoarthritis. 

Other sources of hip pain in young adults, including 
osteonecrosis of the fémoral head and transient osteoporosis 
of the hip, are discussed in this chapter. Extraarticular sources 
of groin, buttock, and latéral hip pain must be differentiated 
from articular sources. Some of these are discussed, including 
sports hernias, peritrochanteric pain, and osteitis pubis. 

EVALUATION AND HISTORY 

PATIENT HISTORY 

The patient history can focus the physician on probable 
sources of hip pain, thus directing further évaluation. The 
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Pistol-grip deformity of proximal fémur leading 
to secondary osteoarthritis. pathology. 


The "C sign" is suggestive of intraarticular hip 


onset and duration of pain can be helpful, with conditions 
such as osteonecrosis and stress fracture having fairly acute 
onsets, whereas dysplasia and hip impingement tend to hâve 
insidious onsets often described as a récurrent groin pull that 
occurs with certain activities. Stress fractures are common in 
runners, particularly amenorrheic women with lowered bone 
densities. Pain onset affer a twisting injury is common in 
sports such as soccer, ice hockey, and tennis and suggests a 
labral injury and may also be associated with bony morpholo¬ 
gies that prédisposé a patient to labral injury. Patients with 
labral pathology frequently describe a catching, sharp pain 
when twisting on a weight-bearing hip or when simultane- 
ously flexing and internally rotating their hip, as when enter- 
ing a car. Psoas tendonitis usually is described as groin pain 
that is made worse with active hip flexion and frequently is 
associated with an audible snapping of the hip. 

The localization of pain also is helpful. Posterior pain 
along the posterosuperior iliac spine and buttock frequently 
is referred pain from the lumbar spine and possibly the sac- 
roiliac joint. The radiation of this pain down the posterior 
thigh and past the knee is highly suggestive of a radicular 
origin, particularly when associated with other neurologie 
symptoms. Latéral hip pain is frequently peritrochanteric in 
origin and can radiate down the latéral thigh as in iliotibial 
band tendinitis. Intraarticular pathology usually présents as 
some amount of groin or deep, more ill-defined pain. Byrd 
described the frequent “C sign” suggestive of intraarticular 
pathology in which the patient places his hand about the 
affected hip with the thumb in the groin crease and the fingers 
on the buttock surrounding the hip with the hand in the 


shape of a C (Fig. 6-2). However, intraarticular pathology can 
présent as primarily latéral or posterior pain that must be 
differentiated from extraarticular sources by physical exami¬ 
nation combined with imaging studies and occasionally diag¬ 
nostic injections. 

Pain that occurs with sitting for prolonged times but is 
minimal with standing and walking suggests hip impinge¬ 
ment. Weight-bearing pain that is relieved by sitting or lying 
is more nonspecific, with possibilities including osteoarthri¬ 
tis, osteonecrosis, stress fracture, dysplasia, and inflammatory 
arthritis. Pain associated with a popping or a snapping sensa¬ 
tion can be caused by a labral tear or snapping psoas tendon 
or iliotibial band. 

PHYSICAL EXAMINATION 

Physical examination of the hip begins with observation of 
the patients gait. An antalgie gait is described as having a 
decreased stance phase on the affected limb. A painful hip, 
however, often causes the patient to walk with an abductor 
lurch, in which he or she lurches toward the affected side 
during the stance phase of gait in an effort to reduce the joint 
reactive forces on the hip. This same type of gait is seen with 
weakness of the hip abductor. Weakness of the hip abductor 
is tested with the Trendelenburg test. The Trendelenburg test 
is positive for hip abductor weakness when the pelvis sags 
more than 2 cm during single-leg stance on the limb tested 
(Fig. 6-3). 

With a fixed or painful hip flexion contracture, a patient 
will stand with compensatory hyperextension of the lumbar 
spine. During gait, extension of the hip is accomplished by 
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Trendelenburg sign is positive when affected 
hemipelvis sags during one-legged stance. 


further extension of the lumbar spine. With a flexion contrac¬ 
ture the pelvis also may rotate toward the affected side during 
extension of the hip because of the inability of the patient to 
extend the hip adequately. This asymmetric external rotation 
of the pelvis during extension of a hip with a flexion contrac¬ 
ture is known as a pelvic wink. 

Some patients expérience a snapping sensation during 
gait or with spécifie standing maneuvers. The examiner may 
hâve the patient reproduce the snapping while palpating the 
latéral side of the hip. A snapping iliotibial band frequently 
can be palpated or visualized as it catches while sliding over 
the latéral border of the greater trochanter during gait. 

Palpation of the pelvis may identify tenderness at the 
pubic symphysis typical of osteitis pubis. Tenderness along 
the inguinal canal may represent a classic inguinal hernia or 
deficiency of the abdominal wall known as a sports hernia. 
The muscular origins of the rectus femoris and adductor 
longus can be tender with strains or avulsion injuries. Tender¬ 
ness over the greater trochanter and abductor tendon will be 
présent with trochanteric bursitis and partial tears of the 
gluteus médius or minimus. 

The examination continues with the patient supine with 
both hips examined for symmetry of motion. Flexion, exten¬ 
sion, abduction, and adduction, as well as internai and exter¬ 
nal rotation, are noted. Rotation is tested in both extension 
and 90 degrees of flexion. Rotation of the hip in extension can 
most reliably be tested with the patient prone on the examina¬ 
tion table. The presence of a flexion contracture is determined 
by the Thomas test. With the patient supine, both hips are 
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Thomas test detects hip flexion contracture by 
extending affected hip while contralatéral hip is held flexed, flat- 
tening and immobilizing lumbar spine. 


flexed maximally, thus flattening any lumbar lordosis. The 
legs are then alternatively brought into extension with any 
residual flexion contracture noted while the pelvis and lumbar 
spine are held stationary by keeping the contralatéral hip 
flexed (Fig. 6-4). The presence of reproducible popping or 
clicking during hip range of motion testing should be noted 
because it may be suggestive of a labral tear. 

A hip with synovitis from any cause can be painful when 
the hip is rotated passively to the extremes of motion allow- 
able. The range of motion in ail planes may be decreased, with 
internai rotation and abduction tending to be most affected. 
When the hip is quite irritable, even log-rolling the patients 
hip on the examination table can be painful. A hip that is 
irritable with log-rolling should make the examiner consider 
diagnoses such as inflammatory arthritis, sepsis, stress frac¬ 
ture, acute onset of osteonecrosis, or advanced degenerative 
arthritis. 

An active straight-leg raise performed by the patient pro¬ 
duces a force of approximately two times body weight because 
of the joint reactive force produced by the hip flexors. Pain 
with an active straight-leg raise can be helpful because this 
force is reproducible in a given patient and can be used as a 
gauge of disease severity. 

The anterior impingement test or FADIR (flexion adduc¬ 
tion internai rotation) test is performed by flexing the hip to 
90 degrees, adducting across the midline, and maximally 
internally rotating the hip (Fig. 6-5). Hips with symptomatic 
anterior impingement are limited in internai rotation and are 
painful with this maneuver. Contralatéral comparison of 
internai rotation is particularly helpful because this value will 
vary greatly between individuals. With anterior impinge¬ 
ment, patients hâve distinctly more pain with the FADIR test 
than with other extremes of rotation. With latéral or posterior 
impingement, however, as in patients with a protrusio defor- 
mity, pain may be produced by pure abduction or with the 
FABER (flexion abduction external rotation) test (Fig. 6-6). 
The FABER test also may elicit posterior pelvic pain with 
disorders of the sacroiliac joint or lumbosacral junction. 

The anterior appréhension test is performed with the 
patient supine on the edge of the examination table. The hip 
is extended and externally rotated (Fig. 6-7). Patients with 
hip dysplasia, including déficient anterior coverage, will 
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FIGURE 


rotation of hip. 


FADIR test: flexion, adduction, and internai 


FIGURE 


Appréhension test. 



FIGURE 


rotation of hip. 


FABER test: flexion, abduction, and external 


expérience groin discomfort or a sense of appréhension with 
this maneuver. This maneuver also may elicit posterior or 
latéral pain in a patient with posterior impingement. 

The test for internai snapping of the hip or a snapping 
iliopsoas tendon is performed by passively flexing the hip to 
90 degrees in a slightly abducted and externally rotated posi¬ 
tion, and then asking the patient to extend the hip to the 
examination table while keeping the foot suspended. A snap¬ 
ping psoas tendon frequently is audible as a distinctive, 


low-pitched “thunk” as it crosses from latéral to médial over 
the iliopectineal eminence during extension of the hip. This 
finding is common as a normal variant in individuals with no 
hip pain. 

The area about the greater trochanter and gluteal muscles 
is more easily assessed with the patient in a latéral position. 
Pain with resisted abduction or against gravity may be présent 
in patients with gluteus médius or minimus tendinitis or 
partial tears. The Ober test is performed with the patient in 
the latéral position by abducting the patients hip with the 
knee flexed and then letting the hip fall into adduction. A 
delay in adduction caused by gravity is a positive Ober test. 
With the hip extended past neutral, a positive Ober test signi¬ 
fies tightness of the iliotibial band, whereas a positive Ober 
test with the hip in neutral flexion/extension is indicative of 
a gluteus médius contracture or tendinopathy. In the latéral 
position, snapping of the iliotibial band over the greater tro¬ 
chanter can be reproduced in patients with external snapping 
hip syndrome by flexing and extending the hip while tension- 
ing the iliotibial band similar to the Ober test. In thin patients, 
a thickened portion of the iliotibial band may produce visible 
snapping with this maneuver. 

The use of a diagnostic intraarticular hip injection with 
local anesthetic can be used as a means of identifying patients 
with an intraarticular pathologie process when physical 
examination and radiographie studies are equivocal. This 
test can be particularly helpful when encountering a pati¬ 
ent with an atypical pain pattern. Examining the patient 
within a couple of hours of the injection can be helpful, with 
the patient asked to reproduce the activities that previously 
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elicited hip pain. Definite improvement in the patients symp- 
toms has been noted by Byrd to predict the presence of an 
intraarticular pathologie process with 90% accuracy. 

RADIOGRAPHIC ASSESSMENT 

Assessment of the painful hip begins with plain radiography 
and a supine anteroposterior pelvic view. The radiographie 
signs on an anteroposterior pelvic radiograph are highly sen¬ 
sitive to rotation and tilt of the pelvis. A satisfactory antero¬ 
posterior pelvic view displays symmetry of the iliac wings and 
obturator foramina with the tip of the coccyx 1 to 3 cm above 
the pubic symphysis. A true anteroposterior view of the pelvis 
is particularly necessary when evaluating acetabular version 
and coverage. 

The latéral center edge (LCE) angle of Wiberg (Fig. 6-8) 
is measured on the anteroposterior pelvic radiograph by first 
drawing a horizontal reference line by connecting the centers 
of the fémoral heads or the base of the radiographie tear- 
drops. A line perpendicular to this horizontal reference line 
is drawn through the center of the fémoral head and dôme of 
the acetabulum. Another line is drawn from the center of the 
fémoral head to the latéral edge of the sourcil or dense sub- 
chondral bone forming the dôme of the acetabulum. Bone 
that extends latéral to the sourcil is not included in the mea- 
surement because it does not contribute to the weight-bearing 
support of the fémoral head. The angle between these lines is 
the LCE angle. An LCE angle of less than 20 degrees is indica¬ 
tive of hip dysplasia with inadéquate coverage of the fémoral 
head by the latéral dôme of the acetabulum. Hips with LCE 
angles in the range of 20 to 24 degrees hâve borderline dys¬ 
plasia, and hips with an LCE angle of more than 40 degrees 
display overcoverage. 

The version of the acetabulum is evaluated on the antero¬ 
posterior pelvic radiograph by tracing the rim of the anterior 


and posterior walls. In a normal hip, the anterior and poste - 
rior walls converge at the superior latéral margin of the ace¬ 
tabulum. The crossover sign is présent when the anterior wall 
outline crosses over the posterior wall below the superior 
latéral margin of the acetabulum (Fig. 6-9). The crossover 
sign is indicative of either isolated anterior overcoverage of 
the hip or rétroversion of the entire acetabulum with déficient 
posterior coverage. The position of the posterior wall relative 
to the center of the fémoral head is noted. A positive posterior 
wall sign exists when the posterior wall lies médial to the 
fémoral head center and indicates déficient posterior wall 
coverage (Fig. 6-10). When combined with a crossover sign, 
a positive posterior wall sign indicates relative rétroversion of 
the acetabulum. Another sign of acetabular rétroversion is 
ipsilateral prominence of the ischial spine in an otherwise 
properly rotated and positioned anteroposterior pelvic radio¬ 
graph. The distinction between isolated anterior overcoverage 
and rétroversion of the entire acetabulum is crucial because 
the surgical treatment is different for these two conditions. 

The inclination of the acetabulum is measured on the 
anteroposterior pelvic view with the Tônnis angle, which is 
determined by first drawing a line from the most médial 
aspect of the radiographie sourcil to its most latéral aspect. A 
second line is drawn parallel to the interteardrop line with 
the apex of the angle at the médial sourcil (see Fig. 6-8). This 
angle normally is between 0 and 10 degrees. Angles of more 
than 10 degrees are présent with hip dysplasia, whereas an 
angle of less than 0 degrees can indicate overcoverage. 

The presence of coxa profunda is seen on the anteroposte¬ 
rior pelvic radiograph when the médial aspect of the acetabu¬ 
lar fossa extends médial to the ilioischial line (Fig. 6-11). Coxa 
profunda may be présent in patients with acetabular overcov¬ 
erage, though it can also be a normal variant, particularly in 
women. Protrusio acetabuli exists when the médial aspect 



Tônnis angle 

Interteardrop line 


Latéral center edge (LCE) angle of Wiberg mea- 
sures arc of superolateral acetabular coverage beyond vertical 
line drawn through center of fémoral head. Tônnis angle mea- 
sures inclination of radiographie sourcil compared with intertear¬ 
drop line. 


Crossover sign is indicative of acetabular rétro¬ 
version with anterior overcoverage of fémoral head. 
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U^p Posterior wall sign is présent when center of 
fémoral head lies latéral to latéral margin of posterior wall on 
anteroposterior pelvic radiograph. 



Coxa profunda is présent when the acetabular 
fossa extends médial to the ilioischial line and indicates excessive 
acetabular depth sometimes associated with pincer type 
impingement. 


of the fémoral head is projected Crossing the ilioischial 
line and usually indicates excessive acetabular depth and 
possible acetabular overcoverage with pincer impingement 
morphology. 

The anterior center edge (ACE) angle of Lequesne is gen- 
erated on the false profile view of the pelvis to assess the 
anterior coverage of the hip. The false profile view is made 
with the patient standing with the affected side of the pelvis 



Anterior center edge angle of Lequesne is mea- 
sured on false profile view and is indicative of anterior coverage 
of hip. 


externally rotated 65 degrees from the anteroposterior pro¬ 
jection (Fig. 6-12). The ACE angle is determined by first 
drawing a vertical line from the center of the fémoral head 
through the dôme of the acetabulum. A second line is drawn 
from the center of the fémoral head to the anterior edge of 
the subchondral bone of the acetabulum, ignoring bone ante¬ 
rior to the sclerotic subchondral edge because this bone does 
not provide anterior support for the fémoral head. The normal 
ACE angle is approximately 20 degrees, with lesser values 
indicative of undercoverage. 

Other views typically obtained in younger patients with 
hip pain include a frog-leg latéral, a cross-table latéral, and a 
45-degree modified Dunn view of the hip. The modified 
Dunn view is obtained with the patient supine with the hip 
in 45 degrees of flexion, 20 degrees of abduction, and neutral 
rotation (Fig. 6-13). With the use of these three views in addi¬ 
tion to the anteroposterior pelvic view, the fémoral head-neck 
junction is evaluated at different degrees of fémoral rotation 
for the presence of head-neck offset abnormality and antéro¬ 
latéral prominence of the fémoral neck that can cause cam 
impingement. The cam deformity was described by Murray 
as a “tilt” deformity of the fémoral head and later by Stulberg 
et al. as a “pistol grip” deformity with flattening of the latéral 
head-neck junction seen on an anteroposterior view of the 
hip. The cam deformity appears to prédisposé individuals to 
secondary osteoarthritis. This antérolatéral cam deformity is 
better seen on the latéral and modified Dunn views and is 
quantitated by the alpha angle and head-neck offset ratio. 

The alpha angle is used to assess the fémoral head-neck 
junction on the latéral and modified Dunn views. The angle 
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Modified Dunn view displays anterosuperior 
head-neck junction, which frequently is involved with cam 
impingement. 


is formed by a line drawn from the center of the fémoral neck 
to the center of the fémoral head and a second line drawn 
from the center of the fémoral head to the point on the ante- 
rior head-neck junction where the contour of the fémoral 
head diverges from the spherical contour determined more 
medially on the head (Fig. 6-14). Nôtzli et al. described the 
normal value for the alpha angle to be 42 degrees in asymp- 
tomatic hips. An alpha angle of more than 50 to 55 degrees 
is generally considered consistent with a cam deformity of the 
fémoral head-neck junction. 

The anterior head-neck offset ratio is determined from 
the cross-table latéral view with the hip in 10 degrees of 
internai rotation (Fig. 6-15). The offset of the fémoral head is 
determined by measuring the distance between two lines 
drawn parallel to the axis of the fémoral neck. The first line 
is drawn through the most anterior portion of the fémoral 
neck, and the second line is drawn through the most ante¬ 
rior portion of the fémoral head. The ratio is determined by 
dividing this distance by the diameter of the fémoral head. 
According to Beaulé et al., a value of less than 0.15 has a 95% 
positive prédictive value of diagnosing femoroacetabular 
impingement. 

The beta angle, originally described by Wyss et al. using 
an open MRI, détermines the angle between the pathologie 
head-neck junction, the center of the fémoral head, and the 
acetabular rim with the hip in 90 degrees of flexion. Brünner 
et al. described the measurement of the beta angle on plain 
radiographs. The radiograph is obtained with the patient 
seated and the hip held in 90 degrees of flexion, 20 degrees 


/ 


Point where head 
loses sphericity 


Flead-neck 

centerline 


FIGURE 


Alpha angle measures angle between axis of 


fémoral neck and junction of spherical portion of fémoral head 
with more prominent head/neck junction. 



Anterior head/neck offset ratio (see text for 


description). 


of abduction, and neutral rotation. The beam is angled 15 
degrees from the anteroposterior projection to be tangential 
to the acetabular plane and centered on the fémoral shaff 
approximately 6 cm latéral to the anterior-superior iliac 
spine. The beta angle is measured from the point where the 
contour of the fémoral head-neck junction départs from the 









PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS 



A, "Beta-view" for measurement of the beta angle with the hip in 90 degrees of flexion, 20 degrees of abduction, 
and 0 degrees of rotation. X-ray beam is angled 15 degrees to the anteroposterior direction so that it is tangential to the acetabular 
plane. Beta-view radiographs showing (B) cam-type femoroacetabular impingement with a reduced beta angle of 8.5 degrees and (C) 
a healthy control subject with a more normal beta angle of 55.2 degrees. (From Brunner A, Hamers AT, Fitze M, Herzog RF: The plain B-angle 
measured on radiographs in the assessment of femoroacetabular impingement, J Bone Joint Surg B 92:1203, 2010. Copyright British Editorial Society 
of Bone and Joint Surgery.) 


spherical contour of the fémoral head to the center of the 
fémoral head and then to the superior latéral bony margin of 
the acetabulum (Fig. 6-16). According to Brünner étal., a 
beta angle of less than 30 degrees is indicative of impingement 
morphology, including cam, pincer, and mixed types. 

The Tônnis grading System is commonly used to describe 
the presence of osteoarthritis in hips being considered for hip 
préservation surgery: 

Grade 0: no signs of osteoarthritis 

Grade 1: sclerosis of the joint with minimal joint space nar- 
rowing and osteophyte formation 
Grade 2: small cysts in the fémoral head or acetabulum with 
moderate joint space narrowing 
Grade 3: advanced arthritis with large cysts in the fémoral 
head or acetabulum, joint space oblitération, and severe 
deformity of the fémoral head. 

The prognosis of any hip préservation surgery is improved 
when it is done in patients with lower Tônnis grades. 

Small impingement cysts or sclerosis at the antérolatéral 
fémoral head-neck junction are radiographie evidence of 
femoroacetabular impingement and are présent in approxi- 
mately one third of symptomatic patients (Figs. 6-17 and 
6-18). A calcified labrum may worsen pincer-type impinge¬ 
ment by producing secondary overcoverage. The sphericity of 
the fémoral head and the congruence of the fémoral head 
with the acetabulum are evaluated on ail views. Posterior 
cartilage space narrowing occasionally can be discerned on 
the false profile view, whereas the other views remain rela- 
tively normal. 

CT of the pelvis with three-dimensional reconstruction 
is frequently used to offer guidance with bony resection in 
cam- and pincer-type deformities (Fig. 6-19). 



Sclerosis seen at fémoral head-neck junction is 
indicative of impingement. 
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Impingement cyst is seen at antérolatéral 
head-neck junction in patient with combined cam and pincer 
impingement. 



Computed tomography scan of pelvis with 
three-dimensional reconstruction shows acetabular overcoverage 
and direct surgical correction. (Courtesy of Christopher Peters, MD.) 


In multiple studies, MR arthrography (MRA) of the hip 
has been shown to improve the sensitivity of demonstrating 
labral tears from around 60% to more than 90% when com- 
pared with MRI of the hip performed without administration 
of a contrast agent (Fig. 6-20). The use of a small field view 
in conjunction with MRA has been shown to further improve 
the sensitivity in detecting labral pathology. The status of the 
articular cartilage is more difficult to ascertain on MRA. 
Occasionally, contrast medium can be seen tracking beneath 
the articular cartilage adjacent to the labrum because of 
délamination in cam-type impingement. Edema in the ante- 
rior fémoral neck and the anterosuperior acetabulum also can 
be seen with impingement. Small cysts within the anterior 
fémoral neck hâve been described as anatomical variants or 



Magnetic résonance arthrogram shows gado¬ 
linium tracking into labral chondral junction, indicating a labral 
tear. 


“herniation pits.” These cysts, as well as sclerosis of the fémoral 
head-neck junction, are thought to be caused by the répétitive 
trauma of hip impingement. Thinning of the articular carti¬ 
lage on MRA is indicative of more advanced disease, as is the 
presence of acetabular subchondral cysts. The alpha angle 
described earlier used with plain radiographs also has been 
applied to radial MRA and computed tomography (CT) 
images of the hip for planning bony resection of both cam 
and pincer deformities. 

Labral tears seen on MRA may occur secondary to injury 
alone, although they are uncommon without underlying 
bony deformity. Labral tears are more likely to be the resuit 
of abnormal hip mechanics with secondary injury of the 
labrum and adjacent acetabular rim. These abnormal mechan¬ 
ics may be exacerbated by physical activity as is seen in 
certain sports such as hockey, soccer, and tennis. 


FEMOROACETABULAR 

IMPINGEMENT 

Femoroacetabular impingement (FAI) occurs when anatomie 
variation of the hip causes impingement between the fémoral 
head-neck junction and the acetabular rim during functional 
range of motion. The presence of symptomatic hip impinge¬ 
ment in adolescence and young adulthood is believed to be 
one of the primary causes of osteoarthritis in patients younger 
than the âge of 50 years. In a study of patients under 50 years 
of âge undergoing total hip replacement, Clohisy et al. found 
that in patients with osteoarthritis, after excluding those with 
developmental dysplasia of the hip, slipped capital fémoral 
epiphysis, and Legg-Calvé-Perthes disease, 97% had radio¬ 
graphie signs of cam, pincer, or mixed type impingement. 
Early récognition of hip impingement and intervention to 
correct the underlying pathology has been championed in an 
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attempt to modify the natural history of the condition. Mul¬ 
tiple approaches to hip-preserving surgery hâve evolved 
based in part on the varied pathologie processes involved as 
well as varied surgical philosophies and skills. 

Two basic types of impingement hâve been described. 
Cam impingement occurs when the anterosuperior fémoral 
head-neck junction is prominent or the fémoral neck has a 
diminished offset from the adjacent fémoral head (Fig. 6-21). 
With flexion and particularly flexion combined with internai 
rotation, the nonspherical portion of the fémoral head-neck 
junction rotâtes into the acetabulum. A typical injury pattern 
with cam impingement is a tear at the base of the labrum at 
the labral-chondral junction. The adjacent articular cartilage 
then becomes injured because of compression from the 
fémoral head with its relatively larger radius of curvature 
rotating into the acetabulum. Frequently, the articular carti¬ 
lage delaminates from the underlying subchondral bone, pro- 
gressing from the acetabular rim (Fig. 6-22). In this process, 
the acetabular labrum is relatively spared, with more injury 
incurred within the adjacent articular cartilage. Cam mor- 
phology is more common in young athletic males. Kapron 
et al. found 72% of collegiate football players to hâve an alpha 
angle of more than 50 degrees. The etiology of the deformity 
is unknown, although some authors hâve postulated that it 
may be a mild variant of slipped capital fémoral epiphysis, 
whereas others hâve postulated a developmental abnormality 
of the latéral fémoral physis, possibly related to activity level. 
In a cross-sectional MRI study of adolescents, abnormal 
alpha angles were not found in any hips with open physes, 
but 14% of hips with closed physes had cam deformities. The 
daily activity levels for patients with cam deformities were 
significantly higher than for those with no deformity. 



Cam impingement occurs when prominent 
head-neck junction contacts acetabular rim during hip flexion. 



Délamination of articular cartilage secondary 
to impingement injury. (Courtesy of Robert Trousdale, MD.) 


There is an increasing body of evidence that cam impinge¬ 
ment can prédisposé a hip to osteoarthritis. A large, prospec¬ 
tive, cross-sectional, population-based study found 6 % of 
men and 2 % of women to hâve cam deformities, whereas 42% 
of those who had hip replacements had evidence of a cam 
deformity. In a longitudinal, prospective study, a cam defor¬ 
mity with an alpha angle of more 60 degrees had an adjusted 
odds ratio of 3.67 for development of end-stage osteoarthritis, 
whereas an alpha angle of more than 83 degrees had an 
adjusted odds ratio of 9.66. In a 20-year longitudinal study of 
1003 women, each degree increase in the alpha angle over 65 
degrees was associated with a 5% increase in the risk of devel- 
oping osteoarthritis. 

Pincer impingement occurs when the acetabular rim has 
an area of overcoverage causing impingement against the 
fémoral neck with functional motion (Fig. 6-23). The area of 
overcoverage can be global, as with protrusio acetabuli, or can 
be localized to the anterior acetabulum as with acetabular 
rétroversion. Acetabular rétroversion can also be global or 
isolated. In true global rétroversion of the acetabulum the 
posterior coverage of the acetabulum is déficient, with the 
entire acetabulum rotated or retroverted about the longitudi¬ 
nal axis. In isolated rétroversion of the acetabulum the anter¬ 
osuperior rim of the acetabulum extends farther around the 
fémoral head whereas the remainder of the acetabulum has 
more normal morphology. 

The injury pattern with pincer impingement is created by 
the fémoral neck abutting the acetabular rim and labrum 
during the extremes of motion. The labrum is pinched 
between the bony surfaces and subsequently suffers more 
damage than the adjacent articular cartilage. Pincer impinge¬ 
ment may worsen with time as the resuit of reactive bone 
growth at the acetabular rim or calcification of the labrum, 
effectively increasing the arc of overcoverage of the acetabu¬ 
lum (Fig. 6-24). A “contrecoup” injury frequently is seen on 
the posterior fémoral head and posteroinferior acetabulum 
owing to levering of the fémoral neck on the acetabular rim 
with subséquent increased pressure on the posterior hip car¬ 
tilage. Pincer morphology is more commonly encountered in 
women. 

Pincer impingement morphology has also been impli- 
cated in the development of osteoarthritis. In a comparison 
of radiographs of hips that had total hip arthroplasty for 
osteoarthritis to radiographs of nonarthritic hips, 20% of 
the arthritic hips had evidence of acetabular rétroversion, 
although only 5% of the asymptomatic hips showed signs of 
rétroversion. In the Copenhagen Osteoarthritis Study, deep 
acetabular sockets had an adjusted risk ratio of 2.4 for the 
development of osteoarthritis. 



Pincer impingement occurs when acetabulum 
has localized or global overcoverage leading to contact of ace¬ 
tabular rim with fémoral head-neck junction during normal hip 
motion. 
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Calcified labrum contributing to pincer-type 


impingement. 



Combinée! cam and pincer femoroacetabular 


impingement. 


Combined mechanism hip impingement occurs when 
cam and pincer morphology coexist in the same hip (Fig. 
6-25). Associated pincer deformities hâve been reported in 
variable percentages of patients being operated on for cam- 
type impingement though, according to some authors, 
most hips treated for femoroacetabular impingement hâve 
combined morphology. Interestingly, Bardakos and Villar 
described a positive posterior wall sign as a risk factor 
for arthritis progression when observing patients with cam 
deformities and Tonnis grade 1 or 2 arthritic staging over a 
10-year time interval. Some of these patients are likely to hâve 
had associated acetabular rétroversion, whereas others may 
hâve had a dysplastic variant. 

SURGICAL INDICATIONS 

As FAI has become better defined, the number of surgical 
procedures performed for FAI has increased dramatically, 
particularly hip arthroscopic procedures. Surgical indica¬ 
tions are being refined as the short-term and midterm out- 
comes of open, arthroscopic, and combined procedures are 
reported. 

Accurate diagnosis of the source of pain in young adults 
or adolescents is crucial in obtaining optimal surgical 
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outcomes with FAI surgery. The diagnosis of FAI is primarily 
made clinically from the patient s history and physical exami¬ 
nation and then correlated with the radiographie findings. 
Occasionally, a diagnostic hip injection is done at the time of 
MRA. A study by Hack et al. corroborâtes the need for a 
compelling clinical picture of FAI as an indication for surgery. 
Of 200 asymptomatic volunteers who had MRI of the hips, 
14% had cam morphology of at least one proximal fémur 
(alpha angle of more than 50.5 degrees), including 25% of the 
men and 5% of the women. With symptomatic individuals 
excluded from the study and with an estimated lifetime radio¬ 
graphie incidence of osteoarthritis of the hip of 8%, the radio¬ 
graphie appearance of a cam deformity as currently defined 
does not appear to always lead to osteoarthritis. The authors 
stated that concurrent pincer-type deformity and other envi- 
ronmental factors may hâve a rôle in the development of 
osteoarthritis. 

Open or arthroscopic osteochondroplasty of the fémoral 
head-neck junction is the surgical treatment for symptomatic 
cam impingement. Whether this is accomplished through 
open surgical dislocation, a limited open anterior approach, 
or arthroscopically is determined by the extent of the patho¬ 
logie process and the surgeons familiarity with a given 
approach. 

The radiographie parameters defining pincer morphol¬ 
ogy are related to the underlying process. An LCE angle of 
more than 40 degrees is indicative of latéral overcoverage and 
may be associated with a coxa profunda or protrusio acetabuli 
deformity with global overcoverage. Three-dimensional CT 
images may be helpful in determining the location and extent 
of acetabular overcoverage. In patients with pincer impinge¬ 
ment caused by isolated rétroversion of the anterosuperior 
rim of the acetabulum, the crossover sign may be the only 
plain radiographie finding. This type of pincer impingement 
can be treated arthroscopically with labral reflection, rim 
trimming, and labral reattachment (see Chapter 51). Limited 
anterior approaches hâve been used to treat this lésion, as well 
as open surgical dislocation. Larger deformities on the ace¬ 
tabular side of the joint involving the posterior-superior and 
posterior acetabular rim usually are treated with open surgi¬ 
cal dislocation with acetabular rim trimming and labral reat¬ 
tachment when possible. 

A crossover sign associated with a posterior wall sign and 
a prominent ischial spine indicates rétroversion of the entire 
acetabulum with déficient posterior coverage. These patients 
hâve true rétroversion of their entire acetabulum and are 
candidates for periacetabular osteotomy (PAO). Some of 
these patients hâve a component of dysplasia with déficient 
latéral coverage. Treating these patients with acetabular rim 
trimming may prédisposé them to symptoms of instability. 
Performing a PAO allows the surgeon to antevert the acetabu¬ 
lum, with or without abduction, as needed to optimize the 
position of the acetabulum from the predetermined radio¬ 
graphie parameters. 

SURGICAL DISLOCATION OF THE HIP 

Surgical dislocation of the hip was described by Ganz et al. 
for the treatment of FAI. The surgery is designed to allow full 
access to the acetabulum and the fémoral head-neck junction 
while preserving the blood supply to the fémoral head. The 
approach protects the deep branch of the médial circumflex 
artery as it supplies the postérolatéral retinacular vessels to 
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the fémoral head. The major advantage of the approach is its 
extensile nature with full access to the acetabular rim, the 
labrum, and the fémoral head-neck junction without the 
limitations of arthroscopy and limited anterior approaches. 
Surgical dislocation of the hip also has been used for open 
treatment of slipped capital fémoral epiphysis, the deformities 
of residual Legg-Calvé-Perthes disease and Pipkin fractures 
of the fémoral head. The shortcoming of the approach also 
relates to its extensile nature, which requires trochanteric 
osteotomy with a more prolonged recovery compared with 
more limited exposures. 


SURGICAL DISLOCATION OF THE HIP 


TECHNIQUE 6-1 


(GANZ ETAL) 

■ With the patient in the latéral decubitus position, make 
a Kocher-Langenbeck incision (Chapter 1, Technique 
1-74) and split the fascia lata accordingly. Alternative^, 
make a Gibson approach (Chapter 1, Technique 1 -68) and 
retract the gluteus maximus posteriorly. 

■ Internally rotate the leg and identify the posterior border 
of the gluteus médius. Do not mobilize the gluteus 
médius or attempt to expose the piriformis tendon. 

■ Make an incision from the posterosuperior edge of the 
greater trochanter extending distally to the posterior 
border of the ridge of the vastus lateralis. 

■ Use an oscillating saw to make a trochanteric osteotomy 
with a maximal thickness of 1.5 cm along this line. At its 
proximal limit, the osteotomy should exit just anterior to 
the most posterior insertion of the gluteus médius (Fig. 
6-26A). This préserves and protects the profundus branch 
of the médial fémoral circumflex artery. 

■ Release the greater trochanteric fragment along its pos¬ 
terior border to about the middle of the tendon of the 
gluteus maximus and mobilize it anteriorly with its 
attached vastus lateralis. 

■ Release the most posterior fibers of the gluteus médius 
from the remaining trochanteric base. The osteotomy is 
correct when only part of the fibers of the tendon of the 
piriformis hâve to be released from the trochanteric frag¬ 
ment for further mobilization. 

■ With the patient's leg flexed and slightly rotated exter- 
nally, elevate the vastus lateralis and intermedius from the 
latéral and anterior aspects of the proximal fémur. 

■ Carefully retract the posterior border of the gluteus 
médius anterosuperiorly to expose the piriformis tendon. 

■ Separate the inferior border of the gluteus minimus from 
the relaxed piriformis and the underlying capsule. Take 
care to avoid injury to the sciatic nerve, which passes 
inferior to the piriformis muscle into the pelvis. 

■ Retract the entire flap, including the gluteus minimus, 
anteriorly and superiorly to expose the superior capsule 
(Fig. 6-26B). Further flexion and external rotation of the 
hip makes this step easier. 

■ Incise the capsule anterolaterally along the long axis of 
the fémoral neck; this avoids injury to the deep branch 
of the médial fémoral circumflex artery (Fig. 6-26C). 


■ Make an anteroinferior capsular incision, taking care to 
keep the capsulotomy anterior to the lesser trochanter to 
avoid damage to the main branch of the médial fémoral 
circumflex artery, which lies just superior and posterior to 
the lesser trochanter. 

■ Elevate the anteroinferior flap to expose the labrum. 

■ Extend the first capsular incision toward the acetabular 
rim and then turn it sharply posteriorly parallel to the 
labrum, reaching the retracted piriformis tendon. Take 
care not to damage the labrum. 

■ Dislocate the hip by flexing and externally rotating the 
leg; bring the leg over the front of the operating table 
and place it in a stérile bag (Fig. 6-26D). Most of the 
acetabulum can now be inspected. 

■ Manipulation of the leg allows a 360-degree access to 
the acetabulum and nearly 360-degree access to the 
fémoral head. 

■ After exposure of the acetabulum, reflect the labrum 
from the portion of the acetabular rim that displays over- 
coverage (Fig. 6-26E) and trim excessive bone with an 
osteotome or burr (Fig. 6-26F). 

■ If possible, reattach the labrum at the margin of the 
articular surface with suture anchors, recreating the seal 
effect of the labrum (Fig. 6-26G). 

■ For osteochondroplasty, outline the fémoral head-neck 
junction with a surgical marker and then eut the articular 
cartilage at the proximal edge of the resection with a 
scalpel to avoid inadvertent extension into the normal 
fémoral head. 

■ Carefully perform the resection with small osteotomes, 
using a burr to complété the recontouring of the head- 
neck junction (Fig. 6-26H). Cadaver studies hâve shown 
that up to 30% of the diameter of the fémoral neck can 
be removed from the antérolatéral quadrant of the head- 
neck junction without substantially altering the strength 
of the fémoral neck to axial load. A typical resection, 
however, is much less than 30% and is tailored to the 
spécifie anatomy encountered. 

■Check the contour of the fémoral head with a plastic 
template or spherometer to gauge the proximal extent of 
the osteochondroplasty where the fémoral head becomes 
aspherical (Fig. 6-261). 

■ Coat the exposed cancellous bone with bone wax. Reduce 
the hip and reproduce the position of impingement, eva- 
luating range of motion directly and with fluoroscopy. 

■ Repair the capsule anatomically with nonabsorbable 
sutures. 

■ Reattach the greater trochanter with two 4.5-mm cortical 
screws aimed medially and distally in the région of the 
lesser trochanter. 

POSTOPERATIVE CARE. Postoperatively, the patient is 
mobilized with touch-down weight bearing for 6 weeks 
with avoidance of active abduction and extreme flexion 
or rotation of the hip. After 3 weeks, pool exercises 
are begun, and at 6 weeks weight bearing is allowed 
with progressive abductor strengthening. Low-molecular- 
weight heparin is used for deep venous thrombosis pro- 
phylaxis for 2 weeks, followed by aspirin 325 mg per day 
for another 4 weeks. 
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A f Trochanteric osteotomy exits proximally just anterior to most posterior attachment of gluteus médius, preserving 
capsular branch of médial fémoral circumflex artery. B, Hip capsule is exposed above level of piriformis by dissecting gluteus minimus 
off capsule while displacing trochanteric fragment anteriorly. C f Z-shaped capsulotomy is performed. D f Hip is dislocated anteriorly 
while placing leg in stérile drape pouch over anterior side of operating table and cutting ligamentum teres. 

Continued 


■ RESULTS 

In follow-up studies ranging from 2 to 5 years, the rate of 
good to excellent results has ranged from 68% to 94%. Hip 
scores improved an average 2 to 5.0 points as measured by 
the Merle dAubigné Score and in one study by 30 points as 
measured by the modified Harris Hip Score (Fig. 6-27). Con¬ 
version to total hip replacement occurred in 0% to 30% of 
patients. Factors that negatively impacted results included 
preoperative evidence of arthritis (Tônnis grade 2), intraop¬ 
erative evidence of cartilage délamination, and increasing 
âge. In a study by Espinosa et al., refixation of the labrum 
improved the good to excellent percentage from 76% to 94% 
when compared with labral debridement. Hétérotopie ossifi¬ 
cation and painful trochanteric hardware requiring removal 
were rarely reported complications. 

COMBINED HIP ARTHROSCOPY AND 
LIMITED OPEN OSTEOCHONDROPLASTY 

This approach described by Clohisy et al., Laude et al., and 
others has been used for patients with cam impingement. 


After hip arthroscopy for intraarticular or central compart- 
ment labral debridement or repair, the anterior aspect of the 
hip is approached through a limited Smith-Petersen approach 
or Hueter approach (through the sheath of the tensor fascia 
lata). The osteochondroplasty of the fémoral head-neck junc- 
tion is performed under direct vision. With traction, the an¬ 
terior rim of the acetabulum can be resected with reflection 
of the labrum and reattachment with suture anchors although 
the extent of rim exposure and resection is limited. The ad- 
vantage of this approach is primarily avoiding the morbidity 
of surgical dislocation with a larger exposure including tro¬ 
chanteric osteotomy. This approach allows direct vision of a 
typical cam deformity on the fémoral head-neck junction. The 
limitation of this approach is that only the anterior aspect of 
the fémoral head and neck and acetabular rim can be ac- 
cessed. The latéral fémoral cutaneous nerve may be injured 
in this approach as well. Placing the incision several centime- 
ters latéral to the anterosuperior iliac spine and approaching 
the anterior hip through the fascial sheath of the tensor fascia 
lata may lessen the risk of injury to the nerve. 
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E, Labrum is reflected off overhanging acetabulum. F f Excessive bone is trimmed with osteotome or burr, and 
intact labrum is reattached with suture anchors if possible. G f Labrum is reattached with suture anchors. H f Burr is used to recontour 
head-neck junction. I f Clear plastic spherometer can be used to judge point where fémoral head becomes aspherical and to guide 
extent of osteochondroplasty. SEE TECHNIQUE 6-1. 


COMBINED HIP ARTHROSCOPY 
AND LIMITED OPEN 
OSTEOCHONDROPLASTY 


TECHNIQUE 6-2 


(CLOHISY AND MCCLURE) 

■ With the patient supine, perform a standard arthroscopic 
examination of the hip (Chapter 51) for inspection of 
the articular cartilage of the fémoral head, acetabulum, 
and acetabular labrum. Débridé any unstable flaps of 
acetabular labrum and associated articular cartilage 
flaps. 

■ After arthroscopic debridement is completed, irrigate the 
joint, remove the arthroscopic instruments, and release 
the traction. 

■ Obtain a cross-table latéral or frog-leg latéral fluoroscopy 
view (Fig. 6-28A) to ensure excellent visualization of 


the proximal fémur, specifically the fémoral head-neck 
junction. 

■ Make an 8- to 10-cm incision, starting just inferior to the 
anterosuperior iliac spine and incorporating the anterior 
arthroscopy portai incision (Fig. 6-28B). 

■ Carry the dissection through the subcutaneous tissue later- 
ally directly onto the fascia of the tensor fascia lata muscle. 

■ Incise the fascia and retract the muscle belly laterally and 
the fascia medially. Protect the fémoral cutaneous nerve 
by placing the fascial incision latéral to the tensor-sartorius 
interval. 

■ Develop the interval between the tensor and sartorius, 
identify the rectus origin, and release the direct and 
reflected heads. 

■ Reflect the rectus distally, and dissect the adipose tissue 
and iliocapsularis muscle fibers off the anterior hip capsule 

(Fig. 6-28C). 

■ Make an l-shaped or T-shaped capsulotomy to provide 
adéquate exposure of the antérolatéral fémoral head-neck 
junction. 
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A and B f Preoperative anteroposterior and latéral pelvic radiographs of 32-year-old woman with combined cam and 
pincer impingement after treatment of fémoral neck fracture. C and D f After surgical dislocation with acetabular rim trimming and 
fémoral osteochondroplasty. 


■ Using the normal head-neck offset anteromedially as a 
reference point for resection of the abnormal osteochon- 
dral lésion along the antérolatéral head-neck junction, 
use a 0.5-inch curved osteotome to perform an osteo- 
plasty at the head-neck junction. 


■ Direct the osteotome distally and posteriorly to make a 
beveled resection to prevent délamination of the retained 
fémoral head articular head cartilage. 

■ After the antérolatéral head-neck offset has been estab- 
lished, confirm accuracy of the resection with fluoroscopy 
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A f Frog-leg latéral fluoroscopie view shows fémoral head-neck junction. B, Incision incorporâtes anterior arthroscopy 
portai slightly latéral to anterosuperior iliac spine to avoid latéral fémoral cutaneous nerve. C f Tensor fascia lata muscle is retracted 
latérally, and rectus and iliocapsularis are reflected to access anterior hip capsule. D f Frog-leg latéral fluoroscopie view verifying adéquate 
resection. SEE TECHNIQUE 6-2. 


using frog-leg latéral or cross-table latéral views in 
neutral and varying degrees of internai rotation (Fig. 
6-28D). 

■ Examine the hip for impingement in flexion and for com- 
bined flexion and internai rotation, while palpating the 
anterior hip to test for residual impingement. 

■ If the anterior acetabular rim is overgrown secondary 
to labral calcification or osteophyte formation, carefully 
débridé until adéquate clearance is obtained. 


■ Hip motion should improve at least 5 to 15 degrees in 
flexion and 5 to 20 degrees in internai rotation. 

■ The goal of osteoplasty is to remove ail prominent antéro¬ 
latéral osteochondral tissue that contributes to an aspher- 
ical shape of the fémoral head (Fig. 6-29). If sphericity 
has not been achieved, perform additional resection of 
the fémoral head-neck junction. 

■ Control bleeding with bone wax, irrigate the joint, and 
close the longitudinal and superior transverse arms of the 
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After limited open osteochondroplasty 
fémoral head-neck junction. SEE TECHNIQUE 6-2. 


of 


arthrotomy with nonabsorbable suture. Close the remain- 
der of the wound in standard fashion. 

POSTOPERATIVE CARE. Physical therapy is instituted 
for toe-touch weight bearing with crutches to minimize 
the risk of fémoral neck stress fracture. A pillow is used 
under the thigh to protect the rectus repair, and active 
flexion is avoided for 6 weeks. Abductor strengthening is 
begun immediately and is continued with a home exercise 
program. Crutches are discontinued at 6 weeks, and 
activities are resumed gradually as tolerated. Impact activ¬ 
ités, such as running, are not encouraged for at least 6 
months. Aspirin, 325 mg, is taken as a thromboembolie 
prophylaxis, and indomethacin, 75 mg sustained release, 
is used for hétérotopie ossification prophylaxis; therapy 
with both is continued for 6 weeks. 


■ RESULTS 

Clohisy et al. reported an average improvement in the modi- 
fied Harris hip score from 64 to 87 with normalization of the 
alpha angle at 2-year foliow-up after arthroscopic labral 
debridement and limited open osteochondroplasty Two of 36 
patients showed radiographie progression of arthritis from 
Tonnis grade 0 to grade 1. Laude et al. showed at average 
58-month folio w-up an increase in the nonarthritic hip score 
of 29 points. There was an 11% failure rate with conversion 
to total hip replacement, with better results obtained in 
patients younger than 40 years of âge and patients having 
Tonnis grade 0 arthritis preoperatively. 
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MINI-OPEN DIRECT ANTERIOR 
APPROACH 

Similar to the limited open osteochondroplasty described 
above, the mini-open direct anterior approach described by 
Ribas et al. uses the Smith-Petersen interval to access the 
anterior hip, but the procedure is done on a standard 
operating table with distraction of the hip accomplished by 
extension of the hip and a T-shaped anterior hip capsu- 
lotomy. No muscle is detached from the pelvis. Specialized 
retractors with attached fiber-optic illumination are recom- 
mended. A 70-degree arthroscope can be used through 
the capsulotomy to inspect the articular surface of the 
acetabulum. The acetabular rim can be treated in the 
région of the most common pathology, and cam lésions of 
the head-neck junction can be directly visualized and cor- 
rected. The labrum can be repaired with suture anchors. 
Cohen et al. reported the use of this approach in athlètes 
and found similar activity score improvements and return 
to sport compared with arthroscopic and surgical disloca¬ 
tion techniques. 


TECHNIQUE 6-3 


(RIBAS ETAL) 

POSITIONING AND APPROACH 

■ With the patient supine on an extension table, make an 
incision beginning 1 cm below and 1 cm latéral to the 
anterosuperior iliac spine and continuing 4 to 8 cm dis- 
tally towards the fibular head. 

■ Open the crural fascia and the tensor fascia latae approxi- 
mately 1 cm posterior to the first fibers of the tensor 
fascia latae and identify the interval between the sartorius 
and the tensor fascia latae muscles. This maneuver 
protects the posterior branches of the latéral femoro- 
cutaneous nerve by making a "double fascial pocket" 
(Fig. 6-30A). 

■ Detach the reflected portion of the rectus femoris muscle. 

■ Place a curved blunt Hohmann retractor over the upper 
part of the capsule and a straight Hohmann retractor 
between the iliocapsularis muscle and the capsule with 
the hip in at least 30 degrees of flexion to avoid damage 
to the fémoral nerve. 

■ Make a T-shaped capsulotomy from distal to proximal 
through the interval between the iliofemoral ligaments, 
taking care to identify the labrum by lifting the capsule 
as the dissection reaches the acetabulum. 

■ Place reference sutures in both sides of the capsule and 
place two blunt curved Hohmann retractors intraarticu- 
larly around the fémoral neck. 

INSPECTION OF THE HIP JOINT 

■ Perform the impingement (FADIR) maneuver to observe 
the area of impingement. 

■ Apply an extension force for hip distraction. Once the hip 
is distracted about 10 mm, use an additional light source 
attached to the Hohmann retractor or a 70-degree 
arthroscope to inspect the joint for acetabular chondral 
and labral lésions in the six zones described by llizaliturri: 
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Mini-open direct anterior approach for osteochondroplasty. A, Development of "double fascial pocket" to protect 
latéral fémoral cutaneous nerve and its posterior branches. B, Inspection and treatment of the internai compartment using a 70-degree 
arthroscope. C, Appearance of the cam deformity after labral suture. D, After completion of the fémoral osteoplasty. (From Ribas M, 
Cardenas-Nylander C, Bellotti V, et al: Mini-open technique for femoroacetabular impingement. www.boneandjoint.org.uk/content/focus/mini-open- 
technique-femoroacetabular-impingement.) SEE TECHNIQUE 6-3. 


3 zone 1, anterior inferior; zone 2, anterior superior; zone 
3, middle superior; zone 4, posterior superior; zone 5, 
posterior inferior; and zone 6, middle inferior (cotyloid 
fossa) (Fig. 6-30B). 

ACETABULAR OSTEOPLASTY AND LABRAL REPAIR 

■ Repair chondrolabral délamination by detachment of the 
labrum and trimming of the acetabular rim with 5-mm 
diamond burrs. 

■ Reattach the labrum with 3.1-mm résorbable transosse- 
ous anchors, and release extension of the hip (Fig. 6-30C). 

FEMORAL OSTEOPLASTY 

■ Use fluoroscopy to identify intraoperative landmarks 
according to preoperative planning. 

■ For cam-type impingement, excise the bony prominence 
with ultra-sharp curved osteotome and round burrs 
manipulated counter-clockwise to avoid excessive bone 
pénétration. 

■ Start the bump resection at the posterosuperior head- 
neck junction with hyperextension, adduction, and inter¬ 


nai rotation of the hip. Then flex, abduct, and externally 
rotate the hip to reach the posteroinferior head-neck 
junction and the acetabular rim (Fig. 6-30D). Use pulsed 
lavage throughout the procedure to prevent hétérotopie 
ossification. 

■ When bone resection is complété, obtain a final fluoro¬ 
scopie image and test the femoroacetabular clearance 
and range of motion, especially flexion and internai 
rotation. 

CLOSURE 

■ Close the wound in routine fashion. Close the hip 
capsule with the hip in full extension to avoid capsular 
overtightening. 

■ Take care to avoid injury to the branches of the latéral 
fémoral cutaneous nerve during superficial closure. 

POSTOPERATIVE CARE. Indomethacin protocol is used 
to prevent hétérotopie ossification. Gastroprotective drugs 
and low-molecular-weight heparin also are administered. 
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PERIACETABULAR OSTEOTOMY 

Periacetabular osteotomy developed primarily for the treat- 
ment of dysplasia also has been used for the treatment of 
pincer-type impingement caused by global acetabular rétro¬ 
version (Fig. 6-31) identified radiographically by a crossover 
sign with a corresponding posterior wall sign on the antero- 
posterior radiograph of the pelvis. Some of these patients also 
hâve déficient latéral coverage with a center edge angle of less 
than 20 degrees. According to the algorithm described by 
Peters et al., the articular cartilage of the anterior acetabulum 
should be judged to be intact by MR arthrogram before pro- 
ceeding with a PAO because that cartilage is rotated into a 
more weight-bearing position with correction of the bony 
deformity. 

■ SURGICAL TECHNIQUE 

The technique of PAO is described in the section on hip dys¬ 
plasia (Technique 6-4). The direction of rotation of the ace¬ 
tabular segment is individualized for each patient. Care must 
be taken not to overantevert the acetabular segment because 



A f Preoperative radiograph of patient with 
both crossover and posterior wall signs indicative of acetabular 
rétroversion with déficient posterior coverage. B f After "reverse" 
periacetabular osteotomy to increase patient's acetabular ante- 
version. (Courtesy of Christopher Peters, MD.) 


posterior impingement can be created. In combined type 
deformity, an osteochondroplasty of the fémoral head-neck 
junction can be done through the Smith-Petersen approach 
used for the PAO. 

■ RESULTS 

Siebenrock et al. reported the use of PAO for impingement 
caused by acetabular rétroversion in 29 hips, 24 of which had 
concurrent reshaping of the fémoral head-neck junction. 
They strove for 30 degrees of internai rotation in 90 degrees 
of hip flexion. Seventy-one percent had good to excellent 
results with no evidence of osteoarthritis at an average 11-year 
follow-up. Predictors for poor outcome were the lack of 
fémoral offset création and overcorrection of the acetabular 
version resulting in excessive antéversion. The authors 
emphasized the intraoperative assessment of acetabular cor¬ 
rection with anteroposterior pelvic images and assessment of 
range of motion. Peters et al. reported an improvement in the 
average Harris hip score from 72 to 91 in 30 hips at 4-year 
follow-up after PAO for acetabular rétroversion with a posi¬ 
tive posterior wall sign. 

HIP ARTHROSCOPY 

Management of FAI with arthroscopic osteochondroplasty 
of the fémoral head-neck junction and/or acetabular rim 
trimming with labral debridement or refixation has evolved 
quickly, with almost ail FAI surgery in the United States now 
performed arthroscopically. Early results of hip arthroscopy 
reflect primarily labral debridement without correction of 
underlying bony pathology. Studies by McCarthy et al. and 
Byrd and Jones demonstrated subséquent conversion to total 
hip arthroplasty in 44.1% and 22.6%, respectively, at 13- and 
10-year follow-up. Studies representing more contemporary 
treatment that includes correction of underlying impinge¬ 
ment morphology as well as labral refixation appear to obtain 
better outcomes. Larson et al. demonstrated an average 
modified Harris hip score improvement from 65 to 94 with 
42-month follow-up and a 2 % conversion to total hip 
replacement. 

Which patients are better treated with arthroscopic and 
open techniques will be better defined as longer follow-up 
studies with better levels of evidence become available. More 
rapid recovery following arthroscopy has been reported 
by multiple authors, while radiographie and clinical para- 
meters of impingement are treated effectively. Although 
advanced techniques of arthroscopy are being developed, 
there do appear to be some general limitations to the 
arthroscopic technique and situations in which open tech¬ 
niques may be préférable. A cam deformity extending into 
the posterior-superior head-neck junction, behind the reti- 
nacular vessels, is more difficult to access arthroscopically. 
Similarly, a symptomatic pincer deformity that involves the 
posterior-superior and posterior wall may be better treated 
through open surgery. Significant deformity of the proximal 
fémur, including excessive antéversion, coxa alga, or a resid- 
ual deformity from childhood slipped capital fémoral epiphy- 
sis are reasons for possible fémoral osteotomy and open 
assessment with correction. Care also should be taken with 
a cam deformity combined with a dysplastic acetabulum 
because arthroscopic capsulotomy with rim trimming can 
lead to hip instability. These deformities may be better treated 
with periacetabular osteotomy combined with an open 
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reshaping of the fémoral head-neck junction and functional 
assessment of impingement. 

The treatment of FAI with arthroscopic techniques is dis- 
cussed in Chapter 51. 

EXTRAARTICULAR HIP IMPINGEMENT 

There is a small subgroup of patients who appear to hâve 
extraarticular bony impingement. The demographics, physi- 
cal examination findings, and bony morphologies of these 
patients were characterized by Ricciardi et al. They tended to 
be younger women, 40% of whom had previously had a hip 
procedure for another diagnosis. Factors that increased clini- 
cal suspicion of extraarticular FAI included a history of latéral 
or posterior pain, decreased external rotation, decreased 
internai rotation with no evidence of a cam lésion, absence 
of major pelvic or acetabular deformity, a positive posterior 
impingement sign, incomplète response to intraarticular 
injection of a local anesthetic or corticosteroid, and contin- 
ued impingement-type symptoms after arthroscopic treat¬ 
ment without a residual cam lésion. 

The types of extraarticular impingement were character¬ 
ized as anterior, posterior, and complex (Fig. 6-32). In the 
anterior type, the anterior greater trochanter or intertrochan- 
teric line impinges on the anterior acetabular rim or 
anterior inferior iliac spine. On axial imaging, this type has 
diminished fémoral antéversion as well as diminished inter¬ 
nai rotation in 90 degrees of hip flexion with increased hip 
external rotation in both flexion and extension. The posterior 
type of extraarticular impingement occurs when the poste¬ 
rior greater trochanter and extraarticular fémoral neck 
impinge against the ischium when the hip is flexed and ex- 
ternally rotated. These hips tend to hâve increased fémoral 
antéversion with limited external rotation clinically. Their 
internai rotation in flexion tends to be excessive. The complex 
type of extraarticular impingement occurs both anteriorly 
and posteriorly in fémurs with diminished fémoral offset and 
proximal fémoral deformity secondary to Legg-Calvé-Perthes 
disease with an enlarged greater trochanter and fémoral head 
deformity. Rotation tends to be limited in both directions in 
flexion and limited in external rotation in extension. 

Ischiofemoral extraarticular impingement in extension 
has been described in active patients with a diminished dis¬ 
tance between the lesser trochanter and the ischium. MRI 
may show edema within the quadratus femoris muscle. 

The surgical treatment of these patients is aimed at 
relieving the impinging areas by anterior or posterior tro- 
chanteric osteoplasty, relative lengthening of the fémoral 
neck, osteochondroplasty of the fémoral neck, and treatment 
of coexisting FAI deformities when présent. Long-term 
follow-up of surgical intervention in these patients currently 
is lacking. 

HIP DYSPLASIA 

Hip dysplasia in young adults results from residual childhood 
developmental dysplasia of the hip or, less frequently, 
Legg-Calvé-Perthes disease (Fig. 6-33). The treatment of 
these disorders in skeletally immature patients is discussed in 
Chapter 30. 

Radiographically, dysplasia of the hip is characterized by 
an LCE angle of less than 20 degrees, with hips in the 20- to 
25-degree range having borderline dysplasia. Typically, the 


Tônnis angle is increased above 10 degrees. Dysplastic hips 
also display a lateralized hip center with a broadened radio¬ 
graphie teardrop. The fémoral neck-shaff angle usually is 
increased, and the proximal fémur is excessively anteverted. 
The fémoral head may be small and hâve a flattened latéral 
contour. Many patients with hip dysplasia display an increased 
alpha angle and thus hâve a cam morphology. One study of 
patients with symptomatic acetabular dysplasia found cam 
morphology in 40%. Disruption of the Shenton line is présent 
with hip subluxation (Fig. 6-34). 

The natural history of untreated dysplasia has been 
studied by a number of investigators. Murphy et al. longitu- 
dinally observed hips in patients who had undergone total 
hip replacement for osteoarthritis. They found that the con¬ 
tralatéral hips having a latéral center edge angle less than 16 
degrees routinely developed significant osteoarthritis by the 
âge of 65. Jessel et al. used dGEMRIC (delayed gadolinium- 
enhanced magnetic résonance imaging of cartilage) indexing 
to quantitate the osteoarthritic State in a cohort of dysplastic 
hips and found that increasing âge, severity of dysplasia as 
defined by both the latéral and anterior center edge angles, 
and the presence of a labral tear on MRA ail correlated with 
increasing osteoarthritis. Interestingly, a 20-year longitudinal 
study of women by Thomas et al. found that for each degree 
of réduction in the latéral center edge angle below 28 degrees 
there was a 14% increase in the risk of developing secondary 
osteoarthritis, implying that our définition of dysplasia based 
on a latéral center edge angle of 20 degrees may be too 
restrictive. 

Typically, patients with hip dysplasia become symptom¬ 
atic between their second and fifth décades of life. Initially, 
pain may occur only with high-stress activities or prolonged 
standing. Impingement or FADIR testing may become posi¬ 
tive with injury to the labrum. Appréhension testing can be 
positive with insufficient anterior coverage and anterior car¬ 
tilage injury. 

The radiographie workup of these patients as outlined 
earlier includes an assessment of the acetabular coverage, 
depth, version, and lateralization. Sphericity of the fémoral 
head is noted because rotational osteotomy of the acetabulum 
may worsen congruence of the hip when the fémoral head is 
aspherical. An anteroposterior view with the hip slightly 
flexed and abducted can be performed to simulate the con¬ 
gruence that would be attained with a PAO (Fig. 6-35). Any 
evidence of arthritic change is noted and graded by the Tônnis 
scale. The false profile is evaluated for evidence of subluxation 
or posterior cartilage wear. Evaluation of the contour of the 
fémoral head-neck junction is important, because rotating 
the acetabulum with a PAO may create anterior cam impinge¬ 
ment requiring fémoral osteochondroplasty. An MR arthro- 
gram can be helpful, particularly in older patients, to judge 
the status of the articular cartilage and labrum. 

PERI ACETABULAR OSTEOTOMY 

Periacetabular osteotomy was described by Ganz and others 
in the 1980s as a method of stabilizing symptomatic dysplas¬ 
tic hips in skeletally mature patients and preventing arthritic 
détérioration. The osteotomy is done through a Smith- 
Petersen approach (Chapter 1, Technique 1-62) with repro- 
ducible bony cuts and extensive rotational freedom for 
acetabular repositioning with little risk of osteonecrosis of the 
acetabular segment (Fig. 6-36). The labrum and anterior 
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Classification of extraarticular FAI described by Ricciardi et al. A, Anterior. B, Posterior. C, Complex. (See text). (From 
Ricciardi BF, Fabricant PD, Fields KG, et al: What are the démographie and radiographie characteristics of patients with symptomatic extraarticular 
femoroacetabular impingement? Clin Orthop Relat Res 473:1299, 2015.) 


fémoral head-neck junction can be accessed through the 
distal end of the Smith-Petersen approach with a capsular 
arthrotomy. The rotated fragment can be stabilized with 
screw fixation, and the patient can be mobilized relatively 
quickly because the posterior column is left in continuity, 
leaving the ischium attached to the axial skeleton. 


■ SURGICAL INDICATIONS 

Periacetabular osteotomy is clearly indicated for symptomatic 
younger patients with spherically congruent dysplasia of the 
hip, an LCE angle of less than 20 degrees, and minimal or no 
secondary arthritic changes (Tônnis grade 0 or 1). Symptom¬ 
atic patients with center edge angles between 20 and 25 
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Twenty-year-old male with residual right hip 
deformity from Legg-Calvé-Perthes disease with an enlarged 
fémoral head and shortened fémoral neck. The acetabulum has 
secondary signs of dysplasia including an increased Tônnis 
angle and extrusion of the latéral portion of the head and 
undercoverage. 



In more severe dysplasia, the Shenton line is 
disrupted, indicating superior subluxation of the fémoral head 
and hip center. 



A, Anteroposterior radiograph of dysplastic hip with questionable articular congruence. B, Same hip held in abduc¬ 
tion and slight flexion to mimic congruence that would be attained with periacetabular osteotomy. 


degrees, as well as younger patients with fair congruence, also 
may be reasonable surgical candidates. 

Preoperative âge older than 35 and fair or poor joint 
congruence hâve been reported to be independent factors 
prédictive of failure of PAO: when both factors occurred in a 
given patient, the chance of résultant severe pain or conver¬ 
sion to total hip replacement reached 95%. Others, however, 


hâve found that patients older than 50 years of âge had radio¬ 
graphie and clinical 2-year results similar to those in patients 
younger than 50 years of âge. In our practice, PAO can be 
indicated for patients older than the âge of 40 with a spherical 
fémoral head and minimal arthritic change as evaluated on 
the standard radiographie views and MR arthrography. This 
decision, however, is always weighed against the option of 
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FIGURE 


Bernese periacetabular osteotomy. A f Internai view of bony pelvis. B f External view of bony pelvis. 


symptomatic treatment with probable future total hip arthro- 
plasty. Pincer-type FAI with acetabular rétroversion is another 
indication for PAO discussed earlier. 

Intertrochanteric osteotomy of the proximal fémur occa- 
sionally is done as a simultaneous procedure. Varus derota- 
tional osteotomy is done to correct excessive valgus and 
antéversion of the proximal fémur, although guidelines for 
this indication are not uniform (Fig. 6-37). Valgus osteotomy 
can be done for coxa vara and aspherical Perthes type fémoral 
head deformity to maintain articular congruence and to avoid 
impingement of the greater trochanter with the rotated ace¬ 
tabular rim (Fig. 6-38). 

■ SURGICAL TECHNIQUE 

The original technique described by Ganz et al. involved 
exposure of both inner and outer tables of the ilium through 
the Smith-Petersen approach with stripping of the abductors 
to expose the posterior column of the acetabulum on the 
latéral surface of the pelvis. Murphy and Millis described a 
modified abductor-sparing variant of the Smith-Petersen 
approach for PAO, making the osteotomy from the internai 
surface of the pelvis with minimal latéral stripping. They also 
described a bikini-type skin incision that follows the inguinal 
crease medially (Fig. 6-39). Although we use this bikini-type 
incision in thin females, access to the hip joint for labral 
repair and fémoral osteochondroplasty is better through a 
standard Smith-Petersen incision, and we prefer to use it in 
most patients. We currently use an abductor-sparing approach 
as described by Matheney et al. However, in patients with no 
cam deformity of the proximal fémur, no labral tear or articu¬ 
lar defect on MRA, and no mechanical symptoms suggestive 
of labral pathology, we use a rectus-sparing approach as 
described by Novais et al. With this approach, an anterior 


arthrotomy of hip is not made, and the direct and indirect 
heads of the rectus femoris are not detached from the anterior- 
inferior iliac spine and acetabular rim. This is done in an 
attempt to minimize postoperative pain and possibly improve 
postoperative hip flexion strength. 


BERNESE PERIACETABULAR 
OSTEOTOMY 


TECHNIQUE 6-4 


(MATHENEY ETAL) 

■ With the patient supine, préparé and drape the involved 
extremity free to the costal margin, medially to the 
umbilicus, and posteriorly to the posterior third of the 
ilium. 

SUPERFICIAL DISSECTION 

■ Make a direct anterior longitudinal Smith-Petersen inci¬ 
sion or an anterior bikini-type incision just below the iliac 
crest extending a few centimeters médial to the anterior 
superior iliac spine (Chapter 1). 

■ Identify the fascia over the external oblique and gluteus 
médius and incise it posterior to the anterior superior iliac 
spine. 

■ Develop the plane between the two muscles to expose 
the periosteum over the iliac crest. Divide this periosteum 
and subperiosteally dissect the inner table of the ilium. 

■ Enter the compartment of the tensor fasciae latae and 
bluntly dissect the muscle off the septum with the 
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Preoperative (A) and postoperative (B) radiographs of a patient with hip dysplasia associated with high fémoral 
neck-shaft angle treated with periacetabular osteotomy and intertrochanteric varus osteotomy. 



(A) After periacetabular osteotomy for dysplasia, a patient with varus deformity of the proximal fémur developed 
impingement symptoms relieved by valgus osteotomy of the proximal fémur (B). 
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FIGURE 


Smith-Petersen incision is preferred for most 


patients, with occasional use of more cosmetic bikini incision in 
thin patients. ASIS, anterior superior iliac spine. 


9 sartorius muscle; this is done to protect the latéral fémoral 
cutaneous nerve. 

■ Identify the floor of this compartment and follow it proxi- 
mally until the anterior aspect of the ilium is palpated. 

■ Predrill the anterosuperior iliac spine with a 2.5-mm drill 
and osteotomize the anterior portion (1x1x1 cm) to 
make dissection and later repair easier. 

■ Alternative^, detach the sartorius with a thin wafer of 
bone that will be repaired with suture at the end of the 
procedure. 

■ Continue subperiosteal dissection to the anteroinferior 
iliac spine. 

DEEP DISSECTION 

■ Flex and adduct the hip to take tension off the anterior 
musculature. 

■ Divide the reflected head of the rectus femoris at its junc- 
tion with the direct head. 

■ Elevate the direct head of the rectus femoris and the 
underlying capsular portion of the iliacus as a unit and 
reflect them distally and medially from the underlying 
joint capsule. 

■ Reflect the iliacus, sartorius, and abdominal contents 
medially. 

■ Open the sheath of the psoas and retract its muscle and 
tendon medially. Alternative^, retract the psoas by sub¬ 
periosteal release of its sheath from the pubic ramus and 
separate the sheath from the capsule. This allows expo- 
sure of the anterior portion of the superior pubic ramus 


médial to the iliopectineal eminence, an important land- 
mark denoting the most médial extent of the osseous 
acetabulum. 

■ Create an interval between the médial joint capsule and 
the iliopsoas tendon and sequentially dilate with the tip 
of a long Mayo scissor and/or Lane retractor. 

■ Use the tips of the scissors and Lane retractors to palpate 
the anterior portion of the ischium at the infracotyloid 
groove; confirm proper placement of these instruments 
with fluoroscopy. The goal is to place them superior to 
the obturator externus tendon. If the joint capsule is 
accidentally entered, a second pass can be made by enter- 
ing the floor of the psoas tendon sheath to develop a 
second, extraarticular path to reach the anterior portion 
of the ischium. 

OSTEOTOMY OF THE ANTERIOR PORTION 
OF THE ISCHIUM 

■ Place the hip in 45 degrees of flexion and slight 
adduction. 

■ Insert a 30-degree forked, angled bone chisel (15- or 
20-mm blade width) (Fig. 6-40A) through the previously 
created interval between the médial capsule and the psoas 
tendon to place its tip in contact with the superior portion 
of the infracotyloid groove of the anterior portion of the 
ischium, just superior to the obturator externus tendon. 
Staying proximal to the obturator externus helps prevent 
injury to the nearby médial fémoral circumflex artery. 

■ Gently palpate the médial and latéral aspects of the 
ischium with the chisel, confirming the position of the 
chisel with fluoroscopy in both the anteroposterior and 
iliac oblique projections. The chisel should be positioned 
approximately 1 cm below the inferior lip of the acetabu¬ 
lum with its tip aimed at the ischial spine or a point 
slightly above the ischial spine (Fig. 6-40B). 

■Impact the chisel to a depth of 15 to 20 mm through 
both médial and latéral cortices of the ischium. Take care 
not to drive the chisel too deeply through the latéral 
cortex because of the proximity of the sciatic nerve, espe- 
cially with the hip flexed and adducted. 

OSTEOTOMY OF THE SUPERIOR PUBLIC RAMUS 

■ With the hip still flexed and adducted, gently retract the 
psoas tendon and médial structures medially. Retraction 
can be aided by impacting either the tip of a spiked 
Hohmann retractor or a large-gauge Kirschner wire into 
the superior pubic ramus just beyond the most médial 
extent of the dissection. 

■ Incise the periosteum over the superior pubic ramus along 
its axis and perform careful circumferential subperiosteal 
dissection. This can be aided by making a transverse 
periosteal incision 1 to 2 cm médial to the iliopectineal 
eminence and working to continue the previous subperi¬ 
osteal dissection of the inner iliac table into the latéral 
obturator foramen. 

■ Place Hohmann retractors, Rang retractors, or Lane bone 
retractors anteriorly and posteriorly around the superior 
pubic ramus into the obturator foramen to protect the 
obturator nerve and artery. Watch for spontaneous 
adduction of the limb, which is indicative of stretching or 
irritation of the obturator nerve. 
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A, 30-degree Ganz osteotome. B f Ischial osteotomy is performed through interval between psoas tendon and hip 
capsule with 30-degree osteotome. C f Osteotomy of pubis is performed just médial to iliopectineal eminence and radiographie teardrop. 
D f Initial iliac osteotomy is made with oscillating saw aiming toward top of sciatic notch. E f Posterior column osteotomy proceeds from 
tip of iliac osteotomy through pelvic brim then through médial cortex of quadrilatéral plate. 
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F, 30-degree Ganz osteotome is used to carefully 
under fluoroscopie control and to connect posterior column osteotomy 
through screws through iliac wing into rotated fragment or include a 
directed into sciatic buttress. SEE TECHNIQUE 6-4. 


complété posterior column osteotomy from médial to latéral 
to ischial osteotomy. G f Fixation of osteotomy can be solely 
"home run" screw that goes from anteroinferior iliac spine 


■ Osteotomize the superior pubic ramus perpendicular to 
its long axis when viewed from above and oblique from 
proximolateral to distomedial when viewed from the 
front. The osteotomy can be made by using a Satinsky 
vascular clamp to pass a Gigli saw around the ramus 
and sawing upward, away from the retractors, or by 
impacting a straight osteotome just médial to the ilio- 
pectineal eminence. The key to this osteotomy is to stay 
médial to the iliopectineal eminence to avoid creating 
an intraarticular osteotomy (Fig. 6-40C). 

ARTHROTOMYAND INTRACAPSULAR INSPECTION 

■ If there is concern about an intraarticular pathologie 
process, such as a torn labrum, cam lésion, or loose 
bodies, make a T-shaped arthrotomy centered on the 
anterior and latéral aspects of the fémoral neck to avoid 
injury to the retinacular vessels that run along the poste¬ 
rior and superior aspects of the fémoral neck. 

■ Make the vertical portion of the arthrotomy along the 
long axis of the fémoral neck and the horizontal portion 
along the acetabular rim. 

■ Make the vertical portion of the arthrotomy first; this will 
allow observation of the labrum while making the hori¬ 
zontal portion (the "top" of the T). 

■ Repair or débridé any labral tears and resect cam lésions 
of the fémoral neck with curved or straight osteotomes 
or a high-speed burr. Check the adequacy of resection by 
moving the hip through a range of motion or with a 
latéral fluoroscopy view. 

■ Close the arthrotomy loosely with simple interrupted 
absorbable sutures. 


SUPRA-ACETABULAR ILIAC OSTEOTOMY 

■Create a 1.5- to 2.0-cm subperiosteal window beneath 
the anterior abductors just distal to the anterosuperior 
iliac spine without disturbing the abductor origin. 

■Slightly abduct and extend the limb to allow an atrau- 
matic subperiosteal dissection with a narrow elevator that 
is directed posteriorly toward, but not into, the apex of 
the greater sciatic notch. 

■ Place a narrow, long, spiked Hohmann retractor in this 
window and confirm proper placement with fluoroscopy. 
In the latéral projection, the spike of the retractor should 
point toward the apex of the sciatic notch. 

■ Retract the iliacus medially with a reverse Hohmann retrac¬ 
tor, the tip of which is placed on the quadrilatéral surface. 

■ Under direct vision, make the iliac osteotomy with an 
oscillating saw and cooling irrigation in line with the 
Hohmann retractor until reaching a point approximately 
1 cm above the iliopectineal line (well anterior to the 
notch) (Fig. 6-40D). 

■ Confirm that both the latéral and médial cortices are eut 
before proceeding. 

■ The end point of the iliac saw eut represents the postero- 
superior corner of the periacetabular osteotomy and is 
the starting point of the posterior-column osteotomy, 
which will be midway between the sciatic notch and 
posterior portion of the acetabulum. 

■ At this point, use a 3.2-mm drill to create a passage for 
a single Schanz screw on a T-handled chuck. 

■ Insert the Schanz screw into the acetabular fragment 
distal and parallel to the iliac saw-cut, well above the 
dôme of the acetabulum. 
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9 OSTEOTOMY OF THE POSTERIOR COLUMN 

■ Flex and adduct the hip to relax the médial soft tissues. 

■ Place a reverse blunt Hohmann retractor medially, with 
the tip on the ischial spine. Dissection into the sciatic 
notch is not necessary. 

■ Make the osteotomy through the médial cortex with a 
long, straight 1.5-cm osteotome. The osteotomy extends 
from the posterior end of the iliac saw-cut, passes over 
the iliopectineal line, through the médial quadrilatéral 
plate, and parallel to the anterior edge of the sciatic notch 
as seen on iliac oblique fluoroscopy, and then is directed 
toward the ischial spine. 

■ Make the posterior eut first through the médial and then 
the latéral wall of the ischium. Do not set the osteotome 
perpendicular to the médial quadrilatéral plate; instead, 
tip the free médial edge of the osteotome 10 to 15 
degrees away from the sciatic notch to create a more true 
coronal plate osteotomy, perpendicular to the latéral 
cortex of the posterior column (Fig. 6-40E). 

■ Confirm correct angulation and positioning with 
fluoroscopy. 

■ Make certain the médial and latéral cortices of the pos¬ 
terior column are completely eut. A Ganz osteotome can 
be used to connect the médial and latéral cortices, begin- 
ning at the proximal posterior column, but this must be 
done very carefully to avoid injury to the sciatic nerve and 
other structures that exit the sciatic notch (Fig. 6-40F). 

■ Use a 30-degree angled, long-handled chisel to connect 
the anterior and posterior ischial cuts to complété the 
osteotomy of the posteroinferomedial corner of the 
quadrilatéral plate. 

ACETABULAR DISPLACEMENT 

■Place a straight 1 -in (2.54-cm) Lambotte chisel into the 
supra-acetabular iliac saw-cut to both confirm completion 
of the latéral cortex osteotomy and protect the cancellous 
bone above the acetabulum during displacement. 

■ Place the tines of a Weber bone clamp into the superior 
pubic ramus portion of the acetabular fragment in such 
a way as to place its handle anterior and in contact with 
the Schanz screw. 

■ While gently opening the lamina spreader, use the Schanz 
screw and/or Weber clamp to mobilize the acetabular 
fragment. Be sure the posterior and anterior ostéotomies 
are complété or the fragment will not freely rotate and 
distal and latéral displacement may occur as the fragment 
hinges on the latéral, intact cortices. If necessary, palpate 
these cuts with a narrow or broad 30-degree chisel and 
complété the ostéotomies if needed. 

■ Once the fragment is completely free, position it to obtain 
the desired correction. The most common deficiency is 
anterior and latéral, so the most common maneuver is to 
lift the acetabular fragment slightly toward the ceiling, 
creating an initial displacement, followed by a three-step 
movement of latéral, distal, and internai rotation. Inter- 
nally rotate the fragment to antevert it, extend the frag¬ 
ment to achieve anterior coverage, and adduct the 
fragment to obtain latéral coverage. 

■ When positioning is properly done, the posterosuperior 
corner of the acetabular fragment should be impacted 
slightly into the superior intact iliac eut and the prominent 
superior tip of the acetabular fragment should be roughly 


in line with the superior aspect of the intact iliac crest. 
The radiographie teardrop and its relation to the fémoral 
head should be elevated and tilted laterally, or adducted, 
commensurate with the amount of latéral correction that 
is made. 

■ If needed to recreate the proper position of the fémoral 
head in relation to the médial aspect of the pelvis, medial- 
ize the acetabular fragment slightly once the desired 
anterior and/or latéral coverage has been obtained. This 
will maintain the proper biomechanical position of the 
fémur in relation to the pelvis. 

ACETABULAR FIXATION 

■ Once the desired acetabular position has been obtained, 
place smooth Kirschner wires (of the approximate diam- 
eter of the planned drill bit to be used for later fixation) 
from proximal to distal through the ilium and into the 
fragment in a divergent pattern. 

■ Check the position of the fragment fluoroscopically in 
the anteroposterior and false-profile projections. In the 
false-profile view, check the anterior fémoral head cover¬ 
age in full extension and at 100 degrees of flexion and 
confirm that the fémoral head is not overcovered and 
that impingement has not been created from a femoral- 
sided deformity. On the anteroposterior view, check the 
proper position of the sacrococcygeal junction in relation 
to the pubic symphysis; the sourcil should be roughly 
horizontal, the fémoral head should be well covered, the 
posterior acetabular wall should overlap the center of 
the fémoral head, the anterior wall shadow should not 
overlap the posterior wall, and the Shenton line should 
be intact. 

■ Measure the Kirschner wires for depth and length and 
replace them with either 3.5- or 4.5-mm cortical screws. 
Confirm extraarticular placement of the screws with 
fluoroscopy. 

■ If required for stability (as in patients who hâve ligamen- 
tous laxity, a neuromuscular condition, or poor bone 
quality), an additional "home run" screw can be placed 
anterior to posterior from the anteroinferior iliac spine 
posteriorly into the inferior portion of the ilium (Fig. 
6-40G). We prefer not to use this screw unless necessary 
because the screws are removed once osseous healing is 
confirmed to prevent screw-head irritation or because 
MRI may be needed later. 

■ Trim the anterior iliac prominence of the acetabular frag¬ 
ment and use it as bone graft. 

■ Remove ail sponges and copiously irrigate the wounds. 

■ Repair the direct head of the rectus femoris with heavy 
nonabsorbable suture. 

■ Place suction drains under the iliacus. 

■ Reattach the anterosuperior iliac spine osteotomy frag¬ 
ment with a 3.5-mm partially threaded cancellous screw 
or with heavy absorbable sutures, depending on the 
thickness of the fragment. 

■ Pay careful attention to proper, tight closure over the iliac 
crest. Pass heavy absorbable suture through the predrilled 
holes in the iliac crest to reattach the abductor, iliacus, 
and external oblique musculature. 

■Close the remainder of the wound in layers in standard 
fashion. 
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RECTUS-SPARING MODIFICATION OF 
BERNESE OSTEOTOMY 


TECHNIQUE 6-5 


(NOVAIS ETAL) 

■ Identify the iliacus muscle proximally at the pelvic brim. 

■ Dissect the iliopsoas musculotendinous unit free from the 
periosteum of the inner table of the ilium and superior 
pubic ramus to expose the anatomie plane between the 
rectus femoris tendon and the iliacus muscle at the level 
of the anteroinferior iliac spine. 

■ Open the muscle fascia of the rectus femoris medially and 
retract the rectus femoris muscle belly laterally, exposing 
the underlying iliocapsularis muscle. 

■ Elevate the iliocapsularis muscle from the joint capsule 
from latéral to médial, leaving the rectus tendon intact. 
It is important to release the iliocapsularis muscle insertion 
from the anteroinferior iliac spine and to retract it along 
with the iliopsoas muscle medially to allow complété 
exposure of the interval between the iliopsoas and the 
joint capsule. 

■ From this point on, follow the steps described in Tech¬ 
nique 6-4. 

POSTOPERATIVE CARE. Partial weight bearing is super- 
vised by a physical therapist on the first postoperative day. 
Weight bearing is progressed from partial to full weight 
bearing, typically by 6 to 8 weeks, when there is radio¬ 
graphie evidence of healing and abductor strength has 
returned. Range of motion is limited to 90 degrees of 
flexion, 10 degrees from full extension, and 10 degrees 
of adduction, abduction, and rotation for the first 6 
weeks. Résistive exercises are avoided for 6 weeks. 
Patients older than 16 years are given either low- 
molecular-weight heparin or warfarin for 4 to 6 weeks 
for thromboprophylaxis. Nonsteroidal antiinflammatory 
médications are avoided. 


■ RESULTS 

Préservation of the hip after PAO has been achieved in 73% 
to 76% of patients in two mid-term studies with longer than 
9-year average follow-up (Fig. 6-41). Recently, the 20-year 
results from the originating surgical center in Berne showed 
hip préservation in 60% of hips at 20-year follow-up. Since 
the original surgeries, technical aspects of the surgery and the 
indications hâve become clearer, with the possibility of prés¬ 
ervation of an even higher percentage of hips in the future. 
The procedure has evolved to place greater emphasis on iden- 
tifying and treating labral pathologie processes and avoiding 
or correcting postoperative impingement. Patients having 
more advanced arthritis are more likely to await arthroplasty 
rather than undergo hip préservation surgery. Factors identi- 
fied as likely to negatively impact the resuit of PAO for dys- 
plasia include advancing âge, moderate preoperative arthritis, 
labral pathologie processes, postoperative impingement, and 
fair or poor congruence of the joint. 



Fourteen years after periacetabular osteotomy 
for hip dysplasia, this 37-year-old man was pain free and had a 
well-preserved cartilage space with some posterior hétérotopie 
ossification. 


■ COMPLICATIONS FOLLOWING 
PERIACETABULAR OSTEOTOMY 

In a multicenter study of 1760 periacetabular ostéotomies, 
Sierra et al. reported a 2.1% incidence of sciatic or fémoral 
nerve partial or complété palsy, half of which recovered fully. 
Recovery was more likely when the fémoral nerve was 
involved. Other complications reported include superficial 
and deep infection, hétérotopie ossification (though rarely 
symptomatic), acetabular fragment migration requiring 
reoperation, and symptomatic hardware requiring removal. 
The rate of symptomatic thromboembolie events following 
PAO is approximately 1% using a variety of thromboprophy- 
lactic measures. Obesity, larger blood loss, longer surgery, 
and associated fémoral osteotomy hâve ail been associated 
with a higher rate of perioperative complications. 

TOTAL HIP REPLACEMENT FOLLOWING 
PERIACETABULAR OSTEOTOMY 

Amanatullah et al. reported a multicenter study of total hip 
replacement following PAO with an abductor-sparing tech¬ 
nique (Fig. 6-42) compared with total hip arthroplasty (THA) 
performed on similar patients for hip dysplasia with no prior 
history of PAO. They found no différence in complications, 
révision rates, or modified Harris hip scores between the 
two groups. They did find that in hips with previous PAO, 
the acetabular component of the total hip was placed in an 
average of 17 degrees more rétroversion than in hips in which 
THA was done for developmental dysplasia of the hip (DDH) 
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(A) Twelve years after periacetabular osteotomy in a 22-year-old patient with Tônnis grade 2 arthritis now with end 
stage arthritis. (B) Subséquent total hip replacement with good superior acetabular coverage. 


without previous PAO. Baqué, Brown, and Matta described 
using the same Smith-Petersen interval for direct anterior 
THA after periacetabular osteotomy. They claim that by using 
this approach for both procedures, the patients immédiate 
and ultimate functional recovery and hip stability are opti- 
mized. They contend that instead of compromising subsé¬ 
quent THA, periacetabular osteotomy may improve THA 
results in dysplastic hips. 

EXTRAARTICULAR SOURCES OF 
HIP PAIN 

GREATER TROCHANTERIC 
PAIN SYNDROME 

Latéral hip pain in the région of the greater trochanter can be 
caused by a number of sources including an inflamed tro- 
chanteric bursa, a snapping iliotibial band, tendinosis or tears 
of the gluteus médius and minimus, extraarticular impinge- 
ment, referred pain from an intraarticular pathologie process, 
and referred pain from a pathologie process of the lumbar 
spine. Différentiation of referred pain from local sources of 
pain usually can be determined by seeking tenderness to 
direct palpation over the hip abductors, trochanteric bursa, 
and iliotibial band, noting that tenderness can also 
be présent with radicular type pain. Pain with resisted hip 
abduction can suggest abductor tendinitis or a partial tear of 
the gluteus minimus or médius similar to a rotator euff tear 
in the shoulder. Frequently, a steroid combined with a local 
anesthetic can be injected into the trochanteric bursa as a 
therapeutic intervention for trochanteric bursitis or abductor 
tendinitis and can aid in confirming the diagnosis by attain- 
ing pain relief and ruling out referred pain as the primary 
cause. Hip abductor stretching exercises and antiinflamma- 
tory médications are the mainstays of treatment for most 
patients with greater trochanteric pain, with one or two sélec¬ 
tive steroid injections into the area of maximal tenderness. 
One study reported maintenance of pain relief in 61% of hips 


6 months after steroid injection. Refractory cases may warrant 
further investigation with MRI or diagnostic intraarticular 
hip injection. 

GLUTEUS MEDIUS AND MINIMUS TEARS 

In patients with chronic greater trochanteric bursitis, edema 
may be seen within the trochanteric bursa on MRI; however, 
this finding was reported in one study to occur in only 8% of 
patients with chronic latéral hip pain whereas gluteus médius 
tendinitis was apparent in 63%. The récognition of partial and 
complété gluteal tears on MRI, as well as the development of 
arthroscopic techniques about the hip, has led to an increase 
in surgical intervention for these tears. 

Kagan first described atraumatic tearing of the anterior 
fibers of the gluteus médius as a “rotator euff tear of the hip.” 
Open repair with osseous tunnels has been reported to obtain 
pain relief and improvement in abductor strength in most 
patients. Davies et al. reported the results of 23 tears treated 
with open repair (Fig. 6-43). The tears were suspected in 
patients with latéral hip pain with weakness that persisted 
after a trochanteric injection of 1% lidocaine. Smaller tears 
were suspected when the patients exhibited a positive Tren- 
delenburg fatigue test with a Trendelenburg sign that became 
positive after standing on the ipsilateral leg for 15 to 20 
seconds. The tears were confirmed by MRI. Typical MRI 
findings included tendon discontinuity, élongation of the 
gluteus médius tendon, atrophy of the gluteus muscles, and 
high signal intensity superior to the greater trochanter. They 
reported average improvement in Harris hip scores from 53 
to 87 at 1 year and 88 at 5 years after surgery with an average 
improvement in hip abduction strength testing from 3.1 to 
4.7 out of 5. They had four poor results in patients with large 
tears. 

ENDOSCOPIC REPAIR OF THE 
HIP ABDUCTORS 

Endoscopie repair of the gluteus médius was reposted by 
Voos et al. and by McCormick et al. to hâve good pain relief 
and excellent abductor function. Alpaugh et al. performed a 
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A 


Simple sutures 



■ Footprint 
I I Tendon 



Simple sutures 



Open repair of gluteus médius tear. A, Three pull sutures (red) and four simple sutures (purple) are placed in the 
gluteus médius tendon; one 6.5-mm suture anchor with two sutures (blue) is placed in the gluteus minimus tendon. B, Sutures from the 
anchor (blue) are tied first to secure gluteus minimus to its facet; then pull sutures (red) are tied down under maximal tension to approxi- 
mate the gluteus médius tendon to its footprint. C, Simple sutures (purple) are tied to secure the tendinous flap down to the greater 
trochanter. (From Davies JF, Stiehl JB, Davies JA, Geiger PB: Surgical treatment of hip abductor tendon tears, J Bone Joint Surg 95:1420, 2013.) 


review of studies including patients undergoing surgical 
repair for partial-thickness and full-thickness abductor tears. 
They found that most patients are women and that the gluteus 
médius is almost always torn, with concomitant tearing of the 
gluteus minimus one-third of the time. They found that both 
open and endoscopie techniques are viable surgical approaches 
to repairing abductor tendon tears in the hip that produce 
good to excellent functional results and reduce pain; however, 
endoscopie repair appears to resuit in fewer postoperative 
complications including tendon retear. 

It has been recognized that the gluteus médius will usually 
first tear on the undersurface creating a partial tear inacces¬ 
sible to direct latéral visualization. Though partial thickness 
tears hâve traditionally been treated nonoperatively, a trans- 
tendinous endoscopie technique of repair has been described 
by Domb, Nasser and Botser for patients with pain unrespon- 
sive to stretching and nonsteroidal antiinflammatory drugs 
(NSAIDs). Endoscopie repair of the abductor insertion is 
described in more detail in Chapter 51. 

EXTERNAL SNAPPING HIP (EXTERNAL 
COXA SALTANS) 

Snapping of a thickened posterior edge of the iliotibial band 
or anterior edge of the gluteus maximus over the greater 
trochanter during flexion and extension of the hip can lead 
to inflammation of the underlying bursa and is known as 
external coxa saltans or an external snapping hip. This condi¬ 
tion is common in ballet dancers, runners, and soccer players. 
The condition is easily appreciated on physical examination 
with the patient in the latéral position while the patient 
actively flexes and extends the hip, causing this thickened 
band to snap across the posterior edge of the greater trochan¬ 
ter. The patient can frequently demonstrate the snapping 
while standing on the leg and flexing and extending the hip. 
Iliotibial band stretching and injection of steroid into the 
thickened area can lessen the severity of the snapping and 
secondary pain. 

If conservative management is not successful, operative 
intervention may be indicated. Z-plasty lengthening of the 


iliotibial band has been reported to obtain resolution of snap¬ 
ping and relief of pain in a high percentage of patients. White 
et al. described a relatively minimally invasive step-cut length¬ 
ening of the iliotibial band through a 10-cm longitudinal 
incision; 14 of 16 patients remained asymptomatic affer final 
surgical release and two patients had marked decreases in the 
severity and frequency of snapping. An endoscopie technique 
also has been described for release of the iliotibial band with 
relief of snapping in 10 of 11 hips at 2-year follow-up. 


STEP-CUT LENGTHENING OF THE 
ILIOTIBIAL BAND 


TECHNIQUE 6-6 


(WHITE ETAL) 

■ With the patient in the latéral decubitus position, make 
a 10-cm incision directly over the greater trochanter 

(Fig. 6-44A). 

■ Carry dissection down to the iliotibial tract and make a 
10-cm incision longitudinally in line with the fibers overly- 
ing the trochanter. 

■ Identify and excise any inflamed bursa. 

■ Make six transverse step-cuts, each 1.5 cm, evenly spaced 
along the longitudinal incision, with three anterior and 
three posterior in an offsetting fashion (Fig. 6-44B). 

■ Move the hip through provocative maneuvers, including 
adduction and internai and external rotation to détermine 
if snapping is still présent. 

■ If the release is deemed satisfactory, irrigate the wound 
and close only the skin. 

POSTOPERATIVE MANAGEMENT. The patient is 
allowed to go home the day of surgery, with no weight- 
bearing restrictions. Crutches are used for comfort and 
to aid in ambulation, usually for 3 to 5 days. 
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Step-cut lengthening of the iliotibial band for snapping hip. A, Latéral approach directly over the greater trochanter; 
incision is approximately 10 cm long. B, Typical 10-cm longitudinal incision through the iliotibial band with the associated 1.5-cm step- 
cuts. (Redrawn from White RA, Hughes MS, Burd T, et al: A new operative approach in the correction of external coxa saltans: the snapping hip, 
Am J Sports Med 32:1504, 2004.) SEE TECHNIQUE 6-6. 


INTERNAL SNAPPING HIP 

The internai snapping hip is a resuit of the iliopsoas tendon 
snapping over the iliopectineal eminence or the anterior hip 
capsule. In flexion, the psoas tendon is latéral to the iliopec¬ 
tineal eminence. As the hip is extended, the tendon slides 
across the iliopectineal eminence and anterior hip capsule, 
producing a snapping sensation in up to 10% of the normal 
population (Fig. 6-45). When symptomatic, the snapping 
sensation is accompanied by groin pain and usually an audible 
low-pitched characteristic “thunk.” The patient usually is able 
to reproduce the snapping while lying supine and actively 
ranging the hip from a position of flexion, abduction, and 
external rotation to a position of extension, adduction, and 
internai rotation. In thinner patients, the snapping can be 
palpated in the inguinal crease. 

Although the snapping phenomenon cannot be docu- 
mented by MRA, there is a high incidence of associated 
intraarticular pathology, and an MRA usually is obtained to 
look for other sources of pain. The snapping can be demon- 
strated by bursography of the iliopsoas bursa with a dynamic 
examination under fluoroscopy. Ultrasound also has been 
used to demonstrate the snapping psoas tendon, although 
this technique is highly dépendent on the expérience of the 
ultrasonographer. 

Activity restriction, extension stretching of the hip, 
the use of NSAIDs, and occasional psoas tendon sheath 
steroid injections are the mainstays of treatment for the hip 
with internai snapping. The use of an injection of a local 
anesthetic with a steroid into the psoas tendon sheath can 
help confirm the source of hip pain, although the psoas 
bursa does connect to the hip joint in a large number of 



Internai snapping of hip occurs when psoas 
tendon snaps over iliopectineal eminence from latéral to médial 
as hip goes from flexion to extension. 


patients, and an intraarticular pathologie process cannot be 
ruled out. 

Open and endoscopie techniques of psoas tendon release 
hâve been described for the treatment of récalcitrant cases 
of internai snapping hip syndrome. The open techniques 
describe a limited exposure through the Smith-Petersen 
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interval with release or lengthening of the psoas tendon. Per¬ 
sistent or récurrent snapping has been reported in 20% to 
25% of patients after open inguinal approach with fractional 
lengthening of the psoas tendon, and iliopsoas release through 
a médial approach provided relief of snapping in 63% hips 
and pain resolution in 94%. 

Endoscopie techniques of psoas tendon release hâve been 
described with good success. The release can be done either 
at the level of the lesser trochanter or by a transcapsular 
technique. In a systemic review of open and endoscopie 
release of snapping psoas tendons by Khan et al., resolution 
of snapping was achieved in 100% of hips treated endoscopi- 
cally compared with 77% treated through an open approach, 
with a lower complication rate for the endoscopically treated 
hips (see Chapter 51 for endoscopie techniques). 

OSTEITIS PUBIS 

Disorders of the pubic symphysis and the adjoining muscu- 
lotendinous structures can occur in athletic adults and must 
be distinguished from the other musculoskeletal sources of 
groin and pubic pain covered in this chapter. Genitourinary 
and gynécologie origins of pain should be considered as well. 
Osteitis pubis is seen in athlètes involved in running and 
cutting sports such as soccer and hockey, as well as with 
trauma or pregnancy and vaginal delivery. The typical radio¬ 
graphie appearance is that of widening of the symphysis with 
blurring of the cortical margins and occasionally a cyst within 
the pubic body adjacent to the fibrocartilaginous dise of the 
symphysis (Fig. 6-46). This probably represents a stress reac¬ 
tion to overuse or excessive mobility. On a bone scan, the 
symphysis demonstrates increased uptake, whereas MRI can 
show bone marrow edema. Notably, some asymptomatic ath¬ 
lètes demonstrate bone marrow edema in the pubis as well. 
A cleft sign can be seen on MRI when there is a tear of the 
ligamentous capsule that envelops the fibrocartilaginous dise 
of the symphysis. Other related MRI findings include tendi- 
nosis of the rectus abdominis and adductor longus insertions 
into the pubis; chronic strains of these tendons frequently are 
confused with true osteitis pubis. 

Treatment of osteitis pubis is primarily conservative 
because the condition tends to be self-limiting when the 



FIGURE 


Osteitis pubis with blurring of cortical margins 


of pubis. 


inciting stress of overuse is withdrawn. Réhabilitation aimed 
at strengthening of the patients abdomen and hip adductors 
should be done in a graded fashion. Operative intervention 
has been described for récalcitrant cases, including symphysis 
curettage, resection of the symphysis, and symphysis fusion. 
Our expérience with these surgical techniques is limited, and 
we favor nonoperative treatment. 

SPORTS HERNIA (ATHLETIC PUBALGIA) 

Sports hernia as a cause of chronic groin pain in running, 
twisting athlètes is a diagnosis made with increasing fre- 
quency and represents a deficiency in the abdominal wall in 
the région of the inguinal canal. Many anatomie variations 
hâve been described, although the most common is incom¬ 
pétence of the posterior wall of the inguinal canal, with or 
without involvement of the internai inguinal ring. Frequently, 
tendinosis of the adductor longus origin is présent and may 
be the primary source of pain, and an association between 
athletic pubalgia and femoroacetabular impingement has 
been identified. 

Sports hernia is a condition that is very difficult to appre- 
ciate on physical examination, because the classic signs of an 
inguinal hernia are not typically présent. Referral to a general 
surgeon familiar with subtle inguinal abnormalities can be 
helpful when sports hernia is clinically suspected. Surgical 
repair of the déficient abdominal wall has been reported to 
be successful when the correct diagnosis is made. Messaoudi 
et al. found that, in soccer players, adding adductor longus 
release to abdominal wall repair led to more reliable pain 
relief and return to sport. 


OSTEONECROSIS OF THE 
FEMORAL HEAD 

Osteonecrosis of the fémoral head is a progressive disease that 
generally affects patients in the third through fifth décades of 
life. Formerly referred to as avascular necrosis, the term osteo¬ 
necrosis is now preferred. Simply defined, osteonecrosis means 
“dead bone.” The “avascular” State of the necrotic bone is the 
resuit of a loss of circulation from numerous potential causes. 
When symptomatic, it typically leads to collapse of the 
fémoral head and eventual détérioration of the hip joint. It is 
estimated that 20,000 new cases of osteonecrosis are diag- 
nosed each year in the United States. Currently, up to 12% of 
ail total hip arthroplasties performed in the United States are 
done for osteonecrosis. 

Osteonecrosis describes an end condition that is the 
resuit of many possible pathogenic pathways. The list of risk 
factors for osteonecrosis is long and includes trauma, corti- 
costeroid use, alcohol abuse, smoking, hemoglobinopathies 
(e.g., sickle cell anémia), coagulation disorders, myeloprolif- 
erative disorders (Gaucher disease, leukemia), hyperbaric 
décompression, hyperlipidemias, chronic kidney disease, 
autoimmune diseases and human immunodeficiency virus 
infection. In many cases a cause cannot be identified, 
and these patients are designated as having idiopathic 
osteonecrosis. 

Several théories on the pathogenesis of osteonecrosis 
hâve been proposed (Box 6-1). Hypothèses include ischemia 
from a variety of mechanisms, direct cellular toxicity, and 
alteration of différentiation of mesenchymal stem cells. 
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Pathogenic Mechanisms for Osteonecrosis 


Ischemia 

■ Vascular disruption 

■ Fémoral head fracture 

■ Hip dislocation 

■ Surgery 

■ Vascular compression or constriction 

■ Increased intraosseous pressure caused by marrow fatty 
infiltration 

■ Corticosteroids, alcohol 

■ Vasoconstriction of arteries perfusing fémoral head 

■ Corticosteroids, eNOS, polymorphisms 

■ Intravascular occlusion 

■ Thrombosis 

■ Thrombophilia 

■ Low protein C and S 

■ Activated protein 

■ C résistance, factor V mutation 

■ High homocystéine 

■ eNOS polymorphisms 

■ Hypofibrinolysis 

■ High PAI activity, PAI-1 polymorphisms 

■ High lipoprotein(a) 

■ Embolization 

■ Fat, air 

■ Sickle cell occlusion 

Direct cellular toxicity 

■ Pharmacologie agents 

■ Irradiation 

■ Oxidative stress 

Altered différentiation of mesenchymal 
stem cells 

■ Altered différentiation of mesenchymal stem cells 

■ Corticosteroids, alcohol 

(Modified from Zalavras CG, Lieberman JR: Osteonecrosis of the fémoral head: 

évaluation and treatment, J Am Acad Orthop Surg 22:455, 2014.) 

eNOS, Endothélial nitric oxide synthase; PAI, plasminogen activator inhibitor. 


None of these théories can fully account for the variety of 
causes. Most patients with the risk factors just mentioned 
never develop osteonecrosis, suggesting possible individual 
susceptibility, and many patients without identifiable risk 
factors do acquire the disease. The process is most likely 
multifactorial. 

The most commonly used classification schemes for 
osteonecrosis of the fémoral head are the Ficat and Arlet 
System (Table 6-1) and the Steinberg System (Table 6-2). Both 
are based on the évaluation of plain radiographs with the 
addition of MRI to the Steinberg System. The Steinberg clas¬ 
sification adds modifiers A to C for percentage of involve - 
ment of the fémoral head or articular surface involvement for 
stages I through IV. The Association Research Circulation 
Osseous (ARCO) System is used occasionally and is similar 
in concept to the Steinberg System (Table 6-2). The combined 
angle of articular involvement of the head measured from 
midsagittal and midcoronal MRI cuts (Fig. 6-47) has been 
shown to be prédictive of collapse in hips with precollapse 
osteonecrosis. 

DIAGNOSIS 

Patients are typically asymptomatic early in the course of 
osteonecrosis and eventually hâve groin pain on ambulation. 
A thorough history and physical examination should be done 
to discover potential risk factors and to détermine the clinical 
status of the patient. Plain radiographs should be obtained, 
including anteroposterior and frog-leg latéral views. Radio¬ 
graphie changes seen in osteonecrosis dépend on the stage of 
the disease. Plain films may appear normal in the early stages, 
but changes are noted as the disease progresses, such as 
increased density or lucency in the fémoral head. With 
further progression, the pathognomonic crescent sign is 
visible on plain films (best seen on frog-leg latéral views) (Fig. 
6-48). The crescent sign is a subchondral fracture overlying 
the necrotic segment of the fémoral head. In the end stages 
of the disease, fémoral head collapse occurs, and severe 
arthritic changes may be seen on both sides of the joint. 

MRI is the imaging modality of choice for earlier stages 
of osteonecrosis of the fémoral head, allowing détermination 
of the exact stage and extent of the pathologie process without 


TABLE 6-1 


Ficat and Arlet Classification of Osteonecrosis of the Fémoral Head 


STAGE 

SYMPTOMS 

RADIOGRAPHY 

BONE SCAN 

PATHOLOGIC FINDINGS 

BIOPSY 

0 

1 

2 

None 

None/mild 

Mild 

Normal 

Normal 

Density change in fémoral 
head 

Sclerosis or cysts, normal joint 
line, normal head contour 

Decreased uptake? 
Cold spot on 
fémoral head 

Increased uptake 

Infarction of weight- 
bearing portion of 
fémoral head 
Spontaneous repair of 
infarcted area 

Abundant dead marrow 
cells, osteoblasts, 
ostéogénie cells 

New bone deposited 
between necrotic 
trabeculae 

3 

Mild to 
moderate 

Flattening (crescent sign) 

Loss of sphericity, collapse 

Increased uptake 

Subchondral fracture, 
collapse, compaction 
and fragmentation of 
necrotic segment 

Dead bone trabeculae and 
marrow cells on both sides 
of fracture line 

4 

Moderate 

to severe 

Joint space narrowing, 
acetabular changes 

Increased uptake 

Osteoarthritic changes 

Degenerative changes in 
acetabular cartilage 
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TABLE 6-2 


Additional Classifications for Osteonecrosis 


STAGE 

STEINBERG ETAL 

ARCOS 

0 

Normal or nondiagnostic radiographie, bone scan, 

Bone biopsy results consistent with osteonecrosis; other test 


and MRI findings 

results normal 

1 

Normal radiographie findings, abnormal bone scan 
and/or MRI findings 

Positive findings on bone scan, MRI, or both 


A: Mild: <15% of head affected 

IA: <15% head involvement (MRI) 


B: Moderate: 15%-30% affected 

IB: 15%-30% involvement 


C: Severe: >30% affected 

IC: >30% involvement 

II 

Lucent and sclerotic changes in the fémoral head 

Mottled appearance of fémoral head, osteosclerosis, cyst 
formation, and osteopenia on radiographs; no signs of 
collapse of fémoral head on radiograph or CT; positive 
findings on bone scan and MRI; no changes in acetabulum 


A: Mild: <15% 

A: Mild: <15% 


B: Moderate: 15-30% 

B: Moderate: 15-30% 


C: Severe: >30% 

C: Severe: >30% 

III 

Subchondral collapse (crescent sign) without 

Presence of crescent sign lésions classified on basis of 


flattening 

appearance on anteroposterior and latéral radiographs 


A: Mild: <15% of articular surface 

A: <15% crescent or < 2-mm dépréssion 


B: Moderate: 15%-30% 

B: 15%-30% crescent sign or 2- to 4-mm dépréssion 


C: Severe: >30% 

C: >30% crescent sign or > 4-mm dépréssion 

IV 

Flattening of the fémoral head 

A: Mild: <15% of surface or < 2-mm dépréssion 

B: Moderate: 15%-30% of surface or 2- to 4-mm 
dépréssion 

C: Severe: >30% of surface or > 4-mm dépréssion 

Articular surface flattened; joint space narrowing; change 
in acetabulum with evidence of osteosclerosis, cyst 
formation, and marginal osteophytes 

V 

Joint narrowing and/or acetabular changes 

A: Mild: Average of fémoral head involvement as in 
stage IV and estimated acetabular involvement 

B: Moderate involvement 

C: Severe involvement 


VI 

Advanced degenerative changes 



CT, Computed tomography; MRI, magnetic résonance imaging. 



Calculation of the combined necrotic angle from magnetic résonance imaging scans. A, Angle of necrotic area in the 
midcoronal image. B, Angle of necrotic area in the midsagittal image. The combined necrotic angle = A+B. (From Yong-Chan H, Jung 
WH, Kim JR, et al: Prédiction of collapse in fémoral head osteonecrosis: a modified Kerboul method with use of magnetic résonance images, J Bone 
Joint Surg 88 (suppl 3):35, 2006.) 
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FIGURE 


hip. 


233 Crescent sign in stage III osteonecrosis of the 


use of invasive methods. When both hips demonstrate typical 
fémoral head collapse, MRI is not necessary because it does 
not alter clinical decision-making. However, when plain 
radiographs show changes in only one joint, MRI of the 
pelvis is indicated, not only to define clearly the extent of the 
disease in the symptomatic hip but also to evaluate the 
asymptomatic hip. This can allow détection of the disease in 
the early stages when most treatments are potentially more 
effective. Différentiation between transient osteoporosis and 
osteonecrosis usually is possible, with the bone marrow 
edema of transient osteoporosis extending into the intertro- 
chanteric région of the fémur with no démarcation of a proxi¬ 
mal necrotic segment. MRI also is useful in following the 
progression of the asymptomatic disease and in evaluating 
the efficacy of treatment. 

Bone scanning can occasionally be useful, when the 
patient has a contraindication to MR imaging or when 
assessing the status of multiple other joints. The uptake of 
technetium-99m usually is decreased in the very early stage 
of disease and is variable or increased at a stage when symp- 
toms occur. When symptoms appear, however, there is no 
relationship between the scintigraphie appearance of the 
fémoral head and the pain and function of the hip. 

TREATMENT 

The natural history of osteonecrosis in its early stage, before 
subchondral collapse, is still unclear, but evidence suggests 
that the rate of progression is high, especially in symptomatic 
patients. Asymptomatic osteonecrosis in which the lésion was 
less than 30% of the area of the fémoral head was shown to 
remain asymptomatic in most patients (95%) for more than 


5 years; as lésion size increased, however, the percentage of 
painful osteonecrosis increased, up to 83% in hips with large 
lésions (>50% of the area of the fémoral head). Using the 
modified Kerboul method in a 5-year longitudinal study of 
precollapsed fémoral heads with osteonecrosis, Ha et al. 
found that no fémoral heads with a combined necrotic angle 
of less than 190 degrees went on to collapse, whereas ail the 
fémoral heads with a combined necrotic angle of more than 
240 degrees collapsed. When subchondral collapse occurs 
and joint space is lost, progressive osteoarthritis generally 
is considered inévitable. Many studies hâve reported an 
extremely poor prognosis, with a rate of fémoral head col¬ 
lapse of greater than 85% at 2 years in symptomatic patients 
(Ficat stage I or II disease). 

No treatment method has proved to be completely effec¬ 
tive in arresting the disease process before subchondral col¬ 
lapse or in slowing the progression of fémoral head destruction 
and osteoarthritis after subchondral collapse. The rate and 
course of progression of the disease are unpredictable, and 
the radiographie picture may not correlate with the clinical 
symptoms; some patients maintain tolerable function for an 
extended period after fémoral head collapse. Spontaneous 
remission of even Ficat stage II osteonecrosis has been 
reported, but this is rare. Conservative treatment, such as 
crutch ambulation or bed rest, generally is inefîective. Symp¬ 
tomatic patients who may benefit from a fémoral head pre- 
serving technique can be placed on crutches, however, until 
surgical treatment is performed with hope to prevent collapse 
in the intérim. 

■ CORE DECOMPRESSION 

The theoretical advantage of core décompression is based on 
the belief that the procedure relieves intraosseous pressure 
caused by venous congestion, allowing improved vascularity 
and possibly slowing the progression of the disease. The 
initial promising results of core décompression hâve not been 
matched by more recent investigations. Several authors noted, 
however, that the results of core décompression are better 
than the results of nonoperative treatment. Several reports 
noted that the earlier the stage of the disease, the better the 
results with core décompression, with the best results reported 
in Ficat stage I hips. Others hâve found core décompression 
to be less effective even in early stages, with reported failure 
rates of 60% in hips treated in precollapse stages and in 100% 
of hips treated after collapse. 

Some authors hâve suggested the placement of nonstruc- 
tural, nonvascularized bone grafts or bone graft substitutes in 
the void left after core décompression. There also has been 
interest in the use of growth factors to enhance osteogenesis 
(bone morphogenetic protein) or angiogenesis (fibroblast 
growth factor or vascular endothélial growth factor). Favor¬ 
able outcomes hâve been reported with the use of autologous 
bone grafts that include bone marrow cells, with or without 
growth factors. The insertion of porous tantalum rods has 
been advocated by some after core décompression to provide 
structural support. Although early reported outcomes of tan¬ 
talum rod use were encouraging (92% survival at 48 months), 
subséquent studies hâve reported less favorable outcomes. A 
retrieval analysis of failed tantalum implants found little bone 
ingrowth and insufhcient mechanical support of subchondral 
bone. The effect of high-density métal particles seen on radio¬ 
graphs also is a concern. 
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Review of the literature currently supports the use of core 
décompression for the treatment of Ficat stages I and IIA 
small central lésions in young, nonobese patients who are not 
taking steroids. This surgery is relatively simple to perform 
and has a very low complication rate. The surgical field for 
subséquent total hip arthroplasty, if needed, is not substan- 
tially altered. For more advanced disease (Ficat stage III), the 
results of core décompression are much less predictable, so 
alternative treatment methods should be explored. Patients 
should be advised that more than 30% of patients, even with 
early-stage disease, will likely require total hip arthroplasty 
within 4 to 5 years of core décompression surgery 


CORE DECOMPRESSION 


TECHNIQUE 6-7 


(HUNGERFORD) 

■ With the patient supine on a hip fracture table, approach 
the hip through a 2- to 3-cm midlateral longitudinal 
incision centered over the subtrochanteric région using 
image intensification as a guide. 

■ As an alternative, with the patient in the latéral decubitus 
position and the operative limb draped free, position the 
C-arm to obtain an anteroposterior view; the limb can be 
moved to a frog-leg position for a latéral view. This avoids 
the need to move the fluoroscopy unit during surgery. 

■Split the fascia lata in the direction of its fibers. 

■ Using image intensification, place a 3.2-mm threaded 
guide pin between the latéral cortex of the inferior 
portion of the greater trochanter and the distal portion 
of the lesser trochanter. Cortical Windows made below 
the lesser trochanter increase the possibility of postopera- 
tive fracture. 

■ Direct the tip of the guide pin to the center of the dis- 
eased portion of the bone. MRI and plain films should be 
reviewed to help locate the optimal position for the guide 
pin. 

■ Overream the guide pin with an 8-mm reamer. If histo¬ 
logie examination is necessary, a coring reamer can be 
used. 

■ Close the wound in layers. 

POSTOPERATIVE CARE. Partial weight bearing (50%) 
on crutches is continued for at least 6 weeks to protect 
the cortical window. In patients with advanced disease, 
protected weight bearing is prolonged. 


CORE DECOMPRESSION— 
PERCUTANEOUS TECHNIQUE 

A percutaneous technique has been described for core 
décompression using multiple small drillings with a 3.2-mm 
Steinmann pin. The technique is reported to hâve a lower 
rate of fémoral head collapse than traditional core décom¬ 
pression, with low morbidity and few or no surgical 
complications. 


TECHNIQUE 6-8 


(MONT ETAL) 

■ With the patient supine on a hip fracture table, mark the 
position of the fémoral head and préparé and drape the 
hip in standard fashion. 

■ Insert a 3.2-mm Steinmann pin laterally and percutane- 
ously under fluoroscopie guidance (Fig. 6-49). 

■ Advance the pin until it reaches the latéral cortex in the 
metaphyseal région opposite the superior portion of the 
lesser trochanter. 

■ Penetrate the fémur and advance the pin through the 
fémoral neck into the fémoral head and the site of the 
lésion (as determined on preoperative radiographs or 
MR images). Use anteroposterior and latéral fluoroscopie 
views while advancing the pin to ensure the correct track 
in the medullary canal of the fémoral neck. 

■ Using the one skin entry point, make two passes with the 
pin through small lésions and three through large lésions. 
Try to avoid pénétration of the fémoral head cartilage 
when advancing the pin. 

■ Remove the pin and close the wound with a simple 
bandage or a single nylon suture. 

POSTOPERATIVE CARE. Physical therapy, including gait 
reconditioning with a cane or crutches, is encouraged. 
Protected weight bearing (approximately 50%) is main- 
tained for 5 to 6 weeks and then advanced to full weight 
bearing as tolerated. High-impact loading such as jogging 
or jumping is not permitted for 12 months. If there is 
no radiographie evidence of collapse and the patient is 
asymptomatic at 12 months after surgery, return to usual 
activities, including higher-impact loading activities such 
as running, is allowed. 


■ BONE GRAFTING 

Successful results after core décompression with structural 
bone grafting for the treatment of osteonecrosis of the fémoral 
head hâve been reported in 50% to 80% of patients. Structural 
bone grafting techniques after core décompression hâve been 
described using cortical bone, cancellous bone, vascularized 
bone graft, and debridement of necrotic bone from the 
fémoral head, each with promising results. One small study 
of core décompression combined with cortical press-fit struc¬ 
tural bone grafting for stage I or II osteonecrosis found no 
différence in results between hips in which tibial or fibular 
autogenous grafts were used and hips in which fibular 
allografts were used. A prospective case-controlled study 
comparing vascularized and nonvascularized fibular grafts 
for large lésions (involvement of more than 30% of the 
fémoral head) found better clinical results and more effective 
prévention of fémoral head collapse with vascularized 
grafting. 

Accurate placement of the graft within the lésion and 
under subchondral bone is essential (Fig. 6-50). The bone 
grafts can be introduced with a standard core track technique, 
“trapdoor” technique, or a “light bulb” technique. Advantages 
of the standard core track technique include a wide debride¬ 
ment of necrotic bone, simple technique, avoidance of 
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Percutaneous technique for core décompression (see text). Fluoroscopie images show entry into fémoral neck and 
head. Latéral views are obtained to avoid pénétration of cortical bone. (From Mont MA, Ragland PS, Etienne, G. Core décompression of the 
fémoral head for osteonecrosis using percutaneous multiple small-diameter drilling. Clin Orthop Rel Res 429:131-138, 2004.) SEE TECHNIQUE 6-8. 



FIGURE 


Core décompression and cortical press-fit struc¬ 


tural bone grafting for osteonecrosis of fémoral head (stage I 


or II). 


surgical dislocation of the hip, and a low complication rate. 
In the trapdoor technique, the hip is surgically dislocated, a 
portion of the chondral surface of the fémoral head is lifted 
to expose the lésion, the necrotic bone is removed, the cavity 
is filled with bone graft, and the cartilage flap is replaced and 
secured (Fig. 6-51 A). Advantages of this approach include 
direct évaluation of the cartilage surface and necrotic fémoral 
head segment and précisé placement of the bone graft; 
disadvantages include technical difftculty, iatrogénie cartilage 
damage, and risk of iatrogénie osteonecrosis from the surgical 
dislocation. In the light bulb technique, a bone window 
measuring approximately 2 X 2 cm is removed at the fé¬ 
moral head-neck junction with a micro-oscillating saw and 
osteotomes (Fig. 6-5IB); the bone plug is saved in normal 
saline-wrapped gauze for later use. Through the entry, a 
mushroom-tipped burr is used to curet a cavity in the fémoral 
head, removing ail the necrotic bone (the shape of the cavity 
resembles a light bulb). Allograft is packed into the cavity, and 
the bone plug is replaced and fixed with three 2-mm absorb¬ 
able pins. Advantages of this technique are similar to those 
for the trapdoor technique, but the création of a cortical 
defect in the fémoral neck raises the risk of fracture. 
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FIGURE 


"Trapdoor" (A) and "light bulb" (B) techniques for décompression and grafting of fémoral head. 


■ VASCULARIZED FIBULAR GRAFTING 

After advances in microsurgical techniques made it possible 
to preserve the intrinsic vascularity of bone graft, several 
authors independently proposed implanting a vascularized 
bone graft into the core of the fémoral head. The rationale 
for vascularized bone grafting is based on four aspects of the 
operation and postoperative care: (1) décompression of the 
fémoral head, which may interrupt the cycle of ischemia and 
intraosseous hypertension that is believed to contribute to 
the disease; (2) excision of the sequestrum, which might 
inhibit revascularization of the fémoral head; (3) filling of 
the defect that is created with osteoinductive cancellous 
graft and a viable cortical strut to support the subchondral 
surface and to enhance the revascularization process; and (4) 
protection of the healing construct by a period of limited 
weight bearing. Proposed advantages of free vascularized 
fibular grafting compared with total hip arthroplasty are the 
presence of a healed fémoral head, which may allow more 
activity, and, if performed before the development of a sub¬ 
chondral fracture, the procedure offers the possibility of sur- 
vival of a viable fémoral head for the life of the patient. 
Disadvantages include a longer recovery period, less reliable 
relief of pain, donor site morbidity, and less predictable sur- 
vivorship in terms of subséquent surgery when compared 
with total hip arthroplasty. 

Most reports hâve shown good results in 80% to 91% 
of patients after vascularized fibular grafting, and it may 
be a reasonable option for patients younger than 50 years 
without collapse of the fémoral head; for patients older 
than 50, total hip arthroplasty is indicated if symptoms 
warrant surgical intervention. Concurrent steroid use is not 
a contraindication for this procedure. Vascularized fibular 
grafting currently is controversial for patients with asymp- 
tomatic early-stage osteonecrosis because the donor site 
morbidity can be significant and the results of core décom¬ 
pression are debatably equally effective for this group of 
patients. 


VASCULARIZED FIBULAR GRAFTING 


TECHNIQUE 6-9 


(URBANIAK ETAL) 

■ Préparation of the hip and harvest of the vascularized 
fibular graft are done simultaneously by separate teams. 

■ With the patient in the latéral decubitus position, préparé 
and drape the hip and leg as a single stérile field and 
place a stérile tourniquet on the thigh. 

■ Through an antérolatéral approach, expose the latéral 
aspect of the proximal fémur through the interval between 
the tensor fasciae latae and gluteus médius muscles (Fig. 
6-52A). Identify the latéral fémoral circumflex artery and 
vein and isolate the ascending branches to serve as the 
récipient vessels. Reflect the origin of the vastus lateralis 
to expose the bone. 

■ Under fluoroscopie control, insert a guide pin into the 
center of the necrotic lésion; avoid pénétration of the 
articular surface. 

■ With cannulated reamers of gradually increasing size, 
create a core 16 to 21 mm in diameter, beginning from 
the latéral fémoral cortex just distal to the vastus ridge. 
Extend the core to within 3 to 5 mm of the articular 
surface of the fémoral head (Fig. 6-52B). 

■ With the use of reamers and fluoroscopie imaging, excise 
the necrotic segment of the fémoral head. Document the 
completeness of the removal of the necrotic segment on 
anteroposterior and frog-leg latéral fluoroscopie images 
after the cavity has been filled temporarily with a water- 
soluble contrast medium that is subsequently removed by 
irrigation with saline solution and suction. 

■ Harvest cancellous bone graft from the greater trochanter 
and pack it into the cavity with the aid of a specially 
designed impactor. Inspect the placement of the graft 
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Vascularized fibular grafting for osteonecrosis of fémoral head (see text). A f Antérolatéral approach, with dissection 
between tensor fasciae latae (TFL) and gluteus médius (GMe). Vastus lateralis (VL) is reflected from vastus ridge, and core (16 to 21 mm 
in diameter) is made in fémoral neck to necrotic bone in fémoral head. B, Necrotic bone is removed from fémoral head through core. 
C f Fibular graft, with peroneal artery (pa) and vein (pv), is harvested from ipsilateral leg. D, Cancellous bone chips from greater tro¬ 
chanter and fibular graft are inserted into core. Kirschner wire (0.062 inch) is used to stabilize fibular graft. Peroneal artery and vein 
are anastomosed to ascending branches of latéral fémoral circumflex artery and vein. GT, Greater trochanter; RF, rectus femoris. SEE 
TECHNIQUE 6-9. 
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with fluoroscopy and contrast medium. If the amount 
seems to be déficient, add more bone and check again 
with fluoroscopy and contrast medium. 

■ Harvest a segment of the ipsilateral fibula, approximately 
13 cm long, with as long a pedicle of peroneal artery and 
vein as can be obtained (Fig. 6-52C). Leave at least 10 cm 
of the fibula proximal to the ankle mortise and 10 cm 
distal to the knee joint unharvested. 

■ Trim the fibular graft to the appropriate length. 

■ Peel 3 or 4 mm of periosteum from the distal end of the 
graft and roll it on itself to expose raw bone. 

■ Place a 3-0 absorbable suture circumferentially around 
the distal part of the periosteum and vascular pedicle to 
secure them to the bone. This helps prevent stripping of 
the periosteum and vessels when the graft is inserted into 
the core. 

■ Position the graft beneath the subchondral bone of the 
fémoral head, within the cancellous bone graft. The 
diameter of the core must be 1 to 2 mm larger than 
the diameter of the fibula to accommodate the graft 
and pedicle so that blood flow to the graft is not 
compromised. 

■ Release the origins of the vastus intermedius and vastus 
lateralis muscles to create a gap for the vessels so that 
the peroneal and latéral circumflex vessels can be brought 
together without tension. 

■ Stabilize the fibular bone graft to the proximal fémur with 
a 0.62-mm Kirschner wire (Fig. 6-52D). 

■ With the use of an operating microscope, perform the arte- 
rial and venous anastomoses with 8-0 or 9-0 interrupted 
nylon sutures. Bleeding from cortical bone at the base of 
the fibular graft confirms the vascularity of the graft. 

■Close both incisions in a routine manner over drains. To 
prevent compression of the vascular pedicle, do not reat- 
tach the origins of the vastus intermedius and vastus 
lateralis. Apply a below-knee posterior splint. 

POSTOPERATIVE CARE. The splint is removed on the 
third postoperative day. Prophylactic anticoagulation 
includes intravenous administration of 500 mL of low- 
molecular-weight dextran for 5 days and oral administra¬ 
tion of 300 mg of aspirin twice a day for 6 weeks. A 
digital subtraction angiogram is made 5 days after surgery 
to evaluate the function of the microvascular anastomo- 
sis. Weight bearing is not allowed for 6 weeks, after 
which 15% of body weight can be placed on the extrem- 
ity for another 6 weeks. During the next 3 months, the 
amount of weight bearing is increased gradually to full, 
unassisted weight bearing by 6 months. 

In patients with bilateral symptomatic involvement, a 
second free vascularized fibular grafting procedure can 
be done 3 months after the first procedure. Six weeks 
before the operation on the second hip, weight bearing 
on the side of the first operation is increased to 50%. 
After the second procedure, the regimen is the same as 
that after the first operation; no weight bearing for 6 
weeks followed by graduai progression to full weight 
bearing by 6 months. Most patients are advised to limit 
walking with crutches as much as possible for the first 6 
weeks after the second operation. 


■ PROXIMAL FEMORAL OSTEOTOMY 

If osteonecrosis of the fémoral head develops, the involved 
segment tends to be in the weight-bearing portion. Various 
proximal fémoral ostéotomies hâve been developed for 
the treatment of osteonecrosis with the intent to move the 
involved necrotic segment of the fémoral head from the prin¬ 
cipal weight-bearing area. These procedures hâve achieved 
best results for small-sized or medium-sized lésions (<30% 
fémoral head involvement) in young patients in whom it is 
optimal to delay a total hip arthroplasty. Patients younger 
than 55 years did better than older patients, and patients with 
idiopathic or posttraumatic osteonecrosis did better than 
patients with alcohol-induced or steroid-induced necrosis. A 
valgus-extension intertrochanteric osteotomy combined with 
curettage of the avascular segment and autogenous bone 
grafting was reported to hâve an 87% success rate at 65 
months. 

A transtrochanteric rotational osteotomy of the fémoral 
head for idiopathic osteonecrosis was developed to reposition 
the necrotic anterosuperior part of the fémoral head to a 
non-weight-bearing locale. The fémoral head and neck 
segment is rotated anteriorly around its longitudinal axis so 
that the weight-bearing force is transmitted to what was pre- 
viously the posterior articular surface of the fémoral head, 
which is not involved in the ischémie process (Fig. 6-53). We 



Sugioka transtrochanteric anterior rotational 
osteotomy (see text). Transposition of the necrotic portion of the 
fémoral head anteroinferiorly away from the weight-bearing 
area is accomplished by anterior rotation of the fémoral head. 
A f Before rotation. B f After rotation. 
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hâve no expérience with this procedure; for a description of 
the technique, see earlier éditions of this text. 

■ ARTHROPLASTY 

If osteonecrosis involves more than 30% of the head, the 
success rates of the aforementioned techniques tend to 
diminish. Once collapse has begun, the hip inevitably pro¬ 
gresses to end-stage arthritis. Options for large lésions and 
advanced disease include unipolar and bipolar hemiarthro- 
plasty, resurfacing arthroplasty, and total hip replacement. 
Although short-term results with hemiarthroplasty were 
promising, long-term results in patients with osteonecrosis 
are not as good as those for primary total hip arthroplasty 
There hâve been proponents of resurfacing arthroplasty in 
this patient population; however, the results are inferior to 
the outcomes of total hip replacement. When adding the 
concerns of resurfacing arthroplasty as a metal-on-metal 
bearing, we favor the use of total hip replacement for patients 
once collapse has occurred and symptoms warrant surgical 
intervention. 

Total hip arthroplasty in patients with fémoral head 
osteonecrosis is discussed in Chapter 3. 


IDIOPATHIC TRANSIENT 
OSTEOPOROSIS 

Idiopathic transient osteoporosis of the hip occurs most offen 
in middle-aged men, but it sometimes occurs in women, 
usually in late pregnancy (Fig. 6-54). Increasing pain and 
limp with local muscle wasting are typical, and the symptoms 
are bilateral in approximately one third of patients. Demin- 
eralization may not be apparent on plain radiographs for 6 
weeks affer onset of symptoms. An abnormal bone scan may 
précédé radiographically visible osteoporosis of the fémoral 
head and neck. MRI is highly sensitive in the détection of this 
condition, but other entities, such as osteonecrosis, osteomy- 
elitis, and neoplasms, can mimic idiopathic transient osteo¬ 
porosis on MRI (Chapter 2). These entities should be ruled 
out by évaluation of the patients clinical history, physical 
examination, and laboratory values. Three phases of transient 
osteoporosis of the hip are seen on MRI: diffuse, focal, and 
residual. In the diffuse stage there is an impression of “bone 
edema.” The focal stage begins 2 to 3 months affer the onset 
of symptoms of transient osteoporosis, at a time when con- 
ventional radiographs show demineralization of the fémoral 



Idiopathic transient osteoporosis of hip. A f Onset and early radiographie changes; note diffuse haziness of right hip. 
B f At 6 months, radiographie changes are still évident. C f At 36-month follow-up, complété resolution of radiographie changes. 
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head and neck. If weight bearing of the joint has been avoided, 
the previously noted lésions within the marrow become 
smaller and their intensity approaches that of normal fatty 
marrow. If the patient continues to bear weight, however, a 
focal lésion is seen primarily in the zone of greatest bone 
strain. The residual stage begins 2 to 3 months after the focal 
stage. At this point, the transient osteoporosis is resolving and 
the fémoral neck displays an intensity corresponding to that 
of normal fatty marrow. Occasionally, small residual lésions 
still can be found in the fémoral head or neck. Frequently, a 
thin horizontal signal is seen just below the subchondral 
lésion. 

Because transient osteoporosis résolves with conservative 
measures over several months as evidenced clinically, radio - 
graphically, and on MRI, surgical intervention for this condi¬ 
tion is rarely, if ever, indicated. We recommend conservative 
treatment for transient osteoporosis. It is important to iden- 
tify this process and differentiate it from osteonecrosis so 
that early core décompression is not mistakenly done for 
osteoporosis. 

PROTRUSIO ACETABULI 

Protrusio acetabuli is characterized by a chronic progressive 
protrusion of the fémoral head into the acetabulum and 
pelvis (Fig. 6-55). About two thirds of these lésions are uni¬ 
latéral and occur most often in patients of middle âge but 
may develop during adolescence or childhood. The cause of 
primary protrusio acetabuli, also known as Otto pelvis, is 
undefined and the diagnosis is one of exclusion. It typically 
is bilateral and is most common in young and middle-aged 
women. Osteomalacia may play a rôle in its development. 
Infectious, neoplastic, inflammatory, metabolic, traumatic, 
and genetic factors hâve been implicated in the development 
of secondary protrusio acetabuli (Box 6-2). Pain and limita¬ 
tion of motion usually are the indications for surgery. Total 
hip arthroplasty (Chapter 3) is the preferred treatment at this 
clinic. For a young adult, valgus intertrochanteric proximal 
fémoral osteotomy may be successful. 



Intrapelvic protrusio acetabuli. Severe bilateral 
progressive protrusion of acetabulum with severe pain and 
decreased motion in both hips. 


ADULT-ONSET RHEUMATOID 
ARTHRITIS 

Rheumatoid arthritis generally affects adults aged 35 to 50 
years, but it can occur in children and adolescents. The hip is 
less frequently involved with rheumatoid arthritis than the 
knee; most often rheumatoid arthritis involves the small 
joints of the hands and feet. Treatment for the early stages of 
rheumatoid arthritis of the hip is primarily medical, although 
physical and occupational therapy often can be helpful. The 
availability of newer and more effective médications has 
made surgery less frequently needed in patients with rheu¬ 
matoid arthritis. If surgery is required, total hip arthroplasty 
(Chapter 3) is indicated for most patients (Fig. 6-56). 



Causes of Secondary Protrusio Acetabuli 


Infectious 

Gonococcus 

Echinococcus 

Staphylococcus 

Streptococcus 

Mycobacterium tuberculosis 

Neoplastic 

Hemangioma 

Metastatic carcinoma (breast, prostate most common) 

Neurofibromatosis 

Radiation-induced osteonecrosis 

Inflammatory 

Rheumatoid arthritis 
Ankylosing spondylitis 
Juvénile rheumatoid arthritis 
Psoriatic arthritis 
Acute idiopathic chondrolysis 
Reiter syndrome 

Osteolysis following hip replacement 

Metabolic 

Paget disease 

Osteogenesis imperfecta 

Ochronosis 

Acrodysostosis 

Osteomalacia 

Hyperparathyroidism 

Traumatic 

Sequelae of acetabular fracture 
Surgical error during hip replacement 

Genetic 

Trichorhinophalangeal syndrome 
Stickler syndrome 
Trisomy 18 

Ehlers-Danlos syndrome 
Marfan syndrome 
Sickle cell disease 

Modified from McBride MT, Muldoon MP, Santore RF, et al: Protrusio acetabuli: 
diagnosis and treatment, J Am Acad Orthop Surg 9:79, 2001. 
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FIGURE 


hip arthroplasty. 


Total hip arthroplasty for rheumatoid arthritis. A f Advanced disease with articular cartilage destruction. B f After total 


JUVENILE IDIOPATHIC ARTHRITIS 

Because approximately 97% of children with polyarticular 
juvénile arthritis are rheumatoid factor (RF) négative, the 
term juvénile idiopathic arthritis has become more commonly 
used than juvénile rheumatoid arthritis to describe this group 
of diseases. Juvénile idiopathic arthritis is a heterogeneous 
group of diseases characterized by the onset of chronic arthri¬ 
tis in childhood. The diagnostic criteria for and types of juvé¬ 
nile rheumatoid arthritis are outlined in Chapter 9. 

Involvement of the hip in juvénile idiopathic arthritis can 
cause significant difficulties with walking and can severely 
limit activity in young patients (Fig. 6-57). Clinically, hip joint 
involvement is marked by pain, limitation of range of motion, 
and rapid-onset cartilage destruction, which can affect other 
lower extremity joints and the spine. 

Four categories of involvement of the hip hâve been 
described in patients with juvénile idiopathic arthritis. In 
the first group, only mild disability and slight radiographie 
changes are présent. In the second group, episodic disability 
is correlated with the activity of the disease. In the third 
group, progressive disability is associated with radiographie 
changes; this group of patients requires surgery most fre- 
quently. In the fourth group, clinical and radiographie find- 
ings are marked but functional disability is minimal. 

Because of the success of medical therapy in the treat- 
ment of juvénile idiopathic arthritis, surgical treatment is 
infrequently needed. Reconstructive procedures that may be 
required in patients with juvénile idiopathic arthritis include 
soft-tissue procedures for correction of contractures, osteot- 
omy, arthrodesis, joint excision, and arthroplasty. Combina¬ 
tions of these procedures may be necessary to relieve pain and 
correct deformity. Ostéotomies are most commonly required 



Polyarticular juvénile idiopathic arthritis in 
16-year-old girl with severe bilateral hip involvement; note defor¬ 
mity of fémoral head and acetabulum (protrusio acetabuli). 


to correct severe angular deformities. Total hip arthroplasty 
is the procedure of choice for severe pain and limitation of 
motion in the hip in adolescent patients with juvénile idio¬ 
pathic arthritis. 

OSTEOARTHRITIS 

The lifetime risk of hip osteoarthritis has been estimated to 
be 8%. Osteoarthritis of the hip is most offen brought on by 
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an anatomie deformity that may be subtle and asymptomatic 
for décades. The mechanisms by which FAI and dysplasia lead 
to cartilage injury and subséquent osteoarthritis hâve been 
discussed earlier in this chapter, as has intervention with hip- 
preserving surgery before the development of significant 
osteoarthritis. Once the hip displays Tônnis grade 2 changes 
of osteoarthritis, hip préservation surgery provides little 
benefit, and other nonsurgical and surgical approaches are 
more appropriate. 

Several randomized controlled trials support the use of 
corticosteroid injections to provide transient (approximately 
1 month) relief of pain and improve function; steroid injec¬ 
tions hâve been reported to be effective in up to 90% of 
patients with mild arthritis compared with only 9% to 20% 
of those with severe arthritis. Intraarticular corticosteroid 
injection also can be helpful in excluding extraarticular 
causes of hip pain. Viscosupplementation, although not 
approved for hip arthritis by the U.S. Food and Drug Admin¬ 
istration, has had long-term use in Europe, with varying out- 
comes. However, two randomized controlled trials reported 
that a single intraarticular injection of hyaluronic acid was no 
more effective than placebo in relieving symptoms of hip 
arthritis, and it currently cannot be recommended for treat- 
ment of hip osteoarthritis. 

The primary treatment for significant osteoarthritis of the 
hip is total hip arthroplasty (Chapter 3). Although uncom- 
mon, there still remains the occasional indication for hip 
arthrodesis in young patients with hip abductor deficiency or 
chronic infection. 


NEUROPATHIC ARTHROPATHY 
(CHARCOT JOINT) 

Neuropathie arthropathy (Charcot joint) develops most offen 
in weight-bearing joints. The causes are manifold. The pré¬ 
dominant cause is diabètes mellitus, but it also is associated 
with leprosy, yaws, congénital insensitivity to pain, spina 
bifida, myelomeningocele, syringomyelia, aerodystrophie 
neuropathy, amyloid neuropathy, peripheral neuropathy sec- 
ondary to alcoholism and avitaminosis, spinal cord injury, 
peripheral nerve injury, postrenal transplant arthropathy, and 
intraarticular steroid injections. Syphilis is an infrequent 
but increasingly common cause of neuropathie arthropathy. 
According to the Centers for Disease Control and Prévention, 
the rate of syphilis has increased dramatically each year over 
the past 10 years. Because of inadéquate treatment of primary 
or secondary syphilis, or exposure to antibiotics for treatment 
of unrelated infections, many patients with neurosyphilis do 
not hâve the classic signs or symptoms. A high index of clini- 
cal suspicion and the appropriate sérologie testing are neces- 
sary for correct diagnosis and appropriate treatment. The 
cause of neuropathie arthropathy should be sought, and, if 
indicated, spécifie treatment is rendered in addition to treat¬ 
ment of the joint itself. On histologie examination of the 
synovium from trophic joints, osteochondral fragments can 
be seen embedded within the synovium, which is diagnostic 
of neuropathie arthropathy. 

Radiographically, Charcot arthropathy of the hip is char- 
acterized by rapid joint destruction with fragmentation of the 
fémoral head and adjacent subchondral bone of the acetabu- 
lum with subséquent subluxation (Fig. 6-58). 
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Charcot neuropathie hip disease in a patient 
who had a normal appearing radiograph 3 months earlier. 
Fragmentation of the fémoral head and acetabular dôme is seen 
as well as a fracture of the inferior pubic ramus. 


Surgery of any kind is not indicated except for severe 
disability. The few reports of total hip arthroplasty in neuro¬ 
pathie joints indicate that récurrent dislocation and loosening 
are frequent sequelae; in our opinion, total joint arthroplasty 
is rarely indicated for a neuropathie hip joint. 
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MODERN PROSTHESIS EVOLUTION 
AND DESIGN 

Although many total knee designs predate the total condylar 
prosthesis designed by Insall and others, its introduction in 
1973 marked the beginning of the total knee arthroplasty 
(TKA) era (Fig. 7-1). This prosthesis design allowed mechani- 
cal considérations to outweigh the desire to reproduce ana- 
tomically the kinematics of normal knee motion. Influenced 
largely by the previous Impérial College/London Hospital 
design, both cruciate ligaments were sacrificed, with sagittal 
plane stability maintained by the articular surface geometry. 
The original cemented total condylar prosthesis set the 
standard for survivorship of total knee arthroplasty. New 
designs hâve now evolved to the point where several hâve 
reported long-term survivorships of over 80% at 15- to 
20-year foliow-up. 

Since the concept of the total condylar design was intro- 
duced, TKR design has yet to see another major leap in 
advancement. The original design had symmetric fémoral 


condyles with a decreasing sagittal radius of curvature poste - 
riorly. The symmetric condyles were individually convex in 
the coronal plane. The double-dished articular surface of the 
tibial polyethylene component was perfectly congruent with 
the fémoral component in extension and congruent in the 
coronal plane in flexion. Translation and dislocation of the 
components were resisted by the anterior and posterior lips 
of the tibial component and the médian eminence. The tibial 
component has a metaphyseal stem to resist tilting of the 
prosthesis during asymmetric loading. The tibial component 
originally was all-polyethylene, but métal backing was added 
later to allow more uniform stress transfer to the underlying 
cancellous metaphyseal bone and to prevent polyethylene 
deformation. The patella was resurfaced with a dome-shaped, 
all-polyethylene patellar component with a central fixation 
lug. Many of these design characteristics are retained in 
modem designs. 

Concurrent with the development of the cruciate- 
sacrificing total condylar prosthesis, the duopatellar prosthe¬ 
sis was developed with the sagittal plane contour of the 


396 



CHAPTER 7 ARTHROPLASTY OF THE KNEE 


fémoral component being anatomically shaped. This prosthe- 
sis included rétention of the posterior cruciate ligament 
(PCL). Originally, the médial and latéral tibial plateau com- 
ponents were separate, but this was soon revised to a one- 
piece tibial component with a cutout for rétention of the PCL. 
The patellar component of the duopatellar prosthesis was an 
all-polyethylene dôme similar to that used in the total 
condylar knee. The duopatellar prosthesis evolved into the 
kinematic prosthesis, which was widely used in the 1980s 
(Fig. 7-2). 




FIGURE 


1973. 


Total condylar prosthesis introduced by Insall in 


Two early criticisms of the total condylar prosthesis 
were its tendency to subluxate posteriorly in flexion if the 
flexion gap was larger than the extension gap and its lack of 
fémoral rollback and smaller range of flexion if the PCL was 
not functioning. By not “rolling back,” the posterior fémoral 
metaphysis in a total condylar knee impinged against the 
tibial articular surface at approximately 95 degrees of flexion 
(Fig. 7-3). The early clinical reviews of the total condylar 
prosthesis documented average flexion of only 90 to 100 
degrees. To correct these problems, the Insall-Burstein 
posterior cruciate-substituting or posterior-stabilized (PS) 
design was developed in 1978 by adding a central cam 
mechanism to the articular surface geometry of the total 
condylar prosthesis (Fig. 7-4). The cam on the fémoral com¬ 
ponent engaged a central post on the tibial articular surface 
at approximately 70 degrees of flexion and caused the 
contact point of the femoral-tibial articulation to be posteri¬ 
orly displaced, effecting fémoral rollback and allowing 
further flexion. 

Most current total knee designs are dérivatives of the 
Insall-Burstein and kinematic designs. During the late 1980s 
and 1990s, patellofemoral complications became one of 
the primary causes for reoperation in TKA. Consequently, 
improved reconstruction of the patellofemoral joint has 
received attention in more recent designs. Newer designs 
incorporate greater areas of patellofemoral contact through a 
larger range of motion and asymmetric anterior flanges 
designed to resist patellar subluxation and soft-tissue reaction 
from articulating on a short trochlear groove. 

Some total knee Systems hâve incorporated a deep-dish 
design as one of their available modular tibial polyethylene 
options. This design is similar to the original total condylar 
design that uses sagittal plane concavity or dishing alone 
to control anterior and posterior translational stability 
(Fig. 7-5). A comparison of deep-dish components with 



FIGURE 


Kinematic condylar prosthesis obtained during révision procedure. 
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Total condylar design is limited in flexion by 
posterior impingement of fémur on tibial polyethylene compo- 
nent. With posterior cruciate ligament rétention and substitution, 
fémoral rollback allows greater flexion. 


posterior-stabilized devices using the same fémoral compo¬ 
rtent s found no différence at follow-up in range of motion, 
ability to climb or descend stairs, or pain scores. This deep- 
dish design incorporated many of the previously mentioned 
advantages of cruciate sacrifice without the obligatory bone 
sacrifice in the intercondylar région of the fémur, which may 
prédisposé to fracture. With proper flexion-extension gap 
balancing, posterior impingement in flexion was reported to 
be avoided, yielding flexion similar to the posterior-stabilized 
design. 

Posterior cruciate-retaining (CR) total knee designs 
often incorporate a deep-dish or ultra-congruent option for 
a tibial polyethylene insert to enhance roll back and higher 
flexion. Many designs, however, hâve still shown a tendency 
for the fémoral articulation to roll forward with increasing 
flexion (Fig. 7-6). Range of motion affer posterior cruciate- 
retaining TKA has been reported to be improved when the 
posterior condylar offset is re-established (Fig. 7-7). If the 
posterior condyles are over resected, the posterior aspect of 
the tibia may butt up against the posterior aspect of the fémur 
and resuit in suboptimal flexion. Later reports hâve shown 
that measuring this variable radiographically is difficult and 
that a combination of variables including implant design and 
tibial slope also play a rôle in the amount of flexion obtained. 

Some newer PS total knee designs hâve incorporated 
more complex post-cam interactions and even a dual-cam 
mechanism in which the anterior aspect of the post drives a 
screw-home mechanism as the knee is moved into full exten¬ 
sion. The transverse plane rotation pattern in this type 
of design has been shown to be doser to normal knee kine- 
matics than with older posterior-stabilized designs. Many 







Insall-Burstein posterior-stabilized knee went through multiple design itérations and enhancements. Nonmodular 
carbon fiber reinforced polyethylene version is shown. 
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FIGURE 


Posterior cruciate-retaining total knee designs with a deep-dish component enhance roll-back and higher flexion. 
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Computer model depicts roll forward of médial 
fémoral condyle (red area) starting just after 30 degrees of 
flexion. 


manufacturers now change the positioning of the post and 
the cam, as well as their geometry, to guide a more normal 
tibiofemoral articulation pattern throughout the range of 
motion (Fig. 7-8). 

VARUS-VALGUS CONSTRAINED 
PROSTHESES 

The original constrained condylar knee (CCK) was developed 
from the posterior-substituting design by enlarging the 
central post of the tibial polyethylene insert, constraining it 
against the médial and latéral walls of a deepened central box 
of the fémoral component (Fig. 7-9). Varus-valgus stability is 
controlled by this mechanism with a small amount of varus- 
valgus toggle allowed. This type of prosthesis otherwise 
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native knee are replicated after implantation of components. 


functions as a posterior-stabilized design and is used in 
patients with instability that might otherwise require a hinged 
prosthesis. It cannot be used for recurvatum deformity 
because it does not control hyperextension. Originally 
designed with cemented intramedullary stems on fémoral 
and tibial components, the design evolved to include modular 
press-fit or cemented intramedullary stems on the tibial and 
fémoral components. 

The CCK design has been used extensively for révision 
arthroplasty when instability is présent and for difficult 
primary arthroplasties in patients with extreme valgus defor¬ 
mity and médial collateral ligament insufficiency. Although 
no loosening was reported at 8 years in a group of 28 CCK 
knees implanted for severe valgus deformities in an older 
patient group (average âge 73), the added constraint of the 
CCK design raises the concern of whether it might incur 
increased rates of loosening, particularly when used in 
younger patients. Progressive bone-cement radiolucencies 
hâve been reported in 16% of patients at an average of 44 
months after arthroplasty with the total condylar prosthesis 
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Asymmetric cam design to establish more 
normal tibiofemoral articulation pattern throughout range of 
knee motion. 


Tibial post 



Polyethylene insert 


The original constrained condylar knee 
enlarged the central post of the tibial polyethylene insert to 
constrain it against the médial and latéral walls of a deepened 
central box of the fémoral component. Most designs allow a small 
tolérance within the box against the post as shown. 


III, the precursor of the CCK, and nonprogressive radiolucent 
lines were found in 16% of 148 knees with constrained con¬ 
dylar knee implants without stem extensions used for correc¬ 
tion of significant deformities. Reported failure rates are low, 
ranging from no failures to 2.5% failures at 4-year follow-up. 
Most total knee Systems include a variation of a varus-valgus 
constrained design. More recent reports hâve also shown 
similar results after primary TKA using a CCK type of 
implant. Maynard et al. reported 127 primary TKAs using a 
CCK type of implant and found that at an average 110-month 
follow-up the révision rate was 0.8%, with a 10-year survivor- 
ship of 97.6%. In a sériés of 44 patients (45 knees) with severe 
coronal plane instability, Caméra et al. reported satisfactory 
clinical outcomes with no reoperations at a minimum of 10 
years after primary or révision surgery with a CCK implant. 
Cholewinski et al. used CCK implants in 43 knees with severe 
knee deformities or instability and reported a survival rate of 
98% at 11 years (excluding one case of infection). These 


reports seem to indicate that for complicated primary TKAs 
with balancing issues that cannot be resolved with standard 
implants, a CCK implant can be a valid option for 
considération. 

MOBILE-BEARING PROSTHESES 

Mobile-bearing knee designs hâve seen an increase in popu- 
larity, and efforts hâve been made to the United States Food 
and Drug Association (FDA) to down-classify these devices 
for clearance purposes. The meniscal-bearing version of the 
low contact stress (LCS) prosthesis developed by Buechel and 
others incorporated many of the features of the earlier Oxford 
knee. Individual polyethylene menisci articulate with the 
fémoral component above and with a polished tibial baseplate 
below. The LCS design has additional dovetailed arcuate 
grooves on the tibial baseplate that control the anteroposte- 
rior course of the menisci. The fémoral component has a 
decreasing radius of curvature posteriorly. This modification 
of the Oxford design decreases the posterior excursion of the 
menisci in flexion, helping to decrease the incidence of pos¬ 
terior extrusion of the menisci. 

The LCS total knee System also includes a rotating plat- 
form design with congruent tibiofemoral geometry in exten¬ 
sion similar to other current deep-dish designs; however, the 
tibial polyethylene is additionally free to rotate within the 
stem of the tibial baseplate. This design has had rare rota- 
tional dislocations of the tibial inserts because of inadéquate 
flexion-extension gap balancing, but it has exhibited excellent 
longevity. Callaghan et al. reported a 100% prosthesis survival 
rate in 82 patients at a minimum of 9-year follow-up of the 
cemented rotating platform LCS design. In a later follow-up 
study, Callaghan et al. reported the status of 53 knees in 37 of 
these patients who were still living at a minimum follow-up 
of 15 years. None of the knees had required révision because 
of loosening, osteolysis, or wear; three knees had required 
reoperation (two for periprosthetic fractures and one for 
infection), but none of the components was revised as part 
of the reoperations. Buechel, one of the developers of the LCS 
design, reported a 98% 20-year survivorship with this design 
and a similar survivorship at 18 years with the cementless 
rotating platform design. A recent meta-analysis comparing 
outcomes with fixed-bearing and mobile-bearing TKA found 
no clinically significant différences in patient-spécifie or clini¬ 
cal outcome parameters. One reason these implant designs 
are not offered by many manufacturers is their désignation 
as a class III device by the FDA. In vivo fluorokinematic 
studies hâve shown that the bearing rotation in the trans¬ 
verse plane may be nonphysiologic in some patients. A recent 
meta-analysis found that there was moderate to low quality 
evidence that cruciate-retaining mobile-bearing TKA was as 
good as fixed-bearing TKA. 

Potential advantages of mobile-bearing knees include 
lower contact stresses at the articulating surfaces, rotational 
motion of the tibial polyethylene during gait, and self- 
alignment of the tibial polyethylene compensating for small 
rotational malalignment of the tibial baseplate during implan¬ 
tation. Recent studies hâve found a higher révision rate in 
both the short-term and mid-term follow-up period with a 
mobile-bearing insert compared with fixed-bearing TKA. 
Whether mobile-bearing designs will outperform fixed- 
bearing designs is yet to be determined and may be spécifie 
to individual manufacturers design. 
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UNICOMPARTMENTAL PROSTHESES 

There are some reported results of unicompartmental knee 
arthroplasty that are as good as those of TKA, but controversy 
remains about indications and the use of unicompartmental 
prostheses in patients with high body mass indices (BMIs); 
some reports show higher révision rates at 2-year follow-up 
in these patients. Many surgeons advocate the use of unicom¬ 
partmental knee arthroplasty (UKA) for arthritis limited to 
only one knee compartment (Fig. 7-10). These prostheses 
replace the articular surface of either the médial or the latéral 
fémoral condyle and the adjacent tibial plateau surface. The 
current trend toward minimally invasive surgery has rekin- 
dled enthusiasm for these devices despite the fact that most 
studies, with some notable exceptions, hâve shown a slightly 
worse survivorship for UKA compared with TKA but is better 
than the révision rates for a révision TKA. 

Marmor introduced a unicompartmental replacement in 
the early 1970s, obtaining better results with replacement of 
the latéral compartment than of the médial compartment. 
The Marmor prosthesis was anatomically shaped with a fiat, 
all-polyethylene tibial component. Squire et al. observed 
87.5% 15-year survivorship using this prosthesis. Subséquent 
unicompartmental prostheses with metal-backed tibial com- 
ponents and thin polyethylene occasionally exhibited rapid 
polyethylene wear. 

Meniscal-bearing unicompartmental knee replacements 
allow translational motion at the polyethylene tibial baseplate 
interface similar to meniscal-bearing TKA and are enthusias- 
tically supported by some authors, with reports of a 
96% 10-year survivorship of the unicompartmental Oxford 
meniscal knee arthroplasty. In the Swedish National Registry, 


the Oxford unicompartmental knee fared worse, having a 7% 
révision rate by 6 years. 

Sparing of the cruciate ligaments, the opposite tibiofemo- 
ral compartment, and the patellofemoral joint in UKA is 
purported to resuit in more normal knee kinematics and to 
allow easy révision to a tricompartmental prosthesis at a later 
time. A more normal knee possibly can be obtained with 
UKA with quicker réhabilitation time and greater range of 
motion than with TKA. The second purported advantage, 
bone stock préservation, is more controversial. Révision of 
UKA to tricompartmental prostheses, requiring spécial com- 
ponents, bone graffing, or cernent with screw augmentation 
to fill osseous defects, was necessary in 76% of patients 
reported by Padgett, Stern, and Insall and in 45% reported by 
Barrett and Scott. McAuley, Engh, and Ammeen reported a 
26% use of local autograff, whereas 21% required wedge aug¬ 
mentation. They commented that the UKA révisions to TKA 
were simpler than typical révision TKA. An emphasis on 
more limited tibial resection with many newer designs may 
lessen the incidence of significant bony defects at the time of 
révision. 

Reports are now appearing that indicate that the conver¬ 
sion of a UKA to a TKA does not hâve the same survivorship 
or outcome as a primary TKA. In younger patients, a UKA 
converted to a TKA may not provide the same outcome as a 
primary TKA. 

HINGED IMPLANTS 

The Kinematic Rotating Hinge (Howmedica, Rutherford, NJ) 
(Fig. 7-11) has been a widely used linked, hinged knee 
replacement. Two polyethylene and cobalt chrome bearings 
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allow flexion-extension and axial rotation. The rotating hinge 
type of implant offers constraint in the sagittal and coronal 
planes while allowing free rotation in the transverse plane to 
limit the transfer of forces to the implant-bone interfaces and 
allow substitution of soft-tissue constraint in the coronal 
plane because of insufficient collateral support. The implant 
provides a block to extension as well, which prevents recur¬ 
vatum. This implant offen is necessary in salvage révision 
TKA but can be used in a primary TKA when significant 
deformity and loss of soft-tissue support does not allow a 
stable knee to be obtained or a flexion gap is created that 
might “jump” a constrained condylar type of implant. An 
early report found outcomes with the Kinematic Rotating 
Hinge no better than those with the earlier GUEPAR pros- 
thesis with respect to infection, loosening, and patellar com¬ 
plications. A more recent study of hinged prostheses found a 
much lower complication rate at 4-year follow-up of the 
S-ROM hinged prosthesis (Joint Medical Products/Johnson 
& Johnson, Stamford, CT). This type of prosthesis is used in 
patients with severe ligamentous insufficiency, severe flexion 
or extension gap mismatch, recurvatum deformity, neuro- 
muscular disease, and limb salvage procedures. Use of a 
hinged implant for primary TKA should be reserved for 
patients with these problems because of the tendency for 
worse outcomes and more complications than with other 
types of implants. 

PROSTHESIS SYSTEMS 

Different types of prostheses are necessary for varying 
amounts of arthritic involvement, deformity, laxity, and bone 
loss. Prostheses used range from unicompartmental designs 
for single-compartment disease with minimal deformity to 
hinged prostheses for severe deformity and or ligamentous 
deficiencies and for salvage procedures. Many surgeons advo- 
cate the use of PCL-retaining prostheses for mild deformity 
and PCL-substituting designs for more severe deformity 
while for many surgeons the choice is based on training and 
expérience. Knee prosthesis manufacturers hâve developed 
prostheses that offer either PCL rétention or PCL substitution 
through modular tibial polyethylene inserts and PCL- 
substituting and PCL-retaining fémoral components that 
require similar bone cuts. These prostheses typically use 
shared operative instrumentation and allow an intraoperative 
change from PCL rétention to PCL substitution or even a 
constrained condylar design. If balancing of the PCL is dif- 
ficult, the arthroplasty can be converted to a PCL-substituting 
design with relative ease in most cases. Many prosthesis 
designs also include a tibial polyethylene component with 
significant dishing (or increased AP congruency or con¬ 
straint) in the sagittal plane for optional use instead of the 
posterior-stabilized design when the PCL is incompetent. 
Modular stems and métal augments and constrained condy¬ 
lar components are typically available in most Systems. 

Many other factors are important in prosthesis design 
and sélection, including prosthesis fixation, the handling 
of the patellofemoral articulation, modularity, and polyethyl¬ 
ene issues. These are discussed in subséquent sections of 
this chapter. It is the surgeons responsibility to understand the 
indications, contraindications, expected functional outcome, 
and longevity for each prosthesis type and for spécifie pros¬ 
theses. Every surgeon should be familiar with the options and 
instrumentation of his or her choice to ensure that ail bases 



Motion in knee occurs in three separate planes 
during course of normal gait cycle and is referred to as "triaxial 
motion." 


are covered in the operating room. Long-term follow- 
up studies will continue to improve our understanding of 
appropriate indications for the variety of available knee 
prostheses. 


BIOMECHANICS 

FUNCTIONAL ANATOMY AND KINEMATICS 

Knee motion during normal gait has been studied by many 
investigators, who hâve found it to be much more complex 
than simple flexion and extension. Knee motion during gait 
occurs in flexion and extension, abduction and adduction, 
and rotation around the long axis of the limb (Lig. 7-12). 
Knee flexion, which occurs around a varying transverse axis 
(Lig. 7-13), is a function of the articular geometry of the knee 
and the ligamentous restraints. Dennis et al. described the 
flexion axis as varying in a helical fashion in a normal knee, 
with an average of 2 mm of posterior translation of the médial 
fémoral condyle on the tibia during flexion compared with 
21 mm of translation of the latéral fémoral condyle. This 
observation was acquired by dynamic fluoroscopy coupled 
with three-dimensional CT scans of the studied knees. The 
axis became more variable after sectioning of the anterior 
cruciate ligament, with an average 5 mm of médial condylar 
translation and 17 mm of latéral condylar posterior transla¬ 
tion in flexion. This pattern of medially based pivoting of the 
knee explains the observed external rotation of the tibia on 
the fémur during extension, known as the “screw-home 
mechanism,” and internai rotation of the tibia during knee 
flexion. The inability of many early knee prosthesis designs to 
accommodate these complex knee motions and their atten¬ 
dant stresses was an unforeseen shortcoming. Many current 
prosthesis designs attempt to reproduce normal knee kine- 
matics closely, whereas other s settle for an approximation of 
normal motion, placing other concerns, such as polyethylene 
contact stresses, ahead of accurate reproduction of knee 
kinematics. 
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Transverse axis of flexion and extension of knee 
constantly changes and describes J-shaped curve around fémoral 
condyles. 


The use of gait laboratories, biomechanical models, and 
fluoroscopie analyses to study normal subjects and patients 
before and after knee arthroplasty has become an important 
tool in prosthesis design and functional évaluation of TKA 
patients (Fig. 7-14). In kinematic studies of the knee during 
selected activities of daily living, normal gait required 67 
degrees of flexion during the swing phase, 83 degrees for stair 
climbing, 90 degrees for descending stairs, and 93 degrees to 
rise from a chair. Computer modeling now can be used to 
predict the effects of prosthetic designs on motion and how 
they respond to malpositioning during surgery, aiding in the 
development of designs that are more forgiving and provide 
more physiologie motion and kinematics. Variation in 
implant positioning in the transverse plane has been investi- 
gated by Milhalko and Williams using a dynamic kinematic 
model, and significant variations in internai and external 
rotation during a simulated deep-knee bend hâve been 
described. This enforces the need for forgiveness in implant 
designs so that the knee is not constrained in any one way 
that may increase the implant-bone interface stresses. 

■ ROLE OF THE POSTERIOR CRUCIATE 

LIGAMENT IN TOTAL KNEE ARTHROPLASTY 

Since the concurrent development of PCL-retaining and 
PCL-substituting prostheses, the relative merits of each 
design hâve been debated. Each design boasts multiple sériés 
with comparable excellent 10- to 15-year results. Studies of 
bilateral TKA with a PCL-retaining prosthesis on one side 
and a PCL-substituting prosthesis on the other side hâve 
failed to show significant subjective performance or patient 
satisfaction différences. A doser look at the différences in 
these designs illustrâtes, however, many of the factors involved 
in successful arthroplasty. 

PCL rétention achieves an increased potential range of 
motion by effective fémoral rollback. In vivo kinematic analy¬ 
sis has shown that with a cruciate-retaining design there may 
be a “roll forward” positioning of the médial fémoral condyle 
on the polyethylene insert with flexion, which may limit 
flexion. The designs now compensate for this and hâve 


Flexion 40° 
0 ° 

Extension 40° 

Adduction 10° 
0 ° 

Abduction 10° 

Internai rotation 10° 
0 ° 

External rotation 10° 





Triaxial motion of normal knee during walking, 
as measured by electrogoniometer. Flexion and extension are 
about 70 degrees during swing phase and 20 degrees during 
stance phase. About 10 degrees of abduction and adduction 
and 10 to 15 degrees of internai and external rotation occur 
during each gait cycle. FF, Flatfoot; HO, heel-off; HS, heel-strike; 
TO, toe-off. 


evolved from a relatively fiat articulation to a higher con¬ 
strained anterior aspect in most cruciate-retaining designs to 
prevent the médial fémoral condyle from sliding forward in 
an excessive manner. PCL substitution achieves fémoral roll¬ 
back by a tibial post and fémoral cam mechanism. Compared 
with the original total condylar design, both of the modem 
designs of PCL retaining and substituting attain greater 
flexion (see Fig. 7-3). In multiple studies comparing PCL- 
retaining and PCL-substituting prostheses, the average flexion 
attained at long-term follow-up has been similar. When the 
PCL is retained, it frequently needs to be partially released or 
recessed to allow adéquate flexion, especially in the varus- 
deformed knee because it is a more médial anatomie struc¬ 
ture and may be involved in the coronal plane deformity. 
More recently, deep-dish designs with increased sagittal plane 
conformity hâve been studied (with PCL recession and with 
PCL sacrifice). The flexion with these more conforming 
devices is similar to that with the PCL-retaining and PCL- 
substituting devices with which they hâve been compared. 

In PCL-substituting designs, posterior displacement in 
flexion is produced by the tibial post contacting the fémoral 
cam, with the résultant stress borne by the prosthetic con- 
struct and ultimately transferred to the bone-cement inter¬ 
face (Fig. 7-15). Originally, this situation led many authors to 
suggest that PCL-substituting designs would hâve higher 
failure rates than PCL-retaining devices because of loosening. 
The loosening rates in most reported studies show equal sur- 
vivorships of posterior-stabilized and cruciate-retaining 
TKA. A recent study from the Mayo Clinic, however, com¬ 
pared 5389 cruciate-retaining TKAs to 2728 posterior- 
stabilized TKAs and found 15-year survivorships of 90% and 
77%, respectively, a statistically significant différence. This 

































PART III RECONSTRUCTIVE PROCEDURES OF THE KNEE IN ADULTS 



One argument against posterior cruciate liga¬ 
ment substitution is that added prosthetic constraint may ulti- 
mately transfer more stress to prosthesis-bone interface. 


finding appears to support the theory that higher transfer of 
stress to the implant interface of some posterior-stabilized 
designs may decrease their longevity. 

Early gait analysis studies hâve found that individuals 
with PCL-retaining prostheses hâve a more symmetric gait, 
especially during stair climbing, than do individuals with 
either PCL-sacrificing or PCL-substituting designs. They 
showed decreased knee flexion during stair climbing and a 
tendency to lean forward in a quadriceps-sparing posture in 
patients with PCL-sacrificing and PCL-substituting designs. 
They postulated that these observations may indicate inadé¬ 
quate rollback of these designs or possibly the loss of a pro- 
prioceptive rôle of the PCL. These observations hâve been 
cited as reasons to retain the PCL. Later gait analysis contra- 
dicts the conclusions of these earlier studies, however, after 
comparing PCL-substituting knees with normal Controls. 
These earlier observations are refuted further by in vivo 
studies using fluoroscopy during single-stance deep knee 
bends to show a paradoxie forward translation of the femo- 
rotibial contact point during weight-bearing flexion in some 
PCL-retaining knees, whereas PCL-substituting knees studied 
showed more uniform fémoral rollback. 

The patellofemoral joint functions with a larger extensor 
lever arm when fémoral rollback, as a function of PCL réten¬ 
tion or PCL substitution, moves the tibial tubercle more ante- 
riorly. The patellofemoral joint also is affected by joint line 
élévation, the extent to which the new prosthetic joint line is 
raised relative to the native joint line. PCL-retaining designs 
do not tolerate much alteration in the level of the preoperative 
joint line while balancing the flexion and extension gaps, 
whereas PCL-substituting designs frequently balance with 
some mild élévation of the joint line in extension to aid in the 


balancing of the increased flexion gap that occurs when the 
PCL is sacrificed. The PCL functions as a secondary stabilizer 
in the coronal plane, and its release often nécessitâtes less 
collateral ligament balancing to obtain a symmetric flexion 
and extension gap during surgery (see Videos 7-1 and 7-2). 
In a cadaver study, Mihalko and Krackow showed that release 
of the PCL may increase the flexion gap 4 to 6 mm while 
increasing the extension gap less than 2 mm. Figgie et al. 
suggested that joint line élévation may alter patellofemoral 
mechanics and resuit in postoperative pain and subluxation. 

PCL-substituting fémoral components hâve a cutout for 
a cam mechanism that begins just below the trochlea of the 
patellofemoral joint. Additional bone is removed from the 
fémur when PCL-substituting designs are used to accommo- 
date this box-and-cam mechanism. Additionally, the degree 
of flexion at which the patella contacts this “box” varies 
among different posterior-stabilized designs. The patella and 
hypertrophie synovium on the under sur face of the quadri- 
ceps tendon can bind in this mechanism. This clinical entity, 
termed patellar clunk syndrome , is a potential complication of 
PCL-substituting designs. Many posterior stabilized implant 
designs now offer a longer trochlear groove to combat the 
build-up of synovium from a shorter trochlear-groove-to-box 
length, but this continues to be reported in the literature, 
albeit less frequently, despite this design change. 

Many authors argue that it is difhcult to balance a dis- 
eased or contracted PCL in a reproducible fashion. Although 
intraoperative tests of PCL balance hâve been devised by 
advocates of PCL rétention, other investigators hâve stated 
that it is difhcult, even in a laboratory setting, to reproduce 
near-normal PCL strain and function in a PCL-retaining 
knee arthroplasty. To hâve near-normal strain, the PCL 
needs to be balanced to an accuracy of approximately 1 mm. 
A PCL that is too tight in flexion can limit the extent of 
flexion attained postoperatively and lead to excessive fémoral 
rollback, which multiple retrieval studies hâve shown to 
accelerate posterior tibial polyethylene wear. Some authors 
hâve suggested that attaining reliable balance of the PCL 
requires expérience and that surgeons who perform fewer 
than 20 TKAs a year should use PCL-substituting prostheses. 
Late rupture of the PCL is also thought to be a cause of late 
instability in PCL-retaining designs. It should be pointed 
out, however, that a posterior stabilized implant does not 
recreate the normal kinematics of the knee either, and there 
are proponents for both designs, which hâve had similar 15- 
to 20-year survivorships reported in the literature. The argu¬ 
ment that the PCL in an osteoarthritic knee is involved 
in the osteoarthritic process is one used by proponents 
of PCL-sacrificing and PCL-substituting techniques. The 
mechanoreceptors in knees with osteoarthritis hâve been 
shown to be decreased but still présent. PCLs retrieved at 
necropsy from cruciate-retaining TKAs (Fig. 7-16) hâve been 
shown to be similar to those from osteoarthritic knees with 
PCL-sacrificing TKAs, suggesting that the mechanoreceptors 
are functioning and may contribute to proprioception 
after TKA. 

Another argument in favor of PCL substitution is that 
significant deformity can be more reliably corrected with its 
use. Extensive collateral ligament release on the concave side 
of a fixed knee deformity may not be effective without release 
of the contracted PCL, which acts as a tether. Similarly, if 
the collateral ligament on the convex side of a deformity is 
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After a posterior cruciate-retaining total knee 
arthroplasty (TKA), posterior cruciate ligament (PCL) has been 
shown to retain its mechanoreceptors, as determined at time of 
necropsy. Arrows show positive S-100 protein staining in mecha¬ 
noreceptors in PCL after it functioned for 10 years in a PCL- 
retaining TKA. 


significantly stretched or attenuated, opposite collateral liga¬ 
ment release is effective only in achieving varus-valgus 
balance to the extent that is allowed by the intact PCL. The 
tethering effect of the PCL on soft-tissue balancing of the 
varus or valgus knee also has been shown in cadaver studies. 
In a sériés of patients with preoperative fixed varus or valgus 
deformities of 15 degrees or more associated with flexion 
contractures, knees treated with PCL rétention had less post- 
operative flexion, more severe residual flexion contractures, 
and less correction of the mechanical axis than knees with 
PCL substitution. In another large sériés of knees treated with 
PCL rétention, however, no corrélation was found between 
preoperative deformity and postoperative outcome. 

Polyethylene wear is affected by prosthesis design and by 
its in vivo kinematics. The tibial articular surface of PCL- 
retaining prostheses is typically less conforming to the 
fémoral component in the sagittal plane to allow fémoral 
rollback. This less-conforming geometry in the sagittal plane 
is responsible for higher tibial polyethylene contact stresses 
in PCL-retaining prostheses (Fig. 7-17). Several authors hâve 
suggested that these greater contact stresses are responsible 
in part for accelerated polyethylene wear. This wear can be 
compounded by an excessively tight PCL that may increase 
the polyethylene contact stress as it becomes tight in flexion. 
In the extreme, a PCL that is tight in flexion can cause the 
fémoral condyles to override the posterior edge of the tibial 
polyethylene, causing extremely high polyethylene contact 
stresses. This mechanism of accelerated posterior wear has 
been proposed after study of retrieved polyethylene spéci¬ 
mens by various authors, who expressed concern that 


Earlier posterior cruciate-retaining prostheses 
had flatter sagittal plane geometry that increased the contact 
forces (longer arrows over a smaller area of the polyethylene). 
This, along with poor polyethylene, created délamination and 
higher wear. Most current designs of posterior cruciate ligament- 
retaining knee implants hâve more conforming surfaces to 
decrease the forces on the polyethylene (smaller arrows over a 
larger area). 


paradoxie anterior tibial translation in flexion in a poorly 
functioning PCL-retaining knee may lead to early polyethyl¬ 
ene wear. Conversely, the tibial post on many PCL-substituting 
designs has been shown to be a site of wear and occasional 
breakage, particularly when the fémoral component can 
impinge on the post anteriorly in hyperextension. This condi¬ 
tion is accentuated when the fémoral component is implanted 
in a flexed position, when the tibial component is implanted 
with a greater posterior slope, and when the knee hyperex- 
tends. Other design features where the cam climbs the post 
in flexion and transfers load at the upper aspect of the post 
may also contribute to post wear and breakage. 

■ AXIAL AND ROTATIONAL ALIGNMENT 
OF THE KNEE 

Numerous studies hâve shown a corrélation between long- 
term success of TKA and restoration of near-normal limb 
alignment. Malalignment of total knee prostheses has been 
implicated in long-term difhculties, including tibiofemoral 
instability, patellofemoral instability, patellar fracture, stiff- 
ness, accelerated polyethylene wear, and implant loosening. 
The use of accurate instrumentation and an understanding of 
the basic principles inhérent to the instruments are necessary 
to implant reproducibly well-aligned prostheses. Computer- 
assisted navigation is being used by some surgeons to try to 
improve the reproducibility of component alignment. 

Normally, the anatomie axes of the fémur and the tibia 
form a valgus angle of 6 ± 2 degrees. The mechanical axis of 




























PART III RECONSTRUCTIVE PROCEDURES OF THE KNEE IN ADULTS 


Mechanical Vertical 
axis axis 


Fémoral 
shaft axis 



Transverse 
knee axis 


Transverse 
ankle axis 


Mechanical axis of lower limb extends from 
center of fémoral head to center of ankle joint and passes near 
or through center of knee. It is in 3 degrees of valgus from vertical 
axis of body. Anatomie axis of fémur is in 6 degrees of valgus from 
mechanical axis of lower limb and 9 degrees of valgus from true 
vertical axis of body. Anatomie axis of tibia lies in 2 to 3 degrees 
of varus from vertical axis of body. 



FIGURE 


Implantation of fémoral component in 5 to 7 


degrees of valgus usually restores neutral mechanical axis of the 


fémur. 


the lower limb is defined as the line drawn on a standing 
long-leg anteroposterior radiograph from the center of the 
fémoral head to the center of the talar dôme (Fig. 7-18). This 
mechanical axis typically should project through the center 
of the knee joint, described as a “neutral” mechanical axis. 
When the mechanical axis lies to the latéral side of the knee 
center, the knee is in mechanical valgus alignment. In 
mechanical varus alignment, the mechanical axis of the limb 
lies to the médial side of the knee center. The amount of varus 
or valgus deformity can be determined on an anteroposterior 
radiograph by first drawing the mechanical axis of the fémur, 
a line from the center of the fémoral head to the center of the 
intercondylar notch, and extending this line distally. The 
mechanical axis of the tibia runs from the center of the tibial 
plateau to the center of the tibial plafond, accounting for any 
bowing of the tibia. The angle formed between these separate 
mechanical axes of the fémur and tibia détermines the varus 
or valgus déviation from the neutral mechanical axis. By 
determining the tibial mechanical axis using the center of the 
tibial plateau and the fémoral mechanical axis using the 
center of the intercondylar notch, any médial or latéral sub- 
luxation through the knee joint is disregarded. Insall argued 
that rotation affects the mechanical axis of the fémur apparent 


on an anteroposterior radiograph, lessening the value of these 
preoperative measurements. 

In a normal knee, the tibial articular surface is in approxi- 
mately 3 degrees of varus with respect to the mechanical axis 
and the fémoral articular surface is in a corresponding 9 
degrees of valgus. Multiple studies hâve shown that tibial 
components placed in more than 5 degrees of varus tend to 
fail by subsiding into more varus. Consequently, tibial com¬ 
ponents generally are implanted perpendicular to the 
mechanical axis of the tibia in the coronal plane, with varying 
amounts of posterior tilt in the sagittal plane, depending on 
the articular design of the component to be implanted. The 
fémoral component usually is implanted in 5 to 7 degrees of 
valgus, the amount necessary to reestablish a neutral mechan¬ 
ical axis of the fémur (Fig. 7-19). Most implant Systems offer 
various options, usually from 5 to 7 degrees of valgus for the 
distal fémoral resection, but the proper angle can be calcu- 
lated from the standing hip-to-knee radiograph by measuring 
the angle between the mechanical axis of the fémur (line from 
the center of the fémoral head to the center of the distal 
fémur) and a line drawn from the entry point of the intra- 
medullary rod to the diaphyseal line that the rod travels. Once 
the distal fémoral eut is made, the use of an intramedullary 
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goniometer to measure the actual eut distal fémoral surface 
to the intramedullary fémoral angle has been shown to be 
more accurate. 

Recently, kinematic alignment of the lower extremity for 
TKA surgery has been described and advocated by many 
surgeons. Although this method has been used in the past, 
advocates point out that today we face less severe deformity 
correction than we did 20 years ago and that a kinematic 
alignment with a 3-degree varus joint line at the tibia and an 
increased distal valgus eut on the fémur may improve func- 
tional results affer TKA. Proponents also point to the ease of 
balancing the varus knee when using kinematic alignment. 
Opponents of the kinematic alignment method point to the 
fact that, if outliers on the tibia reach 4 or more degrees varus, 
the rate of short-term and mid-term failures is much higher. 
We continue to recommend that the normal mechanical axis 
of the fémur and the tibia be established. 

Rotational alignment of total knee components is difficult 
to discern radiographically, making the assessment of rota¬ 
tion primarily an intraoperative détermination. The rotation 
of the fémoral component has effects not only on balancing 
of the flexion space but also on patellofemoral tracking. 
Because the proximal tibial eut is made perpendicular to the 
mechanical axis of the limb instead of in the anatomically 
correct 3 degrees of varus, rotation of the fémoral component 
also must be altered from its anatomie position to create 
a symmetric flexion space (Fig. 7-20). To create this rectan- 
gular flexion space, with equal tension on the médial and 
latéral collateral ligaments, the fémoral component is exter- 
nally rotated an average of 3 degrees relative to the posterior 
condylar axis. In an average male fémur, this technique rota- 
tionally places the fémoral component with the posterior 
condylar surfaces parallel to the epicondylar axis. This tech¬ 
nique fails when the posterior aspect of the native fémoral 
condyle has significant wear, or when the latéral fémoral 


condyle is hypoplastic, as is frequently seen in knees with 
valgus deformity. In these instances, the surgeon can use the 
epicondylar axis or the anteroposterior axis popularized by 
Whiteside (see Technique 7-1 for details). The epicondylar 
axis has been shown in multiple studies to be difficult to 
détermine in vivo when comparing different observers and 
when comparing the measured axis with one determined by 
CT. Each of these techniques of determining fémoral compo¬ 
nent rotation is based on the geometry of the fémur primarily, 
with subséquent ligamentous releases to create symmetric 
flexion and extension gaps. 

Knowledge of each of these techniques is necessary 
because arthritic deformity or previous surgery may obscure 
one or more of these landmarks. In révision TKA, the epi¬ 
condylar axis usually is the only native landmark leff to ensure 
proper fémoral component rotation. 

Two primary techniques are used to align the tibial 
component rotationally. The first technique aligns the 
center of the tibial tray with the junction of the médial 
third of the tibial tubercle with the latéral two thirds. The 
second technique places the knee through a range of motion 
with trial components in place, allowing the tibia to align 
with the flexion axis of the fémur. This second technique 
tends to align the tibial component rotationally with the 
rotation of the fémoral component, lowering the chance 
of a rotation mismatch that could lead to accelerated 
polyethylene wear, although combined internai rotation of 
both components may lead to patellofemoral maltracking, as 
shown by Berger et al., and a higher incidence of patellofemo¬ 
ral pain. 

Proponents of rotating platform designs claim that the 
rotational freedom of the tibial polyethylene allows self- 
correction of minor malrotation of the tibial tray. Although 
this factor may improve the congruency of the tibiofemoral 
articulation, tracking of the patella may not be improved and 



A, To form rectangular flexion space, after tibia has been eut perpendicular to its axis, plane of posterior fémoral 
condylar cuts must be externally rotated approximately 3 degrees from posterior condylar axis. B, Location of epicondylar axis and 
anteroposterior axis of the knee. 
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Patella acts to lengthen extensor lever arm by 
displacing force vectors of quadriceps and patellar tendons away 
from center of rotation (COR) of knee. Length of extensor lever 
arm changes with varying amounts of knee flexion. 


may be related to the existing and proposed fémoral rota- 
tional alignment. 

■ PATELLOFEMORAL JOINT BIOMECHANICS 
AND FUNCTIONAL ANATOMY 

The primary function of the patella is to increase the lever 
arm of the extensor mechanism around the knee, improving 
the efficiency of quadriceps contraction. The quadriceps 
and patellar tendons insert anteriorly on the patella, with 
the thickness of the patella displacing their respective 
force vectors away from the center of rotation of the knee 
(Fig. 7-21). This displacement or lengthening of the extensor 
lever arm changes throughout the arc of knee motion. The 
length of the lever arm varies as a function of the geometry 
of the trochlea, the varying patellofemoral contact areas, and 
the varying center of rotation of the knee. The extensor lever 
arm is greatest at 20 to 30 degrees of flexion, and the quadri¬ 
ceps force required for knee extension increases significantly 
in the last 20 degrees of extension as less of the patella is in 
contact with the trochlear groove. 

Patellofemoral stability is maintained by a combination of 
the articular surface geometry and soft-tissue restraints. The 
Q angle is the angle between the extended anatomie axis of 
the fémur and the line between the center of the patella and 
the tibial tubercle (Fig. 7-22). The quadriceps acts primarily 
in line with the anatomie axis of the fémur, with the exception 
of the vastus medialis obliquus, which acts to medialize the 
patella in terminal extension. Limbs with larger Q angles hâve 
a greater tendency for latéral patellar subluxation. Because 
the patella does not contact the trochlea until early flexion, 
latéral subluxation of the patella in this range is resisted pri¬ 
marily by the vastus medialis obliquus fibers. As the angle of 


Q angle, as described by Hvid, is angle between 
extended anatomie axis of fémur and line between center of 
patella and tibial tubercle. 



Built-in trochlear groove angle up to 7 degrees 
enhances patellar mechanics and patellar tracking. 


flexion increases, the bony and subséquent prosthetic con- 
straints play a dominant rôle in preventing subluxation. In 
most current fémoral component designs, the latéral flange 
of the trochlea has been made more prominent, producing a 
more anatomie reconstruction. Many designs add a built-in 
trochlear groove angle of up to 7 degrees to enhance patellar 
mechanics and tracking (Fig. 7-23). Trochlear enhancements 
and attention to fémoral component rotation, reproduc¬ 
tion of preoperative patellar thickness, and maintenance of 
joint line height hâve improved patellofemoral stability and 
hâve decreased the rate of latéral patellar retinacular release 
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significantly. The application of these principles is discussed 
further in the section on surgical technique. 

As a conséquence of its rôle in transmitting the force of 
contraction of the quadriceps muscle to the patellar tendon 
around a variably flexed knee, the patella expériences a joint 
reaction force as the trochlea opposes its posterior displace¬ 
ment. This joint reaction force dépends on the angle of knee 
flexion and the magnitude of the forces transmitted to the 
patella from the quadriceps and patellar tendons. During 
standing, the joint reaction force increases with increasing 
knee flexion as the force vectors of the quadriceps and patellar 
tendons become more parallel to the joint reaction force. 
Multiple investigators hâve calculated patellofemoral joint 
reaction forces of two to five times body weight during activi- 
ties of daily living. However, during squatting with knee 
flexion up to 120 degrees, the joint reaction force may be 
seven to eight times body weight. These forces in a normal 
knee are resisted by thick articular cartilage, but they may 
exceed the yield strength of polyethylene, especially in the 
case of edge loading, which may lead to deformation of poly¬ 
ethylene patellar components over time. 

Many authors hâve described variations in the area of 
contact between the patella and the trochlea during knee 
flexion (Fig. 7-24). The inferior articular surface of the patella 
first contacts the trochlea in approximately 20 degrees of knee 
flexion. The midportion of the patella articulâtes with the 
trochlea in approximately 60 degrees of flexion, and the supe- 
rior portion of the patella articulâtes at 90 degrees of flexion. 
In extreme flexion, beyond 120 degrees, the patella articulâtes 
only medially and laterally with the fémoral condyles, and the 
quadriceps tendon articulâtes with the trochlea. A third artic- 
ulating facet offen is présent on the médial aspect of the 
patella that articulâtes with the latéral aspect of the médial 
fémoral condyle at more than 90 degrees of flexion. 

As discussed in the earlier section on knee kinematics, 
the normal tibia internally rotâtes during flexion with greater 
posterior translation of the latéral fémoral contact point on 
the tibia relative to the médial fémoral contact point. The net 
eflect of this internai rotation of the tibia during flexion is to 
centralize the tibial tubercle in flexion or diminish the Q 


angle. These relationships may be altered in TKA with non- 
anatomic patellofemoral geometry, malrotation of the fémoral 
and tibial components, élévation of the joint line relative to 
the tibial tubercle, and patella inféra from patellar tendon 
contracture. Dennis et al. and Harman et al. noted that with 
multiple designs of TKA tested during fluorokinematic analy¬ 
ses, at least 19% had a reverse rotational pattern with deep 
knee bend. This indicates a need for less constraint during 
deep flexion to ensure that excessive implant-bone interface 
stresses are avoided. 

Changes in the patellar area of contact with flexion hâve 
a significant eflect on the prosthetic patellofemoral joint. 
Eccentric loading of the patellofemoral joint leads to shear 
forces within the patellar component and at the prosthesis- 
bone interface (Fig. 7-25). Even if the mediolateral geometry 
of the patellofemoral articulation is perfectly conforming, the 
inferior-to-superior migration of the area of contact on the 
patella with increasing knee flexion leads to eccentric forces 
on the polyethylene patellar component. These forces may 
lead to failure of metal-backed patellar components, localized 
polyethylene wear, or component loosening. 

POLYETHYLENE ISSUES 

Ultrahigh-molecular-weight polyethylene articular surfaces 
are an intégral part of TKA. Catastrophic wear leading to 
early failure and osteolysis, although seen less frequently than 
in total hip arthroplasty, historically has occurred more fre¬ 
quently in some TKA designs. Studies of polyethylene hâve 
provided information on its varying wear characteristics after 
different fabrication and sterilization processes and its limita¬ 
tions in TKA applications. 

Compared with the perfectly conforming articula¬ 
tions of total hip arthroplasties, the tibiofemoral articula¬ 
tions in modem TKA are typically less conforming with the 
fémoral condyles, having a decreasing radius of curvature 
posteriorly. PCL-retaining prostheses tend to hâve an even 
greater degree of sagittal plane nonconformity because the 
tibial surface remains relatively fiat to allow fémoral roll- 
back without excessive PCL tension. This nonconformity 
créâtes areas of high contact stress within the polyethylene 
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Superior 


Anterior 


Résultant forces on patellofemoral joint change 
with knee flexion. Eccentric loading increases shear component 
of résultant force (shear component is tangential or, in drawing, 
in vertical direction). Patellar tilt and subluxation magnify shear 
force. 


that is design spécifie (see Fig. 7-19). Retrieval studies by 
various authors document polyethylene wear in areas of high 
contact stress. Wear is pronounced in areas of unusual stress 
caused by prosthesis malalignment or ligamentous imbal¬ 
ance. Several authors hâve emphasized “double dishing” as 
a tibial polyethylene geometry that appears to avoid areas of 
high contact stress. Conformity in the coronal and sagittal 
planes should be enough to allow stability without constrain- 
ing the transverse plane or without causing edge loading (Fig. 
7-26). This type of geometry also aids in condylar lift-off 
with designs that do not include coronal plane dishing of 
the individual tibial plateaus and corresponding fémoral 
condyles. 

A thinner tibial polyethylene also has been correlated 
with accelerated wear. Several studies hâve recommended a 
minimal polyethylene thickness of 8 mm to avoid the higher 
contact stresses that occur with thinner polyethylene. Retrieval 
studies showing accelerated wear in knees implanted with thin 
polyethylene hâve supported this recommendation. An average 
10-year follow-up study showed no différence, however, in 
radiographie loosening, wear, or osteolysis in patients with a 
thin, one-piece, compression-molded, metal-backed polyeth¬ 
ylene component (polyethylene thickness 4.4 mm) in one knee 
compared with a similar, although thicker (minimal thickness 
6.4 mm), tibial component in the contralatéral knee. Other 
reports hâve shown that survivorship decreases with less poly¬ 
ethylene thickness in some designs. 

Retrieval data suggest that variations in polyethylene 
quality are partly responsible for accelerated wear. Landy and 
Walker found délamination only in areas of polyethylene that 
contained granular fusion defects. Whether ram extrusion 
with subséquent machining or direct compression molding 


of the components is the optimal polyethylene manufacturing 
process is debatable. Various manufacturers are attempting to 
improve the wear characteristics of polyethylene either by 
reprocessing bar stock purchased commercially to achieve 
a higher degree of uniformity within the polymer or by 
compression molding their own implants in an inert gas 
environment. 

Polyethylene “enhancements” do not always improve the 
survivorship of their associated total knee components. In the 
mid-1980s, carbon fiber-reinforced polyethylene was intro- 
duced with the hope of improving wear characteristics of 
standard ultrahigh-molecular-weight polyethylene (Fig. 
7-27). This polyethylene was available for a brief period before 
it was withdrawn from the market because of accelerated and 
catastrophic wear. A dark carbon staining of the synovium can 
be seen at révision arthroplasty in knees with carbon fiber- 
reinforced polyethylene. Another unsuccessful polyethylene 
modification was the process of heat-pressing the prosthetic 
articular surface affer the insert had been milled in an attempt 
to create a very smooth articular surface. This process led to 
a physical transition zone 1 mm beneath the articular surface 
of the polyethylene, which is in a région of high subsurface 
stress concentration. This coincidence in some early porous- 
coated anatomie knees, along with an articular geometry that 
was characterized by high contact stresses, led to a high rate 
of failure because of polyethylene délamination (Fig. 7-28), 
particularly with thin polyethylene. 

The method of polyethylene implant sterilization can 
affect polyethylene properties, with evidence that gamma 
radiation in an oxygen environment causes detrimental 
effects that can hasten polyethylene wear. Over a period of 
years, a subsurface white band appears in polyethylene steril- 
ized in this manner (Fig. 7-29). This occurs even in prostheses 
that hâve not been implanted and represents an area of high 
oxidation and chain scission within the polyethylene. McGov- 
ern et al. reported a failure rate of 49% at 18 months affer 
surgery in a sériés of UKAs sterilized by gamma radiation in 
an air environment and stored preoperatively for 4.4 years or 
more before implantation. They found an inverse relationship 
between the shelf life of the tibial components (affer steriliza¬ 
tion but before implantation) and the time to révision surgery. 
Removed components showed high degrees of oxidation, 
wear, and fragmentation. Alternative approaches to prevent 
accelerated oxidation include radiation sterilization and 
packaging in an inert gas environment and sterilization by 
ethylene oxide or gas plasma. 

The introduction of highly crosslinked polyethylene pro- 
duced by high-do se gamma irradiation with subséquent 
annealing has produced dramatic decreases in wear in simu- 
lated hip and knee studies. Many authors caution, however, 
that the wear mechanisms in the knee are different from the 
mechanisms in the hip, and that highly crosslinked polyeth¬ 
ylene may not be bénéficiai in TKA applications, especially 
when a posterior stabilized implant is used with a post- 
cam bearing surface that is under higher shear than the tib- 
iofemoral articulation. In response to these concerns, some 
manufacturers hâve introduced vitamin E-impregnated poly¬ 
ethylene. Although mechanical studies hâve shown the ben- 
efits of vitamin E polyethylene with maintained mechanical 
properties and decreased wear properties in vitro, it remains 
to be seen whether this will translate into improved wear in 
vivo over long-term follow-up periods. 
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Retrieved implants show evidence of edge-loading. 



carbon fiber often led to rapid wear and failure. anatomie tibial polyethylene components led to areas of polyeth- 

ylene délamination. 
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Some surgeons advocate oxidized zirconium fémoral 
components as a means of reducing polyethylene wear. This 
technology incorporâtes a zirconium oxide ceramic coating 
on a zirconium métal alloy fémoral component. Developers 
claim that this surface is more scratch résistant than cobalt 
chrome, lessening wear débris from the polyethylene tibial 
articular surface. Ezzet et al. showed a 42% wear volume 
réduction in a knee simulator at 5 million cycles using this 
device. Other alternative bearing surfaces on the fémoral side 
of the knee are now being introduced to decrease polyethyl¬ 
ene wear. These include solid ceramic fémoral components 
and zirconium or titanium nitride types of coatings; however, 
not ail zirconium or titanium nitride coatings are the same: 
monolayer types of coating can be susceptible to mechanical 
ablation, and the surface can peel off the substrate métal layer. 

The use of métal backing for tibial polyethylene inserts 
became standard in the early 1980s. Multiple studies stated 
theoretical advantages of métal backing, including more even 
distribution of weight-bearing stresses to the underlying fixa¬ 
tion interface and cancellous bone and a réduction in the 
potential polyethylene deformity caused by creep. A multi- 
surgeon, multiprosthesis study of 9200 knee arthroplasties 
showed a 98% 5-year survivorship of knees with métal 
backing of the tibial polyethylene compared with 94% survi¬ 
vorship of knees with all-polyethylene tibial components. A 



Subsurface white band appears over time in 
polyethylene sterilized by gamma radiation in oxygen 
environment. 


Hospital for Spécial Surgery study reported a 97% 7-year 
survival of all-polyethylene, posterior-stabilized tibial com¬ 
ponents and a 99% 7-year survival of metal-backed compo¬ 
nents. In a more recent study of cruciate condylar TKAs, 
there were no significant différences, however, in prosthesis 
survival or periprosthetic lucencies between metal-backed 
tibial polyethylene and all-polyethylene tibial components. 
Similar survival rates of 98% hâve been reported for all- 
polyethylene and metal-backed tibial components in patients 
older than 80 years old at the time of surgery, suggesting that 
one-piece, all-polyethylene, cemented tibial components of 
sufficient thickness may be appropriate for use in low- 
demand, elderly patients. 

COMPONENT FIXATION 

Prosthetic fixation in TKA with polymethyl méthacrylate 
(PMMA) has consistently shown long-term durability. 
Cementless fixation with bone ingrowth has been less reliable 
in long-term studies, however, with a few notable exceptions. 
The more successful cementless TKA designs typically hâve 
multiple design attributes to attain baseplate stability while 
ingrowth occurs (Fig. 7-30). 

Retrieval analysis of some failed cementless implants has 
shown little, if any, bony ingrowth into tibial trays removed 
at the time of component révision. The bony ingrowth that 
did occur tended to be centered around fixation screws. 
Other reports of bony ingrowth hâve been more favorable. In 
13 Miller-Galante prostheses removed for reasons other than 
loosening or infection, the average area of bone ingrowth was 
27% of the available porous surface. They found a propensity 
for bone ingrowth in the région of fixation screws and pegs 
and in the anterior half of the tray. They postulated that the 
area of bony ingrowth necessary for stable fixation may be 
significantly less than 100%. 

Clinically, many of the early cementless TKA Systems had 
poor survival rates because of associated failure of metal- 
backed patellar components. Even discounting this factor, 
however, a 72% 10-year survivorship was reported with a 
cementless press-fit condylar design (Johnson 8c Johnson, 
Raynham, MA) compared with a 94% 10-year survivorship 



FIGURE 


ingrowth. 


Cementless Triathlon® total knee implant (Stryker, Mahwah, NJ) uses keel and pegs for secure fixation to allow bone 
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with similar cemented TKA. Barrack et al. reported a 2-year 
8% révision rate of a cementless mobile-bearing design com- 
pared with none of its cemented counterparts. The révisions 
ail were done because of tibial subsidence with lack of tibial 
ingrowth; the authors discounted the theory that mobile- 
bearing designs may promote reliable bony ingrowth. 
Newer designs are now showing similar survivorship in the 
short term. 

Osteolysis also has been reported more frequently with 
cementless prostheses, possibly because of greater access of 
wear débris to the eut bone surfaces with incomplète bony 
ingrowth and through screw holes in tibial trays. The use of 
patches of porous coating on the undersurface of tibial base- 
plates with intervening areas of smooth métal has been impli- 
cated in the high rate of osteolysis in some designs because 
of the access allowed to the metaphyseal bone. At an average 
11-year follow-up of 131 consecutive cementless TKA proce¬ 
dures, 12% had tibial osteolysis and 8% had tibial loosening, 
leading the authors to State that they had abandoned cement¬ 
less fixation in TKA. 

There are some notable exceptions with excellent long- 
term success using cementless fixation in TKA. The Ortholoc 
(Wright Medical, Arlington, TN) prosthesis was reported to 
hâve one knee with loosening in 184 knees followed for a 
minimum of 15 years, and the cementless LCS rotating plat- 
form knee was reported to hâve a survivorship of 98% at 18 
years. Because of the importance of adéquate initial fixation 
of cementless implants, stems with keels and multiple screws 
hâve been incorporated into the design of modem cementless 
tibial baseplates (Fig. 7-31). A purported advantage of a bio¬ 
logie interface over cemented fixation is its durability, reported 



Cementless Profix knee (Smith & Nephew, 
Memphis, TN) uses metaphyseal stem and keel with multiple 
screws to provide necessary initial fixation for bone ingrowth. 


to resuit in better long-term pain relief; however, excellent 
long-term durability of cernent fixation has been reported. 
Despite daims that cementless fixation may be more durable 
over time, most authors believe cemented fixation has pro- 
duced more uniformly reliable long-term fixation with less 
osteolysis in multiple prosthesis designs. This belief is sup- 
ported by the Swedish National Registry data, which showed 
that cementless designs had a 1.4 times higher rate of révision 
than did cemented designs. 

Modular stems that engage the diaphyseal bone on the 
fémur and the tibia are used for révision when there is 
bone loss and when components with varus-valgus constraint 
are used. These stems typically are press-fit in cementless 
reconstructions and either cemented or press-fit when the 
articular portion of the prosthesis is cemented. Because of 
deformity, the stems occasionally need to be offset to achieve 
alignment. 


INDICATIONS AND 
CONTRAINDICATIONS 

TOTAL KNEE ARTHROPLASTY 

The primary indication for TKA is to relieve pain caused by 
severe arthritis, with or without significant deformity. Other 
sources of knee and leg pain must be sought and systemati- 
cally excluded. These include radicular pain from spinal 
disease, referred pain from the ipsilateral hip pathology, 
peripheral vascular disease, meniscal pathology, and bursitis 
of the knee. Radiographie findings must correlate with a clear 
clinical impression of knee arthritis. Before surgery is consid- 
ered, conservative treatment measures should be exhausted, 
including physical therapy, antiinflammatory médications, 
intraarticular injections, activity modifications, and the use 
of a cane for ambulation. Patients who do not hâve complété 
cartilage space loss before surgery tend to be less satisfied 
with their clinical resuit affer TKA. 

Because knee replacement has a finite expected survival 
that is adversely affected by activity level, it generally is indi- 
cated in older patients with more sedentary lifestyles. It also 
is clearly indicated in younger patients who hâve a significant 
functional impairment from osteoarthritis or from other 
pathologie causes such as systemic arthritis with multiple 
joint involvement or osteonecrosis with subchondral collapse 
of a fémoral condyle. Severe pain from chondrocalcinosis and 
pseudogout in an elderly patient is an occasional indication 
for arthroplasty in the absence of complété cartilage space 
loss. Rarely, severe patellofemoral arthritis in an elderly 
patient may justify total knee arthroplasty because the 
expected outcome of arthroplasty is better than that of patel- 
lectomy in these patients. Newer, less constrained versions of 
patellofemoral arthroplasty hâve been introduced and now 
hâve mid-term clinical results that are better than those 
reported with earlier, more constrained designs (see section 
on Patellofemoral Arthroplasty). 

Deformity can become the principal indication for 
arthroplasty in patients with moderate arthritis and variable 
levels of pain when the progression of deformity begins 
to threaten the expected outcome of an anticipated arthro¬ 
plasty. As flexion contracture progresses beyond 20 degrees, 
gait is significantly hampered and difficulty with regaining 
extension may warrant surgical intervention. Similarly, as 
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varus or valgus laxity becomes severe, a constrained condylar 
type of prosthesis may be necessary to prevent subséquent 
coronal plane instability. Intervening before this degree of 
laxity is présent allows the use of a prosthesis that lacks 
coronal plane constraint and has a more favorable expected 
survivorship. 

Absolute contraindications to TKA include recent or 
current knee sepsis; a remote source of ongoing infection; 
extensor mechanism discontinuity or severe dysfunction; 
recurvatum deformity secondary to neuromuscular weak- 
ness; and the presence of a painless, well-functioning knee 
arthrodesis. Relative contraindications are numerous and 
debatable and include medical conditions that compromise 
the patients ability to withstand anesthésia, the metabolic 
demands of surgery and wound healing, and the significant 
réhabilitation necessary to ensure a favorable functional 
outcome. A severely osteoarthritic ipsilateral hip joint also 
should be considered for arthroplasty before the symptom- 
atic osteoarthritic knee, because réhabilitation is easier with 
a total hip arthroplasty and an osteoarthritic knee than with 
a TKA and an osteoarthritic hip joint. Other relative con¬ 
traindications include significant atherosclerotic disease of 
the operative leg, skin conditions such as psoriasis within 
the operative field, venous stasis disease with récurrent cel- 
lulitis, neuropathie arthropathy, super-obesity (BMI>50), 
récurrent urinary tract infections, and a history of osteo- 
myelitis in the proximity of the knee. This list is not ail 
inclusive, and any preoperative condition that can adversely 
affect the patients outcome can be considered a relative 
contraindication. 

Outcome studies hâve now shown that patient optimiza- 
tion is key to ensuring the best chance of a good long-term 
outcome. Certain modifiable risk factors should be consid¬ 
ered before elective TKA, including low vitamin D levels, 
metabolic syndrome, low albumin, neutropenia, super- 
obesity, and a BMI less than 20. 

UNICONDYLAR KNEE ARTHROPLASTY 

UKA is being selected for increasing numbers of patients, 
particularly with minimally invasive techniques that allow 
overnight hospital stays or outpatient procedures. Ten-year 
follow-up studies of two designs of UKA, the Oxford mobile 
bearing knee (Biomet Orthopaedics, Warsaw, IN) and the 
Miller-Galante knee (Zimmer, Warsaw, IN), hâve shown sur¬ 
vivorship approaching that of TKA. Newer techniques are 
now available, including robotic-arm-assisted surgical proce¬ 
dures. These procedures involve preoperative computed 
tomographie studies for determining appropriate component 
sizing and accurate positioning of the implants. Many of the 
studies of UKA were conducted in older patients, and many 
authors doubted that the survivorship of UKA into the second 
decade would parallel the survivorship of TKA. A long-term 
survivorship analysis of over 500 médial compartment Oxford 
meniscal-bearing unicompartmental arthroplasties, however, 
found a 10-year survivorship of 94% and a 20-year survivor¬ 
ship of 91%, indicating that the implant remains durable into 
the second decade. 

UKA currently is advocated for different reasons in two 
patient populations. The first patient group for whom UKA 
has been advocated comprises elderly, thin individuals with 
unicompartmental disease who would otherwise undergo 
TKA. The suggested benefits of UKA over TKA are a shorter 


réhabilitation time; a greater average postoperative range of 
motion; and préservation of the proprioceptive function of 
the cruciate ligaments, which give a more natural-feeling 
knee. The procedure can be done with a shorter hospital stay 
and with less blood loss. The argument in this patient group 
is that a UKA is a less invasive procedure that has a good 
likelihood of lasting the patients lifetime. Berger et al. 
reported a 10-year survivorship of 98% with a cemented UKA 
design in older patients using stringent sélection criteria. 
UKA should not be considered in an elderly patient who has 
evidence of arthritis in more than one compartment of the 
knee unless there are medical contraindications to TKA. 

The second group currently considered for UKA com¬ 
prises younger individuals with unicompartmental disease in 
whom UKA is used as a “first” arthroplasty, usually instead 
of high tibial osteotomy (HTO) in patients with isolated 
médial compartment arthritis. This indication is becoming 
more prévalent with the increasing popularity of minimally 
invasive surgery and the increasing demands of patients and 
higher BMIs of the general population. Although this is a 
frequently stated indication for UKA, few studies that hâve 
been published to date hâve reported results in this patient 
group. One study described an 11-year survivorship of 92% 
in patients younger than 60 years old, with another 22% 
showing progression of the unresurfaced compartment, 
although not requiring révision at the time of follow-up. 

There has been continued discussion concerning whether 
the patellofemoral compartment should be a determining 
factor in the decision to perform a UKA. One recent study 
pointed out that patellofemoral congruence is improved affer 
UKA and that this may be the reason for reports of good 
outcomes affer UKA done for patellofemoral osteoarthritis 
(OA). The type of bearing used in médial compartment 
arthroplasty also has been debated, with many advocating the 
use of a mobile-bearing UKA. A recent study found that the 
difficulty of révision surgery is comparable, regardless of the 
bearing used. In this sériés mobile-bearing UKA required 
more médial augments for conversion to primary TKA. 

It has been suggested that UKA is a bone-sparing opera¬ 
tion that would allow an uncomplicated révision later, but 
earlier studies of failed UKA did not show this anticipated 
benefit, with significant bone graffing, tibial wedges, or long- 
stem components necessary in nearly half of révisions and 
major osseous defects in 76% of knees. With more contem- 
porary UKAs, the need for structural graff s is rare and results 
of révision approach those of primary TKA. In a matched 
rétrospective review, the results of révision of a failed UKA 
to TKA were slightly worse than conversion of a previous 
HTO to TKA. The sélection of UKA or HTO in this patient 
population remains unclear because many studies hâve cited 
difficulties with exposure and slightly less satisfactory clinical 
outcomes with TKA affer previous HTO compared with 
primary TKA. 

Another argument favoring TKA over UKA is the unfa- 
miliarity of many surgeons with UKA. According to Stern, 
Becker, and Insall, only 6% of patients needing arthroplasty 
hâve none of the contraindications to UKA. Because the 
success of the procedure is dictated by the technical perfor¬ 
mance of the operation, surgeons who rarely perform UKA 
may hâve difficulty reproducing the reported results 
from large reconstructive centers. Gioe and Bowman 
described an 89% 10-year survivorship for UKA performed 
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in a community hospital setting compared with a 95% survi- 
vorship ofTKA done in the same time period. A recent review 
of patient-reported outcomes after both UKA and TKA from 
a large European registry found no significant différences 
between the two groups; however, some registries hâve 
reported higher short-term and mid-term révision rates with 
UKA. Another report pointed out that superior outcomes 
typically hâve been reported by high-volume centers and sur¬ 
geons, which raises concerns about poorer outcomes with 
low-volume surgeons and centers. 

Although the indications for UKA are debatable, the con- 
traindications are fairly well defined: inflammatory arthritis, 
a flexion contracture of 15 degrees or more, a preoperative 
arc of motion of less than 90 degrees, angular deformity of 
more than 10 degrees from the mechanical axis for varus 
knees or 5 degrees for valgus knees, significant cartilaginous 
érosion in the weight-bearing areas of the opposite compart- 
ment, anterior cruciate ligament deficiency, and exposed sub- 
chondral bone beneath the patella. Obesity also has been 
cited as a relative contraindication to UKA. 

PATELLOFEMORAL ARTHROPLASTY 

Although historically controversial, new interest in patello- 
femoral arthroplasty over the past few years has been fueled 
by contemporary implant designs that hâve produced 
improved clinical outcomes. First-generation designs failed 
because of narrow trochlear grooves and high constraint, 
which often produced maltracking, patellar catching, or per¬ 
sistent anterior knee pain. Despite improvements in the 
current designs, the most common reason for failure of the 
second-generation implants is progression of tibiofemoral 
arthritis, making careful patient sélection the key to a success- 
ful outcome. The use of custom-designed implants to allow the 
least amount of bone loss has been reported. These implants, 
although more expensive than the off-the-shelf sizing that 
most manufacturers offer, are being reported to hâve excellent 
outcomes and short-term to mid-term survivorship. 

The idéal candidate for patellofemoral arthroplasty is a 
patient who is younger than 65 years of âge and has debilitat- 
ing, isolated patellofemoral arthritis with no malalignment of 
the patellar mechanism; pain during daily activities is local- 
ized to the patellofemoral joint and has not responded to 
nonsteroidal antiinflammatory médications or injection. 
Patellofemoral arthroplasty is recommended for isolated 
patellofemoral osteoarthritis to provide a conservative, bone- 
sparing alternative to TKA, which may not hâve as good 
patient satisfaction in young active patients. A recent report 
indicated that conversion of a patellofemoral arthroplasty is 
comparable to performing a primary TKA. Parratte et al. 
compared 21 patellofemoral arthroplasty conversions to TKA 
with 21 primary and révision TKAs. Although there were 
more complications in the patellofemoral arthroplasty con¬ 
version group, this was not comparable to the révision cohort. 
To date there are no published studies showing that outcomes 
of patellofemoral arthroplasty are âge dépendent. Ail of these 
considérations should be taken into account before offering 
a patellofemoral arthroplasty over a TKA. 

Good results hâve been reported after patellofemoral 
arthroplasty in patients with posttraumatic arthritis, primary 
patellofemoral osteoarthritis, and patellofemoral dysplasia 
without malalignment. In patients with posttraumatic arthri¬ 
tis, patellofemoral arthroplasty may be considered as an 


alternative to patellectomy. Primary patellofemoral arthritis 
includes Outerbridge type IV chondromalacia of the patella 
or trochlea or both. Note that progression of tibiofemoral 
arthritis is more frequent with primary osteoarthritis than 
with posttraumatic arthritis or patellofemoral dysplasia. 
Malalignment is most often determined using the quadriceps 
angle (Q angle). Angles of more than 15 degrees in men and 
20 degrees in women are considered abnormal. Any condi¬ 
tion that increases the Q angle increases the latéral displace¬ 
ment forces on the patella and may lead to subluxation or 
dislocation. Patellofemoral arthroplasty alone cannot correct 
patellar malalignment, and or instability. Malalignment or 
instability of the patellofemoral joint is not an indication for 
the procedure. Mild patellar tilt or subluxation can be cor- 
rected at the time of patellofemoral arthroplasty with latéral 
retinacular release, medialization of the patellar component, 
and possibly partial latéral facetectomy. Malalignment should 
be corrected before or during patellofemoral arthroplasty. No 
particular patellar or trochlear wear pattern has been deter¬ 
mined to be a contraindication to patellofemoral arthroplasty, 
unlike various tubercle osteotomy procedures. Latéral and 
inferior patellar facet lésions in younger patients can be 
treated with anterior medialization of the tibial tubercle. A 
recent analysis showed that patients with trochlear dysplasia 
tend to hâve an internally rotated placement of the trochlear 
groove and that patellofemoral arthroplasty can compensate 
for this pathologie alignment. 

Progression of tibiofemoral arthritis is the most common 
reason for révision to TKA, emphasizing that tibiofemoral 
arthrosis is a principal contraindication to patellofemoral 
arthroplasty. Inflammatory arthropathies involve the entire 
joint and currently are a contraindication to patellofemoral 
arthroplasty because of progressive tibiofemoral arthritis and 
painful synovitis. This includes chondrocalcinosis, which can 
be indicative of an inflammatory arthropathy and can lead to 
altered joint mechanics because of abnormal menisci. 

Patellofemoral arthroplasty also is not indicated in 
patients with severe coronal deformity of the knee (valgus of 
more than 8 degrees or varus of more than 5 degrees) unless 
the deformity is corrected by osteotomy before arthroplasty. 
Flexion of 120 degrees in the sagittal plane, with less than 10 
degrees of flexion contracture, is recommended as long as the 
flexion contracture is not caused by osteoarthritis in the 
médial or latéral compartment of the knee. Knee joint stiff- 
ness should be carefully assessed because this patient popula¬ 
tion has a high rate of previous surgery that increases the 
frequency of arthrofibrosis and patellar height abnormalities. 
Patients with patella baja from quadriceps muscle atrophy or 
patellar tendon scarring are not good candidates for patello¬ 
femoral arthroplasty. Although few data exist correlating the 
outcome of patellofemoral arthroplasty with BMI, currently 
it is not recommended in obese patients because of concerns 
about overloading of the implant. A recent study showed a 
higher rate of révision to TKA in obese patients (BMI>30) 
than in nonobese patients, whereas primary diagnosis, âge, 
or sex did not significantly affect the révision rate. 

Reported results of patellofemoral arthroplasty indicate 
that it provides excellent pain relief and functional improve- 
ment and is a reliable alternative to TKA for the treatment 
of patellofemoral arthritis in carefully selected patients 
(Fig. 7-32). Good-to-excellent 3- to 17-year results hâve been 
reported in 66 % to 100% of patients (Table 7-1); less mean 
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A f Preoperative radiograph of patient who had médial patellofemoral ligament repair for patellar maltracking after 
dislocation; overtightening caused médial facet arthropathy. B f Results of patellofemoral arthroplasty were excellent at 6 weeks, with 
pain-free range of motion and no pain with full squat maneuver. 
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_ TABLE 7-1 _ 

Reported Results of Patellofemoral Arthroplasty 


NO. PATIENTS 


AUTHOR(S), YEAR 

(KNEES) 

IMPLANT 

FOLLOW-UP 

OUTCOME 

de Winter et al. f 2001 

24 (26) 

Richards II (Smith & 
Nephew, Memphis, TN) 

11 years 

76% excellent/good results 

Tauro et al., 2001 

48 (62) 

Lubinus (Waldemar 

Link, Hamburg, 

Germany) 

7.5 years 

65% survivorship 

Smith et al., 2002 

34 (45) 

Lubinus 

4 years 

64% excellent/good results 

Kooijman et al., 2003 

51 (56) 

Richards 

17 years 

86% excellent/good results 

Board et al., 2004 

17 

Lubinus 

19 months 

53% satisfactory results 

Merchant, 2004 

15 

LCS (DePuy, Warsaw, IN) 

3.75 years 

93% excellent/good results 

Cartier et al., 2005 

70 (79) 

Richards II and III 

10 years 

75% survivorship 

Main cause of failure: osteoarthritic 
degeneration of tibiofemoral joint 
(8 T K As) 

Ackroyd and Chir, 2005 

40 (306) 

Avon (Stryker 

Howmedica Osteonics, 
Mahwah, NJ) 

2-5 years 

Révision to TKA required in 3.5% of 
patients because of progression of 
tibiofemoral arthritis 

Argenson et al., 2005 

66 

Autocentric (DePuy, 
Warsaw IN) 

16 years 

58% survivorship 

Révision to TKA in 29: tibiofemoral 
arthritis in 14, loosening in 11, and 
stiffness in 4 

Sisto and Sarin, 2006 

22 (25) 

Kinamatch (Kinamed, 
Camarillo, CA) 

6 years 

100% excellent/good results 

Ackroyd et al., 2007 

85 (109) 

Avon 

5 years 

96% 5-year survivorship 

Main complication—radiographie 
progression of arthritis (28%) 

Mohammed et al., 

2008 

91 (101) 

Avon 

Lubinus 

FPV (Wright Medical, 

UK) 

4 years 

72% "did very well"—did not 
require subséquent surgery 
Conversion to TKA—3 patients with 
progressive arthritis, 1 with 
infection 

Leadbetter et al., 2009 

70 (79) 

Avon (second 
génération) 

3 years 

90% without pain in daily activity 
and stair climbing 

84% with Knee Society Scores of 
more than 80 points 

7.5% révision to TKA 

van Wagenberg et al., 
2009 

20 (24) 

Autocentric II (DePuy, 
Warsaw, IN) 

4 years 

Additional surgery needed in 21 
knees (87.5%) 

Conversion to TKA in 7 (29%), 
primarily for progressive 
tibiofemoral osteoarthritis and 
patellar maltracking 

van Jonbergen et al., 
2010 

161 (185) 

Richards II 

13 years 

84% survivorship at 10 years, 69% 
at 20 years 

Tibiofemoral arthritis in 45%, 
conversion to TKA in 13% 

Révision more frequent in obese 
patients 

Dahm et al., 2010 

23 P FA 

22 TKA 

Avon 

28 months 

Knee Society scores: 89 P FA, 90 TKA 
UCLA scores: 6.6 P FA, 4.2 TKA 

Mean blood loss and hospital stay 
significantly lower in PFA 

Odumenya et al., 2010 

32 (50) 

Avon 

5.3 years 

100% survivorship at 5 years 


Main complication—progression of 
disease (22%) 


Continued 
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TABLE 7-1 


Reported Results of Patellofemoral Arthroplasty—cont'd 



AUTHOR(S), YEAR 
Charalambous et al., 

2011 

NO. PATIENTS 
(KNEES) 

35 (51) 

IMPLANT 

LCS 

FOLLOW-UP 

2 years 

OUTCOME 

Estimated 3-year survival rate 63% 

Mont et al., 2012 

37 (43) 

Avon 

7 years 

5-year survivorship 95%, 7-year 
survivorship 82% 

Conversion to TKA in 5 knees 

Yadav et al., 2012 

49 (51) 

LCS 

4 years 

High révision rate (20%) 

7-point improvement in Oxford 

Knee Score 

Estimated survival rate 73% at 4.5 
years, 48% at 5.5 years 

Morris et al., 2013 

30 (37) 

Vanguard (26) 

Gender Solutions (15) 
Kinematch (4) 

Other? (2) 

31 months 

AN Knee Society Pain, Functional, 
and Clinical scores ail improved. 

Two complications (arthrofibrosis, 
painful crepitus) 

Overall révision rate at short-term 
97% 

Davies, 2013 

52 

Femoro-Patella Vialla 
(FPV) 

1 year 

Oxford Knee scores improved 30 
points, American Knee Society 
scores 51 points, and function scores 
28 points. 

21% had little improvement (knees 
similar to or worse than before 
surgery). 

Early révision rate high: 7 (13%) 
révisions to TKA 

Hernigou, Caton, 2014 

70 

Hermes 

10 years 

No late complications 

Disease progression in 5 patients; 3 
required révision 

Persistent anterior knee pain in 4 

Al-Hadithy et al., 2014 

41 (53) 

Femoro-Patella Vialli 

3 years 

Progression of OA in 12% 

Oxford Knee scores improved 18 
points; good pain relief 

2 révisions to TKA at 7 months 

Goh et al., 2015 

51 (51) 

SIGMA HP Partial Knee 

4 years 

AN functional scores improved 
significantly; 76% satisfied 

2 wound infections (4%) 

Survivorship 92%; 4 révisions 

Akhbari et al., 2015 

57 (61) 

Avon 

5 years 

Significant improvements in 
functional scores 

2 révisions 

Kazarian et al., 2016 

53 (70) 

Gender Solutions 

5 years 

ROM and functional scores 
improved significantly. 

< 4% révision rate 

Less than 2/3 of patients satisfied; 
dissatisfied patients had lower 

Mental Health Scores on SF-36 


LCS, Low-contact stress; OA, Osteoarthritis; PFA, patellofemoral arthroplasty; ROM, range of motion; SF-36, Medical Outcomes Study Questionnaire Short Form 36; 
Sigma FIP, Sigma high performance; 7704; total knee arthroplasty. 


blood loss, shorter hospital stays, and better functional out¬ 
comes hâve been reported in patients with patellofemoral 
arthroplasty compared with those in patients with TKA. 

INDICATIONS FOR PATELLAR RESURFACING 

The rôle of universal patellar resurfacing in TKA is contro- 
versial, with some advocating it because of clinical sériés 


indicating that knee scores affer patellar resurfacing are 
slightly better because of less residual peripatellar pain and 
improved quadriceps strength. In a large rétrospective study, 
patellofemoral complications occurred in 4% of patients with 
patellar resurfacing compared with 12% of patients in whom 
the patella was unresurfaced. Significant residual anterior 
knee pain was the most common complication in the 
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unresurfaced group. A 5-year prospective, randomized study 
of a single knee design found that 25% of patients with unre¬ 
surfaced patellas complained of anterior knee pain, whereas 
only 5% of patients with patellar resurfacing complained of 
anterior knee pain. Secondary resurfacing of the patella for 
residual anterior knee pain affer TKA has been studied by 
various authors who found that pain relief affer secondary 
resurfacing was inferior to what would be expected with 
primary resurfacing and found a higher rate of complications, 
including patellar fracture and postoperative stiffness. 

Other authors hâve advocated sélective resurfacing of the 
patella. The major argument in favor of sélective resurfacing 
of the patella is that complications of resurfaced patellae 
account for most of the reoperations affer TKA in many sériés. 
Also, with sélective resurfacing of the patella, using a fémoral 
component that incorporâtes an anatomically shaped fémoral 
trochlea, essentially equal knee scores hâve been reported for 
resurfaced and unresurfaced groups. Prospective studies 
comparing TKA with and without patellar resurfacing hâve 
found no significant différences in patient preferences, func- 
tional scores, anterior knee pain, or révision rates. However, 
these reports hâve found that those with an unresurfaced 
patella who hâve secondary procedures for resurfacing are not 
always satisfied affer secondary resurfacing. This has led some 
to suggest that anterior knee pain affer TKA is related more 
to component design and proper alignment in the transverse 
plane than to patellar rétention or resurfacing. 

The desirability of resurfacing continues to be debated, 
and the results of sélective patellar resurfacing seem to be 
dépendent on the design of the trochlear groove, with a native 
patella articulating within an anatomie trochlear groove 
giving results similar to those of TKA with resurfacing of the 
patella. Suggested indications for leaving the patella unresur¬ 
faced are a primary diagnosis of osteoarthritis, satisfactory 
patellar cartilage with no eburnated bone, congruent patel- 
lofemoral tracking, a normal anatomie patellar shape, and no 
evidence of crystalline or inflammatory arthropathy. 

Patient weight also seems to be a factor, with lighter 
patients tending to do well with unresurfaced patellae. This 
may be one factor in the trend to routinely leave the native 
patella seen in the European literature. Some hâve suggested 
that resurfacing the patella in “super-obese” patients (BMI>50) 
may overload the sesamoid bone and be a generator of pain, 
but no clinical sériés has been published showing a différence 
in pain scores in this patient population and lighter-weight 
patients. 

INDICATIONS FOR SIMULTANEOUS 
BILATERAL TOTAL KNEE ARTHROPLASTY 

Numerous studies in the literature hâve documented the 
safety and cost effectiveness of simultaneous bilateral TKA 
compared with separate staged procedures. With respect to 
cost, simultaneous bilateral procedures can reduce hospital 
charges by 58% compared with staged procedures because of 
overall decreases in operative time and total length of hospital 
stay. Lane et al. questioned, however, if this is a true savings 
because 89% of their patients with bilateral TKA required an 
additional réhabilitation hospital stay, whereas only 45% of 
their patients with unilatéral TKA required réhabilitation 
hospital stays. Other outcomes, as measured by infection rate, 
knee scores, and radiographie criteria, hâve been similar 
between the two groups. 


Controversy continues regarding the relative incidences 
of complications in simultaneous and staged procedures. 
Various studies hâve shown total blood loss to be equal in the 
two groups, whereas others hâve shown significantly more 
blood loss with simultaneous procedures. A greater degree of 
postoperative thrombocytopenia the second day affer surgery 
and more frequent deep vein thrombosis (DVT) and pulmo- 
nary embolism (PE) also hâve been reported affer simultane¬ 
ous procedures, but many other authors reported similar or 
lower rates of DVT and PE affer simultaneous bilateral TKA 
than affer staged procedures. 

Fat embolism is a risk of TKA when intramedullary stems 
or alignment devices are used, and the risk of clinically sig¬ 
nificant fat embolism syndrome probably is increased with 
simultaneous bilateral TKA. Dorr et al. found a 12% preva- 
lence of fat embolism syndrome with simultaneous bilateral 
TKA, as documented by neurologie changes with hypoxemia. 
Other authors found no différences in the occurrence of clini¬ 
cally significant fat embolism between the two groups. 
Venting of the intramedullary canal with fluted intramedul¬ 
lary alignment rods and a slightly enlarged entrance hole for 
intramedullary alignment rod insertion hâve been recom- 
mended to decrease the risk of fat embolism syndrome. 

In considering patients for simultaneous bilateral TKA, 
comorbidities and physiologie âge should be considered 
because significant cardiopulmonary disease may sway the 
surgeon toward unilatéral procedures. An increased risk of 
cardiovascular and neurologie complications has been noted 
in patients older than 70 years undergoing simultaneous 
bilateral TKA. No increased risks of complications with bilat¬ 
eral TKA hâve been identified in patients with a BMI of 30 
or more compared with those with a lower BMI. An analysis 
of over 4 million hospital discharges over a 14-year period 
compared unilatéral, bilateral, and révision TKA procedures 
and found that bilateral TKA had higher complication and 
mortality rates than either unilatéral or révision TKA. Before 
choosing staged or simultaneous TKA procedures, each 
patient should be carefully evaluated, considering his or her 
âge, cardiac risk factors, and other comorbidities. The risks 
associated with both approaches should be thoroughly dis- 
cussed with the patient before a choice is made (see Video 
7-4 for Bilateral Total Knee Arthroplasty). 

CONSIDERATIONS FOR OUTPATIENT KNEE 
JOINT ARTHROPLASTY 

Many centers hâve now begun to offer outpatient surgery for 
both unicompartmental and total knee arthroplasty. To safely 
accomplish this, a complété team setup is required, including 
office staff, operating room personnel, anesthésia, physical 
therapy, and ancillary providers. The use of tranexamic acid 
to reduce the need for blood transfusion also has helped 
provide a safer path to ambulatory surgery joint replacement. 
Pain modalities, including intraarticular injections with lipo¬ 
somal encased or plain bupivacaine with or without the addi¬ 
tion of Toradol, morphine, and dexamethasone also hâve 
helped provide adéquate pain relief in the immédiate postop¬ 
erative period to allow centers to successfully and safely 
perforai knee joint arthroplasty procedures in the ambula¬ 
tory or 23-hour setting (see section on pain management 
modalities). A visit to a center that has a successful program 
is helpful before implementing a short-stay/ambulatory 
arthroplasty program. 
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RESULTS OF PRIMARY TOTAL 
KNEE ARTHROPLASTY 

FUNCTIONAL AND RADIOGRAPHIC 
OUTCOME MEASURES 

Over the past 3 décades the most popular knee rating Systems 
hâve been those of the Hospital for Spécial Surgery and the 
Knee Society. The Knee Society released a revised knee rating 
System in 1989 and updated it in 2011 (Box 7-1). Because of 
increased patient demands and expectations over the past 2 
décades, this latest update has been tailored to incorporate 
patient-specific activities and patient-perceived expectations. 
The updated System now consists of preoperative and post- 
operative objective measurements recorded by the surgeon 
and patient-driven measures evaluated by patients concern- 
ing their perceptions of the most important and deleterious 
aspects of their knee arthritis and replacement surgery. 

The first parts of the score include patient demographics 
and the patients Charnley functional score. The objective 
measures and knee score (out of 150 points depending on 
range of motion measures) include alignment and instability, 
which account for up to 50 points. The patients range of 
motion is considered by giving one point for each 5 degrees 
of total measured arc of motion, with déductions taken for 


Knee Society Scoring System (2011) 


Objective Knee Score (7 items, 100 points) 

Anteroposterior alignment (25 points) 

Stability (25 points) 

Medial/lateral (15 points) 

Anterior/posterior (10 points) 

Range of motion (25 points) 

Symptoms (25 points) 

Déductions 

Malalignment (-10 points) 

Flexion contracture (-2/-5/-10/-15 points) 

Extensor lag (-5/-10/-15 points) 

Satisfaction Score (5 items, 40 points) 

Pain level while sitting (8 points) 

Pain level while lying in bed (8 points) 

Knee function while getting out of bed (8 points) 

Knee function while performing light household duties (8 
points) 

Knee function while performing leisure recreational activities 
(8 points) 

Expectation Score (3 items, 15 points) 

Pain relief (5 points) 

Ability to carry out activities of daily living (5 points) 

Ability to perform leisure, recreational, or sports activities (5 
points) 

Functional Activity Score (19 items; 100 points) 

Walking and standing (5 items, 30 points) 

Standard activities (6 items, 30 points) 

Advanced activities (5 items, 25 points) 

Discretionary activities (3 items, 15 points) 


flexion contracture and extension lag. The next part of the 
score takes into account patient-perceived measures includ- 
ing symptoms (25 points), satisfaction concerning pain and 
function during daily activities (40 points), and expectations 
after TKA concerning pain and daily and recreational activi¬ 
ties (15 points). Functional activities (100 points) are assessed 
by the patient and include walking and standing (30 points), 
standard everyday activities (30 points), and advanced activi¬ 
ties (25 points). The section on discretionary activities (15 
points) allows the patient to pick three of his or her most 
important activities from a list and rate the level of difficulty 
he or she perceives in performing these activities. In this 
newest version of the rating System, the Knee Society has 
placed more importance on patient perceptions, possibly 
because patient- and surgeon-perceived outcomes hâve been 
reported to be significantly different. The preoperative and 
postoperative questionnaires are the same to allow direct 
comparison. Any surgeon can apply for a license through the 
Knee Society to use the Knee Society Scoring System. 

Other activity-related scoring Systems hâve been devel- 
oped and validated. The Lower Extremity Activity Score 
(LEAS) was developed as a simple way to allow patients to 
report their highest level of possible activity before and after 
surgery, choosing from a list of activities that progress in the 
level of functional capacity. The LEAS was validated using the 
Western Ontario and McMasters Universities Osteoarthritis 
Index (WOMAC) and comparison to responses to pedometer 
readings from patients. The scale also has been shown to be 
accurate when filled out by next of kin, making it a unique 
measure of functional activity. 

In 1989, the Knee Society introduced the Total Knee 
Arthroplasty Radiographie Evaluation and Scoring System 
(Fig. 7-33) to standardize the radiographie parameters to be 
measured when reporting radiographie outcomes of TKA: 
component alignment, tibial surface coverage, radiolucen- 
cies, and a patellar problem list that includes angle of the 
prosthesis, eccentric component placement, subluxation, and 
dislocation. A score is tabulated for each component based 
on the width and extent of its associated radiolucencies. For 
a seven-zone tibial component, a nonprogressive score of 4 
or less probably is insignifiant, a score of 5 to 9 indicates a 
need for close foliow-up for progression, and a score of 10 or 
more signifies possible or impending failure regardless of 
symptoms. Developers of total knee prostheses are requested 
to superimpose silhouettes of their designs on the Knee 
Society form and assign radiographie zones to be used by ail 
authors in subséquent reports. 

PROSTHESIS SURVIVAL 

Modem knee arthroplasty began in the early 1970s with the 
development of the total condylar knee prosthesis. Survivor- 
ship studies with this prosthesis are the standard with which 
modem knee replacement is compared. Long-term sériés 
hâve documented the longevity of the original total condylar 
prosthesis to be 95% at 15 years and 91% at 21 and 23 years. 
More recently, the reported 15- to 18-year survivorship of a 
cementless cruciate-retaining TKA was 98.6%, with 79% of 
patients reporting no pain. 

Multiple studies of PCL-retaining and PCL-substituting 
designs hâve documented 10-year survivorship of 95% or 
greater, and most registry data agréé with this figure. As 
discussed in the earlier section on component fixation, 
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TKA Scoring System 


Evaluator name _ Date _ 

Patient 

name/number _ Preop EU Postop EE 

Surgeon name _ Hospital number _ 

X-ray date - Prior implants - 

Joint: Left knee EU Right knee EU 


Alignment: Recumbent EU Standing | | 




Implant/bone surface area 

Percent area of tibial surface covered by implant 

Radiolucencies: Indicate depth in millimeters in each zone 



Patellar problem list 

Angle of prosthesis _ Subluxation 

Placement Med-Lat _ 

Sup-lnf _ Dislocation 


FIGURE 


P Knee Society radiographie évaluation and scoring System. 
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cementless fixation has had mixed results with respect to 
prosthesis survivorship. Some designs hâve equaled the 
success of cemented designs, whereas others hâve had higher 
rates of failure because of tibial loosening, polyethylene wear, 
and osteolysis. 

PREOPERATIVE EVALUATION 

The most important part of preoperative évaluation is deter- 
mining that TKA is clearly indicated (see earlier section on 
indications and contraindications for TKA). Preoperative 
knee radiographs should include a standing anteroposterior 
view, a latéral view, and a skyline view of the patella. A long- 
leg standing anteroposterior radiograph can be bénéficiai in 
determining the mechanical axis of the limb, particularly 
when deformity secondary to trauma or previous surgical 
procedure is présent (Fig. 7-34). 

The long-leg film also is useful to détermine if significant 
bowing of the tibia precludes the use of an intramedullary 
tibial alignment guide. Templates can be used to anticipate 
approximate component size and bone defects that would 
need to be treated intraoperatively. The mechanical axis of the 
fémur can be measured to détermine the proper distal fémoral 
valgus angle to properly make the resection and obtain 
neutral mechanical axis during the procedure. 



Anatomie and mechanical axes of fémur and 
tibia are determined independently on preoperative long-leg 
radiographs, with the goal of centering postoperative mechanical 
axis of limb within center of prosthetic knee. 1, Angle between 
anatomie (2) and mechanical (3) axes of fémur. 4, Mechanical axis 
of tibia (see text). 


The preoperative medical évaluation of candidates for 
TKA must be detailed and thorough to prevent potential com¬ 
plications that can threaten life or limb. Because most patients 
who undergo TKA are elderly, comorbid diseases must be con- 
sidered. Patients with multiple medical risk factors hâve been 
shown to require longer hospital stays. Smokers, in particular, 
tend to hâve longer operative times and increased hospital 
charges after undergoing joint replacement. 

Patients must hâve adéquate cardiopulmonary reserve to 
withstand general or épidural anesthésia and to withstand a 
blood loss of 1000 to 1500 mL over the perioperative period. 
A routine preoperative electrocardiogram should be obtained. 
Patients who hâve a history of coronary artery disease, mild 
congestive heart failure, chronic obstructive pulmonary 
disease, or restrictive pulmonary disease should be evaluated 
by appropriate medical consultants. Vascular supply to 
the operative leg also should be evaluated. If adéquate 
vascularity is questionable, noninvasive arterial studies 
should be obtained and a vascular surgery consultation may 
be necessary. 

Routine preoperative laboratory évaluation should 
include complété blood cell count, electrolytes, and urinaly- 
sis. Preferably, these tests are performed a few days before 
surgery so that measures can be undertaken for any correct- 
able abnormalities. The routine use of a chest radiograph 
usually is not cost effective as a screening tool, but it is indi¬ 
cated in patients with a history of cardiopulmonary disease. 
Similarly, routine preoperative évaluation of coagulation 
studies is unnecessary except in patients with a history of 
bleeding or coagulopathy. Patients receiving anticoagulant 
médications must be managed appropriately to limit blood 
loss while ensuring medical stability in the perioperative 
period. 

Medical clearance usually is requested by the orthopaedic 
surgeon when any medical comorbidity exists, but the ortho¬ 
paedic surgeon should carefully evaluate certain medical con¬ 
ditions that the primary care physician may not think 
important but which hâve been shown to increase postopera¬ 
tive morbidity after total joint arthroplasty. Poor nutrition, 
frequently présent in elderly patients, often can be detected 
by a low albumin level in the sérum (<3.5 mg/dL). Patients 
with total lymphocyte counts of less than 1200 cells/mL also 
hâve been shown to hâve higher hospital charges, longer hos¬ 
pital stays, and longer anesthésia and surgery times than 
those with higher counts. Patients with type II diabètes should 
hâve a hemoglobin A1C test preoperatively, and their blood 
glucose level should be well controlled. Smoking cessation 
should be encouraged to decrease the risk of morbidity after 
total joint arthroplasty. 

Obesity with the addition of two other comorbidities 
(hypertension, hypercholesterolemia, or blood glucose intol¬ 
érance) is referred to as metabolic syndrome (MetS) and is 
associated with a higher risk of complications after total joint 
arthroplasty. A preoperative conversation with obese patients 
with MetS should explain that this modifiable risk factor can 
be associated with a poor outcome. Patient involvement is 
necessary to ensure that he or she will do whatever possible 
to improve the risk profile. Outcomes studies of morbidly 
obese patients show a high patient satisfaction rate but also a 
higher risk of révision surgery. In super-obese patients (BMI 
>50) the reported rate of any complication after surgery is 
over 50%, and elective surgery should be carefully considered 
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in this patient population. No clear BMI cutoff for proceeding 
with TKA has been established, but clearly as the number of 
comorbidities increases in an obese patient the more likely 
that he or she will hâve a poor outcome or a complication. 

ANESTHETIC OPTIONS 

The sélection of régional or general anesthésia for TKA is a 
complicated issue that is affected by comorbid medical condi¬ 
tions. The anesthesiologist has the ultimate responsibility for 
this sélection, with input from the surgeon. Cardiovascular 
outcomes of régional and general anesthésia hâve not been 
proved to be significantly different, and perioperative mortal- 
ity in patients with hip fractures is the same with both tech¬ 
niques. Cognitive function affer surgery has been shown to 
be similar with régional and general anesthésia affer the 
initial postoperative period. 

The effect of general versus épidural anesthésia on throm¬ 
boembolie complications is controversial. A slight, but not 
statistically significant, decrease in overall DVT and PE rates 
has been reported in patients who hâve had épidural anesthé¬ 
sia compared with general anesthésia, whereas another ran- 
domized trial showed no différence in overall thromboembolie 
disease but did show a decrease in proximal thrombus forma¬ 
tion with épidural anesthésia. Possible benefits of épidural 
anesthésia include vasodilation of the lower extremity, resuit - 
ing in increased blood flow, hemodilution, and decreased 
blood viscosity. A fibrinolytic effect also has been postulated 
for épidural anesthésia; however, in a study comparing épi¬ 
dural and general anesthésia there was no différence in intra- 
operatively obtained blood markers for fibrinolysis or 
thrombogenesis. 

Another benefit of épidural anesthésia is that it allows 
the use of an indwelling cathéter for 48 to 72 hours postop- 
eratively for pain control. Monitoring for respiratory déprés¬ 
sion must be routine, and some authors recommend nursing 
units with personnel specifically trained in continuous épi¬ 
dural monitoring. Other potential side effects of continuous 
postoperative épidural analgesia include pruritus, urinary 
rétention, nausea, vomiting, and, rarely, formation of an épi¬ 
dural hematoma. The use of low-molecular-weight heparin 
for DVT prophylaxis along with postoperative épidural 
analgesia is not recommended because of the increased risk 
of épidural hematoma and potentially disastrous neurologie 
sequelae. 

PAIN MANAGEMENT STRATEGIES AFTER 
PARTIAL AND TOTAL KNEE 
ARTHROPLASTY 

Many different pain management modalities hâve been used 
to alleviate pain affer total or partial knee arthroplasty. Most 
surgeons advocate a multimodal approach that includes a 
preoperative dose of a COX-2 antiinflammatory and gabap- 
entin, which has been shown to be bénéficiai in patients with 
chronic pain who hâve TKA. The use of fémoral nerve cath¬ 
éters is now under scrutiny because they can inhibit postop¬ 
erative mobilization, especially on and affer the day of surgery. 
Intraarticular injections that infiltrate the surrounding soft 
tissues with either bupivacaine or ropivacaine (lower cardio- 
toxicity) or that are placed in the intraarticular space hâve 
been studied, as has the use of liposomal-encased bupiva¬ 
caine. Use of one oral preoperative médication with either a 
fémoral nerve block or intraarticular injection can give 


excellent pain relief. These modalities hâve been compared in 
prospective studies, with several studies finding no significant 
différence in visual analog scale (VAS) scores or narcotic 
usage affer surgery. The use of liposomal-encased bupiva¬ 
caine has corne under some scrutiny because of its expense 
and lack of improvement over plain bupivacaine injections 
combined with epinephrine, with or without addition of 
Toradol and dexamethasone. 

BLOOD PRESERVATION MANAGEMENT IN 
PARTIAL AND TOTAL KNEE 
ARTHROPLASTY 

The use of tranexamic acid either intravenously or topically 
within the joint capsule has been shown to significantly 
decrease postoperative hemoglobin drop and the need for 
postoperative transfusions affer primary TKA. Both delivery 
modes hâve been shown to be safe with no increased risk of 
thromboembolie events affer surgery in the proper patient 
population. Advocates for intravenous administration argue 
that there is no wait to close the operative approach, whereas 
advocates of topical administration believe it may be a safer 
route of administration. For intravenous administration, the 
dose should be 10 to 15 mg/kg or lg, with considération of a 
preoperative dose given 20 minutes before tourniquet infla¬ 
tion and a repeat dose given about 15 minutes before tourni¬ 
quet déflation. For topically administered dosing, 1.5 to 3 g 
diluted in 100 mL normal saline should be placed in the 
wound and intracapsular space for 5 minutes before tourni¬ 
quet déflation. Some surgeons who still use drains administer 
the dose through the drain and then activate the closed suction 
affer 5 minutes. Contraindications to intravenous tranexamic 
acid use include a history of a clotting disorder, bleeding dis- 
order, subarachnoid hemorrhage, pulmonary embolus, deep 
venous thrombosis, cardiovascular accident, or myocardial 
infarction, as well as the presence of a coronary stent. 

SURGICAL TECHNIQUE FOR 
PRIMARY TRICOMPARTMENTAL 
KNEE ARTHROPLASTY 

The following description of surgical technique includes prin- 
ciples that are applicable to knee replacement in general; it is 
not intended to replace the individual technique manuals that 
are available or the implant-spécifie instrumentation guides 
that are unique to each available implant System. An under- 
standing of the principles involved allows the surgeon to use 
Sound judgment in any knee reconstruction, regardless of the 
particular type of implant being used. 


SURGICAL APPROACH FOR 
PRIMARY TKA 

The most commonly used skin incision for primary TKA is 
an anterior midline incision. Variations may be considered, 
but in general most incisions will compromise the infrapa- 
tellar branch of the saphenous nerve and resuit in an area 
of numbness on the outer aspect of knee; this should be 
discussed with the patient before surgery. There are many 
variations to the approach to the knee deep to the subeu- 
taneous level of dissection. 
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TECHNIQUE 7-1 


■ Make the incision with the knee in flexion to allow the 
subcutaneous tissue to fall medially and laterally, which 
improves exposure. 

■ If a preexisting anterior scar on the knee is in a usable 
position, incorporate it into the skin incision. If multiple 
previous incisions are présent, choose the most latéral 
usable incision because the blood supply to the skin of 
the anterior knee tends to corne predominantly from the 
médial side. Generally, previous direct médial and latéral 
incisions and transverse incisions can be ignored. 

■ Make the skin incision long enough to avoid excessive 
skin tension during retraction, which can lead to areas of 
skin necrosis or use the mobile window technique to 
expose ail aspects of the knee as needed. 

■The standard retinacular incision in TKA is a médial 
parapatellar retinacular approach (Fig. 7-35). 

■ Keep the médial skin flap as thick as possible by keeping 
the dissection just superficial to the extensor mechanism. 

■ Extend the retinacular incision proximally the length of 
the quadriceps tendon, leaving a 3- to 4-mm cuff of 
tendon on the vastus medialis for later closure. 

■ Continue the incision around the médial side of the 
patella, extending 3 to 4 cm onto the anteromedial 
surface of the tibia along the médial border of the patellar 
tendon. 

■ Expose the médial side of the knee by subperiosteally 
elevating the anteromedial capsule and deep médial col¬ 
lateral ligament off the tibia to the posteromedial corner 
of the knee (Fig. 7-36). 

■ Extend the knee and evert the patella to allow a routine 
release of latéral patellofemoral plicae (Fig. 7-37). In 
obese patients, if eversion of the patella is difficult, 
develop the latéral subcutaneous flap further so that the 
patella can be everted underneath this tissue. Alterna¬ 
tive^, the patella can be subluxated laterally if this pro¬ 
vides adéquate exposure. 



■ Flex the knee and remove the anterior cruciate ligament 
and the anterior horns of the médial and latéral menisci, 
along with any osteophytes that may lead to component 
malposition or soft-tissue imbalance. The posterior horns 
of the menisci can be excised after the fémoral and tibial 
cuts hâve been made. If a PCL-substituting prosthesis is 



Médial capsule and deep portion of médial col¬ 
lateral ligament are elevated subperiosteally. SEE TECHNIQUE 7-1. 



Médial parapatellar retinacular approach. SEE 


TECHNIQUE 7-1. 


Latéral patellofemoral plicae are eut to allow 
mobilization of extensor mechanism. SEE TECHNIQUE 7-1. 
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to be used, the PCL can be resected at this time or can 
be removed later in the procedure along with the box eut 
made in the distal fémur for the PCL-substituting fémoral 
component. 

■ With PCL substitution and PCL rétention, subluxate and 
externally rotate the tibia. External rotation relaxes the 
extensor mechanism, decreases the chance of patellar 
tendon avulsion, and improves exposure. 

■ Expose the latéral tibial plateau by a partial or complété 
excision of the infrapatellar fat pad and retraction of the 
everted extensor mechanism with a levering-type retrac- 
tor placed carefully adjacent to the latéral tibial plateau. 

■ During ail maneuvers that place tension on the extensor 
mechanism, especially knee flexion and patellar rétrac¬ 
tion, pay careful attention to the patellar tendon 
attachment to the tibial tubercle. Avulsion of the patellar 
tendon is difficult to repair and can be a devastating 
complication. 

See also Video 7-3. 


In an effort to reduce patellofemoral complications and 
expédité the return of quadriceps function postoperatively, 
alternative methods of exposure hâve been described. The 
subvastus (“Southern”) approach differs from Technique 7-1 
in the method of subluxating the extensor mechanism later¬ 
ally for knee exposure (Fig. 7-38). The same anterior midline 
knee incision is used, but the proximal retinacular incision is 
performed by incising the superficial fascia overlying the 
vastus medialis and bluntly mobilizing the distal médial 
border of the vastus medialis posteriorly to the médial inter- 
muscular septum. The origin of the vastus medialis is lifted 
off the médial intermuscular septum to approximately 10 cm 
proximal to the adductor tubercle, staying distal to the aper- 
ture for the fémoral vessels. The synovium is incised, and the 
entire extensor mechanism is dislocated laterally. Advocates 
of this approach claim that leaving the extensor mechanism 
intact results in a more rapid return of quadriceps strength, 
préserves more of the vascularity to the patella, improves 
patient satisfaction while decreasing postoperative pain, and 
decreases the need for latéral release. Compared with the 
médial parapatellar approach, the exposure may be limited, 



A and B f Subvastus approach involves lifting entire extensor mechanism off médial intermuscular septum and sublux- 
ing it laterally for exposure. C f Tine retractor placed over top of fémur and secured on latéral surface places vastus medialis under 
tension while muscle attachment to intermuscular septum is sharply detached with scissors. D f Complété release of quadriceps to médial 
intermuscular septum. Exposure obtained after full eversion of patella. (From Miller MD: Knee and lower leg. In Miller MD, Chhabra AB, 
Hurwitz S, et al, editors: Orthopaedic surgical approaches, Philadelphia, 2008, Elsevier.) 
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Miller MD: 
Elsevier.) 


A f Midvastus approach shown as green line with right knee in 90 degrees flexion B f Operative photograph. (From 
Knee and lower leg. In Miller MD, Chhabra AB, Hurwitz S, et al, editors: Orthopaedic surgical approaches, Philadelphia, 2008, 


especially in obese patients and patients with previous knee 
surgeries. 

Engh and Parks described the midvastus approach, which 
differs from the subvastus approach in that the vastus media- 
lis muscle is split in line with its fibers, rather than subluxated 
laterally in its entirety. The split in the vastus medialis 
starts at the superomedial border of the patella and extends 
proximally and medially toward the intermuscular septum 
(Fig. 7-39). 

A safe zone of 4.5 cm of the vastus medialis can be sharply 
split from the margin of the patella and can be bluntly 
dissected further if desired. This approach préserves the 
suprême genicular artery to the patella and the quadriceps 
tendon. Relative contraindications to the midvastus approach 
include obesity, previous upper tibial osteotomy, and preop- 
erative flexion of less than 80 degrees. Careful attention to 
hemostasis is mandatory because postoperative hematomas 
hâve been described with the subvastus and midvastus 
approaches. Extensile exposures are described in the section 
on révision TKA. 


BONE PREPARATION FOR 
PRIMARY TKA 

Bone surface préparation is based on the following prin¬ 
cipes: appropriate sizing of the individual components, 
alignment of the components to restore the mechanical 
axis, récréation of equally balanced soft tissues and gaps 
in flexion and extension, and optimal patellar tracking. 


TECHNIQUE 7-2 


■ Make the distal fémoral eut at a valgus angle (usually 5 
to 7 degrees), and for more accuracy this angle can be 
measured off of a long standing radiograph by measuring 
the angle between the mechanical and anatomie axes of 
the fémur (see Fig. 7-18) perpendicular to the predeter- 
mined mechanical axis of the fémur. The amount of bone 


removed generally is the same as that to be replaced by 
the fémoral component. If a significant preoperative 
flexion contracture is présent, additional resection can be 
done to aid in correction of the contracture, but élévation 
of the joint line over 4 mm should be avoided. If a pos- 
terior cruciate-substituting prosthesis is used, an addi¬ 
tional 2 mm of distal fémoral resection can be performed 
to equal the increase in the flexion gap that occurs when 
the PCL is sacrificed. 

■ The anterior and posterior fémoral cuts détermine the 
rotation of the fémoral component and the shape of the 
flexion gap. Excessive external rotation widens the flexion 
gap medially and may resuit in flexion instability. Internai 
rotation of the fémoral component can cause latéral 
patellar tilt or patellofemoral instability. 

■ Fémoral component rotation can be determined by one of 
several methods. The transepicondylar axis, anteroposte- 
rior axis, posterior fémoral condyles, and eut surface of the 
proximal tibia ail can serve as référencé points (Fig. 7-40). 

■ If the transepicondylar axis is used, make the posterior 
fémoral eut parallel to a line drawn between the médial 
and latéral fémoral épicondyles. Détermine the antero- 
posterior axis by drawing a line between the bottom of 
the sulcus of the fémur and the top of the intercondylar 
notch, and make the posterior fémoral eut perpendicular 
to this axis. 

■ When the posterior condyles are referenced, make the 
eut in 3 degrees of external rotation off a line between 
them. A valgus knee with a hypoplastic latéral fémoral 
condyle may lead to an internally rotated fémoral com¬ 
ponent if the posterior condyles alone are referenced 
(Fig. 7-41). 

■ Using the eut surface of the proximal tibia or the "gap" 
technique, make the posterior fémoral eut parallel to the 
proximal tibial eut after the soft tissues hâve been bal¬ 
anced in extension (Fig. 7-42). This technique often is 
used for mobile-bearing TKA because précisé gap balanc- 
ing in flexion is necessary to ensure that "spinout" of the 
polyethylene bearing does not occur. 
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AP 



epi 


x 

PC 


Alignment axes in knee with normal condylar 
shape. Resection perpendicular to anteroposterior axis (AP) or 
parallel to epicondylar axis (epi) results in resection line (x) that 
is slightly externally rotated relative to posterior condylar axis 
(PC). This results in correct positioning of fémoral component. SEE 
TECHNIQUE 7-2. 



Epicondylar 

axis 


Posterior 
condylar axis 


FIGURE 


Hypoplastic latéral condyle causes relative 


internai rotation of posterior condylar axis. SEE TECHNIQUE 7-2. 


■ Caution should be exercised when using the gap tech¬ 
nique because reliance on ligaments of nonanatomic 
length can lead to fémoral component malrotation in the 
transverse plane. It is important for the surgeon to be 
familiar with each of these reference points because reli¬ 
ance on a single reference could resuit in suboptimal 
fémoral component rotation in the transverse plane. 

■ Regardless of the method used for rotational alignment, 
the thickness of bone removed from the posterior aspect 
of the fémoral condyles should equal the thickness of the 
posterior condyles of the fémoral component. This is 



Rectangular flexion gap is obtained by exter¬ 
nally rotating cutting jig of fémur parallel to eut surface of tibia 
while collateral ligaments are under equal tension, obtained with 
a tensioning device as shown or with spacer blocks. SEE TECH¬ 
NIQUE 7-2. 


determined directly by measuring the thickness of the 
posterior condylar resection with "posterior referencing" 
instrumentation. "Anterior referencing" instruments 
measure the anteroposterior dimension of the fémoral 
condyles from an anterior eut based off the anterior 
fémoral cortex to the articular surface of the posterior 
fémoral condyles. The fémoral component chosen must 
be equal to or slightly less than the measured anteropos¬ 
terior dimension to avoid tightness in flexion. 

■ Posterior referencing instruments are theoretically more 
accurate in recreating the original dimensions of the distal 
fémur; however, anterior referencing instruments hâve 
less risk of notching the anterior fémoral cortex and place 
the anterior flange of the fémoral component more reli- 
ably against the anterior surface of the distal fémur. 

■Complété the distal fémoral préparation for a PCL- 
retaining prosthesis by making anterior and posterior 
chamfer cuts for the implant. If a PCL-substituting design 
is chosen, remove the bone for the intercondylar box to 
accommodate the housing for the post and cam mecha- 
nism (Fig. 7-43). 

■ Cut the tibia perpendicular to its mechanical axis with the 
cutting block oriented by an intramedullary or extramed- 
ullary cutting guide. The amount of posterior slope 
dépends on the individual implant System being used. 
Many Systems incorporate 3 degrees of posterior slope 
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A f Chamfer cuts complété distal fémoral resection in cruciate-retaining arthroplasty. B f Intercondylar notch eut to 
accommodate post and cam mechanism in cruciate-substituting arthroplasty. SEE TECHNIQUE 7-2. 


■ If the flexion and extension gaps are equal, but there is 
not enough space for the desired prosthesis, remove 
more bone from the proximal tibia because bone removed 
from the tibia affects the flexion and extension gaps 
equally. 

■ When the flexion and extension gaps are equal but lax, 
a larger spacer block and a thicker tibial polyethylene 
insert are required to obtain stability. 


S into the polyethylene insert, which allows more accurate 
slope to be aligned by the implant rather than with the 
cutting block. The amount of tibial resection dépends on 
which side of the joint (more or less arthritic) is used for 
reference. When measured off the unaffected side of the 
joint, the resection should be close to the size of the 
implant being used, typically 8 to 10 mm. If the more 
arthritic side of the joint is used for reference, the amount 
of resection usually is 2 mm or less. Protect the patellar 
tendon and collateral ligaments during this portion of the 
procedure. 

■ Alternative^, the proximal tibia can be eut before comple- 
tion of the distal fémoral cuts. 

GAP TECHNIQUE 

■ If the distal fémoral resection has not been completed, 
balance the flexion and extension gaps at this time by 
placing spacer blocks or a tensioner within the gaps with 
the knee in flexion and extension. Varus-valgus balance 
can be fine-tuned with further médial or latéral releases 
(see "Soft-Tissue Balancing"). 

■ Before any soft-tissue release, remove any médial or 
latéral osteophytes about the tibia and fémur. Remove 
posterior condylar osteophytes because they can block 
flexion and tent posterior soft-tissue structures in exten¬ 
sion, causing a flexion contracture. 

■ The flexion and extension gaps must be roughly equal. If 
the extension gap is too small or tight, extension is 
limited. Similarly, if the flexion gap is too tight, flexion is 
limited. Laxity of either gap can lead to instability. 

■ If the extension gap is smaller than the flexion gap, 
remove more bone from the distal fémoral eut surface, 
or release the posterior capsule from the distal fémur, but 
first make certain that ail posterior condylar osteophytes 
hâve been removed before raising the joint line. 

■ If the flexion gap is smaller than the extension gap, 
remove more bone from the posterior fémoral condyles 
by making appropriate cuts for the next smaller available 
fémoral component; make sure this is done with anterior 
referencing so that the posterior condyles are shortened 
and the anterior cortex is not notched. 


INTRAMEDULLARY AND 
EXTRAMEDULLARY ALIGNMENT 
INSTRUMENTATION 

Intramedullary alignment instrumentation is crucial on the 
fémoral side of a TKA because fémoral landmarks are not 
easily palpable. The entry portai for the fémoral alignment rod 
typically is placed a few millimeters médial to the midline, 
at a point anterior to the origin of the PCL. Preoperative 
radiographs should be scrutinized for a wide canal or exces¬ 
sive fémoral bowing because these conditions may resuit in 
alignment errors. Cadaver studies hâve shown that position- 
ing of the entry point of the fémoral intramedullary alignment 
rod significantly affects the resulting alignment of the distal 
fémoral eut by as much as 5 degrees in the sagittal plane. 

Extramedullary fémoral alignment is useful only in limbs 
with severe latéral fémoral bowing, fémoral malunion, or ste- 
nosis from a previous fracture, or when an ipsilateral total hip 
arthroplasty or other hardware fills the isthmus of the intra¬ 
medullary canal. A palpable marker can be placed over the 
center of the fémoral head based on preoperative hip radio¬ 
graphs or by fluoroscopie imaging with the patient on the 
operating table. The anterior superior iliac spine has been 
shown to be unreliable for determining the hip center and 
should not be used as the primary landmark when extramed¬ 
ullary fémoral alignment is chosen. Currently, when preexist- 
ing deformity or hardware is présent, more modem techniques 
such as computer navigation or custom cutting blocks are 
used (see Computer-Assisted Alignment Technique). 

The use of tibial intramedullary alignment guides is 
slightly more controversial. One concern about the use of 
these guides is the risk of fat embolism. A greater élévation 
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of pulmonary arterial pressures and slightly diminished 
cardiac indices were found in patients undergoing bilateral 
TKAs using intramedullary tibial alignment guides compared 
with extramedullary tibial alignment guides and venting of 
the fémoral intramedullary canals; however, these slight 
changes were not believed to constitute any contraindication 
to the use of intramedullary alignment devices. Because of a 
12% prevalence of postoperative neurologie changes believed 
to be consistent with fat embolism affer bilateral TKA, the use 
of pulmonary arterial pressure monitoring has been recom- 
mended by some surgeons. Drilling an oversized 12.7-mm 
hole in the distal fémur and using an 8-mm fluted rod were 
shown to eliminate the négative cardiopulmonary effects of 
intramedullary fémoral alignment rods. 

The relative accuracy of intramedullary and extramedul¬ 
lary tibial alignment also has been debated. In one study, 94% 
of tibial components were within 2 degrees of 90 degrees with 
intramedullary alignment compared with 85% with extra¬ 
medullary alignment. Another study found extramedullary 
alignment to be more accurate, with 88% of tibial compo¬ 
nents within 2 degrees of the 90-degree goal, whereas only 
72% of the components placed using intramedullary align¬ 
ment met this criterion. Neutral tibial component alignment 
was reported to be obtained with intramedullary devices in 
83% of varus knees, but in only 37% of valgus knees; tibial 
bowing was more common in valgus knees (Fig. 7-44A), and 
the use of long-leg films for templating and intraoperatively 
double checking the alignment of the tibial eut with an extra¬ 
medullary device were recommended (Fig. 7-44B). In a 



A f Bowed tibia may preclude use of intramedul¬ 
lary alignment guide for making tibial eut. B, Extramedullary 
alignment guide is recommended in this situation. 


cadaver study comparing intramedullary and extramedullary 
devices to computer navigation for tibial alignment, intra¬ 
medullary alignment was not as accurate as extramedullary 
alignment in determining posterior slope. The anterior tibial 
crest also has been used by some surgeons during extramed¬ 
ullary alignment of the tibia. This technique has been shown 
in a cadaver study to be variable, resulting in a range from 
3.2 degrees varus to 2.1 degrees valgus with a consistent ante¬ 
rior slope in the sagittal plane. Currently, most surgeons at 
our institution use intramedullary fémoral alignment with 
extramedullary tibial alignment; one uses computer naviga¬ 
tion techniques as well. When determining where the center 
of the ankle lies between the malleoli, some now advocate a 
slightly medial-based position from the center of the malleo- 
lar axis in the coronal plane. This has been reported to be 
approximately 2 mm médial to this center point, so many 
surgeons aim the tip of the tibial extramedullary alignment 
rod slightly médial to the center of the ankle, and the amount 
of tibial torsion and subeutaneous tissue présent can affect 
where the radiographie center of the ankle lies. Assessment 
of a long-standing radiograph can help détermine where the 
radiographie center of the tibia lies on an individual basis and 
should be reviewed before every case. 

COMPUTER-ASSISTED ALIGNMENT 
TECHNIQUE 

Computer navigation has not seen a significant adoption for 
use during primary TKA. The most popular technique uses 
imageless computer navigation with the surgeon determining 
the anatomie landmarks by direct or indirect measures during 
the procedure. Despite multiple studies in the literature con- 
firming that imageless computer navigation decreases the 
number of outliers in coronal mechanical axis alignment affer 
TKA, the technique has not been universally adopted in the 
United States. 

The technique typically involves the attachment of active 
or passive trackers on the fémur and the tibia, which are then 
tracked by a computer-assisted infrared caméra, which must 
hâve a clear line of sight during the procedure (Fig. 7-45). The 
markers are removable from a reference base that is anchored 
to the bone to ensure they are not damaged or loosened 
during the procedure. Once the trackers are attached to the 
reference bases, the surgeon typically performs a registration 
of the anatomie landmarks so that the computer can déter¬ 
mine and track the fémoral and tibial anatomy during the 
procedure to guide the surgeon in alignment of the bony cuts 
and implants. The anatomy within the surgical field typically 
is registered using a pointing device that the computer can 
track, and the center of the fémoral head is determined by 
indirect means of a center-of-rotation mathematic algorithm. 
Palpated landmarks of a combination of center-of-rotation 
and external landmarks can be used to détermine the center 
of the ankle. In a cadaver study, using the most médial and 
most latéral aspects of the médial and latéral malleoli and 
using a percentage of the distance between the two points was 
the most accurate method for determining the center of the 
ankle. Once the registration is complété, the computer can 
give real-time feedback about the alignment of the bony cuts 
of the fémur and tibia in ail three anatomie planes, which 
allows the surgeon to make changes and to measure the accu¬ 
racy of the bony cuts rather than relying solely on the align¬ 
ment of the cutting jig, which may not translate into an 
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FIGURE 


cannera. 


Computer-assisted alignment uses trackers placed on the fémur and tibia, which are tracked by a computer-assisted 



A and B, Imageless navigation was used to 
correct extraarticular deformity from osteochondroma. 


accurate bony eut because of sclerotic or ostéopénie bone 
(Fig. 7-46). 

Computer navigation Systems also can aid in determining 
the proper implant size and alignment. Soft-tissue balanc- 
ing and measurement of flexion and extension gaps during 
the procedure are other significant advantages to computer- 
assisted TKA. Objective measurement of the gaps ensures 


proper soft-tissue balancing and gaps that will provide a stable 
joint throughout a range of motion. A gap balancing and 
equalization technique was found to produce better flexion 
at 1- to 4-year follow-up, but no patient-derived outcome 
measures were different than those with conventional tech¬ 
niques. In a meta-analysis of 22 studies of computer-assisted 
TKA, better overall alignment and implant positioning were 
found, but no improvement in functional outcome was noted. 
A recent prospective study randomized 195 patients to TKA 
with conventional instrumentation (97 knees) or computer- 
assisted navigation (98 knees). At 5-year follow-up Knee 
Society scores were significantly higher in the navigated 
group, possibly suggesting that the effects of computer assis¬ 
tance may not be apparent until further along in the survivor- 
ship curves of TKA patients. 

Another advantage of computer navigation is avoidance 
of violation of the fémoral intramedullary canal, which may 
reduce blood loss and cardiac-related complications because 
fewer emboli are placed into the venous System than 
with placement of an intramedullary alignment rod. When 
significant extraarticular deformity or hardware prohibits 
the use of intramedullary alignment devices, computer- 
assisted navigation can provide an accurate and less invasive 
technique. 

Disadvantages of computer navigation Systems include 
the cost of the System, increased operating times, and the 
lack of current clinical outcome studies showing improved 
survivorship. Periprosthetic fractures through the reference- 
base anchoring holes in the fémur and tibia hâve been 
reported. Currently, there are only limited reports showing 
improved functional results with computer navigation 
assisted TKA. In a prospective study of 115 primary TKA 
procedures, patients in whom computer navigation was used 
had significantly higher SF-12 and Knee Society scores up to 
1 year postoperatively. 

CUSTOM CUTTING BLOCKS 

Affer the introduction of custom cutting blocks, there were 
reports that they offered a more accurate, less invasive 
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Custom cutting-block produced from preopera- 
tive magnetic résonance images. 


technique for achieving proper implant alignment during 
TKA. This technique uses preoperative MR images or CT 
scans of the lower extremity that include the hip and ankle to 
produce a custom cutting block for the distal fémur (Fig. 
7-47) and the proximal tibia. With this technique, the “com¬ 
puter alignment” is done outside the operating room using 
the three-dimensional imaging to détermine the position of 
the distal fémoral eut and the rotational position of the 
fémoral component in the transverse plane. Rapid prototyp- 
ing technology and image shape fitting software typically are 
used to manufacture these custom cutting blocks. Although 
initial reports showed alignment after TKA with a custom 
cutting block to be comparable with that using computer 
navigation, there are monetary concerns associated with the 
cost of imaging and production of the cutting jigs. Advocates 
of the custom cutting blocks report shorter operating room 
times and less cost to sterilize instrument sets. The technique 
cannot tell the surgeon if the cutting block is secured in the 
proper position or if the resulting bony eut is in the proper 
position, and there is no way to détermine this until postop- 
erative radiographs are obtained. A recent rétrospective study 
compared 120 patients who had TKA with standard instru¬ 
mentation with 124 who had TKA with a custom cutting 
guide and found no différence at 2-year foliow-up in the 
UCLA activity scores, the Oxford knee scores, or SF-36 
reported outcome measures, nor were there any différences 
in coronal alignment on CT scan measurements. Care should 
be taken in discussions with patients to be sure that they do 
not confuse this technique with a “custom TKA implant,” 
which has been used for marketing purposes. 

SOFT-TISSUE BALANCING 

Soft-tissue balancing is essential to providing a stable joint 
after TKA. If a matched resection surgical technique is being 
used, the bone préparation is completed first, and then the 
flexion and extension gaps should be evaluated for symmetry 
for equal height in flexion and extension. This can be done 
with laminar spreaders, spacer blocks, or computer naviga¬ 
tion techniques. Before release of any anatomie soft-tissue 
supporting structure about the knee, ail peripheral osteo- 
phytes should be removed from the fémur and tibia. The 
removal of osteophytes alone may be enough to balance exist- 
ing coronal plane deformities. If a tibial resection first (gap 
balancing) surgical technique is being used, the osteophytes 
should be removed before determining any bony cuts on the 


fémur. Eventual knee range of motion can be restricted by 
excessive collateral or PCL tension, and excessive laxity may 
lead to clinically unacceptable instability. As a general guide- 
line, 1 to 2 mm of balanced varus-valgus opening in the 
médial and latéral compartments of the prosthetic knee is a 
reasonable goal. Regardless of the type of deformity being 
corrected, stability should be checked after each stage of soft- 
tissue release because overrelease can lead to excessive coronal 
plane instability and require conversion to an implant with a 
constrained post. 

■ CORRECTION OF VARUS DEFORMITY 

Varus deformity is the most common deformity of the osteo- 
arthritic knee, and multiple techniques hâve been described 
for its correction. Regardless of the technique used, the 
surgeon should understand which anatomie structures will 
affect the extension and flexion gaps so that each individual 
type of gap asymmetry can be properly corrected. Multiple 
cadaver biomechanical studies hâve delineated which ana¬ 
tomie structures affect the flexion and extension gaps of the 
knee. In general, release of the posterior structures from the 
posterior oblique ligament to the posterior capsule and semi- 
membranosus insertion on the tibia affects the extension 
space more than the flexion space, and release of the anterior 
half of the superficial médial collateral and the pes anserinus 
insertion affects the flexion space more. 


POSTERIOR STABILIZED TKA 
IN A VARUS KNEE 


TECHNIQUE 7-3 


■ Make the initial exposure to include release of the deep 
médial collateral ligament off the tibia to the posterome- 
dial corner of the knee. 

■ Make the bone cuts using the preferred technique (intra- 
medullary or extramedullary guide, computer navigation, 
custom cutting blocks). 

■ Remove ail osteophytes on the fémur and the tibia 
because they can tent the médial soft-tissue sleeve and 
effectively shorten the médial collateral ligament. 

■ Make sure the PCL is resected before balancing. Because 
the PCL is a secondary médial stabilizer, take care not to 
release the entire soft-tissue sleeve off the tibia because 
it may overshoot the gap. In general, less soft-tissue 
release is needed to balance a varus knee once the PCL 
is resected. 

■ Assess the flexion and extension gaps. If the gaps are 
tight, release the superficial médial collateral ligament 
subperiosteally off the proximal tibia, but do not com- 
pletely release it off the tibia. Recheck the gaps in flexion 
and extension. 

■ If the extension gap is tight only medially in extension, 
the posterior oblique ligament portion can be subperios¬ 
teally released now or later in the soft-tissue balancing 
procedure. If the extension gaps remains tight medially, 
the semimembranosus and posteromedial capsule can be 
released. 
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joint. The three-layer anatomy of the latéral side of the knee 
joint makes its soft-tissue balancing more complex than with 
varus deformity. The surgeon should hâve detailed knowledge 
of the three soft-tissue layers to understand the release and 
balancing techniques used to correct tight latéral gaps in 
valgus deformity 


■ CORRECTION OF VALGUS DEFORMITY 

Valgus deformity is common in patients with rheumatoid and 
inflammatory arthropathies and also can occur in those with 
hypoplastic latéral fémoral condyle or previous trauma or 
reconstructive procedures that change the weight-bearing 
axis of the lower extremity or tighten the latéral side of the 


POSTERIOR CRUCIATE-RETAINING 
TKA OF A VARUS KNEE 


TECHNIQUE 7-4 


■ Make the initial exposure to include release of the deep 
médial collateral ligament off the tibia to the posterome- 
dial corner of the knee. 

■ Make the bone cuts using the preferred technique (intra- 
medullary or extramedullary guide, computer navigation, 
custom cutting blocks). 

■ Remove ail osteophytes on the fémur and the tibia 
because they can tent the médial soft-tissue sleeve and 
effectively shorten the médial collateral ligament. 

■ Assess the flexion and extension gaps. If both are tight, 
release the superficial médial collateral ligament subperi- 
osteally off the proximal tibia. With a cruciate-retaining 
TKA with the PCL intact, the release may need to be 
carried out up to 6 cm distal to the joint line to effectively 
balance the gap. 

■ If the extension gap is tight only medially, the posterior 
oblique ligament portion can be subperiosteally released 
now or later in the soft-tissue balancing procedure. If the 
extension gaps remains tight medially, the semimembra- 
nosus and posteromedial capsule can be released. 

■ If the flexion gap is tight, the anterior aspect of the 
superficial médial collateral ligament and the pes anseri- 
nus insertion can be released. 

■ If the entire soft-tissue sleeve is released and the médial 
gap is still tight, consider balancing the latéral collateral 
ligament (see section on Balancing of the Posterior Cruci- 
ate Ligament). If a posterior drawer maneuver indicates 
that the PCL is not functioning, consider conversion to an 
anterior-lipped, deep-dish insert if available with the 
implant System being used or consider conversion to a 
posterior stabilized implant. 

■ If after complété release of the médial soft-tissue sleeve, 
the PCL still does not balance the tight médial cap, con¬ 
sider advancing the latéral collateral ligament (this usually 
is needed for severe varus deformity). 


VALGUS DEFORMITY CORRECTION 


TECHNIQUE 7-5 


■ During exposure of a knee with a valgus deformity, take 
care not to compromise the médial soft-tissue sleeve, 
which may already be attenuated. 

■ Make the bone cuts using the preferred technique (intra- 
medullary or extra medul la ry guide, computer navigation, 
custom cutting blocks). 

■ Remove osteophytes to the level of the native articular 
margins to avoid tenting of the soft tissues. 

■ The order of soft-tissue release on the latéral side of the 
knee varies, depending on the extent of fixed contracture 
and associated deformity. 

■ During exposure, release the latéral capsule from the 
tibia. 

■ The structure released first dépends on whether both the 
extension and flexion gaps are tight on the latéral side. If 
both are tight, release the latéral collateral ligament off 
the latéral épicondyle, taking care to leave the insertion 
of the popliteus tendon intact (Fig. 7-48). 

■ If at any point during the balancing of the valgus knee 
only the extension gap is tight, release the iliotibial band 
by a Z-lengthening or pie-crusting of the band 2 cm 
above the joint line. Make certain ail fibers are released 
and evaluate the biceps aponeurosis to make sure it is 
not involved in the contracture. 

■ Release of the postérolatéral corner has been shown to 
effectively increase the extension space more than the 
flexion space and should be considered before release of 
the latéral collateral ligament if only a small amount of 
correction is needed. 

■ Release of the popliteus tendon will increase the flexion 
gap laterally more than the extension gap. 

■ If the knee is still not balanced in full extension after 
release of ail of these structures, release the posterior 
capsule off the latéral fémoral condyle; then release the 
latéral head of gastrocnemius if further correction is 
needed. 

■ Because it is a médial structure, the PCL often is lengthen- 
ing in a knee with a valgus deformity. If complété release 
did not balance the gaps, inspect the PCL to détermine 
whether it is involved in the deformity. 

■ If complété release of ail of the above structures does 
not balance the flexion and extension gaps on the latéral 
side, consider advancement of the médial collateral 
ligament. 

■ If the latéral flexion gap opens more than the extension 
gap, make certain that the "jump height" of a posterior 
stabilized peg is not exceeded; if this is a possibilité con¬ 
sider using a constrained condylar type of implant. 


R ■ If the flexion gap is tight, the anterior aspect of the 
U superficial médial collateral ligament and the pes anseri- 
nus insertion can be released. 

■ If the entire soft-tissue sleeve is released and the médial 
gap is still tight (as is usually the case with severe varus 
deformity), consider advancing the latéral collateral 
ligament. 
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Intrasubstance 
release of 
posterior ligament 


Taut latéral 
ligament 

Bony attachment 
can be released 
using an osteotome 


Posterior cruciate ligament (PCL) is more médial structure and may be involved in coronal plane deformity in a varus 
knee. After release of médial structures, PCL may be affecting médial gap, especially in flexion, and may need to be released to equal- 
ize gaps. This can be done intrasubstance or off tibial insertion with or without piece of bone to effectively elongate ligament. The 
PCL less likely acts as a central tether in valgus deformity because of its more médial location. If it is involved in more severe valgus 
deformities, it may need to be released. SEE TECHNIQUE 7-5. 


PIE-CRUSTING TECHNIQUE 

Another technique used for soft tissue balancing in knees 
with valgus or varus deformity is pie-crusting of the latéral 
or médial soft-tissue sleeve. This technique allows the 
surgeon to direct the lengthening of soft-tissue supporting 
structures according to which areas are taut under tension 
or under varus and valgus stress in the operating room. 
During balancing, whether using a matched-resection or 
gap-balancing surgical technique, the contracted side of 
the soft-tissue sleeve is assessed for tight structures. Mul¬ 
tiple stabs made with a scalpel blade or large needle paral- 
lel to the joint line are used to effectively elongate the areas 
of the soft-tissue sleeve that are under undue tension (Fig. 
7-49). Multiple studies hâve reported good outcomes in 
both valgus and varus deformities with this technique. The 
advantage of pie-crusting, especially on the latéral soft- 
tissue sleeve, is that it leaves a supporting tether that does 
not allow a larger gap opening on the latéral side of knee 
in flexion. Cadaver studies hâve shown that larger releases 
are not possible with this technique until the latéral col¬ 
lateral ligament is resected. Care is needed when pie- 
crusting is done in the postérolatéral corner because the 
peroneal nerve is within 1.5 cm. Because the nerve is 
farther away when the knee is flexed, flexing the knee can 
help protect the nerve during pie-crusting of the postéro¬ 
latéral corner. In the varus knee, if pie crusting cannot 
obtain enough élongation of the médial soft-tissue sleeve, 
then more traditional releases off of the proximal tibia can 
be used to obtain balancing. 


TECHNIQUE 7-6 


■ After the distal fémur is prepared using the anteroposte- 
rior and epicondylar axes as a rotational guide, eut the 
proximal tibia perpendicular to the mechanical axis and 
remove osteophytes. 


■ Place the knee in full extension and evaluate the médial 
and latéral soft-tissue balance with either a spacer block 
or trial components under varus and valgus stress or place 
tensioners medially and laterally between the posterior 
fémoral condyles and proximal tibial eut surfaces. Careful 
placement of the tensioners is crucial to avoid crushing 
and deforming osteoporotic bone. 

■ Remove any retractors that are causing tension on the 
affected side and replace them with rake retractors. 

■ Palpate the soft tissues on the affected side and release 
them by pie-crusting until a rectangular flexion gap is 
achieved. 

■ Move the knee into 90 degrees of flexion and repeat the 
balancing assessment. 

■ If the knee is tight medially or laterally in extension, 
remove the trial components and reinsert the tensioning 
devices with the knee in flexion. 

■ Repeat pie-crusting with the knee in 90 degrees flexion 
until a rectangular flexion gap is achieved (Fig. 7-49B). 

■ Replace the trial components and confirm coronal plane 
stability in flexion and extension. 

■ Correct any residual discrepancies in the flexion and 
extension gaps with pie-crusting or, if necessary, standard 
gap balancing techniques (see Technique 7-2). 


When a combined severe valgus and flexion contracture 
deformity is présent, acute correction can cause stretching of 
the peroneal nerve and subséquent palsy. Close attention to 
the neurologie examination after surgery is recommended in 
these patients and, if a palsy présents itself after surgery, 
flexion of the knee should be initiated to alleviate the traction 
on the nerve. Another, more commonly used approach is to 
immobilize the knee postoperatively in some degree of flexion 
to allow graduai stretching of the nerve as the knee is moved 
into extension. 
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Pie-crusting technique. A f Knee with valgus 
deformity before intraarticular release of postérolatéral aspect of 
capsule (PC). Note trapézoïdal extension gap. B f Correction of 
deformity after release of postérolatéral aspect of capsule and 
pie-crusting of iliotibial band. Note resulting rectangular exten¬ 
sion gap. C f Example of pie-crusting performed on the superficial 
médial collateral ligament of a right specimen made with a #11 
scalpel in a checkerboard type pattern of 3 to 4 mm cuts. (C from 
Mihalko WM, Woodard EL, Hebert CT, et al: Biomechanical validation 
of médial pie-crusting for soft tissue balancing in knee arthroplasty, J 
Arthroplasty 30:296, 2015.) SEE TECHNIQUE 7-6. 


Occasionally, because of atténuation of the médial col¬ 
lateral ligament, adéquate ligament balance cannot be 
obtained. In elderly patients, a constrained condylar type of 
prosthesis may be a reasonable option. The other option in 
this circumstance is médial collateral ligament advancement, 
which includes élévation of the fémoral origin of the médial 
collateral ligament and proximal advancement using a 
locking-loop type of suture within the substance of the liga¬ 
ment. This suture is secured around a screw and washer with 
a staple placed in its desired attachment in the médial épicon¬ 
dyle (Fig. 7-50). 



Patella 


Quadriceps 

tendon 


Advancement of fémoral origin of médial col¬ 
lateral ligament and fixation in médial épicondyle with screw and 
washer. 


■ CORRECTION OF FLEXION CONTRACTURE 

Most preoperative flexion deformities improve with appro- 
priate soff-tissue balancing for coronal plane deformity. If a 
flexion contracture persists despite balanced médial and 
latéral soft tissues, the shortened posterior structures must be 
effectively lengthened. If the contracture persists, the joint 
line may need to be elevated by increasing the amount of 
distal fémoral bone resection. With severe flexion contrac¬ 
ture, élévation of the joint line more than 4 mm should be 
avoided because it can create mid-flexion instability, and an 
increase in implant constraint may be necessary. 


FLEXION CONTRACTURE CORRECTION 


TECHNIQUE 7-7 


■ Perform the bone cuts and ligament balancing using the 
surgeon's preferred techniques. 

■ To recreate the normal posterior capsular recesses of the 
knee joint, strip the adhèrent posterior capsule proximally 
off the fémur a short distance above the fémoral con- 
dyles. This usually is done after the posterior condylar cuts 
are made, allowing access to this space. Stripping farther 
proximally should be carried out carefully because of the 
risk of avulsing the superior geniculate artery at this level; 
bleeding can be difficult to control in this area. 

■ Make sure that ail posterior condylar osteophytes hâve 
been removed off the fémoral condyles and that no loose 
bodies are tenting the posterior capsule in this area. 
Remove posterior condylar osteophytes with a curved 
osteotome. Large osteophytes on the posterior aspect of 
the fémur can be difficult to remove if they are adhèrent 
to the posterior capsule within the posterior capsular 
recess. Using a curet to peel these osteophytes off the 
posterior capsule makes removal easier. 
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■ If necessary, release the posterior capsule further by strip- 
ping more proximally up the posterior aspect of the fémur 
and releasing the tendinous origins of the gastrocnemius 
muscles if necessary. Alternative^, posterior capsular 
release off the proximal tibia can be considered, but 
extreme caution is required to protect neurovascular 
structures. 

■ If the flexion contracture persists, increase the distal 
fémoral bone eut by 2 mm and recheck to see if the knee 
will move into full extension with the trial components in 
place. This can be increased by another 2 mm (total of 
4 mm over a matched resection), but make certain that 
midflexion instability does not exist. 


Another technique of correcting a flexion contracture 
involves removing additional bone from the distal fémur to 
enlarge the narrowed extension gap. This technique should be 
used only with persistent flexion contracture affer posterior 
capsular release and posterior osteophyte removal because the 
removal of additional distal fémur results in joint line éléva¬ 
tion. Just as there is a limit to the extent the joint line can be 
elevated with balancing of the collateral ligaments, there is a 
limit to joint line élévation in correction of a severe flexion 
contracture, even with a PCL-substituting prosthesis. When 
excessive distal fémoral resection is performed in an effort to 
obtain extension, the knee may be stable in full extension 
because of a posterior tension band effect, but with slight 
flexion the knee may lack enough varus-valgus stability. In this 
situation, the collateral ligaments are relatively longer than the 
posterior soff-tissue restraints. A constrained condylar type of 
prosthesis may be necessary to résolve this “midflexion” insta¬ 
bility, or in some severe cases, a hinge-type of implant. 

The need to correct flexion contractures fully at the time 
of surgery is controversial. Because average residual flexion 
contractures of 15 degrees tended to improve to 3 degrees by 
short-term to mid-term follow-up, some authors hâve advo- 
cated posterior release and osteophyte removal only with no 
additional distal fémoral bone resection, whereas others 
found that the maximal correction of a flexion contracture 
occurred in the operating room and did not improve with 
time. We prefer to obtain full knee extension intraoperatively, 
using the steps outlined in Technique 7-7. No corrélation has 
been found between patients who require increased distal 
fémoral bone resection and the amount of coronal plane 
deformity. In a PCL-retaining TKA the PCL does not con- 
tribute to the flexion contracture deformity. Although it may 
be part of the coronal plane contracture and need to be 
released or balanced to correct the extension and flexion gap, 
releasing the PCL for a flexion deformity only further 
increases the flexion gap, making the disparity with the exten¬ 
sion gap greater. 

■ CORRECTION OF RECURVATUM 

Recurvatum deformity is rare in patients who hâve TKA, 
reported to be présent in less than 1% of patients. Regardless 
of the diagnosis for which TKA is indicated (osteoarthritis, 
posttraumatic arthritis, or inflammatory arthritis), the prés¬ 
ence of a recurvatum deformity présents a unique situation. 
Recurvatum often occurs in conjunction with a valgus knee 
deformity caused by a hypoplastic latéral fémoral condyle 
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that allows a larger extension space. A careful medical history 
and physical examination are necessary to identify any neu- 
romuscular disease or any quadriceps weakness that may be 
the cause of the recurvatum deformity. Because recurvatum 
deformity tends to recur in patients with these conditions, a 
hinged implant with an extension stop may be needed to 
compensate for the loss of quadriceps power. 

In a patient who has a recurvatum deformity but no neu- 
romuscular weakness, the operative procedure must be 
planned so that the flexion and extension gaps are equal to 
prevent récurrent deformity after TKA. Simply adding height 
to the tibia will also tighten the flexion space and possibly 
decrease the amount of flexion affer surgery; moving the joint 
line distally and/or using a smaller fémoral component with 
anterior referencing is a préférable technique. Although pos¬ 
sibly counterintuitive, using a smaller fémoral component 
referenced from the anterior aspect of the fémur requires 
removal of more posterior fémoral condylar bone, which will 
increase the flexion gap. This will allow the height of the tibial 
polyethylene component to be used to fill the gap and create 
a joint space that is stable in extension and flexion. Whiteside 
and Mihalko found that moving the joint line 3 to 5 mm 
distally and using a smaller fémoral component with anterior 
referencing corrected recurvatum deformities in 10 patients, 
with no récurrence at 1-year follow-up. In a report of 53 
patients with recurvatum deformities not related to neuro- 
muscular disease, only two of the 57 knees treated with a 
PCL-retaining implant had postoperative recurvatum of 10 
degrees. 


RECURVATUM CORRECTION 


TECHNIQUE 7-8 


■ If the distal fémoral eut is being made first, use a shim 
underneath the paddles that rest on the distal fémur to 
decrease the amount of bone to be removed by 2 to 
4 mm depending on the severity of the recurvatum 
deformity. 

■ Alternative^, an implant System that has multiple options 
on the cutting block can be used to change the amount 
of bone removed. Pin the block in the -2 mm holes and 
then move to the 0 mm or 2+ mm position to decrease 
the amount of bone removed from the distal fémur 
according to the severity of the recurvatum deformity. 

■ Place the sizing jig, and with anterior referencing déter¬ 
mine the appropriate component size. If in between sizes, 
choose the smaller size to increase the amount of poste¬ 
rior condylar bone removed. 

■ If the tibial resection is done first, measure the extension 
gap with a spacer block to détermine the amount of 
distal fémoral resection necessary to fill the extension 
gap and decrease the distal fémoral resection by that 
amount. 

■ Regardless of which resection is done first, make certain 
during trial component réduction that the knee is no 
longer in recurvatum and that the flexion space is not 
tight once the appropriate height polyethylene compo¬ 
nent is chosen to correct the recurvatum deformity. 
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■ BALANCING OF THE POSTERIOR 
CRUCIATE LIGAMENT 

With rétention of the PCL, fémoral rollback is accomplished 
by tension developed within the PCL during knee flexion (see 
Fig. 7-3). A PCL that is too tight in flexion can lead to poor 
postoperative knee flexion or excessive fémoral rollback, 
which is thought to be a factor in accelerated polyethylene 
wear. Conversely, if the PCL does not develop adéquate 
tension in flexion, fémoral rollback does not occur. Accurate 
balancing of the PCL is necessary for optimal functioning and 
longevity of a PCL-retaining prosthesis. 


PCL BALANCING 


TECHNIQUE 7-9 


■ Correct excessive PCL tension by partial release or reces¬ 
sion of the PCL, which is accomplished in a stepwise 
fashion with frequent retesting of the PCL tension. 

■ Release the PCL from the superior surface of the bone 
island on the tibia (Fig. 7-51). 

■Release it subperiosteally in 1- to 2-mm intervals along 
the posterior surface of the tibia. The PCL bone island can 
be partially or completely removed. The PCL has a broad 
insertion over approximately 2 cm on the posterior 
surface of the proximal tibia. 

■ If partial release is unsuccessful in balancing the PCL, 
make certain that the appropriate amount of posterior 
slope for the implant being used was obtained in the 
proximal tibial eut. 

■ More commonly, a smaller fémoral component, with 
anterior referencing for sizing, can be used to enlarge the 
flexion gap relative to the extension gap. 

■ Alternative^, with difficulty balancing the PCL or with PCL 
incompétence because of complété release, sacrifice it 



Posterior cruciate ligament can be "recessed" 
by releasing it from superior surface of tibia and proximal portion 
of its posterior tibial attachment. SEE TECHNIQUE 7-8. 


completely and convert to a PCL-substituting design or 
use a high-wall or deep-dish tibial polyethylene compo¬ 
nent if the implant System provides that option to prevent 
anterior translation of the fémoral condyles with knee 
flexion. 


A trial tibial component that lacks a stem can be used to 
evaluate PCL balancing. If the tibial tray lifts off anteriorly 
with knee flexion, PCL tension is excessive (Fig. 7-52). The 
patella should be located within the trochlear groove during 
this and other tests of PCL tension because the everted patella 
externally rotâtes the tibia in flexion and can lead to a false- 
positive resuit. Direct observation of fémoral rollback during 
flexion also can be used: the tibiofemoral contact point should 
not move onto the posterior third of the tibial articular 
surface. With the knee in 90 degrees of flexion, firm digital 
pressure should cause the PCL to deflect 1 to 2 mm. If more 
than 75% of the PCL is released, a prosthesis with greater 
posterior constraint should be chosen to avoid late posterior 
instability. Cadaver studies hâve shown that the posterior 
slope has more of an effect than partial release of the PCL. 
Because complété release of the PCL affects the flexion space 
more than the extension space, balancing or release of the 
PCL does not correct a flexion contracture nor create a recur¬ 
vatum deformity during TKA. 

MANAGEMENT OF BONE DEFICIENCY 

Bone deficiencies encountered during TKA can hâve multiple 
causes, including arthritic angular deformity, condylar hypo- 
plasia, osteonecrosis, trauma, and previous surgery such as 
HTO and previous TKA. The method used to compensate for 
a given bone defect dépends on the size and the location of 
the defect. Contained or cavitary defects hâve an intact rim 
of cortical bone surrounding the déficient area, whereas non- 
contained or segmentai defects are more peripheral and lack 
a bony cortical rim (Fig. 7-53). 

Rand classified these defects into three types: 

Type I: focal metaphyseal defect, intact cortical rim 
Type II: extensive metaphyseal defect, intact cortical rim 
Type III: combined metaphyseal and cortical defect 



Posterior cruciate ligament tension is excessive 
if tibial tray lifts off anteriorly during knee flexion. 
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A, Contained defects hâve intact rim of cortical 
bone surrounding area. B f Noncontained defects are more periph- 
eral and lack bony cortical rim. 


Screws used to augment polymethyl méthacry¬ 
late for filling tibial defect. 


Small defects (<5 mm) typically are filled with cernent. Con¬ 
tained defects can be filled with impacted cancellous bone 
graff. Larger noncontained defects can be treated by a variety 
of methods, including the use of structural bone graffs, métal 
wedges attached to the prosthesis, or screws within cernent 
that fills the defect. 

No progression of tibial radiolucencies was seen over 7 
years in 25 knees in which screw-augmented cernent was 
used to fill large tibial defects (Fig. 7-54). In 145 TKAs (20 
all-polyethylene tibial components and 125 metal-backed 
trays) with médial tibial defects treated with screws and 
cernent, médial collapse occurred in two and latéral collapse 
in one, ail in metal-backed tibial components; no révisions 
were required. 


■Carefully reçut the upper tibial surface to create a fiat 
upper tibial surface. 

■ During cementing, premix a small batch of cernent and 
use it to seal the junction of the bone graft with the tibia 
to prevent extrusion of cernent into this interface during 
final component cernent fixation. 

■ If the defect cannot be corrected with this type of recon¬ 
struction because too much bone must be removed from 
the tibia or fémur to allow apposition of fiat bone sur¬ 
faces, level the irregular bone surfaces with a burr to 
allow maximal graft-host bone apposition. 

■ Fashion the graft to fit the defect. 


Restoration of neutral alignment is essential because this 
has been shown to affect bone graff survival and prosthesis 
loosening. Intramedullary stems on the fémoral and tibial 
components commonly are used to protect peripheral bone 
graffs from stress. 

Brand et al. first reported the use of modular métal 
wedges attached to the tibial tray to compensate for tibial 
bone deficiencies (Fig. 7-57). They reported no tibial loosen¬ 
ing in 22 knees observed an average of 3 years. Most modem 
total knee Systems employ modular wedges and blocks that 
can be attached to fémoral and tibial components to compen¬ 
sate for multiple bone deficiencies. With these structural 
additions, a surgeon can literally build a custom prosthesis in 
the operating room for a given defect or combination of 
defects. 


BONE GRAFTING OF PERIPHERAL 
TIBIAL DEFECTS 


TECHNIQUE 7-10 


(WINDSOR, INSALL, AND SCULCO) 

■ Convert the concave, irregular defect to a fiat one by 
minimal bone removal with a saw (Fig. 7-55). 

■Attach bone removed from the distal fémur or proximal 
tibia to the flattened defect and secure it with threaded 
Steinmann pins or screws (Fig. 7-56). 
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FIGURE 


Technique of Windsor et al. for grafting of peripheral tibial defects. SEE TECHNIQUE 7-9. 



Médial segmentai tibial defect filled with 
autogenous bone block from distal fémoral resection fixed with 
cancellous screws. SEE TECHNIQUE 7-9. 


Porous métal augments and cônes also are now available, 
and good results hâve been reported with their use. Some of 
these cônes are press fit into the distal fémoral or proximal 
tibial cavitary defect and then the implant is cemented into 
these types of augments to create a composite type of con- 
struct. Some of these cônes are attached to the implant to 
create a single implant construct (see Fig. 7-58). Most of these 
devices are used for révision cases involving significant 
defects. These cone-types of augments hâve shown successful 
intégration even when the implant construct has failed. 

PATELLOFEMORAL TRACKING 

Patellofemoral tracking is affected by multiple factors, each of 
which must be inspected during trial réduction and before 
final component implantation. Any factor that increases the 
Q angle of the extensor mechanism can cause latéral mal- 
tracking of the patella (see Fig. 7-22). Internai rotation of the 
tibial component lateralizes the tibial tubercle, increasing the 
Q angle and the tendency to latéral patellar subluxation. Simi- 
larly, internai rotation or médial translation of the fémoral 
component can increase latéral patellar subluxation by 
moving the trochlea medially. If the patella is to be resurfaced, 
the prosthetic patella should be medialized to approximate 
the médian eminence of the normal patella, rather than 
simply centering the prosthetic button on the available bone 
(Fig. 7-59). Centralization of the patellar component requires 
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FIGURE 


Modular wedges for fémoral and tibial augmentation. 



FIGURE 


Porous métal augments 


the bony patella to track medially, which forces it to function 
with a higher Q angle. Increasing the anterior displacement 
of the patella during knee motion also can lead to patellar 
instability or limited flexion. Anterior displacement can be 
caused by placing the trochlea too far anterior with an over- 
sized fémoral component or by underresection of the patella, 
which results in an overall increase in patellar thickness 
(Fig. 7-60). 

The “no thumb” test of patellar tracking should be used 
as a guide of adéquate patellar stability. The reduced patella 
is observed within the fémoral trochlea throughout the range 
of knee motion before retinacular closure. If the patellar 
button tracks congruently with minimal or no pressure 
applied to the latéral side of the patella, patellofemoral track¬ 
ing is adéquate. If the patella tends to subluxate, the knee 
should be inspected for the previously discussed causes of 
patellar subluxation. If none of these factors is identified, a 
latéral patellar retinacular release may be necessary. Latéral 


retinacular release is accomplished by cutting the synovium 
and retinaculum longitudinally, to a variable extent, from 
Gerdys tubercle distally to the muscle fibers of the vastus 
lateralis proximally (Fig. 7-61). Frequently, release of only 
small transverse bands is sufficient, but occasionally the 
entire release is necessary. Most commonly, this release is 
performed from inside the knee joint with anterior and latéral 
retraction of the patella, although some surgeons prefer to 
release the retinaculum from the exterior surface leaving the 
latéral synovium intact. The latter approach requires création 
of a large latéral subcutaneous flap superficial to the retinacu¬ 
lum but can provide exposure of the superior latéral genicu- 
late vessels and allow their préservation. 

Lowering the tourniquet and reassessing patellar tracking 
before latéral retinacular release hâve been shown to avoid an 
unnecessary latéral retinacular release. One study found that 
48% of knees showed initial maltracking, which reverted to 
normal affer tourniquet release, and another reported that 
tourniquet déflation improved patellar tracking in 31% of 
patients who otherwise would hâve required latéral release. 

The greatest risk in latéral release is devascularization of 
the patella caused by interruption of the superior latéral 
geniculate artery. This artery is located at the musculotendi- 
nous junction of the vastus lateralis and usually can be pre- 
served. An increased prevalence of patellar fracture also has 
been correlated with latéral release. Other potential problems 
associated with latéral release include increased postoperative 
pain and swelling, slower réhabilitation, and increased wound 
complications. Nevertheless, the potential complications of 
latéral release are far outweighed by the detrimental effect of 
patellar subluxation. 


COMPONENT IMPLANTATION 


TECHNIQUE 7-11 


■ After bone deficiencies hâve been treated, ligamentous 
balancing is satisfactory, and the extensor mechanism is 
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The patellar button should be positioned medially to recreate the location of the apex of the native patella and 
improve tracking. Care should be taken not to "overreplace" the patella, which will increase the height and the possibility of tilt and/ 
or latéral subluxation and patellar maltracking. 



FIGURE 


|| Inadéquate resection of patellar bone. 


9 tracking properly, remove the trial components. Do not 
hyperextend the knee because the joint is unstable with 
the trial components removed and the posterior neuro- 
vascular structures can be injured. 

■ If an intramedullary guide has been used on the tibia, 
occlude the tibial intramedullary canal with a plug of 
previously resected bone distal to the level of the tibial 
stem. Occlude the fémoral canal in a similar fashion. 

■ If sclerotic bone surfaces are présent, use a small drill to 
make multiple perforations intothe underlying cancellous 
bone to allow cernent intrusion. 

■ Clean the eut bone surfaces with a pulsatile lavage irriga- 
tor using saline containing an added antibiotic solution 
such as cefazolin or genitourinary irrigant. 

■ Dry surfaces with clean sponges. 

■ Generally, the tibial tray is implanted first. Apply doughy 
PMMA cernent to the eut surface of the tibia, keeping 
blood and fat from mixing with the cernent and out of 
the cement-prosthesis interface. Cernent applied to the 
implant should ensure filling of the implant undersurface 
as well. 

■ Apply the cernent when it no longer adhères to a gloved 
hand, or at a slightly earlier stage using a cernent syringe. 
■ Impaction of the tibial prosthesis generally results in intru¬ 
sion of early dough-phase cernent to a depth of 2 to 


5 mm in cancellous bone, which is sufficient for long- 
term fixation, as shown by Insall and others. 

■ Remove excess cernent from the periphery of the 
component. 

■ Cernent the fémoral and patellar components in a similar 
fashion. Usually, ail components can be cemented simul- 
taneously, but this requires an efficient and experienced 
surgical team. 

■ Cementing of the tibia and fémur also can be done by 
preparing two batches of cernent 6 to 9 minutes apart. 

■ If the bone stock is osteoporotic, cernent the tibial and 
fémoral components separately and hold them carefully 
in place until the cernent has fully hardened. 

■ The patella can be cemented with the fémur or the tibia, 
but use cernent in an early dough phase to allow adé¬ 
quate cernent intrusion. 

■Access to the posterior fémoral recesses is limited after 
the fémoral and tibial components hâve been implanted. 
To minimize the amount of cernent that may hâve to be 
removed from the posterior fémoral recesses, apply a 
small amount of cernent to the posterior fémoral bone 
surface and a limited amount on the posterior condyles 
of the fémoral implant. 

■ After the fémoral component has been seated, carefully 
extend the knee with a trial tibial spacer in place to ensure 
complété seating of the fémoral prosthesis. 

■ Ensure that the tibial spacer is of adéquate thickness to 
provide varus and valgus stability in full extension. If a 
thinner tibial trial is substituted, hyperextension of the 
knee and posterior liftoff of the tibial component could 
resuit. 

■ Carefully search for any bone or cernent débris before 
implantation of the final tibial polyethylene articular 
surface. 


For cementless fixation of total knee components, the 
technique of implantation is less demanding, but the prépara¬ 
tion of the eut bone surfaces requires more accuracy than 
with cernent fixation. Cementless fixation relies on intimate 
apposition of the fixation surface to the eut bone surfaces and 
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Cut deep 
latéral 
retinaculum 


Cut 

superficial 

latéral 

retinaculum 



A f Latéral retinacular release can be done from inside out, which releases synovial layer and latéral retinaculum but 
can expose joint to subcutaneous tissue. Release is made from vastus lateralis muscle fibers proximally and distally to Gerdy's tubercle 
if necessary. B f Outside-in technique also can be used, which allows synovial membrane to remain intact, leaving layer between sub¬ 
cutaneous tissue and intraarticular space. This also allows identification of latéral geniculate artery, which can be preserved. 


rigid immédiate fixation to minimize micromotion. To evalu- 
ate apposition, the trial tibial tray without a keel/stem exten¬ 
sion can be placed in the center of the tibial cut surface and 
held with an index finger. The periphery of the tray can then 
be stressed to observe any movement of the tray on the bony 
surface. If any movement is detected, the surface should be 
revised to allow complété support of the tibial tray with no 
visual movement when peripheral load is manually applied. 
In experimental models, bone-prosthesis gaps of more than 
0.5 mm tend to fill with fibrous tissue. A fine autogenous 
bone graff can be used on the upper surface of the tibia to 
level small irregularities. Retrieval studies hâve repeatedly 
shown maximal bone ingrowth around fixation screws and 
pegs, and the use of such adjunctive fixation is crucial to 
obtain the stability necessary for bone ingrowth and long- 
term prosthesis fixation. 

WOUND CLOSURE 

Conventionally, affer the final prosthesis has been implanted, 
the tourniquet is released, the knee is packed with moist 
sponges, and pressure is applied. Hemostasis is obtained by 
sequentially removing the sponges from the latéral and 
médial sides of the knee, looking specifically for bleeding 
from the geniculate arteries. 

Although we continue to deflate the tourniquet before 
wound closure to obtain hemostasis and routinely use suction 
drains, these practices remain controversial. No différence in 
wound infection, hematoma formation, or reoperation for 
wound complications has been substantiated with or without 
postoperative drainage. Patients with drains were found to be 
more likely to receive transfusions, whereas undrained 
wounds required more frequent dressing reinforcement. The 
use of a fémoral intramedullary plug has been shown to 
decrease blood loss associated with TKA by 20% to 25%. 


Affer hemostasis is obtained, the retinacular incision is 
closed, taking care to approximate the elevated periosteal 
tissues to the patellar tendon. The knee should be flexed past 
90 degrees to ensure that no part of the closure limits flexion 
and that the patella tracks normally. The subcutaneous tissue 
and skin are closed with the knee in 30 to 40 degrees of 
flexion to aid in skin flap alignment. 


UNICONDYLAR KNEE 
ARTHROPLASTY 

If the strict indications outlined in 1989 by Kozinn and 
Scott were followed, few patients would be candidates for 
UKA. In most reports, long-term prosthesis survival in UKA 
to date has been less than that in TKA. A few current UKA 
prostheses hâve performed better than their predecessors, 
however, with survivorship at 10 years ranging from 82% 
to 98%. Important sélection criteria include an intact ante- 
riorcruciate ligament, unicompartmental arthritis, passively 
correctable deformity, and reasonable body weight. Mul¬ 
tiple techniques for UKA now exist, from fixed bearing 
(inset or onlay designs), mobile bearing, and computer or 
robotically assisted methods (MAKOplasty, Mako Surgical 
Corp., Ft. Lauderdale, FL). Just as in primary TKA, the dif¬ 
férences between fixed and mobile-bearing techniques 
involve strict adhérence to equalization of flexion and 
extension gaps to avoid bearing "spit-out." The MAKO¬ 
plasty technique uses preoperative CT studies to register 
anatomie landmarks in the operating room. The computer- 
assisted System then aids préparation of the bone on the 
fémoral and tibial sides for proper implant positioning to 
match the preoperative plan. 
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TECHNIQUE 7-12 


■ Make a longitudinal skin incision along the médial or 
latéral aspect of the patellar tendon depending on the 
compartment being replaced. A médial approach can be 
used for a latéral unicondylar replacement, but the expo- 
sure must be more extensive to allow adéquate patellar 
eversion or subluxation; a minimally invasive technique 
requires a latéral approach. 

■ Make sure the capsular incision does not go above the 
vastus medialis or lateralis. A Hohmann-type retractor can 
be used to lever the patella medially or laterally with the 
knee in flexion to expose the entire fémoral condyle. 

■To expose the médial compartment, incise the coronary 
ligament, remove the anterior horn of the médial menis- 
cus, and raise the periosteal sleeve from the anteromedial 
aspect of the tibia. 

■ To expose the latéral compartment, raise the antérolatéral 
periosteal sleeve to the médial aspect of Gerdy's 
tubercle. 

■ Carefully inspect the two compartments being preserved 
to be sure the patient is a candidate for UKA. 

■ Remove ail peripheral osteophytes before the bone cuts 
are made to allow better exposure, especially when a 
minimally invasive approach is used (Fig. 7-62). Removal 
of the tibial peripheral osteophytes should be enough to 
adequately balance the arthritic compartment (Fig. 7-63). 
Make certain intercondylar osteophytes also are removed 
because they can impinge on the cruciate ligaments and 
damage them. 

■ A need for more extensive soft-tissue balancing may indi- 
cate inadéquate bony resection or a varus deformity that 
is too severe for UKA. 

■ With most fixed bearing Systems, the matched resection 
begins with the tibial resection. Use an extramedullary 
guide to align the proximal tibial eut with the center of 
the ankle distally and recreate the posterior tibial slope 


with a 2-mm deep resection or as indicated by the implant 
System. For onlay tibial implants, use a reciprocating saw 
to complété the tibial bone eut just médial to the médial 
tibial eminence. 

■ With the knee flexed, use a spacer block to make sure 
the gap is large enough for the smallest tibial resection 
(this varies according to the implant System used but 
usually is about 8 mm). 

■ Move the knee into full extension and use another spacer 
block to détermine the distal fémoral resection needed to 
balance the flexion and extension gaps. Use the implant- 
specific cutting jig to make the distal fémoral eut. 

■ Once the distal fémoral eut is made, insert the fémoral 
sizing guide and détermine the appropriate sized cutting 
block. Make the posterior condylar bone resection and 
chamfer eut as indicated. 

■ Take care to resect the médial meniscus and remove any 
loose bodies from the posterior recess of the knee. 

■ Insert the tibial trial implant and perform a trial réduction 
to ensure that the joint is stable in extension and flexion 
and that a full range of motion is possible without over- 
stuffing or excessive laxity. 

■ Complété bone préparation spécifie to implant design 
and cementation of the implants as described in Tech¬ 
nique 7-11 . Take care to ensure that no loose or excessive 
amount of bone cernent remains in the posterior aspect 
of the tibia or posterior fémoral condyle. 

■ Close the wound as described in the earlier section, 
Wound Closure. 


PATELLOFEMORAL ARTHROPLASTY 

A successful pâte I lofe moral arthroplasty relies on 
strict adhérence to operative indications. Most implant 
Systems now offer second- or third-generation, minimally 



Osteophytes on médial side of fémur and tibia 
prevent correction of varus deformity. 


After osteophyte resection, knee passively cor¬ 
rects to normal alignment. SEE TECHNIQUE 7-11. 
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constrained patellofemoral components that hâve reported 
long-term survivorship of 70% or more at 8 to 10 years 
after surgery. Custom implants are available, with the sug- 
gested advantage of conserving more bone. Conversion 
rates to TKA are higher after patellofemoral arthroplasty 
than after UKA, and progression of arthritis in the tibio- 
femoral articulation is the most common reason for 
reoperation. 


TECHNIQUE 7-13 


■ Use the same midline approach as described in 
Technique 7-1, taking care not to incise the coronary 
meniscal ligament. 

■Carefully inspect the tibiofemoral articulations to ensure 
that the patient is a candidate for patellofemoral 
arthroplasty. 

■ Fémoral trochlear préparation uses an intramedullary 
starting point similar to that for TKA, and a cutting block 
for the anterior fémoral resection is pinned in place per- 
pendicular to the anteroposterior axis of Whiteside. 

■ If the trochlear groove is hypoplastic, as is the case in 
many candidates for patellofemoral arthroplasty, slightly 
flex the anterior fémoral trochlear cutting block to allow 
more bone removal without notching or overstuffing the 
patellofemoral mechanism. 

■ Préparé the trochlear intercondylar bone using the appro- 
priate size fémoral component and removing bone with 
a burr or curet, or by using a template with a routing tool. 
Final component préparation is implant spécifie, most 
commonly using pegs for cementation support. 

■ Préparé the patella as described in Technique 7-11, 
making certain that no overstuffing of the patella results. 

■ Cementation is as described in Technique 7-11 and 
wound closure as described in an earlier section. 


POSTOPERATIVE MANAGEMENT 

Postoperative physical therapy and réhabilitation greatly 
influence the outcome of TKA. Initially, a compressive dress- 
ing is worn to decrease postoperative bleeding, and a knee 
immobilizer may be used until quadriceps strength is adé¬ 
quate to ensure stability during ambulation. 

Range-of-motion exercises are performed postopera- 
tively, with or without the assistance of a continuous passive 
motion machine. Continuous passive motion has been shown 
in multiple studies to assist in obtaining knee flexion more 
quickly, which may decrease the length of stay in the hospital. 
Continuous passive motion has not been proved to affect the 
prevalence of D VT, long-term knee range of motion, or knee 
functional scores. 

Passive knee extension is encouraged by placing the 
patients foot on a pillow while in bed. Dangling the legs over 
the side of the bed is used to promote flexion. Patients are 
instructed in a home exercise program. Many surgeons hâve 
their patients instructed by a physical therapist preoperatively 
because postoperative pain and analgésies may hinder the 
patients understanding of the necessary réhabilitation. In 
addition to range-of-motion exercises, the postoperative 


réhabilitation protocol includes lower extremity muscle 
strengthening, concentrating on the quadriceps; gait training, 
with weight bearing as allowed by the particular knee recon¬ 
struction; and instruction in performing basic activities of 
daily living. 

Rétention of the cruciate ligaments and limited surgical 
dissection typically allows patients with unicondylar or patel¬ 
lofemoral arthroplasty to hâve shorter hospital stays and 
faster réhabilitation. 

SURGICAL PROBLEMS RELATIVE 
TO SPECIFIC DISORDERS 

PREVIOUS HIGH TIBIAL OSTEOTOMY 

HTO frequently is used to treat unicompartmental osteoar- 
thritis of the knee (see Chapter 9), usually as a time-buying 
procedure to delay eventual TKA. Although HTO previously 
was thought to hâve no effect on the outcome of eventual 
TKA, multiple studies hâve shown less successful outcomes 
after HTO, along with predictable surgical challenges. Factors 
cited as contributing to poor results include the presence of 
patella inféra, difhculties in exposure, and poor latéral skin 
flap vascularity. A review of 166 TKAs after HTO found an 
8% révision rate at 6 years follow-up and identified several 
risk factors for failure, including male gender, obesity, young 
âge, varus-valgus laxity, and preexisting limb malalignment. 
Other studies hâve found no différence in postoperative knee 
function or complications compared with primary TKA 
without previous osteotomy. 

Several technical problems unique to patients with previ¬ 
ous HTO must be expected and accounted for to improve 
results with conversion to TKA. Although transverse skin 
incisions may be ignored, latéral longitudinal skin incisions 
must be respected, and an adéquate intervening skin bridge 
of at least 8 cm must be left between new midline and old 
latéral incisions. Scarring over the latéral compartment and 
infrapatellar région may be encountered, making patellar 
eversion and latéral compartment exposure more difhcult. 
Latéral retinacular release, V-Y quadricepsplasty, or a tibial 
tubercle osteotomy may be necessary for exposure. Médial 
subperiosteal exposure also must be done carefully to main- 
tain the continuous soff-tissue sleeve necessary for closure 
and médial soff-tissue stability. Because ligamentous balanc- 
ing may be difhcult, many authors recommend routine PCL 
substitution. 

After failed valgus closing wedge osteotomy of the proxi¬ 
mal tibia, only minimal bone resection from the latéral tibial 
plateau usually is necessary. The tibial eut should be refer- 
enced off the intact médial compartment, which may leave a 
defect on the latéral side of the tibia that requires bone 
grafting or placement of a métal augmentation wedge or 
block (Fig. 7-64). Another common problem after previous 
HTO is médial offset of the intramedullary canal of the tibia 
relative to the center of the tibial tray. Extramedullary align- 
ment usually is advocated in this situation, and medialization 
of the tibial tray or an offset tibial stem may be needed to 
accommodate the deformity. Rotational deformity also may 
be encountered with previous HTO because the proximal 
fragment may be rotated relative to the tibial shaff. The tibial 
tray must be inserted carefully to avoid internai rotation and 
subséquent patellar tracking problems. 




PART III RECONSTRUCTIVE PROCEDURES OF THE KNEE IN ADULTS 



Frequently after high tibial osteotomy, latéral 
tibial bone is déficient after proximal tibial resection. 


Over the past decade, opening-wedge proximal tibial 
osteotomy techniques hâve become popular for correction of 
varus deformity in the arthritic knee. Opening-wedge osté¬ 
otomies are purported to cause less anatomie change to the 
proximal tibia than do closing latéral wedge techniques, 
making conversion to TKA easier; however, there is currently 
little information in the literature regarding this technique. 
In a sériés of 76 valgus opening wedge ostéotomies using 
external fixation, 9 knees (12%) had required conversion to 
TKA at 7-year follow-up; only one knee had patella inféra, 
and the authors reported no technical difficultés caused by 
altered proximal tibial anatomy. More recently, the outcomes 
of TKA after opening wedge tibial osteotomy in 36 patients 
were compared with a cohort of over 1300 primary TKA 
patients. Although the authors found TKA technically 
straightforward in most patients, clinical results were inferior 
in those with previous osteotomy, who had lower knee scores 
and more pain. Another study compared results of TKA after 
UKA and HTO and found both procedures resulted in a 
higher risk of révision. 

PREVIOUS PATELLECTOMY 

Early clinical studies of TKA after patellectomy reported 
varied results, with most reporting persistent pain and func- 
tional disability because of quadriceps weakness. More recent 
studies are more encouraging, although the type of prosthesis 
that is optimal in this setting is debated. Comparison of the 
results of TKA after patellectomy in patients treated with 
PCL-retaining and PCL-substituting prostheses with a control 
group of TKA patients without previous patellectomy found 
that Knee Society scores were greater for PCL-substituting 
designs, whereas PCL-retaining knees showed greater antero- 
posterior instability (Lig. 7-65). Presumably, the four-bar 
linkage of the quadriceps tendon, patellar tendon, and cruci- 
ate ligaments is disrupted by patellectomy, and the PCL and 


è 

T 


Posterior cruciate ligament-substituting arthro- 
plasty performed for previous patellectomy and osteoarthritis. 



Four-bar linkage System of cruciate ligaments 
reveals that patellar tendon is roughly parallel to posterior cruci¬ 
ate ligament and quadriceps tendon is roughly parallel to ante- 
rior cruciate ligament at 30 degrees of flexion when patella is 
engaged with trochlear groove. Loss of patella results in altera¬ 
tion of extensor mechanism moment arm and loss of contraction 
strength of quadriceps. 


posterior capsule are incapable of maintaining long-term sag¬ 
ittal plane stability (Lig. 7-66). The résultant vector of the 
force exerted on the tibial tubercle by the patellar tendon 
changes after patellectomy, and not only is there less of a 
moment arm imparted by the extensor mechanism but also 
a more posterior force on the tibia results from the loss of the 
patella (see Lig. 7-66). Although these patients hâve less of a 
mechanical advantage to their extensor mechanism, treat- 
ment of tibiofemoral arthritis results in good pain relief and 
function, although not as good as in knees with an intact 
patella. A highly porous tantalum-based patellar implant has 
been used in an attempt to recreate the patella and improve 
the extensor mechanism moment arm; however, high failure 
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rates because of loosening, wound complications, or contin¬ 
uée! anterior knee pain hâve been reported in several studies. 
Results appear to be better when there is remaining patellar 
bone stock to allow ingrowth into the trabecular métal. 

NEUROPATHIC ARTHROPATHY 

Although neuropathie arthropathy generally is considered a 
relative contraindication to TKA, fair results hâve been 
reported after arthroplasty for Charcot arthropathy Keys to 
improving results include proper surgical technique, with 
attention to limb alignment, ligamentous balancing, bone 
grafting or prosthetic augmentation for bony defects, and use 
of revision-type components when necessary. In the longest 
follow-up study to date (12 years), Bae et al. reported one 
infection and two dislocations in 11 arthroplasties in nine 
patients with neuropathie arthropathy Because of the pro- 
pensity of Charcot knees to develop early postoperative dis¬ 
location and progress to symptomatic instability, they 
recommended the use of a rotating hinge prosthesis and post¬ 
operative protection with a knee brace or immobilizer to 
prevent early dislocation. Although TKA in this patient pop¬ 
ulation is technically demanding and has a relatively high 
complication rate, patients with Charcot neuropathy can hâve 
relatively good outcomes with TKA. 

OTHER MEDICAL CONDITIONS 

Knee arthroplasty can relieve pain in patients with hémo¬ 
philie arthropathy, but restoration of motion is suboptimal 
and the risk of perioperative complications is considérable 
(Fig. 7-67). Significant postoperative complications after 
TKA in hémophilie patients include hemorrhage, superficial 
skin necrosis, nerve palsies, and deep infection. Because a 
perioperative factor VIII level of less than 80% has been asso- 
ciated with a greater probability of complications, the periop¬ 
erative factor VIII level should be maintained at 100%. In a 



Total knee arthroplasty performed for hémo¬ 
philie arthropathy with médial tibial structural autograft and 
press-fit stems. 


report of 60 primary TKAs in patients with hemophilia, 95% 
had good or excellent results at 9-year follow-up and only one 
deep infection was noted. Use of newer techniques of con- 
tinuous infusion of clotting factor was cited as the primary 
reason for the low complication rate. 

Many patients with hémophilie arthropathy hâve been 
infected with human immunodeficiency virus (HIV) con- 
tracted from contaminated transfusions of coagulation 
factors. The most common complication after TKA in these 
patients is infection, with reported rates of 30%. TKA in 
patients who are HIV positive, with or without hemophilia, 
has a high complication rate. At 10-year follow-up of 15 
patients who are HIV positive with TKA or total hip arthro¬ 
plasty, 6 had died, 6 had deep infections, and 13 additional 
surgical procedures had been required. Surgeons should hâve 
a frank discussion with patients who are HIV positive con- 
cerning the high rates of infection and other complications 
before TKA is considered. 

TKA in patients with diabètes is associated with an 
increased wound complication rate, increased infection, and 
more frequent révisions, with no significant différences noted 
between insulin-dependent and non-insulin-dependent 
diabetics. 

An inflammatory arthritis similar to rheumatoid arthritis 
develops in approximately 7% of patients with psoriasis. The 
exfoliating plaques seen on extensor surfaces harbor bacterial 
pathogens, which increases the risk of deep infection after 
TKA. Optimal control of psoriatic lésions in the vicinity of 
proposed skin incisions should be obtained before TKA. 


COMPLICATIONS 

THROMBOEMBOLISM 

One of the most significant complications after TKA is the 
development of deep venous thrombosis (DVT), possibly 
resulting in life-threatening pulmonary embolism (PE). 
Factors that hâve been correlated with an increased risk of 
DVT include âge older than 40 years, estrogen use, stroke, 
nephrotic syndrome, cancer, prolonged immobility, previous 
thromboembolism, congestive heart failure, indwelling 
fémoral vein cathéter, inflammatory bowel disease, obesity, 
varicose veins, smoking, hypertension, diabètes mellitus, and 
myocardial infarction. The overall prevalence of DVT after 
TKA without any form of mechanical or pharmaceutical pro- 
phylaxis has been reported to range from 40% to 84%. Proxi¬ 
mal thrombi, in the popliteal vein and above, occur in 9% to 
20% of patients and hâve been thought to pose a greater risk 
of PE than thrombi in calf veins, which hâve been reported 
in 40% to 60% of patients. Thrombi in the calf veins hâve a 
propensity to propagate proximally, as documented in 6% to 
23% of patients. The risk of asymptomatic PE may be 10% to 
20%, with symptomatic PE reported in 0.5% to 3% of patients 
and a mortality rate of 2%. 

Clinical examination is unreliable in detecting DVT 
because most dots occur without signs or symptoms. Venog- 
raphy is the classic radiographie method of détection of DVT 
and is still considered the gold standard, especially for 
research purposes. Venography carries the risk of anaphylac- 
tic reaction to the contrast media and a small risk of inducing 
DVT. Duplex ultrasound has been reported as an alternative 
method of diagnosis of DVT after total joint arthroplasty, 
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with documented sensitivities of 67% to 86% using venogra- 
phy for comparison. In a multicenter study, however, only a 
52% overall sensitivity, with a range of 20% to 90% was found, 
raising the question of whether reliable détection rates can be 
reproduced in ail institutions. Duplex ultrasound seems to be 
useful, especially as a screening test, because of its minimal 
morbidity, low cost, and repeatability with minimal patient 
discomfort, but its accuracy dépends on the expérience of the 
ultrasound technologist. 

Many methods of DVT prophylaxis are available, includ- 
ing mechanical devices such as compression stockings or foot 
pumps and pharmaceutical agents such as low-dose warfarin, 
low-molecular-weight heparin, fondaparinux (a pentasaccha- 
ride factor Xa inhibitor), and aspirin. Mechanical compres¬ 
sion boots and foot pumps are advantageous because they are 
without significant risk to the patient, but they are limited by 
patient compliance and short duration of hospitalization. 
Prophylaxis with aspirin alone has not been proved to be 
effective against DVT affer TKA, with reported DVT rates 
ranging from 59% to 73%. 

Warfarin prophylaxis usually is begun on the evening 
before or affer surgery and is adjusted according to the daily 
prothrombin time. The use of the international normalized 
ratio allows standardization of anticoagulant effect as mea- 
sured by the prothrombin time. The current goal of warfarin 
therapy is to keep the international normalized ratio between 
2.0 and 3.0. Advantages of warfarin include oral administra¬ 
tion and low médication cost. The main disadvantages of 
warfarin therapy are drug interactions, continued monitor- 
ing, delayed onset of action, and bleeding complications. 

Low-molecular-weight heparin and fondaparinux hâve 
been shown to be effective in DVT prophylaxis affer TKA. 
The benefits of these médications include a standard dose 
regimen and the absence of routine laboratory monitoring. 
The disadvantages include greater médication cost, subcuta- 
neous administration, and increased incidence of bleeding. 
Low-molecular-weight heparin with épidural or spinal anes¬ 
thésia must be used with extreme caution because épidural 
hematomas with disastrous neurologie complications hâve 
been reported. The time of utmost risk apparently occurs on 
postoperative day 3 when the indwelling cathéter is removed 
from a patient being treated with low-molecular-weight 
heparin for DVT prophylaxis. Guidelines from the American 
College of Chest Physicians in 2008 recommend that low- 
molecular-weight heparin, fondaparinux, or a vitamin K 
antagonist (e.g., warfarin) be used for DVT prophylaxis in 
TKA patients for a minimum of 10 days. 

Our current practice for DVT prophylaxis includes the 
use of low-molecular-weight heparin or warfarin or both 
until the international normalized ratio becomes therapeutic 
in combination with pneumatic compression foot pumps. We 
prescribe some form of Chemical prophylaxis for at least 14 
days in patients without previous DVT. Prophylaxis is con¬ 
tinued for 6 weeks in patients with a history of previous 
thromboembolism. 

Oral factor Xa inhibitor (rivaroxaban, apixaban, and 
edoxaban) for DVT prophylaxis affer TKA has been reported. 
In a multicenter prospective study (Régulation of Coagula¬ 
tion in Orthopédie Surgery to Prevent Deep Venous Throm- 
bosis and Pulmonary Embolism [RECORD] trials), 3148 
patients were randomized to receive enoxaparin (30 mg sub- 
cutaneously twice a day, beginning 12 to 14 hours affer 


surgery) or rivaroxaban (10 mg orally one a day, beginning 6 
to 8 hours affer surgery). Venography at 11 and 15 days affer 
surgery found a significantly higher rate of DVT in those 
taking enoxaparin; a nonsignificant increase in the number 
of wound complications was found in those taking rivaroxa¬ 
ban. A rétrospective study of 1048 patients who had TKA or 
total hip arthroplasty and received either low-molecular- 
weight heparin or rivaroxaban had similar results: a return to 
the operating room because of wound complications was 
required in approximately twice as many patients taking riva¬ 
roxaban as in those taking low-molecular-weight heparin. 
The lower cost of rivaroxaban is an advantage, as is the lower 
rate of documented DVT, but the frequency of wound com¬ 
plications may require further investigation. 

INFECTION 

Infection is one of the most dreaded complications affecting 
TKA patients, with reported frequencies of 2% to 3% in 
several large sériés. According to current Medicare data, 1.5% 
of patients develop a periprosthetic infection in the first 2 
years affer TKA. Preoperative factors associated with a higher 
rate of infection affer TKA include rheumatoid arthritis 
(especially in séropositive men), skin ulcération, previous 
knee surgery, use of a hinged-knee prosthesis, obesity, con¬ 
comitant urinary tract infection, steroid use, rénal failure, 
diabètes mellitus, poor nutrition, malignancy, and psoriasis. 

Efforts to reduce bacterial contamination, optimize the 
status of the wound, and maximize the available host response 
should be employed to minimize postoperative sepsis. Pré¬ 
vention of infection in TKA begins in the operating room, 
with strict adhérence to aseptie technique. The number and 
ingress and egress of operating room personnel should be 
minimized as much as possible. Operating room surveillance 
with adhérence to such policies has been shown to decrease 
the incidence of postoperative infection in total joint 
arthroplasty. 

The use of filtered vertical laminar flow operating rooms, 
body exhaust suits, and prophylactic antibiotics has greatly 
reduced postoperative infection rates in total joint arthro¬ 
plasty. In one clinical sériés, however, the use of horizontal 
laminar flow was shown to increase the postoperative infec¬ 
tion rate in TKA, probably because of positioning of operat¬ 
ing room personnel between the source of the airflow and the 
open wound. Ultraviolet light is preferred by some centers to 
create an ultraclean air environment, with bacterial counts 
equal to or better than those of standard laminar flow Systems. 

Because the most common organisms causing postopera¬ 
tive infection are Staphylococcus aureus, Staphylococcus epi- 
dermidis, and Streptococcus species, the usual choice of 
prophylactic antibiotic is a first-génération cephalosporin, 
such as cefazolin. In patients with significant penicillin 
allergy, vancomycin or clindamycin may be used. Infecting 
organisms should be monitored by individual hospitals, with 
the choice of prophylactic antibiotic determined by such 
routine surveillance. 

The diagnosis of infection affer TKA should begin with a 
careful history and physical examination. The timing of an 
infection can hâve a profound effect on the outcome of its 
treatment and should be used in guiding treatment decisions. 
Infection should be considered in any patient with a consis- 
tently painful TKA or an acute onset of pain in the setting of 
a previously pain-free, well-functioning arthroplasty. A 


CHAPTER 7 ARTHROPLASTY OF THE KNEE 


history of subjective swelling, erythema, or prolongée! wound 
drainage suggests TKA sepsis, but these signs are not uni- 
formly présent. Swelling, tenderness, painful range of motion, 
erythema, and increased warmth of the affected limb may 
accompany a TKA infection. 

Although the white blood cell count and érythrocyte 
sédimentation rate may be elevated in the presence of deep 
infection, this does not occur consistently. The C-reactive 
protein level is a more reliable marker for infection because 
it typically returns to normal in a reliable manner. The sérum 
interleukin-6 level has been found to be a reliable indicator 
of infection affecting hip or knee arthroplasty, with 100% 
sensitivity and 95% specificity. 

Radiographie changes of bone résorption at the bone- 
cement interface, cyst formation, and occasionally periosteal 
new bone formation may be présent but usually are seen only 
in advanced infections. Nuclear medicine scans can be helpful 
in the évaluation of a painful TKA. Comparing the differen- 
tial periprosthetic uptake on a technetium scan with the 
uptake on an indium-labeled white blood cell scan is a tech¬ 
nique for differentiating infection from aseptie loosening, 
with reported sensitivities of 64% to 77% and specificities 
ranging from 78% to 86%. Although these scans cannot be 
advocated for routine use, they may be indicated when results 
of the clinical examination, radiography, and laboratory 
information are equivocal in diagnosing infection. 

Aspiration remains the standard for diagnosing infection 
in TKA, although the reported sensitivity ranges from 45% 
to 100%. This sensitivity can be improved by repeated aspira¬ 
tion and by deferring aspiration for 2 weeks in patients taking 
systemic antibiotics. The fluid cell count obtained at aspira¬ 
tion can be helpful, with a white blood cell count of more 
than 2500 cells/mm 3 and 60% or higher polymorphonuclear 
cells indicative of probable infection. In 2011, the American 
Academy of Orthopaedic Surgeons published a clinical prac¬ 
tice guideline on the diagnosis of periprosthetic joint infec¬ 
tions of the hip and knee, which provides recommendations 
as to testing studies and procedures that are supported by 
high levels of evidence or expert consensus. Testing strategies 
are determined based on whether a patient has a high or low 
probability of periprosthetic infection (Figs. 7-68 and 7-69). 
Because of the lack of a standard définition of periprosthetic 
joint infection, a work group convened by the Musculoskel- 
etal Infection Society developed a list of diagnostic criteria. 

When the diagnosis of infection is established, treatment 
options include antibiotic suppression, debridement with 
prosthesis rétention, resection arthroplasty, knee arthrodesis, 
one-stage or two- stage reimplantation, and amputation. The 
choice between the various options dépends on the general 
medical condition of the patient, the infecting organism, 
timing and extent of infection, the residual usable bone stock, 
status of the soff-tissue envelope, and extensor mechanism 
continuity. 

Suppression with antibiotics rarely is indicated. Antibi¬ 
otic suppression generally is indicated only when prosthesis 
removal is not feasible (usually because of medical comor- 
bidities) and the infecting microorganism is of low virulence 
and susceptible to an oral antibiotic of low toxicity. Antibiotic 
suppression should not be considered in patients with mul¬ 
tiple joint arthroplasties who run the risk of hematogenously 
seeding their unaffected joints should antibiotic suppression 
fail. Suppression must be lifelong and should be limited to 


patients in whom no other more successful treatment options 
are available. Risks of antibiotic suppression include the 
development of résistant strains of bacteria, progressive loos¬ 
ening, extensive infection, and possible septicemia. 

Joint debridement with prosthesis rétention is similarly 
limited to a small subset of patients: those with an early (<4 
weeks) postoperative infection or an acute hematogenous 
infection (>4 weeks postoperatively, acute onset of symp- 
toms) with a well-fixed prosthesis. Debridement and prosthe¬ 
sis rétention in the setting of late chronic infection (>4 weeks 
postoperatively, insidious onset of symptoms) hâve been uni- 
versally unsuccessful and should not be attempted. Infection 
with S. aureus is another relative contraindication to debride¬ 
ment and component rétention. 

Several points hâve been recommended that could lead 
to higher success rates for debridement: 

1. Infectious disease consultation and antibiotic 

monitoring 

2. Diagnosis and treatment of hematogenous sources of 
infection 

3. Newer antibiotics 

4. Six-week duration of postoperative intravenous 
antibiotics 

5. Repeat cultures within 2 weeks of the initial debridement 
and repeat debridement if these cultures were positive 

6. Polyethylene exchange at the time of debridement; 
exchange of gown, gloves, and instruments; and redrap- 
ing at the time of wound closure 

Resection arthroplasty consists of removal of the infected 
prosthesis and cernent and debridement of the synovium 
(Fig. 7-70). The bone ends can be temporarily apposed with 
heavy sutures or pins. To maximize stability, the leg is main- 
tained in a cast for 6 months. Resection arthroplasty is idéal 
for a patient with an infected TKA and severe polyarticular 
rheumatoid arthritis with limited ambulation. Such treatment 
is préférable to fusion in these patients because it allows some 
knee flexion for sitting. Although infection can be controlled 
in most patients, function is poor because of instability and 
mild-to-moderate residual pain with standing. 

Knee arthrodesis as treatment of an infected TKA can 
provide a stable, generally painless limb with some expected 
shortening. Indications for knee arthrodesis affer failed TKA 
include high functional demands, disease involving a single 
joint, young âge, déficient extensor mechanism, poor soff- 
tissue coverage, immunocompromised patient, and infection 
with a highly virulent microorganism that nécessitâtes highly 
toxic antimicrobial therapy. Relative contraindications 
include ipsilateral hip or ankle arthritis, contralatéral knee 
arthritis or limb amputation, and severe segmentai bone loss. 
Various techniques of arthrodesis hâve been used, including 
external fixation, plating, and intramedullary nailing. Regard- 
less of the method of fixation, the conversion of resurfacing- 
type arthroplasties to arthrodesis has been more successful 
than attempts at fusion of hinged, constrained prostheses. A 
meta-analysis of the literature showed a 64% fusion rate with 
external fixation compared with a 95% rate for intramedul¬ 
lary nailing. Gram-positive organisms carried a favorable 
prognosis with a 100% union rate compared with 73% for 
mixed and gram-negative infections. 

Advantages of external fixation include minimal soff- 
tissue stripping, adéquate wound access, and compression at 
the arthrodesis site (Fig. 7-71). Disadvantages include pin 
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Patient at higher probability of 
periprosthetic joint infection of 
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for infection 
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FIGURE 


Algorithm for patients with higher probability of having periprosthetic joint infection. (Modified from The diagnosis 


of periprosthetic joint infections of the hip and knee. Guideline and evidence report. Adopted by the American Academy of Orthopaedic Surgeons 
Board of Directors June 18, 2010. www.aaos.org/Research/guidelines/PJIguideline.pdf. Copyright American Academy of Orthopaedic Surgeons, 


Rosemont, IL.) 


track infection, possible neurovascular damage with pin 
insertion, limited stability, and the stress riser effect after pin 
removal. An anterior midline incision generally is used. The 
prosthesis, ail of the cernent, hypertrophie synovium, and as 
much scar tissue as possible are removed. Extramedullary 
total knee guides can be used to make bone cuts that maxi- 
mize apposition. The amount of bone removed should be the 
least amount necessary to allow apposition of viable cancel- 
lous bone surfaces with approximately 10 degrees of knee 
flexion. The knee should be in neutral to 5 degrees of valgus. 
The biplanar fixator is assembled with crossed pins placed 
médial to latéral in the fémur and latéral to médial in the tibia, 
avoiding the neurovascular structures. Anterior half-pins are 
placed in the tibia and the fémur and attached to the assem¬ 
bled frame. Partial weight bearing is encouraged, and 
the fixator is removed when clinical union is présent, usually 
after 3 months. A cylinder cast, long leg cast, or knee brace 
is worn, with weight bearing to tolérance until radiographie 
union is apparent. 


Arthrodesis with an intramedullary nail has the advan- 
tage of immédiate partial weight bearing without external 
immobilization and a reliable fusion rate. Most authors rec- 
ommend a two-stage technique with complété debridement 
and component removal followed by an intervening period 
of 4 to 6 weeks of intravenous antibiotics. The initial proce¬ 
dure is performed with or without the use of antibiotic- 
impregnated beads. We prefer to do a repeat aspiration of 
the knee joint 2 weeks after completion of a 4- to 6-week 
course of appropriate intravenous antibiotics. With a stérile 
culture, the intramedullary arthrodesis can be undertaken. 
Templating is performed from full-length anteroposterior 
and latéral views of the limb, with magnification markers to 
détermine the appropriate length and diameter of the nail. 
The length should account for the expected shortening 
through the knee joint and should extend from the tip of 
the greater trochanter into the distal metaphysis of the tibia. 
The diameter of the nail is limited by the size of the medul- 
lary canal of the tibia. 
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Patient at lower probability of 
periprosthetic joint infection 
being assessed for infection 


ESR/CRP: 
either positive? 


Yes 


Aspirate joint 


Both cell count/ 
differential AND 
culture positive? 


Yes 


Infection likely 


No 


Either cell count/ _ 

differential OR - Yes 
culture positive? 


Repeat aspiration: 
positive? 


No 


No 


11 


Yes 


No 


8 


Is surgery planned? 


Yes 


No 


10 


Frozen section AND/ 
OR intraoperative 
synovial fluid white 
blood cell count/ 
differential: positive? 


Observe and 
re-evaluate at 
3 months 


Yes 


No 


^ Infection unlikely ^ 


Algorithm for patients with a lower probability of having a periprosthetic joint infection. (Modified from The diagnosis 
of periprosthetic joint infections of the hip and knee. Guideline and evidence report. Adopted by the American Academy of Orthopaedic Surgeons 
Board of Directors June 18, 2010. www.aaos.org/Research/guidelines/PJIguideline.pdf. Copyright American Academy of Orthopaedic Surgeons, 
Rosemont, IL.) 



FIGURE 


Resection arthroplasty of knee. 



Knee arthrodesis with biplanar external fixa¬ 
tion may be indicated for persistent infection. 


























































PART III RECONSTRUCTIVE PROCEDURES OF THE KNEE IN ADULTS 


ARTHRODESIS WITH AN 
INTRAMEDULLARY NAIL FOR AN 
INFECTED TOTAL KNEE 
ARTHROPLASTY 


TECHNIQUE 7-14 


■ Position the patient supine on a radiolucent table with a 
bean bag under the affected buttock to allow access to 
the piriformis fossa. 

■ Reopen the old knee incision and make an incision in the 
buttock for the proximal entry portai. 

■ Remove scar tissue from the knee joint to allow apposi¬ 
tion of the bone surfaces. 

■ Ream the tibia antegrade from the knee joint to 1 mm 
larger than the diameter of the nail, allowing for some 
mismatch between the bow of the nail and the medullary 
canal of the tibia. 

■ Ream the fémur rétrogradé or antegrade 1 to 1.5 mm 
larger than the diameter of the nail to allow for mismatch 
of the bow of the nail and the bow of the fémur. 

■ Drive the nail from the piriformis fossa across the knee to 
the level of the distal tibial metaphysis. We prefer to use 
a locked nail with a cylindrical cross section with the 
locking holes rotated 45 degrees from their standard 
position. This allows the bow of the nail to be positioned 
anteromedially, creating slight flexion and valgus align- 
ment (Fig. 7-72). 

■ Make final corrections in the distal fémoral and proximal 
tibial surfaces before final driving of the nail and impac¬ 
tion of the arthrodesis site. 

■ Compression at the fusion site can be done with a fémoral 
distractor in the compression mode before distal 
interlocking. 

■ Do not notch the surface of the nail with any power 
instruments. 

■ Lock the nail proximally and distally and apply bone graft 
in areas of suboptimal apposition. 

■ Closure of the tissue can be difficult because of the excess 
of knee soft-tissue sleeve, which causes a redundant over- 
folding of soft tissue. Take care to obtain a sealed closure 
of the knee, which may require excision of some redun¬ 
dant tissue. 

POSTOPERATIVE CARE. Postoperatively, partial weight 
bearing is allowed immediately and increases to full 
weight bearing with radiographie progression of bony 
union. 


Exchange arthroplasty in one or two stages offers the 
greatest chance of functional knee recovery after an infected 
TKA. One-stage exchange arthroplasty is performed essen- 
tially as a révision arthroplasty with an emphasis on débridé- 
ment and surgically rendering the wound as close to stérile 
as possible. The reported success rate of one-stage exchange 
is approximately 89%. 

More commonly, exchange arthroplasty is done in two 
stages: initial prosthesis removal and debridement followed 



Knee arthrodesis with intramedullary nail fixa¬ 
tion after failed total knee arthroplasty. SEE TECHNIQUE 7-13. 



Antibiotic-impregnated polymethyl méthacry¬ 
late spacers are useful to maintain joint space and ligamentous 
relationships, as well as motion of knee, during interval between 
debridement and reimplantation. 


by a period of intravenous antibiotics and later reimplanta¬ 
tion. The most commonly accepted protocol calls for 6 weeks 
of intravenous antibiotics, maintaining a minimal bacteri- 
cidal titer of 1:8, followed by reimplantation of another pros¬ 
thesis. Success rates reported with this protocol range from 
89% to 100% and may dépend on the bacterial species. 

Antibiotic-impregnated PMMA spacers are used by 
many surgeons to maintain soft-tissue tension of the knee 
during the interval between debridement and reimplantation 
in two-stage procedures (Fig. 7-73). Other suggested benefits 
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of this technique include high levels of local antibiotic deliv- 
ery, improved exposure at the time of reimplantation, and the 
ability to maintain weight bearing during the interval period. 
Some authors hâve expressed concern about leaving a foreign 
body within the wound, along with potential bone loss from 
weight bearing on the spacer block. Some suggestions to 
improve the effectiveness of antibiotic-containing cernent 
spacers hâve included mixing 3.6 g of tobramycin with 3 g of 
vancomycin per pack of Palacos cernent (Zimmer, Warsaw, 
IN) to improve elution rates, holding the knee distracted in 
full extension to allow maximal soff-tissue tension while the 
spacer hardens, maximal coverage of the fémoral and tibial 
bone surfaces by the spacer to avoid bone loss, and fabrica¬ 
tion of intramedullary portions of the spacer to avoid 
displacement. 

Articulating spacers with temporary prosthetic compo- 
nents hâve been advocated for two-stage exchange to improve 
range of motion, maintain functional status of the limb 
during treatment, and minimize bone loss between stages. 
Success rates of 88% to 96% and flexion arcs of 100 to 104 
degrees hâve been reported. 

Whiteside et al. described a one-stage debridement and 
révision with a cementless prosthesis and intraarticular infu¬ 
sion of vancomycin for methicillin-resistant Staphylococcus 
aureus (MRSA) infections. Affer debridement and implanta¬ 
tion of the prosthesis, patients received two lg doses of 
vancomycin intravenously over 24 hours, and then only 
intraarticular infusion of vancomycin, keeping blood levels 
between 3 and 10 pg/mL. Seventeen of 18 documented MRSA 
infections were successfully treated using this technique, as 
was one récurrent infection. The technique relies on the use of 
a cementless révision, which can be technically demanding. 

The last option for the treatment of the infected TKA is 
above-knee amputation. Amputation is indicated only for 
life-threatening infection or persistent local infection with 
massive bone loss not suitable for arthrodesis or resection 
arthroplasty. 

PATELLOFEMORAL COMPLICATIONS 

Patellofemoral complications include patellofemoral instabil- 
ity, patellar fracture, patellar component failure, patellar com- 
ponent loosening, patellar clunk syndrome, and extensor 
mechanism rupture. Improvements in design and surgical 
technique hâve decreased their frequency; nonetheless, they 
remain as difficult problems that are b est avoided by careful 
attention to detail. 

Patellofemoral instability can be caused by many factors, 
including extensor mechanism imbalance in which the latéral 
retinaculum is too tight or the médial soft tissues are too 
loose (Fig. 7-74). If the latéral retinaculum is tight, latéral 
release is indicated, sparing the superior latéral geniculate 
artery if possible (see Fig. 7-61). Médial retinacular laxity may 
occur with postoperative rupture of the médial capsular 
repair, which can be caused by a closure that is too tight or 
by a traumatic event in the early postoperative period. Some 
authors hâve advised closing the retinacular-capsular layer 
with the knee in 90 degrees of flexion to ensure proper médial 
tensioning. The knee should be placed through a full range 
of motion affer the médial capsular closure to evaluate patel¬ 
lar tracking and the adequacy of the repair. 

Malpositioned patellar, fémoral, or tibial components 
also may lead to patellofemoral instability. Excessive latéral 



FIGURE 


IrZt" Latéral patellar subluxation shown on skyline 


view. 



Often, latéral facet resection must be much 
shallower than médial facet resection because of normal asym- 
metry of patellar facets. 


patellar facet resection is possible because of the normal 
asymmetry of the médial and latéral patellar facets. Often, the 
level of the latéral facet resection must be much shallower 
than the médial facet resection to avoid tilting of the patellar 
component (Fig. 7-75). Latéral placement of the patellar com¬ 
ponent on the eut surface of the patella fails to reproduce the 
normal médian eminence of the patella and can lead to latéral 
subluxation of the patella in extension. 

Malposition of the tibial component in an internally 
rotated position increases the Q angle by moving the tibial 
tubercle laterally (see Fig. 7-22). The increased Q angle leads 
to latéral subluxation. The tibial component should be cen- 
tered on the médial border of the tibial tubercle, with any 
déviation into slight external rotation. Similarly, internai rota¬ 
tion and médial translation of the fémoral component move 
the trochlea more médial relative to the extensor mechanism, 
leading to latéral subluxation. 

The intraoperative évaluation of fémoral component 
rotational alignment is based on anatomie landmarks. The 
posterior fémoral condyles, epicondylar axis, and anteropos- 
terior axis ail are useful in the primary knee arthroplasty 
setting. In révision arthroplasty, the position of the previous 
component and the epicondylar axis are usually the only 
landmarks available for this assessment. 

Surgical treatment of patellar subluxation should be 
aimed at the cause. The components should be inspected for 
malposition as outlined in the previous paragraphs and 
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A f Patella is intact in postoperative latéral 
radiograph. B f Six weeks later, patellar fracture with displacement 
is clearly visible. 


revised if necessary. If the components are positioned appro- 
priately, surgical efforts to improve patellar tracking should 
proceed in a stepwise fashion. Latéral retinacular release 
should be performed first, although this rarely has been suf- 
ficient as an isolated procedure. If patellar subluxation per- 
sists, a proximal realignment procedure should be done. 
Distal realignment procedures, such as tibial tubercle oste- 
otomy, should be undertaken only with extreme caution 
because serious functional loss would resuit if nonunion of 
the transferred tibial tubercle occurred. 

Patellar fracture affer TKA is uncommon, occurring in 
less than 1% of patients (Fig. 7-76). Patellar fracture has been 
correlated with multiple factors, including excessive patellar 
resection, vascular compromise secondary to latéral release, 
patellar maltracking secondary to component malposition, 
excessive joint line élévation, knee flexion of more than 
115 degrees, trauma, thermal necrosis from PMMA polym- 
erization, and révision TKA. The relationship of patellar frac¬ 
ture to latéral release has been carefully studied. In a sériés of 
1146 TKAs, a statistically significant association was found 
between latéral release and patellar fracture. Patellar thick- 
ness and sacrifice of the superior latéral geniculate artery 
were not associated with fracture. In some patellar fractures 
affer latéral release, pathologie evidence of osteonecrosis has 
been apparent; however, patellar fracture remains relatively 
infrequent compared with the number of latéral releases 
performed. 

The results of operative treatment of patellar fractures 
affer TKA vary significantly from the results of treatment of 
patellar fractures in normal knees. Nonunion and hardware 
failure are frequent affer internai fixation, leading some 
authors to recommend nonoperative treatment of displaced 
and nondisplaced fractures with no extensor lag and no loos- 
ening of the patellar component from a large fracture 
fragment. 


Periprosthetic patellar fractures hâve been classified 
according to the integrity of the extensor mechanism and 
stability of the implant. Fractures associated with an intact 
extensor mechanism and stable implant (type I) should be 
treated nonoperatively with a knee immobilizer or cylinder 
cast for 6 weeks. Displaced fractures with extensor mecha¬ 
nism discontinuity (type II) should be treated operatively. 
Transverse middle-third fractures are treated with tension 
band wiring and retinacular repair. Loose patellar compo¬ 
nents (type III) should be excised and not replaced because 
this may impair fracture healing. Stable patellar components 
that impair fracture fixation also should be removed. Proxi¬ 
mal or distal pôle fractures should be treated with partial 
patellectomy and suture repair. Postoperative réhabilitation 
and range of motion are based on the stability of the fixation 
achieved at the time of surgery. Patellectomy and extensor 
mechanism repair are indicated when extreme comminution 
or poor bone stock preclude stable bony fixation. Patients 
should be cautioned when operative intervention is recom- 
mended because complication rates are high. 

Failure of metal-backed patellar components has been 
attributed to various mechanisms, including fatigue fracture 
of the métal baseplate from the fixation lugs, délamination of 
the polyethylene from the baseplate, failure of the ingrowth 
interface, and wear in areas of thin polyethylene exposing the 
underlying métal baseplate and leading to metal-on-metal 
wear between the baseplate and the fémoral component (Fig. 
7-77). Patients with metal-backed patellar implants require 
close follow-up to watch for signs of failure. Radiographically, 
skyline and latéral views of the knee show polyethylene wear, 
interface failure, and patellar subluxation. Clinically, the 
onset of a knee effusion, patellofemoral crepitus, or audible 
squeaking and scraping ail suggest component failure. Early 
révision of the failed components is recommended to prevent 
extensive metallosis of the knee. Usually, révision consists of 
exchange of the tibial polyethylene insert, synovectomy, and 
révision or removal of the patellar component. Occasionally, 
metal-on-metal wear damages the fémoral component to the 
extent that révision of the fémoral component also is neces¬ 
sary. Techniques for removal of well-fixed metal-backed 
patellar components hâve been described using diamond- 
tipped saws and high-speed burrs to separate the fixation 
pegs from the baseplate. Berry and Rand, in a sériés of 42 
isolated patellar révisions, found a significant complication 
rate (33%), including five late patellar fractures and three 
instances of patellar instability. 

Patellar component loosening occurs in 0.6% to 2.4% of 
arthroplasties. Predisposing factors include déficient bone 
stock, component malposition and subluxation, patellar frac¬ 
ture, osteonecrosis of the patella, and loosening of other knee 
components. Some patients tolerate radiographie loosening 
with only mild anterior knee pain, whereas more symptom- 
atic patients require révision, component removal, or patel¬ 
lectomy, depending on the status of the remaining patellar 
bone. 

Patellar clunk syndrome was described by Hozack et al. 
in association with posterior-stabilized knee arthroplasties. A 
fibrous nodule forms on the posterior surface of the quadri- 
ceps tendon just above the superior pôle of the patella (Fig. 
7-78). This nodule can become entrapped in the intercondy- 
lar notch of the fémoral prosthesis and cause the knee to pop 
or “clunk” at 30 to 45 degrees of knee flexion as the knee is 
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Frequent mechanisms of patellar component failure. A f Failure of métal fixation lugs (pegs) with inadéquate 
ingrowth fixation of baseplate. B f Délamination of polyethylene from métal baseplate. C f Polyethylene wear in areas where design 
factors caused thin polyethylene overlying métal baseplate. 



Patellar clunk syndrome. Synovium just supe- 
rior to patella can form hypertrophie nodule that catches in box 
cutout of posterior stabilized total knee design. 


actively extended. Two causes for this condition hâve been 
proposed. Proximal placement of the patellar button so that 
it overhangs the eut surface of the patella is one possible 
cause, as the prominent button could impinge on the quad- 
riceps tendon, with résultant fibrous tissue prolifération. 
Fémoral component design is another possible cause. Early 
posterior-stabilized components with a relatively high, sharp 
fémoral sulcus also could impinge on the quadriceps tendon 
because they allow the patellar component to fall into the 
notch with lesser degrees of flexion. 

The recommended treatment for this condition is 
arthroscopic debridement of the nodule. Arthrotomy and 
nodule excision are reserved for patients with récurrence 
affer arthroscopic treatment or in the setting of loose or mal- 
positioned patellar components that may require révision. 
Insall recommended a limited synovectomy of the posterior 
surface of the quadriceps tendon as a prophylactic measure 
for this condition when performing a posterior-stabilized 
arthroplasty. 


Rupture of the quadriceps or the patellar tendon is an 
infrequent but severe complication of TKA, occurring in 
0.1% to 0.55% of patients. Quadriceps rupture may be related 
to latéral release in part because of vascular compromise of 
the tendon and possibly extension of the release anteriorly 
that weakens the tendon. Nonoperative treatment is recom¬ 
mended for partial tears. Surgical repair is advocated for com¬ 
plété tears, although the results are suboptimal, with frequent 
diminished range of motion, weakness, extensor lag, and 
rerupture. 

Patellar tendon rupture is associated with previous knee 
surgery, knee manipulation, and distal realignment proce¬ 
dures of the extensor mechanism. Multiple procedures hâve 
been described to treat patellar tendon rupture affer TKA, 
including direct repair; augmentation with hamstring tendons 
or synthetic ligament substitutes; gastroenemius muscle flap; 
and use of an extensor mechanism allograft consisting of the 
quadriceps tendon, patella, patellar tendon, and tibial tuber- 
cle (Fig. 7-79). None of these procedures has been routinely 
successful. 

The largest sériés of extensor allograffs reported by Naz- 
arian and Booth showed reasonable results in an extremely 
challenging group of patients, one third of whom had previ¬ 
ous infections. Of the 36 patients analyzed, eight had rerup¬ 
ture, with six occurring at the quadriceps tendon level and 
two at the tibial tubercle. Ail eight patients with failed proce¬ 
dures underwent repeat allograft reconstruction, with two 
patients in this group having récurrent ruptures. Burnett et al. 
stressed the importance of tensioning the allograft with the 
knee in full extension to avoid extensor lag and clinical 
failure. Browne and Hanssen described a salvage technique 
using a knitted monofilament polypropylene graft for repair 
of the patellar tendon affer TKA. The technique involves 
cementation of the graft into the tibial bone-implant interface 
of immédiate fixation and suture of the graft into surrounding 
tissue for incorporation, with the graft serving as a scaffold 
for tissue ingrowth. Of 13 patients in whom this technique 
was used, three had failure of the graft and one had récur¬ 
rence of infection; the nine patients treated successfully had 
less than a 10-degree extensor lag and no loss of flexion com- 
pared with preoperative values. Suggested advantages of this 
technique are the lack of risk of disease transmission from an 









































PART III RECONSTRUCTIVE PROCEDURES OF THE KNEE IN ADULTS 


Patellar tendon 
remnant and 
scar tissue 



FIGURE 


Reconstruction of patellar ligament with use of 


semitendinosus tendon. 


allograft and lower cost than allografts, which also can be 
difficult to obtain. 

If patellar bone stock allows, distal primary repair seems 
warranted with the addition of a tension band wire from the 
proximal patella to the tibial tubercle or hamstring augmenta¬ 
tion or both. When the patella is absent or insufficient for 
distal repair, extensor mechanism allograft reconstruction or 
gastrocnemius muscle flap should be considered in centers 
that hâve expérience with these techniques. 

NEUROVASCULAR COMPLICATIONS 

Arterial compromise after TKA is a rare but devastating com¬ 
plication that occurs in 0.03% to 0.2% of patients, with 25% 
resulting in amputation. The circulatory status of the limb 
should be examined carefully in ail patients before operation. 
Noninvasive vascular studies are indicated in patients with 
questionable vascular supply, and vascular surgical consulta¬ 
tion should be obtained if these studies are abnormal. Several 
authors hâve recommended performing TKA without the use 
of a tourniquet in patients with significant vascular disease. 

Peroneal nerve palsy is the only commonly reported 
nerve palsy after TKA, with a reported prevalence of less than 
1% to nearly 2%. The true incidence may be higher because 
mild palsies may recover spontaneously and not be reported. 
Peroneal nerve palsy occurs primarily with correction of 
combined fixed valgus and flexion deformities, as are common 
in patients with rheumatoid arthritis. Suggested risk factors 
for peroneal palsy after TKA include postoperative épidural 
anesthésia, previous laminectomy, tourniquet time of more 
than 90 minutes, and valgus deformity. When a peroneal 
nerve palsy is discovered postoperatively, the dressing should 
be released completely and the knee should be flexed. Such 
conservative measures, although appropriate, are not effective 
in restoring nerve function. The value of intraoperative 



Supracondylar fracture of fémur above total 

knee arthroplasty. 


exposure and possible décompression of the peroneal nerve 
is questionable. 

PERIPROSTHETIC FRACTURES 

Supracondylar fractures of the fémur occur infrequently 
after TKA (0.3% to 2%) (Fig. 7-80). Reported risk factors 
include anterior fémoral notching, osteoporosis, rheumatoid 
arthritis, steroid use, female gender, révision arthroplasty, and 
neurologie disorders. The anterior fémoral flange of condylar- 
type prostheses créâtes a stress riser at its proximal junction 
with the relatively weak supracondylar bone. 

In a biomechanical study and review of the literature, 
Lesh et al. reported that 30.5% of periprosthetic supracondy¬ 
lar fémoral fractures were associated with a notched fémur. 
Their biomechanical study found a decrease in load to failure 
in bending and torsion for cadaver fémurs notched experi- 
mentally. Also, short oblique fractures occurred with a 
bending load in specimens that were notched. These authors 
recommended avoiding manipulation if the fémur has been 
inadvertently notched and considering the use of a stemmed 
fémoral component if the notch is discovered intraopera- 
tively. In a later study, however, the relationship between 
fémoral notching and periprosthetic fracture was disputed. In 
a sériés of 1089 TKAs, 30% of patients had a notched distal 
fémur. Only two fractures occurred in this consecutive sériés, 
both in fémurs without notching. 

Treatment of fémoral fracture after TKA has varied, with 
early studies generally recommending nonoperative manage¬ 
ment. More recent studies hâve favored operative treatment 
by a variety of techniques: open réduction and internai fixa¬ 
tion using blade plates, condylar screw plates, and buttress 
plates with bone grafting; Rush pins inserted under image 
intensification with minimal surgical dissection; or fixation 
with a locked supracondylar intramedullary nail (Fig. 7-81). 
Our personal expérience with intramedullary nailing of peri¬ 
prosthetic fémoral fractures has been good. In 12 patients 
with 13 fractures, 11 (85%) healed primarily within an average 
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A and B, Supracondylar intramedullary nail used for fixation of fracture shown in Figure 7-80. C and D f Healed 


fracture. 


of 16 weeks. In osteoporotic or noncompliant patients, exter- 
nal immobilization with a hinged knee brace and limited 
weight bearing are recommended in the early postoperative 
period. 

Some TKA designs and sizes do not allow passage of the 
supracondylar nail through the intercondylar région because 
of a closed intercondylar box, an intercondylar dimension 
that is too narrow, or a stemmed implant. If intramedullary 
fixation is chosen in these circumstances, the intercondylar 
box can be opened with a high-speed burr if rétrogradé 
nailing is desired, or antegrade nailing can be used in these 
circumstances. Information on which prosthesis types and 
sizes can be treated with this device is available from the 
manufacturer of the supracondylar nail. 

Reports of the less invasive surgical stabilization (LISS; 
Synthes, West Chester, PA) plating System hâve been favor¬ 
able as well. With this technique, the plate acts as an internai 
fixator (Fig. 7-82). Reported advantages include percutane- 
ous implantation, minimal soff-tissue stripping, and fixed- 
angle fixation with the screws, which are locked into the plate. 
Early range of motion and mobilization hâve been reported 
with LISS plating in patients with osteoporotic bone. 

Rorabeck, Angliss, and Lewis classified supracondylar 
periprosthetic fémoral fractures on the basis of fracture dis¬ 
placement and implant stability and proposed a correspond- 
ing treatment algorithm (Lig. 7-83): 

Type I: undisplaced fracture, prosthesis stable 

Type II: displaced fracture, prosthesis stable 

Type III: unstable prosthesis with or without fracture 

displacement 

When the fracture extends to the fixation surface or if the 
fémoral component is loose, révision arthroplasty with a long 
intramedullary stem extending into the fémoral diaphysis 



A and B f Less invasive surgical stabilization 
(LISS) plate fixation of periprosthetic fémoral fracture. (From 
Althausen PL, Lee MA, Finkemeier CG, et al: Operative stabilization of 
supracondylar fémur fractures above total knee arthroplasty: a compari- 
son of four treatment methods, J Arthroplasty 18:834, 2003.) 
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Treatment algorithm for supracondylar periprosthetic fractures, 
internai fixation; TKA, total knee arthroplasty. 


IM, Intramedullary rod; ORIF, open réduction and 


may be necessary. Strut fémoral allografts hâve been used in 
conjunction with this technique. Kassab et al. reported the 
use of a distal fémoral allograft-prosthetic composite for 
primary treatment of these fractures when severe osteoporo- 
sis led to extensive comminution and precluded adéquate 
fixation with standard fracture management techniques. In 9 
of 10 patients, the graff-host junction united and the patients 
achieved full weight bearing. Despite three complications 
requiring reoperation, the authors concluded that this was a 
useful technique for treatment of fractures in patients with 
extremely compromised bone stock. 

Tibial fractures below TKAs are uncommon. Félix, Stuart, 
and Hanssen classified these fractures on the basis of their 
location, implant stability, and timing (intraoperative versus 
postoperative) (Fig. 7-84). Fractures associated with loose 
implants are treated with révision, bone graffing, and stemmed 
implants as needed. Nondisplaced, stable fractures with well- 
fixed implants are treated nonoperatively; displaced fractures 
with well-fixed implants are treated with internai fixation. 

Treatment of periprosthetic fractures around TKAs 
requires a variety of techniques depending on the character- 
istics of the individual fracture. Ultimate function of the TKA 
affer fracture healing dépends on restoration of alignment, 
adéquate patellofemoral function, maintenance of prosthesis 
fixation, and early range of motion. 


REVISION TOTAL KNEE 
ARTHROPLASTY 

The rate of révision of primary TKA remains relatively low. 
According to a meta-analysis involving 9879 patients, a 3.8% 
révision rate was seen at 4 years affer primary tricompart- 
mental TKA. In a population-based study, a similar révision 
rate estimated between 4.3% and 8% was seen at 7 years 
postoperatively in 18,530 patients. Data from the National 



-Type IV 


Anatomie locations of tibial fractures associ- 
ated with total knee arthroplasty. 


Hospital Discharge Survey and the U.S. census from 1990 to 
2002 showed a relatively constant 8.2% révision rate for TKA. 
The number of révision TKA procedures is estimated to 
double in less than 10 years, making TKA révision the fastest 
growing joint replacement procedure. 

ASEPTIC FAILURE OF PRIMARY TOTAL 
KNEE ARTHROPLASTY 

Aseptie failure of TKA can be caused by several factors, 
including component loosening, polyethylene wear with 
osteolysis, ligamentous laxity, periprosthetic fracture, arthro- 
fibrosis, and patellofemoral complications. To date, tibial 
component loosening has been more common than fémoral 
component loosening. It has been associated with malalign- 
ment of the limb, ligamentous laxity, duration of implanta¬ 
tion, patients with high activity demands, polyethylene wear, 
and excessive component constraint. 

Aseptie loosening of either component may be apparent 
on radiograph as a complété radiolucent line of 2 mm or 
more around the prosthesis at the bone-cement interface in 
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Lucency at entire bone-cement interface of 
tibial component, with deformity and subsidence of 
component. 


cemented arthroplasty (Fig. 7-85). Incomplète radiolucencies 
of less than 2 mm are common and hâve not been shown to 
correlate with poor clinical outcomes in cemented TKA. 
Radiolucent lines around uncemented total knee implants 
indicate areas where bone ingrowth has not occurred. If these 
lines are extensive, progressive, or associated with symptoms, 
aseptie loosening must be considered as well. A radiolucent 
line under a metal-backed tibial component can be obliter- 
ated by 4 degrees of knee flexion. For the évaluation of pro¬ 
gressive lucency, comparable views must be obtained at each 
examination. Fluoroscopie examination may be helpful in 
patients with unexplained pain after TKA and normal radio- 
graphs. Such studies allow careful positioning of the x-ray 
beam parallel to the surfaces of the implant so that subtle 
radiolucencies can be detected and correlated with clinical 
évaluation of these patients. Component loosening also can 
be manifested by implant migration shown on sequential 
radiographs (Fig. 7-86). 

Polyethylene wear can cause failure of TKA by contribut- 
ing to loosening and osteolysis or more rarely by catastrophic 
failure through polyethylene fracture. The factors responsible 
for polyethylene wear are discussed in the earlier section on 
polyethylene issues. Rarely, worn modular polyethylene 
inserts may be exchanged as an isolated procedure, provided 
that the remaining components are well fixed and well 
aligned. 

Instability is an increasingly frequent cause of TKA failure 
that requires révision (Fig. 7-87). The main causes of instabil¬ 
ity are ligamentous imbalance and incompétence, malalign- 
ment and late ligamentous incompétence, déficient extensor 



Loose uncemented fémoral component with 
subsidence into extended position relative to distal fémur. 



Instability from polyethylene wear or loss of 
ligamentous support may be indication for révision knee 
arthroplasty. 


mechanism, inadéquate prosthetic design, and surgical error. 
Besides physical examination, stress radiographs can be used 
to document less severe instabilities. 

Implant sélection is based on the ligamentous instability 
that requires correction, using the lowest level of constraint 
possible to treat the problem adequately. McAuley, Engh, and 
Ammeen made recommendations for treating unstable 
TKAs, dividing them into (1) anteroposterior or flexion space 
instability, (2) varus-valgus or extension space instability, and 
(3) multiplanar or global instability. Anteroposterior instabil¬ 
ity is treated with conversion to a posterior-stabilized implant. 
Cruciate-retaining insert exchange is recommended only 
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FIGURE 


Scott and Siliski modified V-Y quadricepsplasty. 


with an intact PCL and balanced flexion space with a thicker 
insert. For varus-valgus instability, which can be corrected 
with soft-tissue balancing, a constrained condylar design may 
be used. If the native soft tissues are inadéquate or cannot be 
reconstructed, a linked implant is required. Global instability 
also requires linked implants if the host soft tissues cannot be 
balanced or reconstructed adequately. Implant Systems with 
variable levels of constraint are extremely helpful in the révi¬ 
sion setting but must be combined with careful attention to 
implant alignment, ligamentous balancing in flexion and 
extension, joint line restoration, and patellar tracking. 

SURGICAL EXPOSURES 

Operative expo sure in révision TKA should use the previous 
TKA skin incision if possible. Parallel longitudinal anterior 
knee incisions place the intervening skin at risk for necrosis. 
When two previous incisions already exist, the more latéral 
of the two should be selected if possible because of the more 
favorable superficial blood supply from the médial side of the 
knee. 

A standard médial parapatellar arthrotomy can be used 
in most révisions; however, the scarred capsule may need to 
be thinned, especially in reimplantation for infection. Scar- 
ring of the peripatellar fat pad and adjacent retinaculum may 
make patellar eversion difftcult. Récréation of the médial and 
latéral gutters, subperiosteal release of the médial soft tissues 
from the proximal tibia, external rotation of the tibia, and 
latéral retinacular release offen are required to allow eversion 
without placing excessive stress on the insertion of the patel¬ 
lar tendon. Avulsion of the patellar tendon from the tibial 
tubercle can compromise knee function drastically and must 
be avoided. During eversion of the patella and flexion of the 
knee, the tibial insertion of the patellar tendon should be 
directly observed. If the médial fibers of the insertion begin 
to peel away from the tibial tubercle, tension should be 
released and a more extensive, quadriceps-relaxing exposure 
should be considered. 

The quadriceps turndown procedure consists of a stan¬ 
dard médial parapatellar retinacular incision with an addi- 
tional limb extending as an inverted V across the quadriceps 


tendon through the latéral patellar retinaculum (Fig. 7-88). 
The superior latéral geniculate artery, which runs at the infe- 
rior border of the vastus lateralis, is identified and preserved 
if possible. Excessive thinning of the scarred peripatellar fat 
pad should be avoided to prevent further devascularization 
of the patella. During closure of the quadriceps turndown, 
the inverted V can be converted to a Y by allowing the patella 
and attached quadriceps tendon to be advanced distally. This 
is useful in obtaining flexion in knees with quadriceps con¬ 
tractures from long-standing lack of flexion. The closure must 
be secured with nonabsorbable sutures to allow early passive 
motion within a “safe” range determined at the time of surgery 
to avoid excessive stress on the repair. Intraoperatively, a 
useful guide is to perform the repair so that gravity alone 
produces 90 degrees of knee flexion. Postoperatively, annula¬ 
tion should be allowed only in a hinged-knee brace, locked 
in extension, for 2 to 3 months. The brace is unlocked for 
active flexion within the “safe” range and passive extension 
with quadriceps-setting exercises is begun 3 weeks postop¬ 
eratively. At 6 weeks, active knee extension against gravity 
alone is allowed along with progression of active and passive 
flexion. 

A V-Y quadriceps turndown results in a postoperative 
extension lag that tends to résolve over several months. 
Studies hâve shown that long-term quadriceps strength can 
return to near-normal levels. Radiographie changes consis¬ 
tent with osteonecrosis of the patella were documented in 
eight of 29 révision total knee exposures using a quadriceps 
turndown, although clinical symptoms were absent. 

Insall described the rectus “snip” as a modification of the 
quadriceps turndown procedure (Fig. 7-89). The proximal 
extent of a médial parapatellar arthrotomy is extended later- 
ally across the quadriceps tendon to incise the rectus tendon 
and the underlying tendinous insertion of the vastus muscles. 
The latéral attachment from the vastus lateralis is left intact 
along with the superior latéral geniculate vessels; a latéral 
release can be added distally. 

Tibial tubercle osteotomy was originally described for 
quadriceps relaxation during primary or révision TKA (Fig. 
7-90). Whiteside and Ohl recommended élévation of an 8- to 
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10-cm segment of the bone that includes the tibial tubercle 
and a portion of the anterior crest of the tibia, leaving the 
anterior compartment musculature attached to the fragment 
laterally for vascularity. The tubercle can be advanced proxi- 
mally for patella baja or if the joint line is elevated signifi- 
cantly (Fig. 7-91). They described reattaching the tubercle 
with multiple wires; other authors hâve advocated using 
screws. With secure fixation, passive range of motion can be 
begun early, but active extension still must be delayed. Com¬ 
plications, including nonunion or proximal migration of the 
osteotomized fragment, tibial shaft fracture, wound infection, 
wound necrosis, and prominent hardware, hâve been reported 
with this technique. 



Insall rectus snip modification of quadriceps 
turndown procedure (see text). 
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In a comparison of the standard médial arthrotomy, 
rectus snip, V-Y quadricepsplasty, and tibial tubercle osteot- 
omy in révision TKA, the outcomes with the standard 
approach and rectus snip were identical in ail clinical param- 
eters. V-Y quadricepsplasty resulted in greater extensor lag 
but increased patient satisfaction compared with tibial tuber¬ 
cle osteotomy, which resulted in more difficulty with kneeling 
and stooping. The quadricepsplasty and osteotomy groups 
had significantly lower outcome ratings compared with the 
standard arthrotomy and rectus snip. 

COMPONENT REMOVAL 

Affer exposure, the prosthesis-bone interface should be 
examined on the tibial and fémoral components. We prefer 



Proximal advancement of tibial tubercle oste¬ 
otomy for treatment of patella baja. 



29 Tibial tubercle osteotomy can relax extensor mechanism and improve exposure, with benefit of bony healing rather 
than scar formation as with V-Y turndown procedure. Making step-cut proximally will help prevent escape of tubercle 


postoperatively. 
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to remove the fémoral component first because this allows 
better clearance for the tibial component during its extrac¬ 
tion. Even with components that appear grossly loose on 
radiographs, the interface should be carefully disrupted with 
a variety of osteotomes before component extraction. It is 
extremely easy to fracture a fémoral condyle in the process of 
removing the fémoral component. When the arthroplasty is 
cemented, the osteotome should be directed at the prosthesis- 
cement interface rather than at the cement-bone interface. 
Cernent can be removed more easily from the surface of the 
bone after component extraction with less risk of further 
bone loss. A thin flexible osteotome blade often is useful; the 
fiat portion of the blade should be placed against the implant 
so that the bevel of the blade is forced against the implant and 
not into the bone. Offset osteotomes are useful to reach the 
posterior condylar interfaces of the fémoral component, as 
well as the intercondylar interfaces. A Gigli saw can be used 
on some of the interfaces when exposure is adéquate. After 
ail the fixation surfaces hâve been disrupted, including the 
posterior condylar surfaces, the component should be 
removed with an extraction device that uses a slap hammer 
that delivers only a longitudinal force to the component (Fig. 
7-92). Tilting of the component by peripheral blows may 
resuit in a fracture of one of the condyles. If the prosthesis 
does not extract easily, an osteotome should be used again to 
disrupt the fixation surface. 

The tibial component is removed in a similar fashion. 
With all-polyethylene tibial components, the interface can be 
disrupted with an oscillating saw, cutting through the poly- 
ethylene stem and allowing access to its bone-cement inter¬ 
face before extraction (Fig. 7-93 A). With metal-backed tibial 
components, the interface cannot be easily disrupted around 
a cemented stem or keel. Usually, freeing the undersurface of 
the tibial baseplate allows component extraction without sig- 
nificant bone loss. If a long stem is présent and has extensive 
cernent fixation or a porous ingrowth surface, however, access 
can be gained by performing a long tibial tubercle osteotomy, 
as previously described. The tibial baseplate also can be eut 
with a diamond-tipped saw to gain access to this interface. 


The patellar component should be removed if there is 
evidence of patellar component wear, loosening, or associated 
osteolysis. If a well-bonded patellar button shows no signifi- 
cant wear, however, the component can be retained because 
removal may significantly compromise the residual bone 
stock, leading to fracture or component loosening. The bone- 
cement interface of an all-polyethylene patellar component is 
easily disrupted with an oscillating saw (Fig. 7-93B). The 
remaining fixation pegs can be removed with a small curet or 
burr. Metal-backed patellar components are more difficult to 
remove, requiring small osteotomes to fit between the fixa¬ 
tion lugs and possibly cutting the métal fixation pegs off the 
baseplate with a diamond-tipped saw. 

RECONSTRUCTION PRINCIPLES 

The steps necessary in révision knee arthroplasty vary greatly 
among patients, although some general principles should be 
followed: 

1. The joint line should be reconstructed as close as possible 
to its anatomie position. When significant bone loss is 
présent, it may take some détective work to track down 



Slap hammer delivers longitudinal force during 
fémoral component extraction, minimizing chance of fracturing 
fémoral condyle. 



FIGURE 


Removal of all-polyethylene tibial (A) and patellar (B) components (see text). 
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original radiographie studies, especially if the patient did 
not hâve the index procedure at the same facility. 

2. Bone defects must be treated appropriately, with an 
emphasis on bone préservation and reconstitution. Métal 
augments and/or porous augments or cônes should be 
used to maintain as much bone stock as possible for 
future reconstructions if needed. 

3. Knee stability must be restored by appropriate soff-tissue 
balancing; when soff-tissue support is inadéquate, 
increasing the prosthetic constraint to a constrained con- 
dylar or if necessary a hinge type of prosthesis may need 
to be considered. 

4. Appropriate limb alignment must be ensured, often using 
the medullary canals of the fémur and tibia as reference 
points. The option of distal fémoral alignment from 
extended stems should be considered. Détermination of 
the proper distal fémoral alignment can be aided by pre- 
operative planning and long standing radiographs. 

5. Solid stem fixation with either diaphyseal-engaged 
press-fit stems or shorter cemented stems should be 
considered. 

6. Rigid fixation is necessary for prolonged implant 
survival. 

7. Patellofemoral mechanics must be optimized. 

8. Révision components should hâve a comprehensive 
variety of métal augmentations, stem extensions, and 
constraints (Fig. 7-94). 

9. Flexion and extension gaps should be filled using com¬ 
ponents, augments, and offset stems to give a stable joint 
throughout a range of motion. 

First, the soff-tissue envelope should be reconstructed by 
debridement of hypertrophie synovium that may contain 
particulate débris and by thinning of scarred capsular tissue. 
The suprapatellar pouch, médial and latéral gutters, and 



Modular total knee System with available aug¬ 
mentations and levels of constraint. 


posterior fémoral recesses must be reconstituted. Because the 
PCL usually is scarred or incompetent, most surgeons prefer 
PCL-substituting prostheses for révision arthroplasty. When 
there is gross incompétence of the médial collateral ligament 
or the combined latéral supporting structures, the decision to 
use a more constrained type of prosthesis can be made early 
in the révision procedure. 

The tibia usually is prepared first with minimal additional 
bone resection. Defects of less than 5 mm can be filled with 
cernent. Larger contained defects may be filled with cancel- 
lous graff, and noncontained defects are treated with modular 
wedges and blocks or structural bone graffs. Circumferential 
contact should be maintained between the augmented trial 
tibial baseplate and the tibial cortex. Modular stem extensions 
should be used to provide additional component stability to 
compromised metaphyseal bone stock and to protect bone 
graffs and oblique fixation interfaces beneath métal augmen¬ 
tation wedges from stress. Care must be taken that a long 
press-fit stem does not cause angulation or offset of the tibial 
component; using a stem of smaller diameter or length or an 
offset stem extension is préférable (Fig. 7-95). The level of the 
joint line, determined by the depth of the tibial resection and 
the thickness of the tibial polyethylene, should be established 
roughly one fingerbreadth above the proximal tip of the fibula 
and one fingerbreadth distal to the inferior pôle of the patella 
if patella baja does not exist (Fig. 7-96). Rarely, a custom tibial 
component or a proximal tibial allograff may be necessary 
because of extensive bone loss (Fig. 7-97). Tbis should be 
anticipated by preoperative templating in patients with sig- 
nificant bone loss. 



Tibial component revised with medially offset, 
press-fit tibial stem. 
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Joint line in révision total knee arthroplasty can 
be measured from tip of fibular head (average 14 mm) or from 
epicondylar axis (average 23 mm from latéral épicondyle and 
28 mm from médial épicondyle). 



Révision total knee arthroplasty with proximal 
tibial allograft, cemented stems, and constrained condylar articu¬ 
lation for massive bone loss. 


The fémur is prepared, adhering to the principles of the 
flexion-extension gap technique (see Technique 7-2). The 
main différence between primary and révision arthroplasty is 
the frequent need for augmentation of the fémoral condyles 
distally or posteriorly or both to balance the flexion and 


extension gaps without significant joint line élévation. In révi¬ 
sion TKA, increasing the tibial implant height either with 
augments or polyethylene thickness will fill both the exten¬ 
sion and flexion gaps; distal fémoral augments fill only the 
extension gap, and increasing the fémoral component size 
fills the flexion gap. A gap that is trapezoidal rather than 
rectangular must be corrected with soft-tissue balancing 
techniques, as discussed in the section on primary TKA, or 
with fémoral component rotation in the transverse plane 
when appropriate. Laxity with the knee in flexion and exten¬ 
sion frequently is caused by an undersized prosthesis placed 
too proximally on the fémur. It is better to use a larger fémoral 
component in the anteroposterior dimension, with distal and 
posterior métal augmentation, than to elevate the joint line 
by using a thicker tibial polyethylene spacer. Knowledge of 
the anteroposterior dimension of the previous fémoral com¬ 
ponent or a latéral radiograph of the contralatéral knee can 
be helpful in determining the appropriate size of the fémoral 
component. Rotation of the fémoral component should be 
determined using the epicondylar axis (see Fig. 7-40). 

Bone defects on the fémur generally are managed with 
métal augmentation including wedges or cônes, although 
cancellous bone graff is useful in contained defects, which are 
common with some earlier prosthetic designs. Small defects 
and larger defects under the anterior flange of the révision 
component can be filled with cernent or if large enough a 
cône augment can be considered. Structural allograffs or 
custom fémoral components can be used for extensive bone 
loss, and the need for these must be anticipated. Stem exten¬ 
sions should be used when condylar bone stock is tenuous 
and with constrained condylar prostheses. 

Multiple options exist for handling the patellofemoral 
joint during révision TKA surgery, including rétention, 
replacement, or excision of the original patellar prosthesis. 
Rétention may be done when a securely fixed component 
shows minimal wear. Replacement is possible when the resid- 
ual bone stock allows préparation of an adéquate bony bed 
with fixation holes and the possibility for cernent intrusion. 
Inadéquate bone stock can be treated with component exci¬ 
sion, with trimming of the residual patellar bone to allow 
tracking within the trochlea of the fémoral component. A 
trabecular metal-backed patellar implant and grafting can be 
used to aid in the reconstruction of the patella (Figs. 7-98 and 
7-99). Advancement of the vastus medialis may improve 
tracking of the extensor mechanism in the absence of a patel¬ 
lar component. 

Most révision knee arthroplasties are cemented at the 
interfaces between the prostheses and the bone, with stem 
extensions used in a press-fit fashion or in a fully cemented 
technique. When press-fit stems are used, applying cernent 
only to the fixation surfaces of the prosthesis makes it easier 
to keep cernent out of the diaphysis. Staggering the cementing 
of the tibial and fémoral components by 5 to 7 minutes is 
helpful when the bone stock is tenuous or small defects are 
filled with cernent. The patella can be cemented concurrently 
with the fémur or the tibia. When cernent is used to fill a 
defect beneath the anterior flange of the fémoral component 
or with other peripheral defects, it is useful to allow the 
cernent to polymerize partially and use a knife to trim excess 
cernent sharply from the edge of the prosthesis. A curet can 
be used to extract cernent from beneath the edge of the pros¬ 
thesis. We agréé with the routine use of antibiotic-impregnated 
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A f Latéral radiograph shows fémoral and patel- 
lar osteolysis before révision total knee arthroplasty. B f After 
révision with trabecular métal patellar shell. (From Nelson CL, 
Lonner JH, Lahiji A, et al: Use of a trabecular métal patella for marked 
patella bone loss during révision total knee arthroplasty, J Arthroplasty 
18(7 Suppl 1):37, 2003.) 



A and B f Patellar révision with bone grafting 
resulting in improved bone stock. 


cernent in TKA révision because of the increased risk of post- 
operative infection. 

RESULTS 

The clinical results of révision TKA also are not as good as 
the results of primary TKA. Short-term follow-up studies 
hâve shown lower clinical scores and higher complication 
rates. Long-term studies are limited to early révision prosthe- 
ses with minimal modularity. Sériés with at least 5 years of 
follow-up reported good-to-excellent results in 46% to 74% 
of patients. 

Complications after révision TKA, especially extensor 
mechanism complications and deep infection, are signifi- 
cantly more frequent than after primary TKA, and patients 


requiring repeat révision surgery fare worse. In a sériés of 60 
patients, reoperation after révision TKA was required because 
of infection in 20% and for complications of the extensor 
mechanism in 41%. Other causes for repeat surgery included 
aseptie loosening, wound problems, and tibiofemoral insta- 
bility. In a prospective multicenter study, the North American 
Knee Arthroplasty Révision Study Group followed 221 
patients from 17 centers for 2 years and found that surgical 
technique factors did not necessarily correlate with patient- 
specific outcome measures. Worsening pain and knee-spécifie 
function scores were évident in the second year after révision 
TKA, and the study group emphasized the need to follow 
patients past the 1 year recovery point after TKA. An analysis 
of 42 patients who had polyethylene exchange because of 
instability, stiffness, or aseptie effusions after TKA deter- 
mined that those who had exchange less than 3 years after 
their primary TKA were nearly four times as likely to require 
re-revision than those who had exchange longer than 4 years 
after primary TKA. 
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Arthrodesis of the knee was first performed by Albert of 
Vienna in 1878 for instability caused by poliomyelitis and 
later by Hibbs in 1911 for a tuberculous knee. Key (1932) was 
the first to use external fixation to obtain fusion, a technique 
that Charnley modified in 1948, which then became the foun- 
dation for future techniques. During the same time period, 
Chapchal described intramedullary fixation using a Küntscher 
nail introduced through an anterior fémoral window. Brashear 
and Hill (1954) introduced the nail through the greater tro¬ 
chanter to avoid fracture of the fémur at the cortical window. 
Knutson and Lidgren (1982) used a long intramedullary nail 
extending from the greater trochanter to the distal tibia. Their 
original description is similar to the nailing technique cur- 
rently used. 

INDICATIONS AND RESULTS 

With the success of total knee arthroplasty, knee arthrodesis 
seldom is performed as a primary operation and usually is 
reserved for those few patients who are not candidates for 
total knee replacement. Occasionally, arthrodesis may be 
more appropriate than arthroplasty in a young patient with 
severe arthrosis because of the patients weight, occupation, 
or activity level. Other possible indications for primary 
arthrodesis include painful ankylosis affer infection, loss of 
the extensor mechanism, tuberculosis, trauma, severe defor- 
mity in paralytic conditions, neuropathie arthropathy, and 
malignant or potentially malignant lésions around the knee. 
The most frequent indication for knee arthrodesis is currently 
salvage of a failed total knee arthroplasty, most offen second- 
ary to infection. 

Most current sériés of knee arthrodesis report successful 
fusion in most patients, up to 100% in some sériés. Most 
properly selected patients are satisfied with a fused knee, 
especially with the decrease in pain postoperatively; however, 
some patients report functional difficulty and continued pain. 
Arthrodesis as a salvage procedure affer failed total knee 
arthroplasty can be expected to hâve some inferior results 
compared with primary knee arthrodesis, including lower 
fusion rates, higher infection rates, and shortening (offen 2 
to 5 cm in this setting). 

Frequent concerns expressed by patients affer knee fusion 
include the attention they attract in public, difficulty riding 


public transportation, difficulty sitting in theaters and stadi- 
ums, and difficulty getting up affer a fall. Patients should be 
counseled about these difficulties preoperatively. Some 
patients may benefit psychologically from a preoperative trial 
of long-leg immobilization (cast or brace) to décidé if they 
can manage with a fused knee. Harris et al. found that walking 
speeds and efficiency are similar affer amputation, arthrod¬ 
esis, and arthroplasty for tumors around the knee. Although 
patients with arthrodèses had the most stable limbs and 
could perform the most demanding physical work and 
recreational activities, they had difficulty sitting and were 
more self-conscious about the limb than were patients with 
arthroplasty. 

Above-knee amputation is another procedure for treating 
chronic prosthetic joint infections. Arthrodesis should still be 
considered first because it allows better function and annula¬ 
tion compared with amputation. 

TECHNIQUES 

Numerous techniques hâve been described for knee arthro¬ 
desis, and these can be categorized by the type of fixation 
used. The amount and quality of bone présent are important 
in determining appropriate fixation and the need for bone 
graffing. The sélection of arthrodesis technique also is based 
on the individual patient and the surgeons expérience. 

Arthrodesis can be performed as a one- or two-stage 
procedure, depending on the circumstances. Arthrodesis 
has been found to be more predictable with a two-stage 
method. 

Published arthrodesis techniques for the knee include 
compression with external fixation, intramedullary nailing, 
plate, screws, or various combinations of the above. 

COMPRESSION ARTHRODESIS WITH 
EXTERNAL FIXATION 

Compression arthrodesis is generally indicated for knees with 
minimal bone loss and broad cancellous surfaces with adé¬ 
quate cortical bone to allow good bony apposition and com¬ 
pression. Advantages of compression arthrodesis include the 
application of good, stable compression across the fusion 
site and the placement of fixation at a site remote from the 
infected or neuropathie joint. Some sériés suggest that the 
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récurrent infection rates may be lower when using external 
fixation compared with intramedullary nailing (e.g., 4.9% 
compared with 8.3% reported by Mabry et al.) for arthrodesis 
after infected total knee replacement. 

Disadvantages of external fixation include external pin 
track problems, poor patient compliance, and the frequent 
need for early removal and cast immobilization. Several 
studies hâve demonstrated reduced fusion rates after exter¬ 
nal fixation compared with intramedullary nailing (29% to 
67% vs. 91% to 95%, respectively) in arthrodesis for failed 
total knee replacement. These patients differ from those 
with primary arthrodesis in whom fusion has been reported 
in up to 100% with the use of external fixation. A variety of 
monolateral, bilateral, and ring multiple-pin fixators are 
now used, with fusion rates ranging from 31% to 100%. Sta- 
bility, limited tissue damage, and high patient comfort are 
the cited advantages of using anterior unilatéral external 
fixation. 

Single-plane and biplane external fixators hâve similar 
fusion rates, although complications are numerous with both 
devices. Despite biomechanical advances in external fixator 
design, knee arthrodesis remains difficult to achieve in 
patients who hâve had multiple previous procedures, a failed 
total knee arthroplasty, or an infected total knee arthroplasty 
with significant bone loss. One sériés reported successful 
arthrodesis for treatment of sepsis using augmented external 
fixation with crossed Steinmann pins. No récurrences of 
infection were noted over a mean follow-up of 8.2 years. 
Other authors hâve used fine wire external fixation, Ilizarov 
external fixation, or a similar device for treatment of septic 
failure of total knee arthroplasty, persistent knee sepsis, or 
septic sequelae after knee trauma. Fusion was obtained in 
77%, 96%, and 100%, respectively. Achieving fusion in the 
face of major bone loss can be particularly challenging and 
may be facilitated by using the Ilizarov device and bone trans¬ 
port. Ilizarov-type devices do hâve the advantage of bone 
lengthening. 


ARTHRODESIS WITH INTRAMEDULLARY 
ROD FIXATION 

Intramedullary nailing techniques may be more appropriate 
when extensive bone loss does not allow compression to be 
exerted across broad areas of cancellous bone, such as after 
tumor resection or failed total knee arthroplasty. 

The advantages of intramedullary nailing include immé¬ 
diate weight bearing, easier réhabilitation, absence of pin 
track complications, and a high fusion rate. Higher union 
rates hâve been frequently noted with intramedullary nail 
fixation compared with external fixation. Disadvantages of 
intramedullary nails include increased risk of fat embolism, 
potential intramedullary dissémination of infection, increased 


COMPRESSION ARTHRODESIS USING 
EXTERNAL FIXATION 


TECHNIQUE 8-1 


■ When extensive exposure is necessary, use an anterior 
longitudinal incision; otherwise, a transverse incision can 
be used. For arthrodesis after total knee arthroplasty, 
approach the knee through a midline incision or through 
previous scars when appropriate. 

■ Split the quadriceps and patellar tendons and excise the 
patella. 

■ Detach the joint capsule from the tibia anteriorly and 
divide the collateral ligaments. 

■ Flex the knee so that the capsule and quadriceps mecha- 
nism fall posteriorly on each side. 

■ Remove the synovium and excise the menisci, cruciate 
ligaments, and infrapatellar fat pad. 

■ With a power saw, eut the superior surface of the tibia 
exactly transverse to the long axis of the bone, and 
remove a wafer of cartilage and bone 1 cm thick. 


■ Remove an appropriately sized segment of bone from 
the distal fémur so that raw bony surfaces are apposed 
with the knee in the desired position. We hâve found 
total knee instruments useful in making these bone cuts. 

■ If arthrodesis is performed after failed total knee arthro¬ 
plasty, do not remove more bone from the fémur and 
tibia but thoroughly clean the surfaces and attempt to 
interdigitate irregular surfaces to give the best possible 
contact. 

■ Charnley recommended a position of almost complété 
extension for cosmetic reasons; we prefer arthrodesis 
with the knee in 0 to 15 degrees of flexion, 5 to 8 degrees 
of valgus, and 10 degrees of external rotation. 

■ Insert the appropriate pins for the compression device. 
Tighten the clamps so that a compression load of 45 kg 
is attained. 

■Close and dress the wound. If a compression clamp is 
used, a long leg cast incorporating the clamp is applied; 
if a more rigid external fixator is used, the cast can be 
omitted. 

■ The compression device is removed after 6 to 8 weeks, 
and either a long-leg or a cylinder cast is applied; gradu- 
ated weight bearing is initiated. The cast is worn until 
fusion is solid, usually another 6 to 8 weeks. 

■ If a multiple-pin, biplanar fixator is used, place three 
parallel transfixation pins through the distal fémur and 
three through the upper tibia (Fig. 8-1 A); if bony surfaces 
are adéquate, fixation usually is sufficient. If anteroposte- 
rior instability is présent, insert additional half-pins above 
and below the knee at angles different from the initial 
pins (Fig. 8-1 B). Connect ail pins to the frame and apply 
compression. 

■ A triangular frame configuration also can be used, with 
6.5-mm half-pins placed at a 45-degree angle to the 
anteroposterior and mediolateral planes (Fig. 8-1 C). This 
configuration provides rigid stability and is tolerated by 
the patient. 

POSTOPERATIVE CARE. The triangular frame configu¬ 
ration usually is rigid enough to allow early weight 
bearing and should be left in place for 3 months. After 
removal of the triangular frame, the patient is allowed 
protected weight bearing with crutches until clinical and 
radiographie union is noted. 
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External fixator configurations for knee arthrodesis. A f Parallel; standard Hoffmann-Vidal configuration. B f Triangular 
half-pin configuration. C f Triangular full-pin configuration provides rigid multiplanar stability. SEE TECHNIQUE 8-1. 


rates of infection and blood loss, and potential impediment 
to obtaining correct alignment. 

Despite excellent fusion rates with intramedullary nailing, 
it is a technically demanding procedure that requires lengthy 
operative time (often up to 6 hours) and has significant blood 
loss and frequent complications. Nevertheless, the high per- 
centage of fusion and the ability of most patients to bear full 
weight soon affer surgery make this technique attractive in 
selected patients. Donley et al. used a two-stage procedure for 
ail patients with an infected total knee arthroplasty. They also 
used stainless Steel wire loops passed through the eye of the 
nail and through a hole drilled into the greater trochanter to 
prevent proximal migration of the nail. 

Similar high rates of fusion hâve been reported when 
attempting salvage after infected total knee replacement using 
various one- and two-stage intramedullary nailing techniques 
(80% to 95%). Although residual functional difficultés hâve 
been noted, it appears that arthrodesis using intramedullary 
nail fixation can be considered a reasonably reliable and suc- 
cessful technique overall. 

Nonunion is a known complication of any arthrodesis. 
One study showed that obtaining large surfaces of bleeding 
contact bone enhances union of the arthrodesis. 

The intramedullary nailing technique has also been 
extended to other, more challenging arthrodesis situations. 
Mack et al. reported successfully treating a patient with a 
blast injury using intercalary fémoral cortical autograft to 
fuse the remaining knee over a long intramedullary device. It 
has also been used successfully after resection of aggressive 
bone tumors. Intercalary autograft or allograffs hâve been 
used as fusion material with similar results. 

For large skeletal defects caused by the resection of 
tumors around the knee, intramedullary nailing and vascu- 
larized fibular bone graffing hâve been successful. However, 
this should be considered only when a massive loss of bone 
has occurred after a failed constrained total knee arthroplasty, 
failed arthrodesis, or tumor resection. The use of massive 
segmentai autogenous graffs from the fémur, tibia, and fibula 
for resection arthrodesis in 40 patients with tumors around 



Intramedullary fixation of knee fusion with 
custom nail. SEE TECHNIQUE 8-2. 


the knee has been reported. Despite a high complication rate 
(52%), most patients obtained support-free ambulation and 
25 (78%) of32 evaluated an average of 17 years after surgery 
had satisfactory function. 

Küntscher nails historically hâve been used for knee 
arthrodesis (Fig. 8-2); however, newer knee arthrodesis nails 
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hâve the advantage of allowing proximal and distal interlock- 
ing with screws. Short, locked intramedullary nails designed 
specifically for knee fusions hâve the advantages of avoiding 
a second incision required for insertion of long nails, the 
bulkiness of double-plating techniques in the relatively sub- 
cutaneous anterior knee area, and the difficulties of prolonged 
external fixation. 

Intramedullary nail fixation for knee arthrodesis is espe- 
cially useful when bone loss is extensive, as in infected total 
knee arthroplasty; in this situation, it is b est to stage the 
arthrodesis, first removing the implant and polymethyl méth¬ 
acrylate, allowing the infection to clear, and then performing 
the arthrodesis. Techniques are described for primary 
arthrodesis using intramedullary nail fixation and for “salvage 
arthrodesis” after removal of total knee arthroplasty, 
the latter using an intramedullary nail that can be locked 
proximally and distally for added stability and rotational 
control. 


ARTHRODESIS USING 
INTRAMEDULLARY NAIL FIXATION 


TECHNIQUE 8-2 


■ Place a sandbag under the affected hip and extremity so 
that the greater trochanter can be palpated. Préparé and 
drape the entire limb, including the hemipelvis, so that 
the iliac crest, greater trochanter, and knee are visible. A 
fluoroscopie table-top study and image intensification are 
helpful. 

■ Approach the knee through a previous incision, if présent, 
or through a straight anterior incision 10 to 12 cm proxi¬ 
mal and distal to the joint line. 

■ Carry the dissection down to the quadriceps tendon and 
the médial patellar retinaculum. 

■ Elevate the soft tissue medially and laterally in flaps 
containing skin, subeutaneous tissue, capsule, and 
periosteum. 

■ Débridé the joint in the standard fashion. 

■ Total knee alignment guides are helpful in resection of 
the tibial and fémoral surfaces. Minimal bone should be 
resected. 

■ Excise the patella; set it aside for use later as a bone graft, 
if necessary. 

■ Make an incision 3 to 5 cm long proximal to the tip of 
the greater trochanter. 

■ Incise the gluteus maximus fascia, and split the muscle 
fibers longitudinally. 

■ Identify the device spécifie entry point and insert a tip- 
threaded guidewire at that site. 

■ Use a reamer to open the proximal fémoral canal and 
pass a ball-tipped guide down the canal to the knee. 
Also use the reamer to open the tibial medullary canal, 
and insert the ball-tipped guide into the canal 
and advance it to the metaphyseal area of the distal 
tibia. 

■ Ream the tibial medullary canal progressively; the amount 
of reaming required usually is determined by preoperative 
measurements of the tibia and fémur in the anteroposte- 


riorand latéral planes. In most situations, a 12-to 14-mm 
nail is used. 

■ Ream the fémur and tibia over the fémoral guide pin in 
1-mm incréments in an antegrade fashion until cortical 
bone is encountered and then ream in 0.5-mm incré¬ 
ments. Ream the canals to accommodate at least a 
12-mm nail. 

■ If a Küntscher nail is used, overream the bones at least 
0.5 mm. For a solid type nail, overreaming by 1 to 2 mm 
is recommended. 

■ The length of the nail should be determined before 
surgery from standing anteroposterior and latéral full- 
length radiographs of the lower extremity or with the aid 
of image intensification. 

■ Insert the nail antegrade from the greater trochanter over 
the guidewire. 

■ Maintain compression at the arthrodesis site to prevent 
distraction as the nail enters the tibia. 

■ The nail should be bowed concave laterally to reconsti- 
tute the normal valgus of the tibiofemoral angle and 
nearly approximate the normal axis of the lower 
extremity. 

■ Drive the nail until it reaches the metaphysis of the distal 
tibia. Its tip should not end in the diaphyseal area because 
this might cause stress concentration and pain or fracture 
of the tibia. 

■ Sink the nail beneath the tip of the greater trochanter to 
prevent irritation of the abductor muscles. 

■ Pack the patella or other bone grafts obtained in the 
standard fashion around the arthrodesis. 

■ Consider using suction drainage tubes and close both 
incisions. 

■Apply a compressive dressing and a posterior plaster 
splint from the groin to the toes. 

POSTOPERATIVE CARE. Drains, if used, are removed in 
2 or 3 days, and walking with crutches with touch-down 
weight bearing on the operated side is allowed. If adé¬ 
quate healing appears to be occurring after 6 weeks, 
progressive weight bearing is allowed. Crutches are used 
until union is achieved clinically and radiographically 
(Figs. 8-3 and 8-4). 


Arthrodesis with a locked, long intramedullary nail is 
especially appropriate after failed total knee arthroplasty (Fig. 
8-5). These nails are available in multiple lengths and diam- 
eters. Smaller diameter and stepped nails are available to 
match each individual patients fémoral and tibial anatomy. 
The nail should extend from the greater trochanter to within 
2 to 6 cm from the plafond of the ankle. During preoperative 
planning, the thickness of the fémoral and tibial components 
and any bone defects that will be resected should be sub- 
tracted from the length measured on the preoperative long- 
leg radiographs of the hip, knee, and ankle. 

The next technique described is spécifie for knee arthro¬ 
desis after failed total knee arthroplasty. Modifications are 
necessary for arthrodesis for other reasons. For example, 
when done for infection, modification to a two-stage proce¬ 
dure may be indicated because it often yields superior results. 
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Resection arthrodesis of knee for hemangioen- 
dothelioma. A f Before surgery. B f After resection and arthrodesis 
using intramedullary nail and Kirschner wire for internai fixation. 
Fusion is solid. SEE TECHNIQUE 8-2. 


Knee arthrodesis with intramedullary nail fixa¬ 
tion after infected total knee arthroplasty. SEE TECHNIQUE 8-3. 


KNEE ARTHRODESIS WITH LOCKED 
INTRAMEDULLARY NAIL AFTER 
FAILED TOTAL KNEE ARTHROPLASTY 


TECHNIQUE 8-3 


■ With the patient supine on a fluoroscopie operating table 
and a sandbag under the ipsilateral pelvis, préparé and 
drape the lower extremity to allow access from the 
greater trochanter to the foot; the foot should be visible 
to help with rotational alignment. 

■ Begin an incision at the tip of the greater trochanter and 
carry it proximally about 5 cm. 

■ Adduct and internally rotate the limb and identify the 
greater trochanter and piriformis fossa on fluoroscopy. 
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Knee arthrodesis with intramedullary nail fixa¬ 
tion (see text). A long ruler is placed anteriorly over distal fémur 
and proximal tibia, and lines are drawn on bones to be used for 
determining rotational alignment. SEE TECHNIQUE 8-3. 


9 " Détermine the correct entry portai for the nail, spécifie 
for the nail device used, and insert a tip-threaded guide 
pin at that site. 

■ Using a skin protector, ream over the guide pin with a 
9-mm cannulated reamer down to the level of the lesser 
trochanter. 

■ Remove the guide pin and the reamer and insert a ball-tip 
guidewire down the medullary canal to just above the 
knee; insert the smooth end of the guidewire, rather than 
the ball-tip end. Leave this wire in place while the knee 
is being exposed. 

■ Apply and inflate a stérile tourniquet. 

■ Make an incision over the knee at approximately the same 
location as the incision used for the total knee arthro- 
plasty. Use a médial parapatellar incision to enter the knee 
joint. 

■ Before removing the total knee components, place a long 
ruler anteriorly over the distal fémur and proximal tibia. 
Use an osteotome or electrocautery to draw vertical lines 
superficially on the anterior tibial and fémoral shafts 
along the line of the ruler (Fig. 8-6). These lines are used 
to détermine rotational alignment when inserting the 
nail; ensure that the lines are not removed with bone cuts 
or resection of tibial implants. 

■ Using osteotomes and appropriate total knee instrumen¬ 
tation, remove ail total knee components. Curet and 
clean out ail débris and bone érosion, preserving as much 
bone as possible. If the patella is in good condition, pré¬ 
serve it to be used as a bone graft; otherwise, remove it. 
■ If the distal fémur and proximal tibia need to be reçut to 
allow good bony apposition, use standard intramedullary 
knee resection guides for total knee prostheses, resecting 
a minimal amount of bone. 


■ When the total knee components, cernent, and débris 
hâve been removed and any necessary proximal tibial and 
distal fémoral resection has been done, remove the tour¬ 
niquet, insert a ball-tip guidewire into the tibial canal 
down past the tibial isthmus, and ream the fémoral and 
tibial medullary canals. 

■ Ream both canals 1 to 2 mm larger than the nail diameter 
selected; ream the intertrochanteric région to 13 mm. 

■ Use fluoroscopy to confirm proper nail length. 

■ Place a marker over the greater trochanter and over the 
distal tibia where the tip of the nail should be driven, and 
measure the distance with the tibia and fémur apposed. 

■ Remove the guidewires and insert a nail of the appropri¬ 
ate length and diameter. Insert the nail so that the normal 
anterior bow is internally rotated about 45 degrees; this 
position provides some flexion and valgus to the limb. 

■ Carefully drive the nail down the fémoral shaft without 
using excessive force. Watch for signs of impending incar¬ 
cération or fracture. 

■ As the tip of the nail exits the fémur, reduce the tibia on 
the fémur using the previously placed "marker lines" to 
détermine correct rotational alignment; carefully drive the 
nail across the knee into the proximal tibia. Sink the nail 
so that the proximal tip of the nail is flush with the greater 
trochanter. The distal end of the nail should lie distal to 
the tibial isthmus and proximal to the ankle joint. 

■ Compress or fill any defects or gaps in the knee région. 
If necessary, remove small segments of bone to improve 
médial and latéral contact. If the knee is not actively 
infected, use bone grafts to fill any gaps. 

■ Insert proximal and distal locking screws as described for 
subtrochanteric fractures; close the wounds in the usual 
manner. 

POSTOPERATIVE CARE. The patient is instructed in hip 
abduction and flexion exercises and ankle exercises. 
Touch-down weight bearing is allowed for 4 to 6 weeks; 
then weight bearing is progressed as tolerated. If signifi- 
cant gaps are noted at the knee at 6 to 12 weeks, the 
proximal or distal locking screws can be removed to 
dynamize the nail. Additional bone grafting may be 
required if significant defects are présent. Nail removal is 
usually unnecessary. 


ARTHRODESIS WITH PLATE FIXATION 

Arthrodesis using dual-plate fixation was first reported by 
Lucas and Murray and later by Nichols et al. with good 
results. Lucas and Murray applied one plate medially and the 
other anteriorly, whereas Nichols et al. placed the plates 
medially and laterally to prevent the difhculties with wound 
cio sure that are sometimes encountered with an anterior 
plate. They suggested staggering the plates to reduce the risk 
of fracture at the plate margin. Compared with external fixa¬ 
tion, the advantages of dual-plate fixation are that pin track 
infection and pin loosening are avoided and earlier weight 
bearing may be possible. Dual-plate fixation is not recom- 
mended in grossly and acutely infected knees, but if the infec¬ 
tion seems to be low grade, a positive culture resuit is not 
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considered an absolute contraindication to the use of the 
dual-plate method. 

The use of a combined intramedullary rod and médial 
compression plate fixation in eight arthrodèses has been 
reported previously; ail knees fused in that study. This tech¬ 
nique is recommended for difficult salvage cases, especially 
when bone loss may require segmentai allograffing. 


ARTHRODESIS USING PLATE 
FIXATION 


TECHNIQUE 8-4 


■ Make a long médial parapatellar incision extending about 
12.5-cm proximal and distal to the joint (Fig. 8-7A). 

■ Develop the interval between the quadriceps tendon and 
the vastus medialis muscle and carry the dissection 
through the periosteum of the fémur (Fig. 8-7B). 

■ Incise the periosteum of the tibia; strip subperiosteally 
and raise flaps of skin, subcutaneous tissue, muscle, peri¬ 
osteum, and joint capsule and retract them to expose the 
fémur, tibia, knee joint, and deep surface of the patella 
(Fig. 8-7C). 

■ Excise the patella and put it aside for use later. 

■ Excise the menisci, cruciate ligaments, and any joint 
débris. 

■Cut the distal fémur and proximal tibia with a saw to 
remove ail the articular cartilage. We hâve found instru¬ 
ments used for total knee arthroplasty useful in making 
these bone cuts. 

■ Place the fémur and tibia in the desired position. The 
bones can be temporarily fixed with a transfixing 
Steinmann pin. 

■ Use a plate bender to contour two broad, 8- to 12-hole 
AO plates to fit anteriorly and medially or laterally and 
medially. Apply the plates and fix them with screws 
through both cortices using standard AO plates to fit 
anteriorly and medially (Fig. 8-7D) or laterally and medially 
(Fig. 8-7E). It may be helpful to use fully threaded cancel- 
lous screws in the metaphyseal areas or to consider con- 
tourable locking plate/screws if the bone quality seems 
poor. 

■ Cut the patella into pièces and pack pièces into any 
defects around the joint margins or secure them to the 
arthrodesis site with screws. 

■ Close the wound in layers and apply a long leg cast. 

POSTOPERATIVE CARE. Partial weight bearing is begun 
as tolerated and is progressed over 10 to 12 weeks. The 
cast is worn until fusion is solid. The plates can be 
removed after the fusion is mature. 


Lim et al. suggested an alternative method of arthrodesis, 
using only cannulated screws. They reported fusion in eight 
of eight patients; one patient required secondary graffing for 
delayed union. We hâve no expérience with this method; 
however, the reduced hardware load may make this method 
attractive in selected patients. 




Lucas and Murray technique of knee arthrod¬ 
esis. A f Skin incision. B f Skin and subcutaneous tissue hâve been 
reflected, exposing quadriceps tendon, patella, and patellar 
tendon. C f Stripping subperiosteally, flaps hâve been raised medi¬ 
ally and laterally, exposing fémur, tibia, knee joint, and deep 
surface of patella. D f Fémur and tibia hâve been fixed by two 
stainless Steel plates, one applied medially and one anteriorly. 
E f Dynamic compression plates placed medially and laterally in 
staggered fashion. SEE TECHNIQUE 8-4. 


Finally, although knee fusion effectively relieves pain and 
provides stability in most patients, the awkwardness in sitting 
and walking, along with the limited endurance and potential 
for development of low back pain prompts some patients who 
had previous arthrodesis to choose révision to total knee 
arthroplasty. This can be successful even in patients with 
long-standing fusions; however, reported complication rates 
hâve been high (up to 53%). In a comparison of total knee 
arthroplasty after spontaneous ankylosis and total knee 
arthroplasty after takedown of surgical arthrodesis, improve- 
ments in knee scores (Hospital for Spécial Knee Surgery) and 
ambulatory status were similar in both groups; ail patients 
were satisfied with their results. Total knee arthroplasty after 
knee fusion is further discussed in Chapter 7. 
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This chapter discusses the surgical treatment of nontraumatic 
abnormalities involving the bone, muscles, tendons, tendon 
sheaths, fascia, and bursae of the knee. The cause of these 
disorders may be degenerative, developmental, related to 
répétitive use, or a combination of these factors. Many of 
these disorders are encountered frequently in office practice, 
but few require surgery. Most respond favorably to treatment 
such as rest, application of ice or heat, élévation, and local or 
systemic antiinflammatory médication. 

MUSCLE CONTRACTURES 

Contractures can develop in almost any muscle group. The 
cause can be obscure, as in congénital contractures, or 
obvious, as in infection, ischemia, trauma, or injection myo- 
sitis. Injection fibrosis most commonly occurs in the quadri¬ 
ceps muscle but also has been described in the gluteal, deltoid, 
and triceps muscles. Contractures in infants often follow 
intramuscular antibiotic injections. We hâve seen several 
adults with multiple areas of fibrosis and contracture affer the 
addictive use of intramuscular pentazocine (Talwin). 

QUADRICEPS CONTRACTURE OF INFANCY 
AND CHILDHOOD 

The etiology of quadriceps contracture is divided into con¬ 
génital and acquired types, and in some cases there is a 
mixture of both types. The congénital type appears to hâve a 
familial component because it can occur in siblings, and it 
often occurs in patients of central and eastern Asian descent. 
The acquired type is seen in association with multiple injec¬ 
tions or infusions into the thigh soon affer birth. The Ad Hoc 
Committee of the Japanese Orthopaedic Association for 


Muscular Contractures classffied quadriceps contractures 
into three classes (Table 9-1). The exact mechanism causing 
these contractures is unclear, but suggested causes include 
compression of the muscle bundles and capillaries by the 
volume of médication injected and the toxicity of the drug. 
Whatever the cause, a delay between injection and contrac¬ 
ture of several years is common. 

The most common symptom is progressive, painless limi¬ 
tation of knee flexion. Hyperextension and subluxation of the 
knee may occur with continued growth. Normal skin creases 
over the knee may be absent, and a characteristic dimple may 
be présent over the area of fibrosis, especially when the knee 
is flexed. Habituai dislocation of the patella is common. 

Radiographie changes are not apparent early, but if leff 
untreated, the muscle contracture can cause changes in the 
soft tissues and in the articular cartilage of the fémur and 
tibia. Progressive displacement and hypoplasia of the patella 
can occur with long-standing quadriceps contracture. In 
older children with early onset of symptoms but delayed 
treatment, flattening of the fémoral condyles, genu recurva¬ 
tum, anterior dislocation of the tibia, and gross degenerative 
changes in the joint can be seen. 

Early récognition and prévention of quadriceps contrac¬ 
ture through passive exercise in children receiving intramus¬ 
cular injections is crucial. When the scar contracture is well 
established, however, surgical treatment is indicated to 
prevent late changes in the fémoral condyles and the patella. 
Surgical treatment is indicated early in patients with habituai 
dislocation of the patella. 

The following may be involved in quadriceps contracture: 
(1) fibrosis of the vastus intermedius muscle tying down the 
rectus femoris to the fémur in the suprapatellar pouch and 
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proximally, (2) adhesions between the patella and the fémoral 
condyles, (3) fibrosis and shortening of the latéral expansions 
of the vasti and their adhérence to the fémoral condyles, and 
(4) actual shortening of the rectus femoris muscle. To correct 
the deformity, Thompson devised an operation known as 
“quadricepsplasty.” Its success dépends on (1) whether the 


TABLE 9-1 


Quadriceps Contracture Classification 


KNEE FLEXION 

WHEN KNEE IS 
FORCED TO FLEX IN 
PRONE POSITION 

Rectus 

Restricted with hip 

Hip is forced to 

femoris 

extension 

flex 

type 

Vastus type 

Restricted with hip 

Hip remains the 


flexion 

same 

Mixed type 

Slightly restricted 

Hip is forced to 


with hip extension 

flex 


From Santo S f Kokubun S: The Ad Hoc Committee of the Japanese Orthopaedic 
Association for Muscular Contracture Report of the diagnosis and treatment of 
muscular contracture, J Jpn Orthop Assoc 59:223,1985. 


rectus femoris muscle has escaped injury, (2) how well this 
muscle can be isolated from the scarred parts of the quadri- 
ceps mechanism, and (3) how well the muscle can be devel- 
oped by active use. 

During the early stage of contracture, when no significant 
joint changes hâve occurred, proximal release has been rec- 
ommended to eliminate extensor lag and hemarthrosis of the 
knee. When more extensive changes are apparent, a Thomp¬ 
son type of quadricepsplasty is indicated. When genu recur¬ 
vatum has developed, a supracondylar fémoral osteotomy 
(see Chapter 22) can restore some flexion if severe degenera- 
tive changes hâve occurred. Arthrodesis may be indicated if 
symptoms are severe. 

Sasaki et al. found that best results were obtained using a 
longitudinal skin incision over the rectus muscle through 
which the fibrotic muscle was released with a transverse inci¬ 
sion. After surgery, the leg was positioned with the knee in 
90 degrees of flexion and the hip in full extension but a cast 
was not used. Active exercises were begun at 2 days. Results 
were found to deteriorate with time, and surgery was recom- 
mended at âge 6 years or older. An isolated contracture of the 
rectus femoris can be treated in this manner. 

Moderate contractures, before significant bony changes 
hâve occurred, are treated best with a proximal release of the 
quadriceps (Fig. 9-1). 




Vastus 


lateralis 



Sengupta proximal release of quadriceps (see text). A f Incision. B f lliotibial band and tensor fasciae latae are eut to 
expose vastus lateralis, which is released along its origin. C f Vastus origin is detached from trochanteric line and distally along latéral 
intermuscular septum. D f If necessary, rectus femoris is released. SEE TECHNIQUE 9-1. 
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PROXIMAL RELEASE OF QUADRICEPS 


TECHNIQUE 9-1 


(SENGUPTA) 

■ Make a curved incision along the base of the greater 
trochanter and vertically downward along the latéral 
aspect of the thigh for a variable distance, depending on 
the extent of fibrosis (Fig. 9-1 A). 

■ Through the upper part of the incision, section the ilio- 
tibial band transversely. Often the iliotibial band is thick- 
ened and fibrotic, contributing to the contracture. 

■ Expose the upper attachment of the vastus lateralis below 
the greater trochanter (Fig. 9-1 B). Detach the origin of 
the vastus lateralis from the trochanteric line and distally 
along the latéral intermuscular septum (Fig. 9-1 C). 

■ As the vastus lateralis retracts to expose the vastus inter- 
medius, use a periosteal elevator to release the vastus 
intermedius from the fémoral surface. 

■ Flex the knee and release any remaining adhesions. 

■ If the rectus component also is contracted, expose its 
origin at the upper part of the incision and detach it, after 
identifying and retracting the fémoral nerve (Fig. 9-1 D). 

■ Full knee flexion should be possible; release of the joint 
capsule usually is unnecessary in children. 

■ Close the wound in routine fashion and apply a posterior 
plaster splint with the knee in maximal flexion. 

POSTOPERATIVE CARE. The splint is worn until ail ten- 
derness has disappeared, usually 3 to 4 weeks, and then 


vigorous quadriceps exercises are begun. Extension lag 
improves rapidly, and the child usually can walk in 4 weeks 
and stand up from a squatting position in 3 months. Knee 
stretching exercises should be continued throughout 
growth to prevent récurrence of the contracture. 


QUADRICEPSPLASTY FOR 
POSTTRAUMATIC CONTRACTURE 
OF THE KNEE 

Hahn et al. achieved 90% good to excellent results in 20 
patients with a mean active flexion arc of approximately 
115 degrees with this release technique. Lin et al. described 
successful release of extension knee contracture in 12 
patients using a combination of manipulation and percu- 
taneous pie-crusting of the distal and latéral quadriceps 
with an 18-gauge needle with the knee in flexion. An 
average of 70 degrees of increased flexion was achieved at 
8 months. There was a positive corrélation between the 
number of punctures and knee flexion achieved. 


TECHNIQUE 9-2 


(MODIFIED THOMPSON QUADRICEPSPLASTY AS 
DESCRIBED BY HAHN ETAL) 

■ Perform the procedure using a tourniquet. 

■ Make médial and latéral parapatellar incisions for arthrol- 
ysis (Fig. 9-2A) 




A f Parapatellar and antérolatéral incisions. B f Release of rectus femoris (RF) from vastus lateralis (VL) and vastus 
medialis (VM) close to its patellar insertion. C f Vastus intermedius (VI) and scar adhesions dissected and released from rectus femoris, 
the anterior surface of the fémur, and the upper pôle of the patella. D f Rectus femoris (RF) lengthened by Z-plasty if necessary. (From 
Flahn SB, Lee WS, Flan DY: A modified Thompson quadricepsplasty for the stiff knee, J Bone Joint Surg 82B:992, 2000. Copyright British Editorial 
Society of Bone and Joint Surgery.) SEE TECHNIQUE 9-2. 
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■ Flex the knee and if adéquate flexion is not obtained, 
make an antérolatéral or latéral incision in the distal two- 
thirds of the thigh and release adhesions around the 
quadriceps muscle. 

■ Divide the tensor fascia lata transversely in the distal 
thigh. Isolate the vastus lateralis from the rectus femoris 
and release it close to its patellar insertion. Release the 
vastus medialis from the rectus femoris by blunt dissec¬ 
tion (Fig. 9-2B). 

■ Free the rectus femoris from the vastus intermedius, the 
anterior surface of the fémur, and the upper pôle of the 
patella (Fig. 9-2C). 

■ Perform a Z-plasty lengthening of the rectus femoris 
tendon if satisfactory flexion has not been achieved (Fig. 
9-2D). 

POSTOPERATIVE CARE. The extremity is immobilized 
in a splint in about 50 degrees less than the maximal 
flexion obtained during surgery; this is maintained for 2 
to 3 days. The extremity is then placed in a continuous 
passive motion machine, range of motion is begun, and 
the patient remains hospitalized until 90 degrees of 
passive flexion is achieved. Passive and active exercises 
for the quadriceps and hamstrings continue and are 
crucial to the success of this procedure. The knee is kept 
in full extension during the night and is exercised during 
the day with active and active-assisted exercises. If 90 
degrees of flexion is not obtained after 3 months, gentle 
manipulation with the patient under anesthésia may be 
required. The patient should expect slow return of active 
quadriceps extension. Most patients can expect improve- 
ment in range of motion of the knee after quadriceps- 
plasty but should expect severe quadriceps weakness for 
many months. If the patient is not skeletally mature, 
some of the improvement in flexion may be lost as 
growth occurs. 


FLEXION, EXTENSION, AND COMBINED 
CONTRACTURES 

Posttraumatic stiffness can be caused by intraarticular adhe¬ 
sions, fibrosis of the surrounding soft tissues, or both. Flexion 
contractures can be caused by anterior bony impingement or 
posterior periarticular adhesions. Extension contractures can 
be the resuit of posterior bony impingement or anterior peri¬ 
articular adhesions. Bony impingements need to be treated 
first followed by soft-tissue releases. Pujol et al. stated that the 
exact cause (s) of contracture should be determined before 
surgery. Any complex régional pain syndrome should be con- 
trolled and surgery delayed if the patient is in the active phase. 
Associated fractures must be healed. A thorough workup is 
necessary and may include a CT arthrogram, MRI, bone scan, 
andplain radiographs. A combination of open and arthroscopie 
procedures may be necessary for success (Fig. 9-3). For more 
information, see the extensive review by Pujol et al. 

SNAPPING SYNDROMES 

It is common for a patient to hear or feel snapping or popping 
of joints. Disability or pain sufhcient to justify surgery for this 
is rare. Most patients respond favorably to reassurance and 


avoidance of the spécifie activity that produces the snapping 
sensation. 

Snapping symptoms are rare in the knee. True snapping of 
the knee is extraarticular. Intraarticular catching or locking in 
the knee usually is caused by meniscal tears, meniscal cysts loose 
bodies, patellofemoral disorders, or arthritic joint changes. 

Snapping of the knee can occur in patients with an abnor¬ 
mal anterior insertion of the biceps femoris tendon on the 
fibular head. This can be treated by reinsertion of the tendon 
(Fig. 9-4) or resection of the fibular head with reattachment 
of the tendon if conservative treatment fails. Biceps femoris 
snapping caused by a fibular exostosis has been reported, as 
well as snapping from a direct injury to the tendon. Snapping 
caused by direct injury can be treated by rerouting the tendon 
insertion through a tunnel in the fibular head. The popliteus 
tendon can cause snapping of the knee, which usually is pal¬ 
pable midway between the latéral épicondyle and latéral joint 
line. If conservative treatment fails, a popliteus release or 
tenodesis of the popliteus tendon to the fibular collateral liga¬ 
ment can be done. 

Knee snapping also can be caused by abnormal insertion 
of the semitendinosus tendon, causing it to snap over a prom- 
inence on the médial tibial condyle. This can be treated by 
dividing the semitendinosus tendon at its insertion and trans- 
ferring it to the semimembranosus tendon. A hamstring 
tendon sliding over an osteochondroma of the fémur likewise 
can cause snapping, and excision of this generally benign 
lésion is indicated if it is severe. 


PAINFUL PARAARTICULAR 
CALCIFICATIONS 

Painful paraarticular calcifications similar to those found 
within the rotator euff of the shoulder also develop around the 
knee. These calcifie deposits may be located within a tendon 
or the soft tissues adjacent to a tendon or ligament near its 
attachment to bone (Fig. 9-5). The calcification most probably 
is located in an area of focal necrosis or degeneration. 

Although most paraarticular calcifications occur without 
direct trauma, calcification within tendons or ligaments may 
be a response to degenerative changes within the structures 
as a resuit of chronic use or subclinical injury. 

The presence of calcification in the tibial collateral liga¬ 
ment, as in Pellegrini-Stieda disease, usually is more directly 
related to trauma, such as a sprain or tear of the tibial col¬ 
lateral ligament. The treatment is the same as that for a cal¬ 
cification around the shoulder (see Chapter 46). 

Spontaneous recovery may occur without treatment, and 
the deposit may partially or completely disappear in time. 
Infiltration with a local anesthetic agent, supplemented, if 
desired, by injection of 40 mg of méthylprednisolone (Depo- 
Medrol) or its équivalent, produces immédiate relief and can 
be curative. Ultrasound and extracorporeal shock wave 
therapy also hâve been reported to be of benefit. The calcifie 
deposit should be excised if response to nonoperative mea- 
sures is unsatisfactory. 

TENDINITIS AND BURSITIS 

In the évaluation of patients with tendinitis of the lower 
extremity, a careful history of work conditions and exercise 
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ness without osteoarthritis or intraarticular malunion. (From Pujol N, Boisrenoult P, Beaufils P: Post-traumatic knee stiffness: surgical techniques, 
Orthop Traumatol Surg Res 101 :S179, 2015.) 



A f Snapping mechanism of biceps femoris tendon over hump of fibular head (arrow) on flexion-extension. B f Anterior 
half of tendon is divided and sutured back over postérolatéral part of fibular head covering hump. (Technique by Lokiec F, Velkes S, 
Schindler A, et al: The snapping biceps femoris syndrome, Clin Orthop Relat Res 283:205, 1992.) SEE TECHNIQUE 9-2. 
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Calcification of proximal tibiofibular articula¬ 
tion resulting in peroneal nerve entrapment (arrow) in profes- 
sional basketball player. 


routines is necessary. Overuse (répétitive activity) or overload 
(sudden increase in activity) often accentuâtes tendinitis. 
Tendinitis from these causes usually responds to relative rest, 
ice, the use of a Neoprene sleeve, antiinflammatory médica¬ 
tions, and alterations in work or exercise habits. Mechanical 
abnormalities, leg-length inequality, and leg malalignment 
may respond to the use of a properly fitted shoe orthosis. 
Muscle imbalance should be treated with appropriate flexibil- 
ity and strengthening exercise programs. 

Bursae are sacs lined with a membrane similar to 
synovium; they usually are located around joints or where 
skin, tendon, or muscle moves over a bony prominence, and 
they may or may not communicate with a joint. Their func- 
tion is to reduce friction and to protect délicate structures 
from pressure. Bursae are similar to tendon sheaths and the 
synovial membranes of joints and are subject to the same 
disturbances: (1) acute or chronic trauma; (2) acute or chronic 
pyogénie infection; and (3) low-grade inflammatory condi¬ 
tions such as goût, syphilis, tuberculosis, or rheumatoid 
arthritis. There are more than 140 bursae in the human body; 
bursae consist of two types: those normally présent (e.g., over 
the patella and olecranon) and adventitious ones (e.g., develop 
over a bunion, an osteochondroma, or kyphosis of the spine). 
Adventitious bursae are produced by repeated trauma or con¬ 
stant friction or pressure. 

Treatment is determined primarily by the cause of the 
bursitis and only secondarily by the pathologie change in the 
bursa. Surgery is not required in most instances. Systemic 
causes, such as goût or syphilis, and local trauma or irritants 
should be eliminated, and, when necessary, the patient s occu¬ 
pation or posture should be changed. One or more of the 
following local measures usually are helpful: rest, moist heat, 
élévation, protective padding, and, if necessary, immobiliza- 
tion of the affected part. Surgical procedures useful in treating 
bursitis are (1) aspiration and injection of an appropriate 



FIGURE 


disease. 


Multiple osteochondromas as seen in Ollier 


drug, (2) incision and drainage when an acute suppurative 
bursitis fails to respond to nonsurgical treatment, (3) excision 
of chronically infected and thickened bursae, and (4) removal 
of an underlying bony prominence. 

The usual principles of treating general infections are 
employed in treating infected bursae. The responsible organ- 
isms should be identified if feasible, and the infection should 
be treated with appropriate systemic antibiotics. Aspiration 
of the bursa and injection of the appropriate antibiotic may 
be indicated in addition to the supportive measures just 
described; a compression dressing should be applied after 
aspiration. Surgical drainage occasionally is necessary. 

Traumatic bursitis often responds favorably to nonopera- 
tive treatment, consisting of ice, rest, antiinflammatory médi¬ 
cation, and protection with external padding. Occasionally, 
aspiration and injection of an appropriate steroid préparation 
are required if symptoms do not respond to the usual non- 
operative treatment. 

Adventitious bursae that develop as a resuit of repeated 
trauma usually hâve a much thicker fibrous wall than do 
normal bursae and are more susceptible to inflammatory 
changes. This type of bursa is treated by removing the cause 
(e.g., excising an osteochondroma of the distal fémur; Fig. 
9-6); at the time of operation, the bursal sac usually is excised. 
Only bursae that most often require surgical drainage or exci¬ 
sion are described. 

PREPATELLAR BURSITIS 

Traumatic prepatellar bursitis (Fig. 9-7) can be caused by an 
acute injury, such as a fall directly onto the patella, or by 
récurrent minor injuries, such as those that produce “house- 
maids knee.” Either type usually responds to conservative 
treatment. If fibrosis or synovial thickening with painful 
nodules fails to respond to such treatment, however, excision 
of the bursa is indicated. 

Pyogénie prepatellar bursitis is common, especially in 
children. If the bursa is unusually large, the swelling may be 
so pronounced that a diagnosis of pyogénie arthritis of the 
knee joint can be made by mistake. A careful physical 
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examination should lead to the correct diagnosis. This septic 
prepatellar bursitis often responds to one or two daily aspira¬ 
tions, appropriate immobilization, and antibiotic coverage. If 
symptoms hâve not improved significantly in 36 to 48 hours, 
incision and drainage should be done. Smason reported a 
patient in whom a posttraumatic fistula connected the prepa¬ 
tellar bursa with the knee joint. This could présent a problem 
in diagnosis and treatment, especially in a pyogénie bursitis. 
The bursa is easily drained as follows. 


DRAINAGE OF BURSA 


TECHNIQUE 9-3 


■ Approach the bursa through two longitudinal incisions, 
one médial and one latéral, or through a single transverse 
incision. 

■ Open the bursa, evacuate its contents, and pack it loosely 
with petrolatum gauze, or close it loosely over a drain as 
seems appropriate. 

POSTOPERATIVE CARE. Because cellulitis is always 
présent, the extremity is immobilized in a posterior splint, 
and appropriate antibiotics are given. If gauze has been 
used to pack the bursa, it is changed at least twice 
weekly. Despite sufficient drainage, sinuses often persist 
for a time on one or both sides of the knee. Immobiliza¬ 
tion is continued until the sinus has closed. 


EXCISION OF BURSA 

The patient should be informed when first seen that com¬ 
plété excision of the bursa may be necessary if healing fails 
to occur after simple drainage. If the walls of the bursa are 
thickened from chronic inflammation, resecting the entire 
bursa usually is easy, but if the lésion is acute and the 
effusion is serous, excising the bursa completely may be 
impossible; however, enough can be excised to relieve 
symptoms. 


TECHNIQUE 9-4 


■ Make a transverse incision of appropriate length centered 
over the bursa. 

■ Dissect the bursal sac from the overlying skin and 
subeutaneous tissue and from the patellar aponeurosis 
beneath it. 

■ If possible, excise the bursa without rupturing or perforat- 
ing it. 

■ Trim away the redundant skin, obtain complété hemosta- 
sis, and close the wound primarily. 

■ Because the most common complication after excising a 
superficial bursa is a large hematoma, oblitération of the 
dead space by inserting one or more mattress sutures 
through the skin and deeper tissues on each side of the 
incision is recommended. After the skin edges hâve been 
apposed with interrupted sutures, the mattress sutures 
are tied over large buttons. 

POSTOPERATIVE CARE. A moderately large compres¬ 
sion dressing is applied, and the extremity is immobilized 
from groin to ankle for at least 2 weeks until the wound 
has healed completely. Alternative^, suction drainage can 
be used to obliterate the dead space. Quadriceps-setting 
exercises are begun the day after surgery. Antibiotics are 
indicated if an infection is présent or is possible. 


Dillon et al. reported excellent results with no complica¬ 
tions in eight patients who had endoscopie excision of 
septic prepatellar bursae. Huang and Yeh described endo¬ 
scopie excision of posttraumatic prepatellar bursae in 60 
patients in whom conservative treatment failed. The proce¬ 
dures were done through two or three small portais. There 
were no récurrences. 

TIBIAL COLLATERAL LIGAMENT FIBROSITIS 
AND BURSITIS 

Voshell and Brantigan observed bursae between the longitu¬ 
dinal part of the tibial collateral ligament and the capsule of 
the knee (Fig. 9-8); these bursae can be located in five differ¬ 
ent positions, and three hâve been found beneath the liga¬ 
ment in a single knee. These authors also reported instances 
of calcification in one or more of these bursae and suggested 
that this may be identical to Pellegrini-Stieda disease. We 
consider most disorders that cause pain and tenderness 
beneath the tibial collateral ligament (not directly opposite 
the knee joint) to be fibrositis of the ligament; most hâve 
responded favorably to the injection of an appropriate steroid 
préparation and to other nonoperative measures. 
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Voshell bursa located just below the joint line between the tibial collateral ligament and the joint capsule. (Described 
by Voshell and Brantigan.) 


Tibial collateral ligament bursitis should be included in 
the differential diagnoses in patients with médial joint line 
pain and no history of mechanical symptoms of instability or 
laxity. Tenderness usually is localized to just below the joint 
line. This can be treated with local steroid injection foliowed 
by early exercise. If symptoms do not respond to one or two 
injections, MRI or arthroscopy should be considered for 
évaluation of possible intraarticular dérangement or stress 
fracture of the médial tibial plateau. Tibial collateral ligament 
bursitis has a characteristic MRI appearance of fluid deep to 
the tibial collateral ligament in the shape of an inverted “U.” 
We hâve seen several patients who were unresponsive to one 
or two local steroid injections and had stress fractures visible 
only by MRI or bone scan. 

FIBULAR COLLATERAL 
LIGAMENT BURSITIS 

Bursitis beneath the fibular collateral ligament causes local¬ 
ized, tender swelling on the latéral side of the knee and often 
is confused with a cyst of the latéral meniscus. The distended 
bursa varies from 0.6 to 2.5 cm or more in diameter, is extra¬ 
synovial, and lies beneath or just anterior or posterior to the 
fibular collateral ligament. Varus strain of the knee is painful, 
but typical signs and symptoms of an internai dérangement 
of the knee are absent. Other lésions that should be consid¬ 
ered include biceps tendinitis, partial biceps avulsion with 
pain and popping at 30 to 45 degrees of flexion, and postéro¬ 
latéral popping caused by a previous injury to the postérolat¬ 
éral corner or by a bony tubercle that causes popping of the 
popliteus tendon. 


If a mass is not évident, injections of a local anesthetic 
agent or a steroid préparation into the area of tenderness, 
together with support and rest, usually relieve the symptoms. 
When a mass is palpable, excision is curative. 

INFRAPATELLAR BURSITIS 

A small, deep, subpatellar or infrapatellar bursa is located 
between the tuberosity of the tibia and the patellar tendon 
and is separated from the synovium of the knee by a pad of 
fat. When distended, this bursa causes a fluctuant swelling 
that oblitérâtes the dépréssion on each side of the ligament. 
Infrapatellar bursal infection should be considered when 
symptoms resemble septic arthritis or osteomyelitis of the 
proximal tibia, such as loss of full extension of the knee, 
résistance to full flexion, and maximal tenderness near the 
patellar ligament. The infrapatellar bursa should be aspirated, 
taking care not to enter the knee joint. If infection is found, 
immédiate drainage is recommended in addition to évalua¬ 
tion of the proximal tibial metaphysis for evidence of osteo¬ 
myelitis. A stérile effusion of the knee joint, which may 
accompany an infrapatellar bursitis, should not be confused 
with infection. The bursa can be drained through a small 
médial parapatellar incision without entering the knee joint. 
A knee immobilizer is used affer surgery until acute symp¬ 
toms hâve resolved, and then range-of-motion exercises are 
begun. 

POPLITEAL CYST (BAKER CYST) 

A Baker cyst, described by Baker in 1877, has since borne his 
name even though it had been described previously by Adams 
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in 1840. In most instances, a Baker, or popliteal, cyst is a 
distended bursa. Numerous bursae are located in the popli¬ 
teal space between the hamstring tendons and the collateral 
ligaments or condyles of the tibia; a bursa also is located deep 
to each head of the gastrocnemius muscle. Symptoms develop 
most often in the bursa beneath the médial head of the gas¬ 
trocnemius or in the semimembranosus bursa; the latter is a 
double bursa located between the semimembranosus tendon 
and the médial tibial condyle and between the semimembra¬ 
nosus tendon and the médial head of the gastrocnemius. 

A popliteal cyst can be produced by herniation of the 
synovial membrane through the posterior part of the capsule 
of the knee or by the escape of fluid through the normal com¬ 
munication of a bursa with the knee, that is, the semimem¬ 
branosus or the médial gastrocnemius bursa. Kim et al. 
described the arthroscopic anatomy of the posteromedial 
capsule and found an association between the presence of 
capsular folds and holes in the capsule and the incidence of 
popliteal cysts in 194 knees treated arthroscopically for a 
variety of knee problems. 

Diagnosing a popliteal cyst usually is not difficult. One 
third to one half of patients with these cysts are children. The 
cyst must be distinguished from a lipoma, xanthoma, vascu- 
lar tumor, fibrosarcoma, and other tumors; occasionally, the 
cyst may be confused with an aneurysm. A pyogénie abscess 
may sometimes be located in the popliteal space, but this 
can be diagnosed easily. Usually, the diagnosis can be made 
by transilluminating the cyst. Other diagnostic techniques, 
such as arthrography, MRI, and ultrasound, can be helpful 
in establishing the diagnosis. MRI is the preferred modality 
because it also can show intraarticular pathology. In chil¬ 
dren, the cyst infrequently communicates with the joint, and 
intraarticular pathologie findings are rare. Rarely, a popliteal 
cyst can dissect down into the calf in an intramuscular path. 
Fang et al. reported three cases involving the médial head 
of the gastrocnemius. These were confirmed with MRI. It 
was hypothesized that the dissection took the path of least 
résistance through a weakness in the médial gastrocnemius 
fascia. 

Giant synovial cysts of the calf often are associated with 
rheumatoid arthritis. They arise from and communicate with 
the knee in the popliteal area, as can be shown by arthrogra¬ 
phy or MRI. If a popliteal cyst is suspected, arthrography or 
MRI of the knee or ultrasound examination of the calf is 
done, and the popliteal cyst is excised. In patients with rheu¬ 
matoid arthritis who hâve a giant synovial cyst removed, a 
synovectomy should be performed later to prevent récur¬ 
rence of the cyst. Development of acute compartment syn¬ 
drome as a resuit of a ruptured Baker cyst and spontaneous 
venous bleeding hâve been reported. We hâve seen several 
patients on strong anticoagulants bleed into popliteal cysts, 
leading to dissection into the calf. Popliteal vein thrombosis 
can occur, and a dissecting popliteal cyst can occur concur- 
rently. Venous thrombosis should be excluded as part of the 
évaluation of suspected pseudothrombophlebitis caused by a 
dissecting or ruptured popliteal cyst. 

The results of simple excision usually are excellent even 
if incomplète. In our expérience with a large sériés of 
children, these cysts generally résolve with benign neglect. 
Occasionally, aspiration may be attempted, provided that 
the diagnosis is certain. In adults, intraarticular pathologie 
findings are common, and the cyst can recur if the 


intraarticular pathologie condition is not corrected. Most 
involve the posterior horn of the médial meniscus. Ko and 
Ahn recommended removal of the capsular fold of the valvu- 
lar mechanism of the popliteal cyst with a motorized shaver 
arthroscopically. Takahashi and Nagano reported success 
using posterior portais to arthroscopically resect the popliteal 
cyst origin. 

Careful arthroscopic évaluation should be performed 
before excision of a popliteal cyst. Intraarticular pathologie 
conditions, such as patellofemoral chondromalacia or a 
degenerative tear of the posterior horn of the médial menis¬ 
cus, can be identified and treated by debridement of loose 
cartilaginous fragments or partial meniscectomy. Significant 
intraarticular pathologie conditions are présent in more than 
50% of adults with popliteal cysts. Kp et al. recommended 
careful study of prearthroscopic cystectomy MR images 
because these cysts can be prédictive of potential popliteal 
artery injury. When the popliteal artery is close to the cyst, 
the latéral wall of the cyst should not be removed. 

When a significant knee effusion appears to communi¬ 
cate with the cyst, the cyst often résolves after meniscectomy, 
aspiration, and injection of the cyst with cortisone. Sansone 
and De Ponti reported good clinical results in 95% of 30 
patients who had arthroscopic treatment for a popliteal cyst 
and associated intraarticular pathology at 32 months follow 
up. Froelich and Hillard-Sembell demonstrated that loose 
bodies can intermittently travel between the intraarticular 
space and an extraarticular popliteal cyst. If a known postero¬ 
medial loose body cannot be found, a capsular opening into 
the cyst should be sought. The loose body can then be 
removed through an accessory posteromedial portai. 

If the cyst does not appear to communicate or if signifi¬ 
cant changes cannot be treated arthroscopically, an open pro¬ 
cedure is indicated. Most cysts can be approached by a 
posteromedial (Henderson) incision. Very large or midline 
lésions can be approached through a posterior incision. 


POPLITEAL CYST EXCISION 

For a popliteal cyst that requires excision, Hughston et al. 
described a posteromedial approach made through a 
médial hockey-stick incision. The procedure can be per¬ 
formed with the patient supine. If an arthroscopic évalua¬ 
tion is part of the procedure, the leg does not hâve to be 
rescrubbed or redraped and the patient does not need to 
be turned prone for open excision of the cyst. 


TECHNIQUE 9-5 


(HUGHSTON, BAKER, AND MELLO) 

■ With the patient supine, externally rotate the hip fully and 
flex the knee to 90 degrees. Make a médial hockey-stick 
incision at the joint line (Fig. 9-9A). 

■ Use only the posteromedial portion of the incision if an 
arthroscopic examination already has been performed. 
Otherwise, inspect the joint through an anteromedial reti- 
nacular incision (Fig. 9-9B). 

■ Make a posteromedial capsular incision beginning between 
the médial épicondyle and adductor tubercle along the 
posterior border of the tibial collateral ligament (Fig. 9-9B). 
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Posteromedial approach for excision of a Baker cyst. A f Skin incision at the level of the joint line with knee flexed 

opened and retracted before excision. SEE TECHNIQUE 9-5. 


FIGURE 


to 90 degrees. B f Skin and subcutaneous tissue retracted. C f Cyst 

] ■ Retract the posterior oblique ligament posteriorly and 
inspect the posteromedial compartment. Identify the 
popliteal cyst; it is usually in the area between the médial 
head of the gastrocnemius and semimembranosus tendon 

(Fig. 9-9B). 

■ Inspect the posteromedial joint and cyst lining for an 
intraarticular communication (Fig. 9-9C). 

■ Separate the adhèrent cyst lining from the surrounding 
soft tissues and trace it to the posterior capsule. 

■ Excise the cyst at the base of its stalk on the capsule. 

■ Close the orifice if possible with one or two nonabsorb- 
able sutures. 

■At closure, the posterior oblique ligament may be lax 
because of pressure from the cyst beneath it. If it is lax, 
advance it onto the médial épicondyle and tibial collateral 
ligament to restore tension to the posteromedial capsular 
ligaments and semimembranosus capsular aponeurosis. 
Close the wound in layers. 

POSTOPERATIVE CARE. The limb is placed in a knee 
immobilizer, and weight bearing to tolérance is allowed. 
Straight leg raising and quadriceps-setting exercises are 
begun on the first day after surgery. The immobilizer is 
discontinued, and active range-of-motion exercises are 
begun when acute inflammation has resolved. Mild pro- 
phylactic anticoagulation is recommended for 6 weeks. If 
the patient develops a synovial fistula, reapply the knee 
immobilizer until the fistula closes. 


MEDIAL GASTROCNEMIUS BURSITIS 

If the médial gastrocnemius bursa is involved, a palpable 
mass is located in the midline of the popliteal space or extends 
beneath the head of the gastrocnemius and manifests between 
the médial head of the muscle and the semimembranosus 
tendon, simulating an enlarged semimembranosus bursa. In 
the latter instance, the bursa is excised through a posterome¬ 
dial incision after arthroscopy with the patient supine, as 
described for semimembranosus bursitis; when in the midline 
of the popliteal space, it is excised as follows. 


MEDIAL GASTROCNEMIUS 
BURSA EXCISION 


TECHNIQUE 9-6 


(MEYERDING AND VAN DEMARK) 

■ With the patient prone, make an oblique incision directly 
over the mass (Fig. 9-1 OA). 

■ Divide the deep fascia, expose the protruding sac, and by 
blunt dissection free it down to its attachment to the 
posterior aspect of the capsule of the knee. In some 
instances, relaxing the muscles and tendons on each side 
of the cyst by flexing the knee increases the exposure. 

■ Clamp the pedicle of the cyst at its attachment to the 
capsule of the joint and divide it, but leave enough 
pedicle to permit its inversion (Fig. 9-10B). 
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A 


FIGURE 


Meyerding and Van Demark removal of midline 




Baker cyst. A f Skin incision. B f After being exposed, pedicle is 


clamped, ligated, divided, and inverted. SEE TECHNIQUE 9-6. 


■ Invert the pedicle and close it; Meyerding and Van Demark 
recommended permanent sutures for this closure. 

POSTOPERATIVE CARE. The postoperative care is the 
same as for Technique 9-5. 


SEMIMEMBRANOSUS BURSITIS 

A distended semimembranosus bursa occurs on the médial 
side of the popliteal space on the médial or more usually the 
latéral side of the semimembranosus tendon. The bursa can 
be approached easily through a posteromedial incision with 
the patient supine or through a posterior incision as described. 


SEMIMEMBRANOSUS 
BURSA EXCISION 


TECHNIQUE 9-7 


■ With the patient supine, make a slightly oblique or 
curved longitudinal incision 7.5 cm long over the médial 
aspect of the popliteal space; a common error is to place 
this incision too far proximally. Incise the deep fascia; the 
proper plane for dissection is then usually évident. 

■ Develop the interval between the semimembranosus and 
the médial head of the gastrocnemius and separate the 
cyst wall from these structures. No important nerves or 
vessels lie in this plane of cleavage. 

■ Continue the dissection; it becomes increasingly difficult 
to separate the cyst from adjacent structures. In the 
depths of the wound, the wall usually is adhèrent and 
requires sharp dissection that should include some of the 
fibrous parts of the semimembranosus or of the gastroc¬ 
nemius; otherwise, the cyst is ruptured, making it difficult 


to outline and to détermine whether it has a pedicle or 
communicates with the joint. 

■ Often the base of the cyst is intimately attached to the 
capsule and synovium. A small opening may be located, 
if desired, by injecting air or a physiologie saline solution 
containing a little methylene blue through the posterior 
part of the capsule into the joint, but closing any opening 
in the joint capsule probably is unnecessary. 

■ The technique for excising cysts on the médial side of the 
semimembranosus tendon is performed in a similar 
manner. 

POSTOPERATIVE CARE. Postoperative care is the same 

as for Technique 9-5. 


SEMIMEMBRANOSUS TENDINITIS 

Semimembranosus tendinitis can be diagnosed by eliciting 
point tenderness over the posteromedial corner of the knee 
just distal to the joint line. The tendon usually is easily pal- 
pated. A provocative test of resisted internai tibial rotation of 
a knee flexed at 90 degrees also may pinpoint the pain. A 
négative McMurray test in the absence of tenderness over the 
joint line can help rule out a torn meniscus or osteonecrosis 
of the tibial plateau. Ray et al. divided their 115 patients into 
two groups: patients with primary isolated semimembrano¬ 
sus tendinitis and patients with secondary tendinitis with an 
associated intraarticular abnormality. The group with primary 
tendinitis generally included younger, athletic patients with 
overuse injuries incurred during running or a triathlon. Sec¬ 
ondary tendinitis was related to degenerative médial meniscal 
tears, degenerative changes of the médial compartment, or 
chondromalacia of the patella resulting in gait alterations and 
overuse of the tendon. Semimembranosus tendinitis gener¬ 
ally responds to conservative therapy. If conservative treat- 
ment fails, bone scanning or MRI can be helpful to confirm 
the diagnosis. Occasionally, a semitendinosus tendon transfer 
may be necessary and is the treatment of choice. For second¬ 
ary tendinitis, Ray et al. recommended évaluation and treat¬ 
ment of the intraarticular disorder at the time of treatment of 
the semimembranosus tendinitis. 


SEMITENDINOSUS 
TENDON TRANSFER 


TECHNIQUE 9-8 


(RAY, CLANCXAND LEMON) 

■ Make a 10-cm longitudinal posteromedial incision over 
the direct head insertion of the semimembranosus tendon 
and free the tendon from surrounding tissue proximally 
and distally. 

■ Open the tendon sheath and make a longitudinal incision 
in the tendon. 

■ Excise any necrotic areas. If there is no obvious necrosis, 
make several longitudinal incisions in the tendon to stim- 
ulate a healing reaction. 
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■ Drill the insertion site with a small Kirschner wire. 

■ Pull the direct head and proximal portion of the tendon 
upward and parallel to the posterior edge of the tibial 
collateral ligament, and suture it here to redirect the 
tendon. 

POSTOPERATIVE CARE. Postoperative care is the same 

as for Technique 9-5. 


CHRONIC SYNOVITIS 

Chronic synovitis is a persistent, nonspecific, proliférative 
lésion of the synovium, usually monarticular, with little or no 
involvement of bone or cartilage and without clear evidence 
of any other primary pathologie process. Although joint cul¬ 
tures are négative, the process may seem to be related to an 
infection elsewhere. During World War II it was found that 
chronic synovitis of one or both knees offen developed 3 
weeks affer an acute gonorrheal urethritis. Although the ure- 
thritis had already subsided affer treatment with penicillin, 
the synovitis of the knee was believed to be of gonococcal 
origin. The synovitis was subacute or chronic, however, and 
organisms were not found in joint aspirâtes. Chronic synovi¬ 
tis also occurred affer acute purulent lésions of joints had 
subsided with treatment with penicillin; in these cases, effu¬ 
sion and thickening of the synovial membrane persisted for 
weeks affer cultures of the fluid became négative. Chronic 
synovitis also has been found to occur years affer a traumatic 
injury to the joint affer the joint had seemed to recover com- 
pletely with no evidence of arthritis. We also hâve seen 
chronic synovitis in joints adjacent to bone infarcts where the 
joint space was maintained and evidence of arthritis was 
absent. 

Because monarticular synovitis can mimic goût and 
pseudogout, joint fluid should be sent for évaluation for crys- 
tals to rule out these pathologie processes. Cytology also can 
be obtained to rule out pigmented villonodular synovitis. 
MRI can be helpful because the synovial deposits seen in 
pigmented villonodular synovitis affer repeated bleeding épi¬ 
sodes produce a characteristic signal. MRI also can show 
areas of bone infarct not visible on plain radiographs. Lyme 
sérologie testing also should be performed. 

The initial treatment of chronic synovitis is conservative. 
If conservative treatment fails, synovial biopsy may be indi- 
cated. This can be performed using a standard arthroscopic 
technique in which the joint can be visually inspected and 
spécifie biopsy sites can be chosen. In addition, arthroscopic 
examination may reveal hypertrophy and hyperplasia of the 
synovial layer of the cells, thickening of the subsynovial layers 
by dermatofibrosis, and engorgement of blood vessels. These 
findings are nonspecific, but the more characteristic features 
of rheumatoid arthritis, osteoarthritis, and Charcot joints are 
not found. A persistent swelling of the joint with fluctuation 
but without edema of the surrounding soft tissues is charac¬ 
teristic of chronic synovitis. 

SYNOVECTOMY OF THE KNEE 

Although synovectomy in rheumatoid arthritis, chronic syno¬ 
vitis, or other arthritides (e.g., psoriatic arthritis) may tempo- 
rarily decrease the pain, increase in motion is doubtful, and 


some loss of motion may occur. Arthroscopic synovectomy 
has been used successfully in adult and pédiatrie patients 
with rheumatoid arthritis, sarcoid synovitis, and hémophilie 
arthropathy. The advantages of arthroscopic synovectomy 
over open synovectomy include decreased postoperative pain 
and early joint mobility. Arthroscopic synovectomy is a 
demanding procedure, however, and should be performed by 
experienced arthroscopists (see Chapter 51). 

In a comparative study of open and arthroscopic syno¬ 
vectomy, both techniques were found to be successful; 
however, patients who had arthroscopic synovectomy had 
less scarring, less pain, and faster recovery than patients who 
had open synovectomy. 

RHEUMATOID ARTHRITIS 
OF THE KNEE 

ADULT-ONSET RHEUMATOID ARTHRITIS 

Rheumatoid arthritis is a chronic, systemic, inflammatory 
disease, most offen involving the small joints of the hands and 
feet, although any synovial joint can be affected. It affects 1% 
to 2% of the world population with a female-to-male ratio of 
2.5:1. Adult rheumatoid arthritis usually is polyarticular; sys¬ 
temic involvement in the viscéral organs or eyes is rare. The 
test for rheumatoid factor in adults is positive in 70% to 80% 
of patients in whom rheumatoid arthritis is diagnosed. The 
American Rheumatism Association developed criteria for the 
diagnosis of rheumatoid arthritis (Table 9-2). A patient is 
considered to hâve rheumatoid arthritis if at least four of the 
seven criteria hâve been présent for at least 6 weeks. 

The exact cause of rheumatoid arthritis is unknown. 
Knowledge of the nature and pathogenesis of the disease has 
increased in more recent years, however, and medical and 
surgical management of the disease has improved. The goal 
of medical and surgical management of patients with rheu¬ 
matoid arthritis is to maintain or improve functional 
capacity. 

The clinical picture of rheumatoid arthritis is character- 
ized by synovitis and joint destruction. The synovitis tends to 
wax and wane and initially is treated pharmacologically. The 
joint destruction starts within the first or second year of the 
disease, however, and continues to progress. Radiographi- 
cally, this destruction is shown by joint space narrowing, 
periarticular érosions, and subchondral osteopenia. The 
structural damage manifests as pain with activity and defor- 
mity. A few patients go into remission within the first year 
and lead fairly normal lives with few symptoms. Others hâve 
permanent disability as the disease progresses to the point of 
incurring joint destruction. 

Treatment of the early stages of rheumatoid arthritis is 
primarily medical, although physical and occupational 
therapy offen can be helpful. Pharmacologie agents used in 
rheumatoid arthritis include nonsteroidal antiinflammatory 
drugs, corticosteroids, methotrexate, and biologie agents. 
Biologie agents are recombinant proteins that generally target 
an inflammatory cytokine, such as tumor necrosis factor. 
These agents hâve shown excellent results. There is hope that 
they may decrease or eliminate the need for surgical interven¬ 
tion in many patients; however, these agents inhibit the 
immune System and cause an increased risk of infection in 
patients taking them. 



CHAPTER 9 SOFT-TISSUE PROCEDURES AND CORRECTIVE OSTEOTOMIES ABOUT THE KNEE 


r TABLE 9-2 

Revised Criteria for Classification of Rheumatoid Arthritis 

CRITERION 

DEFINITION 

Morning stiffness 

Morning stiffness in and around joints lasting at least 1 hour before maximal improvement 

Arthritis of three or more 

areas 

At least three joints hâve had soft-tissue swelling or fluid (not bony overgrowth alone) 
observed by physician; 14 possible joint areas are right or left PIP, MCP, wrist, elbow, knee, 
ankle, and MTP joints 

Arthritis of hand joints 

At least one area swollen (as defined above) in wrist, MCP, or PIP 

Symmetric arthritis 

Simultaneous involvement of the same joint areas on both sides of body (bilateral 
involvement of PIP, MCPs, or MTPs is acceptable without absolute symmetry) 

Rheumatoid nodules 

Subcutaneous nodules over bony prominences, extensor surfaces, or juxtaarticular régions 
observed by physician 

Sérum rheumatoid factor 

Démonstration of abnormal amounts of sérum rheumatoid factor by any method that has 
been positive in <5% of normal control subjects 

Radiographie changes 

Radiographie changes typical of rheumatoid arthritis on anteroposterior hand and wrist 
radiographs, which must include érosions or unequivocal bony décalcification localized to or 
most marked adjacent to involved joints (osteoarthrosis changes alone do not qualify) 


From Smith CA, Arnett FC: Epidemiologie aspects of rheumatoid arthritis: current immunogenetic approach, Clin Orthop Relat Res 265:23,1991. 
MCP, Metacarpophalangeal joint; MTP, metatarsophalangeal joint; PIP, proximal interphalangeal joint. 


Jânsen et al. reviewed the Finnish Arthroplasty Register 
covering the years 1995 to 2010 and found a 48% decrease in 
the number of primary arthroplasties performed for rheuma¬ 
toid arthritis. They attributed this decrease to the effective - 
ness of improved medical management. 

Howe et al. published an extensive review of antirheuma- 
tologic agents and included recommendations for periopera- 
tive adjustments in médications for rheumatoid patients 
(Table 9-3). Patients who are on corticosteroids generally 
require preoperative “stress” dosages of hydrocortisone (Table 
9-4). In general, agents that inhibit the immune System should 
be withheld at least 1 week before and 1 week after a surgical 
procedure. 

Surgery for rheumatoid arthritis should accomplish one 
or more of the following: relieve pain; prevent destruction of 
cartilage or tendon; or improve function of joints by increas- 
ing or decreasing motion, correcting deformity, increasing 
stability, improving effective muscle forces, or any combina¬ 
tion of these measures. Surgery in rheumatoid arthritis can 
be préventive and corrective; surgery can be done in some 
situations during spontaneous or induced remissions of the 
disease. Surgery may be indicated to relieve pain or to improve 
function or both. Currently, the activity of the disease offen 
is disregarded, and préventive surgery is done early. 

Synovectomy has played a rôle in the management of 
rheumatoid arthritis for many years. The current indications 
are mostly for pain in patients with minimal structural 
damage to the joint refractory to pharmacologie agents. 
Open synovectomy is being performed less frequently as 
arthroscopic synovectomy has increased in popularity, espe- 
cially for a rheumatoid knee. However, one meta-analysis of 
2589 patients demonstrated that although both approaches 
relieved pain, arthroscopic synovectomy was associated with 
more récurrences of synovitis and disease progression. In 
addition, another study of two- stage surgical synovectomy in 
patients with rheumatoid arthritis demonstrated a decrease 
in sensory nerve fibers followed by a wound healing cell 
response, leading to reduced pain and better mobility. The 


authors did concédé, however, that not ail patients benefit 
from surgical synovectomy. 

With current techniques of total joint arthroplasty, surgi¬ 
cal options for the treatment of adult-onset rheumatoid 
arthritis hâve expanded greatly. In patients with moderate-to- 
severe destruction of cartilage and subchondral bone, total 
joint arthroplasty can relieve pain and improve function in 
most joints. 

JUVENILE RHEUMATOID ARTHRITIS 

Juvénile rheumatoid arthritis differs significantly from the 
adult form. The diagnosis of juvénile rheumatoid arthritis 
usually is made by exclusion. Other, more common types of 
arthritis in children and other rheumatic and connective 
tissue disorders must be ruled out. The diagnostic criteria for 
juvénile rheumatoid arthritis listed in Box 9-1 are similar to 
the criteria for the adult form. Rheumatoid factor is positive 
in less than 25% of patients with juvénile rheumatoid arthri¬ 
tis. After patients pass the âge of 8 years, laboratory tests show 
an increasingly higher percentage of positive results, however. 
Similar to the adult form, juvénile rheumatoid arthritis is best 
treated by a multispecialty team approach. 

Juvénile rheumatoid arthritis clinically consists of three 
types: polyarticular (involving five or more joints), monar- 
ticular (involving four or fewer joints), and systemic. Poly¬ 
arthrite occurs in almost half of ail children with juvénile 
rheumatoid arthritis. The knees, wrists, elbows, and ankles 
are most frequently affected, and the pattern of involve- 
ment usually is symmetric. Monarticular arthritis occurs 
in approximately one third of children with juvénile rheu¬ 
matoid arthritis. In about half of these, the disease begins 
in only one joint, usually the knee. Systemic disease occurs 
in 10% to 20% of patients. Severe constitutional symptoms 
précédé the development of overt arthritis. A high spiking 
fever and a “rheumatoid rash” are virtually diagnostic of sys¬ 
temic disease. 

Psychosocial problems are common in patients with 
symptomatic juvénile rheumatoid arthritis. The timing of any 
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TABLE 9-3 


Perioperative Médication Recommendations for Patients with Rheumatoid Arthritis 

MEDICATION 

IMPORTANT DRUG INTERACTIONS 

COMMENTS 

NSAIDs 

Warfarin—may increase INR 

Discontinue 5 half-lives before surgery 

Aspirin should be stopped 7-10 days before surgery 

Corticosteroids 

Fluoroquinolones—increase risk 
of tendon rupture 

Antifungal agents and 

clarithromycin—may increase 
levels of corticosteroids 

Perioperative use dépends on level of potential surgical 
stress 

Methotrexate 

Intravenous penicillins—may 
lead to neutropenia 

Continue perioperatively for ail procedures 

Consider withholding 1-2 doses of methotrexate for 
patients with poorly controlled diabètes; elderly 
patients; and patients with liver, kidney, or lung disease 
who are undergoing moderate or intensive procedures 

Leflunomide 

Warfarin and rifampin—may 
e leva te levels 

Continue for minor procedures 

Withhold 1-2 days before moderate and intensive 
procedures. 

Restart 1-2 weeks later 

Sulfasalazine 

Warfarin—may increase INR 

Continue for ail procedures 

Hydroxychloroquine 

None 

Continue for ail procedures 

TNF antagonists 

Avoid live vaccines; otherwise, 
no significant perioperative 
drug-drug interactions 

Continue for minor procedures 

For moderate and intensive procedures, withhold 
etanercept for 1 week, and plan surgery for the end of 
the dosing interval for adalimumab and infliximab. 
Restart 10-14 days postoperatively 

lnterleukin-1 

antagonists 

None 

Continue for minor procedures 

For moderate and intensive procedures, withhold 1-2 days 
before surgery. Restart 10 days postoperatively. 


Modified from Howe CR, Gardner GC, Kadel NJ: Perioperative médication management for the patient with rheumatoid arthritis, J Am Acad Orthop Surg 14:544, 2006. 
INR, International normalized ratio; NSAIDs, nonsteroidal anti-inflammatory drugs; TNF, tumor necrosis factor. 


TABLE 9-4 


Supplémentai Hydrocortisone for Surgical Stress Levels 

PROCEDURE CLASS/ 

LEVEL OF STRESS 

PROCEDURE 

RECOMMENDED SUPPLEMENTAL 
HYDROCORTISONE 

Minor/minimal 

Carpal tunnel release 

Tenosynovectomy 

Knee arthroscopy 

Hammer toe correction 

First metatarsophalangeal fusion 

25 mg hydrocortisone on day of 
procedure only (prednisone 5 mg) 

Mode rate/m ode rate 

Hip arthroplasty 

Knee arthroplasty 

Ankle arthroplasty 

Shoulder arthroplasty 

Elbow arthroplasty 

Metacarpophalangeal arthroplasty 

Complex foot reconstruction with 
arthrodesis and tendon transfer 

Anterior cruciate ligament reconstruction 

50-75 mg hydrocortisone on day of 
procedure with expeditious tapering 
over 1-2 days to preoperative dose 
(prednisone 10-15 mg) 

Intensive/significant 

Multiple trauma 

Bilateral knee arthroplasty 

Révision arthroplasty 

Multiple level spinal fusion 

100-150 mg hydrocortisone on day of 
procedure with expeditious tapering 
over 1-2 days to preoperative dose 
(prednisone 20-40 mg) 


From Howe CR, Gardner GC, Kadel NJ: Perioperative médication management for the patient with rheumatoid arthritis, J Am Acad Orthop Surg 14:544, 2006. 
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Diagnostic Criteria for Classification of Juvénile 
Rheumatoid Arthritis 


■ Age at onset younger than 16 years 

■ Arthritis in one or more joints defined as swelling or effu¬ 
sion or by the presence of two or more of the following 
signs: limitation of motion, tenderness or pain on motion, 
and increased heat 

■ Duration of disease 6 weeks to 3 months 

■ Type of onset of disease during the first 4 to 6 months 
classified as: 

■ Polyarthritis: five joints or more 

■ Monarthritis: four joints or fewer 

■ Systemic disease: intermittent fever, rheumatoid rash, 
arthritis, viscéral disease 

■ Exclusion of other rheumatic diseases 

Modified from Brewer LJ Jr, Bass JC, Cassidy JT, et al: Criteria for the classification 
of juvénile rheumatoid arthritis, Bull Rheum Dis 23:712,1972. 


surgical procedure in these patients should consider psycho¬ 
social factors, and counseling should be provided. 

The chief cause of morbidity in systemic and polyarticu- 
lar arthritis is severe joint disease, which occurs in 25% of 
patients. The chief cause of morbidity in monarticular disease 
is chronic iridocyclitis, which occurs in 25% to 30% of 
patients. Schaller reported that 90% of patients with juvénile 
rheumatoid arthritis and iridocyclitis had a positive antinu- 
clear antibody test. Permanent blindness can occur from iri¬ 
docyclitis, and patients with monarticular arthritis, especially 
patients with positive tests for antinuclear antibodies, should 
be evaluated by an ophthalmologist approximately every 3 
months. 

Open synovectomy for the treatment of juvénile rheuma¬ 
toid arthritis has produced inconsistent results. Granberry 
and Brewer noted that patients with mild monarticular or 
polyarticular disease tend to hâve the best results affer syno¬ 
vectomy. Patients with poor results affer synovectomy 
included children with systemic disease and polyarticular 
involvement and children younger than 7 years old. Very 
young patients apparently had relief of pain but were unable 
to cooperate in the range-of-motion exercise programs to 
improve the function of the joint. Jacobsen et al. found few, 
if any, benefits from synovectomy in regard to relief of pain 
or improvement in range of motion, but the operation seemed 
to provide permanent relief of joint swelling. In their opinion, 
the one indication for synovectomy in juvénile rheumatoid 
arthritis is monarticular synovitis of long duration that has 
not responded to other treatment. 

Although good results hâve been reported affer 
arthroscopie synovectomy of the knee in adults with rheuma¬ 
toid arthritis, the différences between adult-onset and juvé¬ 
nile rheumatoid arthritis prohibit application of these findings 
to children. In contrast to adult-onset disease, joint destruc¬ 
tion can become extensive before pain becomes a serious 
problem. Juvénile rheumatoid arthritis also is more cyclical 
than the adult form, which tends to be relentlessly progres¬ 
sive. In one of the few studies of arthroscopic knee synovec¬ 
tomy in children, Vilkki et al. reported 22 such procedures in 
children 5 to 16 years old. They concluded that arthroscopic 


Synovectomy in Juvénile Rheumatoid Arthritis 


Idéal Indications 

■ Involvement of one or few joints 

■ Hyperplastic, "wet" rheumatoid synovitis 

■ Failure to respond to adéquate trial of nonoperative 
treatment 

■ No radiographie evidence of articular cartilage 
destruction 

Relative Indications 

■ Severe pain 

■ Significant loss of motion 

■ Contractures despite several months of nonoperative 
treatment 

Contraindications 

■ Séronégative "dry" synovitis 

■ Polyarticular involvement 

■ Acute inflammatory stage 

■ Systemic disease 

From Canale ST, Beaty JH, editors: Operative pédiatrie orthopaedics, ed 2, St Louis, 
1995, Mosby. 


synovectomy is préférable to open synovectomy in these 
patients because mobilization and full weight bearing can be 
started soon affer the procedure, morbidity is less, and réha¬ 
bilitation is more rapid. Although arthroscopic synovectomy 
may provide a palliative treatment option for some children 
with juvénile rheumatoid arthritis, the procedure cannot be 
routinely recommended. 

Idéal indications for synovectomy include involvement of 
one or only a few joints; hyperplastic, “wet” type of rheuma¬ 
toid synovitis; failure to respond to an adéquate trial of non¬ 
operative treatment; and no radiographie evidence of articular 
cartilage destruction. Few patients meet ail these criteria, 
however, and the decision to perform synovectomy requires 
astute clinical judgment. Contraindications to synovectomy 
include “dry” synovitis, involvement of multiple joints in the 
acute inflammatory phase, and systemic disease (Box 9-2). 

Reconstructive procedures that may be required in 
patients with juvénile rheumatoid arthritis include soff-tissue 
procedures for correction of contractures, osteotomy, arthro- 
desis, joint excision, and arthroplasty. Combinations of these 
procedures offen are necessary to relieve pain and correct 
deformity. Ostéotomies are most commonly required to 
correct severe angular deformities. Arthrodesis usually is 
reserved for severely damaged joints unsuited for arthro¬ 
plasty, such as the wrist, the foot, and occasionally the fingers. 
Excision of one of the articular surfaces occasionally is indi- 
cated at skeletal maturity for severely painful, contracted 
joints unsuited for arthroplasty. Arthroplasty may be indi- 
cated for destruction of the articular cartilage, especially in 
patients with multiple and bilateral joint destruction. The 
young âge and lifestyles of these patients should be consid- 
ered, however, before such an extensive procedure is under- 
taken. Generally, young adults with severe multiple joint 
involvement and low activity levels are best suited for 
arthroplasty. 
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Parvizi et al. (25 patients), Palmer et al. (15 patients), and 
Thomas et al. (17 patients) ail reported excellent pain relief 
and improvement in functional capacity after total knee 
arthroplasty in patients with juvénile rheumatoid arthritis; 
however, repeat surgery and complications were more fre¬ 
quent than reported after total knee arthroplasty in adults 
with osteoarthritis. 

SURGICAL PROCEDURES 

In rheumatoid arthritis, flexion contractures of both knees 
are common; when they exceed 30 degrees, the patient 
usually is confined to a wheelchair. The following surgical 
procedures are useful in properly selected patients with rheu¬ 
matoid arthritis: (1) arthroscopic synovectomy, (2) proximal 
tibial osteotomy, (3) arthrodesis, and (4) arthroplasty or 
reconstruction. 

■ ARTHROSCOPIC SYNOVECTOMY 

The basic indication for synovectomy in rheumatoid arthritis 
is failure of the disease to respond to appropriate medical 
treatment after 6 months. If the operation is to be successful, 
the disease should be limited almost entirely to the synovial 
membrane (Fig. 9-11) with little, if any, involvement of the 
cartilage or bone and consequently with little, if any, radio¬ 
graphie evidence of narrowing of the joint space. The involve¬ 
ment of two or more joints and the presence of acute 
inflammation are no longer considered contraindications for 
synovectomy. Although temporary symptomatic relief has 
been highly successful, range of motion often decreases and 
progression of the disease is rarely affected. Nonetheless, the 
palliative benefits often make the procedure worthwhile. Late 
synovectomy performed on knees with advanced arthritic 
changes has an unacceptably high failure rate and is not 
recommended. 

The technique for arthroscopic synovectomy has evolved 
over the past 30 years. Consequently, arthroscopic synovec¬ 
tomy of the knee has become the standard because of advan- 
tages over the open procedure (Box 9-3). 


Studies hâve shown that arthroscopic knee synovectomy 
in patients with rheumatoid arthritis successfully Controls 
synovitis and improves pain. In one study, improvement was 
seen in ail measured criteria. Although range of motion is 
preserved, it does not increase. Results seem to be better in 
patients with less cartilaginous damage. Ogawa et al. evalu- 
ated the results of 30 arthroscopic synovectomies at 6-year 
follow-up. Ail knees with grade I changes (Larsen classifica¬ 
tion) maintained the same grade, whereas some with grade 
II changes and ail with grade III changes required total knee 
arthroplasty. 

For patients with adult-onset rheumatoid arthritis in 
whom a minimum of 6 months of conservative treatment has 
been ineffective and who do not hâve late erosive arthritic 
changes, arthroscopic knee synovectomy can be palliative. 
Although some of the erosive changes seen on radiographs 
may be delayed, the ultimate natural progression of the 
disease is unchanged. If performed by an experienced arthros- 
copist, arthroscopic synovectomy may decrease pain without 



Advantages of Arthroscopic Synovectomy 


1. Synovial resection is more complété. 

2. Incision is minimal. 

3. Quadriceps muscle remains intact. 

4. Incidence of infection is decreased. 

5. Incidence of hemarthrosis is decreased. 

6. Range of motion is maintained or increased. 

7. It is cost-effective as an outpatient procedure. 

8. Postoperative physical therapy is minimal or none. 

9. Menisci are spared. 

10. Patient acceptance is high. 

From Salisbury RB: Synovectomy. In Fu FH, Harner CD, Vince KG, editors: Knee 
surgery, Baltimore, 1994, Williams & Wilkins. 
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sacrificing significant motion and decrease operative and 
postoperative morbidity compared with open synovectomy. 

Arthroscopic synovectomy should be performed system- 
atically after examination of the joint. Knee joint synovium is 
found diffusely throughout the interior lining of the joint, in 
the cruciate ligaments, and on the undersurface of the menisci 
(Fig. 9-11). For adéquate and safe synovectomy in these 
régions, the posterior pouches of the knee joint should be 
examined thoroughly but cautiously. The superficial layers of 
the synovium are removed with a shaver, and resection is 
carried down to a defining plane between the synovium and 
subsynovial tissues. When this plane is reached, the smooth 
shiny fibers of the capsule can be seen, with the superficial 
capillaries lying over the interior of the capsule. The surgeon 
should view the knee as a sériés of compartments, spending 
an equal amount of time in each compartment to remove an 
even distribution of the synovium. Because of the risk of 
serious neurovascular complications, arthroscopic synovec¬ 
tomy should be performed by an experienced arthroscopist. 
The technique for arthroscopic knee synovectomy is described 
in Chapter 51. 

■ PROXIMAL TIBIAL OSTEOTOMY 

Proximal tibial osteotomy (see Technique 9-9) is useful for 
correcting varus or valgus deformities of an arthritic knee 
resulting from unicompartmental arthritis. It realigns the 
weight-bearing axis through the knee to distribute the forces 
of weight to the less involved or uninvolved compartment. 
This operation usually is contraindicated in patients with 
rheumatoid arthritis because the disease process is likely to 
be more evenly distributed between the médial and latéral 
compartments and the patellofemoral articulation. In addi¬ 
tion, the osteoporotic bone in rheumatoid patients makes the 
procedure more demanding than in patients with osteoar- 
thritis, with an increased chance of fracture into the joint 
during the osteotomy, avulsion of the patellar tendon, or loss 
of fixation. 

■ ARTHRODESIS 

Arthrodesis (see Chapter 8) offers the advantages of stability 
and freedom from pain. With advances in total joint arthro- 
plasty, however, it is rarely indicated except for severe unilat¬ 
éral joint involvement in young, active patients. If there is any 
question that the contralatéral hip is involved, knee arthrod¬ 
esis is contraindicated. 

■ ARTHROPLASTY OR RECONSTRUCTION 

Improvements in total knee arthroplasty hâve made it the 
surgical treatment of choice for most patients with rheuma¬ 
toid arthritis involving the knees. In advanced disease, when 
synovectomy is of no benefit, total joint arthroplasty can 
relieve pain and in certain instances increase motion. It is 
most appropriate for patients in class III or class IV (Ameri¬ 
can Rheumatism Association classification) with involvement 
of multiple joints, especially the ipsilateral hip or ankle or 
contralatéral knee or both, when involvement of other joints 
does not preclude adéquate réhabilitation. Excellent or good 
results hâve been reported after total knee arthroplasty, and 
one study found a lower failure rate in patients with rheuma¬ 
toid arthritis than in other diagnostic groups. 

The outcomes of total knee arthroplasty are good with 
posterior cruciate-retaining and posterior cruciate-sacrificing 


designs. Although previous reports of total knee arthroplasty 
in patients with rheumatoid arthritis hâve been favorable, a 
50% rate of posterior cruciate ligament instability in the 
sagittal plane has been reported, although others hâve not 
duplicated this finding. We use posterior cruciate ligament- 
substituting prostheses for total knee arthroplasty in patients 
with rheumatoid arthritis. 

Complications may be more frequent after total knee 
arthroplasty in patients with rheumatoid arthritis than in 
patients with osteoarthritis because of (1) poor healing of 
tissue, (2) deep wound infections, (3) severe flexion contrac¬ 
ture, (4) severe joint laxity, (5) severe osteopenia, and (6) 
involvement of multiple other joints limiting réhabilitation. 
To help minimize some of the problems in our patients with 
rheumatoid arthritis for whom total knee arthroplasty is 
planned, we try to optimize nutritional status preoperatively, 
use antibiotic-containing bone cernent, and frequently use 
stemmed components for primary arthroplasty in patients 
with severe osteopenia. Rodriguez et al. reported delayed 
infections in 4.1% of patients an average of 7 years after 
primary total knee arthroplasty. It has been theorized that the 
rôle of corticosteroids, more than the disease process itself, 
may be responsible for wound complications and infection. 
Indications, contraindications, and procedures for total knee 
arthroplasty are described in Chapter 7. 

OSTEOARTHRITIS OF THE KNEE 

Osteoarthritis of the knee can cause symptoms ranging from 
mild to disabling. Initial management of most patients should 
be nonoperative and may include physical therapy, bracing, 
orthoses, ambulatory aids, nonsteroidal antiinflammatory 
médications, intraarticular injections of a steroid or hyal- 
uronic acid, and analgésies. Changes in daily, work, and rec- 
reational activities also may be necessary. Obesity is a known 
risk factor for osteoarthritis of the knee, and weight loss has 
been shown to slow the progression of the disease. Because 
of the progressive nature of the disease, many patients with 
osteoarthritis of the knee eventually require operative treat¬ 
ment. Table 9-5 lists recommendations made by the Ameri¬ 
can Academy of Orthopaedic Surgeons on less invasive 
treatments. 

SURGICAL PROCEDURES 

A variety of procedures hâve been described for treatment of 
the osteoarthritic knee, including arthroscopic debridement, 
osteochondral or chondrocyte transplantation, high tibial 
osteotomy, distal fémoral osteotomy, arthroplasty, and 
arthrodesis. The choice of procedure dépends on the patients 
âge and activity expectations, the severity of the disease, and 
the number of knee compartments involved. 

■ DEBRIDEMENT 

Surgical debridement of the osteoarthritic knee generally 
includes limited synovectomy, excision of osteophytes, 
removal of loose bodies, chondroplasty, and removal of 
damaged menisci. Satisfactory results hâve been reported 
after open debridement of an osteoarthritic knee. We hâve 
had limited success with this procedure; symptoms generally 
recur, sometimes quite rapidly. This procedure is painful and 
often requires 6 months of postoperative réhabilitation. With 
the advent of arthroscopic techniques, open debridement of 
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TABLE 9-5 


American Academy of Orthopaedic Surgeons' Recommendations for Less Invasive Treatment of 
Osteoarthritis of the Knee 

RECOMMENDATION 

YES/NO 

STRENGTH OF RECOMMENDATION 

1. Participation in self-management programs, strengthening low- 
impact aérobic exercises, and neuromuscular éducation; 
engagement in physical activity consistent with national guidelines 
is recommended. 

Yes 

Strong 

2. Weight loss in patients with a body mass index of greater than 25. 

Yes 

Moderate 

3A. Acupuncture 

No 

Strong 

3B. Physical agents (including electrotherapeutic modalities) 

? 

Inconclusive 

3C. Manual therapy 

? 

Inconclusive 

4. Valgus directing force brace (médial compartment unloader) 

? 

Inconclusive 

5. Latéral wedge insoles for symptomatic médial compartment 
osteoarthritis 

No 

Moderate 

6. Glucosamine and chondroitin 

No 

Strong 

7A. Nonsteroidal antiinflammatory drugs or Tramadol 

Yes 

Strong 

7B. Acetaminophen, opioids, pain patches 

? 

Inconclusive 

8. Intraarticular corticosteroids 

? 

Inconclusive 

9. Hyaluronic acid 

No 

Strong 

10. Growth factor injections and/or platelet rich plasma 

? 

Inconclusive 

11. Needle lavage 

No 

Moderate 

Derived from Jevsevar DS, Brown GA, Jones DL, et al: The American Academy of Orthopaedic Surgeons Evidence-Based Guideline on Treatment of Osteoarthritis of the 
Knee, 2 nd Edition, J Bone Joint Surg 95A:1885, 2013. 


TABLE 9-6 


Prognostic Factors for Arthroscopic Debridement of Osteoarthritic Knee 

PROGNOSIS 

HISTORY 

PHYSICAL EXAMINATION 

RADIOGRAPHIC FINDINGS 

ARTHROSCOPIC FINDINGS 

Good 

Short duration 
Associated trauma 

First arthroscopy 
Mechanical symptoms 

Médial tenderness 
Effusion 

Normal alignment 
Ligament stable 

Unicompartmental 

Normal alignment 

Minimal Fairbank lésions 
Loose bodies 

Relevant osteophytes 

Outerbridge 1 or II 

Meniscal flap tear 

Chondral fracture/flap 

Loose bodies 

Osteophyte at symptom site 

Poor 

Long duration 

Insidious onset 

Multiple procedures 
Rest pain 

Litigation 

Work-related 

Latéral tenderness 

No effusion 
Malalignment 

Varus > 10 degrees 
Valgus > 15 degrees 
Ligaments unstable 

Bicompartmental or 
tricompartment 
Malalignment 

Significant Fairbank lésions 
Irrelevant osteophytes 

Outerbridge III or IV 
Degenerative meniscus 

Diffuse chondrosis 

Osteophyte away from 
symptom site 


From Cole BJ, Harner CD: Degenerative arthritis of the knee in active patients: évaluation and management, J Am Acad Orthop Surg 7:389,1999. 


the knee for osteoarthritis rarely is used. The technique 
can be found in older éditions of Campbeïïs Operative 
Orthopaedics. 

Arthroscopic techniques resuit in less postoperative pain 
and shorter réhabilitation than open procedures. Arthroscopic 
treatments of osteoarthritis of the knee include simple lavage, 
debridement, and abrasion chondroplasty. Although good 
initial results hâve been reported affer arthroscopic lavage, 
outcomes tend to deteriorate over time. The initial relief of 
symptoms affer arthroscopic lavage is thought to be second- 
ary to the removal of cartilaginous débris and inflammatory 
factors. Some studies hâve cited the benefits of arthroscopic 
debridement of the osteoarthritic knee, with a success rate of 
about 70%. 


Patients with symptoms of short duration and patients 
with mechanical symptoms tend to do well, but those with 
radiographie malalignment, especially valgus deformities, 
tend to hâve poor outcomes, as do patients with pending liti- 
gation or workers compensation daims. Only 25% of knees 
with severe arthritis, limb malalignment, and a joint space 
width of less than 2 mm hâve substantial relief of symptoms. 
Table 9-6 lists the prognostic factors for arthroscopic debride¬ 
ment in one study. Arthroscopic abrasion chondroplasty and 
microfracture techniques also hâve been advocated to stimu- 
late cartilage régénération. On average, about 60% of patients 
hâve a good resuit from an abrasion procedure. Abrasion 
chondroplasty is contraindicated in patients with inflam¬ 
matory arthritis, significant knee stiffness, deformity, or 
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instability and in patients who are unwilling or unable to 
comply with 2 months of non-weight bearing after surgery. 

Several authors hâve reported a “placebo effect” after 
arthroscopy for osteoarthritis of the knee that occurs even 
when no spécifie procedure is performed, but most suggested 
that this effect was of short duration. In 2002, Moseley et al. 
reported a placebo-controlled, randomized study of 180 
patients in which they concluded that there was no différence 
between arthroscopic debridement or arthroscopic lavage 
and sham surgery Dervin et al. prospectively evaluated 126 
arthroscopic debridement procedures done for osteoarthritis 
of the knee and found that 44% of patients had significant 
pain relief at 2 years after surgery Three variables were sig- 
nificantly associated with improvements in symptoms: (1) 
médial joint line tenderness, (2) positive Steinmann test 
(forced external and internai rotation of a knee that is flexed 
to 90 degrees and recording pain that is referable to either 
joint line), and (3) an unstable meniscal tear identified at 
arthroscopy Arthroscopic debridement procedures cannot 
significantly alter the natural progression of osteoarthritis. 
Wai et al. retrospectively reviewed more than 14,000 
arthroscopic debridement procedures performed for osteoar¬ 
thritis and found that almost 20% of the patients had total 
knee arthroplasty within 3 years of the surgery. This study 
showed that the rate of total knee arthroplasty after 
arthroscopic debridement increases significantly with âge; 
patients older than âge 70 years were almost five times more 
likely to hâve total knee arthroplasty within 1 year after 
debridement than were patients younger than 60 years. At 
best, arthroscopic techniques may delay the need for a more 
definitive procedure, especially in younger, active patients 
with localized degenerative arthritis that causes pain at rest 
without malalignment or instability. 

The American Academy of Orthopaedic Surgeons does 
not recommend arthroscopic debridement for osteoarthritis. 

Arthroscopic techniques for debridement, drilling, and 
chondroplasty are described in Chapter 51. 

■ OSTEOCHONDRAL AND AUTOLOGOUS 
CHONDROCYTE TRANSPLANTATION 

Overall satisfactory results hâve been reported after osteo- 
chondral allograft transplant (78%); however, only 30% of 
knees with arthritis had satisfactory results. The technique 
has been described as a salvage procedure for young, active 
patients with severe articular cartilage degeneration of the 
patellofemoral joint. 

Brittberg et al. of Sweden reported their results with 
autologous chondrocyte transplantation in 23 knees with 
deep cartilage defects. Two years after transplantation, 14 of 
16 patients with fémoral condylar transplants had good or 
excellent results; however, only two of seven patients with 
patellar transplants had good or excellent results. Other sys- 
tematic reviews hâve shown autologous chondrocyte implan¬ 
tation to be no more effective than other methods of treatment, 
such as microfracture and mosaicplasty. Sharpe et al. com- 
bined autologous chondrocyte implantation with osteochon- 
dral autografts. Autologous chondrocytes were injected under 
a periosteal patch covering the osteochondral autograft cores. 
Ail patients had significant improvement in symptoms at 1 
year, with improvement maintained at 3 years. Franceschi 
et al. concluded that simultaneous arthroscopic implantation 
of autologous chondrocytes and médial opening wedge 


osteotomy of the proximal tibia is a viable option for the 
treatment of chondral defects of the médial tibial plateau in 
the varus knee. 

Although satisfactory short-term results hâve been 
reported, currently data are insufficient to recommend auto¬ 
logous chondrocyte implantation as more effective than other 
treatments. Indications are limited and include isolated, full- 
thickness, grade IV fémoral defect and a tibial surface with 
no more than grade II chondromalacia. Patients must be 
willing to restrict activity for 12 months to allow the new 
cartilage to mature. A more detailed description of these tech¬ 
niques can be found in Chapter 45. 

Improved knee scores at 2 years hâve been reported after 
arthroscopic debridement followed by stem cell injection 
derived from the infrapatellar fat pad. 

■ PROXIMAL TIBIAL OSTEOTOMY 

High tibial osteotomy is a well-established procedure for the 
treatment of unicompartmental osteoarthritis of the knee. 
Most reports hâve shown approximately 80% satisfactory 
results at 5 years and 60% at 10 years after high tibial oste¬ 
otomy. These results also hâve been shown to deteriorate over 
time, however. The rate of proximal tibial ostéotomies per¬ 
formed in North America has declined significantly in recent 
years, whereas the rate of total and unicompartmental knee 
arthroplasties has steadily increased. Nevertheless, high tibial 
osteotomy still is a useful procedure for properly selected 
patients. 

Varus or valgus deformities are fairly common and cause 
an abnormal distribution of the weight-bearing stresses 
within the joint. The most common deformity in patients 
with osteoarthritis of the knee is a varus position, which 
causes stresses to be concentrated medially, accelerating 
degenerative changes in the médial part of the joint; if the 
deformity is one of valgus position, changes are accelerated 
in the latéral part. The biomechanical rationale for proximal 
tibial osteotomy in patients with unicompartmental osteoar¬ 
thritis of the knee is “unloading” of the involved joint com- 
partment by correcting the malalignment and redistributing 
the stresses on the knee joint. 

Some authors hâve reported arthroscopic evidence of 
fibrocartilaginous repair in patients who hâve had a high 
tibial osteotomy. At second-look arthroscopy of 58 knees an 
average of 18 months after latéral closing wedge osteotomy, 
Kanamiya et al. found that only three of the 58 knees showed 
no signs of repair, and 55% of patients had partial or complété 
coverage of eburnated lésions with fibrocartilage. Wak- 
abayashi et al. also noted reparative signs in 62% of com- 
pletely eburnated bony lésions at arthroscopic examination 
12 months after high tibial osteotomy. 

The indications for proximal tibial osteotomy are (1) pain 
and disability resulting from osteoarthritis that significantly 
interfère with high-demand employment or récréation and 
(2) evidence on weight-bearing radiographs of degenerative 
arthritis that is confined to one compartment with a corre- 
sponding varus or valgus deformity. The patient must be able 
to use crutches or a walker and hâve sufficient muscle strength 
and motivation to carry out a réhabilitation program. Con- 
traindications to a proximal tibial osteotomy are (1) narrow- 
ing of latéral compartment cartilage space, (2) latéral tibial 
subluxation of more than 1 cm, (3) médial compartment 
tibial bone loss of more than 2 or 3 mm, (4) flexion 
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contracture of more than 15 degrees, (5) knee flexion of less 
than 90 degrees, (6) more than 20 degrees of correction 
needed, (7) inflammatory arthritis, and (8) significant periph- 
eral vascular disease. 

Many techniques hâve been described for valgus proxi¬ 
mal tibial osteotomy. Four basic types are most commonly 
used: médial opening wedge, latéral closing wedge, dôme, 
and médial opening hemicallotasis. The technique with the 
longest “track record” is latéral closing wedge osteotomy first 
described by Coventry (see Technique 9-9). A médial opening 
wedge osteotomy with iliac crest bone graff and rigid fixation 
was described by Hernigou et al. Opening wedge hemical¬ 
lotasis, described by Turi et al., uses an external fixator to 
distract the osteotomy site gradually. Tbere is no distinct 
advantage to using an opening-wedge or closing-wedge oste¬ 
otomy A randomized trial between the two demonstrated no 
différence in clinical outcome or radiographie alignment. The 
opening-wedge group had more complications, but the 
closing-wedge group experienced more early conversion to 
total knee arthroplasty. 

Maquet described a “barrel vault,” or dôme, osteotomy, 
which he believed allowed more accuracy and adjustability of 
correction (Fig. 9-12). Because this osteotomy is inherently 
stable, internai fixation usually is not required, but pins, plate- 
and-screw devices, or external fixation can be used if neces- 
sary. If no internai fixation is used, postoperative adjustments 



Barrel vault osteotomy of Maquet uses spécial 
jigs to orient dôme osteotomy properly. Distal tibia can be trans- 
lated if needed to change patellar tracking for patellofemoral 
degenerative changes. 


in alignment can be made by adjustments in the cast. Disad- 
vantages of the technique include technical difficulty, intraar- 
ticular fracture, and scarring around the patellofemoral 
extensor mechanism. 

Because isolated latéral compartment osteoarthritis is not 
as common as médial compartment involvement, varus osté¬ 
otomies to correct valgus deformities are infrequently done 
in patients with osteoarthritis. Marti et al. used a latéral 
opening wedge osteotomy with iliac crest bone graffing and 
rigid fixation to treat 34 osteoarthritic patients with valgus 
deformities. At a mean follow up of 11 years, 88% had excel¬ 
lent or good results. Coventry recommended a médial closing 
wedge osteotomy to correct valgus deformity; however, if the 
valgus deformity is larger than 12 degrees, or if the joint 
surface tilt of the tibia affer osteotomy will be more than 10 
degrees, he recommended a supracondylar médial closing 
wedge fémoral osteotomy instead (Technique 9-11). 

I LATERAL CLOSING WEDGE OSTEOTOMY 

Coventry described a closing wedge osteotomy made proxi¬ 
mal to the tibial tuberosity. He recommended a latéral 
approach to correct a varus deformity and a médial approach 
to correct a valgus deformity. The advantages of this osteot¬ 
omy are that (1) it is made near the deformity, that is, the 
knee joint; (2) it is made through cancellous bone, which 
heals rapidly; (3) it permits the fragments to be held firmly 
in position by Staples or a rigid fixation device, such as a 
plate-and-screw construct; and (4) it permits exploration of 
the knee through the same incision. Affer this operation, the 
danger of delayed union or nonunion is slight and prolonged 
immobilization in a cast is unnecessary, especially with rigid 
internai fixation. 

Coventry found that the major complication was récur¬ 
rence of deformity, which coincided with the récurrence of 
pain. He also found that the risk of failure was increased if 
alignment was not overcorrected to at least 8 degrees of 
valgus and if the patient was substantially overweight (30% 
over idéal body weight). 

Longer-term follow up (>10 years) confirmed a graduai 
détérioration of results over time. Most reports hâve shown 
satisfactory results in about 80% at 5 years and 60% at 10 
years affer high tibial osteotomy. Berman et al. identified 
several factors associated with favorable results, including (1) 
âge younger than 60 years, (2) purely unicompartmental 
disease, (3) ligamentous stability, and (4) preoperative arc of 
motion of at least 90 degrees. Sprenger and Doerzbacher 
reported a 90% 10-year survival rate in a rétrospective study 
of 76 latéral closing wedge ostéotomies. 

Normally, there is valgus alignment of 5 to 8 degrees in 
the tibiofemoral angle as measured on radiographs taken in 
the weight-bearing position. The amount of correction of the 
arthritic knee needed to achieve a normal angle is calculated, 
and an additional 3 to 5 degrees of overcorrection is added 
to achieve approximately 10 degrees of valgus. With a varus 
deformity, the only limitation in the amount of correction 
from a valgus osteotomy is the size of the bone wedge that 
can be taken proximal to the patellar tendon. 

Coventry used the method of Bauer et al. for calculating 
the size of the wedge removed as roughly 1 degree of correc¬ 
tion for each 1 mm of length at the base of the wedge (e.g., 
20 degrees of correction = a 20-mm base of the wedge). This 
is true only if the tibia is 57 mm wide, however, and we prefer 
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A f Calculation of size of bone wedge to be removed to accomplish desired degrees of correction with high tibial 
osteotomy. Apex angle (a) is number of degrees of correction desired for wedge osteotomy. Line ab corresponds to width of tibia and 
is marked off in 4-, 5-, 6-, and 7-cm distances from point a. Height of base of wedge can be measured (line bc for tibia, 7 cm wide). 
When tibia is 4 cm wide, height of base measured from diagram is 8 mm. B, Transferring calculations of size to wedge of osteotomy 
of tibia. Line ab represents transverse saw eut 2 cm below joint line with métal ruler inserted into eut. Angle at a represents correction 
desired and distance down second ruler. Line bc represents height of base of wedge to achieve this angular correction when ab rep¬ 
resents width of tibia being osteotomized. 


using exact measurements for the width of the base of the 
osteotomy, with a right triangle constructed from a preopera- 
tive drawing (Fig. 9-13) or the formula W = diameter X 0.02 
X angle or tangent tables. Alternately, full-length, near actual 
size, standing anteroposterior radiographs can be used to 
détermine the size of the wedge needed. The desired align- 
ment, based on the mechanical axis from the center of the 
fémoral head through the knee to the center of the ankle, can 
be achieved by cutting the appropriate-sized wedge from the 
proximal tibia. 

We also hâve used the technique of Slocum et al. of 
leaving a thin posteromedial lip of bone on the proximal tibial 
fragment. When the osteotomy is closed after removal of the 
wedge of bone, this posterior lip overrides the proximal end 
of the distal fragment and gives added support and stability 
to the osteotomy (Fig. 9-14). If the deformity is undercor- 
rected, we also hâve found it helpful to curet cancellous bone 
just médial to the latéral edge of the proximal tibia instead of 
removing more cortical bone; this allows the latéral cortical 
edge of the inferior margin of the osteotomy to slide beneath 
the proximal latéral cortex and lock the osteotomy further in 
place before internai fixation. 

Completion of the osteotomy and realigning the extrem- 
ity requires disruption of the proximal tibiofibular joint. This 
can be accomplished by either removing the inferomedial 
portion of the fibular head (Fig. 9-15) or careful disruption 


of the proximal tibiofibular syndesmosis to allow postero- 
superior migration of the fibula when the osteotomy is closed. 
Avoid injuring the peroneal nerve. 

Steinmann pins and a drill guide can be used to déter¬ 
mine accurate placement of the osteotomy cuts (Fig. 9-16). 
Hofmann et al. compared the results of tibial ostéotomies 
performed using an osteotomy jig, rigid fixation (L-buttress 
plate), and early motion (immédiate continuous passive 
motion machine and 50% weight bearing) with results of 
procedures in which the osteotomy cuts were determined by 
measuring the latéral cortex and cylinder casts were used for 
postoperative stabilization. They reported quicker union (3 
vs. 4.5 months), fewer complications (5% vs. 42%), and less 
time to return of 90 degrees of flexion with the jig technique. 
An advantage of this technique is that postoperative cast 
immobilization, which has been associated with patella baja, 
is not required. We also hâve had good results with this tech¬ 
nique and prefer the use of jigs when performing a latéral 
closing wedge high tibial osteotomy (Fig. 9-17). Müller and 
Strecker reviewed 340 osteotomy procedures with same- 
session arthroscopy and found it indispensable to check the 
indication for osteotomy, to modify the degree of correction 
or procedure according to the cartilage status, and to perform 
therapeutic procedures. 

The following technique outlines the basics for use of an 
osteotomy jig. There are several brands available. 
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FIGURE 


Partial removal of fibular head in latéral or 


valgus osteotomy of proximal tibia. 


Osteotomy Osteotomy 

before closure closed 




A, Bone wedge is eut to but not through pos- 
terior cortex of tibia before its removal. B f Lower saw eut is 
deepened through posterior cortex and osteotomy wedge closed 
as illustrated on right. This permits posterior lip of bone above 
to override cortex distal to osteotomy for stability. The distal 
segment of the osteotomy translates proximally for a short dis¬ 
tance to improve patellofemoral tracking. 


LATERAL CLOSING WEDGE 
OSTEOTOMY 


TECHNIQUE 9-9 


(MODIFIED COVENTRY; HO FM AN N, WYATT, AND BECK) 

■ With the patient supine, place a sandbag under the 
involved hip to allow easier access to the latéral aspect 
of the knee. A sandbag taped to the operating table helps 
maintain 90 degrees of knee flexion during the operation. 
This position is important because it carries the popliteal 



Steinmann pins used as an osteotomy 
Cuts are made with a broad osteotome viewed with an 
intensifier. 


guide. 

image 


vessels and peroneal nerve posteriorly and relaxes the 
iliotibial band. 

■ Drape and préparé the limb from the anterior superior 
iliac spine to the ankle; apply and inflate a thigh 
tourniquet. 
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A f Médial joint collapse resulting in varus deformity and médial knee pain. B f After high tibial osteotomy. 


■ Make an inverted-L-shaped incision for a latéral approach 
to the proximal tibia (Fig. 9-18A). The transverse limb of 
the incision is at the latéral joint line and extends poste- 
riorly to the fibular head. The vertical limb is midline to 
the tibia and extends 10 cm distally. 

■Carefully divide the proximal tibiofibular capsule with a 
sharp 3/4-inch curved osteotome. Use a blunt Hohmann 
retractor to protect the neurovascular structures through- 
out the procedure. 

■ Use Keith needles or small Kirschner wires to identify the 
joint line and insert the transverse osteotomy jig with the 
top portion touching the needles or wires (Fig. 9-18B). 

■ Stabilize the jig by drilling to the third mark (3 inches) on 
the 3.2-mm drill bit and filling the hole with a smooth 
pin (1/8 inch). 

■ Flex and extend the osteotomy guide to match the 
patient's posterior slope and to détermine proper plate 
positioning. This can be confirmed by placing the plate 
over the smooth pin in the jig (Fig. 9-18C). 

■ When proper positioning is determined, drill a second 
hole and fill it with a smooth pin. 

■ Through the central hole in the transverse osteotomy 
guide, adjacent to the osteotomy slot, drill completely 
across the tibia, and use a depth gauge to measure the 
tibial width. 

■ Insert the calibrated saw blade and make the transverse 
limb of the osteotomy, keeping a 10-mm bridge of the 
médial cortex intact. 

■ Replace the transverse osteotomy jig with the slotted 
oblique jig; this jig is slotted in 2-mm incréments to allow 
the desired degree of correction (6 to 20 degrees). 

■ Make the oblique portion of the osteotomy (Fig. 9-18D) 
and remove the oblique jig, leaving the pins in place. 

■ Remove the wedge of bone and carefully inspect the 
osteotomy site to ensure no residual bone is left. 


■ Apply a buttress plate over the two smooth pins. Remove 
one pin and replace it with a 6.5-mm cancellous screw, 
using the second pin as a parallel alignment marker 
(Fig. 9-18E). Remove the second pin and replace it 
with a cancellous screw. Screws 60 to 70 mm long 
usually are used in men, and screws 50 to 60 mm long 
usually are used in women. Shorter (50 mm) screws 
can be used in very young patients to make hardware 
removal easier when healing is complété. Do not tighten 
these screws until the distal cortical screws hâve been 
inserted. 

■ Using the two distal holes in the L-plate as a reference, 
use the drill alignment guide to place a single-cortex, 
3.2-mm hole in line with and distal to the plate (Fig. 
9-18F). Slight toggling of the bit makes application of the 
compression clamp easier. 

■ Insert the curved pin at the end of the compression clamp 
into this hole, while placing the straight pin on the end 
of the clamp into the most distal hole of the L-plate, and 
apply slow compression (Fig. 9-18G). 

■ Compression often takes 5 minutes, allowing plastic 
deformation to occur through the incomplète osteotomy 
site. If compression is difficult, check that the proximal 
tibiofibular joint is completely disrupted and that any 
residual bone wedge has been removed. 

■ When the osteotomy is closed, evaluate overall alignment 
with either a long alignment rod or an electrocautery 
cord. When aligned from the center of the hip to the 
center of the ankle, the plumb line should pass through 
the latéral compartment of the knee. 

■ Confirm alignment and placement of the plate with 
anteroposterior and latéral radiographs or fluoroscopy. 

■ Through the central round hole in the plate, drill a hole 
with the 3.2-mm drill bit and insert a self-tapping cortical 
screw (Fig. 9-18H). 
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High tibial osteotomy with use of osteotomy jig (see text). A f Incision. B f Positioning of transverse osteotomy guide. 
C f Détermination of correct position of jig. D f Placement of oblique osteotomy guide over 3.2-mm smooth pins and performance of 
osteotomy. E f Placement of L-shaped osteotomy plate. F f Application of compression clamp. G f Application of slow compression. H f Fixa¬ 
tion of distal plate. SEE TECHNIQUE 9-9. 
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9 " Remove the compression device and insert a cortical 
screw in the most distal hole in the plate. Tighten the 
proximal cancellous screws. Do not apply severe torque 
when tightening any of the screws, especially the cortical 
screws. A power screwdriver is not recommended for 
final tightening. 

■ Release the tourniquet and obtain hemostasis with elec- 
trocautery. Irrigate the wound, insert a small suction 
drain, and loosely approximate the fascia of the anterior 
compartment and the iliotibial band with interrupted 
sutures. Close the subcutaneous tissue with interrupted 
absorbable sutures and close the skin with Staples and 
stérile strips. Apply a large compressive Jones dressing. 

See also Video 9-1. 

POSTOPERATIVE CARE. Continuous passive motion is 
begun immediately after surgery in the recovery room, 
usually from 0 to 30 degrees of flexion, progressing 10 
degrees each day. Ambulation is begun on the second 
day after surgery, and 50% weight bearing is allowed for 
the first 6 weeks with the use of crutches. Muscle 
strengthening and active range-of-motion exercises also 
are begun on postoperative day 2. Full weight bearing is 
allowed after 6 weeks. 


I MEDIAL OPENING WEDGE OSTEOTOMY 

Hernigou et al. described a médial opening wedge tibial oste- 
otomy (Fig. 9-19), which they believed is more précisé and 
allows more exact correction than does a latéral closing wedge 
osteotomy. Use of an osteotomy jig and rigid plate fixation is 
recommended. Tricortical iliac crest autograft with supplé¬ 
mentai cancellous graft material also is recommended; 
however, other structural graft material, such as hydroxyapa- 
tite wedges, can be successful. Opening wedge osteotomy 
should be done if the involved extremity is 2 cm or more 
shorter than the contralatéral extremity. Opening wedge oste¬ 
otomy also may be indicated in patients with laxity of the 
médial collateral ligament or combined anterior cruciate liga¬ 
ment deficiency. Arthur et al. performed proximal tibial 
opening wedge ostéotomies as the initial treatment for chronic 
grade III postérolatéral corner instability with a combined 
varus deformity in 21 patients. Two-thirds of these patients 
did not require second-stage ligament reconstruction proce¬ 
dures. In a biomechanical study, LaPrade et al. demonstrated 
that opening wedge proximal tibial osteotomy decreased 
varus and external rotation laxity for postérolatéral corner- 
deficient knees. They thought that this was, in part, caused by 
tightening of the superficial médial collateral ligament. 

I OPENING WEDGE HEMICALLOTASIS 

Schwartsman advocated the use of circular external fixation 
after percutaneous tibial osteotomy (Ilizarov technique) distal 
to the tibial tuberosity so that accurate adjustments can be 
made postoperatively on the basis of standing, weight-bearing 
radiographs. He suggested that healing is more reliable after 
opening wedge percutaneous corticotomy than after open 
closing wedge osteotomy and that placement of the osteot¬ 
omy below the tibial tubercle minimizes the chance of patella 




Hernigou et al. médial opening wedge tibial 
osteotomy. A f Osteotomy proximal to tibial tubercle begins 
3.5 cm distal to médial joint line and is directed toward proximal 
tip of fibula, leaving latéral part of cortex intact. B f Osteotomy is 
pried open, and wedge-shaped bicortical iliac bone grafts are 
inserted. Osteotomy is fixed with plate and screws. 


inféra and loss of proximal tibial bone stock that may com- 
plicate later total knee arthroplasty. He also cited as advan- 
tages the ability to translate the distal fragment to restore 
mechanical alignment, improved stability of fixation, and 
immédiate weight bearing and knee motion of 0 to 90 degrees 
in the circular frame. Disadvantages of the Ilizarov technique 
for proximal tibial osteotomy include poor patient acceptance 
of the external fixator, pin loosening, the possibility of pin 
track infection that may compromise later total knee arthro¬ 
plasty, and the need for extremely close follow-up. This tech¬ 
nique also requires patients to make numerous daily 
adjustments to the fixator, which can be overwhelming for 
some patients. 

Turi et al. described an opening wedge osteotomy with a 
dynamic uniplanar external fixator using hemicallotasis tech¬ 
niques. In this procedure, the médial osteotomy is made 
below the tibial tuberosity. A dynamic external fixator is 
applied, and beginning 7 days postoperatively, the fixator 
is distracted 0.25 mm four times a day until correction is 
obtained. Five-year and 10-year survivorships of 89% and 
63%, respectively, hâve been reported after this procedure, 
with few serious complications, although superficial pin track 
infections were frequent. Opening wedge hemicallotasis has 
been compared with dôme osteotomy in patients with osteo- 
arthritic varus deformities. Patients in the hemicallotasis 
group had little change in patellar tendon length or direction 
angle of the tibial plateau compared with patients with dôme 
ostéotomies, who showed decreases in both. Closing wedge 
valgus osteotomy has been compared with opening wedge 
osteotomy hemicallotasis, with no clinical différences found 
between the two groups at 2 years. 

Mizuta et al. compared distraction frequencies in patients 
who had opening wedge hemicallotasis. Those who had 
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distraction of 0.25 mm eight times each day had significantly 
higher radiographie minerai density compared with those 
who had distraction 0.125 mm four times each day. Pulsed 
ultrasound during the consolidation phase has been shown 
to accelerate callus maturation. The consolidation phase 
begins when the minerai density of the gap is thought to be 
strong enough to allow fixator removal. 


OPENING WEDGE HEMICALLOTASIS 

Turi's opening wedge osteotomy hemicallotasis technique 
uses an articulated dynamic fixator, in which the patient 
distracts the osteotomy four times a day until correction is 
achieved. 


TECHNIQUE 9-10 


(TURI ETAL) 

■ With the patient supine, tape a sandbag to the operating 
table to help maintain 90 degrees of flexion during the 
surgery. Use a tourniquet and image intensification. 

■ Position the fixator over the leg to check the position of 
the pin clamps, osteotomy site, and hinge. The proximal 
pins should be placed at least 15 mm below the joint line 
to avoid intracapsular pin placement. 

■ The osteotomy site is below the tibial tuberosity. Make 
the incision for the osteotomy before placement of the 
fixator so that the dissection is not encumbered. Make a 
longitudinal incision just médial to the tibial tuberosity 
extending distally 3 to 4 cm. 

■ Reflect the pes anserinus subperiosteally to expose the 
proximal tibial osteotomy site. 

■ Superimpose the hinge of the fixator over the latéral tibial 
cortex at the level of the osteotomy (Fig. 9-20A). 

■ When the fixator is in the proper position, secure it to the 
bone with temporary Kirschner wires placed through 
holes in the frame (Fig. 9-20B). Ensure that the fixator is 
at least one fingerbreadth from the skin to allow for soft- 
tissue swelling. Check the placement of the Kirschner 
wires with fluoroscopy to ensure they are perpendicular 
to the tibial shaft. 

■ Place the screw guide through the clamp for the latéral 
proximal pin and push against the skin to détermine the 
location of the incision. Make the incision and use a 
4.8-mm drill bit to make a pilot hole for the pin. Manually 
screw the pin into the bone through the screw guide 
(Fig. 9-20C). 

■ Repeat the procedure for the médial proximal pin. Both 
pins should engage the posterior cortex (Fig. 9-20D). 
Tighten the clamps to the pins and remove the provisional 
Kirschner wires. 

■ Repeat the pin placement procedure for the distal pins 
using the fixator as a guide and tighten the clamp to the 
distal pins (Fig. 9-20E). 

■ Ensure that ail fixator locking and hinge screws are 
tightened. 

■ Use the plastic thumb screws to attach the osteotomy 
guide to the fixator (Fig. 9-20F). 

■ Insert a drill guide through the slot of the osteotomy 
guide and make a sériés of holes in the médial two thirds 


of the proximal tibia using a drill bit (Fig. 9-20G). Com¬ 
plété the osteotomy by connecting the holes with a thin, 
straight osteotome placed through the slot of the oste¬ 
otomy guide (Fig. 9-20H). Alternative^, a thin saw blade 
can be used. 

■ Remove the osteotomy guide and open the fixator to the 
desired correction angle by turning the distraction mecha- 
nism (Fig. 9-201). This ensures that the osteotomy is com¬ 
plété and that the desired amount of correction can be 
achieved. The mechanical axis of the limb can be fluoro- 
scopically checked using a Bovie cord held from the hip 
joint center to the center of the ankle joint. At the knee 
joint, the cord should be at or just latéral to the tibial 
eminence. 

■ When the proper correction is achieved, check and record 
the distraction level from the markings on the fixator. At 
this point, close the distraction mechanism to compress 
the osteotomy site. Lock the fixator and carefully suture 
the periosteum to cover the osteotomy site. 

POSTOPERATIVE CARE. Continuous passive motion is 
begun immediately after surgery in the recovery room, 
usually from 0 to 45 degrees of flexion, progressing at 
least 20 degrees each day. Ambulation is begun the day 
after surgery, allowing weight bearing to tolérance with 
crutches. The drain is removed 1 or 2 days after surgery 
depending on the output. Patients are instructed on 
proper pin site care and on the distraction technique. 
Seven days after surgery, the patient begins distracting 
the fixator at a rate of 1 mm/day by turning the distracter 
a quarter turn four times a day until the desired correction 
angle is achieved. Close follow-up is necessary to check 
weight-bearing radiographs and pin sites and to ensure 
that the patient is distracting the fixator properly. When 
the appropriate correction is achieved, the fixator is 
locked. If radiographs show good callus formation, the 
locking nut is released and dynamic loading is started. 
The fixator is removed after solid union is achieved, gen- 
erally by 12 weeks after surgery. 


Complications. Although médial opening wedge hemi¬ 
callotasis avoids problems with the patellar tendon and tibial 
inclination, the procedure is not without complications (up 
to 76% in one study, including pin track infections, deep vein 
thrombosis, technical error, and septic arthritis). Psychoso¬ 
cial issues also are associated with the use of external fixation 
devices, and pin track infections hâve been reported to cause 
delayed septic gonarthritis. Inadéquate correction also has 
been reported with this technique. 

I GENERAL COMPLICATIONS OF HIGH 
TIBIAL OSTEOTOMY 

Other reported complications of proximal tibial osteotomy 
include récurrence of deformity (loss of correction), 
peroneal nerve palsy, nonunion, infection, knee stiffness or 
instability, intraarticular fracture, deep vein thrombosis, 
compartment syndrome, patella infra, and osteonecrosis of 
the proximal fragment. Inadéquate correction and récurrent 
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£JP Opening wedge osteotomy hemicallotasis with Orthofix (Verona, Italy) dynamic external fixator. A f Positioning of 
fixator. B f Fixator provisionally secured with Kirschner wires. C f Proximal fixator pin inserted. D f Médial and latéral proximal fixator 
pins. E, Distal fixator pins placed. F f Osteotomy guide attached. G f Sériés of holes drilled at osteotomy site. H f Holes connected with 
osteotome or saw. I f Distraction of osteotomy. SEE TECHNIQUE 9-10. 
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High risk 


Low risk 


High risk 


Low risk 


_ Régions at high and low risk for intraoperative 

injury of peroneal nerve during fibular osteotomy. 


varus deformity hâve been reported to occur in 5% to 30% of 
patients with proximal tibial osteotomy. Récurrence of a 
varus deformity was the most common complication in Cov- 
entrys report of 213 proximal tibial ostéotomies. He attrib- 
uted the récurrence to inadéquate correction at the time of 
surgery and suggested that overcorrection beyond the normal 
5 degrees of anatomie valgus decreased the frequency of this 
complication. 

Peroneal nerve injury most often is related to fibular oste¬ 
otomy performed in conjunction with proximal tibial oste¬ 
otomy. The peroneal nerve is most at risk with osteotomy of 
the proximal fibula, where the nerve wraps around the neck 
of the fibula before dividing into deep and superficial branches 
(Fig. 9-21). Popliteal artery injury is rare but devastating. A 
cadaver study demonstrated that at 90 degrees of flexion, the 
distance between the osteotomy blade and the popliteal artery 
averaged only 10.6 mm. The authors of that study recom- 
mended keeping something substantial between the proximal 
tibia and the popliteal artery especially when using an oscil- 
lating power saw. 

Most patients develop significant patella baja after prox¬ 
imal tibial osteotomy. Several factors may cause this, includ- 
ing shortening of the patellar tendon after prolonged 
immobilization, new bone formation at the site of the oste¬ 
otomy in the area of the insertion of the patellar tendon, 
and fibrosis of the patellar tendon. The decrease in the 
height of the patella has no appréciable effect, however, on 
the success or failure of the osteotomy or the need for sub¬ 
séquent total joint replacement. Patella baja is likely, 
however, to make a subséquent total knee arthroplasty more 
technically demanding. 


ï TOTAL KNEE ARTHROPLASTY AFTER PROXIMAL 
TIBIAL OSTEOTOMY 

At 10 to 15 years after proximal tibial osteotomy, 40% of 
patients require conversion to total knee arthroplasty. Most 
sériés of total knee arthroplasties after proximal tibial osté¬ 
otomies report slightly lower rates of good and excellent clini- 
cal results than those reported for primary total knee 
arthroplasty. 

Studies hâve shown that the outcome of total knee arthro¬ 
plasty in patients with previous high tibial ostéotomies was 
not significantly different from outcomes after primary 
total knee arthroplasty, although total knee arthroplasty after 
high tibial osteotomy is technically demanding and is a longer 
operative procedure. Unicompartmental arthroplasty has 
poor results after high tibial osteotomy (28% failure at 5 
years). 

The operative technique of total knee arthroplasty can be 
complicated by several factors in patients with proximal tibial 
ostéotomies. Obtaining adéquate exposure is the most fre- 
quently encountered technical difficulty. Latéral ligamentous 
laxity can occur because of proximal “riding” of the fibula, 
and maintaining continuity of the médial soff-tissue sleeve 
during exposure can be difficult because scarring at the level 
of the osteotomy causes laxity of the médial collateral liga¬ 
ment. The posterior cruciate ligament usually is scarred, 
making posterior cruciate ligament substitution necessary. 
The latéral tibial plateau usually is the more déficient side and 
may require bone grafting or métal block augmentation. 
Offset of the proximal fragment laterally or posteriorly can 
make stem placement difficult. Patella baja may require tibial 
tubercle osteotomy. 

Parvizi et al. reported their results of 166 total knee 
arthroplasties in 118 patients with previous latéral closing 
wedge proximal tibial ostéotomies done for osteoarthritis. At 
the 15-year follow-up, the survival rate was 89%. Risk factors 
for early failure requiring révision were male gender, obesity, 
and âge older than 60 years at the time of total knee arthro¬ 
plasty. In a subgroup of patients who had bilateral total knee 
arthroplasties, one knee in each had not had a proximal tibial 
osteotomy, and the other knee had a previous proximal tibial 
osteotomy. In contrast to the patients reported by Meding 
et al., the knees with previous ostéotomies did not do as well 
as the knees without ostéotomies. The total knee arthroplas¬ 
ties after osteotomy had a significantly higher number of 
radiolucent fines than those without osteotomy. Techniques 
for total knee arthroplasty after proximal tibial osteotomy are 
described in detail in Chapter 7. 

■ DISTAL FEMORAL OSTEOTOMY 

If the valgus deformity at the knee is more than 12 to 15 
degrees, or the plane of the knee joint deviates from the hori¬ 
zontal by more than 10 degrees, Coventry recommended a 
distal fémoral varus osteotomy rather than a proximal tibial 
varus osteotomy. In a comparative study, Berruto et al. found 
that functional results after supracondylar osteotomy did not 
differ significantly from those after total knee arthroplasty, 
and they suggested that fémoral osteotomy is a valid alterna¬ 
tive to total knee arthroplasty in active patients younger than 
65 years with valgus angulation of no more than 15 degrees 
(Fig. 9-22). Reported success rates for distal fémoral ostéoto¬ 
mies performed for osteoarthritis range from 71% to 86% 
good or excellent results. Poor outcomes hâve been noted in 
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Varus distal fémoral osteotomy. A f Preoperative 
radiograph. B f Radiograph 10 years postoperatively. 



Distal fémoral locking plate. Supracondylar 
osteotomy performed with a locking plate. Distal screws can be 
removed percutaneously to allow instrumentation of the distal 
fémur without the need for plate removal. 


patients with rheumatoid arthritis and patients with inadé¬ 
quate motion of the knee before distal fémoral osteotomy. 

Total knee arthroplasty affer distal fémoral osteotomy can 
be complicated by exposure difficulties from scarring and 
difficulty in hardware removal. Blade plates and supracondy¬ 
lar compression screw devices usually must be removed 
before préparation of the distal fémur for total knee arthro¬ 
plasty. If a supracondylar locking plate (Fig. 9-23) is used for 


the osteotomy, distal fémoral instrumentation can be per¬ 
formed affer percutaneous locking screw removal and the use 
of a short intramedullary guide rod and extramedullary 
alignment instrumentation. Opening wedge distal fémoral 
varus osteotomy techniques hâve been described for latéral 
compartment osteoarthritis of the knee. One 5-year follow-up 
study of 18 opening-wedge ostéotomies demonstrated a 
cumulative survival of 80% comparable to that affer closing- 
wedge osteotomy. The technique is, however, technically 
demanding and reoperation is common. 

The technique for a closing wedge distal fémoral varus 
osteotomy is described next. 


CLOSING WEDGE DISTAL FEMORAL 
VARUS OSTEOTOMY 

In Coventry's method, a médial approach is used. An ante- 
rior total knee incision also can be used by exposing the 
médial distal fémur through a subvastus approach. This can 
avoid skin bridges if subséquent total knee arthroplasty is 
required. 


TECHNIQUE 9-11 


(COVENTRY) 

■ Make a médial incision separating the rectus femoris and 
vastus medialis at their junction, expose the lower part of 
the fémur, and displace the suprapatellar pouch distally 
without opening it until the base of the médial fémoral 
condyle is exposed. 

■ To achieve the desired position of the fémoral condyles, 
construct a template (1) to indicate the proper size of 
the wedge of bone to be removed and (2) to establish 
the required angle between the plate of the blade plate 
used for internai fixation and the latéral surface of 
the cortex at the time the blade plate is inserted 
(Fig. 9-24). The tip of the blade should just penetrate 
the opposite cortex for firm fixation. Use an appropriate 
retractor and maintain knee flexion to protect the neu- 
rovascular structures. 

■ Détermine the proper site and angle of insertion and the 
length of the blade by evaluating radiographs of a Kirsch- 
ner wire inserted in the distal fragment. Use this wire, 
when in the desired position, as a guide for insertion of 
the nail. 

■ Use a power saw to eut the fémur after insertion of the 
blade of the plate. 

■ Bring the plate into contact with the diaphysis after 
removing a wedge or simply cutting across the bone and 
countersinking the distal end of the proximal fragment 
into the medullary cavity of the distal portion. 

■Secure the plate to the proximal fragment with screws. 
Correct any flexion deformity by appropriate placement 
of the nail plate. Insert suction drainage tubes and close 
the wound. 

POSTOPERATIVE CARE. The extremity is treated in the 
same manner as after a proximal tibial osteotomy. 
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Coventry technique of lower fémoral osteot- 
omy. Angle to be corrected is measured on preoperative radio- 
graph, and nail of blade plate is driven into fémoral metaphysis 
so that plate can accomplish desired correction when attached to 
osteotomized fémoral shaft. Wedge with apical angle equal 
to amount of correction is removed with osteotomy. SEE TECH¬ 
NIQUE 9-11. 
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Although many orthopaedic surgeons abandoned ankle 
arthroplasty because of high failure and complication rates, 
the continued search for alternatives to ankle arthrodesis for 
ankle arthritis has led to a renewal of interest. The develop¬ 
ment of contemporary designs more compatible biome- 
chanically with the anatomy and kinematics of the ankle, 
improved techniques and instrumentation, and the intro¬ 
duction of biologie ingrowth for component fixation hâve 
led to a profusion of studies evaluating the design, tech¬ 
nique, and outcomes of total ankle arthroplasty The results 
of these studies hâve spurred an increase in the use of total 
ankle arthroplasty as an alternative to traditional ankle 
arthrodesis for a number of conditions. Pugely et al. deter- 
mined that both volume and per-capita use of total ankle 
arthroplasty increased dramatically between 1991 and 2010, 
and Terrell et al. noted a 57% increase in total ankle arthro¬ 
plasty between 2004 and 2009. Another study found that, 
between 2000 and 2010, total ankle arthroplasty was increas- 
ingly common in academie centers and in patients with 
more underlying comorbidities. 


DEVELOPMENT OF TOTAL ANKLE 
ARTHROPLASTY SYSTEMS 

Since the first report of total ankle arthroplasty in the 1970s, 
more than 20 total ankle arthroplasty Systems hâve been 


introduced. The first-generation, cemented, constrained 
designs were very stable but required extensive bony resec¬ 
tion for implantation and frequently failed because of loosen- 
ing, subsidence, and extensive osteolysis. Second-generation, 
less constrained implants required less bone resection and did 
not require cernent fixation; because shear forces and torsion 
at the bone-prosthesis were reduced, loosening was less fre¬ 
quent. However, increased polyethylene wear and failure 
compromised the stability of the components, offen leading 
to painful impingement and subluxation or complété disloca¬ 
tion of the components. Contemporary, third-generation, 
semiconstrained total ankle Systems consist of three compo¬ 
nents: a metallic baseplate that is fixed to the tibia, a domed 
or condylar-shaped metallic component that resurfaces 
the talus, and an ultrahigh-molecular-weight polyethylene 
bearing surface interposed between the tibial and talar com¬ 
ponents. Systems in which the polyethylene component is 
locked into the baseplate offen are referred to as “two-piece” 
or “fixed-bearing” designs, whereas those with the polyethyl¬ 
ene component not attached to the baseplate are called 
“three-piece” or mobile or meniscal bearing Systems. Cur- 
rently, six total ankle arthroplasty Systems hâve been approved 
for use in the by the United States Food and Drug Adminis¬ 
tration (FDA) (Table 10-1). Other Systems are in widespread 
use in Europe and Asia (e.g., HINTEGRA, Newdeal SA, Lyon, 
France; TNK, Kyocera Corporation, Japan; BOX, Finsbury 
Orthopaedics, Leatherhead, Surrey, UK). 
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_ table io-i _ 

United States Fédéral Drug Administration-Approved Total Ankle Arthroplasty Systems 


SYSTEM 

FDA APPROVAL 

CHARACTERISTICS 

Agility (DePuy, Warsaw, IN) 

Agility Révision—May 2002—for révision of 
primary Agility arthroplasty 

Agility LP—2006—talar component 
completely covers talus; cemented 

December 1992 

Requires syndesmotic arthrodesis, semi- 
constrained talar component; designed to be 
used with cernent 

INBONE (Wright Medical, Arlington, TN) 

November 2005 

Modular tibial stem, intramedullary 
instrumentation-alignment 

Salto Talaris (Tornier, Saint Ismier, France) 

November 2006 

Conical talar component, médial radius of 
curvature greater than latéral; two-piece 
anatomie, fixed-bearing implant 

Eclipse (Integra Life-sciences, Plainsboro, NJ) 

November 2006 

Médial approach for insertion, cylindrical 
cuts for tibia-talus; use currently on hold 

STAR (Waldermar Link, Hamburg, Germany) 

May 2009 

Three-component System, tibial fixation with 
two 6.5-mm cylindrical bars 

Trabecular Métal Total Ankle (Zimmer) 

August 2012 

Three component System, latéral transfibular 
approach, malleolar osteotomy, maximal 
préservation of bone stock 


Adapted from Cracchiolo A 3rd, DeOrio JK: Design features of current total ankle replacements: implants and instrumentation, J Am Acad Orthop Surg 16:530, 2008. 
FDA, United States Fédéral Drug Administration. 


DESIGN RATIONALE 

The development of an implant System that mimics the 
normal anatomy and biomechanics of the ankle and achieves 
success rates similar to those of hip and knee arthroplasty has 
been hampered by several anatomie features of the ankle 
joint: (1) the ankle has significantly less contact area between 
joint surfaces than the hip or knee; (2) the ankle expériences 
5.5 times body weight with normal ambulation, compared 
with 3 times body weight at the knee; and (3) the articular 
cartilage surface of the ankle is uniformly thinner than that 
of the knee. 

The biomechanical concepts that hâve resulted in the 
most recent génération of ankle arthroplasties are somewhat 
beyond the scope of a surgical-oriented textbook; however, 
the number and variety of implants on the market demand a 
familiarity of basic principles of component design. 

FIXED-BEARING VERSUS MOBILE-BEARING 
DESIGN 

Most modem implants fall into two basic groups: those with 
the polyethylene component fixed rigidly to the tibial compo¬ 
nent (Fig. 10-1 A) and those with a mobile polyethylene com¬ 
ponent that has the ability, at least in theory, to move under 
the tibial component to adapt to changes in joint forces (Fig. 
10-1 B). Mobile-bearing designs are used most commonly in 
Europe and hâve a long history of outcomes from which they 
can be evaluated. Another theoretical advantage of these 
designs is the “forgiveness” of the implant, which allows small 
variances in alignment to be compensated for by a reorienta¬ 
tion of the prosthesis to accommodate the joint forces. The 
ability of the polyethylene component to move should, in 
theory, keep the articulation between the talar component and 
the polyethylene component more congruent and less likely to 
edge load and hâve advanced wear. In experienced hands, 


however, there is a question of how much the polyethylene 
component actually moves under the tibia. Barg et al. found 
very little anteroposterior movement of the talar component 
under the tibia in follow-up radiographs of a three-component, 
mobile-bearing design and noted that the prosthesis func- 
tioned largely like a fixed-bearing design, but with a possible 
advantage of allowing an individualized position of the poly¬ 
ethylene insert in response to individual soft-tissue loads pro- 
duced by different ankle joint configurations. Aside from the 
STAR ankle implants (Fig. 10-2), implants approved for use in 
the United States are fixed-bearing designs (Table 10-1). 

Proponents of fixed-bearing designs suggest that the 
normal ankle joint, as opposed to the knee, has a more stable 
central axis of motion and less need for an additional degree 
of freedom of motion. Backside polyethylene wear against the 
tibial component is a major concern with mobile-bearing 
designs and less with fixed designs. Attention to detail in the 
proper alignment of the prosthesis along the mechanical axis 
of the limb has been suggested to prevent excessive wear. 

A multicenter study by Gaudot et al. comparing fixed- 
bearing with mobile-bearing implants found no significant 
différences in accuracy of positioning, clinical and radio¬ 
graphie mobility, or morbidity. The most recent American 
Orthopaedic Foot and Ankle Society (AOFAS) scores were 
higher for patients with fixed-bearing implants than for those 
with mobile-bearing implants, and radiolucent lines and sub- 
chondral cysts were less frequent. 

ALIGNMENT 

Currently available implant Systems are designed to be placed 
along the mechanical axis of the limb and dépend on satisfac- 
tory alignment above and below the ankle joint. The most 
common method of obtaining correct alignment is an exter- 
nal alignment jig, using intraoperative fluoroscopy to judge 
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U2fP A f Mobile-bearing, three-component total ankle replacement; polyethylene is independent of tibial component. 

B, Fixed-bearing, two-component ankle replacement; polyethylene is fixed to tibial component. (From Easley ME, Adams SB Jr, Hembree 

C, DeOrio JK: Current concepts review: results of total ankle arthroplasty, J Bone Joint Surg 93A:1455, 2011.) 



A and B f STAR arthroplasty in patient with good bone quality and minimal deformity. (Courtesy of Dr. William C. 
McGarvey, Houston, TX.) SEE TECHNIQUE 10-9. 
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FIGURE 


A and B f INBONE II ankle arthroplasty. (Courtesy Wright Medical, Memphis, TN.) 



1ÆM A and B f Trabecular Métal Total Ankle (Zimmer, 
Warsaw, IN). (Courtesy of Dr. Saltzman and Dr. Barg, University of 
Utah.) 


the alignment. At least one System uses an intramedullary 
alignment rod (Fig. 10-3). A potential innovation is a 
tomography-produced customized cutting jig, such as those 
available for knee arthroplasty. Another recent System uses a 
latéral approach to more accurately reproduce the center of 
rotation of the ankle and minimize bone resection (Fig. 10-4). 

INGROWTH VERSUS CEMENT FIXATION 

In the United States, ail FDA-approved designs are approved 
for use with cernent and, although they often are porous 
coated similar to the cementless implants of the hip or 


knee, implantation of the components without cernent is 
considered off-label use. There are few reports comparing 
the use of cernent with ingrowth fixation in the literature, and 
at this time there does not appear to be a consensus on the 
issue. 

METAPHYSEAL FIXATION 

Distribution of the forces over as broad an area as possible is 
one goal of implant design. Tibial components should, if pos¬ 
sible, rest flush on the eut surface of the metaphysis of the 
tibia and engage the anterior and posterior cortices without 
significant overhang. The use of stems of some type to help 
with the stability of the implant and broaden the weight- 
bearing surface seems prudent. Some designs hâve stems that 
are placed through a cut-out notch in the anterior cortex, and 
others are driven into the metaphysis in an intramedullar 
fashion. 

TALAR COMPONENT DESIGN 

Because the talar component is subjected to high forces 
during normal gait, talar components that cover the entire 
surface of the talus might hâve the advantage of better distri¬ 
bution of these forces and smaller chance of subsidence into 
the body of the talus. Balanced against this is the concern for 
wear or impingement in the médial and latéral ankle gutters. 
Haddad et al. demonstrated that a talar component placed in 
a malrotated position had poor contact characteristics at the 
extremes of ankle motion, causing concern for increased 
polyethylene wear or talar component loosening. Evaluating 
the contact pressures with the Agility total ankle design, 
Nicholson et al. found pressures higher than those recom- 
mended for the talar component-polyethylene articulation. 
Although this design has been modified since this study in 
2004, the findings demonstrate the issue of talar component 
design regarding contact pressure and potential wear. 
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POLYETHYLENE WEAR 

Wear débris of polyethylene within joint replacement Systems 
has been shown to resuit in clinical complications including 
osteolysis and component loosening. Highly crosslinked 
polyethylene (HXPE) was introduced to avoid these compli¬ 
cations and has been shown to resuit in improved wear per¬ 
formance in total hip, knee, and shoulder implants. In a 
biomechanical study of bicondylar, fixed-bearing total ankle 
implants with either conventional polyethylene or HXPE, 
Bischoff et al. found that HXPE samples exhibited a wear rate 
réduction of 74% compared with conventional polyethylene 
articulating on métal. The extent to which these laboratory 
findings affect clinical outcomes has not been determined, 
and clinical outcomes studies are needed to clarify the ben- 
efits of HXPE in total ankle arthroplasty implants. 

PREOPERATIVE EVALUATION 

A thorough understanding of the patients medical history 
and review of Systems is important in the decision-making 
process and the considération of the patient for total ankle 
arthroplasty. Systemic diseases such as diabètes, inflamma- 
tory arthritis, chronic obstructive pulmonary disease, and 
peripheral vascular or heart disease may adversely affect the 
outcome and healing of the incision. Conditions such as sleep 
apnea, malnutrition, vitamin D deficiency, and dépréssion are 
associated with decreased functional outcomes and poor 
results. We do not perform elective total ankle arthroplasty 
in active smokers. It must be clear that the ankle joint is 
indeed the cause of the patients primary complaint. Many of 
these patients hâve adjacent joint disease that might also need 
to be treated before or at the time of surgery. Sélective injec¬ 
tions of lidocaine are helpful in accurately identifying the 
painful pathologie process. A complété assessment of the 
limb is important. A lumbar spine pathologie process with 
sciatica and radicular lower extremity pain or degenerative 
disease of the hip or knee may cause a change in the manage¬ 
ment plan. Patients with combined knee and ankle arthritis 
and deformity offen are best managed by correction of the 
knee deformity first, followed by the ankle replacement. 

A thorough évaluation of the neurovascular status of the 
limb is essential, and any concerns should prompt a formai 
vascular évaluation. The patients gait should be evaluated for 
limp, and any alterations of knee or hip motion to compen- 
sate for the arthritic ankle and limb length différence should 
be assessed. The standing évaluation is important for a clini¬ 
cal assessment of the alignment of the ankle and hindfoot. Is 
there a supramalleolar deformity that must be corrected? Is 
the hindfoot well aligned, or is there a component of varus 
or valgus? Clinical assessment of the gastrocsoleus complex 
and the Achilles tendon is important. The Silfverskiôld test 
for sélective gastroenemius tightness might reveal a contrac¬ 
ture that is independent of ankle range of motion and that 
must be released intraoperatively. Coetzee and Castro dem- 
onstrated the inability to distinguish true range of motion of 
the tibiotalar joint on clinical examination and proposed a 
radiographie évaluation of the range of motion preopera- 
tively. Nonetheless, an idea of sagittal plane range of motion 
is important. Overall hindfoot motion is important as well. A 
stiff, arthritic hindfoot might be the différence between 
choosing arthroplasty or arthrodesis. Strength testing of the 



A and B f Hindfoot alignment view of right total 
ankle replacement. FTGA, Frontal tibial ground angle; HAVA, 
hindfoot alignment view angle; HAVD, hindfoot alignment view 
distance; LHA, latéral heel angle; white line , reconstruction of 
ankle joint based on length of médial malleolus. (From Frigg A, 
Nigg B, Hinz L, et al: Clinical relevance of hindfoot alignment view in 
total ankle replacement, Foot Ankle Int 31:871, 2010.) 


leg motor groups should not reveal major déficits that would 
impair the outcome. The anterior skin should be stable and 
without lésions that would impair the healing of the surgical 
incision. 

At a minimum, standing radiographs of the ankle in 
anteroposterior, latéral, and mortise views should be obtained. 
Any suspicion of proximal limb malalignment should be 
evaluated with standing lower extremity films. Because an 
accurate assessment of the alignment of the hindfoot is not 
possible with standing films of the ankle, Frigg et al. described 
a hindfoot alignment view (Fig. 10-5) that gives a better 
appréciation of overall alignment and helps to détermine if 
an adjunctive procedure is needed to improve the alignment 
of the foot distal to the ankle joint. Radiographie évaluation 
should include assessment of the quality of the bone stock, 
coronal plane alignment of the ankle with supramalleolar 
deformities or joint incongruencies, the presence of osteo- 
phytes requiring removal, adjacent joint arthritis or malalign¬ 
ment that requires correction, calcaneal pitch angle as a 
predictor of gastrocsoleus contracture, and the presence of 
major cysts or defects that will need graffing. 

INDICATIONS 

Although degenerative, inflammatory, and posttraumatic 
arthritic conditions of the ankle are the primary indications 
for total ankle arthroplasty, there is little clinical evidence on 
which to base more spécifie indications and contraindica- 
tions. The idéal candidate for ankle arthroplasty has been 
described as an older, thin, low-demand individual with 
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minimal deformity and retained ankle range of motion. These 
descriptions, however, are vague and controversial. S orne 
hâve defined “young” as younger than 50 years of âge and 
“thin” as weighing less than 200 lb, but there is no clinical 
evidence to support these classifications. Commonly cited 
contraindications to total ankle arthroplasty include âge 
younger than 50 years, history of poor patient compliance, a 
heavy industrial laborer, a heavy smoker, uncontrolled diabè¬ 
tes with neuropathy, significant ankle instability, angular 
deformity of more than 10 to 15 degrees, vascular insuffi- 
ciency, obesity (over 250 lb), significant bone loss, osteone- 
crosis, and active or previous infection. More recently, 
however, a number of these contraindications hâve been 
questioned. Demetracopoulos et al. reviewed outcomes in 
395 consecutive patients according to âge (younger than 55, 
55 to 70, and older than 70 years of âge) and found no différ¬ 
ences in pain relief or physical outcomes or in the incidences 
of wound complications, reoperations, or révisions. Good 
results hâve been reported in both obese patients and diabetic 
patients (see sections on Obesity and Diabètes), as well as 
those with angular deformities of more than 20 degrees (see 
section on Deformity Correction). 


TOTAL ANKLE ARTHROPLASTY 
OR ANKLE ARTHRODESIS FOR 
ANKLE ARTHRITIS 

Ankle arthrodesis (see Chapter 11) has long been the gold 
standard for the surgical treatment of moderate to severe 
ankle arthritis. It is, therefore, reasonable to ask if there is a 
compelling reason to pursue total ankle arthroplasty as a 
treatment option for patients with ankle arthritis. Although 
the patient satisfaction rate affer ankle arthrodesis is fairly 
high, there are certainly circumstances in which arthrodesis 
might not be the best procedure, including preexisting sub- 
talar or other hindfoot arthritis, contralatéral hindfoot or 
ankle arthritis, and hip or knee impairment such that motion 
through the ankle joint may be bénéficiai to the overall limb 
and patient function. 

No level I studies hâve directly compared the two 
procedures, and reports in the literature are contradictory 
(Table 10-2); longer-term studies are needed to compare 
these two procedures. Currently available reports seem to 
indicate improved function in patients with arthroplasty, 


_ TABLE 10-2 

Reported Outcomes of Ankle Arthroplasty Compared With Ankle Arthrodesis 


STUDY 

NO. PATIENTS 

FOLLOW-UP 

RESULTS 

SooHoo et al. (2007) 

4705 arthrodesis 
480 TAA 

5 years 

Higher risk of complications in arthroplasty group 
but less frequent subtalar joint arthritis requiring 
fusion 

Haddad et al. (2007) 

852 arthroplasty 
1262 arthrodesis 

Literature review 

Intermediate outcomes of arthroplasty and 
arthrodesis roughly équivalent 

Saltzman et al. (2009) 

224 patients 

2 years 

Arthroplasty group had better function and 
équivalent pain relief as ankles treated with 
arthrodesis 

Slobogean et al. (2010) 

107 patients 

1 years 

Significant improvements on preference-based 
quality of life measures in both; no significant 
différences 

Schuh et al. (2011) 

41 patients 

3 years 

No significant différences in activity levels, 
participation in sports scores, or UCLA and AOFAS 
scores 

Krause et al. (2011) 

161 patients 

3 years 

Significantly higher complication rate with 
arthroplasty (54%) than with arthrodesis (26%) 

Flavin et al. (2013) 

28 patients 

Gait study 

Arthroplasty produced a more symmetric vertical 
ground reaction force curve, which was doser to 
that of the Controls that the curve of the 
arthrodesis group. 

Daniels et al. (2014) 

388 patients 

5.5 years 

Intermediate-term clinical outcomes comparable; 
rates of reoperation and major complications 
higher after arthroplasty 

Jiang et al. (2015) 

12,250 

arthrodesis 

3002 

arthroplasty 

N/A 

Arthroplasty independently associated with lower 
risk of blood transfusion, nonhome discharge, and 
overall complication rate; however, no significant 
différence in risk for the majority of medical 
perioperative complications. 

Jastifer et al. (2015) 

77 patients 

2 years 
(gait study) 

Both had improved walking performance on 
uneven surfaces; arthroplasty patients had higher 
scores walking up stairs, down stairs, and uphill. 


AOFAS, American Orthopaedic Foot and Ankle Society; N/A, not applicable; TAA, total ankle arthroplasty; UCLA, University of California, Los Angeles. 
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although the différences are not significant in most studies. 
Some gait studies hâve noted no différence in gait patterns 
after arthroplasty and arthrodesis, whereas others report 
more nearly normal gait and better walking on uneven sur¬ 
faces after arthroplasty; gait appears to be improved by either 
procedure. Daniels et al. compared intermediate outcomes 
(mean 5.5-year follow-up) of arthrodesis (107 patients) and 
arthroplasty (281 patients) in a diverse cohort of patients and 
found comparable clinical outcomes; however, rates of reop¬ 
eration and major complications were higher after ankle 
arthroplasty. Careful patient sélection is mandatory for the 
success of either of these procedures in the treatment of ankle 
arthritis. 


TOTAL ANKLE ARTHROPLASTY 


TECHNIQUE 10-1 


PATIENT POSITIONING 

■ Most Systems require an anterior approach to the ankle. 
Place the patient supine on the operating table with the 
foot near the end of the table. Place a small bump or lift 
under the ipsilateral hip to help place the ankle straight 
and avoid the tendency of the leg to externally rotate. 

■ After induction of general anesthésia, apply and inflate a 
thigh tourniquet to control bleeding and improve 
visualization. 

APPROACH 

■ Any significant deformity above or below the ankle joint 
must be corrected before placement of the total ankle 
implants (see Technique 10-2). 

■ The approach is determined by the prosthesis design, and 
the reader is referred to the spécifie implant chosen; 
however, most Systems require an anterior approach to 
the ankle. 

■ Make an incision from about 10 cm proximal to the ankle 
joint on the latéral side of the anterior tibial tendon, over 
the flexor hallucis tendon. This incision is médial to the 
most médial major branch of the superficial peroneal 
nerve, the dorsal médial cutaneous nerve. Often a very 
small médial branch of this nerve crosses the incision just 
distal to the ankle joint and must be incised for exposure. 
The patient should be warned before surgery that a small 
area of numbness may be présent just médial to the 
incision. 

■ Open the flexor hallucis longus sheath and retract the 
tendon medially. Retract the neurovascular bundle con- 
taining the anterior tibial artery, vein, and deep peroneal 
nerve laterally with the extensor digitorum longus 
tendons. 

■ Make a straight incision in line with the skin incision in 
the ankle capsule and reflect the capsule medially until 
the médial ankle gutter is exposed and laterally until the 
latéral gutter is exposed. 

■ Expose the dorsal talonavicular joint and remove any 
anterior, médial, or latéral osteophytes. If better exposure 
of the joint line is needed, use an osteotome to perform 
a more aggressive removal of the anterior osteophytes. 


■ Préparé the bone for implant insertion according to the 
technique guide spécifie for the implant selected, with 
care taken to place the implant in proper alignment in ail 
planes and to hâve sufficient bone coverage of the pros¬ 
thesis and proper tensioning of the soft tissues and liga- 
mentous support after the final implant. There should be 
a balance between choosing a thicker polyethylene insert 
(better for wear characteristics) and excessive bone resec¬ 
tion and joint motion and stability. 

■ Close the capsule over the prosthesis and insert a closed 
suction drain; close the superior extensor retinaculum 
over the flexor hallucis longus sheath, and close the skin 
in layers. 

■A popliteal block is routinely used for postoperative 
analgesia. 

POSTOPERATIVE CARE. At our institution, patients are 
typically kept overnight in the hospital and are seen by a 
physical therapist the following day for instruction in gait 
training with touch-down weight bearing. Therapy with 
antibiotics, binasal cannula oxygen, and deep venous 
thrombosis (DVT) prophylaxis with low-molecular-weight 
heparin is the normal postoperative protocol, although 
this is not typically continued after discharge unless the 
patient has risk factors for DVT. Different implants hâve 
different recommendations for postoperative care, but we 
typically delay weight bearing for 4 to 6 weeks and begin 
active ankle motion once the incision is healed, typically 
2 weeks after surgery. Graduai progressive weight bearing, 
calf strengthening, proprioceptive training, and range-of- 
motion exercises are started at 4 to 6 weeks, with the 
ankle protected in a prefabricated walking boot. A light 
ankle brace is applied at 8 to 10 weeks, and full activities 
are allowed at 3 months, or when the calf muscles are 
fully rehabilitated. No restrictions are placed on the 
patients' activities or sports programs, but they are 
encouraged to avoid impact exercises for conditioning. 


CONSIDERATIONS FOR 
ADJUNCTIVE PROCEDURES 

DEFORMITY CORRECTION 

Osteoarthritic ankles considered for arthroplasty should hâve 
minimal periarticular deformity, or this deformity should be 
correctable with osteotomy or arthrodesis. Détermination of 
the site of the deformity is mandatory. In the valgus ankle and 
hindfoot, the following procedures should be considered: 
médial displacement osteotomy of the calcaneus (see Tech¬ 
nique 82-6), Cotton osteotomy of the médial cuneiform or 
sélective arthrodesis of the médial midfoot (see Techniques 
82-8 and 84-5), subtalar arthrodesis with or without talona¬ 
vicular arthrodesis (see Technique 84-7), posterior tibial 
tendon reconstruction with tendon transfer (see Technique 
82-2), and closing wedge osteotomy of the distal tibia (see 
Technique 58-10). 

For the varus ankle, procedures to consider include 
deltoid ligament release or sliding osteotomy of the médial 
malleolus, opening wedge osteotomy of the distal tibia (see 
Technique 11-1), Dwyer closing wedge osteotomy of the cal¬ 
caneus (see Technique 86-14), dorsiflexion osteotomy of the 
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Jj2jj9 Calcaneal osteotomy and midfoot arthrodèses 
were required to correct pes planus deformity before total ankle 
arthroplasty. 


first metatarsal (see Technique 83-18), and subtalar, double, 
or triple arthrodesis (see Chapter 84). 

Varus deformity of the distal tibia above the level of the 
joint is best treated with supramalleolar osteotomy. Varus 
deformity of the tibial plafond at the joint from érosion of the 
médial malleolus or médial subchondral bone can be cor- 
rected by accurate placement of the tibial eut. For the varus 
unstable ankle with deformity below the level of the joint, 
sometimes an osteotomy of the hindfoot is required (Fig. 
10-6). If instability persists intraoperatively, a latéral ligament 
reconstruction should be done. Judicious release of the 
deltoid ligament, especially the deep deltoid ligament, may be 
wise in this setting. To avoid devascularization of the talus by 
injury to the deltoid branch of the posterior tibial artery, a 
sliding osteotomy of the médial malleolus has been described, 
with or without fixation. Reddy et al. reported correction of 
coronal plane deformity without osteotomy in ankles with an 
average of 18 degrees of varus. Deltoid release was necessary 


CHAPTER 10 TOTAL ANKLE ARTHROPLASTY £ 

for ail ankles with more than 18 degrees of varus deformity, 
and ail ankles with more than 25 degrees of varus developed 
récurrent deformity. Hobson et al. suggested that total ankle 
arthroplasty could be safely done with up to 30 degrees of 
coronal plane deformity. In their short-term follow-up of 103 
patients with severe varus deformities, Sung et al. found that 
those with more than 20 degrees of varus deformity had 
outcomes similar to those with varus deformities of less than 
20 degrees, with no significant différences in postoperative 
complications and implant failures. Adjunctive procedures, 
such as osteotomy, ligament release/lengthening, and tendon 
transfers, were done as needed. 

Tan and Myerson divided varus ankle deformities into 
anatomie levels and described procedures for correction at 
each level. For extraarticular deformity above the ankle joint, 
they recommended a médial opening wedge osteotomy or, 
for severe ankle arthritis, a dôme osteotomy. With a médial 
opening wedge osteotomy, they recommended a staged pro¬ 
cedure in which total ankle replacement is done later. The 
dôme osteotomy is useful for multiplanar supramalleolar 
deformity and usually can be done simultaneously with 
replacement (Fig. 10-7). For deformity at the level of the 
ankle joint and a congruent joint, a “neutralizing” distal tibial 
eut may be ail that is needed for realignment. A wedge of the 
distal tibia is removed with minimal bone resection at the 
eroded médial plafond and a larger resection at the latéral 
plafond. For a severely tilted talus, additional procedures are 
required, including removal of osteophytes from the latéral 
gutter and a latéral ankle stabilization procedure. Médial-side 
releases of the deltoid and posterior tibial tendon hâve been 
described, but Tan and Myerson recommended a lengthening 
médial malleolar osteotomy, as described by Doets et al. (Fig. 
10-8), rather than soff-tissue releases because it allows con- 
trolled lengthening of the médial side of the ankle and pro- 
vides reliable bony healing. With more severe varus tilt of the 
talus with a markedly dysplastic médial malleolus and incon¬ 
gruent joint, a useful alternative osteotomy is the médial tibial 
plafondplasty, which is done as a separate, staged procedure 
before ankle replacement. Residual heel varus that remains 
affer component implantation can be corrected with a lateral- 
izing calcaneal osteotomy. Combined deformities generally 
are best treated with correction of the deformities, followed 
by a staged ankle arthroplasty. Supramalleolar deformities are 
corrected first, followed by correction of hindfoot and fore- 
foot varus and any ligamentous reconstruction needed. 


DOME OSTEOTOMY FOR 
CORRECTION OF VARUS DEFORMITY 
ABOVE THE ANKLE DEFORMITY 


TECHNIQUE 10-2 


(TAN AND MYERSON) 

■ Make an anterior midline incision, which also will be used 
for implantation of the total ankle prosthesis. 

■ Use cautery to carefully mark out the planned dôme 
osteotomy, placing the center of the radius of curvature 
of the dôme at the center of rotation of angulation. 
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IS9 Dome osteotomy and ankle replacement done at the same time. A, Osteotomy is marked with electrocautery and 
completed. B, Osteotomy is then stabilized with an anterior plate placed superior to the tibial component. C, Total ankle components 
are then implanted in the usual fashion. (From Tan KJ, Myerson MS: Planning correction of the varus ankle deformity with ankle replacement, 
Foot Ankle Clin N Am 17:103, 2012.) 



Médial malleolar lengthening osteotomy. A f 
Ankle with incongruent varus deformity. B, After implantation of 
a mobile-bearing prosthesis and correction of the deformity by 
médial malleolar osteotomy. (From Doets HC, van der Plaat LW, Klein 
JP: Médial malleolar osteotomy for the correction of varus deformity 
during total ankle arthroplasty: results in 15 ankles, Foot Ankle Int 
29:171, 2008.) 


E " Make sure the eut will allow adéquate room for the tibial 
prosthesis and its stem after internai fixation of the 
osteotomy. 

■ Drill multiple bicortical holes along the planned osteot¬ 
omy and connect them with an osteotome to complété 
the osteotomy (Fig. 10-9A). 

■ Manipulate the distal fragment in the coronal and sagittal 
planes to correct the deformity. 


■ Stabilize the osteotomy with an anterior plate and screws 
(Fig. 10-9B). 

■ Proceed with total ankle arthroplasty in the usual fashion 
(Fig. 10-9C). 

■ Inflate the tourniquet after the arthrotomy and before 
préparation of the osseous surfaces. 


MEDIAL TIBIAL PLAFONDPLASTY 
FOR VARUS DEFORMITY AT THE 
ANKLE JOINT 


TECHNIQUE 10-3 


(TAN AND MYERSON) 

■ Make a médial incision along the subeutaneous border of 
the tibia. 

■ Insert a guide pin in the médial tibia, aimed to exit at a 
point in the plafond just médial to the midpoint where 
the articular érosion ends. This acts as a guide for the 
planned osteotomy. 

■ Under fluoroscopie guidance, insert three additional 
Kirschner wires parallel to and 6 mm above the joint line 
in the subchondral bone of the distal tibia. These wires 
prevent violation of the articular surface by the oscillating 
saw used to make the osteotomy. 

■ Use an oscillating saw to make the osteotomy to the level 
of the three Kirschner wires and insert a broad osteotome 
to hinge open the osteotomy. 

■ Hinge the médial malleolar fragment downward to 
restore a more normal morphology of the ankle mortise. 

■ Débridé the latéral gutter to facilitate realignment and to 
obtain lateral-sided stability, which may require an addi¬ 
tional lateral-sided reconstruction. 
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ÿÿjJB Intraoperative fluoroscopy views of médial malleolar osteotomy. A, Plane of the osteotomy is planned with a Kirsch- 
ner wire and completed. B, Next, it is provisionally fixed with cannulated wires. C, The wires are replaced with cannulated screws after 
the prosthesis is implanted. (From Tan KJ, Myerson MS: Planning correction of the varus ankle deformity with ankle replacement, Foot Ankle Clin 
N Am 17:103, 2012.) 


■ Hold the osteotomy open with a lamina spreader and 
pack it tightly with bone graft. 

■ Fix the osteotomy with a plate and screws. 


LIGAMENT CONSIDERATIONS 

Ligament stability also is impérative for optimal outcome, 
especially with less constrained designs. Some stability can be 
obtained intraoperatively by proper sélection of implant and 
polyethylene thickness, but occasionally collateral ligament 
reconstruction should be done. 

Techniques for the reconstruction of a chronically unsta- 
ble ankle are discussed in Chapter 89. Coetzee, however, 
reported that the usual “anatomie” latéral ligament recon¬ 
struction techniques were not satisfactory with total ankle 
arthroplasty. He described a simple, nonanatomic recon¬ 
struction to provide a strong checkrein against inversion and 
limit anterior translation of the ankle (see Technique 10-4). 

Médial reconstruction of the deltoid ligament with total 
ankle arthroplasty is uncommon but sometimes necessary in 
late-stage posterior tibial tendon insufficiency (see Chapter 
82). Correction of hindfoot valgus with osteotomy and/or 
arthrodesis may provide enough mechanical support to allow 
stability of the ankle prosthesis. Reconstruction of the deltoid 
ligament in this setting is an advanced procedure, and com¬ 
plications are not uncommon. Arthrodesis of the ankle may 
be advisable. 


■ Make a separate incision to expose the latéral side of 
the ankle and the peroneal tendons. Harvest one half 
of the peroneus brevis tendon. If the tendon has signs 
of a pathologie process or a tear, harvest the entire 
tendon to ensure maximal strength. Leave the distal 
attachment intact and harvest the tendon as far proximal 
as possible. 

■ Route the peroneus brevis tendon over the modified 
Brostrôm repair from the latéral side of the ankle to the 
antérolatéral tibia. 

■Secure the tendon under adéquate tension to the tibia 
with a staple. 

■ Test the stability of the ankle to be sure that equal médial 
and latéral joint movements are possible. 


Often patients with arthritis of the ankle hâve a concomitant 
contracture of the triceps surae and may benefit from a 
lengthening procedure. Assessment of a contracture may be 
difficult in a stiff, arthritic ankle, but should be attempted 
after placement of the components. To regain ankle exten¬ 
sion, either a smaller polyethylene component can be used or 
a lengthening procedure can be done. Most patients with a 
significant contracture require a gastroenemius recession 
(Vulpius) rather than a triple hemisection; however, Queen 
et al. found équivalent outcomes with the two procedures. 
Patients with either lengthening procedure had better out¬ 
comes than those with total ankle arthroplasty alone. 

SPECIAL CIRCUMSTANCES 
■ INFLAMMATORY ARTHRITIS 

Patients with rheumatoid arthritis commonly hâve involve- 
ment of the foot and ankle, with severe pain and functional 
limitations. Arthrodesis has been the standard procedure for 
these patients, but more recently arthroplasty is being chosen 
because of the ability to preserve motion and decrease stress 
on the midfoot and subtalar joints. Early results of total 
ankle arthroplasty in these patients were disappointing, with 
high complication rates and component loosening in as many 
as 75%. More recent studies, with the use of newer techniques 
and implants, report better outcomes. Kraal et al. had a 
cumulative incidence of failure at 15 years of 20% in 76 rheu¬ 
matoid patients with mobile-bearing total ankle replacement. 


RECONSTRUCTION OF LATERAL 
ANKLE LIGAMENTS FOR CHRONIC 
INSTABILITY AS AN ADJUNCT TO 
TOTAL ANKLE ARTHROPLASTY 


TECHNIQUE 10-4 


(COETZEE) 

■ After implantation of the ankle components, perform a 
modified Brostrôm reconstruction of the latéral ligaments 
(see Technique 89-2). 
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Pedersen et al. found similar outcomes in 50 patients with 
rheumatoid arthritis compared with a matched cohort of 50 
patients with noninflammatory arthritis, although the nonin- 
flammatory arthritis group reported better function at final 
follow-up. Révision rates were 12% in the rheumatoid arthri¬ 
tis group and 10% in the noninflammatory arthritis group. 
Other studies hâve documented reliable pain relief and good 
functional results with uncemented prostheses and cemented 
two-piece and three-piece implants in patients with rheuma¬ 
toid arthritis. 

■ OBESITY 

Obesity (body mass index [BMI] >30) is a growing problem 
that affects ail types of orthopaedic surgery, including total 
joint replacement. Many patients with arthritis of the ankle 
are sedentary and obese, and this poses a dilemma for the 
surgeon, who must weigh the possibility of providing signifi- 
cant pain relief against the likelihood of implant failure 
caused by increased stress on the implant from extra weight. 
Outcomes of total ankle arthroplasty in obese and morbidly 
obese (BMI >40) patients reported in the literature are varied. 
Schipper et al. compared outcomes in obese and nonobese 
patients and found that obese patients had an increased long- 
term risk of implant failure and a significantly decreased 
5-year implant survivorship, whereas Bouchard et al. found 
no significant différence in the proportion of complications 
or révisions in a similar comparison study. Barg et al. also 
reported comparable survivorship (93% at 6 years), as well as 
significant pain relief and functional improvement in obese 
patients. In a sériés of 455 patients, including 266 with BMI 
of less than 30 (control), 116 with a BMI between 30 and 35, 
and 73 with a BMI of over 35, Gross et al. found no différence 
in complication, infection, or failure rates. Although obese 
patients had lower functional outcome scores, they did hâve 
significant functional and pain improvements after total 
ankle arthroplasty. Although we hâve no definitive upper 
limit on weight for this procedure, a BMI over 40 is a reason 
for caution and careful patient counseling. Morbidly obese 
patients are strongly encouraged to use a bracing System to 
provide a measure of pain relief while they actively work on 
weight loss. 

■ DIABETES 

Perhaps no other medical condition affects decision making 
in foot and ankle surgery as much as diabètes. It has been 
shown to be a factor contributing to complications, particu- 
larly infection, after a variety of orthopaedic procedures. In 
their review of a national database, Schipper et al. found that 
diabètes was independently associated with a significantly 
increased risk of perioperative complications, nonhome dis¬ 
charge, and length of hospital stay after total ankle arthro¬ 
plasty and ankle arthrodesis. Gross et al., however, compared 
outcomes of total ankle arthroplasty in 50 patients with dia¬ 
bètes with those in 55 patients without diabètes and found no 
significant différences in secondary operations, révisions, or 
failure rates. Although patients with diabètes were heavier 
and had worse American Society of Anesthesiologists (ASA) 
preoperative grades, they did not hâve significantly different 
rates of complications or infections, and ail had pain relief 
and improved function. Findings that support the use of total 
ankle arthroplasty in diabetic patients include hemoglobin 
A1C consistently less than 7, no evidence of peripheral 


neuropathy, normal vascular status, normal weight (or at least 
not morbid obesity), and no other target organ disease (reti- 
nopathy or nephropathy). 

■ OSTEONECROSIS OF THE TALUS 

Little has been written regarding the long-term results of total 
ankle arthroplasty in patients with osteonecrosis of the talus. 
Certainly a patient with an avascular, fragmented, and col- 
lapsed talar body is not a candidate for a total ankle prosthe- 
sis, and arthrodesis is recommended. However, a few patients 
with apparent osteonecrosis of the talus do not hâve collapse, 
and over a long period of time (minimum of 24 to 36 months) 
portions of the talus may gradually revascularize, making the 
patient a better candidate for total ankle arthroplasty (Fig. 
10-10). A thorough évaluation with MRI or bone scanning 
may give dues as to whether or not a talus will accept and 
support a talar component. Lee et al. reported two successful 
total ankle arthroplasties after revascularization of the talus. 

■ PANTALAR DISEASE; CONCOMITANT 
HINDFOOT ARTHRODESIS 

Arthrodesis of arthritic adjacent joints, most often the subta- 
lar and talonavicular joints, may be necessary with total ankle 
arthroplasty. Mild to moderate arthritis in the adjacent joints, 
however, does not necessarily mean that arthrodesis is neces¬ 
sary. Often the pain relief and improvement of motion after 
total ankle arthroplasty are such that the stress on, and pain 
from, these joints is reduced significantly. Careful attention 
to the patients examination may help détermine the need for 
attention to these joints. Sélective injections with or without 
fluoroscopy may also help with the diagnosis. 

Timing of the procedures dépends on the amount of 
deformity, extent of involvement of the arthritis, and the 
number of joints involved. Arthrodesis of the talonavicular 
joint through the same incision used for component implan¬ 
tation is fairly straight forward, and bone graft from the resec¬ 
tion for the implant is available for use in the fusion. The 
subtalar joint is a different matter, and often a separate 
approach is necessary to fully préparé the joint for fusion. 
Extensive reconstructions may be best staged before the total 
ankle arthroplasty procedure. At midterm follow-up, Lee 
et al. found similar results in ankles with and without hind- 
foot fusions and recommended fusion at the time of arthro¬ 
plasty if indicated clinically. In contrast, Lewis et al. found 
that overall outcome and implant survivorship were slightly 
inferior with hindfoot fusion compared with total ankle 
arthroplasty alone, although arthroplasty with ipsilateral 
hindfoot fusion resulted in significant improvements in pain 
and functional outcome. These authors also noted that, when 
indicated, hindfoot arthrodesis can be safely done in conjunc- 
tion with total ankle arthroplasty. 

■ TAKEDOWN OF ANKLE ARTHRODESIS 

It has been almost an axiom over the years that one should 
never take down a successful ankle fusion. Some ankle 
fusions, however, hâve such a poor functional outcome that 
conversion to a total ankle arthroplasty may be considered 
(Fig. 10-11). Hintermann étal, described conversion of 30 
painful ankle arthrodèses to total ankle arthroplasty, with 
83% patient satisfaction; 5 ankles were completely pain free, 
21 were moderately painful, and 3 remained painful. Atkin¬ 
son et al. reported complété pain relief and more normal gait 
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FIGURE 


prosthesis. 


A and B f Osteonecrosis of ankle after talar fracture. C and D f After total ankle arthroplasty with INBONE II 


mechanics in one patient with conversion from arthrodesis 
to arthroplasty. Several additional surgical procedures were 
required before takedown of the fusion, including subtalar or 
talonavicular joint fusion, fibular reconstruction, latéral or 
médial ligament reconstruction, calcaneal osteotomy, and 
Achilles tendon lengthening. The implant System used in 
both reports was the HINTEGRA (Newdeal, Lyon, France), 
a three-component System not currently available in the 
United States. Pellegrini et al. described conversion of tibio- 
talar arthrodesis to total ankle arthroplasty for symptomatic 
adjacent hindfoot arthritis or tibiotalar or subtalar nonunion 
in 23 patients. Concomitant procedures were done in 18 
ankles (78%), most commonly prophylactic malleolar fixa¬ 
tion. Pain relief and function were improved in most patients; 


implant survival rate was 87% at an average 3-year follow-up. 
These authors recommended prophylactic malleolar fixation 
and did not recommend conversion to total ankle arthro¬ 
plasty for ankle arthrodèses that included distal fibulectomy. 
Although conversion of a nonunion of an attempted ankle 
fusion to an ankle arthroplasty has been done, to date we hâve 
no expérience with the conversion of a well-healed ankle 
fusion. 

■ GOUT 

Barg et al. reported low frequency of intraoperative or post- 
operative complications and high patient satisfaction and 
functional outcomes after bilateral total ankle arthroplasties 
in a subset of patients with the diagnosis of gouty arthritis. 
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U2|| A-D f Despite well-healed, well-aligned ankle fusion, patient had persistent pain that necessitated takedown of fusion 
and total ankle arthroplasty with Salto Talaris implant (E and F). Eight months after total ankle arthroplasty, he returned to his full-time 
job as tactical agent with U.S. Border Patrol. (Courtesy of Dr. Mark Casillas, San Antonio, TX.) 


■ BILATERAL TOTAL ANKLE ARTHROPLASTY 

Barg et al. also reported outcomes of 23 patients with bilateral 
total ankle arthroplasties done at the same surgical setting 
and compared them with a cohort with unilatéral replace¬ 
ment. At short-term follow-up, the unilatéral group had 
better outcomes, but the différences disappeared by 1 and 2 
years after surgery. Bilateral replacements are not for the 
faint-hearted patient or surgeon, and patients should be 
warned of the lengthy recovery period. 

OUTCOMES 

As a preamble to the évaluation of outcomes reported in the 
literature, it may be important to turn a critical eye to the 


methods of reporting and the sources of the studies. Labek 
et al. noted that there is a significant différence in the révision 
rates in published sample sériés compared with those from 
national registries. They noted that implant developers repo¬ 
sent about 50% of the published content and are likely over- 
represented in the literature. Révision rates as collected in 
national registries hâve been reported to be approximately 
twice as high as in sample sériés, and the overall révision rates 
according to registry databases hâve been cited as 21.8% at 5 
years and 43.5% at 10 years. A more recent review of National 
Joint Registry data, including 5152 primary and 591 révision 
total ankle arthroplasties, gave prosthesis survival rates of 
94% at 2 years, 87% at 5 years, and 81% at 10 years. Another 
review of data from five national registers showed révision 





CHAPTER 10 TOTAL ANKLE ARTHROPLASTY 


rates of approximately 10% at 5 years. According to a review 
of the literature by Easley et al., reported implant survivor- 
ship in 2240 total ankle arthroplasties ranged from 70% to 
98% at 3 to 6 years and from 80% to 95% at 8 to 12 years; 
they also noted that most published reports hâve a fair- 
to-poor quality level of evidence. Another review of the 
literature by Gougoulias étal, involving 1105 total ankle 
replacements (Agility, STAR, Buechel-Pappas, HINTEGA, 
Salto, TNK, Mobility) noted an overall failure rate of approxi¬ 
mately 10% at 5 years. Almost ail failures (62%) were salvaged 
with révision or arthrodesis (36%); amputation was rarely 
required (1%). In their review of 90 patients with total ankle 
arthroplasties using both mobile-bearing and fixed-bearing 
implants, Queen et al. found improved function in ail patients. 


In general, those with a fixed-bearing implant had more 
improvements in ankle moment and ground reaction forces, 
whereas those with mobile-bearing implants had more 
improvement in patient-reported pain. 

For convenience, outcomes are reported for mobile- 
bearing prosthesis and then fixed-bearing prosthesis. Most, 
but not ail, of the available literature reporting outcomes on 
third-generation, three-component, mobile-bearing prosthe- 
ses corne from outside the United States, where the implants 
hâve been in use for many years. Six recent studies of the 
STAR, Salto, Mobility, and AES ankle Systems report 5-year 
survivorship ranging from 83% to 97%, with 92% to 97% 
patient satisfaction (Table 10-3). Additional surgical proce¬ 
dures were required in from 17% to 39% of patients. Frequent 


TABLE 10-3 


Results of Total Ankle Arthroplasty 


STUDY 

IMPLANT 

NO. PATIENTS 

FOLLOW-UP 

RESULTS 

Karantana et al. 
(2010) 

STAR 

45 (52 ankles) 

8 years 

Prosthesis survival at 5 years 90%, at 8 years 

84% 

Révision rate 17% 

Wood et al. (2010) 

Mobility 

96 (100 ankles) 

4 years 

Prosthesis survival at 3 years 97%, at 4 years 

94% 

Patient satisfaction 97% 

Skyttà et al. (2010) 

STAR 

Biomet AES 

645 (Finnish 
Arthroplasty 
Register) 

7 years 

Prosthesis survival at 5 years 83%, 7-year survival 
78% 

Mann et al. (2011) 

STAR 

76 (78 ankles) 

9 years 

Probability of prosthesis survival at 5 years 96%, 
at least 10 years 90% 

Patient satisfaction 92% 

Additional surgeries 17% 

Bonnin et al. 

(2011) 

Salto 

96 (98 ankles) 

11 years 

Prosthesis survival at 10 years 65%; 85% when 
fusion or révision of any component used as 
criterion for failure 

Reoperation rate 35% 

Nunley et al. 

(2012) 

STAR 

82 (82 ankles) 

5 years 

Prosthesis survival at 5 years 94%, projected 9 
years 88% 

Additional surgeries 17% 

Barg et al. (2013) 

HINTEGRA 

684 (722 ankles) 

6 years 

Prosthesis survival at 5 years 94%; projected 
10-year 84%; 61 ankles (8%) had révision 
arthroplasties 

Brunnerf et al. 
(2013) 

STAR 

72 (77 ankles) 

12 years 

Probability of implant survival 71% at 10 years, 
46% at 14 years 

29 (38%) required révision of at least one 
metallic component 

Schweitzer et al. 
(2013) 

Salto Talaris 

67 (67 ankles) 

3 years 

Implant survival at 3 years 96% 

8 patients (12%) had additional surgery after 
index procedure 

15 patients (22%) with 23 complications 

Sproule et al. 

(2013) 

MOBILITY 

85 (88 ankles) 

3 years 

Cumulative survival 90% at 3 years, 88% at 4 
years 

Good pain relief and improved function in 82% 

8 ankles (9%) required révision 

Adams et al. 

(2014) 

INBONE 

194 (194 ankles) 

4 years 

Overall implant survival of 89% 

Révision rate of 6% 

Ramaskandhan 
et al. (2014) 

MOBILITY 

106 (106 ankles) 

2 years 

53-point improvement in AOFAS scores 

12% complication rate 


Continued 
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TABLE 10-3 


Results of Total Ankle Arthroplasty- 

—cont'd 



STUDY 

IMPLANT 

NO. PATIENTS 

FOLLOW-UP 

RESULTS 

Deleu et al. (2015) 

HINTEGRA 

50 (50 ankles) 

4 years 

AOFAS scores and ROM significantly improved 
Osteolysis identified in 24 ankles (48%) 

Jastifer and 
Coughlin (2015) 

STAR 

18 (18 ankles) 

10 years 

Overall implant survival 94% 

Additional surgery required in 39% 

AN patients reported their outcomes as good or 
excellent. 

Jung et al. (2015) 

HINTEGRA, 

MOBILITY 

52 (54 ankles) 

2-3 years 

Ankle impingement syndrome significantly more 
common with HINTEGRA; intraoperative 
malleolar fracture only with MOBILITY 

Hsu and Haddad 
(2015) 

INBONE 

59 (59 ankles) 

3 years 

Estimated survival rate at 2 years 97% 

14 patients (2%) required reoperation because 
of complication. 

Daniels et al. 

(2015) 

STAR 

98 (111 ankles) 

9 years 

32 ankles (29%) required métal component 
révision and/or polyethylene bearing exchange. 

Zhou et al (2016) 

Unknown; 95 
academie centers 

2340 ankles 

Unknown 

Overall complication rate 1.4%, <0.5% after 

2007 

Readmission rate of 3% 

META-ANALYSIS/SYSTEMATIC REVIEW 

Stengel et al. 

(2005) 

Mobile bearing 
only 

1107 ankles 


Prosthesis survival at 5 years 91% 

Complication rates 2%-15% 

Secondary surgery in 12%, arthrodesis in 6% 

Haddad et al.* 
(2007) 

Mobile and 
fixed bearing 

852 ankles 


Excellent/good results -70% 

Five-year implant survival 78% 

Révision rate 7% 

Gougoulias et al. 
(2010) 

Mobile and 
fixed bearing 

1105 ankles 


Overall failure rate at 10 years 10% 

Deep infections 0%-5% 

Superiority of one implant design over another 
not supported by available data 

Zhao et al (2011) 

Mobile bearing 
(STAR) 

2088 ankles 


5-year survival rate 86% 

10-year survival rate 71% 

Roukis (2012) 

Mobile bearing 
(Agility) 

2312 ankles 


-10% révision rate 

Zaidi et al (2013) 

STAR, H integra, 

TNK 

7942 ankles 


Overall survivorship 89% at 10 years 

Roukis et al. 

(2015) 

Mobile and 
fixed bearing 
(Salto) 

1421 ankles 


4% révision rate with mobile; 2.4% rate with 
fixed 


*Comparison with arthrodesis (see Table 10-2). 

AOFAS, American Orthopaedic Foot and Ankle Society; ROM, range of motion. 


causes for révision included aseptie loosening, osteolysis and 
osteolytic cysts, implant failure, malleolar impingement, and 
malalignment. 

Of the various fixed-bearing, two-component designs, 
only the Agility total ankle has significant intermediate and 
long-term outcomes reported. Although relatively high rates 
of patient satisfaction hâve been reported, révision and reop¬ 
eration rates also are high with this implant. Kopp et al. 
reported that 37 of 38 patients were satisfied with their out¬ 
comes, although 14 had required révision or arthrodesis at 
9-year follow-up. Claridge and Sagherian reported similar 
results of good pain relief but frequent complications, includ- 
ing wound necrosis, infection, and médial malleolar fracture. 
Even more frequent révision was reported by Criswell et al. 
in a group of 41 patients, 16 (39%) of whom required 


révisions at an average of 4 years affer implantation. Of the 
25 patients who retained their implants, 12 required second- 
ary surgeries, for an overall reoperation rate of 68% at an 
average 8-year follow-up. Because of the rate of complications 
noted in the long-term reports, there hâve been modifications 
of the original design. Other fixed-bearing products on the 
market, the INB ONE and the Salto-Talaris, hâve not yet 
achieved long enough follow-up to be able to reach meaning- 
ful conclusions. 

SPORTS PARTICIPATION 

Two studies investigating the ability to participate in 
sports affer total ankle arthroplasty found rates of sports 
participation affer surgery to be equal to or higher than 
those before surgery; however, activities did not include 





CHAPTER 10 TOTAL ANKLE ARTHROPLASTY 


high-impact or contact sports and most often involved activi¬ 
tés such as swimming, cycling, hiking, and fitness training. 

ROLE OF EXPERIENCE AND NUMBERS 
OF CASES 

Total ankle arthroplasty is not a procedure to be undertaken 
lightly. The risk of complications is not insignifiant, and the 
instrumentation is, in general, complex. A thorough knowl¬ 
edge of the fundamental forces affecting the ankle and hind- 
foot is critical, and patient sélection is paramount. Most 
studies show a definite learning curve, with improved out- 
comes related to expérience, and implant designers require 
training with artificial bones and/or cadavers to become cer- 
tified in the use of their equipment. 

RANGE OF MOTION 

Perhaps the only advantage the ankle joint has over the knee 
or hip joint in total joint replacement is the apparent range 
of motion necessary for gait and function. Although more 
extremes of motion are needed for activities such as jogging, 
running, or walking up or down an inclined surface, level 
ground walking requires only about 12 degrees of extension 
and 20 degrees of ankle flexion. Coetzee and Castro evaluated 
the range of motion of the ankle joint on preoperative and 
postoperative radiographs and found that true tibiotalar 
motion improved from an average of 18.5 degrees before 
surgery to 23.4 degrees after surgery. They suggested that 
clinical assessments of range of motion are difficult to repro- 
duce and likely to be invalid in the assessment of true 
improvements in ankle motion after total ankle arthroplasty. 
Ajis étal, evaluated 119 patients and found no notable 
improvement in ankle range of motion at 6 months after total 
ankle arthroplasty. 

BY DIAGNOSIS 

The reported outcomes of total ankle arthroplasty according 
to diagnosis are variable, with some reporting better results 
in inflammatory arthritis than in osteoarthritis or traumatic 
arthritis, others reporting better results in osteoarthritis, and 
still others reporting no différence in outcomes. It appears 
that careful patient sélection concerning other variables such 
as âge, activity level, and joint alignment and stability is more 
important than the type of arthritis présent. 

COMPLICATIONS 

Complications are relatively frequent after total ankle arthro¬ 
plasty and can range from minor to catastrophic. Glazebrook 
classified complications into three grades: 

High grade: deep infection, aseptie loosening, and implant 
failure; high failure rates (>50%) 

Medium grade: technical error, postoperative fractures, and 
subsidence; moderate failure rates 
Low grade: intraoperative fractures and wound healing prob- 
lems; low failure rates 

Gadd et al. reviewed complications in 212 total ankle arthro- 
plasties and categorized them according to the Glazebrook 
classification. Ail complications recorded in their study except 
intraoperative fracture and wound healing, including those 
designated “medium grade” in the Glazebrook scheme (tech¬ 
nical error, postoperative fracture, and subsidence), had a 
failure rate of at least 50%, prompting these authors to propose 


a simplified two-level classification: high risk and low risk for 
failure. 

WOUND HEALING COMPLICATIONS 

One of the most unnerving complications in total ankle 
arthroplasty is a postoperative wound dehiscence (Fig. 
10-12). A careful preoperative évaluation may limit healing 
problems. If a healing problem is suspected, the patient 
should be evaluated for nutritional deficiencies, and we 
caution against surgery in active smokers. Although it is not 
known how long a patient should refrain from smoking 
before surgery, it seems prudent to be certain they are confi¬ 
dent of not returning to smoking in the immédiate postop¬ 
erative period. We routinely keep patients on binasal cannula 
oxygen while they are in the hospital after surgery. Other 
risk factors associated with wound dehiscence include 
peripheral vascular disease, cardiovascular disease, and a 
greater than 12 pack-year smoking history. In a sériés of 106 
total ankle arthroplasties, Raikin et al. identified underlying 
inflammatory arthritis as the only significant risk factor for 
major wound complications. Although patients with inflam¬ 
matory arthritis appear to be at higher risk for wound prob¬ 
lems, evidence suggests that discontinuation of oral steroids 
or methotrexate is not bénéficiai and may in fact be detri- 
mental, resulting in a postoperative flare of autoimmune 
disease. Antitumor necrosis factor-a médications such as 
Embrel, Arava, and Humira should be discontinued before 
surgery and should not be resumed until the wound is well 
healed. 

Easley listed several suggestions to prevent wound prob¬ 
lems: (1) use longer incisions that create less wound tension; 

(2) avoid direct skin retraction (retraction should be deep); 

(3) administer nasal oxygen in the immédiate postoperative 
period; (4) maintain immobilization until the skin is healed; 
(5) leave the anterior tibial tendon in its sheath during expo- 
sure; and (6) use a drain. Matsumoto and Parekh compared 
wound healing with and without the use of négative pressure 
wound therapy (NPWT) in 74 patients and found healing 
problems in only 3% of the NPWT group compared with 24% 
of the control group. 

OSTEOLYSIS, LOOSENING, AND 
SUBSIDENCE 

Despite improvements in implants, instrumentation, and 
techniques, the longevity of total ankle arthroplasty is not 
expected to approach that of knee and hip replacements at 
any time in the near future. At this time, it is difficult, if not 
impossible, to recommend one prosthesis over another 
because it is not yet known which designs will hold up and 
provide the best long-term results. The long-term success of 
most implants seems related to loosening and subsidence of 
the implant. It seems logical that improved coverage of bone 
by the implant should diminish peak pressures at the bone- 
implant interface. Wear débris and the lytic reaction to it may 
gradually create a lysis between the bone and implant. Small, 
nonprogressive cysts may be caused by stress shielding and 
bone remodeling after implant insertion, whereas large pro¬ 
gressive lésions probably resuit from a macrophage-led 
immune response to polyethylene and métal wear particles in 
the periarticular tissues. 

Although some subsidence is common with most 
implants, the question about when to intervene is a difficult 
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After total ankle arthroplasty (A and B), patient with rheumatoid arthritis developed wound dehiscence (C) because 
of nutritional deficiencies. With wound care, nutritional support, and secondary closure, wound eventually healed (D). No infection 
was présent. It is important to hâve plastic surgery support in case of wound problems. 


and open question. Asymptomatic subsidence in a stable, 
well-aligned implant can be observed with annual radio - 
graphs. The same findings in a malpositioned implant are 
likely to only get worse with time, and earlier intervention 
may be well advised. With mobile-bearing designs, anterior 
translation of the talus under the tibia, as measured on the 
latéral view, has been associated with pain and worse out- 
comes. The diagnosis of implant loosening or subsidence is 
suspected when more than 5 degrees or 5 mm of component 
movement is seen on serial radiographs. 

Osteolysis is frequent after total ankle arthroplasty but 
does not always correlate with component loosening or sub¬ 
sidence (Fig. 10-13). In one study, radiolucencies were présent 
in 86% of ankles, but only 14% developed component subsid¬ 
ence or migration. Another study found periprosthetic oste¬ 
olysis in 37 of 99 ankles, but no association was noted between 
the presence of osteolysis and clinical and radiographie out- 
comes. Asymptomatic focal osteolysis found on radiographs 


can simply be observed because it may not be progressive; 
however, Hsu et al. noted that, in their expérience, most cysts 
do progress over time. Rapid cyst progression, particularly in 
symptomatic patients, warrants prompt intervention because 
it can progress to implant loosening and failure. Several 
studies hâve recommended adding CT imaging to postopera- 
tive follow-up for patients with suspected or known peripros¬ 
thetic lucencies on radiographs. 

Révision surgery decisions are based on the structural 
constraints and typically involve the use of bone graffing pro¬ 
cedures, exchange of implants to a more constrained design, 
and improved fixation and interférence fit in the talus and 
distal tibia (see section on Révision Total Ankle Arthro¬ 
plasty). Correction of the underlying deformity is critical, 
and the inability to do so may mean that it is necessary to 
convert to an arthrodesis. The techniques for conversion of 
an ankle arthroplasty to an arthrodesis are described in 
Chapter 11. 
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Periprosthetic lucencies may be related to technique and should not be misinterpreted as osteolysis. A f Postoperative 
radiograph shows mismatch between surgical drill hole (arrow) and médial cylindrical bar of tibial STAR component. B f Radiograph of 
INBONE device shows excessive medullary reaming (arrows). (From Bestic MJ, Bancroft LW, Peterson JJ, Kransdorf MJ: Postoperative imaging 
of the total ankle arthroplasty, Radiol Clin North Am 46:1003, 2008.) 


MALALIGNMENT 

Malalignment can be avoided by accurate bone cuts and 
proper soft-tissue balancing. Correction of malalignment 
may require calcaneal osteotomy and/or latéral ligament 
reconstruction for minor varus or valgus malalignment (Fig. 
10-5); supramalleolar osteotomy, subtalar arthrodesis, or 
triple arthrodesis for modératé to severe malalignment; or 
complété révision for severe malalignment. 

FRACTURE 

The most frequent intraoperative complication of total ankle 
arthroplasty is fracture of the médial or latéral malleolus, 
which is reported to occur in about 10% of procedures in 
most sériés, although frequencies as high as 35% hâve been 
reported. The malleoli can be fractured if the saw blade cuts 
beyond the cutting block boundaries or if the bony resections 
leave so little bone that the force needed to seat the compo¬ 
nent is sufficient to cause a fracture. Médial malleolar frac¬ 
tures should be fixed with Kirschner wires (with or without 
a tension band), screws, a low-profile plate, or some combina¬ 
tion of these because implant stability may rely on intact 
malleoli; latéral malleolar fractures can be fixed with a fibular 
plate. Some hâve recommended prophylactic Kirschner wire 
pinning of the médial malleolus or plate fixation of the latéral 
malleolus during total ankle arthroplasty to prevent this com¬ 
plication. Calcaneal fractures also can be caused by excursion 
of the saw blade (Fig. 10-14). 

Manegold et al. developed a classification System and 
treatment algorithm for periprosthetic fractures in total ankle 
arthroplasty. The classification System is based on three 
sequentially assessed parameters: fracture cause, fracture 



Postoperative radiograph shows linear defect 
through posterior calcaneus (arrows) caused by excessive excur¬ 
sion of oscillating saw during implant placement. (From Bestic MJ, 
Bancroft LW, Peterson JJ, Kransdorf MJ: Postoperative imaging of the 
total ankle arthroplasty, Radiol Clin North Am 46:1003, 2008.) 
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location, and prosthesis stability (Table 10-4). The treatment 
algorithm is based on the classification System (Fig. 10-15). 
They identified 21 (4.2%) periprosthetic fractures in a group 
of 503 total ankle arthroplasties, 11 intraoperative and 10 
postoperative; 14 of the 21 fractures were of the médial mal- 
leolus. The authors described fracture healing in ail patients. 

Postoperative malleolar fractures also hâve been reported, 
most often associated with patient noncompliance with post¬ 
operative weight-bearing restrictions. Many of these fractures 
can be treated nonoperatively, although open réduction and 


TABLE 10-4 


Classification of Periprosthetic Fractures 


FRACTURE TYPE 

FRACTURE 

LOCATION 

PROSTHESIS 

STABILITY 

1 Intraoperative 

A 

Médial 

malleolus 

S Stable 

2 Postoperative 
trauma 

B 

Latéral 

malleolus 

U Unstable 

3 Postoperative, 
stress 

C 

Tibia 



D 

Talus 



(From Manegold S, Haas NP, Tsitilonis S, et al: Periprosthetic fractures in total 
ankle replacement: classification System and treatment algorithm, J Bone Joint 
Surg 95A:815, 2013.) 


internai fixation may be required for some. Occasionally, a 
malleolar fracture can resuit in component loosening, requir- 
ing révision. 

INFECTION 

Infection appears to be relatively infrequent after total ankle 
arthroplasty. In systematic reviews of the literature, the rate 
of superficial infection ranges from 0% to 15%, with an 
average of 8%, and the rate of deep infection ranges from 0% 
to 5%, with an average of less than 1%. One report of causes 
of révision of total ankle arthroplasty reported infection in 
less than 1% of 2198 ankles. In a review of 966 ankle arthro¬ 
plasties, Patton et al. found 29 infections (3%); operative 
intervention (irrigation and debridement, révision arthro¬ 
plasty, or arthrodesis) resulted in limb salvage in 23 of the 29 
(79%, 21% amputation rate). Risk factors identified included 
diabètes, prior ankle surgery, and wound healing problems 
more than 14 days after surgery. No significant différence was 
found between groups with respect to smoking, body mass 
index, and operative time. Myerson et al. reported infections 
in 19 (3%) of 613 total ankle arthroplasties, 15 of which were 
late chronic infections. Only 3 of the 19 patients had success- 
ful révision with replacement implants, 6 had arthrodesis, 7 
had permanent antibiotic spacers, and 3 required transtibial 
amputation. 

DEEP VENOUS THROMBOSIS 

There is little information in the literature to give guidance to 
the decision of whether to treat patients with modalities or 


Periprosthetic fracture: decision-making 



«g Classification based algorithm and decision-making protocol for treatment of periprosthetic ankle fractures. TAR, 
Total ankle replacement. (Manegold S, Haas NP, Tsitilonis S, et al: Periprosthetic fractures in total ankle replacement: classification System and 


treatment algorithm, J Bone Joint Surg 95A:815, 2013.) 
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médication to lessen the chance of the development of DVT. 
Most sériés of total ankle arthroplasty report a less than 1% 
frequency of DVT, with or without thromboprophylaxis. 
Saltzman et al., however, reported a 5% frequency, and Barg 
et al. reported symptomatic DVT in 4% of 701 total ankle 
arthroplasties. They identified the following as risk factors: 
obesity, previous venous thromboembolie event, and absence 
of full weight bearing postoperatively. More recently, Horne 
et al. reported DVT in only 3 (0.45%) of 637 patients. They 
concluded that chemoprophylaxis is not required in patients 
without identifiable risk factors for DVT. We routinely 
administer low-molecular-weight heparin in the immédiate 
postoperative period and observe the patients closely at 
follow-up for signs and symptoms of this complication. 

HETEROTOPIC OSSIFICATION 

Reports in the literature are conflicting regarding the occur¬ 
rence of postoperative hétérotopie ossification after total 
ankle arthroplasty, with reported frequencies ranging from 
4% to 82% for different implant designs. The clinical consé¬ 
quences of hétérotopie ossification also are controversial. 
Several authors hâve reported high frequencies of hétérotopie 
ossification (42% to 82%) but with no association with clini¬ 
cal outcomes and no treatment required. Others hâve 
described limited dorsiflexion and plantarflexion and lower 
AOFAS in patients with hétérotopie ossification. Most 
descriptions of hétérotopie ossification after total ankle 
arthroplasty place it in the posterior aspect of the ankle. Asso¬ 
ciations hâve been reported between the development of hét¬ 
érotopie ossification and male sex, limited preoperative range 
of motion, previous hétérotopie bone formation, posttrau- 
matic osteoarthritis, ankylosing spondylitis, and infection. In 
their 80 patients, Lee et al. identified prolonged operative 
time as the only surgical factor found to significantly prédis¬ 
posé patients to hétérotopie ossification. These authors pro- 
posed a classification System for hétérotopie ossification 
after total ankle arthroplasty based on the Brooker classifica¬ 
tion of hétérotopie ossification after total hip arthroplasty 
(Table 10-5) but made no treatment or prophylaxis recom¬ 
mendations based on the classification. To reduce the risk 
of hétérotopie ossification, they recommended meticulous 
soft-tissue dissection, adéquate implant size, and shortened 


TABLE 10-5 


Classification of Hétérotopie Ossification After 
Total Ankle Arthroplasty 

CLASS 

CRITERIA 

0 

No hétérotopie ossification 

1 Islands of bone within the soft tissue about the 

ankle 

II 

Bone spurs from the tibia or talus, reducing the 
posterior joint space by < 50% 

III 

Bone spurs from the tibia or talus, reducing the 
posterior joint space by > 50% 

IV 

Bridging bone continuous between the tibia and 
the talus 

From Lee KB, 

Cho YJ, Park JK, et al: Hétérotopie ossification after primary total 


ankle arthroplasty, J Bone Joint Surg 93A:751, 2011. 


operative time. Currently, nonsteroidal antiinflammatory 
drugs (NSAIDs) are the most frequently used method for 
prophylaxis against hétérotopie ossification. We do not rou¬ 
tinely administer NSAIDs before total ankle arthroplasty, but 
prophylactic thérapies (e.g., NSAIDs, radiation) may be used 
in patients who require excision of symptomatic hétérotopie 
ossification. Noting the lack of a strong association between 
hétérotopie ossification and postoperative ankle pain and 
functional limitation, Choi and Lee cautioned against attrib- 
uting these symptoms to hétérotopie ossification in the pos¬ 
terior ankle when considering its excision. 

PROGRESSION OF ARTHRITIS IN 
ADJACENT JOINTS 

The development or progression of arthritis in the subtalar or 
talonavicular joint after total ankle arthroplasty has been 
described by several authors, whereas others found no subta¬ 
lar arthritis. Wood et al. found worsening of subtalar arthritis 
in 15% of patients; Knecht et al., in 19%; and Mann et al., in 
12%. It appears from these studies that total ankle arthro¬ 
plasty does not protect the adjacent hindfoot from the devel¬ 
opment or progression of arthritis. 

OSTEOPHYTE FORMATION/IMPINGEMENT 

Overgrowth of bone around the médial and latéral margins 
of the prosthesis (gutter impingement) is being more com- 
monly recognized as a cause of pain after total ankle arthro¬ 
plasty (Fig. 10-16). The exact cause of impingement has not 
been clearly defined, but several inciting factors hâve been 
suggested: prosthesis design, oversized tibial and talar com- 
ponents, undersized talar component, uncontrolled varus or 
valgus thrust, component loosening, residual gutter débris, 
undersized polyethylene thickness, and talar subsidence. It is 
likely that no single factor is responsible and that the cause 
of impingement is multifactorial. Adéquate resection of pre- 
existing osteophytes and removal of ail bone fragments from 
the joint margins can help prevent this complication. Aggres- 
sive gutter “clean-out” has been recommended as critical in 
reducing postoperative pain and gaining adéquate postopera¬ 
tive motion. Schuberth et al. found symptomatic gutter 
impingement in 2% of 194 ankles with prophylactic gutter 
resection and in 7% of 295 ankles without gutter resection. 
They described using an open approach through a linear ver¬ 
tical incision directly over the involved gutter, which was 
debrided of ail osseous and soft-tissue débris with power or 
hand instruments. Debridement was considered satisfactory 
when a 4.0-mm burr could be passed freely through the 
newly created corridor. Fluoroscopy was used to confirm 
adéquate resection. Of 30 patients with postoperative 
impingement treated with only 1 gutter debridement proce¬ 
dure, 71% had excellent or good results. These authors 
caution, however, that radiographie détermination of true 
gutter impingement often is obscure, subjective, and difficult 
to correlate with clinical examination. Postoperative symp¬ 
tomatic impingement may be relieved by local injection of 
cortisone and physical therapy; if symptoms persist, open or 
arthroscopic resection of the excess bone can be done. 

REVISION ANKLE ARTHROPLASTY 

Decision-making in painful total ankle arthroplasty is 
complex, and treatment is technically demanding. Pain is the 
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jïg Radiographie examples of various gutter impingement morphologie features. A, Latéral impingement in a Salto Talaris 
implant. Arrows show areas of persistent arthrosis and hypertrophy of the talus after subsidence of the talar component. Note the prox- 
imity of the latéral component to the subtalar joint. B, Médial gutter impingement 7.5 years after implantation from a combination of 
polywear and talar subsidence. Note the talar bone mass in direct contact with the médial piilar of the tibial component ( arrowhead ). 
C, Latéral talar impingement from an oversized talar component ( arrowhead) 3 years after implantation. D, Latéral gutter impingement 
from residual latéral arthrosis from native bone ( arrowheads ). E, Latéral impingement from the native distal fibular on the calcaneus 
( arrowhead ). F, Arrowhead shows site of overgrowth of bone at the médial gutter of a STAR prosthesis 2 years after implantation. Note 
that this bone growth allows the weight-bearing load to bypass the tibial component and is in direct contact with the poly layer. (From 
Schubert JM, Babu NS, Richey JM, Christensen JC: Gutter impingement after total ankle arthroplasty, Foot Ankle Int 34:329, 2013.) 


primary symptom of early failure of total ankle arthroplasty, 
and its location, quality, and onset can provide useful infor¬ 
mation about its etiology. Persistent pain after surgery may 
be indicative of a deep, indolent infection, whereas progres- 
sively worsening pain over time may indicate implant loosen- 
ing and subsidence. Clinical examination should include 
évaluation of the surgical incision, tibiotalar and subtalar 
range of motion, ligamentous stability, alignment, gait, and 
tenderness to palpation about the médial and latéral gutters. 
Workup for periprosthetic infection should be done as a first 
step. If laboratory values are normal with a négative or dry 
aspirate but pain persists, Hsu et al. recommended bone scan 
or single photon émission CT for further évaluation. If posi¬ 
tive findings are seen on either radiographie study, they rec¬ 
ommended reoperation to explore the joint for component 
osteolysis or infection. 

Surgical management of failed total ankle arthroplasty 
may require arthrodesis of the tibiotalar or tibiotalocalcaneal 
joints, révision arthroplasty, or below-knee amputation. 
Determining whether arthrodesis or révision arthroplasty is 
préférable is based on surgeon and patient preferences. Hsu 
et al. listed four situations in which they prefer révision with 
another prosthesis: (1) révision is technically achievable in 
the presence of a viable soft-tissue envelope; (2) there is adé¬ 
quate remaining bone stock; (3) good range of motion is 


présent; and (4) the patient is compliant and requires early 
ambulation. In patients with stiff and painful ankles or 
massive bone loss associated with fractures, arthrodesis may 
be a better choice for definitive treatment. Meeker et al. listed 
their absolute and relative contraindications to révision total 
ankle arthroplasty (Box 10-1). 

Obtaining a plantigrade foot below the révision prosthe¬ 
sis may require ostéotomies, ligament reconstructions, and 
tendon transfers in a combined or staged fashion to achieve 
solid tibial and/or talar fixation on residual bone stock 
without violating the subtalar joint, restoring ligamentous 
tensioning, and correcting hindfoot and forefoot alignment. 
Hsu et al. listed several key points to be considered in révision 
arthroplasty (Box 10-2). 

The few available reports of the outcomes of révision 
total ankle arthroplasty indicate that the procedure has a 
high rate of complications and variable functional out¬ 
comes. In their sériés of 41 patients with révision total 
ankle arthroplasty, Ellington et al. reported that 28 patients 
(68%) had good to excellent results; however, only 18 (44%) 
were able to return to their previous levels of activity. Wil¬ 
liams et al. described révision of 35 Agility total ankle 
arthroplasties (34 patients) to INBONE II prostheses, with a 
complication rate of 31% (Fig. 10-17). Thirty-one of the 34 
patients had adjunctive procedures at the time of their final 
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Contraindications to Révision Total Ankle 
Arthroplasty 


Absolute Contraindications 

■ Deep infection 

■ Neuropathie joint 

■ Insufficient bone stock 

■ Soft-tissue breakdown 

Relative Contraindications 

■ Absence of the distal part of the fibula 

■ Instability resulting from incompétent ligaments 

■ Severe malalignment 

■ Peripheral vascular disease 

■ Significant bone loss 

■ Morbid obesity 

(From Meeker J, Wegner N f Francisco R, Brage M: Révision techniques in total 
ankle arthroplasty utilizing a stemmed tibial arthroplasty System, Tech Foot Ankle 
Surg 12:99, 2013.) 


révision: curettage and grafting of cysts, subtalar fusion, 
Achilles lengthening, gastroenemius recession, and realign- 
ment ostéotomies, as well as internai fixation of pathologie 
fractures and gutter debridement. At final follow-up, only 
13 patients (37%) had adéquate range of motion; however, 
none of the patients complained of noteworthy pain, 
and none had been revised at a minimum of 6 months 
follow-up. 

Ellington et al. described a classification of talar compo- 
nent subsidence—grade 1, no subsidence; grade 2, subsidence 
but not to the level of the subtalar joint; and grade 3, subsid¬ 
ence to the level of or interior to the subtalar joint—and noted 
that greater degrees of talar subsidence were associated with 
poor outcomes. 


REVISION TOTAL ANKLE 
ARTHROPLASTY 


TECHNIQUE 10-5 


(MEEKER ETAL) 

PATIENT POSITIONING AND APPROACH 

■ Evaluate the existing ankle incision and détermine if it is 
suitable for another operation. Although the optimal 
approach for révision is through an anterior incision, 
whenever possible modify this to incorporate previous 
incisions to minimize the risk of skin breakdown between 
narrow skin bridges. 

■ Place the patient supine on the operating table with a 
bump placed under the operative side so that the toes 
point vertical to the table. 

■ If an INBONE II prosthesis is selected for révision, place a 
radiolucent extension along the nonoperative side of 
the table so that the nonoperative leg can be abducted 
away from the operative field to make room for the leg 
holder. 



Key Points in Révision Total Ankle Arthroplasty 


■ The status of the soft tissue envelope directs the surgical 
approach to avoid potential wound complications. 

■ Full-thickness flaps should be used, with identification of 
as many surrounding neurovascular structures as possible. 
Iatrogénie nerve injury can be a source of postoperative 
pain, especially in multiply operated ankles where nerves 
often are encased in scar tissue. 

■ It is critical to carefully remove ail periarticular scar tissue 
and release the surrounding capsule, ligament, and 
tendons as much as possible to restore ankle mobility and 
the anatomie center of rotation. 

■ If components are removed, it is helpful to use a large 
laminar spreader to distract the joint and gain access to 
the posterior joint capsule so that it can be removed. 

■ If adéquate médial and latéral bone support, along with 
a healthy cancellous bone base of more than 50% on the 
tibial articular surface, are not available for insertion of an 
alternative tibial component, a modular, stemmed, intra- 
medullary implant can be used. 

■ Bulk allograft to provide bony ingrowth should be used 
sparingly because the interface with the prosthesis is of 
poor quality. 

■ A bone graft behind a révision tibial implant or a thicker 
polyethylene component may compensate for the loss in 
tibial height and prevent symptomatic leg-length 
inequality. 

■ A standard component of the same or different implant 
design can be used for talar component révision, but 
generally is more difficult than tibial révision because of 
the lack of talar bone stock and its relatively small size. 

■ For patients with limited subtalar motion or painful arthri- 
tis, subtalar arthrodesis is required at the time of révision. 
Although subtalar arthrodesis with existing implants can 
be done through a posterior approach, it may be easier to 
perform the arthrodesis in a staged manner, proceeding 
to révision once the fusion mass is confirmed with com- 
puted tomography scanning. 

■ Various ankle arthroplasty Systems allow for size mismatch 
of the tibial and talar components; however, care must be 
taken not to overstuff the joint with a talar component 
that is too wide because the prosthesis would create 
médial and latéral gutter impingement. 

(Modified from Hsu AR, Haddad SL, Myerson MS: Evaluation and management 
of the painful total ankle arthroplasty, J Am Acad Orthop Surg 23:272, 2015.) 


■ Place a thigh tourniquet and exsanguinate the operative 
limb with an Esmarch bandage after ail incisions hâve 
been marked. 

■ Make an approximately 15-cm longitudinal incision 
through the skin over the anterior aspect of the ankle 
joint, centered midway between the médial and latéral 
malleoli. Approximately two thirds of the incision should 
extend proximal to the ankle joint and the distal aspect 
should extend to the dorsum of the foot. 

■ Identify and retract laterally the superficial peroneal nerve 
where it crosses the incision at its distal extent. 
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A and B, Failed Agility total ankle arthroplasty revised with INBONE 
years after implantation required révision with INBONE II talar component (D). 


prosthesis. Talar component loosening (C) 2 


■ Incise the superficial fascia of the anterior compartment 
along with any remnants of the extensor fascia in line 
with the skin. 

■Carefully develop the plane between the anterior tibial 
and extensor hallucis longus tendons, identifying the 
anterior tibial artery and the deep peroneal nerve. Retract 
the neurovascular bundle laterally with the extensor hal¬ 
lucis longus as it crosses the ankle joint. Retract the ante¬ 
rior tibial tendon medially. 

■ Incise the anterior tibial periosteum and anterior ankle 
capsule longitudinally to expose the ankle joint and proxi¬ 
mal portion of the talar neck. 

■ Continue dissection proximally and distally enough to 
expose the entire ankle joint and prosthesis. 

IMPLANT REMOVAL 

■ After exposing the joint, débridé any adhèrent soft tissue 
and bone obscuring the bone-implant interface. 


■ As the first step, disengage the polyethylene liner. This is 
simple when removing a mobile-bearing implant because 
it is free of any locking mechanism; however, most current 
total ankle arthroplasty révisions in the United States are 
of two-component Systems. It is important to know the 
locking mechanisms of the various implant Systems. 

AGILITY IMPLANT 

■ For removal of an Agility prosthesis, use fine chisels to 
make removal easier. Place a 5-mm chisel on each side of 
the polyethylene to shear off the hemicylindrical outcrop- 
pings from the polyethylene, and lever the polyethylene 
out with a X -inch ostéotomie. 

■ Use tibial trial component from the Agility System to 
gauge the depth to which it is safe to introduce the chisel. 
Advance the chisel on either side of the keel to free the 
tibial component, taking care to avoid damaging poste- 
rior structures by plunging the chisels too deep. 
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■ Because the Agility prosthesis has a porous coating on 
the médial and latéral aspects of the tibial component, 
use the chisel here as well. Take care to avoid malleolar 
fracture; consider prophylactic placement of Kirschner 
wires to stabilize malleoli that seem susceptible to 
fracture. 

■ Once the tibial component is freed, use the same chisels 
along the porous undersurface of the talus. 

■ If the central stem is customized to cross the subtalar 
joint, a rétrogradé approach may be necessary, accessing 
the tip through a calcaneal tuberosity approach. Open the 
outer cortex in line with the axis of the stem and use a 
combination of drills and gouges with small radii of cur- 
vature to free the stem from adhèrent bone. If the talar 
component still resists extraction, a tamp can be used on 
the tip of the stem to aid removal. 

STAR IMPLANT 

■ Removal of a STAR implant is different because the 
mobile-bearing polyethylene is easily extracted. 

■Use the fine chisels along the tibial component and to 
separate the porous undersurface of the talar component 
from bone. If the talus is firmly bonded to underlying 
bone, bone resection may be unavoidable. 

SALTO TALARIS IMPLANT 

■ Again, use chisels to free the tibial component first. 

■ Because mobilizing the central keel of the tibial compo¬ 
nent risks bone loss, try to minimize this. 

■ Well-fixed talar components make bone loss a near 
certainty. 

JOINT SPACE PREPARATION 

■ Once the components are removed, carefully assess the 
remaining joint space and bone quality. 

■ With the INBONE II prosthesis, bone cuts are guided with 
the use of an external leg holder. Keep lamina spreaders 
in the joint to preserve the alignment of the joint space 
when setting up the leg holder. Secure the hindfoot to 
the leg holder with pins in the calcaneus. 

■ The tibial cuts are guided with alignment rods that 
overlie the tibial canal. Confirm alignment in multiple 
planes. 

■Access the tibial canal with a 6-mm drill through the 
plantar aspect of the foot, place the appropriately-sized 
cutting guide on the leg-holder, and align it to allow 
appropriate bone cuts. 

■ Sequentially ream the tibia to a level necessary to obtain 
adéquate for the tibial component. Place the appropriate 
number of modular stem pièces to provide adéquate 
stability, and affix the base plate through Morse taper 
impaction. 

■ Correct bony malalignment with improved bone cuts or 
with osteotomy of the distal tibia or calcaneus. 

PROSTHESIS IMPLANTATION 

■ Fill bone voids with autograft or allograft. Trial the talar 
component with various thicknesses of polyethylene and 
assess for instability and hindfoot alignment. 

■ When the appropriate-sized components are selected, 
proceed with implantation. 


INTRAOPERATIVE CONSIDERATIONS: LIGAMENTOUS 
INSTABILITY 

■ Before making bone cuts, evaluate the ligamentous sta¬ 
bility and alignment of the ankle. Place lamina spreaders 
in the joint space and evaluate the hindfoot alignment by 
standing at the foot of the table while the leg is elevated 
for inspection. 

■ If severe médial or latéral instability exists, consider liga¬ 
ment reconstruction concomitant with the arthroplasty. 

SUBTALAR JOINT 

■ If the patient has had a previous subtalar fusion, consider 
correcting malalignment with an opening or closing 
wedge osteotomy. 

■ If the subtalar joint remains but is arthritic or ankylosed, 
consider an arthrodesis to correct malalignment. 

■ For subtalar fusion, expose the joint through a separate 
sinus tarsi approach. If screw fixation is used, take care 
that the screws do not abut the talar component and are 
not in the path of the INBONE II fixation pegs, which may 
cause it to displace postoperatively. 

BONE CYSTS 

■ Débridé the areas where there are obvious cysts. 

■ Removal any lining of the cysts and perforate the sclerotic 
bone at the margin to allow adjacent bone ingrowth. 

■ If considérable bone loss exists, consider using allograft 
bone, bone graft substitute, or bone graft with iliac crest 
marrow aspirate. 

JOINT BALANCING 

■ Once the trial components are in place, evaluate the joint 
for stability. 

■Correct médial collateral tightness by performing a judi- 
cious deep deltoid release with a y 2 -inch curved 
osteotome. 

■ Correct latéral contracture by elevating the calcaneofibu- 
lar ligament from its fibular attachment. 

■ If excess gapping occurs medially or laterally, consider 
allograft tendinous reconstruction either concomitantly or 
as a staged procedure. 

■ Once the appropriate insert has been selected that pro¬ 
vides adéquate stability, test ankle plantarflexion and dor- 
siflexion. If the ankle cannot be brought to neutral 
because of a posterior contracture, correct any posterior 
capsular tightness by careful release of scar tissue. If 
posterior tightness persists because of heel cord tight¬ 
ness, perform an Achilles lengthening or a gastrocnemius 
recession to improve dorsiflexion. 

CLOSURE 

■ Débridé any necrotic scar tissue and close in layers. 

■ Use absorbable to approximate the extensor retinaculum 
to prevent bowstringing of tendons. 

■ Close the skin carefully with interrupted or running nylon 
mattress sutures. Minimize skin ischemia that may results 
in wound breakdown. Place a drain if necessary. 

■ Place a plaster splint with the foot in neutral position. 

POSTOPERATIVE MANAGEMENT. The patient remains 
non-weight bearing for 6 weeks to allow for osseous 
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intégration of the implants; this is followed by a period 
of protected weight bearing in a boot. The wound is 
checked every 2 weeks and, if there is no evidence of 
wound breakdown, the sutures are removed and ankle 
range-of-motion exercises are begun. At 6 weeks, radio- 
graphs are obtained and if there are no concerning find- 
ings progressive weight bearing is allowed with the goal 
of full weight bearing at 10 to 12 weeks. If extensive 
bone grafting was necessary, the time to full weight 
bearing may be longer, as dictated by radiographie signs 
of osseous intégration. 
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Ankle arthritis is a physically disabling condition, and its 
treatment can be both challenging and rewarding for the 
patient and the treating physician. Gait dérangement is 
common in patients with ankle arthritis, and associated pain 
in the knee, hip, or back often contributes to general health 
problems. Arthrodesis, although not always perfect in 
outcome, can obtain a stable, mostly pain-free ankle and an 
often dramatic improvement in the function and quality of life 
in appropriate patients. Although the use of total ankle 
replacement for end-stage arthritis has increased dramatically 
over the past 10 years, while the rate of ankle arthrodesis has 
remained nearly constant, arthrodesis remains the procedure 
of choice for many patients with painful ankle arthritis. 

Some biomechanical aspects of the ankle make it particu- 
larly suitable for arthrodesis. First, it is primarily a hinge joint 
and, although there is a continuously changing axis of rota¬ 
tion throughout the range of motion of the tibiotalar joint, 
fixation in a neutral position does not produce severe biome¬ 
chanical conséquences in the limb. Second, the talus sits 
within a well-defined, stable architecture of the ankle joint, 
supported by the médial malleolus, the congruent tibial 
plafond, and the latéral malleolus, ail of which provide poten- 
tial bone surfaces for healing of the arthrodesis. Third, normal 
gait requires only 10 to 12 degrees of ankle extension and 20 
degrees of ankle flexion so loss of some motion is not critical, 
as opposed to the knee or hip where even modest loss of 
motion may be disabling for activities of daily living. Sagittal 
plane motion required for normal gait may be compensated 
for internally by a mobile transverse tarsal joint or externally 
by the application of a rocker sole shoe in a patient with ankle 
arthrodesis. 

ALTERNATIVES TO ANKLE 
ARTHRODESIS 

NONOPERATIVE TREATMENT 

Surgical management of ankle arthritis is often quite invasive, 
the recovery long and difficult, and the complications 


frequent. It is often best to think of the strategy in dealing 
with arthritis of the ankle as a management problem. That is, 
it should be clear to the patient that returning the ankle to its 
prearthritic State is not possible and that conservative man¬ 
agement is important to try to relieve pain and restore func¬ 
tion as much as possible with as little risk as possible. Clearly, 
conservative management will not improve pain and function 
to an acceptable level in ail patients, but we strongly encour¬ 
age our patients to try a few modalities before surgery. If 
nothing else, providing a measure of pain relief gives the 
patient some time to make intelligent, well-informed deci¬ 
sions without the pressure of needing something done surgi- 
cally to provide some comfort. 

Bracing to limit motion of the arthritic joint is the main- 
stay of conservative treatment. We use a double-upright, 
locked ankle brace with a Steel shank and rocker sole in 
patients who are willing to accept the weight of the brace and 
shoewear limitations that accompany its use. It is durable and 
typically gives significant improvement in pain. In other 
patients, an Arizona type brace or solid polypropylene ankle- 
foot orthosis may be successful. 

Nonsteroidal antiinflammatory agents are not without 
risks but may provide a measure of relief. Although glucos¬ 
amine, chondroitin sulfate, and other dietary suppléments are 
often tried, their efficacy is questionable and more research 
is needed. Intraarticular injections are a frequently used 
modality in these patients and, although hydrocortisone and 
a local anesthetic are a common combination, concern is 
growing regarding the advisability of this procedure in light 
of studies that suggest a deleterious effect on viable cartilage 
and chondrocytes. We are very conservative with the use of 
this type of injection and reserve it for end-stage arthritis in 
patients who are poor surgical candidates or who are trying 
to avoid surgery. The use of intraarticular hyaluronate prépa¬ 
rations has been studied extensively in the knee and has 
become common practice. In the ankle, conflicting results 
hâve been found in well-designed studies. Sun et al. reported 
that in their 46 patients three weekly intraarticular injections 
of hyaluronate provided pain relief and improved function, 


535 



PART IV RECONSTRUCTIVE PROCEDURES OFTHE ANKLE IN ADULTS 


whereas DeGroot et al., in a randomized, double-blind, 
placebo-controlled study, found that a single intraarticular 
injection of hyaluronic acid was not demonstrably superior 
to a single intraarticular injection of saline solution for the 
treatment of osteoarthritis of the ankle. More recent studies 
hâve confirmed that multiple injections of hyaluronic acid are 
more effective than single-injection protocols and that the use 
of fluoroscopy is indicated to ensure intraarticular infusion. 
In their prospective study, Lucas et al. found that neither 
etiology nor severity of the osteoarthritis was prédictive of 
the response to viscosupplementation; however, Han et al. 
identified early stage disease and pain duration of less than 1 
year as independent predictors of good outcomes. In our 
expérience, viscosupplementation seems to be more effective 
when administered affer an arthroscopic debridement proce¬ 
dure that has removed mechanical loose bodies and débris 
from the ankle joint. 

OPERATIVE TREATMENT 

Although arthrodesis continues to be a mainstay of treatment 
for ankle arthritis, it is not an optimal treatment for ail 
patients because of the loss of joint motion and possibility of 
development of degenerative arthritis of adjacent joints. 
Operative alternatives to ankle arthrodesis include open or 
arthroscopic debridement, realignment ostéotomies, distrac¬ 
tion arthroplasty, allograff replacement, and total ankle 
arthroplasty. Before ankle arthrodesis is chosen for a particu- 
lar patient, possible alternative procedures should be consid- 
ered and discussed with the patient. Giannini et al. formulated 
a decision-making algorithm for choosing the appropriate 
surgical procedure (Table 11-1). 

■ ARTHROSCOPIC DEBRIDEMENT 

Arthroscopic debridement of the arthritic ankle can be effec¬ 
tive in the overall management plan, but it must be used 
judiciously and the expectations of outcome must be realistic. 
Efficacy has been shown in a number of studies for the 
removal of anterior impingement osteophytes from the tibia 


or talus. Patients with mechanical locking of the ankle from 
a demonstrable loose body may also benefit from arthroscopic 
management, but it is likely that the debridement of more 
advanced arthritic ankles provides only short-term relief and 
is not recommended in most cases. Arthroscopic debride¬ 
ment offen is done in combination with other procedures, 
such as osteotomy and distraction arthroplasty. 

■ PERIARTICULAR OSTEOTOMIES 

Periarticular ostéotomies of the tibia, fibula, or hindfoot, 
alone or in combination, are reasonable approaches to the 
management of localized arthritis of the ankle. The goal of 
realignment ostéotomies is to unload the more arthritic 
portion of the joint and provide a more anatomie mechanical 
axis to the ankle to redistribute joint contact forces and loads. 
Realignment surgery can delay the need for arthrodesis or 
arthroplasty in younger active patients. Chondral loss pri- 
marily in the médial or latéral gutter of the ankle with minimal 
involvement of the superior surface of the talus, especially 
with supramalleolar deformity, seems best suited for this 
approach. The type of osteotomy is determined by the spécifie 
deformity, the condition of the surrounding soft tissues, the 
status of the articular surface, and leg-length considérations. 
Opening wedge osteotomy of the tibia for varus deformity 
and médial joint arthrosis is particularly effective as an alter¬ 
native to more invasive treatment. Ahn et al. reported 
improvements in American Orthopaedic Foot and Ankle 
Society (AOFAS) scores, visual analogue scale (VAS) scores, 
and medial-distal tibial angle in 18 patients with médial ankle 
osteoarthritis and mortise widening affer opening-wedge 
distal osteotomy without fibular osteotomy. Although talar 
tilt was not corrected by this procedure, excellent clinical 
results were obtained in ankles with more than 7 degrees of 
talar tilt and good results in an ankle with 11 degrees of tilt. 
Before surgery, correction is planned by measuring the tibial- 
ankle surface angle and talar tilt on a weight-bearing antero- 
posterior radiograph and the tibial-lateral surface angle on a 
latéral weight-bearing radiograph (Fig. 11-1). 


_ TABLE 11-1 _ 

Decision-Making Algorithm for Treatment of Ankle Arthritis 


ARTHRITIS STAGE 

AGE 

ANKLE JOINT CONDITION 

SURGICAL PROCEDURE 

Stage 2 

<50 years or >50 
years (to delay/ 
enable use of 
prosthesis or to 
delay arthrodesis) 

Preserved ankle anatomy 

Arthrodiastasis and 

arthroscopic 

debridement 

Supraarticular malalignment 

Supramalleolar 

osteotomy 

Intraarticular malalignment 

Joint reconstruction 

Stage 3 

<50 years 

Preserved or restored 
ankle anatomy 

<25 degrees of motion in other foot 
joints, arthritis in other foot joints/ 
refusai of patient to hâve arthrodesis 

Ankle allograft 

>50 years 

Ankle prosthesis 

Any âge 

>25 degrees of motion in other foot 
joints/no arthritis in other foot joints 

Arthrodesis 

Any âge 

Nonrestorable ankle anatomy, chronic infection, neurologie 
disorders, severe osteoporosis 

Arthrodesis 


From Giannini S, Buda R, Fladini C, et al: The treatment of severe posttraumatic arthritis of the ankle joint, J Bone Joint Surg 89A(Suppl 3):15, 2007. 
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A f Anteroposterior weight-bearing radiograph showing measurement of tibial-ankle surface angle (TAS) and talar 
tilt angle (TT). B f Latéral weight-bearing radiograph showing measurement of tibial-lateral surface angle (TLS). (From Lee WC, Moon JS, 
Lee K, et al: Indications for supramalleolar osteotomy in patients with ankle osteoarthritis and varus deformity, J Bone Joint Surg 93A:1243, 2011.) 


OPENING WEDGE OSTEOTOMY OF 
THE TIBIA FOR VARUS DEFORMITY 
AND MEDIAL JOINT ARTHROSIS 


TECHNIQUE 11-1 


■ Through standard anteromedial and antérolatéral portais, 
perform a full arthroscopic examination of the ankle. 
Débridé any impinging osteophytes, delaminated carti¬ 
lage, and joint fibrosis. 

■ For the fibular osteotomy, make a 2-cm latéral longitudi¬ 
nal incision 3 to 4 cm proximal to the articular surface of 
the médial malleolus. 

■ Use a sagittal saw to make an oblique fibular osteotomy, 
placing a transfixing screw from anterior to posterior 
before completion of the osteotomy; do not tighten the 
screw. 

■ For the tibial osteotomy, make an 8-cm longitudinal inci¬ 
sion beginning 5 cm proximal to the tip of the médial 
malleolus to expose the anterior surface of the distal tibia; 
retain as much of the periosteum as possible. 

■ Mark the osteotomy site with a chisel 5 cm proximal to 
the tip of the médial malleolus and make the osteotomy 
with a bone saw. Do not completely transect the tibia, 
but leave several areas of cortex on the latéral side. 


■Carefully open the osteotomy and insert the previously 
harvested iliac crest allograft; the size of the allograft is 
determined preoperatively from radiographs. 

■Apply a four- to eight-hole plate across the osteotomy; 
we usually use a locked plating System with 4.5-mm corti¬ 
cal screws (Fig. 11-2). 

■ Confirm alignment by observation and anteroposterior 
and latéral fluoroscopy. 

■ Contour a four-hole plate and apply it across the fibular 
osteotomy. 

■ Irrigate the wounds and close the fascial layer and the 
subcutaneous tissue with 2-0 polyglactin 910 (Vicryl); use 
3-0 nylon interrupted sutures to complété closure, includ- 
ing the arthroscopic portais. Apply a stérile dressing and 
a short-leg splint. 

POSTOPERATIVE CARE. Non-weight-bearing ambula- 
tion is allowed the day after surgery, and flexion and 
extension exercises of the toes and knee are begun to 
prevent deep vein thrombosis and muscle weakness. A 
cast is worn for 4 to 6 weeks. Touchdown weight bearing 
is allowed at 2 weeks, and partial weight bearing is 
allowed at 4 weeks. After the cast is removed, a compres¬ 
sion bandage is used from the toes to the thigh to prevent 
edema, and active range-of-motion exercises of the ankle 
are begun. Weight bearing is gradually increased until full 
weight bearing is allowed at 2 months after surgery. 
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A and B f Posttraumatic arthritis with valgus malalignment. 
with allograft bone graft and plate-and-screw fixation. SEE TECHNIQUE 11-1. 


C and D, After distal tibial opening-wedge osteotomy 
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INTRAARTICULAR OPENING MEDIAL 
WEDGE OSTEOTOMY (PLAFOND- 
PLASTY) OF THE TIBIA FOR 
INTRAARTICULAR VARUS ARTHRITIS 
AND INSTABILITY 

Failure of traditional médial opening wedge and latéral 
closing osteotomy can occur because of persistence of the 
médial intraarticular tibial defect resulting in récurrent varus 
deformity. Becker and Myerson described a technique spe- 
cifically for juxtaarticular varus ankle deformity associated 
with osteoarthritis and ankle instability. Mann et al. 
reported good results with this technique, along with 
latéral ligament reconstruction, in 19 patients. Four patients 
required ankle arthrodesis or ankle arthroplasty 7 to 48 
months after the procedure; the other 15 patients were 
satisfied with their outcomes. 


TECHNIQUE 11-2 


(MANN, FILIPPI, AND MYERSON) 

■ After administration of general anesthésia and popliteal 
block for postoperative pain control, approach the ankle 
through a médial incision centered at the level of the 
deformity. 

■ Direct the apex of the osteotomy toward the intraarticular 
deformity from the médial aspect of the distal tibia. 

■ Use a Kirschner wire aimed at the apex of the deformity 
as a guide to the plane of the osteotomy (Fig. 11-3A). 

■ Insert three additional Kirschner wires parallel to the joint 
surface portion of the tibial plafond within the subchon- 
dral bone just under the articular cartilage at the apex of 
the plafond angulation to prevent pénétration of the saw 
blade into the joint during the osteotomy and to act as 
a hinge during deformity correction (Fig. 11-3B). 

■ Make the osteotomy with a saw perpendicular to the 
anteroposterior axis of the tibia and in the same plane as 
the Kirschner wire, ending at the level of the three Kirsch¬ 
ner wires, thereby keeping the bony bridge intact (Fig. 
11-3C). 

■ Use the bony bridge and the three Kirschner wires as a 
hinge, and with a wide osteotome gradually bend the 
plafond until the médial tibial articular surface is parallel 
to the intact portion of the distal latéral tibia. 

■ Insert a lamina spreader into the cortical gap to hold the 
correction while allograft cancellous bone chips are 
inserted into the defect under fluoroscopie guidance to 
maintain a parallel joint surface (Fig. 11-3D). 

■ Secure the osteotomy with a locking plate to serve as a 
buttress to ensure that the allograft remains in place. 

■ If latéral ankle instability is présent, correct it with a modi- 
fied Chrisman-Snook procedure (see Chapter 89) after 
ensuring that bone, osteophytes, and débris are removed 
from the latéral gutter. 

POSTOPERATIVE CARE. Patients are placed in a below- 
knee splint for the first 2 weeks, followed by application 
of a removable boot with instructions to remain non- 
weight bearing but to perform range-of-motion exercises. 


At 6 weeks, partial weight bearing is allowed, and at 8 
weeks, full weight bearing is permitted. The boot is worn 
for a total of 10 to 12 weeks, depending on healing of 
the osteotomy. 


■ DISTRACTION ARTHROPLASTY 

With technical improvements to thin-wire external fixation 
for various deformity correction procedures, reports of using 
a thin-wire frame to provide distraction to the ankle joint for 
a period of time while allowing weight bearing, seem to 
suggest some pain relief and functional improvement in care- 
fully selected patients with ankle arthritis. Joint distraction 
arthroplasty is based on the concept that mechanical unload- 
ing of the joint and the intermittent flow of intraarticular 
synovial fluid encourage cartilage healing. Twenty-one (98%) 
of 23 patients reported by Tellisi et al. reported decreased 
pain after distraction arthroplasty; other sériés hâve reported 
good results in approximately 75%. In a randomized con- 
trolled trial, Saltzman et al. compared fixed distraction to 
motion distraction in 36 patients and found that those with 
motion distraction had earlier and consistently better out¬ 
comes. Adverse events included 43 pin track infections and 
8 neurapraxias. 

The bénéficiai effects of distraction are not immédiate 
and tend to occur over a long period of time, ranging from 6 
months to 2 years. The idéal candidate for distraction arthro¬ 
plasty has been described as a young patient whose symptoms 
are not relieved with conservative measures and who is 
unwilling to hâve an arthrodesis; other suggested criteria 
include an arthritic ankle joint that is congruent, painful, and 
mobile. Contraindications include active infection, advanced 
coronal plane deformity, and significant loss of bone stock. 
Uncontrolled diabètes, tobacco use, chronic edema of the 
lower limb, severe ankle deformity, and severe ankle ankylosis 
are relative contraindications. According to a comprehensive 
review of the literature by Smith et al., currently there is not 
enough high-level evidence to support ankle joint distraction 
for generally accepted indications. We do not, at this time, 
hâve enough expérience to recommend the procedure, and 
the reader is encouraged to become familiar with the types of 
fixation and the technical demands of this procedure before 
taking on the challenges associated with this procedure. 
Tellisi et al. listed some key éléments of the procedure and 
postoperative care that may improve outcomes: 

1. Hinges should be placed along the axis of the ankle joint 
(Inman axis, line joining tips of the médial and latéral 
malleoli) to prevent uneven joint distraction through a 
range of motion and to preserve joint motion by evenly 
stretching the capsule. 

2. Use of a forefoot wire should be avoided because this is 
very uncomfortable and discourages weight bearing. 

3. No more than 5 to 6 mm of acute distraction should be 
applied in the operating room; if needed, more distrac¬ 
tion can be applied gradually during the short postopera¬ 
tive hospital stay. 

4. Range-of-motion exercises should be started early to pre¬ 
serve ankle mobility. 

5. A circular fixator may be superior to monolateral fixation 
because a monolateral frame delivers uneven distraction 
through cantilever mechanics and its simple hinge is 
difficult to place along the ankle axis. 
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A, Guide pin inserted with tip positioned at the apex of the deformity. B, Kirschner wires inserted just proximal to 
the tibial plafond to prevent the saw from entering the joint. C, Osteotomy created with the saw aligned perpendicular to the coronal 
axis of the tibia. D, Displacement of the osteotomy with a lamina spreader for deformity correction. (From Myerson MS, Zide JR: Manage¬ 
ment of varus ankle osteoarthritis with joint-preserving osteotomy, Foot Ankle Clin N Am 8:471, 2013.) SEE TECHNIQUE 11-2 


DISTRACTION ARTHROPLASTY OF 
THE ANKLE 


TECHNIQUE 11-3 


PREOPERATIVE PLANNING 

■ On weight-bearing radiographs, measure the tibiotalar joint 
space and evaluate the degree of arthritis (Fig. 11-4A and B). 


Identify anterior osteophytes that might be sources 
of pain or blocks to dorsiflexion and need to be 
removed. 

Note the presence of any hardware in the ankle joint. 
Hardware generally does not need to be removed before 
distraction arthroplasty. 

Evaluate the ankle for periarticular deformity and déter¬ 
mine if supramalleolar osteotomy is indicated at the time 
of distraction arthroplasty. 
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A and B f Posttraumatic arthritis and anterior osteophytes. C and D f Approximately 8 mm of ankle joint distraction 
obtained with hinged external fixation distraction device. E and F f Plantigrade foot at 3-year follow-up. (From Paley D, Lamm BM, Purohit 
RM, Specht SC: Distraction arthroplasty of the ankle—how far can you stretch the indications? Foot Ankle Clin North Am 13:471, 2008.) SEE 

TECHNIQUE 11-3. 


JOINT PREPARATION 

■ With arthroscopy or open arthrotomy, remove anterior 
osteophytes from the distal tibia and talus. 

■ Perform Achilles tendon lengthening or supramalleolar 
osteotomy as needed. 

FRAME APPLICATION 

■ A tourniquet is not used during frame application because 
normal osseous and periosteal blood flow is needed to help 
cool passing wires and drills to avoid thermal necrosis. 

■ Usually a two-ring fixator is sufficient, comprising a distal 
tibial ring and a foot ring, with articulating hinges placed 


along the ankle joint axis between the rings. An addi- 
tional ring may be needed if supramalleolar osteotomy 
was done. 

■ Mount the proximal ring to the distal tibia with two half- 
pins and one tensioned wire. Place fixation in different 
planes to ensure adéquate stability. 

■ Use a 4.8-mm drill bit to predrill for the 6-mm half-pins; 
then insert them by hand. 

■ Insert a smooth Kirschner wire immediately beneath the 
tip of the médial malleolus and check its position with 
anteroposterior and latéral fluoroscopy images to ensure 
proper placement (Fig 11-5A). 
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Distraction arthroplasty. A f Temporary guidewire inserted from tip of latéral malleolus to tip of médial malleolus as 
reference for ankle hinge placement. B f External fixator application. C f Wires placed in calcaneus and tensioned; note that foot is 
centered in fixator ring. D f Patient standing in frame with constrained ankle motion allowed through anatomically placed hinges. (From 
Beaman DN, Gellman RE, Trepman E: Ankle arthritis: deformity correction and distraction arthroplasty. In Coughlin MJ, Mann RA, Saltzman CL, 
editors: Surgery of the foot and ankle, ed 8, Philadelphia, 2007, Elsevier.) SEE TECHNIQUE 11-3. 


■ Attach two universal hinges with threaded rods, one on 
either side of the tibial ring. Place the hinges along the 
reference wire to approximate the true axis of rotation 
of the ankle joint. Check hinge placement with 
fluoroscopy. 

■ Secure the hinges to a foot ring that has been aligned to 
the foot (Fig. 11-5B). Insert a transverse midfoot wire 
through the cuneiform bones and tension it to the ring 
to establish alignment. Place two additional wires into the 
calcaneus and tension them (Fig. 11-5C). Insert a final 


wire into the talus, attach it to the foot ring, and gently 
tension it; this wire prevents inadvertent distraction of the 
subtalar joint. 

■ Place an anterior flexion-extension rod to control ankle 
motion. 

■Distract the ankle approximately 5 mm (Fig. 11-4C and 
D) and, under fluoroscopie control, move it through a 
range of motion to check the amount of distraction and 
alignment. 

■ Place stérile dressings on the pin insertion sites. 
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POSTOPERATIVE CARE. Patients usually are admitted 
to the hospital after surgery for pain control and 24 hours 
of intravenous antibiotics. Prophylactic oral antibiotics are 
continued for 10 days. Weight bearing is begun as soon 
as tolerated after surgery (Fig. 11-5D). Deep venous 
thrombosis prophylaxis is implemented after 24 hours 
and continued for 3 weeks or until the patient is very 
mobile. The patient is instructed in pin care, which con- 
sists of cleaning the pin sites once daily with diluted 
hydrogen peroxide. Showering is allowed after 4 days. At 
2 weeks, the sutures are removed and distraction is evalu- 
ated. The goal at this time is 5 mm of distraction; if the 
joint space is less, additional distraction is applied in the 
office. At 12 weeks, the frame is removed in surgery with 
the patient sedated, a cam walker boot is applied, and 
weight-bearing ambulation is encouraged (Fig. 11-4E 
and F). 


■ TOTAL ANKLE ARTHROPLASTY 

The advantages and disadvantages of total ankle arthroplasty 
are discussed in detail in chapter 10. In general, arthrodesis 
has the advantage of predictable pain relief and the disadvan- 
tage of limited motion, whereas arthroplasty has the advan¬ 
tage of motion préservation and the disadvantage of more 
frequent complications. A study involving 114 ankle arthro- 
plasties and 47 ankle arthrodèses reported no significant dif¬ 
férence in the mean improvement in pain and function 
between the two groups at a minimum of 2 years postopera- 
tively, but the complication rates were 54% after arthroplasty 
and 26% after arthrodesis. In a systematic review of the litera- 
ture that included 1262 arthrodèses and 852 arthroplasties, 
Haddad et al. identified révision rates of less than 10% and 
infection rates of less than 5% after both procedures. More 
recently, Daniels et al., in a multicenter study involving 321 
patients, reported that intermediate-term clinical outcomes 
of total ankle replacement and ankle arthrodesis were com¬ 
parable, although reoperation and major complications were 
more frequent after ankle replacement. Glazebrook et al. 
focused on survival and complication rates of total ankle 
arthroplasty and found that failure rates ranged from 1% to 
32%, with an overall mean failure rate of 12%. Despite more 
costly implants, total ankle arthroplasty was determined to be 
a cost-effective alternative to ankle arthrodesis in a 60-year- 
old cohort with end-stage ankle arthritis. More recent com- 
parisons hâve shown that patients with total ankle replacement 
hâve higher expectations before surgery than do patients with 
arthrodesis and are more likely to hâve their expectations 
met. Jasiter et al. found that patients with total ankle replace¬ 
ment had higher scores than ankle arthrodesis patients in 
walking on uneven surfaces, upstairs, downstairs, and uphill. 
Another study comparing 59 patients with total ankle arthro¬ 
plasty to 46 with arthrodesis found that functional results 
were significantly better in those with arthroplasty; however, 
there was no différence in terms of quality of life (Dalat 
et al.). Gait analysis has shown that patients with total ankle 
replacement hâve a more normal gait pattern than those with 
arthrodesis; however, sports participation has been reported 
to be similar after both procedures, with approximately 76% 
in both groups active in sports after surgery. 


INDICATIONS FOR ANKLE 
ARTHRODESIS 

Ankle arthrodesis can be considered for patients who hâve 
limited motion of the ankle and chronic pain, in whom con¬ 
servative measures hâve failed, and hâve one of the following 
diagnoses: 

■ Posttraumatic arthritis 

■ Osteoarthritis 

■ Arthritis from chronic instability of the ankle 

■ Rheumatoid or autoimmune inflammatory arthritis 

■ Goût 

■ Postinfectious arthritis 

■ Charcot neuroarthropathy 

■ Osteonecrosis of the talus 

■ Failure of total ankle arthroplasty 

■ Instability of the ankle from neuromuscular disorders 
Absolute contraindications to ankle fusion include vascular 
impairment of the limb and infection of the skin through 
which the approach is planned. Although open ankle fusion 
has been described in patients with hémophilie arthropathy, 
Bai et al. suggested that arthroscopic ankle arthrodesis is a 
viable alternative to open techniques. Ail 10 of their patients 
obtained fusion in 10 weeks, with 80% good results and 20% 
excellent results and only 1 superficial wound infection. Rela¬ 
tive contraindications include preexisting moderate to severe 
ipsilateral hindfoot arthrosis and contralatéral ankle arthrosis 
likely to require surgical treatment in the foreseeable future. 
Houdek et al., however, reported that 31 patients with bilat¬ 
eral ankle arthrodesis rated their function as normal or nearly 
normal. 

PATIENT EVALUATION 

CLINICAL EVALUATION 

A careful history is critical to an optimal outcome. Several 
questions should be considered before arthrodesis is chosen. 
What is the exact location of pain? Are there other existing 
orthopaedic issues with the limb, especially foot function, hip 
and knee function, and the presence or absence of back pain? 
What are the functional desires of the patient and what are his 
or her current impairments? Can the patient care for himself 
or herself, go to the store, exercise? What is the social support 
System? Who will help care for the patient after surgery? 

Patient expectations must be determined and discussed 
before surgery. Although pain relief is to be expected and 
functional activities will be substantially improved, impact 
sports rarely are possible after ankle arthrodesis. Continued 
problems with endurance in walking and hiking are common. 
Patients are encouraged to engage in low-impact or nonim- 
pact activities for conditioning postoperatively. Shoewear 
limitations are common: low heels only for women and often 
a rocker sole shoe is needed for prolonged walking and hiking 
activities. Occasionally a brace is needed to support the hind¬ 
foot with more vigorous activities, especially if there is pre¬ 
existing arthritis in these joints. 

Assessment of medical comorbidities is important to 
prevent complications after surgery. Peripheral neuropathy is 
not a contraindication to operative treatment of a deformed, 
unstable Charcot ankle but should prompt strong considér¬ 
ation of conservative management for an otherwise stable 
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ankle. In patients with diabètes, studies strongly suggest that 
good glycémie control, as manifested by a hemoglobin Aie 
level less than 7.0, should be obtained before major ankle or 
hindfoot reconstruction, including ankle arthrodesis. Periph- 
eral vascular disease should be identified and treated before 
surgery. Patients with a history of cardiac disease or pulmo- 
nary dysfunction also must hâve these conditions treated 
before surgery because of the increased functional demands 
in the immédiate postoperative period as the patient mobi- 
lizes with crutches or a walker. Smoking tobacco directly 
interfères with the healing of the arthrodesis, and we do not 
perform this procedure on active smokers. Patients with 
inflammatory arthritis should be taken off of antitumor 
necrosis factor-a médications preoperatively to avoid post¬ 
operative infection until the incisions are healed. Many 
patients hâve a vitamin D deficiency, and it is routine to 
supplément this postoperatively. Moderate-to-severe osteo- 
penia found on plain radiographs should be investigated for 
a treatable cause before surgery Patients in whom sleep apnea 
is suspected should be questioned about sleep habits, and this 
condition should be treated before surgery. Musculoskeletal 
problems associated with a high risk of nonunion include 
severe fractures, open injury, local infection, osteonecrosis of 
the talus, and diabetic neuropathy. 

Many patients with ankle arthritis hâve prior injuries or 
surgeries, and the soft-tissue abnormalities or scars should 
help direct the approach for the arthrodesis. Ankle arthro¬ 
desis can be done through a variety of approaches, so scarring 
should not limit access to the ankle joint in préparation for 
fusion. The use of previous incisions, if they are stable and 
well healed, is encouraged; however, skin in poor condition 
with minimal soft-tissue support or an incision that has been 
slow to heal should be avoided if possible. Knowledge of the 
angiosomes about the ankle (Fig. 11-6) and the vascular 
supply to the skin is important if wound complications are to 
be avoided. 

After a thorough history, assessment of the limb begins 
with évaluation of the patients gait pattern. Two common 
mechanisms of decreasing motion through the ankle joint 
are “back-kneeing” and walking with an elevated foot pro¬ 
gression angle (turning the foot outward to decrease the 
lever arm on the ankle). In some patients who back-knee, 
applying a small heel lift may improve symptoms. Limb- 
length discrepancy may be obvious in the gait assessment 
and may affect the type of arthrodesis chosen. The range of 
motion of the hip and knee should be assessed, as well as 
deformity of the knee in the coronal plane. Although every 
attempt is made to place the ankle perpendicular to the long 
axis of the tibia and parallel to the ground, varus or valgus 
deformity of the knee may affect outcome and should be 
considered before surgery. Range of motion through the tib- 
iotalar joint is difficult to assess, but an effort should be made 
to isolate this joint and separately evaluate the hindfoot 
joints, especially the talonavicular joint, which will be 
responsible for most sagittal plane motion after surgery. 
Overall flexibility of the hindfoot is important. A stiff, immo¬ 
bile, and irritable hindfoot is likely to be a source of contin- 
ued problems after tibiotalar arthrodesis, and deformity of 
the hindfoot must be identified and considered in preopera- 
tive planning. Although a few degrees of malalignment can 
be compensated for through the ankle arthrodesis, signifi- 
cant deformity will need to be corrected with a separate 


procedure. A thorough neurovascular examination is critical 
because approaches to the ankle are often placed near cuta- 
neous nerves and any déficits should be noted preoperatively. 
Any suggestion of diminished puises or patients with long- 
standing diabètes should prompt an in-depth assessment 
with arterial Doppler ultrasound. Sélective injections of a 
local anesthetic, with or without the aid of fluoroscopy, can 
be helpful in patients with combined arthritis of the ankle 
and hindfoot. We give our patients a Visual analog scale, with 
values of 0 (no pain) to 10 (worst pain imaginable), and ask 
them to check a location on the scale before and just after 
the injection is given. Stegeman et al., however, found that 
fluoroscopically guided anesthetic injections were not indic¬ 
ative of a successful outcome of arthrodesis. Based on the 
effect of the diagnostic injection and various clinical factors, 
patients were treated conservatively or with arthrodesis. 
Arthrodesis, regardless of the presence or absence of pain 
réduction after injection, resulted in improvements in pain 
and function, whereas conservative treatment resulted in 
worse pain and function. 

RADIOGRAPHIC EVALUATION 

Radiographie évaluation of the arthritic ankle begins with 
standing anteroposterior and latéral views. Typically, a long 
cassette is used to include as much of the distal tibia as pos¬ 
sible to help with assessment of deformity and planning of 
correction if necessary. For more severe deformity, leg-length 
discrepancy should be evaluated on full standing lower limb 
films. The hindfoot alignment view can assist in assessing 
deformity distal to the ankle joint (Fig. 11-7). In addition to 
the amount of joint space loss on the anteroposterior view, 
coronal plane deformity should be assessed. Quality of bone 
stock and any cysts or other defects should be noted. On the 
latéral view, anteroposterior subluxation of the ankle should 
be noted, as well as any tilt of the tibial plafond, because this 
may affect the type of fusion and approach used. 

Computed tomography is used occasionally before ankle 
arthrodesis to further assess any defects in the région of the 
planned fusion. It may be helpful especially if a limited 
amount of joint space is lost and another procedure (e.g., 
arthroscopy or osteotomy) may be considered. 

Nuclear medicine imaging can be helpful in determining 
if infection is présent in patients with posttraumatic arthritis 
after open fracture, postinfectious arthritis, or previous infec¬ 
tions. Gallium or technetium-labeled white blood cell imaging 
may add information to other forms of infection assessment 
(examination, white blood cell count, érythrocyte sédimenta¬ 
tion rate, C-reactive protein). 


TECHNIQUES OF ANKLE 
ARTHRODESIS 

Common to ail techniques is the desire to position the ankle 
in the proper orientation: neutral flexion/extension, external 
rotation of 5 degrees or so, 5 degrees of valgus, and slight 
posterior translation of the talus under the tibia. Although 
slight flexion may be tolerated, extension is not and may 
resuit in excessive pressure and intractable pain under the 
heel. Other positions to avoid are any varus and anterior 
translation of the talus because this may lead to a “vaulting” 
type of gait pattern and knee pain. Every attempt is made to 
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FIGURE 


Angiosomes of the foot and ankle. 


expose healthy, vascular bone and to remove or préparé the 
dense subchondral bone if possible. 

ARTHROSCOPIC ARTHRODESIS 

The arthroscopie technique has several advantages over other 
techniques, including maintenance of malleolar congruency, 
which decreases the risk of malunion and gives more bone 
surface and anatomie support for fusion. Also, in theory, 


there is less chance of disruption of the blood supply to the 
talus or distal tibia, which could complicate and delay healing 
of the fusion. Because of less soff-tissue stripping, the post- 
operative pain affer arthroscopic arthrodesis is significantly 
less than affer open techniques, and, with the use of a popli- 
teal block for postoperative analgesia, arthroscopic arthro¬ 
desis usually is done as an outpatient procedure. A final 
advantage is préservation of the malleoli if the decision is 
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FIGURE 


Miniarthrotomy incisions, one just médial to 


tibial tendon and one latéral to peroneus tertius tendon. SEE 


TECHNIQUE 11-4. 


Hindfoot alignment view showing measure- 
ment of heel alignment angle and heel alignment ratio. Heel 
alignment angle is angle between tibial axis and calcaneal axis. 
Heel alignment ratio is calculated by dividing width of calcaneus 
médial to tibial axis by greatest width of calcaneus. (From Lee WC, 
Moon JS, Lee HS, Lee K: Alignment of ankle and hindfoot in early stage 
ankle osteoarthritis, Foot Ankle Int 32:693, 2011.) 


made to take down the fusion for total ankle arthroplasty. The 
technique of arthroscopic ankle arthrodesis is described in 
Chapter 50. 


MINI-INCISION TECHNIQUE 

This is our preferred technique when coronal plane defor- 
mity is minimal (<10 degrees of varus or valgus) and bone 
quality is satisfactory. The arthroscopic portais are enlarged 
slightly, the joint is directly observed and prepared, and 
fixation is inserted. The same benefits of the arthroscopic 
technique are obtained with, in our hands, a shorter opéra¬ 
tive time. Miller et al. reported a fusion rate of 98% in two 
groups of patients with this procedure. 


TECHNIQUE 11-4 


■ Place the patient supine on the operating room table with 
a lift under the ipsilateral hip so that the leg is not exter- 
nally rotated but the foot is oriented perpendicular to the 
floor. The foot should be near the end of the table and 
the table able to accept fluoroscopy. 

■ General anesthésia or a popliteal or ankle block can be 
used. 


■ Use a tourniquet to improve visualization and use a head- 
lamp and loupe magnification, if available. Specialized 
instruments include Inge lamina spreaders, sharp curets, 
osteotomes, and a motorized burr if desired. 

■ Make two 1.5-cm incisions, one just médial to the tibial 
tendon and one latéral to the peroneus tertius tendon 
(Fig. 11 -8), taking care to identify the course of the dorsal 
intermediate cutaneous nerve in the vicinity of the latéral 
incision. It often can be seen by inverting the foot and 
plantar flexing the fourth toe. 

■ Incise the joint capsule in line with the skin and elevate 
it from the front of the ankle joint with an elevator. 

■ Inspect the joint and remove any periarticular osteophytes 
with a rongeur or osteotome to allow placement of the 
ankle in neutral and to allow évaluation of the joint. 

■ Place a periosteal elevator in one incision to lever the joint 
open slightly and place a lamina spreader in the other 
incision and open it to allow removal of the remaining 
cartilage and subchondral bone through the first incision. 
Use a curet first, then a high-speed burr, irrigating through 
the opposite incision as needed to prevent excessive heat 
build-up in the bone. 

■ Préparé the médial gutter in a similar manner, switching 
the instruments between incisions to complété the 
préparation. 

■Use a small osteotome to "fish scale" the bone and a 
2.0-mm drill to penetrate areas that still need to be pre¬ 
pared. There does not seem to be consensus about 
whether or not to préparé the latéral gutter for fusion. 
The extra motion of the fibula may lead to painful non- 
union of this joint, but even without preparing this joint 
there occasionally is pain in this area after successful 
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A and B f End-stage ankle arthritis. C and D f After mini-incision ankle arthrodesis; note use of "home run" screw from 
postérolatéral tibial into talar neck/head distally. SEE TECHNIQUE 11-4. 


tibiotalar fusion. We generally do not formally préparé 
this joint and seldom hâve significant problems with it 
later. 

■ Insert large, partially threaded, cannulated screws (typi- 
cally 6.5 to 8.0 mm) over guidewires for fixation. Three 
screws are idéal, but sometimes only two are possible. 
The most désirable position is the so-called "home run" 
screw placed from the postérolatéral tibia into the talar 


neck/head area distally (Fig. 11-9). A proximomedial 
screw directed into the posterior body of the talus 
usually is inserted next; this may be a fully-threaded 
screw to improve bone purchase on both sides of the 
arthrodesis site. This is followed by either a proximal 
antérolatéral to distal médial screw or a distal latéral 
screw from the latéral process of the talus directed prox¬ 
imal, posterior, and médial. Bone graft typically is used, 
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9 but not ail authors believe that this is necessary. Bone 
"slurry," created when subchondral bone is resected 
with a high-speed cutting tool, also can be used for 
local bone graft. 

■ Close the joint capsule and the skin in a routine manner 
and apply a well-padded short-leg splint with the foot in 
neutral position. 

POSTOPERATIVE CARE. The dressing and sutures are 
removed at 2 weeks, and a short leg cast is applied. The 
patient is instructed to return for a cast change if the cast 
seems loose and is applying stress to the fusion site. The 
patient is kept non-weight bearing until the fusion seems 
healed, typically a minimum of 6 weeks. The use of a 
rolling walker, on which the patient rests the knee and 
propels himself or herself with the opposite limb (Fig. 
11-10), has dramatically improved quality of life and 
increased postoperative compliance with the restricted 
weight-bearing status. Plain radiographs usually are suf¬ 
firent to assess healing, but occasionally CT is necessary 
to be certain. A knee-high walking boot is applied when 
the fusion seems solid, and the patient is allowed to 
gradually wean from the boot to a shoe. For some 
patients, a shoe modified with a full-length Steel shank 
and a rocker sole is bénéficiai for an improved gait 
pattern. 



ÿj Use of a rolling walker can dramatically improve 
patients' quality of life and increase compliance with weight- 
bearing restrictions. SEE TECHNIQUE 11-34. 


TRANSFIBULAR (TRANSMALLEOLAR) 
ARTHRODESIS WITH FIBULAR 
STRUT GRAFT 

The original technique of Mann has been modified to 
incorporate, if possible, a vascularized fibular strut graft. 
This graft brings an added measure of stability and vascular 
supply to the fusion site. Colman and Pomeroy reported a 
96% fusion rate in 48 patients, with an average time to 
fusion of 82 days. 


TECHNIQUE 11-5 


■ After induction of general anesthésia, position the patient 
supine on the operating table with a small bump under 
the ipsilateral hip to allow easier access to the fibula. A 
small lift under the distal leg makes it easier to obtain 
correct positioning of the ankle for fusion. 

■ Administer a popliteal block and apply a thigh 
tourniquet. 

■ Make an extended approach to the latéral ankle 
(see Chapter 1), taking care to protect the superficial 
peroneal nerve. Elevate the periosteum over the anterior 
half of the fibula and enter the ankle joint capsule by 
extending the distal approach several centimeters in a 
J-shaped fashion toward the cuboid. Elevate the perios¬ 
teum and capsule over the anterior aspect of the tibial 
plafond. 

■ Remove any anterior marginal osteophytes from the tibia 
and talus. 

■ Use a sagittal saw to transect the fibula proximal to the 
ankle plafond and remove approximately 1 cm with a 
second parallel eut (Fig. 11-1 IA). 

■ Make a eut in the sagittal plane to remove the médial 
two thirds of the fibula, preserving the latéral one third 
with its periosteal attachment. 

■ Use a laminar spreader to allow removal of residual joint 
contents (Fig. 11-11 B). 

■ If correction of a valgus deformity is necessary, make a 
separate médial longitudinal approach to remove the 
médial malleolus (Fig. 11-1 IC); take care to protect the 
posterior tibial tendon and the neurovascular bundle. 

■ Préparation of the joint for fusion varies from "in situ" 
fusion, in which the normal articular surface topography 
is maintained, for minimal deformity to fiat cuts of the 
opposing tibial and talar surfaces for more severe defor¬ 
mity. Construct the fusion area to obtain neutral exten¬ 
sion, slight external rotation relative to the tibial tubercle, 
and neutral to slight valgus, depending on the position 
and flexibility of the rest of the hindfoot and foot. If fiat 
cuts are made, the talus should be slightly translated 
posteriorly under the tibia. Obtain bleeding, healthy can- 
cellous bone on ail fusion surfaces. 

■ Avoid extension, varus, or internai rotation at the ankle 
because these are poorly tolerated; also avoid anterior 
translation of the talus under the tibia, which can resuit 
in a gait pattern described as "vaulting" over the foot. 
Check the position of the ankle with fluoroscopy. 

■ If needed, add bone graft from the morselized resected 
fibula or from a remote location. 










Transfibular (transmalleolar) arthrodesis with fibular strut graft (see text). A f Resection of fibula. B f Laminar spreader 
allows removal of residual joint contents. C f Separate anteromedial approach may be needed for deformity correction. D f Screw inser¬ 
tion from posteromedial side of tibia into talus. (From Saltzman CL: Ankle arthritis. In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery 
of the foot and ankle, ed 8, Philadelphia, 2007, Elsevier.) SEE TECHNIQUE 11-5. 


■ Insert multiple partially threaded 7.5-mm or 8.0-mm can- 
cellous screws from postérolatéral in the tibia into the 
talar head and neck and from posteromedial into the talar 
body (Fig. 11-11D). An additional screw from the sinus 
tarsi into the tibia is helpful. Compression with the first 
screw inserted is idéal. 

■ Préparé the latéral tibia and latéral talus in a similar 
fashion and manually appose the latéral fibula to this 
area. Occasionally, a rongeur or "bone biter" can be used 
to slightly fracture this fibular strut to allow better 
apposition. 

■ Use of a low-profile plate with four to six screws spanning 
the fusion site provides additional stability to the overall 
construct (Fig. 11-12). 

■ Close the wound in layers over a drain and apply a well- 
padded short-leg splint. 

POSTOPERATIVE CARE. At 10 to 14 days the splint and 
sutures are removed and a non-weight-bearing cast is 
applied. The cast is worn an additional 4 to 8 weeks until 
the ankle is healed clinically and radiographically. Care 


must be taken that the cast does not become loose 
because this would place stress on the fusion site. When 
the cast is removed, a walking boot is fitted and worn 
for an additional 4 weeks. Then a shoe can be modified 
with a shank and a rocker if needed, especially if there is 
concomitant hindfoot or midfoot disease. 


TIBIOTALOCALCANEAL ARTHRODESIS 

In certain circumstances, arthrodesis of both the ankle and 
subtalar joints is necessary or advantageous. A latéral 
approach asjust described, with or withoutthe onlay fibular 
graft, can be used, but a posterior approach may be appro- 
priate in some situations, such as patients with compro- 
mised skin and soft tissues in the area of a latéral approach. 
Numerous designs and constructs of compression screws, 
intramedullary nails, blade plates, and locking plates can be 
used, and a familiarity with the technique associated with 
the device is essential for a successful outcome. Blade plate 
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A f End-stage ankle arthritis with deformity. B f After transfibular arthrodesis with addition of low-profile plate to 
add stability to construct. SEE TECHNIQUE 11-5. 


and locking plate fixation (Fig. 11-13) are relatively recent 
techniques, and few clinical reports are available. Cadaver 
biomechanical studies hâve shown locking plate fixation to 
hâve higher rigidity than intramedullary nails and to provide 
higher initial stiffness and higher torsional load to failure 
than blade plate fixation. The few clinical studies with 
small numbers of patients report predictable fusion and 
few complications. Ajis et al. compared tibiotalocalcaneal 
arthrodesis (173 patients) and ankle arthrodesis (100 
patients) and found that both groups had good outcomes 
with low pain scores and high satisfaction scores. 


TECHNIQUE 11-6 


■The position of the patient, médial and latéral skin inci¬ 
sions, soft-tissue dissection, removal of the body of the 
talus, and fixation of the head and neck of the talus to 
the anterior tibia are the same as previously described. A 
posterior approach can be used if wide exposure is neces- 
sary for removal of total ankle components or in patients 
with osteonecrosis of the talus or significant deformities 
that require correction. 

■ After the arthrodesis site is prepared, détermine the posi¬ 
tion by holding the patella straight up and placing the 
foot in neutral dorsiflexion-plantar flexion, 8 to 10 degrees 
of valgus at the heel, and slight posterior displacement 
of the calcaneus on the tibia. Hold the foot on the tibia 
in the proper position (usually with folded towels across 
the plantar surface of the midfoot). 

■ Place a guidewire through the heel pad in line with the 
center of the tibia. This pin exits the calcaneus just anterior 
to the posterior facet. Drive the pin into the center of the 
medullary canal of the tibia under image intensification. 


■Stephenson étal, described a simple, reproducible 
method of determining the correct entry site. In the sagit¬ 
tal plane, draw a line from the second toe to the center 
of the heel; in the coronal plane, draw a line at the junc- 
tion of the anterior and middle thirds of the heel pad (Fig. 
11-14). The intersection of these lines indicates the 
correct entry portai for the nail. 

■ Check the position of the guide pin with image intensi¬ 
fication in the anteroposterior plane. 

■ Drill a hole in the calcaneus through a tissue protector 
that has been pushed ail the way to the bony surface of 
the calcaneus. 

■ Place the guidewire in the center of the medullary canal 
of the tibia on the anteroposterior and latéral planes and 
place an 8- to 9-mm reamer over the guide pin (Fig. 
11-15A). 

■ Ream the calcaneus and tibia in 1-mm incréments. We 
usually ream 1 mm wider than the nail (13 mm) (Fig. 
11-15B). 

■ After the reaming is completed, load a TRIGEN 
Hindfoot Fusion Nail (Smith & Nephew, Memphis, 
TN), which is an intramedullary straight ankle fusion 
nail, onto a guide (Fig. 11-15C). This nail is available in 
10- and 11.5-mm diameters and 16-, 20-, and 25-cm 
lengths. 

■ Place the drill guide sleeves through the drill guide on a 
back table to ensure they line up correctly with the holes 
in the nail (Fig. 11-15D). It is essential that the drill pass 
concentrically through the drill guide and the nail without 
impinging on the borders of the nail. 

■ Hold the ankle in the proper position and place the nail 
over the guidewire with the outrigger guide on the latéral 
surface of the leg. 
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A and B, Graft collapse, broken hardware, and posttraumatic arthritis of the ankle after fresh allograft implantation 
for talar osteonecrosis. C and D, After ankle fusion with an anterior fusion plate and locking screws. 


■ Locking screws generally should be placed sequentially 
from the calcaneus to the tibia to allow impaction at each 
joint level. 

■ Attach the appropriate drill guide and insert the sleeve 
assembly through a stab incision so that it rests on the 
latéral side of the calcaneal tuberosity (Fig. 11-15E); if 
necessary, rotate the nail assembly to keep the screws on 
the posterior surface. Leave the long pilot drill in the 
cuboid hole as provisional fixation during insertion of the 
talar screw. 

■ With the appropriate drill sleeves and drill, insert the talar 
screw from posteroinferior and latéral in the calcaneus 
to anteromedial in the talar dôme, approximately 


perpendicular to the subtalar joint (Fig. 11-15F). Depend- 
ing on talar height, this screw may engage the anterior 
tibial plafond. 

■ Insert the cuboid screw oriented posteromedial in the 
calcaneus to antérolatéral in the cuboid. 

■ Once the talar and cuboid screws are in place, insert a 
third transverse distal locking screw (Fig. 11-15G). 

■ To lock the nail proximally, insert a proximal screw from 
médial to latéral using the drill guide or a freehand tech¬ 
nique (Fig. 11-15H). 

■ Before final seating of the nail, place bone graft from the 
morselized malleoli in the arthrodesis and in the sinus tarsi 
area of the calcaneus. 
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Method for estimating insertion site for rétro¬ 
gradé intramedullary fixation of tibiocalcaneal arthrodesis. 
A, Line in sagittal plane drawn from tip of second toe to center 
of heel. B, Line can be drawn in coronal plane bisecting médial 
malleolus. Insertion of lines indicates correct entry portai for nail. 
(From Stephenson KA, Kile TA, Graves SC: Estimating the insertion site 
during rétrogradé intramedullary tibiotalocalcaneal arthrodesis, Foot 
Ankle 17:781, 1996.) SEE TECHNIQUE 11-6. 


9 " Impact the nail after the bone graft has been applied. The 
tip of the nail should rest anywhere from slightly inside 
the cortex of the calcaneus to approximately 1 cm outside 
the plantar surface of the calcaneus (Fig. 11-151). Do not 
allow it to protrude so far that it would impede 
ambulation. 


TECHNIQUE MODIFICATIONS 

With the body of the talus removed, two modifications of 
the technique may be required. Because the calcaneus rests 
more laterally in relation to the ankle joint than does the 
talus, it may need to be translated medially 1 to 2 cm so 
that the latéral edge of the prepared surface of the tibia 
has no bony apposition with the calcaneus. Placing the pin 
in the calcaneus anywhere but in the midline is difficult 
because of the contours of the plantar surface of the cal¬ 
caneus. Consequently, moving the pin medially in the cal¬ 
caneus and leaving it in its anatomie position is more 
difficult than placing the pin in the plantar midline surface 
of the calcaneus and translating the whole calcaneus 
slightly medially. 

This is done easily with both malleoli removed. In 
severe subluxations of the subtalar joint, the calcaneus is 
so far latéral that the nail will purchase only the latéral third 
of the talus. In this situation, a compression device probably 
is a better choice of fixation. 


TECHNIQUE 11-7 


■ If only one screw can be placed distally (because there is 
no talar body), try to drill the hole with a 3.5-mm bit, 
then use a 5-mm screw to give better purchase in the 
cancellous bone of the calcaneus. Try to place two self- 
tapping screws in the calcaneus. 

■ When the talus has been left intact, place one self-tapping 
screw in the calcaneus and one in the talus in the follow- 
ing manner. Begin on the calcaneal side of the arthrodesis 
and place the most distal screw near the plantar cortex 
of the calcaneus. 

■ After the hole has been drilled through the calcaneus, 
exiting on its médial cortex, remove the inside barrel of 
the double-barrel soft-tissue guide. 

■ Measure the length of the screw with a depth gauge. The 
screws in the calcaneus usually are 40 to 50 mm long, 
but this varies with the size of the calcaneus. 

■ Ensure that the drill guide opposes the latéral surface of 
the calcaneus; if it does not, a false reading of the length 
of the screw results, with subséquent protrusion into the 
soft tissue. 

■ After the screw has been seated, evaluate its length using 
image intensification. Minor adjustments in rotation still 
can be made at this time if necessary. 

■ For the proximal screws, start at the 15-cm marker on the 
outrigger guide and place a drill through a drill sleeve in 
the portai just distal to the 15-cm marker in the proximal 
portai of the nail. The caution described in placing the 
partially threaded pins for the compression device also is 
pertinent to the placement of the screws. 

■ Make an incision through the skin, spread the soft tissue 
down to bone, and snug the drill guide up to the médial 
side of the tibial cortex. 

■ Use an outrigger guide and drill sleeves to prevent drilling 
through the anterior cortex. Place two screws proximal to 
the arthrodesis through separate stab wounds medially, 
taking care not to injure the superficial peroneal nerve. 
The tibial screws usually are 22 to 26 mm long. 

■ Deflate the tourniquet and place drains as previously 
described for the compression technique. 

■ Wrap a bulky soft-tissue dressing from the toes to the 
upper tibia and apply a short leg cast. 

POSTOPERATIVE CARE. Postoperative care is essen- 
tially the same as after the compression arthrodesis. The 
short leg cast is changed at 2 to 3 weeks, and weight 
bearing is not allowed for 6 weeks. Weight bearing is 
allowed in a short leg walking cast 6 to 8 weeks after 
surgery. 


ANTERIOR APPROACH WITH 
PLATE FIXATION 

This approach is particularly appropriate for conversion of a 
failed total ankle arthroplasty to arthrodesis. Suggested 
advantages of plate fixation include less soft-tissue disruption 
by using a single anterior incision, ease of deformity correc¬ 
tion, early réhabilitation, and a high rate of union. Guo et al. 
reported fusion in nine of 10 arthrodèses with anterior plate 
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Tibiotalocalcaneal arthrodesis with intramedullary nail (see text). A f Placement of guidewire and reamer. B f Reaming 
of canal. C f Insertion of nail into calcaneus. D f Proper orientation obtained with guide pins through provisional fixation holes in drill 
guide. Continued 


fixation, with no postoperative wound problems or infec¬ 
tions. Plaass et al. described an anterior double-plating tech¬ 
nique (see Fig. 11-21) for severe osteoarthritis, nonunion of 
ankle arthrodèses, and failed total ankle replacements; 27 
(93%) of 29 patients were satisfied with their outcomes. More 
recently, Kestner et al., in a cadaver biomechanical study, 
showed that bending stiffness of a two-plate construct was 1.5 
to 5 times greater than that of a single-plate construct and 
torsional stiffness was nearly double. They suggested that the 
stiffer two-plate System may improve clinical fusion rates, 
especially in patients with suboptimal bone quality. 


LATERAL APPROACH WITH 
FIBULAR SPARING 

This modification of the Mann latéral transfibular approach, 
in which the fibula is removed and used as bone graft, 
préserves the fibula. According to Smith et al., the intact 
fibula provides additional surface area for fusion, blocks 
valgus drift in cases of delayed union, and may serve as * 
guide to proper rotation and positioning. Préservation of yi 
the fibula also enables conversion to total ankle ê 
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BHB3SSD E, Screw insertion into calcaneus. F, Screw insertion into talus. G f Transverse screw insertion. H f Proximal locking 
screw insertion. I f Complétée! construct. (Redrawn from Russell TA, Sanders RW, Early JS: TRIGEN hindfoot fusion nail: surgical technique, 
Memphis, TN, 2010, Smith & Nephew.) SEE TECHNIQUE 11-6. 
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S arthroplasty and maintains the native groove and restraints 
for the peroneal tendons. 


TECHNIQUE 11-8 


(SMITH, CHIODO, SINGH, WILSON) 

■ Position the patient supine with a bump under the ipsi- 
lateral hip to facilitate access to the latéral aspect of the 
ankle. 

■ Make an approximately 12-cm curvilinear incision directly 
latéral over the ankle, centered at the tip of the fibula 
and curving gently distally toward the base of the fourth 
metatarsal (Fig. 11-16A). 

■ Divide the anterior talofibular and calcaneofibular liga¬ 
ments to allow the talus to be rotated out from under- 
neath the mortise (Fig. 11-16B) and use a sharp curette 
to remove cartilage synovium and loose bodies. 

■ Fenestrate subchondral tibial and talar bone with a 4-mm 
powered burr at low speed (20,000 révolutions per 
minute) with continuous saline irrigation to prevent 
thermal necrosis (Fig. 11-16C). 

■ Harvest autogenous bone graft from the distal fibula 
through a fibular corticotomy created with the 4-mm burr 
or small saw (Fig. 11-16D) at the latéral fibula, preserving 
the fibular groove. 

■ Use a medium-sized curette to harvest 5 to 8 grams of 
cancellous bone and pack the graft into the prepared 
tibial and talar surfaces. 

■ Under fluoroscopie guidance, pass two 6.5- or 7.3-mm 
screws from latéral to médial. Pass one screw with a 
washer in an anterior position from the base of the 
talar neck to the tibia. Start the second screw at 
the latéral process of the talus and direct it into the distal 
tibia posteriorly (Fig. 11-16E). Do not use a washer with 
the second screw to avoid impingement at the subtalar 
joint. 

POSTOPERATIVE CARE. Patients are kept non-weight 
bearing for 8 weeks, then partial weight bearing is begun 
in a pneumatic boot or walking cast. Unrestricted weight 
bearing is initiated 3 months after surgery if union is 
confirmed. 


POSTERIOR APPROACH FOR 
ARTHRODESIS OF ANKLE AND 
SUBTALAR JOINTS 

The posterior approach to the ankle is particularly useful in 
cases of osteonecrosis of the talus when the goal is tibio- 
talocalcaneal arthrodesis. Any of the aforementioned fixa¬ 
tion techniques or external fixation can be used. Posterior 
arthrodesis permits lengthening of the Achilles tendon 
through the same incision and fusion of both the ankle and 
subtalar joints. The procedure also may be kept extraarticu- 
lar. This technique is rarely used without fixation but may 
be appropriate when current instrumentation and equip- 
ment are not available. 


TECHNIQUE 11-9 


(CAMPBELL) 

■ Make a 7.5-cm longitudinal incision médial to and parallel 
with the Achilles tendon over the posterior aspect of the 
ankle. 

■ Retract the flexor hallucis longus medially and expose the 
posterior capsule of the ankle and subtalar joints. 

■ If the procedure is to be kept extraarticular, do not incise 
the capsule. Otherwise, incise the capsule transversely 
and remove the most posterior portion of the talus and 
the posterior portion of the articular surfaces of the ankle 
and subtalar joints. 

■ With an osteotome, turn large flaps of bone distally from 
the posterior aspect of the tibia and proximally from the 
superior aspect of the calcaneus, overlapping them suc- 
cessively (Fig. 11-17A). 

■ Add additional bone from the ilium or bone bank if neces- 
sary to make a large bony bridge across the ankle and 
subtalar joint (Fig. 11-17B and Fig. 11-18D). 

■ Fixation can be accomplished with an intramedullary nail 
(Fig. 11-18) or a posteriorly applied locking plate. 

POSTOPERATIVE CARE. The ankle is immobilized in a 
plaster cast from the toes to well above the knee, with 
the foot maintained at a right angle. To allow for swelling, 
a rectangular window is eut in the cast over the dorsum 
of the foot and ankle; the cast is replaced and held loosely 
with bandages. At 4 weeks after surgery, another snugly 
fitting boot cast is applied; if the reaction has been mild, 
a walking cast suffices. Weight bearing is cautiously 
resumed; full weight bearing is usually delayed for 8 to 
12 weeks after surgery. Cast immobilization is continued 
until ankle and subtalar joints hâve solidly fused. Posterior 
arthrodèses usually require longer periods of immobiliza¬ 
tion than do other techniques. The patient generally 
acquires an almost normal gait, although walking on 
irregular surfaces may be difficult. 


ARTHRODESIS WITH EXTERNAL FIXATION 

For surgeons who do not routinely work with thin wire fix- 
ators in the design of Ilizarov or the Taylor Spatial Frame, 
external fixation of an otherwise uncomplicated ankle 
arthrodesis is probably more likely to lead to an increased 
complication rate, including nonunion and infection. There 
are times, however, when external fixation is necessary for 
either the primary fixation or as support of underlying inter¬ 
nai fixation. 


TIBIOCALCANEAL ARTHRODESIS WITH 
A THIN-WIRE EXTERNAL FIXATION 


TECHNIQUE 11-10 


(EYLON ETAL) 

■ Approach the ankle and préparé the fusion site as 
described earlier; an anterior or transmalleolar approach 
can be used. 
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A, Latéral approach to the ankle. B, Lamina spreader placed between tibia and talus for joint exposure. C, Burr used 
to préparé joint surfaces. D, Fibular autograft harvested through a latéral distal fibular cortical window. E, Screw placement from latéral 
talus to médial tibia. (From Smith JT, Chiodo CP, Singh SK, Wilson MG: Open ankle arthrodesis with a fibular-sparing technique, Foot Ankle Int 
34:557, 2013 ) SEE TECHNIQUE 11-8 
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FIGURE 


using osteotome. 


Posterior arthrodesis of ankle and subtalar joints. A, Flaps of bone from posterior tibia and superior calcaneus turned 
B, Bone graft added. SEE TECHNIQUE 11-9. 


9 " After achieving satisfactory surface conformity, temporar- 
ily approximate skin flaps with small towel clips and 
deflate the tourniquet. 

■Apply the thin-wire fixation to the leg, beginning with 
ring fixators at the proximal tibia and supramalleolar 
région initially anchored with tensioned wires; alterna¬ 
tive!^ two half-pins and one wire can be used. 

■ Anchor a talar half ring with two olive wires positioned 
50 to 60 degrees from each other through the talar neck 
and body. 

■ Add a calcaneal-forefoot extended half-ring and anchor 
it with olive wires through the calcaneus and through the 
metatarsals, or attach a half-pin and transfixing calcaneal 
wire to the talar half-ring. 

■ Once the fixator is anchored, remove the towel clips. 
Position the ankle in neutral in the sagittal (plantar- 
dorsiflexion) and coronal (inversion-eversion) planes. 
Match external rotation to the opposite leg. 

■ Verify correct positioning of the talus along the antero- 
posterior axis, juxtaposition, and coaptation of the sur¬ 
faces visually and radiographically (Fig. 11-19). 

■Apply compression between the distal tibial ring and the 
talar half-ring. If necessary apply compression and make 
position adjustments externally. 

■Close the wound with 2-0 silk sutures for tension, with 
3-0 nylon sutures interposed for skin approximation. 

■ In three patients with osteonecrosis of the talus, Eylon 
et al. modified the technique because part of the talus (a 
major part in one) was necrotic and was removed. The 
distal tibial surface was shaped to conform to the remain- 
ing, viable hindfoot structures (talar remnant and calca¬ 
neus) for maximal contact, and the foot was positioned 
farther posterior. 

POSTOPERATIVE CARE. Antibiotics (e.g., cefazolin) are 
administered perioperatively to ail patients The leg is 
elevated to 45 degrees for the first 2 days. Despite this, 
a large hematoma may develop between 24 and 72 hours 


after surgery. These hematomas generally do not require 
drainage, and most heal uneventfully with no superficial 
or deep infections, slough, or dehiscence. On the third 
day, partial weight bearing is initiated and patients are 
encouraged to progress as tolerated. By 6 weeks, most 
patients are fully weight bearing. Compression is applied 
from day 4 to day 10 at a rate of half a millimeter per 
day. Patients are assessed clinically and radiographically 
weekly for the first month, biweekly for the second 
month, monthly until fusion, and then semiannually. 
Because the rings of the fixator are métal, finding the 
radiographie "window" that allows optimal visualization 
and assessment can be difficult, necessitating use of an 
image intensifier with the surgeon in attendance to judge 
fusion and alignment. Intérim radiographs are inspected 
for evidence of bone résorption or malalignment, which 
would require further compression or adjustments in the 
fixator. Alignment is "fine tuned" as necessary. The 
fixator is maintained in place until signs of fusion are 
apparent. After the fixator is removed, the patient is 
placed in a below-knee walking cast for 4 weeks. 


SPECIAL CONSIDERATIONS 

OSTEONECROSIS OF THE TALUS 

Although osteonecrosis of the talus most often results from 
fracture of the neck or body of the talus, nontraumatic causes, 
such as the use of high-dose corticosteroids and sickle cell 
disease, may be the cause. Over a period of several years after 
fracture, creeping substitution of the necrotic bone by vascu- 
larized bone may occur; and if there is not obvious collapse 
and fragmentation of the talus, évaluation of the vascularity 
by MRI or bone scan may find enough vascular supply to 
justify isolated tibiotalar arthrodesis. If the structure of 
the talus is Sound, a tibiotalocalcaneal arthrodesis through a 
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A and B f Osteonecrosis of the talus in 55-year-old man. C and D, After posterior approach arthrodesis of ankle and 
subtalar joints with intramedullary nail and onlay bone graft obtained with reamer-irrigator-aspirator (RIA) technique. SEE TECHNIQUE 
11-9. 


posterior approach is done with an onlay graft from the pos¬ 
terior iliac crest including and spanning both joints (Tech¬ 
nique 11-6). If there is severe collapse with fragmentation, the 
body of the talus is removed, usually through a latéral 
approach, the space is filled with iliac crest strut bone graft, 
and a plate or intramedullary nail is used for fixation. We try 
to avoid tibiocalcaneal arthrodesis if possible because it 


shortens the leg and, if the malleoli are not removed, makes 
footwear difficult. In cases of infection and destruction of the 
talus where strut grafting may be contraindicated, tibiocalca¬ 
neal fusion is acceptable as a salvage procedure. Although 
internai fixation can be used as discussed earlier, described 
in the following technique is the method of préparation and 
external fixation for tibiocalcaneal fusion. 
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Ankle arthrodesis with llizarov external fixator. 

(From Eylon S, Porat S, Bor N, Leibner ED: Outcome of llizarov ankle 
arthrodesis, Foot Ankle Int 28:873, 2007.) SEE TECHNIQUE 11-10. 



Blair fusion. A, Approach to the ankle. B, Exci¬ 
sion of body of talus. C, Sliding bone graft. D, Graft in final posi¬ 


tion. SEE TECHNIQUE 11-11. 


TIBIOTALAR ARTHRODESIS WITH 
A SLIDING BONE GRAFT 

Blair described a procedure that fuses the distal tibia to the 
talar neck in situations in which the body of the talus has 
been lost or is osteonecrotic. This method uses an anterior 
tibial sliding graft, allows nearly normal appearance of the 
foot with little shortening of the extremity, and permits 
some flexion-extension motion of the foot on the leg. 
Morris et al. modified the technique and used a transcal- 
caneotibial pin for 6 weeks to improve stability. Klein et al. 
described a slot-graft inlay technique for arthrodesis in a 
group of high-risk patients and reported union in 13 of 17 
feet, as well as low pain scores, high satisfaction scores, 
and a low complication rate. 


TECHNIQUE 11-11 


(BLAIR; MORRIS ETAL.) 

■ Make an anterior longitudinal incision beginning 8 cm 
proximal to the ankle and ending at the médial cuneiform 

(Fig. 11-20A). 

■ Dissect the interval between the extensor hallucis longus 
and extensor digitorum longus and retract the neurovas- 
cular bundle medially. 

■ Incise the capsule and periosteum in line with the skin 
incision. 


■ Remove the avascular talar body if présent (Fig. 11-20B); 
morselize it if necessary. Do not damage the talar head 
or neck. 

■ Using a power saw, eut a rectangular graft 5.0 cm x 
2.5 cm from the anterior aspect of the distal tibia. 

■ Make a transverse slot 2 cm deep in the superior aspect 
of the talar neck and slide the tibial graft into it (Fig. 
11-20C). 

■ Hold the foot in 0 degrees of dorsiflexion, 5 degrees of 
valgus, and 10 degrees of external rotation, and fix the 
proximal part of the graft to the tibia with a screw (Fig. 
11-20D). 

■ Insert a Steinmann pin vertically through the calcaneus 
and 3 to 10 cm into the distal tibia for added stability. 

■ Pack cancellous bone grafts around the fusion site. 

■ Apply a long leg cast with the knee flexed 30 degrees. 

POSTOPERATIVE CARE. At 6 weeks, the cast and 
Steinmann pin are removed and a short leg walking cast 
is applied; this cast is worn until fusion is solid. 


FAILED TOTAL ANKLE ARTHROPLASTY 

With the rising popularity of total ankle arthroplasty cornes 
the challenge of reconstructing the failed total ankle with 
arthrodesis. Although some studies hâve shown that salvage 
arthrodesis affer failed total ankle arthroplasty results in 
impaired life quality, réduction of fonction, and increased 
pain compared with primary arthrodesis, Deleu et al. reported 
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that tibiotalar and tibiotalocalcaneal arthrodèses using 
massive cancellous allografts were effective procedures, 
resulting in fusion after the primary procedure in 14 of 17 
patients; of the 4 nonunions, 3 United after a second proce¬ 
dure and 1 was asymptomatic. Ail patients were symptom free 
at latest follow-up. In patients with no infection, a one-stage 
procedure was done: tibiotalar arthrodesis for patients with 
good bone stock and an intact subtalar joint or tibiotalocal¬ 
caneal arthrodesis for those with poor bone quality, subtalar 
joint arthritis, or severe bone loss. For patients with infection, 
extensive debridement and implant removal, insertion of an 
antibiotic-impregnated spacer, stabilization with a brace or 
external fixator, and intravenous antibiotic therapy were done 
before arthrodesis, which usually was possible within 6 weeks 
of infection treatment. The authors recommend the use of 
cancellous allografts in combination with autografts or, if 
allograft is not available, demineralized bone matrix (DBM). 
Laboratory and adjunctive studies may be necessary to evalu- 
ate for infection. Often a significant bone defect accompanies 
the failure, and extensive grafting is necessary A key decision 
point in these cases is the presence or absence of subtalar 
arthritis. If the subtalar joint is to be preserved, we prefer 
arthrodesis through an anterior approach with strut iliac crest 
grafting (autograft or allograft) and double plating (Fig. 
11-21). This has the benefit of the use of the previous anterior 
incision, which makes removal of the implant easier. If the 
subtalar joint is to be fused, the same anterior approach can 
be used with grafting as described, or a latéral transfibular 
approach gives improved access to the subtalar joint. Berkow¬ 
itz et al. described salvage of 24 failed total ankle arthroplas- 
ties with isolated ankle or ankle-hindfoot fusions using 
structural allografts and internai fixation with anterior plates 
and screws, intramedullary nails, or a combination nail-plate 
construct. Fusion was eventually achieved in 23 of the 24 
ankles, but several patients required multiple procedures and 
little functional improvement was noted in ail patients. 
Results were worse and complications more frequent in 
patients with tibiotalocalcaneal fusions than in those with 
isolated ankle fusion. In a more recent systematic review of 
the literature that included 193 patients, Gross et al. found 
that 81% of arthrodèses fused after the first procedure; 
patients with intercalary bone grafts and those with blade 
plate fixation had the highest rates of fusion with low com¬ 
plication rates. 


TIBIOTALAR OR TIBIOTALOCALCANEAL 
FUSION WITH STRUCTURAL 
ALLOGRAFT AND INTERNAL FIXATION 
FOR SALVAGE OF FAILED TOTAL 
ANKLE ARTHROPLASTY 


TECHNIQUE 11-12 


(BERKOWITZ ETAL) 

■ Expose the ankle through the previous anterior approach. 

■ Débridé associated synovitis. If infection is suspected, 
send synovial biopsy specimens for pathologie évaluation 
and culture. 


■ Remove the polyethylene insert first, then the tibial 
and talar components. The talar implant usually is 
loose and relatively easy to dislodge, but the tibial 
component may be well fixed and require the use 
of flexible osteotomes to disrupt the bone-implant inter¬ 
face. If necessary, make a formai anterior cortical window 
in the distal tibia to loosen and remove the tibial 
component. 

■ Once the components are removed, débridé ail fibrinous 
material and necrotic bone until bleeding bone surfaces 
are seen. Evaluate the dimensions of the resulting bone 
defect and the integrity of the residual talus. 

■ If sepsis is detected, place an antibiotic-impregnated 
cernent spacer within the defect and initiate a staged 
protocol. 

■ If no sepsis is detected and the residual talar bone is suf- 
ficient to achieve stable internai fixation and the subtalar 
joint is intact, proceed with tibiotalar fusion, choosing a 
suitable bone graft to fill the bone defect such that limb 
length can be preserved. 

■ Using either a nonstructural cancellous allograft or a 
structural graft such as autogenous iliac crest, distal tibial 
allograft, allograft iliac crest wedges, or allograft fémoral 
head, fashion the graft to match the bone defect and to 
help restore neutral ankle alignment in the sagittal plane 
and 5 to 7 degrees of hindfoot valgus. 

■ Insert cannulated lag screws and an anterior plate for 
fixation. 

■ If the remaining talar bone is inadéquate to obtain stabil- 
ity of tibiotalar fusion, or if the subtalar joint is degenera- 
tive or eroded by the total ankle arthroplasty, proceed 
with ankle-hindfoot arthrodesis and include the subtalar 
joint in the arthrodesis construct. 

■ Usually the subtalar joint is adequately exposed through 
the anterior incision, but if necessary for adéquate 
debridement and préparation, make a separate latéral 
approach (see Fig. 1-34). 

■ The size of the defect when ankle-hindfoot arthrodesis is 
required precludes the use of autograft bone, and a bulk 
fémoral head allograft or other structural allograft bone 
is used. 

■ If bulk fémoral head allograft is chosen, use acetabular 
reamers to create a round, concentric bone defect. Use 
reverse acetabular reamers to fashion the fémoral head 
to the exact size of the defect to allow an intimate fit 
between the host bone and the bone graft. Use cancel¬ 
lous allograft bone to augment the fusion and fill any 
residual bone defects. 

■ Fixation can be done with an intramedullary nail placed 
through the heel (see Technique 11-6), an anterior plate 
and lag screws, or a combined nail and plate construct 
(Fig. 11-22). 

POSTOPERATIVE CARE. The patient is immobilized in 
a non-weight-bearing cast for a minimum of 3 months. 
Weight bearing is begun around 12 weeks after surgery 
when radiographs begin to demonstrate incorporation of 
the graft. After successful resumption of ambulation, 
patients are transitioned to a walking fracture boot and 
physical therapy is begun when indicated. 
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A and B f Total ankle arthroplasty with loosening, periarticular cyst, and médial and latéral anterior impingement. 
C and D f After arthrodesis with fémoral head allograft and double-plate fixation. 


INFECTION/OSTEOMYELITIS 

Ankle fusion in the presence of osteomyelitis is a daunting 
task and often must be accomplished in stages. External fixa¬ 
tion is indicated for stabilization in most patients with infec¬ 
tion; and in more severe cases in which bone graff will be 
needed, the procedure is staged with the use of antibiotic 
methyl méthacrylate bone cernent and external fixation, fol- 
lowed by 6 weeks of intravenous antibiotics and removal of 
the cernent, bone graffing, and compression with the external 
fixator until healed. Saltzman described treatment of eight 
patients with diffuse ankle osteomyelitis with resection of ail 


infected tissue and hybrid-frame compression arthrodesis. 
One patient required below-knee amputation because of vas- 
cular insufhciency; none of the seven fused ankles required 
further surgery at an average 3-year foliow-up. 

CHARCOT N E U RO ARTH RO PATH Y 

The pathology of Charcot arthropathy is discussed in Chapter 
85. Timing of the surgery is important, because many of 
these patients hâve severe, unbraceable deformities, and 
surgery is best done before a difiicult deformity leads to skin 
breakdown and infection. Patients with a dense neuropathy 
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Ankle-hindfoot arthrodesis using combined 
nail-plate construct. (From Berkowitz MJ, Clare MP, Walling AK, 
Sanders R: Salvage of failed total ankle arthroplasty with fusion using 
structural allograft and internai fixation, Foot Ankle Int 32:S493, 2011.) 

SEE TECHNIQUE 11-12. 


and a history of Charcot arthropathy or other diabetic target 
organ disease (retinopathy, nephropathy) who sustain an 
ankle fracture may best be treated with arthrodesis at the 
time of fracture. This is especially true for the highly com- 
minuted fractures of the ankle offen seen in these patients. 
The techniques described earlier are recommended, with the 
idea that “overfixation” is offen the goal. Internai fixation 
with the use of a supporting external fixator may be justified. 
Siebachmeyer et al. described one-stage correction of defor- 
mity and fusion with a rétrogradé intramedullary hindfoot 
nail in 20 patients with Charcot neuroarthropathy, ulcér¬ 
ation, and instability; 7 patients had simultaneous midfoot 
fusion. Limb salvage was achieved in ail patients, and ail but 
1 patient regained independent mobilization. The authors 
emphasized that a multidisciplinary care plan, including 
revascularization procedures, infection treatment, and an 
off-loading regimen when needed, is essential (Fig. 11-23). 
Pantalar arthrodesis (fusion of the tibiotalar, subtalar, talona- 
vicular, and calcaneocuboid joints) may be indicated as a 
salvage procedure in patients with neuroarthropathies to 
avoid amputation (Fig. 11-24). Although reported to provide 
pain relief, correct ankle and hindfoot malalignment, and 
improve function in some patients, pantalar arthrodesis, as 
either a single or staged procedure, is a difhcult operation 
and major complications are frequent. Regardless of the pro¬ 
cedure chosen, tight glycémie control is impérative to obtain 
optimal results. A review of a national database that included 


over 12,000 patients with ankle arthrodesis found a compli¬ 
cation rate of 16% in diabetic patients compared with 7% in 
nondiabetic patients. 

BONE GRAFT/SUPPLEMENTATION 

A variety of options exist for bone graff supplémentation of 
the fusion site. Each technique lends itself to a particular type 
of graff. A valid question is whether supplémentai bone graff 
is necessary. Certainly for defects or gaps in the fusion site, 
bone graff of some type is advantageous. In other cases, where 
healthy cancellous surfaces are opposed, offen no supplémen¬ 
tation is necessary. The simplest graff is that harvested from 
the resected fibula in the transfibular approach (see Tech¬ 
nique 11-5). If the fibula is not used as an onlay graff, a small 
acetabular reamer can be applied to the fibula before resec¬ 
tion to produce a morselized graff. With the mini-incision 
technique (see Technique 11-4), we generally supplément 
with bone graff harvested from the proximal tibia. White- 
house et al. described bone graff harvest from the proximal 
tibia for foot and ankle arthrodesis. Suggested advantages of 
the proximal tibia as a bone graff source include its position 
in the operative field and under tourniquet control. In 131 
patients with 148 procedures (primarily triple arthrodesis, 
40%; subtalar arthrodesis, 26%; and midfoot fusions, 23%) 
using proximal tibial autograff s, 96% had no pain at the graff 
harvest site and 4% had only very mild pain with activities 
such as kneeling. Wheeler et al. described the use of a low- 
speed burr to create a bone “slurry” and found improved 
fusion rates in their patients. When intramedullary nail fixa¬ 
tion is used, a reamer-irrigator-aspirator (RIA) can be used 
to harvest bone from the hindfoot or tibial shaft during 
reaming (see Chapter 53). A comparison of fusion and com¬ 
plication rates between iliac crest bone graffs and RIA bone 
graffs in 56 patients with tibiotalar arthrodesis found a sig- 
nificantly higher nonunion rate and an increased frequency 
of chronic pain at the graff site in those with iliac crest graffs. 
Use of an RIA System also avoids morbidity associated with 
graff harvest from the iliac crest. We hâve used RIA with good 
results (see Fig. 11-24). 


BONE GRAFT HARVEST FROM THE 
PROXIMAL TIBIA 


TECHNIQUE 11-13 


(WHITEHOUSE ETAL.) 

■ Préparé and drape the lower limb, leaving the proximal 
tibia exposed. Apply and inflate a thigh tourniquet unless 
contraindicated. 

■ Make a longitudinal or oblique incision just latéral to the 
tibial tuberosity. 

■ Incise the fascia, separate the muscle by blunt dissection, 
and use a periosteal elevator to expose the underlying 
bone. 

■ Use a 1 -cm osteotome to eut a rectangular window mea- 
suring approximately 2 cm x 1 cm and harvest cancellous 
bone with curets. 

■ Replace the bone window and close the wound. 
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Management algorithm for patients with Charcot foot deformity. PVD, peripheral vascular disease. (Modified from 
Siebachmeyer M, Boddu K, Bilal A, et al: Outcome of one-stage correction of deformities of the ankle and hindfoot and fusion in Charcot neuro- 
arthropathy using a rétrogradé intramedullary hindfoot arthrodesis nail, Bone Joint J 97-B:76, 2015. Copyright British Editorial Society of Bone and 
Joint Surgery.) 


Although the iliac crest is not used as often as a source of 
graft as in the past, it may be important if knee implants or a 
pathologie process around the knee prevents the use of the 
proximal tibia or in difhcult cases when a strut autograft 
seems most appropriate. The variety of bone graffing tech¬ 
niques described in the literature can help in adapting ankle 
arthrodesis to many different situations. A tricortical block of 
iliac crest, split carefully between the two tables, can be 
wedged into a 2.5-cm wide trough in the tibia and talus with 
the cancellous side facing the tibia bed (Fig. 11-25A). A 
sliding graft, approximately 2 cm wide, 1 cm deep, and 8 to 
10 cm long, can be taken from the anterior, latéral, or médial 
tibia and impacted into a tunnel created in the talar neck (Fig. 
11-25B) or talar bed (Fig. 11-25C). A central bone graft (Fig. 
11-25D) has been recommended for tubercular or rheuma- 
toid ankles; the hole bored across the ankle also can be filled 
with cancellous bone graft from the iliac crest. The médial 
and latéral malleoli can be used as local bone graft s or placed 
as onlay grafts. Free vascularized autogenous bone grafts can 
be used for reconstruction of ankles with segmentai bone loss 
caused by osteomyelitis, tumor, or trauma. 

Bone graft substitutes hâve become widely used, and these 
groups of synthetic or allograft biocomposites are discussed 
in Chapter 53. Tbere are, at présent, no randomized level 1 
studies that compare autograft to any commercially available 
product for use in ankle arthrodesis. Fourman et al., however, 
compared fusion rates with and without rhBMP-2 in 82 
patients with comorbidities who required complex ankle 
arthrodesis. More patients with rhBMP-2 had fusion (93%) 


than did those without rhBMP-2 (53%), and fusion was 
achieved in a shorter time (124 days compared with 161 days). 
Several articles by DiGiovanni et al. hâve described the use 
of purified recombinant human platelet-derived growth 
factor-BB (rhPDGF-BB) combined with an osteoconductive 
matrix (B-TCP) as an alternative to bone graft in hindfoot and 
ankle fusions and hâve reported comparable fusion rates, less 
pain, and fewer side effects, such as autograft harvest morbid- 
ity, compared with the use of auto grafts. 

Although the basic science behind many of these prod- 
ucts is Sound, it remains to be seen whether outcomes will 
support conversion from autograft to these products. We do 
use these products often to back-fill defects from autograft 
harvest. 

COMPLICATIONS 

NONUNION 

Nonunion rates vary widely in the literature, largely dépen¬ 
dent on technique, underlying diagnosis, and patient sélec¬ 
tion. Factors that seem, in general, to improve results include 
arthroscopic or mini-incision technique, the use of more than 
two screws or an adjunct plate (or fibular strut), and a diag¬ 
nosis of primary osteoarthritis (as opposed to inflammatory, 
postinfectious, or posttraumatic arthritis). With modem 
techniques, attention to detail, and management of concur¬ 
rent medical conditions, fusion rates of better that 90% should 
be expected in standard, uncomplicated ankle arthrodesis. 
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A and B, Severe varus deformity of hindfoot and ankle with Charcot arthropathy in a 55-year-old diabetic patient. 
C-E, After hindfoot pantalar arthrodesis fixed with latéral ankle fusion plate; tibial bone graft was obtained with reamer-irrigator- 
aspirator (RIA) technique. 


In an extensive review of the literature, Thevendran et al. 
determined a number of risk factors for nonunion after ankle 
arthrodesis (Table 11-2); however, clinical evidence is insuf- 
ficient for most of these factors to be definitely implicated in 
the development of nonunion. The authors did note that there 
is fair evidence (grade B) to advocate the use of internai fixa¬ 
tion and evolving grade B evidence suggesting that minimally 
invasive techniques may be équivalent to open procedures in 
selected patients. 

The presence of union may be, at times, difficult to estab- 
lish. Physical findings of persistent swelling, pain at the fusion 
site, and difficulty with weight bearing should lead to a careful 


scrutiny of the plain radiographs. Bridging callus across the 
fusion site on more than one view usually confirms successful 
fusion. In some cases, CT is necessary to establish that fusion 
has occurred or to evaluate the nonunion. 

■ TREATMENT 

Assessment of a patient with a delayed union or nonunion 
begins with an overall assessment for the medical issues as 
outlined earlier. We routinely draw 25-hydroxyvitamin D 
levels, albumin, prealbumin, and hemoglobin Aie levels in 
the office in the workup of these patients. Satisfactory immo- 
bilization of a delayed union in a protected weight-bearing 
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Types of bone grafts used in ankle arthrodesis. 
A, Tricortical block of iliac crest wedged between tibia and talus. 
B and C f Sliding graft impacted into tunnel in talar neck or head. 
D f Central bone graft inserted in hole bored across ankle. 


boot or cast is necessary. Although the US Food and Drug 
Administration has approved pulsed electronic magnetic 
field devices for stimulation of bone growth affer failed 
arthrodesis, Saltzman et al. reported that the use of these 
devices with immobilization and limited weight bearing was 
successful in only 5 of 19 delayed unions of foot and ankle 
arthrodèses. Better results hâve been reported with révision 
arthrodesis: 75% to 94% successful fusion. Despite attention 
to detail in the management of these patients, some will 
require reoperation with bone graffing and more stable 
fixation. 

ADJACENT JOINT PAIN AND ARTHRITIS 

The development of adjacent joint arthritis, especially in the 
subtalar joint, has been noted by numerous authors, but 


_ TABLE 11-2 ^ 

Risk Factors for Nonunion of Ankle Arthrodesis 


RISK FACTOR GRADE OF EVIDENCE 

PATIENT FACTORS 

Systemic Factors 
Diabètes 

Cigarette smoking 
Alcohol 
Osteoporosis 
NSAIDs 
Age 
Obesity 

Poor compliance with WB restrictions 
Local Factors 
Infection 

Vascularity and osteonecrosis 
Soft-tissue injury and révision surgery 

SURGICAL FACTORS 

Mechanical Factors 

Construct stability I 

Interfragmentary gaps I 

Surgeon Factors 

High-volume vs low-volume surgeons I 

Grades of evidence: A, strong clinical evidence; B, fair clinical evidence; C, con- 

flicting clinical evidence; I, insufficient clinical evidence 

NSAIDs, Nonsteroidal antiinflammatory drugs; WB, weight bearing. 

(Modified from Thevendran G, Younger A, Pinney S: Current concepts review: risk 
factors for nonunions in foot and ankle arthrodesis, Foot Ankle Int 33:1031,2012) 


B 

B 

I 

I 

C 

I 

I 

C 

I 

I 

B 


whether or not these joints require treatment is debatable. 
Certainly in some patients the development of adjacent joint 
arthritis is painful and requires bracing or surgical fusion; 
however, usually these joints are fairly asymptomatic and no 
further treatment is required. In patients with pantalar arthri¬ 
tis before ankle fusion, considération should be given to alter¬ 
native treatments, such as arthroplasty. Complicating the 
management of painful subtalar arthritis affer ankle fusion is 
the loss of height with subtalar compression arthrodesis, 
which places the hindfoot in slight equinus. A small strut 
graft should be considered in these cases to prevent this com¬ 
plication, but this likely increases the nonunion rate. 
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RECONSTRUCTIVE PROCEDURES 
OF THE SHOULDER 

Prosthetic replacement of the glenohumeral joint has become 
accepted as a successful treatment for a variety of degenera- 
tive conditions around the shoulder. Although less common 
than hip and knee arthroplasty, multiple studies with long- 
term follow-up hâve demonstrated improvements in pain and 
function with excellent longevity. As expérience with primary 
arthroplasty has accumulated, improved techniques for révi¬ 
sion surgery hâve evolved as well. In the past decade, the 
emergence of the reverse total shoulder arthroplasty has 
added another option for the treatment of patients with 
advanced glenohumeral conditions associated with end-stage 
rotator euff dysfunction. This chapter discusses the indica¬ 
tions, surgical technique, outcomes, and complications of 
shoulder arthroplasty 

HISTORY 

The earliest known report of shoulder arthroplasty dates back 
to 1893, when a French surgeon, Péan, substituted a platinum 
and rubber implant for a glenohumeral joint destroyed by 
tuberculosis. In the early 1950s, Neer introduced a humerai 
head prosthesis that he planned to use for complex shoulder 
fractures. In 1951, he reported his initial results of replace¬ 
ment of the humerai head with an unconstrained cobalt- 
chromium alloy (Vitallium) prosthesis. In 1974, the Neer II 
humerai prosthesis, which was modified to conform to a 


glenoid component, was introduced. Total shoulder arthro¬ 
plasty using a constrained articulated unit in patients with 
loss of the rotator euff but with a functional deltoid muscle 
was popular in the early 1970s but had limited success and 
was abandoned. However, in the early 1990s, Paul Grammont 
introduced an improved design of a semiconstrained shoul¬ 
der replacement using a métal sphere implanted into the 
glenoid and a polyethylene liner and stem into the humérus: 
the reverse total shoulder arthroplasty. Although implant 
design factors continue to evolve, the primary features of this 
prosthesis are retained in current itérations of the reverse 
arthroplasty. 

Glenoid components for anatomie total shoulder arthro¬ 
plasty were initially designed for cementless fixation using 
screws and porous coating on métal backing with a polyeth¬ 
ylene shell. But long-term studies hâve shown an unaccept- 
ably high complication rate, and as such these implants hâve 
been largely abandoned. In the 1990s, more emphasis was 
placed on restoring normal kinematics with anatomie loca¬ 
tion and orientation of the glenoid joint surface, advanced 
soff-tissue balancing techniques, and physiologie stabiliza¬ 
tion of the joint. More recently, research has focused on 
methods to reduce glenoid wear and loosening, which 
remains a common mode of late-term failure. Most current 
glenoid implants are polyethylene and use cernent for fixation 
with either a pegged or keeled configuration on the backside 
of the component. 
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ANATOMY AND BIOMECHANICS 

The anatomy of the shoulder joint permits more mobility 
than any other joint in the body. Although it often is described 
as a ball-and-socket joint, the large humerai head articulâtes 
against and not within the small glenoid cavity. The glenohu- 
meral joint dépends on the static and dynamic stabilizers for 
movement and stability, especially the rotator cuff, which not 
only stabilizes the glenohumeral joint while allowing greater 
freedom of motion but also fixes the fulcrum of the upper 
extremity against which the deltoid can contract and elevate 
the humérus. The rotator cuff must act simultaneously and 
synergistically, however, with the deltoid muscle for normal 
function. 

Restoration of glenohumeral anatomy is essential for a 
good functional outcome. Anatomie studies hâve defined the 
humerai geometry further and suggested applications to 
shoulder arthroplasty prosthesis design and surgical tech¬ 
niques (Fig. 12-1 and Table 12-1). The articular surface of the 
humerai head is essentially spherical, with an arc of approxi- 
mately 160 degrees covered by articular cartilage. The radius 


_ TABLE 12-1 _ 

Anatomie Characteristics of the Shoulder 
Important for Prosthesis Design 


GLENOID DIAMETER 

Superior anteroposterior 

18-30 mm 

Inferior anteroposterior 

21-35 mm 

Superoinferior (height) 

30-48 mm 

INCLINATION 

Glenoid 

Average 4.2 degrees (-7 to 20 
degrees) 

Humerai head 

30-55 degrees 

VERSION 

Glenoid 

1.5 degrees rétroversion (10.5 
to 9.5 degrees antéversion) 

Humerai head 

0-55 degrees rétroversion 
(dépendent on measurement 
method; highly variable among 
individuals) 

SURFACE AREA 

Glenoid 

4-6 mm 

Humerai head 

11-19 mm 

CARTILAGE THICKNESS 

Glenoid 

2.16 mm 

Humerai head 

1.44 mm 

RADIUS OF CURVATURE 

Glenoid 

22-28 mm 

Humerai head 

23-28 mm (smaller in women 
than men) 

HUMERAL OFFSET 

Médial (coronal) 

4-14 mm 

Posterior (transverse) 

-2 to 10 mm 

Head-shaft angle 

30-55 degrees 


of curvature is approximately 25 mm and is slightly larger in 
men than in women. The glenoid articular surface radius of 
curvature is 2 to 3 mm larger than that of the humerai head. 
The average neck-shaff angle is 45 degrees (±5 degrees), with 
a range of 30 to 50 degrees. Murthi et al. found that arthritic 
shoulders hâve a flatter neck-shaff angle close to 50 degrees. 
CT studies found that the normal position of the glenoid 
surface in relation to the axis of the scapular body ranged 
from 2 degrees of antéversion to 7 degrees of rétroversion. 

The superior margin of the humerai head articular surface 
normally is superior to the top of the greater tuberosity by 8 
to 10 mm (Fig. 12-2). Restoring the center of rotation for the 
humerai head in relation to the axis of the humerai diaphysis 
may play a rôle in prolonging glenoid fixation and decreasing 
polyethylene wear. The distance from the latéral base of the 
coracoid process to the latéral margin of the greater tubero¬ 
sity is called the latéral humerai offset Maintaining this 
distance is important because a significant decrease reduces 
the lever arms for the deltoid and supraspinatus muscles, 
which weakens abduction and impairs function. A significant 
increase causes excessive tension on the soft tissues (“over- 
stuffing” of the joint), which results in loss of motion and also 
likely accelerates polyethylene wear. A biomechanical cadaver 
study determined that humerai articular malposition of more 
than 4 mm led to increased subacromial contact and that 
offset of 8 mm in any direction significantly decreased passive 
range of motion. The authors suggested that anatomie recon¬ 
struction of the humerai head/humeral shaft offset should be 
within 4 mm of normal to minimize subacromial contact and 
maximize glenohumeral motion. 

Based on the clinical success of the Neer II implant, 
numerous modular designs were developed to improve 
implant fixation and durability. Detailed studies of shoulder 
anatomy in the 1990s found not only that normal shoulder 
anatomy aligned differently than the commonly used pros- 
theses, but also that normal anatomy varied greatly among 
individuals. Modularity allows a better fit for individual 
patients because various stem and head sizes can be “mixed 
and matched” to an individuals anatomy. Biomechanical 
studies also showed that shoulder biomechanics are adversely 
affected by the use of a prosthetic head that is too thick, too 
thin, or shiffed too far from its original position along the 
plane of the anatomie humerai neck. As a general guideline, 
the prosthetic head should be within 4 mm of the original 
humerai head thickness. 

Other characteristics of shoulder anatomy that are impor¬ 
tant in prosthesis design are rétroversion, head-shaff angle, 
offset, radius of curvature, and humerai head height. Proxi¬ 
mal humerai rétroversion is highly variable, ranging from 0 
to 55 degrees, depending on the method used for measure- 
ment. The proximal and the distal axes used to define rétro¬ 
version hâve various définitions. For the proximal reference 
axis, the plane of the articular surface, a line connecting the 
center of rotation and the central point of the articular 
surface, and a line from the greater tuberosity to the central 
point of the articular surface hâve been used. For the distal 
reference axis, the trochlear axis, a line between épicondyles, 
and the forearm itself hâve been used. The inclination of the 
proximal humerai articular surface relative to the humerai 
shaft is the head-shaff angle; it ranges from 30 to 55 degrees, 
depending on the method of measurement. The humerai 
offset defines the position of the proximal humerai articular 
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Neer* 1951 

Hemiarthroplasty—Unconstrained 


Péan*1893 

Total shoulder arthroplasty 
(TSA)—Constrained 



Humerai endoprosthesis 


Charnley-THA 


Unconstrained 


Semiconstrained 


Neer II (Neer clones) 

Designed to reproduce normal anatomy 
Endo or TSA 

r Cup arthroplasty 

Jônsson (métal), Varian, (Silastic cup), 
O’Leary-Walker (métal) included an 
optional glenoid component 



DANA (UCLA) and 
Monospherical (Gristina) 

Systems require greater bone resection 
and hâve more constraint built into the 
glenoid component 




St. Georg 

Primarily used in Europe; Endo or TSA 


Isoelastic 

Shoulder implant primarily European use; 
Endo or TSA 



DANA (Designed After Natural Anatomy) 
Hooded glenoid 



English-MacNab 

Uncemented design 
Hooded with deep glenoid 



Mazas 

Exemplifies qualities of ail three 
methods to semiconstrain a 
humerai endoprosthesis: 

• Hooded 

• Glenoid physically attached to the 
acromion; acts like a spacer 

• The deep glenoid acts like a “bowl” 
to contain the humerai head 



Clayton “Spacer” 

Polyethylene appliance designed to maintain 
the interval between the head and the 
acromion 



Bipolar 

Bateman, Swanson, MacNab 
Forgiving appliance, fills the glenoid vault, 
theoretically offers more motion with less 
stress on the glenoid 


Neer-type designs 

Less constraint, 
modularity to offer better 
soft-tissue balance and 
avoid eccentric loading 
of the glenoid 
Press-fit, cemented, or 
bony ingrowth 


Bipolar 

Designed to deal with 
extensive rotator cuff 
deficiencies or failed 
constrained TSAs 



600 % 


Neer hooded 

Appliance; 200% and 600% glenoid 
components 



St. Georg hooded 


In the end it appears that Neer’s original design is 
as similar to the “modem TSA” as Charnley’s initial 
THA is to the “modem THA.” 


Some of these appliances may still be available; however, 
they would be hard to find. The benefit-to-risk ratio is poor 
when weighing the functional improvement against the 
increased complications. 


r On display at the Smithsonian. 


Family tree of shoulder arthroplasty prostheses. (Adapted from Gross RM: The history of total shoulder arthroplasty. In 
Crosby LA, editor: Total shoulder arthroplasty, Rosemont, IL, 2000, American Academy of Orthopaedic Surgeons.) 
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Trispherical TSA 

Remarkably similar to Péan’s original TSA 
The extreme mobility of this appliance 
minimizes stress at the bony fixation points 
Floating fulcrum was a problem 



Bickel, Michael Reese, Model 

BME (Germany), and Stanmore (England) 

Ail four of these appliances are of the 
“captured head” type 
Breakage, dislocation, and glenoid 
loosening were ail too frequent 
complications 

Bickel, Michael Reese, and BME are 
métal on polyethylene 
Stanmore originally was métal on 
métal and later converted to métal 
on polyethylene 




Floating socket TSA 

Reverse bipolar and reverse bail 
and socket 


Fenlin TSA 

The Fenlin and the Floating Socket are 
both large-head reverse ball-and-socket 
Large head design aimed at increasing 
motion 


Neer Mark III 

Fixed fulcrum reverse ball-and-socket with 
a rotating stem within the humerai shaft 


Kessel 

Large central screw fixation of the glenoid 
component, no cernent 


Kôlbel TSA 

Screw fixation to glenoid similar to Péan’s 
original glenoid fixation 



Liverpool TSA 

Cemented mini “reverse THA” 


Delta III 

Sole survivor, uncemented glenoid 
surface mount 


“^Development, as well as failure, of the constrained TSA came as a resuit of two false 
assumptions: (1) most arthritic patients would hâve déficient rotator cuffs and (2) 
the function of the rotator cuff could effectively be replaced by a fixed fulcrum. 


FIGURE 
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F 



Normal glenohumeral relationships. Humerai 
offset is depicted by distance F to H, thickness of humerai head 
from B to C, and center of humerai head at C. Note superior posi¬ 
tion of humerai head proximal to greater tuberosity (D to E). 


surface relative to the humerai shaft; it is measured as the 
distance from the center of rotation of the proximal humerai 
articular surface to the central axis of the humerai canal. The 
médial offset (coronal plane) ranges from 4 to 14 mm, and 
the anteroposterior offset (transverse plane) ranges from -2 
to 10 mm. Reported values for the radius of curvature of the 
proximal humerai articular surface range from 20 to 30 mm; 
smaller radii typically are reported in women, and some 
authors hâve reported that the radius of curvature is larger in 
the coronal plane than in the sagittal plane. 

Replacement of the anatomie humerai head size and posi¬ 
tion aims to restore normal shoulder biomechanics. Increas- 
ing the humerai head thickness by 5 mm has been shown to 
reduce the range of motion at the glenohumeral joint by 20 
to 30 degrees, whereas decreasing the thickness by 5 mm can 
diminish motion by a similar amount by reducing the surface 
arc available for differential motion between the humerai 
head and the glenoid. 

PROSTHESIS DESIGN 

Most current Systems are modular with varying humerai head 
diameters and neck lengths to allow more accurate coverage 
of the eut surface of the humerai neck and improve the ability 
to establish correct position of the joint line. Some designs 
allow independent sizing of head thickness and head diam- 
eter to make soft-tissue balancing easier. Most stems are made 
of cobalt-chrome or titanium alloy and hâve proximal porous 
ingrowth coating to allow insertion without cernent. 

In an effort to match the proximal humerai anatomy as 
closely as possible, several implant Systems offer concentric 
and offset humerai heads. In an anatomie dissection study, 
Boileau and Walch found that the center of the humerai head 
was 2.6 mm posterior and 6.9 mm médial to the center of the 


humerai shaft, and Robertson et al., using CT, noted similar 
measurements of 2.2 mm and 7.4 mm. 

Anatomie positioning of the humerai head prosthesis is 
best done with an eccentric locking position of the Morse 
taper, which allows adjustments to the variable médial offset 
and any posterior offset. Curiously, postoperative kinematics 
after total shoulder arthroplasty do not mimic those of the 
native shoulder. Massimini et al. found that the posterosupe- 
rior quadrant of the glenoid is the primary contact location 
and that the replaced shoulder is not subject to traditional 
kinematic conceptions. Nevertheless, positioning the head 
too far superiorly puts additional tension on the overlying 
supraspinatus tendon and can cause impingement between 
the head and the acromion. Positioning the head too far 
inferiorly may cause abutment of the greater tuberosity on the 
acromion or internai impingement on the rim of the glenoid. 
Positioning the head too far anterior or posterior can resuit 
in abutment of the uncovered humerai neck on the corre- 
sponding glenoid rim and excessive tension on the overlying 
subscapularis and posterior rotator euff tendons. Most current 
Systems offer humerai heads that are offset by 3 or 4 mm; 
some allow several discrète positions, and some allow free 
rotation around the taper. 

Most stems can be inserted with a press-fit or cemented 
technique. In a cadaver study, micromotion was found to be 
significantly less with proximal cernent than with press-fit; no 
différence was found between proximal cementation and full 
cementation, and full cementation did not increase rotational 
stability over proximal cementation. One study found a very 
low rate of radiolucencies around proximal porous coated 
stems and no clinical signs of loosening. Clinically significant 
loosening of the humerai component in the absence of infec¬ 
tion is uncommon regardless of fixation methods. 

Cemented all-polyethylene components remain the most 
frequently used glenoid components, but most now hâve an 
increased radius of curvature compared with the humerai 
head (2 to 6 mm larger) to allow translation during move- 
ment and to decrease edge loading. Several studies hâve 
shown that translation accompanies glenohumeral rotation 
after total shoulder arthroplasty. Such translation in a per- 
fectly congruent joint may hâve a potential for localized wear 
and loosening (rocking-horse effect); however, increased 
loosening and polyethylene wear hâve not been reported to 
occur when the radii of curvature of the glenoid component 
and the humerai head are matched within 2 mm. In a multi- 
center study of 319 total shoulder arthroplasties using the 
same type of prosthesis, Walch et al. noted fewer radiolucen¬ 
cies with mismatches between the glenoid and humerai head 
diameters of more than 5.5 mm (6 to 10 mm). They cau- 
tioned that the upper limit of mismatch has not been conclu- 
sively determined, and thus greater prosthetic mismatches 
could lead to increased joint translation, accelerated polyeth¬ 
ylene wear, and fracture. Current opinion seems to suggest 
that a glenoid with a radius curvature of 2 to 4 mm larger 
than the humerai head allows normal translation during rota¬ 
tion without rim loading or risk of loosening (Fig. 12-3). 

A larger glenoid component results in an increased risk 
for volumétrie polyethylene wear similar to what is seen in 
hip and knee arthroplasty, but this risk has not been substan- 
tiated clinically. However, larger components hâve been 
linked with improved stability. In a biomechanical study, 
Tammachote et al. demonstrated improved stability with 
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A f When radii of curvature of glenoid compo- 
nent and humerai head conform, translation results in glenoid 
component rim loading. B f Slight increase in diameter of curva¬ 
ture of glenoid component over that of humerai head allows 
some translation before rim loading occurs. 


increasing sizes of glenoid components. Specifically, trans¬ 
verse plane stability improved 17% between the small and 
medium components and then improved 10% between the 
medium and large components. 

Currently, all-polyethylene glenoid components gener- 
ally are cemented into place. A biomechanical study found 
that cemented all-polyethylene designs had an overall stress 
pattern doser to that of an intact glenoid than did unce- 
mented metal-backed components. In a report of 408 shoul- 
der arthroplasties using a standard glenoid component 
and followed for more than 2 years, Neer reported that 
only 3 (0.07%) required reoperation because of glenoid loos- 
ening. More recently, Hopkins et al. found that bone 
quality was important in achieving solid glenoid component 
fixation. They also stressed the importance of proper implant 
positioning. 

Polyethylene glenoid components generally hâve a single 
central or offset keel or multiple pegs for fixation into the 
glenoid vault. The prépondérance of biomechanical evidence 
suggests an advantage to pegged designs, however. Lacroix 
et al., using a three-dimensional model and finite element 
analysis, found that bone stresses were not much affected by 
prosthesis design except at the tip of the central peg or keel. 
They did conclude, however, that pegged prostheses were 
better for normal bone, whereas keeled components were 
better for bone in rheumatoid patients. 


CLINICAL PRESENTATION AND 
RADIOGRAPHIC EVALUATION 

The clinical appearance of advanced glenohumeral degenera- 
tion was initially described by Neer. Patients typically présent 
with global pain about the shoulder with difhculty perform- 
ing overhead activities and, offen, activities of daily living. On 
physical examination, diminished active and passive range of 
motion may be observed and patients may hâve previously 
been diagnosed with adhesive capsulitis. In patients with 
intact rotator cuff tendons, strength is offen preserved but 
may be diminished secondary to pain. Palpable crepitus can 
offen be elicited with passive internai and external rotation of 
the glenohumeral joint. The acromioclavicular joint and 
biceps tendon should be carefully evaluated because symp- 
tomatic acromioclavicular degeneration and/or biceps tendi- 
nitis may also be présent. 

Standard radiographs include anteroposterior views with 
a 40-degree posterior oblique view in neutral position and 
internai and external rotation and an axillary latéral view. 
Radiographs of the opposite, uninvolved shoulder and 
humérus are helpful in unusual situations, such as when a 
custom implant is indicated for large humerai or glenoid 
deficiencies. 

The radiographie appearance varies with the patients 
pathologie process. Those with osteoarthritis reliably demon- 
strate subchondral sclerosis and a large osteophyte on the 
inferior aspect of the humerai head (Fig. 12-4). This so-called 
“goats beard” is pathognomonic of advanced glenohumeral 
degeneration. These osteophytes can enlarge the humerai 
head to twice its normal size, resulting in capsular distention. 
Posterior instability caused by this capsular distention and 
posterior glenoid érosion may require capsular reefing, aug- 
mented glenoid components, or bone graffing at the time of 
shoulder arthroplasty. This is most common in cases of cap- 
sulorrhaphy arthropathy. Joint space narrowing, which is so 
reliably seen in hip and knee osteoarthritis, is not commonly 
seen in the shoulder until very late in the disease process 
owing to the non-weight-bearing position of the shoulder 
under standard radiography. Axillary latéral radiographs typi¬ 
cally demonstrate posterior subluxation of the humerai head 
on the glenoid, and a wear pattern in the posterior glenoid 
may be présent (Fig. 12-5). Patients with capsulorrhaphy 
arthropathy hâve a similar radiographie appearance except 
that loose bodies and osteophytes tend to be more common 
and numerous (Fig. 12-6) than in standard osteoarthritis. 

Malunions of proximal humerai fractures can make 
shoulder arthroplasty more difhcult, occasionally requiring 
osteotomy. A varus malunion between the head and shaft can 
complicate positioning of components, but osteotomy usually 
is unnecessary as newer short-stem and stemless designs 
allow accommodation of these deformities. Patients with 
inflammatory arthritis offen do not hâve an inferior osteo¬ 
phyte on radiographs and, instead, demonstrate a more sym- 
metrical pattern of joint space narrowing with periarticular 
osteopenia. The wear pattern is more commonly central in 
the glenoid, and posterior subluxation of the humerai head is 
less common. Cystic change is also common. Rotator cuff 
tears are more common in patients with rheumatoid arthritis 
than in patients with osteoarthritis: full-thickness rotator cuff 
tears hâve been identified in 25% to 50% of patients undergo- 
ing shoulder arthroplasty. Most of these tears are in the supe- 
rior rotator cuff. 
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biceps tendon. Increased capsular volume posteriorly and 
capsular contraction anteriorly are usual changes as well. 
Finally, in patients with precollapse osteonecrosis, MRI is 
useful for visualizing the area of dead bone and is often the 
best tool to make the diagnosis (Fig. 12-7). 

CT is also a valuable asset in the évaluation and preo- 
perative planning for patients with advanced glenohumeral 
degeneration. The scans give an excellent picture of the 
patients glenoid bone stock and the pattern of glenoid wear, 
which is essential for determining if standard glenoid com- 
ponents can be used or if a bone graft will be needed. Loose 
bodies may be seen in the axillary or subscapularis recess or 
attached to the synovium. In the case of malunions or non- 
unions, three-dimensional reconstruction helps to precisely 
show the bony deformities and defects before surgery. CT 
arthrography often is useful to evaluate both the bony archi¬ 
tecture of the shoulder and the rotator cuff in patients with 
contraindications to MRI. 

PREOPERATIVE PLANNING 

Once the patient is determined to hâve advanced glenohu¬ 
meral degeneration and has consented to a shoulder arthro- 
plasty, preoperative planning includes careful évaluation of 
the radiographs and the CT scans, if obtained. As noted 
earlier, CT gives a clear view of the glenoid bone stock and 
wear pattern. Viewing these changes preoperatively allows 
the surgeon to préparé for the possibility that glenoid bone 
grafting or glenoid recontouring procedures may be neces- 
sary to recenter the subluxed humerai head. The rôle of pre¬ 
operative planning based on three-dimensional CT scans to 
optimize implant position, size, and range of motion is an 
evolving area of investigation. Most reports hâve concluded 
that preoperative planning software using CT scans results in 
more accurate glenoid component placement with either con- 
ventional or patient-spécifie implants. In particular, shoul- 
ders with significant posterior glenoid érosion tend to benefit 
from implant reaming and targeting Systems. 

In patients who hâve had previous shoulder surgery, 
infection can be evaluated by laboratory tests including 
érythrocyte sédimentation rate, C-reactive protein, and com¬ 
plété blood cell count. Aspiration and culture of glenohu¬ 
meral joint fluid, holding the culture for at least 14 days to 
isolate Propionibacterium acnés , is essential if infection is 
suspected. Electromyography and nerve conduction studies 
should be obtained preoperatively in patients with suspected 
déficits. Finally, preoperative medical clearance often is war- 
ranted in this typically elderly population. 


Subchondral sclerosis and large osteophyte on 
inferior aspect of humerai head (goat's beard) are pathogno- 
monic of advanced glenohumeral degeneration. 


MRI can be a useful preoperative planning tool in this 
population. In patients with strength déficits that could be 
caused by either arthritic pain or a torn rotator cuff, MRI can 
help détermine the status of the tendons. Whereas rotator cuff 
tendinopathy is common in this setting, full-thickness tears 
are uncommon and are seen in only about 10% of patients. 
MRI also typically demonstrates advanced cartilage degen¬ 
eration and may show numerous other findings, including 
thinning of the subscapularis and degenerative changes in the 


HEMIARTHROPLASTY 
■ INDICATIONS 

The prédominant indication for shoulder hemiarthroplasty is 
end-stage joint degeneration in a patient with a contraindica- 
tion to glenoid resurfacing. The prépondérance of evidence 
indicates that total shoulder arthroplasty is superior to hemi¬ 
arthroplasty regarding pain, function, activity level, long- 
term survival, and révision rate and, therefore, the glenoid 
should be resurfaced if at ail possible in patients with bipolar 
arthritis. However, young laborers, patients with glenoid 
bone stock insufficiency, and patients with high activity 
levels may benefit more from hemiarthroplasty. Also, rotator 
cuff tears remain a contraindication to prosthetic glenoid 
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FIGURE 


Axillary radiograph (A) and CT scan (B) showing severe degenerative arthritis. 



Radiograph showing capsulorrhaphy arthropa- 
thy; note numerous loose bodies and osteophytes. 


resurfacing. Although excellent pain relief and moderate 
improvements in function and motion hâve been reported 
affer total shoulder arthroplasty in patients with irréparable 
rotator cuff tears, some long-term follow-up studies noted 
an association between glenoid component loosening and 


irréparable rotator cuff tears. Eccentric loading of the glenoid 
caused by superior migration of the humerai component has 
been cited as a cause of glenoid loosening (the “rocking-horse 
effect”). 

Hemiarthroplasty also can be recommended for patients 
in whom a massive, long-standing tear of the rotator cuff has 
caused progressive degenerative changes of the glenohumeral 
joint (cuff tear arthropathy). In patients with déficient forward 
élévation, however, reverse total shoulder arthroplasty has 
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Use of humerai head component that is too 
large results in overstuffing of joint, which can limit range of 
motion and lead to soft-tissue rupture. 


emerged as a more reliable option to reestablish shoulder 
level function. In patients with cuff tear arthropathy but pre- 
served forward élévation, hemiarthroplasty remains a viable 
option. 

Matsen et al. listed five situations in which hemiarthro¬ 
plasty should be considered: (1) the humerai joint surface is 
rough, but the cartilaginous surface of the glenoid is intact, 
and there is sufficient glenoid arc to stabilize the humerai 
head; (2) there is insufhcient bone to support a glenoid com¬ 
ponent; (3) there is fixed upward displacement of the humerai 
head relative to the glenoid (as in cuff tear arthropathy or 
severe rheumatoid arthritis); (4) there is a history of remote 
joint infection; and (5) heavy demands would be placed on 
the joint (anticipated heavy loading from occupation, sport, 
or lower extremity paresis). 

Contraindications to hemiarthroplasty are recent sepsis, 
a neuropathie joint, a paralytic disorder of the joint, deficien- 
cies in shoulder cuff and deltoid muscle function, and lack of 
patient coopération. Remote pyarthrosis may not be an abso- 
lute contraindication, but the operation should be under- 
taken only after thorough workup to document sterilization 
of the glenohumeral joint and careful considération by the 
surgeon and the patient of ail the potential hazards involved. 

■ SURGICAL TECHNIQUE 

The goal of hemiarthroplasty is restoration of the humerai 
articular surface to its normal location and configuration. 
Because the glenoid is not replaced, the size, radius, and 
orientation of the prosthetic joint surface must duplicate 
that of the original biologie humerai head. Radiographs of 
the contralatéral shoulder can provide information about a 
patient s normal humerai head anatomy. Care should be taken 
to avoid a “big head” humerai prosthesis that can “overstuff” 
the joint (Fig. 12-8). 

If it is found to be torn, as much of the rotator cuff 
as possible should be repaired, emphasizing anterior and 


posterior reconstruction to provide stability to the implant. 
The rotator cuff is repaired with sutures placed through the 
tuberosities before implantation of the humerai component. 
Although complété repair of the rotator cuff offen is impos¬ 
sible, it may be unnecessary for arm élévation. Many patients 
with full-thickness defects are capable of active overhead arm 
élévation if sufficient rotator cuff function remains to allow 
compressive stabilization of the humerai head. 

Good deltoid function and an adéquate coracoacromial 
arch are key to successful hemiarthroplasty in patients with 
severe rotator cuff arthropathy. A history of subacromial 
décompression has been signfficantly associated with clini- 
cally détectable instability and less active élévation after 
hemiarthroplasty. 


HEMIARTHROPLASTY 


TECHNIQUE 12-1 


■ Place the patient in the beach chair position to allow 
positioning of the patient at the top and edge of the table 
(Fig. 12-9A). Pad ail bony prominences. The médial border 
of the scapula should be free and off the table, allowing 
full adduction to gain access to the intramedullary canal. 

■ Secure the patient's head to the headrest, holding the 
head in a position that avoids hyperextension or tilting of 
the neck, which can cause compression of the cervical 
roots. 

■ Préparé the arm and drape it widely. We recommend 
using occlusive dressings to cover the entire surgical field. 

■ Make an incision anteriorly, approximately one-third to 
halfway between the coracoid and the latéral aspect of the 
acromion (Fig. 12-9B). Carry dissection down to the deltoid 
and raise médial and latéral flaps to mobilize the deltoid. 

■ Open the deltopectoral interval and allow the cephalic 
vein to fall medially. 

■ Perform subdeltoid, subcoracoid, and subacromial 
releases to release the proximal humérus. In the subcora¬ 
coid space, locate the axillary nerve by passing the volar 
surface of the index finger down along the anterior 
surface of the subscapularis muscle (Fig. 12-9C). If scar- 
ring and adhesions make identification of the nerve dif- 
ficult, pass an elevator along the anterior surface of the 
subscapular muscle to create an interval between the 
muscle and the nerve. Great care must be taken in this 
step to avoid plunging into the brachial plexus. After the 
axillary nerve is identified, carefully retract and hold it out 
of the way, especially during the crucial steps of releasing 
and resecting the anteroinferior capsule. 

■ We prefer to perform a biceps tenodesis before incising 
the subscapularis. A figure-of-eight stitch is placed 
between the biceps and pectoralis major tendons. The 
biceps is then divided and the proximal portion is later 
resected before making the humerai head osteotomy. 

■ Incise the subscapularis 1 cm médial to the lesser tuberos- 
ity. Place two rétention sutures in the subscapularis to be 
used as traction sutures when freeing the rest of the 
tendon from the underlying capsule and scar tissue. At 
closure, use the sutures to repair the tendon. 
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FIGURE 


Hemiarthroplasty technique (see text). A f Beach-chair position with arm extended off table. B f Incision. C f Axillary 


nerve is identified. D f Coronal Z-plasty is used if external rotation is -20 degrees. E f Darrach retractor is used to lift head of humérus 


out of glenoid fossa. SEE TECHNIQUE 12-1. 


■ Some authors prefer either a lesser tuberosity osteotomy 
or a release of the subscapularis directly off of bone. If 
external rotation is markedly limited, the subscapularis 
also can be reattached to the proximal humérus more 
medially to allow increased external rotation. Alterna¬ 
tive^, the tendon can be lengthened with a coronal 
Z-plasty technique (Fig. 12-9D and Table 12-2). 

■ Incise the rotator interval, directing the eut medially 
toward the glenoid. Typically, a large amount of synovial 
fluid escapes as the joint is entered. 

■ Release the anteroinferior capsule from the humérus and 
externally rotate the arm to bring the inferior aspect of 
the shoulder capsule into view. Take care to stay directly 
on bone so as not to injure the axillary nerve during the 


capsular release. The importance of the inferior capsule 
release cannot be overstated and must be thoroughly 
carried out to at least the 7-o'clock position to dislocate 
the humerai head and gain access to the glenoid. 

■ Once the capsule is adequately released, place a large 
Darrach retractor in the joint and gently externally rotate, 
adduct, and extend the arm to deliver the humerai head 
up and out of the glenoid fossa (Fig. 12-9E). If the humerai 
head cannot be delivered in this fashion, the inferior 
capsule must be released further. 

■ Préparé the humerai canal, using the humerai axis to 
reference the osteotomy. Initially, open the canal with a 
high speed burr at the base of the rotator euff footprint 
and ream it to a size where appropriate fit is felt. Do not 
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■ Once the checks hâve been performed, thoroughly clean 
the Morse taper, impact the humerai head into position, 
and reduce the joint for the final time. 

■ Perform a tight closure of the rotator interval and the 
subscapularis with heavy nonabsorbable suture. If the 
tendon was divided or lengthened, repair and secure it 
with heavy nonabsorbable sutures to allow immédiate 
passive movement beginning the day after surgery. Place 
a drain in the deltopectoral interval and close it with No. 
0 sutures. Close the skin in standard fashion and place 
the arm in a soft stérile dressing and a sling while the 
patient is still upright and before being aroused from 
anesthésia. 

POSTOPERATIVE CARE. Patients are instructed in a 
gentle home exercise program with passive forward élé¬ 
vation to 90 degrees and passive external rotation to 
neutral. Patients typically are discharged from the hospital 
1 or 2 days after surgery and are encouraged to use a 
pillow behind the elbow while recumbent in the sling to 
support the extremity. Full-time sling immobilization con¬ 
tinues for 6 weeks, followed by 6 weeks of sling use only 
in unprotected environments. Therapy progresses to full 
passive range of motion by 6 to 12 weeks and to isomét¬ 
rie strengthening at 10 weeks. 


TABLE 12-2 


Guidelines for Release of Subscapularis Tendon 

SUBSCAPULARIS TENDON 

PREOPERATIVE RANGE OF 

RELEASE 

MOTION 

Release 1.5 cm médial to 

Passive external rotation 

insertion 

>20 degrees 

Release subperiosteally. 

Passive external rotation 

reattach medially 

>-20 degrees and <20 
degrees 


Subscapularis Z-lengthening Passive external rotation 

<-20 degrees 

Data from SchenkT, lannotti JP: Prosthetic arthroplasty for glenohumeral arthritis 
with an intact or repairable rotator euff: indications, techniques, and results. In 
lannotti JP, Williams GR Jr, editors: Disorders of the shoulder: diagnosis and 
management, Philadelphia, 1999, Lippincott Williams & Wilkins. 


use motorized equipment for reaming, and be careful not 
to overream the canal, which could create a stress riser 
or cause a fracture. 

■ We prefer to use a cutting guide that employs extramed- 
ullary referencing, using the axis of the forearm as the 
reference point. With the cutting guide pinned into posi¬ 
tion at 30 degrees of rétroversion, recheck the cutting 
angle and confirm that the height is such that the saw 
will not violate the rotator euff. 

■ Complété the osteotomy with an oscillating saw. If any 
inferior humerai head osteophyte remains, remove it with 
a rongeur. 

■ After the head eut, broach the humerai canal to the 
same size as the reamed canal. It is impérative to 
confirm proper position of the broaches in 30 degrees of 
rétroversion during this step to prevent component 
malposition. 

■ Inspect the glenoid to confirm there is enough glenoid 
cartilage to provide an adéquate bearing surface for the 
métal humerai head. After this inspection, check the 
humerai trial stem to ensure it is seated securely within 
the humerai canal. If so, tap the component stem into 
position, taking care to keep the stem in 30 degrees of 
rétroversion. 

■ If cementing is deemed necessary because of a previous 
surgical procedure, fracture, osteoporosis, rheumatoid 
arthritis, or degenerative cysts, place a cernent restrictor 
or a cortical bone plug from the resected humerai head 
2 cm inferior to the tip of the prosthesis. 

■ Place a trial humerai head and reduce the glenohumeral 
joint using internai rotation and gentle traction. With the 
arm in neutral rotation, check the height of the humerai 
head to confirm anatomie reconstruction. As a rule of 
thumb, the most superior aspect of the humerai head 
should be 1 cm superior to the greater tuberosity. 

■ Also check the version to confirm that the humerai head 
rests directly across from the glenoid. With a thumb on 
the lesser tuberosity, push the humerai head posteriorly 
and then release it: 50% posterior excursion with immé¬ 
diate "bounce back" of the humerai head is optimal. 
Evaluate forward élévation and internai rotation. 


■ OUTCOMES 

Hemiarthroplasty has been reported to initially relieve pain 
in 75% to 95% of patients with glenohumeral arthritis and 
severe rotator euff deficiency, with more modest improve- 
ments in range of motion and strength. However, long-term 
results hâve been compromised by persistent pain from 
glenoid arthrosis, anterosuperior instability, and progressive 
bone loss. 

The best results of shoulder hemiarthroplasty are in 
patients with osteonecrosis, in whom hemiarthroplasty has 
been reported to provide consistently good pain relief in 90%, 
with an almost normal range of motion (Table 12-3). Results 
are not quite as good in patients with rheumatoid arthritis, 
osteoarthritis, glenoid dysplasia, or posttraumatic glenohu¬ 
meral arthrosis but are satisfactory in most patients, although 
range of motion is decreased. In particular, one long-term 
report found that only 25% of patients were satisfied with 
stemmed hemiarthroplasty for shoulder osteoarthritis at an 
average of 17 years follow-up. 

■ MODIFIED HEMIARTHROPLASTY: 

INTERPOSITION ARTHROPLASTY AND 
GLENOIDPLASTY (REAM AND RUN) 

As it has become clear that glenoid arthritis continues to be 
a long-term concern for patients undergoing isolated shoul¬ 
der hemiarthroplasty, some authors hâve explored various 
types of glenoid resurfacing procedures, particularly for 
younger, higher-demand patients. These interposition tech¬ 
niques aim to allow the métal humerai head to articulate 
with a cushioning surface rather than with the native 
glenoid in an effort to minimize arthritic progression and 
subséquent pain. Although most interposition procedures 
hâve demonstrated early success, there are few long-term 
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TABLE 12-3 


Reported Results of Shoulder Hemiarthroplasty for Rotator Cuff Tear Arthropathy 


STUDY 

Arntz et al. 
(1993) 


NO. 

18 


MEAN NO PAIN OR 

FOLLOW-UP, MILD 

MEAN AGE YEARS POSTOPERATIVE 

(RANGE) (RANGE) PAIN 

71 (54-84) 2 (2-10) 11 (61%) 


ACTIVE ELEVATION 
PREOPERATIVE/ 
POSTOPERATIVE 
MEAN, DEGREES 
(RANGE) 

66 (44-90)/112 
(70-160) 


SUCCESSFUL 

RESULTS 

NR 


COMMENTS 

Two reoperations for 
symptomatic glenoid 
érosion, one for 
symptomatic instability, 
one for postoperative 
traumatic fracture of the 
acromion 


Williams and 

Rockwood 

(1996) 

21 

72 (59-80) 

4 (2-7) 

18 (86%) 

70 (0-155)/120 
(15-160) 

18 (86%) 

No instability or 
reoperation reported 

Field et al. 
(1996) 

16 

74 (62-83) 

3 (2-5) 

13 (81%) 

60 (40-80)/100 
(80-130) 

10 (62%) 

One intraoperative 
humerai shaft fracture; 

4 patients with 
instability, 2 of whom 
required reoperation 
for subscapularis 
advancement (1) and 
resection arthroplasty (1) 

Zuckerman 
et al. (2000) 

15 

73 (65-81) 

2 (1-5) 

7 (47%) 

69 (20-140)/86 
(45-140) 

NR 

Eleven of 15 patients 
satisfied with operation; 

1 had anterior instability 

Sanchez- 

Sotelo: 

Mayo Clinic 
sériés (2003) 

33 

69 (50-87) 

5 (2-11) 

24 (73%) 

72 (30-150)/91 
(40-165) 

22 (67%) 

One intraoperative 
humerai shaft fracture; 7 
patients with 
anterosuperior instability 

Goldberg 
et al. (2008) 

34 

72 (48-90) 

4 (2-12) 

26 (76%) 

78 (20-165)/ 111 
(40-180) 

26 (76%) 

One patient required 
reoperation for 


osteophyte removal; no 
problems related to 
implant failure, 
loosening, infection, or 
fracture 


Modified from Sanchez-Sotelo J: Shoulder arthroplasty for cuff-tear arthropathy. In Morrey BF, editor: Joint replacement arthroplasty, ed 3, Philadelphia, 2003, Churchill 
Livingstone. 

NR, Not reported. 

Copyright of Mayo Foundation. 


reports; therefore, further follow-up studies are necessary to 
better détermine their ultimate outcomes. 

Fascial interposition hemiarthroplasty (biologie resurfac- 
ing) has been recommended for use in young, active patients 
with osteoarthritis. The glenoid is resurfaced using the ante- 
rior capsule sewn over the glenoid face or a free fascia lata 
graft. Affer humerai osteotomy and removal of osteophytes, 
the glenoid surface is debrided, slightly increasing the ante- 
version in the process. If inadéquate capsule is présent for 
interposition, a segment of fascia is harvested from the thigh, 
doubled on itself, and anchored to the center of the glenoid 
with a suture and to the anteroposterior labrum with heavy 
suture, such as No. 1 cotton Dacron (Deknatel, Fall River, 
MA). Good long-term outcomes hâve been reported with 
this biologie glenoid resurfacing technique. Other studies, 
however, hâve noted a high number of failures and poor 


outcomes using Achilles tendon allograff as a resurfacing 
material with hemiarthroplasty. 

More recently, latéral meniscal allograffs hâve been 
used as an interposition material. In this procedure, the 
anterior and posterior horns of the allograff are sewn to 
each other to form a circular surface for articulation with 
the humerai head. The allograff is then laid onto the glenoid 
and secured, typically with suture anchors (Fig. 12-10). Sig- 
nificant improvements in pain and function hâve been 
reported with this procedure. Although joint space narrow- 
ing did occur, glenoid érosion did not progress, suggesting 
that the latéral meniscus may offer some protection against 
glenoid wear. However, intermediate-term outcomes hâve 
been less positive, with results inferior to standard hemiar¬ 
throplasty, and enthusiasm for interposition arthroplasty 
has been waning. 
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FIGURE 


Latéral meniscal allograft used as interposition material. 


A third technique that has been advanced involves con- 
centric reaming of the glenoid combined with shoulder hemi- 
arthroplasty, the “ream and run” procedure. Range-of-motion 
and Simple Shoulder Test scores were reported to be signifi- 
cantly improved after this procedure, and no shoulder proce¬ 
dures were subsequently revised. However, intermediate- and 
long-term outcomes are still lacking with this procedure. 

■ RESURFACING HEMIARTHROPLASTY 

In an attempt to preserve proximal humerai bone stock, 
shoulder resurfacing procedures hâve been developed. Resur- 
facing implants do not use a stem for intramedullary fixation 
but instead form a cap over the humerai articular surface 
and are typically stabilized with a smaller post in the metaph- 
ysis (Fig. 12-11). This implant design has been reported to 
more closely replicate humerai head geometry and reduce 
eccentric glenoid loading compared with stemmed hemiar- 
throplasty. Outcomes of humerai resurfacing hâve generally 
been successful, with patient satisfaction rates as high as 93% 
and overall results similar to that of stemmed prostheses. 
Several sériés hâve reported similar success in spécifie patient 
cohorts with rheumatoid arthritis, osteoarthritis, and euff 
tear arthropathy; however, the reported révision rate of 
humerai head resurfacing is higher than that of stemmed 
hemiarthroplasty. 

TOTAL SHOULDER ARTHROPLASTY 

Total shoulder arthroplasty is a well-established procedure 
with an excellent long-term track record of pain relief 
and functional improvements. Long-term results hâve been 
reported that are équivalent to those after replacement of the 


knee and hip. In a metaanalysis of sériés that included 646 
shoulder arthroplasties done for osteoarthritis, Wilde found 
that 89% had complété or nearly complété relief of pain; 91% 
of patients with rheumatoid arthritis reported satisfactory 
relief. 

■ INDICATIONS 

The primary indication for total shoulder arthroplasty is end- 
stage glenohumeral joint degeneration with an intact rotator 
euff. This encompasses a number of conditions, including 
osteoarthritis, rheumatoid arthritis, osteonecrosis, posttrau- 
matic arthritis, and capsulorrhaphy arthropathy. Contraindi- 
cations to shoulder arthroplasty include active or recent 
infection and irréparable rotator euff tears. Paralysis with 
complété loss of function of the deltoid is also a contraindica- 
tion. Debilitating medical status and uncorrectable glenohu¬ 
meral instability are additional contraindications to shoulder 
arthroplasty. 

Other patient-spécifie factors should be considered 
before total shoulder arthroplasty: morbidly obese patients 
are known to hâve a higher rate of medical complications and 
to incur higher costs; diabètes is reported to correlate with a 
higher rate of perioperative medical complications; and many 
elderly patients hâve concurrent cardiopulmonary disease. 
Therefore, although perioperative mortality is only approxi- 
mately 1%, careful medical optimization and patient sélection 
are recommended before shoulder arthroplasty. 

■ SURGICAL TECHNIQUE 

Much debate has centered on the relative merits of 
shoulder hemiarthroplasty and total shoulder arthroplasty. 
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FIGURE 


Resurfacing hemiarthroplasty. 


The prépondérance of evidence in randomized and nonran- 
domized studies in the literature suggests that although hemi¬ 
arthroplasty can provide pain relief and increased range of 
motion in patients with osteoarthritis and a concentric 
glenoid, total shoulder arthroplasty generally provides supe- 
rior results in terms of patient satisfaction, function, and 
strength, especially at longer-term follow-up. 

A Cochrane Database systemic review of seven studies 
found that total shoulder arthroplasty is associated with 
better shoulder function than hemiarthroplasty but does not 
provide any other significant additional clinical benefits. 
Mather et al. found that in elderly patients (âge > 64 years) 
with osteoarthritis total shoulder arthroplasty with a cemented 
glenoid component was more cost effective than hemiarthro¬ 
plasty in improving quality of life. A multicenter study involv- 
ing 95 total shoulder arthroplasties and 33 hemiarthroplasties 
recommended the use of a glenoid component in shoulders 
with glenoid érosion. 


TOTAL SHOULDER ARTHROPLASTY 


TECHNIQUE 12-2 


■ Approach the glenohumeral joint as described in Tech¬ 
nique 12-1 . Once the trial broach is tapped into position, 
remove the retractors from about the humérus. Of note, 
stemless humerai components for total shoulder arthro¬ 
plasty hâve been investigated and hâve recently been 


approved by the United States Food and Drug Administra¬ 
tion (FDA). 

■ Expose the glenoid by placing a Fukuda retractor on the 
posterior aspect of the glenoid and sublux the humérus 
posteriorly. 

■ Débridé the glenoid vault of ail remaining labral tissue 
and articular cartilage. 

■ Release the anterior capsule and place a fiat Darrach 
retractor on the anterior glenoid neck to aid exposure. 

■ The glenoid is not adequately exposed until the anterior, 
posterior, superior, and inferior aspects of the glenoid can 
be seen. Once this is accomplished, inspect the glenoid 
for wear and bone defects. Typically, there is posterior 
érosion of the glenoid and the anterior rim of the glenoid 
needs to be lowered to reestablish correct version (Fig. 
12-12). This can be done by eccentric reaming. A preop- 
erative CT scan can aid in understanding glenoid orienta¬ 
tion and morphology. 

■ Once the glenoid vault is debrided, make a centering 
hole, typically with a guide. It often is helpful to confirm 
adéquate depth and position of the starting hole with a 
small curette. After the starting hole is made, proceed 
with glenoid reaming until the sclerotic bone of the 
arthritic glenoid is removed and the subchondral plate is 
seen. With the common posterior wear pattern of osteo¬ 
arthritis, reaming typically is done in an eccentric fashion 
so that the anterior lip of the glenoid is planed down. If 
posterior rim wear is significant and the anterior rim has 
not been lowered, the component sits excessively retro- 
verted, and anterior glenoid neck perforation is likely. 
Take care also not to ream too aggressively medially and 
thereby compromise the glenoid bone stock, as this may 
resuit in component subsidence. 

■ When reaming is complété, préparé the glenoid for either 
the pegged or keeled implant. Systems vary in their 
instrumentation but involve précisé placement of the 
anchoring pegs or keel. To provide secure fixation and 
reduce the risk of loosening, the glenoid trial must sit 
securely against the subchondral bone of the glenoid 
without any rocking after the glenoid is prepared. Cernent 
cannot be used to adjust for poor seating of the glenoid 
component. 

■ Whether using a pegged or keeled component, préparé 
the glenoid vault for cementing with pulsed lavage to 
remove débris and blood. Thoroughly dry the peg holes 
or keel before cementation. 

■Tuberculin syringes are helpful to pressurize the cernent. 
Pack cernent into the syringe and then inject it into the 
peg holes or into the keel. 

■ Next, insert the glenoid component and maintain thumb 
pressure until the cernent has hardened. Most shoulder 
Systems also corne with an instrument to hold the glenoid 
component in place while the cernent hardens. This 
method allows excellent pressurization and interdigitation 
of the cernent into the cancellous bone of the glenoid 
vault, and postoperative radiolucent lines seen with other 
cementing techniques are minimized (Fig. 12-13). Some 
Systems use a polyethylene or métal ingrowth post to 
provide a press-fit of the glenoid component, which pro¬ 
vides immédiate stability so that the component does not 
rely solely on digital pressure while the cernent is curing. 
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Problem of and solution for uneven wear and érosion of glenoid. A f Area of wear. B f If glenoid component is inserted 
without correction of slope, anchoring device passes out of medullary canal; tilt and loss of height also make implant unstable. C and 
D f Severe érosion is corrected by bone grafting. Piece of humerai head is secured to scapula with 4-mm AO navicular screw. Lesser 
érosion can be offset by building up low side with acrylic cernent or lowering high side. Building up with cernent is not recommended 
because of feared cernent loosening. Lowering high side often requires shortening holding device of glenoid component and créâtes 
laxity between components, which can make implant temporarily unstable and requires spécial postoperative care. Glenoid component 
with thick side is available for moderate uneven érosion. SEE TECHNIQUE 12-2. 


Although totally uncemented glenoid components exist, 
they are associated with higher révision and failure rates. 

■ After the cernent has hardened, check the broach to 
ensure that it is still secure within the humerai canal. If 
so, insert the trial broach and the humerai prosthesis as 
described in Technique 12-1. Head height, range of 
motion, and soft-tissue balancing are critical to providing 
an optimal outcome. Most current Systems use modular 
heads with a variety of diameters and thicknesses. 

■ Once the appropriate head is selected, dry the Morse 
taper and tap the head into position. Reduce the gleno- 
humeral joint and close the wound as described in Tech¬ 
nique 12-1. 

POSTOPERATIVE CARE. Postoperative care and réha¬ 
bilitation are essentially the same as after shoulder hemi- 
arthroplasty (see Technique 12-1) and are governed by 
protection of the subscapularis repair. 

See also Video 12-1. 


U OUTCOMES 

Results after total shoulder arthroplasty hâve been predict- 
able in producing pain relief and functional improvements 
for patients with a variety of degenerative glenohumeral 
conditions, with good results reported in 65% to 95% of 
patients. Loosening of the glenoid component, however, has 
been reported in almost half of shoulders at more than 
10-year follow-up and is often associated with pain. The best 


functional results are obtained in patients with osteoarthritis 
because the rotator cuff usually is intact and of good quality 
and the bone stock is typically adéquate. In patients with 
rheumatoid arthritis, the quality of the rotator cuff directly 
influences the functional resuit. 

The durability of total shoulder replacement is similar to 
that of hip and knee replacements. Results at long-term 
follow-up in several sériés hâve reported 85% component 
rétention at 20 years of follow-up and révision rates for ail 
causes averaging less than 10%. Loosening of the glenoid 
component has been reported in almost half of shoulders at 
more than 10-year follow-up and often is associated with 
pain; however, glenoid component loosening has averaged 
4.3% over multiple studies. 

I OSTEOARTHRITIS 

Most total shoulder arthroplasties are done in patients with 
osteoarthritis or rheumatoid arthritis. Few (<10%) patients 
with osteoarthritis hâve complété rotator cuff tears, but con¬ 
tracture of the subscapularis tendon is common. A large mul- 
ticenter study reported significant improvements in Constant 
scores and range of motion at 10-year follow-up. Glenoid 
component survivorship with révision as the end point was 
94.5%. In patients older than 80 years, total shoulder arthro¬ 
plasty remains a reliable option, with 80% attaining an excel¬ 
lent or satisfactory resuit at an average of 5.5 years, even 
though there is an increased risk for perioperative medical 
complications. In patients younger than 50 years, one report 
with a 20-year minimum follow-up found over 75% compo¬ 
nent rétention, but clinical outcomes tended to décliné, 
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A, Degenerative joint disease of left shoulder. 
B, Total shoulder arthroplasty with cemented glenoid component 
and noncemented stem. SEE TECHNIQUE 12-2. 


ultimately with a large number of unsatisfactory results. The 
authors recommended caution in performing total shoulder 
arthroplasty in younger patients. 

I INFLAMMATORY ARTHRITIS 

Total shoulder replacement also is effective in patients with 
inflammatory arthritis, resulting in significant improvements 
in pain, range of motion, function, and quality of life. The 
frequency of perioperative complications in patients with 
rheumatoid arthritis is similar to that in patients who hâve 
total shoulder arthroplasty for other indications; in fact, 
patients with rheumatoid arthritis hâve been reported to hâve 
shorter average hospital stays and a higher likelihood of 
routine discharge. Satisfactory pain relief also was reported 
in 11 shoulders severely affected by juvénile rheumatoid 
arthritis, although improvements in range of motion were 
minor. 

If shoulder and ipsilateral elbow replacements are neces- 
sary, the most painful joint should be replaced first. Function 
may not be significantly improved in patients with severe 
rheumatoid arthritis until the second joint is replaced. If the 
shoulder is operated on first, and if a cemented prosthesis is 
chosen, a cernent restrictor or canal plug must be used to 
prevent cernent from entering the distal medullary canal. A 


stress riser can occur in the humerai diaphysis between the 
tips of the two humerai components. If shoulder arthroplasty 
is done first, a short-stem prosthesis should be used; if a long- 
stem component is in place at either joint, the cernent column 
for the second arthroplasty should extend to and include the 
cernent column of the first arthroplasty. If shorter compo¬ 
nents are used, a long length (approximately 360 mm) of 
unfilled humérus should be left between the cernent columns. 

I POSTTRAUMATIC ARTHRITIS AND 
POSTTRAUMATIC SEQUELAE 

Shoulder arthroplasty for arthritis secondary to chronic dis- 
placed fractures and fracture-dislocations of the glenohu- 
meral joint is particularly difïicult because of contractures 
and scarring of the soft tissues, malunion or nonunion of the 
tuberosities, and possible nerve injuries. Axillary nerve inju¬ 
ries can significantly impair motion and strength because of 
loss of deltoid function. 

Anatomie shoulder arthroplasty also has been described 
for proximal humerai malunions. In a mixed cohort of hemi- 
arthroplasty and total shoulder arthroplasty, an average 
forward élévation of 109 degrees and improvements in pain 
were reported. However, postoperative instability because of 
rotator euff dysfunction or capsular injury was a common 
complication. 

I OSTEONECROSIS 

The most common causes of osteonecrosis of the humerai 
head are corticosteroid use, sickle cell disease, and alcohol- 
ism; less common causes include dysbarism, Gaucher disease, 
and systemic lupus erythematosus. Idiopathic osteonecrosis 
also is fairly common. Cruess classified osteonecrosis of the 
humerai head into five stages of increasing severity (Fig. 
12-14). Symptomatic progression of the osteonecrosis is 
almost certain in those with stage IV or stage V. Both total 
shoulder arthroplasty and hemiarthroplasty hâve been suc- 
cessful in obtaining subjective improvement in most patients 
with humerai head osteonecrosis. 

Most patients with osteonecrosis are relatively young, 
with good bone quality, and secure press-fit fixation of the 
humerai component can be obtained. The need for a glenoid 
component (see section on hemiarthroplasty) is based on the 
condition of the glenoid fossa, the amount of deformity 
présent, and the degree of articular cartilage loss. In many 
patients with intact glenoid cartilage, humerai head replace¬ 
ment alone is satisfactory, whereas most patients with stage 
V disease require a glenoid component because of extensive 
articular cartilage loss. 

I CAPSULORRHAPHY ARTHROPATHY AND 
ARTHROPATHY OF RECURRENT INSTABILITY 

Advanced glenohumeral arthritis is a rarely reported late 
sequela of anterior instability surgery. It is more common 
affer nonanatomic repairs and in younger patients than 
typical glenohumeral arthritis and is characterized by severe 
internai rotation contracture and a severely osteophytic 
arthritis. Excessive soff-tissue tension on the side of the 
dislocation may produce a fixed subluxation of the humerai 
head in the posterior direction, requiring release of the iatro¬ 
génie soff-tissue contracture to restore joint balance and 
mobility. Subscapularis lengthening, anterior capsular release, 
or posterior capsular plication may be required to correct soft 
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Stages of osteonecrosis of humerai head. Stage I changes are invisible on plain radiographs, and they are not discern- 
ible on gross examination. Stage II is marked by sclerotic changes and evidence of bone remodeling, but shape and sphericity of humerai 
head are maintained. Stage III is differentiated from stage II by presence of subchondral bone collapse or fracture, resulting in loss of 
humerai head sphericity. In stage IV, humerai head has area of collapsed articular surface; fragment may become displaced intraarticu- 
larly. In stage V, there are osteoarthritic changes in the glenoid fossa. 


tissue contractures. Although total shoulder arthroplasty can 
improve function in patients with glenohumeral degenera- 
tion associated with shoulder instability or instability surgery, 
a complication of 40% has been reported, particularly sub- 
scapularis insufhciency, with 20% of patients requiring addi- 
tional surgery 

REVERSE TOTAL SHOULDER ARTHROPLASTY 

In 1983, Neer, Craig, and Fukuda described “cuff-tear 
arthropathy” as a distinct form of osteoarthritis associated 
with a massive chronic tear of the rotator cuff. Clinically, 
rotator cuff arthropathy is characterized by pain, poor active 
motion, near-normal passive motion, crepitus, weakness, and 
occasionally significant fluid buildup under the deltoid. 
Radiographie changes include élévation of the humerai head, 
formation of an acromiohumeral pseudoarticulation, and 
loss of joint space at the glenohumeral joint. The radiographie 
pattern of degenerative changes can vary, and not ail patients 
with rotator cuff arthropathy hâve pain or limited motion. 

The glenohumeral instability resulting from this condi¬ 
tion is manifested as proximal migration of the humérus rela¬ 
tive to the glenoid, resulting in érosion of the superior glenoid 
and the caudal surface of the acromion. Rotator cuff tears 
hâve been implicated in early glenoid component loosening 
in total shoulder replacements, and irréparable tears are gen- 
erally considered a relative contraindication to prosthetic 


glenoid resurfacing. Until the introduction of reverse total 
shoulder arthroplasty, patients with cuff tear arthropathy 
were generally treated with hemiarthroplasty, which was a 
durable, if imperfect, solution that provided adéquate pain 
relief but did not restore forward élévation. 

■ INDICATIONS 

The primary indication for reverse total shoulder arthroplasty 
is a nonfunctional rotator cuff. This encompasses a number of 
disease processes, including cuff tear arthropathy, pseudopa- 
ralysis caused by massive rotator cuff tear without arthritis, 
multiple failed rotator cuff repairs with poor function and 
anterosuperior instability, three- and four-part proximal 
humerai fractures in the elderly, proximal humerai nonunions, 
greater tuberosity malunions, and failed shoulder hemiarthro¬ 
plasty with anterosuperior instability. Reverse total shoulder 
arthroplasty is most appropriate for patients with an intact 
deltoid, adéquate bone stock to support the glenoid compo¬ 
nent, no evidence of infection, no severe neurologie deficiency 
(Parkinson disease, Charcot joints, syringomyelia), and no 
excessive demands on the shoulder joint (Box 12-1). 

Contraindications include loss or inactivity of the deltoid 
and excessive glenoid bone loss that would not allow secure 
implantation of the glenoid component. Some authors hâve 
suggested that the procedure is unsuitable for patients 
younger than 70 years old; however, current opinion has 
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moved more toward accepting use of the reverse prosthesis 
in younger patients for some end-stage disorders for which 
there is no other option. Surgeon inexpérience is also a rela¬ 
tive contraindication to reverse total shoulder arthroplasty. 

■ SURGICAL TECHNIQUE 

Biomechanically, the reverse prosthesis works by changing 
the direction of pull of the deltoid muscle. With standard 
prostheses, absence of the rotator cuff allows the humerai 
head to subluxate superiorly during deltoid muscle contrac¬ 
tion. The reverse prosthesis corrects this abnormal vector by 
moving the center of rotation of the arm medially and distally 
and reestablishing a fulcrum around which the deltoid can 
pull to restore forward élévation (Fig. 12-15). 

Because the reverse prosthesis places high shear stresses 
across the glenoid, several investigators hâve sought to define 
the factors most important in maximizing glenoid fixation. 
Parsons et al. stressed that proper orientation of the baseplate 
and placement of the screws in optimal position were impor¬ 
tant for fixation. In particular, they found that superior screws 
placed at the 12-oclock position and aimed toward the 



Indications for Reverse Total Shoulder 
Arthroplasty 


■ Cuff-tear arthropathy 

■ Massive rotator cuff tear with pseudoparalysis 

■ Severe inflammatory arthritis with a massive cuff tear 

■ Failed shoulder arthroplasty 

■ Absence of tuberosities (failed hemiarthroplasty for 
fracture/nonunion) 

■ Absence of cuff (failed hemiarthroplasty for cuff-tear 
arthropathy) 

■ Instability 

■ Proximal humerai fracture 

■ Proximal humerai nonunion 

■ Reimplantation for deep periprosthetic infection 

■ Reconstruction after tumor removal 

From Sanchez-Sotelo J: Reverse total shoulder arthroplasty. In Morrey BF, ed: Joint 
replacement arthroplasty: Basic science, elbow and shoulder, Philadelphia, 
Wolters Kluwer, 2011, p 277. 


coracoid were longest. Inferiorly, they found that a screw 
placed perpendicular to the baseplate yielded longer screw 
lengths. Others hâve found that the inferior screw faces the 
highest shear stress and is key to prevent loosening, whereas 
others hâve recommended screw placement in areas with the 
highest quality bone: the coracoid base, the scapular spine, or 
the inferior pillar. A device with a lateralized center of rota¬ 
tion was shown to obtain adéquate fixation despite a 69% 
greater moment at the baseplate-glenoid interface. 

Glenoid wear is common in rotator cuff-déficient condi¬ 
tions. Frankle et al. studied 216 glenoids with plain radio- 
graphs and CT scans before operative intervention and found 
that 37.5% of the glenoids had abnormal morphology. They 
classified the wear patterns as posterior (17.6%), superior 
(9.3%), global (6.5%), and anterior (4.2%). These wear pat¬ 
terns were found to affect surgical technique, offen requiring 
placement of the center screw along an alternate center line 
along the scapular spine. In a later follow-up study of 143 of 
these patients, ail 56 shoulders with abnormal glenoids had 
center screw placement along an alternative (scapular spine) 
center line, and 22 had bone graffing procedures; larger gle- 
nospheres (36 or 40 mm) also were used more offen than in 
shoulders with normal glenoids. Outcomes were not signifi- 
cantly different between the two groups. 


REVERSE TOTAL SHOULDER 
ARTHROPLASTY 


TECHNIQUE 12-3 


■ Approach the proximal humérus and préparé it for stem 
implantation as described in Technique 12-1. Some 
authors recommend a superior approach, but we prefer 
the deltopectoral approach because of its versatility and 
easily extensive nature if exposure is limited. Flowever, 
there are some important différences in humerai prépara¬ 
tion from a total shoulder arthroplasty or hemiarthro¬ 
plasty. First, because of the common superior subluxation 
deformity of rotator cuff-deficient shoulders, a larger 
humerai head eut is often required. Second, some authors 



A f In a shoulder with no rotator cuff tendons there are few restraints to anterosuperior subluxation of humerai head 
when patient attempts to raise the arm. Pull of deltoid muscle worsens this by pulling superiorly and medially (arrow). B f With reverse 
arthroplasty, deltoid muscle lever arm is restored, allowing it to pull the humérus upward and outward into élévation (arrow). 
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S advocate placing the stem in neutral version to prevent 
instability in abduction and external rotation; however, 
we believe that stem placement in 30 degrees of rétrover¬ 
sion is not only acceptable but also préférable to prevent 
the more common instability in adduction and extension 
seen with the reverse prosthesis. Although stems were 
initially cemented in reverse total shoulder arthroplasty, 
the use of uncemented and shorter stems has been 
reported with clinical success. Once the glenoid vault is 
adequately debrided and ail four borders are visible, iden- 
tify the centering point. Move the starting point inferiorly 
1 to 2 mm to allow inferior placement of the baseplate 
to prevent scapular notching. Most authors recommend 
placing the baseplate with the inferior aspect flush with 
the inferior surface of the bony glenoid. 

■ Place a guide pin through this centering hole using a guide. 
Take care to place the guide pin in 10 to 15 degrees of 
inferior tilt, again to prevent scapular notching. 

■ Ream the glenoid until the "smiley face" is achieved, with 
bleeding cancellous bone inferiorly and hard sclerotic 
bone superiorly (Fig. 12-1 6). This confirms adéquate infe¬ 
rior tilt of the baseplate. 

■ Impact the baseplate and secure it with screws. The 
peripheral screws are ideally placed in the "pillars" of 
densest cortical bone—the coracoid base, inferior pillar, 
and scapular spine. We hâve found screw placement to 
be inconsistent in the scapular spine; however, fixed- 
angle locking screws can be reliably positioned in the 
coracoid base and inferior pillar by internally rotating the 
baseplate approximately 10 degrees. 

■ Dry the Morse taper and impact the glenosphere into 
position. 

■ Place the humerai stem is as described in Technique 
12-1, using trial components to test for stability and 
motion. Réduction and dislocation of the glenohumeral 
joint typically is more difficult than with standard shoul¬ 
der arthroplasty. Réduction involves a combination of 
longitudinal traction and forward élévation on the arm. 
The deltoid tension should be slightly greater than 
before joint relocation, but take care not to overlengthen 
the deltoid, which can resuit in dehiscence and/or acro¬ 
mial fracture. There can be 2 to 3 mm of gapping in the 
glenohumeral articulation once the joint is reduced 
without loss of stability. 

■To dislocate the glenohumeral joint, place the dislocation 
instrument between the bearing surface and glenosphere 
to disrupt the articulation. Then pull the humérus anteri- 
orly (shoulder extension) to deliver the bearing surface. 

■ Once the proper bearing surface is chosen, dry the Morse 
taper and impact it into position. Reduce the glenohu¬ 
meral joint for a final time. Close the wound as described 
in Technique 12-1. Subscapularis repair is especially 
important in these patients, who often hâve poor tissue 
around the shoulder for repair. Closure of the subscapu¬ 
laris has been found to correlate with improved stability. 

See also Video 12-2. 

POSTOPERATIVE CARE. Postoperative care is as 
described for Technique 12-1. 



Glenoid should be reamed until "smiley face" 
is achieved, with bleeding cancellous bone inferiorly and hard 
sclerotic bone superiorly. SEE TECHNIQUE 12-3. 


■ OUTCOMES 

In the past decade, multiple authors hâve reported the 
outcomes of reverse total shoulder arthroplasty done for 
a number of indications. In general, outcomes vary by etiol- 
ogy, with posttraumatic conditions and révision procedures 
having worse outcomes and a higher complication rate. Fatty 
infiltration or absence of the teres minor has also been shown 
to compromise outcomes. Overall, good and excellent results 
hâve been reported in 67% to 82% of patients, with significant 
increases in functional scores and average forward élévation 
between 100 and 138 degrees. Long-term survivorship studies 
hâve yet to be conducted, but implant survival rates of over 
90% at 10 years of follow-up hâve been reported. Survivorship 
for glenoid loosening has been reported at 84% over the same 
period. Although the acceptable postoperative activity level 
that the reverse prosthesis can tolerate is unknown, a high 
percentage of patients nevertheless report medium- and 
high-demand use of the operative limb after surgery. 

I CUFF TEAR ARTHROPATHY 

Several large studies from Europe hâve reported good 
results for reverse total shoulder arthroplasty done for rotator 
cuff arthropathy. In a multicenter study of 80 shoulders 
observed for an average of 44 months, 96% of patients 
reported no or minimal pain, and there was an increase in 
active forward élévation from 73 to 138 degrees. Forty-nine 
patients (64%) had médial component encroachment and 
scapular notching, however, without evidence of loosening. 
Three patients required révision because of progressive loos¬ 
ening of the glenoid component (two patients) or uncoupling 
of the glenosphere and baseplate (one patient). Another study 
reported that 78% of 45 patients were satisfied with their 
results at midterm follow-up (average 40 months); 67% had 
no or slight pain. Results were significantly better in patients 
who had primary arthroplasty for cuff tear arthropathy than 
in patients who had révision of a failed standard arthroplasty. 
Frankle et al. reported their results with reverse total shoul¬ 
der arthroplasty at an average 33-month follow-up of 60 
patients who had severe rotator cuff deficiency. Significant 
improvements were found in pain and function scores; 41 
(68%) of the 60 patients rated their outcomes as excellent or 
good, 16 (27%) were satisfied, and 3 (5%) were dissatisfied. 
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Seven patients required révision surgery to another reverse 
total shoulder arthroplasty (5 patients) or hemiarthroplasty 
(2 patients). Finally, comparative studies hâve found reverse 
total shoulder arthroplasty to be superior to hemiarthroplasty 
for the treatment of cuff tear arthropathy. 

I ROTATOR CUFF DYSFUNCTION 
WITHOUT ARTHRITIS 

More recently, indications hâve been expanded from cuff tear 
arthropathy to include other conditions of rotator cuff insuf- 
ficiency. Mulieri et al. reported 90% implant survivorship at 
a little over 4 years after surgery of 72 shoulders with rotator 
cuff dysfunction without glenohumeral arthritis; 20% of 
patients had a complication. Ek et al. reported a similar sériés 
in a younger patient cohort with clinical improvements that 
were maintained up to 10 years after surgery; however, the 
complication rate remained high as in the sériés reported by 
Mulieri et al. 

I PROXIMAL HUMERAL FRACTURES 

Several authors hâve reported the use of reverse total shoul¬ 
der arthroplasty to treat proximal humerai fractures in the 
elderly. Results hâve been satisfactory, with average forward 
élévation of approximately 100 degrees, but a high rate of 
scapular notching has been noted. A growing body of évi¬ 
dence supports the use of reverse total shoulder arthroplasty 
over hemiarthroplasty in the treatment of comminuted proxi¬ 
mal humerai fractures in elderly patients; one recent meta- 
analysis found reverse total shoulder arthroplasty to be 
superior to hemiarthroplasty for proximal humerai fractures 
in this population. 

I RHEUMATOID ARTHRITIS WITH ROTATOR 
CUFF TEAR 

Two studies hâve reported the use of reverse total shoulder 
arthroplasty in patients with rheumatoid arthritis. At an 
average follow-up of 2 years, John et al. reported improve¬ 
ments in ail outcomes scores in 17 patients. Scapular notching 
occurred in roughly one fourth of patients, but there were no 
radiologie signs of loosening. Holcomb et al. also reported 
significant improvements in ail outcomes measurements in 
21 shoulders observed for an average of 3 years. The compli¬ 
cation rate was 14%, and 18 patients rated their results as 
either good or excellent. More recently, Young et al. found 
similar clinical results but noted a high rate of intraoperative 
and postoperative fractures in this population. 

I SALVAGE PROCEDURES 

In general, the outcomes of reverse total shoulder arthro¬ 
plasty for révision of failed shoulder arthroplasty hâve been 
less satisfactory than those for primary reverse total shoulder 
arthroplasty for other conditions. Cuff et al. reported the out¬ 
comes of reverse total shoulder arthroplasty in the treatment 
of 22 shoulders that had either one or two-staged irrigation, 
debridement, and conversion to reverse total shoulder arthro¬ 
plasty. There were no récurrent infections and motion was 
significantly improved; however, the average forward éléva¬ 
tion was only 80 degrees. Boileau et al. reported that, although 
results were not as good as for primary reverse total shoulder 
arthroplasty, 93% of 40 patients were satisfied with their 
results. Average forward élévation was 123 degrees at final 
follow-up, and the complication rate was 12%. The authors 


TABLE 12-4 


Classification of Glenoid Wear Patterns 

WALCH ET AL. 

SPERLING ETAL. 

ANTUNA ET AL. 

Type A (central) 

None 

Defects caused 

Type B (posterior) 

Mild (érosion into 

by osteolysis/ 

Type C (excessive 

subchondral 

loosening of 

glenoid 

bone) 

polyethylene 

rétroversion > 

Moderate 

glenoid 

25°) 

(hemispheric 

implants: 


deformation and 

Central 


medialization of 

Peripheral 


subchondral 

bone) 

Severe (bone loss 
extending to the 
coracoid base) 

Combined 


stressed that reverse total shoulder arthroplasty in patients 
with more than 90 degrees of forward élévation before surgery 
risks loss of motion in this plane and decreased patient 
satisfaction. 

GLENOID BONE LOSS 

Much of the recent debate and investigation surrounding 
degenerative shoulder conditions has centered on the concept 
of glenoid wear patterns. Although glenoid defects are more 
common in révision situations than in primary arthroplas- 
ties, they may be présent at primary surgery. These wear 
patterns hâve been classified by several authors (Table 12-4). 

Central bone loss is most common in patients with rheu¬ 
matoid arthritis. Placing a centering hole and evaluating the 
depth of the glenoid neck are recommended. A depth of less 
than 1 cm generally do es not allow for adéquate fixation and 
typically precludes the use of a glenoid component without 
bone grafting. Central cavities usually can be filled with local 
bone graff from the humerai head. 

Because the glenohumeral joint tends to sublux posteri- 
orly with osteoarthritis, posterior wear patterns are common 
and can progress to severe bone loss, the so-called B2 glenoid. 
This eccentric glenoid wear pattern results in a twofold 
increase in the glenoid component loosening rate compared 
with concentric wear patterns (Al and A2 glenoids). Some 
authorities hâve advocated placing the glenoid component 
without bone grafting and compensating for the increased 
rétroversion by anteverting the humerai component so that 
the sum of the two versions is 30 to 40 degrees; however, a 
cadaver study determined that compensatory humerai com¬ 
ponent antéversion does not contribute to stability in the 
setting of a retroverted glenoid. 

Alternatively, eccentric reaming of the glenoid has been 
recommended to correct excess rétroversion. Multiple studies 
hâve concluded that glenoid rétroversion of more than 17 to 
18 degrees cannot be corrected with eccentric reaming and 
that defects of more than 20 degrees typically do not allow 
placement of a glenoid component. 

In situations in which eccentric reaming cannot correct 
abnormal glenoid version, bone grafting or component aug¬ 
mentation is recommended. There are multiple reports of 
both techniques used in an attempt to correct glenoid version 
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TABLE 12-5 


Complications After Unconstrained Total Shoulder Arthroplasties Reported in 33 Sériés (2540 Shoulders) 


COMPLICATION 

% ALL SHOULDERS 

NO. SHOULDERS 

% ALL COMPLICATIONS 

COMPONENT LOOSENING 

6.31 

161 

39 

Glenoid 

5.3 

134 

32 

Humérus 

1.1 

27 

6.5 

INSTABILITY 

4.9 

124 

30 

Superior 

3 

77 

19 

Posterior 

1 

25 

6 

Anterior 

0.9 

22 

5 

PERIPROSTHETIC FRACTURE 

1.8 

46 

11 

Intraoperative 

1.1 

27 

6.5 

Postoperative 

0.7 

19 

4.6 

ROTATOR CUFF TEAR 

1.3 

32 

7.7 

NEURAL INJURY 

0.8 

20 

4.8 

INFECTION 

0.7 

19 

4.6 

DELTOID DETACHMENT 

0.08 

2 

0.5 


Modified from Bohsali Kl, Wirth MA, Rockwood CA Jr: Complications of total shoulder arthroplasty, J Bone Joint Surg 88A:2279, 2006. 


in anatomie total shoulder arthroplasty. Although no consen¬ 
sus exists regarding the best technique to restore glenoid 
version, other areas of investigation hâve centered on the use 
of patient-specific guides to correct these difficult wear 
patterns, and improved component positioning has been 
reported. Finally, in elderly patients with severe posterior 
glenoid bone loss, reverse total shoulder arthroplasty has 
been advocated as an alternative to anatomie arthroplasty. 

For bony defects présent at primary or révision reverse 
total shoulder arthroplasty, placement of the center screw 
down an alternate scapular spine center line improves the 
amount of bone stock available for fixation. 

COMPLICATIONS OF SHOULDER 
ARTHROPLASTY 

The overall complication rate after total shoulder arthroplasty 
is estimated to be approximately 15% (Table 12-5). The most 
commonly reported complications, in order of frequency, are 
component (primarily glenoid) loosening, glenohumeral 
instability, rotator euff tear, periprosthetic fracture, infection, 
implant failure including dissociation of modular prostheses, 
and deltoid weakness or dysfunction. A study of over 
400 total shoulder arthroplasties done with cemented all- 
polyethylene glenoid components between 1990 and 2000 
found a 12% complication rate, and only one reoperation was 
required because of component loosening. The most frequent 
complications in this review were rotator euff tearing, gleno¬ 
humeral instability, and periprosthetic humerai fracture. 

Complications after total shoulder arthroplasty tend to 
occur late in the postoperative course (5 to 10 years after 
surgery); component loosening has been reported to occur 
approximately 8 years after surgery, infection at 12 years, and 
periprosthetic fractures at 6 years. 

Reverse total shoulder arthroplasty initially resulted in 
relatively high complication rates (50%) and some unique 
complications. In the past decade, with improved techniques 
and better understanding of the device, the complication 
rate has fallen (6% recently reported). The most common 


complications after reverse total shoulder arthroplasty are 
scapular notching, hematoma formation, glenoid dissocia¬ 
tion such as baseplate failure or aseptie loosening, glenohu¬ 
meral dislocation, acromial and scapular spine fractures, 
infection, loosening or dissociation of the humerai compo¬ 
nent, and nerve injury. 

■ INTRAOPERATIVE COMPLICATIONS 

The most common intraoperative complications in shoulder 
arthroplasty are fracture, usually of the humerai shaff in the 
mid to distal diaphysis (Fig. 12-17); nerve injury, most often 
to the axillary nerve; and malpositioning of components. 

Most often, intraoperative periprosthetic fractures of the 
humérus or glenoid are caused by errors in surgical tech¬ 
nique, such as inadvertent reaming, overzealous impaction, 
or manipulation of the upper extremity during exposure of 
the glenoid. Spiral fractures of the humérus usually are 
caused by excessive external rotation of the shoulder during 
attempts to improve exposure. Fractures of the humerai 
shaff often are caused by torque on the arm that produces 
a spiral fracture of the reamed canal. Overzealous mani¬ 
pulation of the arm during humerai reaming or glenoid 
exposure has been associated with long oblique and spiral 
fractures of the humérus. Complété anterior and inferior 
capsular releases and the use of a bone hook to deliver the 
proximal humérus out of the glenoid fossa may help mini- 
mize torsion forces on the humerai shaff and thereby mini- 
mize the risk of fracture. 

A humerai shaff fracture is most likely at two points in 
the surgical procedure. During the reaming process, when 
résistance is met, and if the assistant has a firm hold of the 
patients arm, excessive torque can be generated that génér¬ 
âtes a spiral fracture. The assistant should be instructed to 
hold the arm loosely in a supportive position at the elbow. 
Further, if any résistance is felt, releasing the grip on the 
patient s arm and allowing it to rotate with the hand reamer 
is advisable. The second critical period is during the réduc¬ 
tion and dislocation maneuver to test implant stability. 
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Periprosthetic humerai fractures. A f Région 1, tuberosity. B f Région 2, proximal metaphysis. C f Région 3, proximal 
diaphysis. D f Région 4, middiaphysis and distal diaphysis. 


Longitudinal distraction must be used, and manual assistance 
to lift the prosthetic humerai head from the joint cavity pre- 
vents the force from being transferred inferiorly into the 
humerai shaff. 

Simple cerclage wiring of the proximal end of the humérus 
and implantation of a standard-size prosthesis usually are 
sufficient for fractures proximal to the tip of the humerai 
prosthesis. Autogenous bone graff from the humerai head can 
be used as a metaphyseal augment affer the stem is inserted. 
We prefer to convert to a longer-stem prosthesis for unstable 
intraoperative humerai fractures in which standard length 
stem fixation is compromised. The use of a longer stem pros¬ 
thesis, extending at least two humerai cortical diameters 
beyond the most distal extent of the fracture, has several 
advantages over dynamic compression plating or cerclage 
wiring alone: the need for secure screw purchase in bone that 
offen is of poor quality is obviated, bending and torsional 
loads are better tolerated and decrease the risk of implant 
failure, a rigid and biomechanically Sound surgical construct 
usually can be obtained, the extensile exposure and soft tissue 
dissection required for plate fixation are avoided, and -stress 
shielding is minimized. 

Fractures of the glenoid are extremely rare and usually 
occur in ostéopénie bone. Most offen, this complication 
occurs affer the glenoid has been reamed to subchondral 
bone and the canal has been prepared to receive a keeled 
prosthesis. Retraction on the anterior or posterior glenoid 
cortex can produce cortical bone failure. Stable fixation of the 
fracture is essential to prevent instability of the glenoid com- 
ponent. The glenoid canal also can be penetrated by the hand- 
held burr during préparation of the canal. Good preoperative 
axillary radiographs or CT scans can help détermine if pos¬ 
terior wear of the glenoid is présent. Reaming of the glenoid 
to its neutral version and tilt restores alignment for proper 
orientation before canal préparation is started. If the cortex 


is penetrated, the defect should be bone graffed to prevent 
cernent extrusion. 

Although nerve injury during total shoulder arthroplasty 
is rare, it is devastating when it does occur. Most reported 
instances of permanent axillary nerve injury involved révi¬ 
sion surgery or primary surgery in a shoulder that had mul¬ 
tiple previous operations. The radial nerve can be injured by 
an intraoperative humerai shaff fracture and internai fixation 
of the fracture. Extrusion of cernent through a defect in the 
humerai canal has been reported to resuit in radial nerve 
injury; nerve function returned affer removal of the cernent 
near the nerve. Most nerve injuries are neurapraxias that 
recover with time. A complété neurologie examination should 
be done early in the postoperative period to document any 
nerve déficits. If no recovery is noted affer 6 weeks, an elec- 
tromyographic examination should be obtained and should 
be repeated at 3 months. If no recovery has occurred as 
évident by electromyography at 3 months, exploration of the 
nerve should be considered. 

If malposition of the humérus is noted with an unce- 
mented component, it can typically be disimpacted and 
repositioned. If a cemented component is used, an offset 
humerai head prosthesis can be used to attempt to correct 
version. The offset humerai head allows 5 to 7 degrees of 
version correction in the anterior or posterior direction. 
However, in reality, a malpositioned cemented humerai stem 
offen requires a lengthy and difhcult révision procedure to 
remove the well-fixed component and replace it in an appro- 
priate position. 

■ POSTOPERATIVE COMPLICATIONS 

Postoperative complications include glenoid loosening, 
glenohumeral instability, rotator euff tears, periprosthetic 
fracture, infection, deltoid rupture, tuberosity nonunion 
or malunion, humerai loosening, impingement, hétérotopie 
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bone formation, mechanical failure of components, and loss 
of motion. 

I GLENOID LOOSENING 

Symptomatic loosening of glenoid or humerai components is 
the most common problem encountered in total shoulder 
arthroplasty, accounting for one third of ail complications. 
Loosening of the glenoid component is significantly more 
common than loosening of the humerai component. Radio¬ 
graphie lucent lines at the cement-bone interface of the 
glenoid component hâve been observed in varying degrees in 
up to 96% of patients in some studies. One metaanalysis 
found that asymptomatic radiolucent lines occur at a rate of 
7% per year, with symptomatic loosening occurring at 1.2% 
per year, and résultant révision occurring at 0.8% per year. 
Although some hâve found no association between radio¬ 
graphie changes and clinical results, progression of the lines 
has been correlated with a decrease in function and an 
increase in pain in most patients. A shift in the position of 
the glenoid component or circumferential radiolucent lines 
at least 1.5 mm wide are evidence of a loose glenoid compo¬ 
nent. Injection of the cernent under pressurization provided 
by a syringe and application of cernent on the back side of the 
glenoid component has been reported to improve glenoid 
component fixation by providing more complété cementa¬ 
tion. Radiolucencies tend to evolve late (after 5 years), indi- 
cating the need for further technical and prosthetic innovation 
to improve long-term component durability. 

Polyethylene débris from glenoid wear has been reported 
in approximately 20% of révision shoulder arthroplasty cases. 
In a retrieval study of 52 shoulders undergoing révision 
surgery after total shoulder arthroplasty, osteolysis was more 
common when screws had been used for glenoid component 
fixation and was highly associated with third body wear. 
Radiolucent lines also were significantly associated with oste¬ 
olysis. No significant différences were found regarding the 
presence of particulate débris, however. Another analysis of 
78 retrieved glenoid components found that scratching, 
pitting, and burnishing were the most common modes of 
glenoid polyethylene wear, mostly in the inferior quadrant, 
and that radiographie analysis underestimates the amount of 
clinical glenoid loosening. Others hâve postulated that the 
functional malcentering of the humerai head associated with 
the common posterior subluxation pattern in osteoarthritis 
can contribute to glenoid wear postoperatively if not cor- 
rected at the time of joint replacement. 

One controversy has been the relative clinical and 
radiographie performances of pegged glenoid designs and 
those that use a keel. Multiple authors hâve concluded 
that the biomechanical data support pegged glenoid compo¬ 
nents. Although a randomized controlled trial by Edwards 
et al. found a significantly higher rate of radiolucencies 
in keeled implants (46%) than in pegged components 
(15%), other clinical data hâve been somewhat mixed. 
Whereas one radiostereometric analysis found that keeled 
components demonstrated more migration than pegged 
implants, another prospective randomized trial using radio¬ 
stereometric analysis found no différence between pegged 
and keeled implant micromigration at 2 years of follow-up. 
More recently, we found no significant différences in clinical 
or radiographie outcomes between pegged and keeled com¬ 
ponents at intermediate-term follow-up, indicating that 


glenoid lucencies develop over time, most likely as a resuit 
of the stresses placed across the bone-cement-polyethylene 
interface. 

Arthroscopy has been reported to be useful in evaluating 
glenoid component loosening. If glenoid loosening is présent 
in an asymptomatic patient, only observation is indicated; 
however, if loosening is présent in a patient who has symp- 
toms of pain, decreased range of motion, and functional dis- 
ability, further investigation is warranted to détermine if 
implant replacement is appropriate. A painful “clunking” sen¬ 
sation with forward élévation of the arm has been described 
as a sign of symptomatic glenoid loosening. 

I HUMERAL LOOSENING 

Humerai radiolucent lines are not nearly as common as 
radiolucent lines around the glenoid component. Radiolucent 
lines may progress over time to component loosening, which 
typically is diagnosed by a change in implant position or 
progression to circumferential radiolucent lines, and is now 
thought to often indicate indolent infection. Raiss et al., 
however, suggested that polyethylene wear from the anatomie 
glenoid component is associated with proximal humerai oste¬ 
olysis around the humerai component. Although early studies 
reported humerai radiolucent lines in up to 61% of implants, 
mostly at the distal stem tip, actual loosening of the compo¬ 
nent was much less frequent, and few components required 
révision because of symptomatic loosening. In a more recent 
study, we found essentially no evidence of loosening and 
minimal (1 mm) radiolucent lines in 6.5% of proximally 
coated ingrowth humerai stems at an average of approxi¬ 
mately 4 years of follow-up. These results are mirrored in a 
study of reverse total shoulder arthroplasty, where humerai 
stem loosening was reported to be less than 1%. 

I INSTABILITY 

Instability is the second leading cause of complications asso¬ 
ciated with shoulder arthroplasty, with a reported prevalence 
of 4% and accounting for 30% of ail complications. It can 
occur in any direction and in variable degrees of subluxation 
and dislocation. In a metaanalysis of 11 sériés of total shoul¬ 
der arthroplasties that included 838 patients, Wilde reported 
a 1.2% incidence of postoperative dislocation over a follow-up 
period of 20 to 54 months. 

Approximately 80% of instability complications after total 
shoulder arthroplasty involve anterior or superior instability. 
Key to designing treatment for this problem is isolating and 
understanding the exact cause of the instability. Anterior 
instability most commonly is associated with subscapularis 
failure, glenoid antéversion, malrotation of the humerai com¬ 
ponent, or anterior deltoid dysfunction. Anterior instability 
secondary to subscapularis rupture generally is a conséquence 
of operative technique, tissue quality, inappropriate physical 
therapy, or the use of oversized components. Anterior insta¬ 
bility also can be caused by the use of a humerai head that is 
too small for the joint volume (Fig. 12-18). Replacement of 
the humerai head with an appropriate-size implant, which 
also can be an offset-type component, can be done to regain 
stability. If abnormal humerai version is found to be the cause 
of anterior instability, révision of the stem should be consid- 
ered. A torn subscapularis tendon is likely underreported and 
does not correlate with the postoperative physical examina¬ 
tion; however, it can contribute to anterior instability and 
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Humerai head component that is too small can 
resuit in anterior instability. 


must be repaired to regain joint stability. If the tendon 
cannot be repaired, reconstruction with a bone-Achilles 
tendon allograff as a static restraint has been reported to be 
successful. 

Concerns about postoperative subscapularis integrity 
hâve resulted in a multitude of techniques in addition to 
subscapularis tenotomy to prevent this complication. One 
such technique is a lesser tuberosity osteotomy (LTO), in 
which the bone-tendon unit is resected to access the gleno- 
humeral joint and then fixed at the end of the procedure. 
However, the biomechanical evidence has been mixed, and 
clinical sériés hâve not demonstrated superiority of one tech¬ 
nique over another for subscapularis management. One 
report suggested that LTO failure may be an underreported 
complication. 

Progressive superior migration of the humerai head has 
been reported in association with dynamic muscle dysfunc- 
tion, atténuation of the supraspinatus, failed rotator cuff 
repairs, and frank rupture of the rotator cuff. The amount of 
proximal humerai migration was found to be independent of 
the size of the rotator cuff defect but correlated positively with 
the association of cuff deficiency and poor preoperative func- 
tion. An imbalance in the force couple between the deltoid 
and the surgically treated rotator cuff has been implicated in 
superior migration of the humerai component and may be 
the resuit of poor postoperative réhabilitation. Asymptomatic 
patients should be encouraged to continue réhabilitation 
and do not require operative intervention; however, long- 
term superior migration of the humerai head can resuit in 
loosening of the glenoid component, and repair of rotator 
cuff tears at the time of arthroplasty can help prevent this 
complication. 

Posterior instability has been attributed most offen to 
malpositioning of the components but may be multifactorial 
as well. Posterior glenoid érosion with excessive component 
rétroversion and soff-tissue imbalance has been implicated in 
the development of posterior instability. If the glenoid or 
humerai component is placed in too much rétroversion, pos¬ 
terior instability may occur and révision is recommended. If 
the capsule is stretched from long-standing posterior wear on 
the glenoid, it may require imbrication to gain stability. 


Patients with posterior glenohumeral subluxation associated 
with long-standing osteoarthritis or a history of chronic pos¬ 
terior instability, whether récurrent or fixed, are at increased 
risk for posterior instability affer shoulder arthroplasty. 
Proper use of eccentric reaming, with or without bone graff- 
ing, and placement of the humerai and glenoid components 
has been shown to minimize the risk of this complication, 
but soff-tissue balancing, as described in the surgical tech¬ 
nique for total shoulder arthroplasty, is a critical component 
of the operation. In most such patients, external rotation 
is restricted, with tight and contracted anterior structures 
and an attenuated and stretched posterior capsule. Thus 
proper attention to component position in addition to soff- 
tissue balancing is a crucial step in preventing posterior 
instability. 

Inferior instability is related to the loss of normal humerai 
height and is most common affer hemiarthroplasty for proxi¬ 
mal humerai fractures. Removal of too much of the proximal 
humérus, with résultant inferior placement of the humerai 
head, can lead to inferior instability. Patients usually hâve 
difficulty elevating the arm past the horizontal plane because 
of weakness of the deltoid caused by shortening of the 
humérus. Révision surgery usually is necessary to restore 
humerai length and regain deltoid strength. 

I PERIPROSTHETIC FRACTURE 

The reported prevalence of postoperative periprosthetic 
humerai shaff fractures ranges from 0.5% to 2%. Postopera¬ 
tive humerai shaff fractures are most frequent in women and 
in patients with rheumatoid arthritis. 

Wright and Cofield classified periprosthetic humerai 
shaff fractures into three types. Type A fractures extend prox- 
imally from the tip of the prosthesis, type B fractures are 
centered at the tip of the prosthesis, and type C fractures 
involve the humerai shaff distal to the prosthesis. Treatment 
of type A postoperative periprosthetic fractures offen require 
révision arthroplasty and fracture stabilization if the fracture 
disrupts a large portion of the bone-implant interface and 
leads to implant loosening. Type B fractures can be treated 
with a fracture brace if acceptable alignment can be obtained. 
If union is delayed, open réduction and internai fixation with 
a plate and screws and cerclage wiring, without prosthesis 
removal, is recommended; however, it should be stressed that 
these fractures take an average of 5 to 9 months to heal and 
the patient should be counseled regarding the extended treat¬ 
ment course from this complication. Type C fractures usually 
heal with immobilization and can be managed as other frac¬ 
tures of the humerai shaff. Again, extended healing times 
should be anticipated. 

Initial nonoperative management has been recommended 
for fractures proximal to the stem tip and for fractures with 
acceptable alignment at the tip of a well-fixed humerai stem. 
For fractures with unacceptable alignment at the stem tip, 
open réduction and internai fixation has been advocated, par- 
ticularly if the fracture extends distally. Révision with a long 
stem is recommended for similar fractures when the humerai 
component was loose. 

I ROTATOR CUFF FAILURE 

Rotator cuff failure is the fourth most common complication 
affer shoulder arthroplasty, with a reported incidence of 1% 
to 2%. Rupture of the subscapularis tendon is involved in 




59 


PART V RECONSTRUCTIVE PROCEDURES OF THE SHOULDERAND ELBOW IN ADULTS 


most rotator cuff tears. Factors reported to be associated with 
postoperative tears of the subscapularis tendon include mul¬ 
tiple operations, overstuffing of the joint, overly aggressive 
therapy involving external rotation during the early postop¬ 
erative period, and tendon compromise by lengthening 
techniques. 

This secondary rotator cuff dysfunction increases over 
time and is associated with functional décliné of the prosthe- 
sis. Preoperative fatty infiltration of the infraspinatus and a 
glenoid component placed in superior tilt are risk factors for 
subséquent rotator cuff failure. Symptomatic tears can be 
repaired in the standard fashion with care to preserve the 
coracoacromial ligament. Récurrent tears of the superior 
rotator cuff may resuit in little improvement in function and 
motion, however, affer operative repair. Large tears cause 
superior subluxation and eventual loosening of the glenoid 
component from compression forces on the superior rim of 
the glenoid (the so-called rocking horse glenoid). Repair of 
large or massive tears may be impossible. One treatment for 
this difficult problem involves removing the glenoid compo¬ 
nent, bone graffing of the glenoid cavity defect, and allowing 
the humerai prosthesis to migrate superiorly. A competent 
coracoacromial ligament must be présent to provide superior 
stability if this salvage procedure is done. More recently, con¬ 
version to reverse total shoulder arthroplasty has been 
described, with satisfactory results, although the outcomes of 
this conversion are not as favorable as those for primary 
rotator cuff arthropathy. 

I INFECTION 

Infection is rare after both primary anatomie and reverse total 
shoulder arthroplasty (approximately 2%); male sex and 
younger âge at the time of arthroplasty are risk factors. As 
with ail joint replacements, several factors contribute to the 
prédilection for bacterial seeding, including bacterial adhe¬ 
sion, glycoprotein encapsulation, bacterial résistance to anti¬ 
biotics, physical properties of the implant such as Chemical 
composition and surface texture, and inhibiting factors from 
ion elution. The literature also suggests an increased risk of 
infection in patients with diabètes mellitus, rheumatoid 
arthritis, systemic lupus erythematosus, and remote sites of 
infection. Other factors implicated in an increased suscepti- 
bility to infection include immunosuppressive chemotherapy, 
systemic corticosteroids, multiple steroid injections, and pre- 
vious shoulder surgery. Several reports hâve linked infection 
around total joint prostheses to transient bacteremia second¬ 
ary to dental manipulation, urinary tract infection, pneumo- 
nia, and genitourinary instrumentation. As in patients with 
other total joint arthroplasties, prophylactic antimicrobial 
coverage should be individualized for each patient and 
procedure. 

Propionibacterium acnés is the most commonly isolated 
organism after shoulder arthroplasty but has a protean pré¬ 
sentation and is very difficult to diagnose. A gram-positive, 
aerotolerant anaérobie rod that lives in the skin (not on the 
skin), P. acnés has a different behavior and profile than other 
organisms such as Staphylococcus aureus. Typical inflamma- 
tory indices (white blood cell count [WBC], C-reactive 
protein [CRP], érythrocyte sédimentation rate [ESR]) often 
are not revealing, and even cultures are not uniformly reli- 
able. The most common symptom is unexplained pain. 
Because of the organisms slow-growing nature, cultures 


should not be discarded in 3 to 5 days, but should be held for 
at least 2 weeks to isolate this organism. More recent work 
has centered on the use of synovial IL-6 measurement as 
another method to diagnose P. acnés infection. 

Intraoperative findings of humerai loosening, turbid 
fluid, and membrane formation ail correlate with the likeli- 
hood of a positive culture for P. acnés. Intraoperative histo- 
pathology has been reported to hâve very high specificity but 
only approximately 50% sensitivity for P. acnés infection. A 
threshold of 10 polymorphonuclear leukocytes per high- 
power field (rather than 5) to diagnose infection has been 
suggested to increase the sensitivity of intraoperative pathol- 
ogy without affecting specificity. 

If the infection is identified early (3 to 6 weeks after 
surgery) and the organism is gram positive, rétention of the 
components can be considered. One-stage irrigation and 
debridement with replacement of the humerai head, along 
with appropriate parentéral antibiotic therapy, has been 
shown to be effective treatment. If the organism is gram néga¬ 
tive or the infection occurs late, removal of the implants 
and ail cernent generally is recommended. Placement of an 
antibiotic-impregnated spacer or beads helps to sterilize the 
soff-tissue envelope, and a 6-week course of parentéral anti¬ 
biotics can be followed by implantation of révision compo¬ 
nents with the use of antibiotics in the cernent. In a study of 
21 shoulders treated with resection arthroplasty, Sperling 
et al. reported that six had récurrent infections, six were 
treated with debridement and prosthesis rétention, and three 
had subséquent infection that required resection arthroplasty. 
Two had removal of the prosthesis, debridement, and immé¬ 
diate reimplantation; one had reinfection and subséquent 
resection arthroplasty. Three shoulders with removal of the 
prosthesis, debridement, and delayed reimplantation had no 
reinfection. Although the numbers were too small to make 
any definite conclusions, the authors suggested that delayed 
reimplantation may be the best option: patients with prosthe¬ 
ses had better pain relief and function than those with resec¬ 
tion arthroplasty. 

In clear cases of infection, we routinely remove ail com¬ 
ponents and foreign material, place an antibiotic cernent 
spacer, administer intravenous antibiotics, and follow inflam- 
matory indices (complété blood cell count, ESR, CRP) with 
the plan for component replantation if the infection is cleared. 
We obtain an aspiration and culture of glenohumeral joint 
fluid before replantation. The cultures are held for 14 days to 
allow for isolation of P. acnés. In selected patients who either 
refuse or are medically unfit for a révision arthroplasty, use 
of a functional antibiotic spacer has been reported to obtain 
satisfactory outcomes. 

I DELTOID MUSCLE DYSFUNCTION 

Deltoid muscle dysfunction caused by axillary nerve injury 
or detachment of the deltoid muscle can resuit in a cata- 
strophic loss of shoulder function. Deltoid degeneration after 
reverse total shoulder arthroplasty has been attributed to an 
increase in the moment arm in the anterior and middle heads 
of the deltoid, which reduces the muscle effort required for 
most activities but can resuit in attritional stretching of the 
deltoid with later loss of function. Postoperative fatty infiltra¬ 
tion of the deltoid, thought to be secondary to the altered 
biomechanics of the device, also has been reported to resuit 
in inferior clinical outcomes. 
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Nerot classification of progressive scapular notching. A f Gracie 0, no notch. B, Gracie 1, small notch. C f Gracie 2, notch 
with condensation (stable). D f Grade 3, évolutive notch (érosion of inferior screw). E f Grade 4, first glenoid loosening. 


I HETEROTOPIC OSSIFICATION 

Hétérotopie ossification has been noted to occur after shoul- 
der arthroplasty in 10% to 45% of patients. Male gender and 
osteoarthritis are risk factors. Bridging hétérotopie bone of 
the glenohumeral joint or glenoacromial space can occur 
in extreme situations. No corrélation is évident, however, 
between hétérotopie ossification and the development of 
shoulder pain. Hétérotopie ossification after total shoulder 
arthroplasty usually is low grade, is présent early in the post- 
operative period, is nonprogressive, and does not adversely 
affect clinical results. 

I STIFFNESS 

Many patients who are dissatisfied with the outcomes of their 
total shoulder arthroplasties cite stiffness as the reason. Post- 
operative stiffness, typically manifested by loss of forward 
élévation or external rotation, usually results from oversizing 
of components, shortening or overtightening of the subscap- 
ularis, or insufficient réhabilitation. Treatment involves soft- 
tissue balancing procedures to completely mobilize the 
subscapularis. Excision of the anterior capsule and release of 
the rotator interval and coracohumeral ligament may be 
required to accomplish this. If the subscapularis is still tight, 
a Z-plasty lengthening in the frontal plane may be required. 
A general rule is that 1 cm of lengthening equals approxi- 
mately 20 degrees of increased external rotation. 

■ COMPLICATIONS OF REVERSE TOTAL 
SHOULDER ARTHROPLASTY 

Because of its unique configuration, reverse shoulder arthro¬ 
plasty can resuit in complications other than those usually 


associated with total shoulder arthroplasty. Notching of the 
scapula is unique to this prosthesis but has variable inci¬ 
dences in the literature; it has been reported in 10% to 96% 
of reverse arthroplasties. The most common complication 
after reverse total shoulder arthroplasty is notching of the 
inferior scapula by the humerai component, an osteolytic 
reaction caused by impingement of the polyethylene humerai 
bearing surface, mainly in adduction and external rotation. 
Nerot classified this notching into four grades, ranging from 
none to notching severe enough to cause glenoid loosening 
(Fig. 12-19). In most patients, the notching stabilizes at grade 
2 at about 12 months after implantation; however, notching 
has been shown to resuit in inferior clinical outcomes and 
higher rates of radiolucencies at intermediate follow-up. 

Over the past decade, surgical techniques to decrease the 
rate of scapular notching hâve been extensively studied. 
Several factors hâve been implicated and technical changes 
hâve included placing the baseplate in an inferior position 
with inferior tilt, usually about 10 to 15 degrees. Levigne et al. 
found that superior tilt of the glenosphere correlated with 
scapular notching in their study of448 shoulders observed for 
an average of approximately 4 years. Other studies hâve 
focused on increasing glenosphere size and latéral offset. 
Review of the available evidence indicates that inferior place¬ 
ment of the baseplate with inferior tilt are the two most 
important factors to decrease notching. Kelly et al. recom- 
mended placing the initial drill hole 11.5 mm superior to the 
inferior glenoid rim to optimize baseplate positioning. Use of 
a more varus stem with a neck-shaft angle of 135 degrees 
(rather than 155 degrees) and a lateralized glenosphere has 
been reported to resuit in lower notching rates as well. Another 
study noted that a longer scapular neck is associated with a 










59i 


PART V RECONSTRUCTIVE PROCEDURES OF THE SHOULDERAND ELBOW IN ADULTS 


lower notching rate, suggesting that some patient-spécifie 
anatomie factors may hâve a rôle in this complication. 

Instability after reverse total shoulder also is a known 
complication; it occurs primarily in extension and adduction 
at a rate of approximately 5%. Muscle forces across the joint 
appear to be the primary déterminant of implant stability, and 
an irréparable subscapularis tendon has been reported to cor- 
relate with a higher dislocation rate. Technical factors that can 
improve stability include use of an inferior offset glenosphere 
and, when necessary, a constrained polyethylene bearing 
surface. Interestingly, the use of constrained liners has been 
reported to resuit in a comparable level of scapular notching 
as with unconstrained surfaces. 

Acromial stress fractures are thought to be caused by 
increased stress placed on the posterior aspect of the acro- 
mion by the configuration of the prosthesis and résultant 
increased deltoid tension. Radiolucent lines around the 
glenoid baseplate hâve been described and hâve been sug- 
gested to resuit from the offset of the glenosphere at its attach- 
ment to the baseplate rather than to loosening. Longer-term 
follow-up is required to détermine the progression or signifi- 
cance of these radiolucent lines. Scapular spine fractures are 
more common in osteoporotic patients and are associated 
with the use of a baseplate that relies on a center screw for 
fixation. 

As outcomes studies for reverse total shoulder arthro- 
plasty extend into the second decade, there has been concern 
about polyethylene wear from the semiconstrained articula¬ 
tion. This is particularly true with the use of retentive liners, 
which hâve been shown to hâve increased wear compared 
with nonretentive bearing surfaces. Future longitudinal 
studies examining in vivo wear rates and the possible évolu¬ 
tion of aseptie loosening patterns will aid in understanding 
this topic. 

REVISION SHOULDER ARTHROPLASTY 

The rate of révision of primary shoulder arthroplasties, as 
reported in the earlier literature, ranged from 0% to 12.5%; 
however, with longer follow-up, more recently reported révi¬ 
sion rates for constrained and unconstrained implants range 
from 5% to 42%. 

■ INDICATIONS 

Révision surgery is technically demanding, and the causes of 
failure of the primary procedure offen are multifactorial, 
involving soft tissues, bony structures, and the implant. 
Determining the results of révision arthroplasty is difficult 
because many reported sériés of total shoulder arthroplasties 
include limited discussions of small numbers of révisions 
along with primary procedures. Nevertheless, the main indi¬ 
cation and goal for révision shoulder arthroplasty is pain 
relief. Restoration of motion, strength, function, and stability 
are secondary goals because they are less reliably obtained. 

Dense scarring from previous operations commonly 
complicates the surgical approach in révision shoulder arthro¬ 
plasty. Exposure is typically quite difficult, making compo- 
nent implantation less predictable. Foruria et al. described an 
anteromedial approach to the shoulder in which the anterior 
deltoid is taken down from the clavicle and acromion, allow- 
ing full access to the underlying structures. Meticulous trans- 
osseous repair of the deltoid is required at the end of the 
procedure to prevent dehiscence. 


Failed hemiarthroplasty due to glenoid arthritis is an 
increasingly common indication for révision arthroplasty. 
Anatomie glenoid component implantation is reliable to 
relieve pain and improve range of motion, but some authors 
hâve noted that preexisting instability and/or subscapularis 
deficiency often is not correctable with an anatomie révision 
arthroplasty. 

Symptomatic loosening of the glenoid component is the 
most common reason for révision surgery and usually is 
treated by removal, with or without replacement of the com¬ 
ponent. Loosening, polyethylene wear or dissociation, and 
component malposition are the most common causes of 
glenoid failure. A new component can be cemented in place 
if adéquate glenoid bone stock is available, and the deltoid 
and rotator euff muscles are functional. In general, the goal 
of révision arthroplasty should be to resurface the glenoid to 
maximize pain relief; however, récurrent glenoid loosening 
has been reported in 67% of cases. In patients with mild-to- 
moderate bone loss, replacement of the prosthesis may be 
possible. Concentric reaming and bone grafting can help 
provide adéquate fixation of the new prosthesis. Reimplanta¬ 
tion usually is impossible if bone loss is severe, but removal 
of the glenoid component may provide satisfactory pain 
relief. Bone grafting can improve bone stock for later implan¬ 
tation. Another alternative reported to be successful in these 
situations is conversion to reverse total shoulder arthroplasty; 
however, complication and reoperation rates are high, and the 
procedure is technically demanding. 

Révision of the humerai stem for loosening is uncommon 
and dépends on the type of fixation used. As noted previously, 
indolent infection should be suspected in cases of isolated 
humerai stem loosening. In uncemented prostheses, disrup- 
tion of the remaining ingrowth surface and removal of 
the component followed by replacement with a cemented 
or uncemented stem (based on the remaining humerai 
bone stock) is recommended. When a cemented humerai 
stem is loose, component removal followed by a cement- 
within-cement technique can be used. Alternatively, complété 
removal of the cernent mantle may be accomplished with 
subséquent placement of an ingrowth stem, if adéquate bone 
stock remains. When a well-fixed stem must be removed, 
humerai windowing and longitudinal split techniques hâve 
been described with high healing and low complication rates. 

■ OUTCOMES 

Outcomes after révision of unconstrained shoulder arthro¬ 
plasties generally are inferior to the outcomes after primary 
arthroplasty. Dines et al. reviewed the results of 78 révision 
total shoulder replacements and found that results were sig- 
nificantly better for component révisions than for soft-tissue 
reconstructions. Although Hattrup reported 70% good and 
excellent results at an average of 4.5 years after total shoulder 
arthroplasty for failed hemiarthroplasty, Carroll et al. found 
a high rate (47%) of unsatisfactory outcomes at 5.5 years of 
follow-up in a similar group of patients and concluded this 
procedure is a salvage situation with outcomes inferior to 
those of primary total shoulder arthroplasty. 

The versatility of reverse total shoulder arthroplasty 
makes it an attractive option for révision situations in which 
the rotator euff often is not functional. Although a reverse 
replacement may be the only reasonable option in some 
patients, the complication rate of révision reverse total 
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shoulder arthroplasty has been reported to be higher than that 
of primary reverse total shoulder arthroplasty and is typically 
over 50%; patient satisfaction remains high, however. 
Although most of these complications are minor, we never- 
theless urge caution when undertaking a révision shoulder 
arthroplasty When a reverse arthroplasty requires révision, 
patients should be cautioned that multiple procedures offen 
are necessary but that the prosthesis usually can be salvaged. 

OTHER SURGICAL OPTIONS FOR FAILED 
SHOULDER ARTHROPLASTY 

■ HEMIARTHROPLASTY 

Hemiarthroplasty is discussed earlier in this chapter. 

■ RESECTION ARTHROPLASTY 

Resection arthroplasty may be considered for failed shoulder 
arthroplasties in patients with résistant infection, intractable 
pain, or extensive loss of bone or soft tissue that precludes 
reimplantation of a prosthesis. Successful éradication of 
récalcitrant shoulder infection has been reported after resec¬ 
tion arthroplasty with and without the use of antibiotic 
spacers. Although the procedure is reliable for pain relief, 
range of motion and function are generally poor because the 
fulcrum of the shoulder is lost. 

■ GLENOHUMERAL ARTHRODESIS 

Glenohumeral arthrodesis rarely is indicated as a primary 
procedure for arthritic shoulder conditions but may be appro- 
priate for failed shoulder arthroplasty in patients with severe 
bone loss, chronic low-grade infection, multiple failed révi¬ 
sion arthroplasties, intractable instability, or extensive defi- 
ciencies of the deltoid. Techniques for and results of shoulder 
arthrodesis are discussed in Chapter 13. 

REHABILITATION AFTER SHOULDER 
ARTHROPLASTY 

Few comparative data are available regarding réhabilitation 
protocols after shoulder arthroplasty. Most surgeons hâve 
their own protocols, but, in general, the goals for réhabilita¬ 
tion are restoration of function and motion (Box 12-2). 
Recovering motion and strengthening the anterior deltoid 
and external rotators are of greatest importance. Of particular 
importance in anatomie replacements is protecting the sub- 
scapularis repair, and most protocols are governed by this 
premise. Patients with poorly functioning deltoid and rotator 
euff muscles are placed in the limited-goals category and are 
given an exercise program aimed at achieving a more modest 
range of motion. 

A sling or immobilizer is applied immediately after 
surgery and is worn for the first 6 weeks when not performing 
physical therapy. Most patients begin early passive and active - 
assisted range of motion, including pendulum, isométrie 
elbow, and wrist and hand exercises. At 6 weeks, the sling or 
immobilizer is removed and gentle activities in front of the 
body are permitted. Pulley exercises for overhead motion and 
exercises for external rotation are initiated at this point as 
well. Passive forward élévation, internai rotation, and external 
rotation should be maximized before isométrie strengthening 
is initiated at 6 weeks. Active internai rotation and passive 
external rotation are limited to protect the subscapularis 
repair for 12 weeks. Patients should be cautioned to avoid 



Réhabilitation Protocol After Shoulder 
Arthroplasty 


■ POD1 to 6 weeks—AA/PROM only 

■ Forward élévation—in the plane of the scapula as toler- 
ated, up to 90 degrees 

■ Internai rotation, with upper arm at side, to chest 

■ External rotation, with upper arm at side, 0-20 degrees 

■ Pendulum exercises five times per day 

■ AA->AROM for elbow, wrist, and hand 

■ 6-12 weeks—continue AA/PROM 

■ Forward élévation to full 

■ External rotation to 30 degrees 

■ Wand and overhead pulley 

■ Isométrie strengthening for flexion, extension, external 
rotation, and abduction in neutral position only 

■ At 12 weeks—start AROM/dynamic strengthening 

■ Continue AROM, stretches, and TheraBand 
strengthening 

■ Progress strengthening 

■ Progress to home program 

AAR0M, Active-assisted range of motion; AROM, active range of motion; POD, 
postoperative day; PR0M, passive range of motion. 


using their arm to push themselves up in bed or from a chair 
because this requires forceful contraction of the subscapu¬ 
laris. Unrestricted activity is permitted at 12 weeks, but 
patients are cautioned not to participate in contact sports or 
do any aggressive weight training. If any residual tightness is 
présent at 12 to 16 weeks, aggressive stretching should be 
started. Range of motion usually is approximately two thirds 
of normal after completion of a réhabilitation program. The 
réhabilitation protocol should be modified as necessary in 
circumstances requiring rotator euff repair or révision. 

A home-based program of réhabilitation after total shoul¬ 
der arthroplasty also can be effective (Table 12-6). Patients 
are instructed in the first sequence of exercises while in the 
hospital, and these are practiced with a relative or friend in 
three or four sessions with a physical therapist. At 5 weeks, 
patients return for a single physical therapy session for 
instruction in the newer exercises. Serial radiographs are 
made annually to ensure that no signs of component failure 
are présent. Patients with rheumatoid arthritis, traumatic 
arthritis, or osteonecrosis may be at risk for failure to regain 
motion and for complications with tendon, particularly sub¬ 
scapularis, healing. 


RECONSTRUCTIVE PROCEDURES 
OF THE ELBOW 

Elbow arthroplasty has been described in multiple forms over 
time. Debridement procedures, soff-tissue interposition, and 
prosthetic arthroplasty hâve ail been reported. Semicon- 
strained total elbow arthroplasty, in particular, has a well- 
studied track record of pain relief and restoration of function 
for activities of daily living in low-demand patients. However, 
the procedure is associated with a relatively high complica¬ 
tion rate and is not as durable as replacements of the hip, 
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knee, or shoulder. In particular, the excessive loads placed on 
the device by high-demand patients is a common cause of 
failure. 

ANATOMY AND BIOMECHANICS 

In the normal elbow joint, stability is maintained by the 
combination of highly congruent joint geometry, capsuloliga- 
mentous integrity, and balanced intact musculature. The 
biceps, brachialis, anconeus, and triceps muscles are espe- 
cially important. The médial collateral ligament complex con- 
sists of anterior, posterior, and transverse components (Fig. 
12-20A). The anterior bundle is the most easily identifiable 
and is the major portion of the médial collateral ligament 
complex. The anterior bundle inserts along the médial aspect 
of the coronoid process (sublime tubercle) and is taut with 
the elbow in flexion and extension. The posterior bundle is 
taut during flexion. 


_ TABLE 12-6 _ 

Home-Based Exercise Program for Réhabilitation 
After Total Shoulder Arthroplasty 


EXERCISE 

DAYS AFTER 
SURGERY 

WEEKS AFTER 
SURGERY 

Active hand, forearm, elbow 
motion 

1 


Passive shoulder motion 

1 


Assisted pulley for élévation 

21 

3 

Active-assisted motion and 
stretching with wand/cane: 
flexion-extension, élévation- 
adduction 

35 

5 

Isométries for light 
strengthening 

35 

5 

Strengthening with 
TheraBand* 


10 


*The Hygenic Corp., Akron, Ohio. 

From Boardman ND III, Cofield RH, Bengtson KA, et al: Réhabilitation after total 
shoulder arthroplasty, J Arthroplasty 6:483, 2001. 



Transverse 

A ligament 


Posterior 

bundle 


The latéral ligament complex consists of the radial col¬ 
lateral ligament, the latéral ulnar collateral ligament, the 
accessory latéral collateral ligament, and the annular ligament 
(Fig. 12-20B). The radial collateral ligament arises from the 
latéral épicondyle and inserts into the annular ligament along 
with fibers of the capsule. The latéral ulnar collateral ligament 
consists of posterior fibers of the radial collateral ligament, 
which extend superficially to and across the annular ligament, 
inserting on the crista supinatorius (supinator crest) of the 
ulna. The accessory latéral collateral ligament arises from the 
latéral épicondyle and inserts into the inferior margin of the 
annular ligament. It is taut when the elbow is stressed in 
varus. The annular ligament arises and inserts on the anterior 
and posterior margins of the lesser sigmoid notch of the ulna 
and stabilizes the radial head adjacent to the ulna. Of these, 
the latéral ulnar collateral ligament is most crucial to main- 
taining elbow stability. 

In extension, the anterior capsule provides approximately 
70% of soff-tissue restraint to distraction. Valgus stress in 
extension is divided equally among the médial collateral liga¬ 
ment, capsule, and joint surface. Varus stress in extension is 
limited equally by the joint articulation, latéral collateral liga¬ 
ment, and capsule. In flexion, the médial collateral ligament 
complex provides a soff-tissue restraint to distraction and is 
the prime stabilizing structure resisting valgus stress, with the 
radial head providing a secondary restraint. The joint articu¬ 
lation provides about 75% of the stability and résistance to 
varus stressing with the elbow flexed. 

Most activities involving the elbow produce valgus forces. 
An intact médial collateral ligament and intact radial head 
are essential to prevent dislocation of the normal elbow joint. 
The ulnohumeral joint maintains stability as the elbow flexes 
and extends, whereas the radiocapitellar joint resists valgus 
stress and transmits vertical loading forces of pushing and 
lifting. 

The elbow is composed of two independent uniaxial 
joints. One is the ulnohumeral joint, which is a hinged, or 
ginglymoid, joint. The other consists of the radiocapitellar 
and proximal radioulnar articulations, a pivoted, or trochoid, 
joint, allowing 2 degrees of freedom in the elbow joint. This 
articulation has been termed a trochoginglymoid joint , or 
“sloppy” hinge. 



Collateral ligaments of elbow. A f Classic représentation of médial collateral ligament complex consisting of anterior 
and posterior oblique bundle and transverse component. B f Typical pattern of more variable radial collateral ligament complex consists 
of contribution from humérus to ulna, which Morrey termed latéral ulnar collateral ligament. 
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Axis of rotation of elbow in flexion and exten¬ 
sion is through center of trochlea, collinear with distal anterior 
cortex of humérus. 


Motion in the elbow involves rotation of the ulna around 
the humérus during flexion and extension and rotation of the 
radius around the ulna during supination and pronation. The 
instant center of flexion and extension for the elbow is at the 
center of concentric circles formed by the latéral projection 
of the capitellum and trochlea of the distal humérus, is 2 to 
3 mm in diameter, and is located in the center of the trochlea 
when viewed from the latéral aspect (Fig. 12-21). The axis of 
rotation of the elbow lies anterior to the humerai midline and 
on a line drawn along the anterior cortex of the humérus. The 
carrying angle of the elbow varies from 11 degrees of valgus 
with the elbow in full extension to 6 degrees of varus with the 
elbow in full flexion (Fig. 12-22). The joint surfaces slide until 
the extremes of full flexion and extension are reached, and 
then bony impingement occurs. The transverse axis of rota¬ 
tion of the radiocapitellar joint coincides with the ulnohu- 
meral axis. The longitudinal axis of the forearm passes 
through the radial head proximally and the ulnar head dis- 
tally and is oblique to the longitudinal axes of the radius and 
ulna. The normal range of motion of the elbow is from 0 
degrees (full extension) to approximately 150 degrees (full 
flexion). 

The anatomie restraints of elbow motion include the 
geometry of the joint; the surrounding bone, capsule, liga¬ 
ments, and muscles; impaction of the olecranon process 
on the olecranon fossa; and impaction of the radial head 
against the radial fossa. Rotation is limited by passive résis¬ 
tance of the stretched muscles and the ligaments and impinge¬ 
ment of the flexor pollicis longus against the finger flexors. 

The contact surfaces of the elbow change with different 
elbow positions. In full extension, the contact surfaces are on 
the inferomedial aspect of the ulna. In other positions, most 
of the joint contact occurs along the trochlear notch, which 
passes from postérolatéral to anteromedial. Electromyo- 
graphic studies of elbow muscle activity show that the bra- 
chialis is active in most ranges of elbow motion and is the 
“workhorse” of flexion. 

The forces around the elbow joint also hâve been exten- 
sively studied. Static analyses of the muscle and joint reaction 



FIGURE 


^ Carrying angle of elbow changes from valgus 


angle in full extension to varus angle in full flexion. (Redrawn from 


Morrey BF, Chao EYS: Passive motion of the elbow joint, J Bone Joint 


Surg 58A:501, 1976.) 


forces suggest that the joint forces are greatest in extension, 
the flexed elbow being able to tolerate higher loads than the 
extended elbow. Joint forces also are found to be greatest in 
pronation. Twisting moments around the humerai axis can 
be quite high, especially when loads are applied to the hand 
with the elbow flexed (Fig. 12-23). 

Maximal elbow flexion strength occurs at 90 degrees, 
whereas about one third to one half the maximal lifting force 
can be generated with the elbow in an extended or a 30-degree 
flexed position. A force three times the body weight can be 
developed in the elbow joint during strenuous lifting. As the 
forces on the elbow are directed toward the anterior or the 
posterior margins of the joint, the weight-bearing surfaces 
decrease, maximal compressive forces are elevated, and the 
stress distribution becomes uneven. For the most part, joint 
compression forces along the mediolateral plane that cause 
valgus or varus stress are small compared with the forces in 
the sagittal plane directed anteriorly or posteriorly. Forces at 
the distal humérus are greatest in a posterior and proximal 
direction, causing anterior tilting of a distal humerai compo- 
nent and absorption of the anterior cortex of the humérus 
when prostheses loosen or when anterior bone graffing is not 
used. With the elbow extended and axially loaded, approxi¬ 
mately 40% of the stress is on the ulnohumeral joint, with 
60% on the radio capitellar joint. 

Considérable rotatory torque is developed at the distal 
humérus when the elbow is flexed to 90 degrees and force is 
applied to the hand from the side. Tensile forces on the médial 
collateral ligament can approach two times the body weight, 
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FIGURE 


) Forces at elbow during inward rotation. 



A f Forearm bones in equilibrium against 
humérus during flexion, no collateral tension. B, Forces concen- 
trate on latéral edge of coronoid process after radial head exci¬ 
sion. Médial ligament tension prevents valgus deformity. 


and compressive forces on the radial head can approach three 
times the body weight. If the radial head is excised, radiocapi- 
tellar force is transmitted to the ulna, and the médial collat¬ 
eral ligament tension adds to the ulnohumeral force, which 
may concentrate the entire load on the latéral edge of the 
coronoid articular surface (Fig. 12-24). This may apply a force 
of nine times the body weight to the médial collateral liga¬ 
ment and is associated with progression of ulnohumeral joint 


degeneration. These forces are applied to the ulnar and 
humerai components of a prosthetic arthroplasty if the radial 
head is resected and not replaced. 

Suggested goals for the idéal elbow arthroplasty include 
a painless, stable, mobile, durable, révisable, and reproducible 
prosthesis. It should preserve the olecranon, hâve a carrying 
angle, sacrifice as little bone as possible, provide stable fixa¬ 
tion on the supporting bone, be free of moving or multiple 
parts, be durable and biologically inert, leave minimal dead 
space, be relatively easy to implant, be readily available 
without need for custom implants, and provide joint stability 
and a good range of movement. The main problems in design 
hâve been achievement of long-term bony fixation without 
loosening, minimization of polyethylene wear, and the devel¬ 
opment of satisfactory materials able to withstand high loads 
in active patients. 

TYPES OF ARTHROPLASTY 

Three types of arthroplasties are discussed in this chapter: 
debridement, interpositional, and prosthetic. Depending on 
the rigidity of humerai component fixation to the ulnar com- 
ponent, the implant arthroplasties are designated as con- 
strained, semiconstrained, and unconstrained. Constrained, 
métal-to-métal prostheses include the Stanmore, Dee, McKee, 
GSB I (Gschwend, Scheier, and Bâhler), and Mazas designs 
and generally hâve a metal-to-metal hinge with polymethyl 
méthacrylate bone cernent fixation. These implants hâve been 
largely abandoned, and the technique of their implantation is 
not described here. 

The semiconstrained prostheses are two-part or three- 
part prostheses that hâve a metal-to-high-density polyethyl¬ 
ene articulation, which may be connected with a locking pin 
or with a snap-fit device. The semiconstrained hinged pros¬ 
theses hâve built-in laxity to provide for dissipation of forces. 
The GSB III, HSS-Osteonics, Coonrad-Morrey, Nexel, and 
Discovery prostheses are examples of semiconstrained devices 
(Fig. 12-25). The linked prostheses are highly versatile because 
they do not dépend on intact ligamentous structures for sta¬ 
bility. As such, they can be applied to a number of end-stage 
pathologies, including posttraumatic arthritis, chronic insta- 
bility, and tumor reconstruction. 

The unconstrained prostheses are two- or three-part 
devices consisting of métal articulating with high-density 
polyethylene. They usually do not hâve a snap-fit, link, or pin 
connection. Some designs consist of a resurfacing device, and 
some hâve stems for the humerai component. The uncon¬ 
strained implant arthroplasties include the capitellocondylar 
(Ewald), London, Kudo, Ishizuki, Lowe-Miller, Wadsworth, 
Souter-Strathclyde, and Latitude designs. Of note, the Lati¬ 
tude is a hybrid device that can be converted to a semicon¬ 
strained articulation with a locking ring. Early to mid-term 
follow-up of this prosthesis has found outcomes and overall 
complication rates comparable with other implants, but dis¬ 
engagement of the radial head component occurred in almost 
one third of elbows. Most of these prostheses represent an 
attempt to anatomically duplicate the articular surfaces of the 
elbow. They restore the joints anterior offset from the humérus 
and hâve a single center of rotation. Ail resurfacing or uncon¬ 
strained prostheses require normal intact ligaments and ante¬ 
rior capsule and appropriate static alignment. If bone loss or 
capsuloligamentous destruction is extensive, an uncon¬ 
strained prosthesis generally cannot be used. 
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Right, GSB III elbow prosthesis. Middle, HSS- 
Osteonics linked semiconstrained total elbow prosthesis. Left, 
Coonrad semiconstrained elbow prosthesis. (Right irom Herren DB, 
O'Driscoll SW, An KN: Rôle of collateral ligaments in the GSB-linked 
total elbow prosthesis, J Shoulder Elbow Surg 10:260, 2001; middle 
from Kraay MJ, Figgie MP, Inglis AE, et al: Primary semiconstrained total 
arthroplasty: survival analysis of 113 consecutive cases, J Bone Joint Surg 
76B:636, 1994.) 


Early clinical reports of expérience with many of the 
prosthetic designs were preliminary évaluations of small 
numbers of patients, with no standardized method of assess- 
ment. Some reports mixed different prostheses and included 
patients with traumatic arthritis, osteoarthritis, and rheuma- 
toid arthritis. These factors hâve limited the objective com- 
parison of the different implants. More recent reports allow 
better understanding of the advantages and limitations of the 
various prosthetic designs. 

■ DEBRIDEMENT ARTHROPLASTY 

Debridement arthroplasty for degenerative elbow conditions 
is recommended for younger, higher-demand patients who 
may not be able to comply with the lifting restrictions associ- 
ated with total elbow replacement. A latéral approach or com- 
bined médial and latéral approaches can be used to remove 
loose bodies and to débridé osteophytes in a painful, stiff 
osteoarthritic elbow. A médial approach has been recom¬ 
mended because of the frequent concomitant ulnar nerve 
symptoms and the importance of evaluating for and remov- 
ing osteophytes from the médial edge of the coronoid 
and olecranon rather than their respective processes (see 
Technique 12-4). Arthroscopic debridement also has been 
described; this is discussed more fully in Chapter 52. 


DEBRIDEMENT ARTHROPLASTY 


TECHNIQUE 12-4 


(WADA ET AL.) 

■ With the patient supine and the involved extremity on an 
arm board, make a curved posteromedial incision along 
the distal border of the pronator teres, passing 1 cm 


posterior to the médial épicondyle and extending 4 cm 
proximal to the olecranon process (Fig. 12-26A and B). 
Protect the sensory branches before ulnar nerve isolation 
and décompression. 

■ Elevate the fl exor-pronator origin and anterior capsule to 
expose the anterior humeroulnar and radiocapitellar 
joints (Fig. 12-26C). 

■ Use rongeurs or chisels to remove osteophytes from the 
coronoid process, the médial edge of the coronoid, 
the coronoid fossa, and the radial fossa. If needed for 
osteophyte excision, retract the anterior band of the 
médial collateral ligament medially, but preserve it 
(Fig. 12-26D). 

■ Elevate the ulnar nerve, excise the posterior bundle of the 
médial collateral ligament, and elevate the triceps poste- 
riorly for debridement of the posterior humeroulnar joint 
and the olecranon fossa (Fig. 12-26E). 

■ Dissect between the triceps and the brachioradialis 
to expose the latéral condyle and joint capsule (Fig. 
12-26F). 

■ Expose the radial head by opening longitudinally the 
radial collateral ligament. 

■ Elevate the anterior joint capsule subperiosteally and 
remove any osteophytes. 

■ Alternative^, carefully elevate the muscular fibers of the 
brachioradialis, extensor carpi radialis longus, and bra- 
chialis off the anterior joint capsule before excising the 
capsule and performing the joint debridement. 

■ Preserve the latéral ulnar collateral ligament by keeping 
the capsular dissection anterior to a line connecting the 
midpoint of the latéral épicondyle to the midportion of 
the radiocapitellar joint. 

■ Carry the dissection posterior to the latéral épicondyle 
and proximally along the anterior border of the triceps 
laterally to expose the posterior fat pad and the olecranon 
fossa (Fig. 12-26G). Loose bodies and osteophytes often 
are encountered posteriorly, and dissection distal to the 
latéral épicondyle into the posterior radiocapitellar joint 
is required for completion of the latéral debridement. 

■ Copiously irrigate the joint after satisfactory motion has 
been obtained. 

■ Obtain hemostasis as much as possible and cover raw 
cancellous bone surfaces with paraffin. 

■ If the fl exor-pronator group has been detached, approxi- 
mate it to a soft-tissue cuff or to bone through drill holes. 

■ Manage the ulnar nerve according to its behavior through 
the elbow range of motion achieved. If there is minimal 
tension on the nerve throughout the motion arc and 
the nerve is not forcefully subluxing over the médial épi¬ 
condyle, simply leave it decompressed in situ. If ulnar 
nerve subluxation is forceful or nerve tension is excessive 
with elbow flexion, perform an anterior transposition 
procedure. 

■ Place suction drains and close the incisions in routine 
fashion. 

POSTOPERATIVE CARE. Physical therapy is begun on 
postoperative day 1, and the drains are removed. Static 
splints frequently are used to prevent the récurrence of 
an elbow flexion contracture. 
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of flexor carpi épicondyle 
C ulnaris muscle 




Debridement arthroplasty of elbow (see text). A and B f Incision. C f Elévation of flexor-pronator origin. D f Exposure 
of anterior elbow compartment. E f Excision of posterior oblique bundle and posterior capsule. F f Exposure of anterior, médial, and 
posterior aspects of ulnohumeral joint. G, Exposure and excision of osteophytes on latéral aspect of olecranon and olecranon fossa. 

SEE TECHNIQUE 12-4. 


More recently, some authors hâve advocated arthroscopie 
elbow debridement for degenerative conditions. Adams et al. 
reported 42 elbows followed for a minimum of 2 years affer 
arthroscopic debridement and capsular release for osteoar- 
thritis. The authors reported significant gains in flexion, 
extension, supination, pain, and Mayo Elbow Performance 
Scores. Complications were uncommon, and 81% of patients 
achieved good or excellent results. Although these early 
reports hâve been promising with this so-called osteocapsular 
arthroplasty, further study is needed to détermine the long- 
term effectiveness of this procedure. 


■ INTERPOSITION (FASCIAL) ARTHROPLASTY 

Interposition arthroplasty is another intervention to treat 
degenerative elbow conditions in patients who hâve a contra- 
indication to implant placement. The primary indication may 
be loss of motion or incapacitating pain or both. Loss of 
motion can be caused by inflammatory or degenerative 
arthritis, sepsis, burns, or trauma. Ankylosis can be bony or 
fibrous. Incapacitating pain in a young, active patient may be 
the most compelling indication. If the pain and restriction of 
motion are the results of sepsis, a careful preoperative 
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évaluation must détermine that the sepsis has been under 
control. The best indication for interposition arthroplasty is 
painful, posttraumatic loss of motion in the absence of infec¬ 
tion. Because interposition arthroplasty does not inherently 
contribute to elbow stability, instability is not a good indica¬ 
tion for this procedure. 

Identification of appropriate patients for interposition 
arthroplasty is difficult and involves an évaluation of the 
underlying pathologie process and the motivation of the 
patient. To achieve success, the condition of the soft tissues 
surrounding the elbow must be as normal as possible. Weak, 
atrophie muscles; thin, délicate skin; and extensive scarring 
or adhérence of skin to underlying bone prevent a satisfactory 
resuit. The forearm musculature must be in good condition 
so that postoperative strength and stability can be achieved 
through the réhabilitation of these muscles. Furthermore, it 
is important to preserve as much bone stock as possible and 
to maintain the integrity of the capsuloligamentous and mus- 
cular soft tissues surrounding the elbow joint. 

Interposition arthroplasty can be considered in younger 
patients with posttraumatic arthritis (Fig. 12-27). It can be 
effective in these patients and remains an alternative to total 
elbow arthroplasty. The addition of distraction devices is 
helpful but not required. 


INTERPOSITION ARTHROPLASTY 


TECHNIQUE 12-5 


■ Beginning proximal to the elbow joint, make an incision 
15 to 20 cm long on the posterior aspect of the arm and 
forearm just médial to the midline of the limb. 

■ Elevate the deep fascia laterally 2 to 3 cm and expose the 
broad aponeurosis of the triceps muscle (Fig. 12-28A). 

■To approach the joint, one of two methods can be used. 
In the first, enter the Kocher interval and carry the dis¬ 
section along the latéral head of the triceps, taking care 
not to proceed so proximally as to endanger the radial 
nerve. 

■ In the second method, a triceps-splitting midline approach 
can be used. 

■ After either approach, with a periosteal elevator, strip the 
periosteum from the distal third of the posterior surface 
of the humérus, retract it medially and laterally, and 
expose the radial head and olecranon (Fig. 12-28B). 

■ If the joint is fused, osteotomize the fusion between the 
olecranon and humérus and between the radial head and 
humérus, carefully protecting the ulnar nerve. 

■ Flex the joint and displace the radius and ulna medially. 

■ Fashion the distal end of the humérus into one condyle 
convex from anteriorly to posteriorly (Fig. 12-28C). 
Although no attempt is made to reproduce the contours 
of the capitellum and trochlea, some mediolateral stabil¬ 
ity can be achieved if the distal humérus is shaped into 
an inverted V. 

■ With a curved chisel, excise superficial bone to deepen 
and lengthen the trochlear notch of the ulna and eut 
away the head of the radius to the level of the distal part 
of this notch (Fig. 12-28D). 


■ Smooth ail surfaces with a rasp. 

■ Préparé an Achilles tendon allograft by folding it in half 
crosswise with its smooth surface on the inside and 
anchor its folded edge to the anterior part of the capsule 
with three sutures, one on each side and one in the 
middle. Other authors prefer to use an acellular dermis 
matrix patch, which can be prepared in a similar way. 

■ Place the proximal half of the fascia over the newly fash- 
ioned humerai condyle and with interrupted sutures 
fasten the médial and latéral edges of this half to the 
adjacent soft tissues well over the médial and latéral 
borders of the humérus; if the soft tissues are insufficient, 
secure the fascia by sutures passed through holes drilled 
in these borders. 

■ As an alternative, use suture anchors to expedite the 
attachment of the fascia to the humérus and olecranon 
and the attachment of the capsuloligamentous tissues to 
the humérus. 

■ Place the distal half of the fascia over the trochlear notch 
and suture it in place (Fig. 12-28E). (In the presence of 
synostosis between the proximal radius and ulna, excise 
enough bone to permit free rotation of the radius.) 

■ Insert a fold of the same fascia between the radius and 
ulna and invest the radial head, or place a separate sheet 
of fascia around the head and fix it with a purse-string 
suture. 

■ Reduce the joint and, with the elbow flexed to 90 degrees, 
close the capsule from distally to proximally. Apply a long- 
arm posterior splint or cast with the elbow in 90 degrees 
of flexion. 

POSTOPERATIVE CARE. The elbow is immobilized in 
90 degrees of flexion on an elbow splint or in a cast for 
10 to 14 days to prevent rotation. When the wound has 
healed completely, a posterior elbow splint with straps 
and buckles is applied. This splint is removed for 1 to 2 
hours three or four times a day for active exercises to 
develop the flexors and extensors of the elbow and the 
flexors of the fingers. At 3 weeks after surgery, the splint 
can be discarded during the day and a sling is used as 
necessary for support, but the splint should be worn at 
night until a useful range of motion in the elbow and 
good strength in the muscles hâve been regained; this 
usually is at 8 weeks after surgery. The patient must 
continue active exercises for at least 6 months. Maximal 
strength and motion usually are regained within 2 years 
after surgery. 


The prognosis after elbow interposition remains guarded. 
Larson and Morrey reported that only 29% of 45 patients 
achieved a good or excellent resuit on 45 elbows at 6-year 
follow-up, although there were significant improvements in 
pain, motion, and functional scores. Preoperative instability 
was associated with worse functional outcomes. 

The functional results and the radiographie appearance 
of the elbow after interpositional arthroplasty correlate poorly 
(see Fig. 12-27). In general, the fair and poor results of fascial 
arthroplasty hâve been caused by persistent pain, loss of 
motion (reankylosis), and excessive instability. 

Complications of fascial arthroplasty in the elbow 
include bony absorption, triceps rupture, hétérotopie bone 
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FIGURE 


A and B f After fascial arthroplasty. C f Extension 20 years after surgery. D f Flexion 20 years after surgery. 


formation, instability, infection, and seroma formation in the 
thigh donor site if fascia lata is used for interposition mate- 
rial. Bony absorption may occur at the distal humerai con- 
dyles and may contribute to instability Triceps rupture, 
which may be related to the surgical expo sure, is an uncom- 
mon complication of fascial arthroplasty. It can be minimized 
or prevented by using approaches that preserve the triceps 
insertion, such as those described above. Excessive hétéro¬ 
topie bone formation limits motion. Although excision of the 
hétérotopie bone may improve motion, bone formation may 
recur, regardless of most methods used to prevent it. 

Treatment of infection after fascial arthroplasty of 
the elbow should be prompt and aggressive. If the infection 
is superficial or if cellulitis develops, oral antibiotics, élévation 
of the elbow, and immobilization may allow resolution. 
If the deeper structures are infected, open drainage and 


debridement or excision of the fascial graft may be required. 
If autogenous fascia lata is used as a graft material, hematoma 
and seroma formation in the thigh donor site frequently 
résolve over weeks and rarely require drainage. If drainage is 
required, aseptie technique is used and needle aspiration may 
be sufficient. Pain, reankylosis, or instability may cause the 
procedure to fail. Détérioration may also occur with time. 
Révision of the fascial arthroplasty may be helpful if the exact 
nature of the failure can be identified and reasonable success 
has been reported with révision. 

■ RESECTION AND IMPLANT ARTHROPLASTY 
OF THE RADIAL HEAD 

Radial head resection is a commonly used procedure for 
symptomatic radiocapitellar dysfunction. The typical indica¬ 
tions for radial head resection include isolated radio capitellar 
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A-E, Operative technique of fascial arthroplasty. SEE TECHNIQUE 12-5. 


arthritis, mechanical block to pronation-supination in the 
posttraumatic elbow, and inflammatory arthritis in associa¬ 
tion with a debridement procedure. Radial head resection 
also has been described for acute comminuted radial head 
fractures. Although clinical outcomes at 15 to 17 years of 
follow-up were good to excellent, posttraumatic changes 
including elbow and wrist arthrosis, proximal radial migra¬ 
tion, and a valgus carrying angle were noted. The radial head 


is an important secondary stabilizer to valgus stress; therefore 
we recommend ensuring the latéral collateral ligament 
complex is intact when considering radial head resection to 
prevent postoperative instability. 

Because of the high incidence of injury to the latéral col¬ 
lateral ligament complex, radial head replacement is most 
often used in the treatment of comminuted radial head frac¬ 
tures, but it also can be used for other disorders of the radial 
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FIGURE 


A f Elbow fracture-dislocation. B and C f After radial head implant. 


head, such as elbow instability and deformity. Silicone (Silas- 
tic) implants were introduced in the early 1980s, with good 
results reported initially; however, longer-term follow-up 
data indicated problems with failure of the prosthesis and 
silicone synovitis. Because of the problems associated with 
silicone radial head replacements, most currently used radial 
head prostheses are métal, which hâve been reported to be 
durable and help to maintain valgus stability of the elbow 
after radial head replacement for trauma. 

I RADIAL HEAD ARTHROPLASTY 

Radial head fractures associated with elbow dislocations fre- 
quently are comminuted and nonreconstructible and are 


initially excised. In this situation, the latéral ulnar collateral 
ligament often is injured, with concomitant elbow instability. 
More complex associated injury patterns include either a low 
coronoid fracture or a médial collateral ligament rupture. In 
these situations, a radial head implant is recommended to 
help stabilize the joint. If the radial head is fractured and the 
distal radioulnar joint is dislocated, proximal migration of the 
radius after simple radial head excision may be minimized by 
a radial head implant. In each of these situations, a radial 
head implant may be indicated to stabilize the elbow joint and 
allow range-of-motion exercises to begin early (Fig. 12-29). 

Attempts to prevent récurrent elbow dislocation, proxi¬ 
mal migration of the radius, and excessive instability after 
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RM Radial head implant (see text). Three- 
dimensional CT scans used to détermine plane defined by distal 
margins of articular surface of radial head. Arrow 7, Central ridge 
of coronoid process. Arrow 2, Latéral edge of coronoid process. 

(From Doornberg JN, Linzel DS, Zurakowski D, et al: Reference points 
for radial head prosthesis size, J Hand Surg 31A:53, 2006.) 


certain elbow and forearm axis injuries hâve led to an évolu¬ 
tion of radial head prosthetic designs. Although prosthetic 
replacement of the radial head after acute fractures of the 
radial head and after radial head excision and elbow synovec- 
tomy is controversial, it is reasonable to consider this proce¬ 
dure after injury or disease has caused significant instability 
of the elbow joint, radial forearm axis, and distal radioulnar 
joint. In particular, outcomes of comminuted radial head 
fractures treated with radial head arthroplasty hâve been 
reported to be superior to open réduction internai fixation at 
short-term follow-up. The many types of radial head implants 
now available hâve evolved from a monoblock design to 
modular prostheses, some of which incorporate bipolar fea- 
tures and different materials that may lessen the likelihood of 
capitellar wear from the prosthesis. 

Recent investigation into radial head arthroplasty has 
focused on implant sizing. An oversized radial head implant 
can increase tension on the interosseous membrane with 
subséquent risk of stiffness and pain, and one report found 
that more than 2 mm of lengthening can increase radiocapi- 
tellar contact pressures. Therefore a radial head replacement 
should be close to an anatomie substitute. Generally, the 
proximal edge of the radial head is 0.9 mm distal to the 
latéral coronoid edge, but patient variability might make 
imaging of the contralatéral elbow useful for sizing pur- 
poses. To prevent overstuffing the radio capitellar joint, the 
proximal edge of the prosthesis should be level with the 
latéral coronoid edge (Fig. 12-30). Moon et al. found that 
overstuffing of the radial head implant can decrease the ipsi- 
lateral ulnar variance, an indicator that can be used during 


Full extension 
(no “edge binding”) 




Radial head implant (see text). Implant should 
be checked for stability during elbow motion to ensure that any 
potential edge binding of implant and capitellum does not occur. 


surgery to judge correct sizing, and Athwal et al. reported 
that gapping in the latéral ulnohumeral joint line is a reli- 
able indicator of radial head overlengthening. Changes in 
the médial ulnohumeral joint line, however, were apparent 
only after 6 mm of overlengthening. After correctly sizing 
the implant, appropriate reattachment of the latéral liga- 
mentous complex also is necessary to prevent edge binding 
of the radial head prosthesis (Fig. 12-31). In theory, a bipolar 
implant may help reduce this problem. 

The results of complex radial head fractures treated with 
a variety of monoblock and bipolar prostheses are encourag- 
ing, although long-term results of significant numbers of 
patients are pending. In general, the results seem to be good 
to excellent in 80% of patients, with 10% to 20% réduction in 
strength. The pain relief is excellent, elbow extension-flexion 
and pronation-supination arcs are within 10 to 20 degrees of 
normal values, and maintenance of ulnohumeral joint stabil¬ 
ity is generally successful. One mid-term to long-term 
concern is a lack of implant durability because of loosening 
of the stem with either ingrowth or cemented components. 
Reported in almost one third of press-fit radial head arthro- 
plasties, the loosening causes significant proximal radial oste- 
olysis and generally nécessitâtes removal. 


RADIAL HEAD ARTHROPLASTY 


TECHNIQUE 12-6 


■ Position the patient supine or in the latéral position with 
the affected elbow up. Préparé and drape the arm to 
expose the elbow with the arm across the chest. Use a 
pneumatic tourniquet. 
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^ Radial head implant (see text). Annular liga¬ 


ment is incised transversely to allow end-on view of canal for 


implant placement. SEE TECHNIQUE 12-6. 
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Outcomes classification: 90-100 = excellent, 75-89 = good, 60-74 = fair, <60 = 
poor. 


■ Begin the incision superior to the latéral épicondyle and 
extend it distally approximately 6 cm across the joint in 
the interval between the extensor carpi ulnaris and the 
anconeus. 

■ Develop the interval between these two muscles and 
expose the latéral capsule of the elbow. Often the latéral 
capsular structures are stripped from the latéral épicon¬ 
dyle, and the interval created from the trauma should 
allow removal of bone fragments and exposure of the 
radial neck. 

■ Incise the annular ligament transversely and eut the radial 
neck just proximal to the fracture site (Fig. 12-32). 

■ Préparé the proximal radial medullary canal with burrs or 
rasps to accept the implant stem. 

■ Cut the surface of the proximal radius evenly so that 
contact between it and the collar of the prosthesis is 
complété. 

■ Achieve a tight fit of the stem in the medullary canal and 
ensure that contact with the capitellum is satisfactory. 
Avoid excessive compression of the implant. 

■ Carry the forearm through a range of flexion, extension, 
and rotation to observe the relationship between the 
capitellum and the implant in anteroposterior and latéral 
projections. 

■ After the use of a trial prosthesis has shown satisfactory 
contact between the capitellum and the prosthesis and a 
good fit in the radial medullary canal, insert the final 
prosthesis. 

■ Make drill holes or use a suture anchor at the capitellar 
rotation center to reattach latéral capsular structures, 


including the latéral ulnar collateral ligament to its iso¬ 
métrie point with the ulnohumeral joint held reduced. 

■ Close the wound in layers and protect the elbow with a 
compression dressing in 90 degrees of flexion. 

POSTOPERATIVE CARE. The dressing is removed 3 to 
5 days after surgery. A small dressing is left in place 
thereafter, and gentle active motion of the elbow is 
begun. Aggressive physical therapy should be avoided. If 
other injuries are présent, including distal radioulnar dis¬ 
location, ligamentous injuries, or elbow instability, immo- 
bilization of the elbow is continued for 2 weeks with 
gentle passive range of motion thereafter. Mobilization 
after radioulnar disruption dépends on the management 
of the distal radioulnar joint and its temporary fixation 
with pins. Active motion is begun under supervision at 
approximately 6 weeks after surgery. 


TOTAL ELBOW ARTHROPLASTY 

Total elbow arthroplasty is among the best studied proce¬ 
dures in orthopaedic surgery. Multiple authors hâve reported 
their outcomes with various implant types. The method of 
evaluating the results of elbow implant arthroplasty is becom- 
ing standardized, and rating Systems hâve been established by 
Morrey et al., the American Shoulder and Elbow Surgeons 
(ASES), Inglis and Pellicci, and Ewald. The Mayo Elbow Per¬ 
formance Score, which takes into account pain, motion, sta- 
bility, and daily function, is most commonly used to compare 
various operative procedures on the elbow (Box 12-3). 
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■ INDICATIONS 

The goals of reconstructive elbow surgery are to restore func- 
tion through pain relief and restoration of motion and stabil- 
ity. When evaluating candidates for elbow arthroplasty, two 
factors must be considered: patient sélection and implant 
sélection. A stable, painless elbow with préservation of motion 
in the middle or functional range usually does not require 
arthroplasty 

Although many indications and relative indications hâve 
been reported, deformity and dysfunction without pain are 
not indications for surgery Similarly, weakness and discom- 
fort caused by instability may be relative indications, espe- 
cially in patients with posttraumatic arthritis. The primary 
indications for total elbow arthroplasty are pain and/or insta¬ 
bility Rheumatoid arthritis with radiographie evidence 
of joint destruction, which is too far advanced to benefit 
from radial head excision and synovectomy, especially in 
patients with painful instability and painful stiffness that 
limit activities, is generally considered to be an indication. 
Elderly patients with an unreconstructable intraarticular 
distal humerai fracture or end-stage posttraumatic arthritis 
also are acceptable candidates for total elbow replacement. 
Bony or fibrous ankylosis with the elbow in a poorly func- 
tioning position is another indication for elbow arthroplasty. 
In patients with rheumatoid arthritis, arthroplasty should be 
considered only affer medical treatment has failed and the 
disease has advanced to show bony changes, which is beyond 
the stage at which synovectomy would be bénéficiai. 

The best candidate for total elbow replacement has been 
described as a patient with severely painful and disabling 
rheumatoid arthritis with altered articular architecture; 
however, the decision to proceed with arthroplasty must be 
made cautiously because of the high complication rate. 
Patients with rheumatoid arthritis who hâve limitation of 
motion, ankylosis, instability, or incapacitating pain generally 
do better affer implant arthroplasty than do patients with 
posttraumatic arthritis. 

Sélection of the type of prosthetic implant dépends to a 
great extent on the State of the capsuloligamentous structures 
around the elbow and the integrity of the musculature and 
the amount of bone remaining at the elbow joint. Generally, 
the more bone remaining and the more stable the joint, the 
more suitable the joint is for replacement with a resurfacing 
or unconstrained prosthetic implant. More constrained pros¬ 
thetic designs should be selected for patients with injury to 
the stabilizing ligaments and capsule of the joint, atrophie 
musculature, and loss of considérable bone stock. 

Ewald suggested that one absolute contraindication to 
prosthetic elbow implant arthroplasty is a history of previous 
elbow sepsis. Because of the design of his capitellocondylar 
implant, he also considered a previous fascial or other inter- 
positional arthroplasty and previous hinged arthroplasty to 
be absolute contraindications to the use of the capitellocon¬ 
dylar device. Relative contraindications to the use of an 
unconstrained resurfacing arthroplasty included excessive 
bone loss, as in giant rheumatoid cysts, deficiency of the 
trochlear notch of the ulna, and posttraumatic or degenera- 
tive arthritis. Coonrad and Moorey considered infection, 
excessive use of the elbow, ankylosis of the ipsilateral shoul- 
der, and the presence of neurotrophic joints to be contrain¬ 
dications. Kudo et al. concluded that extensive bone loss on 
either side of the joint and poorly functioning flexor and 


CHAPTER 12 SHOULDERAND ELBOW ARTHROPLASTY ^ 

extensor mechanisms were contraindications. Morrey et al. 
reported that no consistently reliable total prosthetic arthro¬ 
plasty is available for patients with posttraumatic degenera- 
tive arthritis in the elbow. However, in these salvage situations 
this does not always represent an absolute contraindication 
to total elbow arthroplasty. 

■ SURGICAL TECHNIQUE 
I SEMICONSTRAINED (LINKED) TOTAL ELBOW 
ARTHROPLASTY 

Most semiconstrained hinged prostheses use a high- 
molecular-weight polyethylene bushing and titanium humerai 
and ulnar components. They are designed with 7 degrees of 
rotary and side-to-side laxity. Humerai and ulnar stems 
match the shapes of the medullary canals. The triangular 
humerai stem is flattened near the base at the inferior flatter 
and wider portion of the medullary canal of the humérus. The 
large medullary stem enhances rigid fixation. The stem 
contour and distal anterior flange increase résistance to 
torque. Careful bone removal in the intercondylar area of the 
humérus is necessary to allow a tight fit of the humerai pros- 
thesis. The humerai and ulnar components typically are 
joined with a linking mechanism that, if necessary, can be 
disarticulated. The axis of rotation of these prostheses are 
near the anatomie center when the device is properly 
implanted. Because the components are relatively large, a dis- 
advantage in smaller patients is that they occasionally require 
manufacture of custom components. 


COONRAD-MORREY PROSTHESIS 


TECHNIQUE 12-7 


■ Place the patient supine with the affected arm in front of 
the chest and with a sandbag beneath the ipsilateral 
shoulder (Fig. 12-33A). When preparing and draping the 
arm, leave the entire elbow area and forearm exposed so 
that the prosthesis can be inserted properly. Use a stérile 
tourniquet and exsanguinate the limb by elevating it for 
several minutes before inflating the tourniquet. 

■ Use a straight posteromedial incision. 

■ Identify the ulnar nerve, gently mobilize and protect it, 
and transpose it anteriorly after the operation. 

■ Carefully elevate the triceps mechanism in continuity with 
the periosteum over the proximal ulna and olecranon to 
avoid transection or séparation of the triceps mechanism 
(Fig. 12-33B). 

■ Reflect the triceps mechanism to the radial side of the 
olecranon to expose the proximal ulna. Some authors 
prefer to keep the triceps insertion intact to avoid the 
risk of weakness and rupture after surgery—the so-called 
triceps-on approach. These techniques include either a 
Kocher approach with partial élévation of the triceps 
insertion or the para-olecranon approach described by 
Studer et al. One comparative report found that total 
elbow arthroplasty performed with the triceps-on tech¬ 
nique resulted in similar outcomes and cernent mantle 
quality as the triceps-off approach and with no risk 
of tendon rupture. As such, we prefer a triceps-on 
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A-R f Coonrad-Morrey total elbow arthroplasty. (Redrawn from 
cal technique, Warsaw, IN, 1988, Zimmer USA.) SEE TECHNIQUE 12-7. 


Coonrad RW, Morrey BJ: Coonrad/Morrey total elbow: surgi- 
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technique if possible when performing total elbow 
arthroplasty. 

■ Release the collateral ligaments on each side of the 
elbow. 

■ Rotate the forearm laterally to dislocate the elbow and 
allow exposure of the distal humérus. 

■ Remove the midportion of the trochlea with an oscillating 
saw to allow access to the medullary canal of the humérus 
(Fig. 12-33C). Identify the canal with a burr applied to 
the roof of the olecranon fossa (Fig. 12-33D). 

■ Remove the cortex of the olecranon fossa and open the 
medullary canal to a size sufficient to allow a twist reamer 
(Fig. 12-33E). 

■ Preserve the médial and latéral portions of the supracon- 
dylar columns during the préparation of the distal 
humérus. Use the médial and latéral supracondylar 
columns for reference during the bone préparation to 
ensure satisfactory orientation and alignment. 

■ Place the alignment stem down the medullary canal with 
a T-handle (Fig. 12-33F). 

■ Remove the handle and apply the cutting block with the 
appropriate right or left placement of the side arm of 
the cutting block. Allow the side arm to rest on the capi- 
tellum to provide for the proper depth of the eut 

(Fig. 12-33G). 

■ Use an oscillating saw to remove the trochlear and capi- 
tellar bone to correspond with the size of the appropriate 
cutting block. If the bone is osteoporotic, score the cortex 
with electrocautery, using the cutting block as a guide. 

■ Remove any remaining bone after the eut with a rongeur. 
Avoid injury to the médial and latéral supracondylar 
columns to avoid fracture. Remove the bone carefully, 
small amounts at a time, repeatedly inserting the trial 
prosthesis until the margins of the prosthesis are exactly 
level with the epicondylar articular surface margins on the 
capitellar and trochlear sides. Also ensure that the rota- 
tional center of the trial prosthesis corresponds to the 
native center of rotation of the elbow. 

■ Hollow the flattened areas of the distal humérus to allow 
a précisé fit of the shoulders of the humerai stem by 
curettage of cancellous bone from the epicondylar and 
distal flaring portions of the humérus. This should allow 
satisfactory cernent fixation (Fig. 12-33H). 

■ Remove the tip of the olecranon. 

■ Use a high-speed burr and remove subchondral and can¬ 
cellous bone to allow identification of the ulnar medullary 
canal. 

■ Remove additional bone from the tip of the olecranon to 
form a notch for placement of the serial reamers to be 
introduced down the medullary canal of the ulna (Fig. 
12-331). Use the appropriate right or left ulnar rasps as 
needed. 

■ Select the appropriate size rasp and use a burr to remove 
the subchondral bone gently around the coronoid process 

(Fig. 12-33J). 

■After the proximal ulna and distal humérus hâve been 
prepared, insert a trial prosthesis and evaluate the elbow 
for complété flexion and extension. 

■ If there is a limitation to full extension, release the anterior 
capsule and evaluate the trial components again until the 
elbow can be straightened. 


■ Before inserting the final prosthesis with polymethyl 
méthacrylate, use the trial prosthesis to détermine if the 
radial head impinges on the prosthesis. If it is présent, 
resect the radial head. 

■ Fashion a bone graft from the previously eut trochlea to 
be placed behind the anterior humerai flange during 
component implantation. The graft usually is 2 to 3 mm 
thick, 1.5 cm long, and 1 cm wide. Elevate the brachialis 
from the anterior humérus to provide a bed for placement 
of the bone graft. 

■ Clean the medullary canals of the humérus and ulna 
with a pulsatile lavage irrigating System and dry the 
canals. 

■ Place cernent restrictors in the humerai and ulnar 
canals. 

■ Use a cernent gun with flexible tubing to insert the 
cernent into the canals (Fig. 12-33K). Inject the cernent 
early in the polymerization process. Inject the cernent into 
the ulna, leaving 1 to 2 cm of medullary canal unfilled to 
allow for back flow of the cernent. 

■ Insert the ulnar component first as far distally as the coro¬ 
noid process. Align the center of the ulnar component 
with the center of the greater sigmoid notch (Fig. 12-33L). 
Remove the excess cernent from around the ulnar 
component. 

■ Insert cernent into the humerai canal, leaving about 1 cm 
of canal unfilled to allow for back flow of cernent 

(Fig. 12-33M). 

■ While the cernent is still soft, place the humerai compo¬ 
nent down to a point that allows articulation of the 
device and the placement of the axis pin. Place the bone 
graft against the distal humérus beneath the soft tissue 
(Fig. 12-33N). At this point, the bone graft is partially 
covered by the anterior flange of the humerai 
component. 

■ Articulate the humerai device by placing the axis pin 
through the humérus and ulna. Secure it with a split 
locking ring (Fig. 12-330). There will be a confirmatory 
click when the locking device engages. 

■ Impact the humerai component into the humérus so that 
the axis of rotation of the prosthesis is at the level of the 
normal anatomie axis of rotation (Fig. 12-33P and Q). This 
usually is accomplished when the base of the anterior 
flange is flush with the anterior bone of the olecranon 
fossa. 

■ Check the bone graft to ensure that it is still behind the 
anterior humerai flange and secure between it and 
humérus. 

■ Place the arm in maximal extension while the cernent 
hardens. While this occurs, carefully remove excess 
cernent. 

■ Deflate the tourniquet and obtain hemostasis. Leave a 
drain in the depths of the wound. 

■ If the triceps was released during the approach, drill 
holes in an X configuration through the olecranon to 
accept the sutures to repair the triceps mechanism with 
a locking running stitch (Fig. 12-33R). Also place a 
transverse suture through the olecranon and tie it over 
the top of the approximated triceps to provide additional 
fixation. Close the remainder of the triceps with absorb¬ 
able suture. 
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■ Apply a compression dressing with the elbow in full 
extension and a long anterior splint to minimize pressure 
on the posterior incision. 

5ee a/so Videos 12-3 and 12-4. 

POSTOPERATIVE CARE. The extremity is elevated over- 
night with the elbow above the shoulder. The drains and 
compressive dressing are removed the day after surgery. 
A light dressing is then applied, and passive elbow flexion 
and extension are allowed as tolerated. A sling is used, 
and instructions in the activities of daily living are pro- 
vided by an occupational therapist. To protect the repaired 
triceps, active elbow extension must be avoided for 3 
months. In patients who had a triceps-on approach, 
passive range of motion can be initiated early through a 
comfortable arc as tolerated. Strengthening exercises are 
avoided, and the patient is encouraged to avoid lifting 
more than 5 Ib with the involved arm for the first 3 
months after surgery. Thereafter, lifting is restricted to 10 
pounds. Despite these recommendations, most patients, 
particularly young men and those with posttraumatic dis- 
orders, hâve been shown to engage in higher demand 
activities, despite receiving these instructions. 


■ OUTCOMES 

Long-term (10 to 20 years) outcomes of semiconstrained and 
unconstrained total elbow implant arthroplasty are now 
available; 5- and 10-year survival rates hâve been reported at 
90% and 81%, respectively, in a study of the Norwegian joint 
arthroplasty database; a separate study found a 67% survival 
rate at 20 years. In the review of results for implant arthro¬ 
plasty, several generalizations seem appropriate. If the avail¬ 
able published reports of semiconstrained and unconstrained 
arthroplasties are considered, an average of 75% satisfactory 
results hâve been achieved. Furthermore, quality of life 
indices hâve been reported to be improved after total elbow 
arthroplasty If reports of the earlier hinged designs are 
excluded, the satisfactory results approach 90%. The best 
results from total elbow arthroplasty are obtained when the 
procedure is done for rheumatoid arthritis, where satisfactory 
results average about 90%. In contrast, total elbow arthro¬ 
plasty for posttraumatic sequelae is generally less successful. 

I UNCONSTRAINED TOTAL ELBOW ARTHROPLASTY 

Numerous unconstrained total elbow implants hâve been in 
use, most with various modifications. With unconstrained 
“surface replacement” arthroplasties, an overall average of 
nearly 85% satisfactory results has been reported, and 90% of 
patients may achieve satisfactory results when patient sélec¬ 
tion and surgical techniques are satisfactory. 

Patients with rheumatoid arthritis constitute the largest 
group treated with unconstrained prostheses. Aseptie loosen- 
ing was found in 10% of 522 Souter-Strathclyde implants used 
in patients with inflammatory arthritis at average follow-up 
of 6.6 years. Aside from aseptie loosening, the survivorship 
was 96% and 84% at 5 and 10 years. Trail et al., after their 
expérience with 309 Souter-Strathclyde total elbow arthro¬ 
plasties in rheumatoid patients, recommended that a longer 


humerai component be used because 25 of their 32 révisions 
were for humerai component loosening. Despite lucency 
rates of 100% and 8.9% for humerai and ulnar components, 
a 90% survival rate at 16 years with an average Mayo score 
improvement from 43 to 77 was reported with the use of 
Kudo type 3 total elbow implants. 

Ulnar nerve palsy, deep infection, wound complications, 
stiffness, and instability are common problems encountered 
with ail these devices. The more prevailing concern underly- 
ing ail these implants and other unlinked implants more 
recently introduced into the market is the high rate of radio¬ 
graphie lucencies around the humerai and ulnar components. 
Multiple recent reports hâve found that a semiconstrained 
device demonstrated better longevity than unconstrained 
replacements. 

I SEMICONSTRAINED TOTAL ELBOW 
ARTHROPLASTY 

Semiconstrained total elbow replacement for rheumatoid 
arthritis has been well studied. Early reports indicated good 
results in about 85% of patients, with implant survival of 92%, 
although complication rates were relatively high (14%). A 
more recent comparison of the outcomes of unconstrained 
and semiconstrained total elbow arthroplasties for rheuma¬ 
toid arthritis reported a 93% survivorship at 5 years and 76% 
at 10 years for the unconstrained device. In contrast, the 
semiconstrained device had 100% rétention at 5 years. The 
unconstrained device had high rates of loosening (18%) and 
instability (9%) that accounted for the inferior survival rate. 
Other reports also hâve found an advantage to semicon¬ 
strained designs over unconstrained implants. 

Total elbow arthroplasty for distal humerai fractures in 
the elderly has been shown to be effective in properly selected 
patients. Patients older than âge 65 years with small bone 
fragments or poor bone quality and significant comorbid 
factors, such as rheumatoid arthritis, osteoporosis, diabètes 
mellitus, and conditions requiring steroids, hâve had superior 
outcomes at short-term follow-up with total elbow replace¬ 
ment as opposed to fixation. A multicenter, randomized pro¬ 
spective study comparing internai fixation with total elbow 
arthroplasty for displaced intraarticular distal humerai frac¬ 
tures in the elderly found that arthroplasty resulted in 
improved functional outcomes at 2 years; however, inferior 
results were reported in younger patients (average âge, 23 
years) with fractures caused by gunshot wounds. 

Posttraumatic arthritis also is an indication for total 
elbow arthroplasty that has been expanding. At an average of 
68 months after total elbow arthroplasty, 83% of 41 patients 
with posttraumatic arthritis had good or excellent results. 
Failures were typically attributed to overuse of the implant in 
this younger, more active population. A recent update on 
this sériés with an average follow-up of 9 years found 
70% component rétention at 15 years; 68% of patients had 
good or excellent results. Other authors hâve reported their 
expériences with total elbow arthroplasties for posttraumatic 
sequelae. In general, a stable and functional elbow can be 
achieved, but implant longevity, particularly when performed 
in younger patients, remains a concern; caution is recom¬ 
mended when considering total elbow arthroplasties for this 
condition in patients under 60 years of âge. 

Failed elbow procedures of any type may be an indication 
for implant arthroplasty as a révision. Suggested indications 
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for arthroplasty include intractable pain with radiographie 
evidence of destruction of the radiohumeral and humeroul- 
nar joints, instability, failed synovectomy with radial head 
excision, and loss of bone stock caused by tumor, trauma, or 
infection. Patients with primary tumors generally hâve better 
results than patients with metastatic lésions. 

■ COMPLICATIONS 

An overall complication rate in total elbow arthroplasty of 
43% has been reported, including an 18% révision rate and 
15% “permanent” complications. Perioperative mortality has 
been reported to be 0.6% and is most commonly caused by 
cardiac complications. The reported incidence of infection 
varies from 0% to 11.5% and averages 5% to 6%. Patients with 
rheumatoid arthritis hâve higher infection rates than those 
with posttraumatic sequelae. In particular, persistent wound 
drainage is highly indicative of deep infection and predicts 
the likelihood of subséquent component resection. In an 
analysis of the failure mechanisms of total elbow arthroplasty 
for posttraumatic arthritis, it was found that in the early term 
(<5 years), infection was the primary mode of failure; at 
between 5 and 10 years, bushing wear was the most common 
complication; and in the late term (>10 years), complications 
were uncommon but involved component loosening or 
fracture. 

Wear of the polyethylene bearing surface has also been 
reported after total elbow arthroplasty but accounts for a 
minority of révision procedures. Factors associated with the 
development of bushing wear were younger patient âge, male 
sex, posttraumatic arthritis, preoperative elbow deformity, 
supracondylar nonunion, and high activity levels. Implant 
malalignment has also been implicated in a biomechanical 
model. 

Osteolytic reaction similar to that seen in total hip and 
knee replacements has been found in total elbow replace¬ 
ment. In a retrieval study of 16 elbows, multiple modes of 
wear were observed, including asymmetric thinning of the 
humerai and ulnar bearing surfaces and metal-on-metal 
débris. In another study, polyethylene particles, cernent, and 
métal débris were ail found at the time of total elbow révision. 
The authors suggested that osteolysis in total elbow arthro¬ 
plasty is therefore a multifactorial process. 

A principal complication of unconstrained total elbow 
arthroplasty has been loosening, usually of the humerai com¬ 
ponent (Table 12-7). For semiconstrained prostheses, loosen¬ 
ing of the humerai component, previously the most common 
cause for révision, has been reduced to less than 5% overall 
with improvements in prosthesis design, changes in operative 
technique, and better understanding of the anatomy and func- 
tion of the elbow. In particular, one study noted that use of 
a shorter (4 inch) stem in semiconstrained total elbow 
arthroplasty resulted in earlier time to révision than longer (6 
inch) stems. Nevertheless, humerai stem loosening remained 
uncommon at a rate of approximately 2% at an average of 7 
years of follow-up. Ulnar component loosening and osteolysis 
increased with the addition of a polymethylmethacrylate 
precoat in the 1990s but has decreased since the surface finish 
was changed to a plasma spray préparation. 

Instability in the form of dislocation or subluxation is the 
most common complication requiring révision of uncon¬ 
strained prostheses and has been reported to occur in between 
9% and 10% of total elbow arthroplasties. True dislocation 


TABLE 12-7 


Complications of Implant Elbow Arthroplasty 

AVERAGE (%) 

RARELY REQUIRING SURGERY 

Nerve paresthesias 

11 

Wound problems 

14 

Fracture, humérus 

5 

Fracture, ulna 

5 

USUALLY REQUIRING SURGERY 

Nerve entrapment* 

3 

Triceps problems 

4 

Ankylosis* 

4 

USUALLY REQUIRING REVISION 

Loosening (semiconstrained) 

5 

Instability (unconstrained) 

9 

Infection 

7 

Fracture and loosening* 

5 


Average percentage from published reports. 
*Rarely reported by most authors. 


occurs in fewer than 5% of unlinked implants and is dépen¬ 
dent on surgical technique. Appropriate tensioning of the 
médial and latéral ligament complexes and préservation of 
the anterior capsule and triceps can help avoid this 
complication. 

A number of measures hâve been recommended to mini- 
mize the occurrence of other complications of elbow implant 
arthroplasty, especially infection and problems with the 
triceps, ulnar nerve, and wound healing. These include the 
use of a straight incision médial to the olecranon tip, detach- 
ment of the triceps in continuity from the olecranon without 
division of the tendon or the use of a triceps-on approach, 
anterior transposition of the ulnar nerve, drainage of the 
wound with at least one suction drain, and initial splinting of 
the elbow in full extension. 

SALVAGE 

■ REVISION ELBOW ARTHROPLASTY 

Initial results of révision elbow arthroplasty were poor with 
a high complication rate and an equally high rate of unsatis- 
factory outcomes; however, with improved surgical technique 
and understanding of the failure modes of these implants, 
more recent outcomes hâve been more promising. Neverthe¬ 
less, révision total elbow arthroplasty remains a difficult 
salvage situation and patients should be counseled as to the 
end-stage nature of their disorders before intervention so that 
expectations are properly set. 

Wolfe et al. identified preoperative risk factors for 
infection after total elbow arthroplasty, including previous 
elbow surgery or infection, psychiatrie illness, and class IV 
rheumatoid arthritis. Postoperative risk factors included 
wound drainage, spontaneous drainage after 10 days, and 
reoperation for any reason. For deep infection after elbow 
implant arthroplasty, removal of the implant and ail cernent 
has been recommended. For superficial infection, Wolfe et al. 
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recommended debridement with salvage of the implant, 
resection arthroplasty, or elbow arthrodesis. In patients with 
gross loosening of the implant, salvage attempts were not 
worthwhile. In patients with no implant loosening, however, 
salvage was possible. Aggressive measures were used to sta- 
bilize the soft tissues, including excision of sinus tracts; 
debridement of thinned skin and exposed bone; and the use 
of skin grafts, rotation flaps, and muscle pedicle flaps. Salvage 
of an infected elbow prosthesis by serial debridement and 
antibiotic therapy has been described, and successful single- 
stage exchange arthroplasty. 

In a later report by Yamaguchi, Adams, and Morrey, 25 
patients with postoperative infections were grouped accord- 
ing to the treatment they received. In group I, the implant 
was retained using antibiotics and serial debridement, which 
included exchange of the polyethylene bushings. In group II, 
the implant was removed and reimplantation was done either 
immediately or as a delayed procedure. In group III, resection 
arthroplasty was done. The infection was successfully treated 
in 7 of the 14 patients in group I. The results depended on 
the causative organism. Less satisfactory outcomes were seen 
in patients infected with Staphylococcus epidermidis. In group 
II, 4 of 6 patients had successful reimplantation of a prosthe¬ 
sis. In group III, none of the 5 patients had signs of infection 
at latest follow-up. Resection arthroplasty had a more pre- 
dictable outcome in medically “frail” patients and in patients 
with reduced demands for the elbow. More recent reports 
hâve found success with a two-stage révision technique of 
initial resection followed by delayed component replantation. 
Infection can be eradicated in 72% to 88% of patients with 
fair to good results. Advancements in design and improve- 
ments in cementing techniques should help to minimize 
loosening. Sélection of appropriate patients for elbow implant 
arthroplasty (who hâve a low level of activity, such as patients 
with rheumatoid arthritis) also may help to minimize loosen¬ 
ing. Prosthetic designs that allow valgus and varus and rota- 
tional motion at the coupling of the semiconstrained devices 
help to dissipate the forces at the elbow. Symptomatic loosen¬ 
ing of an elbow prosthesis can be treated by révision using a 
different type of prosthesis, removal of the prosthesis creating 
a resection arthroplasty, révision of the remaining bone to 
create an interposition arthroplasty, or arthrodesis. Because 
of scarring, contractures, and poor bone quality, révision 
surgery for elbow prostheses can be exceedingly difficult. Of 
particular concern when revising the humerai component is 
the proximity of the radial nerve. When proximal dissection 
is warranted, typically to remove a well-fixed humerai stem, 
we recommend formally identifying and protecting the radial 
nerve over simple palpation. 

Various types of bone graffing procedures hâve been used 
in révisions for component loosening, including impaction 
graffing, strut allograffs, and allograff-prosthesis constructs. 
Eight of 12 implants revised with impaction bone graffing 
were reported to be intact at 6 years in one sériés and good 
to excellent results were found in 15 of 16 patients in another. 
Strut allograff reconstruction improved Mayo Elbow Perfor¬ 
mance scores in 21 patients, but complications were frequent 
(36%), and allograff-prosthesis constructs were reported to 
be successful in relieving pain in approximately 70% of 
patients, although functional gains were minimal. Graft 
healing and incorporation occurred in 92% of cases, with a 
similar complication rate as strut graffing procedures. 
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Periprosthetic fractures hâve also been reported affer 
total elbow arthroplasty: humerai component fractures occur 
in 0.65% of implants and ulnar component fractures in 1.2%. 
Athwal and Morrey reported 26 elbows that had révision 
because of component fracture. At 5-year follow-up, the 
average Mayo Elbow Performance score was 82 but complica¬ 
tions were frequent (62%). 

Dislocation of the prosthetic components, uncoupling of 
the articulating device, or fracture of a prosthetic component 
can cause failure of an implant elbow arthroplasty. If the 
coupling device of a prosthesis fails, it should be revised by 
replacement of the polyethylene component. Similarly, if a 
component fractures or dislocates, it should be replaced by 
révision surgery. Révision surgery requires careful handling 
of the soft tissues and bone. Gaps in bone may require the use 
of custom prostheses or allograffs to achieve satisfactory 
results. In the absence of infection, satisfactory results can be 
achieved in as many as 85% of révisions in patients without 
documented infection and with “suffrcient bone stock” and 
adéquate soft tissues. 

Révision elbow arthroplasty is a salvage procedure that, 
when successful, is superior functionally to resection arthro¬ 
plasty or arthrodesis. 

■ RESECTION ARTHROPLASTY 

Resection arthroplasty is rarely indicated. Resection of the 
elbow joint may cause nearly incapacitating instability, and, 
if bone résorption occurs at the sites of resection, the instabil¬ 
ity is worsened. Resection arthroplasty has been used in the 
treatment of refractory sepsis, elbow ankylosis affer sepsis or 
trauma, and rheumatoid arthritis. Impressive improvement 
may be seen in some patients when the joint is resected for 
ankylosis. Currently, the indications for resection arthro¬ 
plasty include refractory sepsis, either primary infection or 
affer elbow arthroplasty, and salvage of a failed implant elbow 
arthroplasty. Although disability scores remain high affer the 
procedure, Zarkadas et al. found resection arthroplasty to be 
a reasonable solution to a persistently infected total elbow 
replacement. 


ELBOW RESECTION ARTHROPLASTY 


TECHNIQUE 12-8 


(CAMPBELL) 

■ With the patient supine, make a longitudinal posterior 
incision curving to the radial side of the olecranon. 

■ Dissect the subcutaneous tissues and mobilize skin flaps 
from the triceps aponeurosis. 

■ Elevate and invert a V-shaped tongue or flap of the 
triceps aponeurosis, leaving the triceps tendon attached 
distally to the tip of the olecranon (Fig. 12-34A). As in 
total elbow arthroplasty, a triceps-on approach may also 
be considered. 

■Split the triceps muscle longitudinally and expose the 
distal humérus subperiosteally. 

■ With a rongeur, remove the distal end of the humérus to 
form a convex surface when seen from the latéral side. 
Some stability can be preserved if the lower end of the 
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FIGURE 


Campbell technique for resection arthroplasty. A f Distally based triceps tongue is left attachée! to olecranon. B f Triceps 


muscle is interposed between reshaped surfaces. C f Closure of triceps tongue in V-Y position to release posterior contracture. SEE 


TECHNIQUE 12-8. 


9 humérus is shaped into an inverted V. Remove the articu- 
lar surface from the semilunar notch of the ulna, forming 
a concave recess. If this is left with a slight convexity to 
fit the humerai inverted V 7 the joint has more mediolateral 
stability. 

■ Resect a small portion of the coronoid process. In total, 
remove approximately 2 cm of bone from the distal 
humérus and 1 cm from the articular surface of the 
olecranon. 

■ If the radiocapitellar joint is normal, do not débridé it. If 
the joint is diseased, excise the radial head and reshape the 
capitellum, leaving the proximal radioulnar joint intact. 

■ Attach the triceps muscle to the anterior capsule as an 
interposition material (Fig. 12-34B) and close the triceps 
aponeurosis (Fig. 12-34C). 

■ If an extension contracture is présent before surgery, 
advance triceps aponeurosis distally to release this con¬ 
tracture and close the wound in a V-Y configuration. 

■ Release the tourniquet and obtain hemostasis. 

■ Close the remainder of the wound in layers. Leave suction 
drainage tubes in the depths of the wound as necessary, 
depending on the amount of bleeding on the muscle 
surface. 

■ Apply a posterior splint or long arm cast. 

POSTOPERATIVE CARE. The elbow is immobilized for 
approximately 3 weeks. Active range-of-motion exercises 
are begun and increased as pain and swelling permit. 
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This chapter discusses the indications and techniques for 
arthrodesis of the shoulder and elbow joints. Arthrodesis 
in the shoulder and elbow is becoming increasingly less 
common because the procedures often are quite disabling and 
other options may allow better function. The development of 
more successful and reliable options for arthroplasty has also 
shortened the list of indications. 

SHOULDER ARTHRODESIS 

For most of the past century, shoulder arthrodesis was a rela- 
tively common procedure. Indications at that time were 
mainly for upper extremity paralysis caused by poliomyelitis 
or arthropathy caused by tuberculosis. Because the procedure 
was so successful, the list of indications grew over the next 
several décades. The earliest techniques did not employ inter¬ 
nai or external fixation de vices. A purely extraarticular 
technique of shoulder arthrodesis was recommended for 
tuberculous infection to prevent systemic dissémination from 
the infected joint. With the advent of antitubercular drugs, 
however, this technique became unnecessary. Later proce¬ 
dures placed various types of bone graffs into the beds of 
the decorticated glenohumeral or acromiohumeral joints, or 
both. These procedures ail required prolonged spica casting. 

External fixation has been used to apply compression 
across the fusion site, with the external fixator removed at 6 
weeks and a spica cast worn for 3 months. Although fusion 
rates with external fixation alone are generally poor, it is still 
useful in carefully selected patients, especially if infection is 
présent or trauma has occurred with significant soff-tissue 
injury. 

Techniques also hâve been described using a Rush rod 
and tension band with a muscle-pedicle graff or a 22-gauge 
wire routed through the humerai head and anterosuperior 
quadrant of the glenoid, exiting the glenoid neck inferior 
to the coracoid process. These techniques can be consid- 
ered when limited internai hardware is desired or in envi- 
ronments where there is a paucity of modem implants. 
Long-term spica casting is still required if internai fixation 
is not used. 

With the advent of internai fixation techniques, shoulder 
arthrodesis continued to evolve because external support 
alone rarely maintains complété fixation of the shoulder. 
Internai fixation allows for improved stabilization of contact 
surfaces and promotes fusion. Also, if rigid internai fixation 
is used, casts, splints, and braces may be avoided altogether, 


allowing early functional use. Various techniques of internai 
fixation hâve been described, including isolated screw fixa¬ 
tion, external fixation combined with screws, and single and 
double plating (Fig. 13-1). A biomechanical study of fixation 
techniques used for shoulder arthrodesis found that double 
plating using 4.5-mm dynamic compression plates had the 
highest bending strength and torsional stiffness, followed by 
(in order of decreasing strength) single plating, external fixa¬ 
tion combined with screws, external fixation alone, and 
screws alone. Conversely, a cadaver study comparing various 
six-screw configurations with a reconstruction plate found 
that certain screw configurations were as mechanically stable 
as a 16-hole reconstruction plate, with no significant différ¬ 
ence in construct strength between the two groups. The use 
of a pelvic reconstruction plate instead of a dynamic com¬ 
pression plate has the advantages of intraoperative contour- 
ing and less prominent hardware. Advantages of screw over 
plate fixation are less soff-tissue dissection, a lower infection 
rate, a decreased rate of postoperative humerai fractures, and 
less frequent need to remove painful hardware. Disadvan- 
tages of screw fixation are a higher nonunion rate and the 
need for prolonged spica casting. 

Recently, all-arthroscopic and arthroscopically assisted 
techniques for shoulder arthrodesis hâve been described. 
Although these techniques are minimally invasive, fusion 
rates, outcomes, and complications are comparable to all- 
open procedures. 

INDICATIONS 

Indications for shoulder fusion hâve diminished over the 
years because of the successful results of shoulder arthro¬ 
plasty, the near-élimination of poliomyelitis and tuberculosis, 
and the improved fixation techniques for fractures about the 
shoulder. Nevertheless, shoulder arthrodesis is still a useful 
procedure for some conditions. Patients with some retained 
scapulothoracic and trapezius muscle function hâve improved 
joint stability and some residual movement at the scapulotho¬ 
racic joint. Scapular rotation is preserved if serratus anterior 
muscle function is présent. 

Shoulder arthrodesis is rarely indicated for osteoarthritis, 
rheumatoid arthritis, posttraumatic arthritis, or cuff tear 
arthropathy because these are better treated with shoulder 
arthroplasty. Contraindications to shoulder arthrodesis also 
include osteonecrosis, for which arthroplasty is more appro- 
priate; Charcot arthropathy, in which the nonunion rate is 
unacceptably high; ipsilateral elbow fusion; and contralatéral 
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Fixation techniques for shoulder arthrodesis (posterior view). A f Screws alone. B f External fixation alone. C f External 
fixation with screws. D f Single-plate fixation. E f Double-plate fixation. (Redrawn from Miller BS, Harper WP, Gillies RM, et al: Biomechanical 
analysis of five fixation techniques used in glenohumeral arthrodesis, Aust N Z J Surg 73:1015, 2003.) 


shoulder fusion. Current indications for shoulder arthrodesis 
are listed in Box 13-1. Bacterial or tubercular infections 
uncontrolled with médication or debridements often resuit in 
pain and joint incongruency. In patients with persistent infec¬ 
tion, arthroplasty is contraindicated, and arthrodesis with 
limited internai fixation, with or without external fixation, is 
often the preferred salvage option. In these patients, it is 
important to adequately débridé the shoulder of any infected 


tissue or bony séquestra in an attempt to minimize the infec- 
tious load. 

Shoulder arthrodesis is still commonly used for stabiliza¬ 
tion in paralytic disorders. Obstétrical plexus injuries may be 
treated with arthrodesis near skeletal maturity when growth 
arrest and position changes are less of a concern. Some 
authors recommend combining shoulder arthrodesis with 
transhumerai amputation and prosthetic fitting in patients 
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with complété brachial plexus palsy. Although a minimum 
âge of 10 to 12 years has been suggested, in a review of shoul- 
der arthrodesis in 102 patients, significant growth arrest 
occurred in only one child. Early arthrodesis has been advo- 
cated for children older than 6 years of âge who hâve an 
irréversible flail shoulder with adéquate scapulothoracic 
muscles, intact elbow flexors, and a functional hand with skin 
sensation. Finally, shoulder arthrodesis can be used in adult 
patients with flail limbs caused by traumatic brachial plexus 
injury. Wong et al. reported glenohumeral arthrodesis using 
a reconstruction plate in six patients, ail of whom achieved 
fusion, with five reporting satisfactory pain relief. 

In patients with combined deltoid and rotator cuff paraly- 
sis or insufficiency, arthrodesis is préférable to arthroplasty 
because the muscle power to achieve adéquate function is 
lacking. 

Arthrodesis can be considered for failed shoulder arthro¬ 
plasty when révision is impossible; however, additional pro¬ 
cedures frequently are required to obtain union, and caution 
should be used in these complex patients. Others hâve 
reported acceptable outcomes with resection arthroplasty in 


Indications for Glenohumeral Arthrodesis 


■ Infection 

■ Paralytic disorders 

■ Unreconstructable rotator cuff tears 

■ Combined insufficiency of rotator cuff and deltoid 

■ Failed shoulder arthroplasty 

■ Arthritic diseases unsuitable for arthroplasty 

■ Récurrent dislocations 

■ Neoplastic lésions 


this situation, which may be préférable to arthrodesis because 
of the technical difficultés associated with that procedure. 

Other indications for shoulder arthrodesis include 
récurrent shoulder dislocations that persist affer multiple sur- 
gical procedures, refractory multidirectional instability, and 
massive proximal humerai bone loss, including tumor resec¬ 
tion, which may require bone graffing. Bilgin described the 
use of a vascularized free fibular autograff in the latter situa¬ 
tion to augment bony healing. In general, a physical laborer 
who is not required to routinely perform overhead lifting 
is the idéal candidate for shoulder arthrodesis in most 
disorders. 

POSITION 

The proper position of the arm at the time of arthrodesis (Fig. 
13-2) remains controversial (Table 13-1). Currently, most 
authors prefer 10 to 20 degrees of abduction and flexion and 
35 to 45 degrees of internai rotation. This position allows the 
patient to reach the mouth, waist, back pocket, and contra¬ 
latéral shoulder, facilitating activities of daily living. The posi¬ 
tion of rotation is the most crucial factor in obtaining optimal 
function. One study found that more than 15 degrees of 
flexion and rotation of either less than 40 degrees or more 
than 60 degrees constituted a malposition that required opér¬ 
ative treatment. Another study suggested that abduction of 
approximately 35 degrees and forward élévation of 30 degrees 
provided optimal functional results but that internai rotation 
of more than 45 degrees should be avoided to prevent prob- 
lems with hand-to-face activities. 

Abduction can be determined at the time of surgery by 
clinically measuring the angle formed by the body and the 
humérus. Alternatively, this angle can be determined by 
obtaining an anteroposterior radiographie view using the 
spine rather than the border of the scapula as a landmark. 
Flexion is determined by observing the angle that the humérus 




Internai rotation 
40° 


Forward flexion 
30° 



Internai rotation 
40° 


Position of arm for arthrodesis of shoulder as recommended by Rowe: 20 degrees of abduction (clinical measure- 
ment), 30 degrees of forward flexion, and 40 to 50 degrees of internai rotation. 
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TABLE 13-1 


Recommended Positions for Shoulder Arthrodesis 

AOA committee (1942) 

Rowe (1974) 

50 degrees abduction 

15-25 degrees flexion 

25 degrees internai rotation 
20-25 degrees abduction and 
flexion 

~40 degrees internai rotation 

Cofield and Briggs 
(1979) 

45 degrees abduction 

25 degrees flexion 

21 degrees internai rotation 

Hawkins and Neer 
(1987) 

25-40 degrees abduction 

20-30 degrees flexion 

25-30 degrees internai rotation 

Richards et al. (1988) 

~30 degrees abduction, 
forward flexion, internai 
rotation 

Jônsson et al. (1989) 

20-30 degrees abduction, 
forward flexion, internai 
rotation 

Groh et al. (1997) 

10-15 degrees abduction 

10-15 degrees flexion 

45 degrees internai rotation 

Matsen et al. (2004) 

~15 degrees abduction, 
forward flexion 

40 degrees internai rotation 

Clare et al. (2001) 

10-15 degrees abduction 

10-15 degrees flexion 

45 degrees internai rotation 

Nagy et al. (2004) 

15-30 degrees of flexion 

35-45 degrees of abduction 
30-40 degrees internai rotation 

Safran and lannotti 
(2006) 

20 degrees flexion 

20 degrees abduction 

40 degrees internai rotation 

Scalise and lannotti 
(2009) 

10-20 degrees abduction 

10-20 degrees flexion 

35-45 degrees internai rotation 

forms with the horizontal p] 

lane in a supine patient. After the 


positions of abduction and flexion hâve been determined, the 
elbow is flexed to 90 degrees. The hand is positioned over 
the ipsilateral area of the chest between the sternum and 
axilla so that further flexion of the elbow allows the top of the 
thumb to touch the chin (Fig. 13-3). Pinning the glenohu- 
meral joint before surgery has been recommended to déter¬ 
mine optimal position. 

SURGICAL TECHNIQUES 

An attempt at fusion should be made between the acromion 
and humerai head and the glenohumeral joint, and numerous 
techniques hâve been described. Stable internai fixation can 
reduce the need for bone graffing, external fixation, or spica 
casting. Postoperative use of a premade custom orthosis is 
generally well tolerated by most patients and can be consid- 
ered for any of these techniques. 

Shoulder arthrodesis without implants is primarily of 
historical interest. The techniques of Watson-Jones, Putti, 
Steindler, Brett, and Gill are not included in this édition 



Method of determining appropriate internai 
rotation for arthrodesis of shoulder. A f Hand positioned midway 
between sternum and axilla. B f Further flexion of elbow should 
allow tip of thumb to strike chin. 


because they are rarely indicated. For details of these tech¬ 
niques, the reader may refer to earlier éditions of this text- 
book or the original articles. 


EXTERNAL FIXATION 

Charnley originally described a procedure to accomplish 
shoulder arthrodesis by applying external compression. 
External fixation, preferably with screw supplémentation, 
should be considered when an arthrodesis is indicated in a 
patient with significant soft-tissue loss or deficiency. This 
technique is also useful in patients with récalcitrant 
infections. 


TECHNIQUE 13-1 


(CHARNLEY AND HOUSTON) 

■ Before the operation, apply the trunk portion of a shoul¬ 
der spica cast with the patient awake; allow it to harden 
and then bivalve it and save it for use later. 

■ Position the patient in a semireclining or beach-chair 
posture and make a "saber eut" incision centered over 
the latéral border of the acromion. 

■ Using electrocautery, take down the anterior and latéral 
deltoid muscle and then tag and retract this muscle. 

■ Excise the soft tissue from the subacromial space. Dénudé 
the upper half of the glenoid fossa of articular cartilage 
and the undersurface of the acromion to bleeding bone. 
Remove the articular cartilage from the humerai head and 
reduce the joint. 

■ With an osteotome, split off the greater tuberosity and 
resect enough bone from the humerai head to allow it to 
articulate superiorly against the undersurface of the acro¬ 
mion and the superior part of the glenoid fossa (Fig. 
13-4). Use the resected bone as graft material around the 
fusion. Insert a 4-mm pin from the posterosuperior aspect 
of the acromion into the scapular neck deep to the 
glenoid fossa (Fig. 13-5). Another pin can be placed in 
the base of the coracoid process. 

■ Insert a second set of similar pins into the surgical neck 
of the humérus posterolaterally perpendicular to the shaft 
of the humérus. 
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Charnley and Houston technique of compres¬ 
sion arthrodesis of shoulder. Graft is raised, and denuded humerai 
head is apposed to glenoid and undersurface of acromion. SEE 

TECHNIQUE 13-1. 



Arrangement of pins and compression clamps in 
compression arthrodesis of shoulder. Pins penetrate from latéral 
aspect and do not transfix shoulder, requiring only two skin per¬ 
forations. (From Charnley J, Houston JK: Compression arthrodesis of the 
shoulder, J Bone Joint Surg 46B:614, 1964.) SEE TECHNIQUE 13-1. 


■Construct an external frame of adjustable pin clamps 
and bars and connect it to the pins for application of 
compression with the arm in the desired position for 
arthrodesis. 

■ Reattach the deltoid to the acromion and close the 
wound in layers over a drain. 

■Apply the previously made shoulder spica cast with the 
patient still under anesthésia, incorporating the external 
fixator. 

POSTOPERATIVE CARE. The pins and external fixator 
are removed after 5 to 6 weeks, and the cast is changed. 
The second cast is removed at 12 weeks from the time 
of surgery, and the shoulder is examined for stability. 
Immobilization is continued until the arthrodesis is solid. 



Müller et al. technique of shoulder arthrodesis. 

(Redrawn from Müller ME, Allgower M, Willenegger H: Manual of 
internai fixation: techniques recommended by the AO group, ed 2, 
Berlin, 1979, Springer.) SEE TECHNIQUE 13-2. 


PLATE FIXATION 

The AO group described a double plating technique for 
rigid stabilization in glenohumeral arthrodesis. This is par- 
ticularly useful in humerai head resection in which a second 
plate significantly aids stability. The disadvantage of this 
technique is the possible need for a second procedure to 
remove symptomatic implants after the arthrodesis is solid. 


TECHNIQUE 13-2 


(AO GROUP) 

■ Place the patient in the latéral decubitus position. 

■ Make an incision along the spine of the scapula, over the 
acromion, and along the proximal third of the humérus. 
Expose the scapular spine, glenoid fossa, and proximal 
third of the humérus. 

■ Dénudé the glenoid fossa and humerai head of ail 
cartilage. 

■ Decorticate the undersurface of the acromion and the 
latéral portion of the humérus for contact with the 
acromion. 

■ An osteotomy of the acromion may be necessary 
to increase surface contact between the plate and 
bones. 

■ Position the humerai head in the desired position in the 
glenoid fossa. 

■ Use a malléable template to détermine the contour for a 
standard broad AO plate and contour the plate with 
bending press and irons. The plate is to lie along the 
scapular spine, over the acromion, and against the proxi¬ 
mal third of the humérus (Fig. 13-6). 

■ Fasten the plate initially with a long cortical screw inserted 
vertically into the scapular neck. Insert the remaining 
proximal screws into the scapula using standard AO 
technique. 

■ Displace the humérus superiorly and medially to lie 
against the acromion and glenoid fossa in the desired 
position for arthrodesis. 
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9 " Fix the plate distally with two screws that pass through it 
and the humerai head and into the glenoid fossa and 
scapular neck. Insert at least two more screws to fix the 
plate to the humérus. If the plate does not achieve com¬ 
plété stability at the arthrodesis site, apply a second plate 
posteriorly from the scapular spine to the humérus (see 
Fig. 13-6). 

■Apply bone grafts as desired. Close the wound in layers 
over drains. 

POSTOPERATIVE CARE. A Velpeau dressing is applied. 
The sutures are removed at 2 weeks if nonabsorbable. 
Active réhabilitation of the elbow, wrist, and hand is 
begun within the first few days after surgery, but care 
should be taken not to place stress on the fusion site. A 
double-plating technique also can be used. 


PELVIC RECONSTRUCTION PLATE 

To overcome the technical difficulties of contouring the AO 
plate and the occasional problems caused by prominent 
screws, Richards et al. used a malléable pelvic reconstruc¬ 
tion plate, obtaining successful fusion in 11 patients 
without the need for plate removal. Chun and Byein also 
reported success with this technique in eight patients fol- 
lowed for approximately 4 years. 


TECHNIQUE 13-3 


(RICHARDS ET AL.) 

■ Place the patient in a semisitting position and drape the 
arm free. 

■ Make an incision extending from the spine of the scapula 
to the anterior aspect of the acromion and distally on the 
anterior aspect of the humerai shaft. 

■ Detach the deltoid muscle from the anterior aspect of the 
acromion and split the fibers of the muscle distally. 

■ Resect the rotator cuff. Decorticate the glenoid fossa, the 
undersurface of the acromion, and the head of the 
humérus. 

■ Support the shoulder in 30 degrees of flexion, 30 degrees 
of abduction, and 30 degrees of internai rotation, and 
measure abduction from the side of the body. Bring the 
head of the humérus proximally to appose the decorti- 
cated undersurface of the acromion. Abducting and 
flexing the humérus 30 degrees apposes the head of the 
humérus to the undersurface of the acromion and the 
glenoid fossa. 

■ Maintain the position by supporting the arm with folded 
stérile sheets and hâve an assistant maintain this position 
while the plate is contoured. 

■ Use hand-held bending irons to contour a 4.5-mm recon¬ 
struction plate along the spine of the scapula, over the 
acromion, and down onto the shaft of the humérus. This 
generally requires a 12- to 16-hole plate. Bend the plate 
gently 60 degrees over the acromion and twist it 20 to 
25 degrees just distal to the bend to appose the shaft of 
the humérus (Fig. 13-7). 



Richards et al. technique of arthrodesis of 
shoulder. Pelvic reconstruction plate is bent at fourth hole and 
twisted slightly distally to appose shaft of humérus with shoulder 
in 30 degrees of abduction, 30 degrees of flexion, and 30 degrees 
of internai rotation. (From Richards RR, Sherman RMP, Fludson AR, 
et al: Shoulder arthrodesis using a pelvic-reconstruction plate: a report 
of eleven cases, J Bone Joint Surg 70A:416, 1988.) SEE TECHNIQUE 13-3. 


■ Insert the three screws that pass through the plate and 
the head of the humérus into the glenoid fossa to com- 
press the site of the arthrodesis. 

■ Direct a cortical screw from the spine of the scapula into 
the base of the coracoid process. Place a 6.5-mm cancel- 
lous screw across the acromiohumeral site of fusion, and 
secure the remaining holes of the plate with 4.5-mm 
cortical screws. 

■ Do not osteotomize the acromion because it is used to 
augment the fixation of the scapula to the humérus. 

■ Close the wound in layers over a drain. 

POSTOPERATIVE CARE. The arm is supported with a 
pillow and swathe. A shoulder spica cast is applied 48 
hours after surgery. If there is no radiographie evidence 
of loosening of the internai fixation device 6 weeks after 
surgery, the arm is placed in a sling. Gentle range-of- 
motion exercises only of the hand, wrist, and elbow are 
allowed until union is seen on radiograph. Strenuous 
activity is delayed for at least 16 weeks after surgery. 


SHOULDER ARTHRODESIS AFTER 
FAILED PROSTHETIC SHOULDER 
ARTHROPLASTY 

Although not a common indication for shoulder arthrod¬ 
esis, the combination of a failed shoulder arthroplasty with 
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rotator cuff and deltoid dysfunction has few other recon¬ 
structive options. Because of proximal humerai bone loss, 
soft-tissue deficiencies, and multiple previous operations, 
shoulder arthrodesis in this situation is associated with high 
rates of nonunion and révision surgery, but it does repre- 
sent a salvage option for selected patients for whom other 
reconstruction options are unlikely to be of benefit. 


TECHNIQUE 13-4 


(SCALISE AND IANNOTTI) 

■ Before surgery, détermine whether a bone graft will be 
needed and, if so, what type of bone graft will be most 
appropriate. Large segmentai defects may require a vas- 
cularized autogenous fibular graft. If the volume of bone 
graft needed cannot be obtained from the patient, 
allografts such as a fémoral head should be available. 

■ Place the patient in a modified beach-chair position that 
allows the involved extremity to be fully adducted and 
extended and provides full access to the posterior aspect 
of the shoulder. 


■ After induction of general anesthésia and administration 
of an interscalene block, make an incision over the spine 
of the scapula and curve it anteriorly toward the midpor- 
tion of the acromion latéral to the acromioclavicular joint 
and then distally to the level of the deltoid tuberosity, 
incorporating deltopectoral incisions from previous sur- 
geries if présent (Fig. 13-8A). 

■ Develop the deltopectoral interval and identify the atro¬ 
phie or detached deltoid. Resect this sclerotic tissue from 
the distal end of the clavicle and the antérolatéral aspect 
of the acromion. 

■ Retract the detached deltoid tissue distally to expose the 
entire proximal end of the humérus. 

■Typically, much of the rotator cuff envelope is déficient. 
Release any remaining inferior portion of the subscapu- 
laris from its humerai insertion. 

■ Place a large Darrach retractor in the glenohumeral joint 
and a bent Hohmann retractor in the subacromial space 
behind the humerai head. Dislocate the proximal end 
of the humérus anterosuperiorly with adduction, exten¬ 
sion, and external rotation, and remove the prosthetic 



Arthrodesis with autograft or allograft (Scalise and lannotti). A f Skin incision. B f Provisional Steinmann pin fixation. 
C f Application of contoured 4.5-mm pelvic reconstruction plate and bulk allograft. D, Use of fibular autograft secured with large- 
fragment reconstruction plate. (Redrawn from Scalise JJ, lannotti JP: Glenohumeral arthrodesis after failed prosthetic shoulder arthroplasty: surgical 
technique, J Bone Joint Surg 91 A[Suppl 2 pt 1]:30, 2009.) SEE TECHNIQUE 13-4. 
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components. If the humerai bone is thin and ostéopénie, 
take care to avoid fracture. 

■ If implant removal is difficult, use an oscillating saw to 
create a unicortical longitudinal osteotomy. Place a broad 
osteotome in this gap to gently expand the diameter of 
the diaphysis to loosen osseous on-growth or disrupt the 
bone-cement interface. 

■ For removal of the glenoid implant, circumferentially 
excise the scar and devitalized tissue surrounding the 
glenoid, as well as any within the glenoid vault. 

■ With the entire glenoid rim and vault exposed, use a 
high-speed burr to plane the undersurface of the acro- 
mion fiat to détermine the best placement of the bone 
graft to maximize osseous contact. 

■ With the proximal end of the humérus apposed to the 
glenoid and the underside of the acromion, place two 
3-mm Steinmann pins to provide temporary fixation while 
the optimal position of the fusion is determined. Place 
one pin laterally from the humérus into the glenoid and 
one superiorly through the acromion into the humérus 
(Fig. 13-8B). 

■ Remove and replace the Steinmann pins as needed while 
the position of the humérus is adjusted to obtain optimal 
fusion position. 

■ When the appropriate position is determined, use an 
oscillating saw to eut the médial portion of the proximal 
end of the humérus parallel to the glenoid face to maxi¬ 
mize osseous contact. If necessary, temporarily remove 
the Steinmann pin during this step. Save the resected 
bone for graft material. 

■ Replace the Steinmann pins with 6.5-mm partially 
threaded screws, compressing the humérus to the glenoid 
first, followed by screw fixation of the humérus to the 
acromion. 

■ Contour a 4.5-mm pelvic reconstruction plate to the spine 
of the scapula, the latéral surface of the acromion, and 
the latéral aspect of the proximal end of the humérus. 
The plate should extend far enough proximally to allow 
placement of at least three bicortical screws in the 
scapula. Distally, the plate should hâve at least three 
bicortical screws in the humerai shaft. 

■ Compression of the humérus to the glenoid results in 
relative medialization of the humerai shaft. Shape the 
fémoral head allograft to fit the gap between the under¬ 
surface of the plate and the latéral cortex of the proximal 
end of the humérus. Stabilize the graft with interfrag- 
mentary compression screws. 

■ Secure the neutralization plate to the spine of the scapula 
and to the humérus with screws, transfixing the graft, 
humérus, and glenoid (Fig. 13-8C). 

■ If a vascularized fibular autograft is to be used to span a 
large humerai defect, harvest a length of fibula that is 
6 cm longer than the defect. 

■Strip the fibular graft of its soft tissue so that it can be 
inserted in the canal of the remaining part of the humérus. 
Provisionally fix the graft with one or two interfragmen- 
tary 4.5-mm lag screws. 

■ To maximize contact with the glenoid, use a high-speed 
burr to create a slot on the face of the glenoid to allow 
the fibula to be recessed at the proper orientation to 
provide the appropriate humerai position. 


■ Place the bulk allograft and secure it laterally to the fibular 
graft with interfragmentary screws. 

■ Contour a large-fragment reconstruction plate and secure 
it to the surface of the scapula, acromion, fibular graft, 
and distal humérus (Fig. 13-8D). 

■ For a vascularized graft, revascularization of the fibula is 
done by the microvascular team once the graft is stabi- 
lized, using end-to-side anastomosis of the peroneal 
artery and either an end-to-side or end-to-end venous 
anastomosis. 

■ Use either an autologous iliac crest bone marrow aspirate 
mixed with an allograft matrix or a traditional iliac crest 
cancellous autograft to pack around both the proximal 
and distal osteosynthesis sites. 

■ Repair any remaining deltoid to the acromion through 
bone tunnels to maximize soft-tissue coverage. 

■ Place a drain in the deep space, close the soft tissue in 
layers, and apply a hinged shoulder immobilizer that 
maintains the position of the arthrodesis. As an alterna¬ 
tive, a shoulder spica cast can be used. 

POSTOPERATIVE CARE. The shoulder is immobilized 
for 12 to 16 weeks or until union is verified radiographi- 
cally. Range of motion of the hand, wrist, and elbow is 
allowed immediately. Scapulothoracic range-of-motion 
exercises, with progression to strengthening of the scapu- 
lar stabilizers, are begun after union has been obtained, 
typically by 8 to 12 weeks. If union is not established by 
12 weeks, bone grafting of the fusion site should be 
considered to prevent failure of the hardware. 


COMPLICATIONS 

Complications associated with shoulder arthrodesis are 
listed in Box 13-2. Immédiate postoperative complications 
are uncommon and mainly involve wound problems, such 
as infection, skin breakdown, and wound hematoma. The 
surgeon must also be mindful of pressure sores under a spica 
cast. Loss of elbow motion has been reported but is usually 
temporary as long as the elbow is not immobilized for more 
than 2 weeks. 



Complications of Glenohumeral Arthrodesis 


■ Infection 

■ Wound hematoma 

■ Skin slough 

■ Pressure sores under spica cast 

■ Pseudarthrosis/nonunion 

■ Painful hardware 

■ Malposition 

■ Ipsilateral humerai fracture 

■ Traction neuritis 

■ Periscapular muscle strain 

■ Acromioclavicular arthritis 

■ Epiphyseal problems/growth arrest 
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Later postoperative complications are more prévalent. 
Malunion has been reported in up to a third of patients with 
shoulder arthrodesis. Malposition can lead to a traction 
neuritis or periscapular muscle strain, especially when the 
arm is positioned in too much abduction. A recent study 
reported an overall complication rate of 28%. Specifically, 
pseudarthrosis was more common when screw fixation was 
used, whereas infection, periprosthetic fracture, and symp- 
tomatic hardware were more common when plates were 
used. 

Nonunion rates in most modem sériés are less than 10%. 
Union is generally achieved with autologous bone graffing. 
Secondary degenerative arthritis of the acromioclavicular 
joint is common. If any signs of acromioclavicular arthritis 
are présent preoperatively, a concurrent distal clavicle exci¬ 
sion should be performed. 

Ipsilateral humerai fractures affer shoulder fusion hâve 
been reported in 25% of patients in some sériés. Most authors 
recommend nonoperative treatment with a shoulder spica or 
orthosis in these patients. 

OUTCOMES 

There has been a paucity of literature detailing the long- 
term outcomes of shoulder arthrodesis. Dimmen and 
Madsen reported 18 patients who had shoulder fusion using 
plate fixation. Ail obtained full or partial arthrodesis, and at 
an average 8-year follow-up the mean Oxford shoulder score 
was 32 and the mean American Shoulder and Elbow Sur¬ 
geons (ASES) score was 59. Complications were uncom- 
mon: one patient required reoperation because of severe 
pain and one for a postoperative humerai shaff fracture; one 
patient had complex régional pain syndrome. In 21 patients 
who had shoulder arthrodesis as a primary or secondary 
procedure affer tumor resection, Fuchs et al. found no local 
récurrences and no metastatic disease at an average 11-year 
follow-up. The average Toronto Extremity Salvage Score was 
81% and the average Musculoskeletal Tumor Society score 
was 23. However, 43% of patients developed a complication 
that required additional surgical intervention. Another 
study by Miller et al. (2011) reported the outcomes of shoul¬ 
der arthrodesis in 11 children (13 procedures) with flail 
shoulders caused by polio. At an average follow-up of 
41 months, ail patients were satisfied and pain free with 
improved shoulder function. Six patients underwent hard¬ 
ware removal, and two shoulders required humerai osteot- 
omy for malrotation. In a larger sériés of 54 patients 
undergoing shoulder arthrodesis for brachial plexus palsy, 
Atlan et al. reported an ultimate fusion rate of 94% and 
average active abduction of 59 degrees at an average 
follow-up of approximately 3 years. Arthrodesis rates were 
improved with the use of a subacromial bone graff. 

ELBOW ARTHRODESIS 

INDICATIONS 

Although total elbow arthroplasty has become an accepted 
treatment for a variety of degenerative and traumatic elbow 
conditions, concerns regarding its durability in young and/or 
high-demand patients render elbow arthrodesis an accept¬ 
able alternative in this population. Although partially miti- 
gated by the ability of adjacent joints to compensate for lack 


Indications for Elbow Arthrodesis 


■ Infection 

■ Failed total joint arthroplasty 

■ Posttraumatic arthritis 

■ Arthritic diseases unsuitable for arthroplasty 

■ Severely comminuted intraarticular fractures 


of elbow motion, significant functional disability, particularly 
with self-care and activities of daily living, is common. As a 
resuit, total elbow arthroplasty, fascial arthroplasty, or even 
resection arthroplasty in the presence of functional muscula¬ 
ture often provides better function of the upper extremity 
than does elbow arthrodesis. 

Indications for elbow arthrodesis are listed in Box 13-3. 
In general, elbow arthrodesis is reserved for patients with 
painful arthritis who are not candidates for total elbow 
arthroplasty, especially individuals who place high demands 
on the upper extremities, such as manual laborers. Elbow 
fusion also is indicated for persistent infection, including 
tuberculosis, which historically was the main indication for 
this procedure. More recently, elbow arthrodesis has also 
become recognized as the optimal treatment for massive 
upper extremity trauma seen on the battlefield. Typically, a 
combined internai and external fixation technique is recom- 
mended because of the extensive soff-tissue injury that is 
usually associated with such injuries. 

For unilatéral arthrodesis of the elbow, a position of 
90 to 100 degrees of flexion is désirable to provide the 
most powerful grip strength. There is no idéal fusion 
position for ail patients; the optimal position dépends on 
whether occupational activity or self-care is the primary 
goal, as well as on the mobility of the contralatéral 
arm. Simulation of arthrodesis by use of preoperative 
splints or casts set at varying degrees of flexion has been 
recommended. 

Bilateral elbow arthrodesis rarely is indicated because of 
résultant functional limitations. If indicated, one elbow 
should be placed in 110 to 120 degrees of flexion to permit 
the patient to reach the mouth, and the other should be 
placed in 45 to 65 degrees to aid in personal hygiene. These 
positions may be varied to meet the requirements of the 
patients occupation. 

Arthrodesis of the elbow joint is difficult because of the 
unique bony anatomy of the elbow and the long lever arm of 
the upper extremity distal to the elbow. For successful elbow 
arthrodesis, adéquate bone stock must be présent, although 
resection of the radial head may be necessary to preserve 
pronation and supination, and internai or external fixation 
with bone graffing is typically required. 

SURGICAL TECHNIQUES 

In an early technique of arthrodesis reported by Hallock in 
1932, the olecranon was osteotomized and wedged into the 
posterior distal humérus. Steindler (1944) used a tibial graff 
wedged into the olecranon tip and secured it into the poste¬ 
rior distal humérus with screws. 
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Staples arthrodesis of elbow. A f Incision. B f Tip of olecranon osteotomized to form bed for graft. Ulnar nerve is 
protected. C f Graft fixed to humérus and ulna. SEE TECHNIQUE 13-5. 


ELBOW ARTHRODESIS 

In 1952, Staples devised a technique for arthrodesis of the 
elbow in which the bony surfaces are extensively exposed 
for contact with an iliac graft and fixed to the humérus and 
ulna by screws. 


TECHNIQUE 13-5 


(STAPLES) 

■ Approach the elbow through a posterior longitudinal inci¬ 
sion and isolate and retract the ulnar nerve (Fig. 13-9A). 

■ Osteotomize the olecranon as shown in Fig. 13-9B. 

■ Split the triceps tendon medially and laterally and raise it 
proximally as a flap, along with the attached fragment of 
the olecranon. 

■ Dénudé the elbow joint of cartilage and eut the distal 
posterior surface of the humérus down to a fiat surface 
in line with the surface of the remaining proximal end of 
the ulna. 

■ Pack iliac bone chips into the joint and apply an iliac graft 
to the posterior surface of the humérus and the proximal 
surface of the ulna. Anchor the graft above with one 
screw (Fig. 13-9C). 

■ Replace the olecranon process and fasten it with a second 
screw that passes through the olecranon and the lower 
end of the graft and into the upper end of the ulna. 


ELBOW ARTHRODESIS 

The AO group recommended combined internai and exter- 
nal fixation for arthrodesis of the elbow. In this technique, 


an external compression device is used with a cancellous 
screw securing the olecranon to the distal humérus. 


TECHNIQUE 13-6 


(MÜLLER ET AL.) 

■ Expose the elbow posteriorly as described in previous 
techniques. 

■ Resect ail cartilage and synovium from the olecranon and 
distal humérus. 

■ Fashion a squared-off shelf in the proximal ulna and 
resect the distal end of the humérus to fit it (Fig. 13-1 0). 

■ Resect the radial head at the level of the biceps 
tuberosity. 

■ Insert a Steinmann pin from the olecranon into the med- 
ullary canal of the humérus to stabilize the arthrodesis 
temporarily in the desired position. Insert a Steinmann pin 
transversely through the olecranon in line with the ante- 
rior cortex of the humérus. Remove the transfixing med- 
ullary pin and replace it with a cancellous screw and 
washer. Insert another transverse Steinmann pin through 
the humérus and use an external fixator to apply com¬ 
pression across the arthrodesis. 

■Close the wound in layers over drains. 

POSTOPERATIVE CARE. The fixator and pins are 
removed at 6 to 8 weeks, and a long arm cast is worn 
until the arthrodesis is clinically and radiographically solid. 


ELBOW ARTHRODESIS 

More recently, Spier reported successful fusion in four 
patients using internai fixation with a broad AO type of 
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FIGURE 


Müller et al. technique of elbow arthrodesis. SEE TECHNIQUE 13-6. 


POSTOPERATIVE CARE. The sutures are removed at 2 
weeks, and the cast is changed. Support is continued 
until the arthrodesis is solid. The plate and screws should 
not be removed earlier than 1 year after surgery. Some 
authors hâve reported that postoperative immobilization 
is not necessary with compression plate fixation. 


plate bent to 90 degrees. He also recommended resection 
of the radial head and osteotomy of the humérus and 
olecranon to fit in a manner similar to the AO technique. 
McAuliffe et al. reported 15 elbow arthrodèses using the 
AO compression plate technique. The most common indi¬ 
cation was a high-energy, open, infected injury with associ- 
ated bone loss. Arthrodesis was successful in ail but one 
elbow, in which a severe, deep infection necessitated 
amputation. 


TECHNIQUE 13-7 


(SPIER) 

■ Expose the elbow posteriorly as described previously, 
débridé the joint, and resect the radial head. 

■ Osteotomize the olecranon and humérus to fit as in the 
AO technique (see Technique 13-6). 

■ Contour an 8- to 12-hole AO plate to achieve the desired 
degree of flexion at the elbow and secure it to the pos- 
terior humérus. 

■ Secure a tensioning device to the ulna and the distal end 
of the plate and apply compression to the arthrodesis site. 
Secure the plate to the ulna with screws in the standard 
fashion (Fig. 13-1 1). Accessory cancellous screws can be 
used for additional stability if needed. 

■ Apply bone graft around the fusion as necessary, close 
the wound in layers over drains, and apply a long arm 
cast. 


COMPLICATIONS 

Complications of elbow arthrodesis include neurovascular 
injury, wound infection, delayed union, nonunion, and mal¬ 
union. Painful prominent hardware and skin breakdown can 
occur over the posterior aspect of the elbow where subcuta- 
neous tissue is minimal. Repeat surgery for painful hardware 
is common. We recommend waiting at least 18 months after 
radiographie fusion before considering hardware removal. 
The elbow should be protected with a brace or cast for several 
weeks after hardware removal to prevent fracture. 

OUTCOMES 

Long-term follow-up studies of elbow arthrodesis hâve been 
infrequently reported in the literature, and most report small 
numbers of patients. The three largest sériés, involving a total 
of almost 50 patients, reported fusion rates ranging from 56% 
to 100% with the use of compression plating and external 
fixation. Koller et al. reported an average 5-year follow-up of 
14 patients, ail of whom achieved bony fusion with no pain 
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FIGURE 


A-C, Spier arthrodesis of elbow. SEE TECHNIQUE 13-7. 


in eight elbows and moderate pain in six; however, postopera- 
tive complications required révision surgeries in six patients. 
Finally, in a sériés of five failed total elbow arthroplasties 
undergoing arthrodesis, Otto et al. concluded that the proce¬ 
dure is not recommended for this indication because of the 
high nonunion and reoperation rates. In these instances, 
resection arthroplasty has been shown to be modestly more 
successful, although the complication rate remains high. 
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Amputation is the most ancient of surgical procedures. 
Advancements in surgical technique and prosthetic design 
historically were stimulated by the aftermath of war. Early 
surgical amputation was a crude procedure by which a limb 
was rapidly severed from an unanesthetized patient. The open 
stump was crushed or dipped in boiling oil to obtain hemo- 
stasis. The procedure was associated with a high mortality 
rate. For patients who survived, the resulting stump was 
poorly suited for prosthetic fitting. 

Hippocrates was the first to use ligatures; this technique 
was lost during the Dark Ages but was reintroduced in 1529 
by Ambroise Paré, a French military surgeon. Paré also intro- 
duced the “artery forceps.” He was able to reduce the mortal¬ 
ity rate significantly while creating a more functional stump. 
He also designed relatively sophisticated prostheses. Further 
advances were made possible by Morels introduction of the 
tourniquet in 1674 and Lister s introduction of antiseptie 
technique in 1867. With the use of chloroform and ether for 
general anesthésia in the late 19th century, surgeons for the 
first time could fashion reasonably sturdy and functional 
stumps. 

During the 1940s in the United States, vétérans began to 
voice their concerns over the poor performance of their arti- 
ficial limbs, which prompted the Surgeon General of the 
Army, Norman T. Kirk, to turn to the National Academy of 
Sciences. This led to the formation of the Advisory Commit- 
tee on Artificial Limbs, later the Prosthetics Research Board, 
and finally the Committee on Prosthetics Research and 
Development. 

Today, federally funded prosthetic research continues 
through university programs. With better understanding of 
biology and physiology, surgical technique and postoperative 
réhabilitation hâve improved. New information regarding 
biomechanics and materials has greatly improved prosthetic 
design. Patients with amputations now can enjoy higher levels 
of activity. Older patients, who previously would hâve been 
wheelchair dépendent, are now more likely to regain ambula- 
tory ability. Younger patients now hâve access to specialized 
prostheses that allow them to résumé recreational activities 


such as running, golfing, skiing, hiking, swimming, and other 
compétitive sports. 

Now, more than ever, it is important that amputations be 
performed by surgeons who hâve a complété understanding 
of amputation surgical principles, postoperative réhabilita¬ 
tion, and prosthetic design. Improved prosthetic design does 
not compensate for a poorly performed surgical procedure. 
Amputation should not be viewed as a failure of treatment 
but rather as the first step toward a patient s return to a more 
comfortable and productive life. The operative procedure 
should be planned and performed with the same care and 
skill used in any other reconstructive procedure. 

INCIDENCE AND INDICATIONS 

The National Center for Health Statistics estimated that more 
than 300,000 patients with amputations live in the United 
States. The number of amputations performed each year is 
increasing, mainly because of an aging population. More than 
90% of amputations performed in the Western world are 
secondary to peripheral vascular disease. In younger patients, 
trauma is the leading cause, followed by malignancy. 

The only absoluté indication for amputation is irrévers¬ 
ible ischemia in a diseased or traumatized limb. Amputation 
also may be necessary to preserve life in patients with uncon- 
trollable infections and may be the best option in some 
patients with tumors, although advances in orthopaedic 
oncology now allow limb salvage in most cases. Injury not 
affecting circulation may resuit in a limb that it is not as 
functional as a prosthesis. Similarly, certain congénital anom¬ 
alies of the lower extremity are best treated with amputation 
and prosthetic fitting. Each of these indications is discussed 
in further detail. 

PERIPHERAL VASCULAR DISEASE 

Peripheral vascular disease with or without diabètes, which 
most frequently occurs in individuals aged 50 to 75, is the 
most common indication for amputation. The treating physi- 
cian should keep in mind that if vascular disease has 


636 



CHAPTER 14 GENERAL PRINCIPLES OF AMPUTATIONS 


progressed to the point of requiring amputation, it is not 
limited to the involved extremity. Most patients also hâve 
concomitant disease processes in the cérébral vasculature, 
coronary arteries, and kidneys. In addition to obtaining a 
vascular surgery consultation to evaluate the diseased limb, 
appropriate consultation is indicated to evaluate these other 
Systems. 

Approximately half of amputations for peripheral vascu¬ 
lar disease are performed on patients with diabètes. The most 
significant predictor of amputation in diabetics is peripheral 
neuropathy, as measured by insensitivity to the Semmes- 
Weinstein 5.07 monofilament. Other documented risk factors 
include prior stroke, prior major amputation, decreased 
transcutaneous oxygen levels, and decreased ankle-brachial 
blood pressure index. Diabetics must be instructed on the 
importance of proper foot care and footwear and must 
examine their feet frequently. Ulcers should be treated aggres- 
sively with appropriate pressure relief, orthoses, total-contact 
casting, wound care, and antibiotics when indicated. Other 
risk factors, including smoking and poor glucose control, 
should be minimized. 

Before performing an amputation for peripheral vascular 
disease, a vascular surgery consultation is almost always 
indicated. Improved techniques currently allow for revascu- 
larization of limbs that previously would hâve been unsal- 
vageable. Revascularization is not without risk, however. 
Although there is no conclusive evidence in the literature that 
peripheral bypass surgery compromises wound healing of a 
future transtibial amputation, our expérience seems to indi- 
cate otherwise. 

If amputation becomes necessary, ail effort must be 
expended to optimize surgical conditions. Ail medical prob- 
lems should be treated individually. Infection should be con- 
trolled as effectively as possible, and nutrition and immune 
status should be evaluated with simple screening tests. It has 
been shown that the risk for wound complications is greatly 
increased in patients whose sérum albumin is less than 3.5 g/ 
dL or whose total lymphocyte count is less than 1500 cells/ 
mL. Perioperative mortality rates for amputation in periph¬ 
eral vascular disease hâve been reported to be 30%, and 
40% of patients die within 2 years. Critical ischemia develops 
in the remaining lower extremity in 30% of the remaining 
patients. 

Determining the appropriate level of amputation is dis- 
cussed later in this chapter. The energy required for walking 
is inversely proportionate to the length of the remaining limb. 
In an elderly patient with multiple medical problems, energy 
reserves may not allow for ambulation if the amputation is at 
a proximal level. If a patients cognitive function, balance, 
strength, and motivation level are sufficient for ambulatory 
réhabilitation to be a reasonable goal, amputation should be 
performed at the most distal level that offers a reasonable 
chance of healing to maximize function. Conversely, a non- 
ambulatory patient with a knee flexion contracture should 
not undergo a transtibial amputation because a transfemoral 
amputation or knee disarticulation provides better function 
and less risk. 

TRAUMA 

Trauma is the leading indication for amputations in younger 
patients. Amputations as a resuit of trauma are more common 
in men because of vocational and avocational hazards. These 


patients are often otherwise healthy and productive, and such 
injuries may hâve profound effects on their lives. The only 
absoluté indication for primary amputation is an irréparable 
vascular injury in an ischémie limb. With improvements in 
prehospital care, acute resuscitation, microvascular tech¬ 
niques, and bone transport techniques, orthopaedic surgeons 
more often are faced with situations in which a severely trau- 
matized limb can be preserved, although this involves sub- 
stantial compromises. 

Several studies hâve suggested guidelines to help décidé 
which limbs are salvageable. Most of these studies hâve con- 
centrated on severe injuries of the lower extremity. Most 
authors would agréé that type III-C open tibial fractures, 
which include complété disruption of the tibial nerve, or a 
crush injury with warm ischemia time of more than 6 hours, 
are an absolute indication for amputation. Relative indica¬ 
tions for primary amputation include serious associated inju¬ 
ries, severe ipsilateral foot injuries, and anticipated protracted 
course to obtain soff-tissue coverage and tibial reconstruc¬ 
tion. Although these relative indications are subject to various 
interprétations, they serve as reasonable guidelines. 

Other authors hâve attempted to remove subjectivity 
from the decision-making process. To predict which limbs 
will be salvageable, available scoring Systems include the pré¬ 
dictive salvage index, the limb injury score, the limb salvage 
index, the mangled extremity syndrome index, and the 
mangled extremity severity score. Of these, we hâve found the 
mangled extremity severity score to be most useful (Table 
14-1). This System, which is easy to apply, grades the injury 
on the basis of the energy that caused the injury, limb isch¬ 
emia, shock, and the patients âge. The System was subjected 
to rétrospective and prospective studies, with a score of 6 or 
less consistent with a salvageable limb. With a score of 7 or 
greater, amputation was the eventual resuit. Although we do 
not strictly follow these guidelines in ail patients, we do cal- 
culate and document a mangled extremity severity score in 
the chart whenever we are considering primary amputation 
versus a complicated limb salvage. 

No scoring System can replace expérience and good clini- 
cal judgment. Amputation of an injured extremity might be 
necessary to preserve life. Attempts to salvage a severely 
injured limb may lead to metabolic overload and secondary 
organ failure. This is more common in patients with multiple 
injuries and in the elderly. It has been suggested that an 
injury severity score of greater than 50 is a contraindication 
to heroic attempts at limb salvage. Concomitant injuries 
and comorbid medical conditions must be considered 
before heading down a long road of multiple operations to 
save a limb. 

Affer determining that a limb can be saved, the surgeon 
must décidé whether it should be saved, and this decision 
must be made in concert with the patient. The surgeon must 
educate the patient regarding the tradeoffs involved with a 
protracted treatment course of limb salvage versus immédiate 
amputation and prosthetic fitting. On entering the hospital, 
most patients are concerned only with saving the limb; they 
must be made to understand that this often cornes at a great 
cost. They may hâve to face multiple operations to obtain 
bony union and soff-tissue coverage and multiple operations 
on other areas to obtain donor tissue. External fixation may 
be necessary for several years, and complications, including 
infection, nonunion, or loss of a muscle flap, may occur. 
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TABLE 14-1 


Mangled Extremity Severity Score 

TYPE 

CHARACTERISTICS 

INJURIES 

POINTS 

1 

Low energy 

Stab wounds, simple closed fractures, small-caliber gunshot 
wounds 

1 

2 

Medium energy 

Open or multiple-level fractures, dislocations, moderate 
crush injuries 

2 

3 

High energy 

Shotgun blast (close range), high-velocity gunshot wounds 

3 

4 

Massive crush 

Logging, railroad, oil rig accidents 

4 

SHOCK GROUP 

1 

Normotensive 

hemodynamics 

Stable blood pressure in field and in operating room 

0 

2 

Transiently hypotensive 

Unstable blood pressure in field but responsive to 
intravenous fluids 

1 

3 

Prolonged hypotension 

Systolic blood pressure < 90 mm Hg in field and responsive 
to intravenous fluid only in operating room 

2 

ISCHEMIA GROUP 

1 

None 

Pulsatile limb without signs of ischemia 

0* 

2 

Mild 

Diminished puises without signs of ischemia 

1* 

3 

Moderate 

No puise on Doppler imaging, sluggish capillary refill, 
paresthesia, diminished motor activity 

2* 

4 

Advanced 

Pulseless, cool, paralyzed, and numb without capillary refill 

3* 

AGE GROUP 

1 

< 30 y 


0 

2 

>30-<50 y 


1 

3 

>50 y 


2 


From Helfet DL, Howey T, Sanders R, et al: Limb salvage versus amputation: preliminary results of the mangled extremity severity score, Clin Orthop Relat Res 256:80, 
1990. 

*Points x 2 if ischémie time exceeds 6 hours. 


Chronic pain and drug addiction also are common problems 
of limb salvage because patients endure multiple hospital 
admissions and surgery, isolation from their family and 
friends, and unemployment. In the end, despite heroic 
efforts, the limb ultimately could require amputation, or a 
“successfully” salvaged limb may be chronically painful or 
functionless. 

Patients also need to understand that the advances made 
in limb salvage surgery hâve been paralleled by advances 
made in amputation surgery and prosthetic design. Early 
amputation and prosthetic fitting are associated with 
decreased morbidity, fewer operations, a shorter hospital stay, 
decreased hospital costs, shorter réhabilitation, and earlier 
return to work. The treatment course and outcome are more 
predictable. Modem prosthetics offen provide better function 
than many “successfully” salvaged limbs. A young, healthy 
patient with a transtibial prosthesis is offen able to résumé ail 
previous activities with few restrictions. In long-term studies, 
patients who hâve undergone amputation and prosthetic 
fitting are more likely to remain working and are far less likely 
to consider themselves to be “severely disabled” than patients 
who hâve endured an extensive limb salvage. 

Several comparisons of limb reconstruction and limb 
amputation hâve corne to differing conclusions, with one 
large study of 545 patients projecting lifetime health care 
costs to be three times higher for patients with amputations 
than for those with reconstruction. A meta-analysis, on the 


other hand, concluded that length of réhabilitation and total 
costs are higher for patients who hâve undergone limb salvage 
procedures. Reports of functional results hâve been equally 
varied, with one study reporting a 64% return-to-work rate 
affer limb salvage compared with 73% affer amputation, 
and another study reporting that long-term functional out- 
comes were équivalent between limb salvage and primary 
amputation. 

The worst-case scénario occurs when a limb must be 
amputated affer the patient has endured multiple operations 
of an unsuccessful salvage or affer years of pain following a 
“successful” salvage. Affer realizing the function that is pos¬ 
sible with a prosthesis, many patients ask why the amputation 
was not performed initially. It is important to présent ail 
information from the very beginning so that the patient is 
able to make educated decisions regarding which course to 
follow. The physician cannot understand the importance each 
patient places on cosmesis, function, or body image without 
specifically asking these questions. Other important issues 
include the patients ability to handle uncertainty, deal with 
prolonged immobilization, accept social isolation, and bear 
the financial burden. Without discussing ail these issues, a 
physician would not be able to help patients make the “correct” 
decisions. The “correct” decisions are based on the patient as 
a whole, not solely on the extent of the limb injury. 

When an amputation is performed in the setting of acute 
trauma, the surgeon must follow ail the standard principles 




CHAPTER 14 GENERAL PRINCIPLES OF AMPUTATIONS 


of wound management. Contaminated tissue must undergo 
debridement and irrigation followed by open wound man¬ 
agement. Although ail devitalized tissue must be removed, 
any questionable areas should be retained to preserve future 
reconstructive options and reevaluated at a repeat debride¬ 
ment in 24 to 48 hours. This time will not only allow the 
wound to further déclaré its course but also allow the patient 
to comprehend the severity of the problem. Functional stump 
length should be maintained whenever possible; this may 
require using nonstandard flaps or free muscle flaps for 
closure. Traction neurectomy for ail named nerves and large 
cutaneous nerves should be performed proximal to the end 
of the residual limb to avoid sympathetic neuromas. Vascu- 
larized or nonvascularized tissue may be harvested from the 
amputated part to aid in this endeavor. If adéquate length 
cannot be maintained acutely, the stump may be revised at a 
later date using tissue expanders and the Ilizarov technique 
for bone lengthening. Using négative pressure wound therapy 
is a useful adjuvant until the time of révision surgery. A mul- 
tidisciplinary approach involving other subspecialties (e.g., 
general surgery, vascular surgery) is recommended in the 
acute setting when patients are unable to be involved in the 
decision process secondary to their other injuries. 

BURNS 

Thermal or electrical injury to an extremity may necessitate 
amputation. The full extent of tissue damage may not be 
apparent at initial présentation, especially with electrical 
injury. Treatment involves early debridement of devitalized 
tissue, fasciotomies when indicated, and aggressive wound 
care, including repeat debridements in the operating room. 
Compared with early amputation, delayed amputation of an 
unsalvageable limb has been associated with increased risk of 
local infection, systemic infection, myoglobin-induced rénal 
failure, and death. In addition, length of hospital stay and cost 
are greatly increased with delayed amputation. Performing 
inadéquate debridements with the unrealistic hope of saving 
a limb may put the patient in undue danger. Debridements 
must be aggressive and must include amputation when 
necessary. 

FROSTBITE 

Frostbite dénotés the actual freezing of tissue in the extremi- 
ties, with or without central hypothermia. Historically, 
frostbite was most prévalent in wartime; however, anyone 
exposed to subfreezing températures is at risk. This is a 
common problem for high-altitude climbers, skiers, and 
hunters. Also at risk are homeless, alcoholic, and schizo¬ 
phrénie individuals. 

When heat loss exceeds the bodys ability to maintain 
homeostasis, blood flow to the extremities is decreased to 
maintain central body température. The problem is exacer- 
bated by exposure to wind or water. Actual tissue injury 
occurs through two mechanisms: (1) direct tissue injury 
through the formation of ice crystals in the extracellular fluid 
and (2) ischémie injury resulting from damage to vascular 
endothélium, clôt formation, and increased sympathetic tone. 

The first step in treatment is restoration of core body 
température. Treatment of the affected extremity begins 
with rapid rewarming in a water bath at 40°C to 44°C. This 
requires parentéral pain management and sédation. After 
initial rewarming, if digital blood flow is still not apparent, 


treatment with tissue plasminogen activator or régional sym¬ 
pathetic blockade may be indicated. Tetanus prophylaxis is 
mandatory; however, prophylactic systemic antibiotics are 
controversial. Blebs should be left intact. Closed blebs should 
be treated with aloe vera. Silver sulfadiazine (Silvadene) 
should be applied regularly to open blebs. Low doses of 
aspirin or ibuprofen also should be instituted. Oral antiin- 
flammatory médication and topical aloe vera help to stop 
progressive dermal ischemia mediated by vasoconstricting 
métabolites of arachidonic acid in frostbite wounds. Physical 
therapy should be started early to maintain range of motion. 

In stark contrast to traumatic, thermal, or electrical 
injury, amputation for frostbite routinely should be delayed 2 
to 6 months. Clear démarcation of viable tissue may take this 
long. Even after démarcation appears to be complété on the 
surface, deep tissues still may be recovering. Despite the prés¬ 
ence of mummified tissue, infection is rare if local wound 
management is maintained. Triple-phase technetium bone 
scan has helped to delineate deep tissue viability. Performing 
surgery prematurely often results in greater tissue loss and 
increased risk of infection. An exception to this rule is the 
removal of a circumferentially constricting eschar. 

INFECTION 

Amputation may be necessary for acute or chronic infection 
that is unresponsive to antibiotics and surgical debridement. 
Open amputation is indicated in this setting and may be 
performed using one of two methods. A guillotine amputa¬ 
tion may be performed with later révision to a more proximal 
level after the infection is under control. Alternatively, an 
open amputation may be performed at the definitive level by 
initially inverting the flaps and packing the wound open with 
secondary closure at 10 to 14 days. 

Partial foot amputation with primary closure has been 
described for patients with active infection; the wound is 
closed loosely over a cathéter through which an antibiotic 
irrigant is infused. The constant infusion is continued for 5 
days. The wound must be closed loosely enough to allow the 
fluid to escape into the dressings. The dressings must be 
changed frequently until the cathéter is removed on postop- 
erative day 5. This method may allow for primary wound 
healing, while avoiding a protracted course of wound healing 
by secondary intention. 

In the acute setting, the most worrisome infections are 
those produced by gas-forming organisms. Typically associ¬ 
ated with battlefield injuries, gas-forming infections also may 
resuit from farm injuries, motor vehicle accidents, or civilian 
gunshot wounds. Any contaminated wound that is closed 
without appropriate debridement is at high risk for the devel¬ 
opment of gas gangrené. 

Three distinct gas-forming infections must be differenti- 
ated (Table 14-2). The first is clostridial myonecrosis, which 
typically develops within 24 hours of closure of a deep con¬ 
taminated wound. The patient has an acute onset of pain, 
swelling, and toxemia, often associated with a mental aware- 
ness of impending death. The wound develops a bronze dis- 
coloration with a serosanguineous exudate and a musty odor. 
Gram stain of the exudates shows gram-positive rods occa- 
sionally accompanied by other flora. Treatment consists of 
immédiate radical debridement of involved tissue, high doses 
of intravenous penicillin (clindamycin may be used if the 
patient is allergie to penicillin), and hyperbaric oxygen. 
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_ TABLE 14-2 ^ ; 

Differential Diagnosis of Infection with Gas-Forming Organisms 


FACTOR 

ANAEROBIC CELLULITIS 

CLOSTRIDIAL MYONECROSIS 

STREPTOCOCCAL MYONECROSIS 

Incubation 

>3 d 

<3 d 

3-4 d 

Onset 

Graduai 

Acute 

Subacute 

Toxemia 

Slight 

Severe 

Severe (late) 

Pain 

Absent 

Severe 

Variable 

Swelling 

Slight 

Severe 

Severe 

Skin 

Little change 

Tense, white 

Tense, copper colored 

Exudate 

Slight 

Serous hémorrhagie 

Seropurulent 

Gas 

Abundant 

Rarely abundant 

Slight 

Smell 

Foui 

Variable, "mousy" 

Slight 

Muscle involvement 

No change 

Severe 

Moderate 

From DeHaven KE f Evarts CM: The continuing problem of gas gangrené: a 

review and report of illustrative cases, 

JTrauma 11:983,1971. 


Emergency open amputation one joint above the affected 
compartments often is needed as a lifesaving measure but 
may be avoided if treatment is initiated early. 

Streptococcal myonecrosis usually develops over 3 to 4 
days. The onset is not as rapid, and patients do not appear as 
sick as patients with clostridial infections. Swelling may be 
severe, but the pain is typically not as severe as that experi- 
enced in clostridial myonecrosis. Abundant seropurulent dis- 
charge may be seen with only small amounts of gas formation. 
Debridement of involved muscle compartments, open wound 
management, and penicillin treatment usually allow for prés¬ 
ervation of the limb. 

The third entity that must be distinguished is anaérobie 
cellulitis or necrotizing fasciitis. Onset usually occurs several 
days after closure of a contaminated wound. Subcutaneous 
emphysema may spread rapidly, although pain, swelling, and 
toxemia usually remain minimal. Gas production may be 
abundant with a foui smell, but muscle compartments are not 
involved. Causative organisms include clostridia, anaérobie 
streptococci, Bacteroides, and gram-negative rods. Treatment 
includes debridement and broad-spectrum antibiotics. 
Amputation rarely is indicated. 

Indications for amputation of a chronically infected limb 
must be defined on an individual basis. The systemic effects 
of a refractory infection may justify amputation. Disability 
from a nonhealing trophic ulcer, chronic osteomyelitis, or 
infected nonunion may reach a point at which the patient is 
better served by an amputation and prosthetic fitting. Rarely, 
a chronic draining sinus is the site of development of a squa- 
mous cell carcinoma, which nécessitâtes amputation. 

TUMORS 

Advances in diagnostic imaging, chemotherapy, radiation 
therapy, and surgical techniques for reconstruction now 
make limb salvage a reasonable option for most patients with 
bone or soft-tissue sarcomas. Four issues must be considered 
when contemplating limb salvage instead of amputation: 

1. Would survival be affected by the treatment choice? 

2. How do short-term and long-term morbidity compare? 

3. How would the function of a salvaged limb compare with 
that of a prosthesis? 

4. Are there any psychosocial conséquences? 


Several studies hâve discussed the first question with 
regard to osteosarcoma. With the use of multimodal treat¬ 
ment, including surgery and chemotherapy, long-term 
survival for osteosarcoma patients has improved from 
approximately 20% to approximately 70% in most sériés. For 
osteosarcoma of the distal fémur, the rate of local récurrence 
after wide resection and limb salvage is 5% to 10%, which is 
équivalent to the local récurrence rate after a transfemoral 
amputation for osteosarcoma. Although the rate of local 
récurrence of a tumor after hip disarticulation is extremely 
low, no study has shown a survival advantage for this tech¬ 
nique. In general, provided that wide surgical margins are 
obtained, no study has proved a survival advantage of one 
technique over the other. 

Amputation for malignancy may be technically demand- 
ing, often requiring nonstandard flaps, bone graft, or pros¬ 
thetic augmentation to obtain a more functional residual limb 
(Fig. 14-1). Limb salvage is associated with greater periopera- 
tive morbidity, however, compared with amputation. Limb 
salvage involves a more extensive surgical procedure and is 
associated with greater risk of infection, wound dehiscence, 
flap necrosis, blood loss, and deep venous thrombosis. Long- 
term complications vary depending on the type of recon¬ 
struction. These include periprosthetic fractures, prosthetic 
loosening or dislocation, nonunion of the graft-host junction, 
allograft fracture, leg-length discrepancy, and late infection. 
A patient with a salvaged limb is more likely to need multiple 
subséquent operations for treatment of complications. After 
initial successful limb salvage surgery, one third of long-term 
survivors ultimately may require an amputation. 

With regard to function, the location of the tumor is the 
most important factor. Resection of an upper extremity lésion 
with limb salvage, even with sacrifice of a major nerve, gener- 
ally provides better function than amputation and subséquent 
prosthetic fitting. Similarly, resection of a proximal fémoral 
or pelvic lésion with local reconstruction generally provides 
better function than hip disarticulation or hemipelvectomy. 
Sarcomas around the ankle and foot are frequently treated 
with amputation followed by prosthetic fitting. Treatment for 
sarcomas around the knee must be individualized. 

Most patients with osteosarcoma around the knee are 
treated with one of three surgical procedures, which include 
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Hip disarticulation secondary to osteosarcoma. 
A f Proximal fémoral replacement is constructed using hip hemi- 
arthroplasty component and bone cernent. B, Anterior and pos- 
terior flaps are repaired over prosthesis. Patient is able to function 
as transfemoral amputee. 


either wide resection with prosthetic knee replacement, wide 
resection with allograft arthrodesis, or a transfemoral ampu¬ 
tation. In one study of osteosarcoma patients, patients who 
had undergone resection and prosthetic knee replacement 
showed higher self-selected walking velocities and a more 
efficient gait with regard to oxygen consumption than patients 
with transfemoral amputations. Individuals with a transfem¬ 
oral amputation functioned at more than 50% of their 
maximal aérobic capacity at free walking speeds, requiring 
anaérobie mechanisms to sustain muscle metabolism, which 
results in decreased endurance. The problem in many of these 
patients is compounded by decreased cardiac function from 
doxorubicin-induced cardiomyopathy. 

In a comparison of the long-term function of amputation, 
arthrodesis, or arthroplasty for the treatment of tumors 
around the knee, patients with an amputation had difficulty 
walking on steep, rough, or slippery surfaces but were very 


active and were the least worried about damaging the affected 
limb. Patients with an arthrodesis performed the most 
demanding physical work and recreational activities, but they 
had difficulty with sitting, especially in the back seat of cars, 
theaters, or sports arenas. Patients who had arthroplasty gen- 
erally led more sedentary lives and were more protective of 
the limb, but they had little difficulty with activities of daily 
living. These patients also were the least self-conscious about 
the limb. 

No study has shown a significant différence between 
amputation and limb salvage with regard to psychologie 
outcome or quality of life in long-term sarcoma survivors. 
The decision of limb salvage versus amputation involves more 
than the question of whether the lésion can be resected with 
wide margins. The patient ultimately must make the final 
decision in light of long-term goals and lifestyle decisions. 

Rarely, amputation may be indicated as a palliative 
measure for a patient with metastatic disease and pain that 
has been refractory to standard surgical treatment, radiation, 
chemotherapy, and narcotic pain management. Amputation 
may be indicated for treatment of a récurrent pathologie 
fracture in which stabilization is impossible. It also may be 
indicated if the malignancy has caused massive necrosis, fun- 
gation, infection, or vascular compromise. Although cure is 
not the goal, amputation may dramatically improve the func- 
tional status and pain relief for the remaining months in some 
patients. The surgeon must remember, however, that survival 
is not always predictable. One such “palliative” hemipelvec- 
tomy was performed at this institution on a patient who sub- 
sequently lived comfortably for an additional 20 years. 


SURGICAL PRINCIPLES OF 
AMPUTATIONS 

DETERMINATION OF AMPUTATION LEVEL 

Determining the appropriate level of amputation requires an 
understanding of the trade-offs between increased function 
with a more distal level of amputation and a decreased com¬ 
plication rate with a more proximal level of amputation. The 
patients overall well-being, general medical condition, and 
réhabilitation ail are important factors. 

A vascular surgery consultation is almost always appro¬ 
priate. Even if revascularization would not allow for salvage 
of the entire limb, it may allow for healing of a partial foot or 
ankle amputation instead of a transtibial amputation. As pre- 
viously stated, however, peripheral bypass surgery may com¬ 
promise wound healing of a future transtibial amputation. 

Simple screening tests for nutritional status and immu¬ 
nocompétence should be performed. Use of tobacco products 
should be discouraged. Medical illness, infection, and major 
operations ail induce a hypermetabolic State. Multiple studies 
hâve confirmed that malnourished or immunocompromised 
patients hâve markedly increased rates of perioperative 
complications. 

Waters et al. studied the energy cost of walking for patients 
with amputations at the transfemoral, transtibial, and Syme 
levels secondary to trauma or chronic limb ischemia. Com- 
pared with Controls without amputations, the self-selected 
walking velocity for vascular amputées was 66% at the Syme 
level, 59% at the transtibial level, and 44% at the transfemoral 
level. For traumatic amputées, generally younger patients, the 
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rates were 87% at the transtibial level and 63% at the trans- 
femoral level. At self-selected walking velocities, the slower 
rates for amputées seem to be a compensatory mechanism to 
conserve energy per unit time. With the exception of trans- 
femoral amputations secondary to vascular insufficiency, ail 
patients tended to ambulate at similar percentages of their 
maximal aérobic capacity compared with age-matched Con¬ 
trols. Patients tended to decrease their velocities to keep their 
relative energy costs per minute within normal limits. Patients 
with transfemoral amputations secondary to vascular insuf¬ 
ficiency were unable to accomplish this, however, often 
exceeding 50% of their maximal aérobic capacity even for 
minimal ambulation. In this State, as already mentioned, 
anaérobie mechanisms are summoned to sustain muscle func- 
tion, and endurance is greatly compromised. As a resuit, fewer 
vascular transfemoral amputées regain functional ambulatory 
ability. It becomes apparent that amputation should be per- 
formed at the most distal level possible if ambulation is the 
chief concern. 

If a patient has no ambulatory potential, wound healing 
with decreased perioperative morbidity should be the chief 
concern. A transtibial amputation in this setting is not a rea- 
sonable option because of the increased risk of wound prob- 
lems and increased skin problems from knee flexion 
contractures. A knee disarticulation often provides the best 
function for these patients. Compared with transfemoral 
amputation, knee disarticulation provides a longer lever arm 
with balanced musculature to help with bed mobility and 
transfers. In addition, muscles are not divided and do not 
atrophy and contract over the fémur as they often do after 
transfemoral amputation. Finally, better sitting stability and 
comfort are provided with a through-knee amputation. 

Determining the most distal level for amputation with a 
reasonable chance of healing can be challenging. Preopera- 
tively, clinical assessment of skin color, hair growth, and skin 
température provides valuable initial information. Preopera- 
tive arteriograms, although already obtained for vascular 
surgery consultation, are of little help in determining poten¬ 
tial for wound healing. Segmentai systolic blood pressures 
likewise offer little useful information because they are often 
falsely elevated owing to the noncompliant walls of arterio- 
sclerotic vessels. Measurements of skin perfusion pressures 
may be of some benefit, however. Some authors hâve recom- 
mended thermography or laser Doppler flowmetry as 
methods to test skin flap perfusion. Others recommend 
determining the tissue uptake of intravenously injected fluo- 
rescein or the tissue clearance of intradermally injected 
xénon-133. We hâve found transcutaneous oxygen measure¬ 
ments to be most bénéficiai. 

Transcutaneous oxygen measurements can be deter- 
mined at multiple sites along the limb. The test is performed 
by inserting a probe that is heated to 45°C for 10 minutes 
before oxygen tension is measured. This allows for a maximum 
vasodilatory response and a more accurate détermination of 
perfusion potential. Various studies hâve recommended dif¬ 
ferent cutoff levels, ranging from 20 to 40 mm Hg, for “good” 
healing potential. There is, however, no absolute cutoff 
because some studies hâve shown healing rates of 50% 
even when the transcutaneous oxygen level is less than 
10 mm Hg. The measurement can be falsely decreased in cir- 
cumstances that decrease the diffusion of oxygen, such as 
cellulitis or edema. The test can be improved by comparing 


the transcutaneous oxygen level before and after the inhala¬ 
tion of 100% oxygen. An increase of 10 mm Hg at a particular 
level is a good indicator for healing potential. Accuracy also 
can be improved by comparing supine and élévation of the 
extremity measurements in patients who fall into the 20 to 
40 mm Hg gray zone. A decrease of greater than 15 mm Hg 
after 3 minutes of élévation of the involved limb is a poor 
prognostic indicator for healing. This information must be 
used in light of other patient variables, including âge, con¬ 
comitant medical problems, and ambulatory potential. 

TECHNICAL ASPECTS 

Meticulous attention to detail and gentle handling of soft 
tissues are important for creating a well-healed and highly 
functional amputation stump. The tissues often are poorly 
vascularized or traumatized, and the risk for complications is 
high. 

■ SKIN AND MUSCLE FLAPS 

Flaps should be kept thick. Unnecessary dissection should be 
avoided to prevent further devascularization of already com¬ 
promised tissues. Covering the end of the stump with a sturdy 
soff-tissue envelope is crucial. Past studies hâve determined 
the best type of flaps for each level of amputation, but atypical 
flaps are always préférable to amputation at a more proximal 
level. With modem total-contact prosthetic sockets, the loca¬ 
tion of the scar is rarely important, but the scar should not 
be adhèrent to the underlying bone. An adhèrent scar makes 
prosthetic fitting extremely difficult, and this type of scar 
often breaks down after prolonged prosthetic use. Redundant 
soft tissues or large “dog ears” also create problems in pros¬ 
thetic fitting and may prevent maximal function of an other- 
wise well-constructed stump. 

Muscles usually are divided at least 5 cm distal to the 
intended bone resection. They may be stabilized by myodesis 
(suturing muscle or tendon to bone) or by myoplasty (sutur- 
ing muscle to the periosteum or the fascia of opposing mus¬ 
culature). Jaegers et al. showed that transected muscles 
atrophy 40% to 60% in 2 years if they are not securely fixed. 
If possible, myodesis should be performed to provide a stron- 
ger insertion, help maximize strength, and minimize atrophy 
(Fig. 14-2). Myodesed muscles continue to counterbalance 
their antagonists, preventing contractures and maximizing 
residual limb function. Myodesis may be contraindicated, 
however, in severe ischemia because of the increased risk of 
wound breakdown. 

■ HEMOSTASIS 

Except in severely ischémie limb s, the use of a tourniquet is 
highly désirable and makes the amputation easier. The limb 
may be exsanguinated by wrapping it with an Esmarch 
bandage before the tourniquet is inflated. In amputations for 
infections or malignancy, however, expressing blood from the 
limbs in this manner is inadvisable. In such instances, infla¬ 
tion of the tourniquet should be preceded by élévation of the 
limb for 5 minutes. 

Major blood vessels should be isolated and individually 
ligated. Arteries and veins should be ligated separately, and 
larger vessels should be doubly ligated. The tourniquet should 
be deflated before closure, and meticulous hemostasis should 
be obtained. A drain should be used in most cases for 48 to 
72 hours. 
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Myodesis in transfemoral amputation. Adduc- 
tor magnus tendon (arrow) is pulled into eut end of distal fémur 
and secured through drill hole in latéral cortex. 


■ NERVES 

A neuroma formation is inévitable after transection since the 
axons are unable to locate the distal nerve stump. A neuroma 
becomes painful if it forms in a position where it would be 
subjected to repeated trauma. Normal physiologie stimuli 
such as stretching, pressure, and vascular pulsations may be 
painful and thus limit prosthetic usage. Spécial techniques 
hâve been tried in the hopes of preventing the formation of 
painful neuromas. These include end-loop anastomosis, peri- 
neural closure, Silastic capping, sealing the epineurial tube 
with butyl-cyanoacrylate, ligation, cauterization, and methods 
to bury the nerve ends in bone or muscle. Most surgeons 
currently agréé that nerves should be isolated, gently pulled 
distally into the wound, and divided cleanly with a sharp 
knife so that the eut end retracts well proximal to the level of 
bone resection. Strong tension on the nerve should be avoided 
during this maneuver; otherwise, the amputation stump may 
be painful even after the wound has healed. Crushing also 
should be avoided. Large nerves, such as the sciatic nerve, 
often contain relatively large arteries and should be ligated. 

■ BONE 

Excessive periosteal stripping is contraindicated and may 
resuit in the formation of ring séquestra or bony overgrowth. 
Bony prominences that would not be well padded by soft 
tissue always should be resected, and the remaining bone 
should be rasped to form a smooth contour. This is especially 
important in locations such as the anterior aspect of the tibia, 
latéral aspect of the fémur, and radial styloid. 

OPEN AMPUTATIONS 

An open amputation is one in which the skin is not closed 
over the end of the stump. The operation is the first of at least 
two operations required to construct a satisfactory stump. It 
always must be followed by secondary closure, reamputation, 
révision, or plastic repair. The purpose of this type of amputa¬ 
tion is to prevent or eliminate infection so that final closure 
of the stump may be done without breakdown of the wound. 
Open amputations are indicated in infections and in severe 
traumatic wounds with extensive destruction of tissue and 
gross contamination by foreign material. Appropriate antibi¬ 
otics are given until the stump is finally healed. 



Postoperative below-knee amputation stump 
before (A) and after (B) negative-pressure wound therapy dress- 
ing. (From Sumpio B, Thakor P, Mahler D, Blume P: Négative pressure 
wound therapy as postoperative dressing in below knee amputation 
stump closure of patients with chronic venous insufficiency, Wounds 
23:301, 2011.) 


Previous éditions of this book hâve described the tech¬ 
niques for open amputations with inverted skin flaps and 
circular open amputations with postoperative skin traction. 
More recently, in the setting of tissue contamination or severe 
trauma at the amputation site, we hâve employed the tech¬ 
nique of vacuum-assisted closure. A wound vacuum-assisted 
closure is applied to the open stump immediately after the 
initial debridement. Subséquent debridements are scheduled 
at 48-hour intervals. The vacuum-assisted closure is reapplied 
after each debridement until the wound is ready for closure 
(Fig. 14-3). 

POSTOPERATIVE CARE 

Postoperative care of amputations often requires a multidis- 
ciplinary team approach. In addition to the surgeon, this 
team may include a physical medicine specialist, a physical 
therapist, an occupational therapist, a psychologist, and a 
social worker. An internist often is required to help manage 
postoperative medical problems. Ail of the same précautions 
are followed as for any major orthopaedic surgery, including 
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perioperative antibiotics, deep venous thrombosis prophy- 
laxis, and pulmonary hygiene. Pain management includes the 
brief use of intravenous narcotics followed by oral pain medi- 
cine that is tapered as soon as can be tolerated. Several studies 
hâve noted decreased narcotic usage with improved pain 
management through the use of continuous postoperative 
perineural infusional anesthésia for several days. 

Treatment of the stump from the time the amputation is 
completed until the definitive prosthesis is fitted is crucial if a 
strong and functional amputation stump capable of maximum 
prosthetic use is to be obtained. Since the mid-1970s, there has 
been a graduai shift from the use of “conventional” soft dress- 
ings to the use of rigid dressings, especially in centers that 
perform significant numbers of amputations. The rigid dress- 
ing consists of a plaster of Paris cast that is applied to the stump 
at the conclusion of surgery. Early weight bearing is not an 
essential part of the postoperative management program. If 
weight-bearing ambulation is not planned in the immédiate 
postoperative period, the rigid dressing may be applied by the 
surgeon, observing standard cast application précautions, 
including appropriate padding of ail bony prominences, avoid- 
ing proximal constriction of the limb, and use of dependable 
cast suspension methods. If weight-bearing ambulation in the 
immédiate postoperative period is anticipated, a true pros¬ 
thetic cast should be applied, preferably by a certified prosthe- 
tist, with appropriate use of stump socks, contoured felt 
padding over ail bony prominences, and spécial suspension 
techniques. A métal pylon with a prosthetic foot is attached to 
the cast and properly aligned for ambulation. Spécifie details 
of such prosthetic cast applications for the major levels of 
amputation are provided after each discussion of surgical tech¬ 
nique. Rigid stump dressings may be employed successfully 
and beneficially at essentially ail levels of amputation in the 
lower and upper limbs and are applicable to ail âge groups. 

Rigid dressings offer several advantages over soft dress¬ 
ings. Rigid dressings prevent edema at the surgical site, 
protect the wound from bed trauma, enhance wound healing 
and early maturation of the stump, and decrease postopera¬ 
tive pain, allowing earlier mobilization from bed to chair and 
ambulation with support. For transtibial amputations, rigid 
dressings prevent the formation of knee flexion contractures. 
The physiologie benefits of upright posture to the respiratory, 
cardiovascular, urinary, and gastrointestinal Systems are 
easily recognizable, but the psychologie benefits sometimes 
are more subtle. In most instances, the hospital stay can be 
decreased and the cost of care reduced accordingly. Finally, 
earlier definitive prosthetic fitting is possible and a higher 
percentage of patients are successfully rehabilitated. 

Drains usually are removed at 48 hours. The patient is 
instructed on how to position the stump properly while in 
bed, while sitting, and while standing. The stump is elevated 
by raising the foot of the bed, which helps manage edema and 
postoperative pain. The patient is cautioned against leaving 
the stump in a dépendent position. With transfemoral ampu¬ 
tations, the patient is cautioned against placing a pillow 
between the thighs or beneath the stump or otherwise keeping 
the stump flexed or abducted. These précautions are neces- 
sary to help prevent flexion or abduction contractures. Exer¬ 
cises for the stump are started under the supervision of a 
physical therapist the day after surgery or as soon thereafter 
as tolerated. These should consist of muscle-setting exercises 
followed by exercises to mobilize the joints. Patients should 
be mobilized from bed to chair on the first postoperative day. 


Patients with lower extremity amputations should begin 
physical therapy within the first several days and begin ambu- 
lating using the parallel bars. This is followed shortly by 
ambulation with a walker or crutches when patients can 
control the limb and are comfortable enough. 

The optimal time to begin prosthetic ambulation with pro- 
tected weight bearing dépends on many factors, including the 
âge, strength, and agility of the patient as well as the patients 
ability to protect the amputation stump from injury as a resuit 
of excessive weight bearing. The availability of a well-trained 
team of nurses, therapists, and prosthetists who can carry out 
a well-integrated prosthetic treatment program consistently 
and the desire and willingness of the surgeon to meticulously 
supervise such a treatment program are important factors. 

The graduai application of functional mechanical stress 
in the appropriate distribution can enhance wound healing; 
however, shearing forces can lead to wound breakdown. Early 
unprotected weight bearing can resuit in sloughing of the skin 
or delayed wound healing. Any weight bearing before the 
stump has healed should be strictly supervised. Advancement 
of weight-bearing status should be individualized. A young 
patient with a traumatic amputation above the zone of injury 
probably could begin 25-lb partial weight bearing immedi- 
ately postoperatively. A patient with a traumatic amputation 
through the zone of injury, or a patient with an amputation 
performed secondary to ischemia probably should wait until 
early wound healing is documented before gradually begin- 
ning partial weight bearing. Weight-bearing status should be 
reevaluated with each subséquent cast change. If the wound 
is progressing well, weight bearing can progress in 25-lb 
incréments each week. Supervision is especially important in 
patients with peripheral neuropathy who may hâve difficulty 
judging how much weight they are placing on their stumps. 
Juvénile amputées also require close supervision because they 
are usually quite comfortable in a temporary prosthesis and 
often attempt to walk without support. 

Regardless of when prosthetic ambulation is begun, the 
rigid dressing should be removed and the wound inspected 
in 7 to 10 days. Cast loosening, fever, excessive drainage, or 
systemic symptoms of wound infection are indications for 
earlier cast removal. If the wound is healing well, a new rigid 
dressing is applied, and ambulation with or without a pylon 
and prosthetic foot is continued. The cast should be changed 
weekly until the wound has healed. After the wound is well 
healed, the rigid dressing may be removed for bathing and 
stump hygiene, and, if desired, an elastic stump shrinker may 
be used at night in lieu of the rigid dressing. As stump shrink- 
age occurs, continued gentle compression of the stump is 
maintained by applying an additional stump sock before 
donning the plaster socket; this minimizes the need for 
repeated cast changes. Use of the rigid dressing is continued 
until the volume appears unchanged from the previous week. 
At that time, the prosthetist may apply the first prosthesis. 
One or more socket changes frequently are required over the 
first 18 months; therefore many prosthetists prefer to make 
the initial prosthesis in a modular fashion. 

COMPLICATIONS 

In a review of 5732 patients with transmetatarsal, below- 
knee, or above-knee amputations, the overall complication 
rate was 43%, most of which consisted of wound-related 
complications. Independent predictors of readmission after 
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amputation were chronic nursing-home résidence, nonelec- 
tive surgery, previous revascularization or amputation, pre- 
operative congestive heart failure, and preoperative dialysis. 

HEMATOMA 

Meticulous hemostasis before closure, the use of a drain, and 
a rigid dressing should minimize the frequency of hematoma 
formation. A hematoma can delay wound healing and serve 
as a culture medium for bacterial infection. If a hematoma 
does form, it should be treated with a compressive dressing. 
If the hematoma is associated with delayed wound healing 
with or without infection, it should be evacuated in the oper- 
ating room. 

INFECTION 

Infection is considerably more common in amputations for 
peripheral vascular disease, especially in diabetic patients, 
than in amputations secondary to trauma or tumor. Any deep 
wound infection should be treated with immédiate débridé - 
ment and irrigation in the operating room and open wound 
management. Antibiotics should be tailored according to the 
results of intraoperative cultures. Delayed closure may be 
difficult because of edema and retraction of the flaps. Smith 
and Burgess described a method whereby the central one 
third of the wound is closed and the remainder of the wound 
is packed open (Fig. 14-4). This method allows for continued 
open wound management while maintaining adéquate flaps 
for distal bone coverage. 

WOUND NECROSIS 

The first step in evaluating significant wound necrosis is to 
reevaluate the preoperative sélection of the amputation level. 
If transcutaneous oxygen studies were not obtained preopera- 
tively, they should be obtained at this point to evaluate wound 
healing potential. A sérum albumin level and a total lympho¬ 
cyte count should be obtained. Many authors hâve reported 
significantly more problems with wound healing in patients 
with sérum albumin levels less than 3.5 g/dL or total lympho¬ 
cyte counts less than 1500 cells/mL. Nutritional supplémen¬ 
tation has been shown to promote wound healing in this 
setting. Patients who smoke tobacco should quit immediately 
because smoking severely compromises cutaneous blood 
flow, lowering tissue oxygen pressure. In a study by Lind 
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et al., the risk of infection and reamputation was 2.5 times 
higher in smokers than in nonsmokers. 

Necrosis of the skin edges less than 1 cm can be treated 
conservatively with open wound management. There are 
several alternatives for management of more severe wound 
necrosis. The wound can be treated conservatively with local 
debridements combined with nutritional supplémentation. In 
patients who are better réhabilitation candidates, some 
authors recommend total-contact casting with continued 
progression of weight bearing and réhabilitation. These 
authors State that weight bearing in a properly fitted total- 
contact cast stimulâtes wound healing and stump maturation. 
We prefer to postpone prosthetic use until the wound has 
healed. We hâve made extensive use of vacuum-assisted 
closure in this setting. 

In cases of severe necrosis with poor coverage of the bone 
end, wedge resection may be indicated. The basic principle of 
wedge resection is to regard the end of the amputation stump 
as a hemisphere. Although local resection increases local 
tension on already compromised tissues, resection of a wedge 
incorporating the full diameter of the stump would allow for 
reformation of the hemisphere while minimizing local pres¬ 
sures (Fig. 14-5). Finally, hyperbaric oxygen therapy and 
transcutaneous electrical nerve stimulation hâve been shown 
in some studies to promote wound healing. 

CONTRACTURES 

Mild or moderate contractures of the joints of an amputation 
stump should be prevented by proper positioning of the 
stump, gentle passive stretching, and having the patient 
engage in exercises to strengthen the muscles controlling the 
joint. At the knee, increased ambulation tends to reduce a 
contracture. In some patients, prosthetic modification may be 
necessary to adapt to the contracture. Rarely, severe fixed 
contractures may require treatment by wedging casts or by 
surgical release of the contracted structures. 

PAIN 

After the immédiate postoperative pain has been resolved, 
some patients continue to feel chronic pain as a resuit of 
various causes. The first step in management is to diagnose 
the cause accurately. Phantom limb pain must be differenti- 
ated from residual limb pain, and both must be distinguished 
from pain arising from a distant site, such as from a herniated 
lumbar dise. 

Mechanical lower back pain has been shown to be more 
prévalent in amputées than in the general population. In a 
study of 92 patients with amputations, back pain was rated 
more bothersome than phantom limb pain or residual limb 
pain. In addition to other accepted treatments for back pain, 
patients must be instructed on proper prosthetic ambulation 
to minimize abnormal stresses on the lumbar spine. 

Residual limb pain is often caused by a poorly fitting pros- 
thesis. Pressure is placed on tissues of the remaining leg or arm 
that were not designed to be pressure bearing. An intimate fit 
is required to provide maximal function and avoid focal pres¬ 
sure points that can often be uncomfortable or painful. 

The stump should be evaluated for areas of abnormal 
pressure, especially over bony prominences. Distal stump 
edema, often called “choking,” may resuit if the end is not 
completely seated in the prosthesis, and ulcération or gan¬ 
grené could resuit. These problems can be avoided with 
socket modifications. 
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Diagrams of end-on and side views of amputation stumps. Local resection produces uneven tension; this is reduced 
and evenly distributed after wedge resection. 


A neuroma always forms after division of a nerve. A 
painful neuroma occurs when the nerve end is subjected to 
pressure or repeated irritation. A painful neuroma usually 
can be prevented by gentle traction on the nerve followed by 
sharp proximal division, allowing the nerve end to retract 
deep into the soft tissue. A painful neuroma usually is easily 
palpable and often has a positive Tinel sign. Treatment ini- 
tially consists of Socket modification. If this fails to relieve 
symptoms, simple neuroma excision or a more proximal neu- 
rectomy may be required. Some authors recommend neuroma 
excision combined with centrocentral anastomosis of the 
proximal stump or a procedure to seal the epineurial sleeve. 
Rarely, it may be difficult to distinguish a neuroma from a 
possible récurrent tumor. Provost et al. hâve provided some 
helpful descriptions of the ultrasound features of a neuroma. 

Other possible causes of residual limb pain may be unre- 
lated to the amputation stump. Osteoarthritis of the hip in a 
patient with an amputation should be treated the same way 
as with any other patient. If conservative measures fail to 
relieve symptoms, total hip arthroplasty should be offered as 
a reasonable option. Pain from osteoarthritis of the knee in a 
patient with a transtibial amputation, although rare, may be 
partially relieved by adding a knee joint and thigh corset to 
the prosthesis to allow load sharing with the thigh. 

Phantom limb sensations are common after an amputation 
and they should be considered normal. Most patients do not 
find these to be bothersome. The most important part of man¬ 
agement is simply to educate the patient regarding these sensa¬ 
tions so that they are not surprised by their presence. During 
the first year after amputation, many patients expérience a 
phenomenon referred to as “telescoping,” whereby the phantom 
limb gradually shortens to the end of the residual limb. 

Phantom limb pain is far less common. The exact inci¬ 
dence is difficult to détermine because many authors fail to 
differentiate between phantom limb pain and phantom limb 
sensations. Other authors fail to distinguish between the 
mere presence of phantom limb pain versus the presence of 
severe phantom limb pain, which has a significant effect on 
the patient. Subsequently, some reports State that phantom 
limb pain is présent in 80% of amputées. Most authors would 
agréé that truly bothersome phantom limb pain is much less 
common and is probably présent in less than 10% of ampu¬ 
tées. In our expérience, phantom limb pain is more often 


présent with proximal amputations, such as forequarter and 
hindquarter amputations. Phantom pain also appears to be 
more common in patients who felt pain in the limb before 
amputation. Subsequently, some investigators claim that 
phantom limb pain can be prevented with the use of épidural 
anesthésia beginning the day before surgery. Other investiga¬ 
tors hâve failed to substantiate these daims. When significant 
pain is established, however, it can be extremely difficult to 
treat. Although no one spécifie method is universally bénéfi¬ 
ciai, some patients may benefit from such diverse measures 
as massage, ice, heat, increased prosthetic use, relaxation 
training, biofeedback, sympathetic blockade, oral médica¬ 
tions, local nerve blocks, épidural blocks, ultrasound, trans- 
cutaneous electrical nerve stimulation, and placement of a 
dorsal column stimulator. Other general treatment guidelines 
hâve been suggested to be helpful. These include controlling 
stump edema, decreasing anxiety and stress, establishing 
good sleep hygiene patterns, decreasing dépréssion, and 
encouraging smoking cessation. Treatment algorithms hâve 
been developed for both residual limb pain and phantom 
limb pain (Figs. 14-6 and 14-7). 

DERMATOLOGICAL PROBLEMS 

Patients should be instructed to wash their stumps with a 
mild anti-microbial soap at least once a day. The stump 
should be thoroughly rinsed and dried before donning the 
prosthesis. Likewise, the prosthesis should be kept clean and 
should be thoroughly dried before donning. 

Contact dermatitis is common and may be confused with 
infection. Skin inflammation is associated with intense itching 
and burning when wearing the Socket. The most common 
cause is failure to rinse détergents from stump socks thor¬ 
oughly. Other sensitizers include nickel, chromâtes used in 
leathers, skin creams, antioxidants in rubber, topical antibiot¬ 
ics, and topical anesthetics. Treatment consists of removal of 
the irritant, soaks, steroid cream, and compression. 

Bacterial folliculitis may occur in areas of hairy, oily skin. 
The problem may be exacerbated by shaving and by poor 
hygiene. Treatment initially consists of improved hygiene and 
possibly socket modifications to relieve areas of abnormal 
pressure. Occasionally, cellulitis develops that requires anti¬ 
biotic treatment or an abscess forms that requires incision 
and drainage. 
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inflammatory drugs; PT, physical therapy; RSD, reflex sympathetic dystrophy. (From Hompland S: Pain management for upper extremity 
amputation. In: Meier RH, Atkins DJ (editors): Functional restoration of adults and children with upper extremity amputation, New York, Demos, 
2004.) 
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Physical thérapies 

• Desensitization 

• Massage 

• Vibration therapy 

• Percussion therapy 

• Ultrasound 

• TENS therapy 

• Heat/cold therapy 


<■ 


Electroconvulsive therapy 





Pain unresolved 





Médications 

• Tricyclic antidepressants 

• SSRIs 

• Antiarrhythmics 

• Anticonvulsants 
•Antihypertensives 

• Calcitonin 

• Opioids 

• NSAIDs 

• Antispastics 

• Dronabinol 




Neuromodulation 

• Peripheral nerve stimulation 

• Spinal cord stimulation 

• Thalamic stimulation 

• Deep brain stimulation 


> f 

Neurodestructive procedures: 

• Neuroma excision 

• Rhizotomy 

• Dorsal Root Entry Zone (DREZ) ablation 

• Cordotomy 

• Thalamic ablation 


Phantom limb pain algorithm. NSAIDs; nonsteroidal antiinflammatory drugs; SSRIs, sélective serotonin reuptake 
inhibitors; TENS, transcutaneous electrical nerve stimulation. (From Hompland S: Pain management for upper extremity amputation. In: Meier 
RH, Atkins DJ [editors]: Functional restoration of adults and children with upper extremity amputation, New York, Demos, 2004.) 


Epidermoid cysts may develop at the socket brim. These 
frequently occur late and are best treated with socket modi¬ 
fication. Excision may be required. 

Verrucous hyperplasia refers to a wart-like overgrowth of 
the skin at the end of the stump. It is caused by proximal 


constriction that prevents the stump from fully seating in the 
prosthesis. This “choking,” as previously mentioned, causes 
distal stump edema followed by thickening of the skin, fissur- 
ing, ulcération, and possibly subséquent infection. Treatment 
initially is directed toward treating the infection. The skin 
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should be treated with soaks and salicylic acid to soften the 
keratin. Socket modification is mandatory because pressure 
on the distal skin is essential to treat the problem and to 
prevent récurrences. 


AMPUTATIONS IN CHILDREN 

Amputations in children may be divided into two general 
categories: congénital and acquired. Surveys of specialized 
child amputee clinics hâve shown that approximately 60% of 
childhood amputations are secondary to congénital limb 
deficiencies and 40% are secondary to acquired conditions. 
Acquired amputations most often are secondary to trauma, 
followed by neoplasm and infection. Motor vehicle accidents, 
gunshot wounds, and power tool injuries are the most 
common causes of limb loss from injury in older children; in 
young children, accidents with power tools, such as lawn- 
mowers, and other household accidents are the most common 
causes. Dysvascular amputations in children are rare, but 
when they do occur, they usually are secondary to thrombotic 
or embolie events caused by another underlying problem. 
Congénital amputations are discussed in Chapters 29 and 31; 
only acquired amputations in children are considered here. 

Most of the techniques of amputation described for adults 
also are useful for children, but in pédiatrie patients general 
body growth and stump growth are significant factors. Kra- 
jbich summarized the general principles of childhood ampu¬ 
tation surgery as follows: (1) preserve length, (2) preserve 
important growth plates, (3) perform disarticulation rather 
than transosseous amputation whenever possible, (4) pré¬ 
serve the knee joint whenever possible, (5) stabilize and nor- 
malize the proximal portion of the limb, and (6) be prepared 
to deal with issues in addition to limb deficiency in children 
with other clinically important conditions. 

Preserving length is crucial. Seventy-five percent of the 
growth of the fémur occurs at the distal growth plate. Con- 
sequently, any transfemoral amputation performed in a 
young child would resuit in a very short stump as an adult. 
Conversely, even a very short transtibial stump in a young 
child may resuit in a functional stump as an adult if the 
growth plate is preserved. 

Disarticulation can provide a child with a well-balanced, 
sturdy stump capable of end weight bearing. Length and 
physes are preserved without the risks of terminal over- 
growth. Additionally, prosthetic suspension is improved with 
a disarticulation secondary to préservation of the metaphy- 
seal flares. This is important because of the high mechanical 
demands that children often place on their prostheses. 

Terminal bone overgrowth is a significant problem in a 
child amputee with a transosseous amputation. The problem 
does not occur after disarticulation. The overgrowth is caused 
by appositional new bone formation and is unrelated to the 
growth of the physis. The resulting bone is elongated and 
often pencil shaped. It may cause swelling, edema, pain, and 
bursa formation, and in severe cases may penetrate the skin. 
Overgrowth is more common after traumatic amputations 
than after amputations performed for other indications. It 
also is more common in younger children than in older chil¬ 
dren and occurs most often in the humérus and fibula and 
less often in the tibia, fémur, radius, and ulna, in that order. 
The exact incidence is difficult to détermine because of vari¬ 
ables in the définition of significant overgrowth and variations 


in the âge cutoff of different studies. In one study, 27% of child 
amputées experienced overgrowth severe enough to require 
révision surgery. 

Terminal overgrowth is treated effectively with surgical 
resection of the excess bone. Epiphysiodesis has been unsuc- 
cessful and is contraindicated. Capping the bone with a syn- 
thetic device has had only limited success and has been 
complicated by infection or fracture of the implant or bone. 
Improved results hâve been obtained by capping the bone 
with an epiphyseal graff harvested from the amputated limb 
at the index procedure (Fig. 14-8) or by capping with tricorti¬ 
cal iliac crest graff at a révision operation. 



Stump capping procedure. A f Transtibial ampu¬ 
tation in a 2-year old. B f Distal fibula from amputated leg is 
fashioned to fit into eut end of tibia. C f Fibula is press-fit into 
tibia. 
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Because of growth issues and increased body metabolism, 
children often can tolerate procedures on amputation stumps 
that are not tolerated by adults, including more forceful skin 
traction, the application of extensive skin grafts, and the 
closure of skin flaps under moderate tension. In addition, 
complications after surgery tend to be less severe in children. 
Painful phantom sensations do not develop, and neuromas 
rarely are troublesome enough to require surgery. Even exten¬ 
sive scars usually are tolerated well. One or more spurs usually 
develop on the end of the bone, but, in contrast to terminal 
overgrowth, almost never require resection. Psychologie 
problems after amputation are rare in children until they 
reach adolescence, at which time they may become severe 
enough to require treatment. 

Children use prostheses extremely well, and their profi- 
ciency increases as they âge and mature. In general, a progres¬ 
sive prosthetic program should be designed that parallels 
normal motor development. At a young âge, children func- 
tion well with simple prostheses. As they grow, modifications 
may be made, such as the addition of a knee joint, a mobile 
elbow joint, or a mechanical hand. By the time children reach 
adolescence, they may begin to take advantage of the most 
sophisticated prostheses, including those for specialized 
activities. Because of their activity level and growth, children 
with amputations must be observed closely for prosthetic 
repair, for frequent changes in the Socket, and for fitting with 
new prostheses. 
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As a percent of amputations involving the lower extremity, 
those around the foot and ankle are becoming increasingly 
common (Fig. 15-1). With advances in vascular and perfu¬ 
sion assessment and improvements in foot prostheses and 
footwear, success with ankle and partial foot amputations, as 
measured by functional, independent living, seems to be 
improving. When it is determined that limb salvage is not in 
a patients best interest, ablation by amputation or disarticula¬ 
tion should be viewed as a reconstructive procedure rather 
than a treatment failure. 

Indications for distal lower extremity amputation include 
trauma, peripheral vascular disease, neuropathy, infection, 
and tumor. Surgeons must be aware of advances in knowl¬ 
edge, technique, and technology that may influence the deci¬ 
sion for or against amputation. Over the past few years, more 
literature has emerged to better define indications for ampu¬ 
tation. The Lower Extremity Assessment Project (LEAP) 
study suggests that injury severity scoring Systems, including 
the Limb Salvage Index, Prédictive Salvage Index, and 
Mangled Extremity Severity Score, are insensitive in indicat- 
ing those patients who ultimately benefit from amputation. 
The LEAP study did, however, find the Mangled Extremity 
Severity Score highly spécifie in ruling out patients who do 
not require amputation. 

Presently, diabetic patients comprise over 70% of ampu¬ 
tations because of ischemia, and over 30% of diabetic patients 
with a partial foot amputation will ultimately progress to a 
more proximal level of limb loss. Severe postoperative infec¬ 
tions hâve been found to be significantly more frequent in 
patients with complicated diabètes (defined as the presence 
of neuropathy, history of ulcers, Charcot neuroarthropathy, 
or vascular disease) than in those with uncomplicated diabè¬ 
tes or patients without diabètes. Despite the definitive nature 
of an amputation, diabetic patients with severe neuroarthrop¬ 
athy or ulcération perceive their quality of life as equal to that 
of those with lower extremity amputation. The rôles of the 
certified pedorthist, orthotist, and prosthetist should not be 
undervalued in maximizing function and minimizing com¬ 
plications affer amputations of the lower extremity. 

Nutritional status and limb perfusion must be evaluated 
before surgery. With over one third of foot and ankle amputa¬ 
tions in diabetic patients progressing to a higher level, it is 
important to optimize healing potential preoperatively. Criti- 
cal values hâve been established to predict wound healing 
after amputation in the lower extremity. Indications of 
adéquate perfusion include an ultrasound Doppler ankle- 
brachial index of more than 0.5, although this may be falsely 
elevated in patients with noncompressible vessels (Moncke- 
berg sclerosis), toe pressure of more than 30 mm Hg, and 


transcutaneous oxygen perfusion pressure on room air of 
more than 37 mm Hg. The nutritional status of a patient also 
is crucial in wound healing after ablation procedures around 
the foot and ankle. A sérum albumin value less than 3.5 g/dL 
and a total lymphocyte count less than 1500/mL hâve been 
shown to correlate with poor healing. A healing rate of 82% 
can be obtained with a total lymphocyte count of more than 
1500/mL and an albumin level of at least 3.5 g/dL. Patients 
with poor nutritional status should be evaluated for dietary 
supplémentation before surgery to maximize healing. Alter- 
natively, a higher-level amputation may be chosen if delaying 
amputation carries an unacceptable risk to the patient. Gan¬ 
grené upon admission and insulin-dependent diabètes are 
significant risk factors for reamputation. 

Meticulous surgical technique, including avoidance of 
excessive pressure on the skin edges with forceps and use of 
thick skin flaps, may decrease wound complications. Refrain - 
ing from tourniquet use, controlling hemostasis, and avoid- 
ing hematoma formation may be bénéficiai. 

Expanding coverage options and advances in wound 
management hâve allowed greater success in more distal 
amputations. Advancement, rotation, transposition, and 
pedicle flaps are possible for limited coverage requirements 
around the foot and ankle; however, vascularized free flaps 
offen are necessary for more extensive coverage. There are 
many types of dressings, including hydrocolloid, hydrogel, 
alginate, and debriding agents, and other types of biological 
dressings, such as Allomatrix and Graffjacket regenerative 
tissue matrix (Wright Medical, Memphis, TN). Platelet-rich 
plasma gel application has shown promise for treating dia¬ 
betic, dysvascular wounds, as hâve growth factor and biologie 
wound products. Négative-pressure wound (vacuum-assisted 
closure) dressings also may be bénéficiai in larger wounds of 
the midfoot, hindfoot, and ankle. The vacuum-assisted 
closure System has been shown to heal diabetic foot wounds 
proximal to the transmetatarsal level faster and more predict- 
ably than moist gauze dressing changes. Vacuum-assisted 
closure dressings may be of less benefit in small forefoot 
wounds and wounds with severe peripheral vascular disease. 
It has been suggested that gauze dressing changes may be 
more efficacious for patients with peripheral vascular disease. 
Larger, condition-specific studies are needed to better déter¬ 
mine the rôle of each of these treatment options. 

TOE AMPUTATIONS 

Amputation of a single toe, with few exceptions, causes little 
disturbance in stance or gait. Amputation of the great toe 
does not functionally affect standing or walking at a normal 


651 



PART VI AMPUTATIONS 


pace. If the patient walks rapidly or runs, however, a limp 
appears because of the loss of push-off normally provided by 
the great toe. Amputation of the second toe frequently is fol- 
lowed by severe hallux valgus because the great toe tends to 
drift toward the third to fill the gap left by amputation. Smith 
recommended a second ray amputation and narrowing the 
foot. Screw fixation is used in this technique (Fig. 15-2) to 
prevent a severe valgus deformity from occurring. Amputa¬ 
tion of any of the other toes causes little disturbance. Toe 
amputations are the most common partial foot amputation 
and, of these, the fifth toe is most commonly amputated, the 
usual indication being overriding on the fourth toe. Here 
amputation often is preferred to reconstructive procedures 
because it is simple and definitive (Fig. 15-3). Toe amputation 
is a significant predictor of future limb loss. Amputation of 
ail toes causes little disturbance in ordinary slow walking but 
is disabling during a more rapid gait and when spring and 
resilience of the foot are required. It interfères with squatting 
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Levels of partial foot amputation. 


and tiptoeing. Usually, amputation of ail toes requires no 
prosthesis, other than a shoe filler (Fig. 15-4). Amputation of 
more than two rays often is more disabling than a transmeta¬ 
tarsal amputation. 

Amputation through the metatarsals is disabling in pro¬ 
portion to the level of amputation—the more proximal the 
level, the greater the disability. The loss of push-off in the 
absence of a positive fulcrum in the bail of the foot is chiefly 
responsible for impairment of gait. No prosthesis is required 
other than a shoe filler. 

Foot amputations proximal to the transmetatarsal level 
resuit in considérable gait disturbance because of the loss of 
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Clinical photographs after removal of fifth toe. 
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support and push-off. Such procedures occasionally are indi- 
cated, however, after severe trauma and in diabetic patients. 
Better preoperative tests for tissue profusion hâve made it 
possible to predict with reasonable accuracy the patients in 
whom toe, ray and partial foot amputations will heal. In addi¬ 
tion to using the ankle-brachial index, toe pressures of greater 
than 45 mm Hg and transcutaneous partial pressure of 
oxygen of more than 37 mm Hg correlate with healing of 
wounds. A transcutaneous partial pressure of oxygen of less 
than 20 mm Hg indicates that healing is unlikely at that level. 

Good healing and functional results may be expected in 
diabetic patients after open Lisfranc or Chopart amputations 
with secondary closure. Amputation at either level often 
results in an equinus deformity, however, because of loss of 
the foot dorsiflexor attachments (Fig. 15-5) and may require 
an ankle arthrodesis or révision to a higher level because such 
deformities prevent ambulation. Heel cord tenotomy or 
tenectomy can prevent early equinus deformities from 
becoming fixed, which can decrease the number of patients 
requiring révision to a higher level. Lisfranc (Fig. 15-6) and 
Chopart amputations done for severe foot trauma hâve 
a higher failure rate. Patients who heal function well 
with simple prosthetic devices, and good results can be 
achieved with amputation levels that hâve been unsatisfac- 
tory in the past. 


TERMINAL SYME AMPUTATION 

This amputation shares the name of the Syme amputation 
through the ankle because of the similar reconstruction of 
the planter flap used for coverage. Indications include 
hallux terminal ulcérations, chronic ingrown nails with 
paronychia or nail deformity, hallux tuft osteomyelitis, or 



Severe equinus deformity after amputation 
through Chopart joints. 


traumatic injury to the tip of the hallux involving the nail 
bed. Care must be taken to remove the entire matrix while 
attempting to maintain the insertion of the extensor and 
flexor hallucis longus. 


TECHNIQUE 15-1 


■ Palpate the hallux interphalangeal joint and mark the 
dorsal incision just distal to this level in a transverse 
fashion. A digital tourniquet can be used but is usually 
not needed. 

■ Extend the incision on both sides of the hallux nail bed 
to include the paronychia. Distally extend the incision to 
include the terminal aspect of the hallux (Fig. 15-7A). 

■ Remove the nail plate, nail bed, contiguous soft tissue 
and distal aspect of the distal phalanx (retaining the 
extensor hallucis longus and flexor hallucis longus inser¬ 
tion) (Fig. 15-7B). 

■ Close the skin in a single everted layer (Fig. 15-7C). Do 
not attempt to contour the skin tags because they will 
remodel over time (Fig. 15-7D) and removing them can 
lead to wound problems. 

■ Dress the wound in a mildly compressive forefoot 
dressing. 

POSTOPERATIVE CARE. A stérile dressing is kept in 
place for 2 weeks. The sutures are removed at 12 to 16 
days. Weight-bearing is allowed in a stiff-soled shoe until 
the wound is healed. Then the patient may transition to 
a shoe with a wide toe box. 
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FIGURE 


Amputation through Lisfranc joint. Note récurrent seroma on latéral radiograph. 


AMPUTATION AT THE BASE OF THE 
PROXIMAL PHALANX 

Maintaining the base of the proximal phalanx often is 
préférable to metatarsophalangeal joint disarticulations. 
This allows for rétention of some weight-bearing proper- 
ties, especially in the hallux, where 1 cm of proximal 
phalanx allows for contribution by the flexor hallucis brevis 
and the plantar fascia. It also may slow the déviation of 
adjacent toes when one of the lesser digits is amputated. 


TECHNIQUE 15-2 


■ The skin incision varies with the toe involved. For the 
great toe, make a long médial incision and then circum- 
scribe the digit. Begin the incision over the first metatarsal 
head in the midline medially and curve it distally over the 
latéral and posterior aspects for a distance slightly greater 
than the anteroposterior diameter of the digit and slightly 
longer plantarly than dorsally (Fig. 15-8A). 

■ With an oscillating saw, osteotomize the base of the first 
proximal phalanx 1 cm from the base. Ensure that the 
attachments of the flexor and extensor hallucis brevis are 
preserved (Fig. 15-8B). 

■ In the second, third, and fourth toes, amputation is done 
through a short dorsal racquet-shaped incision (Fig. 
15-8C). Begin the incision 1 cm proximal to the metatar¬ 
sophalangeal joint and extend it distally to the base of 
the proximal phalanx, then curve it to pass around the 
toe across the plantar surface at the level of the flexor 
crease. 

■ With an oscillating saw, osteotomize the proximal phalanx 
1 cm from the base, ensuring the integrity of the flexor 
and extensor digitorum brevis. 


■ In the fifth toe, fashion a latéral incision and extend it 
circumferentially around the médial aspect of the toe 
distally to the level of the proximal interphalangeal joint. 
Again leave 1 cm of bone at the base of the proximal 
phalanx. 

■ Draw the extrinsic tendons distally, divide them, and allow 
them to retract. 

■ Identify the digital nerves and divide them proximal to the 
end of the bone and divide and ligate the digital vessels. 

■ In either the great toe or fifth toe, copiously irrigate 
the wound, obtain hemostasis, and close the wound 
by approximating the skin edges (Fig. 15-8D). 

■ In amputation of the second, third, or fourth toe, close 
the skin edges with interrupted nonabsorbable sutures, 
as shown in Figure 15-8E. 

POSTOPERATIVE CARE. Protect the amputation site 
with a stérile dressing for 12 to 16 days. Remove the 
sutures in dysvascular patients at 21 to 23 days, unless 
the wound has obviously healed sooner. Protected weight 
bearing usually is not needed. A shoe with the toe box 
eut out or a wooden-soled postoperative shoe is worn 
until the sutures are removed. When the edema has 
subsided, ambulation in a supportive, soft-soled, accom- 
modating shoe is allowed. 


METATARSOPHALANGEAL JOINT 
DISARTICULATION 

In the diabetic foot, ischemia or osteomyelitis or both are 
the most compelling indications for amputation at the 
metatarsophalangeal joint. 
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Terminal Syme amputation. A f Incision. B f Removal of 
Skin closure. D f Final appearance of toe. SEE TECHNIQUE 15-1. 


distal aspect of phalanx along with nail plate and nail bed. C f 


TECHNIQUE 15-3 


■ Fashion a long plantar and a short dorsal skin flap. Begin 
the incision at the level of intended bone section at the 
midpoint on the médial side of the toe and curve it over 
the dorsal aspect to end at a similar point on the latéral 
side. Fashion a similar plantar flap, but make it slightly 
longer than the dorsoplantar diameter of the toe at the 
level of bone section. 


■ Dissect the skin flaps proximally to the level of bone 
section. 

■ Divide the flexor and extensor tendons and let them 
retract just proximal to the end of the bone. 

■ Isolate and divide the digital nerves and ligate and divide 
the digital vessels. 

■ Section the bone at the selected level, and smooth its end 
with a rasp. 

■Close the flaps with interrupted nonabsorbable sutures. 
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Amputation at base of phalanx. A f Incision. B f Osteotomy of first proximal phalanx 1 cm from base. C f Racquet-shaped 
incision. Osteotomy of lesser toes also is made 1 cm from the base of the proximal phalanx. D and E, Wound closure. SEE TECHNIQUES 


15-2 AND 15-4. 
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TECHNIQUE 15-4 


■ Disarticulation of the metatarsophalangeal joint is carried 
out in the same manner as amputation through the base 
of the proximal phalanx, differing only in the level and 
manner of amputation of bone. The skin flaps may vary. 

■ Continue the incision distally to the level of the metatar¬ 
sophalangeal joint and extend it distally and circumferen- 
tially while proceeding plantarward (Fig. 15-8C). 

■ Identify the capsule of the metatarsophalangeal joint and, 
with the toe in acute flexion, incise its dorsal side first; 
straighten the toe and expose and incise the remainder 
of the capsule after dividing the flexor tendons and neu- 
rovascular bundles, cauterizing the latter. Divide the neu- 
rovascular bundle distal to the bifurcation so as not to 
jeopardize the adjacent digits. 

■ For the first and fifth digit, fashion the incision in the 
same manner as described in Technique 15-2. If the 
skin allows, a longer plantar flap is probably indicated 
(Fig. 15-9). 

■ When performing a metatarsophalangeal disarticulation 
of the hallux, removing the sesamoids in the insensate 
foot is recommended. Stay close to the periosteum over 
the sesamoids (Fig. 15-10). 

POSTOPERATIVE CARE. Postoperative care is the same 
as after Technique 15-2. 


FIRST OR FIFTH RAY AMPUTATION 
(BORDER RAY AMPUTATION) 


TECHNIQUE 15-5 


■ For amputations at the first or fifth ray (border digit), 
the following incision is used. Base the incision medially 
(first digit) (Fig. 15-9A) or dorsolaterally (fifth digit) 
(Fig. 15-1 IA), extending from the midline of the médial 
eminence (or latéral eminence of the fifth metatarsal) 
dorsally and plantarward to about the level of the middle 
of the metatarsal. If the ray is being amputated because 
of acute or chronic deep infection, such as in a diabetic 
foot with osteomyelitis, press the incision to bone because 
the tissue planes are obscured, and this flap may not 
survive if left thin. 

■ When the dorsal full-thickness flap has been raised to the 
metatarsal, complété the plantar flap in the same manner. 

■ Open the capsule dorsal to the plantar flap and, retracting 
both flaps proximally, complété the disarticulation. 

■Cauterize the neurovascular bundles. 

■ For the hallux, removing the sesamoids usually is not 
indicated unless the metatarsal head is retained. 

■ By extending the racquet-shaped incision proximally 
along the metatarsal shaft, part or ail of the first (or fifth) 
metatarsal may be removed. Take the incision to bone, 
raise the flaps at bone level, and section the first meta¬ 
tarsal from proximal plantar and médial to distal dorsal 




A, Disarticulation at metatarsophalangeal joint 
of great toe. B and C f Severe ischemia of hallux to level of meta¬ 
tarsophalangeal joint. SEE TECHNIQUES 15-4 AND 15-5. 


and latéral. Section the fifth metatarsal from proximal 
plantar and latéral to distal dorsal and médial (Fig. 
15-1 IB and C). 

■ After lifting the bone, section the soft tissues to remove 
the intended segment. This is made easier by first disar- 
ticulating the digit at the metatarsophalangeal joint. 
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ÿj A, Sesamoids removed after first ray amputa¬ 
tion in diabetic patient. B f Closure. Note longer plantar flap. SEE 

TECHNIQUE 15-4. 


9 " If a disarticulation of the first metatarsal at the médial 
cuneiform is done, try to preserve the penetrating 
branch of the dorsalis pedis artery, coursing plantarward 
about 1 cm distal to the joint. Cautery or suture ligature 
often is necessary if it is sectioned. Also, consider reat- 
taching the tibialis anterior if this has been detached. 
This tendon has a broad attachment to the base of the 
first metatarsal and the first cuneiform (Fig. 15-11D). 
Careful dissection may allow the tibialis anterior to 
remain attached to the first cuneiform, obviating the 
need for reattachment. Reattachment of the peroneus 
longus is not necessary. 

■ In fifth ray amputations, preserve the base of the fifth 
metatarsal to maintain the attachment of the peroneus 
brevis. If the entire metatarsal is removed, reattach the 
brevis locally or tenodese to the peroneus longus. 

■ Close in a single layer of nonabsorbable suture 
(Fig. 15-11E). 

POSTOPERATIVE CARE. Postoperative care is the same 
as after Technique 15-2. 


MULTIPLE RAY AMPUTATION 

Usually, if more than two rays need to be removed, espe- 
cially medially, a transmetatarsal amputation would be 
more functional. 

After a first ray resection, the second ray also can be 
removed through the same incision (Fig. 15-12). If skin for 
coverage is limited, a fillet flap can be based laterally. If the 
form of the amputation is dictated by trauma rather than 
infection or arteriosclerosis, préservation of as much bony 
architecture as possible is reasonable. This may require a 
free vascularized flap, particularly in a younger patient 
(Fig. 15-13). 

Partial foot amputations are especially désirable in a 
diabetic patient whose opposite foot is at significant risk. 
Amputation of the médial two or latéral two or even three 
rays often provides a functional weight-bearing foot 
(Fig. 15-14). 


CENTRAL RAY AMPUTATION 

Occasionally, because of infection with or without ischemia, 
particularly in a diabetic foot, and after trauma, partial or 
complété removal of one or more of the central rays is indi- 
cated. If the third and fourth rays require removal, it is 
particularly difficult to secure closure because of immobility 
of the recessed second ray. An osteotomy of the base of the 
fifth metatarsal may facilitate the closure (Fig. 15-15). 


TECHNIQUE 15-6 


■ Begin a dorsal longitudinal incision over the metatarsal 
shaft of the ray to be resected; place the incision between 
the metatarsals if two are to be removed. Leaving a small 
remnant of the base of the metatarsal, if not contraindi- 
cated because of infection, expedites the excision. 

■ Disarticulation at the cuneiform level is tedious because 
of the limited exposure, the strength of the supporting 
capsuloligamentous structures, and the angles of planes 
at the tarsometatarsal joints. Disarticulating the toe at the 
metatarsophalangeal joint before excising the metatarsal 
also facilitâtes excision. The extensor tendons can be 
retracted or removed to enhance exposure. 

■ By sharp and blunt dissection, remove the intrinsic muscles 
on either side, transect the bone transversely, and, lifting 
proximal to distal, clear the undersurface (plantar surface) 
of the metatarsal. 

■ After skeletonizing the bone to the level of the osteot¬ 
omy, section the bone from dorsal distal to plantar proxi¬ 
mal to avoid excess pressure with weight bearing 
(Fig. 15-15). 

■ Disarticulation at the cuneiform or cuboid is an alternative 
technique. 

■ Unless the wound has been rendered surgically clean, 
leave it open and inspect it in 48 to 96 hours. 

■Close primarily or with a skin graft when the wound 
allows. Consider placement of a drain (Fig. 15-16). 
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Fifth ray amputation. A to C f Incision and removal of sectioned metatarsal. D f Final resection of fifth metatarsal. 
E, Wound closure. SEE TECHNIQUE 15-5. 



Complété amputation of first ray through 


médial incision. 


POSTOPERATIVE CARE. Protected weight bearing for 
3 to 4 weeks is recommended. When the edema has 
subsided, which may take several weeks, a noncustom- 
designed soft shoe is worn. 


A deep central space abscess with necrosis of the intrinsic 
muscles of the foot may be managed by external debridement 
and excision of one or more central rays with latéral border 
metatarsal osteotomy to close the gap. A few large rétention 
sutures (when vascularity of the remaining part of the foot is 
not in question) approximating the médial and latéral border s 
of the foot provide a loose closure and allow drainage; the 
remainder of the wound heals by secondary intention. In this 
extenuating circumstance, where salvage of any functional 
part of the foot is the goal, angulation of the metatarsal oste¬ 
otomy is not of prime importance or conséquence. 
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A f Vasopressor induced necrosis in bilateral feet. Due to contralatéral transmetatarsal amputation, every effort was 
made to preserve bony architecture. B, After transmetatarsal amputation and temporary coverage. C and D, Antérolatéral thigh vas- 
cularized free flap was used. Debulking was required to allow for reasonable shoe wear. This amputation and graft are indicated when 
préservation of bony architecture is paramount, and caution is required when deep infection or arteriosclerosis is présent. 


TRANSMETATARSAL AMPUTATION 

Transmetatarsal amputation allows patients to ambulate 
with a shoe filler and Steel shank with rocker soles but 
without a prosthesis. Limb length is preserved and gait is 
maintained fairly well. Although transmetatarsal amputa¬ 
tions heal less predictably than transtibial amputations, if 
the patient's vascularity allows, the benefits often out- 
weigh the risk of needing a second surgery for révision. 
Despite preserving the dorsiflexion strength of the ante- 
rior tibial tendon, an Achilles tendon lengthening or 
gastrocnemius recession is almost always warranted 
because of the tendency to develop a plantarflexion 
contracture as a resuit of the shortened lever arm of the 


foot limiting dorsiflexion. A lengthening procedure also 
decreases the pressure on the terminal aspect of the 
amputation during walking. The Achilles tendon length¬ 
ening should be done first to prevent contamination and 
to allow for a long lever arm to help with dorsiflexion 
correction. 

Indications for transmetatarsal amputation include 
infection or gangrené involving multiple digits and possibly 
some of the dorsal skin proximal to the metatarsophalan- 
geal joints. Essentially ail of the plantar skin proximal to the 
metatarsophalangeal joints must be preserved. Because of 
the inconsistency of wound healing, poor vascularity is a 
relative contraindication depending on severity and the 
patient's willingness and ability to undergo révision surgery 
if needed. 
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Latéral two rays amputated in elderly diabetic 
patient with ischemia and infection of latéral border of foot, 
including osteomyelitis. 


TECHNIQUE 15-7 


■ To fashion long plantar and short dorsal full-thickness 
flaps (Fig. 15-17A), begin the dorsal incision at the level 
of intended bone section on the anteromedial aspect of 
the foot and curve it slightly distal to the level of bone 
section to reach the midpoint of the latéral side of the 
foot (Fig. 15-1 7B). Begin the plantar incision at the same 
point as the dorsal, carry it distally beyond the metatarsal 
heads, and curve it proximally to end at the midpoint of 
the latéral side of the foot (Fig. 15-17C). Because of the 
greater cross-sectional diameter to be covered with skin 
medially, the incision is slightly longer on the médial than 
on the latéral side. Fashion the plantar flap to include the 
subcutaneous fat and a layer of plantar muscles. 

■ Remove the toes at the metatarsophalangeal joints and 
section the metatarsals in a beveled fashion dorsal-distal 
to plantar-proximal at the junction of the middle and 
distal thirds (Fig. 15-17D). The metatarsals should be 
removed in a cascading fashion with the second metatar¬ 
sal osteotomy only a few millimeters shorter than the first 
metatarsal, while each successive eut is 2 to 3 mm shorter 
than the previous médial metatarsal (Fig. 15-17E and F). 
The fifth metatarsal should be even shorter (4 to 5 mm 
shorter than the fourth). Always use a power saw to 
resect the metatarsal to try to prevent subséquent bony 
overgrowth. Use a rongeur and rasp to smooth any bony 
prominences. If infection is présent distally, try not to 


violate any abscess, leaving the metatarsophalangeal joint 
intact. 

■ Identify the nerves and divide them well proximally so that 
their eut ends fall proximal to the end of the bones. 

■ Divide the tendons under tension so that they retract into 
the foot. As an alternative, suture the flexor and extensor 
tendons to each other to form a myoplasty. A drain may 
be used as necessary. 

■ Bring the long plantar flap over the ends of the bones 
and suture it to the dorsal flap with interrupted nonab- 
sorbable sutures (Fig. 15-17G-I). Be careful about "con- 
touring" skin tags at the médial and latéral edges because 
this may jeopardize the blood supply to the flap. This 
excessive tissue disappears with time. 

■ Apply a light compressive dressing and place the foot in 
a carefully padded posterior splint with the ankle in 
neutral to slight dorsiflexion. 

POSTOPERATIVE CARE. Except for the need for a shoe 
filler, the postoperative care is the same as after Tech¬ 
nique 15-2. 


MIDFOOT AMPUTATIONS 

Amputations through the middle of the foot include Lisfranc 
amputation at the tarsometatarsal joints and Chopart ampu¬ 
tation at the transverse tarsal joints (see Fig. 15-1), both of 
which may lead to severe equinovarus deformity (see Fig. 
15-5), and Pirogoff amputation, in which the calcaneus is 
rotated forward to be fused to the tibia after vertical section 
through its middle. Equinovarus deformity after a Lisfranc 
amputation can be mitigated with meticulous surgical tech¬ 
nique to preserve the insertion of the tibialis anterior and 
peroneus longus at the médial cuneiform and the peroneus 
brevis at the base of the fifth metatarsal. The base of the 
second metatarsal should be spared to preserve the proximal 
transverse arch. In a Chopart amputation, one or more dor- 
siflexors of the ankle must be transferred. Lessening the plan- 
tarflexion strength of the Achilles tendon is also necessary. 
Tenectomy of the Achilles tendon (removing 2 to 3 cm of the 
tendon) is recommended, rather than a simple lengthening. 
The patient should be placed in a slight dorsiflexion rigid 
dressing for 6 weeks to prevent equinus deformity and allow 
for incorporation of the transferred ankle dorsiflexors. To 
salvage tarsometatarsal and midtarsal amputations in which 
fixed equinus deformity has developed, both Burgess and 
Lieberman et al. recommend division of the Achilles tendon 
and placement in a rigid dressing in slight dorsiflexion for 6 
weeks. By this means, the equinus is corrected, and weight is 
borne, as it should be, on the plantar skin of the heel and 
remaining part of the foot. Alternatively, an ankle arthrodesis 
may be added immediately or in a delayed fashion to prevent 
or treat equinovarus deformity. In general, the basic require- 
ments for a successful midfoot amputation include: palpable 
posterior tibial puise, distal infections not extending proxi¬ 
mally to the midfoot level, transcutaneous oxygen pressure 
(TcP02) greater than 37 mm Hg, hemoglobin level of more 
than 10 g/dL, and sérum albumin level of more than 30 g/L. 
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A and B f Progressive collapse of midfoot and hindfoot with loss of bony architecture in elderly patient with diabètes 
mellitus and Charcot arthropathy. C, Deep plantar space abscess and osteomyelitis or neuropathie periostitis followed by collapse 
deformity with ulcération. D and E, By osteotomizing border metatarsal or incising capsule at articulation with tarsus, gap created by 
multiple central ray amputations can be closed and occasionally managed without skin graft or flap coverage. SEE TECHNIQUE 15-6. 


Calcaneal deformity may develop but often causes no 
difficulty either in fitting the shoe or as a source of pain. 
Although push-off is compromised, the stump before length- 
ening of the Achilles tendon is not capable of much push-off 
in the presence of a fixed equinus deformity. By this simple 
method, skin problems, pressure irritation, and pain associ- 
ated with excessive weight on the end of the stump are largely 
eliminated. 


CHOPART AMPUTATION 


TECHNIQUE 15-8 


■ To avoid contamination, begin by making a posteromedial 
incision and then perform a tenotomy of the Achilles 
tendon. Excise 2 cm of tendon and attempt to preserve 
the sheath of the Achilles tendon. Handle the soft tissue 
with care. 

■ Mark the skin incision preoperatively, creating a "fish- 
mouth" flap on the plantar surface. Begin the incision at 
the transtarsal joints medially and laterally. Extend the 


flaps in a dorsal and plantar direction, creating adéquate 
skin flaps for coverage (Fig. 15-18A-C). Carry the incision 
through the skin and subeutaneous tissue. 

■ Locate and pull the superficial sensory nerves distally, then 
transect them and allow them to retract. 

■ Identify the anterior tibial and extensor hallucis longus 
tendons (Fig. 15-18D), resect them distally, and préparé 
them for transfer. 

■ Identify the transverse tarsal (calcaneocuboid and talona- 
vicular) joints and disarticulate them by releasing the 
dorsal and plantar ligaments (Fig. 15-18E and F). 

■ Transfer the anterior tibial tendon to the latéral aspect of 
the neck of the talus, using a bone tunnel with a biote- 
nodesis screw or by creating a trough in the talus and 
using a suture anchor or staple to secure fixation (Fig. 
15-18G and Fl). Several authors hâve suggested that a 
single tendon transfer is inadéquate to balance the foot 
in this setting, so in addition to transferring the anterior 
tibial tendon to the neck of the talus we also transfer the 
peroneus brevis or extensor hallucis longus to the anterior 
process of the calcaneus. Also, the anterior tibial and the 
extensor hallucis longus tendons can be tenodesed and 
transferred to the neck of the talus, and the extensor 
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Central ray amputation; approximation of 
médial and latéral borders of the foot provides a loose closure 
and allows drainage. SEE TECHNIQUE 15-6. 


digitorum longus can be transferred to the anterior aspect 
of the calcaneus. 

■ Close the wound by approximating the fascial layers plan- 
tarly and dorsally and then the skin in a tension-free 
manner. Place a drain as needed after hemostasis has 
been obtained and the wound copiously irrigated (Fig. 
15-181 and J). 

■ Apply a well-padded dorsiflexion rigid dressing. 

POSTOPERATIVE CARE. The dorsiflexion rigid dressing 
is changed intermittently to check the wound. Sutures are 
kept in place for 4 to 6 weeks to allow for adéquate 
healing. The splint must be worn for 6 to 8 weeks to 
prevent equinus contracture of the hindfoot. The patient 
will need an ankle-foot orthosis in a rocker-sole shoe 
(e.g., running shoe) for ambulation (Fig. 15-18K). 


HINDFOOT AND ANKLE 
AMPUTATIONS 

Amputations around the ankle joint not only must fulfill the 
requirements of an end-bearing stump but also must leave 
enough space between the end of the stump and the ground 
for the construction of some type of ankle joint mechanism 
for the artificial foot. In 1843, Syme described an amputation 
that meets these requirements better than any other in this 
région. The Syme amputation consists of a bone section at the 
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distal tibia and fibula 0.6 cm proximal to the periphery of the 
ankle joint and passing through the dôme of the ankle cen- 
trally. The tough, durable skin of the heel flap provides normal 
weight-bearing skin. There is apparently no middle ground 
for this amputation: when good, it is the most satisfactory 
functional level in the lower extremity, but when bad, it is 
valueless, and the extremity must be amputated at a more 
proximal level. The most common causes of an unsatisfactory 
Syme stump are posterior migration of the heel pad and skin 
slough resulting from overly vigorous trimming of “dog ears” 
or a compromised posterior tibial artery. These can be mini- 
mized by attention to preoperative planning and surgical 
technique. 

The chief objection to this amputation is cosmetic. The 
prosthesis used must accommodate the flair of the distal tibial 
metaphysis that is covered with heavy plantar skin and is large 
and bulky. The prosthesis used for a classic Syme amputation 
consists of a molded plastic socket, with a removable médial 
window to allow passage of the bulbous end of the stump 
through its narrow shank, and a solid-ankle, cushioned-heel 
foot prosthesis (Fig. 15-19). 

Sarmiento described a modification of the Syme tech¬ 
nique that produces a less bulbous stump and allows the use 
of a more cosmetic prosthesis. He advised transection of the 
tibia and fibula approximately 1.3 cm proximal to the ankle 
joint and excision of the médial and latéral malleoli. This 
produces a stump that is only slightly larger in circumference 
than the diaphyseal portion of the leg and allows fitting with 
a prosthesis that incorporâtes an expandable socket, rather 
than a removable window. 

In the past, most surgeons did not use the Syme amputa¬ 
tion for ischémie limbs because the failure rate of wound 
healing was unacceptably high. More recently, preoperative 
détermination of local tissue perfusion and oxygénation by 
such techniques as Doppler ultrasound measurement of seg¬ 
mentai blood pressures, radioactive xénon clearance tests, 
and transcutaneous oxygen measurements hâve significantly 
increased the success rate of the Syme amputation in these 
limbs. A two-stage technique of the Syme amputation has 
been described for use in diabetic patients with an infected 
or gangrenous foot lésion and has achieved marked success 
within properly selected patients. Several authors hâve 
reported, however, that both stages can be safely combined 
when infection is not adjacent to the heel pad. 

The Boyd amputation also produces an excellent end- 
bearing stump around the ankle and éliminâtes the problem 
of posterior migration of the heel pad that sometimes occurs 
after a Syme amputation. It involves talectomy, forward 
shift of the calcaneus, and calcaneotibial arthrodesis. The 
arthrodesis makes the procedure technically more difficult 
than the Syme amputation and produces a more bulbous 
stump. A satisfactory prosthesis that is cosmetically accept¬ 
able has been designed for use after this amputation, 
however. 

The Pirogoff amputation involves arthrodesis between 
the tibia and part of the calcaneus; the calcaneus is sectioned 
vertically, its anterior part is removed, and its remaining 
posterior part and the heel flap are rotated forward and 
upward 90 degrees until the raw surface of the calcaneus 
meets the denuded distal end of the tibia. This amputation 
has no advantage over that of Boyd and technically is more 
difficult. 
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Plantar 

incision 


Dorsal 

incision 



FIGURE 


A, Dorsal and plantar incisions for transmetatarsal amputation and disarticulation at the metatarsophalangeal joints. 


B f Dorsal incision. C f Plantar incision. 
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mi D to F, Level of bone transection in transmetatarsal amputation. G and H, Osteotomy locations are gently 

curved. I f One-layer closure using monofilament nonabsorbable suture. SEE TECHNIQUE 15-7. 


. -■ 
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Chopart amputation. A f Incisions: latéral view of dorsal and plantar flaps. B f Dorsal view of incision. C f Dorsal flaps 
outlined. D f Resection of anterior tibial and extensor hallucis longus tendons. E and F f Flaps retracted after resection of distal foot. 


SYME AMPUTATION 


TECHNIQUE 15-9 


■ A single long posterior heel flap is used. Begin the incision 
at the distal tip of the latéral malleolus and pass it across 
the anterior aspect of the ankle joint at the level of the 
distal end of the tibia to a point one fingerbreadth inferior 
to the tip of the médial malleolus; extend it directly plan- 
tarward and across the sole of the foot to the latéral 
aspect and end it at the starting point (Fig. 15-20A). 

■ Divide ail structures to the bone. 

■ For excision of the tarsus, place the foot in marked 
equinus and divide the anterior capsule of the ankle joint. 

■ Insert a knife into the joint space between the médial 
malleolus and the talus and draw it inferiorly to section 
the deltoid ligament, protecting the posterior tibial artery; 
repeat this maneuver on the latéral side to section the 
calcaneofibular ligament (Fig. 15-20B). 

■ Place a bone hook in the posterior aspect of the talus 
to provide further equinus and proceed with dissection 


posteriorly, dividing the posterior capsule of the ankle 
joint (Fig. 15-20C). 

■ Continue the dissection posteriorly, close to the superior 
surface of the calcaneus. 

■ Identify and expose the Achilles tendon and divide it at 
its insertion on the calcaneus, taking care not to damage 
the overlying skin because this may lead to necrosis of 
the entire flap. 

■ With a periosteal elevator, dissect the soft tissues from 
the latéral and médial surfaces of the calcaneus and pull 
the bone into even more equinus (Fig. 15-20D). Continue 
subperiosteal dissection on the inferior surface of the 
calcaneus until the distal end of the plantar skin flap is 
reached (Fig. 15-20E and F). 

■ Remove the entire foot with the exception of the heel 
flap. Retract the flap posteriorly and dissect the soft tissue 
from the tibia and malleoli. 

■ Incise the periosteum circumferentially 0.6 cm proximal 
to the joint line and divide the tibia and fibula at this level 
so that the line of transection passes just through the 
dôme of the ankle joint centrally (Fig. 15-20G and H). The 
plane of the transection should be such that the eut 
surfaces of the tibia and fibula are parallel to the ground 
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G f Transfer of anterior tibial tendon through tunnel in neck of talus. H f Trough created in talus for transfer 
of anterior tibial tendon. I and J, After closure of incisions. K f Ankle-foot orthosis used for ambulation. SEE TECHNIQUE 15-8. 


when the patient is standing. Round and smooth ail sharp 
corners of bone. 

■ Dissect the médial and latéral plantar nerves and divide 
them proximal to the end of the bone. 

■ Pull inferiorly and section ail visible tendons to retract 
proximally into the leg. 

■ Isolate the posterior tibial artery and vein and ligate them 
just proximal to the eut distal edge of the heel flap. Ligate 
the anterior tibial artery as it lies in the anterior flap. 

■ Perform minimal debridement of any soft tissue tags of 
plantar muscle and fascia lining the inner surface of the 


heel flap and preserve intact the subeutaneous fat and 
its septa because this is specialized pressure-tolerant 
tissue. 

■Several techniques hâve been used to prevent migration 
of the heel pad on the end of the stump, such as taping 
the heel flap to the leg with adhesive strips, skewering 
the heel flap to the bone with a Kirschner wire, or 
leaving a small sliver of calcaneus attached to the 
heel flap, which fuses to the end of the tibia. The tech¬ 
nique of Wagner is simple and has been effective in his 
hands. 
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A and B f Frontal view of Syme amputation and prosthesis. C and D f Anteroposterior and latéral radiographs of Syme 
amputation. Note absence of malleoli. 


■ Drill several holes through the anterior edge of the tibia 
and fibula and suture the deep fascia lining the heel flap 
to the bones through these holes (Fig. 15-201 and J). 

■ Under no tension, approximate the skin edge of the heel 
flap to the skin edge of the anterior flap with interrupted 
nonabsorbable sutures (Fig. 15-20K). Large protruding 
tags of skin, or "dog ears," are found at each end of the 
suture line; these should never be removed because they 
carry a large share of the blood supply to the heel flap 
and disappear later under bandaging. 

■Apply a cast extending above the knee over a drain 
and remove the drain 24 to 48 hours after surgery 
(Fig. 15-20L). 


POSTOPERATIVE CARE. A soft dressing can be applied 
and treatment continued as discussed in Chapter 14. A 
préférable approach is to apply a properly padded rigid 
dressing in the operating room at the conclusion of 
surgery. If ambulation is to be delayed until wound 
healing is assured, a simple well-padded cast is adéquate. 
If early ambulation is preferred, or when subséquent pros- 
thetic ambulation is to be instituted in the postoperative 
period, a true prosthetic cast should be applied as follows. 
Apply a light stérile dressing to the wound and apply 
a stérile stump sock. Stérile felt pads are appropriately 
fashioned and skived by the prosthetist to relieve pressure 
over the tibial crest and the edges of the transected 
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FIGURE 


Syme amputation. A f Incision and bone level. B f Exposure of ankle and division of ligaments. C f Bone hook pulling 


talus distally, exposing distal articular surface of tibia and fibula. D f Dissection of soft tissues from calcaneus. E and F, Subperiosteal 


removal of calcaneus, leaving heel pad intact. 


bones; the prosthetist glues these pads to the stump sock 
with medical adhesive and applies the plaster cast. Use 
elastic plaster of Paris in the initial wrap to provide good 
control of tension; reinforce this with conventional plaster. 
Gentle compression should be maximal over the end of 
the stump and gradually decrease proximally. The cast 
need not extend above the knee because the shape of 
the stump and the intimate fit between the stump and 
the rigid dressing provide sufficient suspension. The end 


of the rigid dressing is flattened for weight bearing by 
pressing a board against the wet plaster. The proximal 
part of the dressing is molded to create a patellar bar and 
a popliteal bulge, as in a patellar tendon-bearing prosthe- 
sis, to allow partial weight bearing by the patellar tendon 
and tibial condyles. A filler block is added if needed 
to correct leg-length discrepancy, and a Syme prosthetic 
foot or a rubber walking heel is attached to the cast. A 
waist belt and suspension straps are used for additional 
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Cartilage of 
dôme of plafond 


Septa of 
heel fat pad 




■annjHaEEBTiWWlffft G f Division of tibia and fibula just through dôme of ankle joint centrally. H, Plane of transection to keep eut 
surfaces of tibia and fibula parallel to ground with patient standing. I f Holes drilled in anterior edge of tibia and fibula to anchor heel 
pad. J, Edge of deep fascia lining heel pad is anchored to tibia and fibula. K and L f Skin closure over drain, and application of above- 
knee cast. SEE TECHNIQUE 15-9. 


9 suspension. Gait training and further postoperative care 
proceed as discussed in the section on below-knee ampu¬ 
tations in Chapter 16. 


TWO-STAGE SYME AMPUTATION 

The two-stage Syme amputation procedure was developed 
to increase the success rate of amputations performed at 


the Syme level in patients with gross infection of the fore- 
foot. It has proved to be extremely bénéficiai in diabetic 
patients, especially when coupled with the use of sophis- 
ticated techniques for preoperatively determining segmen¬ 
tai limb viability. Several authors hâve reported that both 
stages can be safely combined when infection is not adja¬ 
cent to the heel pad. 

The procedure consists of performing an ankle disar¬ 
ticulation as the first stage, preserving the tibial articular 
cartilage and the malleoli, and performing a Syme-type 



















CHAPTER 15 AMPUTATIONS OF THE FOOT 


closure over a suction-irrigation System that allows instal¬ 
lation of an antibiotic solution into the wound. Irrigation is 
continuée! until local and systemic signs of infection hâve 
resolved. After 6 weeks, if the stump is healed, a second 
procedure is performed to remove the malleoli and narrow 
the stump for good prosthetic fitting. 


TECHNIQUE 15-10 


(WYSS ETAL; MALONE ETAL;WAGNER) 

FIRST STAGE 

■ To allow slightly longer skin flaps to cover the malleoli, 
start the incision 1 cm distal and 1 cm anterior to 
the tip of each malleolus. Carry the inferior incision 
directly across the sole of the foot to connect these two 
points, cutting ail layers down to the bone. Carry the 
superior incision obliquely across the ankle joint, con¬ 
necting the two points and cutting ail layers down to 
the bone. 

■ Pull the tendons on the dorsum of the foot distally into 
the wound and transect them so that they retract well 
proximal to the skin edge. 

■ Identify and ligate the dorsalis pedis artery. Incise the 
anterior capsule of the ankle joint, plantarflex the foot, 
and transect the médial and latéral collateral ankle liga¬ 
ments, preserving the posterior tibial artery. 

■ Use a bone hook in the body of the talus to pull the foot 
into even greater plantarflexion and begin subperiosteal 
dissection on the superolateral surface of the calcaneus. 
Continue this dissection posteriorly and medially, transect 
the Achilles tendon near its insertion on the calcaneus, 
and protect the posterior tibial artery medially. 

■ Separate the foot from the leg by transection of the 
plantar aponeurosis. 

■ Ligate the posterior tibial artery near the margin of the 
heel flap and transect the tibial nerve so that its eut end 
retracts well proximal to the skin edge. 

■ Insert suction-irrigation tubes into the wound. 

■ Trim the distal edge of the heel flap to allow accurate 
closure with no tension, but do not attempt to trim the 
"dog ears" from the sides of the wound. 

■ Occasionally, it is necessary to divide fascial bands in the 
heel pad to prevent médial or latéral shifting of the pad. 
Similarly, it may be necessary to make small incisions into 
the fat pad to make a nest for each malleolus. These 
maneuvers usually allow secure seating of the heel pad 
on the end of the bones. 

■Suture the deep fascia of the anterior flap to the deep 
fascia of the posterior flap with interrupted absorbable 
sutures and approximate the skin edges with interrupted 
nonabsorbable sutures. 

■ Cover the wound with a soft compression dressing. 

■After surgery, the wound is irrigated with an antibiotic 

solution for 48 to 72 hours or until local and systemic 
signs of infection hâve subsided. 

■ After the drains are removed, apply a well-padded plaster 
cast to the stump, using contoured felt pads to protect 
the "dog ears." 

■ Ambulation with or without weight bearing can be 
started at this point under strict supervision. Healing 


usually is secure enough at 6 weeks to perform the 
second stage or definitive amputation. 

SECOND STAGE 

■ Make an elliptical incision over each malleolus to remove 
the "dog ears." The volume of tissue removed should be 
equal to that of the malleolus (Fig. 15-21A and B). 

■ Expose the malleoli by subperiosteal dissection, protect- 
ing the posterior tibial artery medially. 

■ Resect each malleolus flush with the joint surface and 
remove the adjacent metaphyseal flares parallel with the 
shafts of the tibia and fibula (Fig. 15-21C and D). This 
narrows and flattens the stump medially and laterally but 
still leaves anterior and posterior flares for prosthetic 
suspension. 

■ Tailor the soft tissues to allow secure positioning of the 
heel pad over the ends of the bones. 

■ Suture the deep fascia of the sole through holes drilled in 
the bone and close the wound with interrupted sutures. 

POSTOPERATIVE CARE. Apply a soft compression dress¬ 
ing until wound healing is apparent. Apply a walking cast 
and begin weight bearing 10 to 12 days after surgery. The 
cast should be changed at 2-week intervals or more often 
if it becomes loose or uncomfortable. Definitive prosthetic 
fitting usually is possible about 8 weeks after surgery. 


BOYD AMPUTATION 


TECHNIQUE 15-11 


Figure 15-22 


■ Fashion a long plantar flap and a short dorsal flap. Begin 
the incision at the tip of the latéral malleolus and pass it 
over the dorsum of the foot at the level of the talonavicu- 
lar joint to a point one fingerbreadth inferior to the 
médial malleolus; curve it inferiorly and distally across the 
sole of the foot at the level of the metatarsal bases; and 
carry it superiorly and proximally to the tip of the latéral 
malleolus. 

■ Elevate the skin flaps and amputate the forefoot through 
the midtarsal joints. 

■ Divide the ligaments between the calcaneus and tibia by 
sharp dissection close to the bone and then remove the 
talus. 

■ Excise the anterior part of the calcaneus by transverse 
osteotomy just distal to the peroneal tubercle. 

■ Remove the cartilage from the appropriate surfaces 
of the tibia, fibula, and calcaneus to préparé them for 
arthrodesis. 

■ Draw distally any tendons présent in the wound and 
section them proximally and allow them to retract. 

■ Section the médial and latéral plantar nerves to prevent 
them from being subject to pressure. 

■ Shift the calcaneus forward in its relationship to the ankle 
joint and mortise it into position for arthrodesis, its under- 
surface being parallel with the ground. 




AP 



Second stage of Wagner-Syme amputation. A and B f Removal of "dog ears" over each malleolus. C and D f Resection 
of metaphyseal flare parallel with shaft of fibula; same procedure is carried out at distal tibia. SEE TECHNIQUE 15-10. 



Boyd amputation with calcaneo- 
tibial fusion. A f Full-thickness flaps with longer 
plantar extension in midtarsal amputation. These 
flaps extend distal to the metatarsophalangeal 
joints so that wound can be closed without skin 
tension. B f Midtarsal joint disarticulation, talec- 
tomy, and partial fibulectomy. C f Talus has been 
excised. Calcaneus and tibial platform prepared for 
arthrodesis. D f Single-layer closure with 2-0 mono¬ 
filament nonabsorbable suture (over a drain). SEE 
TECHNIQUE 15-11. 



D 
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9 " If desired, pass a Steinmann pin or cannulated screw 
superiorly through the heel to fix the calcaneus to the 
tibia in proper position. 

■ Approximate the skin flaps with interrupted sutures and 
insert a drain, which is removed at 48 to 72 hours. 

POSTOPERATIVE CARE. The sutures are removed after 
2 weeks, and any Steinmann pin is removed after 4 
weeks. Weight bearing on the stump is prohibited until 
8 weeks. A walking cast is then applied and left in place 
until arthrodesis is complété. 
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Lower limb amputations are the most common of ail amputa¬ 
tions. Despite advances in revascularization techniques, the 
most common indication for lower extremity amputation 
remains a dysvascular limb, including that caused by diabètes 
mellitus and peripheral vascular disease. Improvement in dia- 
betic care has decreased the risk of amputations. A Vétérans 
Administration study of diabetics showed a 22% decrease in 
amputations between 2000 and 2004. Peripheral vascular 
disease from ail causes affects over 8 million Americans. The 
observed mortality rate in this population affer lower extrem¬ 
ity amputation is 48% at 1 year and 71% at 3 years postopera- 
tively. The rate of lower extremity amputation in this 
population is around 4 per 1000. For the general population, 
the lower extremity amputation rate through 2005 was 2.4 per 
10,000. Amputation of the contralatéral limb is necessary 
within 5 years in 30% to 50% of patients who hâve an amputa¬ 
tion of a dysvascular lower limb. Twenty percent of below- 
knee amputations are converted to above-knee amputations. 

The number of amputations for causes other than diabè¬ 
tes and vascular disease, such as tumors, trauma, and infec¬ 
tion, has decreased in the United States because of innovative 
medical and surgical advances and the observation of occu- 
pational safety parameters. In war-torn countries, improvised 
explosive devices and land mines continue to be frequent 
causes of traumatic amputations. 

The level of amputation is always a difficult decision and 
has a major effect on a patients quality of life. Morbidity is 
more frequent affer transfemoral amputations than affer 
transtibial amputations. Energy expenditure is an important 
considération in choosing the level of amputation. The 
increased energy consumption of bipedal locomotion for 
transtibial amputées ranges from 40% to 50%, compared with 
90% to 100% in transfemoral amputées. Patients with trans¬ 
femoral amputations are much less likely to use a prosthesis 
successfully and consistently than are patients with more 
distal amputations. Younger patients with traumatic amputa¬ 
tions or amputations required for tumor treatment are more 
successful with prosthetic use than are patients with amputa¬ 
tions of dysvascular limbs; dialysis patients are even less suc¬ 
cessful with prostheses. In dysvascular limbs, the level of 
amputation is critical because of poor wound healing. The 
most distal level should be chosen where the wound will hâve 
the best chance of healing. This decision process can be aug- 
mented by clinical tools, such as transcutaneous oxygen 


tension. Nutritional status (albumin level of >3 g/dL, lym¬ 
phocyte count of >1500/mL) also has been shown to be a 
predictor of wound healing in amputations. 

Amputation should not be viewed as a failed limb salvage 
or reconstruction. The amputation must be viewed as an 
opportunity to reestablish or enhance a patients functional 
level and facilitate a return to near-normal locomotion. Metic- 
ulous surgical attention is necessary to provide an optimal base 
of support because the residual limb functions as a “senso- 
rimotor end organ” with tolérance requirements at the stump - 
prosthesis interface to meet the dynamic weight-bearing 
challenges of ambulation. Developments in the prosthetic field 
range from early-stage fitting techniques (computer-assisted 
stump contour scanning) to the use of advanced prosthetic 
components (lighter materials, silicone gel liners, computer- 
assisted knee units, suspension device alternatives, and ankle- 
foot accommodative and energy storage Systems). 

FOOT AND ANKLE AMPUTATIONS 

Amputations around the foot and ankle are discussed in 
Chapter 15. 

TRANSTIBIAL (BELOW-KNEE) 
AMPUTATIONS 

Transtibial amputation is the most common lower extremity 
amputation. The importance of preserving the patients own 
knee joint in the successful réhabilitation of a patient with a 
lower extremity amputation cannot be overemphasized. 
Transtibial amputations can be divided into three levels (Fig. 
16-1). The appropriate level must be determined for each 
individual patient. Although many variations in technique 
exist, ail procedures may be divided into those for nonisch¬ 
emic limbs and those for ischémie limbs. These two general 
techniques vary primarily in the construction of skin flaps 
and in muscle stabilization techniques. In nonischemic limbs, 
skin flaps of various design and muscle stabilization tech¬ 
niques, such as tension myodesis and myoplasty, frequently 
are used. These techniques are employed to préparé a stump 
more suited for weight bearing and to protect from wound 
breakdown. In tension myodesis, transected muscle groups 
are sutured to bone under physiologie tension; in myoplasty, 
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muscle is sutured to soft tissue, such as opposing muscle 
groups or fascia. In most instances, myoplastic closures are 
performed, but some authors hâve advocated the use of the 
Armer stabilization provided by myodesis in young, active 
individuals. In ischémie limbs, tension myodesis is contrain- 
dicated because it may compromise further an already mar¬ 
ginal blood supply. Also, a long posterior myocutaneous flap 
and a short or even absent anterior flap are recommended for 
ischémie limbs because anteriorly the blood supply is less 
abundant than elsewhere in the leg. 

In combat injuries that resuit from blasts or fragmenta¬ 
tion wounds, the use of standard flaps may be impossible. 
Often flaps hâve to be fashioned from viable remaining tissue. 
Skin grafts may be used to cover soft-tissue defects, but skin 
grafts are not idéal for a stump-prosthesis interface. Computer- 
assisted stump scanning can be useful in these patients in 
whom stump s are irregular. 

NONISCHEMIC LIMBS 

Réhabilitation affer transtibial amputations in nonischemic 
limbs generally is quite successful, partly because of a younger, 
healthier population with fewer comorbidities. The optimal 
level of amputation in this population traditionally has been 
chosen to provide a stump length that allows a controlling 
lever arm for the prosthesis with suffleient “circulation” for 
healing and soft tissue for protective end weight bearing. The 
amputation level also is governed by the cause (e.g., clean end 
margins for tumor, level of trauma, and congénital abnor- 
malities). A longer residual limb would hâve a more normal 
gait appearance, but stumps extending to the distal third of 
the leg hâve been considered suboptimal because there is less 
soft tissue available for weight bearing and less room to 
accommodate some energy storage Systems. The distal third 
of the leg also has been considered relatively avascular and 


slower to heal than more proximal levels. Contemporary 
liners and ankle-foot storage Systems now allow more options 
for accommodating a longer residual limb, but the long-term 
risk of skin breakdown in older patients with these newer 
prosthetic components is unknown. Our recent war expéri¬ 
ences hâve shown that early posttraumatic amputations 
decrease the risk of chronic residual limb infection. If only 
one posttraumatic debridement procedure and 5 days or 
fewer pass before definitive amputation, the risk of infection 
is limited. 

In adults, the idéal bone length for a below-knee amputa¬ 
tion stump is 12.5 to 17.5 cm, depending on body height. A 
reasonably satisfactory rule of thumb for selecting the level 
of bone section is to allow 2.5 cm of bone length for each 
30 cm of body height. Usually the most satisfactory level is 
about 15 cm distal to the médial tibial articular surface. A 
stump less than 12.5 cm long is less efficient. Stumps lacking 
quadriceps function are not useful. In a short stump of 8.8 cm 
or less it has been recommended that the entire fibula together 
with some of the muscle bulk be removed so that the stump 
may fit more easily into the prosthetic Socket. Many prosthe- 
tists find, however, that rétention of the fibular head is désir¬ 
able because the modem total-contact socket can obtain a 
better purchase on the short stump. Transecting the ham- 
string tendons to allow a short stump to fall deeper into the 
socket also may be considered. Although the procedure has 
the disadvantage of weakening flexion of the knee, this has 
not been a serious problem, and genu recurvatum has not 
been reported. 

Amputations in nonischemic limbs resuit from tumor, 
trauma, infection, or congénital anomaly. In each, the under- 
lying lésion dictâtes the level of amputation and choice of skin 
flaps. Microvascular techniques hâve made préservation of 
transtibial stumps possible with the use of distant free flaps 
and “spare part” flaps from the amputated limb. A description 
of the classic transtibial amputation using equal anterior and 
posterior flaps follows. 


TRANSTIBIAL AMPUTATION 


TECHNIQUE 16-1 


■ Place the patient supine on the operating table and use 
a pneumatic tourniquet for hemostasis. 

■ Beginning proximally at the anteromedial joint line, 
measure distally the desired length of bone and mark that 
level over the tibial crest with a skin-marking pen. 

■ Outline equal anterior and posterior skin flaps, the length 
of each flap being equal to one half the anteroposterior 
diameter of the leg at the anticipated level of bone 
section. 

■ Begin the anterior incision medially or laterally at the 
intended level of bone section and swing it convexly 
distalward to the previously determined level and proxi¬ 
mally to end at a similar position on the opposite side of 
the leg. 

■ When Crossing the tibial crest, deepen the incision and 
mark the periosteum with a eut to establish a point for 
future measurement. 
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Amputation through middle third of leg for nonischemic limbs. A f Fashioning of equal anterior and posterior skin 
flaps, each one half anteroposterior diameter of leg at level of bone section. B, Fashioning of posterior myofascial flap. C f Suture of 
myofascial flap to periosteum anteriorly. SEE TECHNIQUE 16-1. 


■ Begin the posterior incision at the same point as the 
anterior and carry it first convexly distalward and then 
proximally as in the anterior incision (Fig. 16-2A). 

■ Deepen the posterior incision down through the deep 
fascia, but do not separate the skin or deep fascia from 
the underlying muscle. 

■ Reflect as a single layer with the anterior flap the deep 
fascia and periosteum over the anteromedial surface of 
the tibia. 

■ Continue this dissection proximally to the level of intended 
bone section. 

■ Because it contracts, the anterior flap cannot be used to 
measure the level of intended bone section. Instead, use 
the mark already made in the tibial periosteum to measure 
the original length of the flap and reestablish the level of 
bone section. With a saw, mark the bone at this point. 

■ Insert a curved hemostat in the natural cleavage plane at 
the latéral aspect of the tibia so that its tip follows along 
the interosseous membrane and passes over the anterior 
aspect of the fibula to emerge just anterior to the pero- 
neus brevis muscle. 

■ Identify and isolate the superficial peroneal nerve in the 
interval between the extensor digitorum longus and pero- 
neus brevis, gently draw it distally, and divide it high so 
that it retracts well proximal to the end of the stump. 

■ Divide the muscles in the anterior compartment of the 
leg at a point 0.6 cm distal to the level of bone section 
so that they retract flush with the end of the bone. As 
these muscles are sectioned, take spécial care to identify 
and protect the anterior tibial vessels and deep peroneal 
nerve. 


■ Isolate these structures and ligate and divide the vessels 
at a level just proximal to the level of intended bone 
section. 

■ Exert gentle traction on the nerve and divide it proxi¬ 
mally so that it retracts well proximal to the end of the 
stump. 

■ Before sectioning the tibia, bevel its crest with a saw: 
begin 1.9 cm proximal to the level of the bone section 
and eut obliquely distalward to cross this level 0.5 cm 
anterior to the medullary cavity. 

■ Section the tibia transversely and section the fibula 1.2 cm 
proximally. 

■ Grasp their distal segments with a bone-holding forceps 
so that they can be pulled anteriorly and distally to expose 
the posterior muscle mass. 

■ Divide the muscles in the deep posterior compartment 
0.6 cm distal to the level of bone section so that they 
retract flush with the end of the bone. This exposes the 
posterior tibial and peroneal vessels and the tibial nerve 
lying on the gastrocnemius-soleus muscle group. Doubly 
ligate and divide the vessels and section the nerve so 
that its eut end retracts well proximal to the end of the 
bone. 

■ With a large amputation knife, bevel the gastrocnemius- 
soleus muscle mass so that it forms a myofascial flap long 
enough to reach across the end of the tibia to the anterior 
fascia (Fig. 16-2B). 

■ Smoothly round the ends of the tibia and fibula with a 
rasp and irrigate the wound to remove ail bone dust. 

■ Release the tourniquet and clamp and ligate or electro- 
coagulate ail bleeding points. 
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■ Bring the gastrocnemius-soleus muscle flap over the ends 
of the bones and suture it to the deep fascia and the 
periosteum anteriorly (Fig. 16-2C). 

■ Place a plastic suction drainage tube deep to the muscle 
flap and fascia and bring it out laterally through the skin 
10 to 12 cm proximal to the end of the stump. 

■ Fashion the skin flaps as necessary for smooth closure 
without tension and suture them together with inter- 
rupted nonabsorbable sutures. 

POSTOPERATIVE CARE. Réhabilitation after transtibial 
amputation in a nonischemic limb is fairly aggressive 
unless the patient is immunocompromised, there are skin 
graft issues, or there are concomitant injuries or medical 
conditions that preclude early initiation of physical 
therapy. An immédiate postoperative rigid dressing helps 
control edema, limits knee flexion contracture, and pro- 
tects the limb from external trauma. 

A prosthetist can be helpful with such casting and can 
apply a jig that allows attachment and alignment for early 
pylon use. Weight bearing is limited initially, with bilateral 
upper extremity support from parallel bars, a walker, or 
crutches. The cast is changed every 5 to 7 days for skin 
care. Within 3 to 4 weeks, the rigid dressing can be 
changed to a removable temporary prosthesis if there are 
no skin complications. The patient is shown the proper 
use of elastic wrapping or a stump shrinker to control 
edema and help contour the residual limb when not 
wearing the prosthesis. The physiatrist and therapist can 
assist in monitoring progress through the various transi¬ 
tions of temporary prosthetics to the permanent design, 
which may take several months. Endoskeletal designs 
hâve been more frequently used because modifications 
are simpler. Formai inpatient réhabilitation is brief, with 
most prosthetic training done on an outpatient basis. A 
program geared toward returning the patient to his or 
her previous occupation, hobbies, and educational pur- 
suits can be structured with the help of a social worker, 
occupational therapist, and vocational counselor. 


ISCHEMIC LIMBS 

The frequent comorbidities in patients with ischémie limbs 
demand precautionary measures and interaction with a vas- 
cular surgical team. Because the skin s blood supply is much 
better on the posterior and médial aspects of the leg than on 
the anterior or antérolatéral sides, transtibial amputation 
techniques for the ischémie limb are characterized by skin 
flaps that favor the posterior and médial side of the leg. The 
long posterior flap technique popularized by Burgess is most 
commonly used, but médial and latéral flaps of equal length 
as described by Persson, skew flaps, and long médial flaps are 
being used. Ail techniques stress the need for preserving 
intact the vascular connections between skin and muscle by 
avoiding dissection along tissue planes and by constructing 
myocutaneous flaps. Also, amputations performed in isch¬ 
émie limbs are customarily at a higher level (e.g., 10 to 
12.5 cm distal to the joint line) than are amputations in 
nonischemic limbs. Tension myodesis and the osteomyo- 
plasty procedure of Ertl, which may be of value in young, 
vigorous patients, are contraindicated in patients with 


ischémie limbs because the procedures tend to compromise 
an already precarious blood supply. 

Traditionally, tourniquets hâve not been used in the 
amputation of dysvascular limbs to avoid damage to more 
proximal diseased arteries. A randomized-controlled trial, 
however, examining the effects of an exsanguination tourni¬ 
quet in transtibial amputation of dysvascular limbs revealed 
decreased blood loss, decreased drop in postoperative hemo- 
globin levels, and a decreased need for blood transfusion. 
Compared with Controls, no increase in the rates of wound 
healing, révision, or wound breakdown was noted. 


TRANSTIBIAL AMPUTATION USING 
LONG POSTERIOR SKIN FLAP 


TECHNIQUE 16-2 


(BURGESS) 

■ Position the patient supine on the operating table; do not 
apply a tourniquet. Préparé and drape the limb so that 
an above-knee amputation can be performed if bleeding 
and tissue viability are insufficient to permit a successful 
transtibial amputation. For ischémie limbs, Burgess rec- 
ommended amputation 8.8 to 12.5 cm distal to the line 
of the knee joint. 

■ Outline a long posterior flap and a short anterior one. 
The posterior flap should measure 1 cm more than the 
diameter of the leg at the level of bone division. 

■ Fashion the anterior flap at about the level of anticipated 
section of the tibia (Fig. 16-3A). 

■ Reflect as a single layer with the anterior flap the deep 
fascia and periosteum over the anteromedial surface of 
the tibia. 

■ Divide the antérolatéral muscles down to the intermuscu- 
lar septum, ligating and dividing the anterior tibial vessels 
and peroneal nerves as encountered. 

■ Section the tibia, and at a level no more than 0.9 to 
1.3 cm higher, section the fibula. Dissect the soft tissues 
from the posterior aspect of the tibia and fibula distally 
to the level of the posterior transverse skin division and 
separate and remove the leg, ligating and dividing the 
nerves and vessels (Fig. 16-3B). 

■ Carefully round the tibia and form a short bevel on its 
anterior and médial aspects. Tension myodesis is not rec- 
ommended in this instance. 

■ Bevel and tailor the posterior muscle mass to form a flap 
(see Fig. 16-3B) and carry it anteriorly, suturing it to the 
deep fascia and periosteum (Fig. 16-3C). 

■ Obtain meticulous hemostasis. 

■ Place a plastic suction drainage tube deep to the muscle 
flap and fascia and bring it out laterally through the skin 
10 to 12.5 cm proximal to the end of the stump; if pre- 
ferred, a through-and-through Penrose drain may be 
used, but it is more difficult to remove. 

■ Fashion the skin flaps as necessary to obtain smooth 
closure without too much tension. Trim any "dog ears" 
sparingly; otherwise, the circulation in the skin may be 
disturbed. 

■ Close the skin with interrupted nonabsorbable sutures. 
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FIGURE 


Transtibial amputation in ischémie limbs. A f Fashioning of short anterior and long posterior skin flaps. B f Séparation 


and removal of distal leg. Muscle mass is tailored to form flaps. C f Suture of flap to deep fascia and periosteum anteriorly. (Redrawn 
from Burgess EM, Zettl JH: Amputations below the knee, Artif Limbs 13:1, 1969.) SEE TECHNIQUE 16-2. 


care techniques to avoid decubitus ulcers, care of the 
contralatéral intact lower limb, and preprosthetic general 
conditioning. Weight bearing on the residual limb is 
usually delayed until skin healing has progressed. If a 
more aggressive approach is taken toward prosthetic 
training, more frequent rigid dressing changes are recom- 
mended and possibly the use of clear sockets to allow 
monitoring of the skin. Some patients may require further 
medical évaluation and clearance (e.g., chemically induced 
cardiac stress test or echocardiogram or vascular studies 
of the contralatéral limb) to evaluate tolérance for pros¬ 
thetic training. A pain management specialist may be 
needed to help treat postoperative phantom limb pain. 
Many patients receive inpatient réhabilitation training 
with subséquent therapy on an outpatient basis or in an 
extended-care facility or home health setting. Proposed 
réhabilitation goals also dictate which prosthetic compo- 
nents would be approved by insurance carriers. 


9 POSTOPERATIVE CARE. Réhabilitation in patients with 
ischémie limbs must proceed cautiously because of poten- 
tial skin healing compromise and accompanying medical 
conditions. Initial postoperative efforts are centered on 
skin healing. After transtibial amputation, a soft dressing 
can be applied but a rigid dressing is preferred and can 
be used regardless of whether early ambulation is pre- 
scribed. If immédiate or prompt prosthetic ambulation is 
not to be pursued, the stump can be dressed in a simple, 
well-padded cast that extends proximally to midthigh and 
is applied in such a manner as to avoid proximal constric- 
tion of the limb. Good suspension of the cast is essential 
to prevent it from slipping distally and impairing stump 
circulation. This may require compressive contouring of 
the cast in the supracondylar area and a waist band, 
suspension strap, or both. The cast should be removed in 
5 to 7 days; and if wound healing is satisfactory, a new 
rigid dressing or prosthetic cast is applied. If immédiate 
or prompt prosthetic ambulation is pursued, a properly 
constructed prosthetic cast is best applied by a qualified 
prosthetist. Success of réhabilitation dépends on multiple 
variables, including cognitive status, premorbid functional 
level, condition of the upper extremities and contralatéral 
lower limb, and coexisting medical and neurologie condi¬ 
tions. Early réhabilitation efforts may be geared toward 
independence in a wheelchair, stump care éducation, skin 


DISARTICULATION OF THE KNEE 

Disarticulation of the knee results in an excellent end-bearing 
stump. Newer socket designs and prosthetic knee mecha- 
nisms that provide swing phase control hâve eliminated many 
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of the former complaints concerning this level of amputation. 
Although the benefit of its use in children and young adults 
has been proved, its use in the elderly and especially in patients 
with ischemia has been limited in the United States. A recent 
study of 50 patients with peripheral arterial disease showed 
an 81% wound healing rate. This is true mainly because the 
long flaps required instead could allow a more functional, 
short transtibial amputation in most instances. These long 
flaps are subject to necrosis in ischémie limbs. A study showed 
that knee disarticulation is not as successful in posttraumatic 
amputations, presumably because of the lack of viable mus¬ 
culature in the zone of injury. A better quality of life has been 
noted in patients with posttraumatic knee disarticulation than 
in patients with an above-the-knee amputation. 

The advantages of knee disarticulation include (1) prés¬ 
ervation of the large end-bearing surfaces of the distal fémur 
covered by skin and other soft tissues that are naturally suited 
for weight bearing, (2) création of a long lever arm controlled 
by strong muscles, and (3) stability of the prosthesis. Tech¬ 
niques hâve been described for reducing the bulk of bone at 
the end of the stump to allow more cosmetic prosthetic fitting 
while still retaining the weight-bearing, suspension, and rota- 
tional control features of the stump. Modified skin incisions 
allow greater use of this amputation level in patients with 
ischemia. In nonambulatory patients, additional extremity 
length provides adéquate sitting support and balance. Knee 
flexion contractures and associated distal ulcers common 
with transtibial amputations also are avoided. 


■ Suture the patellar tendon to the cruciate ligaments and 
the remnants of the gastroenemius muscle to tissue in the 
intercondylar notch (Fig. 16-4D). 

■ Place a through-and-through Penrose drain in the wound. 

■Close the deep fascia and subeutaneous tissues with 

absorbable sutures and the skin edges with interrupted 
nonabsorbable sutures (Fig. 16-4E). 

■ If sufficient skin for a loose closure is unavailable, resect 
the posterior part of the fémoral condyles rather than risk 
loss of the skin flaps. The wound usually heals quickly, 
however, and a permanent prosthesis usually can be 
fitted in 6 to 8 weeks because shrinkage of the stump is 
not a factor. If the wound fails to heal primarily, there is 
no reason for appréhension or reamputation because it 
usually granulates and heals satisfactorily without addi¬ 
tional surgery. 


Mazet and Hennessy recommended a method that features 
resection of the protruding médial, latéral, and posterior sur¬ 
faces of the fémoral condyles for creating a knee disarticula¬ 
tion stump for which a more cosmetically acceptable 
prosthesis can be constructed. With this technique, tolérances 
within the socket are greater, more adduction of the stump is 
permitted in the alignment of the prosthesis, and the 
decreased bulk of the stump permits greater ease in the appli¬ 
cation and removal of the prosthesis. The debulked stump 
requires smaller skin flaps, which may be bénéficiai for wound 
healing in dysvascular limbs. These patients may use a suction 
type prosthesis, which is less cumbersome to apply than a 
traditional above-knee amputation prosthesis and does not 
require removal for toileting needs. 


KNEE DISARTICULATION 


TECHNIQUE 16-4 


(MAZET AND HENNESSY) 

■ Fashion the usual fish-mouth skin incision, making the 
anterior flap longer and extending 10 cm distal to the 
level of the knee joint and making the posterior flap 
shorter and extending only about 2.5 cm distal to the 
same level (Fig. 16-5). 

■ Reflect the skin and deep fascia well proximal to the 
fémoral condyles. 

■ Divide the patellar tendon midway between the patella 
and the tibial tuberosity. 

■ Flex the knee and section the collateral and cruciate 
ligaments. 

■ Increase flexion of the knee to 90 degrees, identify and 
ligate the popliteal vessels, and isolate and divide the 
tibial nerve. 

■ Detach the hamstring muscles from their insertions and 
remove the leg. 

■ Dissect the patella from its tendon and discard it. 

■ Remodel the fémoral condyles in the following manner. 
Drive a wide osteotome vertically in a proximal direction 
through the médial fémoral condyle to emerge at the 


KNEE DISARTICULATION 


TECHNIQUE 16-3 


(BATCH, SPITTLER, AND MCFADDIN) 

■ Measuring from the inferior pôle of the patella, fashion 
a long, broad anterior flap about equal in length to the 
diameter of the knee (Fig. 16-4A). 

■ Measuring from the level of the popliteal crease, fashion 
a short posterior flap equal in length to one half of the 
diameter of the knee. Place the latéral ends of the flaps 
at the level of the tibial condyles. 

■ Deepen the anterior incision through the deep fascia to 
the bone and dissect the anterior flap from the tibia and 
adjacent muscle. Include in the flap the insertion of the 
patellar tendon and the pes anserinus (Fig. 16-4B). 

■ Expose the knee joint by dissecting the capsule from the 
anterior and latéral margins of the tibia; divide the cruci¬ 
ate ligaments, and dissect the posterior capsule from the 
tibia (Fig. 16-4C). 

■ Identify the tibial nerve, gently pull it distally, and divide 
it proximally so that it retracts well proximal to the level 
of amputation (Fig. 16-4D). 

■ Identify, doubly ligate, and divide the popliteal vessels. 

■ Free the biceps tendon from the fibula, complété the 
amputation posteriorly, and remove the leg. 

■ Do not excise the patella or attempt to fuse it to the 
fémoral condyles. Do not disturb the articular cartilage of 
the fémoral condyles and patella. Perform a synovectomy 
only if specifically indicated. 
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Disarticulation of knee joint. A f Skin incision. B f Anterior flap elevated, including insertion of patellar tendon and 
pes anserinus. C f Cruciate ligaments and posterior capsule divided. D f Tibial nerve divided high. E f Patellar tendon sutured to cruciate 


ligaments. SEE TECHNIQUE 16-3. 


















CHAPTER 16 AMPUTATIONS OF THE LOWER EXTREMITY 



FIGURE 


Mazet and Hennessy disarticulation of knee. A f Anterior view. B f Latéral view. (Redrawn from Mazet R Jr, Hennessy CA: 


Knee disarticulation: a new technique and a new knee-joint mechanism, J Bone Joint Surg 48A:126, 1966.) SEE TECHNIQUE 16-4. 


level of the adductor tubercle. Start this eut along a line 
that extends from the médial articular margin anteriorly 
to the midpoint of the distal articular surface posteriorly 
(the condyle is wider posteriorly). Discard the médial half 
of the condyle. 

■ Resect the latéral part of the latéral fémoral condyle in a 
similar manner, starting at the junction of the médial two 
thirds and latéral one third of the distal articular surface. 

■ Direct attention to the posterior aspect of both condyles. 
Resect the posterior projecting bone by a vertical oste- 
otomy in the frontal plane, starting at the point where 
the condyles begin to curve sharply superiorly and 
posteriorly. 

■ Smoothly round ail bony prominences with a rasp, but do 
not disturb the remaining articular cartilage. At this point, 
each condyle has a fairly broad weight-bearing area, 
whereas the projecting side and posterior aspect of each 
hâve been removed and the remaining bone has been 
smoothly rounded. 

■ Suture the patellar tendon to the hamstrings in the inter- 
condylar notch under slight tension. Insert drains at each 
end of the wound, and close the deep fascia and the skin 
in separate layers. 



Kjoble disarticulation of knee with médial and 
latéral skin flaps. SEE TECHNIQUE 16-5. 


KNEE DISARTICULATION 


TECHNIQUE 16-5 


(KJ0BLE) 

■ With the patient prone on the operating table, outline a 
latéral flap that is one half the anteroposterior diameter 
of the knee in length and a médial flap that is 2 to 3 cm 
longer to allow adéquate coverage of the large médial 
fémoral condyle (Fig. 16-6). By constructing shorter 
médial and latéral flaps, this technique provides more 


frequent healing in ischémie limbs than techniques using 
long anterior and posterior flaps. 

Begin the incision just distal to the lower pôle of the 
patella and extend it distally to the tibial tuberosity, 
curving medially from this point for the médial flap and 
laterally from this point for the latéral flap. 

Carry both incisions posteriorly to meet in the midline of 
the limb at a point 2.5 cm proximal to the joint line. 
Deepen the incisions through the subeutaneous tissue 
and fascia down to bone. 

Divide the patellar tendon at its insertion, and release the 
médial and latéral hamstring tendons at their insertions. 
Divide the collateral ligaments and the cruciate 
ligaments. 
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9 " Divide the posterior joint capsule and expose, doubly 
ligate, and divide the popliteal vessels. Identify and sharply 
transect the peroneal and tibial nerves so that their eut 
ends retract well proximal to the end of the stump. 

■ Release the gastroenemius origins from the distal fémur 
and divide any remaining soft tissues. 

■ Suture the patellar tendon and the hamstring tendons to 
each other and to the cruciate ligaments in the intercon- 
dylar notch. 

■ Approximate the skin edges with interrupted nonabsorb- 
able sutures. 

POSTOPERATIVE CARE. If desired, a soft dressing may 
be applied and conventional aftercare instituted as previ- 
ously described (see Chapter 14). Préférable treatment is 
to apply a rigid dressing or prosthetic cast with or without 
immédiate or early weight-bearing ambulation. If non- 
weight bearing is desired, the rigid dressing need consist 
only of a properly padded cast extending to the groin and 
securely suspended by compressive contouring of the cast 
in the supracondylar area or by a waist belt, suspension 
strap, or both. If weight-bearing ambulation is pursued, 
the prosthetic cast should be applied by a qualified pros- 
thetist. Postoperative care is similar to that outlined after 
transfemoral amputation (see section on transfemoral 
amputations). 


TRANSFEMORAL (ABOVE-KNEE) 
AMPUTATIONS 

Amputation levels above the knee can be classified as short 
transfemoral, médial transfemoral, long transfemoral, and 
supracondylar (Fig. 16-7). Amputation through the thigh is 
second in frequency only to transtibial amputation. In this 
procedure the patients knee joint is lost, so it is extremely 
important for the stump to be as long as possible to provide 
a strong lever arm for control of the prosthesis. The conven¬ 
tional, constant friction knee joint used in conventional 
above-knee prostheses extends 9 to 10 cm distal to the end of 
the prosthetic socket, and the bone must be amputated this 
far proximal to the knee to allow room for the joint. Modem 
computer-assisted knee prostheses using variable friction 
for knee stiffness allow for shorter distal fémoral segments. 
These prostheses that hâve highly sensitive sensors use 
hydraulic or magnetic units to allow for more natural knee 
motion, especially décélération during the swing phase of 
gait. This also allows for longer fémoral length without 
uneven levels of knee joint function. Amputation stumps in 
which the level of bone section is less than 5 cm distal to the 
lesser trochanter function as and are prosthetically fitted as 
hip disarticulations. 

In nonischemic limbs, muscle stabilization by myodesis 
or myoplasty is important when constructing a strong and 
sturdy amputation stump. Gottschalk pointed out that in the 
absence of myodesis of the adductor magnus, most trans¬ 
femoral amputations resuit in at least 70% loss of adduction 
power. Most amputations, even at the transfemoral level, are 
done because of ischémie problems, and myodesis should not 
be attempted because a limited vascular supply may be com- 
promised further. Myoplastic muscle stabilization is désirable 
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FIGURE 


g? Levels of transfemoral amputations. 


in the ischémie limb, however, to decrease the antérolatéral 
drift of the transected bone end that often occurs. 


TRANSFEMORAL (ABOVE-KNEE) 
AMPUTATION OF NONISCHEMIC 
LIMBS 


TECHNIQUE 16-6 


■ Position the patient supine on the operating table and 
perform the surgery using tourniquet hemostasis. 

■ Beginning proximally at the anticipated level of bone 
section, outline equal anterior and posterior skin flaps. The 
length of each flap should be at least one half the antero- 
posterior diameter of the thigh at this level. Atypical flaps 
always are preferred to amputation at a higher level. 

■ Fashion the anterior flap with an incision that starts at 
the midpoint on the médial aspect of the thigh at the 
level of anticipated bone section. The incision passes in a 
gentle curve distally and latérally # crosses the anterior 
aspect of the thigh at the level determined as noted 
earlier, and curves proximally to end on the latéral aspect 
of the thigh opposite the starting point (Fig. 16-8A). 

■ Fashion the posterior flap in a similar manner. 

■ Deepen the skin incisions through the subeutaneous 
tissue and deep fascia and reflect the flaps proximally to 
the level of bone section. 
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Amputation through middle third of thigh. A f Incision and bone level. B f Myofascial flap fashioned from quadriceps 
muscle and fascia. C f Adductor and hamstring muscles attached to end of fémur through holes drilled in bone. SEE TECHNIQUE 16-6. 


■ At this point, release the tourniquet and attain meticulous 
hemostasis. 

■ Bring the "quadriceps apron" over the end of the bone 
and suture its fascial layer to the posterior fascia of the 
thigh, trimming any excess muscle or fascia to permit a 
neat, snug approximation. 

■ Insert plastic suction drainage tubes beneath the muscle 
flap and deep fascia, and bring them out through the 
latéral aspect of the thigh 10 to 12.5 cm proximal to the 
end of the stump. 

■Approximate the skin edges with interrupted sutures of 
nonabsorbable material. 


■ Divide the quadriceps muscle and its overlying fascia 
along the line of the anterior incision and reflect it proxi- 
mally to the level of intended bone section as a myofascial 
flap. 

■ Identify, individually ligate, and transect the fémoral artery 
and vein in the fémoral canal on the médial side of the 
thigh at the level of bone section. Incise the periosteum 
of the fémur circumferentially and divide the bone with a 
saw immediately distal to the periosteal incision. 

■ With a sharp rasp, smooth the edges of the bone and 
flatten the antérolatéral aspect of the fémur to decrease 
the unit pressures between the bone and the overlying 
soft tissues. 

■ Identify the sciatic nerve just beneath the hamstring 
muscles, ligate it well proximal to the end of the bone, 
and divide it just distal to the ligature. 

■ Divide the posterior muscles transversely so that their 
ends retract to the level of bone section and remove the 
leg (Fig. 16-8B). 

■ Isolate and section ail cutaneous nerves so that their eut 
ends retract well proximal to the end of the stump. Irri- 
gate the wound with saline to remove ail bone dust. 

■ Through several small holes drilled just proximal to the 
end of the fémur, attach the adductor and hamstring 
muscles to the bone with nonabsorbable or absorbable 
sutures (Fig. 16-8C). The muscles should be attached 
under slight tension. 


TRANSFEMORAL (ABOVE-KNEE) 
AMPUTATION OF NONISCHEMIC 
LIMBS 


TECHNIQUE 16-7 


(GOTTSCHALK) 

■ Place the patient supine with a roll under the buttock of 
the affected side. 
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Attachment of adductor magnus to latéral 
fémur. (Redrawn from Gottschalk F: Transfemoral amputations. In 
Bowker JH, Michael JW, editors: Atlas of limb prosthetics: surgical, 
prosthetic, and réhabilitation principles, ed 2, St. Louis, Mosby, 1992.) 

SEE TECHNIQUE 16-7. 


9 " Develop skin flaps using a long médial flap in the sagittal 
plane when possible. 

■ Detach the quadriceps just proximal to the patella, retain- 
ing part of its tendon. 

■ Reflect the vastus medialis off the intermuscular septum. 
■ Detach the adductor magnus from the adductor tubercle 
and reflect it medially to expose the fémur. Identify and 
ligate the fémoral vessels at Hunter's canal. 

■ Divide the gracilis, sartorius, semimembranosus, and 
semitendinosus 2.5 to 5 cm below the intended bone 
section. 

■ Divide the fémur 12 cm above the knee joint. 

■ Drill holes in the latéral, anterior, and posterior aspects of 
the fémur, 1.5 cm from its end. 

■ Hold the fémur in maximal adduction and suture the 
adductor magnus to its latéral aspect using previously 
drilled holes (Fig. 16-9). Also, place anterior and posterior 
sutures to prevent its sliding backward or forward. 

■ Suture the quadriceps to the posterior fémur by drawing 
it over the adductor magnus while holding the hip in 
extension. 

■ Suture the remaining posterior muscles to the posterior 
aspect of the adductor magnus. Close the investing fascia 
and skin and apply a soft dressing. 


TRANSFEMORAL (ABOVE-KNEE) 
AMPUTATION FOR ISCHEMIC LIMBS 


TECHNIQUE 16-8 


■ Position the patient supine on the operating table and do 
not use a tourniquet. 


■ Outline equal anterior and posterior skin flaps beginning 
proximally at the intended level of bone section. The 
length of each flap should be at least one half the antero- 
posterior diameter of the thigh at this level. 

■ Deepen the incisions through the subcutaneous tissue 
and deep fascia, and reflect the posterior flap to the level 
of bone section. 

■ Do not reflect the anterior flap; instead, divide the quad¬ 
riceps muscle and its overlying fascia along the line of the 
anterior skin incision, and reflect the muscle and its 
attached overlying skin and fascia proximally as a myocu- 
taneous flap to the level of anticipated bone section. 
Identify, individually ligate, and transect the fémoral 
artery and vein in the fémoral canal. 

■ Incise the periosteum of the fémur circumferentially and 
divide the bone with a saw just distal to the periosteal 
incision. 

■Smoothly rasp the edges of the bone and flatten the 
antérolatéral aspect of the fémur to decrease the unit 
pressures between the bone and overlying soft tissues. 

■ Identify the sciatic nerve, ligate it well proximal to the end 
of the bone and sharply divide it just distal to the 
ligature. 

■ Divide the posterior muscles so that their ends retract to 
the level of bone section and remove the leg. 

■ Identify and section ail cutaneous nerves so that their eut 
ends retract well proximal to the end of the stump. 

■ Irrigate the wound well to remove ail bone dust, and 
clamp and ligate or electrocoagulate ail bleeding points. 

■ Carry the anterior myocutaneous flap over the end of the 
bone and suture its deep fascial layer to the deep poste¬ 
rior fascia of the thigh. 

■ Insert plastic suction drainage tubes deep to the muscles 
and bring them out through the latéral aspect of the 
thigh. 

■ Approximate the skin edges with interrupted nonabsorb- 
able sutures. Do not trim the "dog-ear" corners. 

POSTOPERATIVE CARE. Many concepts and strategies 
relevant to these patients were discussed earlier under 
postoperative care of transtibial amputations. The empha- 
sis is on the récognition that patients with ischémie limbs 
generally are less healthy than patients with nonischemic 
limbs; the rehabilitative program generally progresses 
much more slowly and more cautiously. A major obstacle 
to réhabilitation after transfemoral amputation is the loss 
of the knee joint, which exponentially increases the 
energy expenditure for locomotion with a prosthesis. This 
has conséquences for cardiac patients and patients with 
ischémie contralatéral limbs. The patient and family must 
be aware of the risks involved with a physically demand- 
ing réhabilitation program. Many transfemoral amputées 
with vascular disease never use a prosthesis consistently. 
Patients with bilateral transfemoral amputations fre- 
quently elect to use a wheelchair because it is faster, and 
oxygen consumption is four to seven times more using 
bilateral transfemoral prostheses. Younger patients can 
expérience progress more rapidly, as discussed under 
transtibial postoperative care. 

A soft dressing is adéquate initially for elderly dysvas- 
cular patients, whereas immédiate postoperative rigid 
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dressings and earlier weight bearing with a locked-knee 
pylon are appropriate in younger patients. Patients seem 
more comfortable if weight bearing is delayed until 
sutures or Staples are removed. Subsequently, ambulation 
can be progressed with an unlocked knee and less upper 
extremity support. For the definitive prosthesis, a variety 
of prosthetic knee units are available that are lighter and 
accommodate constant or variable gait cadences and 
provide good stability during weight bearing. 
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CHAPTER 17 

AMPUTATIONS OF THE HIP AND PELVIS 

Kevin B. Cleveland 


DISARTICULATION OF HEMIPELVECTOMY 

THE HIP 686 (HINDQUARTER 

AMPUTATION) 688 


Hip disarticulation and the various forms of hemipelvectomy 
most often are performed for the treatment of primary bone 
tumors and rarely for métastasés, infection, or trauma. The 
dimensions of the amputation vary with oncologie require- 
ments, and nonstandard flaps often are necessary. For patients 
with such high-level amputations, the energy requirements to 
use a prosthesis hâve been estimated to be 250% of normal 
ambulation; wheelchair locomotion is faster and requires less 
energy expenditure; however, especially in younger patients, 
providing prosthetic walking ability for even short distances 
may be bénéficiai to physical and mental health. With new 
advances in prosthetics, such as polycentric hip joints and 
microprocessor knees, more patients are choosing to use their 
prostheses. Lighter-weight prostheses hâve resulted in less 
oxygen consumption and more compliance with prosthetic 
use. The main goals of a prosthesis are to improve function 
and provide an improved self-body image. The most common 
reason that patients do not use a prosthesis is that they were 
never offered one. We hâve found that consultation with a 
prosthetist is most valuable. A multi-disciplinary team should 
be involved in the care of these patients, and thorough pre- 
operative planning is impérative. 

DISARTICULATION OF THE HIP 

Hip disarticulation occasionally is indicated after massive 
trauma, for arterial insufficiency, for severe infections, for 
massive decubitus ulcers, or for certain congénital limb defi- 
ciencies. Most frequently, however, hip disarticulation is nec¬ 
essary for treatment of bone or soff-tissue sarcomas of the 
fémur or thigh that cannot be resected adequately by limb- 
sparing methods. Hip disarticulation accounts for 0.5% of 
lower extremity amputations. Mortality rates vary in studies 
from 0% to 44%. The inguinal or iliac lymph nodes are not 
routinely removed with hip disarticulation. The anatomie 
method of Boyd and the posterior flap method of Slocum 
are described here. However, modifications frequently are 
required based on the location of the pathology. 


ANATOMIC HIP DISARTICULATION 


TECHNIQUE 17-1 


(BOYD) 

■ With the patient in the latéral decubitus position, make an 
anterior racquet-shaped incision (Fig. 17-1 A), beginning 


the incision at the anterior superior iliac spine and curving 
it distally and medially almost parallel with the inguinal 
ligament to a point on the médial aspect of the thigh 5 cm 
distal to the origin of the adductor muscles. Isolate and 
ligate the fémoral artery and vein, and divide the fémoral 
nerve; continue the incision around the posterior aspect 
of the thigh about 5 cm distal to the ischial tuberosity 
and along the latéral aspect of the thigh about 8 cm 
distal to the base of the greater trochanter. From this 
point, curve the incision proximally to join the beginning 
of the incision just inferior to the anterior superior iliac 
spine. 

■ Detach the sartorius muscle from the anterior superior 
iliac spine and the rectus femoris from the anterior 
inferior iliac spine. Reflect them both distally. 

■ Divide the pectineus about 0.6 cm from the pubis. 

■ Rotate the thigh externally to bring the lesser trochanter 
and the iliopsoas tendon into view; divide the latter at its 
insertion and reflect it proximally. 

■ Detach the adductor and gracilis muscles from the pubis 
and divide at its origin that part of the adductor magnus 
that arises from the ischium. 

■ Develop the muscle plane between the pectineus and 
obturator externus and short external rotators of the hip 
to expose the branches of the obturator artery. Clamp, 
ligate, and divide the branches at this point. Later in the 
operation the obturator externus muscle is divided at its 
insertion on the fémur instead of at its origin on the pelvis 
because otherwise the obturator artery may be severed 
and might retract into the pelvis, leading to hemorrhage 
that could be difficult to control. 

■ Rotate the thigh internally and detach the gluteus médius 
and minimus muscles from their insertions on the greater 
trochanter and retract them proximally. 

■ Divide the fascia lata and the most distal fibers of the 
gluteus maximus muscle distal to the insertion of the 
tensor fasciae latae muscle in the line of the skin incision, 
and separate the tendon of the gluteus maximus from its 
insertion on the linea aspera. Reflect this muscle mass 
proximally. 

■ Identify, ligate, and divide the sciatic nerve. 

■ Divide the short external rotators of the hip (i.e., the piri- 
formis, gemelli, obturator internus, obturator externus, 
and quadratus femoris) at their insertions on the fémur 
and sever the hamstring muscles from the ischial 
tuberosity. 

■ Incise the hip joint capsule and the ligamentum teres to 
complété the disarticulation (Fig. 17-1 B). 
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Boyd disarticulation of hip. A f Fémoral vessels and nerve hâve been ligated, and sartorius, rectus femoris, pectineus, 
and iliopsoas muscles hâve been detached. Inset, Line of skin incision. B, Gluteal muscles hâve been separated from insertions, sciatic 
nerve and short external rotators hâve been divided, and hamstring muscles hâve been detached from ischial tuberosity. Inset, Final 
closure of stump. (Redrawn from Boyd HB: Anatomie disarticulation of the hip, Surg Gynecol Obstet 84:346, 1947.) SEE TECHNIQUE 17-1. 


■ Bring the gluteal flap anteriorly and suture the distal part 
of the gluteal muscles to the origin of the pectineus and 
adductor muscles. 

■ Place a drain in the inferior part of the incision and 
approximate the skin edges with interrupted nonabsorb- 
able sutures. 


POSTERIOR FLAP 


TECHNIQUE 17-2 


(SLOCUM) 

■ Begin the incision at the level of the inguinal ligament, 
carry it distally over the fémoral artery for 10 cm, curve 
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9 it along the médial aspect of the thigh, continue it later- 
ally and proximally over the greater trochanter, and swing 
it anteriorly to the starting point. A posteromedial flap 
long enough to cover the end of the stump is formed. 

■ Isolate, ligate, and divide the fémoral vessels, and section 
the fémoral nerve to fall well proximal to the inguinal 
ligament. 

■ Abduct the thigh widely and divide the adductor muscles 
at their pubic origins. 

■ Section the two branches of the obturator nerve so that 
they retract away from pressure areas. 

■ Free the origins of the sartorius and rectus femoris muscles 
from the anterior superior and anterior inferior iliac 
spines. Moderately adduct and internally rotate the thigh 
and divide the tensor fasciae latae muscle at the level of 
the proximal end of the greater trochanter; at the same 
level, divide close to bone the muscles attached to the 
trochanter. Next, abduct the thigh markedly and divide 
the gluteus maximus at the distal end of the posterior 
skin flap. 

■ Identify, ligate, and divide the sciatic nerve. 

■ Divide the joint capsule and complété the disarticulation. 
■ Swing the long posteromedial flap containing the gluteus 
maximus anteriorly and suture it to the anterior margins 
of the incision. 


HEMIPELVECTOMY 
(HINDQUARTER AMPUTATION) 

Hemipelvectomy most often is performed for tumors that 
cannot be adequately resected by limb-sparing techniques or 
hip disarticulation. Other indications for hemipelvectomy 
include life-threatening infection and arterial insufficiency. 
Chan et al. reported hemipelvectomy for decubitus ulcers in 
patients with spinal cord injury. In contrast to hip disarticula¬ 
tion, ail types of hemipelvectomy remove the inguinal and 
iliac lymph nodes. 

The standard hemipelvectomy employs a posterior or glu- 
teal flap and disarticulates the symphysis pubis and sacroiliac 
joint and the ipsilateral limb. An extended hemipelvectomy 
includes resection of adjacent musculoskeletal structures, 
such as the sacrum or parts of the lumbar spine. In a conserva¬ 
tive hemipelvectomy, the bony section divides the ilium above 
the acetabulum, preserving the crest of the ilium. Sherman, 
O’Connor, and Sim base their decision on when to perform a 
hemipelvectomy or a pelvic resection on three parameters: the 
sciatic nerve, the fémoral neurovascular bundle, and the hip 
joint, including the periacetabular région. If two of the three 
are involved, they recommend hemipelvectomy over pelvic 
resections to obtain proper margins. Internai hemipelvectomy 
is a limb-sparing resection, often achieving proximal and 
médial margins equal to the corresponding amputation. This 
procedure is discussed in Chapter 24. 

Ail types of hemipelvectomy are extremely invasive and 
mutilating procedures. Gordon-Taylor called hindquarter 
amputations “one of the most colossal mutilations practiced 
on the human frame.” These operations require optimizing 
the patients nutritional status, preparing for blood replace¬ 
ment, and adéquate monitoring during surgery. Early reports 


of mortality from hemipelvectomy was greater than 50%, but 
with more recent advances including radiation, chemother- 
apy, and patient optimization, mortality is less than 10%. 
Complications, however, are common. Many patients hâve 
significant phantom pain in the early postoperative course. 
Residual limb spasm has been reported to occur more com- 
monly than phantom pain and may présent weeks or even 
months affer the procedure; it is most common affer trau- 
matic hemipelvectomy. Flap necrosis and wound sloughs are 
common complications. In their review of 160 external hémi¬ 
pelvectomies, Senchenkov et al. reported a morbidity rate of 
54%, including intraoperative genitourinary (18%) and 
gastrointestinal injuries (3%). Wound complications were the 
most common postoperative complications, including infec¬ 
tion and flap necrosis. Patients with a posterior flap, who had 
ligation of the common iliac vessels, were 2.7 times more 
likely to hâve flap necrosis than those patients who had liga¬ 
tion of the external iliac vessels alone. Apffelstaedt et al. 
found no statistical différence between flap failure and liga¬ 
tion of the common iliac artery compared to ligation of the 
external iliac artery only. We still recommend préservation of 
the common iliac artery when feasible. Increased operative 
time and complexity of the resection also lead to an increase 
in flap necrosis and infection. The best option for reconstruc¬ 
tive flaps is use of the amputated tissue (free fillet flaps). 
Custom implants and trabecular métal can also be used to 
improve outcomes. The surgical techniques continue to 
evolve as advances in prosthetics continue to progress. Appro- 
priate emotional and psychologie support is an important 
part of réhabilitation. Techniques for the standard, anterior 
flap and conservative hemipelvectomy are described. 


STANDARD HEMIPELVECTOMY 


TECHNIQUE 17-3 


■ Insert a Foley cathéter. Place the patient in a latéral decu- 
bitus position with the involved side up. Support the 
patient so that the table can be tilted to facilitate anterior 
and posterior dissection. 

■ Perform the anterior dissection first, making an incision 
extending from 5 cm above the anterior superior iliac 
spine to the pubic tubercle (Fig. 17-2A). Deepen the inci¬ 
sion through the tensor fascia, external oblique aponeu- 
rosis, and internai oblique and transversalis muscles. 

■ Retract the spermatic cord medially. 

■ Expose the iliac fossa by blunt dissection. 

■ Elevate the pariétal peritoneum off the iliac vessels and 
permit it to fall inferiorly with the viscera. 

■ Ligate the inferior epigastric vessels. 

■ Release the rectus muscle and sheath from the pubis. 

■ Identify the iliac vessels, retract the ureter medially, and 
ligate and divide the common iliac artery and vein. Put 
latéral traction on the iliac artery and vein and ligate and 
divide their branches to the sacrum, rectum, and bladder, 
separating the rectum and bladder from the pelvic side 
wall and exposing the sacral nerve roots (Fig. 17-2B and 
C). If necessary for exposure, divide the symphysis pubis 
and sacroiliac joint before this dissection. 
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Standard hemipelvectomy. A f Incision. B f and C f Transection of iliac arteries and division of internai iliac vessels. 
D f Release of iliac crest and gluteus maximus. E f Division of symphysis pubis. F f Division of muscles from pelvis. SEE TECHNIQUE 17-3. 
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■ Pack the anterior wound with warm, moist gauze packs. 

■ Make a posterior skin incision, extending from 5 cm above 
the anterior superior iliac spine, coursing over the anterior 
aspect of the greater trochanter, paralleling the gluteal 
crease posteriorly around the thigh, and connecting with 
the inferior end of the anterior incision (see Fig. 17-2A). 

■ Raise the posterior flap by dissecting the gluteal fascia 
directly off the gluteus maximus. Include the fascia with 
the flap. If possible, include the médial portion of the 
gluteus maximus with the flap. Superiorly elevate the flap 
off the iliac crest. 

■ Divide the external oblique, sacrospinalis, latissimus dorsi, 
and quadratus lumborum from the crest of the ilium. 

■ Reflect the gluteus maximus from the sacrotuberous liga¬ 
ment, coccyx, and sacrum (Fig. 17-2D). 

■ Divide the iliopsoas muscle; genitofemoral, obturator, and 
fémoral nerves; and lumbosacral nerve trunk at the level 
of the iliac crest. 

■ Abduct the hip, placing tension on the soft tissues around 
the symphysis pubis. Pass a long right-angle clamp around 
the symphysis, and divide it with a scalpel (Fig. 17-2E). 

■ Divide the sacral nerve roots, preserving the nervi erigen- 
tes if possible. Reflect the iliacus muscle laterally, exposing 
the anterior aspect of the sacroiliac joint. 

■ Divide the joint anteriorly with a scalpel or osteotome and 
divide the iliolumbar ligament. 

■ Place considérable traction on the extremity, separating 
the pelvic side wall from the viscera. Proceeding from 
anterior to posterior, divide the following from the pelvic 
side wall: urogénital diaphragm, pubococcygeus, ischio- 
coccygeus, iliococcygeus, piriformis, sacrotuberous liga¬ 
ment, and sacrospinous ligaments (Fig. 17-2F). Ail of 
these structures must be divided under tension. Move the 
extremity anteriorly and divide the posterior aspect of the 
sacroiliac joint to complété the dissection. 

■ Place suction drains in the wound and suture the gluteal 
fascia to the fascia of the abdominal wall. Close the skin. 

POSTOPERATIVE CARE. The drains and Foley cathéter 
should be left in place for several days. Pressure should 
be kept off the posterior flap for several days. 


ANTERIOR FLAP HEMIPELVECTOMY 

Anterior flap hemipelvectomy is indicated for lésions of the 
buttock or posterior proximal thigh that cannot be ade- 
quately treated by limb-sparing methods. The larger pos¬ 
terior defect is covered by a quadriceps myocutaneous flap 
maintained by the superficial fémoral vessels and may 
include part of the sartorius muscle. 


TECHNIQUE 17-4 


■ Insert a Foley cathéter. Place the patient in the latéral 
decubitus position with the operated side up and secure 
the patient to the table so that it can be tilted to facilitate 
the anterior and posterior dissections. Préparé the skin 
from toes to rib cages and drape the extremity free. Mark 


out the skin incision such that the length and width of 
the anterior flap adequately covers the posterior defect 
that is to be created (Fig. 17-3A). 

■ Make an incision superiorly across the iliac crest to the 
midlateral point, around the buttock just latéral to the 
anus, and to the midmedial point of the thigh. Carry 
the incision down the thigh a distance adéquate to 
cover the posterior defect, across the front of the thigh 
to the midlateral point, and superiorly to join the superior 
incision. 

■ Perform the posterior dissection first. Preserve a skin 
margin of 3 cm from the anus. Detach the gluteus 
maximus and sacrospinalis from the sacrum. Detach the 
external oblique, sacrospinalis, latissimus dorsi, and qua¬ 
dratus lumborum muscles from the iliac crest. 

■ Flex the hip and place the tissues in the région of the 
gluteal crease under tension. Detach the remaining 
origins of the gluteus maximus from the coccyx and 
sacrotuberous ligament (Fig. 17-3B). Bluntly dissect latéral 
to the rectum into the ischiorectal fossa. 

■ Move to the front of the patient and deepen the anterior 
incision at the junction of the middle and distal thirds of 
the thigh through the quadriceps to the fémur. Continue 
the dissection laterally from this point in a cephalad direc¬ 
tion to the anterior superior spine severing the vastus 
lateralis from the fémur and separating the tensor fascia 
femoris from its fascia such that it is included with the 
specimen (Fig. 17-3C). 

■Start the médial dissection at Hunter's canal and ligate 
and divide the superficial fémoral vessels. Trace the vessels 
superiorly to the inguinal ligament, dividing and ligating 
multiple small branches to the adductor muscles. 

■ Place upward traction on the myocutaneous flap and 
detach the vastus medialis muscle and intermedius from 
the fémur. 

■ Ligate and divide the profunda femoris vessels at their 
origin from the common fémoral artery and vein. 

■ Separate the myocutaneous flap from the pelvis by releas¬ 
ing the abdominal muscles from the iliac crest, the sarto¬ 
rius from the anterior superior spine, the rectus femoris 
from the anterior inferior spine, and the rectus abdominis 
from the pubis (Fig. 17-3D). 

■ Retract the flap medially and dissect along the fémoral 
nerve into the pelvis to expose the iliac vessels. 

■ Divide the symphysis pubis while protecting the bladder 
and urethra. 

■ Ligate and divide the internai iliac vessels at their origin 
from the common iliacs. While placing médial traction on 
the bladder and rectus, divide the viscéral branches of the 
internai iliac vessels. Divide the psoas muscle as it joins 
the iliacus muscle and divide the underlying obturator 
nerve, but protect the fémoral nerve going into the flap. 
Divide the lumbosacral nerve and the sacral nerve roots 
(Fig. 17-3E). 

■ Put traction on the pelvic diaphragm by elevating the 
extremity and divide the urogénital diaphragm, levator 
ani, and piriformis near the pelvis. 

■ Divide the sacroiliac joint and the iliolumbar ligament and 
remove the specimen. 

■ Turn the quadriceps flap onto the posterior defect and 
close the wound over suction drains by suturing the 
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quadriceps to the abdominal wall, sacrospinalis, sacrum, 
and pelvic diaphragm. 

POSTOPERATIVE CARE. The patient may ambulate 
when comfort and stability permit. The drains and Foley 
cathéter should be left in place for several days. Skin 
slough is much less common than with the classic poste- 
rior flap. 


CONSERVATIVE HEMIPELVECTOMY 

Conservative hemipelvectomy is indicated for tumors 
around the proximal thigh and hip that cannot be resected 
adequately by limb-sparing techniques and do not require 
sacroiliac disarticulation for satisfactory proximal margins. 
The operation is a supraacetabular amputation that divides 
the ilium through the greater sciatic notch. 


TECHNIQUE 17-5 


■ Insert a Foley cathéter. Place the patient in a latéral decu- 
bitus position with the operated side up and secure the 
patient to the table so that it can be tilted to either side. 


■ Start the incision 1 to 2 cm above the anterior superior 
iliac spine and continue it posteriorly and laterally across 
the greater trochanter to the gluteal crease. Follow the 
crease to the médial thigh posteriorly. Begin a second 
incision from the first incision 5 cm below its starting 
point and continue it to just above and parallel to the 
inguinal ligament to the pubic tubercle. Carry the incision 
posteriorly across the médial thigh to join the first incision 
(Fig. 17-4A). 

■ Perform the anterior dissection first. Divide the abdominal 
wall muscles, exposing the peritoneum. 

■ Bluntly dissect the rétropéritonéal space exposing the iliac 
vessels (Fig. 17-4B). Ligate and divide the external iliac 
vessels just distal to the internai iliacs. 

■ Divide the symphysis pubis, protecting the bladder and 
urethra. 

■ Divide the ilium through the greater sciatic notch as 
follows: bluntly dissect the iliopsoas muscle from the 
médial wall of the ilium by passing a finger from the 
anterior superior spine to the greater sciatic notch. Simi- 
larly dissect the gluteal muscles from the latéral aspect of 
the ilium. Pass a Gigli saw through the greater sciatic 
notch below the origin of the gluteus minimus and divide 
the ilium (Fig. 17-4C). 

■ Now the extremity can be positioned to place the various 
muscle groups under tension so that they can be divided 
at appropriate levels along with the fémoral, obturator, 
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FIGURE 


Anterior flap hemipelvectomy. A f Anterior and posterior incision. B f Detachment of gluteus maximus origins from 


coccyx and sacrotuberous ligament. C f Severing vastus lateralis from fémur and separating tensor fascia femoris from fascia. 
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D f Séparation of myocutaneous flap. E f Transection of internai iliac vessels and branches. SEE TECHNIQUE 17-4. 


and sciatic nerves. Care should be taken to divide the 
urogénital and pelvic diaphragms at their pelvic attach- 
ments, protecting the bladder and rectum. 

Close the wound over suction drains. 


POSTOPERATIVE CARE. The drains and Foley cathéter 
are left in place for several days. Pressure should be kept 
off the posterior flap for several days after surgery. 
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Conservative hemipelvectomy. A f Racquet type 
of incision. B f Séparation of muscles from ilium. C f Division of 
ilium by Gigli saw. (Redrawn from Sherman CD Jr, Duthie RB: Modified 
hemipelvectomy, Cancer 13:51, 1960 ) SEE TECHNIQUE 17-5. 
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Many orthopaedic surgeons consider amputation as a failure 
to restore function to an individual; however, an amputation 
should be considered the start of réhabilitation. Major ampu¬ 
tations of the upper extremity (other than digital amputa¬ 
tions) account for 3% to 15% of ail amputations and are 
approximately 20 times less common than amputations of the 
lower extremity Over 100,000 people in the United Stated are 
living with major upper extremity amputations today. Trauma 
is the most common reason for upper extremity amputations 
except for shoulder disarticulation and forequarter amputa¬ 
tions, for which malignant tumors are the primary reasons. 
Most traumatic amputées benefit more from completion of 
the amputation and early prosthetic fitting than from heroic 
attempts at salvage procedures. 

Generally, ail possible length should be preserved in 
upper extremity amputations. Length préservation can be 
maintained by careful évaluation and lengthening of a short 
stump by distraction osteogenesis (the method of Ilizarov) 
and microvascular anastomosis. Distal-free flaps and spare- 
part flaps (fillet flaps) from the amputated limb also should 
be used to preserve length. A shorting osteotomy may be 
required on occasion. However, prosthetists are able to fit 
even small stumps with prostheses to improve function. 
Offen a small stump distal to the elbow can functionally be 
better than a long above-elbow amputation. A prosthetic 
limb cannot adequately replace the sensibility of the hand, 
and the function of a prosthetic limb decreases with higher 
levels of amputation. Few patients with amputations around 
the shoulder are regular prosthetic users. The use of a rigid 
dressing and subséquent early temporary prosthetic fitting 
(within 30 days) in patients with transhumerai or more distal 
amputations encourages the resumption of bimanual activi- 
ties, softens the psychologie blow of limb loss, and decreases 
the prosthetic rejection rate. After 4 to 6 weeks postopera- 
tively, the soft tissues hâve healed significantly and the edema 
should be controlled enough to proceed with a definitive 
socket for the patient. A myoelectrical prosthesis may be an 
option for patients with a below-elbow amputation. However, 
in manual workers, a more traditional device should be 
employed. Some institutions use hybrid Systems consisting of 
a locking shoulder joint with a body-powered elbow and 


externally powered wrist and terminal devices. These Systems 
are most useful in amputations of the dominant extremity. 
Récipients use the prosthesis for approximately 14 hours a 
day. Some reports indicate that 50% of patients discontinue 
the use of the prosthesis after 5 years. Prosthetic rejection 
rates can be decreased with better patient éducation, more 
distal amputation levels, and prosthetic fitting within 30 
days. Various terminal devices are available and are easily 
interchanged (Fig. 18-1). Phantom pain has been reported in 
over 50% of patients; however, it rarely causes impaired pros¬ 
thetic use or unemployment. Myodesis, myoplasty, and myo- 
fascial closures should ail be performed when possible. New 
techniques of upper extremity amputations are evolving 
rapidly with the use of targeted muscle reinnervation, elec- 
tromyography pattern récognition, and composite tissue 
allotransplantation. Regardless, experienced prosthetists are 
invaluable in ensuring that patients hâve proper functional 
devices, and they should be consulted, when available, for 
each patient. 

HAND AMPUTATIONS 

Hand amputations are discussed in Chapter 19. 

WRIST AMPUTATIONS 

Whenever feasible, transcarpal amputation or disarticulation 
of the wrist is préférable to amputation through the forearm 
because, provided that the distal radioulnar joint remains 
normal, pronation and supination are preserved. Although 
only 50% of any pronation and supination is transmitted to 
the prosthesis, these motions are extremely valuable to the 
patient, and every effort should be made to preserve them. In 
transcarpal amputations, flexion and extension of the radio- 
carpal joint also should be preserved so that these motions, 
too, can be used prosthetically. Although difhcult, prosthetic 
fitting of transcarpal amputation stumps can be achieved by 
a skilled prosthetist. Excellent wrist disarticulation prostheses 
are now available, and thin prosthetic wrist units can be used 
that, to a considérable extent, eliminate the previous objec¬ 
tion of the artificial hand or prosthetic hook extending below 
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Myoelectrical prosthesis for forearm amputa¬ 
tion with interchangeable terminal devices. 


the level of the opposite hand. Compared with more proximal 
amputations, the long lever arm afforded by amputation at 
the wrist increases the ease and power with which the pros¬ 
thesis can be used. 


AMPUTATION AT THE WRIST 


TECHNIQUE 18-1 


■ Fashion a long palmar and a short dorsal skin flap in a 
ratio of 2:1. Use the thick palmar skin when available. 
Dissect the flaps proximally to the level of proposed bone 
section and expose the underlying soft structures. 

■ Draw the tendons of the finger flexors and extensors 
distally, divide them, and allow them to retract into the 
forearm. 

■ Identify the tendons of the wrist flexors and extensors, 
free their insertions, and reflect them proximal to the level 
of bone section. Identify the médian and ulnar nerves and 
the fine filaments of the radial nerve. Draw the nerves 
distally and section them well proximal to the level of 
amputation so that their ends retract well above the end 
of the stump to help avoid a residual painful neuroma. 

■Just proximal to the level of intended bone section, 
clamp, ligate, and divide the radial and ulnar arteries, and 
divide the remaining soft tissues down to bone. 

■ Transect the bones with a saw and rasp ail rough edges 
to form a smooth, rounded contour. 

■ At convenient points in line with their normal insertions, 
anchor the tendons of the wrist flexors and extensors to 
the remaining carpal bones so that active wrist motion is 
preserved. 

■ With interrupted nonabsorbable sutures, close the sub- 
cutaneous tissue and skin at the end of the stump, and 
insert a rubber tissue drain or a plastic tube for suction 
drainage. 


DISARTICULATION OF THE WRIST 


TECHNIQUE 18-2 


■ Fashion a long palmar and a short dorsal skin flap (Fig. 
18-2A). Begin the incision 1.3 cm distal to the radial 
styloid process, carry it distally and across the palm, and 
curve it proximally to end 1.3 cm distal to the ulnar styloid 
process. 

■ Form a short dorsal skin flap by connecting the two ends 
of the palmar incision over the dorsum of the hand; atypi- 
cal flaps may be fashioned, if necessary, to avoid amputa¬ 
tion at a higher level. Reflect the skin flaps together with 
the subcutaneous tissue and fascia proximally to the 
radiocarpal joint. 

■ Just proximal to the joint, identify, ligate, and divide the 
radial and ulnar arteries. 

■ Identify the médian, ulnar, and radial nerves and gently 
draw them distally into the wound. Section them so that 
they retract well proximal to the level of the amputation. 
Also identify the superficial radial nerve, the palmar cuta- 
neous branch, and the dorsal ulnar cutaneous nerve. 
Preserve the cutaneous nerves that supply sensation to 
the residual skin stump. 

■ At a proximal level, divide ail tendons and perform a 
tenodesis of the flexors and extensor tendons. 

■ Incise the wrist joint capsule circumferentially, completing 
the disarticulation (Fig. 18-2B and C). 

■ Retain or resect the radial and ulnar styloid processes and 
rasp the raw ends of the bones to form a smoothly 
rounded contour. Take care to avoid damaging the distal 
radioulnar joint, including the triangular ligament, so that 
normal pronation and supination of the forearm are pre¬ 
served and pain in the joint is prevented (Fig. 18-2D). 

■ With interrupted nonabsorbable sutures, close the skin 
flaps over the ends of the bones (Fig. 18-2E), and insert 
a rubber tissue drain or a plastic tube for suction 
drainage. 


FOREARM AMPUTATIONS 
(TRANSRADIAL) 

In amputations through the forearm, as elsewhere, preserving 
as much length as possible is désirable. We recommend pre¬ 
serving a minimum of two thirds of the forearm length when 
possible. When circulation in the upper extremity is severely 
impaired, however, amputations through the distal third of 
the forearm are less likely to heal satisfactorily than those at 
a more proximal level because distally the skin is often thin 
and the subcutaneous tissue is scant. The underlying soft 
tissues distally consist primarily of relatively avascular struc¬ 
tures, such as fascia and tendons. In these exceptional cir- 
cumstances, an amputation at the junction of the middle and 
distal thirds of the forearm is préférable. In amputations 
through the proximal third of the forearm, even a short 
below-elbow stump 3.8 to 5 cm long is préférable to an ampu¬ 
tation through or above the elbow. From a functional stand- 
point, preserving the patients own elbow joint is crucial. By 
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Disarticulation of the wrist. A f Skin incision. B and C f Reflection of the palmar flap and section of wrist joint capsule. 
D, Resection of tips of radial and ulnar styloids with préservation of the triangular ligament and underlying joint space. E f Completed 
amputation. SEE TECHNIQUE 18-2. 


using improved prosthetic fitting techniques, a skilled pros- 
thetist can provide an excellent prosthetic device for even a 
short below-elbow stump. 


DISTAL FOREARM (DISTAL 
TRANSRADIAL) AMPUTATION 


TECHNIQUE 18-3 


■ Beginning proximally at the intended level of bone 
section, fashion equal anterior and posterior skin flaps 
(Fig. 18-3A); make the length of each about equal to one 
half of the diameter of the forearm at the level of ampu¬ 
tation. Together with the skin flaps, reflect the subcutane- 
ous tissue and deep fascia proximally to the level of bone 
section. 

■Clamp, doubly ligate, and divide the radial and ulnar 
arteries just proximal to this level. 

■ Identify the radial, ulnar, and médian nerves; draw them 
gently distally; and transect them high so that they retract 
well proximal to the end of the stump. 

■ Cut across the muscle bellies transversely distal to the 
level of bone section and interpose the muscle tissue 
between the radius and the ulna. Distally, use the 
pronator quadratus and more proximally use one flexor 
tendon and one extensor tendon. Tenodese these muscles 
to the bone to help prevent painful convergence and 
instability. 

■ Divide the radius and ulna transversely and rasp ail sharp 
edges from their ends (Fig. 18-3B). 


■Close the deep fascia with fine absorbable sutures and 
the skin flaps with interrupted nonabsorbable sutures 
(Fig. 18-3C) and insert deep to the fascia a rubber tissue 
drain or, if préférable, a plastic tube for suction 
drainage. 

■ If desired, a myoplastic closure may be done in this ampu¬ 
tation as follows. After raising appropriate flaps of skin 
and fascia, fashion an anterior flap of flexor digitorum 
sublimis muscle long enough so that its end can be 
carried around the end of the bones to the deep fascia 
dorsally. 

■ Divide the remaining soft tissues transversely at the level 
of bone section. 

■ After dividing the bones and contouring their ends, carry 
the muscle flap dorsally and suture its end to the deep 
fascia over the dorsal musculature. To prevent excessive 
bulk, the entire anterior muscle mass should never be 
used in this manner. 

■ Close the stump as already described. 


PROXIMAL THIRD OF FOREARM 
(PROXIMAL TRANSRADIAL) 
AMPUTATION 


TECHNIQUE 18-4 


■ When good skin is available, fashion anterior and poste¬ 
rior skin flaps of equal length; if good skin is unavailable, 
fashion atypical flaps as necessary rather than amputate 
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Amputation through distal forearm. A f Skin incision and bone level. B, Flaps are reflected, and bones and soft struc¬ 
tures are divided. C f Completed amputation. SEE TECHNIQUE 18-3. 


at a more proximal level. Reflect proximally to the level 
of intended bone section the deep fascia together with 
the skin flaps. 

■Just proximal to this level, identify, doubly ligate, and 
divide the major vessels. 

■ Identify the médian, ulnar, and radial nerves; gently pull 
them distally; and section them proximally so that their 
ends retract well proximal to the end of the stump. 

■ Divide the muscle bellies transversely distal to the level of 
bone section so that their proximal ends retract to that 
level. Carefully trim away ail excess muscle. 

■ Divide the radius and ulna transversely and smooth their 
eut edges. Attempt to maintain at least 5 cm of the ulna 
proximally. If a more proximal osteotomy is required, 
tenodesis of the biceps tendon to the proximal portion of 
the residual ulna is needed. This lengthens the stump 
functionally and enhances prosthetic fitting. Even without 
biceps function, the elbow can be flexed satisfactorily by 
the brachialis muscle. 

■ With interrupted absorbable sutures, close the deep 
fascia; with interrupted nonabsorbable sutures, close the 
skin edges. Insert deep to the fascia a rubber tissue drain 
or a plastic tube for suction drainage. 


ELBOW DISARTICULATION 

The elbow joint is an excellent level for amputation because 
the broad flare of the humerai condyles can be grasped firmly 
by the prosthetic socket and humerai rotation can be trans- 
mitted to the prosthesis. In more proximal amputations, 
humerai rotation cannot be thus transmitted, so a prosthetic 
elbow turntable is necessary. The difficulties previously expe- 
rienced in prosthetic fitting at this level hâve been overcome 


by modem prosthetic techniques, and most surgeons now 
believe that disarticulation of the elbow is usually préférable 
to a more proximal amputation. 

Additionally, a humerai shortening osteotomy can be 
done to preserve the elbow. 


DISARTICULATION OF THE ELBOW 


TECHNIQUE 18-5 


■ Fashion equal anterior and posterior skin flaps as follows. 
Beginning proximally at the level of the humerai épicon¬ 
dyles, extend the posterior flap distally to a point about 
2.5 cm distal to the tip of the olecranon and the anterior 
flap distally to a point just distal to the insertion of the 
biceps tendon. If necessary, fashion atypical flaps. Next, 
reflect the flaps proximally to the level of the humerai 
épicondyles and, on the médial aspect of the elbow, 
begin dissection of the deep structures. 

■ Identify and divide the lacertus fibrosus, free the origin of 
the flexor musculature from the médial humerai épicon¬ 
dyle, and reflect the muscle mass distally to expose the 
neurovascular bundle that lies against the médial aspect 
of the biceps tendon. 

■ Proximal to the joint level, isolate, doubly ligate, and 
divide the brachial artery. 

■ Gently draw the médian nerve distally and with a sharp 
knife divide it proximally so that it retracts at least 2.5 cm 
proximal to the joint line. Identify the ulnar nerve in its 
groove posterior to the médial épicondyle and treat it in 
a similar manner. 
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9 " Free the insertion of the biceps tendon from the radius 
and the insertion of the brachialis tendon from the coro- 
noid process of the ulna. 

■ Identify the radial nerve in the groove between the bra¬ 
chialis and brachioradialis; isolate it, draw it distally, and 
section it far proximally. 

■ About 6.3 cm distal to the joint line, divide transversely 
the extensor musculature that arises from the latéral 
humerai épicondyle, and reflect the proximal end of the 
muscle mass proximally. 

■ Divide the posterior fascia along with the triceps tendon 
near the tip of the olecranon. 

■ Divide the anterior capsule of the joint to complété the 
disarticulation and remove the forearm. 

■ Leave intact the articular surface of the humérus. Bring 
the triceps tendon anteriorly and suture it first to the 
humérus and then perform a myoplasty to the tendons 
of the brachialis and biceps muscles. 

■ Fashion a thin flap from the extensor muscle mass left 
attached to the latéral humerai épicondyle, carry it medi- 
ally, and suture it to the remnants of the flexor muscles 
at the médial épicondyle. Cover ail bony prominences and 
exposed tendons at the end of the humérus by passing 
additional sutures through the periosteum and the muscle 
flap. 

■ Trim the skin flaps for a snug closure without tension and 
approximate their edges with interrupted sutures of non- 
absorbable material. Insert deep to the fascia a rubber 
tissue drain or a plastic tube for suction drainage. 


ARM AMPUTATIONS 
(TRANSHUMERAL) 

Amputation through the arm, or transhumerai amputation, 
is defined as amputation at any level from the supracondylar 
région of the humérus distally to the level of the axillary fold 
proximally. More distal amputations, such as the transcondy- 
lar, are fitted prosthetically and function as elbow disarticula¬ 
tions; amputations proximal to the level of the axillary fold 
function as shoulder disarticulations. As in ail other amputa¬ 
tions, as much length as possible should be preserved. If the 
humerai condyles cannot be preserved, a transhumerai oste- 
otomy should be done approximately 3 to 5 cm proximal to 
the elbow joint. The prosthesis with which a patient having a 
transhumerai amputation is fitted must include an inside 
elbow-lock mechanism and an elbow turntable. The elbow- 
lock mechanism is required to stabilize the joint in full exten¬ 
sion, full flexion, or a position in between. The turntable 
mechanism substitutes for humerai rotation. The elbow-lock 
mechanism extends about 3.8 cm distally from the end of the 
prosthetic socket and to be cosmetically pleasing should lie 
at the level of the opposite elbow. Therefore, when performing 
transhumerai amputations, the level of the bone section 
should be at least 3.8 cm proximal to the elbow joint to allow 
room for this mechanism. Although an amputation at the 
level of the axillary fold or more proximally must be fitted 
prosthetically as a shoulder disarticulation, preserving the 
most proximal part of the humérus, including the head, is 
valuable; the normal contour of the shoulder is retained, 
which is cosmetically désirable, and the disarticulation 


prosthesis is more stable on a shoulder in which some 
humérus remains that may be grasped by its socket. Every 
attempt should be made to preserve 5 to 7 cm of the proximal 
humérus. 

In children younger than 12 years, osseous overgrowth of 
diaphyseal amputations has been reported with the humérus 
and fibula being most common. In general, disarticulation at 
the elbow is recommended; however, if disarticulation is not 
feasible, a capping graff of the humerai bone end should be 
done. Several authors hâve suggested using fascia, métal, or 
iliac crest graffs. We hâve used the amputated part of the 
distal humérus as a capping graff at the time of primary 
amputation with good results. Close clinical follow up is man- 
datory, and révisions are sometimes necessary. 


SUPRACONDYLAR AREA 


TECHNIQUE 18-6 


■ Beginning proximally at the level of intended bone 
section, fashion equal anterior and posterior skin flaps, 
each being in length one half of the diameter of the arm 
at that level (Fig. 18-4A). 

■ Doubly ligate and divide the brachial artery just proximal 
to the level of bone section and transect the médian, 
ulnar, and radial nerves at a higher level so that their 
proximal ends retract well proximal to the end of the 
stump. 

■ Divide the muscles in the anterior compartment of the 
arm 1.3 cm distal to the level of intended bone section 
so that they retract to this level. 

■ Free the insertion of the triceps tendon from the olecra¬ 
non, preserving the triceps fascia and muscle as a long 
flap. Reflect this flap proximally and incise the periosteum 
of the humérus circumferentially at a level at least 3.8 cm 
proximal to the elbow joint to allow room for the elbow 
mechanism of the prosthesis. 

■ Divide the bone at this level and with a rasp smoothly 
round its end (Fig. 18-4B). 

■ Trim the triceps tendon to form a long flap, carry it across 
the end of the bone, and tenodese it to the humérus, 
followed by myoplasty to the fascia over the anterior 
muscles. 

■ Insert deep to this flap a Penrose drain or a plastic tube 
for suction drainage. Close the fascia with fine absorb¬ 
able sutures and the skin flaps with interrupted nonab- 
sorbable sutures (Fig. 18-4C). 


AMPUTATION PROXIMAL TO THE 
SUPRACONDYLAR AREA 


TECHNIQUE 18-7 


■ Beginning proximally at the level of intended bone 
section, fashion equal anterior and posterior skin flaps. 
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Amputation through arm at supracondylar level. A f Skin incision and bone level. B, Anterior muscles are divided 
transversely, triceps and fascial flap is constructed, and bone is sectioned. C f Completed amputation. SEE TECHNIQUE 18-6. 


the length of each being slightly greater than one half of 
the diameter of the arm at that level. 

■ Just proximal to the level of intended bone section, iden- 
tify, doubly ligate, and divide the brachial artery and vein. 

■ Identify, gently pull distally, and divide at a more proximal 
level the major nerves so that their proximal ends retract 
well proximal to the end of the stump. 

■ Section the muscles of the anterior compartment of the 
arm 1.3 cm distal to the level of bone section so that their 
eut ends retract to this level. 

■ Divide the triceps muscle 3.8 to 5 cm distal to the level 
of bone section and retract its proximal end proximally. 

■ Incise the periosteum circumferentially and divide the 
humérus. Using a rasp, smoothly round the end of the 
bone. 

■ Bevel the triceps muscle to form a thin flap, carry it over 
the end of the bone, and suture it to the humérus and 
the anterior muscle fascia. 

■ Deep to the flap, insert a rubber tissue drain or a plastic 
tube for suction drainage; then close the fascia with 
interrupted absorbable sutures. Approximate the skin 
edges with interrupted nonabsorbable sutures. 


SHOULDER AMPUTATIONS 

Most amputations in the shoulder area are performed for the 
treatment of malignant bone or soff-tissue tumors that cannot 
be treated by limb-sparing methods. Less commonly, ampu¬ 
tation in this area is indicated for arterial insufficiency and 
rarely for trauma or infection. The extent of the amputation 
and design of the skin flaps must be modified offen. Phantom 
pain is common and probably is best treated by proximal 
nerve blocks performed by a skillful anesthesiologist. Few 
patients regularly use a prosthesis, but a cosmetic shoulder 
cap is useful after forequarter amputation. 


AMPUTATION THROUGH THE 
SURGICAL NECK OF THE HUMERUS 


TECHNIQUE 18-8 


■ Place the patient supine with a sandbag well beneath the 
affected shoulder so that the back is at a 45-degree angle 
to the operating table. 

■ Begin the skin incision anteriorly at the level of the cora- 
coid process and carry it distally along the anterior border 
of the deltoid muscle to the insertion of the muscle and 
along the posterior border of the muscle to the posterior 
axillary fold. Connect the two limbs of the incision by a 
second incision that passes through the axilla (Fig. 18-5A). 

■ Identify, ligate, and divide the cephalic vein in the delto- 
pectoral groove. 

■ Separate the deltoid and pectoralis major and retract the 
deltoid muscle laterally. Next, divide the pectoralis major 
muscle at its insertion and reflect it medially. 

■ Develop the interval between the pectoralis minor and 
coracobrachialis muscles to expose the neurovascular 
bundle. Isolate, doubly ligate, and divide the axillary 
artery and vein immediately inferior to the pectoralis 
minor. 

■ Isolate the médian, ulnar, radial, and musculocutaneous 
nerves; gently draw them distally into the wound, and 
divide them so that their proximal ends retract well proxi¬ 
mal to the pectoralis minor (Fig. 18-5B). 

■ Divide the deltoid muscle at its insertion and reflect it 
superiorly together with the attached latéral skin flap. 

■ Near their insertions at the bicipital groove, divide the 
teres major and latissimus dorsi muscles. At a point proxi¬ 
mally 2 cm distal to the level of intended bone section, 
sever the long and short heads of the biceps, the triceps, 
and the coracobrachialis. 
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Amputation through surgical neck of humérus. A f Skin incision. B f Section of anterior muscles. C f Bone level and 


completed muscle section. D f Closure of muscle flap. E f Completed amputation. SEE TECHNIQUE 18-8. 
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■ Section the humérus at the level of its neck and smooth 
the eut end with a rasp (Fig. 18-5C). 

■ Suture the long head of the triceps, both heads of the 
biceps, and the coracobrachialis over the end of the 
humérus; swing the pectoralis major muscle laterally, and 
suture it to the end of the bone (Fig. 18-5D). 

■ Tailor the latéral skin flap and underlying deltoid muscle 
to allow accurate apposition of the skin edges and suture 
the edges with interrupted nonabsorbable material (Fig. 
18-5E). Deep to the muscles and at the end of the bone, 
insert Penrose drains or plastic tubes for suction 
drainage. 


DISARTICULATION OF THE SHOULDER 


TECHNIQUE 18-9 


■ Position the patient supine with a sandbag under the 
affected shoulder so that the back is at a 45-degree angle 
to the operating table. 

■ Begin the skin incision anteriorly at the coracoid process 
and continue it distally along the anterior border of the 
deltoid muscle to the insertion of the muscle and superiorly 
along the posterior border of the muscle to end at the pos- 
terior axillary fold. Join the two limbs of this incision with a 
second incision passing through the axilla (Fig. 18-6A). 

■ Identify, ligate, and divide the cephalic vein in the delto- 
pectoral groove. 

■ Separate the deltoid and the pectoralis major and retract 
the deltoid laterally. 

■ Divide the pectoralis major muscle at its insertion and 
reflect it medially. Develop the interval between the cora¬ 
cobrachialis and short head of the biceps to expose the 
neurovascular bundle. Isolate, doubly ligate, and divide 
the axillary artery and vein; identify the thoracoacromial 
artery, and treat it in a similar manner (Fig. 18-6B). Allow 
the vessel to retract superiorly beneath the pectoralis 
minor muscle. 

■ Identify and isolate the médian, ulnar, musculocutaneous, 
and radial nerves; gently draw them inferiorly into the 
wound, and divide them far proximally so that they also 
retract beneath the pectoralis minor. 

■ Divide the coracobrachialis and short head of the biceps 
near their insertions on the coracoid process. Free the 
deltoid muscle from its insertion on the humérus and 
reflect it superiorly to expose the capsule of the shoulder 
joint. Near their insertions, divide the teres major and 
latissimus dorsi muscles. 

■ Place the arm in internai rotation to expose the short 
external rotator muscles and the posterior aspect of the 
shoulder joint capsule and divide ail of these structures 

(Fig. 18-6C). 

■ Place the arm in extreme external rotation and divide the 
anterior aspect of the joint capsule and the subscapularis 
muscle (Fig. 18-6D). Section the triceps muscle near its 
insertion and divide the inferior capsule of the shoulder 
to sever the limb completely from the trunk. 


■ Reflect the eut ends of ail muscles into the glenoid cavity 
and suture them there to help fill the hollow left by 
removing the humerai head (Fig. 18-6E). 

■ Carry the deltoid muscle flap inferiorly and suture it just 
inferior to the glenoid. 

■ Deep to the deltoid flap, insert Penrose drains or plastic 
tubes. 

■ Partially excise any unduly prominent acromion process 
to give the shoulder a more smoothly rounded contour. 

■ Trim the skin flaps for accurate fitting and close their edges 
with interrupted nonabsorbable sutures (Fig. 18-6F). 


FOREQUARTER AMPUTATIONS 

Forequarter amputation removes the entire upper extremity 
in the interval between the scapula and the chest wall. Usually 
it is indicated for malignant tumors that cannot be adequately 
removed by limb-sparing resections, such as the Tikhoff- 
Linberg procedure. Most tumors can be evaluated for limb- 
sparing procedures in place of amputation by magnetic 
résonance angiography or arteriography, which will show 
compression of the artery, limb edema, and neurologie défi¬ 
cits that necessitate amputation. However, careful inspection 
at the time of surgery will détermine the appropriate proce¬ 
dure. Extension of the operation to include resection of the 
chest wall is occasionally required. Provisions for adéquate 
blood replacement and monitoring of the patient are needed. 

The anterior approach of Berger and our preferred pos¬ 
terior approach of Littlewood are described. The operation is 
performed more rapidly and easily using the Littlewood tech¬ 
nique. Ferrario et al. described a combined anterior and pos¬ 
terior approach. This technique is useful for patients in whom 
the normal tissue planes hâve been obliterated because of 
radiation to the axilla. Excellent exposure is obtained and 
ligation of the subclavian vessels occurs at the thoracic inlet 
instead of where the vessels cross the third rib (Fig. 18-7). 
Kumar et al. described a single incision anterior approach 
that can be used with the patient supine. 


ANTERIOR APPROACH 


TECHNIQUE 18-10 


(BERGER) 

■ Begin the upper limb of the incision at the latéral border 
of the sternocleidomastoid muscle and extend it laterally 
along the anterior aspect of the clavicle, across the acro- 
mioclavicular joint, over the superior aspect of the shoul¬ 
der to the spine of the scapula, and across the body of the 
scapula to the scapular angle. Begin the lower limb of the 
incision at the middle third of the clavicle and extend it 
inferiorly in the groove between the deltoid and pectoral 
muscles and across the axilla to join the upper limb of the 
incision at the angle of the scapula (Fig. 18-8A). 

■ Deepen the clavicular part of the incision to bone and 
release and reflect distally the clavicular origin of the 
pectoralis major muscle. 
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Disarticulation of shoulder. A f Incision. B f Exposure and sectioning of neurovascular bundle. C f Reflection of deltoid; 
arm is placed in internai rotation; sectioning of supraspinatus, infraspinatus, and teres minor muscles and of posterior capsule; section¬ 
ing of coracobrachialis and biceps at coracoid. D, Arm is placed in external rotation; subscapularis and anterior capsule are sectioned. 
E f Suture of muscles in glenoid cavity. F, Completed amputation. SEE TECHNIQUE 18-9. 
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Forequarter amputation through combined anterior and posterior approach. A f Anterior flap. B f Posterior flap. 
C f Osteotomy performed through clavicle medially. D f Dissection deep to the scapula. E f Vessels ligated and forequarter removed; 
flap closed. 
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FIGURE 


P Forequarter amputation through anterior approach. A f Incision. B f Resection of clavicle. C f Lifting pectoral lid. 


D f Sectioning of vessels and nerves after incision through axiMary fascia and insertion of pectoralis minor, costocoracoid membrane, 
and subclavius. E f Sectioning of supporting muscles of scapula. F, Completed amputation. SEE TECHNIQUE 18-10. 
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■ Divide the deep fascia over the superior border of the 
clavicle close to bone and, by dissection with a finger and 
a blunt curved dissector, free the deep aspect of the 
clavicle. Retract the external jugular vein from the field 
or, if it is in the way, section it after ligating it. 

■ Divide the clavicle at the latéral border of the sterno- 
cleidomastoid with a Gigli saw, lift the bone superiorly, 
and remove it by dividing the acromioclavicular joint (Fig. 
18-8B). 

■ To complété the exposure of the neurovascular bundle, 
release the insertion of the pectoralis major from the 
humérus and the origin of the pectoralis minor from the 
coracoid process (Fig. 18-8C). Isolate, doubly ligate, and 
divide the subclavian artery and vein. 

■ Dissect the brachial plexus and by gentle traction inferi- 
orly bring it well into the operating field; section the 
nerves in sequence and allow them to retract superiorly 
(Fig. 18-8D). 

■ Release the latissimus dorsi and remaining soft tissues 
that bind the shoulder girdle to the anterior chest wall 
and allow the limb to fall posteriorly. 

■ While holding the arm across the chest and exerting 
gentle downward traction, divide from superiorly to infe- 
riorly the remaining muscles that fix the shoulder to the 
scapula. 

■ Divide the muscles that hold the scapula to the thorax, 
starting with the trapezius and continuing through the 
omohyoids, levator scapulae, rhomboids major and minor, 
and serratus anterior (Fig. 18-8E). The limb falls free and 
can be removed. 

■ To form additional padding, suture the pectoralis major, 
trapezius, and any other remaining muscular structures 
over the latéral chest wall. Bring the skin flaps together 
and trim them to form a smooth closure. Insert Penrose 
drains or plastic tubes for suction drainage and close the 
skin edges with interrupted nonabsorbable sutures (Fig. 
18-8F). 


POSTERIOR APPROACH 


TECHNIQUE 18-11 


(LITTLEWOOD) 

■ Insert a Foley cathéter. Place the patient in a latéral decu- 
bitus position with the operated side up. Secure the 
patient to the operating table so that it may be tilted 
anteriorly and posteriorly. 

■ Two incisions are required: one posterior (cervicoscapular) 
and one anterior (pectoroaxillary) (Fig. 18-9A). Make the 
posterior incision first, beginning at the médial end of the 
clavicle and extending it laterally for the entire length of 
the bone. Carry the incision over the acromion process to 
the posterior axillary fold and continue it along the axillary 
border of the scapula to a point inferior to the scapular 
angle. Finally, curve it medially to end 5 cm from the 
midline of the back. Elevate a flap of skin and subcutane- 
ous tissue médial to the vertébral border of the scapula, 


extending it from the inferior angle of the scapula to the 
clavicle (Fig. 18-9B). 

■ Identify the trapezius and latissimus dorsi muscles and 
divide them near the scapula. 

■ Draw the scapula away from the chest wall with a hook 
or retractor and divide the levator scapulae and the rhom¬ 
boids minor and major (Fig. 18-9C). 

■ Ligate branches of the superficial cervical and descending 
scapular vessels. 

■ Divide the superior digitation of the serratus anterior 
close to the superior angle of the scapula and the remain¬ 
ing insertion of the serratus anterior along the vertébral 
border of the scapula. 

■ Divide the clavicle and subclavius muscle at the médial 
end of the bone. This allows the extremity to fall anteri¬ 
orly, placing the neurovascular bundle under tension. The 
latter is found in the fibrofatty tissue near the superior 
digitation of the serratus anterior. Divide the cords of the 
brachial plexus close to the spine and doubly ligate and 
divide the subclavian artery and vein (Fig. 18-8D and E). 
Take care to avoid injury to the pleural dôme. 

■ Divide the omohyoid muscle and ligate and divide the 
suprascapular vessels and external jugular vein. 

■ Make the anterior incision, starting it at the middle of the 
clavicle and curving it inferiorly just latéral to but parallel 
with the deltopectoral groove. Extend it across the ante¬ 
rior axillary fold and carry it inferiorly and posteriorly to 
join the posterior incision at the lower third of the axillary 
border of the scapula. 

■ Divide the pectoralis major and minor muscles and remove 
the limb. 

■Close the flaps over suction drains without excessive 
tension. Occasionally, it is necessary to attach a flap to 
the chest wall and complété the closure with a skin graft. 

POSTOPERATIVE CARE. Phantom pain in the early 
postoperative period is common. Nerve blocks by an 
experienced anesthesiologist may be helpful. Although 
few patients find a prosthesis useful, a cosmetic shoulder 
cap is désirable. 


TARGETED REINNERVATION 
AFTER SHOULDER OR 
TRANSHUMERAL AMPUTATION 

To improve function of upper extremity prostheses, Kuiken 
et al. developed a biologie neural-machine interface called 
targeted reinnervation. The goal of targeted reinnervation is 
to take a nerve that formerly directed hand function and 
transfer it to a muscle segment that otherwise has no function 
because of the amputation. The reinnervated muscle segment 
amplifies the nerve signais to a myoelectric prosthesis, allow- 
ing movement of multiple prosthetic joints simultaneously. 
According to Kuiken et al., this technique has several advan- 
tages: it is relatively simple to implement, no hardware is 
implanted in the body that could break and require additional 
surgery, and it can be used with existing myoelectric pros¬ 
thetic technology. 
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Littlewood technique for interscapulothoracic (forequarter) amputation. A f Incision. B f Skin flaps undermined from 
clavicle. C f Scapula drawn away from chest wall with hook or retractor; levator scapulae and rhomboids minor and major divided. 


D f Exposure of neurovascular structures. E f More detailed view of neurovascular structures. SEE TECHNIQUE 18-11. 
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In patients with transhumerai amputation, the médian 
nerve is transferred to the médial head of the biceps (hand- 
closing) and the distal radial nerve is transferred to the motor 
nerve of the brachialis muscle (hand-opening). In patients 
with a long residual humérus, the ulnar nerve is transferred 
to the motor nerve of the brachialis muscle. The intact latéral 
head of the biceps is still used for prosthetic elbow flexion 
and the triceps muscle for extension. In patients with more 
proximal amputations at the shoulder level, nerves that origi- 
nally innervated the amputated limb are rerouted to muscles 
on the chest wall, creating an interface for a myoelectric pros- 
thesis that is controlled by the same nerves that previously 
controlled the amputated limb. 


TARGETED REINNERVATION AFTER 
TRANSHUMERAL AMPUTATION 


TECHNIQUE 18-12 


(O'SHAUGHNESSY ET AL, 2008) 

MEDIAN NERVE TRANSFER 

■ With the patient under general anesthésia and without 
muscle relaxation (so that motor nerves can be stimu- 
lated), make an anterior incision directly over the muscle 
bellies of the biceps muscle, beginning just inferior to the 
lower edge of the deltoid muscle. 

■ Inject the soft tissue liberally with dilute epinephrine solu¬ 
tion (1 :500,000) to open tissue planes, increase visual 
contrast between tissues, and improve hemostasis. Use 
electrocautery for coagulation. 

■ Open the fascia overlying the muscle bellies and develop 
the interspace between the heads of the biceps. Dissect 
the area immediately inferior to the deltoid muscle 
between the biceps heads to expose the musculocutane- 
ous nerve, the motor branches to the médial and latéral 
biceps heads, and the motor nerve to the brachialis 
muscle (Fig. 18-10A). 

■ While paying close attention to the vascular supply of 
the médial head of the biceps muscle, mobilize the 
muscle segment away from the humérus to expose 
the médian nerve that runs parallel and inferior to the 
biceps. 

■ Separate the muscle bellies from each other to expose 
the brachial artery and the médian nerve (Fig. 18-10B). 
Leave the proximal and distal ends of the muscle bellies 
undisturbed so that the muscles remain long and in the 
proper position to permit later détection of electromyo- 
graphic signais. With this approach, the médian nerve is 
superficial to the ulnar nerve. 

■ To facilitate the nerve transfers, dissect the musculocuta- 
neous nerve in such a way as to preserve the motor nerve 
innervating the latéral head of the biceps and to divide 
the motor nerve innervating the médial head of the 
biceps at a point 5 mm from its entry into the muscle 
substance. 

■ Mobilize the proximal part of the motor nerve and bury 
it into the latéral head of the biceps to prevent reinnerva¬ 
tion of the médial head. 


■ Divide the continuation of the musculocutaneous nerve, 
which innervâtes the brachialis muscle, just after the 
intact takeoff of the nerve to the latéral head. 

■ Cut the médian nerve back to healthy fascicles and sew 
it to the motor branch of the médial head of the biceps 
with 5-0 polypropylene suture. Incorporate some épimy¬ 
sium of the muscle belly itself in the suturing process to 
protect the small motor nerve from tearing. Médian nerve 
fibers are now abutted to transected médial biceps nerve 
fibers to reinnervate the muscle. 

RADIAL NERVE TRANSFER 

■ Make a second latéral incision over the distal and latéral 
aspect of the residual limb and develop the interspace 
between the triceps and brachialis to locate the septum 
between these muscles. 

■ Continue dissection superiorly at a level just superficial to 
the periosteum of the humérus to identify the distal radial 
nerve where it lies in the humerai groove. 

■ Follow the radial nerve from this location out distally 
toward the end of the amputation to gain additional 
length and cut the nerve back to healthy appearing 
fascicles. 

■ Identify and divide any aberrant innervation between the 
radial nerve and brachialis muscle to ensure that the 
target muscle régions are completely denervated. 

■ The motor nerve to the brachialis muscle is the continu¬ 
ation of the musculocutaneous nerve after the branches 
to the biceps muscle; it was prepared during the médian 
nerve transfer. 

■ Mobilize the motor nerve to the brachialis muscle and the 
radial nerve to reach each other at the latéral border of the 
brachialis muscle and sewthem together in an end-to-end 
fashion with 5-0 polypropylene suture (Fig. 18-10C). 

COMPLETION OF PROCEDURE 

■ Thin a 4- to 5-cm area of subcutaneous fat over ail four 
muscle régions to decrease the séparation between the 
epidermis and the muscle; this maximizes the electromyo- 
graphic amplitude over each muscle région of interest 
and minimizes electromyographic cross-talk between 
muscle régions. 

■ Resect the latéral and distal aspect of the latéral head of 
the biceps to better expose the brachialis muscle. 

■ A vascularized fascial flap can be interposed between the 
two heads of the biceps muscle to provide space between 
the muscle bellies and improve séparation of electromyo¬ 
graphic signais from the médial and latéral biceps heads. 

■ Tenodese the médial head of the biceps to the end of the 
amputation soft tissues to prevent latéral and proximal 
migration of the muscle belly. 

POSTOPERATIVE CARE. Patients are admitted to the 
hospital overnight for observation and pain management. 
Subcutaneous drains are removed on the day after 
surgery, and lightly compressive dressing is applied. 
Muscle twitches may be apparent around 4 months after 
surgery, and strong independent contractions at about 6 
months. Generally, approximately 20 hours of training is 
required for efficient use of the myoelectric prosthesis. 
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Targeted reinnervation to improve prosthesis control after upper extremity amputation. A, Musculature of the right 
arm from the anterior position. B, Biceps-splitting approach to the musculocutaneous nerve. C, Antérolatéral view of the right arm 
showing nerve transfer of the distal portion of the radial nerve to the motor nerve of the brachialis muscle. (Redrawn from O'Shaughnessy 


KD, Dumanian GA, Lipschutz RD, et al: Target reinnervation to improve prosthesis control in transhumerai amputées. A report of three cases, J Bone 
Joint Surg Am 90:393, 2008.) SEE TECHNIQUE 18-12. 
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Dumanian et al. described modifications to the original 
targeted innervation procedure, primarily handling of the 
radial nerve and the initial raising of a proximally based, 
U-shaped adipofascial flap to improve exposure for identifica¬ 
tion of the muscle raphes. Placement of the flap s between the 
muscle bellies decreases the chances for aberrant reinnerva¬ 
tion and improves electromyographic signal détection. The 
radial nerve is exposed through a straight posterior approach 
between the long and latéral heads of the triceps. A motor 
branch to the latéral head, selected for its size and distal entry 
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Acute fingertip and thumb injuries are common and require 
prompt and meticulous composite soft-tissue repair in 
incomplète amputations. Complété amputations proximal to 
the eponychial fold in the thumb or multiple digits may 
be salvaged by microvascular techniques (see Chapter 
63); however, more distal devascularizing injuries rarely can 
be salvaged by such means and usually require spécial 
composite soft-tissue coverage techniques or complété 
amputation. 

In general, every effort should be made to maintain or 
provide good skin sensation, joint mobility, and digital length 
with well-padded bony éléments. Prolonged efforts to pré¬ 
serve severely damaged structures, especially those that are 
insensate, can delay healing, increase disability, and lead to a 
painful sériés of surgical procedures that may not enhance 
the final outcome. Thus primary amputation may be the pro¬ 
cedure of choice in many patients. Achieving supple soft- 
tissue coverage of the ends of the thumb and fingers is 
essential. In amputations of several digits, pinch and grasp are 
the chief functions to be preserved. Révision amputation 
through the fingers or metacarpals is a reconstructive proce¬ 
dure to preserve as much function as possible in injured and 
uninjured parts of the hand. 


CONSIDERATIONS FOR 
AMPUTATION 

Amputations may be considered for a variety of conditions 
in which function is limited by pain, stiffness, insensibility, 
and cosmetic issues. A request for amputation of an injured 
part by a patient is usually the culmination of a critical 
thought process and is usually justified. More often, other 
factors must be considered in deciding whether amputation 
is advisable. The ultimate function of the part should be good 
enough to warrant salvage. 

An analysis of the five tissue areas—skin, tendon, nerve, 
bone, and joint—is sometimes helpful in making the decision 


to amputate. If three or more of these five areas require spécial 
procedures, such as graffing of skin, suture of tendon or 
nerve, bony fixation, or closure of the joint, amputation 
should be considered because the function of the remaining 
fingers may be compromised by survival of a mutilated 
finger. In children, amputation rarely is indicated unless the 
part is nonviable and cannot be made viable by microvascular 
techniques. Principles of replantation are discussed in 
Chapter 63. 

Even if amputation is indicated, it may be wise to delay 
it if parts of the finger may be useful later in a reconstructive 
procedure. Skin from an otherwise useless digit can be used 
as a free graff. Skin and deeper soft structures can be useful 
as a filleted graft (see Chapter 65); if desired, the bone can be 
removed primarily and the remaining flap suitably fashioned 
during a second procedure. Skin well supported by one or 
more neurovascular bundles but not by bone can be saved 
and used as a vascular or neurovascular island graft (see 
Chapter 68). Segments of nerves can be useful as autogenous 
grafts. A musculotendinous unit, especially a flexor digito- 
rum sublimis or an extensor indicis proprius, can be saved 
for transfer to improve function in a surviving digit (e.g., to 
improve adductor power of the thumb when the third meta- 
carpal shaft has been destroyed or to improve abduction 
when the récurrent branch of the médian nerve is nonfunc- 
tional). Tendons of the flexor digitorum sublimis of the fiffh 
finger, the extensor digiti quinti, and the extensor indicis 
proprius can be useful as free grafts. Bones can be used as peg 
grafts or for filling osseous defects. Under certain circum- 
stances, even joints can be useful. Every effort should be made 
to salvage the thumb (Fig. 19-1). 


PRINCIPLES OF FINGER 
AMPUTATIONS 

Whether an amputation is done primarily or secondarily, 
certain principles must be observed to obtain a painless and 
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Reconstruction of thumb. A f Failed thumb replantation after saw injury with concomitant primary ray amputation 
of index finger and partial amputation through middle finger. B-D f Metacarpophalangeal joint level thumb disarticulation and neuro- 
vascular island transfer of proximal phalanx segment of middle finger for thumb reconstruction. E f Radiographie appearance of transfer 
of middle finger proximal phalanx to thumb complex tissue. F, Example of functional hand use restored after sensory innervated com¬ 
posite thumb reconstruction. 


useful stump. The volar skin flap should be long enough to 
cover the volar surface and tip of the osseous structures and 
preferably to join the dorsal flap without tension. The ends 
of the digital nerves should be dissected carefully from the 
volar flap, gently placed under tension so as not to rupture 
more proximal axons, and resected at least 6 mm proximal 
to the end of the soft-tissue flap. Neuromas are inévitable, 
but they should be allowed to develop only in padded areas 
where they are less likely to be painful. When scarring or a 
skin defect makes the fashioning of a classic flap impossible, 
a flap of a different shape can be improvised, but the end of 
the bone must be padded well. Flexor and extensor tendons 
should be drawn distally, divided, and allowed to retract 
proximally. When an amputation is through a joint, the 
flares of the osseous condyles should be contoured to avoid 
clubbing of the stump. Before the wound is closed, the tour¬ 
niquet should be released and vessels cauterized to control 
bleeding. 


FINGERTIP AMPUTATIONS 

Fingertip amputations vary markedly depending on the 
amount and configuration of skin lost, the depth of the soft- 
tissue defect, and whether the phalanx has been exposed or 
even partially amputated (Fig. 19-2). Proper treatment is 
determined by the injury type and whether other digits also 
hâve been injured. 

Injuries with loss of skin alone can heal by secondary 
intention or can be covered by a skin graft (Fig. 19-3). Despite 
continuous descriptions of new finger flaps, healing by sec¬ 
ondary intention can in most cases provide équivalent prés¬ 
ervation of sensation and function. When tendon, nerve, or 
bone is exposed, soft-tissue coverage may be achieved in 
numerous ways. If half of the nail is unsupported by the 
remaining distal phalanx, a nail bed ablation usually is indi- 
cated; otherwise, a hook nail may develop. Reamputation of 
the finger at a more proximal level can provide ample skin 
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1. Shorten bone to 
joint and close 

2. Possible flap if 



1. Shorten to close 



bone to below 



Techniques useful in closing amputations of fin- 
gertip. A f For amputations at more distal levels, a free split graft 
is applied; at more proximal levels, bone is shortened to permit 
closure, or if length is essential, dorsal flaps can be used. B, For 
amputations through green area, bone can be shortened to 
permit closure or cross finger or thenar flap can be used. C, For 
amputations through green area, bone can be shortened to 
permit closure, exposed bone can be resected, and a split-thickness 
graft can be applied; Kutler advancement flaps can be used, or a 
cross finger flap can be applied. In small children, fingertips com- 
monly heal without grafts. 


and other soft tissues for closure but requires shortening the 
finger. If other parts of the hand are severely injured or if the 
entire hand would be endangered by keeping a finger in one 
position for a long time, amputation may be indicated. This 
is especially true for patients with arthritis or for patients with 
a less physically demanding lifestyle. A free skin graft can be 
used for coverage, but normal sensibility is rarely restored. A 
split-thickness graft often is sufficient if the bone is only 
slightly exposed and its end is nibbled off beneath the fat. 
Such a graft contracts during healing and eventually becomes 
about half its original size. Sometimes a full-thickness graft 
is available from other injured parts of the hand, but the fat 
should be removed from its deep surface. Occasionally, the 
amputated part of the fingertip is recovered and replaced as 
a free graft or cap technique (Fig. 19-4). This procedure 
requires removing bone débris and partially defatting the 
distal part before reattachment. The cap procedure is quite 



Abrasion injury to left hand treated by 
secondary-intention healing. A, Volar view soon after injury with 
2 x 2 cm full-thickness pulp skin loss of middle and ring fingers. 
B, Same fingers with local wound care at 4 weeks. C, Resuit at 8 
weeks with no operative intervention. 


successful in both children and adults. These free composite 
grafts should be secured by a stent dressing tied over the end 
of the finger. 

The médial aspect of the arm just distal to the axilla, volar 
forearm and wrist, and hypothenar eminence are convenient 
areas from which skin grafts can be obtained. 














CHAPTER 19 AMPUTATIONS OF THE HAND 


3 



Cap technique. A and B, Composite soft-tissue loss from left index finger sustained while 
D f Biplanar views of finger, indicating inadéquate soft-tissue coverage. E, Deboned and defatted distal part 
and stérile matrix. F and G, Composite tissue reattached with the old nail used as a nail matrix frame. 


changing a tire. C and 
with good quality skin 
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Kutler V-Y advancement flaps. A f Advancement 
flaps over neurovascular pedicles carried down to bone. B-D f 
Fibrous septa are defined (B) and divided (C) f permitting free 
mobilization on neurovascular pedicles alone (D). E f Flaps advance 
readily to midline. SEE TECHNIQUE 19-1. 


If deeper tissues and skin must be replaced to cover 
exposed tendon and bone, various flaps or grafts can be 
used. Frequently used distal advancement flaps include the 
Kutler double latéral V-Y and Atasoy volar V-Y advance¬ 
ment flaps (Figs. 19-5 to 19-7). These flaps involve tissue 
advancement from the injured finger and provide limited 
coverage. The dorsal pedicle flap is useful when a finger has 
been amputated proximal to the nail bed (Fig. 19-8). If 
further shortening is unacceptable, however, this type of flap 
can be raised from the dorsum of the injured finger and 
carried distally without involving another digit. Dorsal 
defects may be managed by adipofascial turnover flaps in 
which the proximal subdermal adipofascial tissues are 
flipped distally over a vascularized zone of the same tissue 
(Fig. 19-9). Advantages of same-digit coverage techniques 
include no need for a second operation for flap division (as 
with a cross finger flap), prévention of adjacent finger stiff- 
ness that occurs with adjacent finger coverage techniques 
(especially in patients with underlying arthritic conditions), 
and the opportunity for coverage in patients in whom adja¬ 
cent fingers are injured. The cross finger flap provides excel¬ 
lent coverage but may be followed by stiffness not only of 
the involved finger but also of the donor finger. This type of 
coverage requires operation in two stages and a split- 
thickness graff to cover the donor site. The thenar flap also 
requires operation in two stages. It usually does not cover as 
large a defect as a cross finger flap and sometimes is fol¬ 
lowed by tenderness of the donor site. It does hâve the 
advantage, however, of involving only one finger directly. 


A 


C 



Atasoy V-Y technique. A f Skin incision and 
mobilization of triangular flap. B f Advancement of triangular 
flap. C f Suturing of base of triangular flap to nail bed. D f Closure 
of defect, V-Y technique. SEE TECHNIQUE 19-2. 


Thenar flaps also hâve been shown to be a safe and reliable 
option in the pédiatrie population. An alternative to 
this method is the palmar pocket method in which the 
distal fingertip (except that of the thumb) can be buried 
in the ipsilateral palm. The finger is removed from the 
pocket 16 to 20 days affer surgery. Results were successful 
in 13 of 16 patients according to Arata et al. In children, 
we hâve observed that merely resuturing the defatted 
fingertips back in place usually results in a satisfactory 
resuit. 

A local neurovascular island pedicle flap can be advanced 
distally and provides a good pad with normal sensibility. 
Flaps of 2 x 1.5 cm 2 and advancement of 18 mm hâve been 
reported (Fig. 19-10). Rétrogradé island pedicle flaps require 
tedious dissection but offer excellent distal coverage and 
utility for dorsal and volar defects (Fig. 19-11). Donor site 
morbidity may be reduced in rétrogradé island pedicle flaps 
that use the subdermal éléments only (Fig. 19-12). Compara¬ 
tive studies hâve shown no significant différences between the 
two flaps at 12 months. 

Composite soff-tissue transfer to the small finger may be 
accomplished by use of an ulnar hypothenar flap. This rétro¬ 
gradé flow flap is based on the ulnar digital artery and may 
be used to supply sensation when the dorsal sensory branch 
of the ulnar nerve is included in the skin flap (Fig. 19-13). 
Eponychial flaps hâve historically been used to improve 
overall functional and cosmetic outcomes of distal amputa¬ 
tions (Fig. 19-14). 

FREE SKIN GRAFT 

The techniques for applying free skin grafts are described in 
Chapter 65. 
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Distal fingertip amputation suitable for a V-Y advancement flap. A f Ample pulp skin with outline of intended skin 
incision. B and C f Flap raised with sequential dissection from the distal phalangeal periosteum and flexor digitorum profundus tendon 
centrodorsally, and dorsoradial and dorsoulnar margins by dissection down to the distal phalangeal bone laterally, and septal release 
volarly. Note that the neurovascular bundles must be carefully kept with the pulp skin, and direct inspection of them is not always 
possible. D f Flap sutured into position with proximal open area left open to heal by secondary intention. E f Clinical resuit at 6 weeks 
postoperatively. 


FLAPS FOR FINGERTIP COVERAGE 


KUTLER V-Y OR ATASOY TRIANGULAR 
ADVANCEMENT FLAPS 

Kutler double latéral V-Y or Atasoy volar V-Y advance- 
ment flap fingertip coverage is appealing because it 
involves just the injured finger. It provides only limited 
coverage, however, and does not resuit consistently in 
normal sensibility. The injury pattern détermines which 
flap to use. When more of the pulp skin remains, then 
the Atasoy flap is useful. When the pulp is compromised 
and the latéral hyponychial skin is uninjured, the Kutler 
flap can be used. 


TECHNIQUE 19-1 


(KUTLER; FISHER) 

■ Local anesthésia is preferred in adults; children may 
require general anesthésia. Anesthetize the finger by 
digital block at the proximal phalanx and apply a digital 
tourniquet. 

■ Débridé the tip of the finger of uneven edges of soft 
tissue and any protruding bone (Fig. 19-5). 

■ Develop two triangular flaps, one on each side of the 
finger with the apex of each directed proximally and 
centered in the midlateral line of the digit. Avoid making 
the flaps too large; their sides should each measure about 
6 mm, and their bases should measure about the same 
or slightly less. 
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Dorsal pedicle flap useful for amputations 
proximal to the nail when preserving length is essential. It may 
hâve two pedicles or, as illustrated here, only one. A, Flap has 
been outlined. B, Flap has been elevated, leaving only a single 
pedicle. C, Flap has been sutured in place over end of stump, and 
remaining defect on dorsum of finger has been covered by split- 
thickness skin graft. SEE TECHNIQUE 19-3. 


■ Develop the flaps farther by incising deeper toward the 
nail bed and volar pulp. Take care not to pinch the flaps 
with thumb forceps or hemostats. Rather, insert a skin 
hook near the base of each and apply slight traction in a 
distal direction. With a pair of small scissors and at each 
apex, divide the pulp just enough (usually not more than 
half its thickness) to allow the flaps to be mobilized 
toward the tip of the finger. Avoid dividing any pulp 
distally. 

■ Round off the sharp corners of the remaining part of the 
distal phalanx and reshape its end to conform with the 
normal tuft. 

■Approximate the bases of the flaps and stitch them 
together with small interrupted nonabsorbable sutures; 
stitch the dorsal sides of the flaps to the remaining nail 
or nail bed. 

■ Frequently, closure of the proximal and latéral defects is 
impossible without placing significant tension on the 
flaps. In such instances, the sides of the triangular flaps 
should be left without sutures and heal satisfactorily by 
secondary intention (Fig, 19-7D). Apply Xeroform gauze 
and a protective dressing. 



Turnover adipofascial flap. A, Com- 
plex defect. B, Design of adipofascial flap. Flap base is 
immediately proximal to the defect, and flap width is 
slightly wider than the defect. C, Development of a 
distally based flap by separating it from the underlying 
paratenon of the extensor tendon. (Intact paratenon 
ensures tendon gliding after surgery.) D, Flap is turned 
over on itself to cover the defect and the flap base. 
E, Flap covered with thin skin graft. Skin closure is 
not performed at base of flap to avoid tension. SEE 
TECHNIQUE 19-4. 
























CHAPTER 19 AMPUTATIONS OF THE HAND 



JJ«J| Homodigital antegrade-flow neurovascular pedicle flap. A f Flap pattern on middle finger outlined with dorsal border 
on midaxial line with progressively narrower sawtooth pattern volarly converging just proximal to the proximal interphalangeal joint. 
B, Flap raised with intact neurovascular bundle. C f Distally advanced and inset flap, with area proximally requiring ulnar-palm free skin 
graft. (From Henry M, Stutz C: Homodigital antegrade-flow neurovascular pedicle flaps for sensate reconstruction of fingertip amputation injuries, 
J Hand Surg 31:1220, 2006.) 


ATASOY TRIANGULAR 
ADVANCEMENT FLAPS 


TECHNIQUE 19-2 


(ATASOY ETAL) 

■ Under tourniquet control and using an appropriate anes- 
thetic, eut a distally based triangle through the pulp skin 
only, with the base of the triangle equal in width to the 
eut edge of the nail (Fig. 19-6). 

■ Develop a full-thickness flap with nerves and blood supply 
preserved. Carefully separate the fibrofatty subeutaneous 


tissue from the periosteum and flexor tendon sheath 
using sharp dissection. 

■ Selectively eut the vertical septa that hold the flap in place 
and advance the flap distally. 

■ Suture the skin flap to the stérile matrix or nail. The 
volar defect from the advancement can be left open 
and left to heal by secondary intention if closure com¬ 
promises vascularity. A few millimeters of the phalanx 
can be removed to the level of the stérile matrix. The 
base of the flap may be difficult to suture to the stérile 
matrix or nail, and a 22-gauge needle can be used as an 
intramedullary pin in the distal phalanx to keep the flap 
in position. 
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Reverse digital artery island flap. A f Flap design. B and C f Digital artery is ligated proximally. Skin flap is elevated 
along with artery and perivascular soft tissue. Dorsal branch of digital nerve can be incorporated and microanastomosed with transected 
contralatéral digital nerve to facilitate innervation of flap. 



Reverse adipofascial flap. A f Skin incision out- 
lining flap and defect. B f Postoperative resuit with free skin graft 
over defect site. (From Chang KP, Wang WH, Lai CS, et al: Refinement 
of reverse digital arterial flap for finger defects: surgical technique, 
J Hand Surg 30:558, 2005.) 



BIPEDICLE DORSAL FLAPS 

A bipedicle dorsal flap is useful when a finger has been 
amputated proximal to its nail bed and when preserving ail 
its remaining length is essential, but attaching it to another 
finger is undesirable. When this flap can be made wide 
enough in relation to its length, one of its pedicles can be 
divided, leaving it attached only at one side (Fig. 19-8). 


FIGURE 


I^^^^Reverse ulnar hypothenar flap design. SEE TECH¬ 


NIQUE 19-9. 


TECHNIQUE 19-3 


■ Beginning distally at the raw margin of the skin and 
proceeding proximally, elevate the skin and subcutaneous 
tissue from the dorsum of the finger. 
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Eponychial flap for fingertip amputation. 
A f Dorsal fold advancement flap design to increase nail exposure. 
B f Proximal de-epithelialization of bed for flap advancement. 
C f After dorsal fold flap advancement into area of de- 
epithelialization. (Redrawn from Peterson SL, Peterson EL, Wheatley 
MJ: Management of fingertip amputations, J Hand Surg Am 39:2093, 
2014.) 


■ At a more proximal level, make a transverse dorsal inci¬ 
sion to create a bipedicle flap long enough, when drawn 
distally, to cover the bone and other tissues on the end 
of the stump. 

Suture the flap in place and cover the defect created 
on the dorsum of the finger by a split-thickness skin graft. 
The flap can be made more mobile by freeing one of its 
pedicles, but this decreases its vascularity. 


ADIPOFASCIAL TURNOVER FLAP 

The adipofascial turnover flap is a de-epithelialized flap that 
may be used to cover distal dorsal defects 3 cm in length. 


TECHNIQUE 19-4 


■ Under tourniquet control, repair the traumatic defects as 
indicated, such as extensor tendon repair and fracture 
fixation. 

■ Outline the planned flap with a skin pen. Make the width 
2 to 4 mm wider than the traumatic defect. The base-to- 
length ratio should be 1 : 1.5 to 1 : 3. The flap base should 
be 0.5 to 1 cm in length and is made just proximal to the 
defect. The flap length should be at least this much 
longer than the defect (Fig. 19-9B). 

■ Develop the adipofascial flap superficial to the extensor 
tendon paratenon from proximal to distal (Fig. 19-9C). 

■ After the flap is detached proximally and along its sides 
to the flap base, flip it over and suture it distally (Fig. 
19-9D). 

■ Do not place sutures at the turnover site to avoid tension 
on the vascular pedicle (Fig. 19-9E). 

■ Use a split-thickness graft to cover the defect at the flap 
site. 

■ Immobilize the digit in a protective splint. 

POSTOPERATIVE CARE 

The first dressing change is 3 weeks after surgery, and 
digital motion is begun as wound healing and other 
concomitant injuries allow. 


CROSS-FINGER FLAPS 

The technique of applying cross finger flaps is described in 
Chapter 65. 


THENAR FLAP 

Middle and ring finger coverage can be accomplished by 
the use of the thenar flap. Donor site tenderness and 
proximal interphalangeal joint flexion contractures can 
occur, and the flaps should not be left in place for more 
than 3 weeks. 


TECHNIQUE 19-5 


■ With the thumb held in abduction, flex the injured finger 
so that its tip touches the middle of the thenar eminence 
(Fig. 19-15). Outline on the thenar eminence a flap that 
when raised is large enough to cover the defect and is 
properly positioned; pressing the bloody stump of the 
injured finger against the thenar skin outlines by blood- 
stain the size of the defect to be covered. 

■ With its base proximal, raise the thenar flap to include 
most of the underlying fat; handle the flap with skin 
hooks to avoid crushing it even with small forceps. Make 
the flap sufficiently wide so that when sutured to the 
convex fingertip it is not under tension. Make its length 
no more than twice its width. By gentle undermining of 
the skin border at the donor site, the defect can be closed 
directly without resorting to a graft. 

■ Attach the distal end of the flap to the trimmed edge of 
the nail by sutures passed through the nail. The latéral 
edges of the flap should fit the margins of the defect, 
but to avoid impairing circulation in the flap, suture only 
their most distal parts, if any, to the finger. Prevent the 
flap from folding back on itself and strangulating its 
vessels. 

■ Control ail bleeding, check the positions of the flap and 
finger, and apply wet cotton gently compressed to follow 
the contours of the graft and the fingertip. 

■ Hold the finger in the proper position by gauze and 
adhesive tape and splint the wrist. 

POSTOPERATIVE CARE. At 4 days, the graft is dressed 
again and then kept as dry as possible by dressing it every 
1 or 2 days and by leaving it partially exposed. At 2 
weeks, the base of the flap is detached and the free skin 
edges are sutured in place. The contours of the fingertip 
and the thenar eminence improve with time. 


LOCAL NEUROVASCULAR 
ISLAND FLAP 

An antegrade neurovascular island graft can provide satis- 
factory padding and normal sensibility to the most impor¬ 
tant working surface of the digit. 
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Thenar flap for amputation of fingertip. A f Tip 
of ring finger has been amputated. B f Finger has been flexed so 
that its tip touches middle of thenar eminence, and thenar flap 
has been outlined. C f Split-thickness graft is to be sutured to 
donor area before flap is attached to finger. D f End of flap has 
been attached to finger by sutures passed through nail and 
through tissue on each side of it. SEE TECHNIQUE 19-5. 


TECHNIQUE 19-6 


9 " Make a midlateral incision on each side of the finger (or 
thumb) beginning distally at the defect and extending 
proximally to the level of the proximal interphalangeal 
joint or thumb interphalangeal joint. 

■ On each side and beginning proximally, carefully dissect 
the neurovascular bundle distally to the level selected for 
the proximal margin of the graft (Fig. 19-16A). Here make 
a transverse volar incision through the skin and subcuta- 
neous tissues, but carefully protect the neurovascular 
bundles (Fig. 19-16B). 

■ If necessary, make another transverse incision at the 
margin of the defect, freeing a rectangular island of the 
skin and underlying fat to which the two neurovascular 
bundles are attached. 


■ Carefully draw this island or graft distally and place it over 
the defect (Fig. 19-16C). Avoid placing too much tension 
on the bundles. Should tension compromise the circula¬ 
tion in the graft, dissect the bundles more proximally or 
flex the distal interphalangeal joint, or both. 

■Suture the graft in place with interrupted small nonab- 
sorbable sutures. 

■ Cover the defect created on the volar surface of the finger 
with a free full-thickness graft. 

■ Place carefully contoured stérile dressings such as glycerin- 
soaked cotton balls over the grafts to lessen the likelihood 
of excess pressure on the neurovascular bundles. 

■ Apply a compression dressing until suture removal at 10 
to 14 days. 

POSTOPERATIVE CARE. Begin digital motion therapy 
as soon as the wounds permit. 


ISLAND PEDICLE FLAP 

The axial-pattern island pedicle flap may be used to provide 
sensation or merely composite soft tissue to adjacent 
fingers or thumb. The skin paddle size can vary to suit the 
defect. 


TECHNIQUE 19-7 


■ This procedure is performed as outpatient surgery, and 
general anesthésia is preferred. 

■ Inflate the arm tourniquet after using a skin pen to outline 
clearly the intended flap design. 

■ Measure the defect size after appropriate debridement 
and draw a slightly larger flap onto the donor digit. 

■ Use a midaxial or a volar zigzag incision to expose the 
neurovascular bundle of the area of the superficial arch, 
the usual pivot point of the flap. 

■ If a neurovascular island flap is desired to provide sensa¬ 
tion to a given area, it is impérative that the ulnar border 
of the small finger and radial border of the index finger 
not be used as donors because maintaining or achieving 
sensation in these areas is désirable. The skin paddle is 
ideally centered over the neurovascular bundle. 

■ Under tourniquet control, locate the neurovascular 
bundle proximally and carefully dissect this to its superfi¬ 
cial arch origin. Leave a cuff of soft tissue around the 
neurovascular bundle because discrète veins are not 
readily visible but exist in the periarterial tissues. Dissect 
the bundle deeply and use bipolar cautery well away from 
the proper digital artery to control perforating vessels 
entering the flexor sheath. 

■ Elevate the skin paddle, taking care to ensure the vascular 
bundle is reasonably centered under the flap, and divide 
the artery distally. 

■ Use a simple 5-0 nylon suture to secure the distal vascular 
bundle to the distal edge of the skin flap. 

■ Place the paddle over the récipient site to détermine the 
best path for the pedicle because the pedicle should not 
be under any tension. The skin between the pivot point 
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FIGURE 


A-C, Local neurovascular island graft (see text). SEE TECHNIQUE 19-6. 


can be undermined and enlarged by gently yet liberally 
spreading a hemostat in the intended pedicle path. The 
tunnel must allow easy passage of the flap. Frequently, a 
2 to 3 cm skin bridge can be left between the proximal 
donor and récipient incisions. However, if any doubt 
remains in regard to the pedicle tension or impingement, 
these incisions should be connected. 

■ Deflate the tourniquet and control bleeding. 

■ Draw the 5-0 nylon suture gently through the skin bridge, 
taking care not to place shear stress between the pedicle 
and flap. 

■ Suture the flap loosely into position and close the remain- 
ing wounds. Ensure the flap remains well vascularized 
before placing a loose dressing and protective splint. 

■ Note: When this procedure is performed as a vascular 
island pedicle flap, the proper digital nerve should be 
carefully preserved and protected to prevent problematic 


neuromas. Transient dysesthesias that commonly occur 
with this technique usually résolve in 6 to 8 weeks. 

POSTOPERATIVE CARE. The patient is seen in 5 to 7 
days, and motion therapy is begun as soon as the wounds 
permit, usually 2 to 3 weeks postoperatively. 


RETROGRADE ISLAND PEDICLE FLAP 

This rétrogradé homodigital island flap is well suited to 
cover dorsal and volar defects distally. The procedure relies 
on rétrogradé flow through the proper digital artery, sup- 
plying the proximal composite tissue (Fig. 19-1 1). 
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TECHNIQUE 19-8 


9 " After preparing the récipient site appropriately, détermine 
the donor defect size. 

■ Expose the vascular pedicle using a linear or zigzag inci¬ 
sion over the digit, the length of which is 1 to 1.5 cm 
larger than the distance between the proximal defect 
edge and distal donor edge. 

■ Dissect from proximal to distal under tourniquet control. 
■ Separate the proper digital artery proximal to the donor 
flap from the underlying digital nerve. Ligate and divide 
the artery and raise the flap carefully with its pedicle. 
Leave a 1-cm section of undamaged vascular bundle 
undisturbed distally to nourish the flap and act as the 
pivot point for the flap. 

■ Deflate the tourniquet and control bleeding with bipolar 
cautery. 

■ Suture without tension on the récipient site and close the 
remaining wound loosely so as not to compromise the 
pedicle. 

■ Donor defects typically require a split-thickness skin graft 
and a soft nonadherent conforming dressing, such as 
Xeroform gauze and glycerin-soaked cotton balls. 

■ Note: This flap can be used as a de-epithelialized rétro¬ 
gradé homodigital island to lessen the morbidity associ- 
ated with the skin paddle. In such a modification , the 
skin graft is applied over the composite graft at the récipi¬ 
ent site. 

POSTOPERATIVE CARE. The dressing is removed 7 to 
10 days postoperatively, and motion therapy is begun 
depending on wound healing. 


ULNAR HYPOTHENAR FLAP 

The ulnar hypothenar flap is a rétrogradé vascular pedicle 
flap that relies on the distal half of the hypothenar skin's 
vascular supply from the small finger ulnar digital artery. 
The flap can be used to cover defects as large as 5 x 2 cm. 
Based on the proper digital artery to the small finger, this 
flap may provide sensation by suturing the ulnar digital 
nerve to a cutaneous nerve sensory branch that is har- 
vested with the flap. 


TECHNIQUE 19-9 


■Outline the flap on the distal half of the hypothenar 
eminence to correspond to the récipient defect. 

■ Under tourniquet control and general anesthésia, dissect 
in the subfascial plane, beginning on the dorsal side of 
the hand. Include the multiple vascular perforators with 
the flap before dividing the ulnar palmar digital artery 
proxi ma lly. 

■ Take the distal dissection of the pedicle to the pivot point 
of the proximal interphalangeal joint (Fig. 19-13). 

■ Close the wounds loosely after bleeding is controlled and 
apply a bulky soft dressing. 


POSTOPERATIVE CARE. The bulky soft dressing is 
removed within 1 week after surgery, and metacarpopha- 
langeal and proximal interphalangeal joint motion therapy 
is begun. 


AMPUTATIONS OF SINGLE 
FINGERS 

INDEX FINGER 

When the index finger is amputated at or more proximal to 
its proximal interphalangeal joint level, the remaining stump 
is useless and can hinder pinch between the thumb and 
middle finger. In most instances, when a primary amputation 
must be at such a proximal level, any secondary amputation 
should be through the base of the second metacarpal. This 
index ray amputation is especially désirable in women for 
cosmetic reasons. Because it is a more extensive operation 
than amputation through the finger, however, it can cause 
stiffness of the other fingers and may be contraindicated in 
arthritic hands. The middle finger radial digital nerve should 
be carefully isolated and dissected free from the second web 
space common digital nerve. Improper technique can resuit 
in a sunken scar on the dorsum of the hand or in anchoring 
the first dorsal interosseous to the extensor mechanism, 
rather than to the base of the proximal phalanx, causing 
intrinsic overpull. 


INDEX RAY AMPUTATION 


TECHNIQUE 19-10 


■ With a marking pen, outline the planned incisions (Fig. 
19-17A). Begin the palmar line in the second web space 
at the radial base of the middle finger and continue this 
line proximally to the midpalmar area, being careful not 
to cross the palmar flexion creases at 90 degrees. Begin 
a second palmar line approximately 1 cm distal to the 
palmar digital flexion crease of the index finger radial 
base and extend this line proximally to meet the first inci¬ 
sion in the midpalmar area. Zigzag incisions in the palmar 
skin may lessen the incidence of longitudinal skin scar 
contractures. 

■ Outline the dorsal part of the incision that extends from 
the palmar lines to converge at a point on the index 
carpometacarpal joint dorsally. 

■ Now make the incisions as just outlined. 

■ Ligate and divide the dorsal veins, and at a more proximal 
level divide the branches of the superficial radial nerve to 
the index finger. 

■ Retract the index extensor digitorum communis and the 
extensor indicis proprius tendons distally, sever them, and 
allow them to retract proximally. 

■ Detach the tendinous insertion of the first dorsal interos¬ 
seous and dissect the muscle proximally from the second 
metacarpal shaft (Fig. 19-17B). Detach the volar interos¬ 
seous from the same shaft and divide the transverse 
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Technique for index ray amputation. A f Dorsal skin incisions planned with marking pen. Palmar skin incision can be 
outlined in matching zigzag fashion to reduce skin suture line contracture. B f Flexor digitorum superficialis and flexor digitorum pro- 
fundus tendons severed proximal to lumbrical origin after isolation and division of appropriate neurovascular structures. C f First dorsal 
interosseous retained for insertion into radial base of middle finger proximal phalanx. D f Appearance after index ray amputation. 

SEE TECHNIQUE 19-10. 


metacarpal ligament that connects the second and third 
metacarpal heads. Take care not to damage the radial 
digital nerve of the middle finger. 

■ Carefully divide the second metacarpal obliquely from 
dorsoradial proximally to volar-ulnar distally about 2 cm 
distal to its base. Do not disarticulate the bone at its 
proximal end. Smooth any rough edges on the remaining 
part of the metacarpal. 

■ Divide both flexor tendons of the index finger and allow 
them to retract (Fig. 19-17C). 

■ Ligate and divide digital arteries to the index finger. 

■ Carefully identify and divide both digital nerves leaving 
sufficient length so that their ends can be buried in the 
interossei. 

■ Anchor the tendinous insertion of the first dorsal interos¬ 
seous to the base of the proximal phalanx of the middle 
finger. Do not anchor it to the extensor tendon or its hood 
because this might cause intrinsic overpull. 

■ With a running suture, approximate the muscle bellies in 
the area previously occupied by the second metacarpal 
shaft. 

■ Ligate or cauterize ail obvious bleeders. 


■ Approximate the skin edges over a drain and remove the 
tourniquet (Fig. 19-17D). 

■Apply a well-molded wet dressing that conforms to the 
wide new web between the middle finger and the thumb 
and support the wrist by a large bulky dressing or a 
plaster splint. 

POSTOPERATIVE CARE. The hand is elevated immedi- 
ately after surgery for 48 hours. At 24 hours, the drain is 
removed. Digital motion therapy is initiated at 5 to 7 days 
postoperatively. 


MIDDLE OR RING FINGER RAY 
AMPUTATIONS 

In contrast to the proximal phalanx of the index finger, the 
proximal phalanx of either the middle or the ring finger is 
important functionally. Its absence in either finger makes a 
hole through which small objects can pass when the hand is 
used as a cup or in a scooping maneuver; its absence makes 
the remaining fingers tend to deviate toward the midline of 
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Middle finger ray resection. A and B f Clinical appearance of unsalvageable contracted and stiff middle finger after 
gunshot wound to hand. C and D f Planned palmar and dorsal incisions for ray resection. E and F, Cosmetic appearance after partial 
middle finger metacarpal amputation. 


the hand. In multiple amputations, the length of either the 
middle or the ring finger becomes even more important. The 
third and fourth metacarpal heads are also important because 
they help stabilize the metacarpal arch by providing attach- 
ments for the transverse metacarpal ligament. 

In a child or woman, when the middle finger has been 
amputated proximal to the proximal interphalangeal joint, 
and especially when it has been amputated proximal to the 
metacarpal head, transposing the index ray ulnarward to 
replace the third ray may be indicated. This operation results 
in more natural symmetry, removes any conspicuous stump, 
and makes the presence of only three fingers less obvious. 


Transposition of the index metacarpal after partial middle 
finger metacarpal amputation is technically challenging and 
has significant complications. If this more cosmetic proce¬ 
dure is chosen, great care should be taken to achieve proper 
rotation and solid bone fixation. Union of midshaft metacar¬ 
pal ostéotomies is more difficult, and we recommend metaph- 
yseal fixation in such instances. 

Excising the third metacarpal shaft removes the origin of 
the adductor pollicis and weakens pinch. The index ray 
should not be transposed unless this adductor can be reat- 
tached elsewhere. The operation is contraindicated if the 
hand is needed for heavy manual labor (Fig. 19-18). 
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Similarly, when the ring finger has been amputated, 
transposing the fifth ray radialward to replace the fourth 
rarely is indicated. Resection of the fourth metacarpal at its 
base or at the carpometacarpal joint and cio sure of the skin 
to create a common web permits a “folding-in” of the fifth 
digit to close the gap without transposing the fifth metacar¬ 
pal. Disarticulation of the ring finger at the carpometacarpal 
joint allows the small finger metacarpal base to shift radially 
over the hamate facet, essentially eliminating radial déviation 
of the ray (Fig. 19-19). 


TRANSPOSING THE INDEX RAY 


TECHNIQUE 19-11 


(PEACOCK) 

■ Plan the incision so that a wedge of skin is removed from 
the dorsal and volar surfaces of the hand (Fig. 19-20). 

■ In the région of the transverse metacarpal arch, plot the 
exact points that must be brought together to form a 
smooth arch across the dorsum of the hand when the 
second and fourth metacarpal heads are approximated. 

■Curve the proximal end of the dorsal incision slightly 
toward the second metacarpal base so that the base can 
be exposed easily. 

■ Fashion the distal end of the incision so that a small tri¬ 
angle of skin is excised from the ring finger to receive a 
similar triangle of skin from the stump or the area 
between the fingers; transferring this triangle is impor¬ 
tant to prevent the suture line from passing through the 
depths of the reconstructed web. 

■After the dorsal and volar wedges of skin hâve been 
removed and the flaps hâve been elevated, expose the 
third metacarpal through a longitudinal incision in its 
periosteum. 

■ The index ray is the right length when its metacarpal is 
moved directly to the third metacarpal base. With an 
oscillating saw, divide transversely the third metacarpal as 
close to its base as possible. Excise the third metacarpal 
shaft and the interosseous muscles to the middle finger. 
Take care not to damage the interosseous muscles of the 
remaining fingers. 

■ Identify the neurovascular bundles of the middle finger; 
individually ligate the arteries and veins and divide the 
digital nerves. 

■ While the wrist is held flexed, draw the flexor tendons 
distally as far as possible and divide them. 

■ Retract the extensor tendons of the index finger, expose 
the second metacarpal at its base, and divide the bone 
at the same level as the third metacarpal. 

■ From the radial side of the second metacarpal, gently 
dissect the intrinsic muscles just enough to allow this 
metacarpal to be placed on the base of the third meta¬ 
carpal without placing undue tension on the muscles. 
Bevel obliquely the second metacarpal base to produce a 
smooth contour on the side of the hand. 

■ From the excised third metacarpal, fashion a key graft to 
extend from one fragment of the reconstructed metacar¬ 
pal to the other. 


■ Insert a Kirschner wire longitudinally through the meta- 
carpophalangeal joint of the transposed ray and bring it 
out on the dorsum of the flexed wrist; draw it proximally 
through the metacarpal until its distal end is just proximal 
to the metacarpophalangeal joint. 

■ With the wrist flexed, eut off the proximal part of the 
wire and allow the remaining end to disappear beneath 
the skin. 

■ Flex ail the fingers simultaneously to ensure correct rota¬ 
tion of the transposed ray and insert a Kirschner wire 
transversely through the necks of the fourth and the 
transposed metacarpals. Bony fixation with a small plate 
and screws can also be used. This requires précisé tech¬ 
nique and should be applied only after correct rotational 
alignment has been determined. Attaching the plate to 
the distal fragment first and flexing the metacarpopha¬ 
langeal joints fully before proximal plate fixation is secured 
reduces the chance for malrotation. 

■ Close the skin and insert a rubber drain. 

■Apply a soft pressure dressing; no additional external 
support is needed. 

POSTOPERATIVE CARE. At 2 days the rubber drain is 
removed, and at 8 to 10 days the entire dressing and the 
sutures are removed. A light volar plaster splint is applied 
to keep the wrist in the neutral position and support the 
transposed ray; however, the splint is removed daily for 
cleaning the hand and exercising the small joints. At 
about 5 weeks, when the metacarpal fragments hâve 
united, the Kirschner wires are removed with the use of 
local anesthésia. 


■ RING FINGER AVULSION INJURIES 

The soft tissue of the ring finger usually is forcefully avulsed 
at its base when a métal ring worn on that finger catches on 
a nail or hook. The force usually is sufficient to cause sépara¬ 
tion of the skin and nearly always damages the vascular 
supply to the distal tissue. The modification of the Urbaniak 
classification by Kay et al. (Box 19-1) is useful to quantify 
injury and prognosis. Fractures and ligamentous damage also 
can occur, but the tendons seem to be the last to separate. 
Attempts at salvage routinely fail unless the vascular supply 



Classification of Ring Finger Avulsion Injuries 


I Circulation adéquate, with or without skeletal injury 

II Circulation inadéquate (arterial and venous), no skeletal 
injury 

III Circulation inadéquate (arterial and venous), fracture or 
joint injury présent 

A. Arterial circulation only inadéquate 

B. Venous circulation only inadéquate 

IV Complété amputation 

(From Kay S, Werntz J, Wolff TW: Ring avulsion injuries: classification and prog¬ 
nosis, J Hand Surg Am 14(2 Pt 1):204, 1989.) 
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Ring finger ray amputation. A and B f Palmar and dorsal view of patient's hand after ring finger avulsion injury. 
C f En bloc disarticulation of ring finger carpometacarpal joint with proximal division of flexor and extensor tendons. D f Intermetacarpal 
ligaments of small and middle fingers are sutured in overlapped position to prevent splaying of small finger. E f Radiograph of hand 
indicating radialization of the small finger metacarpal base on hamate facet. F and G f Clinical appearance after ring finger ray 
resection. 
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If Peacock technique of transposing index ray. 
Dorsal incision is shown; arrows indicate points along skin edges 
that will be brought together. Similar palmar incision is made (see 
text). SEE TECHNIQUE 19-11. 


can be reestablished. Recent advances in microvascular tech¬ 
niques hâve improved outcomes, making replantation a 
viable option for the skilled microvascular surgeon. Even 
with successful microvascular repair, stiffness and abnormal 
sensation are unavoidable. Amputation of the fourth ray with 
closure of the web is the procedure of choice in a child or 
woman. Simple metacarpal amputation rather than resection 
may be indicated in a heavy laborer. A report comparing 
metacarpal amputation with ray resection suggested that 
despite the poor cosmesis and palmar incompétence, meta¬ 
carpal amputation preserved greater strength. By resecting 
the fourth ray at its base or at the carpometacarpal joint, the 
fifth ray closes without having to be surgically transposed. 
Simple amputation of the finger itself should be done in the 
presence of necrosis and infection; and, if indicated, the ray 
amputation is done later as an elective procedure. 

LITTLE FINGER AMPUTATIONS 

As much of the little finger as possible should be saved, pro- 
vided that ail the requirements for a painless stump are satis- 
fied. Often this finger survives when ail others hâve been 
destroyed, and it becomes important in forming a pinch with 
the thumb. When the little finger alone is amputated, and 
when the appearance of the hand is important or the amputa¬ 
tion is at the metacarpophalangeal joint, the fifth metacarpal 
shaft is divided obliquely at its middle third. The insertion of 
the abductor digiti quinti is transferred to the proximal 
phalanx of the ring finger just as the first dorsal interosseous 
is transferred to the middle finger in the index ray amputation 
already described. This smooths the ulnar border of the hand 
and is used most often as an elective procedure for a con- 
tracted or painful little finger. 


THUMB AMPUTATIONS 

In partial amputation of the thumb, in contrast to amputation 
of a single finger, reamputation at a more proximal level to 
obtain closure should not be considered because the thumb 
rarely should be shortened. The wound should be closed pri- 
marily by a free graft, an advancement pedicle flap (described 
later), or a local or distant flap. 

If a flap is necessary, taking it from the dorsum of the 
hand or the index or middle finger is préférable. A flap from 
one of these areas provides a touch pad that is stable but that 
does not regain normal sensibility. 

Covering the volar surface of the thumb with an abdomi¬ 
nal flap is contraindicated; even when the flap is thin, abdom¬ 
inal skin and fat provide a poor surface for pinch because they 
lack fibrous septa and roll or shift under pressure. Skin of the 
abdomen is dissimilar in appearance to that of the hand and 
its digits. When the skin and pulp, including ail neural élé¬ 
ments, hâve been lost from a significant area of the thumb, a 
neurovascular island graft (see Chapter 68) may be indicated. 
The defect should be closed primarily by a split-thickness 
graft; the neurovascular island graft or, if feasible, a local 
neurovascular island graft or advancement flap as described 
for fingertip amputations (see Technique 19-1) is applied 
secondarily. 

If the thumb has been amputated so that a useful segment 
of the proximal phalanx remains, the only surgery necessary, 
if any, except for primary closure of the wound is deepening 
the thumb web by Z-plasty (see Chapter 64). When amputa¬ 
tion has been at the metacarpophalangeal joint or at a 
more proximal level, reconstruction of the thumb may be 
indicated (see Technique 19-15) if replantation cannot be 
accomplished. 


ADVANCEMENT PEDICLE FLAP FOR 
THUMB INJURIES 

Advancement flaps for fingertip injuries usually survive if 
the volar flap incisions are not brought proximal to the 
proximal interphalangeal joint. In the thumb, the venous 
drainage is not as dépendent on the volar flap, however, 
and this technique is safer, and the flap can be longer 
(Fig. 19-21). 


TECHNIQUE 19-12 


■ Using tourniquet control and appropriate anesthésia, 
make a midlateral incision on each side of the thumb 
from the tip to the metacarpophalangeal joint (Fig. 
19-22A). 

■ Elevate the flap that contains both neurovascular bundles 
without disturbing the flexor tendon sheath (Fig. 19-22B). 

■ Flex the joints to allow the flap to be advanced and care- 
fully sutured over the defect with interrupted sutures 

(Fig. 19-22C). 

POSTOPERATIVE CARE. The joints should be main- 
tained in flexion postoperatively for 3 weeks. This large 
flap is used only when a large area of thumb pulp is lost. 
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AMPUTATIONS OF 
MULTIPLE DIGITS 

In nonreplantable partial amputations of ail fingers, preserv- 
ing the remaining length of the digits is much more impor¬ 
tant than in a single finger amputation. Because of the natural 
hinge action between the first and fifth metacarpals, any 


1 2 3 



Thumb tip amputation levels. Acceptable pro¬ 
cedures by level are 1, split-thickness graft; 2, cross-finger flap or 
advancement flap; 3, advancement flap, cross-finger flap, or 
shorten thumb and close; 4, split-thickness skin graft; 5, shorten 
bone and split-thickness skin graft, advancement flap, or cross- 
finger flap; 6, advancement flap or cross-finger flap; and 7, 
advancement flap and removal of nail bed remnant. SEE 
TECHNIQUE 19-12. 


remaining stump of the little finger must play an important 
rôle in préhension with the intact thumb, and this hinge 
action can be increased about 50% by dividing the transverse 
metacarpal ligament between the fourth and fifth rays. In 
partial amputation of ail fingers and the thumb, function can 
be improved by lengthening the digits relatively and by 
increasing their mobility. Function of the thumb can be 
improved by deepening its web by Z-plasty (see Chapter 64) 
and by osteotomizing the first and fifth metacarpals and 
rotating their distal fragments toward each other (Fig. 19-23) 
while, if helpful, tilting the fifth metacarpal toward the thumb. 
If the first carpometacarpal joint is functional but the first 
metacarpal is quite short, the second metacarpal can be trans- 
posed to the first to lengthen it and to widen and deepen the 
first web. 

In complété amputation of ail fingers, if the intact 
thumb cannot easily reach the fifth metacarpal head, pha- 
langization of the fifth metacarpal is helpful. In this opera¬ 
tion, the fourth metacarpal is resected and the fifth is 
osteotomized, rotated, and separated from the rest of the 
palm. Lengthening of the fifth metacarpal is also helpful. In 
complété amputation of ail fingers and the thumb in which 
the amputation has been transverse through the metacarpal 
necks, phalangization of selected metacarpals can improve 
function. The fourth metacarpal is resected to increase the 
range of motion of the fifth, and function of the fifth meta¬ 
carpal is improved further by osteotomy of the metacarpal 
in which the distal fragment is rotated radialward and 
flexed. The second metacarpal is resected at its base, but to 
preserve the origin of the adductor pollicis, the third meta¬ 
carpal is not resected. The thumb should not be lengthened 
by ostéoplastie reconstruction unless sensibility can be 
added to its volar surface. When the amputation has been 
through the middle of the metacarpal shaffs, préhension 
probably cannot be restored, but hook can be accomplished 
by flexing the stump at the wrist. This motion at the wrist 



Advancement pedicle flap for thumb injuries. A f Deep thumb pad defects exposing bone can be covered with 
advancement pedicle flap. B f Advancement of neurovascular pedicle. C f Flexion of distal joint of thumb is necessary to permit place¬ 
ment of flap (see text). SEE TECHNIQUE 19-12. 
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In multiple amputations including thumb, 
function can be improved by osteotomizing first and fifth meta- 
carpals and rotating their distal fragments toward each other (see 
text). 


can be made even more useful by fitting an artificial plat- 
form to which the palmar surface of the stump can be 
actively opposed. 


PHALANGIZATION OF FIFTH 
METACARPAL 


TECHNIQUE 19-13 


■ Over the fourth metacarpal, make dorsal and volar lon¬ 
gitudinal incisions that join distally. 

■ Expose and resect the transverse metacarpal ligament on 
each side of the fourth metacarpal head. 

■ Divide proximally the digital nerves to the ring finger and 
ligate and divide the corresponding vessels. 

■ Resect the fourth metacarpal shaft just distal to its carpo- 
metacarpal joint. Through the same incision, osteotomize 
the fifth metacarpal near its base. 

■ Slightly abduct and flex the distal fragment and rotate it 
toward the thumb. Fix the fragments with a Kirschner 
wire. 

■ Cover the raw surfaces between the third and fifth 
metacarpals with split-thickness grafts, creating a web 
at the junction of the proximal and middle thirds of 
the bones. Ensure that the padding over the fifth 
metacarpal head is good and, if possible, that sensation 
is normal at its point of maximal contact with the 
thumb. 


PAINFUL AMPUTATION STUMP 

Révision surgery is a frequent elective procedure for the man¬ 
agement of painful amputation stumps, especially those 
resulting from traumatic injuries. A neuroma located in an 
unpadded area near the end of the stump is the usual cause 
of pain. A well-localized area of extreme tenderness associ- 
ated with a small mass, usually in line with a digital nerve, is 
diagnostic. Some painful neuromas can be treated by padding 
and desensitization, although surgical excision frequently is 
required. The neuroma is dissected free from scar, and the 
nerve is divided at a more proximal level. Another neuroma 
will develop but should be painless when located in a padded 
area. Suturing the radial and ulnar digital nerves end to end 
(compared with proximal resection as mentioned previously) 
has not been shown to reduce resting pain, cold intolérance, 
or perceived tenderness. Réduction in tenderness is achieved 
by this end-to-end nerve union, but at the expense of touch 
sensibility. 

Pain in an amputation stump also can be caused by bony 
prominences covered only by thin skin, such as a split- 
thickness graft, or by skin made tight by scarring. In these 
instances, excising the thin skin or scar, shortening the bone, 
and applying a sufficiently padded graft may be indicated. 
Amputation stumps that are painful because of thin skin cov- 
erage at the pulp and nail junction can be improved by using 
a limited advancement flap as described in the section on 
thumb amputations. In the finger, proximal dissection to 
develop these flaps should not extend proximal to the proxi¬ 
mal interphalangeal joint. 

Finally, painful cramping sensations in the hand and 
forearm can be caused by flexion contracture of a stump 
resulting from overstretching of extensor tendons or adhér¬ 
ence of flexor tendons; release of any adhèrent tendons is 
helpful. 


RECONSTRUCTIONS 
AFTER AMPUTATION 

RECONSTRUCTION AFTER AMPUTATION 
OF THE HAND 

Amputation of both hands is extremely disabling. In selected 
patients, the Krukenberg operation is helpful. It converts the 
forearm to forceps in which the radial ray acts against the 
ulnar ray. Swanson compared function of the reconstructed 
limb with the use of chopsticks. Normal sensibility between 
the tips of the rays is ensured by proper shiff ing of skin during 
closure of the wound. The operation is especially helpful in 
blind patients with bilateral amputations because it provides 
not only préhension, but also sensibility at the terminal parts 
of the limb. It is also helpful in other patients with similar 
amputations, especially in surroundings where modem 
prosthetic services are unavailable. According to Swanson, 
children with bilateral congénital amputation find the recon¬ 
structed limb much more useful than a mechanical prosthe- 
sis; they transfer dominance to this limb when a prosthesis is 
used on the opposite one. In children, the appearance of the 
limb affer surgery has not been distressing, and the operation 
does not prevent the wearing of an ordinary prosthesis if 
desired. 
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KRUKENBERG RECONSTRUCTION 


TECHNIQUE 19-14 


(KRUKENBERG; SWANSON) 

■ Make a longitudinal incision on the flexor surface of the 
forearm slightly toward the radial side (Fig. 19-24A). 
Make a similar incision on the dorsal surface slightly 
toward the ulnar side, but on this surface elevate a 
V-shaped flap to form a web at the junction of the rays 
(Fig. 19-24B). 


Separate the forearm muscles into two groups (Fig. 
19-24C and D): The radial side comprises the radial wrist 
flexors and extensors, the radial half of the flexor digito- 
rum sublimis, the radial half of the extensor digitorum 
communis, the brachioradialis, the palmaris longus, and 
the pronator teres; the ulnar side comprises the ulnar 
wrist flexors and extensors, the ulnar half of the flexor 
digitorum sublimis, and the ulnar half of the extensor 
digitorum communis. If the stump is made too bulky or 
the wound hard to close, resect as necessary the pronator 
quadratus, the flexor digitorum profundus, the flexor pol- 
licis longus, the abductor pollicis longus, and the extensor 
pollicis brevis. Take care not to disturb the pronator teres. 




Biceps m. 

Brachioradialis m. 

Supinator m. 

Flexor carpi 
radialis m. 


1/2 Flexor 
digitorum 
sublimis m. 



Triceps m. 

Brachialis m. 

Pronator teres m. 

Palmaris longus m. 

Flexor carpi 
ulnaris m. 


1/2 Flexor 
digitorum 
sublimis m. 


Radial Ulnar 


Volar 

C 


Triceps m. 
Anconeus m. 


Extensor carpi 
ulnaris m. 


Extensor digiti 
quinti proprius m. 


1/2 Extensor 
digitorum 
communis m. 



Brachioradialis m. 


Extensor carpi 
radialis longus m. 


Extensor carpi 
radialis brevis m. 


1/2 Extensor 
digitorum 
communis m. 


Ulnar Radial 




D 


Dorsal 


E 


Volar 


Dorsal 

F 


Krukenberg operation. A f Incision on flexor surface of forearm. B f Incision on dorsal surface (see text). C and 
D, Forearm muscles hâve been separated into two groups (see text). E f Closure of skin on flexor surface of forearm; the area yet to be 
closed indicates location of any needed split-thickness skin graft. F f Closure of skin on dorsal surface (see text). SEE TECHNIQUE 19-14. 
























CHAPTER 19 AMPUTATIONS OF THE HAND 


■ Incise the interosseous membrane throughout its length 
along its ulnar attachment, taking care not to damage 
the interosseous vessel and nerve. 

■ The radial and ulnar rays can be separated 6 to 12 cm at 
their tips depending on the size of the forearm; motion 
at their proximal ends occurs at the radiohumeral and 
proximal radioulnar joints. The opposing ends of the rays 
should touch; if not, osteotomize the radius or ulna as 
necessary. Now the adductors of the radial ray are the 
pronator teres, the supinator, the flexor carpi radialis, the 
radial half of the flexor digitorum sublimis, and the pal- 
maris longus; the abductors of the radial ray are the 
brachioradialis, the extensor carpi radialis longus, the 
extensor carpi radialis brevis, the radial half of the exten¬ 
sor digitorum communis, and the biceps. The adductors 
of the ulnar ray are the flexor carpi ulnaris, the ulnar half 
of the flexor digitorum sublimis, the brachialis, and the 
anconeus; the abductors of the ulnar ray are the extensor 
carpi ulnaris, the ulnar half of the extensor digitorum 
communis, and the triceps. 

■ Remove the tourniquet, obtain hemostasis, and observe 
the circulation in the flaps. 

■ Excise any excess fat, rotate the skin around each ray, and 
close the skin over each so that the suture line is not on 
the opposing surface of either (Fig. 19-24E and F). 

■ Excise any scarred skin at the ends of the rays and, if 
necessary to permit closure, shorten the bones; in chil- 
dren, the skin usually is sufficient for closure, and the 
bones must not be shortened because growth at the 
distal epiphyses would still be incomplète. 

■ Preserve any remaining rudimentary digit. Next, suture 
the flap in place at the junction of the rays and apply any 
needed split-thickness graft. 

■ Insert small rubber drains and, with the tips of the rays 
separated 6 cm or more, apply a compression dressing. 

POSTOPERATIVE CARE. The limb is continuously ele- 
vated for 3 to 4 days. The sutures are removed at the 
usual time. After 2 to 3 weeks, réhabilitation is begun to 
develop abduction and adduction of the rays. 


length of any remaining part of the thumb, the condition of 
the rest of the hand, the occupational requirements and âge 
of the patient, and the knowledge and expérience of the 
surgeon. If the opposite thumb is normal, some surgeons 
question the need for reconstructing even a totally absent 
thumb. Function of the hand can be improved, however, by 
a carefully planned and skillfully executed operation, espe- 
cially in a young patient. 

Usually the thumb should be reconstructed only when 
amputation has been at the metacarpophalangeal joint or at 
a more proximal level. When this joint and a useful segment 
of the proximal phalanx remain, the only surgery necessary, 
if any, is deepening of the thumb web by Z-plasty (see Chapter 
64). When amputation has been through the interphalangeal 
joint, the distal phalanx, or the pulp of the thumb, only appro- 
priate coverage by skin is necessary, unless sensibility in the 
area of pinch is grossly impaired. In this latter instance, a 
more elaborate coverage, such as by a neurovascular island 
transfer, may be indicated (see Chapter 68). 

A reconstructed thumb must meet five requirements. 
First and most important, sensibility, although not necessarily 
normal, should be painless and sufficient for récognition of 
objects held in the position of pinch. Second, the thumb 
should hâve sufficient stability so that pinch pressure does not 
cause the thumb joints to deviate or collapse or cause the skin 
pad to shiff. Third, there should be sufficient mobility to 
enable the hand to flatten and the thumb to oppose for pinch. 
Fourth, the thumb should be of sufficient length to enable the 
opposing digital tips to touch it. Sometimes amputation or 
stiffness of the remaining digits may require greater than 
normal length of the thumb to accomplish préhension. Fifth, 
the thumb should be cosmetically acceptable because if it is 
not it may remain hidden and not be used. 

Several reconstructive procedures are possible, and the 
choice dépends on the length of the stump remaining and the 
sensibility of the remaining thumb pad (Figs. 19-25 and 19- 
26). The thumb can be lengthened by a short bone graft or 
distraction osteoplasty. Sensibility can be restored by skin 
rotation flaps, with the nonopposing surface skin grafted 
as in the Gillies-Millard “cocked hat” procedure. Another 
possibility is pollicizing a digit. A promising possibility is 


RECONSTRUCTION AFTER AMPUTATION 
OF MULTIPLE DIGITS 

Several reconstructive operations are useful after amputation 
of multiple digits at various levels. After soft-tissue stabiliza¬ 
tion is achieved, digital lengthening by callotasis is an option. 
Thumb pollicization may be required when transposition of 
remaining digits permits. Restoration of opposition by sensate 
opposable digits often nécessitâtes a protracted reconstruc¬ 
tive course that challenges the creativity of the surgeon and 
patience of the patient. 

RECONSTRUCTION OF THE THUMB 

Traumatic or congénital absence of the thumb causes a severe 
deficiency in hand function; such an absence usually is con- 
sidered to constitute a 40% disability of the hand as a whole. 
When the thumb is partially or totally absent, reconstructive 
surgery is appealing. Before any decision for surgery is made, 
however, several factors must be considered, including the 


Provide padding 
and sensibility 



r- 



- No reconstruction needed for length 
Provide padded painless tip 


-a. Deepen web 

b. Add bone length when coverage 
with local sensitive skin possible 
or ostéoplastie lengthening 

-a. Pollicization 
or 

b. Toe transfer when indicated 


— Pollicization when indicated 


Thumb reconstruction at various levels. Basic 
needs are sensibility, stability, mobility, and length. 
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Moberg advancement flap. A f Thumb pulp defect with flap outlined. B f Flap raised on bilateral neurovascular ped- 
icles. C f Flap advanced 1.5 cm. D f Flap sutured into position with hypothenar free full-thickness skin flap at flap base. 


microvascular free transfer of a toe to the hand. In this pro¬ 
cedure, sensory restoration is never normal. The ostéoplastie 
technique with a bone graft and tube pedicle skin graft 
supplemented by a neurovascular pedicle is now rarely 
recommended. 

Pollicization also is a viable option for thumb reconstruc¬ 
tion (see Techniques 19-17, 19-18, and 19-19). 


LENGTHENING OF THE METACARPAL 
AND TRANSFER OF LOCAL FLAP 

When amputation of the thumb has been at the metacar- 
pophalangeal joint or within the condylar area of the first 
metacarpal, the thenar muscles are able to stabilize the 
digit. In these instances, lengthening of the metacarpal by 
bone grafting and transfer of a local skin flap may be 
indicated. The technique as described by Gillies and Millard 
can be completed in one stage, and the time required for 
surgery and convalescence is less than in some other recon¬ 
structions. Disadvantages of this procedure include bone 
graft résorption and ray shortening and skin perforation 
after flap contraction. This procedure requires that there be 
minimal scarring of the amputated stump. 


TECHNIQUE 19-15 


(GILLIES AND MILLARD, MODIFIED) 

■ Make a curved incision around the dorsal, radial, and 
volar aspects of the base of the thumb (Fig. 19-27A). 

■ Undermine the skin distally, but stay superficial to the 
main veins to prevent congestion of the flap. Continue 
the undermining until a hollow flap has been elevated 
and slipped off the end of the stump; the blood supply 


to the flap is from a source around the base of the index 
finger in the thumb web. (If desired, complété élévation 
of the flap can be delayed.) 

■ Attach an iliac bone graft or a phalanx excised from a toe 
to the distal end of the metacarpal by tapering the graft 
and fitting it into a hole in the end of the metacarpal. 

■ Fix the graft to the bone by a Kirschner wire and place 
iliac chips around its base. Ensure that the graft is small 
enough that the flap can be placed easily over it. 

■ Cover the raw area at the base of the thumb by a split- 
thickness skin graft (Fig. 19-27B). 

POSTOPERATIVE CARE. The newly constructed thumb 
is immobilized by a supportive dressing, and a volar 
plaster splint is applied to the palm and forearm. The 
Kirschner wire is removed when the graft has united with 
the metacarpal. Minor Z-plasties may be necessary later 
to relieve the volar and dorsal web formed by advancing 
the flap. 


OSTEOPLASTIC RECONSTRUCTION 
AND TRANSFER OF NEUROVASCULAR 
ISLAND GRAFT 

Verdan recommended ostéoplastie reconstruction, espe- 
cially when the first carpometacarpal joint has been spared 
and is functional. It is a useful method when the remaining 
part of the first metacarpal is short. As in the technique 
of Gillies and Millard, no finger is endangered, and ail 
are spared to function against the reconstructed thumb. 
Transfer of a neurovascular island graft supplies discrète 
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Reconstruction of thumb by technique of Gillies and Millard, modified. A f Outline of curved incision around dorsal, 
radial, and volar aspects of base of thumb. B, Hollow flap has been undermined and elevated, iliac bone graft has been fixed (this time 
to base of proximal phalanx), and raw area at base of thumb has been covered by split-thickness skin graft. SEE TECHNIQUE 19-15. 


POSTOPERATIVE CARE. A supportive dressing and a 
volar plaster splint are applied. The newly constructed 
thumb is protected for about 8 weeks to prevent or 
decrease résorption of the bone graft. If a neurovascular 
island graft was not included in the reconstruction, this 
transfer must be done later. 


sensibility to the new thumb, but précisé sensory reorienta¬ 
tion is always lacking (see Fig. 19-28). 


TECHNIQUE 19-16 


(VERDAN) 

■ Raise the subpectoral région, or some other appropriate 
area a tubed pedicle graft that contains only moderate 
subcutaneous fat, from the abdomen. 

■ Excise the skin and subcutaneous tissue over the distal 
end of the first metacarpal; make this area for implanta¬ 
tion of the tubed graft a long oval and as large as possible 
so that the graft can include many vessels and nerves and 
will not constrict later on. 

■ Insert into the end of the first metacarpal an iliac bone 
graft shaped like a palette to imitate the normal thumb. 
Do not place the graft in line with the first metacarpal, 
but rather place it at an obtuse angle in the direction of 
opposition. Ensure that the graft is not too long. Place 
the end of the tubed pedicle over the bone graft and 
suture it to its prepared bed on the thumb. 

■ Immobilize the hand and tubed pedicle to allow normal 
motion of the fingers and some motion of the shoulder 
and elbow. 

■ After 3 to 4 weeks, free the tubed pedicle. 

■ Close the skin over the distal end of the newly con¬ 
structed thumb, or transfer a neurovascular island graft 
from an appropriate area to the volar aspect of the thumb 
to assist in closure and to improve sensation and circula¬ 
tion in the digit. 


■ POLLICIZATION 

Pollicization (transposition of a finger to replace an absent 
thumb) may endanger the transposed finger; therefore, some 
surgeons recommend transposition only of an already short- 
ened or otherwise damaged finger. When amputation has 
been traumatic, extensive scarring may require resurfacing by 
a pedicle skin graft before pollicization. In such instances, full 
function of the new thumb hardly can be expected; indeed 
full function cannot be expected even after successful trans¬ 
position of a normal finger. However, in amputations near the 
carpometacarpal joint, especially in patients with significant 
bilateral thumb-level amputations, pollicization may be of 
benefit. 

In the hands of an experienced surgeon, pollicization is 
worthwhile, especially in pouce flottant (floating thumb) and 
congénital absence of a thumb, assuming that the digit to be 
pollicized is relatively normal. Pollicization is performed 
when the child is 9 to 12 months of âge; however, when the 
thumb is congenitally absent, the âge of pollicization is not as 
important as a cérébral cortex awareness of a radial opposi¬ 
tion post. 
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Ostéoplastie thumb reconstruction. 
A f A 32-year-old woman presented with traumatic 
thumb amputation 4 years previously with amputation 
level just distal to metacarpophalangeal joint and 
thumb-index web space contracture. B f Simple two-flap 
Z-plasty web space release allows access to ulnar shaft 
of thumb metacarpal. C f Lengthening frame applied 
percutaneously from radial side of thumb under fluoro¬ 
scopie guidance before osteotomy. Note web contrac¬ 
ture release after Z-plasty. D and E f Palmar and dorsal 
view of thumb soon after frame application. Lengthen¬ 
ing begun at 1 week after surgery at a rate of 0.5 mm 
twice daily. F and G f Latéral radiograph at 2 weeks and 
10 weeks after surgery. H, Latéral radiograph 5 months 
after surgery indicating solid union. No bone graft was 
required, and metacarpal manual osteoclasis was done 
after fixator removal to simulate metacarpophalangeal 
joint fusion. 
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RIORDAN POLLICIZATION 

In the Riordan technique, the index ray is shortened by 
resection of its metacarpal shaft. To simulate the trapezium, 
the second metacarpal head is positioned palmar to the 
normal plane of the metacarpal bases, and the metacarpo- 
phalangeal joint acts as the carpometacarpal joint of the 
new thumb. The first dorsal interosseous is converted to 
an abductor pollicis brevis, and the first volar interosseous 
is converted to an adductor pollicis. The technique as 
described is for an immature hand with congénital absence 
of the thumb, including the greater multangular, but it can 
be modified appropriately for other hands. 


TECHNIQUE 19-17 


(RIORDAN) 

■ Beginning on the proximal phalanx of the index finger, 
make a circumferential oval incision (Fig. 19-29A and B) 
on the dorsal surface. 

■ Place the incision level with the middle of the phalanx 
and on the palmar surface level with the base of the 
phalanx. From the radiopalmar aspect of this oval, extend 
the incision proximally, radially, and dorsally to the radial 
side of the second metacarpal head, then palmarward 
and ulnarward to the radial side of the third metacarpal 
base in the middle of the palm, and finally again radially 
to end at the radial margin of the base of the palm. 

■ Dissect the skin from the proximal phalanx of the index 
finger, leaving the fat attached to the digit and creating 
a full-thickness skin flap. 


■ Isolate and free the insertion of the first dorsal interosse¬ 
ous and strip from the radial side of the second metacar¬ 
pal shaft the origin of the muscle. 

■ Isolate and free the insertion of the first volar interosseous 
and strip from the ulnar side of the metacarpal shaft the 
origin of this muscle. Take care to preserve the nerve and 
blood supplies to the muscle in each instance. 

■ Separate the second metacarpal head from the metacar¬ 
pal shaft by cutting through its epiphysis with a knife; 
preserve ail of its soft-tissue attachments. 

■ Divide the second metacarpal at its base, leaving intact 
the insertions of the extensor carpi radialis longus and 
flexor carpi radialis; discard the metacarpal shaft. 

■ Carry the index finger proximally and radially and relocate 
the second metacarpal head palmar to the second meta¬ 
carpal base so that it simulâtes a trapezium (Fig. 19-29C); 
take care to rotate and angulate it so that the new thumb 
is properly positioned. 

■ Anchor it in this position with a wire suture (Fig. 19-29D). 
Anchor the insertion of the first dorsal interosseous to the 
radial latéral band of the extensor mechanism of the new 
thumb and its origin to the soft tissues at the base of the 
digit; this muscle now functions as an abductor pollicis 
brevis (Fig. 19-29E). 

■ Anchor the insertion of the first volar interosseous to the 
opposite latéral band and its origin to the soft tissues; this 
muscle now functions as an adductor pollicis. 

■ Shorten the extensor indicis proprius by resecting a 
segment of its tendon; this muscle now functions as an 
extensor pollicis brevis. Also, shorten the extensor digito- 
rum communis by resecting a segment of its tendon. 




Riordan pollicization for congénital absence of thumb, including greater trapezium, in an immature hand. A and 
B f Incision (see text). Skin of proximal phalanx (blue area in A) is elevated as full-thickness skin flap. C and D f Second metacarpal has 
been resected by dividing base proximally and by cutting through epiphysis distally, and finger has been relocated proximally and 
radially. Second metacarpal head has been anchored palmar to second metacarpal base and simulâtes greater trapezium (see text). 
E f Insertion of first dorsal interosseous has been anchored to radial latéral band of extensor mechanism of new thumb and origin to 
soft tissues at base of digit; insertion of first volar interosseous has been anchored to opposite latéral band and origin to soft tissues. 
SEE TECHNIQUE 19-17. 
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■ Anchor the proximal segment of the tendon to the base 
of the proximal phalanx; this muscle now functions as an 
abductor pollicis longus. 

■ Trim the skin flaps appropriately; fashion the palmar flap 
so that when sutured it places sufficient tension on the 
new thumb to hold it in opposition. 

■ Suture the flaps, but avoid a circumferential closure at the 
base of the new thumb. 

■ Apply a pressure dressing of wet cotton and a plaster cast. 

POSTOPERATIVE CARE. At 3 weeks, the cast is removed 
and motion therapy is begun. The thumb is appropriately 
splinted. 


BUCK-GRAMCKO POLLICIZATION 

Buck-Gramcko reported expérience with 100 operations for 
pollicization of the index finger in children with congénital 
absence or marked hypoplasia of the thumb. He emphasized 


a réduction in length of the pollicized digit trapezium. For 
best results, the index finger has to be rotated initially 
approximately 160 degrees during the operation so that it 
is opposite the pulp of the ring finger. This position changes 
during the suturing of the muscles and the skin so that by 
the end of the operation there is rotation of approximately 
120 degrees. In addition, the pollicized digit is angulated 
approximately 40 degrees into palmar abduction. 


TECHNIQUE 19-18 


(BUCK-GRAMCKO) 

■ Make an S-shaped incision down the radial side of the 
hand just onto the palmar surface. 

■ Begin the incision near the base of the index finger on 
the palmar aspect and end it just proximal to the wrist. 
Make a slightly curved transverse incision across the base 
of the index finger on the palmar surface, connecting at 
right angles to the distal end of the first incision. Connect 
both ends of the incision on the dorsum of the hand (Fig. 
19-30A). Make a third incision on the dorsum of the 



Pollicization of index finger. A and B f Palmar and dorsal skin incisions. C and D, Appearance after wound closure. 
E, Rotation of metacarpal head into flexion to prevent postoperative hyperextension. F f Index finger rotated about 160 degrees along 
long axis to place finger pulp into position of opposition. G f Final position of skeleton in about 40 degrees of palmar abduction with 
metacarpal head secured to metacarpal base or carpus. H f Reattachment of tendons to provide control of new thumb. First palmar 
interosseous (PI) functions as adductor pollicis (AP), first dorsal interosseous (DI) functions as abductor pollicis brevis (APB), extensor 
digitorum communis (EDC) functions as abductor pollicis longus (APL), and extensor indicis proprius (EIP) functions as extensor pollicis 
longus (EPL). SEE TECHNIQUE 19-18. 















CHAPTER 19 AMPUTATIONS OF THE HAND 


proximal phalanx of the index finger from the proximal 
interphalangeal joint extending proximally to end at the 
incision around the base of the index finger (Fig. 19-30B). 

■ Through the palmar incision, free the neurovascular 
bundle between the index and middle fingers by ligating 
the artery to the radial side of the middle finger. 

■ Separate the common digital nerve carefully into its com- 
ponent parts for the two adjacent fingers so that no 
tension is présent after the index finger is rotated. 

■ Sometimes an anomalous neural ring is found around the 
artery; split this ring carefully so that angulation of the 
artery after transposition of the finger does not occur. If 
the radial digital artery to the index finger is absent, it is 
possible to perform the pollicization on a vascular pedicle 
of only one artery. On the dorsal side, preserve at least 
one of the great veins. 

■ On the dorsum of the hand, sever the tendon of the 
extensor digitorum communis at the metacarpophalan- 
geal level. 

■ Detach the interosseous muscles of the index finger from 
the proximal phalanx and the latéral bands of the dorsal 
aponeurosis. 

■ Partially strip subperiosteally the origins of the interosse¬ 
ous muscles from the second metacarpal, being careful 
to preserve the neurovascular structures. 

■Osteotomize and resect the second metacarpal. If the 
phalanges of the index finger are of normal length, the 
whole metacarpal is resected with the exception of its 
head. When the phalanges are relatively short, the base 
of the metacarpal must be retained to obtain the proper 
length of the new thumb. 

■ When the entire metacarpal is resected except for the 
head, rotate the head as shown in and attach it by sutures 
to the joint capsule of the carpus and to the carpal bones 
(Fig. 19-30E), which in young children can be pierced with 
a sharp needle. 

■ Rotate the digit 160 degrees to allow opposition (Fig. 
19-30F). 

■ Bony union is not essential, and fibrous fixation of the 
head is sufficient for good function. When the base of 
the metacarpal is retained, fix the metacarpal head to its 
base with one or two Kirschner wires in the previously 
described position. In attaching the metacarpal head, 
bring the proximal phalanx into complété hyperextension 
in relation to the metacarpal head for maximal stability 
of the joint. Unless this is done, hyperextension is likely 
at the new "carpometacarpal" joint (Fig. 19-30G). 

■ Suture the proximal end of the detached extensor digito¬ 
rum communis tendon to the base of the former proximal 
phalanx (now acting as the first metacarpal) to become 
the new "abductor pollicis longus." 

■ Section the extensor indicis proprius tendon, shorten it 
appropriately, and suture it by end-to-end anastomosis. 

■Suture the tendinous insertions of the two interosseous 
muscles to the latéral bands of the dorsal aponeurosis by 
weaving the latéral bands through the distal part of the 
interosseous muscle and turning them back distally to 
form a loop that is sutured to itself. In this way, the first 
palmar interosseous becomes an "adductor pollicis" and 
the first dorsal interosseous becomes an "abductor 
brevis" (Fig. 19-30H). 


■ Close the wound by fashioning a dorsal skin flap to close 
the defect over the proximal phalanx and fashion the rest 
of the flaps as necessary for skin closure as in Figures 
19-30C and D. 

POSTOPERATIVE CARE. The hand is immobilized for 3 
weeks, and then careful active motion is begun. 


FOUCHER POLLICIZATION 

Despite good sensibility, mobility, growth, and intégration 
of pollicized digits, grip and pinch strength réduction (55% 
and 42% of the uninvolved side, respectively) hâve 
prompted technique modifications. Weakness in abduction 
and adduction as well as the slenderness and cleftlike 
appearance of the pollicized digit are corrected with the 
Foucher technique. 


TECHNIQUE 19-19 


■ Outline the incisions on the index finger and palm (Fig. 
19-31 A). Line AB, as depicted in Figure 19-31 A, is situ- 
ated on the midlateral line and crosses the proximal inter¬ 
phalangeal joint. Line DE is on the volar aspect of the 
index-middle web, and line EF is volar to the midlateral 
line elongating the web incision. Line F is more distal than 
line A. Line GHI is a longitudinal incision to the volar wrist 
crease. Begin the dissection volarly to allow refilling of the 
dorsal veins and simplify the dorsal dissection. Elevate 
the arteries and veins, noting absence or hypoplasia of 
the radial digital artery. Preserve the fat around the digital 
arteries to protect the small vena comitantes. Divide the 
radial digital artery to the middle finger and be aware of 
the Hartmann boutonnière deformity (nerve loop around 
artery). Divide the intermetacarpal ligament and resect 
the lumbrical. 

■ Dissect the first dorsal interosseous muscle from distal to 
proximal to avoid denervation. 

■ Begin the dorsal dissection over the proximal interphalan¬ 
geal joint and preserve the veins and sensory branches. 
Expose the extensor mechanism. Longitudinally separate 
the extensor indicis proprius and extensor indicis com¬ 
munis and extensor digitorum communis tendons along 
the length of the proximal phalanx to form two separate 
bands that are sectioned at the proximal phalangeal base. 

■ Separate the metacarpal head from its shaft through the 
physis, which is destroyed by curettage to prevent over- 
growth of the pollicized finger. Dissect the first palmar 
osseous muscle from the index metacarpal shaft and 
remove the shaft by sectioning the bone with a palmar 
slope at its base. Maintain 1 cm of bone at the metacar¬ 
pal base to preserve the flexor carpi radialis and extensor 
carpi radialis longus insertions. If présent, destroy the 
pseudoepiphysis at the metacarpal base and open the 
base like a flower to provide stability for the metacarpal 
head. Shift the metacarpal head onto the metacarpal 
base and avoid kinking of the vessels. Rotate the meta¬ 
carpal head to allow opposition and fix in flexion to 
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Foucher index pollicization. A f Proposed skin incisions providing a large dorsal flap and a distally based palmar flap, 
which provide a more weblike fold. B f Metacarpal head rotated into flexion and fixed into the metacarpal base with a bone anchor. 
C f New thumb balanced by tendon transfers; adduction is provided by the extensor indicis communis (EIC), second volar interosseous 
muscle (2nd VI), and adductor pollicis (not shown), and abduction is provided by extensor indicis proprius (EIP) and first dorsal interos¬ 
seous muscle (1 st DI). D, Sutured skin flaps showing weblike space between new thumb and middle finger and circular scar prévention 
by the radially based Z-plasty. 


9 prevent hyperextension of the new carpometacarpal 
joint (Fig. 19-31 B). A suture anchor may facilitate this 
fixation. 

■ Next, balance the thumb through tendon transfers (Fig. 
19-3IC). To provide adduction strength, attach the hypo- 
plastic adductor pollicis, which is often présent, to the 
extensor indicis communis and attach the second palmar 
interosseous muscles to the distal tendon ulnar slip. 

■ Abduction and pronation are achieved by transfer of the 
extensor indicis proprius (through a proximoradial fibrous 
sling of the first dorsal interosseous muscle) and the first 
dorsal interosseous muscle to the radial half of the distal 
tendon slip over the proximal phalanx. The thumb should 
rest in 135 degrees of pronation and 45 degrees of 
palmar abduction. 


■ Suture the skin, maintaining some tension on the dorsal 
web fold from the dorsal flap. To prevent circular scarring, 
make a Z-plasty on the radial aspect of the thumb (Figs. 
19-31D and E). 

POSTOPERATIVE CARE. A fluffy dressing is placed in 
the new web space, and a drop of superglue maintains 
contact between the new thumb and middle finger. A 
dorsal plaster shell is applied, incorporating the elbow 
with two straps of Elastoplast to prevent escape. No 
therapy is used, and an opposition splint is used nightly 
for 2 months. Scar compression may be required if the 
pollicization is performed early because scar hypertrophy 
is more common in younger children. At 6 weeks if inter- 
phalangeal and metacarpophalangeal joint flexion are 
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E-H f New thumb at 3 months postoperatively. (E f from Foucher G, Médina J, Lorea P, Pivato G: Principalization of 
pollicization of the index finger in congénital absence of the thumb, Tech Hand Upper Extr Surg 9:96, 2005.) SEE TECHNIQUE 19-19. 


limited, a splint is worn for 1 hour in the morning and 
evening until full active flexion is achieved (in 4 to 5 
months). 
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ETIOLOGY 

Bone and joint infections pose a formidable challenge to the 
orthopaedic surgeon. The high success rate obtained with 
antibiotic therapy in most bacterial diseases has not been 
obtained in bone and joint infections because of the physio¬ 
logie and anatomie characteristics of bone. The overall surgi - 
cal site infection rate has been estimated by the U.S. Centers 
for Disease Control and Prévention (CDC) to be 2.8% in the 
United States. Approximately 300,000 surgical site infections 
occur each year in the United States. Although bacteremia is 
common (estimated to occur 25% of the time affer simple 
tooth brushings), other étiologie factors must be présent for 
an infection to occur. The mere presence of bacteria in bone 
whether from bacteremia or from direct inoculation is insuf- 
ficient to produce osteomyelitis. Illness, malnutrition, and 
inadequacy of the immune System also can contribute to 
bone and joint infections. As in other parts of the body, 
bones and joints produce inflammatory and immune 
responses to infection. Osteomyelitis occurs when an adé¬ 
quate number of a sufhciently virulent organism overcomes 
the hosts natural defenses (inflammatory and immune 
responses) and establishes a focus of infection. Local skeletal 
factors also play a rôle in the development of infection. For 
example, the relative absence of phagocytic cells in the 
metaphyses of bones in children may explain why acute 
hematogenous osteomyelitis is more common in this 
location. 

The peculiarity of an abscess in bone is that it is contained 
within a firm structure with little chance of tissue expansion. 
As infection progresses, purulent material works its way 
through the Haversian System and Volkmann canals and lifts 
the periosteum off the surface of bone. The combination of 
pus in the medullary cavity and in the subperiosteal space 
causes necrosis of cortical bone. This necrotic cortical bone, 
known as a sequestrum, can continue to harbor bacteria 
despite antibiotic treatment. Antibiotics and inflammatory 
cells cannot adequately access this avascular area, resulting in 
failure of medical treatment of osteomyelitis. 

Recognizing these unique characteristics of bone infec¬ 
tions, the best course is prévention. The orthopaedic surgeon 


should evaluate the risk of infection in each patient by con- 
sidering patient-dependent and surgeon-dependent factors. 
Patient-dependent factors include nutrition, immunologie 
status, and infection at a remote site. Surgeon-dependent 
factors include prophylactic antibiotics, skin and wound care, 
operating environment, surgical technique, and treatment of 
impending infections, such as in open fractures. Simply 
stated, it is much easier to prevent an infection than it is to 
treat it. 

PATIENT-DEPENDENT FACTORS 
■ NUTRITIONAL STATUS 

A patients nutritional status and immunologie response 
are important. If a patient is malnourished or immuno- 
compromised and cannot mount a response to an infection, 
the effects of any treatment are diminished. Malnutrition 
adversely affects humoral and cell-mediated immunity, 
impairs neutrophil chemotaxis, diminishes bacterial clear¬ 
ance, and depresses neutrophil bactericidal function, the 
delivery of inflammatory cells to infectious foci, and sérum 
complément components. Basal energy requirements of a 
traumatized or infected patient increase from 30% to 55% of 
normal. Fever of just 1°F above normal increases the body s 
metabolic rate 13%. Nutritional status can be determined 
preoperatively by (1) anthropométrie measurements (height, 
weight, triceps skin fold thickness, and arm muscle circum- 
ference), (2) measurement of sérum proteins or cell types 
(lymphocytes), and (3) antibody reaction to certain antigens 
in skin testing. Nutritional support is recommended before 
elective surgery for patients with recent weight losses of more 
than 10 lb, sérum albumin levels less than 3.5 g/dL, or lym¬ 
phocyte counts of less than 1500 cells/mm 3 , which can be 
obtained from a routine complété blood cell count and 
SMA-24. With the use of sérum albumin and transferrin 
levels, the formula that follows can be used to screen for 
patients who may need nutritional support: [(1.2 x sérum 
albumin) + (0.013 x sérum transferrin)] - 6.43. If the sum is 
0 or a négative number, the patient is nutritionally depleted 
and is at high risk for sepsis. If nutritional support is needed, 
enterai therapy should be used when the gastrointestinal tract 
is functional; if not, hyperalimentation must be employed. 


742 


CHAPTER 20 GENERAL PRINCIPLES OF INFECTION 


■ IMMUNOLOGIC STATUS 

To fight infection, the patient must mount inflammatory 
(white blood cell count) and immune (antibody) responses 
that initially stop the spread of infection and then, ideally, 
destroy the infecting organisms. The bodys main defense 
mechanisms are (1) neutrophil response, (2) humoral immu- 
nity, (3) cell-mediated immunity, and (4) réticuloendothélial 
cells. A deficiency in production or function of any of these 
prédisposés the host to infection by spécifie groups of oppor¬ 
tuniste pathogens. Deficiencies in the immune System may 
be acquired or may resuit from congénital abnormalities. 
Immunocompromised hosts are not susceptible to ail oppor¬ 
tuniste pathogens. The susceptibility to a microorganism 
dépends on the spécifie defect in immunity. Abnormal neu- 
trophils or humoral and cell-mediated immunities hâve been 
implicated in infections caused by encapsulated bacteria in 
infants and elderly patients, in the increased incidence of 
Pseudomonas infections in heroin addicts, and in Salmonella 
and Pneumococcus infections in patients with sickle cell 
anémia. 

Diabètes, alcoholism, hématologie malignancy, and cyto- 
toxic therapy are common causes of neutrophil abnormali¬ 
ties. If the neutrophil count decreases to less than 55/mm 3 , 
infections caused by Staphylococcus aureus, gram-negative 
bacilli, Aspergillus organisms, and Candida organisms become 
a major threat. 

Immunoglobulins and complément factors are two 
plasma proteins that play crucial rôles in humoral immunity. 
Patients with hypogammaglobulinemia or who hâve had a 
splenectomy are at increased risk of infection caused by 
encapsulated bacteria, such as Streptococcus pneumoniae, 
Haemophilus influenzae, and Neisseria organisms. When a 
defect in a component of the complément cascade is présent, 
S. aureus and gram-negative bacillus infections are common. 
Septic arthritis caused by unusual organisms such as Myco- 
plasma pneumoniae and Ureaplasma urealyticum has been 
reported and should be suspected in patients with hypogam¬ 
maglobulinemia and culture-negative septic arthritis. 

Cell-mediated immunity dépends on an interaction 
between T lymphocytes and macrophages. Primary cell- 
mediated deficiencies are rare, but secondary cell-mediated 
deficiencies are common. Corticosteroid therapy, malnutri¬ 
tion, lymphoma, systemic lupus erythematosus, immunode- 
ficiency in elderly patients, and autoimmune deficiency 
syndrome ail can cause a secondary cell-mediated deficiency, 
which prédisposés the host to fungal and mycobacterial 
infections and also infection with herpes virus and Pneumo- 
cystis jiroveci. 

Vaccinations also play a rôle in host response. The hepa- 
titis B vaccine has reduced the incidence of hepatitis B virus, 
and the H. influenzae type B vaccine that is given to children 
has ail but eliminated musculoskeletal infections caused by 
H. influenzae. 

SURGEON-DEPENDENT FACTORS 

■ SKIN PREPARATION 

Wound contamination exists whenever the skin barrier is 
broken, but proper skin préparation decreases the contami¬ 
nation caused by bacteria présent on the skin. Skin barriers 
also may decrease skin contamination during surgery. 
Although the skin can never be disinfected completely, the 
number of bacteria présent can be reduced markedly before 


surgery. The skin and hair can be sterilized with alcohol, 
iodine, hexachlorophene, or chlorhexidine, but it is almost 
impossible to sterilize the hair follicles and sebaceous glands 
where bacteria normally résidé and reproduce. Skin prépara¬ 
tions hâve a limited effect on sebaceous glands and hair fol¬ 
licles because they do not penetrate an oily environment. 
Disinfectants that penetrate the oily environment are 
absorbed by the body and hâve potentially toxic side effects. 
Hexachlorophene has better pénétration but also has neuro- 
toxic side effects. 

Hand washing is the most important procedure for pré¬ 
vention of nosocomial infections. Studies suggest that hand 
scrubbing for 2 minutes is as effective as traditional hand 
scrubbing for 5 minutes. The optimal duration of hand scrub¬ 
bing has yet to be determined. Hand rubbing with an aqueous 
alcohol solution that is preceded by a 1-minute nonantiseptic 
hand washing for the first case of the day was found by Pari- 
enti et al. to be just as effective in prévention of surgical site 
infections as traditional hand scrubbing with antiseptie soap. 
The effectiveness of common antiseptics is summarized in 
Table 20-1. 

Hair removal at the operative site is not recommended 
unless done in the operating room. Shaving the operative site 
the night before surgery can cause local trauma that produces 
a favorable environment for bacterial reproduction. 

Prévention of infection transmission between the patient 
and the surgeon also includes proper surgical attire. Edlich 
et al. showed that a narrow glove gauntlet (euff) significantly 
increased the security of the gown-glove interface. The U.S. 
Food and Drug Administration accepts there is a 2.5% failure 
rate of new unused stérile gloves. Glove perforation has been 
reported to occur in 48% of operations. Perforations usually 
occur approximately 40 minutes into the procedure, and as 
much as 83% of the time the surgeon is unaware of the per¬ 
foration. Most frequently, the perforation occurs on the index 
finger or thumb of the nondominant hand. Double gloving 
reduces the exposure rate by as much as 87%. In addition, 
double gloving decreases the volume of blood on a solid 
needle (through a wipe clean pass mechanism from the outer 
glove) as much as 95%. A meta-analysis by Tanner and Par¬ 
kinson found that double gloving decreased skin contamina¬ 
tion, and the use of Biogel indicator gloves (Regent Medical, 
Norcross, GA) increased the awareness of glove perforation. 
When both gloves were compromised, however, the indicator 
gloves did not increase the awareness of a perforation. As long 
as the indicator glove was intact, perforation of the outer 
glove was promptly detected in 90% of cases. Wearing an 
outer cloth glove over a latex glove significantly reduced the 
number of perforations to the innermost latex glove. When a 
liner glove was used between two latex gloves, the perforation 
rate of the innermost glove decreased. No réduction in per¬ 
forations was seen when using an outer steel-weave glove. 
Double gloving does not provide réduction in perforations 
when tears occur as a resuit of geometry configurations such 
as bone or hollow-core needles. At a minimum, surgical 
gloves should be changed every 2 hours. 

■ OPERATING ROOM ENVIRONMENT 

Airborne bacteria are another source of wound contamina¬ 
tion in the operating room. These bacteria usually are gram 
positive and originate almost exclusively from humans in the 
operating room; 5000 to 55,000 particles are shed per minute 
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__ table 20-1 _ 

Antimicrobial Activity and Summary of Properties of Antiseptics Used in Hand Hygiene 


ANTISEPTICS 

GRAM-POSITIVE 

BACTERIA 

GRAM-NEGATIVE 

BACTERIA 

VIRUSES 

ENVELOPED 

VIRUSES 

NON-ENVELOPED 

MYCOBACTERIA 

FUNGI 

SPORES 

Alcohols 

+++ 

+++ 

+++ 

++ 

+++ 

+++ 

- 

Chloroxylenol 

+++ 

+ 

+ 

± 

+ 

+ 

- 

Chlorhexidine 

+++ 

++ 

++ 

+ 

+ 

+ 

- 

Hexachlorophene 

+++ 

+ 

? 

? 

+ 

+ 

- 

Iodophors 

+++ 

+++ 

++ 

++ 

++ 

++ 

±* 

Triclosan 

+++ 

++ 

? 

? 

± 


- 

Quaternary ammonium 
compounds § 

++ 

+ 

+ 

? 

± 

± 

— 

ANTISEPTICS 

TYPICAL CONC. IN% SPEED OF ACTION 

RESIDUAL ACTIVITY 

USE 



Alcohols 

60-70% 

Fast 


No 

HR 



Chloroxylenol 

0.5-4% 

Slow 


Contradictory 

HW 



Chlorhexidine 

0.5-4% 

Intermediate 

Yes 

HR/HW 



Hexachlorophene f 

3% 

Slow 


Yes 

HW, but not recommended 

Iodophors 

0.5-10% 

Intermediate 

Contradictory 

HW 



Triclosan 

0.1-2% 

Intermediate 

Yes 

HW; seldom 



Quaternary ammonium 
compounds § 


Slow 


No 

HR, HW; Seldom; +alcohols 


From Pittet D, Allegranzi B, Boyce J: On behalf of the WHO World Alliance for Patient Safety First Global Patient Safety Challenge Core Group of Experts, Infection 
Control and Hospital Epidemiology 30:611, 2009. 

Good = +++, moderate = ++, poor = +, variable = ±, none = - 
*Activity varies with concentration. 

^acteriostatic. 

*ln concentrations used in antiseptics, iodophors are not sporicidal. 

§ Bacteriostatic, fungistatic, microbicidal at high concentrations. 
l! Mostly bacteriostatic. 

^Activity against Candida spp., but little activity against filamentous fungi. 

HR, Hand rubbing; HW, hand washing. 


by each individual in the operating room. Conventional oper- 
ating room air may contain 10 to 15 bacteria per cubic foot 
and 250,000 particles per cubic foot. Airborne bacterial con¬ 
centrations in the operating room may be reduced by at least 
80% with laminar-airflow Systems and even more with 
personnel-isolator Systems. Wound contamination rates hâve 
been reported to be reduced by 80% with the use of these 
Systems, although an increased infection rate has been 
reported with the use of horizontal laminar flow after total 
knee arthroplasty, possibly from déposition of bacteria shed 
by scrubbed personnel who were not wearing personnel- 
isolator Systems. Foot traffic has been shown to increase the 
number of particles in the operating room. Limiting the 
amount of personnel and operating door use will decrease the 
amount of airborne particles. Ultraviolet light also has been 
noted to decrease the incidence of wound infection by reduc- 
ing the number of airborne bacteria; however, the use of 
ultraviolet light rooms is not recommended by the Hospital 
Infection Control Practice Advisory Committee or the 
Centers for Disease Control because of the increased risk to 
surgical personnel of exposure to ultraviolet light. Although 
little has changed in over 50 years in our use of surgical attire 
and little clinically based evidence exists for scrub masks, 
head coverings, iodine-impregnated plastic drapes, and many 


of our “standard stérile techniques,” we believe that the prac¬ 
tices listed in Table 20-2 should be adhered to in an effort to 
minimize the risk of surgical site infection. 

■ PROPHYLACTIC ANTIBIOTIC THERAPY 

Many studies hâve shown the effectiveness of prophylactic 
antibiotics in reducing infection rates after orthopaedic pro¬ 
cedures. During the first 24 hours, infection dépends on the 
number of bacteria présent. During the first 2 hours, the host 
defense mechanism works to decrease the overall number of 
bacteria. During the next 4 hours, the number of bacteria 
remains fairly constant, with the bacteria that are multiplying 
and the bacteria that are being killed by the host defenses 
being about equal. These first 6 hours are called the “golden 
period,” after which the bacteria multiply exponentially. Anti¬ 
biotics decrease bacterial growth geometrically and delay the 
reproduction of the bacteria. The administration of prophy¬ 
lactic antibiotics expands the golden period. 

A prophylactic antibiotic should be safe, bactericidal, and 
effective against the most common organisms causing infec¬ 
tions in orthopaedic surgery. Because the patients skin 
remains the major source of orthopaedic infection, prophy¬ 
lactic antibiotics should be directed against the organism 
most commonly found on the skin, which is S. aureus, 
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Methods for Reducing Surgical Site Infection 


RISK FACTOR 

PATIENT FACTORS 

Diabètes mellitus 

SUMMARY 

Aggressive glucose control; if HgbAlC >7%, recommend delaying elective surgery 

DMARs and methotrexate should NOT be stopped 

Rheumatoid arthritis 

Perioperative steroids are generally not required (stress dose steroids) 

Balance the risks and benefits of stopping anti-TNF at 3 to 5 half-lives preoperatively, 
restarting after wound healing and no evidence of infection 

Obesity (BMI > 30 kg/m 2 ) 

Dietician input to encourage weight loss over long period before surgery without rapid 
weight loss preoperatively 

Adjust perioperative antibiotic doses appropriately 

In extremely obese, consider bariatric surgery before surgery 

Smoking 

Carrier screening 

Consider a smoking cessation program 4-6 weeks preoperatively 

MRSA and MSSA screening based on local guidelines, and decolonize before admission 
which may include mupirocin ointment to the area for 5 days and chlorhexidine betadine 
for 5 days 

Oral hygiene 

PREOPERATIVE FACTORS 

Complété any dental treatment before elective surgery 

Patient préparation 

Shower on day of surgery 

If shaving required, use electric clippers on day of surgery 

Avoid oil-based skin moisturizers 

Antibiotics 

Prophylactic antibiotics should be given within 1 hour before incision and continued for 

24 hours postoperatively (antibiotic type dépendent on local guidelines) 

Administer antibiotics at a minimum of 5 minutes before tourniquet inflation 

If cementation is required, should be antibiotic-impregnated 

NSAIDS 

Those with short half-lives (including ibuprofen) stop a minimum of 48 hours prior; those 
with long half-lives (naproxen) stop within 3 to 7 days prior 

PERIOPERATIVE FACTORS 


Theater 

Use laminar flow where possible 

Keep theater door opening to a minimum 

Personnel 

Hand wash with antiseptie surgical solution, using a single-use brush or pic for the nails 
Before subséquent operations hands should be washed with either an alcoholic hand rub 
or an antiseptie surgical solution 

Skin préparation 

Double glove and change gloves regularly minimum at 2 hours; change outer gloves 
when draping 

Anesthetic 

Use an alcohol prewash followed by a 2% chlorhexidine-alcohol scrub solution 

Maintain normothermia 

Maintain normovolemia 

Drapes 

A higher inspired oxygen concentration perioperatively and for 6 hours postoperative 
may be of benefit 

Blood transfusion 

Use of iodine-impregnated incise drapes may be of benefit (in patients without allergy) 
Optimize preoperative hemoglobin 

If possible, transfusion should be avoided intraoperatively and, if anticipated, should be 
given more than 48 hours before surgery 

Antifibrinolytics may indirectly reduce SSI by reducing the need for transfusion 

POSTOPERATIVE FACTORS 


Dental procedures 

Insufficient evidence to recommend the use of prophylactic antibiotics for patients 
undergoing routine dental procedures following joint replacement 


Modified from Johnson R, Jameson SS, Sanders RD, et al: Reducing surgical site infection in arthroplasty of the lower limb. A multi-disciplinary approach, Bone Joint 
Res 2:58, 2013. 

DMARDs, Disease-modifying antirheumatic drugs; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive 5. aureus ; NSAIDS, nonsteroidal 
antiinflammatory drugs; 55/, surgical site infection; TNF, tumor necrosis factor. 
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although the frequency of Staphylococcus epidermidis is 
increasing. This increase in S. epidermidis is important 
because this organism has antibiotic résistance and often 
gives erroneous sensitivity data. Escherichia coli and Proteus 
organisms also should be covered by antibiotic prophylaxis. 
In the United States, first-génération cephalosporins hâve 
been favored for many reasons. They are relatively nontoxic, 
inexpensive, and effective against most potential pathogens 
in orthopaedic surgery. Cephalosporins are more effective 
against S. epidermidis than are semisynthetic penicillins. 
Clindamycin can be given if a patient has a history of ana- 
phylaxis to penicillin. Routine use of vancomycin for prophy¬ 
laxis should be avoided. 

Antibiotic therapy should begin immediately before 
surgery (30 minutes before skin incision). A maximal dose of 
antibiotic should be given and can be repeated every 4 hours 
intraoperatively or whenever the blood loss exceeds 1000 to 
1500 mL. Little is gained by extending antibiotic coverage 
over 24 hours, and the possibility of side effects, such as 
thrombophlebitis, allergie reactions, superinfections, or drug 
fever, is increased. Prophylactic antibiotics should not be 
extended past 24 hours even if drains and cathéters are still 
in place. Namias et al. found that antibiotic coverage for 
longer than 4 days led to increased bacteremia and intrave- 
nous line infections in patients in intensive care units. Evi¬ 
dence now shows that 24 hours of antibiotic administration 
is just as bénéficiai as 48 to 72 hours. 

Antibiotic irrigation has not found a definite rôle in 
orthopaedic surgery. Several studies hâve shown a decrease in 
colony counts in wounds and a decrease in infection rates with 
the use of antibiotic irrigation in general surgical procedures. 
When a topical antibiotic is used, it should hâve (1) a wide 
spectrum of antibacterial activity, (2) the ability to remain in 
contact with normal tissues without causing significant local 
irritation, (3) low systemic absorption and toxicity, (4) low 
allergenicity, (5) minimal potential to induce bacterial résis¬ 
tance, and (6) availability in a topical préparation that can be 
easily suspended in a physiologie solution. Triple-antibiotic 
solution (neomycin, polymyxin, and bacitracin) is most com- 
monly used for wound irrigation at our institution. 

The importance of irrigation and debridement in the 
treatment of open fractures has been well documented. The 
principles of élimination of devitalized tissue and dead space, 
évacuation of hematomas, and soff-tissue coverage also can 
be applied to “clean” orthopaedic cases. 

I METHICILLIN-RESISTANT STAPHYLOCOCCUS 
AUREUS 

The évolution of S. aureus into a multiple-drug-résistant 
pathogen—methicillin-resistant S. aureus (MRS A)—has 
become a major health concern worldwide. Approximately 
57% of S. aureus bacteria are methicillin résistant, and now 
vancomycin-resistant strains are being reported. This is prob- 
ably one of the most worrisome problems in the fight against 
bacterial infections. Initially, MRSA was seen only in hospital 
settings and long-term care facilities; however, it is now 
becoming increasingly prévalent in young, healthy individu- 
als in the community (Table 20-3; At-Risk Groups), and it is 
particularly virulent. The mortality rate associated with inva¬ 
sive MRSA infections is 20%. 

S. aureus infection in orthopaedics in hospitalized 
patients generally is around 3%; however, over half of these 


r TABLE 20-3 

At-Risk Groups and Risk Factors for 

Community-Acquired Methicillin-Resistant 

Staphylococcus aureus 


AT-RISK GROUPS 

RISK FACTORS 

Athlètes in contact sports 

Antibiotic use within the 

Children in day care 

preceding year 

Homeless persons 

Close, crowded living 

Intravenous drug users 

conditions 

Homosexual males 

Compromised skin integrity 

Military recruits 

Contaminated surfaces 

Alaskan natives. Native 

Frequent skin-to-skin 

Americans, and Pacific 

contact 

Islanders 

Shared items 

Prison inmates 

Suboptimal cleanliness 


From Marcotte AL, Trzeciak MA: Community-acquired methicillin-resistant Staph¬ 
ylococcus aureus: an emerging pathogen in orthopaedics, J Am Acad Orthop Surg 
16:98, 2008. 


patients hâve MRSA. Osteomyelitis caused by MRSA is an 
infrequent présentation, but treatment can be especially trou- 
blesome, and reports of subperiosteal abscess and necrotizing 
fasciitis also are increasing. Estimâtes of MRSA infection after 
total joint replacement range from 1% to 4%, and infection 
can occur up to 12 years after surgery. Kim et al. prospectively 
studied the feasibility of bacterial prescreening before elective 
orthopaedic surgery. They found that 22.6% of 7019 patients 
were S. aureus carriers and 4.4% were MRSA carriers. MRSA 
carriers had a statistically significantly higher rate of surgical 
site infections than S. aureus carriers (0.97% compared with 
0.14%; P = 0.0162). Although not statistically significant, 
methicillin-sensitive S. aureus (MSSA) carriers also had 
higher rates (0.19%). After screening was initiated, the insti- 
tutional infection rate dropped from 0.45% to 0.19% (P = 
0.0093). The cost-effectiveness of such screening programs 
has not been determined, although with the increasing preva- 
lence of MRSA, these costs may be justified. 

Approximately 3% of MRSA outbreaks hâve been attrib- 
uted to asymptomatic colonized health care workers. Schwar- 
zkopf et al. prospectively studied the prevalence of S. aureus 
colonization in orthopaedic surgeons and their patients and 
found that among surgeons and residents there was a higher 
prevalence of MRSA compared with a high-risk group of 
patients. Junior residents had the same prevalence of MRSA 
colonization as institutionalized patients, most likely because 
of the substantial time spent in direct patient care. These 
researchers recommended hand hygiene for the prévention of 
MRSA. In addition, universal decolonization of patients with 
mupirocin was recommended before total joint and spine 
surgeries, although further study of this practice is indicated. 
Skramm et al. proved that the S. aureus colonies that were 
isolated from operating personnel were indeed the same 
strain found at the surgical site infection up to 85% of the time. 

Because of the prevalence of community-acquired (CA)- 
MRSA, it is necessary to rapidly identify the organism, déter¬ 
mine antibiotic sensitivity, and begin antibiotic therapy (for 
empirical coverage see Table 22-3). Polymerase chain reaction 
(PCR) can be used to detect Staphylococcus with results within 
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24 hours as opposed to conventional cultures that can take 3 
days before results are available. For invasive infections, intra- 
venous vancomycin is recommended or, alternatively, dapto- 
mycin, gentamicin, rifampin, and linezolid can be used. In 
cases of necrotizing fasciitis, clindamycin, gentamicin, 
rifampin, trimethoprim-sulfamethoxazole, and vancomycin 
are effective. Until a sensitivity détermination can be made, 
antimicrobial coverage specifically of CA-MRSA is recom¬ 
mended. For deep subperiosteal abscesses or superficial 
abscesses, irrigation and debridement are necessary to reduce 
bacterial counts. Overuse of quinolones may be driving the 
sélection of MRS A over MSSA and should be avoided. Obtain- 
ing an infectious disease consult is highly recommended. 

In summary, despite few direct evidence-based studies, 
best current efforts at controlling surgical site infection are 
described in Table 20-2. 

DIAGNOSIS 

The diagnosis of infection may be obvious or obscure. Signs 
and symptoms vary with the rate and extent of bone and joint 
involvement. Characteristic features of fever, chills, nausea, 
vomiting, malaise, erythema, swelling, and tenderness may or 
may not be présent. The classic triad is fever, swelling, and 
tenderness (pain). Pain probably is the most common 
symptom. Fever is not always a consistent finding. Infection 
may also be as indolent as a progressive backache or a decrease 
in or loss of function of an extremity. No single test is able to 
serve as a definitive indicator of the presence of musculosk- 
eletal infection. 

LABORATORY STUDIES 

A complété blood cell count, including differential and éryth¬ 
rocyte sédimentation rate (ESR) and C-reactive protein 
(CRP), should be obtained during initial évaluation of bone 
and joint infections. The white blood cell count is an unreli- 
able indicator of infection and often is normal even when 
infection is présent. The differential shows increases in neu- 
trophils during acute infections. The ESR becomes elevated 
when infection is présent, but this does not occur exclusively 
in the presence of infection. Fractures or other underlying 
diseases can cause élévation of the ESR. The ESR also is unre- 
liable in neonates, patients with sickle cell disease, patients 
taking corticosteroids, and patients whose symptoms hâve 
been présent for less than 48 hours. Peak élévation of the ESR 
occurs at 3 to 5 days affer infection and returns to normal 
approximately 3 weeks affer treatment is begun. CRP, synthe- 
sized by the liver in response to infection, is a better way to 
follow the response of infection to treatment. CRP increases 
within 6 hours of infection, reaches a peak élévation 2 days 
affer infection, and returns to normal within 1 week affer 
adéquate treatment has begun. Other tests, such as the S. 
aureus surface antigen or antibody test and counterimmuno¬ 
fluorescence studies of the urine, are promising, but their 
usefulness in clinical situations has not been proved. Material 
obtained from aspiration of joint fluid can be sent to the labo- 
ratory for a cell count and differential to distinguish acute 
septic arthritis from other causes of arthritis. In septic arthri- 
tis, the cell count usually is greater than 80,000/mm 3 , with 
more than 75% of the cells being neutrophils (Table 20-4). 
Jung et al. devised an algorithm to predict the probability of 
septic arthritis in children (Table 20-5). More recently, Singhal 


TABLE 20-4 


Synovial Fluid Analysis 


LEUKOCYTES 

NEUTROPHILS (%) 

Normal 

<200 

<25 

Traumatic 

<5000 

<25 

Toxic synovitis 

5000-15,000 

<25 

Acute rheumatic fever 

10,000-15,000 

50 

Juvénile rheumatoid 
arthritis 

15,000-80,000 

75 

Septic arthritis 

>80,000 

>75 


From Morrissy RT: Septic arthritis. In Gustilo RB, Genninger RP, Tsukayama DT 
(editors): Orthopaedic infection: diagnosis and treatment, Philadelphia, WB Saun- 
ders, 1989. 


et al. hâve suggested that only the weight bearing status and 
C-reactive protein are required to differentiate septic arthritis 
from transient synovial arthritis (see Table 22-2). A Gram 
stain also should be obtained. Gram stains identify the types 
of organisms (gram-positive or gram-negative) in about a 
third of bone and joint aspirâtes. Intraoperative frozen sec¬ 
tions also should be obtained in cases in which infection is 
suspected. A white blood cell count greater than 10 per high- 
power field is considered indicative of infection, whereas a 
count less than 5 per high-power field ail but excludes 
infection. 

IMAGING STUDIES 

Radiographie studies are helpful but are not as useful in the 
diagnosis of acute bone and joint infections as they are in 
following responses to treatment. Plain radiographs show 
soff-tissue swelling, joint space narrowing or widening, and 
bone destruction (Fig. 20-1). Bone destruction is not appar¬ 
ent on radiographs, however, until an infection has been 
présent for 10 to 21 days. In addition, 30% to 50% of the bone 
matrix must be lost to show a lytic lésion on radiographs (Fig. 
20-2). Wheat found that fewer than 5% of plain radiographs 
were initially abnormal in bone and joint infections, and 
fewer than 30% were abnormal at 1 week; however, 90% were 
abnormal at 3 to 4 weeks. If initial radiographs are normal in 
the évaluation of bone and joint infections, other imaging 
methods that show soff-tissue swelling and loss of normal fat 
planes around the involved bone or joint should be used. 

Conventional tomography (CT) can be useful in identify- 
ing a sequestrum or subchondral bony plate destruction, 
although it has largely been replaced with more conventional 
radiographie methods. Arthrography helps document proper 
aspiration of a suspected septic joint. Dye should be injected 
only affer fluid is obtained from the joint because the bacte- 
ricidal effect of iodinated contrast material can cause a false- 
negative culture resuit. CT can help détermine the extent of 
medullary involvement. Pus within the medullary cavity 
replaces the marrow fat, causing an increased density on the 
CT scan. Adjacent soff-tissue abscesses also are seen easily 
(Fig. 20-3). CT diagnosis of acute osteomyelitis is based on 
détection of intraosseous gas, osteolysis, soft tissue masses, 
abscesses, or foreign bodies. Additionally, increased vascular- 
ity affer administration of a contrast agent also can aid in the 
diagnosis. Narrowing of the medullary cavity by granulation 
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TABLE 20-5 


Algorithm for Probability of Septic Arthritis 

TEMPERATURE 

(>37°C) 

ESR (>20 MM/H) 

CRP (>1.0 MG/DL) 

WBC 

(>11 f 000 CELLS/ML) 

DIFFERENCE OF JOINT 
SPACE DISTANCE (<2 MM) 

PREDICTIVE PROBABILITY 
OF SEPTIC ARTHRITIS (%) 

Y 

Y 

Y 

Y 

Y 

99.1 

Y 

Y 

Y 

Y 

N 

97.3 

Y 

Y 

Y 

N 

Y 

84.8 

Y 

Y 

Y 

N 

N 

65.5 

Y 

Y 

N 

Y 

Y 

90.9 

Y 

Y 

N 

Y 

N 

77.2 

Y 

Y 

N 

N 

Y 

34.5 

Y 

Y 

N 

N 

N 

15.2 

Y 

N 

Y 

Y 

Y 

85.9 

Y 

N 

Y 

Y 

N 

67.4 

Y 

N 

Y 

N 

Y 

24.3 

Y 

N 

Y 

N 

N 

9.9 

Y 

N 

N 

Y 

Y 

36.5 

Y 

N 

N 

Y 

N 

16.4 

Y 

N 

N 

N 

Y 

2.9 

Y 

N 

N 

N 

N 

1.0 

N 

Y 

Y 

Y 

Y 

90.1 

N 

Y 

Y 

Y 

N 

75.6 

N 

Y 

Y 

N 

Y 

32.5 

N 

Y 

Y 

N 

N 

14.1 

N 

Y 

N 

Y 

Y 

46.2 

N 

Y 

N 

Y 

N 

22.7 

N 

Y 

N 

N 

Y 

4.3 

N 

Y 

N 

N 

N 

1.5 

N 

N 

Y 

Y 

Y 

34.4 

N 

N 

Y 

Y 

N 

15.2 

N 

N 

Y 

N 

Y 

2.7 

N 

N 

Y 

N 

N 

0.9 

N 

N 

N 

Y 

Y 

4.7 

N 

N 

N 

Y 

N 

1.7 

N 

N 

N 

N 

Y 

0.3 

N 

N 

N 

N 

N 

0.1 


From Jung ST, Rowe SM, Moon ES, et al: Significance of laboratory and radiologie findings for differentiating between septic arthritis and transient synovitis of the 
hip, J Pediatr Orthop 23:368, 2003. 

CRP, C-reactive protein; ESR, érythrocyte sédimentation rate; WBC, white blood cell count. 


tissue and new bone is readily shown during the healing 
phase of osteomyelitis. CT identifies séquestra in chronic 
osteomyelitis (Fig. 20-4). It also is helpful in identifying alter¬ 
ations in areas poorly seen on plain films, such as the sterno- 
clavicular joint, sacroiliac joint, and spine. Contrast material 
can be used to delineate abscesses in necrotic tissue that does 
not enhance from surrounding hyperemic tissue. 

Ultrasonography can also be used to localize an abscess 
cavity, detect joint effusion, or guide a physician in the proper 
placement of the needle when obtaining aspirate from a bone 
or joint. 

Radionuclide scanning has become a useful imaging 
adjunct in the diagnosis of osteomyelitis. Although radiogra- 
phy and CT give a structural or anatomie picture, radionu¬ 
clide scanning gives a more physiologie picture. Bone 


scintigraphy does not detect the presence of infection but, 
instead, reflects inflammatory changes or the reaction of bone 
to the infection. Radionuclide scanning also is useful in 
patients with metallic implants in whom CT and MRI are of 
limited value because of contraindications and metallic- 
generated artifact, although métal subtracting software is 
improving imaging in these patients. The three most com- 
monly used radioisotopes are technetium-99m ( 99m Tc) phos¬ 
phate, gallium-67 ( 67 Ga) citrate, and indium-111 ( m In)-labeled 
leukocytes. The most common is 99m Tc phosphate, which can 
detect osteomyelitis within 48 hours after clinical onset of 
infection. The uptake of this compound is related primarily 
to osteoblastic activity, although régional blood flow also 
plays a rôle in skeletal uptake. After intravenous injection, the 
technetium is distributed rapidly throughout the extracellular 
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|§2^P A f Radiographie evidence of acute bone and 
joint infection. B f Treatment with antibiotic cernent spacer. (Cour- 
tesy of Andrew Crenshaw.) 
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compartment. Bone uptake is rapid, with more than 50% of 
the administered dose being delivered to bone within 1 hour. 
The remainder of the dye is excreted by the kidneys into the 
urine. 

The standard technique of 99m Tc phosphate imaging is to 
perform a three-phase study. Although this does not increase 
the sensitivity of the test significantly, it does increase speci- 
ficity from 74% to 94%. The three-phase bone scan consists 
of images taken in (1) the flow phase, (2) the immédiate or 
equilibrium phase, and (3) the delayed phase. The flow-phase 
image is similar to a radionuclide angiogram in that it shows 
blood flow. The equilibrium or blood pool image shows rela¬ 
tive vascular flow and distribution of the radioisotope into 
the extracellular space. The delayed-phase image generally is 
obtained 2 to 4 hours affer injection when rénal excrétion has 
eliminated most of the isotope except that taken up by osteo- 
blastic activity. This image shows osteoblastic activity and is 
positive in numerous disease States, including osteomyelitis, 
tumors, degenerative joint disease, trauma, and postsurgical 
changes. Usually a focus of osteomyelitis appears as an area 
of increased tracer uptake on delayed images. To hâve a “hot 
spot” on a bone scan, the vasculature to the involved bone 
must be intact. If blood flow to the involved area is decreased 
by subperiosteal pus, necrosis (i.e., sequestrum), joint effu¬ 
sion, vasospasm, or soff-tissue swelling, a “cold” scan may 
resuit. 

A major disadvantage of three-phase 99m Tc phosphate 
bone scintigraphy is that the increased uptake caused by 
osteomyelitis is difficult to distinguish from that caused by 
degenerative joint disease or posttraumatic or postsurgical 
changes. The relative activity in each of the three phases may 
be helpful in differentiating other causes of increased uptake. 
Cellulitis causes increased activity during the flow and equi¬ 
librium phases and a decreased or normal uptake in the 
delayed phase. Osteomyelitis causes increased uptake in ail 
three phases (Fig. 20-5). Increased uptake in the delayed phase 
but not in the flow or equilibrium phase suggests degenerative 
joint disease (Table 20-6). 99m Tc phosphate bone scans are 
unreliable in neonates (<6 weeks old) and usually are négative 
in 60% of these patients with bone or joint infections. 

67 Ga citrate is the oldest tracer and has been used to local- 
ize inflammatory lésions as well as malignant tissue. The 
mechanism of gallium déposition is contro ver sial; it seems to 
be related to increased endothélial permeability or diffusion 
by transportation as gallium-transferrin. The specificity of a 
67 Ga citrate scan alone is poor (82%). 67 Ga citrate scanning 
can be useful in osteomyelitis when it is used in conjunction 
with 99m Tc phosphate scanning. In purely reactive bone for¬ 
mation (posttraumatic or postsurgical), the intensity on the 
99m Tc phosphate scan is proportionally greater than that on 
the 67 Ga citrate scan. In areas of inflammation, however, 
gallium uptake either exceeds that of technetium in relative 
magnitude or displays a different spatial configuration of 
activity. A disadvantage of 67 Ga citrate imaging is its slow 
clearance affer injection, which requires a delay in imaging 
ranging from 24 hours affer injection for the appendicular 
skeleton to 72 hours for the axial skeleton. Specificity decreases 
in 67 Ga citrate scintigraphy when the lésion is located periph- 
erally rather than centrally. With the combination of 67 Ga 
citrate and 99m Tc phosphate scans, sensitivity and specificity 
are 70% and up to 93%, respectively, for the détection of 
osteomyelitis. 
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FIGURE 


Anteroposterior (A) and latéral (B) radiographs showing bone destruction. 



FIGURE 


CT of pelvic abscess in a child. 


m In-labeled leukocytes hâve been utilized for differenti- 
ating between osteomyelitis and réactivé bone formation. 
This scan is positive at earlier stages of osteomyelitis than 
99m Tc phosphate scintigraphy. The leukocyte scanning tech¬ 
nique involves in vitro radionuclide labeling and injection of 
autologous leukocytes, predominantly polymorphonuclear 
neutrophilie leukocytes, followed by imaging 24 to 48 hours 
later. Fifty mL of the patients venous blood is obtained, sepa- 
rated from the other blood éléments in vitro, and labeled with 
m In. The labeled leukocytes are reinjected into the patient, 
and scans are obtained at 24 hours. A scan is positive if focal 
accumulation of activity exceeds adjacent normal bone activ- 
ity. Scintigraphy with m In has been reported to be helpful in 
the diagnosis of acute osteomyelitis, but there is disagreement 
about its efficacy in chronic osteomyelitis because the latter 


is predominantly lymphocytic and may give a négative or 
“cold” scan. The m In scan also is unreliable for differentiating 
between aseptie and septic loosening of a painful arthro- 
plasty. Teller et al. did not recommend the routine use of 99m Tc 
phosphate with m In-labeled scans for detecting aseptie or 
septic loosening of arthroplasty because of the high cost asso- 
ciated with these tests and the low specificity and sensitivity 
of 78% and 64%, respectively. Prandini et al., in a meta- 
analysis, found that 99m Tc-labeled white blood cells had a 
greater sensitivity (89%) and specificity (90.1%) than 
m In-labeled white blood cells. Several authors hâve recom- 
mended prolonging the scan time until 24 hours for the 
99m Tc-labeled white blood cell scan to improve détection. 
m In-labeled monoclonal immunoglobulin is a substitute 
for m In-labeled leukocytes. It seems to be as effective as 
m In-labeled leukocytes, does not require phlebotomy, and 
avoids the risk of radiation to white blood cells and the per- 
ceived risk of malignant transformation. According to Hakki 
et al., compared with m In-labeled leukocytes and " m Tc phos¬ 
phate scintigraphy, monoclonal antibody fragment (Leu- 
koScan, Granuloscint, NeutoSpect) has better sensitivity, 
specificity, and diagnostic accuracy. In addition, these 
researchers suggested that LeukoScan is a stronger diagnostic 
tool in patients with a low leukocyte count (i.e., human 
immunodeficiency virus [HIV]-infected patients) and in 
patients with chronic osteomyelitis. However, meta-analysis 
studies show that these agents are less accurate than in vitro- 
labeled white blood cells in most patients, and a risk of aller¬ 
gie reaction (some fatal) does exist especially when repeated 
scans are necessary. These agents hâve limited availability in 
the United States; however, the quest for a more perfect 
monoclonal antibody fragment continues. The détection 
of chronic osteomyelitis, especially of the central skeleton, 
can be enhanced with a 99m Tc/ciprofloxacin (infection) scan 
and fluorine-18 ( 18 F)-fluorodeoxyglucose-labeled positron 
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CT scans showing séquestra. (Courtesy of Todd Williams.) 
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bone scan showing osteomyelitis. 


émission tomography (FDG-PET). FDG-PET is the most 
accurate test (92%) with the most positive prédictive value 
(94%). It is extremely useful for chronic infections and infec¬ 
tions already treated with antibiotics. In addition, it is more 
advantageous than an m In bone scan in that it only requires 


_ TABLE 20-6 _ yniM 

Three-Phase Bone Scan Uptake 



FLOW 

EQUILIBRIUM 

DELAYED 

Osteomyelitis 

î 

î 

î 

Cellulitis 

T 

T 

<-> 

Osteoarthritis 



î 


one injection (less exposure to body fluids by personnel and 
less radiation exposure to the patient) and is completed 
within hours instead of days. However, it is the most expen¬ 
sive and is not readily available in ail health care centers. 

MRI has been used for evaluating bone and joint infec¬ 
tions. MRI is a complex imaging method that aligns the 
body s protons along the axis of a powerful external magnetic 
field and records the motion of the protons as they return to 
the magnetic field alignment after absorbing energy from a 
radiofrequency-generating coil. Each type of tissue has its 
own unique signal characteristics. Two parameters are evalu- 
ated. The first is the écho time (TE), which is the time that 
elapses between the initial radiofrequency puise and its return 
back to the radio antenna (akin to a sonar ping). The second 
is répétition time (TR), which is the time between the applied 
consecutive radiofrequency puises to the patient (the fre- 
quency of pings). When the TR and TE are short, a Tl image 
is produced that shows fat as a high, bright signal. When the 
TR and TE are long, a T2 image is obtained that shows water 
as a bright signal. An additional signal is obtained by sup- 
pressing the fat signal; this is called short tau inversion recov- 
ery (STIR). STIR signais hâve a high négative prédictive value 
for osteomyelitis of almost 100%; however, STIR cannot be 
used to differentiate fluid collections (e.g., abscesses) from 
circumscribed soff-tissue edema. The reported abnormal 








PART VII INFECTIONS 



MRI of abscess (images on left). (Courtesy of 

Amber Turner.) 


images reflect an increase in water content, resulting from 
edema in the marrow cavity. Marrow fat is replaced by edema 
and cellular infiltrâtes that are lower in signal than fat on Tl 
images and higher in signal than fat on T2 and STIR images. 
The classic findings of osteomyelitis on MRI are a decrease in 
the normally high marrow signal on Tl images and a normal 
or increased signal on T2 images (Fig. 20-6). According to 
Boutin et al., MRI is the most appropriate tool to rule out 
cartilaginous epiphyseal infection. Mazur et al. showed that 
MRI was superior in sensitivity (97%) and specificity (92%) 
to " m Tc phosphate bone scintigraphy for détection of osteo¬ 
myelitis. MRI detects changes (e.g., lytic areas) much earlier 
in the course of disease than radiographs because it shows the 
condition of the intramedullary cavity. The signal changes 
seen on MRI are nonspecific, and anything that causes edema 
or hyperemia (e.g., fractures, tumors, and inflammatory pro- 
cesses) produces signal changes similar to that of osteomyeli¬ 
tis. Although MRI is good for detailing marrow involvement 
and discitis, it does little to detect early cortical bone 
involvement. 

Gadolinium contrast material can be added to MRI to 
help distinguish an abscess (bright signal involved abscess 
with no enhancements of the fluid within the abscess) from 
coexisting cellulitis. In addition, it enhances granulation 
tissue surrounding a sinus tract or sequestrum but does not 
enhance the tract or sequestrum in the bone. Gadolinium 
contrast does not help in differentiating osteomyelitis from 
bone marrow edema. The addition of gadolinium to increase 
détection of community-acquired staphylococcus musculo- 
skeletal infections in patients 0-18 months of âge has been 
recommended. 

In general, séquestra in sinus tracks, abscesses, and sub- 
periosteal fluid collections are ail positive MRI signs that 
suggest osteomyelitis. MRI should be reserved for patients 
with inconclusive findings, patients with infections involving 
the pelvis or spine, and patients who may require surgical 


intervention. It is extremely useful for détection of acute 
hematogenous osteomyelitis. 

In summary: 

1. Patients suspected of having musculoskeletal infection 
should hâve plain radiographs of the area in question. 

2. CT is useful in detecting bone abnormalities such as 
séquestra. 

3. Ultrasonography helps to establish if a joint effusion is 
présent and to localize needle aspiration to diagnose 
septic arthritis. 

4. A three-phase bone scan accurately detects osteomyelitis 
in nonviolated bone. If hardware is in place or if there has 
been previous trauma to the bone or a Charcot joint, for 
instance, is présent, a three-phase bone scan is only useful 
as a screening test. A white blood cell-labeled bone scan 
helps with détection of complicated osteomyelitis, and 
combining this with a colloid scan maximizes accuracy. 
This is especially useful in total joint infections and dia- 
betic feet but less so in neuropathie joints. It is not helpful 
with spinal osteomyelitis. 99m Tc-HMPAO-labled white 
blood cell count (WBC) can be helpful in detecting 
chronic récurrent multifocal osteomyelitis (CRMO). 

5. MRI shows surrounding tissue and is excellent in detect¬ 
ing osteomyelitis. Adding gallium improves détection of 
spinal osteomyelitis. 

6. FDG-PET also is helpful in the diagnosis of spinal infec¬ 
tion and chronic osteomyelitis but is not readily available 
in ail health care institutions. 

CULTURE STUDIES 

Although blood tests, radiographie imaging, and clinical 
signs ail give presumptive evidence of an infection, they do 
not suffice for an actual bactériologie diagnosis that would 
allow development of a treatment plan including correct anti¬ 
biotic sélection. The laboratory has the responsibility of iso- 
lating and identifying the offending organism and determining 
antibiotic susceptibility. This process can be easier and more 
informative when there is proper communication between 
the orthopaedic surgeon and laboratory personnel. The latter 
should be informed of patient risk factors, antibiotic therapy, 
culture site, how the culture was obtained, and what possible 
organisms are sought. 

The timing and sélection of the culture are crucial. Most 
orthopaedic infections are deep seated, and adéquate culture 
specimens are difficult to obtain. Despite this, every effort 
should be made to obtain a culture specimen before antibiotic 
therapy is begun. Cultures of superficial wounds or sinus 
tracks should not be relied on because they hâve been shown 
to be poor indicators of deep infection and usually are poly- 
microbial. Swab cultures of a sinus track give misleading 
results unless S. aureus coagulase is the prédominant isolate 
or unless a single species is isolated in pure culture. The pre- 
ferred specimen in most bacterial and yeast infections is aspi- 
rated fluid (joint or purulent fluid). A deep wound biopsy or 
a curetted specimen affer cleaning the wound is acceptable. 
In certain bacterial and fungal infections, a tissue biopsy 
specimen from the edge of the wound is préférable. Aérobic 
and anaérobie swabs are more commonly used, but aspirated 
fluid or a tissue biopsy specimen is préférable. According to 
Levine and Evans, the use of blood culture vials intraopera- 
tively for placement of aspirated fluid is more sensitive than 
swab cultures or tissue biopsy; however, others such as Wilson 
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and Winn saw no advantage in using blood culture vials or 
swabs and State that fluid sent to the laboratory in a stérile 
environment was ail that was required. Tissue specimens 
should be placed in small carbon dioxide-filled containers to 
reduce exposure to air. 

Rapid diagnostic procedures that may aid in initial 
decision-making are qualitative tests only. A Gram stain 
détermines if gram-negative or gram-positive bacteria are 
présent. Bacterial morphology and some measure of inflam¬ 
mation also can be obtained from a Gram stain. If the Gram 
stain is négative and infection is strongly suspected because 
of the presence of many acute inflammatory cells, an acridine 
orange stain using a fluorescent microscope may aid in détec¬ 
tion of gram-negative bacteria. 

When a fungal infection is suspected, a 10% potassium 
hydroxide wet mount préparation or a fluorescein calcofluor 
white stain aids in the détection of characteristic fungal mor¬ 
phology. Other spécial stains, such as acid-fast, rhodamine- 
auramine, or fluorescein-tagged antibody stains, also can help 
in making a rapid diagnosis. The development of mono clonal 
antibodies to spécifie bacterial antigens has had a major 
effect, but except for the détection of the bacterial antigens of 
H. influenzae, Neisseria meningitidis, and S. pneumoniae in 
synovial fluid, these tests are useful only in the rapid identi¬ 
fication of already isolated bacteria and not for detecting 
spécifie bacteria in a clinical specimen. 

Several different types of media are available for isolation 
and identification of bacteria. The initial specimen should be 
cultured for aérobic and facultative and strict anaérobie 
organisms. Media for these organisms should include blood 
agar, chocolaté agar for H. influenzae and Neisseria gonor- 
rhoeae , and a nutrient-enriched broth for fastidious organ¬ 
isms. Sélective media should be used when fungi or acid-fast 
bacteria are suspected. Usually an organism can be identified 
in 24 to 48 hours, but some isolâtes can take several days or 
weeks. 

Affer the organism has been isolated and identified, its 
antimicrobial sensitivity should be determined. The three 
principal ways to test sensitivity or antimicrobial effectiveness 
are (1) in vitro susceptibility testing of a bacterial isolate, (2) 
measurement of the patients inhibiting or bactericidal sérum 
level against his or her own infectious bacteria, and (3) mea¬ 
surement of actual sérum concentration of the antibiotic the 
patient is receiving. 

The National Committee for Clinical Laboratory Stan¬ 
dards provides recommendations for standardized tests and 
suggests the prototype generic antibiotic that can be tested to 
represent each class of antibiotic when in vitro antimicrobial 
susceptibilities are performed. The in vitro susceptibility 
studies are based on (1) serial dilution of the test antibiotic 
in broth or on a solid agar medium, (2) antibiotic diffusion 
from a paper dise into a solid agar medium, or (3) antibiotic 
elution from paper dise into broth. The lowest concentration 
of an antibiotic that inhibits growth of the patients isolate is 
designated the minimal inhibitory concentration (MIC). If 
the MIC level can be easily achieved in the patients sérum 
using normal dosage and route of administration, the organ¬ 
ism is said to be susceptible or sensitive. Affer the MIC has 
been determined, a subculture can be performed to déter¬ 
mine the minimal bactericidal concentration, which is the 
lowest concentration of antimicrobial agent that allows sur- 
vival of less than 0.1% of the original cultured inoculum. 
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In the dise diffusion method, the zone of inhibited growth 
around an antibiotic-impregnated dise is measured and com- 
pared with a standard test bacterium. This is reported as 
sensitive, intermediate, or résistant, depending on the mag¬ 
nitude of the zone of inhibition. Broth dise elution is used for 
anaérobie bacteria. An antibiotic-impregnated paper dise is 
placed in an anaérobie broth and incubated along with the 
bacterium to be tested. Visual results are read as “no growth” 
(sensitive) or “growth” (résistant). 

Measuring the sérum bactericidal concentration (SBC) is 
another way of measuring antimicrobial effectiveness. The 
SBC measures the activity of the patients own sérum against 
the infecting organism. The lowest dilution of the patients 
sérum that kills 99.9% of a standard inoculum is called the 
SBC. This requires that the patients sérum be obtained at 
peak and trough concentrations. This method has gained 
popularity in the treatment of pédiatrie septic arthritis and 
osteomyelitis to test the adequacy of oral antibiotic dosage. 
The oral dose is adjusted to give a peak SBC of 1:8 or 1:16 
and a trough SBC of 1:2 or higher. 

Actual antimicrobial concentration in sérum also can be 
measured. This usually is done to détermine whether an effec¬ 
tive therapeutic level is being obtained and to guide antibiotic 
dosage to avoid toxic side effects. 

Two spécial tests that can be used in orthopaedic infec¬ 
tions are quantitative tissue cultures and in vitro antibiotic 
synergism versus antagonism susceptibility. Quantitative 
tissue culture has been helpful in detecting clinically signifi- 
cant infections in burn patients. Its use in orthopaedics has 
aided in decisions regarding wound closure and antibiotic 
therapy. Affer debridement of an open wound, a 1 mL tissue 
specimen is taken and a quantitative Gram stain smear is 
obtained from 0.01 mL of an undiluted homogenate. This is 
transferred onto a clean glass microscope slide and spread in 
an area not exceeding 15 mm in diameter. Affer drying, the 
slide is Gram stained and the entire smear is examined micro- 
scopically at a magnification of lOOOx. The presence of a 
single organism in any field indicates a positive smear, sug- 
gesting ongoing infection. The remainder of the tissue 
homogenate can be serially diluted in nutrient broth for 
quantitative culture. Cultures containing 10 organisms per 
gram of tissue hâve a high probability of remaining infected 
if closed. The accuracy of quantitative microbiologie tech¬ 
niques has been reported to be 84% for Gram stain and 89% 
for culture. In vitro antibiotic testing for synergism and 
antagonism should be considered when a persistent infection 
is refractory to antibiotic treatment. This test measures the 
sum effect in vitro of two different antibiotics. 

Often, antibiotic therapy is begun before a definitive 
culture resuit is obtained, and the sélection of an antibiotic 
is based on the most probable causative bacteria, which 
varies considerably depending on âge and épidémiologie 
factors. S. aureus is most frequently isolated in infectious 
arthritis. Affer this, N. gonorrhoeae is more common in adults 
younger than 30 years, and H. influenzae type B is more 
common in children younger than 2 years. These three bac¬ 
teria, along with various Streptococcus species, constitute 
most known isolâtes in joint infections. In contrast, pros- 
thetic joint infections most often are caused by skin flora, 
such as S. epidermidis and other coagulase-négative Staphy- 
lococcus and gram-negative bacilli that are transient skin 
colonizers. Propionibacterium acnés , a nonspore forming 
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anaérobie gram-positive bacillus usually found cutaneously 
or in the respiratory or digestive System, has been recognized 
to be responsible for severe infections in orthopaedics, 
particularly in shoulder surgery. P. acnés is challenging to 
diagnose because it présents late without the usual clinical 
signs of infection and laboratory studies may be equivocal. 
Dodson et al. noted that this bacillus requires prolonged 
culture (> 8 days) for diagnosis. In addition to this, P. acnés 
has shown résistance to broad-spectrum antibiotics. 

The étiologie agent for osteomyelitis also dépends on âge, 
épidémiologie factors, and whether the osteomyelitis is 
primary or secondary. S. aureus is the most frequent isolate 
in osteomyelitis, but Salmonella organisms hâve an increased 
incidence in patients with sickle cell anémia or néonatal 
osteomyelitis. Postsurgical osteomyelitis also has a prédomi¬ 
nance of skin flora and hospital flora. This is where an indi- 
vidual hospital statistical survey of infections would be 
bénéficiai. 

Molecular diagnostic tests for détection of infections are 
still experimental, expensive, and not readily available. 
However, PCR techniques aimed at the bacterial 16 S rRNA 
DNA sequence can be performed. This identifies the presence 
of bacteria but not the spécifie organism. A high false-positive 
rate still exists, and improvements are still fortheoming with 
additional research and development. Moojen et al. hâve 
added a reverse line hybridization process that will identify 
some of the more common orthopaedic pathogens. The clini¬ 
cal usefulness of these molecular diagnostic tests is évident 
in several areas. They can identify the spécifie pathogens 
responsible for musculoskeletal infection even if prétest anti¬ 
biotics hâve already been given, can identify organisms that 
cause low-grade infections (a small concentration of organ¬ 
isms), and can rapidly recognize infections that usually hâve 
long culture times (e.g., tuberculosis). 

TREATMENT 

Treatment of an orthopaedic infection may require antimi- 
crobial and surgical treatment. Antibiotic treatment alone 
may be sufficient, but several principles should be followed. 
The organism should be accurately identified, and its antimi- 
crobial susceptibility should be determined. The correct anti¬ 
biotic, preferably bactericidal, should be chosen based on the 
MIC and SBC. The antibiotic must be delivered to the organ¬ 
ism in sufficient concentration to destroy it. 

Surgery may go hand in hand with antibiotic treatment. 
Surgery can accomplish in 1 hour what the body and anti¬ 
biotic treatment may require days or weeks to do. The pur- 
pose of surgery is augmentation of the host response. 
Debridement reduces the inoculum and removes necrotic 
and avascular bone, bacteria, and harmful bacterial products. 
Surgery is not always necessary, but it is essential when pus 
is found on aspiration or when radiographie changes of osteo¬ 
myelitis are seen, indicating pus, necrotic material, and 
chronic inflammation. If these are not présent, a trial of anti¬ 
biotic treatment is appropriate only affer culture material has 
been obtained. If the patient does not respond to antibiotic 
treatment in 36 to 48 hours, the wrong antibiotic has been 
chosen or an abscess has formed. Affer 48 hours, the sensitiv- 
ity should hâve been reported, and a correct organism spécifie 
antibiotic can be chosen. If an abscess has formed, surgery is 
indicated. 


Several routes of antibiotic treatment exist. Oral antibiot- 
ics are still the most commonly used. Intravenous application 
may be required for more serious infections that do not 
respond to oral antibiotics. Local delivery of antibiotics also 
can be bénéficiai. Polymethyl méthacrylate (PMMA) beads 
impregnated with heat-stable antibiotics (tobramycin, vanco- 
mycin, and gentamicin) hâve been used since the early 1970s. 
A 2 to 3 cm area around each bead has a high concentration 
of antibiotic. With tobramycin and vancomycin, the peak 
concentration of antibiotic delivered to local tissue occurs on 
the first day and lasts for only approximately 1 week. This 
local delivery System avoids systernie toxicity; however, it 
requires removal (usually surgical) within 4 weeks. A more 
attractive biodégradable System is the collagen-gentamicin 
sponge, which obviâtes the need for surgical removal and 
delivers higher concentrations of antibiotics than PMMA 
beads. It has been suggested that antibiotic release by this 
method may be complété within 4 days. Lac tic acid poly¬ 
merase may be the next step in local biodégradable antibiotic 
delivery Systems. This System delivers a high concentration of 
quinolines (bactericidals for probable pathogens of chronic 
osteomyelitis) for 60 days, with a peak release of antibiotics 
at day 15. An additional method of local antibiotic delivery 
is that of mixing autogenous iliac crest bone graff with piper- 
acillin or vancomycin. Rahaman et al. listed the current char- 
acteristics of the emerging biologie carriers of antibiotics 
(Table 20-7). Antibiotics must be chosen carefully. For 
example, heat-stable antibiotics are required for PMMA 
applications; quinolones hâve shown detrimental effects on 
chondrocytes and fracture healing; and tobramycin at inter- 
mediate levels of concentration (400 pg/mL) can decrease cell 
réplication. In general, vancomycin is less toxic to osteoblasts 
at high local concentrations than other aminoglycosides and 
rifampin and the quinolones should not be administered 
when bone régénération is an issue. 

In general, MSSA can be treated with nafcillin/oxacillin, 
or cefazolin. For Kingella kingae infections (best diagnosed 
with PCR technique) a beta-lactam antibiotic is recom- 
mended. For MRSA clindamycin and vancomycin are recom- 
mended. A short course of intravenous antibiotics can be 
followed with an oral antibiotic régime and avoids the use of 
a peripherally inserted central cathéter (PICC) line. This 
treatment has been shown to be equally as effective as long 
time intravenous therapy. An infectious disease consult can 
help guide the appropriate antibiotic in each patient and can 
be especially useful with the ever-changing microbial picture. 
Even though many surgical techniques hâve been described 
for the treatment of osteomyelitis (see Chapter 21), préven¬ 
tion is still the best course of action, and adhérence to the 
basic principles of treatment of infections will help achieve 
success. 


HUMAN IMMUNODEFICIENCY 
VIRUS AND HEPATITIS B AND C 

The management of patients with HIV infection or acquired 
immunodeficiency syndrome (AIDS) has reached ail fields of 
medicine. The orthopaedic surgeon may be required to treat 
HIV-positive patients in the emergency department, clinic, 
or operating room. Because of this increasing likelihood, the 
orthopaedist should know the causes, associated diseases 
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TABLE 20-7 


Characteristics of the Main Carrier Materials Used or Under Research and Development for Treating 
Bacterial Infection in Orthopaedic Surgery 

CARRIER MATERIAL 

DEGRADATION/RESORPTION OF CARRIER 

ANTIBIOTIC RELEASE PROCESS 

A. Carrier ma te riais in clinical 
applications 

Poly(methyl méthacrylate) 

(PMMA) cernent beads 

Non-biodegradable; must be removed 
upon completion of treatment 

Diffusion of antibiotic that is incorporated 
within the beads; not ail the antibiotic is 
released 

Collagen sponge 

Biodégradable 

Release of impregnated antibiotic by a 
combination of mechanisms; rapid antibiotic 
release; effective when used as an adjunct to 
systemic antibiotic treatment 

Calcium sulfate beads or pellets 

Biodegradable/resorbable 

Diffusion through cernent or dissolution of 
beads/pellets impregnated with antibiotic; 
rapid rate of calcium sulfate dégradation, 
loss of strength and antibiotic release 

B. Carrier mate riais under 
research and development 

Polyesters (PGA; PLA; PLGA) 

Biodégradable 

Diffusion through bulk eroding carrier and/or 
érosion of carrier; antibiotic release can be 
modified by the properties of the polymer 

Calcium phosphates: 

Porous HA or beta-TCP 
granules and scaffolds 

Calcium phosphate cernent 

Bioactive glass: 

Particles or porous scaffolds 

Composites composed of 
bioactive glass particles in a 
calcium phosphate cernent or 
polymer matrix 

Slow résorption of HA; more rapid 
résorption of beta-TCP 

Slow résorption 

Glass dégradés and converts to HA 

Glass dégradés and converts to HA 
while matrix dégradés 

Desorption from surface of impregnated 
granules or scaffolds 

Diffusion of antibiotic through the slowly- 
degrading cernent 

Release of ions by dissolution of the glass or 
diffusion through the glass 

Release of antibiotics by diffusion through 
the biodégradable matrix or dissolution of 
the matrix 


From Rahaman MN, Bal BS, Huang W: Review: emerging developments in the use of bioactive glasses for treating infected prosthetic joints, Mater Sci Eng C41:224, 
2014. 

Ha, hydroxylapatite; PGA, polyglycolic acid; PM, polylactic acid; PLGA, copolymer of PLA and PGA; TCP, tricalcium phosphate. 


affecting the musculoskeletal System, the risks of transmis¬ 
sion, and précautions in regard to this infection. 

AIDS was diagnosed in 1981 in several patients with 
disease complexes previously seen only in patients with 
immunodeficiencies of known causes. Affer the diagnosis of 
AIDS, HIV was identified and was found to cause this disease 
complex. Two strains of HIV hâve been identified: HIV-1, 
which is the strain most common in the United States, and 
HIV-2, which has been reported primarily in Europeans, 
Africans, and rarely in the United States. 

AIDS is caused by HIV, a human RNA retrovirus. This 
group of RNA viruses has the ability to produce reverse tran¬ 
scriptase, which converts RNA to DNA and incorporâtes 
into the host chromosome. The HIV retrovirus is trophic 
for the CD4 surface receptors of T lymphocytes. The virus 
causes deregulation and destruction of these T lymphocytes, 
ultimately resulting in an immunodeficient State. Initial infec¬ 
tion results in stimulation of B cells and an initial increase 
in the number of suppresser and T killer cells, followed 
by a progressive décliné in the number of circulating CD4 


lymphocytes over several years. When the CD4 cell count is 
less than 200/mm 3 , opportunistic infections occur and clini- 
cal manifestations of AIDS begin. 

This progressive destruction of the body s immune func- 
tion leaves an individual susceptible to a variety of infections, 
malignancies, and neuropsychiatrie abnormalities. Pneumo- 
cystis jiroveci pneumonia and malignancies such as Kaposi 
sarcoma are the most common opportunistic diseases associ- 
ated with AIDS in the United States. 

Four stages of HIV infection hâve been identified, 
although not ail individuals infected with HIV go through ail 
four stages. The stages are (1) acute primary HIV infection, 
(2) chronic asymptomatic HIV infection, (3) symptomatic 
HIV infection, and (4) advanced HIV-associated opportunis¬ 
tic disease or AIDS. Acute primary HIV infection appears 
clinically similar to infectious mononucleosis and occurs 2 to 
6 weeks affer viral transmission. Clinical features include 
pharyngitis, dysphagia, lymphadenopathy, rash, fever, fatigue, 
hepatosplenomegaly, and leukopenia. This stage is self- 
limiting, and most patients do not seek medical attention. 
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Within 3 months after viral transmission, most patients 
develop positive serology, and virtually ail patients serocon- 
vert by 6 months, although delayed séroconversion 1 year 
after infection has been reported. After acute infection, a 
prolonged period ranging from 5 to more than 15 years of 
symptomless, chronic infection ensues. In the third stage 
(AIDS-related complex), the HIV-infected patient is no 
longer symptom free but has not yet developed AIDS-defining 
opportunistic infection as defined by the CDC or an absolute 
CD4 cell count of less than 200/mm 3 . In the final stage, a 
potentially life-threatening opportunistic disease develops as 
a resuit of the severe cell-mediated immunodeficiency. The 
épidémiologie data on HIV transmission overwhelmingly 
indicate that the virus is transmitted through sexual, paren¬ 
téral, and maternai-infant routes. HIV has been isolated from 
many organs and tissues, including bone. Blood, semen, 
vaginal sécrétions, bone, breast milk, and possibly saliva hâve 
been implicated in HIV transmission. With current screening 
of donors and HIV testing techniques, the risk of HIV infec¬ 
tion per unit of blood transfused is 1 in 2 million. Although 
the risk from any single transfusion is low, each transfusion 
has the potential to be fatal. This potential has increased 
physician awareness and decreased the elective use of alloge- 
neic blood. When an individual does become infected from 
a transfusion, the development of AIDS seems to be more 
rapid than with other forms of transmission. In the United 
States, two donors were responsible for the transmission of 
HIV in four musculoskeletal grafts in 1985 and 1988. No 
further transmissions of HIV through allografts hâve been 
reported since 1988. However, the risk of transmission of 
HIV through allografts is estimated to be 1 in 1.6 million (one 
to two cases every 2 years) related to the fact that a window 
period still exists between testing methods and the patient 
having détectable viral antibodies. Nucleic antibody testing 
has a window period for HIV and hepatitis C of 7 days and 
8 days for hepatitis B. Additionally, there has been one 
reported case of hepatitis B and two of hepatitis C, with the 
most recent occurring in 2002. With better screening tech¬ 
niques including patient history and sérologie and nucleic 
acid testing, rates remain low. Additionally, Chemical steril- 
ization techniques hâve also decreased the opportunity for 
disease transmission through allografts. The current risk of 
acquiring an infection from the allograft remains well below 
the overall perioperative nosocomial risk. Intraoperative cul- 
turing of the allograft has a low sensitivity and is generally 
not recommended. However, it is important that each surgeon 
knows the spécifications of the tissue bank that he or she uses 
and to ensure that it is American Association of Tissue Banks 
(AATB) accredited (Table 20-8). 

DIAGNOSTIC TESTS 

Because the sérologie tests currently used for the détection of 
HIV dépend on the formation of antibodies by the infected 
patient, there is a period of time known as the “window 
period” during which the patient is infectious before the 
appearance of the HIV antibodies. Most patients (approxi- 
mately 99%) develop antibodies to HIV within 6 months of 
the initial infection, but delayed séroconversion (after 1 year) 
has been reported. Reliance on a single test may give a false 
sense of security. 

The enzyme-linked immunosorbent assay (ELISA) was 
developed to test antibodies to the retrovirus. Because it is a 


_ TABLE 20-8 

Process of Allograft Procurement and Storage 


Donor 

screening 


Tissue harvest 


Precluded by history of autoimmune 
disease 

Ingestion or exposure to toxic substances 
Rheumatoid arthritis 
Systemic lupus erythematosus 
Polyarteritis nodosa 
Sarcoidosis 

Clinically significant bone disease 
Blood testing must be négative for 
antibodies to HIV 
Nucleic acid test for HIV-1 
Hepatitis B surface antigen 
Total antibody to hepatitis B core antigen 
Antibodies to hepatitis C virus 
Nucleic acid test for hepatitis C virus 
Antibodies to human T-lymphotropic virus 
Syphilis 

Within 24 hours of death if body cooled 
Within 15 hours of death if body not 
cooled 

Aseptie technique 

Tissue cultured before processing 


Disinfection: Antibiotic soaks 

removal of 

contaminants 


Secondary Ethyl oxide, other Chemical sterilants 

sterilization: Gamma/electron-beam irradiation 

destruction of Proprietary protocols (i.e., Allowash, 
ail life forms BioClense, Clearant) 


Storage Fresh allograft (use within 24 days) 

Fresh-freezing (3-7 years) 
Cryopreservation (up to 10 years) 
Lyophilization (3-5 years at room 
température) 


Adapted from Azar FM: Tissue processing: rôle of secondary sterilization tech¬ 
niques, Clin Sports Med 28:191, 2009. 


sérologie test, the détection of HIV antibodies by ELISA indi- 
cates a past infection. The antibodies usually increase to levels 
détectable by this test in 1 to 3 months. If the test is reactive, 
it is repeated; if it remains reactive, a confirmatory test, 
usually a Western blot, is performed. According to the CDC, 
the sensitivity of the ELISA is at least 99% when it is per¬ 
formed under optimal laboratory conditions on sérum spéci¬ 
mens from individuals infected for 3 months or longer. The 
ELISA was designed to be overly sensitive and is more likely 
to produce false-positive than false-négative results. The most 
frequent reason for a false-négative resuit is that the infected 
individual had not yet developed antibodies to HIV at the 
time of testing. 

CONFIRMATORY TESTS 

The Western blot test is the most common confirmatory test. 
It is far less likely to produce false results, but they do occur. 
The probability of obtaining false-positive tests with the 
ELISA and Western blot testing sequence in a population 
with a low incidence of infection has been estimated to be 1 
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in approximately 350,000. Other confirmatory tests are the 
antigen détection test, in situ hybridization test, indirect 
immunofluorescence assay, radioimmunoprécipitation assay, 
and polymerase chain reaction test. The CD4 lymphocyte 
count is not a diagnostic test but rather a measurement of the 
degree of immunosuppression. 

MUSCULOSKELETAL SYNDROMES 
IN HUMAN IMMUNODEFICIENCY 
VIRUS-INFECTED PATIENTS 

The most common musculoskeletal syndromes in HIV- 
infected patients are manifestations of drug toxicity, réactivé 
arthritis, infectious arthritis, myositis, tendinitis, and bursitis. 
Osteopenia and osteoporosis are increasing in HIV-infected 
patients being treated with highly active antirétroviral therapy 
(HAART) and must be as aggressively treated as patients 
without HIV. General principles to be kept in mind when 
evaluating an HIV-infected patient with musculoskeletal 
problems include the following: (1) Any musculoskeletal syn¬ 
drome that occurs in non-HIV-infected patients can occur 
in HIV-infected patients; (2) HIV infection can alter the clini- 
cal présentation, severity, and course of musculoskeletal 
problems; and (3) early diagnosis of infections is especially 
important to prevent their spread in an immunocompro- 
mised patient (Table 20-9). 

Reactive arthritis usually occurs in the foot and ankle. 
Tendinitis involving the Achilles tendon and the anterior and 
posterior tibial tendons is common. Septic arthritis occurs 
more commonly in intravenous drug abusers and hemophili- 
acs who hâve become infected with HIV. Gram-positive bac- 
teria, such as S. aureus and S. pneumoniae, commonly found 
in noninfected patients with septic arthritis and bursitis, also 
are the most frequently reported organisms causing septic 
arthritis and bursitis in HIV-infected individuals. Primary 
osteomyelitis has been reported in HIV-infected patients, but 
usually it is the resuit of direct extension from a septic joint. 


_ TABLE 20-9 W : 

Musculoskeletal Syndromes in Human 
Immunodeficiency Virus-lnfected Patients 


CONDITION 

COMMENTS 

Arthralgias 

Causes include systemic bacterial 
infection, inflammation, drug toxicity 

Reactive arthritis 
(Reiter syndrome) 

Possibly more severe in HIV disease 

Psoriatic arthritis 

Most commonly Staphylococcus 
aureus or Streptococcus pneumoniae 

Osteomyelitis 

Reported in HIV disease as a resuit 
of extension of infection from septic 
joint 

MYOSITIS 

Pyomyositis 

Focal pain, tenderness 

Idiopathic 

Focal pain, tenderness 

From zidovudine 

Usually résolves when zidovudine is 
discontinued 


From Lane N: HIV disease and arthritis: diagnostic and therapeutic dilemmas. In 
Cohen PT, Sande MA, Volberding PA (editors): The AIDS knowledge base, Boston, 
Little, Brown, 1994. 


An HIV-infected patient with a total joint prosthesis may be 
at an increased risk for infection as immunosuppression 
progresses. 

Muscle pain or myositis is a common complaint in HIV- 
infected patients, including idiopathic polymyositis, poly- 
myositis secondary to zidovudine toxicity, and pyomyositis. 
Idiopathic polymyositis and zidovudine polymyositis hâve 
similar signs and symptoms. Patients complain of muscle 
weakness and hâve elevated creatine phosphokinase levels, 
and muscle biopsy specimens show myofibril necrosis and 
associated inflammation. Pyomyositis, usually caused by S. 
aureus, can présent as a solitary abscess or multiple abscesses 
within the muscle. The patient has fever, localized muscle 
pain, swelling, and erythema. Aspiration and systemic anti¬ 
biotics usually are adéquate treatment of pyomyositis, but 
surgical incision and drainage are occasionally necessary. 

RISKS AND PREVENTION 

The risk of orthopaedic surgeons contracting HIV infection 
from patients is unknown at this time. However, no docu- 
mented séroconversion has ever been reported in orthopae¬ 
dic surgeons. According to the CDC report through 2006, no 
new documented cases of HIV séroconversion hâve occurred 
in any health care worker since 2000. It is important for health 
care personnel to continue universal précautions to continue 
to keep the risk low. The potential for disease transmission 
still exists. Three factors that must be known to calculate an 
orthopaedic surgeons risk of incurring HIV from punctures 
in the operating room are (1) the frequency of punctures, (2) 
the percentage of surgical patients who are HIV positive, and 
(3) the risk of HIV transmission per needle stick from known 
HIV-positive patients. 

At the end of 2013, it was estimated by the World Health 
Organization that approximately 35 million people world¬ 
wide were infected with HIV, and approximately 39 million 
had died of HIV-related diseases. Individuals with new infec¬ 
tions in 2013 numbered 2.1 million. At the end of 2008 
women accounted for 50% of ail adults worldwide with HIV 
infection. In the United States, it has been estimated that 0.4% 
of the population is HIV-positive with approximately 21% of 
positive patients unaware of their HIV infection. The exact 
prevalence of HIV-infected patients in a spécifie surgeons 
practice is impossible to calculate without prospective testing; 
however, it has been reported to be 10%, with régional and 
local variations in that trauma centers hâve a greater preva¬ 
lence of HIV-infected patients. According to the CDC in 
1986, the overall prevalence of HIV infection was 1% of the 
U.S. hospital population admitted for reasons other than HIV 
infection. The CDC reported in 1993 that only 30% of HIV- 
infected patients were recognized at the time of treatment. By 
2006, 57 cases of documented occupational HIV infection in 
health care workers (nurses and medical technicians make up 
the vast majority) had been reported in the United States, and 
approximately 140 additional cases had a possible occupa¬ 
tional etiology for HIV infection. Most (48) were related to a 
single percutaneous needle stick. 

Lemaire and Masson noted that 6% to 50% of operations 
resuit in at least one blood contact between patient and health 
care worker, and 1.3% to 15.4% of procedures involve a sharp 
injury. Risk decreased with surgical expérience but increased 
with operative time. Fitch et al. found that the greatest risk 
for occupational transmission of HIV involved parentéral 
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injection of blood through orthopaedic pins or hollow-core 
needles. No cases of transmission from solid-core needles or 
exposure of an open wound to blood hâve been documented. 
Other potential sites of transmission include mucous mem¬ 
branes and isolated skin exposure. Risk increases with 
increased viral load of the patient, quantity of blood injected, 
and depth of inoculation. Based on data obtained by the 
American Board of Orthopaedic Surgeons, the estimated 
puncture rate for the orthopaedic attending physician is 2.8%, 
averaging approximately 10 punctures a year. In 1998, the 
CDC estimated that the percentage of HIV-positive patients 
averaged 1% to 5.6%, depending on the géographie area and 
the type of practice. The risk of transmission per needle stick 
has been estimated by the CDC to be approximately 0.3%. 
These figures put the annual risk to the orthopaedic surgeon 
between 0.025% and 0.5%, a cumulative (>40 years of prac¬ 
tice) risk of 0.6%. The risk of transmission of HIV from an 
infected orthopaedic surgeon to a noninfected patient has not 
been reported. 

In the absence of an effective means of prophylaxis, 
including a vaccine, the chief defense against HIV infection 
is the prévention of its transmission. Health care workers at 
risk are those most prone to sustain needle sticks, cuts, and 
skin tears in the presence of contaminated body fluids and 
tissues. The cases of HIV transmission through wounds 
underscore the importance of infection control procedures, 
especially in the operating room. 

During orthopaedic surgical procedures, contact with 
blood and other body fluids containing blood in gross or 
microscopie amounts is frequent (3.7%). Lacérations from 
bone fragments and edges and cuts and needle sticks must be 
avoided. The estimated risk affer a mucocutaneous exposure 
was reported to be 0.09% based on one séroconversion in six 
studies. The American Academy of Orthopaedic Surgeons 
(AAOS) has developed several basic recommendations for 
procedures in the operating room (Box 20-1). These précau¬ 
tions involve wearing surgical gowns that offer protection 
against contact with blood, using nontouch techniques for 
surgery and suturing, not passing sharp instruments from 
hand to hand (establishing a “hands-free” zone), and proper 
removal of contaminated gowns and postoperative scrub. 
Spécifie recommendations by the AAOS can be found in their 
information statement Preventing the Transmission of Blood- 
borne Pathogens (2012). 

Chemoprophylaxis for occupational exposure to HIV is 
controversial. The most effective means of avoiding occupa¬ 
tional HIV séroconversion is the employment of universal 
précautions. The practice of using protective eyewear is 
advised because projection of blood causes 3% to 5% of con¬ 
taminations. Standard eyeglasses may provide protection 
because less than 5% of contamination has been found to be 
présent on the protective side flaps of wraparound eye protec- 
tors. Double gloving reduces the risk of blood contact from 
29% to 13%; however, the gloves must be changed at least 
every 2 hours or every hour for trauma cases. Indicator gloves 
also can be used to alert the surgeon to breaks in glove 


protection. Kevlar gloves should be used when bone frag¬ 
ments are présent or saws are used. 

Affer exposure of a health care worker to blood, a rapid 
HIV test should be performed on the source. If it is négative, 
no chemoprophylaxis should be offered. However, if it is posi¬ 
tive, chemoprophylaxis should be offered. The rapid HIV test 
does hâve a low false-positive rate; therefore, ail positive 
results should be followed with standard enzyme immunoas- 
say and a Western blot assay. The test also will not identify 
HIV-positive patients if they hâve been infected less than 3 
months. A decrease in séroconversion rates of 79% has been 
shown with the use of chemoprophylaxis affer exposure using 
zidovudine and lamivudine, chain terminators for reverse 
transcriptase. Adding the protease inhibitor, indinavir, further 
decreases antirétroviral activity. These drugs should be started 
within 2 hours of exposure and generally are recommended 
for at least a 4-week course. In 2013, the CDC updated the 
U.S. Public Health Service guidelines for the management of 
occupational exposures to HBV, HCV, and HIV; recommen¬ 
dations for chemoprophylaxis can be found in Tables 20-10 
and 20-11. The most current postexposure prophylaxis (PEP) 
drug regimen can be found at the National HIV/AIDS Clini- 
cians Consultation Center (http://www.ucsf.edu/hivcntr). 
Also questions about PEP can be answered at National Clini- 
cians postexposure prophylaxis hot line (PEPline) at (888) 
HIV-4911. Most exposures to HIV-infected blood do not 
cause séroconversion. No confirmed cases of occupational 
HIV transmission to a healthcare professional has occurred 
since 1999, and as of 2010, only 57 documented and 143 pos¬ 
sible transmissions hâve been reported in the United States. 
Again, there is only a 0.3% chance of séroconversion affer 
exposure to a patient with HIV. More simply stated, three of 
every 1000 exposures if leff untreated will resuit in HIV séro¬ 
conversion. Therefore the toxicity of a chemoprophylactic 
regimen must be considered before the initiation of treat- 
ment. If available, consultation with infectious disease expert 
is recommended. 

Additional concern for bloodborne pathogens extends to 
hepatitis. Approximately 10,000 health care workers become 
infected with the hepatitis B virus (HBV) annually affer an 
occupational exposure. Occupational exposure of health care 
workers to HBV-infected patients can resuit in disease trans¬ 
mission up to 30% of the time. The development of a vaccine 
for hepatitis B virus has resulted in a decrease of transmission 
and is recommended for most health care workers. Affer vac¬ 
cination it is recommended that the health care worker be 
tested to ensure proper antibody response has occurred. If it 
has not, a repeat round of vaccination is warranted. Few 
health care workers remain nonresponders and should be 
identified. The risk of hepatitis C has continued to increase. 
There is no PEP recommendation affer contact with hepatitis 
C virus (HCV). However, effective treatment is available, 
which can lower the risk of developing chronic HCV infec¬ 
tion. Universal précautions should be used to decrease the 
risk of séroconversion from these pathogens. Séroconversion 
rates are listed in Table 20-12. 
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Recommendations for Safety during Procedures And Examinations 


Hand Hygiene 

■ Hands should be cleaned with alcohol-based hand rub if 
not visibly soiled or washed with either plain or antimicrobial 
soap before and immediately after each patient contact. 

■ Gloves are not a substitute for hand washing. 

■ Gloves should be worn during any procedure that may 
resuit in contact with blood or body fluids and when han- 
dling needles or other sharp instruments (the volume of 
blood transmitted by a needle stick is reduced by 50% when 
the needle first passes through a glove). Double gloving is 
recommended. 

■ For procedures such as dressing changes or pin removals, 
gloves, protective eye cover (not just prescription glasses), 
masks, gowns, and shoe covers should be worn as 
necessary. 

Surgical Garb 

■ Appropriate footwear such as boots or surgical shoe covers 
should be worn to prevent skin exposure outside of the 
surgical field. 

■ Surgical gown should be worn during ail surgical 
procedures. 

■ Double gloves should be worn during ail surgical procedures 
and the outer pair changed at least every 2 hours. 

■ Reinforced gloves should be worn when sharp instruments 
and devices are used or when bone fragments are likely to 
be encountered. 

■ Head covers and facemasks should be worn during surgical 
procedures with facemasks changed if they become splat- 
tered or moist. 

■ Goggles are better than glasses, but face shields offer the 
greatest level of protection. 

Handling of Sharp Instruments 

■ Sharp instruments should not be left unattended in surgical 
field. 

■ Sharp instruments should not be passed from hand to hand 
but on intermediate trays, announcing when they are being 
passed. 

■ The location of a returned sharp instrument should be 
announced. 

Surgeon Supervision 

■ Surgeons supervising trainees should take expérience into 
considération when assigning rôles. 


■ In advance of the procedure, surgeons should inform surgi¬ 
cal team of aspects that place them at a higher risk. 

■ Surgeons should periodically remind surgical team of the 
importance of caution. 

Suturing 

■ No-touch suturing techniques should be used whenever 
possible. 

■ Sutures should not be tied with the suture needle in the 
surgeon's hand. 

■ Blunt suture needles are recommended when their use is 
technically feasible. 

■ Two surgeons should not suture the same wound 
simultaneously. 

Spécial Considérations 

■ Exposed ends of ail orthopaedic pins should be securely 
covered with plastic caps or other appropriate devices. 

■ The points of pins that hâve passed through soft tissue or 
bone should be eut off. 

■ Ail power tools should be inspected before and after each 
use to ensure they are properly maintained. 

■ When using power tools, appropriate surgical attire should 
be worn to prevent exposure to blood or aérosols contain- 
ing blood and to reduce the likelihood of bone chips con- 
tacting the surgeon's eyes. 

After the Surgical Procedure 

■ Care should be taken not to contaminate areas outside of 
the surgical field. 

■ The outside layer of gloves should be changed before apply- 
ing the dressing. 

■ Contaminated drapes should be removed and discarded 
into a biohazard container. 

■ Clean, nonsterile gloves should be used to handle operating 
equipment not grossly contaminated and the gloves dis¬ 
carded thereafter and hand washing commenced. 

■ Ail contaminated clothing should be removed in a manner 
that avoids contact with blood. 

■ Ail contaminated materials from the procedure should be 
placed in appropriate biohazard bags or containers and 
discarded. 

■ Instruments and other reusable equipment should be disin- 
fected and sterilized. 


Data from American Academy of Orthopaedic Surgeons Information Statement on Preventing the Transmission of Bloodborne Pathogens, www.aaos.org. Accessed 
January 2015. 
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TABLE 20-10 ^ 

Human Immunodeficiency Virus (HIV) Postexposure Prophylaxis (PEP) Regimens 


Preferred HIV PEP Regimen 

Raltegravir (Isentress; RAL) 400 mg PO twice daily 
plus 

Truvada, 1 PO once daily 

(Tenofovir DF [Viread; TDF] 300 mg + emtricitabine [Emtriva; FTC] 200 mg) 

Alternative Regimens 

(May combine 1 drug or drug pair from the left column with 1 pair of nucleoside/nucleotide reverse-transcriptase inhibitors 
from the right column; prescribers unfamiliar with these agents/regimens should consult physicians familiar with the agents 
and their toxicities.* *) 


Raltegravir (Isentress; RAL) 

Darunavir (Prezista; DRV) + ritonavir 
(Norvir; RTV) 

Etravirine (Intelence; ETR) 

Rilpivirine (Edurant; RPV) 

Atazanavir (Reyataz; ATV) + ritonavir 
(Norvir; RTV) 

Lopinavir/ritonavir (Kaletra; LPV/RTV) 


Tenofovir DF (Viread; TDF) + 
emtricitabine (Emtriva; FTC); available 
as Truvada 

Tenofovir DF (Viread; TDF) + lamivudine 
(Epivir; 3TC) 

Zidovudine (Retrovir; ZDV; AZT) + 
lamivudine (Epivir; 3TC) available as 
Combivir 

Zidovudine (Retrovir; ZDV; AZT) + 
emtricitabine (Emtriva; FTC) 


The following alternative is a complété fixed-dose combination regimen, and no additional antiretrovirals are needed: 
Stribild (elvitegravir, cobicistat, tenofovir DF, emtricitabine) 

Alternative Antirétroviral Agents for Use as PEP Only with Expert Consultation 
Abacavir (Ziagen; ABC) 

Efavirenz (Sustiva; EFV) 

Enfuvirtide (Fuzeon; T20) 

Fosamprenavir (Lexiva; FOSAPV) 

Maraviroc (Selzentry; MVC) 

Saquinavir (Invirase; SQV) 

Stavudine (Zerit; d4T) 

Antirétroviral Agents Generally Not Recommended for Use as PEP 

Didanosine (Videx EC; ddl) 

Nelfinavir (Viracept; NFV) 

Tipranavir (Aptivus; TPV) 

Antirétroviral Agents Contraindicated as PEP 

Nevirapine (Viramune; NVP) 


From Kuhar DT, Henderson DK, Struble KA, et al: Updated US public health service guidelines for the management of occupational exposures to human immunodefi¬ 
ciency virus and recommendations for postexposure prophylaxis, Infect Contr Hosp Epidemiol 34: 875, 2013. 

*The alternative regimens are listed in order of preference; however, other alternatives may be reasonable based on patient and clinical preference. 

DF, Disoproxil fumarate; PO, per os. 
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TABLE 20-11 ^ 

Recommended Postexposure Prophylaxis Regimens for Hepatitis B and C 


INFECTION SOURCE PATIENT'S DISEASE STATUS STATUS OF EXPOSED PERSON REGIMEN 


Hepatitis B virus Hepatitis B surface antigen positive 


Unvaccinated 


Previously vaccinated 
with documented 
inadéquate response* * 

Previously vaccinated, 
nonresponder* 


Previously vaccinated 
with adéquate response + 


A single dose of hepatitis B immune 
globulin, 0.06 mL per kg IM within 
24 hours of exposure, followed by 
hepatitis B vaccine sériés 
A single dose of hepatitis B immune 
globulin, 0.06 mL per kg IM within 
24 hours of exposure, followed by 
hepatitis B vaccine booster 
A single dose of hepatitis B immune 
globulin, 0.06 mL per kg IM within 
24 hours of exposure, followed by 
hepatitis B vaccine sériés 
Or 

Hepatitis B immune globulin, 0.06 mL 
per kg IM twice within 24 hours of 
exposure, for individuals who did not 
respond to two vaccine sériés 
None 


Hepatitis C virus Anti-hepatitis C virus positive with Hepatitis C séronégative None available 
détectable hepatitis C virus RNA 


From Bader MS, McKinsey DS: Postexposure prophylaxis for common infectious disease, Am Fam Physician 88:25, 2013. 

*Serum levels of hepatitis B surface antigen antibodies <10 MIU/mL. 

^erum levels of hepatitis B surface antigen antibodies >10 MIU/mL. 

IM, Intramuscularly. 


TABLE 20-12 

Risk of Séroconversion after Exposure 


Human immunodeficiency virus 0.3% 

Hepatitis C virus 1.8% 

Hepatitis B virus 30% 
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Osteomyelitis has long been one of the most difficult and chal- 
lenging problems confronted by orthopaedic surgeons. Cur- 
rently, morbidity and mortality from osteomyelitis are relatively 
low because of modem treatment methods, including the use 
of antibiotics and aggressive surgical treatment. The key to suc- 
cessful management is early diagnosis and appropriate surgical 
and antimicrobial treatment. A multidisciplinary approach is 
required, involving an orthopaedic surgeon, an infectious 
disease specialist, and a plastic surgeon in complex cases with 
significant soft-tissue loss. Osteomyelitis is defined as an 
inflammation of the bone caused by an infecting organism. The 
infection may be limited to a single portion of the bone or may 
involve numerous régions, such as the marrow, cortex, perios- 
teum, and the surrounding soft tissue. The infection generally 
is due to a single organism, but polymicrobial infections can 
occur, especially in the diabetic foot. 

CLASSIFICATION 

Classification of osteomyelitis is based on numerous criteria, 
such as the duration and mechanism of infection and the type 
of host response to the infection. Osteomyelitis can be classi- 
fied as acute , subacute , or chronic, depending on the duration 
of symptoms. The time limits defining these classes are arbi- 
trary, however. The mechanism of infection can be exogenous 
or hematogenous. Exogenous osteomyelitis is caused by open 
fractures, surgery (iatrogénie), or contiguous spread from 
infected local tissue. The hematogenous form results from 
bacteremia. Osteomyelitis also can be classified as pyogénie or 
nonpyogenic based on the host response to the disease. Cierny 
and Mader proposed a classification System for chronic osteo¬ 
myelitis based on host factors and anatomie criteria. This 
System is described further in the section on chronic 


osteomyelitis. Classification in this chapter is based on dura¬ 
tion of symptoms (acute, subacute, and chronic) and mecha¬ 
nism of infection (exogenous or hematogenous). 


ACUTE HEMATOGENOUS 
OSTEOMYELITIS 

Acute hematogenous osteomyelitis is the most common type 
of bone infection and usually is seen in children. The inci¬ 
dence of acute hematogenous osteomyelitis has decreased 
dramatically over the past several décades. A higher standard 
of living and improved hygiene probably hâve contributed to 
this trend. Acute hematogenous osteomyelitis is more 
common in males in ail âge groups affected. It is caused by a 
bacteremia, which is a common occurrence in childhood. 
The causes of bacteremia are many. Bactériologie seeding of 
bone generally is associated with other factors such as local- 
ized trauma, chronic illness, malnutrition, or an inadéquate 
immune System. In many cases, the exact cause of the disease 
cannot be identified. 

In children, the infection generally involves the metaphy- 
ses of rapidly growing long bones. Bacterial seeding leads to 
an inflammatory reaction, which can cause local ischémie 
necrosis of bone and subséquent abscess formation. As the 
abscess enlarges, intramedullary pressure increases causing 
cortical ischemia, which may allow purulent material to 
escape through the cortex into the subperiosteal space. 
A subperiosteal abscess then develops (Fig. 21-1). If leff 
untreated, this process eventually results in extensive forma¬ 
tion of séquestra and in chronic osteomyelitis. The âge distri¬ 
bution of acute hematogenous osteomyelitis in children is 
bimodal, generally affecting children younger than âge 2 
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Pathophysiology of hematogenous seeding. 
When under pressure, exudate or abscess can extend through 
Volkmann canals into subperiosteal région and from there into 
medullary cavity or epiphysis. 


years and children between the âges of 8 to 12 years. Half of 
ail children with osteomyelitis are younger than 5 years of âge. 
The effects of osteomyelitis in children vary with âge based 
on différences in blood supply and the anatomie structure of 
the bone. 

In children younger than 2 years, some blood vessels 
cross the physis and may allow the spread of infection into 
the epiphysis. For this reason, infants are susceptible to limb 
shortening or angular deformity if the physis or epiphysis is 
damaged by infection. Otherwise, the physis acts as a barrier 
that prevents the direct spread of a metaphyseal abscess into 
the epiphysis. The metaphysis has relatively fewer phagocytic 
cells than the physis or diaphysis, allowing infection to occur 
more easily in this area. A resulting abscess breaks through 
the thin metaphyseal cortex, forming a subperiosteal abscess. 
The diaphysis rarely is involved, and extensive séquestration 
occurs infrequently except in the most severe cases. 

In children older than 2 years, the physis effectively acts 
as a barrier to the spread of a metaphyseal abscess. Because 
the metaphyseal cortex in older children is thicker, however, 
the diaphysis is at greater risk in these patients. If the infec¬ 
tion spreads into the diaphysis, the endosteal blood supply 
may be jeopardized. With a concurrent subperiosteal abscess, 
the periosteal blood supply is damaged and can resuit in 
extensive séquestration and chronic osteomyelitis if not prop- 
erly treated. 

Affer the physes are closed, acute hematogenous osteo¬ 
myelitis is much less common. Hematogenous seeding of 
bone in adults is offen seen in a compromised host. Although 
it can occur anywhere and in any part of the bone, generally 
the vertébral bodies are affected. In these patients, abscesses 
spread slowly and large séquestra rarely form. If localized 
destruction of cortical bone occurs, pathologie fracture can 
resuit (Fig. 21-2). 



Pathologie fracture after destruction of cortical 


bone by infection. 


Spread of infection to a contiguous joint also is affected 
by the patients âge. In children younger than 2 years, the 
common blood supply of the metaphysis and epiphysis 
crosses the physis and can allow spread of a metaphyseal 
abscess into the epiphysis and eventually into the joint. The 
hip joint is the most commonly affected in young patients; 
however, the physes of the proximal humérus, radial neck, 
and distal fibula also are intraarticular, and infection in these 
areas can lead to septic arthritis as well. In severe infection, 
epiphyseal séparation can occur in children younger than 2 
years (Fig. 21-3). In older children, this common circulation 
is no longer présent, and septic arthritis is rare. Affer the 
physes are closed, infection can extend directly from the 
metaphysis into the epiphysis and involve the joint. Septic 
arthritis resulting from acute hematogenous osteomyelitis is 
generally seen only in infants and adults. 

Staphylococcus aureus is the most common infecting 
organism found in older children and adults with osteomy¬ 
elitis. Gram-negative bacteria hâve been found to cause an 
increasing number of vertébral body infections in adults. 
Pseudomonas is the most common infecting organism found 
in intravenous drug abusers with osteomyelitis. Fungal osteo¬ 
myelitis is seen increasingly in chronically ill patients receiv- 
ing long-term intravenous therapy or parentéral nutrition. 
Salmonella osteomyelitis has long been associated with sickle 
cell or sickle cell C hemoglobinopathies. This infection tends 
to be diaphyseal rather than metaphyseal (Fig. 21-4). 

In infants with acute hematogenous osteomyelitis, 
S. aureus is still a frequent isolate, but group B Streptococcus 
and gram-negative coliforms also are commonly found. 
S. aureus or gram-negative organisms are the usual cause of 
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Epiphyseal séparation caused by infection in young child. 



orthopaedic infections found in prématuré infants undergo- 
ing treatment in the néonatal intensive care unit; more than 
40% hâve multifocal involvement. Group B Streptococcus is 
the most likely infecting organism found in otherwise healthy 
infants 2 to 4 weeks old. Haemophilus influenzae infections 
occur primarily in children 6 months to 4 years old. The 
incidence of this infection has been reduced dramatically 
because of routine immunizations against the organism. 
More recently, there has been a dramatic rise in the number 
of children with methicillin-resistant S. aureus (MRSA), 
community-acquired MRSA, and Kingella kingae infections, 
which are associated with increased complications. K. kingae 
is a slow growing gram négative aérobic coccobacillus that is 
being recognized more frequently as the cause of osteomyeli- 
tis, especially in children younger than 4 years. This pathogen 



Evaluation of Acute Hematogenous 
Osteomyelitis 


■ History and physical examination 

■ Laboratory tests: white blood cell count, érythrocyte sédi¬ 
mentation rate, C-reactive protein 

■ Plain radiographs 

■ Technetium-99m bone scan ± MRI 

■ Aspiration for suspected abscess 


is difficult to isolate on routine cultures and often requires 
molecular assays such as polymerase chain reaction. For these 
résistant bacteria, optimizing diagnostic strategies, such as 
MRI and sérum inflammatory markers, is necessary. The 
white blood cell count, C-reactive protein, érythrocyte sédi¬ 
mentation rate, and absolute neutrophil counts hâve been 
found to be significantly higher in résistant bacteria, as well 
as température, respiratory, and heart rate. Dietrich et al. 
using multivariate régression analysis determined a set of 
variables that distinguished MRSA from MSSA with 87% 
accuracy. They found that elevated température, C-reactive 
protein, and absolute neutrophil counts were copredictors of 
MRSA osteomyelitis. 

An interesting study from Labbé et al. of 450 children 
found a two to five times higher incidence of acute hematog¬ 
enous osteomyelitis in Pacific Islanders than in Europeans. 
Fifty-three percent of the children in their study required 
surgical drainage for non-MRSA infection compared with 
20% in Europe, suggesting a more local acute virulence with 
perhaps a genetic basis for susceptibility. They further sug- 
gested that acute osteoperiostitis is a more suitable term 
because infection is in the osteoperiosteal area rather than in 
metaphyseal bone. 

DIAGNOSIS 

The évaluation of acute hematogenous osteomyelitis should 
begin with a history and physical examination (Box 21-1). 
Signs and symptoms can vary significantly. In infants, elderly 
patients, or immunocompromised patients, clinical findings 
may be minimal. Fever and malaise may or may not be 
présent in the early stages of the disease, with up to 40% of 
children reportedly afebrile upon hospital admission, but 
pain and local tenderness are common findings. Swelling may 
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be significant, and compartment syndrome has been reported 
in children. 

The white blood cell count often is normal, but the éryth¬ 
rocyte sédimentation rate and C-reactive protein level usually 
are elevated. The C-reactive protein is a measurement of the 
acute-phase response and is especially useful in monitoring 
the course of treatment of acute osteomyelitis because it nor- 
malizes much sooner than the érythrocyte sédimentation 
rate. Copley et al. developed a scoring System based on 
C-reactive protein values at admission and at 48 and 96 
hours; febrile days on antibiotics; respiratory rate upon 
admission; and evidence of disseminated disease to déter¬ 
mine the severity of illness (Fig. 21-5). They focused on clini¬ 
cal and laboratory parameters determined within the first 4 
to 5 days of hospitalization. 

Standard radiographs generally are négative but may 
show soff-tissue swelling. Although soft tissue swelling may 
be seen 1 to 3 days after the start of the infection, skeletal 
changes, such as periosteal reaction or bony destruction, gen¬ 
erally are not seen on plain films until 10 to 12 days into the 
infection (Fig. 21-6). Conditions that may be mistaken for 
osteomyelitis on plain radiographs include septic arthritis, 
Ewing sarcoma, osteosarcoma, juvénile arthritis, sickle cell 
crises, Gaucher disease, and stress fractures. MRI can show 
early inflammatory changes in bone marrow and soft tissue 


and is very useful for detecting intraosseous and subperios- 
teal abscesses. On Tl-weighted MR images, osteomyelitis 
typically has low signal intensity; on T2-weighted and short- 
tau inversion recovery (STIR) images, it has a high marrow 
signal intensity (see Chapter 2). Although the sensitivity of 
MRI for the diagnosis of osteomyelitis is high (approximately 
98%), the specificity is much lower (around 75%). One study 
found that nearly 60% of uncomplicated septic joint effusions 
demonstrated abnormal marrow signal intensity that was 
mistaken for osteomyelitis. Although MRI is helpful for early 
diagnosis and is the primary imaging modality for osteomy¬ 
elitis at our institution, repeat MRI has not been found to be 
particularly useful in assessing progress of treatment. Repeat 
MRI may be necessary, however, in patients who hâve failed 
to respond to initial treatment or those whose C-reactive 
protein remains persistently high. 

Technetium-99m bone scans can confirm the diagnosis 
24 to 48 hours after onset in 90% to 95% of patients (Fig. 
21-7); a négative technetium-99m bone scan effectively rules 
out the diagnosis of osteomyelitis. Gallium scans and indium - 
111-labeled leukocyte scans also can aid in diagnosis when 
used in conjunction with technetium scanning. 

Ultrasonography has been used for differentiating 
acute hematogenous osteomyelitis from cellulitis, soff-tissue 
abscess, acute septic arthritis, and malignant bone tumors in 
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Radiograph showing bony destruction. 


children; however, this modality is highly operator dépen¬ 
dent, with a diagnostic accuracy of only about 60%. Labbé 
et al. noted that although ultrasonography only detected 
osteomyelitis in 64% on the day of admission, by the second 
day it positively diagnosed 84%. Other diagnostic modalities 
currently being investigated include radiolabeled antibiotics 
scanning, fluorodeoxyglucose-labeled positron émission 
tomography (FDG-PET), and single photon émission com- 
puted tomography (SPECT). 

The causative organism can be identified in approxi- 
mately 50% of patients through blood cultures. Bone aspira¬ 
tion usually gives an accurate bactériologie diagnosis and 
should be performed with a 16- or 18-gauge needle in the 
area of maximal swelling and tenderness, usually the long 
bone metaphysis. The subperiosteal space should be aspirated 
first by inserting the needle to the level of the outer cortex. If 
no purulent material or fluid is encountered, the needle is 
placed through the cortex to obtain a marrow aspirate. 
Patients with suspected osteomyelitis of the hip or vertebra 
should hâve CT- or ultrasound-assisted aspiration. The 
sample is sent to the laboratory for Gram stain, culture, and 
sensitivities. 

TREATMENT 

Appropriate treatment shortly affer onset of acute hematog- 
enous osteomyelitis can significantly lower morbidity. Surgery 
and antibiotic treatment are complementary, and in some 
patients antibiotic treatment alone cures the disease; in 
others, prolonged antibiotic treatment is doomed to failure 
without surgical treatment. The choice of antibiotic is based 
on the highest bactericidal activity, the least toxicity, and the 
lowest cost. 

It has been well established that sequestered abscesses 
demand surgical drainage. Areas of simple inflammation 



FIGURE 


Bone scan showing increased uptake in area of osteomyelitis. 
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without abscess formation can be treated with antibiotics 
alone. In 1983, Nade proposed five principles for the treat- 
ment of acute hematogenous osteomyelitis that are still appli¬ 
cable today: (1) an appropriate antibiotic is effective before 
abscess formation; (2) antibiotics do not sterilize avascular 
tissues or abscesses, and such areas require surgical removal; 

(3) if such removal is effective, antibiotics should prevent 
their reformation, and primary wound closure should be safe; 

(4) surgery should not damage further already ischémie bone 
and soft tissue; and (5) antibiotics should be continued after 
surgery 

A patient suspected to hâve acute hematogenous osteo¬ 
myelitis should be evaluated as previously outlined. The 
patient should receive general supportive care consisting of 
intravenous fluids, appropriate analgésies, and comfortable 
positioning of the affected limb. Frequent serial examinations 
should be done. If an abscess requiring surgical drainage is 
not found by MRI or ultrasound, empirical intravenous anti¬ 
biotic therapy should be started, and the patient should be 
carefully monitored. The C-reactive protein value should be 
checked every 2 to 3 days after the initiation of antibiotic 
therapy If no appréciable clinical response to antibiotic treat- 
ment is noted within 24 to 48 hours, occult abscesses must be 
sought and surgical drainage should be considered. The two 
main indications for surgery in acute hematogenous osteomy¬ 
elitis are (1) the presence of an abscess requiring drainage and 
(2) failure of the patient to improve despite appropriate intra¬ 
venous antibiotic treatment. One 10-year review of 813 chil- 
dren with S. aureus acute hematogenous osteomyelitis found 
that 44% of patients required surgery and 7% had récurrence; 
the average length of antibiotic treatment was 44 days. 

The objective of surgery is to drain any abscess cavity and 
remove ail nonviable or necrotic tissue. When a subperiosteal 
abscess is found in an infant, several small holes should be 
drilled through the cortex into the medullary canal. If intra- 
medullary pus is found, a small window of bone is removed. 
The skin is closed loosely over drains, and the limb is splinted. 
The limb is protected for several weeks to prevent pathologie 
fracture. Intravenous antibiotics should be continued postop- 
eratively. The duration of antibiotic therapy is controversial; 
however, the current trend is toward a shorter course of intra¬ 
venous antibiotics, followed by oral antibiotics and monitor- 
ing of sérum antibiotic levels. This schedule should be 
determined on an individual basis and in collaboration with 
an infectious disease consultant. 


■ Make an anteromedial incision 5.0 to 7.5 cm long over 
the affected part of the tibia. 

■ Incise the periosteum longitudinally. It may be elevated 
from bone by a subperiosteal abscess; if so, the com- 
pressed pus will escape. 

■ If no abscess is found, gently elevate the periosteum 
1.5 cm on each side. Try to strip as little periosteum as 
possible; the more periosteum that is stripped, the more 
an already compromised blood supply to bone is damaged. 

■ Drill several holes 4 mm in diameter through the cortex 
into the medullary canal, regardless of whether a subperi¬ 
osteal abscess is présent. If pus escapes through these 
holes, use a drill to outline a cortical window 1.3 x 2.5 cm 
and remove the cortex with an osteotome. 

■ Evacuate the intramedullary pus and gently remove any 
necrotic tissue. 

■ Irrigate the cavity with at least 3 L of saline with a pulsa¬ 
tile lavage System. Antibiotics may be placed in the irriga¬ 
tion solution. 

■Close the skin loosely over drains, but do not close the 
wound if this produces excessive tension on the skin. 

POSTOPERATIVE CARE. A long leg posterior plaster 
splint is applied with the foot in a neutral position, the 
ankle at 90 degrees, and the knee at 20 degrees of 
flexion. When the wound has healed, the splint is removed 
and protected weight bearing with crutches is begun. The 
patient is placed on antibiotics based on culture sensitivi- 
ties. Generally, a 6-week course of intravenous antibiotics 
is given. Orthopaedic and infectious disease follow-up is 
continued for at least 1 year. 


SUBACUTE HEMATOGENOUS 
OSTEOMYELITIS 

Compared with acute osteomyelitis, subacute hematogenous 
osteomyelitis has a more insidious onset and lacks the 
severity of symptoms, which makes the diagnosis of this dis- 
order difficult. Subacute osteomyelitis is relatively common, 
reported to occur in over a third of patients with primary 
bone infections. Currently, no definitive guidelines exist for 
diagnosis, and recommendations are based on expert opin¬ 
ions and case sériés. 

Because of the indolent course of subacute osteomyelitis, 
diagnosis typically is delayed for more than 2 weeks. Systemic 
signs and symptoms are minimal. Température is only mildly 
elevated if at ail. Mild-to-moderate pain is one of the only 
consistent signs suggesting the diagnosis. White blood cell 
counts generally are normal. The érythrocyte sédimentation 
rate is elevated in only 50% of patients, and blood cultures 
usually are négative. Even with an adéquate bone aspirate or 
biopsy specimen, a pathogen is identified only 60% of the 
time. Plain radiographs and bone scans generally are positive 
(Fig. 21-8). 

The indolent course of subacute osteomyelitis is thought 
to be the resuit of increased host résistance, decreased bacte- 
rial virulence, or the administration of antibiotics before the 
onset of symptoms. It is speculated that the combination of 
an organism of low virulence with a strong host response may 


DRAINAGE OF ACUTE 
HEMATOGENOUS OSTEOMYELITIS 

The technique for draining acute osteomyelitis of the tibia 
is described. The technique and principles for drainage in 
other long bones are similar. Approaches for various ana¬ 
tomie areas are described in Chapter 1. 


TECHNIQUE 21-1 


■ Use a tourniquet whenever possible. Elevate the extremity 
for a few minutes before inflating the tourniquet. Do not 
exsanguinate the limb with an elastic bandage if infection 
is présent. 
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FIGURE 


Subacute osteomyelitis of proximal humérus. 


_ TABLE 21-1 _] 

Subacute Osteomyelitis 


TYPE 

GLEDHILL CLASSIFICATION 

ROBERT ET AL. CLASSIFICATION 

DIFFERENTIAL DIAGNOSIS 

1 

Solitary localized zone of 
radiolucency surrounded by 
reactive new bone formation 

la—Punched-out radiolucency 

Ib—Punched-out radiolucent 
lésion with sclerotic margin 

Langerhans cell histiocytosis 
Brodie abscess 

II 

Metaphyseal radiolucencies with 
cortical érosion 


Eosinophilie granuloma; 
ostéogénie sarcoma 

III 

Cortical hyperostosis in diaphysis; 
no onion skin reaction 

Localized cortical periosteal 
reaction 

Osteoid osteoma 

IV 

Subperiosteal new bone and 
onion skin layering 

Onion skin periosteal reaction 

Ewing sarcoma 

V 


Central radiolucency in epiphysis 

Chondroblastoma 

VI 


Destructive process involving 
vertébral body 

Tuberculosis; ostéogénie 
sarcoma 


From Willis RB, Rozencwaig R: Pédiatrie osteomyelitis masquerading as skeletal neoplasia, Orthop Clin North Am 27:625,1996. 


allow the inflammation to persist in bone without producing 
significant signs or symptoms. Nevertheless, correct diagno- 
sis largely dépends on clinical suspicion and radiographie 
findings. 

A radiographie classification of subacute hematogenous 
osteomyelitis was described by Gledhill and modified by 
Roberts et al. (Table 21-1 and Fig. 21-9). Differentiating these 
lésions from a primary bone tumor sometimes can be diffi- 
cult. There are no large sériés reporting MRI findings in sub¬ 
acute osteomyelitis, but MRI is warranted to help narrow the 
differential diagnosis and aid surgical planning. The diagnosis 
often must be established by an open biopsy and culture. 
Purulent material is not always obtained on biopsy, but gran¬ 
ulation tissue is a common finding. S. aureus and Staphylococ- 
cus epidermidis are the prédominant organisms identified in 
subacute osteomyelitis. 

Biopsy and curettage followed by treatment with appro- 
priate antibiotics generally are recommended for ail lésions 
that seem to be aggressive: “biopsy ail cultures and culture ail 
biopsies.” For lésions that seem to be a simple abscess in the 
epiphysis or metaphysis, biopsy is not recommended. These 


lésions, which are characteristic of subacute hematogenous 
osteomyelitis, should be treated with intravenous antibiotics 
for 48 hours followed by a 6-week course of oral antibiotics. 

Primary epiphyseal or apophyseal subacute osteomyelitis 
is a rare infection that usually only has mild symptoms and 
lacks a systemic reaction. In one study of 14 children, 
C-reactive protein and white blood cell count were normal, 
and the érythrocyte sédimentation rate was greater than 
20 mm in eight of the patients. The pathogen, which included 
K. kingae in eight children and MRSA in one, was not identi¬ 
fied on blood tests and required polymerase chain reaction 
assays for identification. Antibiotic treatment usually is suf- 
ficient in treating this infection. 

BRODIE ABSCESS 

A Brodie abscess is a localized form of subacute osteomyelitis 
that occurs most often in the long bones of the lower extremi- 
ties of young adults. Before physeal closure, the metaphysis is 
most often affected. In adults, the metaphyseal-epiphyseal area 
is involved. Intermittent pain of long duration is the presenting 
complaint, along with local tenderness over the affected area. 
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Classification of subacute osteomyelitis: type 7, 
central metaphyseal lésion; type 2, eccentric metaphyseal lésion 
with cortical érosion; type 3, diaphyseal cortical lésion; type 4, 
diaphyseal lésion with periosteal new bone formation, but 
without definite bony lésion; type 5, primary subacute epiphyseal 
osteomyelitis; and type 6, subacute osteomyelitis Crossing physis 
to involve metaphysis and epiphysis. 



ÿj Brodie abscess in right distal tibial epiphysis of 
3-year-old child. 


On plain radiographs, a Brodie abscess generally appears as a 
lytic lésion with a rim of sclerotic bone (Fig. 21-10), but it can 
hâve a markedly varied appearance. MRI can be helpful in the 
diagnosis because a Brodie abscess can be easily mistaken for 
a variety of neoplasms on plain radiographs. 

Organisms of low virulence are believed to cause the 
lésion. S. aureus is cultured in 50% of patients; in 20%, the 
culture is négative. This condition offen requires an open 
biopsy with curettage to make the diagnosis. The wound 
should be closed loosely over a drain. 

CHRONIC OSTEOMYELITIS 

Chronic osteomyelitis is difficult to eradicate completely. Sys- 
temic symptoms may subside, but one or more foci in the 
bone may contain purulent material, infected granulation 
tissue, or a sequestrum (Fig. 21-11). Intermittent acute exac¬ 
erbations may occur for years and offen respond to rest and 
antibiotics. Chronic osteomyelitis is still a major cause of 
musculoskeletal morbidity in children around the world. The 
hallmark of chronic osteomyelitis is infected dead bone 
within a compromised soft-tissue envelope. The infected foci 
within the bone are surrounded by sclerotic, relatively avas- 
cular bone covered by a thickened periosteum and scarred 
muscle and subcutaneous tissue. This avascular envelope of 
scar tissue leaves systemic antibiotics essentially ineffective. 

In chronic osteomyelitis, secondary infections are 
common, and sinus track cultures usually do not correlate 
with cultures obtained at bone biopsy. Multiple organisms 
may grow from cultures taken from sinus tracks and from 



FIGURE 


Sequestrum of chronic osteomyelitis in tibia. 
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open biopsy specimens of surrounding soft tissue and bone. 
In addition, patients with chronic osteomyelitis hâve been 
found to be at higher risk for deep vein thrombosis (DVT). 
The risk of DVT in patients with chronic osteomyelitis was 
twice that of Controls in one study of over 24,000 patients. 
The use of daily aspirin therapy should be considered (Lin 
et al. 2014). 

Eradication of chronic osteomyelitis generally requires 
aggressive surgical debridement and dead-space manage¬ 
ment combined with effective antibiotic treatment. Surgery is 
not always the best option, however, especially in compro- 
mised patients. Consider an ambulatory immunocompro- 
mised host with multiple medical problems, including chronic 
osteomyelitis of the fémur. For this patient, who might not 
survive the extensive surgical stress required to eradicate the 
disease, less aggressive alternatives should be considered. 
Limited surgical debridement combined with suppressive 
antibiotics and nutritional support may limit the frequency 
of sinus drainage and pain in these difficult cases. The treat¬ 
ment course and définition of outcome success must be indi- 
vidualized for each patient. 

Malignant transformation of chronic osteomyelitis has 
been reported, albeit rarely now. Although this complication 
is declining, it still occurs, and new signs of a chronic drain- 
ing sinus, increased pain, and foui smell should raise the 
index of suspicion and biopsy should be considered. Squa- 
mous cell carcinoma is the most frequent malignancy 
reported, and definitive treatment is wide local excision or 
amputation combined with chemotherapy and radiation. 

CLASSIFICATION 

Cierny and Mader developed a classification System for 
chronic osteomyelitis, based on physiologie and anatomie 
criteria, to détermine the stage of infection. The physiologie 
criteria are divided into three classes based on three types of 
hosts. Class A hosts hâve a normal response to infection and 
surgery. Class B hosts are compromised and hâve déficient 
wound healing capabilities. When the results of treatment are 
potentially more damaging than the presenting condition, the 
patient is considered a class C host. 

Anatomie criteria consist of four types. Type I, a medul- 
lary lésion, is characterized by endosteal disease. In type II, 
superficial osteomyelitis is limited to the surface of the bone 
and infection is secondary to a coverage defect. Type III is a 
localized infection involving a stable, well-demarcated lésion 
characterized by full-thickness cortical séquestration and 
cavitation (in this type, complété debridement of the area 
would not lead to instability). Type IV is a diffuse osteomy- 
elitic lésion that créâtes mechanical instability, either at pré¬ 
sentation or after appropriate treatment, and requires complex 
reconstruction (Table 21-2 and Fig. 21-12). 

The anatomie and physiologie classes are combined to 
designate one of 12 clinical stages of chronic osteomyelitis. A 
type II lésion in a class A host is designated stage IIA osteo¬ 
myelitis. This classification System is helpful in determining 
if treatment should be simple or complex, curative or pallia¬ 
tive, and limb sparing or ablative. 

More recently, Jones étal, described a classification of 
chronic hematogenous osteomyelitis in children in which 
three main types were identified based on radiographie 
appearance: type A, Brodie abscess; type B, sequestrum invo- 
lucrum; and type C, sclerotic. Type B, sequestrum involucrum, 


TABLE 21-2 


Cierny and Mader Staging System for Chronic 
Osteomyelitis 

ANATOMIC TYPE 

1 

Medullary 

Endosteal disease 

II 

Superficial 

Cortical surface infected 
because of coverage defect 

III 

Localized 

Cortical sequestrum that can 
be excised without 
compromising stability 

IV 

Diffuse 

Features of 1, II, and III plus 
mechanical instability before 
or after debridement 

PHYSIOLOGIC CLASS 

A host 

Normal 

Immunocompétent with 
good local vascularity 

B host 

Compromised 

Local (L) or Systemic (S) 
factors that compromise 
immunity or healing 

C host 

Prohibitive 

Minimal disability, 
prohibitive morbidity 
anticipated, or poor 
prognosis for cure 


Modified from Cierny G III, Mader JT: Adult chronic osteomyelitis: an overview. 
In D'Ambrosia RD, Marier RL (editors): Orthopaedic infections, Thorofare, N.J., 
Slack, 1989. 



Anatomie classification of adult osteomyelitis. 
A, Type I, intramedullary osteomyelitis; nidus is endosteal. B f Type 
II, superficial osteomyelitis; limited to bone surface. C, Type III, 
localized osteomyelitis; full thickness of cortex is involved. D, Type 
IV, diffuse osteomyelitis; entire circumference of the bone is 
involved. (Redrawn from Parsons B, Strauss E: Surgical management 
of chronic osteomyelitis, Am J Surg 188(Suppl):57S, 2004.) 
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has four subtypes: Bl, localized cortical sequestrum; B2, 
sequestrum with structural involucrum; B3, sequestrum with 
sclerotic involucrum; and B4, sequestrum without structural 
involucrum. Physeal damage is indicated by the addition of 
“P” (proximal) or “D” (distal) to the classification. Because 
chronic osteomyelitis is more common in developing coun- 
tries where CT and MRI might not be available, the classifica¬ 
tion uses plain radiographs, but CT and MRI can add more 
information, such as the extent of sclerosis and the presence 
of séquestra not visible on plain radiographs. 

DIAGNOSIS 

The diagnosis of chronic osteomyelitis is based on clinical, 
laboratory, and imaging studies. The “gold standard” is to 
obtain a biopsy specimen for histologie and microbiologie 
évaluation of the infected bone. 

Physical examination should focus on the integrity of the 
skin and soft tissue, détermine areas of tenderness, assess 
bone stability, and evaluate the neurovascular status of the 
limb. Laboratory studies generally are nonspecific and give 
no indication of the severity of the infection. Erythrocyte 
sédimentation rate and C-reactive protein are elevated in 
most patients, but the white blood cell count is elevated in 
only 35%. 

Multiple imaging studies are available to evaluate chronic 
osteomyelitis; however, no technique can absolutely confirm 
or exclude the presence of osteomyelitis. Imaging studies 
should be done to aid in confirmation of the diagnosis and 
to préparé for surgical treatment. Plain radiographs can yield 
valuable information in establishing a diagnosis of chronic 
osteomyelitis and should be the initial study performed. Signs 
of cortical destruction and periosteal reaction strongly 
suggest the diagnosis of osteomyelitis. Sinography can be per¬ 
formed if a sinus track is présent and can be a valuable adjunct 
to surgical planning (Fig. 21-13). 

Isotopic bone scanning is more useful in acute 
osteomyelitis than in the chronic form because the former 
typically has négative plain films. Technetium-99m bone 
scans, which show increased uptake in areas of increased 
blood flow or osteoblastic activity, tend to lack specificity. 
This study has a high négative prédictive value, however, 
although false-negative results hâve been reported. Gallium 
scans show increased uptake in areas where leukocytes 
or bacteria accumulate. A normal gallium scan virtually 
excludes the presence of osteomyelitis and can be useful as a 
follow-up examination affer surgery. Indium-lll-labeled 
leukocyte scans are more sensitive than technetium or 
gallium scans and are especially useful in differentiating 
chronic osteomyelitis from neuropathie arthropathy in the 
diabetic foot. 

CT provides excellent définition of cortical bone and a 
fair évaluation of the surrounding soft tissues and is especially 
useful in identifying séquestra. MRI is more useful for soft- 
tissue évaluation than CT. MRI provides a fairly accurate 
détermination of the extent of the pathologie insult by 
showing the margins of bone and soft-tissue edema. 

In chronic osteomyelitis, MRI may reveal a well-defined 
rim of high signal intensity surrounding the focus of active 
disease (rim sign). Sinus tracks and cellulitis appear as areas 
of increased signal intensity on T2-weighted imaging. Draw- 
backs include cost, difficulty imaging around métal implants, 
and poor délinéation of cortical bone. 



Radiographs made in two planes after injection 
of radiopaque liquid into sinus often are helpful in locating focus 
of infection in chronic osteomyelitis. 


As previously noted, the “gold standard” in the diagnosis 
of osteomyelitis is a biopsy with culture and sensitivity. A 
biopsy is not only useful in establishing a diagnosis, but also 
is helpful in determining the proper antibiotic regimen. Typi¬ 
cally, staphylococcal species are identified, especially in post- 
traumatic infections. Anaerobes and gram-negative bacilli are 
frequently isolated. Results of bone and soft-tissue biopsies 
may vary; both soft-tissue and bone specimens should be sent 
for microbiologie study. 

TREATMENT 

The treatment of chronic osteomyelitis requires a multifac- 
eted approach. In addition to antibiotic suppression and sur¬ 
gical debridement and reconstruction, host morbidities need 
to be considered and measures taken to correct these, such 
as optimization of blood sugar levels in patients with diabètes, 
smoking cessation, and treatment of liver or rénal malfunc- 
tion. Chronic osteomyelitis generally cannot be eradicated 
without surgical treatment. Antibiotics alone rarely can eradi- 
cate the infection for numerous reasons. Bacteria are able to 
adhéré to orthopaedic implants and bone matrix through 
various receptors. Some can hide intracellularly. Others can 
form a slimy coat that protects them from phagocytic cells 
and antibiotics. 

Surgery for chronic osteomyelitis consists of sequestrec- 
tomy and resection of scarred and infected bone and soft 
tissue. For soft-tissue and dead-space management, ring 
external fixators generally are used after radical debridement. 
The goal of surgery is éradication of the infection by achieving 
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FIGURE 


Four basic methods of immédiate biologie management of dead space using living tissue or cancellous bone grafts. 


a viable and vascular environment. Radical debridement often 
is required to achieve this goal. An oncologie approach of 
wide excision should be taken because success of treatment 
dépends on adequacy of debridement. 

The rôle of bacterial immunotherapy in the preoperative 
treatment of chronic osteomyelitis also has been evaluated by 
Fosco et al. In a study of 154 patients, this treatment was 
effective (62% healing) in patients with an already normal 
clinical status but was ineffective in those with a compro- 
mised clinical status. 

Aytac et al. reported a technique, using irrigation, 
debridement, temporary hardware maintenance and a per- 
sisting fistula, to control osteomyelitis (acute, subacute, or 
chronic) until fracture healing in patients who developed 
bacterial colonization affer trauma or surgery. Bone healing 
was achieved in 89% of patients with no reinfections. 

Extensive debridement generally créâtes a large dead 
space and bony instability that requires complex reconstruc¬ 
tion of bone and soft tissue, often requiring multiple proce¬ 
dures. Antibiotic polymethyl méthacrylate (PMMA) beads 
typically are used to fill the dead space created by the initial 
debridement. Bar-On et al. reported that reaming the intra- 
medullary canal after debridement and lavage and inserting 
a gentamycin-impregnated rod and beads eradicated infec¬ 
tion with minimal tissue loss in a case sériés of four patients. 

Inadéquate debridement may be one reason for a high 
récurrence rate in chronic osteomyelitis. Adéquate debride¬ 
ment often leaves a large dead space that must be managed 
to prevent récurrence and significant bone loss that may 
resuit in bony instability. Appropriate reconstruction of the 
bone and soft-tissue defects is required, combined with 
culture-spécifie antibiotic therapy. Reconstruction should be 
undertaken only affer careful planning and identification of 
séquestra and intraosseous abscesses by plain radiographs, 


sinography, CT, and MRI. The procedure should be per- 
formed in collaboration with an infectious disease consultant 
and, for the reconstructive phases, a plastic surgeon skilled in 
coverage techniques, such as skin grafts, muscle and myocu- 
taneous flaps, and occasionally free flaps (Fig. 21-14). 
Although debridement with reconstruction is complex and 
costly, it is an attractive alternative to amputation or long- 
term antibiotic treatment and has good clinical outcomes. 

Vacuum-assisted closure (VAC) therapy also may be efh- 
cacious in treatment because not only does it assist in clearing 
the bacteria but it promotes granulation tissue as well. In 
addition, the use of VAC may reduce the need for muscle flaps 
or tissue transfer. 

The duration of postoperative antibiotics is controversial. 
Traditionally, a 6-week course of intravenous antibiotics is 
prescribed affer surgical debridement of chronic osteomyeli¬ 
tis. No solid evidence exists for the long-term use of antibiot¬ 
ics. Fluoroquinolone antibiotics are known to hâve équivalent 
sérum concentrations whether given orally or intravenously. 
When deemed appropriate, based on culture sensitivities, oral 
administration is preferred. The addition of rifampin to other 
antibiotics also may improve cure rates. Our practice is to 
place the patient on 6 weeks of antibiotics, typically vanco- 
mycin given intravenously, based on sensitivity and under the 
direction of an infectious disease specialist, followed by clini¬ 
cal and laboratory examinations. 


SEQUESTRECTOMY AND CURETTAGE 
FOR CHRONIC OSTEOMYELITIS 

Sequestrectomy and curettage require more time to 
perform and resuit in considerably more blood loss than an 
inexperienced surgeon would anticipate. Consequently, 
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appropriate préparation should be made before surgery. 
Sinus tracks can be injected with methylene blue 24 hours 
before surgery to make them easier to locate and excise 
(Fig. 21-13). 


TECHNIQUE 21-2 


■ Expose the infected area of bone and excise ail sinus 
tracks completely. 

■ Incise the indurated periosteum and elevate it 1.3 to 
2.5 cm on each side. 

■ Use a drill to outline an oval cortical window at the 
appropriate site and remove it with an osteotome. 

■ Remove ail séquestra, purulent material, and scarred and 
necrotic tissue (Fig. 21-15A and B). If sclerotic bone seals 
off a cavity within the medullary canal, open it into the 
canal in both directions to allow blood vessels to grow 
into the cavity. Use a high-speed burr to débridé necrotic 
or ischémie bone until the "paprika sign" (active punctate 
bleeding bone) is achieved, indicating healthy tissue. 
Tissue obtained at surgical debridement should be sent 
for culture and pathology studies. 

■ After removing ail suspicious matter, carefully excise the 
overhanging edges of bone. Subséquent dead space can 
be filled with antibiotic PMMA beads. A soft-tissue, a 
local muscle flap, or a free tissue transfer can be per- 
formed at the time of bead removal. 

■ If there is nonunion with any bony instability, the bone 
must be stabilized, preferably with an llizarov-type exter- 
nal frame. 

■ If possible, close the skin loosely over drains and ensure 
that no excessive skin tension is présent. If closure is 
impossible, pack the wound open loosely or apply an 
antibiotic bead pouch and plan for delayed closure or skin 
grafting at a later time. 

■ Appropriate antibiotics should be used before, during, 
and after the operation. 


POSTOPERATIVE CARE. The limb is splinted until the 
wound has healed, and then it is protected to prevent 
pathologie fracture. Antibiotic treatment is continued for 
a prolonged period and should be monitored by an infec- 
tious disease consultant. 


■ MANAGEMENT OF DEFECTS 

Bony and soft-tissue defects must be filled to reduce the 
chance of continued infection and loss of function. Several 
techniques hâve been described for the management of such 
defects and hâve proved successful when properly performed, 
but they require meticulous surgical technique. The methods 
described to eliminate this dead space are: (1) bone grafting 
with primary or secondary closure; (2) use of antibiotic 
PMMA beads as a temporary filler of the dead space before 
reconstruction; (3) local muscle flaps and skin grafting with 
or without bone grafting; (4) microvascular transfer of 
muscle, myocutaneous, osseous, and osteocutaneous flaps; 
and (5) the use of bone transport (Ilizarov technique). 


OPEN BONE GRAFTING 

Papineau et al. described an open bone grafting technique 
for the treatment of chronic osteomyelitis. This procedure 
relies on the formation of healthy granulation tissue in a 
bed of bone graft that will become rapidly vascularized. 
The granulation tissue resists infection and is allowed to 
adequately drain. This technique is useful when free flaps 
or soft-tissue transfer options are limited because of ana¬ 
tomie location or in patients who smoke or are medically 
compromised. Archdeacon and Messerschmitt described a 
modification of the Papineau technique using a VAC. VAC 
has been used extensively in the acute trauma setting and 
is quite useful for decreasing edema and for closure of 
soft-tissue dead space. VAC also stimulâtes the formation 
of granulation tissue. 



Sequestrectomy and curettage. A f Affected bone is exposed, and sequestrum is removed. B f AN infected matter is 
removed. SEE TECHNIQUE 21-2. 
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The operation is divided into three stages and usually 
requires several surgeries: (1) debridement and stabiliza¬ 
tion, (2) cancellous autografting, and (3) skin closure. 
Culture-specific intravenous antibiotics should be contin- 
ued beyond the last surgical procedure. 


TECHNIQUE 21-3 


(PAPINEAU ET AL.; ARCHDEACON AND MESSERSCHMITT) 

STAGE I: DEBRIDEMENT AND STABILIZATION 

■ Thoroughly débridé ail séquestra and necrotic bone to 
healthy and viable soft tissue and bone; thoroughly irri- 
gate the debrided area. 

■ Stabilize the bone with an external fixator or intramedul- 
lary nail if needed. 

■ Apply VAC. 

■ Repeat debridement and irrigation with VAC change 
every 48 to 96 hours until a healthy viable tissue bed is 
obtained. 

STAGE II: GRAFTING 

■ Harvest cancellous bone graft from the iliac crest or proxi¬ 
mal tibia. 

■ Pack the graft in the bony defect, filling to the subcutane- 
ous level. 

■ Dress with Adaptic (Smith-Nephew) and VAC sponge. 

■ Change the VAC every 72 to 96 hours until the wound 
is covered with healthy-appearing granulation tissue. 

■ Change the first dressing between the third and fifth days 
and replace any grafts that adhéré to the dressing. 
Change the dressings until the grafts stabilize. 

■ If indicated, use local muscle pedicle grafts to enhance 
the blood supply to the grafts and leave the overlying skin 
and subcutaneous tissue open. 

■ Especially in subcutaneous bones such as the tibia, excise 
the lips of the wound if the skin tends to cover the granu¬ 
lation tissue before it completely covers the graft. 

STAGE III: WOUND COVERAGE 

■ Apply skin grafts or allow the wound to heal by spontane- 
ous epithelialization. 


■ POLYMETHYLMETHACRYLATE ANTIBIOTIC 
BEAD CHAINS 

The use of antibiotic-impregnated PMMA beads in the treat- 
ment of chronic osteomyelitis is common practice and is 
supported by numerous clinical studies. The rationale for this 
treatment is to deliver levels of antibiotics locally in concen¬ 
trations that exceed the minimal inhibitory concentrations. 
Pharmacokinetic studies hâve shown that the local concen¬ 
trations of antibiotic achieved are 200 times higher than levels 
achieved with systemic antibiotic administration. This has the 
advantage of obtaining very high local antibiotic concentra¬ 
tions while maintaining low sérum levels and low systemic 
toxicity. The antibiotic is leached from the PMMA beads into 
the postoperative wound hematoma and sécrétion, which act 
as a transport medium. High concentrations of the antibiotic 
can be achieved only with primary wound closure; if such 
closure cannot be performed, the wound can be covered with 


a water-imperméable dressing (bead pouch technique). 
Before the beads are implanted, ail infected and necrotic 
tissue should be adequately debrided surgically and ail foreign 
material should be removed. Suction drains are not recom- 
mended because the concentration level of the antibiotic is 
diminished when they are used. 

Aminoglycosides are the most commonly employed anti¬ 
biotics for use with PMMA beads. Penicillins, cephalospo- 
rins, and clindamycin are eluted well from PMMA beads; 
vancomycin elutes much less effectively. Antibiotics such as 
the fluoroquinolones, tétracycline, and polymyxin B are 
broken down during the exothermie process of cernent hard- 
ening and should not be used with PMMA beads. Porous, 
high-viscosity cements, by providing greater surface area, 
may allow antibiotics to elute more readily than less porous 
cements. Currently, most commercially available bone 
cements hâve a prepackaged form available with gentamicin 
(500 mg/40-g pack). We generally add 2 to 4 g of vancomy¬ 
cin, with or without 1.2 g of tobramycin, to each 40-g pack 
of high velocity cernent before adding the monomer. 

Short-term, long-term, or even permanent implantation 
of PMMA antibiotic beads is possible. In short-term implan¬ 
tation the beads are removed within 10 days, and in long- 
term implantation they may be left for up to 80 days. The 
rationale for removal of PMMA beads is based on numerous 
factors. Local bactericidal antibiotic levels last only 2 to 4 
weeks aff er placement, and when ail the antibiotic has leached 
out of the bead, a foreign body remains that may be colonized 
by glycocalyx-forming bacteria. PMMA also has been shown 
to inhibit local immune response by impairing various 
phagocytic immune cells. Interestingly, Beenken et al. showed 
that the addition of xylitol, a soluble particulate filler, to 
PMMA cernent enhances the elution of daptomycin in a 
rabbit model. 

The antibiotic bead pouch technique, described subse- 
quently, has been used with encouraging results for prevent- 
ing infection in open fractures. It also can be used in 
the treatment of osteomyelitis if soft-tissue coverage is impos¬ 
sible after initial debridement. The bead pouch must be 
changed frequently, and repeat debridement should be per¬ 
formed until the wound is ready for a soft-tissue coverage 
procedure. 


ANTIBIOTIC BEAD POUCH 


TECHNIQUE 21-4 


(HENRY, OSTERMANN, AND SELIGSON) 

■ Thoroughly débridé ail necrotic tissue as previously 
described. Irrigate the wound using a pulsatile lavage 
System with 9 L of saline solution containing bacitracin. 

■ Préparé antibiotic PMMA beads by mixing high-viscosity 
bone cernent powder with a powder form of the antibi¬ 
otic (2 to 4 g of antibiotic per 40-g pack of monomer) in 
a bowl. Add the activating solution and stir the mixture 
until the cernent is workable. 

■ Form several beads by rolling them into small spheres. 
Place the beads on an 18- or 20-gauge wire to form a 
bead chain. Allow the cernent to harden. Record the 
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Locking clip 



FIGURE 


Reamer Irrigator Aspirator (RIA) device. (Courtesy of Synthes, Paoli, PA.) SEE TECHNIQUE 21-5. 


number of beads on the chain in the operative report to 
ensure ail beads are accounted for on removal. 

■ Place the PMMA antibiotic bead chains into the bony 
defect filling the dead space. Close ail wound extensions 
with interrupted nylon sutures. 

■ Dry the skin edges surrounding the wound and apply a 
benzoin solution to the skin edges circumferentially. 

■Apply an adhesive porous polyethylene wound film 
(OpSite) to cover the wound. Place a second layer with a 
larger OpSite or loban dressing over the first dressing to 
prevent leakage. 

POSTOPERATIVE CARE. The limb should be appropri- 
ately immobilized. The bead pouch should be changed 
at 72-hour intervals with repeat debridement and irriga¬ 
tion until the wound is ready for a soft-tissue coverage 
procedure. 


INTRAMEDULLARY ANTIBIOTIC 
CEMENT NAIL 

When debridement of a long bone results in instabilité 
external fixation has been an effective stabilization method; 
however, more recently the use of antibiotic-laden PMMA 
intramedullary rods has been described for use in this situ¬ 
ation. Recently, evidence has shown that a reamer-irrigator- 
aspirator System followed by placement of an antibiotic 
impregnated PMMA nail along with pathogen-specific sys- 
temic antibiotics is safe and efficacious in the treatment of 
osteomyelitis. We hâve found this to be a useful technique 
in selected patients. When fabricating an antibiotic cernent 
nail, Kim et al. suggested lubricating the inside of the chest 
tube with minerai oil before inserting the antibiotic cernent 
and guide rod, then cooling the cemented nail in cold 
water before peelinq off the plastic chest tube. 


TECHNIQUE 21-5 


■ After thorough debridement of ail necrotic and nonviable 
soft tissue and bone, préparé the medullary canal with 
usual reaming technique for intramedullary nail insertion. 
Send the reamings for culture studies. 

■ Irrigate the canal and bone with tubing or an irrigating 
reamer (Fig. 21-16). 

■ To mold the cernent rod, use a T-95 chest tube eut to the 
desired length. Mix the desired antibiotic with cernent 
and add the monomer. Mix and place in a 60-mL syringe. 

■ Inject the antibiotic cernent mixture into the chest tube. 
To prevent the cernent from extruding from the opposite 
end of the tube, hâve an assistant occlude the opening 
with his or her thumb. 

■ Before the cernent sets up, insert an Ender nail into the 
chest tube, with the assistante thumb still occluding the 
end of the tube. Leave the proximal end of the Ender nail 
out of the chest tube to be used as a handle. 

■ Once polymerization is complété, eut and remove the 
plastic tube and insert the nail with the usual intramedul¬ 
lary nailing technique (see Chapter 54). 

■Apply a long leg, bent-knee cast. 

POSTOPERATIVE CARE. The patient is kept non-weight 
bearing in the cast for 6 to 8 weeks, at which time clinical 
and laboratory (e.g., érythrocyte sédimentation rate, 
C-reactive protein) évaluations are done. The cernent nail 
is removed and replaced with a regular intramedullary nail 
for definitive fixation. Reamings from the nail insertion 
are sent to the laboratory for culture. 


■ BIODEGRADABLE ANTIBIOTIC 
DELIVERY SYSTEMS 

Biodégradable antibiotic delivery Systems hâve significant 
potential advantages over PMMA in that a second procedure 
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is not required to remove the implant and they hâve better 
antibiotic release and compatibility profiles. A biodégradable 
antibiotic delivery System is especially useful when bony 
instability is not an issue and soft-tissue coverage is adéquate. 
Some of these biodégradable substrates contain osteoconduc- 
tive and osteoinductive materials, which can be used to 
promote new bone formation. A variety of delivery vehicles 
hâve been extensively studied in animal models. Currently, 
no prepackaged biodégradable antibiotic delivery System has 
been approved for use in the United States; however, such 
products are available in Europe. Many manufacturer s 
produce a variety of bioabsorbable substrates (calcium sulfate 
or calcium phosphate) that can be mixed with antibiotics. 
Although not yet approved for this use, these kits allow the 
surgeon to mix powdered antibiotics (generally vancomycin 
or tobramycin) with the calcium sulfate or calcium phosphate 
to produce résorbable beads or injectable filler. These beads 
can be mixed with a variety of available osteoinductive prod¬ 
ucts to fill dead space and act as an osteoconductive and 
osteoinductive bone graff substitute. These beads typically 
resorb by about 8 weeks after surgery. Gauland, in a study of 
354 patients who had calcium sulfate tablets mixed with a 
standard antibiotic mixture of vancomycin and gentamicin 
implanted after surgical debridement, reported healing in 
86% without intravenous antibiotic. Recently, the use of bio¬ 
active glass (BAG) S53P4 has been shown in in vivo and in 
vitro studies to be as effective as antibiotic-loaded calcium- 
based bone substitutes in the treatment of osteomyelitis, with 
less drainage and without relevant side effects. 

The biodégradable substances used as antibiotic delivery 
Systems can be classified into three main categories: proteins, 
bone graff materials and substitutes, and synthetic polymers. 
Within the protein category are a variety of substances derived 
from biologie tissues, including collagen, gelatin, thrombin, 
and autologous blood dot, ail of which provide scaffolding 
that can be used to contain an antibiotic. Collagen has been 
the most extensively studied of these, and reports are conflict- 
ing as to efficacy of antibiotic-impregnated collagen in the 
treatment of osteomyelitis. Among the bone graff substitutes, 
calcium sulfate has long been used because of its low 
immunoreactivity, ability to be absorbed, and its structural 
properties. A comparison study of bioabsorbable bone sub¬ 
stitute (BBS; tobramycin-impregnated medical-grade calcium 
sulfate) and antibiotic-impregnated PMMA cernent beads 
after surgical debridement demonstrated the two to be équiv¬ 
alent in eradicating infection. BBS had the added benefit of 
eliminating the morbidity associated with additional surgery 
required for cernent bead removal and bone graffing. One 
problem we hâve had with calcium-based carriers is that 
many patients develop a purulent drainage that mimics the 
drainage of a bacterial infection. These patients generally do 
not hâve the pain, cellulitis, fever, or leukocytosis generally 
associated with a bacterial infection, however. Nevertheless, 
the situation is bothersome and of concern for the patient and 
the surgeon. Ferguson et al. reported using a biodégradable 
calcium sulphate carrier containing tobramycin in 193 
patients with osteomyelitis in various locations, but predomi- 
nantly the tibia and fémur, finding it helpful; however, filling 
of the defect was variable. The prolonged wound exudate was 
self-limited in their patients and did not lead to récurrent 
wound infection. The most recent biodégradable materials 
investigated for use in treatment of osteomyelitis are the 


synthetic polymers. The greatest advantage of these materials 
is that they can be modified to effectively and accurately 
release specified drug quantities over a specified amount of 
time. Polylactide and poly(D,L-lactide-co-glycolic acid) 
(PLGA) implants hâve been in use for some time and hâve 
been investigated for use as biodégradable antibiotic carriers. 
These materials, however, hâve been reported to cause an 
inflammatory foreign-body reaction that is thought to be 
caused by their acidic dégradation products. Carriers that do 
not produce acidic breakdown with surface érosion, such as 
polytrimethylene carbonate (PTMC), are being studied. A 
monomethyl ether PLGA copolymer biodégradable hydrogel 
also may hold promise for the future. 

As Kluin et al. pointed out, the idéal biodégradable 
carrier for antibiotics in the treatment of osteomyelitis should 
hâve good biocompatibility, controllable dégradation, and the 
ability to release any antibiotic (including vancomycin when 
résistant bacteria are présent) at therapeutic levels for an 
extended period of time, without releasing acidic byproducts 
during dégradation. 

■ CLOSED SUCTION DRAINS 

Success rates of approximately 85% hâve been reported for the 
modified Lautenbach method of closed suction antibiotic 
ingress and egress irrigation Systems (Fig. 21-17). An advan¬ 
tage of this technique is that it allows a change in local anti¬ 
biotic delivery based on culture results obtained from surgical 
biopsies. The technique also aids in the graduai decrease in 
the size of the soft-tissue dead space. Disadvantages include 
frequent occlusion of the delivery cathéter. This problem has 
been decreased with the use of frequent doses of streptokinase 
to the keep the cathéter patent. Other disadvantages are the 
prolonged hospitalization required and the risk of secondary 
contamination. We hâve no expérience with this method. 
Hung achieved good results in 77%, fair results in 21%, and 
poor results in < 1% using drainage and continuous antibiotic 
irrigation of 376 tibial medullary canals in children. 

Another wound closure technique is négative pressure 
wound therapy (NPWT) or VAC, which consists of a pump 
that generates a vacuum and is capable of creating a négative 
pressure environment within a sealed wound, dressing mate- 
rial used to pack and seal the wound, tubing for fluid removal 
from the wound area, and a container to collect waste materi¬ 
als removed from the wound. Most of the published studies 
on NPWT involve the use of the VAC System (Kinetic Con¬ 
cepts, Inc., San Antonio, TX); however, a number of other 
NPWT Systems are available from several manufacturers. The 
efficacy of NPWT for treatment of complex wounds has been 
reported by several authors who suggested benefits of edema 
réduction, increased blood flow, increased granulation tissue, 
and the possibility of improved bacterial clearance from 
wounds. Although these studies hâve emphasized prévention 
of osteomyelitis in complex wounds, there is little informa¬ 
tion about the treatment of osteomyelitis with NPWT. Tan 
et al. in a study of 68 patients with osteomyelitis, researchers 
compared NPWT (35 patients) with conventional treatment 
(33 patients) and found significantly fewer récurrences of 
infection, a decreased need for tissue transfers or muscle 
flaps, and more wounds with bacterial clearance in those 
treated with NPWT. The most serious complication reported 
with the use of NPWT is extensive bleeding, which most 
offen occurs with use of the device in the patients home or 
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Lautenbach drainage System. Syringe (A) is used 
to inject every 4 hours. The suction bag (B) draws fluid through 
the outer tube from the bone. Antibiotics enter the bone through 
the inner tube (C and D). (Redrawn from Caesar BC, Morgan-Jones 
RL, Warren RE, et al: Closed double-lumen suction irrigation in the 
management of chronic diaphyseal osteomyelitis: long-term follow-up, 
J Bone Joint Surg 91 B: 1243, 2009. Copyright British Editorial Society of 
Bone and Joint Surgery.) 


in a nursing home. NPWT should not be used as a replace¬ 
ment for surgical debridement, and it should not be used 
until ail necrotic, nonviable tissue has been removed and 
appropriate antibiotic therapy been initiated. More research 
is necessary to establish parameters for pressure intensity, 
duration of treatment, interval between treatments, mode of 
application, and timing of application that will produce the 
most efficient and cost-effective therapy 


■ SOFT-TISSUE TRANSFER 

Soff-tissue transfers to fill dead space leff behind after exten¬ 
sive debridement may range from a localized muscle flap on 
a vascular pedicle to microvascular free tissue transfer. The 
transfer of vascularized muscle tissue improves the local bio¬ 
logie environment by bringing in a blood supply that is 
important in the host s defense mechanisms and for antibiotic 
delivery and osseous and soff-tissue healing. The success rates 
for this technique reported in the literature hâve ranged from 
66% to 100%. 

Most commonly, a local muscle flap is used in the treat¬ 
ment of chronic osteomyelitis of the tibia. The gastroenemius 


muscle is used for defects around the proximal third of the 
tibia, and the soleus muscle is used for defects around the 
middle third. A microvascular free muscle transfer is required 
for defects around the distal third of the tibia. 

Several authors reported a high success rate in the treat¬ 
ment of chronic osteomyelitis with the use of microvascular 
free tissue transfer. A microvascular transfer of tissue may 
consist of muscle that is covered with a skin graff or a myo- 
cutaneous, osseous, or osteocutaneous flap. Adéquate initial 
debridement of the involved area, so that the flap is placed in 
a healthy environment, helps to ensure the success of the 
procedure. 

When a microvascular free muscle flap is used, and seg¬ 
mentai bone loss has occurred, autogenous cancellous bone 
graffing can be done about 6 weeks after the initial free flap 
transfer. A free fibular graff can be used for segmentai bone 
loss of the tibia. If chronic osteomyelitis involves segmentai 
bone loss of the tibia and the fibula, the results of a free fibular 
graff are not good and amputation or reconstruction by the 
Ilizarov technique is advised. 

■ ILIZAROV TECHNIQUE 

The Ilizarov technique of distraction-compression osteogen- 
esis has been helpful in the treatment of chronic osteomyelitis 
and infected nonunions of long bones or the ankle joint. This 
technique allows radical resection of the infected bone. A 
corticotomy is performed through normal bone proximal 
and distal to the area of disease. The bone is transported until 
union is achieved. After the infection is eradicated, many 
recommend bone graffing if needed and placement of an 
intramedullary nail after external fixation is removed. Disad- 
vantages of this technique include the time required to 
achieve a solid union and the high incidence of associated 
complications. Even with these problems, however, the 
Ilizarov procedure benefits patients who need extensive 
resection of bone and reconstruction to achieve stability (see 
Chapter 29). Use of distraction osteogenesis with ring fixation 
over an intramedullary rod has been used for the treatment 
of segmentai defects of up to 13 cm. 

■ ADJUNCTIVE THERAPIES 

Hyperbaric oxygen therapy has been used for the treatment 
of chronic osteomyelitis but has not proved to be reliably 
effective. The use of hyperbaric oxygen can be recommended 
only as an adjuvant to more traditional methods of treatment. 
Growth factors, such as bone morphogenic proteins (BMPs) 
and even platelet-rich plasma (PRP) hâve been suggested as 
adjuvant treatments for osteomyelitis because of their ability 
to accelerate or enhance osteogenesis. We would not consider 
the use of these products until the infection is eradicated. 
Some studies of physical energy modalities (pulsed electro- 
magnetic fields [PEMF] and ultrasound) hâve suggested that 
they may directly interfère with biofilm formation as well as 
act synergistically with antibiotics to enhance their activity. 


SCLEROSING OSTEOMYELITIS 
OF GARRÉ 

Sclerosing osteomyelitis is a chronic form of disease in which 
the bone is thickened and distended but abscesses and séques¬ 
tra are absent (Fig. 21-18). The disease affects children and 
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Sclerosing osteomyelitis of tibia documentée! 


by biopsy. 


young adults. Its cause is unknown, but it is thought to be an 
infection caused by a low-grade, possibly anaérobie bacte- 
rium. The condition must be distinguished from osteoid 
osteoma and Paget disease. 

Patients report intermittent pain of moderate intensity 
and usually of long duration. Swelling and tenderness over 
the affected bone may be found. Radiographs show an 
expanded bone with generalized sclerosis. The érythrocyte 
sédimentation rate usually is slightly elevated. Biopsy spéci¬ 
mens show only chronic, low-grade, nonspecific osteomyeli¬ 
tis, and cultures usually are négative. A secondary lésion at a 
distant site can occur years after onset. No treatment has been 
predictably helpful, but fenestration of the sclerotic bone and 
antibiotics are advisable. Schwartz et al. presented a case 
report of successful surgical treatment of sclerosing osteomy¬ 
elitis of the humérus using a vascularized fibular osteotomy 
flap after resection of the diseased bone. 


RESIDUAL STAGE 
OF OSTEOMYELITIS 

The residual stage of osteomyelitis is characterized by a com¬ 
plété absence of the signs and symptoms of infection, includ- 
ing drainage. The bone is sclerotic, and its blood supply and 
strength are normal. During this stage of osteomyelitis, the 
bone bears the same relation to normal bone that scar tissue 
bears to normal connective tissue. The adjacent soft tissues 
are scarred, and if drainage has occurred, the skin often 


adhères to the bone. Adhesions of skin to bone are more 
common if the bone is subeutaneous. Injury to such tissues 
frequently causes skin breakdown and even récurrence of 
infection. It is sometimes difficult to know if the disease is in 
a residual stage or in a remission of the chronic stage. Treat¬ 
ment of the residual stage consists of correcting leg-length 
inequality or angular and joint deformities. Sometimes con- 
tracted scars must be released, and adhèrent scars must be 
replaced by myocutaneous flaps. 


CHRONIC RECURRENT 
MULTIFOCAL OSTEOMYELITIS 

Chronic récurrent multifocal osteomyelitis (CRMO) is an 
autoinflammatory bone disease characterized by an insidious 
onset of mild-to-moderate pain with signs of inflammation 
over the affected parts, which tend to recur. Symptoms wax 
and wane for months or years. The cause of CRMO remains 
unknown, although evidence is accumulating for a genetic 
cause. Some hâve suggested that CRMO and Garré syndrome 
are the same entity. The prevalence of this disease may be 
underestimated because of the difflculty in its récognition. 

The disease is most common in children, with a peak âge 
of 10 years. It most often affects the metaphysis of long 
bones, especially the tibia, fémur, and clavicle. Vertebra 
plana is frequent in patients with this disease. One study 
involving 102 children and adolescents with CRMO identi- 
fied spinal involvement, including vertébral deformities, sco- 
liosis, and kyphosis, in 26%. Another associated condition is 
palmar-plantar pustulosis, which manifests as a pustular 
rash on the soles of the feet and palms of the hands. Labora- 
tory testing usually shows a normal or mildly elevated white 
blood cell count and elevated érythrocyte sédimentation rate 
and C-reactive protein level; bacterial cultures of the bones 
and blood are négative. Radiographically, the bony lésions 
are predominantly lytic and bilaterally symmetric. Varying 
degrees of sclerosis may be présent. Whole-body technetium- 
99m bone scanning usually shows bilaterally symmetric 
areas of increased uptake. STIR MRI can facilitate the diag- 
nosis and exclude pyogénie involvement. Whole-body MRI 
may be useful for showing subclinical edema. The diagnosis 
is one of exclusion. If the diagnosis is in doubt, a confirma- 
tory biopsy is indicated. The following hâve been proposed 
as criteria for the diagnosis of CRMO: two or more bone 
lésions mimicking osteomyelitis, radiographie and bone scan 
findings consistent with osteomyelitis, 6 months or more of 
chronic and relapsing symptoms, failure of response to at 
least 1 month of appropriate therapy, and a lack of other 
identifiable cause. 

No effective treatment for CRMO has been found, and if 
the results of cultures are négative, antibiotic treatment is 
not indicated. Nonsteroidal antiinflammatory médication 
may help relieve pain. For refractory CRMO, especially with 
spinal involvement, successful treatment with tumor-necrosis 
factor-a has been reported. Treatment with bisphosphonates 
also has been shown to be of benefit. Disease remission after 
treatment with interferon gamma has been reported, but no 
absolute proof that the drug caused the remission could be 
shown. Resolution of symptoms followed by récurrence 
months later is characteristic of this disease. Generally, the 
symptoms continue to recur over 2 years, and the disease 
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generally is self-limiting. The long-term prognosis seems to 
be good; however, one study found that nearly 60% of chil- 
dren diagnosed with CRMO had active disease and pain 6 
months to 15 years after diagnosis. 

ANAEROBIC OSTEOMYELITIS 

Anaérobie bacteria are recognized increasingly as an impor¬ 
tant cause of osteomyelitis. In one sériés, 40 of 182 patients 
having surgery for osteomyelitis were found to hâve anaéro¬ 
bie bacteria in their operative cultures. The démonstration of 
these bacteria requires culturing the clinical material imme- 
diately after collection, using fresh media with proper anaéro¬ 
bie conditions, and subculturing the colonies immediately 
after removing them from the anaérobie environment. 

Anaérobie soff-tissue infections usually start in injured or 
ischémie tissue. Frequently, a putrid discharge and gas pro¬ 
duction are présent, and extensive tissue necrosis tends to 
burrow through subeutaneous and fascial planes. Anaérobie 
infections hâve been frequently associated with diabetic gan¬ 
grené. Treatment is by surgical drainage and resection of the 
necrotic tissue, combined with the use of appropriate antibi¬ 
otics as determined by culture and sensitivity studies. 

INCISION AND DRAINAGE 
FOR OSTEOMYELITIS OF 
SPECIFIC REGIONS 

CALCANEUS 

In osteomyelitis of the calcaneus, as of the other tarsal bones, 
destruction of the cortex usually is not extensive. The perios- 
teum is firmly attached to bone, and it is usually perforated 
rather than elevated by purulent material; the formation of 
an involucrum is minimal. One study found S. aureus to be 
the most common bacteria in calcaneal osteomyelitis and 
Pseudomonas aeruginosa in neurologically damaged feet. An 


American Society of Anesthesiologists score of less than 2, 
âge younger than 65 years, absence of neuropathy and diabè¬ 
tes, and posttraumatic osteomyelitis were associated with 
better results. Intravenous and oral antibiotics with surgical 
debridement (if indicated) can lead to a good clinical outcome. 


SPLIT-HEEL INCISION 

Médial and latéral approaches to the calcaneus are satisfac- 
tory for incision and drainage of localized abscesses, but 
the Gaenslen approach through the plantar surface of the 
heel is indicated for resecting the diseased bone of chronic 
osteomyelitis. The resulting scars usually are painless; they 
are so deeply situated that the tissues on either side curl 
inward and form thick cushions (Fig. 21-19). 


TECHNIQUE 21-6 


(GAENSLEN) 

■ Place the patient prone with a support beneath the 
affected ankle. 

■ Make a longitudinal incision exactly in the midline of the 
heel, extending 2.5 to 4.0 cm from the level of the base 
of the fifth metatarsal posteriorly to split the end of the 
Achilles tendon. 

■ Incise the plantar aponeurosis in the plane between the 
abductor digiti quinti and flexor digitorum brevis muscles. 

■ Retract medially the latéral plantar artery and nerve in the 
distal angle of the wound. 

■ Expose the quadratus plantae muscle and split it and the 
long plantar ligament longitudinally. 

■ Divide the calcaneus from posterior to anterior with a 
broad osteotome and retract the two halves to expose 
the interior of the bone (Fig. 21-20). The subtalar joint 
can be exposed by increasing the retraction. 



FIGURE 


^ Retraction of scar prevents pain on weight bearing after complété healing of Gaenslen split-heel incision. 
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ÿj Gaenslen split-heel incision. Note relation of 
distal end of incision to plantar artery and nerve. SEE TECHNIQUE 
21 - 6 . 


9 " Remove ail séquestra and obviously infected matter, but 
damage the cortex as little as possible. 

■ Close the wound loosely over drains. 

POSTOPERATIVE CARE. A short leg cast is applied with 
the foot in neutral position and the ankle at 90 degrees. 
A window is eut over the calcaneus to permit dressing 
changes. 


DISTAL THIRD OF THE FEMUR 

Chronic osteomyelitis of the distal third of the fémur is dif- 
ficult to treat. Because the periosteum may become com- 
pletely separated posteriorly by a subperiosteal abscess, this 
part of the bone may lose most of its blood supply, and sinuses 
offen persist. A mass of scar tissue forms that interfères with 
revascularization of the bone; the scar tissue is relatively inac¬ 
cessible surgically because of the proximity of large vessels 
and nerve s. 


TECHNIQUE 21-7 


■ Make a latéral longitudinal incision on the distal third of 
the thigh, beginning 5 cm proximal to the joint line of 
the knee and extend it proximally for 10 cm. 

■ Incise the iliotibial band, retract the vastus lateralis muscle 
anteriorly and expose the fémur. 


■ Avoid opening the knee joint in the distal end of the 
incision. Confine the operation to the latéral and postéro¬ 
latéral surfaces of the bone, or the suprapatellar bursa 
may be opened and the knee joint could become 
contaminated. 

■ Use a drill to outline a cortical window on the postéro¬ 
latéral surface of the bone and remove the window with 
an osteotome. 

■ Enter the medullary canal proximal to the metaphysis and 
place the window so that pus drains posteriorly. 

■ Remove only necrotic and infected matter. 

■Close the wound loosely over rubber drains, which exit 
through separate incisions and permit direct postérolat¬ 
éral drainage. 

POSTOPERATIVE CARE. The limb is splinted with the 
knee straight until the wound has healed, and it is pro- 
tected during ambulation to prevent pathologie fracture. 


PELVIC REGIONS 

As in the long bones, osteomyelitis of the pelvis may arise 
from hematogenous spread, direct inoculation of pathogens 
from trauma or surgery (e.g., hip implants), or by contiguous 
spread from the soft tissues (e.g., ulcers). Ramaesh et al. 
reported a high incidence of pelvic osteomyelitis in neuro- 
logically compromised patients. MRI is the most sensitive 
imaging technique, but culture or bone biopsy is necessary to 
détermine the pathogen as well as to rule out malignancy, 
such as squamous cell carcinoma. Broad-spectrum antibiot¬ 
ics are necessary because unusual organisms or several patho- 
gens may be présent. 

■ ILIUM 

In the acute stage of osteomyelitis, the ilium usually is invaded 
throughout, and large subperiosteal abscesses develop on the 
médial and latéral cortices. Early symptoms may suggest 
acute appendicitis or pyogénie arthritis of the hip joint. Before 
incision and drainage, systemic treatment (especially intrave- 
nous antibiotics and blood transfusions, if necessary) should 
be given. Adéquate amounts of blood should be available for 
use during surgery. Anaérobie bacteria may be involved in 
osteomyelitis of the pelvis associated with lésions of the 
intestines. 

In chronic osteomyelitis of the ilium, the entire bone 
often is involved, and infection is so diffuse that it is impos¬ 
sible to remove the individual séquestra and drain ail the 
abscesses. Because most of the iliac wing can be removed 
without causing significant disability, resecting it usually is 
préférable to less radical operations (see Technique 21-12). 
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■ Strip the muscles subperiosteally from the médial and 
latéral cortices of the iliac wing; usually pus under pres¬ 
sure escapes. Often the muscles will already hâve been 
stripped by the subperiosteal abscesses. 

■ Carefully avoid entering the hip joint. 

■ Drain each of the abscesses with drains. Bring the drains 
out through separate incisions to obtain adéquate gravity 
drainage. 

■ Close the skin loosely. 

POSTOPERATIVE CARE. Because a flexion contracture 
of the hip usually develops as a resuit of irritability of the 
hip flexor muscles, Buck traction is applied. The patient 
is turned frequently to the affected side to promote 
drainage. 


■ ISCHIUM AND PUBIS 

In osteomyelitis of the ischium and pubis, an abscess develops 
either beneath the external or internai obturator muscles or in 
the ischiorectal fossa. Drainage can be accomplished through 
an incision located away from the perineum to decrease the 
possibility of wound contamination and to allow wider rétrac¬ 
tion of the gracilis and adductor muscles. If necessary, the 
obturator membrane can be incised and the deep surfaces of 
the bone explored. Osteomyelitis of the ischial tuberosity is 
common in bedridden and paraplégie patients who develop 
pressure sores with secondary infection, necrosis, and osteo¬ 
myelitis. Effective treatment requires debridement of ail 
necrotic tissue and infected bone, and a soff-tissue transfer 
usually is required to close the defect. For osteomyelitis in the 
région of the symphysis, resection of the symphysis may be 
required when less radical treatment is ineffective. 

SPINE 

Osteomyelitis of the spine is discussed in Chapter 42. 



A f Defect in tibia of 4-year-old child after treat¬ 
ment of acute osteomyelitis by removal of large sequestrum 
before sufficient involucrum had formed to ensure continuity of 
bone. B f After transplantation of fibula to bridge defect. 


RESECTION OR EXCISION FOR 
OSTEOMYELITIS 

It has been shown in many instances that if infection is to be 
controlled in chronic osteomyelitis, the infected portion of 
bone must be radically resected, even if this means removing 
a segment of an essential long bone. Massive resection of a 
long bone affected by chronic hematogenous osteomyelitis 
has not been advisable in the past, however, for three reasons: 
(1) The periosteum may fail to reproduce the entire shaff (Fig. 
21-21), (2) the quality of remaining bone usually is unsatis- 
factory for reconstructive procedures, and (3) a dormant 
infection may be reactivated if reconstruction is undertaken. 
With newer techniques of bone and soff-tissue transport, 
massive resections can be performed and reconstructed 
without significant disability, although the time needed for 
reconstruction may be long. 

Massive resection of nonessential bones involved by any 
type of chronic osteomyelitis can be performed safely. Bones 
such as metatarsals and tarsals and part of the calcaneus, 
fibula, ilium, ribs, clavicle, and scapula can be resected, and 
satisfactory function may still be retained. 


RESECTION OF THE METATARSALS 


TECHNIQUE 21-9 


■ The first metatarsal should be retained if possible. 

■ Make a dorsal longitudinal incision over the affected bone 
from the distal row of tarsals to the middle of the proxi¬ 
mal phalanx of the corresponding toe. 

■ Deepen the incision to the periosteum, but do not open 
the tendon sheaths. 

■ Incise the periosteum in line with the shaft and strip it 
completely from the bone. 

■ Resect the entire shaft, but preserve the physis whenever 
possible in children. 

■ Close the wound loosely over a drain. 

POSTOPERATIVE CARE. A posterior plaster splint is 
applied and worn until the wound has healed, after 
which protected weight bearing is started. 
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RESECTION OF THE TARSALS 

Often more than one tarsal bone may be involved in chronic 
osteomyelitis. If necessary, the affected bone or bones can be 
excised using dorsolateral and dorsomedial longitudinal inci¬ 
sions. If the calcaneus is to be resected, the approach of 
Gaenslen is recommended (see Technique 21-6). 


PARTIAL CALCANECTOMY 

One study of 350 patients with calcaneal osteomyelitis 
demonstrated higher rates of transtibial amputation when 
the heel was involved as opposed to just the mid or fore- 
foot. Partial calcanectomy, however, is a useful limb salvage 
technique in the treatment of large heel ulcérations and 
calcaneal osteomyelitis. 


TECHNIQUE 21-10 


Figure 21-22 


■ Tailor the incision to fit the size and shape of the ulcer. If 
no ulcers are présent, use Gaenslen's approach (see Tech¬ 
nique 21-6). Fisher and Armstrong recently described a 
"hurricane incision" that resembles a satellite view of a 
hurricane to facilitate exposure of the heel (Fig. 21-23). 

■ Carry the dissection down to the calcaneus to protect the 
remaining viable heel pad. 

■ Approach the Achilles tendon in the area of the calcaneus 
that is to be removed. Release the tendon and allow it to 
retract proximally. 

■ Begin an incision 1 cm posterior to the edge of the sub- 
talar and calcaneocuboid joints. 

■ Remove sufficient bone to permit mobilization and 
approximation of the adjacent healthy soft tissue. 

■ Close the wounds over suction drains. If primary skin 
closure is impossible, allow it to heal by secondary wound 
healing. 

■ Apply a cast with the ankle in 30 degrees of equinus to 
reduce tension on the wound. 

POSTOPERATIVE CARE. When the wounds hâve 
healed, the patient is placed in a solid, custom-molded 
ankle-foot orthosis. 



FIGURE 


Partial resection of calcaneus. 


SEE TECHNIQUE 


RESECTION OF THE FIBULA 

The entire fibula can be resected if necessary, but the distal 
fourth contributes to ankle stability and should be retained 
whenever possible. If the proximal end is resected, the 
latéral collateral ligament of the knee and the biceps 
femoris tendon should be firmly anchored to the tibia. 


TECHNIQUE 21-11 


■ Make a longitudinal incision over the involved portion of 
the fibula. 

■ Approach the bone in the interval between the soleus 
muscle posteriorly and the peroneal muscles anteriorly. 

■ Expose and protect the peroneal nerve in the proximal 
end of the wound. 

■ Incise the periosteum in line with the shaft and strip it 
from the entire circumference of the part to be resected. 

■ Resect the diseased portion of the shaft and close the 
wound loosely over drains. 

POSTOPERATIVE CARE. A long leg posterior plaster 
splint is applied with the foot in neutral position, the 
ankle at 90 degrees, and the knee in 20 degrees of 
flexion, and it is worn until the wound has healed. Then 
protected weight bearing is started. 



Hurricane incision. (From Fisher TK, Armstrong 
DG: Partial calcanectomy in high-risk patients with diabètes: use and 
utility of a "hurricane" incisional approach, ePlasty 10:e17, 2010.) 


21 - 10 . 
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A f Sliding abdominal hernia and osteomyelitis of right iliac crest after removal of bone graft for fusion of lumbar 
spine. B, Appearance of ilium after resection of involved crest and repair of hernia. 
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FIGURE 


A and B, Subperiosteal exposure for resection of wing of ilium. Poupart ligament can be reflected from ilium, per- 


mitting removal of bone from superior ramus of pubis to sacroiliac joint. SEE TECHNIQUE 21-12. 


RESECTION OF THE ILIAC WING 

Resection of a large part of the iliac wing may be indicated 
in chronic osteomyelitis of the ilium with prolonged drain¬ 
age (Fig. 21-24). 


TECHNIQUE 21-12 


(BADGLEY) 

■ Make an incision over the iliac crest from the posterior 
superior iliac spine to the anterior superior iliac spine and 


distally on the thigh, parallel with the sartorius muscle for 
7.5 to 10 cm (Fig. 21-25A). 

■ Divide the fascia 1.3 cm distal to the crest and incise the 
periosteum along the crest. 

■ Detach the gluteal and tensor fasciae latae muscles sub- 
periosteally to the acetabular rim. 

■ Develop the interval between the tensor fasciae latae and 
the sartorius muscles and retract the tensor fasciae latae 
to expose the anterior part of the ilium. 

■ In children, the cartilaginous iliac crest can be detached 
easily with the abdominal muscles attached to it. 
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■ Subperiosteally detach the abdominal muscles and the 
latissimus dorsi, quadratus lumborum, and erector spinae 
muscles at their insertions. 

■ Strip the muscles from the médial cortex of the ilium 
distally to the arcuate line (Fig. 21-25B). 

■ Resect the ilium as a whole as far distally as the anterior 
inferior spine and as far posteriorly as the sacroiliac joint 
if necessary. 

■ Place drains in the wound and bring them through the 
skin by a separate incision to establish adéquate gravity 
drainage. 

■ Close the skin loosely. 

POSTOPERATIVE CARE. Protected ambulation is begun 
when the wounds hâve healed, and the patient's condi¬ 
tion permits. 


AMPUTATION FOR 
OSTEOMYELITIS 

Amputation is performed infrequently for osteomyelitis. In 
certain patients, this form of treatment may be préférable, 
however, to multiple operations and prolonged antibiotic 
therapy. The prevalence of malignancy arising from chronic 
osteomyelitis has been reported to be 0.2% to 1.6%. Most of 
these are squamous cell carcinoma arising from a sinus track, 
but réticulum cell carcinoma, fibrosarcoma, and other malig- 
nancies hâve been reported. Amputation is the most reliable 
means of treating osteomyelitis associated with malignant 
change. Arterial insufficiency, major nerve paralysis, or joint 
contractures and stiffness that make a limb nonfunctional are 
indications for amputation. 
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Acute septic arthritis results from bacterial invasion of a joint 
space, which can occur through hematogenous spread, direct 
inoculation from trauma or surgery, or contiguous spread 
from an adjacent site of osteomyelitis or cellulitis. Despite 
in-depth research into the pathophysiology and treatment of 
acute septic arthritis, the morbidity and mortality are still 
significant, especially in patients at the extremes of âge. The 
bacterial strain and the individuals immune System déter¬ 
mine whether a septic joint or a less severe infection develops. 
Even with currently available antibiotics and treatment regi- 
mens, serious complications may resuit. Delay in diagnosis 
and failure to begin treatment promptly are the most common 
reasons for late complications of infection. 

A systematic review of the literature by Mathews et al. 
found that the risk factors for developing joint sepsis included 
rheumatoid arthritis, osteoarthritis, a prosthetic joint, low 
socioeconomic status, intravenous drug abuse, alcoholism, 
diabètes, previous intraarticular corticosteroid injection, and 
cutaneous ulcers. 

CLINICAL PRESENTATION 

Acute septic arthritis can occur at any âge, but young 
children and elderly adults are most susceptible, especially if 
they hâve an already abnormal joint from previous trauma or 
from conditions such as hemophilia, osteoarthritis, or rheu¬ 
matoid arthritis. Immune compromise for any reason and 
diseases such as cancer, diabètes, alcoholism, cirrhosis, and 


uremia increase the risk for infection. Usually, predisposing 
conditions are associated with particular types of causative 
organisms (Table 22-1); a thorough history and physical 
examination should be done. 

Septic arthritis occurs most frequently in adults; however, 
the most serious sequelae from infection occur in children, 
especially if a hip joint is involved and treatment has been 
delayed. Age-dependent anatomie variables may be respon- 
sible for the serious complications in children, such as 
destruction of the epiphysis and associated osteonecrosis 
from increased intracapsular pressure and septic effusion. 
Using immature avian models, Alderson et al. provided évi¬ 
dence that transepiphyseal vessels do exist and provide a 
direct connection between the physis and epiphyseal carti¬ 
lage, supplying a route for bacteria to spread from an osteo- 
myelitic focus in the metaphysis to the epiphysis and 
subsequently to the joint space. 

The lower extremity weight-bearing joints are predomi- 
nantly affected (61% to 79%); however, any joint can be 
involved, and multiple joint infections do occur. A thorough 
examination to détermine if there is monoarticular or poly- 
articular infection is necessary before treatment is initiated. 
Inflammation of a single joint can be caused by numerous 
diseases (Box 22-1). Joint sepsis should be an early considér¬ 
ation, however, because failure to diagnose this condition 
promptly may resuit in irréversible joint damage or death. 

Acute septic arthritis can be difflcult to diagnose in neo- 
nates because the inflammatory response is blunted and signs 
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TABLE 22-1 


Organisms Found in Common Clinical Settings 
of Infectious Arthritis 

CLINICAL FACTOR 

ORGANISM 

PATIENT AGE 

Neonate 

Staphylococcus aureus 

<2 yr 

Haemophilus influenzae, 5. aureus 

>2 yr 

5. aureus 

Young adults 
(healthy, sexually 
active) 

Neisseria gonorrhoeae 

Elderly adults 

S. aureus (50%), streptococci, 
gram-negative bacilli 

STRUCTURAL ABNORMALITIES 

Aspiration or 
injection 

S. aureus 

Trauma 

Gram-negative bacilli, anaerobes, S. 
aureus 

PROSTHESIS 

Early infection 

S. epidermidis 

Late infection 

Gram-positive cocci, anaerobes 

MEDICAL CONDITIONS 

Injecting drug use 

Atypical gram-negative bacilli (e.g., 
Pseudomonas species) 

Rheumatoid arthritis 

S. aureus 

Systemic lupus 
erythematosus, sickle 
cell anémia 

Salmonella species 

Hemophilia 

S. aureus (50%), streptococci, 
gram-negative bacilli 

Immunosuppression 

S. aureus; Mycobacterium species, 
fungi 


Modified from Stimmler MM: Infectious arthritis: tailoring initial treatment to 
clinical findings. Postgrad Med 99:127,1996. 


such as fever, swelling, erythema, and pain may be minimal 
or lacking. The only finding in a neonate may be infection at 
another site (e.g., the umbilical cathéter), irritability, failure 
to thrive, asymmetry of limb position, or displeasure at being 
handled. 

Clinical predictor algorithms hâve been used to differen- 
tiate transient synovitis from septic arthritis in children. A 
C-reactive protein greater than 20 mg/L and inability to bear 
weight yielded a 74% probability of septic arthritis, and 
patients with neither predictor had a less than 1% probability 
of septic arthritis (Table 22-2). 

IMAGING STUDIES 

Numerous imaging techniques are available to help detect 
joint infections, and although they can help confirm the sus¬ 
picion of septic arthritis, they are not diagnostic. In the first 
few days of infection, radiographs usually are normal; 
however, they may be helpful in that they may show soft- 
tissue swelling, displacement of the fat pad, or joint space 
widening from localized edema. As the infection progresses, 



Differential Diagnostic Considérations in 
Monoarticular Arthritis 


■ Infection 

■ Crystal-induced arthritis (goût, calcium pyrophosphate 
dihydrate déposition disease) 

■ Trauma 

■ Hemarthrosis (hemophilia, sickle cell anémia) 

■ Osteomyelitis 

■ Periarticular syndrome (bursitis, tendinitis) 

■ Ruptured Baker cyst 

■ Deep vein thrombosis 

■ Pigmented villonodular synovitis 

■ Mechanical dérangement 

■ Foreign body 

Adapted from Stimmler MM: Infectious arthritis: tailoring initial treatment to 
clinical findings. Postgrad Med 99:127,1996. 


TABLE 22-2 


Probability Algorithm for Two-Variable Model 


C-REACTIVE PROTEIN 

WEIGHT BEARING 

PROBABILITY 

Yes 

Yes 

0.74 

Yes 

No 

0.15 

No 

Yes 

0.06 

No 

No 

0.01 


From Singhal R, Perry DC, Khan FN, et al: The use of CRP within a clinical prédic¬ 
tion algorithm for the différentiation of septic arthritis and transient synovitis in 
children, J Bone Joint Surg Br 93:1156, 2011. 


joint space narrowing from the destruction of cartilage may 
become évident. Radiographs may be used to monitor the 
response to treatment and to detect inadequately treated 
stages of the disease, such as generalized joint destruction, 
osteomyelitis, osteoarthritis, joint fusion, or bone loss. 

Ultrasonography, in contrast to radiographs, can be used 
to detect even small collections of fluid deep in the joints. 
Nonecho-free effusions from clotted hémorrhagie collections 
are characteristic of a septic joint. Ultrasonography can be 
used to guide initial joint aspiration and drainage and to 
monitor the status of intraarticular compartments, joint 
capsules, bone surface, or adjacent soft tissues. It is noninva- 
sive, inexpensive, and easy to use but is heavily operator 
dépendent. 

Computed tomography (CT), magnetic résonance 
imaging (MRI), and bone scans also may be obtained to diag¬ 
nose septic arthritis; however, these tests are not always nec- 
essary. CT, which is more sensitive than radiography, has 
limited use in the early stages of infection. It can show soft- 
tissue swelling, joint effusion, and abscess formation and can 
be used to guide joint aspiration, monitor therapy, and help 
select operative approaches. MRI can detect infection, and 
the extent of infection, and is particularly useful in diagnos- 
ing infections that are difficult to access. MRI has a greater 
resolution than CT and shows better anatomie detail than 
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bone scans, making it useful in differentiating between bone 
and soft-tissue infections and showing joint effusion. In addi¬ 
tion, patients are not exposed to radiation. MRI is costly, has 
limited value in the presence of métal implants, and has a 
lower resolution than CT in calcified bone structures and 
cortices. Similar to other imaging techniques, MRI is nonspe- 
cific and cannot differentiate between infectious and nonin- 
fectious inflammatory arthropathies. 

Radionuclide bone scans offen can detect localized areas 
of inflammation. Although the technetium-99m ( 99m Tc)- 
methylene diphosphonate scan shows increases in isotope 
accumulation in areas of osteoblasts and increased vascular- 
ity, it may be normal in the early stages of septic arthritis. 
Other radiopharmaceuticals, including gallium citrate and 
indium-111 ( m In) chloride, are more spécifie and sensitive 
in the détection of active infection than 99m Tc- 
methylene diphosphonate, but they do not show bone or joint 
detail well, and it is offen difhcult to distinguish between 
bone, joint, or soft-tissue inflammation. m In-labeled leuko¬ 
cytes localize in the areas of acute infection, but although this 
scan is positive in approximately 60% of patients with septic 
arthritis, false-positive results may occur in patients with 
osteoarthritis. 

PATHOGENESIS 

Hematogenous infection of a joint begins with a systemic 
bacteremia that ultimately invades the synovial cartilaginous 
junction from the intravascular space and spreads through- 
out the synovium and synovial fluid. Why joints are affected 
and other vulnérable organs are not is unclear; however, col- 
lagen receptors found on Staphylococcus aureus (the most 
common nongonococcal infecting cause of hematogenous 
septic arthritis) may play a rôle. Also, the lack of a limiting 
basement membrane in the capillaries of synovium may allow 
intravascular bacteria to reach the extravascular space of 
synovial tissue through gaps between capillary endothélial 
cells. In addition, synovial fibroblasts inhibit phagocytosis of 
bacteria. 

Soon affer the synovium has been infected it becomes 
hyperemic and infiltrated with polymorphonuclear leuko¬ 
cytes that rapidly increase over the next several days. Histo- 
logically, the appearance changes from acute to chronic 
inflammation with an increase in mononuclear leukocytes 
and lymphocytes, which become the prédominant inflamma¬ 
tory cells by 3 weeks. 

Destruction of the articular cartilage, which results from 
dégradation of ground substance, is apparent 4 to 6 days affer 
infection. Déplétion of ground substance, according to Perry, 
begins approximately 2 days affer inoculation and is caused 
by activation of enzymes from the acute inflammatory 
response, production of toxins and enzymes by bacteria, and 
stimulation of T lymphocytes during the delayed immune 
response. Bacterial antigens deposited in the synovium and 
spécifie toxins, such as staphylococcal enterotoxin, produced 
by bacteria stimulate prolifération of T lymphocytes. As the 
T lymphocytes increase and dégradé the ground substance, 
collagen is exposed to collagénases and the mechanical prop- 
erties of the articular cartilage are altered, increasing its sus- 
ceptibility to wear. Complété destruction of articular cartilage 
occurs at approximately 4 weeks. Joint dislocation or sublux¬ 
ation and osteomyelitis also may occur. 


MICROBIOLOGY 

Age is an important factor in determining the causative agent 
in bacterial infection. S. aureus is the leading cause in ail âges 
followed by group A Streptococcus and Enterobacter. Until the 
development of a vaccine, Haemophilus influenzae was the 
main pathogen in infants and toddlers and is still recognized 
in the literature as such. S. aureus (including methicillin- 
resistant strains) is the most common pathogen of septic 
arthritis in hospitalized neonates. Intravenous cathéters and 
hyper alimentât ion hâve been implicated in the transmission 
of this organism. 

Kingella kingae , an organism difhcult to recover by joint 
cultures on solid media, may be a more common cause of 
septic arthritis than previously recognized. 

Neisseria gonorrhoeae causes approximately 75% of septic 
arthritis cases in healthy, sexually active young adults, 
although a septic joint develops in less than 3% of patients 
infected with N. gonorrhoeae. This infection has a slightly 
different présentation than other types of infectious arthritis. 
Offen the infection is polyarticular and may be associated 
with a papular rash. Joint cultures often are négative, but 
cultures from the pharynx or urethra may be positive. Poly¬ 
merase chain reaction may help identify N. gonorrhoeae in 
culture-négative synovial fluid. Gonococcal arthritis gener- 
ally has a favorable outcome if treated with appropriate anti¬ 
biotics, and drainage usually is unnecessary. 

There has been a noted increase in the number of 
community-acquired methicillin-résistant S. aureus infec¬ 
tions in the pédiatrie population in several large communi- 
ties. This includes osteomyelitis and septic arthritis. At our 
pédiatrie institution, community-acquired methicillin résis¬ 
tant S. aureus infection accounted for 26% of ail septic arthri¬ 
tis and acute hematogenous osteomyelitis admissions. The 
community-acquired methicillin-résistant S. aureus infec¬ 
tions are more likely to hâve positive blood cultures affer 
appropriate treatment has been initiated and to require mul¬ 
tiple surgical procedures. 

In older adults with nongonococcal disease, S. aureus 
infections cause about half of the cases of septic arthritis, and 
streptococci and gram-negative bacilli are responsible for the 
other half. Polyarticular sepsis caused by S. aureus is extremely 
serious in patients with rheumatoid arthritis, hemophilia, or 
immunosuppression, and mortality rates hâve been reported 
to be 56%. Hallmark findings in acute septic arthritis, such as 
pain with passive motion, swelling, and erythema, also may 
be difhcult to interpret in patients with rheumatoid arthritis. 
Adults with systemic lupus erythematosus hâve an increased 
likelihood of Salmonella infection, and individuals with a 
history of intravenous drug use are predisposed to gram- 
negative infections, including those caused by Pseudomonas 
organisms. 

TREATMENT 

The principles in the management of acute septic arthritis 
include (1) adéquate drainage of the joint and resection of 
infected tissue, (2) antibiotics to diminish the systemic effects 
of sepsis, and (3) resting the joint in a stable position. Prompt 
drainage and évaluation of purulent joint fluid is crucial for 
préservation of articular cartilage and for resolution of the 
infection. 
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If a joint is suspected of being infected, aspiration with a 
large-bore needle should be done before antibiotic therapy is 
initiated. Careful skin préparation before aspiration is man- 
datory, and the fluid obtained should be sent for immédiate 
Gram staining, culture, cell counts, and crystal analysis. Mea- 
suring érythrocyte sédimentation rates or C-reactive protein 
levels may be helpful in following the treatment course. A 
C-reactive protein of more than 10.5 mg/dL is prédictive of 
infection. Typically, synovial leukocyte counts greater than 
50,000/mm 3 indicate infectious arthritis; leukocyte counts of 
28,000/mm 3 or less hâve been implicated, especially in immu- 
nocompromised patients. In addition to the total leukocyte 
count, the proportion of polymorphonuclear neutrophils, if 
greater than 90%, indicates infection. 

Cultures can be négative in up to 75% of patients with 
septic arthritis. The use of empirical antibiotics may obscure 
results. Regardless, treatment in children should be aggres- 
sive whether or not a causative organism is identified. 

Empirical antibiotic treatment is based on the patients 
âge and risk factors (Table 22-3). Empirical antibiotic therapy 
should be given until culture and sensitivity results are avail- 
able, at which time definitive treatment is initiated (Table 


TABLE 22-3 


Empirical Antimicrobial Therapy 

PATHOGEN 

EMPIRICAL ANTIMICROBIAL 

Gram-positive cocci in 
clusters with MRSA risk 
factor* or (3-lactam allergy 

Vancomycin 15 mg/kg IV 
q12h 

Gram-positive cocci in 
clusters, no MRSA risk 
factors 

Nafcillin or oxacillin 2 g IV 
q4h 

Gram-positive cocci, no 
MRSA risk factors 

Cefazolin 2 g IV q8h 

Gram-positive cocci in 
chai ns ( Streptococci 
presumed) 

Penicillin G 12-18 MU/d or 
ampicillin 2 g IV q4h 

Gram-negative cocci 
(presumptive Neisseria) 

Ceftriaxone 1-2 g IV/IM 
q12-24h or cefotaxime 

2 g IV q8h 

Gram-negative rods 

Ceftazidime 2 g IV q 8 hr or 
cefepime 2 g IV q8h 

Négative Gram stain, 
previously healthy, no 

MRSA risk factors 

Cefazolin 2 g IV q8h 

Négative Gram stain, 
health-care associated or 
other MRSA risk factors 

Human, dog, or cat bite 

Vancomycin 15 mg/kg IV 
q12h plus ceftazidime 2 g IV 
q8h, cefepime 2 g IV q8h or 
piperacillin/tazobactam 

4.5 g IV q6h 

Ampicillin sulbactam 

1.5-3 g IV q4h 


Data from Nuermberger E: Septic arthritis community acquired. In Bartlett JG f 
Auwaerter PG, Pham PA (editors). John Hopkins ABX guide to diagnosis and 
treatment of infectious diseases, 3rd ed. Burlington: Jones and Bartlett; 2012. 
*Risk factors for methicillin-resistant Staphylococcus aureus: recent hospitaliza- 
tion or nursing home admission, hemodialysis, diabètes, intravenous drug use, 
recent antibiotic exposure, recent incarcération, recent skin or soft-tissue infec¬ 
tion in patient, or close contact. Community-acquired MRSA often occurs without 
preexisting risk factors. 


22-4). If no organism is isolated, empirical therapy should be 
continued. In general, the decision regarding duration of 
therapy is left up to the physician and dépends on the type of 
infecting organism, the condition of the patient, and the 
response to therapy. Infections caused by H. influenzae type 
b, Neisseria, or Streptococcus generally respond rapidly 
to appropriate antibacterial management, and duration of 
therapy can be brief (less than 2 weeks). Infections caused by 
staphylococci and gram-negative bacilli respond more slowly, 
however, often requiring 4 to 6 weeks of treatment. A longer 
period of therapy is required if the hip or shoulder is involved, 
if the patient is immunocompromised, or if the response to 
treatment has been poor. In general, if laboratory findings do 
not improve after treatment, an infectious disease consulta¬ 
tion is warranted. 

Although few questions remain concerning the bénéficiai 
effects of early drainage of an infected joint, controversy con¬ 
tinues about the advantages of open surgical drainage, 


r TABLE 22-4 

Pathogen-Directed Antimicrobial Therapy 

PATHOGEN 

ANTIMICROBIAL THERAPY 

5. aureus (methicillin 
sensitive) 

Nafcillin or oxacillin 2 g IV q4h x 

3 wk 

Cefazolin 2 g IV q8h x 3 wk 

5. aureus (methicillin 
résistant or type 1 
penicillin allergy) 

Vancomycin 15 mg/kg IV q12h x 

3 wk 

Streptococci 
including penicillin- 
sensitive 5. 
pneumoniae [MIC < 

4 rng/L]) 

Penicillin G 12-18 MU IV qd divided 
dose or ampicillin 2 g IV q4h x 

2 wk 

5. pneumoniae 
(penicillin-resistant) 

Ceftriaxone 1-2 g IV q12h or 
cefotaxime 2 g IV q8h if 
susceptible, or vancomycin 15 mg/ 
kg IV q12h x 2 wk 

Enteric gram- 
negative bacilli 

Ceftriaxone 1-2 g IV q12h or 
cefotaxime 2 g IV q8h x 3 wk 

Gram-negative bacilli 
(P aeruginosa) 

Ceftazidime 2 g IV q8h or cefepime 

2 g IV q8h, plus gentamicin or 
tobramycin 5 mg/kg IV q24h x 

3 wk 

Gram-negative bacilli 

Ciprofloxacin 400 mg IV q8-12h or 
750 mg PO q12h or levofloxacin 

750 mg IV or 750 mg PO qd x 3 wk 

Polymicrobial 

Ampicillin/sulbactam 1.5-3 g IV q4h 
x 3 wk 

Clindamycin 600 mg IV q6-8h x 

3 wk plus ciprofloxacin 400 mg IV 
or 750 mg PO q12h or levofloxacin 
750 mg IV or 750 mg PO qd x 3 wk 

Gram-positive 
etiology and type 1 
penicillin allergy 

Vancomycin 15 mg/kg IV q12h x 

3 wk 


Data from Nuermberger E: Septic arthritis community acquired. In Bartlett JG, 
Auwaerter PG, Pham PA (editors). John Hopkins ABX guide to diagnosis and 
treatment of infectious diseases, 3rd ed. Burlington: Jones and Bartlett; 2012. 
MIC, Minimal inhibitory concentration. 
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arthroscopic drainage, and multiple aspirations. Excellent 
results hâve been reported with ail three methods. Clinical 
comparisons of aspiration with arthroscopy or arthrotomy 
are inconclusive. Except for gonococcal arthritis, which 
usually can be treated effectively with antibiotics, drainage 
should be performed for ail other infectious arthritis. 

We believe that if the diagnosis is made early and the 
involved joint is superficial, such as the elbow or ankle, aspi¬ 
ration should be performed and repeated if necessary. Appro- 
priate antibiotics should be administered, and the joint should 
be splinted in a position of function. The patient should be 
observed for a decrease in pain, swelling, and température 
and for improved joint mobility. Infections caused by less 
virulent organisms usually respond promptly to treatment. If 
the response is not favorable and repeat aspiration does not 
show a decrease in the synovial leukocyte count within 24 to 
48 hours, open surgical drainage is necessary. If purulent 
material is deeply situated in a joint, such as the shoulder or 
hip, open surgical drainage should be done. Arthroscopic 
drainage is a good alternative to open drainage in many 
instances, especially for infections involving the knee, elbow, 
shoulder, or ankle. 

As the infection résolves, therapy to restore normal joint 
function is begun, including functional splinting initially 
to prevent deformity, isométrie muscle strengthening, and 
active range-of-motion exercises. Patients being treated for 
infectious arthritis offen hâve varying degrees of deformity, 
and treatment with traction, dynamic splints, serial casting, 
and passive exercises may be useful. In the residual stage, the 
infection has completely subsided but the joint or joints 
involved are left with deformity or limitation of motion, so 
treatment is directed at correction and functional restoration 
of the joint. The possibility of reactivating the infection 
should be considered, however, when any necessary proce¬ 
dure is undertaken at this stage. 

TARSAL JOINTS 

Primary septic arthritis of the tarsal joints is rare. An uncon- 
trolled infection in the tarsal joints requires wide surgical 
drainage. 


SURGICAL DRAINAGE OF THE 
TARSAL JOINT 


TECHNIQUE 22-1 


■ Make a médial or latéral longitudinal incision 5 to 7.5 cm 
long. 

■ Deepen the incision to the joint capsules and open them 
widely. 

■ Take appropriate material for Gram stain and cultures and 
evacuate the pus by copious saline irrigation. 

■ Close the wound loosely over drains. 

POSTOPERATIVE CARE. A posterior plaster splint is 
applied with the foot in neutral position and the ankle at 
90 degrees. The splint is worn until the wound has 
healed; then graduated weight bearing is started. 



FIGURE 


Aspiration of ankle, antérolatéral view. 


ANKLE 

ASPIRATION 

Swelling around the ankle offen makes fluctuation difhcult to 
locate. To avoid injuring important structures, the needle is 
inserted 2.5 cm proximal and 1.3 cm anterior to the tip of the 
latéral malleolus. This is just latéral to the peroneus tertius 
tendon (Fig. 22-1). 

DRAINAGE 

The ankle may be drained through any of the following 
approaches: antérolatéral, anteromedial, postérolatéral, and 
posteromedial (see Figs. 1-32, 1-34, and 1-35). The postéro¬ 
latéral approach has proved safer and more effective than any 
other approach. 


ANTEROLATERAL DRAINAGE 
OF THE ANKLE 


TECHNIQUE 22-2 


■ Make an incision 5 to 7.5 cm long over the joint and 1.3 
to 2.5 cm anterior to the latéral malleolus. 

■ Carry the dissection through the fascia just latéral to the 
sheath of the extensor tendons and the peroneus tertius 
tendon. 

■ Incise the joint capsule longitudinally. 
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POSTEROLATERAL DRAINAGE 
OF THE ANKLE 


TECHNIQUE 22-3 


■ Hold the foot in dorsiflexion. This tends to obliterate the 
anterior compartment and enlarge the posterior compart- 
ment; consequently, the purulent material may be evacu- 
ated more thoroughly. 

■ Begin the incision 5 cm proximal to the tip of the latéral 
malleolus and just latéral to the Achilles tendon. Extend 
the incision distally to the calcaneus and curve it along 
the superior border of that bone for 2.5 cm. 

■ Retract the sural nerve and small saphenous vein laterally. 
Press the thick pad of fatty tissue over the posterior part 
of the capsule distalward against the subtalar joint to 
protect that joint. 

■ Retract the peroneal tendons laterally and incise the joint 
proximal to the shining, cord-like, posterior talofibular 
ligament. 

■ Be sure to incise the posterior capsule under direct vision. 
This approach also is excellent for draining the subtalar 
joint. 


ANTEROMEDIAL DRAINAGE 
OF THE ANKLE 


TECHNIQUE 22-4 


■ Make an incision 7.5 cm long on the anterior aspect of 
the ankle parallel with the médial border of the anterior 
tibial tendon. 

■ Carry the dissection directly into the capsule of the joint. 

■ Do not disturb the tendon sheaths. 


POSTEROMEDIAL DRAINAGE 
OF THE ANKLE 


TECHNIQUE 22-5 


■ Make an incision 7.5 to 10 cm long médial to and parallel 
with the Achilles tendon. 

■ Retract the flexor hallucis longus tendon and the neuro- 
vascular bundle medially. 

■ Continue the dissection down to the ankle joint capsule. 
Incise the capsule. If the dissection is kept latéral to the 
flexor hallucis longus tendon, the nerve, vessels, and 
tendons that lie posterior to the médial malleolus are 
avoided. 


POSTOPERATIVE CARE. After the capsule has been 
incised by any of the previous approaches, the wound is 
closed loosely over drains. A posterior splint is applied 
with the foot in neutral position and the ankle at 90 
degrees. The splint is worn until the wound has healed; 
then graduated weight bearing and active range-of- 
motion exercises are begun. 


ANKLE ARTHROSCOPY 

Ankle arthroscopy has been shown to be successful in treat- 
ing early septic arthritis. Synovectomy was added to the pro¬ 
tocol in addition to irrigation yielding similar outcomes to a 
traditional open approach. Ankle arthroscopy is described in 
Chapter 50. 

KNEE 

The incidence of bacterial infections in the large joints is 2 in 
100,000 per year. The knee joint is the most frequently 
affected. 

ASPIRATION 

Because the knee is a superficial joint, it can be aspirated 
easily. The needle is inserted on the latéral side at the level of 
the superior pôle of the patella. It is advanced through the 
latéral retinaculum and into the joint (Fig. 22-2). 

DRAINAGE 

In acute septic arthritis, usually anteromedial arthrotomy or 
arthroscopic drainage and antibiotic treatment are adéquate. 
In more difficult cases, the following approaches may be used. 
If the posterior compartment of the knee is distended and a 



FIGURE 


Aspiration of knee, anteroposterior view. 
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Arthroscopic irrigation of septic knee. 
A f Cannula is inserted in suprapatellar pouch for outflow, and 
knee is irrigated through arthroscopic sheath. B f Small suction 
drain is inserted through arthroscopic sheath. C f Sheath is 
removed as drain is held in place. SEE TECHNIQUE 22-6. 


popliteal abscess is well established, parallel anterior incisions 
combined with postérolatéral and posteromedial (Hender- 
son) incisions usually are best. If possible, posterior drainage 
should be avoided because the infection may spread through 
the fascial planes of the thigh and leg. When fluctuation 
indicates a pocket of pus in the posterior compartment 
of the joint that has not been or that cannot be drained effec- 
tively through Henderson incisions, posterior drainage is 
necessary. The posterior compartment may be divided by a 
médian septum into médial and latéral compartments. These 
may be drained effectively by the Klein or Kelikian approach 
(both described subsequently). A posterior midline approach 
should not be used to drain an infected knee because it 
exposes the popliteal vessels to pus and to pressure from the 
drain and créâtes a potentially contracting scar across the 
joint. 

■ ARTHROSCOPIC DRAINAGE 

Arthroscopic drainage is the preferred treatment for acute 
septic arthritis of the knee in adults. Several studies hâve 
reported good results with this technique, which combines 
the advantages and avoids the disadvantages of needle aspira¬ 
tion and arthrotomy. With arthroscopy, purulent material can 
be removed and the joint can be irrigated. The joint cartilage 
can be inspected, and loculations or adhesions can be removed 


with the arthroscope. A partial synovectomy can be per- 
formed if necessary. Drains can be placed into the joint 
through the portai sites for drainage or for a continuous 
suction drainage System. Arthroscopy also has the advantage 
of allowing much earlier range of motion and réhabilitation 
of the knee joint compared with arthrotomy. 


ARTHROSCOPIC DRAINAGE 
OF THE KNEE 


TECHNIQUE 22-6 


■After stérile préparation of the knee, with the patient 
under general or régional anesthésia, insert a large-bore 
inflow cannula into the suprapatellar pouch (Fig. 22-3A). 

■ Place the arthroscope through a standard antérolatéral 
portai and irrigate the joint with saline or lactated Ringer 
solution (preferably Neosporin G.U. solution) until the 
fluid coming out of the joint cavity is clear. 

■ Inspect the joint for any evidence of fibrinous débris 
or loculations and note the condition of the joint 
cartilage. 
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■ Use other portais for debridement and irrigation as 
necessary. 

■ After the joint has been visually inspected and debrided, 
continue joint irrigation. 

■ After the arthroscope has been removed, insert a small 
drain through the arthroscopic sheath (Fig. 22-3B), and 
remove the sheath as the drain is held in place (Fig. 

22-3C). 

■Splint the knee in a functional position. 

POSTOPERATIVE CARE. An active exercise regimen 
beginning with straight-leg raising and quadriceps setting 
is begun immediately postoperatively. Active range of 
motion is started as soon as the patient is comfortable, 
generally 24 hours after anteromedial arthrotomy or 
arthroscopic drainage. The drains, if présent, are removed 
at 24 to 48 hours after surgery. Functional splinting is 
maintained for 1 week except for periods of exercise. 


ANTERIOR DRAINAGE OF THE KNEE 


TECHNIQUE 22-7 


■ Make parallel anterior incisions 7.5 to 10 cm long on 
each side of the patella and sufficiently médial or latéral 
to the sides of the patellar tendon. 

■ Incise the capsule and synovium, carefully evacuate the 
purulent material, and disrupt any loculations or adhe¬ 
sions. Use copious saline irrigation. 

■ Leave the synovium open, but loosely close the capsule 
and skin over drains. Use absorbable monofilament 
sutures for closing the capsule. 

■ When this approach is used for drainage, patients must 
spend most of their time in the prone position for adé¬ 
quate drainage, or they must be allowed to carry out 
either early active range of motion of the knee or continu¬ 
ons passive motion. 


POSTEROLATERAL AND 
POSTEROMEDIAL DRAINAGE 
OF THE KNEE 


TECHNIQUE 22-8 


(HENDERSON) 

■ With the knee flexed, make an incision 7.5 cm long on 
the postérolatéral aspect of the knee just anterior to the 
fibular head and biceps tendon. This approach avoids the 
peroneal nerve, which parallels the posteromedial border 
of the biceps tendon and passes around the neck of the 
fibula. Continue the incision through the iliotibial band 
to the joint capsule. 


■ Incise the capsule and enter the latéral part of the poste- 
rior compartment of the knee (see Fig. 1-57). 

■ Make a similar posteromedial incision anterior to the 
relaxed tendon of the semimembranosus, semitendino- 
sus, sartorius, and gracilis muscles (see Fig. 1-58). 

■ Carry the dissection down through the capsule into the 
médial part of the posterior compartment. This longitu¬ 
dinal capsular incision is made just posterior to the tibial 
collateral ligament. 

Klein's approach to the posteromedial aspect of the 
joint takes advantage of the fact that the bursae between 
the semimembranosus tendon and the médial head of 
the gastrocnemius muscle often communicate with the 
knee joint. Consequently, an incision into these bursae 
often leads directly into that joint. 


POSTEROMEDIAL DRAINAGE 
OF THE KNEE 


TECHNIQUE 22-9 


(KLEIN) 

■ With the knee slightly flexed, make a longitudinal incision 
10 cm long centered over the knee joint and located just 
latéral to the semimembranosus tendon. 

■ Incise the superficial fascia and expose the tendons of the 
médial hamstrings. 

■ Identify the interval between the gastrocnemius and 
semimembranosus and follow the gastrocnemius proxi- 
mally to its insertion on the médial fémoral condyle. 

■ Expose and incise the capsule in this interval. 


POSTEROMEDIAL AND 
POSTEROLATERAL DRAINAGE 
OF THE KNEE 


TECHNIQUE 22-10 


(KELIKIAN) 

■ Make a posterior longitudinal incision 7.5 to 10 cm long 
centered over the joint and the semimembranosus 
tendon. 

■ Develop the interval between this tendon and the médial 
head of the gastrocnemius muscle. 

■ Divide the semimembranosus and suture its proximal end 
to the deep fascia (Fig. 22-4A). 

■ Make a generous window in the joint capsule and excise 
the posterior horn of the médial meniscus. 

■ If the posterior compartment is divided by a médian 
septum and complété drainage is impossible through the 
posteromedial incision, or if drainage of only the latéral 
compartment is desired, make a longitudinal incision 7.5 
to 10 cm long over the biceps femoris tendon. 
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A f Kelikian approach to drain médial half of posterior compartment of knee. Semimembranosus tendon has been 
divided, and its proximal end has been sutured to deep fascia. Capsule has been windowed, and posterior horn of médial meniscus 
has been excised. B, Kelikian approach to drain latéral half of posterior compartment of knee. Incision has been made médial to biceps 
femoris tendon to protect common peroneal nerve. Biceps tendon has been divided at its insertion, popliteus tendon has been freed 
from its origin, and free ends of tendons hâve been sutured to deep fascia. Capsule has been windowed, and wedge of latéral meniscus 
has been excised. SEE TECHNIQUE 22-10. 


Incise the deep fascia latéral and anterior to this tendon 
and free the tendon from the head of the fibula. Also 
free the popliteus tendon from its insertion on the latéral 
fémoral condyle. 

■ Suture the free ends of both tendons to the deep fascia 
(Fig. 22-4B). 

■ Window the joint capsule and remove a wedge of the 
latéral meniscus. 

■ Kelikian advises that drains not be used but rather 
that skeletal traction be applied to separate the joint 
surfaces. 


HIP 

Acute septic arthritis of the hip is a more serious disease in 
children than in adults, and severe complications are much 
more common in children. In many cases, infection begins 
first in the metaphysis or epiphysis and is carried into the 
joint. As a resuit of the peculiar circulation of the fémoral 
head, a septic hip places the fémoral head at high risk for 
osteonecrosis. Epiphyseal séparation also has been reported 
as a complication of septic arthritis of the hip in children. If a 
septic hip goes undiagnosed in an infant, a pathologie disloca¬ 
tion may occur. After an infected hip in an infant or child has 
been surgically drained, the hip should be supported in 
abduction to reduce the risk of pathologie dislocation. Bilat¬ 
eral septic arthritis is seen more offen in the hip than in other 
joints and occasionally is associated with spinal infection. 

ASPIRATION 

A latéral, anterior, or médial approach can be used to aspirate 
the hip joint. The use of image intensification makes needle 
placement more certain. If fluid cannot be aspirated, an 


arthrogram should be made to verify the needles position. At 
times, pus cannot be aspirated, although later it is proved to 
be présent by open drainage. In these circumstances, the hip 
should be explored if local and systemic symptoms cannot be 
otherwise controlled. 


LATERAL ASPIRATION OF THE HIP 


TECHNIQUE 22-11 


■ Insert the needle at a 45-degree angle with the surface 
of the thigh just inferior and anterior to the greater tro¬ 
chanter (Fig. 22-5). 

■ Advance the needle medially and proximally close to the 
bone for 5 to 10 cm, depending on the size of the 
patient, and into the joint. 


ANTERIOR ASPIRATION OF THE HIP 


TECHNIQUE 22-12 


■ Palpate the fémoral artery in line with the inguinal liga¬ 
ment (see Fig. 22-5). 

■ Insert the needle 2.5 cm latéral and 2.5 cm distal to this 
point at a 45-degree angle to the skin surface. 

■ Advance the needle 5 to 7.5 cm medially and proximally 
into the joint. 
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FIGURE 


Aspiration of hip, two approaches. SEE TECH¬ 


NIQUES 22-11 AND 22-12. 


MEDIAL ASPIRATION OF THE HIP 


TECHNIQUE 22-13 


■ Flex and abduct the leg; this is usually a more comfortable 
position for patients with septic arthritis. 

■ Place the needle inferior to the adductor longus tendon 
and using image intensification advance it in a plane 
below the palpated fémoral artery until the fémoral head 
or neck is reached (Fig. 22-6). 

■ Aspirate the joint. 


DRAINAGE 

Drainage of the hip may be accomplished through a posterior, 
médial, latéral, or anterior approach. The anterior approach 
is preferred in small children for several reasons: (1) damage 
to the major blood supply to the fémoral head is avoided, (2) 
the chance of postoperative dislocation is reduced, and (3) 
the landmarks for the surgical approach are much clearer in 
a small child. In an adult, the posterior approach allows 
dépendent drainage and is a more familiar approach for most 
orthopaedic surgeons. 


POSTERIOR DRAINAGE OF THE HIP 


TECHNIQUE 22-14 


(OBER) 

■ Make an oblique incision in the line of the fémoral neck 
extending from the greater trochanter toward the poste¬ 
rior superior iliac spine (see Fig. 1-86). 


Adductor longus muscle 



FIGURE 


Aspiration of hip, médial approach. SEE TECH¬ 


NIQUES 22-13 AND 22-17. 


■Split the gluteus maximus muscle in line with its fibers, 
ligating branches of the inferior gluteal vessels as they are 
encountered. 

■ Identify and protect the sciatic nerve in the médial angle 
of the incision. 

■ Divide the external rotators of the hip at their insertions 
on the greater trochanter. Protection of the quadratus 
femoris is crucial because it contains the vasculature for 
the fémoral head. 

■ Incise the capsule, preferably at its pelvic attachment, to 
protect the blood supply of the fémoral head. 

■ Irrigate the joint profusely with saline to remove the pus 
completely. 

■ Leave the capsule open, but close the skin loosely over 
drains. 


ANTERIOR DRAINAGE OF THE HIP 


TECHNIQUE 22-15 


■ Make a vertical incision beginning about 1 cm below the 
anterior superior iliac spine inferiorly. 

■ Expose the sartorius muscle on the médial side and the 
tensor fasciae latae and vastus lateralis muscles on the 
latéral side. Use blunt dissection to separate these muscles. 

■ Identify the latéral border of the rectus femoris and retract 
this muscle medially (Fig. 22-7); this exposes the hip joint 
capsule. 

■ Incise the capsule, evacuate the pus, and irrigate the joint 
with saline. 

■ Leave the capsule open, but close the skin loosely over 
drains. 

■ If wider exposure is required, extend the skin incision 
proximally onto the iliac crest and subperiosteally detach 
the origins of the tensor fasciae latae and gluteal muscles 
from the ilium. 
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FIGURE 


Anterior approach to septic hip. SEE TECHNIQUE 22-15. 


9 " Protect the latéral fémoral cutaneous nerve proximally 
and the branches of the latéral fémoral circumflex artery 
distally, if possible. 


LATERAL DRAINAGE OF THE HIP 


TECHNIQUE 22-16 


■ Make a longitudinal incision 7.5 to 12.5 cm long parallel 
with the anterior border of the greater trochanter. 

■ Incise the tensor fasciae latae, exposing the vastus 
lateralis. 

■ Detach the anterior portion of the vastus lateralis and 
retract the abductor muscles proximally to gain access to 
the anterior capsule of the hip. 

■ Incise the capsule, evacuate the pus, and irrigate the joint 
with saline. 

■ Close the skin loosely over drains. 


proximal one fourth of the gracilis and adductor longus 
muscles (see Fig. 22-6). 

■ Bluntly dissect posterior to the adductor longus and pec- 
tineus muscles and into the abscess cavity, which com- 
municates with the hip joint behind the iliopsoas muscle. 

■ Evacuate the pus and irrigate the wound with saline. 

■ Close the skin loosely over drains. 

POSTOPERATIVE CARE. An infant usually is best 
treated after surgery in a double spica cast with the 
affected extremity in moderate abduction. Adéquate 
Windows are made in the cast for wound inspection and 
care. Older children and adults are confined to bed rest 
in Buck traction until the wound has healed and the 
patient can control the leg (i.e., can raise the limb from 
the bed against gravity). Protective weight bearing using 
crutches is permitted, and active range-of-motion exer¬ 
cises are started. 


■ ARTHROSCOPIC DRAINAGE 

Arthroscopic drainage for acute septic arthritis of the hip has 
been reported. A few small studies hâve shown good results 
with this technique. We hâve no expérience with this tech¬ 
nique at our institution and prefer open drainage for acute 
septic arthritis of the hip. 

COMPLICATIONS OF ACUTE SEPTIC 
ARTHRITIS OF THE HIP 

■ PATHOLOGIC DISLOCATION 

Pathologie dislocation occurs predominantly in children; it is 
rare in adults. When dislocation is recognized before severe 
contracture of the soft tissue has occurred, réduction is 


MEDIAL DRAINAGE OF THE HIP 


TECHNIQUE 22-17 


(LUDLOFF) 

■ Make a longitudinal incision 7.5 to 10 cm long on the 
médial aspect of the proximal thigh and expose the 
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accomplished easily at the time of drainage and satisfactory 
function may resuit (Fig. 22-8). If the fémoral head has been 
damaged by the infection, however, skeletal traction should 
be applied through the distal fémur and continued until the 
fémoral head is at the level of the acetabulum. The dislocation 
is reduced by abduction and gentle rotation; manipulation 
before the fémur is displaced distally should not be attempted 
because the fémoral head or neck may be fractured. Affer the 
dislocation has been reduced, the hip is immobilized in a 
spica cast until it is stable or until fibrous or bony ankylosis 
develops. 

■ OSTEOMYELITIS 

When the infection is confined to the joint, prompt drain¬ 
age and appropriate antibiotic therapy should prevent osteo- 
myelitis of the proximal fémur. If osteomyelitis results in 
séquestration of the fémoral head in children younger than 
12 years old, however, the head may be totally reabsorbed 
(Fig. 22-9), or it may be replaced by new bone after its cir¬ 
culation is restored. In older children and adults, it usually 
remains as an infected sequestrum and requires excision. 
Any of the approaches described for draining the hip may 
be used, but the anterior approach gives better exposure of 
the joint. In a child, osteomyelitis of the ilium may compli- 
cate acute septic arthritis of the hip or the joint infection 
may be secondary to infection in the bone; in each case, the 
hip joint and ilium require drainage. In adults, osteomyelitis 
of the ilium is a less common complication, but impairment 
of the circulation of the fémoral head may lead to patho¬ 
logie fracture of the neck and séquestration of the fémoral 
head. 



Appearance of hip 21 years after pathologie 
dislocation and treatment of septic arthritis. Joint space is slightly 
narrowed, and acetabulum and fémoral head are slightly incon- 
gruous, but seldom is resuit so satisfactory. Usually, it is more 
satisfactory than that shown in Figure 22-9. 



Pathologie dislocation of hip. A, Early séquestration of epiphysis, as shown by apparent increase in density. B, After 
16 months, note absorption of epiphysis and part of neck. 
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■ PELVIC ABSCESS 

Pelvic abscess complicating acute septic arthritis of the hip is 
caused by suppurative infection of the iliac lymph nodes or 
by spread from the joint into the sheath of the iliopsoas, 
which may communicate with the joint. The abscess is rétro¬ 
péritonéal and tends to gravitate along the iliopsoas muscle 
beneath the inguinal ligament, eventually pointing in the 
médial thigh. In large abscesses, the pus may track proximally 
along the iliopsoas and point proximal to the posterior iliac 
crest. MRI may help locate and détermine the true extent of 
psoas involvement. Offen this can be drained by CT-directed 
aspiration. 

Freiberg and Perlman advise draining pelvic abscesses as 
follows. When the abscess points to the médial thigh, a 
Ludloff incision is made (Fig. 1-89). By blunt dissection 
between the adductor longus and brevis muscles, the abscess 
is found anterior or posterior to the pectineus muscle. When 
the abscess points subcutaneously anterior to the pectineus, 
the incision may be made directly over it, but care must be 
taken to avoid injuring the fémoral vessels and nerve. Drain¬ 
age above the inguinal ligament is not advised because a fecal 
fistula may resuit, and the abscess cannot be thoroughly evac- 
uated. If the abscess points proximal to the iliac crest poste - 
riorly, the incision is made parallel with the crest and just 
proximal to it. The abdominal muscles are detached from the 
crest, and the abscess is opened by blunt dissection. Any 
associated septic arthritis of the hip is drained through a 
posterior approach (see Fig. 1-88). 

■ PERSISTENT INFECTION 

Persistent infection around the hip, although rare, is difficult 
to treat. Usually, scarring is extensive, and draining sinuses 
hâve become established. Offen the sinuses become blocked, 
causing recurring abscesses. Unless aggressive surgery is per- 
formed, chronic sepsis and its sequelae resuit. Girdlestone 
described a radical operation for chronic pyogénie infection 
around the hip. In this operation, the infected area around 
the hip is almost completely saucerized. In addition to resect- 
ing ail of the infected bone, a mass of muscle is resected to 
ensure drainage. This operation may resuit in a nearly useless 
pseudarthrosis or ankylosis. Marked shortening of the 
affected extremity results. For these reasons, this operation is 
a last resort. Before the operation, sinograms should be made 
and appropriate antibiotic therapy should be started. Adé¬ 
quate amounts of blood should be available during surgery. 


RESECTION OF THE HIP 


TECHNIQUE 22-18 


(GIRDLESTONE) 

■ Begin a transverse incision 2.5 cm posterior and distal to 
the anterior superior iliac spine and extend it laterally until 
the center of the incision is about 2.5 cm proximal to the 
greater trochanter (Fig. 22-10). 

■ Retract the skin edges and expose the fascia overlying the 
gluteus médius and a part of the gluteus maximus. 

■ Make two deep incisions in line with the edges of the 
retracted skin incision. In the proximal incision, divide the 



UP Girdlestone resection of hip for chronic or per¬ 
sistent deep-seated sepsis. A f Line of incision. B f Broker) Unes 
depict amount of bone to be resected. C f Procedure completed. 

SEE TECHNIQUE 22-18. 


glutei down to the ilium just proximal to the acetabulum; 
in the distal incision, expose the latéral aspect of the 
greater trochanter. 

■ With an osteotome directed proximally and obliquely 
toward the superior aspect of the base of the fémoral 
neck, resect the greater trochanter and remove it and the 
incised mass of gluteal muscles. 

■ Incise the capsule and expose the fémoral head and neck 
and the acetabular rim (Fig. 22-10B). 

■ Do not resect the fémoral head if it is not necrotic or if 
the hip is ankylosed. Otherwise, divide the fémoral neck 
and acetabular rim and remove the fémoral head and 
neck. 

■ Curet ail necrotic and infected bone from the acetabulum 
and ilium. Ensure that any intrapelvic abscess is drained 
adequately and leave only raw surfaces of vascular cancel- 
lous bone (Fig. 22-1 OC). 

■ Partially advance skin flaps over healthy muscle at closure. 
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■ If an abscess is found that extends from the lesser tro¬ 
chanter into the adductor région, make another incision 
on the médial side of the proximal thigh and resect 
enough of the pectineus, adductor longus, and adductor 
brevis muscles to provide free drainage. 

■ Insert two or three drains and fill the cavity loosely with 
petrolatum gauze. 

POSTOPERATIVE CARE. The hip is immobilized in a 
cast or with traction in 20 to 30 degrees of flexion. 
According to Girdlestone, it is especially important that 
proximal displacement of the fémur be prevented; other- 
wise, the purpose of the operation (saucerization of the 
area) would be defeated and drainage from the acetabu- 
lum would be blocked. 


Klein et al. described a technique for the treatment of 
chronic sepsis of the hip in paraplégie patients; it consists of 
three separate measures to control the infection: (1) a Girdle¬ 
stone procedure, (2) transposition of the vastus lateralis 
muscle into the void leff by the removal of the fémoral head 
and neck and acetabular wall, and (3) external fixation to 
prevent unrestrained motion of the fémoral shaff that might 
damage the transposed muscle. The external fixator spans the 
hip joint with a posterior pelvic-femoral frame. 


predominantly S. aureus. Pseudomonas aeruginosa infections 
in injection drug users declined dramatically in the 1980s. 
Isolated cases hâve been described in healthy adults, however. 
Because these joints are subeutaneous, aspiration and surgical 
drainage can be accomplished. Occasionally, a portion of the 
clavicle needs to be excised for associated osteomyelitis. 

SHOULDER 

Septic arthritis of the shoulder rarely occurs in young, healthy 
individuals of any âge. Usually, acute septic arthritis of the 
shoulder in children is a complication of osteomyelitis of the 
proximal humerai metaphysis; in adults, it usually is associ¬ 
ated with a debilitating disease and rarely responds well to 
treatment. The joint should be aspirated whenever an infec¬ 
tion is suspected, and early surgical drainage is indicated if 
frank pus is obtained. CT or MRI can be helpful in determin- 
ing if an abscess is présent. 

ASPIRATION 

The shoulder may be aspirated anteriorly, posteriorly, or later- 
ally. Because the fluctuant area usually is palpable anteriorly, 
and the bony landmarks can be identified more easily (Fig. 
22-11), the needle is inserted here most often. The aspiration 
site is located half the distance between the coracoid process 
and the antérolatéral edge of the acromion. The needle is 
directed posteriorly through the joint capsule, and the joint 
is aspirated. 


SACROILIAC JOINT 

Acute septic arthritis of the sacroiliac joint is uncommon but 
not rare. Patients hâve buttock pain and commonly also hâve 
low back, thigh, and abdominal pain. The iliac compression, 
Patrick, and Gaenslen tests ail elicit pain in the involved sac¬ 
roiliac joint. Routine radiographs usually are normal. 99m Tc 
and 67 Ga scans usually show increased activity, but the most 
sensitive diagnostic study is CT. MRI also may be helpful. 
Miskew, Block, and Witt published a technique for joint aspi¬ 
ration that successfully obtained diagnostic material in seven 
of eight patients. An 18-gauge spinal needle is introduced in 
the midline at the level of the sacroiliac joint at a 45-degree 
angle with the transverse plane and at a 30-degree angle with 
the sagittal plane. The needle is passed laterally and distally 
at these angles, and image intensification is used to guide it 
into the sacroiliac joint 0.5 cm from its most inferior margin. 
Most of the reported patients responded well to appropriate 
antibiotic treatment. Patients who develop an abscess require 
open drainage. Osteomyelitis of the adjacent sacrum or ilium 
is a common complication. 

SPINE 

Infections of the spine are discussed in Chapter 42. 


STERNOCLAVICULAR AND 
ACROMIOCLAVICULAR JOINTS 

Usually the sternoclavicular and acromioclavicular joints are 
affected only when acute septic arthritis involves other joints 
or in heroin addicts, in whom the causative organism now is 


DRAINAGE 

The shoulder may be drained through an anterior incision or 
a posterior incision, but the anterior incision is préférable. In 
a review of adult patients treated for septic arthritis of the 
shoulder, Leslie et al. found that arthrotomy yielded better 
results than repeat aspirations. 



FIGURE 


J Aspiration of shoulder. 
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ANTERIOR DRAINAGE OF 
THE SHOULDER 


TECHNIQUE 22-19 


■ Begin an anterior longitudinal incision at the anterior 
border of the acromion and extend it 5 to 7.5 cm over 
the center of the humerai head. 

■ Split the fibers of the deltoid muscle 5 cm from the acro¬ 
mion, divide the subscapularis tendon, and open the 
capsule under direct vision. 

■ Open the synovial sheath of the long head of the biceps 
tendon. Evacuate the pus and irrigate the joint copiously 
with saline. 

■ In children, drill the proximal humerai metaphysis to 
decompress any abscess but take care not to injure the 
physis. 

■ Close the wound loosely over drains. 


POSTERIOR DRAINAGE 
OF THE SHOULDER 


TECHNIQUE 22-20 


■ Begin the incision at the base of the spine of the scapula 
and extend it distally and laterally for 7.5 cm in line with 
the fibers of the deltoid muscle. 

■ Split the fibers of the deltoid, expose the external rotators 
of the shoulder and dissect between the infraspinatus 
and teres minor muscles just médial to the greater tuber- 
osity of the humérus. 

■ Incise the capsule and evacuate the pus. 

■ Irrigate the joint with copious amounts of saline and close 
the skin loosely over drains. 

POSTOPERATIVE CARE. The shoulder is supported on 
a splint at 45 degrees of abduction until the wound has 
healed. Then active and active-assisted range-of-motion 
exercises are started. 


■ ARTHROSCOPIC DRAINAGE 

Arthroscopic drainage has been reported and is seen in 
increasing frequency for the treatment of acute septic arthri- 
tis of the shoulder. With arthroscopy, washout is done under 
direct vision, ensuring complété removal of purulent mate- 
rial. Arthroscopic drainage should be reserved for treatment 
of septic arthritis early in the disease process, particularly 
before 2 weeks of onset of Gâchter stage I or II infections 
(Table 22-5). Loculations and adhesions can be debrided, and 
a synovectomy can be performed. Drains can be placed 
through portai sites if needed. (See Chapter 52 for an 
arthroscopic technique using standard anterior and posterior 
portais.) Early active mobilization may be initiated sooner 
than with an open technique. 


_ TABLE 22-5 

Gâchter Stages of Infection 


Stage I Opacity of fluid, redness of the synovial 

membrane, possible pétéchial bleeding, no 
radiographie alterations 

Stage II Severe inflammation, fibrinous déposition, 

pus, no radiologie alterations 

Stage III Thickening of the synovial membrane, 

compartment formation, no radiologie 
alterations 

Stage IV Aggressive pannus with infiltration of the 

cartilage, undermining the cartilage, 
radiologie signs of subchondral osteolysis, 
possible osseous érosions and cysts 

From Gâchter A: Der Gelenkinfektion. Inform Arzt 6:35,1985. 

ELBOW 

ASPIRATION 

For elbow aspiration, the physician flexes the elbow and 
inserts the needle on its posterior aspect just latéral to the 
olecranon (Fig. 22-12). The needle is advanced through the 
skin and joint capsule, and the joint is aspirated. 

DRAINAGE 

The elbow is best drained through a médial or latéral approach 
or both. 


MEDIAL DRAINAGE OF THE ELBOW 


TECHNIQUE 22-21 


■ Make an incision over the médial humerai épicondyle and 
extend it 5 cm proximally and 2.5 cm distally. 

■ Develop the interval between the triceps posteriorly and 
the brachialis anteriorly, taking care not to injure the ulnar 
nerve. 

■ Elevate the periosteum laterally and distally until the 
capsule is exposed. 

■ Incise the capsule and evacuate the pus. 

■ Irrigate the joint with saline and close the skin loosely over 
drains. 


LATERAL DRAINAGE OF THE ELBOW 


TECHNIQUE 22-22 


■ Make an incision over the latéral humerai épicondyle and 
extend it 5 cm proximally and 2.5 cm distally. 

■ Separate the triceps muscle posteriorly from the extensor 
carpi radialis longus anteriorly and expose the joint 
capsule. Dissect close to the bone to avoid injuring the 
radial nerve. 


ANTERIOR DRAINAGE OF 
THE SHOULDER 
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■ Incise the capsule, evacuate the pus, and irrigate the joint 
with saline. 

■ Close the skin loosely over drains. 

■ The posterior compartment of the joint also may be 
drained through this incision by dissecting posteriorly on 
the humérus and elevating the attachment of the triceps 
from the latéral surface of the bone. 


POSTERIOR DRAINAGE 
OF THE ELBOW 


TECHNIQUE 22-23 


■ Begin parallel longitudinal incisions on each side of the 
olecranon and continue them proximally for 7.5 cm 

(Fig. 22-13). 

■ Deepen the incisions through the médial and latéral 
borders of the triceps aponeurosis into the posterior com¬ 
partment of the joint. Avoid injuring the ulnar nerve as 
it crosses the posterior aspect of the médial humerai 
épicondyle. 

POSTOPERATIVE CARE. The elbow is splinted at 90 
degrees with the forearm in neutral rotation until the 
wound has healed. Then active range-of-motion exercises 
are started. 


ARTHROSCOPY OF THE ELBOW 

Arthroscopic irrigation and synovectomy are safe and effec¬ 
tive in the elbow, producing good functional results in patients 
who are immunocompétent with septic arthritis. 



Incision on each side of triceps aponeurosis for 
posterior drainage of elbow. SEE TECHNIQUE 22-23. 


WRIST 

Septic arthritis of the wrist is seen less frequently than in 
other joints and usually occurs after penetrating trauma. 
Signs may be subtle, and the diagnosis is easily missed. Early 
incision and drainage should be performed to avoid the com¬ 
plications of joint ankylosis, periarticular osteomyelitis, or 
suppurative flexor tenosynovitis. 

ASPIRATION 

Aspiration is performed on the dorsal side of the wrist. 
Several aspiration sites on the dorsum of the wrist can be 
used. The most common site of aspiration is between the first 
and second extensor compartments at the radiocarpal level, 
immediately adjacent to the point where the extensor pollicis 
longus crosses the extensor carpi radialis longus. Other 
aspiration sites are between the third and fourth extensor 
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FIGURE 


Aspiration of wrist. 


compartments or between the fourth and fifth extensor com- 
partments (Fig. 22-14). 

DRAINAGE 

The wrist can be drained by a médial, latéral, or posterior 
approach. Avoid opening the tendon sheaths. 


LATERAL DRAINAGE OF THE WRIST 


TECHNIQUE 22-24 


■ Make a longitudinal incision 5 cm long between the 
abductor pollicis longus and extensor pollicis brevis 
tendons volarly and the extensor pollicis longus tendon 
dorsally. 

■ Deepen the incision into the anatomie snuffbox, taking 
care to avoid injuring the radial artery. 

■ Incise the radial collateral ligament and synovium and 
evacuate the pus. 

■ Irrigate the joint and close the skin loosely over drains. 


MEDIAL DRAINAGE OF THE WRIST 


TECHNIQUE 22-25 


■ Make an incision 5 cm long over the ulnar head between 
the tendons of the flexor and extensor carpi ulnaris. Avoid 
injuring the dorsal branch of the ulnar nerve. 

■ Expose the ulnar collateral ligament and synovium and 
incise them distal to the ulnar styloid. Do not detach the 
triangular fibrocartilage. 


DORSAL DRAINAGE OF THE WRIST 


TECHNIQUE 22-26 


■ Make a dorsal longitudinal incision 5 cm long between 
the extensor pollicis longus and extensor indicis proprius 
tendons or between the extensor carpi ulnaris and exten¬ 
sor digiti quinti proprius tendons. 

■ Incise the dorsal carpal ligament and enter the joint 
(see Fig. 1-142). 

POSTOPERATIVE CARE. The wrist is splinted in the 
position of function until the wound has healed, and then 
active range-of-motion exercises are started. 


OPERATIONS TO CORRECT 
DEFORMITIES AFTER 
SEPTIC ARTHRITIS 

ANKLE 

When the ankle is fixed in equinus by soft-tissue contracture, 
treatment by Quengel casting or serial wedged casts or by 
operations such as lengthening of the Achilles tendon with or 
without posterior capsulotomy generally is effective in restor- 
ing plantigrade position of the foot. When fixed equinus is 
caused by bony ankylosis, cuneiform osteotomy through the 
joint is indicated. 


OSTEOTOMY OF THE ANKLE 


TECHNIQUE 22-27 


■ Expose the ankle through an antérolatéral approach 
(see Fig. 1 -32). With an ostéotomie, remove from the joint 
a cuneiform wedge of bone with its base anterior. 

■ If necessary, lengthen the Achilles tendon and perform a 
posterior capsulotomy to avoid resecting excessive bone, 
which would cause too much shortening. 

■ Dorsiflex the foot to the neutral position and see that the 
bony surfaces of the osteotomy are accurately apposed 
in this position. 

■ Apply an external fixation device, such as is used for ankle 
arthrodesis. 

POSTOPERATIVE CARE. The postoperative care is the 
same as that for compression arthrodesis of the ankle (see 
Chapter 11). 


KNEE 

Soft-tissue flexion contractures of the knee can be managed 
by Quengel or serial wedged casts or may require soft-tissue 
operations such as those described in Chapter 45. For bony 
or rigid fibrous ankylosis or severe soft-tissue contractures, 
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the following procedures may be considered in addition to 
techniques for complex deformity correction, using circular 
fixators or other external fixation compression devices (see 
Chapter 58). A flexion deformity can be corrected indirectly 
by a supracondylar osteotomy that causes a compensatory 
deformity in the opposite direction. This operation should be 
considered when the flexion deformity is not severe but the 
joint is unsuitable for manipulation or soff-tissue release. In 
children, the osteotomy should be made well proximal to the 
physis. 


TRANSVERSE SUPRACONDYLAR 
OSTEOTOMY OF THE FEMUR 


TECHNIQUE 22-28 


■ Make a latéral longitudinal incision 2.5 cm long just proxi¬ 
mal to the latéral fémoral condyle. Incise the fascia lata 
and vastus lateralis, exposing the fémur. 

■ Insert an osteotome and turn it to eut transversely. 

■ Divide the fémur laterally and posteriorly through two 
thirds of its thickness. 

■ By manipulation, create a greenstick fracture in the 
remaining bone and correct the deformity (Fig. 22-15). 

■ If the flexion contracture is greater than 45 degrees, the 
hamstring tendons should be lengthened before the 
osteotomy. 

POSTOPERATIVE CARE. After the extremity is aligned, 
a long-leg cast with a pelvic band is applied. At 2 weeks, 
the cast is changed to permit any necessary further cor¬ 
rection of the deformity. At 8 to 12 weeks, the second 
cast is removed and a long leg orthosis with the knee 
fixed in neutral position is applied to maintain the cor¬ 
rected position. If the knee had functional range of 
motion before surgery, the orthosis is omitted. Active 
motion and quadriceps exercises are begun as soon as 
possible and are continued until the range of motion 
présent before surgery is regained. 


Ankylosis of the knee in flexion may be corrected by the 
V-osteotomy described by Thompson. 


V-OSTEOTOMY OF THE FEMUR 


TECHNIQUE 22-29 


(THOMPSON) 

■ Divide the anterior cortex of the fémur by V-osteotomy, 
divide the médial and latéral cortices obliquely, and divide 
the posterior cortex transversely (Fig. 22-16). 

■ Make an excavation in the distal fragment and insert the 
pointed end of the proximal fragment into it. 

■ Resect a portion of the proximal fragment, if necessary, 
to reduce tension on the neurovascular structures. 



Supracondylar osteotomy for ankylosis of knee 
in flexion. Transverse osteotomy. Dotted line indicates the fémur 
after correction, with subséquent wedge-shaped space based pos¬ 
teriorly. Telescoping actually occurs to sufficient degree to close 
defect. SEE TECHNIQUE 22-28. 


POSTOPERATIVE CARE. The postoperative care is the 
same as that described for transverse osteotomy. When 
the flexion contracture is greater than 60 degrees, trans¬ 
verse osteotomy allows only limited bony apposition after 
the deformity has been corrected. Cuneiform osteotomy 
is préférable, especially in adults. 


SUPRACONDYLAR CUNEIFORM 
OSTEOTOMY OF THE FEMUR 


TECHNIQUE 22-30 


■ Make a latéral longitudinal incision 7.5 cm long starting 
just proximal to the latéral fémoral condyle. 

■ Divide the fascia lata and the vastus lateralis muscle and 
retract the latter anteriorly. 

■ Remove a wedge-shaped section of bone from the ante¬ 
rior surface of the fémoral metaphysis. The angle of the 
wedge should be approximately half the angle of the 
flexion contracture (Fig. 22-17). 

■ After the deformity has been corrected, the gap that was 
created is closed and a small gap is created posteriorly. 

■ When satisfactory correction has been obtained at the 
time of surgery, the fragments are immobilized better and 
union is hastened by applying a compression clamp or 
some other external fixation compression device (see 
Chapter 8). This is especially applicable when the knee is 
solidly ankylosed. 

POSTOPERATIVE CARE. The postoperative care is the 
same as that for compression arthrodesis of the knee (see 
Chapter 8). 
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FIGURE 


^ Thompson telescoping-V osteotomy. 


SEE TECHNIQUE 22-29. 
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Cuneiform osteotomy based anteriorly. Section 
of bone removed is indicated by blue area. Dotted Unes show 
position of fémur after osteotomy, with complété apposition of 
raw surfaces of fragments. SEE TECHNIQUE 22-30. 


Modification of Osgood supracondylar con- 
trolled rotation osteotomy of fémur. A, Blue area illustrâtes 
section of bone to be removed. B f After osteotomy, corrected 
position is maintained by blade plate. SEE TECHNIQUE 22-31. 


Fémoral osteotomy is indicated when a functional range 
of flexion remains beyond the flexion contracture. The oste¬ 
otomy should be made as near the joint as possible. Full 
extension can be regained by this operation, but the preopera- 
tive range of flexion may be reduced. 


SUPRACONDYLAR CONTROLLED 
ROTATIONAL OSTEOTOMY OF 
THE FEMUR 


TECHNIQUE 22-31 


■ Through a latéral incision 10 cm long, subperiosteally 
expose the supracondylar area of the fémur laterally and 
anteriorly. 

■ With a reciprocating motor saw, remove a small quadri¬ 
latéral segment of bone. Cut the distal end of the proximal 


fragment transversely and the proximal end of the distal 
fragment at an angle (Fig. 22-18A), then rotate the 
fémoral condyles anteriorly. 

■ Bend a Blount blade plate to slightly more than a right 
angle, insert the blade transversely through the distal 
fragment, and fix the plate to the fémur with screws. 
Other blade plate devices that are contoured to fit and 
provide rigid fixation can be used as alternatives (Fig. 
22-18B and C). 

POSTOPERATIVE CARE. If the internai fixation is secure, 
the extremity is supported in a knee extension splint until 
the wound has healed; otherwise, a long leg cast is 
applied with the knee extended and is worn for 4 weeks. 


■ INTRAARTICULAR OSTEOTOMY 

Sometimes intraarticular osseous ankylosis occurs in so much 
flexion that weight bearing is impossible. If arthroplasty is 
contraindicated because of the patients âge or occupation, 
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A f Ankylosis and deformity of knee after pyo¬ 
génie arthritis. B, After intraarticular osteotomy and arthrodesis. 
Physes were not injured by surgery. 


intraarticular osteotomy to correct the flexion contracture 
is indicated. In children, the physes must be protected (Fig. 
22-19). When the joint is ankylosed in extreme flexion, correct- 
ing the deformity completely by surgery is not advisable. If 
enough bone were removed to allow full correction, it would 
cause too much shortening; if not enough bone were removed 
and the joint were forced into extension, vascular or neurologie 
complications would be likely. A severe deformity should be 
only partly corrected at the time of surgery, and the contracted 
structures on the posterior surface of the joint should be 
stretched gradually by conservative measures. 


INTRAARTICULAR OSTEOTOMY 


TECHNIQUE 22-32 


■ Make a médial parapatellar incision. 

■ Free the patella from the fémur and strip the soft tissues sub- 
periosteally from the anterior surface of the fémur and tibia. 



Jjf Intraarticular osteotomy for ankylosis of knee 
in flexion. A f Broken Unes show where bone is divided, conform- 
ing to general contour of joint surfaces. B f After correction. SEE 

TECHNIQUE 22-32. 



Cuneiform intraarticular osteotomy for ankylo¬ 
sis of knee in flexion. A f Dotted Unes show where bone is divided, 
wedge-shaped section being removed. B f After correction of 
deformity. SEE TECHNIQUE 22-32. 


■ For moderate deformity, make the osteotomy parallel to 
the contour of the fémoral condyles (Fig. 22-20). 

■ If the deformity is extreme, remove an anterior wedge of 
bone (Fig. 22-21). 

■ In children with extreme flexion contracture, full correc¬ 
tion may be impossible without damaging the physes; the 
deformity should be partly corrected by excising bone, 
and 2 weeks later a posterior capsulotomy and hamstring 
lengthening procedure should be performed. 
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9 " When the deformity can be corrected completely during 
surgery, immobilize the joint with a compression clamp 
or some other form of external fixation compression 
device. 

POSTOPERATIVE CARE. If the deformity has been cor¬ 
rected by surgery, apply a long leg cast incorporating the 
fixation device. If the deformity can be corrected only 
partly, apply a splint maintaining the knee in maximal 
extension, and apply a sériés of wedging casts until full 
correction is achieved. 


HIP 

The goal in treating acute septic arthritis of the hip is to 
achieve normal function with no residual deformity or dis- 
ability. This goal may not be achieved, however, even with the 
best of treatment. Choi et al. found several poor prognostic 
factors related to septic arthritis of the hip in infants, includ- 
ing: (1) an infection that occurred before 22 weeks of âge, (2) 
prematurity, and (3) symptoms that lasted longer than 4 days. 
The most important factor was delay in diagnosis. 

Disability affer acute septic arthritis of the hip may be the 
resuit of any of the foliowing: 

1. Pain may be caused by incongruous articular surfaces or 
by pathologie dislocation. 

2. Stiffness from partial or complété ankylosis may cause 
moderate or severe disability, depending on whether a 
significant contracture also is présent. 

3. Deformity may consist of abnormal angulation, as in coxa 
vara, or of shortening. Flexion and adduction deformities 
in children are common even if spontaneous bony anky¬ 
losis in optimal position is initially achieved. 

4. Instability may resuit from bone destruction in the proxi¬ 
mal fémur or from pathologie dislocation. 

Reconstructive operations usually should be delayed for 
months and sometimes years affer the infection has subsided. 
The reasons for this delay are as follows: (1) the danger of 
reactivating the old infection is reduced; (2) the status of the 
proximal fémur and fémoral head should be definitely deter- 
mined in children because early radiographs may show what 
appears to be destruction of the proximal fémur with sépara¬ 
tion and osteonecrosis of the fémoral head epiphysis, only to 
show satisfactory reconstitution on later films; and (3) the 
strength and general character of the bone improve with time, 
especially in children, as necrotic bone is revascularized, and 
abscess cavities are filled in, increasing the likelihood of 
success affer reconstructive surgery. It generally is accepted 
that an unstable hip should not go untreated during the 
period of growth, and a fixed deformity should not be allowed 
to persist for many years. However, some authors hâve noted 
that reconstructive surgery affer hip sepsis may not yield 
results comparable to nonoperative treatment. 

■ ARTHROPLASTY 

Interposition or cup arthroplasty still may be useful in 
younger patients with an ankylosed hip. Total hip arthro¬ 
plasty should be considered only for older patients. These 
operations probably should be performed in collaboration 
with an infectious disease consultant and with the adminis¬ 
tration of appropriate perioperative antibiotics. 


■ OPERATIONS TO STABILIZE THE HIP 

The hip may be stabilized affer acute septic arthritis by (1) 
arthrodesis, (2) pelvic osteotomy, (3) proximal fémoral oste- 
otomy, (4) trochanteric arthroplasty (Colonna) combined 
with proximal fémoral osteotomy, and (5) Harmon or 
L’Episcopo reconstruction. Although many of these osteot¬ 
omy and arthroplasty procedures seem to be antiquated, they 
are mentioned here for completeness and because they may 
be useful in the rare catastrophic situation. 

Arthrodesis (see Chapter 5) provides a stable and painless 
hip with moderate inconvenience. It is probably more useful 
in adults or older children. 

Pelvic osteotomy, such as acetabuloplasty or the Salter or 
Chiari procedures, may be useful in children to provide a 
support for the proximal fémur when the head and neck hâve 
been absorbed. The limp is decreased, and mobility is pre- 
served, but pain may persist. These operations are less helpful 
in adults. 

A Schanz or proximal fémoral osteotomy may be useful 
when the remnant of the neck remaining in the acetabulum 
is large enough. It usually is not indicated unless some part 
of the fémur articulâtes with the acetabulum. The operation 
often decreases lurch and increases the functional length of 
the limb by abducting the distal fragment. 

Trochanteric arthroplasty for instability affer septic 
arthritis is performed in stages, with the greater trochanter 
placed into the acetabulum and the hip abductors moved 
distally on the fémur. A proximal fémoral osteotomy is per¬ 
formed about 1 month later, accompanied in some cases by 
acetabuloplasty. The operation is performed in children 
younger than 10 years. 

In the L’Episcopo or Harmon reconstruction, a new 
fémoral neck is fashioned to articulate with the acetabulum 
(Fig. 22-22). These operations are useful for young children 
in whom the fémoral head and neck hâve been absorbed. 


RECONSTRUCTION AFTER HIP SEPSIS 


TECHNIQUE 22-33 


(HARMON) 

■ Expose the acetabulum and proximal fémur through an 
anterior iliofemoral incision (see Fig. 1-93). 

■ Strip the periosteum from the anterior aspect of the proxi¬ 
mal fémur, but do not disturb the muscles attached to 
the greater trochanter. 

■ With the extremity in neutral rotation, drill four to 
six holes through the bone in an anteroposterior 
direction. (Fig. 22-22A). Using the holes as a guide, 
osteotomize the proximal fémur longitudinally, then pry 
the médial fragment medially, creating a greenstick 
fracture. 

■ Obtain cortical tibial grafts from the opposite limb and 
place them in the osteotomy to keep the fragment angu- 
lated medially (Fig. 22-22B). 

■ Remove the scar tissue from the acetabulum, taking care 
not to injure its cartilaginous surface. 

■ Place the médial fragment of the fémur into the acetabu¬ 
lum by manipulating the limb (Fig. 22-22C). 
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Harmon reconstruction for loss of fémoral head and neck in child as resuit of acute infectious arthritis. Period of 
growth and of weight bearing produces substantial neck and trochanter. SEE TECHNIQUE 22-33. 



Trochanteric osteotomy. A f Gant opening wedge osteotomy fixed by blade plate. B f Whitman closing wedge oste- 
otomy. C f Brackett ball-and-socket osteotomy fixed by Blount blade plate. SEE TECHNIQUES 22-34 TO 22-36. 


POSTOPERATIVE CARE. A cast is applied from the 
nipple line to the toes on the affected side and to above 
the knee on the opposite side, holding the affected hip 
in neutral rotation and slight abduction. Immobilization 
is continued for 3 months, and then graduated weight 
bearing with crutches is begun. 


■ OPERATIONS TO CORRECT DEFORMITY 

Deformities should be corrected as soon as possible affer the 
infection has subsided. A flexion and adduction contracture 
is treated by transferring the crest of the ilium (see Chapter 
34) and, when necessary, by an adductor tenotomy (see 


Chapter 33). A hip ankylosed in flexion and adduction is 
treated by intertrochanteric osteotomy, as described here, 
fixing the hip in neutral rotation, 0 degrees of flexion, and 20 
to 30 degrees of abduction (in children). Because the defor- 
mity may recur before the child reaches maturity, ail con- 
cerned should be informed that a second osteotomy may be 
required later. In adults, 25 degrees of flexion and neutral 
abduction is the best position. 

One of three types of intertrochanteric ostéotomies can 
be used alone or combined with such operations as adductor 
tenotomy: a transverse opening wedge osteotomy, a trans¬ 
verse closing wedge osteotomy, or the Brackett ball-and- 
socket osteotomy (Fig. 22-23). These are basic operations 
used for many years and modified as improvements in 
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Satisfactory weight-bearing hip after osteot- 
omy for adduction deformity with ankylosis of hip. Line shows 
adduction deformity of fémur before operation. 


TRANSVERSE CLOSING WEDGE 
OSTEOTOMY OF THE HIP 


TECHNIQUE 22-35 


■ Expose the latéral aspect of the proximal fémur through 
a longitudinal incision. 

■ Use an osteotome to outline a laterally based wedge with 
the apex at the upper border of the lesser trochanter. 

■ The size of the wedge is determined by the deformity. 
Paper cutouts of tracings made from radiographs taken 
before surgery are helpful in determining the proper 
angles and position of the wedge (see Fig. 22-23B). 

■ Remove the wedge of bone and abduct the distal 
fragment. 

■ With the defect closed, the alignment of the extremity 
should be correct. 

■ Insert a rigid internai fixation device, such as the one used 
for intertrochanteric fractures (see Chapter 55). 

POSTOPERATIVE CARE. Protected weight bearing with 
crutches is begun after the reaction has subsided and is 
continued until union is mature. 


technique hâve occurred (Fig. 22-24). The transverse opening 
wedge osteotomy is simple, and it lengthens the extremity; 
however, bony apposition is limited, union is delayed in 
adults, and it is initially unstable. 


The Brackett osteotomy achieves stability without short - 
ening the extremity; however, extensive dissection is required. 
In severe biplane deformities, an accurate and stable osteot¬ 
omy is difficult to perform. 


TRANSVERSE OPENING WEDGE 
OSTEOTOMY OF THE HIP 


TECHNIQUE 22-34 


■ Expose the latéral aspect of the proximal fémur by a 
latéral longitudinal incision. 

■ Insert a drill point perpendicular to the fémoral shaft at 
a level slightly proximal to the lesser trochanter. Verify its 
position by radiographs. 

■ Divide the fémur at the level of the drill point with an 
osteotome (see Fig. 22-23A). 

■ Place the extremity in the corrected position and insert a 
rigid internai fixation device, such as those used for inter¬ 
trochanteric fractures (see Chapter 55). 

POSTOPERATIVE CARE. A one and one-half spica cast 
is applied and is worn for 8 to 12 weeks. Range-of- 
motion and strengthening exercises are then started, and 
protected weight bearing using crutches is begun. 


The transverse closing wedge osteotomy provides good 
bony apposition and is stable; however, it shortens the 
extremity. 


BRACKETT OSTEOTOMY OF THE HIP 


TECHNIQUE 22-36 


(BRACKETT) 

■ Expose the anterior surface of the intertrochanteric 
région, the base of the neck, and the proximal shaft of 
the fémur through a straight incision 12.5 cm long, 
beginning at the anterior superior iliac spine and extend- 
ing distally, or through a latéral Watson-Jones (see 
Chapter 1) approach. 

■ Retract the tensor fasciae latae muscles laterally and the 
sartorius and rectus femoris muscles medially. 

■ With a narrow osteotome or a reciprocating motor saw, 
make an osteotomy through the bone convex superiorly 
and medially (see Fig. 22-23C). Begin it on the latéral side 
of the greater trochanter and continue it to the junction 
of the lesser trochanter with the neck. 

■ Complété the osteotomy and abduct the distal fragment. 
As the distal fragment rotâtes within the hollow of the 
proximal fragment, the deformity is corrected. 

■ When the adduction deformity is mild, the latéral margin 
of the osteotomy should be level with the médial margin; 
however, when it is severe, the latéral margin should be 
slightly more proximal than the médial margin. 
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■ When there is a severe flexion deformity, the anteropos- 
terior plane of the osteotomy should be directed so that 
it provides a slight roof over the anterior edge of the 
proximal fragment. 

■ After the fragments hâve been aligned properly, insert a 
rigid internai fixation device, such as one used for inter- 
trochanteric fractures (see Chapter 5). 

POSTOPERATIVE CARE. Protected weight bearing with 
crutches is begun after the reaction has subsided and is 
continued until the union is mature. 


■ OPERATIONS TO EQUALIZE LEG LENGTHS 

Operations to correct leg-length inequality (see Chapter 29) 
are performed only after ail reconstructive operations on the 
affected limb hâve been completed. 
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TUBERCULOSIS 

Tuberculosis is transmitted primarily through inhalation or 
ingestion of Mycobacterium tuberculosis or Mycobacterium 
bovis. After exposure, the infection may be cleared by the 
host, lead to a primary infection, or can later be reactivated 
from a latent infection. Thereaffer, lymphogenous, hematog- 
enous, or contiguous extension to other tissues and organ 
Systems may occur. The clinical présentation dépends on the 
presence of isolated musculoskeletal involvement or miliary 
disease. Miliary disease has a rapid course, and constitutional 
symptoms include fever, chills, and cough, with accompany- 
ing pleuritic pain, weight loss, and fatigue. The patient may 
hâve acute or chronic symptoms. 

Current estimâtes of the worldwide rate of tuberculosis 
infection are as high as one third of the worlds population. 
Even though the incidence of tuberculosis has been falling 
globally for several years, it remains one of the most frequent 
causes of death worldwide; the World Health Organization 
reported 1.1 million deaths in 2013. The highest rate of new 
cases is in Southeast Asia, but the highest rates of infection 
and mortality are in sub-Saharan Africa. 

NORTH AMERICAN DEMOGRAPHICS 

According the Centers for Disease Control and Prévention 
(CDC), there were 9421 new cases of tuberculosis reported 
in the United States in 2014. Since 1992, there has been a 67% 
decrease in the rate of cases in the United States. There were 
544 deaths in the United States attributed to tuberculosis in 
2013, an 8% decrease from 2012. 

Populations most at risk include individuals with acquired 
immunodeficiency syndrome (AIDS) or other immunodefi- 
ciencies, patients with chronic rénal failure, substance abusers, 
homeless or incarcerated individuals, and immigrants from 
developing countries. Foreign-born individuals account for 


approximately two thirds of recent tuberculosis cases in the 
United States. The high-riskperiod for developing the disease 
is within the first 5 years of immigration. Population density 
continues to be a risk factor; 75% of newly reported cases 
occur in metropolitan areas with a population of more than 
500,000. 

MUSCULOSKELETAL INVOLVEMENT 

Tuberculosis commonly affects the pulmonary System but 
can affect virtually any organ System of the body. Skeletal 
tuberculosis accounts for 10% to 35% of cases of tuberculosis 
(11% of extrapulmonary cases reported in the United States 
in 2013) and, overall, approximately 2% of ail cases of tuber¬ 
culosis reported in the United States in 2013. Approximately 
50% of patients with osseous tuberculosis hâve pulmonary 
involvement, and 30% to 50% of patients with osseous disease 
hâve vertébral involvement, most often in the lower thoracic 
spine. Frequently, a primary extraosseous lésion is not well 
delineated. Less frequently observed appendicular involve¬ 
ment usually affects major weight-bearing joints of the lower 
extremity, most commonly the hip and knee, followed in 
frequency by the foot, elbow, and hand. Virtually any other 
bone or joint can be involved. Soft-tissue abscesses with sinus 
tracks hâve been described, as has tenosynovitis. 

The spine is the most common (30% to 50%) site of 
osseous involvement, especially in elderly individuals; 
however, spinal involvement is also common in children and 
in young adults from developing countries. A primary accom- 
panying lésion may be discovered from the pulmonary or 
urogénital System or from an unknown source. Lymphoge¬ 
nous and hematogenous spread hâve been implicated in tho- 
racolumbar lésions but less often in cervical or sacral lésions. 
Usually, active spinal lésions involve a particular segment: 
two vertébral bodies and the corresponding dise. Some 
authors hâve speculated that these areas are affected most 
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often because of the generous arterial and venous supply and 
the high oxygen pressure requirement of the tuberculosis 
bacilli. A peridiscal présentation occurs in approximately 
80% of patients, with the anterior vertébral body affected and 
contiguous progression through subligamentous burrowing 
(anterior longitudinal ligament) and eventual extension to 
the adjacent vertebrae. Less frequently, lésions occur centrally 
in the vertébral body. These lésions are more difficult to diag¬ 
nose and may mimic a tumor or contribute to significant 
spinal deformities. Patients may hâve intramedullary granu- 
lomas, arachnoiditis, segmentai collapse with anterior 
wedging, and gibbus formation (Pott disease). The posterior 
éléments of the spine are rarely the only sites affected. Peri- 
spinal abscesses with sinus extension to the skin also may 
arise and extend through tissue planes to reach intraperito¬ 
neal structures. They hâve been reported to occur as far dis- 
tally as the popliteal fossa. Patients présent with pain, 
weakness, and, in the late stages, paralysis. 

Appendicular joint involvement typically affects the 
major weight-bearing joints of the lower extremities. Lésions 
involve the articular cartilage, which eventually is separated 
by granulomatous tissue. The trabecular zones of the bone are 
affected, with subchondral involvement affecting the weight- 
bearing capability of the joint, which may progress to signifi¬ 
cant accelerated joint surface degeneration. Pathologie 
assessment reveals a central caseating lésion within necrotic 
tissue and multinucleated giant cells. 

Other, less frequently involved joints include the ankle, 
foot, and upper extremity joints. Patients may présent with a 
limp and a joint that is warm and swollen and has a decreased 
range of motion. Tuberculosis in a joint markedly decreases 
its functional use; even when adequately treated, the disease 
may reactivate in isolated régions. Peripheral joint involve¬ 
ment from tuberculosis can be confused with other rheuma- 
tologic conditions (e.g., goût and rheumatoid arthritis). 
Periprosthetic joint infections hâve also been reported after 
hip, knee, and wrist arthroplasty in patients without a history 
of tuberculosis, with a delay in diagnosis of approximately 
4 months. 

LABORATORY FINDINGS 

Patients may hâve a normochromic or normocytic anémia, 
pancytopenia, or thrombocytopenia. Frequently, the white 
blood cell count is normal and the sédimentation rate may be 
elevated or normal. The patient may hâve the syndrome of 
inappropriate antidiuretic hormone. Tuberculosis skin testing 
usually is effective in diagnosing this condition; however, 
false-négative rates can be 20% to 30%. Immunocompro- 
mised individuals frequently hâve an unreliable skin test 
resuit. The hallmark of the diagnosis is démonstration of the 
tuberculosis acid-fast bacilli from a tissue or fluid source. 
Bone cultures taken from dise involvement are positive in 
60% to 80% of cases. Sputum and gastric cultures of patients 
with pulmonary involvement usually are positive in more 
than 50%. The clinical utility of newer T cell-based assays to 
detect skeletal and other forms of extrapulmonary tubercu¬ 
losis has been studied in large cohorts of patients, which, in 
general, hâve shown the same results as testing in patients 
with pulmonary tuberculosis: such assays lack sufficient sen- 
sitivity and specificity to rely on them in the absence of tra- 
ditional diagnostic testing such as biopsy and culture and 
imaging studies. 


Transbronchial biopsy specimens in patients with pulmo¬ 
nary involvement are positive in 70% to 86% of patients. 
Pulmonary exudates may reveal predominantly leukocytes or 
polymorphonuclear leukocytes and hâve a low pH that is 
slightly-to-moderately acidic. Molecular subtyping also has 
been used to assess infection patterns and sensitivities to 
médications. 

IMAGING 

Plain radiographs of involved joints assist in guiding treat- 
ment. When a joint is involved, synovial infiltration that 
affects the subarticular bone usually is présent. Periarticular 
érosions observed radiographically hâve an almost lytic 
appearance and can mimic infection, noninfectious arthropa- 
thy, or malignancy. Periarticular bone mass is decreased and 
may mimic juvénile arthritis. Progression to fusion is rare but 
can occur. Characteristics of typical spinal involvement hâve 
been described previously. Anterior vertébral involvement 
occurs more commonly than central vertébral involvement. 
There is a relative sparing of the intervertébral dise space. 
Later stages include a focal segmentai collapse with anterior 
wedging and gibbus formation, characteristic of Pott disease. 

Other imaging studies include a bone scan or a gallium 
scan, which can detect 88% to 96% of osseous tuberculosis 
lésions. Such scans are quite sensitive but not particularly 
spécifie for tuberculosis. MRI and CT can provide more detail 
and delineate the disease in earlier phases and are helpful in 
defining soff-tissue abscesses. MRI findings are nonspecific 
for tuberculosis and may be consistent with osteomyelitis, 
tumor, osteonecrosis, or neuropathie joint. If tuberculosis is 
a considération, tissue or bone biopsy is indicated. Calcifica¬ 
tions (best seen on CT) within paraspinous abscesses indicate 
bone destruction and are characteristic of spinal tuberculosis. 
CT or ultrasound-guided fluoroscopy can assist in obtaining 
appropriate tissue or fluid samples for additional studies. 
Arthrography and other imaging studies for tendon sheaths 
hâve been described but are used less frequently. 

NONOPERATIVE TREATMENT OF 
APPENDICULAR TUBERCULOUS 
INFECTIONS 

The primary treatment objectives for tuberculosis of bone 
include halting the infection, limiting deformity, maintaining 
mobility, and reducing discomfort. A multidisciplinary 
approach with the assistance of infectious disease and pain 
management specialists is idéal. Other afhliated team 
members should include nurses, physical therapists, occupa- 
tional therapists, and orthotists. Approximately 90% of 
patients can be treated conservatively with chemotherapy, 
relative rest, and guided remobilization. Adjunctive splinting 
(passive, dynamic, functional) and casting techniques are 
useful for marked or painful and progressive joint involve¬ 
ment. At times, destructive changes are markedly progressive 
and eventually may lead to fusion of the joint (e.g., elbow), 
so it is crucial to place the extremity in a position of function 
(elbow flexion 70 to 90 degrees) to obtain an optimal range 
for future functional use. 

A judicious, well-guided chemotherapeutic approach to 
tuberculosis along with the assistance of an infectious disease 
specialist yields optimal results. The pharmacological agents 
and duration of treatment dépend on the patients âge, dis¬ 
sémination of disease, and accompanying medical conditions 
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_ TABLE 23-1 _ ^ 

Basic TB Disease Treatment Regimens (CDC) 


PREFERRED REGIMEN 

ALTERNATIVE 

REGIMEN 

ALTERNATIVE 

REGIMEN 

INITIAL PHASE 

Daily INH, RIF, PZA, 
and EMB* * for 56 
doses (8 weeks) 

Daily INH, RIF, 

PZA, and EMB* 
for 14 doses 
(2 weeks), then 
twice weekly 
for 12 doses 
(6 weeks) 

Thrice weekly 

INH, RIF, PZA, 
and EMB* 
for 24 doses 
(8 weeks) 

CONTINUATION PHASE 

Daily INH and RIF for 
126 doses (18 weeks) 
or 

Twice weekly INH 

Twice weekly INH 
and RIF for 36 
doses (18 weeks) 

Thrice weekly 

INH and RIF 
for 54 doses 
(18 weeks) 


and RIF for 36 doses 
(18 weeks) 

EMB, Ethambutol; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin. 

*EMB can be discontinued if drug susceptibility studies demonstrate susceptibil- 
ity to first-line drugs. 


(e.g., AIDS, chronic rénal failure). Several agents interact with 
médications typically used for immunosuppressed individu- 
als, especially patients infected with human immunodefi- 
ciency virus (HIV). In these patients it may be necessary to 
adjust dosages and modify treatment regimens. Various com¬ 
binations of médications are used to treat tuberculosis; first- 
line drugs include isoniazid, rifampin, ethambutol, and 
pyrazinamide (Table 23-1). Drug-resistant tuberculosis may 
require fluoroquinolones and injectable médications such as 
amikacin, kanamycin, or capreomycin, which typically 
are used for 20 to 30 months. Some types of tuberculosis are 
developing résistance to these drugs. Several new drugs are 
in development to be used as add-on therapy. Bedaquiline 
(FDA approved in 2012), delamanid, and PA-824 target pul- 
monary tuberculosis, whereas linezolid and sutezolid are 
antibiotics for extensively drug-resistant tuberculosis infec¬ 
tion. The efficacy and safety of these drugs are still being 
established. Traditionally, 12- to 18-month courses of therapy 
hâve been advocated for musculoskeletal tuberculosis because 
of concerns about poor drug pénétration into osseous and 
fibrous tissues; however, more recent studies hâve suggested 
that shorter courses of treatment (6 to 9 months) with regi¬ 
mens containing rifampin are as effective as longer courses of 
treatment without rifampin. 

Because treatment for tuberculosis frequently is modi- 
fied, readily available guidelines from the CDC should be 
consulted. Although primary and secondary résistance to 
multiple médications has been reported, especially in coun- 
tries outside the United States, most are isolated cases. Gener- 
ally, only a small percentage of patients (<3%) are résistant to 
multiple chemotherapeutic agents. 

Treatment should not be limited to the patient, but 
chemoprophylaxis should be considered in family members 
and other close contacts who hâve a positive tuberculosis 
skin test. Chemoprophylaxis is particularly important in 


individuals who are younger than 50 to 55 years of âge. Older 
individuals may not tolerate some of the médications typi¬ 
cally used for prophylaxis. Treatment for chemoprophylaxis 
may last 3 to 12 months, depending on the conversion of the 
tuberculosis skin test. 

Patients may require analgésies for pain. In severe cases, 
a pain management specialist should be consulted. Although 
the use of systemic corticosteroids to reduce symptoms in 
severe cases has been described, their use may mask a septic 
joint, and intraarticular corticosteroid injections can acceler- 
ate the destructive articular changes. 

OPERATIVE TREATMENT 

Operations applicable to bone and joint tuberculosis include 
(1) arthrotomy, including biopsy, synovectomy, and curettage 
with bone graffing of articular érosions; (2) curettage and 
bone graffing of extraarticular skeletal lésions; (3) resection 
of joints; (4) resection of bones; (5) évacuation or excision of 
soff-tissue abscesses; (6) arthrodesis; and (7) amputation. 
There hâve been reports of arthroscopic treatment of joint 
tuberculosis, but these sériés hâve been small. The best success 
has occurred in the knee with the use of arthroscopic 
debridement. 

Most authorities agréé that effective antibiotic therapy 
should be started before surgery for tuberculosis. Miliary dis¬ 
sémination of the disease has been reported when surgery 
was done without adéquate chemotherapeutic coverage. 

■ FOOT 

In tuberculosis of the foot (Fig. 23-1), many bones may 
become involved, and a delay in diagnosis increases the risk 
of joint involvement. Operative indications include juxtaar- 
ticular focus or joint destruction. Bones with cystic changes 
typically respond better than rheumatologic-appearing joints. 
When présent, isolated lésions usually involve the calcaneus 
or talus. When several bones are involved, especially in adults, 
amputation is the procedure of choice. Curettage is indicated 
for isolated lésions even when sinuses are présent. 


CURETTAGE FOR TUBERCULOUS 
LESIONS IN THE FOOT 


TECHNIQUE 23-1 


■ Make an incision directly over the lésion or directly 
through a sinus or abscess, if présent. 

■ Remove ail necrotic and scarred tissue but not uninvolved 
ostéopénie bone. 

■ Pack the cavity with autogenous cancellous bone and 
close the incision (Fig. 23-2). 

■ In the presence of secondary infection, omit the bone 
grafts and close the incision loosely over drains. 

POSTOPERATIVE CARE. A short leg cast is applied with 
appropriate Windows eut out for dressing the wound. 
Immobilization is continued for 3 to 4 months, and 
weight bearing is permitted during the latter part of this 
period. 
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A and B, Anteroposterior and oblique radiographs of tuberculous lésion involving base of first metatarsal. Médial 
and latéral cortices are eroded. C f MR image shows circumferential destruction of base of first metatarsal with extension into soft 
tissues. (From Lonner JH, Sheskier SC: Tuberculosis of the foot as the initial manifestation of acquired immune deficiency syndrome: a report of 
two cases, Foot Ankle Int 16:167, 1995.) 



Tuberculosis of calcaneus before (A) and 6 months after (B) curettage, grafting with cancellous bone chips, and 
primary closure of wound. The calcaneus healed without drainage, an excellent resuit. 
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When lésions involve the subtalar or midtarsal joints, a 
triple arthrodesis is indicated (see Chapter 34). When the 
subtalar and the ankle joints are affected, posterior arthro¬ 
desis (see Chapter 11) of these joints can be done. 

I EXCISION OF BONES 

When the disease is extensive, especially when complicated 
by sinuses or secondary infection, excision of bones or 
amputation is indicated. Involvement of a phalanx or meta- 
tarsal often is best treated by excision. When a tarsal bone is 
excised, a proportionate amount of bone is taken from the 
opposite side of the foot so that proper alignment can be 
maintained. 

When a metatarsal is excised, amputation of the corre¬ 
spondis toe permits better approximation of adjacent meta- 
tarsals and provides a foot with a better appearance and 
function. Excision of the first metatarsal should be avoided if 
possible. 


EXCISION OF METATARSAL 


TECHNIQUE 23-2 


■ In the presence of secondary infection, make a longitudi¬ 
nal incision over the affected bone extending from the 
distal row of the tarsus to the middle of the proximal 
phalanx. 

■ Expose the bone without injuring the extensor tendons. 

■ Excise the bone with the periosteum intact and close the 
wound loosely over drains. 

POSTOPERATIVE CARE. A short leg cast is applied. 
When the wound has healed, protective weight bearing 
is begun. 


Usually more than one bone is involved, so an anterior 
tarsectomy is required. To obtain satisfactory alignment of 
the foot, part of the cuboid also must be removed. 


EXCISION OF CUNEIFORM BONES 


TECHNIQUE 23-3 


■ Make a 5-cm longitudinal incision laterally and expose the 
joint between the cuboid and fifth metatarsal. 

■Approach the first cuneiform and the base of the first 
metatarsal through a similar médial incision. 

■ Expose the second and third cuneiforms by subperiosteal 
dissection. 

■ Excise the anterior half of the cuboid and the three cunei¬ 
forms with an osteotome. 

■ Resect the articular cartilage from the anterior surface of 
the navicular and the bases of ail five metatarsals. 

■ Approximate the denuded surfaces of the metatarsals to 
those of the navicular and cuboid. 

■ Close the incisions. 


POSTOPERATIVE CARE. A short leg cast is applied, and 
protected weight bearing is begun when the wound has 
healed. 


EXCISION OF NAVICULAR 


TECHNIQUE 23-4 


■ Expose the midtarsus through an antérolatéral approach. 

■ Make an additional médial incision to expose the 
navicular. 

■Excise the navicular by sharp subperiosteal dissection. 
Avoid injuring the dorsalis pedis artery and the branches 
of the deep peroneal nerve on the dorsum of the foot. 

■ Expose the calcaneocuboid joint and excise the articular 
cartilage and subchondral bone from the distal end of the 
calcaneus and the proximal one third of the cuboid. 

■ Remove the articular cartilage from the head of the talus 
and from the proximal surfaces of the cuneiforms. 

■Approximate the raw surfaces of the denuded bones, 
obliterating the space. The position can be maintained by 
crossed, threaded wires. 

■ After excision of the navicular, a midtarsal arthrodesis 
should be performed to stabilize the foot in satisfactory 
alignment. 

POSTOPERATIVE CARE. A short leg cast is applied, and 
protected weight bearing is begun when the wound has 
healed. 


EXCISION OF CUBOID 


TECHNIQUE 23-5 


■Approach the cuboid through an antérolatéral approach 
and excise it by sharp subperiosteal dissection. 

■ Resect the articular surfaces and adjacent bone from the 
proximal aspect of the cuneiforms and the fifth metatar¬ 
sal and from the distal surface of the calcaneus. 

■ Excise the navicular and remove the articular surface and 
superficial bone from the head of the talus. 

■ Approximate the denuded surfaces of the bones and 
maintain the position by crossed, threaded wires. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for excision of the navicular just described. 


Calcanectomy produces considérable disability, but the 
resuit may be préférable to amputation. Partial calcanectomy 
has long been used for the treatment of osteomyelitis of the 
calcaneus, with less disability and better cosmetic and func- 
tional results than total calcanectomy (Fig. 23-3), although 
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Partial calcanectomy. (From Walsh TP, Yates BJ: 
Calcanectomy: avoiding major amputation in the presence of calcaneal 
osteomyelitis—a case sériés, Foot 23:130, 2013). 


there are few reports of its use in patients with tuberculous 
infection. 


EXCISION OF CALCANEUS 


TECHNIQUE 23-6 


■ Begin a Kocher incision (see Technique 1-17) 10 cm proxi¬ 
mal to the latéral malleolus and follow the latéral border 
of the Achilles tendon to the superior surface of the 
calcaneus; continue it inferiorly to the latéral malleolus, 
and end it 2.5 cm distal to the calcaneocuboid joint. 

■ Divide the calcaneofibular ligament and displace the 
peroneal tendons superiorly and anteriorly. 

■ Incise the capsule of the calcaneocuboid joint and divide 
the ligamentous attachments of the calcaneus in this 
area. 

■ Insert a periosteal elevator or lamina spreader into the 
subtalar joint and divide the interosseous talocalcaneal 
ligaments. 

■ Dislocate the subtalar joint; use sharp subperiosteal dis¬ 
section to free the soft tissues from the médial, anterior, 
and posterior surfaces; and divide the attachment of the 
Achilles tendon. 

■ Deliver the calcaneus from the wound. Avoid injuring the 
tibial nerve and vessels on the médial side of the bone. 

■ Suture the Achilles tendon to the inferior surface of the 
talus and to the short muscles of the foot. 

POSTOPERATIVE CARE. A long leg cast is applied with 
the knee in 30 degrees of flexion and the ankle in moder- 
ate equinus. At 3 weeks the cast is changed to a short 
leg cast, and the foot is maintained in mild equinus. 
Protective weight bearing is begun at 8 weeks, and cast 



FIGURE 


After talectomy for infection. 


immobilization is continued for 4 months. A shoe insert 
with heel élévation is required later. 


Hutson et al. described excision of the talus through an 
anteromedial approach, followed by insertion of antibiotic 
beads, for treatment of infection before tibiocalcaneal 
arthrodesis. 


EXCISION OF TALUS 


TECHNIQUE 23-7 


■Approach the talus through a Kocher (see Technique 
1-17) or antérolatéral (see Technique 1-18) approach. 

■ Divide the capsule of the talonavicular joint on its dorso- 
lateral and inferior aspects. 

■ Divide the components of the fibular collateral ligament 
of the ankle at their fibular attachments. 

■ Dislocate the ankle and displace the foot medially. 

■ Grasp the neck of the talus and apply slight traction; use 
sharp subperiosteal dissection to sever ail soft tissues and 
ligamentous attachments on the posterior and inferior 
aspects from anteriorly to posteriorly, and remove the 
talus. If the bone is necrotic, it must be removed in pièces. 

■ Use subperiosteal dissection to free the soft tissues on 
both malleoli and both sides of the anterior aspect of the 
calcaneus. 

■ Displace the foot posteriorly, placing the anterior aspect 
of the calcaneus between the malleoli. The articular sur¬ 
faces of the calcaneus should approximate the articular 
surface of the tibia. 

■ Close the wound while the foot is held in equinus 
(Fig. 23-4). 

POSTOPERATIVE CARE. A long leg cast is applied with 
the knee in 30 degrees of flexion and the ankle in 
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A 22-year-old man with tuberculous infection of the ankle. Seven years after arthrodesis, fusion was solid. (From Chen 
SH, Lee CH, Wong T, Feng HS: Long-term rétrospective analysis of surgical treatment for irretrievable tuberculosis of the ankle, Foot Ankle Int 
34:372, 2013.) 


moderate equinus. A window is removed from the cast 
on the dorsum of the foot and ankle and is loosely 
replaced. At 2 or 3 weeks the cast is changed to a short- 
leg cast and the foot is maintained in equinus. Protective 
weight bearing is begun at 8 weeks, and cast immobiliza- 
tion is continued for 4 months. A comfortable shoe with 
heel élévation is fitted. 


■ ANKLE 

If the disease is confined to the synovial membrane, immo- 
bilization and chemotherapy may suffice. An abscess can be 
drained, or a localized bone lésion can be curetted. Tubercu¬ 
losis of the ankle often is treated best by arthrodesis (Fig. 
23-5), however (see Chapter 11). 

■ KNEE 

Détermination of the extent of joint involvement is para- 
mount in the treatment of tuberculosis of the knee. At times, 
a patient may hâve a relatively benign-appearing periarticular 
soft-tissue inflammation (which represents tuberculous bur- 
sitis), purulent popliteal cystic changes, or abscess formation. 
The radiographie appearance of the knee may help to guide 
the treatment regimen. A knee with a normal-appearing radio- 
graph or with mildly confined osteomyelitic changes frequently 
responds to multidrug chemotherapy. These patients usually 
tolerate early range-of-motion and mobilization procedures. 
If a patient does not respond adequately to chemotherapy 
alone, a synovectomy (at times performed arthroscopically), 
sequestrectomy, or both or curettage of the bony lésion may 
be required. When the joint shows significant degenerative 



Tuberculosis of knee before (A) and 3.5 months 
after (B) arthrodesis. 


involvement and apparent radiographie changes, the progno- 
sis is less favorable, and a more aggressive open approach is 
needed. A relative period of immobilization also is required 
in more severe cases. With more destructive articular surface 
changes, an arthrodesis may be inévitable (Fig. 23-6). Limited 
success with knee arthroplasty combined with chemotherapy 
has been described, although not without frequent morbidity, 
including possible réactivation of a quiescent infectious 
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process. Zeng et al. reported successful total knee arthroplasty 
in nine patients with advanced tuberculous arthritis of the 
knee. Those with elevated inflammatory biomarkers had 3 
months of antitubercular drug treatment followed by two- 
stage arthroplasty, whereas those with normal biomarkers had 
no preoperative drug therapy and one-stage arthroplasty Ail 
patients received antitubercular therapy for 12 months after 
surgery, and there was no tuberculosis réactivation at an 
average 4-year follow-up. 

Tuberculosis confined to the patella manifests with osteo- 
lytic changes radiographically and an accompanying seques- 
trum, which has a flaky appearance. Such a confined process 
may respond to a multiple-drug regimen. In refractory cases, 
a favorable functional outcome still can be salvaged with a 
patellectomy. An extraarticular abscess or lésion (bursal or 
cystic) requires excision and drainage. If the lésion involves 
the distal fémur or proximal tibia, curettage of adjacent bone 
is required. Active early mobilization is allowed, unless the 
lésion is extensive. 

Nag et al. reported tubercular infection after anterior 
cruciate ligament reconstruction with autograft in immuno¬ 
compétent patients. Although still a rare complication, it 
should be considered in areas with high endemic rates of 
tuberculosis. 

■ HIP 

If tuberculosis of the hip is diagnosed early and the disease is 
limited to the synovium, rest and chemotherapy may be suf- 
ficient treatment. This situation is more common in children. 
Most hips (50%) appear normal on radiographs and usually 
respond well to chemotherapy. These patients usually tolerate 
early mobilization. 

If the lésion extends to articular cartilage and bone and 
is not extensive, partial synovectomy and curettage often are 
successful (Fig. 23-7). Atrophic-appearing hips (<10%) 
and dislocating hips hâve a less favorable outcome. If 
articular cartilage and adjacent bone are extensively involved, 


arthrodesis is indicated. The greater trochanter may be 
involved in less than 1.8% of patients who hâve osseous tuber¬ 
culosis. Abscess formation also may occur in the peritrochan- 
teric and psoas régions. Operations such as drainage of an 
abscess near the joint, diagnostic biopsy, or removal of 
an extraarticular sequestrum may be needed. More novel 
approaches using streptomycin-loaded bone cernent beads 
hâve been described in treating tuberculous bursitis and 
osteomyelitis. 


PARTIAL SYNOVECTOMY 
AND CURETTAGE 


TECHNIQUE 23-8 


(WILKINSON) 

■ Expose the hip by an antérolatéral approach (see Tech¬ 
nique 1-62). 

■Curet the lésions in the fémoral neck or head or in the 
acetabulum. 

■ Excise the thickened capsule and perform a synovectomy, 
but do not dislocate the hip in an effort to remove ail 
tuberculous tissue. 

■ Suture the wound in layers without drainage. 

POSTOPERATIVE CARE. Buck traction is used until irri- 
tability of the hip disappears. Active range-of-motion 
exercises are started. Unprotected weight bearing is not 
allowed for several months, or until radiographs show 
healing of the bone lésions. 


Tuberculous foci in the ilium above the acetabulum may 
be curetted without arthrotomy if they are discovered before 
they spread into the joint. 



Tuberculosis of hip immediately before (A) and 7 years after (B) synovectomy, marsupialization, and antibacterial 
therapy. Disease is clinically cured; patient has no limp and only slight limitation of motion. Note distortion of fémoral head and 
acetabulum. 
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LESIONS ABOVE ACETABULUM 


TECHNIQUE 23-9 


■ Use an antérolatéral approach (see Technique 1-62); keep 
the dissection extracapsular and locate the tuberculous 
lésion by radiographie imaging if necessary. 

■ Curet the lésion and, unless secondary infection is présent, 
fill the cavity with autogenous cancellous grafts if desired. 

■Close the incision in layers. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for synovectomy and curettage just described in Tech¬ 
nique 23-8. 


Tuberculous foci confined to the fémoral neck can be 
evacuated, preventing their spread into the hip joint. 


LESIONS OF THE FEMORAL NECK 


TECHNIQUE 23-10 


■ Use a latéral longitudinal incision and expose the subtro- 
chanteric area of the fémur. 

■ Remove a cortical window laterally and locate the lésion 
by radiographie imaging. 

■ Evacuate the focus with a curet, taking care not to enter 
the joint and fill the cavity with autogenous cancellous 
grafts if necessary. 

■ Close the incision in layers. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for synovectomy and curettage (see Technique 23-8). 


Often the trochanteric bursa and the underlying bone are 
involved in the infection. Excision of the bursa is then 
indicated. 


LESIONS OF THE 
TROCHANTERIC AREA 


TECHNIQUE 23-11 


(AHERN) 

■ Expose the trochanteric bursa and greater trochanter 
through a latéral longitudinal incision. 

■ Excise the diseased bursa and curet any lésions found in 
the greater trochanter. 

■ Close the wound in layers. 

POSTOPERATIVE CARE. Protected weight bearing is 
begun when the patient's condition permits, progressing 
to full activity in 6 to 12 weeks. 



Osseous ankylosis after excision of hip for 
tuberculosis complicated by pyogénie infection. 


1 ARTHRODESIS 

Patients with advanced tuberculosis of the hip involving 
articular cartilage and bone are treated best by arthrodesis. 
The techniques are described in Chapter 5. 

I EVACUATION OF ABSCESSES 

Tuberculous abscesses usually should be evacuated. Radio - 
graphs frequently show distention of the joint capsule. If the 
capsule ruptures, the abscess may point in the adductor 
région, in the anterior thigh 5.0 to 7.5 cm below the anterior 
superior iliac spine, over the greater trochanter, or in the 
buttock. Drainage by incision directly over the abscess, évac¬ 
uation of the cavity, and primary cio sure usually promote 
prompt healing. 

Excision of the hip joint is indicated in adults with exten¬ 
sive involvement of the fémoral head and neck and the ace- 
tabulum complicated by secondary infection (Fig. 23-8). 


EXCISION OF THE HIP JOINT 


TECHNIQUE 23-12 


■ Expose the hip through a latéral or postérolatéral approach 
(see Technique 1-63 and 1-68). 

■ Excise the capsule and remove the fémoral head and neck 
and the diseased bone around the acetabulum. 

■ Place the greater trochanter in the acetabulum and close 
the wound loosely over large drains. 

POSTOPERATIVE CARE. A double spica cast, holding 
the involved hip in 45 degrees of abduction, is applied. 
Immobilization is continued for approximately 3 months. 
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Erosion of the pubic rami with widening of the 
symphysis in a 49-year-old woman with tuberculosis. (From Lai H, 
Jain K, Kannan S: Tuberculosis of the pubic symphysis: four unusual 
cases and literature review, Clin Orthop Relat Res 471:3372, 2013.) 



Proximal fémoral osteotomy or arthrodesis may be indi- 
cated for any residual instability. 


JU Plain radiograph of the elbow shows lytic lésion 
in the latéral condyle ( arrow ) and érosion of the radial aspect of 
the proximal ulnar shaft (short arrow). (From Prakash M, Gupta P, 
Dhillon MS, et al: Magnetic résonance imaging findings in tubercular 
arthritis of the elbow, Clinical Imaging 40:114, 2016.) 


■ SACROILIAC JOINT 

Symptoms of tuberculosis of the sacroiliac joint include 
buttock pain, réluctance to bear weight on the involved side, 
radicular complaints, and low back pain. Plain radiographs 
usually are abnormal, as are bone scans. Diagnosis can be 
confirmed by percutaneous transiliac biopsy. When the diag¬ 
nosis of tuberculosis of the sacroiliac joint is made early, 
chemotherapy and rest usually are sufficient. When involve - 
ment is more extensive, partial synovectomy and curettage or 
arthrodesis (see Chapter 5) may be indicated. 

■ PUBIS 

Tuberculosis of the pubis may involve the symphysis (Fig. 
23-9). Chemotherapy and curettage usually promote healing. 

■ CLAVICLE 

One end of the clavicle usually is infected by tuberculosis. 
Chemotherapy and curettage of the focus or excision of the 
involved end of the bone are recommended. 

■ SHOULDER 

Tuberculosis can involve ail adjacent osseous structures of the 
shoulder, including the scapula, humérus, glenoid, and clav¬ 
icle. Periarticular soft tissue or bursae also may be involved. 
Khan et al. described tubercular infection after arthroscopic 
rotator cuff repair in one patient. Although the infection was 
well controlled with medical treatment, function was poor. 
Tuberculosis of the shoulder that is diagnosed early and con- 
fined to the synovium is b est treated by chemotherapy and 
rest. Extraarticular abscesses require évacuation. More exten¬ 
sive disease is treated by partial synovectomy and curettage. 
Rarely is arthrodesis required. 


■ ELBOW 

Although tuberculosis occurs more frequently in the elbow 
than in other upper extremity joints, the elbow is involved in 
only 5% of patients with osseous disease. The proximal 
segment of the ulna (olecranon) is more typically affected 
(Fig. 23-10), which can resuit in a progressive degenerative 
process and a significant elbow flexion contracture. Func- 
tional positioning becomes paramount in such cases. Tuber¬ 
culosis of the elbow often can be treated satisfactorily by rest 
and chemotherapy. Aspiration of an abscess or évacuation of 
a lésion in the olecranon may be necessary. Occasionally, 
partial synovectomy and curettage, arthrodesis, or excision of 
the elbow joint may be indicated. 

Excision of the elbow joint is indicated in adults when the 
disease is extensive and more conservative measures hâve failed. 
It usually results in less disability than does arthrodesis. 


EXCISION OF ELBOW JOINT 


TECHNIQUE 23-13 


■ Make a longitudinal incision over the postérolatéral 
aspect of the elbow beginning 10 cm proximal and 
ending 5 cm distal to the joint. 

■ Incise the triceps muscle down to the humérus, parallel 
with the latéral border of the aponeurosis. 

■ Open the posterior capsule of the elbow joint and con¬ 
tinue the incision of the deep structures to approximately 
2.5 cm distal to the head of the radius. 
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■ Subperiosteally dissect the distal end of the humérus and 
resect the bone just proximal to the condyle, leaving as 
much of the metaphysis as possible. 

■ Resect the ulna and radius just distal to the head of the 
radius; a more extensive resection would produce a flail 
joint. 

■ Remove the synovial membrane and ail diseased tissues 
and close the wound. 

POSTOPERATIVE CARE. A long arm cast is applied with 
the elbow at 90 degrees of flexion. After 3 or 4 weeks, 
the cast is removed and a sling is applied. Strengthening 
and active range-of-motion exercises are started. Muscu- 
lar rééducation and active use usually resuit in a service- 
able but unstable joint. 


1 ARTHRODESIS 

Arthrodesis may be required. This technique is discussed in 
Chapter 13. 

■ WRIST AND HAND 

The wrist may be involved in patients with skeletal tubercu- 
losis. Tenosynovitis of the flexor and extensor tendons may 
resuit; consequently, carpal tunnel syndrome may occur. If 
the disease is limited to the synovium, synovectomy and che- 
motherapy constitute sufficient treatment. If involvement of 
cartilage and bone is moderate, synovectomy and curettage 
are indicated; if involvement is extensive, arthrodesis or, 
rarely, excision of the joint is needed. 

Excision of the wrist joint is indicated if extensive destruc¬ 
tion of the carpus precludes arthrodesis. 


EXCISION OF WRIST JOINT 


TECHNIQUE 23-14 


■ Make a dorsal longitudinal midline incision 7.5 cm long. 

■ Deepen the dissection between the extensor indicis pro¬ 
pres and extensor pollicis longus tendons down to the 
dorsal capsule of the wrist. 

■ Incise the capsule and expose the distal end of the radius 
and the metacarpal bones. 

■ Excise the carpus and remove the articular surfaces of the 
distal radius and ulna down to healthy bone. 

■ Close the wound in the usual manner. 

POSTOPERATIVE CARE. A long arm cast is applied with 
the elbow at 90 degrees of flexion, the forearm in neutral 
rotation, and the wrist dorsiflexed 25 degrees. Active 
range-of-motion exercises of the fingers and shoulder are 
started as soon as possible. After 3 months, the cast is 
removed and a brace is applied that is periodically 
removed to permit active wrist exercises. If possible, the 
brace is discarded after 6 months. 


TUBERCULOSIS OF LONG BONES 

Metaphyseal and diaphyseal tuberculosis is rare. The diagno- 
sis usually is established by biopsy and cultures (Fig. 23-11). 
The infection offen is associated with active pulmonary 
tuberculosis. It may be localized to one area, usually near a 
joint, or may diffusely involve much of the bone. Radiographs 
may show a solitary irregular cavity, a sériés of confluent cavi- 
ties, or occasionally fusiform enlargement of the shaff. Mul¬ 
tiple bones may be involved simultaneously. 

Effective treatment requires chemotherapy plus évacua¬ 
tion of abscesses and sequestrectomies, an operative treat¬ 
ment similar to that for chronic pyogénie osteomyelitis. 
Wounds in tuberculous osteomyelitis can be closed primarily, 
however, unless secondary pyogénie infection is présent. 

■ AMPUTATION 

Amputation is indicated when extensive tuberculous involve¬ 
ment renders less radical treatment unsuccessful, especially 
in adults with extensive lower extremity involvement. Exten¬ 
sive amyloid disease adds to the desirability of amputation. 
The operation should be done proximal to an affected joint. 
In children, lower extremity amputation also is justifiable 
when tuberculous osteomyelitis results in marked shortening 
of the limb. 

OTHER UNUSUAL INFECTIONS 

NONTUBERCULOUS MYCOBACTERIAL 
INFECTIONS 

Musculoskeletal infections caused by nontuberculous Myco¬ 
bacterium species hâve increased since 1985, as hâve infec¬ 
tions caused by M. tuberculosis. A recently reported source of 
nontuberculous mycobacterial infections is medical tourism 
(i.e., travel to another country for healthcare services, 
particularly cosmetic surgery). Authors from New York- 
Presbyterian Hospital identified 24 cases since 2000. Multiple 
case reports in the literature implicate at least 15 different 
species of Mycobacterium as causes of osteoarticular and 
tenosynovial infections. The most common causative organ- 
isms are M. avium complex, M. marinum , and M. kansasii. 
In their study of over 29,000 patients with rheumatoid arthri- 
tis matched to a cohort without rheumatoid arthritis, Yeh 
et al. determined that those with rheumatoid arthritis were 
four times more likely to develop nontuberculosis mycobac¬ 
terial disease. 

The clinical, radiographie, and histopathologie manifes¬ 
tations of musculoskeletal nontuberculous Mycobacterium 
species may be indistinguishable from those in tuberculosis, 
offen requiring an initial antibiotic regimen that covers M. 
tuberculosis. Nontuberculous Mycobacterium species hâve 
differing drug susceptibilities, however, and species identifi¬ 
cation is important for appropriate chemotherapy. Optimal 
culture requirements for some nontuberculous Mycobacte¬ 
rium species vary, such as for M. marinum , which grows best 
at 30° C to 33° C. Nonstandard chemotherapeutic agents hâve 
been developed, such as rifabutin and clarithromycin for 
treatment of M. avium complex, which tends to be résistant 
to the standard agents. The operative principles and tech¬ 
niques that apply to musculoskeletal tuberculosis also are 
appropriate for musculoskeletal infections caused by nontu¬ 
berculous Mycobacterium species. 
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Tuberculosis of long bones. A f Atypical tuberculosis of ulna proved by biopsy. B f Typical spina ventosa. This patient 
had multiple cavities throughout the skeleton. First diagnosis was syphilis; Wassermann test was positive. No improvement occurred 
with antisyphilitic treatment. Biopsy revealed typical tuberculosis. Tuberculous otitis media developed later, and patient died 2 years 
after the first examination. 


BRUCELLOSIS 

Brucellosis is a zoonotic disease most commonly caused 
by the gram-negative coccobacillus Brucella melitensis and 
usually is found in goats. Almost ail infections resuit from 
direct or indirect exposure to animais. The primary modes of 
transmission are ingestion of unpasteurized milk or milk 
products. The disease is most commonly seen in the Mediter- 
ranean basin, the Arabian Peninsula, the Indian subconti¬ 
nent, Mexico, and Central and South America. In the United 
States, the San Diego, California, région has the most fre- 
quently infected patient population, with about 30 cases iden- 
tified since 1979. Occupations that place individuals at risk 
include farming, veterinary medicine, méat handling, and 
laboratory work. 

The most common présentation for brucellosis is fever 
accompanied by osteoarticular involvement. The first symp- 
toms of infection normally appear 2 to 4 weeks after inocula¬ 
tion. The worldwide literature indicates that the axial skeleton 
is the most likely site of osteoarticular involvement, normally 
occurring as sacroiliitis, spondylitis, or spondylodiscitis. 
Involvement of bone is noted in 20% to 50% of infected 
patients. In a prospective study in Turkey, 251 patients were 
identified over a 4-year period who were infected with Bru¬ 
cella. Sacroiliitis was confirmed in 71 patients (28%) who had 
low back pain and a positive Patrick test. Ail of these patients 
had positive bone scans for sacroiliitis as well. Spondylodis¬ 
citis was seen in 26 patients with back pain. Ail of these 
patients had positive bone scans with increased uptake in the 
vertébral bodies and dises as well as positive spinal MRI. The 
frequency of a lumbar pathologie process was significantly 
higher than thoracic or cervical ones, with cervical disorders 
the least frequent. MRI findings included low signal intensity 


in the vertébral bodies on the sagittal Tl-weighted images, 
high signal intensity in the vertébral bodies on the sagittal 
T2-weighted images, and high signal intensity in the involved 
vertebrae and dises after gadolinium administration on sagit¬ 
tal Tl-weighted images. Eight patients in the study had para- 
spinal or épidural abscesses. Rarely, nonaxial bones, such as 
the tibia, humérus, and calcaneus, can be involved. 

A diagnosis of brucellosis is best made with a combina¬ 
tion of serology with a Brucella agglutinin titer greater than 
1:160 and a positive blood culture. For patients with osteo¬ 
articular involvement, a bone scan is recommended. If there 
are axial symptoms, spinal MRI also is appropriate. It is 
important to differentiate tuberculous spondylodiscitis from 
that of brucellosis, because they can appear similar on MRI 
and they hâve similar patient profiles, for correct antibiotic 
treatment. 

A 6-month three-drug course of rifampin, doxycycline, 
and streptomycin is recommended for patients with osteoar¬ 
ticular involvement. This regimen helps prevent a brucellosis 
relapse, which occurs in about 11% of patients with osteoar¬ 
ticular infection. 

TYPHOID FEVER 

Typhoid fever is caused by Salmonella typhi, a gram-negative 
anaérobie bacillus that is rarely seen in developed countries. 
Because the primary mode of transmission is oral-fecal, it 
occurs in individuals who hâve ingested contaminated food 
or fluids. 

Symptoms include fever, abdominal pain with diarrhea, 
déhydration, weight loss, headaches, fatigue, and, at times, 
altered consciousness. Multiple Systems may be affected, 
with cardiopulmonary involvement, hepatosplenomegaly, 
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Neuroarthropathy of the ankle in a 48-year-old man with syphilis. He had painless swelling of the ankles for 3 years 
before seeking medical advice. (From Samia M, Ezzahara AF, Kahdija B, et al: Bilateral neuro-arthropathy of the ankle as a sequel of undiagnosed 
tabes dorsalis, Joint Bone Spine 80:664, 2013.) 


and gastrointestinal infiltration. Approximately 30% of 
patients with typhoid fever may hâve arthralgias and myal- 
gias. Septic sacroiliitis and osteomyelitis of multiple régions 
hâve been described. More frequently, the thoracolumbar 
junction is affected, with accompanying dise involvement. 
Although rare, osteomyelitis is seen in isolated bones of the 
upper and lower extremities. There may be accompanying 
bone marrow infiltration with suppression and necrosis. Soft 
tissues, such as the greater trochanteric bursa, can be involved. 

Diagnosis is confirmed by isolating Salmonella typhi from 
one of multiple sites (e.g., blood, fecal or intestinal samples, 
and bone marrow); measurement of agglutinating antibodies 
also is helpful. Traditional primary antibiotic treatment with 
chloramphenicol has been used, although third-génération 
cephalosporins may be as effective. Other pharmacologie 
approaches hâve included ampicillin and trimethoprim- 
sulfamethoxazole. Résistant cases may be more sensitive to the 
third-generation cephalosporins. Lynch et al. reported that of 
2016 isolâtes they tested, 272 (13%) were résistant to ampicil¬ 
lin, chloramphenicol, and trimethoprim-sulfamethoxazole. 
Infection with antimicrobial-resistant S. typhi strains was 
associated with travel to the Indian sub-continent, and 
an increasing proportion of these infections were caused 
by bacterial strains with decreased susceptibility to 
fluoroquinolones. 

SYPHILIS 

According to the CDC, during 2000 and 2001, the national 
rate of reported primary and secondary syphilis was 2.1 cases 
per 100,000 population; however, the rate has increased 
almost every year since then. In 2014, the rate increased to 
6.3 cases per 100,000 population, a 15% increase over 2013, 
a 40% increase over 2010, and the highest rate reported since 
1994. 

Syphilis is caused by a spirochète, Treponema pallidum , 
that is transmitted transplacentally, by sexual contact, or 
through blood products. Bone can become involved at any 
stage of the disease or at any âge. In congénital syphilis, peri- 
ostitis of the temporal bone and palate and cortical thicken- 
ing of the upper one half of the tibia (“saber shins”) may be 
seen. Vascular extension to bone (e.g., sternum or vertébral 


body) has been described. Early osseous involvement may be 
noted on bone scans in relatively asymptomatic areas, such 
as the hands, feet, forearms, clavicle, or tibias. Chronic 
arthralgias may develop and because of neuropathie or vas¬ 
cular involvement may lead to the development of a “Charcot 
joint” (Fig. 23-12). 

Diagnosis is made primarily by darkfield microscopy 
with identification of the pathogen from the sampled fluid. 
Antibody assays such as Venereal Disease Research Labora- 
tory, rapid plasma reagin, or microhemagglutination- 
Treponema pallidum frequently are included as part of the 
workup. Although treatment may vary depending on the 
stage of the disease, the mainstay of treatment is penicillin 
benzathine. Operative intervention usually is not required. 

ANAEROBIC INFECTIONS 

Anaérobie infections are discussed in Chapter 21. 

VIRAL OSTEITIS AND ARTHRITIS 

Viral infections of bone remain as a diverse group of diseases. 
Virus strains, such as varicella, rubéfia, and vaccinia, hâve 
been isolated from synovitic joints. Osteomyelitis variolosa 
was recognized by joint swelling and lytic lésions before the 
suppression of smallpox. Paramyxovirus antigens hâve been 
detected in bone in patients with Paget disease, but a direct 
causal relationship has not been proven. 

ACTINOMYCOSIS 

Actinomycosis is a chronic granulomatous disease character- 
ized by external sinuses. It is caused most commonly by Acti- 
nomyces israelii. Actinomyces are gram-positive anaérobie 
filamentous bacteria, not fungi. They are extremely fastidious 
and difficult to culture. Diagnosis usually is made by identify- 
ing sulfur granules or branching mycelia. Image-guided aspi¬ 
ration of infected régions is helpful in obtaining appropriate 
samples. 

Actinomycotic osteomyelitis most typically affects the 
cervicofacial régions, particularly the mandible. Such osseous 
involvement usually is a secondary extension from a primary 
soff-tissue site. With spinal involvement there may be scle- 
rotic changes; however, vertébral body height usually is 
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preserved. Spinal involvement may resemble tuberculosis but 
usually does not affect the dise. Abscesses may extend to the 
skin, and paravertebral abscesses may be présent. Rib lésions 
hâve been described with sinus tract extension to the skin. 
Osseous involvement of the pelvis may be associated with the 
use of intrauterine de vices. 

Diagnosis is made by identification of the pathogen from 
an image-guided aspirant of infected tissue. Penicillin typi- 
cally is used for treatment, although tétracycline, erythromy- 
cin, and chloramphenicol can be used. 

LYME DISEASE 

Lyme disease is the most common tick-borne illness in the 
United States. The Ixodes tick family is the primary vector for 
the spirochète bacteria Borrelia burgdorferi that causes the 
disease. The Ixodes hosts, the white-footed mouse and white- 
tailed deer, are found in New England, the Mid-Atlantic 
States, and around the Great Lakes. Therefore most cases are 
discovered in these régions primarily from April through 
November. In 2014 more than 30,000 confirmed and proba¬ 
ble cases were reported to the CDC, nearly 300,000 presumed 
cases went unreported, and approximately 2.4 million spéci¬ 
mens were submitted for Lyme disease testing with an associ¬ 
ated cost of nearly $500 million. Two peak âge groups are 
more commonly affected with the disease: children âges 5 to 
14 years and adults âges 55 to 70 years. Leisure activities such 
as hiking, fishing, hunting, and gardening, as well as outside 
employment, place individuals at higher risk for contracting 
the infection. Interestingly, only 50% to 70% of patients 
remember being bitten by a tick. 

Most patients with Lyme disease présent with a charac- 
teristic bulfs-eye rash (erythema migrans) within 1 month of 
the tick bite (Fig. 23-13), although up to 20% of patients may 
not display this associated rash. Normally, the rash is accom- 
panied by viral-like symptoms of fever, chills, fatigue, and 
headaches. Arthralgia, usually polyarthralgia involving both 
large and small joints and potentially the neck and back, typi- 
cally accompanies the viral-like symptoms and characteristic 
bulls-eye rash. 

A total of 60% of patients who are not treated appropri- 
ately initially will develop intermittent arthritis. Not having 
the prodromal polyarthralgias at symptom onset does not 



Characteristic bull's-eye rash in a patient with 
Lyme disease. (From CDC, www.cdc.gov/lyme/signs_symptoms/rashes 
.html.) 


preclude patients from developing intermittent arthritis. 
Although the joint may appear extremely warm and swollen 
usually with an effusion, patients normally only note mild 
pain. The knee is the most commonly involved joint, followed 
by the ankle and wrist. The arthritic attacks usually last about 
2 weeks to a month. After the bouts résolve, patients normally 
do not complain of any joint symptoms. Because different 
joints may be involved with different flareups, the intermit¬ 
tent arthritis often is described as “migratory arthritis.” 

Chronic arthritis can develop in around 10% of patients 
with intermittent arthritis that is not properly treated. 
Having the alloantigen HLA-DR4 increases the risk of 
developing chronic arthritis. One to three joints are involved, 
with one or both knees almost always involved. The hip is the 
next most likely joint afflicted with this condition. Unlike 
patients with acute Lyme arthritis, patients with chronic 
arthritis usually hâve unrelenting joint swelling and pain for 
at least 1 year. 

Patients with early disseminated Lyme disease may also 
develop neurologie and cardiac signs and symptoms. Fifteen 
percent of patients develop neurologie problems, including 
meningitis, Bell palsy, and radiculopathies. Eight percent 
develop cardiac complications such as an arteriovenous 
block. 

The CDC recommends using enzyme-linked immuno- 
sorbent assay (ELISA) followed by the Western immunoblot 
test for diagnosis (Fig. 23-14). The Western immunoblot test 
will diagnose most patients with Lyme disease if performed 
at least 4 weeks after tick contact. Synovial fluid analysis 
usually is nonspecific with mildly elevated white blood cell 
count (normally less than 50,000 cells/mm 3 ). Genomic DNA 
of Borrelia burgdorferi can be found in the synovial fluid by 
using polymerase chain reaction (PCR). Successful treatment 
with antibiotics for Lyme arthritis can be documented by the 
transformation of a positive PCR to a négative PCR. Cur- 
rently, multiple assays hâve received FDA clearance for détec¬ 
tion of Lyme disease; however, the FDA warns that many of 
these can be easily misinterpreted. They advise that assays for 
antibodies to Borrelia burgdorferi should be used only to 
support a clinical diagnosis of Lyme disease. 

First-line antibiotic therapy employs doxycycline orally 
for 30 to 60 days for Lyme disease-associated arthritis. 
Second-line antibiotic treatment uses amoxicillin for the 
same duration. Either one of these choices is effective in about 
90% of patients. If a patient does not respond to a 30- to 
60-day course of oral antibiotics, then a 30-day course of 
intravenous ceftriaxone is recommended. About 5% of 
patients with Lyme arthritis hâve antibiotic-refractory disease, 
however. 

FUNGAL INFECTION 

Fungal osteomyelitis generally develops slowly, and diagnosis 
and treatment may be delayed. Because diagnosis dépends on 
spécifie stains and cultures, the diagnosis must be suspected 
before it can be established. Treatment plans for these unusual 
infections should be made in collaboration with an infectious 
disease consultant. 

COCCIDIOIDOMYCOSIS 

Coccidioidomycosis is endemic to Arizona, New Mexico, 
west Texas, and the San Joaquin Valley of California. Cases 
also hâve been described in Mexico and some régions of 
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Two-tiered Testing for Lyme Disease 

First test Second test 



FIGURE 


Two-tiered testing for Lyme disease as recommended by the CDC. (From CDC, www.cdc.gov/lyme/diagnosistesting/ 


I a btest/twoste p/i n d ex. h t m I . ) 


South America. The incidence of infection in long-time rési¬ 
dents of these areas may be 80%. Transmission primarily is 
by inhalation of airborne Coccidioides immitis. Most of these 
infections do not cause symptoms; infections that do usually 
are confined to the lungs. A more disseminated présentation 
can occur with kidney, liver, spleen, pericardium, and bone. 
A hypersensitivity arthritis, which is self-limited to 2 to 4 
weeks, can occur. 

Extrapulmonary or disseminated infections are rare and 
seen in fewer than 5% of patients. Immunocompromised 
individuals with HIV or who are taking the tumor necrosis 
factor-a inhibitor infliximab, individuals of Filipino or 
African-American ethnicity, and prégnant women are at 
higher risk for extrapulmonary infection. 

Bone involvement is noted in 20% to 50% of extrapulmo¬ 
nary coccidioidal infections. The axial skeleton is more com- 
monly affected than the appendicular skeleton, and the 
vertébral column is the most susceptible location of bony 
involvement for the disease. The infection can spread into 
adjacent soft tissues, causing paraspinal abscesses. Infections 
also hâve been seen in the skull and ribs. Joint infections are 
more likely to be seen in the lower extremities, especially the 
knee. Involvement of the metatarsals or metacarpals may be 
noted. Focal tendinitis or tenosynovitis also can occur. Ho 
et al. described 20 children with coccidioidomycosis, ail of 
whom presented with bone and joint pain; only 3 patients had 
pulmonary symptoms, and none had cutaneous symptoms. 
The most common location of infection was the foot (28%), 
followed by the knee, spine, forearm, lower leg, and other 
sites. 

Diagnosis of long-standing skeletal coccidioidomycosis 
can be assisted by radiographie évaluation. Normally, a 
chronic infection will display single or multiple lytic punched- 
out lésions with osteopenia and ill-defined borders. A moth- 
eaten appearance may be noted in small bones. Some studies 
hâve noted 100% sensitivity for identifying skeletal coccidi¬ 
oidomycosis using bone scans. Diagnostic confirmation 
dépends on histopathologie examination of a bone culture 
specimen, which demonstrates granulomatous inflammation 
and often spherules. 


Medical treatment is preferred but often is not sufficient. 
Itraconazole has been shown superior to fluconazole in treat- 
ing skeletal coccidioidomycosis. Other newer triazole anti- 
fungals are now available, but randomized studies for skeletal 
coccidioidomycosis are not yet available. Intravenous ampho- 
tericin B was previously used for treatment, but it has many 
unwanted complications and therefore should not be used 
unless necessary. The most effective treatment duration with 
these antibiotics is not known. Additional surgical methods 
may be required for antibiotic refractory infections. This may 
include debridement and removal of infected bone or 
synovium. Relapses also are common. 

BLASTOMYCOSIS 

North American blastomycosis is rare. Infection usually 
occurs after inhalation of the spores of Blastomyces dermatiti- 
dis, a dimorphic soil-dwelling fungus. This infection is fre- 
quently found in immunocompromised patients. Osseous 
involvement is the third most frequent form of primary blas¬ 
tomycosis. Pulmonary and cutaneous lésions are the most 
frequent sites of infection, although 10% of patients hâve 
skeletal involvement as the presenting symptom. This infec¬ 
tion occurs in North America, extending throughout the 
Appalachian States and the watersheds of the Ohio, Missis¬ 
sippi, Missouri, and St. Lawrence rivers. Skeletal infection 
occurs by hematogenous spread from the lungs or by direct 
extension from a cutaneous infection. Osseous findings are 
nonspecific for blastomycosis and resemble other forms of 
osteomyelitis. Some asymptomatic régions may hâve osseous 
involvement with cortical érosions noted. The first sign of 
involvement may be a cutaneous sinus or abscess. In a long 
bone, the infection tends to localize in the epiphysis and 
extend into the adjacent joint. Lésions in vertebrae mimic 
tuberculosis. Definitive diagnosis is made by showing the 
characteristic broad-based budding yeast on microscopie 
examination of a joint or bone aspirate. Culture of the yeast 
or mold form establishes the diagnosis but may take 1 to 5 
weeks to grow. Amphotericin B is the antibiotic of choice, 
with kétoconazole or itraconazole being an effective alterna¬ 
tive drug. 
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Histoplasmosis of wrist in patient without immunocompromise or pulmonary involvement. A f Wrist at initial présen¬ 
tation showing cystic lésions of capitate with sclerotic borders. B f Appearance at time of récurrence with progression of cystic changes 
in capitate. (From Care SB, Lacey SH: Récurrent histoplasmosis of the wrist: a case report, J Hand Surg 23A:1112, 1998.) 


HISTOPLASMOSIS 

In the United States, histoplasmosis is caused by Histoplasma 
capsulatum. It usually is a mild pulmonary infection that 
occurs after inhalation of the infecting particle. The disease 
is usually self-limited, but it can become a progressive dis- 
seminated infection in immunocompromised patients. 
Although pulmonary involvement is most prédominant, 
bone and soft tissues can be affected, usually manifesting as 
a self-limited hypersensitivity arthritis. Care and Lacey 
described a récurrent histoplasmosis in the wrist of a patient 
who was not immunocompromised and did not hâve pulmo¬ 
nary involvement (Fig. 23-15). Because of the prolonged 
period between initial infection and clinical récurrence in 
their patient, these authors suggest that Histoplasma can 
remain latent in the bone marrow for a decade. They recom- 
mend prolonged antibiotic treatment after debridement and 
resection of grossly involved tissue. 

Antifungal agents, such as kétoconazole or itraconazole, 
are effective for treatment of mild disseminated histoplasmo¬ 
sis involving bones or joints. For more résistant cases, espe- 
cially in immunocompromised patients, amphotericin B is 
recommended. 

CRYPTOCOCCOSIS 

Cryptococcosis, caused by Cryptococcus neoformans, is a rare 
fungal disease that is being increasingly found in immuno- 
logically compromised patients. It usually produces asymp- 
tomatic pulmonary disease in immunologically competent 
hosts. In immunologically compromised patients, it generally 
is a widespread disseminated disease with prominent pulmo¬ 
nary involvement. Hematogenous dissémination results in 
metastatic foci, most commonly in the central nervous 
System; however, isolated bone lésions hâve been reported in 
10% of patients. These may mimic primary bone neoplasms 


or hâve a présentation similar to other fungal bone lésions. 
The spine and long and fiat bones also may be involved. The 
diagnosis is established by biopsy, and antigen titers are used. 
Treatment of the bone lésions consists of curettage. In the 
absence of neurologie involvement, kétoconazole can be 
effective. In more severe cases, amphotericin B should be 
used. 

SPOROTRICHOSIS 

Sporotrichosis usually is produced by inoculation of Sporo- 
thrix schenckii through a minor eut or abrasion. Tbis fungus 
is found in many environments, but infection is rare. While 
a suppurative granulomatous lésion with an ulcerated appear¬ 
ance develops on the skin, there may be lymph, hematoge¬ 
nous, or contiguous spread to other structures. Tbis disease 
can affect the bones, joints, and periarticular soft tissues. Joint 
spaces may narrow, and eventual subchondral bone demise 
may occur. Sérologie tests are useful, as are fungal cultures; 
however, they are not that sensitive. 

Operative intervention may include debridement and 
chemotherapy with amphotericin. Other chemotherapeutic 
regimens, including kétoconazole, itraconazole, or flucon- 
azole, hâve been used. Oral potassium iodide is used to treat 
skin lésions and, at times, osseous lésions. 

ECHINOCOCCOSIS 

Echinococcosis, also called unilocular or human hydatid 
disease, is caused by the larval stage of Echinococcus granulo- 
sus , which is found most frequently in cattle-raising and 
sheep-raising areas of the United States (Arizona, Utah, New 
Mexico, Wyoming); similar diseases hâve been found in South 
America, Europe, and Australia. Canidae (domestic dogs, fox, 
coyotes) serve as definitive hosts, whereas sheep act as inter- 
mediate hosts. Although the liver is the most frequently 
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involved, other organ Systems can be affected (e.g., kidneys, 
intestines, central nervous System, and bone). Bone involve - 
ment usually is seen in less than 1% of cases and is exhibited 
by cystic or lytic lésions in the trabecular bone that can extend 
into other subcortical areas. The most commonly affected 
areas in bone are the vertebrae, pelvis, and the skull. Long 
bones also may be affected. Progressive changes may resemble 
tumor formation with an expansile cystic appearance. In rare 
cases, extension to the spinal cord has been described. Antigen 
or antibody titers are helpful in making the diagnosis, and 
imaging studies (CT, ultrasonography) may delineate the 
characteristics of the cyst and guide treatment. 

The best treatment for a bone infection resulting from 
echinococcosis is to resect the involved bone or to amputate. 
Erol et al. described successful treatment of 10 patients, 8 
with muscle involvement and 2 with bone involvement, with 
chemotherapy (albendazole) and wide resection. In their lit- 
erature review, however, Steinmetz et al. found that of 721 
reported patients, complété excision of the lésion was possi¬ 
ble in only 16%. Curettage and instilling solutions such as 
hypertonie saline, 1% formalin, or 0.5% silver nitrate hâve 
been tried. In suspected cases of echinococcosis, diagnostic 
biopsy or aspiration is contraindicated. Operative manage¬ 
ment should include careful planning and meticulous tech¬ 
nique to avoid spillage of the cyst contents, which may cause 
spread of the disease. If spillage occurs, application of cetyl- 
trimethylammonium bromide (Cetrimide), 2% formalin, or 
1% iodine can reduce the danger of spreading. Albendazole 
or mebendazole also can be used chemotherapeutically, but 
resolution varies. 
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Resection of the distal ulna 
Resection of the hand 
Pelvis 868 

Lower extremity 
Resection of the distal fémur 
Resection-arthrodesis of the 
ankle 887 

Resection of the talus 
Rotationplasty 887 


A team comprising an orthopaedic surgeon, radiologist, 
pathologist, radiation oncologist, and medical oncologist is 
necessary to treat the spectrum of musculoskeletal tumors. 
Other surgical specialists frequently are required, such as a 
vascular surgeon, thoracic surgeon, or plastic surgeon. The 
orthopaedic surgeon must be well versed in the principles of 
oncologie surgery, and the radiologist and pathologist should 
hâve a spécial interest in bone and soft-tissue tumors. The 
medical oncologist coordinates the adjuvant thérapies and 
becomes the primary physician for a patient who has a meta- 
static tumor. 

DIAGNOSTIC EVALUATION 

GENERAL APPROACH TO 
MUSCULOSKELETAL NEOPLASMS 

An adéquate history and physical examination are the first 
and most important steps in evaluating a patient with a mus¬ 
culoskeletal tumor. Patients may présent to the orthopaedic 
oncologist with pain, a mass, or an abnormal radiographie 
finding detected during the évaluation of an unrelated 
problem. Patients with bone tumors most frequently présent 
with pain. The pain initially may be activity related, but a 
patient with a malignancy of bone often complains of pro¬ 
gressive pain at rest and at night. Patients with benign bone 
tumors also may hâve activity-related pain if the lésion is 
large enough to weaken the bone. Other benign lésions, most 
notably osteoid osteoma, may cause night pain initially. Con- 
versely, patients with soft-tissue tumors rarely complain of 
pain but more often complain of a mass. Exceptions to this 
rule are patients with nerve sheath tumors who hâve pain or 
neurologie signs. 

Although some tumors show a sex prédilection (e.g., 
female prédominance with giant cell tumors), this is rarely of 
diagnostic significance. Race likewise is of little significance, 


with the exception that Ewing sarcoma is exceedingly rare in 
individuals of African descent. Family history occasionally 
can be helpful, as in cases of multiple hereditary exostosis 
(autosomal dominant inheritance) and neurofibromatosis 
(autosomal dominant inheritance). Age may be the most 
important information obtained in the history, however, 
because most benign and malignant musculoskeletal neo¬ 
plasms occur within spécifie âge ranges. 

■ PHYSICAL EXAMINATION 

The physical examination should include évaluation of the 
patients general health and a careful examination of the part 
in question. A mass should be measured, and its location, 
shape, consistency, mobility, tenderness, local température, 
and change with position should be noted. Atrophy of the 
surrounding musculature should be recorded, as should neu¬ 
rologie déficits and adequacy of circulation. Café-au-lait 
spots or cutaneous hemangiomas also may provide diagnos¬ 
tic dues. Potential sites of lymph node métastasés should be 
palpated. Although lymph node métastasés are rare with 
most sarcomas, they often are présent with rhabdomyosarco- 
mas, epithelioid sarcomas, and synovial sarcomas. 

■ RADIOGRAPHIC EXAMINATION 

Ail suspected musculoskeletal neoplasms should be evaluated 
initially with plain biplanar radiographs. Compared with any 
other test, conventional radiography provides more useful 
diagnostic information for évaluation of bone lésions. Often, 
the patient s âge and plain radiographie findings are sufhcient 
to arrive at a spécifie diagnosis. Radiographie évaluation 
should begin by determining the site of the lésion because 
many bone tumors hâve spécifie site prédilections (Boxes 
24-1 to 24-4). An epiphyseal lésion in a skeletally mature 
patient is likely to be a giant cell tumor, whereas an epiphyseal 
lésion in a skeletally immature patient is likely to be a chon- 
droblastoma. The differential diagnosis for diaphyseal lésions 
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Differential Diagnosis for Epiphyseal Lésions 


■ Chondroblastoma (âges 10-25) 

■ Giant cell tumor (âges 20-40) 

■ Clear chondrosarcoma (rare) 



Differential Diagnosis for Diaphyseal Lésions 


■ Ewing sarcoma (âges 5-25) 

■ Lymphoma (adult) 

■ Fibrous dysplasia (âges 5-30) 

■ Adamantinoma (consider in the tibia) 

■ Histiocytosis (âges 5-30) 



$ 



Differential Diagnosis for Multiple Lésions 


■ Histiocytosis 

■ Enchondroma 

■ Osteochondroma 

■ Fibrous dysplasia 

■ Multiple myeloma 

■ Métastasés 

■ Hemangioma 

■ Infection 

■ Hyperparathyroidism 


includes Ewing sarcoma, osteomyelitis, osteoid osteoma, 
osteoblastoma, histiocytosis, lymphoma, fibrous dysplasia, 
and adamantinoma (especially in the tibia). Most vertébral 
lésions in adult patients are métastasés, myelomas, or hem- 
angiomas. In the sacrum, chordoma and giant cell tumor are 
at the top of the list of differential diagnoses. In younger 
patients with a vertébral body lésion, the most likely diagno¬ 
sis is histiocytosis; if the lésion is in the posterior éléments, 
the differential diagnoses include aneurysmal bone cyst, 
osteoblastoma, and osteoid osteoma. Even if a spécifie 


diagnosis cannot be made, the aggressiveness of the lésion, 
and whether it is likely to be benign or malignant, usually can 
be determined by careful évaluation of the plain films. Lésions 
of low biologie activity are usually well marginated, often with 
a surrounding rim of reactive bone formation. Aggressive 
lésions usually hâve a less well-defined zone of transition 
between the lésion and the host bone because the host 
response is slower than the progression of the tumor. Cortical 
expansion can be seen with aggressive benign lésions, but 
frank cortical destruction usually is a sign of malignancy. 
Periosteal reactive new bone formation results when the 
tumor destroys cortex and may take the form of Codmans 
triangle, “onion-skinning,” or a “sunburst” pattern. It usually 
is a sign of malignancy but may be présent with infection or 
histiocytosis. Often, bone lésions replace the normal trabecu- 
lar pattern of bone with a characteristic matrix. Punctate, 
stippled calcification is suggestive of cartilage formation in 
bone lésions such as an enchondroma or chondrosarcoma. 
Matrix ossification combined with destructive features of 
host bone is a radiographie finding in a typical osteosarcoma. 
The irregular osteoid trabeculae in a collagenous stroma 
produce the classic radiographie “ground glass” appearance 
in fibrous dysplasia. Plain radiographs are less helpful for 
soft-tissue lésions but nevertheless should be obtained in ail 
patients because some useful information can be acquired, 
such as the presence of myositis ossificans, phleboliths in a 
hemangioma, calcification in a synovial sarcoma, or a fat 
density with a lipoma. 

■ OTHER IMAGING EXAMINATIONS 

The resolution of computed tomography (CT) is most helpful 
in assessing ossification and calcification and in evaluating 
the integrity of the cortex. It also is the best imaging study to 
localize the nidus of an osteoid osteoma, to detect a thin rim 
of reactive bone around an aneurysmal bone cyst, to evaluate 
calcification in a suspected cartilaginous lésion, and to evalu¬ 
ate endosteal cortical érosion in a suspected chondrosarcoma. 
Reconstructions in the sagittal and coronal planes may 
provide useful information with regard to surgical planning. 
CT of the lungs also is the most effective study to detect pul- 
monary métastasés. In cases where magnetic résonance 
imaging (MRI) is prohibited (i.e., pacemaker), CT with intra- 
venous contrast is useful in differentiating cystic lésions from 
vascular lésions in soft-tissue tumors. 

Technetium bone scans are used to détermine the activity 
of a lésion and to détermine the presence of multiple lésions 
or skeletal métastasés. Bone scans frequently are falsely néga¬ 
tive in multiple myeloma and some cases of rénal cell carci- 
noma. Excluding these exceptions, however, most other 
malignant neoplasms of bone show increased uptake on tech¬ 
netium bone scans. A normal bone scan is reassuring; 
however, the converse statement is not true because benign 
active lésions of bone also show increased uptake. 

Positron émission tomography (PET) records the whole- 
body distribution of positron-emitting radioisotopes linked 
to biologically active molécules. This modality provides a 
noninvasive three-dimensional visualization and quantitative 
assessment of in-vivo physiologie and biochemical processes. 
Although still considered investigational in the field of 
musculoskeletal oncology, PET is proving to be useful in 
staging, planning the biopsy, evaluating the response to che- 
motherapy, and helping to direct subséquent treatment. 
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Fluorine-18 ( 18 F)-fluorodeoxyglucose-labeled positron émis¬ 
sion tomography (FDG-PET) has a growing rôle as an imag- 
ing modality in the détection, staging, and management of 
sarcomas. FDG is an analogue of glucose that becomes 
trapped in malignant cells in proportion to their respective 
rate of glycolysis. When used in conjunction with other 
imaging modalities (i.e., CT and MRI), it can be used to dif- 
ferentiate viable tumor cells from postoperative changes. 
Early results in its application hâve been encouraging, but the 
number of published studies is limited. 

MRI has replaced CT as the study of choice to détermine 
the size, extent, and anatomie relationships of bone and soft- 
tissue tumors. It is the most accurate technique for determin- 
ing the extent of intramedullary and extraosseous disease and 
the relationship to neurovascular structures. MRI may yield 
a spécifie diagnosis with tumors such as lipoma, hemangi- 
oma, hematoma, or pigmented villonodular synovitis, ail of 
which hâve characteristic appearances. With regard to most 
neoplasms, however, the MRI appearance is nonspecific. 
Likewise, MRI is not useful in differentiating benign from 
malignant lésions. A study at our institution found substan- 
tial différences between MRI-based opinions given by spe- 
cialized musculoskeletal radiologists and those given by 
outside radiologists: only about half of the outside reports 
listed the most likely diagnosis as such, and only 60% listed 
it at ail. In general, any soff-tissue neoplasm deep to the fascia 
or larger than 5 cm in its greatest dimension should be con- 
sidered highly likely to be a sarcoma. 

Ultrasonography is useful for distinguishing cystic from 
solid soff-tissue lésions but otherwise offers little information. 
Angiography, which previously was used to détermine the 
relationship of a neoplasm to the vessels, has been supplanted 
by MRI. Angiography still is useful, however, to rule out non- 
neoplastic conditions, such as pseudoaneurysms or arterio- 
venous malformations, and for preoperative embolization of 
highly vascular lésions, such as rénal cell carcinoma and 
aneurysmal bone cysts. Gallium scans are the most sensitive 
tests for locating nonpulmonary métastasés but are no longer 
routinely used by most centers for the évaluation of musculo¬ 
skeletal neoplasms. 

■ LABORATORY TESTS 

Blood and urine tests rarely lead to a diagnosis but can be 
useful in selected situations. A basic metabolic panel may be 
indicated to evaluate the overall health of a patient. Risks of 
wound healing problems and infection hâve been shown to 
be significantly greater in patients whose sérum albumin 
value is less than 3.5 g/dL or whose total lymphocyte count 
is less than 1500/mL. A complété blood cell count may be 
helpful to rule out infection and leukemia. The érythrocyte 
sédimentation rate usually is elevated in infection; metastatic 
carcinoma; and small “blue cell” tumors, such as Ewing 
sarcoma, lymphoma, leukemia, and histiocytosis. Sérum 
protein electrophoresis should be ordered if multiple myeloma 
is part of the differential diagnosis. Likewise, a prostate- 
specific antigen test should be ordered if prostate carcinoma 
is a possibility. Hypercalcemia may be présent with metastatic 
disease, multiple myeloma, and hyperparathyroidism. Alka- 
line phosphatase may be elevated in metabolic bone disease, 
metastatic disease, osteosarcoma, Ewing sarcoma, or lym¬ 
phoma. Blood urea nitrogen and créatinine may be elevated 
with rénal tumors, and a urinalysis may reveal hematuria in 


this setting. Brown tumors of hyperparathyroidism some- 
times can look like giant cell tumors and can be evaluated 
with sérum calcium and parathyroid hormone levels. Finally, 
Paget disease may be in the differential diagnosis and can be 
evaluated by sérum alkaline phosphatase and urinary pyri- 
dinium cross-links. 

Musculoskeletal neoplasms should be evaluated com- 
pletely before biopsy is done. The differential diagnosis, extent 
of the lésion, and potential resectability of the lésion can affect 
the type of biopsy, the placement of the biopsy incision, and 
the pathologie management of the tissue obtained. A com¬ 
plété workup helps to narrow the differential diagnosis and 
to bring about a more accurate pathologie diagnosis. Finally, 
tests, such as MRI or bone scanning, can be adversely affected 
by postoperative changes in the tissues. Bone and soff-tissue 
neoplasms suspected of being malignant should be evaluated 
with radiographs of the involved limb and a chest radiograph 
to evaluate possible métastasés. MRI of the lésion delineates 
the extent of the lésion in the bone and soff-tissue involve - 
ment and the relationship to other anatomie structures. A 
bone scan should be obtained to detect any other areas of 
skeletal involvement, and a CT scan of the chest should be 
obtained to rule out pulmonary métastasés. Other tests may 
be added to this minimal basic workup as indicated. 

METASTASES OF UNKNOWN ORIGIN 

In a patient older than âge 40 with a new, painful bone lésion, 
multiple myeloma and metastatic carcinoma are the most 
likely diagnoses even if the patient has no known history of 
carcinoma. Prostate cancer and breast cancer are the two 
most common primary sources for bone métastasés. If a 
patient has no known primary tumor, however, the most 
likely sources are lung cancer and rénal cell carcinoma. Rou- 
graff et al. described the proper évaluation of a patient with 
suspected métastasés of unknown origin. The évaluation 
begins with a history focusing on any previous malignancies, 
even in the remote past, followed by a physical examination 
that includes not only the involved extremity but also the 
thyroid, lungs, abdomen, prostate in men, and breasts in 
women. Laboratory analysis should include complété blood 
cell count, érythrocyte sédimentation rate, electrolytes, liver 
enzymes, alkaline phosphatase, sérum protein electrophore¬ 
sis, and possibly prostate-specific antigen. Plain radiographs 
of the involved bone and the chest should be obtained. A 
whole-body bone scan should be ordered to evaluate other 
possible areas of skeletal involvement, and a CT scan of the 
chest, abdomen, and pelvis should be obtained (Fig. 24-1). A 
mammogram is not routinely indicated as an initial proce¬ 
dure because breast cancer is a rare source of métastasés 
without a known primary lésion. The authors were able to 
identify the primary lésion in 85% of patients with skeletal 
métastasés of unknown origin using this simple approach. 
They listed six reasons why the biopsy should not be done 
until the évaluation is complété: (1) The lésion may be a 
primary sarcoma of bone that may require a biopsy technique 
that allows for future limb salvage surgery; (2) another, more 
accessible lésion may be found; (3) if rénal cell carcinoma is 
considered likely, the surgeon may wish to consider preopera¬ 
tive embolization to avoid excessive bleeding; (4) if the diag¬ 
nosis of multiple myeloma is made by laboratory studies, an 
unnecessary biopsy can be avoided; (5) the pathologie diag¬ 
nosis is more accurate if aided by appropriate imaging studies; 
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Humerai fracture after minimal trauma in 81-year-old man with no known history of malignancy. A f Lésion (arrow) 
was not identified initially, and patient was treated conservatively at another institution. B f Radiograph 10 weeks after injury shows 
progression of malignant process. Patient was referred to orthopaedic oncology center, where most likely diagnosis was thought to be 
either multiple myeloma or metastatic carcinoma. C f Bone scan reveals multiple sites of disease. D f CT of abdomen reveals lésion in the 
right kidney, which proved to be primary lésion (arrow). 


and (6) the pathologist and surgeon may be more assured of 
a diagnosis of metastasis made on frozen section analysis if 
supported by the preoperative évaluation. This is important 
if stabilization of an impending fracture is planned for the 
same procedure. 

STAGING 

Enneking and others hâve shown the desirability of staging 
benign and malignant musculoskeletal tumors to aid in treat- 
ment decision making, provide some détermination of prog- 
nosis, and allow meaningful comparisons of treatment 
methods. Benign and malignant tumors of bone and soft 
tissue can be staged according to the Enneking staging System 
(Table 24-1). The stages of benign tumors are designated by 
Arabie numbers, and malignant tumors are designated by 
Roman numerals. 


Benign tumors are staged as follows: stage 1, latent; stage 
2, active; and stage 3, aggressive. Stage 1 lésions are intracap- 
sular, usually asymptomatic, and frequently incidental find- 
ings. Radiographie features include a well-defined margin 
with a thick rim of reactive bone. There is no cortical destruc¬ 
tion or expansion. These lésions do not require treatment 
because they do not compromise the strength of the bone and 
usually résolve spontaneously. An example is a small asymp¬ 
tomatic nonossifying fibroma discovered incidentally on 
radiographs taken to evaluate an unrelated injury (Fig. 24-2). 
Stage 2 lésions also are intracapsular but are actively growing 
and can cause symptoms or lead to pathologie fracture. They 
hâve well-defined margins on radiographs but may expand 
and thin the cortex. Usually they hâve only a thin rim of reac¬ 
tive bone. Treatment usually consists of extended curettage 
(Fig. 24-3). Stage 3 lésions are extracapsular. Tbeir aggressive 
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_ TABLE 24-1 _ 

Enneking System for Staging Benign and 
Malignant Musculoskeletal Tumors 


BENIGN 

1. Latent—low biologie activity; well marginated; often 
incidental findings (i.e., nonossifying fibroma) 

2. Active—symptomatic; limited bone destruction; may 
présent with pathologie fracture (i.e., aneurysmal bone 


cyst) 

3. Aggressive—aggressive; bone destruction/soft-tissue 
extension; do not respect natural barriers (i.e., giant 


cell tumor) 

MALIGNANT 


Stage 

Grade 

Site 

Métastasés 

IA 

Low 

Intracompartmental 

None 

IB 

Low 

Extracompartmental 

None 

MA 

High 

Intracompartmental 

None 

IIB 

High 

Extracompartmental 

None 

III 

Any 

Any 

Régional or distant 
métastasés 



Stage 1 benign lésion: nonossifying fibroma of 


the distal tibia. 


nature is apparent clinically and radiographically. They do not 
respect natural anatomie barriers and usually hâve broken 
through the réactivé bone and possibly the cortex (Fig. 24-4). 
MRI may show a soff-tissue mass, and métastasés may be 
présent in 1% to 5% of patients with these lésions (i.e., giant 
cell tumor). Treatment consists of extended curettage, 



Stage 2 benign lésion: aneurysmal bone cyst of 
the proximal fibula. 


marginal resection, or possibly wide resection, and local 
récurrences are common. Reconstruction may sometimes 
prove difficult. Some interobserver discrepancy may be 
présent when trying to assign a bone lésion to a particular 
stage. 

Musculoskeletal sarcomas also can be staged according 
to the surgical staging System as described by Enneking et al. 
This System was designed to incorporate the most significant 
prognostic factors into a System of progressive stages that 
helps to guide surgical and adjuvant treatments. The System 
is based on the histologie grade of the tumor, its local extent, 
and the presence or absence of métastasés. Low-grade lésions 
are designated as stage I. These lésions are well-differentiated, 
hâve few mitoses, and exhibit only moderate cytologie atypia. 
The risk for métastasés is low (<25%). High-grade lésions are 
designated as stage II. They are poorly differentiated with a 
high mitotic rate and a high cell-to-matrix ratio. Stage I and 
II lésions are subdivided according to the extent of local 
growth. Stage IA and IIA lésions are contained within well- 
defined anatomie compartments (Fig. 24-5). Anatomie com- 
partments are determined by the natural anatomie barriers to 
tumor growth, such as cortical bone, articular cartilage, 
fascial septa, or joint capsules. Stage IB and IIB lésions extend 
beyond the compartment of origin (Fig. 24-6). Stage III refers 
to any lésion that has metastasized regardless of the size or 
grade of the primary tumor. No distinction is made between 
lymph node métastasés or distant métastasés because both 
circumstances are associated with an equally poor 
prognosis. 










CHAPTER 24 GENERAL PRINCIPLES OFTUMORS 



FIGURE 


Stage 3 benign lésion: giant cell tumor of the distal fémur. 



FIGURE 


Stage IA malignant lésion: chondrosarcoma of the proximal fémur. 





PART VIII TUMORS 



Stage MB maMgnant lésion: osteosarcoma of the 
proximal humérus. 


_ TABLE 24-2 _ 

American Joint Committee on Cancer System for 
Staging Soft-Tissue Sarcomas 


STAGE 

GRADE 

SIZE 

DEPTH 

METASTASES 

1 

Low 

Any 

Any 

None 

II 

High 

5 cm 

Any 

None 


High 

>5 cm 

Superficial 

None 

III 

High 

>5 cm 

Deep 

None 

IV 

Any 

Any 

Any 

Régional or distant 


Alternatively, many orthopaedic oncologists stage mus- 
culoskeletal malignancies according to the American Joint 
Committee on Cancer (AJCC) System. The AJCC staging 
System for soft-tissue sarcomas (Table 24-2) is based on prog- 
nostic variables, including tumor grade (low or high), size 
(<5 cm or >5 cm in greatest dimension), depth (superficial or 
deep to the fascia), and presence of métastasés. Stage I tumors 
are low grade regardless of size or depth. Stage II tumors are 
high grade; they may be small and any depth or large and 
superficial. Stage III tumors are high grade, large, and deep. 
Stage IV tumors are tumors associated with métastasés 
(including local lymph nodes) regardless of grade, size, or 
depth. 

The AJCC System for bone sarcomas (Table 24-3) is based 
on tumor grade, size, and presence and location of métasta¬ 
sés. Stage I tumors, which are low grade, and stage II tumors, 
which are high grade, are subdivided based on tumor size. 
Stage I-A and II-A tumors are 8 cm or less in their greatest 
linear measurement; stage I-B and II-B tumors are larger than 
8 cm. Stage III tumors hâve “skip métastasés,” which are 
defined as discontinuous lésions within the same bone. Stage 
IV-A involves pulmonary métastasés, whereas stage IV-B 


_ TABLE 24-3 _ 

American Joint Committee on Cancer System for 
Staging Bone Sarcomas 


STAGE 

GRADE 

SIZE 

METASTASES 

l-A 

Low 

<8 cm 

None 

l-B 

Low 

>8 cm 

None 

1 l-A 

High 

<8 cm 

None 

1 l-B 

High 

>8 cm 

None 

III 

Any 

Any 

Skip metastasis 

IV-A 

Any 

Any 

Pulmonary métastasés 

IV-B 

Any 

Any 

Nonpulmonary métastasés 


involves nonpulmonary métastasés. The subdivision of stage 
IV was made because it has been shown that patients with 
nonpulmonary métastasés from osteosarcoma and Ewing 
sarcoma hâve worse prognoses than patients with only pul¬ 
monary métastasés. 

BIOPSY 

In 1982, Mankin et al. reported 18.2% major errors in diag- 
nosis, 10.3% nonrepresentative or technically poor biopsy 
specimens, and 17.3% wound complications associated with 
biopsy of musculoskeletal sarcomas. As a resuit of these com¬ 
plications, the optimal treatment plan had to be altered in 
18.2%, including unnecessary amputations in 4.5%. These 
complications occurred three to five times more frequently 
when the biopsy was done by a surgeon at a refer ring institu¬ 
tion, rather than by a member of the Musculoskeletal Tumor 
Society. A sériés of recommendations were made regarding 
the technical aspects of the biopsy, stating that whenever pos¬ 
sible a patient with a suspected primary musculoskeletal 
malignancy should be referred before biopsy to the institu¬ 
tion where definitive treatment will take place. The study was 
repeated 10 years later, and the results were essentially 
unchanged. 

A biopsy should be planned as carefully as the definitive 
procedure. Biopsy should be done only affer clinical, labora- 
tory, and radiographie examinations are complété. As stated 
previously, completion of the évaluation before biopsy aids in 
planning the placement of the biopsy incision, helps provide 
more information leading to a more accurate pathologie diag- 
nosis, and avoids artifacts on imaging studies. If the results 
of the évaluation suggest that a primary malignancy is in the 
differential diagnosis, the patient should be referred to a 
musculoskeletal oncologist before biopsy. 

Regardless of whether a needle biopsy or an open biopsy 
is done, the biopsy track should be considered contaminated 
with tumor cells. Placement of the biopsy is a crucial decision 
because the biopsy track needs to be excised en bloc with the 
tumor. The surgeon performing the biopsy should be familiar 
with incisions for limb salvage surgery and standard and non- 
standard amputation flaps. If a tourniquet is used, the limb 
may be elevated before inflation but should not be exsangui- 
nated by compression to prevent “squeezing” the tumor s cells 
into the systemic circulation. Care should be taken to con- 
taminate as little tissue as possible. Transverse incisions 
should be avoided because they are extremely difficult or 
impossible to excise with the specimen (Fig. 24-7). The deep 









CHAPTER 24 GENERAL PRINCIPLES OFTUMORS 



Examples of poorly performed biopsies. A and B f Biopsy resulted 
in irregular defect in bone, which led to pathologie fracture. C f Transverse incisions 
should not be used. D f Needle biopsy track contaminated patellar tendon. E f Needle 
track placed posteriorly, a location that would be extremely difficult to resect en 
bloc with tumor if it had proved to be sarcoma. F f Multiple needle tracks contami- 
nate quadriceps tendon. G f Drain site was not placed in line with incision. 



incision should go through a single muscle compartment 
rather than contaminating an intermuscular plane. Major 
neurovascular structures should be avoided. Soft-tissue 
extension of a bone lésion should be sampled because this 
leading edge contains the most viable tumor for making the 
diagnosis. If a hole must be made in the bone, it should be 
round or oval to minimize stress concentration and prevent 


a subséquent fracture, which could preclude limb salvage 
surgery (Fig. 24-8). The hole should be plugged with méth¬ 
acrylate to limit hematoma formation. Only the minimal 
amount of méthacrylate needed to plug the hole should be 
used because excessive amounts push the tumor up and down 
the bone. Care should be taken, however, to sample more 
than just the pseudocapsule surrounding the lésion. A frozen 
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__ TABLE 24-4 

Types of Biopsy 


BIOPSY TYPE 

TISSUE OBTAINED 

ADVANTAGES 

DISADVANTAGES 

Fine-needle 

aspiration 

Cells 

Cost effective 

Fewer complications 

Good for obese patient or tumor near 
neurovascular structure 

Small sample size 

Need expert pathologist 

Core needle 

Small tissue core 

Cost effective 

More tissue than fine-needle aspiration 

More complications* than 
fine-needle aspiration 

Incisional biopsy 

Adéquate sample of 
mass/lesion 

Adéquate tissue sample (gold standard) 

Increased complications* 
May compromise 
definitive resection 

Excisional biopsy 

Entire lésion removed 

Removes entire lésion 

Indicated for small lésion or 
expendable bone 

Increased complications* 


*Complications include infection, bleeding/hematoma, pathologie fracture, tumor contamination/seeding. 



If hole must be made in bone during biopsy, 
defect should be round to minimize stress concentration, which 
otherwise could lead to pathologie fracture. 


section should be sent intraoperatively to ensure that diag¬ 
nostic tissue has been obtained. If a tourniquet has been used, 
it should be deflated and meticulous hemostasis ensured 
before closure, because a hematoma would be contaminated 
with tumor cells. If a drain is used, it should exit in line with 
the incision so that the drain track also can be easily excised 
en bloc with the tumor. The wound should be closed tightly 
in layers. Wide rétention sutures should not be used. 

A biopsy can be done by fine-needle aspiration, core 
needle biopsy, or an open incisional procedure (Table 24-4). 
Most musculoskeletal neoplasms can be diagnosed with a 
well-done needle biopsy. Fine-needle aspiration may be 90% 
accurate at determining malignancy; however, its accuracy at 
determining spécifie tumor type is much lower because only 
cells rather than tissue architecture are evaluated. Tbis tech¬ 
nique may be best applied when there is a high probability 
that the diagnosis is known such as métastasés or infection 
and when evaluating lymph nodes. An experienced patholo- 
gist is helpful in determining the diagnosis because of the 
limited sample size obtained. A core needle biopsy uses a 


larger-gauge needle than a fine-needle aspiration, providing 
for tissue and préservation of the tissue architecture. The 
limited amount of tissue obtained may not be adéquate, 
however, for accurate grading or for any additional studies 
that may dictate subséquent treatment. The few dedicated 
sériés that hâve analyzed outpatient core needle biopsies hâve 
reported an overall diagnostic accuracy ranging from 84% to 
98%. A study of 252 outpatient core needle biopsies of malig- 
nant bone and soff-tissue neoplasms reported an accuracy 
rate of 97% for determining whether or not a lésion is malig- 
nant; core needle biopsy was accurate for a spécifie histo¬ 
pathologie diagnosis and grade in 81%. 

Open biopsy is the gold standard for biopsy of bone and 
soff-tissue tumors, but complications are greater with inci¬ 
sional biopsy when compared with needle biopsy (i.e., bleed- 
ing, infection, tissue contamination). However, this procedure 
is least likely to be associated with a sampling error, and it 
provides the most tissue for additional diagnostic studies, 
such as cytogenetics and flow cytometry. If the administra¬ 
tion of chemotherapy is anticipated before further surgery, a 
central venous access cathéter may be placed at the same 
setting as the biopsy if the frozen section is confirmatory. The 
definitive procedure can be done immediately affer biopsy 
only if the frozen section diagnosis confirms the clinical and 
radiographie diagnosis. In cases of discrepancy or doubt, the 
definitive procedure should be delayed until a firm diagnosis 
is established. If a giant cell tumor is suspected on clinical 
and radiographie grounds, definitive curettage can proceed 
immediately affer confirmation of the diagnosis on frozen 
section. Likewise, if the suspicion of an impending fracture 
from metastatic carcinoma is confirmed on frozen section, 
prophylactic fixation can be applied immediately. Conversely, 
if the frozen section in either of these scénarios exhibited any 
atypical cells that might represent a sarcoma, definitive 
surgery should be delayed until the final pathologie évalua¬ 
tion is complété. 

Rarely, a primary resection (i.e., excisional biopsy) should 
be done instead of a biopsy. A small (<3 cm) subeutaneous 
mass that is unlikely to be malignant may be marginally 
resected primarily. In the rare circumstance that the lésion 
turns out to be malignant, the tumor bed may be reexcised 
with wide margins without adversely affecting the outcome. 
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Low-grade chondrosarcoma in 50-year-old 
woman who had progressive right knee pain. A f Anteroposterior 
radiograph of the right knee shows expansile lésion in proximal 
fibula. Lésion appears to contain calcification suggesting carti- 
laginous lésion. B f Coronal Tl-weighted MR image shows that 
lésion remains entirely within cortex. C f Primary resection was 
done without biopsy. This treatment strategy allowed for wide 
margins without contamination of common peroneal nerve 
(arrow). D f Lésion proved to be low-grade chondrosarcoma. 
E f Radiograph after primary resection of proximal fibula. 


Primary resection should not be done on larger soff-tissue 
lésions or lésions deep to the fascia unless the MRI appear- 
ance is diagnostic of a benign lésion, such as a lipoma. Some 
benign bone lésions, such as osteoid osteoma and osteochon- 
droma, hâve a characteristic radiographie appearance and 
can be primarily resected, if indicated, without biopsy A final 
relative indication for primary resection is a painful lésion in 
an expendable bone, such as the proximal fibula or distal 
ulna. If a symptomatic lésion in one of these locations is 


confined within the cortex and would be resected regardless 
of a benign or malignant tissue diagnosis, it can be resected 
without biopsy (Fig. 24-9). 

ADJUVANT TREATMENT 

The primary goal of treatment in a patient with a primary 
malignancy of the musculoskeletal System is to make the 
patient disease free. The goal of treatment of a patient with 
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metastatic carcinoma to bone is to minimize pain and to 
preserve function. The optimal treatment of the tumor often 
requires a combination of radiation therapy, chemotherapy, 
and surgery. 

RADIATION THERAPY 

Radiation causes cell death by inducing the formation of 
intracellular free radicals that subsequently cause DNA 
damage. The sensitivity of a cell to radiation dépends on 
several factors, including (1) the cell s position in the cell cycle 
(actively mitotic cells are most sensitive), (2) tissue oxygén¬ 
ation (local hypoxia provides a protective effect because 
oxygen-free radicals cannot be formed in hypoxie tissue), and 
(3) the cells ability to repair DNA damage or its inability to 
undergo apoptosis (programmed cell death) in response to 
this damage. 

The dose of radiation is measured in Gray (Gy): 1 Gy is 
equal to 1 joule of absorbed energy per kilogram; 1 rad 
is equal to 1 centigray (cGy). The goal of radiation treatment 
is to deliver the highest possible dose of radiation to the 
tumor cells while minimizing toxicity to normal tissues. This 
is accomplished by using linear accelerators that deliver a 
high dose to the target tissues with sharp latéral field edges 
that limit the dose to nontarget tissues. Therapeutic advan- 
tage also is gained by fractionation of the dose. Affer a single 
treatment of 200 cGy, ail cells in the most sensitive phase of 
the cell cycle are killed. Delivering another dose at a specified 
interval allows additional cells to enter this phase of the cell 
cycle. In addition, with progressive tumor cell death, previ- 
ously hypoxie areas of the tumor may become reoxygenated 
and may become more sensitive to radiation. The interval also 
allows time for normal cells to repair damage. Most radiation 
treatment protocols deliver 150 to 200 cGy/d until the target 
dose is achieved. This dose ranges from 30 to 40 Gy for 
myeloma to 60 Gy for treatment of a soff-tissue sarcoma. 

Most primary bone malignancies are relatively radioré¬ 
sistant. Exceptions are the small blue cell tumors, including 
multiple myeloma, lymphoma, and Ewing sarcoma, which are 
each exquisitely sensitive. Carcinomas metastatic to bone, 
with the exception of rénal cell carcinoma, also frequently are 
sensitive to radiation treatment. For most other bone tumors, 
radiation has a limited rôle because local control is achieved 
better with surgery. Advances in spinal surgery hâve dimin- 
ished the frequency of use of radiotherapy for tumors that 
were previously surgically inaccessible. Radiation therapy can 
be used to reduce the incidence of local récurrence of malig- 
nant soff-tissue tumors treated with marginal resection when 
the alternative would be a more mutilating resection or 
amputation. Radiation also can be used for preoperative 
treatment of soff-tissue sarcomas in the hopes of reducing the 
tumor volume and making the resection easier. 

Radiation therapy is associated with significant acute and 
long-term complications. Acutely, the most common compli¬ 
cation is skin irritation. Initial erythema may progress later 
to desquamation, especially in patients who also are being 
treated with cytotoxic drugs. Other common acute side 
effects include gastrointestinal upset, urinary frequency, 
fatigue, anorexia, and extremity edema. Late effects include 
chronic edema, fibrosis, osteonecrosis, and pathologie frac¬ 
ture. Malignant transformation of irradiated tissues (i.e., 
radiation sarcoma) is being reported with increasing fre¬ 
quency in survivors of childhood and adolescent cancers. 


These secondary sarcomas occur with a mean lag time of 
approximately 10 years and offen are associated with a poor 
prognosis. Radiation-induced pathologie fractures also are 
becoming more common and can be extremely difficult to 
treat. In a study by Lin et al., the incidence of pathologie 
fracture was 29% at 5 years affer treatment of a soff-tissue 
sarcoma of the thigh if treatment included radiation therapy 
and wide resection with periosteal stripping. This risk 
increased to 47% in female patients and to 66% in female 
patients who received chemotherapy. Radiation therapy in 
children has several adverse sequelae, such as scoliosis, 
kyphosis, chest wall deformities, hypoplasia of the ilium, and 
limb-length discrepancy, as a resuit of radiation-induced 
growth arrest. Radiotherapy is rarely used for benign condi¬ 
tions; possible exceptions include an extensive pigmented 
villonodular synovitis that cannot be controlled by surgery or 
a large spinal giant cell tumor. 

In addition to conventional external beam radiation, 
radiation can be delivered by brachytherapy (from the Greek, 
brachys, meaning “close”). By this method, hollow cathéters 
are implanted in the tumor bed at the time of resection (Fig. 
24-10). These cathéters exit through the skin. Postoperative 
radiographie évaluation and computer calculations déter¬ 
mine the optimal loading of the cathéters with radioisotopes. 
This technique allows for high doses to be delivered to the 
target tissues. The radiation levels fall off rapidly at the edges 
of the field, sparing normal tissues. We are currently using 
this technique more frequently with good results. 

CHEMOTHERAPY 

Before the routine use of chemotherapy for osteosarcoma, 
patients usually were treated with immédiate wide or radical 
amputation on diagnosis. This approach usually treated the 
local disease adequately. Nevertheless, 80% of patients even- 
tually died of metastatic disease even if metastasis was not 
évident at présentation. From this, it can be deduced that 80% 
of patients with apparently localized osteosarcoma actually 
hâve undetectable métastasés, or micrometastases, on présen¬ 
tation. With the use of modem chemotherapy protocols, the 
current 5-year survival rate for osteosarcoma is approxi¬ 
mately 70%. Similar numbers are available regarding the 
treatment of Ewing sarcoma. Similarly, chemotherapy has a 
well-defined rôle in the treatment of other high-grade malig¬ 
nancies of bone, such as malignant fibrous histiocytoma, and 
high-grade soff-tissue malignancies of childhood, such as 
rhabdomyosarcoma. The rôle of chemotherapy is less well 
defined for adult soff-tissue malignancies, with most investi¬ 
gations showing modest improvements in outcome. In 
general, chemotherapy is not useful for cartilaginous lésions 
and most other low-grade malignancies. 

Adjuvant chemotherapy refers to chemotherapy admin- 
istered postoperatively to treat presumed micrometastases. 
Neoadjuvant chemotherapy refers to chemotherapy adminis- 
tered before surgical resection of the primary tumor. No 
study has proved a survival advantage with regard to the 
timing of chemotherapy; however, multiple authors hâve 
cited several theoretical advantages of neoadjuvant chemo¬ 
therapy over adjuvant chemotherapy. Preoperative chemo¬ 
therapy frequently causes régression of the primary tumor, 
making a successful limb salvage operation easier. In a study 
by Malawar et al., 9 of 12 lésions that initially were deemed 
unresectable were treated later with limb salvage surgery affer 
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A f MR image of soft-tissue sarcoma in 85-year-old man shows tumor adjacent to distal fémur and fémoral vessels. 
B f Resected specimen. C f Tumor cavity with exposed distal fémur and fémoral vessels (arrow). D f Brachytherapy cathéters woven through 
polyglactin 910 (Vicryl) mesh to help maintain proper spacing. Cathéters placed along vessels and bone (where margins were close) 
exiting through separate stab wounds. Wound was closed over cathéters. 


chemotherapy-induced tumor régression. Neoadjuvant che¬ 
motherapy followed by surgical resection allows for histologie 
évaluation of the effectiveness of treatment. This is one of the 
most valuable prognostic indicators (i.e., percent tumor 
necrosis) of successful long-term outcome. In addition, his¬ 
tologie évaluation may lead to alteration of further chemo- 
therapy in poor responders. Preoperative chemotherapy 
theoretically may decrease the spread of tumor cells at the 
time of surgery, and neoadjuvant chemotherapy usually can 
be started immediately, effectively treating micrometastases 
at the earliest time possible and avoiding tumor progression, 
which may occur during any delay before surgery This allows 
time to plan the operation properly, including the possible 
manufacturing of a custom implant. It also allows time for 
the patient and the family to consider fully the options of 
limb salvage surgery versus amputation. It has been shown, 
however, that neoadjuvant chemotherapy may increase sig- 
nificantly the risks of perioperative complications, especially 
delayed wound healing and infection. Others hâve not found 
this to be true, and currently most orthopaedic oncologists 
favor preoperative chemotherapy with the definitive proce¬ 


dure performed 3 to 4 weeks affer the last dose has been 
administered. Chemotherapy is restarted 2 weeks postopera- 
tively if the wound has healed. 

Although it is presumed that most malignancies arise 
from a single cell, the actual tumor is composed of a hetero- 
geneous population of cells. This is the resuit of rapid turn¬ 
over and genetic lability of these cells. As a resuit, various 
cells within the same tumor evolve different mechanisms of 
chemoresistance. To combat this diversity in résistance, 
most chemotherapy regimens involve combinations of toxic 
drugs. Table 24-5 lists the most common agents used in the 
treatment of bone and soft-tissue sarcomas and their most 
common dose-limiting side effects. This field is rapidly 
changing, but certain general statements can be made. These 
drugs are most effective when the tumor against which they 
are directed is small. Combinations of these drugs are more 
effective than single agents. Dosage, sequence of drugs, 
and schedule seem to be important in achieving the 
maximal response. Ail hâve toxicity for normal tissues and 
should be given in a controlled setting by someone skilled 
in their use. 
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_ TABLE 24-5 

Chemotherapeutic Agents Commonly Used for Treatment of Bone and Soft-Tissue Tumors 


AGENT SIDE EFFECTS 

ALKYLATING AGENTS 

Mustards 

Cyclophosphamide 
Ifosfamide 

Platinum Compounds 
Cisplatin 

Carboplatin 
Antimetabolites 

Methotrexate Myelosuppression, mucositis, nephrotoxicity, hepatotoxicity, pneumonitis, neurotoxicity 

Topoisomerase 

INTERACTIVE AGENTS 
Antitumor Antibiotics 

Doxorubicin Myelosuppression (neutrophils), nausea and vomiting, mucositis, alopecia, severe tissue 

necrosis (with extravasation), acute and chronic cardiotoxicity 
Dactinomycin Myelosuppression (platelets and neutrophils), nausea and vomiting, diarrhea, tissue 

necrosis (with extravasation), myelosuppression 

Epipodophyllotoxins 

Etoposide (VP-16) Mucositis, nausea and vomiting 

ANTIMICROTUBULE AGENTS 

Vinca Alkaloids 

Vincristine Peripheral neuropathy (irréversible), tissue necrosis (with extravasation), seizures, 

alopecia 


Myelosuppression (leukopenia), hémorrhagie cystitis, alopecia, nausea and vomiting 
Hémorrhagie cystitis, myelosuppression, nausea and vomiting, nephrotoxicity, 
neurotoxicity 

Nausea and vomiting, nephrotoxicity (cumulative and irréversible), ototoxicity 
(cumulative and irréversible), peripheral neuropathy (réversible) 

Myelosuppression, nausea and vomiting, alopecia, hepatotoxicity, nephrotoxicity 


PRINCIPLES OF SURGERY 

AMPUTATION VERSUS LIMB SALVAGE 

Advances in diagnostic imaging, chemotherapy, radiation 
therapy, and surgical technique for resection and reconstruc¬ 
tion now allow limb salvage to be a reasonable option for 
most patients with bone or soft-tissue sarcomas. Specifically, 
preoperative radiation therapy for soft-tissue sarcomas and 
neoadjuvant chemotherapy for bone sarcomas hâve helped 
surgeons to successfully resect some tumors that in the past 
would hâve been deemed unresectable. Rarely, involvement 
of neurovascular structures, a displaced pathologie fracture, 
or complications secondary to a poorly performed biopsy 
preclude the possibility of limb salvage. More often, however, 
the choice between limb salvage and amputation must be 
made on the basis of the expectations and desires of the indi- 
vidual patient and the family. Simon described four issues 
that must be considered whenever contemplating limb salvage 
instead of an amputation, 

1. Would survival be affected by the treatment choice? 

2. How do the short-term and long-term morbidity 
compare? 


3. How would the function of a salvaged limb compare with 
that of a prosthesis? 

4. Are there any psychosocial conséquences? 

Several studies hâve shown the effect of treatment choice 
on survival in patients with osteosarcoma. With the use 
of multimodal treatment including surgery and chemother¬ 
apy, long-term survival for patients with osteosarcoma has 
improved from approximately 20% to approximately 70% in 
most sériés. For osteosarcoma of the distal fémur, the rate of 
local récurrence affer wide resection and limb salvage is 5% 
to 10%. This is équivalent to the rate of local récurrence affer 
a transfemoral amputation in this setting. Although hip dis- 
articulation is associated with an extremely low rate of local 
récurrence, no study has shown a survival advantage for this 
technique. Although local récurrence is associated with an 
extremely poor prognosis, no study has proved any one of 
these surgical techniques (i.e., limb salvage, transfemoral 
amputation, hip disarticulation) to be superior in terms 
of survival, provided that wide surgical margins are 
obtained. From these data it can be hypothesized that patients 
with a local récurrence despite wide margins may represent 
a subset of patients with especially aggressive disease or 
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chemotherapy-résistant disease who would do poorly regard- 
less of the surgical procedure. With regard to overall patient 
survival, the most important technical aspect of the surgical 
procedure is the attainment of a wide margin regardless of 
whether this is achieved by amputation or local resection. 

Amputation for malignancy can be technically demand- 
ing, often requiring nonstandard flaps for closure or bone 
graff augmentation to obtain a more functional residual limb. 
Complications include infection, wound dehiscence, a chron- 
ically painful limb, phantom limb pain, and appositional bone 
overgrowth requiring révision surgery. Limb salvage is associ- 
ated, however, with greater perioperative and long-term mor- 
bidity compared with amputation. Limb salvage requires a 
much more extensive surgical procedure with greater risks for 
infection, wound dehiscence, flap necrosis, blood loss, and 
deep venous thrombosis. Long-term complications of limb 
salvage vary depending on the type of reconstruction. These 
include periprosthetic fractures, prosthetic loosening or dis¬ 
location, nonunion of the graff-host junction, allograff frac¬ 
ture, leg-length discrepancy, and late infection. A patient with 
a salvaged limb is much more likely to need multiple future 
operations for treatment of complications. Affer initially suc- 
cessful limb salvage surgery, one third of long-term survivors 
ultimately may require an amputation depending on the loca¬ 
tion of the tumor and the type of reconstruction. 

With regard to function, location of the tumor is the most 
important issue. Resection of an upper extremity lésion with 
limb salvage, even with the sacrifice of one or two major 
nerves, generally provides better function than amputation 
and subséquent prosthetic fitting. Similarly, resection of a 
proximal fémoral or pelvic lésion with local reconstruction 
generally provides better function than would be possible 
affer a hip disarticulation or hemipelvectomy. Around the 
ankle and foot, however, large sarcomas frequently are treated 
with amputation followed by prosthetic fitting. Treatment of 
sarcomas around the knee must be individualized. 

Most patients with osteosarcoma around the knee are 
treated with wide resection with prosthetic knee replacement 
or transfemoral amputation. Less commonly performed 
operations include osteoarticular allograff reconstruction, 
allograff arthrodesis, and rotationplasty. In a study of patients 
with osteosarcoma, Otis, Lane, and Kroll showed that, com¬ 
pared with transfemoral amputées, patients who had under- 
gone resection and prosthetic knee replacement showed 
higher self-selected walking velocities and a more efficient 
gait with regard to oxygen consumption. Many of the trans¬ 
femoral amputées were functioning at greater than 50% of 
their maximal aérobic capacity at free walking speeds. At 
greater than 50% of the maximal aérobic capacity, anaérobie 
mechanisms are required to sustain muscle metabolism, and 
endurance is greatly decreased. The problem is compounded 
by the decreased cardiac function in many of these patients 
as a resuit of doxorubicin-induced cardiomyopathy. 

Harris et al. compared the long-term function of amputa¬ 
tion, arthrodesis, and arthroplasty for tumors around the 
knee. They showed that patients who had amputations had 
difficulty walking on steep, rough, or slippery surfaces but 
were active and were the least worried about damaging the 
affected limb. Patients with an arthrodesis performed the 
most demanding physical work and recreational activities but 
had difficulty with sitting, especially in the back seats of cars, 
theaters, or sports arenas. Patients who had an arthroplasty 
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generally led more sedentary lives and were more protective 
of the limb but had little difficulty with activities of daily 
living. These patients also were the least self-conscious about 
the limb. 

In patients who are long-term survivors affer resection of 
an extremity sarcoma, the probability of limb survival is asso- 
ciated with the type of reconstruction and the location of the 
tumor. A successful arthrodesis is more durable in the long- 
term than a mobile joint reconstruction. Regarding pros¬ 
thetic or allograff-prosthetic composite reconstructions, 
location is the most important issue, with proximal recon¬ 
structions generally outlasting more distal reconstructions. 
(This is the inverse of the prognosis for overall patient sur¬ 
vival, with distal sarcomas having a better prognosis than 
proximal sarcomas.) Proximal fémoral reconstructions gen¬ 
erally outlast distal fémoral reconstructions, which generally 
outlast proximal tibial reconstructions. 

No study has shown a significant différence between 
amputation and limb salvage with regard to psychologie 
outcome or quality of life in long-term survivors of sarcoma. 
The choice of limb salvage or amputation involves more than 
the question of whether the lésion can be resected with wide 
margins. The patient ultimately must make the final decision 
in light of long-term goals and lifestyle decisions. 

MARGINS 

When describing an oncologie surgical procedure, it is 
impérative that the surgical margin be appropriately defined. 
The terms amputation and resection mean little without a 
modifier describing the margin. This is especially important 
when evaluating surgical procedures and outcomes in the 
literature. In orthopaedic oncology, the surgical margin is 
described by one of four terms: intralesional , marginal , wide , 
or radical Amputations and limb-sparing resections may be 
associated with any of the four types of margins, and the 
margin must be specifically defined with each procedure 
(Figs. 24-11 and 24-12). 

An intralesional margin is one in which the plane of 
surgical dissection is within the tumor. This type of procedure 
is offen described as “debulking” because it leaves behind 
gross residual tumor. This procedure may be appropriate for 
symptomatic benign lésions when the only surgical alterna¬ 
tive would be to sacrifice important anatomie structures. This 
also may be appropriate as a palliative procedure in the setting 
of metastatic disease. 

As musculoskeletal tumors grow, they compress the sur- 
rounding tissues and appear to become encapsulated. This sur- 
rounding reactive tissue offen is referred to as th e pseudocapsule. 

A marginal margin is achieved when the closest plane of dis¬ 
section passes through the pseudocapsule. This type of margin 
usually is adéquate to treat most benign lésions and some low- 
grade malignancies. In high-grade malignancy, however, the 
pseudocapsule offen contains microscopie foci of disease, or 
“satellite” lésions. A marginal resection offen leaves behind 
microscopie disease that may lead to local récurrence if the 
remaining tumor cells do not respond to adjuvant chemo¬ 
therapy or radiation therapy. Despite an increased risk of local 
récurrence, a marginal resection may be préférable if the alter¬ 
native is a more mutilating procedure. Improvements in pre- 
operative radiation therapy and neoadjuvant chemotherapy 
hâve made marginal resections an acceptable alternative to 
amputation in some sélective circumstances. 
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FIGURE 


Enneking classification of local procedures. 


(From Enneking WF: Musculoskeletal tumor surgery, vol 1, New York, 


1983, Churchill Livingstone.) 




FIGURE 


^ Enneking classification of amputations. (From 


Enneking WF: Musculoskeletal tumor surgery, vol 1, New York, 1983, 


Churchill Livingstone.) 


Wide margins are achieved when the plane of dissection 
is in normal tissue. Although no spécifie distance is defined, 
the entire tumor remains completely surrounded by a euff of 
normal tissue. The quality of a margin is more important than 
the quantity (thickness) of the margin. For instance, a fascial 
margin provides a better plane for containing tumor spread 
than does a similar or thicker plane of subeutaneous tissue. If 
the plane of dissection touches the pseudocapsule at any point, 


the margin should be defined as being marginal and not wide. 
Although sometimes impossible to achieve, wide margins are 
the goal of most procedures for high-grade malignancies. 

Radical margins are achieved when ail the compartments 
that contain tumor are removed en bloc. For deep soft-tissue 
tumors, this involves removing the entire compartment (or 
multiple compartments) of any involved muscles. For bone 
tumors, this involves removing the entire bone and the com¬ 
partments of any involved muscles. Radical operations were 
previously the procedures of choice for most high-grade neo- 
plasms; however, with improvements in imaging studies, radical 
procedures now are rarely performed because équivalent onco¬ 
logie results usually can be obtained with wide margins. 

From an oncologie standpoint, there are eight different 
surgical procedures because resections and amputations may 
be defined further by any of the four margins. Amputations 
usually achieve wide margins (e.g., a high transfemoral ampu¬ 
tation for an osteosarcoma of the distal fémur) or radical 
margins (e.g., a hip disarticulation for a fémoral lésion), but 
this is not always the case. A hemipelvectomy for a large 
intrapelvic tumor may allow only marginal margins to be 
obtained and would be referred to as a marginal amputation. 
Rarely, a palliative procedure or an inappropriate amputation 
level leaves behind gross residual disease. These procedures 
would be referred to as intralesional amputations. Likewise, 
limb-sparing resections of bone or soft-tissue tumors can be 
categorized by any one of the types of margins, although 
radical resections of bone tumors are extremely rare. 

CURETTAGE 

Many benign bone tumors are treated adequately by curet¬ 
tage. Compared with resection, curettage is associated with a 
higher rate of local récurrence; however, curettage offen 
allows for a better functional resuit. Although this is not a 
technically difficult procedure, the surgeon should adhéré 
strictly to several principles to avoid an unacceptably high 
rate of local récurrence, especially with more aggressive 
benign tumors. 

Curettage is done by first making a large cortical window 
over the lésion. This window must be at least as large as the 
lésion itself. If the window is smaller than the lésion, the 
surgeon inevitably leaves residual tumor on the undersurface 
of the near cortex. The bulk of the tumor is scooped out with 
large curets. Next, the cavity is enlarged back to normal host 
bone in each direction with a power burr. (Use of a power 
burr is mandatory for curettage of bone tumors.) Finally, the 
cavity and the wound should be copiously irrigated to remove 
any débris and tumor cells. These are the minimal require- 
ments for a “simple” curettage. 

“Extended” curettage includes the use of adjuvants, 
such as liquid nitrogen, phénol, polymethyl méthacrylate, or 
thermal cautery (Fig. 24-13) to extend destruction of tumor 
cells. Several authors hâve reported greatly reduced récur¬ 
rence rates of aggressive tumors with the use of adjuvants. 
The récurrence rate affer extended curettage for giant cell 
tumors is now approximately 10%. Although not proved in 
randomized trials, this seems to be a great improvement com¬ 
pared with the 25% to 50% récurrence rate in historic Controls 
reported before the routine use of adjuvants. 

Although each adjuvant treatment has its proponents, 
no study has proved that any one is superior, with each 
having advantages and disadvantages. Cryosurgery with liquid 
















Curettage. A f Giant cell tumor of the distal fémur. B f After pathologie diagnosis is confirmed, the cortical window is 
made larger than the tumor to allow adéquate exposure. C f After gross tumor is removed with large curets, the entire tumor cavity is 
enlarged in ail directions with a high-speed burr. D and E f Tumor cavity is treated with argon beam coagulation. F f Screws are placed 
to augment strength of reconstruction. G f Fluoroscopy is used to confirm screw position. H, Bone cernent is used to fill cavity. I f Post- 
operative view. 
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nitrogen is effective at extending the tumor kill. Studies hâve 
shown it to be superior to phénol and méthacrylate at creating 
a rim of necrotic bone (<14 mm) around experimental cavities 
in animal and cadaver models. Liquid nitrogen usually is 
applied by the “direct pour” technique and may be associated 
with greater complications, including pathologie fracture and 
nerve injury. Phénol, conversely, has relatively poor pénétra¬ 
tion into bone (<1 mm). Although it is relatively easy to use, 
serious complications hâve been reported when phénol was 
inadvertently applied to the surrounding normal tissues. Adju¬ 
vant treatment also may be accomplished through thermal 
cautery, such as with an argon beam coagulator. Studies hâve 
shown the depth of necrosis in cancellous bone treated with 
argon beam coagulation to be approximately 4 mm. We hâve 
extensive expérience with the use of argon beam coagulation 
and hâve noted no complications that can be attributed directly 
to its use. Finally, despite some disagreement in the literature, 
polymethyl méthacrylate bone cernent may act as an adjuvant 
through its heat of polymerization or through direct toxicity of 
the monomer. It is easily applied and can be used as a filling 
agent in conjunction with other adjuvants. 

The final issue that must be considered involves filling the 
cavity left after curettage. Options include autogenous bone 
graft, allograft, demineralized bone matrix, artificial bone 
graft substitutes, and bone cernent. Autogenous bone graft 
provides the most rapid and most reliable healing rate because 
it is ostéogénie, osteoinductive, and osteoconductive, but it is 
associated with additional morbidity at the harvest site, and 
it may not be available in sufhcient quantity to fill a large 
cavity. Autogenous bone graft must be harvested using a dif¬ 
ferent set of instruments to prevent contamination of the 
donor site. Even though it is only osteoconductive, cancellous 
allograft is reliably incorporated. It is readily available in large 
quantities and does not involve any further operative morbid¬ 
ity. Although allograft is associated with the theoretical risk 
of disease transmission, we are not aware of any reported cases 
of hepatitis or human immunodeficiency virus transmission 
through the use of freeze-dried cancellous allograft. We hâve 
gained expérience with the use of demineralized bone matrix 
as a filling agent after curettage of benign bone tumors. The 
material is osteoconductive, but in contrast to cancellous 
allograft, demineralized bone matrix also is osteoinductive. 
Artificial bone graft substitutes (e.g., calcium sulfate, calcium 
phosphate) are osteoconductive, are easy to use, and are 
readily available. They may be used alone or in combination 
with autogenous bone graft, bone marrow aspirâtes, or demin¬ 
eralized bone matrix. Early reports hâve shown their efficacy 
with regard to filling relatively large defects. Finally, bone 
cernent can be used as a filling agent. In addition to its use as 
an adjuvant, it has the advantage of providing immédiate 
stability, which makes réhabilitation easier and lessens the risk 
of pathologie fracture. Another advantage of bone cernent is 
associated with the détection of local récurrence. Although 
tumor récurrences are difhcult to recognize after a tumor 
cavity has been filled with bone graft or bone graft substitutes, 
récurrent tumor is easily recognized as an expanding lucency 
adjacent to bone cernent. One potential disadvantage of bone 
cernent (although not proved) is that it may lead to early joint 
degeneration secondary to biomechanical alteration of the 
subchondral bone. Adding a layer of bone graft to the sub- 
chondral bone before cernent may help minimize the sug- 
gested biomechanical alteration. Some authors subsequently 


hâve recommended routine removal of the cernent at a later 
date and replacement with bone graft. 

We currently use argon beam coagulation as adjuvant 
treatment after curettage. For most benign lésions, the defects 
are filled with a calcium sulfate/calcium phosphate bone graft 
substitute. For more aggressive benign lésions, such as giant 
cell tumors, we usually use bone cernent to fill the defect and 
consider adjuvant fixation if the defect is felt to need addi¬ 
tional structural support. We do not routinely remove the 
cernent at a later date to decrease the theoretical risk of degen- 
erative joint disease. 

RESECTION AND RECONSTRUCTION 

Currently, most musculoskeletal malignancies are treated 
with local resection and reconstruction. Aggressive benign 
neoplasms also can be treated in this manner. The goal of 
resection of a malignancy is to achieve wide surgical margins 
if possible. If this is impossible because of anatomie con- 
straints, a marginal resection combined with adjuvant or neo- 
adjuvant treatment (e.g., radiation for a soft-tissue sarcoma) 
may be préférable to an amputation, although this decision 
must be made on an individual basis in conjunction with the 
patient and family. A marginal resection usually is adéquate 
for most benign neoplasms. Spécifie techniques for resection 
are discussed later in this chapter. 

Although allograft arthrodesis still has a rôle in some 
circumstances, most reconstructions involve preserving a 
mobile joint, for which three general options are available: 
osteoarticular allograft reconstruction, endoprosthetic recon¬ 
struction, and allograft-prosthesis composite reconstruction. 
(An additional option, rotationplasty, is discussed later in the 
chapter.) In general, oncologie reconstructions involve higher 
complication rates than do standard total joint arthroplasties 
because of the extensive nature of the operation, the extensive 
tissue loss, and the compromising effects of associated radia¬ 
tion and chemotherapy. In addition, these reconstructions 
often are done on young patients who are extremely active. 
Some complications, such as wound necrosis and infection, 
are universal to ail types of reconstructions. Other complica¬ 
tions are more spécifie to the method of reconstruction. 
Although each method has proponents, we hâve made the 
most extensive use of endoprosthetic reconstruction, reserv- 
ing other methods for spécifie indications. 

Osteoarticular allografts offer several attractive advan- 
tages, including the ability to replace ligaments, tendons, and 
intraarticular structures. Several authors hâve reported success 
with this method of reconstruction; however, other authors 
hâve reported high rates of complications, including non- 
union at the graft-host junction, fatigue fracture, infection, 
articular collapse, dislocation, degenerative joint disease, and 
failure of ligament and tendon attachments. Osteoarticular 
allografts may hâve a rôle as a temporary measure to preserve 
an adjacent physis in an immature patient when the alterna¬ 
tives include amputation or sacrifice of both physes. A proxi¬ 
mal tibial osteoarticular allograft could be used in an immature 
patient in an attempt to preserve the distal fémoral physis until 
skeletal maturity. This could be converted later to an endo¬ 
prosthetic reconstruction when it becomes necessary. 

Allograft-prosthesis composites may provide a long-term 
solution for some patients. They avoid the complications of 
degenerative joint disease and articular collapse while still 
preserving the ability to attach soft-tissue structures directly, 
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such as the patellar tendon or the hip abductors. They are 
associated, however, with fatigue fracture, infection, and non- 
union at the graft-host junction. Although many surgeons use 
allograff-prosthesis composite as their primary method of 
reconstruction, our main indication is an inadéquate length 


of remaining host bone to secure the stem of an endopros- 
thesis. We still use a tumor prosthesis for reconstruction with 
allograff for fixation to the remaining host bone (Fig. 24-14). 

Endoprosthetic reconstruction also may provide long- 
term function for some patients and is associated with its own 



Ten-year-old girl with osteosarcoma of humérus. A f Anteroposterior radiograph of left humérus shows tumor extend- 
ing down to distal diaphysis. B f Intraoperative photograph after wide resection of tumor. C f Humerai allograft is prepared to accept 
stem of tumor prosthesis. D f Allograft is fixed to remaining bone with médial and latéral plates. E f Prosthesis is cemented into allograft. 
F, Postoperative radiograph. 
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complications. Endoprosthetic reconstruction provides the 
advantage of predictable immédiate stability that allows for 
quicker réhabilitation with immédiate full weight bearing. 
Most endoprostheses are modular, allowing for incrémental 
limb lengthening as an immature patient grows. Improve- 
ments in implant materials hâve greatly increased the durabil- 
ity of modem endoprostheses; however, ail are associated 
with long-term complications if a patient is cured of disease. 
Polyethylene wear is still a limiting factor for articulating 
surfaces, but the inserts are easily replaceable in most pros- 
theses. Fatigue fracture can occur at the rotating hinge, but 
this, too, is easily replaceable. Fatigue fracture at the base of 
the intramedullary stem where it attaches to the body of the 
prosthesis is more problematic. In this location, extraction of 
the remaining stem can be extremely difficult. 

Segmentai bone and joint prostheses are most commonly 
secured through composite fixation. An intramedullary stem 
is fixed with cernent, and the shoulder région of the prosthesis 
is constructed with a porous coating with the goal of promot- 
ing late extramedullary cortical bridging (Fig. 24-15). 

Initial fixation with cernent provides immédiate stability 
for quick réhabilitation. The purpose of the extramedullary 
cortical bridging is to serve as a purse-string to protect the 
cement-bone interface from particulate débris generated at 
the articulating surface and to provide additional structural 
support protecting the junction of the base of the stem with 
the body of the prosthesis. This area is otherwise susceptible 
to fatigue fracture as a resuit of stress concentration. Although 
its benefit has not been established, bone graffing the shoul¬ 
der région of the prosthesis to promote extracortical bridging 
has been advocated by several authors. 



Extramedullary cortical bridging develops at 
the host bone-prosthesis interface. 


CONSIDERATIONS FOR 
PEDIATRIC PATIENTS 

For pédiatrie patients, future limb-length inequality must be 
considered. For patients who are near skeletal maturity, the 
reconstructed limb can be lengthened 1 cm at the initial pro¬ 
cedure. Also, epiphysiodesis of the contralatéral limb can be 
done at the appropriate âge to preserve limb-length equality 
(or to minimize inequality). For younger patients, however, 
other options should be considered. Although amputation and 
rotationplasty were previously considered the only reasonable 
treatments for very young patients with bone sarcomas, use of 
expandable prostheses currently is gaining support. 

We hâve gained considérable expérience with use of the 
Repiphysis Expandable Prosthesis (Wright Medical Technol¬ 
ogy, Arlington, TN) (Fig. 24-16). The surgical technique for 
implantation of this de vice is similar to that of other endo¬ 
prostheses (Fig. 24-17). The postoperative course, réhabilita¬ 
tion, function, and complications likewise are similar. The 
device is unique, however, in that it uses energy stored in a 
compressed spring to allow for future expansion of the pros¬ 
thesis as the child grows. When a leg-length discrepancy 
develops, the child is scheduled for an expansion (Fig. 24-18). 
The procedure is done in the fluoroscopy suite with the 
patient under light sédation. The locking mechanism on the 
prosthesis is identified using fluoroscopy, and an electromag- 
netic coil is placed over the patients leg at that level. The 
electromagnetic coil is activated for 20 seconds, which heats 
an element in the prosthesis, melting a small segment of 
polyethylene and allowing controlled expansion of the spring. 
The leg lengths are reevaluated under fluoroscopy, and the 
procedure is repeated one or two times as necessary. We hâve 
been able to gain 0.5 to 1.5 cm during each scheduled expan¬ 
sion session. Expansion sessions can be scheduled 4 weeks 
apart if needed to allow the operated leg to “catch up.” Affer 
the expansion sessions, patients usually are able to ambulate 
immediately without an assistive device. Although this device 
is not as durable and mechanical problems are common, 
complications are usually relatively easy to address. More- 
over, skeletally immature patients treated for bone sarcomas 
are allowed to maintain limb-length equality at the comple- 
tion of growth. 


SURGICAL TECHNIQUES 

UPPER EXTREMITY 

In contrast to the lower extremity, even the b est artificial limb 
fails to provide comparable function in the upper extremity. 


Antenna- 


Retaining tube 


Spring 


Fémoral stem 



- Fémoral 
housing 


End cap 


-Spring 

housing 

tube 


FIGURE 


Repiphysis noninvasive expandable prosthesis. 


(Courtesy of Wright Medical Technology, Arlington, TN.) 
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A f Anteroposterior radiograph 
of distal fémur of 7-year-old girl with telangiec- 
tatic osteosarcoma. B f Coronal MR image. 
C f Intraoperative photograph of resected spéci¬ 
men and custom Repiphysis prosthesis. D, Intra¬ 
operative photograph after placement of 
prosthesis. E f Anteroposterior radiograph. 


Modem imaging and surgical techniques allow for limb 
salvage in most circumstances. Resections of the proximal 
humérus frequently require sacrifice of the axillary nerve, and 
resections of the humerai shaff frequently require sacrifice of 
the radial nerve. Even with sacrifice of three major nerves, 
limb salvage usually provides better function than an artificial 
limb. If the médian or ulnar nerve must be sacrificed, limb 
salvage still may be worthwhile if functioning muscles are 
available for transfers. One indication for amputation is 
extensive neurovascular involvement. A displaced pathologie 
fracture may be a relative indication. 


■ RESECTION OF THE SHOULDER GIRDLE 

Tumors of the scapula frequently are complicated by exten¬ 
sion into the glenohumeral joint, requiring extraarticular 
resection of the humerai head en bloc with the scapula. Like- 
wise, the biceps tendon provides a passageway for tumors 
of the proximal humérus to extend into the joint, and resec¬ 
tion offen requires extraarticular partial scapulectomy. To 
create a standard terminology for various surgical procedures 
for shoulder girdle resection and to allow meaningful 
comparison of results, Malawer et al. proposed a classifica¬ 
tion of these procedures. They noted that previous concepts 
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Lengthening procedure with Repiphysis expandable prosthesis. A f Locking mechanism (arrow) located. B f The patient's 
leg is marked at this site. C f Electromagnetic coil is placed around the patient's leg at the level of the locking mechanism. D f Device 
activated. E and F f Preexpansion and postexpansion radiographs. 
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hâve not adequately described surgical margins, the relation- 
ship of the tumor to anatomie compartments, the status of 
the glenohumeral joint, the magnitude of the surgical proce¬ 
dure, or the status of the abductor mechanism. 

The proposed System is based solely on the structures 
removed, reflecting the type of resection and its relationship 
to the glenohumeral joint, and indicates a progressive increase 
in the magnitude of the surgical procedure. Additionally, it 
indicates the status of the abductor mechanism. Procedures 
are divided into six types: type I, intraarticular proximal 
humerai resection; type II, partial scapular resection; type III, 
intraarticular total scapulectomy; type IV, extraarticular total 
scapulectomy and humerai head resection; type V, extraar¬ 
ticular humerai head resection; and type VI, extraarticular 
humerai and total scapular resection. Each type is subdivided 
according to the status of the abductor mechanism: A, intact, 
or B, partial or complété resection (Fig. 24-19). 


RESECTION OF SHOULDER GIRDLE 

The Tikhoff-Linberg procedure for resection of the shoulder 
girdle consists of total scapulectomy, partial or complété 
excision of the clavicle, and excision of the proximal 


humérus. This procedure is useful in treating malignant 
tumors around the shoulder in which there exists a suffi- 
cient margin of normal tissue to clear the neurovascular 
structures. 


TECHNIQUE 24-1 


(MARCOVE, LEWIS, AND HUVOS) 

■ Place the patient in a loose latéral position that allows 
access to both the anterior and posterior portions of the 
shoulder. Préparé the entire extremity, the neck up to the 
ear, and the midline of the torso both anteriorly and 
posteriorly down to the iliac crest within the stérile field. 

■ Make an incision beginning from the médial end of the 
clavicle and extend it laterally along the médial two thirds 
of the bone. The incision is then curved inferiorly over the 
coracoid process and continued along the médial aspect 
of the arm (Fig. 24-20A). From the middle of this incision, 
make a posterior longitudinal extension along the middle 
of the scapula to its inferior angle. Incise the deltoid and 
pectoralis major inferior to the clavicle and médial to the 
coracoid (Fig. 24-20B). Access to the neurovascular struc¬ 
tures is facilitated by dividing and reflecting the pectoralis 


A 



Type I 


Intraarticular proximal 
humerai resection 

A. Abductors retained 

B. Abductors resected 


B 




E 



Type V 


Extraarticular humerai 
and glenoid resection 

A. Abductors retained 

B. Abductors resected 


F 



Type VI 


Extraarticular humerai and 
total scapula resection 

A. Abductors retained 

B. Abductors resected 


Surgical classification of shoul¬ 
der girdle resections. A, Type I: intraarticular 
proximal humerai resection. B, Type II: partial scap¬ 
ulectomy. C f Type III: intraarticular total scapulec¬ 
tomy. D f Type IV: extraarticular scapular and 
humerai head resection. E f Type V: extraarticular 
humerai and glenoid resection. F, Type VI: extraar¬ 
ticular humerai head and total scapular resection. 
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minor and the conjoined tendon at the insertion into the 
coracoid process. A gloved finger or instrument may be 
passed deep to these tendons to protect the deep struc¬ 
tures during their division. 

■ Ligate the cephalic vein and expose the axillary vessels 
and brachial plexus. Détermine that the neurovascular 
bundle is not involved by tumor. Gentle médial traction 
of the neurovascular structures aids in identifying the 
anterior and posterior humerai circumflex vessels, which 
are then ligated. The axillary vessels are then protected 
through the remainder of the case by médial retraction. 


If necessary, sacrifice the radial and musculocutaneous 
nerves. 

■ Divide the biceps, triceps, teres major, and latissimus dorsi 
muscles away from the tumor (Fig. 24-20C). 

■ Osteotomize the médial end of the clavicle. 

■ Develop the posterior extension of the just-described inci¬ 
sion. Maintain skin flaps as thick as possible and expose 
the médial and latéral borders of the scapula. Mobilize 
the inferior angle and vertébral border of the scapula by 
dividing the latissimus dorsi, trapezius, rhomboids, and 
levator scapulae muscles (Fig. 24-20D). 



Posterior skin incision 
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JjJ Marcove, Lewis, and Huvos resection of shoulder girdle. A f Skin incision. B-D f Surgical anatomy of resection (see text). 
(From Marcove RC, Lewis MM, Fluvos AG: En bloc upper humerai interscapulothoracic resection: the Tikhoff-Linberg procedure, Clin Orthop Relat 
Res 124:219, 1977.) SEE TECHNIQUE 24-1. 
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■ Take care to maintain wide soft-tissue margins in scapular 
lésions. If the lésion is in the proximal humérus, a scapular 
osteotomy can be made at the level of the coracoid; then 
the body of the scapula is spared. 

■ Raise a latéral skin flap over the upper arm, leaving the 
deltoid with the specimen. 

■ Complété the mobilization of the scapula by dividing the 
omohyoid and serratus anterior muscles and dividing and 
ligating the suprascapular, subscapular, and transverse 
cervical vessels. 

■ Divide the biceps and brachialis muscles at the intended 
site of the humerai osteotomy as determined from the 
preoperative imaging. Osteotomize the humérus at that 
level and remove the specimen. Confirm adéquate 
margins by biopsy and frozen sections. 

■ Reattach the biceps and triceps to the trapezius, pecto- 
ralis major, and latissimus dorsi. 

■ Insert a humerai prosthesis into the remaining humérus 
and attach the upper end to the second rib or remaining 
clavicle. 

■Close the wound over drains and apply a shoulder 
immobilizer. 


■ RESECTION OF THE CLAVICLE 

Because the clavicle is subcutaneous, lésions in it usually are 
discovered early. Either end can be resected, or even the entire 
bone can be excised with little loss of function. Techniques of 
resecting the médial or latéral end of the clavicle are discussed 
in Chapter 61. 

■ RESECTION OF THE SCAPULA 

Parts of the scapula, varying from a small segment to the 
entire body of the bone, can be resected for benign or malig- 
nant tumors and infection. The subscapularis muscle offen 
provides a good margin, protecting tumors of the scapula 
from direct chest wall invasion until late. Extension of the 
tumor into the chest wall or involvement with the neurovas- 
cular structures in the axilla would preclude considération for 
scapular resection alone. Affer the scapula body or spine has 
been resected, the shoulder is fairly stable and functional 
because the acromion, the glenoid, and the coracoid are not 
disturbed and the humérus remains in a nearly normal posi¬ 
tion (Figs. 24-21 to 24-23). However, resection of the glenoid 
requires repair of the remaining soft tissues about the proxi¬ 
mal humérus to provide some element of stability. Stability 
and functionality are less predictable in this situation. 

Text continued on page 858 



Scapulectomy in 
a 15-year-old boy with osteosar- 
coma of right scapula. A f Antero- 
posterior radiograph. B f Bone 
scan. C f MR image. 


Continued 
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■awnaaFgCTgBTBÎfc D f Médial and latéral flaps are raised. E f Deltoid, trapezius, rhomboids, and levator scapulae hâve been 
released from their insertions on the scapula. F, Scapula has been removed. G f Sutures are placed into tendon of long head of biceps 
and conjoined tendon. H f Tendons repaired through drill hole in clavicle. Deltoid is repaired to trapezius muscle. I f Postoperative 
radiograph. 
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Chondrosarcoma of scapular spine and acromion. A f Anteroposterior radiograph. B f MR image shows extent of tumor. 
C f Incision ellipses around biopsy track. D f Osteotomy at base of scapular spine. E f Spine and acromion hâve been resected. F, Deltoid 
repaired to trapezius muscle. 


Continued 
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Scapulectomy for tumor. A f Position of patient and incision for surgery for tumor located in center of scapula (dark 
spot). Arm should be draped completely free so that it can be mobile to facilitate excision of muscular attachments. B f Scapular muscles 
exposed after raising skin flaps. Trapezius muscle is resected at scapular spine as shown. Green dashed line indicates site of excision of 
deltoid muscle. C f Trapezius and deltoid muscles hâve been reflected, and latissimus dorsi muscle has been retracted distally. Assistant 
is pulling tip of scapula latérally (arrow). This maneuver facilitâtes resection of muscles attached to vertébral border of scapula. 
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Circumflex 
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Teres minor 
(eut) 
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(eut) 


Serratus 



Coracoid 
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e 3 



Acromion 

Deltoid 

Teres minor 
Teres major 


Latissimus dorsi 


Trapezius 


D f Inset, Palpation of axiMary contents, which need to be retracted out of operative field. Main illustration 
shows tip of scapula pulled inferomedially and muscles detached as shown. Green broken line indicates line of section of supraspinatus, 
infraspinatus, and serratus anterior muscles. E 1f Section of scapular spine at base of acromion with osteotome. After subscapularis 
muscle is eut under guidance of operator's finger, Gigli saw is passed around neck of scapula, which is sectioned (E 2 ). E 3f Excised scapula 
with intact shoulder joint. F, Closure and reattachment of muscles. Deltoid and trapezius are sutured to each other and to acromion 
process. Teres major and minor muscles are attached to thoracic wall. (Redrawn from Das Gupta TK: Scapulectomy: indications and technique, 
Surgery 67:601, 1970.) SEE TECHNIQUE 24-2. 
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SCAPULAR RESECTION 


TECHNIQUE 24-2 


(DAS GUPTA) 

■ Place the patient prone with the arm resting in 90 degrees 
of abduction on an arm board. Drape the arm free so that 
an assistant can move the arm as required during the 
procedure (Fig. 24-23A). 

■ Make an elliptical skin incision encompassing the tumor 
and extending from the tip of the acromion superolater- 
ally to the paravertebral région inferomedially (Fig. 
24-23A). 

■ Raise the médial and latéral skin flaps on the investing 
fascia. Divide the attachment of the trapezius muscle to 
the scapular spine and retract the muscles superomedially, 
exposing the supraspinatus muscle (Fig. 24-23B). 

■ Divide the attachment of the deltoid muscle to the acro¬ 
mion. Divide the attachment of the latissimus dorsi to the 
inferior angle of the scapula and retract the muscle 
inferiorly. 

■ Apply traction to the inferior angle of the scapula with a 
towel clip and divide the muscles attached to the verté¬ 
bral border of the scapula and the levator scapulae at the 
superior angle of the scapula (Fig. 24-23C). 

■ Rotate the scapula and abduct the arm, permitting the 
axillary contents to be retracted out of the operative field 
(Fig. 24-23D). 

■ Divide the teres major and minor and the long head 
of the triceps, followed by the supraspinatus and infra- 
spinatus tendons and the attachment of the serratus 
anterior. 

■ Expose the shoulder joint and divide the scapular spine 
near the acromion using an osteotome or sagittal saw 

(Fig. 24-23E). 

■ Divide the subscapularis and pass a Gigli saw around the 
neck of the scapula, avoiding the glenohumeral joint, and 
divide the scapular neck to remove the specimen. 

■ Obtain hemostasis and approximate the trapezius and 
deltoid muscles (Fig. 24-23F). Suture the teres major 
and minor muscles to the chest wall, insert suction drains, 
and close the wound. Apply a shoulder immobilizer. 

POSTOPERATIVE CARE. The immobilizer is removed 
after 48 hours, and a simple sling is applied. Active and 
active-assisted exercises of the shoulder are begun as 
soon as symptoms permit. 


RESECTION OF THE 
PROXIMAL HUMERUS 

Biopsy of a proximal humerai lésion should be done through 
the anterior third of the deltoid, taking care not to con- 
taminate the deltopectoral interval. Contamination of this 
interval potentially could allow tumor cells to spread over 
a greater distance and would make a successful resection 
more difficult. Resection of the proximal humérus, with 


contiguous soft tissues, usually achieves satisfactory 
margins for the treatment of sarcomas. We also hâve used 
this technique for treatment of aggressive benign neo- 
plasms and metastatic carcinoma of the proximal humérus. 
Reconstructive alternatives after resection include flail 
shoulder, passive spacer, arthroplasty (implant or allograft), 
and arthrodesis. Allograft arthrodesis ts has been reported 
to be the most stable reconstruction for young patients 
who wish to pursue more vigorous activities; however, we 
hâve no expérience with this procedure and use an endo- 
prosthesis more frequently even if it serves only as a passive 
spacer. 


TECHNIQUE 24-3 


■ Place the patient supine with a bolster under the scapula 
to elevate the shoulder from the table. 

■ Make an incision from the acromioclavicular joint along 
the deltopectoral groove and the latéral border of the 
biceps muscle to an appropriate level in the arm. The 
incision should form an ellipse around the biopsy track in 
the anterior third of the deltoid (Fig. 24-24). 

■ Preoperative considération must be given to the extraos- 
seous extent of the tumor because this portion must also 
be resected with a wide margin. 

■ Divide the pectoralis major near its insertion into the 
proximal humérus leaving a margin of tissue. This allows 
good exposure of the neurovascular structures. 

■ Develop the interval between the neurovascular struc¬ 
tures and the proximal humérus and dissect circumferen- 
tially around the proximal humérus leaving a cuff of 
normal muscle over the tumor. The conjoined tendon may 
be preserved and serves as a landmark for identifying the 
neurovascular structures, which are just médial. The mus- 
culocutaneous nerve is found within the substance of the 
conjoined tendon, and care must be exercised during 
retraction. 

■ Reflect the pectoralis muscle medially exposing the sub¬ 
scapularis muscle. Detach the muscles that insert on the 
tuberosities and proximal humérus, preserving the radial 
and axillary nerves if possible. 

■ Incise the capsule circumferentially. Lift the biceps tendon 
from its groove, retract it laterally, and then divide the 
humérus at a level distal to the tumor as determined by 
preoperative imaging (i.e., MRI). 

■ After the osteotomy the specimen may be manipulated 
to facilitate release of any remaining soft-tissue attach- 
ments. With bone-holding forceps, grasp the distal end 
of the proximal fragment, detach any remaining soft 
tissues, and remove the specimen. 

RECONSTRUCTION WITH FLAIL SHOULDER 

■ The wound is closed over suction drains, and a shoulder 
immobilizer is applied. After 2 to 5 days, an arm sling is 
applied and active exercises are encouraged. 

RECONSTRUCTION WITH PASSIVE SPACER 

■ If sufficient soft tissue remains to provide adéquate stabil- 
ity, a passive spacer yields better cosmesis and slightly 
better function than a flail shoulder. Allograft, autograft 
fibula, or prosthetic implant can be used. 
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A f Anteroposterior radiograph of right proximal humérus of 47-year-old man with chondrosarcoma. B, Intraoperative 
photograph during wide resection of tumor. C f Resected specimen. D f Mersilene tapes placed through glenoid labrum. E f Prosthesis 
cemented into distal humérus. F f Humerai head secured by Mersilene tape. SEE TECHNIQUE 24-3. 
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Enneking technique of arthrodesis after resec¬ 
tion of proximal humérus. Grafts are taken from fibula and iliac 
crest. Fémoral plate is prebent to form angle of 50 degrees with 
latéral border of scapula. Major bend (A) conforms to the tip of 
the acromion, and minor bend (B) conforms to base of spine. 
Plate is fitted to spine at 15 to 20 degrees of flexion with scapular 
blade and twisted to align with distal half. Plate is secured to 
spine (1, 2, 3) and shaft (4, 5) with cortical screws. Shaft of first 
fibular graft is fixed to acromion (6) with long cancellous screw 
and then to shaft of humérus (7) with cortical screw. Second 
fibular graft is fixed at 15-degree angle to humerai shaft with 
cortical screws in scapula (8) and humérus (9). Full-thickness iliac 
graft is fixed by screws through the plate and graft into glenoid 
(10, 11). (From Enneking WF: Musculoskeletal tumor surgery, vol 1, 
New York, 1983, Churchill Livingstone.) SEE TECHNIQUE 24-3. 


RECONSTRUCTION WITH ARTHRODESIS 

■ Provided that the scapulothoracic muscles are functioning 
satisfactorily, the most certain way to provide stability and 
active abduction of the arm after resection of the proxi¬ 
mal humérus is by arthrodesis. Allografts, autografts (vas- 
cularized or not), or combinations of these grafts hâve 
been proposed. Prolonged external support usually is nec- 
essary to achieve union. Enneking described a method for 
such an arthrodesis (Fig. 24-25). 

RECONSTRUCTION WITH ARTHROPLASTY 

■ If the tumor resection permits sparing of the rotator cuff 
and deltoid muscle, reconstruction with arthroplasty 
is feasible using an osteoarticular allograft, allograft- 
prosthetic composite, or tumor prosthesis. 


RESECTION OF PROXIMAL HUMERUS 


TECHNIQUE 24-4 


(GEBHARDT ETAL.) 

■ Make an incision in the deltopectoral groove, excising any 
previous biopsy track. 

■ Divide the insertion of the pectoralis major muscle and 
retract the coracobrachialis muscle and short head of the 
biceps muscle medially. 

■ Detach the deltoid muscle extraperiosteally to expose the 
proximal humérus. 

■ Divide the insertions of the latissimus dorsi and teres 
major and protect the radial nerve. 

■Tag the rotator cuff and shoulder capsule with sutures 
and divide them. Retract the biceps muscle, split the 
brachialis muscle, and divide the humérus below the 
lésion ensuring a wide margin. 

■ Remove the specimen and hâve a pathologist verify clear 
margins. 

■ Cut the osteoarticular allograft to fit the measured defect. 

■ Achieve a secure repair of the rotator cuff and capsule 
with the allograft held in 40 to 60 degrees of 
abduction. 

■ Use a compression plate for osteosynthesis and reattach 
the insertions of the teres major, latissimus dorsi, and 
pectoralis major muscles. 

■ Repair the origin and insertion of the deltoid muscle, 
close the wound, and immobilize the shoulder in an 
abduction humerai splint. 


INTERCALARY RESECTION OF THE 
HUMERAL SHAFT 

Tumors of the humerai diaphysis can be treated with an 
intercalary resection, preserving the patient's own shoulder 
and elbow. Reconstruction is achieved by allograft, auto- 
graft (vascularized or not), or intercalary prosthetic replace¬ 
ment (Fig. 24-26). 


TECHNIQUE 24-5 


(LEWIS) 

■ Use the Henry extensile exposure to the humérus (see 
Chapter 1). 

■ Detach the pectoralis major insertion and retract the long 
head of the biceps laterally and the short head of the 
biceps and coracobrachialis medially. 

■ Identify the neurovascular bundle and mobilize it medi¬ 
ally. Identify and protect the musculocutaneous, axillary, 
and radial nerves. 

■ Detach the latissimus dorsi, teres major, coracobrachialis, 
and triceps brachii muscles from the humérus. Make the 
proximal humerai osteotomy at an appropriate level. 
Elevate the humérus anteriorly from the wound, detach 
the remaining soft tissues, make the distal osteotomy, 
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Intercalary humerai allograft in 19-year-old man with Ewing sarcoma. A f Allograft is fashioned to fit defect and is 
fixed with intramedullary nail. B f Compression plates used to fix proximal and distal junctions. C f Postoperative radiograph. SEE TECH¬ 
NIQUE 24-5. 


and remove the specimen from the wound. Reconstruct 
the skeleton with bone graft or prosthesis and close the 
wound over suction drains. 

POSTOPERATIVE CARE. A shoulder immobilizer is 
applied and worn for several days. An arm sling is then 
substituted, and gentle active exercises are begun. 


RESECTION OF THE DISTAL HUMERUS 

Bone sarcomas around the elbow suitable for limb-sparing 
resection are rare. Patients with metastatic carcinomas, 
multiple myeloma, or aggressive benign lésions, such as 
chondroblastoma or giant cell tumor, may be best treated 
with such surgery (Fig. 24-27). Reconstruction options 
include flail elbow, osteoarticular allograft, implant arthro- 
plasty, and arthrodesis. 


TECHNIQUE 24-6 


■ Use the Henry extensile approach to the humérus (see 
Chapter 1). 

■ Identify and mobilize the radial and médian nerves and 
the brachial vessels. (Alternative^, approach the distal 
humérus through a posterior approach after isolating and 
protecting the ulnar nerve.) 

■ Osteotomize the humérus at an appropriate level. 

■ Attach a bone-holding forceps and draw the bone ante- 
riorly from the wound. 

■ Detach ail muscle attachments extraperiosteally by sharp 
dissection and remove the specimen. 

■ Reconstruct the elbow and close the wound over suction 
drains. 

POSTOPERATIVE CARE. A bulky Jones-type dressing is 
applied with the elbow at 90 degrees and the forearm in 
midrotation. The extremity is supported with a sling. 
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Fifty-nine-year-old woman with isolated metastasis from rénal cell carcinoma was treated initially at outside facility 
with radiation, curettage, and cementation for pathologie distal humerai fracture. A, Anteroposterior radiograph shows failure of 
construct. B, Tongue of triceps tendon is reflected distally. C, Distal humérus is resected, and ulna is prepared to receive prosthesis. D, 
Resected distal humérus and prosthesis. E, Prosthesis cemented into humérus and ulna. 
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FIGURE 




F, Triceps repaired. G and H f Anteroposterior and latéral postoperative radiographs. 


RESECTION OF THE 
PROXIMAL RADIUS 

Considérable portions of the proximal radius can be 
resected without reconstruction (Fig. 24-28). 


TECHNIQUE 24-7 


■ Either the dorsal (Thompson) or anterior (Henry) approach 
can be used (see Chapter 1). 

■ Identify and protect the radial vessels and deep branch of 
the radial nerve. 

■ Divide the bone at an appropriate level, elevate it from 
the wound with bone-holding forceps, detach the muscles 
extraperiosteally by sharp dissection, and remove the 
specimen. 

■ Close the wound over suction drains and apply a poste- 
rior plaster splint with the elbow at 90 degrees and the 
forearm in neutral rotation. Active exercises are begun at 
about 2 weeks. 


RESECTION OF THE PROXIMAL ULNA 


TECHNIQUE 24-8 


■ Make a longitudinal posterior approach to the proximal 
ulna. Detach the triceps mechanism and make the oste- 
otomy in the ulna at an appropriate level. 

■ Elevate the bone from the wound with bone-holding 
forceps and sharply detach any remaining soft tissues 
extraperiosteally. 


■ Alternative^, a size-matched osteoarticular allograft 
reconstruction can be performed (Fig. 24-29). The allograft 
should corne with triceps tendon as well as médial 
and latéral ligaments, which can be repaired to host 
structures. 

■ Close the wound over suction drains and apply a poste¬ 
rior splint with the elbow at 90 degrees and the forearm 
in midrotation. Active exercises are begun at 4 to 6 
weeks. 


RESECTION OF THE DISTAL RADIUS 

Resection of the distal radius has been particularly useful 
in treating patients with giant cell tumor. Reconstruction 
can be accomplished by arthroplasty or arthrodesis using 
allograft or autograft bone. We prefer resection followed 
by proximal fibular autograft reconstruction arthroplasty 
for patients who wish to maintain motion and perform 
light activities and arthrodesis for patients who wish to 
sacrifice motion in exchange for a more stable reconstruc¬ 
tion (Fig. 24-30). 


TECHNIQUE 24-9 


■ Use the dorsal approach to the radius (see Chapter 1). 

■ Divide the extensor retinaculum and develop an interval 
between the third and fourth extensor compartments. 
Retract the extensor tendons to allow full exposure of the 
distal radius. 

■ Use a power saw to divide the radius proximal to the 
tumor at a level determined from preoperative imaging. 

Text continued on page 868 
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Radial nerve 


Latéral 
'antebrachiaf 
fcputaneous nerve 


Radial artery 


Médian nerve 




Resection of proximal radius in 56-year-old man 
with pathologie fracture secondary to isolated rénal cell carcinoma 
metastasis. A and B f Anteroposterior and latéral preoperative radio- 
graphs. C f Intraoperative photograph. D f Resected specimen. E and 
F f Anteroposterior and latéral postoperative radiographs. 
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Osteosarcoma in olecranon of 20-year-old man. Patient reported right elbow pain 3 years after resection of fémoral 
osteosarcoma. A and B f Latéral and anteroposterior radiographs of right elbow appear normal. C f MR image clearly shows lésion in 
olecranon. Incisional biopsy revealed osteosarcoma. D f Biopsy scar. E f Incision was made over subcutaneous border of proximal ulna, 
leaving biopsy track intact. 


Continued 
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F, Ulnar osteotomy was performed distally to ensure wide margin. Ulnar nerve isolated and protected while 
proximal ulna was resected with wide margins. G f Specimen removed from field. H and l f Allograft of proximal ulna with triceps tendon 
eut and placed in defect. J, Allograft was fixed to distal ulna using 3.5-mm dynamic compression plate. Triceps tendon and elbow joint 
capsule are repaired. K f Wound was covered with free gracilis flap and split-thickness skin graft. L f Photograph of eut specimen after 
removal of soft tissue. SEE TECHNIQUE 24-8. 
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A f Anteroposterior radiograph of 56-year-old woman with giant cell tumor of distal radius. B f MR image shows extent 
of tumor and soft-tissue mass. C f Distal radius approached dorsally. D f Tumor was resected. E f Resected specimen. F, Proximal fibular 
autograft fashioned to fit defect. G f Wrist fusion with contoured 3.5-mm plate extending from radial diaphysis to third metacarpal. 


SEE TECHNIQUE 24-9. 
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■ Grasp the proximal end of the distal fragment with bone- 
holding forceps and draw it gently forward from the 
wound. Using sharp extraperiosteal dissection, remove 
bone and tumor. 

■ Change gown and gloves and use separate instruments 
to remove an appropriate length (the length of the 
resected radius) of the ipsilateral proximal fibula. 

■ Insert the transplant so that the apex of its head replaces 
the radial styloid and its articular cartilage on the antero- 
medial aspect of its head articulâtes with the scaphoid. 

■ Fix the fibular graft to the radius with a plate and screws. 
Stabilize the carpus on the distal end of the fibular trans¬ 
plant with one or two Kirschner wires. 

PROXIMAL FIBULAR AUTOGRAFT OR DISTAL RADIAL 
ALLOGRAFT 

■ As an alternative, use a size-matched distal radial allograft 
to replace the resected portion. 

■ With rongeurs and curets, remove the cartilage from the 
proximal ends of the carpus (i.e., scaphoid and lunate) 
and the distal radial allograft. Use a power burr if needed 
to obtain congruency between the two surfaces. Fashion 
the cortical ends of the host radius and the proximal 
allograft to achieve maximal contact. 

■ Contour a 3.5-mm plate with the wrist in slight dorsiflex- 
ion and fixed dorsally. The plate extends distally from the 


radial diaphysis and is centered over the third metacarpal. 
Compression at the allograft-host junction can be 
achieved using the plate (see Fig. 24-30). 

POSTOPERATIVE CARE. The upper extremity is splinted 
from above the elbow to the proximal palmar crease with 
the elbow at 90 degrees, the forearm in neutral rotation, 
and the wrist in 20 degrees of dorsiflexion. At 6 weeks, 
the splint and wires are removed and gentle active exer¬ 
cises are begun. 


■ RESECTION OF THE DISTAL ULNA 

We hâve used resection of the distal ulna for a giant cell 
tumor; no graft is used (Fig. 24-31). The operation is similar 
to that of Darrach (see Chapter 58), but the periosteum is 
excised along with the tumor. 

■ RESECTION OF THE HAND 

Resection of tumors of the hand is discussed in Chapter 77. 

PELVIS 

Local resections of the pelvis often can be performed with the 
same surgical margins obtainable by amputation. Amputa¬ 
tion is associated with fewer complications, quicker recovery, 
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Computer-assisted surgery in 22-year-old man with osteosarcoma of left ilium. A f Anteroposterior radiograph. B and 
C f Intraoperative computer-assisted guidance allowed for resection of tumor with préservation of hip joint. D f Postoperative antero¬ 
posterior radiograph. 


a more predictable outcome, and a lower incidence of local 
récurrence. Amputation may be indicated if the internai or 
external iliac vessels are involved. Resection is technically 
more demanding than amputation, but function usually is 
better if the limb can be preserved even without a functioning 
sciatic or fémoral nerve. Preoperative planning is crucial. 
Imaging modalities are utilized to détermine the osseous and 
extraosseous extent of tumor and their respective relation- 
ships to neurovascular structures and pelvic viscera. We hâve 
begun performing computer-assisted surgery in selected 
cases (Fig. 24-32). Resections of the pelvis are classified as 
type I, iliac; type II, periacetabular; type III, obturator; and 
type IV, sacral (Fig. 24-33). Resections involving more than 
one area are described by combining the numbers. A resec¬ 
tion that involves the acetabulum and the iliac wing would be 


described as a type I, II pelvic resection. The letter H is added 
as a suffix if the fémoral head is resected with the specimen. 

Ail pelvic resections can be done through ail or part of a 
standard utilitarian incision (Fig. 24-34). The incision begins 
at the anterior superior iliac spine and courses parallel to the 
inguinal ligament to the pubic tubercle medially. For poste - 
rior exposure along the ilium, the incision can be curved 
posteriorly along the iliac brim to the posterior superior iliac 
spine. Exposure of the fémoral vessels anteriorly, the poste¬ 
rior acetabulum, the proximal fémur, and ischium can be 
accomplished by a T-shaped extension incision beginning at 
the anterior superior iliac spine and coursing distally and 
posteriorly over the greater trochanter. A similar T-shaped 
incision can be made medially to expose the obturator 
foramen and ischial tuberosity. 
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Types of pelvic resections: type I, iliac; type 
periacetabular; type III, obturator; type IV, sacral. 


Type I resections do not require reconstruction. A 1- to 
2-cm leg-length discrepancy may resuit if the entire ilium is 
resected because there is no osseous bridge between the ace- 
tabulum and sacrum; however, this usually is not problematic 
because an ipsilateral shoe lift may be used. Alternatively, an 
allograft strut can be used to bridge the gap between the 
acetabulum and the sacrum to prevent the superior migration 
of the lower extremity and subséquent development of a 
limb-length discrepancy (Fig. 24-35). Type II resections can 
be reconstructed with an iliofemoral or an ischiofemoral 



FIGURE 


Universal incision for pelvic resections. 



FIGURE 


Fémoral allograft for type I pelvic resection in 16-year-old boy with Ewing sarcoma. A, Resected ilium. B, Fémoral 


allograft fashioned to fit between acetabulum and sacrum. C, Multiple screws used to secure allograft. D, Postoperative radiograph. 
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Type II pelvic resection reconstructed with 


saddle prosthesis. 


arthrodesis with an allograft-prosthesis composite, or with a 
saddle prosthesis (Fig. 24-36). Type III resections do not 
require reconstruction because the pubis does not bear 
weight. Additionally, pelvic stability is maintained by the 
intact sacroiliac joints posteriorly. 


RESECTION OF THE PUBIS 
AND ISCHIUM 

Partial or complété resection of the pubis or ischium or 
both may be indicated for tumor or infection (Fig. 24-37 
and Fig. 24-38). The surgical approach is a modification of 
that described by Milch. 


TECHNIQUE 24-10 


(RADLEY, LIEBIG, AND BROWN) 

■ Position the patient as for a lithotomy and elevate the 
buttocks. 

■ Palpate the tuberosity of the ischium, the inferior border 
of the pubis, and the connecting ramus. Make an incision 
through the skin and subcutaneous tissues, beginning at 
a point 0.6 cm distal to the middle of the inguinal liga¬ 
ment and proceeding medially and parallel to it (Fig. 
24-37A). At the latéral aspect of the base of the pénis or 
mons pubis, curve the incision distalward latéral to 
the scrotum or labium majus pudenda and continue it 
along the inferior ramus of the ischium to the ischial 
tuberosity. 

■ Detach the adductor and obturator externus muscles sub- 
periosteally from the pubis and ischium and expose a part 
of the body of the pubis, the latéral border of the inferior 
ramus of the pubis, the inferior ramus of the ischium, and 
the ischial tuberosity. 

■To expose the pubis and ischium more completely, retract 
or incise the distal edge of the gluteus maximus muscle 


in line with the skin incision. Dissect the hamstring 
muscles and the quadratus femoris from the latéral aspect 
of the ischial tuberosity; free the sacrotuberous ligament 
from its attachment to the médial surface of the 
tuberosity. 

■ Protect the pudendal vessels and nerve that emerge from 
the pelvis through the greater sciatic foramen, cross the 
spine of the ischium and the sacrotuberous ligament, 
enter the lesser sciatic foramen, and proceed anteriorly in 
the Alcock canal within the fascia of the obturator inter¬ 
nus muscle. To avoid damaging this canal and its con¬ 
tents, elevate subperiosteally the ischiocavernosus and 
obturator internus muscles. 

■ Subperiosteally free the deep and superficial transverse 
périnéal muscles, the crus pénis, and the constrictor ure- 
thrae from the médial borders of the inferior ischial and 
pubic rami. 

■ Dissect the urogénital diaphragm from the inferior border 
of the symphysis pubis, but avoid injuring the urethra and 
the deep dorsal vein, dorsal artery, and nerve of the pénis. 

■ Free the rectus abdominis and pyramidalis muscles from 
the pubis. 

■ Divide the inguinal ligament at its pubic end and free the 
pectineus muscle from its origin along the pectineal line 
of the superior ramus of the pubis (Fig. 24-37B). 

■ Mobilize the pectineus muscle, but avoid injuring the 
fémoral sheath and its contents that lie on the latéral part 
of the muscle. 

■ Dissect the obturator internus and externus muscles sub¬ 
periosteally and, if possible, preserve the obturator nerves 
and vessels that may be encountered. 

■ Divide the bone superiorly and inferiorly with an ostéo¬ 
tomie or Gigli saw (Fig. 24-37C). 

■ If the wound is to be closed primarily, suture the deep 
fascia; if not, omit suturing the fascia and allow the 
muscles to fall into position. 


RESECTION OF THE ACETABULUM 

Resection of the acetabulum with préservation of the limb 
is indicated for lésions that can be treated satisfactorily by 
wide resection of the mid and anterior hemipelvis. Careful 
staging is required, and any biopsy track must be excised 
en bloc with the resection. 


TECHNIQUE 24-11 


■ Place the patient in the latéral decubitus position and 
strapped to the table so that the table can be tilted to 
either side. Préparé and drape the involved limb and pelvis 
from toes to rib cage. 

■ Make an incision extending from the posterior crest of 
the ilium coursing over the anterior superior iliac spine 
to the symphysis pubis. Make a vertical T-shaped exten¬ 
sion from this incision over the greater trochanter and 
extending into the proximal thigh. Divide the middle 
of the inguinal ligament and retract the peritoneum 
superiorly. 
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Technique of Radley et al. for resection of superior and inferior pubic rami and body of pubis, inferior ischial ramus, 
and tuberosity of ischium. Inset Incision. A, Superficial approach. B, Further exposure. Note amount of bony pelvis resectable through 
this approach. C, Appearance after resection of pubis and ischium (see text for method of closure). (Modified from Radley TJ, Liebig CA, 
Brown JR: Resection of the body of the pubic bone, the superior and inferior pubic rami, the inferior ischial ramus, and the ischial tuberosity: a 
surgical approach, J Bone Joint Surg 36A:855, 1954.) SEE TECHNIQUE 24-10. 


■ Mobilize and medially retract the fémoral artery and vein 
and the fémoral nerve. The fémoral nerve is found within 
the iliopsoas sheath and may be left in continuity. 

■ Divide the iliacus and pectineus muscles. 

■ Expose the innominate bone from the symphysis pubis to 
the anterior superior iliac spine and both surfaces of the 
bones posteriorly to the sciatic notch. A rénal pedicle 
clamp may be used to pass a Gigli saw through the sciatic 
notch. The clamp must stay in contact with the bone as 
it is advanced within the sciatic notch to avoid entrap- 
ment of the sciatic nerve or other neurovascular struc¬ 
tures beneath the Gigli saw. With a Gigli saw, divide the 
bone along a line extending from the sciatic notch to a 
point inferior to the anterior superior iliac spine. 

■ After the osteotomy, the bone may be mobilized enough 
to help détermine remaining soft-tissue attachments that 


need to be detached. Divide the sacrotuberous and sacro- 
spinous ligaments and release the hamstrings. 

■ Anteriorly, divide the pubic bone or symphysis pubis and 
rotate the segment of bone in various directions to release 
the remaining soft tissues. 

■ Release the piriformis from the greater trochanter, divide 
the fémoral neck at its base, and remove the resected 
part of the pelvis and the fémoral head and neck. 

■ Fix the proximal fémur to the remaining ilium with heavy 
nonabsorbable suture. Reattach the inguinal ligament to 
the iliopsoas tendon to prevent a hernia. 

■ Close the wound over suction drains. 

POSTOPERATIVE CARE. Protected ambulation in a hip 
abduction brace with crutches is begun postoperatively. 
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Resection of superior and inferior rami in 79-year-old man with chondrosarcoma. A f Anteroposterior radiograph. 


B and C f MR images. D f CT scan shows extent of lésion. E f Intraoperative photograph of wide resection. Fémoral vessels and nerve hâve 


been dissected away from tumor. F f Postoperative radiograph. 
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RESECTION OF THE INNOMINATE 
BONE (INTERNAL HEMIPELVECTOMY) 

Numerous surgeons hâve described methods of pelvic 
resection, including Karakousis and Vezeridis; Eilber et al.; 
Steel; Enneking and Dunham; Braund and Pigott; and 
others. The technique of Karakousis and Vezeridis is 
described here (Fig. 24-39 and 24-40). This procedure is 
indicated in patients who are willing to undergo the vigor- 
ous réhabilitation necessary and in whom appropriate 
margins can be obtained by pelvic resection. 


TECHNIQUE 24-12 


(KARAKOUSIS AND VEZERIDIS) 

■ Place the patient in a loose latéral position to allow both 
anterior and posterior rotation of the patient. Begin with 
the involved hemipelvis elevated 45 degrees. Extend the 
incision from the posterior superior iliac spine along the 
iliac crest and inguinal ligament to the symphysis pubis. 
Make a vertical limb from this incision passing just pos¬ 
terior to the greater trochanter and extending into the 
upper thigh. 

■ Detach the abdominal muscles from the iliac crest and 
displace the peritoneum medially to expose the external 
iliac vessels. 

■ Divide the inguinal ligament near the anterior superior 
iliac spine and divide and ligate the inferior epigastric 
vessels (see Fig. 24-39A). 

■ Detach the inguinal ligament from the pubic tubercle and 
the rectus abdominis from the pubic crest. Clear the pubic 
symphysis of soft tissue and divide it with a Gigli saw (see 
Fig. 24-39B). A malléable retractor may be placed poste¬ 
rior to the pubic symphysis to protect the bladder during 
this portion of the operation. 

■ Expose the common iliac vessels and the fémoral nerve. 

■ Preserve the iliopsoas muscle unless involved by tumor. 
Next, pass an umbilical tape around the psoas muscle and 
iliac vessels (see Fig. 24-39C). 

■ Divide the iliacus muscle at the level of the sacroiliac joint 
and sever the adductor muscles from the pubis. Divide 
the obturator nerve and vessels. 

■ Divide the origins of the sartorius, tensor fascia lata, and 
rectus femoris. The origins of the gluteus médius and 
minimus may be removed from the ilium leaving a small 
cuff of tissue. 

■ Incise the hip joint capsule and divide the fémoral neck 
with a power saw. 

■ Incise the gluteus maximus muscle inferior and posterior 
to the greater trochanter, exposing the sciatic nerve. 
Divide the external rotators at the greater trochanter, 
expose the sacroiliac joint, and divide it with an ostéo¬ 
tomie (see Fig. 24-39D). If tumor involves the joint, oste- 
otomize the sacrum while retracting the lumbosacral 
nerve trunk medially (see Fig. 24-39E). 

■ Divide the levator ani muscle and the sacrospinous and 
sacrotuberous ligaments. 

■ Release the hamstring origins from the ischial tuberosity. 

■ Retract the hemipelvis laterally and release the remaining 
attachments of the adductor magnus from the ischial 


ramus, allowing removal of the specimen (see Fig. 
24-39F). 

■ The procedure can be modified so that uninvolved por¬ 
tions of the innominate bone are spared. 

■ Cover the exposed fémoral neck with one of the adjacent 
divided muscles. Close the wound in layers. 

POSTOPERATIVE CARE. The patient is placed in a hip 
abduction brace. Non-weight-bearing ambulation is con- 
tinued for 6 weeks. The abduction brace is then discon- 
tinued, and the patient may progress weight bearing as 
tolerated. After several months, walking with the aid of 
a single cane may be possible. 


RESECTION OF THE 
SACROILIAC JOINT 

The sacroiliac joint can be resected using a combined pos¬ 
terior and anterior approach. The surgical team includes 
a general surgeon, a neurosurgeon, and an orthopaedic 
surgeon. 


TECHNIQUE 24-13 


■ Place the patient in the latéral decubitus position with the 
affected side uppermost. Préparé and drape the trunk 
and affected extremity to below the knee. 

■ Make an L-shaped incision with the vertical portion along 
the lumbar spinous processes and the transverse portion 
extending from the distal end of the vertical incision along 
the iliac crest and onto the lower abdomen. 

■ Dissect subperiosteally the sacrospinalis along the side of 
the lésion and divide it at its sacroiliac origin. 

■ Identify the L4, L5, and SI nerve roots and dissect them 
laterally to the région of the sacroiliac joint. 

■ Dissect the gluteal musculature from the external surface 
of the ilium subperiosteally and dissect the anterior 
abdominal wall musculature and iliacus from the inner 
surface of the ilium. 

■ Push the ureter and great vessels anteriorly by blunt rét¬ 
ropéritonéal dissection. 

■ Divide the ilium and sacrum with a Gigli saw and ostéo¬ 
tomie, carefully protecting the L4, L5, and SI nerve roots. 
Remove the lésion and the contiguous sacrum and ilium. 

■ Insert suction drains and approximate the sacrospinalis 
and iliacus muscles, the abdominal wall musculature, and 
the gluteal musculature. 

POSTOPERATIVE CARE. Non-weight-bearing ambula¬ 
tion is permitted with a walker for 6 weeks and then 
gradually increased weight bearing as tolerated is allowed 
over the next several weeks. 


RESECTION OF THE SACRUM 

Sacral tumors, such as giant cell tumor or chordoma, are 
probably best resected using a combined anterior and pos- 
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Karakousis and Vezeridis resection of innominate bone. A f Rétropéritonéal space has been entered. Inferior epigastric 
vessels are ligated and divided. B, Rectus muscle has been severed from pubic crest. Symphysis pubis is divided with Gigli saw. C f Bundle 
of iliofemoral vessels, fémoral nerve, and psoas muscle is protected with tape. Adductor muscles hâve been severed from their origin. 
Neck of fémur is divided. D f Sciatic nerve is retracted with tapes, and sacroiliac joint, exposed posteriorly, is to be divided with ostéo¬ 
tomie. E f Lumbosacral trunk is retracted, and bone is divided through sacral ala when tumor is adjacent to or involves sacroiliac joint. 
F, After removal of hemipelvis, bundle of iliofemoral vessels, fémoral nerve, and psoas muscle and sciatic nerve are shown retracted 
with tapes. (From Karakousis CP: Internai hemipelvectomy, Surg Gynecol Obstet 158:279, 1984.) SEE TECHNIQUE 24-12. 
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[yp Internai hemipelvectomy. A f Anteroposterior radiograph. Arrows point to lytic lésion. B f MR image shows osteosar- 
coma in 57-year-old man. C f Extensile approach is used, and external iliac vessels, fémoral nerve, and spermatic cord are isolated. 
D f Hemipelvis has been removed. AN major neurovascular structures were protected. E f Resected specimen. F f Postoperative anteropos¬ 
terior radiograph. SEE TECHNIQUE 24-12. 
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terior (abdominosacral) exposure. A team consisting 
of a general surgeon, a neurosurgeon, and an orthopaedic 
surgeon makes the operation easier and safer. A preopera- 
tive bowel préparation is recommended. 

Stener and Gunterberg described a technique for near- 
total resection of the sacrum. Combined anterior and 
posterior exposures are required. If the rectum must be 
sacrificed, the operation starts anteriorly, continues poste- 
riorly, and finishes anteriorly; if the rectum can be saved, 
the operation starts anteriorly and finishes posteriorly. The 
anterior exposure is performed with the patient in the 
lithotomy position; the posterior exposure is accomplished 
with the patient prone. 


TECHNIQUE 24-14 


(STENER AND GUNTERBERG) 

■Close the anus (temporarily if the rectum is to be pre- 
served) by suture. Make an incision across the lower 
abdomen. Divide the rectus abdominis bilaterally 1 cm 
above the pubis and eut through the remainder of the 
abdominal wall musculature bilaterally along the latéral 
borders of the rectus sheath. Push the peritoneum aside 
to expose the common iliac vessels. Continue the sub¬ 
peritoneal dissection bilaterally until the right and left 
dissections meet under the rectum, exposing the sacral 
promontory. 

■ If the rectum is to be resected, incise the peritoneum in 
the midline and divide and ligate the superior rectal 
vessels. 

■ Divide the bowel at the rectosigmoid junction and close 
both ends by invagination. 

■ Divide and ligate the middle rectal vessels and incise the 
inferior peritoneal reflection. 

■ Dissect the rectum from above as far distally as possible; 
make an inverted-U incision around the anus and dissect 
from below the anal canal and rectum anteriorly and on 
each side as far proximally as possible. 

■ Divide and ligate the internai iliac artery and vein and the 
latéral and middle sacral vessels. If the resection is to be 
carried out above the level of the SI roots, also ligate and 
divide the iliolumbar vessels. 

■ Strip the periosteum from the most proximal portions of 
the sacrum and distally to the level of osteotomy. 

■ Locate the sympathetic trunk and divide it where it passes 
anterior to SI. Laterally identify the lumbosacral trunk so 
that it can be protected at the time of osteotomy. If the 
SI roots are to be saved, expose them where they emerge 
from the first anterior sacral foramina. 

■ Osteotomize the anterior sacral cortex at the appropriate 
level and carry the osteotomy laterally past the sacroiliac 
joint on each side. 

■ Close the anterior wound (temporarily if the rectum was 
resected) and turn the patient prone. 

■ Make a vertical elliptical incision including any biopsy site 
and the skin and subeutaneous tissue overlying the sacral 
hiatus through which tumor might hâve penetrated. If 
the rectum has been resected, the incision joins the previ- 
ously made inverted-U incision around the anus. Superior 
to the skin to be removed, extend a midline incision 
proximally far enough to expose the posterior éléments 
of L5. 


■ Raise skin flaps bilaterally and transect the gluteus 
maximus well away from the sacrum. 

■ Divide the piriformis muscle at its musculotendinous junc¬ 
tion. Ligate and divide the superior and inferior gluteal 
vessels. 

■ Preserve the superior gluteal nerve. 

■ Divide the sacrotuberous ligament at the ischial tuberosity 
and release the sacrospinous ligament and coccygeus 
muscle by osteotomizing the ischial spine. 

■ If the rectum is to be spared, release the bands attaching 
the anal canal to the coccyx. If the rectum is resected, 
divide the levator ani bilaterally. 

■ Divide the sacrospinalis muscles transversely at the lum¬ 
bosacral level. 

■ If the SI nerves are to be preserved, perform a partial 
laminectomy at the L5-S1 level. If the SI nerves are to be 
sacrificed, perform a complété laminectomy at L5 and 
remove the lumbosacral ligamentum flavum. 

■ At the appropriate level, ligate and divide the durai sac. 

■ If the SI nerves are preserved, make the sacral osteotomy 
between SI and S2 with the inferior half of the canals of 
the SI roots being included in the specimen. Guide the 
osteotomy from a posterior direction by palpating the line 
of osteotomy previously made in the anterior sacral 
cortex. A probe also may be introduced into the SI canal 
starting posteriorly. 

■ Divide the remaining sacral nerves where they converge 
to form the sciatic nerve and remove the specimen. 

■ If the SI nerves are sacrificed, make the osteotomy 
through SI above the SI root canals. It is helpful to make 
a deep notch in the iliac crest at the level of the L5 trans¬ 
verse process so that the anterosuperior surface of the 
sacral wing and the sacroiliac joint can be palpated from 
behind. 

■ Make the osteotomy 1 cm posteroinferior to this surface 
in a plane parallel to it. Palpating the previously made 
osteotomy in the anterior cortex of the sacrum and ilium 
also guides the plane of osteotomy. 

■ Divide the sacral nerves and remove the specimen. 

■ Close the posterior wound over drains. 

■ If the rectum has been resected, turn the patient supine 
and reopen the anterior wound. Close the pelvic portion 
of the peritoneum and perform a sigmoid colostomy. The 
sigmoid mesentery can be used to repair the peritoneal 
defect in the lesser pelvis. 

■ Close the abdominal wound. 


RESECTION OF THE SACRUM 


TECHNIQUE 24-15 


(LOCALIO, FRANCIS, AND ROSSANO) 

■ Expose the abdominal cavity through a left paramedian 
incision. 

■ Incise the peritoneum of the left lumbar gutter; mobilize 
the colon, identifying the left ureter, and expose the 
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9 peritoneum of the cul-de-sac and reflect the rectosigmoid 
colon anteriorly at the level of the L5-S1 junction. 

■ Expose the upper limits of the tumor distal to the level of 
the levators and identify the latéral extension of the 
tumor. 

■ Ligate the middle sacral vessels and latéral sacral veins. 
Replace the colon in its original position and close the 
abdomen. 

■ Turn the patient prone, and make a transverse incision 
across the buttocks at the level of the S4 vertebra. Raise 
the lower flap to below the coccyx and the upper flap 
to L5. 

■ Divide the rectococcygeal ligament, reflect the rectum 
anteriorly, and enter the previously opened presacral 
space. 

■ Identify the lower limit of the tumor and then proceed 
with sacral resection, dividing the latéral sacral ligaments. 
Using an osteotome, divide the sacroiliac articulations at 
a level previously determined by the abdominal explora¬ 
tion. Transect the sacrum and remove it from the field. 
Make no attempt to preserve the sacral nerves below the 
level of transection. 

■ Close the posterior wound over suction drains. 


Localio et al. hâve subsequently pointed out that simultane- 
ous anterior and posterior exposure of the sacrum by two 
teams with the patient in the latéral decubitus position may 
be feasible and has the added advantages of less blood loss 
and not having to turn the patient. 


RESECTION OF SACRUM THROUGH 
POSTERIOR APPROACH 


TECHNIQUE 24-16 


(MACCARTY ET AL.) 

■ Place the patient prone and raise the buttocks on a kidney 
elevator (Kraske position). 

■ Make a posterior longitudinal incision in the midline over 
the sacrum and coccyx. 

■ Remove the coccyx and carefully dissect the rectum from 
any presacral tumor mass. 

■ Detach the gluteus maximus, the piriformis, and the coc- 
cygeus muscles and the sacrotuberous and sacrospinous 
ligaments. 

■ Divide the fourth and fifth sacral nerves bilaterally and 
identify and preserve the pudendal nerves. Split the third 
sacral foramen anteriorly and posteriorly; this usually 
makes resecting the distal three sacral segments possible 
without sacrificing the pudendal nerves or either of their 
two components (the second and third sacral nerves). 

■ Divide the arch and body of the sacrum between the 
second and third sacral segments, eut the filum terminale, 
and remove the distal part of the sacrum and the tumor. 

■ When the tumor and consequently the resection extend 
into the proximal sacral segment or the lumbar canal or 
into the sacroiliac joints and ilium, there may be residual 
neurologie déficits. 



FIGURE 


Proximal fémoral biopsy site. 


■ Repair any perforation of the rectal wall or any defect in 
the caudal sac that may hâve been made if the sac 
extends farther distally than normal. 

■ Drain the large dead space that remains; suture the 
gluteal muscles as snugly as possible, and close the sub- 
cutaneous tissues and the skin. 


RESECTION OF VERTEBRAE 

Surgical treatment of tumors of the spine is discussed in 
Chapter 42. 


LOWER EXTREMITY 


RESECTION OF THE 
PROXIMAL FEMUR 

Most tumors of the proximal fémur can be resected with 
adéquate margins, and the reconstruction usually provides 
better function than would be possible after a hip disarticu¬ 
lation. Indications for amputation include récurrent tumor, 
displaced pathologie fracture, or complications from the 
biopsy. Biopsy of the proximal fémur should be performed 
through a round or oval hole placed laterally at the junction 
between the insertion of the abductors and the origin of 
the vastus lateralis (Fig. 24-41). This location minimizes the 
amount of contaminated tissue and the risk of pathologie 
fracture. Although some authors hâve recommended 
reconstruction with an osteoarticular allograft, allograft- 
prosthesis composite, or allograft arthrodesis, we routinely 
use an endoprosthetic reconstruction. Endoprosthetic 
reconstruction provides immédiate stability and quicker 
réhabilitation. Whenever possible, we use a bipolar cup to 
improve stability (Fig. 24-42). Some of the function of the 
abductor mechanism may be preserved by maintaining 
the continuity of the fascia between the abductors and 
the vastus lateralis. If margins will allow a trochanteric 
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Resection of proximal fémur with endoprosthetic reconstruction. 
A f Anteroposterior radiograph of malignant fibrous histiocytoma in proximal fémur of 
43-year-old woman. B, Proximal fémur was resected with wide margins through latéral 
approach. C f Prosthesis cemented into fémur and bipolar component reduced into 
acetabulum. D f Abductors and vastus latéralis repaired through holes in prosthesis. 
E f Postoperative anteroposterior radiograph. 
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The continuity of the fascia between the abduc- 
tors and the vastus lateralis has been maintained to allow easier 
reattachment of the abductors and better function. 



FIGURE 


Latéral incision for resection of the entire 


fémur. SEE TECHNIQUE 24-18. 


POSTOPERATIVE CARE. The reconstructed abductor 
mechanism is protected by an abduction brace for 6 
weeks. Immédiate ambulation is allowed with crutches, 
and later a cane is used in the opposite hand indefinitely. 


osteotomy, a thin sleeve of bone in continuity with the 
fascia proximally and distally may be reattached to the 
prosthesis. If an osteotomy is not possible, the sleeve of 
continuous fascia can be sutured to the prosthesis, allowing 
for easier abductor reattachment and function (Fig. 24-43). 


TECHNIQUE 24-17 


(LEWIS AND CHEKOFSKY) 

■ Place the patient in the latéral decubitus position. 

■ Make a postérolatéral hip incision. 

■ Separate the gluteus maximus at the junction of its proxi¬ 
mal 20% and distal 80%, dividing its fémoral attachment 
2 cm from the linea aspera. Also divide the external rota- 
tors and the proximal portion of the adductor magnus 
2 cm from the fémur. 

■ Identify and protect the sciatic nerve. 

■ Divide the gluteus médius and minimus near their 
attachments to the greater trochanter and the reflected 
head of the rectus femoris. If possible, maintain the con¬ 
tinuity between the fascia of the abductors and vastus 
lateralis. 

■ Incise the hip joint capsule. 

■ At the predetermined level of fémoral osteotomy, expose 
the bone through the vastus lateralis and divide the fémur 
with a power saw. Surrounding soft tissues may be pro¬ 
tected with Bennett retractors. Dislocate the hip and 
divide the iliopsoas tendon, removing the specimen. 

■ Reconstruct the hip using a modular proximal fémoral 
endoprosthesis. Reconstruct the abductor mechanism by 
reattaching the remaining gluteus médius and minimus 
tendons through holes in the trochanteric area of the 
prosthesis. The abductors also should be sutured to the 
iliotibial tract if this attachment has been disrupted during 
the resection. This may require proximal release of the 
muscles from the ilium or lengthening by multiple relax- 
ing incisions. The abductors are best placed in the neutral 
axis of the fémur. 

■ Insert suction drains. 


RESECTION OF ENTIRE FEMUR 

Lewis described a technique for resection of the entire 
fémur and reconstruction using hip and knee replacement 
arthroplasty. 


TECHNIQUE 24-18 


(LEWIS) 

■ Make a latéral incision extending from 10 cm proximal to 
the greater trochanter along the latéral aspect of the 
fémur and curving anteriorly to end just distal to the tibial 
tuberosity (Fig. 24-44). 

■ Divide the fascia in line with the skin incision, flex the 
knee, and identify the common peroneal nerve posterior 
to the biceps femoris tendon. 

■ Incise the latéral head of the gastrocnemius and identify 
the popliteal artery and vein. Divide the geniculate 
branches, allowing the popliteal vessels to fall away from 
the fémur. Dissect the vascular bundle to the adductor 
hiatus and incise it. Dissect the peroneal nerve to its junc¬ 
tion with the sciatic nerve. 

■ Detach the gluteus maximus from its fémoral insertion, 
detach the external rotators from the fémur, and identify 
the proximal portion of the sciatic nerve. 

■ Detach the gluteus médius and minimus near the greater 
trochanter. Maintain continuity of the fascia between the 
abductors and the vastus lateralis. 

■ Ligate the branches of the médial fémoral circumflex 
artery and vein and detach the adductor muscles from 
the fémur. 

■ Enter the knee joint through a latéral parapatellar capsu- 
lar incision. Leave the articularis genu and vastus inter- 
medius attached to the fémur. Resect the other portions 
of the quadriceps as appropriate. 

■ Dislocate the patella medially and incise the iliotibial 
band, fibular collateral ligament, and latéral capsule. 
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■ Detach the cruciate ligaments, popliteus and plantaris 
tendons, médial capsule, tibial collateral ligaments, and 
médial head of the gastrocnemius. 

■ Elevate the distal fémur and incise the remaining muscle 
attachments from distal to proximal. 

■ Ligate the perforating vessels. 

■ Detach the iliopsoas, incise the hip joint capsule, and 
remove the specimen. 

■ Implant a custom-designed total fémur and close the 
wound over suction drains. Depending on the nature of 
the soft-tissue resection, gastrocnemius or free vascular- 
ized muscle flaps may be required. 

■ Proximally suture the iliotibial band to the vastus lateralis 
and gluteal musculature. 

POSTOPERATIVE CARE. The hip is protected with an 
abduction brace for 6 weeks. Protected ambulation is 
begun immediately. Knee range of motion is begun as 
soon as the wound seems stable. 


■ RESECTION OF THE DISTAL FEMUR 

The distal fémur is the most common location of primary 
malignancies of bone. Tumors in this location rarely involve 
the joint or neurovascular structures. Biopsy specimens of 
distal fémoral lésions may be obtained through an anterome- 
dial or antérolatéral approach. Dissection should proceed 
directly through the vastus medialis or vastus lateralis, taking 
care not to raise flaps, not to contaminate the joint space, and 
not to contaminate the popliteal space. A tourniquet should 
be used during the biopsy, and strict hemostasis should be 
obtained before closing to decrease the potential of hema- 
toma formation. The soft-tissue component of the lésion 
should be sampled, if possible. If a hole must be made in the 


bone, it should be circular to minimize stress concentration, 
reducing the risk of a pathologie fracture (see Fig. 24-41). 

Reconstruction options include arthrodesis, osteoarticular 
allograft, allograft-prosthesis reconstruction, and endopros- 
thetic reconstruction. We use endoprosthetic reconstructions 
most often (Fig. 24-45), although arthrodesis is a reasonable 
option in a young person who wishes to perform heavy labor. 
If the knee joint is involved with tumor, considération should 
be given to a primary transfemoral amputation or extraar- 
ticular resection. In young children in whom leg-length dis- 
crepancy would be a difficult problem, we most commonly 
use an expandable prosthesis. 


INTRAARTICULAR RESECTION OF THE 
DISTAL FEMUR WITH 
ENDOPROSTHETIC RECONSTRUCTION 


TECHNIQUE 24-19 


■ Resect the distal fémur through a médial or a latéral inci¬ 
sion, depending on where the biopsy was done. Make a 
longitudinal incision, incorporating an ellipse around the 
biopsy scar. Resect the biopsy track en bloc with the 
specimen. 

■ If an intraarticular resection is to be done, inspect the joint 
early to confirm that it is not contaminated with tumor. 
(If the joint is unexpectedly involved with tumor, the 
wound should be closed in layers and definitive treatment 
should be delayed until options can be discussed again 
with the patient and family.) 

■ Raise large médial and latéral flaps. Make these flaps as 
thick as possible to preserve the blood supply to the skin. 
Dissect deep to the rectus femoris, quadriceps tendon, 



Resection of distal fémur and endoprosthetic reconstruction in 36-year-old woman with osteosarcoma. A and 
B f Anteroposterior and latéral radiographs show osteosarcoma of distal fémur. 


Continued 
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■awumEEgEggffigfc C f Plane between fémoral vessels (arrows) and tumor is developed. D f Osteotomy performed with oscillating 
saw. E f Curet used to obtain specimen for frozen section to check marrow margin. F f Distal fémur resected. G f Resected specimen and 
prosthesis. H, Prosthesis cemented into fémur and tibia. 
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9 and patella. The vastus intermedius may be left intact 
with the portion of distal fémur to be removed. Flex the 
knee to take tension off the posterior tissues. 

■ Dissect the popliteal vessels, taking care to ligate any 
branches to the tumor. 

■ Isolate and protect the tibial and common peroneal 
nerves. 

■ Incise the knee joint capsule and ligaments to allow better 
exposure for dissection around the distal fémur. 

■ Leave a cuff of normal muscle over the tumor. Divide 
remaining muscles just off their respective origins and 
insertions into the fémur. 

■ Before the fémoral osteotomy, mark the anterior aspect 
of the fémoral shaft proximal to the osteotomy site to 
help with rotational alignment for the reconstruction. 
Make an osteotomy of the fémur with a wide margin 
proximal to the most proximal extent of marrow involve- 
ment as determined by preoperative MRI. 

■ Remove the tumor from the operative field. 

ENDOPROSTHETIC RECONSTRUCTION WITH 
ROTATING HINGE 

■ If the anterior aspect of the fémoral shaft has not already 
been marked, do so at this time using the specimen to 
help with orientation. (The linea aspera should not be 
used as a reference point because its rotational orienta¬ 
tion varies.) 

Before removing the resected specimen from the opera¬ 
tive field, measure its length. In an adult, this length 
should be restored by the prosthesis. In a skeletally 
immature patient, the prosthesis may be 1 cm longer 
than the resected specimen to help compensate for 
future growth. 

■ Use alignment guides to make the proximal tibial eut 
perpendicular to the tibial shaft and préparé the proximal 
tibia using the provided instrumentation. 

■ Ream the fémoral canal to accept the largest stem pos¬ 
sible. The stem should be at least 12 cm long. (If the 
length of proximal fémur remaining is less than this, 
considération should be given to using a prosthesis that 
gains fixation in the fémoral head or using an allograft- 
prosthesis composite reconstruction.) 

■ Place the trial components and move the knee through 
a full range of motion. Cernent the fémoral and tibial 
components into place in the proper orientation, specifi- 
cally avoiding internai rotation of the fémoral component 
that could resuit in patellar maltracking. Close the wound 
over drains. Local or free flaps may be necessary for 
closure. 

■ Dress the wound with a bulky dressing and apply a knee 
immobilizer. 

POSTOPERATIVE CARE. Protected ambulation with 
crutches and a knee immobilizer is begun on the first 
postoperative day. Drains are left in place until output is 
minimal. Range-of-motion and strengthening exercises 
are begun immediately. Antibiotics are continued until the 
drains are removed and the wound is dry. The knee immo¬ 
bilizer is worn for ambulation until adéquate strength has 
returned. 


RESECTION OF THE PROXIMAL TIBIA 

The proximal tibia is the second most common location for 
primary malignancies of bone. Tumors in this area are typi- 
cally smaller at présentation than tumors in more proximal 
locations. Overall survival for these patients subsequently 
has been better than for patients with more proximal 
tumors. Traditionally, skeletally immature patients with 
proximal tibial tumors hâve been treated with knee disar¬ 
ticulation to preserve the distal fémoral physis and to 
prevent the complication of appositional bone overgrowth. 
Skeletally mature patients hâve been treated with a long 
transfemoral amputation. The overall good function after 
amputation, along with the potential difficulty of recon- 
structing the extensor mechanism, has dampened the 
enthusiasm for proximal tibial resection and reconstruction. 
With routine use of a gastroenemius flap to assist with 
soft-tissue coverage and to help reconstruct the extensor 
mechanism, surgeons are reporting satisfactory results 
after limb salvage surgery. A mobile knee joint with active 
extension is now a reasonable goal for patients who are 
willing to accept the activity restrictions that are mandatory 
after this reconstruction. Patients who wish to be involved 
in sports or heavy labor should strongly consider an arthro- 
desis or an amputation. 

Wide surgical margins usually are obtainable for tumors 
in the proximal tibia because the popliteus muscle and the 
muscles of the deep posterior compartment usually protect 
the posterior tibial artery and the tibial nerve. Biopsy of the 
proximal tibia should be done along the médial subeutane- 
ous surface, taking care not to contaminate the joint space, 
the patellar tendon, or the popliteal space. Contraindica- 
tions to limb salvage include involvement of the popliteal 
vessels, displaced pathologie fracture, récurrent tumor, and 
complications (e.g., infection, hematoma, poorly placed inci¬ 
sion, or joint contamination) resulting from the biopsy. A 
relative contraindication is a very young patient who would 
subsequently develop a leg-length discrepancy; however, 
with the use of modem expandable prostheses, we hâve 
had success with limb salvage surgery even in these 
patients. 


TECHNIQUE 24-20 


Figure 24-46 


(MALAWER) 

■ Make an anteromedial incision starting proximally at the 
distal third of the fémur and extend it distally to the lower 
third of the tibia. Excise any biopsy site with a 2-cm 
margin. 

■ Develop médial and latéral flaps beneath the investing 
fascia. Divide the médial hamstrings proximal to their 
insertions. Mobilize the médial head of the gastroenemius 
muscle and split the soleus muscle to expose the popliteal 
vessels. 

■ Preserve the médial sural artery, the principal blood supply 
of the médial gastroenemius. Apply posterior traction to 
the popliteal artery and identify and divide the anterior 
tibial vessels at the inferior border of the popliteus muscle. 
With a large tumor, the peroneal vessels also may require 
division and ligation. 
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■ If the knee joint is free of tumor, divide the patellar liga¬ 
ment 1 to 2 cm proximal to its insertion. When possible, 
maintain continuity of the fascia between the patellar 
tendon and the antérolatéral fascia of the proximal leg. 

■ Mobilize the popliteal vessels by dividing the inferior 
geniculate vessels; then circumferentially incise the capsule 
of the knee 1 to 2 cm from its tibial insertion. 

■ Divide the cruciate ligaments at the fémur. Keep a portion 
of the anterior tibial muscle on the specimen as well as 
the popliteus and a portion of the soleus muscle. 

■ Identify and protect the peroneal nerve and divide the 
biceps tendon near its insertion, leaving a cuff of normal 
tissue. Osteotomize the fibula if the extraosseous compo- 
nent of the tumor dictate. Leave a sleeve of muscle on 
the proximal tibiofibular joint. If the proximal fibula is not 
involved, préservation of the latéral collateral ligament 
and its attachment to the fibular head provides some 
stability to the reconstructed joint. 

■ Osteotomize the tibia distal to the lésion at a level deter- 
mined by preoperative imaging; divide the intermuscular 
septum and remove the specimen. 

■ If an extraarticular resection is required, the technique is 
similar except that the fémur is osteotomized above the 
capsule of the knee and the patella is split coronally, dis- 
secting the patellar ligament from the underlying fat pad. 

■ Reconstruct the extremity by osteoarticular allograft, 
arthrodesis, or prosthetic implantation. Advance the 
extensor mechanism and attach the remaining patellar 
tendon to the allograft or endoprosthesis. Transpose the 
médial head of the gastrocnemius anteriorly and suture 
it to the remaining anterior muscles as well as the soft 
tissues of the extensor mechanism. A split-thickness skin 
graft is often required because of the bulk of the gastroc¬ 
nemius flap and the loss of tissue coverage from biopsy 
track excision. 

POSTOPERATIVE CARE. Drains are left in place until 
the output is minimal. Antibiotics are continued until the 
drain is out and the wound is dry. Protected ambulation 
is begun on the first postoperative day. We routinely keep 
the knee in full extension for 6 weeks to allow the recon¬ 
structed knee extensor mechanism to heal. Range-of- 
motion exercises are then begun. 


RESECTION OF THE DISTAL FEMUR 
OR PROXIMAL TIBIA WITH 
ALLOGRAFT ARTHRODESIS 

An arthrodesis can be done using an intercalary allograft to 
replace the resected segment. This usually is done with an 
intramedullary nail along with plates at the proximal and distal 
allograft-host junctions. This technique potentially provides a 
stable limb; however, reported complication rates are high. 


RESECTION OF THE 
PROXIMAL FIBULA 

Malawer described a technique for local wide resection of 
proximal fibular lésions. 


TECHNIQUE 24-21 


(MALAWER) 

■ Place the patient semisupine, and préparé and drape the 
entire lower extremity from the toes to above the hip so 
that if a local procedure is found to be inappropriate, 
above-knee amputation is possible without redraping. 
Use a stérile rubber tourniquet at midthigh. 

■ Begin the incision posteriorly 8 cm proximal to the middle 
of the popliteal crease and curve it anteriorly and distally 
across the fibula, ending 5 cm distal to the planned oste- 
otomy. Modify the incision appropriately to incorporate 
any previous biopsy site. 

■ Raise a large latéral flap based in the midline posteriorly 
and make a smaller médial flap to expose the tibial crest. 

■ Expose and divide the common peroneal nerve at the 
biceps femoris tendon. Its branches are sacrificed distally 
when the anterior and peroneal compartment muscles 
are resected. 

■ Find the popliteal vessels and their trifurcation by detach- 
ing the latéral gastrocnemius and soleus through their 
substances near the fibula. If necessary, the proximal 
origin of the latéral gastrocnemius on the fémur can be 
released as well. 



FIGURE 


A-C f Radiographs of a 58-year-old man show malignant fibrous histiocytoma in proximal tibia. 













EEQESEEEmü D f Incision as outlined includes resection of the biopsy track. E f Médial flap is raised to expose vascular struc¬ 
tures posteriorly. F, On the latéral side, the peroneal nerve is dissected and isolated from tumor. G f Intraarticular resection is done 
because joint is not involved. H f Proximal tibia has been removed, and médial head of gastrocnemius has been harvested for extensor 
mechanism reconstruction and coverage. I f Proximal tibial endoprosthesis. J, Patellar tendon is attached to the prosthesis. K f Médial 
gastrocnemius is rotated anteriorly and sutured to latéral fascia. L f Prosthesis is completely covered with soft tissue. M f Skin graft is 
required to complété closure. 
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■ Find and divide the anterior tibial vessels 2 to 3 cm distal 
to the inferior border of the popliteus. Apply traction to 
the popliteal artery, allowing the vessels to fall away from 
the posterior surface of the mass. 

■ Incise the anterior and peroneal compartment muscles 
proximally at their origins and distally at their musculo- 
tendinous junctions. Release the interosseous membrane. 

■ Divide the fibular collateral ligament and biceps femoris 
tendon 2.5 cm proximal to their fibular insertions. 

■ Resect the proximal tibiofibular joint through the tibia. 
Posteriorly, this requires incision of the popliteus muscle. 

■ Repair any resulting defect of the posterior capsule of the 
knee. Reattach the biceps femoris tendon and the fibular 
collateral ligament to the latéral condyle of the tibia. 

■ Rotate the latéral gastrocnemius anteriorly by releasing it 
in the midline posteriorly and distally where it joins the 
soleus. This permits coverage of the exposed popliteal 
and posterior tibial vessels and the bared tibia. The latéral 


sural vessels providing vascular supply to the latéral gas¬ 
trocnemius should be carefully preserved. 

■ Use suction drainage for 3 to 5 days. 

POSTOPERATIVE CARE. Ambulation is begun on the 
first postoperative day with weight bearing as tolerated. 
A hinged knee brace is used for 6 weeks. An ankle-foot 
orthosis is required if the peroneal nerve has been 
resected. 


RESECTION OF THE TIBIAL DIAPHYSIS 

If the extent of a tibial tumor is such that the knee and 
ankle joints can be preserved, and intercalary resection 
should be done with allograft or vascularized autograft 
fibular reconstruction (Fig. 24-47). 



Intercalary tibial allograft in 11-year-old boy 
with Ewing sarcoma. A f Allograft fashioned to match resected 
specimen. B and C f Allograft placed in defect and fixed with 
distal tibial locking plate. D and E f Postoperative anteroposterior 
and latéral radiographs. 
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RESECTION OF THE DISTAL THIRD OF 
THE FIBULA 

The distal third of the fibula can be resected without recon¬ 
struction and without creating significant instability or 
valgus deformity (Fig. 24-48 and 24-49). 


TECHNIQUE 24-22 


■ Place the patient supine with a nonsterile tourniquet on 
the ipsilateral thigh. A sand bag can be placed under the 
buttock to aid in exposure by allowing internai rotation 
of the extremity during the procedure. 

■ After gravity exsanguination, make a direct latéral incision 
spanning the extent of bone to be resected. Any biopsy 
site should be incorporated and maintained with the 
resected specimen throughout the entire case. 

■ Raise anterior and posterior flaps to expose the bone and 
any soft-tissue component associated with the tumor. 

■ Identify any sensory branches of the superficial peroneal 
nerve in the proximal aspect of the wound coursing 
anteriorly and preserve them if they are not involved in 
the tumor. 

■ Retract the peroneus longus and brevis tendons posteri- 
orly and dissect around the latéral malleolus leaving a cuff 
of normal tissue. 

■ Make the fibular osteotomy proximally at a level deter- 
mined by preoperative imaging (i.e., MRI) and retract the 
eut end out of the wound. 

■ Dissect distally to excise the remaining soft-tissue attach- 
ments between the distal tibia and latéral malleolus. 
Divide the ankle ligaments. 

■ Deliver the specimen from the wound and release the 
tourniquet. After achieving hemostasis, close the wound 
over suction drainage in a standard fashion. 

■ Apply a short leg posterior splint. 


■ RESECTION-ARTHRODESIS OF THE ANKLE 

Rarely in our expérience is a lésion in the distal tibia best 
treated by wide resection arthrodesis of the ankle. The mor- 
bidity and prolonged recovery must be balanced against the 
almost certain satisfactory function of below-knee amputa¬ 
tion and prosthetic fitting. Lewis advocated a longitudinal 
anterior approach; Enneking recommended parallel médial 
and latéral incisions. Reconstruction after resection of 
the distal tibia is accomplished by autograft or allograft 
arthrodesis. 

■ RESECTION OF THE TALUS 

In our expérience, resection of the talus is rarely necessary. 
Wide resection of the talus can be accomplished through an 
extended antérolatéral approach to the ankle and hindfoot 
(see Chapter 1). If a portion of the head and neck can be 
spared, a Blair fusion provides a good reconstruction (see 
Chapter 11). If total resection is necessary, calcaneotibial 
fusion is advisable. 


ROTATION PLASTY 

In 1975, Kristen, Knahr, and Salzer first reported using the 
Borggreve rotationplasty in the treatment of distal fémoral 
osteosarcoma as an alternative to amputation. The technique 
subsequently has been modified so that lésions in various 
parts of the fémur and proximal tibia can be treated by 
rotationplasty. 

Winkelmann classified rotationplasty into five groups, as 
folio ws: 

Group AI—Lésion in distal fémur. The distal fémur, knee 
joint, and proximal tibia are resected; the lower leg is 
rotated 180 degrees, and the tibia is joined to the remain¬ 
ing fémur (Fig. 24-50). 

Group AU—Lésion in the proximal tibia. The distalmost 
fémur, knee joint, and proximal tibia are resected. After 
rotation of 180 degrees, the distal tibia is joined to the 
distal fémur (Fig. 24-51). 

Group BI—Lésion in the proximal fémur sparing the hip joint 
and gluteal muscles. The upper fémur and hip joint are 
resected, and the leg is rotated 180 degrees. The distal 
fémur is joined to the pelvis so that the knee functions as 
the hip and the ankle functions as the knee (Fig. 24-52). 
Group BII—Lésion in the proximal fémur with involvement 
of hip joint and contiguous soft tissue. The upper fémur, 
hip joint, and lower hemipelvis are resected, and the leg 
is rotated 180 degrees. The remaining fémur is joined to 
the remnant of the ilium so that the knee functions as a 
hinged hip joint and the ankle functions as the knee (Fig. 
24-53). 

Group Bill—Lésion in the midfemur. The entire fémur is 
resected. The tibia is attached to the pelvis using an endo- 
prosthesis (Fig. 24-54). 


ROTATIONPLASTY FOR A LESION IN 
THE DISTAL FEMUR 


TECHNIQUE 24-23 


(KOTZ AND SALZER) 

■ Make a skin incision in the shape of a large rhombus with 
its long axis on the anterior surface and its two latéral 
points meeting on the posterior surface of the lower limb 
(Fig. 24-55A). Any biopsy track must be entirely within 
the rhombus-shaped area of skin and must be excised en 
bloc with the tumor. The long axis of the rhombus is 
5 to 10 cm longer than the intended length of bone 
resection. 

■ Incise the fascia at the level of skin incision. 

■ Identify and dissect the common peroneal, tibial, and 
sciatic nerves. Next, identify the fémoral vessels proximally 
in the adductor canal and dissect them distally, ligating 
branches as necessary. Resect the vessels with the tumor 
if involved and subsequently reconstruct them. 

■ Expose the fémur and transect it 5 cm or more proximal 
to the proximal margin of the lésion. 

■ Expose the proximal part of the tibia just distal to the 
knee joint capsule and proximal to the anterior tibial 
artery and divide the tibia distal to the proximal physis. 
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Resection of distal fibula in 13-year-old girl with Ewing 
sarcoma. A f Anteroposterior radiograph shows tumor of distal fibula. 
B f Initial MR image. C f MR image after neoadjuvant chemotherapy shows 
decrease in size of tumor. D f Distal fibula resected with wide margins. 
E f Distal fibula has been removed. F f Anteroposterior radiograph at 6 months 
after surgery. Patient is pain free and walks with ankle brace. 
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Long-term follow-up (40 years) of patient with resection of the distal fibula for osteosarcoma. No récurrence, defor- 
mity, instability, or metastasis occurred. A, Preoperative radiograph. B and C f Anteroposterior and latéral radiographs 39 years later. 



M Rotationplasty type Al for a lésion in the distal 
fémur. (Redrawn from Winkelmann WW: Rotationplasty in the local 
treatment of osteosarcoma, Semin Orthop 3:40, 1988.) 


Rotationplasty type Ail for a lésion in 
mal tibia. (Redrawn from Winkelmann WW: Rotationplasty 
treatment of osteosarcoma, Semin Orthop 3:40, 1988.) 


the proxi- 

in the local 
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Rotationplasty type Bl for lésion in proximal 
fémur. (Redrawn from Winkelmann WW: Rotationplasty in the local 
treatment of osteosarcoma, Semin Orthop 3:40, 1988.) 


Rotationplasty type Bill for malignant lésion in 
fémur. (Redrawn from Winkelmann WW: Rotationplasty in the local 
treatment of osteosarcoma, Semin Orthop 3:40, 1988.) 



Rotationplasty type BII for lésion in proximal 
fémur with involvement of hip joint and contiguous soft tissue. 

(Redrawn from Winkelmann WW: Rotationplasty in the local treatment 
of osteosarcoma, Semin Orthop 3:40, 1988.) 


9 " Remove the specimen from the operative field and hâve 
it immediately inspected by the pathologist to ensure 
adéquate margins. 

■ Externally rotate the leg 180 degrees to situate the tibial 
and peroneal nerves on the médial side of the fémur. 




A f Rhomboid-shaped incision for type Al rota¬ 
tionplasty. B f Alternative circumferential thigh incision and fish- 
mouth leg incision. (A redrawn from Kotz R, Salzer M: Rotationplasty 
for childhood osteosarcoma of the distal part of the fémur, J Bone Joint 
Surg 64A:959, 1982; B redrawn from Gebhart MJ, McCormack RR Jr, 
Healey JH, et al: Modification of the skin incision for the Van Nés 
limb rotationplasty, Clin Orthop Relat Res 216:179, 1987.) SEE TECH¬ 
NIQUE 24-23. 


■ Join the fémur and tibia with a compression plate. Before 
osteosynthesis, consider limb length and placement of 
the ankle joint. Because of faster growth of the fémur 
compared with the externally rotated distal tibia, the 
ankle joint (which now serves as the knee joint) should 
be no more than 4 to 6 cm distal to the contralatéral 
normal knee. More exact prédictions of length and 
normal growth can be made by using the Green-Anderson 
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tables. In an adult, the ankle and knee joint should be at 
the same level. 

■ If sacrifice of the fémoral vessels is necessary, reconstruc¬ 
tion should be accomplished within 2 hours, but after 
osteosynthesis is completed. If the vessels are preserved, 
place them in loops between muscles to avoid kinking. 

■ Suture the muscles of the thigh to the fascia of the leg. 

■ During skin closure, redundant skin from the proximal 
portion of the wound can be removed to allow for dif¬ 
férences in the circumference of the thigh and leg. 
Gebhart et al. suggested modifying the skin incision so 
that circumferential thigh and fish-mouth leg incisions are 
used to equalize the circumferences of the incisions in the 
thigh and leg and decrease skin length disproportion (Fig. 
24-55B). 

POSTOPERATIVE CARE. Non-weight-bearing ambula- 
tion is begun initially. At 6 weeks, a temporary prosthesis 
is fitted and progressive weight bearing is allowed. 


ROTATIONPLASTY FOR A LESION OF 
THE PROXIMAL FEMUR WITHOUT 
INVOLVEMENT OF THE HIP JOINT 


TECHNIQUE 24-24 


Figure 24-56A 


(WINKELMANN) 

■ Begin the proximal skin incision medially at the inguinal 
crease and continue it anteriorly over the thigh two fin- 
gerbreadths distal and parallel to the inguinal ligament. 
Curve it upward just distal to the anterior superior iliac 
spine onto the latéral aspect of the thigh. Follow the 
latéral border of the thigh and gluteal fold to join the 
start of the incision medially (Fig. 24-56B). 

■ Measure the distance between the superior border of the 
anterior superior iliac spine and the inferior border of the 
ischium on the anteroposterior radiograph of the pelvis. 



A-D f Technique of type Bl rotationplasty (see text). E-G f Technique of type BII rotationplasty (see text). (Redrawn from 
Winkelmann WW: Flip rotationplasty for malignant tumors of the proximal part of the fémur, J Bone Joint Surg 68A:362, 1986.) SEE TECHNIQUES 
24-24 AND 24-25. 
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This distance is measured proximally from the médial joint 
line on the médial aspect of the thigh. This marks the 
superior extent of the distal skin incision. The distal extent 
of the distal skin incision, which forms an elongated oval, 
is on the latéral aspect of the thigh 6 to 8 cm above the 
latéral joint line. The anterior connecting skin incision 
follows the course of the fémoral artery and vein, and the 
posterior connecting skin incision follows the course of 
the sciatic nerve. The track of any previous biopsy must 
be in the resected part of the lower limb. 

■ Incise the fascia of the thigh in line with the skin incision 
and detach the sartorius muscle from its origin. 

■ Expose the fémoral neurovascular bundle at the junction 
of the saphenous and fémoral veins. Divide the fémoral 
nerve just distal to the inguinal ligament and ligate the 
saphenous vein near its junction with the fémoral vein. 
Dissect the vascular bundle distal to the Hunter canal, 
dividing ail branching vessels as necessary (Fig. 24-56C). 
If the fémoral artery and vein are involved with tumor, 
sacrifice and reconstruct them. 

■ Detach the tensor fasciae latae, rectus femoris, and 
adductor muscles from their origins. 

■ Ligate the obturator nerve, artery, and vein. 

■ Divide the obturator externus near its origin and divide 
the iliopsoas muscle deep to the inguinal ligament. 

■ Posteriorly, detach the gluteus maximus from the fémur 
3 cm from its insertion and reflect it proximally. 

■ Dissect the sciatic nerve distally as far as the inferior line 
of resection. 

■ Preserve the gluteus médius and minimus muscles if pos¬ 
sible. Incise the hip joint capsule circumferentially close to 
the pelvis. 

■ Distally, create a musculotendinous flap of the quadriceps 
mechanism for later suture to the gluteal muscles. Divide 
the hamstring tendons at a point distal enough to allow 
later suture to the iliopsoas. 

■ Détermine the length of the distal part of the fémur to 
be retained by using the anteroposterior radiograph of 
the pelvis. In adults, the inferior border of the fémoral 
condyles should be slightly above the distal border of the 
ischium (Fig. 24-56D). In children, the inferior border of 
the fémoral condyle is positioned 1 to 2 cm below the 
distal border of the ischium. Leave the shaft of the fémur 
only as long as is needed to fix it to the latéral surface of 
the ilium with at least four screws. 

■ After removal of the lésion and proximal fémur, carefully 
support the remaining limb because it is attached only by 
the neurovascular bundle. 

■ Expose subperiosteally the latéral aspect of the wing of 
the ilium. 

■ Rotate the extremity 180 degrees so that the foot faces 
posteriorly. Shape the latéral aspect of the cortex of the 
distal fémur so that the lower limb is in neutral in the 
coronal plane and in 10 degrees of external rotation with 
the knee in full extension when it is apposed to the iliac 
wing. 

■ Fix the fémoral shaft to the ilium with at least four screws 
or bolts. 

■ Suture the muscles with the knee flexed 70 degrees. 
Posteriorly, suture the gluteal muscles to the quadriceps, 
and anteriorly, suture the hamstring tendons to the 


iliopsoas. Position the sciatic nerve and fémoral vessels in 
loops in the subcutaneous space to prevent kinking. 
Excise any redundant skin on the thigh. 


ROTATIONPLASTY FOR A LESION OF 
THE PROXIMAL FEMUR INVOLVING 
THE HIP JOINT 


TECHNIQUE 24-25 


(WINKELMANN) 

■ The proximal extent of resection is determined by the size 
and location of the tumor (Fig. 24-56E). When necessary, 
remove ail the posterior musculature of the hip and the 
sacrospinous and sacrotuberous ligaments from their 
origins and transect the iliopsoas muscle within the pelvis. 

■ Divide the ilium as far proximally as necessary, leaving 
enough to allow fixation of the fémur to the pelvis with 
at least four screws (Fig. 24-56F and G). 

■ Anteriorly, resect the hemipelvis to the symphysis pubis if 
necessary. 

■ If the gluteal muscles are resected, spare the fémoral 
nerve and vessels because the distal and middle parts 
of the quadriceps muscle are used as the hip (knee) 
extensors. 

■ Depending on the level of transection of the iliopsoas 
muscle, leave the flexor tendons of the knee longer or 
shorter as needed. 

POSTOPERATIVE CARE. A single spica cast is applied 
with the anterior half made removable so that passive hip 
exercises can be started soon after surgery. Active exer¬ 
cises of the ankle also are begun soon after surgery, and 
active hip exercises are started after 3 weeks. 
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BENIGN BONE TUMORS AND NONNEOPLASTIC 
CONDITIONS SIMULATING BONE TUMORS 

Robert K. Heck Jr., Patrick C. Toy 


BONE-FORMING TUMORS 896 


Osteoid osteoma 896 

Bone island 901 

CARTILAGE LESIONS 902 

Chondroma 902 

Osteochondroma 903 

FIBROUS LESIONS 906 

Nonossifying fibroma 906 

Cortical desmoid 906 

Benign fibrous histiocytoma 906 


Fibrous dysplasia 

906 

Osteofibrous dysplasia 

907 

Desmoplastic fibroma 

908 

CYSTIC LESIONS 

908 

Unicameral bone cyst 

908 

Aneurysmal bone cyst 

912 

Intraosseous ganglion cyst 

914 

Epidermoid cyst 

914 

FATTY TUMORS 

914 

Lipoma 

914 


VASCULAR TUMORS 

Hemangioma 915 

OTHER NONNEOPLASTIC 
LESIONS 917 

Pagetdisease 917 

"Brown tumor" of 

hyperparathyroidism 918 

Bone infarct 919 

Osteomyelitis 919 

Stress fracture 919 

Posttraumatic osteolysis 919 


This chapter discusses bony lésions that usually do not 
behave aggressively locally and that hâve never been shown 
to metastasize. Most are either asymptomatic or minimally 
symptomatic except when complications, such as a patho¬ 
logie fracture, occur. Many are discovered incidentally (Table 
25-1). 

BONE-FORMING TUMORS 

OSTEOID OSTEOMA 

Osteoid osteoma is a benign neoplasm most often seen in 
young men. Most osteoid osteomas are found in the second 
or third décades of life, but an occasional lésion has been 
reported in older patients. Almost any bone can be involved, 
although there is a prédilection for the lower extremity, with 
half the cases involving the fémur or tibia. The tumor may be 
found in cortical or cancellous bone. Multicentric lésions 
hâve been reported. No malignant change has ever been doc- 
umented. The typical patient with an osteoid osteoma has 
pain that is worse at night and is relieved by aspirin or other 
nonsteroidal antiinflammatory médications. Increased levels 
of cyclooxygenases and prostaglandins hâve been demon- 
strated in the lésions. This fact explains the cause of the 
intense pain as well as the dramatic pain relief that results 
from treatment with nonsteroidal antiinflammatory médica¬ 
tion. When the lésion is near a joint, swelling, stiffness, and 
contracture may occur. When the lésion is in a vertebra, 
scoliosis may occur. Imaging studies usually are diagnostic. 
Biopsy rarely is needed to confirm the diagnosis. The lésion 
consists of a small (<1.5 cm) central radiolucent nidus with 
surrounding bony sclerosis. Plain radiographs often are suf- 
ficient to make the diagnosis. Computed tomography (CT) is 
the best technique to identify the nidus and confirm the diag¬ 
nosis. The lésions demonstrate marked increased uptake on 
technetium bone scans. Magnetic résonance imaging (MRI) 
studies usually demonstrate extensive surrounding edema. 

The microscopie appearance consists of fibrovascular 
tissue with immature bony trabeculae that are rimmed by 


prominent osteoblasts. The appearance is similar to that of an 
osteoblastoma with the exception that osteoblastomas are 
larger. The lésion usually is surrounded by a sclerotic rim. 
There is no nuclear atypia. Osteoclasts and occasional giant 
cells can be seen. There are no aggressive features (Fig. 25-1). 

Multiple treatment options are available, including 
medical treatment, percutaneous radiofrequency ablation, 
and open surgical procedures. If the patients symptoms are 
adequately controlled and the patient is willing to undergo 
long-term medical management, antiinflammatory médica¬ 
tion can be used as the definitive treatment. Patients treated 
in this manner usually expérience spontaneous healing of the 
lésion within 3 to 4 years. 

Most patients with lésions of the pelvis or long bones of 
the extremities can be treated with percutaneous radiofre¬ 
quency ablation (Fig. 25-2). This technique involves a 
CT-guided core needle biopsy affer which a radiofrequency 
electrode is inserted through the cannula of the biopsy needle. 
The température at the tip is increased to 90° C for 6 minutes. 
Multiple authors hâve reported excellent results with this pro¬ 
cedure. It usually is done as an outpatient procedure, and 
patients usually can return immediately to full activity. Récur¬ 
rence rates are less than 10%. The procedure may not be 
indicated for vertébral lésions (because of the risk of thermal 
injury to the spinal cord) or lésions of the small bones of the 
hands or feet (because of the risk of thermal injury to the 
skin). 

Surgical management involves removal of the entire 
nidus. This can be accomplished by curettage or en bloc 
resection. The latter is associated with a low récurrence rate 
but is rarely indicated for lésions in the long bones because 
of an increased risk of postoperative pathologie fracture. 
More often, removal is done using the burr-down technique. 
This method consists of identifying the nidus intraoperatively 
with fluoroscopy and using a power burr to remove the scle¬ 
rotic bone directly over the nidus. (Rarely, intraoperative 
bone scanning using technetium 99m ( 99m Tc) methylene 
diphosphonate is needed to identify the nidus.) The nidus is 

Text continued on page 901 


896 


O 

U 


< 

LU 

CC 


>■ 

O 

O 


O 


< 


O 

< 


< 

te 

O 

O 


O 

< 


c +-> 

*° c 

un — 

9 J 00 
eu .9 
c -O 
eu c 
O _ru 
x en 
O £ c 

O un O 

^ 2 '*» 
> b ( 1 ) 
u Q_ _ 


C 

(U CU 

c es 3 c 

gf 0.0 

g -o -5 ^ is 

< t £ T 3 "§ 

on 3 +J 05 

Z gû a: 


_fD 

o 

V. U 

O 00 
-Q (T! 


eu 

.«£ C 
un O 
O _Q 

v _<U 

o .9--s 

Q- -H r- 

O o eu 

® E" 


C 

O 


_Q 

O 


“O 

eu 

eu "5 
eu c , 


o 
u 
eu 

-Q ^ 
ru un 


O) eu 

un ZS 

O 


O _ O ._ _ 

O O 2 g -O ._ 

O ( 3 — o_ 

fl, u eu ru eu 

H ni j-pv «— o 


ru 

eu ^ 
c eu 
O -c 

Q_ 


=3 O ■ 


S-Sü g 1 ! 

^ £ 2 C ? 

ru +-»+-» c c 


ru 


E -o 

+-> u eu 

3 "y 

5 ^. 
■S =6 "o $ ’ 

u 


•y 

ru 


ru 

eu 


en 

c 

r £ 


"O 

c 

D 

O 


"O 

eu 


£ c 


.E Ï3 


u .tr d, 
c o: u 
— c c 
+r ru 
O T3 u 


eu ^ un 

S - 

S +- o o 9 

> -O ^ CL< 

c -I 1 a- ai g 

■5 c £ - 2 

CL LL 


ru 

£ 

O 

+-> 

Q. 

^ £ 
5 ST 

3 


C 


£ -Q 
eu ■ 
ii en 
+-» c 

x o +-• — 

m OO fl) 


C 

eu 
eu a; 


ru 

eu 

—. on 

— >v 

ru 
eu 


eu et g eu un ru 

CL 


Q_ 

eu 
£ 
Q 


eu 
c 

Q- 9- 


_eu 

ru 


_eu 

ru m 


eu 

"D -O 


> £ 
eu eu 

û- LL 


_9 

ru 

£ 

eu 

H— 

11 

_eu 

ru 


o 


ce 

O 


O 

CO 


' VI/ 

CM 


O 

eu 

t! 

o 

"O 

'o 

eu 


=3 

"O 

< 


"O 

c 

ru 


eu 

c 

o 

GÛ 


o — 


ru 

£ 

O 


CD 

£ _ 
eu ju "9 
~ .9- ° 

^ fJ £ 

4- -5 U 

eu | c £ 
:= £ eu - 

O 


c 

o 

'■M 

C g 
? - 
un 

c 

- ru 


"O 

C 

o £ 


ru 

£ 

o 

u_ 

eu "O 


un 


c 

o 


O M- 

u ru 


o £ 

£ g 


ru 

!c£. 
O |o § 

£ 5»t: E 
E o o g 
o E £ o 

-C —-> +-> U 


U 

'+-> 

r- m— ru 
.2 « | 
■g oi-S 

> {S CL 

S S E 

un il >v 

_Q 3 ^ 
O U 


^ eu 
p> en 
-- _9 
eü t 

Q- 3 

C L= 
O) eu 
C 

eu 

GÛ 


ru 

eu 


_c 

+-> 

en 

+-> 

ru 

> 

4_ 

4_ 

ru 

"O 

eu 

o 

■H 

+-> 

u_ 

O 

■> 

c 

un 

eu 

"O 

Q_ 

eu 

U 

5» 

'+-> 

_QJ 

_c 

eu 

Q. 

u 

_ 

eu 

ru 

D 

Q. 

HH 

fD 

'+-» 

M— 

eu 

c 

o 

_Q 

'~o 

ru 

4— 

U 

'o. 

un 

L. 

eu 

Q. 

"5 

_Q 

un 

H— 

O 

]u 

eu 

u 

£ 

‘c 


— Q_ 
eu çu 


eu 


° S 

■ — ru 
o -° 
a3 .9 



eu 


£ 


O 


-H 


Q_ 

_>v 

£ 

"rü 


O 

un 

eu 

3 



-I 

j§ 2 


ru 

3 '-Q 

_ g e r 

es eu ^9 eo 


£ r £ 

=3 {S 'X 
ü 1 K o 

X ül Û cl 


< 


< 

LU 


_9 

ru 

£ 

eu 

H— 

11 

_eu 

ru 


3 

"O 

< 


ru 

£ 

o 

4_ 

"O 

c 

o 


c 

o 

'-M 

ru 

*/ § 

2 o 

ru s- 
c 2 

- 4_ 

ru -m 


eu 


c 

un ru 

cr~ .e 

ru lu c _ 

il oü 

"S ^ -d Q- 
<u ^_ c 

m £ 


»- — eu 

<D oo fü o c 

^ g e 8 £ 

ooo.S- 
eu .9- g $ £ o 

Ig ±; S u -J a; 

o 3 (U (U > û 


se 

n S 

+-> 

I» 
J. g 

X Uj 


.9 

-m .9 
ru +-» 

£ M- 2 

o “ E 

-MCO 

Q- o 


l-£- CJ -M MJ 

C ~ Q- — 

C £ -M 


5r S 

*° S 

QC 


>v fü 
un U 


> eu 

+-» O 4- 

3 E 1 

E £ S 


^ eu _ 
-gO eu 
.9- en 
o_ ' 
eu 


eu 

"O 
O c 
+-* d 

S rS 


ü g 
eu g 

M O 
ru _Q 


■a c 
c o 
o ■+= 
-O ru 
u u 

-S E 

^ on 
C un 

eu O 


ru 


ru eu 


C 

O c 

3üce: 

E '5 -g E 2 


eu 

_Q 

> 

ru 

£ 


Un jy-, _ 

eu eu O ^ 

un — L» > 


ru 

C 

ru eu 
U c 

fr .8 

ru 


Q. 

ru 


eç Q) 


g C >v fU 
O n 3- — 


S tr 

> ru 
O u 


eu un 
o eu 


>v 

m C 
_ fü q 

-5 "O 3 

H- C -P +“’ 

T 1 E ru I u 

0 - O +_»+-> -5 

al t "o £ 

Q. un — un un 1 


en 

c 


> =3 
O -Q 


O on 

u eu 

.£ C 
un O 

_c 

Q_ U) 
eu C 


C 

eu 

a. .9 

as £ 

E -g 

P 


eu 

-d -o 
no 3 
l eu 

^-D 

rsj 


"O 

c 

o 

_c 

u 

O 

eu 




TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS 

FIBROUS LESIONS 

Nonossifying 1st-2nd Male=female Metaphysis of Asymptomatic; Géographie, Bland-appearing Observation Jaffe-Campanacci 


_CD 

Q_ 


O 

Q. 


f o«i 

1 5 -Î 5 

2 g £ Èj 

■g c 2 cà 

s 


.2 | 

U 3 
fU -Q 

2 "O 
(U 
H3 


° 

_Q = 
lo 

O 

û_ 


=3 
C 
CT) 
03 
CL £ 


-Q 

< 

eu 

c 

U 


^ =3 O 

U U \p 
'+-» 05 

O 


<U 


CU 

t- C J 

12 03 eu U 

§. o. £ ~ 

05 


O O 

"O c 


O C _Q 

Q_ "D Q. CU 05 


eu =5 

£ 2 

O _Q 

L. - — 

"O M “ 

C U 

Sr'-g 

-o -k ^ ^ 

^ O lo ^ 

> 03 £ 


_fü 
=3 
« * 


_Q O Q_ 
05 Q- w 
N 1 ^ 

05 


05 

£ 

05 g 
ÏJ -H 

-o .£ £ 


eu 

05 >> 

— 

fü ro 

fc 5 


eu 

> 


05 


13 - 

eu -J-J eu 
05 S S Q. 

03 ï. +J 


ij 13 05 

£ tl £ 

=5 £ 

U LL. 


eu 

lo 

_Q 

O 


eu 

05 

05 


o 

U 


*+r 05 

° E u» 
c '~o £ 

° S3t; 

$ 


05 

>. £ 


> '+-> 

-C 05 

g-* ^ 

O H—-HH 


lo eu 


o E 


eu 

i: eü 

Q_ > 
*- i/i (U 

O o 1/1 

1^0 

T3 to h— 


U CÛ 


eu 


eu o 


05 


= .£ Û. S, 

eu 05 

U "O P 05 

eu E = 

05 o O x 

c H- u ■- 


eu i- 05 + J 

t O _ <? 


05 

C 

■— LO 


05 


'd — C 


eu o 

e ° 

S. £ 

05 


2 eu 8 "O £ ju 

S, 03 05 o 

05 £ fp -o c 

= o -o £ £ t 

o £ c CL J- -8 

U I/I Hi i/l IQ 1/1 

m 


P x 


03 


05 O 

£ Z 


C i/i 

eu eu 


i - 

> o 


.2 (O 
CL O 
H LO O 

1 2=9 

05 O ^ 

eu JD 03 


lo i/i eu eu 


C 'lo 03 (U 

U — ^ C _LÜ 

’i- -n £ O O 

S Q- -Q -Q 

ë "S 2 05-2 

u u eu c +: 

£ -2 £ _2 3 


> eu 

n .£ 

■H H" 

> ^ 

£ "O 


.2 05 03 eu 

CU -7-J H LO 

5 1 

lO H- £ ^ 

C O O 

'ai c ej m 


eu 

x 

05 P 


_ . t 

’iô O o 

o Q- "O U 


eu 


"O 

eu 

-H 

_eu 

o 

-Q 

O 


u 

+-» +- 1 
C o 

8 -2 
Tü S — ^ 

l_ O 


T 


T- O j- 

5 u t c 
5 2 V: 


u» 8 

S8 c = 

"55 2 2 

■6 S 
2 °- 
2 Q. 

O 05 

U 


> eu 

n .£ 

■H H" 

> eu 

^ "O 


_>% 

"ëü 


Q. 
C 2 

o ■- 


= > eu 


eu 05 lo 


05 

o eu 

o o 


"o o. .2 ai 

? c ^ c ® 2 

.E o =3 Q_ v+I 


^ £ 
5 ST 

O 05 


03 

Q_ 

eu 

> 


05 

O 


C 

o 


.2 


^ lo -h eu 

^3 C ^ E 

■F o eu C E 
| g £ b 2 
C o 5 O i 

D 10 

Û. û U LU 


eu 

c 

O 

_Q 

05 

C 

o 


.2 î£ 

T3 "s* 

eu — ^ 
£ _ 2 o. 

2 JS r ” 

sïgï 

g "a h- E 

ü_ 


.12 o 
> £ 
eu eu 

û- Ll_ 


| 

« !° 


_2 

eu 


_2 

05 

£ 

eu 


_2 

05 


_2 

05 


eu 

"O 

05 

u 

eu 

"O 


eu 

"O 

05 

u 

eu 

"O 

"O 

c 

rsj 


eu 

J= "g 

-I—» 03 

LH U 

1 -2 

_C T3 


eu 

■o "S 

no 


I 


eu 


O 

s— 

_Q 


"O 

O 


eu 

"O 


O 

U 


10 05 

11 

5 ç. 

H- U 

c .2 

.05 tî 

CÛ 


>1 

"O 


o 

o 




c 

O 


03 

=3 


3 

“O 
03 d> CU 


eu 


H— 


> 


O 

LO 

> 

'+-> 

03 


C 

>i eu 

eu 

O 

H— 

0 

" 4 —» 

■- en 

C T 3 m 


’ £* ï o 

<U t M— 

en o ^ 

^ u ~G 
LO 


eu 

is +, 

3 c 

U eu 

s-l 
s I 


ru 


*- Q_ -Q 

03 O 
"5 -C flj 
^ +-> +5 
en to 
eu £ O 


«I 

c _Q 


c § 


eu eu 


c 

eu 


O 

£ ^ - 
3 2 _2 ü 


C H- 

— o 
c x 
n ^ 
■- tt 
o 


ru 


en 

c 


Q. 

ru 


_QJ 

ru 

E 

eu 

H— 

II 

_0> 

ru 


eu 

-O -g 
C 2 


O .2 

-9 _E 

‘s s- 

eu 

+-> -q 


c 

eu 

en 

ru 


u 


~ c 

_3 > ru 

"ëü â{ "c 

u 3 -, 
o »/> ;r 

Q.-ÎÛ -g 

x 


c 

o 


lo 


C 

eu 

u 

_3 

O 

T3 

ru 

DÉ 


1* >< 
I <u ^ 


$1 TO 

_ E 

TO TO g 


C 

.9 eu 
c 

S> t- 
n o_ - 
en eu .82 
eu üi rc -h 


03 

E 


'en 

0 

eu 

O 

_Q 


U 

eu 

O 

4—’ 

LO 

LO 

0 

L_ 

3 

L_ 

O 


'en 

0 

L_ 

3 

Q- 

E 

_eu 

c 

-C 

+-> 

03 

■g 

TO 

C 

eu 

c 

0 

.c 

■g 

TO 

>1 

LO 

3 

Q. 

H— 

c 

TO 

+-> 

03 

M— 

< 




< 

Q- 

Q- 



> 

c 

< 


_eu 7 . 
ru fN 


_TO 03 

Q- 2 

g 2 

E -Q 
if cjz 
eu ^ 

Q 


c 

O C 
-£ O 

2 \3 


° x .-t: 

_Q 2 -M 
_Q lo 

C ^ -Q 


> o 


C lo - 

O "O ^ 

> -m 't; 2 2 -m 

S ? ,® aj Î5 2 

2 S--E Jft £ w S 


eu 

en 

ru 

eu 


O < 


U 


“O 

eu 

"O 

c 

eu 

x 


eu 

en 

03 

£ 


03 03 .!^ 

eü~ — 
+j eu Q- o ï 

eu T3 O _Q °- 


: g 

u 


o ïï 


G 

'3 


"O 

eu 


1/1 i/> 

eu 03 
u — 
03 -Q 
Q. O 
00 


Ç -G 


g O 

"o 8 

= g 

h— ru 


U 


_q en 
s= E 
c c 


5 £ v'v 

04-5,2 
C O u £ 
k- o o 

eu eu ■- c 

I a « I 

u Q- _C _C 

eu 

LO 


C 

03 

lo 

eu 

r? _82 

"o. 0 

S- u 

2 -m 
U C 
03 03 

E 'en 


“O 

eu 

+-> 

ru -M 

U C 

o eu 

— u 


X 

eu 


G "O 


03 

2 ■- 0 

C 

eu 

2 +- 1 
TO ^r 
Q_ O 

_ ! 

L_ 

+-> 

LO 

+-> 

C 

eu 

3 ^ LO 

aï» 

LJ 

C 

O 

X <-» 
® O 

eu 

"O 

U 


U 

Z 



c 

eu eu 
— u 

u ^ 2 

to O 
Q- '~o 
X ru ôj 


C 

eu 


u eu 1 - — ■— 

U 


(U 1/1 
-C "q3 
^ > 

— eu 

03 — 

'€ ! E 

8|s 

C ^ c 
=3 O 


03 

E 

o 


en 

o eu 


. o g 
o_ eu -c tj 


iz c 
> 3 


03 2 

o-4= 


eu 


03 eu 03 

E £ E 

X O X 

o -c o 


_eu 

03 


_eu 7 
ru OM 


03 

3 5 

_ . e: 

03 (U & 03 


2 E — 2 

'x o 'x 


l_ c 
eu eu 


eu o eu 

_ 

û û_ LO 


o ■- 


eu 

"o "g 
c 03 

^ GU 
4^ -o 


eu 

c 

O 

_Q 


O — 
ïô 2 

y eu 

ri 2 


>- 


03 to 

.E >1 
c u 
3 


_GJ TO 
03 2 

i i 

^ "O 

f 2 

en o_ 


eu 

"S 
c 2 


eu 

c 

o 

_Q 

"ro 

E 

1/1 

3 to 

eu > 
c <-» 
< 


c 

O 


eu 

to 

-Q 

O 


1 ° 

eu S 

3 ï- 5 £ 

£ TO ’io 
■ — — O 
+" 03 h; 
v- u L/ 

■5* o £ 

4—• H— C 


"O C 

eu eu 
c u 

s= _2 

■S 

v "O 


c 

LO (U 


X 
o ’d 
en -m 


_L "O '(/) qj ru 

— 03 <u l- c 

eu l_ _ s_ c 


03 

E 

O 

+-> 

Cl 

E 

> 


>4 

C 

< 


_eu 

03 

E 

eu 

M- 

II 

_eu 

03 


3 

"O 

< 


OÉ 

O 

I— 

>- 

I— 

5 


03 

E 

o 

Q. 


calcification 
Normal fat signal 
on MRI 



O 

LJ 


< 

LU 

CH 


>- 

O 


O 


< 


O 

< 


CH 

Û_ 


Q_ 

< 

CH 

O 

O 


O 

< 


CH 

O 


eu 

c 

O 


C~ lo 

o S 
■■P > 
2 -D 

eu O 
~ _2 
o -Q 

CL 


LO 


"O _ 
CL) 05 
C U 

^ t 
U eu 


eu eu u -t x 
^ m - c O. o 


C 

O 

eu 

U 


m 0? P. O 


C , 
O rsi 


05 2 05 

y. i: 05 5 05 

c eu — (u o _ d _ 

<u -g 05 Q- ^ O 0-^-0 

'P 2 ^ Q- m Q-Q-I- — 

O +-> 05 P 5 05 u ce 


r -n tu 
"TL L> +j to 
,oi C _C (U 
’l- 05 Q) 05 

■° j. â g 

h g .i 


LO 

O 


CH 

< 


2 


O 

+-» 

Q. 

E 

> 

LO 

< 


>s 

"O 

o 

_Q 


_Q 

eu 

t 

5! 


_0> 

03 


QJ 

05 


13 

"O 

< 


05 

C 

05 

E 

eu 

X 


c > 

O -M 

£ eu 

-E 05 
y 05 

c o 


eu 

T "ô 


o 

_eU 

Q. 

O 

eu 

Q. 

c 

>N — 

? C 

O o 


"O 

o 

_Q 


eu 


S £ 
g 2 

05 _ 

LO +-> 

o g 

? y 

5 

< "O 


eu 

c 

O 

_Q 

"O 

eu 


"O 

'o 


s- eu 

E -S 


^ 05 ^ 

° 3 g 

05 g 

E c 


05 


o bo 


§ 5 


eu [O 

= -o 2 g 

q. >.!■ | 

^ QJ (T3 aï C 

05 Q. o i- eu 

C >. lo 03 T3 

.E -C =5 Q. 05 


05 

C 

o 


Q_ ~ 

^ LO E 

2 9 S 

Q_ < _U 

.se2 lo 05 

DÛ Z U 


C 

eu 

eu E 
c eu 
O <-» 

_Q S- 

C — LO 

eu P eu 
> 05 c 


_ep 

O 

U 

LO 

05 

> 

O 


■g 8 - -Q 
Si iH 


5 

8 js 
x- 3 

eu eu 


u t! 


05 

C 

05 


— fü _C O 


§| e 
CÛ ^ 


3 

"o c 

o E 

_Q Q) 

2 ü 

-Q E 

eu LO .b 

t > g 

OJ eu E 

> CL CL 


eu 

u 

c 

05 

_QJ .E 
05 E 

E -g 

"E P 


o 

LO 


< 

—I 

Q_ 

O 

LU 

2 

2 

O 

2 

CH 


05 Q_ 


eu 

-c -g 

+-> 05 

co y 

1 Si 

_C T3 

■M 

LH 


05 

eu 


eu 

05 

05 

CL 


"O 

o 

ir O 

_c +J 
-m eu 

05 D 
o * ^ 

i &=* 

: & g 

I > LO 

i _C D 


eu 

L_ 

_o 

’fü 

■+- 

"Ô3 

c 

eu 


05 

c 


>o _ — 

_Q -K eu 

P '05 5 

£-2 s_ 

E g - ? 

g,— O eu 
b Q- 
E o ?» p 


eu ■- 

05 y 
3 ° 

LO 


05 LO 

O <L> 


<ô £ 
0-4= 


"O 

eu 

LO 

05 

eu 


-o .ïü 
o E 

>, E * Si 

= 3.2S 

05 i- c r 

i Si I 8- 


C 

E 

b 


LO _Q 

f8 8« 

G 5 & S 

(U M- (IJ L 


>>-p O 
05 _c 

E o. 
eu o 

Q. Q_ 
> > 


05 


c 

c eu 

&s a 

8 S ê 5 5 

=3 -M ^ LO 

ü= o 3 2 _E 


eu 

c 05 O 
P C o 

^ c eu 
g =5 > 
n P 


05 

eu 


c - E 
o c o 

'$ s “■ * « 


M- £ 

o S 


- "o ^ 

- LO eu r 
LO O N .E 
eu^03n3O|-5— g_ 


O o 


eu o c Lo y 

— o - E _o -o 

w c (O 2 
g 4= 05 O 0.4= 

CÛ 


È y eu _ 

S « 3-S 

o. E: 05 eu 
E È'S g 
> 


■q eu eu 

05 c c 

eu eu O 

SZ 05-0 


> 

c 

< 


-E 

05 


_E 

05 


o 

"O 

< 







0^: 

ÉjfïÏÏU; 

i ï “ 

5 ; ftj ? a ^pbell-ç 

■ " OPERATIVE S 

n 5 : orthopaeoics 


2017 


•pSÿ_J6J 

www.ketabpezeshki.com 

Campbell's 

Operative Orthopaedics 


M. üy ««• 

wii t«n 
ihCuti 


v 



,>b 

tijl <jm*J 

Jv w ♦♦V wJ 

JU w£i fwtoj lo Ü 






CHAPTER 25 BENIGN BONE TUMORS AND NONNEOPLASTIC CONDITIONS SIMULATING BONE TUMORS 



Imaging studies in 17-year-old girl who complained of left thigh pain for several months. Anteroposterior (A) and 
latéral (B) radiographs of left hip show small radiolucent lésion with thick sclerotic rim of reactive bone, suggestive of osteoid osteoma. 
C, Computed tomography clearly shows nidus and confirms diagnosis. D f Radiofrequency ablation probe placed into nidus under 
CT-guidance. 


removed using curets and sent for pathologie examination. 
The cavity is treated again with the power burr to ensure that 
the entire nidus has been removed. In this manner, only a 
minimal amount of surrounding reactive bone is removed, 
minimizing the risk of subséquent fracture. Récurrence rates 
with this technique are less than 10%. 

A new noninvasive and radiation-free method of treat- 
ment is currently under investigation. Magnetic resonance- 
guided focused ultrasound (MRgFUS) ablation is a technique 
in which ultrasound waves are focused on the osteoid 
osteoma. When high-intensity waves are focused on a single 
point, considérable heat can be generated. MRI is used for 


both lésion localization and température monitoring. Pre- 
liminary studies hâve shown this technique to be safe and 
effective. Larger studies are needed to confirm preliminary 
findings. 

BONE ISLAND 

Bone islands, also called enostoses, are benign lésions of can- 
cellous bone. They usually are asymptomatic and are discov- 
ered incidentally. Almost any bone can be involved, but the 
pelvis and the fémur are the most common sites. It is unclear 
whether they represent a developmental abnormality or neo- 
plastic process. Regardless, most remain quiescent. They are 
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A f Osteoid osteoma in latéral cortex of fémoral 
diaphysis of 16-year-old boy. B, Technetium bone scan shows 
increased uptake in area of lésion. C f Intraoperative photograph 
after burr-down procedure. D f Typical microscopie appearance of 
osteoid osteoma. 


of interest primarily because other, more aggressive, lésions 
are occasionally in the differential diagnosis for patients with 
bone islands. Osteopoikilosis is a rare condition consisting of 
multiple small bone islands throughout the skeleton. Autoso- 
mal dominant and sporadic forms of the syndrome hâve been 
identified. 

Bone islands usually can be diagnosed by plain radio- 
graphs. They typically are small, round or oval areas of homo- 
geneous increased density within the cancellous bone (Fig. 
25-3 A). Radiating spiculés on the periphery of the bone 
islands merge with the native bone creating a brushlike 
border. No bony destruction or periosteal reaction is noted. 
They may show mildly increased uptake on bone scans; 
however, markedly positive scans should raise suspicion of 
more aggressive lésions. CT scans show thickened trabeculae 
that merge with the surrounding bone. MRI usually shows 
well-defined lésions that are isointense to cortical bone and 
thus dark on Tl- and T2-weighted images (Figs. 25-3B and 
C) with no surrounding edema. There are no aggressive 
imaging features. 

The microscopie appearance reflects the imaging charac- 
teristics. Bone islands consist of mature bone with thickened 
trabeculae. At the periphery of the lésion, the lesional tra¬ 
beculae merge with the normal bone. There is no sclerotic 
rim. Occasionally, woven bone is a minor part of the lésion. 

Most patients with bone islands can be treated with 
observation with serial plain radiographs. As long as the 
lésions remain asymptomatic and do not grow, no further 
intervention is indicated. If a patient expériences pain, or if 
the lésion grows, biopsy is indicated to rule out more aggres¬ 
sive lésions, such as a sclerosing osteosarcoma, blastic metas- 
tasis, or sclerotic myeloma. 


CARTILAGE LESIONS 

CHONDROMA 

Chondromas are benign lésions of hyaline cartilage. They are 
common, and ail âge groups are affected. Although any bone 
can be involved, the phalanges of the hand are the most 
common location. They are the most common tumor of the 
small bones of the hands and feet. Chondromas usually are 
asymptomatic and frequently are discovered incidentally 
during an unrelated radiographie examination. They also can 
be discovered after a pathologie fracture. They usually arise 
in the medullary canal, where they are referred to as enchon- 
dromas. Rarely, they arise on the surface of the bone, where 
they are referred to as periosteal chondromas or juxtacortical 
chondromas. 

Multiple enchondromatosis, also known as Ollier disease, 
is a rare condition in which many cartilaginous tumors 
appear in the large and small tubular bones and in the fiat 
bones. It is caused by failure of normal endochondral ossifica¬ 
tion. The tumors are located in the epiphysis and the adjacent 
parts of the metaphysis and shaft, and many bones may be 
affected. Deformities resulting from the tumors include 
shortening caused by lack of epiphyseal growth, broadening 
of the metaphyses, and bowing of the long bones. Multiple 
lésions of the small bones of the hand may cause considérable 
disability. When associated with hemangiomas of the overly- 
ing soft tissues the disease is known as Maffucci syndrome. 
The individual lésions are similar to solitary enchondromas, 
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FIGURE 


A f Bone island in fémoral neck of 30-year-old woman. B and C f Lésion is dark on Tl - and T2-weighted MR images. 


but they hâve a definite tendency to become malignant. 
Approximately 25% of patients with Ollier disease are diag- 
nosed with sarcomas by 40 years of âge. 

Radiographically, enchondromas are benign-appearing 
tumors with intralesional calcification (Figs. 25-4A and B). 
The calcification is irregular and has been described as “stip- 
pled,” “punctate,” or “popcorn.” In the small bones of the 
hands and feet there may be considérable érosion and expan¬ 
sion of the overlying cortex. In more proximal locations (e.g., 
the pelvis, proximal humérus, or proximal fémur), deep end- 
osteal érosion (two thirds of the thickness of the cortex) fre- 
quently indicates a chondrosarcoma. An associated soft-tissue 
mass is never présent with an enchondroma and always indi¬ 
cates a chondrosarcoma. Juxtacortical chondromas usually 
are small (<3 cm), well-defined lésions that frequently appear 
to fit in a saucer-shaped defect on the surface of the bone (Fig. 
25-5). The underlying cortex appears sclerotic, and the edges 
of the lésion appear to be buttressed by a thick rind of cortical 
bone. Plain radiographs usually are sufficient to diagnose a 
chondroma. If the diagnosis is in question, CT is best to 
evaluate endosteal érosion that could indicate a chondrosar¬ 
coma (see Fig. 25-4C). 

The microscopie appearance of a chondroma is that of 
mature hyaline cartilage. Proximally located enchondromas 
should appear bland and hypocellular. Any degree of hyper- 
cellularity or atypia in a proximally located cartilage tumor 
should raise suspicion of a chondrosarcoma. Enchondromas 
of the hand, juxtacortical chondromas, and lésions associated 
with multiple enchondromatosis may be relatively hypercel- 
lular with mild atypia, and still be benign. The différentiation 
of benign from malignant cartilaginous tumors is one of the 
most difficult problems in bone pathology. Ail available tissue 
must be examined, and even then the diagnosis may dépend 
more on the clinical and radiographie features than on the 
microscopie changes. 


Treatment of patients with solitary enchondromas 
usually consists of observation with serial radiographs. If 
the lésion remains radiographically stable and asymptom- 
atic, no further intervention is indicated. If a lésion grows or 
if it becomes symptomatic, extended curettage usually is 
curative. Before recommending surgery for a symptomatic 
lésion, however, ail efforts should be made to rule out other 
possible sources of the patients pain (e.g., rotator euff tear 
in a patient with a proximal humerai enchondroma) (Fig. 
25-6). Récurrence rates are low. Treatment of patients with 
multiple enchondromatosis can be more difficult. Although 
the individual lésions usually are not treated, the more 
obvious deformities can be corrected by osteotomy. These 
patients must also be monitored indefinitely for malignant 
change. 

OSTEOCHONDROMA 

Osteochondromas are common benign bone tumors. They 
probably are developmental malformations rather than true 
neoplasms and are thought to originate within the perios- 
teum as small cartilaginous nodules. The lésions consist of a 
bony mass, offen in the form of a stalk, produced by progres¬ 
sive endochondral ossification of a growing cartilaginous cap. 
In contrast to true neoplasms, their growth usually parallels 
that of the patient and usually ceases when skeletal maturity 
is reached. Most lésions are found during the period of rapid 
skeletal growth. About 90% of patients hâve only a single 
lésion. Osteochondromas may occur on any bone preformed 
in cartilage but usually are found on the metaphysis of a long 
bone near the physis (Fig. 25-7). They are seen most offen on 
the distal fémur, the proximal tibia, and the proximal humérus. 
They rarely develop in a joint. Trevor disease (dysplasia 
epiphysealis hemimelica) refers to an intraarticular epiphy- 
seal osteochondroma. When multiple joints are involved, it is 
usually unilatéral (hemimelica). 
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A and B f Anteroposterior and latéral radiographs of distal fémur of 55-year-old woman show calcified lésion without 
cortical destruction most consistent with enchondroma. C f CT is the best imaging study to confirm that there is no cortical destruction 
that might suggest chondrosarcoma. 




Anteroposterior radiograph of left proximal 
humérus of 18-year-old man with a juxtacortical chondroma. 


Many of these lésions cause no symptoms and are discov- 
ered incidentally. Some cause mechanical symptoms by irri- 
tating the surrounding structures, and rarely one becomes 
painful due to a fracture. False aneurysms of major lower 
extremity vessels as the resuit of pressure from osteochondro- 
mas hâve been reported. Also, neuropathies caused by pres¬ 
sure from contiguous osteochondromas hâve occurred; the 
physical finding usually is a palpable mass. 

Multiple hereditary exostoses is an autosomal dominant 
condition with variable penetrance. Most patients with this 


Anteroposterior radiograph of left shoulder of 
41-year-old woman with proximal humerai enchondroma who 
complained of left shoulder pain with overhead activity. It was 
determined that her symptoms were caused by her rotator cuff. 
She responded well to physical therapy, and the lésion remained 
radiographically stable. 


disorder hâve a mutation in one of two genes: EXT1, which 
is located on chromosome 8q24.11-q24.13, or EXT2, which 
is located on chromosome llpll-12. In this disease, osteo¬ 
chondromas of many bones are caused by an anomaly of 
skeletal development. The most striking feature is the 
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A and B, Radiograph and MR image of osteochondroma on distal fémur of 15-year-old girl. C f Intraoperative pho- 
tograph of lésion. D f Photograph of specimen. E f Photograph of bisected specimen. Cartilage caps are only 3 to 4 mm thick (arrows). 


presence of many exostoses (Fig. 25-8), but disturbances in 
growth also occur, such as abnormal tubulation of bones, 
producing broad and blunt metaphyses, and sometimes 
bowing of the radius and shortening of the ulna, producing 
ulnar déviation of the hand. The disease occurs only 5% to 
10% as often as solitary osteochondroma and is more 
common in males. It usually is discovered at about the 
same âge as the solitary lésion, but doser examination of 
children in families with the disease might lead to earlier 
discovery. 

Osteochondromas are of two types: pedunculated and 
broad based or sessile. Ail gradations between these types 
also occur. Pedunculated tumors are more common, and any 
definite stalk is directed away from the physis adjacent to 
which it takes its origin. The projecting part of the lésion has 
cortical and cancellous components, both of which are con- 
tinuous with corresponding components of the parent bone. 
The lésion is covered by a cartilaginous cap that often is 
irregular and usually cannot be seen on radiographs; occa- 
sionally, calcification within the cap may be seen. Typically, 


the cap is only a few millimeters thick in adults, although 
it may be 2 cm thick in a child. A bursa frequently overlies 
the tumor and may contain osteocartilaginous loose bodies. 
Plain radiographs usually are sufficient to make a diagnosis. 
Occasionally a CT or MRI scan is needed to confirm the 
diagnosis. 

Malignant degeneration is extremely rare. Large sériés 
hâve estimated the incidence of malignant degeneration 
to be approximately 1% for patients with a solitary osteo¬ 
chondroma and 5% for patients with multiple hereditary 
exostoses. However, these percentages were derived from 
pathologie data, and thus there is inhérent bias toward large, 
symptomatic lésions that subsequently underwent resection 
at a referral center. The true incidence of malignant degenera¬ 
tion is much lower than these figures suggest because the true 
prevalence of osteochondromas is unknown. Most patients 
are asymptomatic and never seek medical attention. Malig¬ 
nant transformation should be suspected when a previously 
quiescent lésion in an adult grows rapidly; it usually takes the 
form of a low-grade chondrosarcoma. In these cases, the car- 
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Knees of 22-year-old woman with multiple 
hereditary exostoses. Arrow marks healed fémoral fracture sus- 
tained in postoperative period after resection of one of lésions. 
Note tibial angulation. 


tilage cap usually is more than 2 cm thick. Malignant trans¬ 
formation is best evaluated by CT or MRI. 

Surgery (en bloc resection) is indicated when the lésion 
is large enough to be unsightly or produce symptoms from 
pressure on surrounding structures or when imaging features 
suggest malignancy. On rare occasions the diagnosis of a 
sessile lésion cannot be established by studying the radio¬ 
graphs, and biopsy is indicated. Récurrence is rare and prob- 
ably is caused by failure to remove the entire cartilaginous 
cap. Patients with multiple hereditary exostoses may require 
ostéotomies to correct deformity. 

A similar lésion, subungual exostosis, may develop on a 
distal phalanx, especially of the great toe. Offen there is a 
definite history of trauma. Excision is indicated when éléva¬ 
tion of the nail produces pain. The history and location of the 
lésion distinguish it from a true osteochondroma. 


FIBROUS LESIONS 


There is no periosteal reaction in the absence of a patho¬ 
logie fracture. 

Histologically, the defect is filled with spindle-shaped 
cells distributed in a whorled or storiform pattern. There is 
fibroblastic prolifération with high cellularity. Giant cells and 
foam cells are almost always apparent. 

Most nonossifying fibromas are asymptomatic and 
regress spontaneously in adulthood. Most pathologie frac¬ 
tures can be treated nonoperatively. Lésions may become 
symptomatic and require treatment if they become large or if 
they are subjected to repeated trauma. Some authors hâve 
recommended treatment for lésions that are larger than 50% 
of the diameter of the bone because of a theoretical increased 
risk of pathologie fracture, although this parameter is not 
universally accepted as an indication for surgery. Récurrence 
after curettage is rare (Fig. 25-10). 

CORTICAL DESMOID 

A cortical desmoid is an irregularity in the posteromedial 
aspect of the distal fémoral metaphysis and usually is seen in 
boys 10 to 15 years old. It may be a reaction to muscle stress 
exerted by the adductor magnus. The lésion is best seen on 
an oblique radiograph made with the lower extremity exter- 
nally rotated 20 to 45 degrees. Clinical symptoms, if any, 
include soft-tissue swelling and pain. Radiographs and MRI 
reveal érosion of the cortex with a sclerotic base (Fig. 25-11). 
A biopsy is not warranted. Treatment usually consists of 
observation. 

BENIGN FIBROUS HISTIOCYTOMA 

Benign fibrous histiocytoma is a rare entity that was first 
described by Dahlin in 1978. This lésion occurs most fre- 
quently in the soft tissues and is less common in bone. 
Although it is histologically similar to nonossifying fibroma, 
it is a much more aggressive tumor in its biologie behavior 
and radiographie characteristics (Fig. 25-12). In contrast to 
nonossifying fibroma, which usually is an eccentric metaphy- 
seal lésion, benign fibrous histiocytoma may occur in the 
diaphysis or epiphysis of long bones or in the pelvis. It is 
distinguished further by its occurrence in older patients 
between the âges of 30 and 40 years. Radiographically, benign 
fibrous histiocytoma is a well-defined, lytic, expanding lésion 
with little periosteal reaction. Bone scans usually are mildly 
positive. In contrast to nonossifying fibroma, this lésion 
is considered a true neoplasm. Because of its tendency for 
local récurrence, extended curettage or wide resection is 
recommended. 


NONOSSIFYING FIBROMA 

Nonossifying fibromas (also known as metaphyseal fibrous 
defects, fibrous cortical defects, and fibroxanthomas) are 
common developmental abnormalities and are believed to 
occur in 35% of children. Usually they are found inciden- 
tally. Generally, these lésions occur in the metaphyseal 
région of long bones in individuals 2 to 20 years old. 
Although any bone may be involved, approximately 40% of 
these lésions are found in the distal fémur, 40% in the tibia, 
and 10% in the fibula. On plain radiographs, a nonossifying 
fibroma appears as a well-defined lobulated lésion located 
eccentrically in the metaphysis (Fig. 25-9). Multilocular 
appearance or ridges in the bony wall, sclerotic scalloped 
borders, and érosion of the cortex are frequent findings. 


FIBROUS DYSPLASIA 

Fibrous dysplasia is a developmental anomaly of bone forma¬ 
tion that may exist in a monostotic or polyostotic form. The 
hallmark is replacement of normal bone and marrow by 
fibrous tissue and small, woven spiculés of bone. Fibrous 
dysplasia can occur in the epiphysis, metaphysis, or diaphysis. 
Associated abnormalities, such as sexual precocity, abnormal 
skin pigmentation, intramuscular myxoma, and thyroid 
disease, may be présent. McCune-Albright syndrome refers 
to polyostotic fibrous dysplasia, cutaneous pigmentation, and 
endocrine abnormalities. Mazabraud syndrome is polyostotic 
fibrous dysplasia with intramuscular myxomas. Malignant 
change is extremely rare but has been reported occasionally 
with and without prior radiotherapy. 
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FIGURE 


A and B f Anteroposterior and latéral radiographs of nonossifying fibroma of proximal tibia in a 15-year-old patient. 



A 14-year-old adolescent sustained a patho¬ 
logie fracture through a distal tibial nonossifying fibroma after 
minimal trauma. A f Valgus malunion of distal tibia. B f Two years 
after osteotomy, curettage, and bonegrafting (calcium phosphate/ 
calcium sulfate bone graft substitute), patient was asymptomatic 
and had normal function. 


The radiographie appearance is characteristic, with the 
lucent area having a granular, ground-glass appearance with 
a well-defined sclerotic rim (Fig. 25-13). Occasionally, biopsy 
is necessary to establish the diagnosis. The histopathologie 
appearance is that of irregular woven bone spiculés with a 


fibrous stroma. Small areas of cartilaginous metaplasia and 
cystic changes may be présent (Fig. 25-14). Surgical treatment 
is indicated when significant deformity or pathologie fracture 
occurs or when significant pain exists. Actual and impending 
pathologie fractures are best treated with intramedullary fixa¬ 
tion when possible. Deformities are corrected by osteotomy 
with internai fixation. Because récurrence rates are high after 
curettage and bone graffing, cortical bone graft s are preferred 
over cancellous graffs or bone graft substitutes because of 
their slower résorption. Studies suggest that treatment with 
bisphosphonates is likely to be bénéficiai for patients with 
extensive disease. 

OSTEOFIBROUS DYSPLASIA 

Osteofibrous dysplasia (ossifying fibroma of long bones, also 
known as Campanacci disease) is a rare lésion usually affect- 
ing the tibia and fibula. Patients are usually in the first two 
décades of life. The middle third of the tibia is the most fre- 
quently aftected location, and although the lésion usually is 
diaphyseal, it may encroach on the metaphysis. The tibia is 
enlarged and offen bowed anterolaterally. Pain is usually 
absent unless pathologie fracture has occurred. The radio¬ 
graphs show eccentric intracortical osteolysis with expansion 
of the cortex (Fig. 25-15). Histologie studies reveal zonal 
architecture with loose fibrous tissue in the center of the 
lésion and a band of bony trabeculae rimmed by active osteo- 
blasts at the periphery. The lésion must be distinguished from 
adamantinoma and monostotic fibrous dysplasia. The natural 
course of the lésion is unpredictable. Some lésions regress 
spontaneously during childhood; most progress during child- 
hood, but not after puberty. Récurrence rates are high after 
curettage or marginal resection in children. Conversely, 
récurrence rates are low after surgery in skeletally mature 
patients. Pathologie fractures can be treated nonoperatively. 
Surgical management is aimed at preventing or correcting 
deformity. 
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FIGURE 


images. 


Cortical desmoid of left fémur in an 8-year-old boy. Anteroposterior radiograph (A) and coronal (B) and axial (C) MR 


DESMOPLASTIC FIBROMA 

Desmoplastic fibroma is an extremely rare, locally aggressive 
benign bone tumor. It is similar to, and can be considered the 
bony counterpart of, the much more common desmoid 
tumor of soft tissue. It has been reported in ail âge groups but 
is more common in the second and third décades. The long 
tubular bones are involved most offen, but involvement of the 
skull, mandible, pelvis, and spine has been reported. Pain 
typically is the chief complaint. 

Radiographs typically reveal a well-circumscribed lytic 
lésion with a narrow zone of transition and frequently a thin 
rim of réactivé bone (Figs. 25-16A and B). Cortical destruc¬ 
tion may be présent. The lésion sometimes appears septate. 
On MRI, desmoplastic fibroma, similar to other fibrous 
tumors, may show low signal intensity on T1 - and T2-weighted 
images (Figs. 25-16C and D). Grossly, the lesional tissue is 
dense and tough, resembling the soff-tissue desmoid lésions. 
It also resembles these lésions microscopically; it is hypocel- 
lular and fibroblastic and contains much collagen and few 
mitoses (Fig. 25-16E). 


This tumor does not metastasize, but local récurrence is 
common affer simple curettage. Wide resection is generally 
recommended. Aggressive extended curettage may be a rea- 
sonable option in selected patients to try to preserve better 
function. Adjuvant treatments that hâve been shown to be 
effective for treating soft-tissue desmoid tumors (e.g., radia¬ 
tion, antiinflammatory agents, tamoxifen, and cytotoxic 
agents) may hâve a rôle in treating patients with desmoplastic 
fibromas; however, few data support this approach. 

CYSTIC LESIONS 

UNICAMERAL BONE CYST 

Unicameral bone cysts are common lésions of childhood 
more consistent with a developmental or reactive lésion than 
a true tumor. Eighty-five percent occur in the first 2 décades 
with a 2:1 male prédominance. Any bone of the extremities 
can be affected, but unicameral bone cysts are most common 
in the proximal humérus and fémur. In adults, the ilium and 
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A f Radiograph of a benign fibrous histiocytoma of the latéral malleolus. Low-power (B) and high-power (C) photo- 
micrographs demonstrate the typical histologie appearance of benign fibrous histiocytoma. 



A and B f Anteroposterior and latéral radiographs of right hip of a 22-year-old man with fibrous dysplasia of the right 
proximal fémur who complained of pain after a water-skiing injury. He had no pain before the injury. Symptoms resolved with conser¬ 
vative treatment, and the lésion remained radiographically stable. 
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Typical histological appearance of fibrous 


dysplasia. 



A and B f Anteroposterior and latéral radio- 
graphs of a 10-year-old boy with osteofibrous dysplasia of the 
right tibia. 


calcaneus are more common locations. The lésions are most 
active during skeletal growth and usually heal spontaneously 
at maturity. Unicameral bone cysts often are asymptomatic 
unless a pathologie fracture has occurred. Two thirds of 
patients présent with fractures, which can stimulate the cyst 
to heal. Unicameral bone cysts in the fiat bones are usually 
asymptomatic, found incidentally, and rarely fracture. 

Plain radiographs reveal a centrally located, purely lytic 
lésion with a well-marginated outline and are usually diag¬ 
nostic for a unicameral bone cyst. The cyst may expand con- 
centrically but never pénétrâtes the cortex. Prominent osseous 
ridges on the inner cortical wall may give it a multiloculated 
appearance. No periosteal reaction is présent unless there has 


been a fracture. Occasionally (20%), a thinned cortical frag¬ 
ment fractures and falls into the base of the lésion, confirming 
its empty cystic nature. This “fallen fragment” sign is pathog- 
nomonic of a unicameral bone cyst with a fracture. Unicam¬ 
eral bone cysts start as metaphyseal lésions that abut the 
physis in growing children. With time, they appear to move 
into the diaphysis as the physis grows away from the cyst. 
Unicameral bone cysts are classified as active when they are 
within 1 cm of the physis and latent when they are doser to 
the diaphysis. 

The exact pathogenesis of these cystic lésions is unclear. 
The most widely accepted theory is that a focal defect in 
metaphyseal remodeling blocks interstitial fluid drainage. 
This leads to increased pressure, which leads to focal bone 
necrosis and accumulation of fluid. 

Investigations hâve shown that the cyst fluid contains 
prostaglandins, oxygen free radicals, interleukins, cytokines, 
and metalloproteinases, ail of which may contribute to bone 
résorption. Unicameral bone cysts are filled with a clear 
yellow, serous fluid unless a pathologie fracture has caused 
bleeding into the cavity. A fibrous membrane, usually less 
than 1 mm thick, Unes the cyst wall. The lining of a unicam¬ 
eral bone cyst is composed of fibroblasts, rather than endo¬ 
thélial cells. Deep to this membrane lining, the cyst wall 
consists of fibrovascular tissue with fragments of immature 
bone, osteoclast-like giant cells, mesenchymal cells, and occa- 
sional lymphocytes. 

Small, asymptomatic lésions in the upper extremities can 
be treated with observation with serial plain radiographs. 
Larger lésions (lésions at risk of pathologie fracture), symp- 
tomatic lésions, and lésions in the lower extremities usually 
are treated with curettage (with or without bone graffing or 
internai fixation) or aspiration and injection (often using cor- 
ticosteroids, bone marrow aspirate, demineralized bone 
matrix, or other materials). Pathologie fractures in the 
upper extremity can be treated conservatively because the 
fracture may initiate cyst “healing.” Fractures through uni¬ 
cameral bone cysts in the proximal fémur should be treated 
with curettage, bone graffing, and internai fixation. Flexible 
intramedullary nailing has been used in the fémur and 
humérus and provides early stability, often obviating the need 
for a cast, and decreases the risk of further pathologie 
fracture. 

Corticosteroid injection was introduced as a treatment 
option for unicameral bone cysts in the mid-1970s because 
the récurrence rate after curettage and bone graffing was 
approximately 50%. Corticosteroid injection was described as 
an effective new treatment option that was inexpensive and 
involved less morbidity. The procedure is done with the 
patient heavily sedated or anesthetized. Fluoroscopie guid¬ 
ance is used to observe an 18-gauge spinal needle as it pén¬ 
étrâtes the cortex overlying the lésion at one end of the cyst; 
a second needle is placed at the opposite end. The diagnosis 
of a unicameral bone cyst is confirmed by the efflux of straw- 
colored cyst fluid. Many authors recommend that a cysto- 
gram be done using radiopaque dye and injecting each 
separate cavity if possible. Generally, 80 to 200 mg of méth¬ 
ylprednisolone (Depo-Medrol) is used, depending on the size 
and âge of the patient and the size of the lésion. This tech¬ 
nique is believed to work either by an antiprostaglandin effect 
or by decreasing the pressure of the cyst. If the lésion does 
not show radiographie signs of healing in 2 months, repeat 
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injections should be considered. More than 90% of patients 
can be treated successfully in this manner. 

Other materials used for percutaneous treatment of uni- 
cameral bone cysts include autogenous bone marrow mixed 
with allograff demineralized bone matrix, high-porosity 
hydroxyapatite, calcium sulfate, calcium phosphate bone 
graff substitutes (Fig. 25-17), and cancellous allograff. No 
study has shown the superiority of one type of injection over 
another. Poor prognosis factors for successful percutaneous 
treatment of a unicameral bone cyst include a multiloculated 
appearance, large size, radiographically active lésions, and 
patient âge younger than 10 years. Affer three injections 
without healing, curettage and bone graffing should be 
considered. 

Curettage, bone graffing, and internai fixation should be 
considered for large painful lésions in areas such as the proxi¬ 
mal fémur that are at high risk for fracture. Allograff bone or 
one of the many commercially available bone graff substitutes 
can provide excellent healing without the morbidity of auto- 
graff harvest. 

ANEURYSMAL BONE CYST 

Aneurysmal bone cysts are locally destructive, blood-filled 
reactive lésions of bone and are not considered to be true 
neoplasms. Any bone may be involved, but the most common 
locations include the proximal humérus, distal fémur, proxi¬ 
mal tibia, and spine. Vertébral lésions, accounting for 15% to 
20% of these entities, are located in the posterior éléments 
with frequent extension into the vertébral body or to adjacent 
levels. Most occur in patients younger than 20-years old, and 
there is a slight female prédominance. Most patients with 
aneurysmal bone cysts complain of mild to moderate pain 
that has been présent for weeks to several months. Rapid 


growth can occur and clinically may mimic a malignancy. 
Spinal lésions may cause neurologie déficits or radicular 
pain. 

Radiographs reveal an expansile lytic lésion that elevates 
the periosteum but remains contained by a thin shell of corti¬ 
cal bone. An aneurysmal bone cyst can hâve well-defined 
margins or a permeative appearance that mimics a malig¬ 
nancy. It is most offen eccentrically located in the metaphysis. 
A bone scan shows diffuse or peripheral tracer uptake with a 
central area of decreased uptake. CT is particularly helpful in 
delineating the cyst in areas of complex anatomy, such as the 
spine or pelvis. In addition, the thin rim of bone surrounding 
the cyst can be identified. MRI shows the multiloculated cavi- 
ties and fluid levels. When differentiating between a unicam¬ 
eral and aneurysmal bone cyst using MRI, the presence of a 
double-density fluid level and intralesional septations usually 
indicates an aneurysmal bone cyst. 

An aneurysmal bone cyst can arise de novo, but areas 
similar to an aneurysmal bone cyst are found in various other 
lésions, such as giant cell tumors, chondroblastomas, osteo- 
blastomas, fibrous dysplasia, nonossifying fibromas, and 
chondromyxoid fibromas. Although the pathogenesis is 
uncertain, it is likely that aneurysmal bone cysts resuit from 
local circulatory disturbance leading to increased venous 
pressure and production of local hemorrhage. Grossly, an 
aneurysmal bone cyst is a cavitary lésion with blood-filled 
septate spaces. It is surrounded by a thin layer of bone covered 
by a raised periosteum. The microscopie appearance is of 
hémorrhagie tissue with cavernous spaces separated by a 
cellular stroma. The lining of the cavitary spaces consists 
of compressed fibroblasts and histiocytes (Fig. 25-18). 
Hemosiderin-laden macrophages, chronic inflammatory 
cells, and multinucleated giant cells also are présent. A solid 



A f Anteroposterior radiograph of an 8-year-old girl with pathologie fracture through a unicameral bone cyst of the 
right humérus. B f Immédiate postoperative radiograph after aspiration and injection using a calcium sulfate/calcium phosphate bone 
graft substitute. C f Radiograph at 1 year demonstrating remodeling of the bone graft with no sign of cyst récurrence. 
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Histologie appearance of aneurysmal bone 


cyst. 


variant of aneurysmal bone cyst has been described and fre- 
quently is referred to as giant cell reparative granuloma. 

We treat most aneurysmal bone cysts with extended 
curettage and grafting with a bone graft substitute (Figs. 
25-19 and 25-20). Because the lésion may produce heavy 
bleeding, tourniquet control is advised. Marginal resection 
sometimes is indicated for lésions in expendable bones. 
Lésions in the spine or pelvis can be treated with preoperative 
embolization to minimize surgical blood loss (Fig. 25-21). 
Arterial embolization has been used as definitive treatment 
of aneurysmal bone cysts in locations where curettage would 
be extremely difficult. Low-dose radiation has been reported 
to be an effective method of treatment, offen associated with 
rapid ossification; however, it is not used routinely because of 
the potential for malignant transformation. 

The récurrence rate affer curettage of an aneurysmal bone 
cyst is 10% to 20%. Récurrence has been correlated with âge 
younger than 15 years, centrally located cysts, and incomplète 
removal of the cystic cavity contents. Récurrent cysts can be 
treated with the same approach as the primary lésion. 



A f Radiolucent aneurysmal bone cyst of left proximal tibial metaphysis in a 10-year-old boy. B and C f Coronal and 
axial MR images show multiloculated lésion with multiple fluid-fluid levels consistent with aneurysmal bone cyst. D f Computed tomog- 
raphy shows a thin rim of remaining cortex over the lésion. Biopsy confirmed the diagnosis. 


Continued 
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n E f Intraoperative photograph of multiloculated blood-filled cavity. F, After removal of cyst lining with large 

curets, tumor cavity is enlarged with power bur. G f Tumor cavity is treated with argon beam coagulation. Cavity was packed with 
freeze-dried cancellous bone chips and demineralized bone matrix. H f Postoperative anteroposterior radiograph. I f Radiograph 1 year 
later shows complété remodeling with no evidence of récurrence. 


INTRAOSSEOUS GANGLION CYST 

Ganglion cysts of bone occur typically in the ends of the long 
bones of middle-aged men, particularly the distal tibia, 
although the knee and shoulder are other common areas. 
These cysts are thought to be intraosseous extensions of ganglia 
of local soft tissues. Subperiosteal ganglia also hâve been 
reported. On radiographs and MRI they appear as uniloculated 
or multiloculated, well-demarcated, lytic defects with a thin 
rim of sclerotic bone (Fig. 25-22). Treatment of symptomatic 
lésions is by local excision of overlying soft tissues and curet¬ 
tage of the involved bone. Récurrence is uncommon. 

EPIDERMOID CYST 

Cysts filled with keratinous material and lined with a flat- 
tened squamous epithelium occasionally are seen in bone. 
Microscopically, they resemble epidermal inclusion cysts of 
the skin. In bone, these lésions are known as epidermoid cysts 
and are found most often in the skull. Radiographically, they 
appear as rarefied defects surrounded by sclerotic bone. 
Epidermoid cysts may also be found in the phalanges 


of the fingers (see Chapter 77) and are usually considered 
traumatic. 

FATTY TUMORS 

LIPOMA 

Intraosseous lipoma is a relatively rare lésion, in contrast to 
its soft-tissue counterpart. The true incidence is unknown 
because most are asymptomatic and never corne to medical 
attention. Most intraosseous lipomas are discovered as inci- 
dental findings. The radiographie appearance varies but is 
generally benign. They usually appear as well-defined lucen- 
cies possibly with a thin rim of reactive bone (Fig. 25-23A). 
CT and MRI show well-defined lésions with the same signal 
characteristics as fat (Figs. 25-23B and C). Central necrosis 
or calcification is sometimes évident. Biopsy is rarely neces- 
sary because imaging is usually diagnostic. Surgery is indi- 
cated only for the rare symptomatic lésion. In these cases, 
simple curettage is usually curative. 
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Anteroposterior (A) and latéral (B) radiographs of forearm in a 2-year-old boy demonstrate an aneurysmal bone cyst. 
Anteroposterior (C) and latéral (D) radiographs after extended curettage and grafting with a calcium sulfate/calcium phosphate bone 
graft substitute. Anteroposterior (E) and latéral (F) radiographs 1 year later demonstrate remodeling of the graft material with no sign 
of cyst récurrence. 


VASCULAR TUMORS 

HEMANGIOMA 

Hemangioma is a common benign bone lésion. It is estimated 
that 10% of the population has asymptomatic lésions of the 
vertébral bodies. Hemangiomas are also common in the skull. 
Hemangiomas of the long bones of the extremities are rela- 
tively uncommon. They are usually discovered as incidental 
findings. Spinal lésions are rarely symptomatic unless there is 


vertébral collapse or, in rare cases with soft-tissue extension, 
nerve root or cord compression. 

The radiographie appearance in the spine usually is 
characteristic, with thickened, vertically oriented trabeculae 
giving the classic “jailhouse” appearance (Fig. 25-24). In 
cross-section, these thickened trabeculae hâve a “polka dot” 
pattern on CT. On MRI, the lésions usually are bright on 
Tl- and T2-weighted images. Biopsy is rarely needed to 
make the diagnosis. When performed, however, histologie 
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A f Récurrent aneurysmal bone cyst of left superior pubic ramus in a 14-year-old boy. B, Axial MRI shows multiple 
fluid-fluid levels. C f Appearance 2 years after resection; the patient is doing well with no evidence of récurrence. 



FIGURE 


A and B f Radiograph and coronal MR image show intraosseous ganglion in right proximal humérus of 31-year-old 


woman. 
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A f Intraosseous lipoma in left proximal fémur of 51-year-old man. B f Lésion shows same signal as normal fat on T1- 
and T2-weighted (C) MR images. 



Latéral radiograph of lumbar spine shows 
typical "jailhouse" appearance of hemangioma. 


analysis reveals a prolifération of normal-appearing blood 
vessels. 

Treatment is not usually necessary, but multiple options 
exist for symptomatic lésions. Nerve root or cord décompres¬ 
sion with spinal stabilization is needed for rare cases of ver¬ 
tébral collapse with neurologie compromise. Most lésions 
of the long bones can be treated adequately with extended 
curettage. Preoperative embolization can help minimize 


intraoperative blood loss, which otherwise could be massive. 
Sélective arterial embolization also can be used as definitive 
treatment for symptomatic lésions in surgically inaccessible 
locations. Low-dose radiation is also an option for inopérable 
lésions but carries the risk of malignant degeneration. 


OTHER NONNEOPLASTIC LESIONS 

PAGET DISEASE 

Paget disease is a disorder of uncertain origin. The presence 
of virus-like inclusion bodies in the osteoclasts of affected 
bone has led to the theory that it may be of viral origin, but 
this has not yet been proved. Paget disease may affect 4% of 
people of Anglo-Saxon descent who are older than 55 years, 
but it is rare in most other populations. It is a disorder of 
unregulated bone turnover. Excessive osteoclastic résorption 
is followed by increased osteoblastic activity. An early lytic 
phase is followed by excessive bone production with cortical 
and trabecular thickening. 

Radiographie findings dépend on the stage of the disease. 
In the lytic phase, bone résorption can take on a “blade of 
grass” or “flame” appearance beginning at the end of the bone 
and extending toward the diaphysis. Later, the radiographs 
show bony sclerosis, thickened cortices, and thickened tra- 
beculae (Figs. 25-25A). Bone scans usually are “hot” (Fig. 
25-25B). Sometimes plain radiographs along with a positive 
bone scan suggest malignancy. MRI is helpful in this circum- 
stance because the marrow signal in patients with Paget 
disease usually remains normal (Figs. 25-25C and D). Biopsy 
usually reveals a characteristic “mosaic” pattern with widened 
lamellae, irregular cernent fines, and fibrovascular connective 
tissue. 
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Paget disease of left proximal fémur in a 45-year-old man. A f Anteroposterior radiograph shows coarsened trabecu- 
lae. B f Bone scan shows increased uptake in left proximal fémur. Note normal marrow signal on Tl- (C) and T2-weighted (D) MR images. 


Medical management of Paget disease consists of nonste- 
roidal antiinflammatory drugs, calcitonin, or bisphospho¬ 
nates. Sérum alkaline phosphatase levels and urine pyridinium 
crosslinks can be used to monitor the activity of the disease. 
Orthopaedic management consists of correcting the defor- 
mity and treating pathologie fractures. During periods of 
active disease, intraoperative bleeding from affected bones 
can be massive. Approximately 1% of patients with Paget 
disease develop a secondary bone sarcoma, usually an osteo- 
sarcoma. This risk is probably higher for patients with poly- 
ostotic disease. 


"BROWN TUMOR" OF 
HYPERPARATHYROIDISM 

Primary hyperparathyroidism usually is caused by an 
adenoma of the parathyroid glands. Secondary hyperparathy¬ 
roidism can occur in patients with chronic rénal failure. 
When the disease is discovered early, the skeletal change 
usually is limited to diffuse demineralization. Only rarely 
does the change become markedly focal and produce a 
“brown tumor” which resembles a giant cell tumor and 
is difficult to distinguish from one. The diagnosis of 
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FIGURE 


old woman. 


A and B f Pathological fracture of right proximal tibia through "brown tumor" of hyperparathyroidism in a 55-year- 


hyperparathyroidism should be established by determining 
the sérum calcium, phosphorus, alkaline phosphatase, and 
parathyroid hormone levels, rather than by histologie exami¬ 
nation of a focal lésion. Some microscopie features suggest 
hyperparathyroidism, however, rather than giant cell tumor. 
In hyperparathyroidism (1) the giant cells are a little smaller, 
offen occurring in a nodular arrangement, especially around 
areas of hemorrhage; (2) the stromal cells are more spindle- 
shaped and délicate; and (3) evidence of osseous metaplasia 
within the stroma is prominent. The bone surrounding the 
lésion also should be examined; in hyperparathyroidism, it 
may show intense osteoclastic and osteoblastic activity asso- 
ciated with peritrabecular fibrosis. Patients with hyperpara¬ 
thyroidism are usually treated by an endocrinologist. 
Orthopaedic management consists of treating actual or 
impending pathologie fractures (Fig. 25-26). 

BONE INFARCT 

Bone infarcts frequently are seen in patients with a history of 
corticosteroid use, alcoholism, sickle cell anémia, Gaucher 
disease, or dysbaric conditions (Fig. 25-27). They can also 
occur in patients with no other apparent underlying disorder. 
The diagnosis is usually made by plain radiographs. Bone 
infarcts are usually well-defined metaphyseal lésions with 
irregular borders. The periphery of the lésion is calcified, in 
contrast to chondroid lésions, which are usually calcified 
throughout. Biopsy (usually unnecessary) shows mineraliza- 
tion of necrotic marrow éléments. Bone infarcts usually are 
asymptomatic, and no treatment is required. If a patient prés¬ 
ents with pain, another etiology should be sought. Rarely, 
malignancy, such as a malignant fibrous histiocytoma, can 
occur at the site of a bone infarct. 


OSTEOMYELITIS 

Osteomyelitis of ail stages, but especially subacute infection, 
can simulate tumors. Mistakes hâve been made in differenti- 
ating infection and Ewing sarcoma, ostéogénie sarcoma, 
osteoid osteoma, and éosinophilie granuloma. Occasionally, 
an inflammatory response causes such an abundance of 
plasma cells that multiple myeloma is suspected. As a 
general rule, whenever biopsy of a suspected musculoskele- 
tal neoplasm is done, tissue routinely should be sent for cul¬ 
tures and histology. Malignant change occasionally occurs in 
chronically draining osteomyelitic sinuses of long duration; 
squamous cell carcinoma and fibrosarcoma hâve been 
reported. 

STRESS FRACTURE 

Occasionally, fatigue fractures or stress fractures, particularly 
in the proximal tibial metaphysis, may simulate ostéogénie 
sarcoma. If a biopsy is done, the microscopie picture may be 
difficult for an inexperienced pathologist to distinguish from 
sarcoma. The florid fracture callus seen in osteogenesis 
imperfecta also may simulate ostéogénie sarcoma. If the diag¬ 
nosis is uncertain, an experienced bone pathologist should be 
consulted. 

POSTTRAUMATIC OSTEOLYSIS 

Posttraumatic osteolysis has been described in the pubis 
of elderly ostéopénie women and in the distal clavicle of 
athlètes, particularly weightliffers. The radiographie appear- 
ance in both circumstances may simulate a malignant bone 
tumor. 
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A and B f Irregular calcification in metaphysis of distal fémur of a 50-year-old woman with history of corticosteroid 
use. Tl - (C) and T2-weighted (D) MR images show multiple bone infarcts. 
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The aggressiveness of the lésions described in this chapter 
ranges between purely benign and frankly malignant. 
Although these lésions frequently are treated satisfactorily 
with intralesional procedures, such as curettage, they are 
sometimes very aggressive locally and require marginal or 
wide resection. Systemic involvement, although rare, must be 
evaluated and treated. Giant cell tumors and chondroblasto- 
mas can develop pulmonary métastasés and in rare cases can 
be fatal. Langerhans cell histiocytosis (LCH) can involve mul¬ 
tiple organ Systems in addition to bone involvement and like- 
wise in rare cases can be fatal. This chapter briefly describes 
the clinical, radiographie, and pathologie features of these 
lésions. A summary table is provided for quick reference 
(Table 26-1). 

GIANT CELL TUMOR 

According to a Mayo Clinic sériés, giant cell tumors represent 
5% of neoplasms of bone. They typically occur in patients 20 
to 40 years old, and there is a slight female prédominance. 
The most common location for this tumor is the distal fémur, 
followed closely by the proximal tibia. In the distal radius (the 
third most common location), these tumors frequently are 
more aggressive. Spinal involvement, other than the sacrum, 
is rare. 

Giant cell tumors usually are solitary lésions; however, 1% 
to 2% may be synchronously or metachronously multicentric. 
It is unclear whether multicentric disease represents multiple 
primary lésions or simply bone métastasés from a single 
primary lésion. Although these tumors typically are benign, 
pulmonary métastasés occur in approximately 3% of patients. 
Some patients with pulmonary métastasés hâve spontaneous 
régression or remain asymptomatic for many years. Others 
may hâve progressive pulmonary lésions, however, that lead 
to death despite the fact that the tumors remained histologi- 
cally benign. The overall mortality rate from disease for 
patients with pulmonary métastasés is approximately 15%. 
Patients with récurrent lésions or primary lésions that appear 
aggressive radiographically (stage 3) are at higher risk for 
pulmonary métastasés. 

Malignant giant cell tumors represent less than 5% of 
cases and are classified as primary or secondary. Primary 
malignant giant cell tumors are extremely rare and are defined 
as sarcomas that occur within lésions that otherwise are 
typical of benign giant cell tumors. Secondary malignant 


giant cell tumors are sarcomas that occur at the sites of giant 
cell tumors that hâve been treated, usually with radiation. 

Most patients with giant cell tumors hâve progressive 
pain that offen is related to activity initially and only later 
becomes évident at rest. The pain is rarely severe, unless a 
pathologie fracture has occurred. In 10% to 30% of patients, 
pathologie fractures are évident at initial examination. 

Radiographie findings offen are diagnostic. The lésions 
are eccentrically located in the epiphyses of long bones and 
usually abut the subchondral bone. Although rare in skele- 
tally immature patients, giant cell tumors arise in the metaph- 
ysis in this patient population. One theory suggests that these 
tumors originate in the metaphysis and later extend into the 
epiphysis after closure of the physes. Radiographically, the 
lésions are purely lytic. The zone of transition can be poorly 
defined on plain radiographs. In less aggressive tumors, a 
partial rim of reactive bone may be présent. The lésion fre¬ 
quently expands or breaks through the cortex; however, 
intraarticular extension is rare because the subchondral bone 
usually remains intact. Matrix production usually is not 
évident within the bone but offen is évident if there is soff- 
tissue extension, soff-tissue récurrence, or pulmonary métas¬ 
tasés. Magnetic résonance imaging (MRI) is useful to 
détermine the extent of the lésion within the bone and in the 
soft tissue. On MRI, the lésion usually is dark on Tl-weighted 
images and bright on T2-weighted images. MRI also may 
reveal fluid-fluid levels typical of a secondary aneurysmal 
bone cyst, which occurs in 20% of patients. 

Microscopically, giant cell tumors are composed of many 
multinucleated giant cells (typically 40 to 60 nuclei per cell) 
in a sea of mononuclear stromal cells. The nuclei of the mono- 
nuclear cells are identical to the nuclei of the giant cells, a 
feature that helps to distinguish giant cell tumors from other 
tumors that may contain many giant cells. Areas of storiform 
spindle cell formation, reactive bone formation, or foamy 
macrophages may be seen. Secondary aneurysmal bone cysts 
also may be présent. Many authors hâve attempted to grade 
these tumors histologically, but no grading System has proved 
to be of prognostic significance. 

Giant cell tumors frequently are locally aggressive. Most 
manifest as stage 2 or stage 3 lésions. Historically, treatment 
consisted of simple curettage; however, subséquent récur¬ 
rence rates were greater than 50%. Now, most published 
sériés document récurrence rates of 5% to 15%. The decrease 
in récurrence rates probably can be attributed to several 
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CHAPTER 26 BENIGN/AGGRESSIVE TUMORS OF BONE 


factors. MRI now allows for more accurate assessment of the 
extent of lésions, and the technique of curettage has improved. 
It is important to create a cortical window that is at least as 
large as the lésion to prevent leaving residual tumor cells 
“around the corner” adjacent to the near-side cortex. Also, 
use of a power burr to enlarge the cavity 1 to 2 cm in ail 
directions is now considered standard. Care should be taken, 
however, to avoid perforation through the subchondral bone 
into the joint. The use of adjuvants, such as liquid nitrogen, 
phénol, bone cernent, electrocautery, or an argon beam coag- 
ulator, theoretically helps to kill any remaining tumor cells. 
Also, preliminary studies suggest that bisphosphonates 
(administered systemically or locally) might help to prevent 
récurrence. 

To fill the defect affer curettage, the surgeon has several 
options, including autograff bone, allograff bone, an artificial 
bone graff substitute, or methyl méthacrylate bone cernent. If 
an autograff is to be harvested from another site, separate 
gloves and instruments should be used because cross- 
contamination could lead to transplantation of tumor cells to 
the harvest site. A bone graff (or artificial substitute) has the 
theoretical advantage of restoring normal biomechanics to 
the joint surface to prevent future degenerative joint disease 
and restoring bone stock, which may help if future proce¬ 
dures are necessary. There are two main disadvantages, 
however, to using bone graff s: (1) the joint must be protected 
for an extended time to prevent a pathologie fracture; and 
(2) tumor récurrence offen is difficult or impossible to distin- 
guish from graff résorption. These disadvantages may be 
overcome with the use of bone cernent as a filling agent. Bone 
cernent provides immédiate stability, which aids in quicker 
réhabilitation; allows easier détection of récurrence, which is 
évident as an expanding radiolucency adjacent to the cernent 
mantle; and may kill residual tumor cells through the heat of 
polymerization. 

Our institution treats most giant cell tumors with aggres- 
sive, extended curettage followed by argon beam coagulation, 
which is easy to use, effective, and associated with few com¬ 
plications. Phénol or liquid nitrogen is not used as adjuvant 
treatment because of potential complications, such as patho¬ 
logie fracture, wound healing problems, and nerve injury. 
Bone cernent is chosen to fill the cavity because of its ease of 
application, immédiate structural support, and ease with 
which local récurrence can be detected adjacent to the cernent 
mantle. Screws placed in a crossed (Fig. 26-1) or divergent 
(Fig. 26-2) pattern are used to augment the cernent mantle. 
Biomechanical studies performed at our institution hâve 
shown this method to significantly increase the strength of 
the reconstruction. 

En-bloc wide resection may be required in some stage 3 
tumors, cases of local récurrence, and tumors récalcitrant to 
other methods of intervention. Around the knee, a hemi- 
condylar osteoarticular allograff reconstruction or a rotating 
hinge endoprosthesis may be necessary. For aggressive 
lésions of the distal radius, primary resection and recon¬ 
struction with a proximal fibular autograff (either as an 
arthroplasty or as an arthrodesis) may be indicated (Fig. 
26-3). For lésions in expendable bones (e.g., the distal ulna, 
clavicle, or proximal fibula), primary resection without 
reconstruction may be indicated. For inopérable lésions in 
the spine or pelvis, irradiation or embolization (or both) 
may be used (Fig. 26-4); however, caution is advised because 


of the risk of sarcomatous change in patients treated by irra¬ 
diation. In patients with pulmonary métastasés, resection 
should be attempted. Chemotherapy has limited success, 
and irradiation should be reserved for symptomatic inopér¬ 
able lésions. 

There is clinical rationale for the use of bisphosphonates 
in treating giant cell tumor of bone as these drugs inhibit 
osteoclastic activity and promote osteoclast apoptosis. Studies 
using systemic zoledronic acid in inopérable tumors hâve 
reported stabilization of both local and metastatic disease. 
Bisphosphonates hâve been proposed to be used as a surgical 
adjuvant or as an option in unresectable tumors; however, 
high-level evidence is still lacking, and further investigation 
is required to validate its use. 

Another new treatment under examination is the sys¬ 
temic administration of denosumab. Denosumab is a fully 
human monoclonal antibody that inhibits normal and tumor- 
associated bone lysis by limiting osteoclastic maturation (i.e., 
prevents activation of receptor activator of nuclear factor-kB 
[RANK]). This drug has approval from the US Food and 
Drug Administration for use in adults and skeletally mature 
patients who hâve an unresectable giant cell tumor or a con¬ 
dition in which surgical resection would resuit in severe mor- 
bidity. Early results are promising, with radiographie studies 
showing sclerosis and reconstitution of cortical bone with a 
subséquent decrease in clinical symptoms such as pain. 
Longer term data are still being collected. 

Patients diagnosed with giant cell tumors require long- 
term follow-up. Most local récurrences and pulmonary 
métastasés occur within 3 years but hâve been reported to 
occur 20 years later. Chest radiographs should be obtained at 
the time of diagnosis to stage the lésion. We routinely obtain 
a chest computed tomography (CT) scan as a baseline refer- 
ence at this time. At minimum, patients should hâve radio¬ 
graphs of the primary tumor site and the chest at 3- to 
4-month intervals for 2 years, at 6-month intervals for the 
following year, and annually thereaffer. An abnormality on 
the chest radiograph should be evaluated further with CT. 
Bone récurrence usually is évident as an expanding lucency 
on the radiograph. Soff-tissue récurrences may be apparent 
as ossification or may be évident only as a palpable mass, in 
which case MRI is indicated. 

Treatment of récurrent lésions is the same as for primary 
lésions. If biopsy shows that the tumor is still benign, repeat 
curettage or resection should be performed. 

CHONDROBLASTOMA 

Chondroblastoma, a rare neoplasm, typically occurs in 
patients 10 to 25 years old, with a 2:1 male prédominance. 
According to the Mayo Clinic sériés, this tumor represents 
1% of ail primary bone tumors. Because of its rarity, no 
prospective and few rétrospective studies hâve been reported 
in the literature. This tumor has a prédilection for the 
epiphyses or apophyses of long tubular bones (e.g., distal 
fémur, proximal humérus, and proximal tibia). Less fre- 
quently, chondroblastoma has a tendency to occur in fiat 
bones in older patients. Multicentric disease is exceedingly 
rare. Most patients complain of progressive pain that may 
mimic a chronic synovitis or other intraarticular pathologie 
conditions. 


Text continued on page 931 
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Giant cell tumor in a 21-year-old man. Patient complained of 
worsening left knee pain. A and B f Anteroposterior and latéral radiographs of 
left distal fémur show lytic lésion with extension to articular surface. C and D f 
Coronal and axial MR images show extent of lésion within bone and soft tissue. 
E f Intraoperative photograph after création of cortical window. F, Tumor removed 
and cavity enlarged with power burr. G f After treatment with argon beam 
coagulator, screws are placed to support cernent mantle. 
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H f Placement of screws confirmée! by image intensifier. I f Bone cernent packed in cavity around screws. J and 
K, Anteroposterior and latéral postoperative radiographs. 
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A and B f Anteroposterior and latéral radiographs of the proximal tibia of a 41-year-old woman with a giant cell 
tumor. The lésion is radiolucent without a sclerotic rim, is eccentric, and abuts subchondral bone. C and D f Anteroposterior and latéral 
radiographs of the proximal tibia after curettage and placement of cernent and divergent screws. 
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A and B f Anteroposterior and latéral radiographs of distal radius of 40-year-old woman with pathologie fracture 
through giant cell tumor. C-E f Axial (C) f sagittal (D) f and coronal (E) MR images of lésion. F f Intraoperative photograph of tumor in situ. 
G f Tumor has been resected en bloc. Continued 










93 



■awnaaFTCTWÎtgfc H f Contralatéral proximal fibular autograft. I f Graft has been secured with wrist fusion plate. J, Photograph 
of resected specimen. K, Typical microscopie appearance of giant cell tumor. Nuclei of giant cells are identical to nuclei of mononuclear 
cells. L and M f Anteroposterior and latéral postoperative radiographs. 
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Giant cell tumor in 23-year-old woman. Patient had 1-year history of worsening low back pain that radiated down 
her right leg. A f CT scan. B f Sagittal T2-weighted MR image reveals large lésion in sacrum. CT-guided biopsy confirmed this to be giant 
cell tumor. Because of morbidity of surgical treatment of lésion in this location, the patient was referred for radiation therapy. 


Radiographie findings usually are characteristic. This 
well-circumscribed lésion usually is centered in an epiphysis 
of a long bone; however, it also may be located in an apophy- 
sis, such as the greater tuberosity (Fig. 26-5) or the greater 
trochanter (Fig. 26-6). Often it has a surrounding rim of réac¬ 
tivé bone (Fig. 26-7), and 30% to 50% exhibit matrix calcifica¬ 
tion. CT can be helpful to detect subtle areas of calcification 
that may or may not be détectable on plain radiographs. MRI 
frequently demonstrates abundant surrounding edema. Soft- 
tissue extension is extremely rare. In children, a well- 
circumscribed epiphyseal lésion that crosses an open physis 
is highly suggestive of chondroblastoma but could also rep¬ 
osent an infectious process. For adults, differential diagnoses 
for an epiphyseal lésion include giant cell tumor and clear cell 
chondrosarcoma. In contrast to chondroblastomas, however, 
giant cell tumors usually do not hâve a rim of sclerotic bone 
or intralesional calcification and may hâve a soff-tissue 
component. 

Microscopically, chondroblastoma consists of sheets of 
chondroblasts usually with a background of chondroid matrix. 
The cells are round to polygonal with distinct cytoplasmic out- 
lines. Dystrophie calcification is frequently présent and may 
surround individual cells, giving the classic “chicken wire” 
appearance. Multinucleated giant cells are abundant, and sec- 
ondary aneurysmal bone cysts are présent in 20% of patients. 
Histologie grading is of no prognostic significance. 

Chondroblastomas usually présent as stage 2 and, more 
rarely, as stage 3 lésions. Although they typically are not as 
aggressive as giant cell tumors, surgical management is war- 
ranted for almost ail chondroblastomas owing to the slow 
progressive nature of the disease. Following biopsy to estab- 
lish the diagnosis, treatment consists of extended curettage 
and bone graffing or placement of bone cernent. This tech¬ 
nique is associated with high chance of joint préservation and 
good functional outcomes. Adéquate curettage always should 
take precedence over sparing the physis (Fig. 26-8). In cases 


where physeal growth arrest has been reported, it is not 
known whether the insult is from the chondroblastoma itself 
or the surgical intervention. 

Radiographs of the primary site and of the chest should 
be obtained every 6 months for at least 3 years and annually 
thereaffer. Récurrence occurs in 10% to 20% of patients and 
can be treated similar to a primary lésion. Benign pulmonary 
métastasés occur in approximately 1% of patients and should 
be treated by resection. Malignant transformation of a chon¬ 
droblastoma is extremely rare. 

CHONDROMYXOID FIBROMA 

Chondromyxoid fibroma is a rare lésion of cartilaginous 
origin, representing less than 0.5% of ail bone tumors accord- 
ing to the Mayo Clinic sériés. Although chondromyxoid 
fibromas may occur at any âge, most occur in patients 10 to 
30 years old. Any bone may be involved, but the proximal 
tibia is the most common location (Fig. 26-9). Although 
patients typically complain of pain, if the tumor is located in 
the hands or feet, a painless mass or swelling may be the chief 
complaint. 

The radiographie appearance is that of a benign neo- 
plasm. It usually is a well-circumscribed lésion with a rim of 
sclerosis in the metaphysis of a long bone and may hâve a 
bubbly appearance mimicking a nonossifying fibroma. In 
contrast to other cartilaginous lésions, radiographie evidence 
of intralesional calcification usually is absent (except in the 
rare instance of a surface lésion in which calcification may be 
abundant). Chondromyxoid fibroma rarely is included in the 
radiographie differential diagnosis of a lésion, unless it is in 
the proximal tibial metaphysis. Other diagnoses to include 
in the differential are chondrosarcoma, chondroblastoma, 
fibrous dysplasia, nonossifying fibroma, giant cell tumor, 
aneurysmal bone cyst, and simple bone cyst. 

Text continued on page 936 
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Chondroblastoma in a 16-year-old boy. Patient had left shoulder pain for 1 year. A f Anteroposterior radiograph of 
left shoulder reveals lytic lésion in proximal left humérus extending across open physis. B f CT scan shows calcification of lésion. C and 
D f MR images show fluid-fluid level. Incision biopsy confirmed diagnosis of chondroblastoma with secondary aneurysmal bone cyst. E # 
Anteroposterior radiograph after curettage and bone grafting. F f Typical microscopie appearance of chondroblastoma. 
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Chondroblastoma in a 12-year-old boy. Patient complained of worsening right hip pain for several months. A and B f 
Anteroposterior and latéral radiographs of right hip show radiolucent lésion in greater trochanter. C f Coronal MR image shows lésion 
in greater trochanter with surrounding edema. D f Postoperative radiograph after curettage and grafting with allograft cancellous bone 
chips and demineralized bone matrix. 
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A and B f Anteroposterior radiograph and CT scan of a 16-year-old girl with a chondroblastoma of the fémoral head. 
The lésion is epiphyseal and has a narrow zone of transition with a thin rim of reactive bone and a small amount of matrix mineraliza- 
tion. C f MR image demonstrates the lésion with extensive surrounding edema and an effusion. D f Extended curettage was performed 
through an anterior approach followed by placement of a bone graft substitute (E). 
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A, Anteroposterior radiograph demonstrates a chondroblastoma in the proximal tibial epiphysis of a 15-year-old boy. 
B and C f Coronal and sagittal MR images more clearly demonstrate the lésion and extensive surrounding edema. D and E f Lésion is 
treated with extended curettage with a power burr and argon beam coagulation. 
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Chondromyxoid fibroma in a 36-year-old man. Patient had right knee pain for 1 year. A and B f Anteroposterior and 
latéral radiographs show chondromyxoid fibroma in its most common location—proximal tibial metaphysis. C f Typical microscopie 
appearance of chondromyxoid fibroma. 


Microscopically, chondromyxoid fibroma appears lobu- 
lated. The center of the lobules contains loose myxoid tissue, 
and the periphery contains a more cellular fibrous tissue. The 
background often appears chondroid, although distinct areas 
of hyaline cartilage are rare. Microscopie calcification may be 
présent. The lésion may contain areas with atypical pleomor- 
phic hyperchromatic nuclei, but this should not lead to the 
erroneous diagnosis of chondrosarcoma if the lésion is 
otherwise radiographically and histologically consistent with 
chondromyxoid fibroma. 

Treatment consists of resection or extended curettage 
with bone graffing (Fig. 26-10). Wide resection is associated 
with a lower risk of récurrence than is intralesional curettage, 
but results in a potentially larger functional déficit. Local 
récurrence occurs in about 20% of patients and is treated with 
repeat surgery. Malignant degeneration is rare. 

OSTEOBLASTOMA 

Osteoblastoma is a rare bone-forming neoplasm that repre- 
sents less than 1% of bone tumors in the Mayo Clinic sériés. 
Most patients with osteoblastoma are 10 to 30 years old. There 
is a male prédominance of 3:1. Although any bone may be 
involved, 40% to 50% of the lésions are located in the spine. 
Pain, which is the most common symptom, may be similar 
to that produced by an osteoid osteoma (i.e., worse at night 
and relieved by nonsteroidal antiinflammatory drugs). In the 
spine, painful scoliosis or neurologie déficit may be présent. 
In the lumbar spine, signs and symptoms of nerve root com¬ 
pression may be évident, whereas in the thoracic spine, cord 
compression is more common. The tumor usually is slow 
growing, and symptoms may be présent for 1 to 2 years before 
a diagnosis is made. 

The most common radiographie appearance is that of a 
bone-forming neoplasm in the posterior éléments of the spine 
in a young patient (Figs. 26-11 and 26-12). The differential 
diagnoses include aneurysmal bone cyst and osteoid osteoma. 
Outside the spine, however, the radiographie appearance 
rarely reveals the diagnosis. The classic appearance of a 


mineralized central nidus with a surrounding radiolucent 
halo and reactive sclerosis is seen only occasionally (Fig. 
26-13), in which case the différentiation of osteoblastoma 
from the more common osteoid osteoma is based on size 
because the nidus of an osteoid osteoma is less than 1.5 cm. 
More often, the radiographie appearance is nonspecific. The 
lésion may be purely radiolucent (Fig. 26-14), sclerotic, or 
mixed. Lésions may be diaphyseal or metaphyseal, and they 
may be primarily cortical or intramedullary. In some cases, 
they may hâve a frankly malignant radiographie appearance. 
Extension into the soft tissue is rare except in the spine, where 
soft-tissue extension is common. 

Microscopically, the lésion resembles an osteoid osteoma. 
It contains a fibrovascular stroma with production of osteoid 
and primitive woven bone. Bony trabeculae are lined by a 
single layer of osteoblasts, which may be important in dif- 
ferentiating osteoblastoma from osteosarcoma. Other fea- 
tures favoring an osteoblastoma include sharp circumscription 
and a loose arrangement of the tissue. Features favoring a 
malignant diagnosis include perméation of surrounding 
tissue and sheets of osteoblasts without bone production. 

Treatment consists of extended curettage or resection. 
Bone graffing of the defect may be necessary. In the spine, 
instrumented fusion may be necessary if resection causes 
instability. Some authors recommend adjuvant radiation 
therapy for spinal lésions because révision surgery for récur¬ 
rences in this area is difficult. Other authors hâve noted that 
some incompletely removed lésions subsequently hâve 
remained quiescent. Most authors do not recommend radia¬ 
tion therapy unless absolutely necessary for symptomatic 
inopérable lésions. 

Sarcomatous degeneration has been reported and may be 
more common in lésions previously treated with radiation. 
Many of these cases likely represent initial misdiagnoses of 
low-grade osteosarcomas. Regardless, it is apparent that some 
cases initially diagnosed as osteoblastoma hâve behaved 
aggressively later and occasionally hâve led to the death of the 
patients. As follow-up care, patients should hâve serial radio¬ 
graphs of the primary site and of the chest. 
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JïJ Chondromyxoid fibroma in a 14-year-old boy. Patient complained of right wrist pain after minor injury. A and B f 
Anteroposterior and latéral radiographs of right wrist show benign-appearing lésion in distal radial metaphysis. C f After removal of 
tumor with curets and power burr, tumor cavity is treated with argon beam coagulation. D f Cavity was packed with calcium phosphate 
bone graft substitute. E and F f Postoperative anteroposterior and latéral radiographs. 
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Ten-year-old boy with 1-month history of neck pain. A and B f Anteroposterior and latéral radiographs of cervical 
spine significant for lésion of C3 spinous process. C and D f Lésion, which proved to be osteoblastoma, is shown better with CT. E and 
F, Anteroposterior and latéral radiographs after marginal resection of lésion. 


LANGERHANS CELL 
HISTIOCYTOSIS 

Langerhans cell histiocytosis (LCH), previously called histio- 
cytosis X because of its unknown etiology, refers to a group 
of diseases with similar pathologie features. Because the 
disease may affect virtually any organ System in the body, 
there is a wide range of clinical présentations. Whether LCH 
represents a réactivé or a neoplastic process is still a matter 
of debate. The term éosinophilie granuloma refers to isolated 
bone lésions, and Hand-Schüïler-Christian disease classically 
refers to the clinical triad of skull lésions, exophthalmos, and 
diabètes insipidus. Currently, however, some authors use the 
term Hand-Schüller-Christian disease simply to refer to any 


case of multisystemic Langerhans cell histiocytosis. Letterer- 
Siwe disease , another variation, usually has its onset before 3 
years of âge and is characterized by fever, lymphadenopathy, 
hepatosplenomegaly, and multiple bone lésions. Letterer- 
Siwe disease frequently is rapidly fatal. Whether these terms 
represent different diseases or simply different manifestations 
of the same pathologie process is debatable. Because the 
pathogenesis is poorly understood, there is currently no 
optimal treatment protocol for multifocal involvement, and 
the réactivation rate is high. Diverse therapeutic modalities 
may be considered depending on the organ System involved, 
including surgery, radiation, and chemotherapy. Risk factors 
for succumbing to LCH include multisystem involvement 
and diagnosis at an âge younger than 2 years. 
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Anteroposterior radiograph of an 18-year-old 
boy with osteoblastoma of the left L2 transverse process. 


The orthopaedic surgeon is primarily concerned with 
éosinophilie granuloma of bone. Patients usually are 5 to 20 
years old and usually hâve progressive pain. The clinical 
picture may be similar to that produced by osteomyelitis with 
pain at rest (and at night), fever, and local signs of inflamma¬ 
tion. Any bone may be affected, but the most common loca¬ 
tions are the vertébral bodies, the fiat bones, and the diaphyses 
of long bones. 

Radiographically, LCH can hâve various appearances. 
Marked flattening of the vertébral body, or vertebra plana, is 
a common manifestation. Although LCH is the most common 
cause of vertebra plana (Fig. 26-15), other disease processes 
should be considered in the differential diagnosis if the clini¬ 
cal situation warrants. Other causes of vertebra plana include 
Ewing sarcoma, lymphoma, leukemia, Gaucher disease, 
aneurysmal bone cyst, and infection. In fiat bones, the lésions 
usually are well-circumscribed, “punched-out,” purely lytic 
lésions. The lésions may hâve a “hole within a hole” appear- 
ance because of different involvement of the two tables. In the 
diaphyses of long bones, the lésions may hâve an aggressive 
permeative appearance with periosteal reactive bone forma¬ 
tion (Fig. 26-16). This appearance may resemble Ewing 
sarcoma, infection, or lymphoma. A bone scan may help to 
identify additional lésions, but approximately 30% of scans 
may be falsely négative. A skeletal survey is more effective for 
this purpose. 

Microscopically, the diagnosis is made by the identifica¬ 
tion of Langerhans cells. The Langerhans cell is a large histio- 
cytic cell with an indented nucléus, a crisp nuclear membrane, 
and abundant éosinophilie cytoplasm. The cells stain posi- 
tively for S-100 protein. The lésion also contains multinucle- 
ated giant cells and other inflammatory cells, including 
clusters of eosinophils. Electron microscopy may identify 
characteristic organelles in the Langerhans cell cytoplasm 
called Birbeck granules. 



Four-year-old boy with a 1-year history of right leg pain. He walked with an antalgie gait. Right tibia measured 2 cm 
longer than left. A and B f Anteroposterior and latéral radiographs of tibia reveal lésion in distal metaphysis. Lésion has led to bowing 
of fibula, giving evidence of long history and benign nature. C f CT scan shows lésion more clearly; it proved to be osteoblastoma. 
D, Typical microscopie appearance of osteoblastoma. 
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A and B f Anteroposterior and latéral radiographs of a 7-year-old boy with an osteoblastoma of the right lesser tro¬ 
chanter. C and D, Anteroposterior and latéral radiographs immediately after curettage and placement of a calcium sulfate/calcium 
phosphate bone graft substitute. E and F, Latéral radiographs 2 years later demonstrate remodeling of the bone with no sign of 
récurrence. 



Eosinophilie granuloma of vertébral body. Compression of body may produce radiographie changes of vertebra plana. 
Patient had lésions involving several other bones. 
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A f Solitary éosinophilie granuloma of fémoral diaphysis causing severe periosteal reaction. B and C f Low-power and 
high-power photomicrographs demonstrate Langerhans cell histiocyte and eosinophils. 


Biopsy is required to make the diagnosis. When the 
diagnosis is established, most of the orthopaedic manifesta¬ 
tions of LCH can be treated conservatively. Simple skeletal 
lésions tend to résolve spontaneously over a period of 
months to years, and healing may be initiated from the 
biopsy itself. Other recommended treatments hâve included 
corticosteroid injections, radiation therapy, and curettage 
with or without bone graffing. A few case reports hâve sug- 
gested that intravenous zoledronic acid may help résolve 
pain in symptomatic lésions, but the long-term sequelae 
are not well defined. If a lésion is asymptomatic, no 
treatment is necessary because lésions hâve been noted 
to regress spontaneously (Fig. 26-17). Indications for 
treatment include pain, restriction of mobility, impending 
pathologie fractures, and nerve compression (spinal or 
optic nerve). Intralesional injection of steroids is a relatively 


safe and effective treatment modality. Low-dose radio- 
therapy, however, should be reserved for involvement of 
spinal or optic nerve compression. If the diagnosis is estab¬ 
lished by open biopsy, the lésion can be curetted during the 
same procedure. Care must be taken, however, to rule out 
infection before placing corticosteroids or bone graff into 
a lésion. 

Vertebra plana likewise may be treated conservatively 
because most lésions spontaneously regress. Vertébral height 
typically is partially restored with growth in skeletally imma¬ 
ture patients. Temporary bracing may help to relieve symp- 
toms. Irradiation may be indicated for treatment of mild 
neurologie signs. Surgical décompression and fusion with 
instrumentation is indicated for rapidly progressive neuro¬ 
logie signs or cord compression that is not responsive to 
radiation therapy. 
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A and B f Anteroposterior and latéral radiographs demonstrate an ill-defined lésion in the fémur of a 7-year-old girl 
who complained of right thigh pain. A needle biopsy was performed that established the diagnosis of histiocytosis. Shortly after biopsy, 
symptoms abated and patient was treated with observation. C and D f Latéral radiographs 4 years later demonstrate resolution of the 
tumor with graduai remodeling of bone. 


The overall prognosis for skeletal lésions is excellent with 
a very low rate of local récurrence and few complications. 
Systemic disease may be progressive, however, and may 
require chemotherapy. 
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OSTEOSARCOMA 

Osteosarcoma is a tumor characterized by the production of 
osteoid by malignant cells. It is the second most common 
primary malignant tumor of bone, accounting for approxi- 
mately 20% of primary bone cancers, but is the most common 
nonhematologic primary malignancy of bone. The incidence 
is 1:3 per 1 million per year. Onset can occur at any âge; 
however, primary high-grade osteosarcoma occurs most 
commonly in the second decade of life. Parosteal osteosar¬ 
coma has a peak incidence in the third and fourth décades, 
and secondary osteosarcomas (e.g., those that occur in the 
setting of Paget disease or previous radiation therapy) are 
more common in older individuals. The incidence is slightly 
higher in males (with the exception of parosteal osteosar¬ 
coma, which is more common in females). There are no sig¬ 
nifiant différences among races, and genetic factors rarely 
hâve been shown to play a rôle, although osteosarcoma may 
be more common in patients with the hereditary form of 
retinoblastoma, Rothmund-Thomson syndrome, and 
Li-Fraumeni syndrome. Ail skeletal locations can be affected; 
however, most primary osteosarcomas occur at the sites of 
the most rapid bone growth, including the distal fémur, the 
proximal tibia, and the proximal humérus. 

Almost ail patients with high-grade osteosarcoma report 
progressive pain (patients with low-grade surface osteosarco¬ 
mas may report a painless mass). Pain initially may improve 
with conservative measures and activity modifications, which 
can lead to a false sense of security for the patient and the 
physician. The pain eventually becomes severe if the diagno- 
sis is delayed. Night pain may be an important due to the true 
diagnosis; however, only about 25% of patients expérience 
this phenomenon. Patients frequently are misdiagnosed with 
a more common musculoskeletal problem at the initial visit. 
The average delay from the onset of symptoms to the correct 
diagnosis was approximately 15 weeks in one study. This 
included the sum of the average patient delay of 6 weeks (the 
time between the onset of symptoms and initial physician 
encounter) and the average physician delay of 9 weeks (the 
time from the first visit to the correct diagnosis). The primary 
reasons for delay on the part of physicians included failure to 
obtain radiographs at the initial visit and, more important, 


failure to repeat the radiographs when a patients symptoms 
persisted or worsened. 

Although the radiographie appearance of osteosarcoma 
can vary, plain radiographs are the most valuable tools for 
making the correct diagnosis. The most common appearance 
is that of an aggressive lésion in the metaphysis of a long bone. 
Approximately 10% are primarily diaphyseal, and less than 
1% are primarily epiphyseal. Although the lésion can be 
either predominantly blastic or predominantly lytic, more 
commonly areas of bone production and bone destruction 
are présent. The lésion usually is quite permeative, and the 
borders are ill defined. If the tumor has broken through the 
cortex, a soff-tissue mass may be présent at the time of diag¬ 
nosis. Periosteal reaction may take the form of a “Codman 
triangle,” or it may hâve a “sunburst” or “hair-on-end” appear¬ 
ance. Magnetic résonance imaging (MRI) is the best imaging 
modality to measure the extent of the tumor within the bone 
and in the soft tissue and to détermine the relationship of the 
tumor to nearby anatomie structures. A bone scan should be 
obtained to look for skeletal métastasés, and radiography and 
computed tomography (CT) of the chest should be done to 
search for pulmonary métastasés; the lungs are the most 
common sites of métastasés. These tests should be done 
before biopsy. 

Osteosarcomas are categorized as primary or secondary. 
Primary osteosarcomas are subcategorized as conventional 
osteosarcoma, low-grade intramedullary osteosarcoma, par¬ 
osteal osteosarcoma, periosteal osteosarcoma, high-grade 
surface osteosarcoma, telangiectatic osteosarcoma, and small 
cell osteosarcoma. 

Most osteosarcomas are classified as conventional osteo¬ 
sarcomas (Figs. 27-1 to 27-3) and hâve a radiographie appear¬ 
ance as previously described. These high-grade tumors begin 
in an intramedullary location but may break through the 
cortex and form a soff-tissue mass. Histologically, they may 
be primarily osteoblastic, fibroblastic, or chondroblastic; 
however, to establish the diagnosis, osteoid production from 
the tumor cells must be shown. The spindle cell component 
is high grade with hypercellularity, abundant mitotic figures, 
and marked nuclear pleomorphism. 

Periosteal osteosarcoma (Fig. 27-4) is an intermediate- 
grade malignancy that arises on the surface of the bone. The 
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A and B f Anteroposterior and latéral radiographs show osteosarcoma in left distal fémur of 31-year-old man. C and 
D, Low-power and high-power photomicrographs show malignant spindle cells producing osteoid. After preoperative chemotherapy, 
patient underwent wide resection and endoprosthetic reconstruction. 


most common locations are the diaphyses of the fémur and 
tibia. It occurs in a slightly older and broader âge group. 
Histological examination of periosteal osteosarcoma shows 
strands of osteoid-producing spindle cells radiating between 
lobules of cartilage. 

Low-grade intramedullary osteosarcoma is a rare type 
characterized by an indolent course with relatively benign 
features on radiograph. In some patients it can be mistaken 
radiographically and histologically for an osteoblastoma or 
fibrous dysplasia. As the name implies, it is located in an 
intramedullary location. If left untreated, it may erode 
through the cortex very late in the disease process. Micro- 
scopically, it consists of slightly atypical spindle cells produc¬ 
ing slightly irregular osseous trabeculae. 

Parosteal osteosarcoma (Fig. 27-5) also is a rare, low- 
grade malignancy, but it arises on the surface of the bone and 
invades the medullary cavity only at a late stage. It has a 
peculiar tendency to occur as a lobulated ossified mass on the 
posterior aspect of the distal fémur. CT may be helpful in 
differentiating this subtype of osteosarcoma from myositis 


ossificans or an osteochondroma. The ossification in myositis 
ossificans is more mature at the periphery of the lésion, 
whereas the center of a parosteal osteosarcoma is more 
heavily ossified. Parosteal osteosarcoma can be easily differ- 
entiated from an osteochondroma because the CT scan of 
an osteochondroma shows a medullary cavity containing 
marrow in continuity with the medullary canal of the involved 
bone. Microscopically, similar to a low-grade intramedullary 
osteosarcoma, parosteal osteosarcoma consists of slightly 
atypical spindle cells producing slightly irregular osseous 
trabeculae. 

High-grade surface osteosarcoma is the least common 
type of osteosarcoma. As the name implies, it is an aggressive 
tumor arising on the outer aspect of the cortex. Radiographs 
show an invasive lésion with ill-defined borders. Similar to 
conventional osteosarcoma, the microscopie appearance is 
that of a high-grade tumor with hypercellularity, mitotic 
figures, and marked nuclear pleomorphism. In contrast to 
parosteal osteosarcoma, medullary involvement is common 
at the time of diagnosis. 
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E, Photograph of resected specimen and implant. F f Photograph of implant in situ. G and H f Postoperative 
anteroposterior and latéral radiographs. I f Photomicrograph showing complété tumor necrosis. 


Telangiectatic osteosarcoma is a purely lytic lésion. On a 
radiograph, it can hâve an invasive appearance or it can hâve 
a ballooned appearance similar to that of an aneurysmal bone 
cyst. Grossly, it resembles a blood-filled cyst with only a very 
small solid portion. Microscopically, on low power, it most 
commonly resembles an aneurysmal bone cyst with blood- 
filled spaces separated by thin septa. On higher-power mag- 
nification, however, the cells in the septa appear frankly 
malignant. 

Small cell osteosarcoma, another rare variant, is a high- 
grade lésion that consists of small blue cells and may resemble 
Ewing sarcoma or lymphoma. If présent in only a small quan- 
tity, the osteoid can be difficult to differentiate from the 
fibrin-like material that may be présent in Ewing sarcoma. 


Cytogenetic and immunohistochemistry studies sometimes 
are needed to differentiate these lésions. 

Secondary osteosarcomas occur at the site of another 
disease process. They rarely occur in young patients but con- 
stitute almost half of the osteosarcomas in patients older than 
âge 50 years. The most common factors associated with sec¬ 
ondary osteosarcomas include Paget disease and previous 
radiation therapy. The incidence of osteosarcoma in Paget 
disease is approximately 1% and may be higher (5% to 10%) 
for patients with advanced polyostotic disease. Paget osteo¬ 
sarcoma most commonly occurs in patients in the sixth to 
eighth décades of life, and the pelvis is the most common 
location. Radiation-associated osteosarcoma occurs in 
approximately 1% of patients who hâve been treated with 
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A and B, Anteroposterior and latéral radio- 
graphs of proximal tibia of 11-year-old boy with chondroblastic 
osteosarcoma. 



A f Anteroposterior view of proximal humérus 
of 8-year-old boy with osteoblastic osteosarcoma. B f MR image 
better shows extent of tumor within bone and soft tissue. 


greater than 2500 cGy and can occur in unusual locations, 
such as the skull, spine, clavicle, ribs, scapula, and pelvis. 
Although osteosarcoma is the most common radiation- 
associated sarcoma, fibrosarcoma and malignant fibrous his- 
tiocytoma also are relatively common in this setting. The time 
to onset of the secondary osteosarcoma averages 10 to 15 
years after radiation exposure but may occur 3 years to several 
décades after treatment. Other conditions that hâve been 
reported to be associated with secondary osteosarcomas 
include fibrous dysplasia, bone infarcts, osteochondromas, 
chronic osteomyelitis, melorheostosis, and osteogenesis 
imperfecta; however, secondary osteosarcomas are extremely 
rare in these settings and a causal relationship has not been 
established. 


Before the advent of multiple-agent chemotherapy, the 
prognosis for patients with osteosarcoma was dismal. Despite 
treatment consisting of wide or radical amputation, approxi- 
mately 80% of patients died as a resuit of distant métastasés, 
usually within 2 years. With today’s multiple-agent chemo¬ 
therapy regimens and appropriate surgical treatment, most 
sériés report long-term survival of 60% to 75% for patients 
with high-grade osteosarcoma without métastasés at initial 
présentation and 90% for those with low-grade lésions. 

The most important prognostic factor at the time of diag- 
nosis is the tumor stage. Approximately 15% of patients with 
osteosarcoma hâve détectable pulmonary métastasés at the 
time of diagnosis. As a group, these patients continue to hâve 
a poor prognosis, with less than 20% long-term survival. 
(Patients with one or a few resectable pulmonary métastasés 
at présentation may hâve greater than 50% long-term sur¬ 
vival, whereas patients with many, large, or unresectable pul¬ 
monary métastasés hâve an extremely poor prognosis.) 
Patients with nonpulmonary métastasés (e.g., bone métasta¬ 
sés) hâve an even worse prognosis, with less than 5% long- 
term survival. Patients with “skip” métastasés (i.e., a metastasis 
within the same bone as the primary tumor or across the joint 
from the primary tumor) hâve the same poor prognosis as 
patients with distant métastasés. 

The next most important prognostic feature is the grade 
of the lésion. Low-grade lésions rarely metastasize, and 
patients with low-grade lésions hâve a marked survival 
advantage over patients with high-grade lésions. Size of the 
primary tumor also seems to be of prognostic significance. 
Although authors differ on the spécifie criteria for what con- 
stitutes a large or a small tumor, most studies confirm that 
patients with large tumors hâve a worse prognosis than 
patients with smaller tumors. Skeletal location also is thought 
to be important because patients with more proximal tumors 
do worse than patients with more distal tumors. Size and 
location are likely interrelated variables, however, because 
most proximal tumors are larger at the time of diagnosis than 
most distal tumors. Paget osteosarcomas continue to hâve 
a poor prognosis, with less than 15% long-term survival. 
Radiation-associated osteosarcomas hâve been regarded as 
having a poor prognosis; however, this may be due primarily 
to their frequent occurrence in unusual locations where 
resection is difhcult. Radiation-associated osteosarcomas in 
the extremities may hâve the same prognosis as any other 
high-grade osteosarcoma. Age at diagnosis and gender do not 
seem to be of prognostic significance. 

As stated earlier, historically, patients with high-grade 
osteosarcoma were treated with immédiate wide or radical 
amputation. Despite this treatment, 80% of patients with 
apparently isolated disease died of distant métastasés. From 
this, it can be deduced that most patients with high-grade 
osteosarcoma hâve nondetectable micrometastases at présen¬ 
tation. The goal of adjuvant or neoadjuvant chemotherapy is 
to treat these micrometastases. Currently, at most musculo- 
skeletal oncology centers, the treatment of high-grade osteo¬ 
sarcoma consists of neoadjuvant chemotherapy, wide or 
radical surgery (resection or amputation), and adjuvant che¬ 
motherapy. Pulmonary métastasés likewise are resected if 
possible after neoadjuvant chemotherapy. The histologie 
response of the primary tumor to neoadjuvant chemotherapy 
has been shown to be a good predictor of long-term survival. 
Greater than 90% tumor necrosis indicates a very good 
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A and B f Anteroposterior and latéral radiographs of proximal fémur of 67-year-old woman with periosteal osteosar- 
coma. C f MR image shows lésion arising from surface of bone. Marrow does not seem to be involved. D f Specimen after wide resection. 
E f Specimen after removal of surrounding muscle. F f Cut specimen. Lésion arises from surface of bone, and marrow cavity is not involved. 
G, Typical microscopie appearance of periosteal osteosarcoma. Lobules of malignant cartilage are separated by malignant spindle cells 
producing osteoid. H, Anteroposterior radiograph of reconstructed fémur. 
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A and B f Anteroposterior and latéral radiographs of parosteal osteosarcoma arising in its most common location. 
C and D f CT scan and MR image show lésion arising from posterior surface of distal fémur without involvement of marrow cavity. 
E f Typical microscopie appearance of parosteal osteosarcoma. Slightly atypical spindle cells produce relatively normal-appearing 
trabeculae. 


prognosis. Low-grade osteosarcoma can be treated with wide 
resection or amputation without chemotherapy. 

About 50% of patients with high-grade osteosarcoma 
hâve some type of relapse after the initial treatment. About 
10% of patients hâve local récurrence after wide resection or 
wide amputation. Patients who hâve a local récurrence hâve 
a very poor prognosis and usually are treated with a radical 
amputation (if cure is the goal) and further chemotherapy 
Late pulmonary métastasés likewise are treated with surgery 
and chemotherapy Poor prognostic factors include rapid 
relapse after completion of the initial treatment, many (more 
than eight) pulmonary nodules, large (>3 cm) pulmonary 
nodules, and unresectable pulmonary nodules. Patients with 
a few, small, resectable pulmonary nodules that occur late 
may hâve a 40% chance of cure with aggressive treatment. 

CHONDROSARCOMA 

Chondrosarcoma constitutes about 9% of primary malignan- 
cies of bone, an incidence about half that of osteosarcoma. It 
is the second most common nonhematologic primary malig- 
nancy of bone. It occurs over a broad âge range, with peaks 


between 40 and 60 years for primary chondrosarcoma and 
between 25 and 45 years for secondary chondrosarcoma. 
Chondrosarcoma can occur in any location; however, most 
are located in a proximal location such as the pelvis, proximal 
fémur, and proximal humérus. Although chondrosarcomas 
rarely occur in the hand, they are the most common primary 
malignancy of bone in this location. Similar to most bone 
tumors, the incidence is slightly higher among males. Race 
prédilection is not significant. 

Clinically, most patients with primary chondrosarcomas 
report increasing pain. A palpable mass also may be présent. 
Chondrosarcomas frequently are slow growing, and symp- 
toms can be présent for several years before a patient seeks 
medical attention. Pain in the absence of a pathologie fracture 
can be important in helping to differentiate an enchondroma 
from a low-grade chondrosarcoma. Frequently, patients are 
referred for évaluation of an asymptomatic cartilaginous 
lésion discovered as an incidental finding on a bone scan or 
radiograph obtained for another reason. (The radiographie 
abnormality usually is the sole reason the patient is referred 
to the orthopaedic oncologist.) Although an asymptomatic 
radiographie abnormality is common in a patient with an 
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enchondroma, the diagnosis of chondrosarcoma would be 
extremely rare in this circumstance. A chondrosarcoma 
may occur in the area of a treated “enchondroma.” In this 
circumstance, the original pathology specimen should be 
reviewed. 

Secondary chondrosarcomas arise at the site of a preexist- 
ing benign cartilage lésion. They occur most frequently in the 
setting of multiple enchondromas and multiple hereditary 
exostoses. In Ollier disease (multiple enchondromas) the 
incidence of malignancy (most commonly chondrosarcoma) 
is approximately 25% by âge 40 years, and in patients with 
Maffucci syndrome (multiple enchondromas with soff-tissue 
hemangiomas) the incidence may be even higher. Although 
data for osteochondromas are difïicult to analyze, the lifetime 
incidence of secondary chondrosarcoma is estimated to be 
5% for patients with multiple hereditary exostoses and 
approximately 1% for patients with solitary osteochondromas 
(Fig. 27-6). As discussed in Chapter 25, the true incidence of 
malignant degeneration of osteochondromas is unknown. 
Published estimâtes are likely too high, owing to the effect of 



A and B, Anteroposterior and latéral radio- 
graphs of chondrosarcoma arising from preexisting osteochon- 
droma in 67-year-old woman. 


referral bias on pathology data at tertiary referral centers. The 
true prevalence of osteochondromas in the general popula¬ 
tion is unknown. Whether or not a solitary benign enchon¬ 
droma has the potential to give rise to a secondary 
chondrosarcoma is difïicult to détermine. If this does occur, 
the incidence is not high enough to warrant prophylactic 
treatment of asymptomatic enchondromas. Other conditions 
that hâve been reported to be associated with secondary 
chondrosarcoma include synovial chondromatosis, chondro- 
myxoid fibroma, periosteal chondroma, chondroblastoma, 
previous radiation treatment, and fibrous dysplasia. 

The radiographie appearance of chondrosarcoma fre¬ 
quently is diagnostic (Fig. 27-7). Similar to enchondroma, it 
is a lésion arising in the medullary cavity with irregular matrix 
calcification. The pattern of calcification has been described 
as “punctate,” “popcorn,” or “comma shaped.” Compared with 
enchondroma, however, chondrosarcoma has a more aggres- 
sive appearance with bone destruction, cortical érosions, peri¬ 
osteal reaction, and, rarely, a soff-tissue mass. CT can be 
helpful to show endosteal érosions or other evidence of a 
destructive lésion and to differentiate benign from malignant 
cartilage lésions. The site of the lésion also must be considered 
because lésions in the hand (the most common site for an 
enchondroma and a rare site for a chondrosarcoma) may 
appear aggressive and still be diagnosed as benign. The same 
amount of cortical destruction shown in a pelvic or proximal 
fémoral lésion would be diagnostic of a chondrosarcoma. 
Finally, the size of the cartilaginous cap of an osteochondroma, 
as evaluated with CT or MRI, is important in evaluating the 
possibility of a secondary chondrosarcoma. If the cartilagi¬ 
nous cap is larger than 2 cm in a skeletally mature patient, a 
secondary chondrosarcoma must be considered. 

Histologically, conventional chondrosarcomas are com- 
posed of malignant cells with abundant cartilaginous matrix. 
(If malignant osteoid is présent even in small amounts, the 
diagnosis should be chondroblastic osteosarcoma; a tumor 
with different prognostic and therapeutic implications.) Dif- 
ferentiating a low-grade chondrosarcoma from an enchon¬ 
droma can be difïicult solely from a biopsy specimen. Factors 
that favor a malignant diagnosis include hypercellularity, 
plump nuclei, more than occasional binucleate cells, a perme- 
ative pattern, and entrapment of bony trabeculae (Fig. 27-8). 
As much tissue as possible should be obtained from the 
biopsy of a borderline lésion. Perhaps in no other circum¬ 
stance is corrélation with the clinical and radiographie find- 
ings more important. Lésions in the setting of multiple 
enchondromas, periosteal chondromas, synovial chondroma¬ 
tosis, and enchondromas of the hand ail may appear hyper- 
cellular and yet still can be benign. This same appearance in 
a biopsy specimen taken from a solitary large pelvic lésion 
with radiographically shown cortical érosions would be diag¬ 
nostic of a chondrosarcoma. 

Less common histologie subtypes of chondrosarcoma 
include dedifferentiated chondrosarcoma, clear cell chondro¬ 
sarcoma, and mesenchymal chondrosarcoma. Together, these 
subtypes constitute less than 20% of ail chondrosarcomas. 
Histologically, dedifferentiated chondrosarcoma consists of a 
high-grade spindle cell sarcoma (most commonly osteosar¬ 
coma followed in frequency by fïbrosarcoma and malignant 
fibrous histiocytoma) adjacent to an otherwise typical low- 
grade chondrosarcoma (Fig. 27-9). The radiographie features 
of a dedifferentiated chondrosarcoma often show a more 
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A f Anteroposterior view of pelvis of a 78-year-old male reveals a large tumor arising from the pubis with soft-tissue 
extension. The mass has punctate calcification consistent with a chondrosarcoma. Although plain radiography is more helpful for 
determining the diagnosis, MRI (B and C) better defines the extent of the soft-tissue mass and its relationship to adjacent anatomie 
structures. D f Typical microscopie appearance of conventional chondrosarcoma. 




Low-power (A) and high-power (B) photomicrographs of a chondrosarcoma demonstrate entrapment of 


trabeculae. 
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A f Anteroposterior view of right proximal humérus of 92-year-old woman with dedifferentiated chondrosarcoma 
shows aggressive-appearing area (arrows) adjacent to otherwise typical chondrosarcoma. B, Resected specimen shows these features. 
C f Typical microscopie appearance of dedifferentiated chondrosarcoma. High-grade spindle cell sarcoma is located adjacent to low-grade 
chondrosarcoma. D f Anteroposterior radiograph after reconstruction with endoprosthesis. 


aggressive radiolucent area juxtaposed on an otherwise 
typical chondrosarcoma. 

Clear cell chondrosarcoma is a low-grade malignancy. As 
the name implies, it consists of round cells with abundant 
clear cytoplasm and distinct cytoplasmic borders with a back- 
ground of cartilaginous matrix. Multinucleated giant cells 
usually are apparent. Clear cell chondrosarcoma has a strong 
tendency to arise in an epiphysis (especially the proximal 
fémur). It may hâve benign radiographie features and can be 
confused with chondroblastoma or giant cell tumor. 

Mesenchymal chondrosarcoma is a high-grade tumor 
consisting of small, round blue cells with islands of benign- 
appearing cartilage. The cellular portions offen hâve a heman- 
giopericytomatous pattern of growth with “staghorn-like” 
vessels. Radiographically, mesenchymal chondrosarcoma 
may look like a conventional chondrosarcoma. More fre- 
quently, however, it has a nonspecific, aggressive radiographie 
appearance. 

The treatment of low-grade chondrosarcoma is contro- 
versial, with many authors reporting excellent results after 
extended curettage with the use of intraoperative adjuvant 
treatments. Extended curettage is considered adéquate treat¬ 
ment only for low-grade lésions that are confined within the 
medullary canal. Those with soft-tissue extension should be 
treated similar to high-grade lésions. The treatment of high- 
grade chondrosarcoma is wide or radical resection or ampu¬ 
tation. Because cartilage is relatively avascular, the cells 
survive transplantation easily. The local récurrence rate after 
intraoperative tumor contamination is high. For lésions in an 
expendable location, primary wide resection without a biopsy 
may be indicated to decrease the chance of tumor contamina¬ 
tion. After wide resection, local récurrence is less than 10% 
and can be treated with repeat wide resection or wide ampu¬ 
tation. Likewise, pulmonary métastasés should be treated 
with surgical resection if possible. Chemotherapy has no 
rôle in the treatment of conventional chondrosarcoma but is 


frequently used for treatment of dedifferentiated and mesen¬ 
chymal chondrosarcomas. Radiation therapy likewise has a 
limited rôle and is used only as a palliative measure for surgi - 
cally inaccessible lésions. 

The prognosis for patients with chondrosarcoma dépends 
mostly on the size, grade, and location of the lésion. If a high- 
grade lésion cannot be completely resected with wide or 
radical margins (usually because of its size or location), local 
récurrence is likely. Patients with low-grade lésions hâve been 
reported to hâve a greater than 90% 10-year survival rate, 
whereas patients with high-grade conventional chondrosar¬ 
coma are reported to hâve a 20% to 40% 10-year survival rate. 
The 5-year survival rate is less than 15% for patients with 
dedifferentiated chondrosarcoma, with most deaths occur- 
ring in the first 2 years. Because chondrosarcomas offen are 
slow growing, local récurrences and pulmonary métastasés 
may not be detected until years or décades after the primary 
procedure. A significant percentage of récurrences show a 
higher histologie grade than the original tumor. Long-term 
follow-up with regular imaging of the operative site and the 
chest is impérative so that treatment can be initiated promptly 
in the event of a récurrence. 

EWING SARCOMA 

Ewing sarcoma is the third most common nonhematologic 
primary malignancy of bone, but it is the second most 
common (after osteosarcoma) in patients younger than 30 
years of âge and the most common in patients younger than 
10 years of âge. The incidence is less than 1 per 1 million per 
year, accounting for about 9% of primary malignancies of 
bone. Ewing sarcoma has been reported to occur in a wide 
âge range of patients from infants to the elderly, but most 
occur in patients 5 to 25 years old. The most common loca¬ 
tions include the metaphyses of long bones (offen with exten¬ 
sion into the diaphysis) and the fiat bones of the shoulder and 
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JJ A and B f Anteroposterior and latéral radiographs of left fibula of 7-year-old girl with Ewing sarcoma. Involvement 
of large portion of bone (or even entire bone) is typical of Ewing sarcoma. C f MR image shows a large soft-tissue mass. D f Typical 
microscopie appearance of Ewing sarcoma. E and F, Anteroposterior and latéral radiographs after completion of neoadjuvant chemo- 
therapy. Note increased ossification of lésion. G f Repeat MR image after neoadjuvant chemotherapy shows marked réduction in size 
of soft-tissue mass. H and l f Anteroposterior and latéral radiographs of left tibia after wide resection of tumor. Distal fibular physis was 
preserved. Wide resection avoids complications associated with radiation therapy in growing child. 


pelvic girdles (Figs. 27-10 and 27-11). Rarely, it occurs in the 
spine or in the small bones of the feet or hands. Similar to 
most sarcomas of bone, there is a slightly higher incidence in 
males. Ewing sarcoma is exceedingly rare in individuals of 
African descent. There are no known predisposing factors. 

Pain is an almost universal complaint of patients with 
Ewing sarcoma. Usually the onset is insidious, and the pain 
may be of long duration before the patient seeks medical 
attention. The pain may be only mild and intermittent ini- 
tially and may respond to initial conservative treatment. The 
average delay from the onset of symptoms to the diagnosis 


has been reported to be 34 weeks. The average patient delay 
in one study was 15 weeks from the onset of symptoms until 
the first medical appointment, and the average physician 
delay was 19 weeks from the initial visit to correct diagnosis. 
These numbers show the importance of radiographs at the 
initial visit and rechecking them at subséquent visits if the 
patient continues to hâve symptoms. 

In addition to pain, patients also may hâve fever, ery- 
thema, and swelling, suggesting osteomyelitis. Laboratory 
studies may reveal an increased white blood cell count, an 
elevated érythrocyte sédimentation rate, and an elevated 
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A f Anteroposterior radiograph of 13-year-old girl with Ewing sarcoma of left hemipelvis. B f Bone scan. C and D f Axial 
and coronal MR images show full extent of lésion. Because of morbidity associated with surgical management of large tumor in this 
location, the patient was treated with chemotherapy and radiation. 


C-reactive protein level. To complicate matters further, a 
needle aspirate of Ewing sarcoma may grossly resemble pus, 
and the tissue may be sent in its entirety to microbiology and 
none to pathology. (As a general rule, most biopsy specimens 
should be sent for culture and pathologie analysis.) 

Classically, Ewing sarcoma appears radiographically as a 
destructive lésion in the diaphysis of a long bone with an 
“onion skin” periosteal reaction. In reality, Ewing sarcoma 
more often originates in the metaphysis of a long bone but 
frequently extends for a considérable distance into the diaph¬ 
ysis. Although “skip” métastasés (similar to those that occur 
in osteosarcoma) are not reported in Ewing sarcoma, it is 
common for a large portion of the bone (or even the entire 
bone) to be involved. In fiat bones, Ewing sarcoma appears 
as a nonspecific destructive lésion. Regardless of the location, 
MRI of the entire bone should be ordered to evaluate the full 
extent of the lésion, which typically extends beyond the 
abnormality apparent on plain films. MRI is also useful to 


evaluate the extent of the soft-tissue mass, which often is very 
large. Ail patients should hâve a baseline radiograph and CT 
of the chest because the lung is the most common site of 
métastasés. A bone scan should be performed because bone 
is the second most common site of métastasés. At some insti¬ 
tutions, a bone marrow aspirate is performed as part of the 
staging of Ewing sarcoma to rule out diffuse systemic disease. 

Histologically, Ewing sarcoma consists of small blue cells 
with very little intercellular matrix. Cytogenetic or immuno¬ 
histochemical studies often are required to differentiate 
Ewing sarcoma from other small blue cell tumors. The t( 11 ;22) 
(q24;ql2) is the most common translocation diagnostic of 
Ewing sarcoma and is présent in more than 90% of cases. 
Other diagnostic translocations, including t(21;22)(q22;ql2) 
and t(7;22)(p22;ql2), hâve also been identified. Immunohis¬ 
tochemical staining for the MIC-2 gene product has been 
reported to be spécifie for Ewing sarcoma. In addition, Ewing 
sarcomas usually are periodic acid-Schiff positive (owing to 
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intracellular glycogen) and reticulin négative. This is in con- 
trast to lymphomas, which are periodic acid-Schiff négative 
and reticulin positive. Lymphomas also stain positive for leu¬ 
kocyte common antigen and other T- and B-cell antigens. 
Embryonal rhabdomyosarcoma stains positive for desmin, 
myoglobin, and muscle-spécifie actins. Hemangiopericyto- 
mas stain positive for factor VIII, and small cell metastatic 
carcinomas and melanomas stain positive for cytokeratin. 

The worst prognostic factor is the presence of distant 
métastasés. Even with aggressive treatment, patients with 
métastasés hâve only a 20% chance of long-term survival. The 
size of the primary lésion has been shown consistently to be 
of prognostic significance, although spécifie parameters hâve 
not been firmly established. Location has also been reported 
to be of prognostic significance, but it is difficult to differenti- 
ate the effects of location and size because most proximally 
located tumors are larger at présentation than distally located 
tumors. Histologie grade is of no prognostic significance 
because ail Ewing sarcomas are considered high grade. Fever, 
anémia, and élévation of laboratory values (white blood cell 
count, érythrocyte sédimentation rate, lactate dehydroge- 
nase) hâve been reported to indicate more extensive disease 
and a worse prognosis. Older âge at présentation (with a 
cutoff around 12 to 15 years old) and male gender also hâve 
been reported to be associated with a worse prognosis. The 
spécifie translocation, t(ll;22) versus t(21;22), does not seem 
to affect the clinical course; however, secondary genetic alter¬ 
ations, such as aberrant TP53 expression, may prove to be 
important. As with osteosarcoma, histologie response to neo- 
adjuvant chemotherapy has been shown to be prognostically 
important. Greater than 90% necrosis affer preoperative che¬ 
motherapy indicates a good prognosis. 

The treatment of Ewing sarcoma must include neoadju- 
vant or adjuvant chemotherapy, or both, to treat distant 
métastasés that may or may not be readily apparent at the 
initial staging. Before the use of multiple-agent chemother¬ 
apy, long-term survival was less than 10%. Today, most 
centers report long-term survival rates of 60% to 75%. 

Local treatment of the primary lésion is more controver- 
sial. Ewing sarcoma is radio sensitive, yet some authors report 
a decreased rate of local récurrence (<10%) and an increased 
rate of overall survival with wide resection of the primary 
tumor. These reports are difficult to interpret, however, 
because large, central, unresectable tumors often are treated 
with radiation, whereas smaller, more accessible lésions 
(which inherently hâve a better prognosis) are more likely to 
be treated with surgery. At this time, the choice between 
surgery and radiation for treatment of the primary lésion 
must be made on an individual basis. Repeat staging studies 
should be obtained affer neoadjuvant chemotherapy. The 
repeat radiographs often show increased ossification, and 
repeat MRI often shows a marked decrease in the soff-tissue 
mass. At this point, if it seems that the lésion can be resected 
with wide margins with an acceptable functional déficit, 
surgery should be the treatment of the primary lésion. If wide 
margins would be difficult to obtain or if the functional déficit 
resulting from surgery would be unacceptable, radiation of 
the primary lésion is an acceptable alternative. Radiation also 
can be used as an adjuvant affer a marginal resection or a 
contaminated wide resection. The treatment plan in each case 
is most appropriately made affer long discussions with the 
patient and the family. The discussions should include 


expected function affer amputation, limb salvage surgery, or 
radiation and the inhérent short-term and long-term risks 
involved with each option. 

Disease relapse is associated with a poor prognosis despite 
aggressive treatment of the relapse with further surgery, radi¬ 
ation, and chemotherapy. Patients with local récurrence hâve 
been reported to hâve about a 20% 5-year survival rate, 
whereas patients who relapse with distant métastasés hâve 
approximately a 10% 5-year survival rate. As with osteosar¬ 
coma, time to relapse has prognostic significance. Patients 
who relapse within the first year affer primary treatment hâve 
a worse prognosis than patients who hâve an extended 
disease-free interval. 

CHORDOMA 

Chordoma is a rare malignant neoplasm that arises from 
notochord remnants. In the Mayo Clinic sériés, it accounted 
for approximately 4% of primary malignancies of bone. Chor¬ 
doma is the second most common primary malignancy in the 
spine (behind myeloma) and is the most common primary 
malignancy of the sacrum. Greater than 50% of chordomas 
arise in the sacrococcygeal area, and more than 30% arise at 
the base of the skull; the remainder are dispersed throughout 
the rest of the spine. Peak incidence for sacrococcygeal chor¬ 
domas occurs in the fiffh to seventh décades, whereas the 
peak for sphenooccipital lésions is the fourth to sixth décades. 
Most sériés show a marked male prédominance (3:1), espe- 
cially for sacrococcygeal tumors. 

The presenting signs and symptoms vary according to the 
site of the lésion. Because most chordomas are slow growing, 
patients frequently hâve symptoms for more than a year 
before diagnosis. Patients with tumors in the sphenooccipital 
région may report headaches or symptoms related to cranial 
nerve compression. In the spine, symptoms can be caused by 
nerve root or cord compression. If an anterior mass exists 
with a cervical spine lésion, the symptoms may be similar to 
those caused by a retropharyngeal abscess. The most common 
presenting complaint for patients with sacrococcygeal tumors 
is low back pain. Bowel and bladder disturbance and sciatic 
pain also are common with sacral tumors. A palpable mass 
frequently is présent on rectal examination. 

Radiographically, chordomas appear as destructive 
lésions (Fig. 27-12). They virtually always arise from the 
midline. Sacrococcygeal lésions often are missed on the initial 
radiographie examination because of overlying bowel gas. 
They usually are seen more easily on a latéral view of the 
sacrum. Likewise, radioisotope accumulation in the bladder 
can obscure a sacral tumor on a bone scan. More than 50% 
of chordomas exhibit radiographically détectable calcifica¬ 
tion. CT may be better for detecting calcification (which may 
help with the diagnosis), but MRI is better for determining 
the full extent of the lésion and its relationship to other ana¬ 
tomie structures. A common pitfall in the évaluation of a 
patient with a chordoma and low back pain is ordering an 
MRI of only the lumbar spine; this study usually misses a 
sacrococcygeal chordoma because most arise below S3. 

Microscopically, chordoma appears as lobules of cells 
separated by fibrous bands. The cells usually contain abun- 
dant vacuolated cytoplasm (physaliferous cells). The cells 
usually are arranged in long strands, or “cords,” with a muci- 
nous background. Most chordomas are low grade, although 
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A and B f Anteroposterior and latéral views of sacrum of patient with sacrococcygeal chordoma. This lésion could be 
missed easily because of overlying bowel gas. C f MR image clearly shows lésion. D f Typical microscopie appearance of chordoma. Cells 
with abundant vacuolated cytoplasm (physaliferous cells) are arranged in cords with mucinous background. 


dedifferentiated chordomas exist. These dedifferentiated 
chordomas contain areas of a high-grade sarcoma (most fre- 
quently a malignant fibrous histiocytoma) and behave in a 
more aggressive manner. 

The primary treatment is surgical resection with wide 
margins, even if this créâtes a neurologie déficit, because pro¬ 
gressive growth of the tumor would create a neurologie déficit 
anyway and possibly metastatic disease. Resection that pré¬ 
serves the S3 nerve roots bilaterally results in relatively 
normal bowel and bladder function, whereas resection above 
this level results in incrémental loss of bowel and bladder 
function. Resection of bilateral S2 nerve roots results in com¬ 
plété loss of control of bowel and bladder function. If wide 
margins cannot be obtained or if tumor contamination occurs 
intraoperatively, radiation may be bénéficiai. Radiation also 
may be bénéficiai for patients in whom resection is not fea- 
sible, although a cure is rarely, if ever, achieved in these 
patients. Chemotherapy is of no proven benefit. Likewise, 
distant métastasés are treated surgically. 

The 5-year overall survival rate for patients with chordo¬ 
mas is approximately 60% to 80%, but the survival rate con¬ 
tinues to décliné with longer follow-up because of late 
récurrences (25% to 40% 10-year survival). Local récurrences 
are common because of the difficulty encountered in achiev- 
ing wide margins. Male gender and younger âge at diagnosis 
hâve been reported to be associated with a favorable progno- 
sis. A more distal location for sacral lésions also is associated 
with a better prognosis. Métastasés are rare at initial présenta¬ 
tion (<5%) but may occur later in 30% to 60%. In addition to 


the lungs, métastasés are common in bone and in unusual 
locations such as skin, eyelid, brain, liver, and other internai 
organs. 

ADAMANTINOMA 

Adamantinoma is a rare neoplasm representing less than 1% 
of ail primary malignancies of bone. Adamantinoma has a 
wide âge distribution, but most patients are in the second or 
third decade at the time of diagnosis. It has a peculiar prédi¬ 
lection for occurring in the tibia (approximately 85%) and 
may also involve the ipsilateral fibula. It has been postulated 
that adamantinoma arises from aberrant nests of épithélial 
cells, which would account for the fact that this tumor pri- 
marily occurs in bone that is in a subeutaneous location. 

Pain is the most common symptom. The lésion is typi- 
cally slow growing; therefore the pain can be présent for many 
years before the patient seeks medical attention. Because the 
lésion usually occurs in a subeutaneous location, a palpable 
mass may be présent. Approximately 20% of patients hâve a 
pathologie fracture. 

The most common radiographie appearance is that of 
multiple, sharply demarcated radiolucent lésions in the tibial 
diaphysis (Fig. 27-13). The radiolucent lésions are separated 
by areas of dense, sclerotic bone. Although the radiographie 
appearance is similar to that of osteofibrous dysplasia, ada¬ 
mantinoma usually has a more aggressive appearance. A large 
portion or even the entire tibia can be involved. Frequently, 
the fibula also is involved by direct extension of the tumor. 
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A and B f Anteroposterior and latéral radio- 
graphs of 79-year-old man with tibial adamantinoma. C f Typical 
microscopie appearance of adamantinoma. Islands of epithelioid 
cells are seen with fibrous background. 


Microscopically, adamantinoma consists of islands of épi¬ 
thélial cells in a fibrous stroma. Some areas of the tumor 
resemble fibrous dysplasia or osteofibrous dysplasia. (Some 
authors consider adamantinoma to be a malignant variant 
of osteofibrous dysplasia.) Nuclear atypia is minimal, and 
mitotic figures are rare. Immunohistochemical staining 
usually is positive for cytokeratins and vimentin. It generally 
is a low-grade lésion, and histologie features are not prédic¬ 
tive of behavior. 

The optimal treatment of adamantinoma is wide resec¬ 
tion or amputation. The tumor generally is radiorésistant and 
chemoresistant. Local récurrence occurs in approximately 
25% of patients, and amputation should be considered 
for these patients. Métastasés are rare at présentation but 
may occur later in 30% of patients. Overall survival is 


approximately 85% at 10 years. Prognosis dépends most on 
the adequacy of the surgical margin. Compared with patients 
who hâve marginal or intralesional surgical procedures, 
patients who hâve wide or radical procedures hâve signifi- 
cantly reduced rates of local récurrence and métastasés 
(<10%). Because of the slow-growing nature of this lésion, 
local récurrence or metastasis may occur very late, reportedly 
19 years affer the initial treatment. The importance of long- 
term follow-up must be stressed. 

MALIGNANT VASCULAR TUMORS 

The terminology used to describe malignant vascular tumors 
in the literature is confusing. Multiple terms hâve been used 
interchangeably, including hemangioendothelioma , heman- 
gioendothelial sarcoma , hemangiosarcoma , angiosarcoma, and 
others. Although not strictly defined, most authors use the 
term hemangioendothelioma to describe low-grade malignant 
vascular tumors and the term angiosarcoma to describe high- 
grade malignant vascular tumors. 

These rare tumors constitute approximately 1% of ail 
primary malignancies of bone. Affer the first decade, they 
may occur at any âge and in any bone. There is a slight male 
prédominance but no significant race prédilection. Stewart - 
Treves syndrome refers to the occurrence of angiosarcoma in 
the setting of chronic lymphedema (e.g., in the upper extrem- 
ity of a patient who has previously undergone a radical mas- 
tectomy). Angiosarcomas also hâve been reported to occur 
adjacent to orthopaedic implants, although a causal relation- 
ship has not been firmly established. 

Pain or, more rarely, pathologie fracture is the presenting 
complaint. Duration of symptoms varies depending on the 
grade of the tumor. The radiographie appearance of this 
lésion also is correlated with its grade. Low-grade tumors 
appear as well-demarcated lytic lésions that may or may not 
hâve surrounding reactive bone formation (Fig. 27-14). High- 
grade tumors hâve a more permeative appearance. Periosteal 
reaction is unusual. Malignant vascular tumors hâve a pecu- 
liar tendency to be multicentric at présentation regardless of 
grade. Most commonly, multiple lésions are found within the 
same bone or within multiple bones of the same extremity. 

Microscopically, low-grade tumors show well-formed 
anastomosing vascular channels lined by plump endothélial 
cells. Well-differentiated hemangioendotheliomas can be dif- 
ficult to differentiate from benign hemangiomas. High-grade 
lésions can be pleomorphic and may appear as an undiffer- 
entiated sarcoma or carcinoma. In some extremely pleomor¬ 
phic lésions, the diagnosis can be made only through 
immunohistochemistry. Although metastatic carcinoma and 
malignant vascular tumors may be keratin positive, factor 
VlII-related antigen, CD31, and CD34 should be positive 
only in vascular tumors. 

Treatment is individualized depending on the clinical 
situation. Solitary lésions are treated with wide resection if 
possible. Radiation can be used successfully in the treatment 
of surgically inaccessible lésions or in the treatment of mul¬ 
tiple lésions. For high-grade lésions, adjuvant chemotherapy 
can be added to the treatment regimen. Prognosis dépends 
most on grade. Patients with low-grade lésions may hâve 
better than an 80% chance for long-term survival, whereas 
patients with high-grade tumors hâve less than a 20% long- 
term survival rate. 
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A f Anteroposterior view of left shoulder of 37-year-old woman with hemangioendothelioma reveals destructive 
lésion in left glenoid. B, CT better shows extent of lésion. C f Photograph of resected specimen. D f Typical microscopie appearance of 
hemangioendothelioma. Malignant endothélial cells produce anastomosing vascular channels. These cells stained positive for factor 
VIII—related antigen. 


MALIGNANT FIBROUS 
HISTIOCYTOMA AND 
FIBROSARCOMA 

Although malignant fibrous histiocytoma and fibrosarcoma 
are described in the literature as being separate entities, the 
distinction is sometimes arbitrary. The présentation, progno- 
sis, and treatment of these two entities are similar, so they are 
discussed together. 

Malignant fibrous histiocytoma and fibrosarcoma of 
bone constitute 3% to 5% of primary malignant tumors of 
bone. Excluding the first decade, they occur at any âge with 
comparable frequency. Males and females are affected equally. 
There is a slight tendency for the lésion to occur in the distal 
metaphysis of the fémur or the proximal metaphysis of the 
tibia; however, any bone may be involved. Approximately 
25% of these tumors are considered to be secondary to a 
preexisting bone abnormality. The most commonly reported 
predisposing conditions include Paget disease, radiation, 
giant cell tumor, and bone infarction (Fig. 27-15). They also 
may occur as part of a dedifferentiated chondrosarcoma. 

As is the case with other bone sarcomas, patients com- 
plain of pain at présentation. These patients hâve a higher 
incidence (approximately 20%) of pathologie fracture 
at présentation. Radiographically, these tumors hâve an 


aggressive appearance and are typically purely lytic with 
indistinct borders. They may appear as an area of bone 
destruction adjacent to an otherwise typical area of Paget 
disease or bone infarction. Periosteal reaction is absent, 
unless a pathologie fracture has occurred. 

Histologically, the classic appearance of malignant fibrous 
histiocytoma is a high-grade spindle cell sarcoma arranged in 
a storiform or cartwheel pattern. The appearance can vary, 
however. Tumors may exhibit benign and malignant multi- 
nucleated cells, cells with a histiocytic appearance (large, 
indented nuclei with abundant, well-defined cytoplasm), 
cells with foamy cytoplasm, inflammatory cells, and variable 
amounts of fibrosis. The classic appearance of fibrosarcoma 
is that of a spindle cell neoplasm arranged in a herringbone 
pattern. Low-grade fibrosarcomas may exhibit abundant col- 
lagen production, whereas high-grade tumors are more cel¬ 
lular. Malignant fibrous histiocytoma and fibrosarcoma are 
characterized by the lack of osteoid production. Even a small 
amount of osteoid production by the malignant cells would 
change the diagnosis to osteosarcoma. 

At most institutions, the treatment of malignant fibrous 
histiocytoma of bone and fibrosarcoma of bone is similar to 
the treatment of osteosarcoma. Most patients with high-grade 
lésions are treated with neoadjuvant chemotherapy, followed 
by surgery (wide resection or wide amputation) and adjuvant 
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A 12-year-old girl complained of increasing right knee pain for 3 months. A f Anteroposterior radiograph of the right 
distal fémur demonstrates a large, purely lytic, destructive lésion. After biopsy showed this to be a malignant fibrous histiocytoma, she 
underwent neoadjuvant chemotherapy, followed by wide resection (B) and endoprosthetic reconstruction (C). 


chemotherapy. Compared with osteosarcoma, however, 
malignant fibrous histiocytoma may be more radiosensitive. 
There are reports of long-term survivors of malignant fibrous 
histiocytoma of the spine who were treated with radiation 
alone. Radiation therapy also may be bénéficiai for patients 
with positive resection margins or intraoperative tumor 
contamination. 

The prognosis is based on the presence or absence of 
métastasés, the size and location of the tumor (as they relate 
to the ability of the surgeon to remove the tumor with wide 
margins), the grade of the tumor, and the histologie response 
to preoperative chemotherapy (as determined by percent 
necrosis). Reports also hâve shown older âge to be associated 
with a worse prognosis; however, this may be caused partially 
by the inability of many older patients to tolerate chemo¬ 
therapy No différence in prognosis has been shown between 
patients with primary tumors and patients with tumors 
arising in a predisposing condition. Overall, the 5-year 
survival rate for patients with high-grade tumors of the 


extremities without métastasés at présentation is approxi- 
mately 65%. 

MULTIPLE MYELOMA AND 
PLASMACYTOMA 

Multiple myeloma is the most common primary malignancy 
of bone, representing more than 40% of primary bone cancers. 
Its peak incidence is in the fiffh to seventh décades with a 2:1 
male prédominance. Multiple myeloma and metastatic carci- 
noma should be included in the differential diagnosis for any 
patient older than âge 40 with a new bone tumor. 

Bone pain is the most common complaint for patients 
with multiple myeloma or with a solitary plasmacytoma. In 
contrast to most bone tumors, however, other systemic prob- 
lems, such as weakness, weight loss, anémia, thrombocytope- 
nia, peripheral neuropathy (especially with the osteosclerotic 
type of multiple myeloma), hypercalcemia, or rénal failure, 
frequently are présent at the time of diagnosis of multiple 
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myeloma. Symptoms usually are of short duration because of 
the aggressive nature of the disease. Pathologie fractures are 
relatively common. The spine is the most common location, 
followed by the ribs and pelvis. 

Radiographically, multiple myeloma appears as multiple, 
“punched-out,” sharply demarcated, purely lytic lésions 
without any surrounding réactivé sclerosis (Fig. 27-16). The 
lack of reactive bone formation also is shown by the fact that 
most lésions are négative on bone scan. (A less common 
variant of multiple myeloma is characterized by extensive 
sclerosis.) Occasionally, myeloma is characterized by marked 
bone expansion, giving rise to a “ballooned” appearance 
(Fig. 27-17). 

The diagnosis usually can be confirmed by sérum immu- 
noelectrophoresis, which shows a monoclonal gammopathy. 
In addition to a complété blood cell count and sérum chem- 
istries, staging studies include a skeletal survey and a bone 
marrow biopsy. Occasionally, biopsy of the bone lésion is 
required to establish the diagnosis. 

Histologically, multiple myeloma appears as sheets of 
plasma cells. Tbese are small, round blue cells with “dock 
face” nuclei and abundant cytoplasm with a perinuclear clear¬ 
ing or “halo.” Amyloid production can be abundant. (With 
the exception of patients on long-term hemodialysis, the 
presence of amyloid in bone usually means a diagnosis of 


multiple myeloma.) In patients with a solitary plasmacytoma, 
the pathologie differential diagnosis may include chronic 
osteomyelitis with abundant plasma cells. In this situation, 
immunohistochemistry can be helpful. Plasmacytoma exhib- 
its monoclonal K or À, light chains, whereas the plasma cells 
of chronic osteomyelitis are polyclonal. Also, myeloma cells 
usually stain positive for the natural killer antigen CD56, 
whereas reactive plasma cells usually do not. Immunohisto¬ 
chemistry also can be helpful in poorly differentiated cases 
when lymphoma could be in the differential diagnosis. Lym- 
phoma cells usually stain positive for CD45 (leukocyte 
common antigen) and CD20 (a B-cell marker), whereas 
myeloma cells usually are négative. 

The primary treatment of multiple myeloma is chemo- 
therapy. Symptomatic bone lésions usually respond rapidly to 
radiation therapy. The orthopaedic surgeon most commonly 
is consulted to treat impending or actual pathologie fractures 
of the spine, acetabulum, proximal fémur, or proximal 
humérus. Because many of these patients hâve a short life 
expectancy, every effort should be made to perform the oper¬ 
ation that would allow the earliest resumption of full activity. 
This may include debulking the tumor and using internai 
fixation augmented with méthacrylate. If this method would 
not allow immédiate full weight bearing, cemented total joint 
arthroplasty or hemiarthroplasty should be considered. In 



A and B f Anteroposterior and latéral radiographs of proximal fémur of 61-year-old man with multiple myeloma show 
multiple lytic lésions. C and D f CT better shows extent of lésions and need for prophylactic fixation. Continued 
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■a[«i"aaPgElgBTB?l E and F f Preoperative embolization was done to minimize intraoperative blood loss, which can be extensive 
with multiple myeloma. G and H f Radiographs after prophylactic fixation with long gamma nail. I f Typical microscopie appearance of 
multiple myeloma with sheets of plasma cells. 


most patients, local radiation therapy should be instituted 2 
to 3 weeks after surgery or when the wound appears to be 
healed. 

Patients who présent with a solitary plasmacytoma 
without evidence of systemic involvement (i.e., négative bone 
marrow biopsy and négative skeletal survey) hâve a better 
prognosis. Although more than half of patients who présent 
with a solitary plasmacytoma eventually go on to develop 
multiple myeloma, some patients hâve a considérable disease- 
free interval and a few remain continuously free of disease. 
Until recently, long-term survival for patients with multiple 
myeloma was very rare. Currently, however, some centers are 
reporting greater than 60% long-term survival with aggres- 
sive treatment. 


LYMPHOMA 

Lymphoma may involve bone primarily or secondarily. Lym- 
phoma can occur at any âge but becomes more common in 
the sixth and seventh décades of life. The male-to-female ratio 
is approximately 1.5:1. The fémur is the most common bone 
involved, followed by the pelvis, spine, and ribs. 

Most patients complain of localized pain or swelling. 
Patients with spinal involvement may hâve nerve root or cord 
compression. The symptoms can be mild or severe. Some 
patients hâve symptoms for several years before seeking 
medical attention. In contrast to patients with multiple 
myeloma, patients with lymphoma usually feel otherwise 
healthy. 
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A, CT scan of 39-year-old man with solitary plasmacytoma of right médial clavicle. B f Biopsy specimen revealed 
monoclonal plasma cells with abundant amyloid. With exception of patients on long-term rénal dialysis, amyloid production in bone 
usually is associated with diagnosis of myeloma. 


Radiographically, lymphoma usually appears as an ill- 
defined area of bone destruction (frequently diaphyseal) and 
often has a permeative appearance. The cortex may be thick- 
ened, but a periosteal reaction rarely is seen. Frequently, a 
large portion of the bone or even the entire bone can be 
involved. The extent of the lésion may seem large compared 
with the patients symptoms. Radiographs can be entirely 
normal despite extensive involvement of the medullary canal 
as seen on bone scan or MRI (Fig. 27-18). (Lymphoma usually 
should be included in the differential diagnosis of a patient 
who has bone pain and an abnormal bone scan or MRI with 
normal radiographs.) The soff-tissue mass also can be exten¬ 
sive. Staging studies should include a complété blood cell 
count and sérum chemistries; bone scan; CT of the chest, 
abdomen, and pelvis; and a bone marrow biopsy. 

Microscopically, osseous lymphomas are composed of a 
mixture of large and small lymphoid cells with cleaved and 
noncleaved nuclei (Fig. 27-19). Some may appear sarcoma- 
toid, and others may be difhcult to distinguish from Ewing 
sarcoma or an undifferentiated carcinoma. Immunohisto- 
chemistry (specifically, positive staining for lymphoid 
markers, positive reticulin stain, négative keratin, and néga¬ 
tive periodic acid-Schiff) frequently is helpful in these cases. 

A discussion of the classification of lymphomas is beyond 
the scope of this text. In general, however, patients with 
primary lymphoma of bone hâve a better prognosis (approxi- 
mately 55% 5-year survival) than patients with systemic 
disease (<25% 5-year survival). The primary treatment of 
lymphoma is chemotherapy. Local control usually is attained 
with radiation therapy. Surgical intervention is rarely needed 
but may be indicated for treatment of impending or actual 
pathologie fractures. 

METASTATIC CARCINOMA 

Metastatic carcinoma is the most common malignancy 
treated by orthopaedic surgeons. Although only about 8000 
new sarcomas are diagnosed in the United States each year, 


more than 1 million new carcinomas are diagnosed. It is 
estimated that 50% to 80% of patients with carcinoma hâve 
bone métastasés at the time of death. As treatment for primary 
tumors improves, longer survival time is being reported affer 
diagnosis of bone métastasés. The orthopaedic surgeon 
should not approach these patients with a fatalistic attitude. 
Proper orthopaedic care is crucial for many of these patients 
to minimize pain, maintain function, maintain their indepen- 
dence, and improve their overall quality of life. 

If a patient has a known history of a carcinoma, even in 
the remote past, a newly discovered bone lésion is most likely 
to be a metastasis. In any patient older than âge 40, even 
without a history of malignancy, a newly discovered, 
aggressive-appearing bone lésion is most likely to be meta¬ 
static carcinoma or multiple myeloma. The proper workup of 
a patient with suspected métastasés of unknown origin is 
discussed in detail in Chapter 24. 

Briefly, the workup consists of a history and physical 
examination, including breast or prostate; basic laboratory 
tests, including sérum protein electrophoresis and possibly 
prostate-specific antigen; a radiograph of the entire involved 
bone; a chest radiograph; a bone scan to look for other sites 
of disease; and CT of the chest, abdomen, and pelvis. Failure 
to complété this workup before biopsy can lead to serious 
errors in patient care. This simple approach identifies the 
primary lésion in more than 85% of patients who hâve métas¬ 
tasés of unknown origin. Affer the workup is complété, a 
biopsy can be performed. Even if a patient has a known 
history of carcinoma, a biopsy of the first site of bone disease 
must be performed to establish a firm relationship between 
the primary carcinoma and the suspected metastasis. This 
biopsy must be done in the same manner as a biopsy for a 
suspected primary sarcoma because, in rare instances, it may 
prove to be a primary sarcoma (Fig. 27-20). Subséquent bone 
métastasés can be treated without biopsy confirmation. 

Most carcinomas metastatic to bone are from the breast 
and prostate, followed by the lung, kidney, thyroid, and 
gastrointestinal tract in order of decreasing frequency. For 
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An 83-year-old woman complained of mild pain and a thigh mass that had been increasing in size over the past year. 
A f An anteroposterior radiograph of the knee is relatively unremarkable. B-D f MRI, however, demonstrates a large lésion that perme- 
ates through the bone with a large, circumferential soft-tissue mass. These findings are typical of lymphoma. Lymphoma should usually 
be considered when MRI demonstrates a large bone lésion despite relatively normal radiographs. 
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A and B f Anteroposterior and latéral views of right humérus of 36-year-old man with primary lymphoma of bone. 
Despite extensive bone destruction and large soft-tissue mass, patient's symptoms were mild. Low-power (C) and high-power (D) micro¬ 
scopie appearance of lymphoma. Lymphoma usually should be considered in differential diagnosis of patient with relatively mild 
symptoms compared with large size of lésion and also should be considered in the differential diagnosis of destructive-appearing 
diaphyseal lésions. 
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JU A f Anteroposterior view of left hip of 50-year- 
old woman with history of breast cancer. She had been disease 
free for 2 years. Lytic lésion is seen in fémoral neck. Although the 
most likely diagnosis for this lésion is metastatic carcinoma, 
biopsy must be performed in appropriate fashion. This lésion 
proved to be malignant fibrous histiocytoma. B f Anteroposterior 
view of left hip after wide resection and endoprosthetic recon¬ 
struction. If this patient had been treated with prophylactic fixa¬ 
tion of presumed metastatic carcinoma, her outcome would hâve 
been severely compromised. 


patients who hâve suspected métastasés of unknown origin, 
however, the most common primary malignancies are in the 
lung or kidney. Breast and prostate are uncommon sites of 
primary disease for this group of patients. This phenomenon 
has several possible explanations. First, the primary lésions 
in patients with breast cancer or prostate cancer may be 
detected more easily early in the disease course. Second, 
breast cancer and prostate cancer may not metastasize to 
bone until relatively late. Finally, lung and kidney cancer may 
escape détection until very late in the disease course and may 
metastasize to bone relatively earlier. 

The radiographie appearance of metastatic carcinoma 
varies. The appearance usually is aggressive, suggesting 
malignancy. The lésions may be lytic, blastic, or mixed. Breast 
cancer and prostate cancer typically produce blastic lésions. 
Kidney cancer and thyroid cancer usually are purely lytic. 
Lung cancer may produce a mixed appearance. If the lésion 
is distal to the elbow or knee, lung cancer is the most likely 
primary lésion. Additionally, metastatic lung cancer may hâve 
the distinct appearance of a “bite” taken out of the cortex. 

The microscopie appearance of metastatic carcinoma 
usually is similar to that of the primary lésion. In well- 
differentiated cases, the biopsy easily yields the correct diag¬ 
nosis. In some cases, such as a sarcomatoid kidney cancer, 
immunohistochemistry may be required to reveal épithélial 
markers. 


_ TABLE 27-1 _ 

Scoring System for Predicting 
Pathologie Fracture 


SCORE 


VARIABLE 

1 

2 

3 

Site 

Upper limb 

Lower limb 

Peritrochanter 

Pain 

Mild 

Moderate 

Functional 

Size 

< 1/3 

1/3-2/3 

> 2/3 

Lésion 

Blastic 

Mixed 

Lytic 


From Mirels H: Metastatic disease in long bones: a proposed scoring System for 
diagnosing impending pathologie fractures, Clin Orthop Relat Res 249:258,1989. 


The treatment of carcinoma metastatic to bone is multi- 
modal. Systemic treatment with cytotoxic agents is directed 
by the medical oncologist. Hormone manipulation may be 
bénéficiai for patients with breast or prostate cancer. Radioac¬ 
tive iodine may be bénéficiai for some patients with metastatic 
thyroid cancer. New evidence suggests that bisphosphonates 
may hâve a rôle in preventing new metastatic bone lésions 
and may slow the growth of existing lésions by inhibiting 
osteoclast résorption of bone. Most symptomatic bone métas¬ 
tasés are responsive to radiation. Some carcinomas, especially 
kidney cancer, are typically radiorésistant. Surgery is required 
for treatment of impending or actual pathologie fractures. 

Precisely defined indications for prophylactic fixation of 
impending pathologie fractures hâve been debated. Parame- 
ters that hâve been suggested include pain that has not 
responded to radiation therapy, a lésion larger than 2.5 cm, a 
lésion that has destroyed more than 50% of the cortex, and 
an avulsion fracture of the lesser trochanter. Mirels devised a 
scoring System that évaluâtes the risk of pathologie fracture 
based on the site, size, and lytic or blastic nature of the lésion, 
as well as the presence and quality of associated pain (Table 
27-1). According to this System, prophylactic internai fixation 
should be considered for any patient with a score of 8 or 
higher. Although each of these guidelines aids in the decision- 
making process, none serves as an absolute criterion. Each 
patient should be evaluated individually while keeping two 
generally accepted principles in mind. First, prophylactic 
internai fixation of an impending fracture is technically easier 
than fixation of an actual pathologie fracture. Second, patient 
morbidity is decreased with prophylactic fixation compared 
with fixation after the fracture. 

The prognosis of patients with metastatic carcinoma con¬ 
tinues to improve. Although most patients with a pathologie 
fracture from metastatic lung cancer die within 6 months, 
length of survival is not always predictable. We hâve treated 
multiple patients who hâve survived with good quality of life 
4 to 5 years after sustaining pathologie fractures secondary to 
metastatic lung cancer. Patients with breast, prostate, and 
kidney cancer commonly live many years after diagnosis of 
bone métastasés. An isolated bone metastasis from kidney 
cancer can be treated with curative intent with wide resection 
(Fig. 27-23). 

The unpredictability of survival makes proper surgical 
care more challenging. The fixation must be stable enough to 
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allow immédiate full weight bearing so that a patient would 
not hâve to endure an unnecessarily prolonged réhabilitation 
period when he or she may hâve only several months to live. 
Conversely, the reconstruction should be durable enough to 
last for many years if the patient happens to do well. In 
general, the tumor should be debulked before internai fixa¬ 
tion. The cavity can be filled with méthacrylate to augment 
the fixation. The entire bone should be protected with intra- 
medullary fixation in most cases (Figs. 27-21 to 27-28). If 
this approach would not provide the stability required for 


immédiate full weight bearing, resection and prosthetic 
reconstruction should be considered. Lésions of the fémoral 
neck should be considered for hemiarthroplasty or total hip 
arthroplasty. Arthroplasty components should be fixed with 
cernent because the bone usually is treated with radiation. 
Radiation therapy usually is administered to the entire opéra¬ 
tive field beginning 2 to 3 weeks affer surgery if the wound 
has healed. 

A summary of the characteristics of malignant tumors of 
bone is presented in Table 27-2. 



A f Anteroposterior radiograph of 41-year-old man with metastatic squamous cell carcinoma with impending patho¬ 
logie fémoral fracture. Patient was admitted for prophylactic fixation. His fémur fractured when he rolled over in bed the night before 
his scheduled surgery. B f Anteroposterior radiograph after fixation with reconstruction nail and bone cernent. 



A f Anteroposterior view of left hip of patient treated with radiation for metastatic breast cancer. She subsequently 
developed osteonecrosis of fémoral head. B f Anteroposterior view of pelvis after treatment with cemented total hip arthroplasty. 
Because bone had been irradiated, fémoral and acetabular components were cemented. 
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A f Anteroposterior radiograph of 77-year-old woman with rénal cancer metastatic to left proximal humérus. B and 
C, MRI shows extent of lésion. This was the only site of metastatic disease, so the patient was treated with wide resection and endo- 
prosthetic reconstruction. D f Photograph of resected specimen. E f Anteroposterior view of left shoulder after endoprosthetic 
reconstruction. 
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A, Anteroposterior radiograph of 66-year-old man with metastatic lung cancer in right acetabulum. B, CT better 
shows destruction of posterior column and wall. Patient was treated with preoperative embolization to help minimize intraoperative 
blood loss. C f Intraoperative photograph after curettage of lésion. Two guidewires were placed from the defect to the posterior ilium. 
Two more guidewires were placed from the anterior iliac crest to the defect. Cannulated screws were placed over guidewires to help 
support cernent mantle. D f Acetabular cage was placed. Tumor defect was filled with bone cernent as acetabular cup was cemented 
into cage. E f Postoperative radiograph. 
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A and B f Anteroposterior and latéral radiographs of proximal fémur of 82-year-old man with metastatic kidney cancer 
reveal multiple lytic lésions. Patient failed to respond to radiation. Prophylactic internai fixation was scheduled; however, operation 
was canceled because the patient was considered medically unstable for surgery. C f Anteroposterior view of left hip of same patient 
several weeks later after sustaining pathologie fracture. Surgery is now more difficult, and patient has experienced greater 
morbidity. 
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Anteroposterior radiograph (A) and coronal MR image (B) of 70-year-old woman with metastatic lung cancer in right 
proximal tibia who was unable to bear weight. C f Intraoperative photograph after curettage of tumor. Plate was placed (D) f and cavity 
was packed with bone cernent to allow immédiate ambulation (E). F and G f Postoperative anteroposterior and latéral radiographs. 
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A, Patho¬ 
logie fracture of right distal 
fémur secondary to hepatobili- 
ary carcinoma in 71-year-old 
woman. Because of extensive 
bone destruction, the decision 
was made to proceed with 
endoprosthetic reconstruction 
to allow full weight bearing. 
B, Photograph of resected 
bone fragments. C, Photograph 
of prosthesis in situ. 





A and B, Anteroposterior and latéral radiographs of left ankle of 78-year-old woman with metastatic kidney cancer. 
C and D, Anteroposterior and latéral views after extended curettage and packing of defect with méthacrylate. Patient was able to 
résumé immédiate full weight bearing with relief of her pain. 















TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS 

OSTEOSARCOMA 
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Fatty tumors 

985 

Nerve sheath tumors 

989 

Synovial lésions 

990 

Vascular lésions 

993 

Fibrous lésions 

996 


MALIGNANT TUMORS 

997 

Malignant fibrous histiocytoma 

997 

Liposarcoma 

1003 

Synovial sarcoma (malignant 


synovioma) 

1003 

Fibrosarcoma 

1005 

Epithelioid sarcoma 

1005 


Dermatofibrosarcoma protuberans 1007 


Rhabdomyosarcoma 1007 

Malignant peripheral nerve 
sheath tumor 1008 

Extraskeletal osteosarcoma 
Extraskeletal ewing sarcoma 
Extraskeletal chondrosarcoma 1010 


The évaluation of patients with musculoskeletal neoplasms 
was discussed in detail in Chapter 24, but certain points 
warrant répétition and élaboration. In contrast to bone 
tumors, the presence or absence of pain does not help to 
distinguish benign from malignant soft-tissue tumors because 
most patients with soft-tissue malignancies hâve minimal 
pain and consult a physician because of the presence of a 
mass. The mass typically is not invasive and grows in a cen- 
tripetal fashion, pushing normal anatomie structures away. 
Careful physical examination of the mass, the involved part, 
and the lymph nodes draining the area is necessary. Standard 
radiographs provide little useful information about soft- 
tissue tumors but may show phleboliths (hemangiomas), cal¬ 
cification (synovial sarcoma), or fat-density radiolucencies 
(lipomas). Magnetic résonance imaging (MRI) may suggest a 
spécifie diagnosis in certain cases, such as lipoma, hemangi- 
oma, and pigmented villonodular synovitis. More often, MRI 
characteristics are nonspecific, but MRI is useful in évaluât - 
ing the size and anatomie relationships of the tumor. Soft- 
tissue sarcomas generally demonstrate low signal intensity on 
Tl-weighted images and high signal intensity on T2-weighted 
images. Computed tomography (CT) also can be used for this 
purpose when a patient is unable to undergo MRI, but MRI 
is a superior imaging study in this circumstance. CT may help 
elucidate patterns of mineralization (i.e., calcification vs. ossi¬ 
fication) found within the mass. Technetium bone scans 
usually do not provide significant benefit in the évaluation of 
the soft-tissue mass but may be useful in select cases to assess 
local and distant bone involvement. For patients with malig¬ 
nant soft-tissue tumors, a CT scan of the lungs should be 
obtained to look for métastasés. Abdominal and pelvic CT 
scans are useful to detect rétropéritonéal métastasés in 
patients with myxoid liposarcomas and lymphatic spread in 
such lésions as synovial sarcoma, epithelioid sarcoma, and 
rhabdomyosarcoma. Biopsy often is required to establish the 
diagnosis and can be performed by core needle biopsy or by 
open incisional biopsy. Tissue sampling should be delayed 
until imaging studies are completed (biopsy will alter the 
study) and should be planned carefully according to the prin- 
ciples outlined in Chapter 24. Interprétation of the biopsy 


results may be facilitated by corrélation with the clinical and 
imaging data. Staging can be performed using the Enneking 
System (see Table 24-1) or the American Joint Committee on 
Cancer System (see Table 24-2). 

Most benign soft-tissue tumors can be treated by observa¬ 
tion or by marginal resection. Observation is a feasible option 
when the imaging and clinical characteristics are strongly sug¬ 
gestive of a benign diagnosis. Some benign soft-tissue tumors 
can be locally aggressive (e.g., desmoid tumors) and may 
require wide resection or multimodal management for local 
control. Low-grade soft-tissue sarcomas usually are treated 
with wide resection alone or resection combined with radia¬ 
tion if margins are close. High-grade soft-tissue sarcomas are 
usually treated with combined surgery and radiation. 

Several controversies exist regarding the management of 
soft-tissue sarcomas. Although surgery remains the primary 
treatment of these tumors, controversy still exists about 
which patients would benefit from the addition of radiation 
treatment for local control. It also is debatable as to whether 
the radiation is best delivered preoperatively or postopera- 
tively. Preoperative irradiation is associated with an increased 
risk of wound-healing complications after surgery but may be 
more effective because of the available oxygénation in the 
virgin tissues. However, postoperative radiation can be done 
after the surgical wound has healed but requires an increased 
exposure area to ensure adéquate coverage. Brachytherapy 
(radioactive seeds or sources placed in or near the tumor 
itself, giving a high radiation dose to the tumor while reduc- 
ing the radiation exposure in the surrounding healthy tissues) 
is used extensively at some institutions but only rarely at 
others. Finally, the use of chemotherapy as adjuvant treat¬ 
ment for these patients continues to spark debate. Although 
chemotherapy protocols are in place at most cancer centers 
for adjuvant treatment of large, high-grade soft-tissue sarco¬ 
mas, it is still unclear which patients actually benefit from this 
treatment. 

In-depth discussion of these controversial issues is 
beyond the scope of this text. This chapter briefly describes 
the clinical présentation, imaging findings, and treatment 
options for some common soft-tissue tumors. 
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BENIGN TUMORS AND TUMOR- 
LIKE LESIONS (TABLE 28 - 1 ) 

FATTY TUMORS 

Lipomas are probably the most common benign tumors of 
connective tissue. They can occur at any âge and in either sex 
but are probably more common in middle-aged women. 
These tumors usually develop subcutaneously but may 
involve the deeper structures. They occasionally affect the 
synovium (lipoma arborescens) and rarely the periosteum. 
Clinically, they are soft, circumscribed, movable masses that 
are painless and slow growing. A knee effusion is character- 
istically the presenting complaint in patients with lipoma 
arborescens. On radiographs, large masses appear as discrète 
radiolucent areas within soft tissue. MRI usually provides a 
definitive diagnosis because lipomas are uniformly bright on 
Tl-weighted images and are dark on fat-suppressed 
sequences like the surrounding subcutaneous tissue (Fig. 



Tl-weighted image (A) and fat-suppressed 
image (B) of intramuscular lipomas in deep compartment of left 
leg. The magnetic résonance imaging signal of lipomas is identical 
to subcutaneous fat on ail sequences. 


28-1). Grossly, a lipoma is a well-encapsulated nodule of fat 
that may contain fibrous tissue. Microscopically, it is com- 
posed of mature fat cells with flattened nuclei, and mitotic 
activity is absent (Fig. 28-2). Some lipomas hâve a prominent 
vascular pattern and are appropriately referred to as angioli- 
pomas. Focal areas with finely vacuolated cells of the brown 
fat type may be seen. 

Occasionally, lipomas are multifocal, and in rare instances 
they are symmetric. A variant of multiple lipomatosis is 
Dercum disease, which is characterized by painful fatty infil¬ 
trations; the cause of the pain is poorly understood. Another 
variant of lipoma occurs in muscle and infiltrâtes between the 
muscle fibers; this apparent invasion may suggest malignancy, 
but usually the tumor is easily controlled. Still another variant 
is the rare hibernoma, or fêtai fat cell lipoma. It is composed 
of large, finely vacuolated foam cells, is lobulated, and simu¬ 
lâtes the hibernating organs of some animais. It has a distinc¬ 
tive brown appearance and may become quite large. 
Angiomyolipoma is a type of lipoma usually found in the 
kidney. It is composed of smooth muscle, blood vessels, and 
fat. This tumor occasionally is associated with changes of 
tuberous sclerosis in the brain. A fatty tumor known as 
myelolipoma, containing bone marrow éléments, may occur 
within the adrenal medulla. As an incidental finding at 
autopsy, this tumor is not rare but only occasionally becomes 
large enough to be of clinical significance. Rarely, a similar 
tumor may be found in the presacral région or the mediasti- 
num. Lipoblastomatosis, another variant of lipoma, consists 
of embryonal fat and occurs more often in infants and young 
children. This tumor resembles some types of liposarcoma 
but has a distinct lobular pattern and no atypical nuclei. 
Chondroid lipoma contains tissue that resembles cartilage. It 
must be distinguished from liposarcoma and myxoid chon- 
drosarcoma, which it superficially resembles. 

Lipomas can be treated by observation or marginal resec¬ 
tion. Size and mass effect of the tumor are considérations for 
surgical intervention, and the decision for surgery should be 
individualized to each patient. Récurrence is rare. Some large 
lipomas must be studied carefully microscopically to avoid 
confusion with a well-differentiated lipoma-like liposarcoma; 



Lipoma. Photomicrograph shows mature adi¬ 
pocytes without aggressive features. 
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TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS 

Glomus tumor Children Solitary: F>M Most common in Blue-red lésion May be well- Epithelial- Marginal excision Glomus body 

(glomangioma) and Multiple: M>F hands and feet that causes circumscribed appearing is curative regulated blood 

young Any location where a pain out of lytic lésion in cells that lie flow and 

adults glomus body is proportion to distal phalanx along outside température 
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MPNST, Malignant peripheral nerve sheath tumor; NSAID, nonsteroidal antiinflammatory drug; PVNS, pigmented villonodular synovitis. 
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however, there is a large sampling error associated with large 
fatty tumors. 

NERVE SHEATH TUMORS 

Neurilemmoma (schwannoma) typically is a solitary encap- 
sulated lésion that may be cystic when it is 3 to 4 cm in 
diameter. Any nerve may be involved, but it usually involves 
one of the larger peripheral nerves (Fig. 28-3); the sacral 
plexus or the sciatic nerve may be involved within the pelvis. 
Patients may report a painless mass but sometimes complain 
of referred pain in the distribution of the involved nerve. A 
Tinel sign can be présent on physical examination. These 
findings are extremely rare in association with other soft- 
tissue masses except nerve sheath tumors. MRI offen shows 


a fusiform mass along the course of a major peripheral 
nerve. The nerve may be visualized entering and exiting the 
mass on the coronal or sagittal MRI sequences. A “split fat 
sign” refers to a rim of fat that may be observed specifically 
on the Tl-weighted MR image of schwannomas. However, 
MRI characteristics still remain nonspecific for this tumor. 
Microscopically, the tumor consists of two types of tissue: 
Antoni A and Antoni B. Antoni A tissue is more typical of 
the tumor and consists of compact collections of spindle 
cells that show marked palisading. Antoni B tissue is myxo- 
matous and degenerative, and within it are cystic spaces and 
offen thick-walled blood vessels. Verocay bodies are charac- 
teristically found in schwannomas and consist of an arrange¬ 
ment of two rows of palisading nuclei separated by fibrillary 



A f Tl-weighted coronal magnetic résonance imaging shows a 3-cm fusiform mass along peroneal nerve. B f Contrast- 
enhanced, fat-suppressed axial image shows a high signal at the periphery of the lésion with a low signal in the center. The patient 
complained of pain radiating to the dorsum of the foot whenever she "bumped" the mass. AN of these findings are typical of benign 
nerve sheath tumor. C f Intraoperative photograph shows neurilemmoma of the peroneal nerve. D f After incising the epineurium, the 
tumor was easily separated from the nerve fibers using blunt dissection. 
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Neurilemmoma. Photomicrographs (H&E, x20) 
show compact spindle cells with nuclear palisading (A) and Antoni 
A (compact collections of spindle cells with marked palisading) 
and Antoni B (loose myxomatous) patterns (B). 


material (Fig. 28-4). Nuclear and cytoplasmic staining of the 
S-100 protein are not always required but help support the 
diagnosis. Often the lésion simply spreads the nerve fibers 
apart without anatomical or functional interruption, allow- 
ing the tumor to be removed by careful blunt dissection after 
a longitudinal incision in the perineurium. There may be 
little, if any, dysfunction of the nerve after surgery. Occa- 
sionally, the tumor may recur, but usually the lésion or 
récurrent lésion can be removed without sacrificing numer- 
ous nerve fibers. Excision that interrupts the continuity of 
the nerve should be avoided. Malignant degeneration has 
been described but rarely occurs. 

Neurofibroma is characterized by a much greater produc¬ 
tion of collagen than is neurilemmoma, and it, too, may occur 
as an isolated lésion (Fig. 28-5). It is much more likely than 
neurilemmoma to arise from a nerve branch too small to be 
identified, however. Neurofibromas also occur as a manifesta¬ 
tion of von Recklinghausen disease (neurofibromatosis type 


1), in which many such tumors may be found associated with 
café-au-lait spots and various other lésions. Most neurofibro¬ 
mas are found in individuals who do not hâve the NF1 marker 
(gene located at chromosome 17qll.2). Sometimes a neuro¬ 
fibroma occurs in which multiple fascicles of a peripheral 
nerve are involved; this is referred to as a “plexiform neuro¬ 
fibroma,” and excising it completely may be impossible 
without sacrificing the nerve and its associated function. A 
patient presenting with a plexiform neurofibroma without a 
known history of neurofibromatosis should be evaluated for 
neurofibromatosis type 1. Other manifestations of neurofi¬ 
bromatosis include hypertrophy of soft tissue, including the 
skin; hypertrophy of bone; scoliosis; bone cysts; and other 
abnormalities. Microscopically, neurofibromas hâve low cel- 
lularity with disorganized bundles of collagen. The nuclei of 
the spindle-shaped cells are wavy, and mitotic figures are rare 
(Fig. 28-6). Because neurofibromas are difhcult to separate 
from the host nerve, axons may be observed histologically 
within the tumor cells. Even though the risk of malignant 
degeneration is low, increased pain or change in the size of 
the mass should serve as warning signs of a possible malig¬ 
nant peripheral nerve sheath tumor. 

SYNOVIAL LESIONS 

Synovial chondromatosis is a monarticular synovial proliféra¬ 
tive disease in which cartilaginous or osteocartilaginous 
metaplasia occurs within the synovial membrane of joints, 
bursae, or tendon sheaths. The disease has been classified into 
three phases: (1) early, with synovial chondrometaplasia but 
no loose bodies; (2) transitional, with active synovial disease 
and loose bodies; and (3) late, with loose bodies but no syno¬ 
vial disease. Routine radiographs may show multiple loose 
bodies, and joint érosions may be présent in late stages. MRI 
often is useful in establishing the diagnosis. Synovial chon¬ 
dromatosis is most common in the knee and hip, but almost 
any joint, bursa, or tendon sheath may be affected. Mechani- 
cal symptoms from the loose bodies may develop slowly over 
years and necessitate surgical intervention. Treatment con- 
sists of arthroscopic or open synovectomy and removal of the 
loose bodies (Fig. 28-7). Récurrence after surgery is common, 
and there are rare reports of malignant transformation to 
chondrosarcoma. Histologically, synovial chondromatosis 
consists of moderately cellular hyaline cartilage arranged in 
nodules within the synovium (Fig. 28-8). Binucleate cells may 
be observed, and cells are usually crowded and clumped 
within the nodule. 

Giant cell tumor of tendon sheath is a relatively common 
benign tumor usually involving the tendon sheaths of adult 
fingers (Fig. 28-9). It first appears as a slowly enlarging but 
painless mass. Occasionally, a radiograph shows bony érosion 
of adjacent cortices. The histology is characteristic, with foam 
cells (histiocytes), fibrous tissue, giant cells, and hemosiderin 
déposition similar to that seen in pigmented villonodular 
synovitis (Fig. 28-10). Treatment is by marginal excision, 
which may prove technically difhcult in larger lésions. Récur¬ 
rences are frequent if the excision is incomplète. 

Pigmented villonodular synovitis may occur in a local- 
ized or diffuse form. The localized form is identical histologi¬ 
cally to giant cell tumor of tendon sheath. The diffuse form 
also appears to be identical histologically to the localized 
form, but it involves the entire synovium. The diffuse form 
most commonly affects the knee, but the hip, ankle, shoulder, 
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Axial (A) and coronal (B) magnetic résonance images show large tumor along the sciatic nerve in a patient with 
neurofibromatosis. Biopsy confirmed this to be a neurofibroma. C f After incising epineurium, nerve fibers were bluntly dissected away 
from tumor. D f Tumor has been removed with préservation of tibial and peroneal divisions of sciatic nerve. E f Photograph of 
specimen. 
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Neurofibroma. Photomicrograph (H&E, x20) demonstrates disorganized bundles of collagen with wavy nuclei. Mucoid 
material séparâtes the cells and collagen. 



Anteroposterior radiograph (A) and axial MR image (B) of left shoulder of patient with synovial chondromatosis 
show multiple intraarticular ossified loose bodies and secondary degenerative changes. The patient underwent anterior and posterior 
synovectomy. C f Photograph of resected loose bodies. 
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Synovial chondromatosis. A f Photomicrograph shows nodules of hypercellular cartilage within the synovium. B, Atypi- 
cal cells often are seen in a clumped arrangement. 



A f Tl-weighted axial magnetic résonance image shows mass in palm of right hand on flexor tendons of middle finger. 
B, Intraoperative photograph of giant cell tumor of tendon sheath. 



JjJ Pigmented villonodular synovitis. Photomicro¬ 
graph (H&E, x20) demonstrates bland polyhedral cells surrounded 
by collagen. Giant cells and hemosiderin are présent. 


wrist, and other joints can be involved (Fig. 28-11). The 
patient usually présents with monarticular pain and swelling. 
Intraarticular lésions may cause mechanical symptoms, and 
a mass may be palpable. Aspiration of the joint characteristi- 
cally reveals serosanguineous or blood-tinged fluid. Routine 
radiographs often are normal but may show bony érosion, 
especially if the hip is involved. MRI frequently is diagnostic, 
showing intraarticular masses that are dark on the T1 - weighted 
and T2-weighted images. Additionally, the extent of the 
disease process may be further delineated with MRI. Recom- 
mended treatment for the localized form is marginal excision 
and for the diffuse form is total synovectomy. If there are 
significant secondary degenerative changes of the joint sur¬ 
faces, arthroplasty should be strongly considered. Radiother- 
apy in the diffuse lésion may be justified if surgery fails to 
control the process. 

VASCULAR LESIONS 

Hemangiomas are common, and many types are présent at 
birth. Their classification currently is unsatisfactory; the dis¬ 
tinction between telangiectatic lésions, true neoplasms, and 
arteriovenous malformations is sometimes obscure. 
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A and B f Plain radiographs of a patient with pigmented villonodular synovitis do not show any soft-tissue abnormal- 
ity. Tl-weighted (sagittal) (C) and T2-weighted (axial) (D) MR images demonstrate a diffuse intraarticular process that is dark on both 
sequences. E f Intraoperative photograph shows diffuse pigmented villonodular synovitis of the knee. 


The type of hemangioma composed of cellular masses of 
closely packed endothélial cells with many mitotic figures 
offen is called a “strawberry hemangioma” or a “benign 
hemangioendothelioma.” It is found at birth or shortly there- 
after, is deep red, and may grow rapidly during the first few 
months of life. This type usually stops growing, however, and, 
in most instances, eventually disappears. Only occasionally 
does one require surgery. The port wine type offen occurs on 
the face, neck, and upper trunk and is also présent at birth. 
It grows at about the same rate as the patient but may become 
quite large. This lésion does not disappear spontaneously, and 


removal is quite difficult. Microscopically, it consists of thin- 
walled dilated vessels superficial in the skin. 

Capillary hemangiomas consist of a network of newly 
formed capillaries. Cavernous hemangiomas consist of widely 
dilated vessels or thicker vessels that may resemble veins; 
these occur quite offen in the liver. Hemangiomas also occur 
deep in skeletal muscle and other soft tissues of the extremi- 
ties and trunk (Fig. 28-12). Intramuscular hemangiomas can 
be painful. The pain offen is associated with the increased 
blood flow that occurs during increased activity or when the 
limb is in a dépendent position. Radiographs generally are 
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FIGURE 


A and B f Plain radiographs of the hip show soft-tissue density of a large intramuscular hemangioma. 

Continued 


normal but may demonstrate phleboliths or calcifications 
in the soft tissues. Hemangiomas characteristically hâve 
increased fat content as may be shown on MRI. The 
T2-weighted sequences will show increased signal secondary 
to the hyperemic vascular channels. Asymptomatic lésions 
can be observed. Multiple treatment options exist for painful 
lésions. Symptoms can frequently be controlled with 
compression hose. Surgical resection can be performed 
for small or well-defined lésions, although récurrence is 
common. S orne intramuscular hemangiomas are infiltrative 


and extremely difhcult to resect except by radical surgery. In 
these cases, treatment options include embolization or injec¬ 
tion with sclerosing agents. Rarely, symptoms are refractory 
to ail treatment options, in which case amputation could be 
considered. 

Glomus tumor, or glomangioma, is a rare but painful 
lésion. The skin and subcutaneous tissue of the hands and feet 
are usually affected, but a tumor may develop in any location 
in which a glomus body is found. A glomus body serves to 
control blood flow and température through the autonomie 
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■awiiaaBgCTgBTBÎfc C f D f and E, Tl- and T2-weighted axial 
and sagittal MR images demonstrate the intramuscular heman- 
gioma of the sartorius muscle. F, Photomicrograph (H&E) shows 
dilated vascular spaces interspersed with skeletal muscle. G f Intra¬ 
operative photograph after resection. Dissection is along ana¬ 
tomie distribution of the sartorius muscle. 



Glomus tumor. A f Photomicrograph (H&E) 
shows fibrous tissue containing groups of round-to-oval homog- 
enous cells surrounded by vascular channels. B f Bland appearance 
of homogeneous round-to-oval cells. 


control of the smooth muscle of the arterial wall. The subun- 
gual area of the fingers is a characteristic site of involvement, 
especially in women. Exquisité point tenderness and hyper- 
sensitivity are invariably présent. Because of this tumor s 
rarity and small size, the diagnosis may not be readily appar¬ 
ent. When visible, the lésion usually appears as a small, bluish 
red discoloration of the skin, and 2% to 3% of glomus tumors 
are multiple. Multiple lésions are more common in men. 
Microscopically, this tumor consists of collections of round 
to oval uniform cells that appear épithélial and lie along the 
outside of abundant vessels (Fig. 28-13). Some smooth muscle 
also may be seen, and nonmyelinated nerve fibers may be 
shown by spécial stains. Glomus tumors are cured by mar¬ 
ginal excision. 

FIBROUS LESIONS 

Several lésions hâve been described that microscopically 
consist of cellular tissue, often with bizarre cells and numer- 
ous mitotic figures, and that clinically hâve not behaved in a 
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Nodular fasciitis. Photomicrograph (H&E) shows 
bland immature fibroblasts in a myxoid stroma. 


Desmoid tumor. Photomicrograph (H&E, xlO) 
demonstrates bland homogeneous spindle cells separated by 
abundant collagen. 


malignant fashion. One such lésion is nodular fasciitis (pseu- 
dosarcomatous fasciitis, subcutaneous pseudosarcomatous 
fibromatosis), which consists of bland proliferating immature 
fibroblasts in a myxoid stroma with a predominantly vascular 
pattern (Fig. 28-14). Typically, it is found in young adults, 
most frequently in the forearm, but it has been reported in a 
variety of âges and locations. The deep fascia usually is 
involved, with the lésion protruding into the subcutaneous 
tissue or less offen into the underlying muscle. At its periph- 
ery, the lésion contains many capillaries and often inflamma- 
tory cells and resembles granulation tissue. Most lésions are 
relatively small (2 to 3 cm in diameter), but occasionally a 
larger one is found. Patients usually complain of a rapidly 
expanding mass that has been présent for several weeks. 
Treatment is by marginal resection. Récurrence is rare. 

Desmoid tumors (aggressive fibromatosis) are locally 
aggressive lésions of connective tissue origin that infiltrate 
surrounding tissues and hâve a marked propensity for persis- 
tence or récurrence. Although most authorities regard this 
lésion as benign, it can be locally very aggressive. These 
lésions occur most frequently in the anterior abdominal wall 
of women who hâve borne children; lésions in other locations 
often are known as extraabdominal desmoids. Microscopi- 
cally, they contain abundant collagen with uniform elongated 
spindle cells (Fig. 28-15). Atypia and mitoses are scant, and 
the mass is not well encapsulated, often infiltrating the sur¬ 
rounding host soft tissues. Grossly, they are dense, hard, 
rubbery, and grayish white. Extraabdominal desmoids occur 
most frequently in the shoulder girdle, arm, thigh, neck, 
pelvis, forearm, and popliteal fossa (Fig. 28-16). Superficial 
fibromatoses of the palmar aponeurosis (Dupuytren contrac¬ 
ture) and plantar fascia (Ledderhose disease) are commonly 
seen by the orthopaedist. The natural history of untreated 
lésions is unpredictable. Some patients expérience a slow, 
relentless growth with invasion of contiguous structures. 
Spontaneous régression has also been reported. Métastasés 
hâve been reported but are extremely rare. Most institutions 
currently recommend wide resection alone or marginal 


resection followed by adjuvant radiation therapy. For cases in 
which resection would involve unacceptable morbidity, radi¬ 
ation can be used alone. Subséquent resections for récurrence 
may prove arduous because of the difficulty in differentiating 
tumor from scar tissue. Other treatment options that hâve 
had reported success include systemic modalities such as 
tamoxifen, nonsteroidal antiinflammatory drugs, and low- 
dose cytotoxic agents. 

MALIGNANT TUMORS (TABLE 28 2) 

MALIGNANT FIBROUS HISTIOCYTOMA 

Literature regarding malignant fibrous histiocytoma (MFH) 
can be extremely difficult to interpret. Although MFH for- 
merly was regarded as the most commonly diagnosed soff- 
tissue sarcoma, currently many authorities question whether 
it should be considered a distinct pathologie entity. Many 
authors believe that MFH has become a meaningless diagno- 
sis used to describe a heterogeneous group of tumors with no 
distinct line of différentiation. Careful investigation fre¬ 
quently allows many of these tumors to be reclassified to 
more spécifie diagnoses. The latest World Health Organiza- 
tion (WHO) sarcoma classification does not recognize MFH 
as a discrète entity. Rather, MFH is now referred to as undif- 
ferentiated pleomorphic sarcoma. 

Conventionally, MFH describes a pleomorphic soff- 
tissue sarcoma with a storiform (irregularly whorled pattern) 
histologie pattern of growth (Fig. 28-17). It most commonly 
occurs in patients 50 to 70 years old; however, ail âge groups 
can be affected. At the initial examination, most patients hâve 
a large (>5 cm) painless mass. The thigh is the most common 
location. Conventional radiographs may show a soff-tissue 
density but usually are normal. MRI usually shows a well- 
circumscribed mass that is dark on Tl-weighted images and 
bright on T2-weighted images (Fig. 28-18). Central necrosis 
frequently is évident on MRI of larger tumors. MFH has been 

Text continued on page 1003 
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Desmoid tumor of posterior thigh. There is dark signal on 
Tl-weighted (A) and T2-weighted (B) images. C f Sagittal MR image shows 
lobular mass along sciatic nerve. D f Photograph of resected specimen shows 
dense fibrous tissue. 



FIGURE 










TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS 

Malignant fibrous Older adults No sex prédilection Any; thigh most Large, deep Well-circumscribed Hypercellular Wide excision High grade has 

histiocytoma, common painless mass mass dark on spindle cell combined increased 

undifferentiated location Tl-weighted images neoplasm, with radiation metastatic 

pleomorphic and bright on pleomorphic, therapy potential 
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Malignant Tumors—cont'd 
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Malignant peripheral 2nd-5th Up to 50% in Large peripheral Enlarging, MRI: fusiform shape. Dense cellular Resection (wide 20-80% survival 
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PART VIII TUMORS 



Axial (A) and coronal (B) MR images show large soft-tissue mass in thigh with mixed signal intensity that proved to 
be malignant fibrous histiocytoma. C f Intraoperative photograph shows tumor being resected with wide margins. Biopsy track is kept 
in continuity with tumor. D f Tumor bed after resection. E f Photograph of resected specimen. Plane of dissection is through normal 
muscle. 
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subclassified into storiform-pleomorphic, giant cell, and 
inflammatory histiocytoma subtypes. Biologie behavior is 
better predicted by histologie grade, however. 

Treatment is wide resection. Radiation can be used as 
adjuvant treatment for large tumors or for any case in which 
the margins are close. Radiation can be administered preop- 
eratively or postoperatively. Use of preoperative radiation 
should be strongly considered for tumors that are initially 
thought to be unresectable. Considérable controversy still 
exists regarding the use of chemotherapy. Although most 
cancer centers hâve established chemotherapy protocols for 
patients with large, high-grade soff-tissue sarcomas, it is still 
unclear exactly which patients benefit from this treatment. 
With multimodal treatment, local récurrence should be less 
than 10%. Métastasés usually occur in the lungs and should 
be resected if possible. Patients should be followed with serial 
physical examinations, imaging of the tumor site, and imaging 
of the chest. Five-year survival is approximately 60%. Poor 
prognostic indicators include high grade, large tumor size, 
deep location, and presence of métastasés. 

LIPOSARCOMA 

Liposarcoma is the second most commonly diagnosed soft 
tissue sarcoma. Similar to MFH, most patients are adults 
older than 50 years old and complain of a large, painless, 
deep-seated mass located proximally in the extremities. Plain 
radiographs are usually normal. MRI is nonspecific except for 
well-differentiated tumors in which fat signal is shown (Fig. 
28-19). Histologie subtypes include well-differentiated lipo¬ 
sarcoma, myxoid liposarcoma (Fig. 28-20), round cell lipo¬ 
sarcoma, and pleomorphic liposarcoma (Fig. 28-21). 

Treatment of a well-differentiated liposarcoma is by 
surgery alone. Patients with well-differentiated liposarcomas 
are at risk for local récurrence; however, métastasés are rare 
and long-term survival is excellent. Treatment of other types 
of liposarcoma is similar to that already described for MFH. 
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Similar to MFH, métastasés usually occur in the lungs and 
should be resected when possible. Myxoid liposarcomas are 
unique in that they hâve a tendency to occur in the rétro- 
peritoneum. Patients with myxoid liposarcomas should be 
staged and followed with CT of the chest, abdomen, and 
pelvis. Patients with high-grade tumors hâve a 60% 5-year 
survival rate. Poor prognostic indicators include high grade, 
large size, proximal or deep location, and the presence of 
métastasés. 

SYNOVIAL SARCOMA (MALIGNANT 
SYNOVIOMA) 

Synovial sarcomas can occur across a wide âge range. Com- 
pared with other “adult-type” soff-tissue sarcomas, synovial 
sarcomas hâve several unique clinical features. There is a 
greater tendency for synovial sarcomas to occur in young 
adults compared with the older population affected by other 
soff-tissue sarcomas. Synovial sarcomas are relatively common 
in the distal extremities, including the hand, and are the most 
common soff-tissue sarcoma of the foot. They frequently hâve 
an indolent course initially. It is common for a mass to be 
présent for several years before coming to medical attention. 
Finally, synovial sarcomas are frequently relatively small 
(<5 cm) at présentation. This may be attributed to the fact 
that many patients complain of pain rather than an enlarging 
mass. 

The term synovial sarcoma is a misnomer. The term origi- 
nates from the histologie appearance of the cells, which can 
resemble synovial cells. The tumors do not arise from syno¬ 
vial tissue, however. An intraarticular location or even conti- 
nuity with the joint capsule is extremely rare (<10%). Plain 
radiographs frequently show amorphic calcification within 
the tumor (Fig. 28-22). Microscopically, the tumors fre¬ 
quently show a biphasic growth pattern with nests of epithe- 
lioid cells surrounded by malignant spindle cells (Fig. 28-23). 

A spécifie gene translocation, t(X:18), is found in 90% of 



Tl-weighted (A) and contrast-enhanced, fat-suppressed axial (B) MR images of well-differentiated lipoma-like lipo¬ 
sarcoma (atypical lipoma) of thigh. Lésion is similar to lipoma with exception of multiple, thick, enhancing septa. 
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A and B f Axial and sagittal T2-weighted MR images show biopsy-proved myxoid liposarcoma of the posterior thigh. 
C and D f Intraoperative photographs of resection show that the sciatic nerve passed through the tumor and had to be sacrificed. 
E f Photomicrograph (H&E, xlO) shows bland cells in a myxoid matrix with a surrounding capillary network. 





A, CT of thigh of 73-year-old patient with pleomorphic liposarcoma adjacent to sciatic nerve. B f Intraoperative pho- 
tograph of wide resection. C f Photomicrograph demonstrates pleomorphic cells, mitotic figures, and bizarre lipoblasts. 


patients with synovial sarcomas. This translocation between 
the SYT gene on chromosome 18 and one of the three SSX 
genes on chromosome X produces an SYT-SSX fusion gene 
that is believed to underlie synovial sarcoma pathogenesis 
through dysrégulation of gene expression. Patient évaluation 
and treatment are similar to that described for MFH. Che- 
motherapy has been shown to be useful in the treatment of 
this particular type of soff-tissue sarcoma. Lymph node 
metastasis is relatively common (20%) and should be evalu- 
ated carefully on physical examination. Prognosis is similar 
to that described for MFH. 

FIBROSARCOMA 

Fibrosarcoma is rarely diagnosed at this institution. Diagnos¬ 
tic criteria are subjective, and it has become a diagnosis of 
exclusion. The characteristic microscopie appearance of 
fibrosarcoma consists of spindle cells arranged in a herring- 
bone pattern (Fig. 28-24). The typical présentation is a 5- to 
10-cm, slow-growing, painless mass in the deep soft tissues 
of the lower extremity in adults 30 to 50 years old. Imaging 


characteristics, treatment, and prognosis are similar to those 
described for MFH. 

EPITHELIOID SARCOMA 

Epithelioid sarcoma is a rare soff-tissue sarcoma with several 
unusual clinical features. It is a slow-growing malignant 
tumor usually occurring in adolescents and young adults and 
frequently involves the distal upper extremities, including the 
hands and fingers. It is the most common sarcoma in the 
hand. It frequently présents as a small (average 3 cm), super- 
ficial, soff-tissue mass. The overlying skin may be ulcerated. 
Because of its indolent growth, it is frequently misdiagnosed 
initially as a carcinoma or a benign skin lésion. Patients com- 
monly undergo surgical procedures with inadéquate surgical 
margins before the correct diagnosis is made. The recom- 
mended treatment is wide resection or amputation. Similar 
to synovial sarcoma, lymph node métastasés are relatively 
common. Microscopically, epithelioid sarcoma consists of 
polyhedral cells with dense éosinophilie cytoplasm. There is 
a prédominant épithélial appearance. Despite its slow growth, 
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A f Anteroposterior radiograph of wrist of 67-year-old patient shows irregular calcifications within soft-tissue mass 
(synovial sarcoma). B f CT scan better shows calcifications within mass. C f MR image shows extent of mass. D f Intraoperative photograph 
during wide resection. E, Intraoperative photograph of tumor bed after resection. 
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Biphasic synovial sarcoma. Photomicrograph 
shows biphasic pattern of malignant spindle cells and columnar 
cells forming gland-like spaces. 


Dermatofibrosarcoma protuberans. Photomi- 
crograph (H&E, x20) shows spindle cells arranged in a storiform 
pattern. 



Fibrosarcoma. Photomicrograph (H&E, x20) 
shows spindle cells arranged in fascicles resembling a herringbone 
pattern. 


the aggressive nature of the tumor is evidenced by a high local 
récurrence rate (>50% in some sériés). The 5-year survival 
rate is approximately 70%, but survival déclinés to 50% at 10 
years, owing to the high incidence of late métastasés. Prog- 
nosis is worse for patients with tumors larger than 3 cm or 
tumors in proximal locations. 

DERMATOFIBROSARCOMA PROTUBERANS 

Dermatofibrosarcoma protuberans is a rare neoplasm that 
arises just beneath the epidermis as one or several nodules 
and eventually may grow to form a large, bulky mass. Offen, 
the tumor initially manifests as a firm plaque-like lésion of 
the skin with surrounding blue or red discoloration. The 
overlying skin may become atrophie and easily traumatized. 


The tumor grows slowly but is quite likely to recur affer exci¬ 
sion because of its infiltrative nature. It is best described as a 
low-grade nonmetastasizing fibrosarcoma of the skin. It 
occurs more offen on the trunk than on the extremities and 
most frequently in the early to middle décades of life. Micro- 
scopically, the tissue is well differentiated but cellular and the 
cells resemble fibroblasts. The cells may hâve a distinctive 
storiform pattern (Fig. 28-25). Pleomorphic nuclei are spare, 
and there is low to moderate mitotic activity. The treatment 
of choice is wide resection (Fig. 28-26). Récurrence is common 
and usually is the resuit of failure to excise enough adjacent 
normal tissue to include the pseudocapsule and occult finger- 
like projections. Rarely, affer several récurrences, a lésion 
becomes less well differentiated and may metastasize. 

RHABDOMYOSARCOMA 

Rhabdomyosarcoma varies considerably in frequency and 
type among different âge groups. Microscopically, it can be 
subdivided into three main types: embryonal, alveolar, and 
pleomorphic. Some tumors hâve mixed features. The embry¬ 
onal and alveolar types occur in children and adolescents and 
are among the more common malignant tumors in these âge 
groups. The classic pleomorphic type occurs in adults and is 
rare. Rhabdomyosarcoma usually is found within a muscle 
but may secondarily involve the skin. Its origin from some of 
the smaller muscles may not be obvious. 

Embryonal rhabdomyosarcomas are usually located in 
the head or neck or in the genitourinary tract. They are offen 
soft and gelatinous and are microscopically composed of long 
spindle cells with hyperchromatic nuclei and abundant cyto- 
plasm. The cells may be arranged in parallel bundles, and 
myxoid areas may be prominent. Giant cells may be présent, 
but not in abundance. A variation of this tumor, botryoid 
sarcoma, is offen found in the genitourinary tract; it is located 
beneath the épithélial surface and is polypoid. 

Alveolar rhabdomyosarcoma usually occurs in the head, 
neck, or extremities and is typically firmer and less myxoid 
than the embryonal type. Microscopically, the prédominant 
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A f Dermatofibrosarcoma protuberans in 15-year-old boy. B f MRI shows that tumor has remained very superficial. 
C, Treatment consisted of wide resection and split-thickness skin graft. 


cell is round and has scanty éosinophilie cytoplasm. An occa- 
sional cell that looks like a typical rhabdomyoblast is seen, 
and multinucleated giant cells are présent but usually are 
inconspicuous. The latter cells may grow diffusely, and in 
some parts of the tumor produce an alveolar pattern by their 
tendency to line connective tissue septa. 

The pleomorphic type of rhabdomyosarcoma usually 
occurs on the extremities and is much less common than 
either of the other types. Microscopically, it is composed of 
spindle-shaped cells arranged in parallel and interlacing 
bundles. Multinucleated giant cells are prominent, and the 
typical strap- and racquet-shaped cells offen are seen; mitotic 
activity is prominent (Fig. 28-27). 

Rhabdomyosarcoma frequently has a rapid and aggres- 
sive clinical course. Métastasés occur in the lungs, lymph 
nodes, and bone marrow. Treatment is multimodal, consist- 
ing of surgery, radiation, and chemotherapy. In contrast to 
adult soff-tissue sarcomas, a dramatic improvement in patient 
survival has been observed with the use of multiple-agent 
chemotherapy. The overall 5-year survival rate is approxi- 
mately 65%. 

MALIGNANT PERIPHERAL NERVE 
SHEATH TUMOR 

Malignant peripheral nerve sheath tumor (malignant 
schwannoma, neurofibrosarcoma) is the malignant counter- 
part of neurofibroma and is rare (Fig. 28-28). About 25% of 
patients with this tumor hâve neurofibromatosis. Approxi- 


mately 5% of patients who hâve neurofibromatosis develop 
malignant change in a neurofibroma, and pain should alert 
the clinician to the possibility of transformation. It was origi- 
nally thought that patients with neurofibromatosis had a 
worse prognosis than other patients with malignant periph¬ 
eral nerve sheath tumor; however, when other prognostic 
factors (e.g., size and location) are considered, the underlying 
diagnosis of neurofibromatosis becomes less important. 
These tumors typically arise along a major peripheral nerve 
in adults 30 to 50 years old. At the initial examination, most 
patients hâve a painless mass. Some patients complain of pain 
in the distribution of the involved nerve, and the complaint 
of pain is more prévalent in those with neurofibromatosis 
type 1. Microscopie diagnosis of early malignant change in a 
neurofibroma may be difficult. The tumors hâve a similar 
microscopie appearance as a fibrosarcoma; however, the 
spindle cells tend to hâve irregular contours (Fig. 28-29). 
Treatment consists of wide resection and radiation. Chemo¬ 
therapy should be considered for young patients with large, 
high-grade tumors. Local récurrence is high in some sériés 
because the tumor can extend along the perineurium of the 
involved nerve for some distance. The overall 5-year survival 
is approximately 50%. 

EXTRASKELETAL OSTEOSARCOMA 

Extraskeletal osteosarcoma is extremely rare. Similar to 
osteosarcoma of bone, it is a malignant spindle cell neoplasm 
marked by the production of osteoid. In contrast to 
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Pleomorphic rhabdomyosarcoma. A f Axial CT scan shows deep-seated tumor along the right ilium. B, Photomicro- 
graph (H&E, x40) shows hyperchromatic nuclei, marked pleomorphism, and mitotic figures. Intraoperative photographs show tumor 
bed after resection (C) and the resected specimen (D). E f Postoperative radiograph. 
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A f Axial MR image shows malignant peripheral nerve sheath tumor of sciatic nerve in 36-year-old patient. B f Photo- 
graph of resected specimen. Note sciatic nerve entering (bottom left) and exiting (right) tumor. 



Malignant peripheral nerve sheath tumor. Pho- 
tomicrograph (H&E, x40) shows spindle cells arranged in a swirl- 
ing pattern. Multiple mitoses are seen throughout the field. 


osteosarcoma of bone, however, extraskeletal osteosarcoma 
generally affects adults older than 40 years. The clinical course 
varies. Patients complain of an enlarging mass of variable 
duration that may or may not be painful. Any site can be 
affected; however, the deep soft tissue of the thigh is the most 
common location. Imaging studies usually show immature 
ossification within the mass (Fig. 28-30). The histology is 
similar to that of osteosarcoma of bone. Treatment is multi- 
modal, including wide resection, radiation, and multiple- 
agent chemotherapy. Compared with osteosarcoma of bone 


and other soft-tissue sarcomas, prognosis has generally been 
poor, with an average 5-year survival rate of 25%. 

EXTRASKELETAL EWING SARCOMA 

Extraskeletal Ewing sarcoma is similar to Ewing sarcoma of 
bone. This tumor generally affects adolescents and young 
adults, who typically complain of a rapidly enlarging soft- 
tissue mass. The most common locations include the paraver¬ 
tebral musculature and the chest wall. Imaging studies are 
nonspecific. The pathologie findings are similar to those of 
Ewing sarcoma of bone. It is a small, round, blue cell tumor. 
Most tumors show an 11;22 translocation, and most stain 
positively for the MIC2 gene product. Treatment protocols 
are similar to those outlined for Ewing sarcoma of bone and 
include surgery, radiation, and multiple-agent chemotherapy 
(see Chapter 27). 

EXTRASKELETAL CHONDROSARCOMA 

Extraskeletal myxoid chondro sarcoma is a low- to 
intermediate-grade soft-tissue sarcoma that generally affects 
adults older than 35 years. It typically présents as a deep- 
seated, slowly enlarging mass. Imaging studies are nonspe¬ 
cific, although the tumors are frequently lobular. Treatment 
consists of wide resection (Fig. 28-31). Radiation is used if 
margins are close. The slow-growing nature of this tumor is 
evidenced by the fact that late récurrences are relatively 
common. Five-year survival rates are approximately 90%; 
however, this number déclinés to approximately 70% at 10 
years and 60% at 15 years. 

Extraskeletal mesenchymal chondro sarcoma is a rare, 
high-grade tumor that generally affects patients who are 15 
to 35 years old. The most common locations include the head 
and neck. Treatment consists of wide resection, radiation, and 
chemotherapy. The prognosis has generally been poor. 
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A f Radiograph of 
forearm of 33-year-old patient shows 
immature ossification in soft-tissue mass 
that proved to be extraskeletal osteosar- 
coma. Axial (B) and sagittal (C) MR images 
show extent of lésion. Tumor was treated 
with wide resection (D) and split-thickness 
skin grafting (E). 
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FIGURE 


A f Axial MR image shows large lobulated soft-tissue mass that proved to be extraskeletal myxoid chondrosarcoma. 


B f Axial MR image after preoperative radiation treatment shows dramatic decrease in size of mass, making resection technically much 


easier. C, Photograph of specimen after wide resection. Biopsy track is resected en bloc with tumor, and plane of dissection is entirely 


through normal tissue. 
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This chapter describes congénital anomalies of the foot and 
lower extremity. Congénital anomalies ofthe hip andpelvis are 
described in Chapter 30, and congénital anomalies ofthe trunk 
and upper extremities are described in Chapter 31. Congénital 
anomalies ofthe spine are discussed in Chapters 43 and 44, and 
congénital anomalies of the hand are discussed in Chapter 79. 
Many ofthe operative techniques described here are useful for 
other conditions and are found in the references in other 
chapters. 

ANOMALIES OF THE TOES 

The most common anomaly of the toes is polydactyly, the 
presence of supernumerary digits. Others are syndactyly 
(webbed toes), macrodactyly (enlarged toes), and congénital 
contracture or angulation. Any of these conditions may 
require surgery. When surgery is contemplated for anomalies 
of the toes, several factors must be considered, including 
cosmesis, pain, and difficulty in fitting shoes, but overall long- 
term function of the foot is the primary concern. A satisfac- 
tory clinical resuit should correct ail of these problems. 

POLYDACTYLY 

Polydactyly of the toes may occur in established genetic syn¬ 
dromes but occurs most commonly as an isolated trait with 
an autosomal dominant inheritance pattern and variable 
expression. The overall incidence of polydactyly is approxi- 
mately two cases per 1000 live births. Surgical treatment of 
polydactyly is amputation of the accessory digit. Preoperative 
radiographs should be obtained to detect any extra metatarsal 
articulating with the digit, which should be amputated with 
its associated digit (Fig. 29-1). Occasionally, a combined 


polydactyly-syndactyly deformity requires more complex 
surgical correction (Fig. 29-2), such as resection of the more 
peripheral digit using residual skin for coverage. 

Venn-Watson classified polydactyly and directed atten¬ 
tion to the différence between preaxial and postaxial types 
(Fig. 29-3). In preaxial polydactyly, the most médial great toe 
usually is excised. The remaining great toe should hâve a 
careful repair of the capsule if necessary to prevent a progres¬ 
sive hallux varus; Kirschner wire fixation is used for 4 to 6 
weeks. A more recent classification System by Seok étal, 
focuses on the importance of associated syndactylism, axis 
déviation, and metatarsal extension, with each of these factors 
resulting in a higher rate of unsatisfactory results affer surgical 
correction. 


AMPUTATION OF AN EXTRA TOE 
(SIMPLE POSTAXIAL POLYDACTYLY) 


TECHNIQUE 29-1 


■ At the base of the toe to be amputated, make an oval or 
racquet-shaped incision through the skin and fascia, pre- 
serving extra skin to ensure tension-free closure after 
amputation of the extra digit (Fig. 29-4). 

■ Draw the tendons distally as far as possible and divide 
them. 

■ Incise the capsule of the metatarsophalangeal joint trans- 
versely, dissect it from the metatarsal, and disarticulate 
the joint. 
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■ With an osteotome or bone-cutting forceps, sharply 
resect any bone that may hâve protruded from the meta- 
tarsal head. 

■ If the radiograph has revealed an extra metatarsal, resect 
it after continuing the incision proximally on the dorso- 
lateral aspect of the foot. A complété extra ray amputa¬ 
tion may require transfer of the peroneus brevis tendon 
insertion with partial resection of the latéral border of the 
cartilaginous cuboid. 

5ee a/so Video 29-1 



A, Bilateral polydactyly in 6-month-old infant. 
B f Accessory metatarsal of left foot can be seen on radiograph. 


SYNDACTYLY 

Syndactyly of the toes rarely interfères with function, and 
surgery is indicated primarily for cosmetic reasons; the same 
technique is used as for the fingers (see Chapter 79). Syndac¬ 
tyly is commonly associated with polydactyly in the foot, and 
removal of the more médial or latéral digit is typically 
preferred. 

MACRO DACTYLY 

Macrodactyly occurs when one or more toes or fingers hâve 
hypertrophied and are significantly larger than the surround- 
ing toes or fingers. The most common associated conditions 
are neurofibromatosis, hemangiomatosis, and congénital 
lipofibromatosis. Surgery is indicated to relieve functional 
symptoms, primarily pain or difficulty in fitting shoes. The 
cosmetic goal is to alter the abnormal appearance of the toes 



Complex polydactyly-syndactyly of left fifth toe 
with bony and soft-tissue syndactyly. (From Lee HS, Park SS, Yoon 
JO, et al: Classification of postaxial polydactyly of the foot, Foot Ankle 
Int 27:356, 2006.) 



Short block Wide metatarsal head 
First metatarsal 



Y metatarsal 



T metatarsal Wide metatarsal head Complété 

duplication 
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FIGURE 


Venn-Watson classification of polydactyly. A f Preaxial polydactyly. B f Postaxial polydactyly. 
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B 
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Polydactyly. A f Front view of foot. B, Outline of incision passing through web space between fifth and sixth toes and 
extending in racquet-shaped incision along latéral border of foot. C f Surgical excision of supernumerary digit. SEE TECHNIQUE 29-1. 


and foot and to achieve a foot similar in size to the opposite 
foot (Fig. 29-5). 

Many operative procedures hâve been described for the 
treatment of macrodactyly, including réduction syndactyly, 
soft-tissue debulking combined with ostectomy or epiphysio¬ 
desis, toe amputation, and ray amputation. Soft-tissue debulk¬ 
ing combined with ostectomy or epiphysiodesis can be used 
in the initial treatment of a single digit with macrodactyly; the 
récurrence rate with this technique is virtually 100%. Ray 
resection, combined with debulking repeated as necessary has 
been recommended; however, when the great toe is involved, 
the resuit often is only fair, and repeated soft-tissue debulking 
may be necessary. When enlargement of the toe or forefoot is 
less severe, epiphysiodesis of the phalangeal physes is recom¬ 
mended when the toe reaches adult size; debulking is repeated 
as necessary. Ray amputation is indicated in patients with 
massive enlargement of the bone and soft tissues, and is also 
the procedure of choice for severe récurrence after réduction 
syndactyly or soft-tissue debulking. Hallux valgus may occur 
after resection of the second ray and occasionally requires 
surgical correction during adolescence. 


TSUGE RAY REDUCTION 

The Tsuge procedure is an additional option for pedal mac- 
rodactyly treatment. It is a rare procedure for a rare condi¬ 
tion; however, according to the authors, the benefit of this 
procedure is that it debulks and shortens the toe but main- 
tains good cosmesis by preserving the toenail. 


TECHNIQUE 29-2 


(TSUGE) 

■ After administering general anesthésia and placing 
a tourniquet, make a midaxial fish-mouth incision 

(Fig. 29-6A). 

■ Dissect sharply down the plantar aspect of the distal and 
middle phalanges. 

■ Disarticulate the distal interphalangeal joint. 

■ Identify and protect the neurovascular bundles within the 
dorsal flap. Do not excise or debulk. 


■ Release the flexor digitorum longus and extensor digito- 
rum longus tendon insertions from the distal phalanx and 
tag these (maintain and protect the extensor digitorum 
longus attachment to the middle phalanx). 

■ Using a microsagittal saw, make a coronal eut along the 
distal phalanx, excising the plantar portion and leaving 
approximately a third of the phalanx beneath the nail 
plate and matrix (Fig. 29-6B). 

■ Make a transverse eut across the distal phalanx, excising 
the physis (Fig. 29-6C). 

■ Skeletonize the middle phalanx dorsally, protecting the 
extensor attachment. 

■ Make a similar size-matched coronal eut in the middle 
phalanx at the one-third dorsal to two-thirds plantar level. 

■ Create a transverse osteotomy across the dorsal aspect of 
the middle phalanx, leaving the physis still attached to 
the plantar aspect of the residual bone. 

■ Excise the distal aspect of the dorsal middle phalanx (Fig. 
29-6D). 

■ Shorten the remaining plantar aspect of the middle 
phalanx if needed to the desired length of the toe. 

■ Bring the dorsal sliver of the distal phalanx, which con- 
tains the nail, proximally and fit it to the plantar portion 
of the middle phalanx (Fig. 29-6E) and secure the trans- 
ferred bone with a small Kirschner wire or suture lasso. 

■ Reattach the flexor digitorum longus tendon to the 
remaining middle phalanx using Vicryl suture (Ethicon, 
Somerville, New Jersey, USA). Reattach the extensor digi¬ 
torum longus tendon to the middle phalanx. 

■ Deflate the tourniquet and obtain hemostasis using 
bipolar electrocautery. 

■ After the bony work, debulk any redundant plantar flap of 
tissue and fat (Fig. 29-6F) to allow wound closure (Fig. 29-6G). 

■ Copiously irrigate the wound and close with absorbable 
suture. As a resuit of the digital shortening, a dorsal bump 
just proximal to the nail is created. 

■ Apply a stérile dressing and a well-padded short leg 
walking cast. 

POSTOPERATIVE CARE. The patient is allowed weight 
bearing as tolerated. 
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A f Macrodactyly in 2-year-old child with Klippel-Trenaunay-Weber syndrome. 
B, Anteroposterior radiograph; note soft-tissue hypertrophy of second and third ray phalanges. 
C f Clinical appearance of macrodactyly in another child. 


RAY REDUCTION 


TECHNIQUE 29-3 


■ Outline dorsal skin incisions along the ray to be reduced, 
with a single long incision or multiple small incisions 
along the metatarsal and phalanges. 

■ Debulk any fibrofatty tissue, protecting the digital neuro- 
vascular bundles. 

■ Osteotomize the metatarsal neck and shorten the meta¬ 
tarsal by removing a segment of sufficient length to 
match this metatarsal to the others. 

■Fuse the physis at the level of the metatarsal head. If 
necessary, repeat this process for any phalanges until the 
ray has been shortened to normal length. 

■ Insert a smooth, longitudinal Kirschner wire from the tip 
of the toe to the base of the metatarsal to align the ray. 

■ Secure hemostasis, close the wound with interrupted 
sutures, and apply a short leg cast. 

POSTOPERATIVE CARE. The Kirschner wire is removed 
at 6 weeks, and a short leg walking cast is worn until any 
bony procedures hâve healed. 


RAY AMPUTATION 


TECHNIQUE 29-4 


■ Outline the ray to be amputated with skin flaps to include 
amputation from the tip of the toe to the base of the 
metatarsal. 

■ Make dorsal and plantar incisions starting over the meta- 
tarsophalangeal joint, with connecting incisions in the 
web space of adjacent toes. Continue the incisions proxi- 
mally, dorsally and plantarward, to the base of the meta¬ 
tarsal to be resected (Fig. 29-7). 

■ Amputate the metatarsal and its associated phalan¬ 
ges and any surrounding hypertrophied soft tissue. 
Protect the neurovascular bundles that supply adja¬ 
cent toes. 

■ After adéquate resection of tissue, close the wound with 
interrupted sutures in the usual manner. 

POSTOPERATIVE CARE. A short leg cast is applied 
to protect the wound until healing occurs at 4 to 
6 weeks. 
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Tsuge ray réduction procedure. A f Fish-mouth incision made to the level of the proximal phalanx. B f Coronal oste- 
otomy of the distal phalanx. C f Physis is removed by transverse osteotomy from remaining dorsal bone. Plantar portion is removed. 
D f Osteotomy and removal of dorsal middle phalanx. E f Dorsal third of distal phalanx is fixed to plantar two-thirds of middle phalanx 
and tendons reattached. F, Fibrofatty issue remains when digit is shortened, creating a dorsal bump. G f Excess tissue is debulked. (From 
Morrell NT, Fitzpatrick J, Szalay EA: The use of the Tsuge procedure for pedal macrodactyly: relevance in pédiatrie orthopaedics, J Pediatr Orthop B 
23:260, 2014 ) SEE TECHNIQUE 29-2. 



Ray amputation for macrodactyly. A f Incision on dorsal surface of foot. B, Plantar incision. C f Closed incision after 
amputation. SEE TECHNIQUE 29-4. 
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A f Bilateral cleft foot in 4-year-old boy. B f Anteroposterior view; note angular deformity of metatarsophalangeal 
joints of great toe and fifth toe. 



Clinical classification of cleft foot deformity 


(see text). 


CLEFT FOOT (PARTIAL ADACTYLY) 

Cleft foot (lobster foot) is an anomaly in which a single cleft 
extends proximally into the foot, sometimes as far as the 
midfoot. Generally, one or more toes and parts of their meta- 
tarsals are absent, and often the tarsals are abnormal. Although 
the deformity varies in degree and type, the first and fifth rays 
are usually présent (Fig. 29-8). If a metatarsal is partially or 
completely absent, its respective toe is always absent. Blauth 
and Borisch classified the deformities into six types based on 
the number of metatarsal bones présent. Type I and type II 
are cleft feet with minor deficiencies, both having five meta- 
tarsals. The metatarsals are normal in type I and partially 
hypoplastic in type II. The number of identifiable metatarsals 
decreases progressively: type III, four metatarsals; type IV, 
three metatarsals; type V, two metatarsals; and type VI, one 
metatarsal. 

Abraham et al. described a simplified clinical classifica¬ 
tion on which they based treatment recommendations 
(Fig. 29-9). Type I has a central ray cleft or deficiency 
(usually second or third rays or both) extending up to the 


midmetatarsal level without splaying of médial or latéral rays. 
For this type of cleft foot, they recommended soft-tissue syn- 
dactylism with partial hallux valgus correction if needed; 
however, this type of deformity typically resuit s in little func- 
tional limitation and is primarily a cosmetic concern. Type II 
has a deep cleft up to the tarsal bones with forefoot splaying, 
for which they recommended soft-tissue syndactylism, with 
first-ray osteotomy if needed, before âge 5 years. Type III is a 
complété absence of the first through third or fourth rays, for 
which they did not recommend surgery; Abraham et al. rec¬ 
ommended syndactylism for ail type II cleft feet in the first 3 
years of life while the forefoot is still supple. Ail of their 
patients older than 5 years with type II deformities had first 
ray amputation. 

Any surgery for cleft foot should improve function and 
appearance. When surgical correction is performed, dorsal 
and plantar flaps are raised from the skin of the apposing 
surfaces, which are then sutured together (Fig. 29-10). Any 
bony or joint deformity of the first or fifth ray should be cor- 
rected at the time of surgery (Fig. 29-11). This may require 
capsulotomies and ostéotomies of any retained rays. If pin 
fixation is used for fixation of ostéotomies of the phalanges 
or metatarsals, the pins and short leg cast are removed 6 
weeks after surgery, and a short leg walking cast or cast boot 
may be worn for an additional few weeks. 

Wood, Peppers, and Shook described a simplified cleft 
closure using rectangular flaps. According to these authors, 
this technique is easier than techniques using multiple trian- 
gular flaps and produces superior cosmetic results. They rec¬ 
ommended correction of the cleft foot at 6 months old 
because of fewer anesthésia risks, minimal growth deformi¬ 
ties, and malleability of the soft tissues. 


SIMPLIFIED CLEFT CLOSURE 


TECHNIQUE 29-5 


(WOOD, PEPPERS, AND SHOOK) 

■ At least two metatarsals must be présent for good cleft 
closure. 
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JQP Syndactylism of cleft. A-C f Cleft is manually closed, and cleavage area is marked with stérile ink pen on dorsum and 
sole of foot. D f Skin and some subcutaneous tissue is removed as outlined by ink lines. E f Undermined skin edges are approximated 
with horizontal mattress sutures. 


9 " On the latéral side, or fifth ray, raise a rectangular flap, 
starting from the plantar surface of the foot to the 
dorsum (Fig. 29-12A). This does not include fascia but 
includes a fairly thick flap with fat. 

■ Exactly opposite this flap on the médial side, or first ray, 
raise a rectangular flap starting on the dorsum of the foot 
to the plantar aspect. Repeat this two or three times until 
the skin of the entire cleft is removed (Fig. 29-12B). 

■ At the longest toe, raise a distally based flap for suturing 
to the adjacent toe to make a wide web. 

■ If the toes spring apart, make a closing wedge osteotomy 
at the base of each metatarsal to centralize the toes (Fig. 
29-12C) and stabilize the ostéotomies with Kirschner 
wires (Fig. 29-12D). 

■ To stabilize the intermetacarpal distance further and 
unload tension on the surgical flaps, reconstruct the 


intermetacarpal ligament with local ligamentous tissue, 
joint capsule, or tendon obtained from the cleft foot or 
with autograft plantaris tendon or fascia lata. 

■ Close the wound in routine fashion, and apply a cast. 

POSTOPERATIVE CARE. At 3 weeks, weight bearing in 
a walking cast is allowed. At 6 weeks, the cast is discon- 
tinued, and the Kirschner wires are removed. 


CONTRACTURE OR ANGULATION 
OF THE TOES 

Congénital contracture, angulation, or subluxation of the fifth 
toe is a fairly common familial deformity, but rarely causes 
symptoms. The anomaly is rarely disabling, and surgery 
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Correction of cleft foot. A f Skin incisions along 
cleft between abnormal rays of foot. B f Artificial syndactyly 
created after excision of skin cleft, apposition of rays, and osté¬ 
otomies of metatarsals. 


usually is indicated only to improve function of the foot or 
make shoe fitting easier. The direction of angulation of the 
fiffh toe détermines the operative procedure. Surgical proce¬ 
dures for the correction of an angulated toe include soff- 
tissue correction alone, soft-tissue correction with proximal 
phalangectomy, and amputation. 


CORRECTION OF ANGULATED TOE 


TECHNIQUE 29-6 


■ Administer an ankle block anesthetic (see Chapter 80), 
and inflate a stérile ankle tourniquet. 

■Approach the fifth metatarsophalangeal joint through a 
Z-plasty incision. With the toe held in the corrected posi¬ 
tion, draw the central limb of the Z-plasty along the band 
of contracted skin to the fourth web space. Create the 
proximal and distal limbs of the Z-plasty of equal lengths 
(Fig. 29-13). Make the angle of the Z-plasty 60 degrees, 
which allows maximal élongation along the longitudinal 
axis of the Z-plasty when the limbs are transposed. 

■ Release the extensor digitorum longus tendon of the fifth 
toe in a long, oblique fashion. 

■ Release the dorsal and médial capsule and place the toe 
in the corrected position. 

■Transpose the two limbs of the Z-plasty and suture them 
with interrupted absorbable sutures. 





Cleft foot closure (see 
text). A, Rectangular flaps are raised on both 
rays. B, Flaps are raised until skin of entire 
cleft is removed. At distal tip of longer toe, 
flap is raised to suture to adjacent toe to 
make wide toe web. C, If toes spring apart, 
closing wedge osteotomy is made at base 
of each metatarsal to centralize bones. 
D, Kirschner wires are inserted to maintain 
position. SEE TECHNIQUE 29-5. 
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Correction of congénital crossover fifth toe. 
A f Preoperative appearance. B f Z-incision with 60-degree angles. 
Arrows indicate direction flaps are transposed to allow lengthen- 
ing along longitudinal axis of Z-plasty. (From Thordarson DB: Con¬ 
génital crossover fifth toe correction with soft-tissue release and 
cutaneous Z-plasty, Foot Ankle Int 22:511,2001.) SEE TECHNIQUE 29-6. 


Butler arthroplasty can be done for correction of a dor- 
sally overriding fifth toe. One complication of Butler arthro¬ 
plasty is the potential for vascular damage caused by excessive 
tension on the neurovascular bundle. This complication can 
be prevented by (1) avoiding any tension on the neurovascu¬ 
lar bundle, (2) taking care not to manipulate or exert traction 
on the toe, and (3) avoiding the use of circumferential taping 
or rigid splinting. 


ARTHROPLASTY OF THE FIFTH 
METATARSOPHALANGEAL JOINT 


TECHNIQUE 29-7 


(BUTLER) 

■After preparing and draping the foot and applying a 
tourniquet, make a double racquet incision, with the 


dorsal handle following the extensor longus tendon and 
the plantar handle inclined laterally to provide a circum- 
ferential incision (Fig. 29-14A). 

■ To expose the contracted extensor tendon, elevate skin 
flaps by blunt dissection, protecting the neurovascular 
bundle (Fig. 29-14B). 

■ Transect the extensor tendon to the fifth toe and divide 
the dorsal aspect of the metatarsophalangeal joint capsule 
(Fig. 29-14C). 

■ The toe should now partially rotate downward and later¬ 
ally into the correct position. In long-standing deformities, 
the plantar aspect of the capsule is adhèrent and prevents 
full réduction of the proximal phalanx on the metatarsal 
during derotation of the toe. 

■ If necessary, separate the adhèrent plantar capsule by 
blunt dissection and divide it transversely to allow the 
toe to lie freely in a fully corrected position (Fig. 29-14D 
and E). 

■ Close the skin with multiple interrupted sutures and 
apply a light dressing to the suture line (Fig. 29-14F 
and G). 

POSTOPERATIVE CARE. A short leg cast or postopera- 
tive surgical shoe may be worn, with a light dressing only 
over the fifth toe. Protected activity is allowed as 
tolerated. 


CONGENITAL HALLUX VARUS 

Congénital hallux varus is a deformity in which the great toe 
is angled medially. The varus deformity of the toe varies in 
severity from only a few degrees to 90 degrees. The hallux 
varus can occur at the metatarsophalangeal joint with a 
normal metatarsal or it can occur in association with other 
deformities of the médial foot such as bracket epiphysis or 
preaxial polydactyly. 

Typically, congénital hallux varus is unilatéral and is asso- 
ciated with one or more of the following: (1) a short, thick 
first metatarsal; (2) accessory bones or toes; (3) varus defor¬ 
mity of one or more of the four latéral metatarsals; and (4) a 
firm fibrous band that extends from the médial side of the 
great toe to the base of the first metatarsal (Fig. 29-15). The 
explanation for this anomaly is that two great toes originate 
in utero, but the médial or accessory one fails to develop. 
Later, the rudimentary médial toe, together with the band of 
fibrous tissue, acts like a taut bowstring and gradually pulls 
the more fully developed great toe into a varus position. 

The proper treatment for congénital hallux varus dépends 
on the severity of the deformity and the rigidity of the con¬ 
tracted soft structures. A metatarsal epiphyseal bracket can 
be treated with physiolysis if performed very early or phys- 
iolysis combined with corrective osteotomy if performed later 
for milder hallux varus (Fig. 29-16). An osteotomy without 
physiolysis has an increased risk of récurrence, and the use 
of a bone graft increases the risk of fusing the epiphyseal 
bracket. A fat graft can be used as interposition material; 
however, Choo and Mubarak noted that fat attaches poorly 
to the diaphysis. Several of their patients developed a periph- 
eral bar at the proximal metaphyseal-epiphyseal junction 
causing récurrent deformity. They recommended using poly- 
methyl méthacrylate as interposition material. 
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Butler arthroplasty. A f Double racquet incision. B f Exposure of extensor tendon. C f Transection of extensor tendon. 
D f Séparation of adhèrent capsule. E f Corrected position of toe. F and G f Skin closure. SEE TECHNIQUE 29-7. 


The Farmer technique is effective in correcting moderate 
deformity. The operation of Kelikian et al. is also satisfactory 
for severe deformity with an excessively short first metatarsal 
(Fig. 29-17). Each of these procedures is designed to create a 
syndactyly between the second toe and the hallux to maintain 
deformity correction. If the deformity is complicated by trau- 
matic arthritis of the metatarsophalangeal joint, arthrodesis 
of this joint (see Chapter 81) is indicated. In rare cases, if the 
deformity is too severe either to be corrected or to undergo 
arthrodesis, amputation is indicated. 


CREATION OF SYNDACTYLY OF THE 
GREAT TOE AND SECOND TOE FOR 
HALLUX VARUS 


TECHNIQUE 29-8 


(FARMER) 

■ Raise a broad Y-shaped flap of skin and subcutaneous 
tissue from the dorsal surface of the web between the 


first and second toes (Fig. 29-18); base the flap dorsally 
in the space between the first and second metatarsals, 
and include in it the skin contiguous with the web distally 
along the two toes for one third of their length. 

From the médial edge of the base of the flap, curve the 
incision medially and slightly distally across the médial 
aspect of the first metatarsophalangeal joint. Deepen this 
incision transversely through the médial part of the 
capsule of the first metatarsophalangeal joint. 

Move the great toe laterally against the second toe and 
create a syndactyly between these two toes by suturing 
the apposing skin edges together. 

A smooth longitudinal Kirschner wire can be inserted 
from the tip of the great toe into the first metatarsal to 
align the great toe in a neutral position. 

Excise any accessory phalanx or hypertrophie soft tissue 
from the great toe through a separate dorsomedial 
incision. 

Swing the Y-shaped flap of skin and subcutaneous tissue 
medially and suture it in place to cover the defect in the 
skin on the dorsal and médial aspects of the first meta¬ 
tarsophalangeal joint. 
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A f Congénital hallux varus of right foot. B, Anteroposterior radiograph; note short first metatarsal and accessory 
distal phalanx. C f Appearance after surgical correction. 


■ In an alternative technique described by Farmer, the 
Y-shaped flap of skin and subcutaneous tissue is raised 
from the plantar surface of the foot (Fig. 29-19); the rest 
of the procedure is the same as already described, with 
the flap swung medially to cover the defect in the skin at 
the first metatarsophalangeal joint. Any defect that 
cannot be closed by the flap either is left open to heal 
secondarily or is covered by a full-thickness skin graft. 

POSTOPERATIVE CARE. The foot is immobilized in a 
cast. At 6 weeks, the cast and pins are removed, and full 
activities are allowed. 


CONGENITAL METATARSUS ADDUCTUS 

Metatarsus adductus, which consists of adduction of the fore- 
foot in relation to the midfoot and hindfoot, is a common 
anomaly, often causing intoeing in children. It can occur as 
an isolated anomaly or in association with clubfoot. Among 
children with metatarsus adductus, 1% to 5% also hâve devel- 
opmental dysplasia of the hip or acetabular dysplasia. 


Clinically, metatarsus adductus can be classified as mild, 
moderate, or severe (Fig. 29-20). In the mild form, the fore- 
foot can be clinically abducted to the midline of the foot and 
beyond (Fig. 29-21 A). The moderate form has enough flexi- 
bility to allow abduction of the forefoot to the midline, but 
usually not beyond (Fig. 29-21 B). In rigid metatarsus adduc¬ 
tus, the forefoot cannot be abducted at ail. There also may be 
a transverse crease on the médial border of the foot or an 
enlargement of the web space between the great and second 
toes. In general, mild metatarsus adductus résolves without 
treatment. Moderate or severe metatarsus adductus is best 
treated initially by serial stretching and casting for 6 to 12 
weeks, or until the foot is clinically flexible. 

Metatarsus adductus may be seen as a residual deformity 
in patients previously treated surgically or nonsurgically for 
congénital clubfoot. This residual metatarsus adductus can 
be rigid, indicating fixed positioning of the forefoot on the 
midfoot and hindfoot, or it can be dynamic, caused by imbal¬ 
ance of the anterior tibial tendon during gait. The rigidity or 
flexibility of the forefoot should be determined before under- 
taking any surgical correction in an older child. Metatarsus 
adductus, particularly in its milder forms, is often only a 
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cosmetic concern. However, shoewear may also become an 
issue as the child âges. 

■ TREATMENT 

In a young child, surgery is not indicated until conservative 
treatment has failed. When a child passes the appropriate âge 
for serial stretching and casting, surgery becomes a reason- 
able option. Indications for surgery include pain, objection- 
able appearance, and difficulty in fitting shoes because of 
residual forefoot adduction. Numerous soft-tissue and bony 
procedures hâve been described for correction of metatarsus 
adductus. We prefer to tailor the surgery to the âge and defor- 
mity of the particular child (Box 29-1). 







Epiphyseal bracket. A f Foot with preaxial 
polydactyly had reconstruction. B, Several months later an epiph¬ 
yseal bracket of the proximal phalanx was noted with early ossi¬ 
fication. C f The patient had excision of the hallux bracket. 
Intraoperative imaging demonstrating two needles at edges of 
bracket. D f Kirschner wire placed transversely through proximal 
phalanx. E f Polymethyl méthacrylate cernent was placed around 
wire. (From Choo AD, Mubarak SJ: Longitudinal epiphyseal bracket, 
J Child Orthop 7:449, 2013.) 


DOME-SHAPED OSTEOTOMIES OF 
METATARSAL BASES 

Berman and Gartland recommended dome-shaped osté¬ 
otomies for ail five metatarsal bases for résistant forefoot 
adduction in children 4 years old and older (Fig. 29-22). For 
a mature foot with uncorrected metatarsus adductus, or if 
ail of the médial soft-tissue structures are contracted, they 
recommended a laterally based closing wedge osteotomy 
through the bases of the metatarsals. Correcting the align- 
ment without shortening the latéral border of the foot can 



Kelikian procedure for congénital hallux 
varus. A f Preoperative appearance of foot. B f After artificial 
syndactyly. 



FIGURE 


Farmer procedure for congénital hallux varus (see text). SEE TECHNIQUE 29-8. 
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Skin graft 


Long sutures 
tie dressing 
against graft 


FIGURE 


Alternative Farmer procedure for congénital hallux varus (see text). SEE TECHNIQUE 29-8. 



ÿj Heel bisector defines relationship of heel to forefoot from left to right: normal (bisecting second and third toes), 
mild metatarsus adductus (bisecting third toe), moderate metatarsus adductus (bisecting third and fourth toes), and severe metatarsus 
adductus (bisecting fourth and fifth toes). 


cause excessive tension on the skin on the médial border 
or on the neurovascular bundle posterior to the médial 
malleolus. Steinmann pins inserted parallel to the médial 
and latéral borders of the foot are usually necessary to hold 
the foot in the corrected position until the ostéotomies 
hâve healed. Without internai fixation, the soft tissue on 
the médial side may cause récurrence of deformity. 


TECHNIQUE 29-9 


(BERMAN AND GARTLAND) 

■Approach ail five metatarsal bases dorsally. Make two 
longitudinal dorsal incisions, one between the first and 
second metatarsals and the other overlying the fourth. 
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Treatment of Metatarsus Adductus 


None: mild deformities résolve 

Serial stretching and casting: rarely for moderate and severe 
deformities 

Surgery: deformity uncorrected by conservative treatment 
Pain 

Objectionable appearance 
Difficulty in fitting shoes 

2-4years: Tarsometatarsal capsulotomies (Heyman, Herndon, 
and Strong) 

>4 years: Multiple metatarsal ostéotomies (Berman and 
Gartland); médial cuneiform, latéral cuboid double 
osteotomy 


Congénital metatarsus adductus. Moderate 


deformity. 



FIGURE 


A and B f Rigid metatarsus adductus in 8-year-old child. C and D f After multiple metatarsal ostéotomies. SEE TECHNIQUE 29-9. 
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Berman and Gartland technique for metatarsal 
ostéotomies. Dome-shaped osteotomy is completed at base of 
each metatarsal. SEE TECHNIQUE 29-9. 


S Protect the extensor tendons and superficial nerves and 
preserve the superficial veins as much as possible. 

■ Expose subperiosteally the proximal metaphysis of each 
metatarsal, and with a small power drill make a dome- 
shaped osteotomy in each with the apex of the dôme 
proximally (Fig. 29-23). Avoid the physis at the base of 
the first metatarsal. 

■ If adéquate correction cannot be obtained by these osté¬ 
otomies, resect small wedges of bone based laterally at 
the ostéotomies as needed. 

■ Align the metatarsals and transfix the foot in the cor- 
rected position with small, smooth Steinmann pins 
inserted proximally through the shafts of the first and fifth 
metatarsals and across the ostéotomies in these bones 
and, if needed, in ail five metatarsals. Prevent dorsal or 
volar angulation and overriding of the fragments. 

■ Before closing the wound, check the placement of the 
pins, position of the ostéotomies, and forefoot alignment 
by radiographs (Fig. 29-24). The anteroposterior talus— 
first metatarsal angle should be corrected to 0 to 10 
degrees. 

POSTOPERATIVE CARE. A short leg cast is applied with 
the foot in the corrected position. At 6 weeks, the cast 
and pins are removed, and weight bearing is begun, com- 
monly in a walking cast or cast boot for 2 to 4 weeks. 


For the osteotomy portion of the above technique, 
Knorr et al. described using the Cahuzac technique of perçu - 
taneous ostéotomies of the metatarsals in children with meta- 
tarsus adductus. The approach uses a beaver blade to create 
two small incisions over the base of the second metatarsal and 
the third intermetatarsal space. A high-speed surgical burr is 



Completed ostéotomies with Steinmann pins 
inserted to hold corrected position. SEE TECHNIQUE 29-9. 


used to create a percutaneous osteotomy of the second 
through fourth metatarsal bases. Percutaneous cuneometa- 
tarsal capsulotomy is performed with a 19-gauge needle. The 
forefoot is manipulated and stabilized with an obliquely ori- 
ented, percutaneous 2-mm Kirschner wire from the first 
metatarsal into the tarsal bones. 


CUNEIFORM AND CUBOID 
OSTEOTOMIES 

McHale and Lenhart recommended opening wedge oste¬ 
otomy of the médial cuneiform and closing wedge oste¬ 
otomy of the cuboid for correction of deformities in the 
midfoot with severe shortening of the médial column 
("bean-shaped" foot). 


TECHNIQUE 29-10 


(MCHALE AND LENHART) 

■ With the anesthetized patient supine, make a small lon¬ 
gitudinal incision over the cuboid (Fig. 29-25A). 

■ Remove a 7- to 10-mm wedge with its base in a dorso- 
lateral position (Fig. 29-25B). 

■ Approach the médial cuneiform by using part of the distal 
extension of the médial incision (Fig. 29-25A) or a 2-cm 
incision medially over the médial cuneiform. 

■ Make the osteotomy in the cuneiform, leaving the ante- 
rior tibial tendon attached to the distal piece of bone. 
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Ostéotomies of médial cuneiform and cuboid for correction of residual deformity. A f Latéral and médial incisions. 
B f Removal of dorsolateral wedge from cuboid. C f Placement of wedge in osteotomy in médial cuneiform. SEE TECHNIQUE 29-10. 


■ Spread the médial cuneiform osteotomy with a smooth 
spreader and insert the wedge of bone removed from the 
cuboid, with the base of the wedge straight medially (Fig. 
29-25C). 

■Check clinical correction of the deformity. If the latéral 
border of the foot still appears prominent (midfoot supi¬ 
nation has not been corrected), remove a larger wedge 
of bone from the cuboid. 

■ Use two smooth Kirschner wires to fix the foot in the 
corrected position. Insert one pin through the cuboid, 
starting in the calcaneus and exiting through the base of 
the fifth metatarsal. Place the other pin through the first 
web space, through the médial cuneiform and tarsal 
navicular, and into the talus. 

■ Confirm the position of the pins and the correction of the 
bony deformity with radiographs. 

■ After correct positioning of the foot, the latéral three toes 
may remain in passively uncorrectable flexion. If so, 
perform simple flexor tenotomy. 

■Close the wounds and apply a short leg cast with thick 
padding to allow for swelling. 

POSTOPERATIVE CARE. At 2 weeks, the wounds are 
checked, and a more form-fitting, non-weight-bearing 
cast is applied. The pins are removed at 6 weeks, and a 
weight bearing cast is applied. A cast or cast boot is worn 
until bony union is évident on radiographs, usually at 8 
to 12 weeks. 


ANOMALIES OF THE FOOT 

CONGENITAL CLUBFOOT (TAUPES 
EQUINOVARUS) 

The incidence of congénital clubfoot is approximately one 
in every 1000 live births. Although most cases are sporadic 
occurrences, families hâve been reported with clubfoot as an 
autosomal dominant trait with incomplète penetrance. Bilat¬ 
eral deformities occur in 50% of patients. In patients with 
bilateral deformity, the severity and response to treatment is 
highly correlated between the two feet. 

Several théories hâve been proposed regarding the cause 
of clubfoot, but the underlying cause of clubfoot is still mostly 
unknown. One theory is that a primary germplasm defect in 



Congénital clubfoot in newborn. Posterior 
view—inversion, plantarflexion, and internai rotation of calca¬ 
neus and cavus deformity with transverse plantar crease. 


the talus causes continued plantarflexion and inversion of this 
bone, with subséquent soff-tissue changes in the joints and 
musculotendinous complexes. Another theory is that primary 
soff-tissue abnormalities within the neuromuscular units 
cause secondary bony changes. There may be a vascular cause 
because many children with clubfoot hâve a hypertrophie 
anterior tibial artery or other vascular anomalies. 

Several authors hâve documented abnormal distribution 
of type I and type II muscle fibers in clubfeet. The abnormal 
foot may be one half to one size smaller in length and width. 

Multiple studies hâve demonstrated no corrélation 
between clubfoot and developmental dysplasia of the hip. It 
is thought that a routine clinical examination screening is ail 
that is needed for the évaluation of hip pathology in children 
born with a clubfoot deformity. 

The pathologie changes caused by congénital clubfoot 
must be understood if the anomaly is to be treated effectively. 
The four basic components of clubfoot are cavus, adduction, 
varus, and equinus. The deformity varies in severity, from a 
mild positional clubfoot that is passively correctable to near 
the neutral position to a much more severe clubfoot with 
extreme, rigid hindfoot equinus and forefoot adduction. The 
typical deformity is shown in Fig. 29-26. Clubfoot offen is 
accompanied by internai tibial torsion. The ankle, midtarsal, 
and subtalar joints ail are involved in the pathologie process. 
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Turco attributed the deformity to médial displacement of 
the navicular and calcaneus around the talus. The talus is 
forced into equinus by the underlying calcaneus and navicu¬ 
lar, whereas the head and neck of the talus are deviated medi- 
ally. From a three-dimensional perspective, the relationship 
of the calcaneus to the talus is characterized by abnormal 
rotation in the sagittal, coronal, and horizontal planes. As the 
calcaneus rotâtes horizontally while pivoting on the interos- 
seous ligament, it slips beneath the head and neck of the talus 
anterior to the ankle joint, and the calcaneal tuberosity moves 
toward the fibular malleolus posteriorly. The proximity of the 
calcaneus to the fibula is primarily caused by horizontal rota¬ 
tion of the talocalcaneal joint, rather than by equinus alone. 
The heel appears to be in varus because the calcaneus rotâtes 
through the talocalcaneal joint in a coronal plane and hori¬ 
zontally. The talonavicular joint is in an extreme position of 
inversion as the navicular moves around the head of the talus. 
The cuboid is displaced medially on the calcaneus. 

In a three-dimensional clubfoot computer model, the 
talar neck has been shown to be internally rotated relative to 
the ankle mortise, but the talar body is externally rotated in 
the mortise. The calcaneus is significantly internally rotated 
with the sloped articular facet of the calcaneocuboid joint 
causing additional internai rotation of the midfoot. 

Contractures or anomalies of the soft tissues exert further 
deforming forces and resist correction of bony deformity and 
realignment of the joints. Talocalcaneal joint realignment is 
opposed by the calcaneofibular ligament, the superior pero- 
neal retinaculum (calcaneal fibular retinaculum), the pero- 
neal tendon sheaths, and the posterior talocalcaneal ligament. 
Resisting realignment of the talonavicular joint are the pos¬ 
terior tibial tendon, the deltoid ligament (tibial navicular), the 
calcaneonavicular ligament (spring ligament), the entire talo¬ 
navicular capsule, the dorsal talonavicular ligament, the 
bifurcated (Y) ligament, the inferior extensor retinaculum, 
and occasionally the cubonavicular oblique ligament. Inter¬ 
nai rotation of the calcaneocuboid joint causes contracture of 
the bifurcated (Y) ligament, the long plantar ligament, the 
plantar calcaneocuboid ligament, the navicular cuboid liga¬ 
ment, the inferior extensor retinaculum (cruciate ligament), 
the dorsal calcaneocuboid ligament, and occasionally the 
cubonavicular ligament. 

The metatarsals also are often deformed. They may 
deviate at the tarsometatarsal joints, or these joints may be 
normal, and the shaffs of the metatarsals themselves may be 
adducted. 

If the clubfoot is allowed to remain deformed, many other 
late adaptive changes occur in the bones. These changes 
dépend on the severity of the soft-tissue contractures and the 
effects of walking. In untreated adults, some joints may spon- 
taneously fuse, or they may develop degenerative changes 
secondary to the contractures. 

The initial examination of the foot and the progress of 
treatment should dépend on clinical judgment and occasion¬ 
ally radiographie examination. 

■ RADIOGRAPHIC EVALUATION 

If the clubfoot deformity is somewhat atypical, is associated 
with a global genetic or neurologie condition, or appears 
résistant to initial nonoperative treatment, imaging évalua¬ 
tion should be included. In a nonambulatory child, standard 
radiographs include simulated weight-bearing anteroposte- 


TABLE 29-1 


Progression of Foot Angles 
Average 6-Year Follow-Up 

in Normal Feet Over 


AVERAGE 

AVERAGE 


FIRST VISIT 

LAST VISIT 

ANGLE 

(DEGREES) 

(DEGREES) 

ANTEROPOSTERIOR VIEW 

Talocalcaneal 

36.3 

27.4 

Calcaneal-second metatarsal 

14.4 

12.3 

Talus-first metatarsal 

16.9 

8.1 

LATERAL VIEW 

Talocalcaneal 

46 

44.2 

Calcaneal-first metatarsal 

150 

148 

Tibiocalcaneal 

61.5 

73.2 

Talus-first metatarsal 

16.3 

12.1 

Talocalcaneal index 

83 

71.6 


rior and stress dorsiflexion latéral radiographs of both feet. 
Standing anteroposterior and latéral standing radiographs 
may be obtained for an older child. Alternatively, ultrasonog- 
raphy has been proposed as a radiation-free imaging 
modality and could be used in locations familiar with the 
technique. 

Important angles to consider in the évaluation of clubfoot 
are the talocalcaneal angle on the anteroposterior radiograph, 
the talocalcaneal angle on the latéral radiograph, the tibiocal- 
caneal angle, and the talus-first metatarsal angle (Fig. 29-27). 
The anteroposterior talocalcaneal angle in normal children 
ranges from 30 to 55 degrees (Table 29-1). In clubfoot, this 
angle progressively decreases with increasing heel varus. On 
the dorsiflexion latéral radiograph, the talocalcaneal angle in 
a normal foot varies from 25 to 50 degrees; in clubfoot, this 
angle progressively decreases with the severity of the defor¬ 
mity to an angle of 0 degrees, or parallelism. The tibiocalca- 
neal angle in a normal foot is 10 to 40 degrees on the stress 
latéral radiograph. In clubfoot, this angle generally is néga¬ 
tive, indicating equinus of the calcaneus in relation to the 
tibia. Finally, the talus-first metatarsal angle is a radiographie 
measurement of forefoot adduction. This is useful in the 
treatment of metatarsus adductus alone but is equally impor¬ 
tant in the treatment of clubfoot to evaluate the position of 
the forefoot. In a normal foot, this angle is 5 to 15 degrees on 
the anteroposterior view; in clubfoot, it usually is négative, 
indicating adduction of the forefoot. 

■ CLASSIFICATION 

Two of the more commonly used classifications by Pirani 
et al. and Diméglio et al. are based solely on physical exami¬ 
nation requiring no radiographie measurements or other 
spécial studies. Pirani’s System is composed of six different 
physical examination findings and includes a hindfoot con¬ 
tracture score and a midfoot contracture score (Table 29-2), 
each scored 0 for no abnormality, 0.5 for moderate abnormal- 
ity, or 1 for severe abnormality. Each foot is assigned a total 
score, the maximum being 6 points, with a higher score indi¬ 
cating a more severe deformity. In the System of Diméglio 
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Radiographie évaluation of clubfoot. A f Anteroposterior view of right clubfoot with decrease in talocalcaneal angle 
and négative talus-first metatarsal angle. B f Talocalcaneal angle on anteroposterior view of normal left foot. C f Talocalcaneal angle of 
0 degrees and négative tibiocalcaneal angle on dorsiflexion latéral view of right clubfoot. D f Talocalcaneal and tibiocalcaneal angles 
on dorsiflexion latéral view of normal left foot. 


et al, four parameters are assessed on the basis of their reduc- 
ibility with gentle manipulation as measured with a handheld 
goniometer: (1) equinus déviation in the sagittal plane, (2) 
varus déviation in the frontal plane, (3) derotation of the 
calcaneopedal block in the horizontal plane, and (4) adduc¬ 
tion of the forefoot relative to the hindfoot in the horizontal 
plane (Fig. 29-28). In a comparison of the two Systems both 
were shown to hâve good interobserver reliability after the 
initial learning phase. Routine clinical use of one or both of 
these classification Systems can be helpful in determining 
prognosis and documenting maintenance of correction or 
récurrence over time. 

■ NONOPERATIVE TREATMENT 

The initial treatment of clubfoot is nonoperative. Various 
treatment regimens hâve been proposed, including the use of 
corrective splinting, taping, and casting. Although a number 
of various casting techniques are used, the most widely 
accepted technique is that described by Ignacio Ponseti and 
consists of weekly serial manipulation and casting during the 
first weeks of life. 


I PONSETI CASTING TECHNIQUE FOR CORRECTION 
OF CLUBFOOT DEFORMITY 

Successful correction of clubfoot deformity generally is 
reported in more than 90% of children 2 years and younger 
treated with Ponseti casting even after previous unsuccessful 
nonoperative treatment. Multiple studies hâve highlighted 
the success and reproducibility of the Ponseti method even 
in developing nations. Achilles tenotomy generally is required, 
and anterior tibial tendon transfer may be added to the 
casting routine when necessary. Bleeding complications hâve 
been reported after percutaneous tenotomy from injury to 
the peroneal artery or the lesser saphenous vein; making a 
small open incision directly over the tendon before severing 
it, making the tenotomy from médial to latéral (Fig. 29-29), 
and using a more rounded beaver-eye blade can help avoid 
vascular injury. 

Reported récurrence rates after Ponseti casting range 
from 10% to 30%; however, many récurrent deformities 
can be treated successfully with repeat casting, with or 
without the addition of Achilles tenotomy or anterior tibial 
tendon transfer. Numerous authors hâve noted that the most 
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TABLE 29-2 


Pirani Classification of Clubfoot Deformity 

PHYSICAL EXAMINATION FINDINGS 

SCORE OF 0 

NO ABNORMAUTY 

SCORE OF 0.5 

MODERATE ABNORMAUTY 

SCORE OF 1 

SEVERE ABNORMAUTY 

Severity of posterior crease (foot held in 
maximal correction) (HCFS 1) 

Multiple fine creases 

One or two deep 
creases 

Deep creases of arch 
change contour 

Emptiness of heel (foot and ankle in 
maximal correction) (HCFS 2) 

Tuberosity of calcaneus 
easily palpable 

Tuberosity of calcaneus 
more difficult to 
palpate 

Tuberosity of 
calcaneus not 
palpable 

Rigidity of equinus (knee extended, 
ankle to ankle maximally corrected) 

(HCFS 3). 

Normal ankle 
dorsiflexion 

Ankle neutral, but not 
fully dorsiflexes beyond 

Cannot dorsiflex 
neutral 

Severity of médial crease (foot held in 
maximal correction) (MFCS 1) 

Multiple fine creases 

One or two deep 
creases 

Deep creases change 
contour of arch 

Curvature of latéral border of foot 
(MFCS 2) 

Straight 

Mild distal curve 

Curve at 

calcaneocuboid joint 

Palpation of latéral part of head of talus 
(forefoot fully abducted) (MCFS 3) 

Navicular completely 
"reduces"; latéral talar 
head cannot be felt 

Navicular partially 
"reduces"; latéral head 
less palpable 

Navicular does not 
"reduce"; latéral talar 
head easily felt 

Médial malleolar-navicular interval (foot 
held in maximal correction) 

Definite dépréssion felt 

Interval reduced 

Interval not palpable 

Fibula-Achilles interval (hip flexed, knee 
extended, foot and ankle maximally 
corrected) 

Definite dépréssion felt 

Interval reduced 

Interval not palpable 

Rigidity of adductus (forefoot is fully 
abducted) 

Forefoot can be 
overcorrected into 
abduction 

Forefoot can be 
corrected beyond 
neutral, but not fully 

Forefoot cannot be 
corrected to neutral 

Long flexor contracture (foot and ankle 
held in maximal correction) 

MTP joints can be 
dorsiflexed to 90 
degrees 

MTP joints can be 
dorsiflexed beyond 
neutral but not fully 

MTP joints cannot be 
dorsiflexed to neutral 


Modified from Flynn JM, Donohoe M, Mackenzie WG: An independent assessment of two clubfoot-classification Systems, J Pediatr Orthop 18:323,1998. 
HCFS, Hindfoot contracture score; MFCS, midfoot contracture score; MTP, metatarsophalangeal. 


important factor in avoiding récurrent deformity is patient 
compliance with the postoperative brace wear regimen. 
Although the Ponseti method is ideally used in newborns, 
many studies hâve demonstrated successful use of the Ponseti 
method in older children or children with récurrent deformi- 
ties after initial casting treatment. Although the success rates 
are lower in older children, nonoperative treatment should be 
considered the first line of treatment even in a toddler. 

Strict adhérence to the principles described by Ponseti is 
important to achieve optimal results. Only a few modifica¬ 
tions to his original technique hâve demonstrated équivalent 
results. An accelerated casting program biweekly can resuit 
in more rapid correction of the deformity without compro- 
mising outcome. Fiberglass casting material has been shown 
to provide similar results to plaster casts. Bracing up to the 
âge of 4 years may be superior to discontinuing brace treat¬ 
ment at the âge of 3 years as originally described. 

Application of Ponseti Casts. The Ponseti method con- 
sists of two phases: treatment and maintenance. The treat¬ 
ment phase should begin as early as possible, optimally within 
the first two weeks of life; however, older children also can be 
treated nonoperatively using Ponsetis principles. Gentle 
manipulation and casting are done weekly, although more 
frequent cast changes over a shorter period of time hâve been 
advocated by some authors. The order of correction by serial 


manipulation and casting should be as follows: first, correc¬ 
tion of forefoot cavus and adduction; next, correction of heel 
varus; and finally, correction of hindfoot equinus. Correction 
should be pursued in this order so that a rocker-bottom 
deformity is prevented by dorsiflexing the foot through the 
ankle joint rather than the midfoot. Each cast holds the foot 
in the corrected position, allowing it to reshape gradually. 
Generally five to six casts are required to correct the align- 
ment of the foot and ankle fully. Before application of the final 
cast, most infants require percutaneous Achilles tenotomy 
(Fig. 29-29) to gain adéquate lengthening of the Achilles 
tendon and prevent a rocker bottom deformity. 

The first cast application corrects the cavus deformity by 
aligning the forefoot with the hindfoot, supinating the fore¬ 
foot to bring it in line with the heel, and elevating (dorsiflex¬ 
ing) the first metatarsal (Fig. 29-30A). The casts should be 
applied in two stages: first, a short leg cast to just below the 
knee, then extension above the knee when the plaster sets. 
Long leg casts are essential to maintain a strong external rota¬ 
tion force of the foot beneath the talus, to allow adéquate 
stretching of the médial structures, and to prevent cast 
slippage. 

One week after application, the first cast is removed, and 
after about 1 minute of manipulation, the next toe-to-groin 
cast is applied (Fig. 29-3OB). Manipulation and casting at this 
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FIGURE 


Classification of clubfoot severity by Diméglio (see text and Table 29-3). A f Equinus déviation. B f Varus déviation. 


C f Derotation. D f Adduction. (From Diméglio A, Bensahel H, Souchet P, et al: Classification of clubfoot, J Pediatr Orthop B 4:129, 1995.) 


stage are focused on abducting the foot around the head of 
the talus, with care to maintain the supinated position of the 
forefoot and avoid any pronation. During these manipula¬ 
tions, the navicular can be felt reducing over the talar head 
by a thumb placed on the head of the talus. It is crucial that 
forefoot derotation occur about the talus rather than the cal- 
caneocuboid joint and the heel should not be directly manip- 
ulated. Maintaining forefoot supination throughout the 
process and correcting the talonavicular subluxation without 


producing a rocker-bottom deformity will cause the calca- 
neus to abduct and evert. Final correction of residual calca- 
neus deformity can then be achieved with a percutaneous 
Achilles tenotomy. 

Manipulation and casting are continued weekly for the 
next 2 to 3 weeks to abduct the foot gradually around the 
head of the talus. The foot should never be actively pronated; 
however, the amount of supination is gradually decreased 
over these several casts until the forefoot is in neutral position 
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Flexor hallucis longus tendon 
Tibial nerve 
Posterior tibial artery 
Flexor digitorum longus tendon 
Posterior tibial tendon 


Achilles tendon 
Lesser saphenous vein 

Sural nerve 
Peroneal artery 


Technique of percutaneous Achilles tenotomy from médial to latéral; note proximity of peroneal artery, lesser saphe¬ 
nous vein, and sural nerve to latéral edge of tendon. 


relative to the longitudinal axis of the foot (Fig. 29-30C). 
Ideally each cast should be removed just before repeat manip¬ 
ulation and casting, and a variety of casting materials can be 
used with similar success. 

The final cast is applied with the foot in the same maxi- 
mally abducted position and dorsiflexed 15 degrees. In most 
children, a percutaneous Achilles tenotomy is done to prevent 
development of a rocker-bottom deformity. Tfiis procedure 
can either be performed in the clinic with local skin anesthé¬ 
sia, or in the operating room under sédation or general anes¬ 
thésia. The benefit of tenotomy in the clinic setting is a 
reduced need for anesthésia and prolonged fasting; however, 
the operating room offers the ability to more easily control 
any excess bleeding that may occur. The foot is cast in the 
final position of approximately 70 degrees of abduction and 
15 degrees of dorsiflexion for 3 weeks (Fig. 29-30D). Five 
or six casts usually are necessary to correct the clubfoot 
deformity. 

Maintenance Phase. When the final cast is removed, the 
infant is placed in a brace that maintains the foot in its cor- 
rected position (abducted and dorsiflexed). The brace (foot 
abduction orthosis) consists of shoes mounted to a bar in a 
position of 70 degrees of external rotation and 15 degrees of 
dorsiflexion. The distance between the shoes is set at about 
1 inch wider than the width of the infants shoulders 
(Fig. 29-31). 

Multiple different types of shoes and bars hâve been 
designed and proposed. In some cases, it may be necessary 
to experiment with different combinations to find a brace that 
will lead to maximal compliance. The brace is worn 23 hours 


each day for the first 3 months affer casting and then while 
sleeping for 3 to 4 years. Brace wear compliance is of upmost 
importance in maintaining correction and preventing récur¬ 
rence. Frequent follow-up during the bracing period is essen- 
tial to encourage continued compliance and to detect early 
récurrence. 

I MANAGEMENT OF RECURRENCE 

Récurrence of the deformity is infrequent if the bracing 
protocol is followed closely. Early récurrences (usually mild 
equinus and heel varus) are best treated with repeat manipu¬ 
lation and casting. The first cast may require some dorsiflex¬ 
ion of the first ray if cavus deformity is présent. Subséquent 
casts abduct the foot around the talar head, correcting the 
varus and ultimately allowing ankle dorsiflexion. Achilles 
tendon lengthening (Fig. 29-29) may be necessary if dorsi¬ 
flexion is insufficient; transfer of the anterior tibial tendon 
(see Chapter 34) may be necessary to help maintain correc¬ 
tion, particularly in children with persistent dynamic 
inversion. 

■ OPERATIVE TREATMENT 

Surgery in clubfoot is indicated for deformities that do not 
respond to conservative treatment by serial manipulation and 
casting. Offen in children with a significant rigid clubfoot 
deformity, the forefoot has been corrected by conservative 
treatment, but the hindfoot remains fixed in varus and 
equinus, or the deformity has recurred. Surgery in the treat¬ 
ment of clubfoot must be tailored to the âge of the child and 
to the deformity to be corrected. 
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Technique of Ponseti casting for clubfoot correction (see text). A f First cast; note positioning of forefoot to align 
with heel, with outer edge of foot tilted even farther downward because of Achilles tendon tightness. B f Second cast is applied with 
outer edge of foot still tilted downward and forefoot moved slightly outward. C f Third cast; Achilles tendon is stretched bringing outer 
edge of foot into more normal position as forefoot is turned farther outward. D f Final cast; Achilles tendon is stretched more with 
foot pointed upward. (From Scher DM: The Ponseti method for clubfoot correction, Oper Tech Orthop 15:345, 2005.) 


Extensive release that includes the postérolatéral liga¬ 
ment complex most often is required for severe deformity. 
The procedure described by McKay takes into considération 
the three-dimensional deformity of the subtalar joint and 
allows correction of the internai rotational deformity of the 
calcaneus and release of the contractures of the postérolatéral 
and posteromedial foot. A modified McKay procedure 
through a transverse circumferential (Cincinnati) incision is 
our preferred technique for the initial surgical management 
of most clubfeet. 

General principles for any one-stage extensile clubfoot 
release include (1) release of the tourniquet at the completion 
of the procedure, obtaining hemostasis by electrocautery, and 
(2) careful subcutaneous and skin closure, with the foot in 
plantarflexion, if necessary, to prevent tension on the skin. 
The foot can be placed in a fully corrected position 2 weeks 
after surgery at the first postoperative cast change. Surgery 
can be done with the child supine or prone, at the discrétion 
of the surgeon. 


TRANSVERSE CIRCUMFERENTIAL 
(CINCINNATI) INCISION 

One option for comprehensive release is the use of the 
transverse circumferential incision, also known as the Cin¬ 
cinnati incision. This incision provides excellent exposure of 
the subtalar joint and is useful in patients with a severe 
internai rotational deformity of the calcaneus. One poten- 
tial problem with this incision is tension on the suture line 
when attempting to place the foot in dorsiflexion to apply 
the postoperative cast. To avoid this, the foot can be placed 
in plantarflexion in the immédiate postoperative cast and 
then in dorsiflexion to the corrected position at the first 
cast change when the wound has healed at 2 weeks. This 
cast change frequently requires sédation or outpatient 
general anesthésia. 

If primary skin closure is difficult in a foot in a fully 
corrected position, a fasciocutaneous flap closure can be 
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Foot abduction orthosis consists of shoes 
mounted to bar in 70 degrees external rotation and 15 degrees 
dorsiflexion. 


S used. The rotation of V-Y flaps allow complété wound 
closure without any skin tension. 


TECHNIQUE 29-11 


(CRAWFORD, MARXEN, AND OSTERFELD) 

■ Begin the incision on the médial aspect of the foot in the 
région of the naviculocuneiform joint (Fig. 29-32A). 

■ Carry the incision posteriorly, gently curving beneath the 
distal end of the médial malleolus and ascending slightly 
to pass transversely over the Achilles tendon approxi- 
mately at the level of the tibiotalar joint (Fig. 29-32B). 

■ Continue the incision in a gentle curve over the latéral 
malleolus and end it just distal and slightly médial to the 
sinus tarsi (Fig. 29-32C). 

■ Extend the incision distally medially or laterally, depending 
on the requirements of the operation. 


EXTENSILE POSTEROMEDIAL AND 
POSTEROLATERAL RELEASE 


TECHNIQUE 29-12 


(MCKAY, MODIFIED) 

■ Incise the skin through a transverse circumferential (Cin¬ 
cinnati) incision, preserving if possible the veins on the 
latéral side and protecting the sural nerve. 

■ Dissect the subcutaneous tissue up and down the Achilles 
tendon to lengthen the tendon at least 2.5 cm in the 
coronal plane. If sagittal plane lengthening is done, the 





Transverse circumferential (Cincinnati) incision 
as described by Crawford et al. A f Médial view. B f Posterior view. 
C f Latéral view. SEE TECHNIQUES 29-11 AND 29-20. 


latéral attachment of the Achilles tendon to the calcaneus 
should be preserved to aid in correction of hindfoot varus. 

■ Incise the superior peroneal retinaculum off the calcaneus 
at the point where it blends with the sheath of the Achil¬ 
les tendon. 

■ Dissecting carefully, release the peroneal tendons from 
their sheaths and protect them with a vessel loop, then 
separate the calcaneofibular and posterior calcaneotalar 
ligaments, the thickened superior peroneal retinaculum, 
and the peroneal tendon sheath. 

■ Incise the calcaneofibular ligament close to the calcaneus 
(this ligament is short and thick and attached very close 
to the apophysis). 

■ Incise the latéral talocalcaneal ligament and the latéral 
capsule of the talocalcaneal joint from their attachments 
to the calcaneocuboid joint to the point where they enter 
the sheath of the flexor hallucis longus tendon posteriorly. 
In more résistant clubfeet, the origin of the extensor 
digitorum brevis, cruciate crural ligament (inferior exten¬ 
sor retinaculum), dorsal calcaneocuboid ligament, and, 
occasionally, cubonavicular oblique ligament must be dis- 
sected off the calcaneus to allow the anterior portion of 
the calcaneus to move laterally. 
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■ On the médial side, dissect free the neurovascular bundle 
(médial and latéral plantar nerves and associated vascular 
components) into the arch of the foot, preserving the 
médial calcaneal branch of the latéral plantar nerve. 
Protect and retract the neurovascular bundle with a small 
Penrose drain or vessel loop. Complété dissection of the 
médial and latéral neurovascular bundle throughout the 
arch of the foot. 

■ Enter the compartment of the médial plantar neurovas¬ 
cular bundle and follow it into the arch of the foot well 
beyond the cuneiforms; elevate the abductor hallucis 
muscle to enter the plantar aspect of the foot. 

■ Enter the sheaths of the posterior tibial tendon, the flexor 
hallucis longus and flexor digitorum longus tendons, and 
protect each of these structures. 

■ Section the narrow strip of fascia between the médial and 
latéral branches of the plantar nerve to allow the abduc¬ 
tor hallucis to slide distally. 

■ Enter the sheath of the posterior tibial tendon just pos¬ 
terior to and above the médial malleolus. Split the sheath 
and superficial deltoid ligament up the tibia until the 
muscle can be identified. 

■ Lengthen the tendon by Z-plasty at least 2.5 cm proximal 
from the médial malleolus to the maximal distance 
allowed by the incision. Starting from the point at which 
the flexor digitorum longus and the flexor hallucis longus 
tendons cross, sharply dissect both sheaths from the sus- 
tentaculum tali, moving in a proximal direction until the 
talocalcaneal joint is entered. 

■ Continue the dissection down and around the navicular, 
holding the distal segment of the lengthened posterior 
tibial tendon attached to the bone. 

■Open the talonavicular joint by pulling on the remaining 
posterior tibial tendon attachment and carefully eut the 
deltoid ligament (médial tibial navicular ligament), talo¬ 
navicular capsule, dorsal talonavicular ligament, and 
plantar calcaneonavicular (spring) ligament close to the 
navicular. 

■ Enter and carefully expose by blunt dissection and 
retraction the interval between the dorsal aspect of the 
talonavicular joint and the extensor tendons and neuro¬ 
vascular bundle on the dorsum of the foot. Do not dissect 
or disturb the blood supply to the dorsal aspect of the 
talus. 

■ Follow through with the dissection, incising the capsule 
of the talonavicular joint ail the way around medially, 
inferiorly, superiorly, and laterally. Inferior and latéral to 
the joint is the bifurcated (Y) ligament; incise both ends 
of this ligament to correct the horizontal rotation of the 
calcaneus. 

■ Complété the release of the talocalcaneal joint ligaments 
and capsule by incising the remaining médial and pos- 
teromedial capsule and superficial deltoid ligament 
attached to the sustentaculum tali. Do not incise the 
talocalcaneal ligaments (interosseous ligaments) at this 
time. 

■ Retract the latéral plantar nerve, detach the origin of the 
quadratus plantae muscle using a periosteal elevator on 
the médial inferior surface of the calcaneus, and expose 
the long plantar ligament over the plantar calcaneocu- 
boid ligament and the peroneus longus tendon. 


■ At this point, the talus should roll back into the ankle 
joint, exposing at least 1.5 cm of hyaline cartilage on its 
body. If this does not happen, incise the posterior talo- 
fibular ligament. If the talus still does not roll back into 
the ankle joint, eut the posterior portion only of the deep 
deltoid ligament. 

■ The decision must be made as to the necessity of dividing 
the interosseous talocalcaneal ligament to correct the 
horizontal rotational abnormality through the talocalca¬ 
neal joint. This decision dépends on the completeness of 
the correction and the mobility of the subtalar complex, 
as determined by the position of the foot. 

■ Line up the médial side of the head and neck of the talus 
with the médial side of the cuneiforms and medially push 
the calcaneus posterior to the ankle joint while pushing 
the foot as a whole in a posterior direction. Examine the 
angle made by the intersection of the bimalleolar ankle 
plane with the horizontal plane of the foot; if the angle 
is 85 to 90 degrees, the ligament need not be eut. In 
children older than 1 year of âge, such an incision gener- 
ally is necessary, however, because the ligament usually 
has become broad and thick, preventing derotation of the 
talocalcaneal joint. 

■ After the foot has been satisfactorily corrected, pass a 
small Kirschner wire through the talus from the posterior 
aspect into the middle of the head. Positioning the pin in 
a slightly latéral direction in the head of the talus is bén¬ 
éficiai in older children with more pronounced médial 
déviation of the talar head and neck because it allows 
latéral displacement of the navicular and cuneiforms on 
the head of the talus to eliminate forefoot adduction. 

■ Pass the pin through the talonavicular joint and cunei¬ 
forms and out the forefoot on either the médial or the 
latéral side of the first metatarsal. While an assistant 
inserts the pin, mold the forefoot out of adduction. Cut 
off the end of the pin close to the body of the talus. The 
pin can be left out of the skin on the dorsum of the 
forefoot or just under the skin requiring a small incision 
later for removal in the operating room. 

■ Check for proper positioning of the foot: The longitudinal 
plane of the foot is 85 to 90 degrees to the bimalleolar 
ankle plane, and the heel under the tibia is in slight 
valgus. 

■ If the talocalcaneal ligament has been divided, insert a 
pin through the calcaneus, burying it deep in the talus 
from the plantar surface. Do not penetrate the ankle 
joint. 

■Suture the posterior tibial and Achilles tendons snugly 
with the foot in slight dorsiflexion. Lengthening of the 
flexor digitorum longus is rarely required, but the flexor 
hallucis longus is typically tight with the foot in the cor¬ 
rected position. The flexor hallucis longus tightness can 
be corrected by a fractional lengthening at the musculo- 
tendinous junction, a Z-lengthening of the tendon, tran- 
section of the tendon after formai tenodesis to the flexor 
digitorum longus at the master knot of Henry (preferred 
technique), or by flexor tenotomy at the level of proximal 
phalanx of the great toe. 

■ Reposition the lengthened posterior tibial tendon in 
its sheath and repair the sheath beneath the médial mal¬ 
leolus. With the fibrofatty tissue left attached to the 
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Modified McKay procedure using Cincinnati incision. A f Clinical appearance after correction. B and C f Preoperative 
anteroposterior and latéral radiographs. SEE TECHNIQUE 29-12. 


S calcaneus anterior to the Achilles tendon, cover the latéral 
aspect of the ankle joint. Keep the peroneal tendons and 
sheaths from subluxating around the fibula by suturing 
the sheaths of the peroneal tendons to the fibrofatty flap. 
Close the subcutaneous tissue and skin with interrupted 
sutures. 

■Apply nonadherent dressing and, very loosely, apply a 
padded long leg cast with the foot in plantarflexion and 
the flexed to 90 degrees (Fig. 29-33). 

POSTOPERATIVE CARE. A long leg cast is applied with 
the foot in plantarflexion. At 2 weeks, the cast is changed, 
and the foot is placed in the corrected position. This can 
be done with sédation or general anesthésia as an out- 
patient procedure. At 6 weeks, the cast and pins are 
removed in the operating room (Fig. 29-34). Correction 
is maintained in an ankle/foot orthosis. 


Spécial attention should be given to two spécifie problems 
in clubfoot. The first is residual hindfoot equinus in children 
6 to 12 months old who hâve obtained adéquate correction 
of forefoot adduction and hindfoot varus. This equinus can 
be corrected adequately by Achilles tendon lengthening 
and posterior capsulotomy of the ankle and subtalar joints 
without an extensive one-stage posteromedial release. Careful 


intraoperative assessment is necessary to détermine if a more 
extensive release is required instead of a limited procedure 
that corrects only hindfoot equinus. The heel varus and inter¬ 
nai rotation must hâve been corrected adequately if Achilles 
tendon lengthening and posterior capsulotomy are to be used 
alone. 

The second spécifie problem is dynamic metatarsus 
adductus caused by overpull of the anterior tibial tendon in 
older children who hâve had correction of clubfoot. In the 
rare child with symptoms, the treatment of choice is transfer 
of the anterior tibial tendon to the latéral cuneiform. The 
forefoot must be flexible for a tendon transfer to succeed (see 
Technique 34-9). 


ACHILLES TENDON LENGTHENING 
AND POSTERIOR CAPSULOTOMY 


TECHNIQUE 29-13 


■ Make a straight longitudinal incision over the médial 
aspect of the Achilles tendon, beginning at its most distal 
point and extending proximally to 3 cm above the level 
of the ankle joint. Carry sharp dissection through the 
subcutaneous tissue. 
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A and B, Radiographie appearance of left foot in 6-year-old child who had modified McKay procedures at 6 months 
of âge. SEE TECHNIQUE 29-12. 



FIGURE 


Achilles tendon lengthening (see text). SEE 


TECHNIQUE 29-13. 


■ Identify the Achilles tendon and make an incision through 
the peritenon medially. Dissect the Achilles tendon cir- 
cumferentially to expose it for a length of 3 to 4 cm. 

■ Perform a tenotomy of the plantaris tendon if it is présent. 

■ Identify medially the flexor hallucis longus, flexor digito- 
rum communis, and posterior tibial tendons and the neu- 
rovascular bundle; protect these with Penrose drains. 

■ Perform a Z-plasty to lengthen the Achilles tendon by 
releasing the médial half distally and the latéral half proxi- 
mally for a distance of 2.5 to 4 cm (Fig. 29-35). 

■ Gently débridé pericapsular fat at the level of the subtalar 
joint. 

■ Identify the posterior aspect of the ankle joint by gentle 
plantar flexion and dorsiflexion of the foot. If the ankle 
joint cannot be easily identified, make a small vertical 
incision in the midline until synovial fluid exudes from the 
joint. 


■ Perform a transverse capsulotomy at the most médial 
aspect, stopping at the sheath of the posterior tibial 
tendon and the most latéral articulation of the tibiofibular 
joint. Do not divide the posterior tibial tendon sheath and 
its underlying deep deltoid ligament. 

■ If posterior subtalar capsulotomy is required, enter the 
subtalar joint at the most proximal aspect of the sheath 
of the flexor hallucis longus tendon, and extend the cap¬ 
sulotomy medially and laterally as necessary. 

■ Place the foot in 10 degrees of dorsiflexion and approxi- 
mate the Achilles tendon to assess tension. Place the foot 
in plantarflexion and repair the Achilles tendon at the 
appropriate length. 

■ Deflate the tourniquet, obtain hemostasis with electro- 
cautery, and close the wound in layers. 

■Apply a long leg, bent-knee cast with the foot in 5 
degrees of dorsiflexion. 

POSTOPERATIVE CARE. The cast is removed 6 weeks 
after surgery. Postoperative bracing with an ankle-foot 
orthosis can be used for 6 to 9 months longer. 


Several long-term évaluations of surgically treated club- 
feet hâve demonstrated good results. The feet typically are 
plantigrade, functional, and relatively painless; however, per¬ 
sistent stiffness and mild discomfort with prolonged standing 
or activity are common. 

■ RESISTANT CLUBFOOT 

Treatment of residual or résistant clubfoot in an older child 
is one of the most difhcult problems in pédiatrie orthopae- 
dics. The deformity may take many forms, and there are no 
clear-cut guidelines for treatment. Each child must be 
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evaluated carefully to détermine which treatment would b est 
correct his or her particular functional impairment. Thor- 
ough physical examination should include careful assessment 
of the forefoot and hindfoot. Residual forefoot deformity 
should be determined to be either dynamic (with a flexible 
forefoot) or rigid. The amount of inversion and eversion of 
the calcaneus and dorsiflexion and plantarflexion of the ankle 
should be determined. Any prior surgical procedures causing 
significant scarring around the foot or loss of motion should 
be noted. Standing anteroposterior and latéral radiographs 
should be obtained to assess anatomie measurements; if the 
clubfoot deformity is unilatéral, the opposite foot can be 
used as a control for measurements. Ail possible causes 
of the persistent deformity, including underlying neuropathy, 
abnormal growth of the bones, or muscle imbalance, should 
be investigated. Most deformities hâve been reported to resuit 
from undercorrection at the time of the primary operation 
caused by failure to release the calcaneocuboid joint and 
plantar fascia and failure to recognize residual forefoot adduc¬ 
tion on intraoperative radiographs; however, over-correction 
with hindfoot valgus or dorsal subluxation of the navicular is 
not uncommon. 

Incomplète correction may not be obvious at the time of 
surgery, but it becomes apparent with growth as the persistent 
deformities become more évident (Fig. 29-36). Clubfoot that 
appears by clinical and radiographie évaluation to be uncor- 
rected may not always require surgery. The functional ability 
of the child, the severity of symptoms associated with the 
deformity, and the likelihood of progression if the deformity 
is left untreated must be considered when treatment decisions 
are being made. Repeat manipulation and casting should 
always be considered as an option for the récurrent clubfoot. 
Many difîicult foot deformities can be improved or corrected 
with a sériés of repeat manipulations and castings. 

Even if the repeat casting does not completely correct the 
residual or récurrent deformity; parts of the deformity often 
can be improved, lessening the degree of surgery required for 
full correction. 



Overcorrection 
apparent in 6-year-old girl. 


of left clubfoot deformity 


The basic surgical correction of résistant clubfoot includes 
soft-tissue release and bony ostéotomies. The appropriate 
procedures and combination of procedures dépend on the 
âge of the child, the severity of the deformity, and the patho¬ 
logie processes involved. In general, the older the child, the 
more likely it is that combined procedures will be required. 
Children 2 to 3 years old may be candidates for the modified 
McKay procedure (see Technique 29-12), but if previous soft- 
tissue release has caused stiffness of the subtalar joint, osteo- 
necrosis of the talus, or severe skin contractures, ostéotomies 
are a better choice. Children older than 5 years almost always 
require ostéotomies for correction of résistant deformity; 
children 1 to 5 years old constitute a gray area in which treat¬ 
ment guidelines are unclear and careful judgment is required. 
The separate components of the residual deformity must be 
assessed accurately and treatment directed appropriately. 
Common components of résistant clubfoot deformity are 
adduction or supination, or both, of the forefoot, a short 
médial column or long latéral column of the foot, internai 
rotation and varus of the calcaneus, and equinus. 

Correction of the forefoot with residual adduction or 
supination or both is similar to correction of isolated meta- 
tarsus adductus by multiple metatarsal ostéotomies or by 
combined médial cuneiform and latéral cuboid ostéotomies, 
when the deformity is in the forefoot. Because dynamic supi¬ 
nation and adduction often are caused by overactivity of the 
anterior tibial tendon and underactivity of the peroneal 
tendon, a tendon-balancing procedure may be the most rea- 
sonable solution in the flexible foot. 

Evaluation of the hindfoot should détermine whether the 
deformity is caused by isolated heel varus, a long latéral 
column of the foot, or a short médial column. In children 
younger than 2 or 3 years who hâve had no previous surgery, 
residual heel varus may be corrected by extensive subtalar 
release, but children 3 to 10 years old who hâve residual soft- 
tissue and bony deformities usually require combined 
procedures. 

Ankle valgus must be differentiated from hindfoot valgus 
because the methods and timing of surgical correction are 
different. For symptomatic ankle valgus, percutaneous médial 
malleolar epiphysiodesis using a 4.5-mm cortical screw has 
been recommended. 

For isolated heel varus with mild supination of the fore¬ 
foot, a Dwyer osteotomy with a latéral closing wedge oste- 
otomy of the calcaneus can be performed. Opening wedge 
osteotomy of the calcaneus occasionally is followed by slough- 
ing of tight skin along the incision over the calcaneus. Con- 
sequently, although some height of the calcaneus is lost after 
a latéral closing wedge osteotomy, most authors now prefer 
latéral closing wedge osteotomy with Kirschner wire fixation, 
if necessary. The idéal âge for the operation is 3 to 4 years, 
but there is no upper âge limit. 

If the hindfoot deformity includes heel varus and residual 
internai rotation of the calcaneus with a long latéral column 
of the foot, the Lichtblau procedure may be appropriate. This 
procedure corrects the long latéral column of the foot by a 
closing wedge osteotomy of the latéral aspect of the calcaneus 
or by cuboid énucléation. The best results with this procedure 
are obtained in children 3 years old or older in whom the 
calcaneus and latéral column are long relative to the talus. 
Potential complications include the development of a “Z”- 
foot, or “skew”-foot, deformity. 
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A and B f Deformities in 12-year-old boy after undercorrection of left clubfoot. Note metatarsus adductus, heel varus, 
and internai tibial torsion. 


Adductus of the forefoot, as measured by the calcaneal- 
second metatarsal angle has been reported to improve after 
combined cuboid-cuneiform osteotomy, with no further 
surgery required. 

Residual heel equinus can be corrected by Achilles tendon 
lengthening and posterior ankle and subtalar capsulotomies 
in a younger child with a mild deformity. In rare cases, an 
isolated, fixed equinus deformity in an older child requires a 
Lambrinudi arthrodesis. Anterior distal tibial hemiepiphys- 
iodesis as a method to correct ankle equinus has been shown 
to be ineffective in achieving the desired clinical resuit. 

Good long-term results hâve been reported with com¬ 
plété soft-tissue release and calcaneocuboid fusion for récur¬ 
rent clubfoot, possibly avoiding the needed for later triple 
arthrodesis. 

Talonavicular arthrodesis also has been described for 
residual midfoot deformities with or without latéral column 
shortening and a calcaneal wedge osteotomy with improve - 
ment in symptoms. This should be carefully considered if 
much of the foot motion is occurring at this joint. 

If ail three deformities are présent in a child older than 
10 years (Fig. 29-37), triple arthrodesis may be appropriate. 
Internai tibial torsion occasionally occurs with résistant club¬ 
foot deformity but rarely requires derotational osteotomy. 
Before tibial osteotomy is considered, it must be determined 
absolutely that the pathologie condition is confined to the 
tibia and is not a résistant deformity in the foot. 

Correction using the Ilizarov device, with or without 
bony procedures, has been described for correction in chil- 
dren with severe soft-tissue and bony deformities. 

The principles of Ilizarov correction of severe résistant 
clubfoot include stable bone fixation to the tibia as well as 
pin fixation to the talus, calcaneus, and forefoot. Some advo- 
cate partial soft-tissue release before graduai correction, 
but the risk of wound complications is greatly increased by 
this approach. After correction, soft-tissue release with or 
without arthrodesis also may be required to maintain correc¬ 
tion and prevent récurrence. This approach offers the ability 


to maintain foot length while achieving a plantigrade position 
and three-dimensional deformity correction. However, the 
psychologie impact of Ilizarov treatment must be carefully 
considered, and réhabilitation can be quite challenging. 


OSTEOTOMY OF THE CALCANEUS 
FOR PERSISTENT VARUS DEFORMITY 
OF THE HEEL 

Dwyer reported osteotomy of the calcaneus for relapsed 
clubfoot using an opening wedge osteotomy medially to 
increase the length and height of the calcaneus. The oste¬ 
otomy is held open by a wedge of bone taken from the 
tibia. A modification of this technique is a laterally based 
closing wedge osteotomy of the calcaneus. 


TECHNIQUE 29-14 


(DWYER, MODIFIED) 

■ Expose the calcaneus through a latéral incision over the 
calcaneus, cuboid, and base of the fifth metatarsal. 

■ Expose the latéral surface of the bone subperiosteally and 
with a wide osteotome resect a wedge of bone based 
laterally large enough, when removed, to permit correc¬ 
tion of the heel varus. Do not injure the peroneal tendons. 

■ Remove the wedge of bone, place the heel into the cor¬ 
rected position and close the incision with interrupted 
sutures. 

■ If necessary, fix the osteotomy with a Kirschner wire. 

■ Apply a short leg cast with the foot in the corrected 
position. 

POSTOPERATIVE CARE. The Kirschner wire is removed 
at 6 weeks, and casting is discontinued at 8 to 12 weeks. 
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A-D, Severe residual dubfoot deformity in 5-year-old child on anteroposterior (A) and latéral (C) radiographs. B and 
D, After Lichtblau procedure. SEE TECHNIQUE 29-15. 


MEDIAL RELEASE WITH OSTEOTOMY 
OF THE DISTAL CALCANEUS 

An alternative to calcaneocuboid arthrodesis is latéral 
closing wedge osteotomy of the calcaneus, as described by 
Lichtblau (Fig. 29-38). This procedure may prevent the 
long-term stiffness of the hindfoot seen with the Dillwyn- 
Evans procedure. 


TECHNIQUE 29-15 


(LICHTBLAU) 

■ If soft-tissue release medially is required, make an incision 
on the médial aspect of the foot beginning about 1 cm 
below the médial malleolus, Crossing the tuberosity of the 
navicular, and sloping downward to the base of the first 
metatarsal. Identify and free the superior border of the 
abductor hallucis muscle, and reflect it plantarward. 

■ Isolate the posterior tibial tendon at its insertion on the 
beak of the navicular, dissect it from its sheath, and 
perform a Z-plasty about 1 cm from its insertion. Allow 
the proximal end of the tendon to retract, using the distal 
end as a guide to the talonavicular joint. 

■ Resect the tendon sheath overlying the joint and open it 
generously on its médial, dorsal, and plantar aspects. 

■ Open the flexor tendon sheaths and lengthen them by 
Z-plasty technique. 

■ Make a latéral incision 4 cm long centered over the cal¬ 
caneocuboid joint. 



FIGURE 


29-15. 


|Œ9 Lichtblau procedure (see text). SEE TECHNIQUE 
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■ Dissect the origin of the extensor digitorum brevis muscle 
from the calcaneus and reflect it distally to permit expo- 
sure and opening of the calcaneocuboid joint. 

■ Identify the distal end of the calcaneus and perform a 
wedge-shaped osteotomy, removing about 1 cm of the 
distal and latéral border of the calcaneus and 2 mm of 
the distal and médial border. Leave the articular surface 
of the calcaneus intact. 

■ Bring the cuboid into contact with the distal end of the 
calcaneus at the osteotomy site and evaluate the amount 
of correction of the varus deformity. If the cuboid cannot 
be closely approximated to the calcaneus, resect more of 
the calcaneus. 

■ A smooth Kirschner wire can be inserted across the cal¬ 
caneocuboid joint to fix the osteotomy. 

■ Repair ail soft tissues and close the subcutaneous tissue 
and skin. Apply a long leg cast with the foot in the cor- 
rected position. 

POSTOPERATIVE CARE. The long leg cast is changed 
to a short leg cast 3 weeks after surgery. The short leg 
cast is worn for 6 more weeks. The pin is removed at 8 
to 12 weeks. 


SELECTIVE JOINT-SPARING 
OSTEOTOMIES FOR RESIDUAL 
CAVOVARUS DEFORMITY 

Described by Mubarak and Van Va lin, sélective joint-sparing 
ostéotomies of the foot can be used for multiple étiologies 
that resuit in rigid cavus and cavovarus foot deformities, 
including hereditary motor sensory neuropathies, traumatic 
brain injury, spinal cord lipoma, and residual or récurrent 
clubfoot. The technique involves stepwise correction of 
each aspect of the deformity with a closing wedge oste¬ 
otomy of the first metatarsal, opening plantar wedge oste¬ 
otomy of the médial cuneiform, closing wedge osteotomy 
of the cuboid, ostéotomies of the second and third meta- 
tarsals, sliding osteotomy of the calcaneus, plantar fasci- 
otomy, and peroneus-to-brevis transfer. Indications for this 
procedure are rigid cavus or cavovarus deformity, ankle or 
foot instability symptoms including pain, painful metatarsal 
heads and callosities, and ankle or foot sprains or 
fractures. 


TECHNIQUE 29-16 


(MUBRAK AND VAN VALIN) 

■ To correct rigid cavus, make an incision along the médial 
foot over the first metatarsal and médial cuneiform. 

■ Partially free the anterior tibial tendon to expose the 
cuneiform. 

■ Under fluoroscopie guidance, place intraosseous needles 
or small Kirschner wires in the mid-portion of the médial 
cuneiform and 1 cm distal to the first metatarsal physis. 
Take care not to disturb the physis. 

■ Perform a dorsal, closing-wedge osteotomy of the first 
metatarsal by removing a large 20- to 30-degree wedge 





Sélective joint sparing ostéotomies (Mubarak 
and Van Valin). A f Dorsal closing-wedge osteotomy of the first 
metatarsal. B f Plantar-based opening-wedge osteotomy of the 
médial cuneiform. C f Laterally-based closing-wedge osteotomy of 
the cuboid. SEE TECHNIQUE 29-16. 


(Fig. 29-40A). Then create a plantar-based, opening 
wedge osteotomy of the médial cuneiform and insert the 
bone wedge (Fig. 29-40B). Stabilize both ostéotomies 
with Kirshner wires. 

■ To correct forefoot varus, make a longitudinal latéral inci¬ 
sion overlying the cuboid. Identify the calcaneocuboid 
and cuboid-fifth metatarsal joints with fluoroscopy and 
protect these joints. Create a laterally based, closing- 
wedge osteotomy of the cuboid by removing a triangular 
wedge of bone with a base size of 5 to 10 mm (Fig. 
29-40C). Stabilize the osteotomy with a Kirshner wire. 

■ If second and third metatarsal head prominence remains 
after the ostéotomies hâve been completed, dorsal 
closing wedge ostéotomies of the second and third meta- 
tarsals are required (Fig. 29-40C). Make a single incision 
overlying the bases of the second and third metatarsals. 
Create dorsally a slightly latéral based closing wedge oste¬ 
otomy of the base of each metatarsal and stabilize them 
with intramedullary Kirshner wires. 
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FIGURE 


A f Untreated clubfoot in 14-year-old girl. B f Récurrent left hindfoot varus in 8-year-old girl. 


9 " For rigid hindfoot varus, perform a Dywer osteotomy of 
the calcaneus (Technique 29-14). 

■ Next, evaluate the plantar fascia. If this structure is tight, 
perform a plantar fasciotomy (Technique 83-6 in Tenth 
Edition). 

■ For deformities caused by neurologie conditions, consider 
a peroneus longus-to-brevis transfer. Through the same 
incision used for the cuboid osteotomy, release the pero¬ 
neus longus just under the cuboid and reattach it to the 
brevis. 

■Close the incision. Apply a bivalved, short leg cast. 

POSTOPERATIVE CARE. The bivalved cast is closed at 
1 week. Non-weight bearing is continued for 4 weeks. 
Then the pins are removed under sédation anesthésia and 
a short leg cast is applied. Weight bearing is allowed in 
the second cast for 4 more weeks. 


1 TRIPLE ARTHRODESIS AND TALECTOMY FOR 
UNCORRECTED CLUBFOOT 

Triple arthrodesis and talectomy generally are salvage opera¬ 
tions for uncorrected clubfoot in older children and adoles¬ 
cents (Figs. 29-41 and 29-42). Triple arthrodesis corrects the 
severely deformed foot by a latéral closing wedge osteotomy 
through the subtalar and midtarsal joints. Functional results 
generally are improved despite postoperative joint stiffness. 
Talectomy should be reserved for severe, untreated clubfoot; 
for previously treated clubfoot that is uncorrectable by any 
other surgical procedures; and for neuromuscular clubfoot. 


TRIPLE ARTHRODESIS 


TECHNIQUE 29-17 


■ Make an incision along the médial side of the foot parallel 
to the inferior border of the calcaneus. 

■ Free the attachments of the plantar fascia and of the 
short flexors of the toes from the plantar aspect of the 
calcaneus. 



A f Overcorrected clubfoot in 12-year-old boy 
showing hindfoot valgus, dorsal dislocation of navicular on talus, 
and dorsal bunion deformity. B, Standing latéral radiograph. 


■ By manipulation, correct the cavus deformity as much as 
possible. 

■ Through an oblique antérolatéral approach, expose the 
midtarsal and subtalar joints (Fig. 29-43). 

■ Resect a laterally based wedge of bone that includes the 
midtarsal joints. Resect enough bone to correct the varus 
and adduction deformities of the forefoot. 

■ Through the same incision, resect a wedge of bone, again 
laterally based, which includes the subtalar joint. Resect 
enough bone to correct the varus deformity of the calca¬ 
neus. If necessary, include in the wedge the navicular and 
most of the cuboid and latéral cuneiform and the anterior 
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Arthrodesis for persistent or untreated clubfoot. Area between blue lines represents amount of bone removed from 
midtarsal région and subtalar joint in moderate fixed deformity. In severe deformity, wedge may include large part of talus and calca- 
neus and part of cuneiforms. SEE TECHNIQUE 29-17. 


part of the talus and calcaneus, and in the second wedge 
include much of the superior part of the calcaneus and 
the inferior part of the talus. 

■ Lengthen the Achilles tendon by Z-plasty and perform a 
posterior capsulotomy of the ankle joint. By manipulating 
the ankle, correct the equinus deformity. 

■ Hold the correct position with a Kirschner wire inserted 
through the calcaneocuboid and talonavicular joints or 
with staple fixation. 

POSTOPERATIVE CARE. With the foot in the corrected 
position and the knee flexed 30 degrees, a long leg cast 
is applied from the base of the toes to the groin. The 
Kirschner wire and cast are removed at 6 weeks. A short 
leg walking cast is worn for 4 more weeks. 


TALECTOMY 

Trumble et al. described a talectomy for clubfoot deformity 
in patients with myelomeningocele, but the technique can 
be modified for treatment of a severe, résistant, idiopathic 
clubfoot deformity. 


TECHNIQUE 29-18 


(TRUMBLE ETAL) 

■ Expose the talus through an incision parallel to the infe¬ 
rior border of the calcaneus (Fig. 29-44A). If additional 
soft-tissue release is required, talectomy can be done 
after circumferential release (see Technique 29-11). 

■ Carry the dissection to the prominent latéral articular 
margin of the navicular in the interval between the exten- 
sordigitorum longusand peroneus tertius tendons. Invert 
and plantar flex the forefoot. 

■ Place a towel clip around the neck of the talus and deliver 
it into the wound; dissect ail of its ligaments (Fig. 29-44B). 
Excise the talus intact because retained remnants of car¬ 
tilage may interfère with proper positioning of the foot; 
these remnants also may grow and cause later deformity 
and loss of correction. 

■ Derotate the forefoot and displace the calcaneus posteriorly 
into the ankle mortise until the navicular abuts the anterior 
edge of the tibial plafond. The exposed articular surface of 
the tibial plafond should be opposite the middle articular 
facet of the calcaneus. If necessary to obtain adéquate 
posterior displacement, excise the tarsal navicular. 
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■ Section the deltoid and the latéral collateral ligaments of 
the ankle. 

■ Correct equinus deformity of the hindfoot by sectioning 
the Achilles tendon and allowing its proximal end to 
retract. 

■ In feet with uncorrected, severe equinovarus deformity, 
the dôme of the talus may be extruded anterior to its 
normal relationship in the ankle mortise. Adaptive nar- 
rowing of the mortise may require release of the anterior 


and posterior tibiofibular ligaments of the syndesmosis to 
allow proper posterior positioning of the calcaneus. 

■ In the proper plantigrade position, the long axis of the 
foot should be aligned at a right angle to the bimalleolar 
axis of the ankle, not to the axis of the knee joint. This 
usually requires 20 to 30 degrees of external rotation of 
the foot. 

■ When the proper position has been achieved, insert one 
or two Steinmann pins from the heel through the calca¬ 
neus and into the distal tibia. 

■ Apply a long leg cast with the knee flexed to 60 degrees. 



Talectomy. A f Antérolatéral 
B, Total talectomy. SEE TECHNIQUE 29-18. 


skin incision. 


POSTOPERATIVE CARE. The Steinmann pins are 
removed at 6 weeks and a below-knee, weight-bearing 
cast is applied. The cast is worn for 12 more weeks. 


I DORSAL BUNION 

Dorsal bunions that develop after clubfoot surgery hâve 
been attributed to muscle weakness, particularly of the 
triceps surae, wherein a bunion develops as the patient tries 
to push off with the toe flexors to compensate for the weak¬ 
ness of the triceps, or imbalance between the anterior tibial 
muscle and an impaired peroneus longus muscle. Most 
authors recommend transfer of the flexor hallucis longus to 
the neck of the first metatarsal, combined with bony correc¬ 
tion by plantar closing wedge osteotomy of the first metatar¬ 
sal (Fig. 29-45). 



A f Dorsal bunion in 9-year-old boy after clubfoot release at 9 months of âge. B f Latéral view of dorsal bunion at 
metatarsophalangeal joint of left great toe. C f Postoperative appearance of left foot after plantar closing wedge osteotomy of first 
metatarsal with transfer of flexor hallucis longus to first metatarsal neck. SEE TECHNIQUE 29-18. 
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FIRST METATARSAL OSTEOTOMY 
AND TENDON TRANSFER FOR 
DORSAL BUNION 


TECHNIQUE 29-19 


(SMITH AND KUO) 

■ Through a médial incision, expose the first metatarsal and 
perform a proximal plantar closing wedge osteotomy. 

■ Bring the metatarsal into alignment with the forefoot by 
plantarflexion and insert a Kirschner wire for fixation. 

■ Carry the incision distally, or make a second incision at 
the metatarsophalangeal joint to allow identification and 
transection of the flexor hallucis longus tendon. 

■ Drill a hole in the distal first metatarsal neck in a dorsal- 
to-plantar direction. 

■ Pass the flexor hallucis tendon through the hole and 
suture it back on itself. 

■Close the wounds and apply a short leg, non-weight- 
bearing cast. 

POSTOPERATIVE CARE. Non-weight bearing is contin- 
ued in the cast for 6 weeks, after which the Kirschner 
wire is removed. A walking cast is worn for 4 weeks. Full 
activity usually can be resumed at 3 to 4 months. 


CONGENITAL VERTICAL TALUS 

Congénital vertical talus, rocker-bottom flatfoot, or congéni¬ 
tal rigid flatfoot must be distinguished from flexible pes 
planus commonly seen in infants and children. Congénital 
vertical talus may be associated with numerous neuromuscu- 
lar disorders, such as arthrogryposis and myelomeningocele, 
but it also may occur as an isolated congénital anomaly. 

■ CLINICAL AND RADIOGRAPHIC FINDINGS 

Congénital vertical talus usually can be detected at birth by 
the presence of a rounded prominence of the médial and 
plantar surfaces of the foot produced by the abnormal loca¬ 
tion of the head of the talus (Fig. 29-46). The talus is so 


distorted plantarward and medially as to be almost vertical. 
The calcaneus also is in an equinus position, but to a lesser 
degree. The forefoot is dorsiflexed at the midtarsal joints, and 
the navicular lies on the dorsal aspect of the head of the talus. 
The sole is convex, and there are deep creases on the dorso- 
lateral aspect of the foot anterior and inferior to the latéral 
malleolus. 

As the foot develops and weight bearing is begun, adap- 
tive changes occur in the tarsals. The talus becomes shaped 
like an hourglass but remains in so marked an equinus posi¬ 
tion that its longitudinal axis is almost the same as that of 
the tibia, and only the posterior third of its superior articu- 
lar surface articulâtes with the tibia. The calcaneus remains 
in an equinus position also and becomes displaced posteri- 
orly, and the anterior part of its plantar surface becomes 
rounded. Callosities develop beneath the anterior end of the 
calcaneus and along the médial border of the foot superfi- 
cial to the head of the talus. When full weight is borne, the 
forefoot becomes severely abducted, and the heel does not 
touch the floor. Adaptive changes occur in the soft struc¬ 
tures. Ail the capsules, ligaments, and tendons on the 
dorsum of the foot become contracted. The posterior tibial 
and peroneus longus and brevis tendons may corne to lie 
anterior to the malleoli and act as dorsiflexors rather than 
plantar flexor s. 

Congénital vertical talus can be difficult to distinguish 
from severe pes planus, although the two can be differentiated 
by the use of appropriate radiographs or ultrasound. The 
plantarflexion latéral radiograph is most helpful to confirm 
the diagnosis of congénital vertical talus (Fig. 29-47). 

■ TREATMENT 

Congénital vertical talus is difficult to correct and tends to 
recur. Dobbs described the use of outpatient serial casting to 
achieve relaxation of the dorsolateral structures of the foot 
and partial or complété réduction of the talonavicular joint 
followed by percutaneous rétrogradé pinning or open réduc¬ 
tion and rétrogradé pinning of the talonavicular joint in the 
operating room. Once the talonavicular joint is stabilized by 
pin fixation, percutaneous Achilles tenotomy is done to 
achieve ankle dorsiflexion without persistent rocker-bottom 
deformity. Excellent results in terms of clinical appearance, 
function, and deformity correction hâve been reported by a 
number of authors, and this technique has emerged as a 



A f Bilateral congénital vertical talus in 14-month-old child. B f At 6 years of âge, after bilateral operative correction 
at âge 14 months in which transverse circumferential approach was used. 
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Plantarflexion latéral stress radiographs in diagnosis of congénital vertical talus. A f In normal foot, long axis of first 
metatarsal passes plantarward to long axis of talus. B f Forced plantarflexion latéral demonstrates inability of first metatarsal to line up 
with the talus. C f After 5 weeks of casting the plantarflexion latéral demonstrates good alignment of the first metatarsal and talus. 
D f After percutaneous pinning of talonavicular joint and percutaneous Achilles tenotomy. 


viable initial option for many patients with congénital vertical 
talus. 

Persistent or récurrent deformity after a trial of casting 
may necessitate more extensive operative intervention, par- 
ticularly in children with more severe or rigid deformities. 

The exact surgery indicated is determined by the âge of 
the child and the severity of the deformity. Children 1 to 4 
years old generally are best treated by open réduction and 
realignment of the talonavicular and subtalar joints. Occa- 
sionally, in children 3 years old or older who hâve a severe 
deformity, navicular excision is required at the time of open 
réduction. Children 4 to 8 years old can be treated by open 
réduction and soft-tissue procedures combined with extraar- 
ticular subtalar arthrodesis. Children 12 years old or older are 
best treated by triple arthrodesis for permanent correction of 
the deformity. 

Kodros and Dias reported a single-stage procedure in 
which a threaded Kirschner wire is used as a “joystick” to 
manipulate the talus into correct position. The corrected 
position is held with threaded Kirschner wires across the 
talonavicular and subtalar joints (Fig. 29-48). 


For a young child with a mild or moderate deformity, the 
technique of Kumar, Cowell, and Ramsey is recommended. 


OPEN REDUCTION AND 
REALIGNMENT OF TALONAVICULAR 
AND SUBTALAR JOINTS 


TECHNIQUE 29-20 


(KUMAR, COWELL, AND RAMSEY) 

■ Make the first of three incisions on the latéral side of the 
foot, centered over the sinus tarsi, or use the transverse 
circumferential (Cincinnati) approach (Fig. 29-32), which 
we prefer. Avoid entering the sinus tarsi laterally. 

■ Expose the extensor digitorum brevis and reflect it distally 
to expose the anterior part of the talocalcaneal joint. 

■ Identify the calcaneocuboid joint and release ail tight struc¬ 
tures around it, including the calcaneocuboid ligament. 
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Single-stage correction of congénital 
talus. A, After soft-tissue release, a threaded Kirschner 
placed axially in the vertical talus from posterior and is 
"joystick" to manipulate talus into reduced position. B, 
advanced across talonavicular joint. 


vertical 
wire is 
used as 
Wire is 


■ Make the second incision on the médial side of the foot, 
centered over the prominent head of the talus. This 
exposes the head of the talus and médial part of the 
navicular. 

■ The anterior tibial tendon also is exposed; if the tendon 
is contracted, lengthen it by Z-plasty. Alternative^, release 
the anterior tibial tendon from its attachment to the 
médial cuneiform and first ray and transpose it into the 
planter aspect of the repaired talonavicular capsule. 

■ Release ail tight structures on the médial and dorsal 
aspects of the head of the talus and the navicular. Free 
also the anterior part of the talus from its ligamentous 
attachments to the navicular and calcaneus. This includes 
releasing the dorsal talonavicular ligament, the plantar 
calcaneonavicular ligament, and the anterior part of the 
superficial deltoid ligament. If necessary, divide part of the 
talocalcaneal interosseous ligament so that the talus can 
be easily maneuvered into position by a blunt instrument. 
If the peroneal, extensor hallucis longus, and extensor 
digitorum longus tendons remain contracted, expose and 
lengthen them by Z-plasty. Alternative^, perform a frac- 
tional lengthening of these tendons through an anterior 
incision at the musculotendinous junction. 

■ Make a third incision 2 inches long on the médial side of 
the Achilles tendon. Lengthen this tendon by Z-plasty, 


and, if necessary, perform a capsulotomy of the posterior 
ankle and subtalar joints. 

■ The talus and calcaneus can now be placed in the cor- 
rected position, and the forefoot can be reduced on the 
hindfoot. 

■ Pass a Kirschner wire through the navicular and into the 
neck of the talus to maintain the réduction. Obtain 
anteroposterior and latéral radiographs to confirm réduc¬ 
tion of the vertical talus (Fig. 29-49). 

■ Reconstruct the talonavicular ligament, repair any length- 
ened tendons, transfer the anterior tibial tendon to the 
plantar aspect of the talonavicular joint capsule, and close 
the wound in layers. 

■ Apply a long leg cast with the knee flexed and the foot 
in proper position. 

POSTOPERATIVE CARE. At 8 weeks, the cast and 
Kirschner wire are removed. A new long leg cast is 
applied, and this type of cast is worn for 1 month. A short 
leg cast is worn for an additional month. The foot is sup- 
ported in an ankle-foot orthosis for another 3 to 6 
months. 


OPEN REDUCTION AND 
EXTRAARTICULAR SUBTALAR FUSION 

Coleman et al. described open réduction and extraarticular 
subtalar fusion in older children with severe or récurrent 
deformities. This technique combines the procedure of 
Kumar et al. with a Grice-Green fusion performed 6 to 8 
weeks later. Dennyson and Fulford modified this technique 
by using screw fixation across the talocalcaneal joint. 


TECHNIQUE 29-21 


(GRICE-GREEN) 

■ Make a short curvilinear incision on the latéral aspect of 
the foot directly over the subtalar joint. 

■ Carry the incision down through the soft tissues to expose 
the cruciate ligament overlying the joint. Split this liga¬ 
ment in the direction of its fibers and dissect the fatty 
and ligamentous tissues from the sinus tarsi. 

■ Dissect the short toe extensors from the calcaneus and 
reflect them distally. The relationship of the calcaneus to 
the talus now can be determined, and the mechanism of 
the deformity can be shown. 

■ Place the foot in equinus and invert it to position the 
calcaneus beneath the talus. 

■A severe, long-standing deformity may require division of 
the posterior capsule of the subtalar joint or removal of 
a small piece of bone laterally from beneath the antero- 
superior articular surface of the calcaneus. 

■ Insert an osteotome or broad periosteal elevator into the 
sinus tarsi and block the subtalar joint to evaluate the 
stability of the graft and its proper size and position. 

■ Préparé the graft beds by removing a thin layer of cortical 
bone from the inferior surface of the talus and superior 
surface of the calcaneus (Fig. 29-50). 
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Intraoperative radiographs after correction of congénital vertical talus through transverse circumferential approach. 
A, Anteroposterior view shows correction of talocalcaneal and talus-first metatarsal angles. B f Latéral view shows corrected position 
of talus and réduction of navicular and forefoot after fixation with single Steinmann pin. SEE TECHNIQUE 29-20. 



Grice-Green subtalar fusion. A f Préparation of graft bed and placement of graft in latéral aspect of subtalar joint. 
B, Latéral view of 10-year-old patient who had open réduction and Grice-Green fusion for congénital vertical talus at 3 years of âge. 

SEE TECHNIQUE 29-21. 


■ Make a linear incision over the anteromedial surface of 
the proximal tibial metaphysis, incise the periosteum, and 
take a block of bone large enough for two grafts (usually 
3.5 to 4.5 cm long and 1.5 cm wide). As an alternative 
to tibial bone, a short segment of the distal fibula or a 
circular segment of the iliac crest can be used. 

■ Cut the grafts to fit the prepared beds. Use a rongeur to 
shape the grafts so that they can be countersunk into 
cancellous bone to prevent latéral displacement. 

■ With the foot held in a slightly overcorrected position, 
place the grafts in the sinus tarsi. Evert the foot to lock 
the grafts in place. 

■ If a segment of the fibula or iliac crest is used, a smooth 
Kirschner wire can be used to hold the graft in place for 


12 weeks, or a screw can be inserted anteriorly from the 
talar neck into the calcaneus for rigid fixation (Fig. 29-51). 

■ The foot should be stable enough to allow correction of 
equinus deformity by Achilles tendon lengthening if 
necessary. 

■ Apply a long leg cast with the knee flexed, the ankle in 
maximal dorsiflexion, and the foot in the corrected 
position. 

POSTOPERATIVE CARE. The long leg cast is worn for 
12 weeks, and weight bearing is not allowed. The Kirsch¬ 
ner wire is removed, and a short leg walking cast is worn 
for 4 more weeks. 
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A f Congénital vertical talus in 6-year-old child. 
B, Corrected position of talus fixed with screw through neck of 
talus into calcaneus, as described by Dennyson and Fulford. Bone 
graft in middle and posterior aspects of subtalar joint. SEE TECH¬ 
NIQUE 29-21. 


■ TRIPLE ARTHRODESIS 

Older children (>12 years) with uncorrected vertical talus 
who hâve pain or difficulty with shoe wear can be treated with 
triple arthrodesis. The procedure generally requires médial 
and latéral incisions and adéquate ostéotomies to place the 
foot in a plantigrade position, a technique similar to that used 
for correction of a severe tarsal coalition deformity (see 
Chapter 82). 

ANOMALIES OF THE LEG 

CONGENITAL ANGULAR DEFORMITIES 
OF THE LEG 

Congénital angular deformities of the leg are primarily of two 
kinds: deformities in which the apex of the angulation is 
anterior and deformities in which it is posterior. In both, the 
tibia offen is bowed not only anteriorly or posteriorly, but also 
medially or laterally. Anterior bowing of the tibia is com- 
monly associated with neurofibromatosis. 

Posterior angular deformities of the tibia tend to improve 
with growth (Fig. 29-52). A limb-length discrepancy also may 
be présent, ranging from several millimeters to several centi- 
meters. Children with these deformities should be examined 
yearly for any potential limb-length discrepancy that may 
require limb equalization, usually by an appropriately timed 
epiphysiodesis or limb lengthening in severe deformities. 

Anterior angular deformities of the tibia are more worri- 
some because of their potential association with congénital 
pseudarthrosis of the tibia. Occasionally, these tibias main- 
tain a normal medullary canal and show no evidence of nar- 
rowing or of the sclerotic “high-risk tibia.” If any indication 



Congénital posteromedial bowing of 
tibia. A, Clinical appearance. B f Radiographie appearance. 


right 


of narrowing of the medullary canal is présent or develops in 
an anteriorly bowed tibia, the limb should be braced until 
skeletal maturity is reached. 

Unilatéral anterior bowing of the tibia with duplication 
of the great toe has been described as a distinct syndrome, 
which should be considered in the differential diagnosis of 
antérolatéral tibial bowing and should not be mistaken for 
congénital pseudarthrosis. Associated conditions, in addition 
to duplication of the great toe, include shortening of the tibia 
that results in significant leg-length discrepancy, clinodactyly, 
and anomalous maturation of the carpal bones and 
metacarpals. 

CONGENITAL PSEUDARTHROSIS OF THE 
FIBULA AND TIBIA 

Congénital pseudarthrosis is a spécifie type of nonunion that 
at birth is either présent or incipient. Its cause is unknown, 
but it occurs offen enough in patients with either neurofibro¬ 
matosis or related stigmata to suggest that neurofibromatosis, 
if not the cause of congénital pseudarthrosis, is closely related 
to it. Congénital pseudarthrosis most commonly involves 
the distal half of the tibia and offen that of the fibula in the 
same limb. The true cause of the poor healing potential of the 
bone at the pseudarthrosis site is unknown; however, hamar- 
tomatous thickened fibrous tissue with limited vascular 
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Congénital pseudarthrosis. A f Radiograph of 3-year-old with established nonunion présent since birth. B f Intraopera¬ 
tive photo of hamartomatous tissue. C f Postoperative radiograph demonstrating stabilization of tibia using telescoping intramedullary 
rod following surgical debridement, iliac crest bone graft, and bone morphogenetic protein placement. D f Healed nonunion 10 months 
postoperatively. 


ingrowth is seen universally at the site of the pseudarthrosis 
(Fig. 29-53). 

■ FIBULA 

Congénital pseudarthrosis of the fibula often précédés or 
accompanies the same condition in the ipsilateral tibia. 
Several grades of severity of this pseudarthrosis are seen: 
bowing of the fibula without pseudarthrosis, fibular pseudar¬ 
throsis without ankle deformity, fibular pseudarthrosis with 
ankle deformity, and fibular pseudarthrosis with latent pseud¬ 
arthrosis of the tibia. Sometimes it even develops between the 
time of successful bone grafting of a pseudarthrosis of the 


tibia and skeletal maturity; because the latéral malleolus 
becomes displaced proximally, a progressive valgus deformity 
of the ankle develops. 

Until skeletal maturity is reached, the ankle can be stabi- 
lized by an ankle-foot orthosis. At maturity, any significant 
deformity can be treated by supramalleolar osteotomy made 
through essentially normal bone, and union of the osteotomy 
can be expected. Langenskiôld devised an operation for chil- 
dren, however, to prevent this valgus deformity or hait its 
progression. He created a synostosis between the distal tibial 
and fibular metaphyses. Because in congénital pseudarthrosis 
securing union by bone grafting may be as difficult in the 
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Langenskiôld technique for creating synostosis 
between distal tibial and fibular metaphyses to prevent valgus 
deformity of ankle in congénital pseudarthrosis of fibula (see 
text). SEE TECHNIQUE 29-22. 


fibula as in the tibia, an operation that prevents the ankle 
deformity without graffing in fibular pseudarthrosis is useful 
(Fig. 29-54). 


TIBIOFIBULAR SYNOSTOSIS 


TECHNIQUE 29-22 


(LANGENSKIÔLD) 

■ Make a longitudinal incision anteriorly over the distal 
fibula. 

■ Divide the fibula 1 to 2 cm proximal to the level of the 
distal tibial physis and excise the cone-shaped part of the 
distal fibular shaft. 

■ In the latéral surface of the tibia, at the level of the eut 
surface of the fibula, and at the attachment of the inter- 
osseous membrane, make a hole as wide as the diameter 
of the fibula. Proximal to the hole, remove the periosteum 
and interosseous membrane from the tibia over an area 
of several square centimeters. 

■ From the ilium, obtain a bone graft the same width as 
that of the hole in the tibia and long enough to extend 
from the latéral surface of the fibula into the spongy bone 
of the tibial metaphysis. 

■ Insert the graft perpendicular to the long axis of the limb 
so that it rests on the eut surface of the fibula and extends 
into the slot in the tibial cortex. 

■ Pack spongy iliac bone in the angle between the proximal 
surface of the graft and the latéral surface of the tibia. 

■ Apply a cast from below the knee to the base of the toes. 

POSTOPERATIVE CARE. At 2 months, full weight 
bearing in the cast is allowed, and at 4 months the cast 
is discontinued. 


■ TIBIA 

Congénital pseudarthrosis of the tibia is rare, with an inci¬ 
dence of approximately one in 250,000 live births. Most large 
sériés report 50% to 90% association of this disorder with the 
stigmata of neurofibromatosis, including skin and osseous 
lésions. 

■ CLASSIFICATION 

Multiple classification Systems hâve been created to describe 
congénital pseudarthrosis of the tibia. These classification 
Systems tend to be more descriptive of the radiographie 
appearance of the lésion at a particular course in the disease 
and often provide little insight into the correct type of treat- 
ment or prognosis. Nevertheless, a descriptive classification 
can be helpful for communication between treating physi- 
cians and is important from a historical standpoint. We prefer 
the Boyd classification of congénital pseudarthrosis of the 
tibia: 

Type I pseudarthrosis occurs with anterior bowing and a 
defect in the tibia présent at birth. Other congénital 
deformities also may be présent. 

Type II pseudarthrosis occurs with anterior bowing and an 
hourglass constriction of the tibia présent at birth. Spon- 
taneous fracture, or fracture affer minor trauma, com- 
monly occurs before 2 years of âge. This is the so-called 
high-risk tibia. The tibia is tapered, rounded, and scle- 
rotic, and the medullary canal is obliterated. This type is 
the most common, is often associated with neurofibro¬ 
matosis, and has the poorest prognosis. Récurrence of 
the fracture is common during the growth period but 
decreases in frequency with âge and generally ceases to 
occur affer skeletal maturation (Fig. 29-55). 

Type III pseudarthrosis develops in a congénital cyst, usually 
near the junction of the middle and distal thirds of the 
tibia. Anterior bowing may précédé or follow the devel¬ 
opment of a fracture. Récurrence of the fracture affer 
treatment is less common than in type II, and excellent 
results affer only one operation hâve been reported to last 
well into adulthood (Fig. 29-56). 

Type IV pseudarthrosis originates in a sclerotic segment of 
bone in the classic location without narrowing of the 
tibia. The medullary canal is partially or completely oblit¬ 
erated. An “insufhciency” or “stress” fracture develops in 
the cortex of the tibia and gradually extends through the 
sclerotic bone. With completion of the fracture, healing 
fails to occur, and the fracture widens and becomes a 
pseudarthrosis. The prognosis for this type generally is 
good, especially when it is treated before the insufhciency 
fracture becomes complété (Fig. 29-57). 

Type V pseudarthrosis of the tibia occurs with a dysplastic 
fibula. A pseudarthrosis of the fibula or tibia or both may 
develop. The prognosis is good if the lésion is conhned to 
the fibula. If the lésion progresses to a tibial pseudarthro¬ 
sis, the natural history usually resembles that of type II 
pseudarthrosis. 

Type VI pseudarthrosis occurs as an intraosseous neuroh- 
broma or schwannoma that results in a pseudarthrosis. 
This is extremely rare. The prognosis dépends on the 
aggressiveness and treatment of the intraosseous lésion. 
A more recent and simplihed classification System proposed 
by Johnston et al. could guide treatment and prognosis. This 
classification scheme includes (1) the presence or absence of 
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Type II congénital pseudarthrosis of tibia. 
A f Anteroposterior view of left tibia. B, Latéral view. Note ante- 
rior bowing and narrow, sclerotic medullary canal. 


Type IV congénital pseudarthrosis of tibia. 
A f Anteroposterior view of right tibia. B f Latéral view. Note frac¬ 
ture in anterior cortex in distal third of tibia. 



Type III congénital pseudarthrosis of tibia. 
A f Anteroposterior view of right tibia. B f Latéral view. Note cyst 
formation in middle third of tibia with anterior bowing and 
narrow medullary canal distal to cyst. 


a fracture and (2) âge of first fracture, before or affer âge 4 
years. Under this classification scheme, fractured tibias 
require surgical treatment while intact tibias can be treated 
with observation and splinting. 

For those tibias that require surgery, the treatment 
involves first resecting the entire pseudarthrosis, leaving a 
bone gap and soff-tissue defect that must be treated regardless 
of the descriptive radiographie classification before surgical 
resection. 

■ TREATMENT 

Treatment of congénital pseudarthrosis of the tibia dépends 
on the âge of the patient and the presence or absence of a 
fracture. Before walking âge, little treatment is required for a 
pseudarthrosis, but once the child begins to ambulate, the leg 
should be immobilized in a clamshell orthosis and protected. 
If no fracture is présent, the child can be treated in a brace 
until skeletal maturity with close follow-up. Once a true 
pseudarthrosis of the tibia develops, it cannot be expected to 
heal when treated by casting or bracing alone. 

Initial surgical management of tibial pseudarthrosis 
involves resection of the entire pseudarthrosis and surround- 
ing hamartomatous tissue, restoration of mechanical align- 
ment and intramedullary fixation. These three basic principles 
often are augmented by a combination of primary shortening, 
bone transport, supplémentai bone graffing, and bone mor- 
phogenetic protein. Osseous union probably is more difficult 
to obtain in this condition than in any other (31% to 56% 
reported successful treatment). Even when union is obtained, 
it offen is transient, and refracture, leg-length discrepancy, 
and malalignment may require further surgical management 
and possibly amputation. 
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Amputation is rarely, if ever, considered in the initial 
management of congénital pseudarthrosis of the tibia; 
however, amputation is frequently required and should be 
discussed early as a possible outcome of attempted treatment. 
Factors favoring amputation include anticipated shortening 
of more than 2 or 3 inches (5 to 7.5 cm), a history of multiple 
failed surgical procedures, and stiffness and decreased fonc¬ 
tion of a limb that would be more usefol after an amputation 
and prosthetic fitting. 

I INTRAMEDULLARY FIXATION 

Although many techniques hâve been described, the most 
commonly used is the intramedullary rodding technique 
described by Anderson et al. The pseudarthrosis is often quite 
distal in the tibia, making intramedullary fixation alone inad¬ 
équate and unstable. Therefore, the ankle joint often must be 
crossed by the rod to provide additional stability in these very 
distal pseudarthroses. The rod can migrate with growth, 
resulting in restoration of some ankle motion over time or 
can be surgically advanced to a position above the ankle once 
solid union has been achieved. For those lésions that appear 
more proximal in the tibia, it might be possible to avoid Cross¬ 
ing the ankle joint. In these cases, larger rod diameter or an 
interlocking option could aid in stability. 

i VASCULARIZED GRAFT 

Resection of the pseudarthrosis with reconstruction using a 
free vascularized bone graft with either fibular or iliac crest 
grafts (Fig. 29-58) also has been described with good results. 



Congénital pseudarthrosis of tibia treated with 
vascularized fibular bone graft. A f Preoperative radiograph of 
tibia with established distal pseudarthrosis after multiple failed 
surgical procedures. B f Three years after repair with vascularized 
fibular graft. 


The procedure requires expérience with microvascular tech¬ 
niques, however, and two surgical teams are advantageous, 
one to harvest the graft while the second préparés the pseud¬ 
arthrosis site to receive the graft. Vascularized fibular grafts 
may be indicated for pseudarthroses with gaps of more than 
3 cm and for pseudarthroses in which multiple surgical pro¬ 
cedures hâve failed. 

I ILIZAROV 

In addition, good preliminary results were reported with the 
Ilizarov technique, but problems hâve included difficulty 
transporting the proximal tibia, “docking” malalignment, and 
poor quality of regenerated bone, leading to refracture. For 
most established pseudarthroses, initial treatment should 
be intramedullary rodding and bone grafting. The Ilizarov 
approach with bone transport does ofter the advantage of 
maintaining or gaining tibial length. 

I BONE MORPHOGENETIC PROTEIN 

Multiple reports hâve documented the successfol use of 
recombinant human bone morphogenetic protein (rhBMP) 
in the treatment of congénital pseudarthrosis of the tibia. 
Both currently available forms (rhBMP-2 and rhBMP-7) of 
this protein hâve been used. In each sériés, BMP was used in 
conjunction with other accepted forms of bony stabilization 
such as intramedullary fixation. Early union rates hâve been 
favorable, but long-term follow-up and prospective compara¬ 
tive studies are needed to better understand the long-term 
efficacy and safety of these treatments. Because the treatment 
of congénital pseudarthrosis of the tibia is challenging, BMPs 
should be considered as an adjunct to treatment. 


INSERTION OF WILLIAMS 
INTRAMEDULLARY ROD AND 
BONE GRAFTING 


TECHNIQUE 29-23 


Fig . 29-59 


(ANDERSON ETAL.) 

■ Position the patient supine on a radiolucent operating 
table and apply a tourniquet to the thigh. 

■ Expose the ipsilateral iliac crest and harvest as much can- 
cellous bone and bone from the outer table as can be 
obtained safely. 

■ Approach the tibia through an anterior incision that is 
centered over the pseudarthrosis and just latéral to the 
tibial crest. Divide the deep fascia of the anterior compart¬ 
iment at this level. 

■ Subperiosteally, expose the normal bone of the tibial shaft 
just proximal and distal to the pseudarthrosis. 

■ Completely excise the bone and fibrous tissue at the 
pseudarthrosis until normal medullary bone of both tibial 
fragments is exposed. Resection generally results in tibial 
shortening of 1 to 3 cm. 

■ Tibial union may be difficult to achieve in patients with a 
normal fibula; therefore a fibular osteotomy should be 
considered to allow adéquate approximation of the two 
ends of the tibia. 
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Insertion of Peter Williams rod for congénital pseudarthrosis of tibia, as described by Anderson et al. A, Anteropos- 
terior view of type II congénital pseudarthrosis of tibia in 16-month-old child. B, Latéral view. C, Postoperative anteroposterior view. 
D f Postoperative latéral view. SEE TECHNIQUE 29-23. 


■ Ream the medullary canals of both tibial fragments with 
a drill or small curet or both. 

■ The Williams device consists of an indwelling rod and an 
insertion rod. The indwelling rod issmooth and cylindrical 
and varies in diameter. The proximal end is machined to 
a diamond tip, and the distal blunt end is threaded inter- 
nally for approximately 15 mm so that a second (inser¬ 
tion) rod of equal outside diameter can be attached to it 
temporarily. The insertion rod is machined proximally so 
that its external threads screw into the distal end of the 
indwelling rod, and it is machined distally to a diamond 
tip. 

■ To détermine the rod length needed, make a latéral radio- 
graph to détermine the expected length of the leg after 
the affected bone and fibrous tissues hâve been removed, 
and the angular deformity has been corrected. 

■ Drive the coupled rods into the distal part of the tibia at 
the site of the osteotomy, across the ankle and subtalar 
joints, and out the sole through the heel pad. When the 
rod is placed across the ankle joint, it is important to 
correct valgus deformity of the ankle and dorsiflexion 
deformity of the foot, which are the inévitable consé¬ 
quences of weight bearing on an anterolaterally bowed 
tibia. Fluoroscopy is helpful during this part of the 
procedure. 

■ Approximate the tibial fragments and drive the rod rétro¬ 
gradé into the région of the proximal tibial metaphysis, 
nearly to the tibial physis, but not encroaching on it. 
Unscrew the insertion rod a single full turn and verify the 
junction of the rod on a latéral radiograph. 

■ Fully disassemble (unscrew) the insertion rod and remove 
it, leaving the distal end of the implanted rod in the 
calcaneus. 


■ Pack the autologous corticocancellous bone strips from 
the iliac crest around the osteotomy and secure them 
with circumferential sutures of fine stainless Steel or, as 
hâve been used more recently, absorbable sutures. 

■ Prophylactic fasciotomies often are required before 
wound closure. 

■ Close the subcutaneous tissue and skin and apply a long- 
leg cast. 

POSTOPERATIVE CARE. The duration of immobiliza- 
tion and the type of cast are determined by the amount 
of healing noted on clinical and radiographie examina¬ 
tions. When healing is sufficient, the cast is discontinued. 
Removal of the cast and institution of progressive weight 
bearing usually are possible several months after surgery. 
A knee-ankle-foot orthosis or patellar tendon-bearing 
brace is worn until skeletal maturity is reached. 


■ COMPLICATIONS 

I STIFFNESS OF THE ANKLE AND HINDFOOT 

A stiff ankle should be expected until the distal tip of the rod 
is proximal to the ankle joint after longitudinal growth of the 
distal end of the tibia. Even if stiffness persists, it rarely 
hampers functional results. 

I REFRACTURE 

Refracture is common in patients with pseudarthroses, 
despite apparently solid clinical and radiographie union. 
Refracture can be managed with casting or removal and 
replacement of the intramedullary rod with additional bone 
grafting. Because of the likelihood of refracture, removal of 
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the rod after union is not recommended until skeletal matu- 
rity has been reached. 

i VALGUS ANKLE DEFORMITY 

The distal tibial fragment must be fixed so that valgus defor¬ 
mity of the ankle is corrected at the time of placement of the 
intramedullary rod. Intraoperative fluoroscopy is useful for 
monitoring this procedure. Long-term bracing is mandatory 
during the growth years to minimize progressive valgus ankle 
deformity, or surgical treatment with the Langenskiôld pro¬ 
cedure may be indicated. 

Valgus deformity has been found to be significantly more 
frequent when the fibula is leff intact than when fibular oste- 
otomy is done (with or without fibular fixation). In addition, 
the presence of fibular insufficiency (fracture or prepseudar- 
throtic lésion) appears to be highly prognostic for subséquent 
valgus deformity, whether or not the fibula eventually healed. 

1 TIBIAL SHORTENING 

Tibial shortening should be anticipated in almost ail these 
children. The maximal projected shortening in the patients 
of Anderson et al. was 4 cm. In selected patients, tibial short¬ 
ening can be treated by a well-timed contralatéral epiphysio- 
desis or limb lengthening of the proximal tibia. The Ilizarov 
technique may be useful initially in severe cases with signifi- 
cant shortening and a wide nonunion or in patients in whom 
medullary nailing and standard bone grafting procedures fail. 

CONSTRICTIONS OF THE LEG 

A congénital circumferential constriction, or “Streeter” band 
of the soft tissues of the leg (Fig. 29-60) is rare, occurring in 
1 per 10,000. These lower extremity bands often are associ- 
ated with other anomalies, such as absent digits, foot defor- 
mities, constriction bands on the upper extremity, cleft palate, 
and heart defects. 


The deep fascia may be affected, and usually the lym- 
phatic vessels and superficial circulation are partially 
obstructed. Distal to the constriction there may be persis¬ 
tent pitting edema that may or may not be cured by excis- 
ing the constriction. Fractures of the tibia and fibula at the 
level of the constriction hâve been reported. In marked 
contrast to congénital pseudarthrosis, after successful 
treatment of the constriction, the fractures heal promptly 
without surgery. 

Traditionally, constriction bands hâve been released in 
two or three stages to prevent vascular compromise of the 
distal part of the extremity. More recently, however, several 
authors hâve reported good results with one-stage release. 
The advantages of a one-stage release include easier postop- 
erative care, especially in infants, and avoidance of a second 
or third operation with additional periods of anesthésia. 

Hennigan and Kuo divided 135 constriction bands in 73 
patients into four zones (Fig. 29-61). Most (50%) were in zone 
2, between the knee and ankle. They also classified the bands 
according to severity: grade 1 bands involved subcutaneous 
tissue, grade 2 bands extended to the fascia, grade 3 bands 
extended to the fascia and required release, and grade 4 bands 
were congénital amputations. 

Amputation may be the only treatment option for severe 
type 3 bands (Fig. 29-62). The prevalence of clubfoot in 
patients with congénital constricting bands ranges from 12% 
to 56%. 

Ail neurologie déficits were in children with grade 3 
bands in zone 2, and clubfoot in these children required 
numerous and more extensive surgeries, with poorer results 
than those in children with no neurologie déficits. These 
authors suggested early complété soft-tissue release, along 
with considération of tendon transfers, and noted that bony 
surgery eventually becomes necessary, and prolonged bracing 
will be needed to prevent récurrence. 



A ' Congénital constriction of leg and congénital vertical talus. B, Appearance after excision of constricting bands. 

(From Gabos PG: Modified technique for the surgical treatment of congénital constriction bands of the arms and legs of infants and children, 
Orthopedics 29:401, 2006.) 
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Zones of constricting bands described by Hen- 
nigan and Kuo (see text). 



Amputation may be the only treatment option 
for severe type 3 bands. 


ONE-STAGE OR TWO-STAGE 
RELEASE OF CIRCUMFERENTIAL 
CONSTRICTING BAND 


TECHNIQUE 29-24 


(GREENE) 

■ Excise a 1- to 2-mm margin of normal skin and subcuta- 
neous tissue to minimize the risk of récurrence. For a 
two-stage procedure only excise 180 degrees. 

■ Resect ail constricted fascia and muscle that hâve been 
converted to dense fibrous connective tissue. 

■ After resection of the dermal layers within the constric- 
tion band, identify the vascular and neurologie structures 
proximal and distal to the band by careful dissection as 
the skin and subeutaneous tissue are undermined. 

■ If subeutaneous tissue is excessive, especially on the 
dorsum of the fingers, debulking should be done. 

■ Close the skin with multiple Z-plasties, fashioning fairly 
large flaps at an angle of 60 degrees (Fig. 29-63). 

POSTOPERATIVE CARE. A pressure bandage is applied 
from proximal to the area of surgery to the distal end of 
the limb. With young children, a cast or plaster splint is 
applied and worn for 2 to 3 weeks until the incision has 
healed. 


CONGENITAL HYPEREXTENSION AND 
DISLOCATION OF THE KNEE 

Congénital hyperextension of the knee is only the lowest 
grade of an abnormality that is divided into three grades 
according to severity: grade 1, congénital hyperextension; 
grade 2, congénital hyperextension with anterior subluxation 
of the tibia on the fémur; and grade 3, congénital hyperexten¬ 
sion with anterior dislocation of the tibia on the fémur (Fig. 
29-64). Congénital hyperextension or dislocation of the knee 
usually is associated with skeletal abnormalities elsewhere in 
the extremity such as hip dysplasia (Fig. 29-65). 

It has been postulated that the basic defect in congénital 
dislocation of the knee is absence or hypoplasia of the cruci- 
ate ligaments, although others consider these findings a resuit 
of the dislocation. 

The pathologie condition usually varies with the severity 
of the deformity, but always the anterior capsule of the knee 
and the quadriceps mechanism are contracted. As the sever¬ 
ity of the anterior displacement of the tibia increases, 
other findings include intraarticular adhesions and other 
abnormalities within the joint and hypoplasia or absence of 
the patella. Fibrosis and loss of bulk of the vastus lateralis 
muscle hâve been noted, as well as, oblitération of the supra- 
patellar pouch from the adhèrent quadriceps tendon and 
latéral displacement of the patella. In severe anterior disloca¬ 
tion, the collateral ligaments hâve been shown to course 
anteriorly from their fémoral attachments, and anterior sub- 
luxation of the hamstring muscles in some patients to func- 
tion as extensors of the knee in this deformed position. 

The treatment of congénital hyperextension of the knee 
dépends on the severity of the subluxation or dislocation and 
the âge of the patient. In a newborn with mild-to-moderate 
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Congénital constriction release and Z-plasty. A f Excision of constriction band and undermining of skin edges. 
B, Z-plasty incisions at 60 degrees. C f Repair of Z-plasties with simple or mattress sutures. SEE TECHNIQUE 29-24. 



A f Congénital hyperextension of the knee. 
B f Subluxation of knee. C f Dislocation of knee. 


hyperextension or subluxation, conservative treatment 
methods, such as the use of the and serial casting to increase 
knee flexion followed by a Pavlik harness for a few weeks to 
prevent early récurrence are likely to succeed. Roach and 
Richards proposed two criteria for successful nonoperative 
treatment of congénital knee dislocation: radiographie évi¬ 
dence of réduction and knee flexion to 90 degrees or more. 
According to most authors, nonoperative treatment can be 
continued for 3 months. In children who do not respond to 
conservative measures, the use of skeletal traction for correc¬ 
tion is an option, but the deformity is difficult to correct with 
this method. In older children with moderate or severe sub¬ 
luxation or dislocation, surgery is indicated. In a child with 
congénital dislocation of the knee and congénital dislocation 
of the hip, surgical correction of the knee first is advisable. 
However, Johnston et al. described a single-stage correction 
for both deformities with similar outcomes to staged 
reconstructions. 

Curtis and Fisher described a procedure for correction of 
congénital dislocation of the knee that is recommended for 


children 6 to 18 months old. The technique combines anterior 
capsular release, lengthening of the quadriceps mechanism, 
and release of intraarticular adhesions. Occasionally, the 
articular surfaces of the knee remain abnormal if the defor¬ 
mity recurs. Ideally, a functional range of motion can be 
obtained. In rare cases osteotomy of the fémur or tibia may 
be required in an older child. When needed, fémoral shorten- 
ing can be a good adjunct to quadricepsplasty with good 
mid-term to long-term function. 

Joseph et al. proposed some modifications to the Curtis 
and Fisher procedure that includes a laterally based incision, 
a more extensive, tongue-type release of the quadriceps 
tendons, and avoidance of dissection up to and including 
the collateral ligaments. These modifications were designed 
to correct spécifie problems such as anterior wound dehis- 
cence, inadéquate quadriceps tendons length, and posto- 
perative knee instability caused by a collateral transection, 
respectively. 

Dobbs proposed a less invasive treatment of congénital 
dislocation of the knee that involves serial casting and mini- 
open tenotomy of the quadriceps with additional anterior 
capsulotomy if required. This protocol resulted in successful 
deformity correction in 14 of 16 knees, with two knees requir- 
ing additional surgery. Longer follow-up is needed to déter¬ 
mine the lasting effects of this treatment. 


CAPSULAR RELEASE AND 
QUADRICEPS LENGTHENING FOR 
CORRECTION OF CONGENITAL KNEE 
DISLOCATION 


TECHNIQUE 29-25 


(CURTIS AND FISHER) 

■ Make a long anterior midline incision starting superome- 
dially at the level of the middle third of the fémur and 
extending inferolaterally to the tibial tuberosity. Alterna¬ 
tive^, Joseph described exposure through a latéral inci¬ 
sion with fewer wound complications. 

■ Expose the anterior thigh muscles and divide the quadri¬ 
ceps mechanism superior to the patella by either an 
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Congénital dislocation of knee. A f Clinical photograph of a child with congénital hyperextension deformity of the 
knee. B f Latéral radiograph after partial correction of the deformity demonstrates persistent anterior subluxation of the tibia. (Courtesy 
of Jay Cummings, MD.) 




Curtis and Fisher technique for congénital dis¬ 
location of knee. A f Lines of incision to release anterior capsule 
medially and laterally and médial and latéral retinaculum of 
quadriceps mechanism. B f Correction after soft-tissue release and 
lengthening of rectus femoris muscle. SEE TECHNIQUE 29-25. 


the collateral ligaments can be avoided as long as they 
can be displaced posteriorly. 

■ If the patella is displaced laterally, release the latéral part 
of the patellar tendon and the vastus lateralis so that the 
patella can be moved to its proper location on the fémoral 
condyles. 

■ Release any tight iliotibial band and lengthen the fibular 
collateral ligament if needed. 

■ Mobilize ail normal-appearing quadriceps muscle and 
align it in the long axis of the fémur to exert a direct pull 
on the patella. 

■ Suture the lengthened quadriceps mechanism with repair 
of the vastus medialis muscle to the lengthened rectus 
femoris. 

■ Evaluate tracking of the patella from extension to 90 
degrees of flexion. 

■ Close the wound and apply a long leg cast with the knee 
flexed 30 degrees. 

POSTOPERATIVE CARE. If the anterior skin is under 
excessive tension, the cast can be changed at 2 weeks 
with the use of outpatient anesthésia. At 4 to 6 weeks, 
the cast is removed, and active and passive exercises are 
begun. In older patients, continuous passive motion can 
be used to regain motion during the first 3 to 6 weeks 
after surgery, and a long leg brace is worn for 6 to 12 
months to prevent hyperextension of the knee. 


inverted V-shaped incision (Fig. 29-66) or a Z-plasty. The 
former incision provides a tongue of tissue superior to the 
patella that is suitable for attachment of the proximal 
muscle mass after the extensor mechanism has been 
lengthened. Joseph modified this step to include a 
tongue-type séparation of the quadriceps tendon from 
the vastus medialis and lateralis. 

■ Divide the anterior capsule transversely and extend the 
incision posteriorly to the tibial and fibular collateral liga¬ 
ments. Mobilize and displace these ligaments posteriorly 
as the knee is flexed. In some, dissection to the level of 


CONGENITAL DISLOCATION 
OF THE PATELLA 

Congénital dislocation of the patella often is familial and 
bilateral. Occasionally, it is accompanied by other abnormali- 
ties, especially arthrogryposis multiplex congenita and Down 
syndrome. It is persistent and irreducible and usually accom¬ 
panied by abnormalities of the quadriceps mechanism. The 
vastus lateralis may be absent or severely contracted, and the 
patella may be dislocated laterally and attached to the anterior 
aspect of the iliotibial band. Often the patella is small and 
misshapen and in an abnormal location in the quadriceps 
mechanism. Genu valgum and external rotation of the tibia 
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TABLE 29-3 


Two Types of Congénital Dislocation of the Patella 

PERSISTENT DISLOCATION 

Patella is dislocated latéral and persistent in that location 

OBLIGATORY DISLOCATION 

Patella dislocates and reduces spontaneously with flexion 
and extension of knee joint 

Often obvious in infancy 

Usually présent at 5-10 years old 

Frequently associated with generalized syndrome 

Knee flexion contracture is présent 

Usually isolated anomaly 

Range of knee motion usually normal 

Nearly always produces little functional disability 

Early surgical correction 

May be well tolerated with little functional disability 

Surgical correction can be delayed until patient is 
symptomatic 


Adapted from Eilert RE: Congénital dislocation of the patella, Clin Orthop Relat Res 389:22, 2001. 



Untreated congénital dislocation of left patella in 5-year-old boy. A f Anteroposterior view shows fixed latéral disloca¬ 
tion. B, On latéral view, patella appears absent because of superimposed fémoral condyles. 


on the fémur commonly develop. The capsule on the médial 
side of the knee is stretched, the latéral fémoral condyle is 
flattened, or the insertion of the patellar tendon is located 
more laterally than normally. 

Eilert noted that two clinical syndromes hâve been 
described in the literature: congénital dislocation of the 
patella or fixed latéral dislocation of the patella and habituai 
dislocation of the patella, which he suggested should be 
more accurately termed “obligatory dislocation” of the 
patella. These two syndromes hâve different clinical présenta¬ 
tions (Table 29-3), and the timing of surgical correction is 
different. 

The diagnosis of congénital dislocation of the patella 
offen is difhcult to make before the patient is 3 to 4 years 
old because of lack of ossification of the patella; however, 
more severe cases, with associated knee flexion contractures, 
can be diagnosed soon affer birth. Magnetic résonance 
imaging (MRI) can show the cartilaginous patella lying 
latéral to the fémur and can confirm the diagnosis when 
congénital latéral patellar dislocation is suspected. Several 
authors hâve described the use of ultrasound to define the 


position of the cartilaginous patella. Because the severity of 
the deformity is directly related to the length of time that 
the deformity is allowed to remain uncorrected, surgery can 
be done as soon as the diagnosis is made to try to prevent a 
valgus, flexion, or external rotation deformity of the knee 
(Fig. 29-67). 

The underlying pathologie condition of congénital or 
habituai dislocation of the patella is contracture of the quad- 
riceps mechanism, which is more severe in patients with 
congénital dislocations. Operative techniques vary accord- 
ing to the extent and degree of these operative fmdings. The 
primary objective is release of the contracted structures on 
the latéral side of the patella (the latéral capsule, iliotibial 
band, and latéral portion of the quadriceps) to allow réduc¬ 
tion of the patella. Médial plication of the lax capsule is nec- 
essary to stabilize the reduced patella. In most patients, 
especially younger children, extensive latéral release and 
capsular plication are sufhcient to obtain patellofemoral 
congruency. In older children, advancement of the vastus 
medialis offen is necessary to tighten the muscle and 
improve muscle action. 
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LATERAL RELEASE AND MEDIAL 
PLICATION 


TECHNIQUE 29-26 


(BEATY; MODIFIED FROM GAO ETAL AND 
LANGENSKIÔLD) 

■ Make a midline incision from the distal aspect of the fémur 
to the tibial tuberosity. Perform a full-thickness skin dissec¬ 
tion over the patella to expose the médial and latéral 
aspects of the knee joint and the quadratus femoris muscle. 

■ Release the vastus lateralis from its most proximal muscle 
origin in the quadratus femoris to the level of the joint. 
This may require release of the iliotibial band laterally to 
the intermuscular septum. 

■ Because a midline surgical incision over the patella tends 
to heal with more proliférative scarring in children than 
in adults, Eilert suggested making the surgical incision 
over the antérolatéral knee so that the scar is not under 
direct pressure against the patella. The incision must be 
long enough to expose a sufficient portion of the quad- 
riceps muscle so that it can be realigned, and in an infant 
with congénital patellar dislocation, the incision may 
extend halfway up the thigh. 

■ Occasionally, the rectus femoris must be dissected and 
lengthened by a Z-plasty. 

■ Incise the vastus medialis obliquus from its origin proxi- 
mally and distally from the patella, the médial capsule, 
and the patellar tendon. 

■ Reduce the patella into the fémoral groove. 

■ Reattach laterally and distally the vastus medialis obliquus 
to the patellar tendon and médial retinaculum to secure 
the patella in the fémoral groove. 

■ When the initial suture has been placed distally, move the 
knee through a gentle range of motion to assess réduc¬ 
tion and tracking of the patella in the fémoral groove. If 
the tension is too tight on the vastus medialis obliquus, 
remove the suture and transfer the muscle slightly proxi- 
mally. If the tension is too lax, attach the vastus medialis 
obliquus farther distally and laterally. 

■ Occasionally, the patella is so unstable that the gracilis or 
semitendinous tendon must be divided at the musculo- 
tendinous junction and transferred into the patella as a 
checkrein for added stability. The vastus medialis obliquus 
is sutured to the remaining retinaculum of the patella and 
the quadratus femoris. 

■ Continue the repair of the vastus medialis obliquus proxi- 
mally and distally. 

■ Move the knee again through a range of motion to 
ensure réduction of the patella in the fémoral groove and 
normal tracking during flexion and extension. 

■ Deflate the tourniquet and obtain hemostasis with elec- 
trocautery. Insert a drain deep into the wound and close 
the subcutaneous tissue and skin. 

■ Apply a long leg cast with the knee in 30 degrees of flexion. 

POSTOPERATIVE CARE. The cast is removed approxi- 
mately 6 weeks after surgery, and active and passive 
range-of-motion exercises are begun. 


CONGENITAL DEFICIENCES OF THE 
LONG BONES 

The first scientific approach to the problem of congénital long 
bone deficiencies was devised by Frantz and O’Rahilly in 
1961. Their widely-used classification System described defi¬ 
ciencies as terminal or intercalary. In terminal deficiencies, 
there is an amputation with no body parts distal to the site 
(Fig. 29-68 A). In intercalary déficits, a middle segment is 
missing, but the distal segments are présent (Fig. 29-68B). 
Terminal and intercalary deficiencies are defined further as 
transverse or longitudinal. The complété absence of a hand at 
the wrist is a terminal transverse deficiency. A complété hand 
without a radius or ulna is an intercalary transverse defi¬ 
ciency. An example of a terminal longitudinal deficiency is 
fibular hemimelia, in which the latéral two rays also are 
missing. Fibular hemimelia in which the foot is normal is an 
intercalary longitudinal deficiency. 

■ TIBIAL HEMIMELIA 

Since the disorder was first described by Otto in 1941, tibial 
hemimelia has been known by a variety of names, including 
congénital longitudinal deficiency of the tibia, congénital dys- 
plasia of the tibia, paraxial tibial hemimelia, tibial dysplasia, 
and congénital deficiency or absence of the tibia. This condi¬ 
tion actually represents a spectrum of deformities, ranging 
from total absence of the tibia (the most severe form) to mild 
hypoplasia of the tibia (the least severe form). The incidence 
has been estimated at one in 1 million live births, and the 
condition may be bilateral in 30% of patients. It usually occurs 
sporadically, although familial cases with either autosomal 
dominant or récessive transmission patterns hâve been 
reported. There are multiple distinct syndromes that hâve 
tibial hemimelia as a component including polydactyly- 
triphalangeal thumb syndrome (Werner syndrome), tibial 
hemimelia diplopodia, tibial hemimelia-split hand/foot syn¬ 
drome, tibial hemimelia-micromelia-trigonal brachycephaly 
syndrome, and fémoral bifurcation-tibial hemimelia-hand 
ectrodactyly (Gollop-Wolfgang Complex). The exact cause is 
multifactorial, and a variety of gene defects hâve been discov- 
ered. However, it does not appear that one particular gene 
mutation or one inheritance pattern can be used to explain 
ail cases. 

The involved leg is short, and the fibular head is palpable 
if it is proximally displaced. The foot is held in severe equin- 
ovarus, and the hindfoot is stiff (Fig. 29-69). In older children, 
the proximal tibial anlage may be palpable, even if it is not 
radiographically visible. The knee is generally flexed, and in 
more severe deformities, quadriceps insufficiency causes a 
lack of knee extension. Careful clinical évaluation of the 
quadriceps extensor mechanism is important because this has 
significant prognostic value regarding the potential for recon¬ 
struction of the knee. Fémoral hypoplasia may be seen. 

I CLASSIFICATION 

The most widely used classification scheme for tibial hemi¬ 
melia is that of Jones, Barnes, and Lloyd-Roberts (Fig. 29-70), 
which is based on the early radiographie présentation. Treat- 
ment recommendations are given for each type. 

In type IA deformity, there is a complété radiographie 
absence of the tibia and a hypoplastic distal fémoral epiphysis 
(compared with the normal side) (Fig. 29-71 A). In type IB 
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Terminal deficiencies 

No unaffected parts distal to 
and in line with déficient portion 



Transverse 

Defect extends transversely 
across entire width 
of limb 


Paraxial 

Only preaxial or postaxial 
portion of limb 
is absent 



Intercalary deficiencies 

Middle portion of limb is déficient, but 
proximal and distal portions are présent 



Transverse 

Entire central portion of 
limb absent with 
foreshortening 



Paraxial 

Segmentai absence of 
preaxial or postaxial limb 
segments; intact proximal 
and distal 



Radial 

hemimelia 


Ulnar 

hemimelia 


Tibial 

hemimelia 


Fibular 

hemimelia 


FIGURE 


^ Frantz-O'Rahilly classification of congénital limb deficiencies. A f Terminal deficiencies. B f Intercalary deficiencies. 



A, Jones type I deformity with rigid foot deformity and absent quadriceps function. B f Complété radiographie absence 
of the tibia. C f Radiograph after knee disarticulation. 


deformity, there also is no radiographie evidence of a tibia, 
but the distal fémoral epiphysis appears more normal in size 
and shape. This différence is crucial because the type IB 
deformity has a proximal tibial cartilaginous anlage that can 
be expected to ossify with time. Arthrography, ultrasound, 
and MRI hâve shown this cartilaginous anlage in type IB 
deformities (Fig. 29-71 B, right). In time, the proximal tibial 
anlage of a type IB deformity may ossify to become a type 2 
lésion. 


In type 2 deformity, a proximal tibia of varying size is 
présent at birth. The fibula usually is normal in size, but the 
head is proximally dislocated (Fig. 29-71 B, leff). 

Type 3 deformity, in which the proximal tibia is not 
radiographically visible, is rare. The distal tibial epiphysis 
sometimes is visible, along with a mature distal metaphysis; 
however, there may be only a diffuse calcified density within 
the distal tibial anlage. The distal fémoral epiphysis usually is 
well formed, but the upper end of the fibula is proximally 
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Classification of tibial hemimelia. In type IA, fibula is dislocated proximally, tibia is not radiographically évident, and 
distal fémoral epiphysis is smaller than on normal side. In type IB, fibula is dislocated proximally, and proximal tibial anlage may be 
visible at birth on ultrasound or magnetic résonance imaging, but not on plain radiographs. Type 2 deformity has proximal dislocation 
of fibula and radiographically visible proximal tibia with normal-appearing knee joint. In type 3 deformity, fibula is dislocated proxi¬ 
mally, distal tibia is radiographically visible, but proximal tibia is not seen. In rare type 4 deformity, fibula has migrated proximally, with 
diastasis of distal tibiofibular joint. Type 5 Birch modification of Jones classification to include global shortening of the tibia relative 
to the fibula. 



dislocated. Although the distal fémoral epiphysis usually is of 
normal size, the knee generally is unstable. 

In type 4 deformity, which is rare, the tibia is shortened, 
and there is a proximal migration of the fibula with distal 
tibial fibular diastasis (Fig. 29-72). This deformity also has 
been called congénital diastasis of the ankle joint and con¬ 
génital tibiofibular diastasis. Clinton and Birch, in their 
37-year review of 125 limbs with tibial hemimelia, noted no 
true type 3 deformities. They also proposed the addition of a 
Jones type 5, which involves global tibial shortening relative 
to the fibula of varying severity. 

A more recent classification takes into account the MRI, 
ultrasonographic, and intraoperative findings of the cartilagi- 
nous anlage both proximally and distally. This classification 


includes seven types, with “a” and “b” subtypes depending on 
the presence or absence of cartilaginous portions (Fig. 29-73). 
This classification includes global shortening of the tibia, 
which was previously not classified in the Jones System. 
Although not currently widely used, this System may become 
more mainstream in the years to corne. 

In tibial hemimelia, the superficial peroneal nerve may 
terminate at the level of the ankle. Leg muscles that normally 
insert on the plantar surface of the foot tend to blend into a 
common tendon sheet. The talus and calcaneus frequently are 
congenitally fused. The anterior tibial artery is absent, and the 
plantar arterial arch is incomplète. Similar vascular findings 
in clubfoot and tibial hemimelia suggest reduced vascular 
flow as a cause. Associated anomalies generally are most 
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Newborn with congénital diastasis of ankle 
representing type 4 tibial hemimelia; note absence of first ray. 


severe when the tibia is least developed. In type 4 deformities, 
the distal tibial epiphysis may be absent. 

0 TREATMENT 

As with ail congénital lower limb deficiencies, the goal of 
treatment is a functional limb equal in length to the normal 
limb. The type of surgical treatment dépends on the radio¬ 
graphie classification and clinical appearance. For severe defi¬ 
ciencies, amputation and prosthetic réhabilitation are the 
most practical means of treatment. 

Jones Type IA Tibial Hemimelia. The two options for 
treatment of type 1A deformities are knee disarticulation and 
knee reconstruction (with or without foot amputation). The 
easiest and frequently most effective option is knee disarticu¬ 
lation followed by fitting with an above-knee prosthesis. This 
option provides a definitive solution with one operation and 
is indicated when there is no intact quadriceps-patellar 
tendon complex (Figure 29-69). Knee disarticulation is pre- 
ferred over above-knee amputation because above-knee 
amputation for type IA deformity may resuit in skin prob- 
lems from bony stump overgrowth. Because the ultimate 
fémoral growth offen is diminished, the end resuit of a 
knee disarticulation may be a functional above-knee amputa¬ 
tion level. Children treated in this manner are almost uni- 
formly active, functional prosthetic users. Attempts to correct 
the equinovarus and absent knee joint frequently resuit 


in repeated operations and eventual failure. The Brown pro¬ 
cedure, transfer of the proximal fibula under the distal fémur 
in type IA deformities, has not produced stable long-term 
results. It may be reasonable to preserve the foot in bilateral 
deformities because limb-length discrepancy is not a consid¬ 
ération, but attempts to reconstruct the knee in conjunction 
with foot amputation hâve produced mixed results. 

Jones Type IB and 2 Tibial Hemimelia. In type IB and 
type 2 deformities, a functional knee joint exists, and knee 
disarticulation is not required if the quadriceps mechanism 
is présent and functional. A proximal tibiofibular synostosis 
combined with a Syme amputation or distal reconstruction is 
the treatment of choice (Fig. 29-74). 

Putti used a side-to-side configuration (Fig. 29-75C), but 
most authors now prefer end-to-end alignment between the 
tibial remnant and the fibula. Although it would seem préfér¬ 
able to wait until the proximal tibial anlage ossifies, stability 
can be achieved even when the proximal tibia is purely car- 
tilaginous. At a second stage, the foot is amputated to make 
prosthetic réhabilitation easier. Rétention of the foot during 
the proximal tibial reconstruction is helpful because it serves 
as a fixation point for a long leg cast. Making a synostosis 
between the fibula and tibia créâtes a more uniform, in-line, 
weight bearing mechanical axis. When the fibula is not trans- 
ferred to the tibia, a peculiar, curved, hypertrophied fibula 
develops, causing a secondary deformity. Fusing the fibula 
underneath the tibia encourages its transformation into a 
more tibia-like bone. The Syme amputation is preferred to a 
through-bone amputation to prevent transdiaphyseal prob- 
lems of bony stump overgrowth and to preserve maximal 
length of the stump. Another option, if the tibial segment is 
long enough, involves the création of a synostosis between 
the distal tibia and fibula (Fig. 29-76). The Ertl amputation 
results in a functional transtibial amputation with a proposed 
decreased risk of bone overgrowth. 

Authors hâve attempted to treat types IB and 2 tibial 
hemimelia with surgical equalization of leg length, produc¬ 
tion of a plantigrade foot, and création of a stable knee. 
Traditional leg-lengthening procedures, soft-tissue recon¬ 
struction, and casting hâve not reliably achieved these goals 
in patients with tibial hemimelia; however, the Ilizarov 
method offers a viable option for reconstruction in selected 
cases. These decisions can be quite difficult. Amputation is an 
undesirable option for many families who hope for a normal 
limb. Therefore, the expected function of the reconstructed 
limb, the multiple surgical procedures required, and the pro- 
longed time in an external fixator frame must be weighed 
carefully against the function that can be obtained with timely 
amputation and prosthetic management. Other ingenious 
procedures hâve been used for reconstruction in children 
with tibial hemimelia. 

In patients with tibial hemimelia and ipsilateral fémoral 
deficiency, arthrodesis of the fibula to the distal fémur can be 
performed or, in younger children, chondrodesis, aligning 
the fibula directly with the fémur and the intercondylar notch. 
Combining this with a Syme amputation significantly length- 
ens the effective lever arm of the fémur. 

Although Syme and Boyd amputations hâve been the 
accepted treatments to make prosthetic réhabilitation easier, 
other alternatives hâve been described. If a family is abso- 
lutely opposed to amputation of the foot, an acceptable alter¬ 
native is reconstruction of the foot and ankle complex by 
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Type I Type II 



Type III 

a b 


44 44 



Type IV 

a b 




Type VI 

a b 



Type VII 



b 




Weber classification of tibial hemimelia based on severity in a higher maturation level. Type I, hypoplasia; type II, 
diastasis; type III, distal aplasia; type IV, proximal aplasia; type V, bifocal aplasia; type VI, agenesia with double fibula; type VII, agenesia 
with single fibula. (Type [a] is with cartilaginous anlage and [b] is without cartilaginous anlage; tan represents bone, and blue represents 
cartilage). (From Weber M: New classification and score for tibial hemimelia, J Child Orthop 2:169, 2008.) 



Follow-up after fibula to tibia transfer and 
Syme amputation. SEE TECHNIQUE 29-28. 


implanting the distal fibula into the talus in an extreme 
equinus position to increase the length of the limb (Fig. 
29-75 A). Prostheses can be constructed to take advantage of 
this extra length while accommodating the foot. 

Some authors recommend knee disarticulation even in 
type 2 deficiencies if severe knee flexion contractures are 
présent before surgery. Finally, proximal tibiofibular synosto- 
sis is not absolutely indicated for ail type 2 deformities; the 
literature contains reports of satisfactory prosthetic réhabili¬ 
tation after Syme amputation alone; however, if the fibula is 
transferred under the tibial remnant, it can be expected to 
remodel reliably and form into a large, tibia-like bone 
eventually. 

Jones Type 3 Tibial Hemimelia. Type 3 deficiencies are 
extremely rare and in the limited reports available hâve been 
treated with a variety of amputations. In some patients, tib¬ 
iofibular synostosis may be possible. 

Jones Type 4 Tibial Hemimelia. For patients with type 
4 deficiencies, treatment must be individualized. Syme ampu¬ 
tation provides excellent function. Customized reconstruc¬ 
tion of the ankle joint to retain the foot and ankle also has 
been described. Most patients can be treated with combina¬ 
tions of distal tibiofibular synostosis and distal fibular epi- 
physiodesis. Equinovarus deformities of the foot, if présent, 
require soff-tissue releases. 
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Variations of Putti procedure for reconstruction of congénital absence of tibia. A f Fibula is inserted into hindfoot 
with foot in severe equinus to lengthen limb. Fibula also has been transferred to intercondylar notch. B f Fibula has been transferred 
to intercondylar notch, and distal tibiofibular synostosis has been created. C f Type 2 deficiency. Fibula has been synostosed to proximal 
tibia and inserted into hindfoot with foot positioned in equinus to obtain additional length. End-to-end synostosis is preferred; if side- 
to-side synostosis is performed, transverse screw can be used for fixation. 


DISTAL FIBULOTALAR ARTHRODESIS 


TECHNIQUE 29-27 


■ Place the patient supine on the operating table. 

■ Approach the distal fibulotalar articulation anterolaterally 
to expose both bones. 

■ Dissect soft tissue to allow central placement of the body 
of the talus onto the distal end of the fibula. 

■ Create a trough through the dôme of the talus into which 
the distal fibula is placed plantigrade and in neutral align- 
ment with the foot. 

■ If necessary, fix the fibulotalar articulation with longitudi¬ 
nal and crossed Kirschner wires. 

■ Remove the cartilage from the distal fibular epiphysis and 
from the dôme of the talus to allow bone-to-bone contact. 

■ Close the wound and apply a long leg, bent-knee cast. 


POSTOPERATIVE CARE. The cast is worn until the 
arthrodesis has united, usually at 12 to 16 weeks. 


PROXIMAL TIBIOFIBULAR 
SYNOSTOSIS 


TECHNIQUE 29-28 


■ Make an antérolatéral incision beginning at the proximal 
tibia and extending distally and anteriorly to the middle 
third of the tibia. Identify and protect the peroneal nerve. 

■ Dissect a sufficient portion of the anterior compartment 
musculature from the proximal médial tibia to expose the 
proximal tibial cartilaginous anlage (in type 1B deficiency) 
or the bony proximal tibia (in type 2 deficiency). 
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A f Jones type II hemimelia with significant tibial 
(anteroposterior view). C f Latéral view. D f Prosthetic fitting. 


shortening and rigid foot deformity. B, Posterior Ertl amputation 


■ Leave the proximal attachments of the fibula intact, but 
perform a subperiosteal dissection of the fibula. 

■At an appropriate point opposite the distal end of the 
proximal tibial anlage, perform an osteotomy of the 
fibula. 

■ Drill a Steinmann pin of appropriate size distally through 
the medullary canal of the fibula out the plantar aspect 
of the foot. 

■ Reduce the fibula on the proximal tibia and drive the 
medullary pin rétrogradé intothe proximal tibial remnant. 


■ If necessary, pass the pin into the distal fémur for 
stability. 

■ Distally, bend the pin 90 degrees and eut it off below the 
level of the skin to be removed 6 to 8 weeks later. Immo- 
bilize the leg in a cast. Alternative fixation techniques can 
include screws, cross pins, and cerclage wires. 

At a later date, the foot may be amputated. In some 
patients, the foot may be salvaged with a combination 
of soft-tissue release, llizarov technique, and talectomy or 
arthrodesis as needed. The tip of the proximal tibial 
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remnant should be sectioned sufficiently to create a wide 
surface for either chondrodesis or synostosis with the 
fibula. The periosteum of the fibula should be sutured to 
the proximal tibial remnant, if possible, to prevent 
reformation of the fibula to its proximal remnant. 


■ FIBULAR HEMIMELIA 

Fibular hemimelia, also known as congénital absence of the 
fibula, congénital deficiency of the fibula, paraxial fibular 
hemimelia, and aplasia or hypoplasia of the fibula, is the most 
common long bone deficiency (followed by aplasia of the 
radius, fémur, tibia, ulna, and humérus). Whether or not 
dysgenesis and relative ischemia affect the developing mesen- 
chyme and cause the skeletal dysplasia seen in fibular hemi¬ 
melia is still conjectural. There are no clear genetic or toxic 
pathogenetic mechanisms. Fibular hemimelia consists of a 
spectrum of anomalies, the least severe being mild fibular 
shortening and the most severe being total absence of the 
fibula associated with defects in the foot, tibia, and fémur. 
Because of the myriad anomalies associated with even mild 
fibular deficiency, postaxial hypoplasia may be a more 
descriptive désignation for this condition. 

The clinical présentation dépends on the spécifie classifi¬ 
cation and associated anomalies. Generally, there is leg-length 
discrepancy with equinovalgus deformity of the foot, flexion 
contracture of the knee, fémoral shortening, instability of the 
knee and ankle, and a stiff hindfoot with absent latéral rays 
(Fig. 29-77). Although equinovalgus is the most common 
foot deformity, equinovarus and calcaneovalgus also hâve 
been reported. Clinical problems are leg-length inequality 
and foot and ankle instability. In bilateral involvement, the 
leg-length discrepancy generally is manifested as dispropor- 
tionate dwarfism because both sides usually are affected to a 
similar degree. 

I CLASSIFICATION 

A useful classification scheme proposed by Achterman and 
Kalamchi (Fig. 29-78) distinguishes a type 1 deformity (hypo¬ 
plasia of the fibula) from a type 2 deformity (complété absence 
of the fibula). Type 1 deformities are subdivided further into 
type IA and type IB. In type IA, the proximal fibular epiphy- 
sis is distal to the proximal tibial epiphysis, and the distal 
fibular epiphysis is proximal to the talar dôme. In type IB, the 
deficiency of the fibula is more severe, with 30% to 50% of 
the length missing, and no distal support for the ankle joint 
(Fig. 29-79). Abnormalities of the fémur are common, as is 
hypoplasia of the patella and latéral fémoral condyle. The 
cruciate ligaments also are clinically unstable. Angulation of 
the tibia is found most offen in patients with type 2 deficien- 
cies. Ball-and-socket ankle joints are présent in most patients 
with type IA deficiencies, and more severe foot and ankle 
problems are found in patients with type 2 deformities. Some 
patients with type 2 deformities hâve relatively stable ankle 
joints, however, despite the absence of a fibula, and others 
hâve complété instability of the tibiotalar articulation. Tarsal 
coalitions and absence of the latéral rays are common. 

Another classification by Birch et al. takes overall limb- 
length inequality and foot function into account when deter- 
mining treatment (Table 29-4). 



Radiograph of infant with classic fibular hemi¬ 
melia. Fémur and tibia are both short, and foot is in valgus with 
absent latéral rays. 



Achterman and Kalamchi classification of fibular 
hemimelia. Type IA: proximal fibular epiphysis is more distal, and 
distal fibular epiphysis is more proximal than normal. Type IB: 
more severe deficiency of fibula with at least 30% to 50% of fibula 
missing and no distal support to ankle joint. Type 2: complété 
absence of fibula with bowing and shortening of tibia. 


The foot is considered functional if it can be made plan¬ 
tigrade and has three or more rays. Limb-length inequality is 
determined by a full-length radiograph or scanogram. The 
percentage of shortening remains constant in 85% of fibular 
deficiency patients. If both limbs are involved, the longer limb 
is considered “normal” and the percentage of shortening is 
measured relative to the “normal” limb. 

1 TREATMENT 

At the initial évaluation, the physician should attempt to 
predict the ultimate limb-length discrepancy, based on the 
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Achterman and Kalamchi type IB fibular hemi- 
melia with very hypotrophie, faintly visible fibula; mild shortening 
of fémur; and moderate shortening of tibia. 


_ TABLE 29-4 J 

Fibular Deficiency: Functional Classification and 
Treatment Guidelines (Birch) 


CLASSIFICATION 

TREATMENT 

TYPE 1: FUNCTIONAL FOOT 

IA: 0%-5% inequality 

Orthosis, epiphysiodesis 

IB: 6%-10% inequality 

Epiphysiodesis ± limb 
lengthening 

IC: 11%-30% inequality 

1 or 2 limb-lengthening 
procedures or amputation 

ID: >30% inequality 

>2 limb-lengthening 
procedures or amputation 

TYPE II: NONFUNCTIONAL FOOT 

IIA: Functional upper limb 

Early amputation 

IIB: Nonfunctional upper 
limb 

Consider limb salvage 
procedure 


current percentage of shortening. Generally, because the per- 
centage of shortening in an infant remains relatively constant 
throughout childhood, reasonable prédictions of final leg- 
length discrepancy can be made based on very early radio - 
graphs. The function of the foot also is assessed as described. 


For a patient with a functional foot and minimal limb-length 
inequality (<5%), the goals of treatment are equalization of 
limb length and correction of the foot deformity. Shoe lifts 
are prescribed during the growth period, and epiphysiodesis 
of the normal leg is performed at the appropriate time so that 
leg lengths are equal at the end of skeletal growth. If contra¬ 
latéral epiphysiodesis or shortening would resuit in unaccept- 
able overall diminution of height, the physician is faced with 
a difficult decision: either the short leg is lengthened, or the 
foot is amputated, and length is equalized with a prosthesis. 

For inequality of 6% to 10%, appropriately timed epiphys¬ 
iodesis can be used with or without limb lengthening in 
patients with a functional foot. Stevens and Arms recom- 
mended combining limb lengthening with hemiepiphysiode- 
sis of the distal fémur or ankle or both to correct valgus 
alignment. They also suggested that adjunctive contralatéral 
epiphysiodesis might be préférable to repeated limb lengthen¬ 
ing, emphasizing the multiple procedures that may be 
required for associated deformities. For patients with 11% or 
more limb-length inequality and a functional foot, a difficult 
decision must be made whether to undertake limb salvage 
with multiple lengthening or amputation. McCarthy et al. 
found that patients who had amputations were able to perform 
more activities, had less pain, were more satisfied, had a lower 
complication rate, and had undergone fewer surgical proce¬ 
dures than patients with tibial lengthenings; however, the 
decision to proceed with amputation is often a difficult one 
for families to make. 

For more severe deformities of the foot, those with less 
than three rays or rigid equinovalgus, early amputation and 
prosthetic reconstruction usually are considered the best 
options for these nonfunctional feet; however, if the upper 
limbs also are severely affected, salvage of the deformed foot 
may be bénéficiai to maintain global function. 

Choi et al. (2000) noted that the distal tibial epiphysis in 
patients with fibular hemimelia often is wedge-shaped, and 
they found that the severity of the wedging was prédictive of 
the severity of foot deformity after tibial lengthening. In 
patients with mildly wedged epiphyses (type I), varying 
degrees of mild growth retardation and minimal foot defor¬ 
mity should be anticipated; in patients with moderately 
wedged epiphyses (type II), worsened asymmetric growth 
retardation and progressive foot deformity should be 
expected; and in patients with severely wedged epiphyses 
(type III), severe growth retardation and severe foot deformi¬ 
ties should be expected. 

When the foot is to be salvaged, various reconstructive 
procedures hâve been described. For equinovalgus deformity, 
posterior and latéral releases are required. The Achilles 
tendon and the fibrocartilaginous anlage of the absent fibula 
must be released. In older children, ankle valgus can be cor- 
rected with a dôme or varus supramalleolar osteotomy. Varus 
osteotomy shortens the limb but also éliminâtes the médial 
prominence associated with a simple closing wedge osteot¬ 
omy (Fig. 29-80). A Wiltse osteotomy corrects the transla- 
tional deformity (Fig. 29-81). 

When the foot is amputated, Syme amputation is typically 
performed. At the time of amputation any residual bowing of 
the tibia can be corrected with an osteotomy, or this angular 
correction can be postponed to an older âge. Although a Boyd 
amputation offers greater length than a Syme procedure, it 
should be used cautiously in very young children because the 
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Boyd amputation leaves a remnant of calcaneus that can 
migrate posteriorly (Fig. 29-82). Prophylactic sectioning of 
the Achilles tendon should be considered when amputation 
is performed for congénital limb deficiencies. Cruciate 
deficiency is common in patients with fibular hemimelia. 
However, the treatment of anterior cruciate ligament déficient 
knees remains controversial. Some authors hâve found good 
function and health status relative to age-matched Controls 


over long-term foliow-up in patients with anterior cruciate 
ligament déficient knees and a wide variety of fibular hemi¬ 
melia severity and treatments. 

Others hâve suggested that anterior cruciate ligament 
reconstruction should be consider for athlètes with 
fibular hemimelia and anterior cruciate ligament insuffi- 
ciency, with expectation of good results and function after 
reconstruction. 



A and B f Closing wedge technique can resuit in 
translation deformity with prominent médial malleolus (B). 


Wiltse varus osteotomy for valgus ankle defor¬ 
mity. This osteotomy corrects translation that occurs during 
closing wedge osteotomy. A f Translatory shift occurs because 
deformity is présent in ankle joint, and osteotomy is done more 
proximally in metaphysis. B, Translating distal fragment latérally 
results in more natural contour of ankle. SEE TECHNIQUE 29-29. 




A, Bilateral type 2 deficiencies affecting right side more severely than left side—four rays on left foot and only three 
on right. B, After Boyd amputation on right and foot centralization on left. (Courtesy of Robert N. Hensinger, MD.) 
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VARUS SUPRAMALLEOLAR 
OSTEOTOMY OF THE ANKLE 


TECHNIQUE 29-29 


(WILTSE) 

■ Make an anterior approach to the distal tibia and a latéral 
approach to the distal fibula. 

■Create a triangular osteotomy, removing a segment of 
bone that can be used for bone grafting (Fig. 29-81 A). 
Make the base of the triangle parallel to the floor, but 
not parallel to the ankle joint. 

■ Make an oblique osteotomy of the distal fibula. 

■ Displace the distal segments proximally and laterally to 
avoid excessive prominence of the médial malleolus 
(Fig. 29-81 B). 

■ Fix the osteotomy with Steinmann pins and apply a long 
leg cast. 

POSTOPERATIVE CARE. Weight bearing is not allowed 
until the ostéotomies hâve healed adequately. 


■ PROXIMAL FEMORAL FOCAL DEFICIENCY 

Similar to many other congénital longitudinal and transverse 
deficiencies, proximal fémoral focal deficiency (PFFD) 
includes a broad spectrum of defects. Mild forms resuit in 
minor hypoplasia of the fémur, whereas severe involvement 
may resuit in near complété agenesis of the fémur (Fig. 
29-83). Most commonly, PFFD consists of a partial skeletal 
defect in the proximal fémur with a variably unstable hip 
joint, shortening, and associated other anomalies. Most 
patients with PFFD, especially patients with bilateral involve¬ 
ment, hâve associated anomalies, the most common of which 
are fibular hemimelia and agenesis of the cruciate ligaments 
of the knee. A variety of other congénital anomalies hâve been 
reported in association with PFFD, including clubfoot, talo- 
calcaneal coalitions, congénital heart anomalies, spinal dys- 
plasia, and facial dysplasias. 

The incidence of PFFD has been reported to be one per 
50,000 live births. Maternai diabètes has been implicated in 
fémoral hypoplasia. 

I CLASSIFICATION 

Aitkens four-part classification scheme (classes A, B, C, and 
D) is one of the earliest attempts to provide a systematic 
taxonomy of this condition (Table 29-5). 



A f Infant with severe proximal fémoral focal deficiency. In addition to absent fémur, tibia is short and latéral ray is 
absent. B f At 5 years of âge, after Boyd amputation. Distal fémoral epiphysis is seen, but there is no fémoral shaft or head. Acetabulum 
shows no sign of development. Cartilaginous anlage of distal fémoral epiphysis was présent at birth but not yet radiographically évident. 
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_ TABLE 29-5 

Proximal Focal Fémoral Deficiency (Aitken Classification) 


TYPE 


FEMORAL 


FEMORAL 

RELATIONSHIP AMONG COMPONENTS 
OF FEMUR AND ACETABULUM AT 

HEAD 

ACETABULUM 

SEGMENT 

SKELETAL MATURITY 



Bony connection between 
components of fémur 
Fémoral head in acetabulum 
Subtrochanteric varus angulation, 
often with pseudarthrosis 


B 



Présent 


Adéquate or 

moderately 

dysplastic 


Short, usually No osseous connection between 

proximal bony tuft head and shaft 

Fémoral head in acetabulum 


C 



Absent or Severely dysplastic Short, usually May be osseous connection 

represented by proximally tapered between shaft and proximal 

ossicle ossicle 

No articular relation between 
fémur and acetabulum 


D 




Absent 


Absent Short, deformed None 

Obturator foramen 

enlarged 

Pelvis squared in 

bilateral cases 


Modified from Herring JA: Tachdjian's Pédiatrie Orthopaedics, Fourth Edition, Philadelphia, Elsevier, 2014. 


In class A, there is a normal acetabulum and fémoral head 
with shortening of the fémur and absence of the fémoral neck 
on early radiographs. With âge, the cartilaginous neck ossi¬ 
fies, although this frequently is associated with a pseudar¬ 
throsis. This may heal, but the usual radiographie picture 
shows severe coxa vara with significant shortening of the 
limb. Class B is similar to class A in that an acetabulum and 
fémoral head are présent; however, there is no bony connec¬ 
tion between the proximal fémur and the fémoral head, and 
a pseudarthrosis is présent. In class C, there is further dégra¬ 
dation in the formation of the hip, characterized by a 


dysplastic acetabulum, absent fémoral head, and short fémur. 
A small, separate ossifie tuft can be seen at the proximal end 
of the fémur. In class D, the acetabulum, fémoral head, and 
proximal fémur are totally absent, and, in contrast to class C, 
there is no ossified tuft capping the proximal fémur. Class D 
patients often hâve bilateral anomalies. 

Other authors hâve expanded the définition of PFFD to 
include lesser expressions of fémoral malformation. In his 
évaluation of 125 patients with PFFD, Pappas described nine 
classes that ranged in severity from complété absence of the 
proximal fémur (class I) to mild fémoral aplasia (class IX). 






PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


_ TABLE 29-6 ^ ■ 

Nine Pappas Classes of Congénital Abnormalities of the Fémur 


CLASS I CLASS II (AITKEN D) CLASS III (AITKEN B) CLASS IV (AITKEN A) 



Fémoral 
Shortening (%) 


70-90 

45-80 

40-67 

Femoropelvic 

Fémur absent 

Fémoral head 

No osseous connection 

Fémoral head and shaft joined 

abnormalities 

Ischiopubic bone 
structures 
underdeveloped 
and déficient 

Lack of 

acetabular 

development 

absent 

Ischiopubic bone 
structures delayed 
in ossification 

between fémoral shaft and 
head 

Fémoral head ossification 
delayed 

Acetabulum may be absent 
Fémoral condyles 
maldeveloped 

Irregular tuft on proximal 
end of fémur (rare) 

by irregular calcification in 
fibrocartilaginous matrix 

Associated 

abnormalities 

Fibula absent 

Tibia shortened 
Fibula, foot, knee 
joint, and ankle 
joint abnormal 

Tibial shortened 0-40% 

Fibula shortened 5-100% 
Patella absent or small and 
high riding 

Knee joint instability 
common 

Foot malformed 

Tibia shortened 0-20% 

Fibula shortened 4-60% 

Knee joint instability frequent 
Foot small with infrequent 
malformations 

Treatment 

Prosthetic 

Pelvic-femoral 

Union between fémoral 

Union between fémoral head, 

objectives 

management 

stability through 

prosthetic 

management 

shaft and hip for stability 
Prosthetic management 

neck, and shaft 

Prosthetic management 


From Pappas AM: Congénital abnormalities of the fémur and related lower-extremity malformations: classifications and treatment, J Pediatr Orthop 3:45,1983. 


The Pappas class II corresponds to the Aitken class D, the 
Pappas class III corresponds to the Aitken class B, and the 
Pappas class IV and class V may be correlated with the Aitken 
class A (Table 29-6). Kalamchi et al. developed a simplified 
classification scheme for congénital deficiency of the fémur 
that included five groups: group I, short fémur and intact hip 
joint; group II, short fémur and coxa vara of the hip; group 
III, short fémur, but well-developed acetabulum and fémoral 
head; group IV, absent hip joint and dysplastic fémoral 
segment; and group V, total absence of the fémur. Group III 
is further subdivided into type A (bony defect of the fémoral 
neck eventually ossifies) and type B (bony defect does not 
ossify and results in a persistent pseudarthrosis). 

Gillespie and Torode identified two major groups for 
treatment purposes. Group I patients had a hypoplastic fémur 


in which the hip and the knee were reconstructible, and leg 
equalization was sometimes possible. Group II patients 
exhibited a “true” PFFD in which the hip joint was markedly 
abnormal. Although some of these patients had tenuous con¬ 
nections between the fémoral head and the proximal fémur, 
the alignment and surrounding musculature were markedly 
abnormal. Also, these legs were too shortened, rotated, and 
marred by flexion contractures of the hip and knee to be 
reconstructible. These patients required only reconstructive 
procedures that make prosthetic fitting easier. 

I TREATMENT 

The major problems with PFFD are limb-length inequality 
and variable inadequacy of the proximal fémoral musculature 
and hip joint. Treatment is highly individualized and ranges 
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48-85 

30-60 

10-50 

10-41 

6-20 

Fémur incompletely 
ossified, hypoplastic, 
and irregular 

Midshaft of fémur 
abnormal 

Distal fémur 
short, 

irregular, and 
hypoplastic 
Irregular 
distal fémoral 
diaphysis 

Coxa vara 

Hypoplastic fémur 

Proximal fémoral 
diaphysis irregular with 
thickened cortex 

Latéral fémoral condyle 
deficiency common 

Valgus distal fémur 

Coxa valga 

Hypoplastic fémur 

Fémoral head and neck 
smaller 

Proximal fémoral physis 
horizontal 

Abnormality of fémoral 
condyles common, with 
associated bowing of shaft 
and valgus of distal fémur 

Hypoplastic fémur 

Tibia shortened 4-27% 
Fibula shortened 
10-100% 

Knee-joint instability 
common 

Severe malformations 
of foot common 

Single-bone 
lower leg 
Patella absent 
Foot 

malformed 

Tibia shortened <10-24% 
Fibula shortened <10- 
100% 

Latéral and high-riding 
patella common 

Tibia shortened 0-36% 

Fibula shortened 0-100% 
Latéral and high-riding 
patella common 

Foot malformed 

Tibia shortened 0-15% 
Fibula shortened 

3-30% 

Additional ipsilateral 
and contralatéral 
malformations 

common 

Prosthetic 

management 

Prosthetic 

management 

Extremity length equality 
Improved alignment of 
(a) proximal and (b) 
distal fémur 

Extremity length equality 
Improved alignment of (a) 
proximal and (b) distal 
fémur 

Extremity length 
equality 


from amputation and prosthetic réhabilitation to limb salvage, 
lengthening, and hip reconstruction. The natural history of 
the particular variant and the limitations of surgical recon¬ 
struction must be considered. 

Often no surgical reconstruction of any kind is indicated. 
Bilateral PFFD is best treated nonoperatively (Fig. 29-84). 
These patients can walk well without prostheses, but for social 
or cosmetic reasons extension prostheses may be provided. 
The patients learn to accept their short stature and are quite 
functional. Foot surgery may be required to correct other 
anomalies. Limb lengthening is not indicated in these patients 
because extreme lengthening would be necessary, and the 
hips are unstable. Knee fusion is not indicated because the 
knee functions in conjunction with the hip pseudarthrosis to 
provide useful motion. 


Most children with PFFD can learn to walk without a 
prosthesis, but a prosthesis helps equalize leg lengths. For 
selected patients, prosthetic management that incorporâtes 
the patients foot without surgical treatment can be used for 
PFFD, but, more commonly, this type of prosthetic manage¬ 
ment is used a temporary solution in a younger patient until 
definitive surgery is performed (Figure 29-85). An alternative 
approach is to use the prosthesis to mold the foot into equinus 
so that it fits into an above-knee amputation prosthetic socket. 
The socket is fashioned to include the entire fémur. Later an 
arthrodesis can be done, if necessary, to make prosthetic 
fitting easier. It is possible, however, that some knee motion 
within the stump of the prosthesis may serve as a protective 
mechanism for the abnormal proximal hip. If a knee arthrod¬ 
esis is performed, the potential benefits in gait and prosthetic 
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Severe (Aitken class D) bilateral proximal 
fémoral focal deficiency in 3-year-old boy; note total lack of for¬ 
mation of acetabulum. 


fitting may be outweighed by the increased stress placed on 
the proximal fémur and proximal hip articulation and pseud- 
arthrosis, if présent. 

Once it is determined that surgical treatment is necessary, 
two key factors must be assessed: stability of the hip joint and 
percentage of limb-length inequality. For patients with a 
stable hip and predicted length of more than 50% of the con¬ 
tralatéral limb, limb lengthening (as described later in this 
chapter) should be considered. Knee fusion and Syme ampu¬ 
tation or knee fusion and rotationplasty are indicated for 
patients with a stable hip and limb length less than 50% of 
the contralatéral extremity. Finally, if the hip is unstable, sta¬ 
bility can be achieved with a Steel or Brown fusion of the 
fémur to the pelvis followed by Syme amputation or 
rotationplasty. 

Stable Hip and Minimal Shortening. When there is a 
stable hip and relatively little shortening (<50% predicted 
length), salvage of the limb offen is preferred. For patients 
with a fémoral head and an acetabulum (Aitken class A and 
class B), many authors hâve recommended surgery to estab- 
lish continuity between the fémoral head and the fémur. 
Because of poor bone stock, surgery is best delayed until 
ossification of the fémoral head and proximal metaphysis is 
adéquate, even then supplémentai autogenous bone grafting 
may be needed at the pseudarthrosis site. Although the radio¬ 
graphie picture may be improved with correction of the prox¬ 
imal pseudarthrosis, it remains to be shown that function is 
improved. Many patients treated nonoperatively hâve good 
motion and reasonably good function. For less severe PFFD 
(Pappas class VII, class VIII, and class IX), hip reconstruction 



FIGURE 


Prosthesis incorporating foot. 


is limited to ostéotomies that improve biomechanical align- 
ment. Care must be taken not to damage the proximal fémoral 
physis in these children who already hâve problems with 
diminished growth of the fémur. 

Surgical limb lengthening, with or without contralatéral 
shortening, should be considered only if the fémur is intact. 
Ten to 12 cm has been recommended as the maximal amount 
of lengthening possible in a single long bone with congénital 
deficiency and, combined with contralatéral shortening, 17 to 
20 cm as the maximal amount of inequality that can be cor- 
rected. Limb lengthening should be done only in a fémur with 
more than 50% of predicted fémoral length or less than 20 cm 
of projected shortening; other prerequisites for lengthening 
include hip stability and a stable, plantigrade foot. Regardless 
of technique, limb lengthening in patients with PFFD is dif- 
ficult, with the ever-present danger of knee and hip sublux¬ 
ation. For large discrepancies, lengthening can be done in 
stages: one at 4 or 5 years of âge, a second at 8 or 9 years, and 
a third during adolescence. Depending on the prédictions of 
the patient s overall height based on the normal leg, a contra¬ 
latéral epiphysiodesis may be indicated. 

Limb lengthening procedures place stress on the hip and 
knee. Bowen et al. emphasized the importance of avoiding 
hip subluxation and dislocation during fémoral lengthening 
in patients with unilatéral fémoral shortening. They identified 
several factors that predict progressive subluxation or dislo¬ 
cation of the hip during fémoral lengthening: (1) type of 
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When proximal fémur is small, with pseudar- 
throsis between fémoral neck and shaft, it can be stabilized to 
create better lever arm. Simultaneous knee arthrodesis can be 
performed to create one-bone leg. If possible, medullary fixation 
should stop just short of proximal fémoral epiphysis. 


deformity (Kalamchi classification), (2) the combined abnor- 
mality of coxa vara plus the varus bow of the fémoral shaft, 
and (3) acetabular dysplasia présent before lengthening. No 
hip abnormalities occurred after lengthening in patients with 
Kalamchi type I or II deficiencies, but progressive subluxation 
or dislocation of the hip occurred in patients with type IIIA 
fémurs with a combined coxa vara plus varus bow of the 
fémoral shaft of less than 115 degrees and an acetabular index 
of more than 25 degrees. They recommended correction of 
the varus bow of the fémur and the neck-shaft angle to 120 
degrees and the acetabular index to less than 25 degrees 
before lengthening of type IIIA fémurs. 

Stable Hip and Severe Shortening. Knee arthrodesis 
(Fig. 29-86) with foot amputation, rather than limb lengthen¬ 
ing, often is the preferred treatment for patients with severe 
shortening and stable hips (Fig. 29-87). Knee arthrodesis as 
described by King serves to create a single bony segment from 
the tibia and shortened fémur to function as an above-knee 
amputation after foot amputation. 

Unstable Hip. For more severe deformities in which the 
hip is unstable and there is no fémoral head or acetabulum 
(Aitken class C and class D or Pappas class II and class III), 
many authors recommend that no attempt be made at hip 
reconstruction, although there are notable exceptions. Steel 
iliofemoral fusion (Fig. 29-88), which requires a simultaneous 
Chiari osteotomy (reference Chiari osteotomy in the hip 
anomalies chapter) to create a suitable bony bed to receive 
the small fémoral remnant, allows the knee joint to assume 
the function of the hip joint. The fémoral fragment is fused 
in a 90 degree flexed position relative to pelvis so than knee 
extension now serves as hip flexion. Additional bone graft to 
ensure fusion has been recommended for Steel fusions. 
Closing wedge ostéotomies can be used to eliminate the ante- 
rior bowing of the fémur and allow additional hip flexion 
for sitting. The Brown modification (Fig. 29-89) of the Steel 



A, Proximal fémoral focal deficiency in 7-year- 
old child; fémur is severely shortened, and tibia is relatively hypo- 
plastic. B, After Boyd ankle amputation, stabilization with 
medullary Steinmann pin, and staple arthrodesis of knee joint, 
patient can be rehabilitated as after knee disarticulation. 


fusion partially addresses this concern by rotating the fémoral 
fragment 180 degrees. With this technique, the fémoral 
segment is fused to the pelvis in the extended position. In this 
position, former knee flexion now functions as hip flexion 
and former ankle dorsiflexion now functions as knee flexion. 
Iliofemoral fusion may limit mobility of the limb. Even with 
a certain amount of instability, the knee generally functions 
as a hinge, providing flexion and extension only. Rotation and 
abduction are lost after iliofemoral arthrodesis. 


KNEE FUSION FOR PROXIMAL 
FEMORAL FOCAL DEFICIENCY 


TECHNIQUE 29-30 


(KING) 

■ Make an S-shaped incision to expose the distal fémur and 
proximal tibia anteriorly. 

■ With an oscillating saw remove the proximal aspect of 
the proximal tibial epiphysis until the ossifie nucléus is 
seen. Then remove the entire distal fémoral epiphysis. The 
remaining tibial epiphysis and distal fémoral metaphysis 
will be approximated and stabilized to achieve fusion. 
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Acetabulum 
déficient, 
very shallow 

Proximal fémur 
absent 



Anteroposterior view 


Four lag screw 
fixing innominate 
bone to fémur and 
proximal segment 
of ilium to distal 
segment- 


B 


Latéral view 




Chiari osteotomy 
displacing distal 
segment inward 


Steel iliofemoral fusion. A f Proximal fémur is absent. B, The fémur has been shortened to just above the distal physis 
and rotated 180 degrees so that popliteal fossa now faces anteriorly. A Chiari pelvic osteotomy has been fixed with two screws; this is 
optional depending on bony contact of the fémur to the pelvis. The fémur is fixed to the pelvis with several screws. C f Latéral view of 
the final position of the fémur. It is important that the fémur be shortened as much as possible and that the fémoral epiphysis be 
ablated. 



FIGURE 


Rotationplasty and 


rounding thigh muscles are removed. 


femoropelvic arthrodesis (see text). A f Proximal part of fémur (with hypoplastic head) and sur- 
and leg is rotated 180 degrees. B f Limb is rotated, and residual fémur is attached to pelvis. 


Insert an intramedullary rod into the proximal tibia in an 
antegrade fashion until it exits the plantar surface of the 
foot. 

Completely excise the patella to prevent patellofemoral 
symptoms later in life. 

Next, approximate the two bony surfaces, taking care to 
ensure proper rotational alignment while maintaining a 
straight segment. 

Advance the rod rétrogradé into the intramedullary canal 
of the fémoral segment. 


■ Close the wound in routine manner and apply a hip spica 
cast. 

POSTOPERATIVE CARE. The spica cast and rod are 
removed in the operating room when bony union at the 
arthrodesis site is achieved, usually at 6 weeks. Amputa¬ 
tion of the foot often is done at the time of rod removal. 


For removal of the foot, ankle disarticulation, Syme 
amputation, or Boyd amputation can ail be used. The heel pad 
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is stabilized by either the Syme or the Boyd amputation, an 
advantage over simple ankle disarticulation. The Boyd ampu¬ 
tation saves the entire calcaneus and provides a slightly more 
bulbous stump and additional length. If the combined length 
of the tibia, fémoral remnant, and foot is greater than the 
fémur on the opposite side, however, taking into account 
potential growth, there is no advantage in the small increase 
and additional length provided by the Boyd amputation. 

Prosthetic reconstruction can be made easier in severe 
cases by a Syme amputation. The child is observed with serial 
scanograms until sufficient data hâve been collected to con- 
struct a working Moseley straight-line graph; then further 
surgery can be planned. If knee arthrodesis is selected to 
improve fitting of a prosthesis and gait, the physes around the 
knee can be epiphysiodesed if necessary to ensure that the 
prosthetic knee is at the same level as the contralatéral normal 
knee when the child reaches skeletal maturity. Précisé prédic¬ 
tions are unnecessary because small amounts of additional 
shortening in the involved leg can be readily accommodated 
by the prosthesis. If the involved femorotibial unit is longer 
than the contralatéral normal fémur, however, the prosthetic 
knee must be placed in either a very proximal or a very distal 
position, which is less cosmetically désirable (Fig. 29-90). 
Although this can be treated with a leg-shortening procedure 
at skeletal maturity, a simpler préventive procedure, such as 
a well-timed epiphysiodesis during the growing years, is 
préférable. 

Rotationplasty. Rotationplasty (Van Nés procedure) can 
be used as an alternative to knee arthrodesis and amputation. 
This reconstruction should be considered in patients who, 



i^p Twelve-year-old child with previous Boyd 
amputation but no knee arthrodesis. Prosthetic management is 
that of below-knee amputation, but resuit is cosmetically poor 
because of extremely long "tibia." 


because of significant fémoral shortening, are not candidates 
for fémoral lengthening. The procedure combines arthrodesis 
of the knee with rotation of the distal tibia 180 degrees exter- 
nally so that the ankle joint becomes a functional knee joint: 
ankle plantarflexion becomes “knee” extension, and ankle 
dorsiflexion becomes “knee” flexion. A reasonably stable hip 
joint and a well-functioning ankle are required for this tech¬ 
nique. Many patients with PFFD also hâve fibular hemimelia, 
with a poorly functioning ankle joint. An arc or ankle motion 
of at least 90 degrees is required for rotationplasty reconstruc¬ 
tion to be bénéficiai. The fémur, knee, and tibia should equal 
the length of the opposite fémur, but this usually is not the 
case, so ipsilateral knee epiphysiodesis is done to equalize the 
reconstructed fémoral unit and the contralatéral normal 
fémur. 

Brown described a modification of the Van Nés proce¬ 
dure in which the limb is completely detached except for the 
sciatic nerve and the fémoral vessels, the proximal part of the 
dysplastic fémur and some muscles are resected, the residual 
limb is externally rotated 180 degrees, and the rotated distal 
part of the fémur is fused to the pelvis (Fig. 29-89). With this 
procedure, the rotated knee functions as a hip with flexion 
and extension, and the rotated ankle acts as a knee, allowing 
patients to function as below-knee amputées. Brown noted 
that because the muscles distal to the knee are not disturbed, 
the problem of derotation of the limb, a frequent problem 
affer Van Nés rotationplasty, does not occur. 

Some significant problems must be discussed with the 
patient and parents before undertaking this type of recon¬ 
struction. First, the appearance of the leg, with the foot 
rotated backward (Fig. 29-91), can be psychologically dis- 
turbing; great care should be taken in the preoperative con¬ 
sultation to make this clear. It is helpful to hâve another 
patient who has already undergone the procedure demon- 
strate how the prosthesis functions. If such a patient is 
unavailable, the family should be shown photographs and 
drawings of a rotationplasty. Another problem, especially in 
young children, is derotation of the surgically rotated foot, 
which has been reported to occur in as many as 50% of 
patients. Compared with a Syme amputation, rotationplasty 
has been shown to resuit in a slightly more (10%) energy- 
efhcient gait, although an electromyographic and gait analysis 
study showed that older patients generally had lower func¬ 
tional scores, shorter walking distances, and worse gait 
patterns. Younger patients were better able to adapt to the 
altered anatomie and functional situation and to develop 
good function. 


ROTATIONPLASTY 


TECHNIQUE 29-31 


Fig . 29-92 


(VAN NES) 

■ Position the patient supine and drape the entire limb free 
so that the skin is exposed from the toes to the iliac crest. 
Place a small towel under the sacrum. 

■ Begin the incision proximal and latéral to the knee and 
extend it across the knee distally along the subeutaneous 
crest of the tibia. 
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Van Nés rotationplasty. Preoperatively, ankle joint of shortened extremity is approximately at level of opposite knee 
joint. A, Long incision on latéral aspect of leg extends from hip to midshaft of tibia. B f Quadriceps and sartorius tendons are taken 
down distally to expose adductor hiatus and fémoral artery; peroneal nerve is dissected free. C f After resection of knee joint and freeing 
of femoropopliteal artery, tibia is externally rotated 140 degrees. D, Further rotation of 40 degrees more is possible after tibial oste- 
otomy, allowing stretch on soft tissues to spread over greater distance. External rotation is preferred to internai rotation to prevent 
stretching of peroneal nerve. E, Fixation with medullary Rush rod. SEE TECHNIQUE 29-31. 


■ Elevate the flaps medially and laterally to expose the knee 
capsule and patellar tendon. 

■ Divide the patellar tendon and open the knee capsule 
transversely. 

■ Apply traction on the capsule proximally and distally to 
expose the knee joint fully by dividing the collateral liga¬ 
ments and the anterior, médial, and latéral capsule. 


■ On the médial side, carefully dissect out the insertion of 
the adductor magnus up to the level of the fémoral artery. 

■ Divide the adductor magnus to enable the artery to dero- 
tate anteriorly and to limit postoperative derotation. 

■ Trace the fémoral artery distally and posteriorly as it 
becomes the popliteal artery. 

■ Divide the médial hamstring muscles at their insertion. 
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■ On the latéral side, carefully dissect out the peroneal 
nerve. If the fibula is déficient, the anatomie relationship 
between the peroneal nerve and the proximal fibular 
head may be abnormal. To prevent damage to the pero¬ 
neal nerve, trace the nerve proximally to its point of origin 
on the sciatic nerve. Release any fascial attachments dis- 
tally over the peroneal nerve. 

■ After the major neurovascular structures hâve been com- 
pletely identified and protected, divide the posterior knee 
capsule, and section the origins of the gastroenemius 
heads. 

■ The only remaining attachments from the fémur to the 
tibia are the skin, subeutaneous tissues, and neurovascu¬ 
lar structures. Release the latéral hamstrings. 

■ With an osteotome or oscillating saw, remove the articu- 
lar cartilage of the proximal tibia down to the level of the 
proximal tibial epiphysis. Do not damage the proximal 
tibial physis. 

■ If the leg needs to be shortened, shorten the fémur by 
removing the distal fémoral epiphysis and physis. 

■ Insert an intramedullary Rush rod through the distal 
fémur proximally, exiting through the piriformis fossa into 
the buttock. If necessary, ream the fémur with a drill to 
prevent comminution during nail insertion. 

■ Make a small incision in the buttock where the nail exits. 

■ Remove the nail and reinsert it from proximal to distal 
through the fémur and into the tibia, stopping short of 
the distal tibial physis. While the nail is being inserted, 
rotate the tibia externally to relax the peroneal nerve. 

■ Gently transfer the fémoral popliteal artery anteriorly 
through the adductor hiatus. 

■ If the leg cannot be comfortably rotated through the knee 
resection, obtain additional rotation through a separate 
osteotomy in the midshaft of the tibia, which also is 
stabilized by the intramedullary nail. 

■ Additional shortening can be performed through the tibia 
if necessary. In such instances, a fibular osteotomy also is 
performed. 

■ Attempt to rotate the extremity 180 degrees. If the rota¬ 
tion places too much torque on the vascular structures, 
and the distal puises are lost, derotate the leg through 
the knee until the pressure on the vessels is relieved. 

■ Close the wounds and apply a spica cast that maintains 
rotation. 

POSTOPERATIVE CARE. If derotation of the foot was 
required to relieve vascular pressure, the foot is rotated 
serially using successive hip spica casts to turn the foot 
on the axis of the intramedullary nail. When the ostéoto¬ 
mies hâve healed, the child is fitted with a modified 
below-knee prosthesis. Although it is possible to ampu- 
tate the toes to make the foot look more like a below- 
knee stump and less like a "backward" foot, most 
patients décliné this option. 


Amputations. Although most of the basic surgical prin- 
ciples of amputation in adults apply to children, there are 
important différences. Most amputations in children are per¬ 
formed for congénital conditions. Either the child is born 
without a portion of the limb, or an amputation is performed 


to make reconstruction and prosthetic réhabilitation easier in 
a déficient limb. Trauma accounts for most acquired amputa¬ 
tions in children. In contrast to typical adult dysvascular 
patients, children may tolerate skin graffs over stumps and, 
to a certain extent, tension at the suture line. Most révision 
surgeries in children with congénital amputations involve the 
lower extremity. Révision amputation surgery in upper 
extremity limb deficiencies rarely is required. 

Prosthetic fitting after amputation in children should 
begin after complété wound healing and standard stump 
préparation. A rigid postoperative plaster dressing that is 
bivalved to allow for swelling is preferred. When the wounds 
are sufficiently healed, stump wrapping with elastic bandages 
is begun to préparé the stump for a prosthesis. Phantom pain 
and phantom sensations are problems in child amputées, 
especially after tumor surgery. Neuroma formation is rare, 
but gentle handling of the nerves and sectioning with a sharp 
knife without applying excessive traction on the nerves 
should be routine in ail amputation surgery in children. 

In planning amputation surgery, maximal length should 
be preserved to provide maximal lever arm strength for pow- 
ering a prosthesis. Physes should be preserved whenever pos¬ 
sible to ensure continued growth of the limb. This is especially 
true for the physes around the knee, which provide most of 
the growth in the lower extremity, and the physes around the 
shoulder and wrist, which provide most of the longitudinal 
growth of the upper extremity. Although amputation through 
a long bone in a growing child can resuit in appositional 
terminal overgrowth, this is not an adéquate reason for sac- 
rificing length. In below-knee amputations in young children, 
it is highly likely that the fibula, and to a lesser extent the tibia, 
will overgrow, but this can be satisfactorily remedied by révi¬ 
sion surgery. Although knee disarticulation would prevent 
overgrowth, it is far more important to preserve the knee joint 
to power a below-knee prosthesis than to prevent overgrowth 
of the stump. Even short below-knee segments should be 
preserved if possible in growing children. Because the proxi¬ 
mal tibial physis contributes most of the growth of the tibia, 
an initially short stump has the potential to become a longer, 
more functional stump. In older children, it is possible to 
lengthen a short below-knee stump using the Ilizarov tech¬ 
nique to provide a more functional stump in selected patients. 

Terminal overgrowth has been reported most frequently 
in the humérus, followed by the fibula, tibia, and fémur. 
Because it seems to be caused by appositional periosteal bone 
formation distally and not by epiphyseal growth proximally 
(Fig. 29-93), epiphysiodesis does not prevent stump over¬ 
growth. A variety of techniques hâve been devised to prevent 
stump overgrowth, but none has been completely successful. 
Small bone spurs that form at the edge of the transected bone 
do not constitute true overgrowth and rarely require surgical 
removal. Stump overgrowth occurs in congénital and trau- 
matic amputations. 

Patellar dislocations and patella alta are common prob¬ 
lems in adolescents with below-knee amputations, presum- 
ably caused by the force of the patellar tendon-bearing 
prosthesis against the lower surface of the patella. Elongation 
of the patellar tendon might be prevented by earlier modifica¬ 
tion of the prosthesis to distribute the force around a greater 
area rather than concentrating it on the patellar tendon. 

Ankle Disarticulation. Although standard amputation 
techniques are described in Chapter 15), important variations 
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A f Newborn with congénital amputation through proximal tibia. B f At 5 years of âge, continuée! growth of distal 
stump and penciling resulted in protrusion of bone from skin. (Courtesy of Robert N. Hensinger, MD.) 


of amputations around the ankle exist for reconstruction in 
children with congénital limb deficiencies. The two most 
common reconstructive amputations performed for these 
children are the Syme and Boyd procedures. The Syme ampu¬ 
tation is a modified ankle disarticulation. The Boyd proce¬ 
dure amputâtes ail of the foot bones except the calcaneus and 
fuses the calcaneus to the distal tibia. 

Many studies hâve documented excellent results with 
both procedures, and there are pros and cons to each. There 
is no clear consensus in the literature regarding the preferred 


technique. The problems encountered in Syme amputations 
in children hâve been overgrowth of retained portions of 
calcaneus apophyses, heel pad migration, and formation of 
exostoses. The advantages of the Boyd operation are the addi- 
tional length gained and the prévention of the posterior dis¬ 
placement of the heel pad, which occurs in many patients 
with Syme amputations. In the Boyd amputation, it is impor¬ 
tant to align the calcaneus properly. If the calcaneus is not 
aligned correctly, it angulates into equinus and interfères with 
weight bearing. 
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A problem common to the Syme and the Boyd amputa¬ 
tions is the flare of the distal tibial metaphysis, which gives a 
bulbous shape to the distal stump and nécessitâtes a spécial 
prosthesis with a removable médial window. In children with 
congénital limb deficiencies, such as tibial or fibular hemime- 
lia, the distal ankle is relatively hypoplastic, however, so a 
bulbous stump usually is not a problem. 


SYME AMPUTATION 


TECHNIQUE 29-32 


■ Make a fish-mouth incision beginning at the latéral mal- 
leolus, extending over the dorsum of the foot, and ending 
1 cm distal to the médial malleolus (Fig. 29-94A). The 
plantar portion should extend distally enough to allow 
adéquate skin closure anteriorly. 

■ Place the foot in as much equinus as possible to expose 
the anterior ankle capsule and divide it. 

■ Divide the deltoid ligament between the talus and the 
médial malleolus, but do not damage the nearby poste- 
rior tibial vessels. 

■ Section the latéral ligament between the calcaneus and 
the fibula. 

■ Grasp the talus with a large clamp and force it further 
into equinus to permit dissection of the posterior ankle 
capsule. 

■ Make a subperiosteal dissection of the posterior aspect 
of the calcaneus through the ankle joint. 

■ Cut the Achilles tendon at its point of insertion into the 
calcaneus, but do not "button hole" it through the skin. 

■ Place further traction on the hindfoot and further hyper- 
flexion into equinus and dissect the soft tissues with a 
periosteal elevator and a knife, staying in the subperios¬ 
teal plane to avoid damaging the heel pad. 


■ Continue the dissection until the entire calcaneus has 
been excised (Fig. 29-94B). 

■ To anchor the heel pad, drill holes in the anterior aspect 
of the distal tibia and use stout sutures from the distal 
aspect of the heel pad, anchoring it in the aponeurosis 
of the distal tibia (Fig. 29-94C). 

■ In children, it is unnecessary to remove the cartilage of 
the distal tibia, but if desired the flare of the médial mal¬ 
leolus and distal fibula can be trimmed to create a more 
even weight-bearing surface. 

■ Pull the flexor tendons distally, transect them, and allow 
them to retract. 

■ Ligate the posterior and anterior tibial arteries as far dis¬ 
tally as possible to prevent ischémie necrosis of the flaps. 

■ Insert suction drains in the wound and close the skin in 
layers (Fig. 29-94D). 

■Apply a rigid plaster dressing to diminish pain after 
surgery; bivalve the cast to allow for swelling. 

POSTOPERATIVE CARE. Weight bearing on the stump 
in a cast is delayed until the wound has healed 
adequately. 


BOYD AMPUTATION 


TECHNIQUE 29-33 


■ Make a fish-mouth incision as described for the Syme 
amputation. 

■ Elevate the skin flaps proximally and amputate the fore- 
foot through the midtarsal joints. 

■ Excise the entire talus, using sharp dissection. 

■ With an oscillating saw or osteotome, transect the distal 
end of the calcaneus (Fig. 29-95A). 




Syme amputation. A f Fish-mouth incision. B f Enucléation of talus and calcaneus. C f Plantar flap sutured to distal tibia. 
D f Completed closure with drain in place. SEE TECHNIQUE 29-32. 
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Boyd amputation. A f Fish-mouth incision; shaded areas represent resected bone. B f Cartilage of distal tibia is removed 
by shaving gradually until bony epiphysis is reached; calcaneus is shifted anteriorly, and Achilles tendon is sectioned to prevent it from 
migrating proximally. C f Fixation with smooth medullary pin aids fusion of calcaneus to distal tibial epiphysis. SEE TECHNIQUE 29-33. 


9 " In a similar mariner, remove the articular surface of the 
subtalar joint on the calcaneus perpendicular to the long 
axis of the tibia. 

■ Resect an adéquate amount of the distal tibial articular 
cartilage so that the bony epiphysis of the distal tibia is 
exposed (Fig. 29-95B). 

■ Shape the calcaneus to fit accurately against the surface 
of the distal tibial epiphysis. Stabilize this with a smooth 
Steinmann pin that enters the heel pad and provides fixa¬ 
tion to the tibia by Crossing the distal tibial physis into the 
metaphysis. 

■ Occasionally, the Achilles tendon must be severed to 
allow accurate positioning of the calcaneus. 

■ Shift the calcaneus anteriorly before fixing it with the 
Steinmann pin (Fig. 29-95C). 

■ Section the médial and latéral plantar nerves and allow 
them to retract. 

■ Section the posterior and anterior tibial arteries as far 
distally as possible to prevent wound necrosis. 

■ Close the wound over drains and apply a plaster cast. A 
hip spica cast may be necessary for young children. 

POSTOPERATIVE CARE. The pin usually can be removed 
at 6 weeks, and a new cast is applied and worn for an 
additional 6 weeks. After this, the stump usually has 
healed sufficiently for prosthetic réhabilitation. 


LIMB-LENGTH DISCREPANCY 

Limb-length equality in the lower extremity is not only a 
cosmetic concern, but also a functional concern. The short 
leg gait is awkward, increases energy expenditure because of 
the excessive vertical rise and fall of the pelvis or compensa- 
tory ankle movements and may resuit in back pain from 
long-standing significant discrepancies. Compensatory sco- 
liosis and decreased spinal mobility also hâve been reported 
with discrepancies of 1.2 to 5.2 cm; however, it should be 
noted that limb length inequalities of 0.5 to 2 cm are common 
in the normal, asymptomatic population. 


Limb length inequality of more than 2.5 cm has tradi- 
tionally been considered significant, with an increased likeli- 
hood of knee, hip, and lumbar spine pain; however, support 
for this exact value is lacking in the literature. The manage¬ 
ment of a patient with limb-length inequality is quite complex, 
and multiple factors including cause of the discrepancy, asso- 
ciated conditions, pain, and patient/family expectations must 
be taken into account along with the measured différence 
before treatment is undertaken. 

Limb-length inequality may be acquired and resuit from 
trauma or infection that damages the physis, from asymmet- 
ric paralytic conditions (e.g., poliomyelitis or cérébral palsy), 
or from tumors or tumor-like conditions that affect bone 
growth by stimulating asymmetric growth, such as occurs 
with juvénile rheumatoid arthritis or postfracture hypervas- 
cularity. Idiopathic unilatéral hypoplasia and hyperplasia are 
other common causes of limb-length discrepancy. Finally, 
congénital conditions such as fémoral or fibular deficiency or 
tibial hemimelia can cause the inequality. 

The treatment of limb-length discrepancy must be tai- 
lored to the spécifie conditions and needs of the individual 
patient. Treatment plans can be formulated only after a 
careful évaluation that includes assessment of the chrono¬ 
logie and skeletal âges of the patient, the current and pre- 
dicted discrepancy in the limb lengths, the predicted adult 
height, the cause of the discrepancy, the functional status of 
the joints, and the social and psychologie background of the 
patient and family. 

■ CLINICAL ASSESSMENT 

Clinical évaluation should include assessment for any 
rotational and angular deformities, foot height différences, 
scoliosis, pelvic obliquity, and joint mobility and function. In 
certain paralytic conditions, particularly spastic diplegia, 
flexion contractures of the knee and hip make the limb appear 
shorter than it really is on clinical and radiographie examina¬ 
tions; however, mild shortness of the paralytic side can 
improve gait by allowing the paralytic foot to clear the floor 
more easily during the swing phase of gait. 

The simplest means of measuring limb-length discrep¬ 
ancy is to place wooden blocks of known heights under the 
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short leg until the pelvis is level; however, asymmetric pelvic 
development or pelvic obliquity can cause miscalculation. 
Measurement also can be made from the anterior superior 
iliac spine to the médial malleolus, but this measurement may 
not be accurate because of patient positioning. Supine and 
prone Galeazzi measurement s can help to localize the dis- 
crepancy to the fémoral or tibial segment respectively. 

■ RADIOGRAPHIC ASSESSMENT 

Radiographie measurements are an essential part of the éval¬ 
uation of limb length inequality, and they are important for 
accuracy because clinically palpable landmarks may be inac- 
curate. Two commonly used radiographie techniques for 
measuring lower limb-length discrepancy are the standing 
orthoradiograph and the scanogram. The orthoradiograph is 
made on a long cassette that includes the hip, knee, and ankle 
on a single exposure. A magnification marker placed on 
the leg at the level of the bone minimizes magnification error. 
The scanogram uses separate exposures of the hip, knee, 
and ankle, so there is little parallax error (Figs. 29-96 and 
29-97). 

It do es require that the child remain still for ail three 
exposures, however. Although the parallax error is greater 
with standing orthoradiographs; they do offer the additional 
benefit of showing limb alignment, as well as reducing the 


Scanogram 


orthoradiograph. 


compared with standing 


exposure to ionizing radiation. With either study, it is impéra¬ 
tive that the legs be positioned with the patellae facing 
forward. 

Skeletal âge is an important factor to include when 
making treatment decisions. A view of the left wrist is 
obtained to estimate skeletal âge from the Greulich and Pyle 
atlas; however, this is unnecessary for children younger than 
5 years old because the skeletal and chronologie âges are not 
significantly different in these children. Although the use of 
the Greulich and Pyle atlas is an important part of the overall 
assessment of skeletal âge, it should be noted that the stan¬ 
dard déviation for this atlas is one page either way. 

CT scanograms hâve been proposed as an improvement 
over standard scanograms because the radiation exposure is 
less, and accuracy is not compromised. On latéral CT scano¬ 
grams, accurate measurement can be made of even a limb 
with a flexion deformity. On biplanar CT scanograms, foot 
height also can be measured. EOS®, slot scanning technology 
(EOS Imaging, Paris, France), offers an alternative in some 
centers (Fig. 29-98). Benefits include simultaneously obtained 
biplanar, upright images of the entire length of both lower 
extremities with little to no magnification error, and lower 







PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 



FIGURE 


EOS machine. 


radiation exposure. To avoid motion artifact, the child must 
remain still throughout the short scan time. This technology 
has been shown to provide greater accuracy and reliability 
over more traditional imaging modalities. 

■ TECHNIQUES FOR PREDICTING 
GROWTH REMAINING 

Multiple techniques are used to predict growth and to help 
the surgeon détermine the timing of limb equalization pro¬ 
cedures. One is the Green-Anderson growth-remaining 
chart. Proper use of this chart requires the clinician to esti- 
mate the percentage of growth inhibition for the patient by 
taking two interval measurements separated by at least 3 
months. The growth différence between the involved limb 
and the normal limb is multiplied by 100, and that resuit is 
divided by the growth of the normal limb. Moseley simplified 
the Green-Anderson chart by mathematically manipulating 
the original data to allow it to fit on a straight-line graph that 
is visually graphie and easier to apply (Fig. 29-99). It avoids 
the need for mathematical calculations of growth inhibition 
and provides a ready prédiction of the results of epiphysiode- 
sis, lengthening, and shortening (Box 29-2). Reference slopes 
are provided for predicting future limb growth affer epiphys- 
iodesis of the distal fémur, the proximal tibia, or both. The 
différence between the slopes of the normal leg and the short 
leg is the growth inhibition. Lengthening of the short leg in 
a growing child can be depicted by a sharp vertical rise, fol- 
lowed by a continued graduai slope équivalent to the slope of 
growth before lengthening (Fig. 29-100). 

One criticism of the Green-Anderson tables and the 
Moseley straight-line graph for limb-length discrepancy is 
that they do not include an estimation for foot height. A 
discrepancy of 4 cm by radiographie scanograms may be 
5 cm by the clinical block technique if the short leg also has 
a small foot and ankle unit. 


There are some fondamental problems with the Green- 
Anderson and the Moseley methods. The original data for 
growth and height may not be applicable to modem children. 
The skeletal âge according to Greulich and Pyle’s atlas is at 
best an approximation. Human growth is not always mathe¬ 
matically predictable because it is influenced by nutritional, 
metabolic, hormonal, and socioeconomic factors as well as 
the cause of the leg-length discrepancy. Limb-length discrep¬ 
ancy in some children with juvénile rheumatoid arthritis and 
Perthes disease may follow an upward slope/downward slope 
pattern in which the discrepancy corrects itself. In over- 
growth affer a fémoral fracture, the pattern of growth may 
level off, and affer a short period the discrepancy remains 
constant. Despite these atypical patterns, most leg-length dis- 
crepancies follow the traditional growth prédiction curves. 

Simpler methods of predicting growth are available. The 
Menelaus method is convenient because it requires no spécial 
charts or graphs and relies on chronologie âge rather than 
skeletal âge. Menelaus assumes that in adolescents older than 
9 years of âge, the distal fémur grows % inch (9 mm) per 
year, the proximal tibia grows X inch (6 mm) per year, and 
growth ceases at âge 14 years in girls and at âge 16 years in 
boys. Using his technique, Menelaus achieved a final limb- 
length discrepancy of less than % inch in 94 patients who 
underwent epiphysiodesis. 

Paley, Bhave, Herzenberg, and Bowen developed a “mul¬ 
tiplier” method for predicting limb-length discrepancy at 
skeletal maturity. Using available databases, they divided 
fémoral and tibial lengths at skeletal maturity (L m ) by fémoral 
and tibial lengths (L) at each âge for each percentile group. 
The résultant number was called the multiplier (M). This 
multiplier is used in formulas to predict limb-length discrep¬ 
ancy and the amount of growth remaining and to calculate 
the timing of epiphysiodesis. According to these authors, the 
multiplier method allows for a quick calculation of predicted 
limb-length discrepancy at skeletal maturity, without the 
need to plot graphs, and is based on one or two measure¬ 
ments. A simple chart of multipliers and several formulas are 
ail that is required (Table 29-7). 

The multiplier method can be applied to total limb-length 
discrepancy, including fémoral, tibial, and foot-height différ¬ 
ences. Clinical data in their study confirmed that the multi¬ 
plier method correlated closely with the Moseley method. 

In a group of patients with limb lengthenings, there was 
no différence in the accuracy of the two methods; in a group 
with epiphysiodeses, the multiplier method was more accu- 
rate. In two later clinical validation studies, Aguilar et al. 
showed the multiplier method to be more accurate than the 
Moseley and Anderson methods; the multiplier method also 
was quicker and simpler to use, requiring only one data point 
for predicting limb length at maturity. No matter the method 
used; ail are, at best, approximations. A final clinical discrep¬ 
ancy of 1 to 1.5 cm affer treatment should be considered an 
excellent outcome. 

■ TREATMENT 

The goals of treatment are a balanced spine and pelvis, equal 
limb lengths, and a correct mechanical weight-bearing axis. 
In patients with rigid scoliosis and an oblique lumbosacral 
takeoff, some degree of limb-length discrepancy may be 
désirable to preserve a balanced spine. By convention, the 
term epiphysiodesis is used to describe the arrest of growth 
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Moseley straight-line graph. Example shown is boy with idiopathic hemiatrophy observed clinically for 4 consecutive 
years. In 2000, longer leg measured 70 cm, shorter leg was 67 cm, and bone âge was 9 years. Additional scanograms and bone âge 
radiographs are plotted as shown. Horizontal straight line (A) extends to maturity line with equal number of skeletal âges above and 
below line. At skeletal maturity, longer leg is projected to measure 92 cm, and shorter leg is projected to measure 87 cm. Broken line 
{B) represents projected growth of longer leg if epiphysiodeses of distal fémur and proximal tibia are performed when longer leg 
reaches 84 cm in length, obtaining limb equalization by skeletal maturity. 


of a particular physis. It should be noted that physeal, rather 
than epiphyseal, growth is halted through this process, and 
the term physiodesis might be a more accurate term. Never- 
theless, epiphysiodesis is used through the remainder of the 
chapter when discussing cessation of physeal growth. 

Four types of treatment are available for limb-length 
equalization: shoe lift or prosthetic conversion, epiphysiode¬ 
sis of the long leg, shortening of the long leg (in patients too 
old for epiphysiodesis), and lengthening of the short leg. Judi- 
cious combinations of ipsilateral lengthening and contra¬ 
latéral epiphysiodesis can be used for significant discrepancies 
to reduce the amount of lengthening required. 

For small discrepancies of 1.5 cm or less, no treatment is 
necessary. If a patient desires, a 1-cm shoe lift can be provided 
to wear inside the shoe. The lift need not compensate for the 
entire discrepancy because people rarely stand erect with 
both knees and hips straight, and many people hâve small 


(1 cm) différences that are functionally insignificant. The 
degree of discrepancy that can be compensated for with an 
internai shoe lift is limited; however, and for différences of 2 
to 4 cm, a lift on the outside of the shoe is necessary. For small 
discrepancies, a heel lift can be used, and for larger différ¬ 
ences, a full-sole lift is needed. A shoe lift can be used for 
large discrepancies if the patient déclinés shortening or 
lengthening. Lifts of 5 to 10 cm are unsightly and unstable, 
however, and may require additional uprights or an ankle- 
foot orthosis to help support the ankle. 

Many children reject shoe lifts on reaching adolescence, 
preferring instead to walk with compensatory mechanisms, 
including ankle equinus, pelvic tilt, and contralatéral knee 
flexion. Nevertheless, shoe lifts often are bénéficiai in this âge 
group as a trial to allow the patient to assess the potential 
benefits of a proposed surgical option. Extension prostheses 
are “modified shoe lifts” in that the foot is not amputated. 
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Instructions for Using Moseley Straight-Line Graph for Leg-Length Inequality 


Depiction of Past Growth 

■ At each office visit, obtain three values: 

■ Length of the normal leg measured by orthoradiograph 
from the most superior part of the fémoral head to the 
middle of the articular surface of the tibia at the ankle 

■ Length of the short leg 

■ Radiographie estimate of skeletal âge 

■ Place the point for the normal leg on the normal leg line of 
the appropriate length. 

■ Draw a vertical line through that point the entire height of 
the graph and through the skeletal âge "scalar" area of 
either boys or girls; this line represents the current skeletal 
âge. 

■ Place the point for the short leg on the current skeletal âge 
line of the correct length. 

■ Mark the point where the current skeletal âge line intersects 
that sloping "scalar" in the skeletal âge area that corre¬ 
sponds to the radiographie estimate of skeletal âge. 

■ Plot successive sets of three points in the same fashion. 

■ Draw the straight line that best fit the points plotted previ- 
ously for successive lengths of the short leg. 

■ Discrepancy is represented by the vertical distance between 
two growth lines. 

■ Inhibition is represented by the différence in the slope 
between the two growth lines, taking the slope of the 
normal leg as 100. 

Prédiction of Future Growth 

■ Extend to the right growth line of the short leg. 

■ Draw the horizontal straight line that best fits the points 
plotted previously in the skeletal âge area. 

■ Growth percentile is represented by the position of that 
horizontal line and indicates whether the child is taller or 
shorter than the mean. 

■ Skeletal âge scaie is represented by the intersections of this 
horizontal line with the scalars in the skeletal âge area. The 
maturity point is the intersection of the line with the matu- 
rity scale. 

■ Draw a vertical line through the maturity point. This line 
represents maturity and the cessation of growth. Its inter¬ 
section with the growth lines of the two legs represents 
their anticipated lengths at maturity. 

■ In keeping a child's graph up to date, it is recommended 
that these lines be drawn in pencil. The addition of further 


Instead, the foot is forced into an equinus position and is 
fitted into a custom prosthesis that has a prosthetic foot distal 
to the natural foot. Conversion with a Syme or Boyd amputa¬ 
tion is preferred, however, to make prosthetic fitting easier. 

■ OPERATIVE TREATMENT 

Theoretically, lengthening of the short limb is the optimal 
treatment, but technical difficulty and frequent complications 
of lengthening procedures hâve made epiphysiodesis a more 
attractive option for small discrepancies. For growing chil- 
dren, epiphysiodesis is a relatively simple procedure with 


data makes this method more accurate and may require 
slight changes in the positions of these lines. 

Effects of Surgery 

Epiphysiodesis 

■ Ascertain the length of the normal leg just before surgery, 
and mark that point on the normal leg line. 

■ From that point draw a line parallel to the reference point 
for the particular physis fused. This is the new growth line 
for the normal leg (contribution of physes to total growth 
of leg: distal fémur, 37%; proximal tibia, 28%; both, 65%). 

■ The percentage decrease in slope of the new growth line 
(taking the previous slope as 100%) exactly represents the 
loss of the contribution of the fused physis or physes. 

Lengthening 

■ Draw the growth line for the lengthened leg exactly parallel 
to the previous growth line but displaced upward by a 
distance exactly equal to the length increase achieved. 
Because the physes are not affected, the growth rate is not 
affected and thus the slope of the line is unchanged. 

Timing of Surgery 

Epiphysiodesis 

■ Project the growth line of the short leg to intersect the 
maturity line, taking into account the effect of a lengthen¬ 
ing procedure if necessary. 

■ From the intersection with the maturity line, draw a line 
whose slope is equal to the reference slope for the proposed 
surgery. 

■ The point at which this line meets the growth line of the 
normal leg indicates the point at which surgery should be 
done. This point is defined not in terms of the calendar but 
in terms of the length of the normal leg. 

Lengthening 

■ Because lengthening procedures do not affect the rate of 
growth, the timing of this procedure is not critical and is 
governed by clinical considérations. 

Postoperative Follow-Up 

■ Draw the new growth line of the normal leg as explained 
under Effects of Surgery. 

■ Data are plotted exactly as before except that the length of 
the short leg is plotted first and is placed on the growth line 
previously established for the short leg. 


reasonably low morbidity and fast recovery. In adolescents 
too old for effective epiphysiodesis, limb shortening is accu¬ 
rate, safe, and simple, with a complication rate only slightly 
higher than epiphysiodesis. Joint stiffness after shortening is 
rare because the muscles are made slack by shortening of the 
limb, in contrast to lengthening, which frequently results in 
permanent joint stiffness and subluxation. 

Shortening and epiphysiodesis hâve several disadvan- 
tages: (1) the normal limb is operated on rather than the 
pathologie limb, and if there is a deformity in the short 
limb, a second operation may be necessary to correct that 
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Moseley graph of patient with congenitally short fémur and fibular hemimelia shows plan of fémoral lengthening, 
tibial lengthening, and distal fémoral epiphysiodesis. 


deformity; (2), the resulting body proportions may be cos- 
metically displeasing after shortening; (3) the degree of short- 
ening possible is limited because of the inability of the muscles 
to adapt to shortening of more than 5 cm; and (4) the final 
height after shortening or epiphysiodesis may be unaccept- 
ably low. 

I EPIPHYSIODESIS 

Phemister described epiphysiodesis in 1933, and his original 
technique, with minor modifications, has been widely used 
for limb-length equalization. Most authors recommend epi¬ 
physiodesis when 2 to 5 cm of shortening is required; however, 
Menelaus and others recommended epiphysiodesis for dis- 
crepancies of 8 to 10 cm to avoid the complications of limb 
lengthening. Currently, epiphysiodesis is not recommended 
for shortening of more than 5 cm. 

A newer technique of epiphysiodesis involves the use 
of percutaneous instrumentation, to obliterate the physis 
through small, cosmetically pleasing incisions (Technique 
29-35). 


Angled curets can be used instead of high-speed burrs to 
scrape the epiphyseal cartilage. It should be noted that normal 
physeal anatomy often contains multiple undulations or 
peaks and valleys. Care should be taken to obliterate as much 
of the physis as possible so that growth arrest is complété and 
predictable. 

Métaizeau et al. described a technique for percutaneous 
epiphysiodesis using transphyseal screws (PETS) (Technique 
29-36). 

In 32 patients with leg-length discrepancies, PETS 
reduced the final discrepancy to less than 1 cm in 82% and 
to 5 mm or less in 56%. PETS has also shown success in the 
correction of angular deformities of the lower extremity. Mul¬ 
tiple authors hâve cited as advantages of PETS simplicity of 
the technique, short operating time, rapid postoperative réha¬ 
bilitation, and potential reversibility. However, there seems 
to be a lag time before the PETS technique produces the 
desired effect; therefore, the epiphysiodesis should be per- 
formed up to 1 year before the time predicted for a formai 
open procedure. 
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TABLE 29-7 


Lower Limb Multipliers for Boys and Girls 

AGE 


MULTIPLIER 


(year + month) 

Boys 


Girls 

Birth 

5.080 


4.630 

0 + 3 

4.550 


4.155 

0 + 6 

4.050 


3.725 

0 + 9 

3.600 


3.300 

1 + 0 

3.240 


2.970 

1 + 3 

2.975 


2.750 

1 + 6 

2.825 


2.600 

1 + 9 

2.700 


2.490 

2 + 0 

2.590 


2.390 

2 + 3 

2.480 


2.295 

2 + 6 

2.385 


2.200 

2 + 9 

2.300 


2.125 

3 + 0 

2.230 


2.050 

3 + 6 

2.110 


1.925 

4 + 0 

2.000 


1.830 

4 + 6 

1.890 


1.740 

5 + 0 

1.820 


1.660 

5 + 6 

1.740 


1.580 

6 + 0 

1.670 


1.510 

6 + 6 

1.620 


1.460 

7 + 0 

1.570 


1.430 

7 + 6 

1.520 


1.370 

8 + 0 

1.470 


1.330 

8 + 6 

1.420 


1.290 

9 + 0 

1.380 


1.260 

9 + 6 

1.340 


1.220 

10 + 0 

1.310 


1.190 

10 + 6 

1.280 


1.160 

11+0 

1.240 


1.130 

11+6 

1.220 


1.100 

12 + 0 

1.180 


1.070 

12 + 6 

1.160 


1.050 

13 + 0 

1.130 


1.030 

13 + 6 

1.100 


1.010 

14 + 0 

1.080 


1.000 

14 + 6 

1.060 


NA 

15 + 0 

1.040 


NA 

15 + 6 

1.020 


NA 

16 + 0 

1.010 


NA 

16 + 6 

1.010 


NA 

17 + 0 

1.000 


NA 


MULTIPLIER METHOD FOR PREDICTING LOWER LIMB-LENGTH DISCREPANCIES 

Length at Skeletal Maturity 
Lm = L x M 

This formula can be used to détermine the length of the fémur, tibia, fémur and tibia, or entire lower limb, including the 
foot height. It applies equally to the short and long limbs. 

Congénital Limb-Length Discrepancy 

Am = A x M 

This formula can be used to détermine limb-length discrepancy in patients with congénital short fémur, fibular hemimelia, 
hemihypertrophy, or hemiatrophy. 
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TABLE 29-7 ^ • 

Lower Limb Multipliers for Boys and Girls—cont'd 


AGE MULTIPLIER 

(year + month) Boys Girls 

Developmental Limb-Length Discrepancy 

Am = A + (I x G) 

where I = 1 - (S - S)/(L - L) and G = L(M - 1). This formula can be used to détermine limb-length discrepancy in patients 
with Ollier disease, poliomyelitis, or growth arrest. It also can be used to détermine discrepancy in patients with a 
congénital discrepancy. It also is useful in predicting the growth-remaining discrepancy in patients who hâve already 
undergone one or more limb-lengthening procedures. 

Timing of Epiphysiodesis 

Le = Lm Ge 
and 

Me = Lm/Le 

Look in the multiplier table for the value of Me and détermine which âge corresponds to this multiplier value. This is the 
âge of the patient at the time of epiphysiodesis. 

G, Amount of growth remaining; I, amount of growth inhibition; L, current length of long limb; L, length of long limb as 
measured on previous radiographs (preferably made at least 6 or 12 months before current radiographs); Lm, length of 
fémur or tibia at skeletal maturity; M, multiplier; S, current length of short limb; S, length of short limb as measured on 
previous radiographs (preferably made at least 6 or 12 months before current radiographs); A, current limb-length 
discrepancy; Am, limb-length discrepancy at skeletal maturity; 8, desired correction following epiphysiodesis; Ge, amount of 
fémoral or tibial growth remaining at âge of epiphysiodesis (Ge = e/0.71 for fémur and e/0.57 for tibia); Le, desired length 
of bone to undergo epiphysiodesis at time of epiphysiodesis; Me, multiplier at âge of epiphysiodesis. 


From Paley D, Bhave A, Herzenberg JE, et al: Multiplier method for predicting limb-length discrepancy, J Bone Joint Surg 82A:1432, 2000. 
NA, Not applicable. 


PHYSEAL EXPOSURE AROUND 
THE KNEE 


TECHNIQUE 29-34 


(ABBOTT AND GILL, MODIFIED) 

■ Flex the knee 30 degrees to relax the hamstring muscles 
and make a latéral incision 6.5 cm proximal to the latéral 
fémoral condyle, continuing distally between the biceps 
tendon and iliotibial band to the fibular head and extend- 
ing anteriorly over the latéral aspect of the tibia. 

■ Enter the interval between the latéral intermuscular 
septum and the vastus lateralis. 

■Cauterize the superior geniculate arteries. 

■ Make a vertical incision in the periosteum over the physis 
and identify the thin "white line" of cartilage. 

■ Protect the peroneal nerve behind the fibular head and 
incise the periosteum over the anterior aspect of the 
fibular head. 

■ Reflect the anterior compartment muscles off the tibia 
distally to expose the proximal tibial physis. 

■ On the médial side, make a curved incision starting at the 
adductor tubercle and continuing first posteriorly and 
then anteriorly along the sartorius tendon. Ligate the 
geniculate arteries. 

■Open the periosteum of the distal fémur between the 
vastus medialis and intermedius muscles. Keep the dis¬ 
section subperiosteal to avoid entering the knee joint. 


■ Over the proximal tibia, retract the pes anserinus tendon 
posteriorly, ligate the geniculate arteries, and make a 
vertical incision to aid in subperiosteal exposure to locate 
the physis. 

Four short (2.5 cm) incisions can be used rather than 
two long ones to improve cosmesis. Dissection of the 
peroneal nerve is not mandatory. Fluoroscopy or image 
intensification, using needles to locate the physes, is 
helpful in placing the incisions. Preoperative radiographs 
showing the relation of the distal fémoral physis to the 
patella also aid placement of the incision. 


EPIPHYSIODESIS 


r TECHNIQUE 29-35 1 

| Fig. 29-101 


(PHEMISTER) 

■ Expose the epiphyseal plate as described in Technique 
29-33. 

■ At a point équidistant from the anterior and posterior 
surfaces of the bone excise a rectangular section of cortex 
3 cm long and 1 to 1.5 cm wide that crosses the physeal 
plate. 

■ Both anterior and posterior to the defect thus created 
chisel out the epiphyseal plate for a distance of 3 to 5 cm 
in each direction and to a depth of about 1 cm. 
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Area of 
transplant 
outlined 


Transplant ready 
for insertion with 
ends reversed 


FIGURE 


Phemister epiphyseodiaphyseal fusion. SEE TECHNIQUE 29-35. 


■ Reinsert the section of cortex into its original bed but with 
its ends reversed. Repeat the procedure on the opposite 
condyle. 

■ To arrest the proximal fibular epiphysis completely, excise 
the plate in an anteroposterior plane with an osteotome 
and a small curet and fill its space with small bone chips. 

POSTOPERATIVE CARE. The extremity is immobilized 
for 3 weeks. Full weight bearing may usually be allowed 
at 1 month. 


PERCUTANEOUS EPIPHYSIODESIS 


TECHNIQUE 29-36 


(CANALE ET AL.) 

■ After administration of general anesthésia, place the 
patient supine on the operating table. Préparé the limb 
in the standard fashion and drape it free. A tourniquet 
can be used if desired. 

■ Place a hemostat on the latéral aspect of the leg to locate 
the latéral portion of the distal fémoral physis. After it 
has been located with image intensification, make small 
médial and latéral stab wounds approximately 1.5 cm 
long. 

■ Place a smooth Steinmann pin or Kirschner wire into the 
physis and drill it into the side of the distal fémoral physis. 
Confirm correct positioning of the pin on anteroposterior 
and latéral image intensification views. Rotate the image 
intensifier rather than the leg because rotation of the leg 


causes the iliotibial band and médial musculature to 
tighten and interfère with placement of instruments. 

■ Place a cannulated reamer over the guide pin (Fig. 
29-102A and B) and drill into the physis approximately 
halfway across; verify this with image intensification. 

■ After removal of the reamer, introduce a high-speed 
pneumatic drill with a dental burr. Protect the skin during 
drilling to prevent heat necrosis of the skin; using a guard 
for the dental burr is helpful. 

■ As an alternative, use angled and straight curets to 
remove the physis (Fig. 29-102C). Ream the physis proxi- 
mally and distally, anteriorly and posteriorly, especially at 
the periphery, to create a "bull's eye" effect in the center 
of the physis at the latéral periphery. 

■ It is unnecessary to remove the entire physis. A lucent 
area or blackout effect is noted on image intensification 
where the physis and surrounding bone hâve been 
removed. If the "bull's eye" effect is not achieved, use a 
curet or larger reamer (e.g., from an adult compression 
hip screw set), and repeat the procedure on the médial 
side with frequent image intensification évaluation. Often 
the médial and latéral defects can be connected. 

■ Thoroughly irrigate to remove ail loose pièces of cartilage 
and cancellous bone. 

■Close the wounds with subcutaneous sutures and apply 
a stérile dressing. 

■ The same technique is used in the proximal tibial physis 
except that the tibial physis is more undulating than the 
fémoral and requires more careful drilling. Epiphysiodesis 
of the proximal fibular physis may be unnecessary, espe¬ 
cially if the desired growth arrest in the proximal tibia is 
less than 2.5 cm. Perform proximal fibular epiphysiodesis 
with a small Steinmann pin, a small cannulated reamer, 
and a hand drill or curet under direct vision through a 
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A, Insertion of cannulated reamer over guide pin in proximal tibia. B f Percutaneous drilling of distal tibial and fibular 
physes. C f Alternative method of using curets inserted through drill holes in cortex. SEE TECHNIQUE 29-36. 


small separate incision. Because of the possibility of 
mechanical or thermal damage to the peroneal nerve, 
take great care in this area. 

■ As a modification of this technique, a radiolucent imaging 
table can be used instead of a fracture table. Use a tour¬ 
niquet and make the stab wound large enough to insert 
a %-inch drill bit to broach the cortex. Curet the physis 
with angled and straight curets, using the image intensi¬ 
fier as needed (Fig. 29-102C). 

■ In the proximal tibia, it is important to palpate the fibular 
head, make the incision over the physis under image 
control, and stay anterior. A drill is not required to broach 
the proximal fibular cortex; a small, straight curet works 
well and does not risk injury to the peroneal nerve. 

POSTOPERATIVE CARE. Immédiate weight bearing in 
a soft knee immobilizer is allowed. The immobilizer is 
worn for approximately 2 to 3 weeks. If fémoral and tibial 
epiphysiodeses hâve been done, a knee immobilizer is 
worn for 10 to 14 days, and then active range-of-motion 
exercises are begun. Crutches are used for guarded 
weight bearing for the first 4 weeks. 


PERCUTANEOUS TRANSEPIPHYSEAL 
SCREW EPIPHYSEIODESIS 


TECHNIQUE 29-37 


(MÉTAIZEAU ETAL) 

■ Préparé and drape the entire lower limb from groin to 
foot. 

■ Through a small stab incision over the latéral aspect of 
the distal fémoral metaphysis, drill a hole directed 
obliquely downward and medially. 

■ Aiming slightly posterior to the midcoronal plane of the 
fémur, advance the drill past the anatomie axis to cross 
the physis at the junction of its middle and inner thirds, 
and stop just short of the articular surface of the médial 
fémoral condyle. 

■ Insert a cancellous screw with long threads; a cancellous 
screw with short threads and a washer can be used. 

■ Insert the second screw from the médial aspect, sym- 
metrically to the first screw in relation to the anatomie 
axis of the distal fémur, but slightly anterior to the mid¬ 
coronal plane to avoid the first screw (Fig. 29-103). 
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Percutaneous epiphysiodesis using transphyseal 
screws. Paired crossed transphyseal screws across distal fémoral 
and proximal tibial physes. L, latéral screws; M, médial screws. SEE 

TECHNIQUE 29-37. 


jjy Percutaneous epiphysiodesis using transphyseal 
screws. Nonintersecting transphyseal screws. Each pair crosses 
physis, one screw at either end of its middle third. L, latéral 
screws; M, médial screws. SEE TECHNIQUE 29-37. 


9 «An alternative construct consists of two more vertically 
oriented screws that cross neither each other nor the 
anatomie axis of the distal fémur. Instead, they traverse 
the physis, one at either end of its middle third, for a 
more even distribution of arresting forces (Fig. 29-104). 
This technique looks easier in theory than it does in prac¬ 
tice. Correct placement of the screws is not always easy 
to achieve because the thickness of the soft tissues déter¬ 
mines whether adéquate vertical inclination of the drill 
can be obtained in relation to the long axis of the limb. 
■ Begin insertion of the latéral tibial screw just posterior to 
the tibial crest to avoid the muscles of the anterior com¬ 
partiment of the leg. Direct it medially, upward and slightly 
posteriorly, to cross the physis at the junction of its middle 
and médial thirds (Fig. 29-103). An alternative construct 
can be used in which screws do not cross each other or 
the anatomie axis of the tibia (Fig. 29-104). 

■ After insertion of ail screws, fully flex the knee to free 
any adhesions between screws and the quadriceps 
apparatus. 


Proximal fibular epiphysiodesis is done only if more than 
2 cm of tibial correction is needed. Percutaneous insertion of 
a screw across the proximal fibular epiphysis is dangerous. A 
short incision is required to identify and protect the peroneal 
nerve. Open curettage also can be done through a small 
anterior approach. 

An alternative method of epiphysiodesis is physeal sta- 
pling or tension plating (Fig. 29-105). Although this tech¬ 
nique is largely reserved for hemiepiphysiodesis in angular 
corrections, it can be used for complété epiphysiodesis if 
implants are used on both sides of the physis. However, this 



FIGURE 


Tension plate epiphysiodesis. SEE TECHNIQUE 


29-38. 


technique for complété epiphysiodesis has been shown to be 
inferior to physeal ablation. Dual plating technique also has 
the advantage of potential growth resumption with implant 
removal; however, restoration of normal growth often is 
unpredictable after implant removal, and careful timing of 
epiphysiodesis is still important. Recently, implant failures 
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hâve been described with the use of a single two-hole plate, 
and the use of additional plates or larger, four-hole plates 
should be considered. Most of these plating System are non- 
locking, which allows some degree of screw divergence within 
the plate as the physis continues to grow. It is likely that 
growth arrest does not occur until maximal screw divergence 
is reached. Therefore, it is advisable to place the screws in a 
divergent fashion at the time of implantation to allow growth 
arrest to occur as quickly as possible. 

Regardless of the technique used, careful timing and con¬ 
sidération of the final height of the knee are important. For 
discrepancies involving the fémur and tibia, epiphysiodesis of 
both may be required to ensure that the knees and pelvis are 
level. Operative complications are uncommon; reported 
complications include cutaneous nerve entrapment, infec¬ 
tion, asymmetric growth arrest, undercorrection, and over- 
correction, and implant failures. 


TENSION PLATE EPIPHYSIODESIS 


TECHNIQUE 29-38 


■ Expose the physis as described in Technique 29-33, taking 
care to avoid significant disruption the periosteum or 
perichondral ring. 

■ Using fluoroscopy, place a reference wire in the center of 
the physis. To avoid asymmetric growth arrest, the pin 
should be in the center of the physis on the latéral fluo¬ 
roscopie projection. Alternative^, the reference pin can 
be placed more anteriorly or posteriorly to achieve some 
degree of extension or flexion, respectively, at the physis. 

■ Next place the appropriate size plate over the reference 
wire using the centering hole. 

■ Place guide pins in the metaphyseal and epiphyseal holes 
for cannulated Systems and drill over the guide pins. For 
noncannulated Systems, simply drill the metaphyseal and 
epiphyseal holes. 

■ Place screws in the metaphyseal and epiphyseal holes to 
secure the tension plate to the bone surface. These screws 
should be placed in a divergent fashion because growth 
arrest does not begin until the screws reach the angular 
divergence allowed by the screw-plate interface. 

■Close the wounds with subeutaneous sutures and apply 
a stérile dressing. 

POSTOPERATIVE CARE. Immédiate weight bearing 
with crutches is allowed; a soft knee immobilizer is worn 
for 2-3 weeks. 


ILIMB SHORTENING 

Shortening usually is reserved for skeletally mature patients 
with a discrepancy greater than 2 cm, who can accept the loss 
of stature necessary to equalize limb lengths. When planning 
surgery, ultimate length and alignment should be considered. 
Wagner outlined the standard approach to limb shortening, 
but improvements hâve been made in fémoral shortening 
techniques, such as a closed technique for diaphyseal short¬ 
ening described by Winquist. In the fémur, 5 to 6 cm is the 


maximal length that can be removed without seriously affect- 
ing muscle function; in the tibia, the maximum probably is 2 
to 3 cm; however, removal of up to 5 cm of the tibia has been 
reported. 

In general, fémoral shortening is tolerated better than 
tibial shortening because the soft-tissue muscular envelope is 
much larger, making skin closure easier, offering a better 
cosmetic resuit, and ensuring prompt union of the osteotomy. 
If the discrepancy is largely confined to the tibia, however, 
tibial shortening is preferred to make the knee heights level. 

Wagner recommended metaphyseal osteotomy if angular 
or rotational correction is required, and diaphyseal osteot¬ 
omy if shortening alone is necessary. Proximal metaphyseal 
osteotomy of the fémur has fewer complications than distal 
osteotomy, which may compromise knee motion. Addition- 
ally, proximal fémoral shortening has less négative effect on 
the strength of the quadriceps. Distal fémoral metaphyseal 
osteotomy should be avoided unless necessary for correction 
of angular deformity. The development of interlocking intra- 
medullary fixation has made diaphyseal shortening préférable 
to metaphyseal osteotomy in the fémur, even if rotational 
correction is needed. Shortening over an intramedullary rod 
should be delayed until complété skeletal maturity has been 
reached, or the entry portai of the nail should be the greater 
trochanter instead of the piriformis fossa to decrease the risk 
of fémoral head osteonecrosis. 


PROXIMAL FEMORAL METAPHYSEAL 
SHORTENING 


TECHNIQUE 29-39 


(WAGNER) 

■ Before surgery, plan the osteotomy to provide the needed 
angular correction 

■ Through a proximal latéral incision, split the fascia lata 
and elevate the vastus lateralis and the periosteum. 

■ Fashion an insertion site for the right-angle blade plate 
or hip screw according to the preoperative plan. 

■ Mark the bone to control rotation, and remove the pro- 
scribed segment with an oscillating saw. Leave a spike of 
médial cortex and lesser trochanter intact to act as a 
buttress. 

■ Remove the segment, and bring the distal fragment into 
direct apposition with the proximal segment. 

■Apply the osteosynthesis plate and insert the screws to 
create compression across the osteotomy. 


DISTAL FEMORAL METAPHYSEAL 
SHORTENING 


TECHNIQUE 29-40 


(WAGNER) 

■ Before surgery, make a careful plan for the resection and 
angular correction. 
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Wagner technique for proximal 
metaphyseal shortening. SEE TECHNIQUE 29-39. 


fémoral 



|j£J Wagner technique for proximal tibial metaphy¬ 
seal shortening. SEE TECHNIQUE 29-41. 



Wagner technique for distal fémoral metaphy¬ 
seal shortening. SEE TECHNIQUE 29-40 


9 " Make a latéral incision through the fascia lata and elevate 
the vastus lateralis anteriorly, avoiding the knee joint. 

■ Use the blade plate seating device to préparé the entrance 
for the blade plate. 

■ With an oscillating saw, make the proximal osteotomy 
and then the distal osteotomy. For added stability, 
try to preserve a médial spike of bone with the distal 
fragment. 

■ Impact the two fragments and apply the blade under 
compression, or insert a distal fémoral sliding screw and 
fixation plate device. 


PROXIMAL TIBIAL METAPHYSEAL 
SHORTENING 


TECHNIQUE 29-41 


Fig. 29-108 


(WAGNER) 

■ Through a latéral incision, resect a portion of the fibula 
at the junction of the proximal and middle thirds. 

■ Make a separate anterior incision to expose the proximal 
tibia subperiosteally. 

■ Resect the desired amount of bone (no more than 4 cm 
except in unusual circumstances) below the tibial tuberos- 
ity with an oscillating saw. 

■ Hold the two bone ends under compression with a 
T-plate. 

■ Perform a prophylactic fasciotomy. 

■ Wound closure may be difficult because of the nature of 
the skin around the proximal tibia. 


TIBIAL DIAPHYSEAL SHORTENING 


TECHNIQUE 29-42 


(BROUGHTON, OLNEY, AND MENELAUS) 

■ Make a longitudinal incision over the anteromedial 
surface of the tibia. 

■ Perform a subperiosteal dissection and make a step-cut 
osteotomy, removing the desired amount of bone and 
allowing for 5 to 7.5 cm of overlap after shortening. 

■ Through a separate incision, remove an équivalent 
amount of bone from the midshaft of the fibula (Fig. 
29-109A). 
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A and B f Technique for tibial diaphyseal short- 
ening in skeletally immature patients. SEE TECHNIQUE 29-42. 


JjJ A f Diaphyseal shortening with medullary fixa¬ 
tion. B f Distal tibial shortening with locked intramedullary nail. 

SEE TECHNIQUE 29-42. 


■ Shorten the leg and fix the step-cut osteotomy with two 
lag screws (Fig. 29-109B) or, in mature patients, with an 
intramedullary nail (Fig. 29-110). This is the only tech¬ 
nique indicated in skeletally immature patients. 


CLOSED FEMORAL DIAPHYSEAL 
SHORTENING 


TECHNIQUE 29-43 


(WINQUIST, HANSEN, AND PEARSON) 

■ Position the patient on a fracture table in the supine 
"scissor" position. 

■ Use the standard techniques for closed medullary nailing 
(see Chapter 53) and ream to the desired width in 0.5-mm 
incréments. Consider venting the distal metaphyseal- 
diaphyseal junction with a 4.8-mm cannulated drill bit to 
prevent fat embolism. 

■Adjust the saw for the appropriate depth according to 
the preoperative plan and insert the saw until, with the 
blade fully retracted, the measuring device is seated firmly 
against the greater trochanter. 

■ While an assistant applies pressure to hold the measuring 
device in place for the proximal and the distal cuts, deploy 
the saw blade in incréments, making complété révolu¬ 
tions (Fig. 29-11 IA). If necessary, back up one index 
notch to repeat the cuts if the blade is getting stuck. 

■ Slowly continue cutting until the final index mark is 
reached, at which point the blade is fully deployed. The 
most difficult area to eut is posteriorly in the linea aspera. 
If necessary, complété the eut percutaneously with a thin 
osteotome. The next larger size blade and cam can be 
inserted to get a larger cutting diameter, but this can be 
difficult if the canal is not reamed widely enough. 


■ After completing the first eut, retract the blade fully. 

■ Remove the foot from the fracture table and angulate the 
distal fémur 60 to 70 degrees in ail directions to complété 
the osteotomy; replace the traction. 

■ Advance the measuring device handle distally while 
holding the locking nut in place. The distance that devel- 
ops between these two components should equal the 
amount of fémur to be resected. 

■ Spin the locking nut distally to lock the measuring device 
handle. 

■ With an assistant holding the measuring device firmly 
against the greater trochanter, make the second (proxi¬ 
mal) osteotomy in the same fashion as the first. 

■ After completing the second osteotomy, retract the blade 
fully and remove the saw. The resected bone should be 
subtrochanteric rather than diaphyseal to lessen the 
effect on the quadriceps mechanism. 

■ Insert an internai chisel of appropriate size, hook the 
médial aspect of the intercalary segment, and pound on 
the handle backward with a tuning-fork hammer to split 
the bone (Fig. 29-111B). 

■ Repeat this maneuver at least one more time on the 
latéral segment. 

■ Use the hook of the chisel to push the fragments away 
from the canal. 

■ Hâve the unscrubbed assistant again remove the foot 
from the fracture table and impact the osteotomy, dis- 
placing the segmentai fragments to either side, using the 
chisel to manipulate the fragments if necessary. 

■ In some cases, splitting of the "napkin ring" resected 
bone piece is unsuccessful. Should this occur, make 
a small latéral incision to remove the intercalary 
segment. 

■ Pass a nail-driving guidewire across the osteotomy and 
insert an appropriate-size nail for fixation while the 
unscrubbed assistant maintains rotational alignment. 
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FIGURE 


Closed fémoral diaphyseal shortening, as described by Winquist et al. (see text). A f Medullary canal is reamed with 


standard cannulated reamer. Spécial medullary saw is inserted into reamed canal. One or two rotations are made with saw at each 
setting, and saw is progressive^ opened until blade is completely exposed. B f After both saw cuts hâve been made, intercalary segment 


is split using back-cutting chisel. Rotational alignment and distraction can be controlled with locked medullary nail. SEE TECHNIQUE 


29-43. 


■ Lock the nail proximally and distally for rotational control 
and to prevent inadvertent lengthening postoperatively 

(Fig. 29-112). 

■ Steinmann pins can be inserted into the latéral aspect of 
the fémoral condyle and the greater trochanter just 
before the first osteotomy to serve as references for rota¬ 
tional alignment control. 

■ Check rotational alignment before leaving the operating 
room. 

POSTOPERATIVE CARE. A knee splint is used to 
stabilize the shortened quadriceps mechanism, and a vig- 
orous strengthening program is begun. Réhabilitation is 
faster if the patient has participated in a quadriceps- 
strengthening and hamstring-strengthening program 
before surgery. Rotation or distraction at the osteotomy 
site may occur if a locked nail is not used. 


ILIMB LENGTHENING 

A limb-lengthening program requires a patient and family 
fully committed to maximal participation in an extended 
project. The success of limb lengthening dépends largely on 


the patients efforts in physical therapy and the care of the 
external fixator. Although technical improvements hâve 
reduced the frequency with which major complications asso- 
ciated with limb lengthening occur, the process remains dif- 
ficult and should be performed by surgeons with appropriate 
expérience. 

Shortening procedures are préférable for many patients 
who are candidates for limb lengthening. Patients who are 
unable to participate in frequent follow-up or who do not 
hâve the support to care for the fixator properly and to 
undergo vigorous physical therapy are best treated by means 
other than lengthening. Candidates for limb lengthening and 
their parents benefit from meeting other patients in various 
stages of the lengthening process. 

Acute long bone lengthening seldom is indicated; 
however, Salter described acute distraction and interposition 
graffing through the innominate bone. Millis and Hall 
reported a modification of this technique; they achieved 
an average lengthening of 2.3 cm in 20 patients with 
acetabular dysplasia with fémoral shortening, pure limb- 
length inequality, decompensated scoliosis, and primary 
intrapelvic asymmetry. This technique may be useful in 
patients who also require acetabular reconstruction, but epi- 
physiodesis or graduai distraction lengthening techniques 
are more reliable alternatives for isolated limb-length 
discrepancy. 
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A f Sixteen-year-old girl underwent 4-cm closed 
fémoral shortening. Shortly after surgery, intercalary fragment is 
seen around site of osteotomy, acting as bone graft. B f Osteotomy 
has healed 8 weeks later. At least 4 mm of distraction occurred 
after osteotomy. Locking of nail is recommended to preserve 
alignment and length, if necessary. SEE TECHNIQUE 29-43. 


TRANSILIAC LENGTHENING 


TECHNIQUE 29-44 


(MILLIS AND HALL) 

■ Use the anterior ilioinguinal approach to the pelvis 
described for the Salter innominate osteotomy (see 
Chapter 30). 

■ Use a Gigli saw to make the osteotomy from the sciatic 
notch to the anterior inferior iliac spine (Fig. 29-113A). 

■ Insert a lamina spreader into the anterior aspect of the 
osteotomy. 

■ Hâve an assistant apply caudally directed pressure on the 
iliac crest to prevent displacement of the proximal frag¬ 
ment by shear force through the sacroiliac joint, while 
another assistant applies traction to the fémur, keeping 
the knee flexed to relax the sciatic nerve. 

■ Fashion a full-thickness block of iliac crest into a trape- 
zoid. The height of the graft directly superior to the 
acetabulum détermines the amount of lengthening. 

■ Wedge the iliac graft into the distraction site (Fig. 
29-113B) and hold it with two large, threaded Steinmann 
pins that transfix the proximal fragment, the graft, and 
the distal supraacetabular fragment (Fig. 29-113C). 


POSTOPERATIVE CARE. Traction is applied for 5 days. 
Range-of-motion exercises are begun at 3 days, and 
touch-down weight bearing is allowed at 7 days. Full 
weight bearing is delayed until graft incorporation is 
évident on radiographs, usually at 3 to 6 months. 


Lengthening by callotasis (or low energy corticotomy fol- 
lowed by graduai distraction of the bone fragments with a 
mechanical apparatus) has been the basic procedure for limb 
lengthening since Putti’s report of the technique in 1921. 
Osteotomy and fixation techniques hâve been modified by 
several authors, but the principles remain the same. The cor¬ 
ticotomy should be made by low-energy methods, usual mul¬ 
tiple percutaneous drill holes connected by an osteotome, 
with care taken to avoid significant disruption of the sur- 
rounding soft tissues. Distraction should begin after a brief 
latent period of 1 to 3 weeks to allow for early callous forma¬ 
tion. The rate of distraction should be approximately 1 mm 
per day divided over four 0.25-mm incréments. The forma¬ 
tion of the distraction regenerate should be closely monitored 
with frequent radiographie assessment, and the rate of dis¬ 
traction should be altered accordingly to avoid prématuré 
consolidation or poor regenerate formation. No matter what 
type of external apparatus is used, the device should remain 
in place for 1 month for every 1 cm of length achieved. 
Despite careful technique and excellent patient coopération, 
high complication rates are reported with ail methods, includ- 
ing deep infection, nonunion, fracture after device removal, 
malunion, joint stiffness, and nerve palsy. 

Several fixators were developed, including Wagner s low- 
profile, monolateral fixator, DeBastianis Orthofix, the Ilizarov 
device, and the Taylor Spatial Frame, ail of which hâve under- 
gone numerous modifications. The original Wagner device is 
adjustable in only two planes, and the Hoffman modification 
is adjustable in one additional plane. DeBastianis device 
(Orthofix) has modular components that allow certain simple 
angular corrections. The Ilizarov device is extremely modular 
and can be adapted with extensions and hinges to lengthen 
and correct angular and translational deformities simultané- 
ously. Rotational deformities can be corrected either at the 
time of fixator application or later by applying outriggers to 
the rings. 

The Taylor Spatial Frame also has been used for defor- 
mity correction and lengthening. This frame uses the slow 
correction principles of the Ilizarov System but adds a six-axis 
deformity analysis incorporated in a computer program. The 
Taylor Spatial Frame has been shown to hâve a steep learning 
curve and has a high cost. In addition, no différences between 
the Taylor and Ilizarov frames hâve been noted in terms of 
lengthening index and complication rate, although rotational, 
translational, and residual deformity correction may be easier 
with the Taylor frame. 

The circular devices are more difficult to apply than the 
monolateral fixators, and extensive training and expérience 
are recommended before using them. For detailed descrip¬ 
tions of the components of these fixators, preoperative plan¬ 
ning, and frame construction and application, see Chapter 53. 

Internai lengthening devices were developed to eliminate 
the problems associated with pin track infection and 
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A f Acute transiliac lengthening accomplished by modification of Salter technique. Instead of triangular graft, square 
or trapézoïdal graft is used. Lengthening is greater with larger grafts. B f Acetabular dysplasia and mild limb-length inequality. Pelvic 
obliquity results in compensatory scoliosis. In middle figure, block has been placed beneath shorter leg. Although this balances pelvis 
and straightens spine, it causes acetabulum to be even more vertical. On right, transiliac lengthening has been performed to improve 
fémoral acetabular coverage and regain length. C, Transiliac lengthening with trapézoïdal graft. SEE TECHNIQUE 29-44. 
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soft-tissue transfixation, to maintain mechanical alignment 
and stability during lengthening and consolidation, and to 
improve patient comfort and tolérance. Lengthening of these 
devices may be initiated by rotation of the involved limb 
(Albizzia nail; DePuy Australia Pty Ltd, Mount Waverly, Aus- 
tralia); controlled rotation, ambulation, and weight bearing 
(Intramedullary Skeletal Kinetic Device; Orthofix, McKin- 
ney, Tex); an implanted electrically activated motorized drive 
(Fitbone; Wittenstein Igersheim, Germany), or an externally 
applied magnetic field (PRECICE Nail, Ellipse Technologies, 
Inc., Irvine CA, USA or the PHENIX M2 Lengthening nail; 
Phénix Medical, France). 

These intramedullary devices do not allow for graduai 
correction of angular deformities because they can only 
lengthen in one plane; therefore, any angular deformities 
must be corrected at the time of nail insertion or by other 
means affer lengthening. There are a number of studies dem- 
onstrating difficulty in controlling rate of growth using the 
Intramedullary Skeletal Kinetic Device (ISKD) nail, and 
many authors are suggesting alternative devices. 

Finally, some authors hâve reported the use of an intra¬ 
medullary nail or submuscular plate in addition to an exter- 
nal fixator for distraction osteogenesis. 

With most of these techniques, distraction osteogenesis 
is done with the use of an external device as described above, 
and the submuscular plate or intramedullary nail is then used 
to stabilize the regenerate as it consolidâtes, allowing earlier 
removal of the external device. 


■ Apply the Orthofix lengthener. If the fracture fixation 
device is used, fix the bail joint rigidly with a small amount 
of methylmethacrylate. 

■ Suture the periosteum and close the skin over drains. 

POSTOPERATIVE CARE. Partial weight bearing and 
physical therapy are begun immediately. Distraction is 
delayed until callus is visible on radiographs, usually by 
10 to 15 days. Distraction is begun at 0.25 mm every 6 
hours but can be reduced if pain or muscle contraction 
occurs. Radiographs are made 1 week after distraction 
begins to ensure a complété corticotomy and are made 
at 4-week intervals thereafter. If the regenerated callus is 
of poor quality, distraction is stopped for 7 days. Recom¬ 
pression is indicated for gaps in the callus and for évi¬ 
dence of excessive neurovascular distraction. When the 
desired length is obtained, the body-locking screw mech- 
anism is tightened, and the distraction mechanism is 
removed from the fixator. Full weight bearing is allowed 
until good callus consolidation is seen, then the body- 
locking screw is unlocked to allow dynamic axial compres¬ 
sion. The fixator is removed when corticalization is 
complété. If stability is confirmed, the screws are removed. 
If there is any doubt as to stability of the bone, the fixator 
is replaced for an additional period. 


TIBIAL LENGTHENING 


TECHNIQUE 29-45 


(DEBASTIANI ETAL) 

■ Place the patient supine on a radiolucent table. 

■ Resect 2 cm of the distal fibula through a latéral 
approach. 

■ Use the mated Orthofix drills, drill guides, and screw 
guides to insert the conical, self-tapping cortical and can- 
cellous screws. 

■ Insert a cancellous screw 2 cm distal to the médial aspect 
of the knee, parallel to the knee joint. 

■ Place the appropriate rigid template parallel to the diaph- 
ysis of the tibia and insert the distalmost screw. 

■ Go to the proximal part of the template and insert the 
next screw in the fourth template hole distal to the upper 
screw. The last screw to be placed is in the distal template, 
in the hole farthest away from the distalmost screw. 

■ Remove the template and perform a corticotomy just 
distal to the tibial tuberosity. 

■ Incise the anterior skin and periosteum longitudinally. 

■ Under direct vision, drill a sériés of unicortical holes in the 
tibia. Set the drill stop at 1 cm to prevent pénétration of 
the marrow. 

■ Use a thin osteotome to connect the drill holes and to 
divide along the posteromedial and postérolatéral cortices 
as much as can be done safely. 

■ Flex the tibia at the corticotomy to crack the posterior 
aspect of the tibia. 


TIBIAL LENGTHENING 


TECHNIQUE 29-46 


Fig. 29-114 


(ILIZAROV, MODIFIED) 

■ Frame preconstruction involves assembling a frame con- 
sisting of four equal llizarov rings sized to the patient; use 
the smallest diameter rings that leave sufficient space for 
swelling after surgery. There should be one fingerbreadth 
of space between the proximal ring and the tibial tuberos¬ 
ity and two fingerbreadths posteriorly at the largest diam¬ 
eter of the posterior calf muscles (Fig. 29-115A). The 
most proximal ring can be a % -inch ring to allow more 
knee flexion after surgery, especially if the ipsilateral 
fémur is to be lengthened at the same time, because full 
rings would touch each other with relatively little knee 
flexion. 

■ Connect the upper two rings with 20-mm threaded, 
hexagonal sockets for better stability. In small patients, 
there may be room proximally for only one ring and a 
drop wire (Fig. 29-1 15B). The distal two rings can be 
spaced farther apart than the top two rings for better 
stability, but for significant lengthening it is better to 
hâve the distal two-ring construct relatively farther away 
from the intended proximal metaphyseal corticotomy 
site; such an arrangement maximizes the amount of soft 
tissue available for stretching, contributing to the overall 
lengthening. 

■ For initial preconstruction, use only two connections 
between each pair of rings, one anteriorly and one directly 
posteriorly. Plan the frame so that the central connection 







A f Congénital posteromedial bowing of tibia in 11-year-old girl. Although deformity largely corrected spontaneously, 
child is left with 6 cm of shortening and valgus angulation in midshaft of tibia. B, Double-level tibial lengthening. Lower corticotomy 
is made at apex of angular deformity in midshaft, and upper corticotomy could hâve been made more proximally in metaphyseal 
région. After distraction with appropriately placed hinge, more distal corticotomy not only opens up for élongation but also corrects 
valgus deformity. C f Final resuit after removal of fixator shows excellent regenerated bone in gaps. This 6-cm lengthening required 
41/2 months in fixator. Prématuré consolidation of proximal fibular osteotomy resulted in spontaneous proximal fibular epiphysiolysis. 
SEE TECHNIQUE 29-46. 



Typical llizarov frame for moderate tibial lengthening. A, In skeletally immature child with intact physes, proximal 
segment would not hâve enough room for two rings. Single ring distal to proximal tibial epiphysis is used with drop wire for additional 
segmentai stabilization of proximal segment. For significant amount of lengthening, third ring can be placed more distally to allow 
greater mass of soft tissue for recruitment into lengthening process. B, If necessary, llizarov rings can be used to complété the posterior 
aspect of the corticotomy by externally rotating the distal segment. SEE TECHNIQUE 29-46. 
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bolts are centered directly over the tibial tuberosity and 
the anterior crest of the tibia. 

■ Assemble ail rings symmetrically. 

■ To compensate for the anterior and valgus angulation 
that often occurs during tibial lengthening, some sur¬ 
geons connect the upper two-ring set to the lower set 
with anterior and posterior threaded rods attached to the 
lower of the proximal two rings with conical washer 
couples. These allow a tilt of 7 degrees to be built into 
the System. 

■Adjust the frame so that the proximal rings are higher 
anteriorly and medially. The frame is applied in this "cock- 
eyed" position, but after the corticotomy is made, the 
conical washer bolts are removed and ail four rings are 
brought into parallel alignment, placing the tibia in about 
5 degrees of prophylactic recurvatum and varus. 

■ More often, a symmetrically aligned frame is used without 
any prophylactic positioning. Instead, careful attention is 
paid to the follow-up radiographs during lengthening. If 
axial déviations are found at the end of lengthening, cor¬ 
rective hinges are placed onto the ring to obtain proper 
alignment. 

■ For frame application, position the patient on a radiolu- 
cent table and apply a tourniquet to the upper thigh. 

■ Through a latéral incision, expose the midfibula by sub- 
periosteal dissection and transect it with an oscillating 
saw. 

■ Release the tourniquet and close the fibular wound in 
layers. 

■ Under fluoroscopie control, insert a reference wire from 
médial to latéral, perpendicular to the long axis of the 
tibia (for a normally aligned leg), just below the proximal 
tibial physis. Use 1.8-mm wires in large children and 
adolescents and 1.5-mm wires in smaller children. 

■ Attach the preassembled frame to this reference wire. 

■ Place another wire from the fibula to the tibia just proxi¬ 
mal to the distal tibial physis. Use the standard llizarov 
principes of wire insertion and fixation at ail times (see 
Chapter 53). 

■ Wires should be pushed or gently tapped through the 
soft tissues rather than drilled, especially when exiting 
close to neurovascular structures. 

■ When passing wires through the anterior compartment 
muscles, hold the foot dorsiflexed for the same reason. 

■ Incise the skin to allow passage of olive wires. 

■ Never pull or bend a wire to the ring. Instead, build up 
to the wire with washers or posts as necessary to avoid 
undue torque and undesirable moments on the tibia. 

■ Tension the wires to 130 kg, unless the wire is suspended 
off a ring, in which case 50 to 60 kg of tension is used 
to prevent warping of the ring. It is best to use two wire 
tensioners to tighten two wires simultaneously on the 
same ring, if possible, to prevent warping of the ring. 

■ After tensioning and securing the wires, eut the ends long 
(about 4 cm) and curl the ends of the wire directly over 
the wire-fixation boit to allow later retensioning, if neces¬ 
sary. Bend the eut wire points into available ring holes so 
that they do not injure the patient or staff members. 

■ After the first two wires hâve been attached to the frame 
and tensioned, the frame can act as a drill guide for 
placement of the remaining wires. The wires in the first 


ring are the initial transverse reference wire and a médial 
face wire that is parallel to the médial surface of the tibia. 

■ Place a third wire from the fibular head into the tibia to 
prevent dissociation of the proximal tibiofibular joint 
during lengthening. This wire does not risk damage to 
the peroneal nerve if the fibular head is readily palpable. 
Do not use an olive wire because it would compress the 
proximal tibiofibular joint. Ideally, this wire should be 
proximal to the proximal fibular physis. 

■ In the second ring, place a transverse wire and another 
médial face wire, avoiding the pes anserinus tendons, if 
possible. 

■ Because there is a strong tendency to valgus during proxi¬ 
mal tibial lengthening, place olive wires on the top and 
bottom rings laterally and on the middle two rings medi¬ 
ally to function as fulcrums for bending the tibia into 
varus. Half-pins (5 mm or 6 mm) are now used more 
frequently, especially in the diaphysis. 

■ For corticotomy, remove the two threaded rods connect¬ 
ing the proximal fixation block with the distal fixation 
block. 

■ Make a 2-cm incision over the crest of the tibia just below 
the tibial tuberosity. 

■ Incise the periosteum longitudinally and insert a small 
periosteal elevator. 

■ Elevate a narrow portion of periosteum the width of the 
small periosteal elevator along the médial and latéral 
surfaces of the tibia. 

■ Insert a 1.2-cm (X inch) osteotome transversely into the 
thick anterior cortex. 

■ Use a 5-mm (X inch) osteotome to score the médial side 
and then the latéral side. The periosteal elevator can be 
placed flush along the bone to act as a directional guide 
for the osteotome. 

■ The corticotomy is guided by feel and by hearing the 
sound change when the osteotome exits the back cortex. 
On the médial side, no important structures are at risk; 
on the latéral cortex, the posterior tibial muscle belly 
is between the tibia and the deep neurovascular 
structures. 

■ After cutting the médial and latéral cortices, withdraw 
the osteotome and reinsert it along the médial cortex. 

■ Turn the osteotome 90 degrees to spread the cortices and 
crack the posterior cortex. Repeat this maneuver at the 
latéral cortex, if needed. 

■ Although llizarov recommended not violating the medul- 
lary canal, most Western surgeons hâve adopted DeBas- 
tiani's method of making several front-to-back drill holes 
to weaken the posterior cortex. The corticotomy also can 
be completed by externally rotating the distal tibia, but 
do not internally rotate the tibia for fear of stretching the 
peroneal nerve. 

■ For proximal or distal tibial metaphyseal "corticotomies," 
a Gigli saw makes a smooth osteotomy without risk of 
fracture into adjacent pin sites. The Gigli saw method 
requires two transverse incisions, one anteriorly and one 
posteromedially. Subperiosteal dissection with a small 
elevator is done on ail three sides of the tibia. Right-angle 
and curved clamps are used to pass a heavy suture, which 
is tied to the Gigli saw. The suture can be passed before 
frame application and the Gigli saw after completion of 
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9 the fixation. When activating the saw, assistants must 
retract the skin edges. Care is taken to protect the médial 
face periosteum at the final part of the osteotomy. 

■ For frame assembly, reduce the fracture, and insert four 
distraction rods or graduated telescopic rods, approxi- 
mately 90 degrees apart, between the middle two rings. 
■ Close the corticotomy site, over a drain if necessary, and 
apply compressive dressings. 

■ Dress the wire sites with foam sponges held in place by 
plastic clips or rubber stoppers. If rubber stoppers are 
used, put them on before fixing the wires to the rings. 

POSTOPERATIVE CARE. Physical therapy and crutch 
walking with partial weight bearing are begun immedi- 
ately. Distraction is delayed for 5 to 7 days. In children, 
the distraction rate is 0.25 mm four times per day. The 
patient and family are taught to care for the pins before 
discharge from the hospital, usually 5 to 7 days after 
surgery. Radiographs are made 7 to 10 days after distrac¬ 
tion is begun to document séparation at the corticotomy 
site. Regenerated bone should be seen in the gap by 4 
to 6 weeks, although linear streaks of regenerated bone 
usually are visible before then, especially in younger chil¬ 
dren. If the regenerated bone formation is insufficient, 
the rate of distraction should be slowed, stopped, or in 
some instances temporarily reversed. Weight bearing and 
functional activity of the limb aid in maturation of the 
regenerated bone. During distraction, knee flexion con¬ 
tractures and ankle equinus contractures can be pre- 
vented with prophylactic splints and orthoses. The fixator 
is removed when there is evidence of corticalization of 
the regenerated bone, and the patient is able to walk 
without aids. 


For significant lengthening, especially when ankle mobil- 
ity is abnormal before surgery, the foot can be fixed into the 
lengthening device by inserting an olive wire from each side 
of the calcaneus at divergent angles to one another. These are 
attached to an appropriate-size half-ring. This half-ring must 
be within 2 cm of the back of the heel to capture the obliquely 
placed wires anteriorly. The heel ring is connected to the 
lowest ring of the lengthening frame with short plates and 
threaded rods. The heel ring and wires can be removed after 
lengthening is complété to prevent subtalar stiffness. A 
custom orthosis can be constructed to accommodate the foot 
construct. 

For lengthening of more than 6 cm, double-level length¬ 
ening speeds the process and reduces the time in fixation by 
about 40%. In this modification, three rings are used, with a 
drop wire off each ring to give “bilevel” fixation at each 
segment (Fig. 29-115). The fibula should hâve one wire trans- 
fixing it at each of the three rings. Two fibular ostéotomies 
and two corticotomies are required, one of each just below 
the proximal ring and one of each just above the distal ring. 
A heel ring and wires are added to prevent equinus of the 
ankle. The bottom two rings can be connected to provide a 
stable handle on the distal segments to complété the proximal 
corticotomy, and the top two rings can be connected to com¬ 
plété the distal corticotomy. 


If a fixed knee contracture develops during lengthening, 
the physical therapy treatments should be done more offen. 
If the knee contracture does not respond to physical therapy 
and splinting, the frame can be extended proximally to the 
thigh with a cuff cast incorporating a ring and a hinge incor- 
porated at the approximate axis of rotation of the knee. The 
device can be used to distract and correct the knee contrac¬ 
ture slowly. 

To correct other deformities of the tibia while lengthen¬ 
ing, the Ilizarov frame can be modified with hinges to effect 
angular and translational correction simultaneously. Internai 
rotation can be corrected distally by osteotomy at the time of 
fixator application. Proximally, internai rotation should be 
corrected gradually after lengthening is complété but before 
the regenerated bone is solid. Use of the Ilizarov device for 
multiplane corrections should be attempted only by surgeons 
with expérience in these techniques. 


TIBIAL LENGTHENING OVER 
INTRAMEDULLARY N AIL (PRECICE 
INTRAMEDULLARY LENGTHENING 
SYSTEM, ELLIPSE TECHNOLOGIES, 
IRVINE, CA, USA) 


TECHNIQUE 29-47 


(HERZENBERG, STANDARD, GREEN) 

■ Preoperative planning is essential to détermine the 
amount of lengthening required, the correct nail length, 
and correct location for the tibial corticotomy. 

■ Place the patient supine, with the hip and knee flexed 
and the affected leg hanging vertically down over a 
padded bar or stérile triangle, avoiding any pressure on 
the fibular head (common peroneal nerve). Patient posi- 
tioning for the PRECICE procedure is the same as that for 
other intramedullary nailing procedures. 

■ Create an osteotomy of the fibula through a separate 
incision to allow distraction of the tibial osteotomy. Con- 
sider prophylactic fasciotomies as well as a gastrocsoleus 
recession if indicated (Chapter 33). 

VENTING OF INTRAMEDULLARY CANAL 

■ Drill two or three 4-mm or 5-mm diameter holes in the 
tibia, across both cortices and into the intramedullary 
canal. Position the vent at the level of the planned corti¬ 
cotomy. Venting reduces intramedullary pressure during 
reaming. 

■ Reamings from the vent holes will serve as additional 
bone graft. 

SYNDESMOSIS SCREW 

■ A cannulated screw should be placed across the tibia and 
fibula distal to the tip off the nail (see syndesmotic screw 
placement, Chapter 54). 

■ Syndesmotic screw fixation ensures that the fibula length- 
ens with the tibia. 

■ Place a proximal syndesmotic screw (if needed) after final 
nail insertion. 
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N AIL INSERTION 

■ Make a 5-cm vertical skin incision in the midline, centered 
at the level of the tibial plateau. Ensure that the entry 
portai is no more than 1 cm distal to the anterior edge 
of the tibial plateau; a more distal entry point may resuit 
in damage to the posterior cortex. 

■ Reflect the skin and subcutaneous tissues medially until 
the médial border of the patellar tendon is visible, make 
an incision médial to the tendon and proximal to the tibial 
tuberosity, and retract the tendon laterally to allow iden¬ 
tification of the midpoint of the anterior margin of the 
tibial plateau. 

■ Use an awl or cannulated opening reamer over a guide- 
wire to open the medullary canal in the midline. Use 
image intensification in the sagittal and frontal planes to 
confirm that the tip of the reamer and guide pin are in 
the line of the tibial canal. 

■ Insert the bail tipped guidewire until its tip sits 3 to 4 cm 
beyond the planned distal end of the nail. 

■ Reaming begins with an 8-mm flexible reamer and 
increases in 0.5-mm incréments. Ream 2.0 mm beyond 
the planned implant diameter. 

■ Connect the appropriate diameter and length PRECICE 
nail to the proximal guide arm. Verify correct alignment 
of the proximal interlocking screws by passing a 
drill bit through the guide and screw hole in the 
implant. 

■ Advance the nail to just above the level of the planned 
osteotomy. 

■ Remove the guide rod to complété the corticotomy. 



Location of ostéotomies for tibial lengthening 
with intramedullary skeletal kinetic distractor (see text). (From 
Cole JD: Intramedullary skeletal kinetic distractor: tibial surgical tech¬ 
nique: technique manual, Orthofix, McKinney, Tex.) SEE TECHNIQUE 
29-47. 


OSTEOTOMY 

■ Complété the osteotomy at the level of the vent holes. 
The appropriate osteotomy level is commonly at the 
junction of the upper and middle thirds of the tibia 

(Fig. 29-116). 

■ To make the osteotomy, create additional drill holes at the 
level of the previously placed vent holes. Preserve the 
periosteum to protect the blood supply to the regener- 
ated bone. Complété the osteotomy with multiple passes 
with a small osteotome. The posterior cortex may be dif- 
ficult to eut and can be broken through osteoclasis by 
rotating the limb. 

■ Test that the two bone segments rotate freely and inde- 
pendently of each other. 

NAIL INSERTION (CONT f D) 

■ Advance the nail beyond the osteotomy to the desired 
level. 

■ Using the proximal screw guide, place two bicortical 
locking screws. 

■ With a freehand technique (see Chapter 53), insert two 
distal locking screws. 

CLOSURE 

■ After careful irrigation to remove any remaining bone 
fragments from the proximal wound, insert closed suction 
drainage, close the incisions in layers in the usual 
fashion, and apply firm dressings to prevent hematoma 
formation. 


INTRAOPERATIVE EXTERNAL REMOTE CONTROL (ERC) 
DISTRACTION 

■ Locate the center of the magnet with image intensifica¬ 
tion and mark the skin. The mark should be frequently 
refreshed postoperatively. 

■ Place the ERC in a stérile bag and place over the skin 
mark. 

■ Activate the ERC to distract the PRECICE nail 1.0-2.0 mm 
to verify correct functioning of the System. It takes 7 
minutes for 1.0 mm of lengthening. It is not necessary to 
retract the device. 

POSTOPERATIVE CARE. The drains are removed at 24 
to 48 hours after surgery. Partial weight bearing with 
crutches is allowed at 1 week and is continued throughout 
the lengthening and consolidation phases. Full weight 
bearing is not allowed until cortication of the regenerated 
bone is évident in three of four cortices during the end of 
the consolidation phase. Isométrie exercises for the whole 
limb are encouraged early. Gentle knee mobilization can 
be started after about 4 days within the limits of comfort. 
Lengthening should be initiated 7 to 8 days after surgery. 
Daily lengthenings are typically 0.5-1.0 mm divided into 
two to four sessions. The physician and his staff should 
properly train the patient on use of the ERC. Weekly radio¬ 
graphie évaluation is important to monitor progress. 
Removal of the PRECICE is recommended 12-18 months 
after radiographie evidence of full bony consolidation. 
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FEMORAL LENGTHENING 


TECHNIQUE 29-48 


(DEBASTIANI ETAL) 

■ Place the patient supine on a radiolucent table. 

■ Use the mated drills, drill guides, and screw guides to 
insert the conical self-tapping cortical and cancellous 
screws. 

■ Insert a cortical screw at the level of the lesser trochanter, 
perpendicular to the shaft of the fémur. 

■ Attach the rigid template and insert the distalmost screw, 
lining the template up parallel to the shaft of the fémur. 

■ Return to the proximal end of the template and insert 
the next screw in the fourth template hole distal to the 
upper screw. The last screw to be placed is in the distal 
template, in the hole farthest away from the distalmost 
screw. 

■ Remove the template and perform a corticotomy 1 cm 
distal to the proximal two screws (just distal to the ilio- 
psoas insertion). 

■ Incise the anterior thigh skin longitudinally and dissect 
bluntly between the sartorius muscle and the tensor 
fasciae latae muscle and through the substance of the 
vastus intermedius and rectus femoris muscles. Incise the 
periosteum longitudinally and elevate it laterally and 
medially. 

■ Under direct vision, drill a sériés of 4.8-mm unicortical 
holes in the visible aspect of the anterior two thirds of 
the circumference of the fémur (Fig. 29-117A). Set the 
drill stop at 1 cm to prevent pénétration of the marrow. 

■ Use a thin osteotome to connect the drill holes without 
violating the marrow. Flex the fémur at the corticotomy 


to crack the posterior cortex, completing the corticotomy. 
Do not use the Orthofix pins as handles to complété the 
corticotomy, or they may loosen. 

■ Reduce the fracture and apply the Orthofix lengthener. If 
the Orthofix fracture-fixation device is used, fix the bail 
joint rigidly with a small amount of methylmethacrylate. 
The Orthofix slide-lengthening device can be used with 
or without swivel clamps. 

■ If swivel clamps are used, blocking them with methyl¬ 
methacrylate should be considered. The slide lengthener 
is especially useful for double-level lengthening. 

Price recommended acute valgus of a few degrees for 
subtrochanteric lengthening to help prevent the common 
problem of varus at this level. Adductor tenotomy also is 
advised. Suture the periosteum and close the skin over 
drains. The use of six pins has been recommended for 
fémoral lengthening to gain stability and to resist a ten- 
dency for varus déviation (Fig. 29-117B). 

POSTOPERATIVE CARE. Postoperative care is the same 
as that for tibial lengthening (Technique 29-46). 


FEMORAL LENGTHENING 


TECHNIQUE 29-49 


(ILIZAROV, MODIFIED) 

■ Frame preconstruction includes the following considér¬ 
ations. The standard fémoral lengthening frame consists 
of a proximal fixation block made of two arcs, a distal 
fixation block made of two identically sized rings, and an 



A f DeBastiani technique for corticotomy. Using limited open exposure and a 4 or 5 mm drill, multiple holes are drilled 
in anterior half of bone. These are connected with 5-mm osteotome, which also is used to complété corticotomy posteriorly. B f Orthofix 
device for fémoral lengthening. To control varus déviation, three screws are used proximally and three distally, or frame can be applied 
with prophylactic valgus built into construct. SEE TECHNIQUES 29-48 AND 29-49. 
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"empty" middle ring (usually one size larger than the 
distal rings) to link the two fixation blocks. 

■ Preconstruct the trame before surgery to reduce the time 
spent in the operating room. 

■ Use the smallest diameter rings that leave sufficient space 
for swelling after surgery because smaller rings give a 
more mechanically stable construct. There should be one 
fingerbreadth of space between the distal ring and the 
anterior thigh and two fingerbreadths posteriorly at the 
largest diameter of the posterior calf muscles. The distal- 
most ring can be a % -inch ring to allow more knee 
flexion after surgery. This is especially important if there 
is to be a simultaneous lengthening of the ipsilateral tibia 
with proximal tibial rings. (Full rings would touch each 
other after relatively little knee flexion, limiting knee 
mobility.) 

■ Connect the bottom two rings initially with two 20-mm 
or 40-mm threaded hexagonal sockets for better stability, 
one positioned directly anteriorly and one directly poste¬ 
riorly. With newer carbon fiber rings, it is possible to "eut 
out" the back portion of the distal ring as needed to 
improve knee flexion and to prevent impingement against 
a tibial construct. Appropriate reinforcement to the 
nearest ring is required before the carbon fiber ring is eut. 
In small patients, there may be room distally for only one 
ring and a drop wire. 

■ Plan the frame so that the central connection bolts 
are centered directly over the anterior and posterior 
midlines. 

■Choose two parallel arcs to match the contour of the 
proximal latéral thigh, usually a 90-degree arc most proxi- 
mally and a 120-degree arc below it; this causes less 
impingement of the proximal end of the fixator against 
the lower abdomen and pelvis during hip flexion. 

■ Connect the two arcs with two 40-mm hexagonal sockets. 
The reach of the 120-degree arc can be extended by 
attaching two oblique supports off the first and last holes 
on the arc. 

■Attach the oblique support to the empty middle ring, 
which does not hold any wires, but allows a more even 
360-degree push-off between the distal and proximal 
fixation blocks. 

■ Connect the empty middle ring to the distal fixation block 
with two threaded rods, one placed anteriorly and one 
medially, to align the empty ring with the distal ring block 
anteriorly and medially where the soft-tissue sleeve of the 
thigh is minimal, and the larger, empty ring placed later- 
ally and posteriorly where extra skin clearance is required. 
It may be necessary later to build out from the distal block 
laterally and posteriorly with short connection plates to 
hâve additional threaded rods or graduated telescopic 
rods in these locations. 

■ For placement of reference wires, position the patient 
supine with a folded sheet under the ipsilateral buttock. 
A radiolucent table that splits at the lower extremities, 
allowing removal of the part of the table under the 
involved leg, is helpful. Place the foot on a Mayo stand 
or other small table to permit flexion and extension of 
the knee and hip to allow assessment of acceptable 
placement of the wires in the soft tissues around the 
knee. 


■ Use fluoroscopy to guide insertion of the distal reference 
wire. In the distal fémur, use 1.8-mm wires, and in the 
proximal fémur, use 5-mm conical self-drilling, self- 
tapping screws. If preferred, other heavy-gauge half-pins, 
especially those designed to be predrilled, can be substi- 
tuted. When using conical pins, be careful not to back 
them out once they hâve been inserted, or they will 
loosen. 

■ Under fluoroscopie control, insert as the distal reference 
wire an olive wire from latéral to médial, almost perpen- 
dicular to the mechanical axis of the fémur, parallel to the 
knee joint, but slightly higher on the médial side at the 
level of the adductor tuberosity. 

■ For the proximal reference pin, insert a half-pin just distal 
to the level of the greater trochanter, parallel to an imagi- 
nary line drawn from the tip of the greater trochanter to 
the center of the fémoral head, normally within 3 degrees 
of parallel to the axis of the knee joint. 

■ The distal reference wire should be perpendicular to the 
mechanical axis of the fémur, not perpendicular to the 
anatomie axis (Fig. 29-118 A). This is important because 
lengthening should occur along the mechanical axis 
rather than the shaft axis. Failure to adhéré to this prin- 
ciple disrupts the normal mechanical axis and causes 
medialization of the knee. 

■ Secure the preassembled frame to the top reference pin 
and bottom reference wire and ensure that clearance 
between the skin and the frame is adéquate, and that ail 
connections are tight. 

■ Tension the wires to 130 kg of force after fixing the olive 
end of the wire to the distal ring. Ensure adéquate soft- 
tissue clearance and use the frame as a guide to insert 
the proximal half-pin secured with either a monopin fixa¬ 
tion clamp or a buckle clamp (Fig. 29-118B and C). 

■ For fixation, insert two oblique smooth wires on the distal 
ring and one médial olive wire and an oblique smooth 
wire on the ring above. 

■ Some important technical points must be remembered 
while inserting the wires. When inserting a wire from the 
anterior to the posterior thigh, first flex the knee 45 
degrees as the wire pénétrâtes the anterior skin. Then flex 
the knee 90 degrees as the wire pénétrâtes the quadri- 
ceps muscle. Drill the wire through the fémur just to the 
opposite cortex. Tap the wire through the soft tissue, 
keeping the knee fully extended as the wire traverses the 
hamstrings; flex the knee to 45 degrees as the wire exits 
the skin. 

■ After each wire has been inserted, move the knee from 
full extension to 90 degrees of flexion. The wire should 
"float" in the soft tissue and should not be pulled by the 
muscle or cause tenting of the skin. This technique of 
wire placement helps minimize skin irritation and joint 
contractures. 

■ If a wire does not exit directly in the plane of the ring, 
build the ring up to the level of the wire with washers or 
posts. Do not bend the wire in any plane to make it lie 
doser to the ring. 

■ In the proximal arc, add one more pin anteriorly, on the 
opposite side of the arc, to avoid the reference pin. Do 
not insert this pin any more medially than the anterior 
superior iliac spine, or the fémoral nerve will be at risk. 
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Application of llizarov frame (see text). 
A f Frame is applied perpendicular to mechanical axis, not fémoral 
shaft axis. Distally, reference wire is placed parallel to fémoral 
condyles. Proximally, reference pin is drilled perpendicular to 
mechanical axis. B, llizarov fémoral lengthening frame is con- 
structed on proximal and distal reference pins. Middle ring is 
larger in diameter than distal two rings to accommodate conical 
shape of thigh. C, Completed fémoral frame. Graduated tele- 
scopic distractors are placed in alternating up-down position for 
greater stability. Olive wires add greater stability to construct. 
"Empty" middle ring serves as even push-off point. D, Modified 
llizarov frame in place after fémoral corticotomy for lengthening. 
SEE TECHNIQUE 29-49. 


■ On the second arc, place two additional pins, one on each 
side of the arc, in the oblique plane between the two top 
pins. The idéal mechanical placement of wires and pins 
should approach 90 degrees when viewed axially, within 
anatomie limits. A 90-degree fixation spread within a 
given ring or fixation block resists bending moments in 
a more uniform manner. Olive wires add mechanical 
strength to the construct but should not be overused. The 
olive wires function as fulcrums, acting on the bone to 
resist or correct axial déviation. Lengthening around the 
knee tends to angulate into valgus, whereas lengthening 
near the ankle and hip tends to angulate into varus. Ail 
sites are prone to anterior angulation. The olive wires in 
the fémoral construct are placed strategically to resist 
valgus angulation. An additional olive wire can be placed 
opposite the latéral olive wire of the distal ring to lock 
the distal ring into place, if desired. More recently, an 
alternative method of distal ring fixation has been used, 
consisting of one transverse reference wire and two half- 
pins, one posteromedial and one postérolatéral. 

■ For corticotomy, remove the anterior and médial connect¬ 
ing rods from between the empty ring and the distal fixa¬ 
tion block. 

■ Make a y 2 -inch incision in the latéral skin just proximal 
to the distal fixation block. Incising the fascia lata trans- 
versely makes the lengthening process easier and dimin- 
ishes the tendency for valgus angulation. 

■ Dissect bluntly down to the fémur with Mayo scissors 
and insert a small, sharp periosteal elevator down to the 
latéral cortex of the fémur. 

■ With a knife, make a longitudinal incision through the 
periosteum and use the elevator to strip a thin, 1 -cm wide 
section of periosteum anterior and posterior, as much as 
can be reached. 

■ Transect the latéral cortex with a X -inch ostéotomie; eut 
the anterior and posterior cortices, including the linea 
aspera, with a %-inch osteotome. Do not violate the 
medullary canal. Alternative^, make the corticotomy as 
described by DeBastiani (Fig. 29-117). 

■ To prevent médial cortex comminution and fracture 
extension into the distal wires, predrill three 3.2-mm 
holes in the médial cortex, inserting the drill from the 
latéral wound. 

■ Fracture the most médial cortex by bending the fémur. 
Ensure that the fragments show enough motion to indi- 
cate complété corticotomy, but do not widely displace 
them. 

■ Reduce the fracture and align the proximal and distal fixa¬ 
tion blocks parallel to each other. 

■ Use four upright, threaded rods or short, graduated, tele- 
scopic tubes to connect the distal fixation block to the 
empty ring (Fig. 29-118C). Complété the frame by adding 
components until there are four connectors between 
every arc or ring in the frame (Fig. 29-118D). 

■ Close the skin over a drain if needed and apply a pressure 
dressing to the latéral wound. 

■ Dress the wire and pin sites with sponges. Apply rubber 
stoppers to each wire and pin site before attaching them 
to the frame. The stoppers help maintain slight pressure 
on the pin dressings and minimize pin-skin interface 
motion, which is a préludé to pin site infection. Wrap the 
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proximal four pins tightly with stretch gauze to minimize 
skin motion over these pins. 

POSTOPERATIVE CARE. Physical therapy and protected 
weight bearing with crutches are begun immediately. 
Knee flexion of at least 45 to 75 degrees is encouraged, 
but the knee is splinted in extension at night. Lengthen- 
ing is begun at 4 to 6 days after surgery, depending on 
the âge of the child, and progresses at a rate of 0.25 mm 
four times daily. The patient and family are taught how 
to lengthen before discharge from the hospital, and a 
record of lengthening should be maintained. Although 
lengthening at precisely every 6 hours is désirable, it is far 
more practical to lengthen at breakfast, lunch, dinner, 
and bedtime. A preoperative latéral view of the knee is 
essential to help judge early signs of subluxation, espe- 
cially during large lengthenings in patients with congéni¬ 
tal deficiencies of the fémur. Radiographs should be made 
7 to 10 days after lengthening is begun to ensure distrac¬ 
tion of the corticotomy. If insufficient regenerated bone 
is présent after 4 to 6 weeks, the rate of distraction can 
be adjusted. 


When the desired length has been achieved, the fixator is kept 
in place until there is corticalization of the regenerated bone. 
Some surgeons “train” the regenerated bone before fixator 
removal by placing it under slight compression or by reten- 
sioning the wires. Weight bearing and fixator stability are 
crucial factors in producing healthy regenerated bone. At the 
time of fixator removal, the knee can be manipulated if neces- 
sary, but only before removal of the device. Protected weight 
bearing and vigorous physical therapy are continued, and 
activity is increased gradually. When lengthening is complété, 
knee motion typically is limited to about 40 degrees, but after 
the frame is removed, motion usually is regained at the rate 
of 10 to 15 degrees a month. 

The Ilizarov frame and application can be modified to 
correct déviation of the mechanical axis or deformity of the 
proximal fémur. Hinges can be placed at the lengthening 
corticotomy site to effect angular correction. Proximal defor- 
mities can be immediately corrected by percutaneous oste- 
otomy between the two proximal arcs. The arcs are initially 
angulated relative to one another, the osteotomy is performed, 
and the arcs are immediately brought into parallel alignment 
to effect the desired correction. Rotational corrections are 
best done acutely through a proximal (subtrochanteric) oste¬ 
otomy at the time of initial frame application. The Taylor 
Spatial Frame also may be used for distraction osteogenesis 
(see Chapter 54). 


FEMORAL LENGTHENING OVER 
INTRAMEDULLARY NAIL (PRECICE) 


TECHNIQUE 29-50 


(STANDARD, HERZENBERG, AND GREEN) 

■ Venting of the fémur is done as described for tibial 
lengthening (see Technique 29-46). 



Ostéotomies for fémoral lengthening with 
intramedullary skeletal kinetic distractor (see text). (From Cole JD: 
Intramedullary skeletal kinetic distractor: fémoral surgical technique: 
technique manual, Orthofix, McKinney, Tex.) SEE TECHNIQUE 29-50. 


■ Place the patient supine or in the latéral decubitus posi¬ 
tion, depending on surgeon preference and préparé and 
drape the leg from the anterior superior iliac spine to the 
proximal tibia. 

■ Make an osteotomy at the junction of the proximal and 
middle thirds of the fémur unless preexisting bony defor¬ 
mity requires particular positioning of the osteotomy for 
acute angular correction. As with the tibial technique, do 
not make the osteotomy in the proximal or distal metaph- 
yseal areas (Fig. 29-1 19). 

■ Trochanteric and piriformis entry nails are available. Piri- 
formis entry should be used only on skeletally mature 
patients because of the risk of osteonecrosis. Alterna¬ 
tive^, rétrogradé nailing combined with distally placed 
corticotomy can be used (Fig. 29-120). 

■ Make a 7- to 10-mm incision proximal to the greater 
trochanter; continue dissection until the tip of the greater 
trochanter can be palpated. Divide the fibers of the ilio- 
tibial band exactly in the middle of the trochanter. 

■Check the dimensions of the trochanter by palpation to 
locate the insertion in the midline; the idéal position is in 
the piriformis fossa, close to its latéral wall, just médial 
to the greater trochanter. To avoid injury to the circumflex 
fémoral artery, ensure that the insertion site is not too 
médial. 

■ Using a Kirschner wire and cannulated reamer, create the 
entry to the piriformis fossa just médial to the trochanter, 
insert the reamer 1 to 2 cm, and check its position with 
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image intensification to ensure that the tip of the reamer 
is directly in line with the axis of the diaphysis in the 
frontal and the sagittal planes. 

■ When correct position is verified, using gentle pressure 
and rotational movement, advance the reamer into the 
fémoral canal for 3 to 4 cm, keeping the straight part of 
the handle in line with the diaphysis. 

■ Position the guidewire centrally and drive it down until 
its tip sits in the subchondral bone exactly on the roof of 
the intercondylar notch, midway between the fémoral 
condyles. 

■ Starting with an 8-mm reamer, ream the medullary canal 
with increasingly larger reamers (0.5-mm incréments) 
until a width of 2 mm larger than the proposed length- 
ener diameter has been obtained. 

■ Insert the PRECICE nail to the level of the corticotomy. 

■ Perform the corticotomy as described for the tibial nail 
(See Technique 29-46). 

■ Insert the distal and proximal locking screws as described 
for the tibial nail (see Technique 29-46). 

INTRAOPERATIVE EXTERNAL REMOTE CONTROL (ERC) 
DISTRACTION 

■ Perform intraoperative external remote control distraction 
as described for the tibial nail (see Technique 29-46). 

■ Remove the drill guide and close the incisions in usual 
fashion. Generally, suction drainage is needed in only the 
proximal incision (entry portai). Apply a compression 
dressing and an elastic bandage wrapped around the hip, 
starting from the foot, to avoid wound seroma. 


POSTOPERATIVE CARE. The drain is removed at 24 to 
48 hours after surgery. Partial weight bearing with 
crutches is allowed after 1 week; full weight bearing is 
not allowed until cortication of the regenerated bone is 
visible in three of four cortices during the end of the 
consolidation phase. Isométrie exercises are begun early, 
and gentle knee mobilization can be initiated at about 4 
days. Lengthening is initiated 5-7 days after surgery (see 
Postoperative Care for Technique 29-46). 


Complications of Lengthening. Ail types of limb- 
lengthening devices and techniques hâve some complications 
in common, but certain complications are more or less likely 
to occur with a given de vice. 

Pin Track Infection. The most common problem is pin 
track infection, which can be minimized by careful pin inser¬ 
tion. Thin wires should be inserted through the skin directly 
at the level that the wire enters bone to prevent tenting of the 
skin. At the end of the procedure, moving the nearby joints 
through a full range of motion identifies skin tenting over 
wires, and the sites can be released with a scalpel. The thin 
transfixion wires may cause fewer problems than the large 
half-pins, but skin and muscle motion over any wire or pin 
should be minimized by spécial dressing techniques. For 
thin-wire fixators, commercially available 1-inch foam cubes 
with a slit are placed around the pin site. The slit is stapled to 
hold the cube in place. Finally, a clip or previously applied 
rubber stopper is lowered onto the foam to apply mild pres¬ 
sure on the skin. Excessive pressure should be avoided, 
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however, because it can cause ulcérations, especially over 
bony prominences. For large pins, especially in the thigh, 
surgical gauze can be wrapped snugly around two or more 
neighboring pins to apply pressure to the skin around the 
pins. Ail wire and pin care should include daily sterilization 
with an antiseptie, such as povidone-iodine (Betadine) or 
chlorhexidine gluconate (Hibistat), but only a small amount 
(1 mL per pin) should be used to avoid skin irritation. If the 
skin becomes irritated, the solution can be diluted, or a nonir- 
ritating antibiotic ointment, such as polymyxin B sulfate- 
neomycin sulfate (Neosporin), can be used. 

At the first sign of pin track infection, broad-spectrum 
antibiotics should be given, local pin care should be intensi- 
fied, and the pin site should be incised to promote drainage 
if necessary. If the infection does not improve with these 
measures, the pin may hâve to be removed. If pin removal 
jeopardizes the stability of the frame, a replacement pin 
should be inserted. With the Ilizarov apparatus, this is rela- 
tively simple: a wire can be placed in a nearby hole or dropped 
off the ring on a post to avoid the infected pin site. With 
monolateral fixators, insertion of a replacement pin away 
from the infected site is more difficult. The Orthofix supplé¬ 
mentai screw device can be useful for inserting additional 
half-pins off-axis. Severe infection usually requires curettage 
of the pin track and bone. 

Muscular Problems. The most difficult complications 
that occur during lengthening are related to the muscles. 
Theoretically, the bones can be lengthened by any amount, 
but the muscles hâve a limited ability to stretch. Typically, the 
muscles that cause the most problems are the triceps surae 
during tibial lengthening and the quadriceps or hamstrings 
during fémoral lengthening. Decreased knee flexion or obli- 
gate latéral patellar dislocation with knee flexion affer fémoral 
lengthening may require a quadricepsplasty if therapy alone 
proves insufficient to achieve the desired range of motion. 
Knee flexion contracture is common during tibial lengthen¬ 
ing and can be prevented with prophylactic splinting, espe¬ 
cially at night. Custom orthoses or commercially available 
Dynasplints (Dynasplint Systems, Severna Park, Md) are 
helpful, and vigorous, frequent physical therapy is crucial. 
Prophylactic treatment should be started within 1 week of the 
original surgery. For tibial lengthenings of more than 4 to 
5 cm, the foot should be fixed in neutral position by applying 
a posterior splint for monolateral fixators or by placing two 
wires in the heel and connecting them to a ring attached to 
the frame of a thin-wire circular fixator. The heel pins should 
be removed as soon as possible affer lengthening is complété 
(provided that the knee is not contracted) to allow the subta- 
lar and ankle joints to regain motion. Lengthening of the 
Achilles tendon should be considered if residual contracture 
persists. Any preoperative contracture of the Achilles tendon 
should be corrected before or during tibial lengthening. 

Joint Problems. Joint subluxation or dislocation has 
been reported during fémoral lengthening, especially if either 
the hip or the knee joint is unstable before surgery (as is 
frequently the case in patients with PFFD). In patients with 
congénital deformities, prophylactic ténotomies of the rectus 
femoris proximally, the adductors, and sometimes the ham¬ 
strings can be useful. For hips with varus deformities, 
corrective valgus osteotomy should be delayed until affer 
lengthening. As a general rule, the hip radiograph should 
show a center-edge angle of at least 15 to 20 degrees before 


fémoral lengthening is considered; otherwise, a preliminary 
pelvic osteotomy may be necessary. The cruciate ligaments 
generally are déficient in patients with PFFD, making knee 
subluxation more likely, and prophylactic fixation of the knee 
joint with a mobile hinge is possible with the Ilizarov appa¬ 
ratus. A posteriorly dislocated tibia can be slowly pulled ante- 
riorly with a mobile Ilizarov hinge on a rail to reduce the 
dislocation and allow knee motion. With monolateral fix¬ 
ators, these options are unavailable. For hip subluxation, trac¬ 
tion and bed rest usually are sufficient. 

Neurovascular Problems. Neurovascular complications 
usually are related to faulty pin placement, but may resuit 
from stretching during lengthening. If the rate of distraction 
is 1 mm/d, neurovascular tissues almost always are able to 
stretch to accommodate the lengthening. Decreasing or tem- 
porarily stopping the distraction usually is sufficient. If a 
cutaneous nerve is tented over a wire or pin, removal of the 
pin is indicated. Peroneal nerve dysfunction that occurs 
during tibial lengthening should be treated by nerve décom¬ 
pression at the fibular head, extending proximally 5 to 7 cm 
and distally into the anterior compartment. 

Bony Problems. Bony complications of distraction 
osteogenesis include prématuré consolidation and delayed 
consolidation. In Wagner lengthening, common problems are 
deep infection, pseudarthrosis, plate breakage, and malunion. 
With distraction osteogenesis by either the Ilizarov or the 
DeBastiani technique, delayed or prématuré consolidation 
usually can be resolved without compromising a satisfactory 
resuit. Prématuré consolidation is caused by an excessive 
latency period. For fémoral lengthening in children, a latency 
period of 5 days is recommended, and for tibial lengthening, 
7 days is recommended. For older patients and patients with 
compromised vascularity to the limb, longer latency periods 
may be appropriate. Prématuré consolidation of the fibula in 
tibial lengthenings can be prevented by using a standard open 
osteotomy of the fibula instead of a corticotomy. In some 
reports of prématuré consolidation, patients reported succes- 
sively difficult lengthening until finally a “pop” was felt, fol- 
lowed by brief but intense pain, indicating spontaneous 
rupture through the Consolidated regenerated bone. The bone 
ends should be brought back to the level of apposition before 
the rupture, and affer a brief latency period, lengthening is 
resumed. Failure to “back up” can resuit in cyst formation and 
nonunion. 

Delayed consolidation is more common with diaphyseal 
lengthening than with metaphyseal corticotomy. Contribut- 
ing factors include frame instability, overly vigorous corti¬ 
cotomy with excessive periosteal stripping, and a distraction 
rate that is too rapid, especially affer too brief a latency period. 
Gigli saw ostéotomies in thick diaphyseal cortical bone can 
lead to delayed healing. Underlying medical or nutritional 
problems and lack of exercise are other contributing factors. 
In addition to correcting these factors, distraction can be 
slowed or stopped, the bone can be compressed, or the bone 
can be alternately compressed and lengthened. Walking and 
normal use of the limb should always be encouraged. In 
adults and older children, the best regenerated bone develops 
in patients who are active and use analgésies sparingly. Autol- 
ogous cancellous bone graffing of the gap is a final resort, 
although recent studies hâve demonstrated some efficacy 
with an injection of autologous bone marrow aspirate com- 
bined with platelet rich plasma. 
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Extra précautions should be taken during the préparation 
and draping of the fixator because the pin sites may harbor 
bacteria. With Wagner lengthening, bone grafting of the gap 
is expected, but it is easier to drape the monolateral fixators 
out of the stérile operative site. 

Malunion and Axial Déviation. Malunion and axial 
déviation can be avoided with careful preoperative planning 
to prevent the introduction of deformity during the lengthen¬ 
ing. It is important to remember that intramedullary devices 
lengthen along the anatomie axis of the bone rather than the 
mechanical axis of the limb, and this should be taken into 
considération when planning the rod insertion, osteotomy 
level, and direction of initial osteotomy displacement. Mal¬ 
union also can occur with bending of the regenerate. This 
offen can be avoided by maintaining the rod or external 
device until adéquate consolidation has occurred. 
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DEVELOPMENTAL DYSPLASIA 
OF THE HIP 

Developmental dysplasia of the hip generally includes sub¬ 
luxation (partial dislocation) of the fémoral head, acetabular 
dysplasia, and complété dislocation of the fémoral head from 
the true acetabulum. In a newborn with true congénital dis¬ 
location of the hip, the fémoral head can be dislocated and 
reduced into and out of the true acetabulum. In an older 
child, the fémoral head remains dislocated and secondary 
changes develop in the fémoral head and acetabulum. 

Historically, the incidence of developmental dysplasia of 
the hip has been estimated to be approximately 1 in 1000 live 
births. A metaanalysis of the literature estimated the inci¬ 
dence of developmental dysplasia of the hip (DDH) revealed 
by physical examination done by pediatricians to be 8.6 per 
1000; for orthopaedic screening, 11.5 per 1000; and for ultra- 
sound examination, 25 per 1000. The estimated odds ratio for 
DDH for breech delivery was 5.5, for female sex, 4.1 and for 
positive family history, 1.7. Ultrasound screening of 18,060 
hips detected 1001 that deviated from normal (incidence of 
55.1 per 1,000); however, only 90 hips remained abnormal at 
repeat examinations at 2 and 6 weeks, for a true DDH inci¬ 
dence of 5 per 1000. None of the other hips with “sonographic 
DDH” developed true DDH during 12-month follow-up. The 
left hip is more commonly involved than the right, and bilat¬ 
eral involvement is more common than involvement of the 
right hip alone. 

Several risk factors should arouse suspicion of develop¬ 
mental dysplasia of the hip. The disorder is more common in 
girls than in boys—in many sériés five times more common. 
Breech deliveries constitute 3% to 4% of ail deliveries, and the 
incidence of developmental dysplasia of the hip is signifi- 
cantly increased in this patient population. MacEwen and 


Ramsey in a study of 25,000 infants found the combination 
of female infants and breech présentation to resuit in devel¬ 
opmental dysplasia of the hip in one out of 35 such births. 
Developmental dysplasia of the hip is more common in first- 
born children than in subséquent siblings. A family history 
of developmental dysplasia of the hip increases the likelihood 
of this condition to approximately 10%. Ethnie background 
plays some rôle in that developmental dysplasia of the hip is 
more common in white children than in black children. 
Other reported examples include the high incidence among 
Navajo Indians and the relatively low incidence among 
Chinese. 

A strong association also exists between developmental 
dysplasia of the hip and other musculoskeletal abnormalities, 
such as congénital torticollis, metatarsus adductus, and 
talipes calcaneovalgus. The coexistence rate of congénital 
muscular torticollis and DDH is approximately 8%, with boys 
nearly five times as likely to hâve both as girls. The relation- 
ship between DDH and clubfoot is controversial; however, 
multiple studies hâve demonstrated very little association 
between the presence of clubfoot and DDH. We recommend 
careful screening by performing hip physical examination in 
every infant who has a clubfoot deformity. Although we do 
not perform ultrasound routinely on ail these babies, we hâve 
a low threshold to obtain a screening hip ultrasound évalua¬ 
tion in this patient population. 

Several théories regarding the cause of developmental 
dysplasia of the hip hâve been proposed, including mechani- 
cal factors, hormone-induced joint laxity, primary acetabular 
dysplasia, and genetic inheritance. Breech delivery, with the 
mechanical forces of abnormal flexion of the hips, can easily 
be seen as a cause of dislocation of the fémoral head. The most 
common intrauterine position places the left hip of the fétus 
against the maternai sacrum. This could partially explain the 
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increased incidence of DDH in the left hip. Postnatal mechan- 
ical factors also could play a rôle. An increased incidence 
of developmental dysplasia of the hip has been reported in 
cultures that swaddle infants with the hip in constant 
extension. 

Several authors hâve proposed ligamentous laxity as a 
contributing factor in developmental dysplasia of the hip. The 
theory is that the influence of the maternai hormone relaxin, 
which produces relaxation of the pelvis during delivery, may 
cause enough ligamentous laxity in the child in utero and 
during the néonatal period to allow dislocation of the fémoral 
head. This theory has credibility because relaxin has been 
shown to cross the placenta, and DDH is more common in 
females who are presumably more susceptible to the influ¬ 
ences of relaxin. 

Wynne-Davies described a familial occurrence of a 
“shallow” acetabulum, defined as a “dysplasia trait,” in pro- 
posing primary acetabular dysplasia as one of the risk factors 
for developmental dysplasia of the hip. The risk of a genetic 
influence was noted by Ortolani, who reported a 70% inci¬ 
dence of a positive family history in children with develop¬ 
mental dysplasia of the hip. 

DIAGNOSIS AND CLINICAL PRESENTATION 

The clinical présentation of developmental dysplasia of the 
hip varies according to the âge of the child. In newborns (<6 
months old), it is especially important to perform a careful 
clinical examination because radiographs are not always reli- 
able in making the diagnosis of developmental dysplasia in 
this âge group. 

The infant should be calm, relaxed, and pacified during 
the examination, and only one hip should be examined at a 
time. The examiner places his or her hand around the infants 
knees so that the thumb lies on the inner thigh and the index 
and long Angers lie at the level of the greater trochanter. The 
Ortolani test is performed by gently abducting the flexed hip 
while applying an anteromedially directed force to the greater 
trochanter to detect any réduction of the fémoral head into 
the true acetabulum. The provocative maneuver of Barlow 
detects any potential subluxation or posterior dislocation of 
the fémoral head by direct pressure on the longitudinal axis 
of the fémur while the hip is in adduction. A palpable, rather 
than an audible, clunk is felt as the fémoral head reduces into 
or subluxes out of the acetabulum (Fig. 30-1). 

A child may be born with acetabular dysplasia without 
dislocation of the hip, and the latter may develop weeks or 
months later. Westin et al. reported the late development of 
dislocation of the hip in children with normal néonatal clini¬ 
cal and radiographie examinations; they termed this develop¬ 
mental dysplasia as opposed to congénital dysplasia of the hip 
as it was previously known. 

As the child reaches âge 6 to 18 months, several factors 
in the clinical présentation change. When the fémoral head 
is dislocated and the ability to reduce it by abduction has 
disappeared, several other clinical signs become obvious. The 
first and most reliable is a decrease in the ability to abduct 
the dislocated hip because of a contracture of the adductor 
musculature (Fig. 30-2 A). Asymmetric skin folds are com- 
monly mentioned as a sign to look for, but this sign is not 
always reliable because normal children may hâve asymmet¬ 
ric skin folds and children with dislocated hips may hâve 
symmetric folds. In general, the rate of DDH is much higher 



Ortolani maneuver for routine screening of 
congénital dislocation of hip. Examiner gently stabilizes infant's 
left hip and lower extremity and places left hand around right 
thigh and index and middle fingers over greater trochanter. 


in hips with at least one abnormal clinical finding than in hips 
without any. Limitation of abduction and asymmetric skin 
folds are the two most common findings. 

The Galeazzi sign is noted when the fémoral head 
becomes displaced not only laterally but also proximally, 
causing an apparent shortening of the fémur on the side of 
the dislocated hip (Fig. 30-2B). Bilateral dislocations may 
appear symmetrically abnormal. 

In a child of walking âge with an undetected dislocated 
hip, families describe a “waddling” type of gait, indicating 
dislocation of the fémoral head and a Trendelenburg gait 
pattern. Parents also may describe difflculty in abducting the 
hip during diaper changes. 

SCREENING 

The American Academy of Pediatrics recommends routine 
screening examination of ail infants but does not recommend 
routine ultrasound évaluation of ail newborns. Referral to an 
orthopaedist is recommended with a positive newborn exam¬ 
ination or a positive resuit at 2-week follow-up examination. 
Ultrasound is recommended for physical examination find¬ 
ings or risk factors that raise suspicion for DDH when the 
Ortolani and Barlow tests are négative. 

The American Academy of Orthopédie Surgeons devel- 
oped clinical practice guidelines in 2014 for the détection and 
nonoperative management of pédiatrie developmental dys¬ 
plasia of the hip in infants up to 6 months of âge. Their rec¬ 
ommendations related to screening and imaging include: 

1. Moderate evidence supports not performing universal 
ultrasound screening of newborn infants. 

2. Moderate evidence supports performing an imaging 
study before 6 months of âge in infants with one or more 
of the following risk factors: breech présentation, family 
history, or history of clinical instability. 

3. Limited evidence supports that the practitioner might 
obtain an ultrasound in infants younger than 6 weeks of 
âge with a positive instability examination to guide the 
decision to initiate brace treatment. 

4. Limited evidence supports the use of an anteroposterior 
pelvic radiograph instead of an ultrasound to assess DDH 
in infants beginning at 4 months of âge. 
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Clinical signs of congénital dislocation of hip in 13-month-old infant. A f Decrease in abduction of right hip with 
adduction contracture. B f Positive Galeazzi sign with apparent shortening of right lower extremity. 


5. Limited evidence supports that a practitioner reexamine 
infants previously screened as having a normal hip exam¬ 
ination on subséquent visits prior to 6 months of âge. 

6. Limited evidence supports that the practitioner perform 
serial physical examinations and periodic imaging assess- 
ments (ultrasound or radiograph based on âge) during 
management for unstable infant hips. 

IMAGING 

Many reports hâve evaluated the use of ultrasound screening 
of newborns for early diagnosis of developmental dysplasia of 
the hip. The most comprehensive accounts of the anatomy of 
the infant hip by ultrasound are by Graf of Austria, who 
described the ultrasonographic anatomy of the newborn hip 
and devised an ultrasonographic classification for hip dyspla¬ 
sia (Fig. 30-3). Although ultrasound is noninvasive and rela- 
tively simple to use, many authors hâve emphasized that the 
examination is highly observer dépendent and that it is easy 
to overdiagnose “dysplasia.” In addition, ultrasound findings 
before 6 weeks of âge can be questionable because of ligamen- 
tous laxity in the early newborn period; treatment before 6 
weeks of âge should be based on physical examination rather 
than ultrasound findings alone. Ultrasound diagnosis of “ace- 
tabular dysplasia” with a stable hip examination in the early 
postnatal period may resuit in unnecessary treatment. Never- 
theless, ultrasound can be a useful adjunct to the physical 
examination and often is helpful in measuring and document - 
ing the response of the hip to Pavlik harness treatment. 

Although radiographs are not always reliable in making 
the diagnosis of developmental dysplasia of the hip in new¬ 
borns, screening radiographs may reveal any severe acetabu- 
lar dysplasia or findings of a tératologie dislocation. As a 
child with a dislocated hip âges and the soft tissues become 
contracted, radiographs become more reliable and helpful 
in diagnosis and treatment (Fig. 30-4). The most commonly 
used fines of reference are the vertical line of Perkins and 
the horizontal line of Hilgenreiner, both used to assess the 


position of the fémoral head. In addition, the Shenton line is 
disrupted in an older child with a dislocated hip. Normally, 
the metaphyseal beak of the proximal fémur lies within the 
inner lower quadrant of the reference fines noted by Perkins 
and Hilgenreiner. The acetabular index in a newborn gener- 
ally is 30 degrees or less. Any significant increase in this 
measurement may be a sign of acetabular dysplasia. 

TREATMENT 

The treatment of developmental dysplasia of the hip or DDH 
is âge related and tailored to the spécifie pathologie condition. 
Five age-related treatment groups hâve been designated: 
newborn (birth to 6 months old), infant (6 to 18 months old), 
toddler (18 to 36 months old), child (3 to 8 years old), and 
adolescent and young adult (>8 years old). There can be 
overlap in these âge groups that requires modification of 
treatment plans. 

■ NEWBORN (BIRTH TO 6 MONTHS) 

From birth to approximately 6 months old, treatment is 
directed at stabilizing the hip that has a positive Ortolani or 
Barlow test or reducing the dislocated hip with a mild-to- 
moderate adduction contracture. When the diagnosis has 
been made, either clinically or radiographically, it is essential 
to carefully evaluate the direction of dislocation, the stability, 
and the reducibility of the hip before treatment. A success rate 
of 85% to 95% has been reported in children treated in the 
Pavlik harness during the first few months of life. As the child 
âges and soft-tissue contractures develop, along with second- 
ary changes in the acetabulum, the success rate of the Pavlik 
harness decreases. Attention to detail is required in the use 
of this harness because the potential complications include 
osteonecrosis of the fémoral head, although this appears to 
occur in less than 1% of patients. 

When properly applied and maintained, the Pavlik 
harness is a dynamic flexion-abduction orthosis that can 
produce excellent results in the treatment of dysplastic and 
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Jgg^P A, Image is rotated 90 degrees clockwise to 
resemble a hip in the anteroposterior plane in a standing or supine 
child. Angle a is formed by the intersection of the baseline and the 
acetabular roofline; it is normally less than 60 degrees. Angle |3 is 
formed by the intersection of the baseline and the inclination line; 
it is normally less than 55 degrees. In a normal hip the baseline 
should bisect the fémoral head. B f Ultrasound appearance of a 
normal hip: a angle of 60 degrees and baseline bisects the fémoral 
head. C f Dislocated hip. 


dislocated hips in infants during the first few months. The 
harness is difficult to use in children who are crawling or 
who hâve fixed soft-tissue contractures and a fixed hip dislo¬ 
cation. If a tératologie dislocation is présent, the Pavlik 
harness should not be used. 

The Pavlik harness consists of a chest strap, two shoul- 
der straps, and two stirrups. Each stirrup has an anterome- 
dial flexion strap and a postérolatéral abduction strap. The 
harness is applied with the child supine and in a comfort- 
able undershirt. The chest strap is fastened first, allowing 
enough room for three fingers to be placed between the 
chest and the harness. The shoulder straps are adjusted to 
maintain the chest strap at the nipple line. The feet are 
placed in the stirrups one at a time. The hip is placed in 
flexion (90 to 110 degrees), and the anterior flexion strap is 
tightened to maintain this position. Finally, the latéral strap 
is loosely fastened to limit adduction, not to force abduc¬ 
tion. Excessive abduction to ensure stability is unacceptable. 


The knees should be 3 to 5 cm apart at full adduction in the 
harness (Fig. 30-5). 

A radiograph of the patient in the harness can help to 
confirm that the fémoral neck is directed toward the triradi- 
ate cartilage, but a radiograph is not routinely necessary. 
During the first few weeks of harness wear, when the hip feels 
stable clinically, ultrasound évaluation is appropriate to 
confirm réduction of the hip. 

Four basic patterns of persistent dislocation hâve been 
observed after application of the Pavlik harness: superior, infe- 
rior, latéral, and posterior. If the dislocation is superior, addi- 
tional flexion of the hip is indicated. If the dislocation is 
inferior, a decrease in flexion is indicated. A latéral disloca¬ 
tion in the Pavlik harness should be observed initially. As long 
as the fémoral neck is directed toward the triradiate cartilage, 
as confirmed by radiograph or ultrasound, the head may 
gradually reduce and “dock” into the acetabulum. A persis¬ 
tent posterior dislocation is difficult to treat, and Pavlik 
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Normal 


Dysplastic 



JjJ! A f Congénital dislocation of left hip in 13-month-old infant. B f Radiographie signs of congénital hip dislocation. 1, 
horizontal line (Hilgenreiner line); 2, vertical line (Perkins line); 3, quadrants (formed by lines 1 and 2); 4, acetabular index (Kleinberg 
and Lieberman); 5, Shenton line; 6, upward displacement of fémoral head; 7, latéral displacement of fémoral head; 8, U FIGURE of 
teardrop shadow (Kohler); 9, Y coordinate (Ponseti); 10, capital epiphyseal dysplasia (a, delayed appearance of center of ossification 
of fémoral head; b, irregular maturation of center of ossification); 11, bifurcation (furrowing of acetabular roof in late infancy (Ponseti); 
12, hypoplasia of pelvis (ilium); 13, delayed fusion (ischiopubic juncture); 14, adduction attitude of extremity. 



Properly applied Pavlik harness (see text). (Cour- 
tesy of Wheaton Brace, Carol Stream, IL.) 


harness treatment frequently is unsuccessful and should be 
discontinued. Posterior dislocation is usually accompanied by 
tight hip adductor muscles and may be diagnosed by palpa¬ 
tion of the greater trochanter posteriorly. 

If any of these patterns of dislocation or subluxation 
persist for more than 3 to 6 weeks, treatment in the Pavlik 
harness should be discontinued and a new program initiated; 
in most patients, this consists of closed or open réduction and 
casting. The Pavlik harness should be worn full-time until 
stability is attained, as determined by négative Barlow and 
Ortolani tests. During this time, the patient is examined at 
1- to 2-week intervals and the harness straps are adjusted 
to accommodate growth. The family is instructed in care of 
the child in the harness, including bathing, diapering, and 
dressing. 

Quadriceps function should be noted at each examina¬ 
tion to detect a fémoral nerve palsy, and families should be 
instructed to remove the legs from the brace daily to ensure 
that the infant is able to actively extend the knee against 
gravity. If a fémoral nerve palsy develops, the brace should be 
discontinued until full motor function returns. The duration 
of treatment dépends on the patient s âge at diagnosis and the 
degree of hip instability. There are very few guidelines for 
brace discontinuation. Recommendations vary from abrupt 
discontinuation of the Pavlik harness 6 weeks after clinical 
stability has been obtained, to weaning of up to 2 hours 
per week until the brace is worn only at night, to transitioning 
to a nighttime abduction orthosis for additional weeks or 
months. 
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A, Developmental dislocation of hip in 2-month- 
old boy. B f At 5 months of âge after réduction in Pavlik harness. 


Radiographie or ultrasound documentation can be used 
throughout the treatment period to verify the position of the 
hip. Ultrasonographic évaluation is useful at the following 
times: immediately after the initiation of treatment, after any 
major adjustment in the harness, when the hip examination 
is stable after beginning Pavlik harness treatment, and 6 
weeks after the hip stabilizes clinically or at the time weaning 
begins. Radiographs are useful at 6 months old, and also at 1 
year old (Fig. 30-6). 

Suggested risk factors for Pavlik harness failure include 
absent Ortolani sign at initial évaluation (irreducible disloca¬ 
tion), bilateral hip dislocations, the development of a fémoral 
nerve palsy during Pavlik treatment, an acetabular angle of 
36 degrees or more on a radiograph, irreducible hips, initial 
coverage of less than 20% (as determined by ultrasound), and 
delay of Pavlik harness treatment beyond 7 weeks of âge. 
Failure of Pavlik harness management of developmental dis¬ 
location of the hip commonly indicates a need for closed or 
open réduction and a more dysplastic acetabulum. 

In multiple sériés of dislocated hips reduced with the use 
of the Pavlik harness, the more severe the dislocation, the 
higher the rates of failed réduction and osteonecrosis, empha- 
sizing the need for gentle réduction and progression to 
further treatment when the harness fails. Long-term follow-up 
of patients with Pavlik harness treatment is necessary because 
many patients hâve changes in the acetabulum at long-term 
follow-up despite normal radiographs at 3-year and 5-year 
follow-up examinations. 

■ INFANT (6 TO 18 MONTHS) 

When a child reaches crawling âge (4 to 6 months old), 
success with the Pavlik harness decreases significantly. A 6- to 
18-month-old infant with a dislocated hip is likely to require 
either closed or open réduction. 


Children in this âge group are often seen initially with a 
shortened extremity, limited passive abduction, and a positive 
Galeazzi sign. If the child is walking, a Trendelenburg gait 
may be présent. Radiographie changes include delayed 
ossification of the fémoral head, latéral and proximal dis¬ 
placement of the fémoral head, and a shallow, dysplastic 
acetabulum. 

With persistent dysplasia, the fémoral head eventually 
moves superiorly and laterally with weight bearing. The 
capsule becomes permanently elongated, and anteriorly the 
psoas tendon may obstruct réduction of the fémoral head into 
the true acetabulum. The limbus acetabuli may hypertrophy 
along the periphery of the acetabulum, and the ligamentum 
teres hypertrophies and elongates. The fémoral head becomes 
reduced in size with posteromedial flattening, and coxa valga 
and excessive antéversion are noted. The true acetabulum 
is characteristically shallow and at surgery appears small 
because of the anterior capsular constriction, the hypertro- 
phied limbus, and constriction of the deep acetabular 
ligament. 

Treatment in this âge group may include preoperative 
traction, adductor tenotomy, and closed réduction and 
arthrogram or open réduction in children with a failed closed 
réduction. Fémoral shortening may be needed in a hip with 
a high proximal dislocation. Preoperative traction, adductor 
tenotomy, and gentle réduction with an acceptable “safe zone” 
are especially helpful in the prévention of osteonecrosis of the 
fémoral head. 

I PREOPERATIVE TRACTION 

The rôle of preliminary traction in reducing the incidence of 
osteonecrosis and in improving réduction is controversial. 
Disagreement exists about whether skin or skeletal traction 
should be used, whether home or in-hospital traction is préf¬ 
érable, the amount of weight that should be used, the most 
bénéficiai direction of pull, and the duration of traction. 
Although controversial, some suggest that, if traction 
decreases the risk of osteonecrosis even slightly, the use of a 
home skin traction program in children with compliant and 
educated parents spares the expense of hospitalization and 
allows the child to stay in traction in a home environment. 
Skeletal traction is not indicated, and primary fémoral short¬ 
ening is now routinely used in older children. The objectives 
of traction or primary fémoral shortening are to bring the 
laterally and proximally displaced fémoral head down to and 
below the level of the true acetabulum to allow a more gentle 
réduction with less risk of osteonecrosis. 

ï ADDUCTOR TENOTOMY 

A percutaneous adductor tenotomy under stérile conditions 
can be performed for a mild adduction contracture. For a 
more severe adduction contracture or one of long duration, 
an open adductor tenotomy through a small transverse inci¬ 
sion is préférable (see Technique 33-1). 

I ARTHROGRAPHYAND CLOSED REDUCTION 

Arthrography and gentle closed réduction are accomplished 
with the child under general anesthésia. 

The interposition of soft tissue in the acetabulum may be 
suggested by lateralization of the fémoral head. Because the 
radiograph of the hip in an infant or young child cannot yield 
ail the information desired in diagnosing or treating DDH, 
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arthrography is helpful in determining (1) whether mild dys- 
plasia is présent, (2) whether the fémoral head is subluxated 
or dislocated, (3) whether manipulative réduction has been 
or can be successful, (4) to what extent any soft-tissue struc¬ 
tures within the acetabulum may interfère with complété 
réduction of the dislocation, (5) the condition and position 
of the acetabular labrum (the limbus), and (6) whether the 
acetabulum and fémoral head are developing normally during 
treatment. Because arthrograms are not always easy to inter- 
pret, the surgeon must be thoroughly familiar with the normal 
and abnormal signs they may reveal and with the technique 
of making arthrograms. 

An arthrogram of the hip is bénéficiai in ail children, 
regardless of âge, who are given a general anesthetic for closed 
réduction, unless closed réduction is obviously impossible. It 
is most helpful to détermine when manipulative réduction is 
unstable or when the fémoral head is not concentrically 
seated within the acetabulum. The most important factor that 
détermines outcome of closed treatment of developmental 
hip dislocation is the quality of the initial réduction. Pro- 
posed criteria for accepting a réduction are a médial dye pool 
of 5 mm or less and maintenance of réduction in an accept¬ 
able “safe zone.” 

The use of image intensification in arthrography makes 
insertion of the needle much easier. The danger of damaging 
the articular surfaces by the needle is decreased, and the pos- 
sibility of injecting the contrast medium directly into the 
ossifie nucléus, the physis, or the médial circumflex artery is 
prevented. 

The findings of the clinical examination and of arthrog¬ 
raphy at the time of attempted closed réduction détermine if 
the hip will be stable or may require open réduction. A clini¬ 
cal finding that usually indicates an acceptable closed réduc¬ 
tion is the sensation of a “clunk” as the fémoral head reduces 
in the true acetabulum. The “safe zone” concept of Ramsey, 
Lasser, and MacEwen can be used in determining the zone of 
abduction and adduction in which the fémoral head remains 
reduced in the acetabulum. A wide safe zone (minimum of 
20 degrees, preferably 45 degrees) (Fig. 30-7) is désirable, and 
a narrow safe zone implies an unstable or unacceptable closed 
réduction. A careful clinical évaluation of the réduction 



Redislocation 


Maximum 

abduction 


Safe zone used to détermine acceptability of 
closed réduction of congénital dislocation of hip. 


should be made before and after adductor tenotomy and 
before the arthrogram because when the hip capsule is dis- 
tended with dye, clinical examination becomes more difficult. 
An increase in the knee flexion angle (popliteal angle) is 
another indicator of a successful closed réduction. 


ARTHROGRAPHY OF THE HIP IN DDH 


TECHNIQUE 30-1 


■ Place the child supine after a general anesthetic has been 
administered. Perform stérile préparation and draping of 
the hip. 

■ With a gloved fingertip, locate the hip joint immediately 
inferior to the middle of the inguinal ligament and one 
fingerbreadth latéral to the pulsating fémoral artery (Fig. 
30-8). Alternative^, insert the needle medially, just behind 
the adductor longus. 

■ With the assistance of image intensification, insert a 
22-gauge spinal needle, to which is attached a 5-mL 
syringe filled with normal saline solution, until it enters 
the hip joint; résistance is met as the needle passes 
through the joint capsule. 

■ Inject the saline solution into the joint; this is easy at first 
but becomes more difficult as the joint becomes dis- 
tended and the hip gradually flexes. 

■ Release the plunger of the syringe; if the joint has been 
successfully entered, the saline solution that is under pres¬ 
sure in it reverses the plunger and fluid escapes into the 
syringe. 

■ Aspirate the saline solution from the joint and remove the 
syringe from the needle. 

■ Fill the syringe with 5 mL of a 25% strength Hypaque 
solution and inject 1 to 3 mL through the needle into the 
joint with image intensification. 

■ Rapidly withdraw the needle and, while the hip is still 
unreduced, hâve an arthrogram made at that point if 
image intensification is unavailable. 

■ Before developing it, gently reduce the hip into a stable 
position and hâve a second arthrogram made. 

■ Maintain réduction until both arthrograms hâve been 
developed and evaluated. Alternative^, use image inten¬ 
sification to evaluate the réduction and safe zone. When 
arthrograms are to be made of both hips, insert a needle 
into each, ensuring that both are within the joints before 
either joint is injected. Inject both hips as described here 
and make arthrograms of both. 

See Video 30-1. 


APPLICATION OF A HIP SPICA CAST 

After confirmation of a stable réduction, a hip spica cast is 
applied with the hip joint in 95 degrees of flexion and 40 
to 45 degrees of abduction. Salter advocated this "human 
position" as best for maintaining hip stability and minimiz- 
ing the risk of osteonecrosis. Kumar described an easily 
reproducible and simple technique for applying a hip spica 
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A f Insertion of 22-gauge spinal needle one fingerbreadth latéral to fémoral artery and immediately inferior to ante- 
rior superior iliac spine for arthrography. B f In necropsy specimen, areas of hip in which dye may be easily injected-beneath acetabular 
labrum, in médial or latéral capsular pouch, and at junction of ossified and cartilaginous portion of fémoral head. C f Irreducible hip 
with médial dye pool. (Courtesy of John Ogden, MD.) SEE TECHNIQUE 30-1. 


cast. Fiberglass can be used in place of plaster, but the 
technique is described in its original form. 


TECHNIQUE 30-2 


(KUMAR) 

■ Place the anesthetized child on the spica frame. Abduct 
the hip to 40 to 45 degrees and flex it to about 95 
degrees (Fig. 30-9A). The amount of hip flexion and 
abduction required to keep the hip in the most stable 
position should be determined clinically and checked by 
radiographs. 

■After the correct position of flexion and abduction for 
stability is determined, place a small towel in front of the 
abdomen. 

■ Cover the pelvis and extremities with stockinette. Roll 
2-inch (5-cm) Webril from the level of the nipples down 
to the ankles (Fig. 30-9B). Pad around the bony points 
with 2-inch (5-cm) standard felt. Apply the first pad 
over the proximal end of the spica, near the nipple line 
(Fig. 30-9C). 


■ Start a second piece of the same size felt at the level of 
the right groin and carry it posteriorly across the gluteal 
fold, over the right iliac crest, in front of the abdomen, 
over the latéral aspect of the left thigh, and to the left 
inguinal area (Fig. 30-9C). 

■ Apply a third piece of felt over the knee (Fig. 30-9C) and 
a fourth piece above the ankle over the distal leg. Place 
similar pièces of felt over the opposite knee and leg. 

■ Apply the plaster in two sections—a proximal section 
from the nipple line to the knees and a distal section from 
the knees to the ankles. 

■ Apply a single layer of 4-inch (10-cm) plaster roll from the 
nipple line to the level of the knees on both sides. Apply 
four or five plaster splints back to front from the nipple 
line to the back of the sacrum to reinforce the back of 
the cast. At the same time, apply a short, thick splint 
over the antérolatéral aspect of the inguinal area 
(Fig. 30-9D). 

■ Apply another splint. Starting from the right inguinal 
area, carry it posteriorly across the gluteal région, the iliac 
crest, the front of the abdomen, and back the same way 
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A-F, Technique of application of hip spica cast for congénital dislocation of hip. Note positioning of patient in 
''human" position. (Redrawn from Kumar SJ: Hip spica application for the treatment of congénital dislocation of the hip, J Pediatr Orthop 1:97, 


1981 ) SEE TECHNIQUE 30-2. 


on the opposite thigh (Fig. 30-9D). This is a reinforcing 
splint that attaches the thigh to the upper segment. 
Apply another long splint from the level of the knee 
across the antérolatéral aspect of the inguinal area and 
up the chest wall (Fig. 30-9D). This splint is one of the 
main anchors of the thigh to the body segment. 

Follow this by a roll of 4-inch (10-cm) plaster from the 
nipple line to the knees. This complétés the proximal 
section of the spica. 

Complété the cast from the knees down to the ankles. 
Do this by applying on both sides a single roll of 3-inch 
(7.5-cm) plaster from the knee to the ankle level and 
reinforcing this by two splints over the médial and latéral 
aspects of the thigh, knee, and leg. 

Follow this by another roll of 3-inch (7.5-cm) plaster. 
Shoulder straps can be considered to prevent pistoning 
of the child in the cast but usually are unnecessary with 
a snug cast (Fig. 30-9E). 

Because the cast is reinforced laterally around the hips, a 
wide segment can be removed from the front of the hips 
without weakening the cast. This permits better radio- 
graphs of the hips (Fig. 30-9E). 

The final view of the spica cast from inferiorly should 
appear as shown in Figure 30-9F, with about 40 to 
45 degrees of abduction. The amount of abduction is 
determined by the position of hip stability. Excessive 


abduction should be avoided. We hâve found that the 
hips are always flexed less than they appear to be and 
are abducted more than they appear. A gentle cast 
mold over the greater trochanter can aid in maintaining 
hip réduction. 

POSTOPERATIVE CARE. Spica cast immobilization is 
continued for 3 to 4 months. The cast can be changed 
at the midpoint with the patient under general anesthé¬ 
sia. Radiographs or arthrograms can be obtained to 
ensure that the fémoral head is reduced anatomically into 
the acetabulum. Clinical and radiographie follow-up is 
essential until the hip is considered normal. CT or MRI is 
useful in the postoperative assessment of réduction. A 
comparison of MRI and CT in the évaluation of réduction 
of DDH found sensitivity of 100% for both CT and MRI 
and specificity of 96% for CT and 100% for MRI. CT 
required less time (3 minutes) than MRI (10 minutes) and 
was less expensive, but exposes the child to ionizing 
radiation. In contrast to routine radiography, a cast does 
not alter the image of an axial CT or MRI (Figs. 30-10 
and 30-11), but because of the radiation exposure the 
number of cuts should be limited. Fast hip sequences can 
allow for acquisition of MRI data without additional 
anesthésia. 
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A f Anteroposterior radiograph of pelvis obtained with patient in hip spica cast after closed réduction. Note difficulty 
in assessing position of fémoral head. B, CT scan of pelvis to confirm bilateral réduction of fémoral head into true acetabulum. 



5i» A f Plain anteroposterior view of a 9-month-old girl with persistent hip dislocation. B f Axial and coronal MRI of hip 
after arthrogram, successful closed réduction, and spica cast application. 


I OPEN REDUCTION 

In children in whom efforts to reduce a dislocation without 
force hâve failed, open réduction is indicated to correct the 
interposed soft-tissue structures and to reduce the fémoral 
head concentrically in the acetabulum. This surgical option 
is indicated by pathology rather than by âge because open 


réduction may be required in children younger than 6 months 
and closed réduction occasionally can be successful in chil¬ 
dren 18 months of âge. Open réduction can be performed 
through an anterior, anteromedial, or médial approach; the 
choice dépends on the expérience of the surgeon and the 
particular dislocation. 
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The anterior approach requires more anatomie dissection 
but provides greater versatility because the pathologie condi¬ 
tion in the anterior and latéral aspects is easily reached and 
pelvic osteotomy can be performed through this approach if 
necessary. The anteromedial approach described by Wein- 
stein and Ponseti is actually an anterior approach to the hip 
through an anteromedial incision. The hip is approached in 
the interval between the pectineus muscle and the fémoral 
neurovascular bundle. This approach is recommended for 
children 24 months old or younger. Access to the latéral 
structures for dissection or osteotomy is impossible with this 
approach. 

The médial (Ludloff) approach utilizes the interval 
between the iliopsoas and the pectineus. This approach places 
the médial circumflex vessels at a higher risk and has been 
reported to be associated with a higher incidence of osteone- 
crosis (10% to 20%) in some studies and similar rates of 
osteonecrosis in others. Although the médial approach allows 
removal of the impediments to réduction, it does not allow 
capsulorrhaphy and is, therefore, generally recommended in 
infants 6 to 18 months old. 


ANTERIOR APPROACH 


TECHNIQUE 30-3 


(BEATY; AFTER SOMERVILLE) 

■ Make an anterior bikini incision from the middle of the 
iliac crest to a point midway between the anterior supe- 
rior iliac spine and the midline of the pelvis. The anterior 
superior iliac crest should be at the midpoint of the 
incision, which can be placed 1 cm below the iliac crest 
(Fig. 30-12A). 

■ Carry sharp dissection through the subeutaneous tissue 
to the deep fascia. 

■ Identify and enter the interval between the sartorius and 
tensorfasciae latae muscles, protecting the latéral fémoral 
cutaneous nerve by retracting it with a Penrose drain 
during the entire procedure. The presence of inguinal 
lymph nodes in the most médial dissection indicates the 
proximity of the neurovascular bundle. 

■ Detach the iliac apophysis from the ilium, beginning at 
the anterior superior iliac spine and extending 4 cm pos- 
teriorly along the ilium. Alternative^, the iliac apophysis 
can be split sharply. 

■ Subperiosteally dissect the tensor fasciae latae laterally to 
expose the ilium and the full extent of the antérolatéral 
capsule. 

■ Identify the origin of the sartorius muscle at the anterior 
superior iliac crest, divide it, and allow it to retract 
distally. 

■ Dissect the tensor fasciae latae origin to the anterior 
inferior iliac spine. 

■ Place a retractor along the médial aspect of the anterior 
inferior iliac spine onto the superior pubic ramus. 

■ Identify the psoas tendon in its groove on the superior 
pubic ramus, and perform a recession tenotomy to facili- 
tate placement of a right-angle retractor in the groove on 
the superior pubic ramus normally occupied by the 


iliopsoas tendon. The retractor protects the psoas muscle 
and neurovascular bundle anteriorly and assists in médial 
exposure. 

■ Identify the origins of the direct and oblique heads of the 
rectus femoris muscle and perform a tenotomy approxi- 
mately 1 cm distal to the anterior inferior iliac spine (Fig. 
30-12B). Tag the distal segment and allow the tendon to 
retract distally. 

■ Identify the capsule of the hip joint anteriorly, medially, 
and laterally. A large amount of redundant capsule may 
be présent laterally in the région of a false acetabulum. 

■ Make a T-shaped incision from the most médial aspect of 
the capsule to the most latéral and continue the incision 
along the anterior border of the fémoral head and neck 
(Fig. 30-12C). For more exposure, use Kocher clamps to 
retract the capsule. 

■ Identify the fémoral head and the ligamentum teres; 
detach the ligamentum teres from the fémoral head and 
place on it a Kocher clamp. Trace the ligamentum teres 
to the true acetabulum and excise with a rongeur or 
sharp dissection any pulvinar in the true acetabulum (Fig. 
30-12D). 

■ Gently expose the bony articular surface of the acetabu¬ 
lum with its circumferential cartilage. 

■ Expose the acetabulum laterally, superiorly, medially, and 
inferiorly to the level of the deep transverse acetabular 
ligament, which should be divided to enlarge the most 
inferior aspect of the acetabulum. Enlarge the entrance 
to the acetabulum by excision of the fat from the inner- 
most aspect of the acetabulum until the entrance is large 
enough to allow réduction of the fémoral head without 
difficulty. 

■ After reducing the fémoral head into the acetabulum, 
move the hip through a complété range of motion 
(including flexion, extension, adduction, and abduction) 
to détermine the "safe zone" of réduction. 

■ If the réduction is concentric and stable, reduce the 
fémoral head and close the capsule, suturing the latéral 
flap of the T-shaped incision as far medially as possible to 
eliminate any redundant capsule in the région of the false 
acetabulum (Fig. 30-1 2F). An adéquate capsulorrhaphy 
significantly improves stability of the hip. Place sutures in 
the tips of the "T" and along the superior border of the 
acetabulum. 

■ When capsulorrhaphy is completed, suture the rectus 
femoris tendon to its origin and the iliac apophysis to the 
fascia of the tensor fasciae latae along the iliac crest. 

■Close the superficial fascial layers, the subeutaneous 
tissues, and the skin. Apply a double spica cast with the 
hips in 90 to 100 degrees of flexion and 40 to 55 degrees 
of abduction. 

POSTOPERATIVE CARE. Radiography, CT, or MRI can 
be used to confirm réduction of the fémoral head into 
the acetabulum. The spica cast is changed in the operat- 
ing room at 5 to 6 weeks with final removal at 10 to 12 
weeks. Sequential radiographs are used to assess devel¬ 
opment of the fémoral head and acetabulum (Fig. 30-12G 
and H); these are obtained on a regular basis until the 
child reaches skeletal maturity. 
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Technique of anterior open réduction in congénital dislocation of hip. A f Bikini incision. B f Division of sartorius and 
rectus femoris tendons and iliac epiphysis. C f T-shaped incision of capsule. D f Capsulotomy of hip and use of ligamentum teres to find 
true acetabulum. E f Réduction and capsulorrhaphy after excision of redundant capsule. F, Developmental dislocation of right hip. 
G f After antérolatéral open réduction. H, At âge 7 years; note remodeling of fémoral head and acetabulum. SEE TECHNIQUE 30-3. 
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ANTEROMEDIAL APPROACH 


TECHNIQUE 30-4 


(WEINSTEIN AND PONSETI) 

■ With the patient supine, préparé and drape the affected 
extremity and hemipelvis free to allow full motion of the 
hip and knee. With the hip flexed to 70 degrees and in 
unforced abduction, identify the neurovascular bundle 
and the superior and inferior borders of the adductor 
longus muscle. 

■ Make an incision from the inferior border of the adductor 
longus to just inferior to the fémoral neurovascular bundle 
in the groin crease. 

■ Incise the skin and subcutaneous tissues down to the 
deep fascia and incise the fascia over the adductor longus 
in the direction of the muscle fibers. 

■ Isolate the adductor longus, section it at its origin, and 
allow it to retract. 

■ Follow the anterior branch of the obturator nerve 
proximally to its entrance into the thigh under the 
pectineus muscle. Gently retract superiorly the neuro¬ 
vascular bundle. Keep the anterior branch of the obtu¬ 
rator nerve in sight, open the sheath overlying the 
pectineus muscle, and identify its superior and inferior 
borders. 

■ Identify and bluntly dissect the interval between the 
pectineus muscle and the fémoral neurovascular bundle. 

■ Isolate the iliopsoas tendon in the inferior aspect of the 
wound, section it sharply, and allow it to retract. 

■ With gentle retraction of the neurovascular bundle supe¬ 
riorly and the pectineus muscle inferiorly, isolate the hip 
joint capsule by blunt dissection. 

■ Make a small incision in the anteromedial capsule parallel 
to the anterior acetabular margin. 


■ Grasp the ligamentum teres with a Graham hook and 
bring it into the wound. 

■ Extend the capsular incision along the ligamentum teres 
to its insertion on the fémoral head. Rotate the leg to 
bring this attachment into view. 

■ If the ligamentum teres is hypertrophied or elongated, 
excise it to make réduction easier. Grasp the stump of the 
ligamentum teres with a Kocher clamp and identify the 
interval between the ligament and the anteroinferome- 
dial aspect of the joint capsule; mark this interval with a 
pair of scissors. Retract the pectineus muscle and sharply 
incise the anteromedial margin of the capsule. 

■ Section the ligamentum teres at its base along with the 
transverse acetabular ligament to open up the "horse- 
shoe" of the acetabulum and increase its diameter. 
Remove ail pulvinar with a pituitary rongeur. 

■ Reduce the fémoral head into the acetabulum and move 
the hip through a range of motion to test the stability of 
the réduction. 

■ Irrigate the wound copiously, leave the joint capsule 
open, and approximate the deep fascia with running 
absorbable sutures. 

■ Close the subcutaneous tissues and skin with absorbable 
sutures. 

■ Apply a spica cast with the hip in a position of maximal 
stability in flexion and mild abduction. 

POSTOPERATIVE CARE. The cast is worn for 10 to 12 
weeks. If radiographs show satisfactory position of the 
hip 4 to 6 weeks after surgery, the portion of the cast 
below the knee is removed to allow knee motion and 
some hip rotation. After removal of the total cast, an 
abduction brace is worn full time for 4 to 8 weeks; 
then it is worn only at night and during naps for 1 to 
2 years, until normal acetabular development is évident 
(Fig. 30-13). 



Anteromedial open réduction. A f Bilateral congénital dislocation of hip in 32-month-old girl. B f At 12 years of âge, 
there is normal development of fémoral head and acetabulum bilaterally. (Courtesy of Stuart Weinstein, MD.) SEE TECHNIQUE 30-4. 
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FIGURE 


Incision for médial (Ludloff) approach and open 


réduction. SEE TECHNIQUE 30-5. 


MEDIAL APPROACH 


TECHNIQUE 30-5 


(LUDLOFF) 

■ Make a transverse incision centered at the anterior margin 
of the adductor longus, approximately 1 cm distal and 
parallel to the inguinal ligament (Fig. 30-14). 

■ Open the fascia along the superior border of the adductor 
longus. Isolate this muscle, divide it close to its insertion 
on the pelvis, and retract it distally to expose the adductor 
brevis muscle in the inferior part of the wound and the 
pectineus muscle in the superior part of the wound. 

■ Identify the branches of the anterior obturator nerve on 
the surface of the adductor brevis muscle and with blunt 
dissection followthis nerve beneath the pectineus muscle. 
Free the posterior border of the pectineus muscle proxi- 
mally to its insertion on the pelvis. 

■ Place a retractor beneath the pectineus muscle and retract 
it superiorly. Identify by palpation the lesser trochanter 
and the iliopsoas tendon. Open the fascial layer surround- 
ing the tendon, pull the tendon into the wound with a 
right-angle clamp, and sharply divide it. 

■ With blunt dissection clear the pericapsular fat from the 
capsule. Dissect free the small branch of the médial cir¬ 
cumflex artery that crosses the capsule inferiorly and pré¬ 
serve it. 

■ Incise the capsule in the direction of the fémoral neck. 
Identify the transverse acetabular ligament and section it. 

■ If needed for réduction, perform additional release of the 
capsule. Reduce the hip in 90 to 100 degrees of flexion 
and 40 to 60 degrees of abduction. 


■ When the optimal position is determined, close the deep 
fascia and skin in routine fashion and apply a double spica 
cast. 

■ Consider obtaining three-dimensional imaging after cast 
application to confirm réduction of the fémoral head. 

POSTOPERATIVE CARE. Postoperative care is similar to 
that after closed réduction and varies according to the 
âge of the child. Generally, 8 to 12 weeks of cast immo- 
bilization is sufficient. 


I CONCOMITANT OSTEOTOMY 

The use of a concomitant osteotomy of the ilium, acetabulum, 
or fémur at the time of open réduction remains controversial. 
Innominate osteotomy, acetabuloplasty, proximal fémoral 
varus derotation osteotomy, or fémoral shortening osteotomy 
might increase the stability of open réduction. However, in 
younger children (<12 months), acetabular remodeling 
potential could render these procedures unnecessary. Con- 
versely, inadéquate remodeling after open réduction may 
necessitate a return to the operating room at a later date for 
a bony procedure. 

Zadeh et al. used concomitant osteotomy at the time of 
open réduction to maintain stability of the réduction in which 
the following test of stability after open réduction was used. 

1. Hip stable in neutral position—no osteotomy 

2. Hip stable in flexion and abduction—innominate 
osteotomy 

3. Hip stable in internai rotation and abduction—proximal 
fémoral derotational varus osteotomy 

4. “Double-diameter” acetabulum with antérolatéral 
deficiency—Pemberton-type osteotomy 

Aside from the need for osteotomy at the time of open réduc¬ 
tion to maintain stability, there also are concerns about resid- 
ual acetabular dysplasia. Better results hâve been reported in 
children younger than 30 months of âge who were treated 
with combined open réduction and Salter osteotomy than in 
those treated with a staged procedure. 

Concomitant osteotomy, particularly a fémoral shorten¬ 
ing osteotomy with or without derotation, should be done at 
the time of open réduction when necessary to maintain a safe, 
stable réduction. If open réduction is stable without an oste¬ 
otomy, a bony procedure for residual deformity should be 
considered at the time of the open réduction in an older child 
(>18 months) and used with caution even in younger infants 
when needed. 

1TERATOLOGIC DISLOCATIONS 

A tératologie dislocation of the hip is one that occurs at some 
time before birth, resulting in significant anatomie distortion 
and résistance to treatment. It often occurs with other condi¬ 
tions, such as arthrogryposis, Larsen syndrome, myelome- 
ningocele, and diastrophic dwarfism. 

The anatomie changes in tératologie dislocations are 
much more advanced than the changes in a typical develop- 
mental hip dislocation in a child of the same âge. The 
acetabulum is small, with an oblique or flattened shape; 
the ligamentum teres is thickened, and the fémoral head is 
of variable size and may be flattened on the médial side 
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a P» A f Tératologie dislocation of left hip in 18-month-old girl. B f Appearance at 3 years of âge after primary fémoral 
shortening, anterior open réduction, and innominate osteotomy. 


(Fig. 30-15). The hip joint is usually stiff and irreducible, and 
radiographs show superolateral displacement. 

Most authors agréé that closed réduction is ineffective 
and that open réduction is necessary, but indications for 
treatment are unclear. Most agréé that unilatéral dislocations 
should be treated more aggressively than bilateral disloca¬ 
tions, and the ambulatory potential of the patient is probably 
the most important considération in deciding whether to 
treat bilateral dislocations. The difficulty of successfully treat- 
ing tératologie dislocations is reflected in the results of Gruel 
et al., who found that of the 27 hips in their sériés, 44% had 
poor results and 70% had complications. Osteonecrosis 
occurred in 48% of hips, redislocation occurred in 19%, and 
subluxation occurred in 22%. Anterior open réduction and 
fémoral shortening produced the best results with the fewest 
complications, whereas the worst results and most complica¬ 
tions occurred in the hips treated by closed réduction. 

Although multiple procedures may be required, good 
results can be obtained and a stable hip can be achieved in 
properly selected patients. Open réduction through a médial 
approach has been recommended for children 3 to 6 months 
old combined with surgical correction of congénital contrac¬ 
tures of the knee and foot. In older children, primary fémoral 
shortening and anterior open réduction, with or without 
pelvic osteotomy, is preferred. 

I OSTEONECROSIS 

The most serious complication associated with treatment of 
developmental dysplasia of the hip in early infancy is the 
development of osteonecrosis. Estimated rates of osteonecro¬ 
sis vary widely, ranging from less than 5% to almost 50%. 
Proposed risk factors for osteonecrosis include open réduc¬ 
tion with concomitant ostéotomies, redislocation after surgi¬ 
cal correction, or the need for secondary procedure after 
initial closed or open réduction. Some authors hâve suggested 
that osteonecrosis is more frequent when réduction is done 
before the appearance of the ossifie nucléus of the fémoral 
head, whereas others hâve stated that waiting until the ossifie 
nucléus appears does not seem to affect the development of 
osteonecrosis. Luhmann et al. found that delaying réduction 
of a dislocated hip until the appearance of the ossifie nucléus 


more than doubled the need for future surgery. Despite a 
slight increase in the rate of osteonecrosis after réduction of 
hips without an ossifie nucléus, they advocated early réduc¬ 
tion to optimize development of the hip with the minimal 
number of operations. 

Potential sequelae of osteonecrosis include fémoral head 
deformity, acetabular dysplasia, latéral subluxation of the 
fémoral head, relative overgrowth of the greater trochanter, 
and limb-length inequalities; osteoarthritis is a common 
late complication. Bucholz and Ogden and Kalamchi and 
MacEwen proposed classification Systems based on morpho¬ 
logie changes in the capital fémoral epiphysis, the physis, and 
the proximal fémoral metaphysis (Fig. 30-16). These classifi¬ 
cations are useful in determining proper treatment and prog- 
nosis for a particular patient; however, the proper classification 
may not be identifiable on radiographs until the child is 4 to 
6 years old. The Bucholz and Ogden classification System and 
its prognostic ability has been brought into question by an 
interrater reliability study; the authors concluded that a new 
classification scheme is needed. A simplification of the 
Kalamchi and MacEwen classification scheme has been pro¬ 
posed that combines Groups II, III, and IV into a single 
Group B. By classifying osteonecrosis cases into Group A 
or Group B, the authors were able to demonstrate that the 
type of réduction (closed with traction versus open without 
fémoral shortening) was a factor in the development of 
osteonecrosis. 

Treatment should be directed toward the clinical prob- 
lems associated with each radiographie classification group. 
Many patients do not require any treatment during adoles¬ 
cence and young adulthood. In a few, fémoral head deformity 
and acetabular dysplasia, predisposing the hip joint to incon- 
gruity and persistent subluxation, can be treated with fémoral 
osteotomy or appropriate pelvic osteotomy or both. 

Children with osteonecrosis after treatment of develop¬ 
mental dislocation of the hip should be followed to maturity 
with serial orthoradiographs. Significantly better results hâve 
been reported in patients treated early (1 to 3 years after the 
ischémie insult) with innominate osteotomy than in patients 
treated later (5 to 10 years after the ischémie insult) and 
patients without pelvic osteotomy. Patients treated early also 
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Bucholz and Ogden classification of osteone- 
crosis of fémoral head in congénital dislocation of hip. A f Normal 
fémoral head at 2 months (a), 1 year (b), and 9 years (c) of âge. 

B, Type I: a, sites of temporary vascular occlusion; b, irregular 
ossification in secondary center; c f normal epiphyseal contour, 
slight decrease in height of capital fémoral ossification center. 

C, Type II: a, probable primary site of vascular occlusion; b, 
metaphyseal and epiphyseal irregularities; c, prématuré fusion of 
latéral metaphysis and epiphysis. D, Type III: a, sites of temporary 
vascular occlusion; b, impaired longitudinal growth of capital 
fémoral epiphysis; c, irregularly shaped fémoral head. E, Type IV: 
a, sites of temporary vascular occlusion; b, impaired longitudinal 
and latitudinal growth; c, prématuré epiphyseal closure. (Redrawn 
from Bucholz RW, Ogden JA: Patterns of ischémie necrosis of the proxi¬ 
mal fémur in nonoperatively treated congénital hip disease. In The hip: 
proceedings of the Sixth Open Scientific Meeting of the Hip Society, St 
Louis, Mosby, 1978.) 


had less pain and fewer gait disturbances and required fewer 
additional procedures for limb-length inequality or greater 
trochanteric overgrowth. Early innominate osteotomy has 
been suggested to induce spherical remodeling of the fémoral 
head, with a résultant congruous hip joint, whereas with later 
osteotomy the fémoral head was already deformed, with little 
potential for remodeling. Significant limb-length inequality 
can be corrected by appropriate techniques, usually a well- 
timed epiphysiodesis. Symptomatic overgrowth of the greater 


trochanter can be treated in older patients with greater 
trochanteric advancement, which increases the abductor 
muscle resting length and increases the abductor lever arm 
(Fig. 30-17). 


TROCHANTERIC ADVANCEMENT 


TECHNIQUE 30-6 


(LLOYD-ROBERTS AND SWANN) 

■ Approach the trochanter through a long latéral incision. 
Place a Gigli saw deep to the gluteus médius and minimus 
muscles and divide the trochanter at its base. Alternately, 
remove the latéral two thirds of the greater trochanter 
with an oscillating saw or large osteotome. Protect the 
latéral ascending cervical artery médial to the piriformis 
fossa. 

■ Mobilize the gluteus muscles anteriorly and posteriorly as 
they are dissected off the joint capsule and strip them for 
a short distance from the ilium above. 

■ Displace the detached trochanter with its attached 
muscles distally to the latéral cortex of the fémur while 
the hip is abducted. 

■ Bevel the fémoral cortex to help reduce tension and 
improve placement of the trochanter. 

■ Secure the trochanter to the fémur with screws and 
suture the fémoral periosteum and vastus lateralis muscle. 
The top of the greater trochanter now should be posi- 
tioned at the level of the center of the fémoral head on 
an anteroposterior radiograph. The trochanter usually 
requires advancement anteriorly and distally. 

POSTOPERATIVE CARE. The hip is protected by a spica 
cast in abduction for 3 to 6 weeks. A physical therapy 
program is begun for réhabilitation of the hip abductor 
musculature. 


■ TODDLER (18 TO 36 MONTHS) 

Because of widespread screening of newborns, it is becoming 
less common for DDH to go undetected beyond the âge of 1 
year. An older child with this condition has a wide perineum, 
shortened lower extremity, and hyperlordosis of the lower 
spine as a resuit of femoropelvic instability. For these children 
with well-established hip dysplasia, open réduction with 
fémoral or pelvic osteotomy, or both, offen is required. Per¬ 
sistent dysplasia can be corrected by a redirectional proximal 
fémoral osteotomy in very young children. If the primary 
dysplasia is acetabular, pelvic redirectional osteotomy alone 
is more appropriate. Many older children require fémoral and 
pelvic ostéotomies, however, if significant deformity is présent 
on both sides of the joint. 

I FEMORAL OSTEOTOMY IN DYSPLASIA 
OF THE HIP 

Surgeons who recommend fémoral ostéotomies advise an 
operation on the pelvic side of the joint only affer (1) the 
fémoral head has been concentrically seated in the dysplastic 
acetabulum by such an osteotomy, (2) the joint has failed to 
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A, Osteonecrosis of left fémoral head in 4-year-old girl after closed réduction of left congénital dislocation of hip at 
6 months of âge. B f At 10 years of âge, now type II osteonecrosis with prématuré latéral epiphyseal arrest and relative trochanteric 
overgrowth is présent. C f At 13 years of âge, after transfer of trochanter distally and anteriorly. 


develop satisfactorily, and (3) the growth potential of the 
acetabulum no longer exists. Opinions differ widely as to the 
âge at which the acetabulum loses its ability to develop satis¬ 
factorily over a fémoral head concentrically located, although 
8 years appears to be most frequently cited upper âge limit 
after which little benefit is derived from fémoral osteotomy 
alone. Fémoral osteotomy is most frequently indicated with 
primary fémoral shortening, but the technique is included 
here for completeness. 


VARUS DEROTATIONAL OSTEOTOMY 
OF THE FEMUR IN HIP DYSPLASIA, 
WITH PEDIATRIC HIP SCREW 
FIXATION 


TECHNIQUE 30-7 


■ Place the patient supine on a radiolucent operating table. 
Image intensification in the anteroposterior projection is 
désirable. 

■ Préparé and drape the affected extremity, leaving the 
unaffected leg draped free to allow intraoperative radio- 
graphs or imaging. 

■ Make a latéral incision from the greater trochanter distally 
8 to 12 cm, incise the iliotibial band, and reflect the 


vastus lateralis muscle to expose the latéral aspect of the 
fémur. 

■ Make a transverse line in the fémoral cortex with an 
osteotome to mark the level of the osteotomy at the level 
of the lesser trochanter or slightly distal. Correct position- 
ing of the osteotomy can be verified with image 
intensification. 

■ Make a longitudinal orientation line on the anterior 
fémoral cortex to détermine correct rotation. 

■ Drill a hole just distal to the greater trochanter and check 
its placement with the image intensifier. 

■ This osteotomy can be stabilized with a pédiatrie hip 
screw, an angled blade plate, or a proximal fémoral 
locking plate. The description presented uses a pédiatrie 
hip screw. 

■ Place an appropriate guide pin of the proper length in the 
fémoral neck with the aid of an adjustable angle guide 
(see Fig. 36-106A). 

■ Check the placement of the guide pin with image inten¬ 
sification. When the guide pin is placed, use a percutane- 
ous direct measuring gauge to détermine the lag screw 
length. 

■Set the adjustable positive stop on the combination 
reamer for the lag screw length determined by the per- 
cutaneous direct measuring gauge. 

■ Place the reamer over the guide pin and ream until the 
positive stop reaches the latéral cortex (see Fig. 36-106C). 
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It is prudent to check periodically the fluoroscopie image 
during reaming to ensure that the guide pin is not inad- 
vertently advancing proximally into the epiphysis. 

■ Set the adjustable positive stop on the lag screw tap to 
the same length that was reamed. Tap until the positive 
stop reaches the latéral cortex. Screw the appropriate 
intermediate compression screw over the guide pin (see 
Fig. 36-106D and E). 

■ Take the plate chosen during preoperative planning and 
insert its barrel over the barrel guide and onto the back 
of the lag screw. The plate angle ultimately détermines 
the final hip angle. 

■ Remove the barrel guide and insert a compressing screw 
to prevent the plate from disengaging during the réduc¬ 
tion maneuver. Use the slotted screwdriver for the pédi¬ 
atrie compressing screw or the hex screwdriver for the 
intermediate compressing screw. If the plate obscures the 
osteotomy site, loosen the screw and rotate the side 
plate. 

■ Make the osteotomy eut at the transverse line on the 
cortex in a transverse or oblique direction, depending on 
the correction desired. If rotational, in addition to angular, 
correction is desired, complété the osteotomy through 
the médial cortex. Using the longitudinal mark in the 
fémoral cortex as a guide, rotate the fémur as needed to 
correct fémoral antéversion (usually 15 to 30 degrees). 
Because the deformity is more rotational than angulatory, 
evaluate the position of the fémur with radiographs or 
image intensification before continuing with varus correc¬ 
tion. To achieve varus angulation, remove an appropriate 
wedge of bone from the médial cortex to effect a neck- 
shaft angle of 120 to 135 degrees. 

■ To achieve compression, insert a drill or tap guide into the 
distal portion of the most distal compression slot. Drill 
through the médial cortex. If less compression is required, 
follow the same steps just detailed in the distal portion 
of either the second or the third distal slots for 2.5 mm 
of compression. 

■ Select the appropriate length bone screw and insert it 
using the screwdriver. Use the self-holding sleeve to keep 
the screw from disengaging from the screwdriver (see Fig. 
36-106F). 

■ Finally, in the most proximal slot, the intermediate com¬ 
bination drill/tap guide can be angled proximally so that 
the drill and ultimately the bone screw cross the osteot¬ 
omy line. Positioning the proximal bone screw in this way 
can provide additional stability at the osteotomy site. 

■ Insert screws into any remaining screw holes. 

■ The lag screw can be inserted farther to provide more 
compression. To insert the lag screw for approximately 
5 mm of compression, stop when the latéral cortex is 
midway between the two depth calibrations (see Fig. 
36-106G). To insert the lag screw for approximately 
10 mm of compression, stop when the second depth 
calibration meets the latéral cortex (see Fig. 36-106FH). 

■ Confirm the position of the fixation device and the proxi¬ 
mal and distal fragments with an anteroposterior radio- 
graph or image intensification. 

■ Irrigate the wound and close it in layers, inserting a 
suction drain if needed. Apply a one and one half spica 
cast. 


POSTOPERATIVE CARE. The spica cast is worn for 8 to 
12 weeks until union of the osteotomy occurs. The inter¬ 
nai fixation can be removed at 12 to 24 months if desired. 


■ CHILD (3 TO 8 YEARS) 

The management of untreated developmental dislocation of 
the hip in a child older than 3 years of âge is difficult. Even 
when surgical réduction is achieved and when bony correc¬ 
tions hâve been made, secondary procedures are common in 
this âge group. By this âge, adaptive shortening of the periar- 
ticular structures and structural alterations in the fémoral 
head and the acetabulum hâve occurred. Dislocated hips in 
this âge group require open réduction. Preoperative skeletal 
traction should not be used as the only means of achieving 
réduction because of the high frequencies of osteonecrosis 
(54%) and redislocation (31%) reported with its use alone. 
Fémoral shortening aids in the réduction and decreases the 
potential for complications but is technically demanding, as 
is treatment of the dislocated hip, in this older âge group. 

I PRIMARY FEMORAL SHORTENING 

Since the early 1990s, the combination of primary open 
réduction and fémoral shortening, usually with pelvic oste¬ 
otomy, has been an accepted method of treatment of DDH in 
older children. This approach avoids expensive in-hospital 
traction, obtains predictable réduction, and results in a lower 
rate of osteonecrosis (Figs. 30-18 and 30-19). 

Primary fémoral shortening, anterior open réduction, 
and capsulorrhaphy, with or without pelvic osteotomy as 
indicated, hâve been recommended in children 3 years old or 
older. Certain circumstances, such as tératologie hip disloca¬ 
tion or a failed traction program, may make the procedure 
appropriate for younger children. A completely dislocated hip 
in an older child becomes fixed in a position superior to the 
true acetabulum. The degree of this superior migration ranges 
from severe subluxation (inferior head still adjacent to 
labrum), to dislocation with formation of a false acetabulum 
just superior to the true acetabulum, to severe dislocation 
with the fémoral head high in the abductor musculature 
without formation of a false acetabulum. The extent of proxi¬ 
mal migration détermines the degree of deformation of the 
capsule and the extent of soff-tissue reconstruction required 
to correct the deformity. 

The capsular abnormality in a developmentally dislocated 
hip must be recognized and corrected to achieve successful 
open réduction. The methods for bony correction are well 
defined, perhaps because the techniques can be clearly illus- 
trated and documented radiographically, but the soff-tissue 
abnormalities and methods for their correction are not well 
described. As a resuit, a hip that appears reduced immediately 
affer surgery may subluxate or redislocate with weight bearing 
even though the bony procedure appears radiographically 
faultless. 

The dislocation of the hip leads to adaptive enlargement 
of the hip capsule, with the capsule becoming nearly twice 
the normal size in the completely dislocated hip. The liga- 
mentum teres hypertrophies and offen becomes a partial 
weight-bearing structure. In older children, this ligament 
occasionally avulses from the fémoral head, retracting and 






2J2Ë9 Pr ' mar Y fémoral shortening for congénital disloca¬ 
tion of hip. A f Congénital dislocation of hip in 3-year-old child. B f After 
antérolatéral open réduction and primary fémoral shortening. 
C f Appearance of hip at 6 years of âge. 



A and B f Four-year-old child with dislocated hip and severe dysplasia. C and D f Postoperative radiographs 3 months 
after primary fémoral shortening, open réduction with capsulorrhaphy, and Pemberton acetabuloplasty. 
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reattaching to the inferior capsule and forming a mass of 
tissue that may impede réduction. The fibrocartilaginous 
labrum is flattened superolaterally, with the attached hyper- 
trophied capsule protruding into the overlying abductor 
muscle mass, which adhères to the displaced capsule. If the 
capsule is not separated adequately from the adhèrent overly¬ 
ing muscles, réduction is difficult and the chance of redisloca¬ 
tion is increased. 

In a high, severely dislocated hip, the abductor muscles 
hâve contracted, and occasionally, despite prior traction or 
fémoral shortening, these contracted muscles and fascia 
make it difficult to pull the proximal fémur distal enough to 
reduce the fémoral head fully. In rare instances, this requires 
release of the piriformis insertion or release of the anterior- 
most gluteus minimus fibers, or both, to allow adéquate distal 
movement of the fémoral head after fémoral shortening. The 
middle and inferior portions of the capsule predictably are 
constricted by the overlying psoas tendon. The transverse 
acetabular ligament, Crossing the base of the horseshoe- 
shaped true acetabulum, is contracted and thickened. 

The following description of the technique for primary 
fémoral shortening is a modification of the techniques 
described by Klisic et al. and by Wenger and includes anterior 
open réduction (Technique 30-3) and varus derotational 
osteotomy (see Technique 30-7) along with soft-tissue man¬ 
agement. These techniques should be reviewed carefully 
before primary fémoral shortening is performed (Fig. 30-20). 


PRIMARY FEMORAL SHORTENING 


TECHNIQUE 30-8 


■ Place the patient supine on the operating table with a 
small radiolucent pad beneath the affected hip. Préparé 
and drape the extremity in the usual manner to allow 
exposure of the pelvis and fémur. 

■ Two incisions are made—an anterior ilioinguinal incision 
and a straight latéral incision, as described for anterior 
open réduction (see Technique 30-3) and for fémoral 
osteotomy (see Technique 30-11). 

■ Through the anterior ilioinguinal incision, perform ante¬ 
rior open réduction as described in Technique 30-3, con- 
tinuing the dissection to the point where capsulorrhaphy 
normally would be performed. 

■ Proceed to the fémoral shortening. Make a straight latéral 
incision from the tip of the greater trochanter to the distal 
third of the fémoral shaft. 

■ If varus correction is not needed, the fémoral shortening 
and derotation can be performed at the level of the 
fémoral shaft rather than the intertrochanteric level. This 
shaft osteotomy can be stabilized with a one third tubular 
plate or a standard compression plate. 

■ Expose the shaft by dissection through the tensor 
fasciae latae muscle, iliotibial band, and vastus lateralis 
muscle. 

■ Make a transverse mark on the fémoral shaft at the level 
of the lesser trochanter to indicate the osteotomy site, 
and make a longitudinal mark on the anterior border of 
the proximal shaft to orient derotation of the fémur. 


Preoperative 

CDH _ Left hip 

(viewed from below) 

Anterior 



Anterior open réduction 
+ capsulorrhaphy 



Anterior open réduction 
+ capsulorrhaphy 
+ Salter 


Capsulorrhaphy 



Anterior open réduction 
+ capsulorrhaphy 
+ Salter 

+ derotation-shortening 




ÜJ2Ü9 A f Anteverted fémur and acetabulum in preop¬ 
erative developmental dislocation of hip. B f Redirection of 
fémoral neck by snug anterior capsulorrhaphy. C f Capsulorrhaphy 
and Salter innominate osteotomy. D f Capsulorrhaphy, Salter 
innominate osteotomy, and full fémoral derotation. Combined in 
excess, this sequence can produce posterior dislocation. E f Open 
réduction, primary fémoral shortening, derotation osteotomy, 
and Salter osteotomy produced fixed posterior hip dislocation in 
5-year-old girl. (A-D redrawn from Wenger DR: Congénital hip disloca¬ 
tion: techniques for primary open réduction including fémoral shorten¬ 
ing, Instr Course Lect 38:343, 1989.) SEE TECHNIQUE 30-8. 


■ Insert a lag screw into the fémoral neck in the usual 
manner. 

■ Estimate the amount of shortening that will be necessary 
from preoperative radiographs, measuring from the most 
proximal aspect of the fémoral head to the triradiate 
cartilage. The amount of shortening generally required 
varies from 1 to 3 cm. Conversely, the correct amount of 
bony resection can be "dialed in" as bone is removed 
until the fémoral head can be reduced into the acetabu¬ 
lum without undue tension. 

■ Perform an osteotomy of the fémur slightly distal to the 
lag screw in the fémoral neck. 
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Technique for open réduction, primary fémoral 
shortening, and Salter osteotomy. A, Fémoral head is dislocated. 
Gluteal muscles (a) are retracted and slightly shortened. Iliopsoas 
muscle (b) is intact. Capsule is interposed between fémoral head 
and ilium. Segment of fémur is resected. B f Proximal fémur is 
abducted; iliopsoas tendon (b) is divided. Capsule is incised on 
inferior surface parallel to fémoral neck. C f Operation is com¬ 
plété. Gluteal muscles (a) are tight. Iliopsoas muscle (b) is reat- 
tached. Salter osteotomy is completed with graft in place. Fémoral 
fragments are fixed with pédiatrie hip screw. SEE TECHNIQUE 30-8. 


9 " Make a second osteotomy at the appropriate distance 
distal to the first. Angle this osteotomy to allow varus and 
derotation of the fémur as necessary. 

■ Remove the measured segment of the fémoral shaft (Fig. 
30-21). 

■Carefully incise subperiosteally the iliopsoas attachment 
to the lesser trochanter and the capsule attached to the 


médial fémoral neck, avoiding the médial circumflex 
artery. 

■ Gently reduce the fémoral head into the acetabulum, 
using the lag screw in the fémoral neck as a lever. Derota¬ 
tion of the proximal fragment of 15 to 45 degrees usually 
is required. 

■ Appose the two segments of the fémur and attach a side 
plate to the screw in the fémoral neck and fix it to the 
distal fémoral shaft. Use radiographs or image intensifica¬ 
tion to evaluate the fémoral shortening and réduction of 
the fémoral head. 

■At this point, a Salter or Pemberton osteotomy, if indi- 
cated to correct acetabular dysplasia, can be performed. 
A thorough and meticulous capsulorrhaphy should be 
performed as previously described. The most latéral flap 
of the capsule should be transposed medially to eliminate 
the redundant capsule of the false acetabulum. 

■ Irrigate both wounds and close them in the usual manner. 
Suction drains can be inserted if necessary. 

■ Apply a spica cast with the extremity in neutral rotation 
and slight flexion and abduction. 

POSTOPERATIVE CARE. The drains are removed 
24 to 48 hours after surgery. The spica cast is removed 
at 8 to 12 weeks. Sequential radiographs are obtained to 
evaluate development of the fémoral head and acetabu¬ 
lum. Although uncommon, limb-length discrepancy 
should be evaluated annually by clinical évaluation and 
radiography. 


I PELVIC OSTEOTOMY 

Operations on the pelvis, alone or combined with open 
réduction, are useful in developmental dysplasia or disloca¬ 
tion of the hip to ensure or to increase stability of the joint. 
The operations most often used are (1) osteotomy of the 
innominate bone (Salter), (2) acetabuloplasty (Pemberton), 
(3) ostéotomies that free the acetabulum (Steel triple innomi¬ 
nate osteotomy or Ganz acetabular osteotomy), (4) shelf 
operation (Staheli), and (5) innominate osteotomy with 
médial displacement of the acetabulum (Chiari). In an older 
child, one of these operations can be combined with fémoral 
osteotomy to correct fémoral and acetabular abnormalities. 

Osteotomy of the innominate bone , an operation devised 
by Salter, is useful only when any subluxation or dislocation 
has been reduced or can be reduced by open réduction at the 
time of osteotomy in a child 18 months to 6 years old. The 
entire acetabulum together with the pubis and ischium is 
rotated as a unit, with the symphysis pubis acting as a hinge. 
The osteotomy is held open anterolaterally by a wedge of 
bone, and the roof of the acetabulum is shifted more anteri- 
orly and laterally. The osteotomy is contraindicated in patients 
with nonconcentric hips or severe dysplasia. 

Acetabuloplasty is also useful only when any subluxation 
or dislocation has been reduced or can be reduced by open 
réduction at the time of operation in children at least 18 
months old. In acetabuloplasty, the inclination of the acetabu¬ 
lar roof is decreased by an osteotomy of the ilium made 
superior to the acetabulum. Pemberton described a pericap- 
sular osteotomy of the ilium in which the osteotomy is made 
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through the full thickness of the bone from just superior to 
the anterior inferior iliac spine anteriorly to the triradiate 
cartilage posteriorly; the triradiate cartilage acts as a hinge on 
which the acetabular roof is rotated anteriorly and laterally. 
This procedure decreases the volume of the acetabulum and 
produces joint incongruity that requires remodeling. 

Ostéotomies that free the acetabulum hâve been devised 
by Steel, Eppright, and Ganz. These operations free part of 
the pelvis, creating a movable segment of bone that includes 
the acetabulum. They are indicated in older children, adoles¬ 
cents, and skeletally mature adults with residual dysplasia and 
subluxation in whom remodeling of the acetabulum can no 
longer be anticipated. These operations are useful because 
they place articular cartilage over the fémoral head. The shelf 
operation and the operation of Chiari interpose capsular 
fibrous tissue between the fémoral head and the reconstructed 
acetabulum. 

In the triple innominate osteotomy (Steel), the ischium, 
the superior pubic ramus, and the ilium superior to the ace¬ 
tabulum ail are divided and the acetabulum is repositioned 
and stabilized by a bone graff and métal pins. In the pericap- 
sular dial osteotomy of the acetabulum (Eppright), the entire 
acetabulum superiorly, posteriorly, inferiorly, and anteriorly 
is freed by osteotomy and as a single segment of bone is 
redirected to cover the fémoral head appropriately. The 
Bernese periacetabular osteotomy (Ganz) créâtes a free 
acetabular segment through a sériés of ostéotomies in the 
ischium, superior pubic ramus, and ilium while preserving 
the posterior column of the pelvis. 

The shelf procedure (Staheli) is useful for subluxations 
and dislocations that hâve been reduced and in which no 
other osteotomy would establish a congruous joint with 
apposition of the articular cartilage of the acetabulum to the 
fémoral head. In a classic shelf operation, the acetabular 
roof is extended laterally, posteriorly, or anteriorly, either by 
a graff or by turning distally over the fémoral head the ace¬ 
tabular roof and part of the latéral cortex of the ilium supe¬ 
rior to it. 

Innominate osteotomy with médial displacement of the 
acetabulum , an operation devised by Chiari for patients older 
than 4 years old, is a modified shelf operation that places the 
fémoral head beneath a surface of bone and joint capsule and 
corrects the pathologie latéral displacement of the fémur. An 
osteotomy is made at the level of the acetabulum, and the 
fémur and the acetabulum are displaced medially. The infe¬ 
rior surface of the proximal fragment forms a roof over the 
fémoral head. General recommendations for ail of these osté¬ 
otomies are summarized in Table 30-1. 

I SALTER INNOMINATE OSTEOTOMY 

During open réduction of developmental dislocations of the 
hip, Salter observed that the entire acetabulum faces more 
anterolaterally than normal. When the hip is extended, the 
fémoral head is insufflciently “covered” anteriorly, and when 
it is adducted, there is insuffleient coverage superiorly. Salter s 
osteotomy of the innominate bone redirects the entire ace¬ 
tabulum so that its roof “covers” the fémoral head anteriorly 
and superiorly. If indicated to correct acetabular dysplasia, 
any dislocation or subluxation must be reduced concentri- 
cally before this operation is performed; if not, open réduc¬ 
tion is done at the time of osteotomy. During the operation, 
any contractures of the adductor or iliopsoas muscles are 


TABLE 30-1 


Recommended Ostéotomies for Congénital or 
Developmental Dislocation of the Hip 

OSTEOTOMY 

AGE 

INDICATIONS 

Salter 

innominate 

osteotomy 

18 months-6 
years 

Congruous hip 
réduction; <10-15 
degrees correction 
of acetabular index 
required 

Pemberton 

acetabuloplasty 

18 months-10 
years 

>10-15 correction of 
acetabular index 
required; small 
fémoral head, large 
acetabulum 

Steel or Ganz 
osteotomy 

Late 

adolescence to 

skeletal 

maturity 

Residual acetabular 
dysplasia; symptoms; 
congruous joint 

Shelf procedure 
or Chiari 
osteotomy 

Adolescence to 

skeletal 

maturity 

Incongruous joint; 
symptoms; other 
osteotomy not 
possible 


released by tenotomy, and, in dislocations when the capsule 
is elongated, a capsulorrhaphy is done. 

Salter recommended his osteotomy in the primary treat- 
ment of developmental dislocation of the hip in children 18 
months to 6 years old and in the primary treatment of devel¬ 
opmental subluxation in early adulthood. He also recom¬ 
mended it in the secondary treatment of any residual or 
récurrent dislocation or subluxation affer other methods of 
treatment within the âge limits described (Fig. 30-22). 

The following are prerequisites for the success of this 
operation: 

1. The fémoral head must be positioned opposite the level 
of the acetabulum. This may require a period of traction 
before surgery or primary fémoral shortening. 

2. Contractures of the iliopsoas and adductor muscles must 
be released. This is indicated in subluxations and disloca¬ 
tions. Open réduction is performed for hip dislocation 
but usually is unnecessary for hip subluxation. 

3. The fémoral head must be reduced into the depth of 
the true acetabulum completely and concentrically. 
This generally requires careful open réduction and exci¬ 
sion of any soft tissue, exclusive of the labrum, from the 
acetabulum. 

4. The joint must be reasonably congruous. 

5. The range of motion of the hip must be good, especially 
in abduction, internai rotation, and flexion. 

In a cadaver study, Birnbaum et al. identified several struc¬ 
tures that are at risk of injury during a Salter innominate 
osteotomy: 

1. The latéral fémoral cutaneous nerve may be injured 
during an anterior approach. Ensuring that the skin 
including the latéral fémoral cutaneous nerve is pulled 
anteriorly avoids this. 

2. The nutrient vessels to the tensor fasciae latae muscle can 
be injured if retraction is too prolonged. 
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Salter osteotomy for congénital dislocation of hip. A f Residual acetabular dysplasia and subluxation of right hip in 
4-year-old girl in whom open réduction had been performed at 9 months of âge. B f One year after repeat open réduction and Salter 
innominate osteotomy. 


3. The sciatic nerve can be crushed or irritated by an inad¬ 
équate subperiosteal approach during the pull on the 
Hohmann retractor. 

4. An inadéquate subperiosteal application of the médial 
Hohmann retractor can damage the obturator nerve. 

5. Too prolonged retraction of the iliopsoas muscle can 
cause compression of the fémoral nerve. 

Because of the narrow spatial connection between the ana¬ 
tomie pathways and the osteotomy area, strict subperiosteal 
dissection and careful use of retractors are essential to prevent 
nerve and vessel injuries. 


INNOMINATE OSTEOTOMY 
INCLUDING OPEN REDUCTION 


TECHNIQUE 30-9 


(SALTER) 

■ Place the patient supine on the operating table with the 
thorax on the affected side elevated by a radiolucent 
sandbag. Drape the trunk on the affected side to the 
midline anteriorly and posteriorly and to the lower rib 
cage superiorly. Drape the lower extremity so that it can 
be moved freely during the operation. 

■ Release the adductor muscles by subeutaneous or open 
tenotomy. 

■ Make a skin incision beginning just inferior to the middle 
of the iliac crest, extending anteriorly to just inferior to 
the anterior superior iliac spine and continuing to about 
the middle of the inguinal ligament. Decrease bleeding 
by applying pressure with sponges to the wound edges. 

■ Bluntly dissect between the tensor fasciae latae muscle 
laterally and the sartorius and rectus femoris medially and 
expose the anterior superior iliac spine. 

■ Dissect the rectus femoris from the underlying joint 
capsule and release its reflected head. 

■ Make a deep incision separating the iliac apophysis along 
the crest from the posterior end of the skin incision to 


the anterior superior iliac spine anteriorly and then turning 
distally to the anterior inferior iliac spine. 

■ Reflect the latéral part of the iliac apophysis and the 
periosteum from the latéral surface of the iliac crest in a 
continuous sheet inferiorly to the superior edge of the 
acetabulum and posteriorly to the greater sciatic notch. 

■ Free any adhesions of the joint capsule from the latéral 
surface of the ilium and from any false acetabulum. 

■ Expose the capsule anteriorly and laterally by dissecting 
bluntly the interval between it and the abductor muscles. 

■ Pack the dissected spaces with large sponges to control 
bleeding and to increase the interval between the 
reflected periosteum and the sciatic notch. 

■ If concentric réduction of the fémoral head into the ace¬ 
tabulum is impossible, open the capsule superiorly and 
anteriorly, parallel with and about 1 cm distal to the rim 
of the acetabulum. 

■ Excise the ligamentum teres if it is hypertrophied. 

■ Gently reduce the fémoral head into the acetabulum. 
Never excise the limbus. Incise the distal flap of 
capsule at right angles to the first incision, creating a 
T-shaped incision, and resect the inferolateral triangular 
flap so created. Test the stability of the joint; if the head 
becomes displaced superiorly from the acetabulum when 
the hip is adducted or anteriorly when it is extended or 
externally rotated, osteotomy of the innominate bone is 
performed. 

■ Allow the hip to redislocate and then strip the médial 
half of the iliac apophysis from the anterior half of 
the iliac crest and strip the periosteum from the 
médial surface of the ilium posteriorly and inferiorly to 
expose the entire médial aspect of the bone to the sciatic 
notch. 

■ Pack the surfaces exposed with sponges to control the 
loss of blood and to enlarge the interval between the 
periosteum and the bone. 

■ Expose the tendinous part of the iliopsoas muscle at the 
level of the pelvic brim. With scissors, separate the ten¬ 
dinous part from the muscular part and divide the former 
while protecting the muscle. 
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A-C f Salter technique of osteotomy of innominate bone, including open réduction. SEE TECHNIQUE 30-9. 


■ Pass a curved forceps subperiosteally médial to the ilium 
into the sciatic notch and with it grasp one end of a Gigli 
saw. Gently retract the curved forceps to pass the Gigli 
saw into the sciatic notch. 

■ Retract the tissues medially and laterally from the ilium 
and divide the bone with the saw in a straight line from 
the sciatic notch to the anterior inferior iliac spine. 

■ Remove a full-thickness graft from the anterior part of 
the iliac crest (Fig. 30-23A) and trim it to the shape of a 
wedge. If a primary fémoral shortening was performed 
concurrent^, the removed fémoral bone segment can be 
used as structural autograft bone. Make the base of the 
wedge about as wide as the distance between the ante¬ 
rior superior and anterior inferior iliac spines. 

■ With towel clips, grasp each fragment of the osteoto- 
mized ilium. 

■ Insert a curved elevator into the sciatic notch and, by 
levering it anteriorly and by exerting traction on the towel 
clip that grasps the inferior fragment, shift this fragment 
anteriorly, inferiorly, and laterally to open the osteotomy 
anterolaterally. Ensure that the osteotomy remains closed 
posteriorly (Fig. 30-23B). Placing the limb in a figure-of- 
four position makes displacement of the distal fragment 
easier. 

■ Do not apply traction in a cephalad direction on the 
proximal fragment because this may dislocate the sacro- 
iliac joint. 

■ Insert the bone graft into the osteotomy and release the 
traction on the inferior fragment. 

■ Drill a strong Kirschner wire through the remaining supe¬ 
rior part of the ilium, through the graft, and into the 
inferior fragment (Fig. 30-23C). Ensure that the Kirschner 
wire does not enter the acetabulum but that it does 
traverse ail three fragments. 

■ Drill a second Kirschner wire parallel with the first, using 
the same précautions. 

■ Reduce the fémoral head again into the acetabulum and 
reevaluate its stability. Réduction should now be stable 


with the hip either in adduction or in slight external 
rotation. 

■ While closing the wound, hâve an assistant hold the knee 
flexed and the hip slightly abducted, flexed, and internally 
rotated. 

■ Obliterate any residual pocket of capsule by performing 
a capsulorrhaphy. 

■ Move the distal half of the latéral flap of capsule medially 
beyond the anterior inferior iliac spine. This brings the 
capsular edges together and increases the stability of 
réduction by keeping the hip internally rotated. Repair the 
capsule with interrupted sutures. 

■ Suture the sartorius and rectus femoris tendons to their 
origins. 

■ Suture together over the iliac crest the two halves of the 
iliac apophysis. 

■Cut the Kirschner wires so that their anterior ends lie 
within the subcutaneous fat. 

■ Close the skin with a continuous subcuticular suture. 

■ With the hip held in the same position as during closure, 
apply a single spica cast. 

POSTOPERATIVE CARE. At 8 to 12 weeks, the spica 
cast is removed and, with the patient under general or 
local anesthésia, the Kirschner wires are also removed. 
The positions of the osteotomy and of the hip are checked 
by radiographs. 


I PEMBERTON AC ETA B U LO P L AST Y 

The term acetabuloplasty désignâtes operations that redirect 
the inclination of the acetabular roof by an osteotomy of the 
ilium superior to the acetabulum followed by levering of the 
roof inferiorly Pemberton devised an acetabuloplasty that he 
called pericapsular osteotomy of the ilium , in which an oste¬ 
otomy is made through the full thickness of the ilium, using 
the triradiate cartilage as the hinge around which the 
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Pemberton acetabuloplasty. A f Symptomatic residual acetabular dysplasia in 8-year-old girl after treatment of con¬ 
génital dislocation of right hip. B f After Pemberton acetabuloplasty. 


acetabular roof is rotated anteriorly and laterally. After a 
review of 115 hips in 91 patients followed for at least 2 years 
after surgery, Pemberton recommended this procedure for 
any dysplastic hip in patients between the âge of 1 year and 
the âge when the triradiate cartilage becomes too inflexible 
to serve as a hinge (about 12 years old in girls and 14 years 
old in boys), provided that any subluxation or dislocation 
has been reduced or can be reduced at the time of osteotomy 
(Fig. 30-24). 

One advantage of pericapsular over innominate ostéoto¬ 
mies is that internai fixation is not always required, and a 
second, although minor, operation (implant removal) is 
avoided. A greater degree of correction can be achieved with 
less rotation of the acetabulum in the pericapsular osteotomy 
because the fulcrum, the triradiate cartilage, is nearer the site 
of desired correction; however, Pembertons operation is tech- 
nically more difficult to perform. In addition, it alters the 
configuration and capacity of the acetabulum and can resuit 
in an incongruous relationship between it and the fémoral 
head; consequently, some remodeling of the acetabulum is 
required. 


PERICAPSULAR OSTEOTOMY 
OF THE ILIUM 


TECHNIQUE 30-10 


(PEMBERTON) 

■ Place the patient supine with a small radiolucent sandbag 
beneath the affected hip and expose the hip through an 
anterior iliofemoral approach. 

■ Make the superior part of the incision distal to and paral- 
lel with the iliac crest and extend it from the anterior 
superior iliac spine anteriorly to the middle of the crest 
posteriorly. Extend the distal part of the incision from the 


anterior superior iliac spine inferiorly for 5 cm parallel 
with the inguinal crease. 

■ Beginning at the crest, strip the gluteus and the tensor 
fasciae latae muscles subperiosteally from the anterior 
third of the ilium distally to the joint capsule and poste¬ 
riorly until the greater sciatic notch is exposed. 

■ With a sharp elevator, separate the iliac apophysis with 
its attached abdominal muscles from the anterior third of 
the iliac crest and strip the muscles subperiosteally from 
the médial aspect of the ilium until the sciatic notch is 
again exposed. 

■ Open the capsule of the hip and remove any soft tissue 
that restricts réduction. 

■ Reduce the hip under direct vision and ensure that it is 
well seated; redislocate it until the osteotomy has been 
made and propped open with a graft. 

■ Insert two fiat retractors subperiosteally into the sciatic 
notch—one along the médial surface of the ilium and one 
along the latéral surface to keep the anterior third of the 
ilium exposed medially and laterally. Image intensification 
can be helpful in visualizing the location and direction of 
the osteotomy. 

■ With a narrow curved osteotome, eut through the latéral 
cortex of the ilium as follows. Start slightly superior to 
the anterior inferior iliac spine and curve the osteotomy 
posteriorly about 1 cm proximal to and parallel with the 
joint capsule until the osteotome is seen to be well anterior 
to the retractor resting in the sciatic notch. Image intensifi¬ 
cation aids in confirming correct placement of the 
osteotomy. 

■ From this point when driven farther, the blade of the 
osteotome disappears from sight, and it is important to 
direct its tip sufficiently inferiorly so that it does not enter 
the sciatic notch but instead enters the ilioischial rim of 
the triradiate cartilage at its midpoint. 

■ After directing the osteotome properly, drive it 1.5 cm 
farther to complété the osteotomy of the latéral cortex 
of the ilium. 
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Pemberton pericapsular osteotomy. A f Line of osteotomy beginning slightly superior to anterior inferior iliac spine 
and curving into triradiate cartilage. B f Completed osteotomy with acetabular roof in corrected position and wedge of bone impacted 
into open osteotomy site. SEE TECHNIQUE 30-10. 


■ With the same osteotome, make a corresponding eut in 
the médial cortex of the ilium, starting anteriorly at the 
same point just superior to the anterior inferior iliac spine. 
Direct this eut posteriorly parallel with that in the latéral 
cortex until it reaches the triradiate cartilage (Fig. 30-25A). 

■ The direction in which the acetabular roof becomes dis- 
placed after the osteotomy is controlled by varying the 
position of the posterior part of the osteotomy of the 
médial cortex. The more anterior this part of the osteot¬ 
omy, the less the acetabular roof rotâtes anteriorly; con- 
versely, the more posterior this part of the osteotomy, the 
more the acetabular roof rotâtes anteriorly. 

■ After completing the osteotomy of the two cortices, 
insert a wide curved osteotome into the anterior part of 
the osteotomy and lever the distal fragment distally until 
the anterior edges of the two fragments are at least 2 to 
3 cm apart. 

■ The acetabular roof should be turned inferiorly far enough 
to correct the dysplasia. The exact degree of correction 
can be difficult to détermine. Some overcorrection is 
advisable, but overcorrection could resuit in impingement 
during flexion and internai rotation. 

■Cut a narrow groove in the anteroposterior direction in 
each raw surface of the ilium. 

■ Resect a wedge of bone from the anterior part of the 
ilium including the anterior superior iliac spine; with a 
lamina spreader, separate the osteotomy fragments and 
place the wedge of bone in the grooves made in the 
surfaces of the ilium; drive the wedge into place and 
firmly impact it. The acetabular roof should remain fixed 
in the corrected position (Fig. 30-25B). Alternative^, a 
segment of fémur can be used when a concurrent primary 
fémoral shortening procedure has been performed (Fig 
30-26). 

■ Hold the correction with a Kirschner wire, if necessary. 

■ If the hip has remained dislocated during the osteotomy, 
reduce it at this time. 

■ Perform a meticulous capsulorrhaphy for additional soft- 
tissue stability. 

■Suture the iliac apophysis over the remaining ilium and 
close the wound. 


POSTOPERATIVE CARE. With the hip in neutral posi¬ 
tion (or in slight abduction and internai rotation, if this 
has been found the most favorable position for closure 
of the wound), a spica cast is applied from the nipple line 
to the toes on the affected side and to above the knee 
on the opposite side. At 8 to 12 weeks, the cast is 
removed and the osteotomy is checked by radiographs. 


I STEEL OSTEOTOMY 

The Pemberton pericapsular osteotomy is limited by the 
mobility of the triradiate cartilage, and hinging on this carti¬ 
lage can cause prématuré physeal closure. Although the Salter 
innominate osteotomy can be used in older patients, its 
results dépend on the mobility of the symphysis pubis, and 
the amount of fémoral head coverage is limited. Other, more 
complex ostéotomies, such as those of Steel and Eppright, 
can provide more correction and improve fémoral head 
coverage. 

In the triple innominate osteotomy developed by Steel, 
the ischium, the superior pubic ramus, and the ilium supe¬ 
rior to the acetabulum ail are divided, and the acetabulum is 
repositioned and stabilized by a bone graff and pins. The 
objective of this procedure is to establish a stable hip in ana¬ 
tomie position for dislocation or subluxation of the hip in 
older children when this is impossible by any one of the 
other ostéotomies (Fig. 30-27). For the operation to be suc- 
cessful, the articular surfaces of the joint must be congruous 
or become so when the acetabulum has been redirected so 
that a functional, painless range of motion is achieved and a 
Trendelenburg gait is absent. Steel reviewed 45 patients in 
whom 52 of his ostéotomies had been performed. The 
results were satisfactory in 40 hips and unsatisfactory in 12. 
The unsatisfactory hips were painful and easily fatigued; in 
two, the Trendelenburg test was positive, and in one, signifi- 
cant motion had been lost. 

Lipton and Bowen modified the Steel osteotomy by 

(1) resecting 1.0 to 1.5 cm of bone after the ischial osteotomy 
to facilitate medialization and rotation of the acetabulum, 

(2) resecting a triangular wedge of bone from the outer cortex 
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vflîi A f Preoperative image demonstrating bilateral hip dislocations in a 2-year-old patient. B f Anteroposterior pelvic view 
afterstaged open réductions, capsulorrhaphies, primary fémoral shortenings, and Pemberton acetabuloplasties using resection fémoral 
segment for pelvic bone grafting. C, Postoperative anteroposterior pelvis after spica cast removal. D f Two-year follow-up view reveals 
healing and maintenance of hip réduction. Some residual dysplasia exists, particularly on the left hip. SEE TECHNIQUE 30-10. 


of the proximal part of the ilium to create a slot that serves 
as an abutment into which the distal posterior aspect of the 
ilium fits, and (3) using two 7.3-mm cannulated screws 
instead of Steinmann pins for fixation of the iliac osteotomy. 
The procedure is done through two incisions: an ischial inci¬ 
sion and a bikini-type iliofemoral incision. Primary advan- 
tages of this technique include better coverage of the fémoral 
head by articular cartilage of the acetabulum, better hip joint 
stability for weight bearing, and no need for spica cast immo- 
bilization. Disadvantages include the technical difficulty of 
the procedure; it does not change the size of the acetabulum, 
and it distorts the pelvis such that natural childbirth may be 
impossible in adulthood. Fémoral shortening may be per- 
formed, and, if necessary, any contracted muscles around the 
hip are released surgically. 

Using three-dimensional CT, Frick et al. identified 
excessive (>10 degrees) external rotation of the acetabulum 
after triple innominate osteotomy in five hips, which 


included two with pubic osteotomy nonunions, two with 
ischial nonunions, and one with marked external rotation of 
the leg. They cautioned that the surgical technique for triple 
innominate osteotomy should be designed to avoid exces¬ 
sive external rotation of the acetabular fragment, which can 
resuit in (1) excessive external rotation of the lower limb, (2) 
decreased posterior coverage, (3) increased gaps at the pubic 
and ischial osteotomy sites with résultant higher rates of 
nonunion, and (4) lateralization of the joint center. Tech¬ 
nique modifications by Frick et al. include avoidance of the 
figure-of-four maneuver to mobilize the acetabulum (they 
believe this promotes external rotation of the acetabulum); 
strict attention to the intraoperative landmarks of the proxi¬ 
mal ilium and anterior infer ior iliac spine, keeping the ante- 
rior inferior iliac spine in line with the plane of the proximal 
ilium to prevent external rotation; and use of a temporary 
Schanz screw in the acetabular segment to serve as a handle 
to guide the acetabulum into the correct position. Careful 
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jjjgjg Steel triple innominate osteotomy. A f Sixteen- 
year-old girl with painful right hip, subluxation, and acetabular 
dysplasia. B, After Steel osteotomy. C, One year after surgery. 

(Courtesy of Randal Betz, MD, and Howard Steel, MD.) 


évaluation of the transverse plane acetabular position before 
and after provisional fixation is recommended to aid in pre- 
venting rotational malunions. 


TRIPLE INNOMINATE OSTEOTOMY 


TECHNIQUE 30-11 


(STEEL) 

■ Place the patient supine on the operating table and flex 
the hip and knee 90 degrees. Keep the hip in neutral 
abduction, adduction, and rotation. 


■ Drape the posterior aspect of the proximal thigh and the 
buttock, leaving the ischial tuberosity exposed. 

■ Make a transverse incision perpendicular to the long axis 
of the fémoral shaft 1 cm proximal to the gluteal crease. 

■ Retract the gluteus maximus muscle laterally and expose 
the hamstring muscles at their ischial origin. 

■ By sharp dissection, free the biceps femoris, the most 
superficial muscle in the area, from the ischium and 
expose the interval between the semimembranosus and 
the semitendinosus muscles. The sciatic nerve lies far 
enough laterally not to be endangered. 

■ Insert a curved hemostat in the interval between the 
origins of the semimembranosus and the semitendinosus 
deep to the ischium and into the obturator foramen. 

■ Elevate the origins of the obturator internus and externus 
and bring the tip of the hemostat out at the inferior 
margin of the ischial ramus. Ensure that the hemostat 
remains in contact with the bone during its passage deep 
to the ramus. 

■ With an osteotome directed posterolaterally and 45 
degrees from the perpendicular, divide completely the 
ischial ramus. Allow the origin of the biceps femoris to 
fall into place. 

■ Suture the gluteus maximus to the deep fascia and close 
the skin. 

■ Change gowns, gloves, and instruments, and begin in the 
iliopubic area the second stage of the operation. As an 
alternative, the superior and inferior pubic rami can be 
dissected and divided through a médial adductor 
approach. If a posterior incision was chosen, however, 
proceed with a full skin préparation medially to the 
midline and superiorly to the costal margin and drape the 
extremity free. 

■ Through an anterior iliofemoral approach, reflect the iliac 
and gluteal muscles from the wing of the ilium. 

■ Detach the sartorius and the latéral attachments of the 
inguinal ligament from the anterior superior iliac spine 
and reflect them medially. 

■ Reflect the iliacus and psoas muscles subperiosteally from 
the inner surface of the pelvis; this protects the fémoral 
neurovascular bundle. 

■ Divide the tendinous part of the origin of the iliopsoas and 
expose the pectineal tubercle. Detach the pectineus muscle 
subperiosteally from the superior pubic ramus and expose 
the bone 1 cm médial to the pubic tubercle. 

■ Pass a curved hemostat superior to the superior pubic 
ramus into the obturator foramen near the bone. With 
this hemostat, penetrate the obturator fascia so that the 
tip of the hemostat is brought out inferior to the ramus. 
If the bone is especially thick, pass a second hemostat 
inferior to the ramus and direct it superiorly to contact 
the first one. 

■Direct an osteotome posteromedially and 15 degrees 
from the perpendicular and perform an osteotomy of the 
pubic ramus. 

■ The obturator artery, vein, and nerve are protected by the 
hemostat. Using the technique as described by Salter for 
innominate osteotomy, divide the ilium with a Gigli saw. 
When this osteotomy has been completed, free the peri- 
osteum and fascia from the médial wall of the pelvis to 
free the acetabular segment (Fig. 30-28). 
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Steel triple innominate osteotomy. A f Ostéotomies to be performed in iliac wing and superior and inferior pubic 
rami. Note wedge of bone to be taken as graft from superiormost portion of ilium. B f Latéral view showing graft in place and fixation 
with two Kirschner wires. SEE TECHNIQUE 30-11. 


9 « If the fémoral head is subluxated or dislocated, open the 
capsule at this time and remove any tissue obstructing 
réduction. Reduce the fémoral head as near as possible 
to the center of the triradiate cartilage and close the 
capsule. 

■ With a towel clip, grasp the anterior inferior iliac spine 
and rotate the acetabular segment in the desired direc¬ 
tion, usually anteriorly and laterally, until the fémoral 
head is covered. In an older child, use a lamina spreader 
to open the osteotomy because the sacroiliac joint usually 
is more stable in this âge group and is not likely to be 
subluxated. 

■ With the acetabular fragment in proper position, stabilize 
it with a triangular bone graft removed from the superior 
rim of the ilium. 

■ Transfix the graft with two pins that penetrate the inner 
wall of the ilium. 

■ Allow the pectineus and iliopsoas muscles to fall into 
place. 

■ Reattach the sartorius and the latéral end of the inguinal 
ligament to the anterior superior iliac spine and close the 
wound in layers. 

POSTOPERATIVE CARE. A spica cast is applied with the 
hip in 20 degrees of abduction, 5 degrees of flexion, and 
neutral rotation. At 8 to 10 weeks, the cast and pins are 
removed and active and passive motion of the hip are 
started. Ail three ostéotomies usually unité by 12 weeks 
after surgery, at which time progressive weight bearing 
on crutches is started. 


I DEGA OSTEOTOMY 

In 1969, Dega described a transiliac osteotomy for the treat- 
ment of residual acetabular dysplasia secondary to develop- 
mental hip dysplasia or dislocation. This incomplète transiliac 
osteotomy involves osteotomy of the anterior and middle 
portions of the inner cortex of the ilium, leaving an intact 
hinge posteriorly consisting of the intact posteromedial iliac 
cortex and sciatic notch. 


Because of the variable hinge location, the Dega osteot¬ 
omy can be done with either an open or a closed triradiate 
cartilage, although it is usually done before closure of the 
triradiate cartilage. This osteotomy is only one component of 
the comprehensive, complicated surgery required to treat 
severe developmental dysplasia of the hip in children of 
walking âge. It must be accompanied by a satisfactory open 
réduction and an appropriate correction of proximal fémoral 
deformity when needed (Fig. 30-29). 


TRANSILIAC (DEGA) OSTEOTOMY 


TECHNIQUE 30-12 


(GRUDZIAKANDWARD) 

■ Position the patient supine with the involved hip tilted up 
30 to 40 degrees by a bump placed at the midlumbar 
level. 

■ Make an extended antérolatéral incision starting 1 cm 
inferior and posterior to the anterior superior iliac spine 
and extending distally over the proximal part of the 
fémur, centered over the greater trochanter (Fig. 30-30A). 
Alternative^, this procedure can be performed through a 
standard ilioinguinal approach at the time of open réduc¬ 
tion of the hip. 

■ Develop the interval between the tensor fasciae latae 
muscles posteriorly and the sartorius muscle anteriorly 
and release the sartorius from its origin on the anterior 
superior iliac spine. 

■ Sharply reflect the abductor muscles off of the latéral wall 
of the ilium just distal to the iliac apophysis, but do not 
split the apophysis itself. Completely separate the abduc¬ 
tor muscles and periosteum from the ilium and the hip 
capsule back to the sciatic notch, which is fully exposed, 
and insert an adult-size blunt Hohmann retractor into the 
notch. Do not dissect either the muscles or the perios¬ 
teum off of the inner wall of the ilium. 

■ Separate the reflected head of the rectus femoris muscle 
from the hip capsule and incise it. Detach the tendon of 
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FIGURE 


Before (A) and after (B) Dega transiliac osteotomy. 


the straight head of the rectus femoris muscle from the 
anterior inferior iliac spine only when necessary for proper 
exposure of the capsule. 

■ Isolate the tendinous portion of the iliopsoas muscle from 
the capsule and transect it either over the anteromedial 
aspect of the capsule just distal to the pelvic brim or more 
distally near its insertion. 

■ If required, reduce the hip and perform a fémoral oste¬ 
otomy with shortening and rotation to correct excessive 
antéversion. 

■ Make the Dega osteotomy to decrease acetabular dyspla- 
sia and to enhance containment of the fémoral head. 

■ Mark the orientation of the osteotomy on the latéral 
cortex of the ilium (Fig. 30-30B). The direction of the 
osteotomy is curvilinear when viewed from the latéral 
cortex, starting just above the anterior inferior iliac spine, 
curving gently cephalad and posteriorly to reach a point 
superior to the midpoint of the acetabulum, and then 
continuing posteriorly to end 1.0 to 1.5 cm in front of 
the sciatic notch. The most cephalad extent of the oste¬ 
otomy is in the middle of the acetabulum, at a point on 
the ilium determined by the steepness of the acetabulum. 
Very steep acetabular inclinations require a correspond- 
ingly higher midpoint. 

■ Insert a guidewire under fluoroscopie control at the most 
cephalad point of the curvilinear marking line, directing 
it caudally and medially to ensure that the osteotomy exits 
at the appropriate level just above the horizontal limb of 
the triradiate cartilage. 

■ Use a straight %-inch or / 2 -\nch osteotome to make the 
bone eut, which extends obliquely medially and inferiorly, 
paralleling the guidewire to exit through the inner cortex 
just above the iliopubic and ilioischial limbs of the triradi¬ 
ate cartilage (Fig. 30-30C), leaving the posterior one third 
of the inner cortex intact (Fig. 30-30D). 

■ If predominantly anterior coverage is desired, eut the 
médial (inner) cortex over the anterior and middle portion, 
leaving only the posterior sciatic notch hinge intact. 

■ If more latéral coverage is desired, leave more of the 
médial cortex intact, resulting in a posteromedial hinge 


based on the posteromedial inner cortex and the entire 
sciatic notch. Generally, approximately one fourth to one 
third of the inner pelvic cortex is left intact posteriorly. 
With expérience, the osteotomy eut might be done safely 
without fluoroscopie guidance, as in Dega's original 
description; however, we prefer to use fluoroscopy. 

■ Use a y 2 - inch osteotome to gently lever open the oste¬ 
otomy site either anteriorly or laterally in a controlled 
manner (Fig. 30-30E). A small lamina spreader also is 
useful for this maneuver. Often, while the osteotomy site 
is being opened, the osteotomy eut on the outer cortex 
of the ilium propagates toward the sciatic notch as a 
greenstick fracture. Because the posterior portion of the 
inner cortex is still intact, however, the outer cortical 
greenstick fracture does not weaken the recoil and stabil- 
ity at the osteotomy site. 

■ Keep the osteotomy site open by inserting two correctly 
sized bone grafts (Fig. 30-30F). Fashion the grafts from a 
bicortical segment of iliac crest bone, or, alternative^, if 
fémoral shortening has been done, use the segment of 
the fémur that was removed. 

■ If there is a substantial gap at the osteotomy site, an 
autogenous fémoral or iliac crest graft may be insuffi- 
cient. Under these circumstances, the height of the graft 
can be increased by using freeze-dried fibular allograft 
eut into trapézoïdal sections. 

■ The correct graft height is determined by simply noting 
the opening of the osteotomy gap created by the lamina 
spreader or the levering osteotome. In developmental 
dysplasia, acetabular deficiency is most pronounced ante¬ 
riorly, mandating placement of the larger graft more 
anteriorly. Wedge a smaller graft more posteriorly, just in 
front of the intact sciatic notch. Ensure that both grafts 
are of an appropriate height and that the amount of cor¬ 
rection of the dysplastic acetabulum provides enough 
coverage of the fémoral head. 

■After the grafts hâve been inserted, they are stable 
because of the inhérent recoil at the osteotomy site pro- 
duced by the intact sciatic notch. Metallic internai fixation 
is unnecessary. Variations in the graft size and placement, 
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extent of the outer and inner cortical cuts, and thickness 
of the acetabular fragment make it possible to reorient 
and reshape the acetabulum. The more posterior the 
extent of the outer cortical eut, and the greater the 
amount of the inner cortex left intact, the more latéral 
the tilt of the acetabulum. A more cephalad starting point 
and a steeper osteotomy angle produce more latéral cov- 
erage. A more extensive eut through the inner cortex 
allows for more anterior coverage of the hip. Finally, the 
doser the osteotomy is to the acetabulum, the thinner 
and more pliable is the acetabular fragment, theoretically 
allowing for more reshaping and less redirection to occur. 
These three-dimensional changes in the osteotomy are 
difficult to quantify, as is the true anatomie nature of a 
dysplastic hip. An experienced orthopaedic surgeon who 
is familiar with the spectrum of dysplastic hip pathology 
and who applies the principes described should be able 
to perform an osteotomy, however, that is precisely suited 
to the unique pathology of a given dysplastic hip. 

■ When the osteotomy is done, satisfactory fémoral head 
coverage can be appreciated and the hip should be stable 
during flexion and rotation. 

■ After closure, apply a one and one-half spica cast with 
the hip in neutral extension, approximately 20 degrees of 
internai rotation and 20 to 30 degrees of abduction. 

POSTOPERATIVE CARE. The cast is worn for 8 to 12 
weeks, depending on the healing of the osteotomy site. 
After the cast is removed, progressive walking and range 
of motion are begun but no formai physical therapy is 
prescribed. 


I GANZ (BERNESE) PERIACETABULAR OSTEOTOMY 

Ganz et al. developed a triplanar periacetabular osteotomy 
for adolescents and adults with dysplastic hips that require 
correction of congruency and containment of the fémoral 
head. If significant degenerative changes involving the weight- 
bearing surface of the fémoral head are présent, a proximal 
fémoral osteotomy can be added to provide uninvolved ace¬ 
tabular and proximal fémoral weight-bearing surfaces (Fig. 
30-31). The reported advantages of periacetabular osteotomy 
are as follows: (1) only one approach is used; (2) a large 
amount of correction can be obtained in ail directions, 
including the médial and latéral planes; (3) blood supply to 
the acetabulum is preserved; (4) the posterior column of the 
hemipelvis remains mechanically intact, allowing immédiate 
crutch walking with minimal internai fixation; (5) the shape 
of the true pelvis is unaltered, permitting normal child deliv- 
ery; and (6) it can be combined with trochanteric osteotomy 
if needed. Although technically more demanding in previ- 
ously operated hips, the periacetabular osteotomy has been 
shown to provide similar radiographie and functional results 
as periacetabular osteotomy in patients without prior hip 
surgery (Fig. 30-32). The technique for Ganz periacetabular 
osteotomy is described in Chapter 6. 

I SHELF OPERATIONS 

Shelf procedures commonly hâve been performed to enlarge 
the volume of the acetabulum; however, pelvic redirectional 


and displacement ostéotomies hâve largely replaced this type 
of operation. The redirectional ostéotomies are inappropriate 
in hips in which the fémoral head and acetabulum are mis- 
shapen but still congruent because redirection can cause 
incongruity. 

Staheli described a slotted acetabular augmentation pro¬ 
cedure to create a congruous acetabular extension in which 
the size and position of the augmentation can be easily con- 
trolled. A déficient acetabulum that cannot be corrected by 
redirectional pelvic osteotomy is the primary indication for 
this operation. Contraindications include dysplastic hips with 
spherical congruity suitable for redirectional osteotomy, hips 
requiring concurrent open réduction that must hâve supple- 
mentary stability, and patients unsuited for spica cast 
immobilization. 


SLOTTED ACETABULAR 
AUGMENTATION 


TECHNIQUE 30-13 


(STAHELI) 

■ Before surgery, détermine the center-edge angle of 
Wiberg from anteroposterior standing pelvic radiographs 
and superimpose a normal center-edge angle (about 35 
degrees) on the image. Measure the additional width 
necessary to extend the existing acetabulum to achieve 
the normal angle (Fig. 30-33). This détermines the width 
of the augmentation; this measurement added to the 
depth of the slot gives the total graft length. 

■ Position the patient supine on a radiolucent operating 
table with a small bump under the affected hip. 

■ Make a straight bikini-line skin incision 1 cm below and 
parallel to the iliac crest. 

■ Expose the hip joint through a standard iliofemoral 
approach. 

■ Divide the tendon of the reflected head of the rectus 
femoris muscle anteriorly and displace it posteriorly. If the 
capsule is abnormally thick (>6 mm), thin it by "fileting" 
with a scalpel. 

■ The placement of the acetabular slot is the most critical 
part of the procedure; the slot must be created exactlyat 
the acetabular margin. Détermine the position of the slot 
by placing a probe into the joint to palpate the position 
of the acetabulum. Place a drill in the selected site and 
verify correct position with image intensification. The 
floor of the slot should be acetabular articular cartilage 
and little bone; the end and roof of the slot should be 
cancellous bone. The slot should be 1 cm deep. 

■ Make the slot by drilling a sériés of holes with a s / 32 -inch 
(4.5-mm) bit and join them with a narrow rongeur. Déter¬ 
mine the length of the slot intraoperatively by the need 
for coverage. If excessive fémoral antéversion is présent, 
extend the slot anteriorly. If the acetabulum is déficient 
posteriorly, extend the slot in that direction. 

■ Take thin strips of cortical and cancellous bone from the 
latéral surface of the ilium; eut these as long as possible. 

■ Extend the shallow décortication inferiorly from the iliac 
crest to the superior margin of the slot to ensure rapid 




CHAPTER 30 CONGENITAL AND DEVELOPMENTAL ABNORMALITIES OF THE HIP AND PELVIS 


9 


Anterior superior 
iliac spine 




Rectus femoris 
lliopsoas 
Vastus lateralis 


Latéral aspect of 
fémur exposed 




Dega osteotomy (see text). A f Skin incision. B, Osteotomy line is marked on latéral cortex of ilium; guidewire is 
inserted to exit just above horizontal limb of triradiate cartilage. C f Osteotome pénétrâtes inner cortex. D f View from inner side of 
pelvis shows intact posteromedial cortical hinge; length of intact inner cortex dépends on amount of anterior and latéral coverage 
desired. E f Osteotomy is levered open with osteotome or small lamina spreader. F f Larger graft is inserted anteriorly; posterior graft 
should be smaller to avoid loosening anterior graft. (Redrawn from Grudziak JS, Ward WT: Dega osteotomy for the treatment of congénital 
dysplasia of the hip, J Bone Joint Surg 83A:845, 2001.) SEE TECHNIQUE 30-12. 
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SU A f Twenty-eight-year-old woman with painful bilateral acetabular dysplasia. B f After Ganz osteotomy of right hip. 

(Courtesy of James Guyton, MD.) 



Preoperative (A) and postoperative (B) views of adolescent bilateral hip dysplasia in a 14-year-old girl. The patient 
was treated with bilateral, staged periacetabular ostéotomies. 


fusion of the graft to the ilium. Do not remove the inner 
table of the ilium because this may change the contour 
of the pelvis. 

■ Measure the depth of the slot and add this to the width 
of the augmentation as determined preoperatively. 

■ Select thin strips (1 mm) of cancellous bone and eut them 
into rectangles about 1 cm wide and of the appropriate 
length. Assemble these rectangular pièces on a moist 
sponge, cutting enough to provide a single layer the 
length of the augmentation. 

■ Apply the first layer radially from the slot with the concave 
side down to provide a congruous extension. 

■ Select longer cancellous strips for the second layer and 
eut them to the length of the extension. Place these at 


right angles to the first layer and parallel to the acetab- 
ulum. They may be a little thicker (2 mm), especially 
the most latéral strip, to provide a well-defined latéral 
margin of the extension. Both layers must be of 
appropriate width and length. The augmentation should 
not extend too far anteriorly to avoid blocking hip 
flexion. 

■ Secure these two layers of cancellous grafts by bringing 
the reflected head of the rectus femoris forward over the 
grafts and suturing it in its original position. A capsular 
flap can be substituted if this tendon is unavailable. 

■ Cut the remaining grafts into small pièces and pack them 
above, but not beyond, the initial layer. They are held in 
place by the reattached abductor muscles. 
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Slotted acetabular augmentation of Staheli. A f Width of augmentation (WA) is determined preoperatively from 
standing anteroposterior radiograph of pelvis. Center-edge angle and 35-degree angle are drawn. Graft length (gl) is sum of WA and 
slot depth. B, Objective of procedure is to provide congruous extension of acetabulum. C f Details of extension. SEE TECHNIQUE 30-13. 


■ Confirm the position and width of the graft by 
radiographs. 

■ After closure, apply a single hip spica cast with the hip in 
15 degrees of abduction, 20 degrees of flexion, and 
neutral rotation. 

POSTOPERATIVE CARE. The cast is removed after 6 
weeks, and crutch walking is permitted with partial 
weight bearing on the affected side until the graft is 
incorporated, usually at 3 to 4 months (Fig. 30-34). 


ICHIARI OSTEOTOMY 

The Chiari osteotomy is a capsular interposition arthroplasty 
and should be considered only in situations in which other 
reconstructions are impossible, such as when the fémoral 
head cannot be centered adequately in the acetabulum or in 
painfully subluxated hips with early signs of osteoarthritis. 
This procedure deepens the déficient acetabulum by médial 


displacement of the distal pelvic fragment and improves 
superolateral fémoral coverage. 

The Chiari procedure is an operation that places the 
fémoral head beneath a surface of cancellous bone with the 
capacity for régénération and corrects the latéral pathologie 
displacement of the fémur. An osteotomy of the pelvis is 
performed at the superior margin of the acetabulum, and the 
pelvis inferior to the osteotomy along with the fémur is dis- 
placed medially (Fig. 30-35). The superior fragment of the 
osteotomy then becomes a shelf, and the capsule is interposed 
between it and the fémoral head. 

After using this operation on more than 600 patients, 400 
of whom had been observed for more than 2 years, Chiari 
recommended the operation in the following situations: (1) 
for congénital subluxations in patients 4 to 6 years old or 
older, including adults (including subluxations that persist 
after conservative treatment of dislocations and subluxations 
previously not treated); (2) for untreated congénital disloca¬ 
tions in patients older than 4 years old, soon after open or 
closed réduction; (3) for dysplastic hips with osteoarthritis; 
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JJStaheli slotted acetabular augmentation. 

A, Fourteen-year-old girl with painful right acetabular dysplasia. 

B, Four months after operation. C f One year after operation, 
excellent graft incorporation. (Courtesy of Lynn Staheli, MD.) 


(4) for paralytic dislocations caused by muscular weakness or 
spasticity; and (5) for coxa magna after Perthes disease or 
osteonecrosis after treatment of congénital dysplasia. These 
indications are broader than the indications usually accepted 
by most pédiatrie orthopaedists. For children younger than 
about 10 years old, the osteotomy is not recommended in 
subluxations or in dislocations that can be reduced surgically 
or conservatively and in which osteotomy of the innominate 
bone, acetabuloplasty, or ostéotomies that free the acetabu- 
lum would resuit in a competent acetabulum. S orne surgeons 
recommend the operation for patients older than 10 years 
who hâve symptomatic early subluxation of the hip with 


acetabular dysplasia too severe to be treated by other pelvic 
ostéotomies; for them, innominate osteotomy with médial 
displacement is preferred to a shelf operation. 

Chiari s operation is a capsular arthroplasty because the 
capsule is interposed between the newly formed acetabular 
roof and the fémoral head. Because the biomechanics of the 
hip are improved by displacing the hip nearer the midline, a 
Trendelenburg limp often is eliminated. 


TECHNIQUE 30-14 


■ Place the patient supine on a fracture table with the feet 
attached to the traction plate. Slightly abduct and exter- 
nally rotate the affected hip. 

■ Make an antérolatéral bikini-line incision about 10 cm 
long. Develop the interval between the tensor fasciae 
latae and the sartorius muscles and laterally retract the 
former. 

■ Incise the iliac apophysis in line with the iliac crest. With 
a periosteal elevator, detach the latéral half of the apoph¬ 
ysis along with the tensor fasciae latae muscle and the 
anterior part of the gluteus médius muscle. 

■ Dissect these muscles subperiosteally and retract them 
posteriorly. 

■ Insert a periosteal elevator between the capsule of the 
hip and the gluteus minimus. 

■ Dissect subperiosteally posteriorly to the point where the 
pelvis curves inferiorly. 

■ With a curved periosteal elevator, dissect subperiosteally 
farther posteriorly until the sciatic notch is reached. 
Replace this elevator with a flexible métal ribbon retractor 
3 cm wide. This complétés the dissection posteriorly. 

■ Return anteriorly to the médial aspect of the ilium. With 
a periosteal elevator, strip the iliacus muscle and the 
underlying periosteum posteriorly to the sciatic notch. 

■ When the sciatic notch is reached, replace the elevator 
with a flexible métal ribbon retractor that touches and 
overlaps the ribbon retractor already in the notch. 

■ With curved scissors, separate the rectus muscle and its 
reflected head from the capsule of the hip joint. Divide 
the reflected head. 

■ The osteotomy should be made with a Hohmann retrac¬ 
tor precisely between the insertion of the capsule and the 
reflected head of the rectus, following the capsular inser¬ 
tion in a curved line and ending distal to the anterior 
inferior iliac spine anteriorly and in the sciatic notch pos¬ 
teriorly. Do not open or damage the capsule of the joint. 

■ After the line of the osteotomy has been determined, 
start the osteotomy with a straight, narrow osteotome, 
opening the latéral table of the ilium along this line. 

■ Détermine the exact position of the osteotome at the 
beginning by image intensification or by radiographs. 
Direct the osteotomy superiorly approximately 20 degrees 
toward the inner table of the ilium (Fig. 30-36A). Change 
the position of the osteotome as necessary to make the 
osteotomy curve superiorly. Do not direct the osteotomy 
more than 20 degrees superiorly because it might enter 
the sacroiliac joint. 

■ When the osteotomy has been completed, displace the 
hip medially by releasing the traction on the extremity and 
by forcing the limb into abduction. The distal fragment 
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Chiari osteotomy. A f Young adult with painful, bilateral acetabular dysplasia, greater on left than on right. B f After 
Chiari osteotomy of left hip. Note optional internai fixation and médial bone grafting. C f Bilateral acetabular dysplasia in 12-year-old 
girl. D f After surgery, right hip is completely displaced. E f One year after Chiari osteotomy. (A and B courtesy of Randal Betz, MD.) 



Chiari médial displacement osteotomy. A f Line of osteotomy extending from immediately superior to lip of acetabu- 
lum into sciatic notch. Osteotomy can be curved to facilitate fémoral head coverage. B f Completed osteotomy with médial displacement 
of distal fragment for interpositional capsular arthroplasty. SEE TECHNIQUE 30-14. 
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9 displaces medially, hinging at the symphysis pubis (Fig. 
30-36B). If the adductor muscles are extremely relaxed, 
however, it may be necessary to manipulate the head 
manually or to displace the distal fragment with an instru¬ 
ment. Ensure that the distal fragment is displaced far 
enough medially (if necessary, 100% of the width of the 
ilium) so that the proximal fragment completely covers 
the fémoral head. 

■ Internai fixation can be inserted to secure and maintain 
adéquate displacement. 

■ After the displacement has been completed, decrease the 
abduction of the limb to about 30 degrees. 

■ If the capsule is loose, perform a capsulorrhaphy. 
■Check the position of the hip and the osteotomy by 
image intensification or by radiographs. 

■ Replace and suture the iliac apophysis and close the 
wound. 

■Apply a spica cast with the hip in 20 to 30 degrees of 
abduction, neutral rotation, and neutral extension. 



Bilateral untreated congénital dislocation of 
hip in 12-year-old girl. 


POSTOPERATIVE CARE. In children and adults, the cast 
is removed at 6 to 8 weeks, and active and passive exer¬ 
cises of the hip are started. Partial weight bearing on 
crutches is allowed and progressed as tolerated. 


■ ADOLESCENT AND YOUNG ADULT (>8 YEARS) 

In children older than 8 years old or in young adults in whom 
the fémoral head cannot be repositioned distally to the level 
of the acetabulum, only palliative salvaging operations are 
possible. Rarely, a fémoral shortening combined with a pelvic 
osteotomy could be considered, but the chances of creating a 
hip to last a lifetime are minimal. Réduction of a unilatéral 
dislocation should be strongly considered, even in children 6 
years old. After some years, degenerative arthritic changes 
develop in the hip joint. When these changes cause enough 
pain or limitation of motion to require additional surgery, a 
reconstructive operation, such as a total hip arthroplasty, may 
be indicated at the appropriate âge. Arthrodesis is now rarely 
indicated for old unreduced dislocations and is contraindi- 
cated for bilateral dislocations. In bilateral dislocations in this 
âge group, the hips should be left unreduced (Fig. 30-37), and 
total hip arthroplasties may be done during adulthood. 
Degenerative joint disease is more likely to develop in early 
adulthood in a dislocated hip with a false acetabulum in the 
wing of the ilium than in a dislocated hip without formation 
of a false acetabulum. Patients with reduced fémoral heads 
but painful acetabular dysplasia can be treated with an appro¬ 
priate pelvic osteotomy (Table 30-1). 


CONGENITAL AND 
DEVELOPMENTAL COXA VARA 

The term congénital coxa vara has been applied to two types 
of coxa vara seen in infancy and childhood. The first type is 
présent at birth, is rare, and is associated with other congéni¬ 
tal anomalies, such as proximal fémoral focal deficiency or 
anomalies in other parts of the body such as cleidocranial 
dysostosis. The second type, usually not discovered until the 


child is walking, is more common than the first and is associ¬ 
ated with no other abnormality. 

Coxa vara, offen bilateral, is characterized by a progres¬ 
sive decrease in the angle between the fémoral neck and shaft, 
a progressive shortening of the limb, and the presence of a 
defect in the médial part of the neck (Fig. 30-38). Microscopi- 
cally, the tissue in this defect consists of cartilage and resem- 
bles an abnormal physis; the arrangement of its cells is 
irregular and ossification within it is atypical. The adjacent 
metaphyseal bone is osteoporotic, its trabeculae being atro¬ 
phie, and occasionally it contains large groups of cartilage 
cells. When walking is begun, the forces that the fémoral neck 
must withstand are increased, and because the neck is weak, 
varus deformity gradually develops. 

As the patient becomes older and heavier, the deformity 
increases until the greater trochanter eventually lies superior 
to the fémoral head; pseudarthrosis of the fémoral neck may 
develop. In adults, the trochanter may corne to lie several 
inches superior to the fémoral head, and if pseudarthrosis is 
présent, the fémoral head may be widely separated from the 
fémoral neck. After âge 8 years, the likelihood of obtaining a 
hip that would function normally rapidly diminishes. 

The treatment of choice for correction of developmental 
coxa vara is subtrochanteric osteotomy to place the fémoral 
neck and head in an appropriate valgus position with the 
shaft of the fémur. Surgery can be delayed until the child is 4 
or 5 years old to make internai fixation easier. Surgical treat¬ 
ment is indicated when coxa vara deformity is progressive, 
painful, unilatéral, or associated with leg-length discrepancy 
or when the Hilgenreiner-epiphyseal (H-E) angle is greater 
than 60 degrees (Fig. 30-39). Surgery also is indicated when 
the neck-shaft angle is 110 degrees or less. The subtrochan¬ 
teric osteotomy is fixed internally with either a blade plate or 
screw and plate combination (Fig. 30-40). Although biome- 
chanically this may provide enough rigid internai fixation to 
eliminate the need for postoperative immobilization, a spica 
cast can be worn until union is complété. 

Regardless of the method of osteotomy, the deformity can 
recur, so children should be examined periodically after 
surgery until their growth is complété. The risk of récurrence 
can be lessened by improving the H-E angle to less than 38 
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A f Plain anteroposterior radiograph of a 4-year-old boy with congénital coxa vara of the right hip. B f Coronal MRI 
section of the same patient demonstrates irregularity and widening of the physis. 



H-E Angle 

<45° Good prognosis 

45°-59° Monitor closely for progression 

>60° Poor prognosis; high risk of 

progression; surgery is indicated 


FIGURE 


^ Hilgenreiner-epiphyseal (H-E) angle of more 


than 60 degrees is an indication for surgical treatment of con¬ 


génital coxa vara. 


■ If a screw and side plate device is used for internai fixa¬ 
tion, insert the screw in the midline of the fémoral neck 
as determined by image intensification or anteroposterior 
and latéral radiographs. Insert the screw as close as pos¬ 
sible to the trochanteric apophysis without entering it. If 
possible, center the screw in the fémoral neck distal to 
the abnormal physis. If this is technically impossible, 
center the screw in the fémoral head. 

■ Make a transverse osteotomy slightly distal to the screw 
at about the level of the lesser trochanter. 

■ If necessary, take a small latéral wedge of bone to correct 
the neck-shaft angle to 140 to 150 degrees. 

■ Fix the side plate to the fémoral shaft in the usual manner. 

■ Irrigate the wound and close it in layers, inserting 
irrigation-suction drainage if desired. 

■ Apply a one and one-half spica cast. 

POSTOPERATIVE CARE. The cast is removed at 8 to 12 
weeks, when radiographie union of the osteotomy has 
occurred. Regular follow-up includes assessment of pos¬ 
sible récurrence of the deformity and the development of 
progressive limb-length discrepancy that requires addi- 
tional treatment. 


degrees. In addition to monitoring for récurrence of the varus 
deformity, a significant number of children with coxa vara 
hâve associated fémoral hypoplasia and limb-length discrep¬ 
ancy, which also require monitoring and may ultimately 
require limb length equalization. 


VALGUS OSTEOTOMY FOR 
DEVELOPMENTAL COXA VARA 


TECHNIQUE 30-15 


■ Perform an adductor tenotomy through a small médial 
incision. 

■ Expose the greater trochanter and proximal shaft of the 
fémur through an 8- to 10-cm latéral, longitudinal 
incision. 


EXSTROPHY OF THE BLADDER 

Exstrophy of the bladder occurs as a resuit of a congénital 
failure of fusion of the tissues of the midline of the pelvis. The 
major anomaly is a maldevelopment of the lower part of the 
abdominal wall and the anterior wall of the bladder so that 
the anterior surface of the posterior wall of the bladder is 
exposed to the exterior. Hernias and other defects of the 
anterior abdominal wall also may be présent more proxi- 
mally. As noted by O’Phelan, however, the orthopaedic 
surgeon becomes involved in treatment because of the 
diastasis of the symphysis pubis, the latéral flare of the 
innominate bones, and the résultant latéral displacement and 
external rotation of the acetabula. Other orthopaedic anoma¬ 
lies may be présent along with exstrophy of the bladder, 
including congénital dislocation or dysplasia of the hip and 
myelomeningocele. 
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Congénital coxa vara. A f Two-year-old girl with congénital coxa vara. B f Preoperative radiograph shows neck-shaft 
angle of less than 90 degrees bilatérally at âge 5 years. C f After bilateral subtrochanteric ostéotomies and internai fixation with pédiatrie 
hip screw. 


ANTERIOR ILIAC OSTEOTOMIES 
AND APPROXIMATION OF THE 
SYMPHYSIS PUBIS 

Because most of the urologie structures are présent or bifid, 
reconstruction is possible. Unless the symphysis pubis is 
approximated, however, urologie reconstruction is followed 
by complications such as the formation of fistulas or récur¬ 
rences. These complications seem to be caused by tension 
placed on the soft tissues during closure, and this tension 
can be relieved by repair of the symphysis pubis. There is 
some controversy, as some authors hâve reported success- 
fully bladder closure and repair without pelvic ostéotomies. 
However, failure to address the abnormal morphology of 
the pelvis can hâve other conséquences for the child such 
as a wide-based, waddling, externally rotated gait. O’Phelan 
described the results of bilateral posterior iliac ostéotomies 
and approximation of the symphysis (Fig. 30-41). More 
recently, Sponseller et al. recommended bilateral ante- 
rior iliac ostéotomies, with internai or external fixation, 
citing advantages of increased mobility of the pubis, less 
intraoperative blood loss, and increased correction and 
avoidance of turning of the patient while under anesthésia for 
repeat préparation. Postoperative traction was unnecessary 
in most of their patients. Wound dehiscence or bladder pro- 
lapse occurred in 4% of patients, and the only important 


complication of the ostéotomies was transient palsy of the 
left fémoral nerve in seven children. Children who were 
older at the time of the osteotomy maintained better correc¬ 
tion over time. In a later report, Okubadejo, et al. reviewed 
the records of 624 patients who had bladder exstrophy 
repair and found that orthopaedic complications occurred 
in 26 (4%). They divided the complications into five cat¬ 
egories: bony complications at the osteotomy site (19%), 
neurologie complications at the osteotomy site (50%), com¬ 
plications of traction (15%), deep infection (8%), and late 
infection (8%). 

In their report on bladder exstrophy, Kasat and Borwan- 
kar identified 11 important factors in obtaining a successful 
primary closure: (1) proper patient sélection, (2) a staged 
approach, (3) anterior approximation of the pubic bones 
with placement of the bladder and urethra in the true pelvis, 

(4) posterior bilateral iliac ostéotomies when indicated, 

(5) double-layered closure of the bladder, (6) 2 weeks of 
proper ureteric cathéter drainage, (7) prévention of infection, 

(8) prolonged and proper postoperative immobilization, 

(9) prompt treatment of bladder prolapse, (10) prévention of 
abdominal distention postoperatively, and (11) ruling out 
bladder outlet obstruction before removing the bladder 
cathéter. 

The three steps are performed as one operative proce¬ 
dure: (1) the anterior iliac ostéotomies; (2) repair of the 
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A, Congénital exstrophy of bladder in newborn boy. B f Note pubic diastasis on radiograph at 1 year of âge. C f After 
bilateral posterior iliac ostéotomies and anterior reconstruction. 


anterior structures by a urologie surgeon; and (3) repair of 
the symphysis pubis. A heavy, nonabsorbable suture or bio- 
degradeable implants can be substituted for wire fixation. 
Although described for treatment of older children or chil- 
dren with récurrent deformities, we prefer this technique for 
early initial treatment and for older children (Fig. 30-42). 


BILATERAL ANTERIOR ILIAC 
OSTEOTOMIES 


TECHNIQUE 30-16 


(SPONSELLER, GEARHART, AND JEFFS) 

■ Place the patient supine on the operating table and cir- 
cumferentially préparé and drape the entire body below 
the umbilicus. Elevate the sacrum on folded towels. 

■ Make an anterior iliofemoral approach to the pelvis, 
similar to that used for a Salter osteotomy; both sides can 
be exposed simultaneously. 

■ Widely expose the médial iliac cortex and carefully elevate 
the periosteum posteriorly around the sciatic notch, using 
curved elevators and gauze sponges. 


■ With a Gigli saw, perform Salter innominate ostéotomies. 
If the saw is difficult to pass, it can be threaded through 
on a leader of umbilical tape. In children younger than 6 
months old, use an oscillating saw because the force 
applied to the Gigli saw can cause preferential séparation 
of the triradiate cartilage. 

■ Make the ostéotomies from 5 mm above the anterior 
inferior iliac spine to the most cranial portion of the sciatic 
notch to leave a sizable inferior segment for internai 
fixation. 

■ Rotate the freed ischiopubic segments 30 to 45 degrees 
to bring the pubic rami together. 

■ In children older than 6 months, a small external fixator, 
such as that used in the upper extremity, can be used 
with 2-mm pins for fixation. Increase the pin size to 4 mm 
for children 4 to 10 years old and to 5 mm for children 
older than 10 years old. 

■ Insert two pins in each iliac wing and two in each distal 
fragment. Predrilling may be necessary to prevent split- 
ting of the bone in small infants. 

■ Place one distal fragment pin from the anterior inferior 
iliac spine to the notch, parallel and 5 to 10 mm inferior 
to the osteotomy, ensuring that the pin engages the deep 
posterior cortex of the notch. 
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A, Technique for reconstruction in exstrophy of bladder (see text). Inset shows suturing of pubic bones. B f Postopera- 
tive radiograph after bilateral anterior Salter innominate ostéotomies. 


3 " Insert another threaded pin just below this pin but exter- 
nally angled 30 degrees. 

■ Close the wounds. 

■ Hâve the urologie surgeon préparé the operative field and 
identify the abnormal bladder and uréthral structures. 

■ Use a single suture of 2-0 nylon in a horizontal mattress 
stitch to suture the pubic bones; tie it anterior to the 
neourethra and bladder neck while an assistant rotâtes 
the greater trochanters medially. 

■ Place heavy sutures of polyglactin in the rectus fascia just 
superficial to the pubic closure. 

■ After the pelvic ring is closed anteriorly, apply the external 
fixator. Good subperiosteal exposure is mandatory to 
ensure accurate pin placement away from the hip and 
triradiate cartilage. 

■ The procedure can be modified to exclude external fixa¬ 
tion by fixing both ostéotomies with Kirschner wires and 
applying a spica cast to be worn for 8 to 12 weeks., or 
by applying a biodegradeable plate and screws to the 
symphysis rather than a wire or suture. 

POSTOPERATIVE CARE. Light Buck traction or a spica 
cast can be used for 1 to 2 weeks to maintain comfort 
and bed rest. This is mandatory in children younger than 
1 year old because they hâve relatively less cortical bone 
for fixation, but older children can be discharged from 
the hospital earlier if good external fixation is obtained. 
External fixation is continued for 4 weeks in children 
younger than 2 years and for 6 weeks in older children. 
Graduai resumption of activities is then allowed. No 
formai physical therapy program is necessary, but a walker 
is helpful during the first week of ambulation in older 
children. 
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This chapter discusses congénital élévation of the scapula, 
congénital torticollis, and congénital pseudarthrosis of the 
clavicle, radius, and ulna. Congénital anomalies of the hand 
and certain other anomalies of the forearm are discussed in 
Chapter 79. Congénital conditions of the spine are discussed 
in Chapters 43 and 44. 

CONGENITAL ELEVATION 
OF THE SCAPULA (SPRENGEL 
DEFORMITY) 

First described by Eulenberg in 1863, Sprengel deformity is 
characterized as a congénital upward élévation of the scapula 
in relation to the thoracic cage. The scapula is commonly 
hypoplastic and misshapen (Fig. 31-1). Other congénital 
anomalies may be présent, such as cervical ribs, malforma¬ 
tions of ribs, and anomalies of the cervical vertebrae (Klippel- 
Feil syndrome); rarely, one or more scapular muscles are 
partly or completely absent. The presence of this deformity 
can often indicate abnormalities in other organ Systems. The 
severity of the functional impairment typically is related to 
the severity of the deformity (Table 31-1). If the deformity is 
mild, the scapula is only slightly elevated and is a bit smaller 
than normal and its motion is only mildly limited; however, 
if the deformity is severe, the scapula is very small and can 
be so elevated that it almost touches the occiput. The patients 
head is often deviated toward the affected side. The primary 
limitation of shoulder motion is abduction secondary to 
diminished scapulothoracic motion. In about half of patients, 
an extra ossicle, the omovertebral bone, is présent; this is a 
rhomboidal plaque of cartilage and bone lying in a strong 
fascial sheath that extends from the superior angle of the 
scapula to the spinous process, lamina, or transverse process 
of one or more lower cervical vertebrae. Récognition of this 
abnormality is essential to surgical management. A similar 
osseous structure has also been reported extending from the 
médial border of the scapula to the occiput. Sometimes a 
well-developed joint is found between the omovertebral bone 
and the scapula; sometimes it is attached to the scapula by 
fibrous tissue only. A solid osseous ridge between the spinous 
processes and the scapula is rare. 


Radiographie workup is essential to surgical planning. 
Plain radiographs should be obtained to assess the level of 
the scapula in relation to vertebrae and in comparison to the 
contralatéral side. Radiographs also can help recognize the 
presence of associated abnormalities such as the omoverte¬ 
bral bone. 

In a morphometric analysis using three-dimensional CT, 
Cho et al. found that most of the affected scapulae in 15 
patients with Sprengel deformity had a characteristic shape, 
with a decrease in the height-to-width ratio. An inverse rela- 
tionship was found between scapular rotation and superior 
displacement; no significant différence was found in glenoid 
version. Cho et al. suggested that the point of tethering of the 
omovertebral connection, when présent, may détermine the 
shape, rotation, and superior displacement of the scapula and 
that three-dimensional CT can be helpful in delineating the 
deformity and planning scapuloplasty. 

If deformity and impairment are mild, no treatment is 
indicated; if they are more severe, surgery may be indicated, 
depending on the âge of the patient and the severity of any 
associated deformities. Because the deformity is more than 
just simple scapular élévation, the results of surgical treat¬ 
ment of Sprengel deformity can vary. The long-term function 
of the shoulder and cosmetic appearance must be carefully 
measured against the surgical risk and natural history of the 
deformity. A 26-year review of 22 patients with Sprengel 
deformity treated by either observation or surgical repair sug¬ 
gested that surgically treated patients had almost 40 degrees 
more abduction than their nonsurgical counterparts, with a 
subjective improvement in cosmesis. 

An operation to bring the scapula inferiorly to near its 
normal position is ideally attempted soon affer 3 years of âge, 
because the operation becomes more difficult as the child 
grows. In older children, an attempt to bring the scapula 
inferiorly to its normal level can injure the brachial plexus. 

Numerous operations hâve been described to correct 
Sprengel deformity. Green described surgical release of 
muscles from the scapula along with excision of the supraspi- 
natus portion of the scapula and any omovertebral bone. The 
scapula is moved inferiorly to a more normal position, and 
the muscles are reattached. Other modifications include 
suturing the scapula into a pocket in the latissimus dorsi after 


1161 


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 



Elevated, malrotated, and malformed scapula 
with bony connection to the spine. A f Axial. B f Posterior. C f Ante- 
rior. (Redrawn from: Harvey EJ, Bernstein M, Desy NM, et al. Sprengel 
deformity: pathogenesis and management, J Am Acad Orthop Surg 
20:177, 2012.) 


_ TABLE 31-1 _J 

Cavendish Classification 


Grade 1 Very mild Shoulders are level; deformity not 
visible when patient is dressed 


Grade 2 Mild Shoulders are almost level; deformity 

is visible as a lump in the web of 
neck when patient is dressed 

Grade 3 Moderate Shoulders elevated 2-5 cm; deformity 
easily seen 

Grade 4 Severe Shoulder grossly elevated; superior 
angle of scapula lies near occiput 


(Information from Cavendish ME: Congénital élévation of the scapula, J Bone 
Joint Surg 54:395,1972.) 


rotating the scapula and moving it caudad to a more normal 
position, and avoiding dissection of the serratus anterior 
muscle so that mobilization is begun immediately postopera- 
tively. Wada et al. performed a morphometric analysis and 
reported 23 scapulae in 22 patients treated with the modified 
Green procedure. At 4-year follow-up the patients demon- 
strated a 63-degree increase in range of motion. 

Woodward, in 1961, described transfer of the origin of 
the trapezius muscle to a more inferior position on the 
spinous processes. Greitemann et al. recommended the 
Woodward procedure for patients with impaired function; for 
patients with only cosmetic problems, resection of part of the 
superior angle of the scapula was preferred. They suggested 
that better results are obtained with the Woodward procedure 
because (1) the muscles are incised farther from the scapula, 


which lowers the risk of formation of a scar-keloid that may 
fix the scapula in poor position; (2) a larger mobilization is 
possible; and (3) the postoperative scar is not as thick as with 
Green s procedure. Borges et al. added excision of the promi¬ 
nent superomedial border of the scapula to the Woodward 
procedure. In a sériés of patients with long-term follow-up at 
an average of 14.7 years, Walstra et al. demonstrated improve - 
ment of Cavendish grade 3 to 1 or 2 and significant improve - 
ment in overall shoulder abduction and improved contrast; 
Disability of the Arm, Shoulder, and Hand (DASH) and 
Simple Shoulder Test (SST) scores also improved. No long- 
term complications were reported. We generally prefer the 
Woodard procedure (see later) (Fig. 31-2). 

To improve function of the shoulder and the cosmetic 
appearance, Mears developed a procedure that includes 
partial resection of the scapula, removal of any omovertebral 
communication, and release of the long head of the triceps 
from the scapula. In the eight patients in whom this tech¬ 
nique was used, average flexion improved from 100 to 175 
degrees and abduction improved from 90 to 150 degrees. In 
two patients, hypertrophie scars formed at the curvilinear 
incision; this problem was eliminated by the use of a trans¬ 
verse incision in subséquent patients. Mears observed that a 
contracture of the long head of the triceps seems to represent 
a significant inhibition to full abduction in patients with 
Sprengel deformity and that release of this contracture allows 
increased abduction. Early postoperative active and active - 
assisted motion exercises of the shoulder are used to improve 
function. 

Brachial plexus palsy is the most severe complication of 
surgery for Sprengel deformity. The scapula in this deformity 
is hypoplastic compared with the normal scapula. During 
surgery, attention should be directed to placing the spine of 
the scapula at the same level as that on the opposite side, 
rather than aligning exactly the inferior angles of the scapu¬ 
lae. To avoid brachial plexus palsy, several authors recom¬ 
mended morcellation of the clavicle on the ipsilateral side as 
a first step in the operative treatment of Sprengel deformity. 
This is not a routine part of surgical treatment but is recom¬ 
mended in severe deformity or in children who show signs 
of brachial plexus palsy after surgical correction. In patients 
older than 8 years of âge, a 2-cm midclavicular osteotomy is 
recommended to decompress the brachial plexus and first rib 
before scapular resection. In a younger patient, a 1-cm resec¬ 
tion osteotomy is considered for severe deformity. Others 
hâve suggested the use of intraoperative somatosensory 
evoked potentials to monitor brachial plexus function during 
surgical correction. 


WOODWARD OPERATION 


TECHNIQUE 31-1 


■ Place the patient prone on the operating table and préparé 
and drape both shoulders so that the involved shoulder 
girdle and the arm can be manipulated and the uninvolved 
scapula can be inspected in its normal position. 

■ Make a midline incision from the spinous process of the 
first cervical vertebra distally to that of the ninth thoracic 
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A f Sprengel deformity (left sided) in 5-year-old boy. B, Posteroanterior radiograph shows congénital élévation of left 
scapula. C f Posteroanterior radiograph after Woodward procedure. 


incise the fold and overlap and suture in place the résul¬ 
tant free edges. 

POSTOPERATIVE CARE. A Velpeau bandage is applied 
and is worn for about 2 weeks. Active and passive range- 
of-motion exercises are begun. 


vertebra (Fig. 31-3A). Undermine the skin and subcutane- 
ous tissues laterally to the médial border of the scapula. 

■ Identify the latéral border of the trapezius in the distal 
end of the incision and by blunt dissection separate it 
from the underlying latissimus dorsi muscle. 

■ By sharp dissection, free the fascial sheath of origin of 
the trapezius from the spinous processes. 

■ Identify the origins of the rhomboideus major and minor 
muscles and by sharp dissection free them from the 
spinous processes. 

■ Free the rhomboids and the superior part of the trapezius 
from the muscles of the chest wall anterior to them. 

■ Retract the freed sheet of muscles laterally to expose any 
omovertebral bone or fibrous bands attached to the supe¬ 
rior angle of the scapula. 

■ By extraperiosteal dissection, excise any omovertebral 
bone, or if the bone is absent, excise any fibrous band or 
contracted levator scapulae; avoid injuring the spinal 
accessory nerve, the nerves to the rhomboids, and the 
transverse cervical artery. 

■ If the supraspinous part of the scapula is deformed, resect 
it along with its periosteum; this releases the levator 
scapulae (if not already excised), allowing the shoulder 
girdle to move more freely (Fig. 31-3B). 

■ Divide transversely the remaining narrow attachment of 
the trapezius at the level of the fourth cervical vertebra. 

■ Displace the scapula along with the attached sheet of 
muscles distally until its spine lies at the same level as that 
of the opposite scapula (Fig. 31-3C). 

■ While holding the scapula in this position, reattach the 
aponeuroses of the trapezius and rhomboids to the 
spinous processes at a more inferior level. 

■ In the distal part of the incision, create a fold in the origin 
of the trapezius and either excise the excess tissue or 


MORCELLATION OF THE CLAVICLE 


TECHNIQUE 31-2 


■ Make a straight incision over the clavicle extending from 
1.5 cm latéral to the sternoclavicular joint to 1.5 cm 
médial to the acromioclavicular joint. 

■ Expose the clavicle subperiosteally. 

■ Divide the bone 2 cm from each end, remove it, and eut 
it into small pièces (morcellate). 

■ Replace the pièces in the periosteal tube and close the 
tube with interrupted sutures. 

■Close the subeutaneous tissues and skin in a routine 
manner. 


CONGENITAL MUSCULAR 
TORTICOLLIS 

Congénital muscular torticollis (CMT) is caused by fibroma- 
tosis within the sternocleidomastoid muscle. A mass either is 
palpable at birth or becomes so, usually during the first 2 
weeks. Congénital muscular torticollis is more common on 
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Woodward operation for congénital élévation of scapula. A f Elévation of scapula, extensive origin of trapezius, and 
skin incision are shown. B, Skin has been incised in midline. Origins of trapezius and of rhomboideus major and minor hâve been freed 
from spinous processes, and these muscles hâve been retracted laterally. Levator scapulae, any omovertebral bone, and any deformed 
superior angle of scapula are to be excised. C, Remaining narrow attachment of trapezius superiorly has been divided at level of C4. 
Scapula and attached sheet of muscles hâve been displaced inferiorly, and aponeuroses of trapezius and rhomboids hâve been reat- 
tached to spinous processes at more inferior level. A redundant fold of trapezius aponeurosis is formed inferiorly. Fold of trapezius 
aponeurosis has been incised, and résultant free edges hâve been overlapped and sutured in place. Free superior edge of trapezius 
also has been sutured. (Modified from Woodward JW: Congénital élévation of the scapula: correction by release and transplantation of muscle 
origins: a preliminary report, J Bone Joint Surg 43A:219, 1961.) SEE TECHNIQUE 31-1. 


the right side than on the left side. It may involve the muscle 
diffusely, but more often it is localized near the clavicular 
attachment of the muscle. The mass attains maximal size 
within 1 or 2 months and may remain the same size or 
become smaller; usually, it diminishes and disappears within 
1 year. If it fails to disappear, the muscle becomes perma- 
nently fibrotic and contracted and causes torticollis, which 
also is permanent unless treated (Fig. 31-4). 

Although CMT has been recognized for centuries, its 
cause remains unclear. Clinical studies hâve shown that 
infants with CMT are more often the product of a difficult 
delivery and hâve an increased incidence of associated mus- 
culoskeletal disorders, such as metatarsus adductus, develop- 
mental dysplasia of the hip, and talipes equinovarus. There is 
a reported incidence of congénital dislocation of the hip or 



FIGURE 


Congénital torticollis in 14-month-old boy. 
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FIGURE 


Pathophysiology of congénital muscular torticollis proposée! by Davids, Wenger, and Mubarak, who suggested that 


congénital muscular torticollis may represent the sequela of intrauterine or périnatal compartment syndrome. 


dysplasia of the acetabulum ranging from 7% to 20% in chil- 
dren with CMT. Careful hip screening and, if necessary, ultra- 
sound évaluation are indicated. 

Various hypothèses of the cause of CMT include malposi¬ 
tion of the fétus in utero, intrauterine constraint, birth trauma, 
infection, and vascular injury. Davids et al. found that MRI 
of 10 infants with CMT showed signais in the sternocleido- 
mastoid muscle similar to signais observed in the forearm 
and leg affer compartment syndrome. Further investigation 
included cadaver dissections and injection studies that 
defined the sternocleidomastoid muscle compartment; pres¬ 
sure measurements of three patients with CMT that con- 
firmed the presence of this compartment in vivo; and clinical 
review of 48 children with CMT that showed a relationship 
between birth position and the side affected by contracture. 
These findings led the authors to postulate that CMT may 
represent the sequela of an intrauterine or périnatal compart¬ 
ment syndrome (Fig. 31-5). 

A palpable nodule is typically présent in the affected ster¬ 
nocleidomastoid muscle at birth or within the first few weeks 
of life. The patient may also hâve associated plagiocephaly 
and facial asymmetry. The presence of the characteristic 
fibrotic nodule typically confirms the diagnosis, rendering 
further radiographie évaluation unnecessary in most cases. 
When the diagnosis remains in doubt, cervical spine radio- 
graphs are appropriate. Finally, some authors hâve advocated 
ultrasonography for the évaluation and management of con¬ 
génital muscular torticollis. 

When CMT is seen in early infancy, it is impossible to tell 
whether or not the mass causing it will disappear spontane- 
ously. Lin and Chou reported that ultrasonography was useful 
in predicting which infants would require surgical treatment. 
Those patients in whom fibrotic change was limited to only 
the lower third of the sternocleidomastoid muscle recovered 
without surgery, whereas 35% of patients with whole muscle 
involvement required surgical release. 

Only conservative treatment is indicated during infancy. 
The parents should be instructed to stretch the sternocleido¬ 
mastoid muscle by manipulating the infants head manually. 
The child s chin is rotated toward the shoulder on the side of 


the affected sternocleidomastoid muscle while the head is 
tilted toward the opposite shoulder. Excising the lésion during 
early infancy is unjustified; surgery should be delayed until 
évolution of the fibromatosis is complété, and then, if neces¬ 
sary, the muscle can be released at one or both ends. CMT 
typically résolves with a home stretching program during the 
first year of life. Some authors suggest a strong corrélation 
between sternocleidomastoid (5-cm) thickness to duration 
and response to stretching exercises. Canale et al. found that 
CMT did not résolve spontaneously if it persisted beyond the 
âge of 1 year. Children who were treated during the first year 
of life had better results than children treated later, and an 
exercise program was more likely to be successful if the 
restriction of motion was less than 30 degrees and there was 
no facial asymmetry or if the facial asymmetry was noted 
only by the examiner. Nonoperative therapy affer âge 1 year 
was rarely successful. Regardless of the type of treatment, 
established facial asymmetry and limitation of motion of 
more than 30 degrees at the beginning of treatment usually 
precluded a good resuit. 

Any permanent torticollis slowly becomes worse during 
growth. The head becomes inclined toward the affected side 
and the face toward the opposite side. If the deformity is 
severe, the ipsilateral shoulder becomes elevated and the 
frontooccipital diameter of the skull may become less than 
normal. Such severe deformity could and should be pre- 
vented by surgery during early childhood. Ideally, surgery is 
performed just before school âge so that sufficient growth 
remains for remodeling of facial asymmetry while giving 
enough time for the growth of the structures to make surgical 
dissection and release easier. Many patients are first seen only 
affer the deformities hâve become fixed, and the remaining 
growth potential is insufficient to correct them (Fig. 31-6). 
Nevertheless, many authors hâve suggested that surgical 
release in older children can be successful and should be 
attempted even if the child présents later. The clinical results 
are significantly less successful in children who hâve finished 
growth than in children who still hâve growth remaining; 
however, most patients hâve marked improvement in neck 
motion and head tilt, with satisfactory functional and 
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Untreated torticollis (right) in 19-year-old man; 
note limited rotation and plagiocephaly. 


cosmetic results. Lee et al. reported marked improvement in 
craniofacial deformity after surgical release in 80 patients 
with CMT. Improved results were demonstrated if the release 
was performed before the patient reached 5 years of âge. Most 
significant changes appeared to occur within the first year 
postoperatively. 

Several operations hâve been devised to release the ster- 
nocleidomastoid muscle at the clavicle. Unipolar release of 
the muscle distally is appropriate for mild deformity Bipolar 
release proximally and distally may be indicated for moderate 
and severe torticollis. Endoscopie release of the sternocleido- 
mastoid muscle has been described, with suggested advan- 
tages of précisé division of the muscle fibers, préservation of 
the neurovascular structures, and an inconspicuous scar; we 
hâve no expérience with this technique and no large sériés 
hâve been reported. 


UNIPOLAR RELEASE 

Open unipolar tenotomy of the sternocleidomastoid muscle 
could be followed by tethering of the scar to the deep 
structures, reattachment of the clavicular head or the 
sternal head of the sternocleidomastoid muscle, loss of 
contour of the muscle, failure to correct the tilt of the head, 
or failure of facial asymmetry to correct. Tethering of the 
scar to the deep structures is more common in younger 
patients; therefore, the operation should be postponed 
until after 4 years of âge. 


TECHNIQUE 31-3 


■ Make an incision 5 cm long just superior to and parallel 
to the médial end of the clavicle (Fig. 31-7) and deepen 
it to the tendons of the sternal and clavicular attachments 
of the sternocleidomastoid muscle. 

■ Incise the tendon sheath longitudinally and pass a hemo- 
stat or other blunt instrument posterior to the tendons. 





Unipolar release for torticollis. Note line of skin 


incision. 


■ By traction on the hemostat, draw the tendons outside 
the wound and superior and inferior to the hemostat; 
clamp them and resect 2.5 cm of their inferior ends. If it 
is contracted, divide the platysma muscle and adjacent 
fascia. 

■ With the child's head turned toward the affected side and 
the chin depressed, explore the wound digitally for any 
remaining bands of contracted muscle or fascia; and if 
any are found, divide them under direct vision until the 
deformity can, if possible, be overcorrected. 

■ If after this procedure overcorrection is not possible, make 
a small transverse incision inferior to the mastoid process 
and carefully divide the muscle near the bone. Avoid 
damaging the spinal accessory nerve. 

■ Close the wound and apply a bulky dressing that holds 
the head in the overcorrected position. 

POSTOPERATIVE CARE. At 1 week postoperatively, 
physical therapy, including manual stretching of the neck 
to maintain the overcorrected position, is begun. Manual 
stretching should be continued three times daily for 3 to 
6 months; the use of plaster casts or braces usually is 
unnecessary (Fig. 31-8). 


BIPOLAR RELEASE 

Surgical correction in children with severe deformity or 
after failed operation usually requires a bipolar release of 
the sternocleidomastoid muscle. Ferkel et al. described a 
modified bipolar release and Z-plasty of the muscle for use 
in these circumstances. This approach lessens the sunken 
or hollow appearance of the distal end of the sternocleido¬ 
mastoid that often occurs with a simple tenotomy, thereby 
giving the patient a better cosmetic resuit. 
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Seven-year-old boy with left congénital muscular torticollis. A f Before unipolar supraclavicular release. B f After uni- 
polar release; note scar superior to clavicle in transverse line of skin crease. SEE TECHNIQUE 31-3. 



Bipolar Z-plasty operation for torticollis. A f Skin incisions. B f Clavicular and mastoid attachments of sternocleidomas- 
toid muscle are eut, and Z-plasty is performed on sternal origin. C f Completed operation; note préservation of médial portion of sternal 
attachment. (Redrawn from Ferkel RD, Westin GW, Dawson EG, et al: Muscular torticollis: a modified surgical approach, J Bone Joint Surg 65A:894, 
1983.) SEE TECHNIQUE 31-4. 


TECHNIQUE 31-4 


(FERKEL ETAL.) 

■ Make a short transverse proximal incision behind the ear 
(Fig. 31-9A) and divide the sternocleidomastoid muscle 
insertion transversely just distal to the tip of the mastoid 
process. With this limited incision, the spinal accessory 
nerve is avoided, although the possibility that the nerve 
may take an anomalous route should be considered. 

■ Make a distal incision 4 to 5 cm long in line with the 
cervical skin creases, a fingerbreadth proximal to the 
médial end of the clavicle and the sternal notch. 


■ Divide the subeutaneous tissue and platysma muscle, 
exposing the clavicular and sternal attachments of the 
sternocleidomastoid muscle. Carefully avoid the anterior 
and external jugular veins and the carotid vessels and 
sheath during the dissection. 

■ Cut the clavicular portion of the muscle transversely and 
perform a Z-plasty on the sternal attachment so as to 
preserve the normal V-shaped contour of the sterno¬ 
cleidomastoid muscle in the neckline (Fig. 31-9B). Alter¬ 
native^, release the clavicular head directly from the 
clavicle while transecting the sternal head proximal to its 
insertion by 1 to 2 cm. Then suture the two ends together 
side to side or end to end (Fig. 31-9C). 
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release. 


[jj Bipolar release for congénital torticollis. A f Severe congénital torticollis (right side) in 8-year-old girl. B f After bipolar 

SEE TECHNIQUE 31-4. 



FIGURE 


B f Latéral view. 


Congénital pseudarthrosis of clavicle. A f Subcutaneous prominence in middle third of right clavicle in 4-year-old child. 


9 " Obtain the desired degree of correction by manipulating 
the head and neck during the release. 

■ Release of additional contracted bands of fascia or muscle 
occasionally is necessary before closure. 

■ Close both wounds with subcuticular sutures. 

POSTOPERATIVE CARE. Physical therapy, consisting of 
stretching, muscle strengthening, and active range-of- 
motion exercises, is instituted in the early postoperative 
period. Head-halter traction or a cervical collar also can 
be used during the first 6 to 12 weeks after surgery 
(Fig. 31-10). 


CONGENITAL PSEUDARTHROSIS 
OF THE CLAVICLE 

Congénital pseudarthrosis of the clavicle is rare. Several théo¬ 
ries concerning its cause hâve been proposed. Because the 


clavicle develops in two separate masses by médial and latéral 
ossification centers, pseudarthrosis could be explained by 
failure of ossification of the precartilaginous bridge that 
would normally connect the two ossification centers. Alter- 
natively, direct pressure from the subclavian artery on the 
immature clavicle may be the cause. Congénital pseudarthro¬ 
sis of the clavicle occurs almost invariably on the right; bilat¬ 
eral involvement occurs in approximately 10% of patients. In 
a sériés of 60 unilatéral lésions, 59 were on the right, and in 
the one patient with a pseudarthrosis on the left, dextrocardia 
was found. Pseudarthrosis of the clavicle is présent at birth 
and usually is in the middle third of the clavicle (Fig. 31-11). 
Differential diagnoses include cleidocranial dysostosis and 
rarely nonunion after clavicular fracture. 

Congénital pseudarthrosis of the clavicle may require 
treatment, not because of pain or hypermobility of the shoul- 
der girdle but usually because of an unacceptable appearance 
or occasionally because of pain in adolescent patients. Sales 
de Gauzy et al. described thoracic outlet syndrome in an 
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adolescent with congénital pseudarthrosis of the clavicle. 
Hyperabduction of the arm caused compression of the sub- 
clavian artery by the médial end of the latéral clavicular 
fragment. Affer resection of the pseudarthrosis, iliac bone 
graffing, and plate fixation, the patient was pain free with 
total functional recovery. Although congénital pseudarthro¬ 
sis of the clavicle is asymptomatic in childhood, surgical 
treatment can restore normal morphology and prevent 
functional or vascular problems in adolescence and adult- 
hood. Spontaneous union is unknown, and consequently any 
desired union requires surgical treatment. Most surgeons 
agréé that the idéal time for graffing is between âges 3 and 5 
years. Although graffing can be done at any âge, with increas- 
ing patient âge, successful graffing becomes less likely. Simple 
resection is not recommended because it results in promi¬ 
nent, painful bone ends, prominence of the ends during 
movements of the shoulder, and asymmetry of the shoulder 
girdles. Simple resection of the fibrous pseudarthroses and 
sclerotic bone ends, followed by careful dissection and prés¬ 
ervation of the periosteal sleeve to maintain continuity, and 
approximation of bone ends, without bone graffing or inter¬ 
nai fixation has been shown to be successful in children 
younger than the âge of 6 years. Nevertheless, most authors 
recommend excision of the pseudarthrosis, bone graffing, 
and fixation with a small reconstruction plate or an intramed- 
ullary Kirschner wire. 

Union is easier to obtain in congénital pseudarthrosis of 
the clavicle than in that of the tibia. Almost any type of bone 
graffing suitable for traumatic nonunion of the clavicle has 
been satisfactory in pseudarthrosis, but open réduction and 
internai fixation with plate and screws and autogenous iliac 
bone graffing hâve produced the best results with higher rates 
of union, less time to union, and fewer complications when 
compared with Kirschner wire fixation. This is especially true 
if performed in older children (Fig. 31-12). 


OPEN REDUCTION AND ILIAC BONE 
GRAFTING FOR CONGENITAL 
PSEUDARTHROSIS OF THE CLAVICLE 


TECHNIQUE 31-5 


■ Make a transverse 3-inch (7.5-cm) incision centered over 
the body of the clavicle, approximately a fingerbreadth 
above the superior border of the bone. 

■ Carry sharp dissection through the subcutaneous tissue 
to expose the clavicle medially and laterally in the central 
third in the area of the pseudarthrosis. 

■ Expose the bone subperiosteally, protecting the underly- 
ing neurovascular structures. 

■ Débridé the site of the pseudarthrosis of ail fibrous and 
cartilaginous tissue down to normal bone medially and 
laterally. 

■ Bend a four-hole plate (semitubular, dynamic compres¬ 
sion, or acetabular reconstruction) to fit the contours of 
the bone. 

■ Fix the plate to the clavicle in the usual manner. 

■ Obtain autogenous iliac grafts and place them on the supe¬ 
rior, inferior, and posterior aspects of the pseudarthrosis. 



A f Congénital pseudarthrosis of right clavicle 
before plating and bone grafting. B f At 7 years of âge after plate 
removal. 


■ Close the wound in layers and the skin with subcuticular 
sutures. 

POSTOPERATIVE CARE. A collar and cuff sling is worn 
for 2 to 3 weeks. The plate can be removed at 12 to 24 
months or when radiographie union occurs. 


CONGENITAL DISLOCATION OF 
THE RADIAL HEAD 

Congénital dislocation of the radial head is rare but should 
be suspected when the radial head has been dislocated for a 
long time, there is no evidence that the ulna has been frac- 
tured, and the radial head appears abnormally small and mis- 
shapen. The radiographie findings are fairly characteristic. 
The radial shaff is abnormally long, and the ulna usually is 
abnormally bowed. The radial head is dislocated, frequently 
posteriorly but sometimes anteriorly; is rounded, showing 
little if any dépréssion for articulation with the capitellum; 
and usually is smaller than normal. Occasionally, there is an 
area of ossification in the tissues around the radial head. The 
capitellum also may be small, and the radial notch of the ulna 
that should articulate with the radial head may be small or 
absent (Fig. 31-13). Although bilaterality has been listed 
in older studies as a criterion for diagnosis of congénital 
dislocation of the radial head, more recent reports hâve con- 
firmed the existence of unilatéral dislocations. Congénital 
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FIGURE 


Congénital dislocation of radial head. A f Latéral view. B f Anteroposterior view. 


dislocation of the radial head may be familial, especially on 
the paternal side, and may be associated with chondroosteo- 
dystrophy, achondroplasia, hypochondroplasia, Larsen syn¬ 
drome, and nail-patella syndrome. 

A congenitally dislocated radial head is irreducible man- 
ually or surgically because of adaptive changes in the soft 
tissues and the absence of normal surfaces for articulation 
with the ulna and humérus. Consequently, open réduction of 
the dislocation and reconstruction of the annular ligament 
in childhood are not advised. Any impairment of function 
usually is caused by restriction of rotation of the forearm; in 
children, physical therapy to improve this motion is the only 
treatment indicated. If pain persists into adulthood, the radial 
head and neck can be excised. Any resection of the radial 
head should be postponed until growth is complété, but even 
then it may not improve motion because of the contractures 
of the soft tissues. Nevertheless, excision of the radial head 
should be considered for pain in an older patient and may 
achieve some improvement in range of motion. Bengard 
et al. reviewed intermediate and long-term follow-up of both 
operatively and nonoperatively treated patients with congéni¬ 
tal radial head dislocation. The authors showed that opera¬ 
tively treated patients had significant réduction in pain and 
improved overall satisfaction with minimal gains of motion. 
However, over 25% of operatively treated patients required 
additional surgery for wrist pain. Furthermore, nonopera¬ 
tively treated patients had no loss of motion, development of 
pain, or the need for further surgical intervention. 


CONGENITAL PSEUDARTHROSIS 
OF THE RADIUS 

Congénital pseudarthrosis of the radius is extremely rare. In 
patients with neurofibromatosis, the pseudarthrosis develops 
from a cyst in the radius, and patients usually hâve skin 
manifestations of neurofibromatosis or a strong family history 
of the disease. 

In each instance reported, pseudarthrosis of the radius 
occurred in the distal third of the bone and the distal fragment 


was quite short. Because the lésion is near the distal radial 
physis, the ends of the bone are attenuated and the ulna is 
relatively long. The treatment of choice is dual-onlay bone 
graffing. This operation restores length, provides a viselike 
grip on the osteoporotic distal fragment, increases the size of 
the distal end of the proximal fragment, and usually results in 
satisfactory union (Fig. 31-14). 

Others hâve reported good results affer complété resec¬ 
tion of the involved radius, with the surrounding periosteum 
and soft tissue, and free vascularized fibular transfer. This 
operation can be delayed until skeletal maturity, with the 
arm supported by a forearm brace until surgery is performed. 
Alternatively, vascularized fibular graffing has been per¬ 
formed in younger patients, but obtaining stable internai 
fixation can be challenging in this group. Plate and screw 
fixation risks damage to the vascular supply of the perios¬ 
teum around the fibular graff, but unstable fixation with only 
intramedullary and crossed Kirschner wires might lead to 
delayed union. In their review of the English-language 
literature, Witoonchart et al. found that free vascular 
fibular graffing obtained the best union rate among the 
reported procedures: it was successful in 18 of 19 ulnar or 
radial pseudarthroses reported. Vascular fibular graffing is 
described in Chapter 63. 


CONGENITAL PSEUDARTHROSIS 
OF THE ULNA 

Congénital pseudarthrosis of the ulna also is extremely rare. 
It typically occurs in the patients with neurofibromatosis, and 
associated congénital pseudarthrosis of the radius is not 
uncommon. Ulnar pseudarthrosis produces angulation of the 
radius, shortening of the forearm, and dislocation of the 
radial head (Fig. 31-15). 

Various treatment methods hâve been described for con¬ 
génital ulnar pseudarthrosis, including nonvascularized bone 
graffing with and without internai fixation, création of a one- 
bone forearm, free vascularized fibular graffing, and the 
Ilizarov compression-distraction technique. Bone graffing of 
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Congénital pseudarthrosis of radius. A f Closed fractures of radius and ulna in child with manifestations of neurofi- 
bromatosis. B, Union of radius after dual-onlay bone grafting. 



Congénital pseudarthrosis of ulna with dislocation of radial head. A f Before surgery. B f After excision of radial head, 
création of synostosis between proximal radius and ulna and fixation with medullary nail. C f Final appearance of one-bone forearm. 


congénital pseudarthrosis of the ulna usually has failed, but 
because significant bowing of the radius develops in very 
young children, early surgery is indicated. If the pseudarthro¬ 
sis has developed through a cystic lésion, early curettage of 
the cyst, internai fixation of the bone, and bone grafting 
usually are successful. In established pseudarthrosis with 
tapering of the ends of the bone, the distal ulna should be 
excised early to relieve its tethering effect on the radius; then 
the forearm is fitted with a suitable brace. If the radial head 
dislocates, it should be excised, and a synostosis (one-bone 


forearm) should be produced between the radius and ulna 
(Fig. 31-16). Osteotomy of the distal radius to correct bowing 
also may be indicated. Use of the Ilizarov device has been 
reported in patients with small pseudarthrosis “gaps” and 
bony fragments of acceptable quality. Bae et al. reported suc¬ 
cessful free vascularized fibular grafting in four children with 
congénital ulnar pseudarthrosis. In two of the children (3 and 
5 years old), the proximal fibular epiphysis was included in 
the graft and continued growth was présent at 6 and 3 years, 
respectively, after surgery. 
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Congénital radioulnar synostosis. A and B f First type: proximal radius and ulna are fused for 3 cm, and radius is 
enlarged. C and D f Second type: radius is dislocated posteriorly and latérally. 


CONGENITAL RADIOULNAR 
SYNOSTOSIS 

Congénital radioulnar synostosis usually involves the proxi¬ 
mal ends of the radius and ulna, most often fixing the forearm 
in pronation. It is more often bilateral than unilatéral. Famil¬ 
ial prédisposition is frequent, and the deformity seems to be 
transmitted on the paternal side of the family. Wilkie noted 
two types. In the first type, the medullary canals of the radius 
and ulna are joined. The proximal end of the radius is mal- 
formed and is fused to the ulna for several centimeters (Fig. 


31-16). The radius is longer and larger than the ulna, and its 
shaft arches anteriorly more than normally. In the second 
type, the radius is fairly normal, but its proximal end is dis¬ 
located either anteriorly or posteriorly and is fused to the 
proximal ulnar shaft; the fusion is neither as extensive nor as 
intimate as in the first type. Wilkie stated that the second type 
often is unilatéral and that sometimes another deformity, 
such as a supernumerary thumb, absence of the thumb, or 
syndactylism, also is présent. 

Two other classifications classify the deformity based 
on the presence or absence of an associated radial head 
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Classifications of Congénital Radioulnar 
Synostosis 


Tachdjian 

Type I: Absent radial head, osseous fusion proximally 
Type II: Radial head dislocation, osseous fusion proximally 
Type III: Fibrous synostosis proximally preventing forearm 
rotation 

Cleary and Orner 

Type I: Fibrous synostosis 
Type II: Osseous synostosis, reduced radial head 
Type III: Osseous synostosis, posteriorly dislocated radial 
head 

Type IV: Osseous synostosis, anteriorly dislocated radial head 


dislocation and the existence of a fibrous or osseous synosto¬ 
sis (Box 31-1). These two classification Systems highlight the 
association with radial head dislocation that might represent 
a spectrum of disease beginning in the early embryologie 
period. Early embryologie development of radioulnar synos¬ 
tosis also explains its association with many other congénital 
syndromes such as Apert syndrome, Klinefelter syndrome, 
Carpenter syndrome, arthrogryposis, and others. 

Congénital radioulnar synostosis is difficult to treat. The 
fascial tissues are short and their fibers are abnormally 
directed, the interosseous membrane is narrow, and the supi- 
nator muscles may be abnormal or absent. The anomalies in 
the forearm may be so widespread that sometimes no rotation 
would be possible, even if the radius and ulna were separated 
and the interosseous membrane split throughout its length. 
Additionally, patient and parent expectations of improved 
motion affer surgical treatment offen lead to disappointment 
if surgery is attempted. Simply excising the fused part of the 
radius never improves function. It is inadvisable to perform 
any operation with the hope of obtaining pronation and supi¬ 
nation. Surgery is not recommended for most patients 
because the deformity typically is not disabling enough to 
justify an extensive operation. Motion of the shoulder, espe- 
cially when the elbow is extended, compensâtes well for the 
deformity in most children. 

Osteotomy occasionally is indicated in children with 
bilateral hyperpronation, but the exact position of the forearm 
is controversial. Some hâve suggested positioning one forearm 
in neutral rotation to assist in hygiene. However, modem 
widespread use of keyboards and hand-held communication 
devices makes slight pronation more attractive in developed 
nations. In Asian cultures, it has been suggested that eating 
habits of holding a bowl in the nondominant hand may 
necessitate slight supination. 

Seitz et al. reported the use of a small external fixation 
device affer derotational osteotomy in a 2-year-old child with 
congénital radioulnar synostosis. They cited as advantages to 
this technique précisé rotational correction, adéquate stabili¬ 
zation, and avoidance of cast immobilization. 

Lin et al. described a two-stage technique for correction 
of severe forearm rotational deformities, including congénital 
radioulnar synostosis. Percutaneous drill-assisted ostéoto¬ 
mies of the radius and the ulna are performed and are 




Correction of congénital radioulnar synostosis 
with percutaneous drill-assisted ostéotomies of radius (A) and 
ulna (B). Ten days later, forearm is manipulated to more func- 
tional position. SEE TECHNIQUE 31-6. 


followed 10 days later by manipulation of the forearm into 
the desired functional position. No internai or external fixa¬ 
tion is used; long arm cast immobilization is used for 6 to 8 
weeks. These authors reported functional improvement in 25 
of 26 forearms, including ail 12 forearms with congénital 
radioulnar synostosis. Although the range of motion was not 
significantly changed, the arc of motion was in a more func¬ 
tional hand position. Rotational osteotomy performed in a 
single stage has been described with the addition of segmen¬ 
tai bone resection. Early results hâve shown promise as a safe 
technique. Here we describe a two-stage osteotomy. 


RADIAL AND ULNAR OSTEOTOMIES 
FOR CORRECTION OF CONGENITAL 
RADIOULNAR SYNOSTOSIS 
(TWO-STAGE) 


TECHNIQUE 31-6 


(LIN ETAL.) 

■ Under tourniquet control, make a 1 - to 2-cm incision over 
the dorsolateral ridge of the distal third of the radius 

(Fig. 31-17A). 

■ Expose the bone subperiosteally and mark the osteotomy 
site with several fine drill holes that penetrate both 
cortices. 

■ Make a second small incision over the subeutaneous 
aspect of the proximal third of the ulna and similarly 
expose and drill this bone (Fig. 31-17B). 

■ Use a sharp osteotome to complété the division of the 
radius and then the ulna. 

■ Make no attempt at this point to change the position of 
the arm. 

■ Deflate the tourniquet and obtain adéquate hemostasis. 
Irrigate the wounds and close them with subcuticular 
sutures. Place a long arm cast over stérile dressings. 
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■ Ten days later, remove the cast with the patient under 
general anesthésia and supinate or pronate the forearm 
into the desired position. 

■ Obtain anteroposterior and latéral radiographs to confirm 
bony apposition and alignment. Generally, affected domi¬ 
nant extremities should be placed in 20 to 30 degrees of 
pronation and nondominant extremities should be placed 
in 20 degrees of supination. 

■Check puises carefully after manipulation and monitor 
the extremity closely to detect signs of compartment 
syndrome. 

■Apply a long arm cast, which is worn for 6 to 8 weeks 
to allow complété healing of the ostéotomies. 


Kanaya and Ibaraki described a technique for mobiliza- 
tion of congénital radioulnar synostosis with use of a free 
vascularized fascia-fat graft to prevent récurrent ankylosis. 
The graft was obtained from the latéral aspect of the ipsilat- 
eral arm, and the authors reported minimal donor site mor- 
bidity and no difficulty with closure. The seven patients in 
whom this procedure was done ail had marked improvements 
in supination and pronation; at an almost 4-year average 
follow-up, no patients had récurrent ankylosis or loss of the 
flap. Kanaya and Ibaraki found that adding a radial osteotomy 
to the procedure prevented dislocation of the radial head and 
increased the arc of motion (83 degrees in patients with oste¬ 
otomy compared with 40 degrees in patients without oste¬ 
otomy). We hâve no expérience with this technique. 
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OSTEOCHONDROSIS OR 
EPIPHYSITIS 

The terms osteochondrosis and epiphysitis designate disorders 
of actively growing epiphyses. The disorder may be localized 
to a single epiphysis or occasionally may involve two or more 
epiphyses simultaneously or successively. The cause generally 
is unknown, but evidence indicates a lack of vascularity 
that may be the resuit of trauma, infection, or congénital 
malformation. 

In some epiphyses, osteochondrosis is distinctive enough 
to be recognized easily as a distinct clinical entity. Osteochon¬ 
drosis of some intraarticular epiphyses may closely resemble 
other diseases, however, and requires careful diagnostic study. 
Multiple epiphyseal dysplasia may closely resemble Legg- 
Calvé-Perthes disease of the hip. Radiographs of the ankle 
should be examined for the latéral narrowing or wedging of 
the distal tibial epiphysis that is characteristic of multiple 
epiphyseal dysplasia. In Legg-Calvé-Perthes disease the bone 
âge usually lags 1 to 2 years behind the chronologie âge, 
whereas the bone âge usually is normal in multiple epiphyseal 
dysplasia. 

Histologie studies of excised specimens hâve indicated 
that Osgood-Schlatter disease is traumatic in origin but 
not associated with loss of vascularity and should not be 


grouped with the osteochondroses. Only disorders of the 
epiphyses that sometimes require surgical treatment, includ- 
ing Osgood-Schlatter disease, are discussed in this chapter. 

TRACTION EPIPHYSITIS OF THE FIFTH 
METATARSAL BASE (ISELIN DISEASE) 

In the German literature in 1912, Iselin described a traction 
epiphysitis of the base of the fifth metatarsal occurring in 
young adolescents at the time of appearance of the proximal 
epiphysis of the fifth metatarsal. This secondary center of 
ossification is a small, shell-shaped fleck of bone oriented 
slightly obliquely with respect to the metatarsal shaft and 
located on the latéral plantar aspect of the tuberosity (Fig. 
32-1). Anatomie studies hâve shown that this bone is located 
within the cartilaginous flare onto which the peroneus brevis 
inserts. It usually is not visible on anteroposterior or latéral 
radiographs but can be seen on the oblique view. It appears 
in girls at about âge 10 years and in boys at about âge 12 years; 
fusion occurs about 2 years later. 

Iselin disease causes tenderness over a prominent proxi¬ 
mal fifth metatarsal. Weight bearing produces pain over the 
latéral aspect of the foot. Participation in sports requiring 
running, jumping, and cutting, causing inversion stresses on 
the forefoot, is a common factor. The affected area over the 
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FIGURE 


shaft. 


Ossification of epiphysis on fifth metatarsal 


FIGURE 


disease. 


jmjçj Nonunion of fifth metatarsal as resuit of Iselin 



Enlargement and fragmentation of epiphysis 


(Iselin disease). 


Os vesalianum must be distinguished from 


Iselin disease. 




tuberosity is larger on the involved side, with soff-tissue 
edema and local erythema. The area is tender to palpation at 
the insertion of the peroneus brevis, and resisted eversion and 
extreme plantar flexion and dorsiflexion of the foot elicit 
pain. Oblique radiographs show enlargement and offen frag¬ 
mentation of the epiphysis (Fig. 32-2) and widening of the 
cartilaginous-osseous junction. Technetium-99m bone scan- 
ning shows increased uptake over the epiphysis. Nonunion of 
the fifth metatarsal (Fig. 32-3) has been reported in several 
adults as a resuit of Iselin disease and failure of fusion of the 
epiphysis. 


The united epiphysis should not be mistaken for a frac¬ 
ture, and a fracture should not be mistaken for the epiphysis. 
Os vesalianum, a sesamoid in the peroneus brevis (Fig. 32-4), 
and traction epiphysitis with widening of the epiphysis also 
must be distinguished from Iselin disease. 

Treatment is aimed at prévention of récurrent symp- 
toms. For acute symptoms, initial treatment should decrease 
the stress reaction and acute inflammation caused by 
overpull of the peroneus brevis tendon. For mild symp¬ 
toms, limitation of sports activity, application of ice, 
and administration of nonsteroidal antiinflammatory médi¬ 
cation usually are sufficient. For severe symptoms, cast 
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Freiberg disease. A, Elongated second metatarsal enduring stress. B, Chronic damage is shown by low-signal intensity 

on Tl MRI. (From Shane A, Reeves C, Wobst G, Thurston P: Second metatarsophalangeal joint pathology and Freiberg diseases, Clin Podiatr Med 
Surg 30:313, 2013.) 



Freiberg infraction of second metatarsal with 


two loose bodies. 


immobilization may be required. Occasionally, for chronic 
symptoms, an arch support that wraps around the base of 
the fifth metatarsal is used. Internai fixation of the epiphysis 
is not indicated. 

OSTEOCHONDROSIS OF THE METATARSAL 
HEAD (FREIBERG INFRACTION) 

Freiberg infraction usually occurs in the head of the second 
metatarsal but also may occur in the third (Fig. 32-5), fourth, 
and fifth metatarsals. Surgery is not recommended during the 


acute stage, which may persist for 6 months to 2 years. It may 
be indicated later because of pain, deformity, and disability. 
Occasionally, a loose body is présent (Fig. 32-6), and simply 
removing it may relieve the symptoms. Other procedures 
used include scraping the sclerotic area and replacing it with 
cancellous bone (Smillie procedure), osteochondral plug 
transplantation (Fig. 32-7), dorsal wedge osteotomy, tempo- 
rary joint spacer, and total joint arthroplasty (Fig. 32-8). The 
surgical treatment of this disorder is discussed in Chapter 83. 

OSTEOCHONDROSIS OF THE NAVICULAR 
(KÔHLER DISEASE) 

Osteochondrosis of the tarsal navicular originally was 
described by Kôhler in 1908. Ossification centers of the navic¬ 
ular appear between the âges of 1.5 and 2 years in girls and 
2.5 and 3 years in boys. Abnormalities of ossification vary 
from minor irregularities in the size and shape of the navicu¬ 
lar to gross changes indistinguishable from osteochondrosis. 
These abnormal ossifying nuclei are more common in late- 
appearing ossification centers of the navicular. The blood 
supply to the navicular consists of numerous penetrating 
vessels in children and adults. The development of the ossifie 
nucléus is associated most frequently with a single artery, but 
the incorporation of other penetrating vessels as part of 
the vascular supply varies; occasionally a single vessel is the 
sole supply until the âge of 4 to 6 years. Delayed ossification 
has been suggested to be the earliest event in the changes 
leading to irregular ossification because the lateness of ossi¬ 
fication of the navicular subjects it to more pressure than the 
bony structures can withstand. Abnormal ossification may be 
a response of the unprotected, growing nucléus to normal 
stresses of weight bearing. If osseous vessels are compressed 
as they pass through the junction between cartilage and bone, 
ischemia results and leads to reactive hyperemia and pain. 
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Diagram of harvested osteochondral plug from 
a non-weight-bearing site on the upper latéral fémoral condyle of 
the ipsilateral knee, and transplantation of the plug to the bone in 
the second metatarsal head. (Redrawn from Miyamoto W, Takao M, 
Uchio Y, et al: Late-stage Freiberg disease treated by osteochondral plug 
transplantation: a case sériés, Foot Ankle Int 29:950, 2008.) 




Osteotomy for Freiberg infraction. A f Osteot- 
omy of bony wedge. B f Closure and fixation of osteotomy. 


The diagnosis of Kohler disease is a clinical one requiring the 
presence of pain and tenderness in the area of the tarsal 
navicular associated with radiographie changes of sclerosis 
and diminished size of the bone (Fig. 32-9). The appearance 
of multiple ossification centers without an increase in density 
should not be confused with Kohler disease, and radiographie 
findings similar to Kohler disease in an asymptomatic foot 
should be considered an irregularity of ossification. 

Cast immobilization has been reported to produce 
quicker resolution of symptoms. Tfiis is a self-limiting condi¬ 
tion, and operative treatment rarely is indicated. 

Pain and disability occasionally develop after osteochon- 
drosis when the navicular becomes distorted and sclerotic, 
the head of the talus becomes flattened, the articular surfaces 
of the two bones become fibrillated, and osteophytes form 
along the margin of the articular surfaces. Surgery is indi¬ 
cated when disabling symptoms persist. Arthrodesis is the 
only operation of value, and the calcaneocuboid joint is 
included because most of its function is lost when the talo- 
navicular joint is fused. The midtarsal joints (talonavicular 
and calcaneocuboid) can be arthrodesed by a technique 
similar to that used for deformities in poliomyelitis (see 
Chapter 34). The results of this operation usually are excel¬ 
lent; most patients become symptom free but may notice loss 
of latéral movements of the foot. When symptoms arise from 



Latéral (A) and oblique (B) radiographs show 
smaller and more sclerotic navicular characteristic of Kohler disease. 


the naviculocuneiform joints also, these joints should be 
included in the fusion. Here arthrodesis is difficult to secure; 
metallic internai fixation and inlay grafts of autogenous can- 
cellous bone are helpful. 

OSTEOCHONDRITIS OF THE ANKLE 

Osteochondritis of the ankle in adults is discussed in Chapter 
89. The natural history of this lésion in children with open 
physes seems to be similar to that of osteochondrosis of the 
knee in that, with immobilization, the lésion heals in most 
children. Bauer et al., in a long-term (>20 years) follow-up 
study of 30 children with osteochondritis of the ankle, found 
that only one patient developed severe arthritis. Only minor 
radiographie changes occurred in the rest of the patients, in 
contrast to osteochondritis of the knee, in which osteoarthri- 
tis is frequent. Two of the lésions in their sériés were located 
on the joint surfaces of the distal tibia, a site previously unre- 
ported. Bauer et al. noted that the lésions in children are 
indistinguishable from those in adults; however, because the 
lésions in children heal, there may be some variance in ossi¬ 
fication of the talus (Fig. 32-10). Regardless of the cause, the 
initial treatment should be nonoperative. 


EPIPHYSITIS OF THE TIBIAL TUBEROSITY 
(OSGOOD-SCHLATTER DISEASE) 

Surgery rarely is indicated for Osgood-Schlatter disease; the 
disorder usually becomes asymptomatic without treatment or 
with simple conservative measures, such as the restriction of 
activities or cast immobilization for 3 to 6 weeks. Two distinct 
groups hâve been identified: (1) patients who before treat¬ 
ment had radiographie fragmentation and who had sepa- 
rated ossicles or abnormally ossified tuberosities at follow-up 
and (2) patients who before treatment had soft-tissue swell- 
ing without radiographie fragmentation and who were 
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JjJ Left, Osteochondritis dissecans in child with 
open distal tibial physes. Right, Three years later, physes closed, 
patient was asymptomatic, and osteochondritis dissecans lésion 
was no longer présent. 


asymptomatic at follow-up. A strong association has been 
noted between Osgood-Schlatter disease and patella alta, and, 
in particular, a shortened rectus femoris has been noted. The 
increase in patellar height may require an increase in the force 
by the quadriceps to achieve full extension, which could be 
responsible for the apophyseal lésion. It can be argued, 
however, that the patella alta is the resuit of chronic avulsion 
of the bony tuberosity. Robertsen et al. noted on histologie 
examination a pseudarthrosis covered with cartilage and no 
sign of inflammation. They suggested that persistent symp- 
toms of Osgood-Schlatter disease for more than 2 years 
warrant exploration. Krause et al. concluded that symptoms 
of Osgood-Schlatter disease résolve spontaneously in most 
patients and that patients who continue to hâve symptoms are 
likely to hâve distorted tibial tuberosities associated with frag¬ 
mentation of the apophysis on initial radiographs. Lynch and 
Walsh described prématuré fusion of the anterior part of the 
upper tibial physis in two patients with Osgood-Schlatter 
disease who were treated nonoperatively, and they recom- 
mended screening for this rare complication. 

Surgery may be considered if symptoms are persistent 
and severely disabling; however, tibial sequestrectomy 
(removal of the fragments) may relieve acute symptoms, but 
long-term results are no better than conservative treatment. 
Insertion of bone pegs into the tibial tuberosity (Bosworth 
procedure) is simple and almost always relieves the symp¬ 
toms; however, an unsightly prominence remains after this 
operation and is rarely used. This technique can be found in 
the 12 th édition of Campbells Operative Orthopaedics. The 
bony prominence can be excised (ossicle resection and tibial 
tubercleplasty) through a longitudinal incision in the patellar 
tendon or arthroscopic removal of the ossicle and tibial tuber- 
cle debridement. Reported complications of Osgood-Schlatter 
disease whether treated surgically or not, include sublux¬ 
ations of the patella, patella alta, nonunion of the bony frag¬ 
ment to the tibia, and prématuré fusion of the anterior part 
of the epiphysis with resulting genu recurvatum. Because of 
the possibility of genu recurvatum, surgery should be delayed 
until the apophysis has fused. We hâve removed only the 
ossicle with satisfactory results; we believe the entire tuberos¬ 
ity should be excised only if it is significantly enlarged and 
the apophysis is closed. The amount to be excised (debrided) 
should be determined preoperatively as described by Pihlaja- 
mâki et al. (Fig. 32-11). 



The tibial tuberosity index assesses the relative 
thickness of the tuberosity on radiographs. The line through the 
base of the tibial tuberosity is parallel to the midvertical tibial 
line. The midvertical tibial line is determined by measuring the 
middle of the projection of the tibia from four points located 
at various vertical levels of the cortex of the proximal part of 
the tibial cortex. The height of the tuberosity is measured from 
the line running parallel to the midvertical tibial line and 
passing through the base of the tuberosity. The base of the 
tubercle is determined by adjusting the line through the esti- 
mated base of the tibial tuberosity so that it is parallel to the 
midvertical tibial line and delineates the tibial tuberosity from 
the anterior tibial cortex. The tibial tuberosity index is the ratio 
of the distance from the top of the tuberosity (dotted line 
farthest to the right) to the parallel line of the anterior tibial 
cortex (middle dotted line B) to the distance from the top of 
the tibial tuberosity to the tibial midline (dotted line farthest 
to the left A + B). The tibial tuberosity index is calculated by 
dividing the length of the horizontal line B by the sum of the 
horizontal lines A and B. (Redrawn from Pihlajamàki HK, Mattila 
VM, Parviainen M, et al: Long-term outcome after surgical treatment 
of unresolved Osgood-Schlatter disease in young men, J Bone Joint 
Surg 91 A:2350, 2009.) 


TIBIAL TUBEROSITY AND OSSICLE 
EXCISION 


TECHNIQUE 32-1 


(PIHLAJAMÀKI ETAL) 

■ Place the patient supine on the operating table. 

■ Make a vertical 5-cm incision over the center of the distal 
part of the patellar tendon, 1 cm proximal to the tibial 
tuberosity, and over the center of the tibial tuberosity (Fig. 
32-12A). 

■ Divide the distal patellar tendon longitudinally and elevate 
the tendon laterally and medially to expose the superior 
part of the tibial tuberosity (Fig. 32-12B and C). 
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Pihlajamàki et al. technique for Osgood Schlatter disease. A, Skin incision. B and C, Patellar tendon is split and 
retracted to expose tibial tuberosity. (Redrawn from Pihlajamàki HK, Visuri Tl: Long-term outcome after surgical treatment of unresolved Osgood- 
Schlatter disease in young men. Surgical Technique, J Bone Joint Surg 92(Suppl 1):258, 2010.) SEE TECHNIQUE 32-1. 


9 " With an osteotome and rongeur, remove the prominent 
tibial tuberosity and, if présent, the posterior intratendi- 
nous ossicles, which may be firmly attached to the patel¬ 
lar tendon. Remove the osteocartilaginous fragments 
with or without resecting the tibial tuberosity promi- 
nence. Make sure ail fragments are removed. 

■ Resect the tibial tuberosity down to the insertion 
of the tendon and smooth with a file (Fig. 32-12D 
and E). Drilling is unnecessary. Try not to disturb the 
peripheral and distal margins of the patellar tendon 
insertion. 

■ Close the wound in layers and apply a light compressive 
dressing to the whole limb. 

■ As an alternative, a 5-cm transverse incision can be made, 
centered over a point 1 cm proximal to the tibial tuberos¬ 
ity (Fig. 32-13A). In this technique, the latéral soft tissue 
attachments are released longitudinally, leaving the patel¬ 
lar tendon intact. It is then elevated to remove the osteo¬ 
cartilaginous fragments (Fig. 32-13B and C). The rest of 
the procedure is as described above, with care taken to 
not disturb the latéral and distal margins of the patellar 
tendon insertion. 

POSTOPERATIVE CARE. On the first day after surgery, 
quadriceps-setting exercises are started and crutches are 
used for a short period of time. Adéquate quadriceps 
function should be emphasized, but ail strenuous activity 
should be avoided for 6 to 12 weeks. 


EXCISION OF UNUNITED TIBIAL 
TUBEROSITY FRAGMENT FOR 
OSGOOD-SCHLATTER DISEASE 


TECHNIQUE 32-2 


(FERCIOT AND THOMSON) 

■ Make a longitudinal incision centered over the tibial 
tuberosity. 

■Expose the patellar tendon and incise it longitudinally 
(Fig. 32-14). Elevate the tendon laterally and medially and 
excise any loose fragments of bone and enough tibial 
cortex, cartilage, and cancellous bone to remove any 
bony prominence completely. Do not disturb the periph¬ 
eral and distal margins of the insertion of the patellar 
tendon. 

■ Close the wound. 

POSTOPERATIVE CARE. A cylinder walking cast is 
applied and worn for 2 to 3 weeks. Exercises are then 
begun. 
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Pihlajamàki et al. alternative technique for 
Osgood Schlatter disease. A f Skin incision. B, Longitudinal incision 
in latéral soft tissue attachments of patellar tendon, which is 
elevated to expose tibial tuberosity. (Redrawn from: Pihlajamàki HK, 
Visuri Tl: Long-term outcome after surgical treatment of unresolved 
Osgood-Schlatter disease in young men. Surgical Technique, J Bone 
Joint Surg 92(Suppl 1):258, 2010.) SEE TECHNIQUE 32-1. 


ARTHROSCOPIC OSSICLE AND TIBIAL 
TUBEROSITY DEBRIDEMENT FOR 
OSGOOD-SCHLATTER DISEASE 


TECHNIQUE 32-3 


■ Make standard knee arthroscopy portais. 

■ To improve the view of the anterior interval, raise the 
location of the inferomedial and latéral parapatellar 
tendon portais slightly. 

■ Using a mechanical shaver and radiofrequency ablation 
device, perform an anterior interval release. Viewing the 
meniscal anterior horns and intermeniscal ligament and 
staying anterior to these structures, aggressively débridé 
into the anterior tibial slope. 

■ Shell out the bony lésions from their soft-tissue 
attachments. 

■ Remove small and loose fragments with a pituitary rongeur; 
remove larger fragments with an arthroscopic burr. Extend- 
ing the knee and taking tension off the patellar tendon 
facilitate the debridement along the anterior tibial slope. 

POSTOPERATIVE CARE. Patients are allowed full weight 
bearing and unrestricted range of motion after surgery. 



A 





Ferciot and Thomson excision of ununited tibial 
tuberosity. A, Tibial tuberosity has been exposed. B, Bony promi- 
nence has been excised. SEE TECHNIQUE 32-2. 


OSTEOCHONDRITIS DISSECANS 
OF THE KNEE 

Osteochondritis dissecans of the knee usually is unilatéral 
and may be painful. Although there are no spécifie physical 
findings diagnostic of osteochondritis dissecans of the knee, 
MRI is a highly sensitive method for détection of unstable 
osteochondritis dissecans. Several recent studies of instability, 
comparing MRI with arthroscopic findings hâve reported less 
specificity and sensitivity than previously thought with MRI, 
noting that MRI alone should not be used to détermine lésion 
stability. The presence of an underlying high-signal intensity 
line between the lésion and underlying bone, a cystic area, or 
a focal articular defect indicates instability and may help in 
preoperative planning. Osteochondritis dissecans of the knee 
in children should not be confused with anomalous ossifica¬ 
tion centers. Because these ossification centers may be présent 
in both condyles and in both knees, comparison radiographs 
of the affected and unaffected knees are advised (Fig. 32-15). 
MRI findings seem to be different for anomalous ossification 
centers and osteochondritis dissecans. 

Osteochondritis dissecans of the knee in children 
with open physes usually heals when treated with cast 
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immobilization. This treatment is préférable to excising the 
fragment early in life and creating a crater (Fig. 32-16). If 
gross detachment is présent, results generally are better after 
operative than after conservative treatment. Lésions with 
increased size, associated swelling, and mechanical symp- 
toms are less likely to heal. 

Nonoperative treatment always should be considered in 
patients with open physes (Fig. 32-17); spécifie indications 
for operative treatment of osteochondritis dissecans in chil- 
dren are prolonged pain without evidence of healing during 
a 6-month period, an unhealed lésion in which symptoms 



Bilateral (médial and latéral) anomalous ossifi¬ 
cation centers in posterior aspect of fémoral condyles (not osteo¬ 
chondritis dissecans). 


persist after physeal closure, a sclerotic lésion in the crater 
(unstable lésion), and a troublesome loose body (Fig. 32-18). 
In skeletally mature individuals, surgery is necessary to evalu- 
ate the lésion and implement treatment. Kraus et al. noted 
that up to 12 months of conservative treatment might be suc- 
cessful if the cyst-like lésions are less than 1.3 mm in length 
as seen on an MRI. 

Whether the lésion is drilled (rétrogradé or transarticu- 
lar), excised, curetted, replaced and pinned, including loose 
fragments, or bone grafted dépends on the size, stability, 
and weight-bearing nature of the lésion, which can be deter- 
mined only at surgery (Fig. 32-19). A discussion of surgical 
procedures, indications, and complications in children and 
adolescents can be found in the chapter on knee injuries 
(Chapter 45). 


EXTRAARTICULAR DRILLING FOR 
STABLE OSTEOCHONDRITIS 
DISSECANS OF THE KNEE 


TECHNIQUE 32-4 


(DONALDSON ANDWOJTYS) 

■ Place the patient supine and examine the knee arthroscop- 
ically to détermine the stability of the articular cartilage. 

■ Make 1- to 2-cm incisions over the affected fémoral 
condyle distal to the fémoral physis. For médial lésions, 
the incision should be just anterior to the médial collateral 
ligament, and for latéral lésions it should be just anterior 
to the latéral collateral ligament. 

■ With the lower extremity in the anatomie position and 
the knee in full extension, drill appropriate-size Kirschner 
wires into the lésion from proximal to distal, avoiding the 
physis. Direct the Kirschner wires toward the lésion in 
the anteroposterior plane. Anteroposterior latéral C-arm 
imaging should be used to guide the drilling into the 
defect so as not to penetrate the knee joint or violate the 
articular cartilage. The success of the procedure is related 



A f Osteochondritis dissecans of médial fémoral condyle in child with open physis. B f Four years later, physis is closed 
and lésion has healed. 
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A f Osteochondritis dissecans of médial fémoral condyle treated with knee immobilizer in 13-year-old child with physis 
still open. B f At 3-month follow-up, defect appears to be healing; possible osteochondral loose body is noted. C f At 5-month follow-up, 
patient is asymptomatic with healed lésion on radiograph and loose body that is asymptomatic. 



A and B f Large osteochondritis dissecans defect on latéral fémoral condyle seen on radiograph and MR image. Chon- 
droblastoma was ruled out in this patient with physes still open. C and D f After 9 months of unsuccessful conservative treatment, 
arthroscopy and Herbert screw fixation were performed. At time of arthroscopy, lésion was hinged but attached. This procedure requires 
use of image intensifier for correct guide pin placement and to avoid the physis with the Herbert screws. E and F f Postoperative antero- 
posterior and latéral radiographs with Herbert screws in acceptable position. 
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Anteroposterior (A) and latéral (B) illustration 
showing pin placement in osteochondritis dissecans of the knee 
in skeletally immature patients. (Redrawn from Donaldson LD, 
Wojtys EM: Extraarticular drilling for stable osteochondritis dissecans in 
the skeletally immature knee, J Pediatr Orthop 28:831, 2008.) SEE 
TECHNIQUE 32-4. 


9 to perforating the cortical shell of the lésion. If this is not 
done, revascularization probably will not occur. 

POSTOPERATIVE CARE. The knee is wrapped in a soft 
dressing after surgery. Motion is encouraged and the 
patients are kept at toe-touch weight bearing on crutches 
for 6 weeks. Physical therapy should be focused on 
range-of-motion exercises and low-resistance strength 
training. 


OSTEOCHONDRITIS DISSECANS OF THE 
PATELLA 

Osteochondritis dissecans of the patella is a rare entity that 
affects the subchondral bone and articular surface and the 
cartilage overlying the surface of the patella. It may appear as 
an elliptical fragment within a crater. It rarely occurs bilater- 
ally. It is frequently painful and quite debilitating. Boys âge 
10 to 15 are most commonly affected. 

Osteochondritis dissecans of the patella should be dif- 
ferentiated from a dorsal defect of the patella so that surgical 
treatment is not carried out on an asymptomatic defect (Table 
32-1). The différences between the two are subtle but présent. 
In contrast to osteochondritis dissecans of the patella (Fig. 
32-20A), a dorsal defect is a simple, asymptomatic, subchon¬ 
dral defect in the superolateral portion of the patella that does 
not involve the articular cartilage and usually is an incidental 
finding on radiograph (Fig. 32-21A and B). A sclerotic border 
occasionally is présent, and 20% to 40% of the time it occurs 
bilaterally. Safran et al. stated that MRI definitively shows that 
the dorsal defect does not involve the articular surface com- 
pared with osteochondritis dissecans (Figs. 32-20C and D 
and 32-2IC and D). A bone scan also can help differentiate 
between the two. In osteochondritis dissecans of the patella, 
the bone scan is exceptionally “hot” (Fig. 32-20B) compared 
with dorsal defects in which it is “cold.” 

Treatment of osteochondritis dissecans of the patella, 
especially in young children whose physes are still open, is 


TABLE 32-1 


Différentiation of Osteochondritis Dissecans of 
the Patella from Dorsal Defect of the Patella 

OSTEOCHONDRITIS 

DISSECANS OF THE PATELLA 

DORSAL DEFECT OF THE 
PATELLA 

Usually symptomatic 
Séparation of chondral 
or osteochondral 
fragment from 
subchondral bone 

Usually asymptomatic 
Incidental finding on 
radiograph 

Involves articular 
cartilage 

Rarely bilateral 

Does not involve articular 
cartilage 

Round subchondral defect 
in superolateral portion 
of patella; occasionally 
sclerotic border; 20-40% 
bilateral occurrence 

Bone scan hot 

Bone scan cold 


nonoperative if possible. Several of our patients hâve had a 
painful patella after excision of the fragment. Restriction of 
activities and immobilization for a time are recommended to 
avoid surgical excision. If conservative treatment fails, the 
lésion can be drilled, and if it is loose but still in the crater, 
the lésion can be internally fixed with a small-diameter 
Herbert screw. We hâve had little luck with poly-L-lactic acid 
pins in this area. If a defect and an old loose body are présent, 
the loose body should be removed and the crater debrided 
and drilled. If the loose body appears to hâve viable subchon¬ 
dral bone, the crater should be freshened and the loose body 
placed within the crater and internally fixed. 

Peters et al. used arthroscopie chondroplasty, removal of 
loose bodies, and retinacular release in 37 patients with 
mechanical symptoms (24 patellar and 13 trochlear groove). 
The average âge of their patients was 15 years, and 54% 
had open physes. Most patients improved after surgery, 
but patients with articular cartilage loss had persistent 
patellofemoral crepitus and discomfort. In our expérience, 
the results after chondroplasty of the patella hâve been 
unsatisfactory. 

OSTEOCHONDROSIS OF THE CAPITELLUM 
(OSTEOCHONDRITIS DISSECANS) 

Little Leaguers elbow is a term that has been used loosely to 
describe changes in the elbow secondary to baseball pitching 
and usually limited to the capitellum, radial head, or médial 
épicondyle. We hâve seen osteochondrosis and osteochondri¬ 
tis dissecans of the capitellum. The cause of both is obscure 
and is not limited to throwing a baseball. A relationship may 
or may not exist between osteochondrosis and osteochondri¬ 
tis dissecans of the capitellum (Fig. 32-22). 

Most patients with osteochondritis dissecans of the capi¬ 
tellum report symptoms of elbow pain and stiffness that are 
aggravated by activity and relieved by rest. Reports of locking 
or catching of the joint suggest the presence of loose bodies 
within the joint. Anteroposterior and latéral radiographs 
should be obtained, and comparison views of the contralat¬ 
éral elbow are helpful to identify subtle changes in the capitel¬ 
lum, surrounded by subchondral sclerosis demarcated by a 
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Osteochondritis dissecans of patella. A f Latéral radiograph. B f Bone scan. C and D, MR images showing osteocarti- 
laginous fragment including articular cartilage within crater. 


characteristic semilunar rarefied zone (crescent signs); older 
lésions may hâve a sclerotic border. Loose bodies may be seen 
in the joint. Magnetic résonance imaging offen identifies early 
changes of marrow edema before changes are seen on plain 
radiographs. Recent studies revealed that MRI could reliably 
predict instability of an elbow lésion. 

O CD of the elbow is most frequently classified by the 
radiographie findings: 


la 

Ib 

II 

III 


Intact/stable 

Intact/unstable 


Open unstable 
Detached 


Intact articular cartilage, no loss of 
subchondral stability 
Intact articular cartilage, unstable 
subchondral bone with impending 
collapse 

Cartilage fracture, collapse or partial 
displacement of subchondral bone 
Loose cartilaginous fragments within 
the joint 


Also, lésions can be classified as contained or uncontained. 
Compared with elbows that hâve contained osteochondritis 
dissecans lésions, elbows with uncontained lésions are more 
broad and shallow, hâve greater flexion contractures, and 


higher rates of joint effusion. If a loose body is not présent, 
nonsurgical treatment usually is satisfactory, especially if the 
lésion seems stable (type la). Resting the joint for 3 to 6 
weeks with the use of a hinged elbow brace to eliminate 
excessive stress usually allows return to activity in 3 to 6 
months. Indications for operative treatment include persis¬ 
tent symptoms, symptomatic loose bodies, fracture of the 
articular cartilage, and displacement of the osteochondral 
lésion. Operative management may involve excision of loose 
bodies or partially attached lésions, chondroplasty with 
osteochondral autogenous graff (mosaicplasty) or subchon¬ 
dral drilling, or internai fixation of a loose fragment. Mixed 
results hâve been reported for ail of these techniques, with 
rates of poor results up to 50%. 

In more recent literature, the surgical results seem to be 
better, especially concerning motion, because of arthroscopic 
techniques. Arthroscopic procedures include partial synovec- 
tomy, excision of loose bodies, drilling the crater or the intact 
lésion, microfracture, internally fixing the unstable viable 
fragment (mosaicplasty) with bioabsorbable pins, and oste- 
otomy of the capitellum. Although the arthroscopic results 
seem to be better than nonarthroscopic techniques, no pro¬ 
cedure, as noted by Byrd and Jones, ensures return to a 
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A and B f Radiographs of dorsal defect of patella in 
patella with cystic defect noted but not involving articular cartilage. 


superolateral quadrant. C and D f MRI reveals dorsal defect of 


throwing sport, such as baseball, and the prognosis should be 
guarded especially if the lésion is large, widespread, or unsta- 
ble. Arthroscopy and especially an elbow arthrogram or MRI 
may be indicated when a loose body is suspected but not seen 
on plain radiographs. Arthroscopy of the elbow is described 
in Chapter 52. 


(TAKAHARA ET AL.) 

ARTHROSCOPIC FRAGMENT REMOVAL 

■ After administering general anesthésia, place the patient 
supine. 


■ Inject 10 to 20 mL of 1 % lidocaine with epinephrine into 
the elbow joint. A tourniquet usually is not necessary. 

■ Flex the shoulder 90 degrees and elevate the elbow until 
the upper arm is almost vertical. Maintain this position 
with skin traction applied from the forearm to the over- 
head bar. 

■ Confirm the suitable position and direction of the portais 
with a 23-gauge needle. Create posterior, postérolatéral, 
anteromedial, and antérolatéral portais with a sharp 
blade. 

■ Bluntly release the subcutaneous tissues avoiding the 
cutaneous nerves. 

■ Widen the portais with the use of step-up cannulas. 

■ Insert a 4-mm-diameter, 30-degree oblique arthroscope 
to remove the loose bodies. 

OPEN APPROACH FOR FRAGMENT REMOVAL 

■ For a postérolatéral approach, place the upper arm on the 
operative bed with the shoulder in abduction and the 
elbow fully flexed. 

■ Make a 4- to 6-cm postérolatéral oblique skin incision on 
a line from the posterior edge of the latéral épicondyle 
to the posterior aspect of the radioulnar joint. 


RECONSTRUCTION OF THE 
ARTICULAR SURFACE WITH 
OSTEOCHONDRAL PLUG 
GRAFTS FOR OSTEOCHONDROSIS 
OF THE CAPITELLUM 


TECHNIQUE 32-5 
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A, Osteochondrosis of capitellum. Anteroposte- 
rior (B) and Jones (C) views 1 year later show evidence of some 
consolidation, but osteochondritis dissecans appears to be 
forming. 



Reconstruction of the articular surface of the 
humerai capitellum using osteochondral plug grafts from the 
latéral fémoral condyle. (From Takahara M, Mura N, Sasaki J, et al: 
Classification, treatment, and outcome of osteochondritis dissecans of 
the humerai capitellum, J Bone Joint Surg 90A:47, 2008.) SEE TECH¬ 
NIQUE 32-5. 


■ After inflating the tourniquet, incise the skin and fascia. 
Develop the intermuscular plane between the extensor 
carpi ulnaris and anconeus muscles or muscle fibers. 

■ Incise the capsule over the capitellar lésion and elongate 
the incision from the posterior edge of the latéral épicon¬ 
dyle to the posterior aspect of the radioulnar joint. 

■ Perform a limited local synovectomy. 

RECONSTRUCTION USING BONE PLUG GRAFTS 

■ After removal of loose fragments arthroscopically or 
through an open approach, harvest cylindrical osteochon¬ 
dral bone plugs from the latéral part of the latéral fémoral 
condyle at the level of the patellofemoral joint, keeping 
the tube harvester at a 90-degree angle to the articular 
surface. One to three plugs may be necessary depending 
on the size of the defect. 

■ Préparé the récipient bed. 

■ Place the osteochondral plugs toward the center of the 
capitellum to obtain stable fixation. Take care not to 
damage the capitellar physis or the distal part of the 
fémur in skeletally immature patients (Fig. 32-23). Because 
the thickness of hyaline cartilage and its surface curvature 
differ between the elbow and the knee, insert the plugs 
to match the spherical articular surface of the capitellum. 
The articular surface of the osteochondral plug graft 
should be slightly depressed rather than prominent rela¬ 
tive to the capitellar surface, and the step-off should be 
less than 1 mm. Rarely is shaving the articular surface of 
the osteochondral plug graft necessary. Reconstructing 
the entire capitellar defect is not necessary. 
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TABLE 32-2 


Stages of Legg-Calve-Perthes (Waldenstrôm) 

Initial 

■ Infarction produces a smaller, sclerotic epiphysis 
with médial joint space widening 

■ Radiographs may remain occult for 3-6 
months 

Fragmentation 

■ Fémoral head appears to fragment or dissolve 

■ Resuit of a revascularization process and bone 
résorption producing collapse and subséquent 
increased density 

■ Hip related symptoms are most 
prévalent 

■ Latéral pillar classification based on this 
stage 

Reossification 

■ Ossifie nucléus undergoes reossification as new 
bone appears as necrotic bone is resorbed 

■ May last up to 18 months 

Healing or 
remodeling 

■ Fémoral head remodels until skeletal maturity 

■ Begins once ossifie nucléus is completely 
reossified trabecular pattern returns 


POSTOPERATIVE CARE. Immobilize the elbow for 1 to 

2 weeks and protect the knee from vigorous flexion for 

3 weeks. Physical therapy should focus on reducing pain 
and swelling and regaining range of motion. Three 
months after the procedure, gentle elbow exercises 
against résistance are progressed to full résistance at 4 
months. Throwing is allowed at 4 to 5 months if there is 
no pain and elbow range of motion has returned to 
preoperative levels. The patient is released for full sports 
activity at 6 to 8 months. 


LEGG-CALVÉ-PERTHES DISEASE 

The cause of Legg-Calvé-Perthes disease is unknown but has 
provoked considérable controversy. Previously, some authors 
thought that an inherited thrombophilia promoted throm- 
botic venous occlusion in the fémoral vein causing bone 
death in the fémoral head and ultimately leading to Legg- 
Calvé-Perthes disease. More recent studies hâve not found an 
inherited hypercoagulability or a deficiency in protein C 
activity, however, indicating that inherited thrombophilia is 
not associated with the osteonecrosis of Legg-Calvé-Perthes 
disease. Although research continues, it seems that coagula¬ 
tion disorders are not étiologie factors in Legg-Calvé-Perthes 
disease. As noted by Hosalkar and Mulpuri, even after 100 
years the etiology of Legg-Calvé-Perthes disease remains 
unclear and its treatment is still controversial. 

DIAGNOSIS 

Differentiating an irritable hip with transient synovitis from 
the acute symptoms of Legg-Calvé-Perthes disease can be 
difficult. Distinguishing characteristics involve the sex and 
âge of the patient and the duration of symptoms. Irritable hip 
syndrome occurs twice as frequently in boys as in girls, 
whereas Legg-Calvé-Perthes disease occurs three times more 
frequently in boys than in girls. The average âge of patients 
with irritable hips is 3 years, and the average âge of patients 
with Legg-Calvé-Perthes disease is 7 years. Children with 
irritable hips hâve an average duration of symptoms of 6 days, 
whereas children with Legg-Calvé-Perthes disease hâve 
symptoms présent for an average of 6 weeks. Radiographie 
changes of the fémoral head (condensation and sclerosis) 
generally are delayed but occur 6 weeks after initial symp¬ 
toms. Therefore a follow-up radiograph should be obtained 
at 6 weeks (Table 32-2). 


TABLE 32-3 


Catterall Classification 

Group 1 

■ Involvement of the anterior epiphysis only 

Group II 

■ Involvement of the anterior epiphysis with 
a clear sequestrum 

Group III 

■ Only a small part of the epiphysis is not 
involved 


Group IV ■ Total head involvement 

■ Based on degree of head involvement 

■ At-risk signs (indicate a more severe 
disease course) 

Gage sign—V-shaped radiolucency in 
the latéral portion of the epiphysis 
and/or adjacent metaphysis 
Calcification latéral to the epiphysis 
Latéral subluxation of the fémoral head 
Horizontal proximal fémoral physis 
Metaphyseal cyst—added later to the 
original four at-risk signs described 
by Catterall 


Meyer dysplasia can be easily mistaken for Legg-Calvé- 
Perthes disease and lead to unnecessary diagnostic proce¬ 
dures and treatment. Meyer dysplasia has been found to be 
more common in boys younger than 4 years old and more 
likely to be bilateral. Characteristic findings included delayed 
or smaller ossification centers on radiograph, a separated or 
cracked epiphysis, cystic changes, and mild pain and limping. 
Condensation, subchondral fractures, fragmentation, and 
subluxation usually are not présent with Meyer dysplasia. 

■ CLASSIFICATION 

When the diagnosis is established, the primary aim of treat¬ 
ment of Legg-Calvé-Perthes disease is containment of the 
fémoral head within the acetabulum. If this is achieved, the 
fémoral head can re-form in a concentric manner by what 
Salter has termed biologie plasticity. 

Historically, Catterall et al. classified patients with this 
disease into groups according to the amount of involvement 
of the capital fémoral epiphysis: group I, partial head or less 
than half head involvement; groups II and III, more than half 
head involvement and sequestrum formation; and group IV, 
involvement of the entire epiphysis (Table 32-3). They noted 
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_ TABLE 32-4 

Salter-Thompson Classification 


Class A ■ Crescent sign involves < 1/2 of fémoral head 
Class B ■ Crescent sign involves > 1/2 of fémoral head 
Based on radiographie crescent sign 



Type B subchondral fracture involving more 
than 50% of fémoral head. 


that certain radiographie signs described as “head at risk” 
correlated positively with poor results, especially in patients 
in groups II, III, and IV. These head-at-risk signs include (1) 
latéral subluxation of the fémoral head from the acetabulum, 
(2) speckled calcification latéral to the capital epiphysis, (3) 
diffuse metaphyseal reaction (metaphyseal cysts), (4) a hori¬ 
zontal physis, and (5) the Gage sign, a radiolucent V-shaped 
defect in the latéral epiphysis and adjacent metaphysis. Cat- 
terall recommended containment by fémoral varus derota- 
tional osteotomy for older children in groups II, III, and IV 
with head-at-risk signs. Contraindications include an already 
malformed fémoral head and delay of treatment of more than 
8 months from onset of symptoms. Surgery is not recom¬ 
mended for any group I children or any child without the 
head-at-risk signs. 

Salter and Thompson advocated determining the extent 
of involvement by describing the extent of a subchondral 
fracture in the superolateral portion of the fémoral head. If 
the extent of the fracture (line) is less than 50% of the superior 
dôme of the fémoral head, the involvement is considered type 
A, and good results can be expected (Table 32-4). If the extent 
of the fracture is more than 50% of the dôme, the involvement 
is considered type B, and fair or poor results can be expected 
(Fig. 32-24). According to Salter and Thompson, this sub¬ 
chondral fracture and its entire extent can be observed radio- 
graphically earlier and more readily than trying to détermine 
the Catterall classification (8.1 months average). According 
to these authors, if the fémoral head is graded as type B, prob- 
ably an operation such as an innominate osteotomy should 
be carried out. The extent of the subchondral fracture line, 
when présent, has been suggested to be more accurate in 
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FIGURE 


of latéral pillar. 


A-C, Latéral pillar classification based on height 


predicting the extent of necrosis than is the extent of necrosis 
seen on MRI. In our expérience, however, subchondral frac¬ 
tures are présent early in the course of the disease in only a 
third of patients, and although this classification is a reliable 
indicator in the group with fractures, it has little to offer in 
early treatment decisions for the other two thirds of patients. 

Presently, the most used classification is by Herring et al. 
(Table 32-5). They described a classification based on the 
height of the latéral pillar: group A, no involvement of the 
latéral pillar; group B, at least 50% of latéral pillar height 
maintained; and group C, less than 50% of latéral pillar height 
maintained (Fig. 32-25). A statistically significant corrélation 
was found between the final outcome (Stulberg classification) 
and the loss of pillar height. Patients in group A had uni- 
formly good outcomes; patients in group B who were younger 
than 8 to 9 years old at onset had good outcomes, but patients 
older than âge 8 to 9 years had less favorable results; patients 
in group C had the worst results, with most having aspherical 
fémoral heads, regardless of âge at onset or type of treatment. 
Reproducibility of this classification System was confirmed by 
78% of members of the study group who used it. A patient 
with a pillar group B may progress to a pillar group C or may 
be in a “gray” area and designated as pillar group B/C. Herring 
et al. noted that the advantages of this classification are (1) it 
can be applied easily during the active stages of the disease 
and (2) the high corrélation between the latéral pillar height 
and the amount of fémoral head flattening at skeletal maturity 
allows accurate prédiction of the natural history and treat¬ 
ment methods. Price has challenged the concept that a latéral 
pillar sign allows accurate prédiction of the natural history 
and treatment. He noted that the sign may change from A to 
C in the course of the disease and that containment may no 
longer be bénéficiai. The latéral pillar sign may help guide 
treatment for some patients; however, a prognostic indicator 
to assist decision making in the early stages of the disease may 
be necessary. 

■ BILATERAL INVOLVEMENT 

Concerning bilaterality, reports in the literature indicate that 
patients with bilateral Legg-Calvé-Perthes disease hâve more 
severe involvement than patients with unilatéral disease 
because most hâve a Catterall III or IV or a Herring B or C 
classification, and 48% rate as a Stulberg 4 or 5 at skeletal 
maturity. Bilateral involvement can be confused with multiple 
epiphyseal dysplasia of the hip. Radiographs of the other 
joints and a wrist radiograph to détermine bone âge (which 
is delayed in Legg-Calvé-Perthes disease) help to distinguish 
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TABLE 32-5 


Latéral Pillar (Herring) Classification 


Group A 

■ Latéral pillar maintains full height with no 
density changes identified 

■ Uniformly good outcome 

Group B 

■ Maintains >50% height 

■ Poor outcome in patients with bone âge 
> 6 years 

Group B/C Border 

■ Latéral pillar is narrowed (2-3 mm) or poorly 
ossified with approximately 50% height 

■ Recently added to increase consistency 
and prognosis of classification 

Group C 

■ Less than 50% of latéral pillar height is 
maintained 

■ Poor outcomes in ail patients 


■ Determined at the beginning of fragmentation stage 

■ Usually occurs 6 months after the onset of symptoms 

■ Based on the height of the latéral piilar of the capital fémoral epiphysis on anteroposterior imaging of the pelvis 

■ Has best interobserver agreement 

■ Designed to provide prognostic information 

■ Limitation is that final classification is not possible at initial présentation due to the fact that the patient needs to 
hâve entered into the fragmentation stage radiographically 



A, Perfusion MRI at initial disease showing lack of perfusion (black area) in most of the epiphysis except in gray area 
in latéral aspect {right lower panel). B, Corresponding HipViasc images showing level of perfusion in epiphysis. Blue as shown on color 
scale indicates absence of perfusion. (From Kim HKW, et al. Perfusion MRI in early stage of Legg-Calvé-Perthes disease to predict latéral pillar 
involvement, J Bone Joint Surg 96A:1152, 2014). 


the two. Concerning sex, boys and girls who hâve the same 
Catterall classification or latéral pillar classification at the 
time of initial évaluation can be expected to hâve similar 
outcomes according to the classification System of Stulberg, 
Cooperman, and Wallensten. 

■ IMAGING EVALUATION 

In the past, diagnosis offen was delayed because plain radio¬ 
graphie changes are not apparent until 6 weeks or more from 
the clinical onset of Legg-Calvé-Perthes disease. Scintigraphy 
and MRI can establish the diagnosis much earlier. In the past, 
we hâve used a bone scan to try to détermine early how much 
of the fémoral head is involved. We compared the uptake with 
that of the contralatéral hip, and if the uptake was decreased 
less than 50% compared with the opposite fémoral head early 
in the course of the disease, the disease was considered to be 


a Catterall group I or II. If the uptake was decreased more 
than 50%, the disease was a Catterall group III or IV, Salter 
type B, or latéral pillar type C. 

MRI also seems to be superior to scintigraphy for depict- 
ing the extent of involvement in the early or evolutionary 
stage of Legg-Calvé-Perthes disease. MRI has become stan¬ 
dard at our institution to détermine the extent of involve¬ 
ment, the classification, and treatment planning. A limitation 
of both the Catterall and latéral pillar classifications is that a 
definitive prédiction cannot be made until well into mid- 
fragmentation stage, thus delaying treatment during this wait 
and see period (4 to 6 months). Gadolinium-enhanced sub¬ 
traction MRI (perfusion MRI) has been used at the initial 
fragmentation (earlier) stage to détermine the extent of latéral 
pillar involvement, thereby allowing initiation of constraint 
treatment (Fig. 32-26). Although no serious complications 
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hâve been reported with perfusion MRI for Perthes, approxi- 
mately 50% of children hâve to be sedated or given general 
anesthésia. The Perthes Study Group reported promising 
results using MRI perfusion for early classification of latéral 
pillar signs. However, the routine use of perfusion MRI has 
been challenged by some authors (Schoenecker et al.) who 
believe that knowing early the extent of head and pillar 
involvement may not be that essential in treatment or ulti- 
mate results. 

TREATMENT 

Treatment dépends on where the child is in the course of the 
disease. Most treatment is during the active process (early 
fragmentation). The problem again is to détermine early the 
severity or ultimate involvement of the fémoral head (Caterall 
II, IV, latéral pillar B/C, C, Salter-Thompson B). Treatment in 
the residual phase is reconstructive to prevent a malformed 
hip from progressing to osteoarthritis at an early âge. 

Many procedures hâve been described for both the active 
and residual phases of the disease. We hâve utilized a variety 
of treatments over the past 40 years and hâve reported our 
non-containment results. We also hâve used abduction ortho- 
ses for constraint, varus osteotomy, and a Salter, Pemberton, 
or pelvic osteotomy when indicated, ail with a vigorous hip 
range of motion program. Whether we altered the natural 
history in our patients is debatable, but we hâve learned that 
approximately 84% satisfactory results can be obtained from 
nonconstraint and nonoperative treatment. 

In the early stage (active phase), our current treatment 
protocol for children âge 4 years and older begins with 
explaining to the parents the natural history and expected 
duration of the disease (24 to 36 months). Children 2 to 3 
years old can be observed and do not need aggressive treat¬ 
ment. Once synovitis résolves, a daily home physical therapy 
program, including active and active-assisted range-of- 
motion and muscle stretching exercises to the hip and knee, 
is recommended to try to maintain a normal hip range of 
motion. 

Loss of motion at any time indicates a significant change 
in prognosis. If loss of motion is significant, and subluxation 
laterally is occurring, bed rest, skin traction, progressive 
passive and active physical therapy, abduction exercises, and 
pool therapy, if possible, are indicated. If there is no improve- 
ment, we recommend closed réduction with the patient under 
general anesthésia and percutaneous adductor longus tenot- 
omy, followed by an ambulatory abduction cast (Petrie) for 6 
weeks or more. 

We rarely recommend surgery for Legg-Calvé-Perthes in 
the active phase of the disease because of the complications 
possible after major hip surgery, whether it be a varus dero- 
tational osteotomy or an innominate osteotomy. If surgery is 
indicated during the active phase of the disease, the proce¬ 
dure to use is controversial. Historically, Salter, Thompson, 
Canale et al., Coleman, and others achieved “containment” 
by pelvic osteotomy above the hip joint, whereas Axer, Craig, 
Somerville, and Lloyd-Roberts et al. advocated varus derota- 
tional osteotomy. More recently, many studies hâve empha- 
sized the importance of the timing and the indications 
for surgery, rather than the type of procedure, recom- 
mending that operative intervention be done in the early 
fragmentation stage before re-formation of a malformed 
fémoral head can occur. 


Operative treatment may not produce better results than 
nonoperative treatment in younger patients but, in general, 
better results hâve been reported in older children treated 
operatively than in children treated nonoperatively when 
fémoral head involvement was severe (latéral pillar B, B/C). 

Varus derotational osteotomy and innominate osteotomy 
hâve advantages and disadvantages. Varus derotational oste¬ 
otomy theoretically allows more coverage; however, if too 
much correction (varus) occurs, and if the capital fémoral 
physis closes prematurely as a resuit of the disease, excessive 
varus deformity may persist. Theoretically, a mild increase in 
length can occur with innominate osteotomy, whereas mild 
shortening may occur with a varus osteotomy. Compression 
of an already compromised fémoral head also can occur with 
innominate osteotomy. A second operation to remove hard¬ 
ware is required after both procedures, and both hâve com¬ 
plications similar to any large operation on the hip. Neither 
procedure has been shown to accelerate the healing process 
of the disease. Although numerous authors recommend one 
procedure over the other, until there is conclusive evidence 
of superiority, it seems that the choice should be dictated by 
the surgeons familiarity and expertise with a particular 
procedure. 

Shelf arthroplasty (latéral labral support) has been advo¬ 
cated for severe Legg-Calvé-Perthes disease (Catterall III or 
IV; latéral pillar B, BC,C) in the early stages (fragmentation), 
with incorporation of the shelf graft into the pelvis as a resuit 
of continued growth of the latéral acetabular structures. 
Although acetabular coverage and size may be increased in 
children younger than 8 years old, these changes are seen at 
short-term follow-up, and the amount of coverage at long- 
term follow-up is similar to that obtained by innominate 
osteotomy. 

Distraction of the hip joint (arthrodiastasis) by an exter- 
nal fixator for an average of 4 months has been described 
in older children with active and severe Legg-Calvé-Perthes 
disease. Many complications, such as pin breakage and pin 
track infections, hâve been reported with this procedure, 
and presently its use seems to be limited to the most severe 
cases. 

MRI before surgery is mandatory to détermine (1) if any 
flattening of the fémoral head is already présent that would 
contraindicate most ostéotomies of any type and (2) how 
much subluxation is présent and how much surgical contain¬ 
ment is necessary. 

A combined osteotomy (pelvic osteotomy and varus 
fémoral osteotomy) used as a salvage procedure for severe 
Legg-Calvé-Perthes disease has the theoretical advantage of 
obtaining maximal fémoral head containment while avoiding 
the complications of either procedure alone, such as limb 
shortening, extreme neck-shaft varus angulation, and associ- 
ated abductor weakness. Recently, Stevens et al. described 
guided growth of the trochanteric apophysis using a “tether” 
with an eight-plate and soft-tissue release as part of a non- 
osteotomy management strategy for select children with 
progressive symptoms and related radiographie changes 
(Fig. 32-27). 

In the residual-stage, indications for reconstructive 
surgery in Legg-Calvé-Perthes disease are (1) a malformed 
head causing femoroacetabular impingement or “hinge” 
abduction in which surgical hip dislocation or hip arthros- 
copy can be used for osteochondroplasty (cheilectomy) or a 
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Tethering of greater trochanter and lack of 
change to neck-shaft angle after guided growth technique of 
trochanteric apophysis with soft-tissue release. (Redrawn from 
Stevens PM, Anderson LA, Gililland JM, Novais E: Guided growth of 
trochanteric apophysis combined with soft-tissue release for Legg- 
Calvé-Perthes disease, Strat Traum Lim Recons 9:37, 2014.) 


varus, valgus, or fémoral head osteotomy can be performed; 
(2) coxa magna for which a shelf augmentation would provide 
coverage; (3) a large malformed fémoral head with sublux¬ 
ation laterally, for which a pelvic osteotomy may be consid- 
ered; and (4) capital fémoral physeal arrest for which 
trochanteric advancement or arrest can be performed for 
relative lengthening of the fémoral neck. External fixation 
across the pelvis and hip has been used to reduce the fémoral 
head to avoid hinge abduction and persistent subluxation. Ail 
of these are procedures for an already malformed hip, and 
when used a high percentage of unsatisfactory results should 
be expected. 

■ INNOMINATE OSTEOTOMY 

The advantages of innominate osteotomy (Figs. 32-28 and 
32-29) include antérolatéral coverage of the fémoral head, 
lengthening of the extremity (possibly shortened by the avas- 
cular process), and avoidance of a second operation for plate 
removal. The disadvantages of innominate osteotomy include 
the inability sometimes to obtain adéquate containment of 
the fémoral head, especially in older children; an increase in 
acetabular and hip joint pressure that may cause further avas- 
cular changes in the fémoral head; and an increase in leg 
length on the operated side compared with the normal side 
that may cause a relative adduction of the hip and uncover 
the fémoral head. Innominate osteotomy as described by 
Salter is included in the discussion of congénital deformities 


(see Chapter 30). Salter s procedure includes iliopsoas release. 
Other pelvic ostéotomies such as the Pemberton osteotomy 
(Chapter 30), the Dega osteotomy (Chapter 30), the Bernese 
osteotomy (Chapter 6), or the Ganz periacetabular osteotomy 
(Chapter 6) if needed in the residual phase can be used. 


INNOMINATE OSTEOTOMY FOR 
LEGG-CALVÉ-PERTHES DISEASE 


TECHNIQUE 32-6 


(CANALE ET AL.) 

■ Through a Smith-Petersen approach to the hip (see Tech¬ 
nique 1-60), release the sartorius, tensor fasciae latae, 
and rectus femoris and expose the anterior inferior iliac 
spine. 

■ Release the psoas tendon from its insertion and dissect 
subperiosteally on the inner and outer walls of the ilium 
down to the sciatic notch. Using retractors in the sciatic 
notch, with a right-angle clamp pass a Gigli saw through 
the notch. With the saw, carefully eut horizontally and 
anteriorly through the ilium as close as possible to the 
capsular attachment of the acetabulum. 

■ Maximally flex the knee and flex and abduct the hip to 
open the osteotomy. Use a towel clip to pull the distal 
fragment of the osteotomy anteriorly and laterally. 

■ Take a full-thickness quadrilatéral graft 2 x 3 cm from the 
wing of the ilium according to the size of the space pro- 
duced by opening the osteotomy (Fig. 32-29). Predrill or 
precut the outline of the graft on the surfaces of the ilium 
to prevent fracture of the inner and outer cortices. Shape 
the quadrilatéral graft carefully to fit the space produced 
and impact it into the osteotomy site. 

■ Use one or more threaded pins for fixation and leave the 
ends subeutaneous so that they can be removed later 
with local or general anesthésia. 

■ Use the center-edge angle of Wiberg in the weight- 
bearing position at this time to assess by radiography the 
coverage and containment of the fémoral head. 

POSTOPERATIVE CARE. The patient is immobilized for 
10 to 12 weeks in a spica cast before the pins are 
removed. Range-of-motion exercises and full weight- 
bearing ambulation are started, and radiographie évalu¬ 
ation is repeated. 


■ LATERAL SHELF PROCEDURE 
(LABRAL SUPPORT) 

Except in the active stage of the disease, latéral shelf acetabu- 
loplasty can be used for older children who are not candidates 
for fémoral osteotomy because of insufficient remodeling 
capacity and the likelihood that shortening of the fémur 
would cause a persistent limp. Recently, it has been suggested 
to be indicated in the active early stages. Proponents of doing 
the labral support procedure early argue that it has three 
bénéficiai effects: (1) latéral acetabular growth stimulation, 
(2) prévention of subluxation, and (3) shelf resolution after 
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Innominate osteotomy for Legg-Calvé-Perthes disease. A f Seven-year-old child with bilateral Catterall group III 
involvement with "head-at-risk" signs of latéral calcification (subluxation) and metaphyseal cyst on left. B f Eight weeks after innominate 
osteotomy with fixation using three pins. C f Three years after innominate osteotomy. Fémoral head is contained without evidence of 
subluxation. Center-edge angle is 28 degrees, and fémoral head is concentric but slightly enlarged. 



Innominate osteotomy using quadrangular 
graft (see text) for Legg-Calvé-Perthes disease. (From Canale ST, 
d'Anca AF, Cotler JM, et al: Use of innominate osteotomy in Legg-Calvé- 
Perthes disease, J Bone Joint Surg 54A:25, 1972.) SEE TECHNIQUE 32-6. 


fémoral epiphyseal reossification. Advocates of the shelf pro¬ 
cedure in active disease report results as good as those after 
varus osteotomy or innominate osteotomy of Salter. It is 
simple to perform (mini-incision with or without a dry 
arthroscope) and does not induce a permanent deformity in 
the proximal fémur or acetabulum. 


LATERAL SHELF PROCEDURE (LABRAL 
SUPPORT) FOR LEGG-CALVÉ-PERTHES 
DISEASE 


TECHNIQUE 32-7 


(WILLETT ET AL.) 

■ Make a curved incision below the iliac crest, passing 
1.5 cm below the anterior superior iliac spine to avoid the 
latéral cutaneous nerve of the thigh. Strip the glutei sub- 
periosteally from the outer table of the ilium to the level 








PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


FIGURE 


32-7. 



A-C, Operative technique for latéral shelf acetabuloplasty (see text) in Legg-Calvé-Perthes disease. SEE TECHNIQUE 



FIGURE 


Legg-Calvé-Perthes disease. A f Preoperative radiograph. B f After varus osteotomy and fixation. 


of insertion of the joint capsule. Mobilize and divide the 
reflected head of the rectus femoris. 

■ Create a trough in the bone immediately above the inser¬ 
tion of the capsule (Fig. 32-30A). Raise a bony flap 3 cm 
wide x 3.5 cm long superiorly from the outer cortex of 
the ilium. 

■ Cut strips of cancellous graft from the ilium above the 
flap and insert them into the trough so that they form a 
canopy on the superior surface of the hip joint (Fig. 
32-30B). Pack the web-shaped space between the flap 
and the graft canopy with cancellous bone graft (Fig. 
32-30C). 

■ Repair the reflected head of the rectus femoris over the 
created shelf. 

■ Close the wound in the usual manner and apply a spica 
cast. 


POSTOPERATIVE CARE. The spica cast is worn for 8 
weeks. Protective weight bearing in a single spica cast is 
continued for 6 additional weeks. 


■ VARUS DEROTATIONAL OSTEOTOMY 

The advantages of varus derotational osteotomy of the proxi¬ 
mal fémur include the ability to obtain maximal coverage of 
the fémoral head, especially in an older child, and the ability 
to correct excessive fémoral antéversion with the same oste¬ 
otomy (Fig. 32-31). The disadvantages of varus derotational 
osteotomy include excessive varus angulation that may not 
correct with growth (especially in an older child), further 
shortening of an already shortened extremity, the possibility 
of a gluteus lurch produced by decreasing the length of the 
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lever arm of the gluteal musculature, the possibility of non- 
union of the osteotomy, and the requirement of a second 
operation to remove the internai fixation. Prématuré closure 
of the capital fémoral physis may cause further varus defor- 
mity. Aksoy et al. reported poor results in children with pillar 
group C hips, especially affer the âge of 9 years. A varus dero- 
tational osteotomy is the procedure of choice when contam¬ 
inent of the fémoral head is necessary but cannot be achieved 
with a brace for psychosocial or other reasons, when the child 
is 8 to 10 years old and without leg-length inequality, when 
on arthrogram or MRI most of the fémoral head is uncovered 
and the angle of Wiberg is decreased, and when there is a 
significant amount of fémoral antéversion. An anteroposte- 
rior radiograph of the pelvis is taken with the lower extremi- 
ties in internai rotation and parallel to each other (no 
abduction). If satisfactory containment of the fémoral head 
is noted, derotational osteotomy alone is carried out. The 
degree of derotation is roughly estimated from the amount of 
internai rotation of the extremity, but further adjustments are 
made during the operation. 

When internai rotation is seriously limited and remains 
so preoperatively after 4 weeks of bed rest with traction, varus 
osteotomy is carried out with the addition of extension that 
is produced by a slight backward tilt of the proximal frag¬ 
ment. When internai rotation is sufficient, abduction of the 
extremity brings about the desired containment of the fémoral 
head. The degree of abduction is expressed by the angle 
formed by the shaff of the fémur and a vertical line parallel 
to the midline of the pelvis. This angle represents the desired 
angle of the osteotomy (see Technique 32-8). Herring et al. 
stated that contrary to conventional belief greater varus angu¬ 
lation does not necessarily produce better préservation of the 
fémoral head after osteotomy. Their recommendation was to 
achieve 0-15 degrees of varus correction for hips that are in 
the early stages of Perthes. 

Reliable information on acetabular containment of the 
fémoral head, the size of the head, the flattening of the epiph- 
ysis, and the width of the médial joint space can be obtained 
from preoperative arthrography or MRI. The osteocartilagi- 
nous head of the fémur should be covered adequately by the 
acetabular roof as the fémur is abducted and the flattened 
segment of the fémoral head is rotated into the depths of the 
acetabular fossa. We use a varus (médial closing wedge) oste¬ 
otomy fixed with an adolescent or pédiatrie hip screw (Fig. 
32-32). According to the recent literature, fracture after plate 
removal for ostéotomies is 5% in patients with Perthes. These 
data suggest that the time to hardware removal should be 
extended beyond radiographie union to at least 6 months or 
more after the osteotomy. 


VARUS DEROTATIONAL OSTEOTOMY 
OF THE PROXIMAL FEMUR FOR 
LEGG-CALVÉ-PERTHES DISEASE 


TECHNIQUE 32-8 


(STRICKER) 

■ Place the patient supine on the operating table with a 
radiograph cassette holder beneath the patient. Image 


intensification, positioned in the anteroposterior projec¬ 
tion, is désirable. Préparé and drape the affected extrem¬ 
ity, leaving it free to allow for intraoperative radiographs 
or imaging. 

Make a latéral incision from the greater trochanter distally 
8 to 12 cm and reflect the vastus lateralis to expose the 
latéral aspect of the fémur. 

Identify the fémoral insertion of the gluteus maximus and 
make a transverse line in the fémoral cortex with an 
osteotome to mark the level of the osteotomy at the level 
of the lesser trochanter or slightly distal (Fig. 32-32A). 
Correct positioning of the osteotomy site can be verified 
with image intensification. 

After the latéral portion of the trochanter and the proxi¬ 
mal latéral fémur hâve been exposed, place a guide 
pin outside the capsule, anterior to the neck. Using 
the fluoroscopie image, détermine the direction of the 
neck. Set the adjustable angle guide to 120 degrees 
and position it against the latéral cortex. Attach the guide 
to the shaft with the plate clamp. Insert the guide 
pin through the cannulated portion of the adjustable 
angle guide and into the fémoral neck (Fig. 32-32B). 
Predrilling the latéral cortex with the twist drill can aid in 
placing the guide pin. Ensure that the guide pin is placed 
in the center of the fémoral neck within 5 mm of the 
proximal fémoral physis without violating it or the tro- 
chanteric apophysis (Fig. 32-32C, inset 1). Verify guide 
pin placement in the anteroposterior and latéral views on 
the image. 

When the guide pin is placed within 5 mm of the physis, 
use the percutaneous direct measuring gauge to déter¬ 
mine the lag screw length (Fig. 32-32C, inset 2). 

Set the adjustable positive stop on the combination 
reamer to the lag screw length determined by the percu¬ 
taneous direct measuring gauge. Place the reamer over 
the guide pin and ream until the positive stop reaches the 
latéral cortex (Fig. 32-32D). Do not violate the physis. It 
is prudent to check the fluoroscopie image periodically 
during reaming to ensure that the guide pin is not inad- 
vertently advancing into the fémoral epiphysis. 

Set the adjustable positive stop on the lag screw tap to 
the same length that was reamed. Tap until the positive 
stop reaches the latéral cortex. 

Insert the selected lag screw into the distal end of the 
insertion/removal wrench. Place it over the guide pin and 
into the reamed or tapped hole. The lag screw is at the 
proper depth when (1) the insertion or removal wrench's 
first depth marking is flush with the latéral cortex (Fig. 
32-32E), and (2) the handle of the insertion or removal 
wrench is perpendicular to the shaft of the fémur, with 
the longitudinal key line facing proximally. This position¬ 
ing ensures that the plate barrel and lag screw shaft are 
properly keyed for rotational stability (Fig. 32-32F). 
Remove the guide pin when the lag screw is at the appro- 
priate length. 

With the lag screw in place, perform the osteotomy (20- 
degree transverse osteotomy is illustrated). Make the eut 
as proximal as possible, just below the lag screw entry 
point, because the proximal metaphyseal bone usually 
heals better than the cortical subtrochanteric bone. In 
addition, the correction of the proximal fémoral deformity 
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Varus derotational osteotomy (see text) in Legg-Calvé-Perthes disease. A f Level of osteotomy. B and C f Insertion of 
guide pin. D f Reaming of fémur. E f First depth marking flush with latéral cortex. F, Removal of wedge to customize fit. 
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G-I f Plate and compression screw application. J-L, Insertion of bone screws. (Redrawn from Stricker S: Intermediate 
and pédiatrie osteotomy Systems: technique manual, Memphis, Smith & Nephew Orthopaedics, 2005.) SEE TECHNIQUE 32-8. 
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is best accomplished close to the deformity (i.e. # as close 
to the fémoral head as possible). 

■ Insert the barrel guide into the back of the implanted lag 
screw to help position the proximal fémur. The desired 
correction can be accomplished by tilting the head 
into valgus or, in this case, varus, removing wedges to 
customize the fit if needed (Fig. 32-32G). Iliopsoas tenot- 
omy or recession also may facilitate positioning of the 
osteotomy. 

■ Take the plate chosen during preoperative planning (100 
degrees x 76 mm x four holes in this case) and insert its 
barrel over the barrel guide and onto the back of the lag 
screw (Fig. 32-32H). If necessary, insert the cannulated 
plate tamper over the barrel guide and tap it several times 
to seat the plate fully (Fig. 32-321). 

■ Remove the barrel guide and insert a compressing screw 
to prevent the plate from disengaging during the réduc¬ 
tion maneuver. Use the slotted screwdriver for the pédi¬ 
atrie compressing screw or the hex screwdriver for the 
intermediate compressing screw (Fig. 32-32J). 

■ Reduce the osteotomy and secure the plate to the fémur 
using the plate clamp. Check the rotational position of 
the lower extremity in extension. 

■ A range of 2.5 to 6.5 mm of fémoral shaft compression 
is possible with the use of an intermediate osteotomy 
hip screw. To achieve 6.5 mm of compression, insert 
the drill guide end of the intermediate combination drill 
or tap guide into the distal portion of the most distal 
compression slot. Drill through to the médial cortex using 
the twist drill. If less compression is required, follow the 
same steps detailed previously in the distal portion of 
either the second or third distal slots for 2.5 mm of com¬ 
pression. If no compression is needed, follow the same 
steps listed previously except begin by placing the inter¬ 
mediate combination drill/tap guide in the proximal 
portion of the slot instead of the distal portion used for 
compression. 

■ Insert the tap guide end of the intermediate combination 
drill or tap guide into the slot and insert the bone screw 
tap. 

■ Insert the depth gauge through the slot and into the 
drilled or tapped hole. Ensure that the nose of the guide 
is inserted fully into the plate's slot. Insert the needle of 
the depth gauge and hook it on the médial cortex. Read 
the bone screw length measurement directly off of the 
depth gauge. 

■Select the appropriate length bone screw and insert it 
using the hex screwdriver. Use the self-holding sleeve to 
keep the screw from disengaging from the screwdriver. 
In cases in which compression is being applied, the bone 
screw abuts the inclined distal aspect of the slot as it is 
being seated, forcing the plate and the attached proximal 
fragment slightly distally until resisted by compression of 
the osteotomy (Fig. 32-32K). Follow the same steps for 
the remaining two slots. 

■ In the most proximal slot, the intermediate combination 
drill or tap guide can be angled proximally so that the 
drill, and ultimately the bone screw, crosses the osteot¬ 
omy line. Positioning the proximal bone screw in this way 
can provide additional stability at the osteotomy site 
(Fig. 32-32L). 


■ Irrigate the wound and close in layers, inserting a suction 
drain if needed. Apply a one and one-half spica cast. 

POSTOPERATIVE CARE. The spica cast is worn for 8 to 
12 weeks, until union is achieved. The internai fixation 
can be removed 12 to 24 months after the osteotomy if 
desired. 


■ LATERAL OPENING WEDGE OSTEOTOMY 

Axer described a latéral opening wedge osteotomy for chil- 
dren 5 years of âge and younger in which a prebent plate is 
used to hold the cortices apart laterally the measured amount. 
The defect laterally fills in rapidly in young children, but the 
open wedge may resuit in delayed union or nonunion in 
children older than 5 years. Because few children younger 
than 5 years are operated on for Legg-Calvé-Perthes disease 
in the United States, indications for this procedure are rare. 


REVERSED OR CLOSING WEDGE 
TECHNIQUE FOR LEGG-CALVE- 
PERTHES DISEASE 


TECHNIQUE 32-9 


■ After calculating from Table 32-6 the height of the base 
of the wedge to be removed, hold the extremity in inter¬ 
nai rotation at the hip and mark a wedge. Close the 
wedge if a reverse wedge is being used. 

■ Take a wedge half the height over the anterior surface of 
the fémur with the base medially. 

■ Remove the wedge with an oscillating saw, rotate the 
distal fragment externally to the desired degree, turn the 
bone wedge 180 degrees, and insert it in the osteotomy 
with its base latéral or reversed. Because its base now is 
latéral, the varus angle obtained equals the angle that 
would be obtained with complété removal of a full-height 
bone wedge medially. 

■ Fix the bone fragments with the prebent plate as previ¬ 
ously described with ail cortices in contact. When the 
reversed bone wedge is not stable enough, fix it to the 
distal or proximal fragment with small Kirschner wires. 

POSTOPERATIVE CARE. A double spica plaster cast is 
applied and removed after 6 weeks or when union is 
confirmed by radiography. The child is encouraged to 
walk, in water initially if increased joint stiffness is noted. 
No restrictions are imposed on the child except for 
follow-up every 3 months in the first year. 


■ ARTHRODIASTASIS 

The rationale behind arthrodiastasis is that distraction of 
the joint not only widens but also unloads the joint space, 
reduces the pressure on the fémoral head, allows fibrous 
repair of articular cartilage defects, and préserves congruency 
of the fémoral head. The articulated fixator allows 50 degrees 
of hip flexion. Recent reports hâve described significant 
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TABLE 32-6 


Calculating Height of Base of Wedge to be Removed for Varus Osteotomy 


DESIRED ANGULATORY 

CHANGE (DEGREES) 10 12.5 15 


FEMORAL SHAFT WIDTH AT OSTEOTOMY SITE (mm) 

17.5 20 22.5 25 27.5 30 32.5 35 37.5 40 


10 

1.5 

2 

2.5 

3 

3.5 

4 

4.5 

5 

5.5 

6 

6.5 

7 

7.5 

15 

2 

3 

4 

4.5 

5 

6 

6.5 

7.5 

8 

9 

10 

10.5 

11.5 

20 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

25 

4.5 

5 

6.5 

7.5 

9 

10 

11.5 

12.5 

14 

15 

16 

17.5 

18.5 

30 

5.5 

6.5 

8 

10 

11.5 

12.5 

14 

15.5 

17 

18.5 

20 

22 

23 

35 

6.5 

8 

10 

12 

13.5 

14 

17 

18.3 

21 

22 

24 

26 

27.5 

40 

8 

10 

12.5 

14.5 

16.5 

18.5 

20 

23 

25 

27 

29 

31.5 

33.5 


Credited to Orkan and Roth. Data from Axer A: Personal communication, 1978. 

*The height of the base of the wedge in millimeters is read at the junction of the horizontal axis (desired degrees of angulatory change) and the vertical axis (width 
of the fémoral shaft at the osteotomy site). 


complications with this procedure; it should not be taken 
lightly and used only for the most severely involved hips with 
severe subluxation. 


ARTHRODIASTASIS FOR LEGG-CALVÉ- 
PERTHES DISEASE 


TECHNIQUE 32-10 


(SEGEV ET AL.) 

■ Place the patient supine on a transparent operating table. 
Obtain a hip arthrogram medially to assess cartilage archi¬ 
tecture and the extent of hinged abduction. 

■Tenotomize the adductor and iliopsoas tendons through 
a médial approach. 

■ Using image intensification, insert a 1.6-mm Kirschner 
wire into the fémoral head at the center of rotation of 
the hip while keeping the leg in 15 degrees of abduction 
with the patella pointing forward. 

■ Using the articulated body for the hip Orthofix external 
fixation device (Bussolengo, Italy; Fig. 32-33), apply it 
onto the Kirschner wire and attach a standard model "kit 
body" to the hinge distally. 

■ Fix the proximal part to the supraacetabular area with a 
T-clamp using two or three 5- to 6-mm Orthofix screws. 
The procedure is done using a template that is replaced 
by the aforementioned parts. 

■ Immediately distract the joint space 4 to 5 mm under 
image intensification. Continue distraction at 1 mm per 
day until the Shenton line is overcorrected. 

POSTOPERATIVE CARE. Flexion and extension exer¬ 
cises are encouraged with the fixator in place, and the 
patient is kept non-weight bearing. The fixator is left 
in place for 4 to 5 months until latéral pillar reossifica¬ 
tion appears. The fixator is removed in the operating 
room, and a hip arthrogram is obtained. After removal 
of the frame, the patient continues protective non- 
weight bearing and intensive physical therapy and hydro- 
therapy for an additional 6 weeks. At this stage, full 



A and B f Hinged external fixator (Orthofix, Bus¬ 
solengo, Italy) for arthrodiastasis in Legg-Calvé-Perthes disease. 

(From Maxwell SL, Lappin KJ, Kealey WD, et al: Arthrodiastasis in Perthes' 
disease, J Bone Joint Surg 86B:244, 2004. Copyright British Editorial 
Society of Bone and Joint Surgery.) SEE TECHNIQUE 32-10. 


weight bearing is allowed with continued physiotherapy 
for another 6 months. 


RECONSTRUCTIVE SURGERY 
■ OSTEOCHONDROPLASTY (CHEILECTOMY) 

Hip arthroscopy and surgical dislocation of the hip hâve been 
used to treat certain types of fémoral acetabular impingement 
(FAI) and other intraarticular lésions caused by Perthes 
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disease. One type of FAI develops in the malformed fémoral 
head; terms such as pincer and cam effect are now replacing 
terms such as hinge-abduction and “trench.” These newer 
techniques, surgical hip dislocation and arthroscopy, can 
eliminate intraarticular deformity and other lésions, such 
as labral tears, osteochondral or chondral lésions, loose 
bodies, or a torn ligamentum teres, and at the same time they 
can be combined with previously described extraarticular 
(extra capsular) procedures that provide coverage of the 
fémoral head, increase acetabular coverage, or change the 
configuration of the fémoral neck by advancing the greater 
trochanter. 

Surgical dislocation of the fémoral head has been used to 
treat FAI, and contrary to previous opinion can be done safely 
with few or no complications including osteonecrosis, myo- 
sitis ossificans, or decreased motion secondary to soff-tissue 
reaction and scarring. Ganz and others popularized this tech¬ 
nique and hâve performed chondroplasties, labral chondral 
tear or impingement excision, greater trochanteric advance- 
ment, and downsizing osteotomy of the mushroomed fémoral 
head. Care must be taken, however, to protect the latéral 
epiphyseal arteries that are présent in a narrow anatomie 
window on the fémoral neck, but as noted by Millis, these are 
fewer in number in Legg-Calvé-Perthes disease. 

Arthroscopy of the hip has become more refined and thus 
allows osteochondroplasty (cheilectomy) of the hip for FAI 
(cam and pincer lésions), loose bodies, and chondral and 
osteochondral defects (OCD). Although arthroscopy is easier 
to perform than surgical dislocation and is less traumatic, it 
is not as extensive. Techniques for hip arthroscopy are found 
in Chapter 51. A combined approach of hip arthroscopy and 
limited open osteochondroplasty by Clohisy and others is 
described in Chapter 6. 


OSTEOCHONDROPLASTY SURGICAL 
DISLOCATION OF THE HIP 

Ganz, after reviewing the anatomy of the médial circum- 
flex artery, described a technique of surgical dislocation 
of the hip without compromising the blood supply to 
the fémoral head. Surgical hip dislocation should probably 
not be carried out when the head is in the early fragmenta¬ 
tion phase of the disease. Most of the pathology can be 
identified at surgery; however, MRI may be helpful as 
well as hip abduction, adduction, and flexion radiographs 
to assess for FAI and anterior coverage of the fémoral 
osteotomy. A dynamic, three-dimensional reformation CT 
scan can be obtained to détermine the extent of FAI. The 
approach for surgical hip dislocation as described by Ganz 
et al. is in Chapter 6. Ganz's algorithm for surgical treat- 
ment (Fig. 32-34) offers a structured way to identify the 
problem and the surgical treatment to correct structural 
abnormalities. 


TECHNIQUE 32-11 


GANZ 

■ Complété the approach for surgical dislocation of the hip 
(see Chapter 6), including an osteotomy of the greater 
trochanter. 


■ Reevaluate range of motion for intraarticular sources of 
FAI, such as fémoral neck asphericity or acetabular rim 
prominence. Trim the head and neck as necessary, start- 
ing with the fémoral head. Trim the acetabular rim if any 
FAI persists. 

■ Check for any impingement of the lesser trochanter (with 
the ischium or posterior acetabulum). 

■ Détermine the exact location of the chondral damage 
on the fémoral head by dividing the head into eight 
sections, four anterior, and four posterior (Fig. 32- 
35). Include articular cartilage lésions, labral lésions, 
OCD lésions, and incongruent protrusions that were 
resected. 

■ Check functional radiographs intraoperatively to déter¬ 
mine any joint incongruity and to détermine if a proximal 
fémoral osteotomy needs to be performed. Indications 
for a valgus osteotomy is a nonspherical fémoral head 
with good congruency in an adducted view. 

■ Check the amount of correction that could be obtained 
by a pelvic acetabular osteotomy. An indication for a 
pelvic acetabular osteotomy is an associated secondary 
acetabular dysplasia (defined as a latéral center-edge 
angle of less than 25 degrees). 

■ Perform trochanteric advancement for relative lengthen- 
ing of the fémoral neck (see Technique 32-12). 

■ Perform a valgus osteotomy (Figure 32-36) or a pelvic 
acetabular osteotomy (Technique 32-6) as indicated. 

■ Reduce the hip and place in a neutral position in a soft 
splint. 

POSTOPERATIVE CARE. Remove suction drains at 48 
hours. Mobilize the patient with crutches and partial 
weight bearing (15 kg). Restrict active and passive abduc¬ 
tion and adduction to protect the trochanteric osteotomy. 
Use low-molecular-weight heparin for 8 weeks to avoid 
deep vein thrombosis. 


■ VALGUS EXTENSION OSTEOTOMY 

One residual of Legg-Calvé-Perthes disease is a malformed 
fémoral head with resulting hinged abduction. Hinged abduc¬ 
tion of the hip is an abnormal movement that occurs when 
the deformed fémoral head fails to slide within the acetabu¬ 
lum. A trench is formed laterally, adjacent to a large uncov- 
ered portion of the deformed head anterolaterally. With the 
aid of image intensification, Snow et al. recognized late ante¬ 
rior impingement of the fémoral head in four patients with 
Legg-Calvé-Perthes disease, ail of whom had late-onset pain 
triggered by internai rotation. Three of the four patients were 
found to hâve articular surface damage and osteochondral 
projections at the area of anterior impingement. Arthroscopic 
debridement and proximal fémoral ostéotomies relieved 
symptoms in ail four patients. More recently, Raney et al. 
described valgus subtrochanteric osteotomy for malformed 
fémoral heads with hinge abduction. Ail were classified Cat- 
terall III and IV with previous failed treatment. At 5-year 
follow-up, 62% had satisfactory results. We use a valgus 
extension osteotomy, as described by Catterall, fixed with a 
pédiatrie screw and side plate (Fig. 32-36) to relieve this 
obstruction. 
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Legg-Calvé-Perthes disease. SHD, surgical hip dislocation; PAO, periacetabular osteotomy. (From: Albers CE, Steppacher SD, Ganz R, Sieben- 
rock KA: Joint-preserving surgery improves pain, range of motion, and abductor strength after Legg-Calvé-Perthes disease. Clin Orthop Relat Res 
470:2450, 2012.) 




Numbers represent frequency of chondral 
damage found in each of the eight sectors in study by Albers et al. 

(From Albers CE, Steppacher SD, Ganz R, Siebenrock KA: Joint-preserving 
surgery improves pain, range of motion, and abductor strength after 
Legg-Calvé-Perthes disease. Clin Orthop Relat Res 470:2450, 2012.) SEE 


TECHNIQUE 32-11. 


■ VALGUS FLEXION INTERNAL ROTATION 
OSTEOTOMY 

Kim and Wenger, using three-dimensional CT in Legg- 
Calvé-Perthes disease, noted “functional rétroversion” rather 
than fémoral antéversion. As a resuit, they recommended a 
valgus flexion, internai rotation fémoral osteotomy plus a 
simultaneous acetabuloplasty in patients with severe fémoral 
head deformity. The combined procedure (1) corrects the 
functional coxa vara and hinge abduction (valgus osteot¬ 
omy); (2) establishes a more normal articulation between 
the posteromedial portion of the true fémoral head and the 
acetabulum, while moving the antérolatéral protruding 
portion of the fémoral head away from the antérolatéral 
acetabular margin (valgus-flexion osteotomy); (3) corrects 
external rotation deformity of the distal limb (internai rota¬ 
tion osteotomy); and (4) improves joint congruity and 
antérolatéral fémoral head coverage in hips with associated 
acetabular dysplasia. 

■ SHELF PROCEDURE 

If the hip is congruous, a Staheli or Catterall shelf augmenta¬ 
tion procedure (see Chapter 30) is performed for coxa magna 
and lack of acetabular coverage for the fémoral head. 
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A-C f Valgus osteotomy to reduce hinge abduc¬ 
tion and increase flexion of hip; osteotomy is fixed with pédiatrie 
screw and side plate. 


■ CHIARI OSTEOTOMY 

We hâve used the pelvic osteotomy described by Chiari as a 
salvage procedure to accomplish coverage of a large flattened 
fémoral head in an older child when the fémoral head is 
subluxating and painful (Fig. 32-37). It is described in detail 
in Chapter 30. 

■ TROCHANTERIC OVERGROWTH 

Although trochanteric overgrowth can be caused by numer- 
ous conditions, including osteomyelitis, fracture, and con¬ 
génital dysplasia, it occurs in Legg-Calvé-Perthes disease 
when the disease causes prématuré closure of the capital 
fémoral physis. Whatever the mechanism, the resuit is the 
same: arrest of longitudinal growth of the fémoral neck with 
continuation of growth of the greater trochanter (Fig. 32-38). 
According to Wagner, the functional conséquences are always 
the same: élévation (overgrowth) of the trochanter decreases 
tension and mechanical efficiency of the pelvic and trochan¬ 
teric muscles; shortening of the fémoral neck moves the 
greater trochanter doser to the center of rotation of the hip, 
decreasing the lever arm and mechanical advantage of the 
muscles, and impairing muscular stabilization of the hip; the 
line of pull of the muscles becomes more vertical, increasing 
the pressure forces concentrated over a diminished area of 
hip joint surface; and impingement of the trochanter on the 



Chiari osteotomy for residual Legg-Calvé-Perthes disease. A f Residual Legg-Calvé-Perthes disease (coxa plana) and 
subluxation in hip on right. B, Eight months after Chiari osteotomy with good coverage of fémoral head. 
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A and B f Growth of proximal fémur; arrows 
indicate site and direction of growth. C f If growth potential is 
impaired, longitudinal growth is arrested but greater trochanter 
continues to grow. 


rim of the acetabular roof during abduction limits range of 
motion. Macnicol and Makris described a “gearstick” sign of 
trochanteric impingement that is useful in the preoperative 
évaluation. This sign is based on the observation that hip 
abduction is limited by impingement of the greater trochan¬ 
ter on the ilium when the hip is extended but full abduction 
is possible when the hip is fully flexed. The “gear stick” sign 
is especially useful for differentiating between trochanteric 
impingement and other causes of limited abduction. Transfer 
of the greater trochanter distally restores normal tension to 
the trochanteric muscles and improves mechanical efficiency, 
puts a more horizontal pull on the pelvic and trochanteric 
muscle action to distribute forces over the hip joint more 
uniformly, and increases the length of the fémoral neck to 
increase abduction and decrease acetabular impingement. 

Prématuré cio sure of the proximal fémoral physis 
offen occurs affer Legg-Calvé-Perthes disease and may limit 
abduction and produce gluteal insufficiency. Trochanteric 
advancement has been advocated for the late treatment of 
Legg-Calvé-Perthes disease and is thought to improve gluteal 
efficiency and increase the range of abduction, which was 
limited by impingement of the trochanter on the ilium. With 
surgical dislocation of the hip, the greater trochanter is rou- 
tinely osteotomized. If trochanteric advancement is neces- 
sary, Ganz, Mills and Novales hâve described an extended 
retinacular soff-tissue flap that protects the blood supply to 
the fémoral head and allows for a relative lengthening of the 
fémoral neck. The greater trochanter is advanced distally such 
that its tip is in line with the center of the fémoral head. Fixa¬ 
tion is secured with two or three 3.5- or 4.5-mm screws (see 
Technique 32-12). Alternative methods of treatment include 
abduction valgus osteotomy of the fémur and trochanteric 
epiphysiodesis. Trochanteric epiphyseodesis does not appear 


to change the radiographie appearance but according to some 
authors reduces the Trendelenburg gait. 


TROCHANTERIC ADVANCEMENT FOR 
TROCHANTERIC OVERGROWTH 


TECHNIQUE 32-12 


(WAGNER) 

■ With the patient supine, approach the hip through a 
latéral incision. Incise the fascia lata longitudinally and 
release the vastus lateralis from the greater trochanter. 

■ Retract the gluteus médius muscle posteriorly, and insert 
a Kirschner wire superiorly, parallel to the fémoral neck 
and greater trochanteric physis and pointing toward the 
trochanteric fossa (Fig. 32-39A). Confirm the placement 
of the guidewire by image intensification. Internally rotat- 
ing the hip slightly aids placement of the wire and allows 
better imaging. 

■ Make the osteotomy parallel to the Kirschner wire with 
a low-speed oscillating saw, completing it proximally with 
a fiat osteotome (Fig. 32-39B). Pry open the osteotomy 
until the médial cortex fractures (Fig. 32-39C and D). 

■ Mobilize the greater trochanter first cephalad, and with 
dissecting scissors remove any adhesions, joint capsule, 
and soft tissue flush with the médial surface of the tro¬ 
chanter, sparing the blood vessels in the trochanteric 
fossa (Fig. 32-39E). 

■ When the greater trochanter is freed, transfer it distally 
and laterally. If excessive antéversion is présent, it also can 
be transferred anteriorly. 

■ Using an osteotome, freshen the latéral fémoral cortex to 
which the trochanter is to be attached. Place the trochan¬ 
ter against the latéral fémoral cortex and check the posi¬ 
tion with image intensification. According to Wagner, the 
tip of the greater trochanter should be level with the center 
of the fémoral head, and the distance between them 
should be 2 to 2.5 times the radius of the fémoral head. 

■ When proper position is confirmed, fix the greater 
trochanter with two screws inserted in a cephalolateral 
to caudad direction (Fig. 32-39F). These screws, with 
washers, should compress an area of bony contact 
between the trochanter and fémur. Bury the screw heads 
by retracting ail soft tissues to prevent soft-tissue necrosis 
and local mechanical irritation from occurring postopera- 
tively. Wagner uses a supplémentai strong tension band 
suture that he believes helps absorb tensile forces from 
the pelvic and trochanteric muscles and prevents trochan¬ 
teric avulsion; we hâve not found this suture to be 
necessary. 

■ No postoperative immobilization is required if the patient 
is compliant and the fixation is secure. 

POSTOPERATIVE CARE. Ambulation on crutches is 
begun at 7 days, but active exercises of the pelvic and 
trochanteric muscles are not permitted until 3 weeks. 
Sitting upright and flexing the hip also should be avoided 
because overpull of the gluteus médius muscle may cause 
loss of fixation. 
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FIGURE 


A-F f Trochanteric advancement for trochanteric overgrowth (see text). SEETECHNIQUE 32-12. 


TROCHANTERIC ADVANCEMENT FOR 
TROCHANTERIC OVERGROWTH 


TECHNIQUE 32-13 


(MACNICOLAND MAKRIS) 

■ Approach the greater trochanter through a straight latéral 
incision under latéral image intensification. 

■ With a power saw, divide the base of the trochanter in 
line with the upper border of the fémoral neck. Mobilize 
the trochanteric fragment and the gluteal muscles from 
their distal soft-tissue attachment. 

■ Remove a thin wedge of bone from the postérolatéral 
fémoral cortex (Fig. 32-40) to provide a cancellous bone 
bed for the transferred trochanter and to ensure that the 
trochanter does not project too far laterally. Any undue 
prominence would cause friction of the fascia lata and 
produce discomfort and bursitis. 

■ Fix the trochanter with two compression screws to prevent 
rotation of the fragment and to allow early partial weight 
bearing. 

POSTOPERATIVE CARE. A spica cast is not used, but 
patients walk with crutches by the end of the first post- 
operative week. Exercises to promote movement are 
introduced gradually, but upright sitting, abduction, 
flexion, and internai rotation are not forced. 



ÿU A and B f After initial osteotomy of greater tro¬ 
chanter, trapézoïdal wedge of bone is removed. (Redrawn from 
Macnicol MF, Makris D: Distal transfer of the greater trochanter, J Bone 
Joint Surg 73B:838, 1991.) SEE TECHNIQUE 32-13. 


GREATER TROCHANTERIC 
EPIPHYSIODESIS FOR TROCHANTERIC 
OVERGROWTH 


TECHNIQUE 32-14 


■ Approach the physis of the greater trochanter through a 
latéral incision and détermine its location and orientation 
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by inserting a Keith needle. If necessary, use radiographs 
to confirm its position. 

■ Use a small drill bit to outline the four corners of a rect¬ 
angle that spans the latéral portion of the greater tro- 
chanteric epiphysis. Remove this latéral rectangle of 
cortical bone with ostéotomies. 

■ Curet the physis, reverse the rectangle of bone, and 
replace it in its bed. 

■ Internai fixation is unnecessary. 

POSTOPERATIVE CARE. Postoperative cast immobiliza- 
tion is not required unless curettage has been so vigorous 
that the physis of the greater trochanter has been 
excessively disrupted. Weight bearing is progressed as 
tolerated. 


OSTEOCHONDRITIS DISSECANS OF 
THE HIP 

Osteochondritis dissecans of the hip occurs most frequently 
after Legg-Calvé-Perthes disease; it rarely occurs as an iso- 
lated entity, although a recent report speculated that it might 
be caused by FAI. In children, loose bodies secondary 
to Legg-Calvé-Perthes disease, osteonecrosis of sickle cell 
disease, and multiple epiphyseal dysplasia hâve to be ruled 
out before this can be established as an isolated diagnosis. In 
adults, idiopathic osteonecrosis, Gaucher disease, and occult 
trauma, such as a torn acetabular labrum, hâve to be consid- 
ered in the differential diagnosis. 

Unless the fragment interfères with hip mechanics, treat- 
ment of osteochondritis dissecans of the hip after Legg-Calvé- 
Perthes disease should be conservative (Fig. 32-41). 

In an asymptomatic child with osteochondritis dissecans 
of the hip, restriction of activity and prolonged observation 
are indicated to allow healing and revascularization. 

Operative treatment is indicated for severe lésions with 
disabling symptoms. The choice of operative procedure 
dépends on the extent and location of the lésion, the âge and 
activity expectations of the patient, and the presence of 
degenerative joint changes. Surgical dislocation of the hip 
as described by Ganz and others may be necessary (see 
Chapter 6). Good results hâve been reported in small sériés 
of patients who had open or arthroscopic excision of the frag¬ 
ment, internai fixation of the fragment, curettage or drilling, 
and arthroscopic removal of loose osteocartilaginous frag¬ 
ments. Recently, fresh stored osteochondral graffs hâve been 
used as well. None of these procedures is recommended if 
severe osteoarthritic changes are présent, and a procedure to 
redirect the fémoral head (e.g., valgus extension osteotomy) 
is preferred. 

In addition to removal of an osteochondritis lésion, 
arthroscopy of the hip may be indicated for synovial biopsy, 
removal of loose bodies, removal of débris and inspection of 
the labrum after fracture-dislocation, and partial or total 
synovectomy. If the lésion is not anterior or antérolatéral, it 
is difficult to see, and longitudinal traction should be used to 
increase the visibility of posterior or postérolatéral lésions. A 
fracture table and image intensification are helpful in judging 
the correct amount of distraction and joint pénétration. 
Anterior portais are used most offen, but the latéral portais 


may be necessary for more posteriorly located lésions. 
Arthroscopy of the hip is described in Chapter 51. 

HEMOPHILIA 

Elective surgery for patients with classic hemophilia (factor 

VIII deficiency), hemophilia A and Christmas disease (factor 

IX deficiency), or hemophilia B has become possible and 
reasonable with the availability of factor VIII and factor IX 
concentrâtes. Previously, only lifesaving surgery was per- 
formed and mortality was high. Wound hematomas with 
massive sloughs and infection were common. Catastrophic 
complications can be minimized only by expert management 
and strict control of the clotting mechanism, and surgery in 
patients with hemophilia must not be undertaken casually. 
Bracing and casting techniques, such as the spring-loaded 
Dynasplint, can be used along with physical therapy to protect 
joints or to stretch soff-tissue contractures. These measures 
may be as important as hématologie management in avoiding 
surgery. 

The current popularity of home therapy for hémophilie 
patients with self-administration of factor VIII or IX as soon 
as periarticular stiffness and pain occur may resuit in a lower 
incidence of degenerative arthritis and in fewer indications 
for major reconstructive procedures. Factor given prophylac- 
tically from âge 1 or 2 years through adolescence (preventing 
the factor VIII concentration from decreasing to <1 of 
normal) seems to prevent hémophilie arthropathy, and 
only minor joint defects hâve been noted. The National 
Hemophiliac Foundation recommends prophylactic factor; 
however, prophylactic factor given daily has to be given intra- 
venously, which increases the possibility of contamination 
and infection. Also, the use of ultrasound to détermine early 
soff-tissue bleeds has been recommended to aid in the use of 
prophylactic factor. 

Three changes hâve been noted regarding surgery in 
hemophiliacs: (1) decrease in the need for surgery, (2) increase 
in the âge of the patient, and (3) changes in types of opera¬ 
tions. The indications for surgery include the foliowing: 

1. Chronic, progressive hypertrophie synovial enlargement 
from repeated hemarthrosis that cannot be controlled by 
adéquate factor replacement; preferably, synovectomy is 
done before the cartilage becomes thin and at least some 
of the articular cartilage is preserved. Timely synovec¬ 
tomy also may decrease the incidence of hemorrhage into 
the joint. This can be done by intraarticular radioisotope 
injection, arthroscopically, or with an open procedure. 

2. Severe soff-tissue contractures that hâve not responded 
to nonoperative measures (e.g., a knee flexion contracture 
that is so severe that serial casting or a turn-buckle casting 
technique causes subluxation of the knee joint); supra- 
condylar osteotomy of the fémur has been bénéficiai in 
this instance, provided that 70 to 80 degrees of knee 
motion remains and the contracture is not so severe that 
correction would resuit in excessive traction on the neu- 
rovascular bundle in the popliteal space. For correction 
of a knee flexion contracture of less than 45 degrees after 
conservative measures hâve failed, good results hâve been 
reported with hamstring release and posterior transverse 
capsulotomy. Correction by osteotomy of a contracture 
of more than 50 to 60 degrees probably should be done 
in stages and preferably after physeal closure. 
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Osteochondritis dissecans of hip. A f Onset of Legg-Calvé-Perthes disease in 6-year-old patient. B f Fourteen months 
later, fragmentation and reossification stage. C f Persistent defect 5 years after onset. D f Osteochondritic lésion at 7 years with some 
evidence of healing. E f Latéral radiograph during same period shows osteochondritic lésion. Note air arthrogram with smooth cartilage 
surface. F f At 8 years defect is healing. G f Latéral radiograph at same time shows no evidence of defect. 


3. A bony deformity severe enough to require osteotomy. 

4. An expanding hematoma (pseudotumor) that continues 
to enlarge despite adéquate factor replacement and pos- 
sibly radiation therapy. 

5. Useless or chronically infected extremities 
(amputation). 

6. Severe arthritic changes with incapacitating pain and 
hemorrhage (total joint arthroplasty) (Fig. 32-42). 

Successful surgery in hemophilia dépends on a close working 
relationship between the orthopaedist and an experienced 
hematologist. Ail hématologie aspects of the patients care 
must be the responsibility of the hematologist, including a 


hématologie team consisting of a hématologie nurse, surgeon, 
and physical therapist. 

The hémorrhagie disorder must be diagnosed accurately 
before surgery is contemplated. Correct replacement of coag¬ 
ulation factors cannot be undertaken without précisé identi¬ 
fication and quantitation of the missing factor. Adéquate 
reserve supplies of concentrate must be available in advance, 
and the supporting laboratory must be able to perform 
unlimited assays for the factor. It also is essential to détermine 
within a few days of the operation whether the patient has 
developed an inhibitor against his or her déficient factor 
because the inhibitor hinders hématologie therapy and may 
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Damaged knee joint with hemophilia (factor 
VIII deficiency). Upper right, Marked destruction and érosion of 
articular surface of fémoral condyle. Center, Anterior cruciate 
ligament and intercondylar notch. Tibial plateaus are grossly 
eroded, and articular surfaces and menisci are destroyed by inva¬ 
sion of synovium. 


eliminate the possibility of elective or semielective surgery. A 
bypass agent (described below) should be available at the time 
to counteract an inhibitor. In addition, a factor assay should 
be obtained at the time of surgery. The hematocrit should be 
measured for several days after surgery, especially in blood 
groups A, B, and AB, because a Coombs-positive hemolytic 
anémia may develop. The patients HIV and hepatitis status 
should be known before surgery In patients with HIV or 
hepatitis, the extent of involvement should be investigated. T 
lymphocyte counts and other parameters should be known 
to détermine the ability to heal and the potential for infection. 
Fortunately, HIV and hepatitis that were prévalent in the 
1990s hâve almost disappeared in the hemophiliac popula¬ 
tion because of the use of “clean” factor. 

Post and Telfer emphasized meticulous surgical tech¬ 
nique and detailed preoperative évaluation in this surgery. 
They recommended (1) as many procedures at one surgical 
session as the patient can tolerate—this reduces the times that 
the patient is at risk of bleeding complications and hepatitis 
and reduces the high cost of the concentrate and the possibil¬ 
ity of inducing an inhibitor; (2) meticulous aseptie technique 
and pneumatic tourniquets whenever possible; (3) tight, 
careful wound closure to avoid dead space; (4) avoidance of 
electrocautery because of the tendency of the coagulated 
areas to slough after surgery; (5) wound suction in deep 
wounds for a minimum of 24 hours; (6) no aspirin or other 
médications postoperatively that inhibit platelet function; 
and (7) as far as possible, no intramuscular injections post¬ 
operatively for pain relief. 

When coagulation is controlled with hématologie therapy, 
wound slough or infection usually does not occur. Pain relief 
and a substantial decrease in récurrent bleeding into joints 
usually resuit. 

With the availability of factor, elective orthopaedic 
surgery can be safely performed utilizing a multidisciplinary 
team approach; however, an inhibitor is a life-threatening risk 
factor and a major risk factor for infection. Factor VII and IX 



Note osteopenia and resulting fractures owing 


“bypassing” agents hâve been used to counteract inhibitors 
and obtain hemostatic control after surgery. With the use of 
recombinant activated factor VII (RFVIIa) and plasma acti- 
vated prothrombin complex concentrâtes (pd-APCC), elec¬ 
tive orthopaedic surgery is a viable option for hemophiliac 
patients with inhibitors. For minor surgery (100%) and for 
major surgery (85-100%) coagulation, a bolus of the RFVIIa 
usually is given with continuous infusion. This “inhibitor” 
surgery should not be taken lightly and should only be per¬ 
formed with an experienced hematologist team at a special- 
ized hemophiliac center. 

TOTAL JOINT ARTHROPLASTY 

Synovectomy or total knee arthroplasty (see Chapter 7) may 
be cost effective in that the cost of hématologie maintenance 
(concentrate) is markedly lower after surgery. Total knee 
arthroplasty should be considered only if hémophilie arthritis 
is advanced and range of motion is adéquate because the 
arthroplasty is unlikely to increase motion. Careful examina¬ 
tion of the quadriceps mechanism and correction of any 
flexion contracture of more than 30 degrees are recom¬ 
mended before surgery. We also suspect that late complica¬ 
tions similar to those seen in rheumatoid arthritis would 
develop because of disuse osteopenia (Fig. 32-43). Because 
most candidates for total knee arthroplasty in hémophilie 
arthropathy are relatively young, ail other means of relieving 
the symptoms should be attempted first, such as hyaluronic 
acid injection (viscosupplementation) in milder disease, 
radio synovectomy, or arthroscopic synovectomy. Most offen, 
both knees are involved, and bilateral arthroplasties are indi- 
cated, although arthrodesis of one knee and total knee arthro¬ 
plasty of the other is a reasonable alternative to bilateral 
arthroplasty, provided that motion in the knee selected for 
arthroplasty is 80 to 90 degrees preoperatively. 

Reports in the literature, although not conclusive, State 
that hemophiliac patients are less prone to venous thrombosis 
because of their disease than the normal population, and the 
same is true for those undergoing major orthopaedic surgery, 
including synovectomy and total joint replacement. Even so, 
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a postoperative compression device, early ambulation, and 
joint mobilization with physical therapy are recommended. 
Routine use of antithrombotic agents prophylactically is con- 
troversial and not recommended in the face of an inhibitor. 
The exception is the hemophiliac patient undergoing major 
orthopaedic surgery with risk factors for venous thrombosis, 
such as a history of venous thromboembolism, obesity, malig- 
nancy, and varicose veins, or women with von Willebrand 
disease taking oral contraception. If prophylaxis is for venous 
thrombosis, enoxaparin has been used successfully. 

Surgical infection in this patient population is related to 
lack of meticulous technique and the amount and length of 
time factor is given. Most sériés report an 8% infection rate 
if factor is given less than 2 weeks and much lower than 8% 
if given for 2 weeks with the patient 100% “covered.” Continu- 
ous factor should be given for 2 weeks after total knee or total 
hip arthroplasty at 100%. 

Total hip arthroplasty (see Chapter 7) is an appropriate 
operation for disabling hémophilie hip arthropathy. In the 
shoulder or elbow, we hâve little or no expérience with 
arthroplasty in these joints in hemophiliacs. In the ankle, 
there are several small sériés in the literature of total ankle 
arthroplasty being done in hemophiliacs with encouraging 
results. 

SYNOVECTOMY 

Although synovectomy of joints can decrease pain and the 
number of bleeding épisodes in patients with hemophilia, it 
does not seem to alter the course of joint destruction. We 
performed 16 synovectomies of the knee in 14 children, ado¬ 
lescents, and young adults with hemophilia. Pain was elimi- 
nated or decreased in ail patients, and the number of bleeding 
épisodes dramatically decreased in ail patients at 3-year 
follow-up. Some knee motion was lost in five patients. At 
long-term follow-up (average 9 years) of nine of these patients 
(11 knees), decreases in pain and frequency of bleeding épi¬ 
sodes were sustained, but arthropathy had progressed in ail 
11 knees, and 8 knees had lost motion compared with short- 
term follow-up. A disturbing finding in this group of patients 
was that at long-term follow-up ail nine were either HIV 
positive or had developed acquired immunodeficiency syn¬ 
drome (AIDS). Fortunately, HIV contaminated factor has 
virtually been eliminated. 

Both open and arthroscopie synovectomies of the knee 
in patients with “classic” hemophilia can reduce hemarthro- 
sis; however, the arthroscopic procedure seems to be less 
complété but hâve less morbidity. Although arthroscopy may 
require a longer operative time, it requires shorter hospital- 
ization and less factor replacement. 

The elbow is a frequent site (second only to the knee) of 
repeated hemorrhage followed by enlargement of the radial 
head and degenerative arthritis of the radiocapitellar and 
ulnar-trochlear articulations. We hâve been pleased with the 
pain relief resulting from synovectomy of the elbow joint and 
excision of the radial head. Improvement in flexion and 
extension of the elbow cannot be expected, but increased 
forearm rotation frequently results. 

Synovectomy also has proved bénéficiai for hémophilie 
arthropathy of the ankle. Open synovectomy or arthroscopic 
synovectomy can be performed (see Chapter 50) because 
removal of the posterior synovial tissue from the crypts of the 
malleoli is difficult and may injure the articular cartilage even 


with the use of the postérolatéral portai and distraction of the 
joint arthroscopically may be difficult. 

Ankle, knee, and elbow arthroscopic synovectomy are 
described in Chapters 50 to 52. 

Radionuclide synovectomy, or synoviorthesis (destruc¬ 
tion of synovial tissue by intraarticular injection of a radioac¬ 
tive agent), has produced encouraging results. The procedure 
has little morbidity and can be done on an outpatient basis 
in the radiology department. The isotope appears to shrink 
the outer layer of synovium, decreasing pain, bleeding, and 
the récurrence rate. 

Improved range of motion and decreased frequency of 
hemorrhage hâve been reported in nearly 80% of adult 
patients treated with synoviorthesis of the elbow or knee 
using chromic phosphate P32 and 0.5 to 1 mCi of yttrium-90 
silicate, depending on the joint involved. New isotopes using 
Holmium- 166-chitosan 186Re complex hâve been advocated. 
In situations where radioisotopes are not available, Chemical 
synovectomy can be used with rifampicin. Two to three injec¬ 
tions may be necessary (at 6-month intervals), and if not 
successful then a surgical synovectomy should be performed. 
Synoviorthesis appears to be most effective when done early, 
before the synovium enlarges. Because most récurrent joint 
hemorrhages begin in early childhood, this procedure would 
be useful in the prévention ofbony joint damage in children 
with hemophilia who hâve developed chronic hemarthrosis 
or synovitis. The long-term effects on joints in children, such 
as prématuré physeal closure or irritation, are not known. 
Most of the literature recommends radioisotope synovectomy 
at âge 12 or older using yttrium-90 at a dose of 90 mBq in 
children, viscosupplementation with stearic acid and joint 
lavage, or Holmium-16-chitosan complex. If not effective, 
Chemical synovectomy with rifampicin can be used. If needed 
earlier than 12 years, a surgical synovectomy should be per¬ 
formed. The long-term effects on joints in children, such as 
prématuré physeal closure or tumor formation, are unknown, 
however. Two patients with hemophilia who developed acute 
lymphoblastic leukemia after radionuclide synovectomy hâve 
been reported. 

In our expérience, short-term results of radionuclide 
synovectomy of the ankle and knee in children and adults 
hâve been encouraging because the nuclide seems to be able 
to penetrate posteriorly; however, the récurrence rate (need 
for a second synoviorthesis) seems to be higher than for open 
or arthroscopic synovectomy. 


SYNOVECTOMY OF THE KNEE IN 
HEMOPHILIA 


TECHNIQUE 32-15 


■ Inflate a pneumatic tourniquet around the thigh. 

■ Through a médial parapatellar incision (see Technique 
1-38), remove as much synovium from the knee capsule 
as possible. Removal of ail synovium from the latéral 
gutter is extremely difficult, and considérable hemorrhage 
usually occurs in this area. 

■ Remove synovium from the médial joint space, including 
over and around the médial meniscus and collateral 
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ligament. Remove synovium from the intercondylar notch 
and anterior cruciate ligament and finally from the latéral 
joint space. 

■ Release the tourniquet and obtain meticulous hemostasis 
with electrocautery; this may require more time than the 
removal of the synovium. 

■ Tightly close the capsule and soft tissues in layers to 
obliterate any dead space; insert a closed suction drain¬ 
age tube. 

■ If the médial capsule is redundant, oversew it to prevent 
récurrent dislocation of the patella. 

POSTOPERATIVE CARE. The knee is immobilized for 24 
hours, then motion is initiated with the aid of the physical 
therapist and a continuous passive motion machine, if 
available. The drain is removed at 48 hours under adé¬ 
quate clotting factor replacement. Physical therapy is con- 
tinued for 6 weeks; the continuous passive motion 
machine can be used at home. 


■ ARTHROSCOPIC SYNOVECTOMY 

Arthroscopic synovectomy is described in Chapter 51. 


SYNOVIORTHESIS FOR TREATMENT 
OF HEMOPHILIC ARTHROPATHY 


TECHNIQUE 32-16 


■ Replacement therapy for hemostasis at the time of the 
synoviorthesis is the same as that used for minor opera¬ 
tions. For patients in whom an inhibitor is présent, syn¬ 
oviorthesis is sometimes done without préparation for 
hemostasis. 

■Using aseptie technique, anesthetize the skin with 2% 
procaine (without epinephrine) with a 23-gauge needle. 
Note free flow of procaine indicating the introduction of 
the needle into the intraarticular space. 

■ Withdraw synovial fluid when possible. 

■ Inject 2 to 5 mL of contrast medium and with radiogra- 
phy ensure there is no obvious leak from the synovial 
space. Inject colloïdal chromic phosphate P32 (Phospho- 
col P32) intraarticularly. 

■ Use 1 mCi for knees and 0.5 mCi for other joints. 

■ Flush the needle with 2% lidocaine and remove. 

■ Apply a stérile plastic bandage and an appropriate 
immobilizer. 

POSTOPERATIVE CARE. The patient can bear weight 
immediately, but activity should be decreased for 48 
hours. 


■ OPEN ANKLE SYNOVECTOMY 

Transfusion of the missing clotting factor (factor VIII or IX) 
is based on the previously described protocol. Approximately 
2 hours before the operation, the patient is given a transfusion 
to increase the level of the déficient clotting factor to close 


to 100%. Open synovectomy of the ankle is done through 
anteromedial, antérolatéral, and posterior incisions. 


OPEN ANKLE SYNOVECTOMY IN 
HEMOPHILIA 


TECHNIQUE 32-17 


(GREENE) 

■ Place a sandbag underneath the ipsilateral buttock to 
facilitate positioning of the ankle for the anterior portion 
of the synovectomy. 

■ Make an anteromedial incision 3 cm long just médial to 
the anterior tibial tendon. 

■ Retract the anterior tibial tendon laterally and retract the 
branches of the saphenous vein medially. 

■ Make a longitudinal incision in the joint capsule. Preserve 
the capsule even though it is stretched and attenuated 
by the underlying hypertrophie synovial tissue because its 
presence may facilitate postoperative réhabilitation. Free 
the joint capsule from the adhèrent synovial tissue by 
sharp dissection. 

■ Remove ail visible synovial tissue. Use small pituitary ron¬ 
geurs to remove folds of synovial tissue that extend into 
the crypts between the talus and the médial malleolus. 

■ Make a 3-cm long antérolatéral incision centered just 
latéral to the peroneus tertius tendon and retract this 
tendon medially. 

■ Open the joint capsule longitudinally and excise the syno¬ 
vial tissue in the same manner described for the antero¬ 
medial incision. 

■ Resect the folds of synovial tissue interposed between the 
talus and the latéral malleolus. 

■ Remove the sandbag beneath the ipsilateral buttock 
and place it beneath the contralatéral buttock before 
making the posterior incision. Make a posterior incision 
approximately twice as long as the anterior incision and 
center it between the médial malleolus and the Achilles 
tendon. Open the sheath of the posterior tibial tendon 
so that it can be retracted adequately. Dissect the other 
posterior tendons and the neurovascular structures away 
from the posterior portion of the capsule of the ankle 
joint. 

■ Place a retractor latéral to the flexor hallucis muscle 
and médial to the posterior tibial tendon, permitting 
retraction of the soft-tissue structures located posterior 
to the ankle joint. This provides full exposure of the 
posterior portion of the capsule. Incise the capsule hori- 
zontally from the médial malleolus to the distal end of 
the fibula. 

■ Dissect the insertion of synovial tissue on the talus and 
the distal end of the tibia. Use pituitary rongeurs to 
remove any residual folds of synovial tissue lying in the 
crypts of the malleoli. If the synovium cannot be removed 
from the capsule, or the capsule appears intimately 
involved, removal of large sections of the capsule may be 
necessary. According to Greene, postoperative réhabilita¬ 
tion may be impeded by extensive scar reaction in the 
posterior capsule. 
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■ When the synovectomy has been complétée!, deflate 
the pneumatic tourniquet and secure hemostasis 
meticulously. 

■ Repair the anterior portion of the capsule but leave the 
posterior portion open and place a drain. Close the 
wounds in a standard fashion and immobilize the ankle 
joint in a neutral position with a bulky dressing aug- 
mented by a plaster of Paris splint. 

POSTOPERATIVE CARE. Patients who hâve factor VIII 
deficiency should receive continuous transfusion therapy, 
and patients with factor IX deficiency should be given a 
bolus of factor IX every 12 hours. Transfusion should be 
continued throughout the hospital stay (7 to 10 days). 
After discharge, transfusion is given three times a week 
for 4 weeks. This regimen keeps the déficient clotting 
factor level sufficiently elevated to minimize the risk of a 
spontaneous hemarthrosis during the immédiate postop- 
erative period while the soft-tissue reaction is resolving. 
The drain is removed on the first postoperative day, and 
active range-of-motion exercises with the aid of hydro- 
therapy are begun on postoperative day 2. Initially, weight 
bearing is not permitted. Also, the ankle is intermittently 
splinted in a neutral position until range of motion of the 
ankle from neutral dorsiflexion to 25 degrees of plantar 
flexion is obtained. The hematologist and the surgeon 
détermine discharge from the hospital. Walking with 
crutches with touch-down weight bearing is continued 
for approximately 5 weeks after discharge from the 
hospital. 


ARTHRODESIS 

Arthrodesis of the ankle (see Chapter 11), shoulder (see 
Chapter 13), and knee (see Chapter 8) has been satisfactory 
in small sériés of patients with hemophilia. The use of internai 
fixation rather than external fixators that require transcutane- 
ous pins is recommended to reduce bleeding and infection 
around the pins (Fig. 32-44). Fixed flexion contractures can 
be corrected by removing appropriate bone wedges at the 
time of arthrodesis. 

OSTEOTOMY 

For hémophilie patients with symptomatic bony deformities, 
ostéotomies may be necessary. In patients with symptomatic 
genu varum deformities, proximal valgus closing wedge osté¬ 
otomies may be done (see Chapter 9). 

COMPLICATIONS OF HEMOPHILIA 

A rare, yet disabling and frequently life-threatening compli¬ 
cation, iliac hémophilie pseudotumor occurs in 1% to 2% of 
patients with factor VIII deficiency. Two types of pseudotu- 
mors hâve been identified: one occurs primarily in the fémur 
or pelvis in adults and has an exceptionally poor prognosis, 
and one occurs more distally in the extremities in children 
and has a better prognosis. Recommended treatment includes 
factor replacement, immobilization, close observation, and 
avoidance of cyst aspiration. Operative resection for the 
adult-type pseudotumor may be life threatening, and ampu¬ 
tation should be considered. Preoperative considération of 


the tumor size and degree of infiltration is crucial in operative 
management. Early excision éliminâtes the possibility of 
endogenous infection. Partial resection of huge tumors that 
leave the latéral wall intact for compression and recovery of 
function may be préférable to excision of the entire wall, 
leaving a huge dead space that allows massive hematoma and 
sepsis. Several studies hâve shown early promising results 
using radiation for pseudotumors that are inaccessible or 
inappropriate for resection. 

In addition to involvement of various joints, nerve lésions 
are common in patients with hemophilia. Katz et al. described 
81 such peripheral nerve lésions. The fémoral nerve was the 
most commonly involved, followed by the médian nerve and 
the ulnar nerve. In 49% of the lésions, the nerves had full 
motor and sensory recovery after significant bleeds. In 34%, 
a residual sensory déficit (normal motor) was présent, and in 
16% persistent motor and sensory déficits were présent. 
Patients who had inhibitors to factor VIII were significantly 
less likely to recover full motor or sensory function than 
patients who did not hâve antibodies, and time to full motor 
recovery in these patients was significantly longer. 

Hemophilia-related AIDS was first reported in the United 
States in 1981. Current estimâtes of the percentage of hémo¬ 
philie patients with HIV antibodies range from 30% to 90%. 
Before 1985, it was estimated that 90% of patients seen in 
hemophiliac clinics were HIV positive, and a large percentage 
of patients also had laboratory evidence of hepatitis. The 
Centers for Disease Control and Prévention estimated that 
9000 hemophiliacs, or 45% of the hemophiliac population, 
contracted AIDS and that 1900 patients died as the resuit of 
AIDS. The screening for the presence of HIV in blood and 
blood products for transfusion since 1985 and the develop¬ 
ment of monoclonal antibodies to factor VIII and of syntheti- 
cally derived blood products hâve decreased the rate of 
transmission markedly. Because of this increased risk of HIV 
infection in hémophilie patients, albeit now small, orthopae- 
dic surgeons treating these patients should observe not only 
the universal précautions recommended by the Centers for 
Disease Control and Prévention but also the recommenda¬ 
tions of the American Academy of Orthopaedic Surgeons 
Task Force on AIDS and Orthopaedic Surgery. 


RICKETS, OSTEOMALACIA, AND 
RENAL OSTEODYSTROPHY 

Rickets is the bony manifestation of altered vitamin D, 
calcium, and phosphorus metabolism in a child; osteomalacia 
is the adult form. There are multiple causes of rickets and 
osteomalacia, but, regardless of the cause of the abnormal 
metabolism, children with rickets hâve similar long bone and 
trunk deformities. 

Because vitamin D deficiency has become less common 
in the United States, rickets and osteomalacia are not often 
considered as differential diagnoses in patients who hâve 
extremity pain or deformity. According to Clark et al., the 
children now at greatest risk for vitamin D deficiency are 
“white, breastfed, protected from the sun, and obese.” Rickets 
can manifest as atypical muscle pain, a pathologie fracture, 
or slipped capital fémoral epiphysis. The orthopaedist should 
remain familiar with the radiographie and laboratory find- 
ings that accompany these diseases. When treating patients 
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A f Preoperative radiograph of severe hémophilie arthropathy and painful swollen ankle. B and C f Postoperative 
radiographs of cross-threaded screw fixation. At 6 months, distal tibial pain and stress fracture are noted. D f At 12 months, stress 
fracture callus is noted but no pain. E f At 24 months, there is solid fusion. Stress fracture has resolved. 


with rickets, osteomalacia, or rénal dystrophy, the orthopae- 
dist always must be concerned about the effect treatment may 
hâve on impaired calcium homeostasis. 

In very young children with deformity, treatment of the 
metabolic defect supplemented by corrective splinting or 
bracing may correct the deformity (Fig. 32-45). In prepuber- 
tal children or adolescents, medical management and bracing 
usually do not correct an established deformity, and early 
osteotomy is indicated to ensure that the joints are in a posi¬ 
tion of function if they became stiff. 

Before surgery, management of the metabolic defect with 
vitamin D, phosphorus, and calcium or other appropriate 
measures should be done for several months. If the disease is 
not controlled metabolically, the deformity is likely to recur 
after corrective osteotomy. Treatment with large doses of 
vitamin D should be discontinued for at least 3 weeks before 


surgery, however, because otherwise hypercalcemia is likely 
to occur with immobilization. 

If a water-soluble préparation of vitamin D, such as dihy- 
drotachysterol, is used instead of cholecalciferol that is stored 
in the liver, the period without médication before surgery can 
be shortened. In addition, in hypophosphatémie vitamin D- 
resistant rickets, if the disease is controlled by using inorganic 
phosphate plus 50,000 U or less of vitamin D per day, symp- 
toms of hypercalcemia during the immédiate postoperative 
period are less likely to occur, even if the preoperative vitamin 
D médication is not discontinued. We recommend stopping 
the administration of vitamin D 3 weeks before surgery, 
however, because hypercalcemia can cause severe symptoms 
of anorexia, nausea, vomiting, weight loss, confusion, and 
seizures. Mobilization of the patient as quickly as possible 
after surgery to allow early resumption of medical treatment 
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Vitamin D-deficient rickets. A f Standing radio- 
graph of young child with nutritional rickets from vitamin D 
deficiency. B f Same child 18 months later after treatment with 
vitamin D and braces. 


would prevent delayed mineralization of the healing osteot- 
omy and avoid récurrence of deformity with continued 
growth. When deformity is severe in older children, and there 
has been no previous medical treatment, after complété diag¬ 
nostic studies are made, and if the patient does not hâve 
azotémie osteodystrophy, it may be better to proceed with the 
surgery with the patient in a less than homeostatic but com- 
pensated metabolic condition rather than to load the patient 
preoperatively with high doses of vitamin D, calcium, and 
phosphorus and run the risk of hypercalcemia and extraos- 
seous calcification, especially in the kidney. 

With azotémie osteodystrophy, expert preoperative and 
postoperative medical management is essential and ideally is 
done by a spécial team trained in the treatment of chronic 
rénal failure. Correction of anémia, adéquate hydration, 
uremia control, and electrolyte balance are required for safe 
administration of anesthésia. Peritoneal dialysis or hemodi- 
alysis may be required before surgery. If attention is given to 
detail, children with azotémie osteodystrophy can undergo 
orthopaedic surgery successfully. Requisites for surgery are a 
reasonable life expectancy, an intelligent and motivated 
patient and parents, demonstrated improvement of bone 
lésions on medical management, deformities that can be cor- 
rected with one or two orthopaedic procedures, and the like- 
lihood that the surgery would significantly reduce the patient s 
disability. Surgery for children with rénal osteodystrophy and 
knee deformities is feasible, but careful surgical planning and 
preoperative metabolic stabilization are essential. Use of an 
external fixator can allow précisé correction of the deformi¬ 
ties without interruption of medical management. Patients 
with résistant hypertension usually hâve short life expectan- 
cies and should not be considered as surgical candidates. In 
addition, when parathyroid autonomy is présent and not con- 
trolled by parathyroidectomy and medical treatment, surgery 
is not indicated. 


The deformities that require surgical correction most 
often are genu varum and genu valgum. In genu varum, 
usually the fémur, tibia, and fibula ail are deformed, often the 
latter two more severely; there is not only latéral bowing but 
also internai torsion. Osteotomy of the tibia and the fibula 
near the apex of the most severe bowing usually is required. 
Sometimes osteotomy of the fémur also is necessary 
(Fig. 32-46). Ostéotomies can be done bilaterally at one 
operation. 

In genu valgum, most of the bowing usually is in the 
fémur, and a severe deformity in older children and in adults 
can be corrected by supracondylar osteotomy of the fémur. 
The goal of tibial and fémoral ostéotomies should be correc¬ 
tion of deformity and alignment so that the plane of each 
knee joint is perfectly horizontal with the patient standing. 

The techniques of osteotomy are described in 
Chapter 9. 

TIBIA VARA (BLOUNT DISEASE) 

Erlacher is credited with the first description of tibia vara and 
internai tibial torsion (1922), but it was Blount s article in 
1937 that prompted récognition of this disorder. Blount 
described tibia vara as “an osteochondrosis similar to coxa 
plana and Madelung deformity but located at the médial side 
of the proximal tibial epiphysis.” Currently, tibia vara is con¬ 
sidered an acquired disease of the proximal tibial metaphysis, 
however, rather than an epiphyseal dysplasia or osteochon¬ 
drosis. The exact cause is unknown, but enchondral ossifica¬ 
tion seems to be altered. Suggested causative factors include 
infection, trauma, osteonecrosis, and a latent form of rickets, 
although none of these has been proved. A combination of 
hereditary and developmental factors is the most likely cause. 
Weight bearing must be necessary for its development because 
it does not occur in nonambulatory patients, and the relation- 
ship of early walking and obesity to Blount disease has been 
clearly documented. Because of the “obesity épidémie” and 
vitamin D deficiency in children in the United States, it has 
been speculated that the number of cases of Blount disease 
will rise. 

Although the exact cause of tibia vara is controversial, the 
clinical and radiographie findings are consistent. The abnor- 
mality is characterized by varus and internai torsion of the 
tibia and genu recurvatum. Blount distinguished, according 
to âge at onset, two types of tibia vara: infantile, which begins 
before 8 years of âge, and adolescent, which begins after 8 
years of âge but before skeletal maturity. The infantile form is 
difficult to differentiate from physiologie bowing common in 
this âge group, especially before the âge of 2 years. Infantile 
tibia vara is bilateral and symmetric in approximately 60% of 
affected children; physiologie bowing is almost always bilat¬ 
eral. In Blount disease, the varus deformity increases progres- 
sively, whereas physiologie bowing tends to résolve with 
growth. 

Although not nearly as common as the infantile form, 
adolescent Blount disease has been divided into two types: 
(1) an adolescent form occurring between âges 8 and 13 years 
caused by partial closure of the physis after trauma or infec¬ 
tion and (2) “late-onset” tibia vara that occurs in obese chil¬ 
dren, especially black children, between âges 8 and 13, 
without a distinct cause. The marked similarity of histologie 
changes that occur in patients with late-onset tibia vara and 
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Vitamin D-resistant rickets. A f Child before treatment has deformities in distal fémurs. Tibias are not shown in this 
film. B, Three months after valgus ostéotomies of distal fémurs and tibias using pins incorporated in plaster above and below osteotomy 
sites. C f Two years after ostéotomies vitamin D-resistant rickets is well controlled with large doses of vitamin D, calcium, and phospho- 
rus. No deformities hâve recurred. 


in patients with infantile tibia vara and slipped capital fémoral 
epiphysis suggests a common cause for these conditions. 

In tibia vara, characteristically the médial half of the 
epiphysis as seen on radiographs is short, thin, and wedged; 
the physis is irregular in contour and slopes medially. The 
proximal metaphysis forms a projection medially that is often 
palpable, but this projection is not diagnostic of tibia vara. 
Médial metaphyseal fragmentation is pathognomonic for the 
development of a progressive tibia vara. The angular defor- 
mity occurs just distal to the projection. MRI studies reveal 
other soft-tissue abnormalities: (1) increased thickness of the 
chondroepiphysis of the proximal médial aspect of the tibia, 
(2) increased height and width of the médial meniscus 
(increased sign in the posterior horn), and (3) abnormal 
médial fémoral epiphysis. 

Langenskiôld noted progression of epiphyseal changes 
and the deformity through six stages with growth and devel¬ 
opment (Fig. 32-47). At stage VI, the médial portion of the 
epiphysis fuses at a 90-degree downward angle. 

Normally, the tibiofemoral angle progresses from pro- 
nounced varus before the âge of 1 year to valgus between âges 
1.5 and 3 years. Several authors hâve suggested that déviation 
from normal tibiofemoral angle development indicates 
Blount disease, and the metaphyseal-diaphyseal angle is an 
early indicator of Blount disease. In one study, most children 
with metaphyseal-diaphyseal angles of 11 degrees or more 
developed Blount disease, whereas children with angles of 
less than 11 degrees had physiologie bowing that resolved 
with growth. This measurement is not an absolute prognos- 
ticator of Blount disease, but a metaphyseal-diaphyseal angle 
of more than 11 degrees warrants close observation (Fig. 
32-48). Because of rotation, the Drennan angle is believed by 
some to be unreliable, although excellent interobserver 



Diagram of radiographie changes seen in infan¬ 
tile type of tibia vara and their development with increasing âge. 

(From Langenskiôld A, Riska EB: Tibia vara (osteochondrosis deformans 
tibiae): a survey of seventy-one cases, J Bone Joint Surg 46A: 1405, 1964.) 


reliability has been noted, and other angle measurements 
hâve been suggested: MRI to predict late resolution of tibial 
bowing, length of the fibula compared with the tibia, and the 
severity of proximal tibial angulation compared with distal 
fémoral angulation. Although other angles of the fémur and 
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A f Tibiofemoral angle is formed by Unes drawn 
along longitudinal axes of tibia and fémur. B f Metaphyseal- 
diaphyseal angle is formed by line drawn perpendicular to longi¬ 
tudinal axis of the tibia and line drawn through two beaks of 
metaphysis to détermine transverse axis of tibial metaphysis. 
(Redrawn from Levine A, Drennan J: Physiological bowing and tibia vara: 
the metaphyseal-diaphyseal angle in measurement of bowleg deformi- 
ties, J Bone Joint Surg 64A: 1158, 1982.) 


tibia at the knee can be determined (Fig. 32-49), when the 
deformity is présent, most authors agréé that the mechanical 
axis of the limb, as it relates to the tibiofemoral angle on 
radiographs, should be the most functional measurement of 
the amount of deformity présent (Fig. 32-50). 

Kline et al. described fémoral varus as a significant defor¬ 
mity of late-onset Blount disease. They showed an average 
deformity of 10 degrees of fémoral varus more than the cal- 
culated idéal femoral-tibial joint angle. This represented 34% 
to 76% of the genu varum deformity of the affected limbs. 
Gordon and Schoenecker recommended that calculations be 
made on standing long-film radiographs to détermine the 
amount of excessive fémoral varus and that this should be 
corrected by fémoral osteotomy or epiphyseodesis at the time 
of tibial osteotomy to avoid a subséquent compensatory 
deformity 

Focal fibrocartilaginous dysplasia has been reported as a 
cause of tibia vara in a few patients. Bell described the char- 
acteristic radiographie appearance and unilatéral nature of 
this lésion of the proximal médial metaphysis. Later reports 
suggest that this generally is a self-limiting condition that 
corrects spontaneously (Fig. 32-51) and that severe progres¬ 
sion should be documented before valgus osteotomy is done. 
The proximal tibial physis has the potential to correct the 
deformity in the adjacent metaphysis, depending on the âge 



A f Angle formed by fémoral shaft and tibial 
shaft. B f Angle formed by fémoral condyle and tibial shaft. C f 
Dépréssion of médial plateau of tibia. (From Schoenecker PL, John¬ 
ston R, Rich MM, et al: Elévation of the médial plateau of the tibia in 
the treatment of Blount disease, J Bone Joint Surg 74A:351, 1992.) 




Mechanical axis of limb as it relates to angle 
formed by fémoral condyle and tibial shaft. A f Normal alignment. 
Angle formed by fémoral condyle and tibial shaft is approxi- 
mately 90 degrees. B f Tibia vara. Angle formed by fémoral condyle 
and tibial shaft is less than 90 degrees. (From Schoenecker PL, John¬ 
ston R, Rich MM, et al: Elévation of the médial plateau of the tibia in 
the treatment of Blount disease, J Bone Joint Surg 74A:351, 1992.) 


of the patient and the severity of the deformity. Osteotomy is 
indicated only for significant deformity in an older child 
when spontaneous correction no longer can be expected. 
Infantile tibia vara resulting from slipping of the proximal 
tibial epiphysis has been described. It appears to be an atrau- 
matic “slip” of the proximal tibial epiphysis on the metaphysis 
in severely obese children. Radiographically, the condition is 
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Fibrocartilaginous dysplasia in proximal tibia 
with résultant varus deformity simulating "bowlegs" of Blount 
disease. 


characterized by a dome-shaped metaphysis, an open growth 
plate, and disruption of the continuity between the latéral 
borders of the epiphysis and metaphysis, with inferomedial 
translation of the proximal tibial epiphysis. It is important to 
recognize this entity because of the différences in treatment 
between it and conventional Blount disease. 

The treatment of Blount disease dépends on the âge of 
the child and the severity of the varus deformity. Generally, 
observation is indicated for children between âges 2 and 5 
years, but progressive deformity usually requires osteotomy. 
Récurrence of the deformity is not as frequent after osteot¬ 
omy at an early âge as after osteotomy when the child is older, 
with récurrence rates of about 80% reported in older children 
compared with less than 20% in younger children. Beaty et al. 
reported that early osteotomy (2 to 4 years old) produced the 
best results, with only one of their 10 patients having récur¬ 
rence of the deformity. Conversely, of 12 patients in whom 
osteotomy was done after âge 5 years, 10 (83%) had récur¬ 
rence of the deformity necessitating repeated osteotomy. They 
recommended valgus ostéotomies of the proximal tibia and 
fibula with mild overcorrection in young children. 

Rab described a proximal tibial osteotomy for Blount 
disease in which a single-plane oblique eut allows simultané - 
ous correction of varus and internai rotation and permits 
postoperative cast wedging if necessary to obtain appropriate 
position. More recently, Laurencin et al., in an effort to avoid 
neurovascular and physeal complications, described an 
oblique incomplète closing wedge osteotomy fixed with a 
latéral tension plate. Greene also described a chevron oste¬ 
otomy in which opening and closing wedges can be made so 
that the limb-length deformity présent in moderate to severe 
tibia vara is not increased. He prefers a crescent-shaped 


osteotomy, using a one-half latéral closing wedge and using 
the graff medially in an opening wedge to maintain length. 
Internai fixation of the graft offen is necessary. 

One cause of récurrence of the deformity after osteotomy 
is a physeal bar. Greene listed the following criteria for decid- 
ing if CT studies should be done preoperatively to détermine 
if a bony bar is présent: (1) âge older than 5 years, (2) médial 
physeal slope of 50 to 70 degrees, (3) Langenskiôld grade IV 
radiographie changes, (4) body weight greater than the 95th 
percentile, and (5) black girls who meet the previous criteria. 
Bony bridge resection should be considered in children with 
remaining growth potential and can be done in conjunction 
with tibial osteotomy if angulation is significant. 

In children older than âge 9 years with more severe 
involvement, osteotomy alone, with bony bar resection, or 
with epiphysiodesis of the latéral tibial and the fibular physes 
may be indicated. Médial physeal bar resection alone has 
been reported to be effective when prématuré closure of the 
physis is évident, but significant angular deformity would not 
be corrected by bar resection alone. Latéral tibial epiphysio¬ 
desis can be done, with or without osteotomy, after the âge of 
9 years but before skeletal maturity. In unilatéral involvement, 
epiphysiodesis of the uninvolved leg may be indicated to 
correct leg-length discrepancy. Several reports in the litera- 
ture hâve described latéral guided growth correction (manip¬ 
ulation) with temporary epiphysiodesis for infantile Blount 
disease with tension band plates (eight-plate technique). The 
results hâve been satisfactory in selected patients but with the 
following observations: (1) récurrence of the deformity after 
plate removal is secondary to a slower growth rate of the 
médial physis; (2) mechanical failure of the tension band 
plate screws can occur in those who are obese, and, if in 
doubt, four screws or two eight-plates can be used; and (3) 
tension band plates are as effective as staple hemiepiphysio- 
desis for guided correction of growth with respect to rate of 
correction and complications. 

For older patients in whom bracing and tibial osteotomy 
hâve failed to prevent progressive deformity, and when the 
risk of abnormal spontaneous médial epiphysiodesis is great, 
as evidenced by severe disorderly enchondral ossification, an 
intraepiphyseal osteotomy to correct severe joint instability 
and a valgus metaphyseal osteotomy to correct the varus 
angulation may be indicated. 

An essential element of this procedure is reconstruction 
of the horizontal level of the médial tibial plateau. This 
method is for considérable dépréssion of the médial fémoral 
condyle within the defect of the tibial epiphyseal bone and 
when there is the possibility of a bony bridge between the 
metaphysis and epiphysis of the médial tibia. In addition to 
élévation of the depressed médial tibial plateau, metaphyseal 
valgus osteotomy may be needed to correct alignment of the 
tibia (Fig. 32-52). 

Zayer described a hemicondylar tibial osteotomy through 
the epiphysis, but not through the physis, into the intercon- 
dylar notch (Fig. 32-53). This method corrects the médial 
slope of the tibial epiphysis while avoiding the physis. Because 
obesity, unequal limb lengths, and fémoral deformity offen 
are présent in patients with Blount disease, external fixation, 
including the Taylor spatial frame, may be indicated to 
achieve stability after osteotomy and immédiate correction 
and seems to be an excellent method of treating an extremely 
obese patient for whom unilatéral or especially bilateral 
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FIGURE 


Severe Blount disease. A f Closing wedge metaphyseal osteotomy. B f Epiphyseal élévation. SEE TECHNIQUE 32-20. 



Hemicondylar osteotomy. (From Zayer M: Hemi- 
condylar tibial osteotomy in Blount's disease: a report of two cases, Acta 
Orthop Scand 63:350, 1992.) 


casting is impractical. A uniplanar external fixator also can 
be used especially for isolated frontal one-plane deformities 
with satisfactory results. The advantages seem to be ease of 
application, adjustability, early weight bearing, the ability to 
lengthen the extremity, and avoiding a second operation to 
remove the hardware (Fig. 32-54). The Ilizarov technique is 
effective for correction of deformity and lengthening if 
needed in adolescent patients. This technique allows adjust- 
ment of limb alignment postoperatively, if necessary, to 
obtain a perfect mechanical axis. Fixation of the tibia is 
achieved through four proximal and four distal wires that are 
affixed to rings and tensioned. Half-pin modifications also 
can be used. 

OSTEOTOMIES 

The oblique osteotomy described by Rab begins at a point 
distal to the tibial tubercle, proximal to the posterior tibial 
metaphysis, and just distal to the physis and is done through 
a cosmetic transverse incision. Fasciotomy and fibular oste¬ 
otomy are done through a separate incision. Because rigid 
internai fixation is not used, postoperative adjustments 
through cast wedging are possible. 

Correction is obtained by rotating around the face of the 
oblique osteotomy and can be described best by considering 


the individual cuts in their anatomie planes (Fig. 32-55). Cor¬ 
rection of a purely rotational deformity requires an osteotomy 
in the transverse plane, whereas purely varus or valgus cor¬ 
rection requires osteotomy in the frontal (coronal) plane. An 
oblique osteotomy, directed from anterodistal to postero- 
proximal, splits the différence between the transverse and 
frontal planes. Rotation with its two faces in contact corrects 
varus and internai rotation. Osteotomy cuts that are more 
vertical (frontal) correct more varus than internai rotation. 
More horizontal (transverse) cuts do the opposite. According 
to Rab, patients with Blount disease hâve almost equal 
amounts of varus and internai rotation and in practice a 
45-degree upward osteotomy provides adéquate correction in 
most patients. He reported simultaneous correction of varus 
deformity of 44 degrees and internai rotation of 30 degrees. 
A quick estimate of the osteotomy angle when different 
degrees of external rotation and valgus correction are required 
is provided in Figure 32-56. A mathematic model of the oste¬ 
otomy rotations is shown in Figure 32-57. 


METAPHYSEAL OSTEOTOMY FOR 
TIBIA VARA 


TECHNIQUE 32-18 


(RAB) 

■ Préparé and drape the patient in the usual manner and 
apply and inflate a tourniquet. 

■ Make a transverse incision at the lower pôle of the tibial 
tubercle (Fig. 32-58A). Make a Y-shaped incision in the 
periosteum and dissect periosteally (including the pes 
anserinus insertion medially) until malléable or Blount 
retractors can be placed behind the tibia (Fig. 32-58B). 
Elongate the periosteal incision distally, if necessary, to 
obtain subperiosteal protection posteriorly. 

■ Place a small Steinmann pin at a 45-degree angle 1 cm 
distal to the tibial tubercle and advance it under image 
intensifier control until it passes just into the posterior 
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FIGURE 


unilatéral frame 


A and B, Anteroposterior radiographs of severe bilateral tibia vara in obese adolescent. C and 
external fixators after metaphyseal ostéotomies. 


D, Radiographs of 


cortex (Fig. 32-58C). Ensure the pin is distal to the physis 
at the posterior cortex on the image intensifier view. 
Measure the pin length and use a marking pen or Steri- 
strip to mark the same length on the osteotomes and 
sagittal saw blades (Fig. 32-58D). This serves as a reminder 
of the saw depth and can indicate if a latéral image 
intensifier exposure is appropriate. 

■ With the saw and ostéotomie, carefully make the oste- 
otomy eut immediately distal to the Steinmann pin, 
checking frequently with image intensification (Fig. 
32-58E). As the eut nears completion, it may be helpful 
to make some of the eut from the anteromedial side of 
the tibia where subperiosteal exposure is better. 


■ Make a second small incision over the midfibula and 
excise a 1- to 2-cm subperiosteal segment of the fibula. 
Move the tibial osteotomy back and forth to free some 
of the posterior periosteum from the fragments. 

■ Drill a hole in the anteroposterior direction across the 
osteotomy eut latéral to the tibial tubercle. Rotate the 
osteotomy on its face by external rotation and valgus 
rotation (in Blount disease), overcorrecting if necessary. 
Through the drill hole, secure the osteotomy with a single 
3.5-mm cortical or cancellous lag screw overdrilled ante- 
riorly (Fig. 32-58F). Do not overtighten this screw. 

■ Perform a subeutaneous fasciotomy between the two 
incisions and release the tourniquet. Check for return of 
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Principle of oblique osteotomy for tibia vara. 
Rotation around face of eut produces valgus and external 
rotation. 


Osteotomy 



10° 20° 30° 40° 50° 


External rotation correction 


Nomogram for calculation of angle of oblique 
osteotomy for tibia vara. Desired valgus correction is found on 
vertical axis, and desired rotational correction is found on hori¬ 
zontal axis; intersection indicates osteotomy angle from horizon¬ 
tal as shown (inset). (Redrawn from Rab GT: Oblique tibial osteotomy 
for Blount's disease (tibia vara), J Pediatr Orthop 8:715, 1988.) SEE 
TECHNIQUE 32-20 


9 puises, especially in the dorsalis pedis artery. Obtain 
hemostasis and close the wound over suction drains with 
fine absorbable subeutaneous and subcuticular sutures. 
Check both extremities for correct clinical alignment, 
which is crucial at this stage. The single screw is loose 
enough to allow adjustment of the osteotomy position 
by cast wedging if necessary. Apply a long leg, bent-knee 
cast. 



Mathematic description of osteotomy rota¬ 
tions. Vectors represent rotation in frontal, transverse, and sagit¬ 
tal planes, and R os teot is actual rotation around face of osteotomy 
eut. Vectors describing rotation are normal to (at right angles to) 
plane of osteotomy eut. 


POSTOPERATIVE CARE. The cast is changed at 4 
weeks, and weight bearing is allowed as tolerated if callus 
is visible on radiograph. The cast is worn for 8 weeks or 
until union is évident radiographically. 


Greene described an opening-closing chevron osteotomy 
that is a modification of the dôme osteotomy and has the 
advantage of providing greater stability and minimal changes 
in leg length. Theoretical disadvantages are a slightly longer 
period of cast immobilization, which may be necessary to 
incorporate the wedge segment, and loss of correction caused 
by loss of fixation. 


CHEVRON OSTEOTOMY FOR TIBIA 
VARA 


TECHNIQUE 32-19 


(GREENE) 

■ Before surgery, make a paper template that outlines the 
desired latéral wedge. 

■ Place the patient supine on the operating table with a 
sandbag under the ipsilateral hip to improve exposure of the 
fibula. Préparé the leg from the toes to the proximal thigh. 
Preparing the foot allows more accurate évaluation of the 
tibial torsion and allows évaluation of the dorsalis pedis and 
posterior tibial puises when the tourniquet is deflated. 
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Oblique tibial osteotomy (see text) for tibia 
vara. A f Transverse incision at tibial tubercle. B f Y-shaped perios- 
teal incision. C f Insertion of Steinmann pin after subperiosteal 
exposure. D f Marking of saw and ostéotomies to avoid overpen- 
etration. E f Oblique eut beneath pin. F f Rotation of osteotomy 
and fixation with single lag screw. SEE TECHNIQUE 32-18. 


FIBULAR OSTEOTOMY 

■ Expose the middle third of the fibula through the interval 
between the latéral and posterior compartments. Sharply 
incise the periosteum of the fibula and carefully elevate 
the periosteum circumferentially to prevent injury to the 
adjacent peroneal vessels. 

■ Remove a 1 -cm segment of the fibula with a reciprocating 
saw. Cut the fibula obliquely, from superolateral to infero- 
medial. This allows the distal portion of the fibula to slide 
past the proximal fragment as the leg is brought from a 
varus to a valgus position. 

TIBIAL OSTEOTOMY 

■ Make a hockey-stick incision 4 to 5 cm distal to the tibial 
tubercle staying médial and latéral to the anterior spine 
of the tibia. Extend the incision to the tibial tubercle and 
curve it laterally toward the Gerdy tubercle. Sharply incise 
the periosteum immediately adjacent to the anterior com¬ 
partiment muscles. Incise the periosteum transversely just 
distal to the tibial tubercle, and elevate it circumferentially 
so that curved retractors can be placed to protect the 
posterior soft tissues. Because of its triangular shape, 
more care is required at the postérolatéral and postero- 
medial edges of the tibia to ensure that dissection remains 
subperiosteal. 

■ Outline the osseous cuts on the anterior surface of the 
tibia with an osteotome or cautery (Fig. 32-59). The apex 
of the osteotomy should be just distal to the tibial tuber¬ 
cle. Drill a hole from anterior to posterior at this point to 
minimize the risk of extending the osteotomy beyond the 
desired location. Complété the osteotomy with an oscil- 
lating saw and remove the latéral wedge. 



Opening-closing chevron osteotomy for tibia 
vara. A f Osteotomy cuts. B f Latéral wedge is inserted medially. 
(From Greene WB: Infantile tibia vara, J Bone Joint Surg 75A: 130,1993.) 

SEE TECHNIQUE 32-19. 


■ Swing the distal tibia into the desired position of valgus 
and external rotation. Insert the latéral wedge medially in 
a position that maintains the correction. 

■ Depending on the âge of the child, the degree of obesity, 
and the stability of the osteotomy, a single pin or two 
crossed pins may be used for fixation if necessary. Use 
smooth or threaded pins and predrill the diaphysis to 
make pin insertion easier and more accurate. Any pin 
used for fixation should cross the osteotomy and 
exit through the proximal cortex without Crossing the 
physis. 

■ Release the tourniquet and check the circulation in the 
foot. If circulation is satisfactory and correction is adé¬ 
quate on radiographs, bury the ends of the pins beneath 
the skin to prevent pin track infection and skin ulcération. 
Perform subeutaneous fasciotomy in the antérolatéral 
compartment. 

■ Close the fibular and tibial incisions, leaving the fascia 
open, and close the skin with subcuticular sutures. Apply 
a long leg, bent-knee cast with the knee flexed 45 
degrees and the ankle in the neutral position. 

POSTOPERATIVE CARE. No weight bearing is allowed 
for the first 4 weeks after surgery. The cast is changed at 
4 weeks, and, if healing is satisfactory on radiographs, 
the pins are removed and weight bearing is begun. 
Usually 8 to 10 weeks of immobilization is necessary, 
depending on the âge of the child. The osteotomy must 
be protected long enough to minimize the risk of fracture 
that accompanies a quick resumption of vigorous play 
activity. 
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EPIPHYSEAL AND METAPHYSEAL 
OSTEOTOMY FOR TIBIA VARA 


TECHNIQUE 32-20 


(INGRAM, CANALE, BEATY) 

■ Détermine preoperatively the amount of wedge to be 
removed from the epiphyseal and metaphyseal areas (see 
Fig. 32-52) and whether a graft is to be taken from the 
fibula or tibia. 

■ Préparé and drape the patient in the usual manner and 
apply and inflate a tourniquet. 

■ Expose the proximal tibia through a longitudinal inci¬ 
sion approximately 10 cm long at the latéral border of 
the bone in the area of the physis. Carry the dissection 
through the soft tissue to expose the physis (Fig. 32-60B). 
Continue subperiosteal exposure distally and place 
reverse retractors in the metaphyseal area of the bone 
into the area of the tibial collateral ligament attach- 
ment on the tibia. Make a short incision in the proximal 
third of the latéral compartment and carry soft-tissue 
dissection down to the fibula, avoiding the peroneal 
nerve. 

■ Remove a segment of the fibula approximately 1.5 cm 
long. If a graft is to be used beneath the tibial plateau, a 
longer segment of fibula may be required. 

■ Fasciotomy can be done through this incision or through 
the tibial incision. With an osteotome and mallet, 
make an osteotomy through the physis, resecting any 
bony bar (Fig. 32-60C). Complété the osteotomy from 
the periphery to the center of the knee anteriorly 
to posteriorly, avoiding vessels and nerves posteriorly. 
Place an elevator in the osteotomy site and gently pry 
open and elevate the médial tibial plateau until it is as 
nearly parallel as possible to the latéral tibial plateau (Fig. 
32-60D). If there is any offset of the osteotomy in the 
middle of the joint, arthrotomy can be done to inspect 
the joint; the abundant soft tissue and cartilage in the 
area of the tibial eminence act as a hinge, preventing any 
offset. 

■ Cut the appropriate closing latéral wedge in the metaphy- 
sis and insert two parallel Steinmann pins. Place the 
wedge of bone (or bone graft from the fibula) beneath 
the elevated tibial plateau (Fig. 32-60E); apply compres¬ 
sion if desired (Fig. 32-60E). 

■ Insert crossed Steinmann pins through the epiphysis and 
proximal tibial graft. 

■ Close the wound and apply a long leg, bent-knee cast 
incorporating the pins in the plaster (Fig. 32-60F) or in an 
external fixator apparatus. 

POSTOPERATIVE CARE. The pins in the osteotomy site 
are removed at 6 weeks, and the pins in the médial 
plateau are removed at 12 weeks. Cast immobilization is 
discontinued at 12 weeks, and range-of-motion exercises 
are begun. 


INTRAEPIPHYSEAL OSTEOTOMY FOR 
TIBIA VARA 


TECHNIQUE 32-21 


(SIFFERT, ST0REN, JOHNSON ETAL) 

■ With the knee in extension, begin a médial longitudinal 
incision at the médial fémoral épicondyle, extend it dis¬ 
tally and anteriorly, and end it 2 cm médial and distal to 
the tibial tuberosity. (Siffert prefers a transverse incision 
along the médial joint line, curved distally to the tibial 
tuberosity.) Take care to preserve the infrapatellar branch 
of the saphenous nerve at the inferior aspect of the 
wound. 

■Open the knee joint through a capsular incision anterior 
to the médial collateral ligament. The médial meniscus 
may be found hypertrophied; we try to preserve it. The 
capsular incision allows inspection of the articular surface 
of the tibia as the osteotomy is made. 

■ With a scalpel, make a circumferential incision through 
the epiphyseal cartilage down to the primary ossifica¬ 
tion center of the proximal tibial epiphysis, extending 
from the posteromedial corner of the tibia to the antero- 
medial corner; make the incision midway between the 
articular surface and the prominent vascular ring of 
vessels penetrating the epiphysis just proximal to the 
physis. 

■ Using a 3/4-inch (18-mm), gently curved osteotome, 
make an osteotomy through the médial aspect of the 
primary ossification center of the epiphysis. Because of 
the abnormal slope of the médial tibial plateau, the oste¬ 
otomy parallels the articular surface medially and should 
reach the subchondral bone in the intercondylar area 
adjacent to the anterior cruciate ligament (Fig. 32-61). 
Gently elevate this segment, bringing the médial tibial 
plateau congruent with the médial fémoral condyle and 
level with the latéral tibial plateau. Siffert stated this 
should correct the genu recurvatum that is frequently 
présent. 

■ Insert small cortical grafts from the médial proximal tibia 
(or bank bone) into the opened osteotomy. Because the 
articular dépréssion usually is more posterior than ante¬ 
rior, grafts of different sizes and shapes are needed to 
maintain articular congruity and contact throughout a 
normal range of motion. It is important that the grafts be 
placed only in the opened wedge of the epiphyseal bone 
and not in the cartilage medially. 


Andrade and Johnston described a more extensive operation 
using dental burrs and methyl méthacrylate pin construct for 
fixation. They emphasized the importance of elevating the 
dépréssion (Fig. 32-62). A medially based opening wedge 
osteotomy of the proximal tibia also may be required to 
correct varus of the tibia. A proximal fibular osteotomy is 
needed, and through the latéral incision required for the 
fibular osteotomy we recommend a subcutaneous fasciotomy, 
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J*9 Epiphyseal and metaphyseal osteotomy for tibia vara. A f Severe Blount disease with physis slipped 90 degrees. 
B f Exposure of physis. C f Osteotomy. D f Elévation of médial tibial plateau. E f Placement of bone graft under compression. F f Cast incor- 
porating pins in plaster. SEE TECHNIQUE 32-20. 


taking care to protect the superficial peroneal nerve as it 
pénétrâtes the deep investing fascia of the lower leg to become 
subcutaneous. We also insert a smooth Steinmann pin proxi¬ 
mal and distal to the osteotomy of the proximal tibia, and 
with these incorporated in a long leg cast the position of the 
osteotomy is maintained without a graft. A cortical graft also 
can be used in an opening wedge and is held with crossed 


Steinmann pins. The technique of osteotomy of the proximal 
tibia is described in Chapter 9. 

A latéral epiphysiodesis can be done with any of the osté¬ 
otomies by extending the subperiosteal dissection proximally 
to expose the physis. A curet or dental burr can be used to 
excise the cartilaginous physis. The technique for epiphysio¬ 
desis is described in Chapter 29. 
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Correction of intraarticular component of 
Blount disease by osteotomy of epiphysis. A f Incision made into 
epiphyseal cartilage at its midportion medially. Curved osteotomy 
directed laterally and proximally to subchondral intercondylar 
région paralleling articular surface. B f Osteotomized tibial condyle 
elevated on its intercondylar cartilage hinge to position of con- 
gruity with fémur; bone struts are placed into gap to maintain 
contact in ail planes of motion and to tighten médial ligament. 
(From Siffert RS: Intraepiphyseal osteotomy for progressive tibia vara: 
case report and rationale of management, J Pediatr Orthop 2:81, 1982.) 
SEE TECHNIQUE 32-21 


HEMIELEVATION OF THE EPIPHYSIS 
OSTEOTOMY WITH LEG 
LENGTHENING USING AN ILIZAROV 
FRAME FOR TIBIA VARA 


TECHNIQUE 32-22 


(JONES ET AL., HEFNEY ETAL) 

STAGE 1 

■ Place the patient supine and apply a tourniquet. 

■ Make a J-shaped skin incision on the médial side of the 
knee for subperiosteal exposure of the proximal tibia. 

■ Place a ring-handled retractor subperiosteally behind the 
knee to protect the neurovascular structures. 

■ Détermine the level of the proposed osteotomy using 
image intensification and insert a Kirschner wire into the 
midline of the tibia anteriorly just below the tibial spine. 
Place a second Kirschner wire into the médial aspect of 
the proximal tibia (distal to the first wire) to mark the 
distal extent of the osteotomy (usually at the metaphyseal- 
diaphyseal junction). Predrill the osteotomy in line with 
the Kirschner wires, verifying the position of the drill holes 
using image intensification. 

■ Close the skin temporarily. 

■ Insert three 4-mm or 5-mm half-pins, depending on the 
size of the patient, into the fragment of the médial tibial 
plateau, parallel to the médial joint line as determined by 


an intraoperative arthrogram and three-dimensional CT 
(Fig. 32-63). If there is a posterior slope, pins should be 
placed parallel to it from anterior to posterior. The skin 
wound can be reopened and the osteotomy completed 
with Lambotte osteotomes, leaving the articular cartilage 
intact proximally. Examine the osteotomy clinically and 
radiographically. 

■Attach a half-ring of appropriate size to the three half- 
pins orientated parallel to the joint line in the anteropos- 
terior and mediolateral planes. Apply a two-ring frame 
distally perpendicular to the long axis of the tibia and 
attach to the half ring using anterior and posterior hinges. 
Place the hinges opposite the intact articular cartilage at 
the proximal end of the osteotomy. In the presence of a 
posterior slope, based on CT, the posterior hinge acts as 
a distraction hinge to elevate the posterior slope while 
the anterior hinge is fixed. Position the anterior hinge 
carefully in the midline over the tibial spine. The hinge 
must lie over the cartilage-bone junction because the 
osteotomy hinges here. Two threaded rods, mounted 
medially, act as motors. Use a 4-mm half-pin and an olive 
wire at each level for distal ring fixation. 

STAGE 2 

■ The second stage is done after the médial plateau and 
the regenerate bone consolidâtes. 

■ Remove or adjust the llizarov frame for lengthening; if 
necessary, correct rotational deformities. Correct any 
residual varus. 

■ In patients with open physes, epiphysiodesis of the proxi¬ 
mal fibular and latéral tibial physes should be done with 
the use of image intensification to prevent récurrence of 
deformity. The tibia should be lengthened by the amount 
equal to the anticipated shortening (using a Moseley 
graph) and the measured leg-length différence. 

■ Perform a fibular osteotomy at the level of the tibial 
osteotomy through a longitudinal skin incision using an 
oscillating saw. 

■ Using image intensification, mark the site of the proposed 
tibial osteotomy, and place a Gigli saw subperiosteally 
with two mini skin incisions. 

■ Add a half-ring to the existing half-ring over the médial 
plateau to convert it to a full ring. Attach the proximal 
tibial using olive wires. Attach the proximal ring block to 
the existing distal ring block by threaded rods for simple 
lengthening or derotation devices for correction of rota¬ 
tion if necessary. 

■Complété the tibial osteotomy with the Gigli saw and 
suture the skin incisions. 

POSTOPERATIVE CARE. The leg is kept elevated, and 
a radiograph of the tibia is obtained. Distraction is started 
3 to 5 days later under the supervision of a physiothera- 
pist. Weight bearing is allowed as tolerated. 


Janoyer et al. used an Orthofix (Gentilly, France) external 
fixator prototype, which is composed of an upper epiphyseal 
articulating ring. This allows médial plateau élévation in the 
orthogonal slope with a posteromedial axis of 10 to 20 degrees. 
Early results were good with similar complications as other 
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Médial epiphysiolysis for stage IV infantile tibia vara. A f Metaphyseal bone and Blount lésion to be excised is outlined. 
B f Three-dimensional reconstruction from CT showing extent of abnormally depressed epiphyseal bone anteriorly. Arrow indicates cleft 
on the anterior surface of the metaphysis where initial resection for epiphysiolysis begins. C and D f Latéral and postérolatéral views of 
the metaphyseal beak. (From Andrade N, Johnston CE: Médial epiphysiolysis in severe infantile tibia vara, J Pediatr Orthop 26:652, 2006.) 


external fixation devices. Van Huyssteen reported a médial 
plateau elevating tibial osteotomy with latéral epiphyseodesis 
(performed delayed or concomitantly) for late presenting 
Blount disease (Fig. 32-64). The advantage of this procedure is 
that ail deformities can be corrected in one operation. 

NEUROVASCULAR COMPLICATIONS OF 
HIGH TIBIAL OSTEOTOMY 

Neurovascular complications after an osteotomy for genu 
varum resuit most commonly from vascular occlusion or 


peroneal nerve palsy. Stretching of the anterior tibial artery 
occurs at the interosseous membrane with varus correction (as 
for genu valgum), and compression of the artery occurs with 
valgus correction (as for genu varum). Regardless of the cause, 
early récognition is mandatory. Immédiate diagnosis with 
return of the extremity to the preoperative position of defor- 
mity is bénéficiai regardless of the cause, especially because the 
causative factors may not be clearly évident in each patient. 
Sensory loss on the dorsum of the foot and loss of active 
dorsiflexion of the foot without pain usually are caused 
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Hemiplateau élévation for infantile tibia vara. A f Intraoperative arthrogram using image intensifier showing drill 
holes marking proposée! osteotomy site. B f Two half-pins inserted into fragment of médial tibial plateau parallel to true médial knee 
joint line. C and D f Completed osteotomy with élévation of hemiplateau under way using llizarov frame. (From Jones S, Hosalkar HS, Hill 
RA, et al: Relapsed infantile Blount's disease treated by hemiplateau élévation using the llizarov frame, J Bone Joint Surg 85B:565, 2003. Copyright 
British Editorial Society of Bone and Joint Surgery.) SEE TECHNIQUE 32-22. 


by paralysis of the common peroneal nerve. Decrease in dor- 
siflexion and severe pain on plantar flexion of the toes are the 
most common clinical signs of occlusion of the artery or of an 
anterior compartment syndrome (see Chapter 48). Matsen and 
Staheli outlined appropriate treatment for each as follows: 

1. For traction on the peroneal nerve (more common with 
varus correction), remove the cast and return the leg to 
the preoperative position. Remove ail pressure on the 
peroneal nerve, loosen ail dressings from the thigh to the 
toes, and observe closely. 


2. For anterior compartment syndrome, remove the cast 
and return the leg to the preoperative position. Loosen 
ail dressings from the thigh to the toes. If improvement 
does not occur immediately, fasciotomy without delay is 
mandatory. 

3. For anterior tibial artery occlusion, remove the cast and 
return the leg to the preoperative position. Loosen ail 
dressings from the thigh to the toes, and observe closely. 
If immédiate improvement is not évident, consider arte- 
riography followed by appropriate surgery. 
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Anteroposterior radiographs of left knee in 12-year-old boy with stage V Blount disease. A f Preoperative radiograph 
showing angle of dépréssion of médial tibial plateau of 50 degrees and tibial varus angle of 95 degrees. B f At 10 months after surgery 
note récurrent mechanical varus of 5 degrees; the angle of dépréssion of the médial tibial plateau was maintained at 25 degrees but 
the tibial varus angle increased to 90 degrees because of fusion of the médial tibial physis with an open latéral physis. (From van Huys- 
steen AL, Olesak M, Hoffman EB: Double-elevating osteotomy for late-presenting infantile Blount's disease. J Bone Joint Surg 87B:710, 2005. 
Copyright British Editorial Society of Bone and Joint Surgery.) 


CONGENITAL AFFECTIONS 

Most affections of bone seemingly of congénital origin may 
respond favorably to surgery The surgical treatment of 
enchondromatosis (Ollier disease) and ofhereditary multiple 
exostoses is described in Chapter 25. 

OSTEOGENESIS IMPERFECTA 

Osteogenesis imperfecta is a disease apparently of the 
mesodermal tissues with abnormal or déficient collagen that 
has been shown in bone, skin, sclerae, and dentin. The 
so-called diagnostic triad of blue sclerae, dentinogenesis 
imperfecta, and generalized osteoporosis in a patient with 
multiple fractures or bowing of the long bones usually is 
used clinically. There is no spécifie laboratory test for this 
disease other than skin biopsy and DNA testing. Multiple 
wormian bones around the base of the skull are a major 
finding only in the congénital type of osteogenesis imper¬ 
fecta. Osteogenesis imperfecta congenita is characterized at 
birth by multiple fractures, bowing of the long bones, short 
extremities, and generalized osteoporosis. The most used 
classification noted in the literature is by Sillence who origi- 
nally classified the disease into four types, although it is likely 
that osteogenesis imperfecta is a continuum (Table 32-7). 
Since Sillence’s classification, additional types hâve been 
added. Ninety percent of patients are type I or IV. Although 
many children with osteogenesis imperfecta hâve blue sclerae, 
the only two characteristics that are présent in ail patients 
with osteogenesis imperfecta are fractures and generalized 
osteoporosis. 


Orthopaedic surgery is most involved with the bowing of 
the long bones in osteogenesis imperfecta tarda type 1, in 
which progressively increasing deformities may cause dété¬ 
rioration in activity of these children from walkers to sitters 
and from braceable to unbraceable. Healing of fractures and 
ostéotomies usually is satisfactory, although the healed bone 
may be no stronger than the original. Hyperplastic callus 
occasionally is seen after fractures and ostéotomies, although 
difficult and persistent nonunions hâve been noted. Because 
of frequently frail and disabling bone and joint deformities 
and fractures that preclude ambulation, a comprehensive 
réhabilitation program with long leg bracing has been sug- 
gested to resuit in a high level of functional activity with an 
acceptable level of risk of fracture in children with osteogen¬ 
esis imperfecta. Results of surgery in these patients hâve been 
inconsistent, with frequent complications reported. Patients 
should be examined for scoliosis before surgical procedures 
are undertaken because thoracic scoliosis of greater than 60 
degrees has severe adverse effects on pulmonary function in 
patients with osteogenesis imperfecta, which may partly 
explain the increased pulmonary morbidity in adult patients 
with osteogenesis imperfecta and scoliosis compared with 
that in the general population. Besides pulmonary problems 
other anesthetic complications can occur such as difficulty in 
positioning the patient, malignant hyperthermia, basilar 
invagination, cardiac abnormalities, or bleeding from platelet 
dysfunction. Although a transfusion rate of 14% was noted 
in one sériés of patients with osteogenesis imperfecta treated 
with intramedullary rods, the blood loss was described as low 
and manageable. 
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Sillence Classification of Osteogenesis Imperfecta (Simplified) 


TYPE 

INHERITANCE 

SCLERAE 

FEATURES 

Type 1 

Autosomal dominant 

Blue 

Mildest form. Présents at preschool âge (tarda). Hearing déficit in 50%. 
Divided into type A and B based on tooth involvement 

Type II 

Autosomal récessive 

Blue 

Léthal in périnatal period 

Type III 

Autosomal récessive 

Normal 

Fractures at birth. Progressively short stature. Most severe survivable form 

Type IV 

Autosomal dominant 

Normal 

Moderate severity. Bowing bones and vertébral fractures are common. 
Hearing normal. Divided into type A and B based on tooth involvement 

Type V 



Hypertrophie callus after fracture. Ossification of IOM between radius 
and ulna and tibia and fibula 

Type VI 



Moderate severity. Similar to type IV 

Type VII 



Associated with rhizomelia and coxa vara 


Type V, VI, VII hâve been added to the original classification System (these hâve no type I collagen mutation but hâve abnormal bone on microscopy and a similar 
phenotype). 


The use of bisphosphonates has been shown to reduce 
osteoclast-mediated bone résorption. Intravenous adminis¬ 
tration of bisphosphonates, such as pamidronate, zolédro¬ 
nate, and risedronate, has been shown to decrease bone pain 
and incidence of fracture and to increase bone density and 
level of ambulation with minimal side effects. Increase in 
size of vertébral bodies and thickening of cortical bone also 
hâve been reported. There are no standardized guidelines 
for initiating bisphosphonate treatment in children. Recent 
data suggest that both intravenous or oral bisphospho¬ 
nates are effective, but which médication and dosing regi- 
mens are optimal and how long patients should be treated 
hâve not been established. Recently, pamidronate has been 
recommended for use in combination with surgery both 
preoperatively and postoperatively. Because of the recently 
described long-term complications of bisphosphonates (atyp- 
ical fémoral fracture, breast cancer), its efhcacy in patients 
with osteogenesis imperfecta and its prolonged use hâve 
been called into question. In the recent literature, almost an 
equal number of reports find it bénéficiai as unbeneficial. 
While the answer is unknown, bisphosphonates hâve raised 
the enthusiasm for surgery in patients with osteogenesis 
imperfecta. Besides fracture procedures (e.g. intramedul- 
lary rods) elective procedures, such as total joint arthroplasty 
and, spine surgery, including scoliosis surgery, are being 
reported. 

■ MULTIPLE OSTEOTOMIES, REALIGNMENT, 

AND MEDULLARY NAIL FIXATION 

The most successful surgical method of treating the defor- 
mities of osteogenesis imperfecta is based on the work 
of Sofield and Millar who used a method of multiple osté¬ 
otomies, realignment of fragments, and medullary nail fixa¬ 
tion for long bones (Fig. 32-65). This operation and its 
modifications are now widely used when surgical treatment 
of fresh fractures is indicated and for correction of bowing 
and as prophylaxis to allow a child more activity without 
repeated fractures. Historically, Sofield and Millar reported 
no disturbances in growth when the smooth medullary nail 
penetrated the physis. Almost routinely, the bone grows 


beyond the end of the nail, usually distally because the bones 
of the lower extremities are the ones most commonly treated 
surgically. The bone extending beyond the end of the medul¬ 
lary nail tends to angulate, and the nail itself tends to eut out 
and allow deformity and a tendency to fracture at the end of 
the nail. Routine central placement of the rod across the 
physis has been recommended to add length to the rod and 
postpone the problem of the rod becoming too short. Deter- 
mining the correct rod diameter from preoperative radio- 
graphs is imprécise because it is not possible to obtain 
perfectly anteroposterior and latéral radiographs in these 
patients because of distortions of bony anatomy, and often the 
radiographs overestimate the diameter of the medullary 
canal. A more accurate method is repeat fluoroscopie exami¬ 
nations in multiple planes during surgery to obtain views of 
the medullary canal at different levels. The important points 
of treatment include adéquate réduction of the ends of the 
long bones, proper placement of the rod in the metaphysis 
and epiphysis (Fig. 32-66), use of a hook on the fémoral rods 
to prevent migration, use of a rod of adéquate length, and 
incorporation of corrective forces in postoperative casts and 
braces. 

In infants with a severe form of osteogenesis imperfecta, 
the operative technique has been modified significantly from 
those presented earlier in the literature. Early intramedullary 
stabilization even soon affer birth may be justified in selected 
patients with severe osteogenesis imperfecta to improve pos¬ 
sibilités for motor development and make later insertion of 
telescoping rods easier. Closed and semi-closed techniques 
appear to be superior to open fragmentation because they are 
relatively easy and save time, operative trauma is less, mor- 
bidity is lower, and several bones can be stabilized in one 
session. A possible solution to the rapid growing away from 
the nails seems to be early stabilization with simple nonex- 
pandable implants and, around the âge of 4 years, insertion 
of telescoping nails. 

Bailey and Dubow used a telescoping medullary rod with 
small flanges at its distal and proximal ends that are fixed 
within the bony epiphysis or cortex of the bone. With growth, 
the rod elongates and allows the entire length of the long bone 
to remain reinforced for several years by the same internai 
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A-E f Technique for fragmentation and realignment of bone and insertion of medullary nail. A-C f Exposure and 
removal of shaft. D f Ostéotomies. E f Closure. (From Sofield HA, Millar EA: Fragmentation, realignment, and intramedullary rod fixation of defor- 
mities of the long bones in children: a 10-year appraisal, J Bone Joint Surg 41 A: 1371, 1959.) 


support. Of the several types of medullary rods that we hâve 
used in patients with this disease, these telescoping rods hâve 
produced the best results. Despite frequent complications, 
expandable nails can correct angular deformities, decrease 
the number of fractures, and allow most previously nonam- 
bulatory children to walk. 

In comparisons of Bailey-Dubow expandable rods with 
nonelongating rods, the complication rates for the 
Bailey-Dubow rod hâve been slightly higher, but the reopera¬ 
tion rates for the nonelongating rods hâve been greater. The 
most common complication for both types of nails is migra¬ 
tion. Generally, complications, reoperations, replacements, 
and number of nail migrations hâve not been found to be 
significantly different between the two types of nails (Fig. 
32-67). The replacement rate also was higher for nonelongat¬ 
ing rods. Of the Bailey-Dubow complications, 34% involved 
the T-piece and were potentially avoidable. Recently, a distal 
interlocked telescoping rod has been advocated to avoid the 
problems of the T-piece. 


Complications reported with the telescoping rod include 
fracture at the tip of the rod, proximal migration secondary 
to angular deformity, and eccentric rod positioning at the 
distal physis. Even so, the telescoping rod appears to be supe- 
rior to the nontelescoping rod. In one study, the 3-year sur- 
vival rate of the telescoping rod was 92.9% compared with 
7.2% of the nontelescoping rod, and the reoperation rate was 
7.2% compared with 31.6%, respectively. For these reasons we 
hâve been using the Fassier-Duval elongating intramedullary 
rod System. 

For the tibia, to allow use of the longest possible medul¬ 
lary rod, Williams reported a technique in which an exten¬ 
sion is screwed onto the distal end of the rod and is pushed 
through the distal tibia and out the sole of the foot. Affer 
the fragments of the tibia are realigned, the nail is rein- 
serted in a rétrogradé fashion until the distal end lies just 
proximal to the surface of the ankle joint. The extension is 
unscrewed, leaving the rod extending only into the distal 
tibial epiphysis. 
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MODIFIED SOFIELD-MILLAR 
OPERATION IN THE FEMUR AND 
TIBIA IN OSTEOGENESIS IMPERFECTA 


TECHNIQUE 32-23 


(U ET AL.) 

■ Place the patient supine, and elevate the side to be 
operated. 



B 







Medullary rod positioning in ostéotomies for 
osteogenesis imperfecta. A f Incomplète réduction with poor posi¬ 
tion of rod. Rod is not centrally placed and is anterior in epiphysis. 
Physis is still tilted on both projections. B f Complété réduction of 
end fragments and good central positioning of medullary rod. (From 
Tiley F, Albright JA: Osteogenesis imperfecta: treatment by multiple oste- 
otomy and intramedullary rod insertion, J Bone Joint Surg 55A:701,1973.) 


■ Use image intensification to guide the entry of the nail 
and to monitor the progress of the ostéotomies. 

■ Expose the tip of the greater trochanter and ream as for 
closed insertion of an intramedullary nail. Insert a reamer 
of the same size as the fémoral canal through the greater 
trochanter. 

■ Stop the reamer at the first site of the angulation 
of the fémur (Fig. 32-68) and confirm with image 
intensification. 

■ Make a small latéral incision about 2 cm in length to 
expose a small portion of the fémur. 

■ Incise the periosteum longitudinally, elevate, and protect it. 

■ Remove a small latéral wedge of bone to correct the 
angulation using a bone cutter or oscillating saw. Leave 
the médial cortex intact to provide stability. 

■ Reduce the deformity and advance the nail more 
distally. 

■ Usually, a second block occurs, and the procedure should 
be repeated. Normally, two ostéotomies are sufficient to 
correct the deformity and to allow the nail to be passed 
through to the condylar région. Occasionally, a third oste- 
otomy may be necessary. 

■ The end of the rod ideally should be in the middle of the 
fémoral condyles. 

■ Suture the periosteum if possible, close the wound, and 
apply a hip spica cast. 

■ For the tibia, the entry site is just behind the patellar tendon; 
otherwise, the procedure is the same as for the fémur. 

POSTOPERATIVE CARE. A long leg plaster cast is 
applied. The patient should be immobilized for 6 weeks 
and allowed to bear weight as soon as possible. 

The internai fixation device used in this procedure 
consists of a hollow tube or sleeve with a solid rod that 
télescopes inside. For the fémur, it is used with one end 
anchored within the distal portion of the distal fémoral 
epiphysis immediately adjacent to the knee joint and the 
proximal end in the superior portion of the neck at its 
junction with the greater trochanter. In the tibia, each end 
is in a bony epiphysis adjacent to a joint. 



A, Preoperative radiograph of patient with osteogenesis imperfecta. B, After ostéotomies of fémur and tibia and 
insertion of elongating intramedullary rods. 
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Modified Sofield-Millar procedure. A f Intra- 
medullary rod passed to point of angulation under image 
intensification. B f Osteotomy carried out with minimal exposure 
and rod passed farther distally. C f Second osteotomy carried 
out at next site of angulation. D f Final correction. (From Li YH, 
Chow W, Leong JCY: The Sofield-Millar operation in osteogenesis 
imperfecta, J Bone Joint Surg 82B: 1 1, 2000. Copyright British Editorial 
Society of Bone and Joint Surgery.) SEE TECHNIQUE 32-23. 


OSTEOTOMY AND MEDULLARY 
NAILING WITH A TELESCOPING ROD 
IN THE FEMUR FOR OSTEOGENESIS 
IMPERFECTA 


TECHNIQUE 32-24 


(BAILEY AND DUBOW) 

■Approach the fémur subperiosteally as with the Sofield 
technique. Expose the intercondylar notch of the fémur 
through a parapatellar incision, and for the tibia use a 
similar incision proximally and a transverse médial incision 
through the deltoid ligament distally to displace the talus 
and enter the ankle joint. The approach to the proximal 
part of the fémur may require only a small incision placed 
directly over the end of the tubular sleeve as it is drilled 
proximally through the medullary canal and out the supe- 
rior aspect of the neck just médial to the base of the 
greater trochanter. 

■ After ostéotomies hâve been made in the metaphyses 
of the involved bone, make the multiple ostéotomies as 
with the Sofield technique so that the segments can 
be lined up with insertion of the rod. The rod when 
collapsed should reach from the proximal to the distal 
end of the entire bone less 2 cm to allow a margin for 
error and for impaction of the shaft segments after the 
surgery. 

■ Fit the tubular sleeve with the spécial détachable drill 
point and drill through the medullary canal of one 
metaphysis, through the bony epiphysis, and into the 
joint; repeat this at the opposite end of the bone. 


■ After drilling the medullary canal of ail the fragments 
with the same drill point attached to the tubular sleeve, 
replace the drill point with the T-shaped flange that 
screws on the end of the tubular sleeve. At the other end 
of the bone, insert the obturator rod across the joint 
through the articular cartilage and into the canal that was 
drilled in the metaphysis. Thread the fragments of the 
shaft on the sleeve portion of the rod and place the other 
metaphysis in position with the obturator up inside the 
tubular sleeve. Manually kink with compression the 
T-shaped flange so that it does not loosen. Gamble et al. 
and Janus et al. recommended the following: avoid loos- 
ening of the T junction of the obturator portion by scoring 
the T-piece before its insertion into the sleeve or stoutly 
crimping the sleeve after insertion of the T-piece; place 
the T below the subchondral bone or below the periosteal- 
perichondral surface but not so deep that it migrâtes into 
the medullary canal. After insertion, turn the T-piece 90 
degrees in the direction of insertion to help prevent 
backout. 

■ Countersink the T-shaped end of the obturator through 
the articular cartilage and into the bony portion of the 
distal epiphysis. The sleeve end of the rod is similarly 
impacted into the joint cartilage of the proximal tibia or 
at the proximal end of the fémur against the base of the 
trochanter. 

■ After radiographs are taken, close the periosteum around 
the fragments and then close the remainder of the opéra¬ 
tive wounds. 

POSTOPERATIVE CARE. The patient is immobilized in 
a hip spica (fémur) or long leg cast (tibia) until the osté¬ 
otomies hâve healed (Fig. 32-69). 


MODIFIED ROD WITH INTERLOCKING 
OBTURATOR FOR OSTEOGENESIS 
IMPERFECTA 


TECHNIQUE 32-25 


(CHO ETAL) 

■ Perform multilevel ostéotomies to realign the limb 
segment along the rod. Percutaneous ostéotomies are 
preferred, but if intramedullary reaming is needed for a 
narrow or obliterated medullary cavity or resection of a 
substantial wedge of bone is needed to correct an acute 
angulation, open ostéotomies are necessary. 

■ Insert a Kirschner wire through the medullary canal of the 
osteotomy fragments. 

■Cut the sleeve to an appropriate length and insert over 
the Kirschner wire in an antegrade direction. It is impor¬ 
tant to ensure that the distal tip of the sleeve points to 
the center of the distal epiphysis on both anteroposterior 
and latéral projections of radiographs. 
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Elongating medullary rods in treatment of 
osteogenesis imperfecta. A f Multiple ostéotomies are performed. 
B f Proximal and distal joints are entered, and each half of rod is 
inserted. C f Fragments are threaded onto rod halves, which are 
telescoped together, and T-pieces on each end are gently rotated 
and sunk beneath articular surface. Sleeve and rod (obturator) 
should be longer than illustrated, and each should be almost as 
long as the bone. (From Marafioti RL, Westin GW: Elongating intra- 
medullary rods in the treatment of osteogenesis imperfecta, J Bone Joint 
Surg 59A:467, 1977.) SEE TECHNIQUE 32-24. 


9 " Replace the Kirschner wire with the obturator, which is 
advanced antegrade inside the sleeve into the distal 
epiphysis. The rotational orientation of the hole at its 
distal end can be controlled and adjusted with the use of 
an obturator-impactor. 

■ Using a free-hand technique, anchor the obturator in the 
distal epiphysis with a Kirschner wire and advance using 
gentle tapping. 

■ Cut the wire to an appropriate length and push deep, 
preferably within the osseous epiphysis. 

■ In the fémur, adjust the sleeve position so that the T-piece 
abuts the greater trochanter cartilage within the gluteal 
muscles. In the tibia, bury the T-piece of the sleeve within 
the osseous epiphysis. If a 3-mm sleeve is used, through 
which the obturator cannot pass, assemble the sleeve and 
obturator and then insert as one piece through the oste- 
otomy fragments. When the sleeve reaches its destina¬ 
tion, advance the obturator into the distal epiphysis and 
transfix as described above. 

POSTOPERATIVE CARE. The limb is immobilized with 
a long leg splint for 4 to 6 weeks postoperatively 

(Fig. 32-70). 


■ FASSIER-DUVAL TELESCOPING ROD (PEGA 
MEDICAL, INC., LAVAL, QUEBEC, CANADA) 

This expandable rod is designed for children with osteogen¬ 
esis imperfecta to prevent or stabilize fractures or correct 
deformity of the long bones during growth. It is indicated for 
children 18 months of âge or older. It has been designed for 
use in the fémur, tibia, and humérus. The main advantage is 
its easy placement and better fixation in the physis of long 
bones. As compared with other expandable rods, an open or 
percutaneous osteotomy technique can be employed for the 
fémur. For patients with large bones and thin cortices, a per¬ 
cutaneous technique is recommended. For the tibia an open 
osteotomy technique is recommended. 


FASSIER-DUVAL TELESCOPING ROD, 
FEMUR 


TECHNIQUE 32-26 


OPEN OSTEOTOMY 

■ Through a postérolatéral approach, expose the fémur 
subperiosteally. 

■ Perform an osteotomy under C-arm guidance (Fig. 
32-71A and B). 

■ With a cannulated reamer, ream the proximal fragment 
or drill up to the greater trochanter over a small-diameter 
guidewire. The diameter of the reamer should be 0.25 to 
0.35 mm larger than the diameter of the nail implant size 
chosen. Préparé the distal fragment in same fashion. If 
the guidewire does not reach the distal epiphysis, perform 
a second osteotomy after reaming the intermediate frag¬ 
ment (Fig. 32-71C) 

■ Insert a male-size Kirschner wire rétrogradé from the 
direction of the osteotomy through the proximal frag¬ 
ment (Fig. 32-71D). 

■ Make a second incision at the buttock to allow the 
extremity of the Kirschner wire to exit proximally (Fig. 
32-71E). 

PERCUTANEOUS OSTEOTOMY 

■ If a percutaneous technique for osteotomy is chosen, 
insert a small diameter guidewire through the greater 
trochanter into the apex of the deformity. Ream the 
fémur to the appropriate size with a cannulated reamer 

(Fig. 32-71 F). 

■ Through a 0.5-cm incision perform the first osteotomy in 
the convexity of the deformity just distal to the reamer 
(Fig. 32-71 G). 

■ Apply counterpressure at the osteotomy site and with 
gentle manipulation progressively correct the defor¬ 
mity. When the bone is straightened, push the guide¬ 
wire distally and advance the reamer accordingly (Fig. 
32-71 H). 

■ Push the guidewire distally to the apex of the second 
deformity, then perform a second osteotomy as described 
for the first osteotomy until the length of the medullary 
canal has been reamed to just before the physis (Fig. 
32-711). 
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QP Schematic of surgical procedure for insertion of interlocking telescopic rod in the tibia (A) and the fémur (B). The 
obturator is inserted within the sleeve in an antegrade manner and is transfixed at the distal epiphysis. (Redrawn from Cho T-J, et al: 
Interlocking telescopic rod for patients with osteogenesis imperfecta, J Bone Joint Surg 89A:1028, 2007.) SEE TECHNIQUE 32-25. 


TELESCOPING ROD INSERTION 

■ After a corrective osteotomy is completed, estimate the 
length of the bone from the greater trochanter to the 
distal growth plate. Based on the height of the distal 
epiphysis as measured on an anteroposterior radiograph, 
choose a long (L) or short (S) nail. 

■ Cut the length of the female hollow component to size. 
Do not cut the male solid nail until after the components 
hâve been implanted. 

■ Remove the wire and place the male solid nail in the 
driver, making sure that the wings of the male solid nail 


are fitted into the male driver slot. These drivers lock the 
male component to facilitate maneuvering the nail upon 
insertion. Lock the male implant component after it is 
inserted inside the male driver by simply rotating the 
eccentric ring to the locked position. 

■ Push the male solid nail distally after réduction of the 
osteotomy(ies) and screw it into the distal epiphysis. Verify 
with fluoroscopy that the distal thread is positioned 
beyond the physis (Fig. 32-71J through L). Center the 
distal tip of the nail on anteroposterior and latéral views 
on the distal fémoral epiphysis. Once the male implant 
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g First incision 




FIGURE 


Fassier-Duvall telescopic intramedullary rod System (Pega Medical, Laval, Quebec, Canada). SEE TECHNIQUE 32-26. 
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32-710). Check the smoothness of the eut end of the 
male nail with an appropriately sized probe. 

■ Close the incisions. 

POSTOPERATIVE CARE. The limb is immobilized until 
the ostéotomies heal. 


S component has been screwed into the distal epiphysis, 
unlock the implant by rotating the eccentric ring and 
remove the male driver (Fig. 32-71M). Use the pushrod 
to reduce stress to the nail fixation while withdrawing the 
driver. 

■ Screw the female hollow nail into the greater trochanter 
with the appropriate driver. The threaded portion of the 
nail is inserted into bone (at least one or two threads), 
and the nonthreaded part of the female head is inserted 
in the nonossified part of the greater trochanter (Fig. 
32-71 N). 

■ Remove the female driver. 

■ Cut the solid nail (male) at this time, leaving a stub 10 to 
15 mm above the female head for future growth (Fig. 


■ OSTEOTOMY AND MEDULLARY MAILING 
WITH TRIGEN NAIL 

In an older child in whom disturbance of the physis would 
not cause a significant growth problem, a small-diameter 
medullary nail can be used, with or without proximal or distal 
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Male driver 
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Male nail 
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Push rod 
(counter 
pressure) 



locking. The TriGen nail is available in an 8-mm diameter, 
and we hâve used this successfully in several older children 
with osteogenesis imperfecta. The guidewire is passed, in a 
closed manner, proximally to the point of angulation (Fig. 
32-72 A). Through a small incision, an osteotomy is made at 
this site where the guidewire is impeded (Fig. 32-72B). The 
medullary nail is inserted in a closed manner and locked 
proximally and distally. The nail should extend as far distally 
as possible to prevent fracture distal to it. The technique for 
insertion of an interlocking medullary rod is described in 
Chapter 54. 


DWARFISM (SHORT STATURE) 

Dwarfism with disproportionate shortness of the trunk or 
extremities has many different causes and is commonly dif- 
ficult to classify, but certain orthopaedic problems are 
common to many of these patients. The main areas of concern 
to orthopaedic surgeons are atlantoaxial instability, hip dys- 
plasia, and malalignment of the lower extremities. 

Cervical myelopathy and anomalies of the cervical spine 
are especially common in dwarfs with a disproportionately 
short trunk and are rare in achondroplasia. Dwarfs with a 
short trunk may exhibit a rudimentary or absent odontoid 
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Osteotomy and medullary nailing (see text). A f 
Guidewire passed to point of angulation. B f Osteotomy. 


process with ligamentous laxity and résultant atlantoaxial 
instability. 

The first symptoms of myelopathy are a decrease in phys- 
ical endurance and an early fatigue without neurologie déficit. 
Neurologie signs may develop later. Cord compression occurs 
because of bony displacement, ligamentous instability, and 
hypertrophy of the posterior longitudinal ligament. Often the 
spinal cord shiffs laterally within the canal and accounts for 
the unilatéral neurologie signs and symptoms. Cord com¬ 
pression also can occur at the foramen magnum (achondro- 
plastic dwarfs) or secondary to severe cervical kyphosis from 
ligamentous laxity. The diagnosis of atlantoaxial instability 
can be made from latéral flexion and extension radiographie 
views or with cineradiography. Cervical fusion generally is 
indicated only when (1) there are obvious clinical signs of 
compression myelopathy or (2) there is oblitération of the 
subarachnoid space around the cord in flexion or extension 
as seen on gas myelography. Atlantoaxial instability shown on 
radiographs or cineradiography is not in itself an indication 
for surgery, and prophylactic bracing is not indicated (see 
Chapter 40). 

Kyphosis or scoliosis occurs commonly in short-trunk 
dwarfs, but with the exception of diastrophic dwarfs, the sco¬ 
liosis usually is mild and does not require surgery. Severe sco¬ 
liosis is common in diastrophic dwarfs, and surgical correction 
and fusion seem to be the only reasonably effective treatment. 
With profound hypotonia, ligamentous laxity, and a collapsing 
spine, fusion may be necessary for stability while sitting. 

Ligamentous laxity can cause kyphosis in achondroplasia. 
Severe progressive kyphoscoliosis with a posteriorly displaced 
vertébral body occasionally occurs in achondroplasia and in 
a variety of dwarfs. For neurologie déficit, anterior décom¬ 
pression and fusion are best and are followed by posterior 
fusion when the deformity is greater than 60 degrees. 

In the lumbar spine , profound lordosis, bulging interver¬ 
tébral dises, and a narrowed spinal canal are characteristic of 
achondroplasia. By the third decade of life, many of these 
patients complain of low back pain, hâve nerve root signs, 


and occasionally hâve a cauda equina syndrome and claudica¬ 
tion. Laminectomy, cord and nerve root décompression, dise 
excision, and spinal fusion ultimately may be needed to 
relieve symptoms in some patients. 

The bip joint in many dwarfing syndromes is spared com- 
pared with the remainder of the lower extremity. Multiple 
epiphyseal dysplasia and spondyloepiphyseal dysplasia 
involve the epiphysis and may cause severe, early crippling 
arthritis. Hip fusion usually is not indicated in dwarfs for 
three reasons: (1) with extremely short stature, mobility is 
crucial for activities of daily living such as dressing and step- 
ping up stairs; (2) hip fusion may increase low back pain that 
already may be présent from lumbar lordosis; and (3) hip 
fusion would shorten further a patient of already short stature. 
We hâve performed total hip arthroplasty in dwarfs with 
severe arthritis. Careful planning is necessary because non- 
standard size fémoral and acetabular components almost 
always are necessary. Bilateral dislocation of the hips is com¬ 
monly seen in Morquio syndrome and usually is not vigor- 
ously treated (Fig. 32-73). 

Two other conditions, coxa vara and coxa valga , occur in 
a substantial percentage of dwarfs. Coxa valga is commonly 
seen with Morquio syndrome, and coxa vara is commonly 
seen with spondyloepiphyseal dysplasia (Fig. 32-74). Varus 
and valgus ostéotomies of the hips of patients with bone 
dysplasias should be done only rarely and after much study 
because of probable instability. Intertrochanteric ostéotomies 
for severe coxa valga should be reserved for proven hip insta¬ 
bility resulting from the valgus deformity, and for severe coxa 
vara they should be reserved for a waddling gait and carti- 
laginous defects. Varus and valgus ostéotomies of the hip are 
described in Chapters 30 and 33. 

A substantial percentage of dwarfs hâve genu varum or 
genu valgum. In general, dwarfs with disproportionately short 
trunks hâve genu valgum, whereas dwarfs with dispropor¬ 
tionately short extremities hâve genu varum. Angulation may 
be the resuit of ligamentous laxity, bowing of the proximal 
tibia and distal fémur, or, as is characteristic of achondroplas- 
tic dwarfs, bowing of the distal tibia. 

The deformity usually is progressive with an ultimate 
length discrepancy between the fibula and the tibia. Foot 
placement is in a forced varus or valgus position depending 
on the direction of angulation at the knees. Osteotomy at or 
near the site of the deformity is our preferred treatment. 
When operating on récurrent genu valgum, such as in Ellis- 
Van Creveld, the surgeon should be prepared to release the 
latéral structures such as the iliotibial band and tighten the 
médial structures by reefing the vastus medialis. We hâve 
tried to control the deformity in young children with ambula- 
tory “knock-knee” or “bowleg” braces. These braces are heavy 
and cumbersome and may promote ligamentous laxity, but in 
several patients we hâve been able to stop the progression or 
improve the deformity (Fig. 32-75). At a later âge, we hâve per¬ 
formed an osteotomy without récurrence of the angulation. 

Because of the disproportionate length of the extremities, 
especially the lower, limb lengthening has been attempted by 
several methods. Formerly, the most often used method in 
the United States was that popularized by Wagner, which 
combines osteotomy with slow distraction (see Chapter 29). 
The Ilizarov and DeBastiani techniques hâve been reported 
to achieve greater lengthening with fewer complications. 
More recently, tibial lengthening over an intramedullary nail 





PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 



A f Adult patient with Morquio disease with bilateral dislocated hips. Left hip was painful and disabling. B f Appear- 
ance after total hip arthroplasty using custom-designed fémoral component with small stem. Despite this, fémoral shaft proximally was 
fractured during insertion. C f Appearance after révision of total hip arthroplasty with second custom-designed long-stem fémoral 
component and anchoring screws in methylmethacrylate. Resuit was satisfactory. 


with the use of an external fixator has shown to resuit in new 
bone formation equal to the conventional Ilizarov technique, 
however, with fewer complications and less time required for 
internai fixation. The frequency of complications and the 
lengthy immobilization period associated with limb length- 
ening by any method caused some authors in the past to 
discourage its use, however, especially in dwarfs. Limb 
lengthening should be attempted only in informed, coopera¬ 
tive patients committed to the lengthy procedure and with 
realistic expectations of the resuit. As the lengthening proce¬ 
dures hâve been better perfected and the complications fewer, 
disproportionate extremity dwarfs are commonly having 
lower extremity lengthenings done. In the recent literature, 
large sériés hâve been described with good results with the 
following observations: (1) lengthening should be started in 
children early but not before the âge of 9 years, (2) prématuré 
physeal arrest (closure) of the distal fémur and proximal tibia 
in extensive lengthening should be included in the preopera- 
tive calculations and counseling, and (3) humerai lengthen¬ 
ings compared with fémoral lengthenings seem to hâve fewer 
complications, and callus forms at a higher rate. Humerai 
hybrid monolateral fixators can be used that are less bulky 
and allow patients to perform activities of daily living. 


TIBIAL LENGTHENING OVER AN 
INTRAMEDULLARY NAIL WITH 
EXTERNAL FIXATION IN DWARFISM 


TECHNIQUE 32-27 


(PARK ET AL.) 

■To be treated with lengthening over an intramedullary 
nail, the tibial medullary diameter must be at least 
8 mm. 

■ Insert an AO tibial nail with a diameter 1 mm smaller than 
that of the tibial isthmus. To make passage less traumatic, 
remove irregularities on the endosteal surface with a 
single pass of a reamer. 

■ Insert two proximal interlocking screws in a mediolateral 
direction. 

■ Parallel to the nail, apply a preconstructed Ilizarov frame 
with two rings connected with telescoping rods. 

■ Insert two proximal tensioned wires posterior to the nail. 
At least one wire at each ring should pass the fibular head 
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Spondyloepiphyseal dysplasia. A f Severe bilateral coxa vara deformity. B f Platyspondyly in same patient. C f After valgus 
osteotomy of right hip using Coventry lag screw. Cartilaginous defect is now more horizontal and under compression rather than shear. 



Multiple epiphyseal dysplasia. A f Radiograph 
obtained while weight bearing in 4-year-old boy showing delayed 
ossification of capital fémoral epiphyses, coxa vara, and fémoral and 
tibial bowing. B, Appearance 1 year after treatment in ambulatory 
bowleg braces. Fémoral and tibial bowing is markedly improved. 


or the distal part of the fibula to prevent migration of a 
fibular segment during lengthening. 

■ Perform a tibial corticotomyatthe metaphyseal-diaphyseal 
junction with a technique utilizing multiple drill holes. 

■ Initiate lengthening 7 to 10 days postoperatively at a rate 
of 0.25 mm four times daily at each distraction site. 
Obtain radiographs every week during the distraction 
phase and every 4 weeks during the consolidation phase. 
Callus formation is determined to hâve occurred when 
new bone formation is seen in the distraction gap on 
latéral radiographs. 

■ When the desired length has been achieved, insert two 
distal interlocking screws and one distal tibiofibular trans- 
fixing screw after consolidation of the fibula. 

POSTOPERATIVE CARE. Patients are allowed to bear 
weight with the use of two crutches (Fig. 32-76). 


TRAUMATIC PHYSEAL ARREST FROM 
BRIDGE OF BONE 

Physeal arrest after fracture in young children can produce 
significant limb shortening and angulatory deformity. Angu¬ 
lation ostéotomies, epiphysiodesis of the involved epiphysis, 
and epiphysiodesis of the contralatéral epiphysis are worth- 
while and time-honored procedures to reduce angular defor¬ 
mity and limb-length discrepancy. 
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A and B f Immédiate postoperative anteroposterior and latéral radiographs demonstrating tibial lengthening over 
an intramedullary nail. C f After graduai lengthening, two distal interlocking screws and one distal tibiofibular transfixing screw are 
inserted. The external fixator is removed. (From Park HW, et al: Tibial lengthening over an intramedullary nail with use of the llizarov external 
fixator for idiopathic short stature. J Bone Joint Surg 90:1970, 2008.) SEE TECHNIQUE 32-27. 


Bright and Langenskiôld described resection of small, 
localized bony bridges (after fracture across a physis) that 
produced angular deformity or limb-length discrepancy. 
They recommended this procedure for a young child with a 
significant deformity caused by a bony bridge across less than 
one half of the physis of a bone that is peripheral and acces¬ 
sible. Tomograms, CT, and MRI are helpful in determining 
the extent of the bony bridge. Three-dimensional reconstruc¬ 
tion to produce a three-dimensional model has been described 
to show the extent and to help in preoperative “mapping” of 
the bar. 

After resection, Langenskiôld filled the space with fat and 
Bright used Silastic 382. Although the physis apparently does 
not regenerate in the area where the bony bridge was resected, 
the remaining normal physeal cartilage cells surrounding this 
area can produce bone in a more linear and orderly fashion 
than before. In a rabbit model, Lee et al. compared the results 
of interposition with physeal grafts, free fat, and Silastic after 
epiphysiodesis for correction of partial growth arrest. Clini- 
cal, radiographie, and histologie studies showed physeal 
grafts (from the iliac crest) to be superior to Silastic in cor- 
recting angular deformity and contributing to the longitudi¬ 
nal growth of the tibia after resection of a large, peripherally 
situated bony bridge. Interposition of fat produced the worst 
results. We hâve resected a bony bridge in conjunction with 
an angulation osteotomy and used fat or silicone to fill the 
resected area. 

Depending on the location of the physis and the amount 
of the deformity, we agréé with MacEwen (personal commu¬ 
nication) that bony bridge resection usually does not correct 
a significant angular deformity, but that the resection may 
decrease the number of ostéotomies necessary during the 
growth of a young child by decreasing the rate of récurrence 
of the angular deformity. 


Ingram at this clinic described a technique for osteotomy 
at the level of the bony bridge adjacent and parallel to the 
physis. With this technique, the bridge does not hâve to be 
peripheral. When the osteotomy is opened, the white, scle- 
rotic bridge of bone can be differentiated easily from the 
normal cancellous metaphyseal bone with or without a mag- 
nifying optical loupe or microscope. The bridge is resected 
with a dental burr, leaving only the normal physis and cancel¬ 
lous bone of the epiphysis and the metaphysis. A free graft of 
fat or a piece of silicone is placed in the defect, and the oste¬ 
otomy is secured after insertion of a wedge of bone to correct 
deformity. 


BONY BRIDGE RESECTION FOR 
PHYSEAL ARREST 


TECHNIQUE 32-28 


(LANGENSKIÔLD) 

■ Before the operation, exact localization and estimation of 
the size of the bony bridge by MRI, CT, and tomography 
in at least two planes are essential (Fig. 32-77A and B). 
More than half of the physis should be normal, and the 
bony bridge should be peripheral, causing a progressive 
angular deformity or progressive discrepancy of leg length 
or both. 

■ Expose the periphery of the physis by a suitable approach 
near the bony bridge. Use a tourniquet for a bloodless 
field for localization of the cartilaginous plate, which may 
be thin when close to the bridge. Use of a microscope or 
binocular loupe makes the procedure easier. 
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■ Define the most peripheral part of the bony bridge and 
remove the overlying periosteum. Remove the bony 
bridge until the normal periphery of the physis is reached 
on both sides of the bridge and until the cartilaginous 
plate can be seen around the whole cavity. It is essential 
that no part of the bridge be left and that normal physeal 
cartilage not be removed unnecessarily. 

■ Release the tourniquet, and while hemostasis is 
occurring, secure a piece of fat from the subcutaneous 
tissue, preferably from the gluteal fold, to fill the cavity. 
After cessation of bleeding, fill the cavity with the autog- 
enous fat. When the resected cavity is irregular, divide the 
fat transplant into several pièces to ensure complété 
filling. 

■To keep the autogenous fat in place, suture ligament, 
muscle, or subcutaneous tissue over the defect. Close the 
wound in layers without drainage. 


BONY BRIDGE RESECTION AND 
ANGULATION OSTEOTOMY FOR 
PHYSEAL ARREST 


TECHNIQUE 32-29 


(INGRAM) 

■ Accompanying a bony bridge there is usually not only 
angular deformity but also shortening, and an opening 
wedge osteotomy usually is indicated to gain length. 

■ Perform the osteotomy on the same side of the bone as 
the bony bridge causing the angular deformity (Fig. 
32-77A and B). Expose the metaphyseal area of the bone 
without damaging the periphery of the physis on the side 
of the bone where the bridge is located. 

■ After subperiosteal exposure, place a guide pin in the 
metaphysis parallel to the physis and just adjacent to it, 
using either radiographie control or image intensifier fluo- 
roscopy. The guide pin should penetrate or lie just adja¬ 
cent to the bony bridge (Fig. 32-77C). 

■ Perform an osteotomy at the level of the guide pin and 
open the osteotomy site wide with a laminar spreader. 
Using a small dental burr, resect completely the white 
sclerotic bony bridge, using an operating microscope or 
a magnifying loupe for improved vision (Fig. 32-77D). 
Carry the resection through the physis, ensuring that ail 
of the bony bridge is resected and that normal physeal 
cartilage appears on ail sides of the cavity. This can be 
facilitated with the use of a dental mirror. 

■ After adéquate resection, obtain hemostasis and fill 
the area with autogenous fat obtained from the sub¬ 
cutaneous tissue at the incision or with a silicone implant. 
Correct the angular deformity appropriately by insert- 
ing a wedge of autogenous bone into the osteotomy 
and secure the osteotomy with smooth pins (Fig. 32- 
77E). 

■ Close the wound in layers and apply a stérile dressing and 
a plaster splint. 


POSTOPERATIVE CARE. Weight bearing and activities 
should be limited until the osteotomy has completely 
healed and the pins are removed. 

Peripheral and linear bars are more easily approached 
and identified than are central bars. The normal perichon- 
dral ring at the perimeter of the healthy physis is replaced 
by periosteum over the bar and is easily stripped. Periph¬ 
eral bar resection involves scooping out the bar but 
leaving the residual healthy physis intact. This requires 
knowing where the bar meets the physis at the perimeter 
of the bone and the depth that the bar reaches into the 
physis. 


PERIPHERAL AND LINEAR PHYSEAL 
BAR RESECTION FOR PHYSEAL 
ARREST 


TECHNIQUE 32-30 


(BIRCH ETAL.) 

■ Carefully expose the peripheral junction of the bar and 
the healthy perichondral ring at one, or preferably both, 
edges of the bar. This junction serves as an excellent 
starting point for removing the bar. Use fluoroscopy to 
ensure that the resection remains at the level of the physis 
and does not drift into the metaphysis or epiphysis 
(Fig. 32-78A). 

■ Continue resection until the physis is visible from each 
edge of healthy perichondrium and throughout the depth 
of the cavity (Fig. 32-78B). As an alternative, identify the 
bar with periosteal stripping and fluoroscopie guidance 
and develop a cavity directed toward the physis until it is 
identified (Fig. 32-78C). Extend this cavity peripherally 
until healthy perichondrium is identified at either end of 
the bar. 

■ Fill the defect with autogenous fat from the area or from 
a small incision in the buttocks or groin. 

Central bars can be approached from the metaphyseal 
marrow cavity through a metaphyseal cortical window or 
an osteotomy. Arthroscopically assisted central bar resec¬ 
tion has been described using the scope to identify the 
normal cartilage after dental burr resection in the defect. 


CENTRAL PHYSEAL BAR RESECTION 
FOR PHYSEAL ARREST 


TECHNIQUE 32-31 


(PETERSON) 

■ For bars extending completely across the physis, evaluate 
tomographie maps to détermine surgical approach and 
ensure complété removal (Fig. 32-79). Approach centrally 
located bars (Fig. 32-80A) through the metaphysis or 
epiphysis. Because the bar is not readily accessible through 
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Traumatic epiphyseal arrest from bridge of bone. A and B f Anteroposterior radiographs and tomogram of lésion 
resulting from trauma to médial aspect of the distal tibial epiphysis. C-E f Steps in operative technique of Ingram for excision of bony 
bar and wedge osteotomy of distal tibia (see text). F f Radiograph showing correction of deformity and defect at bony bridge site. (C-F 
from Canale ST, Harper MC: Biotrigonometric analysis and practical applications of ostéotomies of tibia in children, Instr Course Lect 30:85, 1981.) 

SEE TECHNIQUES 32-28 AND 32-29 
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Peripheral bar resection (see text). A f Fluoroscopy ensures that resection remains at level of physis. B f Resection 
continues until physis is visible throughout depth of cavity. C f An alternative method for exposure is periosteal stripping with fluoro¬ 
scopie guidance. (Redrawn from Birch JG: Technique of partial physeal bar resection, Op Tech Orthop 3:166, 1993.) SEE TECHNIQUES 32-30 AND 
31 




A-C f Elongated bar extending from anterior to 
posterior surfaces. Although ail three hâve same appearance on 
anteroposterior view (top row), they hâve different contours on 
transverse sections (bottom row) (see text). 



A, Central bar with peripheral growth results in "tenting" or "cupping" of physis (see text). B f Excision of central 
bar through window in metaphysis (see text). C f Examination of entire physis with dental mirror (see text). SEE TECHNIQUE 32-31. 
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FIGURE 


Q Smoothing metaphyseal bone surface (see 


text). SEE TECHNIQUE 32-31. 


FIGURE 


^ A f Plug growing away from proximal marker 


and growth arrest line (see text). B f Plug remaining with metaph- 
ysis as epiphysis grows (see text). SEE TECHNIQUE 32-31. 




A f Insertion of Cranioplast with syringe (see 
text). B f Bone graft filling remainder of defect (see text). SEE 


TECHNIQUE 32-31. 



FIGURE 


Undermining of epiphysis (see text). SEE TECH¬ 


NIQUE 32-31. 


9 the transepiphyseal approach, and because it usually 
requires traversing the joint, the transmetaphyseal 
approach is préférable, although it requires removal of a 
window of cortical bone and some cancellous metaphy- 
seal bone to reach the bony bar (Fig. 32-80B). 

■ After removal of the entire bar with a high-speed burr, 
inspect the normal physis with a small dental mirror (Fig. 
32-80C). The sides of the cavity should be fiat and smooth 
(Fig. 32-81). 

■ Place métal markers, such as surgical clips, in the metaph- 
ysis and epiphysis to aid in accurate measurement of 
subséquent growth of the involved physis. Place these 
markers in cancellous bone, not in contact with the cavity, 
and in the same longitudinal plane proximally and distally 
to the defect. 

■ In a large cavity that is gravity dépendent, pour liquid 
Cranioplast into the defect. If the cavity is not gravity 
dépendent, place the Cranioplast in a syringe and push 
it into the defect through a short polyethylene tube 
(Fig. 32-82A) or allow the Cranioplast to set partially and 
push it like putty into the defect. Allow as little Cranio¬ 
plast as possible to remain in the metaphysis. After the 
Cranioplast has set, fill the remainder of the metaphyseal 
cavity with cancellous bone (Fig. 32-82B). The contour of 
the cavity also is important. Bar formation is less likely 
when the interposition material remains in the epiphysis 
(Fig. 32-83A) than when the epiphysis grows away from 
it (Fig. 32-83B). 



"Collar button" contour of plug to act as 
anchor (see text). SEE TECHNIQUE 32-31. 


■ Methods of keeping the plug in the epiphysis include 
drilling holes in the cavity (undermining) (Fig. 32-84) and 
enlarging the cavity (Fig. 32-85). 

POSTOPERATIVE CARE. Joint motion is begun imme- 
diately. If osteotomy has not been done, no cast or other 
immobilization is necessary. Weight bearing is encour- 
aged on the day of surgery or as soon as comfort permits. 
Follow-up with scanograms continues until maturity. 













3 


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 


FREIBERG DISEASE; OSTEOCHONDROSIS OF THE ANKLE, 
KNEE, AND ELBOW; AND OSGOOD-SCHLATTER DISEASE 

Abouassaly M, Peterson D, Salci L, et al: Surgical management of osteochon- 
dritis dissecans of the knee in the paediatric population: a systematic 
review addressing surgical techniques, Knee Surg Sports Traumatol 
Arthrose 22:1216, 2014. 

Adachi N, Deie M, Nakamae A, et al: Functional and radiographie outcome 
of stable juvénile osteochondritis dissecans of the knee treated with ret- 
roarticular drilling without bone grafting, Arthroscopy 25:145, 2009. 

Adachi N, Deie M, Nakamae A, et al: Functional and radiographie outcomes 
of unstable juvénile osteochondritis dissecans of the knee treated with 
lésion fixation using bioabsorbable pins, / Pediatr Orthop 35:82-88,2015. 

Al-Ashhab MEA, Kandel WA, Rizk AS: A simple surgical technique for 
treatment of Freibergs disease, The Foot 23:29, 2013. 

Brownlow HC, O’Connor-Read LM, Perko M: Arthroscopic treatment of 
osteochondritis dissecans of the capitellum, Knee Surg Sports Traumatol 
Arthrose 14:198, 2006. 

Boughanem J, Riaz R, Patel RM, Sarwark JF: Functional and radiographie 
outcomes of juvénile osteochondritis dissecans of the knee treated with 
extra-articular rétrogradé drilling, Am J Sports Med 39:2212, 2011. 

Camp CL, Krych AJ, Stuart MJ: Arthroscopic préparation and internai fixa¬ 
tion of an unstable osteochondritis dissecans lésion of the knee, Arthrose 
Tech 2:3461, 2013. 

Chambers HG, Shea KG, Anderson AF, et al: American Academy of Ortho- 
paedic Surgeons clinical practice guideline on: the diagnosis and treat¬ 
ment of osteochondritis dissecans, / Bone Joint Surg 94A:1322, 2012. 

Czyrny Z: Osgood-Schlatter disease in ultrasound diagnostics—a pictorial 
essay, Med Ultrason 12:323, 2010. 

DeBerardino TM, Branstetter JG, Owens BD: Arthroscopic treatment of 
unresolved Osgood-Schlatter lésions, Arthroscopy 23:1127, 2007. 

De Lucena GL, dos Santos Gomes C, Guerra RO: Prevalence and associated 
factors of Osgood-Schlatter syndrome in a population-based sample of 
Brazilian adolescents, Am J Sports Med 39:415, 2011. 

Donaldson LD, Wojtys EM: Extraarticular drilling for stable osteochon¬ 
dritis dissecans in the skeletally immature knee, / Pediatr Orthop 28:831, 
2008. 

Gomoll AH, Flik KR, Hayden JK, et al: Internai fixation of unstable Cahill 
type-2C osteochondritis dissecans lésions of the knee in adolescent 
patients, Orthopedics 30487, 2007. 

Heywood CS, Benke MT, Brindle K, Line KM: Corrélation of magnetic réso¬ 
nance imaging to arthroscopic findings of stability in juvénile osteochon¬ 
dritis dissecans, Arthroscopy 27:194, 2011. 

Itsubo T, Murakami N, Uemura K, et al: Magnetic résonance imaging staging 
to evaluate the stability of capitellar osteochondritis dissecans lésions, Am 
J Sports Med 42:1972-1977, 2014. 

Iwasaki N, Kamishima T, Kato H, et al: A rétrospective évaluation of mag¬ 
netic résonance imaging effectiveness on capitellar osteochondritis dis¬ 
secans among overhead athlètes, Am J Sports Med 40:624, 2012. 

Iwasaki N, Kato H, Ishikawa J, et al: Autologous osteochondral mosaicplasty 
for capitellar osteochondritis dissecans in teenaged patients, Am J Sports 
Med 34:1233, 2006. 

Iwasaki N, Kato H, Ishikawa J, et al: Autologous osteochondral mosaicplasty 
for osteochondritis dissecans of the elbow in teenage athlètes, / Bone Joint 
Surg 91:2359, 2009. 

Jans LB, Ditchfield M, Anna G, et al: MR imaging findings and MR criteria 
for instability in osteochondritis dissecans of the elbow in children, Eur 
J Radiol 81:1306, 2012. 

Jones KJ, Wiesel BB, Sankar WN, Ganley TJ: Arthroscopic management of 
osteochondritis dissecans of the capitellum: mid-term results in adoles¬ 
cent athlètes, J Pediatr Orthop 30:8, 2010. 

Kessler JI, Weiss JM, Nikizad H, et al: Osteochondritis dissecans of the ankle 
in children and adolescents: demographics and epidemiology, Am J 
Sports Med 42:2165-2167, 2014. 

Khoury J, Jerushalmi J, Loberant N, et al: Kohler disease: diagnoses and 
assessment by bone graphy, Clin Nucl Med 32:179, 2007. 


Kida Y, Morihara T, Kotoura Y, et al: Prevalence and clinical characteristics 
of osteochondritis dissecans of the humerai capitellum among adolescent 
baseball players, Am J Sports Med 42:1963-1971, 2014. 

Kijowski R, Blankenbaker DG, Shinki K, et al: Juvénile versus adult osteo¬ 
chondritis dissecans of the knee: appropriate MR imaging criteria for 
instability, Radiology 248:571, 2008. 

Kocher MS, Czarnecki JJ, Andersen JS, Micheli LJ: Internai fixation of juvé¬ 
nile osteochondritis dissecans lésions about the knee, Am J Sports Med 
35:712, 2007. 

Kosaka M, Nakase J, Takahashi R, et al: Outcomes and failure factors in 
surgical treatment for osteochondritis dissecans of the capitellum, 
J Pediatr Orthop 33:719, 2013. 

Krause M, Hapfelmeier A, Môller M, et al: Healing predictors of stable juvé¬ 
nile osteochondritis disecans knee lésions after 6 and 12 months of non- 
operative treatment, Am J Sports Med 41:2384, 2013. 

Lam KY, Siow HM: Conservative treatment for juvénile osteochondritis dis¬ 
secans of the talus, J Orthop Surg (Hong Kong) 20:176, 2012. 

Lebolt JR, Wall EJ: Retroarticular drilling and bone grafting of juvénile 
osteochondritis dissecans of the knee, Arthroscopy 23:794, 2007. 

Lykissas MG, Wall EJ, Nathan S: Rétro-articular drilling and bone grafting 
of juvénile knee osteochondritis dissecans: a technical description, Knee 
Surg Sports Traumatol Arthrose 22:274, 2014. 

Magnussen RA, Carey JL, Spindler KP: Does operative fixation of an osteo¬ 
chondritis dissecans loose body resuit in healing and long-term mainte¬ 
nance of knee function? Am J Sports Med 37:754, 2009. 

Matsuura T, Kashiwaguchi S, Iwase T, et al: Conservative treatment for osteo- 
chondrosis of the humerai capitellum, Am J Sports Med 36:868, 2008. 

Michael JW, Wurth A, Eysel P, Kônig DP: Long-term results after operative 
treatment of osteochondritis dissecans of the knee joint—30 year results, 
Int Orthop 132:217, 2008. 

Miyamoto W, Takao M, Uchio Y, et al: Late-stage Lreiberg disease treated by 
osteochondral plug transplantation: a case sériés, Foot Ankle Int 29:950, 
2008. 

Murphy RT, Pennock AT, Bugbee WD: Osteochondral allograft transplanta¬ 
tion of the knee in the pédiatrie and adolescent population, Am J Sports 
Med 42:635, 2014. 

Nierenberg G, Falah M, Keren Y, Eidelman M: Surgical treatment of residual 
Osgood-Schlatter disease in young adults: rôle of the mobile osseous 
fragment, Orthopedics 34:176, 2011. 

Pengas IP, Assiotis A, Kokkinakis M, et al: Knee osteochondritis dissecans 
treated by the AO hook fixation System: a four year follow-up of an 
alternative technique, Open Orthop J 8:209, 2014. 

Pennock AT, Bomar JD, Chambers HG: Extra-articular, intraepiphyseal drill¬ 
ing for osteochondritis dissecans of the knee, Arthrose Tech 2:e231, 2013. 

Pihlajamàki HK, Mattila VM, Parviainen M, et al: Long-term outcome after 
surgical treatment of unresolved Osgood-Schlatter disease in young men, 
/ Bone Joint Surg 91A:2350, 2009. 

Pihlajamàki HK, Visuri TI: Long-term outcome after surgical treatment of 
unresolved Osgood-Schlatter disease in young men. Surgical Technique, 
J Bone Joint Surg 92(Suppl 1):258, 2010. 

Rosenberger RE, Link C, Baie RJ, et al: Computer-assisted minimally inva¬ 
sive treatment of osteochondritis dissecans of the talus, Oper Orthop 
Traumatol 18:300, 2006. 

Sabo MT, McDonald CP, Lerreira LM, et al: Osteochondral lésions of the 
capitellum do not affect elbow kinematics and stability with intact col¬ 
lateral ligaments: an in vitro biomechanical study, / Hand Surg [Am] 
36:74, 2011. 

Salci L, Ayeni O, Abouassaly M, et al: Indications for surgical management 
of osteochondritis dissecans of the knee in the pédiatrie population: a 
systematic review, / Knee Surg 27:147, 2014. 

Samora WP, Chevillet J, Adler B, et al: Juvénile osteochondritis dissecans of 
the knee: predictors of lésion stability, / Pediatr Orthop 32:1, 2012. 

Satake H, Takahara M, Harada M, Maruyama M: Preoperative imaging cri¬ 
teria for unstable osteochondritis dissecans of the capitellum, Clin Orthop 
Relat Res 471:1137, 2013. 

Sato K, Nakamura T, Toyama Y, Ikegami H: Costal osteochondral grafts for 
osteochondritis dissecans of the capitulum humeri, Techn Hand Upper 
Extr Surg 12:85, 2008. 







PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


Shane A, Reeves C, Wobst G, Thurston P: Second metatarsophalangeal joint 
pathology and Freiberg disease, Clin Podiatr Med Surg 30:313, 2013. 

Shi LL, Bae DS, Kocher MS, et al: Contained versus uncontained lésions 
in juvénile elbow osteochondritis dissecans, J Pediatr Orthop 32:221, 
2012 . 

Shimada K, Tanaka H, Matsumoto T, et al: Cylindrical costal osteochondral 
autograft for reconstruction of large defects of the capitellum due to 
osteochondritis dissecans, J Bone Joint Surg 94A:992, 2012. 

Tabaddor RR, Banffy MB, Andersen JS, et al: Fixation of juvénile osteochon¬ 
dritis dissecans lésions of knee using poly 96L/4D-lactide copolymer 
bioabsorbable implants, J Pediatr Orthop 30:14, 2010. 

Takahara M, Mura N, Sasaki J, et al: Classification, treatment, and outcome 
of osteochondritis dissecans of the humerai capitellum. Surgical tech¬ 
nique, J Bone Joint Surg 90A:47, 2008. 

Takeba J, Takahashi T, Hino K, et al: Arthroscopic technique for fragment 
fixation using absorbable pins for osteochondritis dissecans of the 
humerai capitellum: a report of 4 cases, Knee Surg Sports Traumatol 
Arthrose 18:831, 2010. 

Tatebe M, Hirata H, Shinohara T, et al: Pathomechanical significance of 
radial head subluxation in the onset of osteochondritis dissecans of the 
radial head, J Orthop Trauma 26:e4, 2012. 

Thacker MM, Dabney KW, Mackenzie WG: Osteochondritis dissecans of the 
talar head: natural history and review of the literature, J Pédiatrie Orthop 
21:373, 2012. 

Tis JE, Edmonds EW, Bastrom T, Chambers HG: Short-term results of 
arthroscopic treatment of osteochondritis dissecans in skeletally imma¬ 
ture patients, J Pediatr Orthop 32:226, 2012. 

Van den Ende Kl, Mclntosh AL, Adams JE, Steinmann SP: Osteochondritis 
dissecans of the capitellum: a review of the literature and a distal ulnar 
portai, Arthroscopy 27:122, 2011. 

Wall EJ, Vourazeris J, Myer GD, et al: The healing potential of stable juvénile 
osteochondritis dissecans knee lésions, J Bone Joint Surg 90A:2655, 2008. 

Webb JE, Lewallen LW, Christophersen C, et al: Clinical outcome of internai 
fixation of unstable juvénile osteochondritis dissecans lésions of the knee, 
Orthopedics 36:31444, 2013. 

Weiss JM, Jordan SS, Andersen JS, et al: Surgical treatment of unresolved 
Osgood-Schlatter disease. Ossicle resection with tibial tubercleplasty, 
/ Pediatr Orthop 27:844, 2007. 

Wulf CA, Stone RM, Giveans MR, Lervick GN: Magnetic résonance imaging 
after arthroscopic microfracture of capitellar osteochondritis dissecans, 
Am J Sports Med 40:2549, 2012. 

Yamamoto Y, Ishibashi Y, Tsuda E, et al: Oteochondral autograft trans¬ 
plantation for osteochondritis dissecans of the elbow in juvénile 
baseball players. Minimum 2-year follow-up, Am J Sports Med 34:714, 
2006. 

Yonetani Y, Tanaka Y, Shiozaki Y, et al: Transarticular drilling for stable 
juvénile osteochondritis dissecans of the médial fémoral condyle, Knee 
Surg Sports Traumatol Arthrose 20:1528, 2012. 

LEGG-CALVÉ-PERTHES DISEASE 

Albers CE, Steppacher SD, Ganz R, et al: Joint-preserving surgery improves 
pain, range of motion, and abductor strength after Legg-Calvé-Perthes 
disease, Clin Orthop Relat Res 470:2450, 2012. 

Anderson LA, Erickson JA, Severson EP, Peters CL: Sequelae of Perthes 
disease: treatment with surgical hip dislocation and relative fémoral neck 
lengthening, J Pediatr Orthop 30:758, 2010. 

Arkader A, Sankar WN, Amorim RM: Conservative versus surgical treat¬ 
ment of late-onset Legg-Calvé-Perthes disease: a radiographie compari- 
son at skeletal maturity, J Child Orthop 3:21, 2009. 

Baunin C, Sanmartin-Viron D, Accadbled F, et al: Prognosis value of early 
diffusion MRI in Legg-Calvé-Perthes disease, Orthop Traumatol Surg Res 
100:317, 2014. 

Beer Y, Smorgick Y, Oron A, et al: Long-term results of proximal fémoral 
osteotomy in Legg-Calvé-Perthes disease, J Pediatr Orthop 28:819, 2008. 

Boutault JR, Baunin C, Bérard E, et al: Diffusion MRI of the neck of the 
fémur in Legg-Calvé-Perthes disease: a preliminary study, Diagn Interv 
Imaging 94:78, 2013. 


Bowen JR, Guille JT, Jeong C, et al: Labral support shelf arthroplasty for 
containment in early stages of Legg-Calvé-Perthes disease, J Pediatr 
Orthop 31 (Suppl 2):S206, 2011. 

Bulut M, Demirts A, Ucar BY, et al: Salter pelvic osteotomy in the treatment 
of Legg-Calvé-Perthes disease: the medium-term results, Acta Orthop 
Belg 80:56, 2014. 

Carsi B, Judd J, Clarke NM: Shelf acetabuloplasty for containment in the early 
stages of Legg-Calvé-Perthes disease, J Pediatr Orthop 35:151-156, 2015. 

Castaneda P, Haynes R, Mijares J, et al: Varus-producing osteotomy for 
patients with latéral pillar type B and C Legg-Calvé-Perthes disease fol¬ 
io wed to skeletal maturity, J Child Orthop 2:373, 2008. 

Chang JH, Kuo KN, Huang SC: Outcomes in advanced Legg-Calvé-Perthes 
disease treated with the Staheli procedure, J Surg Res 168:237, 2011. 

Chiarapattanakom P, Thanacharoenpanich S, Pakpianpairoj C, Liupolvanish 
P: The remodeling of the neck-shaft angle after proximal fémoral varus 
osteotomy for the treatment of Legg-Calvé-Perthes syndrome, J Med 
Assoc Thai 95(Suppl 10):S135, 2012. 

Citlak A, Kerimoglu S, Baki C, Aydin H: Comparison between conservative 
and surgical treatment in Perthes disease, Arch Orthop Trauma Surg 
132:87, 2012. 

Clohisy JC, North JD, Schoenecker PL: What are the factors associated with 
acetabular correction in Perthes-like hip deformities? Clin Orthop Relat 
Res 470:3439, 2012. 

Clohisy JC, Ross JR, North JD, et al: What are the factors associated with 
acetabular correction in Perthes-like hip deformities, Clin Orthop Relat 
Res 470:3439, 2012. 

Conroy E, Sheehan E, O’Connor P, et al: Triple pelvic osteotomy in Legg- 
Calvé-Perthes disease using a single antérolatéral incision: a 4-year 
review, J Pediatr Orthop B 19:323, 2010. 

Domzalski ME, Glutting J, Bowen R, Littleton AG: Latéral acetabular growth 
stimulation following a labral support procedure in Legg-Calvé-Perthes 
disease, J Bone Joint Surg 88A:1458, 2006. 

Du J, Lu A, Dempsey M, et al: MR perfusion index as a quantitative method 
of évaluation epiphyseal perfusion in Legg-Calvé-Perthes disease and 
corrélation with short-term radiographie outcome: a preliminary study, 
/ Pediatr Orthop 33:707, 2013. 

Eamsobhana P, Kaewporsawan K: Combined osteotomy in patients with 
severe Legg-Calvé-Perthes disease, J Med Assoc Thai 95(Suppl 10):S128, 
2012 . 

Edmonds EW, Heyworth BE: Osteochondritis dissecans of the shoulder and 
hip, Clin Sports Med 33:285, 2014. 

Forster MC, Kumar S, Rajan RA, et al: Head-at-risk signs in Legg-Calvé- 
Perthes disease: poor inter- and intra-observer reliability, Acta Orthop 
77:413, 2006. 

Freeman CR, Jones K, Byrd JWT: Hip arthroscopy for Legg-Calvé-Perthes 
disease: minimum 2-year follow-up, Arthroscopy 29:666, 2013. 

Ghanem I, Haddad E, Haidar R, et al: Latéral shelf acetabuloplasty in the 
treatment of Legg-Calvé-Perthes disease: improving mid-term outcome 
in severely deformed hips, J Child Orthop 4:13, 2010. 

Glard Y, Katchburian MV, Jadquemier M, et al: Genu valgum in Legg-Calvé- 
Perthes disease treated with fémoral varus osteotomy, Clin Orthop Relat 
Res 467:1587, 2009. 

Grzegorzewski A, Synder M, Kmiec K, et al: Shelf acetabuloplasty in the 
treatment of severe Legg-Calvé-Perthes disease: good outcomes at 
midterm follow-up, Biomed Res Int 2013:859483, 2013. [Epub 2013 Nov 
27]. 

Hailer YD, Haag AC, Nilsson O: Legg-Calvé Perthes disease: quality of 
life, physical activity, and behavior pattern, J Pediatr Orthop 34:514, 
2014. 

Hailer YD, Montgomery SM, Ekbom A, et al: Legg-Calvé-Perthes disease 
and risks for cardiovascular diseases and blood diseases, Pediatrics 
125:el308, 2010. 

Hardesty CK, Liu RW, Thompson GH: The rôle of bracing in Legg-Calvé- 
Perthes disease, J Pediatr Orthop 31(Suppl 2):S178, 2011. 

Hosalkar H, Munhoz da Cunha AL, Baldwin K, et al: Triple innominate 
osteotomy for Legg-Calvé-Perthes disease in children: does the latéral 
coverage change with time? Clin Orthop Relat Res 470:2402, 2012. 


5 


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS ^ 


Javid M, Wedge JH: Radiographie results of combined Salter innominate and 
fémoral osteotomy in Legg-Calvé-Perthes disease in older children, 
J Child Orthop 3:229, 2009. 

Joo SY, Lee KS, Koh IH, et al: Trochanteric advancement in patients with 
Legg-Calvé-Perthes disease does not improve pain or limp, Clin Orthop 
Relut Res 466:927, 2008. 

Kim HK, da Cunha AM, Browne R, et al: How much varus is optimal with 
proximal fémoral osteotomy to preserve the fémoral head in Legg-Calvé- 
Perthes disease? J Bone Joint Surg 93A:341, 2011. 

Kim HK, Kaste S, Dempsey M, Wilkes D: A comparison of non-contrast and 
contrast-enhanced MRI in the initial stage of Legg-Calvé-Perthes disease, 
Pediatr Radiol 43:1166, 2013. 

Kim HT, Gu JK, Bae SH, et al: Does valgus fémoral osteotomy improve 
fémoral head roundness in severe Legg-Calvé-Perthes disease? Clin 
Orthop Relat Res 471:1021, 2013. 

Kim HT, Oh MH, Lee JS: MR imaging as a supplément to traditional 
decision-making in the treatment of LCP disease, J Pediatr Orthop 
31:246, 2011. 

Kim WC, Hiroshima K, Imaeda T: Multicenter study for Legg-Calvé-Perthes 
disease in Japan, J Orthop Sci 11:333, 2006. 

Kitoh H, Kaneko H, Mishima K, et al: Prognostic factors for trochanteric 
overgrowth after containment treatment in Legg-Calvé-Perthes disease, 
J Pediatr Orthop B 22:432, 2013. 

Kosashvili Y, Raz G, Backstein D, et al: Fresh-stored osteochondral allografts 
for the treatment of fémoral head defects: surgical technique and pre- 
liminary results, Int Orthop 37:1001, 2013. 

Laklouk MA, Hosny GA: Hinged distraction of the hip joint in the treatment 
of Perthes disease: évaluation at skeletal maturity, J Pediatr Orthop B 
21:386, 2012. 

Larson AN, Sucato DJ, Herring JA, et al: A prospective multicenter study of 
Legg-Calvé-Perthes disease: functional and radiographie outcomes of 
nonoperative treatment at a mean follow-up of twenty years, J Bone Joint 
Surg 94:584, 2012. 

Lee ST, Vaidya SV, Song HR, et al: Bone âge delay patterns in Legg-Calvé- 
Perthes disease: an analysis using the Tanner and Whitehouse 3 method, 
/ Pediatr Orthop 27:198, 2007. 

Leunig M, Ganz R: Relative neck lengthening and intracapital osteotomy for 
severe Perthes and Perthes-like deformities, Bull NYU Hosp Joint Dis 
69:S62, 2011. 

Moya-Angeler J, Abril JC, Rodriguez IV: Legg-Calvé-Perthes disease: rôle of 
isolated adductor tenotomy? Eur J Orthop Surg Traumatol 8:921, 2013. 

Myers GJC, Mathur K, O’Hara J: Valgus osteotomy: a solution for late pré¬ 
sentation of hinge abduction in Legg-Calvé-Perthes disease, J Pediatr 
Orthop 28:169, 2008. 

Nakamura J, Kamegaya M, Saisu T, et al: Outcome of patients with Legg-Calvé- 
Perthes onset before 6 years of âge, J Pediatr Orthop 35:144-150, 2015. 

Nguyen NA, Klein G, Dogbey G, et al: Operative versus nonoperative treat- 
ments for Legg-Calvé-Perthes disease: a meta-analysis, J Pediatr Orthop 
32:697, 2012. 

Novais EN: Application of the surgical dislocation approach to residual hip 
deformity secondary to Legg-Calvé-Perthes disease, J Pediatr Orthop 
33:S62, 2013. 

Oh CW, Rodriguez A, Guille JT, Bowen JR: Labral support shelf arthroplasty 
for the early stages of severe Legg-Calvé-Perthes disease, Am J Orthop 
39:26, 2010. 

Onishi E, Ikeda N, Ueo T: Degenerative osteoarthritis after Perthes disease: 
a 36-year follow-up, Arch Orthop Trauma Surg 131:701, 2011. 

Park MS, Chung CY, Lee KM, et al: Reliability and stability of three common 
classifications for Legg-Calvé-Perthes disease, Clin Orthop Relat Res 
470:2376, 2012. 

Price CT: The latéral pillar classification for Legg-Calvé-Perthes disease, 
J Pediatr Orthop 27:5, 2007. 

Rich MM, Schoenecker PL: Management of Legg-Calvé-Perthes disease 
using an A-frame orthosis and hip range of motion: a 25-year expérience, 
/ Pediatr Orthop 33:112, 2013. 

Rosenfeld SB, Herring JA, Chao JC: Legg-Calvé-Perthes disease: a review of 
cases with onset before six years of âge, J Bone Joint Surg 89A:2712, 2007. 


Ross JR, Nepple JJ, Baca G, et al: Intraarticular abnormalities in residual Perthes 
and Perthes-like hip deformities, Clin Orthop Relat Res 470:2968, 2012. 

Rowe SM, Jung ST, Cheon SY, et al: Outcome of cheilectomy in Legg-Calvé- 
Perthes disease: minimum 25-year follow-up of five patients, J Pediatr 
Orthop 26:204, 2006. 

Sankar WN, Castaneda TS, Hont T, et al: Feasibility and safety of perfusion 
MRI for Legg-Calvé-Perthes disease, J Pediatr Orthop 2014. [Epub ahead 
of print]. 

Sankar WN, Flynn JM: The development of acetabular rétroversion in chil¬ 
dren in Legg-Calvé-Perthes disease, J Pediatr Orthop 28:440, 2008. 

Sankar WN, Thomas S, Castaneda P, et al: Feasibility and safety of perfu¬ 
sion MRI for Legg-Calvé-Perthes disease, J Pediatr Orthop 34:679-682, 
2014. 

Schaaf AC, Weiner DS, Steiner RP, et al: Fracture incidence following plate 
removal in Legg-Calvé-Perthes disease: a 32-year study, J Child Orthop 
2:381, 2008. 

Schoenecker PL: Do we need another gold standard to assess acute Legg- 
Calvé-Perthes disease? J Bone Joint Surg 96A(l):el25, 2014. 

Shah H, Siddesh ND, Joseph B, Nair SN: Effect of prophylactic trochanteric 
epiphyseodesis in older children with Perthes disease, J Pediatr Orthop 
29:889, 2009. 

Sharma S, Shewale S, Sibinski M, Sherlock DA: Legg-Calvé-Perthes disease 
affecting children less than eight years of âge: a paired outcome study, Int 
Orthop 33:231,2009. 

Shore B J, Millis MB, Kim YJ: Vascular safe zones for surgical dislocation in 
children with healed Legg-Calvé-Perthes disease, J Bone Joint Surg 
94A:721, 2012. 

Shore B J, Novais EN, Millis MB, Kim Y-J: Low early failure rates using a 
surgical dislocation approach in healed Legg-Calvé-Perthes disease, Clin 
Orthop Relat Res 470:2441, 2012. 

Siebenrock KA, Pwell JN, Ganz R: Osteochondritis dissecans of the fémoral 
head, Hip Int 20:489, 2010. 

Sink E, Zaltz I, Session Participants: Report of break-out session: manage¬ 
ment of sequelae of Legg-Calvé-Perthes disease, Clin Orthop Relat Res 
470:3462, 2012. 

Tannast M, Hanke M, Ecker TM, et al: LCPD: reduced range of motion 
resulting from extra- and intraarticular impingement, Clin Orthop Relat 
Res 470:2431,2012. 

Terjesen T, Wiig O, Svenningsen S: Varus fémoral improves sphericity of the 
fémoral head in older children with severe form of Legg-Calvé-Perthes 
disease, Clin Orthop Relat Res 470:2394, 2012. 

Thompson GH: Salter osteotomy in Legg-Calvé-Perthes disease, J Pediatr 
Orthop 31 (Suppl 2):S192, 2011. 

Van Campenhout A, Moens P, Fabry G: Serial bone graphy in Legg-Calvé- 
Perthes disease: corrélation with the Catterall and Herring classification, 
7 Pediatr Orthop B 15:6, 2006. 

Volpon JB: Comparison between innominate osteotomy and arthrodistrac¬ 
tion as a primary treatment for Legg-Calvé-Perthes disease: a prospective 
controlled trial, Int Orthop 36:1899, 2012. 

Yoo W, Choi IH, Moon HJ, et al: Valgus fémoral osteotomy for noncontain- 
able Perthes hips: prognostic factors of remodeling, J Pediatr Orthop 
33:650, 2013. 

Wright DM, Perry DC, Bruce CE: Shelf acetabuloplasty for Perthes disease 
in patients older than eight years of âge: an observational cohort study, 
7 Pediatr Orthop B 22:96, 2013. 

HEMOPHILIA 

Bai Z, Zhang E, He Y, et al: Arthroscopic ankle arthrodesis in hémophilie 
arthropathy, Foot Ankle Int 34:1147, 2013. 

Barg A, Elsner A, Heffi D, Hintermann B: Haemophilic arthropathy of the 
ankle treated by total ankle replacement: a case sériés, Haemophilia 
16:647, 2010. 

Bluth BE, Fong YJ, Houman JJ, et al: Ankle fusion in patients with haemo¬ 
philia, Haemophilia 19:432, 2013. 

Carulli C, Matassi F, Civinini R, et al: Intra-articular injections of hyaluronic 
acid induce positive clinical effects in knees of patients affected by hae¬ 
mophilic arthropathy, Knee 20:36, 2013. 



PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


Caviglia H, Candela M, Galatro G, et al: Elective orthopaedic surgery for 
haemophilia patients with inhibitors: single centre expérience of 40 pro¬ 
cedures and review of the literature, Haemophilia 17:910, 2011. 

Chevalier Y, Dargaud Y, Lienhart A, et al: Seventy-two total knee arthroplas- 
ties performed in patients with haemophilia using continuons infusion, 
Vox Sang 104:135, 2013. 

Cho YJ, Kim Kl, Chun YS, et al: Radioisotope synoviorthesis with Holmium- 
166-chitosan complex in haemophilic arthropathy, Haemophilia 16:640, 
2010 . 

De Almeida AM, de Rezende MU, Cordeiro FG, et al: Arthroscopic partial 
anterior synovectomy of the knee on patients with haemophilia, Knee 
Surg Sports Traumatol Arthrose 23:785-791, 2015. 

Dell’Era L, Facchini R, Corona F: Knee synovectomy in children with juvé¬ 
nile idiopathic arthritis, J Pediatr Orthop B 17:128, 2008. 

Giangrande PF, Wilde JT, Madan B, et al: Consensus protocol for the use of 
recombinant activated factor VI (eptacog alfa (activated); NovoSeven] in 
elective orthopaedic surgery in haemophilic patients with inhibitors, 
Haemophilia 15:501, 2009. 

Goddard NJ, Mann HA, Fee CA: Total knee replacement in patients with 
end-stage haemophilic arthropathy: 25-year results, J Bone Joint Surg 
92B:1085, 2010. 

Hirose J, Takedani H, Koibuchi T: The risk of elective orthopaedic surgery 
for haemophilia patients: Japanese single-centre expérience, Haemophilia 
19:951,2013. 

Johnson JN, Shaughnessy WJ, Stans AA, et al: Management of knee arthropa¬ 
thy in patients with vascular malformations, JPediatr Orthop 29:380,2009. 

Fambert T, Auerswald G, Benson G, et al: Joint disease, the hallmark of 
haemophilia: what issues and challenges remain despite the development 
of effective thérapies? Thromb Res 133:967, 2014. 

Melchiorre D, Finari S, Innocenti M, et al: Ultrasound detects joint damage 
and bleeding in haemophilic arthropathy: a proposai of a score, Haemo¬ 
philia 17:112, 2011. 

Ozelo MC: Surgery in patients with hemophilia: is thromboprophylaxis man- 
datory? Thromb Res 130(Suppl 1):S23, 2012. 

Poenaru DV, Patrascu JM, Andor BC, Popa I: Orthopaedic and surgical 
features in the management of patients with haemophilia, Eur J Orthop 
Surg Traumatol 24:685, 2014. 

Rangarajan S, Austin S, Goddard NJ, et al: Consensus recommendations for 
the use of FEIBA(®) in haemophilia A patients with inhibitors undergo- 
ing elective orthopaedic and non-orthopaedic surgery, Haemophilia 
19:294, 2013. 

Raza S, Kale G, Kim D, et al: Thromboprophylaxis and incidence of venous 
thromboembolism in patients with hemophilia A or B who underwent 
high-risk orthopédie surgeries, Clin Appl Thromb Hemost 2014. [Epub 
ahead of print]. 

Rezazadeh S, Haghighat A, Mahmoodi M, et al: Synviorthesis induced by 
rifampicin in hémophilie arthropathy: a report of 24 treated joints, Ann 
Hematol 90:963, 2011. 

Rodriguez-Merchan EC: Hémophilie synovitis of the knee: radiosynovec- 
tomy or arthroscopic synovectomy? Expert Rev Hematol 7:507, 2014. 

Rodriguez-Merchan EC: Haemophilic synovitis of the elbow: radiosynovec- 
tomy, open synovectomy or arthroscopic synovectomy? Thromb Res 
132:15, 2013. 

Rodriguez-Merchan EC: Intra-articular injections of hyaluronic acid (visco- 
supplementation) in the haemophilic knee, Blood Coagul Fibrinolysis 
23:580, 2012. 

Rodriguez-Merchan EC, De La Corte-Rodriguez H, Jiminez-Yuste V: Is 
radiosynovectomy (RS) effective for joints damaged by haemophilia with 
articular degeneration in simple radiography (ADSR)? Expert Rev 
Hematol 7:507, 2014. 

Rodriguez-Merchan EC: Orthopaedic problems about the ankle in hemo¬ 
philia, / Foot Ankle Surg 51:772, 2012. 

Rodriguez-Merchan EC: Spécial features of total knee replacement in hemo¬ 
philia, Epert Rev Hematol 6:337, 2013. 

Siboni SM, Biguzzi E, Solimeno LP, et al: Orthopaedic surgery in patients 
with von Willebrand disease, Haemophilia 20:133, 2014. 

Silva M, Luck JV Jr: Radial head excision and synovectomy in patients with 
hemophilia, J Bone Joint Surg 89:2156, 2007. 


Takedani H, Kawahara H, Kajiwara M: Major orthopaedic surgeries for hae¬ 
mophilia with inhibitors using rFVIIa, Haemophilia 16:290, 2010. 

Tsukamoto S, Tanaka Y, Matsuda T, et al: Arthroscopic ankle arthrodesis for 
hémophilie arthropathy: two case reports, Foot (Edinb) 21:103, 2011. 

Westberg M, Paus AC, Holme PA, Tjonnfjord GE: Haemophilic arthropathy: 
long-term outcomes in 107 primary total knee arthroplasties, Knee 
21:147, 2014. 

Wong JM, Mann HA, Goddard NJ: Perioperative clotting factor replacement 
and infection in total knee arthroplasty, Haemophilia 18:607, 2012. 

RICKETS, OSTEOMALACIA, AND RENAL 
OSTEODYSTROPHY 

Clarke NM, Page JE: Vitamin D deficiency: a paediatric orthopaedic perspec¬ 
tive, Curr Opin Pediatr 24:46, 2012. 

Dipaolo CP, Bible JE, Biswas D, et al: Survey of spine surgeons on attitudes 
regarding osteoporosis and osteomalacia screening and treatment for 
fractures, fusion surgery, and pseudoarthrosis, Spine J 9:537, 2009. 

Eralp L, Kocaoglu M, Toker B, et al: Comparison of fixator-assisted nailing 
versus circular external fixator for bone realignment of lower extremity 
angular deformity in rickets disease, Arch Orthop Trauma Surg 131:581, 
2011. 

Fucentese SF, Neuhaus TJ, Ramseier LE, Ulrich Exner G: Metabolic and 
orthopédie management of X-linked vitamin D-resistant hypophospha¬ 
témie rickets, J Child Orthop 2:285, 2008. 

Larson AN, Trousdale RT, Pagnano MW, et al: Hip and knee arthroplasty in 
hypophosphatémie rickets, J Arthroplast 25:1099, 2010. 

Mataliotaks G, Lykissas MG, Mavrodontidis AN, et al: Fémoral neck frac¬ 
tures secondary to rénal osteodystrophy. Literature review and treatment 
algorithm, J Musculoskelet Neuronal Interact 9:130, 2009. 

Petje G, Meizer R, Radier C, et al: Deformity correction in children with 
hereditary hypophosphatémie rickets, Clin Orthop Relat Res 466:3078, 
2008. 

Veilleux LN, Cheung M, Ben Amor M, Rauch F: Abnormalities in muscle 
density and muscle function in hypophosphatémie rickets, J Clin Endo¬ 
crinol Metab 97:E1492, 2012. 

Veilleux LN, Cheung MS, Glorieux FH, Rauch F: The muscle-bone relation - 
ship in X-linked hypophosphatémie rickets, J Clin Endocrinol 98:E990, 
2013. 

TIBIA VARA 

Andrade N, Johnston CE: Médial epiphysiolysis in severe infantile tibia vara, 
J Pediatr Orthop 26:652, 2006. 

Burghardt RD, Specht SC, Herzenberg JE: Mechanical failures of eight-plate 
guided growth System for temporary hemiepiphysiodesis, J Pediatr 
Orthop 30:594, 2010. 

Bushnell BD, May R, Campion ER, et al: Hemiepiphyseodesis for late-onset 
tibia vara, J Pediatr Orthop 29:285, 2009. 

Clarke SE, McCarthy JJ, Davidson RS: Treatment of Blount disease: a com¬ 
parison between the multiaxial correction System and other external 
fixators, J Pediatr Orthop 29:103, 2009. 

Feldman DS, Madan SS, Ruchelsman DE, et al: Accuracy of correction of 
tibia vara: acute versus graduai correction, J Pediatr Orthop 26:794, 2006. 

Gary J, Richards BS: Infantile tibia vara: correction of récurrent varus defor¬ 
mity following epiphyseolysis, Orthopedics 31:503, 2008. 

Gkiokas A, Brilakis E: Management of neglected Blount disease using double 
corrective tibia osteotomy and médial plateau élévation, J Child Orthop 
6:411, 2012. 

Gordon JE, King DJ, Luhmann SJ, et al: Fémoral deformity in tibia vara, 
/ Bone Joint Surg 88A:380, 2006. 

Hefny H, Salaby H, El-kawy S, et al: A new double elevating osteotomy in 
management of severe neglected infantile tibia vara using the Ilizarov 
technique, J Pediatr Orthop 26:233, 2006. 

Ho-Fung V, James C, Delgado J, et al: MRI évaluation of the knee in children 
with infantile Blount disease: tibial and extra-tibial findings, Pediatr 
Radiol 43:1316, 2013. 

Janoyer M, Jabbari H, Rouvillain JL, et al: Infantile Blount’s disease treated 
by hemiplateau élévation and epiphyseal distraction using a spécifie 
external fixator preliminary report, J Pediatr Orthop 16B:273, 2007. 


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 


Khanfour AA: Does Langenskiold staging hâve a good prognostic value in 
late onset tibia vara? J Orthop Surg Res 7:23, 2012. 

Lavelle WF, Shovlin J, Drvaric DM: Reliability of the metaphyseal-diaphyseal 
angle in tibia vara as measured on digital images by pédiatrie orthopaedic 
surgeons, J Pediatr Orthop 28:695, 2008. 

Laville JM, Wiart Y, Salmeron F: Can Blount’s disease heal spontaneously? 
Orthop Traumatol Surg Res 96:531, 2010. 

Li Y, Spencer SA, Hedequist D: Proximal tibial osteotomy and Taylor Spatial 
Frame application for correction of tibia vara in morbidly obese adoles¬ 
cents, J Pediatr Orthop 33:276, 2013. 

Masrouha KZ, Sraj S, Lakkis S, Saghieh S: High tibial osteotomy in young 
adults with constitutional tibial vara, Knee Surg Sports Traumatol Arthrose 
19:89, 2011. 

McCarthy JJ, Maclntyre NR, Hooks B, Davidson RS: Double osteotomy for 
the treatment of severe Blount disease, J Pediatr Orthop 29:115, 2009. 

Mclntosh AL, Hanson CM, Rathjen KE: Treatment of adolescent tibia vara 
with hemiepiphysiodesis: risk factors for failure, J Bone Joint Surg 
91A:2873, 2009. 

Montgomery CO, Young KL, Austen M, et al: Increased risk of Blount 
disease in obese children and adolescents with vitamin D deficiency, 
J Pediatr Orthop 30:879, 2010. 

Oh CW, Kim SJ, Park SK, et al: Hemicallotasis for correction of varus defor- 
mity of the proximal tibia using a unilatéral external fixator, J Orthop Sci 
16:44, 2011. 

Sabharwal S, Wenokor C, Mehta A, Zhao C: Intra-articular morphology of 
the knee joint in children with Blount disease: a case-control study using 
MRI, J Bone Joint Surg 94A:883, 2012. 

Sabharwal S, Zhao C, Sakamoto SM, McClemens E: Do children with Blount 
disease hâve lower body mass index affer lower limb realignment? 
J Pediatr Orthop 34:213, 2014. 

Sanghrajka AP, Hill RA, Murnaghan CF, et al: Slipped upper tibial epiphysis 
in infantile tibial vara. Three cases, J Bone Joint Surg 94B:1288, 2012. 

Scott AC: Treatment of infantile Blount disease with latéral tension band 
plating, J Pediatr Orthop 32:29, 2012. 

Segal LS, Crandall RC: Tiba vara deformity affer below knee amputation and 
synostosis formation in children, J Pediatr Orthop 29:120, 2009. 

Tavares JO, Molinero K: Elévation of médial tibial condyle for severe tibia 
vara, J Pediatr Orthop 15B:362, 2006. 

Wiemann JM 4 th , Tryon C, Szalay EA: Physeal stapling versus 8-plate 
hemiepiphysiodesis for guided correction of angular deformity about the 
knee, J Pediatr Ortho 29:481, 2009. 

OSTEOGENESIS IMPERFECTA 

Aarabi M, Rauch F, Hamdy RC, Fassier F: High prevalence of coxa vara in 
patients with severe osteogenesis imperfecta, J Pediatr Orthop 26:24, 
2006. 

Aglan MS, Hosny L, El-Houssini R, et al: A scoring System for the assessment 
of clinical severity in osteogenesis imperfecta, J Child Orthop 6:29, 2012. 

Anissipour AK, Hammerberg KW, Caudill A, et al: Behavior of scoliosis 
during growth in children with osteogenesis imperfecta, J Bone Joint Surg 
96A:237, 2014. 

Bajpai A, Kabra M, Gupta N, et al: Intravenous pamidronate therapy in 
osteogenesis imperfecta: response to treatment and factors influencing 
outcome, J Pediatr Orthop 27:225, 2007. 

Biggin A, Briody JN, Ormshaw E, et al: Fracture during intravenous bisphos¬ 
phonate treatment in a child with osteogenesis imperfecta: an argument 
for a more frequent, low-dose treatment regimen, Horm Res Paediatr 
81:204, 2014. 

Cho T-J, Choi IH, Chung CY, et al: Interlocking telescopic rod for patients 
with osteogenesis imperfecta, J Bone Joint Surg 89A:2018, 2007. 

Cho TJ, Kim JB, Lee JW, et al: Fracture in long bones stabilised by telescopic 
intramedullary rods in patients with osteogenesis imperfecta, J Bone Joint 
Surg 93B:634, 2011. 

Chow W, Negandhi R, Kuong E, To M: Management pitfalls of fractured neck 
of fémur in osteogenesis imperfecta, J Child Orthop 7:195, 2013. 

Dwan K, Phillipi CA, Steiner RD, Basel D: Bisphosphonate therapy for 
osteogenesis imperfecta, Cochrane Database Syst Rev (7):CD005088, 
2014. 


El-Adl G, Khalil MA, Enan A, et al: Telescoping versus nontelescoping rods 
in the treatment of osteogenesis imperfecta, Acta Orthop Belg 75:200, 
2009. 

El Sobky MA, Hanna AAZ, Basha NE, et al: Surgery versus surgery plus 
pamidronate in the management of osteogenesis imperfecta patients: a 
comparative study, J Pediatr Orthop B 15:222, 2006. 

Hatz D, Esposito PW, Schroeder B, et al: The incidence of spondylolysis and 
spondylolisthesis in children with osteogenesis imperfecta, J Pediatr 
Orthop 31:655, 2011. 

Kim RH, Scuderi GR, Dennis DA, Nakano SW: Technical challenges of total 
knee arthroplasty in skeletal dysplasia, Clin Orthop Relat Res 469:69, 
2011. 

Kocher S, Dichtel L: Osteogenesis imperfecta misdiagnosed as child abuse, 
J Pediatr Orthop B 20:440, 2011. 

Krishnan H, Patel NK, Skinner JA, et al: Primary and révision total hip 
arthroplasty in osteogenesis imperfecta, Hip Int 23:303, 2013. 

Lee K, Park MS, Yoo WJ, et al: Proximal migration of fémoral telescopic rod 
in children with osteogenesis imperfecta, J Pediatr Orthop 35:178-184, 
2015. 

Mesfin A, Nesterenko SO, Al-Hourani KG, et al: Management of hangmans 
fractures and a subaxial compression fracture in two children with osteo¬ 
genesis imperfecta, J Surg Orthop Adv 22:326, 2013. 

Nicolaou N, Agrawal Y, Padman M, et al: Changing pattern of fémoral frac¬ 
tures in osteogenesis imperfecta with prolonged use of bisphosphonates, 
J Child Orthop 6:21, 2012. 

Oakley I, Reece LP: Anesthetic implications for the patient with osteogenesis 
imperfecta, AANA J 78:47, 2010. 

Pichard CP, Robinson RE, Skolasky RL, et al: Surgical blood loss during 
fémoral rodding in children with osteogenesis imperfecta, J Child Orthop 
3:301, 2009. 

Poyrazoglu S, Guonoz H, Darendeliler F, et al: Successful results of pamidro¬ 
nate treatment in children with osteogenesis imperfecta with emphasis 
on the interprétation of bone minerai density for local standards, 
/ Pediatr Orthop 28:483, 2008. 

Ruck J, Dahan-Oliel N, Montpetit K, et al: Fassier-Duval fémoral rodding in 
children with osteogenesis imperfecta receiving bisphosphonates: func- 
tional outcomes at one year, J Child Orthop 5:217, 2011. 

Vitale MG, Matsumoto H, Kessler MH, et al: Osteogenesis imperfecta: deter- 
mining the demographics and the predictors of death from an inpatient 
population, J Pediatr Orthop 27:228, 2007. 

Wagner R, Luedke C: Total knee arthroplasty with concurrent fémoral 
and tibial ostéotomies in osteogenesis imperfecta, Am J Orthop 43:37, 
2014. 

Yilmaz G, Hwang S, Oto M, et al: Surgical treatment of scoliosis in osteo¬ 
genesis imperfecta with cernent-augmented pedicle screw instrumenta¬ 
tion, / Spinal Disord Tech 27:174, 2014. 

DWARFISM 

Inan M, Chan G, Bowen JR: Correction of angular deformities of the knee 
by percutaneous hemiepiphysiodesis, Clin Orthop Relat Res 456:164, 
2006. 

Kim SJ, Agashe V, Song SH, et al: Comparison between upper and lower limb 
lengthening in patients with achondroplasia: a rétrospective study, J Bone 
Joint Surg 94B:128, 2012. 

Kim SJ, Balce GC, Agashe MV, et al: Is bilateral lower limb lengthening 
appropriate for achondroplasia? Midterm analysis of the complications 
and quality of life, Clin Orthop Relat Res 470:616, 2012. 

Launay F, Younsi R, Pithioux M, et al: Fracture following lower limb length¬ 
ening in children: a sériés of 58 patients, Orthop Traumatol Surg Res 
99:72, 2013. 

Malot R, Park KW, Song SH, et al: Rôle of hybrid monolateral fixators in 
managing humerai length and deformity correction, BMJ Case Rep 2013. 
pii:bcr2013008793. 

Marsh JS, Polzhofer GK: Arthroscopically assisted central physeal bar resec¬ 
tion, 7 Pediatr Orthop 26:255, 2006. 

Park HW, Yang KH, Lee KS, et al: Tibial lengthening over an intramedullary 
nail with use of the Ilizarov external fixator for idiopathic short stature, 
7 Bone Joint Surg 90:1970, 2008. 


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


Song SH, Agashe MV, Huh YJ, et al: Physeal growth arrest after tibial length- 
ening in achrondroplasia: 23 children followed to skeletal maturity, Acta 
Orthop 83:282, 2012. 

Song SH, Kim SE, Agashe MV, et al: Growth disturbance after lengthening 
of the lower limb and quantitative assessment of physeal closure in skel- 
etally immature patients with achondroplasia, / Bone Joint Surg 94B:556, 
2012 . 

Weiner DS, Jonah D, Leighley B, et al: Orthopaedic manifestations of chon- 
droectodermal dysplasia: the Ellis-van Creveld syndrome, / Child Orthop 
7:465, 2013. 


TRAUMATIC EPIPHYSEAL ARREST FROM BRIDGE 
OF BONE 

Kang HG, Yoon SJ, Kim JR: Resection of a physeal bar under computer- 
assisted guidance, / Bone Joint Surg 92B: 1452-1455, 2010. 

Marsh JS, Polzhofer GK: Arthroscopically assisted central physeal bar resec¬ 
tion, / Pediatr Orthop 26:255-259, 2006. 

The complété list of references is avaïlahle online at expertconsult. 
inkling.com. 


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 


SUPPLEMENTAL REFERENCES 


OSTEOCHONDROSIS AND EPIPHYSITIS 

Axer A: Personal communication, 1978. 

Brighton CT: Clinical problems in epiphyseal plate growth and development, 
Instr Course Lect 23:105, 1974. 

Cahill BR: Current concepts review: osteochondritis dissecans, J Bone Joint 
Surg 79A:471, 1997. 

Duri ZA, Aichroth PM, Wilkins R, et al: Patellar tendonitis and anterior knee 
pain, Am J Knee Surg 12:99, 1999. 

Ferciot C: Surgical management of anterior tibial epiphysis, Clin Orthop Relat 
Res 5:204, 1955. 

Ferguson AB, Howorth MB: Coxa plana and related conditions at the hip, 
/ Bone Joint Surg 16:781, 1934. 

Hefti F, Buguiristain J, Krauspe R, et al: Osteochondritis dissecans: a multi- 
center study of the European Pédiatrie Orthopaedic Society, / Pediatr 
Orthop 8B:231, 1999. 

Hoerr NL, Pyle SI, Francis CC: Radiographie atlas ofskeletal development of 
thefoot and ankle , Springfield, IL, 1962, Charles C Thomas. 

Iselin H: Wachstumsbeschwerden zur Zeit der Knochernen Entwicklung der 
Tuberosital metatarsi quint, Dtsch Zeit Chir 117:529, 1912. 

Lehman RC, Gregg JR, Torg E: Iselins disease, Am J Sports Med 14:494,1986. 

Lloyd-Roberts GC, Wetherhill MH, Fraser M: Trochanteric advancement for 
prématuré arrest of the capital fémoral epiphysis, / Bone Joint Surg 
67B:20, 1985. 

MacEwen GD, Ramsey PL: The hip. In Lovell WW, Winter RB, editors: 
Pédiatrie orthopedics, Philadelphia, 1978, Lippincott. 

Miura H, Nagamine R, Urabe K, et al: Complications associated with Poly- 
L-lactic acid pins used for treating osteochondritis dissecans of the knee, 
Arthroscopy 15:1, 1999. 

Nowinski RJ, Mehlman CT: Hyphenated history: Osgood-Schlatter disease, 
Am J Orthop 27:584, 1998. 

Ogden JA: Skeletal injury in the child, Philadelphia, 1982, Lea & Febiger. 

Peck DM: Apophyseal injuries in the young athlete, Am Fam Physician 
51:1891, 1995. 

Richards BS, Coleman SS: Subluxation of the fémoral head in coxa plana, 
/ Bone Joint Surg 69A:1312, 1987. 

Roberts JM: Fractures and dislocations of the knee. In Rockwood CA Jr, 
Wilkins KE, King RE, editors: Fractures in children, Philadelphia, 1984, 
Lippincott. 

Yashar A, Loder RT, Hensinger RN: Détermination of skeletal âge in children 
with Osgood-Schlatter disease by using radiographs of the knee, / Pediatr 
Orthop 15:298, 1995. 

FREIBERG DISEASE; OSTEOCHONDROSIS OF THE ANKLE, 
KNEE, AND ELBOW; AND OSGOOD-SCHLATTER DISEASE 

Anderson AF, Richards DB, Pagnani MJ, et al: Antegrade drilling for osteo¬ 
chondritis dissecans of the knee, Arthroscopy 13:319, 1997. 

Aparicio G, Abril JC, Calvo E, et al: Radiologie study of patellar height in 
Osgood-Schlatter disease, / Pediatr Orthop 17:63, 1997. 

Arnold CA, Thomas DJ, Sanders JO: Bilateral knee and bilateral elbow osteo¬ 
chondritis dissecans, Am J Orthop 5:237, 2003. 

Bauer M, Johnsson K, Josefsson PO, et al: Osteochondritis dissecans of the 
elbow: a long-term follow-up study, Clin Orthop Relat Res 284:156, 1992. 

Bauer M, Johnsson K, Lindén B: Osteochondritis of the ankle: a 20-year 
follow-up study, / Bone Joint Surg 69B:93, 1987. 

Baumgarten TE, Andrews JR, Satterwhite YE: The arthroscopic classification 
and treatment of osteochondritis dissecans of the capitellum, Am J Sports 
Med 26:520, 1998. 

Berlet GC, Mascia A, Miniaci A: Treatment of unstable osteochondritis dis¬ 
secans lésions of the knee using autogenous osteochondral grafts (mosa- 
icplasty), Arthroscopy 15:312, 1999. 

Binek R, Levinsohn EM, Bersani F, et al: Freiberg disease complicating unre- 
lated trauma, Orthopedics 11:753, 1988. 

Bojanic I, Smoljanovic T, Dokuzovic S: Osteochondritis dissecans of the 
elbow: excellent results in teenage athlètes treated by arthroscopic 
debridement and microfracture, Croat Med J 53:40, 2012. 


Bosworth DM: Autogenous bone pegging for epiphysitis of the tibial tuber- 
cle, / Bone Joint Surg 16:829, 1934. 

Bradley J, Dandy DJ: Results of drilling osteochondritis dissecans before 
skeletal maturity, / Bone Joint Surg 71B:641, 1989. 

Byrd JWT, Jones KS: Arthroscopic surgery for isolated capitellar osteochon¬ 
dritis dissecans in adolescent baseball players: minimum of three-year 
follow-up, Am J Sports Med 30:474, 2002. 

Camathias C, Festring JD, Gaston MS: Bioabsorbable lag screw fixation of 
knee osteochondritis dissecans in the skeletally immature, / Pediatr 
Orthop B 20:74, 2011. 

Campbell WC: Infraction of the head of the second and third metatarsal 
bones: report of cases, Am J Orthop Surg 15:721, 1917. 

Carey JL, Grimm NL: Treatment algorithm for osteochondritis dissecans of 
the knee, Clin Sports Med 33:375, 2014. 

Cepero S, Ullot R, Sastre S: Osteochondritis of the fémoral condyles in chil¬ 
dren and adolescents: our expérience over the last 28 years, / Pediatr 
Orthop 14B:24, 2005. 

Chao K-H, Lee C-H, Lin L-C: Surgery for symptomatic Freiberg’s disease: 
extraarticular dorsal closing-wedge osteotomy in 13 patients followed for 
2-4 years, Acta Orthop Scand 70:483, 1999. 

Cohen B, Wilkinson RW: The Osgood-Schlatter lésion: a radiological and 
histological study, Am J Surg 95:731, 1958. 

Conrad JM, Stanitski CL: Osteochondritis dissecans: Wilsons sign revisited, 
Am J Sports Med 31:777, 2003. 

Cowell HR, Williams GA: Kôhler s disease of the tarsal navicular, Clin Orthop 
Relat Res 158:53, 1981. 

De Gauzy JS, Mansat C, Darodes PH, et al: Natural course of osteochondritis 
dissecans in children, / Pediatr Orthop 8:26, 1999. 

De Inocencio J: Musculoskeletal pain in primary pédiatrie care: analysis of 
1000 consecutive general pédiatrie clinic visits, Pediatrics 102:1, 1998. 

Demirag B, Ozturk C, Yazici Z, et al: The pathophysiology of Osgood- 
Schlatter disease: a magnetic résonance investigation, / Pediatr Orthop 
13B:379, 2004. 

Dervin GF, Keene GCR, Chissell HR: Biodégradable rods in adult osteochon¬ 
dritis dissecans of the knee, Clin Orthop Relat Res 356:213, 1998. 

DeSmet AA, Fisher DR, Graf BK, et al: Osteochondritis dissecans of the 
knee: value of MR imaging in determining lésion stability and the prés¬ 
ence of articular cartilage defects, AJR Am J Roentgenol 155:549, 1990. 

DeSmet AA, Ilahi OA, Graf BK: Reassessment of the MR criteria for stability 
of osteochondritis dissecans in the knee and ankle, Skeletal Radiol 25:159, 
1996. 

DeSmet AA, Ilahi OA, Graft BK: Untreated osteochondritis dissecans of the 
fémoral condyles: prédiction of patient outcome using radiographie and 
MR findings, Skeletal Radiol 26:463, 1997. 

Edmonds EW, Albright J, Bastrom T, Chambers HG: Outcomes of extra¬ 
articular, intra-epiphyseal drilling for osteochondritis dissecans of the 
knee, / Pediatr Orthop 30:870, 2010. 

Ferciot CF: Surgical management of anterior tibial epiphysis, Clin Orthop 
Relat Res 5:204, 1944. 

Flowers MJ, Bhadreshwar DR: Tibial tuberosity excision for symptomatic 
Osgood-Schlatter disease, / Pediatr Orthop 15:292, 1995. 

Flynn JM, Kocher MS, Ganley TJ: Osteochondritis dissecans of the knee, 
/ Pediatr Orthop 24:434, 2004. 

Freiberg AH: Infraction of the second metatarsal bone: a typical injury, Surg 
Gynecol Obstet 19:191, 1914. 

Gauthier G, Elbaz R: Freibergs infraction: a subchondral bone fatigue frac¬ 
ture: a new surgical treatment, Clin Orthop Relat Res 142:93, 1979. 

Gebarski K, Hernandez RJ: Stage-I osteochondritis dissecans versus normal 
variants of ossification in the knee in children, Pediatr Radiol 35:880, 
2005. 

Gill SG, Ganley TJ, Flynn JM, et al: Osteochondritis dissecans of the capitel¬ 
lum: arthroscopic-assisted treatment of large, full-thickness defects in 
young patients, Arthroscopy 19:222, 2003. 

Green WT, Banks HH: Osteochondritis dissecans in children, / Bone Joint 
Surg 35A:26, 1953. 

Hefti F, Beguiristain J, Krauspe R, et al: Osteochondritis dissecans: a multi- 
center study of the European Pédiatrie Orthopaedic Society, / Pediatr 
Orthop 8B:231, 1999. 


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


Helal B, Gibb P: Freiberg’s disease: a suggested pattern of management, Foot 
Ankle 8:94, 1987. 

Higashiyama I, Kumai T, Takakura Y, et al: Follow-up study of MRI for 
osteochondral lésion of the talus, Foot Ankle 21:127, 2000. 

Higuera J, Laguna R, Peral M, et al: Osteochondritis dissecans of the 
talus during childhood and adolescence, / Pediatr Orthop 18:328, 
1998. 

Hirano H, Fukubayashi T, Ishii T, et al: Magnetic résonance imaging of 
Osgood-Schlatter disease: the course of the disease, Skeletal Radiol 
31:334, 2002. 

Hogh J, Lund B: The sequelae of Osgood-Schlatter’s disease in adults, Int 
Orthop 12:213, 1988. 

Holmes SW Jr, Clancy WG Jr: Clinical classification of patellofemoral pain 
and dysfunction, / Orthop Sports Phys Ther 28:299, 1998. 

Hunt SA, Shermann O: Arthroscopic treatment of osteochondral lésions of 
the talus with corrélation of outcome scoring System, Arthroscopy 19:360, 
2003. 

Jakob RP, Miniaci A: A compression pinning System for osteochondritis 
dissecans of the knee, Acta Orthop Scand 60:319, 1989. 

Janarv PM, Hesser U, Hirsch G: Osteochondral lésions in the radiocapitellar 
joint in the skeletally immature: radiographie, MRI, and arthroscopic 
findings in 13 consecutive cases, / Pediatr Orthop 17:311, 1997. 

Judd DB, Kim DH, Hrutkay JM: Transient osteoporosis of the talus, Foot 
Ankle Int 21:134, 2000. 

Kaeding CC, Whitehead R: Musculoskeletal injuries in adolescents, Prim 
Care 25:211, 1998. 

Karp MG: Kôhler’s disease of the tarsal scaphoid: an end-result study, / Bone 
Joint Surg 19:84, 1937. 

Kessler JI, Nikizad H, Shea KG, et al: The demographics and epidemiology 
of osteochondritis dissecans of the knee in children and adolescents, Am 
J Sports Med 42:320, 2014. 

Khoury J, Jerushalmi J, Loberant N, et al: Kohler disease: diagnoses and 
assessment by bone graphy, Clin Nucl Med 32:179, 2007. 

Kijowski R, Blankenbaker DG, Shinki K, et al: Juvénile versus adult osteo¬ 
chondritis dissecans of the knee: appropriate MR imaging criteria for 
instability, Radiology 248:571, 2008. 

Kinnard P, Lirette R: Dorsiflexion osteotomy in Freiberg’s disease, Foot Ankle 
9:226, 1989. 

Kinnard P, Lirette R: Freiberg’s disease and dorsiflexion osteotomy, / Bone 
Joint Surg 7 3:864, 1991. 

Kiyoshige Y, Takagi M, Yuasa K, et al: Closed-wedge osteotomy for osteo¬ 
chondritis of the capitellum: a 7- to 12-year follow-up, Am J Sports Med 
28:534, 2000. 

Klekamp J, Green NE, Mencio GA: Osteochondritis dissecans as a cause of 
development dislocation of the radial head, Clin Orthop Relat Res 338:36, 
1997. 

Kobayashe K, Burton KJ, Rodner C, et al: Latéral compression injuries in the 
pédiatrie elbow: Panner’s disease and osteochondritis dissecans of the 
capitellum, / Am Acad Orthop Surg 12:246, 2004. 

Kocher MS, DiCanzio J, Zurakowski D, et al: Diagnostic performance of 
clinical examination and sélective magnetic résonance imaging in the 
évaluation of intraarticular knee disorders in children and adolescents, 
Am J Sports Med 29:292, 2001. 

Kocher MS, Micheli LJ, Yaniv M, et al: Functional and radiographie outcome 
of juvénile osteochondritis dissecans of the knee treated with transarticu- 
lar arthroscopic drilling, Am J Sports Med 29:562, 2001. 

Kohler A: Über eine haüfige bisher anscheinend’-unbekannte Erkrankung 
einzelner kindlicher Knochen, Münch Med Wochenschr 45:1923, 1908. 

Kohler A: Typical disease of the second metatarsophalangeal joint, AJR Am 
J Roentgenol 10:705, 1923. 

Krause BL, Williams JPR, Catterall A: Natural history of Osgood-Schlatter 
disease, / Pediatr Orthop 10:65, 1990. 

Krijnen MR, Lim L, Willems WJ: Arthroscopic treatment of osteochondritis 
dissecans of the capitellum: report of 5 female athlètes, Arthroscopy 
19:210, 2003. 

Kumai T, Takakura Y, Higashiyama I, et al: Arthroscopic drilling for the 
treatment of osteochondral lésions of the talus, / Bone Joint Surg 
81AT229, 1999. 


Kuwahata Y, Inoue G: Osteochondritis dissecans of the elbow managed by 
Herbert screw fixation, Orthopedics 21:449, 1998. 

Lynch MC, Walsh HPJ: Tibial recurvatum as a complication of 
Osgood-Schlatter’s disease: report of two cases, / Pediatr Orthop 11:543, 
1991. 

Lyon R, Nissen C, Liu XC, Curtin B: Can fresh osteochondral allografts 
restore function in juvéniles with osteochondritis dissecans of the knee? 
Clin Orthop Relat Res 471:1166, 2013. 

Luhmann SJ, Schootman M, Gordon E, et al: Magnetic résonance imaging 
of the knee in children and adolescents, / Bone Joint Surg 87B:497, 
2005. 

Mandell GA, Harcke HT: graphie manifestations of infraction of the second 
metatarsal (Freiberg’s disease), J Nucl Med 28:249, 1987. 

Matsusue Y, Nakamur T, Suzuki S, et al: Biodégradable pin fixation of osteo¬ 
chondral fragments of the knee, Clin Orthop Relat Res 322:166, 1996. 

Mayake J, Masatomi T: Arthroscopic debridement of the humerai capitellum 
for osteochondritis dissecans: radiographie and clinical outcomes, 
JHand Surg [Am] 36:1333, 2011. 

McCarroll JR, Shelbourne KD, Patel DV: Anterior cruciate ligament recon¬ 
struction in athlètes with an ossicle associated with Osgood-Schlatter’s 
disease, Arthroscopy 12:556, 1996. 

Mihata T, Quigley R, Robicheaux G, et al: Biomechanical characteristics of 
osteochondral defects of the humerai capitellum, Am J Sports Med 
41:1990, 2013. 

Mitsuoka T, Shino K, Hamada M, et al: Osteochondritis dissecans of the 
latéral fémoral condyle of the knee joint, Arthroscopy 15:20, 1999. 

Miura H, Nagamine R, Urabe K, et al: Complications associated with poly- 
L-lactic acid pins used for treating osteochondritis dissecans of the knee, 
Arthroscopy 15:1, 1999. 

Mizuta H, Nakamura E, Otsuka Y, et al: Osteochondritis dissecans of the 
latéral fémoral condyle following total resection of the discoid latéral 
meniscus, Arthroscopy 17:608, 2001. 

Moti AW, Micheli LJ: Meniscal and articular cartilage injury in the skeletally 
immature knee, Instr Course Lect 52:683, 2003. 

Nakase J, Aiba T, Goshima K, et al: Relationship between the skeletal matura¬ 
tion of the distal attachment of the patellar tendon and physical features 
in preadolescent male football players, Knee Surg Sports Traumatol 
Arthrose 22:195, 2014. 

Navarro R, Cohen M, Filho MC, et al: The arthroscopic treatment of osteo¬ 
chondritis dissecans of the knee with autologous bone sticks, Arthroscopy 
18:840, 2002. 

Newata K, Tewshima R, Morio Y, et al: Anomalies of ossification in the 
postérolatéral fémoral condyle: assessment by MRI, Pediatr Radiol 
29:781, 1999. 

O’Connor MA, Palaniappan M, Khan N, et al: Osteochondritis dissecans of 
the knee in children, / Bone Joint Surg 84B:258, 2002. 

Ogden JA: Skeletal injury in the child, ed 2, Philadelphia, 1990, WB 
Saunders. 

Ogilvie-Harris DJ, Sarrosa EA: Arthroscopic treatment after previous failed 
open surgery for osteochondritis dissecans of the talus, Arthroscopy 
15:809, 1999. 

Ogilvie-Harris DJ, Sarrosa EA: Arthroscopic treatment of osteochondritis 
dissecans of the talus, Arthroscopy 15:805, 1999. 

Oka Y, Ohta K, Fukuda H: Bone-peg grafting for osteochondritis dissecans 
of the elbow, Int Orthop 23:53, 1999. 

Ovesen J, Olsen BS, Johannsen HV: The clinical outcomes of mosaicplasty 
in the treatment of osteochondritis dissecans of the distal humerai capi¬ 
tellum of young athlètes, / Shoulder Elbow Surg 20:813, 2011. 

Paletta GA Jr, Bednarz PA, Stanitski CL, et al: The prognostic value of quan¬ 
titative bone scan in knee osteochondritis dissecans: a preliminary expé¬ 
rience, Am J Sports Med 26:7, 1998. 

Patel N, Weiner SD: Osteochondritis dissecans involving the trochlea: report 
of two patients (three elbows) and review of the literature, / Pediatr 
Orthop 22:48, 2002. 

Peters TA, McLean ID: Osteochondritis dissecans of the patellofemoral joint, 
Am J Sports Med 28:63, 2000. 

Peterson RK, Savoie FH, Field LD: Osteochondritis dissecans of the elbow, 
Instr Course Lect 48:393, 1999. 


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 


Pinar H, Gül Ô, Boya H, et al: Osteochondrosis of the primary ossification 
center of the patella (Kôhler s disease of the patella): report of three cases, 
Knee Surg Sports Traumatol Arthrose 10:141, 2002. 

Ralph BG, Barrett J, Kenyhercz C, et al: Iselins disease: a case présentation 
of nonunion and review of the differential diagnosis, / Foot Ankle Surg 
38:409, 1999. 

Rapp IH, Lazerte G: Clinical pathological corrélation in Osgood-Schlatter s 
disease, South Med J 51:909, 1958. 

Roberts JM: Fractures and séparations of the knee. In Rockwood CA Jr, 
Wilkins KE, King RE, editors: Fractures in children, ed 3, Philadelphia, 
1991, JB Lippincott. 

Robertsen K, Krsitensen O, Sommer J: Pseudoarthrosis between a patellar 
tendon ossicle and the tibial tuberosity in Osgood-Schlatter’s disease, 
Scand J Med Sci Sports 6:57, 1996. 

Ruch DS, Cory JW, Poehling GG: The arthroscopic management of 
osteochondritis dissecans of the adolescent elbow, Arthroscopy 14:797, 

1998. 

Safran MR, McDonough P, Seeger L, et al: Dorsal defect of the patella, 
/ Pediatr Orthop 14:603, 1994. 

Sailly M, Whiteley R, Johnson A: Doppler ultrasound and tibial tuberosity 
maturation status predicts pain in adolescent male athlètes with Osgood- 
Schlatter s disease: a case sériés with comparison group and clinical inter¬ 
prétation, Br J Sports Med 47:93, 2013. 

Sansone V, Morandi A, Dupplicato P, Ungara E: Treatment of late-stage 
Freibergs disease using a temporary meta interpositional device, / Bone 
Joint Surg 92B:807, 2010. 

Sasaki K, Matsumoto T, Matsushita T, et al: Osteochondral autograff trans¬ 
plantation for juvénile osteochondritis dissecans of the knee: a sériés of 
twelve cases, Int Othop 36:2243, 2012. 

Schenck RC, Goodnight JM: Current concepts review: osteochondritis dis¬ 
secans, / Bone Joint Surg 78A:439, 1996. 

Shimada K, Hoshida T, Nakata K, et al: Reconstruction with an osteochon¬ 
dral autograff for advanced osteochondritis dissecans of the elbow, Clin 
Orthop Relat Res 435:140, 2005. 

Slawski DP: High tibial osteotomy in the treatment of adult osteochondritis 
dissecans, Clin Orthop Relat Res 341:155, 1997. 

Smillie IS: Freibergs infraction (Kôhler’s second disease), / Bone Joint Surg 
39B:580, 1957. 

Stracciolini A, Casciano R, Levey Friedman H, et al: Pédiatrie sports 
injuries: a comparison of males versus females, Am J Sports Med 42:965, 
2014. 

Sueyoshi Y, Shimozaki E, Matsumoto T, et al: Two cases of dorsal defect of 
the patella with arthroscopically visible cartilage surface perforations, 
Arthroscopy 9:164, 1993. 

Takahara M, Ogino T, Fukushima S, et al: Nonoperative treatment of osteo¬ 
chondritis dissecans of the humerai capitellum, Am J Sports Med 27:728, 

1999. 

Takahara M, Ogino T, Sasaki I, et al: Long-term outcome of osteochondritis 
dissecans of the humerai capitellum, Clin Orthop Relat Res 363:108,1999. 

Takahara M, Ogino T, Takagi M, et al: Natural progression of osteochondritis 
dissecans of the humerai capitellum: initial observations, Radiology 
216:207, 2000. 

Takeda H, Watarai K, Matsushita T, et al: A surgical treatment for unstable 
osteochondritis dissecans lésions of the humerai capitellum in adolescent 
baseball players, Am J Sports Med 30:713, 2002. 

Taranow WS, Bisignani GA, Towers JD, et al: Rétrogradé drilling of osteo¬ 
chondral lésions of the médial talar dôme, Foot Ankle Int 20:474, 1999. 

Thomee R, Augustsson J, Karlsson J: Patellofemoral pain syndrome: a review 
of current issues, Sports Med 28:245, 1999. 

Thompson MS, Dickinson PH: Osgood-Schlatter’s disease in the army, Int 
Surg 23:170, 1955. 

Thomson JEM: Operative treatment of osteochondritis of the tibial tubercle, 
/ Bone Joint Surg 38A:142, 1956. 

Toi JL, Struijs PAA, Bossuyt PMM, et al: Treatment strategies in osteochon¬ 
dral defects of the talar dôme: a systematic review, Foot Ankle 21:120, 

2000. 

Trial IA: Tibial sequestrectomy in the management of Osgood-Schlatter 
disease, / Pediatr Orthop 8:554, 1988. 


Tsuda E, Ishibashi Y, Yamamoto Y, et al: Osteochondral autograff transplan¬ 
tation for advanced stage Freiberg disease in adolescent athlètes. A report 
of 3 cases and surgical procedures, Am J Sports Med 39:2470, 2011. 

Tullos JS, King JW: Lésions of the pitching arm in adolescents, JAMA 
220:264, 1972. 

Tuompo P, Arvela V, Partio EK, et al: Osteochondritis dissecans of the knee 
fixed with biodégradable self-reinforced polyglycolide and polylactide 
rods in 24 patients, Int Orthop 21:355, 1997. 

Tyler W, McCarthy EF: Osteochondrosis of the superior pôle of the patella: 
two cases with histologie corrélation, Iowa Orthop J 22:86, 2002. 

VictoroffBM, Marcus RE, Deutsch A: Arthroscopic bone peg fixation in the 
treatment of osteochondritis dissecans in the knee, Arthroscopy 12:506, 
1996. 

Waugh W: The ossification and vascularization of the tarsal navicular and 
their relation to Kôhler s disease, / Bone Joint Surg 40B:765, 1958. 

Wood JB, Klassen RA, Peterson HA: Osteochondritis dissecans of the 
fémoral head in children and adolescents: a report of 17 cases, J Pediatr 
Orthop 15:313, 1995. 

Woodward AH, Bianco AJ Jr: Osteochondritis dissecans of the elbow, Clin 
Orthop Relat Res 110:35, 1975. 

Yashar A, Loder RT, Hensinger RN: Détermination of skeletal âge in children 
with Osgood-Schlatter disease by using radiographs of the knee, / Pediatr 
Orthop 15:298, 1995. 

Yoshida S, Ikata T, Takai H, et al: Osteochondritis dissecans of the fémoral 
condyle in the growth stage, Clin Orthop Relat Res 346:162, 1998. 

Young MC, Fornasier VL, Cameron HU: Osteochondral disruption of the 
second metatarsal: a variant of Freibergs infraction? Foot Ankle Int 8:103, 
1987. 

Zbojniewicz AM, Laor T: Imaging of osteochondritis dissecans, Clin Sports 
Med 33:221, 2014. 

Zimbler S, Menkow S: Genu recurvatum: a possible complication after 
Osgood-Schlatter’s disease, / Bone Joint Surg 66A:1129, 1984. 

LEGG-CALVÉ-PERTHES DISEASE 

Agus H, Kalenderer O, Eryanilmaz G, et al: Intraobserver and interobserver 
reliability of Catterall, Herring, Salter-Thompson and Stulberg classifica¬ 
tion Systems in Perthes disease, / Pediatr Orthop 13B:166, 2004. 

Akgun R, Yazici M, Aksoy MC, et al: The accuracy and reliability of estima¬ 
tion of latéral pillar height in determining the Herring grade in Legg- 
Calvé-Perthes disease, / Pediatr Orthop 24:651, 2004. 

Aksoy MC, Caglar O, Yazici M, et al: Comparison between braced and non- 
braced Legg-Calvé-Perthes disease patients: a radiological outcome 
study, / Pediatr Orthop 13B:153, 2004. 

Aksoy MC, Cankus MC, Alanay A, et al: Radiological outcome of proximal 
fémoral varus osteotomy for the treatment of latéral pillar group-C Legg- 
Calvé-Perthes disease, / Pediatr Orthop B 14:88, 2005. 

Aly TA, Amin OA: Arthrodiatasis for the treatment of Perthes’ disease, 
Orthopedics 32:817, 2009. 

Amer AR, Khanfour AA: Arthrodiastasis for late onset Perthes’ disease using 
a simple frame and limited soft tissue release: early results, Acta Orthop 
Belg 77:472, 2011. 

Arruda VR, Belangero WD, Ozelo MC, et al: Inherited risk factors for 
thrombophilia among children with Legg-Calvé-Perthes disease, 
/ Pediatr Orthop 19:84, 1999. 

Atsumi T, Yoshiwara S: Rotational open wedge osteotomy in a patient aged 
older than 7 years with Perthes’ disease—a preliminary report, Arch 
Orthop Trauma Surg 122:346, 2002. 

Axer A: Subtrochanteric osteotomy in the treatment of Perthes’ disease, 
J Bone Joint Surg 47B:489, 1965. 

Balasa VV, Gruppo RA, Glueck CA, et al: Legg-Calvé-Perthes disease and 
thrombophilia, / Bone Joint Surg 86A:2642, 2004. 

Bellyei A, Mike G: Acetabular development in Legg-Calvé-Perthes disease, 
Orthopedics 11:407, 1988. 

Bennett JT, Mazurek RG, Cash JD: Chiari’s osteotomy in the treatment of 
Perthes’ disease, / Bone Joint Surg 73B:225, 1991. 

Bowen JR, Kumar VP, Joyce JJ, et al: Osteochondritis dissecans following 
Perthes disease: arthroscopic-operative treatment, Clin Orthop Relat Res 
209:49, 1986. 


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


Bowen JR, Schreiber FC, Foster BK, et al: Prématuré fémoral neck physeal 
closure in Perthes’ disease, Clin Orthop Relat Res 171:24, 1982. 

Bursali A, Erkula G: Latéral shelf acetabuloplasty in the treatment of Legg- 
Calvé-Perthes disease, J Pediatr Orthop 13B:150, 2004. 

Cahuzac JPH, Onimus M, Trottmann F, et al: Chiari pelvic osteotomy in 
Perthes disease, J Pediatr Orthop 10:163, 1990. 

Canale ST, dAnca AF, Coder JM, et al: Use of innominate osteotomy in Legg- 
Calvé-Perthes disease, J Bone Joint Surg 54A:25, 1972. 

Canario AT, Williams L, Weintroub S, et al: A controlled study of the results 
of fémoral osteotomy in severe Perthes disease, J Bone Joint Surg 62B:438, 
1980. 

Carney BT, Minter CL: Nonsurgical treatment to regain hip abduction 
motion in Perthes disease: a rétrospective review, South Med J 97:485, 
2004. 

Carsi B, Judd J, Clarke NM: Shelf acetabuloplasty for containment in the early 
stages of Legg-Calvé-Perthes disease, J Pediatr Orthop 35:151-156, 2015. 

Catterall A: The natural history of Perthes’ disease, J Bone Joint Surg 53B:37, 
1971. 

Chiari K: Podiumdiskussion über die Beckenosteotomie, Verh Dtsch Orthop 
Traum 17:209, 1969. 

Clancy M, Steel HH: The effect of an incomplète intertrochanteric osteotomy 
on Legg-Calvé-Perthes disease, J Bone Joint Surg 67A:213, 1985. 

Coates CJ, Paterson JMH, Woods KR, et al: Lemoral osteotomy in Perthes’ 
disease: results at maturity, J Bone Joint Surg 72B:581, 1990. 

Coleman CR, Slager AF, Smith W: The effect of environmental influences on 
acetabular development, Surg Forum 9:775, 1958. 

Comte F, DeRosa V, Zekri H, et al: Confirmation of the early prognostic 
value of bone scanning and pinhole imaging of the hip in Legg-Calvé- 
Perthes disease, J Nucl Med 44:1761, 2003. 

Coder JM: Surgery in Legg-Calvé-Perthes syndrome, Instr Course Lect 
25:135, 1976. 

Coder JM, Wolfgang G: Lemoral head containment following innominate 
osteotomy for coxa plana: a radiologie évaluation, Orthop Rev 5:27,1976. 

Craig WA, Pinder RC, Kramer WG: A review of one hundred hips operated 
on for Legg-Calvé-Perthes syndrome (abstract), J Bone Joint Surg 
51A:814, 1969. 

Crutcher JP, Staheli LT: Combined osteotomy as a salvage procedure for 
severe Legg-Calvé-Perthes disease, J Pediatr Orthop 12:151, 1992. 

Danigelis JA, Fisher RL, Ozonoff MB, et al: 99m Tc-polyphosphate bone 
imaging in Legg-Perthes disease, Radiology 115:407, 1975. 

Doria AS, Guarniero R, De Godoy RM Jr, et al: Contrast-enhanced power 
Doppler imaging: comparison with graphie phases of revascularization 
of the fémoral head in Legg-Calve-Perthes disease, J Pediatr Orthop 
22:471, 2002. 

Doria AS, Guarniero R, Cunha PG, et al: Contrast-enhanced power Doppler 
sonography: assessment of revascularization flow in Legg-Calvé-Perthes’ 
disease, Ultrasound Med Biol 28:171, 2002. 

Doria AS, Guarniero R, Molnar LJ, et al: Three-dimensional (3D) contrast- 
enhanced power Doppler imaging in Legg-Calvé-Perthes disease, Pediatr 
Radiol 30:871, 2000. 

Dorrell JH, Catterall A: The torn acetabular labrum, J Bone Joint Surg 
68B:400, 1986. 

Doudoulakis JK: Trochanteric advancement for prématuré arrest of the 
femoral-head growth plate: 6-year review of 30 hips, Acta Orthop Scand 
62:92, 1991. 

Eggl H, Drekonja T, Kaiser B, et al: Ultrasonography in the diagnosis of 
transient synovitis of the hip and Legg-Calvé-Perthes disease, J Pediatr 
Orthop 8B:177, 1999. 

Elsig JP, Exner GU, von Schulthess GK, et al: Case report: false-negative 
magnetic résonance imaging in early stage of Legg-Calvé-Perthes disease, 
J Pediatr Orthop 9:231, 1989. 

Erard MC, Drvaric DM: Cheilectomy of the hip in children, J Surg Orthop 
Adv 13:20, 2004. 

Erken EHW, Katz K: Irritable hip and Perthes’ disease, J Pediatr Orthop 
10:322, 1990. 

Erkula G, Bursali A, Okan E: False profile radiography for the évaluation of 
Legg-Calvé-Perthes disease, J Pediatr Orthop 13B:238, 2004. 


Evans IK, Deluca PA, Gage JR: A comparative study of ambulation-abduction 
bracing and varus derotation osteotomy in the treatment of severe Legg- 
Calvé-Perthes disease in children over 6 years of âge, J Pediatr Orthop 
8:676, 1988. 

Larsetti P, Tudisco C, Caterini R, et al: The Herring latéral pillar classification 
for prognosis in Perthes disease: late results in 49 patients treated con- 
servatively, J Bone Joint Surg 77B:739, 1995. 

Llashman PL, Ghormley RK: Osteochondritis dissecans of the head of the 
fémur, West J Surg 57:221, 1949. 

Fulford GE, Lunn PG, Macnicol MF: A prospective study of nonoperative 
and operative management for Perthes’ disease, J Pediatr Orthop 13:281, 
1993. 

Futami T, Kasahara Y, Suzuki S, et al: Ultrasonography in transient synovitis 
and early Perthes’ disease, J Bone Joint Surg 73B:635, 1991. 

Gallistl S, Reitinger T, Linhart W, et al: The rôle of inherited thrombotic 
disorders in the etiology of Legg-Calvé-Perthes disease, J Pediatr Orthop 
19:82, 1999. 

Garceau G J: Surgical treatment of coxa plana, J Bone Joint Surg 46B:779, 
1964. 

Gaughan DM, Mofenson LM, Hughes MD, et al: Osteonecrosis of the hip 
(Legg-Calvé-Perthes disease) in human immunodeficiency virus- 
infected children, Pediatrics 109:1, 2002. 

Glick JM, Thompson TG, Gordon RB, et al: Hip arthroscopy by the latéral 
approach, Arthroscopy 3:4, 1987. 

Glueck CJ, Brandt G, Gruppo R, et al: Résistance to activated protein C and 
Legg-Perthes disease, Clin Orthop Relat Res 338:139, 1997. 

Glueck CJ, Crawford A, Roy D, et al: Association of antithrombotic factor 
deficiencies and hypofibrinolysis with Legg-Perthes disease, J Bone Joint 
Surg 7 8A:3, 1996. 

Grzegorzewski A, Bowen R, Guille JT, et al: Treatment of the collapsed 
fémoral head by containment in Legg-Calvé-Perthes disease, J Pediatr 
Orthop 23:15, 2003. 

Grzegorzewski A, Synder M, Kozlowski P, et al: Leg-length discrepancy in 
Legg-Calvé-Perthes disease, J Pediatr Orthop 25:206, 2005. 

Gu Y, Da Paz Junior AC: Can an enlarged acetabulum cover the fémoral head 
well in Legg-Calvé-Perthes disease? J Pediatr Orthop 8B:173, 1999. 

Guille JT, Lipton GE, Szoke G, et al: Legg-Calvé-Perthes disease in girls: a 
comparison of the results with those seen in boys, J Bone Joint Surg 
80A:1256, 1998. 

Guille JT, Lipton GE, Tsirikos AI, et al: Bilateral Legg-Calvé-Perthes disease: 
présentation and outcome, J Pediatr Orthop 22:458, 2002. 

Guilleminet M, Barbier JM: Osteochondritis dissecans of the hip, J Bone Joint 
Surg 22:327, 1940. 

Hallel T, Salvati E: Osteochondritis dissecans following Legg-Calvé-Perthes 
disease, J Bone Joint Surg 58A:708, 1976. 

Harrison MH, Bassett CA: Three results of a double-blind trial of pulsed 
electromagnetic frequency in the treatment of Perthes’ disease, J Pediatr 
Orthop 17:264, 1997. 

Harry JD, Gross RH: A quantitative method for evaluating results of treating 
Legg-Perthes syndrome, J Pediatr Orthop 7:671, 1987. 

Hayek S, Kenet G, Lubetsky A, et al: Does thrombophilia play an aetiological 
rôle in Legg-Calvé-Perthes disease? J Bone Joint Surg 81B:686, 1999. 

Henderson RC, Renner JB, Sturdivant MC, et al: Evaluation of magnetic 
résonance imaging in Legg-Perthes disease: a prospective, blinded study, 
/ Pediatr Orthop 10:289, 1990. 

Herceg MB, Cutright MT, Weiner DS: Remodeling of the proximal fémur 
affer upper fémoral varus osteotomy for the treatment of Legg-Calvé- 
Perthes disease, J Pediatr Orthop 24:654, 2004. 

Herring JA: Management of Perthes’ disease, J Pediatr Orthop 16:1, 1996. 

Herring JA, Hotchkiss BL: Instructional case: Legg-Perthes disease versus 
multiple epiphyseal dysplasia, J Pediatr Orthop 7:341, 1987. 

Herring JA, Kim HT, Browne R: Legg-Calvé-Perthes disease: I. Classification 
of radiographs with use of the modified latéral pillar and Stulberg clas¬ 
sifications, / Bone Joint Surg 86A:2103, 2004. 

Herring JA, Kim HT, Browne R: Legg-Calvé-Perthes disease: II. Prospective 
multicenter study of the effect of treatment on outcome, J Bone Joint Surg 
86A:2121, 2004. 


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 


Herring JA, Neustadt JB, Williams JJ, et al: The latéral pillar classification of 
Legg-Calvé-Perthes disease, J Pediatr Orthop 12:143, 1992. 

Herring JA, Williams JJ, Neustadt JN, et al: Evolution of fémoral head defor- 
mity during the healing phase of Legg-Calvé-Perthes disease, J Pediatr 
Orthop 13:41, 1993. 

Hoikka V, Poussa M, Yrjônen T, et al: Intertrochanteric varus osteotomy for 
Perthes’ disease: radiographie changes after 2- to 16-year follow-up of 
126 hips, Acta Orthop Scand 62:549, 1991. 

Hosalkar HS, Mulpuri K: Legg-Calvé-Perthes disease: where do we stand 
after 100 years? Clin Orthop Relat Res 470:2345, 2012. 

Hosny GA, El-Deeb K, Ladel M, Laaklouk M: Arthrodiastasis of the hip, 
/ Pediatr Orthop 31 (Suppl 2):S229, 2011. 

Hosokawa M, Kim WC, Kubo T, et al: Preliminary report on usefulness of 
magnetic résonance imaging for outcome prédiction in early-stage Legg- 
Calvé-Perthes disease, J Pediatr Orthop 8B:161, 1999. 

Hresko MT, McDougall PA, Gorlin JB, et al: Prospective réévaluation of the 
association between thrombotic diathesis and Legg-Calvé-Perthes 
disease, J Bone Joint Surg 84A:1613, 2002. 

Ippolito E, Tudisco C, Larsetti P: The long-term prognosis of unilatéral 
Perthes disease, J Bone Joint Surg 69B:243, 1987. 

Ishida A, Kuwajima SS, Lilho PL, et al: Salter innominate osteotomy in the 
treatment of severe Legg-Calvé-Perthes disease, J Pediatr Orthop 24:257, 
2004. 

Ismail AM, Macnicol MP: Prognosis in Perthes’ disease: a comparison of 
radiological predictors, J Bone Joint Surg 80B:310, 1998. 

Jacobs R, Moens P, Pabry G: Latéral shelf acetabuloplasty in the early stage 
of Legg-Calvé-Perthes disease with spécial emphasis on the remaining 
growth of the acetabulum: a preliminary report, J Pediatr Orthop 13B:21, 
2004. 

Joseph B: The flexion-adduction test: an early sign of hip disease, J Pediatr 
Orthop 10B:180, 2001. 

Joseph B, Mulpuri K, Varghese G: Perthes’ disease in the adolescent, J Bone 
Joint Surg 83B:715, 2001. 

Joseph B, Nair S, Rao N, et al: Optimal timing for containment surgery for 
Perthes disease, J Pediatr Orthop 23:601, 2003. 

Joseph B, Srinivas G, Thomas R: Management of Perthes disease of late onset 
in Southern India: the évaluation of a surgical method, J Bone Joint Surg 
78B:625, 1996. 

Kahle WK, Coleman SS: The value of the acetabular teardrop figure in assess- 
ing pédiatrie hip disorders, J Pediatr Orthop 12:586, 1992. 

Kamegaya M, Shinada Y, Moriya H, et al: Acetabular remodeling in Perthes’ 
disease after primary healing, J Pediatr Orthop 12:308, 1992. 

Kamhi E, MacEwen GD: Osteochondritis dissecans in Legg-Calvé-Perthes 
disease, J Bone Joint Surg 57A:506, 1975. 

Kealey WD, Mayne EE, McDonald W, et al: The rôle of coagulation abnor- 
malities in the development of Perthes’ disease, J Bone Joint Surg 82B:744, 
2000. 

Keenan WN, Clegg J: Perthes’ disease after “irritable hip:” delayed bone âge 
shows the hip is a “marked man,” J Pediatr Orthop 16:20, 1996. 

Kelly PB Jr, Canale ST, Jones RR: Legg-Calvé-Perthes disease: long-term 
évaluation of non-containment treatment, J Bone Joint Surg 62A:400, 
1980. 

Kiepurska A: Late results of treatment of Perthes’ disease by a functional 
method, Clin Orthop Relat Res 272:76, 1991. 

Kim HT, Wenger DR: “Lunctional rétroversion” of the fémoral head in Legg- 
Calvé-Perthes disease and epiphyseal dysplasia: analysis of head-neck 
deformity and its effect on limb position using three-dimensional com- 
puted tomography, J Pediatr Orthop 17:240, 1997. 

Kim HT, Wenger DR: Surgical correction of “functional rétroversion” and 
“functional coxa vara” in late Legg-Calvé-Perthes disease and epiphyseal 
dysplasia: correction of deformity defined by new imaging modalities, 
J Pediatr Orthop 17:247, 1997. 

Kitakoji T, Hattori T, Iwata H: Lemoral varus osteotomy in Legg-Calvé- 
Perthes disease: points at operation to prevent residual problems, 
/ Pediatr Orthop 19:76, 1999. 

Kocaoglu M, Kilicoglu OI, Goksan SB, et al: Ilizarov fixator for treatment of 
Legg-Calvé-Perthes disease, J Pediatr Orthop 8B:276, 1999. 


Koczewski P, Napiontek M: Perthes’ disease or late avascular necrosis after 
developmental dislocation of the hip? Acta Orthop Scand 72:331, 2001. 

Kruse RW, Guille JT, Bowen JR: Shelf arthroplasty in patients who hâve had 
Legg-Perthes disease, J Bone Joint Surg 64A:1338, 1991. 

Kumar D, Bâche CE, O’Hara JN: Interlocking triple pelvic osteotomy in 
severe Legg-Calvé-Perthes disease, J Pediatr Orthop 22:464, 2002. 

Kuwajima SS, Crawford AH, Ishida A, et al: Comparison between Salter’s 
innominate osteotomy and augmented acetabuloplasty in the treatment 
of patients with severe Legg-Calvé-Perthes disease: analysis of 90 hips 
with spécial reference to roentgenographic sphericity and coverage of the 
fémoral head, J Pediatr Orthop 11:17, 2002. 

Lack W, Leldner-Busztin H, Ritschl P, et al: The results of surgical treatment 
for Perthes’ disease, J Pediatr Orthop 9:197, 1989. 

Lamer S, Dorgeret S, Khairouni A, et al: Lemoral head vascularisation in 
Legg-Calvé-Perthes disease: comparison of dynamic gadolinium- 
enhanced subtraction MRI with bone graphy, Pediatr Radiol 32:580, 
2002. 

Landin LA, Danielsson LG, Wattsgard C: Transient synovitis of the hip: its 
incidence, epidemiology and relation to Perthes’ disease, J Bone Joint Surg 
69B:238, 1987. 

Lecuire P: The long-term outcome of primary osteochondritis of the hip 
(Legg-Calvé-Perthes disease, J Bone Joint Surg 84B:636, 2002. 

Lee DY, Seong SC, Choi IH, et al: Changes of blood flow of the fémoral head 
after subtrochanteric osteotomy in Legg-Perthes’ disease: a serial graphie 
study, J Pediatr Orthop 12:731, 1992. 

Leitch JM, Paterson DC, Poster BK: Growth disturbance in Legg-Calvé- 
Perthes disease and the conséquences of surgical treatment, Clin Orthop 
Relat Res 262:178, 1991. 

Lindholm TS, Osterman K: Internai fixation of the fragments of osteochon¬ 
dritis dissecans in the hip using bone transplants, J Bone Joint Surg 
62B:43, 1980. 

Lloyd-Roberts GC, Catterall A, Salamon PB: A controlled study of the indica¬ 
tions for and the results of fémoral osteotomy in Perthes disease, J Bone 
Joint Surg 58B:31, 1976. 

Loder RT, Parley PA, Hensinger RN: Physeal slope in Perthes disease, J Bone 
Joint Surg 77B:736, 1995. 

Macnicol MP, Makris D: Distal transfer of the greater trochanter, J Bone Joint 
Surg 7 3B:838, 1991. 

Madan S, Pernandes J, Taylor JP: Radiological remodeling of the acetabulum 
in Perthes’ disease, Acta Orthop Belg 69:412, 2003. 

Mahnken AH, Staatz G, Ihme N, et al: MR signal intensity characteristics in 
Legg-Calvé-Perthes disease, Acta Radiol 43:329, 2002. 

Martinez AG, Weinstein SL: Récurrent Legg-Calvé-Perthes disease: case 
report and review of the literature, J Bone Joint Surg 73A:1081, 1991. 

Martinez AG, Weinstein SL, Dietz PR: The weight-bearing abduction 
brace for the treatment of Legg-Perthes’ disease, J Bone Joint Surg 7 4A:12, 
1992. 

Matan AJ, Stevens PM, Smith JT, et al: Combination trochanteric arrest and 
intertrochanteric osteotomy for Perthes’ disease, J Pediatr Orthop 16:10, 

1996. 

Maxted MJ, Jackson RK: Innominate osteotomy in Perthes’ disease: a radio¬ 
logical survey of results, J Bone Joint Surg 67B:399, 1985. 

Maxwell SL, Lappin KJ, Kealey WD, et al: Arthrodiastasis in Perthes’ disease, 
7 Bone Joint Surg 86B:244, 2004. 

Mazda K, Pennecot GP, Zeller R, et al: Perthes’ disease after the âge of twelve 
years: rôle of the remaining growth, J Bone Joint Surg 81B:696, 1999. 

McElwain JP, Regan BP, Dowling P, et al: Derotation varus osteotomy in 
Perthes disease, J Pediatr Orthop 5:195, 1985. 

Meeham PL, Angel D, Nelson JM: The Scottish Rite abduction orthosis for 
the treatment of Legg-Perthes disease: a radiographie analysis, J Bone 
Joint Surg 74A:2, 1992. 

Meiss L: Prognosis in Perthes’ disease, J Bone Joint Surg 81B:180, 1999. 

Moberg A, Hansson G, Kaniklides C: Results after fémoral and innominate 
osteotomy in Legg-Calvé-Perthes disease, Clin Orthop Relat Res 334:257, 

1997. 

Mose K: Legg-Calvé-Perthes disease, Copenhagen, 1964, Universitetsforlaget 
i Aarhus. 


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


Mukherjee A, Fabry G: Evaluation of the prognostic indices in Legg-Calvé- 
Perthes disease: statistical analysis of 116 hips, J Pediatr Orthop 10:153, 

1990. 

Nakashima Y, Kubota H, Yamamoto T, et al: Transtrochanteric rotational 
osteotomy for late-onset Legg-Calvé-Perthes disease, J Pediatr Orthop 
31 (Suppl 2):S223, 2011. 

Neyt JG, Weinstein SL, Spratt KF, et al: Stulberg classification System for 
évaluation of Legg-Calvé-Perthes disease: intrarater and interrater reli- 
ability, J Bone Joint Surg 81A:1209, 1999. 

Nguyen NA, Klein G, Dogbey G, et al: Operative versus nonoperative treat- 
ments for Legg-Calvé-Perthes disease: a meta-analysis, J Pediatr Orthop 
32:697, 2012. 

Noonan KJ, Price CT, Kupiszewski SJ, et al: Results of fémoral varus oste¬ 
otomy in children older than 9 years of âge with Perthes disease, J Pediatr 
Orthop 21:198, 2001. 

Park KW, Jang KS, Song HR: Can residual leg shortening be predicted in 
patients with Legg-Calvé-Perthes disease? Clin Orthop RelatRes 471:2570, 
2013. 

Park MS, Lee KM, Sung KH: Reliability and stability of three common clas¬ 
sifications for Legg-Calvé-Perthes disease, Clin Orthop Relat Res 
470:2376, 2012. 

Paterson DC, Leitch JM, Poster BK: Results of innominate osteotomy in the 
treatment of Legg-Calvé-Perthes disease, Clin Orthop Relat Res 266:96, 

1991. 

Pécasse GA, Eijer H, Haverkamp D, Marti RK: Intertrochanteric osteotomy 
in young adults for sequelae of Legg-Calvé-Perthes disease—a long term 
follow-up, Int Orthop 28:44, 2004. 

Pecquery R, Laville JM, Salmeron F: Legg-Calvé-Perthes disease treatment 
by augmentation acetabuloplasty, Orthop Traumatol Surg Res 96:166, 
2010 . 

Petrie JG, Bitenc I: The abduction weight-bearing treatment in Legg-Calvé- 
Perthes disease (abstract), J Bone Joint Surg 49A:1483, 1967. 

Pinto MR, Peterson HA, Berquist TH: Magnetic résonance imaging in 
early diagnosis of Legg-Calvé-Perthes disease, J Pediatr Orthop 9:19, 
1989. 

Price CT, Day DD, Flynn JC: Behavioral sequelae of bracing versus surgery 
for Legg-Calvé-Perthes disease, J Pediatr Orthop 8:285, 1988. 

Quain S, Catterall A: Hinge abduction of the hip: diagnosis and treatment, 
J Bone Joint Surg 68B:61-64, 1986. 

Rajan R, Chandrasenan J, Price K, et al: Legg-Calvé-Perthes: interobserver 
and intraobserver reliability of the modified Herring latéral pillar clas¬ 
sification, J Pediatr Orthop 33:120, 2013. 

Raney EM, Grogan DP, Hurley ME, et al: The rôle of proximal fémoral valgus 
osteotomy in Legg-Calvé-Perthes disease, Orthopedics 25:513, 2002. 

Reddy RR, Morin C: Chiari osteotomy in Legg-Calvé-Perthes disease, 
J Pediatr Orthop 14B:1, 2005. 

Reinker KA: Early diagnosis and treatment of hinge abduction in Legg- 
Perthes disease, J Pediatr Orthop 16:3, 1996. 

Richards BS, Coleman S: Subluxation of the fémoral head in coxa plana, 
/ Bone Joint Surg 69A:1312, 1987. 

Ritterbusch JP, Shantharam SS, Gelinas C: Comparison of latéral pillar clas¬ 
sification and Catterall classification of Legg-Calvé-Perthes disease, 
/ Pediatr Orthop 13:200, 1993. 

Robben SG, Lequin MH, Diepstraten AP, et al: Doppler sonography of the 
anterior ascending cervical arteries of hip: évaluation of healthy and 
painful hips in children, AJR Am J Roentgenol 174:1629, 2000. 

Roberts JM, Yngve DA: Acetabular hypertrophy in Legg-Calvé-Perthes 
disease, J Pediatr Orthop 5:416, 1985. 

Robinson HJ, Putter H, Sigmond MB, et al: Innominate osteotomy in Perthes 
disease, J Pediatr Orthop 8:426, 1988. 

Rowe SM, Kim HS, Yoon TR: Osteochondritis dissecans in Perthes’ disease: 
report of 7 cases, Acta Orthop Scand 60:545, 1989. 

Rowe SM, Moon ES, Song EK, et al: The corrélation between coxa magna 
and final outcome in Legg-Calvé-Perthes disease, J Pediatr Orthop 25:22, 
2005. 

Rowe SM, Moon ES, Yoon TR, et al: Pâte of the osteochondral fragments in 
osteochondritis dissecans after Legg-Calvé-Perthes’ disease, J Bone Joint 
Surg 84B:1025, 2002. 


Salter RB: Experimental and clinical aspects of Perthes’ disease (abstract), 
7 Bone Joint Surg 48B:393, 1966. 

Salter RB, Thompson GH: Legg-Calvé-Perthes disease: the prognostic 
significance of the subchondral fracture and a two-group classifica¬ 
tion of the fémoral head involvement, J Bone Joint Surg 66A:479, 
1984. 

Saran N, Varghese R, Mulpuri K: Do fémoral or Salter innominate ostéoto¬ 
mies improve fémoral head sphericity in Legg-Calvé-Perthes disease? A 
meta-analysis, Clin Orthop Relat Res 470:2383, 2012. 

Schmid OA, Hemmer S, Wünsche P, et al: The adult hip after fémoral varus 
osteotomy in patients with unilatéral Legg-Calvé-Perthes disease, 
7 Pediatr Orthop 12B:33, 2003. 

Segev E, Ezra E, Weintroub S, et al: Treatment of severe late onset Perthes’ 
disease with soft tissue release and articulated hip dislocation: early 
results, 7 Pediatr Orthop 13B:158, 2004. 

Serlo W, Heikkinen E, Puranen J: Preoperative Russell traction in Legg- 
Calvé-Perthes disease, J Pediatr Orthop 7:288, 1987. 

Siddish ND, Shah H, Tercier S, et al: The sphericity déviation score: a quan¬ 
titative radiologie outcome measure of Legg-Calvé-Perthes disease appli¬ 
cable at the stage of healing and at skeletal maturity, J Pediatr Orthop 
34:522, 2014. 

Sirvent N, Pisher F, el Hayek T, et al: Absence of congénital prethrombotic 
disorders in children with Legg-Perthes disease, J Pediatr Orthop 9B:24, 
2000. 

Snow SW, Keret D, Scarangella S, et al: Anterior impingement of the fémoral 
head: a late phenomenon of Legg-Calvé-Perthes’ disease, J Pediatr Orthop 
13:286, 1993. 

Snyder CR: Legg-Perthes disease in the young hip: does it necessarily do 
well? 7 Bone Joint Surg 57A:751, 1975. 

Somerville EW: Perthes disease of the hip, J Bone Joint Surg 53B:639, 1971. 

Song HR, Lee SH, Na JB, et al: Comparison of MRI with subchondral frac¬ 
ture in the évaluation of extent of epiphyseal necrosis in the early stage 
of Legg-Calvé-Perthes disease, J Pediatr Orthop 19:70, 1999. 

Song HR, Lee SH, Na JB, et al: Relationship between latéral subluxation and 
widening of médial joint space in Legg-Calvé-Perthes disease, J Pediatr 
Orthop 18:637, 1998. 

Sponseller PD, Desai SS, Millis MB: Comparison of fémoral and innominate 
ostéotomies for the treatment of Legg-Calvé-Perthes disease, J Bone Joint 
Surg 7 0A:1131, 1988. 

Steel HH, Clancy M: The effect of an incomplète intertrochanteric osteotomy 
on Legg-Calvé-Perthes’ disease, J Bone Joint Surg 67A:213, 1985. 

Stevens DB, Tao SS, Glueck CJ: Récurrent Legg-Calvé-Perthes disease, Clin 
Orthop Relat Res 385:124, 2001. 

Stricker S: Intermediate and pédiatrie osteotomy Systems: surgical technique 
manual, Memphis, TN, 2005, Smith & Nephew Orthopaedics. 

Stulberg SD, Cooperman DR, Wallensten R: The natural history of Legg- 
Calvé-Perthes disease, J Bone Joint Surg 63A:1095, 1981. 

Sugimoto Y, Akazawa H, Miyaké Y, et al: A new scoring System for Perthes’ 
disease based on combined latéral and posterior pillar classifications, 
7 Bone Joint Surg 86B:887, 2004. 

Suzuki S, Awaya G, Okada Y, et al: Examination by ultrasound of Legg- 
Calvé-Perthes disease, Clin Orthop Relat Res 220:130, 1987. 

Talkhani IS, Moore DP, Dowling FE, et al: Neck-shaft angle remodeling after 
derotation varus osteotomy for severe Perthes disease, Acta Orthop Belg 
67:248, 2001. 

Terjesen T, 0sthus P: Ultrasound in the diagnosis and follow-up of transient 
synovitis of the hip, J Pediatr Orthop 11:608, 1991. 

Terjesen T, Wiig O, Sevenningsen S: The natural history of Perthes’ disease, 
Acta Orthop 81:708, 2010. 

Than P, Halmai V, Shaikh S: Long-term results of derotational fémoral varus 
osteotomy in Legg-Calvé-Perthes disease: 26-year follow-up, Orthopedics 
26:487, 2003. 

Thomas DP, Morgan G, Tayton K: Perthes’ disease and the relevance of 
thrombophilia, J Bone Joint Surg 81B:691, 1999. 

Thompson GH, Price CT, Roy D, et al: Legg-Calvé-Perthes disease: current 
concepts, Instr Course Lect 51:367, 2002. 

Thompson GH, Salter RB: Legg-Calvé-Perthes disease: current concepts and 
controversies, Orthop Clin North Am 18:617, 1987. 


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 


Thompson GH, Westin GW: Legg-Calvé-Perthes disease: results of discon- 
tinuing treatment in the early ossification phase, Clin Orthop Relat Res 
139:70, 1979. 

Uno A, Hattori T, Noritake K, et al: Legg-Calvé-Perthes disease in the evo- 
lutionary period: comparison of magnetic résonance imaging with bone 
graphy, J Pediatr Orthop 15:362, 1995. 

Van den Bogaert G, de Rosa E, Moens P, et al: Bilateral Legg-Calvé-Perthes 
disease: different from unilatéral disease? J Pediatr Orthop 8B:165, 1999. 

Van Der Geest ICM, Kooijman MAP, Spruit M, et al: Shelf acetabuloplasty 
for Perthes’ disease: 12-year follow-up, Acta Orthop Belg 67:126, 2001. 

Wagner H: Trochanteric advancement in the intertrochanteric osteotomy. In 
Schatzker J, editor: The intertrochanteric osteotomy, Berlin, 1984, Springer. 

Wang L, Bowen JR, Puniak MA, et al: An évaluation of various methods of 
treatment for Legg-Calvé-Perthes disease, Clin Orthop Relat Res 314:225, 
1995. 

Weiner SD, Weiner DS, Riley PM: Pitfalls in treatment of Legg-Calvé-Perthes 
disease using proximal fémoral varus osteotomy, J Pediatr Orthop 11:20, 
1991. 

Wiig O, Terjesen T, Svenningsen S: Inter-observer reliability of radiographie 
classifications and measurements in the assessment of Perthes disease, 
Acta Orthop Scand 73:523, 2002. 

Willett K, Hudson I, Catterall A: Latéral shelf acetabuloplasty: an operation 
for older children with Perthes disease, J Pediatr Orthop 12:563, 1992. 

Yoon TR, Rowe SM, Chung JY, et al: a new innominate osteotomy in Perthes’ 
disease, J Pediatr Orthop 23:363, 2003. 

HEMOPHILIA 

American Academy of Orthopaedic Surgeons Task Force on AIDS and 
Orthopaedic Surgery: Recommendations for the prévention of human 
immunodeficiency virus (HIV) transmission in the practice of orthopaedic 
surgery, Park Ridge, IL, 1989, The Academy. 

Arnold WD, Hilgartner MW: Hémophilie arthropathy: current concepts of 
pathogenesis and management, J Bone Joint Surg 59A:287, 1977. 

Aronstam AA, Wassef M, Hamad Z, et al: The identification of high-risk 
elbow hemorrhages in adolescents with severe hemophilia, Am J Pediatr 
98:776, 1981. 

Battistella LR: Maintenance of musculoskeletal fonction in people with hae- 
mophilia, Haemophilia 4(Suppl 2):26, 1998. 

Caarulli C, Civinini R, Martini C, et al: Viscosupplementation in haemo- 
philic arthropathy: a long-term follow-up study, Haemophilia 18:e210, 
2012 . 

Canale ST, Dugdale M, Howard BC: Synovectomy of the knee in young 
patients with hemophilia, South Med J 81:1480, 1988. 

Castaneda VL, Parmley RT, Bozzini M, et al: Radiotherapy of pseudotumors 
of bone in hemophiliacs with circulating inhibitors to factor VIII, Am J 
Hematol 36:55, 1991. 

Chen YF: Roentgen irradiation for chronic hemorrhage from an ulcer in a 
hemophiliac, J Bone Joint Surg 54A:1783, 1972. 

Cho KY, Kim Kl, Khurana S, et al: Computer-navigated total knee arthro- 
plasty in haemophilic arthropathy, Haemophilia 19:259, 2013. 

Day AJ: Orthopédie management of hemophilia, Instr Course Lect 20:15, 
1971. 

Dugdale M: Personal communication 1978. 

Dunn AL, Busch MT, Wyly JB, et al: Arthroscopic synovectomy for hémo¬ 
philie joint disease in a pédiatrie population, J Pediatr Orthop 24:414, 

2004. 

Dunn AL, Manco-Johnson M, Busch MT, et al: Leukemia and P32 radionu¬ 
clide synovectomy for hémophilie arthropathy, J Thromb Haemost 3:1541, 

2005. 

Eickhoff HH, Koch W, Raderschadt G, et al: Arthroscopy for chronic hémo¬ 
philie synovitis of the knee, Clin Orthop Relat Res 343:58, 1997. 

Erken EHW: Radiocolloids in the management of hémophilie arthropathy 
in children and adolescents, Clin Orthop Relat Res 264:129, 1991. 

Feil E, Bentley G, Rizza CR: Fracture management in patients with haemo¬ 
philia, J Bone Joint Surg 56B:643, 1974. 

Feng B, Weng XS, Lin J, et al: Outcome of total knee arthroplasty combined 
patelloplasty for end-stage type A hémophilie arthropathy, Knee 19:107, 
2012 . 


Gamba G, Grignani G, Ascari E: Synoviorthesis versus synovectomy in the 
treatment of récurrent haemophilic haemarthrosis: long-term évalua¬ 
tion, Thromb Haemost 45:127, 1981. 

Gamble JG, Bellah J, Rinsky LA, et al: Arthropathy of the ankle in hemo¬ 
philia, / Bone Joint Surg 73A:1008, 1994. 

Gedik GK, Ugur O, Atilla BM, et al: Is corticosteroid coinjection necessary 
for radiosynoviorthesis of patients with hemophilia? Clin Nucl Med 
29:538, 2004. 

Gilbert MS, Radomisli TE: Therapeutic options in the management of hémo¬ 
philie synovitis, Clin Orthop Relat Res 343:88, 1997. 

Greene WB: Synovectomy of the ankle for hémophilie arthropathy, J Bone 
Joint Surg 76A:812, 1994. 

Hilgartner MW, Arnold WD: Hémophilie pseudotumor treated with replace¬ 
ment therapy and radiation: report of a case, J Bone Joint Surg 57A:1145, 
1975. 

Hutchinson RJ, Penner JA, Hensinger RN: Anti-inhibitor coagulant complex 
(autoplex) in hemophilia inhibitor patients undergoing synovectomy, 
Pediatrics 71:631, 1983. 

Iwata H, Oishi Y, Itoh A, et al: Surgical excision of hémophilie pseudotumor 
of the ilium, Clin Orthop Relat Res 284:234, 1992. 

Journeycake JM, Miller KL, Anderson AM, et al: Arthroscopic synovectomy 
in children and adolescents with hemophilia, J Pediatr Hematol Oncol 
25:726, 2003. 

Kang DG, Khurana S, Baek JH, et al: Efficacy and safety using auto transfu¬ 
sion System with postoperative shed blood following total knee arthro¬ 
plasty in haemophilia, Haemophilia 20:129, 2014. 

Katz SG, Nelson IW, Atkins RM, et al: Peripheral nerve lésions in hemo¬ 
philia, / Bone Joint Surg 73A:1016, 1991. 

Keeley K, Buchanan G: Acute infarction of long bones in children with sickle 
cell anémia, J Pediatr 101:170, 1982. 

Klein HG, Alter HJ: Blood transfusion and AIDS. In Information on AIDS 
for the practicing physician, vol 2, Chicago, 1987, American Medical 
Association. 

LeBalc’h T, Ebelin M, Laurian Y, et al: Synovectomy of the elbow in young 
hémophilie patients, J Bone Joint Surg 69A:264, 1987. 

Limbird TJ, Dennis SC: The treatment of hémophilie arthropathy by 
arthroscopic synovectomy (abstract), Orthop Trans 10:617, 1986. 

Lofqvist T, Nilsson IM, Petersson C: Orthopaedic surgery in hemophilia: 20 
years’ expérience in Sweden, Clin Orthop Relat Res 332:232, 1996. 

Mackay SR: Orthopédie aspects of hemophilia, Instr Course Lect 22:28,1973. 

Manco-Johnson M, Nuss R, Lear J, et al: 32 P radiosynoviorthesis in children 
with hemophilia, J Pediatr Hematol Oncol 24:534, 2002. 

McCollough NC, Enis JE, Lovitt J, et al: Synovectomy or total replacement 
of the knee in hemophilia, J Bone Joint Surg 61A:69, 1979. 

McCollough NC, Lovitt J, Enis JE, et al: Knee surgery in hemophiliacs, 
Orthop Rev 6:99, 1977. 

Merchan ECR, Galindo E: Proximal tibial valgus osteotomy for hémophilie 
arthropathy of the knee, Orthop Rev 21:204, 1992. 

Montané I, McCollough NC III, Lia EC: Synovectomy of the knee for hémo¬ 
philie arthropathy, J Bone Joint Surg 68A:210, 1986. 

Naveh Y, Berant M, Bialik V: Case report: vitamin K deficiency presenting 
with hemarthrosis, J Pediatr Orthop 4:630, 1984. 

Nelson IW, Sivamurugan S, Lathem PD, et al: Total hip arthroplasty for 
hémophilie arthropathy, Clin Orthop Relat Res 276:210, 1992. 

Nicol RO, Menelau MB: Synovectomy of the knee in hemophilia, J Pediatr 
Orthop 6:330, 1986. 

Nilsson IM, Berntorp E, Lofqvist T, et al: Twenty-five years’ expérience of 
prophylactic treatment in severe haemophilia A and B, J Intern Med 
232:25, 1992. 

Pappo AS, Buchanan GR, Johnson A: Septic arthritis in children with hemo¬ 
philia, Am J Dis Child 143:1226, 1989. 

Patti JE, Mayo WE: Arthroscopic synovectomy for récurrent hemarthrosis 
of the ankle in hemophilia, Arthroscopy 12:652, 1996. 

Pirich C, Pilger A, Schwameis E, et al: Radiation synovectomy using 165Dy 
ferric-hydroxide and oxidative DNA damage in patients with different 
types of arthritis, J Nucl Med 41:250, 2000. 

Post M, Telfer MC: Surgery in hémophilie patients, J Bone Joint Surg 
57A:1136, 1975. 


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


Post M, Watts G, Telfer M: Synovectomy in hémophilie arthropathy: a rét¬ 
rospective review of 17 cases, Clin Orthop Relat Res 202:139, 1986. 

Rivard GE: Synoviorthesis with radioactive colloids in hemophiliacs, Prog 
Clin Biol Res 324:215, 1990. 

Rivard GE, Girard M, Belanger R, et al: Synoviorthesis with colloidal 32 P 
chromic phosphate for the treatment of hémophilie arthropathy, / Bone 
Joint Surg 7 6A:481, 1994. 

Rivard GE, Girard M, Cliché CL, et al: Synoviorthesis in patients with hemo- 
philia and inhibitors, Can Med Assoc J 127:41, 1982. 

Rodriguez-Merchan EC, Magallon M, Galindo E, et al: Hamstring release for 
fixed knee flexion contracture in hemophilia, Clin Orthop Relat Res 
343:63, 1997. 

Rodriguez-Merchan EC, Magallon M, Galindo E, et al: Hémophilie synovitis 
of the knee and elbow, Clin Orthop Relat Res 343:47, 1997. 

Rosenthal RL, Graham JJ, Selirio E: Excision of pseudotumor with repair by 
bone graft of pathological fracture of fémur in hemophilia, / Bone Joint 
Surg 55A:827, 1973. 

Siegel HJ, Luck JV Jr, Siegel ME, et al: Hemarthrosis and synovitis associated 
with hemophilia: clinical use of P32 chromic phosphate synoviorthesis 
for treatment, Radiology 190:257, 1994. 

Siegel HJ, Luck JV, Siegel ME, et al: Phosphate-32 colloid radiosynovectomy 
in hemophilia: outcome of 125 procedures, Clin Orthop Relat Res 392:409, 
2001 . 

Small M, Steven MM, Freeman PA, et al: Total knee arthroplasty in hémo¬ 
philie arthritis, / Bone Joint Surg 65B:163, 1983. 

Soreff J, Blomback M: Arthropathy in children with severe hemophilia A, 
Acta Paediatr Scand 69:667, 1980. 

Stehr-Green JK, Holman RC, Jason JM, et al: Hemophilia-associated AIDS 
in the United States, 1981 to September 1987, Am J Public Health 78:4, 
1988. 

Stehr-Green JK, Holman RC, Mahoney MA: Survival analysis of hemophilia- 
associated AIDS cases in the US, Am J Public Health 79:832, 1989. 

Takedani H, Fujii T, Kobayashi Y, et al: Inter-observer reliability of three 
different radiographie scores for adult haemophilia, Haemophilia 17:134, 
2011. 

Tamurian RM, Spencer EE, Wojtys EM: The rôle of arthroscopic synovec¬ 
tomy in the management of hemarthrosis in hemophilia patients: finan- 
cial perspectives, Arthroscopy 18:789, 2002. 

Triantafyllou SJ, Hanks GA, Handal JA, et al: Open and arthroscopic syno¬ 
vectomy in hémophilie arthropathy of the knee, Clin Orthop Relat Res 
283:196, 1992. 

Wang K, Street A, Dowrick A, Liew S: Clinical outcomes and patient satisfac¬ 
tion following total joint replacement in haemophilia—23-year expéri¬ 
ence in knees, hips, and elbows, Haemophilia 18:86, 2012. 

Wiedel JD: Arthroscopic synovectomy for chronic hémophilie synovitis of 
the knee, Arthroscopy 1:205, 1985. 

Wiedel JD: Arthroscopic synovectomy of the knee in hemophilia: 10- to 
15-year follow-up, Clin Orthop Relat Res 328:46, 1996. 

Zelada F, de Almeida AM, Pailo AF, et al: Viscosupplementation in patients 
with hémophilie arthropathy, Acta Ortop Bras 21:12, 2013. 

RICKETS, OSTEOMALACIA, AND RENAL 
OSTEODYSTROPHY 

Barrett IR, Papadimitriou DG: Skeletal disorders in children with rénal 
failure, / Pediatr Orthop 16:264, 1996. 

Callenbach JC, Sheehan MB, Abramson SJ, et al: Etiologie factors in rickets 
of very low-birth-weight infants, / Pediatr 98:800, 1981. 

Cattell HS, Levin S, Kopits S, et al: Reconstructive surgery in children with 
azotémie osteodystrophy, / Bone Joint Surg 53A:216, 1971. 

Choi IH, Kim JK, Chung CY, et al: Deformity correction of knee and 
leg lengthening by Ilizarov method in hypophosphatémie rickets: out¬ 
comes and significance of sérum phosphate level, / Pediatr Orthop 22:626, 
2002. 

Doppelt SH: Vitamin D, rickets, and osteomalacia, Orthop Clin North Am 
15:671, 1984. 

Evans GA, Arulanantham K, Gage JR: Primary hypophosphatémie rickets: 
effect of oral phosphate and vitamin D on growth and surgical treatment, 
/ Bone Joint Surg 62A:1130, 1980. 


Ferris B, Walker C, Jackson A, et al: The orthopédie management of hypo¬ 
phosphatémie rickets, / Pediatr Orthop 11:367, 1991. 

Herman MJ, Gulthuis DB: Incidental diagnosis of nutritional rickets affer 
clavicle fracture, Orthopedics 22:254, 1999. 

Kanel JS, Price CT: Unilatéral external fixation for corrective ostéotomies in 
patients with hypophosphatémie rickets, / Pediatr Orthop 15:232, 1995. 

Kanis JA: Vitamin D metabolism and its clinical application, / Bone Joint Surg 
64B:542, 1982. 

Klein KL, Maxwell MH: Rénal osteodystrophy, Orthop Clin North Am 
15:687, 1984. 

Loder RT, Hensinger RN: Slipped capital fémoral epiphysis associated with 
rénal failure osteodystrophy, / Pediatr Orthop 17:205, 1997. 

Loeffler R, Sherman F: The effect of treatment on growth and deformity in 
hypophosphatémie vitamin D-resistant rickets, Clin Orthop Relat Res 
162:4, 1982. 

Mankin HJ: Rickets, osteomalacia, and rénal osteodystrophy: 1, / Bone Joint 
Surg 56A:101, 1974. 

Mankin HJ: Rickets, osteomalacia, and rénal osteodystrophy: 2, / Bone Joint 
Surg 56A:352, 1974. 

Mankin HJ: Metabolic bone disease, / Bone Joint Surg 76A:760, 1994. 

Nicol RO, Williams PF, Hill DJ: Transient osteopaenia of the hip in children, 
/ Pediatr Orthop 4:590, 1984. 

Oppenheim WL, Fischer SR, Salusky IB: Surgical correction of angular 
deformity of the knee in children with rénal osteodystrophy, / Pediatr 
Orthop 17:41, 1997. 

Scriver CR, Reade T, Halal F, et al: Autosomal hypophosphatémie bone 
disease responds to l,25-(OH) 2 D 3 , Arch Dis Child 56:203, 1981. 

Sheridan RN, Chiroff RT, Friedman EM: Operative and nonoperative treat¬ 
ment of rachitic lower extremity deformities: a long-term study with 
46-year average follow-up, Clin Orthop Relat Res 116:66, 1976. 

Smith R: Idiopathic osteoporosis in the young, / Bone Joint Surg 62B:427, 
1980. 

TIBIA VARA 

Accadbled F, Laville J-M, Harper L: One-step treatment for evolved Blount’s 
disease, / Pediatr Orthop 23:747, 2003. 

Alekberov C, Shevtsov VI, Karatosun V, et al: Treatment of tibia vara by the 
Ilizarov method, Clin Orthop Relat Res 409:199, 2003. 

Arai K, Haga N, Taniguchi K, et al: Magnetic résonance imaging findings 
and treatment outcome in late-onset tibia vara, / Pediatr Orthop 21:808, 
2001 . 

Auerbach JD, Radomisli TE, Simoncini J, et al: Variability of the metaphyseal- 
diaphyseal angle in tibia vara: a comparison of two methods, / Pediatr 
Orthop 24:75, 2004. 

Beaty JH, Coscia MF, Holt M: Blounts disease , Paper presented at the Fifth 
Annual Meeting of the Southern Orthopédie Association. Edinburgh, 
1988. August 4. 

Beck CL, Burke SW, Roberts JM, et al: Physeal bridge resection in infantile 
Blount disease, / Pediatr Orthop 7:161, 1987. 

Bell DF: Treatment of adolescent Blount’s disease using the Ilizarov tech¬ 
nique, Op Tech Orthop 3:149, 1993. 

Blount WP: Tibia vara: osteochondrosis deformans tibiae, / Bone Joint Surg 
19:1, 1937. 

Bradway JK, Klassen RA, Peterson HA: Blount disease: a review of the 
English literature, / Pediatr Orthop 7:471, 1987. 

Bright RW: Operative correction of partial epiphyseal plate closure by 
osseous-bridge resection and silicone-rubber implant, / Bone Joint Surg 
56A:655, 1974. 

Canale ST, Harper MC: Biotrigonometric analysis and practical applications 
of ostéotomies of tibia in children, Instr Course Lect 30:85, 1981. 

Carter JR, Leeson MC, Thompson GH, et al: Late-onset tibia vara: a histo¬ 
pathologie analysis: a comparative évaluation with infantile tibia vara and 
slipped capital fémoral epiphysis, J Pediatr Orthop 8:187, 1988. 

Coogan PG, Fox JA, Fitch RD: Treatment of adolescent Blount disease with 
the circular external fixation device and distraction osteogenesis, 
/ Pediatr Orthop 16:450, 1996. 

Dalinka MK, Coren G, Hensinger R, et al: Arthrography in Blount’s disease, 
Radiology 113:161, 1974. 


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 


De Palblos J, Azcarate }, Barrios C: Progressive opening-wedge osteotomy 
for angular long-bone deformities in adolescents, J Bone Joint Surg 
77B:387, 1995. 

Eggert P, Viemann M: Physiological bowlegs or infantile Blount’s disease: 
some new aspects on an old problem, Pediatr Radiol 26:349, 1996. 

Erlacher P: Deformierended prozesse der Epiphysengegend bei Kindern, 
Arch Orthop Unfallchir 20:81, 1922. 

Feldman DS, Madan SS, Koval KK, et al: Correction of tibia vara with six- 
axis deformity analysis and the Taylor spatial frame, / Pediatr Orthop 
23:387, 2003. 

Ferriter P, Shapiro F: Infantile tibia vara: factors affecting outcome foliowing 
proximal tibial osteotomy, / Pediatr Orthop 7:1, 1987. 

Fitoussi F, Ilharreborde B, Fefevre Y, et al: Fixator-assisted médial tibial 
plateau élévation to treat severe Blount’s disease: outcomes at maturity, 
Orthop Traumatol Surg Res 97:172, 2011. 

Foreman KA, Robertson WW Jr: Radiographie measurement of infantile 
tibia vara, / Pediatr Orthop 5:452, 1985. 

Gaudinez R, Adar U: Use of the Orthofix T-Garche fixator in the late-onset 
tibia vara, / Pediatr Orthop 16:455, 1996. 

Gordon JE, Heidenreich FP, Carpenter CJ, et al: Comprehensive treatment 
of late-onset tibia vara, / Bone Joint Surg 87A:1561, 2005. 

Greene WB: Infantile tibia vara, / Bone Joint Surg 75A:130, 1993. 

Gregosiewicz A, Wosko I, Kandzierski G, et al: Double-elevating osteotomy 
of tibiae in the treatment of severe cases of Blount’s disease, / Pediatr 
Orthop 9:178, 1989. 

Hayek S, Segev E, Ezra E, et al: Results using a new technique for the cor¬ 
rection of infantile tibia vara, / Bone Joint Surg 82B:1026, 2000. 

Henderson RC, Kemp GJ Jr, Greene WB: Adolescent tibia vara: alternatives 
for operative treatment, / Bone Joint Surg 74A:342, 1992. 

Herring JA, Ehrlich MG: Instructional case: valgus knee deformity—etiology 
and treatment, / Pediatr Orthop 3:527, 1983. 

Herring JA, Wenger DR: Blount disease, / Pediatr Orthop 7:601, 1987. 

Ingram AJ: Paralytic disorders. In Crenshaw AH, editor: Campbells operative 
orthopaedics, vol 4, ed 7, St. Fouis, 1987, CV Mosby. 

Iwasawa T, Inaba Y, Nishimura G, et al: MR findings of bowlegs in toddlers, 
Pediatr Radiol 29:826, 1999. 

Johnston CE II: Fate-onset tibia vara (adolescents Blount’s disease), Ortho- 
pedics 7:734, 1984. 

Jones JK, Gill F, John M, et al: Outcome analysis of surgery for Blount 
disease, / Pediatr Orthop 29:730, 2009. 

Jones S, Hosalkar HS, Hill RA, et al: Relapsed infantile Blount’s disease 
treated by hemiplateau élévation using the Ilizarov frame, / Bone Joint 
Surg 85B:565, 2003. 

Kariya Y, Taniguchi K, Yagisawa H, et al: Case report: focal fibrocartilaginous 
dysplasia: considération ofhealing process, J Pediatr Orthop 11:545,1991. 

Kline SC, Bostrum M, Griffin PP: Fémoral varus: an important component 
in late-onset Blount’s disease, / Pediatr Orthop 12:197, 1992. 

Kling TF Jr: Angular deformities of the lower limbs in children, Orthop Clin 
NorthAm 18:513, 1987. 

Fangenskiôld A: Tibia vara (osteochondrosis deformans tibiae), Acta Chir 
Scand 103:1, 1952. 

Fangenskiôld A: An operation for partial closure of an epiphyseal plate in 
children and its experimental basis, / Bone Joint Surg 57B:325, 1975. 

Fangenskiôld A: Tibia vara: osteochondrosis deformans tibiae (Blount’s 
disease), Clin Orthop Relat Res 158:77, 1981. 

Fangenskiôld A: Tibia vara: a critical review, Clin Orthop Relat Res 246:195, 
1989. 

Fangenskiôld A, Riska EB: Tibia vara (osteochondrosis deformans tibiae): a 
survey of seventy-one cases, / Bone Joint Surg 46A:1405, 1964. 

Faurencin CT, Ferriter PJ, Millis MB: Oblique proximal tibial osteotomy for 
the correction of tibia vara in the young, Clin Orthop Relat Res 327:218, 
1996. 

Fevine A, Drennan J: Physiological bowing and tibia vara: the metaphyseal- 
diaphyseal angle in measurement of bowleg deformities, / Bone Joint Surg 
64A:1158, 1982. 

Fichtblau PO, Waxman BA: Blount’s disease: a review of the literature and 
description of a new surgical procedure, Contemp Orthop 3:526, 1981. 

Foder RT, Johnston CE II: Infantile tibia vara, / Pediatr Orthop 7:639, 1987. 


Foder RT, Schaffer JJ, Bardenstein MB: Late-onset tibia vara, / Pediatr Orthop 
11:162, 1991. 

Matsen FA III, Staheli LT: Neurovascular complications following tibial 
osteotomy in children: a case report, Clin Orthop Relat Res 110:210, 
1975. 

McCarthy JJ, Betz RR, Kim A, et al: Early radiographie différentiation of 
infantile tibia vara from physiologie bowing using the femoral-tibial 
ratio, / Pediatr Orthop 21:545, 2001. 

Miller S, Radomisli T, Ulin R: Inverted arcuate osteotomy and external fixa¬ 
tion for adolescent tibia vara, J Pediatr Orthop 20:450, 2000. 

Mitchell El, Chung SMK, Das MM, et al: A new radiographie grading System 
for Blount’s disease evaluating the epiphyseal-metaphyseal angle, Orthop 
Rev 9:27, 1980. 

Olney BW, Cole WG, Menelaus MB: Three additional cases of focal fibrocar¬ 
tilaginous dysplasia causing tibia vara, / Pediatr Orthop 10:405, 1990. 

O’Neill DA, MacEwen GD: Early roentgenographic évaluation of bowlegged 
children, / Pediatr Orthop 2:547, 1982. 

Oppenheim WL, Shayestehfar S, Salusky IB: Tibial physeal changes in rénal 
osteodystrophy: latéral Blount’s disease, J Pediatr Orthop 12:774, 1992. 

Park SS, Gordon JE, Luhmann SJ, et al: Outcome of hemiepiphyseal stapling 
for late-onset tibia vara, / Bone Joint Surg 87A:2259, 2005. 

Price CT, Scott DS, Greenberg DA: Dynamic axial external fixation in the 
surgical treatment of tibia vara, / Pediatr Orthop 15:263, 1995. 

Rab GT: Oblique tibial osteotomy for Blount’s disease (tibia vara), J Pediatr 
Orthop 8:715, 1988. 

Raney EM, Topoleski TA, Yaghoubian R, et al: Orthotic treatment of infantile 
tibia vara, / Pediatr Orthop 18:670, 1998. 

Richards BS, Katz DE, Sims JB: Effectiveness of brace treatment in early 
infantile Blount’s disease, / Pediatr Orthop 18:374, 1998. 

Rozbruch SR, Blyakher A, Haas SB, et al: Correction of large bilateral tibia 
vara with the Ilizarov method, J Knee Surg 16:34, 2003. 

Salenius P, Vankka E: The development of the tibiofemoral angle in children, 
J Bone Joint Surg 57A:259, 1975. 

Sasaki T, Yagi T, Monji J, et al: Transepiphyseal plate osteotomy for severe 
tibia vara in children: follow-up study of four cases, / Pediatr Orthop 6:61, 
1986. 

Schoenecker PL, Johnston R, Rich MM, et al: Elévation of the médial plateau 
of the tibia in the treatment of Blount disease, / Bone Joint Surg 74A:351, 
1992. 

Schoenecker PL, Meade WC, Pierron RL, et al: Blount’s disease: a rétrospec¬ 
tive review and recommendations for treatment, J Pediatr Orthop 5:181, 
1985. 

Shinohara Y, Kamegaya M, Kuniyoshi K, et al: Natural history of infantile 
tibia vara, / Bone Joint Surg 84B:263, 2002. 

Siffert RS: Intraepiphyseal osteotomy for progressive tibia vara: case report 
and rationale of management, / Pediatr Orthop 2:81, 1982. 

Siffert RS, Katz JF: The intraarticular deformity in osteochondrosis defor¬ 
mans tibiae, / Bone Joint Surg 52A:800, 1970. 

Smith SL, Beckish ML, Winters SC, et al: Treatment of late-onset tibia vara 
using Afghan percutaneous osteotomy and Orthofix external fixation, 
J Pediatr Orthop 20:606, 2000. 

Snyder M, Vera J, Harcke HT, et al: Magnetic résonance imaging of the 
growth plate in late-onset tibia vara, Int Orthop 27:217, 2003. 

Stanitski DF, Dahl M, Louie K, et al: Management of late-onset tibia vara in 
the obese patient by using circular external fixation, / Pediatr Orthop 
17:691, 1997. 

Stanitski DF, Srivastava P, Stanitski CL: Correction of proximal tibial defor¬ 
mities in adolescents with T-Garches external fixator, / Pediatr Orthop 
18:512, 1998. 

Steel HH, Sandrow RE, Sullivan PD: Complications of tibial osteotomy in 
children for genu varum or valgum: evidence that neurological changes 
are due to ischemia, / Bone Joint Surg 53A: 1629, 1971. 

Storen H: Operative élévation of the médial tibial joint surface in Blount’s 
disease, Acta Orthop Scand 40:788, 1970. 

Thompson GH, Carter JR: Late-onset tibia vara (Blount’s disease): current 
concepts, Clin Orthop Relat Res 255:24, 1990. 

Thompson GH, Carter JR, Smith CW: Late-onset tibia vara: a comparative 
analysis, / Pediatr Orthop 4:185, 1984. 


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS 


Van Huyssteen AL, Hastings CJ, Olesak M, Hoffman EB: Double-elevating 
osteotomy for late-presenting infantile Blounts disease. The importance 
of concomitant latéral epiphysiodesis, / Bone Joint Surg 87B:710, 2005. 

Vankka E, Salenius P: Spontaneous correction of severe tibiofemoral defor- 
mity in growing children, Acta Orthop Scand 53:567, 1982. 

Volk AG, Kling TF Jr, Dias L, et al: Blounts disease: follow-up to maturity, 
Orthop Trans 13:246, 1989. 

Wenger DR, Mickelson M, Maynard JA: The évolution and histopathology 
of adolescent tibia vara, / Pediatr Orthop 4:78, 1984. 

Westberry DE, Davids JR, Pugh LI, et al: Tibia vara: results of hemiepiphy- 
seodesis, / Pediatr Orthop 13:374, 2004. 

Zayer M: Hemicondylar tibial osteotomy in Blounts disease: a report of two 
cases, Acta Orthop Scand 63:350, 1992. 

Zayer M: Tibia vara in focal fibrocartilaginous dysplasia: a report of two 
cases, Acta Orthop Scand 63:353, 1992. 

Zionts LE, Shean CJ: Brace treatment of early infantile tibia vara, / Pediatr 
Orthop 18:102, 1998. 

OSTEOGENESIS IMPERFECTA 

Agarwal V, Joseph B: Non-union in osteogenesis imperfecta, / Pediatr Orthop 
14B:451, 2005. 

Albright JA: Management overview of osteogenesis imperfecta, Clin Orthop 
RelatRes 159:80, 1981. 

Albright JA: Systemic treatment of osteogenesis imperfecta, Clin Orthop 
RelatRes 159:88, 1981. 

Bailey RW: Further clinical expérience with the extensible nail, Clin Orthop 
RelatRes 159:171, 1981. 

Bailey RW, Dubow HI: Experimental and clinical studies of longitudinal 
bone growth: utilizing a new method of internai fixation Crossing the 
epiphyseal plate, / Bone Joint Surg 47A:1669, 1965. 

Bailey RW, Dubow HI: Evolution of the concept of an extensible nail accom- 
modating to normal longitudinal bone growth: clinical considérations 
and implications, Clin Orthop Relat Res 159:157, 1981. 

Beighton P, Spranger J, Versveld G: Skeletal complications in osteogenesis 
imperfecta: a review of 153 South African patients, S Afr Med J 64:565, 
1983. 

Cho TJ, Choi IH, Chung CY, et al: Efficacy of oral alendronate in children 
with osteogenesis imperfecta, / Pediatr Orthop 25:607, 2005. 

Chotigavanichaya C, Jadhav A, Bernstein RM, et al: Rod diameter prédiction 
in patients with osteogenesis imperfecta undergoing primary osteotomy, 
/ Pediatr Orthop 21:515, 2001. 

Daly K, Wisbeach A, Sanpera I Jr, et al: The prognosis for walking in osteo¬ 
genesis imperfecta, / Bone Joint Surg 78B:477, 1996. 

DeBastiani G, Aldegheri R, Renzi Brivio L, et al: Limb lengthening by dis¬ 
traction of the epiphyseal plate: a comparison of two techniques in the 
rabbit, / Bone Joint Surg 68B:545, 1986. 

DeBastiani G, Aldegheri R, Renzi Brivio L, et al: Chondrodiastasis-controlled 
symmetrical distraction of the epiphyseal plate: limb lengthening in chil¬ 
dren, / Bone Joint Surg 68B:550, 1986. 

DeBastiani G, Aldegheri R, Renzi Brivio L, et al: Limb lengthening by callus 
distraction (callotasis), / Pediatr Orthop 7:129, 1987. 

Eyre DR: Concepts in collagen biochemistry: evidence that collagenopathies 
underlie osteogenesis imperfecta, Clin Orthop Relat Res 159:97, 1981. 

Falvo KA, Root L, Bullough PG: Osteogenesis imperfecta: clinical évaluation 
and management, / Bone Joint Surg 56A:783, 1974. 

Gamble JG, Strudwick J, Rinsky LA, et al: Complications of intramedullary 
rods in osteogenesis imperfecta: Bailey-Dubow rods versus nonelongat- 
ing rods, / Pediatr Orthop 8:645, 1988. 

Gargan MF, Wisbeach A, Fixsen JA: Humerai rodding in osteogenesis imper¬ 
fecta, / Pediatr Orthop 16:719, 1996. 

Gerber LH, Binder H, Weintrob J, et al: Réhabilitation of children and infants 
with osteogenesis imperfecta: a program for ambulation, Clin Orthop 
RelatRes 251:254, 1990. 

Gertner JM, Root L: Osteogenesis imperfecta, Orthop Clin North Am 21:151, 
1990. 

Ilizarov G: The principles of the Ilizarov method, Bull Hosp Jt Dis 48:1, 
1988. 


Janus GJ, Vanpaemel LA, Engelbert RH, et al: Complications of the Bailey- 
Dubow elongating nail in osteogenesis imperfecta: 34 children with 110 
nails, / Pediatr Orthop 8B:203, 1999. 

Joseph B, Rebello G, Kant C: The choice of intramedullary devices for the 
fémur and the tibia in osteogenesis imperfecta, / Pediatr Orthop B 14:311, 
2005. 

Karbowski A, Schwitalle J, Brenner R, et al: Expérience with Bailey-Dubow 
rodding in children with osteogenesis imperfecta, Eur J Pediatr Surg 
10:119, 2000. 

Khoshhal Kl, Ellis RD: Functional outcome of Sofield procedure in the upper 
limb osteogenesis imperfecta, / Pediatr Orthop 21:236, 2001. 

King JD, Bobechko WP: Osteogenesis imperfecta: an orthopédie description 
and surgical review, J Bone Joint Surg 53B:72, 1971. 

Laidlaw AT, Loder RT, Hensinger RN: Telescoping intramedullary rodding 
with Bailey-Dubow nails for récurrent pathologie fractures in children 
without osteogenesis imperfecta, / Pediatr Orthop 18:4, 1998. 

Levin LS: The dentition in the osteogenesis imperfecta syndromes, Clin 
Orthop Relat Res 159:64, 1981. 

Li YH, Chow W, Leong JCY: The Sofield-Millar operation in osteogenesis 
imperfecta, / Bone Joint Surg 82B:11, 2000. 

Luhmann SJ, Sheridan JJ, Capelli AM, et al: Management of lower extremity 
deformities in osteogenesis imperfecta with extensible intramedullary 
rod technique: a 20-year expérience, / Pediatr Orthop 18:88, 1998. 

Marafioti RL, Westin GW: Elongating intramedullary rods in the treatment 
of osteogenesis imperfecta, / Bone Joint Surg 59A:467, 1977. 

Middleton RWD: Closed intramedullary rodding for osteogenesis imper¬ 
fecta, / Bone Joint Surg 66B:652, 1984. 

Millar EA: Observations on the surgical management of osteogenesis imper¬ 
fecta, Clin Orthop Relat Res 159:154, 1981. 

Nicholas RW, James P: Telescoping intramedullary stabilization of the lower 
extremities for severe OI, / Pediatr Orthop 10:219, 1990. 

Papagelopoulos P J, Morrey BF: Hip and knee replacement in osteogenesis 
imperfecta, / Bone Joint Surg 75A:572, 1993. 

Paterson CR, McAllion S, Miller R: Osteogenesis imperfecta with dominant 
inheritance and normal sclerae, / Bone Joint Surg 65B:35, 1983. 

Peterson LRA: Little people. In Morrey BF, editor: Joint replacement arthro- 
plasty , New York, 1991, Churchill Livingstone. 

Pizones J, Plotkin H, Parra-Garcia JI, et al: Bone healing in children with 
osteogenesis imperfecta treated with bisphosphonates, / Pediatr Orthop 
25:332, 2005. 

Porat S, Heller E, Seidman DS, et al: Functional results of operations in OI: 
elongating and nonelongating rods, / Pediatr Orthop 11:200, 1991. 

Rauch F, Glorieux FH: Osteogenesis imperfecta, Lancet 363:1377, 2004. 

Ring D, Jupiter JB, Labropoulos PK, et al: Treatment of deformity of the 
lower limb in adults who hâve osteogenesis imperfecta, J Bone Joint Surg 
78A:220, 1996. 

Rodriguez RP, Bailey RW: Internai fixation of the fémur in patients with 
osteogenesis imperfecta, Clin Orthop Relat Res 159:126, 1981. 

Russell TA, Taylor JC, LaVelle DG: Russell-Taylor interlocking intramedullary 
nails, Memphis, TN, 1985, Richards Manufacturing. 

Ryôppy S, Alberty A, Kaitila I: Early semiclosed intramedullary stabilization 
in osteogenesis imperfecta, / Pediatr Orthop 7:139, 1987. 

Seikaly MG, Kopanati S, Salhab N, et al: Impact of alendronate on quality of 
life in children with osteogenesis imperfecta, / Pediatr Orthop 25:786, 
2005. 

Shapiro F: Conséquences of an osteogenesis imperfecta diagnosis for survival 
and ambulation, J Pediatr Orthop 5:456, 1985. 

Sillence DO: Osteogenesis imperfecta: an expanding panorama of variants, 
Clin Orthop Relat Res 159:11, 1981. 

Sillence DO, Senn A, Danks DM: Genetic heterogeneity in osteogenesis 
imperfecta, / Med Genet 16:101, 1979. 

Sofield HA, Millar EA: Fragmentation, realignment, and intramedullary rod 
fixation of deformities of the long bones in children: a 10-year appraisal, 
J Bone Joint Surg 41 A: 1371, 1959. 

Tiley F, Albright JA: Osteogenesis imperfecta: treatment by multiple 
osteotomy and intramedullary rod insertion, / Bone Joint Surg 55A:701, 
1973. 


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 


Villanueva AR, Frost HM: Bone formation in human osteogenesis imper¬ 
fecta, measured by tétracycline bone labeling, Acta Orthop Scand 41:531, 
1970. 

Weil UH: Osteogenesis imperfecta: historical background, Clin Orthop Relat 
Res 159:6, 1981. 

Werner P, Metz L, Dubowski F: Nursing care of an osteogenesis imperfecta 
infant and child, Clin Orthop Relat Res 159:108, 1981. 

Widmann RF, Bitan FD, Laplaza FJ, et al: Spinal deformity, pulmonary com¬ 
promise, and quality of life in osteogenesis imperfecta, Spine 15:1673, 
1999. 

Wilkinson JM, Scott BW, Clarke AM, et al: Surgical stabilisation of the lower 
limb in osteogenesis imperfecta using the Sheffield Telescopic Intramed- 
ullary Rod System, / Bone Joint Surg 80B:999, 1998. 

Williams PF, Cole WHJ, Bailey RW, et al: Current aspects of the surgical 
treatment of osteogenesis imperfecta, Clin Orthop Relat Res 96:288,1973. 

Zeitlin L, Fassier F, Glorieux FH: Modem approach to children with osteo¬ 
genesis imperfecta, / Pediatr Orthop 10B:77, 2003. 

Zionts LE, Ebramzadeh E, Stott NS: Complications in the use of the Bailey- 
Dubow extensible nail, Clin Orthop Relat Res 348:186, 1998. 

DWARFISM 

Abe M, Shirai H, Okamoto M, et al: Lengthening of the forearm by callus 
distraction, / Hand Surg 21B:151, 1996. 

Aldegheri R: Distraction osteogenesis for lengthening of the tibia in patients 
who hâve limb-length discrepancy or short stature, / Bone Joint Surg 
81A:624, 1999. 

Bailey JA II: Orthopédie aspects of achondroplasia, / Bone Joint Surg 
52A:1285, 1970. 

Béais RK: Orthopédie aspects of the XO (Turner s) syndrome, Clin Orthop 
Relat Res 97:19, 1973. 

Borden SA, Kaplan FS, Fallon MD, et al: Metatrophic dwarfism, / Bone Joint 
Surg 69A:174, 1987. 

De Bastiani G, Aldegheri R, Renzi-Brivio L, et al: Limb lengthening by callus 
distraction (callotasis), / Pediatr Orthop 7:129, 1987. 

Ganel A, Horoszowski H, Kamhin M, et al: Leg lengthening in achondro- 
plastic children, Clin Orthop Relat Res 144:194, 1979. 

Goldberg MJ: Orthopédie aspects of bone dysplasias, Orthop Clin North Am 
7:445, 1976. 

Ilizarov GA: The tension-stress effect on the genesis and growth of tissues: 
IL The influence of rate and frequency of distraction, Clin Orthop Relat 
Res 239:263, 1989. 

Kopits SE: Orthopédie complications of dwarfism, Clin Orthop Relat Res 
114:153, 1976. 

McKusick VA: Heritable disorders of connective tissue , ed 4, St. Louis, 1972, 
CV Mosby. 

Noonan KJ, Leyes M, Forriol F, et al: Distraction osteogenesis of the lower 
extremity with use of monolateral external fixation: a study of 261 femora 
and tibiae, / Bone Joint Surg 80A:793, 1998. 

Paley D: Current techniques of limb lengthening, / Pediatr Orthop 8:73,1988. 

Polo A, Aldegheri R, Zambito A, et al: Lower-limb lengthening in short 
stature: an electrophysiological and clinical assessment of peripheral 
nerve function, / Bone Joint Surg 79B:1014, 1997. 

Price CT: Metaphyseal and physeal lengthening, Instr Course Lect 38:331, 
1989. 

Sailhan F, Chotel F, Guibal A-L, et al: Three dimensional MR imaging in the 
assessment of physeal growth arrest, Eur Radiol 14:1600, 2004. 

Scott CI Jr: Achondroplastic and hypochondroplastic dwarfism, Clin Orthop 
Relat Res 114:18, 1976. 


Simon D, Touati G, Prieur AM, et al: Growth hormone treatment of short 
stature and metabolic dysfunction in juvénile chronic arthritis, Acta Pae- 
diatr 88(Suppl): 100, 1999. 

Spranger JW, Langer LO Jr: Spondyloepiphyseal dysplasia congenita, Radiol- 
ogy 94:313, 1970. 

Wagner H: Operative lengthening of the fémur, Clin Orthop Relat Res 
136:125, 1978. 

TRAUMATIC EPIPHYSEAL ARREST FROM BRIDGE 
OF BONE 

Alford BA, Oshman DG, Sussman MD: Radiographie appearances following 
surgical correction of the partially fused epiphyseal plate, Skeletal Radiol 
15:146, 1986. 

Birch JG, Herring JA, Wenger DR: Surgical anatomy of selected physes, 
/ Pediatr Orthop 4:224, 1984. 

Bright RW: Operative correction of partial epiphyseal plate closure by 
osseous bridge resection and silicone-rubber implant: an experimental 
study in dogs, / Bone Joint Surg 56A:655, 1974. 

Canadell J, DePablos J: Breaking bony bridges by physeal distraction: a new 
approach, Int Orthop 9:223, 1985. 

Carlson WO, Wenger DR: A mapping method to préparé for surgical exci¬ 
sion of partial physeal arrest, / Pediatr Orthop 4:232, 1984. 

Craig JG, Cramer KE, Cody DD, et al: Prématuré partial closure and other 
deformities of the growth plate: MR imaging and three-dimensional 
modeling, Radiology 210:835, 1999. 

Foster BK, John B, Hasler C: Free fat interpositional graft in acute physeal 
injuries: the anticipatory Langenskiôld procedure, / Pediatr Orthop 
20:282, 2000. 

Friendenberg ZB: Reaction of the epiphysis to partial surgical resection, 
J Bone Joint Surg 39A:332, 1957. 

Hasler CC, Foster BK: Secondary tethers after physeal bar resection: a 
common source of failure? Clin Orthop Relat Res 405:242, 2002. 

Jowman-Giles R, Trochei M, Yeaters K, et al: Partial growth plate closure: 
apex view of bone scan, / Pediatr Orthop 5:109, 1985. 

Langenskiôld A: Partial closure of epiphyseal plate: principles of treatment, 
Int Orthop 2:95, 1978. 

Langenskiôld A: Surgical treatment of partial closure of the growth plate, 
J Pediatr Orthop 1:3, 1981. 

Langenskiôld A, Videman T, Nevalainen T: The fate of fat transplants in 
operations for partial closure of the growth plate, / Bone Joint Surg 
68B:234, 1986. 

Lee EH, Gao GX, Bose K: Management of partial growth arrest: physis, fat, 
or Silastic? / Pediatr Orthop 13:368, 1993. 

Odgen JA: Current concepts review: the évaluation and treatment of partial 
physeal arrest, / Bone Joint Surg 69A: 1297, 1987. 

Odgen JA: Skeletal injury in the child , ed 2, Philadelphia, 1989, Lea & Febiger. 

Osterman K: Operative élimination of partial epiphyseal closure: an experi¬ 
mental study, Acta Orthop Scand 147(Suppl):l, 1972. 

Peterson HA: Operative correction of post-fracture arrest of the epiphyseal 
plate: case report with 10-year follow-up, / Bone Joint Surg 62A:1018, 
1980. 

Peterson HA: Partial growth arrest and its treatment, J Pediatr Orthop 4:246, 
1984. 

Peterson HA, Burkhart SS: Compression injury of the epiphyseal growth 
plate: fact or fiction? / Pediatr Orthop 1:377, 1981. 

Porat S, Nyska M, Nyska A, et al: Assessment of bony bridge by computed 
tomography: experimental model in the rabbit and clinical application, 
/ Pediatr Orthop 7:155, 1987. 


PART X 



NERVOUS SYSTEM 
DISORDERS IN 
CHILDREN 






CHAPTER 33 

CEREBRAL PALSY 

Jeffrey R. Sawyer, David D. Spence 


ETIOLOGY 1250 

CLASSIFICATION 1252 

Géographie classification 
Monoplegia 1252 

Hemiplegia 1252 

Diplegia 1252 

Quadriplegia 1252 

Total body 1252 

Other types 1253 

Physiologie classification 
Spastic 1253 

Athetoid 1254 

Choreiform 1254 

Rigid 1254 

Ataxie 1254 

Hypotonie 1254 

Mixed 1254 

Functional classification 
DIAGNOSIS 1254 

Prognostic factors 1256 

Gait analysis 1256 

ASSOCIATED CONDITIONS 1257 
TREATMENT 1257 

Nonoperative treatment 1258 

Operative treatment 1259 

Neurosurgical intervention 1260 


HIP 1261 

Flexion deformities 1262 

Adduction deformities 1262 

Subluxation and dislocation 1265 

Varus derotational osteotomy 
KNEE 1271 

Hip and knee relationships 
Flexion deformity 1271 

Recurvatum of the knee 1278 

Kneevalgus 1279 

Patella alta 1279 

ROTATIONAL 

ABNORMALITIES 1279 

FOOT 1279 

Equinus deformity 1280 

Surgical correction of equinus 
deformity 1280 

Lengthening of the 
gastrocnemius-soleus 
muscle complex 1282 

Varus or valgus deformity 
Equinovarus deformity 1284 

Split tendon transfers 1285 

Osteotomy of the calcaneus 1286 

Latéral displacement calcaneal 
osteotomy 1289 

Planovalgus deformity 1289 


Calcaneus deformity 1291 

Cavus deformity 1291 

Forefoot adduction deformity 1291 
Hallux valgus deformity 
Clawtoes 1292 

SPINE-PELVIC OBLIQUITY 
AND SCOLIOSIS 1292 

UPPER EXTREMITY 1293 

Shoulder 1294 

Elbow 1294 

Forearm, wrist, and hand 

ADULTS WITH CEREBRAL 
PALSY 1294 

ADULT STROKE PATIENTS 1295 

Lower extremity 1296 

Hip 1297 

Knee 1297 

Foot 1297 

Talipes equinus 1297 

Talipes equinovarus 1297 

Varus foot 1298 

Planovalgus 1298 

Toe flexion 1298 

Upper extremity 1298 

Shoulder 1298 

Elbow 1299 


ETIOLOGY 

Cérébral palsy is a heterogeneous disorder of movement and 
posture that has a wide variety of présentations, ranging from 
mild motor disturbance to severe total body involvement. 
Because of this variability in clinical présentation and the 
absence of a definitive diagnostic test, defining exactly what 
cérébral palsy is has been difficult and controversial. It is 
generally agreed that there are three distinctive features 
common to ail patients with cérébral palsy: (1) some degree 
of motor impairment, which distinguishes it from other con¬ 
ditions, such as global developmental delay or autism; (2) an 
insult to the developing brain, making it different from condi¬ 
tions that affect the mature brain in older children and adults; 
and (3) a neurologie déficit that is nonprogressive, which 
distinguishes it from other motor diseases of childhood, such 
as the muscular dystrophies. In 2004 the International Execu¬ 
tive Committee for the Définition of Cérébral Palsy revised 
the définition of cérébral palsy to State: Cérébral palsy (CP) 
describes a group of permanent disorders of the development 
of movement and posture, causing activity limitation, that are 


attributed to nonprogressive disturbances that occurred in 
the developing fêtai or infant brain. The motor disorders of 
cérébral palsy offen are accompanied by disturbances of sen¬ 
sation, perception, cognition, communication, and behavior, 
by epilepsy, and by secondary musculoskeletal problems. 

The insult to the brain is believed to occur between the 
time of conception and âge 2 years, at which time a significant 
amount of motor development has already occurred. A 
similar injury to the brain affer âge 2 years can hâve a similar 
effect, however, and often is called cérébral palsy. By 8 years 
of âge, most of the development of the immature brain is 
complété, as is gait development, and an insult to the brain 
results in a more adult-type clinical picture and outcome. 

Although the neurologie déficit is permanent and non- 
progressive, the effect it can hâve on the patient is dynamic, 
and the orthopaedic aspects of cérébral palsy can change 
dramatically with growth and development. Growth, along 
with altered muscle forces across joints, can lead to progres¬ 
sive loss of motion, contracture, and eventually joint sublux¬ 
ation or dislocation, resulting in degeneration that may 
require orthopaedic intervention. 
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Children with cérébral palsy constitute the largest group 
of pédiatrie patients with neuromuscular disorders in the 
United States. The prevalence of cérébral palsy varies around 
the world according to the amount and quality of prénatal 
care, the socioeconomic condition of the parents, the envi¬ 
ronment, and the type of obstetric and pédiatrie care the 
mother and child receive. The détermination of the true prev¬ 
alence also is difficult because many children are not diag- 
nosed until âge 2 or 3 years; this most offen occurs in 
socioeconomic groups that hâve decreased access to medical 
care. In the United States, the occurrence is approximately 
two per 1000 live births; there are approximately 25,000 new 
patients with cérébral palsy each year, and approximately 
400,000 children with cérébral palsy at any given time. The 
United States experienced an initial decrease in the number 
of affected children in the 1950s and 1960s as a resuit of better 
understanding and treatment of maternal-fetal Rh incompat- 
ibility and improvements in obstetric techniques. More 
recently, the prevalence of cérébral palsy was thought to be 
increasing because of the increased survival of prématuré and 
low-birth-weight infants; however, two large population- 
based studies showed that the improved survival of these 
infants has not contributed to the increase in prevalence of 
cérébral palsy in the United States. Worldwide, the prevalence 
ranges from 0.6 to 7.0 cases per 1000 live births. The cost of 
operative treatment in children with cérébral palsy is substan- 
tial. In 1997, there were an estimated 37,000 operative proce¬ 
dures performed, with the most common being gastrostomy 
tube placements, soff-tissue releases, fundoplications, spinal 
fusions, and hip ostéotomies. These procedures accounted for 
50,000 hospital days and $150 million in charges. 

Injury to the developing brain can occur at any time from 
gestation to early childhood and typically is categorized as 
prénatal, périnatal, or postnatal. Contrary to popular belief, 
fewer than 10% of injuries that resuit in cérébral palsy occur 
during the birth process, with most occurring in the prénatal 
period. A wide variety of risk factors for cérébral palsy hâve 
been identified in the prénatal period, including risk factors 
inhérent to the fétus (most commonly genetic disorders), 
factors inhérent to the mother (seizure disorders, mental 
retardation, and previous pregnancy loss), and factors inhér¬ 
ent to the pregnancy itself (Rh incompatibility, polyhydram- 
nios, placental rupture, and drug or alcohol exposure). 
External factors, such as TORCH syndrome (toxoplasmosis, 
other agents, rubella, cytomégalovirus, herpes simplex), also 
can lead to cérébral palsy in the prénatal period. Occurrences 
in the absence of any known risk factors may be caused by 
some yet unknown factor during this critical time in brain 
development. Several more recent studies hâve suggested a 
possible rôle of chorioamnionitis as one of these factors. 

Cérébral palsy in the périnatal period, from birth until a 
few days affer birth, typically is associated with asphyxia or 
trauma that occurs during labor. Oxytocin augmentation, 
umbilical cord prolapse, and breech présentation ail hâve 
been associated with an increased occurrence of cérébral 
palsy. Only 10% of cases of cérébral palsy occur during this 
time period, and most patients with cérébral palsy hâve no 
history of asphyxia. Although cérébral palsy is offen associ¬ 
ated with low Apgar scores during this period, many neonates 
hâve low scores because of other conditions, such as genetic 
disorders, that are completely unrelated to asphyxia. Low- 
birth-weight infants (<1500 g) are at dramatically increased 
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Periventricular leukomalacia. Cross-sectional 
view shows blood vessels that supply brain with blood (left) and 
brain structures (right). Area surrounding ventricles contains 
"white matter" that includes descending neuronal pathways of 
motor control System. This area, especially farther forward in 
brain, is susceptible to damage in prématuré infants because of 
relative paucity of blood vessels. Fluctuations in blood flow, blood 
oxygen, or blood glucose levels can cause damage in this area, 
resulting in disturbance of motor control System and subséquent 
(usually spastic) cérébral palsy. 


_ TABLE 33-1 _J ipg jj jgBj 

Grading of Periventricular Lésions 


I Bleeding confined to germinal matrix 

II Bleeding extends into ventricles 

III Bleeding into ventricles with dilation 

IV Bleeding into brain substance 

Adapted from Pellegrino L, Dormans JP: Définitions, etiology, and epidemiology 
of cérébral palsy. In Pellegrino L, Dormans JP, editors: Caring for children with 
cérébral palsy: a team-based approach, Baltimore, 1998, Paul Brookes. 


risk of cérébral palsy, with an incidence of 60 per 1000 births 
compared with two per 1000 births in infants of normal 
weight. This increased incidence is believed to be caused by 
the fragility of the periventricular blood vessels, which are 
highly susceptible to physiologie fluctuations during preg¬ 
nancy (Fig. 33-1). These fluctuations, which include hypoxie 
épisodes, placental pathology, maternai diabètes, and infec¬ 
tion, can injure these vessels and lead to subséquent intraven- 
tricular hemorrhages. These injuries are graded on a scale 
from I to IV (Table 33-1), with an increased incidence of 
neurologie conséquences such as hydrocephalus and cérébral 
palsy in grade III (bleeding into ventricles with dilation) and 
grade IV (bleeding into brain substance). In addition, the 
periventricular area, which is important for motor control, is 
especially susceptible from the 26th to the 32nd week of preg¬ 
nancy. If this area is injured, diplegia usually results. Offen, a 
synergistic combination of events leads to brain injury and 
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the subséquent development of cérébral palsy. Pregnancies 
involving multiple births also are at increased risk for cérébral 
palsy, primarily because of their association with prématuré 
delivery. 

Although most children born with cérébral palsy are 
delivered at full term, full-term infants are at a much lower 
risk of developing cérébral palsy than are prématuré infants. 
Hypoxic-ischemic encephalopathy, which is characterized by 
hypotonia, decreased movement, and seizures, is a common 
cause of cérébral palsy during the postnatal period. Méco¬ 
nium aspiration and persistent fêtai circulation with true 
ischemia are the most common causes of hypoxic-ischemic 
encephalopathy Infections such as encephalitis and menin- 
gitis, most commonly caused by group B Streptococcus and 
herpes, can lead to cérébral palsy during this period. Trau- 
matic brain injury from accidents or child abuse also accounts 
for a significant number of cases of cérébral palsy that develop 
in the postnatal period. Improvements in obstetric care hâve 
dramatically decreased the frequency of iatrogénie brain 
injury. 

CLASSIFICATION 

Because of the wide variability in présentation and types of 
cérébral palsy, various classification schemes hâve been 
described. Traditionally, cérébral palsy has been classified by 
the clinical physiologie picture, the région of the body 
affected, or the neuroanatomic région of the brain that was 
injured. More recently, the Gross Motor Functional Classifi¬ 
cation System (GMFCS) has been adopted as the most widely 
used classification scheme; this System stratifies children 
based on function at various âges. 

GEOGRAPHIC CLASSIFICATION 

The anatomie région of the body affected with the movement 
disorder should be identified as shown in Table 33-2. Offen, 
it is difficult to classify completely the pattern of involvement 
geographically because some extremities may be only subtly 
involved and a patients pattern of involvement can change 
over time. This classification is useful, however, in describing 
general patterns of involvement. 

■ MONOPLEGIA 

Monoplegia is very rare and usually occurs affer meningitis. 
Most patients diagnosed with monoplegia actually hâve 
hemiplegia with one extremity only very mildly affected. 

■ HEMIPLEGIA 

In hemiplegia, one side of the body is involved, with the 
upper extremity usually more affected than the lower extrem¬ 
ity. Patients with hemiplegia, approximately 30% of patients 
with cérébral palsy, typically hâve sensory changes in the 
affected extremities as well. Severe sensory changes, espe- 
cially in the upper extremity, are a predictor of poor func¬ 
tional outcome affer reconstructive surgery. Hémiplégie 
patients also may hâve a leg-length discrepancy, with shorten- 
ing on the affected side, which can be treated with contralat¬ 
éral epiphysiodesis or leg lengthening. 

■ DIPLEGIA 

Diplegia is the most common anatomie type of cérébral palsy, 
constituting approximately 50% of ail cases. Patients with 


_ TABLE 33-2 _ P—M 

Géographie Classification of Cérébral Palsy 


TYPE 

DESCRIPTION 

Monoplegia 

One extremity 
involved, usually lower 

Hemiplegia 

Both extremities on 
same side involved 

Usually upper 
extremity involved 
more than lower 
extremity 

Paraplegia 

Both lower extremities 
equally involved 

Diplegia 

Lower extremities 
more involved than 
upper extremities 
Fine-motor/sensory 
abnormalities in upper 
extremity 

Quadriplegia 

AN extremities 
involved equally 

Normal head/neck 
control 

Double 

AN extremities 

hemiplegia 

involved, upper more 
than lower 

Total body 

AN extremities severely 
involved 

No head/neck control 


diplegia hâve motor abnormalities in ail four extremities, 
with the lower extremities more affected than the upper. The 
close proximity of the lower extremity tracts to the ventricles 
most likely explains the more frequent involvement of the 
lower extremities with periventricular lésions (Fig. 33-1). 
This type of cérébral palsy is most common in prématuré 
infants; intelligence usually is normal. Most children with 
diplegia walk eventually, although walking is delayed usually 
until around âge 4 years. 

■ QUADRIPLEGIA 

In quadriplegia, ail four extremities are equally involved and 
many patients hâve significant cognitive deficiencies that 
make care more difficult. Head and neck control usually is 
présent, which helps with communication, éducation, and 
seating. Treatment goals for patients with quadriplegia 
include a straight spine and level pelvis, located mobile hips 
with 90 degrees of flexion for sitting and 30 degrees of exten¬ 
sion for pivoting, plantigrade feet that can fit in shoes, and an 
appropriate wheelchair. 

■ TOTAL BODY 

Patients with total body involvement typically hâve profound 
cognitive déficits in addition to loss of head and neck control. 
These patients usually require full-time assistance for activi- 
ties of daily living and specialized seating Systems to assist 
with head positioning. Drooling, dysarthria, and dysphagia 
also are common and complicate care. 
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Hemiplegia 


Diplegia 


Quadriplegia Athetoid 


Dystonie 


Ataxie 


Pyramidal 


Extrapyramidal 


□ Normal 

□ Mild involvement 

□ Severe involvement 


Classification of cérébral palsy. Although overlaps in terminology exist, cérébral palsy can be classified according to 
distribution (régional versus global involvement, hémiplégie, diplegic, quadriplegic), physiologie type (spastic, dyskinetic/dystonic, 
dyskinetic/athetoid, ataxie), or presumed neurologie substrate (pyramidal, extrapyramidal). (Redrawn from Pellegrino L: Cérébral palsy. In 
Batshaw ML, editor: Children with disabilities, ed 4, Baltimore, 1997, Paul H. Brookes.) 


■ OTHER TYPES 

Some patients hâve a double hemiplegia pattern as a resuit of 
bleeding in both hemispheres of the brain. It offen is difficult 
to differentiate this from diplegia or quadriplegia; however, 
in double hemiplegia, the upper extremities typically are 
more involved than the lower. 

Paraplegia is very rare and is characterized by bilateral 
lower extremity involvement with (in contrast to diplegia) 
completely normal gross and fine motor skills in the upper 
extremity. Many patients diagnosed with paraplegia actually 
are diplegic with very mildly involved upper extremities. 
Although occasionally mentioned, triplegia, the involvement 
of three extremities, probably does not exist. With careful 
examination, most patients believed to hâve triplegia actually 
hâve subtle motor déficits of the least involved limb. 

PHYSIOLOGIC CLASSIFICATION 

Most patients with cérébral palsy hâve recognizable patterns 
of movement that also can be classified. A basic understand- 
ing of normal brain development is important to understand- 
ing the various types. During the first trimester, the immature 
brain séparâtes into the gross structures, including the cere- 
brum, cerebellum, and medulla. Neurons begin to form in the 
second trimester, and the total number of neurons an indi- 
vidual eventually has are présent at the end of this time frame. 
Any neurons lost from this point forward are irreplaceable. 
Synaptic connections and myelination begin during the third 
trimester and continue through adolescence in a highly orga- 
nized fashion. As these synapses develop and myelinization 
continues, primitive reflexes disappear and more mature 
motor patterns arise. Because of this continued development 


after birth, many injuries to the newborn nervous System 
go unrecognized until the absence of expected patterns can 
be detected. Different pathways of the brain are myelinated 
at different times; therefore spastic diplegia usually is not 
detected until 8 to 10 months of âge; hemiplegia, 20 months 
of âge; and athetoid cérébral palsy, after 24 months of 
âge. Keep this in mind because a child’s pattern may change 
over time. 

Physiologically, cérébral palsy can be divided into a 
spastic type, which affects the corticospinal (pyramidal) 
tracts, and an extrapyramidal type, which affects the other 
régions of the developing brain. The extrapyramidal types of 
cérébral palsy include athetoid, choreiform, ataxie, rigid, and 
hypotonie (Fig. 33-2). 

■ SPASTIC 

Spastic is the most common form of cérébral palsy, constitut- 
ing approximately 80% of cases, and usually is associated with 
injury to the pyramidal tracts in the immature brain. Spastic- 
ity, or the vélocity-dépendent increase in muscle tone with 
passive stretch, is caused by an exaggeration of the normal 
muscle passive stretch reflex. Booth showed histologically 
that this altered muscle function leads to the déposition of 
type I collagen in the endomysium of the affected muscle, 
leading to thickening and fibrosis, the degree of which cor- 
related to the severity of the spasticity. Offen, patients hâve 
simultaneous cocontraction of normally antagonistic muscle 
groups leading to fatigue, loss of dexterity and coordination, 
and balance difficulties. Joint contractures, subluxation, and 
degeneration are common in patients with spastic cérébral 
palsy. 
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■ ATHETOID 

Athetoid cérébral palsy is caused by an injury to the extrapy¬ 
ramidal tracts and is characterized by dyskinetic, purposeless 
movements that may be exacerbated by environmental stimu¬ 
lation. The clinical picture varies based on the level of excite - 
ment of the patient. In pure athetoid cérébral palsy, joint 
contractures are uncommon; the results of soff-tissue releases, 
in contrast to those seen in spastic cérébral palsy, are unpre- 
dictable, and the procedures hâve a high complication rate. 
With the improvements in prévention of Rh incompatibility 
leading to kernicterus, the incidence of athetoid cérébral 
palsy is decreasing. Dystonia, characterized by increased 
overall tone and distorted positioning in response to volun- 
tary movements, or hypotonia also can occur with athetoid 
cérébral palsy. 

■ CHOREIFORM 

Choreiform cérébral palsy is characterized by continuai pur¬ 
poseless movements of the patients wrists, fingers, toes, and 
ankles. This continuous movement can make bracing and 
sitting difficult. 

■ RIGID 

Patients with rigid cérébral palsy are the most hypertonie of 
ail cérébral palsy patients. This hypertonicity occurs in the 
absence of hyperreflexia, spasticity, and clonus, which are 
common in spastic cérébral palsy. These patients hâve a “cog- 
wheel” or “lead pipe” muscle stiffness that often requires sur- 
gical release. When a surgical release is done, it is essential 
not to overweaken the muscle, which would cause the oppo¬ 
site deformity to occur. 

■ ATAXIC 

Ataxie cérébral palsy is very rare and probably is the most 
often misdiagnosed type. It is characterized by the distur¬ 
bance of coordinated movement, most commonly walking, as 
a resuit of an injury to the developing cerebellum. It is impor¬ 
tant to distinguish true ataxia from spasticity because with 
treatment many children with ataxia are able to improve their 
gait function without surgery. Overaggressive tendon length- 
ening in patients with ataxia can lead to iatrogénie weakness, 
which further interfères with gait function. 

■ HYPOTONIC 

Hypotonie cérébral palsy is characterized by weakness in 
conjunction with low muscle tone and normal deep tendon 
reflexes. Many children who ultimately develop spastic or 
ataxie cérébral palsy pass through a hypotonie stage lasting 
1 or 2 years before the true nature of their brain 
injury becomes apparent. Persistent hypotonia can lead to 
difficulties with sitting balance, head positioning, and 
communication. 

■ MIXED 

Many patients with cérébral palsy hâve features of more than 
one type and are referred to as having mixed cérébral palsy. 
Patients with mixed cérébral palsy usually show signs of pyra¬ 
midal and extrapyramidal déficits. The final clinical appear- 
ance is determined by the relative components of spasticity, 
athetosis, and ataxia. Surgical releases in this group can be 
less predictable, especially when a large athetoid or ataxie 
component is présent. 


FUNCTIONAL CLASSIFICATION 

In recent years, newer classification Systems hâve been devel- 
oped based on function. Functional classifications Systems 
are able to grade individuals based on their abilities instead 
of their deficiencies and promote the concepts of the World 
Health Organizations International Classification of Func- 
tioning, Disability, and Health, which focuses on activity and 
participation. The first widely accepted functional classifica¬ 
tion was the Gross Motor Function Classification System 
(GMFCS) (Box 33-1). Initially described by Palisano et al., 
this five-level ordinal grading System has been found to be a 
reliable and stable method of classification and prédiction of 
motor function for children under the âge of 12 years. It has 
since been expanded and revised to include children 12 to 18 
years of âge. It takes into account functional limitations for 
assistive devices, such as walkers and wheelchairs, and the 
quality of movement based on âge. The emphasis of this scale 
is on self-initiated movement and walking and sitting func¬ 
tion. The GMFCS has been shown to be prédictive of hip 
dislocation. 

The impact and acceptance of the GMFCS led to the 
introduction of the Manual Abilities Classification System 
(MACS) (Table 33-3). This five-level ordinal System was 
developed to be similar to the GMFCS but is intended to 
assess how a child with cérébral palsy uses his or her hands 
to perform activities of daily living. It also has been validated 
by multiple studies, and interrater reliability has been found 
to be good to excellent among healthcare professionals and 
care providers for children 4 to 18 years of âge. Also similar 
to the GMFCS, the MACS remains stable over time with little 
change after the âge of 4 years. 

DIAGNOSIS 

History and physical examination are the primary tools 
in making the diagnosis of cérébral palsy. The history 
should include a thorough investigation of the pregnancy 
and delivery. With the exception of several rare conditions, 
such as familial spastic paraparesis and congénital ataxia, 
there is no known genetic component to cérébral palsy. 
Ancillary studies, such as radiographs, hématologie studies, 
chromosomal analysis, computed tomography (CT), mag- 
netic résonance imaging, and positron émission tomography, 
rarely are needed to make the diagnosis but may be helpful 
in determining the type and extent of cérébral palsy présent. 
Diagnosis of cérébral palsy before 2 years of âge can be 
difficult. One study found that 55% of children diagnosed 
with cérébral palsy by 1 year of âge did not meet the 
criteria by 7 years of âge. Transient dystonia of prematurity is 
a condition characterized by increased tone in the lower 
extremities between 4 and 14 months old and often is con- 
fused with cérébral palsy. This is a self-limiting condition and 
résolves without treatment. In addition, African-American 
children tend to hâve higher muscle tone than other ethnie 
groups, which also can lead to a misdiagnosis of cérébral 
palsy. 

Knowledge of normal motor developmental milestones 
and primitive reflexes allows identification of children who 
are delayed in their motor development. Motor development 
usually occurs in a cephalad-to-caudal pattern, starting with 
swallowing and sucking, which are présent at birth, and pro- 
ceeding to sphincter control, which occurs at 24 to 36 months 
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Gross Motor Functional Classification System (GMFCS) 


LevelI 

■ Up to 2 Years of Age: Infants start to learn to sit on the 
floor and use both hands to play with and manipulate 
objects. Infants are also capable of crawling and pulling 
themselves up, and by 18 months, can walk. 

■ Ages 2 to 4: Children can successfully sit on the floor with 
no assistance. They may also begin to stand without adult 
assistance and walk. Walking is typically preferred over 
crawling. 

■ Ages 4 to 6: Children can sit in a chair and get up from a 
chair without assistance. They can also move to the floor 
from a chair without assistance, walk freely without assis¬ 
tance, and begin to run and jump. 

■ Ages 6 to 12: Children can run, walk, jump, and climb stairs 
without assistance; balance and coordination may be 
lacking still. 

Level II 

■ Up to 2 Years of Age: Infants may begin to sit on the floor 
but only with adult assistance or by relying on their hands 
for support. They may begin to crawl on hands and knees 
or "creep" on their belly. 

■ Ages 2 to 4: Children can sit on the floor but require assis¬ 
tance, especially if they're using their hands to manipulate 
and grab objects. Reciprocal patterns are used when crawl¬ 
ing on hands and knees, and children can walk either with 
assistive devices or by holding onto furniture or other sturdy 
objects. 

■ Ages 4 to 6: Children can now sit in a chair without assis¬ 
tance but need assistance from standing to moving to the 
floor, such as a sturdy table or surface. Additionally, they 
can walk for short distances without support and can climb 
stairs as long as they are holding the rails for support. 
However, they cannot skip, run, or jump. 

■ Ages 6 to 12: Children can walk both indoors and outdoors 
with little to no assistance but will need help with walking 
in crowds, in unfamiliar settings, and on inclined surfaces. 
They still need rails when climbing steps and only possess 
minimal abilities for gross motor skills, such as running, 
jumping, and skipping. 

Level III 

■ Up to 2 Years of Age: Infant can roll and creep in a 
forward position while on their stomachs but will need 
assistance with sitting via lower back support. 

■ Ages 2 to 4: Children can sit on the floor unsupported but 
typically in the "W" position: rotated hips and knees. They 
also can crawl on their hands and knees, usually without 
moving the legs. Crawling tends to be the preferred method 
of moving around. 


■ Ages 4 to 6: Children can sit upright on a chair but require 
trunk support if using their hands. Additionally, they can lift 
themselves from the chair with the assistance of sturdy 
furniture, such as a table, and can climb stairs with adult 
help. They can also walk while using a mobility device for 
assistance. 

■ Ages 6 to 12: With a mobility device for assistance, children 
walk both outdoors and indoors. They may be able to climb 
stairs without adult assistance but with the use of handrails. 
If they are traveling long distances or walking on uneven or 
inclined distances, they will either need to be carried or use 
a wheelchair. 

Level IV 

■ Up to 2 Years of Age: Infants can roll from back to stomach 
and vice versa but can only sit upright with trunk 
assistance. 

■ Ages 2 to 4: When placed on the floor, children can sit up, 
but will need to use their hands and arms for support. In 
most instances, they will need adaptive equipment for both 
sitting and standing, but crawling on their hand and knees, 
stomach creeping, and/or rolling are the preferred methods 
of moving. 

■ Ages 4 to 6: Children can sit on a chair with trunk support 
and can move from the chair by holding onto a sturdy 
surface. They can walk short distances, but adult supervision 
is highly recommended as they may hâve problems turning 
and keeping their balance. 

■ Ages 6 to 12: Children will maintain the same mobility from 
âge 6, but they may rely more on wheelchairs and walk- 
assisting devices, especially at school or in the community. 

Level V 

■ Up to 2 Years of Age: Voluntary control of movements are 
physically impaired and, in turn, the infant cannot hold his 
or her head and trunk without support. They also need 
assistance in rolling over. 

■ Ages 2 to 4: Ail areas of motor function are still limited, 
rendering it difficult for the child to sit without assistance, 
to crawl, or achieve any type of independent mobility at ail. 

■ Ages 4 to 6: Children can now sit on a chair but will need 
adaptive equipment to hold them in place. In addition, they 
will need to be transported, even for daily activities, as they 
still hâve no independent mobility. 

■ Ages 6 to 12: Some children may be able to achieve mobil¬ 
ity on their own via an electronic wheelchair, but mobility 
will still be limited to the point where they cannot move on 
their own, including the inability to support their trunks and 
bodies. Additional expansive adaptation equipment is used 
in some instances. 


of âge (Table 33-4). Primitive reflex patterns of motor activity reflexes are présent or absent, the chilcTs neurologie âge can 

that are outgrown as part of the normal maturation process be determined. By comparing the neurologie âge with the 

persist longer than normal and in some cases permanently in chronologie âge, a neurologie quotient can be determined, 

children with cérébral palsy. Other, more mature motor pat- which is useful in determining prognosis and treatment. The 

terns, which are essential for normal ambulation, may be presence of these primitive reflexes also can contribute to 

significantly delayed or never appear. By determining which further deformity. 
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_ TABLE 33-3 

Manual Ability Classification System (MACS) 
Levels 


LEVEL DESCRIPTION COMMENTS 

1 Handles objects At most, limitations in the 

easily and ease of performing 

successfully manual tasks requiring 

speed and accuracy; 
however, any limitations 
in manual abilities do not 
restrict independence in 
daily activities 
Certain activities may be 
avoided or be achieved 
with some difficulty; 
alternative ways of 
performance might be 
used, but manual abilities 
do not usually restrict 
independence in daily 
activities 


2 Handles most objects 

but with somewhat 
reduced quality and/ 
or speed 


3 Handles objects with 

diff iculty; needs help 
to préparé and/or 
modify activities 


4 Handles a limited 

sélection of easily 
managed objects in 
adapted situations 


Performance is slow and is 
achieved with limited 
success regarding quality 
and quantity; activities are 
performed independently 
if they hâve been set up 
or adapted 

Performs parts of activities 
with effort and with 
limited success; requires 
continuous support and 
assistance and/or adapted 
equipment for even 
partial achievement of the 
activity 


5 Does not handle Requires total assistance 

objects and has 
severely limited 
ability to perform 
even simple actions 


_ TABLE 33-4 _^ -, , 

Early Motor Developmental Milestones 


MILESTONE 

AVERAGE AGE (MO) 

95TH PERCENTILE 

Head control 

3 

6 

Independent sitting 

6 

9 

Crawling 

8 

Variable, some 
never do 

Pull to stand 

8 

12 

Independent walking 

12 

17 


PROGNOSTIC FACTORS 

Considérable work has been done investigating prognostic 
factors for function, including ambulation, in patients with 
cérébral palsy. The presence of tonie neck reflexes usually 
is incompatible with independent standing balance and 


the ability to perform alternating movements of the lower 
extremities necessary for walking. Sitting independently by 2 
years of âge is a good predictor of independent ambulation. 
If a child cannot sit independently by 4 years, it is unlikely he 
or she will ever walk without assistance. If a child has not 
learned to walk by 8 years of âge, and he or she is not limited 
by severe contractures, it is unlikely he or she will ever walk 
at ail. 

Poor prognostic signs for walking reported by Bleck 
included (1) an imposable asymmetric tonie neck reflex, 
(2) persistent Moro reflex, (3) strong extensor thrust on verti¬ 
cal suspension, (4) persistent neck-righting reflex, and (5) 
absence of normal parachute reaction after 11 months. The 
persistence of these primitive reflexes is associated with 
extensive and severe brain damage and a poor prognosis for 
independent ambulation, self-care, and activities of daily 
living. 

GAIT ANALYSIS 

Before the development of computer-based gait analysis 
Systems, careful clinical observation was the primary method 
of diagnosing gait disturbances in children with cérébral 
palsy. It is still an essential component in making the diagno- 
sis. This clinical observation is done by repeatedly watching 
the child walk from the front, sides, and back, studying one 
component of gait at a time. Attention should be paid to the 
pelvis, hip, knee, ankle, and foot and to stride length, cadence, 
rotational alignment, trunk position, and side-to-side 
différences. 

Modem quantitative gait analysis uses high-speed motion 
picture caméras from different angles, retroreflective markers 
on the surface of the skin aligned with palpable skeletal land- 
marks, and force platforms to measure the various compo- 
nents of gait. Kinematic data are provided that are presented 
in a waveform that represents the three-dimensional motion 
of the joints during the gait cycle. Electromyographic (EMG) 
testing, which documents the activation of various muscles 
during the gait cycle, also is used to détermine which muscles 
are firing in a normal pattern and which are firing out of 
phase. Other components of quantitative gait analysis include 
pedobarography (foot pressure) and oxygen consumption 
measurement. Combined, these give the trained observer an 
accurate représentation of the complex interaction of ail of 
the components of gait. Gait analysis frequently is used in 
preoperative planning before lower extremity surgery to 
delineate a patients spécifie gait déviations and plan the 
appropriate intervention. One study found that when experi- 
enced observers were given quantitative gait analysis for 
patients after surgical recommendations had already been 
made based on clinical observation, the surgical recommen¬ 
dation changed 52% of the time. 

Although quantitative gait analysis provides objective 
data, interprétation of that data seems to be subjective. Only 
slight-to-moderate agreement has been noted among physi- 
cians in identification of soft-tissue and bony problems and 
in recommendations for treatment. Significant institutional 
différences in diagnosis and treatment recommendations also 
hâve been found. Clinical examination combined with gait 
analysis has been reported to improve surgical outcome. As 
noted, postoperative gait analysis may be useful not only in 
assessing outcomes but also in making further treatment 
recommendations, including recommendations for bracing, 
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spécifie physical therapy protocols, and further surgical 
intervention. 

Although quantitative gait analysis techniques continue 
to improve, their rôle in the évaluation and treatment of 
children with cérébral palsy remains controversial. Although 
gait analysis has been shown to alter decision-making, studies 
are necessary to détermine if these changes lead to improved 
clinical outcomes. Davids et al. proposed a five-step para- 
digm for clinical decision making to optimize the walking 
ability of children with cérébral palsy. The five points are 
clinical history, physical examination, diagnostic imaging, 
quantitative gait analysis, and examination under anesthésia. 
We believe that this type of approach is better than relying on 
quantitative gait analysis alone in the diagnosis and treatment 
of children with cérébral palsy. 

ASSOCIATED CONDITIONS 

Most patients with cérébral palsy hâve associated impair- 
ments that interfère with their daily function, independence, 
mobility, and overall health. These issues may be more impor¬ 
tant to the patient, the patients family, and their caregivers 
than the childs ambulatory status. These conditions must be 
taken into account when considering any type of therapeutic 
intervention. In one study, adults with cérébral palsy ranked 
what was most important to them, and éducation and com¬ 
munication were most important, followed by activities of 
daily living and mobility. Ambulation was ranked fourth. 
Because of the complex nature of these conditions, a multi- 
disciplinary team approach to patients with cérébral palsy is 
essential. 

The most common associated conditions in patients with 
cérébral palsy are mental impairment or learning disability 
(40%); seizures (30%); complex movement disorders (20%); 
visual impairment (16%); malnutrition and related condi¬ 
tions, such as gastroesophageal reflux, obesity, and undernu- 
trition (15%); and hydrocephalus (14%). Mental impairment 
and learning disability can range from very mild déficits to 
severe impairment and inability to live independently. Mental 
retardation, as defined as an IQ less than 50, occurs in 30% 
to 65% of children with cérébral palsy, most commonly in 
quadriplegics. Learning disabilities are worsened by seizure 
disorders, various médications with central nervous System 
side effects, and communication difficulties. Bulbar involve- 
ment can lead to drooling, dysphagia, and speech difficulties, 
which can limit cognitive and social development further. 

Many children with cérébral palsy (50% in some sériés) 
hâve significant visual difficulties, with 7% having a severe 
visual defect. Common visual disturbances include myopia, 
amblyopia, strabismus, visual field defects, and cortical blind- 
ness. Visual screening is indicated in ail children with céré¬ 
bral palsy. Hearing loss has been reported to occur in 10% to 
25% of children with cérébral palsy, which can exacerbate 
communication and learning difficulties further. Hearing 
screenings, similar to visual screenings, should be part of the 
routine évaluation of patients with cérébral palsy. 

Approximately 30% of patients with cérébral palsy also 
hâve seizures, most commonly patients with hemiplegia, 
quadriplegia, or postnatally acquired syndromes. Seizures 
and the médications used in their management can hâve pro- 
found effects on learning, communication, and ambulation. 
This has led to renewed interest in alternative médication 


delivery Systems, such as intrathecal baclofen and intramus- 
cular botulinum toxin injections. 

Osteopenia with increased risk of fracture also is common 
in children with cérébral palsy, especially children who are 
more severely affected. Fractures offen can be difficult to 
diagnose, especially in nonverbal patients. The use of whole- 
body technetium bone scanning can be helpful to identify 
occult fractures in these patients. The nonoperative and opér¬ 
ative treatment of these fractures has a high complication rate 
and usually interfères with the child s social and school activi¬ 
ties and can make it difficult for caretakers. Significant fémoral 
osteopenia (bone minerai density Z-score of < -2) has been 
identified in nearly 80% of children with cérébral palsy and 
97% of nonstanders. Fémoral fractures can occur especially 
in nonambulatory patients with severe involvement. Although 
these can be treated nonoperatively, there is a high rate of 
malunion requiring surgery and increased cast-related com¬ 
plications. Bisphosphonates and growth hormone hâve been 
shown in small studies to be safe and effective in increasing 
bone minerai density in children with cérébral palsy, but large 
multicenter trials are lacking. Severe medical problems, such 
as aspiration pneumonia and profound feeding problems, can 
lead to malnutrition, immune suppression, and metabolic 
abnormalities. Gastroesophageal reflux offen can be managed 
medically and with positioning, but fundoplication may be 
necessary. Enterai feeding augmentation offen is necessary 
because of swallowing dysfunction and the risk of aspiration 
pneumonia. This can be done with a gastrostomy or jejunos- 
tomy tube. Patients with protein malnutrition hâve been 
shown to be at increased risk of postoperative infection. 

Emotional problems add to these associated conditions. 
The childs self-image plays an important rôle, especially in 
adolescence, when the différences between the affected child 
and peers become more apparent. Communication difficul¬ 
ties also may affect self-image at this stage. The attitudes of 
the parents, siblings, treatment team, and community are 
important to help the child or young adult maximize his or 
her independence and function. As young adulthood is 
reached, concerns about employment, self-care, sexual func¬ 
tion, marriage, childbearing, and caring for aging parents 
may become emotional stressors. 

TREATMENT 

Because of the heterogeneous nature of cérébral palsy, it is 
difficult to make generalized statements regarding treatment, 
and it is best to hâve an individualized approach to each 
patient and his or her needs. In some centers, a multidisci- 
plinary team approach (including physical, occupational, and 
speech therapy; orthotics; nutrition; social work; orthopae- 
dics; and general pediatrics) has been successful. Four basic 
treatment principles exist. The first is that although the central 
nervous System injury, by définition, is nonprogressive, the 
deformities caused by abnormal muscle forces and contrac¬ 
tures are progressive. The second, which can be a source of 
frustration, is that the treatments currently available correct 
the secondary deformities only and not the primary problem, 
which is the brain injury. The third is that the deformities 
typically become worse during times of rapid growth. For 
some patients, it may be bénéficiai to delay surgery until affer 
a significant growth spurt to decrease the risk of récurrence. 
When determining the timing of surgery, consider the fact 


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


that most children with cérébral palsy hâve an advanced skel- 
etal âge compared with chronologie âge by approximately 2 
years and a significantly advanced âge compared with normal 
Controls of both sexes. The highest corrélation between 
advanced bone âge was found in quadriplegics and in boys 
with GMFCS level III and girls with a body mass index of less 
than 15. The fourth is that operative or nonoperative treat- 
ment should be done to minimize the négative effect it has 
on the patients socialization and éducation. It is important to 
be aware of these timing issues when considering any form 
of treatment in this patient population. For most patients a 
combined approach using nonoperative and operative 
methods is more bénéficiai than one form of treatment alone. 

NONOPERATIVE TREATMENT 

Nonoperative modalities, such as médication, splinting and 
bracing, and physical therapy, commonly are used as primary 
treatment or in conjunction with other forms of treatment 
such as surgery. A wide variety of médications hâve been used 
to treat cérébral palsy. The three most common agents are 
diazepam and baclofen, which act centrally, and dantrolene, 
which acts at the level of skeletal muscle. Baclofen mimics the 
action of y-aminobutyric acid, a powerful inhibitory neu- 
rotransmitter centrally and peripherally, whereas diazepam 
potentiates the activity of y-aminobutyric acid. These médica¬ 
tions can be difficult to use because of wide variability in 
effectiveness among children and a narrow therapeutic 
window. Because these drugs increase inhibitory neurotrans- 
mitter activity, common systemic side effects include séda¬ 
tion, balance difficulties, and cognitive dysfunction, which 
can hâve a dramatic detrimental effect on ambulation, éduca¬ 
tion, and communication. 

Dantrolene acts at the level of skeletal muscle and 
decreases muscle calcium ion release. It has an affinity for fast 
twitch muscle fibers and selectively decreases abnormal 
muscle stretch reflexes and tone. Dantrolene is used less fre- 
quently than other médications because some patients taking 
it develop profound weakness, and there is a risk of hepato- 
toxicity with long-term use. Because of the systemic side 
effects of these médications, there is a renewed interest in 
alternative drug delivery Systems, such as intrathecal baclofen 
and intramuscular botulinum toxin injections. 

Baclofen, in addition to inhibiting abnormal monosynap- 
tic extensor activity and polysynaptic flexor activity, has been 
shown to decrease substance P levels, which limits nocicep- 
tion. Baclofen has been shown to penetrate the blood-brain 
barrier poorly, and it has a short half-life (3 to 4 hours). This 
requires graduai titration of médication and the use of 
extremely high systemic levels to obtain a central effect of 
spasticity réduction. Intrathecal injection of baclofen requires 
1/30 the dose of oral baclofen to achieve a similar or better 
response. Injecting baclofen intrathecally with an implantable 
programmable pump dramatically decreases the dose 
required to affect spasticity and decreases some of the side 
effects such as sédation. This pump typically is implanted 
subcutaneously in the abdominal wall and requires refilling 
approximately every 2 to 3 months (Fig. 33-3). A meta- 
analysis of 14 studies of intrathecal baclofen management 
found that it reduced lower extremity spasticity, seemed to 
improve function and ease of care, and had manageable com¬ 
plications. Baclofen also works at the level of the spinal cord 
to slow abnormal spinal reflexes and decrease motor neuron 



Continuous intrathecal baclofen infusion. 
Baclofen is injected through skin to réservoir, which is located 
within surgically placed pump beneath skin of abdomen. The 
pump, which is about size of hockey puck, is programmable using 
device placed against skin and over pump. Médication is continu- 
ously infused through cathéter that tunnels under skin and is 
inserted directly into spinal canal; baclofen mixes with spinal 
fluid, directly affecting spinal cord and decreasing spasticity. 


drive, which can reduce spasticity further. Careful monitor- 
ing is required to prevent overdosage, which can cause a 
decrease in trunk tone, weakness, and sédation. Complica¬ 
tions from intrathecal baclofen include cathéter and pump 
infection or malfunction, spinal fluid leak, respiratory déprés¬ 
sion, drug reactions, and oversedation. Ten to 20 percent of 
patients require further surgery or pump removal. There also 
hâve been concerns about the progression of scoliosis in 
patients who receive intrathecal baclofen therapy. One study, 
however, comparing curve magnitude progression in patients 
with and without the use of intrathecal baclofen showed no 
différences in curve progression between the groups. Until 
longer-term studies can be done, this treatment method is 
indicated for patients whose spasticity significantly interfères 
with self-care and quality of life and in whom other modali¬ 
ties hâve failed. 

Botulinum toxin is a potent neurotoxin, of which there 
are seven serotypes, produced by Clostridium botulinum. 
Botulinum toxin type A (BTX-A) (Botox, Dysport) has been 
used to weaken muscles selectively in patients with cérébral 
palsy. BTX-A injected directly into the muscle acts at the level 
of the motor end plate, blocking the release of the neurotrans- 
mitter acétylcholine and inhibiting muscle contraction. 
Because it can diffuse 2 to 3 cm in the tissues, it is easier to 
achieve the desired effect with BTX-A than with other agents, 
such as phénol or alcohol, which require more accurate injec¬ 
tion. It also is safer than these other agents because it binds 
selectively to the neuromuscular junction and not to other 
surrounding tissues. This effect begins approximately 24 
hours affer injection and lasts 2 to 6 months. Care must be 
taken to prevent systemic injection of this toxin, which in 
large enough doses can cause respiratory dépréssion and 
death. The maximal safe dose of BTX-A based on primate 
data is 36 to 50 units per kilogram of body weight; however, 
most studies report doses of less than 20 units/kg. BTX-A has 
been shown to be effective when used in conjunction with 




CHAPTER 33 CEREBRAL PALSY ^ 


259 


other modalities, such as physical therapy or serial casting. 
The most common side effects are local pain and irritation 
from the injection. The most common use of BTX-A is as an 
adjuvant to a bracing, casting, or physical therapy treatment 
program over a finite period. It is bénéficiai in young patients 
in whom there is a need to delay surgery. It also has been used 
to predict the results of tendon-lengthening surgery; however, 
this is controversial. BTX-A also has been shown to improve 
energy expenditure with walking and has been reported to 
improve upper extremity function and self-care, but the 
results are highly variable. With long-term use, efficacy may 
decrease because of the production of antibodies to the toxin; 
it is recommended that injections be done 3 to 4 months apart 
and only when other methods hâve failed. Contraindications 
to BTX-A therapy include known résistance or antibodies, 
fixed deformity or contracture, concurrent use of aminogly- 
coside antibiotics, failure of previous response, and certain 
neurologie conditions such as myasthenia gravis. 

Physical therapy is an essential component in the treat¬ 
ment of patients with cérébral palsy. Physical therapy typi- 
cally is used as a primary treatment modality and in 
conjunction with other modalities, such as casting, bracing, 
BTX-A, and surgery. The therapist plays a crucial rôle in ail 
aspects of care, including identifying children who may hâve 
cérébral palsy, treating their spasticity and contractures, fab- 
ricating splints and simple braces, providing family éducation 
and follow-up, acting as a liaison with the school and other 
health care providers, and implementing home stretching and 
exercise programs with the patients and their families. 
Because of the variability in patients with cérébral palsy, an 
individualized approach to therapy is necessary. Goals for 
ambulatory patients include strengthening of weakened 
muscles, contracture prévention, and gait and balance train- 
ing; for severely affected individuals, goals are improvements 
in sitting balance, hygiene, and ease of care for caregivers. The 
parents should be encouraged from the beginning to take an 
active rôle in the child s therapy program. 

Objective data in the literature supporting or disputing 
the use of physical therapy in patients with cérébral palsy are 
few because most studies involve small groups of heteroge- 
neous patients who are not randomized. Unanswered ques¬ 
tions include what types of therapeutic modalities should be 
used, by whom, and for how long. There are no clear data to 
support lifelong physical therapy, although many parents 
request this. Lifelong physical therapy may be detrimental to 
the child and the family financially, developmentally, socially, 
and emotionally. 

Bracing, as with physical therapy and médication, typi- 
cally is used in conjunction with other modalities. Bracing in 
patients with cérébral palsy most commonly is used to prevent 
or slow progression of deformity. The most commonly used 
braces for the treatment of cérébral palsy include ankle-foot 
orthoses, hip abduction braces, hand and wrist splints, and 
spinal braces or jackets. A patient-centered approach should 
be used. The goals of bracing for an ambulatory child differ 
from the goals for a child with severe involvement. Bracing 
of the lower extremities, most commonly with ankle-foot 
orthoses, is common in patients with cérébral palsy. Tfiese 
hâve been shown to improve gait function and decrease 
crouch during walking, even in the absence of surgery in 
ambulatory children. The goals of bracing in a severely 
affected child include facilitating shoe wear, preventing 



"Birthday surgery" should be avoided in favor 
of simultaneous multilevel surgery. A and B f Young child with 
diplegia and toe-walking (A) undergoes isolated heel cord length- 
ening, which increases crouch gait (B). C f One year later, he has 
isolated hamstring lengthening and develops hip flexion contrac¬ 
ture. D f One year later, he has hip flexor release to allow him to 
ambulate in upright position. (Redrawn from Rang M: Neuromuscu- 
lar disease. In Wenger DR, Rang M, editors: The art of pédiatrie ortho- 
paedics, New York, 1993, Raven Press.) 


further progression of contractures, improving wheelchair 
positioning, and assisting standing programs. The use of 
floor-reaction ankle-foot orthoses, which use a plantar 
flexion-knee extension couple to help eliminate crouched- 
knee gait and improve stance phase knee extension, has dra- 
matically decreased the need for bracing above the knee with 
knee-ankle-foot orthoses. 

OPERATIVE TREATMENT 

Operative treatment typically is indicated when contractures 
or deformities decrease function, cause pain, or interfère with 
activities of daily living. Because many patients with cérébral 
palsy hâve significant comorbidities, operative treatment 
carries with it an increased risk of complications compared 
with the general population. Preoperative consultation with 
the patient s pediatrician, pulmonologist, and other members 
of the care team can help optimize the patients condition 
before surgery. Surgical procedures should be scheduled to 
minimize the number of hospitalizations and interférence 
with school and social activities. “Birthday surgery,” or mul¬ 
tiple procedures performed at different times, as described by 
Rang, should be avoided whenever possible (Fig. 33-4). 
Although comparison studies of staged and single-event mul¬ 
tilevel surgery are lacking, the use of single-event multilevel 
surgery has become the most common method to minimize 
a patient s exposure to repeated hospitalizations and réhabili¬ 
tation. Newer techniques, such as percutaneous muscle 
lengthening and ostéotomies, show promise in terms of 
decreased blood loss, operative time, and return to mobiliza- 
tion, but further research is necessary. 

Up to 30% of patients with cérébral palsy hâve been 
shown to be malnourished, which increases the risk of post- 
operative wound healing problems and infection. In a study 
of 1746 patients with cérébral palsy, Minas et al. found under- 
weight to be an independent predictor of increased complica¬ 
tions affer ostéotomies and spine surgery, with no independent 
increased risk in overweight or obese patients. A sérum 
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albumin level less than 35 g/L and a blood lymphocyte count 
of less than 1.5 g/L hâve been associated with a significant 
increase in the risk of postoperative infection. Détermination 
of a patient s nutritional status and improving it before surgery 
may decrease the overall complication rate. 

It is essential to ensure that parental and patient concerns 
and expectations are discussed before operative intervention. 
Parents of younger children and children with more severe 
manifestations show higher levels of concern about surgery. 
The top preoperative concerns are the duration of réhabilita¬ 
tion, immédiate postoperative pain, general anesthésia, and 
cost. Postoperative parental satisfaction has been shown to be 
correlated with a higher GMFCS level (level I), unilatéral 
involvement, and younger âge at the time of surgery. 

Operative treatment of deformities related to cérébral 
palsy can be divided into several groups, including proce¬ 
dures to (1) correct static or dynamic deformity, (2) balance 
muscle power across a joint, (3) reduce spasticity (neurec- 
tomy), and (4) stabilize uncontrollable joints. Often, proce¬ 
dures can be combined; for example, an adductor tendon 
release can be done at the time of pelvic osteotomy for hip 
subluxation. 

Flexible static and dynamic deformities typically are cor- 
rected with a muscle-tendon lengthening procedure; capsu¬ 
lotomies and ostéotomies are reserved for more severe or 
rigid deformities. Over time, spasticity causes a relative short- 
ening of the musculotendinous unit, leading to abnormal 
joint motion and loading and, if left untreated, degenerative 
changes. Operative lengthening of the musculotendinous 
unit causes a relative weakening of the muscle with restora- 
tion of more normal forces and motion across the joint. 
Lengthening can be done using a recession or release of the 
muscular aponeurosis at the musculotendinous junction, a 
Z-plasty within the substance of the tendon itself, or a com¬ 
plété tenotomy depending on the circumstances. Recessions 
tend to avoid complications that can occur with overlength- 
ening and subséquent weakness that can occur with tenotomy 
or Z-plasty. More severe deformities usually cannot be 
corrected with soft-tissue release alone and typically require 
osteotomy. 

Balancing muscle forces across any joint can be difficult 
and is even more difficult in patients with cérébral palsy 
because of the decreased control of voluntary muscle func- 
tion, lowered threshold of stretch reflexes, increased fre- 
quency of cocontraction of antagonistic muscle groups, and 
inability to learn to use the transferred muscle in an altered 
location or function. In addition, muscles that are spastic 
throughout the gait cycle typically remain spastic after 
transfer. Often, the goal of tendon transfer in this patient 
population is either to remove a deforming or out-of- 
phase muscle force away from a joint or to act as a passive 
tendon sling. 

Neurectomy, by a variety of mechanical and Chemical 
methods, has been proposed as a way to decrease the muscle 
forces acting across a joint. A primary concern about neurec¬ 
tomy is the overweakening of the affected muscle, leading 
to uncontrolled antagonistic function and development of a 
secondary opposite deformity. Because of these concerns, 
neurectomy is not commonly performed. If neurectomy is 
considered, a trial can be conducted by temporarily disrupt- 
ing nerve function using a local anesthetic such as lidocaine 
to détermine if neurectomy will hâve the desired effect. 


With continued abnormal muscle forces applied across a 
joint, pathologie changes to the joint can occur, including 
subluxation, dislocation, and cartilaginous degeneration. 
Joint stabilization procedures, such as ostéotomies, usually 
combined with soft-tissue releases, hâve produced good long- 
term results. For severe joint destruction, procedures such as 
arthrodesis, especially in the foot, and resection arthroplasty, 
especially in the hip, hâve been shown to be bénéficiai. Joint 
replacement, which was initially contraindicated in patients 
with neuromuscular diseases such as cérébral palsy, also has 
been used in this population with end-stage arthritis with 
good functional improvement and pain relief. Joint replace¬ 
ment should be done only in carefully selected patients and 
in a center with expérience with this type of procedure. 

NEUROSURGICAL INTERVENTION 

Sélective dorsal root rhizotomy is a technique to reduce spas¬ 
ticity and balance muscle tone in carefully selected patients. 
In patients with cérébral palsy, the normal central nervous 
System inhibitory control of the gamma efferent System is 
déficient, leading to the exaggerated stretch reflex response. 
In addition, the ability to coordinate movement, mediated by 
the alpha motor neurons, is abnormal. Stimulatory afferent 
input from the muscle spindle travels to the spinal cord 
through the dorsal rootlets. The goal of sélective dorsal rhi¬ 
zotomy is to identify the rootlets carrying excessive stimula¬ 
tory information and section them to reduce the stimulatory 
input from the dorsal sensory fibers. 

The indications for rhizotomy are variable, and further 
work is necessary to develop more uniform consensus guide - 
lines. Three randomized trials of rhizotomy, with and without 
physical therapy, compared with physical therapy alone 
showed improvement in both groups, but slightly more in the 
rhizotomy group. There also is some limited evidence to show 
that rhizotomy decreases the need for orthopaedic proce¬ 
dures as well. The idéal patient for this procedure is a child 3 
to 8 years old, GMFCS II or III, with spastic diplegia, volun¬ 
tary motor and trunk control, pure spasticity, and no fixed 
contractures. Children who were born preterm or with low 
birth weight tend to hâve better results than children who 
were born full term because they tend to hâve pure spasticity, 
whereas children born full term are more likely to hâve rigid- 
ity plus spasticity. In addition, the patient and family should 
exhibit intelligence and a high level of motivation because 
this procedure requires extensive physical therapy postopera- 
tively. In the early postoperative period, patients hâve signifi- 
cant weakness, but when réhabilitation is complété, most 
patients show significant improvement in lower extremity 
function, including decreased spasticity in the ankle dorsi- 
flexors, increased strength in the knee flexors/extensors and 
foot dorsiflexors and plantarflexors, and more efficient ambu- 
lation. If surgery is performed in the appropriate patient, 
gross function can be expected to improve one GMFCS level. 
Improvements also can occur in upper extremity function, 
swallowing and speech, bladder function, pain control, and 
overall happiness, but these are less predictable. In addition, 
patients hâve been shown to hâve a decreased need for adjunct 
orthopaedic surgical procedures or botulinum toxin injec¬ 
tions after rhizotomy. The rôle of sélective posterior rhizot¬ 
omy is less clear in patients with spastic quadriplegia and 
hemiplegia, and usually it is not recommended. A 10-year 
follow-up study showed that peak joint range of motion and 
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ambulatory status occurred 3 years after rhizotomy and then 
declined gradually. In this cohort, 16 of 19 patients (84%) had 
a mean of three orthopaedic procedures, indicating that con¬ 
tracture development in cérébral palsy is not mediated 
entirely by spasticity. Although there is some décliné in results 
with time after rhizotomy, it appears that patients still show 
statistical improvement in terms of gait mechanics from their 
preoperative measurements, and the majority of adults who 
had rhizotomy would recommend the procedure to others. 

Complications of sélective dorsal root rhizotomy include 
hip subluxation and dislocation in patients with increased 
GMFCS level, lumbar hyperlordosis (especially in patients 
with >60 degrees of lordosis preoperatively), scoliosis, spon- 
dylolysis, and spondylolisthesis. It is difficult to détermine to 
what extent these complications are related to the rhizotomy 
or to the disease progression itself. Progression of coronal and 
sagittal plane abnormalities has been documented in 25% of 
patients with scoliosis, 32% of patients with kyphosis, and 
36% of patients with hyperlordosis. Approximately half of 
patients also develop planovalgus foot deformities. One of 
the most difficult postoperative complications to manage is 
weakness, either iatrogénie or unrecognized preoperative 
weakness that becomes apparent after surgery. 

HIP 

Deformities of the hip in patients with cérébral palsy range 
from mild painless subluxation to complété dislocation with 
joint destruction, pain, and impaired mobility. When a hip 
begins to dislocate, it rarely improves without treatment. Hip 
pain is one of the main complaints of young adults with céré¬ 
bral palsy, affecting up to 47% of patients. Most studies show 
that the risk of hip dislocation is correlated with the GMFCS 
score. Ninety-two percent of patients with spastic cérébral 
palsy were found in one study to hâve some degree of hip 
deformity, and another study found hip subluxation and dis¬ 
location in 60% of dépendent sitters. 

In most patients, the hip is normal at birth and radio¬ 
graphie changes typically become apparent between 2 and 4 
years of âge. The cause of this progressive deformity is mul- 
tifactorial and includes muscle imbalance, retained primitive 
reflexes, abnormal positioning, and pelvic obliquity. These 
altered forces across the hip along with decreased weight 
bearing lead to bony deformities, including acetabular dys- 
plasia, excessive fémoral antéversion, increased neck-shaff 
angle, and osteopenia. Prolonged spasticity of the adductor 
muscles leads to a relative overpowering of the abductor 
muscles, causing a growth inhibition of the greater trochanter 
and producing a relative valgus overgrowth of the proximal 
fémur. In many patients, the apparent increase in neck-shaff 
angle observed may be caused, however, more by the appear- 
ance of increased antéversion on the radiograph than to an 
actual increase in the neck-shaff angle. 

The neck-shaff angle in children with cérébral palsy has 
been shown to increase with âge, and antéversion, which 
normally decreases with âge, does not change in children 
with cérébral palsy. Increased antéversion is more common 
in ambulators than nonambulators and does not change sig- 
nfficantly after âge 6 years. 

In a study of the incidence and pathogenesis of structural 
changes around the hip in patients with cérébral palsy, only 
21% were considered normal. Hip subluxation in patients 



Subluxated left hip joint. Migration index (Ml) 
is calculated by dividing width of uncovered fémoral head A by 
total width of fémoral head B. Acetabulum is dysplastic (type 2) 
sourcil, with latéral corner of acetabulum above weight-bearing 
dôme. Normal hip (left side) with acetabular index (Al) indicated. 
There is normal (type 1) sourcil; latéral corner is sharp and below 
weight-bearing dôme. H, horizontal axis. 


with cérébral palsy can be difficult to detect clinically because 
of the presence of abnormal muscle forces and contractures, 
and because early hip subluxation typically is painless. This 
has led to the development of hip surveillance programs for 
children with cérébral palsy in which routine clinical and 
radiographie examinations are performed at intervals based 
on severity of their cérébral palsy and GMFCS grade, usually 
every 6 months until 7 to 8 years of âge. These programs hâve 
been effective in reducing the rate of hip dislocation in these 
screened populations. A practical radiographie method for 
quantifying the amount of hip subluxation présent was 
described by Reimers as the “migration percentage.” Careful 
patient positioning, with the patient supine, the hips together, 
and the patellae facing forward, increases the accuracy of the 
measurement. The measurement error for an experienced 
observer using this method is approximately 5 degrees. The 
migration percentage (Fig. 33-5) is determined by drawing 
the Hilgenreiner line connecting the two triradiate cartilages 
and then perpendicular lines at the latéral margins of the 
bony acetabula. The width of the fémoral head uncovered 
(latéral to the perpendicular line) is divided by the total width 
of the fémoral head and multiplied by 100 to give the migra¬ 
tion percentage (Fig. 33-5). The measurement error for an 
experienced observer using this method is approximately 5 
degrees. This index typically is 0 until âge 4 years and less 
than 5% from 4 years until skeletal maturity. A migration of 
greater than 33% is considered subluxation and greater than 
100% as dislocation. Hip subluxation, as measured by the 
migration percentage, is related to the GMFCS score and has 
been shown to increase approximately 12% per year in non¬ 
ambulators as compared with 2% per year in ambulators, with 
the highest risk being in quadriplegic nonambulators who are 
younger than 5 years old. More important than the absolute 
value is the change observed within a given patient. 
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Typical crouch posture caused by flexion defor- 
mities of hips or fixed flexion deformities of knees. 


FLEXION DEFORMITIES 

Crouched gait, or flexion of the hip, with or without flexion 
contractures around the hip, knee, and ankle, has been well 
described. Excessive hip flexion brings the center of gravity 
anteriorly and is compensated for by increased lumbar lordo- 
sis, knee flexion, and ankle dorsiflexion (Fig. 33-6). It is 
important to détermine whether the increased hip flexion is 
the primary deformity or is secondary to other deformities 
around the lower extremities, such as knee or ankle contrac¬ 
tures. If an unrecognized knee flexion contracture is présent, 
hip flexor release can weaken the hip further and increase hip 
flexion. Careful physical examination is helpful in making 
this détermination. One source of confusion is differentiating 
flexion-internai rotation deformity of the hip, or “pseudoad¬ 
duction,” from isolated adduction deformity, although offen 
both coexist in the same patient. Children with flexion- 
internal rotation deformity sit with a wide base of support in 
the W position: hips flexed 90 degrees and maximally inter- 
nally rotated, knees maximally flexed, and feet externally 
rotated (Fig. 33-7). With flexion-internal rotation deformity, 
fémoral antéversion and external tibial torsion are increased, 
and planovalgus feet are présent. With a true adduction con¬ 
tracture, these secondary deformities in the fémoral neck, 
tibia, and feet are absent. 

At the time of hip surgery, contractures around the 
knees and ankles also should be corrected. Single-stage mul- 
tilevel procedures are préférable to staged single-level proce¬ 
dures. Hip flexion contractures from 15 to 30 degrees usually 
are treated with psoas lengthening through an intramuscu- 
lar recession over the pelvic brim, especially in ambulatory 
children in whom complété iliopsoas release at its insertion 
may lead to excessive hip flexion weakness and difhculties 
with clearance of the foot during the swing phase of gait. 
Contractures of more than 30 degrees may require more 
extensive releases of the rectus femoris, sartorius, and tensor 
fasciae latae and the anterior fibers of the gluteus minimus 
and médius, in addition to the iliopsoas. Because they span 
two joints, the tensor fasciae latae, rectus femoris, and the 
anterior fibers of the gluteus médius and minimus may con- 
tribute to the flexion deformity. Release of these muscles, 



FIGURE 


W position. 


because of its extensive nature, is used only for large defor¬ 
mities, and isolated iliopsoas lengthening is better suited for 
smaller ones. 

ADDUCTION DEFORMITIES 

Adduction is the most common deformity of the hip in chil¬ 
dren with cérébral palsy. Adduction contractures can cause 
various difhculties, including scissoring of the legs during 
gait, hip subluxation, and, in severely affected children, dif- 
hculty with périnéal hygiene. For mild contractures, an 
adductor tenotomy usually is sufhcient; more severe contrac¬ 
tures offen require release of the gracilis and the anterior half 
of the adductor brevis. Adductor ténotomies usually are done 
bilaterally to prevent a “windswept” pelvis. Immediately affer 
surgery, a program of physical therapy and abduction bracing 
is begun. 


ADDUCTOR TENOTOMY 
AND RELEASE 

Adductor tenotomy is indicated for a patient with a mild 
adduction contracture, as indicated by a scissoring gait or 
early hip subluxation. This procedure should be done early 
because damage to the developing acetabulum from 
abnormal hip muscle forces is greatest before 4 years of 
âge. The idéal candidate for soft-tissue lengthening is an 
ambulatory child younger than 8 years, and preferably 
younger than 4 years, who has hip abduction of less than 
30 degrees and a migration index of less than 50%. Neu- 
rectomy of the anterior branch of the obturator nerve 
should be avoided to prevent iatrogénie hip abduction 
contracture. Miller et al. reported the results of adductor 
release in 147 hips (74 children) with hip abduction of less 
than 30 degrees or migration index of more than 25%. At 
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an average follow-up of 39 months, 54% of hips were 
classified as good, 34% asfair, and 12% as poor based on 
the migration index. A longer-term study with an 8-year 
average follow-up showed that 58% of patients required 
a second surgical procedure, indicating that, although still 
bénéficiai, early soft-tissue release alone may be insufficient 
to prevent long-term hip subluxation and dislocation. It 
may delay major bony surgery, however, until the risk of 
récurrence is decreased. 


TECHNIQUE 33-1 


■ Place the patient supine on the operating table and 
préparé the area from the toes to the inferior costal 
margin, isolating the perineum (Fig. 33-8A). 

■ Identify the adductor longus by palpation and make a 
2- to 3-cm transverse incision over the adductor longus 
tendon approximately 1 cm distal from its origin. 

■ Dissect through the subcutaneous tissue and identify the 
adductor longus fascia (Fig. 33-8B). 

■ Make a longitudinal incision in the adductor fascia, iden¬ 
tify the tendinous portion of the adductor longus, and 
resect it with electrocautery. 

■ Release with electrocautery any remaining muscle fibers 
of the adductor longus as necessary. Avoid injury to the 
anterior branch of the obturator nerve, which is in the 
interval between the adductor longus and brevis (Fig. 

33-8C). 

■ Gradually abduct the hip and détermine the amount of 
correction obtained. If further correction is required, 
slowly release the anterior half of the adductor brevis 
using electrocautery and avoiding injury to the branches 
of the obturator nerve. Do not release an excessive 
amount of the adductor brevis and protect the posterior 
branch of the obturator nerve to prevent an abduction 
contracture. 

■ If the gracilis muscle is found to be tight, release it with 
electrocautery (Fig. 33-8D). 

■ When the final correction is obtained, close the wound 
in layers. Take care to close the adductor fascia to help 
prevent skin dimpling postoperatively (Fig. 33-8E). 

POSTOPERATIVE CARE. Postoperatively, the patient is 
placed in the abducted position. Depending on the 
patient's functional status, quality of caregivers, and other 
procedures done, the patient can be immobilized in bilat¬ 
eral long leg casts with an abduction bar or abduction 
pillow for 1 month. A removable abduction pillow can be 
used, which allows physical therapy to be started imme- 
diately after surgery to help maintain and increase opti- 
mally hip range of motion. 


ILIOPSOAS RECESSION 

Bleck recommended iliopsoas recession when the hip inter- 
nally rotâtes during walking or when passive external rota¬ 
tion is absent with the hip in full extension and présent 
when the joint is passively flexed to 90 degrees. 


This procedure usually is done in conjunction with other 
soft-tissue releases of the lower extremities. Iliopsoas reces¬ 
sion is used more commonly than complété tenotomy at 
the level of the lesser trochanter to avoid causing excessive 
hip flexion weakness. 


TECHNIQUE 33-2 


■ Place the patient supine with a roll under the buttock of 
the operative side. 

■ Palpate the course of the fémoral artery and mark it on 
the skin, keeping in mind that the fémoral nerve is latéral 
to it. 

■ For an isolated iliopsoas recession, make a 5-cm "bikini" 
incision. This incision can be modified as needed if other 
procedures are going to be done at the same time. Center 
the incision médial to and 2 cm below the anterior supe- 
rior iliac spine. 

■ Identify and develop the interval between the tensor 
fasciae latae and sartorius to expose the direct head of 
the rectus femoris with its origin at the anterior inferior 
iliac spine. It is not necessary to identify the fémoral neu- 
rovascular structures. 

■ Palpate the pelvic brim just médial and inferior to the 
rectus femoris origin to locate the iliopsoas tendon in a 
shallow groove. 

■ Slightly flex the hip to relax the soft-tissue structures 
around the hip. 

■ Place a right-angle retractor on the latéral aspect of the 
iliopsoas muscle and pull the retractor medially and ante- 
riorly, exposing the posteromedial aspect of the muscle 
and the psoas tendon (Fig. 33-9). The retractor is protect- 
ing the fémoral nerve, which is médial to it. 

■ Dissect the surrounding muscle fascia and isolate 
the tendon from the muscle with a right-angle 
clamp. Verify that there is enough muscle remaining at 
that level so that continuity is maintained after tendon 
release. 

■ Under direct vision, carefully internally and externally 
rotate the hip to see the tendon loosen and tighten. If 
there is any doubt as to the identification of the tendon, 
use an elevator to dissect around the tendon proximally 
until its muscle fibers are identified. An electrical nerve 
stimulator or careful brief stimulation with electrocautery 
also can be used to help confirm that the tendon has 
been found and that the fémoral nerve has not been 
mistakenly identified. 

■ Release the tendinous portion, leaving the muscle fibers 
in continuity. Extend and internally rotate the hip to sepa- 
rate the tendon ends. 

■ Close the wound in layers and apply stérile dressings. 

POSTOPERATIVE CARE. Patients with an isolated 
iliopsoas release are started immediately in a physical 
therapy program emphasizing hip extension and external 
rotation. Patients, especially those who are unable to 
cooperate with physical therapy, are placed prone at 
bed rest to help improve hip extension. This can be modi¬ 
fied as needed if other procedures are done at the same 
time. 
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Adductor tenotomy. A, Patient positioning. B, Skin incision and subcutaneous dissection to identify adductor longus 
fascia. C, Hemostat placed under anterior branch of obturator nerve. D, Release of tight gracilis muscle with electrocautery. E, Closure 
of adductor fascia. SEE TECHNIQUE 33-1. 
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FIGURE 


Skaggs et al. surgical approach for iliopsoas 


recession. When procedure is done alone, much smaller incision 


is adéquate. SEE TECHNIQUE 33-2. 


ILIOPSOAS RELEASE AT THE LESSER 
TROCHANTER 

Iliopsoas release at its insertion on the lesser trochanter is 
better for nonambulatory patients than for ambulatory 
patients because of the risk of causing excessive hip flexion 
weakness, which can severely affect an ambulatory patient. 
It often is done at the same time as another procedure, 
such as an adductor release or varus derotational 
osteotomy. 

Additional release of the secondary hip flexors includ- 
ing the sartorius and rectus femoris also may be used for 
severe deformities. 


TECHNIQUE 33-3 


■ Make a transverse incision 1 to 3 cm distal to the inguinal 
crease. If an adductor release is to be done at the same 
time, make a longitudinal incision in the adductor longus 
fascia and transect the adductor longus with electrocau- 
tery; perform a myotomy of the gracilis if necessary. 

■ Resect as much of the adductor brevis as necessary to 
obtain 45 degrees of abduction. 

■ Develop the interval between the residual adductor brevis 
and the pectineus or between the pectineus and the 
neurovascular bundle until the fémur is identified. 

■ Open the bursa over the iliopsoas and its sheath. 

■ Place a retractor into the tendon sheath and retract the 
tendon medially. 

■ Pass a right-angle clamp under the tendon of the ilio¬ 
psoas, which can be completely released with electrocau- 
tery in a nonambulatory child. 

■ Release the iliopsoas as far proximally as possible in an 
ambulatory child to preserve the iliacus muscle attach- 
ment to the iliopsoas tendon. 


POSTOPERATIVE CARE. Physical therapy is started 2 
days after surgery, emphasizing range-of-motion exer¬ 
cises of the hips and knees. Leg-knee immobilizers are 
used 8 to 12 hours a day for 1 month. Parents are encour- 
aged to hâve the child sleep prone as much as possible. 


SUBLUXATION AND DISLOCATION 

Hip dislocation occurs on a continuum from mild sublux¬ 
ation to true dislocation with significant degenerative changes. 
Because early intervention can be very effective in preventing 
or delaying the development of dislocation, considérable 
work has been done to identify hips at risk. Children with 
risk factors for subluxation or dislocation should be exam- 
ined and radiographs obtained at 6-month intervals until it 
can be established that the hips are stable, and then follow-up 
can be less frequent. Of hip dislocations, 70% to 90% occur 
in patients with quadriplegia, which nécessitâtes screening 
for ail patients in this high-risk group. Clinically, a hip at risk 
has contractures of the adductors and flexors. Hips with 
flexion contractures of more than 20 degrees and abduction 
of less than 30 degrees are at increased risk of progressive 
subluxation. Radiographically, a hip at risk has an increased 
neck-shaft angle and increased fémoral antéversion. Acetabu- 
lar dysplasia and an abnormal migration index also may be 
présent. When a hip at risk is identified, a program of aggres- 
sive physical therapy and abduction splinting typically is 
started, although there are no well-controlled long-term 
studies to support this. If further progression continues, early 
operative treatment consisting of soft-tissue release of con- 
tracted tendons is indicated. The goal of adductor release is 
restoration of more than 60 degrees of abduction with the 
hips flexed and 45 degrees with the hips extended. The release 
begins sequentially with the complété release of the adductor 
longus, the anterior half of the adductor brevis, and occasion- 
ally the gracilis until the desired range of motion is achieved. 
Care must be taken not to perform too extensive a release, 
which can cause an abduction contracture that is extremely 
difficult to manage. For this reason, neurectomy of the ante¬ 
rior branch of the obturator nerve should not be done. Imme- 
diately after adductor release or transfer, a program of physical 
therapy is begun, emphasizing hip abduction and night 
splinting for 6 months. 

Hip subluxation occurs when more than one third of the 
fémoral head is uncovered and there is a break in the Shenton 
line. Nonoperative treatment alone at this point is ineffective. 
In younger children, soft-tissue releases alone may be sufh- 
cient, but most patients with hip subluxation require osteot¬ 
omy in addition to soft-tissue release. Operative correction 
of fémoral valgus and antéversion and acetabular dysplasia 
is necessary at this stage to prevent further subluxation 
and dislocation. Plain radiographs and CT scans with three- 
dimensional reconstruction are necessary to evaluate the 
proximal fémoral and acetabular deformities. Rotational 
studies using CT can be helpful in quantifying the amount of 
fémoral antéversion and any tibial rotation. 

A fémoral varus and derotation (external rotation) oste¬ 
otomy, often combined with fémoral shortening, generally is 
used to reduce the neck-shaft angle to 115 degrees in ambula¬ 
tory patients and often less in nonambulatory patients. A 
wide variety of acetabular ostéotomies hâve been used in the 
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treatment of acetabular dysplasia in patients with cérébral 
palsy, including ostéotomies described by Salter, Pemberton, 
Dega, Ganz, and Steel and salvage-type ostéotomies such as 
the Chiari and shelf. Careful matching of the procedure to 
the deformity is essential to prevent inadvertent iatrogénie 
worsening of the deformity For example, a Salter osteotomy, 
which redirects the acetabulum anteriorly and laterally, if 
done in a patient with posterior acetabular deficiency would 
uncover the fémoral head further. Offen patients with céré¬ 
bral palsy hâve a posterosuperior deficiency for which a Dega 
osteotomy or shelf procedure is effective. The Dega osteotomy 
has been shown by CT morphometry to increase anterosupe- 
rior, superolateral, and posterosuperior coverage and increase 
acetabular volume by 68%. Although typically done before 
the time of triradiate cartilage closure, it has been done in 
patients with cérébral palsy affer triradiate closure with good 
improvement in subluxation and dislocation radiographi- 
cally. Postoperatively, patients can be immobilized for a brief 
time in a spica cast, followed by a period of aggressive réha¬ 
bilitation that includes physical therapy, bracing, and pro¬ 
gressive weight bearing. Because of concerns about the risk 
of abduction contracture and fracture affer cast immobiliza- 
tion, we now avoid casting when possible and use early physi¬ 
cal therapy to increase range of motion. 

Hip dislocation is common in patients with cérébral palsy, 
especially in severely affected children. Radiographie abnor- 
malities, such as increased fémoral neck-shaff angle and 
increased internai fémoral rotation, hâve been shown to be 
correlated with increased GMFCS level. Similar acetabular 
changes also are seen in patients with dislocated hips having 
global acetabular defects and smaller acetabular volume than 
in those with subluxed hips having more posterior acetabular 
defects and greater acetabular volume. The patients risk of hip 
dislocation is related to GMFCS level, with a 0% incidence for 
patients with grade I and 90% for patients with grade V. The 
head-shaff angle, which measures the amount of proximal 
fémoral valgus, has been shown to be prédictive of hip disloca¬ 
tion: for every 10-degree increase in head-shaff angle, the risk 
of dislocation increases 1.6-fold. The natural history of the 
untreated hip in these patients is progressive subluxation 
associated with bony deformity of the proximal fémur and 
acetabulum. The spastic adductors and hip flexors compress 
the fémoral head against the postérolatéral acetabulum and 
labrum. The capsule and superior rim of the acetabulum cause 
focal deformation of the fémoral head. The indented fémoral 
head locks on the acetabular rim, causing significant cartilage 
loss and pain. Mathematic models hâve predicted that a child 
with spastic hip disease has a six-fold increase in forces across 
the hip. The acetabulum in affected children usually is normal 
until about 30 months of âge, when a change in the acetabular 
index is seen. With continued abnormal muscle forces, the hip 
typically dislocates superolaterally, which has been confirmed 
by CT studies. Late findings include dislocation of the hip and 
degenerative changes. Most authors agréé that hip subluxation 
and dislocation should be prevented in ail patients who are 
medically able to tolerate treatment. The treatment of an 
established dislocation is more controversial. A patient with a 
long-standing dislocation is not a good candidate for a reloca¬ 
tion procedure because of the deformities of the proximal 
fémur and acetabulum, which also may be associated with 
degenerative changes. Treatment options for hip dislocations 
in patients with cérébral palsy include observation; relocation 


procedures on the fémur, acetabulum, or both; proximal 
fémoral resection; hip arthrodesis; and, in carefully selected 
patients, total hip arthroplasty. 

A dislocated hip usually is not disabling in a severely 
affected patient who is neurologically immature, extremely 
intellectually impaired, bedridden, and institutionalized. 
Four criteria for open réduction of a dislocated hip are (1) the 
patient must be moderately mature intellectually; (2) the 
patient should hâve at least sitting potential if not walking 
ability; (3) pelvic obliquity should be minimal or corrected; 
and (4) dislocation should ideally be unilatéral. The hetero- 
geneous literature concerning surgical treatment of dislo¬ 
cated hips in patients with cérébral palsy makes it difficult to 
compare studies. Because of the variable nature of cérébral 
palsy, most studies include a wide spectrum of severity of 
neurologie involvement and a wide variety of procedures 
used. Varus fémoral osteotomy was found in one study to be 
effective in preventing redislocation and surgery in 84%. The 
amount of bony deformity présent preoperatively, as mea- 
sured by center-edge angle and migration index, was a pre- 
dictor of final outcome. Worse results were reported in 
quadriplegics than in diplegics and hémiplégies. 

Good results were reported in 95% of patients at mean 
7-year follow-up affer a one-stage combined approach that 
included soff-tissue lengthenings, open réduction with cap- 
sulorrhaphy (open if migration index was more than 70 
degrees), varus derotational osteotomy, and pericapsular 
acetabuloplasty. A recent report of 168 hip reconstructions in 
children with cérébral palsy showed statistically significant 
improvement in pain relief and function (GMFCS level) with 
a 10% complication rate. Preoperative migration percentage 
was correlated with increasing pain and worse outcome while 
fémoral head shape was not. Although most centers favor a 
one-stage approach, good results hâve been obtained with 
fémoral osteotomy and later acetabular osteotomy if needed; 
however, this approach requires a second hospitalization and 
réhabilitation. Despite these good outcomes, remember that 
complications following hip osteotomy are common. In one 
large sériés, 65% of children with cérébral palsy who had hip 
osteotomy had at least one postoperative complication, most 
(83%) of which were medical rather than orthopaedic. Redis¬ 
locations also can occur, especially in GMFCS IV and V 
patients in whom the migration percentage was found to 
increase 2% per year and 3.5% per year in GMFCS IV and V 
patients, respectively. Long-term follow-up monitoring is 
necessary. 

In a sériés of patients treated with Chiari ostéotomies, 
79% of 23 hips were reportedly painless at an average 
follow-up of 7 years; however, 29% of the hips had a migra¬ 
tion index of 30% or greater; resubluxation typically occurred 
in the first year affer surgery. 

■ VARUS DEROTATIONAL OSTEOTOMY 

Varus derotational osteotomy, usually combined with soff- 
tissue releases, is indicated for patients with hip subluxation 
or dislocation and excessive antéversion and valgus deformity 
of the proximal fémur. Computer models hâve shown that to 
normalize the muscle forces across a spastic hip, the psoas, 
iliacus, gracilis, and adductor longus and brevis must be 
released. The benefit of a varus derotational osteotomy cornes 
primarily through the bony shortening that acts biomechani- 
cally similar to a soff-tissue lengthening. Decreasing the 
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neck-shaft angle and antéversion has little effect on the hip 
forces. An isolated varus derotational osteotomy, often with 
fémoral shortening, is indicated only when there is mild or 
no acetabular dysplasia présent because, although there is 
some remodeling potential of the acetabulum, it is variable in 
patients with cérébral palsy. Acetabular remodeling is better 
in GMFCS I-III patients and is correlated with the amount of 
varus produced. Varus derotational osteotomy can be com- 
bined with an acetabular osteotomy if significant subluxation 
and acetabular dysplasia are présent. In a prospective gait 
study of 37 patients, varus derotational osteotomy improved 
hip external rotation and extension, knee extension strength, 
and cosmetic appearance and decreased anterior pelvic tilt. 
Patients who are nonambulatory and patients with a gastros- 
tomy or tracheostomy are at increased risk of postoperative 
complications, including decubitus ulcers and fractures. The 
risk of récurrent dislocation is higher in patients with higher 
GMFCDS levels or insufficient correction of valgus and ace¬ 
tabular dysplasia, and the risk of osteonecrosis is proportional 
to the patients âge and degree of preoperative subluxation. 

The technique of varus derotational osteotomy is 
described in Chapter 30 (see Technique 30-7). 


COMBINED ONE-STAGE CORRECTION 
OF SPASTIC DISLOCATED HIP (SAN 
DIEGO PROCEDURE) 


TECHNIQUE 33-4 


MEDIAL APPROACH (SOFT-TISSUE RELEASE) 

■ With the patient on a radiolucent table, préparé and 
drape the hip from the toes to the costal margin. 

■ Use electrocautery to release the adductor longus and 
gracilis. 

■ Release the psoas in the interval between the neurovas- 
cular bundle and the pectineus. After the sciatic nerve is 
carefully identified, release the proximal hamstrings pos- 
terior to the adductor magnus. Avoid the sciatic nerve. 

ANTERIOR APPROACH (OPEN REDUCTION) 

■ Make the second incision parallel to the iliac crest using 
a Salter incision (see Technique 30-3) 

■ Divide the iliac crest apophysis and strip the iliac wing 
subperiosteally down to the sciatic notch medially and 
laterally. Alternative^, the iliac crest apophysis can be 
elevated instead of split. 

■ Resect the direct and indirect heads of the rectus 
femoris and retract them distally to expose the underlying 
capsule. 

■ Make a T-capsulotomy, and identify the ligamentum 
te res. 

■ Remove the ligamentum teres, eut the contracted trans¬ 
verse acetabular ligament, and clear the acetabulum of 
any remaining soft tissue. 

■ Inspect the fémoral head to assess deformity and carti¬ 
lage loss. If more than 50% of the cartilage is lost, réduc¬ 
tion may be unsuccessful and other options (e.g., valgus 
osteotomy or resection of the fémoral head) should be 
considered. 


LATERAL APPROACH (FEMORAL OSTEOTOMY) 

■ Make an incision on the latéral aspect of the proximal 
fémur and perform a latéral exposure. 

■ Split the tensor fasciae latae and dissect to the latéral 
aspect of the fémur. 

■ Perform a varus derotational shortening fémoral osteot¬ 
omy at the lesser trochanter. Remove 1 to 2 cm of bone 
(Fig. 33-10). 

■ The neck-shaft angle should be decreased to 110 degrees, 
and antéversion should be corrected to 10 to 20 degrees. 

■ Fix the fémoral osteotomy with an AO blade plate of the 
appropriate size for the child. Several implant Systems 
hâve been developed to accommodate infantile, pédiat¬ 
rie, and adolescent anatomie variations. Alternative^, a 
size-appropriate proximal fémoral locking plate can be 
used. 

ANTERIOR APPROACH (PERICAPSULAR PELVIC 
OSTEOTOMY) 

■ Return to the anterior incision and place five non- 
absorbable No. 1 sutures into the capsulotomy for later 
closure. 

■ With a straight osteotome, make an osteotomy 0.5 to 
1.0 cm above the edge of the acetabulum, on a line 
drawn between the anterior inferior iliac spine and the 
sciatic notch. Extend this through the latéral wall of the 
pelvis, but not through the médial wall (Fig. 33-11). To 
allow proper bending, both corners should be eut at the 
anterior and posterior ends of the osteotomy (anterior 
superior iliac spine and sciatic notch). This is most easily 
done by using a regular rongeur anteriorly and a large 
Kerrison rongeur posteriorly in the sciatic notch. 

■ Use a curved osteotome 1.9 to 2.5 cm wide and an image 
intensifier to perform the second part of the osteotomy. 
Direct the osteotome halfway between the articular 
surface and the médial cortex. Extend the eut medially 
and distally to the level of the triradiate cartilage. Use 
gentle downward pressure on the osteotome to open the 
osteotomy site 1.0 to 1.5 cm (Fig. 33-12). 

■ Remove a bicortical graft from the iliac crest and shape 
it into three or four triangular grafts measuring approxi- 
mately 1 cm at the base. Insert the grafts into the oste¬ 
otomy, using the largest one for the area of most desired 
coverage. 

■ Alternative^, tricortical allograft bone can be used, which 
gives good structural support to the osteotomy. 

■ When a stable réduction is obtained, repair the capsule 
using the sutures placed earlier. 

■Close ail three wounds in standard fashion and check a 
radiograph to ensure proper réduction before application 
of a hip spica cast with the hip in 45 degrees of flexion 
and 30 degrees of abduction. 

POSTOPERATIVE CARE. The patient is placed in a well- 
padded spica cast, which typically is removed at 6 weeks 
postoperatively with the patient anesthetized. Physical 
therapy for range of motion and progressive weight 
bearing are started after cast removal, but vigorous physi¬ 
cal therapy and attempted weight bearing are not advised 
until 10 weeks after surgery. 
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Root and Siegal varus derotational osteotomy of hip. A f Skin incision. B f Incision through gluteus maximus and fascia 
lata (iliotibial tract). C f Greater trochanter, quadratus femoris, origin of vastus lateralis, tendinous attachment of gluteus maximus, and 
linea aspera are identified. D, Osteotomy site is exposed in area of lesser trochanter; psoas tendon can be released if necessary. E f 
Guidewire and chisel are inserted in parallel position. Shaded area represents wedge to be excised; scored line is for reference for later 
rotation. F, Location of osteotomy planes; proximal osteotomy is 15 mm distal to chisel. G, Rotation is accomplished by external rotation 
of fémur. H, Osteotomy is fixed with AO plate and screws. SEE TECHNIQUE 33-4. 
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Osteotomy 


Osteotome 


Mubarak et al. one-stage correction of spastic 
dislocated hip. A f Pericapsular acetabuloplasty is begun approxi- 
mately 1 cm above latéral margin of acetabulum. B f Osteotomy 
proceeds in line between anterior inferior iliac spine and sciatic 
notch, penetrating outer wall of ilium only. Bicortical cuts are 
made at anterior inferior iliac spine and sciatic notch. Straight or 
slightly curved osteotome extends osteotomy toward triradiate 
cartilage, avoiding pénétration of joint or inner pelvic wall. SEE 
TECHNIQUE 33-4. 


Other pelvic osteotomy techniques are discussed in 
Chapter 30. 

Resection arthroplasty, arthrodesis, and total hip arthro- 
plasty hâve been proposed for the treatment of a painful 
dislocated hip when a relocation procedure is impossible. 
Because of the heterogeneous nature of the patients and pro¬ 
cedures performed, as well as the lack of large long-term 
comparison studies, the optimal treatment for the painful 
dislocated nonreconstructable hip is unclear. The goals of 
these procedures are pain relief, improved function, and 
increased ease of care for caregivers. Hip resection arthro¬ 
plasty, most commonly a Girdlestone intertrochanteric resec¬ 
tion, has been used for the treatment of end-stage hip 
degeneration caused by other conditions, such as osteoarthri- 
tis, osteonecrosis, septic arthritis, and slipped capital fémoral 
epiphysis. In patients with cérébral palsy, the use of this type 
of resection arthroplasty has been modified because of the 
high rate of postoperative pain from femoral-iliac impinge- 
ment. Proximal fémoral resection, combined with capsular 
interposition, has been effective. The advantage of this type 
of resection is that it is technically straightforward, requires 
less postoperative immobilization and operating room time, 
and requires no permanent implants, in contrast to other 
techniques such as relocation procedures and arthrodesis. 
The use of capsular interposition (Castle and Schneider) has 
been shown to hâve a lower complication rate than the 




Mubarak et al. one-stage correction of spastic dislocated hip. Osteotomy stops several millimeters from triradiate 
cartilage and is hinged open laterally to correct dysplasia. A, Tricortical segment of iliac wing is harvested for bone graft. B f Trapézoïdal 
segments are fashioned to fit into osteotomy site. C and D f Three trapézoïdal segments of tricortical bone graft are impacted into 
place to hold osteotomy site open. Elasticity of intact médial cortex holds bone grafts in place; fixation is not required. SEE TECHNIQUE 


33-4. 
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interposition of capsule and iliopsoas and gluteal muscles 
(McCarthy). A study of 34 severely affected institutionalized 
patients who had proximal fémoral resections (56 hips), 33 
were able to sit comfortably and hâve painless périnéal care 
at 2-year follow-up; 79% of patients developed hétérotopie 
ossification postoperatively, but this had little to no effect on 
overall function. Although initially recommended, the use of 
postoperative traction following Girdlestone resection has 
become less common and may not improve outcome. 


PROXIMAL FEMORAL RESECTION 


TECHNIQUE 33-5 


■ After administration of general anesthésia, place the 
patient supine with a sandbag elevating the affected hip. 

■ Make a straight latéral incision along the proximal fémur 
beginning 10 cm superior to the greater trochanter and 
ending inferior to the level of the lesser trochanter. 

■ Split the fascia of the tensor fasciae latae and femoris and 
extraperiosteally detach the insertions of the vastus late- 
ralis and gluteus médius and minimus from the proximal 
fémur. 

■ Detach the psoas tendon from the lesser trochanter 
and complété the exposure of the proximal fémur 
extraperiosteally. 

■ Incise the periosteum circumferentially around the fémur 
just distal to the insertion of the gluteus maximus or at 
the proposed level of fémoral resection. 

■ Détermine the level of the osteotomy by drawing a line 
on the preoperative anteroposterior radiograph from the 
ischium to the fémur, parallel to the inferior border of the 
ischium. 

■ Divide the short external rotators. 

■ Incise the capsule circumferentially and free it from the 
base of the fémoral neck. 

■ Divide the ligamentum teres and remove the proximal 
fémur, using an oscillating saw to make the osteotomy 

(Fig. 33-13A). 

■Test the range of motion of the hip at this point and, if 
necessary for motion, tenotomize the proximal ham- 
strings through the same incision after identifying the 
sciatic nerve. If necessary, also release the adductors. 

■ Seal the acetabular cavity by oversewing the capsular 
edges. Alternative^, the iliopsoas can be sutured to the 
latéral part of the capsule and the abductors to the 
médial part of the capsule. 

■ Bring the vastus lateralis latéral to médial over the fémoral 
stump, sewing it into the rectus femoris muscle. 

■ To decrease the risk of hétérotopie ossification, handle 
tissue carefully, completely excise the periosteum, and 
irrigate thoroughly. 

■ Secure meticulous hemostasis and close the wound over 
a suction drain. 

POSTOPERATIVE CARE. Skeletal traction can beapplied 
immediately after surgery and removed daily for gentle 
exercises. Gentle range-of-motion exercises emphasizing 
maximal flexion and extension, abduction, and internai 



McCarthy et al. proximal fémoral resection. 
A f Extraperiosteal approach, periosteal excision, and release of 
musculotendinous attachments. B f Interpositional arthroplasty- 
iliopsoas and abductors are sutured to hip capsule, and fémoral 
stump is covered by vastus lateralis. SEE TECHNIQUE 33-5. 


and external rotation of the hip are started on the second 
day after surgery. Over the first 6 weeks of traction, the 
head of the bed is gradually elevated to prevent posttrac¬ 
tion hypotension. Patients are allowed back into a wheel- 
chair as tolerated. 


Redirectional osteotomy also has been proposed as an alter¬ 
native to resection arthroplasty. This proximal fémoral valgus 
osteotomy places the legs in a more abducted position, which 
improves périnéal hygiene and sitting. The idéal candidate for 
this procedure is a child with severe hip adduction with 
minimal or no pain. The osteotomy directs the lesser trochan¬ 
ter into the acetabulum and the fémoral head away from the 
pelvis. 


HIP ARTHRODESIS 

Hip arthrodesis also can be effective in relieving pain and 
improving function in carefully selected patients. The idéal 
candidate is a patient with unilatéral disease and no spinal 
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involvement. Hip arthrodesis may be préférable in ambula- 
tory patients because it allows weight bearing, in contrast 
to proximal fémoral resections. In two studies of arthrod¬ 
esis in patients with cérébral palsy and painful hip disloca¬ 
tion, fusions were obtained in 6 of 8 patients and 11 of 14 
hips after the first attempt, resulting in pain relief and 
improvement in posture. The remainder required repeat 
arthrodesis. One négative aspect of hip arthrodesis is the 
need for postoperative casting for 2 months and the com¬ 
plications associated with it. 


TECHNIQUE 33-6 


■ Place the patient supine with a soft pad under the gluteal 
région. 

■ Perform an adductor tenotomy as described in Technique 
33-1. 

■ Through a longitudinal latéral incision to the hip, split the 
gluteal muscles. 

■ Extend the exposure of the hip joint to allow an iliopsoas 
tenotomy. 

■ Resect the pulvinar and ligamentum teres, remove any 
remaining cartilage from the fémoral head and acetabu- 
lum, and deepen the dysplastic acetabulum. 

■ Position the hip in 40 degrees of flexion, 15 degrees of 
abduction, and neutral rotation. The fixation device used 
dépends on the local bone width and quality, the size of 
the fémoral head and neck, and the désirable degree of 
hip flexion. Appropriate implants include a 4.5-mm AO-D 
cérébral palsy plate, AO-Cobra plate, and 6.5-mm can- 
nulated screws. 

POSTOPERATIVE CARE. A hip spica cast is worn for 
2 months postoperatively. Patients are then started 
in a progressive range-of-motion and weight-bearing 
program. 


muscles that cross both joints, the “two-joint muscles.” These 
muscles include the rectus femoris anteriorly, gracilis medi- 
ally, and semimembranosus, semitendinosus, and biceps 
femoris posteriorly. Pathologie conditions that affect these 
muscles, such as spasticity or contracture, and surgical 
changes affect the function of both joints. A similar relation- 
ship exists between the knee and ankle with the gastroene- 
mius muscle, which crosses both joints. A patient with 
cérébral palsy who ambulates with his or her knees flexed 
may not hâve hamstrings that are tight or spastic. A patient 
with a hip flexion contracture ambulates with increased knee 
flexion to help maintain sagittal balance. Likewise, surgical 
correction of a knee flexion contracture may lead to sponta- 
neous improvement in hip flexion. Because of these relation- 
ships, a careful physical examination of the entire lower 
extremity is essential when evaluating the knee in patients 
with cérébral palsy. 

FLEXION DEFORMITY 

Flexion is the most common knee deformity in patients with 
cérébral palsy and frequently occurs in ambulatory children. 
Knee flexion deformities keep the knee from fully extending 
at the end of the swing phase of gait. This causes the knee to 
be flexed during stance phase, leading to decreased stride 
length and increased energy expenditure. Spastic hamstrings, 
weak quadriceps, or a combination of both can cause isolated 
knee flexion. It also can resuit from hip or ankle pathology. 
Patients with spastic hip flexors or weak hip extensors or both 
develop compensatory knee flexion that results in crouch gait 
in which the hips, knees, and ankles are flexed (Fig. 33-14). 
Patients with weakened gastrocnemius-soleus muscles, from 
cérébral palsy or more commonly from Achilles tendon over- 
lengthenings, ambulate with knee flexion to accommodate 
for the relative overpull of the ankle dorsiflexors. Prolonged 
spasticity and crouched knee gait can lead to true contracture 
of the knee itself. This is a difhcult problem to deal with and 
has led to the increased use of single-event multilevel surgery 


Total hip arthroplasty is an option for patients with cérébral 
palsy with end-stage hip degeneration. The idéal candidate is 
an intelligent, independent ambulator with mild soff-tissue 
contractures. Good midterm results (10 years) hâve been 
reported after hip arthroplasty. Another study reported return 
to preoperative function in ail patients, return to prepain 
function in 88%, and implant survivorship in 95% at 2 years 
and 85% at 10 years. Increasing the antéversion and inclina¬ 
tion of the acetabular component may help increase stability. 
Although the results of total hip replacement are best in 
GMFCS I and II patients, surface replacement has been 
shown to be effective for pain relief in a small sériés of GMFCS 
III-V patients. 


KNEE 

HIP AND KNEE RELATIONSHIPS 

Deformities of the knee in patients with cérébral palsy are 
difhcult to evaluate and treat and rarely occur in isolation. 
Pelvic, hip, knee, ankle, and foot deformities are interrelated. 
The hip and the knee are tightly coupled because of the 



Typical jump posture caused by plantar flexion 
deformities of ankles, which require flexion of knees, hip, and 
lumbar spine to place center of gravity over weight bearing 
surface. 
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rather than staged procedures. A wide variety of procedures 
has been proposed for this, including fémoral shortening or 
distal fémoral extension osteotomy with patellar tendon 
advancement or both. Patellar advancement has been shown 
to improve gait mechanics better than extension osteotomy 
alone. 

To find the source of the knee flexion, the muscles must 
be assessed to détermine if the deformity is caused by spastic- 
ity or contracture or both. Strength testing should be done, 
although this can be difficult in patients with cérébral palsy. 
Cérébral palsy is an upper motor neuron disorder in which 
the brain is geographically affected, causing the body to be 
regionally affected. This is different from a lower motor 
neuron injury, such as a peripheral nerve lacération, in which 
only the innervated muscle or group of muscles is affected. 
In patients with cérébral palsy, if the hamstrings are affected, 
most likely the quadriceps are affected to some degree as well. 
Quadriceps strength, spasticity, and firing pattern should be 
evaluated throughout the gait cycle. Lengthening, and essen- 
tially weakening, the hamstrings in the presence of a spastic 
rectus femoris can lead to hyperextension deformity of the 
knee and significant gait disturbance. 

Hamstring strength, spasticity, and knee contracture are 
assessed with the patient prone and supine. With the patient 
prone, the examiner extends the hips as much as possible and 
exerts gentle pressure on the calves. The angle that the fémur 
and the tibia make affer spasticity has been overcome is the 
degree of contracture of the soft tissues behind the knee. 
Next, the patient is placed supine to test hamstring spasticity. 
The examiner stabilizes the opposite knee in as much exten¬ 
sion as possible and raises the leg being examined with the 
knee straight. If knee extension is limited as the hip is flexed, 
either médial or latéral hamstring tightness is présent (Fig. 
33-15). The patient can be examined for médial hamstring 
spasticity in the supine position with the knees flexed and feet 
off the table. This relaxes the hamstrings proximally and 
allows the hip to be abducted if there is no contracture of the 
adductor muscles. If extension is not possible unless the hip 
is adducted, there is tightness in the médial hamstrings and 
gracilis (Fig. 33-16). The amount of equinus in the ankle 
should be measured with the knee flexed and fully extended 
(Fig. 33-17). If ankle dorsiflexion improves with knee flexion, 
there is gastrocnemius spasticity or contracture. 

As previously mentioned, quadriceps strength, contrac¬ 
ture, and function should be evaluated when examining a 
patient with knee flexion deformity. Quadriceps strength is 
best assessed with the patient supine and the feet off the end 
of the table. The examiner extends the hips and allows the 
knees to flex passively (Fig. 33-18A) and then asks the patient 
to extend the knees voluntarily against résistance (Fig. 
33-18B). To détermine if the rectus femoris is spastic, the 
examiner turns the patient prone and performs the prone 
rectus (Ely) test (Fig. 33-19). With the patient prone and the 
knees extended, the examiner flexes the knees. If the rectus 
is spastic, the hips flex and the buttocks rise off the table when 
the rectus is stretched. It is best to do this one side at a time 
to détermine the relative spasticity of each rectus femoris 
muscle. 

Physical therapy and bracing can be used for milder 
deformities. Serial stretch casting has been shown to 
be effective as well, but care is necessary to prevent soft- 
tissue complications or breakdown and neurapraxia. The 



B 


C 



Testing for hamstring spasticity and contrac¬ 
ture. A, Patient is supine with hips extended. Pressure is exerted 
over knees, forcing them into extension. Flexion remaining in 
knees is absolute knee flexion contracture. B, Knee on side to be 
tested is flexed while opposite knee is stabilized in extension. 
C f Attempted flexion of hip results in more flexion of knee. 


indications for hamstring lengthening are a straight-leg raise 
of less than 70 degrees or a popliteal angle of less than 135 
degrees in the absence of significant bony deformity. In an 
ambulatory patient, knee contracture of more than 10 
degrees can lead to excessive compensatory hip flexion and 
ankle dorsiflexion. Care must be taken not to overlengthen 
the hamstrings because it can lead to excessive weakness 
and knee hyperextension gait. In hyperextension gait, the 
fémur moves forward over a fixed tibia, which is prevented 
from moving forward either by a spastic gastrocnemius- 
soleus or a limited ankle dorsiflexion. Rectus femoris spas¬ 
ticity, which is common in patients with cérébral palsy, also 
can exacerbate this condition. For this reason, most sur¬ 
geons begin with lengthening the médial hamstrings by a 
Z-plasty of the gracilis and semitendinosus tendons and a 
fractional lengthening of the semimembranosus. If further 
correction is desired, the biceps femoris laterally can be 
lengthened using fractional lengthening. Identify the proxi¬ 
mal aponeurosis of the semimembranosus anteriorly as it 
arises from the tendon of the proximal attachment. It is sep- 
arate and proximal from the distal aponeurosis and should 
be released at the time of surgery as well. 
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A 





Testing for adductor and médial hamstring 
tightness. A f Thighs abduct well with hips and knees flexed, indi- 
cating no adductor contracture. B f With hips extended and knees 
flexed, hips abduct well. C f With hips extended, bringing knees 
into extension causes thighs to adduct, indicating médial ham¬ 
string spasticity. 


FRACTIONAL LENGTHENING 
OF HAMSTRING TENDONS 

Although knee extension in stance phase has been shown 
to improve dramatically after hamstring lengthening, veloc- 
ity, stride length, and cadence hâve not been shown to 
improve. With spastic hamstrings and quadriceps, knee 
flexion during swing phase markedly diminishes. In addi¬ 
tion, the results of surgery hâve been reported to deterio- 
rate with time, with reoperation being necessary in up to 
17%. Because very little change can be expected from 
repeat hamstring lengthening in patients with récurrent 
knee flexion after hamstring lengthening, alternative 
surgical interventions may be more bénéficiai. Some 


A 


B 





Testing for gastrocnemius contracture and spas¬ 
ticity. A, With knee extended, equinus in ankle is noted. B, With 
knee flexed, ankle is easily dorsiflexed, indicating no soleus con¬ 
tracture. C, As knee is extended, ankle dorsiflexion is resisted by 
tight or spastic gastrocnemius muscles. 


improvement in the popliteal angle and knee extension has 
been noted in patients with combined médial and latéral 
hamstring lengthenings, however, with greater risk of knee 
hyperextension and hamstring weakness. 


TECHNIQUE 33-7 


■ Place the patient prone and inflate the thigh 
tourniquet. 

■ Make médial and latéral posterior incisions just above 
the popliteal crease extending 4 to 6 cm proximally. 
Alternative^, a single midline incision can be used 

(Fig. 33-20A). 

■ Divide the subcutaneous tissue and deep fascia in line 
with the skin incision, protecting the posterior fémoral 
cutaneous nerve in the proximal portion of the wound. 

■ Expose the semitendinosus tendon, which is the most 
superficial posteromedial structure and is tendinous at 
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Testing for 
extended, knees are allowed 
voluntarily extends knees 
résistance. 


quadriceps strength. A f With hips 
to flex off end of table. B f Patient 
from flexed position against 





Prone rectus test. A f Patient is prone, and knees 
are extended. B f Flexing knees causes buttocks to rise from table. 
C f Spasticity in rectus is overcome by downward pressure on 
buttocks. 


this level. Incise the tendon transversely or, alternative^, 
perform a Z-plasty. 

■ Identify and isolate the semimembranosus and incise its 
tendon sheath longitudinally. Divide its aponeurosis 
sharply at two levels, leaving the underlying muscle intact 

(Fig. 33-20B and C). 

■ Extend the knee with the hip in extension and the 
tendinous portion of the semimembranosus slides on 
the muscle. If further correction is required, identify the 
biceps femoris tendon laterally and isolate it from the 
peroneal nerve lying along its médial side. Pass a blunt 
instrument deep to the biceps femoris tendon, incise its 
tendinous portion transversely at two levels 3 cm apart, 
and leave the muscle fibers intact (Fig. 33-21D). 

■ Perform a similar lengthening maneuver by extending the 
knee with the hip in extension. Do not forcefully extend 
the knee with the hip flexed because this may cause a 
traction injury to the sciatic nerve and risk injury to the 
peroneal injury. 

■ Close ail tendon sheaths, but do not close the deep fascia 
(Fig. 33-20E). 

■ After deflating the tourniquet, obtain hemostasis and 
close the subcutaneous tissues and skin. 

■ Apply a long leg cast with the knee in maximal 
extension. 

POSTOPERATIVE CARE. Straight-leg raises are begun 
immediately postoperatively with the cast on to help 
stretch the hamstring tendons. The patient may walk 
with crutches and bear weight as tolerated. After 3 to 
4 weeks, the casts are removed and the patient is started 
on a physical therapy program to maintain, and in some 
cases improve, range of motion. Nighttime extension 
splints or knee immobilizers are used for 8 to 12 weeks 
postoperatively. 


I COMBINED HAMSTRING LENGTHENING, 

POSTERIOR CAPSULAR RELEASE 

If hamstring lengthening alone is ineffective in achieving the 
desired range of motion, a posterior capsular release can be 
used. This most commonly occurs in older children with 
significant fixed knee flexion contractures. This technique 
also can be combined with quadriceps shortening to help 
correct élongation of the infrapatellar tendon caused by 
chronic quadriceps weakening to obtain improved range of 
motion. 


DISTAL FEMORAL EXTENSION 
OSTEOTOMY AND PATELLAR 
TENDON ADVANCEMENT 

Because the results of révision hamstring lengthening are 
poor, the use of a distal fémoral extension osteotomy has 
increased, especially for severe or récurrent knee flexion 
contractures after hamstring release. Stout et al. described 
a distal fémoral extension osteotomy and patellar tendon 
advancement for treatment of crouch gait in cérébral palsy 
and obtained improved function and level of community 
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Separate meticulous closure of each 
tendon sheath; deep fascia is not sutured 

E 


<JP Fractional lengthening of hamstrings. A f Skin incision and incision in deep fascia over back of knee. B and C f Incisions 
in semimembranosus. D, Incisions in biceps femoris; note hemostat anterior to peroneal nerve. E f Tendon sheaths of biceps femoris and 


semimembranosus are sutured before wound closure. SEE TECHNIQUE 33-7. 


ambulation. The osteotomy is most commonly fixed with 
distal fémoral plates, but external fixation has also been 
used. Récurrence of deformity is less likely in patients in 
whom growth is complété. Patients should be followed 
closely after surgery because up to 10% of children hâve 
a postoperative nerve palsy that is unrelated to the degree 
of correction. To avoid these complications of acute 


correction, anterior distal fémoral hemiepiphysiodesis has 
been used in small sériés to correct fixed knee flexion con¬ 
tractures (Fig. 33-21). This technique requires that patients 
hâve significant growth remaining to allow for correction. 
Immature patients (âge <11 years) should be followed for 
prématuré closure of the proximal tibial physis leading to 
decreased posterior slope. 











PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 



A, Patient with cérébral palsy and fixed knee flexion contracture treated with anterior distal fémoral epiphysiodesis 
using 8-plates. B, 20 months after surgery. (From Al-aubaidi Z, Lundgaard B, Pedersen NW: Anterior distal fémoral hemi- epiphysiodesis in the 
treatment of fixed knee flexion contracture in neuromuscular patients, J Chil Orthop 6:313, 2012.) SEE TECHNIQUE 33-7 


TECHNIQUE 33-8 


(STOUT ET AL.) 

■Approach the distal part of the fémur posterior to the 
vastus lateralis. 

■ Insert a chisel for a 90-degree blade plate just proximal 
to a guidewire placed at a 90-degree angle to the fémoral 
shaft and just proximal to the physis (or physeal scar) with 
the angle guide of the chisel parallel to the tibia. This 
placement avoids varus or valgus displacement of the 
osteotomy. 

■ Remove an anterior triangular wedge of bone that 
matches the degree of contracture. Also, remove any 
bone protruding posteriorly from the distal fragment (Fig. 
33-22). Coronal and transverse plane abnormalities can 
be corrected simultaneously. 

■ The type of patellar tendon advancement dépends on the 
skeletal maturity of the patient. If the physis is open, 
sharply divide the patellar tendon from the tibial tubercle 
to avoid physeal injury and advance it under a periosteal 
flap. If the physis is closed, transpose the tibial tubercle 
with the attached patellar tendon distally and secure it 
with a compression screw. 

■ Insert a 16-gauge wire or tension-band wire transversely 
through the patella and the proximal part of the tibia to 
protect the repair (Fig. 33-23). 


I DISTAL TRANSFER OF RECTUS FEMORIS 

Stiff knee gait is common in patients with cérébral palsy and 
is caused by co-contracture of the quadriceps and hamstring 
muscles or weakness caused by previous hamstring lengthen- 
ing, or both. Co-spasticity of the hamstrings and quadriceps 
causes a loss of knee flexion that leads to decreased power 
and difficulties with foot clearance during the swing phase of 
gait. Patients with rectus femoris spasticity also hâve difficulty 
transitioning from standing to sitting. Dynamic EMG analy¬ 
sis often reveals a rectus femoris muscle that also is abnor- 
mally active during swing phase. To help achieve balanced 
knee function during swing phase, transfer of the distal rectus 
fémoral tendon to the semitendinosus medially or iliotibial 
band laterally can be done, depending on the presence of 
malrotation. No functional différences in knee flexion are 
seen between the transfer sites, and this should then be deter- 
mined by surgeon preference and concomitant procedures. 
Ten degrees of malrotation can be corrected depending on 
the direction of transfer, but larger degrees of malrotation 
require rotational osteotomy of the affected bone. Gage et al. 
found significant improvement in swing-phase knee motion 
and foot clearance when the following criteria were met: (1) 
hamstring contractures corrected so that the knee can extend 
fully in midstance, (2) foot plantigrade and stable in stance, 
and (3) foot in line of progression to generate a moment of 
sufficient magnitude to maintain knee extension in midstance 
and terminal stance. In comparison studies of hamstring 
lengthening with and without rectus femoris transfer, patients 
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A and B, Preoperative and postoperative latéral radiographs of left knee in maximal extension in patient treated 
with distal fémoral extension osteotomy. (From Stout et al: Distal fémoral extension osteotomy and patellar tendon advancement to treat per¬ 
sistent crouch gait in cérébral palsy, J Bone Joint Surg 90A:2470, 2008.) SEE TECHNIQUE 33-8. 



A and B f Anteroposterior and latéral radiographs of knee in maximal extension after patellar tendon advancement. 

(From Stout et al: Distal fémoral extension osteotomy and patellar tendon advancement to treat persistent crouch gait in cérébral palsy, J Bone Joint 
Surg 90A:2470, 2008.) SEE TECHNIQUE 33-8. 
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with rectus femoris transfer had significantly improved foot 
clearance and gait efficiency, most markedly in GMFCS I and 
II patients. More improvements than détérioration of results 
hâve been reported in ambulatory children at long-term 
follow-up. 


RECTUS FEMORIS TRANSFER 


TECHNIQUE 33-9 


FIGURE 33-24 


(GAGE ET AL.) 

■ With the patient anesthetized and supine, make a longi¬ 
tudinal incision in the anterior thigh, 5 to 6 cm proximal 
to the superior pôle of the patella. 

■ Identify the rectus femoris tendon proximally as it lies 
between the vastus medialis and vastus lateralis. Separate 
the rectus tendon from the remainder of the quadriceps 
tendon; avoid entering the knee joint. Dissect it free to 
approximately 3 cm proximal to the patella. Divide the 
tendon and separate it from the vastus intermedius 
tendon posteriorly. 

■ Transfer the freed tendon stump to either the distal stump 
of the semitendinosus or the iliotibial band depending on 
whether the desired rotatory effect is latéral rotation (to 
the iliotibial band) or médial (to the semitendinosus 
stump). 

■ For médial transfer to the semitendinosus, divide the 
semitendinosus 2 to 3 cm proximal to its musculotendi- 
nous junction and dissect the distal stump to its insertion 
at the pes anserinus. Transfer the tendon through the 
médial intermuscular septum and suture it to the distal 
end of the rectus femoris tendon. 

■ For a latéral transfer to the iliotibial band, resect the fibers 
of the iliotibial band until the remaining fibers are 


posterior to the knee joint axis. Pass the distal end of the 
rectus femoris around the iliotibial band and suture it 
onto itself. 

POSTOPERATIVE CARE. If hamstring lengthening also 
has been done, patients are placed in long leg casts for 
3 to 4 weeks. If hamstring lengthening has not been 
done, cast immobilization is unnecessary; instead, a knee 
immobilizer is used. The patient is allowed to sit in a 
reclining wheelchair and is gradually moved to the upright 
sitting position with the knee fully flexed. Standing with 
support is allowed on the third day, and the knee immo¬ 
bilizer is removed for passive and active range of motion 
of the knee. At 4 weeks, the patient is instructed by the 
physical therapist to begin vigorous exercises to encour¬ 
age muscle strengthening and gait training. Improve¬ 
ments in gait function typically are seen for 12 months 
postoperatively. 


RECURVATUM OF THE KNEE 

Recurvatum of the knee is caused by a relative imbalance 
between the quadriceps and the hamstrings owing to several 
factors, including (1) co-spasticity of the quadriceps and 
hamstrings in which the quadriceps is stronger; (2) weakened 
hamstrings secondary to previous surgery, overlengthening, 
or transfer; (3) gastrocnemius-soleus weakness secondary to 
proximal head recession; and (4) ankle equinus. For a patient 
with an ankle equinus contracture, the only way to put the 
feet fiat is to compensate with knee recurvatum. 

The prone rectus test can be used to test for quadriceps 
spasticity. If the rectus femoris is tight, it can be lengthened 
or released in nonambulatory patients and transferred poste¬ 
riorly in ambulatory children. Recurvatum of the knee caused 
by excessive hamstring weakness is difficult to treat. Replan¬ 
tation of transferred tendons or shortening of overlengthened 



Distal release or transfer of rectus femoris. A f Rectus femoris is separated from vastus medialis, vastus lateralis, and 
vastus intermedius. Inset, Longitudinal incision along médial side of distal third of rectus femoris. B f Rectus femoris may be transferred 
through médial intermuscular septum to sartorius if desired. C f Rectus femoris is sutured to sartorius. SEE TECHNIQUE 33-9. 
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tendons would not improve functional strength because the 
muscles hâve been permanently weakened by the previous 
surgery. 

To détermine if recurvatum of the knee is caused by ankle 
equinus, a short leg cast or ankle orthosis is applied with the 
ankle in the neutral position. If the knee goes into recurvatum 
with the foot plantigrade, the recurvatum is not caused by 
ankle equinus. If ankle equinus does exist, correction of this 
operatively or nonoperatively is indicated. Significant recur¬ 
vatum should be treated with bilateral long leg braces with a 
pelvic band with the knees locked in 20 degrees of flexion and 
ankle stops at 5 degrees of dorsiflexion. When hip control is 
achieved, the pelvic band can be removed, but long leg braces 
often are used for years until a stable knee is obtained. Flexion 
osteotomy for this condition is not advised. 

KNEE VALGUS 

Knee valgus in patients with cérébral palsy usually is caused 
by a hip adduction deformity and rarely occurs indepen- 
dently. It is usually associated with hip internai rotation and 
flexion of the knees, which can accentuate the appearance of 
valgus. In most patients, correction of the hip adduction and 
internai rotation improves the position and appearance of the 
knee. In these patients, surgery on the knee itself is rarely 
indicated. 

A tight iliotibial band also can cause a knee valgus defor¬ 
mity. The presence of iliotibial band tightness can be deter- 
mined by having the patient lie on the contralatéral side and 
flex the knee nearest the table to the chest. With the knee 
flexed, the hip being tested is flexed and abducted, moved 
from the position of flexion to extension, and then adducted. 
If the hip does not adduct without flexing, the iliotibial band 
is tight and usually can be palpated subcutaneously along the 
distal third of the thigh. The tight band should be resected 
(see Chapter 34). 

PATELLA ALTA 

Patella alta is common in patients with cérébral palsy (93% 
in one study) and usually is associated with crouched gait 
(Fig. 33-25). Despite this frequent occurrence, the prevalence 
of anterior knee pain in these patients is approximately 10% 
to 20%, being more common in older children, females, and 
possibly those with larger flexion contractures. Patellar sub¬ 
luxation and dislocation are rare; they can be caused by quad- 
riceps spasticity or long-standing knee flexion deformity. 
Patella alta leads to a decrease in the moment arm of terminal 
knee extension, which further weakens an already weakened 
extensor mechanism. This increased tension can lead to 
répétitive microtrauma to the patellar and quadriceps 
tendons, causing élongation of these structures and fragmen¬ 
tation and stress fractures of the patella and tibial tubercle; it 
is thought to be one of the causes of knee pain in patients 
with cérébral palsy. Because these changes are almost univer¬ 
sal in ambulatory patients with cérébral palsy and most 
patients are pain free, operative treatment rarely is indicated. 
Often, correction of the flexion deformity of the knee with 
hamstring lengthening and other associated procedures 
causes improvement in not only the patella alta but also knee 
function in general. Operative treatment to correct the under- 
lying pathologie process, which usually is patellar subluxation 
and dislocation, is helpful in patients in whom conservative 
treatment has failed. 



FIGURE 


^ Patella alta in patient with cérébral palsy. 


ROTATIONAL ABNORMALITIES 

Rotational abnormalities, either internai or external, can 
cause significant gait dysfunction in patients with cérébral 
palsy. These deformities usually occur at multiple levels 
including the hip or fémur, tibia or ankle, and foot. There is 
no rôle for bracing in correction of these deformities in 
patients with cérébral palsy. A thorough rotational évaluation 
is essential before any operative intervention. A large gait 
analysis study of 412 children found that the most common 
cause of internai rotation gait was internai hip rotation fol- 
lowed by internai tibial torsion, and multiple abnormalities 
were found in almost 50% of affected limbs. Différences were 
noted between hémiplégie and diplegic patients, with the 
most common site of internai rotation deformity in diplegics 
being the hip (57%), tibia (52%), and pelvis (19%) compared 
with hémiplégies, in whom foot deformities included pes 
varus (42%) and metatarsus adductus (24%). 

These deformities should be corrected at the time of 
soff-tissue procedures. Minimally invasive percutaneous 
ostéotomies of the fémur and supramalleolar tibia hâve been 
described. 


FOOT 

Foot deformities caused by altered or abnormal muscle forces 
are common in patients with cérébral palsy, with 70% to 90% 
of children affected. The most common deformity is ankle 
equinus, with equinovarus and equinovalgus deformities 
being equally common. In a sériés of 306 children with céré¬ 
bral palsy, approximately 50% had normal “side-to-side” 
balance, 25% had valgus deformities, and 23% had varus 
deformities. The presence of a bilateral as opposed to a uni¬ 
latéral foot deformity, regardless of the type, has been shown 
to hâve a significant effect on overall level of ambulation. A 
patients deformity may change over time, especially in young 
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children. For example, in a very young child with a valgus 
foot deformity, persistent tonie reflexes and abnormal muscle 
forces may over time cause a varus foot position to develop. 
Digital deformity is caused by an imbalance between the 
intrinsic muscles of the foot and extrinsic muscles of the leg 
(intrinsic plus foot) and can cause hallux valgus, claw toes, 
and forefoot adduction. Spasticity of the smaller muscles of 
the foot can lead to other deformities, such as hallux valgus, 
claw toes, and forefoot adduction. These can occur in isola¬ 
tion but more often occur in association with other deformi¬ 
ties related to abnormal extrinsic foot musculature. 

EQUINUS DEFORMITY 

Equinus deformity is the most common foot deformity in 
patients with cérébral palsy, affecting 70% of children, of 
whom approximately 25% develop a deformity severe enough 
to require operative treatment. Conservative treatment con- 
sisting of stretching, bracing, botulinum toxin A (BTX-A), 
and, occasionally, casting remains the primary form of treat¬ 
ment or means of delaying operative intervention. Ankle-foot 
orthoses, in addition to preventing or delaying surgical treat¬ 
ment, improve gait function in children with cérébral palsy, 
although the exact mechanism by which this occurs is 
unknown and most likely multifactorial. Equinus is caused 
by spasticity of the gastrocnemius-soleus muscle, which often 
worsens during periods of rapid growth because of over- 
growth of the tibia relative to the gastrocnemius-soleus. 
Animal models hâve shown that muscles in mice with heredi- 
tary spasticity grow at a slower rate than normal muscle. 
Ultrasound évaluation of the musculotendinous junction 
showed that patients with cérébral palsy hâve longer Achilles 
tendons and shorter muscle bellies than normal Controls. 
Whereas ankle dorsiflexion increases in operatively treated 
patients, the muscle-tendon architecture remains abnormal. 
Bracing, especially at night, to prevent the foot from going 
into the equinus position is essential. The exact indications 
for surgery are unclear given the variable nature of cérébral 
palsy; however, surgery typically is indicated when the ankle 
cannot be brought into the neutral position in an ambulatory 
child because ankle kinematics change dramatically with the 
ankle fixed in more than 10 degrees of dorsiflexion. Other 
indications include difîiculties with hygiene, foot wear, and 
standing programs in a nonambulatory child. 

■ SURGICAL CORRECTION OF 
EQUINUS DEFORMITY 

Because of the variable nature of cérébral palsy and the fact 
that numerous procedures and postoperative regimens hâve 
been used in the treatment of equinus contracture, it is dif- 
ficult to compare studies and success rates. In addition, many 
récurrences are more than 5 years after the initial operation 
and may not be included in short-term studies. The récur¬ 
rence rate in the literature ranges from 0% to 50%, depending 
on the type of patient and the length of follow-up. Younger 
patients, especially those younger than 3 years, and hémiplé¬ 
gies are most likely to hâve récurrence. Récurrence in patients 
older than 6 years is very rare. A study of 243 children with 
cérébral palsy (mean âge, 7.8 years) who had Achilles tendon 
lengthening showed a récurrence rate of 11% at 10 years. A 
large meta-analysis showed that âge is the most important 
déterminant of récurrence and that overcorrection leading to 
a calcaneal deformity was more common in diplegics (15%) 


compared with hémiplégies (1%). Despite numerous tech¬ 
niques used, there did not seem to be a significant différence 
in outcomes between techniques, although the majority of the 
studies were level IV evidence. 

The gastrocnemius-soleus can be lengthened at either the 
musculotendinous junction with an aponeurotic recession or 
at the level of the Achilles tendon through an open or percu- 
taneous approach. For mild to moderate contractures, it is 
recommended that lengthening be done at the level of the 
musculotendinous junction; the higher rate of overlengthen- 
ing seen with the use of open Z-plasty techniques leads to 
residual weakness. The use of the percutaneous approach has 
been shown in a small (28 feet) randomized, blinded study to 
provide rapid healing as demonstrated on ultrasound évalu¬ 
ation of the tendon, shorter operative and hospitalization 
times, postoperative dorsiflexion, and higher parental satis¬ 
faction. Larger studies are necessary to further evaluate this. 
Overlengthening of the gastrocnemius-soleus should be 
avoided, especially in an ambulatory child, because it can 
cause weakness in push-off and crouch gait. Because over¬ 
lengthening is less common with an aponeurosis recession, 
this is the most commonly used procedure in ambulatory 
children, with open Achilles lengthening reserved for patients 
with severe deformities and for nonambulatory patients. It is 
important to evaluate patients after release for toe flexion 
contractures that hâve been unmasked after Achilles tendon 
lengthening, because this can lead to abnormal weight bearing 
on the tips of the toes. This can be treated with simultaneous 
Z-lengthenings of the flexor digitorum longus and flexor hal- 
lucis longus. 


OPEN LENGTHENING OF THE 
ACHILLES TENDON 


TECHNIQUE 33-10 


(WHITE MODIFICATION) 

■ Use a posteromedial incision to expose the Achilles 
tendon from its insertion to approximately 10 cm proxi- 
mally, preserving the sheath (Fig. 33-26A). 

■ Divide the posteromedial two thirds of the tendon near 
its insertion. 

■ Apply a moderate dorsiflexion force to the foot and divide 
the médial two thirds of the tendon 5 to 8 cm proximal 
to the site of the distal division. 

■ Dorsiflex the foot so that the tendon lengthens to the 
desired length (Fig. 33-26B). 

■ The tendon can be sutured in a side-to-side fashion with 
absorbable suture. 

■ Carefully close the tendon sheath and subeutaneous 
tissues to prevent adhérence of the tendon to the overly- 
ing skin. 

■ Apply a short leg cast with the ankle in maximal 
dorsiflexion. 

POSTOPERATIVE CARE. The patient is allowed to bear 
full weight on the leg postoperatively. The cast is left on 
for approximately 4 weeks. During this time, knee exten¬ 
sion is encouraged to maintain the lengthening of the 
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Sliding lengthening of Achilles tendon. A f Pos- 
teromedial incision. B f Two cuts are made through one half of 
tendon in opposite directions. Rotation of fibers must be fol- 
lowed accurately. As foot is placed in dorsiflexion, tendon fibers 
separate. SEE TECHNIQUE 33-10. 


gastrocnemius-soleus complex. The cast is removed, and 
an ankle-foot orthosis is fitted with the ankle in maximal 
dorsiflexion. Alternative^, a mold for a custom ankle-foot 
orthosis can be made at the time of the initial procedure 
so that it is ready at the time of cast removal. This is 
especially helpful if patient compliance and follow-up are 
questionable. The patient begins with full-time brace 
wear, and this is modified depending on the patient's 
growth remaining and progress in physical therapy. 


Z-PLASTY LENGTHENING OF THE 
ACHILLES TENDON 

Rattey étal, reported récurrence of contractures in 18% 
and 41 % of diplegic and hémiplégie patients 10 years after 
77 open Z-plasty lengthenings of the Achilles tendon. Chil- 
dren 6 years old or older at the time of lengthening did 
not hâve récurrence. Diplegic patients who were operated 
on before âge 4 years and patients who had longitudinal 
incisions had statistically significantly higher récurrence 
rates. 


TECHNIQUE 33-11 


■ Make a posteromedial incision midway between the 
Achilles tendon and the posterior aspect of the médial 
malleolus. The lower extent of the incision is at the 



Z-plasty lengthening of Achilles tendon. A f Lon¬ 
gitudinal incision, halfway between posterior aspect of médial 
malleolus and tendon. Longitudinal eut in tendon is brought out 
proximally in one direction and distally in opposite direction. 
B, Ends are sutured to repair tendon. SEE TECHNIQUE 33-11. 


superior border of the calcaneus, and it continues cepha- 
lad for 4 to 5 cm (Fig. 33-27A). 

■ Expose the Achilles tendon with sharp dissection directed 
posteriorly toward it. 

■ Incise the sheath of the Achilles tendon longitudinally 
from the superior to the inferior extent of the incision. 
Free the tendon from the surrounding tissues. 

■ Make a longitudinal incision in the center of the Achilles 
tendon from proximal to distal (Fig. 33-27A). 

■ Turn the scalpel either medially or laterally distally and 
divide that half of the tendon transversely. Make the distal 
eut toward the médial side for a varus deformity and 
toward the latéral for a valgus deformity. 

■ Hold this eut portion of the tendon with forceps and bring 
the scalpel to the proximal portion of the longitudinal 
incision in the tendon. 

■ Turn the scalpel opposite the distal eut and divide that 
half of the tendon transversely to free the Achilles tendon 
completely. 

■ Divide the plantaris tendon on the médial aspect of the 
Achilles tendon transversely. 

■ Evaluate the passive excursion of the triceps surae muscle 
using a Kocher clamp to pull the proximal stump of the 
tendon to its maximally stretched length. 

■ Allow the tendon to retract halfway back to its resting 
length and suture it to the distal tendon end at that point 
(Fig. 33-27B). 

■ Control tension further by adjusting the foot position: 
neutral for mild spasticity, 10 degrees of dorsiflexion for 
moderate involvement, and 20 degrees of dorsiflexion for 
severe deformity. 

■ Perform the repair in a side-to-side manner with heavy 
absorbable sutures. 
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9 » Close the wound with absorbable sutures or subcuticular 
sutures and skin strips and apply a long leg cast. 

POSTOPERATIVE CARE. Postoperative care is as 
described after Technique 33-10. 


PERCUTANEOUS LENGTHENING OF 
THE ACHILLES TENDON 

Moreau and Lake found that when done as an outpatient 
procedure, percutaneous lengthening of the Achilles 
tendon was quick, inexpensive, and free of complications. 
Of the 90 legs treated in this fashion, 97% showed 
improvement in gait function. 


TECHNIQUE 33-12 


■ With the patient prone and the leg prepared to the 
midthigh to include the toes, extend the knee and dorsi- 
flex the ankle to tense the Achilles tendon so that it is 
subcutaneous, easily outlined, and away from the neuro- 
vascular structures anteriorly. 

■ Make three partial ténotomies in the Achilles tendon (Fig. 
33-28). Make the first médial eut, just at the insertion of 
the tendon onto the calcaneus, through one half of the 
width of the tendon. Make the second tenotomy proxi- 
mally and medially, just below the musculotendinous 
junction. Make the third laterally through half the width 
of the tendon midway between the two médial cuts. 

■ Place the two incisions on the médial side if the heel is 
in varus as it usually is and on the latéral side if the heel 
is in valgus. 

■ Dorsiflex the ankle to the desired angle. 

■ The incisions do not require closure, only a stérile dressing 
and a long leg cast with the knee in full extension. 

POSTOPERATIVE CARE. The postoperative care is the 
same as that described for Technique 33-10. 


■ LENGTHENING OF THE GASTROCNEMIUS- 
SOLEUS MUSCLE COMPLEX 

Surgical lengthening of the gastrocnemius-soleus complex is 
commonly performed to treat equinus deformity, either as an 
isolated procedure or as part of other reconstructive surgery. 
A variety of surgical procedures hâve been described to 
accomplish this lengthening, varying in terms of selectivity, 
stability, and amount of correction. In a systematic review by 
Shore et al., 10 different procedures were summarized and 
grouped by anatomie zone (Fig. 33-29). They concluded that 
cérébral palsy subtype (hemiplegia or diplegia) and âge at 
index surgery were more important in determining outcomes 
of surgery than the choice of surgical procedure. In a biome- 
chanical cadaver study, Firth et al. tested six procedures in 
the three zones and determined that zone 1 procedures were 
very stable but obtained limited lengthening, zone 2 proce¬ 
dures were stable and obtained more lengthening, and zone 



Incisions for percutaneous Achilles tendon 
lengthening. Cut ends slide on themselves with forceful dorsiflex- 
ion of foot. SEE TECHNIQUE 33-12. 



Three discrète anatomical zones of the gastroc- 
soleus complex. (Redrawn from Shore BJ, White N, Graham H K: Surgi¬ 
cal correction of equinus deformity in children with cérébral palsy: a 
systematic review, J Child Orthop 4:277, 2010.) 
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Zone 1 


1. Baumann 


2. Strayer 


Zone 2 


3. Vulpius 4. Baker 


Zone 3 


5. White 6. Hoke 



Intramuscular gastrocnemius 

lengthening recession 

gastrocnemius 
and soleus 


Inverted “V” Tongue in groove 
gastrocnemius gastrocnemius 

recession recession 






TAL: Double 
hemi section 



TAL: Triple 
hemi section 


Six procedures for gastrocnemius-soleus lengthening according to zone (Fig. 32-9). TAL, tendo Achilles lengthening. 

(Redrawn from Firth BM, McMullean M, Chin T, et al: Lengthening of the gastrocnemius-soleus complex: an anatomical and biomechanical study 
in human cadavers, J Bone Joint Surg 95:1489, 2013.) 


3 procedures were not stable but obtained the most lengthen¬ 
ing (Fig. 33-30). The clinical implications of these findings are 
unclear. In a later clinical study of 40 children with spastic 
diplegia, Firth et al. found that equinus gait usually could be 
corrected by conservative procedures in zone 1; severe crouch 
gait was abolished, calcaneal deformity was infrequent, and 
the rate of overcorrection was low (2.5%). The procedure 
chosen should be based on the surgeons expérience and the 
unique clinical présentation of the patient. 


GASTROCNEMIUS-SOLEUS 

LENGTHENING 


TECHNIQUE 33-13 


■ Make a posterior longitudinal incision over the middle of 
the calf at the level of the musculotendinous junction, 
expose the aponeurosis of the gastrocnemius, and make 
an inverted or transverse incision through it (Fig. 33-31 A). 
Release this in a lateral-to-medial fashion to ensure com¬ 
plété release. 

■ Release the raphes of the gastrocnemius-soleus and the 
plantaris tendon (Fig. 33-31 B) completely. 

■ Bring the ankle into slight dorsiflexion, which séparâtes 
the ends of the tendon (Fig. 33-31C). 

■ If the aponeurosis of the soleus tendon is contracted and 
further correction is desired, divide it, but do not disturb 
the soleus muscle itself. 

■ Baker modified the Vulpius technique by lengthening 
the aponeurotic tendon of the gastrocnemius in a 



Gastrocnemius lengthening. A, Incision over 
posterior aspect of calf. B f Transverse eut through tendon. C, Foot 
is placed in dorsiflexion to neutral to separate tendon ends. SEE 

TECHNIQUE 33-13. 


tongue-in-groove fashion. We prefer a simple transverse 
incision, through a slightly posteromedial approach, 
releasing the plantaris tendon as well. 

POSTOPERATIVE CARE. Postoperative care is the same 
as after Technique 33-10. 
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VARUS OR VALGUS DEFORMITY 

Varus and valgus deformities can occur in patients with céré¬ 
bral palsy, most commonly in association with an equinus 
deformity. The direction of deformity dépends on the type 
and severity of cérébral palsy and the overall biomechanics of 
the affected limb. Computer motion analysis and dynamic 
EMG hâve shown that anterior tibial muscle dysfunction 
alone or in combination with dysfunction of the posterior 
tibial muscle is more commonly the cause of varus deformity 
than isolated posterior tibial dysfunction. In hemiplegia the 
foot deformity has been found to be either equinus or equin- 
ovarus, and in diplegia and quadriplegia it was valgus in 64% 
or varus in 36% of affected children. Although less common, 
varus deformities are more functionally disabling, more dif- 
ficult to manage nonoperatively, and easier to correct opera- 
tively. Consequently, surgery is done more offen and more 
successfully for varus than for valgus deformities. 

The biomechanics of the hip and knee also influence 
whether a varus or valgus deformity is présent. Diplegic 
patients typically hâve internally rotated and adducted hips, 
flexed knees, and external rotation deformity of the tibia. This 
combination of deformities causes the foot to assume a valgus 
position. In hémiplégie patients, the internally rotated thigh 
with the knee coming to full extension in stance phase causes 
the foot to internally rotate and produce a varus deformity. 

■ EQUINOVARUS DEFORMITY 

Varus deformity, which usually is accompanied by equinus, 
is caused most commonly by an abnormal posterior tibial 
muscle that is overactive or firing out of phase. The normal 
posterior tibial muscle is active during stance phase to stabi- 
lize the foot and inactive during swing phase. In many chil¬ 
dren with cérébral palsy, the posterior tibial muscle contracts 
during swing phase, leading to the varus position of the foot 
at heel strike. This also may be associated with anterior tibial 
muscle dysfunction; however, isolated anterior tibial muscle 
function is less likely to cause a varus deformity of the foot. 
Gait studies using EMG are helpful in determining which 
muscles are overactive or out of phase. It is essential to déter¬ 
mine which muscles are responsible for the deformity before 
any attempt at surgical correction. The gastrocnemius-soleus 
contracture that usually accompanies the varus contracture 
also contributes to the overall varus deformity of the foot. It 
also is important to détermine whether the deformity is flex¬ 
ible and correctable or rigid because patients with flexible 
deformities are more likely to be successfully treated nonop¬ 
eratively with orthotics and shoe modifications and opera- 
tively with soft-tissue procedures such as tendon lengthenings, 
releases, or transfers (usually of the abnormally active muscle). 
Patients with rigid varus deformities generally require bone 
procedures, such as calcaneal osteotomy. 

I LENGTHENING OF THE POSTERIOR 
TIBIAL TENDON 

The posterior tibial tendon can be lengthened in a variety of 
ways, including open Z-plasty of the tendon itself and various 
recession procedures, such as step-cut lengthening and intra- 
muscular lengthening. The type of procedure used dépends 
on the severity of the deformity and other procedures being 
done. A Z-plasty lengthening of the tendon, although it gives 
a large amount of correction, can cause scarring and tethering 
of the tendon in its sheath, leading to récurrence of deformity. 


Recession procedures such as lengthening at the musculoten- 
dinous junction hâve a lower risk of overlengthening and 
scarring of the tendon sheath. Recession procedures, because 
the tendon itself is spared, are good for patients at high risk 
of récurrence or in whom a posterior tibial transfer may be 
needed in the future. 


Z-PLASTY LENGTHENING OF THE 
POSTERIOR TIBIAL TENDON 


TECHNIQUE 33-14 


■ Make an 8-cm longitudinal incision beginning just above 
and posterior to the médial malleolus. 

■ Identify the posterior tibial tendon sheath and incise it, 
protecting the underlying neurovascular bundle. 

■ Make an approximately 6-cm long incision in the middle 
of the posterior tibial tendon sheath. Proximally release 
the médial half of the tendon and distally release the 
latéral half of the tendon. 

■ Bring the foot to the corrected position, including neutral 
dorsiflexion, and repair the overlapping tendon ends with 
nonabsorbable suture in a side-to-side fashion. 

■ Close the tendon sheath with absorbable sutures. 

■ Close the incision and apply a short leg cast with the foot 
in a slightly overcorrected position. 

POSTOPERATIVE CARE. Weight bearing as tolerated is 
allowed in the cast for 4 to 6 weeks. The patient is placed 
in a full-time ankle-foot orthosis for 3 months and a 
nighttime orthosis for an additional 3 months. Physical 
therapy and a home stretching program are started 
immediately after cast removal. 


STEP-CUT LENGTHENING OF THE 
POSTERIOR TIBIAL TENDON 


TECHNIQUE 33-15 


■ Expose the tendon sheath as described previously. 

■Just above the médial malleolus, incise the latéral half of 

the tendon sheath and tendon. 

■ Move 6 to 8 cm proximally and incise the médial half of 
the tendon sheath and tendon. 

■ Manipulate the foot into the corrected position; the 
tendon slides on itself within the sheath. 

■ Do not repair the tendon or close the tendon sheath. 

■ Close the subeutaneous tissue and skin before placing a 
short leg cast with the foot in a slightly overcorrected 
(valgus) position. 

POSTOPERATIVE CARE. The postoperative care is the 
same as for Technique 33-14. 
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MUSCULOTENDINOUS RECESSION OF 
THE POSTERIOR TIBIAL TENDON 


TECHNIQUE 33-16 


■ Place the patient supine and make a 3-cm longitudinal 
incision over the posteromedial aspect of the tibia, at the 
junction between the middle and distal thirds. 

■ Incise the deep fascia and identify the flexor digitorum 
longus and retract it posteriorly. 

■ Identify the posterior tibial musculotendinous junction by 
placing a hemostat beneath it and observing its action 
when inverting the foot without flexing the toes. 

■ Pass a hemostat around the tendinous portion of the 
musculotendinous junction to isolate it from the sur- 
rounding muscle, protecting the neurovascular bundle. 

■ Divide the tendinous portion of the posterior tibial 
musculotendinous unit, leaving its muscular fibers intact 
(Fig. 33-32A). 

■ Manipulate the foot into an overcorrected position 
(Fig. 33-32B). 

■ Close the wound and apply a short leg walking cast. 

POSTOPERATIVE CARE. The postoperative care is the 
same as for Technique 33-14. 


■ SPLIT TENDON TRANSFERS 

Depending on the muscles that are out of phase, split tendon 
transfers of the posterior or anterior tendon can be done. Full 
tendon transfers should be avoided because of the higher risk 



Division of 
tendinous portion 
only of posterior 
tibial tendon 
at two levels 

Lengthening 
by sliding 



Foot in varus position 


FIGURE 


^ Sliding lengthening of posterior tibial tendon. 


A f Position of cuts in tendon. B f Lengthening by sliding. SEE TECH¬ 


NIQUE 33-16. 
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of complications and overcorrection of the deformity. Full 
posterior tibial tendon transfer to the dorsum of the foot has 
fallen out of favor for these reasons. Seventy-eight percent 
poor results were reported in one study with full tendon 
transfer because of unrecognized rigid varus deformity, 
simultaneous Achilles tendon lengthening leading to calca- 
neus deformity, latéral transplant of the tendon leading to 
valgus deformity, and detachment of the transferred tendon 
at the bone-tendon interface. Preoperatively, it is essential to 
ensure that the deformity is flexible and to identify the correct 
tendon to be transferred. A tendon transfer alone is insuffi- 
cient to correct a rigid deformity. The split transfer not only 
improves active muscle function during gait but also acts as 
a dynamic sling, balancing the abnormal forces evenly across 
the foot. 


SPLIT POSTERIOR TIBIAL 
TENDON TRANSFER 

A study of 37 split posterior tibial tendon transfers in 30 
children with cérébral palsy showed that in an average 
follow-up of 8 years there were 30 excellent, 4 good, and 
3 poor results. Results did not deteriorate with time, and 
most patients were able to ambulate without braces. 


TECHNIQUE 33-17 


FIGURE 33-33 


■ Begin the first of two incisions 5 cm proximal and médial 
to the médial malleolus and extend the incision distally, 
ending over the navicular. 

■ Identify the posterior tibial muscle and tendon and 
the Achilles tendon, which can be lengthened as 
necessary. 

■ Identify and protect the neurovascular bundle with a 
vessel loop throughout the entire procedure. 

■ Open the anterior aspect of the posterior tibial tendon 
sheath from the navicular to the musculotendinous junc¬ 
tion, preserving the posterior tunnel to prevent disloca¬ 
tion of the tendon. 

■ Dissect the plantar portion of the posterior tibial tendon 
from its insertion on the navicular, preserving as much 
length for transfer as possible. 

■ Deliver this portion of the tendon into the proximal aspect 
of the wound and place a nonabsorbable suture in the 
free end of the tendon. 

■ Make a second incision over the latéral side of the ankle 
2 cm proximal to the latéral malleolus and extend it to 
the insertion of the peroneus brevis tendon at the base 
of the fifth metatarsal. 

■ Open the sheath of the peroneus brevis tendon. 

■ Through the médial incision, create a tunnel posterior to 
the tibia and anterior to the neurovascular bundle, 
directed laterally toward the fibula. 

■ Pass the free end of the tendon through the tunnel, 
ensuring that the transferred tendon is posterior to the 
tibia and fibula and anterior to the neurovascular bundle 
and toe-flexor tendons to prevent neurovascular and 
flexor tendon compression during muscle contraction. 

■ Weave the end of the tendon through the peroneus 
brevis tendon and suture it to the tendon. 
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Kaufer split transfer of posterior tibial tendon 
for varus deformity. A f Foot is in varus position. B f Posterior tibial 
tendon has been split, one half is freed distally, and flexor tendons 
of toes and neurovascular bundle are retracted posteriorly. C and 
D, Freed half of tendon is passed from médial to latéral behind 
tibia and sutured to peroneus brevis tendon near its insertion. 
SEE TECHNIQUE 33-17. 


9 " Adjust tension on the transferred tendon so that 
the hindfoot is in neutral with the ankle in neutral 
dorsiflexion. 

■ If the Achilles tendon was lengthened with a Z-plasty, 
repair it at this time. 

■ Close the wounds in routine fashion and apply a long leg 
cast with the knee slightly flexed and the foot in neutral. 

POSTOPERATIVE CARE. Weight bearing is allowed 
immediately. The long leg cast is worn for 6 weeks, and 
then a short leg cast is worn for 2 weeks. An ankle-foot 
orthosis is prescribed only if patients hâve weak or absent 
anterior tibial muscle function preoperatively. 


SPLIT ANTERIOR TIBIAL TENDON 
TRANSFER 

A 10-year follow-up of 21 patients who had split anterior 
tibial tendon transfers found that 19 were community 
ambulators with improved gait without the use of orthot¬ 
ics. Posterior tibial intramuscular lengthening and Achilles 
tendon lengthening combined with split anterior tibial 


tendon transfer was reported to produce excellent or good 
results in 18 of 20 children. The poor results were in 
patients with fixed hindfoot deformities and weak anterior 
tibial tendons preoperatively. A biomechanical study found 
that for a split tendon transfer the idéal insertion site, 
biomechanically, is the fourth metatarsal, and for whole 
tendon transfers it is the third metatarsal. 


TECHNIQUE 33-18 


(HOFFER ETAL) 

■ Three incisions are used for the split anterior tibial tendon 
transfer. 

■ With the patient supine, make the first incision medially 
over the anterior tibial insertion on the médial cuneiform 
and first metatarsal. 

■ Identify the anterior tibial tendon, protecting the dorsalis 
pedis artery, and split the tendon with an umbilical tape 

(Fig. 33-34B). 

■ Make a second incision over the anterior aspect of the 
leg at the musculotendinous junction and identify 
the anterior tibial tendon; pass the umbilical tape into the 
second incision (Fig. 33-34C). 

■ Identify the latéral half of the tendon, release it from its 
insertion, and secure it with a locking stitch (Fig. 33-34D), 
preserving as much length as possible, and then pass it 
into the second incision as well. 

■ Make the third incision on the foot over the dorsal aspect 
of the cuboid. Pass the latéral half of the tendon subcu- 
taneously into the third incision and close the first two 
incisions (Fig. 33-34E). 

■ Drill a hole into the cuboid, preserving a roof of bone. 
Pass the latéral slip of tendon through the drill hole and 
suture it to itself with nonabsorbable suture with the 
ankle in slight dorsiflexion and hindfoot eversion. 

■ If this is combined with lengthening of the Achilles 
tendon or posterior tibial tendon recession, these proce¬ 
dures should be done before the anterior tibial tendon 
transfer. 

■Carefully hold the foot in the corrected position during 
wound closure and application of a short leg cast (Fig. 
33-34F). 

POSTOPERATIVE CARE. A short leg cast is worn for 6 
weeks, and weight bearing is allowed immediately. An 
ankle-foot orthosis is worn for 6 months to prevent 
récurrence. 


■ OSTEOTOMY OF THE CALCANEUS 

When the heel becomes fixed in varus, a corrective procedure 
on the bone is required, combined with a muscle balancing 
soft-tissue procedure. Osteotomy of the calcaneus as advo- 
cated by Dwyer corrects the varus of the heel and, in contrast 
to a triple arthrodesis, does not impair mobility in the subta- 
lar or midtarsal joints. Opening wedge ostéotomies of the 
calcaneus are not recommended. The skin laterally and medi¬ 
ally along the bone is only slightly mobile, and opening 
wedges put tension on the suture line and tend to cause inci- 
sional skin sloughs. The médial calcaneal nerves also may be 
stretched by an opening wedge osteotomy made from the 
médial side, causing painful neuromas. For these reasons, a 
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Transfer of anterior tibial tendon. A f Preoperative appearance of foot; note flexible forefoot supination. B f Latéral 
half of anterior tibial tendon is released from insertion, with care to resect as distally as possible to maximize graft length. C f Anterior 
tibial tendon is identified in anterior compartment, and graft is brought into anterior incision. D f Tendon is secured with locked non- 
absorbable suture. E f Latéral slip of tendon is passed subcutaneously into third incision on latéral border of foot. F, Corrected position 
of foot postoperatively; note improved forefoot position and position of transferred tendon. SEE TECHNIQUE 33-18. 
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Dwyer closing wedge osteotomy of calcaneus for varus heel. A f Latéral skin incision is made inferior and paraIlel to 
peroneal tendons. B f Wedge of bone is resected with its base laterally. C f Wedge of bone is tapered medially. D f Calcaneus is closed 
after bone has been removed, and varus deformity is corrected to slight valgus. SEE TECHNIQUE 33-19. 


closing wedge resection osteotomy of the calcaneus is recom- 
mended. For varus deformities, the incision is latéral and the 
base of the wedge of bone removed is latéral. Alternatively, a 
latéral displacement osteotomy can be used to correct hind- 
foot varus. Although widely discussed as a treatment option, 
there are no good long-term outcome studies of this tech¬ 
nique or comparisons with Dwyer osteotomy. 

Good long-term results hâve been reported after a modi- 
fied Dwyer calcaneal osteotomy (Fig. 33-35). A minimum âge 
of 3 years is recommended for this osteotomy. Triple arthrod- 
esis is recommended in children 9 years old or older. 


LATERAL CLOSING-WEDGE 
CALCANEAL OSTEOTOMY 


TECHNIQUE 33-19 


(DWYER) 

■ Expose the latéral aspect of the foot through a curved 
incision parallel and about 1 cm posterior and inferior to 
the peroneus longus tendon (Fig. 33-35A). 

■ Retract the superior wound edge until the tendon sheath 
of the peroneus longus is exposed. 


■ Strip the periosteum from the superior, latéral, and infe¬ 
rior surfaces of the calcaneus posterior to this tendon. 

■ Remove a wedge of bone from the calcaneus just inferior 
and posterior to the tendon and parallel with it (Fig. 
33-35B). Make the base of the wedge 8 to 12 mm wide 
as needed for correction of the deformity and taper the 
wedge medially to, but not through, the médial cortex of 
the calcaneus (Fig. 33-35C). 

■ Manually break the médial cortex and close the gap in 
the bone. Bring the bony surfaces snugly together by 
pressing the foot into dorsiflexion against the pull of the 
Achilles tendon (Fig. 33-35D). Failure to close the gap in 
the calcaneus indicates that a small piece of bone has 
been left behind at the apex of the wedge and should be 
removed. Ensure that the varus deformity has been cor¬ 
rected and that the heel is in the neutral or a slightly varus 
position. Close the wound and apply a cast from the toes 
to the tibial tuberosity. 

POSTOPERATIVE CARE. The patient is placed in a short 
leg cast and weight bearing is protected for 4 weeks 
when possible. Weight bearing is progressed at that time, 
and cast immobilization is continued until the osteotomy 
is solid, usually no longer than 8 weeks. 
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LATERAL DISPLACEMENT 
CALCANEAL OSTEOTOMY 

This technique is described in Chapter 82. 

■ PLANOVALGUS DEFORMITY 

Planovalgus is a common foot deformity in children with 
diplegia and quadriplegia, which, in contrast to equinovarus, 
rarely causes pain or gait dysfunction. Spasticity of the 
gastrocnemius-soleus usually is accompanied by overpull of 
the peroneal muscles or weakness of the foot inverters or both. 
The gastrocnemius-soleus acts as the primary deforming 
force. The contracted Achilles tendon acts as a bowstring, 
preventing dorsiflexion of the ankle. The dorsiflexion observed 
during gait occurs at the midtarsal joints, causing the calca- 
neus to evert and removing the sustentaculum tali from its 
normal supporting position underneath the talus. This, along 
with abduction of the midtarsal joint, causes the talus to move 
into a more médial and vertical position. External rotation 
deformity of the tibia, which is common in patients with 
diplegia and quadriplegia, also plays a rôle in this deformity. 
This altered talar position may cause pain with weight bearing 
and callus formation over the uncovered talar head. For this 
reason, gastrocnemius-soleus lengthening should accompany 
any procedure intended to correct planovalgus. 

Most patients can be treated conservatively with shoe 
modifications or an orthosis to help control the hindfoot 
eversion. Operative treatment is indicated for patients in 
whom conservative treatment fails and who hâve significant 
deformity that is either painful or limits function. Soff-tissue 
procedures alone, such as lengthening or transfer of the pero¬ 
neal tendons, usually are insufficient to correct this deformity. 
Perry and Hoffer transferred the peroneus longus or brevis 
into the posterior tibial tendon if either or both were active 
during stance phase only. Subtalar joint arthroereisis has 
fallen out of favor because of the unpredictable results and 
approximately 50% failure rate. Surgical treatment usually 
consists of calcaneal osteotomy, especially for milder defor- 
mities and GMFCS I and II patients, and subtalar arthrodesis 
for more severe deformities most commonly in GMFCS III-V 
patients. A 10-year foliow-up study of cérébral palsy patients 
who had either calcaneal lengthening or subtalar fusion 
showed improvement in both groups; however, patients with 
poor functional abilities and those who had fusion had less 
foot pain. Regardless of the procedure, a recent gait study 
showed that correction of a planovalgus foot deformity led to 
improvements in knee flexion, especially in patients with 
milder deformities. 

Calcaneal osteotomy, consisting of latéral column length¬ 
ening, is effective in the treatment of mild-to-moderate defor¬ 
mities and is more effective in normalizing foot contact 
pressures than subtalar arthrodesis. It has been shown that 
preoperative weight bearing latéral radiographs with a less 
than 35-degree talocalcaneal angle, less than 25-degree talo- 
first metatarsal angle, and greater than 5 degrees of calcaneal 
pitch are associated with good outcomes. Although graff 
failure is rare (5%), it is less common with tricortical allograffs 
than with patellar allograffs. Postoperative subluxation of the 
calcaneocuboid joint is common after latéral column length¬ 
ening; however, stabilization of the calcaneocuboid joint at 
the time of correction has been shown not to reduce the 
incidence or magnitude of this. It also has been shown to be 
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more effective in ambulatory children; nonambulatory chil¬ 
dren hâve a higher récurrence rate. A médial column stabili¬ 
zation consisting of either talonavicular stapling or fusion can 
be used, especially in GMFCS III-V patients. Médial column 
arthrodesis has also been shown to be effective in treating 
récurrent planovalgus deformity following latéral column 
lengthening. 

A review of latéral column lengthening in 31 feet in 20 
children with severe hindfoot valgus deformities in whom 
conservative treatment had failed found satisfactory results 
in 29 of the 31 feet with good préservation of subtalar motion. 
This technique is described in Chapter 82. 


MEDIAL DISPLACEMENT 
CALCANEAL OSTEOTOMY 

For more severe deformities, a translational osteotomy of 
the calcaneus can be used. Excellent results were reported 
in 17 of 18 patients at an average of 42 months after 
médial displacement calcaneal osteotomy to correct hind¬ 
foot valgus. A combined procedure of médial displacement 
osteotomy, opening wedge cuboid osteotomy, and prona¬ 
tion plantar flexion osteotomy of the médial cuneiform also 
has shown good restoration of foot position. 


TECHNIQUE 33-20 


■ Place the patient supine and apply a midthigh 
tourniquet. 

■ Expose the latéral surface of the calcaneus through an 
incision beginning near the latéral tuberosity of the Achil¬ 
les tendon attachment and extending distally and parallel 
but inferior to the sural nerve. 

■ By blunt dissection, expose the latéral surface of the 
calcaneus, reflecting the peroneal tendons and sural 
nerve superiorly. 

■ Using the plantar surface of the foot as a guide, place a 
Kirschner wire along the latéral side of the calcaneus and 
with a fluoroscopie image détermine the appropriate 
placement of the osteotomy. It should not extend forward 
into the subtalar or calcaneocuboid joint. 

■ Make the osteotomy transverse and parallel to the sole 
of the foot, beginning just posterior to the subtalar joint, 
and direct it plantarward toward the attachment of the 
plantar fascia to the calcaneus (Fig. 33-36A). In making 
the osteotomy, protect the Achilles tendon superiorly and 
the plantar muscles, nerves, and vessels inferiorly. Do not 
penetrate the médial periosteum. 

■ When the osteotomy is complété, slide the inferior frag¬ 
ment medially to align the calcaneus with the tibia. 

■ Insert a threaded Kirschner wire, directed downward and 
medially, through the two fragments of calcaneus (Fig. 
33-36B). 

■ Close the wound over suction drainage and apply a short 
leg cast. 

POSTOPERATIVE CARE. The cast is changed at 4 weeks, 
and the wire is removed. A new short leg cast is placed, 
and weight bearing is progressed over the next 4 weeks. 
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FIGURE 


valgus. A f Transverse osteotomy of calcaneus. B f Fixation with 
Kirschner wire after distal fragment has been shifted medially to 
place calcaneus in weight bearing line of tibia. SEE TECHNIQUE 
33-20. 




FIGURE 


lar subtalar arthrodesis using screw and cancellous bone chips. 
A f Skin incision and bone area curetted from latéral side of talus 
and calcaneus. B f Placement of iliac bone chips in side of talus 
and calcaneus after screw has been inserted across subtalar joint 
with heel in corrected position. SEE TECHNIQUE 33-21. 


Do not remove the cortical bone from the outer part of 
the sinus tarsi where a transfixion screw is to pass. 

■ Dorsally expose the small dépréssion just behind the neck 
of the talus through a small separate skin incision and by 
blunt dissection between the neurovascular bundle and 
the tendons of the extensor digitorum longus. 

■ Hold the calcaneus in the corrected position and pass an 
awl posteriorly, inferiorly, and slightly laterally so that it 
passes through the cortical bone of the talus above and 
below and through the cortical bone of the calcaneus 
above and inferolaterally. Use the awl to détermine the 
desired length of a screw needed for fixation into the hole 
and insert the screw in the hole. 

■ Alternative^, a cannulated screw can be placed using 
fluoroscopy (Fig. 33-37B). 

■ Remove chips of cancellous bone from the iliac crest and 
pack them into the sinus tarsi and above the bone that 
has been denuded on the talus and calcaneus. 

■ Replace the extensor digitorum brevis and close the skin. 

POSTOPERATIVE CARE. A short leg cast is applied with 
careful padding and molding around the heel. This cast 
is worn for 6 to 8 weeks with the patient kept non- 
weight bearing. The cast is changed to a short leg walking 
cast, and graduai weight bearing is begun. 


Triple arthrodesis also has been used in the treatment of 
equinovalgus foot deformities. The addition of a latéral 
column lengthening as proposed by Horton allows better 
correction of the flatfoot deformity while offering good pain 
relief. A long-term study of 21 patients (26 feet) with cérébral 
palsy and a mean follow-up of 19 years after triple arthrodesis 
showed that although residual deformity was présent in 39% 
of feet, 62% of patients were pain free and 95% were happy 
with the operation. The rate of adjacent joint arthritis was 
12% tibiotalar and 4% midfoot. After skeletal maturity, ail 
residual deformities in the ankle, hindfoot, and midfoot can 
be corrected by a triple arthrodesis with appropriate wedge 
resections (see Chapter 34). Before undertaking a triple 
arthrodesis in a child with cérébral palsy, the surgeon always 


SUBTALAR ARTHRODESIS 

Arthrodesis also has been used in the treatment of calca- 
neovalgus feet, with the classic procedure being the Grice 
extraarticular subtalar arthrodesis. It should be noted that 
although hindfoot alignment is improved this does not 
treat residual forefoot supination and ankle equinus. 
Because of high graft failure and pseudarthrosis rates of 
the initial procedure, a variety of modifications hâve been 
proposed. The modifications hâve been aimed at better 
rétention of the calcaneus beneath the talus with internai 
fixation and decreased rates of pseudarthrosis. Good results 
hâve been reported in 70% of patients at an average 
follow-up of 5.6 years after Dennyson-Fulford modification 
of the extraarticular arthrodesis according to Hadley et al. 
The pseudarthrosis rate has been reported to be 6.4%. A 
report of 46 children who had bilateral subtalar fusion 
using an Ollier incision and precut corticocancellous graft 
found that at mean follow-up of 55 months functional 
mobility scores improved in ail patients, especially GMFS III 
patients, with no wound complications and fusion in 45. 
Alternative^, tibiotalocalcaneal arthrodesis has been 
reported in a small sériés of patients with severe calcaneo- 
valgus deformity as a salvage procedure. 


TECHNIQUE 33-21 


■Obliquely incise the skin over the sinus tarsi beginning 
anteriorly at the middle of the ankle and proceeding later¬ 
ally to the peroneal tendons (Fig. 33-37A). 

■ Incise and reflect as one flap the subcutaneous fat and 
origins of the extensor digitorum brevis muscles. 

■ By sharp dissection, excise the fat from the sinus tarsi 
down to bone proximally and distally. 

■ With a small gouge or burr, remove cortical bone from 
the apex of the sinus tarsi to expose cancellous bone on 
the talar neck and the superior surface of the calcaneus. 
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A f Standing anteroposterior view of ankle 
shows valgus deformity of ankle joint. B, Alignment of ankle 
achieved by supramalleolar osteotomy. 


should obtain standing anteroposterior radiographs of the 
ankle. What often appears to be a valgus of the heel may be 
valgus of the ankle mortise, which should be corrected by a 
supramalleolar osteotomy and realignment of the ankle, 
rather than by création of a secondary compensatory defor¬ 
mity in the subtalar joint (Fig. 33-38). Any external tibial 
torsion should be recognized before a triple arthrodesis is 
done because if the ankle joint is externally rotated, the foot 
will still appear to be in valgus and abduction affer the triple 
arthrodesis. 

■ CALCANEUS DEFORMITY 

Pure calcaneus deformity is rare in patients with cérébral 
palsy and usually is associated with calcaneovalgus. It is most 
commonly caused by overlengthening or repeated lengthen- 
ings of the Achilles tendon. It can develop as a primary defor¬ 
mity when the dorsiflexors of the foot are spastic and the 
gastrocnemius-soleus is weak. This condition tends to be pro¬ 
gressive and unresponsive to bracing. A variety of soff-tissue 
transfers hâve been proposed to help correct the deformity, 
including transfer of the anterior tibial or the peroneal 
tendons to the calcaneus, with limited success. The best treat- 
ment of this condition is prévention of excessive lengthening 
or denervation of the gastrocnemius-soleus complex. 


CRESCENTIC OSTEOTOMY 
OF THE CALCANEUS 

Occasionally, talipes calcaneus is purely in the hindfoot and 
is accompanied by a cavus deformity in the midfoot. In 
such instances, a crescentic osteotomy of the calcaneus can 
be used to lengthen the foot and elevate the base of the 
heel. 



Samilson technique of crescentic osteotomy of 
calcaneus. A f Line of osteotomy. B f Displacement of posterior 
fragment of calcaneus posterosuperiorly. SEE TECHNIQUE 33-22. 


TECHNIQUE 33-22 


■ Inflate a midthigh tourniquet and incise the skin laterally 
over the calcaneus posterior to the subtalar joint and 
overlying the posterior tuberosity of the calcaneus. The 
peroneal tendons should lie anterior to the incision, which 
should parallel them. 

■ Expose the latéral side of the calcaneus, protect the pero¬ 
neal tendons, and perform a plantar fasciotomy from the 
latéral surface of the foot. 

■ Make a crescentic osteotomy in the calcaneus with a 
curved saw blade or osteotome (Fig. 33-39A). 

■ Free the posterior tuberosity of the calcaneus and shift it 
proximally and posteriorly in the line of the osteotomy to 
correct the calcaneocavus deformity (Fig. 33-39B). 

■ Secure the fragments with a Kirschner wire or staple and 
apply a short leg cast. 

POSTOPERATIVE CARE. The cast and staple or Kirsch¬ 
ner wire are removed 6 weeks after surgery, and full 
weight bearing is allowed. 


■ CAVUS DEFORMITY 

Cavus deformity is rare in children with cérébral palsy and is 
typically caused by an imbalance between the extrinsic and 
intrinsic musculature of the foot. In a review of 33 children 
in whom 38 ostéotomies were done for cavus deformity, only 
one child (two feet) had cérébral palsy. Cavus deformity can 
be caused by hindfoot deformity in which the calcaneus is 
in a dorsiflexed position, or by midfoot deformity, in which 
the angulation of the foot occurs at the level of the midfoot. 
Conservative treatment alone rarely is successful in the treat- 
ment of this condition. Mild forefoot cavus may respond to 
plantar fascia release and casting; however, most such defor- 
mities require ostéotomies as described in Chapter 35. Severe 
cavus deformities can be treated with triple arthrodesis. One 
must ensure that the patient does not hâve significant ankle 
valgus or external tibial deformity before performing triple 
arthrodesis. 

■ FOREFOOT ADDUCTION DEFORMITY 

Adduction deformity of the forefoot can occur in patients 
with cérébral palsy as an isolated deformity or in association 
with other deformities, such as in an incompletely corrected 
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or récurrent clubfoot. In patients with an isolated abductor 
hallucis contracture, the tight tendon usually can be palpated 
when the great toe is adducted. Patients with isolated abduc¬ 
tor hallucis spasticity hâve a passively correctable forefoot 
with the heel and ankle stabilized. 

I CORRECTION OF FLEXIBLE FOREFOOT ADDUCTUS 

If the forefoot is passively correctable, resecting a segment of 
the muscle and its tendon can be done. In a report of 18 feet 
treated with this procedure, 16 had no increase in the adduc¬ 
tion deformity and 2 developed hallux valgus deformities. 

In older children, forefoot adduction that interfères with 
shoe wear or is painful should be corrected by osteotomy of 
the metatarsals, realignment, and Kirschner wire fixation as 
described in Chapter 29. Médial column opening wedge 
(médial cuneiform) and latéral column closing wedge (cuboid) 
ostéotomies also hâve been used to treat this condition. 

■ HALLUX VALGUS DEFORMITY 

Hallux valgus deformity in patients with cérébral palsy usually 
is associated with other deformities, such as equinovalgus 
foot, heel valgus, and external rotation of the tibia. These 
conditions cause the foot to pronate, forcing the first meta- 
tarsophalangeal joint into abduction and creating a hallux 
valgus deformity. The extensor hallucis tendon may sublux 
into the first web space and becomes an abductor of the 
hallux, leading to further deformity. 

Any other underlying deformities, such as heel valgus or 
external rotation of the tibia, should be corrected before sur- 
gical correction of the hallux valgus. If the causative deformi¬ 
ties are not corrected, récurrence is almost certain, especially 
if fusion of the first metatarsophalangeal joint is not done. 
Isolated soft-tissue procedures for hallux valgus in patients 
with cérébral palsy, because of altered muscle forces, rarely 
are successful and hâve a high récurrence rate, and great toe 
metatarsophalangeal joint fusion is recommended. 

First metatarsophalangeal joint fusion has been shown to 
provide the best overall outcome with functional gains and 
anatomie correction of the deformity being maintained. Sur- 
gical procedures for the correction of hallux valgus are dis- 
cussed in Chapter 81. 

■ CLAW TOES 

Claw toe deformities are common in adolescents and adults 
with cérébral palsy, although most require only observation 
and foot wear modifications, such as high toe box shoes. 
Operative treatment is recommended if the claw toe defor¬ 
mity becomes painful, interfères with foot wear, or interfères 
with walking. Although neurectomy of the latéral plantar 
nerve has been proposed, the method most commonly used 
to treat claw toes is metatarsophalangeal joint capsulotomies 
and tenotomy of the long toe extensors to the lesser toes, with 
proximal interphalangeal joint resections or fusions using 
Kirschner wire fixation until bony fusion occurs. Surgical 
procedures for claw toes are discussed in Chapter 86. 


SPINE-PELVIC OBLIQUITY 
AND SCOLIOSIS 

The combination of hip dislocation, pelvic obliquity, and sco- 
liosis is common in wheelchair-bound patients with cérébral 



A ' Posteroanterior view of spine of patient with 
spastic quadriplegic cérébral palsy with 73-degree thoracolumbar 
scoliosis and pelvic obliquity. B f Latéral view of spine of same 
patient shows progressive lumbar lordosis. This deformity was 
believed to contribute to increased skin pressures and seating 
difficulties. (From McCarthy JJ, D'Andrea LP, Betz RR, et al: Scoliosis in 
the child with cérébral palsy, J Am Acad Orthop Surg 14:367, 2006.) 


palsy and can cause significant difficulties with pain, sitting 
balance, and overall independence (Fig. 33-40). In an ambu- 
latory child, spinal deformity and imbalance can make stand¬ 
ing erect difficult if not impossible. In a nonambulatory child, 
scoliosis can lead to abnormal skin pressure areas and decu- 
bitus ulcers, seating/positioning difficulties, and, in severe 
cases, cardiopulmonary compromise. The scoliosis in patients 
with cérébral palsy is different from that of idiopathic adoles¬ 
cent scoliosis in that the curves tend to be long thoracolum¬ 
bar C-shaped curves, with or without accompanying pelvic 
obliquity. The optimal treatment of scoliosis associated with 
hip dislocation and pelvic obliquity is controversial. 

Although pelvic obliquity and scoliosis are common and 
related to disease severity in patients with cérébral palsy, the 
relationship between the two is not well established. A review 
of 500 children with cérébral palsy found no corrélation 
between the frequency of dislocated hips, either bilateral or 
unilatéral, and pelvic obliquity. Ail degrees of pelvic obliquity 
were found in children in whom both hips were dislocated. 
The frequency of hip dislocation on the same side as the 
elevated hemipelvis had no direct corrélation with the degree 
of pelvic obliquity. In “windswept” hips there was no corréla¬ 
tion between the direction of the windswept hips and the 
direction of the pelvic obliquity. This and other studies hâve 
shown that hip pathology is a resuit of muscle imbalance 
around the hip and that pelvic obliquity and scoliosis are 
related to muscle imbalance of the trunk and independent of 
the position of the hips. 

Scoliosis associated with cérébral palsy is related to the 
severity of motor involvement, with 50% to 75% of quadriple- 
gics affected compared with fewer than 5% of hémiplégies. 
Compared with curves in idiopathic scoliosis, curves in 
patients with cérébral palsy tend to occur at a younger âge 
and be more progressive and usually require operative treat¬ 
ment. Orthotic management has been shown to be ineffective 
in preventing progression of scoliosis but is occasionally used 
to help improve sitting balance or in efforts to delay surgery 
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in immature patients to allow for further thoracic develop¬ 
ment. Risk factors for curve progression include GMFCS 
level, younger âge, poor sitting balance, and multiple curves. 
A study of 182 cérébral palsy patients with scoliosis showed 
that for GMFCS IV and V patients mean progression of the 
coronal Cobb angle was 3.4 degrees, thoracic kyphosis was 
2.2 degrees, and apical translation was 5.4 mm per year. 
Curves of more than 30 degrees tend to progress, even affer 
skeletal maturity. 

Patients with cérébral palsy also hâve sagittal plane 
abnormalities. Hyperkyphosis is the most common defor- 
mity, especially in young children with weak spinal extensor 
muscles. This can significantly interfère with sitting balance 
and communication and usually is treated with wheelchair 
modifications, such as adding chest supports or reclining the 
seat. A soft body orthosis can be used as well. Hyperlordosis 
occurs less commonly and usually is associated with hip 
flexion contractures or a rigid thoracic kyphosis. Treatment 
of the primary deformity usually improves or corrects 
hyperlordosis. 

Operative treatment should be considered for patients in 
whom scoliosis or pelvic obliquity interfères with overall 
function, rather than based on the absolute magnitude of the 
curve. The goals of treatment should be functionally oriented 
and related to loss of sitting balance, pelvic obliquity, and 
presence of pain rather than to the degree of curvature. 
Improvement in pain is one of the most important factors in 
the improvement in quality of life after spinal surgery. The 
goals of surgery are to prevent further deformity, provide a 
well-balanced spine in the coronal and sagittal planes, and 
correct any underlying pelvic obliquity. Complication rates 
after scoliosis surgery in patients with cérébral palsy are 
markedly higher, up to 25% to 50% in some sériés, than for 
adolescent idiopathic scoliosis and are offen related to comor- 
bidities such as aspiration, poor nutritional status, cardiopul- 
monary compromise, and increased risk of infection. The 
incidence of deep wound infection after scoliosis surgery in 
patients with cérébral palsy may be as high as 10%. Patients 
with wound breakdown and greater residual curves, greater 
preoperative white blood cell count, and fusion using unit 
rods may be at higher risk. Escherichia coli and Pseudomonas 
aeruginosa are commonly cultured organisms and, therefore, 
gram-negative prophylaxis should be considered. Surgical 
stabilization usually consists of posterior spinal instrumenta¬ 
tion with segmentai fixation, using screws, hooks, or wires. 
The use of pedicle screw fixation has become more common 
and has been shown to be effective in correcting coronal and 
sagittal deformity and pelvic obliquity. Ostéotomies can be 
used in selected patients with severe focal deformities. 
Growth-sparing techniques, both rib-based and spine-based, 
hâve been shown in small sériés to be effective in controlling 
scoliosis while maintaining growth in patients with cérébral 
palsy; however, complications, especially infection, are fre¬ 
quent. The use of antibiotic-impregnated bone graff may 
decrease the rate of postoperative infection, and it is becom- 
ing more widely used. 

Although parental and caretaker satisfaction after spinal 
fusion in patients with cérébral palsy remains high, it is dif- 
ficult to find objective criteria that correlate with this. A 
review of 50 patients with scoliosis and cérébral palsy treated 
with posterior spinal fusion showed statistically significant 
improvement in the health-related quality of life (HRQL) 
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scores postoperatively. However, only a weak corrélation was 
found between the magnitude of curve correction and HRQL 
scores, and no corrélation was found between complications 
and extension of the fusion to the pelvis. Another large study 
of 84 patients found that although functional improvement 
postoperatively was limited, satisfaction was high and was 
thought to be related to sitting balance and cosmesis. Factors 
in this study associated with less satisfaction included a 
higher complication rate, greater residual major curve mag¬ 
nitude, and hyperlordosis, which may relate to poorer overall 
sitting balance. Further study of factors leading to parental 
and caregiver satisfaction after spinal fusion in patients with 
cérébral palsy is necessary. A comparison of patients with 
cérébral palsy who had spinal fusion with patients who did 
not hâve fusion found no significant différences in pain, need 
for pulmonary médication or therapy, the presence of decu- 
bitus ulcers, patient function, or time required for daily care. 
Subjectively, however, most health care workers believed that 
patients who had undergone fusion were more comfortable. 

UPPER EXTREMITY 

Many patients with cérébral palsy hâve involvement of the 
upper extremities, especially patients with hemiplegia and 
quadriplegia. A review of 100 cérébral palsy patients found 
that 83% had upper limb involvement and 69% had reduced 
hand control. The most common contracture patterns were 
thumb in palm/clasped hand and shoulder adduction/ 
internai rotation and wrist flexion/pronation. Functionally, 
70% of children hâve limitation of forearm supination, and 
63% hâve limitation of wrist and finger extension in the 
affected limb (s). The degree of upper extremity deformity is 
significantly related to GMFCS function in diplegic but not 
hémiplégie patients. Most patients can be treated nonopera- 
tively with physical therapy, splinting, and BTX-A. Sélective 
dorsal rhizotomy, usually done to reduce lower extremity 
tone, has been shown to decrease upper extremity tone as 
well. Despite this high prevalence of deformity and functional 
limitations, only approximately 5% are surgical candidates. 
This may be related to the fact that in patients with cérébral 
palsy the upper extremity movement disorder offen is associ¬ 
ated with sensory déficits, particularly in proprioception, ste- 
reognosis, barognosis, and light touch, and there is seldom 
normal sensation in the affected hand. This alteration in sen¬ 
sation can cause a complété neglect of the affected extremity. 
Children who are likely to benefit from upper extremity 
surgery are highly functioning and hâve difficulties with 
activities of daily living, such as dressing and hygiene, or hâve 
severe contractures and deformities leading to pain and skin 
breakdown. Other positive predictors for a good outcome 
after upper extremity surgery include high motivation, rea- 
sonable intelligence, emotional stability, no neglect, good 
voluntary control, strength, and normal sensation. A ran- 
domized study of 39 children with cérébral palsy undergoing 
upper extremity surgery found that a combination of flexor 
carpi ulnaris to extensor carpi radialis brevis transfer, prona- 
tor teres release, and extensor pollicis brevus rerouting pro- 
duced more improvement, although modest, than treatment 
with BTX-A injections or physical therapy. Children with 
severe spasticity, athetosis, and neglect still may benefit from 
surgery, which consists of static joint stabilizing procedures 
such as arthrodesis. The family should be considered so that 
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space with a gently curving S-shaped incision over the 
flexor crease. If necessary, ligate the veins that cross the 
région. 

■ Dissect the soft tissue and deep fascia to the muscle belly 
of the biceps proximally and follow the muscle distally to 
its tendon and the lacertus fibrosus. Isolate the lacertus 
fibrosus and resect it (Fig. 33-41 A). 

■ Identify and protect the latéral antebrachial cutaneous 
nerve as it enters the area between the biceps and the 
brachialis laterally. 

■ Retract the nerve laterally and then flex the elbow par- 
tially and free the biceps tendon down to its insertion on 
the tuberosity of the proximal radius. 

■ Divide the biceps tendon for a Z-plasty lengthening (Fig. 
33-41 B). The musculofascial surface of the brachialis 
muscle can be seen under it. The radial nerve lies latéral 
to the brachialis muscle, and the brachial artery and 
médian nerve lie médial to it. Identify and protect these 
structures. 

■ Extend the elbow maximally and circumferentially incise 
the aponeurotic tendinous fibers of the brachialis muscle 
at its distal end at one or two levels (Fig. 33-41 C). 

■ Maximally extend the elbow and, if necessary, perform an 
anterior elbow capsulotomy. Allow the tourniquet to 
deflate and secure hemostasis. 

■ Extend the elbow and repair the previously divided biceps 
tendon (Fig. 33-41 D). 

■ Ensure the integrity of the médian nerve and brachial 
artery. 

■Close only the subcutaneous tissue and skin and immo- 
bilize the arm in a well-padded cast with the elbow 
maximally, but not forcefully, extended and the forearm 
fully supinated. Bivalve the cast. 

POSTOPERATIVE CARE. The arm is elevated for 48 
hours, and finger motion is encouraged. At 5 days, flexion 
and extension exercises out of the cast are begun. For 6 
weeks after surgery, the arm is replaced in the cast when 
the exercise period has been completed. Nighttime splint- 
ing is continued for 6 months. Maximal elbow extension 
usually is obtained 3 to 5 months postoperatively. 


they hâve realistic expectations regarding the goals of upper 
extremity surgery to prevent disappointment with the surgi- 
cal outcome. Ancillary studies, such as kinetic EMG studies, 
are useful in evaluating the upper extremity before surgery 
The function of the upper extremity is to position the 
hand in space to perform a spécifie activity. If the hand is 
functional, procedures to correct these deformities may be 
useful in improving overall function. A review of the results 
of surgery in 84 upper limbs of 64 patients with cérébral palsy 
found a statistically significant improvement in functional 
status, hygiene, and appearance in carefully selected patients 
at an average follow-up of 4 years. 

SHOULDER 

Contracture of the shoulder or spasticity of the muscles that 
control it usually is not sufficiently disabling to justify surgery 
The deformity usually is adduction and internai rotation. 
When surgery is indicated, useful procedures include proce¬ 
dures similar to those performed for brachial plexus palsy 
(see Chapter 34) and rotational osteotomy of the humérus 
done at the level of the deltoid tubercle. The use of pectoralis 
major release alone and combined with latissimus dorsi 
release for severe deformities may be bénéficiai in patients 
with severe cérébral palsy to improve axillary hygiene, 
bathing, and dressing. 

ELBOW 

The two groups of patients who hâve been shown to benefit 
from surgical procedures around the elbow are highly func- 
tioning patients with useful hand function and severely 
involved patients with significant contractures leading to 
antecubital fossa skin breakdown. When releasing a flexion 
contracture around the elbow, avoid acutely extending the 
elbow fully to prevent stretch injury to the brachial artery and 
médian nerve, which hâve shortened as well. The addition of 
partial biceps tendon lengthening has been shown to increase 
elbow extension better than brachialis fractional lengthening, 
lacertus fibrosis division, and pretendinous adventitia 
debridement alone. The improvements gained are maintained 
in long-term outcome studies. Note that biceps lengthening 
will weaken it, which is important in patients with underlying 
supination weakness. 


FOREARM, WRIST, AND HAND 

Deformities of the forearm, wrist, and hand are described in 
Chapter 72 in the discussion of the hand in patients with 
cérébral palsy. 

ADULTS WITH CEREBRAL PALSY 

Because of the tremendous advances in the care given to 
patients with cérébral palsy, a génération of children who in 
the past would hâve been institutionalized now hâve been 
integrated into the family and society. These advances hâve 
been relatively recent, and more is becoming known about 
adults with cérébral palsy and the long-term outcomes of 
treatment. Population-based studies hâve shown that adults 
with cérébral palsy can live independently and maintain a 
high level of function. Long-term outcome studies of adults 
with cérébral palsy hâve found that for individuals who are 


RELEASE OF ELBOW FLEXION 
CONTRACTURE 

A report of 32 anterior elbow releases in patients with 
cérébral palsy showed no neurovascular injuries and no 
récurrence of deformity. The indications for this operation 
are fixed elbow contracture of 45 degrees or more that 
interfères with the ability to reach forward with a func¬ 
tional forearm and hand. Other procedures that improve 
forearm supination and hand function by releasing the 
flexor-pronator muscle origins from the médial capsule 
resuit in a mild gain in elbow flexion as well. 


TECHNIQUE 33-23 


■ With the patient supine and the arm fully draped and 
with or without a tourniquet, approach the antecubital 
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Mitai elbow flexion release. A f Lacertus fibrosus is severed through incision in antecubital space. B f Tendon of inser¬ 
tion of biceps muscle is lengthened by Z-plasty. C f Fascia covering brachialis muscle anteriorly is eut at two levels. D f Z-plasty in biceps 
tendon is sutured after elbow is extended. SEE TECHNIQUE 33-23. 


mobile as young adults there is a marked décliné in ambula- 
tion with âge, with fatigue and falls having a négative impact 
on quality of life. Approximately 25% of ambulatory adults 
with cérébral palsy will expérience a gait décliné sooner than 
their nondisabled peers, especially older patients with bilat¬ 
eral motor impairment, with more frequent use of assistive 
devices and higher levels of pain and/or fatigue. The exact 
cause of this décliné is unknown but likely is multifactorial. 
Skills such as feeding, speech, and ability to order meals in 
public are well preserved. In one long-term study, 18% of 
60-year olds lived independently and 41% resided in facilities 
providing higher-level medical care. Long-term survival rates 
were moderately worse than the general population, espe¬ 
cially in nonambulatory patients. In a review of 819 adults 
with cérébral palsy, 33% of patients (77% Controls) had édu¬ 
cation beyond secondary school, 29% (82% Controls) were 
competitively employed, and 5% had specially created jobs. 
Social outcome studies hâve found a higher rate of unemploy- 
ment in patients with other comorbidities, such as seizures, 
self-care limitations, and cognitive and communication 
impairments, with no substantial impact of severity of motor 
involvement on employment rate. Although more likely to be 
single and living with parents, 14% to 28% of patients with 
cérébral palsy without intellectual impairment were in a long- 
term partnership or had established their own families. 


Many patients with cérébral palsy return for orthopaedic 
care in their thirties and forties when compensatory mecha- 
nisms they hâve relied on in the past begin to fail. This transi¬ 
tion from care in the pédiatrie setting to the adult setting can 
be challenging for patients and physicians because of a lack 
of communication between the two Systems, fear of the new 
System, and different treatment styles for adults and children. 
Common orthopaedic problems for adults with cérébral palsy 
include fatigue, knee instability that arises from long-standing 
ankle equinus, degenerative hip disease, flatfoot deformity, 
and scoliosis. Osteopenia also is frequently présent in adults 
with cérébral palsy, which can prédisposé them to fractures. 
A patient-centered approach, just as with children, should be 
used in treating an adult with cérébral palsy. Not ail deformi- 
ties require treatment, and attention should be focused on the 
deformities that cause pain or interfère with independent 
function. 

ADULT STROKE PATIENTS 

Considérable literature exists regarding the orthopaedic éval¬ 
uation and treatment of patients who hâve had cerebrovascu- 
lar accidents, especially with the incidence of cerebrovascular 
accidents and the survival rate increasing. The development 
a multidisciplinary team approach incorporating early 
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physical and occupational therapy, bracing, standing, use of 
BTX-A and the gait analysis has led to marked improvement 
in the treatment of adult stroke patients. 

LOWER EXTREMITY 

Of patients who hâve had a stroke, 65% to 75% recover 
enough function in their lower extremities to permit annula¬ 
tion. This is because the lower extremity does not dépend as 
much on sensation for its function as does the upper extrem¬ 
ity and the activities necessary for walking are gross motor 
functions that are enhanced by primitive postural reflexes. 
Most patients with residual hemiparesis require the use of an 
external support and a brace to ambulate independently. 

Orthotic positioning and range-of-motion exercises of 
the lower extremity begin in the early phases of recovery 
when the primary goal is prévention of fixed contractures. 
This treatment extends through the period of motor recovery 
and gait training to the time when the neurologie déficit 
becomes stationary and a definitive brace to aid in annula¬ 
tion is required. In the early phase, the paralysis usually is 
flaccid and deformities occur as a resuit of poor positioning. 
Passive range-of-motion exercises help prevent undesirable 
patterning of movements, which often occurs in the recovery 
phase. Equinus deformity should be prevented by appropriate 
splinting and frequent range-of-motion exercises. Preventing 
deformity of the lower extremity is greatly assisted by having 
the patient stand and walk as soon as his or her medical 
condition permits. The use of BTX-A has become more 
common and has been shown to improve range of motion, 
lower extremity function, and ability to perform activities of 
daily living. Electrical stimulation can be used to help main- 
tain strength and keep joints mobilized, and as a sensorimo- 
tor educational tool to increase the awareness of the sensation 
of muscle contractions, especially in the anterior tibial and 
peroneal muscles. In the early phase, this can be done with 
cutaneous stimulation; later in recovery, électrodes can be 
placed directly on a motor nerve with stimulation controlled 
through an externally placed transmitter. Various pharmaco¬ 
logie agents hâve been used in the treatment of spasticity, 
including baclofen, oral muscle relaxants, anticonvulsants, 
and cannabis, with limited success because of the variable 
nature of stroke patients, side effects, and the fact that these 
are systemic treatments for targeted dysfunctional muscle 
groups. 

Motor recovery occurs during the first 3 to 4 months, and 
the quality of gait can change dramatically during that time. 
To become a functional ambulator, the patient must obtain 
adéquate spontaneous improvement to allow voluntary 
control of the hip and knee. Bracing may be necessary to help 
achieve this goal; however, many of the braces used to stabi- 
lize the knee can be difficult to apply and manage and can 
negatively affect the ability to ambulate. When maximal 
motor recovery has been obtained and the gait function has 
stabilized, definitive bracing can be done. 

Neurophysiologic studies hâve shown that there are seven 
neurologie sources of motion, two of which are sophisticated 
components of normal function (sélective control and habit¬ 
uai control) and five are primitive forms of control. These 
primitive forms, which are présent and suppressed in the 
normal State, become expressed as overt sources of motion 
(locomotor pattern, verticality, limb synergy, fast stretch, slow 
stretch) following a stroke. 


Selected control is the normal ability to move one joint 
independently of another, to contract an isolated muscle, or 
to select a desired combination of motions. Habituai control 
is the normal automatic performance of a learned skill, such 
as walking. 

Primitive locomotor patterns are mass movements of 
flexion and extension. The patient can initiate or terminate 
the movements but cannot otherwise modify them. If the 
knee is extended, the ankle also is automatically plantar flexed 
and the hip is extended. The opposite movements occur in 
knee flexion. This voluntary motion is preserved after a loss 
of cortical control and presumably is controlled by the mid- 
brain. Control of verticality is a vestibular function and is an 
antigravity mechanism. When the body is erect, the extensor 
muscles hâve more tone than when the body is supine; addi- 
tionally, standing créâtes a more intense stimulus than does 
sitting. In the upper extremity, the flexor muscles respond in 
this manner. Primitive limb synergy is the resuit of a multi- 
segmental spinal cord reflex, tying the action of the extensor 
muscles to the posture of the limb. When the knee is extended, 
the tone of the soleus and the gastroenemius is greatly 
increased, making both muscles much more sensitive to 
stretch than when the knee is flexed. Similarly, the tone in the 
antagonistic muscles may be inhibited. This activity confuses 
the results in the Silfverskiôld test used to differentiate con¬ 
tracture of the gastroenemius from that of the soleus. The fast 
stretch reflex , characterized by the familiar clonie response, is 
caused by an intermittent burst of muscle activity. It is initi- 
ated by the velocity sensors in the muscle spindles. The slow 
stretch reflex is characterized by rigidity, a clinical term for 
continuous muscle reaction to stretch and often misinter- 
preted as contracture. This reflex disappears under anesthésia 
when length-change sensors in the muscle spindles are inac¬ 
tive. Primitive locomotor patterns and control of verticality, 
and stretch reflex activity, are especially troublesome to stroke 
patients. 

In addition to motor problems, stroke patients frequently 
hâve impaired sensation. Impaired proprioception is espe¬ 
cially important because it causes a delay or hesitancy in 
making a voluntary motor response. The duration of this 
delay indicates the time it takes to process the central nervous 
signais, and if the delay is too great, walking may not be a 
reasonable goal. 

Gait analysis and various standing tests, including 
double limb support, hemiparetic single limb stance, and 
hemiparetic limb flexion, are useful if determining whether 
or not the patient can walk and if orthopaedic surgery is 
necessary. 

Surgery should be deferred until at least 6 months after 
the stroke. Most patients make a rapid spontaneous recov¬ 
ery during the first 6 to 8 weeks. They subsequently 
strengthen these gains and learn to live with their disability. 
Progress in control of the limb occurs, and this typically is 
the resuit of extensive therapy. Patients with better early 
functional scores maintain better function at 6 months than 
those with lower scores. By 6 to 9 months after a stroke, 
patients hâve obtained maximal spontaneous improvement 
and must corne to realize the permanence of their residual 
déficits. Surgical intervention, which usually is soft-tissue 
release, is indicated if it is likely to improve function or 
hygiene or decrease pain, and occasionally, improve cosme- 
sis. The goals of surgery must be clearly explained to prevent 
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unrealistic expectations. Although improvement in a single 
déficit may be expected, restoration of normal function in 
the extremity is almost impossible. 

HIP 

Scissoring gait secondary to adductor spasticity can be cor- 
rected by soft-tissue release. To détermine whether or not the 
hip adductors are necessary for hip flexion in a patient, a 
diagnostic block of the obturator nerve before surgery is 
performed. If the effect of the nerve block is prolonged, it can 
be repeated once or twice, and occasionally the results are 
permanent. 

Surgical release of a hip flexion contracture rarely is indi- 
cated in stroke patients because the decrease in hip flexion 
power may make the patient unable to walk. When gait EMG 
shows continuons activity of the hip flexors and médial ham- 
strings, releasing the iliopsoas and adductor longus and 
médial hamstring transfer to the fémur sometimes allow the 
limb to assume an upright position. 

KNEE 

Flexion contractures of the knee can be treated operatively if 
the patient has adéquate power in the gluteus maximus and 
quadriceps muscles to extend the hip when the hamstrings 
are lengthened. One study reported that 43% of 30 patients 
obtained ambulation ability after hamstring release, and 17% 
gained the ability to transfer. Caution was recommended in 
patients with severe peripheral vascular disease because of an 
increased risk of complications as a resuit of poor wound 
healing and risk of neurovascular injury. 

Stiff knee gait, caused by increased activity of the rectus 
femoris during the swing phase of gait, can cause difficulties 
with foot clearance for stroke patients. A meta-analysis of the 
effect of chemodenervation of the rectus femoris on stiff knee 
gait showed that it does lead to improved peak knee flexion 
during swing phase. Release of the rectus femoris from the 
patella by excision of its distal segment can improve knee 
flexion by 15 to 20 degrees. 

FOOT 

Talipes equinovarus is the most common foot deformity in a 
stroke patient. Other deformities can occur, such as equinus 
without varus, varus of the forefoot, footdrop, planovalgus 
foot, and in-curling of the toes. Early physical therapy, use of 
ankle foot orthoses, and BTX-A hâve been shown to be effec¬ 
tive in preventing equinus deformity and improving gait 
function in some patients. 

■ TALIPES EQUINUS 

The goal of surgery is to correct talipes equinus in the mid- 
swing and midstance phases while preserving heel lift support 
in the terminal stance phase and accepting a flat-footed 
contact with the floor. This goal can be accomplished with a 
closed subcutaneous triple hemisection of the Achilles 
tendon. The distal eut is made medially, proximal to the inser¬ 
tion of the tendon; the next is made 2.5 cm proximal to the 
first through the latéral half of the tendon; and the final one 
is made 2.5 cm proximal to the second through the médial 
half of the tendon. After surgery, the foot is immobilized in 
a cast in a slight equinus position so that walking does not 
overstretch the tendon. Patients can bear weight on the cast 
for 4 weeks before cast removal. 


■ TALIPES EQUINOVARUS 

Talipes equinovarus is common in stroke patients because 
of weakness in the foot dorsiflexors and evertors or spasticity 
of their antagonists. The goal of surgery is either to provide 
a plantigrade foot that can be braced in a nonambulatory 
patient or to rid an ambulator of braces. In the presence of 
modératé action of the anterior tibial muscle without the 
assistance of the toe extensors, the equinus deformity is cor- 
rected by rebalancing the foot to eliminate the varus defor¬ 
mity. The anterior and posterior tibial, soleus, flexor hallucis 
longus, and flexor digitorum longus, despite their swing 
phase and stance phase action, can be active well into the 
other phase and offen are active continuously. They also can 
be inactive. A varus deformity in either swing or stance phase 
can be caused by any one or a combination of these muscles 
being abnormal, in contrast to varus deformity in patients 
with cérébral palsy. The posterior tibial muscle-tendon unit 
rarely is the deforming force in a stroke patient. 


CORRECTION OF TALIPES 
EQUINOVARUS 

Soft-tissue releases and tendon transfers can be used in 
adults to help balance the muscle forces across the foot. 
Historically, this has been done by transferring three fourths 
of the anterior tibial tendon to the third cuneiform, the 
flexor hallucis longus tendon to the same area, with the 
flexor digitorum longus tendon released and the posterior 
tibial tendon undisturbed (Fig. 33-42). Significant improve¬ 
ment in patient autonomy, ability to ambulate indepen- 
dently, and increased ability to wear normal shoes hâve 
been reported after this procedure. Similar results hâve 
been reported with the use of a split anterior tendon trans¬ 
fer alone in 132 feet in which improvements were made 
in walking distance and shoewear. 


TECHNIQUE 33-24 


■ Make a 2-cm incision on the médial border of the foot 
over the navicular. 

■ Identify and expose the insertion of the anterior tibial 
tendon. 

■ Separate and detach the latéral three fourths of the 
tendon from the médial one fourth. 

■ Bring the detached part out through an incision made 
2 cm proximal to the ankle and route it subcutaneously 
to the dorsal surface of the third cuneiform. 

■ Expose the cuneiform, drill converging holes in the bone 
and use a curet to construct a tunnel. Loop the free part 
of the tendon through this tunnel to be anchored later. 

■ Through a separate 4-cm incision in the arch of the foot, 
use electrocautery to release the plantar flexors of the 
toes. 

■ Through a posterior incision at the level of the ankle, 
identify the flexor hallucis longus tendon at its tunnel, 
detach it, and pass it anteriorly through a large window 
made in the interosseous membrane. 

■ Insert this tendon through the tunnel in the third cunei¬ 
form opposite to the direction of the anterior tibial 
tendon. 
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Technique of Perry et al. to correct equinovarus 
deformity in stroke patients. Latéral three fourths of anterior 
tibial tendon and flexor hallucis longus tendon are transferred to 
third cuneiform. Flexor digitorum longus is released (see text). 

SEE TECHNIQUE 33-24. 


3 " Lengthen the Achilles tendon as described in Technique 
33-10. 

■ With the ankle in the neutral position and the foot slightly 
everted, sew the two tendons to themselves as loops and 
to each other. 

■ The flexor digitorum longus can be transferred instead of 
the flexor hallucis longus if the toe flexors are active in 
the swing phase of gait. 

POSTOPERATIVE CARE. Because the Achilles tendon 
has been lengthened, a cast is applied with the foot in 
slight plantar flexion. At 6 weeks, the cast is removed and 
the foot is protected with a locked ankle brace for an 
additional 6 months. Because the muscles in a hémiplégie 
patient pull strongly or not at ail, several months are 
necessary for the scar to mature enough not to yield 
under tension. 


Satisfactory results hâve been reported in adult hémiplégies 
with talipes equinovarus using a procedure that consists of 
triple sectioning of the Achilles tendon, open Z-plasty length- 
ening and suturing of the posterior tibial tendon just proxi¬ 
mal to the médial malleolus, transfer of one half of the 
anterior tibial tendon to the third cuneiform, and transverse 
division of the flexor digitorum brevis and the flexor digito¬ 
rum longus tendons at the base of each toe. 


■ VARUS FOOT 

The anterior tibial muscle usually is the deforming force in a 
patient with forefoot varus. A split anterior tibial tendon 
transfer (see Technique 33-18) is the procedure of choice for 
this condition as long as a fixed hindfoot varus is not présent. 
A short leg walking cast is worn for 6 weeks. An ankle-foot 
orthosis is used when walking to protect the muscle transfer 
for an additional 6 months. 

■ PLANOVALGUS 

If pes planus preceded the stroke, in rare cases a planovalgus 
deformity can occur after the stroke. Spasticity of the triceps 
surae pulls the calcaneus laterally, and the peroneals may be 
hyperactive with no opposing posterior tibial muscle func- 
tion during stance phase. If walking is impeded by pain, sur- 
gical correction is indicated. As in equinus deformity, the 
treatment involves lengthening of the Achilles tendon with a 
triple-level hemitenotomy. The distal hemisection in the 
Achilles tendon is performed in the latéral half of the tendon 
to reduce the valgus placement or thrust of the tendon on the 
calcaneus. 

If the peroneals are hyperactive during stance phase, the 
peroneus brevis can be transferred medially into the posterior 
tibial tendon to support the médial border of the foot or the 
peroneus longus and brevis can be lengthened. A triple 
arthrodesis ultimately is required if an ankle-foot orthosis 
does not control the deformity. 

■ TOE FLEXION 

Toe flexion occurs at the metatarsophalangeal joint and is 
different from the claw toe deformity in most neurologie 
disorders in which the extensors are hyperactive. Toe curling 
or toe flexion in a stroke patient occurs from overactivity of 
the long toe flexors. These can be released by ténotomies of 
the toe flexor tendons at the level of the metatarsophalangeal 
joint. 

UPPER EXTREMITY 

The prognosis for recovering normal function in the upper 
extremity in stroke patients is poor, and approximately one 
third are leff with a permanently functionless limb. The most 
important reason for this is that the patterns of neuromuscu- 
lar activity in the normally functioning upper extremity are 
highly sophisticated and complex and are modified by mul¬ 
tiple sophisticated somatosensory impulses. Permanent 
impairment in motor and sensory function in the upper 
extremity is incurable, and permanent impairment of func¬ 
tion is to be expected. Upper limb recovery after stroke is 
adaptive and consists of training the individual to accomplish 
activities of daily living as a one-handed person. For patients 
who show sufficient neurologie recovery, additional training 
for development of assistive function is indicated. 

The orthopaedic surgeon may release contractures, 
weaken spastic muscles that cause imbalance and deformity, 
and transfer functioning muscle units to attempt to restore 
some balance to the affected extremity. These operations also 
can relieve persistent pain, which causes further immobility 
and lack of participation in other areas of réhabilitation. 

■ SHOULDER 

Some stroke patients report pain localized precisely to the 
shoulder and specifically to the adductor and internai rotator 
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groups. In others, a hemicorporeal type of diffuse discomfort 
is présent and is untreatable by présent methods. Patients 
with the first type of pain develop progressively decreasing 
ranges of motion despite intensive conservative treatment. 
They also hâve an exaggerated stretch reflex on rapid external 
rotation of the shoulder, abduction of less than 45 degrees, 
and internai rotation of less than 15 degrees. Modalities such 
as suprascapular nerve blocks, joint injection, use of BTX-A, 
and therapy/taping programs are of minimal benefit. Surgery 
is recommended only for patients who hâve a reasonable 
potential for réhabilitation. A review of 34 adults with spastic 
hemiparesis who had fractional lengthening of the pectoralis 
major, latissimus dorsi, and teres major had improvements in 
their spasticity scores, shoulder range of motion, especially 
external rotation, as well as pain relief and a high degree of 
satisfaction with the outcome. 


■ Divide the tendon as it overlaps the muscle belly on the 
undersurface. 

■ Identify the brachial plexus and retract it medially. 

■ Identify the insertions of the latissimus dorsi and teres 
major in the interval between the short head of the biceps 
and the deltoid. 

■ Lengthen the tendons at the musculotendinous 
junction. 

■ The long head of the triceps can be lengthened if further 
correction of elbow extension is desired. 

■ Place a drain and close in layers. 

POSTOPERATIVE CARE. Asling is worn on the arm for 
comfort, and a program of assisted range-of-motion exer¬ 
cises is begun within the first few days of surgery. 


RELEASE OF INTERNAL ROTATION 
CONTRACTURE OF THE SHOULDER 

In a comparison study, patients who had internai rotation 
contracture release showed significant improvement in 
motion in 10 of 13 patients. Of 12 control patients with 
similar symptoms not treated by surgery, none had a spon- 
taneous resolution of the painful joint contracture. 


TECHNIQUE 33-25 


■ Make an anterior deltopectoral approach to the 
shoulder. 

■ Identify the subscapularis tendon and cauterize the vas- 
cular bundle at its distal edge. Excise this tendon, but 
preserve the anterior capsule of the shoulder joint. 

■ Palpate the tendon of the pectoralis major and, with 
scissors passed distally along the humérus, eut its ten- 
dinous insertion. 

POSTOPERATIVE CARE. A sling is worn on the arm, 
and a program of assisted range-of-motion exercises is 
begun within the first few days of surgery. Reciprocal 
pulley exercises are begun within the first 5 days. It is 
important to supervise the patient's participation in the 
exercises. 


FRACTIONAL LENGTHENING OF 
PECTORALIS MAJOR, LATISSIMUS 
DORSI, TERES MAJOR 


TECHNIQUE 33-26 


■ With the patient in the beachchair position with a bolster 
between the scapula, make a deltopectoral approach (see 
Technique 1-87) to expose the pectoralis major tendon. 


■ ELBOW 

Fixed flexion of the elbow seriously impairs function of the 
upper extremity. Some patients with mild spasticity may 
benefit from the early use of BTX-A in conjunction with 
physical therapy. For those who do not respond to nonopera- 
tive measures and who hâve reasonable functional goals, sur- 
gical release of the elbow can be considered. A review of 42 
patients with elbow flexion deformities showed improve¬ 
ments in active and passive range of motion with a low rate 
of superficial wound problems at a mean of 6 years after 
anterior release and fractional myotendinous elbow flexor 
lengthening. 

I PHENOL NERVE BLOCK 

Phénol injection into motor nerves in adults and children 
with spastic hemiplegia produced early improvement in 17 of 
18 patients. Unfortunately, the results deteriorated over 6 
months, with 2 patients having récurrence of the deformity 
within 1 year. The 6-month window allows time to begin 
treatment programs aimed at decreasing contractures and to 
train weakened muscles before the spasticity returns. In addi¬ 
tion, patients who receive nerve ablation can hâve sensory 
loss that can lead to painful dysesthesia. For these reasons, as 
well as the réversible nature of BTX-A, the use of phénol 
nerve block is decreasing. 

I FUNCTIONAL ELECTRICAL NERVE STIMULATION 

Functional electrical stimulation allows restoration of func¬ 
tion in paralyzed muscles by electrical stimulation. The aim 
is to hâve functional muscle control occur during stimulation, 
but occasionally a carryover occurs, and the muscle cornes 
under voluntary control. Functional electrical stimulation 
theoretically dépends on a single stimulation, such as heel lift, 
being transferred through an antenna to an electrical implant, 
which fires another signal to the nerve supply to the muscles, 
such as the peroneal nerve, to perform a function, such as 
dorsiflexion to the foot. The device needs to be small and 
cosmetically acceptable, and the activity should be under 
some degree of voluntary control; otherwise too much stimu¬ 
lation may occur. Functional electrical stimulation is used in 
the upper and lower extremities, around the foot and ankle 
to suppress spasticity, to correct scoliosis, for electrophrenic 
respiration, and for bladder control. There remains a need for 
external control of motor unit gradation, for synergistic 
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activity in other muscles, and for some proprioceptive kines- 
thetic feedback. 
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POLIOMYELITIS 

Acute anterior poliomyelitis is a viral infection localized in 
the anterior horn cells of the spinal cord and certain brain- 
stem motor nuclei. One of three types of poliomyelitis viruses 
is usually the cause of infection, but other members of the 
enteroviral group can cause a condition clinically and patho- 
logically indistinguishable from poliomyelitis. Viral transmis¬ 
sion is primarily fecal-oral, and initial invasion by the 
virus occurs through the gastrointestinal and respiratory 
tracts and spreads to the central nervous System through a 


hematogenous route. Although most individuals in an 
endemic area are infected with poliovirus, only 0.5% of 
infected individuals develop paralytic poliomyelitis. 

Since the introduction and extensive use of the poliomy¬ 
elitis vaccine, the incidence of acute anterior poliomyelitis 
has decreased dramatically. In 1988, there were an estimated 
350,000 cases; in 2013, fewer than 400 cases were reported. 
Currently, it most often affects children younger than 5 years 
old in developing tropical and subtropical countries and 
unimmunized individuals. In 2014, only three countries 
(Afghanistan, Nigeria, and Pakistan) were classified as 
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polio-endemic by the WHO. Isolated outbreaks of poliomy- 
elitis occurred in North America and Europe in the 1990s. 

Administration of three doses of the Sabin oral polio 
vaccine, containing ail three types of attenuated virus, can 
prevent the disease. The use of the live attenuated virus 
vaccine remains controversial. Live oral poliovirus vaccine 
(OPV) may immunize contacts who hâve not been vacci- 
nated; however, this carries a risk of developing vaccine - 
associated paralytic polio, which has been estimated at 1 case 
per 2.5 million doses. Outbreaks of paralytic poliomyelitis in 
the United States hâve been associated with the use of live 
poliovirus vaccine. The implémentation of an all-inactive 
polio vaccine (IPV) schedule in the United States in 2000 has 
eliminated indigenous acquired vaccine-associated poliomy¬ 
elitis. Despite the safety and efhcacy of the IPV, OPV remains 
the vaccine of choice for global éradication in many parts of 
the world where logistical issues and the higher cost of IPV 
prohibit its use and in places where inadéquate sanitation 
nécessitâtes an optimal mucosal barrier to wild-type poliovi¬ 
rus circulation. Challenges to the complété éradication of 
polio include the transmission of wild-type viruses in endemic 
areas, outbreaks related to vaccine-related polioviruses, and 
excrétion of vaccine-related viruses in vaccines with B-cell 
immunodeficiencies. 

PATHOLOGIC FINDINGS 

When the poliomyelitis virus invades the body through the 
oropharyngeal route, it multiplies in the alimentary tract 
lymph nodes and spreads through the blood, acutely attack- 
ing the anterior horn ganglion cells of the spinal cord, espe- 
cially in the lumbar and cervical enlargements. How the virus 
pénétrâtes the blood-brain barrier and why the virus has a 
prédilection for the anterior horn cell is under investigation. 
The incubation period is 6 to 20 days. The anterior horn 
motor cells may be damaged directly by viral multiplication 
or toxic by-products of the virus or indirectly by ischemia, 
edema, and hemorrhage in the glial tissues surrounding 
them. Destruction of the spinal cord occurs focally and ran- 
domly, and within 3 days, Wallerian degeneration is évident 
throughout the length of the individual nerve fiber. Macro¬ 
phages and neutrophils surround and partially remove 
necrotic ganglion cells, and the inflammatory response grad- 
ually subsides. Within the muscle, axonal “sprouting” occurs 
when nerve cells from surviving motor units develop new 
axons, which innervate muscle cells that hâve lost their lower 
motor neuron, thus expanding the size of the motor unit. 
Affer 4 months, residual areas of gliosis and lymphocytic cells 
fill the area of destroyed motor cells in the spine. Reparative 
neuroglial cells proliferate. Continuous disease activity has 
been reported in spinal cord segments 20 years affer disease 
onset. 

The number of individual muscles affected by the résul¬ 
tant flaccid paralysis and the severity of paralysis vary; the 
clinical weakness is proportional to the number of lost motor 
units. Weakness is clinically détectable only when more than 
60% of the nerve cells supplying the muscle hâve been 
destroyed. Muscles innervated by the cervical and lumbar 
spinal segments are most offen affected, and paralysis occurs 
twice as offen in the lower extremity muscles as in upper 
extremity muscles. In the lower extremity, the most com- 
monly affected muscles are the quadriceps, glutei, anterior 
tibial, médial hamstrings, and hip flexors; in the upper 
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extremity, the deltoid, triceps, and pectoralis major are most 
offen affected. 

The potential for recovery of muscle function dépends on 
the recovery of damaged, but not destroyed, anterior horn 
cells. Most clinical recovery occurs during the first month 
affer the acute illness and is almost complété within 6 months, 
although limited recovery may occur for about 2 years. A 
muscle paralyzed at 6 months remains paralyzed. 

CLINICAL COURSE AND TREATMENT 

Approximately 95% of patients infected with poliovirus 
remain asymptomatic. Nonspecific findings such as fever and 
sore throat occur in 4% to 8% of people infected. Between 
0.5% and 2% of patients will progress to poliomyelitis. The 
course of poliomyelitis can be divided into three stages: acute, 
convalescent, and chronic. General guidelines for treatment 
are described here. Spécifie indications and techniques for 
operative procedures are discussed in spécifie sections. 

■ ACUTE STAGE 

The acute stage generally lasts 7 to 10 days, and up to 95% of 
ail anterior horn cells may be infected. Symptoms range from 
mild malaise to generalized encephalomyelitis with wide- 
spread paralysis. With upper spinal cord involvement, dia- 
phragmatic dysfunction and respiratory compromise can be 
life threatening. A high index of suspicion of this is necessary, 
especially in patients with shoulder involvement, given the 
close proximity of their respective anterior horn cells. In 
younger children, systemic symptoms include listlessness, 
sore throat, and a slight température élévation; these may 
résolve, but récurrent symptoms, including hyperesthesia or 
paresthesia in the extremities, severe headache, sore throat, 
vomiting, nuchal rigidity, backpain, and limitation of straight- 
leg raising, culminate in characteristically asymmetrical 
paralysis. In older children and adults, symptoms include 
slight température élévation, marked flushing of the skin, and 
appréhension; muscular pain is common. Muscles are tender 
even to gentle palpation. Superficial reflexes usually are absent 
first, and deep tendon reflexes disappear when the muscle 
group is paralyzed. Differential diagnoses include Guillain- 
Barré syndrome and other forms of encephalomyelitis. In rare 
cases, transverse myelitis can follow receipt of OPV. 

Treatment of poliomyelitis in the acute stage generally 
consists of bed rest, analgésies, and anatomie positioning of 
the limbs to prevent contractures. Gentle, passive range-of- 
motion exercises of ail joints should be performed several 
times daily. 

■ CONVALESCENT STAGE 

The convalescent stage begins 2 days affer the température 
returns to normal and continues for 2 years. It has been esti¬ 
mated that approximately half of the infected anterior horn 
cells survive the initial infection, and muscle power improves 
spontaneously during this stage, especially during the first 4 
months and more gradually thereaffer. Treatment during this 
stage is similar to that during the acute stage. Muscle strength 
should be assessed monthly for 6 months and then every 3 
months. Physical therapy should emphasize muscle activity 
in normal patterns and development of maximal capability of 
individual muscles. Muscles with more than 80% return of 
strength recover spontaneously without spécifie therapy. 
According to Johnson, an individual muscle with less than 
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30% of normal strength at 3 months should be considered 
permanently paralyzed. 

Vigorous passive stretching exercises and wedging casts 
can be used for mild or moderate contractures. Surgical 
release of tight fascia and muscle aponeuroses and lengthen- 
ing of tendons may be necessary for contractures persisting 
longer than 6 months. Orthoses should be used until no 
further recovery is anticipated. 

■ CHRONIC STAGE 

The chronic stage of poliomyelitis usually begins 24 months 
after the acute illness. During this time, the orthopaedist 
attempts to help the patient achieve maximal functional 
activity by management of the long-term conséquences of 
muscle imbalance. Goals of treatment include correcting any 
significant muscle imbalances and preventing or correcting 
soft-tissue or bony deformities. Static joint instability usually 
can be controlled indefinitely by orthoses. Dynamic joint 
instability eventually results in a fixed deformity that cannot 
be controlled with orthoses. Young children are more prone 
than adults to develop bony deformity because of their growth 
potential. Soft-tissue surgery, such as tendon transfers, should 
be done in young children before the development of any 
fixed bony changes; bony procedures for correcting a defor¬ 
mity usually can be delayed until skeletal growth is near 
completion. 

TENDON TRANSFERS 

Tendon transfers are indicated when dynamic muscle imbal¬ 
ance results in a deformity that interfères with ambulation or 
function of the upper extremities. Surgery should be delayed 
until the maximal return of expected muscle strength in the 
involved muscle has been achieved. The objectives of a tendon 
transfer are (1) to provide active motor power to replace func¬ 
tion of a paralyzed muscle or muscles, (2) to eliminate the 
deforming effect of a muscle when its antagonist is paralyzed, 
and (3) to improve stability by improving muscle balance. 

Tendon transfer shifts a tendinous insertion from its 
normal attachment to another location so that its muscle can 
be substituted for a paralyzed muscle in the same région. In 
selecting a tendon for transfer, the following factors must be 
carefully considered: 

1. Strength. The muscle to be transferred must be strong 
enough to accomplish what the paralyzed muscle did or 
to supplément the power of a partially paralyzed muscle. 
A muscle to be transferred should hâve a rating of good 
or hetter because a transferred muscle loses at least one 
grade in power after transfer. 

2. Efficiency. The transferred tendon should be attached as 
close to the insertion of the paralyzed tendon as possible 
and should be routed in as direct a line as possible 
between the muscles origin and its new insertion. 

3. Excursion. The tendon to be transferred should hâve a 
range of excursion similar to the one it is reinforcing or 
replacing. It should be retained in its own sheath or into 
the sheath of another tendon or it should be passed through 
tissues, such as subcutaneous fat, that would allow it to 
glide. Routing a tendon through fascial or osseous tunnels 
can lead to scarring and decreased excursion. 

4. Neurovascular. The nerve and blood supply to the trans¬ 
ferred muscle must not be impaired or traumatized in 
making the transfer. 


5. Articular. The joint on which the muscle is to act must be 
in a satisfactory position; any contractures must be 
released before the tendon transfer. A transferred muscle 
cannot be expected to correct a fixed deformity. 

6. Tension. The transferred tendon must be securely attached 
under tension slightly greater than normal. If tension is 
insufficient, excursion is used in removing slack in the 
musculotendinous unit, rather than in producing the 
desired function. 

Muscle transfers, whenever possible, should occur between 
agonistic muscles that are phasic, or active at the same time 
in the gait cycle. The anterior muscles of the leg are predomi- 
nantly swing-phase muscles, and the posterior muscles, or 
flexors, are stance-phase muscles; in the thigh, the quadriceps 
is characteristically a stance-phase muscle, and the ham- 
strings are swing-phase muscles. In general, phasic transfers 
retain their preoperative phasic activities and regain their 
preoperative duration of contraction and electrical intensity. 
In contrast, nonphasic muscle transfers often retain their pre¬ 
operative phasic activity and fail to assume the action of the 
muscles for which they are substituted and are not recom- 
mended. Some nonphasic transfers are capable of phasic 
conversion; however, phasic conversion is somewhat unpre- 
dictable and requires extensive postoperative physical therapy. 
Phasic conversion is not related to the use of splints and/or 
braces or time between disease onset and muscle transfer. 

The idéal muscle for tendon transfer would hâve the same 
phasic activity as the paralyzed muscle, would be of about the 
same size in cross section and of equal strength, and could be 
placed in proper relationship to the axis of the joint to allow 
maximal mechanical effectiveness. Not ail of these criteria 
can be met in every instance. 

Paralytic deformities from muscle paralysis can be 
dynamic or static, and often both types are présent. The extent 
to which the paralytic deformity is dynamic or static should 
be determined because a static deformity can be controlled 
with a brace in a growing child or with arthrodesis in an 
adult. A dynamic deformity is more likely to be appropriate 
for tendon transfer in children and adults. In a growing child 
with dynamic deformity, récurrence is possible with arthrod¬ 
esis alone; in a child with static deformity, however, récur¬ 
rence after arthrodesis is rare. In a growing child with dynamic 
deformity, an appropriate tendon transfer with minimal 
external support redistributes muscle power, preventing per¬ 
manent deformity until the patient is old enough for an 
arthrodesis. 

ARTHRODESIS 

A relaxed or flail joint is stabilized by restricting its range of 
motion. Although a properly constructed brace may control 
a flail joint, a reconstructive operation that would not only 
eliminate the need for a brace but also improve function may 
be more effective. Arthrodesis is the most efficient method of 
permanent stabilization of a joint. Tenodeses that use flexor 
or extensor tendons to stabilize joints of the fingers (see 
Chapters 66 and 71) are notable exceptions, as are tenodeses 
of the peroneus longus or Achilles tendon in paralytic calca- 
neal deformity; results are satisfactory here because the pull 
of gravity and body weight usually are not enough to over- 
stretch the tendons. 

Because the lower extremities are designed primarily to 
support the weight of the body, it is important that their joints 
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are stable and their muscles hâve sufficient power. When the 
control of one or more joints of the foot and ankle is lost 
because of paralysis, stabilization may be required. In the 
upper extremity, reach, grasp, pinch, and release require more 
mobility than stability and more dexterity than power. An 
operation to limit or obliterate motion in a joint of an upper 
extremity should be performed only affer careful study of its 
advantages and disadvantages and of its general effect on the 
patient, especially in normal daily activity. Because of the 
high prevalence of lower extremity weakness in patients with 
poliomyelitis and because many patients use ambulatory 
assistive devices, any surgical treatment that affects the upper 
extremity can hâve a dramatic impact on ambulation as well. 
Arthrodesis of the shoulder is useful for some patients but 
has certain cosmetic and functional disadvantages that must 
be weighed. Arthrodesis of the elbow is rarely indicated in 
poliomyelitis. Arthrodesis of the wrist, although useful for 
some patients, may increase the disability of other patients. 
A patient who must use a wheelchair or crutches and has a 
wrist that is fused in the “optimal” position (for grasp and 
pinch) may be unable to rise from a chair or to manipulate 
crutches because he or she cannot shiff the body weight to 
the palm of the hand with the wrist extended. 

FOOT AND ANKLE 

Because the foot and ankle are the most dépendent parts of 
the body and are subjected to significant amounts of stress, 
they are especially susceptible to deformity from paralysis. 
The most common deformities of the foot and ankle include 
claw toes, cavovarus foot, dorsal bunion, talipes equinus, 
talipes equinovarus, talipes cavovarus, talipes equinovalgus, 
and talipes calcaneus. When the paralysis is of short duration, 
these dynamic deformities are not fixed and may be évident 
only on contraction of unopposed muscles or on weight 
bearing; later, as a resuit of muscle imbalance, habituai pos- 
turing, growth, and abnormal weight-bearing alignment, a 
permanent deformity can occur from contracture of the soft 
tissues and eventual osseous changes. 

Ambulation requires a stable plantigrade foot with even 
weight distribution between the heel and forefoot and no 
significant fixed deformity. In the foot, muscle transfer is 
performed to prevent contracture formation, balance the 
muscles responsible for dorsiflexion and plantarflexion and 
for inversion and eversion, and reestablish as normal a gait 
as possible. Arthrodesis to correct deformity or stabilize the 
joints usually should be delayed until about âge 10 to 12 years 
to allow for adéquate growth of the foot. 

■ TENDON TRANSFERS 

Tendon transfers around the foot and ankle after 10 years of 
âge can be supplemented by arthrodesis to correct fixed 
deformities, to establish enough latéral stability for weight 
bearing, and to compensate in part for the loss of function in 
the evertor and invertor muscles of the foot. When tendon 
transfers and arthrodesis are combined in the same opera¬ 
tion, the arthrodesis should be performed first. 

Transfer of a tendon usually is préférable to excision, 
not only to preserve function but also to prevent further 
atrophy of the leg. When the paralysis is severe enough to 
require arthrodesis, there usually is some weakness of the 
dorsiflexor or plantar flexor muscles. In this case, the invertor 
or evertor muscles can be transferred to the midline of the 


foot anteriorly or posteriorly into the calcaneus and Achilles 
tendon. In the rare instance when a muscle function is dis- 
carded, 7 to 10 cm of its tendon should be excised to prevent 
scarring of the tendon ends by fibrous tissue. In addition to 
arthrodesis and tendon transfers, any deformities of the leg, 
such as excessive tibial torsion, genu varum, or genu valgum 
(bowlegs), should be corrected because otherwise they might 
cause récurrence of the foot deformity. 

I PARALYSIS OF SPECIFIC MUSCLES 

Isolated muscles may be paralyzed in patients with poliomy¬ 
elitis, but more offen combinations of muscles are affected. 
The spécifie muscle or muscles involved and the resulting 
muscle imbalance should be determined before treatment is 
started. Common deformities caused by muscle imbalance in 
the foot and ankle are described, according to the muscles 
involved. The exact pattern of muscle paralysis and the spé¬ 
cifie deformity that occurs must be carefully determined 
before any surgical intervention is undertaken. 

ÏANTERIOR TIBIAL MUSCLE 

Severe weakness or paralysis of the anterior tibial muscle 
results in loss of dorsiflexion and inversion power and pro¬ 
duces a slowly progressive deformity (equinus and cavus or 
varying degrees of planovalgus) that is first évident in the 
swing phase of gait. The extensors of the long toe, which 
usually assist dorsiflexion, become overactive in an attempt 
to replace the paralyzed anterior tibial muscle, causing hyper¬ 
extension of the proximal phalanges and dépréssion of the 
metatarsal heads. A cavovarus deformity occasionally results 
from unopposed activity of the peroneus longus combined 
with an active posterior tibial muscle. 

Passive stretching and serial casting can be tried before 
surgery to correct the equinus contracture. Posterior ankle 
capsulotomy and Achilles tendon lengthening occasionally 
are required and are combined with anterior transfer of the 
peroneus longus to the base of the second metatarsal. The 
peroneus brevis is sutured to the stump of the peroneus 
longus to prevent a dorsal bunion. As an alternative, the 
extensor digitorum longus can be recessed to the dorsum of 
the midfoot to supply active dorsiflexion. Claw toe deformity 
is managed by transfer of the long toe extensors into the 
metatarsal necks (see Chapter 86). 

Plantar fasciotomy and release of intrinsic muscles may 
be necessary before tendon surgery for a fixed cavovarus 
deformity. In this situation, the peroneus longus is transferred 
to the base of the second metatarsal and the extensor hallucis 
longus is transferred to the neck of the first metatarsal. The 
claw toe deformity frequently recurs because of reattachment 
of the extensor hallucis longus; this can be prevented by 
suturing its distal stump to the extensor hallucis brevis. 

ÏANTERIOR AND POSTERIOR TIBIAL MUSCLES 

If the anterior tibial and the posterior tibial muscles are para¬ 
lyzed, development of hindfoot and forefoot equinovalgus is 
more rapid and the deformity becomes fixed as the Achilles 
tendon and peroneal muscles shorten. This deformity may be 
similar to congénital vertical talus on a standing latéral radio- 
graph, but the apparent vertical talus is not confirmed when 
a plantarflexion latéral view is obtained. Serial casting is used 
before surgery to stretch the tight Achilles tendon and to 
avoid weakening the gastrocnemius-soleus. If the peroneal 
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muscles are normal, and both tibial muscles are paralyzed, 
one of the peroneal muscles must be transferred. Because of 
its greater excursion, the peroneus longus is transferred to the 
base of the second metatarsal to replace the anterior tibial and 
one of the long toe flexors replaces the posterior tibial. The 
peroneus brevis is sutured to the distal stump of the peroneus 
longus tendon. 

I POSTERIOR TIBIAL MUSCLE 

Isolated paralysis of the posterior tibial muscle is rare but can 
resuit in hindfoot and forefoot eversion. The flexor hallucis 
longus and the flexor digitorum longus hâve been used for 
tendon transfers in this situation. Through a posteromedial 
incision, the intrinsic plantar muscles are dissected sharply 
from their calcaneal origin and one of the long toe flexors is 
exposed and divided. If the flexor digitorum longus is used, 
it is dissected from its tendon sheath posterior and proximal 
to the médial malleolus, rerouted through the posterior tibial 
sheath, and attached to the navicular. In rare cases, as an 
alternative, the extensor hallucis longus can be transferred 
posteriorly through the interosseous membrane and then 
through the posterior tibial tunnel. 

For children 3 to 6 years old, Axer recommended bring- 
ing the conjoined extensor digitorum longus and peroneus 
tertius tendons through a transverse tunnel in the talar neck 
and suturing the tendon back onto itself. For fixed equinus 
deformity, lengthening of the Achilles tendon may be required 
before tendon transfer. For severe valgus, Axer recommended 
transfer of the peroneus longus into the médial side of the 
talar neck and transfer of the peroneus brevis into the latéral 
side. Isolated transfer of the peroneus brevis should not be 
done because it can cause a forefoot inversion deformity. 
Affer surgery, cast immobilization is continued for 6 weeks, 
followed by 6 months of orthosis wear. 

I ANTERIOR TIBIAL, TOE EXTENSOR, AND 
PERONEAL MUSCLES 

Progressively severe equinovarus deformity develops when 
the posterior tibial and gastrocnemius-soleus are unopposed. 
The posterior tibial muscle increases forefoot equinus and 
cavus deformity by depressing the metatarsal head and short- 
ening the médial arch of the foot. Further equinus and varus 
deformity results from contracture of the gastrocnemius- 
soleus, which acts as a fixed point toward which the plantar 
intrinsic muscles pull and increase forefoot adduction. 

Stretching by serial casting may be attempted, but length¬ 
ening of the Achilles tendon usually is required. Radical soft- 
tissue release of the forefoot cavus deformity also may be 
necessary. Anterior transfer of the posterior tibial to the base 
of the third metatarsal or middle cuneiform can be supple- 
mented by anterior transfer of the long toe flexors. Arthro- 
desis usually is not required; the deformity can be controlled 
by physical therapy and orthoses. A bony tunnel can be made 
through the base of the third metatarsal or the middle cunei¬ 
form, with suture of the transfer to a button over a felt pad 
placed on the non-weight-bearing area of the plantar surface 
of the foot. 

I PERONEAL MUSCLES 

Isolated paralysis of the peroneal muscles is rare in patients 
with poliomyelitis but can cause severe hindfoot varus defor¬ 
mity because of the unopposed activity of the posterior tibial 


muscle. The calcaneus becomes inverted, the forefoot is 
adducted, and the varus deformity is increased by the action 
of the invertor muscles during gait. The unopposed anterior 
tibial activity can cause a dorsal bunion. In this situation, the 
anterior tibial muscle can be transferred laterally to the base 
of the second metatarsal; however, isolated transfer of the 
anterior tibial muscle can resuit in overactivity of the extensor 
hallucis longus, causing hyperextension of the hallux and 
development of a painful callus under the first metatarsal 
head. In children younger than 5 years of âge, lengthening of 
the extensor hallucis longus tendon may be required. In chil¬ 
dren older than 5 years, the extensor hallucis longus should 
be transferred to the first metatarsal neck before the bony 
deformity becomes fixed. 

I PERONEAL AND LONG TOE EXTENSOR MUSCLES 

Paralysis of the peroneal muscles and long toe extensors 
causes a less severe equinovarus deformity that can be treated 
by transfer of the anterior tibial tendon to the base of the third 
metatarsal or the middle cuneiform. 

I GASTROCNEMIUS-SOLEUS MUSCLES 

The gastrocnemius-soleus is a strong muscle group in the 
body, lifting the entire body weight with each step. Paralysis 
of the gastrocnemius-soleus, leaving the dorsiflexors unop¬ 
posed, causes a rapidly progressive calcaneal deformity. Adé¬ 
quate tension of the Achilles tendon is important to the 
normal function of the long toe flexors and extensors and to 
the intrinsic foot muscles. If the gastrocnemius-soleus is 
weak, the posterior tibial, the peroneal muscles, and the 
long toe flexors cannot effectively plantarflex the hindfoot; 
however, they can depress the metatarsal heads and cause an 
equinus deformity. Shortening of the intrinsics and plantar 
fascia draws the metatarsal heads and the calcaneus together, 
similar to a bowstring. The long axes of the tibia and the 
calcaneus coincide, negating any residual power in the 
gastrocnemius-soleus. 

Keeping the foot in slight equinus during the acute 
stage of poliomyelitis helps prevent overstretching of the 
gastrocnemius-soleus, and the position is maintained in the 
convalescent stage. If the gastrocnemius-soleus is weak, early 
walking is discouraged. Serial standing radiographs should 
be obtained frequently, especially in children younger than 5 
years old, because of the rapid development of the 
deformity. 

Surgical correction is indicated to prevent development 
of calcaneal deformity and to restore hindfoot plantarflexion. 
In the acute stage, the only absolute indication for tendon 
transfer in children younger than 5 years old is a progressive 
calcaneal deformity. 

The combination of muscles transferred posteriorly 
dépends on the residual strength of the gastrocnemius-soleus 
and the pattern of remaining muscle function. If the motor 
strength of the gastrocnemius-soleus is fair, posterior transfer 
of two or three muscles may be sufficient for normal gait. If 
the gastrocnemius-soleus is completely paralyzed, as many 
muscles as are available should be transferred. Plantar fasci- 
otomy and intrinsic muscle release are required before tendon 
transfer in fixed forefoot cavus deformity. 

The anterior tibial muscle can be transferred posteriorly 
18 months after the acute stage of poliomyelitis. This can be 
done as an isolated procedure if the latéral stabilizers 
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are balanced and the strong toe extensors can be used for 
dorsiflexion. In more severe deformity, transfer of the toe 
extensors to the metatarsal heads and fusion of the interpha- 
langeal joints may be required to prevent claw toe 
deformity 


POSTERIOR TRANSFER OF ANTERIOR 
TIBIAL TENDON 


TECHNIQUE 34-1 


(DRENNAN) 

■ Take care to obtain maximal length of the anterior tibial 
tendon, which may hâve shortened because of the calca- 
neal deformity of the interosseous membrane. 

■ Split the insertion of the Achilles tendon longitudinally 
and develop osteoperiosteal flaps on the calcaneal 
tuberosity. 

■ Place the foot in maximal plantarflexion to ensure that 
the transfer is attached under appropriate tension. If nec- 
essary to obtain adéquate plantarflexion, release other 
dorsal soft structures, including the ankle joint capsule, 
or lengthen the long toe extensors. If the attenuated 
Achilles tendon requires shortening, use a Z-plasty tech¬ 
nique, resecting the redundant tendon from the proximal 
part. 

■ Attach the transferred anterior tibial tendon to the tuber¬ 
osity of the calcaneus and to the distal stump of the 
Achilles tendon, which has retained its normal attach- 
ment to the calcaneal tuberosity. 

■ Close the wound in normal fashion and apply a long leg 
cast with the foot in the plantarflexed position. The cast 
is worn for 5 weeks, and a brace is worn for an additional 
4 months. 


If the invertors and evertors are balanced, a pure calca- 
neocavus deformity develops. Posterior transfer of only one 
set of these muscles causes instability and deformity If the 
gastrocnemius-soleus strength is fair, transfer of the peroneus 
brevis and posterior tibial to the heel is sufficient to control 
the calcaneal deformity and allow normal gait. Latéral imbal¬ 
ance requires transposition of the acting invertor or evertor 
to the heel. Both peroneals are transferred to the heel for 
calcaneovalgus deformity, and the posterior tibial and flexor 
hallucis longus can be transferred for cavovarus deformity 
Westin and Defiore recommended tenodesis of the Achil¬ 
les tendon to the fibula for paralytic calcaneovalgus deformity 
(Fig. 34-1). They used a T-shaped incision in the periosteum 
instead of a drill hole, with imbrication of the distal segment 
of the sectioned tendon below the periosteum. For mobile 
calcaneal deformities, Makin recommended transfer of the 
peroneus longus into a groove eut in the posterior calcaneus, 
without disturbance of the origin or insertion of the tendon. 
The tendon is freed proximal to the latéral malleolus and at 
the cuboid groove, and the foot is maximally plantarflexed, 
allowing the peroneus longus to displace posteriorly into the 
calcaneal groove, where it eventually unités with the bone. 



Anterior (A) and latéral (B) views of tenodesis 
of Achilles tendon to fibula. 


Extraarticular subtalar arthrodesis may be required as a 
second procedure. 

In rare cases, if no invertors or evertors are présent 
for transfer, the hamstrings can be used to replace the 
gastrocnemius-soleus. Prerequisites for this procedure 
include complété paralysis of the gastrocnemius-soleus, 
strong médial hamstrings or biceps femoris muscles, and 
strong ankle dorsiflexors and quadriceps muscles. The inser¬ 
tions of the semitendinosus and gracilis and occasionally the 
semimembranosus are mobilized, passed subcutaneously, 
and attached to the sagittally incised Achilles tendon. A mat- 
tress suture at the proximal end of the Achilles tendon pre- 
vents this incision from extending proximally. The tendons 
are sutured with the knee flexed to 25 degrees and the foot in 
plantarflexion. 

I FLAIL FOOT 

When ail muscles distal to the knee are paralyzed, equinus 
deformity results because of passive plantarflexion. The 
intrinsic muscles may retain some function, leading to fore- 
foot equinus or cavoequinus deformity. Radical plantar 
release, sometimes combined with plantar neurectomy, 
usually Controls this deformity. Midfoot wedge resection may 
be required for the forefoot equinus deformity in older 
patients. 

I DORSAL BUNION 

In a dorsal bunion deformity, the shaff of the first metatarsal 
is dorsiflexed and the great toe is plantarflexed; it usually 
results from muscle imbalance, although occasionally there 
may be other causes. In its early stages, the deformity is not 
fixed but is présent only on weight bearing, especially walking. 
If the muscle imbalance is not corrected, the deformity 
becomes fixed, although it remains more pronounced on 
weight bearing. 

Usually, only the metatarsophalangeal joint of the great 
toe is flexed, and on weight bearing the first metatarsal head 
is displaced upward; the longitudinal axis of the metatarsal 
shaff can be horizontal, or its distal end can even be directed 
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slightly upward. The first cuneiform also can be tilted upward. 
A small exostosis can form on the dorsum of the metatarsal 
head. When flexion of the great toe is severe enough, the 
metatarsophalangeal joint can subluxate and the dorsal part 
of the cartilage of the metatarsal head eventually can degener- 
ate. The plantar part of the joint capsule and the flexor hal- 
lucis brevis muscle can become contracted. 

Two types of muscle imbalance can cause a dorsal bunion. 
The more common dorsiflexes the first metatarsal, and the 
plantarflexion of the great toe is secondary. The less common 
plantarflexes the great toe, and dorsiflexion of the first meta¬ 
tarsal is secondary 

The most common imbalance is between the anterior 
tibial and peroneus longus muscles; normally, the anterior 
tibial muscle raises the first cuneiform and the base of the 
first metatarsal, and the peroneus longus opposes this action. 
When the peroneus longus is weak or paralyzed or has been 
transferred elsewhere, the first metatarsal can be dorsiflexed 
by a strong anterior tibial muscle or by a muscle substituting 
for it. When the first metatarsal is dorsiflexed, the great toe 
becomes actively plantarflexed to establish a weight-bearing 
point for the médial side of the forefoot and to assist push-off 
in walking. Weakness of the dorsiflexor muscles of the great 
toe also may favor the development of this position of the 
toe. Many dorsal bunions develop affer ill-advised tendon 
transfers for residual poliomyelitis. In such patients, the 
opposing actions of the peroneus longus and anterior tibial 
muscles on the first metatarsal were considered in the trans¬ 
fers. Before any transfer of the peroneus longus tendon, the 
effect of its loss on the first metatarsal must be carefully con¬ 
sidered. When the anterior tibial is paralyzed and tendon 
transfer is feasible, the peroneus longus tendon or the 
tendons of the peroneus longus and peroneus brevis should 
be transferred to the third cuneiform, rather than to the 
insertion of the anterior tibial; as an alternative, the peroneus 
brevis tendon can be transferred to the insertion of the ante¬ 
rior tibial, leaving the peroneus longus tendon undisturbed. 
We believe that when the peroneus longus tendon is trans¬ 
ferred, the proximal end of its distal segment should be 
securely fixed to bone at the level of division. When the 
gastrocnemius-soleus group is weak or paralyzed, and the 
anterior tibial and peroneus longus muscles are strong, 
the peroneus longus should not be transferred to the calca- 
neus unless the anterior tibial is transferred to the midline of 
the foot. A dorsal bunion does not always follow ill-advised 
tendon transfers, however, because the muscle imbalance 
may not be severe enough to cause it. When the deformity is 
progressive, surgery may simply consist of transferring the 
anterior tibial (or the previously transferred peroneus longus) 
to the third cuneiform; correcting the deformity itself may be 
unnecessary. When the deformity is fixed, however, surgery 
must correct not only the muscle imbalance but also the 
deformity. 

The second and less common muscle imbalance that can 
cause a dorsal bunion results from paralysis of ail muscles 
controlling the foot except the gastrocnemius-soleus group, 
which may be of variable strength, and the long toe flexors, 
which are strong. These strong toe flexors help steady the foot 
in weight bearing and sustain the push-off in walking. The 
flexor hallucis longus assumes a large share of this added 
function and with active use, the great toe may be almost 
constantly plantarflexed; the first metatarsal head is displaced 


upward to accommodate it. A strong flexor hallucis brevis 
muscle also may help produce the deformity. 

There are other, less common causes for the deformity. It 
can develop in conjunction with a hallux rigidus in which 
dorsiflexion of the first metatarsophalangeal joint is painful. 
The articular surfaces become irregular, and the plantar part 
of the joint capsule gradually contracts; prolifération of bone 
on the dorsum of the first metatarsal head often becomes 
pronounced and blocks dorsiflexion of the joint. When 
walking, the patient may unconsciously supinate the foot and 
plantarflex the great toe to protect the weight-bearing pad of 
the great toe. A dorsal bunion also is sometimes seen in a 
severe congénital flatfoot with a rocker-bottom deformity 
(see Chapter 29). Transfer of the flexor hallucis longus to the 
neck of the first metatarsal, combined with bony correction 
by plantar closing wedge osteotomy of the first metatarsal 
when necessary, currently is our preferred technique for cor¬ 
rection of dorsal bunions (Chapter 29, Technique 29-19). A 
strong unopposed anterior tibial tendon that contributes to 
forefoot supination is an indication for addition of a split 
anterior tibial tendon transfer. 

■ BONY PROCEDURES (OSTEOTOMY 
AND ARTHRODESIS) 

The object of arthrodesis in patients with poliomyelitis is to 
reduce the number of joints the weakened or paralyzed 
muscles must control. The structural bony deformity must be 
corrected before a tendon transfer is performed. Stabilizing 
procedures for the foot and ankle are traditionally of five 
types: (1) calcaneal osteotomy, (2) extraarticular subtalar 
arthrodesis, (3) triple arthrodesis, (4) ankle arthrodesis, and 
(5) bone blocks to limit motion at the ankle joint. These pro¬ 
cedures can be performed singly or in combination with 
other procedures. The choice of operations dépends on the 
âge of the patient and the particular deformity that must be 
corrected. 

I CALCANEAL OSTEOTOMY 

Calcaneal osteotomy (see Chapter 34) can be performed for 
correction of hindfoot varus or valgus deformity in growing 
children. For cavovarus deformity, it can be combined with 
release of the intrinsic muscles and the plantar fascia, and for 
calcaneovarus deformity, with posterior displacement calca¬ 
neal osteotomy. Fixed valgus deformity may require médial 
displacement osteotomy in a plane parallel to the peroneal 
tendons. 

I DILLWYN-EVANS OSTEOTOMY 

The Dillwyn-Evans osteotomy can be used for talipes calca- 
neovalgus deformity as an alternative to triple arthrodesis in 
children 8 to 12 years old. This osteotomy, the reverse of the 
original technique used in clubfeet, lengthens the calcaneus 
by a transverse osteotomy of the calcaneus and the insertion 
of a bone graff to open a wedge and lengthen the latéral 
border of the foot (Fig. 34-2). 

I SUBTALAR ARTHRODESIS 

Paralytic equinovalgus deformity results from paralysis of the 
anterior tibial and posterior tibial and the unopposed action 
of the peroneals and gastrocnemius-soleus. The calcaneus is 
everted and displaced laterally and posteriorly. The susten- 
taculum tali no longer functions as the calcaneal buttress for 
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FIGURE 


Dillwyn-Evans procedure. 


the talar head, which shifts medially and into equinus. 
Hindfoot and forefoot equinovalgus deformities develop 
rapidly and, with growth, become fixed and require bony 
correction. 

Grice and Green developed an extraarticular subtalar 
fusion to restore the height of the médial longitudinal arch in 
patients 3 to 8 years old. Ideally, this procedure is performed 
when the valgus deformity is localized to the subtalar joint 
and when the calcaneus can be manipulated into its normal 
position beneath the talus. Careful clinical and radiographie 
examinations should détermine whether the valgus deformity 
is located primarily in the subtalar joint or the ankle joint. If 
the forefoot is not mobile enough to be made plantigrade 
when the hindfoot is corrected, the procedure is contraindi- 
cated. The most common complications of the Grice and 
Green arthrodesis are varus deformity and increased ankle 
joint valgus because of overcorrection. Bone infection, pseud- 
arthrosis, graff résorption, and degenerative arthritis of the 
metatarsal joints also hâve been reported. 

Dennyson and Fulford described a technique for subtalar 
arthrodesis in which a screw is inserted across the subtalar 
joint for internai fixation and an iliac crest graff is placed in 
the sinus tarsi. Because the screw provides internai fixation, 
maintenance of the correct position does not dépend on the 
bone graff. 


SUBTALAR ARTHRODESIS 


TECHNIQUE 34-2 


(GRICE AND GREEN) 

■ Make a short curvilinear incision on the latéral aspect of 
the foot directly over the subtalar joint. 


■ Carry the incision down through the soft tissues to expose 
the cruciate ligament overlying the joint. Split this liga¬ 
ment in the direction of its fibers and dissect the fatty 
and ligamentous tissues from the sinus tarsi. 

■ Dissect the short toe extensors from the calcaneus and 
reflect them distally. The relationship of the calcaneus to 
the talus now can be determined, and the mechanism of 
the deformity can be demonstrated. 

■ Place the foot in equinus and then invert it to position 
the calcaneus beneath the talus. A severe, long-standing 
deformity may require division of the posterior subtalar 
joint capsule or removal of a small piece of bone laterally 
from beneath the anterosuperior calcaneal articular 
surface. 

■ Insert an osteotome or broad periosteal elevator into 
the sinus tarsi and block the subtalar joint to evaluate 
the stability of the graft and its proper size and 
position. 

■ Préparé the graft beds by removing a thin layer of cortical 
bone from the inferior surface of the talus and the supe- 
rior surface of the calcaneus (Fig. 34-3). 

■ Now make a linear incision over the anteromedial surface 
of the proximal tibial metaphysis, incise the periosteum, 
and take a block of bone large enough for two grafts 
(usually 3.5 to 4.5 cm long and 1.5 cm wide). As alterna¬ 
tives to tibial bone, take a short segment of the distal 
fibula or a circular segment of the iliac crest. 

■ Cut the grafts to fit the prepared beds. Use a rongeur to 
shape the grafts so that they can be countersunk into the 
cancellous bone to prevent latéral displacement. 

■ With the foot held in a slightly overcorrected position, 
place the grafts in the sinus tarsi. Evert the foot to lock 
the grafts in place. 

■ If a segment of the fibula or iliac crest is used, a smooth 
Kirschner wire can be used to hold the graft in place for 
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FIGURE 


Grice-Green subtalar fusion. Préparation of graft bed and placement of graft in latéral aspect of subtalar joint. 


SEE TECHNIQUE 34-2. 


12 weeks. A screw can be inserted anteriorly from the 
talar neck into the calcaneus for rigid fixation. 

■ Apply a long leg cast with the knee flexed, the ankle in 
maximal dorsiflexion, and the foot in the corrected 
position. 

POSTOPERATIVE CARE. After 12 weeks of non- 
weight-bearing, the long leg cast is removed and a short- 
leg walking cast is applied and worn for an additional 
4 weeks. 


SUBTALAR ARTHRODESIS 


TECHNIQUE 34-3 


(DENNYSON AND FULFORD) 

■ Make an oblique incision in the line of the skin creases, 
centered over the sinus tarsi and extending from the 
middle of the front of the ankle proximally and laterally 
to the peroneal tendons (Fig. 34-4A). 

■ Raise the origin of the extensor digitorum brevis, along 
with a pad of subcutaneous fat, proximally and reflect it 
distally to expose the sinus tarsi. 

■ Remove the fat from the sinus tarsi by sharp dissection 
close to the bone and, with a narrow gouge, remove 
cortical bone from the apex of the sinus tarsi to expose 
cancellous bone on the undersurface of the talar neck 
and on the nonarticular area in the upper calcaneal 
surface (Fig. 34-4B). Do not remove cortical bone from 
the outer part of the sinus tarsi in the area through which 
the screw will pass. 

■ Expose the dépréssion on the superior surface of the talar 
neck by blunt dissection between the tendon of the 
extensor digitorum longus and the neurovascular bundle. 

■ Hold the calcaneus in its correct position and pass a 
bone awl from this dépréssion through the neck of 
the talus and across the sinus tarsi to enter the upper 
surface of the calcaneus toward the latéral side until it 
pierces the cortex of the calcaneus at its inferolateral 


border (Fig. 34-4C). The awl must pass through cortical 
bone on both the superior and inferior surfaces of the 
talar neck and on the superior and inferolateral surfaces 
of the calcaneus. 

■ Détermine the length of the awl that is within the bones 
and insert a minifragment cancellous screw of the same 
length. Tighten the screw until its head is seated into the 
superior surface of the talus. 

■ Pack chips of cancellous bone from the iliac crest into the 
apex of the sinus tarsi (Fig. 34-4D). 

■ Replace the extensor digitorum brevis and close the 
wound. 

■ Apply a long leg, non-weight-bearing cast. 

POSTOPERATIVE CARE. The long leg cast is removed 
at 6 to 8 weeks, and a short leg walking cast is applied 
and worn for an additional 4 to 6 weeks. 


ï TRIPLE ARTHRODESIS 

The most effective stabilizing procedure in the foot is triple 
arthrodesis (Fig. 34-5): fusion of the subtalar, calcaneocu- 
boid, and talonavicular joints. Triple arthrodesis limits 
motion of the foot and ankle to plantarflexion and dorsiflex¬ 
ion. It is indicated when most of the weakness and deformity 
are at the subtalar and midtrial joints. Triple arthrodesis is 
performed (1) to obtain stable and static realignment of the 
foot, (2) to remove deforming forces, (3) to arrest progression 
of deformity, (4) to eliminate pain, (5) to eliminate the use of 
a short leg brace or to provide sufhcient correction to allow 
fitting of a long leg brace to control the knee joint, and (6) 
to obtain a more normal-appearing foot. Generally, triple 
arthrodesis is reserved for severe deformity in children 12 
years old and older; occasionally, it may be required in chil¬ 
dren 8 to 12 years old with progressive, uncontrollable 
deformity. 

The exact technique of triple arthrodesis dépends on the 
type of deformity, and this should be determined before 
surgery. A paper tracing can be made from a latéral radio- 
graph of the ankle, and the components of the subtalar joint 
are divided into three sections: the tibiotalar and calcaneal 
components and another component comprising ail the 
bones of the foot distal to the midtarsal joint. These are 
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Subtalar arthrodesis with internai fixation. A f Oblique incision over sinus tarsi. B f Exposure of sinus tarsi, cancellous 
bone of calcaneus, and talus. C f Steinmann pin is placed across subtalar joint entering talus as far distal as possible with foot held in 
corrected position. D f Screw is placed across subtalar joint from talar neck into calcaneus; sinus tarsi is filled with iliac crest bone graft. 
E f Radiograph of corrected foot with screw in place. SEE TECHNIQUE 34-3. 


reassembled with the foot in the corrected position so that 
the size and shape of the wedges to be removed can be mea- 
sured accurately. 

In talipes equinovalgus, the médial longitudinal arch of 
the foot is depressed, the talar head is enlarged and plan- 
tarflexed, and the forefoot is abducted. Raising the talar head 
and shiffing the sustentaculum tali medially beneath the talar 
head and neck restores the arch. A medially based wedge 
consisting of a portion of the talar head and neck is excised 
(Fig. 34-5C). When the hindfoot valgus deformity is cor¬ 
rected, the forefoot tends to supinate; this is controlled by 
midtarsal joint resection with a medially based wedge. An 
additional médial incision may be required for resection of 
the talonavicular joint. 

In talipes equinovarus, the enlarged talar head lies latéral 
to the midline axis of the foot and blocks dorsiflexion. A later- 
ally based subtalar wedge, combined with midtarsal joint 
resection, places the talar head slightly médial to the midline 
axis of the foot (Fig. 34-5D). 

In talipes calcaneocavus, the arthrodesis should allow 
posterior displacement of the foot at the subtalar joint. Affer 
stripping of the plantar fascia, a wedge-shaped or cuneiform 


section of bone is removed to allow correction of the cavus 
deformity, and a wedge of bone is removed from the subtalar 
joint to correct the rotation of the calcaneus (Fig. 34-5D). 

The muscle balance of the foot and ankle détermines how 
much the foot should be displaced posteriorly. Posterior dis¬ 
placement of the foot transfers its fulcrum (the ankle) ante- 
riorly to a position near its center and lengthens its posterior 
lever arm; this is especially important when the gastrocnemius- 
soleus group is weak. 


TRIPLE ARTHRODESIS 


TECHNIQUE 34-4 


■ Make an oblique incision centered over the sinus tarsi in 
line with the skin creases on the latéral side of the foot, 
beginning dorsolaterally at the latéral border of the 
tendons of the long toe extensors at the level of the 
talonavicular joint (Fig. 34-5A). Continue the incision 
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Triple arthrodesis. A f Oblique incision in sinus tarsi to expose subtalar, talonavicular, and calcaneocuboid joints. 
B, Cartilage and cortical bone removed from ail joint surfaces; appropriate wedges are removed if necessary. C f Wedges necessary for 
correction of valgus deformity. D f Wedges necessary for correction of varus deformity. SEE TECHNIQUES 34-4 AND 34-5. 


posteriorly, angling plantarward and ending at the level 
of the peroneal tendons. Carefully protect the extensor 
and peroneal tendons and carry the incision sharply down 
through the sinus tarsi to the extensor digitorum brevis 
muscle. 

■ Reflect the origin of this muscle distally along with the 
fat in the sinus tarsi. 

■ Clean the remainder of the sinus tarsi of ail tissue to 
expose the subtalar and calcaneocuboid joints and the 
latéral portion of the talonavicular joint. 

■ Incise the capsules of the talonavicular, calcaneocuboid, 
and subtalar joints circumferentially to obtain as much 
mobility as possible. If this release allows the foot to be 
placed in a normal position, removal of large bony wedges 
is not required. If correction is impossible after soft- 
tissue release, appropriate bone wedges are removed (Fig. 
34-5C and D). 


■ Identify the anterior articular process of the calcaneus and 
excise it at the level of the floor of the sinus tarsi for better 
exposure of ail joints. 

■ To make this osteotomy, use an osteotome placed parallel 
to the plantar surface of the foot; preserve the bone for 
grafting. 

■ With an osteotome remove the articular surfaces of the 
calcaneocuboid joint to expose cancellous bone. 

■ Remove an equal amount from both bones unless 
wedge correction of a bone deformity is required 

(Fig. 34-5B). 

■ Remove the distal portion of the head of the talus with 
X-inch and / 2 -\nch straight and curved osteotomes. 
Remove only enough bone to expose the cancellous bone 
of the talar head unless a médial wedge is required to 
correct a fixed deformity. A small lamina spreader can be 
inserted for better exposure. A second médial incision 
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may be necessary to expose the most médial portion of 
the talonavicular joint. 

■ Remove the proximal articular surface and subchondral 
bone of the navicular and shape and roughen the sur¬ 
faces for a snug fit with the talus. 

■ Excise the articular surfaces of the sustentaculum tali and 
the anterior facet of the subtalar joint. 

■Approach the subtalar joint and completely remove its 
articular surfaces. For better exposure of the posterior 
portion, use the small lamina spreader to expose the 
subtalar joint. Remove appropriate wedges from this joint 
if necessary; otherwise, make the joint resections parallel 
to the articular surfaces. 

■Cut the removed bone into small pièces to be used for 
bone grafting. Place most of the bone graft around the 
talonavicular joint and in the depth of the sinus tarsi. 

■Correction is maintained with internai fixation, usually 
smooth Steinmann pins or Kirschner wires. 

■ Close the muscle pedicle of the extensor digitorum brevis 
over the sinus tarsi to reduce the dead space. 

■Close the wound over a suction drain and apply a well- 
padded, short leg cast. 

POSTOPERATIVE CARE. Considérable bleeding from 
the drain and through the wound itself can be expected. 
The foot should be elevated to minimize swelling. The 
drain is removed at 24 to 48 hours. Walking with crutches 
or a walker, with touch-down weight bearing on the 
operated foot, is allowed as tolerated. The cast and pins 
or wires are removed at 6 to 8 weeks, and a short leg 
walking cast is applied and worn until union is complété, 
usually 4 weeks more. 


CORRECTION OF CAVUS DEFORMITY 


TECHNIQUE 34-5 


■ Perform a médial radical plantar release to correct the 
contracted soft tissues bridging the longitudinal arch. 
Then forcibly correct the cavus deformity as much as 
possible. 

■ Expose the calcaneocuboid, talonavicular, and subtalar 
joints through the incision described earlier. 

■ With an osteotome, remove from the talonavicular and 
calcaneocuboid joints a wedge-shaped or cuneiform 
section of bone with its base anterior and large enough 
to correct the cavus deformity that remains after the 
plantar fascial stripping. 

■ Dorsiflex the forefoot and appose the raw surfaces to see 
if the cavus is corrected; if so, expose the subtalar joint 
and remove from it a wedge of bone with its base pos¬ 
terior to correct the deformity or rotation of the calcaneus 
(see Fig. 34-5D). Be sure that ail bone surfaces fit together 
well and that the foot is in satisfactory position before 
closing the wound. 


POSTOPERATIVE CARE. Correction usually is main¬ 
tained with Steinmann pins or Kirschner wires. A cast is 
applied, and firm pressure is exerted on the sole of the 
foot while the plaster is setting to stretch the plantar 
structures as much as possible. When internai fixation is 
not used, the cast and sutures are removed at 10 to 14 
days, the foot is inspected, and radiographs are made. If 
the position is not satisfactory, the foot is manipulated 
with the patient under general anesthésia. A new cast, 
snug but properly padded, is then applied and is molded 
to the contour of the foot; this cast is removed at 12 
weeks. 


I COMPLICATIONS OF TRIPLE ARTHRODESIS 

The most common complication of triple arthrodesis is 
pseudarthrosis, especially of the talonavicular joint. The addi- 
tional stress on the ankle joint caused by loss of mobility of 
the hindfoot can lead to the development of degenerative 
arthritis. Excessive resection of the talus can cause osteone- 
crosis, especially in adolescents; this usually is évident on 
radiographs 8 to 12 weeks after triple arthrodesis. Ligamen- 
tous laxity around the ankle joint may require ankle fusion. 
Muscle imbalance after hindfoot stabilization can lead to 
forefoot deformity; unopposed function of the anterior tibial 
or peroneal muscles is the most common cause of this com¬ 
plication and should be corrected by tendon transfer. Resid- 
ual deformity usually is caused by insufficient correction 
at surgery, inadéquate immobilization, pseudarthrosis, or 
muscle imbalance. 

I TALECTOMY 

Talectomy provides stability and posterior displacement of 
the foot and generally is recommended for children 5 to 12 
years old when the deformity is not correctable by arthrod¬ 
esis. Talectomy limits motion of the ankle joint, especially 
dorsiflexion, and créâtes a tibiotarsal ankylosis. Posterior dis¬ 
placement of the foot places the distal tibia over the center of 
the weight-bearing area, producing even weight distribution 
and good latéral stability. Appearance usually is satisfactory, 
pain is relieved, and spécial shoes or orthoses are not required. 

The most common cause of failure of talectomy is muscle 
imbalance, usually the presence of a strong anterior or pos¬ 
terior tibial muscle. Intrinsic muscle activity can cause con¬ 
tracture of the plantar fascia, resulting in a forefoot equinus 
deformity. In children younger than 5 years old, récurrence 
of the deformity is frequent, and pain is common in individu - 
als older than 15 years, especially with inadéquate excision of 
the entire talus. Tibiocalcaneal arthrodesis can be performed 
for failed talectomy and most commonly is indicated because 
of persistent pain. The technique of talectomy is described in 
Chapter 29. 


LAMBRINUDI ARTHRODESIS 

The Lambrinudi arthrodesis is recommended for correction 
of isolated fixed equinus deformity in patients older than 
10 years. Retained activity in the gastrocnemius-soleus, 
combined with inactive dorsiflexors and peroneals, causes 
the footdrop deformity. The posterior talus abuts the 
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undersurface of the tibia, and the posterior ankle joint 
capsule contracts to create a fixed equinus deformity. In 
the Lambrinudi procedure, a wedge of bone is removed 
from the plantar distal part of the talus so that the talus 
remains in complété equinus at the ankle joint while 
the remainder of the foot is repositioned to the desired 
degree of plantarflexion. Tendon resection or transfer 
may be necessary to prevent varus or valgus deformity if 
active muscle power remains. The Lambrinudi arthrodesis 
is not recommended for a flail foot or when hip or knee 
instability requires a brace. A good resuit dépends on the 
strength of the dorsal ankle ligaments. If anterior sublux¬ 
ation of the talus is noted on a weight-bearing latéral 
radiograph, a two-stage pantalar arthrodesis is recom¬ 
mended. Complications of the Lambrinudi arthrodesis 
include ankle instability, residual varus or valgus deformities 
caused by muscle imbalance, and pseudarthrosis of the 
talonavicular joint. 


TECHNIQUE 34-6 


(LAMBRINUDI) 

■ With the foot and ankle in extreme plantarflexion, make 
a latéral radiograph and trace the film. Cut the tracing 
into three pièces along the outlines of the subtalar and 
midtarsal joints; from these pièces the exact amount of 
bone to be removed from the talus can be determined 
with accuracy before surgery. In the tracing, the line 
representing the articulation of the talus with the tibia is 
left undisturbed but that corresponding to its plantar and 
distal parts is to be cut so that when the navicular and 
the calcaneocuboid joint are later fitted to it the foot will 
be in 5 to 10 degrees of equinus relative to the tibia (Fig. 
34-6) unless the extremity has shortened; more equinus 
may then be désirable. 

■ Expose the sinus tarsi through a long, latéral curved 
incision. 

■ Section the peroneal tendons by a Z-shaped cut, open 
the talonavicular and calcaneocuboid joints, and divide 
the interosseous and latéral collateral ligaments of the 
ankle to permit complété médial dislocation of the tarsus 
at the subtalar joint. 

■ With a small power saw (more accurate than a chisel or 
osteotome), remove the predetermined wedge of bone 
from the plantar and distal parts of the neck and body of 
the talus. Remove the cartilage and bone from the supe- 
rior surface of the calcaneus to form a plane parallel with 
the longitudinal axis of the foot. 

■ Next make a V-shaped trough transversely in the inferior 
part of the proximal navicular and dénudé the calcaneo¬ 
cuboid joint of enough bone to correct any latéral 
deformity. 

■ Firmly wedge the sharp distal margin of the remaining 
part of the talus into the prepared trough in the navicular 
and appose the calcaneus and talus. Take care to place 
the distal margin of the talus well medially in the trough; 
otherwise, the position of the foot will not be satisfactory. 
The talus is now locked in the ankle joint in complété 
equinus, and the foot cannot be further plantarflexed. 

■ Insert smooth Kirschner wires for fixation of the talona¬ 
vicular and calcaneocuboid joints. 


A 

B 



Lambrinudi operation for talipes equinus. 
A, Colored area indicates part of talus to be resected. B f Sharp 
distal margin of remaining part of talus has been wedged into 
prepared trough in navicular, and raw osseous surfaces of talus, 
calcaneus, and cuboid hâve been apposed. SEE TECHNIQUE 34-6. 


■Suture the peroneal tendons, close the wound in the 
routine manner, and apply a cast with the ankle in neutral 
or slight dorsiflexion. 

POSTOPERATIVE CARE. The cast and sutures are 
removed at 10 to 14 days, and the position of the foot 
is evaluated by radiographs. If the position is satisfactory, 
a short leg cast is applied, but weight bearing is not 
allowed for another 6 weeks, after which a short leg 
walking cast is applied and is worn until fusion is com¬ 
plété, usually at 3 months. 


ï ANKLE ARTHRODESIS 

Ankle fusion may be indicated for a flail foot or for récur¬ 
rence of deformity after triple arthrodesis. Compression 
arthrodesis (see Chapter 11) generally is recommended for 
older children and adolescents. Subcutaneous plantar fasci- 
otomy and lengthening of the Achilles tendon can be per- 
formed initially, followed by ankle arthrodesis. 

I PANTALAR ARTHRODESIS 

Pantalar arthrodesis is fusion of the tibiotalar, talonavicular, 
subtalar, and calcaneocuboid joints. For flail feet with 
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paralyzed quadriceps, pantalar arthrodesis may be indicated 
to eliminate the need for long leg braces. The idéal 
patient for this operation is one with a flail foot and ankle 
and normal muscles around the hip and knee. Absolute 
prerequisites for this procedure include a strong gluteus 
maximus to initiate toe-off during gait and a normally 
aligned knee with fu.ll extension or a few degrees of 
hyperextension. 

The ankle should be fused in 5 to 10 degrees of plan¬ 
tarflexion to produce the backward thrust on the knee joint 
necessary for stable weight bearing. Excessive plantarflex- 
ion of the ankle results in pain and increased pressure 
under the metatarsal heads; acceptable plantarflexion 
should be confirmed with a latéral radiograph during 
surgery. Pantalar arthrodesis can be done in two stages: the 
first in the foot and the second in the ankle because it is 
difficult to achieve and maintain proper position of the foot 
and the ankle at the same time. Provelengios et al. 
described one-stage pantalar arthrodesis in 24 patients 
(average âge, 20 years) with a Steinmann pin used to stabi- 
lize the ankle and subtalar joints. At an average follow-up 
of 37 years, 22 of the 24 patients were satisfied with their 
outcomes. The position of the fused ankle did not correlate 
with the development of ipsilateral knee pain. More 
recently, the authors modified their technique by using a 
circular external fixator to stabilize ail four joints. Compli¬ 
cations of pantalar arthrodesis include pseudarthrosis, 
painful plantar callosities caused by unequal weight distri¬ 
bution, and excessive heel equinus, which causes increased 
pressure on the forefoot. Provelengios et al. reported a 
complication rate of 46%, but ail were minor wound or 
skin problems. 

■ TENDON TRANSFER TECHNIQUES 
I TAUPES EQUINOVARUS 

Talipes equinovarus caused by poliomyelitis is character- 
ized by equinus deformity of the ankle, inversion of the 
heel, and, at the midtarsal joints, adduction and supina¬ 
tion of the forefoot. When the deformity is of long dura¬ 
tion there also is a cavus deformity of the foot; clawing of 
the toes may develop secondary to substitution of motor 
patterns. In paralytic talipes equinovarus, the peroneal 
muscles are paralyzed or severely weakened but the poste - 
rior tibial muscle usually is normal; the anterior tibial may 
be weakened or normal. The gastrocnemius-soleus is com- 
paratively strong but becomes contracted by a combina¬ 
tion of motor imbalance, growth, gravity, and posture. 
Treatment dépends on the âge of the patient, the forces 
causing the deformity, the severity of the deformity, and 
its rate of increase. 

Anterior transfer of the posterior tibial tendon removes 
a dynamic deforming force and aids active dorsiflexion of 
the foot; however, transfer alone rarely restores active dor¬ 
siflexion. Rerouting of the tendon anterior to the médial 
malleolus diminishes its plantarflexion power and length- 
ens the posterior tibial muscle; the deformity may not be 
corrected, however, because the muscle retains its varus 
pull. The entire tendon can be transferred through the 
interosseous membrane to the middle cuneiform, or 
the tendon can be split, with the latéral half transferred to 
the cuboid. 


ANTERIOR TRANSFER OF POSTERIOR 
TIBIAL TENDON 


TECHNIQUE 34-7 


(BARR) 

■ Make a skin incision on the médial side of the ankle 
beginning distally at the insertion of the posterior tibial 
tendon and extending proximally over the tendon just 
posterior to the malleolus and from there proximally 
along the médial border of the tibia for 5.0 to 7.5 cm. 

■ Free the tendon from its insertion, preserving as much of 
its length as possible. 

■ Split its sheath and free it in a proximal direction until the 
distal 5.0 cm of the muscle has been mobilized. Carefully 
preserve the nerves and vessels supplying the muscle. 

■ Make a second skin incision anteriorly; begin it distally at 
the level of the ankle joint and extend it proximally for 
7.5 cm just latéral to the anterior tibial tendon. Carry the 
dissection deep between the tendons of the anterior tibial 
muscle and the extensor hallucis longus, carefully preserv¬ 
ing the dorsalis pedis artery; expose the interosseous 
membrane just proximal to the malleoli. 

■Cut a generous window in the interosseous membrane 
but avoid stripping the periosteum from the tibia or 
fibula. 

■ Pass the posterior tibial tendon through the window 
between the bones, taking care that it is not kinked, 
twisted, or constricted and that the vessels and nerves to 
the muscle are not damaged. Pass the tendon beneath 
the cruciate ligament, which can be divided if necessary 
to relieve pressure on the tendon. 

■ Expose the third cuneiform or the base of the third meta¬ 
tarsal through a transverse incision 2.5 cm long. 

■ Retract the extensor tendons, sharply incise the perios¬ 
teum over the bone in a cruciate fashion, and fold back 
osteoperiosteal flaps. 

■ Drill a hole through the bone in line with the tendon and 
large enough to receive it; anchor it in the bone with a 
pull-out wire. Be sure that the button on the plantar 
surface of the foot is well padded. 

■ Suture the osteoperiosteal flaps to the tendon with two 
figure-of-eight nonabsorbable sutures. 

■Close the incision and apply a plaster cast to hold the 
foot in calcaneovalgus position. 

Instead of the long médial incision used by Barr, we 
make a short longitudinal one to free the posterior tibial 
tendon at its insertion and withdraw it through another 
incision 5 cm long at the musculotendinous junction just 
posterior to the subcutaneous border of the tibia (Fig. 
34-7). The tendon also can be anchored to bone by 
passing it through a hole drilled in the bone, looping it 
back, and suturing it to itself with nonabsorbable sutures. 

POSTOPERATIVE CARE. The cast is removed at 3 
weeks, the wounds are inspected, the sutures are 
removed, and a short leg walking cast is applied with the 
foot in the neutral position and the ankle in slight dorsi¬ 
flexion. Six weeks after surgery the cast is removed, and 
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FIGURE 


Ober anterior transfer of posterior tibial tendon. A f Insertion of posterior tibial tendon has been exposed. Note line 


of skin incision over muscle. B f Tendon has been freed from its insertion, and muscle has been dissected from tibia. C f Tendon and 


muscle hâve been passed through anterior tibial compartment to dorsum of foot, and tendon has been anchored in third metatarsal. 

SEE TECHNIQUES 34-7 AND 34-8. 


a program of rehabilitative exercises is started that is 
continued under supervision until a full range of active 
resisted function is obtained. The transfer is protected for 
6 months by a double-bar foot-drop brace with an outside 
T-strap. 


ANTERIOR TRANSFER OF POSTERIOR 
TIBIAL TENDON 


TECHNIQUE 34-8 


(OBER) 

■ Through a médial longitudinal incision 7.5 cm long, free 
the posterior tibial tendon from its attachment to the 
navicular (Fig. 34-7). 

■ Make a second longitudinal médial incision 10 cm long 
centered over the musculotendinous junction of the pos¬ 
terior tibial tendon and muscle. 

■ Withdraw the tendon from the proximal wound and free 
the muscle belly well up on the tibia. 

■Strip the periosteum obliquely on the médial surface of 
the tibia so that when the tendon is moved into the 
anterior tibial compartment only the belly of the muscle 
will corne in contact with denuded bone. The tendon 
must not be in contact with the tibia. 


■ Make a third incision over the base of the third metatar¬ 
sal, draw the posterior tibial tendon from the second into 
the third incision, and anchor its distal end in the base of 
the third metatarsal. 

POSTOPERATIVE CARE. Postoperative care is the same 
as after Technique 34-7. 


SPLIT TRANSFER OF ANTERIOR 
TIBIAL TENDON 


TECHNIQUE 34-9 


■ Make a 2- to 3-cm longitudinal incision dorsomedially 
over the médial cuneiform (Fig. 34-8A). 

■ Identify the anterior tibial tendon and split it longitudi¬ 
nal^ in the midportion. Detach the latéral half of the 
tendon from its insertion, preserving as much length as 
possible, and continue the split proximally to the extent 
of the incision. 

■ Make a second 2- to 3-cm incision anteriorly over the 
distal tibia, identify the tibialis anterior tendon sheath, 
and split it longitudinally. 

■ Continue the split in the anterior tibial tendon proximally 
into this incision and up to the musculotendinous 
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Split transfer of anterior tibial tendon. A f Three 
incisions: longitudinal over insertion of anterior tibial tendon and 
longitudinally over distal leg and over cuboid. B f Two holes are 
drilled in cuboid. C f Split portion of anterior tibial tendon is 
pulled into one hole and out the other and sutured to itself. 
D f New split portion of tendon in its redirected position. SEE 
TECHNIQUE 34-9. 


junction. Umbilical tape can be used to continue the split 
in the tendon. Place the tape into the split and bring its 
two ends into the proximal incision. Before the latéral half 
of the tendon is detached, continue the split to the mus- 
culotendinous junction by pulling on the tape. 

■ Once the split in the tendon is complété, detach the 
latéral half and bring it into the proximal wound. 

■ Make a third 2- to 3-cm longitudinal incision over the 
cuboid on the dorsolateral aspect of the foot. 

■ Drill two holes in the cuboid, placing them as far away 
from each other as possible so that they meet well within 
the body of the cuboid (Fig. 34-8B). Enlarge the holes 
with a curet if necessary, but be certain to leave a bridge 
of bone between the two holes. 

■ Pass the split latéral portion of the anterior tibial tendon 
distally through the subcutaneous tunnel from the proxi¬ 
mal incision to the dorsolateral incision over the cuboid. 

■ Attach a nonabsorbable suture to the end of the tendon 
and pass it into one hole in the cuboid and out the other 
(Fig. 34-8C). 


■ Hold the foot in dorsiflexion, pull the tendon tight, and 
suture the free end to the proximal portion of the tendon 
under moderate tension (Fig. 34-8D). 

■ As an alternative, drill a hole in the cuneiform through 
the plantar cortex, pass the tendon through this hole, and 
anchor it on the plantar aspect of the foot with a suture 
over felt and a button. 

POSTOPERATIVE CARE. A short leg cast is worn for 
6 weeks. An ankle-foot orthosis may be needed for 
6 months. 


I SPLIT TRANSFER OF THE POSTERIOR 
TIBIAL TENDON 

The split transfer of the posterior tibial tendon technique is 
used more offen for patients with cérébral palsy and is 
described in Chapter 33. 

I TAUPES CAVOVARUS 

Paralytic talipes cavovarus can be caused by an imbalance of 
the extrinsic muscles or by persistent function of the short 
toe flexors and other intrinsic muscles when the foot is oth- 
erwise flail. Treatment of the cavus foot is discussed in 
Chapter 86. 

□ TALIPES EQUINOVALGUS 

Talipes equinovalgus usually develops when the anterior and 
posterior tibial muscles are weak, the peroneus longus and 
peroneus brevis are strong, and the gastrocnemius-soleus is 
strong and contracted. The gastrocnemius-soleus pulls the 
foot into equinus and the peroneals into valgus position; 
when the extensor digitorum longus and the peroneus tertius 
muscles are also strong, they help to pull the foot into valgus 
position on walking. Structural changes in the bones and 
ligaments follow the muscle imbalance; eventually, the plantar 
calcaneonavicular ligament becomes stretched and attenu- 
ated, the weight-bearing thrust shiffs to the médial border of 
the foot, the forefoot abducts and prônâtes, and the head and 
neck of the talus become depressed and prominent on the 
médial side of the foot. 

Treatment of this deformity in a skeletally immature foot 
is difficult. Subtalar arthrodesis and anterior transfer of the 
peroneus longus and brevis tendons usually sufflce until skel- 
etal maturity is reached; if necessary, a triple arthrodesis can 
then be done. Failure to transfer the tendons is the usual 
cause of récurrence. 

Paralysis of the anterior tibial muscle alone usually causes 
only a moderate valgus deformity that is more pronounced 
during dorsiflexion of the ankle and may disappear during 
plantarflexion. Treatment of this deformity may require 
transfer of the peroneus longus to the first cuneiform, transfer 
of the extensor digitorum longus, or the Jones procedure (see 
Chapter 86). Paralysis of the posterior tibial alone can cause 
a planovalgus deformity. Normally, this muscle inverts the 
foot during plantarflexion; when it is paralyzed, a valgus 
deformity develops. Because most of the functions of the foot 
are performed during plantarflexion, loss of the posterior 
tibial is a severe impairment. Treatment of this deformity may 
involve transfer of the peroneus longus tendon, the flexor 
digitorum longus, the flexor hallucis longus, or the extensor 
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hallucis longus. Paralysis of the anterior tibial and the poste - 
rior tibial muscles results in an extreme deformity similar to 
rocker-bottom flatfoot. For this deformity, a transfer to 
replace the posterior tibial is necessary, followed by another 
to replace the anterior tibial if necessary Extraarticular sub- 
talar arthrodesis may be indicated for equinovalgus defor¬ 
mity in children 4 to 10 years old. The equinus must be 
corrected by Achilles tendon lengthening at surgery to allow 
the calcaneus to be brought far enough distally beneath the 
talus to correct the deformity The technique of Grice and 
Green (see Technique 34-2) or preferably of Dennyson and 
Fulford (see Technique 34-3) can be used. Talipes equinoval¬ 
gus in skeletally mature patients usually requires triple 
arthrodesis (see Technique 34-4) and lengthening of the 
Achilles tendon, followed in 4 to 6 weeks by appropriate 
tendon transfers. 


PERONEAL TENDON TRANSFER 


TECHNIQUE 34-10 


■ Expose the tendons of the peroneus longus and peroneus 
brevis through an oblique incision paralleling the skin 
creases at a point midway between the distal tip 
of the latéral malleolus and the base of the fifth 
metatarsal. 

■ Divide the tendons as far distally as possible, securely 
suture the distal end of the peroneus longus to its sheath 
to prevent the development of a dorsal bunion, and free 
the tendons proximally to the posterior border of the 
latéral malleolus. (When they are to be transferred at the 
time of arthrodesis, they can be divided through a short 
extension of the routine incision, as shown in Figure 
34-5.) 

■ Make a second incision 5 cm long at the junction of the 
middle and distal thirds of the leg overlying the tendons. 
Gently withdraw the tendons from their sheaths, taking 
care not to disrupt the origin of the peroneus brevis 
muscle. 

■ The new site of insertion of the peroneal tendons is 
determined by the severity of the deformity and the exist- 
ing muscle power. When the extensor hallucis longus is 
functioning and is to be transferred to the neck of the 
first metatarsal, the peroneal tendons should be trans¬ 
ferred to the latéral cuneiform; when no other function¬ 
ing dorsiflexor is available, they should be transferred to 
the middle cuneiform anteriorly. 

■ Expose the new site of insertion of the tendons through 
a short longitudinal incision. 

■ Retract the tendons of the extensor digitorum longus and 
make a cruciate or H-shaped eut in the periosteum of the 
récipient bone. 

■ Raise and fold back osteoperiosteal flaps and drill a hole 
in the bone large enough to receive the tendons. Then 
bring the tendons out beneath the cruciate crural liga¬ 
ment into this incision and anchor them side by side and 
under equal tension through a hole drilled in the bone, 
either by suturing them back on themselves or by securely 
fixing them to bone using a platform staple. 


■ As an alternative, drill a hole through the middle cunei¬ 
form and pull the tendons through the hole and then 
through a button on the plantar aspect of the foot. 

■ When there is significant clawing of the great toe, the 
extensor hallucis longus tendon should be transferred to 
the neck of the first metatarsal and then the interphalan- 
geal joint is fused (Jones procedure, see Chapter 86). 

■ Residual clawing of the latéral four toes usually is of little 
or no significance after transfer of the peroneal and 
extensor hallucis longus tendons. 


PERONEUS LONGUS, FLEXOR 
DIGITORUM LONGUS, OR FLEXOR OR 
EXTENSOR HALLUCIS LONGUS 
TENDON TRANSFER 


TECHNIQUE 34-11 


(FRIED AND HENDEL) 

■ In this operation the tendon of the peroneus longus, 
flexor digitorum longus, flexor hallucis longus, or exten¬ 
sor hallucis longus can be transferred to replace a para- 
lyzed posterior tibial muscle. 

■ When the peroneus longus tendon is to be transferred, 
make a longitudinal incision 5 to 8 cm long laterally over 
the shaft of the fibula. 

■ After incising the fascia of the peroneal muscles, inspect 
them; if their color does not confirm their preoperative 
grading, the transfer will fail. 

■ Now make a second incision along the latéral border of 
the foot over the cuboid and the peroneus longus tendon. 

■ Free the tendon, divide it as far distally in the sole of the 
foot as possible, suture its distal end in its sheath, and 
withdraw the tendon through the first incision. 

■ By blunt dissection create a space between the 
gastrocnemius-soleus and the deep layer of leg muscles; 
from here make a wide tunnel posterior to the fibula and 
to the deep muscles and directed to a point proximal and 
posterior to the médial malleolus. 

■ Now make a small incision at this point and draw the pero¬ 
neus longus tendon through the tunnel; it now emerges 
where the posterior tibial tendon enters its sheath. 

■ Make a fourth incision 5 cm long over the middle of the 
médial side of the foot centered below the tuberosity of 
the navicular. 

■ Free and retract plantarward the anterior border of the 
abductor hallucis muscle and expose the tuberosity of the 
navicular and the insertion of the posterior tibial tendon; 
proximal to the médial malleolus open the sheath of this 
tendon and into it introduce and advance a curved probe 
until it emerges with the tendon at the sole of the foot. 

■ Using the probe, pull the peroneus longus tendon through 
the same sheath, which is large enough to contain this 
second tendon. 

■ Drill a narrow tunnel through the navicular, beginning on 
its plantar surface latéral to the tuberosity and emerging 
through its anterior surface. 
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■ Pull the peroneus longus tendon through the tunnel in 
an anterior direction and anchor it with a Bunnell pull-out 
suture. Also suture it to the posterior tibial tendon close 
to its insertion. 

■ Close the wounds and apply a short leg cast with the foot 
in slight equinus and varus position. 

■ When the flexor digitorum longus tendon is to be trans¬ 
ferred, make the incision near the médial malleolus as just 
described but extend it for about 7 cm. 

■ Free the three deep muscles and observe their color; if it 
is satisfactory, make the incision on the médial side of the 
foot as just described. 

■ Free and retract the short plantar muscles and expose the 
flexor digitorum longus tendon as it emerges from behind 
the médial malleolus. 

■ Free the tendon as far distally as possible, divide it, and 
withdraw it through the first incision; now pass it through 
the sheath of the posterior tibial tendon and anchor it in 
the navicular as just described. 

■ When the flexor hallucis longus tendon is to be trans- 
ferred, use the same procedure as described for the flexor 
digitorum longus. 

■ When the extensor hallucis longus tendon is to be trans- 
ferred, eut it near the metatarsophalangeal joint of the 
great toe. 

■ Suture its distal end to the long extensor tendon of the 
second toe. 

■ Withdraw the proximal end through an antérolatéral lon¬ 
gitudinal incision over the distal part of the leg. 

■ Open the interosseous membrane widely, make the inci¬ 
sion near the médial malleolus as previously described, 
and with a broad probe draw the tendon through the 
interosseous space and through the sheath of the poste¬ 
rior tibial tendon to the insertion of that tendon. 

■ Then continue with the operation as described for trans¬ 
fer of the peroneus longus tendon. 

POSTOPERATIVE CARE. A short leg walking cast is 
applied. At 6 weeks the walking cast is removed, a splint 
is used at night, and muscle rééducation is started. 


I TAUPES CALCANEUS 

Talipes calcaneus is a rapidly progressive paralytic deformity 
that results when the gastrocnemius-soleus is paralyzed and 
the other extrinsic foot muscles, especially the muscles that 
dorsiflex the ankle, remain functional. Mild deformity in 
skeletally immature patients should be treated conservatively 
with braces or orthoses until the rate of progression of the 
deformity can be determined. For rapidly progressing defor- 
mities, especially in young children, early tendon transfers are 
recommended. The goal of surgery in the skeletally immature 
foot is to stop progression of the deformity or to correct 
severe deformity without damaging skeletal growth; arthrod- 
esis may be necessary affer skeletal maturity. If muscles of 
adéquate power are available, tendons should be transferred 
early to improve function and avoid progressive deformity. If 
adéquate muscles are unavailable, tenodesis of the Achilles 
tendon to the fibula may be appropriate. 

The calcaneotibial angle (Fig. 34-9) is formed by the 
intersection of the axis of the tibia with a line drawn along 
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Measurement of calcaneotibial angle (see text). 


the plantar aspect of the calcaneus. Normally, this angle mea- 
sures between 70 and 80 degrees; in equinus deformity it is 
greater than 80 degrees, and in calcaneal deformity it is less 
than 70 degrees. When the tenodesis is fixed at 70 degrees or 
more at the time of surgery, a tendency to develop a progres¬ 
sive equinus deformity with growth has been noted. Progres¬ 
sive equinus also is directly related to the patients âge at 
surgery: the younger the patient, the greater the calcaneo¬ 
tibial angle and the more likely the development of progres¬ 
sive equinus deformity with subséquent growth. 

In skeletally mature feet, initial surgery for talipes calca¬ 
neus consists of plantar fasciotomy and triple arthrodesis that 
corrects the calcaneus and the cavus deformities; the arthro¬ 
desis should displace the foot as far posteriorly as possible to 
lengthen its posterior lever arm (the calcaneus) and reduce 
the muscle power required to lift the heel. Six weeks affer 
arthrodesis, the tendons of the peroneus longus and peroneus 
brevis and the posterior tibial tendon are transferred to the 
calcaneus; and when the extensor digitorum longus is func¬ 
tional, it can be transferred to a cuneiform and then the 
anterior tibial tendon can be transferred to the calcaneus. 


TENODESIS OF THE ACHILLES 
TENDON 


TECHNIQUE 34-12 


(WESTIN) 

■ With the patient supine and tilted toward the nonopera- 
tive side, apply and inflate a pneumatic tourniquet. 

■ Make a postérolatéral longitudinal incision just behind the 
posterior border of the fibula beginning 7 to 10 cm above 
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Calcaneal tenodesis. A f After division of Achilles tendon, tenotomy of peroneus brevis and longus, and detachment 
of anterior tibial tendon from its insertion, transverse hole is made in fibula 2 cm proximal to epiphysis. B, Achilles tendon is passed 
through hole in fibula and sutured to itself. C, If necessary, anterior tibial tendon can be passed through interosseous membrane and 
attached to calcaneus. SEE TECHNIQUE 34-12. 


the tip of the latéral malleolus and extending distally to 
the insertion of the Achilles tendon on the calcaneus. 

■ Expose the tendon and section it transversely at the mus- 
culotendinous junction, usually 6 cm from its insertion. 
Stevens advised that the tendon be split eccentrically, 
leaving the latéral one fifth to prevent retraction. Transect 
the médial four fifths proximally. 

■ Expose the peroneus brevis and longus tendons, and if 
they are completely paralyzed or spastic, excise them. 
Expose the distal fibula, taking care not to damage the 
distal fibular physis. 

■ About 4 cm proximal to the distal physis, use a fine drill 
bit to make a transverse hole in an anteroposterior direc¬ 
tion. Make the hole large enough for the Achilles tendon 
to pass through it easily (Fig. 34-1 OA). 

■ If the tendon is too large, trim it longitudinally for about 
2.5 cm. Bring the tendon through the hole and suture it 
to itself under enough tension to limit ankle dorsiflexion 
to 0 degrees (Fig. 34-1OB). Do not suture the tendon with 
the foot in too much equinus because of the possibility 
of causing a fixed equinus deformity. 

■ In patients with active anterior tibial tendons, simultane- 
ous transfer of this tendon through the interosseous 
membrane to the calcaneus is indicated to avoid stretch- 
ing of the Achilles tendon after surgery (Fig. 34-1 OC). 

POSTOPERATIVE CARE. Weight bearing is allowed in a 
short leg cast with the ankle in 5 to 10 degrees of equinus. 
The cast is removed at 6 weeks, and an ankle-foot ortho¬ 
sis is fitted with the ankle in neutral position. Any residual 
cavus deformity is corrected by plantar release 3 to 6 
months after tenodesis. 


In skeletally mature feet, initial surgery for talipes calca¬ 
neus consists of plantar fasciotomy and triple arthrodesis that 
corrects both the calcaneus and cavus deformities; the 
arthrodesis should displace the foot as far posteriorly as pos¬ 
sible to lengthen its posterior lever arm (the calcaneus) and 
reduce the muscle power required to lift the heel. Six weeks 
after arthrodesis, the tendons of the peroneus longus and 
peroneus brevis and the posterior tibial muscles are trans- 
ferred to the calcaneus, and when the extensor digitorum 
longus is functional, it can be transferred to a cuneiform and 
then the anterior tibial muscle can be transferred to the 
calcaneus. 


POSTERIOR TRANSFER OF PERONEUS 
LONGUS, PERONEUS BREVIS, AND 
POSTERIOR TIBIAL TENDONS 


TECHNIQUE 34-13 


■ Expose the peroneus longus and peroneus brevis tendons 
through an oblique incision 2.5 cm long midway between 
the tip of the latéral malleolus and the base of the fifth 
metatarsal. 

■ Divide the tendons as far distally as possible and securely 
suture the distal end of the peroneus longus tendon to 
its sheath. 

■ Bring the tendons out through a second incision overlying 
the peroneal sheath at the junction of the middle and 
distal thirds of the leg. 
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■ If desired, suture the peroneus brevis at its musculoten- 
dinous junction to the peroneus longus tendon and 
discard the distal end of the peroneus brevis tendon. 

■ Expose the posterior tibial tendon through a short incision 
over its insertion; free its distal end and gently bring it 
out through a second incision 2.5 cm long at its muscu- 
lotendinous junction 5 cm proximal to the médial 
malleolus. 

■ Reroute ail three tendons subcutaneously to and out of 
a separate incision latéral and anterior to the insertion of 
the Achilles tendon. 

■ Drill a hole in the superior surface of the posterior part 
of the calcaneus just latéral to the midline of the bone 
and enlarge it enough to receive the tendons; anchor the 
tendons in the hole with a large pull-out suture while 
holding the foot in equinus and the heel in the corrected 
position. An axial pin also can be inserted into the calca¬ 
neus and left in place for 6 weeks. 

■ With interrupted figure-of-eight sutures, fix the tendons 
to the Achilles tendon near its insertion; then close the 
wounds. 

POSTOPERATIVE CARE. The foot is immobilized in a 
long leg cast with the ankle in plantarflexion and the knee 
at 20 degrees. The pull-out sutures and cast (and axial 
pin, if used) are removed at 6 weeks, and physical therapy 
is started. Weight bearing is not allowed until active plan¬ 
tarflexion is possible and dorsiflexion to the neutral posi¬ 
tion has been regained. The foot is protected for at least 
6 more months by a reverse 90-degree ankle stop brace 
and an appropriate heel élévation. 


POSTERIOR TRANSFER OF POSTERIOR 
TIBIAL, PERONEUS LONGUS, AND 
FLEXOR HALLUCIS LONGUS TENDONS 


TECHNIQUE 34-14 


(GREEN AND GRICE) 

■ Place the patient prone for easier access to the heel. 

■ First, expose the posterior tibial tendon through an 
oblique incision 3 or 4 cm long from just inferior to the 
médial malleolus to the plantar aspect of the talonavicular 
joint; open its sheath and divide it as close to bone as 
possible for maximal length. 

■ Remove the epitenon from its distal 3 or 4 cm, scarify it, 
and insert a 1-0 or 2-0 braided nonabsorbable suture into 
its distal end. 

■ When the flexor hallucis longus tendon also is to be 
transferred, expose it through this same incision where it 
lies posterior and latéral to the flexor digitorum longus 
tendon. 

■ At the proper level for the desired tendon length, place 
two braided nonabsorbable sutures in the flexor hallucis 
longus tendon and divide it between them; suture the 


distal end of this tendon to the flexor digitorum longus 
tendon. 

■Second, make a longitudinal médial incision, usually 
about 10 cm long, over the posterior tibial muscle, 
extending distally from the junction of the middle and 
distal thirds of the leg. 

■ Open the médial compartment of the leg and identify the 
posterior tibial and flexor hallucis longus muscle bellies. 

■ Using moist sponges, deliver the tendons of these two 
muscles into this wound. 

■ Third, make an incision parallel to the bottom of the foot 
from about a fingerbreadth distal to the latéral malleolus 
to the base of the fifth metatarsal. 

■ Expose the peroneus longus and peroneus brevis tendons 
throughout the length of the incision and divide that of 
the peroneus longus between sutures as far distally as 
possible in the sole of the foot and free its proximal end 
to behind the latéral malleolus. 

■ Place a suture in the peroneus brevis tendon, detach it 
from its insertion on the fifth metatarsal, and suture it to 
the distal end of the peroneus longus tendon. 

■ Make a latéral longitudinal incision over the posterior 
aspect of the fibula at the same level as the médial inci¬ 
sion and deliver the peroneus longus tendon into it. 

■ Make a postérolatéral transverse incision 6 cm long over 
the calcaneus in the part of the heel that neither strikes 
the ground nor presses against the shoe. Deepen the 
incision, reflect the skin flaps subcutaneously, and expose 
the Achilles tendon and calcaneus. 

■ Beginning laterally, partially divide the Achilles tendon at 
its insertion and reflect it medially, exposing the calcaneal 
apophysis. 

■ With a 9/64-inch (3.57-mm) drill bit, make a hole through 
the calcaneus beginning in the center of its apophysis and 
emerging through its plantar aspect near its latéral border. 
Enlarge the hole enough to receive the three tendons and 
ream its posterior end to make a shallow facet for their 
easier insertion. 

■ Next, through the médial wound on the leg (the second 
incision), incise widely the intermuscular septum between 
the médial and posterior compartments; insert a tendon 
passer through the wound and along the anterior side of 
the Achilles tendon to the transverse incision over the 
calcaneus. Thread the sutures in the ends of the posterior 
tibial and flexor hallucis longus tendons through the 
tendon passer and deliver the tendons at the heel. 

■ Through the latéral wound on the leg (the fourth inci¬ 
sion), open widely the intermuscular septum between the 
médial and posterior compartments in this area and pass 
the peroneus longus tendon to the heel. 

■ Pass ail tendons through smooth tissues in a straight line 
from as far proximally as possible to avoid angulation. 

■ With a twisted wire probe, bring the tendons through the 
hole in the calcaneus; suture them to the periosteum and 
ligamentous attachments where they emerge. 

■ When the dorsiflexors are weak, suture them under 
enough tension to hold the foot in 10 to 15 degrees of 
equinus, and when they are strong, suture them in about 
30 degrees of equinus. Also suture the tendons to the 
apophysis at the proximal end of the tunnel and to each 
other with 2-0 or 3-0 sutures. 
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9 " Replace the Achilles tendon posterior to the transferred 
tendons and suture it in its original position. 

■ Close the wounds and apply a long leg cast with the foot 
in equinus. 

POSTOPERATIVE CARE. At 3 weeks, the cast is bivalved 
and exercises are started with the leg in the anterior half 
of the cast; the bivalved cast is reapplied between exercise 
periods. At first, dorsiflexion exercises are not permitted, 
but, later, guided reciprocal motion is allowed. The exer¬ 
cises are gradually increased, and at 6 weeks the patient 
is allowed to stand but not to bear full weight on the 
foot. The periods of partial weight-bearing on crutches 
are increased, depending on the effectiveness of the 
transfer, the coopération of the patient, and the ability to 
control his or her motions. Usually at 6 to 8 weeks a single 
step is allowed, using crutches and an elevated heel; later 
more steps are allowed, using crutches and a plantarflex- 
ion spring brace with an elastic strap posteriorly. Crutches 
are used for 6 to 12 months. 



Supracondylar extension osteotomy of fémur 
for fixed knee flexion deformity in older child. 


KNEE 

The disabilities caused by paralysis of the muscles acting 
across the knee joint include (1) flexion contracture of the 
knee, (2) quadriceps paralysis, (3) genu recurvatum, and (4) 
flail knee. 

■ FLEXION CONTRACTURE OF THE KNEE 

Flexion contracture of the knee can be caused by a contrac¬ 
ture of the iliotibial band; contracture of this band can cause 
not only flexion contracture but also genu valgum and an 
external rotation deformity of the tibia on the fémur. Flexion 
contracture also can be caused by paralysis of the quadriceps 
muscle when the hamstrings are normal or only partially 
paralyzed. When the biceps femoris is stronger than the 
médial hamstrings, there may be genu valgum and an exter¬ 
nal rotation deformity of the tibia on the fémur; often the 
tibia subluxates posteriorly on the fémur. 

Contractures of 15 to 20 degrees or less in young children 
can be treated with posterior hamstring lengthening and cap- 
sulotomy. More severe contractures usually require a supra¬ 
condylar extension osteotomy of the fémur (Fig. 34-11). 

Flexion contractures of more than 70 degrees resuit in 
deformity of the articular surfaces of the knee. In a growing 
child with poliomyelitis, a decrease in pressure and a ten- 
dency toward posterior subluxation cause increased growth 
on the anterior surface of the proximal tibia and distal fémur. 
The quadriceps expansion adhères to the fémoral condyles, 
and the collateral ligaments are unable to glide easily. Severe 
knee flexion contractures in growing children can be treated 
by division of the iliotibial band and hamstring tendons, 
combined with posterior capsulotomy. Skeletal traction after 
surgery is maintained through a pin in the distal tibia; a 
second pin in the proximal tibia pulls anteriorly to avoid 
posterior subluxation of the tibia. Long-term use of a long leg 
brace may be required to allow the joint to remodel. Supra¬ 
condylar osteotomy may be required as a second-stage pro¬ 
cedure in older patients near skeletal maturity. 


■ QUADRICEPS PARALYSIS 

Disability from paralysis of the quadriceps muscle is severe 
because the knee may be extremely unstable, especially if 
there is even a mild fixed flexion contracture. When there is 
slight recurvatum, the knee may be stable if the gastrocnemius- 
soleus is active. 

Tendons usually are transferred around the knee joint to 
reinforce a weak or paralyzed quadriceps muscle; transfers 
are unnecessary for paralysis of the hamstring muscles 
because, in walking, gravity flexes the knee as the hip is 
flexed. Several muscles are available for transfer to the quad¬ 
riceps tendon and patella: the biceps femoris, semitendino- 
sus, sartorius, and tensor fasciae latae. When the power of 
certain other muscles is satisfactory, transfer of the biceps 
femoris has been the most successful. Transfer of one or 
more of the hamstring tendons is contraindicated unless one 
other flexor in the thigh and the gastrocnemius-soleus, 
which also acts as a knee flexor, are functioning. If a satisfac¬ 
tory resuit is to be expected after hamstring transfer, the 
power not only of the hamstrings but also of the hip flexors, 
the gluteus maximus, and the gastrocnemius-soleus must be 
fair or better; when the power of the hip flexor muscles are 
less than fair, clearing the extremity from the floor may be 
difficult after surgery. Transfer of the tensor fasciae latae and 
sartorius muscles, although theoretically more satisfactory, is 
insufficient because these muscles are not strong enough to 
replace the quadriceps. 

Ease in ascending or descending steps dépends on the 
strength of the hip flexors and extensors. Strong hamstrings 
are necessary for active extension of the knee against gravity 
after the transfer; however, a weak médial hamstring can be 
transferred to serve as a checkrein on the patella to prevent 
it from dislocating laterally. A normal gastrocnemius-soleus 
is désirable because it aids in preventing genu recurvatum 
and remains as an active knee flexor after surgery; it may not 
always prevent genu recurvatum, however, which can resuit 
from other factors. Recurvatum after hamstring transfers can 
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be kept to a minimum if (1) strength in the gastrocnemius- 
soleus is fair or better; (2) the knee is not immobilized 
in hyperextension after surgery; (3) talipes equinus, when 
présent, is corrected before weight bearing is resumed; (4) 
postoperative bracing is used to prevent knee hyperextension; 
and (5) physical therapy is begun to promote active knee 
extension. 


TRANSFER OF BICEPS FEMORIS AND 
SEMITENDINOSUS TENDONS 


TECHNIQUE 34-15 


■ Make an incision along the anteromedial aspect of the 
knee to conform to the médial border of the quadriceps 
tendon, the patella, and the patellar tendon. 

■ Retract the latéral edge of the incision and expose the 
patella and the quadriceps tendon. 

■ Incise longitudinally the latéral side of the thigh and leg 
from a point 7.5 cm distal to the head of the fibula to 
the junction of the proximal and middle thirds of the 
thigh. 

■ Isolate and retract the common peroneal nerve, which is 
near the médial side of the biceps tendon. 

■ With an ostéotomie, free the biceps tendon, along with 
a thin piece of bone, from the head of the fibula. Do not 
divide the latéral collateral ligament, which lies firmly 
adhèrent to the biceps tendon at its point of insertion. 

■ Free the tendon and its muscle belly proximally as far as 
the incision will permit; free the origin of the short head 
of the biceps proximally to where its nerve and blood 
supplies enter so that the new line of pull of the muscle 
may be as oblique as possible. 

■Create a subcutaneous tunnel from the first incision to 
the latéral thigh incision and make it wide enough for the 
transferred muscle belly to glide freely. 

■ To further increase the obliquity of pull of the transferred 
muscle, divide the iliotibial band, the fascia of the vastus 
lateralis, and the latéral intermuscular septum at a point 
distal to where the muscle will pass. 

■ Beginning distally over the insertion of the médial ham- 
string tendons into the tibia, make a third incision longi¬ 
tudinally along the posteromedial aspect of the knee and 
extend it to the middle of the thigh. 

■ Locate the semitendinosus tendon; it inserts on the 
médial side of the tibia as far anteriorly as its crest and 
lies posterior to the tendon of the sartorius and distal to 
that of the gracilis. Divide the insertion of the semitendi¬ 
nosus tendon and free the muscle to the middle third of 
the thigh. 

■ Reroute this muscle and tendon subcutaneously to 
emerge in the first incision over the knee. 

■ Make an l-shaped incision through the fascia, quadriceps 
tendon, and periosteum over the anterior surface of the 
patella and strip these tissues medially and latérally. With 
an 11/64-inch (4.36-mm) drill bit, make a hole trans- 
versely through the patella at the junction of its middle 
and proximal thirds; if necessary, enlarge the tunnel with 
a small curet. 



Transfer of semitendinosus and biceps femoris 
tendons to patella for quadriceps paralysis. SEE TECHNIQUE 34-15. 


■ Place the biceps tendon in line with and anterior to the 
quadriceps tendon, the patella, and the patellar tendon. 

■ Suture the biceps tendon to the patella with the knee in 
extension or hyperextension. 

■ When only the biceps tendon is transferred, close the soft 
tissues over the anterior aspect of the patella and the 
transferred tendon. With interrupted sutures, fixthe biceps 
tendon to the médial side of the quadriceps tendon. 

■ When the semitendinosus also is transferred, place it over 
the biceps and suture the two together with interrupted 
sutures; place additional sutures proximally and distally 
through the semitendinosus, quadriceps, and patellar 
tendons. 

■ Alternative^, detach the insertion of the semitendinosus 
from the tibia through an incision 2.5 cm long and bring 
it out through a posteromedial incision 7.5 cm long over 
its musculotendinous junction (Fig. 34-12). Incise the 
enveloping fascia to prevent acute angulation of the 
muscle and pass the tendon subcutaneously in a straight 
line to the patellar incision. 

POSTOPERATIVE CARE. With the knee in the neutral 
position, a long leg cast is applied. To prevent swelling, the 
extremity is elevated by raising the foot of the bed rather 
than by using pillows; otherwise, flexion of the hip may 
put too much tension on the transferred tendons. At 3 
weeks, physical therapy and active and passive exercises 
are started. Knee flexion is gradually developed, and the 
hamstring muscles are reeducated. At 8 weeks, weight 
bearing is started, with the extremity supported by a con- 
trolled dial knee brace locked in extension. Knee motion is 
gradually allowed in the brace when the muscles of the 
transferred tendons are strong enough to extend the knee 
actively against considérable force. To prevent overstretch- 
ing or strain of the muscles, a night splint is worn for at 
least 6 weeks and the brace for at least 12 weeks. 
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■ GENU RECURVATUM 

In genu recurvatum the deformity is the opposite of that in a 
flexion contracture and the knee is hyperextended. Mild genu 
recurvatum can cause some disability, but when the quadri- 
ceps is severely weakened or paralyzed, such a deformity is 
désirable because it stabilizes the knee in walking. Severe 
genu recurvatum is significantly disabling, however. 

Genu recurvatum from poliomyelitis is of two types: that 
caused by structural articular and bone changes stemming 
from lack of power in the quadriceps and that caused by 
relaxation of the soft tissues around the posterior aspect of 
the knee. In the first type, the quadriceps lacks the power to 
lock the knee in extension; the hamstrings and gastrocnemius- 
soleus usually are normal. The pressures of weight bearing 
and gravity cause changes in the tibial condyles and in the 
proximal third of the tibial shaft. The condyles become elon- 
gated posteriorly; their anterior margins are depressed com- 
pared with their posterior margins; and the angle of their 
articular surfaces to the long axis of the tibia, which is nor- 
mally 90 degrees, becomes more acute. The proximal third of 
the tibial shaft usually bows posteriorly, and partial sublux¬ 
ation of the tibia may gradually occur. In the second type, the 
hamstrings and the gastrocnemius-soleus muscles are weak. 
Hyperextension of the knee results from stretching of these 
muscles, often followed by stretching of the posterior capsular 
ligament. 

The prognosis after correction of the first type of recurva¬ 
tum is excellent. The skeletal deformity is corrected first, and 
then one or more hamstrings can be transferred to the patella. 
Irwin described an osteotomy of the proximal tibia to correct 
the first type of genu recurvatum caused by structural bone 
changes. Storen modified the Campbell osteotomy by immo- 
bilizing the fragments of the tibia with a Charnley clamp. 


OSTEOTOMY OF THE TIBIA FOR 
GENU RECURVATUM 


TECHNIQUE 34-16 


(IRWIN) 

■ Through a short longitudinal incision, remove a section 
of the shaft of the fibula about 2.5 cm long from just 
distal to the neck. 

■ Pack the defect with chips from the sectioned piece of 
bone. 

■Close the periosteum and overlying soft tissues. 

■ Through an anteromedial incision, expose and, without 
entering the joint, osteotomize the proximal fourth of the 
tibia as follows: With a thin osteotome or a power saw, 
outline a tongue of bone but leave it attached to the 
anterior cortex of the distal fragment. At a right angle to 
the longitudinal axis of the knee joint and parallel to its 
latéral plane, pass a Kirschner wire through the distal end 
of the proposed proximal fragment before the tibial shaft 
is divided. Complété the osteotomy with a Gigli saw, an 
osteotome, or a power saw. 

■ Lift the proximal end of the distal fragment from its peri- 
osteal bed and remove from it a wedge of bone of pre- 
determined size, its base being the posterior cortex. 


■ Replace the tongue of bone in its recess in the proximal 
fragment and push the fragments firmly together. 

■Suture the periosteum, which is quite thick in this area, 
firmly over the tongue of bone; this is enough fixation to 
keep the fragments in position until a cast can be applied. 


The osteotomy can be fixed with percutaneous Kirschner 
wires, an external fixator, or, in adults, rigid plate fixation. 
Figure 34-13 shows correction of genu recurvatum by the 
Campbell technique. 

I SOFT-TISSUE OPERATIONS FOR 
GENU RECURVATUM 

Another type of genu recurvatum results from stretching of 
the posterior soft tissues. The prognosis is less certain after 
correction of this type of deformity; no muscles are available 
for transfer, the underlying cause cannot be corrected, and the 
deformity can recur. An operation on the soft tissues, triple 
tenodesis of the knee, has been described for correcting para- 
lytic genu recurvatum. If the deformity is 30 degrees or less, 
prolonged bracing of the knee in flexion usually prevents an 
increase in deformity. When the deformity is severe, however, 
bracing is ineffective, the knee becomes unstable and weak, 
the gait is inefficient, and, in adults, pain is marked. The three 
following principles must be considered if operations on the 
soft tissues for genu recurvatum are to be successful: 

1. The fibrous tissue mass used for tenodesis must be suffi - 
cient to withstand the stretching forces generated by 
walking; ail available tendons must be used. 

2. Healing tissues must be protected until they are fully 
mature. The operation should not be undertaken unless 
the surgeon is sure that the patient will conscientiously 
use a brace that limits extension to 15 degrees of flexion 
for 1 year. 

3. The alignment and stability of the ankle must meet the 
basic requirements of gait. Any equinus deformity must 
be corrected to at least neutral. If the strength of the 
soleus is less than good on the standing test, this defect 
must be corrected by tendon transfer, tenodesis, or 
arthrodesis of the ankle in the neutral position. 


TRIPLE TENODESIS FOR 
GENU RECURVATUM 

The operation for triple tenodesis for genu recurvatum 
consists of three parts: proximal advancement of the pos¬ 
terior capsule of the knee with the joint flexed 20 degrees, 
construction of a checkrein in the midline posteriorly using 
the tendons of the semitendinosus and gracilis, and cré¬ 
ation of two diagonal straps posteriorly using the biceps 
tendon and the anterior half of the iliotibial band. 


TECHNIQUE 34-17 


(PERRY, O'BRIEN, AND HODGSON) 

■ Place the patient prone, apply a tourniquet high on the 
thigh, and place a large sandbag beneath the ankle to 
flex the knee about 20 degrees. 
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FIGURE 


Closing wedge osteotomy for genu recurvatum. A f Wedge of bone removed from tibia. B, Recurvatum secondary to 


anterior tilt of tibial plateau. C f Five months after operation. SEE TECHNIQUE 34-16. 
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Perry, O'Brien, and Hodgson operation for genu recurvatum. A f Origin of médial head of gastrocnemius has been 
released, leaving proximal strap. Broad flap of posterior capsule is released for future advancement. B f Semitendinosus and gracilis 
tendons are divided at musculotendinous junctions. Each is passed through tunnel in tibia, then across exterior of joint, and then 
through tunnel in fémur. Flap of posterior capsule is advanced and sutured snugly with knee flexed 20 degrees. C, Cross straps are 
made with biceps femoris and iliotibial band. SEE TECHNIQUE 34-17. 


■ Make an S-shaped incision beginning laterally parallel to 
and 1 cm anterior to the biceps tendon; extend it distally 
4 cm to the transverse flexion crease of the knee, carry it 
medially across the popliteal fossa, and extend it distally 
for 4 or 5 cm overlying or just médial to the semitendi¬ 
nosus tendon. 

■ Identify the sural nerve and retract it laterally. Then iden- 
tify the tibial nerve and the popliteal artery and vein and 
protect them with a soft rubber tape. Next, identify and 


free the peroneal nerve and protect it in a similar manner. 
Retract the neurovascular bundle laterally and identify the 
posterior part of the joint capsule. 

■ Detach the médial head of the gastrocnemius muscle in 
a step-cut fashion, preserving a long, strong proximal 
strap of the Z to be used in the tenodesis (Fig. 34-14A). 

■ Next, use a knife to detach the joint capsule from its 
attachment to the fémur just proximal to the condyles 
and the intercondylar notch. 
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9 " Detach the tendons of the gracilis and semitendinosus at 
their musculotendinous junctions and suture their proxi¬ 
mal ends to the sartorius. Be sure to divide these tendons 
as far proximally as possible because ail available length 
will be needed. 

■ Next, drill a hole in the tibia beginning at a point in the 
midline posteriorly inferior to the physis and emerging 
near the insertion of the pes anserinus; take care to avoid 
the physis. 

■ Drill a hole in the fémur beginning in the midline poste¬ 
riorly proximal to the fémoral physis and emerging on the 
latéral aspect of the distal fémur (Fig. 34-14B). 

■ Draw the tendons of the gracilis and semitendinosus 
through the hole in the tibia, pass them posterior to the 
detached part of the capsule, and pull them through 
the hole in the fémur to emerge on the latéral aspect of 
the distal fémur; suture the tendons to the periosteum 
here under moderate tension with heavy nonabsorbable 
sutures with the knee flexed 20 degrees. 

■ Advance the free edge of the joint capsule proximally on 
the fémur until ail slack has disappeared and suture it to 
the periosteum in its new position using nonabsorbable 
sutures. 

■ Detach the biceps tendon from its muscle, rotate it on its 
fibular insertion, pass it across the posterior aspect of the 
joint deep to the neurovascular structures, and anchor it 
to the fémoral origin of the médial head of the gastroc- 
nemius under moderate tension (Fig. 34-14C). 

■ Detach the anterior half of the iliotibial band from its 
insertion on the tibia, pass it deep to the intact part of 
the band, the biceps tendon, and the neurovascular struc¬ 
tures, and suture it to the semimembranosus insertion on 
the tibia under moderate tension. 

■ If one of the tendons being used is of an active muscle, 
split that tendon and use only half of it in the tenodesis, 
leaving the other half attached at its insertion. 

■ Close the wound in layers and use suction drainage for 
48 hours. Apply a well-padded cast from groin to toes 
with the knee flexed 30 degrees to prevent tension on 
the sutures. 

POSTOPERATIVE CARE. The cast is removed at 6 
weeks, and a long leg brace that was fitted before surgery 
is applied. The brace is designed to limit extension of the 
knee to 15 degrees of flexion. Full weight bearing is 
allowed in the brace, and at night a plaster shell is used 
to hold the knee flexed 15 degrees. Twelve months after 
surgery the patient is readmitted to the hospital and the 
flexion contracture of the knee is corrected gradually to 
neutral by serial plaster casts; unprotected weight bearing 
is then permitted. It is important that the soft tissues are 
completely healed before being subjected to excessive 
stretching caused by unprotected weight bearing or by 
wedging plaster casts. 


■ FLAIL KNEE 

When the knee is unstable in ail directions, and muscle power 
sufficient to overcome this instability is unavailable for tendon 
transfer, either a long leg brace with a locking knee joint must 
be worn or the knee must be fused. Fusion of the knee in a 


good position not only permits a satisfactory gait but also 
improves it by eliminating the weight of the brace; fusion of 
the knee causes inconvenience while sitting. One option is to 
defer fusion until the patient is old enough to weigh its advan- 
tages and disadvantages before a final decision is made. For 
patients who are heavy laborers and would hâve trouble 
maintaining a brace, the advantages of being free of a brace 
outweigh the advantages of being able to sit with the knee 
flexed in a brace; in these patients, an arthrodesis is indicated. 
Others who sit much of the time may prefer to use a brace 
permanently. When both legs are badly paralyzed, one knee 
can be fused and the other stabilized with a brace. 

Before an arthrodesis is performed, a cylinder cast can be 
applied on a trial basis, immobilizing the knee in the position 
in which it would be fused; this allows the patient to make an 
informed decision concerning the advantages and disadvan¬ 
tages of arthrodesis of the knee. The techniques of knee fusion 
are described in Chapter 8. 

TIBIA AND FEMUR 

Angular and torsional deformities of the tibia and fémur are 
more offen caused by conditions other than poliomyelitis, 
such as congénital abnormalities, metabolic disorders, or 
trauma, and the various ostéotomies used for their treatment 
are discussed in Chapters 29 and 36. 

HIP 

Paralysis of the muscles around the hip can cause severe 
impairment. This impairment may include flexion and abduc¬ 
tion contractures of the hip, hip instability and limping caused 
by paralysis of the gluteus maximus and médius muscles, and 
paralytic hip dislocation. 

■ FLEXION AND ABDUCTION 
CONTRACTURES OF THE HIP 

An abduction contracture is the most common deformity 
associated with paralysis of the muscles around the hip; it 
usually occurs in conjunction with flexion and external rota¬ 
tion contractures of varying degrees. Less offen, a contracture 
of the hip may occur that consists of adduction with flexion 
and internai rotation. When contractures of the hip are severe 
and bilateral, locomotion is possible only as a quadruped; the 
upright position is possible after the contractures hâve been 
released. 

Spasm of the hamstrings, hip flexors, tensor fasciae latae, 
and hip abductors is common during the acute and convales¬ 
cent stages of poliomyelitis. Straight-leg raising usually is 
limited. The patient assumes the frog position, with the knees 
and hips flexed and the extremities completely externally 
rotated. When this position is maintained for even a few 
weeks, secondary soft-tissue contractures occur; a permanent 
deformity develops, especially when the gluteal muscles hâve 
been weakened. The deformity puts the gluteus maximus at 
a disadvantage and prevents its return to normal strength. If 
the faulty position is not corrected, growth of the contracted 
soft tissues would fail to keep pace with bone growth and the 
deformity would progressively increase. If positioning in bed 
is correct while muscle spasm is présent, and if the joints are 
carried through a full range of motion at regular intervals 
after the muscle spasm disappears, contractures can be pre- 
vented and soft tissues can be kept sufhciently long and elastic 
to meet normal functional demands. 
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The large expanse of the tensor fasciae latae must be 
recognized before the deforming possibilities of the iliotibial 
band can be appreciated. Proximally, the fascia lata arises 
from the coccyx, the sacrum, the crest of the ilium, the ingui¬ 
nal ligament, and the pubic arch and invests the muscles of 
the thigh and buttock. Either the superficial or the deep layer 
is attached to most of the gluteus maximus muscle and to ail 
of the tensor fasciae latae muscle. Ail of the attachments of 
the fascia converge to form the iliotibial band on the latéral 
side of the thigh. 

Contracture of the iliotibial band can contribute to the 
following deformities: 

1. Flexion, abduction, and external rotation contracture of 
the hip. The iliotibial band lies latéral and anterior to the 
hip joint, and its contracture can cause flexion and abduc¬ 
tion deformity. The hip is externally rotated for comfort 
and, if not corrected, the external rotators of the hip 
contract and contribute to a fixed deformity. 

2. Genu valgum and flexion contracture of the knee. With 
growth, the contracted iliotibial band acts as a taut bow- 
string across the knee joint and gradually abducts and 
flexes the tibia. 

3. Limb-length discrepancy. Although the exact mechanism 
has not been clearly defined and may be related more to 
the loss of neurologie and muscle function, a contracted 
iliotibial band on one side may be associated with con¬ 
sidérable shortening of that extremity after years of 
growth. 

4. External tibial torsion, with or without knee joint sublux¬ 
ation. Because of its latéral attachment distally, the ilio¬ 
tibial band gradually rotâtes the tibia and fibula externally 
on the fémur; this rotation may be increased if the short 
head of the biceps is strong. When the deformity becomes 
extreme, the latéral tibial condyle subluxates on the latéral 
fémoral condyle and the head of the fibula lies in the 
popliteal space. 

5. Secondary ankle and foot deformities. With external 
torsion of the tibia, the axes of the ankle and knee joints 
are malaligned, causing structural changes that may 
require surgical correction. 

6. Pelvic obliquity. When the iliotibial band is contracted, 
and the patient is supine with the hip in abduction and 
flexion, the pelvis may remain at a right angle to the long 
axis of the spine (Fig. 34-18). When the patient stands, 
however, and the affected extremity is brought into the 
weight-bearing position (parallel to the vertical axis of 
the trunk), the pelvis assumes an oblique position: The 
iliac crest is low on the contracted side and high on the 
opposite side. The latéral thrust forces the pelvis toward 
the unaffected side. The trunk muscles on the affected 
side lengthen, and the muscles on the opposite side con¬ 
tract. An associated lumbar scoliosis can develop. If not 
corrected, the two contralatéral contractures (i.e., the 
band on the affected side and the trunk muscles on the 
unaffected side) hold the pelvis in this oblique position 
until skeletal changes fix the deformity (Fig. 34-19). 

7. Increased lumbar lordosis. Bilateral flexion contractures of 
the hip pull the proximal part of the pelvis anteriorly; for 
the trunk to assume an upright position, a compensatory 
increase in lumbar lordosis must develop. 

A flexion and abduction contracture of the hip can be mini- 
mized or prevented in the early convalescent stage of 
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poliomyelitis. The patient should be placed in bed with the 
hips in neutral rotation, slight abduction, and no flexion. Ail 
joints must be carried through a full range of passive motion 
several times daily; the hips must be stretched in extension, 
adduction, and internai rotation. To prevent rotation, a bar 
similar to a Denis Browne splint is useful, especially when a 
knee roll is used to prevent a genu recurvatum deformity; the 
bar is clamped to the shoe soles to hold the feet in slight 
internai rotation. The contracture is carefully watched for in 
the acute and early convalescent stages; if found, it must be 
corrected before ambulation is allowed. 

Secondary adaptive changes occur soon after the iliotibial 
band contracts, and the resulting deformity, regardless of its 
duration or of the patients âge, cannot be corrected by con¬ 
servative measures; on the contrary, attempts at correction 
with traction only increase the obliquity and hyperextension 
of the pelvis and cannot exert any helpful corrective force on 
the deformity. 

Simple fasciotomies around the hip and knee may correct 
a minor contracture, but récurrence is common; they do not 
correct a severe contracture. For abduction and external rota¬ 
tion contractures, a complété release of the hip muscles 
(Ober-Yount procedure) is indicated. For severe deformities, 
complété release of ail muscles from the iliac wing with 
transfer of the crest of the ilium (Campbell technique) is 
indicated. 


COMPLETE RELEASE OF HIP FLEXION, 
ABDUCTION, AND EXTERNAL 
ROTATION CONTRACTURE 


TECHNIQUE 34-18 


(OBER; YOUNT) 

■ With the patient in a latéral position, make a transverse 
incision médial and distal to the anterior superior 
iliac spine, extending it laterally above the greater 
trochanter. 

■ Divide the iliopsoas tendon distally and excise 1 cm of it. 

■ Detach the sartorius from its origin in the anterior supe¬ 
rior iliac spine, detach the rectus from the anterior inferior 
iliac spine, and divide the tensor fasciae latae from its 
anterior border completely posteriorly (Fig. 34-15). 

■ Detach the gluteus médius and minimus and the short 
external rotators from their insertions on the trochanter. 

■ Retract the sciatic nerve posteriorly and then open the 
hip capsule from anterior to posterior, parallel with the 
acetabular labrum. 

■ Close the wound over a suction drain and apply a hip 
spica cast with the hip in full extension, 10 degrees of 
abduction, and, if possible, internai rotation. 

■ For the Yount procedure, expose the fascia lata through 
a latéral longitudinal incision just proximal to the fémoral 
condyle. 

■ Divide the iliotibial band and fascia lata posteriorly to the 
biceps tendon and anteriorly to the midline of the thigh 
at a level 2.5 cm proximal to the patella. 

■ At this level, excise a segment of the iliotibial band and 
latéral intermuscular septum 5 to 8 cm long. 
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Complété release of flexion-abduction-external 
rotation contracture of hip. SEE TECHNIQUE 34-18. 


■ Before closing the wound, détermine by palpation that 
ail tight bands hâve been divided. 

POSTOPERATIVE CARE. The cast is removed at 2 
weeks, and a long leg brace with a pelvic band is fitted 
with the hip in the same position. 


COMPLETE RELEASE OF MUSCLES 
FROM ILIAC WING AND TRANSFER 
OF CREST OF ILIUM 


TECHNIQUE 34-19 


(CAMPBELL) 

■ Incise the skin along the anterior one half or two thirds 
of the iliac crest to the anterior superior spine and then 
distally for 5 to 10 cm on the anterior surface of the 
thigh. 

■ Divide the superficial and deep fasciae to the crest of the 
ilium. 

■ Strip the origins of the tensor fasciae latae and gluteus 
médius and minimus muscles subperiosteally from the 
wing of the ilium down to the acetabulum (Fig. 34-16A). 

■ Free the proximal part of the sartorius from the tensor 
fasciae latae. 

■ With an ostéotomie, resect the anterior superior iliac spine 
along with the origin of the sartorius muscle and allow 
both to retract distally and posteriorly. 



Campbell transfer of crest of ilium for flexion 
contracture of hip. A f Origins of sartorius, tensor fasciae latae, 
and gluteus médius muscles are detached from ilium. B, Redun- 
dant part of ilium is resected. SEE TECHNIQUE 34-19. 


■ Dénudé the anterior border of the ilium down to the 
anterior inferior iliac spine. Free subperiosteally the 
attachments of the abdominal muscles from the iliac crest 
(or resect a narrow strip of bone with the attachments). 
Strip the iliacus muscle subperiosteally from the inner 
table. 

■ Free the straight tendon of the rectus femoris muscle 
from the anterior inferior iliac spine and the reflected 
tendon from the anterior margin of the acetabulum, or 
simply divide the conjoined tendon of the muscle. Releas¬ 
ing these contracted structures often will allow the hip to 
be hyperextended without increasing the lumbar lordosis; 
this is a most important point because, in this situation, 
correction may be more apparent than real. 
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■ If the hip cannot be hyperextended, other contracted 
structures must be divided. If necessary, divide the capsule 
of the hip obliquely from proximally to distally and, as a 
last resort, free the iliopsoas muscle from the lesser tro¬ 
chanter by tenotomy. 

■ After the deformity has been completely corrected, resect 
the redundant part of the denuded ilium with an ostéo¬ 
tomie (Fig. 34-16B). 

■ Suture the abdominal muscles to the edge of the gluteal 
muscles and tensor fasciae latae over the remaining rim 
of the ilium with interrupted sutures. Suture the superfi- 
cial fascia on the médial side of the incision to the deep 
fascia on the latéral side to bring the skin incision 2.5 cm 
posterior to the rim of the ilium. 

■To preserve the iliac physis in a young child, modify the 
procedure as follows. Free the muscles subperiosteally 
from the latéral surface of the ilium. 

■ Detach the sartorius and rectus femoris as just described 
and, if necessary, release the capsule and iliopsoas muscle. 
Stripping the muscles from the médial surface of the ilium 
is un necessary. 

■ Now with an osteotome remove a wedge of bone from 
the crest of the ilium distal to the physis from anterior to 
posterior; its apex should be as far posterior as the end 
of the incision and its base anterior and 2.5 cm or more 
in width, as necessary to correct the deformity. 

■ Then displace the crest of the ilium distally to contact the 
main part of the ilium and fix it in place with sutures 
through the soft tissues. 

POSTOPERATIVE CARE. When the deformity is mild, 
the hip is placed in hyperextension and about 10 degrees 
of abduction, and a spica cast is applied on the affected 
side and to above the knee on the opposite side. After 3 
or 4 weeks the cast is removed, and the hip is mobilized. 
Support may be unnecessary during the day when the 
patient is on crutches; however, Buck extension or an 
appropriate splint should be used at night. 


■ PARALYSIS OF THE GLUTEUS MAXIMUS AND 
MEDIUS MUSCLES 

One of the most severe disabilities from poliomyelitis is 
caused by paralysis of the gluteus maximus or the gluteus 
médius or both; the resuit is an unstable hip and an unsightly 
and fatiguing limp. During weight bearing on the affected 
side when the gluteus médius alone is paralyzed, the trunk 
sways toward the affected side and the pelvis elevates on the 
opposite side (the “compensated” Trendelenburg gait). When 
the gluteus maximus alone is paralyzed, the body lurches 
backward. The strength of the gluteal muscles can be shown 
by the Trendelenburg test. When a normal person bears 
weight on one extremity and flexes the other at the hip, the 
pelvis is held on a horizontal plane and the gluteal folds are 
on the same level; when the gluteal muscles are impaired, and 
weight is borne on the affected side, the level of the pelvis on 
the normal side drops lower than that on the affected side; 
when the gluteal paralysis is severe, the test cannot be made 
because balance on the disabled extremity is impossible. 

Because no apparatus would stabilize the pelvis when one 
or both of these muscles is paralyzed, function can be 


improved only by transferring muscular attachments to 
replace the gluteal muscles when feasible. These operations 
are only relatively successful. When the gluteal muscles are 
completely paralyzed, normal balance is never restored. 
Although the gluteal limp can be lessened, it remains; 
however, when the paralysis is only partial, the gait can be 
markedly improved. 


POSTERIOR TRANSFER OF THE 
ILIOPSOAS FOR PARALYSIS OF 
THE GLUTEUS MEDIUS AND 
MAXIMUS MUSCLES 

For weakness of the hip abductors the tendon of the ilio¬ 
psoas muscle can be transferred to the greater trochanter. 
Although it is a more extensive operation, the iliopsoas 
tendon and the entire iliacus muscle can be transferred 
posteriorly when the gluteus maximus and gluteus médius 
are paralyzed. Open adductor tenotomy should always 
précédé iliopsoas transfer. 


TECHNIQUE 34-20 


(SHARRARD) 

■ Place the patient on the operating table slightly tilted 
toward the nonoperative side. Through a transverse inci¬ 
sion overlying the adductor longus, expose and divide the 
adductor muscles. 

■ Expose the lesser trochanter and detach it from the fémur 
(Fig. 34-17A). Then clear the psoas muscle as far proxi¬ 
mally as possible. 

■ Make a second incision just below and parallel to the iliac 
crest. 

■ Detach the crest with the muscles of the abdominal wall 
and open the psoas muscle sheath. Locate the insertion 
of the muscle with a fingertip. 

■ Through the first incision, grasp the lesser trochanter with 
a Kocher forceps and pull it upward, within the psoas 
sheath and into the upper operative area (Fig. 34-17B). 

■ Next expose the sartorius muscle and divide it in its proxi¬ 
mal half. Allow the muscle to remain in the cartilaginous 
portion of the anterior superior iliac spine, which is 
retracted medially. 

■ Identify the direct head of the rectus femoris muscle and 
divide it at its origin in the anterior inferior iliac spine. 
Identify the reflected head of the rectus femoris muscle, 
dissect it free from the hip capsule, and elevate it 
posteriorly. 

■ If the hip is dislocated, open the capsule anteriorly and 
laterally, parallel to the labrum, excise the ligamentum 
teres, and remove any hypertrophie pulvinar. 

■ Reduce the hip joint. 

■ Make a hole through the iliac wing just latéral to the 
sacroiliac joint. Make an oval with its long axis longitudi¬ 
nal, its width slightly more than one third of that of the 
iliac wing, and its length 1 1/2 times as long as its width. 

■ Pass the iliopsoas tendon and the entire iliacus muscle 
through the hole (Fig. 34-17C). Pass a finger from the 
gluteal région distally and posteriorly into the bursa deep 
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Sharrard transfer of iliopsoas muscle. A f lliopsoas tendon is released from lesser trochanter. B f Tendon and lesser 
trochanter are detached, iliacus and psoas muscles are elevated, origin of iliacus is freed, and hole is made in ilium. C f lliopsoas tendon 
is passed from posterior to anterior through hole in greater trochanter. D f lliopsoas muscle and lesser trochanter are secured to greater 
trochanter with screw. E and F, Modification of technique in which muscle and tendon are redirected latérally through notch in ilium 
and inserted into greater trochanter, as described by Weisinger et al. SEE TECHNIQUE 34-20. 


to the gluteus maximus tendon and identify by touch the 
postérolatéral aspect of the greater trochanter. By refer- 
ring to this point, expose the corresponding anterior 
aspect of the greater trochanter by dissecting through the 
fascia. 

■ With awls and burs and from anteriorly to posteriorly, 
make a hole through the greater trochanter until it is big 
enough to receive the tendon. 

■ While the hip is held in abduction, extension, and neutral 
rotation, pass the end of the tendon through the buttock 
and from posteriorly to anteriorly through the tunnel in 
the greater trochanter (Fig. 34-17C). 


■ Secure the psoas and lesser trochanter to the greater 
trochanter with sutures or a screw (Fig. 34-17D). 

■ Suture the origin of the iliacus muscle to the ilium inferior 
to the crest. 

■ For severe coxa valga or antéversion that requires more 
than 20 to 30 degrees of abduction for stability, a varus 
derotation osteotomy with internai fixation can be per- 
formed before insertion and suturing of the iliopsoas 
tendon in the greater trochanter. 

■ As an alternative, eut a "gutter," or notch, into the pos¬ 
terior latéral iliac crest rather than a window in the ilium. 
The muscle and its tendon can be redirected laterally 
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through the notch and inserted into the greater trochan¬ 
ter (Fig. 34-17 E and F). This is technically simpler because 
the iliacus muscle is not transferred to the outside of the 
pelvis. 

POSTOPERATIVE CARE. The hip is immobilized for 6 
weeks in an abduction spica cast. 


■ PARALYTIC DISLOCATION OF THE HIP 

If a child contracts poliomyelitis before âge 2 years, and the 
gluteal muscles become paralyzed but the flexors and adduc- 
tors of the hip do not, the child may develop a paralytic dis¬ 
location of the hip before he or she is grown. That the 
combination of imbalance in muscle power, habitually faulty 
postures, and growth is important in producing deformity is 
illustrated nowhere better than in this situation. Generally, 
children with paralytic dislocation of the hip hâve normal 
strength of the flexors and adductors but paralysis of the 
gluteal muscles. Unless this muscle imbalance is corrected, 
dislocation is likely to recur regardless of other treatment. 
Dislocation also can develop because of fixed pelvic obliquity, 
in which the contralatéral hip is held in marked abduction, 
usually by a tight iliotibial band or a structural scoliosis. If 
the pelvic obliquity is not corrected, the hip gradually sublux- 
ates and eventually dislocates. Weakness of the abductor 
musculature retards the growth of the greater trochanteric 
apophysis. The proximal fémoral capital epiphysis continues 
to grow away from the greater trochanter and increases the 
valgus deformity of the fémoral neck; fémoral antéversion 
also may be increased; and the hip becomes mechanically 
unstable and gradually subluxates. The uneven pressure in the 
acetabulum causes an increased obliquity in the acetabular 
roof. 

The goals of treatment of paralytic hip dislocations are 
réduction of the fémoral head into the acetabulum and res- 
toration of muscle balance. The bony deformity should be 
corrected before or at the time of any muscle-balancing pro¬ 
cedures. Réduction of the hip in young children can often be 
achieved by simple abduction, sometimes aided by open 
adductor tenotomy and traction. Traction can be used to 
bring the fémoral head opposite the acetabulum before closed 
réduction is attempted. If the hip cannot be reduced by trac¬ 
tion, open réduction and adductor tenotomy may be required, 
in combination with primary fémoral shortening, varus dero- 
tation osteotomy of the fémur, and appropriate acetabular 
reconstructions (see Chapter 30). Hip arthrodesis rarely is 
indicated and should be used as the last alternative for treat¬ 
ment of a flail hip that requires stabilization or of an arthritic 
hip in a young adult that cannot be corrected with total hip 
arthroplasty. The Girdlestone procedure is the final option for 
failed correction of the dislocation. 

LEG-LENGTH DISCREPANCY 

Leg-length discrepancies are common in patients with polio¬ 
myelitis owing to a variety of factors, including abnormal 
limb growth, abnormal muscle forces, and joint contractures. 
At skeletal maturity, most patients hâve discrepancies in the 
range of 4 to 7 cm and many hâve associated lower extremity 
deformities, most commonly of the foot. 
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Leg lengthening in general and especially in neuromus- 
cular patients is associated with a high complication rate. In 
patients with poliomyelitis, lengthening is a longer process 
(approximately 1 cm per 2 months) than in other patients 
because of associated muscular atrophy and hypoplasia of 
bone. This delayed consolidation places patients at increased 
risks of pin track infection, pin loosening, and joint contrac¬ 
ture. Because of abnormal muscle forces, these patients also 
are at greater risk for joint contractures. Use of an intramed- 
ullary nail for tibial lengthening in patients with poliomyelitis 
has been reported to decrease mean healing time compared 
with lengthening without a nail. A high rate of récurrent foot 
deformity was found with the use of Ilizarov lengthening, and 
triple arthrodesis was recommended rather than contracture 
release. Poliomyelitis patients with leg-length discrepancy 
alone hâve been found not hâve a higher level of ambulatory 
function than those with leg-length discrepancy and associ¬ 
ated angular deformity. Leg lengthening improved ambula¬ 
tory function at various distances only when combined with 
angular correction. Leaving a small residual length discrep¬ 
ancy was recommended to allow for clearance of the weak 
limb from the ground. 

TOTAL JOINT ARTHROPLASTY 

Total joint arthroplasty in neuromuscular patients also is 
associated with increased complication rates. Several small 
sériés and case studies hâve reported relatively short follow-up 
of total joint arthroplasty in patients with poliomyelitis. 
Improvements in knee range of motion, pain, and function 
hâve been reported affer total knee arthroplasty, but further 
study and longer follow-up are necessary to fully establish the 
efficacy and safety of total joint arthroplasty in patients with 
poliomyelitis. 

TRUNK 

To understand the deformities and disabilities that may occur 
when the muscles of the trunk and hips are affected by polio¬ 
myelitis requires knowledge of the normal actions and inter¬ 
actions of these muscles. Irwin described the actions of the 
hip abductors and of the latéral trunk muscles during weight 
bearing as follows. 

The different muscle groups, bone levers, and weight- 
bearing thrusts hâve a symmetric and triangular relationship, 
as shown in Figures 34-18 and 34-19. The line BC represents 
the abductor muscles of the hip; AB, the fémoral head, neck, 
and trochanter, which provide a lever for the abductor 
muscles; AC, the weight-bearing thrust on the fémoral head; 
DF and CF, the latéral trunk muscles; CE, the bone lever of 
the pelvis through which the trunk muscles act; and FE, the 
weight-bearing thrust through the midline of the pelvis from 
above. When the body is balanced, the triangles above and 
below the pelvis are symmetric. 

During normal walking, the abductors of the hip on the 
weight-bearing side pull downward on the pelvis and the 
latéral trunk muscles on the opposite side pull upward; these 
two sets of muscles hold the pelvis at a right angle to the 
longitudinal axis of the trunk. The fémoral head on the 
weight-bearing side serves as the fulcrum. The point of fixa¬ 
tion of the trunk muscles (the ribs and spine) is less stable 
than that of the abductor muscles. When DF elevates the 
pelvis, CF must provide counterfixation; CF dépends on the 
abductors of the hip, BC, for counterfixation. With each step, 
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Most true fixed pelvic obliquities are initiated 
by contractures below iliac crest (see text). 


the fémur on the weight-bearing side is the central point of 
action for this coordinated System of fixation and counterfix- 
ation. Each part of the System dépends on the others for 
proper pelvic balance during walking. 

■ PELVIC OBLIQUITY 

When there is an abduction contracture of the hip, line BC is 
shortened; as the affected extremity is placed in the weight- 
bearing position, the fémur, acting through the contracted 
abductor group, BC, depresses the pelvis on that side. During 
this motion, the affected extremity and the pelvis act as a unit; 
the pelvis is displaced by the latéral thrust toward the oppo¬ 
site side, and the normal symmetry of the pelvis in relation 
to the weight-bearing thrust from above is altered. This thrust 
from above, FE, now closely approaches the affected hip, and 
the pelvis is tilted obliquely. The adducted position of the 
unaffected hip elongates the abductor muscles, DG, to about 
the same extent that the abductors on the affected side, BC, 
hâve been shortened, so even when the abductors, DG, are 
normal, their contractility and efficiency are diminished. The 
demand on these weakened muscles is increased by the 
increase in the length of line DE. 

The trunk muscles also are affected by this asymmetry. 
The latéral trunk muscles, CF, become elongated, and their 
efficiency is impaired. The élongation of the abductors, DG, 
alters their interrelation with the latéral trunk muscles, DF, in 
providing a fixed point for contraction of the latéral trunk 



Abnormal mechanical relationships are created 
when contracted hip is brought down into weight-bearing posi¬ 
tion (see text). 


muscles, CF. The latéral trunk muscles, CF, normally elevate 
the pelvis on that side, but their position now prevents effi¬ 
cient function. Shortening of the lever, EC, places the trunk 
muscles, CF, at a further disadvantage. Ail these alterations in 
function and structure disrupt the mechanics of walking. 
When the contracted latéral trunk muscles, DF, and con¬ 
tracted hip abductors, BC, hold the pelvis in this position long 
enough, its obliquity becomes fixed through adaptive changes 
in the spine. 

When pelvic obliquity is associated with paralysis of the 
legs severe enough to require two long leg braces, walking is 
even more difficult. When the quadriceps is strong on the side 
of the abduction contracture (the apparently long extremity), 
the brace can be unlocked to allow knee flexion, and walking 
becomes possible, although with a marked limp. When the 
brace on the affected side cannot be unlocked, and the heel 
on the opposite side (the apparently short extremity) is not 
elevated, the affected extremity must be widely abducted in 
walking; otherwise, weight is borne only on the affected 
extremity and the opposite one becomes almost useless. 

! TREATMENT 

Most pelvic obliquities arise from contractures distal to the 
iliac crest, and a few arise from unilatéral weakness of the 
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abdominal and latéral trunk muscles. When contractures are 
absent distal to the iliac crest, a pelvic obliquity should not 
be considered a true one but one secondary to scoliosis. 

The early origin of a true pelvic obliquity from contrac¬ 
ture of the iliotibial band has already been discussed. Before 
starting treatment, the degree of fixation of the lumbar scolio¬ 
sis should be determined by radiographs. When the defor- 
mity is mild and the lumbar scoliosis is not fixed, the pelvic 
obliquity is corrected by treating the flexion and abduction 
contracture of the hip (see Technique 34-18). When the pelvic 
obliquity is moderately severe and the lumbar scoliosis is 
fixed, the scoliosis is corrected first by instrumentation, as 
described in Chapter 44. Affer this treatment has been com- 
pleted, the contractures around the hip are released. 

For adults with arthritic changes in the lumbar spine that 
make correction impossible, the weight borne on the adducted 
extremity (the apparently short one) can be shiffed nearer the 
midline by valgus osteotomy; a severe unilatéral weakness of 
the gluteus médius also can be treated in this way. This pro¬ 
cedure may enable a patient to walk who could not do so 
before. When the pelvic obliquity is extreme and the fémoral 
head of the abducted extremity (the apparently long one) is 
almost within the center of gravity, varus osteotomy of the 
fémur is indicated. The osteotomy usually is made at the level 
of the lesser trochanter, and the fragments are immobilized 
by appropriate internai fixation. 

I SERRATUS ANTERIOR PARALYSIS 

The following procedures were devised to treat serratus ante- 
rior paralysis: 

1. Fascial transplant to anchor the inferior angle of the 
scapula to the inferior border of the pectoralis major 

2. Multiple fascial transplants extending from the vertébral 
border of the scapula to the fourth, fiffh, sixth, and 
seventh thoracic spinous processes 

3. Transfer of the te res major tendon from the humérus to 
the fiffh and sixth ribs 

4. Transfer of the coracoid insertion of the pectoralis minor 
muscle to the vertébral border of the scapula 

5. Transfer of the coracoid insertion of the pectoralis minor 
to the inferior angle of the scapula 

6. Transfer of the pectoralis minor to distal third of the 
scapula 

i TRAPEZIUS AND LEVATOR SCAPULAE PARALYSIS 

The following procedures are used to treat trapezius and 
levator scapulae paralysis: 

1. Fascial transplants extending from the spine of the scapula 
to the cervical muscles and to the first thoracic spinous 
process; also, anchoring of the inferior angle of the scapula 
to the adjacent paraspinal muscles for stability 

2. Transplant of two fascial strips, one extending from the 
vertébral border of the scapula just proximal to its spine 
to the sixth cervical spinous process and the other from 
a point 6 cm distal to the first transplant to the third 
thoracic spinous process 

3. Fascial transplant extending from the middle of the ver¬ 
tébral border of the scapula to the spinous process of the 
second and third thoracic vertebrae and transfer of the 
insertion of the levator scapulae muscle lateralward on 
the spine of the scapula to a point adjacent to the 
acromion 


CHAPTER 34 PARALYTIC DISORDERS Ç 

I PARALYTIC SCOLIOSIS 

The treatment of paralytic scoliosis is discussed in 
Chapter 44. 

SHOULDER 

The disability caused by paralysis of the muscles around the 
shoulder can be diminished to some extent by tendon and 
muscle transfers or by arthrodesis of the joint; the pattern and 
severity of the paralysis détermine which method is most 
appropriate. Neither procedure is indicated, however, unless 
the hand, forearm, and elbow hâve remained functional or 
hâve already been made so by reconstructive surgery. 

Tendons and muscles are transferred to substitute for a 
paralyzed deltoid muscle or to reinforce a weak one. For these 
operations to be successful, power must be fair or better in 
the serratus anterior, the trapezius, and the short external 
rotators of the shoulder (for the trapezius transfer, power 
must be fair or better in the pectoralis major, the rhomboids, 
and the levator scapulae). When the short external rotators 
are below functional level, the latissimus dorsi or teres major 
can be transferred to the latéral aspect of the humérus to 
reinforce them (Harmon). When the supraspinatus is below 
functional level, the levator scapulae (preferred), sterno- 
cleidomastoid, scalenus anterior, scalenus médius, or scale- 
nus capitis can be transferred to the greater tuberosity. When 
the subscapularis is below functional level, the pectoralis 
minor or the superior two digitations of the serratus anterior 
or the latissimus dorsi or teres major posteriorly can be trans¬ 
ferred to the lesser tuberosity to a point exactly opposite the 
insertion of the subscapularis (here the action is backward, 
although identical to that of the subscapularis affer élévation 
> 90 degrees). Arthrodesis of the shoulder may be indicated 
when the paralysis around the joint is extensive, provided that 
power in at least the serratus anterior and the trapezius is fair 
or better. 

■ TENDON AND MUSCLE TRANSFERS FOR 
PARALYSIS OF THE DELTOID 

Transfer of the insertion of the trapezius is the most satisfac- 
tory operation for complété paralysis of the deltoid. Resecting 
a part of the spine of the scapula and including it in the 
transfer permits fixation of the transfer with screws affer the 
muscle is pulled like a hood over the head of the humérus 
(Fig. 34-20). In a technique modification, the superior and 
middle trapezius is completely mobilized laterally from its 
origin and the transfer is made 5 cm longer without endan- 
gering its nerve or blood supply; this added length greatly 
increases leverage of the transfer on the humérus. The entire 
insertion of the trapezius is freed by resecting the latéral 
clavicle, the acromion, and the adjoining part of the scapular 
spine; these are anchored to the humérus by screws 
(Fig. 34-21). 

Saha developed a functional classification of the muscles 
around the joint and recommended careful assessment of 
their strength before surgery. 

1. Prime movers: the deltoid and clavicular head of the pec¬ 
toralis major, which in lifting exert forces in three direc¬ 
tions at the junction of the proximal and middle thirds of 
the humerai shaft axis. 

2. Steering group: the subscapularis, the supraspinatus, and 
the infraspinatus. These muscles exert forces at the junc¬ 
tion of the axes of the humerai head and neck and 
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FIGURE 


Bateman trapezius transfer for paralysis of deltoid. A f Skin incision. B f Spine of scapula is osteotomized near its base 


in obliquely distal and latéral plane. Broken line indicates division of deltoid. C f Atrophie deltoid has been split, deep surface of acro- 


mion and spine and corresponding area on latéral aspect of humérus hâve been roughened, and latéral end of clavicle has been 
resected. D f Acromion has been anchored to humérus as far distally as possible with two or three screws. SEE TECHNIQUE 34-21. 



Saha trapezius transfer for paralysis of deltoid. 
Entire insertion of trapezius along with attached latéral end of 
clavicle, acromioclavicular joint, and acromion and adjoining part 
of scapular spine hâve been anchored to latéral aspect of humérus 
distal to tuberosities by two screws. SEE TECHNIQUE 34-22. 


humerai shaft. As the arm is elevated, the humerai head, 
by rolling and gliding movements, constantly changes its 
point of contact with the glenoid cavity. Although these 
muscles exert a little force in lifting the arm, their chief 
function is stabilizing the humerai head as it moves in the 
glenoid. 

3. Depressorgroup: the pectoralis major (sternal head), latis- 
simus dorsi, teres major, and teres minor. These muscles 
are intermediately located and exert their forces on the 
proximal fourth of the humerai shaft axis. During éléva¬ 
tion, they rotate the shaft, and in the last few degrees of 
this movement, they depress the humerai head. They 
exert only minimal steering action on the head. Absence 
of their power would cause no apparent disability except 
that performance of the limb in lifting weights above the 
head would be diminished. 

The classic methods of transferring a single muscle (or even 
several muscles to a common attachment) to restore abduc¬ 
tion of the shoulder do not consider the functions of the 
steering muscles. When the steering muscles are paralyzed 
and a single muscle has been transferred to restore functions 
only of the deltoid, the arm cannot be elevated more than 90 
degrees and scapulohumeral motion is significantly dis- 
turbed. For paralysis of the deltoid, the entire insertion of the 
trapezius can be transferred to the humérus to replace the 
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anterior and middle parts of the muscle; however, the sub¬ 
scapularis, the supraspinatus, and the infraspinatus must be 
carefully evaluated. When any two are paralyzed, their func- 
tions also must be restored because otherwise the effective - 
ness of the transferred trapezius as an elevator of the shoulder 
would be greatly reduced. As already mentioned, for paralysis 
of the subscapularis, either the pectoralis minor or the supe- 
rior two digitations of the serratus anterior can be transferred 
because either can be rerouted and anchored to the lesser 
tuberosity; as an alternative procedure, the latissimus dorsi or 
the teres major can be transferred posteriorly to a point 
exactly opposite the lesser tuberosity For paralysis of the 
supraspinatus, the levator scapulae, sternocleidomastoid, sca- 
lenus anterior, scalenus médius, or scalenus capitis can be 
transferred to the greater tuberosity; of these, the levator 
scapulae is the best because of the direction and length of its 
fibers. When suitable transfers are unavailable, the insertion 
of the trapezius can be anchored more anteriorly or posteri¬ 
orly on the humérus to restore internai or external rotation. 
Contractures of unopposed muscles around the shoulder 
rarely are severe enough to cause extreme disability; most can 
be corrected at the time of transfer or arthrodesis. 


splint and is gradually lowered to the side and the muscle 
is reeducated by exercises. 


TRAPEZIUS TRANSFER FOR 
PARALYSIS OF DELTOID 


TECHNIQUE 34-22 


(SAHA) 

■ Make a saber-cut incision (Fig. 34-21) convex medially; 
begin it anteriorly a little superior to the inferior margin 
of the anterior axillary fold at about its middle, extend it 
superiorly, then posteriorly, and finally inferiorly, and end 
it slightly inferior to the base of the scapular spine and 
2.5 cm latéral to the vertébral border of the scapula. 

■ Mobilize the skin flaps and expose the trapezius medially 
to 2.5 cm médial to the vertébral border of the scapula; 
expose the acromion, the capsule of the acromioclavicular 
joint, the latéral third of the clavicle, and the entire origin 
of the paralyzed deltoid muscle. 

■ Detach and reflect laterally the origin of the deltoid and 
locate the anterior border of the trapezius. 

■ Identify the coronoid ligament and divide the clavicle just 
latéral to it. 

■ Palpate the scapular notch, identify the acromion and the 
adjoining part of the scapular spine, and with a Gigli saw 
and beveling posteriorly, resect the spine. 

■ Elevate the insertion of the trapezius along with the 
attached latéral end of the clavicle, the acromioclavicular 
joint, and the acromion and adjoining part of the scapular 
spine. Then free the trapezius from the superior border 
of the remaining part of the scapular spine medially to 
the base of the spine where the inferior fibers of the 
muscle glide over the triangular area of the scapula. Next 
free from the investing layer of deep cervical fascia the 
anterior border of the trapezius and raise the muscle from 
its bed for rerouting. 

■ Dénudé the inferior surfaces of the bones attached to the 
freed trapezius insertion; with forceps, break these bones 
in several places but leave intact the periosteum on their 
superior surfaces. Dénudé also the area on the latéral 
aspect of the proximal humérus selected for attachment 
of the transfer. 

■ With the shoulder in neutral rotation and 45 degrees of 
abduction, anchor the transfer by two screws passed 
through fragments of bone and into the proximal humérus 

(Fig. 34-21). 

■ When suitable transfers are unavailable to replace any 
paralyzed external or internai rotators, anchor the muscle 
a little more anteriorly or posteriorly. Transfers for paraly¬ 
sis of the subscapularis, supraspinatus, or infraspinatus 
are discussed later; when indicated, they should be per- 
formed at the time of trapezius transfer. 

POSTOPERATIVE CARE. A spica cast is applied with the 
shoulder abducted 45 degrees, neutrally rotated, and 
flexed in the plane of the scapula. At 10 days the sutures 


TRAPEZIUS TRANSFER FOR 
PARALYSIS OF DELTOID 


TECHNIQUE 34-21 


(BATEMAN) 

■ With the patient prone, approach the shoulder through 
a T-shaped incision (Fig. 34-20A); extend the transverse 
part around the shoulder over the spine of the scapula 
and the acromion and end it just above the coracoid 
process; extend the longitudinal limb distally over the 
latéral aspect of the shoulder and upper arm for 6 cm. 

■ Mobilize the flaps, split the atrophie deltoid muscle, and 
expose the joint. 

■ Free the undersurface of the acromion and spine of the 
scapula of soft tissue and osteotomize the spine of the 
scapula near its base in an obliquely distal and latéral 
plane; thus, a broad euff of the trapezius is freed but still 
attached to the spine and the acromion. 

■ Resect the latéral 2 cm of the clavicle, taking care to avoid 
damaging the coracoclavicular ligament. 

■ Roughen the deep surface of the acromion and spine, 
abduct the arm to 90 degrees, and at the appropriate 
level on the latéral aspect of the humérus roughen a cor- 
responding area. 

■ With firm traction, bring the muscular euff laterally over 
the humerai head and anchor the acromion to the 
humérus as far distally as possible with two or three 
screws (Fig. 34-20D). Immobilize the arm in a shoulder 
spica cast with the shoulder abducted to 90 degrees. 

POSTOPERATIVE CARE. Immobilization is continued 
for 8 weeks, but at 4 to 6 weeks the arm and shoulder 
part of the spica is bivalved to allow some movement. 
When the transplanted acromion has united with the 
humérus, the arm is placed on an abduction humerai 
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9 are removed and radiographs are made to be sure that 
the humerai head has not become dislocated inferiorly. 
At 6 to 8 weeks, the cast is removed and active exercises 
are started. 


TRANSFER OF DELTOID ORIGIN FOR 
PARTIAL PARALYSIS 


TECHNIQUE 34-23 


(HARMON) 

■ Make a U-shaped incision 20 cm long extending from the 
middle third of the clavicle laterally and posteriorly around 
the shoulder just distal to the acromion to the middle of 
the spine of the scapula. 

■ Raise flaps of skin and subcutaneous tissue proximally and 
distally. 

■ Detach subperiosteally from its origin the active posterior 
part of the deltoid and free it distally from the deep 
structures for about one half its length, being careful not 
to injure the axillary nerve and its branches. 

■ Expose subperiosteally the latéral third of the clavicle, 
transfer the muscle flap anteriorly, and anchor it against 
the clavicle with interrupted nonabsorbable sutures 
through the adjacent soft tissues (Fig. 34-22). 

POSTOPERATIVE CARE. A shoulder spica cast is 
applied, holding the arm abducted 75 degrees. At 3 
weeks, part of the cast is removed for massage and active 
exercise. At 6 weeks, the entire cast is removed and an 
abduction humerai splint is fitted to be worn for at least 
4 months; supervised active exercises are continued 
during this time. 


■ TENDON AND MUSCLE TRANSFERS FOR 
PARALYSIS OF THE SUBSCAPULARIS, 
SUPRASCAPULARIS, SUPRASPINATUS, 

OR INFRASPINATUS 

When two of these three muscles are paralyzed, their func- 
tions must be restored by suitable transfers; this is just as 
necessary as the trapezius transfer for paralysis of the deltoid. 
Without the function of these muscles or their substitutes the 
effectiveness of the transferred trapezius in elevating the 
shoulder would be markedly reduced. Muscles suitable for 
transfer are muscles whose distal ends can be carried to the 
tuberosities of the humérus and whose general directions of 
pull correspond to those of the muscles they are to replace. 
The transfers should be rerouted close to the end of the axis 
of the humerai head and neck, or the desired functions will 
not be restored. The nerve and blood supply to any trans¬ 
ferred muscle must be protected. Currently, the most com- 
monly performed transfers are transfer of the latissimus dorsi 
or teres major or both and posterior transfer of the pectoralis 
minor to the scapula. These transfers, when indicated, are 
done at the same time as the Saha trapezius transfer for paral¬ 
ysis of the deltoid. Consequently, in each instance, the saber- 
cut incision would hâve been made, the latéral end of the 


Clavicle 



Harmon transfer of origin of deltoid for partial 
paralysis. A f Posterior part of deltoid is functioning; middle and 
anterior parts are paralyzed. B f Transferred posterior part of 
deltoid is overlying atrophie anterior part. When transfer con- 
tracts, it prevents anterior dislocation of shoulder and exerts 
more direct abduction force than in its previous posterior loca¬ 
tion. SEE TECHNIQUE 34-23. 


clavicle and the acromion and adjoining part of the scapular 
spine would hâve been elevated, and the superior and middle 
trapezius would hâve been mobilized as already described. 


TRANSFER OF LATISSIMUS DORSI 
OR TERES MAJOR OR BOTH FOR 
PARALYSIS OF SUBSCAPULARIS 
OR INFRASPINATUS 


TECHNIQUE 34-24 


(SAHA) 

■ Elevate the arm about 130 degrees. Then make an inci¬ 
sion in the posterior axillary fold beginning in the upper 















339 


arm about 6.5 cm inferior to the crease of the axilla and 
extending to the inferior angle of the scapula, Crossing 
the crease in a zigzag manner. 

■ Expose and free the insertion of the latissimus dorsi and 
raise the muscle from its bed, taking care to preserve its 
nerve and blood supply. 

■ If the transfer is to be reinforced by the teres major, free 
and raise both muscles. 

■ Fold the freed insertion on itself and close its margins by 
interrupted sutures; place in its end a strong mattress 
suture. 

■ With a blunt instrument, open the interval between the 
deltoid and long head of the triceps. 

■ Identify the tubercle at the inferior end of the greater 
tuberosity, carry the end of the transfer to this tubercle, 
and while holding the limb in neutral rotation, anchorthe 
transfer there by interrupted sutures. 


■ ARTHRODESIS 

When paralysis around the shoulder is extensive, arthrodesis 
may be the procedure of choice, especially when there is a 
paralytic dislocation, the muscles of the forearm and hand are 
functional, and the serratus anterior and trapezius are strong. 
Motion of the scapula compensâtes for lack of motion in 
the joint. Normal function of the forearm and hand is a 
prerequisite. 

The position of the shoulder for arthrodesis is similar to 
that recommended for any shoulder fusion (see Chapter 13). 
The angle of abduction should be determined on the basis 
of the clinical présentation of the arms position in relation to 
the body. This angle traditionally is obtained by measuring 
the angle between the vertébral border of the scapula and the 
humérus; however, this frequently is difficult to détermine on 
radiographs. The position of the arm in shoulder arthrodesis 
should be established with the arm at the side of the body, 
with enough abduction of the arm clinically determined from 
the side of the body to clear the axilla (15 to 20 degrees) and 
enough forward flexion (25 to 30 degrees) and internai rota¬ 
tion (40 to 50 degrees) to bring the hand to the midline of 
the body. An additional 10 degrees of abduction should be 
obtained in children with poliomyelitis when no internai fixa¬ 
tion is used. When both shoulders must be fused, their posi¬ 
tions should allow the patient to bring the hands together. A 
weak or flail shoulder should be fused in only slight abduc¬ 
tion. A study of 11 patients (average âge, 15 years) with 13 
shoulder arthrodesis reported great variability in the position 
of fusion, but improved function in ail patients. The authors 
concluded that the position of arthrodesis and the resulting 
arc of motion were less important than stability of the gleno- 
humeral joint. Care must be taken to preserve the proximal 
humerai physis in skeletally immature patients. The tech¬ 
niques for shoulder arthrodesis are described in Chapter 13. 

ELBOW 

Most operations for paralysis of the muscles acting across the 
elbow are designed to restore active flexion or extension of 
the joint. Operations to correct deformity or operations to 
stabilize the joint, such as posterior bone block or arthrodesis, 
rarely are necessary. 
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■ MUSCLE AND TENDON TRANSFERS TO 
RESTORE ELBOW FLEXION 

Several methods of restoring active elbow flexion are avail- 
able. Here, as elsewhere, the actual and the relative power of 
the remaining muscles must be accurately determined before 
a transfer procedure is chosen. Also, because the function of 
the hand is more important than flexion of the elbow, these 
operations should not be done when the muscles controlling 
the fingers are paralyzed, unless their function has been or 
can be restored by tendon transfers. Several methods of 
restoring elbow flexion hâve been described: (1) flexorplasty 
(Steindler), (2) anterior transfer of the triceps tendon (Bunnell 
and Carroll), (3) transfer of part of the pectoralis major 
muscle (Clark), (4) transfer of the sternocleidomastoid muscle 
(Bunnell), (5) transfer of the pectoralis minor muscle (Spira), 
(6) transfer of the pectoralis major tendon (Brooks and 
Seddon), and (7) transfer of the latissimus dorsi muscle 
(Hovnanian). 


FLEXORPLASTY 

Flexorplasty consists of transferring the common origin of 
the pronator teres, the flexor carpi radialis, the palmaris 
longus, the flexor digitorum sublimis, and the flexor carpi 
ulnaris muscles from the médial epicondylar région of the 
humérus proximally about 5 cm. Its chief disadvantage is 
the frequent development of a pronation deformity of the 
forearm. 

Flexorplasty is indicated when the biceps brachii and 
brachialis are paralyzed, and the group of muscles arising 
from the médial épicondyle are fair or better in strength. 
The best results are obtained when the elbow flexors are 
only partially paralyzed and the finger and wrist flexors are 
normal. The strength in active flexion and the range of 
motion of the elbow after surgery do not compare favor- 
ably with that of the normal elbow, but the usefulness of 
the arm is nonetheless increased. When only the flexor 
digitorum sublimis is active, the elbow can be flexed only 
if the fingers are strongly flexed; this interfères with the 
function of the hand, and another method should be used 
to restore elbow flexion. Unsuccessful results from this 
procedure usually are caused by overestimating the strength 
of the muscles to be transferred. A practical way to test 
them is to hold the patient's arm at a right angle to the 
body, rotate it to eliminate the influence of gravity, and 
détermine whether the muscles to be transferred can flex 
the elbow in this position; if not, this type of transfer would 
fail and another should be used. 


TECHNIQUE 34-25 


(BUNNELL) 

■ Make a curved longitudinal incision over the médial 
side of the elbow beginning 7.5 cm proximal to the 
médial épicondyle and extending distally posterior to the 
médial condyle and thence anteriorly on the volar surface 
of the forearm along the course of the pronator teres 
muscle. 

■ Locate the ulnar nerve posterior to the médial épicondyle 
and retract it posteriorly. 
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9 " Detach en bloc the common origin of the pronator teres, 
flexor carpi radialis, palmaris longus, flexor digitorum sub- 
limis, and flexor carpi ulnaris from the médial épicondyle 
close to the periosteum. Free these muscles distally for 
4 cm and prolong the common muscle origin with a free 
graft of fascia lata. 

■ Advance this origin 5 cm up the latéral side rather than 
the médial side of the humérus (Fig. 34-23); this results 
in a moderate, although not complété, correction of the 
tendency of the transfer to pronate the forearm. 

■ Should a pronation deformity persist after this procedure, 
it can be corrected by transferring the tendon of the 
flexor carpi ulnaris around the ulnar margin of the forearm 
into the distal radius. 

■Apply a cast with the elbow in acute flexion and the 
forearm midway between pronation and supination. 

POSTOPERATIVE CARE. At 2 weeks the cast is replaced 
by a splint that holds the arm in this same position for at 
least 6 weeks; physical therapy and active exercises are 
then started and are gradually increased to strengthen 
the transferred muscles. 



FIGURE 


^ Bunnell modification of Steindler flexorplasty. 


Common muscle origin is transferred latérally on humérus by 
means of fascial transplant. SEE TECHNIQUE 34-25. 


ANTERIOR TRANSFER OF 
THE TRICEPS 

Anterior transfer of the triceps tendon can be done to 
regain active elbow flexion. One disadvantage of this trans¬ 
fer is that the triceps tendon would not reach the tuberosity 
of the radius; a short graft of fascia or a tendon graft must 
be used to complété the transfer. 


TECHNIQUE 34-26 


(BUNNELL) 

■ Through a postérolatéral incision expose the triceps 
tendon and divide it at its insertion. 

■ Dissect it from the posterior aspect of the distal fourth of 
the humérus and transfer it around the latéral aspect. 

■ Make an antérolatéral curvilinear incision and retract the 
brachioradialis and pronator teres muscles to expose the 
tuberosity of the radius. 

■ Prolong the triceps tendon by a graft of fascia lata that 
is 4 cm long and wide enough to make a tube. 

■ Attach it to the roughened tuberosity of the radius with 
a Steel pull-out suture passed to the dorsum of the 
forearm via a hole drilled through the tuberosity and the 
neck of the radius (Fig. 34-24). 

■ Flex the elbow, gently pull the suture taut to snug the 
tendon against the bone, and tie the suture over a padded 
button. 

■Apply a cast with the elbow in acute flexion and the 
forearm midway between pronation and supination. 

■ Carroll described a similar method of triceps transfer in 
which the tendon is passed superficial to the radial nerve 
and through a longitudinal slit in the biceps tendon and 
is sutured under tension with the elbow in flexion. 



'K 


Bunnell anterior transfer of triceps for paralysis 
of biceps. Triceps tendon elongated by short graft of fascia or 
tendon, routed laterally, and inserted into tuberosity of radius by 
pull-out suture. SEE TECHNIQUE 34-26. 


POSTOPERATIVE CARE. At 2 weeks the cast is replaced 
by a splint that holds the arm in the same position for at 
least 6 weeks. The pull-out wire is removed at 4 weeks. 
Physical therapy and active exercises are begun at 6 
weeks and are gradually increased. 
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TRANSFER OF THE PECTORALIS 
MAJOR TENDON 

Brooks and Seddon described an operation to restore 
elbow flexion in which the entire pectoralis major muscle 
is used as the motor and its tendon is prolonged distally by 
means of the long head of the biceps brachii. This transfer 
is contraindicated unless the biceps is completely para- 
lyzed; they recommended it when flexorplasty is not appli¬ 
cable, when the distal part of the pectoralis major is weak 
but the proximal part is strong, or when both parts of the 
muscle are so weak that the entire muscle is needed for 
transfer. To avoid undesirable movements of the shoulder 
during elbow flexion after this procedure, muscular control 
of the shoulder and scapula must be good, or an arthro- 
desis of the shoulder should be performed. 


TECHNIQUE 34-27 


(BROOKS AND SEDDON) 

■ Make an incision from the distal end of the deltopectoral 
groove distally to the junction of the proximal and middle 
thirds of the arm. 

■ Detach the tendon of insertion of the pectoralis major as 
close to bone as possible and by blunt dissection mobilize 
the muscle from the chest wall proximally toward the 
clavicle (Fig. 34-25A). 

■ Retract the deltoid laterally and superiorly and expose the 
tendon of the long head of the biceps as it runs proximally 
into the shoulder joint; sever this tendon at the proximal 
end of the bicipital groove and withdraw it into the wound. 

■ By blunt and sharp dissection free the belly of the long 
head of the biceps from that of the short head and ligate 
and divide ail vessels entering it. 

■ Make an L-shaped incision at the elbow with its trans¬ 
verse limb in the flexor crease and its longitudinal limb 
extending proximally along the médial border of the 
biceps muscle. 

■ Mobilize the long head of the biceps by dividing its 
remaining neurovascular bundles so that the tendon and 
muscle are completely freed distally to the tuberosity of 
the radius; withdraw the tendon and muscle through the 
distal incision (Fig. 34-25B and C). (When the muscle belly 
is adhèrent to the overlying fascia, free it by sharp 
dissection.) 

■ Replace the long head of the biceps in its original posi¬ 
tion, and through the proximal incision pass its tendon 
and muscle belly through two slits in the tendon of the 
pectoralis major; loop the long head of the biceps on 
itself so that its proximal tendon is brought into the distal 
incision. 

■ Then, using nonabsorbable sutures, suture the end of the 
proximal tendon through a slit in the distal tendon (Fig. 
34-25D) and suture the tendon of the pectoralis major to 
the long head of the biceps at their junction. 

■ Close the incisions and apply a posterior plaster splint 
with the elbow in flexion. 

POSTOPERATIVE CARE. At 3 weeks, the splint is 
removed and muscle rééducation is started. Care must be 


taken to extend the elbow gradually so that active flexion 
of more than 90 degrees is preserved. It may be 2 or 3 
months before full extension is possible. 


TRANSFER OF THE LATISSIMUS 
DORSI MUSCLE 

Flovnanian described a method of restoring active elbow 
flexion by transferring the origin and belly of the latissimus 
dorsi to the arm and anchoring the origin near the radial 
tuberosity. This transfer is possible because the neurovas¬ 
cular bundle of the muscle is long and easily mobilized 
(Fig. 34-26A); a similar transfer in which the origin is 
anchored to the olecranon to restore active extension also 
is possible. 


TECHNIQUE 34-28 


(HOVNANIAN) 

■ Place the patient on his or her side with the affected 
extremity upward. Start the skin incision over the loin and 
extend it superiorly along the latéral border of the latis¬ 
simus dorsi to the posterior axillary fold, distally along the 
médial aspect of the arm, and finally laterally to end in 
the antecubital fossa (Fig. 34-26B). Carefully expose the 
dorsal and latéral aspects of the latissimus dorsi, leaving 
its investing fascia intact. 

■ Free the origin of the muscle by cutting across its muscu- 
lofascial junction inferiorly and its muscle fibers superiorly. 
Then gradually free the muscle from the underlying 
abdominal and flank muscles. 

■ Divide the four slips of the muscle that arise from the 
inferior four ribs and the few arising from the angle of 
the scapula. 

■ Carefully protect the neurovascular bundle that enters the 
superior third of the muscle. To prevent injury of the 
vessels to the latissimus dorsi, ligate their branches that 
anastomose with the latéral thoracic vessels. Identify and 
gently free the thoracodorsal nerve that supplies the 
muscle; its trunk is about 15 cm long and runs from the 
apex of the axilla along the deep surface of the muscle 
belly. 

■ Next préparé a bed in the anteromedial aspect of the arm 
to receive the transfer. 

■ Carefully swing the transfer into this bed without twisting 
its vessels or nerve. To prevent kinking of the vessels, 
divide the intercostobrachial nerve and the latéral cutane- 
ous branches of the third and fourth intercostal nerves; 
also free as necessary any fascial bands. 

■ Now suture the aponeurotic origin of the muscle to the 
biceps tendon and the periosteal tissues about the radial 
tuberosity and then suture the remaining origin to the 
sheaths of the forearm muscles and to the lacertus fibro- 
sus (Fig. 34-26C). 

■ Close the wound in layers and bandage the arm against 
the thorax with the elbow flexed and the forearm 
pronated. 
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Brooks-Seddon transfer of pectoralis major tendon for paralysis of elbow flexors. A f Insertion of pectoralis major is 
detached as close to bone as possible. B f Tendon of long head of biceps is exposed and divided at proximal end of bicipital groove. 
C f Tendon and muscle of long head of biceps are completely mobilized distally to tuberosity of radius by dividing ail vessels and nerves 
that enter muscle proximal to elbow. D f Long head of biceps is passed through two slits in pectoralis major, is looped on itself so that 
its proximal tendon is brought into distal incision, and is sutured through slit in its distal tendon. E f To avoid undesirable movements 
of shoulder during elbow flexion after this transfer, muscular control of shoulder and scapula must be good, or shoulder must be fused. 
Left shoulder shown is flail; right has been fused. When transfer on left contracts, some of its force is wasted because of lack of control 
of shoulder, but, on right, transfer moves only elbow. SEE TECHNIQUE 34-27. 


POSTOPERATIVE CARE. Exercises of the fingers are 
encouraged early. At 3 or 4 weeks, the bandage is 
removed and passive and active exercises of the elbow 
are started. 


■ MUSCLE TRANSFERS FOR PARALYSIS 
OF THE TRICEPS 

Weakness or paralysis of the triceps muscle usually is consid¬ 
érée! of little importance because gravity would extend the 
elbow passively in most positions that the arm assumes. A 
good triceps is essential, however, to crutch walking or to 
shifting the body weight to the hands during such activities 


as moving from a bed to a wheelchair. A functioning triceps 
allows the patient to perform these activities by locking the 
elbow in extension. To place the hand on top of the head 
when the patient is erect, the triceps must be strong enough 
to extend the elbow against gravity; thrusting and pushing 
motions with the forearm also require a functional triceps. In 
other activities, strong active extension of the elbow is rela- 
tively unimportant compared with strong active flexion. 

I POSTERIOR DELTOID TRANSFER 
(MOBERG PROCEDURE) 

Moberg described an operation to transfer the posterior third 
of the deltoid muscle to the triceps to restore active elbow 
extension in the quadriplegic patient. Patients with complété 
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Hovnanian transfer of latissimus dorsi muscle for paralysis of biceps and brachialis muscles. A f Normal anatomy of 
axilla; note that thoracodorsal nerve and artery are long and can be easily mobilized. B f Skin incision. C f Origin and belly of latissimus 
dorsi hâve been transferred to arm, and origin has been sutured to biceps tendon and to other structures distal to elbow joint. 

SEE TECHNIQUE 34-28. 


quadriplegia at the functioning level of C5 or C6 hâve active 
elbow flexion, shoulder flexion and abduction, and possibly 
wrist extension. Elbow extension is by gravity only, without 
triceps function (C7). Active extension is impossible. Annu¬ 
lation is not a realistic goal in such patients. Rather, improved 
strength, mobility, and function and improved ability to reach 
overhead, to perform personal hygiene and grooming, to 
relieve ischial pressure from the wheelchair, to achieve driving 
ability and wheelchair use, and to eat and control eating uten- 
sils are sought. 

The Moberg procedure has been modified by the con¬ 
struction of tendinoperiosteal tongues proximally and dis- 
tally instead of using the free tendon graffs from the foot. The 
posterior belly of the deltoid muscle is freed, along with the 
most distal insertion of the muscle and including a strip of 
periosteum 1.0 x 3.0 cm, continuous with the muscle and its 
insertion. A tongue of the triceps tendon 1.5 to 2.0 cm wide 
is developed by parallel incisions and including a continuous 
strip of periosteum similar to that for the deltoid, if 
possible. 

The length of the tendinoperiosteal tongues should be 
such that with the elbow extended and the arm adducted their 


deep surfaces should appose when the triceps tendon is 
folded over 180 degrees. The angle of tendinous reflection is 
reinforced by a narrow sheet of Dacron wrapped around the 
graffs and sutured to the tongues and to itself. 

FOREARM 

Operations on the forearm affer poliomyelitis consist of 
tenotomy, fasciotomy, and osteotomy to correct deformities 
and tendon transfers to restore function. 

■ PRONATION CONTRACTURE 

Deformities of the forearm seldom are disabling enough in 
themselves to warrant surgery; the most common exception 
is a fixed pronation contracture from imbalance between the 
supinators and pronators. When the pronator teres is not 
strong enough to transfer to replace the paralyzed supinators, 
correcting the contracture alone is indicated, provided that 
there is active flexion of the elbow. When the pronators of the 
forearm and the flexors of the wrist are active, however, func¬ 
tion can be improved not only by correcting the pronation 
contracture but also by transferring the flexor carpi ulnaris 
(see Chapter 72). 
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Fixed supination deformity develops from muscle imbal¬ 
ance in which usually the pronators and finger flexors are 
weak and the biceps and wrist extensors are strong. The soft 
tissues, such as the interosseous membrane, contract; the 
bones become deformed, and eventually the radioulnar joints 
may dislocate. A fixed supination deformity combined with 
weak shoulder abduction markedly limits an otherwise func- 
tional hand. Recommended procedures for this deformity 
include rerouting of the biceps tendon (Zancolli) and manual 
osteoclasis of the middle thirds of the radius and ulna 
(Blount). The latter is recommended for children younger 
than 12 years old with insufficient muscle power for tendon 
transfer. 


REROUTING OF BICEPS TENDON 
FOR SUPINATION DEFORMITIES 
OF FOREARM 


TECHNIQUE 34-29 


(ZANCOLLI) 

■ If full passive pronation is already possible before surgery, 
omit the first part of the operation. Otherwise, make a 
longitudinal incision on the dorsum of the forearm over 
the radial shaft (Fig. 34-27A, 1 ). 


■ By blunt dissection, expose the interosseous membrane 
and retract the dorsal muscles radialward to protect the 
posterior interosseous nerve (Fig. 34-27B). 

■ Divide the interosseous membrane throughout its length 
close to the ulna. If the dorsal ligaments of the distal 
radioulnar joint are contracted, extend the incision distally 
and perform a capsulotomy of this joint. 

■ If necessary, release the supinator muscle after identifying 
and protecting the posterior interosseous nerve in the 
proximal part of the incision. At this point in the operation 
full passive pronation of the forearm should be 
possible. 

■ Now make a second incision; begin it on the médial 
aspect of the arm proximal to the elbow and extend it 
distally to the flexion crease of the joint, then laterally 
across the joint in the crease, and then distally over the 
anterior aspect of the radial head (Fig. 34-27A, 2). 

■ Identify and retract the médian nerve and brachial 
artery. 

■ Divide the lacertus fibrosus and expose the insertion of 
the biceps tendon on the radial tuberosity. 

■ Now divide the biceps tendon by a long Z-plasty 

(Fig. 34-27C). 

■ Reroute the distal segment of the tendon around the 
radial neck medially, then posteriorly, and then laterally 
so that traction on it will pronate the forearm 

(Fig. 34-27D). 



Zancolli rerouting of biceps tendon for supination deformity of forearm. A f 1, Dorsal skin incision (dotted line) is 
extended distally to a when distal radioulnar joint requires capsulotomy. 2, Anterior incision to expose biceps tendon and radial head. 
B f Exposure of interosseous membrane by retracting dorsal muscles radially (see text).C f Line at b shows Z-plasty incision to be made 
in biceps tendon. Interosseous membrane has been divided at a. D, At c, biceps tendon has been divided by Z-plasty, distal segment 
has been rerouted around radial neck medially, and ends of tendon are being sutured together. Traction on tendon will now pronate 
forearm as indicated by arrow. SEE TECHNIQUE 34-29. 
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■ Place the ends of the biceps tendon side-by-side and 
suture them together under tension that will maintain full 
pronation and yet allow extension of the elbow. 

■ If the radial head is subluxated or is dislocated, reduce it 
if possible and hold it in place by capsulorrhaphy of the 
radiohumeral joint; if the radial head cannot be reduced, 
excise it and transfer the proximal segment of the biceps 
tendon to the brachialis tendon. 

■ Close the incisions and apply a cast with the elbow flexed 
90 degrees and the forearm moderately pronated. 

POSTOPERATIVE CARE. At about 3 weeks the cast and 
sutures are removed and passive and active exercises are 
begun. 


WRIST AND HAND 

The treatment of disabilities of the wrist and hand caused by 
paralysis is discussed in Chapter 71. 

MYELOMENINGOCELE 

EPIDEMIOLOGY 

Myelomeningocele is a complex congénital malformation of 
the central nervous System. Advances in medicine, surgery, 
and allied health services hâve reduced the mortality rates in 
patients born with severe defects of the central nervous 
System. The challenge for orthopaedic surgeons is to assist 
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these patients in attaining the best possible function within 
their anatomie and physiologie limitations. With advances in 
technology such as gait analysis, as well as the use of evidence- 
based medicine and multispecialty care models, significant 
changes in the management of patients with myelomeningo¬ 
cele are occurring. 

Myelomeningocele is the most common of the spectrum 
of conditions described as spina bifida. Myelomeningocele is 
a severe form of spinal dysraphism that also includes menin- 
gocele, lipomeningocele, and caudal régression syndrome. 
Neural tube defect is a broader term that includes myelome¬ 
ningocele, anencephaly, and encephalocele. A myelomenin¬ 
gocele is a saclike structure containing cerebrospinal fluid 
and neural tissue (Fig. 34-28 A). The herniation of the spinal 
cord and its méningés through a defect in the vertébral canal 
results in variable neurologie defects depending on the loca¬ 
tion and severity of the lésion. A meningocele is a cystic 
distention of the méningés through unfused vertébral arches, 
but the spinal cord remains in the vertébral canal. Most 
lésions are posterior, but rarely an anterior or latéral menin¬ 
gocele may occur. Neurologie déficits are not as common 
as in myelomeningocele. Spina bifida occulta is a term that 
refers to a defect in the posterior vertébral éléments that 
includes the spinous process and offen part of the lamina, 
most commonly of the fiffh lumbar and first sacral vertebrae. 
Spina bifida occulta occurs in approximately 10% of asymp- 
tomatic adult spines and is offen an incidental finding on 
plain radiographs that is rarely associated with neurologie 
involvement. 

The nervous System develops by the formation of a 
tubular structure (neurulation). Closure of this tube is 



Neural plaque 



FIGURE 


U A f Infant with myelomeningocele. Lésion may be small extension (B) or large sessile protrusion (C). 
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completed by closure of the cranial and caudal neuropores 
between day 26 to 28 of gestation. Myelomeningocele and 
anencephaly occur because of abnormalities during this 
phase of closure of the neural tube. Conditions such as 
meningocele, lipomeningocele, and diastematomyelia occur 
from abnormalities during the canalization phase from day 
28 to 48 of gestation and are referred to as postneurulation 
defects. 

The myelomeningocele is formed by the protrusion of 
dura and arachnoid through the defect in the vertébral arches. 
The spinal cord and nerve roots are carried out through this 
defect (Fig. 34-28B and C). These lésions can occur at any 
level along the spinal column but occur most commonly in 
the lower thoracic and lumbosacral régions. The skin over a 
myelomeningocele is almost always absent. The neural 
placode is covered by a thin membrane (arachnoid) that 
breaks down in a couple of days, leaving an ulcerated granu- 
lating surface. The superficial surface of the neural placode 
represents the everted interior of the neural tube. The ventral 
surface represents what should hâve been the outside of a 
closed neural tube. Because of this pathologie anatomy, the 
nerve roots arise from the ventral part of the neural placode. 
The pedicles are everted and lie almost horizontal in the 
coronal plane. The affected lamina are hypoplastic and 
everted, and the paraspinal muscles are everted with the ped¬ 
icles and lie in an anterior position. These muscles act as 
flexors of the spine instead of functioning normally as exten- 
sors because of their anterior position. 

The incidence of myelomeningocele in the United States 
is 0.6 to 0.9 per 1000 births and would likely be higher, but 
an estimated 23% of pregnancies with myelomeningocele 
are terminated. The overall incidence of infants born with 
neural tube defects is decreasing, which is most likely related 
to better prénatal screening and the use of folie acid supplé¬ 
mentation before conception and during the first month 
of pregnancy. Testing for elevated levels of maternai sérum 
a-fetoprotein between 16 and 18 weeks of gestation can 
detect 75% to 80% of affected pregnancies. If the maternai 
sérum a-fetoprotein is found to be elevated, ultrasound 
examination, ultrafast MRI, and amniocentesis for a- 
fetoprotein and acetylcholinesterase may be needed to 
confirm a possible neural tube defect. Ultrasound is a sensi¬ 
tive and efficient test to détermine the presence and location 
of a neural tube defect. If no abnormalities are found on 
ultrasound examination, an amniocentesis is recommended 
to evaluate for a-fetoprotein and acetylcholinesterase. With 
this prénatal screening program, there has been a reported 
decrease in birth prevalence of anencephaly from 100% to 
80% and birth prevalence of myelomeningocele from 80% to 
60%. Other studies hâve shown a 60% to 100% réduction in 
the risk of neural tube defects when adéquate levels of folate 
are taken by prégnant women. The U.S. Food and Drug 
Administration recommends that ail women of childbearing 
âge receive 0.4 mg folate before conception and during early 
pregnancy. The Centers for Disease Control and Prévention 
also recommends that women who are at high risk (i.e., 
women who hâve given birth to a prior affected child or who 
hâve a first-degree relative with a neural tube defect) receive 
4 mg of folate daily. 

Genetic factors also play a rôle in myelomeningocele. 
There is a greater incidence of neural tube defects, including 
myelomeningocele, in siblings of affected children, in the 


range of 2% to 7%. There also is a higher frequency in twins 
than in single births. For a couple who has a child with myelo¬ 
meningocele the chance that a subséquent child will be 
affected by a major malformation of the central nervous 
System is approximately 1 in 14. With over 100 known genes 
that affect neurulation and the low frequency of occurrence 
in the population, the détermination of the exact molecular 
defect(s) remains difficult. 

ASSOCIATED CONDITIONS 

The natural history of myelomeningocele has changed over 
the past several décades because of advances in medical treat- 
ment. Patients born with myelomeningocele offen died of 
urinary tract infection, rénal failure, meningitis, and sepsis. 
With early neurosurgical and urologie intervention, patients 
born with myelomeningocele are surviving into adult life, 
with about 65% having normal intelligence. Myelomeningo¬ 
cele was believed to be nonprogressive, but studies hâve 
shown progressive neurologie détérioration can occur, mani- 
fested by increasing levels of paralysis and decreasing upper 
extremity function. Hydrocephalus and associated hydrosy- 
ringomyelia, Arnold-Chiari malformation, and tethered cord 
syndrome hâve been associated with progressive neurologie 
détérioration. 

■ HYDROCEPHALUS 

Hydrocephalus is a dilation of the ventricles of the brain from 
excessive cerebrospinal fluid. Before closure of the myelome¬ 
ningocele defect, the ventricles are decompressed by their 
direct communication to the persistently open central canal 
of the cord. Of children with myelomeningocele, 80% to 90% 
hâve hydrocephalus that requires cerebrospinal shunting. 
Chakarborty et al. described new protocols aimed at reducing 
shunt placement rates in myelomeningocele patients. Using 
these protocols, the shunt rate in infants with myelomenin¬ 
gocele was decreased to 60%. 

The incidence of hydrocephalus is related to the neuro¬ 
logie level of the lésion, with patients with thoracic and upper 
lumbar lésions having a higher incidence than those with 
lower lumbar and sacral level lésions. Early treatment of 
hydrocephalus has improved the early mortality rate and, 
more importantly, improved the long-term intellectual devel¬ 
opment of these children. If the hydrocephalus is not treated, 
the increased fluid pressure results in atrophy of the brain, 
hydromyelia, and syringomyelia. Children who do not require 
shunting hâve a better prognosis for upper extremity function 
and trunk balance than children who require shunting. Shunt 
malfunctions, manifested by signs of acute hydrocephaly 
such as nausea, vomiting, and severe headaches, do occur. In 
older children, the diagnosis may be more difficult because 
the shunt malfunction may be associated with increased irri- 
tability, decreased perceptual motor function, short attention 
span, intermittent headaches, increasing scoliosis, and 
increased level of paralysis. 

■ HYDROSYRINGOMYELIA 

Hydro syringomyelia is an accumulation of fluid in the 
enlarged central canal of the spinal cord. This usually is the 
resuit of hydrocephalus or an alteration in the normal cere¬ 
brospinal fluid dynamics. Hydro syringomyelia can cause 
three problems in patients with myelomeningocele: (1) an 
increasing level of paralysis of the lower extremities, offen 
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associated with an increase in spasticity of the lower extrem- 
ity, (2) progressive scoliosis, and (3) weakness in the hands 
and upper extremities. This condition can be diagnosed with 
MRI; early treatment may reverse some of the neurologie loss 
and scoliosis. 

■ ARNOLD-CHIARI MALFORMATION 

Arnold-Chiari malformation (caudal displacement of the 
posterior lobe of the cerebellum) is a consistent finding in 
patients with myelomeningocele. Type II Arnold-Chiari mal¬ 
formation is seen most often in children with myelomenin¬ 
gocele and is characterized by displacement of the medulla 
oblongata into the cervical neural canal through the foramen 
magnum. This malformation causes dysfunction of the lower 
cranial nerves, resulting in weakness or paralysis of vocal 
cords and difficulty in feeding, crying, and breathing. Some- 
times, these symptoms are episodic, which makes diagnosis 
difficult. In childhood, symptoms may consist of nystagmus, 
stridor, swallowing difficulties, and a depressed cough reflex. 
Spastic weakness of the upper extremities also may be présent. 
Placement of a ventriculoperitoneal shunt to control hydro- 
cephalus often résolves brainstem symptoms, and surgical 
décompression of the Arnold-Chiari malformation is unnec- 
essary unless the neurologie symptoms are not relieved by 
shunting. In these rare cases, the posterior fossa and upper 
cervical spine require surgical décompression. 

■ TETHERED SPINAL CORD 

MRI shows signs of tethering of the spinal cord in most chil¬ 
dren with myelomeningocele, but only 20% to 30% hâve clini- 
cal manifestations. Clinical signs vary, but the most consistent 
are (1) loss of motor function, (2) development of spasticity 
in the lower extremities, primarily the médial hamstrings and 
ankle dorsiflexors and evertors, (3) development of scoliosis 
before âge 6 years in the absence of congénital anomalies of 
the vertébral bodies, (4) back pain and increased lumbar lor- 
dosis in an older child, and (5) changes in urologie function. 
Détérioration in somatosensory evoked potentials of the pos¬ 
terior tibial nerve has been used to document détérioration 
of lower extremity function and a clinically significant teth- 
ered cord. MRI évaluation should be performed in any child 
suspected of having a tethered cord syndrome. Because 
dermal éléments are leff attached during initial closure, a 
dermal cyst often is seen in association with a tethered cord. 
If clinical signs are documented, surgical treatment is indi- 
cated to prevent further détérioration of the motor function 
and to diminish the progress of spasticity and scoliosis. It is 
important to make an early diagnosis and start treatment 
because surgical release of the tethered cord rarely provides 
complété return of lost function. 

■ OTHER SPINAL ABNORMALITIES 

Vertébral bone anomalies, such as a defect in segmentation 
and failure of formation of vertébral bodies, may cause con¬ 
génital scoliosis, kyphosis, and kyphoscoliosis. Other spinal 
anomalies the treating physician should be aware of are dupli¬ 
cation of the spinal cord and diastematomyelia. Diastemato- 
myelia may cause progressive loss of neurologie function. 

■ UROLOGIC DYSFUNCTION 

Almost ail children with myelomeningocele hâve some form 
of bladder dysfunction, with most having bladder paralysis. 


Chronic rénal failure and sepsis from urinary tract infec¬ 
tions were the most common causes of delayed mortality in 
patients with myelomeningocele before modem urologie 
treatment methods. The goal of urologie management is to 
achieve continence at an appropriate âge, decompress the 
upper urinary tract to prevent rénal failure, and prevent 
urinary tract infections. The mainstay of treatment is clean 
intermittent catheterization to prevent hydronephrosis and 
maintain bladder compliance and capacity. Antibiotic pro- 
phylaxis and anticholinergic médication to reduce infection 
and vesicoureteral reflux may be bénéficiai. Screening exam¬ 
inations, consisting of voiding cystometrograms and rénal 
sonograms, are routinely done every 6 to 12 months. Surgi¬ 
cal options for patients in whom medical treatment is 
unsuccessful include vesicostomy, a diversion of the bladder 
to the lower abdominal wall to facilitate catheterization, 
and bladder augmentation in which a segment of the ileum 
is added to the bladder to increase capacity and reduce 
bladder pressure. The orthopaedist must be aware of the 
effects any orthopaedic surgery may hâve on the need 
for self-catheterization and any possible urinary diversion 
procedures. 

■ BOWEL DYSFUNCTION 

Most patients with myelomeningocele hâve innervation of 
the bowel and anus that results in dysmotility, poor sphincter 
control, and often fecal incontinence. Constipation and fecal 
impaction resulting from decreased bowel motility can cause 
increased intraabdominai pressure that leads to ventriculo¬ 
peritoneal shunt malfunction. Oral laxatives, suppositories, 
or enemas can be used to achieve continence and avoid fecal 
impaction by promoting regular fecal élimination. If these 
are unsuccessful, the Malone antegrade continence enema 
(MACE) procedure is an option: the appendix and cecum are 
used to create a stoma through which the colon can be irri- 
gated. In one study evaluating the results of the MACE pro¬ 
cedure in 108 patients with myelomeningocele, approximately 
85% achieved continence. 

■ LATEX HYPERSENSITIVITY 

Latex hypersensitivity has been noted in children with myelo¬ 
meningocele, with a reported incidence of 3.8% to 38%. 
The hypersensitivity is a type 1 immunoglobulin E (IgE)- 
mediated response to residual free protein found in latex 
products. Tosi et al. reported a sérologie prevalence of hyper¬ 
sensitivity in 38% of at-risk patients but a clinical prevalence 
of 10%. A detailed history is the most sensitive way to detect 
individuals at risk for latex reaction. It is recommended that 
ail patients with myelomeningocele be treated “latex free” 
during surgery with avoidance of latex gloves and latex- 
containing accessories (cathéters, adhesives, tourniquets, and 
anesthésia equipment) (Box 34-1). High-risk patients or 
those with known hypersensitivity reactions can be treated 
prophylactically with corticosteroids and/or antihistamines 
before medical procedures (Table 34-1). 

■ MISCELLANEOUS MEDICAL ISSUES 

Depending on the severity of involvement, children with 
myelomeningocele are at risk for dépréssion, as well as cogni¬ 
tive dysfunction and learning difficulties. Obesity also is a 
problem for children with myelomeningocele both medically 
and functionally. This is especially true in nonambulatory 
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FIGURE 


Neurosegmental innervation of lower limb muscles. 


Latex-Avoidance Protocol 


■ Use of nonlatex gloves by surgical, anesthésia, and nursing 
personnel 

■ Avoidance of any known latex product in the stérile field 
by the surgeon 

■ Use of plastic anesthésia facemask for preoxygenation and 
positive-pressure ventilation 

■ Use of nonlatex anesthetic réservoir bag for positive- 
pressure ventilation 

■ Use of nonlatex tourniquet for intravenous cathéter 
placement 

■ Use of nonlatex blood pressure cuff/tubing, electrocardio- 
gram leads, and stéthoscope 

■ Use of nonlatex tape 

■ Intravenous injection via stopcock rather than rubber 
injection port 

From Birmingham PK, Dsida RM, Grayhack JJ, et al: Do latex précautions in 
children with myelodysplasia reduce intraoperative allergie reactions? J Pediatr 
Orthop 16:799, 1996. 

children in whom it may be difficult to increase calorie 
expenditure. Small changes in body weight can hâve a dra- 
matic impact on ambulation because of the increased 
demands placed on already weak muscles by the additional 
body weight. It is exceptionally rare for an obese nonambula- 
tory child to lose weight and regain ambulation. 


CLASSIFICATION 

The most commonly used classification of myelomeningocele 
is based on the neurologie level of the lésion (Fig. 34-29); 
however, there are several difficulties with this classification 
System, including performing isolated muscle testing in 
young children, différences in classification Systems, and dif¬ 
férences in the affected neurologie level compared with the 
anatomie defect. In addition, not ail patients hâve these dis¬ 
tinct levels of paralysis. Some patients may not hâve sym- 
metric levels for each extremity, and some may be flaccid, 
whereas others may hâve some associated spasticity in the 
involved lower extremities. 

Despite these limitations, patients with myelomeningo¬ 
cele can be grouped into four distinct levels: thoracic level, 
upper lumbar level, lower lumbar level, and sacral level. This 
classification assists in predicting the patients natural history 
and expected deformities that may need intervention. Patients 
can be placed into one of four groups according to the level 
of the lésion and résultant muscle function. Patients with 
thoracic level lésions hâve no active hip flexion and no vol- 
untary muscle control in the lower extremities. Patients with 
upper lumbar level lésions hâve variable power with hip 
flexion and adduction (Ll-2) and quadriceps function (L3). 
Patients with lower lumbar level lésions hâve active knee 
flexion against gravity (hamstring power), anterior tibial 
function (L4), and extensor hallucis longus function (L5). 
Patients with sacral level lésions hâve weakness of the pero- 
neals and intrinsic muscles of the foot but hâve some active 
toe flexor function and hip extensor and abductor power. 
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_ TABLE 34-1 _ W^ E 

Prophylaxis for Latex Allergy 


HIGH-RISK GROUP 

A. Patient is admitted 24 hr before scheduled procedure 

B. The following médications are administered 


intravenously before surgery and for 72 hr 
postoperatively, administered every 6 hr (minimum, 
two doses) 



DOSE (mg/kg) 

MAXIMUM (mg) 

Méthylprednisolone 

1 

50 

Diphenhydramine 

1 

50 

Cimetidine 

5 

300 

C. Attempt to eliminate ail latex-containing materials 

from the operating room environment 

MODERATE-RISK GROUP 

A. Patient may be treated as outpatient 


B. Oral médications are begun 24 hr before surgery 


DOSE (mg/kg) 

MAXIMUM (mg) 

Prednisone 

1 

50 

Diphenhydramine 

1 

50 

C. The following médications are given every 6 hr for 

24 hr before surgery with minimum of two doses 


DOSE (mg/kg) 

MAXIMUM (mg) 

Prednisone 

1 

50 

Diphenhydramine 

1 

50 

Cimetidine 

5 

50 

D. Attempt to eliminate ail latex-containing materials 

from the operating room environment 

LOW-RISK GROUP 

A. Patient may be treated as outpatient 


B. Oral therapy is begun ‘ 

12 hr before surgery 


DOSE (mg/kg) 

MAXIMUM (mg) 

Prednisone 

1 

50 

Diphenhydramine 

1 

50 

C. The following médications are given 1 

1 hr before 

surgery 




DOSE (mg/kg) 

MAXIMUM (mg) 

Prednisone 

1 

50 

Diphenhydramine 

1 

50 


D. Attempt to eliminate ail latex-containing materials 
from the operating room environment 


From Dormans JP,Templeton J, Schreinder MS, et al: Intraoperative latex anaphylaxis 
in children: classification and prophylaxis of patients at risk, J Pediatr Orthop 17:622, 
1997. 


The sensory level has been suggested to be a better way 
to define the level of paralysis because muscles that can com- 
municate with the brain through sensory feedback are func- 
tional but muscles that cannot become flaccid or spastic, 
functioning only by reflex. A sensory level classification also 
may be more reproducible between different observers. 

The functional classification described by Swaroop 
and Dias is useful in determining a child s prognosis for 
ambulation and bracing. Patients are divided into four groups 
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based on lésion level and accompanying functional and 
ambulatory capacity (Table 34-2). 

The Functional Mobility Scale (FMS) also has been used 
to evaluate the functional ability of children with neuromus- 
cular disorders. This scale is simple and fast, rating the child s 
mobility on a scale of 1 to 6 (1 = wheelchair, 2 = walker, 

3 = two crutches, 4 = one crutch, 5 = independent on level 
surfaces, 6 = independent on ail surfaces) over three different 
distances: home (5 meters), school (50 meters), and com- 
munity (500 meters). Additional advantages of the FMS 
include the ability to systematically compare children affected 
with different neuromuscular diseases and the fact that this 
is more a true measure of the child s functional abilities than 
isolated motor or sensory testing. 

ORTHOPAEDIC EVALUATION 

Orthopaedic évaluation of children with myelomeningocele 
should include the following: 

1. Serial sensory and motor examinations : Evaluate the neu¬ 
rologie level of function; this may be difficult before 4 
years of âge. 

2. Sitting balance: Indicates central nervous System func¬ 
tion; if significant support is required for sitting, the 
probability of ambulation is significantly decreased. 

3. Upper extremity function: Assesses ability to use assistive 
devices; decreased grip strength and atrophy of the thenar 
musculature are indications of hydromyelia. 

4. Spine évaluation: Clinical évaluation and yearly radio- 
graphs are needed to detect development of scoliosis and/ 
or kyphosis and lumbar hyperlordosis. 

5. Hip évaluation: Range of motion, stability, contractures, 
pelvic obliquity 

6. Knee évaluation: Range of motion, alignment, contrac¬ 
tures, and spasticity 

7. Rotational évaluation: Including internal/external tibial 
torsion 

8. Ankle évaluation: Range of motion, valgus deformity 

9. Foot évaluation: Foot deformities including congénital 
vertical talus, skin breakdown 

10. Mobility and bracing évaluation: Changes in mobility that 
hâve remained stable; braces fitting properly and in good 
condition 

11. Miscellaneous: Dépréssion, obesity, school performance 

GAIT EVALUATION 

Advances in the quality and use of gait analysis hâve produced 
useful information about gait function and energy expendi- 
ture in patients with myelomeningocele. Most patients with 
myelomeningocele, especially those with higher level involve - 
ment, hâve multilevel three-dimensional deformities. Tfiese 
deformities can be difficult to assess on isolated clinical exam¬ 
ination. Gait analysis allows assessment of the patient in real 
time during ambulation, which can be helpful diagnostically 
and in planning treatment strategies. Gait analysis has shown 
that hip abductor strength is one of the most important déter¬ 
minants of ambulatory kinematics and ability; that pelvic 
obliquity, determined by hip abductor strength, has the stron- 
gest corrélation to oxygen cost during gait; and that children 
tend to self-select both velocity and dynamics to maintain a 
comfortable level of exertion. Gait studies also hâve shown 
increased dynamic knee flexion in patients with myelomenin¬ 
gocele compared with static examination. Patients with low 
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_ TABLE 34-2 

Functional Classification of Myelomeningocele 



NEUROLOGIC 
LEVEL OF 

PREVALENCE 



FUNCTIONAL 

MOBILITY 

GROUP 

LESION 

(%) 

FUNCTIONAL CAPACITY 

AMBULATORY CAPABILITY 

SCALE 

Thoracic/high 

lumbar 

L3 or above 

30 

No functional quadriceps 
(< grade 2) 

During childhood, require 
bracing to level of pelvis for 
ambulation (RGO, HKAFO) 
70%-99% require wheelchair 
for mobility in adulthood 

1,1,1 

Low lumbar 

L3 - L5 

30 

Quadriceps, médial hamstring 
> grade 3 

No functional activity 
(< grade 2) of gluteus médius 
and maximus, gastrocsoleus 

Require AFOs and crutches for 
ambulation 

80%-95% maintain community 
ambulation in adulthood 

3,3,1 

High sacral 

SI - S3 

30 

Quadriceps, gluteus médius 
> grade 3 

No functional activity 
(< grade 2) of gastrocsoleus 

Require AFOs for ambulation 
94%-100% maintain 
community ambulation in 
adulthood 

6,6,6 

Low sacral 

S3 - S5 

5-10 

Quadriceps, gluteus médius, 
gastrocsoleus > grade 3 

Ambulate without braces or 
support 

94%-100% maintain 
community ambulation in 
adulthood 

6,6,6 


From Swaroop VT, Dias L: Myelomeningocele. In Weinstein SL, Flynn JM, editors: Lovell and Winter's Pédiatrie Orthopaedics, ed 7, Philadelphia, Wolters Kluwer, 2014. 
AFO, Ankle-foot orthosis; HKAFO, hip-knee-ankle-foot orthosis; RGO, reciprocal gait orthosis. 


lumbar level lésions hâve a walking velocity that is 60% of 
normal, and patients with high sacral level lésions hâve a 
walking velocity approximately 70% of normal. 

PRINCIPLES OF ORTHOPAEDIC 
MANAGEMENT 

Orthopaedic management should be tailored to meet spécifie 
goals during childhood, taking into account the expected 
function in adulthood. The goal for a child with myelome¬ 
ningocele is to establish a pattern of development for the child 
that is as near normal as possible. Ambulation is not the goal 
for every child. Despite the best medical and surgical care, 
about 40% of children with myelomeningocele are unable to 
walk as adults. An evidence-based review found that neuro- 
segmental level is the primary déterminant of walking ability 
and physical function. Other factors believed to play a lesser 
rôle in the ability to ambulate in children with myelomenin¬ 
gocele include cognitive ability, physical therapy, compilant 
parents, clubfoot deformity, scoliosis, increased âge, back 
pain, and lack of motivation. Often, the goal of orthopaedic 
treatment is a stable posture in braces or in a wheelchair. 
Surgery may be more detrimental than helpful, causing long- 
term disability. Before aggressive orthopaedic treatment is 
instituted, the lifetime prognosis for the patient should be 
considered. Only 30% of ail patients with myelomeningocele 
are functionally independent, and only 30% of adults with 
myelomeningocele are employed full time or part time. 
Almost ail patients with L2 or higher level lésions use a 
wheelchair, and more than two thirds of patients with lower- 
level lésions (L3-5) use a wheelchair at least part of the time. 

Most children achieve their maximal level of ambulation 
around âge 4 to 6 years. If a child with myelomeningocele is 
not standing independently by about âge 6 years, walking is 


unlikely. Prerequisites for walking include a spine balanced 
over the pelvis; absence of hip and knee contractures (or only 
mild contractures); and plantigrade, supple, braceable feet 
with the center of gravity centered over them. An extension 
posture at the hip and knee can be maintained with minimal 
support from leg and arm muscles, whereas a flexion posture 
tends to be a collapsing posture (Fig. 34-30). At least 80% of 
children with myelomeningocele hâve some impairment of 
their upper extremities; effective ambulation with low energy 
consumption and minimal bracing is possible in only about 
50% of adult patients. Although ambulation into adolescence 
and adulthood is unlikely, children who walk tend to be more 
mobile than children who never walk and they hâve fewer 
fractures and skin pressure sores. If a child has functioning 
quadriceps and médial hamstring muscles, good sitting 
balance, and upper extremity function, ail efforts should be 
made to achieve ambulation. 

■ NONOPERATIVE MANAGEMENT 

Almost ail children with myelomeningocele except those with 
low sacral level lésions will require some type of orthotic 
device. Orthotic treatment goals include maintenance of 
motion, prévention of deformity, assistance with ambulation/ 
mobility, and the protection of insensate skin. Bracing and 
splinting vary with the degree of motor déficit and trunk 
balance, and each child should be carefully evaluated using a 
team approach. Children 12 to 18 months old may benefit 
from the use of a standing frame for upright positioning, and 
for children older than 2 years, a parapodium that supports 
the spine and allows a swing-to or swing-through gait with 
crutches or a walker may be bénéficiai. An ankle-foot orthosis 
is used in children with low lumbar or sacral level lésions and 
fair quadriceps muscle function. The ankle-foot orthosis 
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UjJ A f Extension posture with hips and knees 
extended, feet plantigrade; posture aimed for regardless of 
bracing necessary. B f Flexion posture at the hips imposes lumbar 
lordosis and patient uses both arms for weight bearing and loses 
other, more valuable function. 


should be rigid enough to provide ankle and foot stabilization 
and to maintain the ankle at 90 degrees. A knee-ankle-foot 
orthosis may be indicated for a child with a lumbar level lésion 
and weak quadriceps function to prevent abnormal valgus of 
the knee during the stance phase of gait. Children with high- 
level lésions off en hâve excessive anterior pelvic tilt and lumbar 
lordosis and require a pelvic band, either a conventional hip- 
knee-ankle-foot orthosis or a reciprocating gait orthosis. The 
reciprocating gait orthosis also can be used in patients with 
upper lumbar lésions, allowing them to be upright and assist- 
ing them in attempts at ambulation. This brace is started 
around the âge of 2 and provides the ability to walk in a recip- 
rocal fashion by dynamically coupling the flexion of one hip 
to the simultaneous extension of the contralatéral hip. For the 
reciprocating orthosis to be effective, the patient should hâve 
good upper extremity strength, sitting (trunk) balance, and 
active hip flexion. Energy expenditure for children in recipro- 
cal gait orthoses and traditional hip-knee-foot orthoses are 
similar; however, children with hip-knee-foot orthoses hâve a 
faster gait velocity. A child can be tapered from a reciprocal 
gait orthosis to a hip-knee-foot orthoses if he or she develops 
enough upper body strength to use crutches safely. 

The use of newer materials such as carbon fiber may 
provide an alternative to patients who do not benefit from 
current braces. Carbon fiber ankle-foot orthoses hâve been 
shown to increase energy return and ankle plantarflexion 
motion, positive work, and stride length compared with stan¬ 
dard materials. 

■ OPERATIVE MANAGEMENT 

Orthopaedic deformities in children with myelomeningocele 
are caused by (1) muscle imbalance resulting from the neuro¬ 
logie abnormality, (2) habitually assumed posture, and (3) 


associated congénital malformations. Surgical correction of 
deformities may be indicated. Most surgical procedures in 
patients with myelomeningocele are performed during the 
first 15 years of life. When surgical correction is indicated, the 
deformity should be completely and permanently corrected. 
Principles of orthopaedic management include: 

1. Multiple procedures should be done simultaneously to 
minimize repeated anesthetic exposures. 

2. Cast immobilization, especially in recumbency, should be 
minimized owing to the risk of osteopenia and pathologie 
fracture. 

3. The orthopaedic treatment program must be integrated 
with the total treatment program. 

4. The absence of sensation, osteopenia, and the increased 
risk of infection secondary to urinary tract problems 
must be constantly considered. 

5. Hospitalization must be kept at a minimum. 

6. The demands on the family in terms of time, effort, 
expense, and séparation must be minimized. 

FOOT 

Approximately 75% of children with myelomeningocele hâve 
foot deformities that can seriously limit function. These 
deformities can take many forms including clubfoot, acquired 
equinovarus, varus, metatarsus adductus, equinus, equinoval- 
gus, vertical talus, talipes calcaneus, calcaneovalgus, calca- 
neovarus, calcaneocavus, cavus, cavovarus, supination, pes 
planovalgus, and toe deformities. 

The goal of orthopaedic treatment of foot deformities 
is a plantigrade, painless, mobile, braceable foot. Muscle- 
balancing procedures that remove deforming muscular forces 
are more reliable than tendon transfer procedures. Offen 
tendon excision is more reliable than tendon lengthening or 
transfer. Bone deformities should be corrected by appropriate 
ostéotomies that preserve joint motion. Arthrodesis should be 
avoided if possible because most feet in patients with myelo¬ 
meningocele are insensate, which can lead to neuropathie 
problems including joint destruction and pressure sores. 

Manipulation and casting should be used with caution in 
these patients to avoid pressure sores and iatrogénie fractures. 
Most foot deformities eventually require surgical correction 
if correction of the deformity is needed to improve function. 
Despite surgical correction, there is a relatively high récur¬ 
rence rate of the deformity because of the deforming neuro¬ 
logie forces présent. 

■ EQUINUS DEFORMITY 

Equinus usually is an acquired deformity that may be pre- 
vented or delayed by bracing and splinting. Depending on 
the ambulatory function of the patient, an Achilles tendon 
lengthening, tenotomy, or resection can be performed. 
Equinus is seen more frequently in children with high lumbar 
or thoracic level lésions. For mild deformities, excision of 
2 cm of the Achilles tendon through a vertical incision usually 
is suffleient. Alternatively, a percutaneous Achilles tendon 
lengthening may be performed. Offen the long toe flexors 
must be released to prevent persistent toe flexion deformities 
that can resuit in pressure sores. For more severe deformity, 
radical posterior release is required, including excision of ail 
the tendons contributing to the equinus and extensive capsu¬ 
lotomies of the ankle and subtalar joints. In rare cases, salvage 
procedures such as osteotomy or talectomy may be required 
for a symptomatic deformity. 
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■ CLUBFOOT 

Clubfoot is présent at birth in approximately 30% to 50% of 
children with myelomeningocele. The deformity usually is 
rigid and resembles that of arthrogryposis multiplex con- 
genita and differs markedly from idiopathic clubfoot. It is 
characterized by severe rigidity, supination-varus deformity, 
rotational malalignment of the calcaneus and talus, sublux¬ 
ation of the calcaneocuboid and talonavicular joints, and 
offen a cavus component. Internai tibial torsion offen is 
présent. With the increased use of the Ponseti clubfoot casting 
technique, infants with myelomeningocele are being treated 
with this method. Some patients can be successfully treated 
with this technique, but the complication and récurrence 
rates are much higher than in idiopathic clubfoot. A 68% 
early relapse rate and a 25% surgical release rate hâve been 
reported in children with myelomeningocele treated with this 


method. Even with adéquate surgical correction, récurrence 
of the clubfoot deformity is frequent. 

Surgery can be done between 10 and 12 months of âge. 
Radical posteromedial-lateral release through the Cincinnati 
incision (see Chapter 29) is recommended. If there is signifi- 
cant equinus, a variety of techniques hâve been described to 
help prevent posterior soft-tissue and incision breakdown 
including the use of médial and posterior incisions (Carroll), 
a modification of the Cincinnati incision that includes a com¬ 
plété circumferential skin release (Noonan et al.), and a mod- 
ified V-Y plasty (Lubicky and Altiok) (Fig. 34-31). Another 
method to avoid undue tension on the incision posteriorly is 
to immobilize the foot postoperatively in an undercorrected 
position until the wound is healed. Two weeks later, when the 
incision has healed, the cast can be changed and the foot can 
be placed in a corrected position safely. 



FIGURE 


Incisions used for clubfoot correction. A f Carroll two-incision technique. B f Modification of the Cincinnati incision by 


Noonan et al. C f V-Y advancement flap technique of Lubicky and Altiok. 
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Ténotomies instead of tendon lengthening should be 
done to minimize any récurrence with growth. If the anterior 
tibial tendon is active, simple tenotomy should be performed 
to prevent récurrent supination deformity. In older children, 
the imbalance between the médial and latéral columns of the 
foot may be so severe that it cannot be corrected by soff-tissue 
release alone. Closing wedge osteotomy of the cuboid (see 
Chapter 29), latéral wedge resection of the distal calcaneus 
(Lichtblau procedure; see Chapter 29), or calcaneocuboid 
arthrodesis (Dillwyn-Evans procedure; Fig. 34-2) may be 
required to shorten the latéral column. Talectomy (see 
Chapter 29) is indicated as a salvage procedure for a severely 
deformed rigid clubfoot in an older child. The talus should 
be completely removed because any fragment left behind 
would résumé its growth and cause récurrence of the defor¬ 
mity The Achilles tendon may need to be resected affer talec¬ 
tomy to prevent further equinus. Talectomy would correct the 
hindfoot deformity, but any adduction deformity should be 
corrected by shortening of the latéral column through the 
same incision. Severe forefoot deformities require midtarsal 
or metatarsal ostéotomies (see Chapter 29). 



Latéral closing wedge osteotomy of calcaneus 
for isolated varus deformity of hindfoot. 


V-0 PROCEDURE 

Verebelyi and Ogston described a decancellation procedure 
to correct residual clubfoot deformity in patients with 
myelomeningocele. This procedure consists of removing as 
much cancellous bone as possible from the talus and the 
cuboid. This leaves a hollow shell of bone and more space 
for correction. The foot is manipulated into calcaneus and 
valgus, which, because of collapse of the talus and cuboid 
bone, would lead to correction of the residual deformity. 
In selected patients, this procedure may be préférable 
to talectomy for correction of severe rigid clubfoot 
deformity. 


TECHNIQUE 34-30 


■ Make an oblique incision on the dorsolateral aspect of 
the foot to expose the cuboid and the talus. 

■ Retract the peroneal tendons and sural nerve plantarly 
and protect them while retracting the extensor digitorum 
brevis dorsally. 

■ Cut a square window in the cuboid with a 1/4-inch ostéo¬ 
tomie and remove ail cancellous bone with a curet. 

■ Along the latéral talus, cut a rectangular window with 
the longer dimension parallel to the long axis of the talus 
and curet the cancellous contents of the body, neck, and 
head. 

■ Confirm the removal of ail cancellous bone, with fluoros- 
copy or radiography, especially at the posterior aspect of 
the talus. 

■ Obtain correction by collapsing the empty cartilaginous 
shells of the cuboid and talus. If satisfactory correction is 
not obtained, remove latéral wedges from the cuboid or 
the talar neck. 

■ If necessary, perform a percutaneous heel cord 
lengthening. 

■ Close the wounds routinely, and apply a short leg cast, 
monovalved for swelling. 


POSTOPERATIVE CARE. After the swelling has sub- 
sided, the cast is reinforced and initially changed at 1 to 
10 days, maintaining the foot in a neutral or slightly 
overcorrected position. At 4 weeks after surgery, at the 
time of the second cast change, a mold is made of the 
foot in a slightly overcorrected position for an ankle-foot 
orthosis. When the cast is removed at 6 weeks, the ortho¬ 
sis is worn usually until skeletal maturity. 


■ VARUS DEFORMITY 

Isolated varus deformity of the hindfoot is rare; it is usually 
associated with adduction deformity of the forefoot, cavus 
deformity, or supination deformity. Imbalance between the 
invertors and evertors should be evaluated carefully. For 
isolated, rigid hindfoot varus deformity, a closing wedge 
osteotomy is indicated. Affer removal of the latéral wedge 
(Fig. 34-32), the calcaneus should be translated laterally, if 
needed to increase correction. 

■ CAVOVARUS DEFORMITY 

Cavovarus deformities occur mainly in children with sacral 
level lésions. The cavus is the primary deformity that causes 
the hindfoot varus. The Coleman test (see Chapter 35) helps 
to détermine the rigidity of the varus deformity. For a supple 
deformity, radical plantar release (see Chapter 35) is indicated 
to correct the cavus deformity, without hindfoot bone surgery. 
If the varus deformity is rigid despite plantar release with or 
without midtarsal osteotomy, a closing wedge osteotomy (see 
Chapter 86) is indicated. Any muscle balance must be cor¬ 
rected before the bony procedures or at the same time. Triple 
arthrodesis (see Technique 34-4) rarely is indicated as a 
salvage procedure and should be used with caution in myelo¬ 
meningocele patients. 

■ SUPINATION DEFORMITY 

Supination deformity of the forefoot occurs most frequently 
in children with L5 to SI level lésions and is caused by the 
unopposed action of the anterior tibial muscle when the 
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peroneus brevis and peroneus longus are inactive. Adduction 
deformity also can be présent. If the muscle imbalance is not 
corrected, the deformity becomes fixed. If the deformity is 
supple, simple tenotomy of the anterior tibial tendon is adé¬ 
quate. Simple tenotomy usually is the preferred treatment 
method for patients with myelomeningocele, but a tendon 
transfer may be indicated in sélective situations. If there is 
some gastrocnemius-soleus activity and no spasticity, the 
anterior tibial tendon can be transferred to the midfoot in line 
with the third metatarsal. Split anterior tibial tendon transfer 
(see Technique 34-9) occasionally can be used, with the 
latéral half of the tendon inserted in the cuboid. Osteotomy 
of the first cuneiform or the base of the first metatarsal may 
be required for residual bone deformity. 

■ CALCANEAL DEFORMITY 

Approximately one third of children with myelomeningocele 
hâve calcaneal deformities, most frequently children with L4 
and L5 lésions. The most common form is a calcaneovalgus 
deformity caused by the active anterior leg muscles and inac¬ 
tive posterior muscles. Spasticity of the evertors and dorsi- 
flexors may cause calcaneal deformity in children with 
high-level lésions. Untreated calcaneal deformity produces a 
bulky, prominent heel that is prone to pressure sores and 
makes shoe wear difficult. Patients also lose toe-off power and 
develop an increased crouched gait. If the deformity is supple, 
as usually is the case, manipulation and splinting can bring 
the foot to a neutral position, but this rarely gives permanent 
correction. Muscle imbalance can be corrected early by 
simple tenotomy of ail ankle dorsiflexors, as well as the pero¬ 
neus brevis and peroneus longus. After antérolatéral release 
in some patients, spasticity develops in the gastrocnemius- 
soleus muscle, causing an equinus deformity that requires 
tenotomy of the Achilles tendon or posterior release. Poste - 
rior transfer of the anterior tibial tendon has been reported 
to give good results. This often is combined with other soft- 
tissue and bony procedures to balance the foot. In older chil¬ 
dren with severe structural deformities, tendon transfers or 
ténotomies seldom achieve correction and bone procedures 
are indicated. 


ANTEROLATERAL RELEASE 


TECHNIQUE 34-31 


■ With the patient supine, apply and inflate a pneumatic 
tourniquet. 

■ Make a transverse incision about 2.5 cm long 2.0 to 
3.0 cm above the ankle joint (Fig. 34-33A). Alternative^, 
an anterior lazy-S incision may be made. With sharp dis¬ 
section, divide the superficial fascia to expose the tendons 
of the extensor hallucis longus, extensor digitorum com- 
munis, and tibialis anterior. 

■ Divide each tendon and excise at least 2.0 cm of each 
(Fig. 34-33B). 

■ Locate the peroneus tertius tendon in the lateralmost part 
of the wound and divide it. 

■ Make a second longitudinal incision above the ankle joint 
latéral and posterior to the fibula (Fig. 34-33A). 



(see text). A f Transverse and longitudinal incisions. B and C f Exci¬ 
sion of portion of tendons and tendon sheaths. SEE TECHNIQUE 
34 - 31 . 


■ Identify and divide the peroneus brevis and longus 
tendons and excise a section of each (Fig. 34-33C). Close 
the wounds, and apply a short leg walking cast. 

POSTOPERATIVE CARE. The cast is worn for 10 days, 
and then an ankle-foot orthosis is fabricated for night 
wear. 


TRANSFER OF THE ANTERIOR TIBIAL 
TENDON TO THE CALCANEUS 


TECHNIQUE 34-32 


■ With the patient supine, make an incision in the dorsal 
aspect of the foot at the level of the insertion of the 
anterior tibial tendon at the base of the first metatarsal. 

■ Carefully detach the tendon from its insertion and free it 
as far proximally as possible. 

■ Make a second incision on the antérolatéral aspect of the 
leg, just latéral to the tibial crest and 3 to 5 cm above the 
ankle joint. 

■ Free the tendon as far distally as possible and bring it up 
into the proximal wound (Fig. 34-34A). 

■ Expose the interosseous membrane and make a wide 
opening in it (Fig. 34-34B). 

■ Make a third transverse incision posteriorly at the level of 
the insertion of the Achilles tendon into the calcaneus. 

■ Using a tendon passer, bring the anterior tibial tendon 
through the interosseous membrane, from anterior to 
posterior, down to the level of this incision (Fig. 34-34C). 

■ Drill a large hole in the calcaneus, starting posteriorly and 
medially and exiting laterally and plantarward. 

■ Pass a Bunnell suture through the tendon and use a Keith 
needle to draw the tendon through the hole. A button 
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A f Anterior tibial tendon is divided distally and passed subcutaneously to the proximal incision. B, A 4 x 1.5 cm 
window is created in the interosseous membrane. C f The anterior tibial tendon is transferred posteriorly through the interosseous 
membrane. D f The transferred tendon is fixed to the calcaneus with a Bunnell suture or suture anchor. (Redrawn from Georgiadis GM, 
Aronson DD: Posterior transfer of the anterior tibial tendon in children who hâve a myelomeningocele, J Bone Joint Surg 72A:392, 1990.) SEE 


TECHNIQUE 34-32. 
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suture is not recommended because of pressure sores. 
Suture the tendon to the surrounding soft tissues to the 
level of its entrance into the calcaneus and to the Achilles 
tendon (Fig. 34-34D). Alternative^, a suture anchor can 
be used to secure the transferred tendon. The length of 
tendon is often not enough to secure the transfer to the 
calcaneus. When this occurs the transferred anterior tibial 
tendon can be sutured directly into the Achilles tendon. 

■ Close the wounds and apply a short leg cast. 


■ HINDFOOT VALGUS 

Valgus deformity at the ankle joint and external rotation 
deformity of the tibia and fibula frequently can exacerbate a 
hindfoot valgus deformity. Initially, this can be controlled 
with a well-fitted orthosis, but as the child becomes taller and 
heavier, control of the deformity is more difficult, pressure 
sores develop over the médial malleolus and the head of 
the talus, and surgical treatment is indicated. Clinical and 
radiographie measurements of the hindfoot valgus should be 
obtained; more than 10 mm of “latéral shiff” of the calcaneus 
is significant. The Grice extraarticular arthrodesis (see Tech¬ 
nique 34-2) is the classic treatment for this problem, but 
frequently reported complications include résorption of the 
graff, nonunion, varus overcorrection, and residual valgus. A 
19-year follow-up of 35 feet treated with the Grice arthrodesis 
found significant improvement in visual analog scale (VAS) 
satisfaction scores and, although there was some mild increase 
in ankle valgus, 83% of patients were satisfied with their 
outcome. Médial displacement osteotomy has been recom¬ 
mended for correction of hindfoot valgus so that arthrodesis 
of the subtalar joint can be avoided (see Chapter 11). The 
combination of hindfoot and ankle valgus should be consid- 
ered; if the ankle deformity is more than 10 to 15 degrees, 
closing wedge osteotomy or hemiepiphysiodesis of the distal 
tibial epiphysis is recommended in addition to the calcaneal 
osteotomy. 

■ VERTICAL TALUS 

Vertical talus deformities occur in approximately 10% of chil- 
dren with myelomeningocele. The deformity is characterized 
by malalignment of the hindfoot and midfoot. The talus is 
almost vertical, the calcaneus is in equinus and valgus, the 
navicular is dislocated dorsally on the talus, and the cuboid 
may be subluxated dorsally in relation to the calcaneus. Two 
types of vertical talus, developmental and congénital, occur 
in children with myelomeningocele. Neither the developmen¬ 
tal nor the congénital type can be corrected by conservative 
methods. In developmental vertical talus, the foot is more 
supple and the talonavicular dislocation can be reduced by 
plantarflexion of the foot. In congénital vertical talus, manip¬ 
ulation and serial casting may partially correct the soft-tissue 
contractures in préparation for a complété posteromedial- 
lateral release (see Chapter 29), which should be performed 
when the child is ready to stand in braces, usually between 
12 and 18 months old. The anterior tibial tendon can be 
resected or transferred into the neck of the talus. Occasion- 
ally, an extraarticular subtalar arthrodesis is needed to stabi- 
lize the subtalar joint. Dobbs et al. described a technique for 
correction of vertical talus in which serial manipulation and 
casting are followed by closed or open réduction of the talus 


and pin fixation. Percutaneous Achilles tenotomy is required 
to correct the equinus deformity. This method has been used 
successfully in children from birth to 4 years of âge; the upper 
âge limit at which this technique can be successful has not 
been defined. 

■ PES CAVUS DEFORMITY 

Cavus deformity, alone or with clawing of the toes or varus 
of the hindfoot, occurs most often in children with sacral 
level lésions. It may cause painful callosities under the meta- 
tarsal heads and difficulty with shoe wear. Plantarflexion of 
the first ray must be corrected for successful correction of the 
deformity. Although several procedures hâve been recom¬ 
mended for this deformity, few hâve been reported in patients 
with myelomeningocele. For an isolated cavus deformity with 
no hindfoot varus, radical plantar release is indicated. When 
varus deformity is présent, médial subtalar release (see 
Chapter 29) is indicated. After surgery, a short leg cast is 
applied, and 1 to 2 weeks later the deformity is gradually cor¬ 
rected by cast changes every week or every other week for 6 
weeks. In older children with rigid cavus deformities, anterior 
first metatarsal closing wedge osteotomy (see Chapter 86) is 
indicated in addition to radical plantar release. Opening 
wedge midfoot ostéotomies also can be performed to correct 
the cavus. For residual varus deformity, a Dwyer closing 
wedge osteotomy of the calcaneus (see Chapter 33) is 
recommended. 

■ TOE DEFORMITIES 

Claw toe or hammer toe deformities occur more often in 
children with sacral level lésions and can cause problems with 
shoe and orthotic fitting. For flexible claw toe deformities, 
simple tenotomy of the flexors at the level of the proximal 
phalanx usually is sufficient. Rigid claw toe deformities can 
be treated with partial resection of the interphalangeal joint 
or arthrodesis. The Jones procedure (tendon suspension; see 
Chapter 86) is indicated when clawing of the great toe is 
associated with a cavus deformity. Arthrodesis of the proxi¬ 
mal interphalangeal joint (see Chapter 86) or tenodesis of the 
distal stump of the extensor pollicis longus to the extensor 
pollicis brevis is recommended with the Jones procedure, 
although arthrodesis would hold up better than a tenodesis. 
The Hibbs transfer (see Chapter 35) can be performed to treat 
clawing of the lesser toes. 

ANKLE 

Progressive valgus deformity at the ankle or in combination 
with hindfoot valgus occurs most frequently in children with 
low lumbar level lésions. The strength of the gastroenemius- 
soleus muscle is diminished or absent, and excessive laxity of 
the Achilles tendon allows marked passive ankle dorsiflexion. 
The médial malleolus is bulky, the head of the talus is shifted 
medially, and pressure ulcérations in these areas are common. 
The calcaneovalgus deformity usually appears early, but prob¬ 
lems with orthotic fitting do not arise until the child is about 
6 years old. Fibular shortening is common in children with 
L4, L5, or higher-level lésions. In the paralytic limb, abnormal 
shortening of the fibula and latéral malleolus causes a valgus 
tilt of the talus, with subséquent valgus deformity at the ankle 
(Fig. 34-35). Shortening of the fibula alters the normal distri¬ 
bution of forces on the distal tibial articular surface and 
increases compression forces on the latéral portion of the 
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tibial epiphysis, further inhibiting growth, whereas decreased 
compression on the médial portion of the tibial epiphysis 
accelerates growth. This imbalance causes the latéral wedging 
that produces a valgus inclination of the talus. The degree of 
latéral wedging of the tibial epiphysis correlates with the 
degree of fibular shortening. 

To evaluate valgus ankle deformity in children with 
myelomeningocele accurately, three factors must be deter- 
mined: (1) the degree of fibular shortening, (2) the degree of 
valgus tilt of the talus in the ankle mortise, and (3) the amount 
of “latéral shiff” of the calcaneus in relation to the weight- 
bearing axis of the tibia. Fibular shortening can be evaluated 
by measuring the distance between the distal fibular physis 
and the dôme of the talus. In the normal ankle joint, the distal 
fibular physis is 2 to 3 mm proximal to the dôme of the talus 
in children 4 years old (Fig. 34-36A). Between âges 4 and 8 
years, the physis is at the same level as the talar dôme (Fig. 
34-36B), and in children older than 8 years, it is 2 to 3 mm 
distal to the talar dôme (Fig. 34-36C). Différences of more 
than 10 mm from these values are considered significant. 
The valgus tilt of the talus can be measured accurately on 



A f Posterior view of right foot of normal child 
with correct alignment of malleoli and hindfoot. B f In child with 
myelomeningocele, médial malleolus is prominent and latéral 
malleolus is shortened, causing valgus deformity of ankle. 


anteroposterior, weight-bearing radiographs. The latéral shiff 
of the calcaneus is more difficult to détermine, and radio¬ 
graphie techniques hâve been developed for evaluating ankle 
valgus and hindfoot alignment. If the talar tilt exceeds 10 
degrees, the x-ray tube should be tilted appropriately to 
obtain a true latéral weight-bearing view of the foot. On this 
view, the weight-bearing axis of the tibia is drawn and the 
distance from this line to the center of the calcaneus is mea¬ 
sured. On an anteroposterior weight-bearing view, the beam 
should be directed horizontally to preserve the coronal rela- 
tionship in both dimensions. The foot is positioned in slight 
dorsiflexion by placing a hard foam wedge under the plantar 
surface, but not under the calcaneus, and by positioning the 
cassette behind the foot and ankle. The normal latéral shiff of 
the calcaneus is 5 to 10 mm (Fig. 34-37 A); if the center of the 
calcaneus is more than 10 mm latéral to the weight-bearing 
line, excessive valgus is présent (Fig. 34-37B). This technique 
is useful to détermine before surgery if the valgus deformity 
is at the ankle or subtalar level. 

Operative treatment is indicated when the ankle valgus 
deformity causes problems with orthotic fitting and cannot 
be relieved with orthoses. Achilles tenodesis is indicated for 
valgus talar tilt between 10 and 25 degrees in patients 6 to 10 
years old (Fig. 34-1). Other procedures to correct ankle valgus 
caused by bone deformities include hemiepiphysiodesis for 
mild deformity in children with remaining growth and supra- 
malleolar derotation osteotomy for severe angular deformity. 
Médial sliding osteotomy of the calcaneus may be indicated 
if the valgus deformity is in the subtalar joint and 
calcaneus. 

■ HEMIEPIPHYSIODESIS OF THE DISTAL 
TIBIAL EPIPHYSIS 

Hemiepiphysiodesis of the distal tibial epiphysis is indicated 
in young children with valgus deformities of less than 20 
degrees and mild fibular shortening. Through a médial inci¬ 
sion at the ankle, the médial aspect of the epiphysis is exposed 
and epiphysiodesis is performed by a percutaneous or an 
open method (Fig. 34-38). The growth arrest of the médial 
physis combined with continued growth of the latéral side 
gradually corrects the latéral wedging of the tibial epiphysis. 



Normal position of distal fibular physis. A, Proximal to dôme of talus in children up to 4 years of âge. B f Level with 
dôme of talus in children between 4 and 8 years of âge. C f Distal to dôme of talus in children older than 8 years of âge. 
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TECHNIQUE 34-33 


■ Place the patient supine. 

■ Make a 3-mm stab wound over the médial malleolus. 
Use image intensification to properly position the 
incision. 

■ Insert a guide pin from the 4.5-mm cannulated screw set 
into the médial malleolus and advance it proximally and 
medially across the distal tibial physis. Confirm the posi¬ 
tion of the guide pin by image intensification. The guide 
pin should be as vertical as possible in the médial one 
fourth of the médial distal tibial physis in the anteropos- 
terior plane. In the sagittal plane the guide pin should 
cross the physis through its middle third. 

■ Place a tap over the guide pin and tap the bone across 
the physis. Insert a fully threaded, cannulated screw over 
the guide pin until it is completely seated. 


Radiopaque dye shows extent of médial 
hemiepiphysiodesis of distal tibial epiphysis. 


If overcorrection occurs, the epiphysiodesis should be com- 
pleted laterally. This procedure does not correct any rota- 
tional component of the deformity, and derotation osteotomy 
of the distal tibia and fibula may be required. 


SCREW EPIPHYSIODESIS 

Good results hâve been obtained with screw epiphysiodesis 
for correction of ankle valgus, which involves placing a 
vertical 4.5-mm screw across the médial malleolar physis 
to slow médial growth, allowing graduai correction of 
ankle valgus (médian rate of correction of 0.59 degree per 
month). If the single screw is removed, growth résumés 
and the deformity will recur. This procedure is recom- 
mended in children older than 6 years (Fig. 34-39). 


SUPRAMALLEOLAR VARUS 
DEROTATION OSTEOTOMY 

Supramalleolar osteotomy is recommended for children 
older than 10 years of âge with low lumbar level lésions, 
severe fibular shortening (>10 to 20 mm), valgus tilt of 
more than 20 degrees, and external tibial torsion. 


TECHNIQUE 34-34 


■ With the patient supine, make an anterior longitudinal 
incision at the distal third of the leg. Expose the distal 
tibia and identify the epiphysis. 

■ Make a second incision over the distal third of the fibula 
and perform an oblique osteotomy beginning laterally 
and extending distally and medially, depending on the 
degree of valgus to be corrected. 
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■ Close the wounds and apply a long leg cast with the 
ankle and foot in neutral. 

POSTOPERATIVE CARE. Partial weight bearing with 
crutches is allowed immediately. At 3 weeks, the cast is 
changed to a below-knee cast and full weight-bearing 
is allowed. The Kirschner wires can be removed at 8 to 
12 weeks. 


Rotational deformities of the lower extremity can cause 
functional problems in patients with myelomeningocele. 
Out-toeing can resuit either from an external rotation defor- 
mity of the hip or from external tibial torsion and can lead to 
abnormal knee stress, primarily valgus, as well as difficulties 
with brace fitting. Internai rotation ostéotomies should be 
considered in children with 20 degrees or more of tibial 
torsion that interfères with gait. In-toeing can cause difficul¬ 
ties with foot clearance during swing phase of gait. In-toeing 
frequently occurs in patients with L4 or L5 lésions because of 
an imbalance between the médial and latéral hamstrings. The 
hamstrings tend to remain active during the stance phase of 
gait and, when the biceps femoris is paralyzed, the muscle 
imbalance produces an in-toeing gait. Another cause for 
in-toeing is residual internai tibial torsion. 

Rotation deformity of the hip and external and internai 
tibial torsion can be corrected by derotation ostéotomies. 
Dynamic in-toeing gait can be corrected by transferring the 
semitendinosus laterally to the biceps tendon. 


A, Preoperative standing anteroposterior radio- 
graphs of ankle in an 8-year, 6-month-old boy with symptomatic 
flexible pes planus. Note valgus alignment of tibiotalar axis (11 
degrees valgus), increased fibular station (station 1), and distal 
tibial epiphyseal wedging (index 0.55). Standing anteroposterior 
(B) and latéral (C) radiographs 1 year, 3 months after placement 
of transphyseal médial malleolar screw. Tibiotalar axis is improved 
(3 degrees varus), whereas fibular station and epiphyseal wedging 
are unchanged. Note position of screw in both planes, subtle 
distal tibial metaphyseal deformity, and obliquity of physis 
created by screw. D, Standing anteroposterior radiograph of 
ankle 1 year, 4 months after screw removal. With release of 
médial tether and resumption of complété physeal growth, ankle 
valgus recurred (6 degrees valgus). (From Davids JR, Valadie AL, 
Ferguson RL, et al: Surgical management of ankle valgus in children: 
use of a transphyseal médial malleolar screw, J Pediatr Orthop 17:3, 
1997 ) SEE TECHNIQUE 34-33. 


■ Make the medial-based wedge osteotomy as distal on the 
tibia as possible (Fig. 34-40A). 

■ At the time of correction of the valgus, rotate the distal 
fragment internally to correct external tibial torsion. 

■ Use two Kirschner wires to temporarily hold the frag¬ 
ments in place and obtain radiographs to evaluate cor¬ 
rection of the valgus deformity. The talus should be 
horizontal and the latéral malleolus lower than the médial 
malleolus. 

■ Staples or Kirschner wires (Fig. 34-40C) or, in patients 
nearing skeletal maturity, a plate and screws (Fig. 34-40B) 
can be used for internai fixation. 


KNEE 

Knee deformities are common in patients with myelomenin¬ 
gocele and can cause significant difficulties in maintaining 
ambulatory function. Deformities of the knee in patients with 
myelomeningocele are of four types: (1) flexion contracture, 
(2) extension contracture, (3) valgus deformity, and (4) varus 
deformity. 

■ FLEXION CONTRACTURE 

Flexion contractures are more common than extension con¬ 
tractures. About half of children with thoracic or lumbar level 
lésions hâve knee flexion contractures. Contractures of 20 
degrees are common at birth, but most correct spontaneously. 
Knee flexion contractures may become fixed because of (1) 
the typical position assumed when supine—hips in abduc¬ 
tion, flexion, and external rotation; knees in flexion; and feet 
in equinus; (2) graduai contracture of the hamstring and 
biceps muscles, with contracture of the posterior knee capsule 
from quadriceps weakness and prolonged sitting; (3) spastic- 
ity of the hamstrings that may occur with the tethered cord 
syndrome; and (4) hip flexion contracture or calcaneal defor¬ 
mity in the ambulatory patient. Knee flexion contractures of 
more than 20 degrees can interfère with an effective bracing 
and standing program and ambulation in an ambulatory 
patient. Patients who are nonambulatory may tolerate larger 
degrees of flexion contractures as long as it does not interfère 
with transfers and sitting balance. Radical flexor release 
usually is required for contractures of 20 to 30 degrees, espe- 
cially in children who walk with below-knee orthoses. Supra- 
condylar extension osteotomy of the fémur (Fig. 34-11) 
generally is required for contractures of more than 30 to 45 
degrees in older children who are community ambulators and 
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JJ Supramalleolar varus derotation osteotomy for severe ankle valgus deformity in adolescents. A f Removal of médial 
bone wedge from distal tibial metaphysis. B f Fixation of osteotomy with plate and screws. C f Fixation with crossed wires. SEE TECHNIQUE 
34-34. 


in whom radical flexor release was unsuccessful. If a hip 
flexion contracture is présent, hip and knee contractures 
should be corrected at the same time. Spiro et al. reported 
that anterior fémoral epiphysiodesis by stapling is an effective 
and safe method for the treatment of fixed knee flexion defor¬ 
mity in growing children and adolescents with spina bifida. 
No surgical treatment is indicated in older children who are 
not community ambulators if the contracture does not inter¬ 
fère with mobility and sitting balance. 


RADICAL FLEXOR RELEASE 


TECHNIQUE 34-35 


■ Make a médial and a latéral vertical incision just above 
the flexor crease. Alternative^, a vertical midline incision 
just above the flexor crease can be used. Z- or S-shaped 
incisions that cross the flexor crease should be avoided 
because of difficulty with skin closure after a radical flexor 
release. 

■ In a child with a high-level lésion, identify and divide the 
médial hamstring tendons (semitendinosus, semimem- 
branosus, gracilis, and sartorius). 

■ Resect part of each tendon (Fig. 34-41 A). 

■ Laterally, identify, divide, and resect the biceps tendon 
and the iliotibial band. 

■ In a child with a low lumbar-level lésion, intramuscularly 
lengthen the biceps and semimembranosus to preserve 
some flexor power. 

■ Free the origin of the gastrocnemius from the médial and 
latéral condyles, exposing the posterior knee capsule, and 
perform an extensive capsulectomy (Fig. 34-41 B). 

■ If full extension is not obtained, divide the médial and 
latéral collateral ligaments and the posterior cruciate liga¬ 
ment (Fig. 34-41 C). 

■Close the wound over a suction drain and apply a long 
leg cast with the knee in full extension. If the flexion 
contracture is greater than 45 degrees, because of the 
possibility of vascular problems the first cast should be 



Division of aponeurosis 
of semimembranosus 


Division of 
aponeurosis 
of biceps 


Division of 
semitendinosus 


Division of 
gracilis 


Fémur 



Complété division of 
muscle and tendon 
of semimembranosus 


Fémur 


Complété division of 
muscle and tendon 
of biceps femoris 


Division of 
posterior fibers of 
iliotibial band 



Division of posterior 
cruciate ligament 


Division of 
posterior fibers of 
latéral collateral 
ligament 


Division of entire 
posterior capsule 


Division of 
posterior fibers of 
médial collateral 
ligament 


Release of flexor tendons for flexion contrac¬ 
ture of knee. A f Minimal procedure. B f Additional optional pro¬ 
cedures above joint level. C f Additional optional procedures at 
joint level. SEE TECHNIQUE 34-35. 
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applied with the knee in 20 to 30 degrees of flexion and 
gradually brought to full extension through serial cast 
changes. 

POSTOPERATIVE CARE. The cast is removed at 14 
days, and a long leg splint is used at night. For children 
with low lumbar level lésions, intensive physical therapy 
for strengthening of the quadriceps mechanism is impéra¬ 
tive after cast removal. 


■ EXTENSION CONTRACTURE 

Knee extension contractures can occur in patients with 
myelomeningocele. Approximately two thirds hâve no useful 
muscle function in the lower extremities, one third of which 
are caused by unopposed quadriceps function from paralytic 
hamstring muscles. Extension contractures usually are bilat¬ 
eral and frequently are associated with other congénital 
anomalies, such as dislocation of the ipsilateral hip, external 
rotation contracture of the hip, equinovarus deformity of the 
foot, and occasionally valgus deformity of the knee. Knee 
extension contracture can impair ambulation and make 
wheelchair sitting and transfers difficult. Serial casting, 
attempting to flex the knee to at least 90 degrees, is successful 
in some patients. If this does not correct the contracture, 
lengthening of the quadriceps mechanism is indicated. The 
most common procedure to correct this deformity is a V-Y 
quadriceps lengthening, capsular release, and posterior dis¬ 
placement of the hamstring muscles (Fig. 34-42). This usually 
is done by 1 year of âge. Other methods of lengthening hâve 
been described, including “anterior circumcision,” in which 
ail of the structures in front and at the side of the knee are 
divided by subcutaneous tenotomy, subcutaneous release of 
quadriceps tendon, Z-plasty of the extensor mechanism com- 
bined with anterior capsulotomy, and subcutaneous release 
of the patellar ligament. 



V-Y quadricepsplasty for hyperextension con¬ 
tracture of the knee. A f Detachment of rectus femoris tendon from 
muscle of rectus femoris, vastus medialis, and vastus lateralis 
muscles; vastus medialis and lateralis muscles are separated from 
iliotibial band, latéral hamstrings, médial hamstrings, and sartorius 
muscles. B f When knee is flexed, hamstring muscles and tensor 
fascia lata slip posterior to knee axis, restoring normal function. 
Quadriceps muscles are repaired in lengthened position. 


■ VARUS OR VALGUS DEFORMITY 

Varus or valgus deformity of the knee can occur in patients 
with myelomeningocele and can resuit from abnormal trunk 
mechanics that lead to abnormal knee mechanics or from 
malunion of a supracondylar fracture of the fémur or proxi¬ 
mal metaphyseal fracture of the tibia. In ambulatory patients, 
valgus knee instability is more common. This is caused by 
several reasons in ambulatory patients. Weak quadriceps, 
gastrocnemius-soleus muscles, and hip abductors cause the 
knee to go into valgus as the patient displaces the hemipelvis 
laterally during stance phase. The amount of knee valgus is 
proportional to the degree of neurologie impairment. This 
deformity also can be associated with excessive fémoral ante- 
version or excessive external tibial torsion. Both increase the 
valgus or adductor stresses at the knee during the stance 
phase of gait (Fig. 34-43). This eventually leads to increased 
joint laxity and degenerative changes around the knee. Non- 
operative treatment consists of the use of forearm crutches to 
decrease the Trendelenburg gait. Bracing with a knee-ankle- 
foot orthosis can be used to stabilize the knee, but offen they 
are too bulky and not well accepted by an ambulatory patient. 
Deformities that interfère with bracing and mobility require 
supracondylar or tibial osteotomy with internai fixation to 
correct the deformity. Hemiepiphysiodesis, stapling, or an 


eight-hole plate across the physis also may be used for cor¬ 
rection if the angular deformity is recognized early. 

HIP 

Treatment recommendations for deformities and instability 
around the hip in children with myelomeningocele hâve 
changed owing, in part, to the use of gait analysis. Deformi¬ 
ties or instability of the hip in children with myelomeningo¬ 
cele can be caused by muscle imbalance, congénital dysplasia, 
habituai posture, or a combination of these three. Nearly 
half of children with myelomeningocele hâve hip subluxation 
or dislocation, which correlates poorly with overall hip func¬ 
tion and ambulatory potential. Many authors found that the 
presence of a concentric réduction did not lead to improve- 
ments in hip range of motion, ability to ambulate, and 
decreased pain. The goal of current treatment protocols is to 
maintain hip range of motion through contracture préven¬ 
tion and release rather than obtaining anatomie concentric 
réduction. 

Abduction or adduction contractures of the hip can cause 
infrapelvic obliquity that can interfère with ambulation and 
bracing. Hip flexion contractures with associated lumbar lor- 
dosis and knee flexion contracture may cause more disability 
than mobile dislocated hips. Because of the different levels of 








PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 



A f Maximal coronal plane movement and pos- 
teromedial position of ground reaction force in relation to knee 
joint center. B f Close-up of ground reaction force during maximal 
coronal plane displacement of trunk. (From Gupta RT, Vankoski S, 
Novak RA, Dias LS: Trunk kinematics and the influence on valgus knee 
stress in persons with high sacral level myelomeningocele, J Pediatr 
Orthop 25:89, 2005.) 


paralysis and the combination of mixed and flaccid paralysis, 
treatment must be individualized for each patient. An 
evidence-based review of hip surgery in patients with myelo¬ 
meningocele found that there was no benefit to surgical treat¬ 
ment of dislocated hips and that walking ability was related to 
the degree of contracture présent. The only subgroup that 
might benefit from surgery is children with myelomeningo¬ 
cele below L4 with a unilatéral hip dislocation. Children in this 
group may hâve a worsened Trendelenburg gait secondary to 
leg-length discrepancy; however, this remains controversial. 
Gait analysis has shown that walking speed is unaffected by 
the presence of a hip dislocation in patients with low-level 
myelomeningocele, and gait symmetry more closely correlates 
to the absence of joint contractures or the presence of sym- 
metric contractures rather than the status of the hip itself. 

In addition, the complication rate for surgical réduction 
of the hip in patients with myelomeningocele can be very 
high, ranging from 30% to 45%. Complications include loss 
of motion, pathologie fractures, worsening ambulatory func- 
tion, and worsening neurologie déficits. 

■ FLEXION CONTRACTURE 

Flexion deformity of the hip occurs most frequently in chil¬ 
dren with high lumbar or thoracic level lésions. The proposed 
causes for a hip flexion contracture are unopposed action of 
the hip flexors (iliopsoas, sartorius, and rectus femoris), habit¬ 
uai posture from long periods of lying supine or sitting, and 


spasticity of the hip flexors. Hip flexion contractures must be 
distinguished from the physiologie flexion position, and the 
amount of hip flexion should be determined by the Thomas 
test. Because of a tendency to improve, hip flexion deformities 
rarely should be surgically treated before 24 months of âge. A 
hip flexion contracture of 20 to 30 degrees usually can be 
accommodated. Increased lumbar lordosis and knee flexion 
offen are associated with hip flexion contractures and may 
make a stable upright posture difflcult. Surgical release is 
indicated for contractures that interfère with bracing, walking, 
or obtaining an upright posture when hip flexion contractures 
are greater than 30 degrees. Knee flexion contractures, which 
commonly occur with the hip contractures, should be cor- 
rected at the same time as the hip contracture. 

Anterior hip release involves release of the sartorius, 
rectus femoris, iliopsoas, and tensor fasciae latae muscles; the 
anterior hip capsule; and the iliopsoas tendon. This procedure 
should adequately correct flexion contractures of 60 degrees. 
If deformity remains affer release, subtrochanteric extension 
osteotomy is indicated. 


ANTERIOR HIP RELEASE 


TECHNIQUE 34-36 


■ Make a "bikini-line" skin incision slightly distal and paral- 
lel to the iliac crest, extending it obliquely along the 
inguinal crease. 

■ Identify and protect the neurovascular bundle medially. 

■ Identify the iliopsoas tendon as far distally as possible and 
divide it transversely. 

■ Detach the sartorius muscle from its origin on the superior 
iliac crest. 

■ Identify the rectus insertion in the anterior inferior iliac 
crest and detach it. 

■ Laterally, identify the tensor fasciae latae muscle and, 
after carefully separating it from the fascia, divide the 
fascia transversely completely posterior to the anterior 
border of the gluteal muscles to expose the anterior hip 
capsule. 

■ If any residual flexion contracture remains, open the joint 
capsule transversely about 2 cm from the acetabular 
labrum. 

■ Place a suction drain in the wound, suture the subeutane- 
ous tissue with interrupted sutures and approximate the 
skin edges with subcuticular nylon sutures. 

■ Apply a hip spica cast or a total body splint with the hip 
in full extension, 10 degrees of abduction, and neutral 
rotation. 

■ In children with low lumbar level lésions this release 
greatly reduces hip flexor power and may impair mobility. 
A free tendon graft, using part of the tensor fasciae latae, 
can be used to reattach the sartorius to the anterior 
superior iliac crest, and the rectus tendon can be sutured 
distal to the sartorius muscle in the hip capsule. 

POSTOPERATIVE CARE. Early weight bearing for 2 to 
3 hours a day is encouraged. The spica cast is removed 
at 4 to 6 weeks. If a splint is used, it can be removed for 
range-of-motion exercises after the wounds are healed. 
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■ FLEXION-ABDUCTION-EXTERNAL 
ROTATION CONTRACTURE 

Flexion-abduction-external rotation contractures are 
common in children with thoracic level lésions and complété 
paralysis of the muscles of the lower extremity. Continuous 
external rotation of the hip in the supine position causes 
contractures of the posterior hip capsule and short external 
rotator muscles; this occurrence may be decreased by the use 
of night splints (total body splints) and range-of-motion exer¬ 
cises. Complété hip release (see Technique 34-18) is indicated 
only when the deformity interfères with bracing. If both hips 
are contracted, as is often the case, both should be corrected 
at the same time. 

■ EXTERNAL ROTATION CONTRACTURE 

Isolated external rotation contracture of the hip occasionally 
occurs in children with low lumbar level lésions. Initially, 
bracing and physical therapy help improve the external rota¬ 
tion contracture. If the external hip rotation persists affer the 
child is 5 or 6 years old, a subtrochanteric médial rotation 
osteotomy (see Chapter 33) is indicated. 

■ ABDUCTION CONTRACTURE 

Isolated unilatéral abduction contracture is a common cause 
of pelvic obliquity, scoliosis, and difficulty in sitting and 
ambulation. It generally is caused by contracture of the tensor 
fasciae latae, but it may occur affer iliopsoas transfer. It is 
common in children with high-level lésions, and early splint - 
ing and physical therapy may decrease the risk of its occur¬ 
rence. Fascial release is indicated when the abduction 
contracture causes pelvic obliquity and scoliosis and inter¬ 
fères with function or bracing. 


FASCIAL RELEASE 


TECHNIQUE 34-37 


■ Incise the skin along the anterior one half or two thirds 
of the iliac crest to the anterior superior iliac spine. 

■ Divide ail thigh fascial and tendinous structures around 
the antérolatéral aspect of the hip; fascia lata, fascia over 
the gluteus médius and gluteus minimus, and tensor 
fasciae latae. 

■ Do not divide the muscle tissue, only the enveloping 
fascial structures. 

■ Fasciotomy of the fascia lata distally, as described by 
Yount (see Technique 34-18), also may be required. 

■ Close the wound over a suction drain and apply a hip 
spica cast with the operated hip in neutral abduction and 
the opposite hip in 20 degrees of abduction, enough to 
permit périnéal care. 

POSTOPERATIVE CARE. The cast is removed at 2 
weeks, and a total body splint is fitted. 


■ ADDUCTION CONTRACTURE 

Adduction contractures are common with dislocation or sub¬ 
luxation of the hip in children with high-level lésions because 
of spasticity and contracture of the adductor muscles. Surgery 
is indicated when the contracture causes pelvic obliquity and 
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interfères with sitting or walking. Adductor release may be 
combined with operative treatment of hip subluxation or 
dislocation. 


ADDUCTOR RELEASE 


TECHNIQUE 34-38 


■ Make a transverse inguinal incision 2 to 3 cm long just 
distal to the inguinal crease over the adductor longus 
tendon. 

■ Open the superficial fascia to expose the adductor longus 
tendon. 

■ Using electrocautery, divide the tendon close to its inser¬ 
tion on the pubic ramus. 

■ If necessary, divide the muscle fibers of the gracilis proxi- 
mally and completely divide the adductor brevis muscle 
fibers, taking care to protect the anterior branch of the 
obturator nerve. At least 45 degrees of abduction should 
be possible. 

■ Close the wound over a suction drain 

POSTOPERATIVE CARE. A brace or cast that holds 
the hip in 25 to 30 degrees of abduction can be used 
post- operatively. If a cast is used, it is removed at 2 
weeks, and a splint is fitted with the hip in 25 degrees of 
abduction. 


■ HIP SUBLUXATION AND DISLOCATION 

True developmental hip dislocation is rare in patients with 
myelomeningocele and occurs in children with sacral level 
lésions without muscle imbalance. Treatment should follow 
standard conservative methods (Pavlik harness, closed réduc¬ 
tion, and spica cast immobilization). Tératologie dislocations 
usually occur in children with high-level lésions. Initial 
radiographs show a dysplastic acetabulum, with the head of 
the fémur displaced proximally; these dislocations should not 
be treated initially. 

Paralytic subluxation or dislocation is the most common 
type, occurring in 50% to 70% of children with low-level (L3 
or L4) lésions. Dislocation occurs most frequently during the 
first 3 years of life because of an imbalance between abduc¬ 
tion and adduction forces. Dislocations in older children 
usually are caused by contractures or spasticity of the unop- 
posed adductors and flexors associated with a tethered cord 
syndrome or hydromyelia. 

Réduction of hip dislocations in children with myelome¬ 
ningocele is generally not recommended. Maintaining a level 
pelvis and flexible hips seems more important than réduction 
of the hip dislocation. The goal of treatment should be 
maximal function, rather than radiographie réduction. Soft- 
tissue release alone is indicated in patients without functional 
quadriceps muscles because only occasionally do they remain 
community ambulators as adults. Open réduction is appro- 
priate only for rare children with sacral level involvement 
who hâve strong quadriceps muscles bilaterally, normal trunk 
balance, and normal upper extremity function. Bilateral or 
unilatéral hip dislocation or subluxation in children with 
high-level lésions does not require extensive surgical treat¬ 
ment, but soff-tissue contractures should be corrected. 
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If treatment is undertaken for hip subluxation or disloca¬ 
tion in the rare patient who may benefit from it, the principles 
of paralytic hip surgery should be adhered to as foliows: (1) 
obtain réduction of the hip into the acetabulum, (2) correct 
any residual bony deformity, and (3) balance the deforming 
muscle forces to prevent récurrence. The two most common 
procedures to balance the deforming muscle forces in an 
unstable hip in patients with myelomeningocele hâve been 
transfer of the iliopsoas muscle (Sharrad or Mustard proce¬ 
dure) and transfer of the external oblique muscle. Iliopsoas 
transfer with adductor release, capsulorrhaphy, and acetabu- 
loplasty can be done in addition to open réduction. The 
Sharrad iliopsoas transfer through the postérolatéral ilium 
(see Technique 34-21) is most offen used. Iliopsoas transfer 
is controversial, with reported success rates ranging from 20% 
to 95%. Alternative procedures include transfer of the exter¬ 
nal oblique muscle to the greater trochanter (see Technique 
34-19) in conjunction with fémoral osteotomy and postéro¬ 
latéral transfer of the tensor fasciae latae with transfer of the 
adductor and external oblique muscles. 


TRANSFER OF ADDUCTORS, 
EXTERNAL OBLIQUE, AND TENSOR 
FASCIAE LATAE 


TECHNIQUE 34-39 


(PHILLIPS AND LINDSETH) 

■ Place the patient supine and expose the adductor muscles 
through a transverse incision beginning just anterior to 
the tendon of the adductor longus and extending poste- 
riorly to the ischium. 

■ Incise the fascia longitudinally and detach the tendons of 
the gracilis, adductor longus and brevis, and the anterior 
third of the magnus from the pubis. 

■ Carry the dissection posteriorly to the ischial tuberosity 
and suture the detached origins of the adductor muscles 
to the ischium with nonabsorbable sutures. Take care not 
to disrupt the anterior branch of the obturator nerve that 
supplies the adductor muscles. 

■ Transfer the external abdominal oblique muscle to the 
gluteus médius tendon or preferably to the greater tro¬ 
chanter, as described by Thomas, Thompson, and Straub. 

■ Make an oblique skin incision extending from the poste- 
rior third of the iliac crest to the anterior superior iliac 
spine (Fig. 34-44A). 

■ Curve the incision distally and posteriorly to the junction 
of the proximal and middle third of the fémur. 

■ With sharp and blunt dissection, raise skin flaps to expose 
the fascia of the leg from the latéral border of the sarto- 
rius to the level of the greater trochanter. 

■ Expose the external oblique similarly from the iliac crest 
to the posterior superior iliac spine and from its costal 
origin to the pubis (Fig. 34-44B). 

■ Make two incisions approximately 1 cm apart in the apo- 
neurosis of the external oblique parallel to the Poupart liga¬ 
ment and join them close to the pubis at the external ring. 

■ Extend the superior incision proximally along the médial 
border of the muscle belly until the costal margin is reached. 


■ Free the muscle from the underlying internai oblique by 
blunt dissection until the posterior aspect is reached in 
the Petit triangle. 

■ Elevate the muscle fibers from the iliac crest by cutting 
from posterior to anterior along the crest. 

■Close the defect that remains in the aponeurosis of the 
external oblique beginning at the pubis and extending as 
far laterally as possible. 

■ Fold the eut edges of the muscle and aponeurosis over 
and suture with a single suture at the muscle-tendinous 
junction. 

■ Weave a heavy, nonabsorbable suture through the apo¬ 
neurosis in préparation for transfer (Fig. 34-44C). 

■Attention is then directed to the tensor fasciae latae. 

■ Detach the origin of the tensor fasciae latae from the 
ilium. 

■Separate the muscle along its anterior border from the 
sartorius down to its insertion into the iliotibial band. 

■ Divide the iliotibial band transversely to the posterior part 
of the thigh. 

■ Carry the incision in the iliotibial band proximally to the 
insertion of the oblique fibers of the tensor fasciae latae 
and the tendon of the gluteus maximus. Take care to 
preserve the superior gluteal nerve and arteries beneath 
the gluteus médius muscle approximately 1 cm distal and 
posterior to the anterior superior iliac spine (Fig. 34-44D). 

■ Abduct the hip and fold the origin of the tensor fasciae 
latae back on itself to the limit allowed by the neurovas- 
cular bundle and then suture it to the ilium with nonab¬ 
sorbable sutures so that its origin overlies the gluteus 
médius muscle. Do not attach the distal end to the gluteus 
maximus tendon until the end of the procedure. 

■ The hip, proximal fémur, and ilium are now easily acces¬ 
sible for indicated corrective procedures such as open 
réduction of the hip, capsular plication, proximal fémoral 
osteotomy, and acetabular augmentation. The origins of 
the rectus femoris and the psoas tendon are not routinely 
divided, although they can be released at this time if there 
is a hip flexion contracture. 

■ With the patient maximally relaxed or paralyzed, transfer 
the tendon of the external oblique to the greater 
trochanter. 

■ Drill a hole in the greater trochanter and pass the tendon 
of the external oblique from posterior to anterior and 
suture it back on itself. The muscle should reach the 
greater trochanter and should follow a straight line from 
the rib cage to the trochanter; if it does not, the borders 
of the muscle should be inspected to ensure that they are 
free from ail attachments (Fig. 34-44D). 

■ Weave the distal end of the tensor fasciae latae through 
the tendon of the gluteus maximus while the hip is 
abducted approximately 20 degrees. 

POSTOPERATIVE CARE. A hip spica cast is applied 
postoperatively with the hips in extension and abducted 
20 degrees. The child is encouraged to stand in the cast 
to prevent osteopenia. The cast is removed 1 month after 
surgery, and physical therapy is started. The patient is 
returned to the braces used before the operation. Any 
modification in bracing is made as indicated on follow-up. 
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Transfer of adductors, external oblique, and tensor fasciae latae. A, Skin incision. B, Skin flaps are elevated to expose 
fascia of leg and external oblique muscle. C, Cut edges of external oblique muscle and aponeurosis are folded over and sutured. Defect 
in aponeurosis is sutured. Origin of tensor fasciae latae on ilium is detached, with care being taken to preserve neurovascular bundle. 
Remainder of muscle is prepared for transfer. D f Tendon of external oblique is transferred to greater trochanter from posterior to 
anterior. Distal end of tensor fasciae latae is woven through tendon of gluteus maximus. SEE TECHNIQUE 34-39. 


For severe acetabular dysplasia, a shelf procedure or 
Chiari pelvic osteotomy (see Chapter 30) can be done at the 
same time as the transfer. If more than 20 to 30 degrees of 
abduction is necessary to maintain concentric réduction of 
the hip, a varus fémoral osteotomy is indicated. Even with 
these procedures to correct acetabular dysplasia there is a 
high failure rate if muscle-balancing procedures are not 
included as part of the procedure. 


and neck often is not effective. Proximal fémoral resection 
and interposition arthroplasty is recommended in severely 
involved multiply handicapped children with dislocated hips 
and severe adduction contractures of the lower extremity. 


TECHNIQUE 34-40 


(BAXTER AND D'ASTOUS) 

■ Position the patient with a sandbag beneath the affected 
hip. 

■ Make a straight latéral approach beginning 10 cm proxi¬ 
mal to the greater trochanter and extending down to the 
proximal fémur. 

■ Split the fascia lata. 

■ Detach the vastus lateralis and gluteus maximus from 
their insertions and detach them from the greater 
trochanter. 


PROXIMAL FEMORAL RESECTION 
AND INTERPOSITION ARTHROPLASTY 

Severe joint stiffness is one of the most disabling results of 
hip surgery in patients with myelomeningocele. If the hip 
is stiff in extension, the child cannot sit; if it is stiff in flexion, 
the child cannot stand; if it is stiff "in between," the child 
can neither sit nor stand. Resection of the fémoral head 
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■ Identify the psoas tendon and detach its distal insertion 
on the lesser trochanter to expose extraperiosteally the 
proximal fémur. 

■ Incise the periosteum circumferentially just distal to the 
gluteus maximus insertion and transect the bone at this 
level. 

■ Divide the short external rotators. Incise the capsule cir¬ 
cumferentially at the level of the basal neck. 

■Cut the ligamentous teres, remove the proximal fémur, 
and test the range of motion of the hip. If necessary, 
perform a proximal hamstring tenotomy through the 
same incision after identifying the sciatic nerve. 

■ Adductor release also can be performed through a sepa- 
rate groin incision. 

■ Seal the acetabular cavity by oversewing the capsular 
edges. 

■ Cover the proximal end of the fémur with the vastus 
lateralis and rectus femoris muscles. 

■ Interpose the gluteal muscles between the closed acetab- 
ulum and the covered end of the proximal fémur to act 
as a further soft-tissue cushion. 

■ Close the wound in layers over a suction drain. 

POSTOPERATIVE CARE. The operated lower extremity is 
placed in Russell traction in abduction until the soft tissues 
hâve healed, and then gentle range-of-motion exercises 
are begun. If traction is not tolerated, the patient can be 
placed in a cast or brace until the soft tissues hâve healed. 


■ PELVIC OBLIQUITY 

Pelvic obliquity is common in patients with myelomeningo- 
cele. In addition to predisposing the hip to dislocation, it 
interfères with sitting, standing, and walking, and it can lead 
to ulcération under the prominent ischial tuberosity. Pelvic 
obliquity is an important déterminant of ambulatory func- 
tion, second only to neurologie level of involvement. Gait 
analysis has shown that pelvic obliquity has the strongest 
corrélation with oxygen cost in ambulatory patients with 
myelomeningocele and that patients may self-select their 
walking speed to minimize the pelvic shiff in the sagittal and 
coronal planes during gait. Mayer described three types of 
pelvic obliquity: (1) infrapelvic, caused by contracture of the 
abductor and tensor fasciae latae muscles of one hip and 
contracture of the adductors of the opposite hip; (2) supra- 
pelvic, caused by uncompensated scoliosis resulting from 
bony deformity of the lumbosacral spine or severe paralytic 
scoliosis; and (3) pelvic, caused by bony deformity of the 
sacrum and sacroiliac joint, such as partial sacral agenesis, 
causing asymmetry of the pelvis. Incidence of infrapelvic 
obliquity can be decreased by splinting, range-of-motion 
exercises, and positioning, but when hip contractures are well 
established, soft-tissue release is required. Occasionally, more 
severe deformities require proximal fémoral osteotomy. 
Suprapelvic obliquity can be corrected by control of the sco¬ 
liosis by orthoses or spinal fusion. If severe scoliosis cannot 
be completely corrected, bony pelvic obliquity becomes fixed. 

Obliquity of 20 degrees is sufficient to interfère with 
walking and to produce ischial decubitus ulcérations; Mayer 
recommended pelvic osteotomy in this instance. Before oste¬ 
otomy, hip contractures should be released and the scoliosis 


should be corrected by spinal fusion. The degree of correction 
of pelvic obliquity is determined preoperatively from appro- 
priate radiographs of the pelvis and spine (Fig. 34-45 A). The 
maximal correction obtainable with bilateral iliac ostéoto¬ 
mies is 40 degrees. 


PELVIC OSTEOTOMY 


TECHNIQUE 34-41 


(LINDSETH) 

■ The approach is similar to that described by O'Phelan for 
iliac osteotomy to correct exstrophy of the bladder (see 
Chapter 30). 

■ With the child prone, make bilateral, inverted, L-shaped 
incisions beginning above the iliac crest, proceeding 
medially to the posterior superior iliac spine, and then 
curving downward along each side of the sacrum to the 
sciatic notch. 

■ Detach the iliac apophysis by splitting it longitudinally 
starting at the anterior superior iliac spine and proceeding 
posteriorly (Fig. 34-45B). 

■ Retract the paraspinal muscles, the quadratus lumborum 
muscle, and the iliac muscles medially along the inner half 
of the epiphysis and the inner periosteum of the ilium. 

■After the sacral origin of the gluteus maximus has been 
detached from the sacrum, divide the outer periosteum 
of the ilium longitudinally just latéral to the posteromedial 
iliac border, extending from the posterior superior iliac 
spine down to the sciatic notch. 

■ Strip the outer periosteum along the gluteus muscles and 
the outer half of the epiphysis from the outer table of the 
ilium, taking care to avoid damaging the superior and 
inferior gluteal vessels and nerves. Retract the soft tissues 
down to the sciatic notch and protect them by inserting 
malléable retractors. Next, make bilateral ostéotomies 
approximately 2 cm latéral to each sacroiliac joint. The 
size of the wedge is determined by the amount of the 
correction desired and is limited to no more than one 
third of the iliac crest; the base of the wedge usually is 
about 2.5 cm long (Fig. 34-45C). 

■ After the wedge of bone has been removed, correct the 
deformity by pulling on the limb on the short side and 
pushing up on the limb on the long side (Fig. 34-45C). 
Usually this closes the osteotomy on the long side. If 
upper migration of the ilium onto the sacrum is severe, 
trim the excess iliac crest. 

■ Close the wedge osteotomy with two threaded pins or 
sutures through drill holes. 

■ Then use a spreader to open the osteotomy on the oppo¬ 
site (short) side sufficiently to receive the graft. 

■ Use two Kirschner wires to hold the graft in place (Fig. 
34-45D). 

■ Close the wound over suction-irrigation drains and apply 
a double full-hip spica cast. 

POSTOPERATIVE CARE. The cast is worn for 2 weeks. 
The Kirschner wires are removed when radiographs show 
sufficient healing of the osteotomy. 
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Pelvic osteotomy for pelvic obliquity, as described by Lindseth. A, Preoperative détermination of size of iliac wedge 
to be removed and transferred. B f Exposure of ilium. C, After bilateral ostéotomies and removal of wedge from low side, deformity is 
corrected. D, Transferred iliac wedge is fixed with two Kirschner wires. SEE TECHNIQUE 34-41. 


SPINE 

■ SCOLIOSIS 

Paralytic spinal deformities hâve been reported in 90% of 
patients with myelomeningocele. Scoliosis is the most 
common deformity and usually is progressive. The incidence 
of scoliosis is related to the level of the bone defect and the 
level of paralysis: 100% with T12 lésions, 80% with L2 lésions, 
70% with L3 lésions, 60% with L4 lésions, 25% with L5 lésions, 
and 5% with SI lésions. Glard expanded on this concept by 
dividing patients into four neurosegmental groups based on 


the spinal deformities that occur within each group. Group 1 
(L5 or below) had no spinal deformity, group 2 (L3-L4) had 
variable deformities, group 3 (L1-L2) was prédictive of spinal 
deformity, and group 4 (T 12 and above) was prédictive of 
kyphosis. The curves develop gradually until the child reaches 
âge 10 years and may increase rapidly with the adolescent 
growth spurt. Raycroff and Curtis differentiated between 
developmental (no vertébral anomalies) and congénital 
(structural abnormalities of the vertébral bodies) scoliosis in 
patients with myelomeningocele. The two types were almost 
evenly divided in their patients. They suggested muscle 
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imbalance and habituai posturing as causes of developmental 
scoliosis. Developmental curves occur later than congénital 
curves, are more flexible, and usually are in the lumbar area 
with compensatory curves above and below. Several authors 
hâve suggested that developmental scoliosis can be caused in 
some patients by hydromyelia or a tethered cord syndrome, 
and an early onset of scoliosis (<6 years) frequently occurs in 
patients with these lésions. 

Spinal radiographs should be obtained at least once each 
year, beginning when the child is 5 years old. If any scoliosis 
is detected, further évaluation is indicated. MRI should be 
performed to détermine if hydromyelia or a tethered spinal 
cord is présent. The use of a thoracolumbosacral orthosis for 
daytime wear when the curve is more than 30 degrees may 
help with sitting balance and may slow curve progression. 
Bracing slows curve progression and delays surgical interven¬ 
tion but does not hait the progress of most curves. The use of 
a brace may be challenging because of poor skin and the risk 
of pressure sores, as well as interférence with bowel and 
bladder care. 

Indications for spinal fusion include a progressive increase 
in angular deformity that cannot be controlled by bracing, 
unacceptable deformities, and progressive thoracic lordosis. 
The goals of surgery are to achieve a solid fusion with maximal 
safe correction, minimize pelvic obliquity, and increase sitting 
tolérance and independence. These goals must be weighed 
against the extremely high complication rate of spinal surgery 
in this patient population; complications include nonunion 
in up to 40%, deep infection, hardware irritation and résul¬ 
tant skin breakdown, and loss of ambulatory function. In 49 
patients who had spinal surgery, sitting balance was improved 
in 70%, but the ability to ambulate was negatively affected in 
67% of patients who had anterior and posterior surgery. 
Another study found that sitting was the only outcome 
measure to be improved by spinal surgery, and an evidence- 
based review concluded that the benefits of spine surgery in 
this patient population were uncertain. Anterior and poste¬ 
rior surgery was found to provide greater correction with 
lower pseudarthrosis rates (Fig. 34-46). 

■ KYPHOSIS 

The most severe spinal deformity in patients with myelome- 
ningocele is congénital kyphosis; it occurs in approximately 
10% of patients. The kyphosis usually is présent at birth 
and may make sac closure difficult. The curve generally 
extends from the lower thoracic level to the sacral spine, with 
its apex in the midlumbar région. The deformity usually is 
progressive. 

I KYPHECTOMY 

Congénital kyphosis is unresponsive to bracing and usually 
requires surgery for correction. The goal of treatment of 
kyphosis is not to obtain a normal spine but to provide sitting 
balance without the use of the arms and hands for support. 
Other goals are to increase the lumbar height to allow room 
for abdominal contents and provide better mechanics for 
breathing and to prevent pressure sores by reducing the 
kyphotic prominence. 

Kyphectomy is very effective in correcting kyphosis; 
however, the complication rate is high. Wound and skin 
breakdown are the most common complications, occurring 
in up to 50% of patients. 



Correction of severe scoliosis with anterior 
fusion with Dwyer instrumentation (A) followed by posterior 
fusion with Luque rods (B). 


Surgical techniques for spinal fusion in scoliosis and cor¬ 
rection of kyphosis are described in Chapter 44. Complica¬ 
tions of spinal surgery in patients with myelomeningocele are 
significantly greater than in patients with idiopathic scoliosis. 
The most common complication is failure of fusion, which is 
reported to occur in 40% of patients. Infection rates of 43% 
also hâve been reported. 


ARTHROGRYPOSIS MULTIPLEX 
CONGENITA 

Arthrogryposis multiplex congenita (multiple congénital 
contractures) is a physical finding, not a diagnosis, and the 
term represents a group of unrelated disorders with the 
common phenotypic characteristic of multiple joint contrac¬ 
tures. Arthrogryposis multiplex congenita should be consid- 
ered a symptom complex that results in this characteristic 
phenotype that can occur in 300 different disorders. Arthro¬ 
gryposis usually is a nonprogressive syndrome characterized 
by deformed, rigid joints that affect two or more areas of the 
body. The involved muscles or muscle groups are atrophied 
or absent. The involved extremities appear cylindrical, fusi- 
form, or cone-shaped and hâve diminished skin creases and 
subcutaneous tissue. Contracture of the joint capsule and 
periarticular tissues is présent. Dislocation of the joints is 
common, especially of the hip and knee (Fig. 34-47). Sensa¬ 
tion and intellect are normal. The incidence of arthrogryposis 
has been reported to be 1 in 3000 live births. 

More than 300 spécifie entities can be associated with 
what has been known as arthrogryposis multiplex congenita; 
because it is no longer considered a discrète clinical entity, 
the term multiple congénital contractures is preferred. Deter- 
mining whether a child has normal neurologie function is 
essential to establish a differential diagnosis. In a child with 
a normal neurologie examination, arthrogryposis is most 
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Newborn with arthrogryposis multiplex congenita. Note orthopaedic conditions: congénital dislocation of knees, 
tératologie clubfeet, internai rotation contractures of shoulder, extension contractures of elbow, and flexion contractures of wrist. 



Types of congénital contractures. (From Bamshad 
M, Van Heest AE, Pleasure D: Arthrogryposis: a review and update. 
J Bone Joint Surg 91A(Suppl 4):40, 2009.) 


likely caused by amyoplasia, distal arthrogryposis, general- 
ized connective tissue disorder, or fêtai crowding. An abnor¬ 
mal neurologie examination indicates that movement in 
utero was diminished as a resuit of an abnormality of the 
central or peripheral nervous System, the motor endplate, or 
muscle (Fig. 34-48). The deformities may resuit from neuro- 
genic, myogénie, skeletal, or environmental factors. Genetic 
évaluation is recommended for patients with arthrogryposis. 
Limited intrauterine movement is common to ail types of 
arthrogryposis. Histologie analysis shows a small muscle 
mass with fibrosis and fat between the muscle fibers. Myo¬ 
pathie and neuropathie features offen are found in the muscle. 
The periarticular soff-tissue structures are fibrotic and create 
a fibrous ankylosis. 

Clinical examination is the best modality for establishing 
the diagnosis of arthrogryposis multiplex congenita. Neuro¬ 
logie assessment, electromyography and nerve conduction 


studies, sérum enzyme tests, DNA testing, and muscle biopsy 
can help to détermine the underlying diagnosis. Radiographie 
examination assesses the integrity of the skeletal System, 
especially the presence or absence of dislocated hips or knees, 
scoliosis, and other skeletal anomalies. The most common 
lower extremity deformities are rigid clubfoot and fixed 
extension or flexion contractures of the knees. Major prob- 
lems in the upper extremity usually are immobile, adducted, 
and internally rotated shoulders; elbow contractures; severe, 
fixed palmar flexion and ulnar-deviated deformities of the 
wrist; and contractures of the metacarpophalangeal and 
interphalangeal joints. Involvement usually is bilateral but 
not always symmetric. Scoliosis has been reported to occur 
in 10% to 30% of patients. 

Classic arthrogryposis or amyoplasia usually involves ail 
four extremities. The shoulders are internally rotated and 
adducted. The elbow usually has an extension contracture, 
and the wrists are palmar flexed and ulnarly deviated. The 
fingers offen are rigidly flexed with the thumbs adducted. 
There offen is a midline cutaneous hemangioma on the fore- 
head. Patients with distal arthrogryposis hâve fixed hand and 
foot contractures, but the major large joints of the arms and 
legs are spared. Distal arthrogryposis is divided into type I 
and type II based on the absence or presence of facial abnor- 
malities. In contrast to amyoplasia, which occurs sporadi- 
cally, distal arthrogryposis is inherited in an autosomal 
dominant fashion. Genetic analysis has identified 10 distinct 
types of distal arthrogryposis (Table 34-3). 

Current labels and Online Mendelian Inheritance in Man 
(OMIM) numbers for the distal arthrogryposis syndromes 
are listed in Table 34-4. Pterygia syndromes hâve skin webs 
across the flexion aspects of knees, elbows, and other joints. 
Multiple pterygias and popliteal pterygia fit into this group. 

TREATMENT 

Most children with arthrogryposis hâve a relatively good 
prognosis; treatment should be focused on obtaining maximal 
function. S orne contractures may seem to worsen with âge, 
but no new joints become involved. At least 25% of affected 
patients are nonambulatory. An early program of passive 
stretching exercises for each contracted joint, to be followed 
by serial splinting with custom thermoplastic splints, is 
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TABLE 34-3 


Common Causes of Arthrogryposis 

DISEASE 

GENETIC INFLUENCE 

ADDITIONAL FACTORS/FINDINGS 

Amyoplasia 

Sporadic 

Usually quadrimelic involvement 

Myelomeningocele 

Multifactorial 

Folie acid deficiency 

Larsen syndrome 

AD 

Joint dislocations, spatulate thumbs, flattened nasal bridge 

Distal arthrogryposis type 1 

AD 

Hand, foot involvement 

Multiple pterygium syndrome 
(Escobar syndrome) 

AR 

Pterygium of upper and lower extremities, neck 

Freeman-Sheldon syndrome (whistling 
face syndrome) 

AD 

Whistling appearance of face, ulnar déviation of hands, 
clubfoot, congénital vertical talus 

Beal contracturai arachnodactyly 

AD 

Slender limbs with knee, elbow, and hand contractures 

Sacral agenesis 

Sporadic 

Maternai diabètes, exposure to organic solvents, retinoic 
acid 

Diastrophic dysplasia 

AR 

Clubfoot, hitchhiker's thumb, short stature, scoliosis, 
hypertrophie pinnae 

Metatropic dysplasia 

AD, AR 

Platyspondylia, kyphosis, scoliosis 

Thrombocytopenia-absent radii (TAR) 
syndrome 

AR 

Absent radii with thumbs présent, knee involvement, 
thrombocytopenia 

Steinert myotonie dystrophy 

AD 

Myotonia, typical faciès 

Spinal muscular atrophy 

AR 

Anterior horn cell degeneration 

Congénital muscular dystrophy 

AR 

Heterogeneous group of diseases, some with central 
nervous System involvement 

Môbius syndrome 

Sporadic, AD 

Cranial nerve VI, VII palsy; micrognathia, clubfoot 


From Bernstein RM: Arthrogryposis and amyoplasia, J Am Acad Orthop Surg 10:417, 2002. 
AD, Autosomal dominant; AR, autosomal récessive. 


TABLE 34-4 


Foot Deformities 

in Patients With Myelomeningocele 





CALCANEOVALGUS 



LEVEL 

CLUBFOOT 

DEFORMITY 

VERTICAL TALUS 

NO DEFORMITY 

Thoracic 

40 

8 

0 

38 

L1, L2 

22 

4 

1 

13 

L3 

24 

21 

9 

0 

L4 

50 

4 

0 

14 

L5 

11 

38 

5 

20 

Sacral 

19 

4 

0 

41 

Total 

166 

60 

7 

135 


In patients with asymmetric paralysis, each foot was counted separately. 

From Schafer ME, Dias LS: Myelomeningocele: orthopaedic treatment, Baltimore, 1983, Williams & Wilkins. 


recommended. Although gains are achieved in extremity 
function and the need for corrective surgery is reduced, most 
authors report that any improvement after physical therapy 
is transient at best and that récurrence of the deformity is 
likely. 

The primary long-term goals of treatment are increased 
joint mobility and muscle strength and the development of 
adaptive use patterns that allow walking and independence 
with activities of daily living. To achieve these goals, correct- 
ing lower extremity alignment to make plantigrade standing 
and walking possible is necessary. Existing joint motion 
should be preserved and placed in the most functional loca¬ 
tion. Treatment should also focus on active motion, and 


tendon-muscle transfers should be done when necessary In 
addition, stiff joints should be positioned for functional 
advantage. Surgical intervention can be divided into early and 
late treatment. Early treatment should accomplish as much 
functional improvement as possible in the involved extremi- 
ties by 6 to 7 years of âge. Knee and hip surgery should be 
done by 6 to 9 months of âge. Foot surgery should be done 
close to the time when the patient normally begins to stand 
to decrease the incidence of récurrence. 

■ LOWER EXTREMITY 

The rigid foot deformity in multiple congénital contractures 
usually is a clubfoot or congénital vertical talus. The goal of 
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Cancellectomy of talus and cuboid. A f Incision. B f Windows in talus and cuboid to expose cancellous bone. C f Closing 
wedge osteotomy in cuboid. 


treatment is conversion of the rigid deformed foot into a 
plantigrade foot. If the valgus foot is plantigrade, treatment 
usually is not required. The most common foot deformity is 
clubfoot. The Ponseti method of clubfoot casting has been 
used successfully in patients with arthrogryposis and club- 
feet, but a greater number of casts were required than for 
idiopathic clubfeet, and the relapse rate was 27% at 2-year 
follow-up. If casting fails, an extensive posteromedial and 
postérolatéral release (see Chapter 29) is recommended. If the 
deformity recurs in a young child or is so severe that it cannot 
be corrected by posteromedial soff-tissue release, talectomy 
is indicated. Fusion of the calcaneocuboid joint at the time of 
talectomy may decrease the risk of progressive midfoot 
adduction. Gross described a technique, similar to that 
described by Ogston and Kopits for use in myelomeningo- 
cele, of cancellectomy of the talus and cuboid in which a 
window is created in the dorsal cortex of the cuboid and 
latéral cortex of the neck and body of the talus (Fig. 34-49). 
Ail cancellous bone is carefully curetted, and the deformity is 
corrected by manual manipulation (see Technique 34-30). 
Triple arthrodesis may be performed for rigid deformity 
in adolescents. Graduai correction of the deformity with 
circular-frame external fixators is an alternative method for 
obtaining a plantigrade foot but is technically demanding. 

The two most common deformities around the knee are 
a flexion contracture and an extension contracture. Initial 
treatment of flexion contractures is by serial splinting or 
casting in progressive degrees of extension. Ambulation is 
possible with a residual knee flexion contracture of 15 to 20 
degrees. If complété correction has not been obtained by 6 to 
12 months of âge, posterior médial and latéral hamstring 
lengthening and knee capsulotomies are indicated. This 
should be approached through vertical médial and latéral 
posterior incisions or an extensile postérolatéral Henry inci¬ 
sion. S-shaped incisions should be avoided because they place 
excessive tension on the skin affer correction causing subsé¬ 
quent wound breakdown. Affer a posterior release has been 
performed, an anterior release of scar tissue may need to be 


done to obtain correction. Supracondylar extension osteot¬ 
omy of the distal fémur may be required to correct a contrac¬ 
ture and allow use of orthoses. Extension ostéotomies should 
be done when the patient is near skeletal maturity if possible 
to decrease the risk of récurrent deformity with remodeling. 
If ostéotomies are done before skeletal maturity, about 50% 
of correction is maintained even if the deformity recurs. 
Offen a fémoral shortening may need to be combined with 
an extension osteotomy to protect neurovascular structures. 
Graduai correction of a knee flexion contracture can be 
achieved with a circular-frame external fixator, with or 
without an associated posterior release. This technique is 
used most offen when soff-tissue webbing is associated with 
a knee flexion contracture. 


CORRECTION OF KNEE FLEXION 
CONTRACTURE WITH CIRCULAR- 
FRAME EXTERNAL FIXATION 


TECHNIQUE 34-42 


(VAN BOSSE ETAL) 

APPROXIMATION OF KNEE CENTER OF ROTATION 

■ On a true latéral projection of the knee, with the distal and 
posterior fémoral condyles superimposed, the intersection 
of the posterior fémoral cortex and the widest anterior- 
posterior dimension of the fémoral condyles gives the best 
estimate of the knee axis of motion (Fig. 34-50). 

POSTERIOR KNEE RELEASE 

■ Approach the knee through médial and latéral incisions, 
5 to 8 cm long, centered over the palpable posterior 
fémoral condyle and parallel to the ground when both 
the hip and knee are on the operating table (Fig. 34-51 A). 
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JjJ Estimation of the knee axis of rotation. On a 
true latéral projection of the knee, with the distal and posterior 
fémoral condyles superimposed, the intersection of the posterior 
fémoral cortex and the widest anteroposterior dimension of the 
fémoral condyles gives the best estimate of knee axis of rotation. 
(Redrawn from van Bosse HJP, Feldman DS, Anavian J, Sala DA: Treat- 
ment of knee flexion contractures in patients with arthrogryposis, 
J Pediatr Orthop 27:930, 2007.) SEE TECHNIQUE 34-42. 


9 " Laterally, incise the iliotibial band in line with the incision 
and release its posterior half. 

■ After verifying the safety of the common peroneal nerve, 
isolate the biceps femoris tendon and transect it 
proxi ma lly. 

■ With blunt dissection, elevate soft tissues off the knee 
joint capsule posteriorly until a finger can be run along 
the posterior aspect of the joint capsule to at least the 
midpoint. 

■ Identify the latéral head of the gastrocnemius, running as 
a tight band just proximal and posterior to the joint 
capsule; isolate and transect its tendon. 

■ Make a small capsulotomy posterolaterally and continue 
it anteriorly to incise the posterior half of the latéral col¬ 
lateral ligament (Fig. 34-51 B). 

■ Use a Freer elevator to retract the posterior soft tissues 
and eut the posterior capsule along the joint line with 
Mayo scissors. If the geniculate artery is eut or avulsed, 
obtain hemostasis by packing the wound for approxi- 
mately 5 minutes. 

■ Medially, retract the vastus medialis obliquus anteriorly 
and transect the semitendinosus and gracilis tendons. 


■ Deep to the tendons, transect the fascia of the semimem- 
branosus, leaving the muscle belly intact. 

■ Bluntly elevate the soft tissues off the médial aspect of 
the posterior capsule and transect the médial head of the 
gastrocnemius. 

■ At this point, it should be possible to pass a finger across 
the entire posterior joint line of the knee, even in small 
patients. 

■ Use scissors to advance a posteromedial corner capsu¬ 
lotomy anteriorly, incising the posterior half of the médial 
collateral ligament, staying cephalad to its attachments 
to the médial meniscus. Complété the capsulotomy with 
the scissors (Fig. 34-51 C). 

■ Verify complété release by direct palpation. If the poste¬ 
rior cruciate ligament can be felt as a taut band in the 
intercondylar notch, release it. 

■ Close only the skin with absorbable sutures. 

APPLICATION OF ILIZAROV FIXATOR 

■ Attach a fémoral frame with two full rings to the fémur 
and position llizarov universal joints on either side in line 
with the knee axis wire. 

■ Hang a tibial frame from the two universal joints with 
threaded rods. 

■ Position a transverse transfixation wire in the proximal 
tibial ring so that as it is tensioned it pulls the tibia slightly 
anterior on the fémur. This helps counter forces that 
cause posterior tibial subluxation during contracture cor¬ 
rection (Fig. 34-51 D). 

■ Secure the tibial frame to the tibia. 

■ Distract the joint 5 to 10 mm by lengthening between 
the universal joints and the tibial frame, avoiding impinge- 
ment and crushing of the articular cartilage during 
correction. 

■A telescopic rod for correction can be placed posteriorly 
or anteriorly; the latter is more convenient for seating 
purposes. Occasionally, the frame is extended to include 
the foot to simultaneously correct a deformity or prevent 
ankle equinus during treatment. 

POSTOPERATIVE CARE. Approximately 1 week after 
surgery, correction is begun at 1 to 2 degrees a day, 
adjusted to the patient's tolérance. Once fully corrected 
to 0 degrees, the frame is maintained in full extension for 
an additional 2 to 4 weeks, depending on the ease of 
initial correction. The frame is removed in the operating 
room, and a cast is applied with the knee in full extension; 
the cast is molded to prevent posterior tibial subluxation. 
The cast is worn for 2 weeks and then replaced with a 
knee-ankle-foot orthosis (KAFO) with locking knee hinges. 
Physical therapy is begun for gait training and knee range 
of motion. The KAFO is worn in full extension for 3 
months and is removed only for bathing and physical 
therapy. After 3 months, it is worn routinely at night and 
during the day as needed for ambulation. 


Anterior distal fémoral stapling with 8-plates has been 
reported by Palocaren et al. to improve flexion deformity and 
ambulatory capacity in arthrogrypotic patients with knee 
flexion contractures. This technique is less invasive than 
soff-tissue releases, distal fémoral ostéotomies, or frame 
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A f Placement of latéral and médial incisions for 
complété posterior knee release. B, Latéral exposure: a, knee wire 
axis; b, sectioned iliotibial band; c, transected latéral gastrocne- 
mius tendon; d, eut edge of posterior knee capsule; e, extension 
anteriorly to posterior half of the latéral collateral ligament; f, 
common peroneal nerve. C f Médial exposure: a, knee wire axis; 
b, transected semitendinosus and gracilis tendons; c, transected 
médial gastroenemius tendon; d, eut edge of posterior knee 
capsule; e, extension anterior to posterior half of the médial col¬ 
lateral ligament. D f Fixation of the proximal tibial llizarov ring. 
(Redrawn from van Bosse HJP, Feldman DS, Anavian J, Sala DA: Treat- 
ment of knee flexion contractures in patients with arthrogryposis, 
J Pediatr Orthop 27:930, 2007.) SEE TECHNIQUE 34-42. 
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A f Preoperative latéral knee radiograph of a 4-year-old boy with arthrogryposis. B and C f Two years after anterior 
stapling of the distal fémur with 8-plates. Latéral view shows correction of the flexion deformity and divergence of the screws with 
growth. (From Palocaren T, Thabet AM, Rogers K, et al: Anterior distal fémoral stapling for correcting knee flexion contracture in children with 
arthrogryposis—preliminary results, J Pediatr Orthop 30:169, 2010.) SEE TECHNIQUE 34-43. 


Patients are followed at 6-month intervals for clinical évalu¬ 
ation of the flexion deformity, stance, and gait. The plates 
are left in place until the deformity is corrected (Fig. 34-52). 


distraction and is most bénéficiai in children with flexion 
contractures of less than 45 degrees. The stapling can be done 
as an outpatient procedure, depending on the patients general 
health, anesthetic tolérance, and need for concomitant pro¬ 
cedures. The timing of stapling is determined by the size of 
the fémoral condyle rather than the chronologie âge of the 
child: the condyle must be large enough to accommodate the 
smallest screw in the 8-plate set (16 mm). 


CORRECTION OF KNEE FLEXION 
CONTRACTURE WITH ANTERIOR 
STAPLING 


TECHNIQUE 34-43 


(PALOCAREN ETAL) 

■ Use image intensification to détermine the location of the 
distal fémoral physis and make two 3-cm incisions on 
either side of the patella centered at the level of the 
physis. 

■ With image intensifier guidance, place a needle into the 
physis and thread the central hole in the 8-plate over the 
needle so that the plate spans the physis. 

■ Ensure that the plate rests about 2 to 3 mm away from 
the latéral and médial edges of the patella. If the plate is 
fixed too close to the patella, knee movement will be 
restricted and painful. 

■ Insert two 1.6-mm guidewires through the screw holes 
in the plate and verify their position with fluoroscopy. 

■ Place two self-tapping cannulated screws over the guide¬ 
wires. The screws should be sufficiently long to meet, but 
not penetrate, the opposite cortex. Take care not to 
violate the physis or the joint. 

■ Close the wound in layers and apply a soft dressing. A 
knee immobilizer can be used for comfort. 

POSTOPERATIVE CARE. Ambulation is allowed as toler- 
ated. Follow-up radiographs are obtained at 4 weeks. 


Contracture of the quadriceps mechanism can cause 
hyperextension of the knee, which is treated initially by serial 
casting. If the deformity does not respond to conservative 
treatment by 6 to 12 months of âge, surgical correction by 
quadricepsplasty (see Chapter 45) is recommended. It is 
important to counsel families that although knee range of 
motion and function improve in the short term, both func- 
tion and outcomes décliné as the deformities recur with time. 

The hip is involved in approximately 80% of patients with 
multiple congénital contractures. In general, hip deformities 
should be treated by passive stretching exercises, beginning 
in infancy. If conservative measures fail, surgical correction 
of the hip deformity should be delayed until deformities of 
the knees hâve been corrected. Mild hip flexion contractures 
may be accommodated by an increase in lumbar lordosis. 
Flexion contractures of more than 45 degrees should hâve 
surgical release. Developmental hip dysplasia and hip 
dislocation occur in about two thirds of patients with arthro¬ 
gryposis. Traditional recommendations are that bilateral téra¬ 
tologie hip dislocations should not be reduced because 
réduction may not improve function. Good results hâve been 
reported, however, with early (3 to 6 months of âge) open 
réduction through a médial approach. If surgical intervention 
is done between 12 and 36 months of âge, a one-stage open 
réduction, primary fémoral shortening, and possible pelvic 
osteotomy are recommended. Unilatéral dislocation of the 
hip, whether flexible or rigid, should be reduced surgically 
and placed in a functional position to avoid potential pelvic 
obliquity and scoliosis. The treatment of bilateral dislocations 
should be individualized. Good results hâve been reported in 
bilateral hip dislocations treated with a médial or anterior 
approach. If the dislocated hips are treated surgically, postop- 
erative immobilization should be limited to 6 to 8 weeks. 

■ UPPER EXTREMITY 

Traditional recommendations for treatment of the upper 
extremities in children with arthrogryposis were to leave the 
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shoulders internally rotated and adducted, the elbows 
extended, and the wrist flexed. Most of these children adapted 
to their disabilities and developed some form of bimanual 
function. Correction of upper extremity deformities should 
be delayed until ambulation has been achieved, usually by 3 
to 4 years of âge. If surgery is delayed until âge 8 years, the 
use patterns are so well established that the child would not 
adapt as well to surgical correction. The goal of treatment of 
upper extremity deformities is to provide optimal function of 
the hand in activities of daily living. Function may be adé¬ 
quate despite severe deformity in children with arthrogrypo- 
sis; the benefits of surgical intervention must be carefully 
weighed against the risk of surgery. 

The shoulder usually is adducted and internally rotated. 
Weakness and stiffness around the shoulder do not signifi- 
cantly impair function and usually require no treatment, but 
the fixed internai rotation of the shoulder becomes a major 
obstacle for normal elbow and hand function. Proximal 
humerai rotation osteotomy (see Technique 34-45) may be 
indicated to correct this internai rotation deformity. 

Deformity of the elbow usually means severe limitation 
of either flexion or extension. The stiff flexed elbow is not a 
severe impairment, and surgery is not indicated. Fixed exten¬ 
sion elbow deformity, especially if bilateral, is a severe func- 
tional impairment. The goals for surgery for a fixed extension 
elbow deformity are to gain functional range of motion and 
achieve active elbow flexion. Surgical options available for the 
fixed extended elbow are release of extension contractures, 
tricepsplasty, triceps transfer (Fig. 34-53), flexorplasty, and 
pectoralis major transfer. Lengthening of the triceps mecha- 
nism and posterior capsulotomy are the most reliable and 
durable of available surgical procedures. This procedure is 
indicated when elbow flexion is limited to 45 degrees or less, 
with a goal to gain functional range of motion around the 
elbow. Zlotolow and Kozin combined posterior elbow capsu- 
lar release with external rotation osteotomy of the humérus 
to place the forearm and hand in a better position for func¬ 
tion and optimize hand-to-mouth activities. 


■ Once the ulnar nerve has been identified, released, and 
protected, remove the tourniquet. 

■ Isolate, mobilize medially and laterally, and lengthen the 
triceps with either a Z-lengthening or V-Y advancement. 
Most commonly, the triceps is incised in a "V" fashion so 
that the central tongue is based on the olecranon and 
the two latéral limbs include tendon over as great a 
length as possible, from the proximal muscular portion 
distally to the olecranon insertion. 

■ Incise the posterior aspect of the capsule at the tip of the 
olecranon to allow identification of the joint surface. 

■ Extend the arthrotomy medially and laterally to allow 
maximal elbow flexion with a gentle passive stretch. If 
necessary, extend the capsular release around the médial 
and latéral sides to include the posterior edges of the 
médial and latéral collateral ligament. 

■ Flex the elbow as much as possible (more than 90 degrees) 
while allowing contact between the distal ends of the 
latéral triceps limbs and the proximal end of the central 
tongue of triceps. 

■ Repair the triceps in an elongated position with nonre- 
sorbable or reinforced suture. 

■ Close the skin, apply a light dressing, and place the arm 
in a long arm cast or a prefabricated custom hinged 
elbow brace. 

POSTOPERATIVE CARE. The elbow is immobilized in 
90 degrees of flexion, with passive range of motion 
allowed as soon as tolerated. During the first month after 
surgery, physical therapy is advanced to include hand-to- 
mouth activities; passive flexion is limited to 90 degrees 
to protect the triceps lengthening during this time but is 
then advanced to full passive flexion. The splint or cast is 
worn for 4 to 6 weeks. 


Passive elbow flexion to a right angle is a prerequisite for 
considering a tendon transfer for active elbow flexion. Triceps 
transfer can be done to regain elbow flexion, but over time a 
flexion contracture offen occurs. Elbow stability in extension 
should not be sacrificed with this procedure because it can 
make the use of crutches, rising from a sitting position, and 
wheelchair transfers difficult. Procedures to achieve active 
elbow flexion in an arthrogrypotic patient are triceps transfer, 
flexorplasty, pectoralis major transfer, latissimus transfer, and 
free gracilis transfer. These procedures ail hâve been relatively 
ineffective in maintaining long-term elbow flexion and hâve 
significant donor site morbidity. 


POSTERIOR RELEASE OF ELBOW 
EXTENSION CONTRACTURE AND 
TRICEPS TENDON TRANSFER 


TECHNIQUE 34-45 


(TACHDJIAN) 

■ Place the patient laterally. 

■ Make a midline incision on the posterior aspect of the 
arm, beginning in its middle half and extending distally 


POSTERIOR ELBOW CAPSULOTOMY 
WITH TRICEPS LENGTHENING FOR 
ELBOW EXTENSION CONTRACTURE 


TECHNIQUE 34-44 


(VAN HEEST ETAL.) 

■ For unilatéral release, place the patient in a latéral decu- 
bitus position; for bilateral release, position the patient 
supine. 

■Apply a tourniquet and approach the elbow through a 
curvilinear posterior incision (Fig. 34-53A). 

■ In patients with minimal elbow movement, take care to 
correctly identify the posterior aspect of the olecranon; 
severe internai rotation of the limb may cause the médial 
épicondyle to be mistaken for the olecranon. 

■ Identify the ulnar nerve in the médial intermuscular septum. 
Release the cubital tunnel, trace the ulnar nerve to the 
flexor carpi ulnaris innervation, and place a vessel loop 
around it for protection during subséquent dissection. 
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FIGURE 


Posterior release of elbow extension contracture and triceps tendon transfer to restore flexion. (Redrawn from Herring 


JA, editor: Tachdjian's pédiatrie orthopaedics, ed 3. Philadelphia, 2002, Saunders.) SEE TECHNIQUES 34-44 AND 34-45. 


to a point latéral to the olecranon process; carry the inci¬ 
sion over the subeutaneous surface of the shaft of the 
ulna for a distance of 5 cm. 

■ Divide the subeutaneous tissue and mobilize the wound 
flaps (Fig. 34-53A). 

■ Identify the ulnar nerve and mobilize it medially to protect 
it from injury. 

■ Expose the intermuscular septum laterally. 

■ Mobilize the ulnar nerve and transfer it anteriorly. 

■ Lengthen the triceps muscle in a W fashion, leaving a 
long proximal tongue (Fig. 34-53B). 

■ Free the triceps muscle and mobilize it proximally as far 
as its nerve supply permits. The motor branches of the 


radial nerve to the triceps enter the muscle in the interval 
between the latéral and médial heads as the radial nerve 
enters the musculospiral groove. 

■ Suture the distal portion of the detached triceps to itself 
to form a tube (Fig. 34-53C). 

■ Make a curvilinear incision in the antecubital fossa and 
develop the interval between the brachioradialis and the 
pronator teres (Fig. 34-53D and E). 

■ With a tendon passer, pass the triceps tendon into the 
anterior wound subcutaneously, superficial to the radial 
nerve (Fig. 34-53F). 

■ With the elbow in 90 degrees of flexion and the forearm 
in full supination, either suture the triceps tendon to the 
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biceps tendon or anchor it to the radial tuberosity by a 
suture passed through a drill hole (Fig. 34-53G). 

■ Close the wound in the routine fashion. 

■ Apply an above-elbow cast with the elbow in 90 degrees 
of flexion and full supination. 

POSTOPERATIVE CARE. Four weeks after surgery the 
cast is removed and active exercises are begun to develop 
elbow flexion. Gravity provides extension to the elbow. 


Steindler flexorplasty produces elbow flexion by transfer- 
ring the flexor pronator origin from the médial épicondyle to 
the anterior humérus (Fig. 34-23). For this procedure to be 
bénéficiai, both active wrist flexors and extensors need to be 
présent. This procedure rarely is indicated in children with 
multiple congénital contractures because the wrist flexors 
usually are inactive and contracted. An active radial wrist 
extensor also needs to be présent to prevent unacceptable 
wrist flexion after a flexorplasty. Triceps transfer would allow 
for early improvement in elbow flexion, but over time flexion 
contractures may occur and function deteriorates, so one 
must be cautious in the use of this transfer. Transfer of the 
long head of the triceps can be used as an alternative (Fig. 
34-24). The long head of the triceps has a separate neurovas- 
cular pedicle that can be separated from the rest of the triceps. 
A fascia lata graff often is needed to allow for transfer into the 
proximal ulna. This transfer often allows for adéquate elbow 
flexion without loss of active elbow extension. Microsurgical 
transfer of the gracilis muscle to the arm has been reported. 

The wrist is usually flexed and in an ulnar-deviated posi¬ 
tion. Wrist stabilization in the optimal functional position 
probably is the most bénéficiai procedure in patients with 
multiple congénital contractures, but détermination of the 
best position for function must be made carefully. Neutral or 
mild ulnar déviation and dorsiflexion between 5 and 20 
degrees proves to be the most satisfactory position. Proce¬ 
dures described for the arthrogrypotic wrist are tendon trans¬ 
fers, proximal row carpectomy, dorsal radial closing wedge 
osteotomy of the midcarpus, and wrist fusion. Wrist palmar 
flexion contracture can be corrected with flexor carpi ulnaris 
lengthening or transfer to the wrist extensors. This transfer 
acts more like a tenodesis procedure than a dynamic transfer. 
Proximal row carpectomy is not often recommended because 
of the loss of correction and stiffness that occurs with this 
procedure. In younger patients, a closing wedge osteotomy 
through the midcarpus can correct the wrist deformity. When 
the patient is near skeletal maturity, a wrist fusion can be 
performed by traditional methods. 


DORSAL CLOSING WEDGE 
OSTEOTOMY OF THE WRIST 


TECHNIQUE 34-46 


(VAN HEEST AND RODRIGUEZ, EZAKI, AND CARTER) 

■ Through a dorsal approach to the wrist, isolate and 
protect the digital and wrist extensor tendons, then make 
a dorsal capsulotomy. 


■ At the level of the midcarpus, make a dorsal wedge 
osteotomy sufficient to correct the wrist flexion deformity 
to at least a neutral position, taking care not to violate 
the radiocarpal joint and ensuring that finger flexor tight- 
ness is not produced by tenodesis. 

■ Make the proximal eut distal to the radiocarpal joint at 
the level of the capsular attachment of the proximal 
carpal row, perpendicular in two planes to the long axis 
of the forearm. 

■ Make the distal eut through the distal carpal row, perpen¬ 
dicular in both planes to the long axis of the 
metacarpus. 

■ If ulnar déviation correction also is required, resect more 
bone on the radial side of the dorsal carpal wedge to 
provide biplanar correction. 

■ Insert two crossed Kirschner wires to hold the osteotomy 
closed. 

POSTOPERATIVE CARE. The wrist is kept elevated for 
the first several days after surgery. The cast or splint is 
changed at 2 to 3 weeks. The wrist is immobilized in a 
cast or splint for an additional 6 weeks or until union is 
apparent on radiographs. 


Flexion contractures of the Angers are best treated with 
passive stretching and splinting. Surgical procedures hâve not 
had any functional benefit over nonoperative treatment. 
Thumb-in-palm deformity may respond to appropriate 
releases. This usually is accomplished with a comprehensive 
thenar release. 

SCOLIOSIS 

Scoliosis has been reported to occur in 10% to 30% of patients 
with multiple congénital contractures, generally associated 
with neuromuscular weakness or pelvic obliquity. If the 
deformity is severe and progressive, early surgical interven¬ 
tion is warranted. The indications and techniques for treat¬ 
ment of scoliosis in patients with multiple congénital 
contractures are the same as those for patients with other 
neuromuscular disorders (see Chapter 44). 

BRACHIAL PLEXUS PALSY 

Brachial plexus palsy may be seen after injury to the brachial 
plexus during birth. Reported incidences range from 0.1% to 
0.4% of live births. Despite advances in obstetric care, the 
incidence of brachial plexus palsy is believed to be increasing 
because of the increase in high birth weight infants. Numer- 
ous risk factors hâve been identified, including large birth 
weight, prolonged labor, difficult delivery, forceps delivery, 
and previous births with brachial plexopathy. Brachial plexus 
palsy is thought to be caused by a mechanical traction injury 
during the birth process. Delivery by cesarean section does 
not exclude the possibility of brachial plexus birth palsy but 
does decrease the likelihood from 0.2% to 0.02%. Shoulder 
dystocia is the mechanical factor that results in an upper 
trunk lésion. A breech delivery often results in a stretch of the 
lower plexus from traction applied to the trunk with the arm 
abducted. 

Brachial plexus birth palsy was classified by Narakas 
according to the location of the injury of the brachial plexus 
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_ TABLE 34-5 l! 

Classification and Prognosis in Obstetric Palsy 


TYPE 

1 

CLINICAL PICTURE 

C5-6 

RECOVERY 

Complété or almost in 

1-8 wk 

II 

C5-6 

Elbow flexion: 1-4 wk 


C7 

Elbow extension: 1-8 wk 
Limited shoulder: 6-30 wk 

III 

C5-6 

Poor shoulder: 10-40 wk 


C7 

Elbow flexion: 16-40 wk 


C8-T1 (no Horner 

Elbow extension: 16-20 wk 


sign) 

Wrist: 40-60 wk 

Hand complété: 1-3 wk 

IV 

C5-7 

Poor shoulder: 10-40 wk 


C8 

Elbow flexion: 16-40 wk 


Tl (temporary 

Elbow extension 


Horner sign) 

incomplète, poor: 20-60 wk 
or nil 

Wrist: 40-60 wk 

Hand complété: 20-60 wk 

V 

C5-7 

Shoulder and elbow 


C7 

Wrist poor or only 


C8 

extension; poor flexion or 


Tl 

none 


C8-T1 (Horner sign 

Very poor hand with no or 


usually présent) 

weak flexors and 
extensors; no intrinsic as 
above 


Modified from Narakas AO: Injuries to the brachial plexus. In Bora FW Jr, editor: 
The pédiatrie upper extremity: diagnosis and management, Philadelphia, 1986, 
Saunders. 


(Table 34-5). Group I includes upper plexus lésions involving 
C5 and C6, the classic Erb palsy. This is the most common 
type (46% of cases) and has the most favorable prognosis. 
Group II consists of lésions of C5, C6, and C7. This group is 
the second most common (30% of cases) but has a worse 
prognosis than type I. Group III is a total plexus lésion with 
a flail extremity. This occurs in 20% of patients. Group IV is 
the most severe form, characterized by global plexopathy 
with flail extremity and Horner syndrome, which indicates 
involvement of the sympathetic chain and a probable avulsion 
injury. Injuries isolated to the C8 and Tl nerve roots (Klumpke 
palsy) are rare and account for less than 1% of cases of bra¬ 
chial plexus birth palsy. 

The likelihood of recovery also is affected by whether the 
level of nerve injury is preganglionic or postganglionic. The 
degree and type of postganglionic neural injury were defined 
by Sunderland as neurapraxia, axonotmesis, and neurotme- 
sis. Neurapraxia is paralysis in the absence of peripheral 
degeneration. Recovery usually is complété in this type. Axo¬ 
notmesis is damage to the nerve fiber with complété periph¬ 
eral degeneration but intact external tissues to provide 
support for régénération. Recovery dépends on the degree 
of nerve injury and is more prolonged. Neurotmesis is dis- 
ruption of the neural and supporting tissues, which carries a 
poor prognosis. This includes neuroma in continuity, division 
of the nerve, and anatomie disruption. Preganglionic avulsion 
injuries cannot spontaneously recover motor function 


because the nerve roots are avulsed from the spinal cord. 
These injuries also are associated with loss of motor function 
of other nerves that arise close to the spinal cord, which can 
aid in early diagnosis of these injuries. Loss of the phrenic 
(elevated hemidiaphragm), long thoracic, dorsal scapular, 
suprascapular, and thoracodorsal nerves (scapular stabiliza¬ 
tion) and the sympathetic chain with résultant Horner syn¬ 
drome are suggestive of a preganglionic avulsion injury. 

CLINICAL FEATURES 

The diagnosis usually is évident at birth. The newborn has 
decreased spontaneous movement and asymmetry of infan¬ 
tile reflexes such as Moro reflex or asymmetric tonie neck 
reflex. In upper root involvement, the arm is held in internai 
rotation and active abduction is limited. The elbow may be 
slightly flexed or in complété extension. The thumb may be 
flexed, and occasionally the Angers do not extend. In com¬ 
plété paralysis, the entire arm and hand is flail. Pinching 
produces no reaction. Vasomotor impairment may be indi- 
cated by the relative paleness of the involved extremity. An 
ipsilateral Horner syndrome consisting of ptosis and a small 
pupil indicates injury to the Tl cervical sympathetic nerves. 
This is a major indication for a poor outcome. Radiographs 
of the shoulder may reveal fracture of the proximal humerai 
epiphysis or fracture of the clavicle. A clavicular fracture 
occurs in association with plexus palsy in 10% to 15% of 
patients. Pseudoparalysis from a clavicular or proximal 
humerai fracture should résolve within 10 to 21 days. If 
limited motion persists affer 1 month of âge, most likely a 
concomitant brachial plexus palsy is présent. A septic shoul¬ 
der in an infant also can cause a pseudoparalysis, which can 
be differentiated from a brachial plexus palsy by evidence of 
systemic illness and resolution of the pseudoparalysis after 
the infection is treated. 

Serial physical examinations of children with brachial 
plexus birth palsy are needed to access motor function and 
the development of joint contractures. Treatment will be 
determined by the return or absence of return of motor func¬ 
tion and the development of joint contractures. Passive inter¬ 
nai and external rotation of the shoulder should be measured 
with the arm adducted and also abducted to 90 degrees while 
stabilizing the scapula against the thorax. Assessing motor 
function in infants often is an approximation of function by 
observing spontaneous activity. 

Three assessment tools hâve been described to aid in the 
clinical évaluation of patients with brachial plexus birth palsy: 
the Toronto Test Score, the Hospital for Sick Children Active 
Movement Scale, and the Mallet score (Table 34-6). Ail hâve 
been shown to hâve positive intraobserver and interobserver 
reliability with aggregate scores. The Toronto Test Score was 
designed to détermine surgical indications and provide an 
assessment tool after nerve reconstruction procedures. The 
Hospital for Sick Children Active Movement Scale is a more 
comprehensive score that évaluâtes the entire brachial plexus 
using 15 different upper extremity movements. The Modified 
Mallet Classification of Shoulder Function is the most com- 
monly used outcome measure in patients with néonatal bra¬ 
chial plexus palsy (Fig. 34-54). Because this scale is heavily 
weighted toward external rotation of the shoulder, Abzug 
et al. added a sixth category—hand to belly button or navel— 
that adds another assessment of internai rotation. Assessing 
a child’s ability to touch his or her belly button is important 




CHAPTER 34 PARALYTIC DISORDERS 


_ TABLE 34-6 ^ 

Clinical Evaluation of Patients With Brachial Plexus Birth Palsy 


TORONTO TEST SCORE 


Elbow flexion 0-2 

Elbow extension 0-2 

Wrist extension 0-2 

Digital extension 0-2 

Thumb extension 0-2 

Total score 0-10 


Each motor function is tested and allocated a numeric value. A score of 0 indicates no function, and a score of 2 indicates normal function. A total score of 3.5 or 
lower at the âge of 3 months or more is considered an indication for microsurgical repair. 

Adapted from Michelow BJ, Clarke HM, Curtis CG, et al: The natural history of obstétrical brachial plexus palsy, Plast Reconstr Surg 93:675,1994. 

HOSPITAL FOR SICK CHILDREN ACTIVE MOVEMENT SCALE 


Gravity Eliminated 

No contraction 0 

Contraction, no motion 1 

Motion, < 50% range 2 

Motion, > 50% range 3 

Full motion 4 

Against Gravity 

Motion, < 50% range 5 

Motion, > 50% range 6 

Full motion 7 


Motor function tested: shoulder flexion, shoulder abduction and adduction, shoulder internai and external rotation, elbow flexion and extension, forearm pronation 
and supination, wrist flexion and extension, finger flexion and extension, thumb flexion and extension. 

Adapted from Clarke HM, Curtis CG: An approach to obstétrical brachial plexus injuries. Hand Clin 11:563,1995. 

MODIFIED MALLET CLASSIFICATION OF SHOULDER FUNCTION 



Grade 1 

Grade II 

Grade III 

Grade IV 

Grade V 

Global abduction 

None 

< 30° 

30°-90° 

> 90° 

Normal 

Global external 
rotation 

None 

A 

O 

o 

0°-20° 

> 20° 

Normal 

Hand to neck 

None 

Not possible 

Difficult 

Easy 

Normal 

Hand on spine 

None 

Not possible 

SI 

T12 

Normal 

Hand to mouth 

None 

Marked trumpet sign 

Partial trumpet sign 

< 40° of abduction 

Normal 


Patients are asked to actively perform five different shoulder movements, and each movement is graded on a scale of 1 (no movement) to 5 (normal motion symmetric 
to the contralatéral unaffected side.) 

Adapted from Mallet J: Primauté du traitement de l'épaule—méthod d'expression des résultats, Rev Chir Ortho 58S:166, 1972. 


to understanding whether a child can perform activities of 
daily living, such as périnéal care and using zippers and 
buttons. 

Characteristic deformities usually develop promptly. The 
shoulder becomes flexed, internally rotated, and slightly 
abducted; active abduction of the joint decreases; and exter¬ 
nal rotation disappears. Abnormal muscle forces across the 
shoulder lead to early changes in the glenoid. These changes 
include flattening of the posterior glenoid creating a pseu- 
doglenoid (Fig. 34-55). As the deformity progresses, the gle¬ 
nohumeral joint center becomes more posterior and the 
glenoid becomes more retroverted and flattened or even 
convex. This leads to progressive posterior glenohumeral sub¬ 
luxation and eventual dislocation with the humerai head 
becoming flattened against the glenoid. These advanced gle¬ 
nohumeral changes can occur early and hâve been described 
by the âge of 2 years. 


Evaluation of the brachial plexus neurologie injury may 
include electrical diagnostic studies, ultrasound, myelogra- 
phy, and MRI. Combined use of MRI and electromyography 
is helpful because MRI may correlate better than electromy¬ 
ography with physical examination findings. In addition, 
MRI can help with anatomie localization of the nerve injury 
and help with surgical planning. Large diverticula and menin- 
goceles indicate root avulsions. Plain radiography, arthrogra- 
phy, CT, and MRI, as well as diagnostic arthroscopy, hâve 
been used to détermine the nature and severity of glenohu¬ 
meral deformity. Offen plain radiographs show delayed ossi¬ 
fication of the proximal humérus. MRI has become more 
commonly used than CT for évaluation of the glenohumeral 
joint because of its ability to demonstrate the cartilaginous 
anatomy as well as the bony anatomy and lack of exposure of 
the patient to ionizing radiation. Waters et al. measured the 
glenoscapular angle (the degree of version of the glenoid) and 
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Modified Mallet classification (Grade I = no function, Grade V = normal function) 


Not testable 


Global Not testable 

abduction 


Global Not testable 

external 

rotation 


Hand to Not testable 

neck 


Hand to Not testable 

spine 


Hand to Not testable 

mouth 


Internai Not testable 

rotation 


Grade I 


No function 


Grade II 



Grade III 


30° to 90° 



Grade VI 



>90° 


Grade V 


Normal 



No function 


0° to 20° 


> 20 ° 


Normal 




No function 


No function 



Marked trumpet 
sign 



Cannot 

touch 



Partial trumpet 
sign 



Can touch with 
wrist flexion 



<40° of 
abduction 



Palm on belly, 
no wrist flexion 


Normal 


Normal 


FIGURE 


Modified Mallet classification. 


the percentage of the humerai head anterior to it on CT and 
MR images (Fig. 34-56) and classified the degree of glenohu- 
meral deformity. The degree of deformity noted on the 
imaging studies can help guide the surgical management of a 
child with brachial plexus birth palsy. Diagnostic arthrogra- 
phy, although invasive, is the only modality in which dynamic 
assessment of the joint can be obtained. Offen it is performed 
as part of the surgical reconstruction. 

TREATMENT 

Varying degrees of clinical présentation and recovery corre- 
late with the extent of injury to the brachial plexus. Most 
brachial plexus birth palsies are mild injuries with a good 
prognosis. Most authors report significant recovery within 
the first 3 months, with slower recovery occurring within the 
next 6 to 12 months. If no evidence of deltoid or biceps recov¬ 
ery is seen by âge 3 months, surgical exploration should be 
considered. 


The aim of treatment in the initial stages is prévention of 
contractures of muscles and joints. Gentle passive exercises 
are begun to maintain full range of passive motion of ail joints 
of the upper extremity. Scapular stabilization and passive gle- 
nohumeral mobilization in ail planes is needed to prevent 
contractures about the shoulder. Range of motion of the 
elbow, wrist, and fingers also should be included. Cortical 
récognition and intégration of the affected limb are promoted. 
Ezaki et al. described the injection of botulinum toxin-A into 
the internai rotator muscles as an adjunct to surgery to 
prevent internai rotation contractures and early posterior 
subluxation or dislocation of the shoulder in infants with 
néonatal brachial plexus palsy. The use of physical therapy 
with casting and botulism toxin injections hâve been shown 
to be effective in the treatment of elbow flexion contractures; 
however, récurrence is common and may be a resuit of non- 
compliance. Functional bracing may help encourage early 
hand use. 
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T2-weighted three-dimensional gradient-echo 
magnetic résonance image shows a pseudoglenoid. The glenoid 
contour and the scapular center line are enhanced with line trac- 
ings. (From Pearl ML, Edgerton BW, Kazimiroff PA, et al: Arthroscopic 
release and latissimus dorsi transfer for shoulder internai rotation con¬ 
tractures and glenohumeral deformity secondary to brachial plexus birth 
palsy, J Bone Joint Surg 88A:564, 2006.) 


The rôle and timing of microsurgical intervention in the 
treatment of brachial plexus birth palsy remain controversial. 
Microsurgical intervention at approximately 3 months of âge 
is recommended in infants with global plexus palsies and 
Horner syndrome. These avulsion injuries hâve a poor prog- 
nosis of recovery. Reconstruction is limited to nerve transfers 
because graffing is not a viable option when the nerve root is 
avulsed from the spinal cord. 

More controversy exists over the management of intra- 
plexus ruptures in which there are varying degrees of injury 
severity and recovery. Return of antigravity elbow flexion 
strength is the key factor in determining the need for brachial 
plexus exploration and nerve reconstruction. Most authors 
recommend microsurgical intervention if antigravity flexion 
has not returned by 3 to 9 months of âge. Resection and nerve 
graffing is the most widely used technique for restoring func- 
tion; however, nerve transfers are gaining popularity as an 
addition to or in lieu of nerve graffing. 

Indications for surgical intervention involving the shoul¬ 
der are infantile dislocation, persistent internai rotation con¬ 
tracture refractory to physiotherapy, limitation of active 
abduction and external rotation function with plateauing of 
neural recovery, and progressive glenohumeral deformity. 
The general problems that must be corrected are muscle 
imbalance, soff-tissue contractures, and joint deformity. 
Surgery generally involves one of four soff-tissue procedures, 
ail of which include some form of contracture release with or 
without a muscle transfer to augment external rotation: (1) 
anterior capsular release and Z-plasty lengthening of the sub- 
scapularis tendon with or without transfer of muscles for 
external rotation, (2) pectoralis major release with transfer of 
the latissimus and teres major as advocated by Hoffer et al., 
(3) subscapularis slide with or without a latissimus transfer, 
as described by Carlioz and Brahimi, or (4) arthroscopic 
release of the internai rotation contracture with or without 
latissimus transfer. For children with extensive glenohumeral 



Measurement of the glenoscapular angle 
(glenoid version) and the percentage of posterior subluxation of 
the humerai head. To measure the glenoscapular angle, a line is 
drawn parallel to the scapula and a second line is drawn tangen- 
tial to the joint. The second line connects the anterior and pos¬ 
terior margins of the glenoid. On MR images, the cartilaginous 
margins are used. On CT scans, the osseous margins are used. The 
intersecting line connects the center point of the first line 
(approximately the middle of the glenoid fossa) and the médial 
aspect of the scapula. The angle in the posterior médial quadrant 
(arrow) is measured with a goniometer; 90 degrees is subtracted 
from this measurement to détermine glenoid version. The per¬ 
centage of posterior subluxation is measured by defining the 
percentage of the humerai head that is anterior to the same 
scapular line. The greatest circumference of the head is measured 
as the distance from the scapular line to the anterior portion of 
the head. This ratio (the distance to the anterior aspect of the 
humerai head [AB] divided by the circumference of the humerai 
had [AC], multiplied by 100) is the percentage of subluxation. 
(Redrawn from Waters PM, Smith GR, Jaramillo D: Glenohumeral defor¬ 
mity secondary to brachial plexus birth palsy, J Bone Joint Surg 80A:668, 
1998.) 


deformity, external rotation osteotomy of the humérus is rec¬ 
ommended to place the arm in a more functional position. 

Waters recommended that patients with grade I (normal), 
grade II (mild increase in glenoid rétroversion), or mild grade 
III (slight posterior subluxation) glenohumeral deformities 
hâve an anterior musculotendinous lengthening of the pec¬ 
toralis major and posterior latissimus dorsi and teres major 
transfer to the rotator cuff. Patients with grade V glenohu¬ 
meral deformities should hâve a humerai derotation osteot¬ 
omy. Follow-up studies hâve shown that both tendon transfers 
alone and open réduction most commonly with tendon 
transfers improve shoulder range of motion; however, patients 
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Physiopathology of supination deformity and 
progressive deformity with growth. A f Simple contracture with 
supination of the radius (1) and contracture of the interosseous 
membrane (2). B f Volar dislocation of the distal epiphysis of the 
ulna. C f Volar dislocation of the distal ulnar epiphysis and head 
of the radius (final picture). 


who hâve open réduction demonstrate remodeling of the 
glenoid rétroversion and improvement of glenohumeral joint, 
which is not seen in patients who hâve tendon transfer alone. 

Elbow flexion and forearm supination deformities can 
occur with a Klumpke palsy (C8-T1) or a mixed brachial 
plexus lésion. Progressive deformities occur because of weak 
or absent triceps, pronator teres, and pronator quadratus 
muscles with an intact biceps muscle. This créâtes progressive 
elbow flexion and supination deformity from the unopposed 
biceps muscle. Radial head dislocation may occur with asso- 
ciated deformity of radius and ulna (Fig. 34-57). The wrist 
and hand usually are held in extreme dorsiflexion because of 
the unopposed wrist dorsiflexors. The biceps tendon can be 
Z-lengthened and rerouted around the radius to convert it 
from a supinator to a pronator (see Technique 34-29); this 
improves elbow extension and forearm pronation. In the 
presence of a supination contracture, a simultaneous interos¬ 
seous membrane release may be effective. Bony correction of 
the forearm deformity can be performed more predictably. 
This can be achieved by forearm osteoclasis or osteotomy and 
internai fixation. The forearm should be positioned in 20 to 
30 degrees of pronation. 


Subscapularis 

tendon 



Deltoid 

muscle 


Coracoid 

process 

Short head of 
biceps brachii 
muscle 


Long head 
of biceps 
brachii 
muscle 


Pectoralis major 
muscle 


Anterior shoulder release for internai rotation 
contracture in brachial plexus palsy. SEE TECHNIQUE 34-47. 


ANTERIOR SHOULDER RELEASE 


TECHNIQUE 34-47 


(FAIRBANK, SEVER) 

■ Make an incision on the anterior aspect of the shoulder 
in the deltopectoral groove distally from the tip of the 
coracoid process to a point distal to the tendinous inser¬ 
tion of the pectoralis major muscle; divide this tendon 
parallel to the humérus. 

■ Retract the anterior margin of the deltoid laterally and 
the pectoralis major medially and expose the coracobra- 
chialis muscle. 

■ With the shoulder externally rotated and abducted, trace 
the coracobrachialis superiorly to the coracoid process. 

■ If the coracoid is elongated, resect 0.5 to 1.0 cm of its 
tip together with the insertions of the coracobrachialis, 
the short head of the biceps, and the pectoralis minor 
muscles; this resection increases the range of motion of 
the shoulder in external rotation and abduction. 

■ Now locate the inferior edge of the subscapularis tendon 
at its insertion on the lesser tuberosity of the humérus, 
elevate it with an elevator (Fig. 34-58A), and divide it 
completely without incising the capsule. External rotation 
and abduction of the shoulder then should be almost 
normal. 

■ A curved élongation of the acromion may interfère with 
abduction and with réduction of any mild posterior sublux¬ 
ation of the joint; in this event, either resect this obstructing 
part or divide the acromion and elevate this part. 

POSTOPERATIVE CARE. An abduction splint that holds 
the shoulder in abduction and mild external rotation is 
applied and is worn constantly for 2 weeks and intermit- 
tently for another 4 weeks. Active exercises are started early 
and are continued until maximal improvement has occurred. 
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ROTATIONAL OSTEOTOMY OF 
THE HUMERUS 


TECHNIQUE 34-48 


(ROGERS) 

■ Approach the humérus anteriorly between the deltoid 
and pectoralis major muscles. 

■ With the arm abducted, perform an osteotomy 5 cm 
distal to the joint. 

■ Under direct vision externally rotate the distal fragment 
of the humérus the desired amount to correct the internai 
rotation deformity and ensure that the fragments are 
then apposed. 

■ Fix the osteotomy with a compression plate and screws. 

■ Close the wound. 

POSTOPERATIVE CARE. A shoulder immobilizer or a 
sling is used for approximately 6 weeks with restriction 
of activities until radiographie healing. 


DEROTATIONAL OSTEOTOMY WITH 
PLATE AND SCREW FIXATION 


TECHNIQUE 34-49 


(ABZUG ET AL.) 

As an alternative, Abzug et al. described performing 
the derotational osteotomy and plate and screw fixation 
through a médial approach, which has the advantage of 
a more cosmetic scar. 

■ Make a médial incision overlying the intermuscular 
septum and midshaft of the humérus. 

■ Protect the superficial nerves, identify the intermuscular 
septum, and excise it. 

■ Retract the ulnar posteriorly and the médian nerve and 
brachial artery anteriorly. Do not use loops around the 
nerves or reverse retractors than can place undue pressure 
on the nerve. 

■ Expose the humerai diaphysis. 

■ Choose a 6- to 8-hole plate, depending on the girth of 
the humérus, usually 2.7 mm or 3.5 mm. Place the plate 
over the humérus and insert the proximal three to four 
bicortical screws through the plate and humérus. 

■ Incise the periosteum only over the osteotomy site and 
place a Kirschner wire in the distal humérus below the 
intended osteotomy site to mark the amount of desired 
correction. Verify the position of the wire with a goniom- 
eter and visual assessment. 

■ With the wire placed in line with a hole in the plate, 
remove the plate and make the humerai osteotomy with 
an oscillating saw. 

■ Rotate the humérus so that the screw holes and Kirschner 
wire are aligned and the wire passes through a hole in 
the plate. 


■ Using the predrilled screw holes, fix the plate to the 
proximal fragment, close the osteotomy, and secure the 
distal fragment with screws using standard compression 
technique. 

■Close the wound in standard fashion and apply a large 
bulky dressing from the hand to the axilla. 

POSTOPERATIVE CARE. No splint is used postopera- 
tively; however, a sling must be worn to prevent stress 
across the osteotomy site. The dressings are removed and 
a humerai brace is fabricated 2 to 3 weeks after surgery. 
The brace is worn for about 1 month until union is con- 
firmed radiographically and clinically. 


GLENOID ANTEVERSION OSTEOTOMY 
AND TENDON TRANSFER 

Dodwell et al. described glenoid antéversion osteotomy as 
an alternative to external rotation humerai osteotomy to 
stabilize the shoulder and improve function in older chil- 
dren (>4 years of âge) with severe glenohumeral dysplasia 
(Waters type IV or V). Ail 32 patients in their sériés had 
improvement in active external rotation. 


TECHNIQUE 34-50 


(DODWELL ET AL.) 

■ Through an L-shaped posterior incision (Fig. 34-59A), 
elevate the deltoid muscle origin laterally. 

■ Perform a subscapularis slide by elevating the muscle belly 
from the anterior aspect of the scapula in an inferior-to- 
superolateral direction. 

■ Translate the humerai head anteriorly in external rotation 
and progressively externally rotate the shoulder to 
between 70 and 90 degrees in adduction to complété the 
muscular slide. 

■ Release the teres major and latissimus dorsi tendons from 
their insertions on the proximal part of the humérus (Fig. 
34-59B). Release any adhesions to ensure adéquate 
excursion of these muscles. 

■Approach the posterior aspect of the glenohumeral joint 
through the infraspinatus and teres minor interval. Detach 
the infraspinatus tendon from its insertion and clear the 
scapular neck subperiosteally, taking care to protect the 
suprascapular neurovascular bundle. 

■ Make a vertical posterior capsulotomy to visually inspect 
the joint. 

■ If the scapulohumeral angle was diminished on preopera- 
tive évaluation, indicating insufficient shoulder élévation, 
recess the tendon of the long head of the triceps origin 
at the glenoid. 

■ If a marked Putti sign (scapular rotation with a prominent 
superomedial corner at the base of the neck) is présent, 
indicating a substantial abduction contracture, perform a 
latéral slide of the supraspinatus. 
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A, L-shaped posterior incision. B f Release of the teres major and latissimus dorsi tendons latéral to the long head of 
the triceps. C f Cortical wedge inserted in the osteotomy site. (From Dodwell E, Calaghan J, Anthony A, et al: Combined glenoid antéversion 
osteotomy and tendon transfers for brachial plexus birth palsy, J Bone Joint Surg 94A:2145, 2012.) SEE TECHNIQUE 34-50. 


Harvest a tricortical autograft from the médial aspect of 
the scapular spine or from the posterior aspect of the 
acromion. Based on preoperative templating from MR or 
CT images, détermine the length of posterior cortical 
opening required to correct the glenoid rétroversion to 
neutral, with the hinge point being the anterior cortex, 
and size the bone graft appropriately. 

■ Use an osteotome to make a scapular neck osteotomy 
extending from the latéral aspect of the spinoglenoid 
notch to the inferior aspect of the scapular neck, staying 
at least 5 mm médial to the glenoid rim to ensure protec¬ 
tion of the glenoid blood supply and avoid osteonecrosis. 
Deepen the osteotomy to just short of the anterior cortex 
to retain an intact anterior hinge. Align the osteotomy 
parallel to the retroverted glenoid surface under direct 
observation. 

■ Use a narrow osteotome to lever open the osteotomy site 
and insert the bone graft (Fig. 34-59C). Gently tamp the 
graft into place so that it acts as a wedge, opening 


the cortex of the posterior aspect of the neck, and is 
stable. 

■ With the joint in the reduced position, close the capsule 
without capsulorrhaphy to minimize stiffness in internai 
rotation. Repair the infraspinatus anatomically. Suture the 
latissimus dorsi and teres major tendons into a longitudi¬ 
nal bone trough in the région of the greater humerai 
tuberosity, with the teres major in the inferior aspect of 
the trough and the latissimus, given its greater excursion, 
superior. Repair the deltoid to the scapular spine with 
sutures through bone. 

■ Apply a shoulder spica cast with the shoulder in maximal 
external rotation (70 to 90 degrees) and limited (20 to 30 
degrees) abduction. 

POSTOPERATIVE CARE. The cast is worn for 5 or 6 
weeks, at which time a supervised physical therapy 
program is begun. 
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RELEASE OF THE INTERNAL 
ROTATION CONTRACTURE AND 
TRANSFER OF THE LATISSIMUS 
DORSI AND TERES MAJOR 

When performed before âge 6 years, the Sever-L'Episcopo 
procedure, as modified by Hoffer, improves external rota¬ 
tion of the shoulder by releasing the internai rotation con¬ 
tracture and transferring the latissimus dorsi and teres 
major posteriorly to provide active external rotation. 


TECHNIQUE 34-51 


(SEVER-L'EPISCOPO, GREEN) 

■ Place a sandbag under the upper part of the chest for 
proper exposure. Préparé and drape in the usual manner. 
An adéquate amount of whole blood should be available 
for transfusion. 

■ Make an anterior incision beginning over the coracoid 
process and extending distally along the deltopectoral 
groove for 12 cm (Fig. 34-60A). 

■ Identify the cephalic vein and ligate or retract it with a 
few fibers of the deltoid muscle. 

■ With blunt dissection, develop the interval between the 
pectoral and deltoid muscles. Expose the coracobrachia- 
lis, the short head of the biceps, the coracoid process, the 
insertion of the tendinous portion of the subscapularis, 
and the insertion of the pectoralis major. 

■ Detach the short head of the biceps and coracobrachialis 
from their origin on the coracoid process and reflect 
downward. 

■ In the distal part of the wound, expose the insertion of 
the pectoralis major at its humerai attachment (Fig. 
34-60B). 

■ With a periosteal elevator, reflect the muscle fibers of the 
pectoralis major medially to expose the tendinous portion 
of its insertion. 

■To perform Z-lengthening, divide the distal half of the 
tendinous insertion of the pectoralis major immediately 
on the humerai shaft (Fig. 34-60C). 

■ Divide the upper half of the tendinous portion of the 
pectoralis major as far medially as good aponeurotic ten¬ 
dinous material exists, usually 4 to 5 cm from its insertion 
(Fig. 34-60D). Later, the distal tendon stump will be 
attached to the proximal tendon left inserted on the 
humérus, thus providing further length to the pectoralis 
major. The reattachment of the tendon more proximally 
permits a greater degree of shoulder abduction but still 
allows rotary function. 

■Apply whip sutures to the tendon still attached to the 
shaft and to the portion of the tendon attached to the 
muscle. 

■ Expose the subscapularis muscle over the head of the 
humérus. Starting medially with a blunt instrument, sepa- 
rate the subscapularis and elevate it from the capsule. Do 
not open the shoulder capsule. With a knife, lengthen 
the subscapularis tendon by an oblique eut (Fig. 34-60E). 

■Starting medially, split the tendon into anterior and pos- 
terior halves, becoming more superficial laterally and 


completing the division at the insertion of the subscapu¬ 
laris into the humérus. Again, take care not to open the 
capsule. 

■ Once the subscapularis has been divided, the shoulder 
joint will abduct and externally rotate freely. 

■ If the coracoid process is elongated, hooked downward 
and laterally, and limits external rotation, it should be 
resected to its base. Likewise, if the acromion process is 
beaked downward and obstructs shoulder abduction, 
partially resect it. 

■ Next, identify the insertions of the latissimus dorsi and 
teres major and expose by separating them from adjacent 
tissues both anteriorly and posteriorly. 

■The attachment of the latissimus dorsi is superior and 
anterior to that of the teres major. Divide both tendons 
immediately on bone and suture each tendon with a whip 
stitch. 

■ With the patient turned over on the side and with the 
patient's arm adducted across the chest, make a 7- to 
8-cm incision over the deltoid-triceps interval (Fig. 34-60F). 

■ Retract the deltoid muscle anteriorly and the long head 
of the triceps posteriorly. Be careful not to damage the 
radial and axillary nerves. 

■ Subperiosteally expose the latéral surface of the proximal 
diaphysis of the humérus. 

■ Make a 5-cm longitudinal cleft using drills, an osteotome, 
and a curet. 

■ Drill four holes from the depth of the cleft coming out 
on the médial surface of the humerai shaft at the site of 
the former insertion of the teres major and latissimus 
dorsi muscles. 

■ Identify the tendons of the latissimus dorsi and teres 
major in the anterior wound and deliver them into the 
posterior incision so that their line of pull is straight from 
their origins to the proposed site of attachment on the 
latéral humérus. 

■ Draw the latissimus dorsi and teres major tendons into 
the slot in the humérus and tie securely into position with 
1-0 silk sutures in the front (Fig. 34-60G and H). 

■ Suture the subscapularis tendon, which is lengthened "on 
the fiat," at its divided ends to provide maximal lengthen- 
ing. Suture the pectoralis major in a similar way. 

■ Reattach the coracobrachialis and short head of the 
biceps to the base of the coracoid process. If the coraco¬ 
brachialis and short head of the biceps are short, lengthen 
them at their musculotendinous junction (Fig. 34-601 
and J). 

■ The lengthened muscles should be of sufficient length to 
permit complété external rotation in abduction without 
undue tension. 

■ Close the wound in the usual manner and immobilize the 
upper limb in a previously prepared, bivalved shoulder 
spica cast that holds the shoulder in 90 degrees of abduc¬ 
tion, 90 degrees of external rotation, and 20 degrees of 
forward flexion. Position the elbow in 80 to 90 degrees 
of flexion. 

■ Place the forearm and hand in a functional neutral 
position. 

POSTOPERATIVE CARE. Exercises are begun 3 weeks 
after surgery to develop abduction and external rotation 
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JU Sever-L'Episcopo and Green procedure. A f Anterior incision. B f Exposure of insertion of pectoralis major at humerai 
attachment. C f Incisions of tendinous insertion of pectoralis major for Z-lengthening. D f Distal half of tendinous insertion of pectoralis 
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SEE TECHNIQUE 34-51. 


H f Back view showing reattachment of muscles. I and J, Front views showing reattachment of muscles. 


9 of the shoulder, as well as shoulder adduction and inter¬ 
nai rotation. Particular emphasis is given to developing 
the function and strength of the transferred muscles. 
When the arm adducts satisfactorily, a sling is used during 
the day and the bivalved shoulder spica cast is worn at 
night. The night support is continued for 3 to 6 more 
months. Exercises are performed for many months or 
years to preserve functional range of motion of the shoul¬ 
der and to maintain muscle control. 


Transfer of the latissimus dorsi and the teres major to the 
rotator cuff has been reported to hâve a stabilizing effect on 
the rotator cuff and to increase glenohumeral abduction and 
external rotation (Fig. 34-61). 

Arthroscopie techniques hâve been developed for release 
and for release combined with latissimus dorsi transfer (rec- 
ommended for older children). These procedures hâve been 
reported to restore nearly normal passive external rotation 
and a centered glenohumeral joint at the time of surgery; 
however, gains in active élévation are minimal and loss of 
internai rotation, from moderate to severe, occurs in ail chil¬ 
dren affer this surgery. Pearl et al. listed the following guide- 
lines for arthroscopic treatment of contractures and deformity 
secondary to brachial plexus birth palsy: 

Arthroscopic release: Children younger than 3 years of âge 
with passive external rotation of less than neutral (0 
degrees) with the arm at the side 
Arthroscopic release plus latissimus dorsi transfer: Children 
older than 3 years of âge with a similar degree of 
contracture 

Arthroscopic latissimus dorsi transfer without release: Children 
older than 3 years of âge who hâve no substantial internai 
rotation contracture but hâve weakness of external 
rotation. 


ARTHROSCOPIC RELEASE AND 
TRANSFER OF THE LATISSIMUS 
DORSI 


TECHNIQUE 34-52 


(PEARL ETAL) 

■ With the patient in a latéral decubitus position, establish 
a posterior portai (see Chapter 52). Because of contrac¬ 
ture and advanced deformity, it may be necessary to 
abduct the arm to approximately 90 degrees to allow 
passage of the scope across the glenohumeral joint. A 
surgical assistant maintains arm position while applying 
longitudinal traction. Make the posterior portai at the 
posterior glenohumeral joint line about 1 cm below the 
level of the posterior part of the acromion. Take care to 
avoid making the portai too low. A superior position 
makes it easier to insert the arthroscope over the top of 
the humerai head to avoid damage to the articular 
surface. 

■ Make an anterior portai from outside in, under direct 
observation through the posterior portai. 

■ Use an electrocautery device to release the anterior cap- 
sular ligaments, including the middle glenohumeral liga¬ 
ment and the anterior portion of the inferior glenohumeral 
ligament, at their attachment to the glenoid labrum. 
Basket forceps also are helpful. 

■ After release of the anterior soft tissues, identify the axil- 
lary nerve. Do not release the muscular portion of the 
subscapularis. 

■ Release the contracture by tenotomy of the subscapular 
tendon at its insertion and the overlying joint capsule. In 
younger children, this should allow full external rotation 
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Latissimus dorsi and teres major transfer to the rotator cuff. (Redrawn from Herring JA, editor: Tachdjian's pédiatrie ortho- 


paedics, ed 3. Philadelphia, 2002, Saunders.) 
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Curved incision in the skin lines, just médial to 
the posterior axillary crease toward the midline of the axilia, for 
latissimus dorsi transfer in conjunction with arthroscopic contrac¬ 
ture release. (From Pearl ML, Edgerton BW, Kazimiroff PA, et al: 
Arthroscopic release and latissimus dorsi transfer for shoulder internai 
rotation contractures and glenohumeral deformity secondary to brachial 
plexus birth palsy, J Bone Joint Surg 88A:564, 2006.) SEE TECHNIQUE 
34-52. 


9 (70 to 90 degrees) with the arm at the side. If necessary 
in older children and those with more severe contractures, 
release the rotator interval tissue, exposing the base of 
the coracoid process. Release is not considered complété 
unless external rotation of 45 degrees or more is obtained. 
■ If latissimus dorsi transfer is to be done, make a 6- to 
8-cm curved incision in the skin lines, just médial to the 
posterior axillary crease toward the midline of the axilla 
(Fig. 34-62). In larger children, extend the incision to 
include the posterior arthroscopic portai. 

■ Carefully isolate the latissimus dorsi tendon from the teres 
major (which is left in situ), release it directly from the 
humérus, and transfer it under the posterior aspect of the 
deltoid to the greater tuberosity just adjacent to the infra- 
spinatus tendon insertion. Secure the tendon with four 
No. 2 Ethibond sutures. 

■ Apply a shoulder spica cast to hold the arm in adduction 
and full external rotation. 

POSTOPERATIVE CARE. The shoulder spica cast is 
worn for 6 weeks and then modified to be used as a night 
splint for an additional 6 weeks. 


gsssssss^ 

POLIOMYELITIS 

Anderson GA, Thomas BP, Pallapati SC: Flexor carpi ulnaris tendon transfer 
to the split brachioradialis tendon to restore supination in paralytic fore- 
arms, / Bone Joint Surg 92B:230, 2010. 


Chen D, Chen J, Liu F, Jiang Y: Tibial lengthening using a humerai intramed- 
ullary nail combined with a single-plane external fixator for leg discrep- 
ancy in sequelae of poliomyelitis, / Pediatr Orthop B 20:84, 2011. 

Chumakov K, Ehrenfeld E: New génération of inactivated poliovirus vac¬ 
cines for universal immunization after éradication of poliomyelitis, Clin 
Infect Dis 47:1587, 2008. 

de Moraes Barros Fucs PM, Svartman C, de Assumpcao RM: Knee flexion 
deformity from poliomyelitis treated by supracondylar fémoral extension 
osteotomy, Int Orthop 29:380, 2005. 

Dutta A: Epidemiology of poliomyelitis—options and update, Vaccine 
26:5767, 2008. 

Emara KM, Khames A: Functional outcome after lengthening with 
and without deformity correction in polio patients, Int Orthop 32:403, 
2008. 

Fucs PM, Svartman C, Santili C, et al: Results in the treatment of paralytic 
calcaneus-valgus feet with the Westin technique, Int Orthop 31:555,2007. 

Jordan L, Kligman M, Sculco TP: Total knee arthroplasty in patients with 
poliomyelitis, J Arthroplasty 22:543, 2007. 

Kraay MJ, Bigach SD: The neuromuscularly challenged patient. Total hip 
replacement is now an option, Bone Joint J 96-B(ll Suppl A):27, 2014. 

Lee WC, Ahn JY, Cho JH, Park CH: Realignment surgery for severe talar tilt 
secondary to paralytic cavovarus, Foot Ankle Int 34:1552, 2013. 

Miller JD, Pinero JR, Goldstein R, et al: Shoulder arthrodesis for treatment 
of flail shoulder in children with polio, / Pediatr Orthop 31:679, 2011. 

Nathanson N, Kew OM: From emergence to éradication: the epidemiology 
of poliomyelitis deconstructed, Am J Epidemiol 172:1213, 2010. 

Provelengios S, Papavasiliou KA, Krykos MJ, et al: The rôle of pantalar 
arthrodesis in the treatment of paralytic foot deformities. A long-term 
follow-up study, / Bone Joint Surg 91A:575, 2009. 

Provelengios S, Papavasiliou KA, Krykos MJ, et al: The rôle of pantalar 
arthrodesis in the treatment of paralytic foot deformities. Surgical tech¬ 
nique, / Bone Joint Surg 92A(Suppl 1):44, 2010. 

Rahman J, Hanna SA, Kayani B, et al: Custom rotating hinge total knee 
arthroplasty in patients with poliomyelitis affected limbs, Int Orthop 
39:833, 2015. 

Rolfe KW, Green TA, Lawrence JF: Corrective ostéotomies and osteosynthe- 
sis for supination contracture of the forearm in children, / Pediatr Orthop 
29:406, 2009. 

Savolainen-Kopra C, Blomqvist S: Mechanisms of genetic variation in polio- 
viruses, Rev Med Virol 20:358, 2010. 

Sierra RJ, Schoeniger SR, Millis M, Ganz R: Periacetabular osteotomy for 
containment of the nonarthritis dysplastic hip secondary to poliomyeli¬ 
tis, / Bone Joint Surg 92A:2917, 2010. 

Song HR, Myrboh V, Oh CW, et al: Tibial lengthening and concomitant foot 
deformity correction in 14 patients with permanent deformity after 
poliomyelitis, Acta Orthop 76:261, 2005. 

Tigani D, Fosco M, Amendola L, Boriani L: Total knee arthroplasty in 
patients with poliomyelitis, Knee 16:501, 2009. 

Wenz W, Bruckner T, Akbar M: Complété tendon transfer and inverse Lam- 
brinudi arthrodesis: preliminary results of a new technique for the treat¬ 
ment of paralytic pes calcaneus, Foot Ankle Int 29:683, 2008. 

Yoon BH, Lee YK, Yoo JJ, et al: Total hip arthroplasty performed in patients 
with residual poliomyelitis: does in work?, Clin Orthop Relat Res 472:933, 
2014. 

MYELOMENINGOCELE 

Bartonek A, Eriksson M, Guitierrez-Farewik EM: Effects of carbon fibre 
spring orthoses on gait in ambulatory children with motor disorders and 
plantarflexor weakness, Dev Med Child Neurol 49:615, 2007. 

Battibugli S, Gryfakis N, Dias L, et al: Functional gait comparison between 
children with myelomeningocele: shunt versus no shunt, Dev Med Child 
Neurol 49:764, 2007. 

Chakraborty A, Crimmins D, Hayward R, Thompson D: Toward reducing 
shunt placement rates in patients with myelomeningocele, J Neurosurg 
Pediatr 1:361, 2008. 

Chambers HG: Update on neuromuscular disorders in pédiatrie orthopae- 
dics: Duchenne muscular dystrophy, myelomeningocele, and cérébral 
palsy, / Pediatr Orthop 34(Suppl 1):S44, 2014. 







PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


Dobbs MB, Purcell DB, Nunley R, Morcuende JA: Early results of a new 
method of treatment for idiopathic congénital vertical talus. Surgical 
technique, / Bone Joint Surg 89A(Suppl 2): 111, 2007. 

Flanagan A, Gorzkowski M, Altiok H, et al: Activity level, functional health, 
and quality of life in children with myelomeningocele as perceived by 
parents, Clin Orthop Relat Res 469:1230, 2011. 

Garg S, Oetgen M, Rathjen K, Richards BS: Kyphectomy improves sitting and 
skin problems in patients with myelomeningocele, Clin Orthop Relat Res 
469:1279, 2011. 

Gerlach DJ, Gurnett CA, Limpaphayom N, et al: Early results of the Ponseti 
method for the treatment of clubfoot associated with myelomeningocele, 
/ Bone Joint Surg 91A:1350, 2009. 

Glard Y, Launay F, Viehweger E, et al: Hip flexion contracture and lumbar 
spine lordosis in myelomeningocele, / Pediatr Orthop 25:476, 2005. 

Glard Y, Launay F, Viehweger E, et al: Neurological classification in myelo¬ 
meningocele as a spine deformity predictor, / Pediatr Orthop B 16:287, 
2007. 

Guille JT, Sarwark JF, Sherk HH, Kumar SJ: Congénital and developmental 
deformities of the spine in children with myelomeningocele, / Am Acad 
Orthop Surg 14:294, 2006. 

Gupta RT, Vankoski S, Novak RA, Dias LS: Trunk kinematics and the influ¬ 
ence on valgus knee stress in persons with high sacral level myelomenin¬ 
gocele, / Pediatr Orthop 25:89, 2005. 

Gutierrez EM, Bartonek A, Haglund-Akerlind Y, Saraste H: Kinetics of com- 
pensatory gait in persons with myelomeningocele, Gait Posture 21:12, 
2005. 

Hoiness PR, Kirkhus E: Grice arthrodesis in the treatment of valgus feet in 
children with myelomeningocele: a 12.8-year follow-up study, / Child 
Orthop 3:283, 2009. 

Kelly SP, Bâche CE, Graham HK, Donnan LT: Limb reconstruction using 
circular frames in children and adolescents with spina bifida, / Bone Joint 
Surg 92B:1017, 2010. 

Khoshbin A, Vivas L, Law PW, et al: The long-term outcome of patients 
treated operatively and non-operatively for scoliosis deformity secondary 
to spina bifida, Bone Joint J 96:1244, 2014. 

Klatt J, Stevens PM: Guided growth for fixed knee flexion deformity, / Pediatr 
Orthop 28:626, 2008. 

Moen TC, Dias L, Swaroop VT, et al: Radical posterior capsulectomy 
improves sagittal knee motion in crouch gait, Clin Orthop Relat Res 
469:1286, 2011. 

Moen T, Gryfakis N, Dias L, Lemke L: Crouched gait in myelomeningocele: 
a comparison between the degree of knee flexion contracture in the clini- 
cal examination and during gait, / Pediatr Orthop 25:657, 2005. 

Molto FJL, Garrido IM: Rétrospective review of L3 myelomeningocele in 
three âge groups: should postérolatéral iliopsoas transfer still be indicated 
to stabilize the hip, / Pediatr Orthop 14B:177, 2005. 

Padmanabhan R: Etiolgy, pathogenesis and prévention of neural tube defects, 
Congenit Anom (Kyoto) 46:55, 2006. 

Park KB, Park HW, Joo SY, Kim HW: Surgical treatment of calcaneal defor¬ 
mity in a select group of patients with myelomeningocele, J Bone Joint 
Surg 90A:2149, 2008. 

Patel J, Walker JL, Talwalkar VR, et al: Corrélation of spine deformity, lung 
function, and seat pressure in spina bifida, Clin Orthop Relat Res 469:1302, 
2011. 

Rowe DE, Jadhav AL: Care of the adolescent with spina bifida, Pediatr Clin 
NorthAm 55:1359, 2008. 

Sibinski M, Synder M, Higgs ZC, et al: Quality of life and functional dis- 
ability in skeletally mature patients with myelomeningocele-related 
spinal deformity, / Pediatr Orthop B 22:106, 2013. 

Spiro AS, Babin K, Lipovas S, et al: Anterior fémoral epiphysiodesis for 
the treatment of fixed knee flexion deformity in spina bifida patients, 
/ Pediatr Orthop 30:858, 2010. 

Swaroop VT, Dias L: Orthopédie management of spina bifida: I. Hip, knee, 
and rotational deformities, / Child Orthop 3:441, 2009. 

Swaroop VT, Dias L: Orthopaedic management of spina bifida: II. Foot and 
ankle deformities, / Child Orthop 5:403, 2009. 

Swaroop VT, Dias LS: Strategies of hip management in myelomeningocele: 
to do or not to do, Hip Int 19(Suppl 6):S53, 2009. 


Swaroop VT, Dias LS: Myelomeningocele. In Weinstein SL, Flynn JM, 
editors: Lovell and Winters Pédiatrie Orthopaedics, ed 7, Philadelphia, 
2014, Wolters Kluwer. 

Thompson JD, Segal LS: Orthopaedic management of spina bifida, Dev 
Disabil Res Rev 16:96, 2010. 

Wolf SI, Alimusaj M, Rettig O, Dôderlein L: Dynamic assist by carbon fiber 
spring AFOs for patients with myelomeningocele, Gait Posture 28:175, 
2008. 

Wright JG: Hip and spine surgery is of questionable value in spina bifida: an 
evidence-based review, Clin Orthop Relat Res 469:1258, 2011. 

ARTHROGRYPOSIS MULTIPLEX CONGENITA 

Astur N, Flynn JM, Flynn JM, et al: The eflicacy of rib-based distraction with 
VEPTR in the treatment of early-onset scoliosis in patients with arthro- 
gryposis, / Pediatr Orthop 34:8, 2014. 

Bamshad M, Van Heest AE, Pleasure D: Arthrogryposis: a review and 
update, / Bone Joint Surg Am 91A(Suppl 4):40, 2009. 

Béais RK: The distal arthrogryposes: a new classification of peripheral con¬ 
tractures, Clin Orthop Relat Res 435:203, 2005. 

Bevan WP, Hall JG, Bamshad M, et al: Arthrogryposis multiplex congenita 
(amyoplasia): an orthopaedic perspective, / Pediatr Orthop 27:594, 2007. 

Boehm S, Limpaphayom N, Alaee F, et al: Early results of the Ponseti method 
for the treatment of clubfoot in distal arthrogryposis, / Bone Joint Surg 
90A:1501, 2008. 

Dillon ER, Bjornson KF, Jaffe KM, et al: Ambulatory activity in youth with 
arthrogryposis: a cohort study, / Pediatr Orthop 29:214, 2009. 

Eldelman M, Katzman A: Treatment of arthrogrypotic foot deformities with 
the Taylor Spatial Frame, / Pediatr Orthop 31:429, 2011. 

Eriksson M, Gutierrez-Farewik EM, Brostrôm E, Bartonek A: Gait in chil¬ 
dren with arthrogryposis multiplex congénital, / Child Orthop 4:21,2010. 

Ezaki M, Carter PR: Carpal wedge osteotomy for the arthrogrypotic wrist, 
Tech Hand Up Extrem Surg 8:224, 2004. 

Fassier A, Wicart P, Dubousset J, Seringe R: Arthrogryposis multiplex con¬ 
genita: long-term follow-up from birth until skeletal maturity, / Child 
Orthop 3:383, 2009. 

Fucs PMMB, Svartman C, César de Assumpçâo RM, Verde SRL: Quadriceps- 
plasty in arthrogryposis (amyoplasia): long-term followup, / Pediatr 
Orthop 14:219, 2005. 

Greggi T, Martikos K, Pipitone E, et al: Surgical treatment of scoliosis in a 
rare disease: arthrogryposis, Scoliosis 5:24, 2010. 

Ho CA, Karol LA: The utility of knee releases in arthrogryposis, J Pediatr 
Orthop 28:307, 2008. 

Kowalczyk B, Lejman T: Short-term expérience with Ponseti casting and the 
Achilles tenotomy method for clubfeet treatment in arthrogryposis mul¬ 
tiplex congenita, / Child Orthop 2:365, 2008. 

Lahoti O, Bell MJ: Transfer of pectoralis major in arthrogryposis to restore 
elbow flexion: deteriorating results in the long term, J Bone Joint Surg 
87B:858, 2005. 

Morcuende JA, Dobbs MB, Frick SL: Results of the Ponseti method in 
patients with clubfoot associated with arthrogryposis, Iowa Orthop J 
28:22, 2008. 

Mubarak SJ, Dimeglio A: Navicular excision and cuboid closing wedge for 
severe cavovarus foot deformities: a salvage procedure, J Pediatr Orthop 
31:551,2011. 

Palocaren T, Thabet AM, Rogers K, et al: Anterior distal fémoral stapling for 
correction knee flexion contracture in children with arthrogryposis- 
preliminary results, / Pediatr Orthop 30:169, 2010. 

van Bosse HJ, Feldman DS, Anavian J, Sala DA: Treatment of knee flexion 
contractures in patients with arthrogryposis, J Pediatr Orthop 27:903, 

2007. 

Van Heest A, James MA, Lewica A, Anderson KA: Posterior elbow capsu- 
lotomy with triepes lengthening for treatment of elbow extension con¬ 
tracture in children with arthrogryposis, / Bone Joint Surg 90A:1517, 

2008. 

Van Heest A, Rodriguez R: Dorsal carpal wedge osteotomy in the arthrogry¬ 
potic wrist, / Hand Surg Am 38:265, 2013. 

Wada A, Yamaguchi T, Nakamura T, et al: Surgical treatment of hip disloca¬ 
tion in amyoplasia-type arthrogryposis, / Pediatr Orthop B 21:381, 2012. 


CHAPTER 34 PARALYTIC DISORDERS 


Widman RF, Do TT, Burke SW: Radical soft-tissue release of the arthrogry- 
potic clubfoot, / Pediatr Orthop 14B:111, 2005. 

Yang SS, Dahan-Oliel N, Montpetit K, Hamdy RC: Ambulation gains after 
knee surgery in children with arthrogryposis, / Pediatr Orthop 30:863, 
2010 . 

Zlotolow DA, Kozin SH: Posterior elbow release and humerai osteotomy for 
patients with arthrogryposis, J Hand Surg Am 37:1078, 2012. 

BRACHIAL PLEXUS 

Abid A, Accadbled F, Louis D, et al: Arthroscopic release for shoulder inter¬ 
nai rotation contracture secondary to brachial plexus birth palsy: clinical 
and magnetic résonance imaging results on glenohumeral dysplasia, 
J Pediatr Orthop B 21:305-309, 2012. 

Abzug JM, Kozin SH: Evaluation and management of brachial plexus birth 
palsy, Orthop Clin North Am 45:225, 2014. 

Abzug JM, Chafetz RS, Gaughan JP, et al: Shoulder function after médial 
approach and derotational humerai osteotomy in patients with brachial 
plexus birth palsy, / Pediatr Orthop 30:469, 2010. 

Al-Qattan MM, Al-Husainan H, Al-Otaibi A, El-Sharkawy MS: Long-term 
results of low rotation humerai osteotomy in children with Erbs obstetric 
brachial plexus palsy, / Hand Surg Eur Vol 34:486, 2009. 

Birch R, Ahad N, Kono H, Smith S: Repair of obstetric brachial plexus palsy: 
results in 100 children, / Bone Joint Surg 87B:1089, 2005. 

Breton A, Mainard L, De Gaspéri M, et al: Arthroscopic release of shoulder 
contracture secondary to obstetric brachial palsy: rétrospective study of 
18 children with an average follow-up of 4.5 years, Orthop Traumatol 
Surg Res 98:638, 2012. 

Chauhan SP, Rose CH, Gherman RB, et al: Brachial plexus injury: a 23- 
year expérience from a tertiary center, Am J Obstet Gynecol 192:1795, 
2005. 

Chen L, Gu YD, Wang H: Microsurgical reconstruction of obstetric brachial 
plexus palsy, Microsurgery 28:108, 2008. 

Di Mascio L, Chin KF, Fox M, Sinisi M: Glenoplasty for complex shoulder 
subluxation and dislocation in children with obstetric brachial plexus 
palsy, / Bone Joint Surg 93B:102, 2011. 

Dodwell E, O’Callaghan J, Anthony A, et al: Combined glenoid antéversion 
osteotomy and tendon transfers for brachial plexus birth palsy: early 
outcomes, J Bone Joint Surg 94A:2145, 2012. 

El-Gammal TA, Saleh WR, El-Sayed A, et al: Tendon transfer around the 
shoulder in obstetric brachial plexus paralysis: clinical and computed 
tomographie study, / Pediatr Orthop 26:641, 2006. 

Haie HB, Bae DS, Waters PM: Current concepts in the management of bra¬ 
chial plexus birth palsy, / Hand Surg Am 35:332, 2009. 

Ho ES, Roy T, Stephens D, Clarke HM: Serial casting and splinting of elbow 
contractures in children with obstetric brachial plexus palsy, / Hand Surg 
35A:84, 2010. 

Hogendoorn S, van Overvest KL, Watt I, et al: Structural changes in muscle 
and glenohumeral joint deformity in néonatal brachial plexus palsy, 
/ Bone Joint Surg 92A:935, 2010. 

Immerman I, Valencia H, DiTaranto P, et al: Subscapularis slide correction 
of the shoulder internai rotation contracture after brachial plexus birth 
injury:technique and outcomes, Tech Hand Surg 17:52, 2013. 

Kozin SH: The évaluation and treatment of children with brachial plexus 
birth palsy, / Hand Surg Am 36:1360, 2011. 

Kozin SH, Boardman MJ, Chafetz RS, et al: Arthroscopic treatment of inter¬ 
nai rotation contracture and glenohumeral dysplasia in children with 
brachial plexus birth palsy, / Shoulder Elbow Surg 19:102, 2010. 

Kozin SH, Chafetz RS, Shaffer A, et al: Magnetic résonance imaging and 
clinical findings before and after tendon transfers about the shoulder in 


children with residual brachial plexus birth palsy: a 3-year follow-up 
study, / Pediatr Orthop 30:154, 2010. 

Lippert WC, Mehlman CT, Cornwall R, et al: The intrarater and interrater 
reliability of glenoid version and glenohumeral subluxation measure- 
ments in néonatal brachial plexus palsy, / Pediatr Orthop 32:378-384, 
2012 . 

Little KJ, Zlotolow DA, Soldado F, et al: Early functional recovery of elbow 
flexion and supination following médian and/or ulnar nerve fascicle 
transfer in upper néonatal brachial plexus palsy, / Bone Joint Surg 
96A:215, 2014. 

Louden RJ, Broering CA, Mehlman CT, et al: Meta-analysis of function after 
secondary shoulder surgery in néonatal brachial plexus palsy, / Pediatr 
Orthop 33:656, 2013. 

Luo PB, Chen L, Zhou CH, et al: Results of intercostal nerve transfer to the 
musculocutaneous nerve in brachial plexus birth palsy, / Pediatr Orthop 
31:884, 2011. 

Mehlman CT, DeVoe WB, Lippert WC, et al: Arthroscopically assisted Sever- 
L’Episcopo procedure improves clinical and radiographie outcomes in 
néonatal brachial plexus palsy patients, / Pediatr Orthop 31:341-351, 
2011. 

Pearl ML: Shoulder problems in children with brachial plexus birth palsy: 
évaluation and management, / Am Acad Orthop Surg 17:242, 2009. 

Pearl ML, Edgerton BW, Kaszimiroff POA, et al: Arthroscopic release and 
latissimus dorsi transfer for shoulder internai rotation contractures and 
glenohumeral deformity secondary to brachial plexus birth palsy, / Bone 
Joint Surg 88A:565, 2006. 

Reading BD, Laor T, Salisbury SR, et al: Quantification of humerai head 
deformity following néonatal brachial plexus palsy, / Bone Joint Surg 
94A:131, 2012. 

Sheffler LC, Lattanza L, Hagar Y, et al: The prevalence, rate of progression, 
and treatment of elbow flexion contracture in children with brachial 
plexus birth palsy, / Bone Joint Surg 94A:403, 2012. 

Sibbel SE, Bauer AS, James MA: Late reconstruction of brachial plexus birth 
palsy, / Pediatr Orthop 34(Suppl 1):S57, 2014. 

Smith AB, Gupta N, Strober J, Chin C: Magnetic résonance neurography in 
children with birth-related brachial plexus injury, Pediatr Radiol 38:159, 
2008. 

Terzis JK, Kokkalis ZT: Restoration of elbow extension after primary recon¬ 
struction in obstetric brachial plexus palsy, / Pediatr Orthop 30:161,2010. 

van Alphen NA, van Doorn-Loogman MH, Maas H, et al: Restoring wrist 
extension in obstetric palsy of the brachial plexus by transferring wrist 
flexors to wrist extensors, / Pediatr Rehabil Med 6:53, 2013. 

van Heest A, Glisson C, Ma H: Glenohumeral dysplasia changes after tendon 
transfer surgery in children with birth brachial plexus injuries, / Pediatr 
Orthop 30:371, 2010. 

Waters PM: Update on management of pédiatrie brachial plexus palsy, 
/ Pediatr Orthop 25:116, 2005. 

Waters PM, Bae DS: The early effects of tendon transfers and open capsulor- 
rhaphy on glenohumeral deformity in brachial plexus birth palsy, / Bone 
Joint Surg 90A:2171, 2008. 

Waters PM, Bae DS: The early effects of tendon transfers and open capsulor- 
rhaphy on glenohumeral deformity in brachial plexus birth palsy. Surgi- 
cal technique, / Bone Joint Surg 91A(Suppl 2):213, 2009. 

Waters PM, Monica JT, Earp BE, et al: Corrélation of radiographie muscle 
cross-sectional area with glenohumeral deformity in children with bra¬ 
chial plexus birth palsy, / Bone Joint Surg 91A:2367, 2009. 

The complété list of references is avaïlable online at expertconsult 

.inkling.com. 


CHAPTER 34 PARALYTIC DISORDERS 


SUPPLEMENTAL REFERENCES 


POLIOMYELITIS 

Barr JS: The management of poliomyelitis: the late stage. In Poliomyelitis, 
First International Poliomyelitis Congress, Philadelphia, 1949, JB 
Lippincott. 

Dhillon MS, Sandhu HS: Surgical options in the management of residual foot 
problems in poliomyelitis, Foot Ankle Clin 5:327, 2000. 

Green WT, Grice DS: The management of chronic poliomyelitis, Instr Course 
Lect 9:85, 1952. 

Huckstep RL: Poliomyelitis: a guide for developing countries, including appli- 
ances and réhabilitation for the disabled, Edinburgh, 1975, Churchill 
Livingstone. 

Johnson EW Jr: Results of modem methods of treatment of poliomyelitis, 
/ Bone Joint Surg 27:223, 1945. 

Mayer L: Tendon transplantations on the lower extremity, Instr Course Lect 
6:189, 1949. 

Ober FR: Tendon transplantation in the lower extremity, N Engl J Med 
209:52, 1933. 

Salk D: Polio immunization policy in the United States: a new challenge for 
a new génération, Am J Public Health 78:296, 1988. 

Schwend RM, Drennan JC: Cavus foot deformity in children, / Am Acad 
Orthop Surg 11:201, 2003. 

Seddon HJ: Reconstructive surgery of the upper extremity. In Seddon HJ, 
editor: Poliomyelitis, Second International Poliomyelitis Congress , Phila¬ 
delphia, 1952, JB Lippincott. 

Shahcheraghi GH, Javid M: Abductor paralysis and external oblique transfer, 
/ Pediatr Orthop 20:380, 2000. 

Steindler A: Orthopédie operations: indications, technique, and end results, 
Springfield, IL, 1940, Charles C Thomas. 

Vulpius O: Zur Kasuistik der Schnen transplantation, Münch Med Wochen- 
schr 16:1897. 

FOOT AND ANKLE 

Axer A: Into-talus transposition of tendons for correction of paralytic valgus 
foot after poliomyelitis in children, / Bone Joint Surg 42A: 1119, 1960. 

Barr JS: Transference of posterior tibial tendon for paralytic talipes equin- 
ovarus. Personal communication, July and Oct 1954. 

Barr JS, Record EE: Arthrodesis of the ankle for correction of foot deformity, 
Surg Clin North Am 27:1281, 1947. 

Barr JS, Record EE: Arthrodesis of the ankle joint, N Engl J Med 248:53,1953. 

Béais RK: The treatment of ankle valgus by surface epiphysiodesis, Clin 
Orthop Relat Res 266:162, 1991. 

Blount WP: Forward transference ofposterior tibial tendon for paralytic talipes 
equinovarus. Personal communication, July 1954. 

Brindley H Sr, Brindley H Jr: Extra-articular subtalar arthrodesis, Orthop 
Trans 6:188, 1982. 

Campbell WC: An operation for the correction of “drop-foot,”, / Bone Joint 
Surg 5:815, 1923. 

Campbell WC: End results of operation for correction of drop-foot, JAMA 
85:1927, 1925. 

Carmack JC, Hallock H: Tibiotarsal arthrodesis after astragalectomy: a 
report of eight cases, / Bone Joint Surg 29:476, 1947. 

Chen D, Chen J, Liu F, Jiang Y: Tibial lengthening using a humerai intramed- 
ullary nail combined with a single-plane external fixator for leg discrep- 
ancy in sequelae of poliomyelitis, / Pediatr Orthop B 20:84, 2011. 

Davids JR, Valadie AL, Ferguson RL, et al: Surgical management of ankle 
valgus in children: use of a transphyseal médial malleolar screw, / Pediatr 
Orthop 17:3, 1997. 

Dennyson WG, Fulford GE: Subtalar arthrodesis by cancellous grafts and 
metallic internai fixation, / Bone Joint Surg 58B:507, 1976. 

Dias LS, Busch M, Tachdjian MO: Surgical treatment of severe hindfoot 
valgus by médial displacement osteotomy of the os calcis, Orthop Trans 
11:35, 1987. 

Dillwyn-Evans D: Relapsed clubfoot, / Bone Joint Surg 43B:722, 1961. 

Dunn N: Suggestions based on ten years’ expérience of arthrodesis of the 
tarsus in the treatment of deformities of the foot. In Robert Jones’ birthday 
volume, London, 1928, Oxford University Press. 


Dwyer FC: Osteotomy of the calcanéum for pes cavus, / Bone Joint Surg 41- 
B:80, 1959. 

Emara KM, Khames A: Functional outcome after lengthening with and 
without deformity correction in polio patients, Int Orthop 32:403, 2008. 

Evans D: Calcaneo-valgus deformity, / Bone Joint Surg 57B:270, 1975. 

Fried A, Hendel C: Paralytic valgus deformity of the ankle: replacement of 
the paralyzed tibialis posterior by the peroneus longus, / Bone Joint Surg 
39A:921, 1957. 

Fried A, Moyseyev S: Paralytic valgus deformity of the foot: treatment by 
replacement of paralyzed tibialis posterior muscle: a long-term follow-up 
study, / Bone Joint Surg 52A:1674, 1970. 

Fucs PM, Svartman C, Santili C, et al: Results in the treatment of paralytic 
calcaneus-valgus feet with the Westin technique, Int Orthop 31:555,2007. 

Goldner JL, Irwin CE: Paralytic deformities of the foot, Instr Course Lect 
5:190, 1948. 

Goldner JL, Irwin CE: Clawing of the great toe in paralytic equinovalgus: 
mechanism and treatment, Duke Correspondence Club Letter, July 7, 
1949. 

Green WT, Grice DS: The surgical correction of the paralytic foot, Instr 
Course Lect 10:343, 1953. 

Green WT, Grice DS: The management of calcaneus deformity, Instr Course 
Lect 13:135, 1956. 

Grice DS: An extra-articular arthrodesis of the subastragalar joint for cor¬ 
rection of paralytic fiat feet in children, / Bone Joint Surg 34A:927, 1952. 

Gross RH: A clinical study of the Batchelor subtalar arthrodesis, / Bone Joint 
Surg 58A:343, 1976. 

Hammond G: Elévation of the first metatarsal bone with hallux equinus, 
Surgery 13:240, 1943. 

Hart VL: Lambrinudi operation for drop-foot, / Bone Joint Surg 22:937,1940. 

Hibbs RA: An operation for “claw-foot,”, JAMA 73:1583, 1919. 

Hoffer MM, Reiswig JA, Garrett AM, Perry J: The split anterior tibial tendon 
transfer in the treatment of spastic varus hindfoot of childhood, Orthop 
Clin North Am 5:31, 1974. 

Hoke M: An operation for stabilizing paralytic feet, / Orthop Surg 3:494, 
1921. 

Hsu LCS, O’Brien JP, Yau ACMC, Hodgson AR: Valgus deformity of the 
ankle in children with fibular pseudarthrosis: results of treatment by 
bone-grafting of the fibula, J Bone Joint Surg 56A:503, 1974. 

Hsu LCS, O’Brien JP, Yau ACMC, Hodgson AR: Batchelor’s extra-articular 
subtalar arthrodesis, J Bone Joint Surg 58A:243, 1976. 

Hsu LCS, Yau ACMC, O’Brien JP, Hodgson AR: Valgus deformity of the 
ankle resulting from fibular resection for a graff in subtalar fusion in 
children, / Bone Joint Surg 54A:585, 1972. 

Irwin CE: The calcaneus foot, South Med J 44:191, 1951. 

Irwin CE\Equinov aigus deformity in the immature foot: extra-articular subta¬ 
lar arthrodesis, Piedmont Orthopaedic Society Letter, 1954. 

Irwin CE: The calcaneus foot: a révision, Instr Course Lect 15:135, 1958. 

Jones R: The soldier’s foot and the treatment of common deformities of the 
foot. IL Claw-foot, BMJ 1:749, 1916. 

King BB: Ankle fusion for correction of paralytic drop foot and calcaneus 
deformities, Arch Surg 40:90, 1940. 

Lambrinudi C: New operation on drop-foot, Br J Surg 15:193, 1927. 

Lapidus PW: “Dorsal bunion”: its mechanics and operative correction, / Bone 
Joint Surg 22:627, 1940. 

Leibolt FL: Pantalar arthrodesis in poliomyelitis, Surgery 6:31, 1939. 

Mann RA: Tendon transfers and electromyography, Clin Orthop Relat Res 
85:64, 1972. 

Miller OL: Surgical management of pes calcaneus, / Bone Joint Surg 18:169, 
1936. 

Ryerson EW: Arthrodesing operations on the feet, / Bone Joint Surg 5:453, 
1923. 

Sharrard WJ, Grosfield I: The management of deformity and paralysis of the 
foot in myelomeningocele, / Bone Joint Surg 50B:456, 1968. 

Steindler A: Stripping of the os calcis, / Orthop Surg 2:8, 1920. 

Steindler A: The treatment of the flail ankle: panastragaloid arthrodesis, 
J Bone Joint Surg 5:284, 1923. 

Stevens PM, Belle RM: Screw epiphysiodesis for ankle valgus, / Pediatr 
Orthop 17:9, 1997. 


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


Tachdjian MO: Pédiatrie orthopaedics, ed 2, Philadelphia, 1990, WB 
Saunders. 

Turner JW, Cooper RR: Posterior transposition of tibialis anterior through 
the interosseous membrane, Clin Orthop Relat Res 79:71, 1971. 

Watkins MB, Jones JB, Ryder CT Jr, Brown TH Jr: Transplantation of the 
posterior tibial tendon, J Bone Joint Surg 36A:1181, 1954. 

Waugh TR, Wagner J, Stinchfield FE: An évaluation of pantalar arthrodesis: 
a follow-up study of one hundred and sixteen operations, J Bone Joint 
Surg 47A:1315, 1965. 

Westin W: Tendo Achilles tenodesis to thefibula, update, personal communica¬ 
tion, 1985. 

KNEE 

Asirvatham R, Rooney RJ, Watts H: Proximal tibial extension médial rotation 
osteotomy to correct knee flexion contracture and latéral rotation defor- 
mity of the tibia after polio, J Pediatr Orthop 11:646, 1991. 

Conner AN: The treatment of flexion contractures of the knee in poliomy- 
elitis, J Bone Joint Surg 52B:138, 1970. 

Crego CH Jr, Fischer FJ: Transplantation of the biceps femoris for the relief 
of quadriceps femoris paralysis in residual poliomyelitis, J Bone Joint Surg 
13:515, 1931. 

de Moraes Barros Fucs PM, Svartman C, de Assumpcao RM: Knee flexion 
deformity from poliomyelitis treated by supracondylar fémoral extension 
osteotomy, Int Orthop 29:380, 2005. 

Irwin CE: Genu recurvatum following poliomyelitis: controlled method of 
operative correction, JAMA 120:277, 1942. 

Jordan L, Kligman M, Sculco TP: Total knee arthroplasty in patients with 
poliomyelitis, J Arthroplasty 22:543, 2007. 

Leong JC, Alade CO, Fang D: Supracondylar fémoral osteotomy for knee 
flexion contracture resulting from poliomyelitis, J Bone Joint Surg 
64B:198, 1982. 

Ober FR: Tendon transplantation in the lower extremity, N Engl J Med 
209:52, 1933. 

Perry J, O’Brien JP, Hodgson AR: Triple tenodesis of the knee: a soft tissue 
operation for the correction of paralytic genu recurvatum, J Bone Joint 
Surg 58A:978, 1976. 

Schwartzmann JR, Crego CH Jr: Hamstring-tendon transplantation for the 
relief of quadriceps femoris paralysis in residual poliomyelitis: a follow-up 
study of 134 cases, J Bone Joint Surg 30-A:541, 1948. 

Storen G: Genu recurvatum: treatment by wedge osteotomy of tibia with use 
of compression, Acta Chir Scand 114:40, 1957. 

Tigani D, Fosco M, Amendola F, Boriani F: Total knee arthroplasty in 
patients with poliomyelitis, Knee 16:501, 2009. 

Yount CC: An operation to improve function in quadriceps paralysis, J Bone 
Joint Surg 20:314, 1938. 

HIP 

Barr JS: Poliomyelitic hip deformity and the erector spinae transplant, JAMA 
144:813, 1950. 

Bjerkreim I: Secondary dysplasia and osteoarthrosis of the hip joint in func- 
tional and in fixed obliquity of the pelvis, Acta Orthop Scand 45:873, 
1974. 

Cabaud HE, Westin GW, Connelly S: Tendon transfers in the paralytic hip, 
J Bone Joint Surg 61 A: 1035, 1979. 

Campbell WC: Transference of the crest of the ilium for flexion contracture 
of the hip, South Med J 166:235, 1912. 

Eberle CF: Pelvic obliquity and the unstable hip after poliomyelitis, J Bone 
Joint Surg 64B:300, 1982. 

Hammesfahr R, Topple S, Yoo K, et al: Abductor paralysis and the rôle of the 
external abdominal oblique transfer, Orthopedics 6:315, 1983. 

Irwin CE: The iliotibial band, its rôle in producing deformity in poliomyelitis, 
/ Bone Joint Surg 31 A: 141, 1949. 

Johnson EW Jr: Contractures of the iliotibial band, Surg Gynecol Obstet 
96:599, 1953. 

Jones GB: Paralytic dislocation of the hip, J Bone Joint Surg 44B:573, 1962. 

Katz DE, Haideri N, Song K, Wyrick P: Comparative study of conventional 
hip-knee-ankle-foot orthosis versus reciprocating-gait orthosis for chil- 
dren with high-level paraparesis, J Pediatr Orthop 17:377, 1997. 


Mustard WT: A follow-up study of iliopsoas transfer for hip instability, J Bone 
Joint Surg 4113:289, 1959. 

Ober FR: An operation for relief of paralysis of the gluteus maximus muscle, 
JAMA 88:1063, 1927. 

Samilson RL, Tsou P, Aamoth G, Green WM: Dislocation and subluxation 
of the hip in cérébral palsy: pathogenesis, natural history and manage¬ 
ment, J Bone Joint Surg 54A:863, 1972. 

Sharrard WJ: Posterior iliopsoas transplantation in the treatment of paralytic 
dislocation of the hip, J Bone Joint Surg 46BA26, 1964. 

Sierra RJ, Schoeniger SR, Millis M, Ganz R: Periacetabular osteotomy for 
containment of the nonarthritis dysplastic hip secondary to poliomyeli¬ 
tis, / Bone Joint Surg 92A:2917, 2010. 

Thomas LI, Thompson TC, Straub LR: Transplantation of the external 
oblique muscle for abductor paralysis, J Bone Joint Surg 32A:207, 1950. 

Yount CC: The rôle of the tensor fasciae femoris in certain deformities of the 
lower extremity, J Bone Joint Surg 8:171, 1926. 

TRUNK 

Axer A: Transposition of gluteus maximus, tensor fasciae latae and iliotibial 
band for paralysis of latéral abdominal muscles in children after polio¬ 
myelitis: a preliminary report, J Bone Joint Surg 40B:644, 1958. 

Clark JMP, Axer A: A muscle-tendon transposition for paralysis of the latéral 
abdominal muscles in poliomyelitis, J Bone Joint Surg 38B:475, 1956. 

Irwin CE: Subtrochanteric osteotomy in poliomyelitis, JAMA 133:231, 
1947. 

Mayer L: The significance of the iliocostal fascial graft in the treatment of 
paralytic deformities of the trunk, J Bone Joint Surg 26:257, 1944. 

Perry J, Nickel VL: Total cervical-spine fusion for neck paralysis, J Bone Joint 
Surg 41A:37, 1959. 

Perry J, Nickel VL, Garrett AL: Capital fascial transplants adjunct to spine 
fusion in flaccid neck paralysis, Clin Orthop Relat Res 24:128, 1962. 

SHOULDER 

Barr JS, Freiberg JA, Colonna PC, Pemberton PA: A survey of end results on 
stabilization of the paralytic shoulder: report of the research committee 
of the American Orthopaedic Association, J Bone Joint Surg 24:699,1942. 

Bateman JE: The shoulder and environs, St. Louis, 1954, Mosby. 

Harmon PH: Anterior transplantation of the posterior deltoid for shoulder 
palsy and dislocation in poliomyelitis, Surg Gynecol Obstet 84:117, 1947. 

Harmon PH: Surgical reconstruction of the paralytic shoulder by multiple 
muscle transplantations, J Bone Joint Surg 32A:583, 1950. 

Makin M: Early arthrodesis for a flail shoulder in young children, J Bone 
Joint Surg 59A:317, 1977. 

Mayer L: The physiological method of tendon transplantation, Surg Gynecol 
Obstet 22:182, 1916. 

Ober FR: Transplantation to improve the function of the shoulder joint and 
extensor function of the elbow joint, Instr Course Lect 2:274, 1944. 

Rowe CR, Leffert RD: Advances in arthrodesis of the shoulder. In Rowe CR, 
editor: The shoulder, New York, 1988, Churchill Livingstone. 

Saha AK: Surgery of the paralyzed and flail shoulder, Acta Orthop Scand 
Suppl 97:5, 1967. 

Steindler A: The reconstruction of upper extremity in spinal and cérébral 
paralysis, Instr Course Lect 6:120, 1949. 

Steindler A: Reconstruction of the poliomyelitic upper extremity, Bull Hosp 
Jt Dis 15:21, 1954. 

Vastamàki M: Pectoralis minor transfer in serratus anterior paralysis, Acta 
Orthop Scand 55:293, 1984. 

ELBOW AND FOREARM 

Anderson GA, Thomas BP, Pallapati SC: Flexor carpi ulnaris tendon transfer 
to the split brachioradialis tendon to restore supination in paralytic fore- 
arms, J Bone Joint Surg 92B:230, 2010. 

Blount WP: Osteoclasis for supination deformities in children, J Bone Joint 
Surg 22:300, 1940. 

Brooks DM, Seddon HJ: Pectoral transplantation for paralysis of the flexors 
of the elbow: a new technique, J Bone Joint Surg 41B:36, 1959. 

Bunnell S: Restoring flexion to the paralytic elbow, J Bone Joint Surg 33A:566, 
1951. 


CHAPTER 34 PARALYTIC DISORDERS 


Carroll RE: Restoration of flexor power to the flail elbow by transplantation 
of the triceps tendon, Surg Gynecol Obstet 95:685, 1952. 

Carroll RE, Gartland JJ: Flexorplasty of the elbow: an évaluation of a method, 
J Bone Joint Surg 35A:706, 1953. 

Carroll RE, Hill NA: Triceps transfer to restore elbow flexion: a study of 
fifteen patients with paralytic lésions and arthrogryposis, J Bone Joint 
Surg 52A:239, 1970. 

Castro-Sierra A, Lopez-Pita A: A new surgical technique to correct triceps 
paralysis, Hand 15:42, 1983. 

Clark JMP: Reconstruction of biceps brachii by pectoral muscle transplanta¬ 
tion, Br J Surg 34:180, 1946. 

duToit GT, Levy SJ: Transposition of latissimus dorsi for paralysis of triceps 
brachii: report of a case, J Bone Joint Surg 49B:135, 1967. 

Dutton RO, Dawson EB: Elbow flexorplasty: an analysis of long-term results, 
J Bone Joint Surg 63A:1064, 1981. 

Green WT, Banks HH: Flexor carpi ulnaris transplant in cérébral palsy, 
/ Bone Joint Surg 44A:1343, 1962. 

Harmon PH: Muscle transplantation for triceps palsy: the technique of utiliz- 
ing the latissimus dorsi, J Bone Joint Surg 31A:409, 1949. 

Hovnanian AP: Latissimus dorsi transplantation for loss of flexion or exten¬ 
sion at the elbow: a preliminary report on technic, Ann Surg 143:493, 
1956. 

Mayer L, Green W: Expériences with the Steindler flexorplasty at the elbow, 
/ Bone Joint Surg 36A:775, 1954. 

Moberg E: Surgical treatment for absent single hand grip and elbow exten¬ 
sion in quadriplegia, J Bone Joint Surg 57A:196, 1975. 

Ober FR, Barr JS: Brachioradialis muscle transposition for triceps weakness, 
Surg Gynecol Obstet 67:105, 1938. 

Owings R, Wickstrom J, Perry J, Nickel VL: Biceps brachii rerouting in treat¬ 
ment of paralytic supination contracture of the forearm, J Bone Joint Surg 
53A:137, 1971. 

Raczka R, Braun R, Waters RL: Posterior deltoid-to-triceps transfer in quad¬ 
riplegia, Clin Orthop Relut Res 187:163, 1984. 

Rolfe KW, Green TA, Lawrence JF: Corrective ostéotomies and osteosynthe- 
sis for supination contracture of the forearm in children, J Pediatr Orthop 
29:406, 2009. 

Samii K: Transplantation of the clavicular head of the pectoralis major for 
paralysis of the elbow flexors, Am Dig Foreign Orthop Lit 61:1970. 

Seddon HJ: Transplantation of pectoralis major for paralysis of the flexors of 
the elbow, Proc R Soc Med 42:837, 1949. 

Segal A, Seddon HJ, Brooks DM: Treatment of paralysis of the flexors of the 
elbow, 7 Bone Joint Surg 41B:44, 1959. 

Spira E: Replacement of biceps brachii by pectoralis minor transplant: report 
of a case, J Bone Joint Surg 39B:126, 1957. 

Steindler A: Muscle and tendon transplantation at the elbow, Instr Course 
Lect 2:276, 1944. 

Zancolli EA: Paralytic supination contracture of the forearm, J Bone Joint 
Surg 49A:1275, 1967. 

Zancolli E, Mitre H: Latissimus dorsi transfer to restore elbow flexion: an 
appraisal of eight cases, J Bone Joint Surg 55A:1265, 1973. 

MYELOMENINGOCELE 

Abraham E, Lubicky JP, Songer MN, Millar EA: Supramalleolar osteotomy 
for ankle valgus in myelomeningocele, J Pediatr Orthop 16:774, 1996. 

Abraham E, Verinder DGR, Sharrard WJW: The treatment of flexion con¬ 
tracture of the knee in myelomeningocele, J Bone Joint Surg 59B:433, 
1977. 

Allen BL, Ferguson RL: The operative treatment of myelomeningocele spinal 
deformity, Orthop Clin North Am 10:845, 1979. 

Altman R, Altman DA: Imaging of spinal dysraphism, Am J Neurol Radiol 
8:533, 1987. 

American Academy of Orthopaedic Surgeons: Symposium on myelomenin¬ 
gocele, St. Louis, 1972, Mosby. 

Aprin H, Kilfoyle RM: Extension contracture of the knees in patients with 
meningomyelocele, Clin Orthop Relat Res 144:260, 1979. 

Archibeck MJ, Smith JT, Carroll KL, et al: Surgical release of tethered spinal 
cord: survivorship analysis and orthopédie outcome, J Pediatr Orthop 
17:773, 1997. 


Asher M, Oison J: Factors affecting the ambulatory status of patients with 
spina bifida cystica, J Bone Joint Surg 65A:350, 1983. 

Banit DM, Iwinski HJ, Talwalkar V, et al: Posterior spinal fusion in paralytic 
scoliosis and myelomeningocele, J Pediatr Orthop 21:117, 2001. 

Banta JV, Becker G: The natural history of scoliosis in myelomeningocele, 
Orthop Trans 10:18, 1986. 

Banta JV, Park SM: Improvement in pulmonary function in patients having 
combined anterior and posterior spine fusion for myelomeningocele sco¬ 
liosis, Spine 8:765, 1983. 

Banta JV, Sutherland DH, Wyatt M: Anterior tibial transfer to the os calcis 
with Achilles tenodesis for calcaneal deformity in myelomeningocele, 
J Pediatr Orthop 1:125, 1981. 

Barden GA, Meyer LC, Stelling FH III: Myelodysplastics: fate of those fol- 
lowed for 20 years or more, J Bone Joint Surg 57A:643, 1975. 

Baxter MP, DAstous JL: Proximal fémoral resection interposition arthro- 
plasty: salvage hip surgery for the severely disabled child with cérébral 
palsy, 7 Pediatr Orthop 6:681, 1986. 

Bazih J, Gross RH: Hip surgery in the lumbar level myelomeningocele 
patient, J Pediatr Orthop 1:405, 1981. 

Beaty JH, Canale ST: Orthopaedic aspects of myelomeningocele, J Bone Joint 
Surg 72A:626, 1990. 

Benton LJ, Salvati EA, Root L: Reconstructive surgery in the myelomenin¬ 
gocele hip, Clin Orthop 110:261, 1975. 

Birch R: Surgery of the knee in children with spina bifida, Dev Med Child 
Neurol 18(Suppl 37):111, 1976. 

Birmingham PK, Dsida RM, Grayhack JJ, et al: Do latex précautions in 
children with myelodysplasia reduce intraoperative allergie reactions?, 
7 Pediatr Orthop 16:799, 1996. 

Bliss HG, Menelaus MB: The results of transfer of the tibialis anterior to the 
heel in patients who hâve a myelomeningocele, J Bone Joint Surg 
68A:1258, 1986. 

Blount WP: Unequal leg length in children, Surg Clin North Am 38:1107, 
1958. 

Brinker MR, Rosenfeld SR, Feiwell E, et al: Myelomeningocele at the sacral 
level, 7 Bone Joint Surg 76A:1293, 1994. 

Brock DJH, Sutcliffe RG: Alpha-fetoprotein in the antenatal diagnosis of 
anencephaly and spina bifida, Lancet 2:197, 1972. 

Brocklehurst G, editor: Spina bifida for the clinician, Philadelphia, 1976, JB 
Lippincott. 

Broughton NS, Brougham DI, Cole WG, Menelaus MB: Reliability of radio- 
logical measurements in the assessment of the child’s hip, J Bone Joint 
Surg 7 1B:6, 1989. 

Broughton NS, Graham G, Menelaus MB: The high incidence of foot defor¬ 
mity in patients with high-level spina bifida, J Bone Joint Surg 76B:548, 
1994. 

Broughton NS, Menelaus MB: General considérations. In Broughton NS, 
Menelaus MB, editors: Menelaus* orthopaedic management of spina bifida, 
ed 3, Philadelphia, 1998, WB Saunders. 

Broughton NS, Menelaus MB, Cole WG, Shurtleff DB: The natural history 
of hip deformity in myelomeningocele, J Bone Joint Surg 75B:760, 1993. 

Bunch WH, Cass AS, Bensman AS, Long DM: Modem management of myelo¬ 
meningocele, St. Louis, 1972, Warren H Green. 

Bunch WH, Hakala MW: Iliopsoas transfers in children with myelomenin¬ 
gocele, 7 Bone Joint Surg 66A:224, 1984. 

Bunch WH, Scarff TB, Dvonch VM: Progressive loss in myelomeningocele 
patients, Orthop Trans 7:185, 1983. 

Burkus JK, Moore DW, Raycroff JF: Valgus deformity of the ankle in myelo- 
dysplastic patients: correction by stapling of the médial part of the distal 
tibial physis, J Bone Joint Surg 65A:1157, 1983. 

Canale G, Scarsi M, Mastragostino S: Hip deformity and dislocation in spina 
bifida, Ital J Orthop Traumatol 18:155, 1992. 

Canale ST, Hammond NL III, Cotler JM, Snedden HE: Pelvic displacement 
osteotomy for chronic hip dislocation in myelodysplasia, J Bone Joint Surg 
57A:177, 1975. 

Carroll NC: The orthotic management of the spina bifida child, Clin Orthop 
Relat Res 102:108, 1974. 

Carroll NC: Assessment and management of the lower extremity in myelo¬ 
dysplasia, Orthop Clin North Am 18:709, 1987. 


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


Carroll NC, Sharrard WJW: Long-term follow-up of posterior iliopsoas 
transplantation for paralytic dislocation of the hip, J Bone Joint Surg 
54A:551, 1972. 

Castle ME, Schneider C: Proximal fémoral resection interposition arthro- 
plasty, J Bone Joint Surg 60A:1051, 1978. 

Charney EB, Melchionni JB, Smith DR: Community ambulation by children 
with myelomeningocele and high-level paralysis, / Pediatr Orthop 11:579, 
1991. 

Correll J, Gabier C: The effect of soft tissue release of the hips on walking in 
myelomeningocele, / Pediatr Orthop 9:148, 2000. 

Crandall RC, Birkebak RC, Winter RB: The rôle of hip location and disloca¬ 
tion in the functional status of the myelodysplastic patient: a review of 
100 patients, Orthopedics 12:675, 1988. 

Crawford AH, Marxen JL, Osterfield DL: The Cincinnati incision: a compré¬ 
hensive approach for surgical procedures of the foot and ankle in child- 
hood, / Bone Joint Surg 64A:1355, 1982. 

Cruess RL, Turner NS: Paralysis of hip abductor muscles in spina bifida: 
results of treatment by the Mustard procedure, J Bone Joint Surg 52 A: 1364, 
1970. 

Curtis BH: The hip in the myelomeningocele child, Clin Orthop Relat Res 
90:11, 1973. 

Curtis BH, Fisher RL: Congénital hyperextension with anterior subluxation 
of the knee: surgical treatment and long-term observations, / Bone Joint 
Surg 51A:255, 1969. 

Cyphers SM, Feiwell E: Review of the Girdlestone-Taylor procedure for claw- 
toes in myelodysplasia, Foot Ankle 8:229, 1988. 

DeSouza LJ, Carroll N: Ambulation of the braced myelomeningocele patient, 
J Bone Joint Surg 58A: 1112, 1976. 

DeWald RL, Faut MM: Anterior and posterior spinal fusion for paralytic 
scoliosis, Spine 4:401, 1979. 

Dias LS: Ankle valgus in children with myelomeningocele, Dev Med Child 
Neurol 20:627, 1981. 

Dias LS: Surgical management of knee contractures in myelomeningocele, 
/ Pediatr Orthop 2:127, 1982. 

Dias LS: Valgus deformity of the ankle joint: pathogenesis of fibular shorten- 
ing, / Pediatr Orthop 5:176, 1985. 

Dias LS, Busch M, Tachdjian MO: Surgical treatment of severe hindfoot 
valgus by médial displacement osteotomy of the os calcis, Orthop Trans 
11:35, 1987. 

Dias LS, Hill JS: Evaluation of treatment of hip for subluxation in myelome¬ 
ningocele by intertrochanteric varus derotation fémoral osteotomy, 
Orthop Clin North Am 11:31, 1980. 

Dias LS, Jasty MJ, Collins P: Rotational deformities of the lower limb in 
myelomeningocele: évaluation and treatment, / Bone Joint Surg 66A:215, 
1984. 

Dias LS, Stern LS: Talectomy in the treatment of résistant talipes equinovarus 
deformity in myelomeningocele and arthrogryposis, / Pediatr Orthop 
7:39, 1987. 

Dormans JP, Templeton J, Schreinder MS, Delfico AJ: Intraoperative latex 
anaphylaxis in children: classification and prophylaxis of patients at risk, 
/ Pediatr Orthop 17:622, 1997. 

Douglas R, Larson PF, DAmbrosia R, McCall RE: The LSU reciprocation— 
joint orthosis, Orthopedics 6:834, 1983. 

Drennan JC, Sharrard WJW: The pathological anatomy of convex pes valgus, 
/ Bone Joint Surg 53B:455, 1971. 

Drennan JC, Banta JV, Bunch WH, Lindseth RE: Symposium: current concepts 
in the management of myelomeningocele, Contemp Orthop 19:63, 1989. 

Drummond DF, Moreau M, Cruess RL: The results and complications of 
surgery for the paralytic hip and spine in myelomeningocele, / Bone Joint 
Surg 62B:49, 1980. 

Dunteman RC, Vankoski SJ, Dias LS: Internai derotation osteotomy of the 
tibia: pre- and postoperative gait analysis in persons with high sacral 
myelomeningocele, / Pediatr Orthop 20:623, 2000. 

Dwyer AF, Newton NC, Sherwood AA: An anterior approach to scoliosis: a 
preliminary report, Clin Orthop Relat Res 62:192, 1969. 

Evans D: Calcaneovalgus deformity, / Bone Joint Surg 57B:270, 1975. 

Fabry G, Molenaers G, Desloovere K, Eyssen M: Gait analysis in myelome¬ 
ningocele: possibilities and applications, / Pediatr Orthop 9:170, 2000. 


Feiwell E: Surgery of the hip in myelomeningocele as related to adult goals, 
Clin Orthop Relat Res 148:87, 1980. 

Feiwell E: Sélection of appropriate treatment for patients with myelomenin¬ 
gocele, Orthop Clin North Am 12:101, 1981. 

Flandry F, Burke S, Roberts JM, et al: Functional ambulation in myelodys¬ 
plasia: the effect of orthotic sélection on physical and physiologie perfor¬ 
mance, / Pediatr Orthop 6:661, 1986. 

Flynn JM, Herrera-Soto JA, Ramirez NF, et al: Clubfoot release in myelodys¬ 
plasia, / Pediatr Orthop 13B:259, 2004. 

Fraser RK, Hoffman EB: Calcaneus deformity in the ambulant patient with 
myelomeningocele, / Bone Joint Surg 73B:994, 1991. 

Fraser RK, Hoffman EB, Sparks LT, Buccimazza SS: The unstable hip and 
mid-lumbar myelomeningocele, / Bone Joint Surg 74B:143, 1992. 

Freehafer AA, Vessely JC, Mack RP: Iliopsoas muscle transfer in the treat¬ 
ment of myelomeningocele patients with paralytic hip deformities, / Bone 
Joint Surg 54A:1715, 1972. 

Gabrieli APT, Vankoski SJ, Dias LS, et al: Gait analysis in low lumbar myelo¬ 
meningocele patients with unilatéral hip dislocation or subluxation, 
/ Pediatr Orthop 23:330, 2003. 

Gallien R, Morin F, Marquis F: Subtalar arthrodesis in children, / Pediatr 
Orthop 9:59, 1989. 

Georgiadis GM, Aronson DD: Posterior transfer of the anterior tibial tendon 
in children who hâve a myelomeningocele, / Bone Joint Surg 72A:392, 
1990. 

Gross PM, Lyne D: The Grice procedures: indications and évaluation of long- 
term results, Clin Orthop Relat Res 153:194, 1980. 

Guidera KJ, Smith S, Raney E, et al: Use of the reciprocating gait orthosis in 
myelodysplasia, / Pediatr Orthop 13:341, 1993. 

Günther KP, Nelitz M, Parsch K, Pulh W: Allergie reactions to latex in 
myelodysplasia: a review of the literature, / Pediatr Orthop 9:180, 2000. 

Hall JE, Poitras B: The management of kyphosis in patients with myelome¬ 
ningocele, Clin Orthop Relat Res 128:33, 1977. 

Hall PV, Lindseth RE, Campbell RC, Kalsbeck JE: Myelodysplasia and devel- 
opmental scoliosis: a manifestation of syringomyelia, Spine 1:48, 1976. 

Harris MB, Banta JV: Cost of skin care in the myelomeningocele population, 
/ Pediatr Orthop 10:355, 1990. 

Hay MC, Walker G: Plantar pressures in healthy children and in children 
with myelomeningocele, / Bone Joint Surg 55B:828, 1973. 

Hedemann JS, Gillespie R: Management of myelomeningocele kyphosis in 
the older child by kyphectomy and segmentai spinal instrumentation, 
Spine 12:37, 1987. 

Herman JM, McLone DG, Storrs BB, et al: Analysis of 153 patients with 
myelomeningocele or spinal lipoma reoperated upon for a tethered cord, 
Pediatr Neurosurg 19:243, 1993. 

Hoffer M, Feiwell E, Perry R, et al: Functional ambulation in patients with 
myelomeningocele, / Bone Joint Surg 55A:137, 1973. 

Hull WJ, Moe JN, Winter RB: Spinal deformity in myelomeningocele: natural 
history, évaluation, and treatment, / Bone Joint Surg 56A:1767, 1974. 

Jackson RD, Padgett TS, Donovan MM: Posterior iliopsoas transfer in myelo¬ 
dysplasia, / Bone Joint Surg 61A:40, 1979. 

Jones R: Certain operative procedures in the paralysis of children, with 
spécial reference to poliomyelitis, BMJ 2:1520, 1911. 

Kumar SJ, Cowell HR, Townsend P: Physeal, metaphyseal, and diaphyseal 
injuries of the lower extremities in children with myelomeningocele, 
/ Pediatr Orthop 4:25, 1984. 

Lee EH, Carroll NC: Hip stability and ambulatory status in myelomeningo¬ 
cele, / Pediatr Orthop 5:522, 1985. 

Levitt RL, Canale ST, Gartland JJ: Surgical correction of foot deformity in 
the older patient with myelomeningocele, Orthop Clin North Am 5:19, 
1974. 

Lichtblau S: Médial and latéral release operation for clubfoot: preliminary 
report, / Bone Joint Surg 55A:1377, 1973. 

Lim R, Dias L, Vankoski S, et al: Valgus knee stress in lumbosacral myelo¬ 
meningocele: a gait-analysis évaluation, / Pediatr Orthop 18:428, 1998. 

Lindseth RE: Treatment of the lower extremity in children paralyzed by 
meningocele (birth to 18 months), Instr Course Lect 25:76, 1976. 

Lindseth RE: Posterior iliac osteotomy for fixed pelvic obliquity, / Bone Joint 
Surg 60A:17, 1978. 


CHAPTER 34 PARALYTIC DISORDERS 


Lindseth RE, Seltzer L: Vertébral excision for kyphosis in children with 
myelomeningocele, / Bone Joint Surg 61A:699, 1979. 

Lock TR, Aronson DD: Fractures in patients who hâve myelomeningocele, 
J Bone Joint Surg 7 1A:1153, 1989. 

London JT, Nichols O: Paralytic dislocation of the hip in myelodysplasia: the 
rôle of the adductor transfer, / Bone Joint Surg 57A:501, 1975. 

Lonstein JE, Bradford DS, Winter RB: Moes textbook of scoliosis and other 
spinal deformities, ed 3, Philadelphia, 1994, WB Saunders. 

Lorber J: Results of treatment of myelomeningocele: an analysis of 270 con¬ 
secutive cases with criteria for sélection for the future, Arch Dis Child 
47:854, 1972. 

Lorber J: Sélective treatment of myelomeningocele: to treat or not to treat?, 
Pediatrics 53:307, 1974. 

Lorber J: Some paediatric aspects of myelomeningocele, Acta Orthop Scand 
46:350, 1975. 

Lorber J, Stewart CR, Ward AM: Alpha-fetoprotein in antenatal diagnosis of 
anencephaly and spina bifida, Lancet 1:1187, 1973. 

Makin M: Tibio-fibular relationship in paralysed limbs, / Bone Joint Surg 
47B:500, 1965. 

Malhotra D, Puri R, Owen R: Valgus deformity of the ankle in children with 
spina bifida aperta, / Bone Joint Surg 66B:381, 1984. 

Mannor DA, Weinstein SL, Dietz FR: Long-term follow-up of Chiari pelvic 
osteotomy in myelomeningocele, / Pediatr Orthop 16:769, 1996. 

Marshall PD, Broughton NS, Menelaus MB, Graham HK: Surgical release of 
knee flexion contractures in myelomeningocele, J Bone Joint Surg 
78B:912, 1996. 

Mayer L: Further studies of fixed pelvic obliquity, / Bone Joint Surg 18:27, 
1936. 

Maynard MJ, Weiner LS, Burke SW: Neuropathie foot ulcération in patients 
with myelodysplasia, / Pediatr Orthop 12:786, 1992. 

Mazur J, Menelaus MB, Dickens DRV, Doig WG: Efficacy of surgical manage¬ 
ment for scoliosis in myelomeningocele: correction of deformity and 
alteration of functional status, / Pediatr Orthop 6:568, 1986. 

Mazur JM, Menelaus MB, Hudson I, Stillwell A: Hand function in patients 
with spina bifida cystica, / Pediatr Orthop 6:442, 1986. 

Mazur JM, ShurtlefF D, Menelaus MB, et al: Orthopaedic management of 
high-level spina bifida: early walking compared with early use of a wheel- 
chair, J Bone Joint Surg 71A:56, 1989. 

Mazur JM, Stillwell A, Menelaus M: The significance of spasticity in the 
upper and lower limbs in myelomeningocele, / Bone Joint Surg 68B:213, 

1986. 

McCall RE, Schmidt WT: Clinical expérience with the reciprocal gait ortho¬ 
sis in myelodysplasia, / Pediatr Orthop 6:157, 1986. 

McKay DW: McKay hip stabilization in myelomeningocele, Orthop Trans 
1:87, 1977. 

McLaughlin TP, Banta JV, Gahm NH, Raycroff JF: Intraspinal rhizotomy and 
distal cordectomy in patients with myelomeningocele, / Bone Joint Surg 
68:88, 1986. 

McMaster MJ: Anterior and posterior instrumentation and fusion of thora- 
columbar scoliosis due to myelomeningocele, / Bone Joint Surg 69B:20, 

1987. 

McMaster MJ: The long-term results of kyphectomy and spinal stabilization 
in children with myelomeningocele, Spine 13:417, 1988. 

Menelaus MB: Talectomy for equinovarus deformity in arthrogryposis and 
spina bifida, J Bone Joint Surg 53B:468, 1971. 

Menelaus MB: The orthopaedic management of spina bifida cystica, ed 2, 
Edinburgh, 1980, Churchill Livingstone. 

Menelaus MB: Progress in the management of the paralytic hip in myelome¬ 
ningocele, Orthop Clin North Am 11:17, 1980. 

Menelaus MB, Broughton NS: Letter to the, / Bone Joint Surg 7 9A:1750,1997. 

Menelaus MB: General principles in orthopaedic management. In Broughton 
NS, Menelaus MB, editors: The orthopaedic management of spina bifida 
cystica, ed 3, Philadelphia, 1998, WB Saunders. 

Menelaus MB: The knee. In Broughton NS, Menelaus MB, editors: The ortho¬ 
paedic management of spina bifida cystica, ed 3, Philadelphia, 1998, WB 
Saunders. 

Moe JH, Winter RB, Bradford DS, Lonstein JE: Scoliosis and other spinal 
deformities, Philadelphia, 1978, WB Saunders. 


Molloy MK: The unstable paralytic hip: treatment by combined pelvic and 
fémoral osteotomy and transiliac psoas transfer, / Pediatr Orthop 6:533, 
1986. 

Mustard WT: Iliopsoas transfer for weakness of the hip abductors, / Bone 
Joint Surg 34A:647, 1952. 

Nicol RO, Menelaus MB: Correction of combined tibial torsion and valgus 
deformity of the foot, / Bone Joint Surg 65B:641, 1983. 

Olney BW, Menelaus MB: Triple arthrodesis of the foot in spina bifida 
patients, / Bone Joint Surg 70B:234, 1988. 

O’Phelan EH: Iliac osteotomy in exstrophy of the bladder, / Bone Joint Surg 
45A:409, 1963. 

Osebold WR: Stability of myelomeningocele spines treated with the Mayfield 
two-stage anterior and posterior fusion technique, Spine 25:1344, 
2000. 

Osebold WR, Mayfield JK, Winter RB, Moe JM: Surgical treatment of para¬ 
lytic scoliosis associated with myelomeningocele, / Bone Joint Surg 
64A:841, 1982. 

Ounpuu S, Thomson JD, Davis RB, DeLuca PA: An examination of the knee 
function during gait in children with myelomeningocele, / Pediatr 
Orthop 20:629, 2000. 

Paulos L, Coleman SS, Samuelson KM: Pes cavovarus, J Bone Joint Surg 
62A:942, 1980. 

Phillips DL, Field RE, Broughton NS, Menelaus MB: Reciprocating orthosis 
for children with myelomeningocele: a comparison of two types, / Bone 
Joint Surg 77BA10, 1995. 

Phillips DP, Lindseth RE: Ambulation after transfer of adductors, external 
oblique, and tensor fasciae latae in myelomeningocele, / Pediatr Orthop 
12:712, 1992. 

Pierz K, Banta J, Thomson J, et al: The effect of tethered cord release on 
scoliosis in myelomeningocele, / Pediatr Orthop 20:362, 2000. 

Piggott H: The natural history of scoliosis in myelodysplasia, / Bone Joint 
Surg 62B:54, 1980. 

Raycroff JF: Abduction splinting of the hip joints in myelodysplastic infants, 
/ Pediatr Orthop 7:686, 1987. 

Raycroff JF, Curtis BH: Spinal curvature in myelomeningocele. In American 
Academy of Orthopaedic Surgeons: Symposium on myelomeningocele, 
St. Louis, 1972, Mosby. 

Raycroff TF: Posterior iliopsoas transfer—long term results in patients 
treated at Newington Childrens Hospital, Orthop Trans 11:454, 1987. 

Roberts JA, Bennet GC, MacKenzie JR: Physeal widening in children with 
myelomeningocele, / Bone Joint Surg 71B:30, 1989. 

Robinson JM, Hewson JE, Parker PM: The walking ability of fourteen- to 
seventeen-year-old teenagers with spina bifida: a physiotherapy study, 
Z Kinderchir 31:421, 1980. 

Rose GK, Sankarankutt M, Stallard J: A clinical review of the orthotic treat¬ 
ment of myelomeningocele patients, / Bone Joint Surg 65B:242, 1983. 

Rose J, Gamble JG, Lee J, et al: The energy expenditure index: a method to 
quantitate and compare walking energy expenditures for children and 
adolescents, / Pediatr Orthop 11:571, 1991. 

Ross PM, Lyne D: The Grice procedure: indications and évaluation of long- 
term results, Clin Orthop 153:195, 1980. 

Roy DR, Crawford AH: Idiopathic chondrolysis of hip: management by 
subtotal capsulectomy and aggressive réhabilitation, / Pediatr Orthop 
8:203, 1988. 

Roye DP Jr, Morden ML, Madsen N: Treatment of the hip in myelomeningo¬ 
cele: a review of 200 patients. Paper presented at the annual meeting of 
the Pédiatrie Orthopaedic Society of North America, Toronto, May 1987. 

Samuelsson L, Eklôf O: Scoliosis in myelomeningocele, Acta Orthop Scand 
59:122, 1988. 

Samuelsson L, Eklôf O: Hip instability in myelomeningocele: 158 patients 
followed for 15 years, Acta Orthop Scand 61:3, 1990. 

Samuelsson L, Skoog M: Ambulation in patients with myelomeningocele: a 
multivariate statistical analysis, / Pediatr Orthop 8:569, 1988. 

Sanda JPS, Skinner SR, Banto PS: Posterior transfer of tibialis anterior in low 
level myelodysplasia, Dev Med Child Neurol 26:100, 1984. 

Sandhu PS, Broughton NS, Menelaus MB: Tenotomy of the ligamentum 
patellae in spina bifida: Management of limited flexion range at the knee, 
J Bone Joint Surg 77B:832, 1995. 


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


Sarwark JF, Weber DT, Gabrieli AP, et al: Tethered cord syndrome in low 
motor level children with myelomeningocele, Pediatr Neurosurg 25:295, 
1996. 

Schafer MF, Dias LS: Myelomeningocele: orthopaedic treatment , Baltimore, 
1983, Williams & Wilkins. 

Schopler SA, Menelaus MB: Significance of the strength of the quadriceps 
muscles in children with myelomeningocele, J Pediatr Orthop 7:507, 
1987. 

SchurtlefF DB, Menelaus MB, Staheli LT, et al: Natural history of flexion 
deformity of the hip in myelodysplasia, J Pediatr Orthop 6:666, 1986. 

Segal LS, Mann DC, Feiwell E, Hoffer MM: Equinovarus deformity in arthro- 
gryposis and myelomeningocele: évaluation of primary talectomy, Foot 
Ankle 10:12, 1989. 

Seller MJ, Nevin NC: Periconceptional vitamin supplémentation and the 
prévention of neural tube defects in south-east England and Northern 
Ireland, J Med Genet 21:325, 1984. 

Sharrard WJW: Posterior iliopsoas transplantation in the treatment of para- 
lytic dislocation of the hip, J Bone Joint Surg 46B:426, 1964. 

Sharrard WJW: Paralytic deformity in the lower limb, J Bone Joint Surg 
49B:731, 1967. 

Sharrard WJW: Long-term follow-up of posterior iliopsoas transplantation 
in the treatment of paralytic dislocation of the hip, J Bone Joint Surg 
52B:779, 1970. 

Sharrard WJW, Drennan JC: Osteotomy-excision of the spine for lumbar 
kyphosis in older children with myelomeningocele, J Bone Joint Surg 
54B:50, 1972. 

Sharrard WJW, Grosfield I: The management of deformity and paralysis of 
the foot in myelomeningocele, J Bone Joint Surg 50B:456, 1968. 

Sharrard WJW, Webb J: Supra-malleolar wedge osteotomy of the tibia in 
children with myelomeningocele, J Bone Joint Surg 56B:458, 1974. 

Sharrard WJW, Zachary RB, Lorber J: Survival and paralysis in open myelo¬ 
meningocele with spécial reference to the time of repair of the spinal 
lésion, Dev Med Child Neurol 9:35, 1967. 

Sherk HH, Amos MD: Talectomy in the treatment of the myelomeningocele 
patient, Clin Orthop Relat Res 110:218, 1975. 

Sherk HH, Marchinski LJ, Clancy M, Melchonni J: Ground reaction forces 
on the plantar surface of the foot after talectomy in the myelomeningo¬ 
cele, J Pediatr Orthop 9:269, 1989. 

Sherk HH, Melchionne J, Smith R: The natural history of hip dislocation in 
ambulatory myelomeningoceles, Z Kinderchir 42:48, 1987. 

Shurtleff DB, Goiney R, Gordon LH, Livermore N: Myelodysplasia: the 
natural history of kyphosis and scoliosis: a preliminary report, Dev Med 
Child Neurol 18(Suppl 37): 126, 1976. 

Shurtleff DB, Menelaus MB, Staheli LT, et al: Natural history of flexion defor¬ 
mity of the hip in myelodysplasia, J Pediatr Orthop 6:666, 1986. 

Smyth BT, Piggot J, Forsythe WI, Merrett JD: A controlled trial of immédiate 
and delayed closure of myelomeningocele, J Bone Joint Surg 56B:297,1974. 

Sponseller PD, Young AT, Sarwark JF, Lim R: Anterior only fusion for scolio¬ 
sis in patients with myelomeningocele, Clin Orthop Relat Res 364:117, 
1999. 

Stella G, Ascani E, Cervellati S, et al: Surgical treatment of scoliosis associ- 
ated with myelomeningocele, Fur J Pediatr Surg 8:22, 1998. 

Stevens PM: Relative hypoplasia of fibula and associated ankle valgus, 
J Pediatr Orthop 7:605, 1987. 

Stevens PM: Effect of ankle valgus on radiographie appearance of the hind- 
foot, J Pediatr Orthop 8:184, 1988. 

Stevens PM, Toomey E: Fibular-Achilles tenodesis for paralytic ankle valgus, 
J Pediatr Orthop 8:169, 1988. 

Stillwell A, Menelaus M: Walking ability in mature patients with spina bifida, 
J Pediatr Orthop 3:184, 1983. 

Stillwell A, Menelaus M: Walking ability after transplantation of the iliopsoas, 
/ Bone Joint Surg 66B:656, 1984. 

Swank SM, et al: Spina bifida: a review of 10 years’ expérience with 198 chil¬ 
dren. Paper presented at the American Academy of Cérébral Palsy and 
Developmental Medicine, Toronto, Oct 1987. 

Taylor LJ: Excision of the proximal end of the fémur for hip stiffness in 
myelomeningocele, J Bone Joint Surg 68B:75, 1986. 

Thomas LI, Thompson TC, Straub LR: Transplantation of the external 
oblique muscle for abductor paralysis, J Bone Joint Surg 32A:207, 1950. 


Thomas SS, Buckon CE, Melchionni J, et al: Longitudinal assessment of 
oxygen cost and velocity in children with myelomeningocele: compari- 
son of the hip-knee-ankle-foot orthosis and the reciprocating gait ortho¬ 
sis, J Pediatr Orthop 21:798, 2001. 

Thomsen M, Lang RD, Carstens C: Results of kyphectomy with the technique 
of Warner and Fackler in children with myelodysplasia, J Pediatr Orthop 
9:143, 2000. 

Torosian CM, Dias LS: Surgical treatment of severe hindfoot valgus by 
médial displacement osteotomy of the os calcis in children with myelo¬ 
meningocele, / Pediatr Orthop 20:226, 2000. 

Tosi LL, Buck BD, Nason SS, McKay DW: Dislocation of the hip in myelo¬ 
meningocele, 7 Bone Joint Surg 78A:664, 1996. 

Tosi LL, Slater JE, Shaer C, Mostello LA: Latex allergy in spina bifida patients: 
prevalence and surgical implications, J Pediatr Orthop 13:709, 1993. 

Trieshmann H, Millis M, Hall J, Watts H: Sliding calcaneal osteotomy for 
treatment of hindfoot deformity, Orthop Trans 4:305, 1980. 

Trumble T, Banta JV, Raycroff JF, Curtis BH: Talectomy for equinovarus 
deformity in myelodysplasia, J Bone Joint Surg 67A:21, 1985. 

Vankoski SJ, Michaud S, Dias L: External tibial torsion and the effectiveness 
of the solid ankle-foot orthoses, J Pediatr Orthop 20:349, 2000. 

Vogel LC, Schrader T, Lubicky JP: Latex allergy in children and adolescents 
with spinal cord injuries, J Pediatr Orthop 15:517, 1995. 

Walker G: The early management of varus feet in myelomeningocele, J Bone 
Joint Surg 53B:462, 1971. 

Weisl H, Fairclough JA, Jones DG: Stabilisation of the hip in myelomenin¬ 
gocele: comparison of posterior iliopsoas transfer and varus-rotation 
osteotomy, J Bone Joint Surg 70B:29, 1988. 

Westin GW, Défloré RJ: Tenodesis of the tendo-Achilles to the fibula for a 
paralytic calcaneus deformity, J Bone Joint Surg 56A:1541, 1975. 

Williams JJ, Graham GP, Dunne KB, Menelaus MB: Late knee problems in 
myelomeningocele, J Pediatr Orthop 13:701, 1993. 

Winter RB, Carlson JM: Modem orthotics for spinal deformities, Clin Orthop 
Relat Res 126:74, 1977. 

Wissinger LA, Turner T, Donaldson WF: Posterior iliopsoas transfer: a treat¬ 
ment for some myelodysplastic hips, Orthopedics 3:865, 1980. 

Wright JG, Menelaus MB, Broughton NS, ShurtleffD: Natural history of knee 
contractures in myelomeningocele, J Pediatr Orthop 11:725, 1991. 

Wright JG, Menelaus MB, Broughton NS, ShurtleffD: Lower extremity align- 
ment in children with spina bifida, J Pediatr Orthop 12:232, 1992. 

Yates JR, Ferguson-Smith MA, Shenkin A, et al: Is disordered folate metabo- 
lism the basis for the genetic prédisposition to neural tube defects?, Clin 
Genet 31:279, 1987. 

Yngve DA, Douglas R, Roberts JM: The reciprocating gait orthosis in myelo¬ 
meningocele, 7 Pediatr Orthop 4:304, 1984. 

Yngve DA, Lindseth RE: Effectiveness of muscle transfers in myelomeningo¬ 
cele hips measured by radiographie indices, J Pediatr Orthop 2:121,1982. 

Yount CC: The rôle of the tensor fasciae femoris in certain deformities of the 
lower extremities, J Bone Joint Surg 8:171, 1926. 

ARTHROGRYPOSIS MULTIPLEX CONGENITA 

Akazawa H, Oda K, Mitani S, et al: Surgical management of hip dislocation 
in children with arthrogryposis multiplex congenita, J Bone Joint Surg 
80B:636, 1998. 

Atkins RM, Bell MJ, Sharrard WJ: Arthrogryposis: pectoralis major transfer 
for paralysis of elbow flexion in children, J Bone Joint Surg 67B:640,1985. 

Axt MW, Niethard FU, Dôderlein L, Weber M: Principles of treatment of the 
upper extremity in arthrogryposis multiplex congenita type I, J Pediatr 
Orthop 6:179, 1997. 

Banker BQ: Neuropathologic aspects of arthrogryposis multiplex congenita, 
Clin Orthop Relat Res 194:30, 1985. 

Bayne LG: Hand assessment and management in arthrogryposis multiplex 
congenita, Clin Orthop Relat Res 194:68, 1985. 

Bernstein RM: Arthrogryposis and amyoplasia, J Am Acad Orthop Surg 
10:417, 2002. 

Brown LM, Robson MJ, Sharrard WJW: The pathophysiology of arthrogry¬ 
posis multiplex congenita neurologica, J Bone Joint Surg 62B:291, 1980. 

Carlson WO, Speck GJ, Vicari V, Wenger DR: Arthrogryposis multiplex 
congenita: a long-term follow-up study, Clin Orthop Relat Res 194:115, 
1985. 


CHAPTER 34 PARALYTIC DISORDERS 


Cassis N, Capdevila R: Talectomy for clubfoot in arthrogryposis, J Pediatr 
Orthop 20:652, 2000. 

Choi IH, Yang MS, Chung CY, et al: The treatment of récurrent arthrogry- 
potic clubfoot in children by the Ilizarov method: a preliminary report, 
/ Bone Joint Surg 83B:731, 2001. 

DelBello DA, Watts HG: Distal fémoral extension osteotomy for knee flexion 
contracture in patients with arthrogryposis, J Pediatr Orthop 16:122, 
1996. 

Diamond LS, Alegado R: Périnatal fractures in arthrogryposis multiplex 
congenita, J Pediatr Orthop 1:189, 1981. 

Drummond DS, Cruess RL: The management of the foot and ankle in arthro¬ 
gryposis multiplex congenita, J Bone Joint Surg 60B:96, 1978. 

D’Souza H, Aroojis A, Chawara GS: Talectomy in arthrogryposis: analysis of 
results, J Pediatr Orthop 18:760, 1998. 

Ezaki M: Treatment of the upper limb in the child with arthrogryposis, Hand 
Clin 16:703, 2000. 

Fairbank HAT: Birth palsy: subluxation of the shoulder-joint in infants and 
young children, Lancet 1:1217, 1913. 

Fedrizzi E, Botteon G, Inverno M, et al: Neurogenic arthrogryposis multiplex 
congenita: clinical and MRI findings, Pediatr Neurol 9:343, 1993. 

Friedlander HL, Westin GW, Wood WL Jr: Arthrogryposis multiplex con¬ 
genita, / Bone Joint Surg 50A:89, 1968. 

Green ADL, Fixsen JA, Lloyd-Roberts GC: Talectomy for arthrogryposis 
multiplex congenita, J Bone Joint Surg 66B:697, 1984. 

Green WT, Tachdjian MO: Correction of residual deformities of the shoulder 
in obstétrical palsy, J Bone Joint Surg 45A:1544, 1963. 

Gross RH: The rôle of the Verebelyi-Ogston procedure in the management 
of the arthrogrypotic foot, Clin Orthop Relat Res 194:99, 1985. 

Guidera KJ, Drennan JC: Foot and ankle deformities in arthrogryposis mul¬ 
tiplex congenita, Clin Orthop Relat Res 194:93, 1985. 

Guidera KJ, Kortright L, Barber V, Ogden JA: Radiographie changes in 
arthrogrypotic knees, Skel Radiol 20:193, 1991. 

Hahn G: Arthrogryposis: pédiatrie review and habilitative aspects, Clin 
Orthop Relat Res 194:104, 1985. 

Hall JG: Genetic aspects of arthrogryposis multiplex congenita, Clin Orthop 
Relat Res 194:44, 1985. 

Herring JA: Arthrogryposis (arthrogryposis multiplex congenita). In Herring 
JA, editor: Tachdjians pédiatrie orthopaedics, ed 3, Philadelphia, 2002, 
Saunders, p 1648, 1657-1658, 2002. 

Herron LD, Westin GW, Dawson EG: Scoliosis in arthrogryposis multiplex 
congenita, J Bone Joint Surg 60A:293, 1978. 

Hoffer MM, Swank S, Eastman F, et al: Ambulation in severe arthrogryposis, 
7 Pediatr Orthop 3:293, 1983. 

Hsu LCS, Jaffray D, Leong JCY: Talectomy for clubfoot in arthrogryposis, 
7 Bone Joint Surg 66B:694, 1984. 

Huurman WW, Jacobsen ST: The hip in arthrogryposis multiplex congenita, 
Clin Orthop Relat Res 194:81, 1985. 

Kopits S: Orthopaedic management. In Freeman J, editor: Practical manage¬ 
ment of meningomyelocele, Baltimore, 1974, University Park Press. 

Kucukkaya M, Kabukcuoglu Y, Kuzgun U: Management of the neuromus- 
cular foot deformities with the Ilizarov method, Foot Ankle Int 23:135, 
2002. 

L’Episcopo JB: Tendon transplantation in obstétrical paralysis, Am J Surg 
25:122, 1934. 

Letts M, Davidson D: The rôle of bilateral talectomy in the management of 
bilateral rigid clubfeet, Am J Orthop 28:106, 1999. 

Lubicky JP, Altiok H: Régional fasciocutaneous flap closure for clubfoot 
surgery, J Pediatr Orthop 21:50, 2001. 

Mennen U: Early corrective surgery of the wrist and elbow in arthrogryposis 
multiplex congenita, J Hand Surg 18B:304, 1993. 

Murray C, Fixsen JA: Management of knee deformity in classical arthrogry¬ 
posis multiplex congénital (amyoplasia congénital), J Pediatr Orthop 
6:186, 1997. 

Nicomedez FPI, Li YH, Leong JCY: Tibiocalcaneal fusion after talectomy in 
arthrogrypotic patients, J Pediatr Orthop 23:654, 2003. 

Noonan KJ, Didelot WP, Lindseth RE: Care of the pédiatrie foot in myelo- 
dysplasia, Foot Ankle Clin 5:281, 2000. 

Ogston A: A new principle of curing club-foot in severe cases in children a 
fewyears old, BMJ 1:1524, 1902. 


Palmer PM, MacEwan GD, Bowen JR, Mathews PA: Passive motion for 
infants with arthrogryposis, Clin Orthop Relat Res 194:54, 1985. 

Sarwark JF, MacEwen GD, Scott CI: Amyoplasia: a common form of arthro¬ 
gryposis, 7 Bone Joint Surg 72A:465, 1990. 

Sever JW: The results of a new operation for obstétrical paralysis, Am J 
Orthop Surg 16:248, 1918. 

Shapiro F, Specht L: The diagnosis and orthopaedic treatment of childhood 
spinal muscular atrophy, peripheral neuropathy, Friedreich ataxia, and 
arthrogryposis, J Bone Joint Surg 75A:1699, 1993. 

Smith DW, Drennan JC: Arthrogryposis wrist deformities: results of infantile 
serial casting, J Pediatr Orthop 22:44, 2002. 

Sodergard J, Ryôppy S: The knee in arthrogryposis multiplex congenita, 
7 Pediatr Orthop 10:177, 1990. 

Sodergard J, Ryôppy S: Foot deformities in arthrogryposis multiplex con¬ 
genita, 7 Pediatr Orthop 14:768, 1994. 

Solund K, Sonne-Holm S, Kjolbye JE: Talectomy for equinovarus deformity 
in arthrogryposis: a 13- (2-20) year review of 17 feet, Acta Orthop Scand 
62:372, 1991. 

Staheli LT, Chew DE, Elliott JS, et al: Management of hip dislocations in 
children with arthrogryposis, J Pediatr Orthop 7:681, 1987. 

St Clair HS, Zimbler S: A plan of management and treatment results in the 
arthrogrypotic hip, Clin Orthop Relat Res 194:74, 1985. 

Swinyard CA, Bleck EE: The etiology of arthrogryposis (multiple congénital 
contracture), Clin Orthop Relat Res 194:15, 1985. 

Szôke G, Staheli LT, Jaffe K, et al: Medial-approach open réduction 
dislocation in amyoplasia-type arthrogryposis, J Pediatr Orthop 16:127, 
1996. 

Thomas B, Schopler S, Wood W, Oppenheim WL: The knee in arthrogrypo¬ 
sis, Clin Orthop Relat Res 194:87, 1985. 

Thompson GH, Bilenker RM: Comprehensive management of arthrogrypo¬ 
sis multiplex congenita, Clin Orthop Relat Res 194:6, 1985. 

Verebelyi L: Angeborner Klupfuss, dirch subperiostales evidement des talus 
geheilt, Pester Med Chir Presse 14:224, 1877. 

Wenner SM, Saperia BS: Proximal row carpectomy in arthrogrypotic wrist 
deformity, J Hand Surg 12A:523, 1987. 

Williams PF: The management of arthrogryposis, Orthop Clin North Am 
6:967, 1978. 

Williams PF: Management of upper limb problems in arthrogryposis, Clin 
Orthop Relat Res 194:60, 1985. 

Williams PF: Personal communication , 1985. 

Wynne-Davies RW, Williams PF, O’Connor JBF: The 1960’s épidémie of 
arthrogryposis multiplex congenita, J Bone Joint Surg 63B:76, 1981. 

Yingsakmongkol W, Kumar SJ: Scoliosis in arthrogryposis multiplex con¬ 
génital: results after nonsurgical and surgical treatment, J Pediatr Orthop 
20:656, 2000. 

BRACHIAL PLEXUS 

Allende CA, Gilbert A: Forearm supination deformity after obstetric paraly¬ 
sis, Clin Orthop Relat Res 426:206, 2004. 

Al-Qattan MM: Latissimus dorsi transfer for external rotation weakness of 
the shoulder in obstetric brachial plexus palsy, J Hand Surg 28B:487, 
2003. 

Al Zahrani S: Modified rotational osteotomy of the humérus for Erbs palsy, 
Int Orthop 17:202, 1993. 

Bae DS, Walter PM, Zurakowski D: Reliability of three classification Systems 
measuring active motion in brachial plexus birth palsy, J Bone Joint Surg 
85AT733, 2003. 

Bahm J, Gilbert A: Surgical correction of supination deformity in children 
with obstetric brachial plexus palsy, J Hand Surg 27B:20, 2002. 

Boome RS, Kaye JC: Obstetric traction injuries of the brachial plexus: natural 
history, indications for surgical repair and results, J Bone Joint Surg 
70B:571, 1988. 

Bora FW Jr, editor: The pédiatrie upper extremity: prognosis and management , 
Philadelphia, 1986, WB Saunders. 

Brown KLB: Review of obstétrical palsies: nonoperative treatment, Clin Plast 
Surg 11:181, 1984. 

Bunnell S: Tendon transfers in the hand and forearm, Instr Course Lect 6:106, 
1949. 

Bunnell S: Surgery ofthe hand, ed 3, Philadelphia, 1956, JB Lippincott. 


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


Buschmann WR, Sager G: Orthopaedic considérations in obstetric brachial 
plexus palsy, Orthop Rev 16:290, 1987. 

Carlioz H, Brahimi L: La place de la désinsertion interne du sous-scapulaire 
dans le traitement de la paralysie obstétricale du membre supérieur chez 
l’enfant, Ann Chir Infant 12:159, 1986. 

Chuang DCC, Hattori Y, Ma HS, Chen HC: The reconstructive strategy for 
improving elbow function in late obstetric brachial plexus palsy, Plast 
Reconstr Surg 109:116, 2002. 

Chuang DCC, Ma HS, Borud LJ, Chen HC: Surgical strategy for improving 
forearm and hand function in late obstetric brachial plexus palsy, Plast 
Reconstr Surg 109:1934, 2002. 

Curtis C, Stephens D, Clarke HM, Andrews D: The active movement scale: 
an evaluate tool for infants with obstétrical brachial plexus palsy, / Hand 
Surg 27A:470, 2002. 

Déjerine-Klumpke A: Des polynévrites en général et des paralysies et atrophies 
saturnines en particulier: etude clinique et anatomo-pathologique , Paris, 
1889, Ancienne Librairie Germer Baillière et Cie. 

Dumont CE, Forin V, Asfazadourian H, Romana C: Function of the upper 
limb after surgery for obstetric brachial plexus palsy, / Bone Joint Surg 
83B:894, 2001. 

Episcopo JB: Tendon transplantation in obstétrical paralysis, Am J Surg 
25:122, 1934. 

Erb W: Ueber eine eigenthiumliche Localization von Lachmungen in Plexus 
Brachialis, Verhandl Naturhist Med Vérin 1:130, 1874. 

Geutjens G, Gilbert A, Helsen K: Obstetric brachial plexus palsy associated 
with breech delivery: a different pattern of injury, / Bone Joint Surg 
78B:303, 1996. 

Gilbert A: Long-term évaluation of brachial plexus surgery in obstétrical 
palsy, Hand Clin 11:583, 1995. 

Gilbert A, Razabone R, Amar-Khodja S: Indications and results of brachial 
plexus surgery in obstétrical palsy, Orthop Clin North Am 19:91, 1988. 

Gilbert A, Tassin JL: Surgical repair of the brachial plexus in obstetric paraly¬ 
sis, Chirurgie 110:70, 1984. 

Goddard NJ, Fixsen JA: Rotation osteotomy of the humérus for birth injuries 
of the brachial plexus, / Bone Joint Surg 66B:257, 1984. 

Green WT, Tachdjian MO: Correction of residual deformity of the shoulder 
from obstétrical palsy, / Bone Joint Surg 45A:1544, 1963. 

Greenwald AG, Schute PC, Shiveley JL: Brachial plexus birth palsy: a 10-year 
report on the incidence and prognosis, / Pediatr Orthop 4:689, 1984. 

Grossman JAI, Ditaranto P, Yaylali I, et al: Shoulder function following late 
neurolysis and bypass graffing for upper brachial birth injuries, / Hand 
Surg 29B:356, 2004. 

Grossman JAI, Price AE, Tidwell MA, et al: Outcome after later combined 
brachial plexus and shoulder surgery after birth trauma, / Bone Joint Surg 
85B:1166, 2003. 

Hardy AE: Birth injuries of the brachial plexus: incidence and prognosis, 
/ Bone Joint Surg 63B:98, 1981. 

Hentz V, Meyer R: Brachial plexus microsurgery in children, Microsurgery 
12:175, 1991. 

Hoffer MM, Phipps G J: Closed réduction and tendon transfer for treatment 
of dislocation of the glenohumeral joint secondary to brachial plexus 
birth palsy, / Bone Joint Surg 80A:997, 1998. 

Hoffer MM, Wickenden R, Roper R: Brachial plexus birth palsies: results of 
tendon transfers to the rotator cuff, / Bone Joint Surg 60A:691, 1978. 

Hui JHP, Torodoe IP: Changing glenoid version after open réduction of 
shoulders in children with obstetric brachial plexus palsy, / Pediatr 
Orthop 23:109, 2003. 

Jackson ST, Hoffer MM, Parrish N: Brachial plexus palsy in the newborn, 
/ Bone Joint Surg 70A:1217, 1988. 

Jones SJ: Diagnostic value of peripheral and spinal somatosensory evoked poten- 
tial in traction lésions of the brachial plexus, Clin Plast Surg 2:167, 1984. 

Kawabata H, Masada K, Tsuyuguchi Y, et al: Early microsurgical reconstruc¬ 
tion in birth palsy, Clin Orthop Relut Res 215:233, 1987. 

Kirkos JM, Papadopoulos LA: Late treatment of brachial plexus palsy second¬ 
ary to birth injuries: rotational osteotomy of the proximal part of the 
humérus, / Bone Joint Surg 80A:1477, 1998. 

Klumpke A: Paralysies radiculaires du plexus brachial; paralysies radiculaires 
totales; paralysies radiculaires inferieures; de la partipation des filets 
sympathiques oculopupillaires dan ces paralysies, Rev Med 5:739, 1885. 


Leffert RD: Clinical diagnosis, testing, and electromyographic study in bra¬ 
chial plexus traction injuries, Orthop Clin North Am 237:24, 1988. 

McDaid PJ, Kozin SH, Thoder JJ, Porter ST: Upper extremity limb-length 
discrepancy in brachial plexus palsy, / Pediatr Orthop 22:364, 2002. 

Meyer RD: Treatment of adult and obstétrical brachial plexus injuries, Ortho- 
pedics 9:899, 1986. 

Michelow BJ, Clarke HM, Curtis CG, et al: The natural history of obstétrical 
brachial plexus palsy, Plast Reconstr Surg 93:675, 1994. 

Millesi H: Surgical management of brachial plexus injuries, / Hand Surg 
2:367, 1977. 

Narakas A: Brachial plexus surgery, Orthop Clin North Am 12:303, 1981. 

Narakas AO: Injuries to the brachial plexus. In Bora FW Jr, editor: The pédi¬ 
atrie upper extremity: diagnosis and management, Philadelphia, 1986, WB 
Saunders. 

Narakas A: The treatment of brachial plexus injuries, Int Orthop 9:29, 1985. 

Pagnotta A, Haerle M, Gilbert A: Long-term results on abduction and exter- 
nal rotation of the shoulder after latissimus dorsi transfer for sequelae of 
obstetric palsy, Clin Orthop Relat Res 426:199, 2004. 

Pearl ML, Edgerton BW: Glenoid deformity secondary to brachial plexus 
birth palsy, / Bone Joint Surg 80A:659, 1998. 

Perry J, Hsu J, Barber L, Hoffer M: Orthoses in patients with brachial plexus 
injuries, Arch Phys Med Rehabil 55:132, 1974. 

Riordan DC: Tendon transplantation in médian nerve and ulnar nerve paral¬ 
ysis, / Bone Joint Surg 35A:312, 1953. 

Rogers MH: An operation for the correction of deformity due to obstétrical 
paralysis, Boston Med Surg J 174:163, 1916. 

Seddon HJ: Brachial plexus injuries, / Bone Joint Surg 31B:3, 1949. 

Seddon HJ: Lésions of individual nerves: upper limb. In Surgical disorders of 
the peripheral nerves, London, 1949, Churchill Livingstone. 

Sever JW: The results of a new operation for obstétrical paralysis, Am J 
Orthop Surg 16:248, 1918. 

Sever JW: Obstetric paralysis, JAMA 85:1862, 1925. 

Sever JW: Obstétrical paralysis, Surg Gynecol Obstet 44:547, 1927. 

Smith NC, Rowan P, Benson LJ, et al: Néonatal brachial plexus palsy. 
Outcome of absent biceps function at three months of âge, / Bone Joint 
Surg 86A:2163, 2004. 

Solonen KA, Telaranta T, Ryôppy S: Early reconstruction of birth injuries of 
the brachial plexus, / Pediatr Orthop 1:367, 1981. 

Sugioka H: Evoked potentials in the investigation of traumatic lésions of the 
peripheral nerve and the brachial plexus, Clin Orthop Relat Res 184:85, 
1984. 

Sunderland S: Nerves and nerve injuries, ed 2, New York, 1978, Churchill 
Livingstone. 

Tada K, Tsuyuguchi Y, Kawai H: Birth palsy: natural recovery course and 
combined root avulsion, / Pediatr Orthop 4:279, 1984. 

Terzis JK, Liberson WT, Levine R: Obstetric brachial plexus palsy, Hand Clin 
2:773, 1986. 

Terzis JK, Vekris MD, Okajima S, Soucacos PN: Shoulder deformities in 
obstetric brachial plexus paralysis: a computed tomography study, 
J Pediatr Orthop 23:254, 2003. 

Van der Sluijs JA, van Ouwerkerk WJR, de Gast A, et al: Treatment of inter¬ 
nai rotation contracture of the shoulder in obstetric brachial plexus 
lésions by subscapular tendon lengthening and open réduction: early 
results and complications, / Pediatr Orthop 13B:218, 2004. 

Waters PM: Comparison of the natural history, the outcome of microsurgical 
repair, and the outcome of operative reconstruction in brachial plexus 
birth palsy, / Bone Joint Surg 81A:649, 1999. 

Waters PM: The upper limb. In Morrissy RT, Weinstein SL, editors: Lovell 
and Winters pédiatrie orthopaedics, Philadelphia, 2001, Lippincott 
Williams & Wilkins. 

Waters PM, Peljovich AE: Shoulder reconstruction in patients with chronic 
brachial plexus birth palsy, Clin Orthop Relat Res 364:144, 1999. 

Waters PM, Smith GR, Jaramillo D: Glenohumeral deformity secondary to 
brachial plexus birth palsy, / Bone Joint Surg 80A:668, 1998. 

Wickstrom J: Birth injuries of the brachial plexus: treatment of defects in the 
shoulder, Clin Orthop Relat Res 23:187, 1962. 

Zancolli EA: Classification and ma6nagement of the shoulder in birth palsy, 
Orthop Clin North Am 12:433, 1980. 



CHAPTER 


35 


NEUROMUSCULAR DISORDERS 

William C. Warner Jr., Jeffrey R. Sawyer 


TREATMENT 


CONSIDERATIONS 

1393 

Fractures 

1393 

Orthoses 

1393 

Seating Systems 

1393 

DIFFERENTIATION OF 
MUSCLE DISEASE 

FROM NERVE DISEASE 

1393 

Flematologic studies 

1393 

Electromyographic studies 

1394 

Muscle tissue biopsy 

1394 

MUSCULAR DYSTROPHY 

1396 

Duchenne muscular dystrophy 

1396 

Physical examination 

1398 


Medical treatment 
Orthopaedic treatment 
Other variants of muscular 
dystrophy 

Becker muscular dystrophy 
Emery-Dreifuss muscular 
dystrophy 

Limb-girdle dystrophy 
Facioscapulohumeral muscular 
dystrophy 

Infantile facioscapulohumeral 
muscular dystrophy 
Congénital dystrophies 
Myotonie dystrophy 


Neuromuscular disease in children includes conditions that 
affect the spinal cord, peripheral nerves, neuromuscular junc- 
tions, and muscles. Accurate diagnosis is essential because the 
procedures commonly used to treat deformities in patients 
with neuromuscular disease such as poliomyelitis or cérébral 
palsy may not be appropriate for hereditary neuromuscular 
conditions. The diagnosis is made on the basis of clinical 
history, detailed family history, physical examination, labora- 
tory testing (including sérum enzyme studies, especially 
sérum levels of creatine kinase and aldolase), genetic testing, 
electromyography, nerve conduction velocity studies, and 
nerve and muscle biopsies. Sérum enzyme levels of creatine 
kinase generally are elevated, but the increase varies dramati- 
cally from levels of 50 to 100 times normal in patients with 
some dystrophie muscle conditions (e.g., Duchenne muscular 
dystrophy) to only slight increases (one to two times normal) 
in some patients with congénital myopathy or spinal muscu¬ 
lar atrophy. 

Nerve or muscle biopsy, or both, is useful for précisé 
diagnosis. The biopsy specimen must be obtained from a 
muscle that is involved but still functioning, usually the 
deltoid, vastus lateralis, or gastroenemius. The biopsy speci¬ 
men should not be taken from the région of musculotendi- 
nous junctions because the normal fibrous tissue septa can be 
confused with the pathologie fibrosis. Specimens should be 
about 10 mm long and 3 mm deep and should be fixed in 
glutaraldehyde in préparation for électron microscopy. The 
muscle specimen that is to be processed for light microscopy 
should be frozen in liquid nitrogen within a few minutes after 
removal. The specimen should not be placed into saline solu¬ 
tion or formalin. For nerve biopsy, the sural nerve usually is 
chosen. This nerve can be accessed laterally between the 
Achilles tendon and the latéral malleolus just proximal to the 
level of the tibiotalar joint. The entire width of the nerve 
should be taken for a length of 3 to 4 cm. Atraumatic 
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results. 

Tremendous advances hâve been made in the under- 
standing of the genetic basis of neuromuscular disorders. 
Through advances in molecular biology, chromosome loca¬ 
tions for various abnormal genes hâve been identified, char- 
acterized, and sequenced (Table 35-1). In certain diseases, 
such as Duchenne and Becker muscular dystrophy, not only 
hâve the genes been localized, cloned, and sequenced but also 
the biochemical basis for these diseases is now understood. 
The gene responsible for Duchenne and Becker muscular 
dystrophy is located in the Xp21 région of the X chromosome. 
This région is responsible for the coding of the dystrophin 
protein. Dystrophin testing (dystrophin immunoblotting) 
can be used as a biochemical test for muscular dystrophy; it 
also is useful for the différentiation of Duchenne muscular 
dystrophy from Becker muscular dystrophy. In addition, dif¬ 
ferent types of mutations or variations can be used to predict 
clinical outcome. For example, Friedrich ataxia is caused by 
expansion of GAA nucléotide repeats in the frataxin gene 
intron. The amount of expansion of the GAA repeats corré¬ 
lâtes with disease severity and progression. 

Orthopaedic treatment has been aimed at preventing the 
worsening of deformities and providing stability to the skel- 
etal System to improve the quality of life for these children. 
Although a cure may be possible in the future with gene 
therapy, orthopaedic treatment is still necessary to improve 
the quality of life for most children no matter how severely 
impaired. Louis et al. reported 34 surgical procedures per- 
formed in individuals with severe multiple impairments to 
improve sitting posture, care, and comfort. Significant 
improvement was found in most patients, and no patient was 
made worse. The priorities of patients with severe neuromus¬ 
cular diseases are the ability to communicate with other 
people, the ability to perform many activities of daily living, 
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_ TABLE 35-1 _ W ‘*"-1 vBSfeaMi ii 

Classification of Major Muscular Dystrophies 


DISEASE 

LOCUS 

PROTEIN 

X-LINKED RECESSIVE 

Duchenne-Becker dystrophy 

Xp21 

Dystrophin 

Emery-Dreifuss dystrophy 

Xp28 

Emerin 

AUTOSOMAL DOMINANT (AD) 

Myotonie dystrophy 

19q 

Myotonin 

Facioscapulohumeral dystrophy 

4q 

? 

LGMD—IA 

5q 

? 

LGMD—IB 

Other 

? 

AUTOSOMAL RECESSIVE (AR) 

LGMD—2 A 

15q 

Calpain 

LGMD—2 B 

2q 

? 

LGMD—2C 

i3q 

y-Sarcoglycan 

LGMD—2 D 

17q 

a-Sarcoglycan 

LGMD—2 E 

4q 

(3-Sarcoglycan 

LGMD—2 F 

5q 

ô-Sarcoglycan 

CONGENITAL DYSTROPHIES 

Congénital muscular (AR) 

6q 

Merosin 

Fukuyama disease (AR) 

9q13 

? 

CONGENITAL MYOPATHIES 

Central core disease (AD) 

19q 

Ryanodine 

receptor 


14q 

Myosin 

Nemaline rod disease (AD) 

1q22 

Tropomyosin 

Myotubular myopathies 

Xq26 

? 

Distal muscular dystrophy (AD) 

14q 

? 

Oculopharyngeal dystrophy 
(AD) 

14q 

? 


From Brown RH Jr, Phil D: Dystrophy-associated proteins and the muscular dys¬ 
trophies, Annu Rev Med 48:457, 1997. 

AD, Autosomal dominant; AR, autosomal récessive; LGMD, limb-girdle muscular 
dystrophy. 

mobility, and ambulation. The rôle of the orthopaedic surgeon 
in achieving these goals includes prescribing orthoses for 
lower extremity control to facilitate transfer to and from 
wheelchairs, preventing or correcting joint contractures, and 
maintaining appropriate standing and sitting postures. Treat- 
ment must be individualized for each patient. The choice and 
timing of the procedures dépend on the particular disorder, 
the severity of involvement, the ambulatory status of the 
patient, and the expérience of the physician. This chapter 
discusses the common neuromuscular disorders in children 
that frequently require surgical intervention. 

TREATMENT CONSIDERATIONS 

FRACTURES 

Fractures are common in children with neuromuscular 
disease because of disuse osteoporosis and frequent falls. 
Larson and Henderson found a significant decrease in bone 
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minerai density on dual-energy x-ray absorptiometry scans 
in boys with Duchenne muscular dystrophy, with 44% sus- 
taining fractures. James et al. found that 33% of patients with 
Duchenne or Becker muscular dystrophy had sustained at 
least one fracture; full-time wheelchair use was a significant 
risk factor for fracture. Most fractures are nondisplaced 
metaphyseal fractures that heal rapidly. Minimally displaced 
metaphyseal fractures of the lower limbs should be splinted 
so that walking can be resumed quickly. If braces are being 
used, they can be enlarged to accommodate the fractured 
limb and allow progressive weight bearing. Displaced diaphy- 
seal fractures can be treated with cast-braces or open réduc¬ 
tion and internai fixation, if indicated, to allow walking 
during fracture healing. Medical treatment of disuse osteope- 
nia may be bénéficiai in decreasing the frequency of fractures 
in this patient population. 

ORTHOSES 

Spinal bracing occasionally may be used to assist with sitting 
balance. Bracing may slow, but does not prevent, the progres¬ 
sion of spinal deformity. Spinal bracing may be accomplished 
with a polypropylene plastic shell with a soft foam polyethyl- 
ene lining, in the form of either an anterior and posterior 
(bivalved) total-contact orthosis or an anterior-opening tho- 
racolumbosacral orthosis with lumbar lordotic contouring. 
Knee-ankle-foot orthoses provide stability for patients with 
proximal muscle weakness. A pelvic band with hip and knee 
locks can be added if necessary. Ankle-foot orthoses help 
to position the ankle and foot in a plantigrade position in 
an effort to prevent progressive equinus and equinovarus 
deformities. 

SEATING SYSTEMS 

For most children with severe neuromuscular disease, walking 
is difficult and frustrating, and a wheelchair eventually may 
be needed. The chair, whether manual or electric, must be 
carefully contoured. A narrow chair with a firm seat increases 
pelvic support, and a firm back in slight extension supports 
the spine. Latéral spine supports built into the chair may help 
sitting balance but usually do not alter the progression of 
scoliosis. Specialized seating clinics can provide custom-fitted 
chairs with numerous options for daily use. These custom- 
fitted chairs can accommodate most spinal deformities and 
pelvic obliquity that are présent. 


DIFFERENTIATION OF MUSCLE 
DISEASE FROM NERVE DISEASE 

In addition to the history, physical examination, and routine 
laboratory studies, spécial tests, such as electromyography, 
muscle tissue biopsy, sérum enzyme, and molecular and 
genetic studies help differentiate the two diseases. 

HEMATOLOGIC STUDIES 

Sérum enzyme assays are extremely helpful, especially the 
level of sérum creatine kinase in the blood. Sérum creatine 
kinase is a sensitive test for showing abnormalities of striated 
muscle function. Elévation of this enzyme is extremely 
important in the diagnosis in the early stages of Duchenne 
muscular dystrophy. Elévation of the creatine kinase parallels 
the amount of muscle necrosis. There is a significant élévation 





PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


early in the disease process, but the élévation decreases with 
time as the muscle is replaced by fat and fibrous tissue. The 
creatine kinase levels can be elevated 20 to 200 times above 
normal limits. The level may décliné in the later stages of the 
disease, when the greater muscle mass has already deterio- 
rated and there is less breakdown of muscle mass than in 
the earlier stages. The levels are higher in Duchenne than in 
Becker muscular dystrophy; however, there is some overlap 
between the two diseases. This test is bénéficiai in detecting 
the carrier State of Duchenne and Becker muscular dystro¬ 
phies because creatine kinase is usually elevated in the carrier 
female. A muscle provocation test also is bénéficiai in detect¬ 
ing the female carrier State because élévation of creatine 
kinase levels is greater after strenuous exercise in carrier 
females than in noncarrier females. Urine creatine is exces¬ 
sive in dystrophie patients in the active stage of muscle break- 
down. Any process that causes muscle breakdown, such as 
excessive exercise, diabètes mellitus, and starvation in which 
carbohydrate intake is reduced, can cause an excess of cre¬ 
atine in the urine. In myotonie dystrophy, because of the 
reduced ability of the liver to produce creatine phosphate, the 
level of creatine in the blood is decreased. 

Aldolase is another enzyme that is elevated in patients 
with muscular dystrophy. Its course is similar to that of cre¬ 
atine kinase enzyme. Aspartate aminotransferase and lactate 
dehydrogenase values also may be elevated, but these enzymes 
are nonspecific for muscle disease. 

DNA mutation analysis (polymerase chain reaction or 
DNA blot analysis) can provide a definitive diagnosis of 
Duchenne or Becker muscular dystrophy. These tests also can 
help identify the carrier and may allow prénatal diagnosis in 
some cases. These DNA tests can be done from a small sample 
of blood or amniotic fluid. 

ELECTROMYOGRAPHIC STUDIES 

In an electromyogram of normal muscle, resting muscles 
usually are relatively electrosilent; on voluntary contraction 
of a normal muscle, the electromyogram shows a character- 
istic frequency, duration, and amplitude action potential (Fig. 
35-1). In a myopathy, the electromyogram shows increased 



Motor units seen in electromyography. A f 
Normal triphasic motor unit potential. B f Large polyphasic motor 
units as seen in neurogenic disorders, such as spinal muscular 
atrophy, in which they also are reduced in number. C f Small poly¬ 
phasic motor units as seen in muscular dystrophy. These usually 
are of normal number. (Courtesy of Tulio E. Bertorini, MD.) 


frequency, decreased amplitude, and decreased duration 
of the motor action potentials. In a neuropathy, it shows 
decreased frequency and increased amplitude and duration 
of the action potentials. In a neuropathy, nerve conduction 
velocities usually are slowed; in a myopathy, the nerve con¬ 
duction velocities usually are normal. Myotonie dystrophy is 
characterized by an increase in frequency, duration, and 
amplitude of the action potentials on needle electrode inser¬ 
tion, which gradually decreases over time. These action 
potentials when amplified create the “dive bomber” Sound 
that is almost universal in this disease. 

MUSCLE TISSUE BIOPSY 

Interprétation of the muscle tissue biopsy differentiates not 
only myopathy from neuropathy but also the various types 
of congénital dystrophy from one another. In addition to 
the usual hematoxylin and eosin stain, spécial stains and 
techniques, such as the Gomori modified trichrome stain, 
nicotinamide adenine dinucleotide-tétrazolium reductase 
(NADH-TR) stain, and the alizarin red S stain, are helpful. 
Electron microscopy also is bénéficiai. 

Histopathologie study of muscle affected by myopathy 
shows an increased fibrosis in and between muscle spindles, 
with necrosis of the fibers (Fig. 35-2B). Later, déposition of 
fat within the fibers occurs, accompanied by hyaline and 
granular degeneration of the fibers. The number of nuclei is 
increased with migration of some nuclei to the center of the 
fibers. Some small groups of inflammatory cells also may be 
seen, and inflammatory cells are markedly increased in poly- 
myositis. Spécial histochemical stains that can show muscle 
fiber type show a prépondérance of type I fibers. In normal 
skeletal muscle, the ratio of type I to type II fibers is 1:2 (Fig. 
35-2A). In some dystrophies other than the Duchenne type, 
fiber splitting is apparent. Calcium accumulation in muscle 
fibers also has been shown. 

The microscopie picture in neuropathy is quite different 
(Fig. 35-2C). There is little or no increase in fibrous tissue, 
and small, angular, atrophie fibers are présent between groups 
of normal-sized muscle fibers. Spécial stains that show fiber 
type show that 80% of the fibers are type II. 

An adéquate biopsy specimen must be obtained to make 
a correct diagnosis. An open muscle biopsy usually is per- 
formed, but in some cases a needle biopsy in small children 
has proved satisfactory. Muscles that are totally involved 
should not be used; biopsy specimens of muscles suspected 
of early involvement are indicated. The muscle bellies of the 
gastroenemius in a patient with Duchenne muscular dystro¬ 
phy usually are involved early and are a poor site to obtain 
material for a biopsy, whereas the quadriceps (especially the 
vastus lateralis at midthigh) and rectus abdominis usually 
show early involvement without total replacement of the 
muscle spindles by fibrous tissue or fat. Biopsy specimens of 
these muscles usually are the most reliable. 

When securing a biopsy specimen ensure that the muscle 
is maintained at its normal length between clamps (Fig. 35-3) 
or sutures (Fig. 35-4) and that the biopsy specimen has not 
been violated by a needle electrode during an electromyo¬ 
gram or infiltrated with a local anesthetic before the biopsy. 
Biopsy needles should hâve a minimal core diameter of 
3 mm. 

A second sample of muscle tissue should be taken at the 
time of biopsy and sent for dystrophin analysis (dystrophin 
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A f Normal muscle biopsy specimen (except for one small angular fiber). Note polygonal shape of myofibrils, normal 
distribution of type I and type II fibers, and normal connective tissue of endomysium (NADH-TR stain, x125). B f Muscular dystrophy. 
Fibers are more rounded, some fibers hâve internalized nuclei, and others are atrophie. One muscle fiber is necrotic and is undergoing 
phagocytosis. Connective tissue between fibers is increased (hematoxylin & eosin, x295). C f Chronic neurogenic atrophy (juvénile spinal 
muscular atrophy). Notice grouping of fibers of same type and some atrophie angular fibers. Fat is increased between muscle fascicles 
(NADH-TR stain, x125). D f Central core disease. Note pale areas of central cores in muscle fibers characteristic of this disease (NADH-TR 
stain x200). (Courtesy of Tulio E. Bertorini, MD.) 



Two hemostats bound together to preserve 
length when securing muscle biopsy. (From Cruess RL, Rennie WRJ: 
Adult orthopaedics, New York, 1984, Churchill Livingstone.) SEE TECH¬ 
NIQUE 35-1. 



FIGURE 


done on outer 


Muscle 
side of 


NIQUE 35-1. 


length maintained by muscle biopsy 
previously placed sutures. SEE TECH- 







PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


immunoblotting). Dystrophin is a muscle protein that has 
been found to be absent, decreased, or modified in certain 
types of dystrophy. The measurement and quantification of 
this protein combined with the clinical picture of certain 
types of muscular dystrophy hâve added significantly to the 
ability to diagnose various dystrophies. 

Régional block anesthésia can be used for the biopsy, but 
a general anesthetic may be necessary. General anesthésia 
carries the known risk of anesthetic complications, such as 
malignant hyperthermia. 


OPEN MUSCLE BIOPSY 


TECHNIQUE 35-1 


■ Block the area regionally with 1 % lidocaine, and make a 
1.5-cm incision through the skin and subcutaneous 
tissues. 

■ Carefully split the enveloping fascia to expose clearly the 
muscle bundles from which the biopsy specimen is to be 
taken. 

■ Using a spécial double clamp (Fig. 35-3) or silk sutures 
approximately 2 cm apart (Fig. 35-4), grasp the muscle 
and section around the outside of the arms of the clamp 
or sutures. 

■ Prevent bleeding within the muscle and take only small 
biopsy specimens. 

■ Take more than one specimen because different stains 
need different preservative techniques; for example, 
some histochemical changes are best shown on fresh 
frozen sections that hâve had spécial staining. The pathol- 
ogist should know in advance that a muscle biopsy is to 
be done so that spécial fixative techniques, such as freez- 
ing with liquid nitrogen, are readily available when the 
specimen is received. 


PERCUTANEOUS MUSCLE BIOPSY 

Mubarak, Chambers, and Wenger described percutaneous 
muscle biopsy in 379 patients. This procedure can be per- 
formed in an outpatient clinic with only local anesthésia. 


TECHNIQUE 35-2 


(MUBARAK, CHAMBERS, AND WENGER) 

■ Préparé the biopsy site with iodophor paint. Place a 
fenestrated adhesive drape over the site. Infiltrate the 
skin and subcutaneous tissue with 5 to 8 mL of 1 % lido¬ 
caine without epinephrine. When a biopsy specimen of 
the quadriceps is being obtained, also anesthetize the 
fascia. 

■Check the Bergstrôm biopsy needle to ensure a smooth 
sliding of the cutter within the trocar. Cut the K-50 tube 
at an angle and place it into the end of the cutting needle 
with the other end attached to a 10-mL syringe. 

■ Use a No. 11 scalpel blade to make a small stab wound 
in the skin and fascia lata at about the midthigh level. 


■ Insert the Bergstrôm needle into the muscle, preferably 
the rectus femoris, at an oblique angle. 

■ Pull the needle back about one half of its length and hâve 
an assistant apply suction with the 10-mL syringe. This 
allows muscle to be pulled into the cutting chamber. 

■ Cut by compressing the cutter into the trocar. 

■ Remove the Bergstrôm apparatus from the thigh. Remove 
the muscle sample from the chamber with a fine needle 
and place it on saline-soaked gauze in a Pétri dish. 

■ Through the same incision and track, reinsert the Berg¬ 
strôm needle and repeat the procedure until five or six 
samples hâve been obtained. 

■ Close the small wound with 1/4-inch adhesive strips. 

POSTOPERATIVE CARE. Dressing sponges are applied 
and held in place with foam tape to serve as a compres¬ 
sive, but not constricting, bandage for 2 days. The adhe¬ 
sive strips are left in place for 10 days; no perioperative 
antibiotics or narcotic analgésies are necessary. 


MUSCULAR DYSTROPHY 

The muscular dystrophies are a group of hereditary disorders 
of skeletal muscle that produce progressive degeneration of 
skeletal muscle and associated weakness (Table 35-1). The 
X-linked dystrophies are more common and include Duch- 
enne muscular dystrophy, Becker muscular dystrophy, and 
Emery-Dreifuss muscular dystrophy. Limb-girdle muscular 
dystrophy and congénital muscular dystrophy are the two 
most common autosomal récessive muscular dystrophies. 
Facioscapulohumeral muscular dystrophy is inherited as an 
autosomal dominant trait (Table 35-2). 

DUCHENNE MUSCULAR DYSTROPHY 

Duchenne muscular dystrophy, a sex-linked récessive inher¬ 
ited trait, occurs in males and in females with Turner syn¬ 
drome; carriers are female. It is reported to occur in one in 
3500 live births. Tfiere is a family history in 70% of patients, 
and the condition occurs as a spontaneous mutation in about 
30% of patients. 

Duchenne muscular dystrophy is the resuit of a mutation 
in the Xp21 région of the X chromosome, which encodes the 
400-kd protein dystrophin. Dystrophin is important to the 
stability of the cell membrane cytoskeleton. In patients with 
Duchenne muscular dystrophy, the total absence of this tran¬ 
scellular protein results in progressive muscle degeneration 
and loss of function. 

Children with Duchenne muscular dystrophy usually 
reach early motor milestones at appropriate times, but inde- 
pendent ambulation may be delayed, and many are initially 
toe-walkers. The disease usually becomes évident between 3 
and 6 years of âge. Clinical features include large, firm calf 
muscles; the tendency to toe-walk; a widely based, lordotic 
stance; a waddling Trendelenburg gait; and a positive Gower 
test indicative of proximal muscle weakness (Fig. 35-5). The 
diagnosis usually is obvious by the time the child is 5 or 
6 years old (Fig. 35-6). A dramatically elevated level of cre- 
atine kinase (50 to 100 times normal) and genetic testing of 
blood samples confirm the diagnosis. Muscle biopsy shows 






CHAPTER 35 NEUROMUSCULAR DISORDERS 


TABLE 35-2 


Characteristics of the Muscular Dystrophies 

TYPE 

ONSET 

SYMPTOMS 

PROGRESSION 

INHERITANCE 

Duchenne 

Early childhood 
(2-6 years) 

Generalized weakness and 
muscle wasting first affecting 
muscles of hips, pelvic area, 
thighs, and shoulders. Calves 
often enlarged. 

Eventually affects ail 
voluntary muscles, as 
well as heart and 
breathing. Survival 
uncommon beyond 
early thirties. 

X-linked récessive 

Becker 

Adolescence or 
early adulthood 

Similarto Duchenne, but less 

severe. 

Progression is slow and 
variable, but can affect 
ail voluntary muscles. 
Survival usually well 
into mid-to-late 
adulthood. 

X-linked récessive 

Emery-Dreifuss 

Childhood, usually 
by 10 years of âge 

Weakness and wasting of 
shoulder, upper arm, and calf 
muscles; joint stiffening; 
fainting caused by cardiac 
abnormalities. 

Progression is slow; 
cardiac complications 
common and may 
require a pacemaker. 

X-linked récessive 
Autosomal dominant 
Autosomal récessive 

Limb-girdle 

Childhood to 
adulthood 

Weakness and wasting first 
affecting muscles around 
shoulders and hips. 

Progression is slow; 
cardiac complications 
common in later stages 
of disease. 

Autosomal dominant 
Autosomal récessive 

Facioscapulohumeral 

(Landouzy-Dejerine) 

Adolescence or 
early adulthood, 
usually by 20 years 
of âge 

Weakness and wasting of 
muscles around eyes and 
mouth, as well as shoulders, 
upper arms, and lower legs 
initially; later affects 
abdominal muscles and hip 
muscles. 

Progression is slow, 
with periods of rapid 
détérioration; may 
span many décades. 

Autosomal dominant 

Myotonie (Steinert 
disease) 

Congénital form at 
birth; more 
common, less 
severe form in 
adolescence or 
adulthood 

Weakness and wasting of 
muscles of face, lower legs, 
forearms, hands, and neck 
with delayed relaxation of 
muscles after contraction. Can 
affect gastrointestinal System, 
vision, heart, or respiration. 
Learning disabilities in some. 

Progression is slow, 
sometimes spanning 50 
to 60 years. 

Autosomal dominant 

Oculopharyngeal 

Adulthood, usually 
forties or fifties 

Weakness of muscles of 
eyelids and throat, later facial 
and limb muscles. Swallowing 
problems and difficulty 
keeping eyes open are 
common. 

Progression is slow. 

Autosomal dominant 
Autosomal récessive 

Distal 

Childhood to 
adulthood 

Weakness and wasting of 
muscles of hands, forearm, 
lower limbs. 

Progression is slow, not 
life-threatening. 

Autosomal dominant 
Autosomal récessive 

Congénital 

At or near birth 

Generalized muscle weakness, 
possible joint stiffness or 
laxity; may involve scoliosis, 
respiratory insufficiency, 
mental retardation. 

Progression is variable; 
some forms are slowly 
progressive, and some 
shorten life span. 

Autosomal récessive 
Autosomal dominant 
Spontaneous 


Data from www.mda.org. 
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Gower sign. Child must use hands to rise from 
sitting position. (Redrawn from Siegel IM: Clinical management of 
muscle disease, London, 1977, William Heinemann.) 


Calf pseudohypertrophy in muscular dystrophy. 



évaluation of patients in whom diagnosis of Duchenne muscular 
dystrophy (DMD) or Becker muscular dystrophy (BMD) is sus- 
pected. (From Shapiro F, Specht L: Current concepts review: the diag¬ 
nosis and orthopaedic treatment of inherited muscular diseases of 
childhood, J Bone Joint Surg 75A:439, 1993.) 


variations in fiber size, internai nuclei, split fibers, degenerat- 
ing or regenerating fibers, and fibrofatty tissue déposition. 
Dystrophin testing of the muscle biopsy specimen will help 
confirm the type of muscular dystrophy but is not 100% 
confirmatory. 

■ PHYSICAL EXAMINATION 

The degree of muscular weakness dépends on the âge of the 
patient. Because the proximal musculature weakens before 
the distal muscles, examination of the lower extremities 
shows an early weakness of gluteal muscle strength. The 
weakness in the proximal muscles of the lower extremity can 
be shown by a decrease in the ability to rise from the floor 
without assistance of the upper extremities (Gower sign). The 
calf pseudohypertrophy is caused by infiltration of the muscle 
by fat and fibrosis, giving the calves the feel of hard rubber 
(Fig. 35-7). The extrinsic muscles of the foot and ankle retain 
their strength longer than the proximal muscles of the hip 
and knee. The posterior tibial muscle retains its strength for 
the longest time. This pattern of weakness causes an equin- 
ovarus deformity of the foot. Weakness of the shoulder girdle 
musculature can be shown by the Meryon sign, which is 
elicited by lifting the child with one arm encircling the child s 
chest. Most children contract the muscles around the shoul¬ 
der to increase shoulder stability and facilitate lifting. In chil¬ 
dren with muscular dystrophy, however, the arms abduct 
because of the lack of adductor muscle tone and severe shoul¬ 
der girdle muscle weakness until the child eventually slides 
through the examiner s arms unless the chest is tightly encir- 
cled. Later in the disease process, the Thomas test shows hip 
flexion contracture and the Ober test shows an abduction 
contracture of the hip. 

■ MEDICAL TREATMENT 

The use of prednisone and deflazacort has been shown to 
preserve or improve strength, prolong ambulation, and slow 
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the progression of scoliosis. Steroids help stabilize cell mem¬ 
branes and decrease inflammation and, therefore, hâve the 
potential to inhibit myocyte cell death and decrease the 
secondary eflects associated with cell death. A group of boys 
treated with daily high-dose deflazacort had a substantially 
reduced rate of scoliosis compared with boys who elected not 
to take this médication. Eighty percent of untreated boys 
developed scoliosis of at least 20 degrees by âge 18, whereas 
fewer than 25% of the boys in the treatment group developed 
scoliosis. Daily high-dose deflazacort also has been reported 
to resuit in long-term maintenance of pulmonary function. 
The âge at which boys became full-time wheelchair users 
increased by several years over boys who did not use 
deflazacort. This therapy has significant side eflects, including 
weight gain, osteopenia, behavioral changes, cataracts, and 
myopathy. The osteopenia may lead to pathologie fractures of 
the spine and extremities and makes instrumentation of the 
spine for scoliosis more difflcult. Gordon et al. reported that 
the addition of bisphosphonates to steroid treatment improved 
survival compared with treatment with steroid alone. More 
recently, Lebel et al. reported that long-term glucocorticoid 
treatment substantially reduced the need for spinal surgery 
in boys who took deflazacort (20%) compared with those 
who did not (92%). Other medical thérapies that hâve been 
used but hâve not shown definite benefit are myoblast trans¬ 
fers, azathioprine, and aminoglycosides. Gene therapy and 
stem cell therapy may show promise as a treatment for mus- 
cular dystrophy but are still investigational. 

■ ORTHOPAEDIC TREATMENT 

The goal of orthopaedic treatment is to maintain functional 
ambulation as long as possible. The spécifie procedures 
required differ according to the âge of the child and the stage 
of disease severity (Table 35-3). Between âges 8 and 14 years 
(médian 10 years), children with Duchenne muscular dystro¬ 
phy typically hâve a sensation of locking of the joints. Con¬ 
tractures of the lower extremity may require early treatment 
to prolong the childs ability to ambulate, if even for 1 to 2 
years. This requires prévention or retardation of the develop¬ 
ment of contractures of the lower extremity, which would 
eventually prohibit ambulation. It is easier to keep patients 
walking than to induce them to résumé walking affer they 
hâve stopped. When children with Duchenne muscular dys¬ 
trophy stop walking, they also become more susceptible to 
the development of scoliosis and severe contractures of the 
lower extremities. Scoliosis develops in nearly ail children 
with Duchenne muscular dystrophy, usually when they 
require aided mobility or shortly affer becoming wheelchair 
bound. The use of steroids has been reported to decrease the 
occurrence of scoliosis in these patients. 

For surgical correction of lower extremity contractures, 
three approaches hâve been used, as follows: 

1. Ambulatory approach. The goal of surgery during the late 
ambulatory phase is to correct any contractures in the 
lower extremity while the patient is still ambulatory. 
Rideau recommended early aggressive surgery. His indi¬ 
cations for surgery were first appearance of contractures 
in lower extremities; a plateau in muscle strength, usually 
around 5 to 6 years of âge; and difficulty maintaining 
upright posture with the feet together. Rideau recom¬ 
mended that surgery be performed before détérioration 
of the Gower maneuver time or time to rise from the 


_ TABLE 35-3 

Orthopaedic Treatment of Duchenne Muscular 
Dystrophy 


STAGE OF MUSCULAR 
DYSTROPHY 

Stage 1 (Diagnostic 
stage) 

AGES 

Birth to 5 
years of 
âge 

ORTHOPAEDIC 

TREATMENT 

No orthopaedic 

interventions 

indicated 

Stage 2 (Quiescent 

5-8 years 

Achilles tendon 

stage) 

of âge 

lengthening 

Possible hip and knee 
releases 

Fracture treatment 

Stage 3 (Loss of 

9-12 years 

Contracture releases 

ambulation) 

of âge 

Achilles tendon 
lengthening or 
tenotomy 

Transfer of posterior 
tibial muscle to 
dorsum of foot 

Stage 4 (Full-time 
sitting/development 
of spinal deformity) 

12-16 years 
of âge 

Spinal fusion 

Stage 5 (Complété 
dependence and 
development of 
res p ira tory 
insufficiency) 

>15 years 
of âge 

Fracture treatment 


floor. Other surgeons hâve recommended surgery later in 
the ambulatory phase, just before the cessation of 
ambulation. 

2. Rehabilitative approach. Surgery is performed affer the 
patient has lost the ability to walk but with the intention 
that walking will résumé. Surgery during this stage 
usually allows for only minimal ambulation with braces. 

3. Palliative approach. The palliative approach treats only 
contractures that interfère with shoe wear and comfort- 
able positioning in a wheelchair. 

A comparison of ambulation and foot position in three 
groups of patients with Duchenne muscular dystrophy (those 
who had surgery to maintain ambulation, those who had 
surgery to correct and maintain foot position, and those who 
had no surgery) found that the mean âge at cessation of 
ambulation for those who had surgery was 11.2 years, com¬ 
pared with 10.3 years in those who did not hâve surgery. Foot 
position was neutral in 94% of those who had surgery, and 
none had toe flexion deformities; 96% of those who had 
surgery reported being able to wear any type of shoes, com¬ 
pared with only 60% of those who had no surgery. In contrast, 
another study of full-time wheelchair users with Duchenne 
muscular dystrophy found no significant différences between 
patients who did and did not hâve foot surgery with respect 
to shoe wear, hypersensitivity, or cosmesis. Hindfoot motion 
was significantly better, but equinus contracture was signifi- 
cantly worse in those who had not had surgery. 

Currently, the most common approach is to correct con¬ 
tractures just before the patient has a significant décliné in 
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Graph of natural course of Duchenne muscular 
dystrophy: age-related stages. (From Rideau Y, Duport G, Delaubier 
A, et al: Early treatment to preserve quality of locomotion for children 
with Duchenne muscular dystrophy, Semin Neurol 15:9, 1995.) 


Tenotomy sites for release of hip flexors (1), 
tensor fasciae latae and fascia lata (2, 3), and Achilles tendon (4). 

SEE TECHNIQUE 35-3. 


ambulation and before the patient has to use a wheelchair 
(ambulatory approach) (Fig. 35-8). 

Mild equinus contractures of the feet can help force the 
knee into extension, which helps prevent the knee buckling 
caused by severe weakness of the quadriceps. Stretching 
exercises and nightly bracing can be used to prevent the con¬ 
tractures from becoming severe. Flexion and abduction con¬ 
tractures of the hip impede ambulation, however, and should 
be minimized. Exercises to stretch the hip muscles and lower 
extremity braces worn at night to prevent the child s sleeping 
in a frog-leg position are helpful initially. Interestingly, a high 
level of muscle activity has been suggested to hasten myocyte 
cell death, indicating that certain exercises could decrease 
strength. 

If surgery is indicated, the foot and hip contractures 
should be released simultaneously, usually through percuta- 
neous incisions. Ambulation should be resumed immediately 
after surgery if possible. Polypropylene braces are preferred 
to long-term casting. Prolonged immobilization must be 
avoided to prevent or limit the progressive muscle weakness 
caused by disuse. 


PERCUTANEOUS RELEASE OF HIP 
FLEXION AND ABDUCTION 
CONTRACTURES AND ACHILLES 
TENDON CONTRACTURE 


TECHNIQUE 35-3 


(GREEN) 

■ With the child supine on the operating table, préparé and 
drape both lower extremities from the iliac crests to the 
toes. 

■ First flex and then extend the hip to be released, holding 
the hip in adduction to place tension on the muscles to 
be released; keep the opposite hip in maximal flexion to 
flatten the lumbar spine. 

■ Insert a No. 15 knife blade percutaneously just médial and 
just distal to the anterior superior iliac spine (Fig. 35-9). 

■ Release the sartorius muscle first and then the tensor 
fasciae femoris muscle. Push the knife laterally and sub- 
cutaneously, without cutting the skin, to release the 



Surgical sites for musculotendinous releases to 
reduce bilaterally contractures of the hip (1), thigh (2), knee (3), 
and ankle (4). 


tensor fasciae latae completely. Bring the knife to the 
original insertion point and push it deeper to release the 
rectus femoris completely. Avoid the neurovascular struc¬ 
tures of the anterior thigh. 

■ At 3 to 4 cm proximal to the upper pôle of the patella, 
percutaneously release the fascia lata laterally through a 
stab wound in its midportion. Push the knife almost to 
the fémur to release the latéral intermuscular septum 
completely. 

■ Perform a percutaneous release of the Achilles tendon. 

■ Apply long leg casts with the feet in neutral position and 
with the heels well padded to prevent pressure ulcers. 

POSTOPERATIVE CARE. The patient is mobilized imme¬ 
diately after surgery. If tolerated, a few steps are allowed. 
Walker-assisted ambulation is begun as soon as possible; 
and when transfer is achieved, the patient is placed on a 
regular bed and physical therapy is continued. The casts 
are bivalved, and bilateral polypropylene long leg ortho- 
ses are fitted as soon as possible. Patients are discharged 
from the hospital as soon as they can ambulate indepen- 
dently with a walker. 


I RIDEAU TECHNIQUE 

Rideau et al. described a similar technique, but with an open 
procedure to release the hip flexor contractures and latéral 
thigh contractures. They also excised the iliotibial band and 
the latéral intermuscular septum (Fig. 35-10). 
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TRANSFER OF THE POSTERIOR 
TIBIAL TENDON TO THE DORSUM 
OF THE FOOT 

In patients with marked overpull of the posterior tibial 
muscle, Greene found that transfer of the posterior tibial 
tendon to the dorsum of the foot combined with other 
ténotomies or tendon lengthening gave better results 
than posterior tibial tendon lengthening alone. Although 
transfer of the posterior tibial tendon is technically more 
demanding and has a higher perioperative complication 
rate, Greene noted that the patients retained the planti¬ 
grade posture of their feet, even after walking ceased. 
Despite the more extensive surgical procedure, early ambu- 
lation of the patients was not impeded. 


TECHNIQUE 35-4 


(GREENE) 

■ Place the patient supine; after placing a tourniquet, make 
a 3-cm incision starting medially at the neck of the talus 
and extending to the navicular (Fig. 35-1 IA). 

■ Open the sheath of the posterior tibial tendon from the 
distal extent of the flexor retinaculum to the navicular. 

■ Release the tendon from its bony insertions, preserving 
as much length as possible. 

■ Make a second incision 6 to 8 cm long vertically between 
the Achilles tendon and the médial distal tibia. The Achil- 
les tendon can be lengthened through the same incision 
if necessary. 

■ Incise the posterior tibial tendon sheath and pull the 
distal portion of the tendon through the second operative 
wound. 


■ Make a third incision 6 cm long latéral to the anterior 
crest of the tibia and extend it to the superior extensor 
retinaculum (Fig. 35-11 B). 

■ Incise the anterior compartment fascia and retract the 
anterior tibial tendon laterally. 

■ Carefully incise the interosseous membrane on the latéral 
aspect of the tibia adjacent to its tibial insertion for a 
distance of 3 cm. Enlarge the opening by proximal and 
distal horizontal cuts, extending halfway across the inter¬ 
osseous membrane. 

■ Pass a curved clamp close to the tibia from the anterior 
compartment proximally into the second incision. Keep 
the curved clamp on the tibia to prevent injury to the 
peroneal vessels. 

■ After grasping the posterior tibial tendon and pulling 
it into the third incision, inspect the tendon through 
the second incision to ensure that it has neither twisted 
on itself nor ensnared the flexor digitorum longus 
tendon. 

■ Make a fourth incision 3 cm long on the dorsum of the 
foot in the région of the middle cuneiform. 

■ Incise the periosteum of the middle cuneiform and expose 
the central portion of the bone. 

■ Drill a hole 5 to 8 mm to insert the tendon through the 
middle of the cuneiform. 

■ Pass a Kelly clamp subcutaneously from the third inci¬ 
sion to the fourth incision distally to create a subcuta- 
neous track for the posterior tibial tendon. Pull the 
tendon through the subcutaneous track with a tendon 
passer. 

■ Holding on to the sutures tied to the end of the posterior 
tibial tendon, pass the tendon into the hole in the middle 
cuneiform and pass the sutures through the dorsum of 
the foot with the aid of straight needles. Alternative^, 




Posterior tibial tendon transfer. A f First and second incisions. B f Third and fourth incisions and clamp placement for 
pulling posterior tibial tendon from posterior to anterior compartment of leg. C f Position of transplanted tendon and suture tied over 
felt pad and button on plantar aspect of foot. SEE TECHNIQUE 35-4. 
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the tendon can be secured to the middle cuneiform with 
a suture anchor. 

■ Release the tourniquet and inspect, irrigate, and close the 
wounds. 

■After the wounds hâve been closed, tie the suture over 
a felt pad and button on the plantar aspect on the foot 
with the foot in a neutral position (Fig. 35-1 IC). 

■Apply a long leg cast with the knee extended and the 
ankle in neutral position. 

POSTOPERATIVE CARE. Standing and walking are 
allowed 24 to 48 hours after surgery. A long leg cast is 
worn for 4 to 6 weeks, and a knee-ankle-foot orthosis is 
worn permanently. 


TRANSFER OF THE POSTERIOR TIBIAL 
TENDON TO THE DORSUM OF THE 
BASE OF THE SECOND METATARSAL 

Mubarak described transfer of the posterior tibial tendon 
to the dorsum of the base of the second metatarsal. Com- 
pared with the Greene technique, the more distal place¬ 
ment of the posterior tibial tendon increases the lever arm 
in dorsiflexion of the ankle and the technique allows easier 
plantarflexion and dorsiflexion balancing of the ankle at 
the time of surgery. 


TECHNIQUE 35-5 


(MUBARAK) 

■ With the patient supine and a tourniquet in place, make 
a 3-cm incision over the insertion of the posterior tibial 
tendon on the navicular. 

■Open the sheath of the posterior tibial tendon from the 
anterior aspect of the médial malleolus to the navicular. 


■ Release the tendon from the bony insertions, preserving 
as much length as possible. 

■ Make a second incision in the posteromedial calf in 
the région of the myotendinous junction of the pos¬ 
terior tibial tendon. A gastrocnemius recession can be 
done through this incision if necessary, but excessive 
lengthening of the triceps surae complex should be 
avoided to prevent the development of a crouched gait 
postoperatively. 

■ Open the posterior tibial tendon sheath and pull the 
tendon through the sheath into the calf wound. 

■ At the myotendinous junction of the posterior tibial 
tendon, incise the tendon transversely halfway through 
its width. Extend this incision distally to within 0.5 cm of 
the eut insertion of the tibial tendon. 

■ Secure the distal aspect of the tendon with a single suture 
to prevent the longitudinal eut from extending out to the 
end of the tendon. This procedure effectively doubles the 
length of the posterior tibial tendon (Fig. 35-12A). 

■ Make a third incision 6 cm long latéral to the anterior 
crest of the tibia, extending it to the superior extensor 
retinaculum. 

■ Perform an anterior compartment fasciotomy and retract 
the anterior tibial tendon laterally. 

■ Incise the interosseous membrane of the latéral aspect of 
the tibia for a distance of 3 cm. 

■ Place a Kelly clamp through the anterior compartment 
wound across the interosseous membrane and into the 
deep posterior compartment. Grasp the end of the 
lengthened posterior tibial tendon and bring it through 
the interosseous membrane into the anterior compart¬ 
ment of the calf (Fig. 35-12B). 

■ Make another incision, 2 to 3 cm long, over the base of 
the second metatarsal. Dissect down to the base of the 
second metatarsal and subperiosteally dissect around the 
base of the second metatarsal circumferentially. 

■ Take the elongated posterior tibial tendon and tunnel it 
subcutaneously into the incision over the dorsum of the 
second metatarsal. Loop the tendon around the base of 



A f Posterior tibial tendon removed from insertion. Length can be effectively doubled by splitting at myotendinous 
junction to eut end. Secure midpoint at lengthened tendon with suture. B f Lengthened tendon is passed through hole in interosseous 
membrane (posterior to anterior) and subcutaneously across anterior aspect of ankle. C f Lengthened tendon is pulled subcutaneously 
across dorsum of midfoot, looped around base of second metatarsal, and sutured to itself with enough tension to hold ankle in neutral. 

SEE TECHNIQUE 35-5. 
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the second metatarsal as a sling and suture it to itself with 
the appropriate tension on the ankle to hold it into a 
neutral plantarflexion and dorsiflexion (Fig. 35-12C). 

■ Release the tourniquet and inspect the tibial vessels to 
ensure that they are not being kinked by the transferred 
tendon. Irrigate the wounds and close them in a standard 
fashion. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for transfer of the posterior tibial tendon to the dorsum 
of the foot (see Technique 35-4). 


Equinus contractures can be corrected by a percutaneous 
Achilles tendon lengthening or an open Achilles tendon 
lengthening (Chapter 33). If an open procedure is needed 
because of severe contractures, lengthening or release of the 
posterior tibial, flexor digitorum, and flexor hallucis longus 
tendons also may be needed. When these lengthening proce¬ 
dures or releases are done, the child will need an ankle-foot 
orthosis to continue to stand or ambulate. 

Although release of contractures usually allows another 
2 to 3 years of ambulation, by âge 12 to 13 years most children 
with Duchenne muscular dystrophy can no longer walk, and 
spinal deformity becomes the primary problem. Scoliosis 
affects almost ail children with Duchenne muscular dystro¬ 
phy, and the curve usually is progressive (Fig. 35-13), although 
with the use of steroids in the medical treatment of Duchenne 
muscular dystrophy the frequency of scoliosis has decreased. 
Scoliosis produces pelvic obliquity, which makes sitting 
increasingly difficult. Bracing and wheelchair spinal-support 
Systems may slow progression of the curve, but spinal fusion 
ultimately is required for most patients. 
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When a patient becomes nonambulatory, the scoliosis 
almost invariably worsens and significant kyphosis devel- 
ops. Many authors recommend spinal arthrodesis at the 
onset of scoliosis when the curve is only 20 degrees. Given 
the natural history of the condition, delaying surgery until 
the curve reaches 40 or 50 degrees has no advantage and 
can make surgery more complicated because of the worsen- 
ing of cardiac and pulmonary function during the delay. 
Most authors recommend that the forced vital capacity of 
the lungs be 50% or more of normal to reduce pulmonary 
complications to an acceptable level, and a forced vital 
capacity of less than 35% has been cited as a relative contra- 
indication to surgery and as evidence of significant cardio- 
myopathy. Surgery still can be done when vital capacity is 
less than 50%, but the risk of pulmonary and cardiac com¬ 
plications increases. 

Posterior spinal fusion with segmentai instrumentation is 
the operation of choice. The fusion and instrumentation 
should extend to the proximal thoracic spine to prevent post¬ 
operative kyphosis above the fusion (see Chapter 44). Facet 
joint arthrodesis should be performed at every level, using 
autogenous or allograff bone graff as needed. Most authors 
hâve recommended that fusion extend to the pelvis. 

OTHER VARIANTS OF 
MUSCULAR DYSTROPHY 
■ BECKER MUSCULAR DYSTROPHY 

Becker muscular dystrophy is a sex-linked récessive disorder 
that has a later onset and a slower rate of muscle détérioration 
than Duchenne muscular dystrophy. The prevalence of Becker 
muscular dystrophy based on dystrophin analysis is 2.3 per 
100,000. The affected gene in Becker muscular dystrophy is 
identical to that in Duchenne muscular dystrophy (located at 



A and B f Radiographs of patient with Duchenne muscular dystrophy and scoliosis. C and D f Postoperative radiographs 
after posterior fusion and instrumentation to the pelvis. 
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the Xp21 locus on the X chromosome), but patients with 
Becker muscular dystrophy show some evidence of a func- 
tional intracellular dystrophin. The dystrophin in Becker 
muscular dystrophy, although présent, is altered in size or 
decreased in amount or both. The severity of the disease 
dépends on the amount of functional dystrophin in the 
muscles. Genetic studies and dystrophin testing now allow 
the clinician to better define severe forms of Becker muscular 
dystrophy. Sérum creatine kinase levels are highest before 
muscle weakness is clinically apparent and can be 10 to 20 
times normal levels. Onset of symptoms usually occurs after 
âge 7 years, and patients may live to their mid-forties or later. 
Cardiac involvement is frequent in patients with Becker mus¬ 
cular dystrophy; a high percentage of patients with Becker 
muscular dystrophy hâve electrocardiographic abnormalities 
and cardiomyopathy. 

The orthopaedic treatment of Becker muscular dystrophy 
dépends on the severity of the disease. In patients with large 
amounts of functional dystrophin, orthopaedic procedures 
frequently are not needed until after childhood, and in 
patients with more severe forms of the disease, treatment 
considération is the same as for Duchenne muscular dystro¬ 
phy. Contractures of the foot and overpull of the posterior 
tibial muscle can be treated effectively with Achilles tendon 
lengthening and posterior tibial tendon transfers with good 
long-term results. Patients rarely need soft-tissue releases 
around the hip. Scoliosis is not as common in patients 
with Becker muscular dystrophy, and no definitive recom¬ 
mendations exist in the literature, so treatment must be 
individualized. 

■ EMERY-DREIFUSS MUSCULAR DYSTROPHY 

Emery-Dreifuss muscular dystrophy is an X-linked récessive 
disorder, with the fully developed disease seen only in boys, 
although milder disease has been reported in girls. The gene 
locus for the most common form of Emery-Dreifuss muscu¬ 
lar dystrophy is in the Xq28 région of the X chromosome. 
This région encodes for a nuclear membrane protein named 
emerin. Muscle biopsy of patients with Emery-Dreifuss mus¬ 
cular dystrophy shows normal levels of dystrophin but an 
absence of emerin. 

During the first few years of life, patients hâve muscle 
weakness, an awkward gait, and a tendency for toe-walking. 
The full syndrome, usually occurring in the teens, is charac- 
terized by fixed equinus deformities of the ankles, flexion 
contractures of the elbows, extension contracture of the neck, 
and tightness of the lumbar paravertebral muscles. A signifi- 
cant factor in the diagnosis and treatment of Emery-Dreifuss 
muscular dystrophy is the presence of cardiac abnormalities, 
consisting of bradycardia and atrial ventricular conduction 
defects that can lead to complété heart block. It is important 
to recognize Emery-Dreifuss muscular dystrophy because of 
the cardiac abnormalities, which initially are almost always 
asymptomatic but lead to a high incidence of sudden cardiac 
death, which may be averted by a cardiac pacemaker. Most 
patients are able to ambulate until the fifth or sixth decade 
of life. 

Orthopaedic treatment of Emery-Dreifuss muscular dys¬ 
trophy involves release of the heel cord contractures and 
other muscles around the foot. This usually requires an Achil¬ 
les tendon lengthening and a posterior ankle capsulotomy. 
Anterior transfer of the posterior tibial tendon also may be 


needed. Elbow flexion contractures usually do not exceed 35 
degrees, but contractures of 90 degrees hâve been reported. 
Full flexion and normal pronation and supination are main- 
tained. Successful results of release of elbow contractures 
hâve not been reported. Contractures around the neck and 
back should be treated conservatively with range of motion, 
although full range of motion should not be expected. Scolio¬ 
sis can occur with this form of muscular dystrophy but has a 
lower incidence of progression. 

■ LIMB-GIRDLE DYSTROPHY 

Limb-girdle dystrophy is an autosomal récessive disorder, 
although an autosomal dominant pattern of inheritance has 
been reported in some families. The clinical characteristics 
are sometimes indistinguishable from those of Becker mus¬ 
cular dystrophy, but normal dystrophin is noted on labora- 
tory examination. The disease usually occurs in the first to 
fourth décades of life. The initial muscle weakness involves 
the pelvic or shoulder girdle (Fig. 35-14). Lower extremity 
weakness usually involves the gluteus maximus, the iliopsoas, 
and the quadriceps. Upper extremity weakness may involve 
the trapezius, the serratus anterior, the rhomboids, the latis- 
simus dorsi, and the pectoralis major. Some weakness also 
may develop in the prime movers of the Angers and wrists. 
There are two major forms of limb-girdle dystrophy: the more 
common pelvic girdle type and a scapulohumeral type. 
Surgery seldom is required in patients with limb-girdle dys¬ 
trophy. Stabilization of the scapula to the ribs may be required 
for winging of the scapula, and in rare cases muscle transfers 
around the wrist may be needed. 



Pattern of weakness in limb-girdle dystrophy. 

(Redrawn from Siegel IM: Clinical management of muscle disease, 
London, 1977, William Heinemann.) 
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■ FACIOSCAPULOHUMERAL 
MUSCULAR DYSTROPHY 

Facioscapulohumeral muscular dystrophy is an autosomal 
dominant condition with characteristic weakness of the facial 
and shoulder girdle muscles (Fig. 35-15). The affected gene is 
located on chromosome 4q35. Onset of the disease may be in 
early childhood, in which case the disease runs a rapid, pro¬ 
gressive course, confining most children to a wheelchair by 
âge 8 to 9 years; alternatively, onset may occur in patients 15 
to 35 years old, in which case the disease progresses more 



Pattern of weakness in facioscapulohumeral 


dystrophy. 
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slowly. The most striking clinical manifestation is facial weak¬ 
ness with an inability to whistle, pur se the lips, wrinkle the 
brow, or blow out the cheeks. The greatest functional impair- 
ments are the inability to abduct and flex the arms at the 
glenohumeral joints and winging of the scapula, both caused 
by progressive weakness of the muscles that fix the scapula to 
the thoracic wall, whereas the muscles that abduct the gleno¬ 
humeral joint remain strong. As the disease progresses, weak¬ 
ness of the lower extremities, especially in the peroneal and 
the anterior tibial muscles, results in a footdrop that requires 
the use of an ankle-foot orthosis. Sometimes the quadriceps 
muscle is involved, requiring expansion of the orthosis to a 
knee-ankle-foot orthosis. Scoliosis is rare, although increased 
lumbar lordosis is common. 

The inability to flex and abduct the shoulder functionally 
usually is treated by stabilization of the scapula, with scapu- 
lothoracic arthrodesis. Scapulothoracic fusion with strut 
graffs or with plates and screws provides a satisfactory fusion 
of the médial border of the scapula to the posterior thoracic 
ribs (Fig. 35-16); however, it is associated with significant 
complications, including pneumothorax, pleural effusion, 
atelectasis, and pseudarthrosis. Techniques using wires for 
fixation hâve been described by Jakab and Gledhill, Twyman 
et al., and Diab et al. Copeland et al. described a similar fusion 
technique, but instead of wires they used screws to stabilize 
the scapula to the fourth, fiffh, and sixth ribs (Fig. 35-17). 

Cited indications for scapulothoracic fusion include 
limited shoulder abduction and flexion of more than 90 
degrees, scapular winging, and shoulder discomfort; deltoid 
strength should be at least grade 4 of 5 at the time of surgery. 

In their 11 procedures in eight patients, the only complication 
reported by Diab et al. was prominent subcutaneous wires 
that required trimming in two patients. They noted that 
scapulothoracic fusion can relieve shoulder fatigue and pain, 
allow smooth abduction and flexion of the upper extremity, 
and improve the appearance of the neck and shoulder. 
Although disease progression affecting the deltoid muscle can 
cause a loss of abduction, other benefits of the procedure are 
maintained long term. 



FIGURE 


Bilateral scapulothoracic arthrodesis in a patient with fascioscapulohumeral dystrophy. 
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B 


C 


Copeland technique of scapulothoracic fusion. A, Décortication of ribs. B and C, Drilling and insertion of rib screws 
after application of cancellous bone graft. 




SCAPULOTHORACIC FUSION 


TECHNIQUE 35-6 


(DIAB ET AL.) 

■ Place the patient prone, with the forequarter draped free. 
Abduct the upper limb so that the scapula lies fiat against 
the posterior part of the thorax with its vertébral border 
externally rotated at an angle of 25 degrees to the 
midline. 

■ Make a linear incision over the entire vertébral border of 
the scapula in the reduced position. 

■ Cut the trapezius muscle in line with the cutaneous 
incision. 

■ Release the levator scapulae and rhomboid major and 
minor muscles from their sites of insertion on the verté¬ 
bral border of the scapula and dissect them medially. 
These muscles usually are atrophie and markedly fibrotic 
and fatty. 

■ Reflect the supraspinatus, infraspinatus, and teres major 
muscles 2 to 3 cm laterally from their sites of origin on 
the vertébral border of the scapula. 

■ Expose the posterior surface of the vertébral border of 
the scapula subperiosteally (Fig. 35-18A). 

■ Reflect a 4- to 5-cm segment of the origin of the sub- 
scapularis laterally from the anteromedial part of the 
scapula, also in the subperiosteal plane. Excise part of the 
subscapularis if necessary to expose the deep surface of 
the vertébral border of the scapula and to permit its 
apposition against the adjacent ribs. 

■ In the process of clearing the vertébral border of the 
scapula subperiosteally, free the insertion of the serratus 
anterior anteriorly from the whole length of the médial 
border of the scapula. This should allow the scapula to 


be placed without tension in a more médial and inferior 
position against the posterior part of the chest wall. It is 
important not to attempt to gain even further medial- 
inferior correction by forceful efforts because doing so 
might stretch adjacent neurovascular structures and cause 
a brachial plexus palsy. 

■ Expose subperiosteally, from the neck to the posterior 
angle, five ribs at the fusion site, typically the second to 
the sixth or the third to seventh ribs, taking care to protect 
the pariétal pleura and subcostal neurovascular bundles. 

■ Harvest an autogenous cancellous bone graft from the 
posterior iliac crest. 

■ Use a motorized burr to partially decorticate to bleeding 
bone the anterior surface of the scapula and the posterior 
surface of the ribs. 

■ Place the scapula against the posterior part of the chest 
wall and mark the points of wire passage from the ver¬ 
tébral border of the scapula to the immediately adjacent 
ribs. Position the wires with one above the scapular spine, 
one at the level of the spine, and one below it, with the 
lowest at the most distal part of the vertébral border 
(Fig. 35-18B). 

■ Bend a doubled 16-gauge wire into a C shape and pass 
it under the rib subperiosteally from superior to inferior; 
twist the two ends once against the posterior surface of 
the rib to prevent impingement against the pleura. 

■ Drill holes along the vertébral border of the scapula, 1.5 
to 2.0 cm from its margin, opposite the selected ribs in 
the supraspinatus and infraspinatus fossae, and through 
the base of the scapular spine (Fig. 35-18B). 

■ Apply screws with washers or preferably a dynamic com¬ 
pression plate or a flattened semitubular plate to the 
posteromedial surface of the scapula to reinforce the thin 
scapular bone (Fig. 35-18C). Occasionally, if a single con- 
toured plate is too bulky, two plates can be used, with 
one above and one below the scapular spine. 
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Technique of Diab et al. for scapulothoracic fusion (see text). A f Vertébral border of scapula and ribs are seen after 
surrounding muscles, fat, fibrous tissues, and periosteum hâve been cleared. B, Five doubled, 16-gauge wires are passed subperiosteally 
under the ribs and twisted on themselves to prevent impingement on the pleura. Five holes are drilled in médial aspect of scapula, 
adjacent to planned point of attachment to ribs. C, Single plate is bent to conform to shape of scapula, and one end of each wire is 
passed through drill hole and corresponding plate hole. Bone graft is placed between anterior border of scapula and posterior surface 
of ribs. D, Other end of each wire is pulled to posterior side of scapula and plate and tightened to firmly press scapula against ribs. 
(Redrawn from Diab M, Darras BT, Shapiro F: Scapulothoracic fusion for facioscapulohumeral muscular dystrophy, J Bone Joint Surg 87A:2267, 
2005 ) SEE TECHNIQUE 35-6. 


■ Pass one end of each wire from anterior to posterior 
through the adjacent hole in the vertébral border of the 
scapula and through the hole in the overlying plate or 
washers. 

■ Sandwich the cancellous bone graft between the scapular 
and costal surfaces, with adjacent ribs bridged by cancel¬ 
lous strips (Fig. 35-18C). 

■ With the scapula held in its final position, pull the other 
end of each wire over the posterior part of the plate and 
tighten the wires sequentially by twisting in a clockwise 
direction. 


■ Place any remaining bone graft between the posterior 
surfaces of the ribs medially and the vertébral border of 
the scapula (Fig. 35-18D). 

■ Fill the operative field with crystalloid solution and 
perform a Valsalva maneuver to detect any relatively large 
pleural tears. 

■ Cut and twist the wires to lie fiat. 

■ Close the posterior muscles over the posterior surface of 
the scapula to provide a tenodesis effect and to cover the 
implants. Close the thoracic and posterior iliac wounds in 
a routine fashion. 
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■ In the recovery room, obtain a chest radiograph to check 
for a developing pneumothorax; clinical symptoms 
may be masked by postoperative drowsiness or pain 
médications. 

POSTOPERATIVE CARE. The shoulder and upper limb 
are immobilized in a sling and swathe for 4 weeks. Then 
the sling alone is used, with daily active range-of-motion 
exercises of the elbow, forearm, wrist, and hand, but no 
humerai abduction or flexion is allowed for 4 weeks. 
Shoulder abduction and flexion are progressed to full 
active range of motion with weaning from the sling over 
the next 4 to 8 weeks. At 3 to 4 months after surgery, 
when the réhabilitation program has led to pain-free clini¬ 
cal abduction and flexion, unrestricted activity is allowed. 


■ INFANTILE FACIOSCAPULOHUMERAL 
MUSCULAR DYSTROPHY 

An early-onset form of facioscapulohumeral muscular dys- 
trophy has been described in which weakness is rapidly 
progressive and the lower extremities also are affected. Pa¬ 
tients become wheelchair bound by the second decade of life. 
Facial weakness is seen in infancy, and this is followed by 
sensorineural hearing loss at an average of 5 years of âge. A 
progressive lumbar hyperlordosis develops and is almost 
pathognomonic for infantile facioscapulohumeral muscular 
dystrophy. The hyperlordosis leads to fixed hip flexion con¬ 
tractures. Treatment consists of accommodation of the lordo- 
sis in the wheelchair. Spinal bracing has been unsuccessful. 
Spinal fusion may be indicated to assist with sitting balance. 
Scapulothoracic fusion is usually not indicated in these pa¬ 
tients because of the advanced weakness associated with this 
form of facioscapulohumeral muscular dystrophy. 

CONGENITAL DYSTROPHIES 

Congénital dystrophies include relatively rare conditions, 
such as nemaline dystrophy, central core myopathy, myotu- 
bular myopathy, congénital fiber disproportion, and multi- 
core and minicore disease. Congénital myopathies and 
congénital muscular dystrophies usually are defined by the 
histologie appearance of the muscle biopsy specimen, rather 
than by spécifie clinical or molecular criteria. Electron 
microscopy may be needed to differentiate some of the types. 
Weakness and contractures at birth can cause hip dislocation, 
clubfeet, or other deformities. Respiratory weakness and dif- 
ficulty with feeding and swallowing are common. The clinical 
appearance is one of dysmorphism, with kyphoscoliosis, 
chest deformities, a long face, and a high palate. Muscle tissue 
gradually is replaced with fibrous tissue, and contractures can 
become severe. Treatment is aimed at keeping the patient 
ambulatory and preventing contractures by exercises and 
orthotic splinting. Equinus and varus deformities of the feet 
may require releases if they interfère with ambulation. Con¬ 
génital dislocation of the hip and clubfoot deformity are 
treated conventionally, but récurrence is frequent. 

MYOTONIC DYSTROPHY 

Myotonie dystrophy is characterized by an inability of the 
muscles to relax after contraction. It is progressive and usually 


is présent at birth, although it may develop in childhood. 
Inheritance is most often autosomal dominant but may be 
autosomal récessive. The genetic defect is located on chromo¬ 
some 19. In addition to the inability of the muscles to relax, 
muscle weakness causes the most functional impairment. 
Other defects include hyperostosis of the skull, frontal and 
temporal baldness, gonadal atrophy, dysphasia, dysarthria, 
electrocardiographic abnormalities, and mental retardation. 
The characteristic clinical appearance is a tent-shaped mouth, 
facial diplegia, and dull expression. About half of children 
with myotonie dystrophy hâve clubfoot deformities, and hip 
dysplasia and scoliosis may exist. Hip dysplasia is treated 
conventionally, but because of capsular laxity it may not 
respond as readily as in other children. Serial casting can 
correct equinovarus deformity early on, but récurrence is 
likely, and extensile release usually is required; triple arthrod- 
esis may be required at skeletal maturity because of récur¬ 
rence despite extensile releases. In patients with marked 
clubfoot deformity, extensive posteromedial release may be 
insufficient to correct the deformity and a talectomy may be 
needed. An ankle-foot orthosis, which frequently is needed 
for weakness in dorsiflexion, usually can maintain postopera¬ 
tive correction. In some adolescent patients, scoliosis devel¬ 
ops and should be treated with the same principles as for the 
treatment of idiopathic scoliosis. The high incidence of 
cardiac abnormalities and decreased pulmonary function 
increases the risk of surgery and may prohibit surgery in 
these patients. 

HEREDITARY MOTOR AND 
SENSORY NEUROPATHIES 

Hereditary motor and sensory neuropathies are a large group 
of inherited neuropathie disorders. The most common dis- 
order among these neuropathies is Charcot-Marie-Tooth 
(CMT) disease. The hereditary motor and sensory neuropa¬ 
thies hâve been classified into seven types; types I, II, and III 
occur most often in children, and types IV, V, VI, and VII 
occur in adults (Table 35-4). 

CHARCOT-MARIE-TOOTH DISEASE 
(PERONEAL MUSCULAR ATROPHY) 

CMT disease is an inherited degenerative disorder of the 
central and peripheral nervous Systems that causes muscle 
atrophy and loss of proprioception. It usually is an autosomal 
dominant trait but can be X-linked récessive or autosomal 
récessive. The incidence of the various forms of CMT disease 
ranges from 20 per 100,000 to one per 2500. 

Muscle atrophy is steadily progressive in most patients 
with the autosomal dominant form; less often, the disease 
arrests completely or manifests intermittently. The réces¬ 
sive forms hâve an early onset (first or second decade) and 
are more rapidly progressive. Initial complaints usually 
are general weakness of the foot and an unsteady gait. Foot 
problems include pain under the metatarsal heads, claw 
toes, foot fatigue, and difficulty in wearing regular shoes. 
Distal loss of proprioception and spinal ataxia are common. 
CMT disease should be suspected in patients with claw toes, 
high arches, thin legs, poor balance, and an unsteady gait. 
Patients also may hâve hand dysfunction manifested by dif- 
ficulties with handwriting because of weakness, pain, and 
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table 35-4 


Classification of Hereditary Motor Sensory 

Neuropathies 


TYPE 

NAME(S) 

INHERITANCE 

1 

Peroneal atrophy, Charcot-Marie-Tooth 

Autosomal 


disease (hypertrophie form), Roussy- 
Lévy syndrome (areflexic dystasia) 

dominant 

II 

Charcot-Marie-Tooth disease (neuronal 
form) 

Variable 

III 

Dejerine-Sottas disease 

Autosomal 

récessive 

IV 

Refsum disease 


V 

Neuropathy with spastic paraplegia 


VI 

Optic atrophy with peroneal muscle 
atrophy 


VII 

Retinitis pigmentosa with distal muscle 
weakness and atrophy 



altered sensation, ail of which may make the use of assistive 
ambulatory devices more difficult. In addition to physical 
examination and family history, electromyograms, which 
show an increased amplitude in duration of response and 
slow nerve conduction velocity, typically confirm the diag- 
nosis. Karakis et al. cited several clinical features that are 
helpful in differentiating CMT disease from idiopathic pes 
cavus deformities: weakness, unsteady gait, positive family 
history, sensory déficits, distal atrophy and weakness, absent 
ankle jerks, and gait abnormalities. In a study of 148 children 
with bilateral cavus feet, 78% had CMT disease; the fre- 
quency increased to 91% if there was a positive family 
history 

Advances in molecular biology hâve improved the ability 
to confirm the diagnosis of CMT disease and to differentiate 
between variants of the condition. A mutation of the 
connexin-32 gene has been found to be associated with the 
most common form of X-linked CMT disease. Type IA CMT 
disease, or hereditary neuropathy with liability of pressure 
palsies, has been associated with a duplication or délétion of 
the peripheral myelin protein 22 gene (PMP22). This associa¬ 
tion has been found in 70% of patients with type IA CMT 
disease. Southern blot analysis can be performed in com¬ 
mercial laboratories to confirm the presence or absence of 
these genetic abnormalities. The use of molecular biology 
may allow orthopaedic surgeons to make more spécifie treat- 
ment recommendations for patients with the variants of CMT 
disease. 

■ CAVOVARUS FOOT DEFORMITY 

Cavovarus foot deformities are the most common orthopae¬ 
dic deformities in ail types of CMT disease except type II, in 
which planovalgus foot deformities are most common. CMT 
disease is the most common neuromuscular cause of cav¬ 
ovarus foot deformity in children, but other causes should be 
considered when evaluating a child with a cavovarus foot 
deformity (Box 35-1). This is a complex deformity of the 
forefoot and hindfoot. Surgery often is required to stabilize 
the foot. Although there is little question that the cavovarus 
deformity is caused by muscle imbalance, théories explaining 



Possible Causes of Cavovarus Foot Deformity 


Brain 

■ Cérébral palsy 

■ Friedreich ataxia 

■ Stroke 

■ Tumor 

■ Spinocerebellar degeneration 

Spinal Cord 

■ Tumor 

■ Spinal dysraphism 

■ Poliomyelitis 

■ Spinal muscular atrophy 

Peripheral Nervous System 

■ Hereditary sensorimotor neuropathy (e.g., Charcot-Marie- 
Tooth disease) 

■ Traumatic peripheral nerve lésion (sciatic nerve) 

Muscle and Tendon 

■ Leg compartment syndrome 

■ Residual clubfoot deformity 

■ Peroneus longus tendon lacération 

■ Duchenne muscular dystrophy 

Bone 

■ Tarsal coalition 

■ Malunion of talar or calcaneal fracture 
Idiopathic 

Adapted from Lee MC, Sucato DJ: Pédiatrie issues with cavovarus foot deformity, 
Foot Ankle Clin North Am 13:199, 2008. 

which muscles are involved and how the imbalances produce 
the rigid cavovarus deformity do not completely account for 
the clinical deformity. The neuropathie cavovarus deformity 
of CMT disease has been suggested to be caused by a combi¬ 
nation of intrinsic and extrinsic weakness, beginning with 
weakness of the intrinsic foot muscles and the anterior tibial 
muscle, with normal strength of the posterior tibial and pero¬ 
neus longus muscles. The triceps surae also is weak and may 
be contracted. The forefoot is pulled into equinus relative to 
the hindfoot, and the first ray becomes plantarflexed (Fig. 
35-19). The long toe extensors attempt to assist the weak 
anterior tibial tendon in dorsiflexion but contribute to meta- 
tarsal plantarflexion, and the forefoot is pronated into a 
valgus position with mild adduction of the metatarsals. Ini- 
tially, the foot is supple and plantigrade with weight bearing, 
but as the forefoot becomes more rigidly pronated, the hind¬ 
foot assumes a varus position. Weight bearing becomes a 
“tripod” mechanism, with weight borne on the heel and the 
first and fifth metatarsal heads. 

I CLINICAL AND RADIOGRAPHIC EVALUATION 

Clinical évaluation of the cavovarus deformity includes déter¬ 
mination of the rigidity of the hindfoot varus, usually with 
the block test of Coleman (Fig. 35-20), and assessment of 
individual muscle strength and overall balance. Careful 
examination of the peripheral and central nervous Systems is 
required, including electromyography and nerve conduction 
velocity studies. 






PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 



A and B f Left and right weight-bearing latéral radiographs of child with Charcot-Marie-Tooth disease demonstrating 
high arches, clawing of toes, and plantarflexed first metatarsal. Note asymmetry in the two sides. (From Béais TC, Nickish F: Charcot-Marie- 
Tooth disease and the cavovarus foot, Foot Ankle Clin North Am 13:259, 2008.) 



JjP Coleman block test. A, Heel of foot and latéral border are placed on wooden block, allowing head of first metatarsal 
to drop into plantarflexion. B, If hindfoot varus is second to tripod effect of plantarflexed first ray, hindfoot will correct to neutral or 
valgus alignment. C, If hindfoot varus is rigid, it will not correct. 


Standard anteroposterior, latéral, and oblique radio¬ 
graphs are the most useful methods for evaluating the childs 
foot; however, to détermine any significant relationships 
between the bones, it is essential that the anteroposterior and 
latéral views be made with the foot in a weight-bearing or 
simulated weight-bearing position. Anteroposterior views 
document the degree of forefoot adduction. The degree of 
cavus can be estimated on the latéral view by determining the 
Meary angle, the angle between the long axis of the first 
metatarsal and long axis of the talus; the normal angle is 0 
degrees. Radiographs using the Coleman block test show the 
correction of the varus deformity if the hindfoot is flexible. 

I ORTHOPAEDIC TREATMENT 

Treatment is determined by the âge of the patient and the 
cause and severity of the deformity. Medical treatment with 
high-dose ascorbic acid has been found to be ineffective in 
altering the natural history of this condition. Nonoperative 


treatment of the cavovarus foot, including the use of serial 
casting and botulinum toxin, generally has been unsuccessful. 
A randomized trial of 4 weeks of night casting found increased 
ankle dorsiflexion compared with no intervention, but at 8 
weeks there was no significant différence. In a randomized 
trial of botulinum toxin to prevent pes cavus progression, 
although safe and well-tolerated, the injections did not affect 
the progression of the deformity. 

Surgical procedures are of three types: soft tissue 
(plantar fascia release, tendon release or transfer), osteotomy 
(metatarsal, midfoot, calcaneal), and joint stabilizing (triple 
arthrodesis). Expérience in the treatment of foot deformities 
in CMT disease has shown that early, aggressive treatment 
when the hindfoot is flexible and early soft-tissue releases can 
delay the need for more extensive reconstructive procedures. 
Even in young patients with a fixed hindfoot deformity, 
limited soft-tissue release, combined with a first metatarsal, 
midfoot osteotomy or calcaneal osteotomy, or both, can 
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provide a satisfactory functional outcome without sacrificing 
the hindfoot and midfoot joint motion that is lost after triple 
arthrodesis. Because of early degenerative changes in the 
ankle, forefoot, and midfoot, triple arthrodesis should serve 
as a salvage procedure for patients in whom other procedures 
were unsuccessful or in patients with untreated fixed defor- 
mities (Fig. 35-21). 

Younger patients and patients with flexible hindfeet 
usually respond to plantar releases and appropriate tendon 
transfers. Faldini et al. reported treatment of 24 flexible cavus 
feet in 12 patients (âge 14 to 28 years) with CMT with a 
combination of plantar fascia release (Steindler stripping), 
closed superolateral wedge osteotomy of the cuboid and 
naviculocuneiform arthrodesis with closed superolateral 
wedge resection of articular surfaces (midtarsal osteotomy), 
dorsiflexion osteotomy of the first metatarsal, and extensor 
hallucis transfer (Jones procedure). Results were graded as 
excellent in 12 feet, good in 10, and fair in 2. These authors 
cited as advantages of midtarsal osteotomy correction of the 
main component of the deformity (excess élévation of the 
plantar arch) and préservation of the overall range of motion 
of the foot, which results in a more normal range of motion 
during walking. 


PLANTAR FASCIOTOMY, 

OSTEOTOMIES, AND ARTHRODESIS 
FOR CHARCOT-MARIE-TOOTH DISEASE 


TECHNIQUE 35-7 


(FALDINI ETAL) 

PLANTAR FASCIOTOMY 

■ Make a 2-cm skin incision on the médial aspect of the 
heel and identify the plantar fascia. 

■ Apply tension by dorsiflexing the metatarsophalangeal 
joint and use a scalpel to completely strip the fascia 
from its origin. Take care to avoid damage to the latéral 
plantar artery and nerve and the inferior calcaneal nerve 
(Fig. 35-22A). 

HINDFOOT CORRECTION AND STABILIZATION 

■ Before correction of the cavus deformity, manually reduce 
heel varus and stabilize the hindfoot with a 2.5-mm 



Cavovarus deformity in Charcot-Marie-Tooth disease. A and B, Preoperative radiographs. C and D, After triple arthrod¬ 
esis, Achilles tendon lengthening, and posterior tibial tendon transfer. (Courtesy of Jay Cummings, MD.) 
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Treatment of cavus foot deformity 
in Charcot-Marie-Tooth disease. A f Plantar fasciotomy. 
B f Naviculocuneiform wedge resection. C f Fixation of 
arthrodesis with Kirschner wire. D, First metatarsal 
dorsiflexion osteotomy. E f Fixation with Kirschner 
wire. (Redrawn from Faldini C, Traina F, Nanni M, et al: 
Surgical treatment of cavus foot in Charcot-Marie-Tooth 
disease: a review of twenty-four cases, J Bone Joint Surg 
97A:e30(1 -10), 2015.) SEE TECHNIQUE 35-7. 


Kirschner wire inserted from the plantar aspect of the 
calcaneus into the tibia to maintain approximately 5 
degrees of heel valgus and 20 degrees of ankle plan- 
tarflexion. This allows planning of the midtarsal osteot¬ 
omy using the stabilized hindfoot as a fixed reference. 

■ Confirm the correct position of the ankle and correct 
insertion of the wire with fluoroscopy. 

MIDTARSAL OSTEOTOMY 

■ Make a médial approach, approximately 3.5 cm long and 
centered slightly distal to the navicular prominence. 

■ Identify and expose the naviculocuneiform joint, with 
retraction of the marginal médial vein and the anterior 
tibial tendon. 

■ Use an oscillating saw to make a superolateral wedge 
resection of the articular surfaces. 


■ Through a latéral approach, also approximately 3.5 cm 
long, identify the cuboid and retract the extensor digito- 
rum brevis dorsally. 

■ Expose the cuboid, sparing the calcaneocuboid and 
cuboid-metatarsal joints. 

■ Make a superolateral wedge resection of the cuboid to 
complété the midtarsal osteotomy (Fig. 35-22B). 

■Close the naviculocuneiform arthrodesis and the cuboid 
osteotomy and fix them with a 2.5-mm Kirschner wire 
(Fig. 35-22C). 

DORSIFLEXION OSTEOTOMY OF THE 
FIRST METATARSAL 

■ Through the médial approach, identify the base of the 
first metatarsal and use an oscillating saw to make a 
complété osteotomy of the meta-diaphysis (Fig. 35-22D). 
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■ Displace the distal stump of the osteotomy in a plantar 
direction, approximating the dorsal corner of the diaphy- 
sis into the base of the metatarsal to obtain dorsiflexion 
of the ray. 

■ Fix the osteotomy with a 2-mm Kirschner wire 
(Fig. 35-22E). 

EXTENSOR HALLUCIS TRANSFER 

■ Through the médial approach, expose the hallux up to 
the interphalangeal joint and identify the extensor hal- 
lucis longus tendon. 

■ Free the tendon from its retinacular attachment and 
detach it at the level of the first metatarsophalangeal 
joint. 

■ Drill a 3.2-mm hole at the metaphysis of the first meta¬ 
tarsal and pass the tendon through the hole and suture 
it to itself to form a loop, dorsiflexing the forefoot and 
applying moderate tension on the tendon transfer 

(Fig. 35-23A-C). 

■ Finally, tenodese the distal stump of the extensor longus 
to the extensor brevis and arthrodèse the interphalangeal 
joint of the hallux, fixing it with a percutaneous Kirschner 
wire (Fig. 35-23D and E). 

POSTOPERATIVE CARE. A non-weight-bearing boot 
cast is worn for 1 month, then the cast and percutaneous 
Kirschner wires are removed. An ambulatory boot cast is 
worn for another month. After its removal, active and 
passive mobilization of the foot and ankle, proprioceptive 
exercises, and muscle strengthening are begun. 




Treatment of cavus foot deformity in Charcot- 
Ma rie-Tooth disease. Extensor hallucis longus transfer (Jones 
procedure) A and B, Tendon detached at level of first metatarso¬ 
phalangeal joint, passed through hole (C) and sutured to itself. 
D and E f Distal stump of extensor hallucis longus is tenodesed to 
extensor hallucis brevis. (Redrawn from Faldini C, Traina F, Nanni M, 
et al: Surgical treatment of cavus foot in Charcot-Marie-Tooth disease: 
a review of twenty-four cases, J Bone Joint Surg 97A:e30(1 -10), 2015.) 
SEE TECHNIQUE 35-7. 


In older children with rigid hindfoot deformities, radical 
plantar-medial release, first metatarsal osteotomy or midfoot 
osteotomy, and a calcaneal osteotomy usually correct the de¬ 
formity In a fixed hindfoot with a prominent calcaneus, a 
Dwyer latéral closing wedge osteotomy may be preferred to 
shorten the heel (Chapter 33). If the heel is not prominent, a 
sliding calcaneal osteotomy (Chapter 33) gives satisfactory 
results. Mubarak recommended a stepwise approach using 
joint-sparing ostéotomies for rigid feet. These include (1) 
dorsal closing wedge osteotomy of the first metatarsal, (2) 
opening plantar wedge osteotomy of the médial cuneiform, 
(3) cuboid closing wedge osteotomy, and (4) accessory pro¬ 
cedures as needed, including second/third metatarsal oste¬ 
otomy, calcaneal sliding osteotomy, and peroneus longus to 
brevis transfer. The Ilizarov method also has been used in 
small sériés to correct rigid deformities. Although patient 
satisfaction is improved, there was no significant improvement 
in pain, function, or range of motion after surgery. Further 
study is necessary on the use of external fixation in correction 
of these deformities. Complété navicular excision and cuboid 
closing wedge osteotomy also can be used as a salvage pro¬ 
cedure in severe rigid deformities where fusion is not 
appropriate. 

Approximately 15% of patients with CMT disease require 
triple arthrodesis (Chapter 34). The Hoke arthrodesis or a 
modification of it is most often recommended. Appropriate 
wedge resections correct the hindfoot varus and midfoot 
component of the cavus deformity; soft-tissue release and 


muscle balancing are required for the forefoot deformity. In 
the most severe deformities, a Lambrinudi triple arthrodesis 
can produce a painless plantigrade foot. Restoration of hind¬ 
foot stability with triple arthrodesis and transfer of the pos- 
terior tibial tendon anteriorly hâve been recommended to 
eliminate the need for a postoperative footdrop brace, with a 
reported 88% good or excellent results. Achilles tendon 
lengthening with triple arthrodesis is recommended after 
correction of the forefoot (Fig. 35-21). Even with surgical 
correction and improvement in radiographie parameters, 
careful examination of the feet postoperatively is essential 
because pedobarometric pressures can remain abnormal in 
feet that appear corrected radiographically. 

Flexible claw toe deformity usually is corrected without 
additional surgery when the midfoot deformity is corrected. 
For clawing in a young child without severe weakness of the 
anterior tibial muscle, the toe extensors can be transferred to 
the metatarsal necks with tenodesis of the interphalangeal 
joint of the great toe (Jones procedure). For adolescents or 
children with severe weakness of the anterior tibial muscle, 
ail the long toe extensors can be transferred to the middle 
cuneiform with fusion of the interphalangeal joint (Hibbs 
procedure). For severe deformity, the posterior tibial tendon 
can be transferred anteriorly to the middle cuneiform instead 
of the long toe extensors (Technique 35-10). 

Surgical procedures usually are staged. The initial proce¬ 
dure is a radical plantar or plantar-medial release, with a 
dorsal closing wedge osteotomy of the first metatarsal base if 
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necessary. Achilles tendon lengthening should not be per- 
formed as part of the initial procedure because the force used 
to dorsiflex the forefoot would dorsiflex the calcaneus into 
an unacceptable position. If the hindfoot is flexible and a 
posterior release is unnecessary, posterior tibial tendon trans¬ 
fer can be done as part of the initial procedure for severe 
anterior tibial weakness. 


RADICAL PLANTAR-MEDIAL RELEASE 
AND DORSAL CLOSING WEDGE 
OSTEOTOMY 


TECHNIQUE 35-8 


(COLEMAN) 

■ Make a curved incision over the médial aspect of the foot, 
extending anteriorly from the calcaneus to the base of 
the first metatarsal (Fig. 35-24A). 

■ Identify the origin of the abductor hallucis and separate it 
from its bony and soft-tissue attachments proximally and 
distally # but leave it attached at its origin and insertion. 

■ Identify the posterior neurovascular bundle as it divides 
into médial and latéral branches and enters the intrinsic 
musculature of the foot. 

■ Identify the tendinous origin of the abductor at its attach- 
ment on the calcaneus between the médial and latéral 
plantar branches of the nerve and artery and sever it to 
free the origin of the abductor hallucis. 

■ Identify the long toe flexors as they course along the 
plantar aspect of the foot and section the retinaculum of 
the tendons. 

■ Sever the origins of the plantar aponeurosis, the abductor 
hallucis, and the short flexors from their attachments to 
the calcaneus (Fig. 35-24B), and gently dissect this entire 
musculotendinous mass distally and extraperiosteally as 
far as the calcaneocuboid joint. 



Radical plantar-medial release and dorsal 
closing wedge osteotomy for cavovarus deformity. A f Incision. B, 
Release of musculotendinous mass. SEE TECHNIQUE 35-8. 


■ If the first metatarsal remains in plantarflexion after this 
release, make a dorsally based closing wedge osteotomy 
immediately distal to the physis, removing enough bone 
to correct the latéral talo/first metatarsal angle to 0 
degrees. 

■ Fix the osteotomy with a smooth Steinmann pin or 
Kirschner wire. 

■ Close the wound in routine fashion and apply a short leg 
cast with the foot in the corrected position. 

POSTOPERATIVE CARE. If there is excessive tension on 
the wound, the foot can be cast in slight plantar flexion. 
A new cast should be applied at 2 weeks with the foot 
in a fully corrected position. The pins and cast are removed 
at 6 to 8 weeks. 


TRANSFER OF THE EXTENSOR 
HALLUCIS LONGUS TENDON FOR 
CLAW TOE DEFORMITY 


TECHNIQUE 35-9 


(JONES) 

■ Expose the interphalangeal joint of the great toe through 
an L-shaped incision (Fig. 35-25). 

■ Retract the flap of skin and subcutaneous tissue medially 
and proximally and expose the tendon of the extensor 
hallucis longus. 

■ Cut the tendon transversely 1 cm proximal to the joint 
and expose the joint. 

■ Excise the cartilage, approximate the joint surfaces, and 
insert a 5/64-inch intramedullary Kirschner wire or screw 
for fixation. Clip the wire off just outside the skin. 

■ Expose the neck of the first metatarsal through a 2.5-cm 
dorsomedial incision extending distally to the proximal 
extensor skin crease. 

■ Dissect free the extensor hallucis longus tendon, but 
protect the short extensor tendon. Cleanly and carefully 
excise the sheath of the long extensor tendon throughout 
the length of the proximal incision. 

■ Beginning on the inferomedial aspect of the first meta¬ 
tarsal neck, drill a hole transverse to the long axis of the 
bone to emerge on the dorsolateral aspect of the neck. 

■ Pass the tendon through the hole and suture it to itself 
with interrupted sutures. 

■ The same procedure can be performed on adjacent toes 
with clawing. 

■ Close the wounds and apply a short leg walking cast with 
the ankle in neutral position. 

POSTOPERATIVE CARE. Walking with crutches is 
allowed in 2 to 3 days. At 3 weeks, the cast and skin 
sutures are removed and a short leg walking cast is 
applied. At 6 weeks, the walking cast and Kirschner wire 
are removed and active exercises are begun. 
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Transfer of extensor hallucis longus tendon for 
claw toe deformity (Jones procedure). A f Incisions. B f Completed 
procedure. SEE TECHNIQUE 35-9. 



Transfer of extensor tendons to middle cunei- 
form for claw toe deformity (Hibbs procedure). A f Incisions. 
B f Completed procedure combined with Jones procedure. SEE 

TECHNIQUE 35-10. 


TRANSFER OF THE EXTENSOR 
TENDONS TO THE MIDDLE CUNEIFORM 


TECHNIQUE 35-10 


(HIBBS) 

■ Make a curved incision 7.5 to 10 cm long on the dorsum 
of the foot latéral to the midline and expose the common 
extensor tendons (Fig. 35-26). 

■ Divide the tendons as far distally as feasible, draw their 
proximal ends through a tunnel in the third cuneiform, 
and fix them with a nonabsorbable suture. 

■ As an alternative, use a plantar button and felt with a 
Bunnell pull-out stitch. 

■ Close the wounds and apply a plaster boot cast with the 
foot in the corrected position. 

POSTOPERATIVE CARE. The cast and plantar button 
are removed at 6 weeks. 


STEPWISE JOINT-SPARING 
FOOT OSTEOTOMIES 


TECHNIQUE 35-11 


(MUBARAK AND VAN VALIN) 

FIRST RAY OSTEOTOMIES (OPENING-WEDGE OSTEOTOMY 
OF THE MEDIAL CUNEIFORM, DORSAL CLOSING-WEDGE 
OSTEOTOMY OF THE FIRST METATARSAL) 

■ Initial attention is focused on the first ray. Place a médial 
incision over the foot at the level of the first metatarsal 
and first cuneiform. 


■ Partially release the anterior tibial tendon insertion on the 
cuneiform. 

■ Place two needles to identify the midportion of the cunei¬ 
form and a position at least 1 cm distal to the first meta¬ 
tarsal physis. Take care not to disrupt the first metatarsal 
physis, which is proximal. 

■ Remove a 20- to 30-degree dorsal wedge from the first 
metatarsal and save it (Fig. 35-27A). 

■ Perform an opening-wedge osteotomy of the médial 
cuneiform (if necessary) (Fig. 35-27B) and place the bone 
wedge from the first metatarsal osteotomy into it and 
secure it with one or two Kirschner wires. 

CUBOID CLOSING-WEDGE OSTEOTOMY 

■ Make a latéral incision over the cuboid and identify the 
calcaneocuboid and cuboid-fifth metatarsal joints fluoro- 
scopically. Remove a 5- to 10-mm dorsal wedge of the 
cuboid and save the wedge (Fig. 35-27C). Secure the 
osteotomy with a single Kirschner wire. 

METATARSAL OSTEOTOMIES 

■ If the second and third metatarsal heads are now promi¬ 
nent, dorsal closing-wedge ostéotomies can be done. 
Place a single incision between the second and third 
metatarsals and remove and save dorsal wedges. These 
ostéotomies can each be secured with a single intramed- 
ullary Kirschner wire. 

ACCESSORY PROCEDURES 

■ Calcaneal osteotomy, usually a latéral displacement and 
closing wedge, is done if there is a fixed hindfoot defor¬ 
mity (Fig. 35-28). 

■ Plantar fasciotomies usually are done through a small 
incision if the plantar fascia is tight after ostéotomies are 
complété. 

■ Peroneus longus-to-brevis transfer can be done after the 
cuboid closing-wedge osteotomy. Identify the peroneus 
longus on the plantar surface of the cuboid and release 
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9 it. Attach the proximal end to the peroneus brevus using 
nonabsorbable suture. 

POSTOPERATIVE CARE. The patient is kept non-weight 
bearing in a short leg cast that is bivalved to allow for 
swelling. The pins are removed at approximately 4 weeks 
after surgery under light sédation, and a walking cast is 
applied. Patients can fully bear weight 8 weeks after 
surgery. 


In patients with advanced CMT disease, a triple arthrodesis 
may be necessary to establish a plantigrade foot; however, 
triple arthrodesis should not be routinely done in younger 
patients with less severe disease because degenerative changes 
of the ankle may resuit. In patients who hâve not had limited 
procedures during early adolescence but hâve major hind- 





Stepwise joint-sparing ostéotomies for cavus 
foot deformities (see text). A f First metatarsal closing-wedge oste- 
otomy; removed piece will be used in cuneiform. B f Médial cunei- 
form opening-wedge osteotomy. C f Cuboid closing-wedge 
osteotomy, with or without second and third metatarsal ostéoto¬ 
mies. (Redrawn from Mubarak SJ, Van Valin SE: Ostéotomies of the 
foot for cavus deformities in children, J Pediatr Orthop 29:294, 2009.) 
SEE TECHNIQUE 35-11. 


foot, midfoot, and forefoot deformities, a triple arthrodesis 
may be the only treatment option. In severe deformity, a more 
extensive procedure, such as a Lambrinudi triple arthrodesis, 
can be performed. Techniques for triple arthrodesis are out- 
lined in Chapter 34. 

■ HIP DYSPLASIA 

Hip dysplasia, which usually becomes apparent in the second 
and third décades of life, has been reported in 6% to 8% of 
patients with CMT disease. Dysplasia is more likely to occur 
in hereditary motor and sensory neuropathy type I than in 
type IL The treating physician should be aware of this associa¬ 
tion. If hip dysplasia is présent, it should be corrected. Novais 
et al. found that acetabular dysplasia, hip subluxation, acetab- 
ular antéversion, coxa valga, and hip osteoarthritis were more 
severe in patients with CMT than in those with developmen- 
tal dysplasia and suggested that this should be considered in 
determining the appropriate surgical strategy. In a sériés 
of 19 hips with symptomatic dysplasia in 14 CMT patients, 
Bernese periacetabular osteotomy successfully corrected 
radiographie abnormalities, but complications were common, 
including osteonecrosis of the fémoral head, transient com¬ 
plété bilateral peroneal nerve palsy, inferior rami fractures, 
and hétérotopie ossification. Most patients reported improved 
outcomes, although seven showed signs of radiographie pro¬ 
gression of osteoarthritis. A later comparative studyby Novais 
et al. of the Bernese periacetabular osteotomy in patients with 
hip dysplasia secondary to CMT disease (27 patients) or 
developmental dysplasia (54 patients) found that the osteot¬ 
omy obtained improvements in patient-reported outcomes 
scores and in redirecting the acetabulum in symptomatic 




Stepwise joint-sparing ostéotomies for cavus 
foot deformities (see text). A f Calcaneal osteotomy through 
latéral approach. B f Closing and latéral sliding wedge osteotomy. 
C, Closing and sliding wedge osteotomy. (Redrawn from Mubarak 
SJ, Van Valin SE: Ostéotomies of the foot for cavus deformities in chil¬ 
dren, J Pediatr Orthop 29:294, 2009.) SEE TECHNIQUE 35-11. 
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CMT dysplasia; complications were much more frequent in 
patients with CMT (33%) than in those with developmental 
dysplasia of the hip (DDH; 13%). 

■ SPINAL DEFORMITIES 

Spinal deformities are présent in approximately 25% of ail 
patients with CMT disease. Approximately 75% of these 
patients hâve hereditary motor and sensory neuropathy type 
I with duplication of PMP22 (peripheral myelin protein gene 
on chromosome 17). Scoliosis is uncommon in association 
with CMT disease, occurringin 10% to 30% ofyoung patients, 
and the curve usually is mild to moderate and often does not 
require any treatment. In patients with CMT disease, non- 
operative treatment with a brace usually is well tolerated and 
successfully Controls the curve in many patients. Generally, 
spinal deformities in children with CMT disease can be 
managed by the same techniques used for idiopathic scoliosis 
(see Chapter 44). Because of the demyelination of the periph¬ 
eral nerves and degeneration of the dorsal root ganglion and 
dorsal column of the spinal cord, somatosensory-evoked 
potentials may be absent. 

CHARCOT-MARIE-TOOTH 
DISEASE VARIANTS 

Genetic analysis of patients with the autosomal dominant 
form of CMT disease shows duplication of chromosome 17. 
A human peripheral myelin protein gene is contained within 
the duplication, and an abnormality in this gene encodes a 
myelin protein, which is the étiologie basis for CMT disease. 

Roussy-Lévy syndrome (hereditary areflexic dystasia) is 
an autosomal dominant disease with the clinical characteris- 
tics of classic CMT disease plus a static tremor in the hands. 
The disease usually begins in infancy and is benign until 
adolescence. It is characterized by severe alterations in nerve 
conduction and sensory dysfunction. 

Dejerine-Sottas syndrome (familial interstitial hypertro¬ 
phie neuritis) usually is an autosomal récessive disease but 
may show an autosomal dominant inheritance with variable 
penetrance. The disease usually begins in infancy but may not 
appear until adolescence. Along with the classic pes cavus 
deformity, marked sensory loss occurs in ail four extremities 
and patients may hâve clubfoot or kyphoscoliosis. 

Refsum disease is an autosomal récessive disorder begin- 
ning in childhood or puberty in which the cerebrospinal fluid 
protein level is increased. The gene responsible for Refsum 
disease is on chromosome 10. The condition is caused by a 
defect in phytanoyl-CoA hydroxylase, the enzyme responsi¬ 
ble for the dégradation of phytanic acid. It is accompanied by 
retinitis pigmentosa and is characterized by a hypertrophie 
neuropathy with ataxia and areflexia. Distal sensory and 
motor loss occurs in the hands and feet. The course is unpre- 
dictable, with repeated réactivations and remissions, but the 
prognosis is poor. 

Neuronal-type CMT disease is an autosomal dominant 
disease with a usually late onset (middle âge or later). The 
small muscles of the hands are not as weak as in other forms 
of the disease, but the ankle muscles and plantar muscles of 
the feet are much weaker and more atrophie. 

FRIEDREICH ATAXIA 

Friedreich ataxia is an autosomal récessive condition charac¬ 
terized by spinocerebellar degeneration. The prevalence of 


Friedreich ataxia is approximately one in 50,000. The abnor¬ 
mal gene is located on chromosome 9, but the definitive form 
of Friedreich ataxia is caused by a trinucleotide repeat of 
GAA, which causes loss of expression of the frataxin protein. 
This leads to a neuronopathy of the dorsal root ganglion, 
leading to degeneration of peripheral nerve fibers and the 
dorsal spinal columns. An ataxie gait usually is the presenting 
symptom, with onset routinely between 7 and 15 years old. 
The clinical triad of ataxia, areflexia, and positive Babinski 
reflex suggests the diagnosis. A definitive diagnosis can be 
made with DNA testing. The disease is progressive, and 
almost ail patients are wheelchair bound by the first or second 
decade of life. Patients typically exhibit progressive dysarthria 
or weakness, decreased vibratory sense in the lower extremi¬ 
ties, cardiomyopathy, pes cavus, and scoliosis. Knee jerk and 
ankle jerk reflexes are lost quite early. Patients usually die in 
the fourth or fifth décades of life as a resuit of progressive 
cardiomyopathy, pneumonia, and aspiration. 

The primary concern of the orthopaedist is the correction 
of foot and spinal deformities. In patients with Friedreich 
ataxia, the plantar reflex sometimes is so great that when 
standing is attempted, the feet and toes immediately plantar 
flex and the posterior tibial tendon pulls the forefoot into 
equinovarus. If general anesthésia is contraindicated because 
of myocardial involvement or other medical conditions, 
ténotomies of the Achilles tendon, the posterior tibial tendon 
at the ankle, and the toe flexors at the plantar side of the 
metatarsophalangeal joints can be done with the patient 
under local anesthésia. Surgery should be delayed in patients 
who are able to walk and who hâve deformities that are supple 
or can be controlled in braces; however, the cavovarus defor¬ 
mities tend to worsen and become rigid. In patients with rigid 
cavovarus deformity, primary triple arthrodesis provides a 
solid base of support with a fixed plantigrade foot. Because 
most patients become wheelchair bound, later development 
of ankle and midfoot degenerative changes seldom is clini- 
cally significant. Posterior tibial tenotomy, lengthening, or 
transfer should be combined with the triple arthrodesis. 
Bracing is routinely required after surgery. 

In a study of 56 patients with Friedreich ataxia and sco¬ 
liosis, the curve patterns were similar to those of idiopathic 
scoliosis, many curves were not progressive, no relationship 
existed between muscle weakness and the curvature, and the 
onset of the scoliosis before puberty was the major factor 
in progression. As opposed to idiopathic scoliosis, however, 
kyphosis frequently was noted in patients with Friedreich 
ataxia. The authors recommended that curves of less than 40 
degrees should be observed and curves of more than 60 
degrees should be treated surgically; treatment of curves 
between 40 and 60 degrees is based primarily on the patients 
âge at onset of the disease, âge at which the scoliosis was first 
recognized, and evidence of the curves progression. Stabiliza¬ 
tion of the spine should be performed when the curve is 
greater than 40 to 50 degrees and the patient is no longer 
ambulatory. A single-stage posterior arthrodesis with seg¬ 
mentai instrumentation is the treatment of choice (Chapter 
44). The fusion should extend from the upper thoracic spine 
to the lower région of the lumbar spine. 

SPINAL MUSCULAR ATROPHY 

Spinal muscular atrophy (SMA) is an inherited degenerative 
disease of the anterior horn cells of the spinal cord that occurs 
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in one in 20,000 births. It is generally transmitted by an auto- 
somal récessive gene, but other hereditary patterns hâve 
been described. Hoffmann (1893) and Werdnig (1894) first 
described an infantile condition of generalized weakness that 
resulted in early death from respiratory failure, and in 1956 
Kugelberg and Welander described a similar condition of 
juvénile onset that was less progressive. Spinal muscular 
atrophy has been classified into three types (Table 35-5). 

Although awareness of SMA has increased, diagnostic 
delay is common because symptoms can vary widely in onset 
and severity and can resemble other diseases. Early diagnosis 
of SMA is important because it allows early supportive care 
and réduction in patient and caregiver stress. A systematic 
literature review determined that diagnostic delay averaged 6 
months for type I, 21 months for type II, and 50 months for 
type III. A review of families expériences found that for most 
people the time between their noticing symptoms and receiv- 
ing a diagnosis was lengthy, frustrating, and emotional. 
SMA should be considered in the differential diagnosis in 
children with any of the clinical characteristics associated 
with the disease (Table 35-1), and these signs should prompt 
referral to a pédiatrie neurologist as well as for a SMN1 gene 
délétion test. 

In patients with spinal muscular atrophy, the blood cre- 
atine kinase or aldolase value is normal or mildly elevated. 
Electromyography reveals muscle denervation. Nerve con¬ 
duction velocities are normal. Genetic studies hâve shown the 
defective gene to be located on chromosome 5. In 98% of 
patients with spinal muscular atrophy, délétions of either 
exon 7 or exon 8 hâve been identified in the survival motor 
neuron (SMN) gene. A second disease-modifying gene, SMN2, 
also plays a rôle in the severity of the disease. Advances in 
molecular biology hâve now made a test for these genes and 


their potential délétions commercially available. The three 
types of spinal muscular atrophy seem to resuit from different 
mutations of the same gene. 

Clinical characteristics of spinal muscular atrophy include 
severe weakness and hypotonia, areflexia, fine tremor of the 
fingers, fasciculation of the tongue, and normal sensation. 
Proximal muscles are affected more than distal ones, and the 
lower extremities usually are weaker than the upper extremi- 
ties. Evans, Drennan, and Russman proposed a functional 
classification to aid in planning long-term orthopaedic care: 
group I patients never develop the strength to sit indepen- 
dently and hâve poor head control; group II patients develop 
head control and can sit but are unable to walk; group III 
patients can pull themselves up and walk in a limited fashion, 
frequently with the use of orthoses; and group IV patients 
develop the ability to walk and run normally and to climb 
stairs before onset of the weakness. 

Orthopaedic treatment generally is required for hip and 
spine problems. Fractures are frequent in these patients as 
well, especially nonambulators, with the fémur, ankle, and 
humérus the most common sites. Joint contractures also can 
occur, especially in the upper extremities, and tend to worsen 
with âge. Children with type I spinal muscular atrophy are 
markedly hypotonie and generally die as a resuit of the disease 
early in life. In these patients, orthopaedic reconstruction is 
not warranted; however, patients with type I spinal muscular 
atrophy may develop fractures that heal quickly with appro- 
priate splinting. Many children with infantile spinal muscular 
atrophy (Werdnig-Hoffmann disease) are never able to walk 
even with braces, but most patients with the juvénile form 
(Kugelberg-Welander disease) are able to walk for many 
years. Gentle passive range-of-motion exercises and position- 
ing instructions can be bénéficiai initially. Surgical release of 


TABLE 35-5 


Spinal Muscular Atrophy 

TYPE 

CLINICAL CHARACTERISTICS 

PROGNOSIS 

1 : most severe 

(Werdnig-Hoffman 

disease) 

■ Poor head control 

■ Difficulty with swallowing and feeding 

■ Absence of deep tendon reflexes 

■ Tongue atrophy 

■ Limb and trunk hypotonia 

■ Tongue fasciculations 

■ Intercostal muscle weakness 

Patients with type 1 SMA hâve high risk 
of mortality in early childhood because of 
pulmonary complications. 

2: intermediate 
severity 

■ Delayed motor milestones 

■ Functional ability to maintain sitting position without 
support 

■ Joint contractures 

■ Intercostal muscle weakness 

Patients with type 2 SMA can be expected 
to live into their 20s and beyond. 

3: mild (Kugelberg- 
Welander disease) 

■ Onset at âge >18 months 

■ Ambulatory 

■ Scoliosis 

■ Hand tremors 

■ Muscle fasciculations 

■ Musculoskeletal overuse syndrome 

Patients with type 3 SMA, especially those 
who remain ambulatory, hâve life 
expectancy not markedly different from 
that of general population. 


Hip abductor weakness (bilateral Trendelenburg lurch) 
Hip extensor weakness (increased lumbar lordosis) 


(Based on information from Mesfin A, Sponseller PD, Leet Al: Spinal muscular atrophy: manifestations and management, J Am Acad Orthop Surg 20:393, 2012.) 
SMA, Spinal muscular atrophy. 





9 


contractures rarely is required. Because of the absence of 
movement and weight bearing, coxa valga deformity of the 
hip is frequent and unilatéral or bilateral hip subluxation may 
occur (Fig. 35-29). Because many of these children are sitters, 
a stable and comfortable sitting position is essential. Tradi- 
tionally in nonambulatory patients, proximal fémoral varus 
derotational osteotomy (Chapter 33) has been used to produce 
a more stable sitting base. Efforts to maintain the réduction 
of the hips for good sitting balance may prevent pain and 
pelvic obliquity. Observation instead of surgical intervention 
generally is recommended because of the small number of 
patients having symptoms or seating problems. 

Among children with spinal muscular atrophy who 
survive childhood, scoliosis becomes the greatest threat 
during adolescence. The prevalence of scoliosis is nearly 
100% in children with type II spinal muscular atrophy and in 
children with type III muscular atrophy who become 



Coxa valga deformity and subluxation in 
12-year-old child with spinal muscular atrophy. 
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nonambulatory. Curves typically are long and C-shaped and 
are most common in the thoracolumbar spine, occurring in 
up to 80% of patients. Scoliosis usually is progressive and 
severe and can limit daily function and cause cardiopulmo- 
nary problems. Bracing may be indicated during the growing 
years to slow curve progression, but spinal stabilization is 
ultimately required in almost ail adolescent patients. Several 
authors hâve emphasized the importance of early surgery 
before the curve becomes severe and rigid. An inverse rela- 
tionship between pulmonary function and scoliosis severity 
has been identified: for every 10-degree increase in Cobb 
angle, there is a 5% decrease in predicted vital capacity and a 
3% decrease in peak flow. This limits the time frame during 
which patients with spinal muscular atrophy hâve sufficient 
lung capacity to successfully undergo spinal surgery. 

The treatment of choice for most patients, especially older 
ones, is a long posterior fusion, using growth-friendly instru¬ 
mentation. This fusion and instrumentation usually should 
extend to the pelvis in nonambulatory patients to prevent 
pelvic obliquity. Growing rod constructs hâve been shown to 
improve spine height, space available for the lungs, and 
control of pelvic obliquity in young patients with progressive 
scoliosis who are too young for definitive spinal fusion. Chan- 
dran et al. and McElroy et al. reported improvement in Cobb 
angles, as well as in quality of life for patients and caregivers, 
with few complications with the use of growing rods in 
patients with spinal muscular atrophy. Use of a vertical 
expandable prosthetic titanium rib (VEPTR; Synthes, West- 
chester, PA) has been reported in children with neuromuscu- 
lar scoliosis, with varying results (Fig. 35-30). Livingston 
et al. compared the use of growing rods (9 children) with 
VEPTR (11 children) in spinal muscular atrophy and found 
that neither improved “parasol rib” deformity (collapse of the 
rib cage), although spinal deformity was better corrected with 
growing rods. At least one complication occurred in 83% of 



A and B f Spinal deformity in a young child with spinal muscular atrophy. C and D, At the âge of 5 years, 2.5 years 
after implantation of vertical expandable prosthetic titanium rib (VEPTR). 
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those with VEPTR, compared with 41% of those with growing 
rods. 

Intraoperative and postoperative complications are fre¬ 
quent in these patients, and thorough preoperative évaluation 
is mandatory. Numerous studies hâve found the frequency of 
respiratory tract infections before surgery and the vital capac- 
ity of the lungs to be good indicators of the patients ability 
to tolerate surgery Tracheostomy should be considered for 
any patient with frequent preoperative respiratory tract infec¬ 
tions and a vital capacity of less than 35% of normal. Tech¬ 
niques of surgery for the treatment of neuromuscular scoliosis 
are described in Chapter 44. 

GENERAL 

Bengtsson NE, Seto JT, Hall JK, et al: Progress and prospects of gene therapy 
clinical trials for the muscular dystrophies, Hum Mol Genet 2015 Oct 8. 
[Epub ahead of print]. 

Brooks JT, Sponseller PD: Whats new in the management of neuromuscular 
scoliosis, / Pediatr Orthop 2015 Apr 13. [Epub ahead of print]. 

Canavese F, Sussman MD: Strategies of hip management in neuromuscular 
disorders: Duchenne muscular dystrophy, spinal muscular atrophy, 
Charcot-Marie-Tooth disease and arthrogryposis multiplex congénital, 
Hip Int 19(Suppl 6):S46, 2009. 

Inal-Ince D, Savci S, Arikan H, et al: Effects of scoliosis on respiratory muscle 
strength in patients with neuromuscular disorders, Spine J 9:981, 2009. 
Jirka S, Aartsma-Rus A: An update on RNA-targeting thérapies for neuro¬ 
muscular disorders, Curr Opin Neurol 28:515, 2015. 

Mercuri E, Pichiecchio A, Allsop J, et al: Muscle MRI in inherited neuro¬ 
muscular disorders: past, présent, and future, / Magn Reson Imaging 
25:433, 2007. 

Schwend RM, Drennan JC: Cavus foot deformity in children, / Am Acad 
Orthop Surg 11:201, 2003. 

Wagner S, Poirot I, Vuillerot C, Berard C: Tolérance and effectiveness on pain 
control of Pamidronate(r) intravenous infusions in children with neuro¬ 
muscular disorders, Ann Phys Rehabil Med 54:348, 2011. 

Yazici M, Ahser MA, Hardacker JW: The safety and efficacy of Isola-Galveston 
instrumentation and arthrodesis in the treatment of neuromuscular 
spinal deformities, / Bone Joint Surg 82A:524, 2000. 

MUSCULAR DYSTROPHY—GENERAL 

Angelini C: The rôle of corticosteroids in muscular dystrophy: a critical 
appraisal, Muscle Nerve 36:424, 2007. 

Fishman FG, Goldstein EM, Peljovich AE: Surgical treatment of upper 
extremity contractures in Emery-Dreifuss muscular dystrophy, / Pediatr 
Orthop B 2015 Nov 19. [Epub ahead of print]. 

Griffet J, Decrocq L, Rauscent H, et al: Lower extremity surgery in muscular 
dystrophy, Orthop Traumatol Surg Res 97:634, 2011. 

Rahimov F, Kunkel LM: The cell biology of disease: cellular and molecular 
mechanisms underlying muscular dystrophy, / Cell Biol 201:499, 2013. 
Whitehead NP, Kim MJ, Bible KL, et al: A new therapeutic effect of simvas- 
tatin revealed by functional improvement in muscular dystrophy, Proc 
NatlAcad Sci USA 112:12864, 2015. 

Wright JG, Smith PL, Owen JL, Fehlings D: Assessing functional outcomes 
of children with muscular dystrophy and scoliosis: the Muscular Dystro¬ 
phy Spine Questionnaire, / Pediatr Orthop 28:840, 2008. 

DUCHENNE MUSCULAR DYSTROPHY 

Abbs S, Tuffery-Giraud S, Bakker E, et al: Best Practice Guidelines on molec¬ 
ular diagnosis in Duchenne/Becker muscular dystrophies, Neuromuscul 
Disord 20:422, 2010. 

Bos W, Westra AE, Pinxten W, et al: Risks in a trial of an innovative treatment 
of Duchenne muscular dystrophy, Pediatrics 136:1173, 2015. 

Buckner JL, Bowden SA, Mahan JD: Optimizing bone health in Duchenne 
muscular dystrophy, Int J Endocrinol 2015:928385, 2015. 


Bushby K, Finkel R, Birnkrant DJ, et al: Diagnosis and management of Duch¬ 
enne muscular dystrophy, part 1: diagnosis and pharmacologie and psy¬ 
chosocial management, Lancet Neurol 9:77, 2010. 

Cheuk DK, Wong V, Wraige E, et al: Surgery for scoliosis in Duchenne 
muscular dystrophy, Cochrane Database Syst Rev (1):CD005375, 2007. 

Cheuk DK, Wong V, Wraige E, et al: Surgery for scoliosis in Duchenne 
muscular dystrophy, Cochrane Database Syst Rev (10):CD005375, 
2015. 

Gordon KE, Dooley JM, Sheppard KM, et al: Impact of bisphosphonates on 
survival for patients with Duchenne muscular dystrophy, Pediatrics 
127:e353, 2011. 

James KA, Cunniff C, Apkon SD, et al: Risk factors for first fractures among 
males with Duchenne or Becker muscular dystrophy, / Pediatr Orthop 
35:640, 2015. 

Karol LA: Scoliosis in patients with Duchenne muscular dystrophy, / Bone 
Joint Surg 89A(Suppl 1):155, 2007. 

Kerr TP, Lin JP, Gresty MA, et al: Spinal stability is improved by inducing a 
lumbar lordosis in boys with Duchenne muscular dystrophy: a pilot 
study, Gait Posture 28:108, 2008. 

Kim S, Campbell KA, Fox DJ, et al: Corticosteroid treatment in males with 
Duchenne muscular dystrophy: treatment duration and time to loss of 
ambulation, / Child Neurol 30:1275, 2015. 

King WM, Ruttencutter R, Nagaraja HN, et al: Orthopédie outcomes of 
long-term daily corticosteroid treatment in Duchenne muscular dystro¬ 
phy, Neurology 68:1607, 2007. 

Lebel DE, Corston JA, McAdam LC, et al: Glucocorticoid treatment for the 
prévention of scoliosis in children with Duchenne muscular dystrophy: 
long-term follow-up, / Bone Joint Surg 95:1057, 2013. 

Main M, Mercuri E, Haliloglu G, et al: Serial casting of the ankles in 
Duchenne muscular dystrophy: can it be an alternative to surgery? 
Neuromuscul Disord 17:277, 2007. 

Manzur AY, Kuntzer T, Pike A, Swan A: Glucocorticoid corticosteroids 
for Duchenne muscular dystrophy, Cochrane Database Syst Rev 
(1):CD003725, 2008. 

McMillan HJ, Gregas M, Darras BT, Kang PB: Sérum transaminase levels 
in boys with Duchenne and Becker muscular dystrophy, Pediatrics 
127:el32, 2011. 

Partridge TA: Impending thérapies for Duchenne muscular dystrophy, Curr 
Opin Neurol 24:415, 2011. 

Shieh PB: Duchenne muscular dystrophy: clinical trials and emerging tribu¬ 
lations, Curr Opin Neurol 28:542, 2015. 

Sienkiewicz D, Kulak W, Okurowska-Zawada B, et al: Duchenne muscular 
dystrophy: current cell thérapies, Ther Adv Neurol Disord 8:166, 2015. 

Suk KS, Lee BH, Lee HM, et al: Functional outcomes in Duchenne muscular 
dystrophy scoliosis: comparison of the différences between surgical and 
nonsurgical treatment, / Bone Joint Surg 96:409, 2014. 

Takaso M, Nakazawa T, Imura T, et al: Two-year results for scoliosis second- 
ary to Duchenne muscular dystrophy fused to lumbar 5 with segmentai 
pedicle screw instrumentation, J Orthop Sci 15:171, 2010. 

Velasco MV, Colin AA, Zurakowski D, et al: Posterior spinal fusion for 
scoliosis in Duchenne muscular dystrophy diminishes the rate of respira¬ 
tory décliné, Spine 32:459, 2007. 

Wein N, Alfano L, Flanigan KM: Genetics and emerging treatments for 
Duchenne and Becker muscular dystrophy, Pediatr Clin North Am 
62:723, 2015. 

LIMB-GIRDLE DYSTROPHY 

Moore SA, Shilling CJ, Westra S, et al: Limb-girdle muscular dystrophy in 
the United States, / Neuropathol Exp Neurol 65:995, 2006. 

FACIOSCAPULOHUMERAL DYSTROPHY 

de Greef JC, Lemmers RJ, Camano P, et al: Clinical features of facioscapulo- 
humeral muscular dystrophy 2, Neurology 75:2010, 1548. 

Gerevini S, Scarlato M, Maggi L, et al: Muscle MRI findings in facioscapu- 
lohumeral muscular dystrophy, Eur Radiol 2015 Jun 27. [Epub ahead of 
print]. 

Karceski S: Diagnosis and treatment of facioscapulohumeral muscular dys¬ 
trophy: 2015 guidelines, Neurology 85:e41, 2015. 




CHAPTER 35 NEUROMUSCULAR DISORDERS 


Lee CS, Kang SJ, Hwang CJ, et al: Early-onset facioscapulohumeral muscular 
dystrophy—significance of pelvic extensors in sagittal spinal imbalance, 
/ Pediatr Orthop B 18:325, 2009. 

Tawil R, Kissel JT, Heatwole C, et al: Evidence-based guideline summary: 
évaluation, diagnosis, and management of facioscapulohumeral muscu¬ 
lar dystrophy: report of the Guideline Development, Dissémination, 
and Implémentation Subcommittee of the American Academy of Neu- 
rology and the Practice Issues Review Panel of the American Association 
of Neuromuscular & Electrodiagnostic Medicine, Neurology 85:357, 
2015. 

Van Tongel A, Atoun E, Narvani A, et al: Medium to long-term outcome of 
thoracoscapular arthrodesis with screw fixation for fascioscapulohumeral 
muscular dystrophy, / Bone Joint Surg 95:1404, 2013. 

CONGENITAL DYSTROPHY 

Ho G, Cardamone M, Farrar M: Congénital and childhood myotonie dys¬ 
trophy: current aspect of disease and future directions, World J Clin 
Pediatr 4:66, 2015. 

Peat RA, Smith JM, Compton AG, et al: Diagnosis and etiology of congénital 
muscular dystrophy, Neurology 71:312, 2008. 

Takaso M, Nakazawa T, Imura T, et al: Surgical correction of spinal deformity 
in patients with congénital muscular dystrophy, / Orthop Sci 15:493, 
2010 . 

MYOTONIC DYSTROPHY 

Canavese F, Sussman MD: Orthopaedic manifestations of congénital myo¬ 
tonie dystrophy during childhood and adolescence, / Pediatr Orthop 
29:208, 2009. 

Gadalla SM, Pfeiffer RM, Kristinsson SY, et al: Brain tumors in patients with 
myotonie dystrophy: a population-based study, Eur J Neurol 2015 Oct 28. 
[Epub ahead of print]. 

Johnson NE, Abbott D, Cannon-Albright LA: Relative risks for comorbidities 
associated with myotonie dystrophy: a population-based analysis, Muscle 
Nerve 52:659, 2015. 

Johnston NE, Ekstrom AB, Campbell C, et al: Parent-reported multi-national 
study of the impact of congénital and childhood onset myotonie dystro¬ 
phy, Dev Med Child Neurol 2015 Oct 28. [Epub ahead of print]. 

Schilling L, Forst R, Forst J, Fujak A: Orthopaedic disorders in myotonie 
dystrophy type 1: descriptive clinical study of 21 patients, BMC Muscu- 
loskelet Disord 14:338, 2013. 

CHARCOT-MARIE-TOOTH DISEASE 

Bamford NS, White KK, Robinett SA, et al: Neuromuscular hip dysplasia in 
Charcot-Marie-Tooth disease type IA, Dev Med Child Neurol 51:408, 
2009. 

Béais TC, Nickisch F: Charcot-Marie-Tooth disease and the cavovarus foot, 
Foot Ankle Clin 13:259, 2008. 

Burns J, Ryan MM, Ouvrier RA: Quality of life in children with Charcot- 
Marie-Tooth disease, / Child Neurol 25:343, 2010. 

Burns J, Scheinberg A, Ryan MM, et al: Randomized trial of botulinum toxin 
to prevent pes cavus progression in pédiatrie Charcot-Marie-Tooth 
disease type IA, Muscle Nerve 42:262, 2010. 

Chan G, Bowen JR, Kumar SJ: Evaluation and treatment of hip dysplasia in 
Charcot-Marie-Tooth disease, Orthop Clin North Am 37:203, 2006. 

Chung KW, Suh BC, Shy ME, et al: Different clinical and magnetic résonance 
imaging features between Charcot-Marie-Tooth disease type IA and 2A, 
Neuromuscul Disord 18(6): 10, 2008. 

Dreher T, Wolf SI, Heitzmann D, et al: Tibialis posterior tendon transfer 
corrects the foot drop component of cavovarus foot deformity in 
Charcot-Marie-Tooth disease, / Bone Joint Surg 96:456, 2014. 

Faldini C, Traina F, Nanni M, et al: Surgical treatment of cavus foot in 
Charcot-Marie-Tooth disease: a review of twenty-four cases: AAOS 
exhibit sélection, / Bone Joint Surg 97:e30, 2015. 

Guyton GP: Current concepts review: orthopaedic aspects of Charcot-Marie- 
Tooth disease, Foot Ankle Int 27:1003, 2006. 

Hoellwarth IS, Mahan ST, Spencer SA: Painful pes planovalgus: an uncom- 
mon pédiatrie orthopédie présentation of Charcot-Marie-Tooth disease, 
/ Pediatr Orthop B 21:428, 2012. 


Karakis I, Greags M, Darras BT, et al: Clinical correlates of Charcot-Marie- 
Tooth disease in patients with pes cavus deformities, Muscle Nerve 
47:488, 2013. 

Karol LA, Elerson E: Scoliosis in patients with Charcot-Marie-Tooth disease, 
J Bone Joint Surg 89A:150, 2007. 

Napiontek M, Pietrzak K: Joint preserving surgery versus arthrodesis 
in operative treatment of patients with neuromuscular polyneuropa- 
thy: questionnaire assessment, Eur J Orthop Surg Traumatol 25:391, 
2015. 

Novais EN, Bixby SD, Rennick J, et al: Hip dysplasia is more severe in 
Charcot-Marie-Tooth disease than in developmental dysplasia of the hip, 
Clin Orthop Relat Res 472:665, 2014. 

Novais EN, Kim YJ, Carry PM, Millis MB: Periacetabular osteotomy redi¬ 
rects the acetabulum and improves pain in Charcot-Marie-Tooth hip 
dysplasia with higher complications compared with developmental 
dysplasia of the hip, / Pediatr Orthop 2015 June 3. [Epub ahead of 
print]. 

Pouwels S, de Boer A, Leufkens HG, et al: Risk of fracture in patients with 
Charcot-Marie-Tooth disease, Muscle Nerve 50:919, 2014. 

Rose KJ, Raymond J, Regshauge K, et al: Serial night casting increases ankle 
dorsiflexion range in children and young adults with Charcot-Marie- 
Tooth disease: a randomised trial, / Physiother 56:113, 2010. 

Saporta AS, Sottile SL, Miller LJ, et al: Charcot-Marie-Tooth disease subtypes 
and genetic testing strategies, Ann Neurol 69:22, 2011. 

Stover MD, Podeszwa DA, De La Rocha A, Sucato DJ: Early results of the 
Bernese periacetabular osteotomy for symptomatic dysplasia in Charcot- 
Marie-Tooth disease, Hip Int 23(Suppl 9):S2, 2013. 

VanderHave KL, Hensinger RN, King BW: Flexible cavovarus foot in chil¬ 
dren and adolescents, Foot Ankle Clin 18:715, 2013. 

Ward CM, Dolan LA, Bennett DL, et al: Long-term results of reconstruction 
for treatment of a flexible cavovarus foot in Charcot-Marie-Tooth disease, 
J Bone Joint Surg 90A:2631, 2008. 

Yagerman SE, Cross MB, Green DW, Scher DM: Pédiatrie orthopédie condi¬ 
tions in Charcot-Marie-Tooth disease: a literature review, Curr Opin 
Pediatr 24:50, 2012. 

FRIEDREICH ATAXIA 

Ashley CN, Hoang KD, Lynch DR, et al: Childhood ataxia: clinical features, 
pathogenesis, key unanswered questions, and future directions, / Child 
Neurol 27:1095, 2012. 

Bodensteiner JB: Friedreich ataxia, Semin Pediatr Neurol 21:72, 2014. 

La Pean A, Jeffries N, Grow C, et al: Predictors of progression in patients 
with Friedreich ataxia, Mov Disord 23:2026, 2008. 

Lynch DR, Seyer L: Friedreich ataxia: new findings, new challenges, Ann 
Neurol 76:487, 2014. 

Paulsen EK, Friedman LS, Myers LM, Lynch DR: Health-related quality of 
life in children with Friedreich ataxia, Pediatr Neurol 42:335, 2010. 

Sival DA, Pouwels ME, Van Brederode A, et al: In children with Friedreich 
ataxia, muscle and ataxis parameters are associated, Dev Med Child 
Neurol 53:529, 2011. 

Tsirikos AI, Smith G: Scoliosis in patients with Friedreich’s ataxia, / Bone 
Joint Surg 94:684, 2012. 

Tsou AY, Paulsen EK, Lagedrost SJ, et al: Mortality in Friedreich ataxia, 
J Neurol Sci 307:46, 2011. 

SPINAL MUSCULAR ATROPHY 

Chandran S, McCarthy J, Noonan K, et al: Early treatment of scoliosis with 
growing rods in children with severe spinal muscular atrophy: a prelimi- 
nary report, / Pediatr Orthop 31:450, 2011. 

Eckart M, Guenther UP, Idkowiak J, et al: The natural course of infantile 
spinal muscular atrophy with respiratory distress type I (SMRD1), Pedi- 
atrics 129:el48, 2012. 

Fujak A, Kopschina C, Forst R, et al: Fractures in proximal spinal muscular 
atrophy, Arch Orthop Trauma Surg 130:775, 2010. 

Fujak A, Raab W, Schuh A, et al: Natural course of scoliosis in proximal 
spinal muscular atrophy type II and Ilia: descriptive clinical study with 
rétrospective data collection of 126 patients, BMC Musculoskelet Disord 
14:283, 2013. 


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


Funk S, Lovejoy S, Mencio G, Martus J: Rigid instrumentation for neuro- 
muscular scoliosis improves deformity correction without increasing 
complications, Spine 41:46, 2016. 

Haaker G, Fujak A: Proximal spinal muscular atrophy: current orthopédie 
perspective, Appl Clin Genet 6:113, 2013. 

Halawi MJ, Lark RK, Fitch RD: Neuromuscular scoliosis: current concepts, 
Orthopedics 38:e452, 2015. 

Humphrey E, Fuller HR, Morris GE: Current research on SMN protein and 
treatment strategies for spinal muscular atrophy, Neuromuscul Disord 
22:193, 2012. 

Kolb SJ, Kissel JT: Spinal muscular atrophy, Neurol Clin 33:831, 2015. 

Lawton S, Hickerton C, Archibald AD, et al: A mixed methods exploration 
of families’ expériences of the diagnosis of childhood spinal muscular 
atrophy, Eur J Hum Genet 23:575, 2015. 

Lin CW, Kalb SJ, Yeh WS: Delay in diagnosis of spinal muscular atrophy: a 
systematic literature review, Pediatr Neurol 53:293, 2015. 

Livingstone K, Zurakowski D, Snyder B: Growing Spine Study Group; Chil¬ 
dren s Spine Study Group: Parasol rib deformity in hypotonie neuromus¬ 
cular scoliosis: a new radiographical définition and a comparison of 
short-term treatment outcomes with VEPTR and growing rods, Spine 
40:E780, 2015. 

McElroy MJ, Shaner AC, Crawford TO, et al: Growing rods for scoliosis in 
spinal muscular atrophy: structural effects, complications, and hospital 
stays, Spine 36:1305, 2011. 

Mesfin A, Sponseller PD, Leet AI: Spinal muscular atrophy: manifestations 
and management, J Am Acad Orthop Surg 20:393, 2012. 

Modi HN, Suh SW, Jong JY, et al: Treatment and complications in flaccid 
neuromuscular scoliosis (Duchenne muscular dystrophy and spinal mus¬ 
cular atrophy) with posterior-only pedicle screw instrumentation, Eur 
Spine J 19:384, 2010. 


Sucato DJ: Spine deformity in spinal muscular atrophy, / Bone Joint Surg 
89A(Suppl 1): 148, 2007. 

Tisdale S, Pellizzoni L: Disease mechanisms and therapeutic approaches in 
spinal muscular atrophy, J Neurosci 35:8691, 2015. 

Tobert DG, Vitale MG: Strategies for treating scoliosis in children with spinal 
muscular atrophy, Am J Orthop 42:E99, 2013. 

Vai S, Bianchi ML, Moroni I, et al: Bone and spinal muscular atrophy, Bone 
79:116, 2015. 

Wadman RI, Bosboom WM, van den Berg LH, et al: Drug treatment for 
spinal muscular atrophy type I, Cochrane Database Syst Rev ( 1 ) :CD006281, 
2011. 

Wadman RI, Bosboom WM, van den Berg LH, et al: Drug treatment for 
spinal muscular atrophy types II and III, Cochrane Database Syst Rev 
(1):CD006282, 2011. 

Wertz MH, Sahin M: Developing thérapies for spinal muscular atrophy, Ann 
N Y Acad Sci 2015 Jul 14. [Epub ahead of print]. 

White KK, Song KM, Frost N, et al: VEPTR growing rods for early-onset 
neuromuscular scoliosis: feasible and effective, Clin Orthop Relat Res 
469:1335, 2011. 

Yuan P, Jiang L: Clinical characteristics of three subtypes of spinal muscular 
atrophy in children, Brain Dev 37:537, 2015. 

Zebala LP, Bridwell KH, Baldus C, et al: Minimum 5-year radiographie 
results of long scoliosis fusion in juvénile spinal muscular atrophy 
patients: major curve progression affer instrumented fusion, / Pediatr 
Orthop 31:480, 2011. 

The complété list of references is avaïlable online at expertconsult. 

inkling.com. 


CHAPTER 35 NEUROMUSCULAR DISORDERS 


SUPPLEMENTAL REFERENCES 


GENERAL 

Allen BL Jr, Ferguson RL: The Galveston technique of pelvic fixation with 
L-rod instrumentation of the spine, Spine 9:388, 1984. 

Bach JR: Letter to the editor, / Bone Joint Surg 77A:649, 1995. 

Bleck EE: Orthopaedic management of cérébral palsy, Philadelphia, 1979, 
Saunders. 

Botte MJ, Keenan MAE, Abrams RA: Hétérotopie ossification in neuromus- 
cular disorders, Orthopedics 20:335, 1997. 

Brumsen C, Neveen A, Hamdy T, et al: Long-term effects of bisphosphonates 
on the growing skeleton, Medicine 76:266, 1997. 

Clark MW: New developments in activity for young people with disabilities. 
Paper presented at Pédiatrie Orthopédie Society of North America, 
Boston, May 1986. 

Crawford AH, Jucharzyk D, Roy DR, et al: Subtalar stabilization of the pla- 
novalgus foot by staple arthroereisis in young children who hâve neuro- 
muscular problems, / Bone Joint Surg 72A:840, 1990. 

DiLiberti JH, DAgnostino AN, Cole G: Needle muscle biopsy in infants and 
children, / Pediatr 103:566, 1983. 

Drennan JC: Orthopaedic management of neuromuscular disorders, Philadel¬ 
phia, 1983, Lippincott. 

Drennan JC: Neuromuscular disorders. In Morrissy RT, editor: Lovell and 
Winters pédiatrie orthopaedics, vol 2, ed 3, Philadelphia, 1990, 
Lippincott. 

Gardner-Medwin D: Clinical features and classification of muscular dystro¬ 
phies, Br Med Bull 36:109, 1980. 

Glorieux FH, Bishop NJ, Plotkin H, et al: Cyclic administration of pamidro¬ 
nate in children with severe osteogenesis imperfecta, N Engl J Med 
339:947, 1998. 

Gower WR: Clinical lecture on pseudo-hypertrophie muscular paralysis, 
Lancet 2:1, 1879. 

Green NE: The orthopaedic care of children with muscular dystrophy, Instr 
Course Lect 2>6\267, 1987. 

Hageman G, Ippel EPF, Beemer FA, et al: The diagnostic management of 
newborns with congénital contractures: a nosologie study of 75 cases, 
Am J Med Genet 30:883, 1988. 

Ingram AJ: Paralytic disorders. In Crenshaw AH, editor: CampbelVs operative 
orthopaedics, ed 7, St. Louis, 1987, Mosby. 

Jablecki CK: Electromyography in infants and children, / Child Neurol 1:297, 
1986. 

Kim H, Wenger DR: Location of acetabular deficiency and associated hip 
dislocation in neuromuscular hip dysplasia: three-dimensional com- 
puted tomographie analysis, / Pediatr Orthop 17:143, 1997. 

Koch SJ, Aergo DE, Bowser B: Outpatient réhabilitation for chronic neuro¬ 
muscular diseases, Am J Phys Med Rehabil 65:245, 1986. 

Kunkel LM: The Welcome lecture, 1988. Muscular dystrophy: a time of hope, 
Proc R Soc Lond B Biol Sci 237:1, 1989. 

Lonstein JE, Renshaw TS: Neuromuscular spine deformities, Instr Course 
Lect 36:285, 1987. 

Louis DS, Hensinger RN, Fraser BA, et al: Surgical management of the 
severely multiply handicapped individual, / Pediatr Orthop 9:15, 1989. 

Mubarak SJ, Chambers HG, Wenger DR: Percutaneous muscle biopsy in the 
diagnosis of neuromuscular disease, / Pediatr Orthop 12:191, 1992. 

O’Neill DL, Harris SR: Developing goals and objectives for handicapped 
children, Phys Ther 62:295, 1982. 

Rinsky LA, Gamble JG, Bleck EE: Segmentai instrumentation without fusion 
in children with progressive scoliosis, J Pediatr Orthop 5:687, 1985. 

Sage FP: Inheritable progressive neuromuscular diseases. In Crenshaw AH, 
editor: Campbells operative orthopaedics, ed 7, St. Louis, 1987, Mosby. 

Sanchez AA, Rathjen KE, Mubarak SJ: Subtalar staple arthroereisis for 
planovalgus foot deformity in children with neuromuscular disease, 
/ Pediatr Orthop 19:34, 1999. 

Shapiro F, Bresnan MJ: Current concepts review: orthopaedic management 
of childhood neuromuscular disease, part II: diseases of muscle, J Bone 
Joint Surg 64A:1102, 1982. 

Shapiro F, Specht L: Current concepts review: the diagnosis and orthopae¬ 
dic treatment of childhood spinal muscular atrophy, peripheral neuropa- 


thy, Friedreich ataxia, and arthrogryposis, J Bone Joint Surg 75A:1699, 
1993. 

Shapiro F, Specht L: Current concepts review: the diagnosis and orthopaedic 
treatment of inherited muscular diseases of childhood, / Bone Joint Surg 
75A:439, 1993. 

Shaw NJ, White CP, Fraser WD, et al: Osteopenia in cérébral palsy, Arch Dis 
Child 71:235, 1994. 

Siegel IM: The clinical management of muscle disease: a practical manual of 
diagnosis and treatment, London, 1977, William Heinemann. 

Siegel IM: Diagnosis, management, and orthopaedic treatment of muscular 
dystrophy, Instr Course Lect 30:3, 1981. 

Tachdjian MO: Pédiatrie orthopedics, ed 2, Philadelphia, 1990, Saunders. 

Vedantam R, Capelli AM, Schoenecker PL: Subtalar arthroereisis for the 
correction of planovalgus foot in children with neuromuscular disorders, 
/ Pediatr Orthop 18:294, 1998. 

MUSCULAR DYSTROPHY—GENERAL 

Bailey RO, Marzulo DC, Hans MB: Muscular dystrophy: infantile facioscapu- 
lohumeral muscular dystrophy—new observations, Acta Neurol Scand 
74:51, 1986. 

Becker PE: Two new families of benign sex-linked récessive muscular dys¬ 
trophy, Rev Can Biol 21:551, 1962. 

Berman AT, Garbarino JL, Rosenberg H, et al: Muscle biopsy: proper surgical 
technique, Clin Orthop Relat Res 198:240, 1985. 

Bowen TR, Miller F, Mackenzie W: Comparison of oxygen consumption 
measurements in children with cérébral palsy to children with muscular 
dystrophy, / Pediatr Orthop 19:133, 1999. 

Brown RH, Phil D: Dystrophy-associated proteins and the muscular dystro¬ 
phies, Annu Rev Med 48:457, 1997. 

Copeland SA, Levy O, Warner GC, et al: The shoulder in patients with mus¬ 
cular dystrophy, Clin Orthop Relat Res 368:80, 1999. 

Gardner-Medwin D: Clinical features and classification of muscular dystro¬ 
phies, Br Med Bull 36:109, 1980. 

Green NE: The orthopaedic care of children with muscular dystrophy, Instr 
Course Lect 36:267, 1987. 

Hsu JD, Hoffer MM: Posterior tibial tendon transfer anteriorly through the 
interosseous membrane, Clin Orthop Relat Res 131:202, 1978. 

Roy L, Gibson D: Pseudohypertrophic muscular dystrophy and its surgical 
management: review of 30 patients, Can J Surg 13:13, 1970. 

Shapiro F, Bresnan MJ: Current concepts review: orthopaedic management 
of childhood neuromuscular disease, part II: diseases of muscle, / Bone 
Joint Surg 6 4A:1102, 1982. 

Siegel IM: The clinical management of muscle disease: a practical manual of 
diagnosis and treatment, London, 1977, William Heinemann. 

Siegel IM: Diagnosis, management, and orthopaedic treatment of muscular 
dystrophy, Instr Course Lect 30:3, 1981. 

DUCHENNE MUSCULAR DYSTROPHY 

Alman BA: Duchenne muscular dystrophy and steroids: pharmacologie 
treatment in the absence of effective gene therapy, / Pediatr Orthop 
25:554, 2005. 

Alman BA, Kim HKW: Pelvic obliquity after fusion of the spine in Duchenne 
muscular dystrophy, / Bone Joint Surg 81B:821, 1999. 

Alman B A, Raza SN, Biggar WD: Steroid treatment and the development of 
scoliosis in males with Duchenne muscular dystrophy, / Bone Joint Surg 
86A:519, 2004. 

Biggar WD, Gingras M, Fehlings DL, et al: Deflazacort treatment of Duch¬ 
enne muscular dystrophy, / Pediatr 138:45, 2001. 

Bleck EE: Mobility of patients with Duchenne muscular dystrophy [letter], 
Dev Med Child Neurol 21:823, 1979. 

Bridwell KH, Baldus C, Iffrig TM, et al: Process measures and patient/parent 
évaluation of surgical management of spinal deformities in patients 
with progressive flaccid neuromuscular scoliosis (Duchenne’s muscular 
dystrophy and spinal muscle atrophy), Spine 24:1300, 1999. 

Brook PD, Kennedy JD, Stern LM, et al: Spinal fusion in Duchennes mus¬ 
cular dystrophy, / Pediatr Orthop 16:324, 1996. 

Brown JC: Muscular dystrophy, Practitioner 226:1031, 1982. 

Brownell AKW, Paasuke RT, Elash A, et al: Malignant hyperthermia in 
Duchenne muscular dystrophy, Anesthesiology 58:180, 1983. 


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


Cambridge W, Drennan JC: Scoliosis associated with Duchenne muscular 
dystrophy, / Pediatr Orthop 7:436, 1987. 

Chamberlain JS: Gene therapy of muscular dystrophy, Hum Mol Genet 
11:2355, 2002. 

Connolly AM, Schierbecker J, Renna R, et al: High-dose weekly oral pred¬ 
nisone improves strength in boys with Duchenne muscular dystrophy, 
Neuromuscul Disord 12:917, 2002. 

Cooper RR: Skeletal muscle and muscle disorders. In Cruess RL, Rennie 
WR J, editors: Adult orthopaedics , vol 1, New York, 1984, Churchill 
Livingstone. 

Crisp DE, Ziter FA, Bray PF: Diagnostic delay in Duchenne s muscular dys¬ 
trophy, JAMA 247:478, 1982. 

DeSilva S, Drachman D: Prednisone treatment in Duchenne muscular dys¬ 
trophy, Arch Neurol 44:818, 1987. 

Douglas R, Larson PF, Ambrosia RD, et al: The LSU reciprocation-gait ortho¬ 
sis, Orthopedics 6:834, 1983. 

Drennan JC, Bondurant M: Paralytic disorders. In American Academy of 
Orthopaedic Surgeons: Atlas of orthotics, ed 2, St. Louis, 1985, Mosby. 

Fenichel GM, Florence JM, Pestronk A, et al: Long-term benefit from pred¬ 
nisone therapy in Duchenne muscular dystrophy, Neurology 41:1874, 
1991. 

Firth M, Gardner-Medwin D, Hoskin G, et al: Interviews with parents of 
boys suffering from Duchenne muscular dystrophy, Dev Med Child 
Neurol 25:466, 1983. 

Fletcher R, Blennow G, Olsson AK, et al: Malignant hyperthermia in a myo¬ 
pathie child: prolonged postoperative course requiring dantrolene, Acta 
Anaesthesiol Scand 26:435, 1982. 

Fowler WM Jr: Réhabilitation management of muscular dystrophy and 
related disorders, part II: comprehensive care, Arch Phys Med Rehabil 
63:322, 1982. 

Fowler WM Jr, Taylor M: Réhabilitation management of muscular dystrophy 
and related disorders, part I: the rôle of exercise, Arch Phys Med Rehabil 
63:319, 1982. 

Galasko CSB, Delaney C, Morris P: Spinal stabilisation in Duchenne muscu¬ 
lar dystrophy, / Bone Joint Surg 74B:210, 1992. 

Gardner-Medwin D, Johnston HM: Severe muscular dystrophy in girls, 
J Neurol S ci 64:79, 1984. 

Goertzen M, Baltzer A, Voit T: Clinical results of early orthopaedic manage¬ 
ment in Duchenne muscular dystrophy, Neuropediatrics 26:257, 1995. 

Granata C, Giannini S, Ballestrazzi L, et al: Early surgery in Duchenne mus¬ 
cular dystrophy, Neuromuscul Disord 4:87, 1994. 

Green NE: The orthopaedic care of children with muscular dystrophy, Instr 
Course Lect 36:267, 1987. 

Greene W: Transfer versus lengthening of the posterior tibial tendon in 
Duchennes muscular dystrophy, Foot Ankle 13:526, 1992. 

Griggs RC, Moxley RT, Mendell JR, et al: Duchenne dystrophy: randomized, 
controlled trial of prednisone (18 months) and azathioprine (12 months), 
Neurology 43:520, 2001. 

Gussoni E: Dystrophin expressin in the mdx mouse restored by stem cell 
transplantation, Nature 401:390, 1999. 

Hahn A, Bach JR, Delaubier A, et al: Clinical implications of maximal respi- 
ratory pressure déterminations for individuals with Duchenne muscular 
dystrophy, Arch Phys Med Rehabil 78:1, 1997. 

Hartigan-O’Connor D, Chamberlain J: Developments in gene therapy for 
muscular dystrophy, Microsc Res Tech 48:223, 2000. 

Heckmatt J, Rodillo E, Dubowitz V: Management of children: pharmacologi- 
cal and physical, Br Med Bull 45:788, 1987. 

Hoffman EP, Brown RH, Kunkel LM: Dystrophin: the protein product of 
Duchenne muscular dystrophy locus, Cell 51:919, 1987. 

Hoffman EP, Kunkel LM: Dystrophin abnormalities in Duchenne/Becker 
muscular dystrophy, Neuron 2:1019, 1989. 

Hsu JD: The natural history of spine curvature progression in the nonambu- 
latory Duchenne muscular dystrophy patient, Spine 8:771, 1983. 

Hsu JD: Orthopédie approaches for the treatment of lower-extremity con¬ 
tractures in the Duchenne muscular dystrophy patient in the United 
States and Canada, Semin Neurol 15:6, 1995. 

Hsu JD, Hall VD, Swank S, et al: Control of spine curvature in the Duchenne 
muscular dystrophy (DMD) patient. In Proceedings of the Scoliosis 
Research Society, Denver, 1982, Scoliosis Research Society. 


Hsu JD, Hsu CL: Motor unit disease. In Jahss MH, editor: Disorders of the 
foot, Philadelphia, 1982, Saunders. 

Hsu JD, Lewis JE: Challenges in the care of the retarded child with Duchenne 
muscular dystrophy, Orthop Clin North Am 12:73, 1981. 

Kelfer HM, Singer WD, Reynolds RN: Malignant hyperthermia in a child 
with Duchenne muscular dystrophy, Pediatrics 71:118, 1983. 

Kennedy JD, Staples AJ, Brook PD, et al: Effect of spinal surgery on lung 
function in Duchenne muscular dystrophy, Thorax 50:1173, 1995. 

Kurz LT, Mubarak SJ, Schultz P, et al: Corrélation of scoliosis and pulmonary 
function in Duchenne muscular dystrophy, / Pediatr Orthop 3:347, 1983. 

Lane RJM, Robinow M, Roses AD: The genetic status of mothers of isolated 
cases of Duchenne muscular dystrophy, / Med Genet 20:1, 1983. 

LaPrade RF, Rowe DE: The operative treatment of scoliosis in Duchenne 
muscular dystrophy, Orthop Rev 21:39, 1992. 

Larson CM, Henderson RC: Bone minerai density and fractures in boys with 
Duchenne muscular dystrophy, / Pediatr Orthop 20:71, 2000. 

Leitch KK, Raza N, Biggar D, et al: Should foot surgery be performed for 
children with Duchenne muscular dystrophy?, / Pediatr Orthop 25:95, 
2005. 

Lutter LD, Carlson M, Winner RB, et al: Spine curvatures in progressive mus¬ 
cular dystrophy. Paper presented at the Annual Meeting of the Pédiatrie 
Orthopaedic Society, Vancouver, May 1984. 

Manzur AY, Hyde SA, Rodillo E, et al: A randomized controlled trial of early 
surgery in Duchenne muscular dystrophy, Neuromuscul Disord 2:379, 
1992. 

Marchesi D, Arlet V, Stricker U, et al: Modification of the original Luque 
technique in the treatment of Duchennes neuromuscular scoliosis, 
J Pediatr Orthop 17:743, 1997. 

Marchildon MB: Malignant hyperthermia: current concepts, Arch Surg 
117:349, 1982. 

McDonald CM, Abresch RT, Carter GT, et al: Profiles of neuromuscular 
diseases: Duchenne muscular dystrophy, Am J Phys Med Rehabil 
74(Suppl):S70, 1995. 

Melkonian GJ, Cristofaro RL, Perry J, et al: Dynamic gait electromyography 
study in Duchenne muscular dystrophy (DMD) patients, Foot Ankle 1:78, 
1980. 

Mendell JR, Moxley RT, Griggs RC, et al: Randomized, double-blind six- 
month trial of prednisone in Duchennes muscular dystrophy, N Engl J 
Med 320:1592, 1989. 

Miller F, Moseley CF, Koreska J, et al: Pulmonary function and scoliosis in 
Duchenne dystrophy, / Pediatr Orthop 8:133, 1988. 

Miller F, Moseley CF, Koreska J: Spinal fusion in Duchenne muscular dys¬ 
trophy, Dev Med Child Neurol 34:775, 1992. 

Miller RG, Chalmers AC, Dao H, et al: The effect of spine fusion on respira- 
tory function in Duchenne muscular dystrophy, Neurology 41:38, 1991. 

Moser H: Duchenne muscular dystrophy: pathogenetic aspects and genetic 
prévention, Hum Genet 66:17, 1984. 

Mubarak SJ, Morin WD, Leach J: Spinal fusion in Duchenne muscular 
dystrophy—fixation and fusion to the sacropelvis?, / Pediatr Orthop 
13:7562, 1993. 

Ramirez N, Richards BS, Warren PD, et al: Complications after posterior 
spinal fusion in Duchennes muscular dystrophy, / Pediatr Orthop 17:109, 
1997. 

Renshaw TS: Treatment of Duchennes muscular dystrophy, JAMA 248:922, 
1982. 

Rideau Y, Duport G, Delaubier A, et al: Early treatment to preserve quality 
of locomotion for children with Duchenne muscular dystrophy, Semin 
Neurol 15:9, 1995. 

Rochelle J, Bowen JR, Ray S: Pédiatrie foot deformities in progressive neu¬ 
romuscular disease, Contemp Orthop 8:41, 1984. 

Scher DM, Mubarak SJ: Surgical prévention of foot deformity in patients 
with Duchenne muscular dystrophy, / Pediatr Orthop 22:384, 2002. 

Seeger BR, Caudrey DJ, Little JD: Progression of equinus deformity in Duch¬ 
enne muscular dystrophy, Arch Phys Med Rehabil 66:286, 1985. 

Seeger BR, Sutherland AD, Clark MS: Orthotic management of scoliosis in 
Duchenne muscular dystrophy, Arch Phys Med Rehabil 65:83, 1984. 

Serrano C, Wall C, Moore SA, et al: Gentamicin treatment for muscular 
dystrophy patients with stop codon mutation, Neurology 569(Suppl 
3):A79, 2001. 


CHAPTER 35 NEUROMUSCULAR DISORDERS 


Shapiro F, Sethna N, Colan S, et al: Spinal fusion in Duchenne muscular 
dystrophy: a multidisciplinary approach, Muscle Nerve 15:604, 1992. 

Siegel IM: Maintenance of ambulation in Duchenne muscular dystrophy: the 
rôle of the orthopédie surgeon, Clin Pediatr (Phila) 19:383, 1980. 

Smith AD, Koreska J, Moseley CF: Progression of scoliosis in Duchenne 
muscular dystrophy, / Bone Joint Surg 71 A: 1066, 1989. 

Sussman MD: Duchenne muscular dystrophy, J Am Acad Orthop Surg 
10:138, 2002. 

Sussman MD: Advantage of early spinal stabilization and fusion in patients 
with Duchenne muscular dystrophy, / Pediatr Orthop 4:531, 1984. 

Sutherland DH, Olshen R, Cooper L, et al: The pathomechanics of gait in 
Duchenne muscular dystrophy, Dev Med Child Neurol 23:3, 1981. 

Swank SM, Brown JC, Perry RE: Spinal fusion in Duchenne’s muscular dys¬ 
trophy, Spine 7:484, 1982. 

Vignos P J, Wagner MB, Kaplan JS, et al: Predicting the success of reambula- 
tion in patients with Duchenne muscular dystrophy, / Bone Joint Surg 
65A:719, 1983. 

Vignos PJ, Wagner MB, Karlinchak B, et al: Evaluation of a program for 
long-term treatment of Duchenne muscular dystrophy, / Bone Joint Surg 
78A:1844, 1996. 

Wagner KR, Hamed S, Hadley DW, et al: Gentamicin treatment of Duchenne 
and Becker muscular dystrophy due to nonsense mutations, Ann Neurol 
49:706, 2001. 

Weimann RL, Gibson DA, Moseley CF, et al: Surgical stabilization of the 
spine in Duchenne muscular dystrophy, Spine 8:776, 1983. 

Yasuma F, Sakai M: Scoliosis in Duchenne muscular dystrophy, Respiration 
66:463, 1999. 

BECKER MUSCULAR DYSTROPHY 

Becker PE, Kiener F: Eine neue x-chromosomale Muskeldystrophie, Arch 
Psychiatr Nervenkr 193:427, 1955. 

Brown FR III, Voigt R, Singh AK, et al: Peroxisomal disorders: neurodevel- 
opmental and biochemical aspects, Am J Dis Child 147:617, 1993. 

Emery AEH, Skinner R: Clinical studies in benign (Becker type) X-linked 
muscular dystrophy, Clin Genet 10:189, 1976. 

Fowler WM Jr: Réhabilitation management of muscular dystrophy and 
related disorders, part II: comprehensive care, Arch Phys Med Rehabil 
63:322, 1982. 

Grimm T: Genetic counseling in Becker type X-linked muscular dystrophy, 
part I: theoretical considérations, Am J Med Genet 18:713, 1984. 

Grimm T: Genetic counseling in Becker type X-linked muscular dystrophy, 
part II: practical considérations, Am J Med Genet 18:719, 1984. 

Herrmann FH, Spiegler AWJ: Carrier détection in X-linked Becker muscular 
dystrophy by muscle provocation test (MPT), / Neurol Sci 62:141, 1983. 

Khan RH, MacNicol MF: Bilateral patellar subluxation secondary to Becker 
muscular dystrophy: a case report, / Bone Joint Surg 64A:777, 1982. 

Kloster R: Benign X-linked muscular dystrophy (Becker type): a kindred 
with very slow rate of progression, Acta Neurol Scand 68:344, 1983. 

McDonald CM, Abresch RT, Carter GT, et al: Profiles of neuromuscular 
diseases: Beckers muscular dystrophy, Am J Phys Med Rehabil 74(Suppl): 
S93, 1995. 

LIMB-GIRDLE DYSTROPHY 

Bônnermann CG: Limb-girdle muscular dystrophy in childhood, Pediatr 
Ann 34:569, 2005. 

Fowler WM Jr: Réhabilitation management of muscular dystrophy and 
related disorders, part II: comprehensive care, Arch Phys Med Rehabil 
63:322, 1982. 

Fowler WM Jr, Nayak NN: Slowly progressive proximal weakness: limb- 
girdle syndromes, Arch Phys Med Rehabil 64:527, 1983. 

McDonald CM, Johnson ER, Abresch RT, et al: Profiles of neuromuscular 
diseases: limb-girdle syndromes, Am J Phys Med Rehabil 74(Suppl):S117, 
1995. 

EMERY-DREIFUSS MUSCULAR DYSTROPHY 

Morrison P, Jago RH: Emery-Dreifuss muscular dystrophy, Anaesthesia 
46:33, 1991. 

Shapiro F, Specht L: Orthopédie deformities in Emery-Dreifuss muscular 
dystrophy, / Pediatr Orthop 11:336, 1991. 


Zacharias AS, Wagener ME, Warren ST, et al: Emery-Dreifuss muscular dys¬ 
trophy, Semin Neurol 19:67, 1999. 

FACIOSCAPULOHUMERAL DYSTROPHY 

Berne D, Laude F, Laporte C, et al: Scapulothoracic arthrodesis in facioscapu- 
lohumeral muscular dystrophy, Clin Orthop Relat Res 409:106, 2003. 

Diab M, Darras BT, Shapiro F: Scapulothoracic fusion for facioscapulo- 
humeral dystrophy, J Bone Joint Surg 87A:2267, 2005. 

Fowler WM Jr: Réhabilitation management of muscular dystrophy, and 
related disorders, part II: comprehensive care, Arch Phys Med Rehabil 
63:322, 1982. 

Jakab E, Gledhill RB: Simplified technique for scapulocostal fusion in the 
facioscapulohumeral dystrophy, J Pediatr Orthop 13:749, 1993. 

Kocialkowski A, Frostick SP, Wallace WA: One-stage bilateral thoracoscapu- 
lar fusion using allografts, Clin Orthop Relat Res 273:264, 1991. 

Krishnan SG, Hawkins RJ, Michelotti JD, et al: Scapulothoracic arthrodesis: 
indications, technique, and results, Clin Orthop Relat Res 435:126, 2005. 

Letournel E, Fardeau M, Lytle JO, et al: Scapulothoracic arthrodesis for 
patients who hâve facioscapulohumeral muscular dystrophy, / Bone Joint 
Surg 7 2A:78, 1990. 

Mackenzie WG, Riddle EC, Earley JL, et al: A neurovascular complication 
after scapulothoracic arthrodesis, Clin Orthop Relat Res 408:157, 2003. 

McGarry J, Garg B, Silbert S: Death in childhood due to facioscapulohumeral 
dystrophy, Acta Neurol Scand 68:61, 1983. 

Padberg G, Erikson AW, Volkers WS, et al: Linkage studies in autosomal 
dominant facioscapulohumeral muscular dystrophy, / Neurol Sci 65:261, 
1984. 

Shapiro F, Specht L, Korf BR: Locomotor problems in infantile facioscapu¬ 
lohumeral muscular dystrophy, Acta Orthop Scand 62:367, 1991. 

CONGENITAL DYSTROPHY 

Cornelio F, Di Donato S: Myopathies due to enzyme deficiencies, J Neurol 
232:329, 1985. 

Cunliffe M, Burrows FA: Anaesthetic implications of nemaline rod myo- 
pathy, Can Anaesth Soc J 32:543, 1985. 

Eeg-Olofsson O, Henriksson KG, Thornell LE, et al: Early infant death in 
nemaline (rod) myopathy, Brain Dev 5:53, 1983. 

Fowler WM Jr: Réhabilitation management of muscular dystrophy and 
related disorders, part II: comprehensive care, Arch Phys Med Rehabil 
63:322, 1982. 

Jones R, Kahn R, Hughes S, et al: Congénital muscular dystrophy: the impor¬ 
tance of early diagnosis and orthopaedic management in the long-term 
prognosis, / Bone Joint Surg 61 B: 13, 1979. 

McMenamin JB, Becker LE, Murphy EG: Congénital muscular dystrophy: a 
clinicopathologic report of 24 cases, / Pediatr 100:692, 1982. 

McMenamin JB, Becker LE, Murphy EG: Fukuyama-type congénital muscu¬ 
lar dystrophy, / Pediatr 100:580, 1982. 

Mercuri E, Longman C: Congénital muscular dystrophy, Pediatr Ann 34:560, 
2005. 

MYOTONIC DYSTROPHY 

Begin R, Bureau MA, Lupien L, et al: Pathogenesis of respiratory insuffi- 
ciency in myotonie dystrophy: the mechanical factors, Am Rev Respir Dis 
125:312, 1982. 

Hawley RJ, Gottdiener JS, Gay JA, et al: Families with myotonie dystrophy 
with and without cardiac involvement, Arch Intern Med 143:2134, 
1983. 

Johnson ER, Abresch RT, Carter GT, et al: Profiles of neuromuscular dis¬ 
eases: myotonie dystrophy, Am J Phys Med Rehabil 74(Suppl):104, 1995. 

O’Brien TA, Harper PS: Course, prognosis and complications of childhood- 
onset myotonie dystrophy, Dev Med Child Neurol 26:62, 1984. 

Ray S, Bowen JR, Marks HG: Foot deformity in myotonie dystrophy, Foot 
Ankle 5:125, 1984. 

CHARCOT-MARIE-TOOTH DISEASE 

Aktas S, Sussman MD: The radiological analysis of pes cavus deformity in 
Charcot Marie Tooth disease, / Pediatr Orthop 9:137, 2000. 

Alexander IJ, Johnson KA: Assessment and management of pes cavus in 
Charcot-Marie-Tooth disease, Clin Orthop Relat Res 246:273, 1989. 


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN 


Azmaipairashvili Z, Riddle EC, Scavina M, et al: Correction of cavovarus 
foot deformity in Charcot-Marie-Tooth disease, / Pediatr Orthop 25:360, 
2005. 

Bradley GW, Coleman SS: Treatment of the calcaneocavus foot deformity, 
J Bone Joint Surg 63A: 1159, 1981. 

Charcot JM, Marie P: Sur une forme particulière d’atrophie musculaire 
souvent familiale débutant par les pied et les jambes et atteignant plus 
tard les mains, Rev Med 96: 1886. 

Coleman SS: Complexfoot deformities in children, Philadelphia, 1983, Lea & 
Febiger. 

Coleman SS, Chestnut WJ: A simple test for hind foot flexibility in the cav¬ 
ovarus foot, Clin Orthop Relat Res 123:60, 1977. 

Daher YH, Lonstein JE, Winter RB, et al: Spinal deformities in patients with 
Charcot-Marie-Tooth disease: a review of 21 patients, Clin Orthop Relat 
Res 202:219, 1986. 

Dejerine J, Sottas J: Sur la neurité interstitielle hypertrophique et progressive 
de l’enfance, CR Soc Biol 45:63, 1893. 

Dwyer FC: The treatment of relapsed club foot by the insertion of a wedge 
into the calcanéum, / Bone Joint Surg 45B:67, 1963. 

Fuller JE, DeLuca PA: Acetabular dysplasia and Charcot-Marie-Tooth disease 
in a family, / Bone Joint Surg 77A:1087, 1995. 

Gould N: Surgery in advanced Charcot-Marie-Tooth disease, Foot Ankle 
4:267, 1984. 

Guyton GP, Mann RA: The pathogenesis and surgical management of 
foot deformity in Charcot-Marie-Tooth disease, Foot Ankle Clin 5:317, 
2000. 

Hayasaka K, Himoro M, Sato W, et al: Charcot-Marie-Tooth neuropathy type 
IB is associated with mutations of the myelin PO gene, Nat Genet 5:31, 
1993. 

Hensinger RN, MacEwen GD: Spinal deformity associated with heritable 
neurologie conditions: spinal muscular atrophy, Friedreich’s ataxia, 
familial dysautonomia, and Charcot-Marie-Tooth disease, / Bone Joint 
Surg 58A:13, 1976. 

Hibbs RA: An operation for “claw-foot,”, JAMA 73:1583, 1919. 

International Myotonie Dystrophy Consortium: New nomenclature and 
DNA testing guidelines for myotonie dystrophy type-1 (DM-1), Neurol- 
ogy 54:1218, 2000. 

Jansen GA, Ferdinandusse S, Skjeldal OH, et al: Molecular basis of Refsum 
disease: identification of new mutations in the phytanoyl-CoA hydroxy¬ 
lase cDNA, J Inherit Metab Dis 21:228, 1998. 

Jones R: The soldier’s foot and the treatment of common deformities of the 
foot, part II: claw-foot, BMJ 1:749, 1916. 

Kaplan L, Margulies JY, Kadari A, et al: Aspects of spinal deformity in famil¬ 
ial dysautonomia (Riley-Day syndrome), Eur Spine J 6:33, 1997. 

Kirkpatrick JS, Goldner JL, Goldner RD: Révision arthrodesis for tibiotalar 
pseudarthrosis with fibular onlay-inlay graff and internai screw fixation, 
Clin Orthop Relat Res 268:29, 1991. 

Kumar SJ, Marks HG, Bowen JR, et al: Hip dysplasia associated with Charcot- 
Marie-Tooth disease in the older child and adolescent, / Pediatr Orthop 
5:511, 1985. 

Lorenzetti D, Pareyson D, Sghirlanzoni A, étal: A 1.5-Mb délétion in 
17pll.2-pl2 is frequently observed in Italian families with hereditary 
neuropathy with liability to pressure palsies, Am J Hum Genet 56:91, 
1995. 

Lupski JR, Chance PF, Garcia CA: Inherited primary peripheral neuropa¬ 
thies: molecular genetics and clinical implications of CMT1A and HNPP, 
JAMA 270:2326, 1993. 

Lupski JR, de-Oca-Luna RM, Slaugenhaupt S, et al: DNA duplication associ¬ 
ated with Charcot-Marie-Tooth disease type IA, Cell 66:219, 1991. 

Mann RA, Missirian J: Pathophysiology of Charcot-Marie-Tooth disease, 
Clin Orthop Relat Res 234:221, 1988. 

McCluskey WP, Lovell WW, Cummings RJ: The cavovarus foot deformity: 
etiology and management, Clin Orthop Relat Res 247:27, 1989. 

Medhat MA, Krantz H: Neuropathie ankle joint in Charcot-Marie-Tooth 
disease after triple arthrodesis of the foot, Orthop Rev 17:873, 1988. 

Miller GM, Hsu JD, Hoffer MM, et al: Posterior tibial tendon transfer: a 
review of the literature and analysis of 74 procedures, / Pediatr Orthop 
2:363, 1982. 


Patel PI, Roa BB, Welcher AA, et al: The gene for the peripheral myelin 
protein PMP-22 is a candidate for Charcot-Marie-Tooth disease type IA, 
Nat Genet 1:159, 1992. 

Paulos L, Coleman SS, Samuelson KM: Pes cavovarus: review of a surgical 
approach using sélective soft-tissue procedures, / Bone Joint Surg 62A:942, 
1980. 

Refsum S: Heredopathia atactica polyneuritiformis: a familial syndrome not 
hitherto described, Acta Psych Neurol Suppl 38:1, 1946. 

Roa BB, Garcia CA, Suter U, et al: Charcot-Marie-Tooth disease type IA: 
association with a spontaneous point mutation in the PMP22 gene, 
N Engl J Med 329:96, 1993. 

Rochelle J, Bowen JR, Ray S: Pédiatrie foot deformities in progressive neu- 
romuscular disease, Contemp Orthop 8:41, 1984. 

Roposch A, Wedge JH: An incomplète periacetabular osteotomy for treat¬ 
ment of neuromuscular hip dysplasia, Clin Orthop Relat Res 431:166, 
2005. 

Roussy G, Levy G: Sept case d’une maladie familiale particulaire: troubles de 
la marche, pieds, bots et areflexie tendineuse généralisée, avec accesoire- 
ment, Rev Neurol 54:427, 1926. 

Sabir M, Lyttle D: Pathogenesis of Charcot-Marie-Tooth disease: gait analysis 
and electrophysiologic, genetic, histopathologie, and enzyme studies in 
a kinship, Clin Orthop Relat Res 184:223, 1984. 

Samilson RL, Dillin W: Cavus, cavovarus, and calcaneocavus: an update, Clin 
Orthop Relat Res 177:125, 1983. 

Schonk D, Coerwinkel-Driessen M, van Dalen I, et al: Définition of subchro¬ 
mosomal intervals around the myotonie dystrophy gene région at 19q, 
Genomics 4:384, 1989. 

Sherman FC, Westin GW: Plantar release in the correction of deformities of 
the foot in childhood, / Bone Joint Surg 63A:1382, 1981. 

Siffert RS, del Torto U: “Beak” triple arthrodesis for severe cavus deformity, 
Clin Orthop Relat Res 181:64, 1983. 

Speer MC, Pericak-Vance MA, Yamaoka L, et al: Presymptomatic and pré¬ 
natal diagnosis in myotonie dystrophy by genetic linkage studies, Neurol- 
ogy 40:671, 1990. 

Sporer SM, Smith BG: Hip dislocation in patients with spinal muscular 
atrophy, / Pediatr Orthop 23:10, 2003. 

Steindler A: Stripping of the os calcis, / Orthop Surg 2:8, 1920. 

Timmerman V, Nellis E, Van Hul W, et al: The peripheral myelin protein gene 
PMP-22 is contained within the Charcot-Marie-Tooth disease type IA 
duplications, Nat Genet 1:171, 1992. 

Tooth HH: The peroneal type of progressive muscular atrophy, London, 1886, 
HK Lewis. 

Valentijn LJ, Bolhuis PA, Zorn A, et al: The peripheral myelin gene PMP-22/ 
GAS-3 is duplicated in Charcot-Marie-Tooth disease type IA, Nat Genet 
1:166, 1992. 

Walker JL, Nelson KR, Stevens DB, et al: Spinal deformity in Charcot-Marie- 
Tooth disease, Spine 19:1044, 1994. 

Wetmore RS, Drennan JC: Long-term results of triple arthrodesis in Charcot- 
Marie-Tooth disease, / Bone Joint Surg 71A:417, 1989. 

Wukich DK, Bowen JR: A long-term study of triple arthrodesis for correction 
of pes cavovarus in Charcot-Marie-Tooth disease, / Pediatr Orthop 9:433, 
1989. 

FRIEDREICH ATAXIA 

Cady RB, Bobechko WP: Incidence, natural history, and treatment of scolio- 
sis in Friedreich’s ataxia, / Pediatr Orthop 4:673, 1984. 

Labelle H, Thome S, Duhaime M, et al: Natural history of scoliosis in Fried¬ 
reich’s ataxia, / Bone Joint Surg 68A:564, 1986. 

Levitt RL, Canale ST, Cooke AJ, et al: The rôle of foot surgery in progres¬ 
sive neuromuscular disorders in children, / Bone Joint Surg 55A:1396, 
1973. 

Paulos L, Coleman SS, Samuelson KM: Pes cavovarus: review of a surgical 
approach using sélective soft-tissue procedures, / Bone Joint Surg 6 2A:942, 
1980. 

Rochelle J, Bowen JR, Ray S: Pédiatrie foot deformities in progressive neu¬ 
romuscular disease, Contemp Orthop 8:41, 1984. 

Rothschild H, Shoji H, McCormick D: Heel deformity in hereditary spastic 
paraplegia, Clin Orthop Relat Res 160:48, 1981. 


CHAPTER 35 NEUROMUSCULAR DISORDERS 


Shapiro F, Bresnan MJ: Current concepts review: orthopaedic management 
of childhood neuromuscular disease, part II: peripheral neuropathies, 
Friedreichs ataxia, and arthrogryposis multiplex congenita, / Bone Joint 
Surg 64A:949, 1982. 

Tynan MC, Klenerman L, Helliwell MA, et al: Investigation of muscle imbal¬ 
ance in the leg in symptomatic forefoot pes cavus: a multidisciplinary 
study, Foot Ankle 13:489, 1992. 

SPINAL MUSCULAR ATROPHY 

Aprin H, Bowen JR, MacEwen GD: Spine fusion in patients with spinal 
muscular atrophy, / Bone Joint Surg 64A:1179, 1982. 

Bell DF, Moseley CF, Koreska J: Unit rod segmentai spinal instrumentation 
in the management of patients with progressive neuromuscular spinal 
deformity, Spine 14:1301, 1989. 

Daher YH, Lonstein JE, Winter RB, et al: Spinal surgery in spinal muscular 
atrophy, / Pediatr Orthop 5:391, 1985. 

Drennan JC: Skeletal deformities in spinal muscular atrophy. In Abstracts of 
Association of Bone and Joint Surgeons, Clin Orthop Relat Res 133:266, 
1978. 

Evans GA, Drennan JC, Russman BS: Functional classification and ortho¬ 
paedic management of spinal muscular atrophy, J Bone Joint Surg 
63B:516, 1981. 

Ferguson RL, Allen BL: Segmentai spinal instrumentation for routine scoli- 
otic curve, Contemp Orthop 2:450, 1980. 

Granata C, Merlini L, Magni E, et al: Spinal muscular atrophy: natural 
history and orthopaedic treatment of scoliosis, Spine 14:760, 1989. 

Hahnen E, Forkert R, Marke C, et al: Molecular analysis of candidate genes 
on chromosome 5ql3 in autosomal récessive spinal muscular atrophy: 


evidence of homozygous délétions of SMN gene in unaffected individu - 
als, Hum Mol Genet 4:1927, 1995. 

Hensinger RN, MacEwen GD: Spinal deformity associated with heritable 
neurological conditions: spinal muscular atrophy, Friedreichs ataxia, 
familial dysautonomia, and Charcot-Marie-Tooth disease, / Bone Joint 
Surg 58A:13, 1976. 

Hoffmann J: Ueber chronische spinale Muskelatrophie im Kindersalter, auf 
familiarer Basis, Dtsch Z Nervenheulkd 3:427, 1893. 

Hsu JD, Grollman T, Hoffer M, et al: The orthopaedic management of spinal 
muscular atrophy, / Bone Joint Surg 55B:663, 1973. 

Kugelberg E, Welander L: Hérédofamilial juvénile muscular atrophy simulat- 
ing muscular dystrophy, Arch Neurol Psychiatry 75:500, 1956. 

Lefebvre S, Burglen L, Reboullet S, et al: Identification and characterization 
of a spinal muscular atrophy-determining gene, Cell 80:155, 1995. 

Merlini L, Granata C, Bonfiglioli S, et al: Scoliosis in spinal muscular atrophy: 
natural history and management, Dev Med Child Neurol 31:501, 1989. 

Phillips DP, Roye DP, Farcy JPC, et al: Surgical treatment of scoliosis in a 
spinal muscular atrophy population, Spine 15:942, 1990. 

Piasecki JO, Mahinpour S, Levine DB: Long-term follow-up of spinal fusion 
in spinal muscular atrophy, Clin Orthop Relat Res 207:44, 1986. 

Shapiro F, Bresnan MJ: Current concepts review: orthopaedic management 
of childhood neuromuscular disease, part I: spinal muscular atrophy, 
/ Bone Joint Surg 64A:785, 1982. 

van der Steege G, Grootscholten PM, van der Vlies P, et al: PCR-based DNA 
test to confirm clinical diagnosis of autosomal récessive spinal muscular 
atrophy, Lancet 345:985, 1995. 

Werdnig G: Die frühinfantile progressive spinale Amyotrophie, Arch Psychi- 
atr Nervenkr 26:706, 1894. 


PART XI 




FRACTURES AND 
DISLOCATIONS IN 

CHILDREN 









CHAPTER 36 

FRACTURES AND DISLOCATIONS IN CHILDREN 

Jeffery R. Sawyer, David D. Spence 


GENERAL PRINCIPLES 1425 
GROWTH PLATE INJURIES 1425 

OPEN FRACTURES 1427 

BIRTH FRACTURES 1427 

NONACCIDENTAL TRAUMA 1428 
CLAVICLE 1428 

STERNOCLAVICULAR 
FRACTURES AND 
DISLOCATIONS 1429 

LATERAL (DISTAL) 

CLAVICULAR FRACTURES 1430 

ACROMIOCLAVICULAR 
DISLOCATIONS 1430 

SHOULDER DISLOCATIONS 1431 

PROXIMAL HUMERAL 
FRACTURES 1431 

Closed treatment 1432 

Operative treatment 1432 

HUMERAL SHAFT 
FRACTURES 1433 

SUPRACONDYLAR HUMERAL 
FRACTURES 1433 

LATERAL CONDYLAR 
FRACTURES 1440 

Complications after latéral condylar 
fracture 1444 

MEDIAL CONDYLAR 
FRACTURES 1447 

Complications after médial condylar 
fracture 1447 

MEDIAL EPICONDYLAR 
FRACTURES 1448 

Complications after médial 
epicondylar fracture 1449 

Chronic médial épicondyle 
apophysitis (little league elbow) 1450 

DISTAL HUMERAL 
FRACTURES 1450 

Treatment 1451 

CAPITELLAR FRACTURES 1452 

OLECRANON FRACTURES 1452 

RADIAL HEAD AND NECK 
FRACTURES 1453 

Complications after radial neck 
fracture 1458 

CORONOID FRACTURES 1458 

ELBOW DISLOCATIONS 1458 

Complications after elbow dislocation 1458 


RADIAL HEAD DISLOCATIONS 
(MONTEGGIA FRACTURE- 


DISLOCATIONS) 1458 

GALEAZZI FRACTURES 
NURSEMAID'S ELBOW 
FORE ARM FRACTURES 1466 

Proximal third forearm fractures 1466 

Middle third forearm fractures 1466 

Plastic deformation and greenstick 
fractures 1468 

Distal third forearm fractures 1468 

WRIST DISLOCATIONS 1469 

SCAPHOID AND CARPAL 
FRACTURES 1469 

METACARPAL FRACTURES 1470 

Thumb metacarpal fractures 1470 

PHALANGEAL FRACTURES 1471 

Distal phalangeal fracture 1472 

Complications of phalangeal 
fractures 1472 

PEDIATRIC SPINE FRACTURES 
AND DISLOCATIONS 1472 

Cervical spine 1473 

Atlantooccipital fractures 
and instability 1473 

Upper cervical spine (Cl-2) 
injuries 1474 

Rotatory subluxation 1475 

Lower cervical (C3-7) injuries 1475 

Thoracolumbar spine 1475 

PELVIC FRACTURES 1477 

Avulsion fractures 1479 

Acetabular fractures 1481 

HIP FRACTURES 1482 

Type I, transepiphyseal séparations 1482 

Type II, transcervical fractures 1484 

Type III, cervicotrochanteric fractures 1485 

Type IV, intertrochanteric fractures 1485 

Complications 1485 

TRAUMATIC HIP 
DISLOCATIONS 1493 

SLIPPED CAPITAL 
FEMORAL EPIPHYSIS 1495 

Treatment 1497 

In situ pin or screw fixation 1497 

Contralatéral slips 1500 

Open techniques 1500 

Complications 1508 


Osteonecrosis 1508 

Chondrolysis 1508 

Fémoral neck fracture 1508 

Continued slipping 1509 

Femoroacetabular impingement 1509 
FEMORAL FRACTURES 
Fémoral shaft fractures (diaphyseal 
fémoral fractures) 1512 

Spica casting 1513 

External fixation 1516 

Intramedullary nailing 1516 

Plating 1520 

Complications 1521 

Fractures of the distal fémoral 
physis 1522 

Complications 1525 

KNEE FRACTURES AND 
DISLOCATIONS 1526 

Patellar dislocations 1526 

Patellar fractures 1528 

Fractures of the intercondylar 
eminence of the tibia 1530 

Tibial tuberosity fractures 1532 

Osteochondral fractures 
Floating knee injuries 1537 

TIBIAL AND FIBULAR 
FRACTURES 1537 

Proximal tibial physeal fractures 
Proximal tibial metaphyseal 
fractures 1540 

Middle and distal tibial shaft 
fractures 1541 

Distal tibial and fibular epiphyseal 
fractures 1545 

Triplane fractures 1548 

Tillaux fractures 1549 

FOOT AND ANKLE 
FRACTURES 1550 

Talar fractures 1550 

Talar neck fractures 1550 

Fractures of the dôme and latéral 
process of the talus 1554 

Osteochondral fractures of 
the talus 1554 

Calcaneal fractures 1556 

Tarsal fractures 1557 

Metatarsal and phalangeal 
fractures 1559 


1424 


CHAPTER 36 FRACTURES AND DISLOCATIONS IN CHILDREN 


GENERAL PRINCIPLES 

Fractures are common in children, occurring at a rate of 12 
to 30 per 1000 children every year. The risk of sustaining a 
fracture between birth and 16 years of âge has been reported 
to be 42% to 64% for boys and 27% to 40% for girls. Children 
and adolescents, because of their unique physiologie features, 
such as the presence of physes, increased elasticity of bone 
and other connective tissue structures, as well as decreased 
motor control and greater head-to-body weight ratio in 
younger children, hâve different patterns of fractures than 
adults. Although most fractures in children heal well without 
long-term complications, certain fractures, especially those 
involving the physis and articular surface, hâve the potential 
to cause significant morbidity. 

Children, unlike adults, can remodel fractures as 
they grow, especially those in the plane of motion of the 
adjacent joint. Fractures that are angulated in the coronal 
plane hâve some remodeling potential, and those that 
are rotationally displaced hâve little to none. In the upper 
extremity, growth is more rapid at the proximal humérus 
and distal radius, whereas in the lower extremity it is primar- 
ily about the knee, at the distal fémur and proximal tibia. 
Fractures that are doser to active physes, such as proximal 
humerai fractures, due to rapid growth hâve tremendous 
remodeling potential compared with fractures that occur in 
less active physes, such as radial neck fractures where less 
remodeling occurs. Understanding remodeling is essential in 
optimizing treatment for each patient. Because of these 
différences, a basic understanding of skeletal growth potential 
and maturation is essential in caring for children with 
fractures. 

This chapter mainly discusses fractures that require 
operative management. Latéral condyle and fémoral neck 
fractures hâve been called “fractures of necessity” because 
poor outcomes are certain without operative treatment. Some 
fractures, such as those of the proximal humérus, rarely 
require surgery. Nonunion in children is rare and if présent 
is usually caused by factors such as open fracture, soff-tissue 
interposition at the fracture site, pathologie lésion, or vitamin 
D deficiency. 

GROWTH PLATE INJURIES 

It has been estimated that 30% of fractures in children involve 
a physis and most heal without any long-term complications. 
It is important to hâve knowledge of which fractures hâve a 
low potential for causing growth disturbance, such as those 
in the proximal humérus, and those that hâve greater poten¬ 
tial, such as those in the distal fémur and tibia. Histologically, 
most physeal fractures occur through the proliférative zone, 
which is the weakest région of the physis; however, they can 
occur through any zone. Some physeal fractures may be 
related to endocrinologie changes that occur around the time 
of puberty. 

Flistorically, different schemes hâve been used to describe 
and classify physeal fractures. The most widely used scheme 
is that proposed by Salter and Harris, which is based on the 
radiographie appearance of the fracture as it relates to the 
physis as described below (Fig. 36-1). 

■ Type I fractures occur through the physis only, with or 
without displacement. 


Type Salter-Harris 



Classification of physeal injuries by Salter and 


Harris (see text). 


■ Type II fractures hâve a metaphyseal spike attached to the 
separated epiphysis (Thurston-Holland sign) with or 
without displacement. 

■ Type III fractures occur through the physis and epiphysis 
into the joint with joint incongruity when the fracture is 
displaced. 
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■ Type IV fractures occur in the metaphysis and pass 
through the physis and epiphysis into the joint. Joint 
incongruity occurs with displaced fractures. 

■ Type V fractures, which are usually diagnosed only in 
retrospect, are compression or crush fractures of the 
physis, producing permanent damage and growth arrest. 

Rang added a Type VI fracture that is caused by a shearing 
injury to the peripheral aspect of the physis (perichondral 
ring). These fractures hâve been classically described in lawn 
mower accidents when the peripheral aspect of the physis is 
sheared off, but they can occur with penetrating trauma and 
in sports as well. Type VI fractures hâve a high rate of angular 
deformity and growth arrest. Although not completely prog- 
nostic, in general, Salter-Harris type III-VI fractures hâve a 
greater risk of complications than Salter-Harris types I and II 
injuries. An exception might be a completely displaced Salter- 
Harris type I fracture that has a greater potential for growth 
arrest than a nondisplaced Salter-Harris type IV fracture of 
the distal fémur. 

Although many Salter-Harris types I and II fractures can 
be treated nonoperatively, Salter-Harris type III and IV 
fractures usually require operative intervention, most com- 
monly open réduction and internai fixation because of the 
intraarticular nature of the fracture and the potential for 
posttraumatic arthritis with nonanatomic réduction. Implants 
Crossing the physis should be avoided when possible and 
when used should be smooth and the smallest diameter pos¬ 
sible, and should be removed as soon as the fracture is stable 
(Fig. 36-2). The treatment of spécifie fractures and the poten¬ 
tial for growth arrest are discussed for each spécifie injury. 
Regardless of the injury type, parents need to be educated as 
to the possibility of growth disturbance and the need for 
long-term follow-up for any physeal fracture. 

When growth arrest occurs, it can resuit in a shortening 
or angular deformity or both of the limb, depending on the 
size and the location of the growth arrest. Growth arrest most 
commonly results from a bony bar that crosses the physis. 
Although spontaneous correction of the bar with growth 
resumption has been reported, it is very rare. Central bars 


tend to lead to shortening, and peripheral bars tend to lead 
to angular deformity, but in most cases there are components 
of each. Certain fractures, such as distal fémoral and distal 
tibial physeal fractures, hâve a higher rate of growth arrest 
and deformity than others. Once a bony bar occurs, the size 
and location of the bar can be determined using three- 
dimensional imaging such as computed tomography (CT) or 
volumétrie magnetic résonance imaging (MRI). Physeal bar 
resection has been tried using a variety of direct and indirect 
methods, and the results hâve been unpredictable with 
unsuccessful outcomes occurring in 10% to 40% of patients. 
In general, younger patients with smaller (<30% of the physis) 
peripheral bars hâve a higher rate of success with bar resec¬ 
tion than older patients with larger central bars. Bar resection 
is often combined with osteotomy to correct the résultant 
angular deformity as well. For large bars or those that are 
difficult to resect, epiphysiodesis of the remaining physis with 
staged angular correction and/or lengthening may be the best 
option. 

When growth across the physis ceases symmetrically, 
such as with large central bars or with type V fractures, the 
primary problem is limb shortening. In the upper extremity, 
the major growth centers are the proximal humérus (arm) 
and distal radius and ulna (forearm). In contrast, the major 
growth centers in the lower extremity are the distal fémur 
(thigh) and proximal tibia and fibula (leg) (Fig. 36-3). Using 
either the Mosley straight-line graph or the Paley modifiers, 
the amount of deformity présent at skeletal maturity can be 
predicted. The ultimate shortening that occurs is a resuit of 
the physis involved and amount of growth remaining. The 
relative contribution of each physis to overall limb segment 
growth is shown in Figure 36-3. Shortening is much better 
tolerated in the upper extremity than the lower extremity, and 
length equalization procedures are rarely used in the upper 
extremity. In general, patients with a lower extremity leg- 
length discrepancy at maturity up to 2 cm can be treated with 
a shoe lift, 2 to 5 cm with contralatéral epiphysiodesis, and 
those greater than 5 cm with limb lengthening. This can be 
done using various techniques described in Chapter 29. 



Fixation of physeal fracture. A, Correct placement of cannulated screws in metaphysis and epiphysis avoiding physis. 
B, Smooth pin Crossing physis if necessary to hold réduction. 
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Proximal 


Humérus 



Distal physis 


Distal—Q 


Radius 

Ulna 


Radius 

Ulna 


80% 

Total length 
of humérus 


20% 


25% 

15% 


Total length 
of radius 
and ulna 

75% 

85% 


40% 

Total length 
of upper 
extremity 


10% 


1_ 11% 

J 10% 


Total length 
of upper 
extremity 

-|_ 39% 

J 40% 


A 


Proximal fémur 

Vf 

Distal fémur 

30% 

Total length of the fémur 

70% 

15% 

Total length of lower extremity 

37% 

Proximal tibia 

55% 

28% 

Proximal fibula 

60% 


II 

Total length of tibia 

Total length of lower extremity 

Distal tibia 

45% 

20% 

Distal fibula 

40% 



B 


A, Approximately 80% of the growth of humérus occurs at the proximal physis; in the ulna and radius, approximately 
85% occurs at the distal physis. B, Approximately 70% of the growth of the fémur occurs at the distal physis; in the tibia, approximately 
55% occurs in the proximal physis and 60% in the proximal fibular physis, and 45% occurs at the distal tibial physis and 40% in the 
distal fibular physis. 


OPEN FRACTURES 

The general classification and principles associated with 
the treatment of open fractures apply to children as well. 
The most common open fractures in children are in the 
forearm and tibia followed by the hand, fémur, and humérus. 
It is important to remember that factors such as thick active 
periosteum, greater periosteal bone formation potential, and 
lack of comorbidities lead to faster and more reliable bone 
healing in children than in adults. The initial management 
should consist of wound irrigation and debridement, antibi¬ 
otics, and stabilization of the fracture. Treatment should be 
individualized for each patient. Timely administration of 
antibiotics has been shown to decrease infection rates in 
patients with open fractures. A survey of 181 pédiatrie 
orthopaedic surgeons showed considérable variability in 
treatment methods for type I open fractures in children 
with regard to treatment location (emergency room versus 


operating room), antibiotic type and duration, and irriga¬ 
tion solution used. 

A large multicenter review of 536 children with 554 open 
fractures showed an overall infection rate of 3% with no dif¬ 
férence in infection for ail Gustilo and Anderson types 
comparing emergent (<6 hours) with delayed (>6 hours) 
treatment. Grade III fractures in older children and adoles¬ 
cents hâve complication rates similar to those in adults. A 
recent meta-analysis showed no relationship between late 
debridement and increased infection rates in children with 
open fractures as well. The treatment of spécifie open frac¬ 
tures is discussed in this chapter. 

BIRTH FRACTURES 

Neonates who are diagnosed with a fracture in the first week 
of life without any evidence of trauma are considered to hâve 
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a birth fracture. The incidence is approximately 0.1/1000 live 
births and may be related to forced obstetric maneuvers. The 
most commonly fractured bones include the humérus, clav- 
icle, and fémoral shaft. Risk factors include very large or very 
small fetuses, breech présentation, instrumented delivery, 
small uterine incision (Cesarean section), twin pregnancy, 
prematurity and prematurity-related osteopenia, and osteo- 
genesis imperfecta. Between 60% and 80% of patients do not 
hâve positive findings on the initial newborn examination. 
Prénatal ultrasound may help to identify high-risk patients, 
such as those with osteogenesis imperfecta before delivery. 

Clinically, patients présent with warmth, swelling, pain, 
and irritability with motion. Some children présent with 
pseudoparalysis or failure to move a limb, which can be 
confused with differential diagnoses of osteomyelitis, septic 
arthritis, or brachial plexus palsy. Because it may take several 
days for some of these signs to develop, delayed diagnosis of 
1 to 2 days is common. Most birth fractures do not require 
operative treatment, heal quickly, and remodel fully. Clavicu- 
lar or humerai shaft fracture can be treated by pinning the 
baby s sleeve to the front of the shirt for 1 to 2 weeks until 
healed. Fémoral shaft fractures can be treated with splinting 
or a Pavlik harness. Spica casting rarely is necessary. Physeal 
séparations, especially at the distal fémur and distal humérus, 
are rare but can occur with difficult delivery. Advanced 
imaging such as arthrography or ultrasound can be used to 
make the diagnosis. (These spécifie injuries are discussed 
later in the chapter.) 

NONACCIDENTAL TRAUMA 

Musculoskeletal injuries are the second most common type 
of injury after soft-tissue injury, occurring 10% to 70% of the 
time in children with nonaccidental trauma (NAT). Because 
of this, 30% to 50% of these children are seen by an ortho- 
paedic surgeon. Because there is no spécifie test to make the 
diagnosis of NAT, a careful history and physical examination 
must be performed and appropriate use of imaging is neces¬ 
sary. This usually is done using a multi-disciplinary team 
approach. Having a high index of suspicion of NAT is essen- 
tial because in up to 20% of children with NAT the diagnosis 
is missed on their initial medical visit. Making the diagnosis 
is essential because there is a high rate of reabuse and even 
death in children when the diagnosis is missed. It is important 
to be aware of risk factors for NAT and of certain injuries that 
are highly suggestive of this mechanism of injury. Risk factors 
for NAT include âge younger than 2 years, fractures or injuries 
in different stages of healing, posterior rib fractures, and long 
bone fractures in young patients (Fig. 36-4). Common frac¬ 
tures in abused children are in the humérus, tibia, and fémur. 
Radiographie features such as soft-tissue swelling (1 to 2 
days), periosteal reaction (15 to 35 days), soft or hard callus 
(36 days), and bridging and remodeling (after 45 days) can 
be used to détermine the âge of the fracture. Other conditions 
in the differential diagnosis of NAT include metabolic bone 
disease and genetic conditions that can lead to bone fragility, 
such as osteogenesis imperfecta, rickets, rénal disease, disuse 
osteopenia, and the use of certain médications such as 
corticosteroids. 

Humerai shaft fractures in children younger than 3 years 
were at one time thought to be associated with NAT, but most 
are not. However, a high index of suspicion must remain for 



Standard Skeletal Survey for Suspected Child 
Abuse 


Minimum Required Views 

■ Anteroposterior views of entire skeleton 

■ Dedicated views of hands and feet 

■ Latéral views of appendicular skeleton—skull and spine 

Imaging Also Suggested 

■ Oblique views of ribs 

■ Oblique views of hands and feet 

Optional Useful Images 

■ Latéral views of the joints—wrists, ankles, knees 

■ Orthogonal views of any fractures found 


NAT in any child younger than 1 year of âge with a long bone 
fracture. Humerai shaft fractures, although less often than 
clavicular fractures, can occur at birth. Risk factors include 
large babies, shoulder dystocia, and the use of assistive 
devices. These children will often présent with pseudoparaly¬ 
sis that can be confused with a brachial plexus palsy and 
septic arthritis. 

When NAT is suspected, a skeletal survey (Box 36-1) 
should be ordered when the child is younger than 1 year of 
âge, when there is no history or an inconsistent history of 
injury, or in those in whom the fracture is attributed to NAT 
or domestic violence to look for secondary injuries. A skeletal 
survey should be performed in older children when concerns 
of NAT exist. Patients with buckle fractures of the distal 
radius and toddlers with a fracture of the tibia do not need 
routine skeletal survey. It should be noted that lower extrem- 
ity long bone fractures in ambulatory children rarely are 
caused by NAT. On skeletal survey, 50% of children hâve one 
fracture, 21% will hâve two, 12% will hâve three, and 17% 
hâve more than three. Controversy exists as to which studies 
are optimal to include in a skeletal survey; however, rib films 
are essential because of the high sensitivity and specificity for 
NAT. Because imaging around active physes is difficult, and 
with improvements in plain radiographie techniques, bone 
scan rarely is used in the évaluation of NAT. 

Certain fracture types such as spiral fémoral fractures 
and metaphyseal corner fractures were thought to be pathog- 
nomonic for NAT. Recent studies hâve shown that spiral 
fémoral fractures actually are rare in abused children and that 
transverse fractures are more prédictive of NAT. A recent 
review has shown that the metaphyseal corner fracture, once 
thought to be pathognomonic for NAT, is very similar to 
fractures seen with rickets. It is important to remember that 
fracture morphology gives information about the direction 
but not the etiology of the force applied and that the presence 
or absence of a fracture is probably more important than its 
morphology. 

CLAVICLE 

Fractures of the clavicle are common in children and adoles¬ 
cents, with a peak âge for clavicular fractures being 10 to 19 
years of âge. The majority of fractures heal well with nonop- 
erative treatment, especially in young children. Although 



CHAPTER 36 FRACTURES AND DISLOCATIONS IN CHILDREN 



Child abuse. A to C, Six-month old child with multiple fractures at different stages of healing. D, Metaphyseal corner 
fracture. E f Rib fractures. 


there has been a dramatic increase in the operative treatment 
of clavicular fractures in adults, the rôle of operative treat¬ 
ment of clavicular shaff fractures in children and adolescents 
remains controversial. A review of members of the Pédiatrie 
Orthopaedic Society of North America showed that the 
majority preferred nonoperative treatment for ail fracture 
patterns; however, older âge (16 to 19 years), evidence in the 
adult literature, and physician years of expérience (less than 
5 years) predicted operative treatment preference. Excellent 
clinical and radiographie outcomes hâve been reported for 
both nonoperative and operative management of these inju¬ 
ries. Operatively treated patients typically hâve a faster return 
to activities but also hâve a higher complication rate in terms 
of symptomatic hardware and nonunion. The rate of mal¬ 
union is higher with nonoperative treatment; however, 
patients with established malunions hâve excellent functional 
outcome scores. Although studies hâve shown good outcomes 


with both methods of treatment, stronger evidence is needed 
to détermine if one method is superior to the other. The 
indications for operative treatment are open fracture, poly- 
trauma, floating shoulder, fractures with skin compromise, 
and widely displaced or shortened fractures in older adoles¬ 
cents. Operative treatment of these injuries is described in 
Chapter 57. 


STERNOCLAVICULAR FRACTURES 
AND DISLOCATIONS 

The médial clavicle is one of the last growth centers to ossify, 
typically between 20 and 24 years of âge. Fractures of the 
médial clavicle are usually Salter-Harris type I or II fractures, 
which in most cases heal with closed management and 
without complications (Fig. 36-5). It can be difficult to 
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A f Injury shown is Salter-Harris type I 
joint. B f CT scan showing clavicular séparation. 


physeal séparation of médial clavicle rather than dislocation of sternoclavicular 


differentiate these injuries from true sternoclavicular joint 
dislocations because clinically they appear similar. The use of 
CT scan is helpful in these situations not only to détermine 
the fracture pattern but also to evaluate the relationship 
between the fracture fragments and the médiastinal struc¬ 
tures such as the brachiocephalic vein and innominate artery 
with posteriorly displaced fracture dislocation. Anteriorly 
displaced fractures usually heal with a “bump” over the 
proximal clavicle but rarely are symptomatic. Up to 50% of 
patients with posteriorly displaced fractures may remain 
symptomatic, which has led some authors to recommend 
operative treatment of these injuries. Because the epiphyseal 
(proximal) fragment is small, fixation is usually achieved with 
FiberWire (Arthrex Inc, Naples FL) or suture repair. Care 
must be taken to protect the adjacent neurovascular struc¬ 
tures and pleura. A recent meta-analysis showed that although 
considérable variability in the literature exists, good results 
can be obtained with both open and closed treatment. It also 
showed that early treatment is better because patients treated 
less than 48 hours after injury had better results than those 
treated later. Patients who undergo late operative treatment 
for chronic posterior fracture-dislocation hâve been shown to 
do well with activities of daily living but hâve pain when 
returning to the same level of athletic participation. 


LATERAL (DISTAL) CLAVICULAR 
FRACTURES 

Injuries to the distal clavicle in young children are rare. In 
older children and adolescents these injuries appear very 
similar to acromioclavicular joint injuries. These injuries are 
really physeal fractures in which the epiphysis and physis 
maintain their normal anatomie relation to the shoulder 
joint, whereas the distal metaphysis is displaced superiorly, 
away from the underlying structures. The periosteal sleeve 
generally is intact inferiorly, and the ligamentous structures 
connecting the clavicle to the coracoid usually remain 
attached to the periosteal sleeve (Fig. 36-6). Because the 
periosteal sleeve is highly ostéogénie, these fractures hâve a 
tremendous potential to remodel, and most patients do well 


with nonoperative treatment. Operative treatment, consisting 
of open réduction and internai fixation, usually is reserved 
for adolescent patients with significant displacement and 
limited remodeling potential. The operative treatment of 
latéral clavicular injuries is discussed in Chapter 57. 


ACROMIOCLAVICULAR 

DISLOCATIONS 

There are five types of acromio clavicular injuries described in 
children (Fig. 36-7). Type I injury is not sufficient to com- 
pletely rupture the acromioclavicular or the coracoclavicular 
ligaments. Type II injury damages the acromioclavicular liga¬ 
ments but not the coracoclavicular ligaments; a partial peri¬ 
osteal sleeve (tube) tear also occurs. In type III injury the 
acromioclavicular ligament is completely ruptured, but the 
coracoclavicular ligaments are intact because they are still 
attached to the periosteum. The clavicle is unstable and is 
displaced superiorly through a rent in the periosteal sleeve 
(pseudodislocation). Type IV injury is identical to type III 
except that, in addition to being displaced superiorly, the 
clavicle is displaced posteriorly. Type V injury is severe; 
the acromioclavicular ligaments are disrupted, and, although 
the coracoclavicular ligaments are still attached to the peri¬ 
osteal sleeve, the clavicle is now unstable and its latéral end 
is buried in the trapezius and deltoid muscles or has pierced 
them and is located under the skin in the posterior aspect of 
the shoulder. 

In many types III, IV, and V dislocations, an unrecog- 
nized fracture of the distal end of the clavicle occurs, 
with the acromioclavicular and coracoclavicular ligaments 
remaining intact and attached to the empty periosteal tube 
or to the most distal fragment. In children and adolescents 
up to âge 15 years, types I, II, and III acromioclavicular 
séparations, even with fracture of the distal third of the 
clavicle, can be treated by nonoperative means. In patients 
older than âge 15 years, type III injuries may require 
surgery. Open réduction and internai fixation should be 
considered for markedly displaced types IV and V fractures 
(see Chapter 57). 
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Distal clavicular fracture with coracoclavicular and coracoacromial ligaments still intact or at least attached to peri- 
osteal tube. Fracture in child remodels satisfactorily without surgery. 




Type III 


Type I 


Type II 



Type V 


Five types of acromioclavicular séparation 
occurring in children (see text). Acromioclavicular and coracocla¬ 
vicular ligaments are attached to periosteal tube, although distal 
end of clavicle is significantly displaced in types III, IV, and V. 


In types IV and V acromioclavicular dislocations, it is 
important to disengage the distal clavicle from the trapezius 
and deltoid muscles. If this is unsuccessful by closed means, 
surgery is indicated to remove the clavicle from the muscles 
and replace it in the periosteal tube. The periosteal tube 
should be repaired, and the deltoid-trapezius muscle fascia 
should be imbricated superiorly over the clavicle. If the repair 
is unstable, internai fixation is required, as in adults, by 
acromioclavicular or coracoclavicular fixation, as described 
in Chapter 57. 

SHOULDER DISLOCATIONS 

Shoulder dislocations in children are rare, and proximal 
humerai physeal fractures are much more common. In a 
review of 500 glenohumeral dislocations, only eight patients 
were younger than 10 years of âge (1.6%). It is thought that 
glenohumeral dislocations in skeletally immature patients 
may become more common as the level of sports participa¬ 
tion increases. A sériés of 14 skeletally immature patients 
treated with closed réduction found a redislocation rate of 
21% at a mean of 5 years follow-up. Glenohumeral disloca¬ 
tion has been reported when associated with a proximal 
humerai metaphyseal fracture. The diagnosis and manage¬ 
ment of shoulder dislocations for adolescents is similar to 
adults, as described in Chapter 60. 

PROXIMAL HUMERAL FRACTURES 

Proximal humerai fractures are relatively rare in the pédiatrie 
population, accounting for 0.5% of pédiatrie fractures and 4% 
to 7% of ail epiphyseal fractures. Of the physeal fractures, the 
majority are Salter-Harris type II fractures and Salter-Harris 
types III and IV are rare. They are most offen classified by the 
Neer-Horowitz classification as shown in Box 36-2. A system- 
atic review of the treatment of proximal humerai fractures in 
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children found that nonunions did not occur and malunions 
were exceedingly rare, regardless of the method of treatment. 
This is due to the rapid growth and remodeling potential 
of the proximal humérus, especially in young children. In 
children younger than 10 years, it has been shown that angu¬ 
lation of up to 60 degrees can remodel completely, whereas 
in older children and adolescents it is doser to 20 to 30 
degrees. A recent cohort-matched comparison of operative 
and nonoperative treatment of 32 proximal humerai fractures 
showed no différence in complications, functional outcome, 
or patient satisfaction. Within the nonoperatively treated 
group, there was a higher rate of dissatisfaction in patients 
older than 12 years treated nonoperatively. They found the 
odds ratio of an undesirable outcome increased 3.81 for each 
year of âge with nonoperative treatment. 

CLOSED TREATMENT 

Closed treatment consisting of a sling or hanging arm cast 
remains the primary method of treatment for these injuries 
given the tremendous healing and remodeling potential of 
the proximal humérus. Closed réduction, when necessary, 
can be performed with sédation and by abducting (90 degrees) 
and externally rotating (90 degrees) the arm relative to the 
shoulder. Patients can gradually increase shoulder motion as 
their symptoms allow. Physical therapy rarely is needed in 
this population. 



Neer-Horowitz Classification of Humerai Physeal 
Fractures 


I = to 5 mm of displacement 

II = to one-third humerai shaft 

III = to two-thirds humerai shaft 

IV = more than two-thirds humerai shaft / total séparation 

Adapted from Neer C II, Horowitz BS: Fractures of the proximal humerai epiphy- 
seal plate, Clin Orthop Relat Res 41:24,1963. 


OPERATIVE TREATMENT 

Operative treatment usually is reserved for older children and 
adolescents and includes closed réduction and pinning, 
nailing using flexible titanium elastic intramedullary nails 
(TEIN), and open réduction. Indications for open réduction 
using the deltopectoral approach include open fracture, 
inability to obtain a satisfactory closed réduction, and skeletal 
maturity (or close to skeletal maturity) (Fig. 36-8A and B). 
The most common impediments to obtaining a successful 
closed réduction include the periosteum, biceps tendon, 
deltoid muscle, and comminuted bone fragments. The use of 
TEIN has been shown to produce good radiographie and 
functional results in several studies; however, implant removal 
is occasionally necessary because of prominence. A compari¬ 
son of percutaneous pinning and TEIN found that both 
techniques are effective in fracture stabilization in older 
children. The use of TEIN was shown to hâve a lower com¬ 
plication rate than percutaneous pinning; however, TEIN use 
was associated with increased blood loss, operative time, and 
rate of reoperation for hardware removal. 


CLOSED REDUCTION AND 
PERCUTANEOUS PINNING OF 
PROXIMAL HUMERUS 


TECHNIQUE 36-1 


■ Position the patient to allow anteroposterior and axillary 
latéral images of the injured shoulder. Préparé and drape 
the patient in a stérile manner. 

■ Manipulate the distal fragment into slight external rota¬ 
tion, 90 degrees of flexion, and 70 degrees of abduction 
using image intensification. This brings the fragments 
together satisfactorily. This maneuver should push the 
upper part of the shaft back through the rent in the deltoid 
muscle and anterior periosteum and correct the anterior 



A, Irreducible dislocation-Salter-Harris type II fracture of the proximal humérus in a 15-year-old boy. B f After open 
réduction and screw fixation. C f Smooth Kirschner wires can also be used in younger patients. 
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angulation. Hâve an assistant support the proximal frag¬ 
ment to help achieve and maintain the réduction. 

■ Drill two terminally threaded Steinmann pins through the 
latéral shaft in a proximal direction into the humerai head 
to maintain the réduction. In older patients with large 
metaphyseal fragments, a cannulated screw can be used. 
The skin incision should be made fairly distal to accom- 
modate the pin trajectory. 

■ In younger patients, smooth Kirschner wires can be used 
(Fig. 36-8C). 

POSTOPERATIVE CARE. Patients are placed in a sling, 
and gentle range-of-motion exercises are started. The 
pins, which can be irritating to the patient, are removed 
in 3 to 4 weeks. 


CLOSED REDUCTION AND 
INTRAMEDULLARY NAILING OF 
PROXIMAL HUMERUS 


TECHNIQUE 36-2 


■ Position the patient to allow anteroposterior and axillary 
latéral images of the injured shoulder. Préparé and drape 
the patient in a stérile manner. 

■ Make a latéral incision over the supracondylar ridge. Drill 
two holes in the latéral cortex using a drill slightly larger 
than the diameter nail selected. Alternative^, one médial 
and one latéral hole can be drilled. If a médial nail is used, 
care must be taken to protect the ulnar nerve. 

■ Prebend the nail and pass it rétrogradé to the fracture 
site. Gently reduce the fracture using fluoroscopie guid¬ 
ance and pass the first nail. Repeat for the second nail 
either through the latéral or second médial incision. 

■ When the fracture réduction is adéquate, eut the nails 
beneath the skin for later removal. If acceptable réduction 
after two attempts cannot be obtained, proceed with 
open réduction using the deltopectoral interval. 

POSTOPERATIVE CARE. Place the arm in a soft dressing 
with sling and begin motion. Nails are typically removed in 
6 months or sooner if the implant is causing symptoms. 


HUMERAL SHAFT FRACTURES 

Humerai shaft fractures in children are uncommon, account- 
ing for less than 10% of ail humerai fractures in children. Most 
occur either in children younger than 3 years or older than 12 
years, and almost ail of these injuries can be treated nonop- 
eratively because of the remodeling potential of the humérus 
and the ability of the glenohumeral joint to accommodate for 
any residual malalignment. Up to 70 degrees of angulation in 
children younger than 5 years and 30 degrees of angulation in 
children âges 12 to 13 can be accepted. Less angulation in 
distal fractures, especially those in varus, is acceptable because 
of the undesirable cosmetic appearance of the arm. Closed 
treatment usually consists of coaptation splinting, fracture 
bracing, or the use of a hanging arm cast. Operative treatment, 
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consisting of plating or the use of TEIN, has been shown to 
provide good results. External fixation can be used in rare 
conditions in which severe soff-tissue injuries are présent. 
Indications for operative treatment include patients with 
polytrauma to speed mobilization and upper extremity weight 
bearing, a floating elbow, a pathologie lésion, and adolescents 
close to skeletal maturity. Radial nerve entrapment can occur, 
especially with distal fractures after closed réduction maneu- 
vers. A loss of radial nerve function after closed réduction 
indicates potential entrapment of the nerve between the 
fracture fragments, and urgent nerve exploration and internai 
fixation are necessary. Plating techniques for children are 
similar to adults as discussed in Chapter 57. 


CLOSED/OPEN REDUCTION AND 
INTRAMEDULLARY NAILING OF 
PROXIMAL HUMERUS 


TECHNIQUE 36-3 


■ Position the patient to allow anteroposterior and axillary 
latéral images of the injured humérus. This can be done 
on a radiolucent table or hand table. Préparé and drape 
the patient in a stérile manner. 

■ Make a latéral incision over the supracondylar ridge. Drill 
two holes in the latéral cortex using a drill slightly larger 
than the diameter nail selected. Alternative^, one médial 
and one latéral hole can be drilled. If a médial nail is used, 
care must be taken to protect the ulnar nerve. 

■ Place the nail over the skin to radiographically détermine 
where the fracture site will be on the nail. Gently bend 
the nail with the apex of the bow at the fracture site. Pass 
both nails rétrogradé to the fracture site. Gently reduce 
the fracture using fluoroscopie guidance and pass the first 
nail 1 to 2 cm across the fracture site. Repeat for the 
second nail either through the latéral or a second médial 
incision. Once both nails hâve crossed the fracture site, 
advance them to their final positions. 

■ When the fracture réduction is adéquate, eut the nails 
beneath the skin for later removal. If acceptable réduction 
cannot be obtained after two attempts, proceed with 
open réduction. 

POSTOPERATIVE CARE. Place the arm in a soft dressing 
with sling and begin motion. Nails typically are removed in 
6 months or sooner if the implant is causing symptoms. 


SUPRACONDYLAR HUMERAL 
FRACTURES 

Supracondylar humerai fractures are the most common 
pédiatrie elbow fractures, accounting for 3% of ail children s 
fractures. The most common âge of injury is 5 to 7 years. 
Almost ail (98%) are extension-type injuries, which usually 
are caused by a fall onto an outstretched hand. Flexion-type 
fractures, although rarer, are more difficult to reduce, hâve 
worse outcomes, and are associated with ulnar nerve injury 
(Fig. 36-9). Approximately 5% to 10% of children hâve an 
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associated ipsilateral distal radial fracture. The most com- 
monly used classification is that by Gartland in which type I 
fractures are nondisplaced, type II fractures hâve an intact 
posterior hinge, and type III fractures hâve complété dis¬ 
placement. A type IV injury has been described in which 
there is complété loss of the anterior and posterior periosteal 
hinge, making it unstable in both flexion and extension. Type 
IV fractures usually are the resuit of high-energy injury. Care 
must be taken when reducing a type III fracture to avoid 
tearing the periosteal hinge, making it a type IV injury. The 
diagnosis can be made in most cases using plain radiographs. 
Advanced imaging, such as CT, occasionally is used in an 
adolescent when there are concerns about a coronal split in 
the distal fragment or T-condylar fracture. 



FIGURE 


Flexion type supracondylar humerai fracture. 


A careful neurologie examination is essential because 
10% to 15% of patients hâve a nerve injury, with the anterior 
interosseous nerve being the most frequently injured in 
extension-type fractures. The ulnar nerve is most frequently 
injured in flexion-type injuries. Obese children hâve been 
shown to hâve a higher rate of both preoperative and postop- 
erative nerve palsy. A loss of neurologie function after réduc¬ 
tion is concerning for nerve entrapment at the time of 
réduction, and urgent open exploration of the nerve is neces- 
sary. Most nerve injuries are a resuit of neurapraxia and 
résolve within 6 to 12 weeks; electromyography is indicated 
if there is no return of nerve function within 3 months. A 
recent long-term follow-up study showed that at an average 
follow-up of 8 years most patients had excellent function; 
100% of patients with radial nerve, 88% of patients with 
médian nerve, and only 25% of patients with ulnar nerve 
injuries fully recovered. 

Urgent assessment of the vascular status of the limb also 
is essential to minimize complications. A vascular injury, 
typically to the brachial artery, can occur in up to 10% to 20% 
of patients with a type III fracture (Fig. 36-10). Because of the 
rich collateral blood supply about the elbow, the hand may be 
well perfused even with complété disruption of the brachial 
artery. The vascular status of the limb can be classified as 
normal—pulseless but with a warm pink (perfused) hand—or 
pulseless—pale (nonperfused) hand. Treatment of patients 
with a pulseless warm hand remains controversial in terms of 
the need for brachial artery exploration (Fig. 36-11). A supra¬ 
condylar fracture with a nonperfused hand is a surgical 
emergency to prevent reperfusion injury and compartment 
syndrome leading to Volkmann ischémie contracture. 

Compartment syndrome occurs in approximately 0.1% to 
0.3% of patients with supracondylar humerai fractures and is 
more common with concurrent fracture of the forearm or 
wrist. 



FIGURE 


A f Type III supracondylar humerai fracture with vascular injury. B f Brachial artery occlusion with supracondylar 


humerai fracture. 
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FIGURE 


Management of pulseless supracondylar humerai fracture. (From: Abzug JM, Herman MJ: Management of supracondylar 


humérus fractures in children: current concepts, J Am Acad Orthop Surg 20:69, 2012.) 


In patients with vascular compromise, urgent réduction 
in the operating room should be performed and the vascular 
status of the hand assessed. Arteriography should not be used 
unless the level of vascular injury is unclear in patients with 
polytrauma and should never delay closed réduction of a 
supracondylar humerai fracture. If perfusion is not restored, 
urgent exploration of the brachial artery with release of 
entrapping structures and direct repair with vein grafting if 
necessary should be performed by a surgeon with expérience 
in the repair of small vessels. Prophylactic forearm and hand 
fasciotomies are necessary in patients with prolonged isch- 
emia time. This is especially important in patients with con¬ 
comitant nerve injuries in which the ability to detect a 
compartment syndrome clinically is impaired. Most patients 
in whom perfusion is restored (pink hand) even in the 
absence of a radial puise hâve good long-term outcomes with 
observation. 

Treatment of supracondylar humerai fractures is based 
on the Gartland type. Type I fractures are treated with long 
arm cast immobilization for 3 weeks followed by a brief 
period of protected activity. Patients with the presence of a 
posterior fat pad on radiographs should be presumed to hâve 
a type I fracture and treated in this fashion. 

Treatment of type II injuries is somewhat controversial. 
Wilkins subdivided type II injuries into A and B with type 
IIA fractures being stable and type IIB fractures having some 
degree of rotation or translation making them unstable. 
Closed réduction and casting can be used in patients with 
type IIA injuries. Closed réduction and percutaneous pinning 
typically with two or three latéral pins has become the main 
form of treatment for type IIB injuries and for those in which 
the stability is in question. We prefer to pin most type II 
fractures because of concerns about the ability to maintain 
réduction in a splint or cast, poor patient compliance with 
barriers to timely follow-up, and difficulty in differentiating 


between type IIA and B fractures. Type III fractures are 
treated with closed réduction and pinning (Fig. 36-12). 

Complications of percutaneous pinning occur in approxi- 
mately 5% of patients, with pin migration or irritation being 
the most common followed by infection (1%) and elbow 
stiffness. The idéal pin configuration remains controversial; 
however, although crossed médial and latéral pins are more 
stable than two latéral pins in vitro, use of two or three latéral 
pins appears to be equal to crossed pins in vivo. A comparison 
study of médial crossed pins and latéral entry pins showed 
equal maintenance of réduction in both groups, but the 
crossed pin group had a 7.7% rate of iatrogénie nerve injury. 
This rate of iatrogénie nerve injury with crossed pins has been 
shown in other studies as well. If latéral pinning is used, it is 
important to engage both fragments and hâve bicortical fixa¬ 
tion with at least two pins and at least 2 mm of pin séparation 
at the fracture site. We prefer the use of two or three latéral 
pins for most type III fractures and use a médial pin for 
fractures that are very unstable (Figs. 36-13 and 36-14). If a 
médial pin is used, making a small incision and using retrac- 
tors to protect the ulnar nerve, as well as avoiding pinning 
these fractures in maximal elbow flexion, can reduce the rate 
of ulnar nerve injury. It is difficult to maintain réduction of 
type IV fractures because of the loss of the periosteal hinges. 
For this reason, it may be necessary to hold the arm stable 
and rotate the C-arm for imaging rather than rotating the 
arm. The indications for open réduction, which occurs 
approximately 10% of the time, include irreducible fractures, 
open fractures, and those with suspected or confirmed neu- 
rovascular injuries. A direct anterior approach can be used in 
most patients with posterior displaced fracture because it 
provides the best access to the neurovascular structures and 
fracture site. Because of the muscle stripping that occurs with 
these injuries, the neurovascular structures are typically in a 
subeutaneous position (Fig. 36-15). 
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Fixation of supracondylar fracture. A and B, Severely displaced type 
réduction and percutaneous pinning were performed. E and F, Final resuit. 


supracondylar fracture. C and D f Closed 
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Pinning of supracondylar humerai fracture. A, Positioning of the arm on image intensifier. B, Confirm that the latéral 
pins engage the fracture fragments. C, Final fluoroscopie imaging. SEE TECHNIQUE 36-4. 


CLOSED REDUCTION AND 
PERCUTANEOUS PINNING OF 
SUPRACONDYLAR FRACTURES 
(TWO LATERAL PINS) 


TECHNIQUE 36-4 


■ Position the patient supine and position the elbow on an 
inverted image intensifier (Fig. 36-14A). 

■ For the more common extension type of supracondylar 
fracture, with countertraction on the humérus, apply 


traction to the forearm and examine the fracture with 
image intensification. With the elbow in extension, 
correct rotational malalignment and médial and latéral 
translation. Once this is corrected, maintain traction on 
the elbow and gently flex the elbow to 120 degrees. Use 
pressure on the olecranon as the elbow is flexed to correct 
extension of the distal fragment. Maximally flex the elbow 
and pronate the forearm to lock the posterior and médial 
soft-tissue hinges. It is important to correct rotation and 
translation before flexing the elbow. 

For the rarer flexion-type injury, flexing the elbow will 
further displace the fragment because of the disruption 
of the posterior periosteal hinge. In this case the elbow 
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Neurovascular structures of the supracondylar 
humérus. Médial nerve and brachial artery under Freer elevator. 


S will need to be pinned in extension. This can be difficult, 
and posterior open réduction often is needed. 

■ Confirm the anteroposterior réduction with image inten¬ 
sification, aiming the beam through the forearm and 
rotating the humérus from médial to latéral to assess the 
médial and latéral column réduction. Confirm latéral 
réduction by externally rotating the shoulder to obtain a 
latéral view of the elbow. 

■ Maintain réduction while performing closed percutane- 
ous pinning with image intensification to verify that the 
two latéral pins engage both fracture fragments (Fig. 
36-14B). The pins should be divergent and not cross at 
the fracture site. 

■ If a médial pin is used, make a 1 cm incision over the 
médial épicondyle. Spread the soft tissues so that the 
épicondyle can be seen and ensure that the ulnar nerve 
is protected. Alternative^, a small soft-tissue drill sleeve 
can be used. It is not necessary to expose or explore the 
ulnar nerve in patients without ulnar nerve symptoms. 
Once the pin is placed, it can be eut outside the skin and 
the incision closed with absorbable suture. 

■ After the pins are inserted, extend the elbow as far as 
possible without bending the pins. With the aid of image 
intensification, check the stability of the réduction by 
rotating and stressing the elbow to détermine if a third 
(médial or latéral) pin is necessary. Compare the carrying 
angle with that of the normal extremity. Cut and bend 
the pins outside of the skin and check final fluoroscopie 
images to ensure no displacement occurred during 
bending (Fig. 36-14C). 

POSTOPERATIVE CARE. Place the patient in a well- 
padded posterior splint or bivalved cast with the elbow 


flexed at 60 degrees to relax the antecubital structures. 
Patients are treated in a cast for 3 to 4 weeks. The pins 
are then removed, and gentle range of motion is started. 

See also Video 36-1. 


ANTERIOR APPROACH 


TECHNIQUE 36-5 


■ If an anterior approach is to be used, make a transverse 
incision over the antecubital space. This can be extended 
proximally and distally if necessary. The proximal exten¬ 
sion should be performed (médial or latéral) over the 
proximal fragment because this is usually the site of 
neurovascular injury. Note that in high-energy injuries the 
anterior soft tissues may be stripped and the neurovascu¬ 
lar bundle may be subeutaneous. 

■ Develop a plane between the biceps and brachialis 
tendons. Release the biceps aponeurosis while protecting 
the brachial artery. Retract the biceps and brachialis 
muscle medially and the brachioradialis laterally. Protect 
the radial nerve and posterior interosseous artery. 

■Observe the supracondylar fragment and note its align- 
ment with the proximal fragment. Use a small curet to 
remove any hematoma at the fracture site. Note any 
interdigitations on the ends of the bone, and by matching 
them reduce the fracture. 

■ Use two or three Steinmann pins in a manner similar to 
that described for percutaneous pinning. Image intensifi¬ 
cation simplifies pin placement. Cut the pins off outside 
the skin for easy removal later. 

POSTOPERATIVE CARE. Close the incision and place 
the patient in a well-padded posterior splint with the 
elbow in 60 degrees of flexion and convert to a long arm 
cast to 90 degrees of flexion in 5 to 7 days. The pins are 
removed in 3 to 4 weeks, and gentle range-of-motion 
exercises are begun. 


The timing of réduction for type III fractures remains con- 
troversial; however, recent studies hâve shown no différence 
in complication rates between patients treated in an urgent 
(less than 12 hours) or delayed (later than 12 hours) fashion. 
Delayed treatment requires a conscious, cooperative patient 
without neurovascular compromise and the ability to proceed 
with surgery in a timely fashion if their neurovascular exami¬ 
nation changes with monitoring. Type II fractures can be 
treated safely in a delayed fashion. 

Postoperatively, patients are placed either in a long arm 
posterior splint or a bivalved cast with the elbow in 60 degrees 
of flexion. Follow-up radiographs are obtained at 1 week, and 
the cast or splint is removed and changed to a long arm cast 
with the elbow in 90 degrees for an additional 2 to 3 weeks. 
The pins are removed in the office, and most patients regain 
motion without the need for physical therapy. Most children, 
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FIGURE 


Cubitus varus deformity after supracondylar 


fracture. 


unlike adults, hâve good mid-term and long-term functional 
outcomes after supracondylar humerai fracture. 

Cubitus varus is the most common angular deformity 
that results from supracondylar fractures in children (Fig. 
36-16). Cubitus valgus, although mentioned in the literature 
as causing tardy ulnar nerve palsy, rarely occurs and is more 
often caused by nonunion of latéral condylar fractures. 
Because the normal carrying angle increases from childhood 
to adulthood, an increase in valgus is not as cosmetically 
noticeable as a complété reversai to a varus position. 

Several causes for cubitus varus hâve been suggested. 
Médial displacement and rotation of the distal fragment hâve 
been cited most often, but experimental studies showed that 
varus tilting of the distal fragment was the most important 
cause of change in the carrying angle (Fig. 36-17). Osteone- 
crosis and delayed growth of the trochlea, with relative 
overgrowth of the normal latéral side of the distal humerai 
epiphysis, is a rare cause of progressive cubitus varus defor¬ 
mity after supracondylar fracture. This progressive growth 
abnormality cannot be prevented by stabilization of the distal 
fragment because it probably is related to injury to the blood 
supply of the trochlea at the time of fracture. 

Rotational malalignment may occur but is not a signifi- 
cant deformity. Malrotation of the distal humérus is compen- 
sated for to a large degree by motion of the shoulder joint. As 
a resuit, the rotational component in cubitus varus deformi- 
ties is of little conséquence and ail that is usually necessary 
for correction is a latéral closing wedge osteotomy. Occasion- 
ally, a hyperextension deformity requires the addition of a 
flexion component. 

Three basic types of ostéotomies hâve been described: a 
médial opening wedge osteotomy with a bone graft, an 
oblique osteotomy with derotation, and a latéral closing 
wedge osteotomy. Uchida et al. described a three-dimensional 
osteotomy for correction of cubitus varus deformity in which 
médial and posterior tilt and rotation of the distal fragment 
can be corrected if necessary (Fig. 36-18). 



Mechanism of coronal tilting. A f Impaction of 
fracture medially. B f Tilting of fragment medially. C f Horizontal 
rotation. 


A latéral closing wedge osteotomy is the easiest, safest, 
and inherently most stable osteotomy. Supracondylar oste¬ 
otomy for cubitus varus should be viewed as a reconstructive 
procedure and not as fracture management. The fixation used 
can be tailored to the âge of the child and degree of deformity 
(Fig. 36-19). A combination of screws and Kirschner wires 
may be needed for younger patients, whereas plate-and-screw 
fixation is more appropriate for adolescents. 

DeRosa and Graziano reported good results with a step- 
cut osteotomy technique fixed with a single cortical screw 
(Fig. 36-20). They reported no ulnar or radial nerve injuries, 
infections, nonunions, or hypertrophie scars, and ail patients 
retained preoperative ranges of motion. They concluded that 
this osteotomy with single-screw fixation is a safe procedure 
that can correct multiple planes of deformity, but they 
emphasized the importance of careful preoperative planning 
and spécial attention to surgical detail. If a more extensive 
osteotomy is needed, a step-cut translation osteotomy and 
fixation with a Y-shaped humerai plate that allows early 
movement of the joint may be used (Fig. 36-21). 


LATERAL CLOSING WEDGE 
OSTEOTOMY FOR CUBITUS VARUS 


TECHNIQUE 36-6 


■ After standard préparation and draping and inflation of 
the tourniquet, approach the elbow through a latéral 
incision. 

■ With fluoroscopie guidance, insert two Kirschner wires 
into the latéral condyle before osteotomy and advance 
them just distal to the planned distal eut. Be prepared to 
advance these proximally after the closing wedge oste¬ 
otomy has been made. 

■ Make a closing wedge osteotomy laterally, leaving the 
médial cortex intact. 

■ Weaken the médial cortex using drill holes. Apply a valgus 
stress to complété the osteotomy with the forearm in 
pronation and the elbow flexed. 

■Close the osteotomy and advance the Kirschner wires 
from the latéral condyle into the médial cortex of the 
proximal fragment. 
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Three-dimensional osteotomy for correction of cubitus varus deformity. Médial and posterior tilt is corrected. After 
osteotomy, distal fragment is compacted with proximal fragment by adding external rotation using wedge of humerai cortex. Bone 
graft is added if necessary. (From Uchida Y, Ogata K, Sugioka Y: A new three-dimensional osteotomy for cubitus varus deformity after supracondylar 
fracture of the humérus in children, J Pediatr Orthop 11:327, 1991.) 



FIGURE 


A and B f Cubitus varus deformity of the left elbow. C f After osteotomy and screw fixation. 


■ Leave the wires buried under the skin. A third wire can 
be used if necessary for stability. 

■Close the wound in layers and splint the arm in 90 
degrees of flexion and full pronation. A long arm cast can 
be applied in 5 to 7 days. 

POSTOPERATIVE CARE. The wires are removed at 
approximately 6 weeks after surgery, and a range-of- 
motion exercise program is started. 


LATERAL CONDYLAR FRACTURES 

Fracture of the latéral condyle is the second most common 
(17%) pédiatrie elbow fracture after fracture of the 


supracondylar humérus, usually occurring between the âges 
of 4 and 6 years. The most common mechanism of injury is 
a fall onto an outstretched arm with the elbow in varus, which 
causes avulsion of the latéral humerai condyle. Alternatively, 
these injuries can occur, although less commonly, during a 
fall onto a flexed elbow Unlike supracondylar humerai frac¬ 
tures, latéral condylar fractures are rarely associated with 
neurovascular injuries. 

These injuries can be classified either anatomically or by 
displacement. Historically, the Milch classification was used 
to détermine whether the fracture passed through (type I) or 
around (type II) the capitellum. The Milch type II fracture, 
which is really a Salter-Harris type II fracture, is the most 
common type (95%) (Fig. 36-22). More often the fractures 
are classified by displacement because the amount of dis¬ 
placement détermines the method of treatment. A recent 
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with a large metaphyseal fragment, percutaneous pinning 
using smooth Kirschner wires or a cannulated screw is per- 
formed. Displaced fractures or those with unclear réduction 
require open réduction and internai fixation (Fig. 36-26). Tfiis 
is done through a latéral approach, taking care to avoid dis¬ 
section posteriorly that may injure the blood supply to the 
trochlea, which enters posteriorly, and cause osteonecrosis. 
Fixation using smooth Kirschner wires and cannulated screws 
has been described with good results. Kirschner wires can be 
left outside the skin for short periods of time (3 to 4 weeks) 
with a low risk of infection. Pins can be buried under the skin 
for longer periods, but removal usually requires a second 
operative procedure. 

The most common complication after fracture of the 
latéral condyle is loss of réduction. Therefore close follow-up 
is necessary for these patients. Even fractures with less than 
2 mm of initial displacement can displace late. 


jjj A, Osteotomy designed to correct cubitus varus 
deformity of 13 degrees. Distal fragment can be rotated to correct 
additional deformity. B f After wedge removal and closure, screw 
is used for fixation. (Redrawn from DeRosa GP, Graziano GP: A new 
osteotomy for cubitus varus, Clin Orthop Relat Res 236:160, 1988.) SEE 
TECHNIQUE 36-6. 


displacement based classification System by Weiss et al. has 
been shown to be prognostic for complications. Type I frac¬ 
tures are displaced less than 2 mm, type II fractures are dis¬ 
placed more than 2 mm with an intact cartilaginous hinge, 
and type III fractures are displaced more than 2 mm without 
an intact cartilaginous hinge (Fig. 36-23). Type III fractures 
tend to be displaced and rotated and, in some cases, if enough 
trochlear stability is lost, a postérolatéral subluxation of the 
radius and ulna can occur (Fig. 36-24). This classification 
also helps guide treatment, because type I fractures can be 
treated with a cast, type II fractures with percutaneous 
pinning, and type III fractures with open réduction and 
internai fixation. 

Radiographically, it can be difficult to détermine the 
amount of displacement because of the large amount of unos- 
sified epiphysis présent. The presence of a metaphyseal frag¬ 
ment on the latéral radiograph is helpful in making the 
diagnosis (Fig. 36-25). The addition of an internai oblique 
radiograph also can be helpful in assessing the true amount 
of displacement. It can be difficult to détermine the stability 
of the cartilaginous hinge on plain radiographs, and it may 
be necessary to perform stress radiographs or arthrography 
under anesthésia for full assessment. Advanced imaging such 
MRI can be used when the diagnosis is in question or to 
evaluate the stability of the cartilaginous hinge; however, this 
requires sédation to obtain satisfactory high resolution images 
in this âge group. 

Nondisplaced or minimally displaced fractures can be 
treated in a long arm cast for 4 to 6 weeks depending on the 
âge of the patient. These fractures need to be watched closely 
because late displacement can occur. For type II fractures or 
fractures in which there is concern about the integrity of the 
cartilaginous hinge, a stress examination under anesthésia 
with or without arthrography may be performed. In patients 


OPEN REDUCTION AND 
INTERNAL FIXATION OF LATERAL 
CONDYLAR FRACTURE 


TECHNIQUE 36-7 


■ Expose the elbow through a Kocher latéral approach (Fig. 
1-110) and carry the dissection down to the latéral 
humerai condyle. In some patients, especially with type 
III fractures, the distal fragment is rotated and the articular 
cartilage is subcutaneous, and care is necessary to prevent 
iatrogénie articular cartilage injury. The soft-tissue dissec¬ 
tion is between the brachioradialis and the triceps, 
although often the capsule is already torn. Expose the 
anterior surface of the joint. It is important that no dis¬ 
section be performed posteriorly to prevent injury to the 
trochlear blood supply. 

■ The displacement and the size of the fragment are always 
greater than is apparent on radiographs because much 
of the fragment is cartilaginous. The fragment usually is 
rotated and displaced. Irrigate the joint to remove blood 
clots and débris, reduce the articular surface accurately, 
and confirm the réduction by observing the articular 
surface, particularly at the trochlear ridge. Because of the 
plastic deformation that often occurs, there may be some 
metaphyseal displacement, even with anatomie articular 
surface réduction. The fracture should be stabilized in the 
position of anatomie joint réduction regardless of the 
metaphyseal deformity. 

■ If a large metaphyseal fragment is présent, insert two 
smooth Kirschner wires across it into the médial cortex of 
the distal humérus in a divergent fashion. 

■ Check the réduction and the position of the internai fixa¬ 
tion by radiographs before closing the wound. Cut off 
the ends of the wires beneath the skin, but leave them 
long enough to allow easy removal (Fig. 36-27). Alterna¬ 
tive^, the pins can be left outside the skin for ease of 
removal. 

■ Place the arm in a bivalved long arm cast or splint with 
the elbow flexed 90 degrees. 
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Step-cut translation osteotomy. A f After humerus-elbow-wrist angle is determined on anteroposterior radiograph, 
initial transverse osteotomy line is made 0.5 to 1.0 cm superior to olecranon fossa and perpendicular to axis of humérus. Triangular 
area indicates area to be resected. B and C f Cubitus varus is corrected by rotating distal fragment and translating it medially after 
completing initial transverse osteotomy. Triangular overlapping of proximal and distal humerai portions means that resection is indi- 
cated. For cubitus varus, degree of correction increases as location of apex moves medially. D and E f Cubitus valgus is corrected by 
rotating distal part of humérus medially and translating it latérally according to anatomie shape of normal elbow. F, Fixation of oste¬ 
otomy site. (From Kim HT, Lee JS, Yoo Cl: Management of cubitus varus and valgus, J Bone Joint Surg 87A:771, 2005.) SEE TECHNIQUE 36-6. 



type 


Latéral humerai condylar fractures. A f Milch type 
I fracture, which is Salter-Harris type II epiphyseal fracture. 


fracture, which is Salter-Harris type IV epiphyseal fracture. B f Milch 
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Weiss classification of latéral condylar fractures. A, Type 1 fracture, less than 2 mm displacement. B, Type 2 fracture, 
2 mm or more displacement and congruity of the articular surface. C, Type 3 fracture, 2 mm or more displacement and lack of articular 
congruity. 




FIGURE 


U Metaphyseal fragment on latéral radiograph. 


Fractures of the latéral humerai condyle. 
A, Type I, stable fracture with minimal latéral gap. B, Type II, 
fracture to epiphyseal cartilage with a latéral gap; displacement 
risk undefined. C, Type III, fracture gap as wide latérally as medi- 
ally; high risk of later displacement. 
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FIGURE 


3 A and B f Radiographs showing latéral condylar fracture. 



A, Open réduction and internai fixation of latéral condylar fracture shown in Figure 36-26. B, After open réduction 
and fixation with smooth wires. SEE TECHNIQUE 36-7. 


POSTOPERATIVE CARE. Immobilization should con¬ 
tinue 4 weeks with the arm in a cast followed in some 
cases by splinting. At the end of that time the pins can 
be removed if union is progressing. Gentle active motion 
of the elbow usually is resumed intermittently out of the 
splint. These fractures are notorious for late and delayed 
union, and some require immobilization with intermittent 
range-of-motion exercises for more than 6 weeks. 


COMPLICATIONS AFTER LATERAL 
CONDYLAR FRACTURE 

Complications from latéral condylar fractures include physeal 
arrest, physeal stimulation, osteonecrosis, and nonunion 
with résultant cubitus valgus (Fig. 36-28). Latéral condylar 
overgrowth, radial prominence, and variation in the carrying 
angle of the elbow hâve been attributed to transient stimula¬ 
tion of the latéral column of the elbow. Osteonecrosis of the 
capitellum (Fig. 36-29) or a small growth arrest in the central 
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A f Fracture of latéral humerai condyle in 5-year- 
old boy. B f Established nonunion 1 year after nonoperative 
treatment (observation only). C f Apparent proximal migration of 
capitellum and condyle at 3 years. D f Severe cubitus valgus 9 years 
after fracture. 



A f Fracture of the latéral humerai condyle 
through the ossifie nucléus. B f Development of osteonecrosis of 
the capitellum. 



JjJ A and B f Nonunion of latéral condylar fracture 
after closed treatment. 


physis occurs with “fishtail” deformity (deepening of the 
trochlear groove) and rare varus deformity Because of the 
lack of cases, data concerning prévention, treatment, and 
long-term follow-up are limited. 

Nonunion with résultant cubitus valgus probably is the 
most significant complication (Fig. 36-30). Nonunion must 
be differentiated from delayed union. Immobilization of the 
fracture even with minimal displacement for more than 6 
weeks offen is necessary. A delay in union may resuit from 
inadéquate external immobilization or internai fixation. If 
union is not achieved at 12 weeks, a small wedge-shaped bone 
graff can be placed across the metaphyseal fragment with 
supplémentai smooth pin or screw fixation (Fig. 36-31). If the 
elbow seems to be stable and is not painful and ail that is 


présent is a lucent line with no motion of the fracture frag¬ 
ment on stress views, observation and prolonged immobiliza¬ 
tion may be ail that are necessary. If motion is présent or a 
nonunion seems to be developing, however, early surgery is 
indicated. Surgery for well-established nonunions is difficult, 
and the goals should be to restore a more anatomie alignment 
of the elbow. Arthrotomy and realignment of the articular 
surface should be avoided because of the high risk of further 
elbow stiffness and osteonecrosis; osteotomy generally is a 
better option (Figs. 36-32 and 36-33). Rigid internai fixation 
should be used to promote early motion. Tardy ulnar nerve 
palsy can accompany latéral condyle nonunions and can be 
treated with ulnar nerve transposition and correction of the 
cubitus valgus. 
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A f Nonunion of latéral condyle with distal fragment in acceptable position for bone grafting and internai fixation. 
B and C f Transfixed, freshened, bone-grafted nonunion; physis of condylar fragment is not violated by pin or graft. 



Correction of cubitus valgus by osteotomy. 
A f Cubitus valgus secondary to nonunion of latéral humerai 
condyle. B, Opening wedge osteotomy laterally to restore 
alignment. 


OSTEOTOMY FOR ESTABLISHED 
CUBITUS VALGUS SECONDARY TO 
NONUNION OR GROWTH ARREST 


TECHNIQUE 36-8 


■ Place the patient prone with the forearm supported on 
an arm board. 


■ Use a posterior muscle-splitting incision, exposing 
the distal humérus, but do not open the elbow 
joint. 

■Split the fibers of the triceps muscle, retract them, and 
identify the ulnar nerve. When indicated for treatment of 
tardy ulnar nerve palsy, detach the flexor group of muscles 
from the médial épicondyle and transpose the nerve 
anteriorly. Reattach the flexor muscles. 

■ As a landmark, note the upper limit of the condylar 
fragment. Perform a simple transverse osteotomy 
at the level of the intersection of the forearm axis 
with the latéral cortex of the humérus (Fig. 36-33A 
and B). 

■ Notch the inferior surface of the proximal fragment to 
receive the apex of the superior surface of the distal 
fragment, which is moved laterally (Fig. 36-33C and D). 
Adduct the distal fragment until the excessive angle of 
abduction (valgus) has been reduced to the normal car- 
rying angle, controlling the amount of correction by 
radiographs made with the extremity and the fragments 
in extension. 

■ When correction is satisfactory, fix the fragments 
by inserting two smooth crossed Kirschner wires, 
carefully flex the elbow, and immobilize it in plaster at 
90 degrees. 

POSTOPERATIVE CARE. The cast is left on for 4 to 6 
weeks, depending on the âge of the child and evidence 
of bony union. The wires are removed, and motion is 
encouraged at that time. 
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A and B, Milch type II significantly displaced 
latéral condylar fracture, in which simple osteotomy would resuit 
in unacceptable alignment. C and D, Osteotomy with latéral 
displacement of distal humerai fragment, aligning arm satisfac- 
torily with forearm. SEE TECHNIQUE 36-8. 


MEDIAL CONDYLAR FRACTURES 

Fractures of the médial humerai condyle in children are rare, 
accounting for 1% of pédiatrie elbow fractures. They usually 
occur in slightly older children than fractures of the latéral 
condyle, around the âges of 3 to 8 years. They are caused by 
a direct fall onto the elbow or a fall onto an outstretched hand 
with the elbow in a varus position. Médial condylar fractures 
in younger children can be associated with nonaccidental 
trauma. Kilfoyle described three types based on displace¬ 
ment: type I, a greenstick or impacted fracture; type II, a 
fracture through the humerai condyle into the joint with little 
or no displacement; and type III, an epiphyseal fracture that 
is intraarticular and involves the médial condyle with the 
fragment displaced and rotated (Fig. 36-34). Type III frac¬ 
tures, which occur in older children, account for 25% of ail 
médial condylar fractures. In type III fractures the flexor 
pronator mass, which is attached to the distal fragment, 
causes the distal fragment to rotate anteriorly and medially, 



Three types of médial condylar fractures 
described by Kilfoyle: type I, impacted; type II, epiphyseal and 
intraarticular; and type III, displacement of entire médial condyle. 


causing the articular surface to face posteriorly and laterally. 
This injury often is confused with médial epicondylar frac¬ 
ture, which is more common but occurs in older children. 
Making a radiographie diagnosis can be difficult, especially 
in younger patients in whom the trochlea has not yet ossified, 
which occurs around the âge of 8 years. MRI and elbow 
arthrography can be used to make the diagnosis in unclear 
cases. Médial epicondylar fractures often occur with elbow 
dislocations and, because of the intraarticular nature of the 
médial condyle, patients with médial condylar fractures, 
unlike those with médial epicondylar fractures, hâve fat pad 
changes évident on radiographs. 

For nondisplaced fractures treatment consists of 4 to 
6 weeks of cast immobilization. These fractures heal more 
slowly than supracondylar fractures and are more like latéral 
condylar fractures because of the intraarticular nature of the 
fracture site. The treatment for displaced fractures is open 
réduction and internai fixation to ensure joint congruity. 
This is best done through a posteromedial incision, which 
provides excellent exposure of the fracture site and allows 
for protection of the ulnar nerve. Care must be taken not to 
extend the dissection posteriorly to avoid injury to the 
trochlear blood supply. Fixation consists typically of two 
smooth Kirschner wires in younger children and screw or 
plate fixation, or both, in older children to control rotation 
and prevent nonunion that can occur with inadéquate frac¬ 
ture fixation (Fig. 36-35). 

COMPLICATIONS AFTER MEDIAL 
CONDYLAR FRACTURE 

The most common complication with this fracture is failing 
to make the correct diagnosis (see Fig. 36-35). Once the 
correct diagnosis is made, nonunion is rare and usually 
results from inadequately stabilized fractures. Complications 
usually consist of nonunion with résultant cubitus varus, 
trochlear osteonecrosis, and loss of réduction, and the com¬ 
plication rate can be as high as 33%. Nonunion can be treated 
with révision open réduction and internai fixation and bone 
graffing. Many patients with osteonecrosis of the trochlea are 
asymptomatic and require only observation. Cubitus varus 
caused by growth delay or arrest of the trochlea and cubitus 
valgus caused by fracture-simulated overgrowth can occur 
with these injuries. Corrective osteotomy can be used to treat 
these deformities if they become painful or interfère with 
function. 
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A f Fracture of médial condyle that was believed to be fracture of médial épicondyle. B f At 12 weeks after injury, 
nonunion of médial condyle. C and D f Fixation of médial condylar fracture. 


OPEN REDUCTION AND 
INTERNAL FIXATION OF MEDIAL 
CONDYLAR FRACTURE 


TECHNIQUE 36-9 


■ Begin a médial incision just distal to the médial condyle 
and extend it proximally parallel to the long axis of the 
humérus. Carry the dissection down to bone, isolating 
the ulnar nerve, and retract it posteriorly. The capsule 
usually is ruptured and need not be incised for exposure 
of the fracture. The capsule can be released anteriorly if 
more exposure desired. 

■ Carefully examine the detached condyle and remove ail 
hematoma. The fragment is surprisingly large, and often 
a part of the capitellum is included. 

■ Gently reduce the fracture and hold it with a bone 
tenaculum without disturbing the soft-tissue attachments 
of the fragment. Some metaphyseal plastic deformation 


may occur, so it is essential to restore the normal contour 
of the articular surface rather than the médial column. 

■ Insert two smooth Kirschner wires through the condylar 
fragment and into the humérus in a proximal and latéral 
direction. Two wires are necessary to prevent rotation of 
the fragment. Use smooth Kirschner wires rather than 
screws if the child is young and cannulated screw fixation 
in older children. Before closing the incision, verify the 
position of the wires and the fragment by radiographs. 
Cut off the wires beneath the skin, leaving them long 
enough to allow easy removal. 

■ Close the wound and apply a splint or bivalve cast with 
the elbow flexed 90 degrees. 


MEDIAL EPICONDYLAR 
FRACTURES 

Médial epicondylar fractures account for approximately 10% 
of pédiatrie elbow fractures, with a peak âge at occurrence of 
11 to 12 years. Between 30% and 50% occur with elbow dis- 
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Anteroposterior (A) and latéral (B) radiographs of patient with an elbow dislocation and associated fracture of the 
médial épicondyle. C, Postreduction CT showing true displacement of the épicondyle. D, Hammerlock position allows for relaxation of 
forearm flexors attached to the displaced fragment. Anteroposterior (E) and latéral (F) radiographs after fixation with a cannulated 
screw and washer. 


locations, and it is important to ensure that the médial épi¬ 
condyle is not entrapped after réduction of the dislocation. 

The most common mechanism of injury is an avulsion 
that can occur as a resuit of a valgus stress being placed on 
the extended elbow, usually after a fall. The médial epicondy- 
lar apophysis is the origin of the ulnar collateral ligament, 
which if under valgus stress, avulses it. It can also occur as a 
resuit of a pure avulsion by the forearm flexors and rarely with 
a direct blow to the elbow. In complété fractures, the avulsed 
apophysis displaces distally from pull of the forearm flexor 
mass originating on it. Radiographie and CT studies hâve 
shown that accurately measuring the true amount of displace¬ 
ment in ail planes is difficult. 

Nondisplaced fractures can be treated with 2 to 3 weeks 
of immobilization in a long arm cast or brace followed by 
graduai resumption of activity. The absolute indication for 
operative treatment is an entrapped intraarticular apophyseal 
fragment in an elbow dislocation. Other indications include 
fractures associated with elbow dislocations to allow early 
range of motion and fractures displaced more than 1 cm. A 
relative indication is a minimally displaced fracture in a high- 
demand throwing athlete. Treatment of mildly displaced 
fractures, less than 1 cm, remains controversial because of the 
difficulty in measuring true displacement, the good results 
being reported in small sériés of patients treated both 


operatively and nonoperatively, and the lack of comparison 
studies. 

Surgery can be performed supine or prone in the “ham¬ 
merlock position,” which provides relaxation to the forearm 
flexor musculature, making réduction easier (Fig. 36-36). 
Typically a single 4.0 or 4.5-mm cannulated screw is used for 
fixation, and a long arm cast is worn for 2 to 3 weeks before 
beginning physical therapy. In comminuted fractures, smooth 
Kirschner wires, sutures, or both can be used to stabilize the 
fragments. Patients are treated with a long arm cast or brace 
for 2 to 3 weeks followed by physical therapy. 

COMPLICATIONS AFTER MEDIAL 
EPICONDYLAR FRACTURE 

Complications associated with médial epicondylar fractures 
are rare and most often associated either with missed incar- 
cerated intraarticular fragments and elbow stiffness related to 
an elbow dislocation and ulnar nerve palsy. Nonunion of 
these fractures is rare and can be associated with long-term 
elbow instability leading to a tardy ulnar nerve palsy. Ulnar 
nerve dysesthesia is common after operative treatment espe- 
cially with removal of incarcerated intraarticular fragments, 
which usually résolves. Ulnar nerve transposition is reserved 
for late palsies and not for acute ulnar nerve symptoms. 
Because of the subeutaneous location of the médial 
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épicondyle, screw prominence and pain can occur and can be 
treated with hardware removal once satisfactory healing has 
occurred. 


OPEN REDUCTION AND INTERNAL 
FIXATION FOR DISPLACED OR 
ENTRAPPED MEDIAL EPICONDYLE 


TECHNIQUE 36-10 


■ Position the patient prone with a nonsterile tourniquet 
and place the elbow on a sterile-draped image intensifier. 
Mark the course of the ulnar nerve on the skin. 

■ Make a médial incision centered on the médial épicondyle 
approximately 5 cm in length. 

■ The ulnar nerve is posterior and should be protected for 
the entire procedure. For displaced fractures without 
entrapment, the fracture site can be viewed directly. Irri- 
gate the fracture site thoroughly. Use a small curet to 
remove any remaining apophyseal cartilage on the dis¬ 
placed fragment to promote bony healing. 

■ If the fragment is entrapped within the elbow joint when 
the fracture site is exposed, only the bony surface of the 
condyle is seen; no loose fragment is visible. The médial 
capsule, musculotendinous origin of the long flexor 
muscles, and épicondyle are folded within the joint, 
covering the lower part of the coronoid fossa and process. 
With a small tenaculum, remove the épicondyle with its 
soft-tissue attachments from within the joint. Now con- 
sider the fragment simply as a displaced epicondylar 
fracture. 

■ Reduce the épicondyle and secure it with a screw and 
washer if possible, which allows for early motion. If the 
fracture is comminuted or the patient is very young, a 
smooth Kirschner wire can be used. In rare cases in which 
the épicondyle cannot be stabilized because of comminu- 
tion, excise the fragments and attach the flexor muscles 
to the distal humérus using drill holes or a suture anchor(s). 

■ Suture the tear in the capsule and forearm muscles, close 
the wound, and apply a posterior splint or a bivalved cast. 

POSTOPERATIVE CARE. A splint or cast is worn for 2 
to 3 weeks. Alternative^, if good stability is obtained, a 
hinged elbow brace can be used in compliant patients to 
begin gentle immédiate early range-of-motion exercises. 


CHRONIC MEDIAL EPICONDYLE 
APOPHYSITIS (LITTLE LEAGUE ELBOW) 

This chronic injury is related to overuse in young athlètes, 
primarily baseball players. Excessive throwing places répéti¬ 
tive tension on the médial epicondylar apophysis. Overuse is 
a major contributor to this as the incidence is relatively low 
when established age-related pitch counts are followed. 
Patients hâve pain directly over the médial épicondyle, which 
is increased with valgus stress. Some patients hâve a loss of 
elbow extension as well. Radiographically, the apophysis is 
widened compared with the opposite side, and comparison 


views can be helpful but are not necessary to make the 
diagnosis. 

The most important treatment is rest followed by a graduai 
resumption of activity. Antiinflammatory médications, splint- 
ing, and ice may be helpful for symptomatic relief. Patients, 
families, and coaches need to be educated about the overuse 
nature of this injury. Once the patient is pain free, activity can 
be gradually progressed, ensuring proper throwing mechanics 
are followed. Although this can be very debilitating in terms 
of sports participation, no long-term complications from this 
hâve been reported. 

DISTAL HUMERAL FRACTURES 

Fracture of the entire distal humerai physis, which occurs 
more distally than a supracondylar fracture (Fig. 36-37), most 
commonly occurs during a fall and most frequently in young 
children (mean âge, 5 years). This injury has historically been 
underreported because making the diagnosis was difficult. 
With increased awareness and advanced imaging techniques 
such as MRI, ultrasound, and arthrography, this injury is 
being diagnosed with greater frequency. 

The distal humerai epiphysis extends across to include the 
secondary ossification of the médial épicondyle until about 6 
to 7 years of âge in girls and 8 to 9 years in boys. Most frac¬ 
tures involving the entire distal humerai physis occur before 
the âge of 6 or 7 and usually younger. The younger the child, 
the greater the volume of distal humérus occupied by carti- 
laginous epiphysis. As children mature, the volume of the 
epiphysis decreases, which some authors believe is protective 
of injury. This may explain the association between distal 
humerai physeal fractures and birth trauma, as well as nonac- 
cidental trauma. In addition, the physeal line in infants is near 
the center of the olecranon fossa, making it prone to hyper¬ 
extension injury. Malunion after these injuries is less common 
because of the broad surface area of the distal humérus. 
Because the blood supply to the médial trochlea courses 
through the physis, osteonecrosis of the trochlea can occur. 

These fractures are classified into three groups based on 
the degree of ossification of the latéral condylar epiphysis. 
Group A fractures occur in infants up to 12 months of âge, 



Dashed horizontal Unes indicate proximal area, 
where supracondylar fracture occurs, and distal area, where 
physeal fracture-separation occurs in wider part of distal humérus 
in younger âge group. 
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Transphyseal dislocation in a neonate. Note loss 
of normal relationship between ulna and distal humérus. 


before the secondary ossification center of the latéral condylar 
epiphysis appears (and are usually Salter-Harris type I physeal 
injuries) (Fig. 36-38). Tfiese often are missed because the 
latéral condylar epiphysis lacks an ossification center. Group 
B fractures occur most often in children 12 months to 3 years 
of âge in whom there is definite ossification of the latéral 
condyle. Group C fractures occur in older children, from 3 to 
7 years of âge, and resuit in a large metaphyseal fragment. 

In an infant younger than 18 months of âge whose elbow 
is swollen secondary to trauma or suspected trauma, a frac¬ 
ture involving the entire distal humerai physis should be 
considered. In a young infant or newborn, swelling may be 
minimal with little crepitus because the fracture fragments 
are covered in cartilage (physis) rather than bone. 

Radiographie diagnosis can be difficult, especially if the 
ossification center of the latéral condyle is not visible. The 
only relationship that can be determined is that of the primary 
ossification centers of the distal humérus to the proximal 
radius and ulna (Fig. 36-39). The proximal radius and ulna 
maintain an anatomie relationship to each other but are dis- 
placed posteriorly and medially in relation to the distal 
humérus. Comparison views of the opposite uninjured elbow 
may be helpful to détermine the presence of displacement. 

Once the latéral condylar epiphysis becomes ossified, 
displacement of the entire distal epiphysis is much more 
obvious. The anatomie relationship of the latéral condylar 
epiphysis with the radial head is maintained, even though the 
distal humerai epiphysis is displaced posterior and médial in 
relation to the metaphysis of the humérus. 

Because they hâve a large metaphyseal fragment, type C 
fractures may be confused with either a low supracondylar 
fracture or a fracture of the latéral condylar physis. The key 
diagnostic point is the smooth outline of the distal metaphysis 
in fractures involving the total distal physis. With 



Elbow injuries that may be confused clinically. 
A f Normal elbow before three centers of ossification appear. 
B, Séparation of entire distal humerai epiphysis. C f Dislocation of 
elbow. D, Latéral condylar fracture. 




jïj Two types of olecranon physeal fractures. 
Regardless of type, if displacement is significant, open réduction 
and internai fixation is probably indicated. 


supracondylar fractures, the distal portion of the distal frag¬ 
ment has a more irregular border. 

A latéral condylar physeal fracture can be differentiated 
from the rare elbow dislocation in an infant can be made on 
radiograph. With a displaced fracture of the latéral condylar 
physis, the relationship between the latéral condylar epiphysis 
and the proximal radius usually is disrupted. If the latéral 
crista of the trochlea is involved, the proximal radius and ulna 
may be displaced posterolaterally. Elbow dislocations are rare 
in the peak âge group for fractures of the entire distal humerai 
physis. With elbow dislocations, the displacement of the 
proximal radius and ulna is almost always postérolatéral, and 
the relationship between the proximal radius and latéral 
condylar epiphysis is disrupted. Comparison views are helpful 
in making this diagnosis. Advanced imaging such as arthrog- 
raphy or MRI also can be used. Ultrasound can be helpful, 
especially in an infant. 

TREATMENT 

Treatment is first directed toward prompt récognition. 
Because this injury may be associated with child abuse, the 
parents may delay seeking treatment and ossification may 
already be présent on the initial radiographs. These injuries, 
when recognized in a timely fashion, can be treated with 
closed réduction and percutaneous pinning (Fig. 36-40). 
Arthrography can be helpful to define the cartilaginous 
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FIGURE 


A and B f Capitellar fracture in an adolescent. C and D f After réduction and fixation with cannulated screws. 


distal fragment. Missed untreated fractures may remodel 
completely without any residual deformity if the distal frag¬ 
ment is only medially translocated and not tilted. 

CAPITELLAR FRACTURES 

Fractures of the capitellum involve only the true articular 
surface of the latéral condyle, including in some instances the 
articular surface of the latéral crista of the trochlea. Generally, 
this fragment cornes from the anterior portion of the distal 
articular surface that is sheared offby the radial head. Unlike 
in adults, these fractures are rare in children and usually 
occur in adolescents. 

Excision of the fragment and open réduction and reat- 
tachment are the two most common forms of treatment. 
However, because of the intraarticular nature of the injury, 
closed réduction is not likely to be successful. Many small 
fragments can be excised through either a latéral open or 


arthroscopic approach. This éliminâtes the need for postop- 
erative immobilization and accompanying elbow stiffness. 
Open réduction and internai fixation can be performed if the 
fragments are large enough; however, osteonecrosis of the 
attached fragment can occur. Compression screws hâve been 
shown to provide stable fixation (Fig. 36-41). Alternatively, a 
suture repair can be performed, which allows for follow-up 
MRI examination and éliminâtes the need for implant 
removal. Regardless of the treatment method used, patients 
and parents should be counseled that elbow motion will be 
lost after this injury. 

OLECRANON FRACTURES 

Isolated physeal fracture of the olecranon in children is 
uncommon due in part to the broad-based insertion of the 
triceps. When it does occur, it typically is the resuit of an 
avulsion force being applied to the olecranon with the 
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Metaphyseal intraarticular olecranon fracture 
that is unstable and requires open réduction and internai fixa¬ 
tion, here with oblique screw. 


elbow flexed. Although rare in the general population, these 
fractures, especially bilateral ones, are well described in 
children with osteogenesis imperfecta in whom refracture 
also is common. Apophyseal stress injuries can occur in high- 
level athlètes, especially gymnasts and throwing athlètes, and 
if leff untreated can resuit in a painful nonunion. The most 
common fractures of the olecranon are metaphyseal, either 
isolated or associated with other elbow injuries. The peak âge 
is 5 to 10 years, and olecranon fractures account for approxi- 
mately 5% of pédiatrie elbow fractures. Isolated olecranon 
fractures are classified by the mechanism of injury: flexion, 
extension, or shear. Isolated flexion fractures most commonly 
occur in a fall directly onto a flexed elbow. A fall onto a 
hyperextended elbow is the usual mechanism of injury in 
supracondylar humerai fractures; however, if there is a sig- 
nificant varus or valgus stress applied simultaneously, a meta¬ 
physeal olecranon fracture can occur. Shear injuries, which 
typically produce an oblique fracture line, are rare and can 
occur either in flexion or extension. Associated fractures 
occur in 50% to 75% of children with an olecranon fracture, 
the most common being a proximal radial fracture and type 
I Monteggia injury. 

Treatment for stress fractures includes time away from the 
causative activity followed by graduai resumption of activity. 
Cannulated screw fixation is used for patients with symptom- 
atic delayed unions or nonunions. Most olecranon fractures 
are nondisplaced and can be treated for 3 to 4 weeks in a long 
arm cast with the elbow in 70 to 80 degrees of flexion. Late 
displacement can occur, so these fractures need to be moni- 
tored carefully. For fractures that are displaced or that had an 
unsatisfactory closed réduction, open réduction and internai 
fixation is indicated. A variety of fixation techniques, such as 
percutaneous pinning, tension banding, and screw and plate 
fixation, hâve been described with good outcomes (Fig. 
36-42). Tension banding using bioabsorbable suture can be 
used in younger, smaller children to eliminate the need for 
implant removal. These techniques are discussed in Chapter 
57. Elbow stiffness is a common complication affer olecranon 
fracture in children, and stable fixation is essential to start 
early range of motion to prevent this. 

RADIAL HEAD AND 
NECK FRACTURES 

Isolated radial head fractures in children are rare because the 
immature radial head is cartilaginous. When they do occur, 



Displaced Salter-Harris type 
radial head and neck. 


fracture of the 


they usually are Salter-Harris type IV injuries in children 10 
to 12 years of âge. Patients with true radial head fractures are 
at increased risk of progressive radial head subluxation, 
osteonecrosis, and radiocapitellar arthrosis and need to be 
followed over the long term. Most children sustain fractures 
of the radial neck, which account for approximately 1% of ail 
childrens fractures and 5% of pédiatrie elbow fractures. 

The majority of radial neck injuries occur during a fall 
onto an outstretched upper extremity with the elbow in a 
valgus position. They typically occur in the metaphysis but 
can extend into the proximal radial physis producing a Salter- 
Harris type II pattern (Fig. 36-43). Many of these fractures 
are angulated, with the most common direction being latéral, 
followed by anterior, then posterior. Radial neck fractures 
also can occur in conjunction with an elbow dislocation, 
either at the time of dislocation or during réduction (Fig. 
36-44). The fracture may be completely displaced or intraar¬ 
ticular and may block réduction. For this reason the radial 
neck must be thoroughly evaluated before and affer réduction 
of a pédiatrie elbow dislocation. 

Making the diagnosis, especially in young children, can 
be difficult because of the unossified radial head. In these 
patients the only sign of a fracture may be a small metaphyseal 
fragment. A radio capitellar view can be helpful in making the 
diagnosis. 

Due to the remodeling potential of the proximal radius, 
fractures with less than 30 degrees of angulation can be 
treated nonoperatively as long as there is no loss of forearm 
rotation. Patients are placed in a long arm cast for 3 weeks 
and then allowed to résumé range-of-motion exercises. 
Patients with displaced, significantly angulated or displaced 
fractures require réduction. This consists of a step-wise 
approach starting with closed réduction, progressing to 
percutaneous-assisted réduction, and finally open réduction 
and internai fixation if satisfactory réduction cannot be 
obtained. Because there is great potential for elbow stiffness 
affer open réduction and internai fixation, a closed réduction 
with slight malalignment is préférable to an open réduction 
and internai fixation with anatomie alignment. The loss 
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A f Fracture occurring when elbow dislocation is 
reduced. B f Fractures occurring at time of elbow dislocation. 


of motion in patients with open treatment may reflect sélec¬ 
tion of most displaced fractures for open réduction and 
internai fixation. 

Closed réduction can be performed using a variety of 
techniques based on the direction of displacement of the 
radial neck. One very useful technique is that described by 
Patterson. With the use of general anesthésia if needed and 
fluoroscopy (image intensification), an assistant stabilizes the 
radius distal to the fractured radial neck. With the elbow in 
extension and forearm rotated in the position of maximal tilt, 
the surgeon applies a varus stress with one hand on the elbow 
and latéral pressure directly over the radial head with the 
thumb of the other hand (Fig. 36-45). Other réduction tech¬ 
niques hâve been described with the elbow in flexion. In 
addition, the wrapping of the arm with an Esmarch bandage 
has been shown to occasionally improve fracture réduction, 
and this maneuver should be attempted with ail radial neck 
réduction techniques. 

A percutaneous-assisted technique is used when closed 
techniques hâve failed. The most commonly used technique 
involves the percutaneous manipulation of the fracture with 
a Kirschner wire. The wire is eut, and the blunt end is used 
to reduce the radial neck and head to the shaft (Fig. 36-46). 
The reduced radial neck can be stabilized by percutaneous 
pinning (Fig. 36-47). Alternatively a flexible intramedullary 
nail can be introduced rétrogradé from the distal radius using 
the technique described by Metaizeau. Using this technique, 
a flexible intramedullary nail is passed rétrogradé from the 
radial metaphysis proximally to the fracture site. Once 
engaged in the proximal fragment, the nail is rotated until the 
optimal réduction is obtained (Fig. 36-48). The fracture is 
then stabilized with the nail until healing has occurred. 



FIGURE 


^ A f Rotational deformity and displacement evalu- 


ated with image intensification; anatomie correction of these 


deformities must be obtained before elbow is fixed. B f Accurate 


position of pins ensured by image intensification during procedure. 



Supinator 


Radial nerve 

Superficial 
radial nerve 


Posterior 

interosseous 

nerve 

Radial head 

Arcade of 
Frohse 


Radial neck fracture in relation to arcade of 
Frohse. During percutaneous réduction, wire should be introduced 
on ulnar side of radius to avoid deep branch of radial nerve. 
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FIGURE 


A and B f Anteroposterior and latéral view of radial neck pin. 


In open réduction and internai fixation, most surgeons 
use smooth pin fixation in younger children and rigid fixation 
in the form of screws or plates in older children or adolescents 
(Fig. 36-49). Early rigid fixation allows early motion. This 
should be done through a latéral approach with the forearm 
in supination to protect the posterior interosseous nerve. 
Impediments to réduction such as capsular flaps or the 
annular ligament should be removed or repaired. Screws and 
plates should be placed in the “safe zone,” which is the 100 
degrees of circumference of the radial head that does not 
articulate with the proximal ulna. These techniques are 
described in Chapter 57. 


CLOSED AND OPEN REDUCTION OF 
RADIAL NECK FRACTURES 


TECHNIQUE 36-11 


■ After administering general anesthésia, place the patient 
supine. 

■ Use the manipulative technique as described by Patterson. 
Hâve an assistant hold the arm proximally, with one hand 
placed medially against the distal humérus, and apply 
straight longitudinal distal traction. Apply a varus force to 
the forearm and digital pressure directly over the tilted 
radial head to complété the réduction (Fig. 36-50). Hold 
the forearm in 90 degrees of flexion and in pronation. If 
this manipulation réduction is unsuccessful, hâve the 
assistant hold the arm with the shoulder abducted to 90 
degrees and the forearm held in supination. With the use 
of an image intensifier and in a stérile operating field, 
introduce a Kirschner wire through the skin on the radial 
side of the elbow down to the angulated and displaced 
radial head and neck. Disimpact and push the radial head 
into anatomie position with the Kirschner wire. Remove 
the wire and flex the elbow to 90 degrees. The fracture 
can be pinned percutaneously from latéral to médial 
taking care to protect the posterior interosseous nerve 
(see Fig. 36-48). 


PERCUTANEOUS REDUCTION 
AND PINNING 


TECHNIQUE 36-12 


■ With the patient under general anesthésia, préparé and 
drape the upper limb. 

■ With fluoroscopy in the anteroposterior projection (Fig. 
36-5IA), détermine the forearm rotation that exposes 
the maximal amount of deformity of the fracture and 
mark the level of the bicipital tuberosity of the proximal 
radius. 

■ Make a 1-cm dorsal skin incision at the marked level just 
latéral to the subeutaneous border of the ulna. 

■ Gently insert a periosteal elevator between the ulna and 
the radius, taking care not to disrupt the periosteum of 
the radius or ulna (Fig. 36-51 B). The radial shaft usually 
is much more ulnarly displaced than expected, and the 
radial nerve is latéral to the radius at this level. 

■ While counter-pressure is applied against the radial head, 
lever the distal fragment away from the ulna (Fig. 36-51 C). 
An assistant can aid in this maneuver by gently applying 
traction and rotating the forearm back and forth to dis¬ 
impact the fracture fragments. 

■ If necessary to correct angulation, insert a percutaneous 
Kirschner wire into the fracture site, parallel to the radial 
head, and use it to lever the epiphysis perpendicular to 
the radial axis (Fig. 36-51D). 

■ Once adéquate réduction has been obtained, insert an 
oblique Kirschner wire to provide fracture fixation. 

POSTOPERATIVE CARE. A posterior splint or bivalved 
cast is applied and worn for 3 to 4 weeks, and the 
Kirschner wire is removed once fracture callus is 
présent. 


If these maneuvers are unsuccessful, réduction can be 
attempted using a rétrogradé flexible intramedullary nail. 
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A to D, Réduction of radial head by leverage 
method and rétrogradé intramedullary pinning with Kirschner 
wire. Note slightly bent tip first pointing latérally. After it is 
placed in radial head, it is rotated 180 degrees along its axis. 

(Redrawn from Stiefel D, Meuli M, Altermatt S: Fractures of the neck 
of the radius in children: early expérience with intramedullary pinning, 
J Bone Joint Surg 83B:536, 2001. Copyright British Editorial Society of 
Bone and Joint Surgery.) SEE TECHNIQUE 36-11. 



Open réduction and internai fixation of radial 


neck fracture. 



FIGURE 


^ Mechanism of réduction of radial neck fracture. 


SEE TECHNIQUE 36-11. 


CLOSED INTRAMEDULLARY NAILING 


TECHNIQUE 36-13 


■ With the patient under general anesthésia, préparé and 
drape the upper limb. 

■ Expose the radial aspect of the distal radial metaphysis 
through a short radial incision 1 cm proximal to the radial 
physis, avoiding injury to the cutaneous branch of the 
radial nerve. 

■ Drill the cortex, starting perpendicular to the radius and 
then in a more proximal direction. 

■ Introduce the nail into the medullary canal. Advance the 
wire using gentle taps of the mallet to avoid perforation 
of the ulnar cortex of the distal radius. 

■ If a latéral displacement of the distal fragment remains, 
rotate the nail 180 degrees around its long axis so that its 
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Wallace radial head réduction technique. A f Dislocated radial head fracture. B f Periosteal elevator is used to lever 
the distal fragment laterally while the thumb pushes the proximal fragment medially. C and D f Kirschner wires are used to assist the 
réduction if necessary. (B and D, redrawn from Erickson M, Frick S: Fractures of the proximal radius and ulna. In Beaty JH, Kasser JR, editors: 
Rockwood and Wilkins' fractures in children, 7 th ed, Philadelphia, Wolters Kluwer, 2010.) SEE TECHNIQUE 36-12. 


point faces inward. This produces a médial shift of the 
radial head and reduces it. The tension produced in the 
latéral intact periosteum prevents overcorrection medially. 
Cut the lower metaphyseal end of the pin and close the 
skin. 

When the epiphysis is impossible to reach, tilting of more 
than 80 degrees by external manipulation or by percuta- 
neous pinning makes it possible to obtain at least a partial 


réduction, which is maintained with an intramedullary 
nail. 

POSTOPERATIVE CARE. The arm is immobilized in a 
long arm cast for 2 to 3 weeks. The Kirschner wire is 
removed in 3 to 4 weeks once callus is présent on 
radiographs. 
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COMPLICATIONS AFTER RADIAL 
NECK FRACTURE 

Complications of treatment include loss of motion, which is 
most common in pronation and supination rather than 
flexion and extension. Malunion and nonunion can occur; 
however, this is rare. Patients with asymptomatic nonunions 
can be observed (Fig. 36-52). Radial head excision is reserved 
for a very select, small group of salvage cases. 

CORONOID FRACTURES 

Regan and Morrey classified fractures of the coronoid process 
as type I, a small chip fracture; type II, a fracture involving less 
than 50% of the process; and type III, a fracture involving more 
than 50% of the process (Fig. 36-53). They recommended 
closed treatment for types I and II fractures and open réduc¬ 
tion and internai fixation for type III fractures if possible. 
Operative treatment of these injuries is more common in 
adolescent and adult patients. This is described in Chapter 57. 


radioulnar joint disruption can occur (Fig 36-54). Elbow 
dislocations often occur in conjunction with fractures of the 
médial épicondyle and radial neck. 

Most patients can be treated with closed réduction, a brief 
period of immobilization, followed by progressive protected 
range of motion in a splint or brace to prevent redislocation. 
Indications for operative treatment include entrapped 
intraarticular fragments (médial épicondyle, radial neck), 
open fracture, or associated elbow injury that will require 
open réduction and internai fixation. 

COMPLICATIONS AFTER ELBOW 
DISLOCATION 

The most common complication is elbow stiffness and loss 
of motion, especially extension. Other rare complications 
include redislocation, myositis ossificans after open fractures, 
and neurovascular injuries. It is essential to perform a thor- 
ough neurovascular examination before and after closed or 
open réduction to ensure that nerve or vessel entrapment did 
not occur at the time of réduction. 


ELBOW DISLOCATIONS 

Acute elbow dislocation in children is rare, accounting for 
approximately 5% of ail childrens elbow injuries. The most 
common type is posterior but, as in adults, dislocations 
can be anterior, médial, or latéral. In rare cases a proximal 



FIGURE 


^ Radial neck nonunion. 


RADIAL HEAD DISLOCATIONS 
(MONTEGGIA FRACTURE- 
DISLOCATIONS) 

Monteggia fractures are relatively rare, accounting for less 
than 1% of ail pédiatrie elbow dislocations, with a peak âge 
of 4 to 10 years. Although rare, they receive considérable 
interest because they are often missed, resulting in poor 
outcomes. Radial nerve injury has been reported to occur in 
10% to 20% of patients, especially those with anterior and 
latéral dislocations because of the proximity of the radial head 
to the posterior interosseous nerve. 

The diagnosis of Monteggia fracture can be made with 
standard anteroposterior and latéral radiographs of the elbow, 
and it is essential that the elbow be viewed in both planes for 
ail patients with forearm fractures. A line drawn through the 
center of the radial neck should extend through the central 
portion of the capitellum regardless of elbow position (Fig. 
36-55). In rare instances when radiographs are equivocal, 
advanced imaging, such as CT, MRI, or ultrasound, should 
be used. The absence of trauma and changes such as a hypo- 
plastic capitellum and a flattened convex radial head (Fig. 
36-56) should raise suspicion for a congénital radial head 
dislocation, which often is bilateral. 

The most commonly used classification System is that of 
Bado, which is based on the direction of radial head 



process. Type I 


Classification of coronoid fractures. Type I, small fragment avulsion. Type I 
involvement of more than 50% of coronoid process. 


involvement of less than 50% of coronoid 
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A 


B 


C 


A and B f Mechanism of injury in a fall on outstretched hand with elbow in approximately 30 degrees of flexion. 
There is séparation of ail three articulations, with humérus acting as wedge between proximal radius and ulna (B). C, Mechanism of 
réduction aims to reverse deforming forces with longitudinal traction and compression of radius and ulna together. (Redrawn from 
Altuntas AO, Balakumar J, Howells RJ, et al: Posterior divergent dislocation of the elbow in children and adolescents: a report of three cases and 
review of the literature, J Pediatr Orthop 25:317, 2005.) 



On the latéral radiograph, the axis of the radial 
head should bisect the center of the capitellum on ail views, 
regardless of the amount of elbow flexion. 


Congénital radial head dislocation. Note con- 
vexity of the radial head indicative of congénital rather than 
traumatic radial head dislocation. 
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II 



Types of Monteggia fractures. Type I with anterior dislocation of radial head and anterior angulation of ulnar fracture. 
Type II with posterior dislocation of radial head and posterior angulation of ulnar fracture. Type III with latéral dislocation of radial 
head and latéral angulation of ulnar fracture. Rare type IV with fractures of radial and ulnar shafts and dislocation of radial head. 


dislocation (Fig. 36-57). The most common is a fracture of 
the proximal third of the ulna, anterior angulation of the 
fracture, and anterior dislocation of the radial head (type I). 
The second most common is a fracture of the proximal ulna, 
posterior angulation of the fracture, and posterior dislocation 
of the radial head (type II). Latéral angulation of a proximal 
ulnar fracture may resuit in a third type with latéral disloca¬ 
tion of the radial head (type III), and a rare fourth type may 
occur with a proximal both-bone fracture and anterior dislo¬ 
cation of the radial head (type IV) (Fig. 36-58). Although it 
is descriptive and straight forward, the Bado classification is 
not prognostic. Classification Systems by Letts and Ring, 
based on the pattern of ulnar injury, may be more prognostic 
in terms of outcome given the fact that successful réduction 
of the ulna typically provides stability to the radiocapitellar 
joint (Box 36-3). In addition, there hâve been numerous 
reports of “Monteggia équivalents,” including the three most 
common: (1) isolated radial head dislocation (see “Isolated 
Dislocations of Radial Head”) (Fig. 36-59), (2) fracture of the 
proximal ulna with fracture of the radial neck, and (3) both- 
bone proximal third fractures with the radial fracture more 
proximal than the ulnar fracture (Fig. 36-60). 

An isolated radial head dislocation is very rare (see Fig. 
36-59). This is because many children thought to hâve an 
isolated radial head fracture hâve subtle plastic deformation 
of the ulna, which when corrected leads to stable radial head 
réduction (Fig. 36-61). This must be differentiated from 



Type IV Monteggia fracture with fractures of 
radial and ulnar shafts and dislocation of radial head. 
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Fracture of the anterior third of the radial head 
with subséquent dislocation. 



JJ Monteggia variant: both-bone proximal-third 
fractures with radial fracture more proximal than ulnar 
fracture. 





Plastic deformation of the ulna. A f Anterior 
bend. B f Anterior greenstick. C f Radiographie appearance. 


f BOX 36-3 

\ 

Classification of Monteggia Fracture-Dislocations 

in Children According to Ulnar Injury 

TYPE OF ULNAR INJURY 

TREATMENT 

Plastic deformation 

Closed réduction of the 
ulnar bow and cast 
immobilization 

Incomplète (greenstick or 

Closed réduction and cast 

buckle) fracture 

immobilization 

Complété transverse or 

Closed réduction and 

short oblique fracture 

intramedullary Kirschner 
wire fixation 

Long oblique or 

Open réduction and internai 

comminuted fracture 

fixation with plate and 
screws 


Modified from Ring D, Jupiter JB, Waters PM: Monteggia fractures in children, 
J Am Acad Orthop Surg 6:215, 1998. 




































PART XI FRACTURES AND DISLOCATIONS IN CHILDREN 



FIGURE 


A f Monteggia fracture. B f After open réduction and plate fixation. 



Malunion of ulna and anterior dislocation of radial head. A f Before treatment. B f At 3 years after surgery, showing 
maintenance of radial head réduction. 


nursemaicTs elbow in which the radiographs are completely 
normal. 

Successful treatment of a Monteggia fracture is dépendent 
on correcting and stabilizing the ulnar deformity, which in 
turn provides stability for the radiocapitellar joint. Closed 
réduction and cast treatment is indicated for patients with 
either stable or greenstick fractures of the ulna, as well as 
those with plastic deformation of the ulna and satisfactory 
réduction of the radial head. Patients should be immobilized 
in a long arm cast in 90 to 100 degrees of flexion and supina¬ 
tion and followed closely radiographically for 2 to 3 weeks to 
ensure maintenance of radial head réduction. Operative sta¬ 
bilization of the ulna is necessary with either an intramedul- 
lary nail for transverse or short oblique fractures or a plate 
for long oblique or comminuted fracture to provide ulnar 
length stability (Fig. 36-62). Open réduction of the radial 
head combined with annular ligament reconstruction is 
indicated for patients with irreducible radial head disloca¬ 
tions caused by interposition of the annular ligament. Patients 
need to be followed closely postoperatively for redislocation 
of the radial head. Pinning of the radiocapitellar joint should 
be avoided when possible to prevent intraarticular pin break- 
age. A radiocapitellar joint unstable enough to require pinning 


should raise the suspicion of inadéquate ulnar réduction or 
entrapped soft tissue. 

Controversy exists as to when an acute Monteggia frac¬ 
ture becomes chronic. Some patients are asymptomatic while 
others complain of pain, decreased range of motion, or 
deformity. Many authors believe that, although treatment of 
chronic Monteggia fractures is difficult and the results unpre- 
dictable, it is better than the natural history of untreated 
fractures (Fig. 36-63). Generally, operative treatment is more 
successful in symptomatic younger patients without radial 
head deformity. Principles of surgical reconstruction include 
correction of the ulnar deformity with an ulnar osteotomy 
and annular ligament reconstruction. The ulnar osteotomy 
should be stabilized in the position of maximal stability of 
the radiocapitellar joint, which often créâtes a secondary 
ulnar deformity that is clinically insignifiant (Fig. 36-64, 
Technique 36-14). Most authors recommend reconstruction 
of the annular ligament, either with the native ligament itself 
or a strip of triceps tendon or fascia as advocated by Boyd, 
Lloyd-Roberts, and Bell-Tawse (Fig. 36-65). Radial head 
resection should be avoided in younger patients because of 
the risk of late deformity and should only be used as a salvage 
procedure. 
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FIGURE 


A, Deformity after Monteggia fracture. B, After overcorrection osteotomy (see text). 



Latéral approach to the elbow shows incongruent radiocapitellar joint (A) and changes in radial head morphology 
(B). The triceps fascia has been harvested (C) and is used to reconstruct the annular ligament (D). 
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OVERCORRECTION OSTEOTOMY AND 
LIGAMENTOUS REPAIR OR 
RECONSTRUCTION 


TECHNIQUE 36-14 


Figure 36-66 


(SHAH ANDWATERS) 

■ Make a curvilinear incision to allow for possible triceps 
tendon harvesting and to perform an ulnar opening 
wedge osteotomy (Fig. 36-66B). Initially, open only the 
proximal portion. 

■ Identify the radial nerve between the brachialis and bra- 
chioradialis in the distal humérus. Dissect the nerve distal 
to its motor (posterior interosseous nerve) and sensory 
branches. 

■ Mobilize and protect the nerves throughout the remain- 
der of the procedure. 

■ Expose the joint through the anconeus-extensor carpi 
ulnaris interval. Carry the dissection proximal and elevate 
the extensor-supinator mass and capsule as a single tissue 
plane off the distal humérus (Fig. 36-66C). 

■ Débridé the elbow joint of synovitis and pulvinar. Pay 
particular attention to the proximal radioulnar joint so 
that it will fit anatomically into place. 

■ At this point, it must be determined if the native annular 
ligament can be used for reconstruction. Identify the 
central perforation in the capsular wall that séparâtes the 
dislocated radial head from the joint. This is the site of 
opening of the original ligament. Extend the incision from 
the center outward to enlarge this opening. This will 
allow the native annular ligament to be reduced over the 
radial neck (Fig. 36-66D). 

■ Remove capsular adhesions from the radial head for 
réduction back into the joint. Reattach the native liga¬ 
ment to the ulna using the large periosteal sleeve. 

■ If the native ligament cannot be used, préparé to harvest 
the triceps fascia for ligament reconstruction. 

■ Attempt radial head réduction, carefully scrutinizing 
congruity between the radial head and capitellum. If 
satisfactory, proceed with ligamentous repair or recon¬ 
struction. If the radius cannot be reduced, perform an 
ulnar osteotomy at the site of maximal deformity, which 
will involve a more distal ulnar exposure (Fig. 36-66E). 

■ Perform periosteal dissection under fluoroscopie guidance. 

■ Make an opening wedge osteotomy using a laminar 
spreader to allow the radial head to align with the capitel¬ 
lum without pressure. The goal is partial overcorrection 
of the ulnar alignment. Alternative^, temporary anatomie 
pinning of the radiocapitellar joint can be done to allow 
opening of the ulnar osteotomy. 

■ Once reduced, partially fix the ulnar osteotomy proximally 
and distally using a plate and screws. No bone graft is 
necessary. 

■ Remove the temporary pin from the radiocapitellar 
joint. To ascertain radiocapitellar and radioulnar align¬ 
ment, rotate the radial head, testing for a complété stable 
arc. 

■ Repair the periosteum and return attention to the liga¬ 
mentous repair or reconstruction. 


■ If the native annular ligament can be used, repair this with 
mattress sutures through the ulnar periosteal tunnels. Do 
not tighten these sutures until ail hâve been placed. 

■ If the annular ligament cannot be used, develop a 6-cm 
to 8-cm strip of triceps fascia from proximal to distal, 
elevating the periosteum from the proximal ulna to the 
level of the radial neck. Take care not to amputate the 
fascia. 

■ Pass the strip of tendon through the periosteum, around 
the radial neck, bringing it back and suturing it to itself 
and the ulnar periosteum. Passing and securing the 
tendon through the periosteum is similar to the drill holes 
described by Seel and Peterson. 

■ Repair the capsule and extensor supinator origin back to 
the latéral epicondylar area of the humérus. 

■ Before complété closure, obtain final radiographs and 
fluoroscopy to make sure there is a stable arc of motion 
in flexion and extension and pronation and supination. 

■ Prophylactically perform forearm fasciotomies and inspect 
the radial nerve before subeutaneous and skin closure. 

■Apply a long arm, bivalved cast with the forearm in 
60 to 90 degrees of supination and the elbow flexed 
80 to 90 degrees. 

POSTOPERATIVE CARE. The cast is worn for 4 to 6 
weeks and then changed to a removable bivalved cast to 
allow active pronation and supination. Flexion and exten¬ 
sion of the elbow are usually the first to return, with full 
rotary motion returning over 6 months. 


GALEAZZI FRACTURES 

Galeazzi fractures, or fractures of the radius with dislocation 
of the distal radioulnar joint (DRUJ), are rare in children. 
Most fractures of the distal forearm are associated with 
anterior displacement of the distal ulna unlike proximal 
forearm fractures, which are associated with posterior dislo¬ 
cations. True latéral radiographs are essential in making the 
diagnosis. Réduction of the radial fracture will reduce the 
DRUJ in most patients. In patients with irreducible fractures, 
open réduction and internai fixation of the distal radius 
should be performed and the DRUJ reassessed. If the DRUJ 
remains dislocated, then open réduction and internai fixation 
of the DRUJ should be performed to remove interposed 
structures, most commonly periosteum, extensor carpi 
ulnaris, or extensor digiti quinti tendon, and the triangular 
fibrocartilage complex (TFCC). The DRUJ may be pinned 
with the forearm supinated to provide additional stability. 

Although this injury usually occurs in adolescents, a 
pédiatrie variant consisting of a Salter-Harris type II fracture 
of the distal ulna occurs before rupture of the TFCC can 
occur in a younger child. The treatment principles are the 
same as for adolescents; however, periosteal entrapment may 
block réduction rather than the TFCC. 


NURSEMAID'S ELBOW 

Nursemaid’s elbow is a subluxation of the annular ligament 
over the radial head, most commonly occurring in children 
2 to 3 years of âge when longitudinal traction is placed on the 
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Reconstruction of late or chronic Monteggia fracture-dislocation. A, Clinical deformity of chronic Monteggia lésion 
with increased cubitus valgus. B, Extensile incision for annular ligament reconstruction and ulnar osteotomy. C, Exposure of radiocapitel- 
lar and radioulnar joint with élévation of extensor-supinator origin from latéral épicondyle, protection of radial nerve, and thorough 
joint debridement. D, Radial head with osteochondral change from chronic dislocation. Annular ligament has been reduced around 
radial neck, and sutures are in place for construction to annular ligament. E, Ulnar opening wedge osteotomy at site of maximal 
deformity. (Redrawn from Shah AS, Waters PM: Monteggia fracture-dislocations in children. In Flynn JM, Skaggs DL, Waters PM, editors: Rockwood 
and Wilkins' Fractures in Children, 8th édition. Philadelphia, Wolters Kluwer, 2015.) SEE TECHNIQUE 36-14. 


upper extremity with the elbow extended and forearm supi- 
nated. Despite the well-known mechanism of injury, 30% to 
40% of patients with nursemaid’s elbow présent without any 
history of a traction injury. Radiographs are normal in this 
condition, unlike Monteggia variants in which there is plastic 
deformation of the ulna. A variety of closed réduction tech¬ 
niques hâve been reported to be successful. A combination of 


forearm flexion and supination will reduce most pulled 
elbows. Immobilization with a sling has been used for several 
days for symptomatic relief. Récurrence is high, and parents 
need to be counseled to avoid traction on the childs upper 
limbs. Patients in which the diagnosis is unclear should be 
reexamined in 7 to 10 days to ensure the correct diagnosis. 
This usually résolves around the âge of 5 years when the 
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ligamentous structures about the elbow mature and give it 
more stability. 

FOREARM FRACTURES 

Forearm fractures are the most common fractures in children 
and account for up to 40% of ail pédiatrie fractures. The 
forearm can be divided into three régions: proximal, middle, 
and distal based on unique physiologie différences such as 
muscle forces and growth potential. Ninety percent of the 
growth of the forearm occurs at the distal third, giving it 
tremendous remodeling capacity, unlike the proximal third 
where very little growth and remodeling capacity exists. 

PROXIMAL THIRD FOREARM FRACTURES 

Fractures of the proximal third of the forearm without radial 
head subluxation or dislocation are uncommon. Because of 
the possibility of an associated radial head dislocation, radio- 
graphs of the elbow should be obtained in any proximal 
forearm fracture. Many proximal fractures are unstable in 
flexion, making operative treatment offen necessary, espe- 
cially in older children and adolescents. When surgical 
fixation is necessary, good results can be obtained with 
intramedullary nailing or plate fixation. Radioulnar synosto- 
sis is rare and can occur during forearm fracture at any level 
but is most common in proximal third fractures. Risk factors 
for radioulnar synostosis include severe initial injury, dis- 
placed fractures at the same level, operative treatment, and 
radial head excision. 

MIDDLE THIRD FOREARM FRACTURES 

Diaphyseal fractures of the forearm are the third most 
common pédiatrie fracture, behind the distal radius and 
supracondylar humérus. The most common mechanism of 
injury is a fall onto an outstretched hand. Many of the frac¬ 
tures of the midforearm in children can be treated nonopera- 
tively, especially in young children because of the remodeling 
potential. The unique physiologie characteristics of pédiatrie 
bone, including its increased elasticity, increases the potential 
for incomplète or greenstick fractures and plastic deforma¬ 
tion. These fractures hâve no remodeling potential and 
réduction is necessary. 

Despite increased interest in operative treatment of these 
injuries, closed réduction with cast application remains an 
essential method of treatment, especially for minimally dis- 
placed fractures in younger children. Meticulous casting 
technique, including an intraosseous mold, straight ulnar 
border, three-point molding, and close follow-up to watch for 
late displacement or angulation, is essential for a good 
outcome. The cast index, defined as the sagittal cast width 
divided by the coronal cast width, of less than 0.7 is prédictive 
of successful outcome. Although this was initially described 
for distal radial fractures, it is a good guideline for diaphyseal 
fractures as well. 

Indications for operative treatment include open fracture, 
fracture in older children, loss of réduction in a cast, malunion, 
floating elbow, irreducible fracture caused by soft-tissue 
interposition, unstable fracture pattern, shortening more than 
1 cm, and refracture after cast treatment. A dramatic increase 
in operative treatment of diaphyseal fractures in children 
between the âges of 5 and 12 years has been the resuit of the 
use of intramedullary nailing. The most common procedures 


use stable elastic intramedullary nailing of the radius and 
ulna, as described by Metaizeau, or plating. Studies, including 
a Cochrane review and meta-analysis comparing nailing with 
plating, showed that there was no significant différence in 
outcomes between the two techniques and outcomes were 
good in 90% of patients. Patients with intramedullary nailing 
had better cosmetic results but did require a second procedure 
to remove the implant. The Metaizeau nailing technique 
involves prebending of the nails to allow for restoration of the 
radial bow and to facilitate optimal réduction. Most authors 
avoid the distal radial physis and insert the nail in the radial 
side of the distal radius proximal to the physis. This approach 
avoids nail placement in Lister s tubercle, which has been 
shown to hâve a high rate of extensor pollicis brevis tendon 
injury. The ulna usually is nailed antegrade either through or 
proximal to the proximal ulnar physis. Transphyseal nail 
placement is technically easier and has not been shown to 
cause growth arrest but is associated with a higher rate of 
minor implant irritation. The pins are buried below the skin, 
and most authors recommend a brief period of immobiliza- 
tion, with nail removal between 4 and 12 months after fracture 
when the bone is healed radiographically. Other authors hâve 
shown good results with single-bone fixation of the ulna. The 
advantages of this technique include decreased operative time 
and ease of implant removal. It is not recommended for open 
fractures because of the higher rate of radial malunion. 
Repeated attempts at closed réduction and nailing increase 
the risk of compartment syndrome; therefore, an open réduc¬ 
tion should be performed after two or three unsuccessful 
closed attempts. The rate of delayed union primarily in the 
ulna using this technique is 8% to 15% and higher in boys, 
those with increased fracture displacement, and those who 
had open réduction of the ulna. 


INTRAMEDULLARY 
FOREARM NAILING 


TECHNIQUE 36-15 


■ Place the child supine with the affected arm on a radio- 
lucent table and apply, but do not inflate, a pneumatic 
tourniquet if open réduction is required. 

■ Make a 5-mm longitudinal incision on the latéral (radial) 
side of the distal metaphysis taking care to protect the 
radial sensory nerve. 

■ Drill a hole in the bone 5 to 10 mm proximal to the 
metaphysis, first perpendicularly and then obliquely 
toward the elbow. 

■ Depending on the diameter of the bone, choose a tita¬ 
nium or stainless Steel nail of the appropriate size, which 
is typically 2.0 mm to 3.0 mm. Introduce the nail into the 
radius proximally taking care not to pass it out the médial 
(ulnar) cortex of the radius (Fig. 36-67). 

■ Reduce the fracture and pass the nail into the proximal 
metaphysis. 

■ The ulna can be nailed antegrade or rétrogradé, although 
antegrade nailing is technically straightforward. To do 
this, mark the course of the ulnar nerve as it crosses 
the elbow on the skin for reference. Make a 5-mm 
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Intramedullary nailing of both-bone fractures of forearm. A and G f Displaced both-bone fractures. B f Pin is introduced 
into least displaced bone. C f Pin is advanced to fracture site. D f Fracture is reduced by external manipulation, and pin is advanced into 
proximal metaphysis. E, Fracture of other bone is reduced and fixed in same manner. F and H, Both pins in place. SEE TECHNIQUE 36-15. 
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9 longitudinal incision over the posterior olecranon and drill 
a small entry hole taking care to protect the ulnar nerve. 
Pass the nail across the fracture site in an antegrade 
fashion. 

■ Alternative^, rétrogradé nailing can be done in a fashion 
to that used for the radial nail. To do this, place a small 
drill hole just proximal to the distal ulnar physis. Pass the 
nail rétrogradé taking care to prevent cutout of the latéral 
(radial) cortex. Once the fracture is reduced and the nail 
is in good position, eut the nail approximately 5 mm from 
the entry point, irrigate, and close the soft tissues. Avoid 
multiple passes with the nail because this increases the 
risk of compartment syndrome. Open réduction should 
be performed if it is difficult or impossible to pass the nail 
in a closed fashion. 

■ Close ail wounds. Apply a long arm, bivalved cast or 
splint. 

POSTOPERATIVE CARE. After intramedullary nail fixa¬ 
tion, the cast is removed after 4 to 6 weeks. The pins are 
removed at 6 months after fracture. Participation in sports 
is avoided for 2 months. 


Complications reported after intramedullary nail fixation 
include loss of réduction after wire removal, refracture, deep 
infection, pin site infection, transient anterior interosseous 
nerve palsy, and skin ulcers over buried wires. Patients treated 
with intramedullary nailing for open or closed forearm 
fractures hâve been reported to hâve an increased incidence 
of compartment syndrome compared with patients treated 
with closed réduction and casting. Also, patients with longer 
operative times, increased use of intraoperative fluoroscopy, 
and multiple attempts at closed percutaneous pinning are at 
higher risk of developing compartment syndrome. Close 
observation and monitoring of ail patients with both-bone 
forearm fractures is recommended, but especially of those 
at risk. 

Plate fixation is indicated for patients with length unstable 
or comminuted fractures and fractures with delayed or 
nonunion in which the medullary canal may be inaccessible 
to an intramedullary nail (Chapter 57). Although plates 
provide better length and rotational stability, as well as resto- 
ration of the radial bow, they require longer operative time 
and larger incisions. Single bone plating of the radius and 
ulna has been reported as well, but there is a risk of malunion 
of the unplated bone. Refracture after plate removal is well 
documented in adults, but no clear data exist in children. 
Adolescents at or near skeletal maturity need to be counseled 
as to the risk of refracture after implant removal. 

PLASTIC DEFORMATION AND 
GREENSTICK FRACTURES 

Plastic deformation occurs due to the increased porosity and 
elasticity of a childs bone. Plastic deformation occurs as a 
resuit of microfracture along the bow. These fractures hâve 
little to no remodeling potential, especially in older children, 
and should be reduced to prevent cosmetic and functional 
complications. These can be reduced gradually under séda¬ 
tion either with direct manipulation or over a fulcrum. 
Outcomes are good as long as the injury is recognized. 


Greenstick fractures are unique to children and most 
commonly occur in the mid-diaphysis of the radius and ulna. 
Fractures at the same level can be treated with closed réduc¬ 
tion and cast application. Fractures at different levels indicate 
a rotational component that needs to be corrected at the time 
of réduction. Important features of greenstick fractures are 
that they hâve little remodeling potential and a high rate of 
refracture. For this reason, most authors recommend com- 
pleting the greenstick fracture before casting, which allows 
for more abundant callus formation. 

DISTAL THIRD FOREARM FRACTURES 

The distal radius is the most commonly fractured bone in 
childhood, with a peak âge of 10 years. This is typically caused 
by a fall onto an outstretched upper extremity. Approximately 
half of children with a distal radial fracture hâve an associated 
ulnar fracture. Other associated injuries, although rare, can 
occur and include ipsilateral scaphoid and supracondylar 
humerai fracture. Isolated ulnar fractures are very rare in 
children. The diagnosis of these injuries usually can be made 
with plain radiographs alone, and the elbow should be 
included in ail imaging of distal third fractures to rule out an 
associated elbow injury. Advanced imaging, such as MRI and 
CT, is not routinely used unless the diagnosis is in question 
or an associated wrist injury such as scaphoid fracture is 
présent. Ultrasound can be used to diagnose nondisplaced 
fractures in young children; however, it is user dépendent and 
not readily available in ail centers. 

Because of its frequency, the management of distal radial 
fractures is one of the cornerstones of pédiatrie orthopaedic 
care. Although there has been an increase in operative treat- 
ment of these injuries, especially in older children, closed 
treatment is still the most common method of treatment. 
Because 90% of the growth of the forearm occurs distally, there 
is tremendous remodeling potential for these fractures, espe¬ 
cially in young children. An age-based approach in determin- 
ing acceptable alignment and need for operative treatment can 
be used (Table 36-1 ). Fundamentals of closed treatment include 
réduction using the periosteal hinge and a well-molded cast. It 
has been shown that the cast index, as described by Chess, of 
less than 0.7 is prédictive of successful cast treatment. Buckle 
(torus) fractures are common, and well-designed randomized 
studies show that removable splint treatment is well tolerated, 
safe, and cost-effective for these injuries. 

Physeal fractures are common, accounting for a third of 
ail distal radial fractures. Most are Salter-Harris types I and 
II injuries; Salter types III to VI injuries are very rare. The risk 
of growth arrest is 1% to 7%. This can be treated by epiphys- 
iodesis of the remaining physis and ulnar shortening osteot- 
omy. Distal ulnar growth arrest is rare and can be treated with 
radial epiphysiodesis and ulnar lengthening osteotomy. 

Closed réduction with percutaneous pinning with single 
or dual pins has been shown to provide good outcomes with 
a low complication rate. In a randomized study of percutane¬ 
ous pinning compared with cast treatment, the authors found 
a higher rate of loss of réduction in the cast group than the 
pinning group. However, 38% of patients in the pinning 
group had mild complications related to the pin, which 
resolved with removal. The pins can be left outside the skin, 
and pin removal can be performed in the outpatient setting. 
The use of open réduction and internai fixation is reserved 
for older children who are near or at skeletal maturity. 
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_ TABLE 36-1 _ 

Recommended Acceptable Alignment Parameters for Pédiatrie Forearm Fracture by Age 


SOURCE 

AGE 

ANGULATION 

MALROTATION 

BAYONETTE APPOSITION/DISPLACEMENT 

Price (2010) 

< 8 yrs 

<15 deg (MS) 

<15 deg (DS) 

<10 deg (PS) 

< 30 deg 

100% displacement 

Noonan, Price (1998) 

< 9 yrs 

< 15 deg 

< 45 deg 

<1 cm short 

Tarmuzi et al. (2009) 

< 10 yrs 

< 20 deg 


No limits 

Qairul et al. (2001) 

<12 yrs 

< 20 deg 




From Vopat ML, Kane PM, Christino MA, et al: Treatment of diaphyseal forearm fractures in children, Orthop Rev (Pavia) 6:5325, 2014. 
DS, Distal shaft; MS, mid-shaft; PS, proximal shaft. 


CLOSED REDUCTION AND 
PERCUTANEOUS PINNING OF 
FRACTURES OF THE DISTAL RADIUS 


TECHNIQUE 36-16 


■ Position the patient on the operating table with the wrist 
over a sterilely draped image intensifier. 

■ Reduce the fracture using traction and gentle manipula¬ 
tion, especially for a physeal fracture. 

■ While holding the wrist in a flexed position to stabilize 
the fracture, use a Kirschner wire and the image intensi¬ 
fier to mark the trajectory of the pin on the skin. 

■ Start the pin at the tip of the radial styloid and pass it 
proximally and ulnarly across the fracture site. 

■ Once the fracture is pinned, eut and bend the pin and 
obtain final images. It is important to leave the pin long 
so that it does not become buried under the skin during 
cast treatment. 

■ Place the arm in a well-padded short arm splint or bivalved 
cast. 

POSTOPERATIVE CARE. The short arm cast is worn for 
4 to 6 weeks, and the pin is then removed. Range-of- 
motion exercises are started, and the patient is placed in 
a removable splint for an additional 4 weeks. 


WRIST DISLOCATIONS 

Because of the proximity of the distal radial and ulnar physes 
to the wrist joint, wrist dislocations are extremely rare in 
children. When they do occur, it is usually in a skeletally 
mature adolescent. Treatment is similar to that in adults 
(Chapter 69). 


SCAPHOID AND CARPAL 
FRACTURES 

The carpal bones ossify relatively late in childhood; therefore, 
fractures of the carpal bones are rare and when présent can 
be overlooked. Scaphoid fractures are the most common 


carpal injuries in children and adolescents with peak âge of 
12 to 15 years. They hâve become more common as more 
children participate in compétitive sports. 

The scaphoid is the largest bone in the proximal row of 
the carpus, and ossification begins between âge 5 and 6 
years and is completed between the âges of 13 and 15 years 
corresponding with the peak incidence of fracture. Frac¬ 
tures of other carpal bones generally follow their times of 
ossification: triquetrum, 12 to 13 years; trapezium, 13 to 14 
years; trapezoid, 13 to 14 years; and hamate, 15 years. The 
most common mechanism of injury is a fall onto the out- 
stretched hand with the forearm pronated. This usually 
produces a middle third fracture. Distal third fractures 
usually are caused by direct trauma or avulsion and are 
the most common. Proximal pôle fractures are the least 
common. 

An age-based classification that is prédictive of the type 
of injury has been developed. Type I injuries occur in children 
younger than 8 years and usually are chondral. Type II injuries 
that occur between 8 to 11 years usually are osteochondral, 
and type III injuries that occur in children older than 12 years 
are more “adult-like” because the scaphoid is ossified. Pédiat¬ 
rie scaphoid fractures also can be classified by location: 
tuberosity, transverse distal pôle, avulsion of the distal pôle, 
waist, or proximal pôle. In children, fractures of the distal 
third of the scaphoid (transverse distal pôle and tuberosity) 
are the most common. 

The most common clinical signs of scaphoid fracture are 
dorsal swelling of the wrist, tenderness in the anatomie 
snuffbox and over the distal part of the radius, and painful 
dorsiflexion of the wrist or extension of the thumb. Radio- 
graphs should include anteroposterior, latéral, and scaphoid 
views with the wrist in ulnar déviation; however, normal 
radiographs do not preclude the presence of a scaphoid 
fracture. If a scaphoid fracture is suggested but radiographs 
are négative, the wrist should be immobilized and reevaluated 
in 2 weeks because up to 30% of patients may hâve positive 
follow-up radiographs. MRI is useful in making the diagnosis, 
and a normal study as early as 2 days affer injury has a néga¬ 
tive prédictive value of 100%. 

Fractures of the proximal pôle, although rare, seem to 
heal uneventfully when treated by prolonged immobilization. 
Avulsion fractures in the distal third of the scaphoid are 
common in children and usually require cast immobilization 
only. Healing times of scaphoid fractures hâve been described 
as 3 to 4 weeks for tuberosity fractures, 4 to 16 weeks for waist 
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fractures, 4 to 8 weeks for distal scaphoid fractures, and 3 to 
6 weeks for distal avulsions. Indications for operative treat- 
ment of scaphoid fractures in pédiatrie patients at or near 
skeletal maturity are similar to those for scaphoid fractures 
in adults. Smooth wires rather than compression screws hâve 
been used in young children to prevent growth arrest (see 
Chapter 69). 

A painful nonunion of the proximal scaphoid, which in 
children is extremely rare, may occur after a delay in treat- 
ment generally because of an incorrect diagnosis or lack of 
immobilization. An established nonunion in a child may 
be treated operatively as in an adult. A dorsal or volar 
approach can be used. Some authors hâve speculated that 
bipartite scaphoid may be an ununited waist fracture that 
has taken on the characteristics of a bipartite bone. Bipartite 
scaphoid usually is bilateral, asymptomatic, and not related 
to trauma. 

Fractures of the triquetrum in children often are subtle 
flake avulsion or impingement fractures that require good 
oblique radiographs for récognition. The incidence of these 
fractures probably is much higher than currently known 
because many are misdiagnosed as wrist sprains or type I 
physeal injuries of the distal radius and ulna. Three weeks of 
cast immobilization usually is sufficient treatment. 

METACARPAL FRACTURES 

Fractures of the metacarpals can occur at any location; 
however, the most common site of metacarpal fractures in 
children is the metacarpal neck, usually in the small and ring 
fingers. The peak incidence is 15 years of âge. The most 
common mechanisms of injury are contact sports and strik- 
ing an object (e.g., boxer s fracture). Metacarpal shaft fractures 
usually are the resuit of trauma such as a direct blow. 

Most fractures of the metacarpals in children can be 
treated closed with cast immobilization. Metacarpal shaft 
fractures are usually stable because of the presence of inter- 
metacarpal ligaments and can be treated with cast immobili¬ 
zation. Percutaneous pinning either intramedullary or to 
adjacent stable metacarpals can be performed for displaced 
or unstable fractures. Occasionally, open réduction and 
internai fixation is necessary for long oblique length unstable 
fractures as in adults (see Chapter 67). Metacarpal neck 
fractures usually can be treated with closed réduction and 
cast immobilization. Because of the mobility of the fourth and 
fifth metacarpals and the excellent remodeling capacity, up to 
30 to 40 degrees of residual angulation can be accepted with 
closed treatment. Between 10 and 20 degrees of angulation 
generally is thought to be acceptable in the second and third 
metacarpal necks. Réduction can be done using the Jones 
technique of flexing the metacarpophalangeal joint 90 degrees 
and placing a dorsally directed force on the proximal phalanx 
with counter pressure on the metacarpal shaft. Occasionally, 
a metacarpal neck fracture in a noncompliant patient or an 
unstable fracture requires treatment with closed réduction 
and percutaneous pinning. 

The most important goal in treatment of these injuries is 
restoration of normal rotation. Normal rotation should be 
confirmed by the ability to flex the fingers into the palm (see 
Chapter 67). Even a small amount (< 10 degrees) of rotational 
malalignment can create overlap of the digits during flexion 
and cause functional limitations; corrective osteotomy to 


align the digit often is necessary. If troublesome malrotation 
persists, the fracture will not remodel and either percutane¬ 
ous pinning or open réduction and internai fixation is indi- 
cated. A displaced intraarticular metacarpal head fracture, 
which usually is seen in older children or adolescents, may 
also require open réduction and internai fixation. 

THUMB METACARPAL FRACTURES 

Most thumb metacarpal fractures in children occur proxi- 
mally near the physis rather than the distal metacarpal as in 
the other metacarpals (Table 36-2). As a rare variant, the 
thumb metacarpal may hâve a physis at the proximal and 
distal ends, and comparison views are helpful in making this 
diagnosis. A fracture of the thumb metacarpal base usually 
can be treated for 3 to 4 weeks in an abduction thumb spica 
cast (Fig. 36-68 A). The physeal fracture that occurs most 
often in this area is a Salter-Harris type II injury, and it can 
be treated by closed réduction (Fig. 36-68B and C). Pédiatrie 
Bennett fractures can occur, however, and are Salter-Harris 
type III fractures (Fig. 36-68D). This fracture is intraarticular, 
and in a child it can resuit in a physeal disturbance if not 
treated properly. Closed réduction and percutaneous pin 
fixation or open réduction and internai fixation with 
smooth pins, as in an adult Bennett fracture is indicated 
(see Chapter 67) (Fig. 36-69). Occasionally, in an older ado¬ 
lescent, a fracture of the base of the first metacarpal that does 
not involve the physis (Rolando fracture) can be satisfactorily 
reduced and pinned percutaneously with the aid of image 
intensification. 


_ TABLE 36-2 _ 

Fractures of the Thumb Metacarpal Base in 
Children 


DESCRIPTION 

TREATMENT 

Between physis and 
junction of proximal 
and middle thirds of 
bone 

Often transverse or 
slightly oblique 

Often some médial 
impaction 

Angulated in apex 
latéral direction 

Closed réduction + cast 
Residual angulation of 
20-30 degrees is 
acceptable depending on 
âge of child and clinical 
appearance of thumb 

If unstable after 
réduction, percutaneous 
pinning required 

Salter-Harris type II 
physeal fracture with 
metaphyseal fragment 
on médial side 

More common than 
type C 

Mild angulation—no 
réduction, cast 

Moderate angulation— 
closed réduction + cast 
Severe angulation— 
closed réduction + 

Salter-Harris type II 
physeal fracture with 
metaphyseal fragment 
on latéral side 

percutaneous pinning; 
open réduction and 
fixation if closed 
réduction unsuccessful 

Salter-Harris type III or 
IV fracture 

Resembles Bennett 
fracture in adults 

Closed or open réduction 
and internai fixation 
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Type A Type B 



Type C 



Type D 


Classification of thumb metacarpal fractures. 
Type A, metaphyseal fracture. Types B and C, Salter-Harris type II 
physeal fractures with latéral or médial angulation. Type D, 
Salter-Harris type III fracture. 



Example of gamekeeper thumb. A f Type III 
physeal fracture. B f After open réduction and internai fixation 
with pins. 



FIGURE 


Extraoctave phalangeal fracture. A f Clinical appearance. B f Radiographie appearance. 


PHALANGEAL FRACTURES 

Phalangeal fractures are common in children, with the most 
common mechanism being sports activity. Up to two thirds 
occur in the proximal phalanx at a peak âge of 12 years. They 
can involve the shaft, physis, neck, and condyles. The majority 
of proximal and middle phalangeal shaft fractures can be 
treated with cast immobilization for 3 to 4 weeks with closed 
réduction being performed for displaced fractures. Ensuring 
proper rotation as described previously for metacarpal frac¬ 
tures is essential to ensure a good outcome. Many of these 
fractures are physeal, and Salter-Harris type II fractures of the 
proximal phalanx are common. Growth arrest, however, is 
uncommon. Salter-Harris type III fractures of the base of the 


proximal or middle phalanx do occur and because of their 
intraarticular nature offen require open réduction and inter¬ 
nai fixation. The “extraoctave fracture,” or an angulated apex 
radial base of the fifth proximal phalanx fracture (Fig. 36-70), 
can occur and is treated by placing a bolster in the fourth web 
space to act as fulcrum for réduction followed by casting. 
Irreducible fractures require open réduction and internai 
fixation. Fractures of the phalangeal neck and condyles 
usually are unstable and offen require operative treatment. 
Nondisplaced intraarticular fractures can be treated closed 
with close follow-up. Open réduction and internai fixation 
with small diameter wires is indicated for displaced intraar¬ 
ticular fractures (Fig. 36-71). 
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FIGURE 


Pinning for phalangeal neck fracture. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF PHYSEAL FRACTURES 
OF PHALANGES AND METACARPALS 


TECHNIQUE 36-17 


■ Make a straight midlateral incision (see Chapter 64) over 
the involved physis. After soft-tissue dissection and rétrac¬ 
tion, mobilize the neurovascular structures and latéral 
bands. Expose the physis, but take care not to damage it 
or the perichondral ring or periosteum overlying it. 

■ Carefully mobilize the fragments; clean out any small 
fragments or hematoma, and reduce the fracture ana- 
tomically. Ensure that the réduction is satisfactory at the 
physis and joint surface. 

■ With a power drill (low torque, high speed), transfix the 
fracture with two smooth parallel pins, preferably in the 
metaphysis or epiphysis. Crossed pins and pins that cross 
the physis generally should be avoided, but sometimes 
small fracture fragments cannot be adequately transfixed 
and held otherwise. Cut off the pins beneath the skin, 
but leave them long enough to be removed easily as an 
outpatient procedure. 

■ Close the soft tissues appropriately and apply a splint or 
cast. 

POSTOPERATIVE CARE. The pins are removed at 4 
weeks, and a range-of-motion exercise program is started 


at that time or shortly thereafter. This program should be 
taught to the parents and the patient and should con- 
centrate on active range of motion only. (Passive range- 
of-motion exercises in a child will cause the child to 
withdraw or guard against any motion at ail.) The parents 
should be warned of the possibility of growth arrest with 
subséquent angular deformity. 


DISTAL PHALANGEAL FRACTURE 

Distal phalangeal fractures can be classified as physeal or 
extraphyseal. Extraphyseal fractures usually are the resuit of 
crush injuries and heal uneventfully. Meticulous nailbed 
exploration and repair are necessary for severe injuries to 
prevent late nail deformity. Displaced physeal fractures are 
mallet finger équivalents in children because of the attach- 
ment of the flexor digitorum profundis (FDP) tendon on the 
distal fragment. The Seymour fracture is a Salter-Harris type 
I or II fracture of the distal phalanx that is associated with a 
nailbed injury. These injuries offen are overlooked and hâve 
a high rate of infection. They usually are irreducible because 
of the interposed stérile matrix in the physis. Urgent irriga¬ 
tion and debridement are essential for a good outcome. 
Operative stabilization occasionally is necessary and can be 
done with a small smooth Kirschner wire. 

COMPLICATIONS OF PHALANGEAL 
FRACTURES 

Complications of pédiatrie phalangeal fractures are uncom¬ 
mon, but nonunion, malunion, osteonecrosis, and growth 
disturbance may occur. Nonunion is rare except in severe 
injuries in which the fracture fragments are devascularized. 
Malunion is more common and can resuit in angulation or 
rotational deformities and limited motion (Fig. 36-72). 
Although most malunions remodel satisfactorily, especially 
in young children, considérable deformity may require oste- 
otomy for realignment. Waters et al. described a percutaneous 
technique for réduction of malunion of phalangeal neck 
fractures with partial bony healing (Fig. 36-73). An obliquely 
inserted Kirschner wire (0.9 mm to 1.6 mm, depending on 
the size of the child) is used to break down the callus and 
partially healing bone and lever the dorsally displaced and 
rotated condylar fragment back into the correct anatomie 
position. One or two percutaneous wires (0.7 mm to 1.1 mm) 
are used to hold the réduction. Growth disturbance can resuit 
from any injury that involves the physes but is uncommon 
after phalangeal fracture. 


PEDIATRIC SPINE FRACTURES 
AND DISLOCATIONS 

Spine fractures and dislocations are relatively uncommon in 
children, accounting for 1% to 3% of pédiatrie fractures; 
however, they are associated with a high rate of other injuries 
and morbidity and mortality. In older children, they are most 
commonly caused by motor vehicle accidents and sports. A 
recent review of pédiatrie spine fractures from a high-volume 
center showed that 80% of injuries occurred in older children 
(âges 13 to 19 years) and 60% of ail patients had an associated 
injury, most offen intrathoracic. Multiple spinal level injuries 
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Malunion of phalangeal neck fracture produc- 
ing malalignment of fingers. 


i 




A, Percutaneous réduction of malunion of 
phalangeal neck fracture with partial bony healing. B, Kirschner 
wire is used to breakdown the callus and partial bony healing 
and lever the fragment into anatomie position. C f One or two 
percutaneous wires are used to hold the réduction. 


were seen in 45% of patients, of which a third were in a dif¬ 
ferent région of the spine. Therefore examination of the entire 
spine is essential in a child with a spine injury. Nonaccidental 
trauma should always be considered in young children with 
a cervical spine injury. Children younger than 3 years hâve a 
higher rate of spinal cord injury and mortality than older 
children and adolescents. 

CERVICAL SPINE 

Cervical spine fractures are less common in children than in 
adolescents or adults. They may occur at any âge as a resuit 



FIGURE 


Atlantooccipital dislocation. 


of trauma with motor vehicle accident being the most 
common mechanism in a recent large sériés. Because of the 
large head-to-body weight ratio and increased ligamentous 
laxity in young children, upper cervical spine injuries are 
more common, and lower cervical spine injuries are most 
often seen in adolescents. The initial radiographie examina¬ 
tion of a child with a suspected cervical spine injury consists 
of anteroposterior, latéral, and odontoid radiographs, which 
hâve been shown to be more sensitive than a cross-table 
latéral image alone. The use of CT is becoming more préva¬ 
lent, especially in the adult population, but does hâve an 
increased radiation exposure. It is important to note that 
small children, because of their greater relative head size, 
need to be positioned by elevating the torso to avoid inadver- 
tent flexion of the cervical spine. Supervised flexion-extension 
radiographs can be used in an awake, cooperative patient to 
assess cervical spine stability. The rôle of MRI continues to 
evolve; however, it is useful in detecting ligamentous injury 
in patients who cannot perform flexion or extension radio¬ 
graphs. It also is useful in detecting dise herniation and the 
status of the spinal cord in patients with neurologie déficits. 

■ ATLANTOOCCIPITAL FRACTURES 
AND INSTABILITY 

Occipital condyle fractures in children are extremely rare. 
The majority are stable and can be treated with a cervical 
orthosis. Atlantooccipital dislocation (AOD) was once 
thought to be uniformly fatal; however, with advanced trauma 
care more children are surviving. A recent report of 14 
patients found that most were injured in automobile acci¬ 
dents, and complications including spinal cord and brain 
injury were common (Fig. 36-74). Cranial nerve injuries also 
can be présent. At our institution over a 20-year period, we 
had 14 atlantooccipital dislocations that were treated with 
posterior occipitocervical fusion with internai fixation. Ail 
fusions united, but at the time of the most recent follow-up, 
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Wackenheim line. (Redrawn from Astur N et al: 
Traumatic atlanto-occipital dislocation in children, J Am Acad Orthop 
Surg 22:274, 2014.) 


half of the patients had residual neurologie impairment. The 
most common postoperative complication was hydrocepha- 
lus, which should be suspected with postoperative neurologie 
décliné. 

A variety of imaging radiographie measurements has 
been described to aid in making the diagnosis. One helpful 
reproducible measurement is the Wackenheim line. The 
Wackenheim line drawn along the clivus should intersect 
tangentially the tip of the odontoid. A shift in this line either 
anteriorly or posteriorly from the odontoid tip is indicative 
of AOD (Fig. 36-75). MRI, which shows disruption of the 
tectorial membrane, is helpful in making this diagnosis. It is 
also helpful in assessing the degree of soft-tissue disruption 
at adjacent caudal levels. Operative stabilization, in most 
instances, is an occiput-to-C2 fusion using wires or screws 
depending on the size and anatomy of the patient. Acute 
hydrocephalus related to changes in cerebrospinal fluid flow 
is common in the early postoperative period. 

■ UPPER CERVICAL SPINE (Cl-2) INJURIES 

Cl fractures are extremely uncommon in children. Often the 
normal synchondrosis is mistakenly identified as a fracture. 
Odontoid fractures are relatively common cervical spine 
fractures in children, with a peak incidence at 4 years. These 
fractures usually resuit from high-energy trauma such as a 
motor vehicle accident or fall. They typically occur through 
the odontoid synchondrosis at the base of the odontoid and 
displace anteriorly. Because of this, the diagnosis usually can 
be made on plain radiographs, especially the latéral view. CT 
with sagittal reconstruction also is helpful in confirming the 
diagnosis and evaluating for other associated injuries. 
Physician-supervised flexion-extension radiographs can be 
performed in an awake, cooperative patient to assess stability. 
Patients with more than 50% opposition of the odontoid can 
be treated with an extension Minerva cast or halo for 6 to 8 
weeks followed by an orthosis. Many patients cannot comply 
with or tolerate this, and operative treatment is necessary. In 
patients with C1-C2 fracture, posterior fusion with instru¬ 
mentation may be necessary, and a wide variety of techniques 
using screws or wires has been reported. 



FIGURE 


Q Os odontoideum. 


An os odontoideum describes a range of deficiencies of 
the odontoid from complété absence to mild hypoplasia. It 
most commonly consists of an accessory ossicle that is sepa- 
rated from the body of C2, rendering it unstable (Fig. 36-76). 
Although most authors believe this is a congénital deformity, 
some hâve suggested this may occur as a resuit of a minor 
traumatic event to the odontoid. Présentation can range from 
an incidental finding to a displaced injury after a traumatic 
event. The diagnosis usually can be made on a latéral radio- 
graph because the ossicle usually is smaller and more sclerotic 
than the normal odontoid. Supervised flexion-extension 
radiographs can be performed to assess the stability of the os, 
which correlates to the likelihood of developing neurologie 
symptoms from spinal cord compression. CT with sagittal 
reconstruction can aid in confirming the diagnosis and in 
operative planning. It can detect the presence of other associ¬ 
ated cervical spine abnormalities such as a hypoplastic ring 
of Cl. Indications for surgery include progressive or signifi- 
cant instability, pain, or neurologie compromise, and there is 
no rôle for nonoperative treatment in these patients. C1-C2 
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fusion can be performed using a variety of techniques includ- 
ing wiring or transarticular screw fixation depending on the 
surgeons ability and patients anatomy. 

■ ROTATORY SUBLUXATION 

Rotatory subluxation between Cl and C2 occurs most fre- 
quently after an acute upper respiratory tract infection or 
after low-grade trauma. It is thought that the inflammation 
associated with an upper respiratory tract infection increases 
the blood supply to the région, inducing laxity of the capsular 
and ligamentous structures. Patients typically présent with a 
torticollis or “cock robin” position to their neck. Pain is 
common in the acute stage and is usually associated with 
sternocleidomastoid spasm as the child attempts to stabilize 
the head. In late cases the pain subsides and fixed deformity 
persists. Diagnosis can be made on plain films, especially the 
odontoid view, which shows asymmetry of the distance 
between the odontoid and latéral masses. CT, either dynamic 
or with three-dimensional reconstruction, can be used to 
confirm the diagnosis. Rotatory subluxation been classified 
by Fielding and Hawkins: type I is a unilatéral facet sublux¬ 
ation and an intact transverse ligament, type II is a unilatéral 
facet subluxation with transverse ligament involvement 
resulting in 3 mm to 5 mm of anterior displacement, type III 
is a bilateral facet subluxation with greater than 5 mm ante¬ 
rior displacement, and type IV is displacement of the atlas 
posteriorly rather than anteriorly. Types III and IV injuries 
are exceedingly rare but are associated with a high rate of 
neurologie injury. 

Most acute subluxations can be treated nonoperatively. 
Patients can be placed in a soft collar and given antiinflam- 
matory médication and diazepam for muscle spasm. If it does 
not résolve within a week, hospitalization and halter traction 
are indicated. Halo traction also can be used in severe cases. 
Operative treatment consisting of réduction and C1-C2 
fusion is reserved for the rare acute cases that do not résolve 
with nonoperative treatment or those with neurologie déficits. 
Often it is necessary in patients with chronic subluxations to 
correct the head and neck deformity operatively with poste - 
rior spinal fusion and instrumentation. 

■ LOWER CERVICAL SPINE (C3-7) INJURIES 

Subaxial cervical spine injuries occur more commonly in 
older children and adolescents and are usually the resuit of 
high-energy injuries and sporting accidents. Both clinical and 
radiographie évaluation of the entire spine is necessary in 
these patients because of the high rate of secondary spine 
injuries that frequently occur at noncontiguous levels. Sub¬ 
axial cervical spine injury can be a pure ligamentous disrup- 
tion, facet dislocation(s), or fracture; it is similar to an adult 
injury. An understanding of normal developmental anatomy 
is helpful, as pseudosubluxation or apparent anterior transla¬ 
tion, most commonly of C2 on C3, is a normal finding in 
children and adolescents. In addition, anterior wedging of the 
vertébral bodies is also a normal finding related to the ossifi¬ 
cation pattern of the vertébral body. 

Plain radiographs are the standard initial step in the 
radiographie évaluation of the pédiatrie cervical spine. The 
anterior and posterior vertébral and spinolaminar fines (Fig. 
36-77) are helpful in assessing the normal and pathologie 
anatomie relationships. CT has been shown to hâve improved 
sensitivity in making the diagnosis of cervical spine fracture 
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Spinal lines. Normal relationships in the latéral 
cervical spine: 1, spinous processes; 2, spinolaminar line; 3, poste¬ 
rior vertébral body line; 4, anterior vertébral body line. (Redrawn 
from Copley LA and Dormans JP: Cervical spine disorders in infants and 
children, J Am Acad Orthop Surg 6:204, 1998.) 


but does hâve a higher radiation exposure. MRI is helpful in 
assessing the amount of ligamentous and soff-tissue disrup- 
tion and detecting subtle compression fractures that may be 
missed on plain radiographs or CT. In a recent review at our 
institution, most subaxial cervical spine injuries in children 
and adolescents occurred at C6 and C7 and responded well 
to nonoperative treatment. 

One unique injury in pédiatrie patients is spinal cord 
injury without radiographie abnormality (SCIWORA), first 
described by Pang. This condition is characterized by a spinal 
cord injury, either complété or incomplète, in the absence of 
any radiographie abnormalities. A recent meta-analysis found 
that in half the patients, MRI was normal, which carries a 
better long-term prognosis as well. It is hypothesized to be 
related to a severe flexion distraction injury of the cervical 
spine. Cadaver studies hâve shown that the spinal column in 
children due to ligamentous laxity can undergo 4 cm to 5 cm 
of distraction before disruption compared with 4 mm to 
5 mm for the spinal cord. A stretch-related vascular mecha- 
nism has also been proposed. Delayed neurologie compromise 
can occur in 50% of patients, and some demonstrate transient 
warning signs. Recovery is unpredictable, and there is no 
treatment available when this occurs. 

The operative techniques for treatment of these 
spécifie injuries are similar to adults and are discussed in 
Chapter 41. 

THORACOLUMBAR SPINE 

Thoracolumbar fractures are rare in young children and can 
be the resuit of nonaccidental trauma in neonates. They are 
more common in older children and adolescents and are 
usually the resuit of motor vehicle accidents, sports injuries, 
and falls. Thoracolumbar spine fractures in the absence of 
trauma can be associated with infection and osteopenia in 
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FIGURE 


radiographs. 


Burst fracture. A, Coronal CT). B, Sagittal CT. C, Axial MRI. D and E, Postoperative anteroposterior and latéral 


conditions such as juvénile osteoporosis, corticosteroid use, 
and certain genetic syndromes. Associated injuries, both 
spine and nonspine, are common and a thorough examina¬ 
tion of the entire patient is necessary to evaluate and treat 
these appropriately. One such injury is the lap belt injury in 
which a child receives a hyperflexion injury from the 
lap belt causing anterior spinal compression, posterior 
spinal distraction, and compression of the intraabdominai 
structures between the lap belt and the spine. This often is 
diagnosed by the presence of seat belt abrasions on the 
patients skin. The risk of intraab dominai injury is 42% with 
this injury. The rôle of corticosteroids in children with 
thoracolumbar fractures and spinal cord injuries remains 
controversial. 

Initial radiographie évaluation should consist of antero¬ 
posterior and latéral radiographs of the entire spine and 
odontoid views. CT with sagittal and coronal reconstructions 
is helpful in making the diagnosis and evaluating spinal canal 
compromise (axial view) and posterior element injuries. MRI 


has been shown to be bénéficiai in assessing soff-tissue 
structures including the dise, spinal cord, and posterior liga- 
mentous structures. The assessment of the posterior ligamen- 
tous structures is essential in assessing spinal stability and 
guiding treatment. These fractures are typically classified 
similarly to adult fractures based on mechanism: compres¬ 
sion, burst, flexion distraction, and ligamentous disruption 
(Fig. 36-78). Treatment usually is similar to adults, which is 
described in Chapter 41. 

The Chance, or flexion distraction, fracture commonly is 
seen in children and is a resuit of a flexion distraction force 
usually applied by a lap belt (Fig. 36-79). In children these 
can be bony, usually through the endplate, ligamentous, or 
both. Historically, some of these fractures, especially the 
isolated bony injury, were treated in braces. Several outcome 
studies hâve shown that operative treatment is superior in 
terms of return to function and better long-term sagittal 
alignment than nonoperative treatment, especially in those 
with abdominal injuries or significant posterior ligamentous 



CHAPTER 36 FRACTURES AND DISLOCATIONS IN CHILDREN 



FIGURE 


Chance fracture. A, CT. B, MRI. 



FIGURE 


Chance fracture after spinal fixation. 


disruption as seen on MRI (Fig. 36-80). In a multicenter 
study, Arkader et al. reported better clinical outcomes in 
patients treated operatively for Chance fractures. 

Another fracture unique to pédiatrie patients is the 
endplate fracture, which is a flexion-type injury that usually 
occurs in an older child. A displaced fragment of a lumbar 


vertébral ring epiphysis in adolescents may simulate dise 
rupture (Fig. 36-81). The finding at surgery usually is a dis¬ 
placed bony fragment from the apophyseal ring, which is 
déficient posteriorly. This fragment can occasionally be seen 
on plain radiographs and can readily be seen on CT. MRI 
is the diagnostic imaging procedure of choice and has 
been reported to be able to differentiate endplate physeal 
fractures from herniated dises in children. In symptomatic 
patients, treatment consists of removal of the avulsed bony 
fragment. 

PELVIC FRACTURES 

Fractures of the pelvis in children are uncommon. Surgical 
fixation rarely is necessary for these fractures. Generally, the 
long-term results of conservative treatment are satisfactory 
because of the remodeling potential of the pelvis in children. 
However, recent literature has questioned the true remodel¬ 
ing potential of the immature pelvis, leading to an increase 
in surgical stabilization of pelvic fractures in this âge group. 
Pelvic fractures may be associated with high-energy mecha- 
nisms, and soft-tissue injuries occurring in conjunction with 
pelvic fractures may be severe and require emergency treat¬ 
ment. Associated injuries include skull, cervical, facial, and 
long bone fractures; subdural hematomas, cérébral contu¬ 
sions, and concussions; lung contusions; hemothorax; hemo- 
pneumothorax; ruptured diaphragm; and lacérations of the 
spleen, liver, and kidney. Injuries that may be associated with 
and adjacent to pelvic fractures include damage to major 
blood vessels, rétropéritonéal bleeding, rectal tears, and 
rupture or lacération of the urethra or bladder. The location 
and number of pelvic fractures are strongly associated with 
the probability of abdominal injury: 1% for isolated pubic 
fractures, 15% for iliac or sacral fractures, and 60% for mul¬ 
tiple fractures of the pelvic ring. Because of these other 
injuries, mortality in children is high (9% to 18%). In a study 
of 54 patients with major pelvic fractures, 87% had associated 
pelvic or extrapelvic (soft-tissue) injuries; 14.8% died. Most 
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A, Posterior physeal injury that 
fragment that presses on nerve root. 


can mimic ruptured dise. B f Avulsion of ring apophysis has produced displaced 


patients (70.4%) were treated conservatively. This suggests 
that the principles of management in children should not 
differ greatly from those in adults. Serious associated pelvic 
or extrapelvic injuries may pose more treatment problems 
than the actual pelvic fractures. The death rate from pelvic 
fractures alone is quite low (0% to 2.3%). Torode and Zieg 
reported 11 deaths in 141 patients with pelvic fractures, and 
40% of patients with type IV injuries required laparotomy 
because of other injuries. Frequently, a child who has what 
radiographically appears to be a minor pelvic fracture also 
has had significant and possibly life-threatening soft-tissue 
injuries around the pelvis. 

The initial évaluation of pelvic fractures usually is dictated 
by the mechanism of injury and associated injuries, and if a 
high-energy mechanism was the cause, the pédiatrie advanced 
life support protocol should be followed. This should include 
a thorough history, careful physical examination, laboratory 
tests when indicated, and appropriate imaging. If there is a 
high suspicion of pelvic trauma, an anteroposterior radio- 
graph of the pelvis should be obtained. Additional radio - 
graphs, such as inlet and outlet views and Judet views of the 
pelvis, also may be of benefit. CT should be obtained in any 
patient suspected of having pelvic instability, anterior disrup- 
tion, or posterior ring involvement. If a patient with a pelvic 
fracture becomes hemodynamically unstable, a pelvic binder 
should be placed. If the patient remains unstable, angiography 
or surgical packing should be considered based on institu- 
tional guidelines. For patients with a vertically unstable pelvis 
or hip joint instability, skeletal traction should be placed. 

The pelvis in children differs from that in adults in that 
(1) more malleability is présent because of the nature of the 
bone itself, the increased elasticity of joints, and the ability of 
the cartilaginous structures to absorb energy; (2) the elasticity 
of the joints around the pelvis is greater, which may allow for 


significant displacement and resuit in fracture of only one 
area rather than the traditional double break in the pelvic ring 
seen in adults; (3) the cartilage at the apophyses is inherently 
weak compared with bone, so avulsion fractures occur more 
frequently in children and adolescents than in adults; and (4) 
fractures into the triradiate cartilage can occur, causing 
growth arrest, which results in leg-length inequality and 
faulty development of the acetabulum. 

In children and adolescents with pelvic fractures, isolated 
pubic rami and iliac wing fractures occur more often in an 
immature pelvis (open triradiate cartilage), whereas acetabu- 
lar fractures and pubic or sacroiliac diastasis occur more 
often in a mature pelvis (closed triradiate cartilage). In 
patients with an immature pelvis, treatment of pelvic fractures 
should focus on associated injuries (e.g., head, abdominal) 
that often are the cause of mortality. 

Numerous classification Systems hâve been devised for 
pelvic fractures in children. The most widely used classifica¬ 
tion was proposed by Torode and Zieg and describes a four- 
part classification of pelvic fractures (Fig. 36-82): type I, 
avulsion of the bony éléments of the pelvis; type II, iliac wing 
fractures; type III, simple ring fractures, including fractures 
involving the pubic rami or disruptions of the pubic symphy- 
sis; and type IV, including unstable injuries such as ring dis- 
ruption fractures, hip dislocations, disruption of the sacroiliac 
joint, and fractures involving the acetabular portion of the 
pelvic ring. More recently, Shore et al. proposed a modifica¬ 
tion of the Torode and Zeig classification that subdivided type 
III injuries into type III-A (simple, stable anterior ring frac¬ 
tures) and type III-B (stable pelvic fractures involving the 
anterior and posterior ring). Shore et al. demonstrated that 
type III-B injuries were associated with increased blood 
product use, intensive care requirement, and length of hospi¬ 
tal stay (Fig. 36-83). 
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Torode and Zieg classification of pelvic fractures 


(see text). 


This classification does not subdivide acetabular fractures. 
Quinby and Rang classified pelvic fractures into three catego¬ 
ries: uncomplicated fractures, fractures with viscéral injuries 
requiring surgical exploration, and fractures associated with 
immédiate massive hemorrhage. Although this classification 
is useful concerning the patients ultimate outcome, its 
emphasis is on associated soff-tissue injuries, rather than on 
the pelvic fracture itself. Moreno et al. described four types 
of “fracture geometry” based on radiographie appearance and 
used to identify patients at risk for severe hemorrhage. Adult 
classifications such as the AO/ASIF group and the Young and 
Burgess should be applied to a pelvis with a closed triradiate 
cartilage and emphasize fracture stability and direction of 
force: latéral compression, anteroposterior compression, 
vertical shear, and combined mechanisms (Fig. 36-84). Key 
and Conwells classification of pelvic fractures in adults is 
based on the number of breaks in the pelvic ring. Their 
System, which includes acetabular fractures, also is applicable 
in children. We hâve evaluated 134 pelvic fractures in chil- 
dren; the percentages of the individual bones and types of 
fractures are given in Table 36-3. The Orthopaedic Trauma 
Association devised a classification scheme that consists of 
three main types and numerous subtypes: A, lésion sparing 
(or with no displacement of) posterior arch; B, incomplète 
disruption of posterior arch, partially stable; and C, complété 
disruption of posterior arch, unstable. 

Comparison among studies using different Systems is 
difficult. The most useful information is whether a fracture is 
stable or unstable. Most pelvic fractures in children are stable. 

Three physical signs are commonly associated with pelvic 
fractures: (1) Destot sign, a large superficial hematoma for¬ 
mation beneath the inguinal ligament or in the scrotum; (2) 
Roux sign, a decrease in the distance of the greater trochanter 
to the pubic spine on the affected side in latéral compression 
fractures; and (3) Earle sign, a bony prominence or large 
hematoma and tenderness on rectal examination, indicating 
a significant pelvic fracture. Posterior pressure on the iliac 
crest causes pain at the fracture site as the pelvic ring is 
opened, and compression of the pelvic ring at the iliac crest 
from latéral to médial causes pain and possibly crépitation. 
Downward pressure on the symphysis pubis and posteriorly 
on the sacroiliac joints causes pain and motion if a break in 
the pelvic ring is présent. Pain in the inguinal area can be 
elicited by flexion and extension of the hips. 

As already noted most pelvic fractures in children can be 
treated closed, usually with protected weight bearing and 
activity restriction. Minor residual deformity usually is 
inconsequential and may remodel with growth. However, 
significant displacement or an unstable fracture pattern 
should be treated operatively. Occasionally, if the child is 
young and has significant diastasis of the symphysis, a spica 
cast alone may be used to maintain a reduced position during 
healing. In older children or those with unstable fracture 
patterns, the management of pelvic fractures should closely 
follow adult principles with surgical fixation that does not 
disrupt or alter the growth of the triradiate cartilage. If the 
triradiate cartilage is closed, operative techniques are the 
same as in adults (see Chapter 56). 

AVULSION FRACTURES 

Avulsion fractures occur most commonly in adolescent ath¬ 
lètes; they occur in the anterior superior and anterior inferior 
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Torode I 


Torode II 



Torode NIA 



Torode INB 



Torode IV 


Shore et al. modification of Torode classification. Torode I, avulsion of bony éléments of pelvis and séparation through 
or adjacent to cartilaginous physis. Torode II, iliac wing fracture resulting from direct latéral force against pelvis causing disruption of 
iliac apophysis or infolding fracture of wing of ilium. Torode IIIA, simple stable anterior ring fracture involving pubic rami or pubic 
symphysis. Torode IIIB, stable anterior and posterior ring fracture. Torode IV, unstable ring disruption fracture, including ring disruptions, 
hip dislocations, and combined pelvic and acetabular fractures. (Redrawn from: Shore BJ, Palmer CS, Bevin C, et al: Pédiatrie pelvic fracture: 
a modification of a preexisting classification, J Pediatr Orthop 32:162, 2012.) 


iliac spines and in the ischial tuberosity (Fig. 36-85) and are 
caused by overpull of the sartorius muscle, rectus femoris 
muscle, and hamstring muscles, respectively. CT scans are 
rarely required in this subset of pelvic injuries. Operative 
treatment of these injuries is rarely indicated, regardless of 
the amount of displacement. Rarely, excessive callus forma¬ 
tion or myositis ossificans occurs after a displaced ischial 
tuberosity fracture. In two of our patients it was necessary to 
excise the fragment and the callus, rather than reattach the 
fragment. Récurrence of some excessive callus or myositis 
ossificans occurred, but these two patients hâve continued 


their athletic activity. Sundar and Carty described 32 avulsion 
fractures of the pelvis in adolescents (average âge 13.8 years) 
seen at an average 44-month follow-up; 10 patients had dis- 
ability persisting into adulthood and limitation of sports 
activity, and six patients continued to hâve persistent symp- 
toms. Although they advocated surgical exploration and 
removal of ununited fragments, Sundar and Carty cautioned 
that operative treatment does not guarantee the return of the 
athlete to the same standard as before the injury. Any of these 
avulsion injuries, especially in the area of the ischium, can be 
confused with infection, myositis ossificans, and sarcoma. 
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TABLE 36-3 


Distribution of Pelvic Fractures in Children, 

Campbell Clinic Sériés (134 Patients) 






II—SINGLE BREAK 

III—DOUBLE BREAK 


1—INDIVIDUAL BONES 66.5% 


11.9% 


11.9% 


IV—ACETABULUM 9.7% 

A 

B 

C 

D 

A B 

C 

A B 

C 

A B C D 

13.4% 

33.6% 

18% 

1.5% 8.2% 3% 

0.7% 

3% 8.2% 

0.7% 

0.7% 6% 0 3% 

COMPARISON WITH OTHER SERIES 









Dunn* (115 

Peltier* (186 

Reed* (84 

Hall, Klassen, llstrupt 

Campbell Clinict (134 Patients) 


Patients) 

Patients) 


Patients) 

(204 Patients) 



1—Individual 
bones 


10% 


60.5% 

24.5% 


66.5% 


Il—Single break 

70% 

39% 


2.5% 

18.6% 


11.9% 


III—Double break 

30% 

27% 


32% 

31.9% 


11.9% 


IV—Acetabulum 

Not included 

24% 


5% 

7.8% (17.2% 

9.7% 



acetabulum and 
pelvis) 


Classification of Key and Conwell. 

*Adult sériés. 
tChildren's sériés. 

From Rockwood CA Jr, Wilkins KD # King RE, editors: Fractures in children, 3 rd ed, Philadelphia, Lippincott, 1991. 



Triradiate 


Acetabular 

rim 


Small acetabular rim fracture and triradiate 
cartilage compression fracture. 


ACETABULAR FRACTURES 

Acetabular fracture-dislocations in children make up 4% to 
20% of pelvic fractures in the pédiatrie population. Damage 
to the triradiate cartilage in a child may cause growth arrest 
and a shallow, dysplastic acetabulum (Fig. 36-86). CT may 
help détermine the extent of acetabular involvement and 
fémoral head stability. However, in an immature pelvis, 
radiographs and CT may underestimate the extent of the 
injury; therefore MRI should be considered to evaluate the 
cartilaginous portion of the acetabulum, labrum, and triradi¬ 
ate cartilage. The Watts classification of acetabular fractures 
is based on the extent of acetabular involvement: (1) small 
fragments most often associated with dislocation of the hip 
(see Fig. 36-84), (2) linear fractures associated with pelvic 
fractures without displacement, (3) large linear fractures with 
hip joint instability, and (4) central fracture-dislocations. 

Initial treatment should focus on a reduced hip joint. Hip 
réduction requires optimal sédation and muscle relaxation. 
Although this can be performed safely in the emergency 



Distribution of 20 avulsion fractures in children 
reported by Fernbach and Wilkinson: iliac crest, 1; anterior supe- 
rior iliac spine, 4; anterior inferior iliac spine, 4; lesser trochanter, 
5; ischium or ischial apophysis, 6. 


department, many institutions prefer this maneuver to be 
done in the operating room to avoid fémoral head displace¬ 
ment. It is important, however, for a dislocated hip to be 
reduced immediately to minimize further vascular insult to 
the fémoral head. Hip stability should be assessed at the time 
of réduction, and radiographs of the contralatéral hip should 
be obtained for comparison of joint congruency. Radiographs 
before réduction may reveal an occult fragment more readily 
than films taken affer the réduction. If an incongruence is 
found or suspected, a CT should be performed with the pos¬ 
sible addition of an MRI to evaluate the cause and for opéra¬ 
tive planning purposes. 
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Prématuré closure of triradiate cartilage. 
A f Fracture of right ilium is visible. Fracture on left was not 
identified. B f At 4 months, fracture on right is seen again. At left, 
acetabulum shows increased sclerosis caused by ischial fracture 
into acetabulum. C, At 5 years, prématuré closure of left triradiate 
cartilage. D f At 6 years, prématuré closure of left triradiate carti¬ 
lage and subluxation of fémoral head caused by shallow 
acetabulum. 


The treatment of many pédiatrie acetabular fractures is 
nonoperative. Stable linear fractures require only conserva¬ 
tive treatment with a minimum of 6 to 8 weeks of non-weight 
bearing. Linear fractures producing hip joint instability often 
require a period of skeletal traction followed by definitive 


fixation to ensure an accurate réduction. Tfiis injury usually 
occurs in older children, and treatment should be the same 
as for adults. Central fracture-dislocations in children should 
be reduced promptly because the triradiate cartilage may be 
involved. Because injury to the triradiate cartilage is easily 
missed on initial radiographs, ail patients with pelvic trauma 
should be followed clinically and radiographically for at least 
1 year. Two main patterns of physeal disruption hâve been 
identified in patients with triradiate cartilage injuries: a 
Salter-Harris type I or II injury, which has a favorable prog- 
nosis for continued normal acetabular growth, and a Salter- 
Harris type V crushing injury, which has a poor prognosis 
because of prématuré closure of the triradiate physes second- 
ary to formation of a médial osseous bridge (Fig. 36-87). In 
both patterns, the prognosis dépends on the âge of the patient 
at the time of injury. In young children, especially those 
younger than 10 years, abnormal acetabular growth can resuit 
in a shallow acetabulum. By skeletal maturity, disparate 
growth may increase the incongruity of the hip joint and lead 
to progressive subluxation. Acetabular reconstruction may be 
indicated for correction of the graduai subluxation of the 
fémoral head with associated dysplasia. 

HIP FRACTURES 

Hip fractures include fractures of the head, neck, and inter- 
trochanteric région of the fémur and account for less than 1% 
of ail pédiatrie and adolescent fractures. Different hip mor- 
phology and the presence of a physis produce hip fracture 
patterns that are different in children from those in adults. 
Complications of both the injury and treatment are frequent 
and should be considered during the treatment course. Late 
complications include osteonecrosis, coxa vara, nonunion, 
and prématuré physeal closure. Appropriate treatment of hip 
fractures in children is necessary to minimize these late 
complications. Diagnosis of a hip fracture is based on history, 
physical examination, and radiographs. Hip fractures in 
children most commonly resuit from a high-energy mecha- 
nism followed by pathologie fracture. As in adults, the index 
of suspicion for hip fracture should be high to facilitate urgent 
management. A standard anteroposterior radiograph of the 
pelvis and latéral of the hip should be obtained, as well as 
imaging of the entire fémur. Advanced imaging may be 
helpful to rule out an occult injury or to evaluate the extent 
of the fracture. 

The most widely used classification for hip fractures 
in the pédiatrie population was proposed by Delbet. This 
classification groups fractures according to their location: 
type I, transepiphyseal séparations with or without disloca¬ 
tion of the fémoral head from the acetabulum; type II, tran¬ 
scervical fractures, displaced and nondisplaced; type III, 
cervicotrochanteric fractures, displaced and nondisplaced; 
and type IV, intertrochanteric fractures (Fig. 36-88). The 
Delbet classification has proved to hâve prognostic value in 
regard to risk of osteonecrosis, healing rates, and malunion. 

TYPE I, TRANSEPIPHYSEAL SEPARATIONS 

Type I fractures occur when the epiphysis séparâtes from the 
metaphysis. They are further subdivided into type IA, in 
which the epiphysis remains in the acetabulum, and type IB, 
in which the epiphysis is dislocated from the acetabulum. In 
our expérience, the outcomes after type IB fractures hâve 
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Types of injuries to the pelvis and triradiate cartilage. 
C, Salter-Harris type II fracture. D f Salter-Harris type V fracture. 


A f Normal hemipelvis. B, Salter-Harris type I fracture. 






Type 


Delbet classification of hip fractures in children. Type l f transepiphyseal, with or without dislocation from acetabulum. 
Il, transcervical. Type III, cervicotrochanteric (basicervical). Type IV, intertrochanteric. 


been the worst of any of the fracture types, with an incidence 
of osteonecrosis of 100% in some sériés. Type IA fractures 
may be difficult to differentiate from an unstable slipped 
capital fémoral epiphysis (SCFE). Fractures tend to occur in 
younger children as the resuit of high-energy mechanisms, 
whereas SCFE is mostly seen in patients between the âges of 
10 to 16 years affer minor or no trauma. The presence of 
posterior médial callus on imaging or at the time of surgical 
fixation suggests that the transphyseal séparation is the resuit 
of SCFE and is présent in most patients with SCFE even in 
the absence of prodromal symptoms. 

In newborns, an entity called proximal fémoral epiphysio- 
lysis occasionally occurs in which the physis séparâtes prob- 
ably at birth. If not considered, it may be confused with 
congénital dislocation or infection of the hip. Ultrasound, 
arthrography, or MRI is generally necessary to make the 
diagnosis early. At approximately 2 weeks affer the séparation, 
callus may be seen along the médial border of the fémoral 
neck. Operative treatment with internai fixation is not needed 
for this séparation. Clinical signs, such as pseudoparalysis of 
the lower extremity, and laboratory studies should aid in dif- 
ferentiating proximal fémoral epiphysiolysis from infection. 

The management of transepiphyseal séparations dépends 
on the âge of the patient, displacement of the fracture, and 


presence of a dislocated epiphysis. Ail type I fractures should 
be managed urgently to minimize the vascular insult sus- 
tained by the injury (Figs. 36-89 and 36-90). In children 
younger than 2 years with a nondisplaced or minimally dis- 
placed fracture, spica cast application alone may be sufhcient. 
If the fracture is displaced at any âge and the epiphysis is 
located within the acetabulum, we advocate a gentle closed 
réduction attempt with fixation. Smooth pins are used in 
young patients and cannulated screws in older patients. An 
arthrogram may help evaluate the quality of the réduction in 
young patients. We routinely perform a capsulotomy to 
evacuate the hemarthrosis, although evidence is inconclusive 
that this decreases the incidence of osteonecrosis. If a gentle 
closed réduction does not yield a satisfactory réduction, then 
an open réduction should be performed through a Watson- 
Jones or Smith-Peterson approach (see Techniques 1-62 and 
1-63), Alternatively, a surgical dislocation approach may be 
used; however, we hâve used this technique only in the setting 
of delayed fixation with the presence of early callus formation 
or in the presence of fémoral head fracture. If the epiphysis 
is displaced from the acetabulum, a posterior approach 
(modified Gibson, Technique 1-68) is preferred for posterior 
displacement and an anterior approach (Watson-Jones or 
Smith-Peterson) for anterior displacement. Fixation typically 
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A, Type I transepiphyseal séparation in 3-year-old child (with metaphyseal spike - Salter-Harris type II). B f Séparation 
treated with distal fémoral skeletal traction because of ipsilateral fémoral fracture and to avoid Crossing physis with pins in young 
child. C and D f At follow-up, remodeling of fracture with physis still open; patient had good range of motion. 


is obtained with two or three cannulated screws. Again, 
smooth pins should be used in very young children to mini- 
mize the risk of prématuré physeal closure. 

TYPE ll # TRANSCERVICAL FRACTURES 

Transcervical fractures are the most common hip fractures in 
children. Most of these are displaced, and the amount of 
displacement seems to be directly related to the development 
of osteonecrosis. We believe that displacement of the fracture 
is the leading variable in vascular insufficiency and that the 
maximal amount of displacement probably occurs at the time 
of injury. Capsular distention and subséquent tamponade of 
the vessels hâve been suggested to increase the incidence of 


osteonecrosis, and évacuation of the hematoma early by 
aspiration or capsular release and early internai fixation hâve 
been recommended to decrease the rate of osteonecrosis. In 
one report of 70 fémoral neck fractures in children, however, 
early ORIF of type II fractures still resulted in an incidence 
of osteonecrosis of 35%. Type II fractures hâve an increased 
risk of varus malunion, hardware failure, and physeal arrest 
than more distal fractures. Internai fixation is recommended 
for ail transcervical and basicervical fractures because of their 
inhérent instability. A gentle closed réduction, similar to that 
for adult fémoral neck fractures, should be done with longi¬ 
tudinal traction, abduction, and internai rotation, followed by 
fixation with pins or cannulated hip screws. Multiple closed 
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A f Type I, transepiphyseal séparation with dislocation of the fémoral head. B f Development of osteonecrosis after 
open réduction and fixation. 


réduction attempts should be avoided. For unsatisfactory 
closed réductions, open réduction through an anterior 
Watson-Jones approach or Smith-Peterson approach is used. 
Percutaneous screw placement can be done with the use of 
an image intensifier, and a capsulotomy should be performed. 
The head and neck of a child s fémur are extremely hard, and 
the use of triflanged nails or other similar devices should be 
avoided for fear of distraction of the fracture and possible 
séparation of the capital fémoral epiphysis. In small children, 
two or three pins may suffice but should be backed up with 
a spica cast. We routinely use two or three cannulated screws 
with the largest diameter that the fémoral neck will accom- 
modate. Alternatively, a pédiatrie or adolescent hip screw or 
proximal fémoral locking plate may be used for basicervical 
fractures. Swiontkowski and Winquist recommended 4.5-mm 
AO cortical screws inserted short of the physis and overdrilled 
in the proximal fragment for a lag effect. In young children, 
we try to avoid Crossing the physis with fixation; however, in 
older children or when additional stability is required, fixa¬ 
tion is advanced across the physis. Postfixation SCFE has 
been reported when fixation abuts the proximal fémoral 
physis. The priority of treatment should be achieving stable 
fixation instead of préservation of growth because the sequelae 
of failed fixation or osteonecrosis are more challenging prob- 
lems than subséquent growth arrest. A spica cast with the hip 
in abduction is used for 6 weeks for patients with question- 
able fixation, young âge, or questionable compliance. 

TYPE III, CERVICOTROCHANTERIC 
FRACTURES 

Type III fractures (cervicotrochanteric) are similar to frac¬ 
tures occurring at the base of the fémoral neck in adults, 
although osteonecrosis after this fracture in children is more 
common than in adults (Fig. 36-91). A fracture in this loca¬ 
tion often allows for more stable fixation without Crossing the 
physis; however, nonunion, malunion, prématuré physeal 


closure, and hardware failure can still occur in this subset of 
patients. Treatment is recommended as for type II fractures. 

TYPE IV, INTERTROCHANTERIC FRACTURES 

In our expérience, type IV fractures (intertrochanteric) resuit 
in fewer complications than the other types. Because of the 
child’s ostéogénie potential in the trochanteric area, rapid 
union almost always occurs, usually within 6 to 8 weeks 
(Fig. 36-92). These fractures are generally extracapsular, 
making osteonecrosis less common, with a reported incidence 
of 0% to 10%. 

Because intertrochanteric fractures are extracap sular, 
they are not treated with the same sense of urgency. However, 
the quality of the fracture réduction and stability of the fixa¬ 
tion are still important to preserve the biomechanics of the 
hip and optimize healing. In children 3 years of âge and 
younger, nondisplaced fractures may be treated with spica 
cast application alone. In the presence of displacement or âge 
older than 3 years, internai fixation is recommended. Réduc¬ 
tion and fixation are achieved through a latéral approach to 
the hip and placement of a pédiatrie or adolescent compres¬ 
sive hip screw or proximal fémoral locking plate. Fixation 
does not need to cross the physis, and a capsulotomy does 
not need to be routinely performed. Stronger implants often 
allow for early motion without cast immobilization; however, 
a spica cast is recommended if noncompliance is a concern. 

COMPLICATIONS 

Complications after fémoral neck fractures are frequent. The 
most serious complication of hip fractures in children is 
osteonecrosis. As Trueta described, the blood supply to the 
fémoral head transitions from metaphyseal during infancy 
toward the latéral epiphyseal vessels during childhood with 
the formation of the physis, which acts as a barrier for meta¬ 
physeal blood supply. During preadolescence the artery of the 
ligamentum teres anastomoses to the latéral epiphyseal 




PART XI FRACTURES AND DISLOCATIONS IN CHILDREN 



A, Displaced type III (cervicotrochanteric) fracture in a 6-year-old child. B f After closed réduction, capsular décompres¬ 
sion, and fixation across the physis for additional stability. 



FIGURE 


A, Type IV (intertrochanteric) fracture in a 5-year-old child. B, After fixation with proximal fémoral locking plate. 


vessels, and finally in late adolescence and into adulthood, the 
metaphyseal blood supply is restored. Osteonecrosis has been 
demonstrated to directly correlate with worse outcomes after 
fémoral neck fractures. Spence et al. reviewed 70 fémoral 
neck fractures at a single institution and found an overall 
incidence of osteonecrosis of 29%. The only independent 
predictors of osteonecrosis were displacement and fracture 
location. Yeranosian et al. reviewed 30 studies and found an 
overall incidence of 23%, with the fracture location and 


timing of réduction being the only predictors. Moon and 
Melhman reviewed 390 patients as part of a meta-analysis 
and found fracture type and patient âge to be the strongest 
predictors of osteonecrosis, with rates of osteonecrosis of 38% 
for type I fractures, 28% for type II fractures, 18% for type III 
fractures, and 5% for type IV fractures. 

Ratliff described three types of osteonecrosis: type I, whole 
head involvement; type II, partial head involvement; and type 
III, an area of osteonecrosis from the fracture line to the physis 
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(Fig. 36-93). Although osteonecrosis usually is diagnosed 
radiographically within 12 months of injury, it may not be 
clinically évident for several years. The prognosis and treat- 
ment options for osteonecrosis dépend on the extent of the 
osteonecrosis, the degree of deformity and collapse, and the 
âge at which symptoms begin (Fig. 36-94) . In general, restricted 
weight bearing has not produced acceptable results in the 
treatment of osteonecrosis; reports in the literature indicate 
that it is successful in fewer than 25% of patients. Operative 
treatment options include core décompression, with or without 
cancellous bone graffing; nonvascularized and vascularized 
bone graffing (see Chapter 63); various ostéotomies to rotate 
the necrotic segment of the fémoral head out of the weight- 
bearing area; and even resurfacing or total hip arthroplasty in 
older adolescents. Some preliminary reports indicate that the 
addition of osteoinductive or angiogenic factors may improve 
the results of core décompression. 

Coxa vara occurs less offen when internai fixation is used. 
In our expérience, if the neck-shaft angle is more than 120 


I 



II 



III 



Three types of osteonecrosis described by 
Ratliff. Type I, total head involvement. Type II, segmentai involve- 
ment. Type III involvement from fracture line to physis. 


degrees in a young child, remodeling will occur to some 
degree, and even if not the deformity causes little disability. 
If the neck-shaft angle is between 100 and 110 degrees, 
however, the coxa vara deformity generally does not remodel. 
Significant coxa vara causes a shortened extremity and an 
abductor or gluteal lurch and delayed degenerative joint 
changes. For these reasons we hâve routinely used a subtro- 
chanteric valgus osteotomy for persistent coxa vara deformity 
and for nonunion (Fig. 36-95). A closing wedge osteotomy 
just distal to the greater trochanter, using a pédiatrie lag screw 
with a side plate or proximal fémoral locking plate for internai 
fixation, is preferred. Although nonunion of the osteotomy is 



Coxa vara deformity after type III fracture. 
Fixed angle locking plates can be used to minimize the risk of 
coxa vara. 



A, Osteonecrosis after type III fracture in an 11-year-old girl. The fracture was treated with urgent open réduction 
and internai fixation and capsular décompression. B, One year after vascularized fibular grafting. 
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Stress fracture of fémoral neck. A f Radiograph showing possible faint inferior fémoral neck fracture. B, Radiograph 
made 3 weeks later revealing callus formation in inferior neck at stress fracture. C f MR image shows stress fracture. 


rare, a one and one-half spica cast may be applied if there are 
concerns about the quality of the fixation or compliance of 
the patient. 

Internai fixation also decreases the rate of nonunion, but 
when nonunion occurs, operative treatment should be under- 
taken as soon as possible. We hâve used a valgus subtrochan- 
teric osteotomy to make the nonunion more horizontal and 
allow compressive vertical forces to aid in union. This oste¬ 
otomy can be augmented, if necessary, with bone grafts. 
Internai fixation is routinely used across the nonunion site, 
with or without the use of a spica cast. A modification of the 
Pauwels intertrochanteric osteotomy using a 120-degree 
double-angle osteotomy plate has been described for the treat¬ 
ment of nonunion or coxa vara or both (see Technique 36-21). 

Although prématuré physeal closure can occur, because 
the capital fémoral physis contributes 15% of the growth of 
the entire lower extremity and normally closes earlier than 
most of the other lower extremity physes, shortening gener- 
ally is less than 2 cm. The discrepancy usually is more than 
2 cm only in children in whom osteonecrosis also develops. 
Nevertheless, we try to avoid penetrating the physis, especially 
in a young child. Leg-length inequality should be determined 


with scanograms and correlated with bone âge and carefully 
recorded. Epiphysiodesis in the opposite extremity can be 
done if necessary. 

Infection is uncommon after hip fractures in children. 
Chondrolysis after hip fractures in children has been reported, 
but most investigators hâve not found this complication. 

Stress fractures of the fémoral neck can occur in children, 
especially in adolescents. Devas noted two types: (1) a trans¬ 
verse type in the superior portion of the fémoral neck, which 
may become displaced and cause severe morbidity, and (2) a 
compression stress fracture in the inferior portion of the 
fémoral neck, which rarely becomes displaced, although mild 
varus deformity has occurred in young patients (Fig. 36-96). 
Internai fixation with a screw or pin is recommended for the 
transverse type, whereas the compression type may be treated 
by non-weight bearing and limitation of the childs activity; 
however, a stress fracture can progress to a complété fracture 
if proper treatment is not begun and the child is allowed to 
continue the same activity. The technique for closed réduc¬ 
tion and percutaneous pin or screw fixation is described in 
the section on slipped capital fémoral epiphysis (SCFE) (see 
Technique 36-23). 
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CLOSED REDUCTION AND 
INTERNAL FIXATION 


TECHNIQUE 36-18 


■ Place the child supine on a fracture table and place the 
appropriately padded feet in the traction stirrups. 

■ Perform a gentle closed réduction by applying longitudi¬ 
nal traction, abduction, and internai rotation. Check the 
réduction with anteroposterior and latéral radiographs or 
with an image intensifier. 

■ With the use of an image intensifier, make a stab wound 
percutaneously or a small incision just distal to the greater 
trochanter and dissect through the fascia lata. Reflect the 
vastus lateralis anteriorly, exposing the proximal fémoral 
shaft. Elevate the periosteum and place reverse retractors 
around the proximal fémur to aid in exposure. 

■ With an image intensifier, détermine the correct place¬ 
ment for a guide pin in the latéral shaft of the fémur. Drill 
a guide pin across the fracture site and proximally into 
the fémoral neck. In young children, avoid penetrating 
the physis, if possible. Verify the correct position of the 
guide pin with the image intensifier. 

■ Measure the exact length of the portion of the guide pin 
in the bone. Drill a pin or a cannulated hip screw the same 
length as the measured length of the guide pin parallel 
to or over it across the fracture site. 

■ Remove the guide pin and place a second pin or can¬ 
nulated screw parallel to the first through the guide pin 
hole. Use a minimum of two pins or one 6.5-mm can¬ 
nulated screw. We generally use three pins or two 6.5-mm 
cannulated screws, depending on the size of the child 
and the fémoral neck. Place the pins or screws parallel 
and in a "cluster" formation. 

■ Close the incision and apply a one and one-half spica cast 
with the hip in the abducted position. 

POSTOPERATIVE CARE. The spica cast is worn for 6 
weeks. The patient progresses to weight bearing on 
crutches during the next 6 weeks. The pins or screws may 
be removed at I year when the fracture has united or 
when there is evidence of osteonecrosis. 


OPEN REDUCTION AND 
INTERNAL FIXATION 


TECHNIQUE 36-19 


(WEBER ET AL., BOITZY) 

■ Place the patient supine and drape the limb so that it can 
be moved freely during the operation. 

■ Use a Watson-Jones approach to the hip joint (see Tech¬ 
nique 1-63). 

■ Incise the hip joint capsule longitudinally and evacuate 
and flush out the hematoma, which usually is under 
pressure. 


■ Reduce the fracture with a periosteal elevator. This can 
be made easier by appropriate traction and internai rota¬ 
tion of the extremity. 

■ Temporarily stabilize the fracture with Kirschner wires and 
check the réduction in the région of the calcar. Fix the 
fracture permanently with cancellous screws fitted with 
washers. The screw threads should be in the proximal 
fragment only and not across the physis of the fémoral 
head unless needed for fixation. 

■ Confirm the réduction radiographically and close the hip 
capsule. 

An anterior approach, such as the Watson-Jones, can 
be used for displaced type II and III fractures and for type 
I transepiphyseal séparations when the fémoral head is 
dislocated from the acetabulum anteriorly. If the fémoral 
head is dislocated posteriorly, a modified Gibson approach 
(see Technique 1-68) is used. The fémoral head may be 
devoid of ail blood supply. It should be replaced in the 
acetabulum, however, ensuring there are no cartilaginous 
or osseous fragments in the joint, and fixed to the fémoral 
neck with cancellous screws. 

POSTOPERATIVE CARE. If internai fixation is stable, 
touch-down weight bearing on crutches is maintained for 
6 weeks. If stability is questionable, a spica cast or a long 
leg cast with a pelvic band should be used for 6 weeks. 


VALGUS SUBTROCHANTERIC 
OSTEOTOMY FOR ACQUIRED COXA 
VARA OR NONUNION 


TECHNIQUE 36-20 


■ Place the patient on a fracture table with an image 
intensifier or radiographie equipment in place to obtain 
anteroposterior and latéral radiographs. Préparé and 
drape the hip in the usual fashion. If bone grafts are to 
be used, préparé and drape the iliac crest also. 

■ Make a straight latéral longitudinal incision beginning at 
the greater trochanter and extending distally for 8 to 
10 cm. Carry the dissection down to the latéral aspect of 
the fémur. Elevate the periosteum and insert reverse 
retractors around the fémur subperiosteally to expose the 
latéral aspect of the bone. 

■ Détermine preoperatively the amount of valgus necessary 
to align the hip properly by comparing radiographs with 
those of the contralatéral hip. We hâve used trigonomét¬ 
rie functions to evaluate the effect of proximal fémoral 
osteotomy. If a varus or a valgus osteotomy is performed 
in the subtrochanteric or trochanteric area, the length of 
the fémoral head and neck fragment does not change; 
only the angles and the leg length change (Fig. 36-97). 
The amount of change in leg length can be computed by 
determining the change in the two angles. The change 
in leg length (AH) is equal to the length of the point from 
the middle of the osteotomy site to the middle of the 
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Illustration of constant head-neck length L, 
change in angles 0 to 0 1f and ultimately change in height, AH. 
Formula is used to détermine change in height; H = head-neck 
segment; H y = L cos 0,; AH = /.(cos 0i - cos 0). SEE TECHNIQUE 36-20. 


9 fémoral head (L) times the cosine of one angle minus the 
cosine of the new angle: 

AH = L(cose.,-cose) 

Going from a varus position to a valgus position 
increases the leg length and, conversely, going from a 
valgus position to a varus position decreases the leg 
length, or AH. The original angle is given for fémoral 
head-neck segments of 2, 3, and 4 cm. The estimated 
increase or decrease in leg length is given for the "desired 
angle" obtained by a varus or valgus osteotomy. 

■ When the angle of correction is determined, the appropri- 
ate laterally based closing wedge osteotomy can be 
determined. First détermine the diameter of the bone by 
drilling a guide pin transversely through the fémur. 
Détermine the correct size of the wedge by using a 
template, tangent tables (1/1/ = tangent of the angle x the 
diameter), or the formula 1/1/ = 0.02 x diameter x angle. 
Outline the appropriate closing wedge osteotomy in the 
subtrochanteric area. 

■ After préparation of the osteotomy site, attention should 
be turned to placement of an intermediate hip compres¬ 
sion screw or proximal fémoral locking plate. Drill a hole 
just distal to the greater trochanter and check its place¬ 
ment with the image intensifier. Place an appropriate 
guide pin of the proper length in the fémoral neck with 
the aid of an adjustable angle guide (Fig. 36-98A and B). 
If the child is young, avoid Crossing the physis if possible. 
If the nonunion is proximal, Crossing the physis may be 
necessary to gain union. The proximal fémoral physis 
contributes 30% to the growth of the fémur and only 
15% to the entire lower extremity. Often it is préférable 
to obtain union of the fémoral neck and manage 
about minorto moderate leg-length inequality afterward. 
Check the placement of the guide pin with image 
intensification. 

■After the guide pin is placed, use a percutaneous direct 
measuring gauge to détermine the lag screw length. Set 


the adjustable positive stop on the combination reamer 
for the lag screw length determined by a percutaneous 
direct measuring gauge. Place the reamer over the guide 
pin and ream until the positive stop reaches the latéral 
cortex (Fig. 36-98C). It is prudent to check the fluoro¬ 
scopie image periodically during reaming to ensure that 
the guide pin is not inadvertently advancing proximally 
into the epiphysis. 

■ Set the adjustable positive stop on the lag screw tap to 
the same length that was reamed. Tap until the positive 
stop reaches the latéral cortex. Screw the appropriate 
intermediate compression screw over the guide pin (Fig. 
36-98D and E). 

■ Take the plate chosen during preoperative planning and 
insert its barrel over the barrel guide and onto the back 
of the lag screw. The plate angle ultimately détermines 
the final hip angle. Remove the barrel guide and insert 
a compression screw to prevent the plate from dis- 
engaging during the réduction maneuver. Use the slotted 
screwdriver for the pédiatrie compression screw or the 
hex screwdriver for the intermediate compression screw. 
If the plate obscures the osteotomy site, loosen the screw 
and rotate the side plate. 

■ Make the appropriate angled osteotomy using a power 
saw, remove the wedge, and align the two fragments. 

■ Reduce the osteotomy and secure the plate to the fémur 
using the plate clamp. Check the rotational position of 
the lower extremity in extension. 

■ To achieve compression, insert a drill or tap guide into the 
distal portion of the most distal compression slot. Drill 
through the médial cortex. If less compression is required, 
follow the same steps detailed previously in the distal 
portion of the second or third distal slots for 2.5 mm of 
compression. 

■Select the appropriate-length bone screw and insert it 
using the hex screwdriver. Use the self-holding sleeve to 
keep the screw from disengaging from the screwdriver 
(Fig. 36-98F). Finally, in the most proximal slot, the inter¬ 
mediate combination drill/tap guide can be angled proxi¬ 
mally so that the drill and, ultimately, the bone screw 
cross the osteotomy line. Positioning the proximal bone 
screw in this way can provide additional stability at the 
osteotomy site. Insert screws into any remaining screw 
holes. 

■ The lag screw can be inserted farther to apply compres¬ 
sion across the nonunion. To insert the lag screw for 
approximately 5 mm of compression, stop when the 
latéral cortex is midway between the two depth calibra¬ 
tions (Fig. 36-98G). To insert the lag screw for approxi¬ 
mately 10 mm of compression, stop when the second 
depth calibration meets the latéral cortex (Fig. 36-98H). 

■ Close the wound in layers. Insert a suction drainage tube 
and apply a one and one-half spica cast with the hip in 
30 to 40 degrees of abduction. 

■ For fixation of a nonunion, the intermediate compression 
hip screw should cross the nonunion site. The nonunion 
seems to heal better if it is made more horizontal by 
placing the hip in a valgus position at the subtrochanteric 
osteotomy site. The fibrous tissue need not be removed 
from the nonunion. A cancellous or cortical bone graft 
placed across the nonunion site may be helpful in older 
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A-H, Technique for insertion of intermediate compression screw. SEE TECHNIQUE 36-20. 
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A-D f Modified Pauwels intertrochanteric osteotomy for acquired coxa vara or nonunion. (Redrawn from Magu NK, 
Rohilla R, Singh R, Tater R: Modified Pauwels' intertrochanteric osteotomy in neglected fémoral neck fracture, Clin Orthop Relat Res 467:1064, 
2009 ) SEE TECHNIQUE 36-21. 


children. The graft is inserted by drilling a hole the size 
of the graft up through the fémoral neck adjacent and 
parallel to the fixation device. Care should be taken not 
to loosen the device. A cortical graft from the tibia or 
fibula can be used, but we prefer cancellous bone from 
the iliac crest. We hâve not used bone graft routinely in 
this procedure. In younger children with good internai 
fixation, making the nonunion more horizontal has been 
ail that is necessary. A smaller version of the compression 
hip screw is available for younger patients. 

POSTOPERATIVE CARE. The spica cast should be worn 
for approximately 12 weeks, depending on the âge of the 
child. When the cast is removed, touch-down weight 
bearing on crutches is begun. 


MODIFIED PAUWELS 
INTERTROCHANTERIC OSTEOTOMY 
FOR ACQUIRED COXA VARA 
OR NONUNION 


TECHNIQUE 36-21 


(MAGU ETAL) 

■ On a tracing of a radiograph of the normal hip, détermine 
the correct point of entry of the chisel for seating of the 
blade in the fémoral neck, the appropriate blade length, 
the osteotomy line, and the appropriate intertrochanteric 
wedge (Fig. 36-99A and B). In a patient with open physes. 
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make sure the blade length chosen avoids pénétration of 
the proximal fémoral physis. 

■Contour a semi-tubular plate into a 120-degree double- 
angle plate (Fig. 36-99C). 

■ Attempt closed réduction through skeletal traction (if 
a proximal tibial pin is already in place) or manual 
traction. 

■ With image intensifier guidance, make a standard latéral 
approach to the hip joint and provisionally stabilize the 
hip with two 2-mm Kirschner wires to prevent rotation 
of the fémoral head when the seating chisel is used to 
create a track for the implant blade. 

■ Make the two osteotomy cuts as determined on the 
normal hip radiograph to create a laterally based 15- to 
30-degree intertrochanteric wedge of bone (Fig. 36-99B). 
Remove this wedge of bone to place the fémoral head 
into a valgus position as defined by preoperative 
planning. 

■ Insert the seating chisel through the previously deter¬ 
mined entry point, keeping the flap of the chisel parallel 
to the fémoral shaft. Advance the chisel into the inferior 
half of the fémoral neck for a length equal to that of the 
blade length of a 120-degree contoured osteotomy plate 
(usually 65 mm). 

■ Remove the chisel and insert the blade portion of the 
osteotomy plate into its track (Fig. 36-99C). 

■ Abduct the distal fragment to close the osteotomy 
and stabilize the plate to the fémur with screws (Fig. 
36-99D). 

POSTOPERATIVE CARE. A hip spica cast is worn for 6 
to 10 weeks, depending on the healing of the osteotomy. 
The cast is removed, and touch-down weight bearing on 
crutches is begun, followed by graduated partial and full 
weight bearing between 12 and 20 weeks. 


TRAUMATIC HIP DISLOCATIONS 

Traumatic hip dislocations in children are more common 
than hip fractures, although they are also rare. Trivial injury 
may cause a hip dislocation in young children primarily 
because their immature cartilage is pliable and their liga¬ 
ments are lax. The reported âge distribution of traumatic hip 
dislocations has varied among authors, with some suggest- 
ing that over half occur between the âges of 12 and 15 years, 
some reporting no peak âge group, and some identifying 
two distinct groups: children 2 to 5 years old and children 
11 to 15 years old. As in adults, posterior dislocations are 
more common than anterior ones. Factors that influence the 
ultimate resuit affer dislocations of the hip are (1) the sever- 
ity of the injury, (2) the interval between injury and réduc¬ 
tion, (3) the type of treatment, (4) the period of non-weight 
bearing, (5) whether récurrent dislocation develops, (6) 
whether osteonecrosis develops, and (7) whether réduction 
was incomplète because of the interposition of an object in 
the joint. Hip dislocation with spontaneous incomplète 
réduction probably occurs more offen than previously 
thought, and the diagnosis of hip subluxation may be missed 
initially. 
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Hips leff unreduced for more than 24 hours usually hâve 
poor results, and osteonecrosis of the fémoral head develops 
more frequently than in hips reduced promptly. Closed 
réduction often is successful if a congruous joint is obtained. 
Open réduction may be necessary, however, for more severe 
injuries or to remove any entrapped structures. Contrary to 
previous reports, the period of non-weight bearing does not 
appear to influence the development of osteonecrosis of the 
fémoral head. 

Récurrent dislocation also is more common in children 
than in adults because of cartilaginous pliability and ligamen- 
tous laxity. Récurrent dislocations are more frequent in 
children with hyperlaxity syndromes, especially Down syn¬ 
drome, and may require posterior plication of the capsule and 
bony intervention, such as an innominate or varus osteotomy. 
Récurrent dislocations may be involuntary and posttraumatic 
and should be differentiated from voluntary dislocations, 
which may be habituai or nonhabitual. Additionally, Manner 
et al. suggested a possible association between femoroacetab- 
ular impingement (FAI) and récurrent hip dislocation, and 
advocated operative treatment of underlying FAI to optimize 
outcomes. 

Osteonecrosis of the fémoral head occurs affer simple 
dislocation of the hip in an estimated 10% to 26% of adults 
and 8% to 10% of children (Fig. 36-100). Delays in réduction 
and the severity of the injury probably influence the develop¬ 
ment of osteonecrosis. Sciatic nerve palsy, hétérotopie 
ossification, and coxa magna also hâve been reported as 
complications of hip dislocation in children. 

Complété réduction may be prevented by interposition 
of the capsule, labrum, other soft tissue, or an osteocartilagi- 
nous fragment. An anteroposterior radiograph of the pelvis 
and a latéral radiograph of both hips should be made affer 
closed réduction to compare the width of the joint spaces. If 
the involved joint space is wider or the Shenton line is 
broken, an incongruous réduction should be suspected (Fig. 
36-101). If an incongruous joint is suspected, then advanced 
imaging with CT or MRI is obtained. If interposed struc¬ 
tures are found, we recommend open réduction and removal 
of the offending material. For posterior dislocations, a pos¬ 
terior approach, such as a modified Gibson (see Technique 
1-68) or Moore (see Technique 1-70) approach, should be 
used. For anterior dislocations, an anterior approach, such 
as the Smith-Petersen or Watson Jones (see Techniques 1-60 
and 1-63) approach, is used. If the direction of dislocation 
cannot be determined, MRI is helpful in localizing a soff- 
tissue injury. A posterior approach is frequently used 
because this is the more common direction of dislocation. A 
surgical dislocation approach may be used if more extensive 
work is required as in the case of a fémoral head fracture. At 
open réduction, the hip should be distracted and the acetab- 
ulum should be checked for loose bony fragments or an 
inverted labrum or other soft tissue. Réduction should be 
confirmed under direct inspection and radiographically in 
the operating room, ensuring that the width of the joint 
space has returned to normal. The technique for open 
réduction of an incongruous closed réduction is the same as 
for irreducible hip dislocation and is described in Chapter 
55. For late complications, such as persistent mechanical 
symptoms or pain, hip arthroscopy may be useful with the 
most common findings being loose bodies, chondral 
damage, labral tears, and ligamentum teres injuries. Hip 
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UUJ Osteonecrosis of fémoral head after hip dislocation. A f Traumatic dislocation in older child. B f After satisfactory closed 
réduction. C f At 1 year after réduction, suggestion of early osteonecrosis. D, At 8 years after réduction, cystic appearance of 
osteonecrosis. 



UJP Incongruous réduction of hip. Radiograph of 
both hips after what was thought to be successful closed réduc¬ 
tion of traumatic dislocation of the right hip in adolescent. 
Réduction is incongruous, however, as shown by break in Shenton 
line and increase in width of joint space. 


arthroscopy technique and indication are discussed further 
in Chapter 51. 

Rarely, a neglected traumatic dislocation may require 
open réduction in a child or adolescent. In a report of eight 
chronic dislocations, traction failed to obtain réduction in ail 
eight and open réduction was required because of pain and 
gait disturbances. At an average follow-up of almost 8 years, 
six of the hips remained reduced; ail had evidence of osteo¬ 
necrosis. Although these results are not particularly good, 
they are, according to the authors, préférable to those obtained 
with other treatment methods or with no treatment. Other 
authors hâve recommended open réduction of neglected 
dislocations, even with the likelihood of osteonecrosis, 
because an anatomically placed fémoral head maintains the 
stimulus for growth of the pelvis and fémur, prevents defor- 
mity, and maintains limb length. 

Occasionally, an ipsilateral fémoral fracture occurs at the 
time of hip dislocation. The treatment of this combination of 
injuries is described in Chapter 55. 
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SLIPPED CAPITAL FEMORAL 
EPIPHYSIS 

A type I transepiphyseal fracture-séparation and SCFE are 
epiphyseal séparations, but controversy over their natural 
historiés and pathogenesis séparâtes the two disorders. Type 
I transepiphyseal séparations generally are caused by high- 
energy trauma, whereas SCFE can occur insidiously and 
minor trauma can cause acute séparation or a chronic slip. 
Type I transepiphyseal séparations are most common in 
young children, whereas SCFE occurs in a distinct older âge 
group (âge 10 to 16 years); 78% of patients with SCFE are 
adolescents in the rapid growth phase. SCFE occurs more 
frequently in obese children and is almost twice as common 
in boys as in girls. It occurs approximately twice as often in 
children of African descent than in children of European 
descent. The left hip is affected twice as often as the right, and 
bilateral involvement is reported to occur in 25% to 40% of 
children. When bilateral slips occur, the second slip usually 
occurs within 12 to 18 months of the initial slip. Patients with 
open triradiate cartilage are at higher risk. 

Several étiologie factors hâve been suggested for SCFE, 
including local trauma, mechanical factors (especially obesity, 
growth spurts, and puberty), inflammatory conditions, endo¬ 
crine disorders (e.g., hypothyroidism, hypopituitarism, and 
chronic rénal disease), genetic factors, Down syndrome, and 
seasonal variations. Although shear forces generally are cited 
as causative factors, torsional forces also play a rôle in SCFE. 
Sankar et al. also demonstrated increased acetabular rétro¬ 
version and overcoverage in the unaffected hip with SCFE. 
Moreover, in the proximal fémur throughout childhood and 
culminating in adolescence, several pathophysiologic changes 
occur that increase the vulnerability of the physis, including 
a decrease in the neck-shaft angle, increase in the obliquity 
of the physis, thinning of the perichondrial ring, and change 
in the cellular anatomy of the physis. Liu et al. also noted that 
the epiphyseal tubercle may be protective at an early âge until 
it decreases in size during adolescence. Physeal widening at 
this âge may then allow the epiphysis to internally rotate 
around the tubercle. The reliable orientation of the latéral 
epiphyseal vessels adjacent to the tubercle might explain the 
low rate of osteonecrosis in chronic, stable slips. The true 
cause of SCFE, however, is likely multifactorial: a physis that 
is weakened by some underlying condition fails when it is 
subjected to more than normal stress, resulting in slipping of 
the proximal fémoral epiphysis. 

The clinical symptoms and radiographie signs of SCFE 
vary according to the type of slip, but usually include pain in 
the groin, hip, médial thigh, or knee and limitation of hip 
motion, especially internai rotation. Georgiadis and Zaltz 
described the médial thigh pain in SCFE as being referred by 
a reflex arc involving somatic sensory nerves ending at the 
same spinal level as opposed to being caused by irritation of 
the obturator nerve branches. Often when the hip is flexed 
the leg externally rotâtes in a frog-leg position because of the 
abnormal contact between the displaced fémoral neck and 
the acetabular rim. SCFE should be suspected in patients âge 
10 to 16 years who complain of vague knee pain, which may 
be referred pain from the hip. Patients with chronic slips may 
hâve mild or modératé shortening of the affected extremity, 
the leg may be in fixed external rotation leading to an outward 
foot progression angle compared with the uninvolved side, 



JjJÿ The Klein line: in early slips, the epiphysis is 
flush with or below this line. A, Normal hip. B, Slipped capital 
fémoral epiphysis. 



"Blanch" sign in slipped capital fémoral 
epiphysis. Double density can be seen at the metaphysis of the 
left hip. (From Steel HH: The metaphyseal blanch sign of slipped capital 
fémoral epiphysis, J Bone Joint Surg 68A:920, 1986.) 


and a Trendelenburg gait may be présent. Unfortunately, the 
diagnosis is frequently delayed, which may resuit in more 
severe deformity and worse long-term outcomes. Kocher 
reported that delays in diagnosis occur primarily in patients 
with knee or distal thigh pain, patients with Medicaid cover- 
age, and patients with stable slips. 

The diagnosis of SCFE usually is apparent from antero- 
posterior and frog pelvic radiographs, but spécial views may 
be helpful. The Klein line is a line along the superior aspect 
of the fémoral neck that normally is intersected by the 
epiphysis. In early slips, the epiphysis is flush with or below 
this line (Fig. 36-102). A modification of this measurement 
considered a slip to hâve occurred if the maximal width of 
the epiphysis latéral to the Klein line differed 2 mm or more 
from the contralatéral hip. This modification was reported to 
improve sensitivity from 40% to almost 80%. Often a double 
density is seen at the metaphysis on the anteroposterior 
radiograph as compared with the contralatéral hip when the 
metaphysis is translated anteriorly and externally rotated rela¬ 
tive to the epiphysis; this has been called a metaphyseal blanch 
sign (Fig. 36-103). Although not routinely used in our prac¬ 
tice, advanced imaging may add benefit in some cases. MRI 
can be used for diagnosis of a subtle or “preslip” condition 
suggested by edema around the physis on T2-weighted 
images, which should be a sign that a slip is présent. It also is 
useful in ruling out additional hip pathology or assessing 
fémoral head perfusion. CT is helpful in determining if the 
physis is closed or for preoperative planning before complex 
ostéotomies. 
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SCFE traditionally has been classified according to the 
duration of symptoms and the stability of the slip. Acute 
SCFE présents within 3 weeks of the onset of symptoms, 
whereas a chronic SCFE has a more graduai onset of symp¬ 
toms of more than 3 weeks duration. A third subset of 
patients may be symptomatic from a longer period and then 
develop more acute symptoms resulting in acute-on-chronic 
SCFE. Radiographs of a chronic SCFE usually show the 
epiphyseal displacement with evidence of bone healing or 
remodeling with possible secondary changes to the acetabu- 
lum and fémoral neck, depending on the duration of symp¬ 
toms and degree of the slip. This temporal classification of 
SCFE is descriptive but has little prognostic value. The most 
widely accepted classification of SCFE was introduced by 
Loder et al. and is based on the stability of the physis. A slip 
is classified as unstable if severe pain prevents walking, even 
with crutches, regardless of the duration of symptoms. With 
a stable slip, walking is possible, with or without crutches. 
Satisfactory results were obtained in 96% of stable slips 
compared with 47% of unstable slips. In addition, the osteo- 
necrosis rate for the stable slips was 0% compared with 47% 
in the unstable group with operative intervention. 

SCFE can be graded based on the severity of the slip. 
A preslip condition is présent if there is symptomatic weaken- 
ing of the physis without loss of the normal epiphyseal- 
metaphyseal orientation. Radiographs may demonstrate 
irregularity, widening, and indistinctness of the physis, and 
MRI demonstrates abnormal edema surrounding the physis. 
Mild slipping (grade I) exists when the neck is displaced less 
than one third of the diameter of the fémoral head or when 
the head-shaft angle deviates from normal by 30 degrees or 
less on either projection as described by Southwick (Fig. 
36-104). In moderate slipping (grade II), the neck is displaced 
between one third and one half of the diameter of the fémoral 
head or the head-shaft angle deviates between 30 and 60 
degrees from normal on either view. Severe slipping (grade 
III) is characterized by neck displacement of more than half 
the diameter of the head or déviation of the head-shaft angle 
of more than 60 degrees. In most large sériés of SCFE, 60% 
to 90% of slips are classified as chronic and more than half 
are classified as mild slips. 

SCFE also can be idiopathic or atypical (associated with 
rénal failure, radiation therapy, hypogonadism, Down syn¬ 
drome, and various endocrine disorders). Children younger 
than 10 years old or older than 16 hâve been reported to be 
4.2 times more likely to hâve atypical SFCE and 8.4 times more 
likely if their weight was below the 50th percentile. Slips 
occurring in children with underlying endocrinopathies or 
other risk factors may be susceptible to failure of screw fixa¬ 
tion, progressive slipping, or contralatéral slipping. When 
symptoms of pain continue (average 5 months) in such 
patients, close follow-up with radiographs or prophylactic 
pinning is necessary. Some authors hâve advocated treatment 
with pins that are smooth proximally and threaded distally to 
engage the antérolatéral fémoral cortex with no threads Cross¬ 
ing the physis to allow continued growth in younger patients 
with rénal osteodystrophy. A single cannulated 7-mm diam¬ 
eter screw with 10-mm threads also can be used. The screw 
should be placed in the center-line of the fémoral head so that 
ail screw threads are within the fémoral head and not in the 
joint. The screw is left protruding 15 mm to 20 mm to allow 
further physeal growth (Fig. 36-105). 


i 




A and B f Measurement of head-shaft angle on 
anteroposterior and latéral radiographs. Line A connects periph- 
eral portions of physis. Line B is perpendicular to line A, and line 
C is in long axis of fémoral shaft. Intersection of lines B and 
C forms head-shaft angle in both views. 



JjQ Principle of dynamic screw fixation. Short 
screw thread (10 mm) in epiphysis only, and screw and washer are 
left long for continued growth. 
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TREATMENT 

The idéal treatment of SCFE would restore the biomechanics 
of the hip, prevent additional slipping of the epiphysis, and 
stimulate early physeal cio sure while avoiding the complica¬ 
tions of osteonecrosis, chondrolysis, and osteoarthritis. Sta¬ 
bilization of the slip and closure of the physis are relatively 
easy to obtain by a variety of methods; however, restoration 
of hip biomechanics and prévention of complications has 
proved more difficult. 

Methods of operative treatment of SCFE hâve included 
percutaneous and open in situ pinning, ORIF, epiphysiodesis, 
osteotomy, and reconstruction by arthroplasty, arthrodesis, 
or cheilectomy. Each technique has its proponents and oppo- 
nents, and the choice of treatment must be individualized for 
each child, depending on âge, type of slip, and severity of 
displacement. 

■ IN SITU PIN OR SCREW FIXATION 

Percutaneous in situ screw fixation currently is the most 
commonly used treatment for both stable and unstable 
SCFE regardless of the severity of the slip. Modem cannu- 
lated screw Systems allow more accurate placement of screws 
and hâve become the implant of choice for fixation. 
Although earlier reports indicated that two or three pins 
were necessary for stability, several studies hâve failed to 
demonstrate a clinical or biomechanical advantage to mul¬ 
tiple pins and advocate the use of a single, larger-diameter 
screw inserted into the center-center position of the epiphy¬ 
sis. Occasionally, a second screw is used at our institution if 
a high-grade slip is présent, and a single screw does not 
achieve adéquate stability in the unstable SCFE. Alterna- 
tively, an open procedure may be performed to restore the 
epiphyseal alignment and achieve stability. For unstable 
slips, a gentle or “incidental” réduction may be applied by 
simply positioning the patient in the appropriate position on 
the operative table, but forceful manipulation of the hip 
should be avoided because of the high association between a 
manipulative réduction and osteonecrosis. 

Our techniques for determining the entry point for screw 
fixation and placement of the cannulated screw into the 
epiphysis are described in Techniques 36-22 and 36-23, 
respectively. Obtaining the appropriate starting point to allow 
passage of the screw perpendicular to the physis and into the 
center-center position is important; however, Merz et al. 
noted that a screw passed obliquely across the physis into the 
center-center position does not significantly alter the biome¬ 
chanical stability of the construct. This may be helpful when 
trying to avoid screw placement that results in dynamic 
impingement of the screw head. 

Persistent screw pénétration has been the most serious 
disadvantage of in situ fixation. Adverse effects attributed to 
unrecognized implant pénétration include joint sepsis, local- 
ized acetabular érosion, synovitis, postoperative hip pain, 
chondrolysis, and late degenerative osteoarthritis. As a practi- 
cal clinical guide, placing the screw in the center of the 
fémoral head no doser than 4 mm from the subchondral 
bone helps to decrease the prevalence of screw pénétration 
(Fig. 36-106). Additionally, multiple radiographie views 
should be obtained to ensure persistent pénétration has not 
occurred. Other methods such as the passage of the blunt end 
of the guidewire or injection of contrast dye through the 
cannulated screw hâve been described. 



UJgJ Screw positions in proximal fémur. Position 1, 
central axis of screw is located over center line of fémoral head 
or within distance equal to one-half diameter of screw (idéal 
position). Position 2, distance between axis of screw and center 
line of fémoral head is between one half and one screw diameter. 
Position 3, axis of screw is more than one screw diameter from 
center line. Position is given as two numbers: first for position of 
screw on anteroposterior radiograph and second for position as 
seen on latéral view. Idéal position is 1. 


DETERMINING THE ENTRY POINT FOR 
CANNULATED SCREW FIXATION OF A 
SLIPPED EPIPHYSIS 


TECHNIQUE 36-22 


(CANALE ET AL.) 

■ Place the patient supine so that anteroposterior and 
latéral fluoroscopie views can be obtained without repo- 
sitioning the patient or the extremity; a fracture table, or 
alternative^ a radiolucent fiat top table, can be used (Fig. 
36-107A). The entire proximal fémoral epiphysis and hip 
joint space should be clearly visible on both views. Préparé 
and drape the extremity to allow free access to the entire 
anterior surface of the thigh and as far medially as the 
pubis in the inguinal area (Fig. 36-107B). A fluoroscopie 
C-arm is used for an anteroposterior and an exact latéral 
image. On the latéral view, the fémoral neck should be 
parallel to the fémoral shaft. 

■ Place a guidewire on the anterior aspect of the thigh (Fig. 
36-107C) so that the anteroposterior image shows it in 
the desired varus-valgus position (Fig. 36-107D), and 
mark the position of the guidewire on the anterior surface 
of the thigh with a marking pen. 

■ Place the guidewire along the latéral aspect of the thigh 
(Fig. 36-107E) so that it is in the correct anteroposterior 
position on fluoroscopie image (Fig. 36-107F), and mark 
the position of the wire on the skin. In SCFE, the epiphysis 
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Technique for determining incision site for percutaneous fixation of slipped capital fémoral epiphysis (see text). 
A f Positioning of patient and C-arm. B f Extremity is draped free to allow access to entire anterior thigh. C f Guidewire placed on anterior 
aspect of thigh. D f Anteroposterior image of guidewire. E f Guidewire placed on latéral aspect of thigh. F f Latéral image of guidewire. 


SEE TECHNIQUE 36-22. 
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S is displaced posteriorly relative to the fémoral neck, and 
this latéral guidewire angles from anterior to posterior 
and appears on fluoroscopie image to enter at the ante¬ 
rior fémoral neck. The two skin lines should intersect on 
the antérolatéral aspect of the thigh. The greater the 
degree of the slip (the more posterior the epiphysis), the 
more anterior the intersection. 

■ Place a guidewire, drill, or pin through a small latéral 
incision at the intersection of the two skin lines. Monitor 
proper alignment, position, and depth of insertion in the 
proximal fémoral epiphysis on anteroposterior and latéral 
fluoroscopie images. Take care not to bend, kink, or notch 
the guidewire for fear of interosseous breakage. 

■ Insert the cannulated screw in the routine manner; the 
threads of the screw at the tip should traverse the physis 
(Fig. 36-107F). 


DETERMINING THE ENTRY POINT FOR 
CANNULATED SCREW FIXATION OF A 
SLIPPED EPIPHYSIS 


TECHNIQUE 36-23 


(MORRISSY) 

■ Place the patient on the fracture table with the affected 
leg abducted 10 to 15 degrees and internally rotated as 
far as possible without force. This brings the fémoral neck 
as close as possible to parallel to the floor to assist in 
obtaining true anterior and latéral image views. Position 
the image intensifier between the legs so that anteropos¬ 
terior and latéral views can be obtained by moving the 
tube around the arc of the machine (Fig. 36-108). 

■ After standard préparation and draping and under image 
control, insert a Kirschner wire percutaneously through 
the antérolatéral area of the thigh down to the fémoral 
neck (Fig. 36-109), adjusting the guidewire on the antero¬ 
posterior projection to détermine the axis of the fémoral 
neck. Obtain a latéral view to détermine the amount of 
posterior inclination necessary. 

■ When the starting point on the fémoral neck and amount 
of posterior inclination hâve been estimated, insert the 
guide assembly through a small puncture wound. Advance 
the guide assembly to the physis and confirm placement 
in the central axis of the fémoral head by image intensi¬ 
fication. If the position is correct, advance the guide 
assembly across the plate. (If positioning is incorrect, 
insert a second guide assembly using the first to déter¬ 
mine what correction in the starting point or angulation 
is necessary.) When the proper depth is reached (at least 
0.5 cm from subchondral bone), remove the cannula and 
leave the guidewire in the bone. 

■ Détermine the correct screw length by passing a guide¬ 
wire of identical length along the one in the bone and 
measuring the différence. Advance the correct-length 
screw over the guide pin and remove the pin. 

■ Remove the leg from the traction device and move it in 
multiple directions, using anteroposterior and latéral 



|j£| Percutaneous in situ fixation of slipped capital 
fémoral epiphysis. Positioning of image intensifier to allow rota¬ 
tion necessary to obtain latéral and anteroposterior views. (From 
Morrissy RT: Slipped capital fémoral epiphysis: technique of percutaneous 
in site fixation, J Pediatr Orthop 10:347, 1990.) SEE TECHNIQUE 36-23. 



|j£| Kirschner wire passed percutaneously to esti¬ 
mated starting point on the fémur. SEE TECHNIQUE 36-23. 


views to confirm that the screw does not penetrate the 
joint. If two screws are deemed necessary for an acute, 
unstable slip, the first screw should lie in the central axis 
of the fémoral head and the second below it, avoiding 
the superolateral quadrant. The second screw should stop 
at least 5 mm from the subchondral bone. 

■ Close the stab wound with a single subcuticular suture. 

See also Video 36-2. 
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9 POSTOPERATIVE CARE. Range -of-motion exercises are 
begun the day after surgery. For stable slips, patients are 
allowed to bear weight as tolerated with an assistive 
device the first day after surgery and are discharged the 
same day. Crutches are used until ail signs of synovitis are 
gone and motion is free and painless (usually 2 to 3 
weeks). For unstable slips, partial weight bearing is 
maintained with crutches for 6 to 8 weeks. Ail rigorous 
sports and other activities are limited until the physes 
hâve closed. Screw removal is not necessary, but the 
screws can be removed after physeal closure has been 
shown radiographically. The easiest method of removal is 
to pass a guidewire into the cannula of the screw under 
image control to allow the screwdriver to be guided into 
the head of the screw over the guidewire. Flowever, we 
routinely do not remove the screws. 


CONTRALATERAL SLIPS 

Bilateral slips are présent in 20% to 30% of patients at initial 
présentation; the reported frequency of a subséquent, contra¬ 
latéral slip during the remaining growth period has ranged 
from 20% to 40%. Castro et al. estimated that patients with 
unilatéral SCFE are 2335 times more likely to develop a 
contralatéral slip than those who hâve never had SCFE are to 
hâve an initial slip. Even with this very high prevalence of 
bilateral slips, prophylactic pinning of the contralatéral hip in 
a patient with a unilatéral slip remains controversial. Because 
of the risks associated with prophylactic pinning of a radio¬ 
graphically and clinically normal hip, emphasis has been 
placed on trying to predict which patients with a unilatéral 
slip will ultimately develop a second, contralatéral slip. 

Age appears to be one prédictive factor. Females younger 
than 10 years of âge and males younger than 12 years of âge 
hâve a substantially increased incidence of contralatéral 
SCFE, and prophylactic in situ fixation probably is indicated 
for these patients to prevent problems with leg-length 
inequality and long-term degenerative joint disease. Prophy¬ 
lactic fixation also may be indicated in patients with endocrine 
abnormalities or other processes related to their SCFE, those 
for whom reliable follow-up is not feasible, and those who 
hâve high risk factors for developing osteonecrosis or chon- 
drolysis, such as obesity in younger children. A “posterior 
sloping” angle of more than 12 degrees (Fig. 36-110) has been 
described as prédictive of the development of a contralatéral 
slip. The use of a cannulated screw with a shorter threaded 
length that does not engage the physis has been recommended 
in young children to maintain stability without causing 
physeal closure and extremity shortening. Kocher et al. in a 
decision analysis found the optimal decision to be observa¬ 
tion but advocated for contralatéral fixation in patients with 
added risk factors or in patients in whom reliable follow-up 
was not feasible. Other recent studies hâve advocated for 
more routine fixation of the contralatéral hip when a unilat¬ 
éral slip is présent, especially in younger children with an 
open triradiate cartilage. 

■ OPEN TECHNIQUES 

Several modem open techniques for the treatment of SCFE 
hâve been developed in an attempt to improve on the high 
rates of complications seen with in situ fixation by addressing 



Posterior sloping angle of more than 12 
degrees is described as prédictive of the development of a contra¬ 
latéral slip. Line A is drawn along the fémoral neck (diaphyseal 
axis). Line B is drawn along the plane of the physis. Line C is drawn 
perpendicular to line A. a is the posterior sloping angle. (From Park 
S, Hsu JE, Rendon N, et al: The utility of posterior sloping angle in 
predicting contralatéral slipped capital fémoral epiphysis, J Pediatr 
Orthop 30:683, 2010.) 


the acquired deformity of a slipped epiphysis and minimizing 
the vascular insult. The idéal treatment of a slip remains 
controversial but should take into account the degree of 
deformity, stability of the slip, risk of osteonecrosis, and an 
honest assessment of the skill set of the surgeon. For mild or 
stable slips that resuit in impingement or functional loss, 
limited open, surgical dislocation, and arthroscopic osteo- 
chondroplasty hâve been reported after in situ fixation 
with good results and are described in Chapter 6 (femoroac- 
etabular impingement). For acute, unstable slips, some 
advocate an open approach to the hip through a Smith- 
Peterson or Watson-Jones approach with wide capsulotomy, 
gentle “finger” réduction, and fixation with cannulated 
screws. Alternatively, in moderate-grade or high-grade slips, 
where posterior callus formation and a contracted retinacu- 
lum may resuit in a block to anatomie réduction or an increase 
in the tension on the epiphysis vessels, a subcapital wedge 
resection of the fémoral neck with réduction of the epiphysis 
may be performed with the modified Dunn technique (Tech¬ 
nique 36-25). Ziebarth et al. reported 40 patients from two 
centers with moderate or severe SCFE who underwent capital 
realignment with the modified Dunn procedure. In their 
sériés, there were no cases of osteonecrosis at short-term 
follow-up, and the anatomy was restored to a slip angle of 4 
to 8 degrees. The average alpha angle in their sériés was 40.6 
degrees, and the incidence of cartilage damage, especially in 
stable slips, was very high. Navais et al. retrospectively com- 
pared 15 patients with severe, stable SCFE treated with the 
modified Dunn technique to 15 patients with severe, stable 
SCFE treated with in situ fixation. They found that the modi¬ 
fied Dunn procedure resulted in better morphologie features 
of the fémur, a higher rate of good and excellent Heyman and 
Herndon clinical outcome, a lower reoperation rate, and a 
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similar occurrence of complications, which included an 
osteonecrosis risk of 7%. Alternatively, Sankar et al. reported 
27 patients who had restoration of their capital alignment 
with the modified Dunn technique, but had a 15% incidence 
of implant failure requiring révision and 26% incidence of 
osteonecrosis at 22-month follow-up. Additional studies are 
needed to accurately assess the outcomes of this procedure 
for both unstable and stable slips. 

Historically, several other corrective ostéotomies hâve 
been described and can be divided into fémoral neck and 
inter tro chanter ic ostéotomies. Because moderately or severely 
displaced slips produce permanent irregularities in the 
fémoral head and acetabulum, some form of realignment 
procedure offen is indicated to restore the normal relationship 
of the fémoral head and neck and possibly delay the onset of 
degenerative joint disease; however, in long-term follow-up, 
patients with ostéotomies hâve been reported to hâve worse 
scores on the Iowa hip rating with each passing decade than 
patients without hip realignment procedures. Suggested 
indications for osteotomy hâve included problems with gait, 
sitting, pain, or cosmetic appearance. Offen these procedures 
were performed more than 1 year affer stabilization because 
of the belief that the fémoral head may hâve the capacity to 
remodel. More recent data and a better understanding of 
SCFE-induced impingement call into question the ability of a 
significant deformity to remodel and raise concern that any 
“remodeling” may corne at the cost of répétitive trauma to the 
labrum, chondrolabral junction, and weight-bearing acetabu- 
lar cartilage. Historically, poor results with osteotomy tech¬ 
niques may hâve been partially related to a poor understanding 
of the blood supply to the head and intervention affer irrépa¬ 
rable damage has occurred to the articular surface. 

The two basic types of corrective osteotomy are closing 
wedge osteotomy through the fémoral neck, usually near the 
physis to correct the deformity, and compensatory osteotomy 
through the trochanteric région to produce a deformity in the 
opposite direction (Fig. 36-111). The advantage of osteotomy 



Ostéotomies for slipped capital fémoral 
epiphysis. A, Through neck near epiphysis. B, Through base of 
neck. C, Through trochanteric région. 


through the fémoral neck is that the deformity itself is cor- 
rected, but incidences of osteonecrosis ranging from 2% to 
100% and of chondrolysis from 3% to 37% hâve been associ- 
ated with this procedure. Recent advocates of the modified 
Dunn procedure hâve proposed this technique as a viable 
option for patients with moderate or severe deformity; 
however, it does introduce a risk of osteonecrosis, and long- 
term results are needed before it should be widely adopted. 
With the exception of the modified Dunn technique, fémoral 
neck ostéotomies hâve been abandoned at our institution. 

Trochanteric ostéotomies can produce an opposite defor¬ 
mity to correct the coxa vara, hyperextension, and external 
rotation produced by a slipped epiphysis. Southwick described 
a biplanar osteotomy at the level of the lesser trochanter to 
correct the varus and hyperextension and dynamically correct 
the external rotation. Alternatively, the Imhaüser osteotomy 
can be used to primarily correct the hyperextension and 
secondarily to correct the varus and external rotation, as 
described in Technique 36-28. If the physis is not yet fused, 
then fixation of the physis should be achieved with a screw 
before the osteotomy. Trochanteric ostéotomies hâve the 
advantage of low osteonecrosis rates but the disadvantage of 
incomplète correction of the deformity. Outcomes of tro¬ 
chanteric ostéotomies are largely dépendent on the degree of 
correction achieved and the extent of the underlying articular 
damage. Trochanteric ostéotomies also hâve been combined 
at our institution with fémoral neck osteochondroplasty 
through a surgical dislocation or limited anterior approach. 


POSITIONAL REDUCTION 
AND FIXATION FOR SCFE 


TECHNIQUE 36-24 


(CHEN, SCHOENECKER, DOBBS, ETAL.) 

■ After induction of general endotrachéal anesthésia, place 
the patient on a fracture table with the involved extremity 
in gentle traction and the hip in extension, neutral rota¬ 
tion, and neutral abduction. 

■ Flex the uninvolved hip into the lithotomy position to 
allow an image intensifier to adequately access the pelvis. 
Obtain anteroposterior and latéral fluoroscopie images 
before making the incision. Often simple positioning 
results in réduction and can be determined by the remod¬ 
eling of the fémoral neck, particularly on the latéral view. 

■ If réduction is not obtained by positioning, apply minimal 
internai rotation (generally no more than 10 degrees) 
with slightly more traction; make no attempt at forceful 
réduction past the preacute position. This réduction 
reestablishesthe preacute length of the retinacular vessels 
that supply the fémoral head. 

■ If décompression of an intraarticular hematoma is needed, 
perform a capsulotomy through an anterior iliofemoral 
approach between the tensor fascia lata and sartorius 
muscles, taking care not to sacrifice the ascending branch 
of the latéral fémoral circumflex artery. 

■ Once the hip joint is exposed, apply gentle flexion and 
internai rotation to confirm réduction under direct 
observation. 
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■ Use a triangulation technique with a guidewire under 
fluoroscopie vision to détermine the skin entry point on 
the antérolatéral aspect of the hip. 

■ Advance the guidewire through the anterior aspect of the 
fémoral neck and direct it perpendicular to the physis, 
slightly superiorly and anteriorly to the center of the 
physis. 

■ Place a second guidewire parallel to the first and slightly 
inferior and posterior to the center of the physis. 

■ Advance a cannulated drill over each guidewire and insert 
two appropriate-sized cannulated screws over the guide- 
wires. When position of the screws is confirmed, remove 
the guidewires. 

PERCUTANEOUS CAPSULOTOMY TO DECOMPRESS THE 
INTRAARTICULAR HEMATOMA 

■ Place long Metzenbaum scissors on the anterior 
fémoral neck just distal to the physis under fluoroscopie 
confirmation. 

■ Use tactile confirmation to locate the generally tough hip 
capsule overlying the anterior fémoral neck and carefully 
advance the scissors to perforate the capsule. Confirm 
this with fluoroscopy. 

■ Alternative^, advance a drill bit through the capsule and 
into the epiphysis under image intensifier guidance. 

POSTOPERATIVE CARE. Patients are restricted to 
non-weight bearing on crutches or in a wheelchair for 
approximately 2 months. 


SUBCAPITAL REALIGNMENT OF THE 
EPIPHYSIS (MODIFIED DUNN) FOR 
SCFE 

Leunig, Slongo, and Ganz described a subcapital realign- 
ment procedure in which the fémoral head is dislocated, 
an osteotomy of the greater trochanter is made, and the 
capital epiphysis is realigned and internally fixed. The 
rationale behind this technique is that the blood supply to 
the fémoral head is preserved with the dislocation tech¬ 
nique, thus avoiding osteonecrosis of the fémoral head and 
avoiding femoroacetabular impingement by aligning the 
physis to the fémoral neck. This is a complex procedure 
that should be done only by experienced hip surgeons. 


TECHNIQUE 36-25 


(LEUNIG, SLONGO, AND GANZ) 

■ Place the patient in the latéral decubitus position, with 
the leg draped free and placed on a stérile bag fixed to 
the front of the operating table. 

■ Make a Gibson approach (see Technique 1 -68), posteriorly 
retracting the gluteus maximus. This approach allows 
exposure similar to that obtained with a Kocher- 
Langenbeck approach but produces a more acceptable 
cosmetic resuit. 


■ Retract the fascial layer between the gluteus maximus 
and médius along with the gluteus maximus to preserve 
optimal innervation and blood supply to the muscle. 

■ Internally rotate the leg and identify the posterior border 
of the gluteus médius by dissecting the overlying adipose 
tissue. 

■ Mark the level and direction of the trochanteric osteotomy 
with a knife, creating a line from the posterosuperior 
edge to the posterior border of the vastus lateralis. Place 
this line anterior to the trochanteric crest to avoid injury 
to the insertion of the external rotators. After the oste¬ 
otomy, the gluteus médius, the vastus lateralis, and the 
long tendon of the gluteus minimus will remain attached 
to the trochanteric fragment. The maximal thickness of 
the trochanteric fragment should not exceed 1.5 cm, and 
the osteotomy should exit proximally just anterior to the 
most posterior inserting fibers of the gluteus médius to 
keep most of the piriformis insertion on the fémur and 
not on the fragment. 

■ Expose the hip joint capsule by further dissection between 
the piriformis tendon and gluteus minimus, an interval 
that offers the best protection for the blood supply to the 
fémoral head and allows préservation of the constant 
anastomosis between the inferior gluteal artery and the 
deep branch of the médial fémoral circumflex artery. 

■ Flip the greater trochanteric fragment anteriorly by elevat- 
ing the vastus lateralis along its posterior border to the 
middle of the gluteus maximus tendon insertion on the 
fémoral shaft. 

■ Proximally, eut the few gluteus médius fibers remaining 
on the stable trochanter to allow further anterior mobili- 
zation of the trochanteric fragment. 

■ Flex and externally rotate the leg to increase exposure of 
the capsule within the gap between the piriformis and 
the gluteus minimus. 

■ Release the anterosuperior capsular insertion of the 
gluteus minimus muscle while preserving the long tendon 
of the gluteus minimus that inserts anterior on the tro¬ 
chanteric fragment. Up to this point in the procedure, ail 
external rotators remain attached to the stable trochanter 
and protect the médial fémoral circumflex artery. 

■ Incise the capsule close to the anterosuperior edge of the 
stable trochanter in a direction axial to the neck. Make a 
perpendicular extension along the anterior neck insertion 
to create a flap that can be lifted to create an inside-out 
capsulotomy that provides protection from cutting into 
cartilage and labrum. 

■ Extend the Z-shaped capsulotomy (for the right side) 
along the posterior border of the acetabulum. Direct the 
anteroinferior extension of the capsulotomy toward the 
anteroinferior border of the acetabulum. This extension 
must remain anterior to the lesser trochanter to avoid 
damage to the main branch of the médial fémoral circum¬ 
flex artery, which is located in the vicinity of the fémur just 
superior and posterior to the lesser trochanter. 

■ Retract the anteromedial capsular flap with a small, 
spiked Hohmann retractor that is driven into the supra- 
acetabular bone just latéral to the anterior inferior iliac 
spine. 

■ Use two additional Langenbeck retractors to provide 
exposure for inspection of the joint for synovitis, color 
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A to D f Subcapital realignment of the epiphysis. (Redrawn from Leunig M, Slongo T, Ganz R: Subcapital realignment in 
slipped capital fémoral epiphysis: surgical hip dislocation and trimming of the stable trochanter to protect the perfusion of the epiphysis, Instr Course 
Lect 57:499, 2008.) SEE TECHNIQUE 36-25. 


and quantity of synovial fluid, degree of fémoral head tilt, 
and stability of the epiphysis on the metaphysis. If the 
epiphysis is mobile or stability is questionable, prophylac- 
tic pinning is recommended; however, any attempt at 
reducing a mobile epiphysis anatomically should be 
avoided at this time because there is a high risk of patho¬ 
logie stretching of the retinaculum before removal of the 
posterior callus. 

■ Before surgical dislocation, drill a 2-mm hole in the 
fémoral head to document blood perfusion. Laser Doppler 
flowmetry can provide dynamic control of the perfusion 
throughout the operation. 

■ Flex and externally rotate the hip and place the leg into 
a stérile bag over the anterior side of the table to sublux 
the fémoral head. Use a bone hook around the fémoral 
calcar to improve exposure of the joint. 

■ Document the damage pattern to the labrum and carti¬ 
lage of the acetabulum and re-create the damage by the 
anterior metaphysis above the level of the epiphyseal 
contour by reducing the fémoral head and moving it 
through flexion and internai rotation. If the epiphyseal tilt 
is small (<30 degrees) in a stable situation, and if trimming 
of the anterior metaphysis would be sufficient without 
creating a too thin fémoral neck, full dislocation is not 
necessary. Create a normal offset by trimming the meta- 
physeal contour and pinning the epiphysis in situ. 

■If slippage is more severe, dislocate the fémoral head. 
With the head subluxed, section the round ligament with 


curved scissors. With manipulation of the leg and the use 
of spécial retractors on the acetabular rim and teardrop 
area, inspect the entire acetabulum (360 degrees). 

■ Rotate the leg to make visible the différence in surfaces 
of the fémoral head and record the actual amount of 
epiphyseal slip. The retinaculum protecting the terminal 
branches of the médial fémoral circumflex artery to the 
fémoral epiphysis is clearly visible on the posterosuperior 
contour of the fémoral neck as a somewhat mobile layer 
of connective tissue. Constantly moisten the fémoral 
head cartilage during exposure. 

■ Reduce the fémoral head into the acetabulum for création 
of the soft-tissue flap consisting of the retinaculum and 
external rotators and containing the blood supply for the 
epiphysis. 

■ With an osteotome, carefully mobilize the area of the 
stable trochanter proximal to the visible physis (Fig. 
36-112A) and then excise this fragment subperiosteally 
in an inside-out fashion. 

■ Incise the periosteum of the neck anterior to the visible 
retinaculum from the anterosuperior edge of the trochan¬ 
ter physis toward the fémoral head. Elevate the periosteum 
from the posterior neck with a knife and sharp periosteal 
elevators, taking care to avoid suture of the anterior 
insertion of the retinaculum near the fémoral epiphysis. 

■ Extend the periosteal release distally to the base of the 
lesser trochanter and level the remaining osseous ledge 
of the trochanteric base. 
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■ In a similar mariner, free the anteromedial periosteum 
(this is easier with the head dislocated), taking care to 
prevent disruption of the periosteal tube from the epiphy- 

sis (Fig. 36-112B). 

■ With the fémoral head dislocated, use two blunt retrac- 
tors to expose the fémoral neck medially and laterally, 
avoiding any stretching of the retinaculum. 

■ Mobilize the epiphysis in a stepwise fashion with a 
curved 10-mm osteotome placed anteriorly into the 
physis. 

■ The physis is located proximal to the distal border of the 
epiphyseal joint cartilage. Normally, no wedge resection 
is necessary. With simultaneous levering with the osteo¬ 
tome and controlled external rotation of the leg, deliver 
the metaphyseal stump from the periosteal tube while 
the epiphysis remains in the posteromedial position. 
Removal of a posteromedial callus bridge in flexion- 
external rotation may facilitate this step. 

■ Spontaneous réduction of the isolated epiphysis into the 
acetabulum may occur at this time. Redislocation is dif- 
ficult even with Kirschner wires inserted into the epiphysis. 
To help avoid this complication, place a small swab in the 
acetabulum. 

■ Remove visible or palpable callus formation on the pos- 
terior and posteromedial aspect of the neck. To provide 
a large contact area with the epiphysis, carefully round 
the front surface of the metaphyseal stump. Use con¬ 
trolled rotational maneuvers of the shaped fémoral neck 
to allow manual fixation of the epiphysis while curettage 
of the remainderof the physis is performed (Fig. 36-112C). 
Normally, the exposed epiphyseal bone shows clear 
bleeding as a sign of intact perfusion. 

■ After removal of ail callus particles, reduce the epiphysis 
onto the neck under visual control of the retinacular 
tension; réduction is easier with internai rotation of the 
leg. If any tension in the retinaculum occurs during this 
maneuver, immediately stop the réduction. Check to see 
that parts of the posterior soft-tissue flap are not inverted 
and need to be unfolded. The height of the metaphysis 
rarely requires réduction. 

■ Carefully détermine the correct spatial orientation of the 
epiphysis. Use a palpating instrument or fluoroscopy to 
ensure that the border of the epiphysis has an equal 
distance to the neck in ail planes. Visually check correct 
rotation relative to the location of the retinaculum and 
the fovea capitis. Use fluoroscopy to obtain the correct 
varus-valgus position. 

■ When the correct position is obtained, temporarily fix the 
epiphysis in place with a fully threaded Kirschner wire 
inserted in a rétrogradé direction through the fovea 
capitis, perforating the latéral cortex of the fémur just 
distal to the vastus lateralis. 

■ Pull this wire back so far that its tip is level with the 
articular head cartilage and reduce the head into the 
acetabulum to allow final control of alignment with fluo¬ 
roscopy. If perfect alignment of the epiphysis is achieved, 
insert one or two additional fully-threaded Kirschner 
wires from the latéral cortex of the subtrochanteric bone. 
Check the correct wire length visually or with fluoroscopy. 
The wires should be optimally distributed within the 
epiphysis. 


■ Close the periosteal tube with a few stitches, avoiding 
any tension. Close the capsule, also without any tension. 
If the tendon of the piriformis muscle is producing tension 
on the capsule, release it. 

■ Fix the trochanteric fragment with two 3.5-mm screws 
(Fig. 36-112D). 

■ Carefully close the subcutaneous adipose tissue in several 
layers; suction drainage usually is not necessary. 

POSTOPERATIVE CARE. Continuous passive motion is 
used during the postoperative hospital stay. Crutches are 
used for toe-touch walking. Deep venous thrombosis 
prophylaxis with low-dose heparin is administered to 
obese patients only. Full weight bearing is allowed at 8 
to 10 weeks, if radiographs show healing of the trochan¬ 
teric osteotomy. Strengthening of the gluteus médius is 
begun at 6 to 8 weeks, and full muscle strength should 
be achieved at 10 to 12 weeks. If implant removal is 
required, it should not be done until at least 1 year after 
surgery. 


COMPENSATORY BASILAR 
OSTEOTOMY OF THE FEMORAL NECK 

A compensatory osteotomy of the base of the fémoral neck 
that corrects the varus and rétroversion components of 
moderate or severe chronic SCFE has been suggested to be 
safer than an osteotomy made near or at the physis because 
the line of the osteotomy is distal to the major blood supply 
in the posterior retinaculum. Threaded pins are used for 
fixation of the osteotomy and the epiphysis. Not only is the 
anatomie relationship of the proximal fémur restored, but 
also further slipping is prevented. 


TECHNIQUE 36-26 


(KRAMER ET AL.) 

■ Détermine preoperatively the size of wedge to be removed 
by measuring the degree of the slip. Détermine on 
anteroposterior radiographs the head and neck angle. 
Use paper tracings of the anteroposterior and latéral 
radiographs and eut with scissors the wedge on the 
tracing paper to détermine the amount of bone to be 
removed and the results to be obtained. 

■Approach the hip laterally. Begin the skin incision 2 cm 
distal and latéral to the anterior superior iliac spine and 
curve it distally and posteriorly over the greater trochanter 
and then distally along the latéral surface of the fémoral 
shaft to a point 10 cm distal to the base of the trochanter. 
Incise longitudinally the fascia lata. Develop the interval 
between the gluteus médius and tensor fasciae latae. 
Carry the dissection proximally to the inferior branch of 
the superior gluteal nerve, which innervâtes the latter 
muscle. Incise the capsule of the hip joint longitudinally 
along the anterosuperior surface of the fémoral neck. 
Release widely the capsular attachment along the anterior 
intertrochanteric line. Reflect distally the vastus lateralis 
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A and B f Widest part of wedge (at base of neck) is in line with widest part of slip, correcting varus and rétroversion 
components, and Steinmann pin is inserted into fémoral neck to control proximal fragment. If wedge is too wide anteriorly, rétroversion 
is overly corrected. Most common mistake is to make wedge too narrow superiorly, resulting in incomplète correction of varus. C and 
D f Osteotomy is closed, and 5-mm threaded Steinmann pins are inserted from outer cortex of fémoral shaft through fémoral neck, 
across osteotomy site, and into fémoral head. Pins fix osteotomy; because they cross the physis, they prevent any further slip. SEE 
TECHNIQUE 36-26. 


to expose the base of the greater trochanter and the 
proximal part of the fémoral shaft. 

■ With the capsule of the hip joint open, identify the junc- 
tion between the articular cartilage of the fémoral head 
and the callus and the junction of the callus with the 
normal cortex of the fémoral neck. Compare the distance 
between these two junctions with the calculations made 
from the paper cutouts of the radiographs. The widest 
part of the wedge is in line with the widest part of the 
slip, in the anterior and superior aspects of the neck (Fig. 
36-113A and B). 

■ Make the more distal osteotomy eut first, perpendicular 
to the fémoral neck and following the anterior intertro- 
chanteric linefrom proximal to distal. Extend thisosteotomy 
eut to the posterior cortex, but leave this cortex intact. 
Make the second osteotomy eut with the blade of the 
osteotome directed obliquely so that its cutting edge stays 
distal to the posterior retinacular blood supply. The capsule 
with the blood supply reaches to the intertrochanteric line 
anteriorly, but posteriorly the latéral third of the neck is 
extracapsular. According to Kramer et al., an osteotomy 
made through the région of the anterior intertrochanteric 
line lies distal to the posterior retinacular vessels. 

■ Drill one or two 5-mm threaded Steinmann pins into the 
fémoral neck proximally to ensure that the proximal 
portion of the fémur is kept under control before com- 
pleting the osteotomy (Fig. 36-113A and B). During the 
osteotomy, ensure that the osteotome does not fully 
penetrate the posterior cortex. Insert several 5-mm 
threaded Steinmann pins from the outer cortex of the 
fémoral shaft through the fémoral neck. Complété the 
osteotomy by greensticking the posterior cortex and 
removing the wedge of bone. Advance the threaded 
Steinmann pins across the osteotomy site and the physis 
to prevent further slipping (Fig. 36-113C and D). 

■ Close the capsule of the hip with interrupted sutures. Clip 
off the pins close to the fémoral shaft and close the 
wound in layers. If epiphysiodesis of the greater trochan¬ 
ter is necessary, do it at this time. 


POSTOPERATIVE CARE. Bed rest is prescribed for 2 to 
3 weeks, followed by non-weight bearing. Partial weight 
bearing is allowed depending on the stability of the 
osteotomy and the weight of the patient. The threaded 
Steinmann pins should be removed only after the physis 
has fused. 


EXTRACAPSULAR BASE-OF-NECK 
OSTEOTOMY 

Extracapsular base-of-neck osteotomy has been recom- 
mended as safe and effective in preventing further slipping 
and improving hip range of motion in patients with severe 
chronic slips; however, it does not affect limb-length dis- 
crepancy. With severe slips the amount of correction of 
varus and posterior tilt of the fémoral head is limited, and 
complété restoration of a normal head-shaft angle may not 
be possible or necessary. Removal of a wedge larger than 
20 mm compromises fémoral neck length and may increase 
greatly fémoral antéversion. Also, pinning across the oste¬ 
otomy site becomes more difficult when correction of more 
than 55 degrees of varus or valgus is attempted. These 
same restrictions also are applicable to intracapsular base- 
of-neck ostéotomies and to the Southwick procedure 
(trochanteric osteotomy). 


TECHNIQUE 36-27 


(ABRAHAM ETAL) 

■ Before surgery, the head-shaft angle is determined on 
latéral radiographs by measuring the angle formed by the 
epiphyseal line and the fémoral shaft in the affected limb 
(Fig. 36-114) and comparing it with the contralatéral side 
(or to 145 degrees). The head-shaft angle for posterior 
tilt or rétroversion is determined on a frog-leg view and 







PART XI FRACTURES AND DISLOCATIONS IN CHILDREN 



Extracapsular base-of-neck osteotomy: mea- 
surement of head-shaft angles on radiograph. A f Normal antero- 
posterior angle compared with slipped capital fémoral epiphysis 
(SCFE). B f Moderate SCFE shows decrease in anteroposterior head- 
shaft angle. C f Normal acute angle. D f Severe slip shows increase 
in frogleg latéral head-shaft angle. (From Abraham E, Garst J, 
Barmada R: Treatment of moderate to severe slipped capital fémoral 
epiphysis with extracapsular base-of-neck osteotomy, J Pediatr Orthop 
13:294, 1993 ) SEE TECHNIQUE 36-27. 


9 compared with the contralatéral side (or to 10 degrees). 
The différences between the abnormal and normal angles 
are used to détermine the size of the wedges removed 
during osteotomy. 

■Secure the anesthetized patient on a fracture table and 
maximally internally rotate the involved limb by gently 
moving the footplate. Widely abduct the contralatéral leg 
to make placement of fluoroscopie equipment easier. 
Obtain permanent anteroposterior and "shoot-through" 
latéral radiographs to confirm the chronicity of the slip 
and to outline the fémoral head better. Préparé and drape 
the hip and patellar areas appropriately. 

■ Make a standard antérolatéral approach and place a 
Charnley retractor deep to the iliotibial band. Locate the 
anterior joint tissue or intertrochanteric line between 
the gluteus médius and the vastus lateralis muscles. 
With a periosteal elevator, carefully elevate the anterior 
iliofemoral ligament. Place a narrow-tipped Hohmann 
retractor around the fémoral neck superiorly and deep 
to the ischiofemoral ligament. Place another retractor 
deep to the iliofemoral ligament proximal to the lesser 
trochanter. 

■ Delineate a triangle on the anterior surface of the fémoral 
neck to indicate the two-plane wedge osteotomy. Locate 
the proximal eut by placing a 3-cm long Kirschner wire 





Extracapsular base-of-neck osteotomy (see 
text). A f Détermination of proximal osteotomy eut. B f Osteotomy 
cuts. C f Removal of bony wedge. D f Fixation with cannulated 
screws. (From Abraham E, Garst J, Barmada R: Treatment of moderate 
to severe slipped capital fémoral epiphysis with extracapsular base-of- 
neck osteotomy, J Pediatr Orthop 13:294, 1993.) SEE TECHNIQUE 36-27. 


on the anterior surface of the fémur from the lesser to 
the greater trochanter at the base of the neck along the 
edge of the capsule (Fig. 36-115A). Confirm this position 
by fluoroscopy. 

■ Use a wide osteotome to mark the bone along the wire. 
Externally rotate the leg and drill a second Kirschner wire 
in the anteroposterior plane just distal to the guidewire 
(Fig. 36-115B). Place this wire vertical to the anterior 
surface of the fémoral neck. Rotate the limb internally 
and obtain a latéral fluoroscopie view to confirm correct 
wire placement. 

■ Begin the second distal osteotomy line from the lesser 
trochanter to the growth plate of the greater trochanter. 
The angle at which this line is made from the first oste¬ 
otomy line dépends on the amount of correction needed. 
Usually a 15-mm-wide wedge, measured superiorly to the 
baseline of the triangle, is needed. Make the osteotomy 
cuts with a saw, converging them posteriorly to make a 
single osteotomy along the posterior cortex. Completely 
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remove the wedge of bone, especially superiorly, for 
maximal correction (Fig. 36-115C). 

■ While maintaining traction to prevent proximal migration 
of the fémur, internally rotate the leg until the wedge 
closes completely. Abducting the leg also helps to close 
the osteotomy. When the patella can be internally rotated 
15 degrees, adéquate correction has been achieved. 
Remove additional bone from the metaphyseal side if 
necessary, but remove a maximum of 20 mm in the bony 
wedge. 

■ Fix the osteotomy with three or four cannulated screws 
(Fig. 36-115D). Use the first guidewire to hold the oste¬ 
otomy temporarily in the desired position. Use only one 
screw to span the physis of the fémoral head, avoiding 
the superolateral quadrant. 

■ Check alignment and screw placement on permanent 
radiographs before closing the wound. Usually the ilio- 
femoral ligament and capsule are not reattached, but if 
they are excessively elevated from the bone, suture or 
staple them back to the anterior fémur to preserve 
anterior joint stability. 

■ Close the wound in routine fashion and apply a stérile 
dressing. 

POSTOPERATIVE CARE. Partial weight bearing with 
crutches is allowed for 6 to 8 weeks, and then full weight 
bearing is allowed. Weight bearing as tolerated is permit- 
ted after bilateral ostéotomies. 


INTERTROCHANTERIC OSTEOTOMY 
(IMHÀUSER) 

The Imhâuser osteotomy is similar to the Southwick oste¬ 
otomy but is technically easier. This trochanteric osteotomy 
primarily corrects posterior angulation with secondary cor¬ 
rection of external rotation and varus; thus, the osteotomy 
wedge is simply a closing wedge anteriorly. In theory, this 
reduces the varus and external rotation and allows more 
flexion while avoiding anterior impingement with the 
acetabulum. The results of intertrochanteric ostéotomies 
hâve been variable, but they do appear to lessen the 
chance of chondrolysis and osteonecrosis that occur with 
ostéotomies at other locations, and they do correct 
impending femoroacetabular impingement. 


TECHNIQUE 36-28 


■ Through a straight latéral approach to the hip, stabilize 
the SCFE with a 7.3-mm cannulated, terminally threaded 
cancellous screw placed centrally and perpendicular to 
the proximal fémoral physis or with Kirschner wires. 

■ Make the angle of insertion equal to the angle of poste¬ 
rior inclination of the capital epiphysis; this angle is equal 
to the degree of flexion of the fémoral shaft that is neces¬ 
sary to position the epiphysis to the long axis of the fémur 
and serves as a guide for the slotted chisel. 

■ Place the slotted chisel for a 90-degree angled blade plate 
at the base of the greater trochanter and rotate it until the 






Intertrochanteric osteotomy (Imhâuser). A f 
Seating chisel is inserted into the neck at right angles to the shaft 
axis. B f Fémoral osteotomy removes the ventral wedge. C f The 
chisel is exchanged for a blade plate, and the fémur is derotated. 
D f The blade plate is fixed to the fémur with screws. (Redrawn 
from Parsch K, Zehender H, Bühl T, Weller S: Intertrochanteric corrective 
osteotomy for moderate and severe chronic slipped capital fémoral 
epiphysis, J Pediatr Orthop B 8:223, 1999.) SEE TECHNIQUE 36-28. 


anticipated anterior inclination of the side plate matches 
the desired degree of flexion (Fig. 36-116A). Alternative^, 
a proximal fémoral locking plate may be used. 

■ Make a transverse osteotomy 2 cm distal to the chisel entry 
site and proximal to the lesser trochanter (Fig. 36-116B). 

■ Flex the distal fragment and fix it to the side plate. 

■ If the posterior periosteum prevents flexion of the distal 
fragment, release it. With increasing slip severity, increas- 
ing flexion is necessary. The flexion is accompanied by 
anterior translation to bring the fémoral shaft in line with 
the proximal fémoral epiphysis. This combination of 
movements counteracts the secondary zigzag deformity 
produced by a compensatory osteotomy at a site other 
than the primary site of deformity (the site of the slip). 

■ Perform an anterior capsulotomy to allow full extension 
of the hip after fixation of the distal fragment. 

■ Rotate the distal fragment medially to balance internai 
and external rotation of the hip and to match the 
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S uninvolved hip as determined by preoperative examina- 
tion (Fig. 36-116C). 

■ Fix the osteotomy with a 90-degree angled and 10-mm 
recessed blade plate (Fig. 36-116D). 

POSTOPERATIVE CARE. A spica cast is applied with the 
hip in appropriate flexion, slight abduction, and internai 
rotation and worn for 8 to 12 weeks. Depending on the 
amount of healing of the osteotomy on radiograph, 
weight bearing is slowly increased on the operated leg. 
The blade plate usually is removed approximately 1 year 
after surgery. 


COMPLICATIONS 
■ OSTEONECROSIS 

Osteonecrosis has been reported to occur in 10% to 40% of 
patients with acute unstable SCFE, although more recent 
reports of in situ pinning with cannulated screws generally 
report lower incidences (0% to 5%). Osteonecrosis is rare in 
chronic, stable slips and probably results from interruption of 
the rétrogradé blood supply by the original injury and is more 
common in acute, unstable slips. Further insult to the blood 
supply may resuit from forceful manipulations, delay in treat- 
ment in unstable slips, tamponade of the vessels, or technical 
errors during open procedures. 

Superolateral placement of pins also has been associated 
with the development of osteonecrosis or at least with exac¬ 
erbation of the process. 

Herman et al. and Loder et al. suggested that instability 
may be the best predictor of osteonecrosis after acute slips, 
and others hâve confirmed that unstable slips are more likely 
to resuit in osteonecrosis than stable slips. It has been esti- 
mated that up to 50% of patients with unstable SCFE will 
develop osteonecrosis. 

Controversy exists in the recent literature not only about 
the natural history of osteonecrosis after SCFE but also about 
treatment to alter the natural history. Although the natural 
history is not known for certain, treatment plans are based 
on these théories of cause. Those who believe that osteone¬ 
crosis occurs at the time of maximal instability recommend 
urgent réduction, whereas those who believe osteonecrosis is 
caused by a tamponade effect advocate capsulotomy, espe- 
cially if manipulation is done. Hip pressures in the affected 
side hâve been shown to be double those in the unaffected 
side and to be higher than those of compartment syndromes 
after manipulation. If a significant effusion is suspected, 
ultrasound can be used to détermine the amount of fluid and 
the necessity of a capsulotomy. If immédiate (within 24 
hours) stabilization of an acute slip cannot be accomplished 
because of delayed présentation, a delay of at least 7 days has 
been recommended by some authors to avoid the “unsafe 
window” during which surgical intervention may increase 
the risk of osteonecrosis. At our institution, however, we 
advocate urgent réduction, stable fixation, and routine capsu¬ 
lotomy for ail acute, unstable slips. 

Ballard and Cosgrove coined the term physeal séparation , 
which is defined as the amount of séparation of the anterior 



FIGURE 


Anterior physeal séparation. 


lip of the epiphysis from the metaphysis on a frog-leg latéral 
radiograph (Fig. 36-117). Of the eight hips that developed 
osteonecrosis in their study of 110 hips, seven had anterior 
physeal séparation. It was concluded that anterior physeal 
séparation is associated with a high incidence of subséquent 
osteonecrosis after SCFE. 

■ CHONDROLYSIS 

The diagnosis of chondrolysis requires a joint space less than 
3 mm wide (normal 4 to 6 mm) and a decreased range of 
motion of the hip joint (Fig. 36-118). Persistent pin pénétra¬ 
tion into the joint has been the most frequently cited cause 
of chondrolysis, but it has been suggested that some other 
factor is necessary to produce chondrolysis, such as slip or an 
immune response. 

Although fibrous ankylosis of the hip joint often occurs 
after chondrolysis, spontaneous partial cartilage recovery has 
been reported. Bed rest, traction, salicylates, nonsteroidal 
antiinflammatory drugs, steroids, and physical therapy hâve 
not modified the course of chondrolysis. We hâve had some 
success with intraarticular cortisone injection and operative 
manipulation, followed by a vigorous physical therapy 
program. If severe joint space narrowing persists with limita¬ 
tion of joint motion, arthrodesis or arthroplasty should be 
considered. 

■ FEMORAL NECK FRACTURE 

Fémoral fractures hâve been reported infrequently as a com¬ 
plication of in situ fixation of SCFE, although several authors 
hâve reported subtrochanteric fractures. We hâve treated a 
few patients with subtrochanteric fractures through unused 
drill holes below screw fixation (Fig. 36-119). After trying 
various methods of treatment for the subtrochanteric frac¬ 
ture, we now recommend immédiate open réduction of the 
fracture and internai fixation with a hip screw and a long side 
plate while maintaining the réduction of SCFE. 

Fémoral neck fracture after in situ pinning of SCFE is 
even less common. We hâve treated two patients with dis- 
placed fémoral neck fractures after in situ fixation of SCFE. 
In both patients, treatment of the fémoral neck fractures was 
operative and difficult and the results were less than 
satisfactory. 

As more reports are accumulated, fémoral fractures 
after in situ fixation of SCFE may be found to be more 
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FIGURE 


A to E f Chondrolysis 24 months after flexion internai rotation osteotomy for severe SCFE. 


frequent than currently appreciated. The likelihood of this 
complication perhaps can be decreased by avoiding drilling 
unnecessary holes in the bone during surgery and by avoiding 
overzealous reaming of the fémoral neck. 

The necessity of pin removal after fixation of SCFE 
remains an area of controversy. Pin removal is not without 
costs and risks, and the question of whether a pin must be 
removed at the end of treatment remains unanswered. We 
currently are leaving pins and screws in place after treatment 
of SCFE. 

■ CONTINUED SLIPPING 

Continued slipping has occurred in patients who 
refused treatment, were not compliant with postoperative 
restrictions, and in whom stable fixation was not achieved. 
Progressive slipping may also occur if osteonecrosis develops 
and fixation is lost before physeal closure. 


■ FEMOROACETABULAR IMPINGEMENT 

Recent interest in femoroacetabular impingement (FAI), 
which has become a frequently reported and described entity 
that causes pain, decreased range of motion, and early osteo- 
arthritis of the hip joint, has led to a better understanding of 
SCFE-induced impingement. These resuit from the antérolat¬ 
éral displacement of the fémoral neck in relation to the 
fémoral epiphysis producing a reduced head-neck offset, 
elevated alpha angle (Fig. 36-120), and cam type lésion. One 
study reported a high proportion (32% to 38%) of young 
adults with signs of clinical impingement after SCFE. 
Although extreme posterior angulation (slippage) obviously 
may cause impingement, the real question is how little angular 
deformity will cause impingement. This is key to in situ 
pinning, after which generally good early results can be 
expected. The literature is unclear about how much posterior 
angulation can be accepted during initial treatment or even 
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A and B f Slipped capital fémoral epiphysis. C f After pin fixation, several unnecessary drill holes remain distal to last 
pin. D, After pathologie fracture through drill hole. E f One year after open réduction and internai fixation with compression hip screw; 
note evidence of union of subtrochanteric fracture. Cannulated hip screw was left in place to prevent further slipping of capital fémoral 
epiphysis at the time of hip screw insertion. 


how much angulation later will cause symptomatic FAI. 
According to most sériés, the grade of slip in adolescence 
cannot be used as predictor of the development of symptom¬ 
atic FAI and ultimately osteoarthritis in adulthood. 

The cam effect in which the fémoral head or screw head 
abuts the acetabular labrum (Fig. 36-121) and the pincer 
effect in which the acetabular rim impinges on the fémoral 
neck (Fig. 36-122) hâve both been described in adults 
who had treatment of SCFE as adolescents. FAI can be identi- 
fied by arthroscopy and MRI; plain cross-table latéral radio- 
graphs dramatically demonstrate cam and pincer impingement 
described by Nôtzli as “jamming rim” impingement (Fig. 
36-123). 

Fémoral osteochondroplasty, valgus osteotomy, or the 
Imhaüser procedure (see Technique 36-28) has been 


recommended after in situ pinning to avoid acetabular 
impingement. 

FEMORAL FRACTURES 

Fémoral fracture is a common injury. The annual rate of 
fémoral shaft fractures in children is 20 per 100,000. With 
regard to âge, the distribution appears to be bimodal, with 
peaks at 2 and 17 years. Boys hâve higher rates of fracture 
than girls at ail âges. The primary mechanisms of fracture are 
âge dépendent and include falls for children younger than 6 
years old, motor vehicle-pedestrian accidents for children 6 
to 9 years old, and motor vehicle accidents for teenagers. 

Fractures of the fémur usually are classified according to 
location as subtrochanteric, shaft (proximal, middle, and 
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jjf Anterior head-neck offset (Nôtzli) angle. Point A, anterior point where the distance from the center of the head ( hc) 
exceeds the radius (r) of the subchondral surface of the fémoral head. a is then measured as the angle between A-hc and hc-nc, with 
ne being the center of the neck at the narrowest point. A f Hip in a normal individual. B f A typical deformation. The greater the anterior 
head-neck offset angle, the smaller the arc of motion required to cause cam-type impingement on the acetabular rim. 



FIGURE 


J A f Cam-type impingement. B f Radiographie appearance. 



FIGURE 


A f Pincer-type impingement. B f Radiographie appearance. 
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Flexion 



Flexion 


B 


Extension 


"Jamming rim" impingement. A f Mild to 
moderate slipped capital fémoral epiphysis (SCFE) causes jamming 
of the fémoral metaphysis against the acetabular cartilage in 
flexion. B, Severe SCFE causes impingement of the fémoral neck 
against the acetabular rim in flexion. 


distal thirds), supracondylar, and distal fémoral physeal. 
Additionally, fémoral fractures are classified by being open or 
closed, comminuted or noncomminuted, and by fracture 
pattern (transverse, spiral, or oblique). Fractures occur most 
commonly in the middle third of the shaft as a closed, non¬ 
comminuted, transverse fracture. 

Historically, most fémoral fractures in children are closed 
injuries and traditionally hâve been treated by closed methods. 
However, management of pédiatrie fémoral fractures has 
evolved toward operative approaches because of a desire for 
more rapid recovery and réintégration of the patients, with 
the récognition that prolongée! immobilization can hâve 
négative effects even in children. External fixation, submus- 
cular plating, and intramedullary nailing ail hâve been 
advocated. 

Besides the usual mechanisms of injury, fémoral fractures 
can occur at birth, can be caused by child abuse, or can be 
pathologie. In children younger than 1 year of âge, 70% of 
fémoral fractures are abuse related. Abuse should be sus- 
pected if any of the foliowing are présent: (1) unreasonable 
history; (2) inappropriate delay in coming to the hospital; (3) 
previous history of abuse; (4) evidence of other fractures in 
various stages of healing; (5) multiple acute fractures; and (6) 
characteristic fracture patterns. A recent study from our 


institution demonstrated that a transverse fracture pattern is 
more closely associated with abuse and should raise the index 
of suspicion for abuse. 

In the setting of a fémoral fracture, a thorough évaluation 
should be performed and concomitant injury ruled out. If a 
child sustains enough trauma to fracture the largest bone in 
his or her body, the child may hâve occult abdominal or other 
injuries. A careful secondary survey should be performed. 
Ipsilateral knee instability has been reported to occur in 4% 
of children with fémoral fractures and may be difficult to 
assess at the time of injury. 

FEMORAL SHAFT FRACTURES 
(DIAPHYSEAL FEMORAL FRACTURES) 

Understanding the deforming forces applied by various 
structures around the fémur helps in selecting the appropriate 
treatment of a fémoral fracture. In proximal shaft and subtro- 
chanteric fractures, the proximal fragment usually is in a 
position of flexion, abduction, and external rotation because 
of the unopposed pull of the iliopsoas, abductor, and short 
external rotator muscles. The adductors and extensors are 
intact in midshaff fractures, and the distal fragment usually 
is in satisfactory alignment except for some external rotation. 
In supracondylar fractures, the distal fragment is in a position 
of hyperextension because of the overpull of the gastroene- 
mius. The muscle imbalances are important when aligning 
the distal fragment to the proximal fragment whether closed 
or open treatment strategies are selected. 

Staheli defined the idéal treatment of fémoral shaft frac¬ 
tures in children as one that Controls alignment and length, 
is comfortable for the child and convenient for the family, and 
causes the least négative psychologie impact possible. Deter- 
mining the idéal treatment for each child dépends on the âge 
of the child, the location and type of fracture, the family 
environment, the knowledge and ability of the surgeon, and, 
to a lesser degree, financial considérations. Heyworth et al. 
reviewed fémoral fractures in children 6 to 17 years old from 
a national database of pédiatrie inpatient admissions from 
1997 to 2000 in about half of the United States. The frequency 
of operative treatment, most often consisting of internai fixa¬ 
tion, increased significantly over this period, whereas the use 
of spica casting declined. This change in practice was signifi¬ 
cantly greater at pédiatrie hospitals than general hospitals. 
Sanders et al. surveyed members of the Pédiatrie Orthopédie 
Society of North America to détermine their current préfér¬ 
ences in treating fémoral fractures in four âge groups. For 
each fracture pattern, operative treatment was increasingly 
preferred over nonoperative treatment as patient âge increased 
and the preferred treatments within operative and nonopera¬ 
tive categories changed significantly as patient âge increased. 
There was a trend by pédiatrie orthopaedists to treat fémoral 
fractures operatively in older children and nonoperatively in 
younger children. The consensus on treatment was that it is 
âge dépendent (Fig. 36-124). 

The AAOS, after extensive review of the literature, made 
14 evidence-based recommendations concerning fracture of 
the fémur in children. Five of the recommendations with 
enough evidence to support a grade of recommendation 
(grade A or B, supported by good evidence; grade C, sup- 
ported by poor evidence) are listed in Box 36-4. 

Our general treatment recommendations are listed in 
Table 36-4. 
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FIGURE 


Algorithm for treatment of fémoral fractures in children. IM, intramedullary. 



Treatment Recommendations for Diaphyseal 
Fémoral Fractures 


■ We recommend that children younger than 36 months 
with a diaphyseal fémoral fracture be evaluated for child 
abuse (A). 

■ Treatment with a Pavlik harness or spica cast is an option 
for infants 6 months and younger with a diaphyseal 
fémoral fracture (C). 

■ We suggest early spica casting or traction with delayed 
spica casting for children âge 6 months to 5 years with a 
diaphyseal fémoral fracture with less than 2 cm of short- 
ening (B). 

■ Flexible intramedullary nailing is an option to treat diaphy¬ 
seal fémoral fractures in children 5 to 11 years of âge (C). 

■ Rigid trochanteric entry nailing, submuscular plating, and 
flexible intramedullary nailing are treatment options for 
diaphyseal fémoral fractures in children âge 11 years to 
skeletal maturity, but piriformis or near piriformis entry 
rigid nailing is not a treatment option (C). 


Several authors hâve evaluated the comparative économ¬ 
ies of nonoperative and operative treatment. The charges or 
cost included hospital and physician charges (orthopaedists, 
radiologists, and anesthesiologists). Table 36-5 gives the cost 
or charges in different sériés of patients. The différences seen 
among sériés are not comparable because of many variables. 
On average, however, immédiate or early spica casting (trac¬ 
tion spica) cost less than prolonged traction with spica 
casting, intramedullary rods, or external fixation. Prolonged 
skeletal traction and spica casting, intramedullary rods, and 
external fixation frequently cost the same. The cost of reop¬ 
erations for malrotation or removal of implants also was 
similar for the three groups. 

In a very young child (birth to 6 months), a Pavlik harness 
can be used instead of a spica cast with cited advantages of 
ease of application without anesthésia; minimal hospitaliza- 
tion (<24 hours); easy réduction; ability to adjust the harness; 
minimal costs; and ease in diaper changing, nursing, and 
bonding. Our institution recently reported on the uses of a 


Pavlik harness for fémoral fracture in children under 6 
months of âge and found excellent clinical results with 
minimal complication rates. Parent reliability and compli¬ 
ance, however, must be carefully considered before using this 
method of treatment. 

Immédiate spica casting of fémoral shaff fractures in 
children has been recommended by several authors; best 
results with this method seem to be obtained in infants and 
young children with low-energy, length-stable fracture. 
Although rare, a compartment syndrome secondary to spica 
casting also can occur. The primary problems with immédi¬ 
ate spica casting are shortening and angulation of the frac¬ 
ture in high-energy fémoral shaft fractures. In young 
children, a higher degree of angulation and shortening is 
accepted; these parameters become stricter with increasing 
âge (Table 36-6). 

■ SPICA CASTING 

Early spica casting in the 90-90 position has been recom¬ 
mended to avoid shortening and angulation in children 
younger than 6 years old with a closed fémoral shaff fracture 
stemming from low-energy trauma. Alternatively, for low- 
energy fémoral fractures, a walking spica or single leg spica 
may be applied with the hip and knee flexed to 45 degrees 
and the cast ending above the ankle. Flynn et al. performed 
a prospective study comparing a walking spica with a tradi- 
tional spica cast and found similar outcomes with significantly 
lower burden of care to the family. The walking spica group 
did, however, hâve a higher early loss of réduction requiring 
cast wedging in the outpatient setting. 

Good results also hâve been reported with 90-90 skeletal 
traction and spica casting, although the current indication for 
this technique at our institution is for length-unstable frac¬ 
tures or concomitant injuries that prevent the patient from 
having a spica cast in place or from being safely sedated. If 
this treatment course is selected, pins for skeletal traction 
should be placed parallel to the axis of the knee joint 
(Fig. 36-125). 

Adolescents do not tolerate prolonged immobilization as 
well as younger children, and knee pain, angulation at the 
fracture, and difficulty in maintaining length hâve been 
reported when 90-90 traction was used in children older than 
10 years, as well as limb shortening and leg-length discrep- 
ancy, malunion, pin track infection, loss of joint motion, and 
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_ TABLE 36-4 

General Treatment Guidelines in Children With Fémoral Shaft Fractures 


AGE <6 MONTHS 6 MONTHS-5 YEARS 5-11 YEARS 11 YEARS-ADULT 


PREFERRED TREATMENT 

Alternate treatment because of: 
Head injury 

High velocity (comminuted) 
Floating knee 
Difficult location (proximal 
third and distal third) 
Obesity 

Surgical risk (multiple trauma) 


Pavlik harness Early spica casting 
Traction and spica 
casting 


Elastic intramedullary nail Antegrade locked 
Traction and spica casting intramedullary nail 

Submuscular plating Submuscular plating 

Antegrade locked 
intramedullary nail 


OPEN FRACTURES 

External fixation 

External fixation 

External fixation 


Cost of Treatment of Fémoral Shaft Fractures 




SKELETAL 


SERIES 

IMMEDIATE (EARLY SPICA) 

TRACTION SPICA 

INTRAMEDULLARY ROD 

EXTERNAL FIXATION 

Newton and Mubarak 

— 

$5,494 

$21,093 

$21,359 

Clinkscales and Peterson 

$5,490 

$16,273 

$16,056 

$16,394 

Stans et al. 

$5,264 

$15,980 

$15,495 

$14,478 

Yandow et al. 

$1,867 

$11,171 

— 

— 

Nork and Hoffinger 

$22,396 

$11,520 

— 

— 

Coyte et al. 

$5,970* 

$7,626* 

— 

— 


*Canadian $. 


TABLE 36-6 


Acceptable Angulation in 

Fémoral Shaft Fractures 


VARUS / 

ANTERIOR/ 



VALGUS 

POSTERIOR 

SHORTENING 

AGE 

(DEGREES) 

(DEGREES) 

(MM) 

Birth to 2 years 

30 

30 

15 

2-5 years 

15 

20 

20 

2-10 years 

10 

15 

15 

11 years to 

5 

10 

10 

maturity 





From Flynn JM, Skaggs DL: Fémoral shaft fractures. In Flynn JM, Skaggs DL, 
Waters PM (editors). Rockwood and Wilkins' Fractures in Children, 8 th ed, Phila¬ 
delphia, Wolters Kluwer, 2015. 


muscle atrophy. As a resuit, internai fixation is preferred in 
this âge group. 

At our institution, if skeletal or skin traction is applied in 
children younger than 6 years old, longitudinal traction or 
traction at a 45-degree angle with up to 5 lb of weight is 
recommended. Overhead skin traction should not be used for 
fémoral fractures in this âge group because of the increased 
risk of neurovascular compromise. Neurovascular status and 
skin condition should be monitored carefully while the child 
is in traction. When length and alignment are achieved, the 
patient is medically stable, and appropriate callus formation 


is noted, a spica cast is applied. In children 6 to 10 years old, 
the âge at which most fémoral fractures occur, skeletal trac¬ 
tion may be an option, with the application of a spica cast 
after 2 to 3 weeks of traction. 

In older or larger children who require traction, a 5/64- 
inch Steinmann pin can be inserted into the distal fémur or 
proximal tibia. If a tibial pin is used, it should be placed distal 
to the tibial tubercle and the proximal tibial physis to mini- 
mize the risk of growth disturbance and genu recurvatum 
deformity. A distal fémoral traction pin may be necessary for 
a distal supracondylar fracture because of posterior angula¬ 
tion or for 90-90 degree traction in a proximal fémoral 
fracture with anterior displacement of the proximal fragment. 
A fémoral pin generally should not be used if intramedullary 
nailing is being contemplated in the course of treatment. 

Peroneal nerve palsy is a rare complication of skin or 
skeletal traction and casting. Two of our patients younger 
than 2 years old developed peroneal nerve palsies after skin 
traction and spica casting. Spontaneous recovery occurs in 
most patients. 

Mubarak et al. described the development of a compart- 
ment syndrome in the lower leg after application of a short 
leg cast used for traction to reduce fémoral fractures during 
the application of a 90-90 spica cast. They cited as pathogenic 
factors traction, élévation, and pressure (Fig. 36-126). Because 
of the possibility of this potentially devastating complication, 
the use of a short leg cast for applying traction should be 
avoided during application of a 90-90 spica cast and alterna¬ 
tive cast application methods should be used. 
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Position of pin in traction 
reflecting résultant pull of traction bow. 


is either horizontal (optimal) or oblique. Oblique pins are either "to varus" or 


"to va Ig us," 



Pathogenic factors of traction, élévation, and pressure during the application of a short leg cast used for traction 
can cause compartment syndrome. A, Below-knee cast is applied while patient is on spica frame. B, Traction is applied to the short leg 
cast to produce distraction at the fracture site. The remainder of the cast is applied, fixing the relative distance between the leg and 
torso. C, After the child awakens from general anesthésia, there is shortening of the fémur from muscular contraction, which causes 
the thigh and leg to slip somewhat back into the spica. This causes pressure at the corners of the cast (arrows). (Redrawn from Mubarak 
SJ, Frick S, Sink E, et al: Volkmann contracture and compartment syndromes after fémur fractures in children treated with 90/90 spica casts, J Pediatr 
Orthop 26:567, 2006.) 


SPICA CAST APPLICATION 


TECHNIQUE 36-29 


■ After general anesthésia, remove the skeletal traction pin 
and sterilely clean the wound sites if traction was used. 

■ Apply a well-padded long leg cast with the knee flexed 
45 or 90 degrees, depending on whether a traditional or 
walking spica is being applied. Mold the proximal part to 
help avoid angulation with a strong valgus mold. To avoid 
compartment syndrome, do not apply traction through a 
short leg cast to effect réduction. 

■ Place the child on a "spica table" or fracture table, 
depending on the size of the child, and check the 


réduction. Apply a one and one-half spica cast or full 
spica cast with the hip or hips flexed at 45 or 90 degrees 
(Fig. 36-127), with approximately 15 degrees of external 
rotation and 30 degrees of hip abduction. Children 
younger than 3 years tolerate the 90-90 degree spica cast 
well. This position helps prevent shortening and aids in 
transporting the child. (According to Flynn, automobile 
restraint laws in many States make it difficult or impos¬ 
sible to legally transport a child casted in full extension.) 
Knee flexion of less than 50 degrees may resuit in a 20% 
incidence of loss of réduction. 

Apply the spica to a level between the umbilicus and 
nipple line with a 1/4- to 1/2-inch thick towel over the 
thorax and under the Webril (Kendall Healthcare, Mans- 
field, MA), which is to be removed later to allow for chest 
and abdominal expansion. 
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Technique of spica cast application. A f The patient is placed on a child's fracture spica table. The leg is held in about 
45 degrees of flexion at the hip and knee, with traction applied to the proximal calf. B, The one and one-half spica cast is applied 
down to the proximal calf. Molding of the thigh is done during this phase. C f Radiographs of the fémur are obtained, and any necessary 
wedging of the cast can be done at this time. D f The leg portion of the cast and the cross-bar are applied. The belly portion of the 
spica cast is trimmed to the umbilicus. (Redrawn from Mubarak SJ, Frick S, Sink E, et al: Volkmann contracture and compartment syndromes 
after fémur fractures in children treated with 90/90 spica casts, J Pediatr Orthop 26:567, 2006.) SEE TECHNIQUE 36-29. 


9 " Reinforce the groin, inguinal, and buttocks areas with 
splints to avoid breakage. 

■ After trimming the cast and after satisfactory radiographs 
are obtained, apply a wooden bar spanning the extremi- 
ties and incorporate it in the cast if additional cast stability 
is required. 


■ EXTERNAL FIXATION 

External fixation with both monolateral and circular frames 
has been recommended for treatment of fémoral shaff frac¬ 
tures in children and adolescents, with good results reported 
by a number of authors in patients ranging in âge from 3 years 
to skeletal maturity. Complications, however, also hâve been 
frequent with this method of fixation. Ramseier et al., in a 
comparison of four fixation methods (elastic stable intramed- 
ullary nail, rigid intramedullary nail, plate, and external 
fixator), found that external fixation was associated with the 
highest number of complications. Major complications asso¬ 
ciated with external fixation of fémoral fractures in children 
and adolescents include loss of réduction, refracture, and 
deep infection. The most common minor complication is pin 
site or pin track infection. Refracture has been reported in 
from 2% to 33% of patients treated with external fixation. 
Refracture has been suggested to occur because of the detri- 
mental effect of prolonged rigidity imposed by the external 
fixator. An association has been noted between the number 
of cortices showing bridging callus (on anteroposterior and 
latéral views) at the time of fixator removal and the rate of 
refracture. Kesemenli et al. reported a refracture rate of only 
1.8% in closed fémoral fractures and a 20% rate of refracture 
in open fractures or in patients who had ORIR They 


concluded that external fixation itself was not a risk factor for 
refracture. Other suggested risk factors include open fractures 
and bilateral fractures with the increase of time in the fixator. 
Factors that appear to hâve an inconclusive effect on refrac¬ 
ture include fracture pattern, dynamization status, fixator 
type, pin size, and number of pins. 

Open fractures of the fémur hâve traditionally been sta- 
bilized with external fixation. A comparison of the results of 
external fixation and intramedullary nailing (both rigid and 
flexible nails) found that intramedullary nailing was associ¬ 
ated with fewer complications, especially varus malunion and 
refracture. Infection rates appeared to be the same. Intramed¬ 
ullary fixation should be considered, especially for grade I 
open fractures. If external fixation is chosen as the method of 
treatment for pédiatrie fémoral fractures, careful attention 
must be paid to operative technique and postoperative treat¬ 
ment to minimize complications. 

At our institution, in a young child with polytrauma, 
open fracture with significant soff-tissue injury, pathologie 
fracture, metadiaphyseal fracture, or severe head injury, 
external fixation is considered as a fixation option. The tech¬ 
nique of external fixation of fractures of the fémur is described 
in Chapter 54. 

■ INTRAMEDULLARY NAILING 

Good results using flexible stainless Steel or titanium intra¬ 
medullary rods hâve been reported with suggested advantages 
of less disruption of family life, shorter hospitalization, earlier 
independent ambulation, and earlier return to school (Fig. 
36-128). With the overall trend to more frequent internai 
fixation of fémoral fractures, it is not surprising that the 
indications hâve expanded to include younger children. The 
lower âge limit for flexible intramedullary nailing has not 
been definitively established (see AAOS Guidelines, Box 
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A and B, Fémoral shaft fracture. C and D f After fixation with flexible intramedullary nails, avoiding proximal and 


distal physes. 


36-4), but certainly there is an âge at which any type of 
immobilization (e.g., Pavlik harness, spica cast) will produce 
a good resuit without the risk of surgical complications. 
Several reports hâve documented good results with few 
complications in preschool (18 months to 6 years of âge) 
children treated with flexible intramedullary nailing. Heffer- 
nan et al. reviewed 215 patients between the âges of 2 and 6 
years who were treated with either elastic nails or a spica cast 
and found similar complication and healing rates, with an 
earlier return to independent ambulation and full activities 
in the elastic nail group. They concluded that elastic nails 
were a reasonable treatment option in this âge group and 
should be considered, especially when high-energy mecha- 
nisms are présent. Long-term follow-up (at least 24 months) 
is recommended to monitor overgrowth, and the child s activ- 
ity must be closely monitored. Malalignment and leg-length 
discrepancy are frequently reported complications of flexible 
intramedullary nailing of fémoral fractures in children, but 
these seldom cause functional problems. Increased complica¬ 
tion rates hâve been reported in unstable fractures, older 
patients, and overweight patients treated with titanium elastic 
nails. One study found that the complication rate was 
improved from 52% to 23% when the use of titanium elastic 
nailing was limited to stable fractures. Additional studies 
hâve found that the use of stainless Steel nails can significantly 
lower the malunion rate, major complication rate, and overall 
cost when compared with titanium nails. 

A flexible interlocked intramedullary nail has been 
reported to reduce perioperative complications and improve 
outcomes, as well as reduce time to healing and time to 
weight bearing, by better controlling axial and rotational 
instability (Fig. 36-129). The nail is made of a titanium alloy 
that allows plastic deformation of the nail as it is introduced 
through a latéral trochanteric entry point into the fémoral 
canal; the nail is locked proximally and distally with 4-mm 
screws. The most common complication reported with the 
use of this nail was trochanteric hétérotopie ossification 



Flexible interlocked nailing of a fémoral shaft 
fracture through a latéral trochanteric entry site. 


(approximately 14%); no major complications (malunion, 
refracture, osteonecrosis) were reported in patients with flex¬ 
ible locked nails, compared with 11% of patients with other 
fixation methods (standard flexible nails, external fixation, 
bridge plating, and rigid intramedullary nailing). The flexible 
interlocked intramedullary is recommended for fractures 
distal to the lesser trochanter and at least 4 cm proximal to 
the distal fémoral physes. 
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Rigid intramedullary fixation of fémoral shaft fractures 
in adolescents has been reported to resuit in high rates of 
union with short hospital stays and brief periods of immobi- 
lization that may hâve psychologie, social, educational, and 
some économie advantages over conservative treatment. In a 
review of our early results of intramedullary nailing of 31 
fémoral fractures in 30 adolescents, ranging in âge from 10 
to 15 years (average 12.3 years), we found that ail 31 fractures 
united without evidence of trochanteric overgrowth, coxa 
valga deformity, or narrowing of the fémoral neck. Two 
patients had bony overgrowth of more than 2cm (2.5cm and 
2.8cm). Other complications included one superficial distal 
wound infection that resolved affer intravenous antibiotic 
therapy and decreased sensation in the distribution of the 
deep peroneal nerve in one patient and in the distribution of 
the pudendal nerve in another; both neurologie problems 
resolved spontaneously. Mild hétérotopie ossification over the 
nail proximally was found in three patients. Asymptomatic 
segmentai osteonecrosis developed in one patient when a 
piriformis entry site was used and was not visible on radio - 
graphs until 15 months affer fracture. A subséquent study of 
fémoral shaft fractures in children 12 years and under treated 
with a rigid, locked, antegrade nailing inserted from a tro¬ 
chanteric entry point was conducted at our institution and 
demonstrated no malunion, leg-length différence, osteone¬ 
crosis, or hardware failure at final follow-up. A subséquent 
report by Crosby et al. on a 20-year expérience with trochan¬ 
teric rigid intramedullary nails in pédiatrie and adolescent 
fémoral fractures demonstrated acceptable complication 
rates with no cases of osteonecrosis. Because of the few 
complications and high rate of union in our patients and 
other reports, we believe trochanteric rigid intramedullary 
nailing is the treatment of choice for fémoral shaft fractures 
in older adolescents (12 to 16 years old) and is a reasonable 
option for children with risk factors for malunion, such as 
obesity or unstable fracture patterns. 

To minimize the risk of osteonecrosis, it is important that 
the dissection during placement and removal not extend 
médial to the greater trochanter, with care to avoid extension 
to the capsule or the piriformis fossa. The tip of the greater 
trochanter in adolescents or a more latéral starting point in 
younger children should be used for the entry site. Only one 
instance of osteonecrosis has been reported when the tip of 
the trochanter has been used as the entry point, and no cases 
of osteonecrosis hâve been reported to our knowledge with a 
latéral entry point. This prevents dissection near the pirifor¬ 
mis fossa and the origin of the latéral ascending cervical 
artery, which is médial to the piriformis fossa (Fig. 36-130). 
The proximal end of the nail should be left long (<lcm) to 
make later removal easier (Fig. 36-131). Nails can be removed 
9 to 18 months affer radiographie union to prevent bony 
overgrowth over the proximal tip of the nail. 

The length and diameter of the intramedullary nail may 
limit the use of this technique, but the development of a 
smaller (7 mm diameter) pédiatrie nail expands its applica¬ 
tion. We use a pédiatrie nail that has a transverse proximal 
interlocking screw that can be dynamized and avoids the 
greater trochanter and has more distal screw holes in the nail 
to avoid the physis (Fig. 36-132). Most small-diameter nails 
are solid, making passage through the fracture site a chal¬ 
lenge. The technique of locked intramedullary nailing of the 
fémur is described in Chapter 54. 


Piriformis 

fossa 




JjJ A and B f Proximal fémoral anatomy. (Redrawn 
from Keeler KA, Dart B, Luhmann SJ, et al: Antegrade intramedullary 
nailing of pédiatrie fémoral fractures using an interlocking pédiatrie 
fémoral nail and a latéral trochanteric entry point, J Pediatr Orthop 
29:345, 2009.) 



FIGURE 


^ Proximal end of nail is left long (<1cm) to 


make later removal easier. 


FLEXIBLE INTRAMEDULLARY 
NAIL FIXATION 

Biomechanical testing of flexible intramedullary nails using 
synthetic bone models has shown that (1) rétrogradé nail 
fixation has significantly less axial range of motion and 
more torsional stiffness than antegrade fixation in com- 
minuted and transverse fracture models; (2) there is no 
significant différence between the mechanical properties 
of three different rétrogradé nail constructions (two * 
C-shaped and two S-shaped and two straight flexible nails 
were tested), suggesting that any of the three constructs è 
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Pédiatrie TriGen intramedullary nailing. A f Midshaft fémoral fracture in a 15-year old. B f Entry at tip of greater 
trochanter (inset shows approach). C f Channel reamer and guide placement. D f A 9-mm nail placed across fracture site. E f Locking of 
proximal screw. F and G f Concentric circle technique for distal locking. 
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A f Midshaft diaphyseal fracture model stabi- 
lized with two C-shaped nails. B and C f Midshaft diaphyseal 
fracture stabilized with S-shaped and C-shaped nails (B) and two 
straight nails (C). 


could be used to treat fémoral fractures in children; and 
(3) length and rotation control with two divergent flexible 
nails of comminuted midshaft fémur fractures may be 
sufficient for early mobilization (Fig. 36-133). Most 
fémoral shaft fractures in children can be stabilized using 
rétrogradé fixation. Usually, médial and latéral insertion 
sites are used, but a single insertion site, either médial or 
latéral, can be used in the distal fémoral metaphysis. Two 
divergent C-configuration nails or one C-configuration and 
one S-configuration nail (bent by the surgeon at a point 
approximately 5cm distal to the eyelet) are routine; addi- 
tional nails can be added if necessary. Spécial expertise is 
needed to stabilize subtrochanteric fractures and fractures 
of the distal third of the fémur; antegrade insertion com- 
monly is used for the latter. Most agréé that fixation of 
some proximal and distal long spiral fractures may lack 
stability as far as rotation and angulation, and testing for 
stability after nailing at surgery is indicated. If instability is 
présent, a long leg cast with a pelvic band is used short 
term. A prospective comparison of titanium elastic nail fixa¬ 
tion and spica casting for treatment of fémoral shaft 
fractures in children found that children treated with flex¬ 
ible nails achieved recovery milestones significantly faster 
than those treated with traction and spica casting. Hospital 
charges for the two methods were similar, and the compli¬ 
cation rate after flexible nailing (21 %) was lower than after 
traction and spica casting (34%). 

Although mechanical studies hâve demonstrated equal 
or superior fixation with titanium nails compared with 
stainless Steel nails, and the biomechanical properties of 
titanium hâve been suggested to be superior to those 
of stainless Steel for intramedullary fixation, a comparison 
of the two devices found a malunion rate nearly four times 
higher with the use of titanium nails (23%) than with 
stainless Steel nails (6%). Overall, major complications were 
more frequent with the titanium nails (36%) than with 
stainless Steel nails (17%). 


TECHNIQUE 36-30 


■ Place the patient on an orthopaedic table and reduce the 
fracture partially by traction guided by fluoroscopy (Fig. 
36-134A and B). 

■ Use blunt-ended nails of quality Steel (cold-hammered at 
140 degrees) or titanium. The nails should be 45 cm long 
with diameters of 2.5, 3.0, 3.5, or 4.0 mm, depending 
on the child's weight and âge. 

■ Préparé the nails preoperatively by angling them at 45 
degrees about 2 cm from one end to facilitate pénétra¬ 
tion of the medullary canal and bend them into an even 
curve over their entire length. 

■ With the help of a T-handle and by rotation movements 
of the wrist, introduce the nails through a longitudinal 
drill hole made in the distal fémoral metaphysis just above 
the physis. Use two nails, one latéral and one médial, to 
stabilize the fracture. Carefully impact both up the medul¬ 
lary canal to the fracture site. After touching the opposite 
internai cortex, the nails bend themselves in the direction 
of the long bone's axis. The nails should cross distal to 
the fracture site (normally 4 to 6 cm distal) (Fig. 36-134C). 

■ With the fracture held reduced, rotate the T-handle or 
manipulate the limb to direct the pins into the opposite 
fragment. If the first is impeded, try the second with the 
aid of an image intensifier. Ensure both nails are in the 
canal across the fracture site. When they pass the fracture 
level, release traction, pushing the nails farther and fixing 
their tips in the spongy tissue of the metaphysis, without 
their passing through the physis (Fig. 36-134D). Small 
distractions can be corrected by rotation of the pins. 
Avoid residual angulation by ensuring that the nails are 
introduced at the same level and that the tips of the nail 
oppose each other in both planes so that they hâve 
identical curvatures (Fig. 36-134E). Leave the distal 
portion of the nails slightly protruding for ease of removal 
(Fig. 36-134F). 

■ If the technique is performed correctly, the fracture is 
finally stabilized by two nails, each with three points of 
fixation. The fixation is elastic but sufficiently stable to 
allow automatic small position corrections by limited 
movements during the limb's loading. 

POSTOPERATIVE CARE. Postoperatively, the limb is 
rested on a pillow. A knee immobilizer may give more 
comfort. Mobilization using crutches without weight 
bearing is allowed as soon as the fracture causes no pain. 
A spica cast can be used if rotation or angulation is 
évident after the procedure. At the beginning of the third 
week, partial weight bearing is allowed. After the appear- 
ance of calcified external callus, full weight bearing is 
allowed. Nails are removed when the surgeon is positive 
that healing has occurred, usually 6 to 12 months 
postoperatively. 


■ PLATING 

Plating of fémoral fractures in children and adolescents has 
been reported by several authors, primarily for patients with 
severe head injury, multiple trauma, proximal or distal frac¬ 
tures, or length-unstable fractures (Figure 36-135). Although 





















CHAPTER 36 FRACTURES AND DISLOCATIONS IN CHILDREN 



Flexible intramedullary nail technique. A and B, Radiographs of fémoral fracture before (A) and after (B) réduction 
on fracture table. C f Both nails are placed (médial and latéral) to cross well below fracture site and stopped temporarily at fracture 
site for ease of passage. D f Both nails are driven past fracture site by manipulating distal fragment, hugging wall of intramedullary 
canal as necessary. E f Nails are driven into greater trochanteric and cervical area. F, Distal portions of nails are left slightly protruding 
for ease of removal but not too long to prevent knee motion. SEE TECHNIQUE 36-30. 



Submuscular bridge plating of severely com- 
minuted segmentai fémoral fracture. 


open plating techniques hâve been used in the past, a less 
invasive submuscular technique has been advocated by many 
to decrease operative time, blood loss, unsightly scars, and 
disruption of fracture biology. Several studies demonstrated 
equal or superior results of submuscular plating to elastic 
nails in the management of subtrochanteric, distal fémoral, 
or length-unstable fémoral fractures in regard to healing 
time, major or minor complication rates, and time to return 
to activity. Reported complications include leg-length dis- 
crepancy, refracture, hardware breakage, hypertrophie scar- 
ring, and rotational malalignment. Additionally, in a review 
of 85 skeletally immature diaphyseal fémoral fractures treated 
with submuscular plate fixation, 30% of distal fractures and 


12% of ail fractures developed a late distal fémoral valgus 
deformity. The authors advocated close follow-up and routine 
hardware removal once fracture union has occurred. 

■ COMPLICATIONS 

The most common complication after fémoral shaft fractures 
in children is leg-length discrepancy, usually resulting from 
“overgrowth” of the injured fémur. The exact cause of this 
overgrowth is unknown, but it has been attributed to âge, 
gender, fracture type, fracture level, handedness, and amount 
of overriding of the fracture fragments. Age seems to be the 
most constant factor, but fractures in the proximal third of 
the fémur and oblique comminuted fractures also hâve been 
associated with relatively greater growth accélération. Accord- 
ing to Staheli, shortening is more likely in patients older than 
10 years of âge and overgrowth is more likely in patients 2 to 
10 years old, especially if traction has been used. Treatment 
with a spica cast with or without traction can resuit in signifi- 
cant shortening. This occurs when more than 2 cm of short¬ 
ening is accepted and if “traction time” has not been long 
enough at the time of casting when excessive shortening is 
présent at the time of initial présentation. 

Although some angular deformity occurs after fémoral 
shaft fractures in children, it usually remodels with growth. 
The acceptable amount of angular deformity is controversial; 
Table 36-6 présents our general guideline of acceptable angu¬ 
lation based on âge. Genu recurvatum deformity of the 
proximal tibia has been reported after traction pin or wire 
placement through or near the anterior aspect of the proximal 
tibial physis, excessive traction, pin track infection, and 
prolongée! cast immobilization. Occasionally, a significant 
angular deformity requires corrective osteotomy, but this 
should be delayed at least a year unless function is impaired. 
Torsional deformities hâve been reported to occur in one 
third to two thirds of children with fémoral shaft fractures; 
however, most of these are mild (<10 degrees) and asymp- 
tomatic, rarely requiring treatment. 
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Reported Complications After Flexible 
Intramedullary Nail Fixation of Pédiatrie Fémoral 
Fractures 


■ Pain or irritation at nail insertion site 

■ Malunion 

■ Loss of réduction (leading to reoperation or malunion) 

■ Refracture 

■ Neurologie déficit (transient pudendal nerve palsy, sciatic 
neurapraxia) 

■ Superficial wound infection 

■ Reoperation before union 

■ Nail migration/skin perforation 

■ Loss of réduction 

■ Refracture 

■ Neurologie déficit 


Delayed union and nonunion of fémoral shaff fractures 
are rare in children and occur most offen after open fractures, 
fractures with segmentai bone loss or soft tissue interposed 
between the fragments, and subtrochanteric fractures that 
hâve been poorly aligned with inadéquate stabilization. 
Delayed union in a young child whose fémoral fracture has 
been treated with casting probably should be treated by 
continuing cast immobilization until bridging callus forms. 
Rarely, bone grafting and internai fixation may be required 
for nonunion in an older child; an interlocking intramedul¬ 
lary nail usually is preferred for fixation in children older than 
10 to 12 years of âge. With the increased use of flexible 
intramedullary nails, we hâve noted, as expected, an increase 
in complications. Besides the usual complications of delayed 
or malunion and leg-length discrepancy, operative complica¬ 
tions include implant failure with resulting varus deformity, 
protruding nails with and without skin érosion, knee 
stiffness, and septic arthritis. Narayanan et al. reported com¬ 
plications in 45 (58%) of 78 fractures treated with flexible 
intramedullary nailing (Box 36-5); most were minor and 
caused no serious sequelae. 

Risk factors suggested to be associated with complica¬ 
tions of flexible nailing include: 

■ Age older than 10 or 11 years and weight exceeding 49 kg 

■ Obesity, related to wound site complications or failure at the 
fracture site (40% complication rate in obese children) 

■ Titanium nails, compared with stainless Steel nails; mal¬ 
unions are more frequent with flexible titanium nails 

■ Subtrochanteric fractures 

■ Comminution, more than 25% of shaff 

■ Open fracture 

■ Multiple injuries 

Many of the complications associated with flexible intramed¬ 
ullary nailing can be prevented by careful attention to opéra¬ 
tive technique and careful follow-up. 

■ Pain at the insertion site can be avoided by not bending 
the nails at the insertion site (Fig. 36-136). Nails should be 
eut close to the bone, leaving less than 10 mm protruding 
but with enough length left to allow nail retrieval. If prom¬ 
inent nail migration distally occurs, it can be managed by 
either removing the nail at union or impacting the nail 
farther into the bone at reoperation. 


■ Malunion can be minimized by using stainless Steel nails 
and avoiding nails that are mismatched in terms of size, 
determining that comminution is less than 25% of the 
shaff, using postoperative immobilization if necessary, and 
paying careful attention to the location of the fracture and 
final position of the nails (nails can be placed farther prox- 
imally in subtrochanteric fractures). 

■ Loss of réduction is a serious complication requiring reop¬ 
eration and considération of another fixation method. 

■ Neurologie déficits can be prevented by careful attention 
to traction, especially with the use of a fracture table. 

■ Superficial wound infections can be minimized by using 
perioperative antibiotics and avoiding prominent nails at 
the insertion site. 

FRACTURES OF THE DISTAL 
FEMORAL PHYSIS 

Fractures of the distal fémoral physis are not as common as 
physeal injuries elsewhere, accounting for only 7% of 
physeal injuries of the lower extremity. At the distal fémur, 
Salter-Harris type II physeal fractures cause more severe 
physeal arrests than in other parts of the skeleton. Occult 
Salter-Harris type V compression fractures with prématuré 
closure of the physis also occur more frequently in this 
location. 

Salter-Harris type I fractures of the distal fémoral physis 
rarely need operative treatment unless they are displaced. 
These fractures are caused more offen by motor vehicle 
accidents or by a varus or valgus force encountered in athletic 
activities, and many are undisplaced (Fig. 36-137). Gentle 
stress radiographs may be helpful in differentiating a tear of 
a collateral ligament from a type I epiphyseal séparation. 
Salter-Harris type II fractures are most common and occur 
in older children. Displacement usually is in the coronal 
plane, although it can be in the anteroposterior plane. Physeal 
arrest is more frequent after this fracture than after type II 
fractures in many other locations. 

In an experimental study in rabbits, Mâkelà et al. found 
that destruction of 7% of the cross-sectional area of the distal 
fémoral physis caused permanent growth disturbance and 
shortening of the fémur. The portion of the physis beneath 
the metaphyseal fracture spike (Thurston-Holland sign) 
usually is spared. If the metaphyseal spike is médial, valgus 
deformity may occur because of latéral closure of the physis. 
If the spike is latéral, varus angulation may follow. 

Salter-Harris type III fractures rarely occur. The amount 
of displacement is important because joint incongruity results 
if anatomie alignment is not restored and a bony bridge 
develops if the physis is not realigned exactly (Fig. 36-138A). 
A Salter-Harris type IV fracture is even more uncommon. It 
likewise requires accurate réduction. The metaphyseal spike 
of bone that occurs with this type of fracture is worrisome 
because of the increased possibility of physeal arrest from 
bony bridge formation (Fig. 36-138B). 

When late prématuré physeal closure occurs, a rétrospec¬ 
tive diagnosis of a Salter-Harris type V compression injury is 
made. Whether this is a true compression injury, with pré¬ 
maturé closure uniformly across the distal fémoral physis, 
was questioned by Peterson and Burkhart, who speculated 
whether this uniform prématuré physeal closure could be 
caused by some other mechanism, such as prolonged immo¬ 
bilization or an undiscovered mechanism. 
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A f Bending of the nails at the insertion site can lead to postoperative irritation and pain, which may require reopera¬ 
tion to advance, trim, or remove the nails. B, Optimal position of the distal nail ends against the supracondylar flare of the metaphysis 
leaves the nails sufficiently out of the cortical entry site for subséquent retrieval if necessary. (From Narayanan UG, Hyman JE, Wainwright 
AM, et al: Complications of elastic stable intramedullary nail fixation of pédiatrie fémoral fractures, and how to avoid them, J Pediatr Orthop 24:363, 
2004.) 




Various angulations of distal fémoral physeal 
fractures, including posterior angulation, varus angulation, and 
valgus angulation. 



An avulsion injury can occur at the edge of the physis, 
especially on the médial side. A small fragment, including a 
portion of the perichondrium and underlying bone, may be 
torn off the fémur when the proximal attachment of a col¬ 
lateral ligament is avulsed. This uncommon injury, although 
assumed to be benign, can lead to localized prématuré physeal 
arrest. If physeal arrest from a bony bridge is located at the 
most peripheral edge of a physis, severe angular deformity 
can occur. 

The value of the Salter-Harris classification as an indica- 
tor of the mechanism of injury and the prognosis of distal 
fémoral physeal injuries is debatable, with some authors 
noting that most types I and II fractures do well, whereas 
others hâve reported unsatisfactory results and frequent 



A, Salter-Harris type III distal fémoral physeal 
fracture that requires anatomie réduction. B, Various types of 
Salter-Harris type III and IV fracture-separations, including uni- 
condylar, bicondylar, and combination of types III and IV, which 
is triplane fracture. 
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^ A f Displaced Salter-Harris type II fracture of distal fémoral physis. B and C f Fixation with cannulated screws. 


measurable growth disturbances in types I and II fractures. 
In a study of 73 patients with distal fémoral physeal fractures, 
Arkader et al. found that both the Salter-Harris classification 
and displacement of the fractures were significant predictors 
of the final outcome. 

Types I and II fractures usually are reduced with the 
patient under general anesthésia, and the réduction is main- 
tained in a long leg cast with a pelvic band and pin or screw 
fixation in unstable fractures. These fractures are noted for 
redisplacement, especially if they are initially displaced ante- 
riorly (Fig. 36-139). Closed réduction can be made easier by 
the use of a traction bow on a Kirschner wire in the proximal 
tibia. Réduction should be 90% by traction or distraction and 
only 10% by leverage or manipulation. Most types I and II 
physeal fractures do not require anatomie réduction because 
the fracture occurs through the zone of provisional calcifica¬ 
tion of the physis, leaving the cells responsible for growth 
with the ossified epiphysis, although Salter-Harris types I and 
II fractures in the distal fémur may be an exception. If a less 
than anatomie réduction results, but acceptable general align- 
ment and position are obtained, union and satisfactory 
growth and remodeling can be expected, especially in chil- 
dren younger than 10 years old in whom 20 degrees of pos- 
terior angulation would remodel. In older patients nearer 
skeletal maturity, only slight anteroposterior displacement 
and no more than 5 degrees of varus-valgus angulation are 
acceptable. According to Salter, it is better to accept a less than 
anatomie réduction with the possibility of an osteotomy later 
than to use forceful or repeated manipulation. In older chil- 
dren, a closed réduction can be done, but because of inhérent 
instability, percutaneous cross wire fixation with the aid of 
image intensification may be necessary to maintain réduction 
(Fig. 36-140). The pins should cross the metaphysis to prevent 
rotation of the epiphysis. Rarely, a Salter-Harris type I or II 
fracture cannot be satisfactorily reduced closed because of 
interposition of soft tissue, and ORIF becomes necessary. 

In adolescents, a large metaphyseal spike (Thurston- 
Holland fragment) can be stabilized with two cannulated 
screws. Salter-Harris type III and IV fractures require ana¬ 
tomie réduction. If this cannot be achieved by closed methods, 
ORIF is indicated. The amount of displacement that is accept¬ 
able in type III fractures has not been determined conclusively, 
but most authors report 2 mm or less as acceptable for closed 



JJ Cross wire fixation with aid of image intensi¬ 
fier. Smooth pins should be used and should penetrate the 
opposite cortex. SEE TECHNIQUE 36-31. 


réduction. We believe that if the surgeon thinks realistically 
that the amount of displacement can be decreased by per- 
forming an open réduction, this should be done. CT or MRI 
may be helpful when there is suspicion of injury without 
radiographie abnormality for evaluating articular displace¬ 
ment and for operative planning purposes. 


CLOSED OR OPEN REDUCTION 


TECHNIQUE 36-31 


CLOSED REDUCTION OF SALTER-HARRIS TYPES I AND 

Il FRACTURES 

■ Perform closed réduction for Salter-Harris types I and II 
fractures. 

■ If the réduction is satisfactory, apply a single spica or long 
leg cast, depending on the direction of the original 
displacement. 

OPEN REDUCTION OF SALTER-HARRIS TYPES I AND II 

FRACTURES 

■ If réduction cannot be maintained, insert crossed, smooth 
2.4-mm (3/32-inch) Steinmann pins through the médial 
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and latéral condyles and into the metaphysis (Fig. 36-140). 
If a large metaphyseal spike (Salter-Harris type II) is présent 
after closed réduction, horizontal percutaneous pins or 
cannulated screws can be used. 

■ If the Salter-Harris type I or II fracture cannot be reduced 
closed, expose the epiphysis through a latéral or médial 
longitudinal incision, as described in Chapter 1 for inter- 
condylar fractures. 

■ Reduce the séparation as gently and completely as pos¬ 
sible by manual traction and minimal leverage. If the use 
of instruments is necessary, avoid injury to the physis. 
Remove any interposed soft tissue and gently maneuver 
the epiphysis into position. 

■ After réduction is achieved, drill 2.4-mm unthreaded pins 
through the médial and latéral condyles so that they cross 
near the center of the physis and enter the metaphysis. 
Cut the pins off beneath the skin. 

■ If the pins are inserted as described and removed at 4 to 
6 weeks, they are unlikely to cause any growth distur¬ 
bance. If a type II or IV fracture has a large metaphyseal 
spike, rather than using smooth crossed pins, drill two 
2.4-mm threaded pins or a cancellous screw (Fig. 36-141) 
through the metaphysis of the spike into the proximal 
metaphyseal portion of the fracture. This should provide 
good stability and avoids Crossing the physis. If the 
fragment is too small, cross the physis with smooth 
crossed pins. 

OPEN REDUCTION OF SALTER-HARRIS TYPE III 
FRACTURES 

■ If the injury is a displaced Salter-Harris type III fracture, 
expose the displaced condyle through an anteromedial or 
antérolatéral incision, depending on which condyle is 
involved. 

■ An arthrotomy is necessary to ensure an anatomie réduc¬ 
tion of the articular surface. 

■ Drill a large smooth pin, a cancellous screw, or a guide 
pin for cannulated cancellous screws into the displaced 
condyle to manipulate it. Gently and carefully reduce the 
displaced condyle into position with the pin or screw. 
Insert the pin or screw transversely into the intact opposite 



Salter-Harris type IV fracture metaphyseal 
spike is secured transversely with cancellous screws. SEE TECH¬ 


NIQUE 36-31. 


condyle without Crossing the physis. Confirm the réduc¬ 
tion by radiographs. Threaded or cancellous screws can 
be used across the epiphysis, as long as they do not 
involve, penetrate, or cross the physis. 

OPEN REDUCTION OF SALTER-HARRIS TYPE IV 
FRACTURES 

■ Growth disturbance occurs frequently after type IV frac¬ 
tures if an anatomie réduction is not achieved and fixation 
is not secure. Arthrotomy usually is required to ensure 
anatomie réduction at the articular surface. 

■Approach the fracture anteromedially or anterolaterally, 
depending on which condyle is involved or on which side 
the metaphyseal spike is présent. 

■ Reduce the articular surface and the physis precisely with 
smooth pins or cancellous screws. Secure the fragment 
to the intact condyle with transverse fixation, without 
Crossing the physis if possible. 

■ If, as in type II fractures, a large displaced metaphyseal 
spike is présent, reduce the fracture anatomically with 
traction and secure the metaphyseal spike to the proximal 
metaphyseal fragment with threaded pins, screws, or 
cancellous bone screws (Fig. 36-142). If the metaphyseal 
spike is not large enough to ensure rigid fixation, or if 
transverse fixation of the epiphysis cannot be secured, 
smooth pins can be inserted across the physis. 

POSTOPERATIVE CARE. When the initial displacement 
is anterior, a long leg or single spica cast, depending on 
the stability, is applied with the knee in 45 degrees of 
flexion. These fractures are comparable to supracondylar 
fractures of the humérus in that the quadriceps and 
flexed knee are comparable to the triceps and flexed 
elbow in the maintenance of réduction. If the initial dis¬ 
placement is posterior, the knee should be immobilized 
in extension. Union usually occurs at 4 to 6 weeks. The 
cast and any temporary pins can be removed and an 
exercise program begun. Weight bearing can be permit- 
ted at 8 to 10 weeks. 


■ COMPLICATIONS 

The immédiate complications of closed or open réduction 
include vascular impairment, peroneal nerve palsy, and 
récurrent displacement and angulation. Late complications 
include joint stiffness and physeal arrest. A recent meta- 
analysis that included 564 distal fémoral physeal fractures 
found that 52% had growth disturbances, 36% in type I 
fractures, 58% in type II fractures, 49% in type III fractures, 
and 64% in type IV fractures. Leg-length discrepancies of 
more than 1.5cm developed in 52%. Although growth distur¬ 
bance was more frequent in those treated with fixation (58%) 
than those without fixation (63%), clinically significant leg- 
length discrepancy was less frequent with fixation (27%) than 
without fixation (37%). Children with fractures of the distal 
fémoral physis should be observed periodically until skeletal 
maturity. Epiphysiodesis of the contralatéral extremity may 
be necessary because of prématuré physeal arrest with short- 
ening or angulation or both. Angular deformity caused by 
bony bridge formation is common in distal fémoral physeal 
fractures. Bony bridge resection and epiphysiodesis of the 
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A and B f Salter-Harris type II fracture of distal fémoral physis with small metaphyseal spike. C and D f After closed 
réduction and percutaneous pinning. E f Two weeks after surgery, loss of réduction occurred because of inadéquate fixation through 
metaphyseal spike only. SEE TECHNIQUE 36-31. 


opposite extremity and osteotomy may be necessary to 
equalize leg lengths and correct angular deformity (see 
Chapter 29). 

KNEE FRACTURES AND 
DISLOCATIONS 

PATELLAR DISLOCATIONS 

Acute traumatic patellar dislocations usually occur in adoles¬ 
cents involved in athletic activities. Patients often report a 
twisting injury and seeing or feeling the patella dislocate and 
then spontaneously reduce with knee flexion. In younger 
children, patellofemoral dysplasia generally is an underlying 
cause. Less commonly, a direct blow to the médial aspect of 
the patella results in patellar dislocation. Factors associated 
with patellar dislocation include patella alta, trochlear dyspla¬ 
sia, hyperlaxity, an increased Q angle from torsional deformi- 
ties of the fémur or tibia, female sex, and a positive family 
history. 

Diagnosis of patellar dislocation, even with spontaneous 
réduction, generally is easily made by clinical symptoms: 


diffuse tenderness and swelling around the patella, worse on 
the médial side; positive appréhension test with latéral trans¬ 
lation of the patella; and hemarthrosis. Radiographs should 
be obtained to detect an osteochondral fracture; MRI or CT 
also may be valuable for évaluation of an osteochondral 
fracture. Stress radiographs may be needed if physeal fracture 
or ligament injury is suspected. 

Treatment of first-time patellar dislocations usually is 
nonoperative, consisting of a short period of immobilization, 
followed by bracing and réhabilitation with return to sports 
activities at 6 to 12 weeks. Nonoperative management of 
patellar dislocations is further outlined in Chapter 60. Opéra¬ 
tive treatment is most often needed for an associated osteo¬ 
chondral fracture but has been recommended to reduce the 
risk of redislocation, which has been reported in 15% to 75% 
of patients. Redislocation is most frequent in young patients 
(<15 years of âge), and the frequency decreases with increas- 
ing âge. 

Operative treatment is most often indicated for récurrent 
patellar dislocations that cause functional disability and 
patellar dislocations with large fémoral osteochondral frac¬ 
tures that require fixation. Operative stabilization may 
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Schematic view of the 3-in-1 procedure: 1, 
latéral release; 2, vastus medialis muscle advancement; 3, transfer 
of the médial third of the patellar tendon to the médial collateral 
ligament, sutured using two métal anchor sutures. (Redrawn from 
Oliva F, Ronga M, Longo UG, et al: The 3-in-1 procedure for récurrent 
dislocation of the patella in skeletally immature children and adoles¬ 
cents, Am J Sports Med 37:1814, 2009.) SEE TECHNIQUE 36-33. 


occasionally be considered for high-demand athlètes with a 
primary patellar dislocation. 

Chronic récurrent subluxation or dislocation is a difficult 
problem. For management in a skeletally mature patient, see 
Chapter 45. Additional challenges are encountered in chil¬ 
dren with open physes because bony procedures at the tibial 
tubercle and médial patellofemoral ligament reconstruction 
techniques that encroach on the distal fémoral physis should 
be avoided so as not to cause growth arrest. With this in 
mind, procedures hâve been described to correct patellar 
instability using soft-tissue advancement (vastus medialis), 
latéral release, and when needed some soft-tissue restraining 
procedure, such as transfer of the médial or latéral third of 
the patellar tendon to the médial collateral ligament (Fig. 
36-143), reconstruction of the médial patellofemoral liga¬ 
ment, and transfer of the semitendinosus tendon through a 
patellar tendon (Galeazzi). Nietosvaara et al. compared 
operative treatment (direct repair of damaged médial struc¬ 
tures and latéral release) to nonoperative treatment in a 
randomized trial involving 74 dislocations without large 
loose bodies in 71 patients younger than 16 years of âge. 
Initial operative repair of the médial structures combined 
with latéral release did not improve the long-term outcome. 
Subjective results were good or excellent in 75% of those 
treated nonoperatively compared with 66% in those treated 
operatively; rates of récurrent dislocation were 71% after 
nonoperative treatment and 67% after operative treatment. A 
positive family history was identified as a risk factor for récur¬ 
rence and for contralatéral patellar instability. 

If médial patellofemoral ligament reconstruction is 
selected as part of the proximal realignment, then care must 


be taken to avoid damage to the distal fémoral physis. This 
can be accomplished with careful placement of the fémoral 
tunnel distal to the physis in older adolescents or alternatively 
with suture or suture anchor fixation distal to the physis in 
younger patients. The sélection of a graft is similar to that for 
skeletally mature patients and includes a hamstring autograff, 
allograft, or partial quadriceps graft. For médial patellofemo¬ 
ral ligament reconstruction techniques, please refer to 
Chapter 45. 


RECONSTRUCTION OF THE 
PATELLOFEMORAL AND 
PATELLOTIBIAL LIGAMENTS WITH A 
SEMITENDINOSUS TENDON GRAFT 


TECHNIQUE 36-32 


(NIETOSVAARA ET AL.) 

■ Place the patient supine on a standard operating room 
table. After induction of general anesthésia, examine 
both knees, including patellofemoral tracking, before 
stérile préparation and draping of the limb. Apply and 
inflate a thigh tourniquet (pressure of 250 mm Hg). 

■ Through standard portais (see Chapter 51), arthroscopi- 
cally examine the knee to evaluate patellar tracking, 
depth of the fémoral trochlea, and condition of the patel¬ 
lofemoral joint surfaces. Remove any loose bodies. 

■ Make a longitudinal 4-cm skin incision médial to the tibial 
tubercle. 

■ Identify the semitendinosus and harvest its tendon with 
a tendon stripper, leaving the distal insertion intact. 

■ Place a running 2-0 Vicryl crisscross suture (Ethicon, Som- 
merville, NJ) in the proximal end of the tendon. 

■ Make two additional 2-cm incisions at the inferomedial 
and superomedial borders of the patella. 

■ With a 3.2-mm cannulated drill, create a longitudinal 
intraosseous tunnel in the médial quadrant of the patella; 
enlarge the tunnel with a 4-mm drill. 

■ Create a subfascial tunnel between the semitendinosus 
insertion and the inferomedial patellar incision. 

■ Pass the tendon graft through this tunnel and through 
the patella from distal to proximal, exiting at the supero¬ 
medial pôle. 

■ From its exit at the superior aspect of the patella, tunnel 
the graft in a subfascial plane to the adductor tubercle 
and make a 3-cm incision. 

■ Tension the graft with the knee in 30 to 45 degrees of 
flexion, making sure that the patella is well seated in the 
trochlea. Check the tension with the knee fully extended 
(the graft should allow little latéral movement of the 
patella, only up to one-fourth of patellar width). Proper 
graft tension also allows congruent smooth tracking of 
the patella. 

■ Test patellar tracking and stability throughout the range 
of knee motion. 

■ Drill a 7-mm hole at the adductor tubercle and secure the 
graft with an absorbable 8 x 23-mm Biotenodesis screw 
(Arthrex, Naples, FL). 
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■ In skeletally immature patients, do not use a Biotenodesis 
screw; instead, pass the graft around the adductor 
magnus tendon and suture it to this tendon and to itself 
with 0 Vicryl. 

■ If tightness of the latéral retinaculum does not allow 
congruent patellar tracking, perform a latéral retinacular 
release through an extended antérolatéral arthroscopic 
portai to allow 45 degrees of rotation of the patella above 
the horizontal. 

■ In skeletally mature patients with a Q angle of more than 
20 degrees, transfer the tibial tubercle 8 to 12 mm medi- 
ally and fix it with two 6.5-mm lag screws. 

■ Release the tourniquet and close the incisions in standard 
manner. 

POSTOPERATIVE CARE. Weight bearing and active 
range-of-motion exercises are allowed immediately. 
Patients with tibial tubercle transfer are allowed only 
partial weight bearing on crutches for the first 6 weeks. 
Return to participation in sports is allowed after 4 months. 


3-IN-1 PROCEDURE FOR RECURRENT 
DISLOCATION OF THE PATELLA: 
LATERAL RELEASE, VASTUS MEDIALIS 
OBLIQUUS MUSCLE ADVANCEMENT, 
AND TRANSFER OF THE MEDIAL 
THIRD OF THE PATELLAR TENDON TO 
THE MEDIAL COLLATERAL LIGAMENT 


TECHNIQUE 36-33 


(OLIVA ET AL.) 

■ Place the patient supine on a standard operating-room 
table and apply a tourniquet to the thigh. 

■ After induction of general anesthésia, examine the knee 
clinically and arthroscopically. 

■ Make a 10-cm incision from the midpoint of the patella 
inferiorly to the médial aspect of the tibial tuberosity (Fig. 
36-143) to expose the latéral and médial retinacula, the 
patellar tendon, and the superomedial aspect of the 
patella in the area of insertion of the vastus medialis 
obliquus (VMO) tendon. 

■ Section the latéral retinaculum proximal to the superior 
pôle of the patella (latéral release), taking care not to 
breach the synovium. 

■ Expose the médial patellar tendon by division of the 
médial retinaculum and expose and release the VMO 
insertion. 

■ Préparé the médial third of the patellar tendon by detach- 
ing it as distally as possible from its tibial insertion; leave 
it attached to the patella proximally. Alternative^, detach 
the latéral third to half of the patella tendon and pass it 
underneath the intact médial portion. 

■ With the knee flexed 30 degrees, transfer the patellar 
tendon medially with an angle of 45 degrees with the 


main body of the patellar tendon. Incise the periosteum, 
insert two suture anchors, and suture the patellar tendon 
to the médial aspect of the proximal tibia and to the 
médial collateral ligament. 

■ Advance the VMO insertion 10 mm distally and laterally 
and secure it with continuous no. 1 Vicryl suture on the 
surface of the patella, which has been gently scarified 
with a burr. 

■Close the wound in layers and apply routine dressings, 
bandages, and a straight-knee splint. 

POSTOPERATIVE CARE. Partial weight bearing is 
allowed in a controlled-motion brace, progressing to full 
weight bearing after 2 weeks. Range of motion is slowly 
increased in incréments with the goal of 90 degrees of 
flexion at 6 weeks. Gentle concentric training and pro- 
prioception training also are begun. At 8 weeks, gentle 
jogging in place on a "mini-tramp" is begun and pro- 
gressed over the next 4 weeks. At 12 weeks, sport-specific 
réhabilitation is begun. Progressive return to daily activi¬ 
tés is allowed over the next 3 months, with return to 
sports activities usually possible at 6 months. 


PATELLAR FRACTURES 

It is estimated that only 1% of ail fractures occur in the patella 
and that only 1% of these occur in the immature skeleton, so 
fractures of the patella in children are rare. They usually occur 
in older children. Some fractures, especially osteochondral 
and small peripheral fractures and sleeve-type fractures, can 
be caused by acute dislocation of the patella, which is common 
in children. In adolescents, “jumpers knee” and Sinding- 
Larsen-Johansson syndrome occur frequently. These are 
avulsion injuries of the proximal and distal pôles of the patella 
and should be considered chronic répétitive ligamentous 
injuries. Bipartite patella should not be confused with a patel¬ 
lar fracture, although it can be misleading because bipartite 
patella occasionally is painful in adolescent athlètes. In bipar¬ 
tite patella, the edges of the defect usually are rounded, the 
condition is bilateral in approximately 50% of children, and 
it is almost always in the superolateral quadrant of the bone. 
Congénital absence of the patella or congénital hypoplasia 
may be seen in onychoosteodysplasia or nail-patella syn¬ 
drome. Fractures of the distal pôle of the patella and even 
transverse fractures of the patella occur often in children with 
cérébral palsy and spasticity of the quadriceps muscle. 

A sleeve type of fracture of the distal pôle of the patella 
has been described; often only a fleck of bone is seen on the 
radiograph, giving a falsely benign appearance; however, a 
large, cartilaginous “sleeve” is often attached to the patellar 
tendon that, if not replaced properly when healed and ossi- 
fied, becomes malaligned and produces an abnormally 
elongated patella and patellar mechanism (Fig. 36-144). If 
this fracture occurs in conjunction with dislocation or sub¬ 
luxation of the patella, the élongation of the patellar mecha¬ 
nism makes the dislocation more unstable. MRI is helpful for 
evaluating the extent of the sleeve fracture and ruling out 
concomitant injury (Fig. 36-145). 
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Patellar fractures should be classified according to loca¬ 
tion, type, and amount of displacement (Fig. 36-146). A review 
of 67 patellar fractures in 66 children (average âge of 12.4 
years) at our institution determined that 19 fractures were 
comminuted, 18 were transverse fractures, 15 were chip 
fractures, 6 were vertical fractures, and 2 were sleeve fractures; 
7 fractures could not be classified from the available radio- 
graphs. Treatment followed guidelines generally accepted for 
patellar fractures in adults, but numerous ipsilateral lower 
extremity fractures often dictated that treatment be deter¬ 
mined according to the associated injury. Overall results were 
good in only 50% of patients. Some general trends were 
évident: (1) restoration of the extensor mechanism is essential, 
and results were less than optimal when this was not accom- 
plished; (2) ORIF produced good results with no growth dis¬ 
turbance after the use of cerclage wires in patients near skeletal 
maturity; and (3) displaced, comminuted fractures and frac¬ 
tures associated with ipsilateral tibial or fémoral fractures had 
the poorest results. 

Because of the possibility of growth disturbance, and 
because of frequent breakage of wires in children, we rou- 
tinely remove wires, pins, and screws, preferably before they 
break. If the fracture occurs in conjunction with an acute or 
récurrent dislocation of the patella, a limited latéral release 
and médial reefing of the retinaculum may be indicated. An 



Substantial sleeve of avulsed cartilage when 
seen on radiograph appears as only "fleck" of bone and looks 
benign. 


osteochondral fracture of the patella or latéral fémoral 
condyle should be suspected when acute patellar dislocation 
occurs. 

Because in a sleeve fracture a large cartilaginous fragment 
usually is attached to the fleck of bone, anatomie réduction is 
required with displaced fractures. Malunion of the fracture 
may be painful and require excision of the distal fragment. If 



A f Apparent minor inferior pôle patellar 
fracture. B f MRI reveals extent of sleeve fracture. 





Types of patellar fracture. A f Inferior pôle. B f Superior pôle. C f Transverse undisplaced midsubstance. D f Transverse 
displaced midsubstance. 
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the sleeve fracture was caused by dislocation of the patella, 
healing in an elongated position may contribute to chronic 
récurrent dislocation. 

The technique for ORIF of patellar fractures in children 
is the same as in adults (see Chapter 54). Because the sleeve 
fracture of the patella is unique to children, however, the 
technique of réduction and fixation is described here. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF SLEEVE FRACTURE 


TECHNIQUE 36-34 


(HOUGHTON AND ACKROYD) 

■ Place the patient supine on the operating table and 
préparé the leg in the usual fashion; use a tourniquet. 

■ Approach the inferior pôle of the patella through a médial 
parapatellar or direct anterior incision. Expose the distal 
pôle patellar fracture. 

■ Irrigate the fracture copiously with saline and with a small 
curet remove any clots and loose cancellous bone. Reduce 
the fragment with a small bone holder. Observe the 
fracture fragments anteriorly and try to observe the 
réduction posteriorly on the articular surface. If this is 
impossible, use a gloved finger to feel for any angulation 
or offset on the articular surface. Perform a tension band 
wiring with two Kirschner wires (see Chapter 54). 

■ After réduction of the fracture, place two parallel longi¬ 
tudinal Steinmann pins across the fracture site. Leave 
them protruding approximately 1/4 inch (0.5 cm) distally 
for easy removal. Place a tension band wire from the 
superior to the inferior pôle of the patella, Crossing itself 
and incorporating the parallel pins (Fig. 36-147). Tighten 
the wire sufficiently but not enough to overly compress 
and angulate the fracture fragments. 


■ Alternative^, a suture repair can be done through vertical 
tunnels in the patella in a manner similar to repair of a 
proximal patellar tendon rupture. 

■ A careful retinacular closure adds additional stability to 
the repair and may improve patellar tracking after healing 
is achieved. 

■ Close the wound in layers and apply an appropriate cast 
with the knee in slight flexion. 

POSTOPERATIVE CARE. At 3 to 4 weeks, the cast is 
removed and range-of-motion exercises are started. 


FRACTURES OF THE INTERCONDYLAR 
EMINENCE OF THE TIBIA 

Tibial intercondylar eminence fractures account for 2% to 5% 
of knee injuries associated with knee effusion in children and 
adolescents. Tibial eminence fractures are most commonly 
classified according to the modified Meyers and McKeever 
System which describes four types: type I, little or no displace¬ 
ment of the fragment; type II, fragment elevated anteriorly 
and proximally, with some displacement but with a cartilagi- 
nous hinge posteriorly; and type III (intact fragment) and 
type IV (comminuted fragment), with complété displacement 
of the fragment (Fig. 36-148). The goal of treatment is to 
achieve near-anatomie réduction to restore appropriate 
tension of the attached anterior cruciate ligament. This has 
been done traditionally by closed treatment with knee exten¬ 
sion for types I and II and by open or arthroscopic réduction 
and fixation for types III and IV. 

The mechanism of action for tibial eminence fractures is 
similar to that of an anterior cruciate ligament injury, with 
many occurring in low-energy, noncontact activities. This 
injury has also been reported with higher energy mechanisms 
such as motor vehicle accidents, pedestrian-motor vehicle 
accidents, or falls from bicycles. The workup includes a 
careful physical examination and routine knee radiographs. 



A f Patellar "sleeve" fracture. B and C f After réduction and fixation with Kirschner wires and tension band wiring. 


SEE TECHNIQUE 36-34. 
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Type I Type II Type III Type III with rotation 

Meyers and McKeever classification of tibial eminence fractures. 


Although the injury usually is detected with plain radio- 
graphs, CT and MRI may be used to better evaluate the extent 
of the injury, rule out associated injury, and for preoperative 
planning purposes. At our institution, we routinely use MRI 
to evaluate the degree of displacement, assess barriers to 
réduction, and evaluate associated injuries. Nonoperative 
management often is adéquate for type I and many type II 
fractures if adéquate réduction is achieved. If adéquate réduc¬ 
tion of the fracture is noted or restored with extension of the 
knee, then a cylinder or long leg cast should be applied with 
the knee in slight flexion. Some authors advocate the aspira¬ 
tion of the hemarthrosis before cast application. The fracture 
should be closely followed with serial radiographs. Typically, 
the cast can be removed by 6 weeks and the patient transi- 
tioned into a control-motion brace with progression of range 
of motion to full by 10 to 12 weeks. 

Operative intervention is reserved for type II or III 
fractures that do not reduce with closed manipulation and for 
type IV fractures (Fig. 36-149). Kocher et al. demonstrated 
that meniscal or intermeniscal ligament entrapment with 
block to réduction is présent in 26% of type II and 65% of 
type II fractures, necessitating open or arthroscopic réduc¬ 
tion. Several open and arthroscopic techniques hâve been 
described for surgical repair of a displaced tibial eminence 
fracture. Regardless of technique, the knee should be system- 
atically evaluated for concomitant injury, the fracture bed 
debrided, the fracture reduced under direct vision, and stable 
fixation achieved. A systematic review failed to show which 
of the many described techniques is superior. Whether open 
or arthroscopic, fixation is commonly achieved with suture 
fixation or screw placement. If suture fixation is selected, the 
suture is passed through the distal attachment of the anterior 
cruciate ligament and passed through drill tunnels placed in 
the proximal tibia and tied over a bony bridge. For screw fixa¬ 
tion, the fragment is held reduced and a screw or bioabsorb¬ 
able screw is passed across the fracture with care not to cross 
the physis. If additional fixation is required, some authors 
advocate Crossing the physis with a metallic screw and then 
removing the screw once union has been achieved. Potential 
complications include nonunion, malunion, persistent laxity 
of the anterior cruciate ligament, loss of motion, and arthro- 
fibrosis. Nonunion is uncommon but may be a challenge to 



A f Type III tibial eminence fracture that could 
not be reduced closed. B f Latéral radiograph after open réduction 
and fixation with nonabsorbable sutures. Entrapped meniscus 
that prevented closed réduction was found at the time of surgery. 


treat, especially in very young patients in whom further 
growth has occurred, preventing adéquate réduction of the 
fragment. Nonunion is more commonly encountered with 
nonoperative management. Malunion is a more common 
problem and is more commonly seen when there is a delay 
in diagnosis until healing has occurred. Malunion may resuit 
in a block to extension and can be treated with debridement 
of the elevated fragment or fémoral notchplasty. A significant 
malunion also may resuit in ligamentous laxity and knee 
instability. If this occurs, then révision surgery or anterior 
cruciate ligament reconstruction should be considered. Laxity 
also may occur in spite of union in good position because of 
injury of the anterior cruciate ligament at the time of initial 
injury. This is encountered more frequently in types III and 
IV fractures, likely as a resuit of higher forces applied to the 
anterior cruciate ligament at the time of injury. Intraopera- 
tively, the fracture bed may be gently recessed to increase 
the tension applied to the anterior cruciate ligament. In addi¬ 
tion to malunion, loss of motion may occur as a resuit of 
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postoperative muscle tightness or arthrofibrosis. Patel et al. 
found that early posttreatment range-of-motion réhabilita¬ 
tion significantly improved time of return to full activity 
independent of âge, fracture type, and operative or nonopera- 
tive management. In operatively treated fractures, arthrofi¬ 
brosis occurred in 36% of knees if range of motion was 
initiated after 4 weeks compared with 0% in knees when early 
range of motion was initiated. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF TIBIAL EMINENCE 
FRACTURE 


TECHNIQUE 36-35 


■ Expose the knee through the distal portion of an antero- 
medial parapatellar incision (see Technique 1-38). Open 
the capsule medially to expose the fracture fragments and 
the defect in the proximal tibia. 

■ Examine the menisci and intermeniscal ligament to ensure 
that they are not impeding the réduction. Place the knee 
in less than 30 degrees of flexion and reduce the frag¬ 
ment after any clots and cancellous bone hâve been 
removed from the defect. 

Alternative^, the inspection and réduction can be done 
with arthroscopic assistance. 

■ Drill two holes from distal to proximal through the tibial 
epiphysis. Take care to drill the holes proximal to the 
physis. The holes should enter the joint (1) just médial 
and latéral to the fracture fragments or (2) into the defect 
and into the fragment itself if it is large enough. Pass a 
1 -0 nonabsorbable suture through the most distal portion 
of the anterior cruciate ligament just proximal to the 
fracture fragment (Fig. 36-150). With suture carriers, pass 



the ends of the suture through the drill holes and tie them 
onto themselves after the réduction is satisfactory. 

■ Flex and extend the knee to ensure the réduction is stable. 
Irrigate and close the wound. 

POSTOPERATIVE CARE. If stable fixation is achieved, 
the leg is placed in a controlled-motion brace with graduai 
increase in range of motion to full by 6 to 8 weeks. If a 
cast is used for additional stability, it should be discontin- 
ued by 4 weeks to initiate range-of-motion exercises. The 
patient is released to full activity only after healing has 
occurred and full, painless range of motion has been 
achieved with good strength. 


ARTHROSCOPIC REDUCTION OF 
TIBIAL EMINENCE FRACTURE AND 
INTERNAL FIXATION WITH 
BIOABSORBABLE NAILS 


TECHNIQUE 36-36 


(LILJEROS ETAL.) 

■ With a thigh tourniquet applied and inflated, perform 
standard knee arthroscopic examination through antero- 
medial and antérolatéral portais (see Chapter 51). 

■ Remove the ligamentum mucosum and part of the 
infrapatellar fat pad to better expose the injured area. 

■ Remove fibrin clots and small fracture fragments from 
underneath the anterior tibial spine fragment and from 
the tibial crater. 

■ If the intermeniscal ligament is trapped in the fracture, 
interfering with réduction, free it with a probe. 

■ With the knee flexed to 45 degrees, reduce the fragment 
with a probe and temporarily fix it with a 1.6-mm AO 
wire introduced through a midpatellar entrance close to 
the médial margin of the patella (Fig. 36-151). 

■ Keeping as close as possible to the patella and slightly 
proximal to the AO wire, insert the drill guide into the 
joint and secure the fragment. 

■ Close the portais in standard fashion and apply a cast or 
brace with the knee in slight flexion. 

POSTOPERATIVE CARE. If stable fixation is achieved, 
the leg is placed in a controlled-motion brace with graduai 
increase in range of motion to full by 6 to 8 weeks. If a 
cast is used for additional stability, it should be discontin- 
ued by 4 weeks to initiate range-of-motion exercises. The 
patient is released to full activity only after healing has 
occurred and full, painless range of motion has been 
achieved with good strength. 


jjj Repair of intercondylar eminence fracture 
with absorbable suture. (Redrawn from Owens BD, Crâne GK, Plante 
T, et al: Treatment of type III tibial intercondylar eminence fractures in 
skeletally immature athlètes, Am J Orthop 2:103, 2003.) SEE TECH¬ 
NIQUE 36-35. 


TIBIAL TUBEROSITY FRACTURES 

Fractures of the tibial tuberosity usually occur in older chil- 
dren, often during jumping sports such as basketball (Fig. 
36-152). These fractures were classified by Watson-Jones as 
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Arthroscopic réduction of tibial eminence 
fracture. (From Liljeros K, Werner S, Janarv PM: Arthroscopic fixation of 
anterior tibial spine fractures with bioabsorbable nails in skeletally imma¬ 
ture patients, Am J Sports Med 37:923, 2009.) SEE TECHNIQUE 36-36. 



Mechanism of injury of flexion-avulsion inju¬ 
ries. These injuries are most common in adolescent boys and most 
often occur when attempting to push off for a jump in 
basketball. 


type I, a small fragment that is displaced superiorly; type II, 
a larger fragment involving the secondary center of ossifica¬ 
tion and the proximal tibial physis, which is hinged upward; 
and type III, a fracture that passes proximally and posteriorly 
across the physis and proximal articular surface of the tibia 




Types of avulsion fracture of tibial tuberosity. 
Type I, through secondary ossification center. Type II, at junction 
of primary and secondary ossification centers. Type III, across 
primary ossification center (Salter-Harris type III) with physis near 
closing posteriorly. (Redrawn from Roberts JM: Fractures and disloca¬ 
tions of the knee. In Rockwood CA Jr, Wilkins KE, King RE, editors: 
Fractures in children, Philadelphia, Lippincott, 1984.) 


(Salter-Harris type III physeal fracture [Fig. 36-153]). Ogden 
et al. classified type III fractures further as to whether there 
is a rotational, comminuted, or epiphyseal component. This 
classification is important because type III fractures in 
younger children, if not anatomically reduced and held, can 
resuit in bony bridge formation, causing anterior growth 
arrest and hyperextension deformity; however, this complica¬ 
tion is unlikely because these fractures usually occur in older 
adolescents (Fig. 36-154). Frankl described a type I-C injury 
as a tibial tuberosity avulsion fracture with a patellar tendon 
rupture from its proximal insertion. Further modifications to 
the classification scheme were added to include injuries to the 
entire proximal tibial physis. Ryu and Debenham suggested 
the addition of a type IV injury, in which the anterior tubercle 
fracture line extends completely across the tibial physis in a 
Salter-Harris type I pattern. Donahue et al. subdivided type 
IV injuries into type IV-A injuries, a strictly physeal injury, 
and type IV-B injuries, those with a posterior metaphyseal 
fragment, consistent with a Salter-Harris type II injury. 
Finally, a type V injury was described by Curtis and later 
classified by McKoy et al. with an intraarticular Salter-Harris 
type III extension and an associated type IV fracture, giving 
the fracture a Y configuration (Fig. 36-155). We hâve seen a 
number of patients, ail adolescent males, with anterior tuber¬ 
osity fractures combined with a posterior metaphyseal frag¬ 
ment (Fig. 36-156). 

Differentiating between Osgood-Schlatter disease and 
tibial tuberosity fractures can be difhcult because they both 
présent with pain over the tibial tuberosity in jumping ath¬ 
lètes. Osgood-Schlatter disease is a chronic traction injury at 
the distal attachment of the patellar tendon that results in 
insidious onset of inflammation along the anterior aspect of 
the tuberosity. A tibial tuberosity fracture, however, is an 
acute failure of the underlying physis. Although Osgood- 
Schlatter disease has been known to précédé tibial tuberosity 
fractures, this is likely related to the strong corrélation 
between the âge and activities that resuit in these injuries. 
With Osgood-Schlatter disease, symptomatic and supportive 
treatment is ail that is necessary, the prognosis is good, and 
only occasionally are symptoms prolonged by a persistent 
ossicle. Conversely, tibial tuberosity fractures resuit in an 
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Tibial tuberosity fracture. A f Watson-Jones type I 
open réduction and screw fixation. 


I fracture (Salter-Harris type III) extending into knee joint. B f After 



incompetent extensor mechanism and require urgent treat- 
ment to restore function. 

Imaging workup consists of standard radiographs of the 
knee. Historically, the incidence of concomitant knee injury 
or intraarticular pathology was thought to be low because of 


the mechanism of action; however, several recent studies that 
used preoperative MRI demonstrated a higher incidence of 
intraarticular findings, commonly meniscal pathology and 
osteochondral injury, than previously reported. As a resuit, 
some authors advocate routine use of MRI as part of the 
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Anterior tibial tuberosity fracture combined with a posterior metaphyseal fracture in an adolescent male. A f Radio- 
graph. B f MRI. C f CT scan. 


preoperative workup, whereas others conclude that a careful 
inspection of the joint at time of surgery through an 
arthrotomy or arthroscopic assessment is sufficient. 

The rôle of nonoperative management of tibial tuberosity 
fractures is limited to nondisplaced type I or type II fractures 
with little to no displacement. Closed treatment consists of 
cast immobilization in near full extension for 4 to 6 weeks 
followed by progressive range of motion and strengthening. 
Serial latéral radiographs are obtained to ensure that proxi¬ 
mal displacement does not occur because of the pull of the 
quadriceps. For displacement of more than 3 mm, or for 
type III or greater fractures, surgical stabilization is recom- 
mended. If the fracture is reducible by closed manipulation, 
percutaneous fixation can be placed to maintain the réduc¬ 
tion and allow early range of motion. If acceptable réduction 
is not obtained, then formai open réduction and fixation 


should be performed. Fixation typically is with cannulated 
screws; however, if the tuberosity fragment is comminuted 
or small, alternative methods of fixation may be used includ- 
ing suture, wires, suture anchors, or even plate fixation. 
Typically a large periosteal flap is présent and, if repaired, 
provides addition stability to the fracture. It is hoped that 
with healing, fusion occurs across the traction apophysis 
only. We hâve found anterior tuberosity fractures combined 
with a posterior metaphyseal fragment to hâve a high risk of 
refracture affer conservative treatment, and we treat these 
with ORIF that includes both anterior and posterior frag¬ 
ments (Fig. 36-157). 

Complications related to tibial tuberosity fractures are 
uncommon. Acute compartment syndrome has been reported 
and often attributed to disruption of the anterior tibial récur¬ 
rent vessels. We routinely admit patients with displaced 
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A f Anterior tibial tuberosity combined with a posterior metaphyseal fracture. B f Fixation with screws that includes 
anterior and posterior fragments. 


tuberosity fractures overnight for observation regardless of 
treatment. Growth disturbance can occur but is rare because 
this fracture occurs most often toward the end of growth. If 
growth arrest does occur, then it may resuit in genu recurva¬ 
tum and require surgical correction. Implant prominence is 
the most common complication and can be minimized by 
avoiding washers or using smaller, low profile implants. Our 
preference, however, is to use appropriate fixation to achieve 
a stable construct and to remove the implants once healing 
has occurred only if implant-related pain persists. Finally, loss 
of motion has been reported, but similar to tibial eminence 
fractures it can be minimized with stable fixation and early 
range of motion. 


OPEN REDUCTION AND 
INTERNAL FIXATION 


TECHNIQUE 36-37 


■ Make an anterior, midline incision adjacent to the tibial 
tuberosity and parallel to the patellar tendon. Carry the 
dissection laterally over the tibial tuberosity and the inser¬ 
tion of the patellar tendon. 

■ Identify any large periosteal flap, which may be avulsed 
medially, laterally, bilaterally, or distally. If it is frayed, 
resect some of it. If it is not frayed, retain it for stability. 

■ Expose the fracture and clean its base with a curet. Do 
not dissect completely free the attachments of the tibial 
tuberosity. 

■ Reduce the fracture with the knee in full extension. 

■ Insert guidewires for cannulated screws across the frac¬ 
ture. Once placed, confirm the réduction and guidewire 
position. If satisfactory, then place the cannulated screws 


in standard fashion. If the fragment is comminuted or 
small, then tension band, suture repair, or suture anchors 
may be placed to achieve fixation. Confirm the final 
réduction with radiographs. Suture any periosteal flap 
and close the wound in layers. 

POSTOPERATIVE CARE. Acyli nder cast or long leg cast 
has historically been applied with the knee in full exten¬ 
sion for 4 to 6 weeks. If stable fixation is achieved, 
however, a controlled-motion brace can be used to allow 
for early range of motion. 


OSTEOCHONDRAL FRACTURES 

Osteochondral fractures of the knee occur primarily on the 
cartilaginous surfaces of the médial or latéral fémoral condyle 
or the patella (Fig. 36-158). They may be caused by direct 
forces applied against the fémur or patella or by dislocation 
of the patella itself (Fig. 36-159). Osteochondral fractures 
hâve been reported in over half of acute patellar dislocations, 
with equal numbers of capsular avulsions of the médial patel¬ 
lar margin and loose intraarticular fragments detached from 
the patella or the latéral fémoral condyles (Fig. 36-160). 
Intraarticular fragments may be identified only after sponta- 
neous relocation of the patella. Fémoral fractures usually 
involve the edge of the articular surface and the middle third 
of the condylar arc. Usually a significant hemarthrosis follows 
the traumatic épisode. If ligamentous instability is not présent 
and the aspirate of the knee is sanguineous (hemarthrosis), 
an osteochondral fracture should be suspected, although 
often the fragment is not bony and cannot be seen on standard 
radiographs. Occasionally, just a faint density or fleck of 
subchondral bone can be identified. This small osseous frag¬ 
ment usually is part of an osteocartilaginous loose body that 
at surgery is surprisingly large. Additional views, such as the 
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Three locations of osteochondral fractures 
caused by dislocation of patella. A f Inferior surface of patella. 
B f Fémoral condyle. C f Médial surface of patella. 



Osteochondral loose body from latéral fémoral 
condyle secondary to acute patellar dislocation. 



JJ Most common types of osteochondral frac¬ 
tures in acute patellar dislocations. A f Médial marginal patellar 
avulsions. B f Inferomedial patellar facet. C f Latéral fémoral 
condyle. 


tunnel view, may improve exposure, but one study demon- 
strated that standard radiographs failed to identify an osteo¬ 
chondral fragment in 36% of children who had a loose body 
found at time of surgery. MRI is indicated if there is a high 
suspicion of osteochondral fracture. Arthroscopy is indicated 
to locate, identify, and remove the loose body. The defect 
in the patella or fémur also should be identified. Small 
fragments or cartilaginous loose bodies can be excised, but 
larger fragments, particularly in weight-bearing portions of 
the joint, should be repaired when possible. For a more 
thorough discussion of osteochondral fractures, please refer 
to Chapter 32. 


FLOATING KNEE INJURIES 

Although not an injury of the knee joint, “floating knee” 
describes the flail knee joint segment resulting from a fracture 
of the shafts or adjacent metaphyses of the ipsilateral fémur 
and tibia. This is an uncommon injury in children; it most 
often results from motor vehicle accidents and usually is 
associated with major soft-tissue damage, open fractures, and 
head injuries. Letts et al. proposed a five-part classification of 
these injuries (Fig. 36-161): type A, fémoral and tibial frac¬ 
tures are closed diaphyseal fractures; type B, one fracture is 
diaphyseal, one is metaphyseal, and both are closed; type C, 
one fracture is diaphyseal, and the other is an epiphyseal 
displacement; type D, one fracture is open with major soft- 
tissue injury; and type E, both fractures are open with major 
soft-tissue injury. Their basic recommendation for treatment 
of these injuries is that at least one fracture (usually the tibial) 
must be rigidly fixed by ORIF. If mobilization of the child is 
essential, internai fixation of both fractures is indicated in 
most patients. In older children, intramedullary nailing may 
be more appropriate than plate fixation. Open fractures with 
major soft-tissue injury should be left open and stabilized 
with external fixation (Fig. 36-162). Outcomes of these frac¬ 
tures appear to be âge related, with successful closed treat¬ 
ment of children younger than 10 years, but frequent 
complications and concomitant ligamentous injuries hâve 
been reported in children older than 10 years treated with 
réduction and fixation (intramedullary rods, plates, external 
fixator) of the fémoral fracture. Poor results hâve been 
reported in 50% of older children because of limb-length 
discrepancy, angular deformity, or instability of the knee, 
particularly ligamentous instability. 

TIBIAL AND FIBULAR FRACTURES 

Fractures of the tibia and fibula are common across ail âge 
groups and represent the third most common long bone 
injury in children and adolescents. They are more common 
in males and occur from many different mechanisms. The 
most common location of fracture is in the distal third of the 
tibia followed by the middle and then proximal thirds. Many 
tibial and fibular fractures can be managed nonoperatively; 
however, these fractures require careful monitoring and 
management to avoid complications. Fracture patterns and 
potential complications vary according to location, so each 
anatomie site will be discussed separately. Otherwise, frac¬ 
tures of the tibia and fibula can be treated closed. A worrisome 
fracture is incomplète metaphyseal fracture of the proximal 
tibia. Fractures of the distal tibial and fibular physes also are 
of spécial concern because, if not treated properly, varus and 
valgus angulation may occur in older children and a bony 
bridge may form causing angular deformity in younger 
children. 

PROXIMAL TIBIAL PHYSEAL FRACTURES 

Fractures of the proximal tibial physis are uncommon frac¬ 
tures largely because of the anatomie stability at this location 
and the energy required to produce such an injury. The 
proximal tibial physis is partially protected by the ligamentous 
attachments around the knee, the fibula laterally, and the 
tibial tuberosity anteriorly. There also are fewer ligamentous 
attachments directly to the epiphysis when compared with 
the distal fémoral epiphysis. Fractures of the epiphysis, 
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Type A 

Diaphyseal 

closed 





Type E 

Both open 
with major 
soft-tissue 
injury 



Type C 

Epiphyseal 

and 

diaphyseal 


FIGURE 


J Classification of floating knee injuries in children (see text). 



A and B f Severe floating knee injury with 
midshaft fracture of fémur, Salter-Harris type I fracture of distal 
fémoral physis, and comminuted fracture of tibial shaft. C f After 
internai fixation of distal fémoral physeal fracture with crossed 
pins and external fixation of fractures of fémoral and tibial shafts. 


however, deserve spécial attention because of the proximity 
to the popliteal artery, which is tethered to the proximal tibia 
and may be injured when the tibial metaphysis is posteriorly 
displaced (Fig. 36-163). There are few dedicated studies about 
injuries at this location because many authors hâve included 
tibial tuberosity fractures in their sériés. We believe that, 
although there are many corrélations between these two 
injuries, they ought to be considered separately because of 
some inhérent différences. For type IV tibial tuberosity 
fractures, the proximal tibial physis also is disrupted and 
should be considered a true physeal injury. 

Proximal tibial physeal fractures are commonly classified 
by the Salter-Harris classification. They can be further classi¬ 
fied by the amount of displacement and the direction of 
displacement. Mubarak et al. found that by grouping fractures 
of the proximal tibia, including the eminence, tuberosity, and 
metaphyseal fractures, by direction of force and fracture 
pattern, there were several age-related corrélations. In early 
childhood (âges 3 to 6 years), metaphyseal fractures were 
most common. In prepubescent children (âges 4 to 9 years), 
varus and valgus forces were the predominate mechanisms of 
fracture. During preadolescence (around âges 10 to 12 years), 
a fracture mechanism involving extension forces predomi- 
nated. During adolescence (after âge 13 years), the flexion- 
avulsion pattern consisting primarily of tibial tuberosity 
fracture was most common. Furthermore, tibial spine frac¬ 
tures occurred at âge 10 years, Salter-Harris types I and II 
fractures at âge 12 years, and Salter-Harris types III and IV 
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Salter-Harris types I and II fractures with posterior displacement of tibial shaft may injure popliteal artery. 
B, Salter-Harris type III fracture of proximal tibia. Analogous to a tibial plateau fracture. C f Fracture through tibial tuberosity and across 
epiphysis into knee joint similar to avulsion of epiphysis of tibial tuberosity. 



physeal injuries at around âge 14 years as tibial plateau 
équivalents. 

Management of proximal tibial physeal fractures closely 
follows the Salter-Harris recommendations discussed earlier. 
Most types I and II injuries can be managed closed with cast 
immobilization if an adéquate réduction is obtained. Gentle 
réduction with adéquate sédation should be performed to 
minimize additional trauma to the physis. If the réduction is 
unsuccessful and there is persistent instability after réduction, 
vascular compromise, or impending compartment syndrome, 
then we prefer surgical stabilization with smooth pins across 
the physis or cannulated screws across the metaphyseal 
component. For types III or IV injuries, we accept only 
minimal articular displacement and hâve a low threshold for 
surgical stabilization (Fig. 36-164). Many of these fractures 
occur near the end of skeletal maturity and can be managed 


with adult techniques and implants to optimize stability and 
facilitate early range of motion. There is a high association 
between types III and IV fractures and associated intraarticu- 
lar pathology. Advanced imaging with CT or MRI is helpful 
in determining displacement, identifying intraarticular inju¬ 
ries, and for preoperative planning. 

Variants of Salter-Harris types III and IV fractures hâve 
been described as “triplane fractures of the proximal tibial 
epiphysis.” These are similar to fractures that occur in the 
ankle in adolescent patients. Generally, these are two-part 
fractures that are type IV fractures and three-part fractures 
that are type III (Tillaux component) or type II fracture 
combinations. If displaced, both variants require ORIF 
(Fig. 36-165). 

In a review of 39 proximal tibial physeal injuries at 
our institution, several complications occurred, including 
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Sagittal view of knee depicting epiphyseal 
fracture pattern. Anterior and posterior fracture fragments are 
shown. 


anterior compartment syndrome, transient and permanent 
peroneal nerve palsy, arterial thrombosis, angular deformity, 
and leg-length inequality. Any suggestion of ischémie changes, 
a compartment syndrome (see Chapter 48), or peroneal nerve 
palsy requires that immédiate action be taken in the emer- 
gency department. Leg-length inequality of more than 1 inch 
(2.5 cm) occurred in 2 of the 39 children requiring additional 
treatment. Two children had joint incongruity and angular 
deformity 

PROXIMAL TIBIAL METAPHYSEAL 
FRACTURES 

Fractures of the proximal tibial metaphysis occur most com- 
monly between the âges of 3 and 8 years. The most common 
fracture pattern is a minimally displaced fracture created by 
a valgus moment to the leg from a medially directed force. 
Another common fracture pattern is an impaction fracture 
of the proximal metaphysis classically created by a trampoline 
injury with a young child bouncing with an older child or 
adult. Displaced fractures of the proximal tibial metaphysis 
are uncommon and are usually caused by a high-energy 
mechanism. Displaced fractures in this location are of concern 
because of their proximity to the posterior tibial artery and 
the possibility of damaging the vasculature of the leg. 

Children with minimally displaced, low-energy fractures 
often présent with the inability to walk. Children may describe 
pain in their knee or leg and hâve tenderness and swelling 
along the metaphysis. With high-energy trauma, the location 
of the fracture is more obvious, and careful attention should 
be placed on the neurovascular examination and serial com¬ 
partment checks. An ankle-brachial index (ABI) test should 
be performed and compared with the contralatéral side to 
rule out arterial injury if significant displacement is présent. 

For minimally displaced fractures, a long leg cast should 
be applied with the knee in slight flexion and a slight varus 
mold applied at the level of the fracture. For significantly 
angulated fractures, a réduction under sédation should be 
performed at the time of cast application. Displaced, high- 
energy fractures should be urgently reduced and surgically 
stabilized with age-appropriate techniques. 


An uncommon but well-described complication of a 
proximal tibial metaphyseal fracture is a late valgus deformity. 
Initially described by Cozen, this phenomenon occurs in 
fractures of the proximal tibial metaphysis, even when non- 
displaced. Radiographs often reveal a benign “greenstick” 
nondisplaced fracture pattern in a young child. Frequently, 
the fracture is treated in a straight or bent-knee cast and heals 
uneventfully with apparently satisfactory alignment. Later the 
tibia is noted to hâve a significant valgus angulation compared 
with the opposite tibia. This excess valgus may not hâve 
been preventable, and for this reason, parents should be told 
at the beginning of treatment about the possibility of this 
complication. 

At what point the valgus angulation occurs and why it 
occurs are unknown. Numerous explanations hâve been 
advanced, however, including the following: 

1. Asymmetric growth stimulation of the proximal tibial 
physis has been suggested. Houghton and Rooker surgi¬ 
cally lacerated the proximal tibial periosteum medially in 
animais and noted a résultant valgus angulation. 

2. Asymmetric growth stimulation of the médial proximal 
metaphysis from asymmetric vascular response has been 
suggested by several authors who postulated that an 
unbalanced vascular healing response occurs after injury 
to the metaphysis, causing the médial side of the tibia to 
outgrow the latéral side. 

3. The tibial physis is stimulated more or for a longer period 
than the fibular physis, which may or may not hâve been 
fractured. This would cause a tethering effect, with the 
tibia overgrowing more medially than the fibula laterally, 
pulling the extremity into a valgus position. 

4. Valgus angulation occurs at the time of fracture. Too 
often, radiographs of these fractures are taken in a cast 
with the knee flexed and the valgus angulation is not 
apparent. Radiographs of the contralatéral extremity are 
not taken for comparison, and the amount of valgus is 
not appreciated. Weight bearing before solid union of the 
fracture also has been suggested to produce the valgus 
angulation. 

5. Soft tissue, such as the pes anserinus, is interposed 
between the fragments, preventing an adéquate réduction 
and complété healing of the fracture, which causes an 
exaggerated stimulation of the physis on the médial side 
of the tibia, resulting in overgrowth and valgus deformity 
(Fig. 36-166). Open réduction is recommended, espe- 
cially when the fracture fragments are mildly to moder- 
ately separated medially, as is removal of the interposed 
material. 

6. A physeal injury occurs, causing prématuré closure of the 
physis laterally, leaving the physis open medially with 
résultant valgus angulation. 

Because the incidence, etiology, and prognosis of this defor¬ 
mity are unknown, prévention and treatment are controver- 
sial. The fractures usually occur between âge 3 and 8 years, 
when the normal physiologie valgus is at its maximum. We 
reviewed eight children with this deformity who se âges ranged 
from 2 to 9 years. Similar to others, we are uncertain of the 
exact cause of the deformity or how to prevent it. The fracture 
should be treated precisely, however. First, parents should be 
warned before treatment is begun of the possibility of valgus 
deformity both during treatment and after healing has 
occurred. Second, a long leg cast in 5 to 10 degrees of flexion 
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Opening of fracture gap medially showing 
that periosteum or pes anserinus could be interposed. 


should be applied and radiographs of the fractured tibia and 
the opposite tibia should be taken frequently and compared. 
If any valgus angulation does occur, the cast should be wedged 
into a corrected position. Réduction, with the patient under 
general anesthésia, is recommended of any fracture with a 
break in the médial cortex and even minimal valgus deformity. 
Third, we hâve tried, when appropriate, to put the fractured 
tibia in slightly less valgus than the opposite tibia. 

Of the eight children we reviewed at our institution, the 
deformity increased in some children 12 months after treat- 
ment. In some, the deformity improved spontaneously for 3 
years after injury (Fig. 36-167). This improvement may hâve 
been caused by the normal correction of physiologie valgus 
seen in children 2 to 9 years old. Proximal tibial osteotomy 
or guided growth for significant deformity should be delayed 
because the deformity may correct spontaneously. Osteotomy 
corrects the deformity, but it also can stimulate the médial 
side of the tibia and cause the deformity to recur later, as 
noted in some of our children. Guided growth with compres¬ 
sion of the médial physis may be the best treatment option in 
the rare patient who does not obtain spontaneous correction 
with growth. 


OPEN REDUCTION AND REMOVAL OF 
INTERPOSED TISSUE 

If interposition of soft tissue is strongly suspected or is 
confirmed by appropriate valgus stress radiographs with 
gapping of the fracture, and if the fracture is not a stress 
fracture, operative removal of the tissues, including the 
periosteum and pes anserinus, from the fracture may be 
necessary. 


TECHNIQUE 36-38 


(WEBER ET AL.) 

■ Place the patient supine on the operating table and 
préparé and drape the involved area in the usual fashion. 


Approach the fracture site medially through a 6-cm verti¬ 
cal incision. 

■ Carry the soft-tissue dissection down to the médial 
surface of the tibia and identify the fracture. Notice if the 
periosteum is stripped away from the médial surface of 
the tibia and, together with the pes anserinus, is trapped 
in the transverse fracture gap (Fig. 36-168A and B). Clean 
ail débris away from the fracture, including the 
hematoma. 

■ Slide a periosteal elevator under the interposed tissues 
and extract them from the fracture. Hold the periosteum 
back with forceps (Fig. 36-168C and D) and irrigate the 
fracture. 

■Suture the periosteum and the pes anserinus in their 
original positions if possible. 

■ Observe the fracture before closing to ensure that the gap 
is closed and that no further interposition of periosteum 
has occurred. 

■ Close the wound in layers and apply a long straight-leg 
cast. 

POSTOPERATIVE CARE. Radiographs of both lower 
extremities in full extension should be made to ensure 
that no increased valgus is présent in the injured tibia 
compared with the opposite tibia. 


MIDDLE AND DISTAL TIBIAL 
SHAFT FRACTURES 

Fractures of the shaft of the tibia, with or without associated 
fibular fractures, usually can be treated by closed réduction 
and casting. This also applies to distal tibial metaphyseal 
fractures. In a large sériés of tibial shaft fractures treated with 
above-knee casts, (1) initial shortening of 10 mm was com- 
pensated wholly or partially by growth accélération; (2) mild 
varus deformities corrected spontaneously; (3) valgus defor¬ 
mity and posterior angulation persisted to some degree; and 
(4) rotational deformities persisted, especially internai 
rotation. 

In general, transverse isolated fractures are less likely to 
displace early or late while in a cast, but spiral and oblique 
fractures are prone to displacement into varus or valgus for 
2 to 3 weeks after injury and require careful follow-up. Frac¬ 
tures manipulated at 2 weeks hâve been found to be still 
mildly malléable, but fractures left for 3 weeks may not. With 
fractures that involve both the tibial and fibular shafts, valgus 
angulation is common because of the pull of the anterior and 
latéral compartment musculature. If the fibula is intact, the 
pull of the anterior compartment musculature tends to resuit 
in varus angulation as the fibula maintains the length of the 
latéral cortex. Posterior angulation (recurvatum) of distal 
tibial metaphyseal fractures can occur, especially when the 
ankle is held in dorsiflexion. 

Spontaneous correction of angular deformity after tibial 
fractures has been reported to occur in boys up to âge 10 
years and in girls up to âge 8 years; however, other reports 
indicate that little spontaneous correction occurs regardless 
of the âge of the child. A summary of acceptable angulation 
and shortening based on âge can be found in Table 36-6. 

Because of the possibility of compartment syndromes, 
long bone fractures of the lower extremity should not be 
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Spontaneous correction of valgus deformity. A f Proximal metaphyseal fracture at time of injury with no valgus 
angulation while standing. B f At 8 months, valgus angulation of 15 degrees is présent. C f At 16 months, some spontaneous correction 
of angulation has occurred. D f At 2-year follow-up, valgus angulation has almost disappeared. 


treated casually. A careful clinical examination should be 
performed and documented followed by serial examinations 
to monitor for signs of impending compartment syndrome. 
If vascular injury is suspected, an ankle-brachial index or 
arteriogram should be obtained at the direction of a vascular 
surgeon. If there is high suspicion or risk of compartment 
syndrome based on a thorough workup, a splint with soft- 
tissue dressing should be applied instead of a circular cast, 
and the extremity should be monitored with a suitable 
compartment-pressure measuring device. If compartment 
syndrome is anticipated or developing, surgical stabilization 
of the fracture should be considered and a very low threshold 
for compartment releases should be maintained. The treat- 
ment of impending and established compartment syndromes 
is described elsewhere (see Chapter 48). 


Although most tibial fractures can be managed with 
closed treatment, there has been a trend toward expanding 
the indications for operative intervention of tibial fractures. 
The indications for operative treatment of tibial and fibular 
fractures in a child are: 

1. Unstable fractures that cannot be adequately aligned or 
maintained by closed methods. 

2. Open tibial fractures, which should be treated as emer- 
gencies with irrigation and debridement. If soft-tissue 
damage is extensive, an external fixator is used as in 
adults. Care should be taken not to cross the physis with 
pins when applying the fixator. 

3. Fractures in which surgical stabilization facilitâtes mobi- 
lization or nursing care, such as floating knees, poly- 
trauma, or multiple long bone injuries. 
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Weber technique for removing soft tissue from proximal metaphyseal fracture. A f Exposure of fracture. B to 
D f Removal of pes anserinus and periosteum from fracture with periosteal elevator and forceps. SEE TECHNIQUE 36-38. 


4. Nonunions of tibial fractures, which are rare in children 
and are probably more serious and more difficult to 
manage than in adults. We hâve treated several children 
with obvious nonunions of the tibia with no other patho¬ 
logie or congénital anomaly in whom internai fixation 
and bone graffing were required to achieve union (Fig. 
36-169). 

The general assumption that even grade II and III open 
diaphyseal fractures in children heal readily was refuted in a 
large sériés of these fractures: 55% healed primarily, 30% had 
delayed unions, 7.5% were classified as nonunions, and 7.5% 
(ail with Gustilo grade IIIC fractures) required early amputa¬ 
tion. The same factors that prédisposé to these complications 
in adults (degree of displacement, comminution, soft-tissue 
damage, and periosteal stripping) also contribute to delayed 
union and nonunion in children. Reported incidences of 
compartment syndrome, vascular injury, infection, and 
delayed union are similar to those in adults. Two complica¬ 
tions are unique to children: late angular deformities and 
tibial overgrowth. Laine et al. reported eight patients with 
open (type IIIB or IIIC) tibial fractures who ail required 
soft-tissue flaps and had an average bone loss of 5.4 cm. They 
found that with the use of a circular external fixator and the 
application of an algorithm based on bone loss and the ability 
to acutely shorten the construct, seven out of eight limbs 
could be salvaged, and of the seven in whom the fracture 


healed, ail were ambulatory without assistive devices at time 
of final follow-up in spite of a high rate of secondary 
procedures. 

Intramedullary nailing may be indicated because of an 
inability to obtain or maintain réduction in an older or larger 
child with an unstable fracture pattern that is at high risk of 
displacement or for multiple pathologie fractures in a young 
child, such as occur in osteogenesis imperfecta or congénital 
pseudarthrosis of the tibia. The ever-expanding indications 
for fémoral intramedullary nailing in children hâve been 
extrapolated to tibial nailing, and tibial fractures in children 
as young as 4 years of âge hâve been treated with flexible 
intramedullary nailing. A rétrospective review of tibial frac¬ 
tures in 31 patients with open physes found shorter times to 
union and better functional outcomes in those treated with 
intramedullary nailing than in those treated with external 
fixation. 

If intramedullary nailing is done, the proximal and distal 
physes should be avoided. Intramedullary nailing has been 
reported to be successful in stabilizing severely comminuted 
tibial fractures so that union is obtained without angular 
deformity. If possible, closed techniques of nail insertion 
should be used, with a small incision over the fracture if 
necessary for adéquate réduction of the fracture. Titanium or 
stainless elastic intramedullary nails may be used, but the 
medullary canal of the tibia must be measured carefully and 
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Nonunion of tibia and fibula in child. A and B f Nonunion before treatment. C f Stress radiograph showing motion at 
fracture. D and E f Early union after bone grafting and compression plate fixation. 


the appropriate sized elastic nail selected based on the criteria 
described for fémurs. Complications reported after intramed- 
ullary nailing of tibial fractures in children include neurovas- 
cular complications (8%), infection (8%), malunion (8%), 
and leg-length discrepancy (4%). In another review of tibial 
fractures treated with elastic intramedullary nails, delayed 
union occurred at a rate of 18%. 


ELASTIC STABLE INTRAMEDULLARY 
NAILING OF TIBIAL FRACTURE 


TECHNIQUE 36-39 


(O'BRIEN, WEISMAN, RONCHETTI, ETAL) 

■ After induction of general anesthésia and placement of 
a well-padded tourniquet on the proximal thigh, préparé 
and drape the affected leg. The tourniquet usually is not 
inflated. 

■ With the use of fluoroscopy, mark on the skin the fracture 
site, the proximal tibial physis, and the starting points for 
nail entry. The starting point for the nail entry hole is 1.5 
to 2.0 cm distal to the physis. 

■ Make latéral longitudinal 2-cm incisions over the proximal 
tibial metaphysis just proximal to the starting points. 

■ Select two appropriately sized nails (2, 3, or 4 mm) based 
on the width of the medullary canal, choosing the largest 
possible diameter nails that will fit the medullary canal; 
for example, if the canal measured 6 mm, use two 3-mm 
nails. 

■ The nails corne with a beveled blunt tip. Bend the very 
tip of the nail to 45 degrees to facilitate passage along 
the opposite cortex and aid in fracture réduction. 

■ Contour the entire length of the nail to a gentle curve such 
that the apex will rest at or near the fracture site after 
réduction. The depth of the curve should be approximately 


three times the diameter of the canal to achieve the 
optimal balance between ease of insertion and stability. 

■Use a drill 0.5 cm larger than the nail in a soft-tissue 
sleeve to create the entry hole, confirming the entry hole 
with fluoroscopy in both the anteroposterior and latéral 
planes. Take care to avoid the tibial tubercle apophysis. 

■ Drill the hole in the midpoint of the anteroposterior 
dimension, starting perpendicular to the physis. Under 
fluoroscopie guidance, angle the drill caudad until it is 45 
degrees from the long axis of the tibia, taking care not 
to drill out the far cortex or migrate toward the physis. 

■ Place the prebent nail on an inserter and insert it from 
the side opposite the distal displacement in an antegrade 
fashion. 

■ Under fluoroscopie guidance, slide the nail along the 
opposite cortex until the fracture is reached. 

■ Reduce the fracture and advance the nail across the 
fracture. Embed the nail in the distal tibial metaphysis 
without violating the cortex or the physis. 

■ Place the second nail from the other side in a similar 
fashion. 

■ If necessary, rotate the bent tips of the nails after passing 
the fracture site to effect an anatomie réduction, taking 
care not to distract the fracture site. 

■ Bend the proximal nail ends and eut them 1 cm from the 
cortical surface so that the nail ends will sit deep to the 
compartment fascia but be proud enough for easy 
retrieval. 

■ Close the wounds with an absorbable fascial and subeu- 
ticular stitch and apply a short leg cast. 

POSTOPERATIVE CARE. Weight bearing is begun when 
evidence of bridging callus is présent, usually at about 
5 weeks. Nails are removed at 6 to 12 months after 
fracture; no immobilization is required after nail removal 

(Fig. 36-170). 
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Grade II open fracture in 7-year-old boy. A and 
B, Postoperative anteroposterior and latéral radiographs of tibia 
and fibula. (From O'Brien T, Weisman DS, Ronchetti P, et al: Flexible 
titanium nailing for the treatment of the unstable pédiatrie tibial frac¬ 
ture, J Pediatr Orthop 24:601, 2004.) SEE TECHNIQUE 36-39. 


DISTAL TIBIAL AND FIBULAR 
EPIPHYSEAL FRACTURES 

Carothers and Crenshaw described the mechanism of injury 
of distal tibial physeal fractures using a classification of 
abduction, external rotation, and plantarflexion; adduction; 
and axial compression. Abduction, external rotation, and 
plantarflexion frequently produce Salter-Harris type I or II 
physeal fractures (Fig. 36-171); adduction produces type III 
or IV fractures (Fig. 36-172); and axial compression produces 
type V fractures. Since this original study, we hâve reviewed 
100 ankle fractures in children. The most common were 
Salter-Harris type II fractures (26). Type III fractures were 
more common than anticipated (19), and type I fractures (9) 
and type IV fractures (6) were relatively rare. Also studied 
were six triplane and six Tillaux fractures. The remaining 
were distal fibular fractures, and ail were Salter-Harris type I 
or II fractures except for one Salter-Harris type IV fracture. 
Most fractures of the fibular physis occur in conjunction with 
distal tibial fractures; Salter-Harris type III fractures usually 
are isolated injuries. 

Fibular physeal fractures are treated for 3 to 6 weeks in a 
short leg cast. Salter-Harris types I and II fractures of the 
distal tibial physis usually are treated by closed réduction and 
the application of a bent-knee, long leg cast. In young chil¬ 
dren, moderate displacement affer closed réduction, especially 
in the anteroposterior plane, can be accepted. Varus or valgus 
angulation in older children with type I or II fractures does 
not correct spontaneously, however, and excessive angulation 
should not be accepted (Fig. 36-173). Because the foot tolér¬ 
âtes these positions poorly, the resuit is unacceptable. Two of 
our patients had open réduction because such a deformity 



Salter-Harris type II physeal fractures are pro- 
duced by external rotation, abduction, and plantarflexion forces. 




Salter-Harris type III and IV fractures are pro- 
duced by adduction forces (supination-inversion). 


could not be reduced closed. Residual gaps in the physis affer 
closed réduction of Salter-Harris types I and II fractures may 
represent entrapped periosteum, which can lead to prématuré 
physeal closure. Open réduction and removal of the entrapped 
periosteum may be bénéficiai in a younger child. 

In a sériés of 91 types I and II distal tibial physeal frac¬ 
tures, Rohmiller et al. reported prématuré physeal closure in 
40%. They found a différence in the rates of prématuré physeal 
closure between fractures caused by a supination-external 
rotation mechanism (35%) and those caused by a pronation- 
abduction mechanism (54%). The most significant predictor 
of prématuré physeal closure was not initial fracture displace¬ 
ment but postreduction displacement. Anatomie réduction is 
recommended, regardless of treatment method, to decrease 
the risk of prématuré physeal closure (Fig. 36-174). In spite 
of treatment methods, the rate of prématuré physeal closure 
affer distal tibial physeal fractures remains quite high. 

Most Salter-Harris type III and IV fractures, including 
triplane and Tillaux fractures, require ORIF. Internai fixation 
methods include smooth pins or wires if the physis must be 
crossed, cannulated cancellous screws, and, more recently, 
bioabsorbable screws. Bioabsorbable screws hâve the advan- 
tage of not requiring second surgery for removal, but care 
must be taken not to damage the physis during their inser¬ 
tion. The amount of displacement acceptable for closed 
treatment has not been defined. If affer a closed réduction the 
surgeon believes that the amount of displacement can be 
reduced operatively, ORIF is justified (Fig. 36-175). Surgery 
traditionally has been recommended for 2 to 3 mm or more 
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Open réduction of Salter-Harris type I fracture. A f Before treatment. B f After closed réduction, residual angulation 
is 17 degrees in this older child. C f After open réduction and internai fixation with smooth pins, flap of periosteum was found caught 
in fracture. D, At early follow-up, no evidence of bony bridge is seen. 



Cancellous screw fixing large metaphyseal 
spike of Salter-Harris type II fracture. 


of displacement. For the most part, standards for acceptable 
displacement using CT techniques hâve not been refined or 
defined. The amount of displacement, the extent of commi- 
nution, and proper placement of screw fixation (at right 
angle to the fracture fragments) can be determined, however 
(Fig. 36-176). 

Salter-Harris type III and IV fractures are almost always 
médial and occur at the plafond, with the exception of Tillaux 
and triplane fractures. Offen a tiny triangular piece of bone is 
présent on the metaphyseal side in a type IV fracture (Fig. 
36-177). At the time of open réduction, this piece of bone can 



A and B, Anteroposterior radiographs of dis- 
placed Salter-Harris type III fracture of médial malleolus and 
Salter-Harris type I fracture of latéral malleolus. C and D, After 
open réduction and internai fixation of médial malleolar fracture 
with threaded screw through epiphysis. 
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be removed to better expose the physis and to try to prevent 
the formation of a peripheral bony bridge in this area. Symp- 
tomatic ossification centers in the médial malleolus should 
not be mistaken for Salter-Harris type III fractures. 

It is best not to cross the physis with any kind of pin 
unless absolutely necessary for fixation to minimize the risk 
of a bony bridge developing where the pins cross the physis. 
The perichondral ring can be avulsed in this area, just as from 
the distal fémoral physis, from a minor fracture or ligamen- 
tous or other injury and may cause peripheral growth arrest 
with résultant angular deformity. 

Of our 100 ankle fractures, the resuit was poor in four 
type III tibial injuries and one type IV tibial injury because 
of varus or valgus deformity secondary to growth arrest and 
in one type II tibial injury because of refracture. Supramalleo- 
lar osteotomy was necessary in two injuries. 

The development of a sclerotic line of growth disturbance 
(Park or Harris line) that appears 6 to 12 weeks after fracture 
has been suggested to predict the likelihood of growth arrest 



Distal tibial physeal fractures. Différence in 
entry point and direction of screw between idéal position (A) and 
observed position (B). (Redrawn from Cutler L, Molloy A, Dhukuram 
V, et al: Do CT scans aid assessment of distal tibial physeal fractures? 
J Bone Joint Surg 86B:239, 2004. Copyright British Editorial Society of 
Bone and Joint Surgery.) 


from the presence and displacement of the line. If the line 
extends across the whole width of the metaphysis in both 
planes, and if the line continues to grow away from the physis 
remaining parallel to it, growth disturbance is not likely to 
occur. An absence of this formation and displacement of the 
line may indicate abnormal growth that will resuit in varus 
or valgus angulation. Letts et al. proposed a classification of 
pédiatrie pilon fractures similar to the adult classification but 
amended it to include articular surface displacement of more 
than 5 mm and physeal displacement (Table 36-7). These 
type II and III fractures seem to be more severe and involve 
comminution of the articular surface and should be consid- 
ered more complex than Salter-Harris type II, III, and IV 
fractures and triplane fractures. 

High-velocity motor vehicle accidents or lawn mower 
injuries often produce severe open ankle fractures. These 
injuries may involve the distal tibial physis; a shearing fracture 
of the body of the talus also can be présent. The resuit is 
physeal arrest and joint roughening. After an open fracture, 
infection can develop. External fixators can be used in the 
initial management until the wound is clean. Bony bridge 
resection and osteotomy for angular deformity may be neces¬ 
sary later. If infection develops or joint involvement is severe, 
ankle fusion may be necessary (Fig. 36-178). At the time of 
fusion, the physis should be preserved, and compression 
clamps should be used to hasten fusion. An interposed iliac 
bone graft can be used (see Chapter 11). 


OPEN REDUCTION AND 
INTERNAL FIXATION 


TECHNIQUE 36-40 


■ Place the patient supine on the operating table; préparé 
and drape the involved area in the usual fashion and use 
a tourniquet. 



A f Salter-Harris type IV fracture of médial malleolus. B f After open réduction and internai fixation with threaded 
cancellous screws in metaphysis and epiphysis, avoiding physis. 
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TABLE 36-7 


Pédiatrie Classification of Pilon Fracture 

TYPE 

ARTICULAR SURFACE 
DISPLACEMENT (mm) 

PHYSEAL 

DISPLACEMENT (mm) 

COMMINUTION 

ADJACENT INJURIES 

1 

>5 

None 

None 

None 

II 

>5 

<5 

2-3 fragments 

None 

III 

>5 

>5 

Multiple fragments 

Ipsilateral tibial shaft fracture and/or ankle 
dislocation 


From Letts M, Davidson D, McCaffrey M:The adolescent pilon fracture: management and outcome, J Pediatr Orthop 21:20, 2001. 



Severe physeal injury caused by a lawn mower. 
A f Severe injury with loss of talar dôme and part of distal tibia 
and séparation of distal tibial physis. B f Solid fusion with physis 
still open. 


POSTOPERATIVE CARE. Weight bearing is not permit- 
ted for 4 to 6 weeks, depending on the âge of the 
patient. A short leg, weight-bearing cast is worn for 3 
weeks. 


■ Make a straight longitudinal incision over the médial 
malleolus, anteriorly and slightly laterally, for approxi- 
mately 4 cm. Carry the soft-tissue dissection down to the 
fracture. Clear ail soft tissue from the area, but preserve 
the periosteum if possible. Gently expose the fracture. 
Remove any interposed soft tissue from within the frac¬ 
ture, especially periosteum and small bony fragments. 

■ Expose the ankle joint anteriorly and, with the aid of a 
bone holder, reduce the fracture anatomically. If the 
fracture is a Salter-Harris type IV with a small metaphyseal 
spike, remove the spike to see the réduction better and 
prevent a later bony bridge at the periphery. 

■ Insert small, parallel, smooth Steinmann pins horizontally 
across the fracture. Do not cross the physis unless neces- 
sary. Use a cannulated or cancellous screw if desired, 
ensuring, however, that the threads do not damage the 
physis and the screw is horizontal across the fracture 
(Fig. 36-179). Check the réduction and pin or screw 
placement with radiographs. 

■ Reduce manually any fibular fracture. 

■Close the wound and apply a long leg, bent-knee cast 
with the ankle in neutral position. 


TRIPLANE FRACTURES 

Triplane fractures are caused by an external rotational force 
and are considered a combination of Salter-Harris type II and 

III fractures. Marmor first coined the term “triplane fracture 
of the distal part of the tibia ’ in 1970 in his description of 
lésions consisting of three fragments: (1) the antérolatéral 
portion of the distal tibial epiphysis; (2) the remainder of the 
epiphysis (anteromedial and posterior portions) with an 
attached postérolatéral spike of the distal tibial metaphysis; 
and (3) the remainder of the distal tibial metaphysis and 
tibial shaft. 

The triplane fracture has been reported to be a two-part 
rather than a three-part fracture. This fracture is caused by 
an external rotational force, and if it is a three-part fracture, 
it is considered a combination of Salter-Harris type II and III 
fractures. If it is a two-part fracture, it is a Salter-Harris type 

IV fracture (Figs. 36-180 and 36-181). CT or MRI évaluation 
has been recommended because plain radiographs alone do 
not show the configuration of the fracture accurately. Usually, 
closed réduction can be achieved by internai rotation of the 
foot and immobilization in a long leg cast. If a closed réduc¬ 
tion cannot be achieved, ORIF is indicated. When adéquate 
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Distal tibial triplane fracture. A f Anteroposterior view showing triplane fracture. B f Latéral view of fracture, Salter- 
Harris type IV (two parts of three-part fracture, type II plus type III). C, Preoperative coronal CT. D and E, After open réduction and 
internai fixation. 



A, Example of two-fragment triplane fracture, 
which is Salter-Harris type IV fracture. B, Example of three- 
fragment triplane fracture, consisting of Salter-Harris type II and 
III fractures. 


réduction (<2 mm displacement) is not achieved, degenera- 
tive changes are likely to occur. If it is a three-part fracture, 
open réduction of the Salter-Harris type II and type III 
components may be necessary and adéquate exposure is 
required. Triplane fractures frequently occur in older chil- 
dren, and although physeal arrest and angular deformity can 
occur, they are rare. 

The operative technique for triplane fractures dépends on 
whether it is a two-part or a three-part fracture. Most two- 
fragment triplane fractures can be treated by closed réduction. 
The closed réduction should be satisfactory because this is a 
Salter-Harris type IV fracture with possible joint incongruity 
and physeal arrest. When an open réduction of this intraar- 
ticular fracture is necessary, it usually is a three-part fracture. 
We approach the Salter-Harris type III component laterally 
first. If adéquate open réduction can be achieved, the Salter- 
Harris type II component (medially) can be treated closed; if 
not, both components require open réduction. The trend has 
been for limited incisions and cannulated screw fixation of 
intraarticular fragments. 

TILLAUX FRACTURES 

A spécial fracture occurring in older adolescents originally 
was described by Tillaux. The mechanism of injury is an 
external rotational force with stress placed on the anterior 
tibiofibular ligament, causing avulsion of the distal tibial 
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FIGURE 


^ Mechanism of injury in Tillaux fracture. A f Physis in older child closing medially but still open latérally. B f External 


rotational force causes anterior tibiofibular ligament to avulse physis anterolaterally. C f Avulsion produces Salter-Harris type III fracture 
because médial part of physis is closed. 



Tillaux fracture. See Figure 36-198 for mecha¬ 


nism of injury. 


physis anterolaterally (Fig. 36-182). This occurs after the 
médial part of the physis has closed (Fig. 36-183) but before 
the latéral part closes. The résultant fracture through the 
physis runs across the epiphysis and distally into the joint, 
creating a Salter-Harris type III or IV fracture. If nondis- 
placed, these fractures can be treated conservatively with 
close observation to ensure a nonunion or delayed union 
does not occur. If there is any doubt, however, a CT is recom- 
mended to evaluate the extent of articular displacement. 
ORIF is indicated if the fracture is displaced (Fig. 36-184). 
Fracture displacement of more than 2 mm generally is con- 
sidered an indication for fracture réduction and fixation. 

The fracture fragment, because it is pulled off by the 
anterior tibiofibular ligament, is almost always anterior. 
Generally, Tillaux fractures occur in adolescents just before 
the entire physis (not just the médial part) closes, and there 
is little worry about using fixation across the physis as in 
Figure 36-185. If the child is young or there is any doubt, 
either smooth pins or a transverse screw across the epiphysis 
should be used as in see Figure 36-179. 


OPEN REDUCTION AND 
INTERNAL FIXATION 


TECHNIQUE 36-41 


■ Expose the type III or IV fracture anterolaterally through 
a 3-cm antérolatéral incision. 


■ Gently clean and observe the fracture fragments. Take 
care not to disrupt the periosteum but to remove it from 
within the fracture. 

■ Use a bone holder to reduce the fracture gently. Check 
the réduction by examining the fragment in the ankle 
joint. 

■ Insert a small cancellous screw transversely or obliquely 
across the fracture but not penetrating the physis in a 
young child. 

■ Check the réduction with radiographs. 

■ Close the wound and apply a short leg cast. 

POSTOPERATIVE CARE. Weight bearing is prohibited 
for 3 to 4 weeks. 


FOOT AND ANKLE FRACTURES 

TALAR FRACTURES 
■ TALAR NECK FRACTURES 

Fractures of the talus hâve three basic types: (1) fractures of 
the talar neck, (2) fractures of the talar body and dôme, and 
(3) transchondral (osteochondral) fractures. 

Be aware of the rétrogradé blood supply, which is présent 
in a sling fashion around the talar head and neck. This blood 
supply enters the bone through three primary arteries: (1) 
artery of the tarsal sinus, (2) artery of the tarsal canal, and 
(3) the deltoid artery. We use the fracture classification 
proposed by Hawkins, which is based on the amount of 
disruption of the blood supply to the talus. A type I lésion is 
a fracture through the neck of the talus with minimal dis- 
placement and minimal damage to the blood supply of the 
talus, theoretically damaging only one vessel, the one enter- 
ing through the talar neck. In type II lésions, the subtalar 
joint is subluxated or dislocated and at least two of the three 
sources of blood supply may be disrupted through the talar 
neck and entering the tarsal canal and sinus tarsi. In type III 
lésions, the body of the talus is dislocated from the tibia and 
from the calcaneus and ail three of the sources of blood 
supply may be disrupted. The incidence of osteonecrosis is 
high in type III fractures. 

We hâve described a type IV fracture that is not related 
to the blood supply, in which the body of the talus is dislo¬ 
cated or subluxated at the subtalar joint, the body of the talus 
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i Tillaux fracture. A and B f Seemingly undisplaced Tillaux type of Salter-Harris type 
significant displacement. D and E f After satisfactory open réduction and internai fixation. 


fracture. C f CT scan revealing 



Percutaneous réduction and fixation of displaced Tillaux fracture. A f Skin incision. B f Steinmann pin used to reduce 
fracture. C f While fracture is held reduced with Steinmann pin, Kirschner wire is inserted in fragment and across fracture. 


is dislocated at the ankle joint, the talar neck is fractured, and 
the head of the talus is dislocated at the talonavicular joint. 
Most of the fractures in our sériés were types I, II, or III. 

We use the treatment recommended by Boyd and Knight. 
Closed réduction followed by non-weight bearing is the 


preferred treatment for type I mildly or nondisplaced frac¬ 
tures. If an adéquate réduction cannot be obtained or main- 
tained, ORIF is recommended. A réduction of less than 3 mm 
of displacement and less than 5 degrees of malalignment is 
considered adéquate. Most of the closed réductions are done 
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on type I fractures. In type II, III, and IV fractures, open 
réduction with or without internai fixation is used frequently 
because of the difficulty of maintaining an adéquate réduc¬ 
tion by closed methods in significantly displaced fractures. 
Open fractures require a thorough irrigation and débridé- 
ment, and internai fixation is done only if required for stability 
of réduction. If the soft-tissue envelope is compromised, 
temporary stabilization may be achieved with a spanning 
external fixator until definitive fixation can be performed. 

Varus malalignment is a frequent problem. A spécial 
radiographie technique is used to détermine the amount of 
varus angulation in the anteroposterior plane. A cassette is 
placed directly under the foot, and the ankle is placed in 
maximal equinus position, the usual position after réduction 
of the fracture of the talar neck. This position can be main- 
tained more easily by maximal flexion of the hip and knee. 
The foot is pronated 15 degrees, and the x-ray tube is directed 
cephalad at a 75-degree angle from the horizontal tabletop. 
This technique has enabled us to detect any offset or varus 
deformity of the head and neck of the talus. 

For open réduction, an anteromedial approach is offen 
used, retracting the neurovascular bundle laterally. Alterna- 
tively, a dual approach can be performed. Fixation is usually 
performed with cannulated screws from a médial to a latéral 
direction or small modular plates. As an alternative, cancel- 
lous lag screws can be inserted percutaneously from posterior 
to anterior. Techniques for talar fracture fixation are discussed 
further in Chapter 88. 

Complications include osteonecrosis of the talar body, 
malunion, traumatic arthritis of the ankle and subtalar joint, 
and infection. Subchondral lucency présent 12 weeks after 
injury (Hawkins line) is an indication that osteonecrosis will 
not occur, but this is not an absolute prognosticator. Con- 
versely, lack of a subchondral lucency at 3 months suggests 
that osteonecrosis has occurred (Fig. 36-186), and advanced 
imaging with MRI or bone scan may confirm the diagnosis 
(Fig. 36-187). 



Hawkins line is not visible in sclerotic (latent 
osteonecrosis) talar dôme 3 months after injury. 


We evaluated a sériés of pédiatrie and adult patients for 
a Hawkins line to détermine early if osteonecrosis was présent. 
Osteonecrosis did not occur in any patient in whom a 
Hawkins line was présent. A large percentage of patients in 
whom a Hawkins line was absent at 12 weeks developed 
osteonecrosis. A few patients who were immobilized for only 
a short time did not hâve a Hawkins line, however, and did 
not develop osteonecrosis. Not ail the patients who developed 
osteonecrosis required operative treatment. Some did satis- 
factorily with patellar tendon-bearing braces. Of the 12 
children, osteonecrosis developed in five, and ail five healed 
uneventfully. The osteonecrosis process in these children was 
different from that in adults. They developed a sclerotic lésion 
in the dôme and body of the talus that became a cystic lésion 
on radiographs; over a 2-year to 3-year period, the area 
resolved and ail but one at long-term follow-up were asymp- 
tomatic (Fig. 36-188). Most children with osteonecrosis do 
not require surgery, and consequently, a prolonged period of 
non-weight bearing or the use of a patellar tendon-bearing, 
weight-relieving brace should be tried before surgery is 
considered. According to several reports, children younger 
than 12 years of âge hâve better results and osteonecrosis has 
a more favorable outcome than in older children. 

Malunions of talar fractures were frequent in adults; 
however, only 2 of the 12 children reviewed in our sériés had 
malunion. Malunion usually occurs with the distal fragment 
dorsiflexed or in a varus position and with the fibula rotated 
more anteriorly than normal. Most of our adult patients bore 
an excessive amount of weight on the latéral side of the foot, 
and many developed traumatic arthritis in the ankle and 
subtalar joint. The only infection in our sériés occurred after 
an open talar neck fracture. Because the talus is composed 
almost entirely of cancellous bone, and because fracture 
through the neck may seriously disrupt the blood supply, an 
established osteomyelitis of the talus may be résistant to treat¬ 
ment. Repeated sequestrectomy or attempted excision and 
drainage of the sinus tract are not indicated in established 
osteomyelitis of the talus. The results of talectomy without 
fusion hâve been poor. The preferred treatment for fractures 
of the talus complicated by infection is excision of the affected 
bone followed by arthrodesis, even in children. Operations, 



Bone scan 8 days after open réduction of type 
IV talar neck fracture with talonavicular dislocation shows 
decreased uptake indicating area of osteonecrosis. 
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A and B f Type III talar neck fracture with posteromedial displacement in 9-year-old child. C f After closed réduction 
and cast immobilization. D and E f At 9 months after injury, there is evidence of healing but osteonecrosis of talus with sclerotic and 
cystic changes is évident. F and G, At 6 years after injury, physes are still open and some healing of osteonecrosis of talus has occurred; 
patient has no symptoms. 
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when necessary for osteonecrosis, malunion, or infection, 
include triple arthrodesis (see Chapter 34), ankle fusion (see 
Chapter 11), and talocalcaneal fusion (see Chapter 11), ail of 
which produce better results than talectomy alone. 

■ FRACTURES OF THE DOME AND LATERAL 
PROCESS OF THE TALUS 

Fractures of the dôme and body of the talus are rare in chil- 
dren but do occur in shearing injuries, especially lawn mower, 
bicycle spoke, and “degloving” injuries. Often severe, open 
shearing injuries from lawn mowers and other power equip- 
ment require excision of a portion of the talus. The wound 
should be irrigated, debrided, and left open; delayed closure 
and skin grafting, if necessary, can be performed later. The 
primary goal of treatment is to salvage as much length 
and function of the foot and ankle as possible. A large, 
nondisplaced, closed talar dôme or body fracture can be 
treated satisfactorily by closed methods, especially in a child, 
and good results can be expected. If the fracture is signifi- 
cantly displaced, is intraarticular, and has cancellous bone 
attached to the fragment, ORIF through an anterior approach 
(see Technique 1-19) usually is necessary. Only rarely is 
osteotomy of the médial malleolus necessary for exposure. 
Care should be taken to avoid the physis in this area. Oblique 
or transverse cancellous screws inserted across the body of 
the talus, usually without médial malleolar osteotomy, are ail 
that is necessary. Smaller displaced fragments often can be 
removed and handled in much the same manner as osteo- 
chondral fragments. A CT scan may be necessary to make the 
diagnosis when persistent latéral subtalar pain is présent. 
Nondisplaced fragments can be treated closed. Large dis¬ 
placed fragments may need ORIF, whereas small displaced 
fragments can be excised to prevent subtalar arthritis (Fig. 
36-189). 

■ OSTEOCHONDRAL FRACTURES OF THE TALUS 

In our expérience, symptoms of osteochondral talar fractures 
most often begin in the second decade of life, suggesting that 


this is a lésion of adolescence progressing into early adult- 
hood. We use the classification of Berndt and Harty: stage I, 
a small area of subchondral compression; stage II, a partially 
detached fragment; stage III, a completely detached fragment 
remaining in the crater; and stage IV, a fragment that is 
detached and loose in the joint (Fig. 36-190). Médial and 
latéral lésions appear to occur with almost equal frequency, 
whereas central lésions are rare. 

Most latéral lésions are caused by trauma. Morphologi- 
cally, latéral lésions are thin and wafer shaped and resemble 
osteochondral fractures. Most médial lésions are deep and 
morphologically cup shaped, not resembling a traumatic 
fracture (Fig. 36-191). 

Surgery usually is required because of persistent symp¬ 
toms or a loose body in the ankle joint, most often in latéral 
stage III or IV lésions. Stage I and II lésions generally can be 
treated successfully without operation. Nonoperative treat¬ 
ment of stage III médial lésions compares favorably with the 
results of operative treatment; most are asymptomatic after 
conservative treatment. Conversely, latéral stage III lésions 
generally hâve better results after surgical excision than after 
conservative treatment. We recommend operative treatment 
of stage III latéral lésions and ail stage IV lésions; ail stage I 



Coronal CT reconstruction highl ighting 
intraarticular nature of talar latéral process fracture. (From Leibner 
ED, Simanovsky N, Abu-Sneinah K, et al: Fractures of the latéral process 
of the talus in children, J Pediatr Orthop 10B:68, 2001.) 



Four types or stages of osteochondral fractures (osteochondritis dissecans of talus). Stage I 
fragment but attached; stage III, fragment detached but still in crater; stage IV, displaced fragment. 


"blister"; stage II, elevated 
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and II lésions and stage III médial lésions can be observed for 
healing, especially in young children and adolescents. 

Histologie analysis has shown that, although morpho- 
logically the lésions were wafer shaped on the latéral side and 
cup shaped on the médial side, histologically they were 
the same. We cannot say definitely that latéral lésions are 
osteochondral fractures and that médial lésions are true 
osteochondritis dissecans. In our expérience, latéral lésions 
hâve more persistent symptoms and degenerative changes 
than the médial lésions and require surgery more offen. 
Three technical operative points should be made: 

1. If the osteochondral fragment appears on radiographs to 
be floating in its crater and riding high, with a flake of 
bone proximally that appears to be in the joint, the frag¬ 
ment probably is inverted in the crater. This means that 
the subchondral bone is proximal in the ankle joint and 
the cartilaginous portion is in the crater (Fig. 36-192). In 
this position, the cartilaginous fragment would not heal 
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to the bone in the crater, and excision is indicated. This 
elevated, apparently “floating” fragment is pathogno- 
monic of an inverted fragment within the crater. 

2. Advanced imaging with CT is helpful in identifying the 
exact location and extent of the bony lésion and is impor¬ 
tant for operative planning. (Fig. 36-193). 

3. Because the fibula is more posterior than the médial 
malleolus, osteotomy rarely is needed to reach the latéral 
lésions. If a CT scan shows the médial lésion to be in the 
middle or posterior part of the talus, however, a médial 
malleolar osteotomy offen is necessary in skeletally 
mature patients. We osteotomize the médial malleolus at 
the plafond horizontally or obliquely. The malleolus 
should be predrilled to accept a cancellous screw. The 
malleolar fragment can be displaced with a towel clip, and 
the lésion is seen quite readily. 

We hâve replaced several large fragments and held them with 
subchondral pins (Fig. 36-194), similar to the technique 



FIGURE 


text). 


^ Morphology of médial and latéral lésions (see 


"Floating" fragment in reality is loose frag¬ 
ment turned upside down in crater. 



Osteochondral lésion in anteromedial dôme of talus. A f CT scan in axial plane shows crater and fragments. B f Coronal 
CT scan locates lésion whether anterior, middle, or posterior, which often is difficult to détermine on radiograph. 
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A f Large osteochondral fragment in latéral talus. B, After rétrogradé pinning of fragment; osteotomy of latéral 
malleolus was performed for better exposure. C f Healed lésion after removal of syndesmosis screw. 


described for osteochondritis dissecans of the knee (see 
Chapter 32). The short-term results hâve been variable. 

The lésions in types I, II, and III are offen difficult to see 
at surgery and can only be palpated or “ballotted” to déter¬ 
mine their location. Using a Keith needle or a hemostat to 
“ballotte” helps outline the extent of the lésion. Good results 
hâve been reported with arthroscopic excision of osteochon¬ 
dral lésions of the talus, but it is sometimes difficult to find 
and define the margins of occult lésions. With newer arthros- 
copy techniques and equipment, posterior and especially 
posteromedial lésions can be seen more easily. Offen, type III 
lésions, if not completely detached, can be drilled, especially 
in children. The drilling can be done arthroscopically, percu- 
taneously, or transmalleolarly (through the malleolus). Large 
fragments can be reattached, and osteochondral graffs can be 
inserted. Concomitant use of an image intensifier, although 
complex, may be of benefit. Also, computer-assisted mini- 
mally invasive treatment has been described. See the discus¬ 
sion of arthroscopy of the ankle joint in Chapter 50. 


tendons. Incise the capsule and expose the ankle joint. 
Plantarflex the foot as much as possible to try to see the 
lésion. If the lésion is posterior, an osteotomy usually is 
necessary. 

■ Predrill for a cancellous screw from distal to proximal 
through the médial malleolus into the distal tibia and 
remove the screw. 

■ Make an osteotomy obliquely across the médial malleolus 
at the ankle joint level perpendicular to the predrilled hole 
for the cancellous screw. 

■ With a towel clip, turn the médial malleolus distally. Evert 
the ankle until the médial and posterior aspects of the 
talar dôme can be seen. 

■ Ballotte for any occult lésion with a Keith needle; with a 
small curet, remove the central necrotic area and déter¬ 
mine the margins of the lésion. The fragment often is 
loose, and the subchondral bone is yellowish and hard. 
Remove the crater and the fragment and copiously irri- 
gate the joint. 

■ With a small drill, make four or five holes in the subchon¬ 
dral crater for vascular ingrowth. 

■ Realign the médial malleolar osteotomy and insert a 
cancellous bone screw in the predrilled hole. Take radio- 
graphs to check for anatomie alignment of the screw and 
the osteotomy. 

■ Close the wound in layers and apply a short leg cast. 

POSTOPERATIVE CARE. The patient should wear a cast 
or patellar tendon-bearing brace for 6 to 8 weeks, prefer- 
ably non-weight bearing for a total of 8 to 12 weeks, 
while fibrocartilaginous tissue in the crater fills in the 
defect. 


CALCANEAL FRACTURES 

Calcaneal fractures are rare in children. They differ from 
calcaneal fractures in adults because (1) they occur much less 
frequently; (2) they do not exhibit the same fracture patterns, 


EXCISION OF OSTEOCHONDRAL 
FRAGMENT OF THE TALUS 

If osteotomy of the médial malleolus is necessary, surgery 
on the médial side should be delayed until after closure of 
the physis. 


TECHNIQUE 36-42 


■ Place the patient supine. 

■ Make a longitudinal incision 7 cm long over the antero- 
medial aspect of the ankle. Place the incision far enough 
medially to allow an osteotomy of the médial malleolus 
to be made if necessary and to allow inspection of the 
médial aspect of the joint. Carry the soft-tissue dissection 
down to the ankle joint; retract the neurovascular bundle, 
the anterior tibial tendon, and the common extensor 
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having less intraarticular involvement; (3) they are less serious 
because of the elasticity of structures in children; and (4) they 
remodel (Fig. 36-195). Schmidt and Weiner reported 62 
calcaneal fractures in children, which they classified using a 
System similar to that of Essex-Lopresti (see Chapter 88). 
They included physeal fractures at the tuberosity and a frac¬ 
ture almost unique to children that involves the posterior 
aspect of the calcaneus with significant loss of bone that 
occurs in lawn mower injuries. Of the fractures, 63% were 
extraarticular and only 37% were intraarticular, which is the 
reverse of the adult fracture pattern. Displacement of the 
intraarticular fractures was minimal compared with adult 
fractures, and only two required ORIF. In several older chil¬ 
dren, the subtalar joint was obviously involved and incongru- 
ous, however, similar to the Essex-Lopresti type II fracture, 
with a decreased “crucial” angle and the presence of a joint 
compression fracture. Open fractures of the calcaneus occur 
more often in children than in adults, probably because of the 
increased incidence of lawn mower injuries. 

Because displacement is uncommon in extraarticular and 
intraarticular fractures, most calcaneal fractures in children 
are expected to heal without any functional loss. The prognosis 
of calcaneal fractures in children is good unless a lawn mower 
injury results in loss of bone and soft tissue from the heel. 

Harris views (ski-jump views) of the heel should be 
obtained, and a CT scan can be helpful because the diagnosis 
can be obscure secondary to minimal disturbance in the bony 
architecture and the high percentage of cartilage in the calca¬ 
neus of children compared with adults. Operative treatment 
of calcaneal fractures in children is not indicated unless 
subtalar joint disruption is significant. A CT scan is manda- 
tory in preoperative operative planning. Good clinical 
outcomes hâve been reported in patients with displaced 
intraarticular calcaneal fractures treated with ORIF. Stress 
fractures of the calcaneus hâve been reported in children, and 
a bone scan may be helpful in making the diagnosis. Trott 
noted that cysts in the triangular space of the calcaneus 
become large enough for ordinary activities to produce stress 
or pathologie fractures. 

TARSAL FRACTURES 

Fractures of the tarsal bones are uncommon in children 
because of the flexibility of the foot. Fractures, especially of 
the navicular, cuboid, or cuneiform bones, usually are part of 
a severe injury to the foot, such as a wringer, severe compres¬ 
sion, or lawn mower injury. The second metatarsal has been 
described as the cornerstone of the foot, and strong ligamen- 
tous attachments are présent between the metatarsals them- 
selves and between the cuneiforms. The most relevant 
anatomie features are the fixed mortise position of the base 
of the second metatarsal and the ligamentous attachments at 
this base. If there is a fracture of the base of the second 
metatarsal, with or without a “buckle” fracture of the cuboid, 
significant tarsometatarsal joint injury, although occult, has 
occurred. Treatment recommendations include closed réduc¬ 
tion for gross displacement or instability, with open réduction 
only rarely required. Because of inhérent instability, however, 
percutaneous Kirschner wire fixation can be used to maintain 
the réduction and the alignment after open or closed réduc¬ 
tion. The wires are removed after approximately 4 weeks. 

In our expérience, a persistent dorsal dislocation, even in 
a child, produces a painful hypertrophie osseous area on the 


dorsum of the foot. Also, varus angulation often is présent. 
With the patient under general anesthésia, any dislocated 
tarsometatarsal joints should be reduced. If this cannot be 
accomplished closed, ORIF of the dislocation is indicated 
(Fig. 36-196). Care should be taken not to violate the proximal 
physis of the first metatarsal. 

Cuboid “nutcracker” fractures hâve recently been 
described in four children, ail of whom were injured while 
horseback riding. The mechanism of injury is forced abduc¬ 
tion of the forefoot, usually in combination with an axial 
force. Compression cuboid fractures rarely are isolated inju¬ 
ries, usually occurring with other midfoot fractures or dislo¬ 
cations. The identification of a cuboid nutcracker fracture on 
radiograph should prompt CT évaluation to rule out or 
identify other injuries. Minimally displaced isolated cuboid 
nutcracker fractures can be treated conservatively, but poor 
results are common after nonoperative treatment of displaced 
fractures, and operative treatment is recommended to avoid 
alterations in foot mechanics and function, leading to foot 
stiffness and pain. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF CUBOID COMPRESSION 
(NUTCRACKER) FRACTURE 


TECHNIQUE 36-43 


(CERONI ETAL) 

■ Make a latéral incision along the axis from the tip of the 
fibula to the tip of the fifth metatarsal. 

■ Retract the peroneus tendons plantarly and partially 
elevate the extensor digitorum brevis muscle. 

■ Elevate the extruded latéral wall of the cuboid and inspect 
the fracture and adjacent joint. 

■ Elevate depressed fragments with a laminar spreader until 
the adjacent joint surfaces are congruent. 

■ When the shape of the cuboid is restored, fill the large 
corticocancellous defect with a large allograft bone block 
to provide stable bony support. Cut the allograft bone 
block overly large so that it fits into the defect with some 
résistance. 

■ This construct is stable enough that no fixation is required. 

■ Obtain an oblique radiograph to confirm the articular 
reconstruction and reestablishment of latéral column 
length. 

■ Close the wound in layers and apply a short leg cast. 

POSTOPERATIVE CARE. The non-weight-bearing cast 
is worn for 6 weeks, followed by a walking cast for 
another 6 weeks. Unprotected full weight bearing is 
allowed at 12 weeks after surgery. 


Pédiatrie Lisfranc fractures often are called “bunk bed” 
fractures because the injury occurs from a twisting force 
when the foot is extended, such as when a child jumps from 
a bunk bed. This fracture of the first tarsometatarsal area 
produces a subtle deformity that can be overlooked, and the 





A and B f Latéral radiographs of bilateral severe calcaneal fractures with dépréssion of crucial angle in child who also 
had Tl2 compression fracture resulting from a fall. C and D f CT scan at two different levels, revealing severe comminution and displace¬ 
ment. E f Three-dimensional reconstruction of latéral calcaneal fractures. F and G f Latéral radiographs after open réduction and internai 
fixation with contoured plates and screws. H to J, Bilateral oblique and anteroposterior radiographs at follow-up. 
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A f Anteroposterior radiograph appears normal. B, Oblique radiograph reveals subtle subluxation of metatarsocunei- 
form joint. C f At surgery, image intensification reveals extent of involvement. D f Open and percutaneous réduction and fixation of 
Lisfranc dislocation. Physis of first metatarsal is closed. 


soft-tissue injury is more severe than is indicated by the bony 
injury seen on the radiographs. Often a fracture-dislocation 
or a fracture-subluxation of the first tarsometatarsal joint 
occurs or the first and second metatarsals may be involved 
(Fig. 36-197). 

METATARSAL AND PHALANGEAL 
FRACTURES 

Although metatarsal and phalangeal fractures in children are 
common, little has been written about these fractures. Perhaps 
this is because they usually heal uneventfully and rarely need 
operative treatment. Because of their strong interosseous liga¬ 
ments, fractures of the proximal metatarsals usually do not 
become displaced significantly. Displaced fractures usually 
are produced by severe trauma. In addition to the fractures, 


the soft tissues usually are damaged considerably and swelling 
may be excessive. These severe injuries should be treated by 
élévation and observation and not by a circumferential cast. 
When the swelling has resolved, a displaced fracture can be 
reduced closed, if necessary, by longitudinal traction. For 
severe trauma producing multiple fractures with significant 
displacement, when the swelling has subsided, open réduc¬ 
tion and smooth pin fixation are performed if necessary. This 
is occasionally needed in the first metatarsal of older children, 
where little remodeling can be expected (Fig. 36-198). Most 
displaced fractures of the metatarsal neck heal and usually 
remodel nicely in young children; however, if displacement 
and deformity are significant, especially in the anteroposte¬ 
rior plane, and multiple neck fractures are présent, occasion¬ 
ally ORIF with longitudinal wires is necessary, especially in 
older children. 
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Anteroposterior and stress radiographs of foot with subtle Lisfranc dislocation. A f Radiograph appears 
B, With stress into everted position, metatarsals sublux latérally. C f Postreduction radiograph reveals satisfactory réduction and 
fixation. D, Réduction maintained on eversion stress radiograph. 


normal. 

internai 




Method of open pinning of metatarsal shaft 
or neck fractures in rétrogradé fashion through first metatarsal 
head. 


Stress fractures of the metatarsal shaft or neck occur in 
children. MRI may be helpful in diagnosis, and these fractures 
should be treated expectantly. We hâve seen a 10-year-old 
child with a metatarsal stress fracture, and although these 
fractures occur less frequently in children than in adults, they 
can be produced by chronic répétitive, stressful activity. 
Nonoperative treatment is usually appropriate combined 
with vitamin D supplémentation. Fractures of the base of the 
fifth metatarsal in children and adults traditionally hâve been 
called Jones fractures, although Jones original description 
from 1896 appears to be that of a diaphyseal fracture rather 
than an avulsion fracture of the base of the fifth metatarsal 
caused by overpull of the peroneus brevis muscle. Several 
studies hâve noted the uncertainty of healing of this diaphy¬ 
seal fracture and recommended ORIF with a medullary screw 
in high-performance athlètes, recreational athlètes, and 
nonathletes with delayed union. A more recent study also 
suggested that fixation of Jones fractures in active adolescents 
should be considered to allow faster return to regular activi¬ 
tés and prevent refracture. Avulsions of the most proximal 
base of the fifth metatarsal also occur in children and heal 
uneventfully except for some bony hypertrophy at the fracture 
site. This injury should be differentiated from a secondary 
ossification center seen on oblique views in a 10- to 13-year- 
old child that when painful is termed Iselin diseuse (see 
Chapter 32). 

Fractures of the phalanges are caused primarily by hitting 
a hard object or compressing the toe with a heavy weight. 
Open fractures of the great toe distal phalanx (stubbed toe) 
can be worrisome. Dislocations of the phalanges usually are 
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Fissuring (not fracture) of physis of proximal 
phalanx of great toe. 


dorsal and can be reduced easily. Certain developmental 
disorders of the phalanges should not be confused with 
fractures. Fragmentation of the proximal epiphysis of the 
hallux occurs frequently (Fig. 36-199). The epiphysis may be 
fissured, compressed, or fragmented. Usually the physis is not 
fractured. 

Fractures and dislocations of the phalanges should be 
reduced by longitudinal traction and held by “buddy” taping 
to the next toe. ORIF is only rarely indicated. If fracture of a 
phalanx is caused by a penetrating wound, as in stepping on 
a nail, Pseudomonas infection should be suspected. If the 
wound becomes infected, it should be irrigated and debrided 
and intravenous antibiotic therapy should be administered. 
For infected phalangeal fractures, debridement, wet dressing, 
intravenous administration of antibiotics, and delayed closure 
save some toes, especially the great toe, when impending 
infection or gangrené has suggested amputation. Severe open 
fractures occur in the forefoot and the phalanges, primarily 
in bicycle spoke or rotary lawn mower injuries. Treatment 
consists of adéquate debridement of the wounds, leaving the 
wounds open, and delayed closure. The operative treatment 
of these injuries is similar to that for the digits of adults (see 
Chapter 88). 
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ANATOMY OF VERTEBRAL 
COLUMN 

The vertébral column comprises 33 vertebrae divided into five 
sections (7 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 4 
coccygeal) (Fig. 37-1). The sacral and coccygeal vertebrae are 
fused, which typically allows for 24 mobile segments. Con¬ 
génital anomalies and variations in segmentation are 
common. The cervical and lumbar segments develop lordosis 
as an erect posture is acquired. The thoracic and sacral seg¬ 
ments maintain kyphotic postures, which are found in utero, 
and serve as attachment points for the rib cage and pelvic 
girdle. In general, each mobile vertébral body increases in size 
when moving from cranial to caudal. A typical vertebra com¬ 
prises an anterior body and a posterior arch that enclose the 
vertébral canal. The neural arch is composed of two pedicles 
laterally and two laminae posteriorly that are United to form 
the spinous process. To either side of the arch of the vertébral 
body is a transverse process and superior and inferior articu- 
lar processes. The articular processes articulate with adjacent 
vertebrae to form synovial joints. The relative orientation of 
the articular processes accounts for the degree of flexion, 
extension, or rotation possible in each segment of the verté¬ 
bral column. The spinous and transverse processes serve as 
levers for the numerous muscles attached to them. The length 
of the vertébral column averages 72 cm in men and 7 to 
10 cm less in women. The vertébral canal extends throughout 
the length of the column and provides protection for the 
spinal cord, conus medullaris, and cauda equina. 

ANATOMY OF SPINAL JOINTS 

The individual vertebrae are connected by joints between the 
neural arches and between the bodies. The joints between the 


neural arches are the zygapophyseal joints or facet joints. 
They exist between the inferior articular process of one ver¬ 
tebra and the superior articular process of the vertebra imme- 
diately caudal. These are synovial joints with surfaces covered 
by articular cartilage, a synovial membrane bridging the 
margins of the articular cartilage, and a joint capsule enclos- 
ing them. The branches of the posterior primary rami inner- 
vate these joints. 

The interbody joints contain specialized structures called 
intervertébral dises. These dises are found throughout the 
vertébral column except between the first and second cer¬ 
vical vertebrae. The dises are designed to accommodate 
movement, weight bearing, and shock by being strong but 
déformable. Each dise contains a pair of vertébral end plates 
with a central nucléus pulposus and a peripheral ring of 
anulus fibrosus sandwiched between them. They form a 
secondary cartilaginous joint or symphysis at each vertébral 
level. 

The vertébral end plates are 1-mm-thick sheets of 
cartilage-fibrocartilage and hyaline cartilage with an increased 
ratio of Abrocartilage with increasing âge. The nucléus pulpo¬ 
sus is a semifluid mass of mucoid material, 70% to 90% water, 
with proteoglycan constituting 65% and collagen constituting 
15% to 20% of the dry weight. The anulus fibrosus consists 
of 12 concentric lamellae, with alternating orientation of col¬ 
lagen fibers in successive lamellae to withstand multidirec- 
tional strain. The anulus is 60% to 70% water, with collagen 
constituting 50% to 60% and proteoglycan about 20% of the 
dry weight. With âge, the proportions of proteoglycan and 
water decrease. The anulus and nucléus merge in a junctional 
zone without a strict démarcation. The dises are the largest 
avascular structures in the body and dépend on diffusion 
from a specialized network of end plate blood vessels for 
nutrition. 
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FIGURE 


Vertébral column: upper cervical vertebrae 


(occiput to C2), lower cervical vertebrae (C3-7), thoracic vertebrae 


(Tl-12), lumbar vertebrae (L1-5), sacrum, and coccyx. 


ANATOMY OF SPINAL CORD AND 
NERVES 

The spinal cord is shorter than the vertébral column and 
terminâtes as the conus medullaris at the second lumbar ver- 
tebra in adults and the third lumbar vertebra in neonates. 
From the conus, a fibrous cord called the filum terminale 
extends to the dorsum of the first coccygeal segment. The 
spinal cord is enclosed in three protective membranes—the 
pia, arachnoid, and dura mater. The pia and arachnoid mem¬ 
branes are separated by the subarachnoid space, which con- 
tains the cerebrospinal fluid. The spinal cord has enlargements 
in the cervical and lumbar régions that correlate with the 
brachial plexus and lumbar plexus. Within the spinal cord are 
tracts of ascending (sensory) and descending (motor) nerve 
fibers. These pathways typically are arranged with cervical 
tracts located centrally and thoracic, lumbar, and sacral tracts 
located progressively peripheral. This accounts for the clinical 
findings of central cord syndrome and syrinx. Understanding 
the location of these tracts aids in understanding different 
spinal cord syndromes (Figs. 37-2 and 37-3; Table 37-1). 

Spinal nerves exit the canal at each level. Spinal nerves 
C2-7 exit above the pedicle for which they are named (the C6 
nerve root exits the foramen between the C5 and C6 pedicles). 
The C8 nerve root exits the foramen between the C7 and Tl 
pedicles. Ail spinal nerves caudal to C8 exit the foramen below 
the pedicle for which they are named (the L4 nerve root exits 
the foramen between the L4 and L5 pedicles). The final derma- 
tomal and sensory nerve distributions are shown in Figure 


Anterior 


Posterior 



Dermatomal and sensory distribution. (Redrawn 
from Patton HD, Sundsten JW, Crill WE, et al, editors: Introduction to 
basic neurology, Philadelphia, 1976, WB Saunders.) 
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T = thoracic 

C - cervical 
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FIGURE 


Schematic cross section of cervical spinal cord. 


(Redrawn from Patton HD, Sundsten JW, Crill WE, et al, editors: Intro¬ 


duction to basic neurology, Philadelphia, 1976, WB Saunders.) 


37-2. Because the spinal cord is shorter than the vertébral 
column, the spinal nerves course more vertically as one moves 
caudally. Each level gives off a dorsal (sensory) root and a 
ventral (mostly motor) root, which combine to form the mixed 
spinal nerve. The dorsal root of each spinal nerve has a gan¬ 
glion located near the exit zone of each foramen. This dorsal 


















































































TABLE 37-1 


Ascending and Descending (Motor) Tracts 


NUMBER (SEE FIG. 37-3) 

PATH 

FUNCTION 

SIDE OF BODY 

1 

Anterior corticospinal tract 

Skilled movement 

Opposite 

2 

Vestibulospinal tract 

Facilitâtes extensor muscle tone 

Same 

3 

Latéral corticospinal (pyramidal tract) 

Skilled movement 

Same 

4 

Dorsolateral fasciculus 

Pain and température 

Bidirectional 

5 

Fasciculus proprius 

Short spinal connections 

Bidirectional 

6 

Fasciculus gracilis 

Position/fine touch 

Same 

7 

Fasciculus cuneatus 

Position/fine touch 

Same 

8 

Latéral spinothalamic tract 

Pain and température 

Opposite 

9 

Anterior spinothalamic tract 

Light touch 

Opposite 


Modified from Patton HD, Sundsten JW, Crill WE, Swanson PD, editors: Introduction to basic neurology, Philadelphia, 1976, WB Saunders. 


root ganglion is the synapse point for the ascending sensory 
cell bodies. This structure is sensitive to pressure and heat and 
can cause a dysesthetic pain response if manipulated. 

ANATOMY OF CERVICAL, 
THORACIC, AND LUMBAR 
PEDICLES 

Numerous studies hâve documented the anatomie morphol- 
ogy of the cervical, thoracic, and lumbar vertebrae. Advanced 
internai fixation techniques, including pedicle screws, hâve 
been developed and used extensively in spine surgery, not 
only for traumatic injuries but also for degenerative condi¬ 
tions. As the rôle for anterior and posterior spinal instrumen¬ 
tation continues to evolve, understanding the morphologie 
characteristics of the human vertebrae is crucial in avoiding 
complications during fixation. 

Placement of screws in the cervical pedicles is controver- 
sial and carries more risk than anterior plate or latéral mass 
fixation. Although cervical pedicles can be suitable for screw 
fixation, uniformly sized cervical pedicle screws cannot be 
used at every level. Screw placement in the pedicles at C3, C4, 
and C5 requires smaller screws (<4.5 mm) and more care in 
placement than those of the other cervical vertebrae. CT mea- 
surements of cervical pedicle morphology found that C2 and 
C7 pedicles had larger mean interdiameters than ail other 
cervical vertebrae, and that C3 had the smallest mean inter- 
diameter. The outer pedicle width-to-height ratio increased 
from C2 to C7, indicating that pedicles in the upper cervical 
spine (C2-4) are elongated, whereas pedicles in the lower 
cervical spine (C6-7) are rounded. It also is crucial to know 
that cervical pedicles angle medially at ail levels, with the 
most médial angulation at C5 and the least at C2 and C7. The 
pedicles slope upward at C2 and C3, are parallel at C4 and 
C5, and are angled downward at C6 and C7. 

The vertébral artery from C3 to C6 is at significant risk 
for iatrogénie injury during pedicle screw placement. The 
pedicle cortex is not uniformly thick. The thinnest portion of 
the cortex (the latéral cortex) protects the vertébral artery, 
and the médial cortex toward the spinal cord is almost twice 
as thick as the latéral cortex. Variations in the course of the 
vertébral artery also place it at risk during placement of 


pedicle screws. At the C2 and C7-T1 levels, the vertébral 
artery is less at risk during pedicle screw fixation. The verté¬ 
bral artery follows a more posterior and latéral course at C2, 
whereas at C7-T1 it is outside the transverse foramen. 

Pedicle dimensions and angles change progressively from 
the upper thoracic spine distally. A thorough knowledge of 
these relationships is important when considering the use of 
the pedicle as a screw purchase site. A study of 2905 pedicle 
measurements made from Tl to L5 found that pedicles were 
widest at L5 and narrowest at T5 in the horizontal plane (Fig. 
37-4). The widest pedicles in the sagittal plane were at Tll, 
and the narrowest were at Tl. Because of the oval shape of 
the pedicle, the sagittal plane width was generally larger than 
the horizontal plane width. The largest pedicle angle in the 
horizontal plane was at L5. In the sagittal plane, the pedicles 
angle caudad at L5 and cephalad at L3-T1. The depth to the 
anterior cortex was significantly longer along the pedicle axis 
than along a line parallel to the midline of the vertébral body 
at ail levels except T12 and Ll. 

The thoracic pedicle is a convoluted, three-dimensional 
structure that is filled mostly with cancellous bone (62% to 
79%). Panjabi et al. showed that the cortical shell is of variable 
density throughout its perimeter and that the latéral wall is 
significantly thinner than the médial wall. This seemed to be 
true for ail levels of thoracic vertebrae. 

The locations for screw insertion hâve been identified and 
described in several studies. The respective facet joint space 
and the middle of the transverse process are the most impor¬ 
tant reference points. An opening is made in the pedicle with 
a drill or hand-held curet, affer which a self-tapping screw is 
passed through the pedicle into the vertébral body. The ped¬ 
icles of the thoracic and lumbar vertebrae are tubelike bony 
structures that connect the anterior and posterior columns of 
the spine. Médial to the médial wall of the pedicle lies the 
durai sac. Inferior to the médial wall of the pedicle is the 
nerve root in the neural foramen. The lumbar roots usually 
are situated in the upper third of the foramen; it is more 
dangerous to penetrate the pedicle medially or inferiorly as 
opposed to laterally or superiorly. 

We use three techniques for open localization of the 
pedicle: (1) the intersection technique, (2) the pars interar- 
ticularis technique, and (3) the mammillary process tech¬ 
nique. It is important in preoperative planning to assess 
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Pedicle dimensions of T3 (A) f T8 (B) f and L4 (C) vertebrae. Vertical diameter (c) increases from 0.7 to 1.5 cm, horizontal 
diameter (d) increases from 0.7 to 1.6 cm with minimum of 0.5 cm in T5. Direction is almost sagittal from T4 to L4. Angle (e) seldom 
extends beyond 10 degrees. More proximally, direction is more oblique: Tl = 36 degrees, T2 = 34 degrees, T3 = 23 degrees. L5 is oblique 
(30 degrees) but is large and easy to drill. (Redrawn from Roy-Camille R, Saillant G, Mazel CH: Plating of thoracic, thoracolumbar, and lumbar 
injuries with pedicle screw plates, Orthop Clin North Am 17:147, 1986.) 


individual spinal anatomy with the use of high-quality antero- 
posterior and latéral radiographs of the lumbar and thoracic 
spine and axial CT or MRI at the level of the pedicle. In the 
lumbar spine, coaxial fluoroscopy images are a reliable guide 
to the true bony cortex of the pedicle. The intersection tech¬ 
nique is perhaps the most commonly used method of local- 
izing the pedicle. It involves dropping a line from the latéral 
aspect of the facet joint, which intersects a line that bisects 
the transverse process at a spot overlying the pedicle (Figs. 
37-5 and 37-6). The pars interarticularis is the area of bone 
where the pedicle connects to the lamina. Because the laminae 
and the pars interarticularis can be identified easily at surgery, 
they provide landmarks by which a pedicular drill starting 
point can be made. The mammillary process technique is 
based on a small prominence of bone at the base of the trans¬ 
verse process. This mammillary process can be used as a 
starting point for transpedicular drilling. Usually the mam¬ 
millary process is more latéral than the intersection technique 
starting point, which also is more latéral than the pars inter¬ 
articularis starting point. With this in mind, different angles 
must be used when drilling from these sites. With the help of 
preoperative CT scanning or MRI at the level of the pedicle 
and intraoperative fluoroscopy, the angle of the pedicle to the 
sagittal and horizontal planes can be determined. 

For percutaneous pedicle screw placement, we use fluo¬ 
roscopy that is orthogonal to the target vertébral body in the 
anteroposterior and latéral planes and allows clear visualiza- 
tion of the médial wall of the pedicle and pedicle/vertebral 
body junction. A Jamshidi needle typically is docked on the 
pedicle of interest at the lamina/pedicle junction on the 
anteroposterior view (9 oclock position for leff pedicles 
and 3 oclock position for right pedicles). For the most cepha- 
lad screw of a construct in the lumbar spine, we prefer to 
“cheat” the starting point a little below midline on the 



Pedicle entrance point in thoracic spine at 
intersection of lines drawn through middle of inferior articular 
facets and middle of insertion of transverse processes (1 mm 
below facet joint). A, Anteroposterior view. B, Latéral view. 

(Redrawn from Roy-Camille R, Saillant G, Mazel CH: Plating of thoracic, 
thoracolumbar, and lumbar injuries with pedicle screw plates, Orthop 
Clin North Am 17:147, 1986.) 
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Pedicle entrance point in lumbar spine at inter¬ 
section of two lines. On typical bony crest, it is 1 mm below 
articular joint. A f Anteroposterior view. B f Latéral view. (Redrawn 
from Roy-Camille R, Saillant G, Mazel CH: Plating of thoracic, thoraco- 
lumbar, and lumbar injuries with pedicle screw plates, Orthop Clin North 
Am 17:147, 1986.) 


anteroposterior view (8 oclock for left pedicles and 4 oclock 
for right pedicles) to limit encroachment of the next cephalad 
facet joint. Under anteroposterior imaging, the needle is then 
advanced down the pedicle 20 to 25 mm at a trajectory that 
will allow the tip of the needle to be placed at the pedicle/ 
vertébral body junction without violating the médial wall of 
the pedicle. When seated, the needle should pass obliquely 
across the pedicle with the tip just latéral to the médial wall 
on the anteroposterior view and just deep to the base of the 
pedicle on the latéral view. This will allow passage of a guide - 
wire into the vertébral body and placement of a cannulated 
percutaneous pedicle screw using a Seldinger technique. The 
technique of connecting rod passage dépends on the hard¬ 
ware manufacturer. 


CIRCULATION OF SPINAL CORD 

The arterial supply to the spinal cord has been determined 
from gross anatomie dissection, latex arterial injections, and 
intercostal arteriography. Dommisse contributed significantly 
to knowledge of the blood supply, stating that the principles 
that govern the blood supply of the cord are constant, whereas 
the patterns vary with the individual. He emphasized the fol- 
lowing factors: 

1. Dependence on three vessels. These are the anterior médian 
longitudinal arterial trunk and a pair of postérolatéral 
trunks near the posterior nerve rootlets. 




Spinal 

branch 


Dorsal 

branch 


Ventral 
branch - 
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artery 


Vertébral blood supply. A f Posterior view; 
laminae removed to show anastomosing spinal branches of seg¬ 
mentai arteries. B f Cross-sectional view; anastomosing arterial 
supply of vertébral body, spinal canal, and posterior éléments. 

(Redrawn from Bullough PG, Oheneba BA: Atlas of spinal diseases, 
Philadelphia, 1988, JB Lippincott.) 


2. Relative demands of gray matter and white matter. The 
longitudinal arterial trunks are largest in the cervical and 
lumbar régions near the ganglionic enlargements and are 
much smaller in the thoracic région. This is because the 
metabolic demands of the gray matter are greater than 
those of the white matter, which contains fewer capillary 
networks. 

3. Medullary feeder (radicular) arteries of the cord. These 
arteries reinforce the longitudinal arterial channels. There 
are 2 to 17 anteriorly and 6 to 25 posteriorly. The vertébral 
arteries supply 80% of the radicular arteries in the neck; 
arteries in the thoracic and lumbar areas arise from the 
aorta. The latéral sacral, the fifth lumbar, the iliolumbar, 
and the middle sacral arteries are important in the sacral 
région. 

4. Supplementary source of blood supply to the spinal cord. 
The vertébral and posterior inferior cerebellar arteries are 
important sources of arterial supply. Sacral medullary 
feeders arise from the latéral sacral arteries and accom- 
pany the distal roots of the cauda equina. The flow in 
these vessels seems réversible and the volume adjustable 
in response to the metabolic demands. 

5. Segmentai arteries of the spine. At every vertébral level, a 
pair of segmentai arteries supplies the extraspinal and 
intraspinal structures. The thoracic and lumbar segmen¬ 
tai arteries arise from the aorta; the cervical segmentai 
arteries arise from the vertébral arteries and the costocer- 
vical and thyrocervical trunks. In 60% of individuals, an 
additional source arises from the ascending pharyngeal 
branch of the external carotid artery. The latéral sacral 
arteries and, to a lesser extent, the fifth lumbar, iliolum¬ 
bar, and middle sacral arteries supply segmentai vessels 
in the sacral région. 

5. “Distribution point ” ofthe segmentai arteries. The segmen¬ 
tai arteries divide into numerous branches at the 
intervertébral foramen, which has been termed the 
distribution point (Fig. 37-7). A second anastomotic 
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network lies within the spinal canal in the loose connec¬ 
tive tissue of the extradural space. This occurs at ail levels, 
with the greatest concentration in the cervical and lumbar 
régions. The presence of the rich anastomotic channels 
offers alternative pathways for arterial flow, preserving 
spinal cord circulation affer the ligation of segmentai 
arteries. 

6. Artery of Adamkiewicz. The artery of Adamkiewicz is the 
largest of the feeders of the lumbar cord; it is located on 
the left side, usually at the level of T9-11 (in 80% of indi- 
viduals). The anterior longitudinal arterial channel of the 
cord rather than any single medullary feeder is crucial. 
The préservation of this large feeder does not ensure con- 
tinued satisfactory circulation for the spinal cord. In prin- 
ciple, it would seem of practical value to protect and 
preserve each contributing artery as far as is surgically 
possible. 

7. Variability of patterns of supply of the spinal cord. The 
variability of blood supply is a striking feature, yet there 
is absolute conformity with a principle of a rich supply 
for the cervical and lumbar cord enlargements. The 
supply for the thoracic cord from approximately T4 to T9 
is much poorer. 

8. Direction offlow in the blood vessels ofthe spinal cord. The 
three longitudinal arterial channels of the spinal cord can 
be compared with the circle of Willis at the base of the 
brain, but it is more extensive and more complicated, 
although it functions with identical principles. These 
channels permit reversai of flow and alterations in the 
volume of blood flow in response to metabolic demands. 
This internai arterial circle of the cord is surrounded by 
at least two outer arterial circles, the first of which is situ- 
ated in the extradural space and the second in the extra- 
vertebral tissue planes. By virtue of the latter, the spinal 
cord enjoys reserve sources of blood supply through a 
degree of anastomosis lacking in the inner circle. The 
“outlet points” are limited, however, to the perforating 
sulcal arteries and the pial arteries of the cord. 

The blood supply to the spinal cord is rich, but the spinal 
canal is narrowest and the blood supply is poorest at T4-9. 
T4-9 should be considered the critical vascular zone of the 
spinal cord, a zone in which interférence with the circulation 
is most likely to resuit in paraplegia. 

The dominance of the anterior spinal artery System has 
been challenged by the fact that many anterior spinal surger- 
ies hâve been performed in recent years with no increase in 
the incidence of paralysis. This would seem to indicate that a 
rich anastomotic supply does exist and that it protects the 
spinal cord. The evidence suggests that the posterior spinal 
arteries may be as important as the anterior System but are as 
yet poorly understood. Venous drainage of the spinal cord is 
more difficult to define clearly than is the arterial supply (Fig. 
37-8). It is well known that the venous System is highly vari¬ 
able. Dommisse pointed out that there are two sets of veins: 
veins of the spinal cord and veins that fall within the plexi- 
form network of Batson. The veins of the spinal cord are a 
small component of the entire System and drain into the 
plexus of Batson. The Batson plexus is a large and complex 
venous channel extending from the base of the skull to the 
coccyx. It communicates directly with the superior and infe- 
rior vena cava System and the azygos System. The longitudinal 
venous trunks of the spinal cord are the anterior and 



External venous plexus 


Venous drainage of vertébral bodies and for¬ 
mation of internai and external vertébral venous plexuses. 

(Redrawn from Bullough PG, Oheneba BA: Atlas of spinal diseases, 
Philadelphia, 1988, JB Lippincott.) 


posterior venous channels, which are the counterparts of the 
arterial trunks. The three components of the Batson plexus 
are the extradural vertébral venous plexus; the extravertebral 
venous plexus, which includes the segmentai veins of the 
neck, the intercostal veins, the azygos communications in the 
thorax and pelvis, the lumbar veins, and the communications 
with the inferior vena caval System; and the veins of the bony 
structures of the spinal column. The venous System plays no 
spécifie rôle in the metabolism of the spinal cord; it commu¬ 
nicates directly with the venous System draining the head, 
chest, and abdomen. This interconnection allows metastatic 
spread of neoplastic or infectious disease from the pelvis to 
the vertébral column. 

During anterior spinal surgery, we empirically follow 
these principles: (1) ligate segmentai spinal arteries only as 
necessary to gain exposure; (2) ligate segmentai spinal arter¬ 
ies near the aorta rather than near the vertébral foramina; (3) 
ligate segmentai spinal arteries on one side only when pos¬ 
sible, leaving the circulation intact on the opposite side; and 
(4) limit dissection in the vertébral foramina to a single level 
when possible so that collateral circulation is disturbed as 
little as possible. 


SURGICAL APPROACHES 

ANTERIOR APPROACHES 

With the posterior approach for correction of spinal deformi- 
ties well established, more attention has been placed on the 
anterior approach to the spinal column. Many pioneers in the 
field of anterior spinal surgery recognized that anterior spinal 
cord décompression was necessary in spinal tuberculosis and 
that laminectomy not only failed to relieve anterior pressure 
but also removed important posterior stability and produced 
worsening of kyphosis. Advances in major surgical proce¬ 
dures, including anesthésia and intensive care, hâve made it 
possible to perform spinal surgery with acceptable safety. 

In general, anterior approaches to the spine are indicated 
for décompression of the neural éléments (spinal cord, conus 
medullaris, cauda equina, or nerve roots) when anterior 
neural compression has been documented by myelography, 
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Relative Indications for Anterior Spinal 
Approaches 


1. Traumatic 

a. Fractures with documentée! neurocompression sec- 
ondary to bone or dise fragments anterior to dura 

b. Incomplète spinal cord injury (for cord recovery) with 
anterior extradural compression 

c. Complété spinal cord injury (for root recovery) with 
anterior extradural compression 

d. Late pain or paralysis after remote injuries with ante¬ 
rior extradural compression 

e. Herniated intervertébral dise 

2. Infectious 

a. Open biopsy for diagnosis 

b. Debridement and anterior strut grafting 

3. Degenerative 

a. Cervical spondylitic radiculopathy 

b. Cervical spondylitic myelopathy 

c. Thoracic dise herniation 

d. Cervical, thoracic, and lumbar interbody fusions 

4. Neoplastic 

a. Extradural metastatic disease 

b. Primary vertébral body tumor 

5. Deformity 

a. Kyphosis—congénital or acquired 

b. Scoliosis—congénital, acquired, or idiopathic 


postmyelogram CT, or MRI. Many pathologie entities can 
cause significant compression of the neural éléments, includ- 
ing traumatic, neoplastic, inflammatory, degenerative, and 
congénital lésions. In the lumbar spine, this indication has 
been expanded to include anterior interbody fusions for dis- 
cogenic pain and instability. 

Anterior approaches to the spine generally are made by 
an experienced spine surgeon, and, as a rule, it is inappropri- 
ate for surgeons who only occasionally perform spinal tech¬ 
niques to perform this type of surgery. In many centers, a 
team approach is preferred to employ the skills of an ortho- 
paedic surgeon, neurosurgeon, thoracic surgeon, or head and 
neck surgeon. The orthopaedic surgeon still must hâve a 
working knowledge of the underlying viscera, fluid balance, 
physiology, and other éléments of intensive care. Complica¬ 
tions of anterior spine surgery are rare; however, there is a 
high risk of significant morbidity, and these approaches 
should be used with care and only in appropriate circum- 
stances. Potential dangers include iatrogénie injury to vascu- 
lar, viscéral, or neurologie structures. 

The exact incidence of serious complications from ante¬ 
rior spinal surgery is unknown. A thorough understanding 
of anatomie tissue planes and meticulous surgical technique 
are necessary to prevent serious complications. The choice of 
approach dépends on the preference and expérience of the 
surgeon, the patients âge and medical condition, the segment 
of the spine involved, the underlying pathologie process, and 
the presence or absence of signs of neural compression. Com- 
monly accepted indications for anterior approaches are listed 
in Box 37-1. 


■ ANTERIOR APPROACH, OCCIPUT TO C3 

The anterior approach to the upper cervical spine (occiput 
to C3) can be transoral or retropharyngeal, depending 
on the pathologie process présent and the expérience of the 
surgeon. 


ANTERIOR TRANSORAL APPROACH 


TECHNIQUE 37-1 


Figure 37-9 


(SPETZLER) 

■ Position the patient supine using a Mayfield head-holding 
device or with skeletal traction through Gardner-Wells 
tongs. Monitoring of the spinal cord through somatosen- 
sory evoked potentials is recommended. The surgeon may 
sit directly over the patient's head. 

■ Pass a red rubber cathéter down each nostril and suture 
it to the uvula. Apply traction to the cathéters to pull the 
uvula and soft palate out of the operative field, taking 
care not to cause necrosis of the septal cartilage by exces¬ 
sive pressure. 

■ Insert a McGarver retractor into the open mouth and use 
it to retract and hold the endotrachéal tube out of the 
way. The operating microscope is useful to improve the 
limited exposure. 

■ Préparé the oropharynx with hexachlorophene (pHisoHex) 
and povidone-iodine (Betadine). 

■ Palpate the anterior ring of Cl beneath the posterior 
pharynx and make an incision in the wall of the posterior 
pharynx from the superior aspect of Cl to the top of C3. 

■ Obtain hemostasis with bipolar electrocautery, taking care 
not to overcauterize, producing thermal necrosis of tissue 
and increased risk of infection. 

■ With a periosteal elevator, subperiosteally dissect the 
edges of the pharyngeal incision from the anterior ring 



Anterior transoral approach (see text). (Redrawn 
from Spetzler RF: Transoral approach to the upper cervical spine. In 
Evarts CM, editor: Surgery of the musculoskeletal System, New York, 
1983, Churchill Livingstone.) SEE TECHNIQUE 37-1. 
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of Cl and the anterior aspect of C2. Use traction stitches 
to maintain the flaps out of the way. 

■ Under direct vision, with the operating microscope or 
with magnification loupes and headlights, perform a 
meticulous debridement of Cl and C2 with a high-speed 
air drill, rongeur, or curet. When approaching the poste- 
rior longitudinal ligament, a diamond burr is safer to use 
in removing the last remnant of bone. 

■ When adéquate debridement of infected bone and 
necrotic tissue has been accomplished, decompress the 
upper cervical spinal cord. 

■ If the cervical spine is to be fused anteriorly, harvest a 
corticocancellous graft from the patient's iliac crest, 
fashion it to fit, and insert it. 

■ Irrigate the operative site with antibiotic solution and 
close the posterior pharynx in layers. 

POSTOPERATIVE CARE. An endotrachéal tube is left in 
place overnight to maintain an adéquate airway. A halo 
vest can be applied, or skeletal traction may be main- 
tained before mobilization. 


ANTERIOR RETROPHARYNGEAL 
APPROACH 

The anterior retropharyngeal approach to the upper cervi¬ 
cal spine, as described by McAfee et al., is excellent for 
anterior debridement of the upper cervical spine and allows 
placement of bone grafts for stabilization if necessary. In 
contrast to the transoral approach, it is entirely extramuco- 
sal and is reported to hâve fewer complications of wound 
infection and neurologie déficit. 


TECHNIQUE 37-2 


(MCAFEE ETAL) 

■ Position the patient supine, preferably on a turning frame 
with skeletal traction through tongs or a halo ring. 
Somatosensory evoked potential monitoring of cord func- 
tion is suggested during the procedure. 

■ Perform fiberoptic nasotracheal intubation to prevent 
excessive motion of the neck and to keep the oropharynx 
free of tubes that could depress the mandible and inter¬ 
fère with subséquent exposure. 

■ Make a right-sided transverse skin incision in the subman- 
dibular région with a vertical extension as long as required 
to provide adéquate exposure (Fig. 37-1 OA). If the 
approach does not hâve to be extended below the level 
of the fifth cervical vertebra, there is no increased risk of 
damage to the récurrent laryngeal nerve. 

■ Carry the dissection through the platysma muscle with 
the enveloping superficial fascia of the neck and mobilize 
flaps from this area. 

■ Identify the marginal mandibular branch of the seventh 
nerve with the help of a nerve stimulator and ligate the 
retromandibular veins superiorly. 

■ Keep the dissection deep to the retromandibular vein to 
prevent injury to the superficial branches of the facial nerve. 


■ Ligate the retromandibular vein as it joins the internai 
jugular vein. 

■ Mobilize the anterior border of the sternocleidomastoid 
muscle by longitudinally dividing the superficial layer of 
the deep cervical fascia. Feel for the pulsations of the 
carotid artery and protect the contents of the carotid 
sheath. 

■ Resect the submandibular gland (Fig. 37-1OB) and ligate 
the duct to prevent formation of a salivary fistula. 

■ Identify the digastric and stylohyoid muscles and tag and 
divide the tendon of the former. The facial nerve can be 
injured by superior retraction on the stylohyoid muscle; 
however, by dividing the digastric and stylohyoid muscles, 
the hyoid bone and hypopharynx can be mobilized medi- 
ally, preventing exposure of the esophagus, hypopharynx, 
and nasopharynx. 

■ Identify the hypoglossal nerve and retract it superiorly. 

■ Continue dissection to the retropharyngeal space between 
the carotid sheath laterally and the larynx and pharynx 
medially. Increase exposure by ligating branches of the 
carotid artery and internai jugular vein, which prevent 
retraction of the carotid sheath laterally (Fig. 37-1 OC and 
D). 

■ Identify and mobilize the superior laryngeal nerve. 

■ Following adéquate retraction of the carotid sheath later¬ 
ally, divide the alar and prevertebral fascial layers longitu¬ 
dinally to expose the longus colli muscles. Take care to 
maintain the head in a neutral position and identify the 
midline accurately. 

■ Remove the longus colli muscles subperiosteally from the 
anterior aspect of the arch of Cl and the body of C2, 
avoiding injury to the vertébral arteries. 

■ Meticulously débridé the involved osseous structures (Fig. 
37-1OE); if needed, perform bone grafting with autoge- 
nous iliac or fibular bone. 

■Close the wound over suction drains and repair the 
digastric tendon. Close the platysma and skin flaps in 
layers. 

POSTOPERATIVE CARE. The patient is maintained in 
skeletal traction with the head of the bed elevated to 
reduce swelling. Intubation is continued until pharyngeal 
edema has resolved, usually by 48 hours. The patient can 
be extubated and mobilized in a halo vest, or, if indicated, 
a posterior stabilization procedure can be done before 
mobilization. 


■ EXTENDED MAXILLOTOMY AND SUBTOTAL 
MAXILLECTOMY 

Cocke et al. described an extended maxillotomy and subtotal 
maxillectomy as an alternative to the transoral approach for 
exposure and removal of tumor or bone anteriorly at the base 
of the skull and cervical spine to C5. This procedure is techni- 
cally demanding and requires a thorough knowledge of head 
and neck anatomy. It should be performed by a team of sur¬ 
geons, including an otolaryngologist, a neurosurgeon, and an 
orthopaedist. 

Before surgery, the size, position, and extent of the tumor 
or bone to be removed should be determined using the 
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A-E f Anterior retropharyngeal approach (see text). (Redrawn from McAfee PC, Bohlman HH, Riley LH Jr, et al: The anterior 


retropharyngeal approach to the upper part of the cervical spine, J Bone Joint Surg 69A: 1371, 1987.) SEE TECHNIQUE 37-2. 
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appropriate imaging techniques. Three to 5 days before the 
surgery, nasal, oral, and pharyngeal sécrétions are cultured to 
détermine the proper antibiotics needed. Cephalosporin and 
aminoglycoside antibiotics are given before and after surgery 
if the floral cultures are normal and are adjusted if the flora 
is abnormal or résistant to these drugs. 


■ Infiltrate the soft tissues of the upper lip, cheek, gingiva, 
palate, pterygoid fossa, nasopharynx, nasal septum, nasal 
floor, and latéral nasal wall with 1% lidocaine and 
1 :100,000 epinephrine. 

■ Pack each nasal cavity with cottonoid strips saturated 
with 4% cocaine and 1 % phenylephrine. 

■ Préparé the skin with povidone-iodine and then alcohol. 
Drape the operative site with cloth drapes held in place 
with sutures or surgical clips and covered with a transpar¬ 
ent surgical drape. 

■ Expose the superior maxilla through a modified Weber- 
Ferguson skin incision (Fig. 37-1 IA). Make a vertical inci¬ 
sion through the upper lip in the philtrum from the 
nasolabial groove to the vermilion border. Extend the lower 
end to the midline and vertically in the midline through the 
buccal mucosa to the gingivobuccal gutter. Divide the 
upper lip and ligate the labial arteries. Extend the external 
skin incision transversely from the upper end of the lip inci¬ 
sion in the nasolabial groove to beyond the nasal ala and 
superiorly along the nasofacial groove to the lower eyelid. 

■ Extract the central incisor tooth. 

■ Make a vertical midline incision through the mucoperios- I 

teum of the anterior maxilla from the gingivobuccal k 


SUBTOTAL MAXILLECTOMY 


TECHNIQUE 37-3 


(COCKE ETAL) 

■ Position the patient on the operating table with the head 
elevated 25 degrees. Intubate the patient orally and move 
the tube to the contralatéral side of the mouth. 

■ Perform a percutaneous endoscopie gastrostomy if the 
wound is to be left open or if problems are anticipated. 

■ Perform a tracheostomy if the exposure may be limited 
or if there are severe pulmonary problems. This step 
usually is unnecessary. 

■ Insert a Foley cathéter and suture the eyelids closed with 
6-0 nylon. 
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A-G f Extended maxillotomy and subtotal maxillectomy (see text). (Redrawn from Cocke EW Jr, Robertson JH, Robertson 
JR, et al: The extended maxillotomy and subtotal maxillectomy for excision of skull base tumors, Arch Otolaryngol Head Neck Surg 116:92, 1990.) 


SEE TECHNIQUE 37-3 
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gutter to the central incisor defect and transversely 
through the buccal gingiva adjacent to the teeth to the 
retromolar région. 

■ Elevate the skin, subcutaneous tissues, periosteum, and 
mucoperiosteum of the maxilla to expose the anterior 
and latéral walls of the maxilla, nasal bone, piriform aper- 
ture of the nose, inferior orbital nerve, malar bone, and 
masseter muscle (Fig. 37-11D). 

■ Divide the anterior margin of the masseter muscle at its 
malar attachment and remove a wedge of malar bone. 
Use this wedge to accommodate the Gigli saw as it 
divides the maxilla (Fig. 37-11E and F). 

■ Make an incision in the lingual, hard palate mucoperios¬ 
teum adjacent to the teeth from the central incisor defect 
to join the retromolar incision. 

■ Extend the retromolar incision médial to the mandible 
latéral to the tonsil and to the retropharyngeal space 
to the level of the hyoid bone or lower pharynx, if 
necessary. 

■ Elevate the mucoperiosteum of the hard palate from the 
central incisor defect and alveolar ridge to and beyond 
the midline of the hard palate. 

■ Detach the soft palate with its nasal lining from the pos- 
terior margin of the hard palate. 

■ Divide and electrocoagulate the greater palatine vessels 
and nerves. Pack the palatine foramen with bone wax. 

■ Retract the mucoperiosteum of the hard palate, soft 
palate, anterior tonsillar pillar, tonsil, and pharynx medi- 
ally from the prevertebral fascia. It is usually unnecessary 
to detach and retract the soft palate from the posterior 
or latéral pharyngeal walls. 

■ Expose the nasal cavity by detaching the nasal soft tissues 
from the latéral margin and base of the nasal piriform 
aperture (Fig. 37-1 IB). 

■ Remove a bony wedge of the ascending process of 
the maxilla to accommodate the upper Gigli saw (Fig. 
37-11 E). 

■ Remove the coronoid process of the mandible above the 
level of entrance of the inferior alveolar vessels and 
nerves, after dividing its temporalis muscle attachment, 
to expose the latéral pterygoid plate and the internai 
maxillary artery. 

■ Divide the pterygoid muscles with a Shaw knife or the 
cutting current of the Bovie cautery until the sharp, pos¬ 
terior bone edge of the latéral pterygoid plate is seen or 
palpated. 

■ Mobilize, clip, ligate, and divide the internai maxillary 
artery near the pterygoid plate. 

■ Direct the suture behind the latéral pterygoid plate into 
the nasopharynx and behind the posterior margin of the 
hard palate into the oropharynx (Fig. 37-1 1F). 

■ Pass a Kelly forceps through the nose to behind the hard 
palate to retrieve the médial end of the silk suture in the 
ligature carrier. 

■ Attach a Gigli saw to the latéral end of the suture 
and thread the saw into position to divide the upper 
maxilla. 

■ Position the upper Gigli saw (Fig. 37-11E and F) using a 
sharp-pointed, medium-size, curved, right-angle ligature 
carrier threaded with No. 2 black silk suture. 


■ Engage the médial arm of the saw into the ascending 
process wedge and its latéral arm into the malar wedge. 
Take care to position the saw as high as possible behind 
the pterygoid plate. Use a broad periosteal elevator 
beneath the saw on the pterygoid plate to maintain the 
elevated position (Fig. 37-11F). 

■ Position the lower Gigli saw by passing a Kelly forceps 
(Fig. 37-11 E) through the nose into the nasopharynx 
behind the posterior nares of the hard palate. Engage the 
saw between the blades of the clamp and thread it 
through the nose into position for division of the hard 
palate (Fig. 37-1 IC). 

■ Divide the bony walls of the maxilla (Fig. 37-1 IC). First 
divide the hard palate and then the upper maxilla. Avoid 
entangling the saws and protect the soft tissues from 
injury. 

■ Remove the maxilla after division of its muscle 
attachments. 

■ Ligate the distal end of the internai maxillary artery. 

■ Place traction sutures in the soft tissues of the lip on either 
side of the initial lip incision and in the mucoperiosteum 
of the hard and soft palates. The posterior pharynx is now 
fully exposed. 

■ Infiltrate the mucous membrane covering the posterior 
wall of the nasopharynx, oropharynx, and the tonsillar 
area to the level of the hyoid bone with 1 % lidocaine and 
epinephrine 1 :100,000. 

■ Make a vertical midline incision through the soft tissues 
of the posterior wall of the nasopharynx extending from 
the sphenoidal sinus to the foramen magnum. Another 
option is to make a transverse incision from the sphenoi¬ 
dal sinus to the latéral nasopharyngeal wall posterior to 
the eustachian tube along the latéral pharyngeal wall 
inferiorly, posterior to the posterior tonsillar pillar behind 
the soft palate (Fig. 37-11 B). 

■ Duplicate this incision on the opposite side, producing an 
inferiorly based pharyngeal flap (Fig. 37-1 IB). 

■ Make a more extensive exposure by extending the latéral 
pharyngeal wall incision through the anterior tonsillar 
pillar to join the retromolar incision. Extend this incision 
into the retropharyngeal space and retract the anterior 
tonsillar pillar, tonsil, and soft palate toward the midline 
with a traction suture. It is unnecessary to separate the 
soft palate completely from the pharyngeal wall. 

■ Extend the pharyngeal wall incision inferiorly to the level 
of the hyoid bone or beyond. 

■ Elevate, divide, and separate the superior constrictor 
muscle, prevertebral fascia, longus capitis muscle, and 
anterior longitudinal ligaments from the bony skull base 
and upper cervical spine ventrally. 

■ Expose the amount of bone to be operated on from the 
foramen magnum to C5. Use an operating microscope or 
loupe magnification for improved vision. 

■ Remove the offending bone with a high-speed burr, 
avoiding pénétration of the dura. 

■Close the nasopharyngeal mucous membrane and the 
subcutaneous tissue in one layerwith interrupted sutures. 

■ Use a split-thickness skin or dermal graft from the thigh 
to resurface the buccal mucosa and any defects in the 
nasal surface of the hard palate. 
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■ Use a quilting stitch to hold the graft in place without 
packing. 

■ Replace the zygoma and stabilize it with wire if it was 
mobilized. 

■ Return the maxilla to its original position and hold it in 
place with wire or compression plates. 

■ Place a nylon sack impregnated with antibiotic into the 
nasal cavity. 

■Close the oral cavity incision with vertical interrupted 
mattress 3-0 polyglycolic acid sutures (Fig. 37-1 IG). 

■Close the facial wound with 5-0 chromic and 6-0 nylon 
sutures. 


EXTENDED MAXILLOTOMY 


TECHNIQUE 37-4 


■ Expose the base of the skull and upper cervical spine as 
by the maxillectomy technique, but omit the extraction 
of the central incisor and the gingivolingual incision. 

■ Use a degloving procedure for élévation of the facial skin 
over the maxilla and nose to avoid facial scars. 

■ Divide the fibromuscular attachment of the soft palate to 
the pterygoid plate and hard palate, exposing the 
nasopharynx. 

■ Place the upper Gigli saw with the aid of a ligature carrier 
for division of the maxilla beneath the infraorbital nerve. 

■ Elevate the mucoperiosteum of the adjacent floor of the 
nose from the piriform aperture to the soft palate. Extend 
this élévation medially to the nasal septum and laterally 
to the inferior turbinate. 

■ Divide the bone of the nasal floor with a Stryker 
saw without lacerating the underlying hard palate 
periosteum. 

■ Hinge the maxilla on the hard palate, nasal mucoperios¬ 
teum, and soft palate, and rotate it medially. 

POSTOPERATIVE CARE. Continuous spinal fluid drain¬ 
age is maintained, and the head is elevated 45 degrees 
if the dura was repaired or replaced. These procedures 
are omitted if there was no durai tear or defect. An ice 
cap is used on the cheek and temple to reduce edema. 
Antibiotic therapy is continued until the risk of infection 
is minimized. Half-strength hydrogen peroxide is used for 
mouth irrigation to help keep the oral cavity clean. The 
endotrachéal tube is removed when the risk of occlusion 
by swelling is minimized. The nasopharyngeal cavity is 
cleaned with saline twice daily for 2 months after pack 
removal. Facial sutures are removed at 4 to 6 days, and 
oral sutures are removed at 2 weeks. 


■ ANTERIOR APPROACH, C3 TO C7 

Exposure of the middle and lower cervical région of the spine 
is most commonly done through an anterior approach médial 


to the carotid sheath. A thorough knowledge of anatomie 
fascial planes allows a safe, direct approach to this area. The 
most frequent complication of the anterior approach is vocal 
cord paralysis caused by injury to the récurrent laryngeal 
nerve. Injury to the récurrent laryngeal nerve may be less 
common on the leff side because the nerve has a more vertical 
course and lies in a protected position within the esophago- 
tracheal groove. On the right the nerve leaves the main trunk 
of the vagus nerve and passes anterior to and under the sub- 
clavian artery, whereas on the leff it passes under and poste - 
rior to the aorta at the site of origin of the ligamentum 
arteriosum. The nerve runs upward, having a variable rela- 
tionship with the inferior thyroid artery, making the récur¬ 
rent laryngeal nerve on the right side highly vulnérable to 
injury if the inferior thyroid vessels are not ligated as laterally 
as possible or if the midline structures along with the récur¬ 
rent laryngeal nerve are not retracted intermittently. 

The shorter, more latéral position of the right récurrent 
laryngeal nerve places it at risk for injury from direct trauma 
or from the retraction that is necessary to expose the anterior 
cervical vertebrae. A leff-sided exposure médial to the carotid 
artery and internai jugular vein can be used to minimize the 
risk of injury. Although many spine surgeons use the right - 
sided approach with a low incidence of symptomatic paralysis 
of the récurrent laryngeal nerve, the incidence of temporary, 
partial, or asymptomatic paralysis may be underestimated. 
We believe that using the leff-sided approach may reduce the 
risk of such injuries. 


ANTERIOR APPROACH, C3 TO C7 


TECHNIQUE 37-5 


(SOUTHWICKAND ROBINSON) 

As with other approaches to the cervical spine, skeletal 
traction is suggested and spinal cord monitoring can be 
used at the surgeon's discrétion. Exposure can be carried 
out through either a transverse or a longitudinal incision, 
depending on the surgeon's preference (Fig. 37-12A). We 
generally use a transverse incision for one- and two-level 
approaches and a longitudinal incision for approaches 
involving three levels or more. A left-sided skin incision is 
preferred because of the more constant anatomy of the 
récurrent laryngeal nerve and the lower risk of inadver- 
tent injury to the nerve. In general, an incision three to 
four fingerbreadths above the clavicle is needed to expose 
C3-5; an incision two to three fingerbreadths above the 
clavicle allows exposure of C5-7. On rare occasions, this 
approach can be used to access C2-3 in individuals with 
long, thin necks when a line drawn through the C2-3 dise 
space passes below the mandibular angle on latéral pre- 
operative radiographs (Fig. 37-13). 

■ Center a transverse incision over the médial border of the 
sternocleidomastoid muscle. Infiltration of the skin and 
subeutaneous tissue with a 1 :500,000 epinephrine solu¬ 
tion assists with hemostasis. 

■ Incise the platysma muscle in line with the skin incision 
or open it vertically for more exposure. 
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Anterior approach to C3-7 (see text). A f Incision. B f Thyroid gland, trachea, and esophagus hâve been retracted medi- 
ally, and carotid sheath and its contents hâve been retracted latérally in opposite direction. SEE TECHNIQUE 37-5. 



Latéral extension radiograph (A) and T2-weighted magnetic résonance image (B). A line based on the C3 upper 
endplate is drawn on a latéral extension radiograph of the cervical spine. Candidates for the subaxial anterior approach should hâve 
a mandibular angle higher than the line. Latéral extension radiograph (C) and T2-weighted magnetic résonance image (D). A large 
chin with a mandibular angle that extends over the line may make it difficult to reach C2 with the subaxial anterior approach. (From 
Zhang Y, Zhang J, Wang X, et al: Application of the cervical subaxial anterior approach at C2 in select patients, Orthopedics 36:e554, 2013.) 
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9 " Identify the anterior border of the sternocleidomastoid 
muscle and longitudinally incise the superficial layer of 
the deep cervical fascia; localize the carotid puise by 
palpation. 

■Carefully divide the middle layer of deep cervical fascia 
that encloses the omohyoid médial to the carotid 
sheath. 

■As the sternomastoid and carotid sheath are retracted 
laterally, the anterior aspect of the cervical spine can be 
palpated. Identify the esophagus lying posterior to the 
trachea and retract the trachea, esophagus, and thyroid 
medially (Fig. 37-12B). 

■ Bluntly divide the deep layers of the deep cervical fascia, 
consisting of the pretracheal and prevertebral fascia over- 
lying the longus colli muscles. 

■ Subperiosteally reflect the longus colli from the anterior 
aspect of the spine out laterally to the level of the unco- 
vertebral joints. The resulting exposure is sufficient for 
wide debridement and bone grafting. 

■Close the wound over a drain to prevent hematoma 
formation and possible airway obstruction. 

■ Approximate the platysma and skin edges in routine 
fashion. 



Anatomie dissection showing the relation of 
the cervical sympathetic chain (sc) to the longus coli muscle (Le). 
Also shown are the sternocleidomastoid muscle (SMC), the ante¬ 
rior longitudinal ligament (ALL), the longus capitis muscle (LC), 
the inferior thyroidal artery (Ita), and the superior ganglion of 
the sympathetic trunk (sg). (Left side is cranial and right side is 
caudal.) (From Civelek E, Karasu A, Cansever T, et al: Surgical anatomy 
of the cervical sympathetic trunk during antérolatéral approach to the 
cervical spine, Eur Spine J 17:991, 2008.) 


■ ANTEROLATERAL APPROACH, C2 TO C7 

Chibbaro et al. and Bruneau et al. described an antérolatéral 
approach to the cervical spine that allows décompression of 
the body and roots that are affected with unilatéral myelopa- 
thy and/or radiculopathy. This technique allows the removal 
of a wedge of cervical vertebra without the need for grafting 
or instrumentation. This technique also allows the direct 
exposure of the vertébral artery and veins by direct exposure 
of the vertébral foramen. It is recommended for elderly 
patients and smokers with unilatéral anterior or latéral bony 
compression without instability. Cited advantages of this 
technique include wide décompression at a single level or 
multiple levels while providing direct vision of the vertébral 
artery and nerve roots. A disadvantage is the difficulty of the 
dissection with the potential injury to the vertébral artery, 
veins, XI cranial nerve, and the sympathetic chain, which can 
resuit in Horner syndrome (ptosis, ipsilateral miosis, and 
anhidrosis). In 459 procedures done since 1992, Chibbaro 
et al. noted no vertébral artery injury, cerebrospinal fluid 
leaks, dysphagia, or nerve root palsy; however, 14 patients 
(3%) developed Horner syndrome, which became permanent 
in four, and three had infections. The frequency of Horner 
syndrome reported in the literature is as high as 4%. The 
authors stressed that there is a steep learning curve with this 
procedure. From anatomical studies, Civelek et al. deter- 
mined that the cervical sympathetic chain was on average 
11.6 mm from the médial border of the longus coli muscle 
(Fig. 37-14). The superior ganglion was always at the level of 
C4, whereas the intermediate ganglion varied at its level of 
the cervical spine. The greatest risk to the sympathetic chain 
is during sectioning of the longus coli muscle transversely 
and dissection of the prevertebral fascia. 

We hâve no expérience with this procedure. 


ANTEROLATERAL APPROACH, 
C2 TO C7 


TECHNIQUE 37-6 


(BRUNEAU ETAL., CHIBBARO ETAL) 

■ Place the patient supine with the head rotated to the side 
opposite the incision and the neck in extension. Préparé 
and drape the neck as for any usual anterior cervical dise 
surgery. 

■ Identify the involved level radiographically. 

■ Make a longitudinal incision along the médial border of 
the sternocleidomastoid muscle. (At the C2-3 level the 
incision extends to the tip of the mastoid process superi- 
orly and to the sternal notch for exposure of C7-T1 
inferiorly.) 

■ Incise the platysma muscle along the plane of the skin 
incision. 

■ Open the space between the sternocleidomastoid muscle 
and the internai jugular vein with sharp dissection. Retract 
the sternocleidomastoid muscle laterally and the undis- 
sected great vessels, trachea, and esophagus medially 
(Fig. 37-15A). 

■ Identify the fatty sheath surrounding cranial nerve XI and 
expose the nerve from C2 to C4. 

■ Identify the transverse processes with a finger. 

■ Divide the aponeurosis of the longus coli longitudinally to 
identify the sympathetic chain, which lies on top of the 
longus coli. 

■ Retract the aponeurosis and the sympathetic chain 
laterally. 
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A, Antérolatéral approach to the cervical spine through the interval between the sternocleidomastoid laterally and 
along the internai jugular vein medially with the other vascular structures including the internai carotid and external carotid. The XI 
cranial nerve is identified at C2 to 4 (CN XI). The longus coli aponeurosis is longitudinally opened and the sympathetic chain is identi- 
fied and carefully protected while exposing the uncovertebral joints and the anterior surface of the transverse process. The foramen 
is opened over the vertébral artery. B f Bony exposure through wedge-shaped latéral décompression. C f CT after wedge décompression. 
D f Postoperative MRI showing décompression. (From Chibbaro S, Mirone G, Bresson D, George B: Cervical spine latéral approach for myelora- 
diculopathy: technique and pitfalls, Surg Neurol 72:318, 2009.) SEE TECHNIQUE 37-6. 
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9 " Divide the longus coli longitudinally at the interval of the 
junction of the vertébral body and the transverse 
processes. 

■ Take care to be sure the vertébral artery is not 
entering at an abnormally high level such as C3, C4, 
or C5. 

■ Clear the transverse processes and the latéral aspect of 
the vertébral body. Confirm the level of dissection 
radiographically. 

■ Subperiosteally dissect the latéral aspect of the uncover- 
tebral joint and médial border of the vertébral artery. 

■ Open the vertébral foramen laterally by removing the 
anterior portion of the transverse foramen with a Kerrison 
rongeur. This frees the cervical root from the durai root 
to the vertébral artery margin. 

■ Confirm the level of décompression again radiographi¬ 
cally. 

■ Make an oblique corpectomy in the vertebra using a burr 
for longitudinal removal of bone from upper to lower dise 
spaces (Fig. 37-1 5B-D). 

■Start with a longitudinal trench just médial to the 
vertébral artery and continue the bone removal medially. 
Preserve the posterior cortex until the wedge is 
completed. 

■ Resect the posterior cortex and the posterior longitudinal 
ligament to decompress the cord. 

■ Recheck the décompression radiographically. 

■ Obtain good hemostasis, irrigate the wound, and remove 
the retractors. The tissues will fall into place. 

■ Close the subeutaneous tissue and skin as desired. 

■ A drain can be used if necessary. 

■ Immobilization with a collar may be desired for soft-tissue 
healing. 


■ ANTERIOR APPROACH TO CERVICOTHORACIC 
JUNCTION, C7 TO Tl 

There is no ready anterior access to the cervicothoracic junc¬ 
tion. The rapid transition from cervical lordosis to thoracic 
kyphosis results in an abrupt change in the depth of the 
wound. Also, this is a confluent area of vital structures that 
are not readily retracted. The three approaches to this area are 
(1) the low anterior cervical approach, (2) the high transtho- 
racic approach, and (3) the transsternal approach. 

The low anterior cervical approach provides access to Tl 
at the inferior extent and the lower cervical spine at the supe- 
rior extent of the dissection. Exposure is limited at the upper 
thoracic région but generally is adéquate for placement of a 
strut graff if needed. Individual anatomie structure should be 
considered carefully in preoperative planning. This approach 
can be used if the lowest instrumented vertebra can be seen 
on a latéral radiograph and a line passing from the planned 
skin incision site to this level on the spine lies cephalad to the 
manubrium (Fig. 37-16). 


LOW ANTERIOR CERVICAL APPROACH 


TECHNIQUE 37-7 


■ Enter on the left side by a transverse incision placed one 
fingerbreadth above the clavicle. 

■ Extend it well across the midline, taking particular care 
when dissecting around the carotid sheath in the area of 
entry of the thoracic duct. The latter approaches the 
jugular vein from its latéral side, but variations are common. 

■ Further steps in exposure follow those of the conventional 
anterior cervical approach. 



Criterion of Cho et al. for use of the standard Smith-Robinson approach for upper thoracic anterior fusion. A, On a 
preoperative latéral radiograph, a line drawn from the intended skin incision to the top of the manubrium (at the suprasternal notch) 
to the level of the dise space (Tl-2) indicated that this trajectory would allow adéquate exposure of the cervicothoracic junction. 
B, Fusion done through standard Smith-Robinson approach. (From Cho W, Buchowski JM, Park Y, et al: Surgical approach to the cervicothoracic 
junction. Can a standard Smith-Robinson approach be utilized? J Spinal Disord Tech 25:264, 2012.) 
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HIGH TRANSTHORACIC APPROACH 


TECHNIQUE 37-8 


■ A kyphotic deformity of the thoracic spine tends to force 
the cervical spine into the chest, in which instance a high 
transthoracic approach is a logical choice. 

■ Make a periscapular incision (Fig. 37-17) and remove the 
second or third rib; removing the latter is necessary to 
provide sufficient working space in a child or if a kyphotic 
deformity is présent. This exposes the interval between 
C6 and T4. Excision of the first or second rib is adéquate 
in adults or in the absence of an exaggerated kyphosis. 


For equal exposure of the thoracic and cervical spine from 
C4 to T4, the sternal splitting approach is recommended; it 
is commonly used in cardiac surgery. 



_ Patient positioning and periscapular incision 

for high transthoracic approach. SEE TECHNIQUE 37-8. 


TRANSSTERNAL APPROACH 


TECHNIQUE 37-9 


■ Make a Y-shaped or straight incision with the vertical 
segment passing along the midsternal area from the supra- 
sternal notch tojust belowthexiphoid process (Fig. 37-18A). 

■ Extend the proximal end diagonally to the right and left 
along the base of the neck for a short distance. To avoid 
entering the abdominal cavity, take care to keep the dis¬ 
section beneath the periosteum while exposing the distal 
end of the sternum. At the proximal end of the sternal 
notch, avoid the inferior thyroid vein. 

■ By blunt dissection, reflect the pariétal pleura from the 
posterior surfaces of the sternum and costal cartilages 
and develop a space. Pass one finger or an instrument 
above and below the suprasternal space, insert a Gigli 
saw, and split the sternum. Spread the split sternum, and 
gain access to the center of the chest (Fig. 37-18B). In 
children, the upper portion of the exposure is posterior 
to the thymus and bounded by the innominate and 
carotid arteries and their venous counterparts. 

■ Develop the left side of this area bluntly. 

■ In patients with kyphotic deformity, the innominate vein 
now may be divided as it crosses the field; it may be very 
tense and subject to rupture. Fang et al. recommended 
this division. A disadvantage of ligation is that it leaves a 
slight postoperative enlargement of the left upper extrem- 
ity that is not apparent unless carefully assessed. 

■ This approach provides limited access, and its success 
dépends on accuracy in preoperative interprétation of the 
deformity and a high degree of surgical précision. 
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FIGURE 


Transsternal approach to cervicothoracic spine (see text). A f Incision. B f Approach completed. (Redrawn from Pierce DS, 


Nickel VH, editors: The total care of spinal cord injuries, Boston, 1977, Little, Brown.) SEE TECHNIQUE 37-9. 

















CHAPTER 37 SPINAL ANATOMY AND SURGICAL APPROACHES ^ 


589 


MODIFIED ANTERIOR APPROACH TO 
CERVICOTHORACIC JUNCTION 

Several authors hâve described an anterior approach to the 
cervical thoracic junction using a combined full médian 
sternotomy and a cervical incision. Others hâve combined 
this approach with osteotomy of the clavicle or resection 
of the left sternoclavicular joint. The approach described 
by Darling et al. provides excellent exposure from C3 to T4 
without the associated morbidity related to the division of 
the manubrium or the innominate vein. This procedure is 
technically simple and avoids the risk of injury to the sub- 
clavian vessels that can occur with resection of the clavicle 
or sternoclavicular junction. 


TECHNIQUE 37-10 


(DARLING ETAL) 

■ Place the patient supine. If the neck is stable, place a 
sandbag transversely behind the shoulders to extend the 
neck and position the head in a head ring turned to the 
right. The left side is used to protect the left récurrent 
laryngeal nerve. 

■ Make an incision along the anterior border of the left 
sternocleidomastoid muscle to the sternal notch and 
continue in the midline to the level of the third costal 
cartilage. 

■ Divide the platysma in the line of the incision, retract the 
sternocleidomastoid laterally, and divide the omohyoid 
muscle. 

■ Retract the carotid sheath laterally, enter the prevertebral 
space, and develop a plane of dissection. 

■ Gently retract the esophagus, trachea, and adjacent 
récurrent laryngeal nerve to the right and elevate them 
away from the vertébral column. 


■ Incise the sternal fascia and divide the sternum in the 
midline from the sternal notch to the level of the second 
intercostal space. 

■ Retract the sternum laterally to the left through the 
synostosis between the manubrium and body of the 
sternum. 

■ Divide the strap muscles near their origin from the 
sternum to permit reconstruction, connecting the two 
portions of the incision. Do not divide the sternocleido¬ 
mastoid muscle. 

■ Place a small chest retractor and open the partial 
sternotomy. 

■ Ligate and divide the inferior thyroid artery and middle 
and inferior thyroid veins. Take care not to injure the 
récurrent laryngeal nerve or the superior laryngeal nerve 
through pressure or traction. 

■ Dissect the thymus and médiastinal fat away from the left 
innominate vein. 

■ If exposure to T3-4 is required, divide the thymie and left 
innominate veins if necessary to expose the level of the 
aortic arch anteriorly and T4-5 posteriorly (Fig. 37-19). In 
completing the dissection, avoid injuring the thoracic 
duct as it ascends to the left of the esophagus from the 
level of T4 to its junction with the left internai jugular and 
subclavian veins. 

■After spinal décompression and stabilization are com- 
pleted, close the wound by approximating the manu¬ 
brium with two or three heavy-gauge stainless Steel wires 
using standard techniques. 

■ Reattach the strap muscles to the sternum and close the 
présternal fascia. 

■ Drain the prevertebral space with a soft Silastic drain 
through a separate stab wound and attach the drain to 
closed suction. 

■Close the platysma and skin. 
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FIGURE 


Modified anterior approach to cervicothoracic junction. (Redrawn from Darling GE, McBroom R, Perrin R: Modified anterior 


approach to the cervicothoracic junction, Spine 20:1519, 1995.) SEE TECHNIQUE 37-10. 
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ANTERIOR APPROACH TO THE 
CERVICOTHORACIC JUNCTION 
WITHOUT STERNOTOMY 

Pointillart et al. reported that exposure of the cervi- 
cothoracic junction can be achieved with the usual 
anterior approach without a sternotomy. They noted that 
exposure of T3 and T4 may require a médian manubrial 
resection. 


TECHNIQUE 37-11 


(POINTILLART ETAL) 

■ Incise the skin along the médial border of the sterno- 
cleidomastoid muscle and extend it distally over the 
manubrium (Fig. 37-20A). 

■ Begin the dissection as in a standard anterior cervical 
approach, then extend it caudally by following the vessel- 
free area anterior to the vertebrae along the deep cervical 
fascia. 

■ Identify and eut the sternal ends of the sternocleidomas- 
toid muscle and infrahyoid muscles 2 cm from their 
sternal insertions. 

■ Expose the manubrium to the médial portion of the ster- 
noclavicular joint. 

■ Use finger dissection to free the posterior aspect of the 
manubrium for resection. 

■ With a high-speed drill, resect the manubrium down to 
the posterior cortex to allow the exposure desired (Fig. 


37-20B). Excise the remaining bone with a Kerrison 
rongeur to complété the exposure. 

■ Cut the sternoclavicular ligament with scissors. 

■ Retract the rétrosternal fat and large vessels caudally and 
anteriorly to expose the upper thoracic vertebra. 


■ ANTERIOR APPROACH TO THE THORACIC 
SPINE 

The transthoracic approach to the thoracic spine provides 
direct access to the vertébral bodies T2-12. The midthoracic 
vertébral bodies are best exposed by this approach, whereas 
views of the upper and lower extremes of the spine are more 
limited. In general, a left-sided thoracotomy incision is pre- 
ferred, although some surgeons favor a right-sided thora¬ 
cotomy for approaching the upper thoracic spine to avoid the 
subclavian and carotid arteries in the left superior mediasti- 
num. In a left-sided thoracotomy approach the heart may be 
retracted anteriorly, whereas in a right-sided approach the 
liver may présent a significant obstacle to exposure. The level 
of the incision should be positioned to meet the level of 
exposure required. Ordinarily, an intercostal space is selected 
at or just above the involved segment. If only one vertébral 
segment is involved, the rib at that level can be removed; 
however, if multiple levels are involved, the rib at the upper 
level of the proposed dissection should be removed. Because 
of the normal thoracic kyphosis, dissection is easier from 
proximal to distal. Exposure is improved by resection of a rib, 
and the rib provides a satisfactory bone graft, but resection is 



ÿU Anterior approach to cervicothoracic junction without sternotomy. A f Incision for exposure at cervicothoracic junc¬ 
tion. B, Sagittal section of the chest reflecting the thoracic spine exposure possible with upper manubrium resection and retraction. 

(Redrawn from Pointillart V, Aurouer N, Gangnet N, Vital JM: Anterior approach to the cervicothoracic junction without sternotomy: a report of 37 
cases, Spine 32:2875, 2009.) SEE TECHNIQUE 37-11. 
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unnecessary if a limited exposure is adéquate for biopsy, 
décompression, or fusion. The transthoracic approach adds a 
significant operative risk and is more hazardous than the 
more commonly used posterior or postérolatéral approaches. 
The increased risk of thoracotomy must be weighed against 
the more limited exposure provided by alternative posterior 
approaches. 


ANTERIOR APPROACH TO THE 
THORACIC SPINE 


TECHNIQUE 37-12 


■ Place the patient in the latéral decubitus position with the 
right side down; an inflatable beanbag is helpful in main- 
taining the patient's position, and the table may be flexed 
to increase exposure (Fig. 37-2 IA). 


■ Make an incision over the rib corresponding to the 
involved vertebra and expose it subperiosteally. Use elec- 
trocautery to maintain hemostasis during the exposure. 

■ Disarticulate the rib from the transverse process and the 
hemifacets of the vertébral body. Identify and preserve 
the intercostal nerve lying along the inferior aspect of the 
rib as it localizes the neural foramen leading into the 
spinal canal. Incise the pariétal pleura and reflect it off of 
the spine, usually one vertebra above and one below the 
involved segment, to allow adéquate exposure for 
debridement and grafting (Fig. 37-21 B). 

■ Identify the segmentai vessels that cross the midportion 
of each vertébral body and ligate and divide these (Fig. 
37-21 C). 

■ Carefully reflect the periosteum overlying the spine with 
elevators to expose the involved vertebrae. 

■ Use a small elevator to delineate the pedicle of the ver¬ 
tebrae and a Kerrison rongeur to remove the pedicle, 
exposing the durai sac. 




Transthoracic approach (see text). A f Positioning of patient and incision. B f Rib removal and division of pleura, expos¬ 
ing lung. C f Exposure of spine and division of segmentai vessels over one vertébral body. SEE TECHNIQUE 37-12. 
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9 « Identify the dise spaces above and below the vertebrae 
and incise the anulus. Remove dise material using ron¬ 
geurs and curets. 

■ An entire cross-section of the vertébral body is developed, 
and the anterior margin of the neural canal is identified 
with the posterior longitudinal ligament lying in the slight 
concavity on the back of the vertébral body. 

■ Expose sufficient segmentai vessels and dise spaces to 
accomplish the intended procedure—usually corpectomy 
and strut grafting. 


■ VIDEO-ASSISTED THORACIC SURGERY 

Video-assisted thoracic surgery (VATS) has been used suc- 
cessfully in the anterior thoracic and thoracolumbar spine for 
treatment of scoliosis, kyphosis, tumors, and fractures and 
seems to hâve less morbidity than the standard thoracotomy, 
which can resuit in respiratory problems or pain after thora¬ 
cotomy Thoracoscopy has evolved rapidly and is capable of 
providing adéquate exposure to ail levels of the thoracic spine 
from T2 to Ll; however, the learning curve is significant, and 
the surgical team always should include a thoracic surgeon 
who is competent in thoracoscopy and a spine surgeon who 
is well trained in endoscopie techniques. 

Reported complications include intercostal neuralgia, 
atelectasis, excessive épidural blood loss (2500 mL), and tem- 
porary paraparesis related to operative positioning. 

Although the indications for the thoracoscopie approach 
apparently remain the same as for open thoracotomy, some 
procedures require extensive internai fixation and may not be 
suitable for VATS. Also, patients should be informed before 
surgery that the thoracoscopie procedure may hâve to be 
abandoned in favor of an open procedure. Relative contrain- 
dications include preexisting pleural disease from previous 
surgeries. 


VIDEO-ASSISTED THORACIC SURGERY 


TECHNIQUE 37-13 


(MACK ET AL.) 

■ Routine intraoperative monitoring for thoracic procedures 
is used, including an arterial pressure line, puise oximeter, 
and end-tidal carbon dioxide measurement. Somatosen- 
sory evoked potentials should be monitored routinely for 
patients undergoing spinal deformity correction or 
corpectomy. 

■ Place the initial trocar in the seventh intercostal space in 
the posterior axillary line. Place a 10-mm, 30-degree 
angled rigid telescope through the 10-mm trocar. Use a 
0-degree end-viewing scope and a 30-degree scope for 
direct vision of the intervertébral dise space to avoid 
impeding surgical instrumentation or obscuring the oper¬ 
ative field. Mack et al. recommended placing the viewing 
port in the posterior axillary line directly over the spine 
and two or three access sites for working ports in the 
anterior axillary line to allow better access to the spine. 


This "reverse L" arrangement can be moved cephalad or 
caudad, depending on the level of the thoracic spine to 
be approached. 

■ Use the portais for placement of surgical instruments (Fig. 
37-22). 

■ Rotate the patient anteriorly and place the patient in a 
Trendelenburg position for the lower thoracic spine or 
reverse Trendelenburg for the upper thoracic spine. 

■ The lung usually falls away from the operative field when 
completely collapsed, obviating the need for retraction 
instruments. 

■A departure from the standard VATS approach is the 
positioning of the operative team. Operative procedures 
routinely are performed by a spine surgeon and thoracic 
surgeon. In contrast to other VATS procedures in which 
the surgeon and assistant are positioned on opposite 
sides of the operating table, both surgeons are positioned 
on the anterior side of the patient viewing a monitor on 
the opposite side. In addition, the caméra and the viewing 
field are rotated 90 degrees from the standard VATS 
approach so that the spine is viewed horizontally. 

■ Perform an initial exploratory thoracoscopy to détermine 
the correct spinal level for operative intervention. 

■Count the ribs by "palpation" with a blunt grasping 
instrument. 

■ When the target level has been defined, place a 20-gauge 
long needle percutaneously into the dise space from the 
latéral aspect and confirm radiographically. 

■ When the correct level is ascertained, perform the spécifie 
spinal procedure. 



Thoracoscopie instrument placement for tho¬ 
racic spine procedures. (Redrawn from Regan JJ, McAfee PC, Mack 
MJ, editors: Atlas of endoscopie spine surgery, St. Louis, 1995, Quality 
Medical Publishing.) SEE TECHNIQUE 37-13. 
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■ ANTERIOR APPROACH TO THE 
THORACOLUMBAR JUNCTION 

Occasionally, it may be necessary to expose simultaneously 
the lower thoracic and upper lumbar vertébral b o die s. Tech- 
nically, this is a more difficult exposure because of the prés¬ 
ence of the diaphragm and the increased risk involved in 
simultaneous exposure of the thoracic cavity and the rétro¬ 
péritonéal space. In most instances, thoracic lésions should 
be exposed through the chest, whereas lésions predominantly 
involving the upper lumbar spine can be exposed through an 
anterior rétropéritonéal incision. The diaphragm is a dome- 
shaped organ that is muscular in the periphery and tendinous 
in the center. Posteriorly, it originates from the upper lumbar 
vertebrae through crura, the arcuate ligaments, and the 12th 
ribs. Anteriorly and laterally, it attaches to the cartilaginous 
ends of the lower six ribs and xiphoid. The diaphragm is 
innervated by the phrenic nerve, which descends through the 
thoracic cavity on the pericardium. The phrenic nerve joins 
the diaphragm adjacent to the fibrous pericardium, dividing 
into three major branches that extend peripherally in antéro¬ 
latéral and posterior directions. Division of these major 
branches may interfère with diaphragmatic function. It is best 
to make an incision around the periphery of the diaphragm 
to minimize interférence with function when making a tho- 
racoabdominal approach to the spine. We recommend a leff- 
sided approach at the thoracolumbar junction because the 
vena cava on the right is less tolérant of dissection and may 
resuit in troublesome hemorrhage, and the liver may be hard 
to retract. 


ANTERIOR APPROACH TO THE 
THORACOLUMBAR JUNCTION 


TECHNIQUE 37-14 


■ Place the patient in the right latéral decubitus position 
and place supports beneath the buttock and shoulder. 

■ Make the incision curvilinear with ability to extend the 
cephalad or the caudal end (Fig. 37-23A). 

■ To gain the best access to the interval of T12-L1, resect 
the 10th rib, which allows exposure between T10 and L2. 
The only difficulty is in identifying the diaphragm as a 
separate structure; it tends to approximate closely the 
wall of the thoracic cage, allowing the edge of the lung 
to penetrate into the space beneath the knife as the 
pleura is divided (Fig. 37-23B). 

■ Take care in entering the abdominal cavity. Because the 
transversalis fascia and the peritoneum do not diverge, 
dissect with caution and identify the two cavities on 
either side of the diaphragm. To achieve confluence of 
the two cavities, reflect the diaphragm from the lower 
ribs and the crus from the side of the spine (Fig. 37-23C). 

■ Alternative^, incise the diaphragm 2.5 cm away from its 
insertion and tag it with sutures for later accurate closure. 

■ Incise the prevertebral fascia. 

■ Identify the segmentai arteries and veins over the midpor- 
tion of each vertébral body. Isolate these, ligate them in 
the midline, and expose the bone as previously described. 



B 


Thoracolumbar approach (see text). A f Skin incision. B f Transthoracic detachment of diaphragm. C f Rétropéritonéal 
detachment of diaphragm. SEE TECHNIQUE 37-14. 
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MINIMALLY INVASIVE APPROACH TO 
THE THORACOLUMBAR JONCTION 

Although a variant of the latéral rétropleural thoracotomy, 
the minimally invasive latéral extraceloemic (rétropéritonéal/ 
rétropleural) approach can provide adéquate exposure of 
the thoracolumbar junction to allow vertebrectomy and 
canal décompression from T10-L2 without the need to 
enter the pleural or peritoneal cavities and avoid the mor- 
bidities associated with rétropleural thoracotomy. It com¬ 
bines the positive attributes of both the antérolatéral 
transthoracic approach and the latéral extra-cavitary 
approach and is particularly useful for centrally located 
pathologies such as central thoracic dise herniation. 


TECHNIQUE 37-15 


■ With the patient in a latéral decubitus position and under 
fluoroscopie guidance, make a 6-cm oblique incision (fol- 
lowing the trajectory of the rib at the index level) at the 
midaxillary line. 

■ The side of the approach is chosen according to the ver¬ 
tébral level and the location of the abnormality, but the 
left-sided approach is preferred to avoid retraction of the 
liver and vena cava on the right. 

■ Dissect subperiosteally approximately 5 cm of the rib 
immediately overlying the target level from the underlying 
pleura and neurovascular bundle and remove it. Set aside 
the portion of resected rib for use as autograft. 

■ Once the pariétal pleura is exposed, develop the plane 
between the endothoracic fascia and the pleura, taking 
care not to enter the pleural or peritoneal cavities (Fig. 
37-24A). 

■ Use a sponge stick or finger dissection to bluntly mobilize 
the pleura anteriorly along with the diaphragm until the 
latéral side of the vertébral body and adjacent dises are 
exposed. 

■ If the target levels include L1, divide the médial and latéral 
arcuate ligaments off the costal and lumbar attachments 
to adequately mobilize the diaphragm. If more anterior 
access or exposure of L2 is needed, fully transect the crus 
of the diaphragm connecting the rétropleural and rétro¬ 
péritonéal spaces. 

■ Retract the aorta and hemiazygos vein anteriorly. Insert 
sequential tubular dilators and place a tube retractor 
System over the largest dilator and secure it with a flexible 
table-mounted arm assembly (Fig. 37-24B). 

■ Under magnification, remove the rib head and the costo- 
vertebral ligaments at the corresponding level and com¬ 
plété the desired procedure with direct observation of the 
dura laterally and ventrally. 

■ If the pleural cavity is not violated there is no need for a 
chest tube, and postoperative mobilization can begin 
immediately. 


■ ANTERIOR RETROPERITONEAL APPROACH, L1 
TO L5 

The anterior rétropéritonéal approach to the lumbar vertébral 
bodies is a modification of the antérolatéral approach 


commonly used by general surgeons for sympathectomy. It is 
an excellent approach that should be considered for extensive 
resection, debridement, or graffing at multiple levels in the 
lumbar spine. Depending on which portion of the lumbar 
spine is to be approached, the incision may be varied in place¬ 
ment between the 12th rib and the superior aspect of the iliac 
crest. The major dissection in this approach is behind the 
kidney in the potential space between the rénal fascia and the 
quadratus lumborum and psoas muscles. 


ANTERIOR RETROPERITONEAL 
APPROACH, L1 TO L5 


TECHNIQUE 37-16 


■ Position the patient in the latéral decubitus position, gen- 
erally with the right side down. The approach is made 
most often from the left side to avoid the liver and the 
inferior vena cava, which is more difficult to repair than 
the aorta if vascular injury occurs during the approach to 
the spine. 

■ Flex the table to increase exposure between the 12th rib 
and the iliac crest. Flex the hips slightly to release tension 
on the psoas muscle. 

■ Make an oblique incision over the 12th rib from the 
latéral border of the quadratus lumborum to the latéral 
border of the rectus abdominis muscle to allow exposure 
of the first and second lumbar vertebrae (Fig. 37-25A). 

■ Alternative^, place the incision several fingerbreadths 
below and parallel to the costal margin when exposure 
of the lower lumbar vertebrae (L3-5) is necessary. 

■ Use electrocautery to divide the subeutaneous tissue, 
fascia, and muscle of the external oblique, internai 
oblique, transversus abdominis, and transversalis fascia in 
line with the skin incision (Fig. 37-25B and C). 

■Carefully protect the peritoneum and reflect it anteriorly 
by blunt dissection. If the peritoneum is entered during 
the approach, it must be repaired. 

■ Identify the psoas muscle in the rétropéritonéal space 
and allow the ureter to fall anteriorly with the rétropéri¬ 
tonéal fat. 

■ The sympathetic chain is found between the vertébral 
bodies and the psoas muscle laterally, whereas the geni- 
tofemoral nerve lies on the anterior aspect of the psoas 
muscle. 

■ Place a Finochietto rib retractor between the costal 
margin and the iliac crest to aid exposure. 

■ Palpate the vertébral bodies from Tl 2 to L5 and identify 
and protect with a Deaver retractor the great vessels lying 
anterior to the spine. The lumbar segmentai vessels lie in 
the midportion of the vertébral bodies, and the relatively 
avascular dises are prominent on each adjacent side of 
the vessels (Fig. 37-25D). 

■ When the appropriate involved vertebra is identified, 
elevate the psoas muscle bluntly off the lumbar vertebrae 
and retract it laterally to the level of the transverse process 
with a Richardson retractor. Sometimes, removal of the 
transverse process with a rongeur is helpful in allowing 
adéquate retraction of the psoas muscle. 
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Minimally invasive latéral coelomic approach. A, Diaphragm looking from caudal to cranial demonstrating blunt 
dissection with the aid of a finger to develop the extracoelomic space ( left ). The diaphragm is retracted anteriorly once the costal and 
lumbar attachments hâve been mobilized ( right ). B, Cadaver specimen in the right latéral decubitus position (inset) demonstrating the 
view through the tubular retractor when placed in the extracoelomic space. (A from NuVasive, Inc. B from Dakwar E, Ahmadian A, Uribe 
JS: The anatomical relationship of the diaphragm to the thoracolumbar junction during minimally invasive latéral extracoelomic (retropleural/retro- 
peritoneal) approach. Laboratory investigation, J Neurosurg Spine 16:359, 2012). SEE TECHNIQUE 37-15. 
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Anterior rétropéritonéal approach (see text). A f Skin incisions for lumbar vertebrae. B, Incision of fibers of external 
oblique muscle. C f Incision into fibers of internai oblique muscle. D f Exposure of spine before ligation of segmentai vessels. SEE TECH¬ 
NIQUE 37-16. 


9 " Ligate and divide the lumbar segmentai vessel overlying 
the involved vertebra. 

■ Delineate the pedicle of the involved vertebra with a small 
elevator and locate the neural foramen with the exiting 
nerve root. Bipolar coagulation of vessels around the 
neural foramen is recommended. 

■ Remove the pedicle with an angled Kerrison rongeur and 
expose the dura. 

■ After completion of the spinal procedure, obtain meticu- 
lous hemostasis and close the wound in layers over a 
drain in the rétropéritonéal space. 


■ PERCUTANEOUS LATERAL APPROACH TO 
LUMBAR SPINE, L1 TO L4-5 (DLIF OR XLIF) 

Ozgur et al. first described the technique of extreme latéral 
interbody fusion (XLIF) as a refinement of the laparoscopie 
latéral approach. The primary use for this approach has been 
the placement of an anterior lumbar interbody graft for 


degenerative dise disease without central canal stenosis, sco- 
liosis, or spondylolisthesis. Park et al. analyzed the distance 
from a guidewire placed in 10 human cadavers using the 
usual latéral approach and concluded that the intrapsoas 
nerves are a safe distance from the radiographie center of the 
dise in most cases. Because of the risk of nerve injury in a 
small number of individuals, neural monitoring is recom¬ 
mended while traversing the psoas. MRI studies hâve been 
analyzed to détermine the safe zones for a minimally invasive 
latéral approach in both normal and abnormal spines. Most 
levels evaluated (247) were normal, 18 were degenerative, and 
19 were scoliotic. On the MR images, the overlap between the 
adjacent neurovascular structures and the vertébral body end 
plate gradually increased from Ll-2 to L4-5, resulting in a 
very narrow safe zone at L4-5. Alteration in the anatomie 
location of the nerve root and the rétropéritonéal vessels in 
patients with scoliosis further decreases this safe zone. 

Knight et al. reported that 13 (22%) of 58 patients had 
complications after a minimally invasive direct latéral ante¬ 
rior lumbar fusion (DLIF) and XLIF. Approach-related com¬ 
plications included ipsilateral L4 nerve root injury in two 
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Zones of the lumbar vertébral body. (Redrawn 
from Hu WK, He SS, Zhang SC, et al: An MRI study of psoas major and 
abdominal large vessels with respect to the X/DLIF approach, Eur Spine 
J 20:557-562, 2011.) 


patients, irritation of the latéral fémoral cutaneous nerve in 
six patients, significant psoas spasm that lengthened the hos¬ 
pital stay in one patient, and less significant psoas irritation 
in five. Major complications occurred in five (8.6%) patients, 
including reoperation for implant subsidence in one patient 
and persistence of the L4 root injury at 1 year in two patients. 
No significant différences in complications were noted 
between the XLIF and DLIF procedures. 

Using MR images of the lumbar spine with the vertébral 
body divided into four zones, each being 25% of the vertébral 
diameter (Fig. 37-26), Hu et al. identified the safe zones for 
approach using the minimally invasive latéral lumbar inter- 
body fusion to be zones II-III at Ll-2 and L2-3, zone II at 
L3-4, and zones I-II on the leff at L4-5, and zone II on the 
right at L4-5 (Fig. 37-27A and B). Benglis et al. evaluated the 
position of the lumbar plexus in the psoas muscle of three 
fresh frozen human cadavers and noted that the lumbar 
plexus rests on the dorsal surface of the psoas muscle in a 
cleff created by the transverse process/vertebral body junc- 
tion. The plexus progressed in a dorsal fashion from near the 
posterior aspect of the vertébral body at Ll-2 to 0.28 of 
the vertébral diameter at L4-5 (Fig. 37-28). The plexus was at 
the greatest risk of injury at the L4-5 level. 


PERCUTANEOUS LATERAL APPROACH, 
L1 TO L4-5 


TECHNIQUE 37-17 


(OZGURET AL.) 

■ After the induction of a general endotrachéal anesthésia, 
place the patient in a right latéral decubitus position on 
a radiolucent operating table. 


■ Adjust the patient so a true 90-degree latéral image can 
be obtained with image intensification. 

■ Secure the patient in this position with taping and a bean 
bag or similar device. 

■Adjust the table to allow maximal distance between the 
left rib cage and the iliac crest. 

■ Préparé and drape the patient for a direct latéral lumbar 
approach. 

■ Identify the midlateral position of the dise space to be 
entered using a Kirschner wire marker and fluoroscopie 
imaging (Fig. 37-29). Mark this point on the skin. 

■ Make a second mark posterior to the first mark at the 
border of the erector spinae and the abdominal oblique 
muscles. 

■ Make a 2-cm skin incision at this second mark and use 
blunt dissection with the index finger through the muscle 
layers to the rétropéritonéal space; avoid entering the 
peritoneum (Fig. 37-30A). 

■ Sweep the rétropéritonéal space anteriorly and palpate 
the psoas muscle (Fig. 37-30B). 

■ Turn the index finger up in a direct latéral position 
toward the latéral skin mark and make an incision at this 
mark. 

■ Insert the initial dilator and use the index finger to safely 
direct the dilator to the psoas muscle (Fig. 37-30C); 
confirm the position of the dilator with fluoroscopy. 

■ Gently separate the psoas with the initial dilator, using 
blunt dissection at the level determined to be in the safe 
zone for the level to be accessed. 

■ Monitor the progress of the dilator in the psoas muscle 
using electromyography. The stimulus necessary to elicit 
an electromyography response will vary with the distance 
from the nerve. Threshold values of more than 10 mA 
indicate a distance that is safe for the nerves and adé¬ 
quate for working. 

■ Take care to minimize trauma to the psoas muscle. 

■ Observe the progress of the dilator directly to check for 
nerves that may lie in the safe zone. 

■ Continue the dissection by spreading the midpsoas fibers 
laterally (Fig. 37-30D). 

■ Avoid the genitofemoral nerve by observing it directly 
until the dise is reached. 

■ Reconfirm placement of the initial dilator with 
fluoroscopy. 

■ Introduce subséquent dilators until the retractor can be 
inserted (Fig. 37-31). (This instrument varies with the 
System used.) Expand the retractor blades to minimize 
nerve pressure and maximize dise exposure. 

■ Confirm the final position with anteroposterior and latéral 
fluoroscopy before excising the dise. 


■ ANTERIOR TRANSPERITONEAL APPROACH TO 
THE LUMBOSACRAL JUNCTION, L5 TO SI 

Transperitoneal exposure of the lumbar spine is an alternative 
to the rétropéritonéal approach. The advantage of the trans¬ 
peritoneal route is a more extensive exposure, especially at 
the L5-S1 level. A disadvantage is that the great vessels and 
hypogastric nerve plexus must be mobilized before the spine 
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A f Right-sided XLIF approach as related to anatomie structure: /, vena cava distribution; /'/, neural distribution, /'/'/, safe 
zone. B, Left-sided XLIF approach associated with anatomie structures: /, distribution of abdominal aorta; /'/, neural distribution; /'/'/, safe 
zone. (From Hu WK, He SS, Zhang SC, et al: An MRI study of psoas major and abdominal large vessels with respect to the X/DLIF approach, Eur 
Spine J 20:557-562, 2011.) 


is exposed. The superior hypogastric plexus contains the 
sympathetic function for the urogénital Systems, and damage 
of this structure in men can cause complications such 
as rétrogradé éjaculation; however, damage to the superior 
hypogastric plexus should not produce impotence or failure 
of érection. Injury to the hypogastric plexus can be avoided 
by careful opening of the posterior peritoneum and blunt 
dissection of the prevertebral tissue from left to right and 
by opening the posterior peritoneum higher over the bifurca¬ 
tion of the aorta and extending the opening down over the 
sacral promontory. In addition, electrocautery should be kept 
to a minimum when dissecting within the aortic bifurcation, 
and until the anulus of the L5-S1 dise is clearly exposed, 
no transverse scalpel cuts on the front of the dise should 
be made. 


ANTERIOR TRANSPERITONEAL 
APPROACH, L5 TO SI 


TECHNIQUE 37-18 


■ Position the patient supine on the operating table and 
make a vertical midline or a transverse incision (Fig. 
37-32A). The transverse incision is cosmetically superior 
and gives excellent exposure; it requires transection of the 
rectus abdominis sheath. 

■ Identify and open the sheath and transect the rectus 
abdominis muscle. The posterior rectus sheath, abdomi¬ 
nal fascia, and peritoneum are conjoined in this area. 
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■ Open the posterior rectus sheath and abdominal fascia to 
the peritoneum. 

■ Carefully open the peritoneum to avoid damage to bowel 
content. 

■Carefully pack off the abdominal contents and identify 
the posterior peritoneum over the sacral promontory. 

■ Palpate the aorta and the common iliac vessels through 
the posterior peritoneum. 

■ Make a longitudinal incision in the posterior peritoneum 
in the midline around the aortic bifurcation. 



White Unes show the ratio measurements: 
plexus to posterior end plate (short white line) to total length of 
the dise (long white line). Longitudinal dark line is the course of 
the lumbar plexus as seen in the latéral view of a frozen human 
cadaver spine. (From Benglis DM Jr, Vanni S, Levi AD: An anatomical 
study of the lumbosacral plexus as related to the minimally invasive 
transpsoas approach to the lumbar spine, J Neurosurg Spine 10:139, 
2009.) 


■ Extend the incision distally and to the right along the right 
common iliac artery to its bifurcation at the external and 
internai iliac arteries. 

■ Identify the right ureter, Crossing the right iliac artery, and 
curve the incision medially to avoid this structure. 

■ Avoid the use of electrocautery anterior to the L5-S1 dise 
space to prevent damage to the superior hypogastric 
plexus. 

■ The left common iliac vein often lies as a fiat structure 
across the L5-S1 dise within the aortic bifurcation. After 
identification of the left common iliac artery and vein, use 
blunt dissection to the right of the artery and hypogastric 
plexus and mobilize the soft tissue from left to right. 

■ Carefully dissect the middle sacral artery and vein from 
left to right (Fig. 37-32B). Longitudinal blunt dissection 
allows better mobilization of these vascular structures. 

■ If bleeding is encountered, use direct finger and sponge 
pressure rather than electrocautery. If electrocautery is 
used in this area, we recommend the bipolar rather than 
the unipolar machine because there is less likelihood of 
injuring the hypogastric plexus with a thermal burn. 

■ After adéquate exposure of the L5-S1 dise, obtain a radio- 
graph after inserting a 22-gauge spinal needle into the 
dise space. Because the L5-S1 dise and the sacrum often 
are angled horizontally, the body of L5 may be mistaken 
for the sacrum. 

■ Further development of the exposure proceeds as in other 
anterior approaches to the lumbar vertebrae. 


■ VIDEO-ASSISTED LUMBAR SURGERY 

Standard anterior approaches to the lower lumbar and lum¬ 
bosacral spine include the anterior transperitoneal, antérolat¬ 
éral extraperitoneal, and anterior rétropéritonéal approaches. 
As with thoracoscopy, the endoscopie technique is evolving 
rapidly in terms of its rôle in procedures involving the 


A 




Percutaneous latéral approach to L1 to L4-5. A f Patient positioning and placement of Kirschner wires. B f Fluoroscopie 
image showing wire placement. (Redrawn from Ozgur BM, Aryan JE, Pimenta L, Taylor WR: Extrême latéral interbody fusion (XUF): a novel surgi- 
cal technique for anterior lumbar interbody fusion, Spine J 6:435, 2006.) SEE TECHNIQUE 37-17. 
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fjj Percutaneous latéral approach to L1 to L4-5. A f Surgeon's index finger inserted into paraspinal incision site. B, Iden¬ 
tification of rétropéritonéal space. C, Guidance of the initial dilator into position. D, Retractor inserted into rétropéritonéal space, 
penetrating the psoas major, positioned directly on the latéral intervertébral dise space. (Redrawn from Ozgur BM, Aryan JE, Pimenta L, 
Taylor WR: Extrême latéral interbody fusion (XLIF): a novel surgical technique for anterior lumbar interbody fusion, Spine J 6:435, 2006.) SEE TECH¬ 
NIQUE 37-17 



Operative photograph of laterally inserted dila- 
tors. With patient in latéral decubitus position, sequentially larger 
dilators are shown inserted, penetrating the psoas major, and 
resting on the desired dise space. (From Ozgur BM, Aryan JE, Pimenta 
L, Taylor WR: Extrême latéral interbody fusion (XLIF): a novel surgical 
technique for anterior lumbar interbody fusion, Spine J 6:435, 2006.) 


SEE TECHNIQUE 37-17 


anterior aspect of the lumbar spine. Transperitoneal laparo¬ 
scopie approaches, which hâve been used for discectomy or 
fusion, are true endoscopie procedures that are performed 
with carbon dioxide insufflation and may be impeded by 
abdominal wall adhesions. Complications include vascular 
and peritoneal injuries. McAfee et al. described a minimally 
invasive anterior rétropéritonéal approach to the lumbar 
spine using an endoscopie technique, and Onimus et al. 
described a less invasive, standard midline, extraperitoneal 
approach that fully préserves the abdominal innervation and 
is optimized with video assistance. This procedure avoids 
peritoneal complications, and it is anterior and midline ori- 
ented, giving direct access to the anterior aspect of the dise. 
Video assistance allows for a smaller incision, improved light- 
ing, and easier presacral dissection. In addition, good expo- 
sure of the vertébral end plates is achieved, allowing a better 
resection and perhaps, although not reported, an improved 
fusion rate. In addition, surgical assistants can observe the 
operation despite the small incision and, if necessary, the 
incision can be extended cephalad or caudad if conversion to 
a laparotomy is necessary. 


VIDEO-ASSISTED LUMBAR SURGERY 


TECHNIQUE 37-19 


(ONIMUS ETAL) 

■ Place the patient supine and angulate the operative table 
to place the lumbar spine in slight extension. 

■ Make a 4-cm vertical incision on the midline at the umbi- 
licus for the L4-5 approach and halfway between the 
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Transperitoneal approach to lumbar and lumbosacral spine (see text). A f Médian longitudinal or transverse Pfan- 
nenstiel incision. B f Dissection of middle sacral artery and vein. SEE TECHNIQUE 37-18. 


■ Close the wound on a rétropéritonéal suction tube 
inserted through the endoscope's latéral port. 

POSTOPERATIVE CARE. Standing and ambulation are 
allowed 2 to 3 days after surgery. A body jacket orthosis 
is worn for 3 months. 


umbilicusand the pubicsymphysisforthe L5-S1 approach. 
In women, a more cosmetic horizontal suprapubic inci¬ 
sion is available for the L5-S1 approach. 

■ After division of the linea alba, dissect on the left side 
between the posterior sheath of the rectus abdominis and 
posterior aspect of this muscle. 

■ Divide the posterior sheath at the latéral edge of the 
rectus returning to the subperitoneal fascia. The division 
begins at the linea arcuata. Use blunt dissection with a 
finger and dissecting swabs. 

■ The next landmark is the prominence of the psoas muscle 
and the iliac vessels. Reflect the ureter and peritoneum 
together. The latéral cleavage of the peritoneum can be 
increased by use of an inflatable balloon. 

■ Introduce a 10-mm endoscope through a latéral portai 
between the umbilicus and anterior superior iliac spine 
for exposure of L5-S1 and at the level of the umbilicus for 
exposure of L4-5. Introduction of the endoscope gives good 
exposure of the prevertebral area and allows the operation 
to be continued under endoscopie and direct vision. 

■ Expose the anterior aspect of the intervertébral dise by 
blunt dissection through the midline incision. 

■ For exposure of L5-S1, hemoclip the middle sacral 
vessels and divide them. Retract the common iliac vessels 
cranially with a specially designed retractor that is intro- 
duced through the midline incision and held in position 
by two Steinmann pins inserted in L5 and SI. 

■ For exposure of L4-5, retract the iliac vessels caudally. 
Divide the iliolumbar vein to allow caudal retraction of 
the left iliac vein. 

■ More acute endoscopie exposure of the vertébral plates 
is possible by using a 30-degree angulated arthroscope. 

■ Intervertébral distraction allows iliac autogenous graft 
insertion. The procedure can be completed with dise and 
vertébral plate resection. 


POSTERIOR APPROACHES 

The posterior approach through a midline longitudinal inci¬ 
sion provides access to the posterior éléments of the spine at 
ail levels, including cervical, thoracic, and lumbosacral. It is the 
most direct access to the spinous processes, laminae, and facets. 
In addition, the spinal canal can be explored and decompressed 
over a large area after laminectomy. Under most circumstances, 
the choice of approach to the spine should be dictated by the 
site of the primary pathologie condition. Posterior approaches 
to the spine rarely are indicated when the anterior spinal 
column is the site of an infectious process or a metastatic 
disease. The posterior éléments usually are not involved in the 
pathologie process and provide stabilization for the uninvolved 
structures of the spinal column. Removal of the uninvolved 
posterior éléments, as in laminectomy, may resuit in sublux¬ 
ation, dislocation, or severe angulation of the spine, causing 
increased compression of the neural éléments and worsening 
of any neurologie déficit. Posterior approaches to the spine 
commonly are used for degenerative or traumatic spinal disor- 
ders and allow excellent exposure to perform a wide variety of 
fusion techniques, with or without internai stabilization. Gupta 
measured the distance from the midline of Cl to the vertébral 
artery groove in 55 adult vertebrae and found that at least 
1.5 cm of the posterior arch could be safely exposed without 
mobilization of the vertébral artery (Fig. 37-33). With mobili- 
zation of the vertébral artery, another 10 mm of arch could be 
exposed in either direction. 
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Distance between the posterior midline and 
the médial end of the vertébral artery groove at outer (A) and 
inner (B) cortex and the length of vertébral artery groove (C). 

(Redrawn from Gupta T: Quantitative anatomy of vertébral artery groove 
on the posterior arch of atlas in relation to spinal surgical procedures, 
Surg Radiol Anat 30:239, 2008.) 


POSTERIOR APPROACH TO THE 
CERVICAL SPINE, OCCIPUT TO C2 


TECHNIQUE 37-20 


■ Position the patient prone on a turning frame with skel- 
etal traction through tongs, avoiding excessive pressure 
on the eyes. Alternative^, a three-point head rest can be 
used to provide rigid immobilization of the cervical spine 
during surgery. 

■ After routine skin préparation, attach the drapes to the 
neck with stay sutures or Staples. 

■ Make a midline longitudinal skin incision from the occiput 
to C2 (Fig. 37-34). Infiltration of the skin and subcutane- 
ous tissue with a dilute 1 :500,000 epinephrine solution 
helps to provide hemostasis. 

■ Using electrocautery and elevators, expose the posterior 
éléments subperiosteally and insert self-retaining 
retractors. 

■ It is important to deepen the incision in the midline 
through the thin white médian raphe and avoid cutting 
muscle tissue. The médian raphe of the cervical spine is 
a wandering avascular ligament and does not follow a 
straight midline incision. In children, do not expose any 
spinal levels unnecessarily to avoid spontaneous fusion at 
adjacent levels, including the occiput. 

■ When exposing the upper cervical spine, do not carry the 
dissection farther than 1.5 cm laterally on either side to 
avoid the vertébral arteries. 

■ When necessary, expose the occiput with elevators and 
insert the self-retaining retractors to expose the base of 
the skull and the dorsal spine of C2. The area in between 
contains the ring of Cl ; this is often deep compared with 
the spinous process of C2. 

■ While maintaining latéral retraction of the soft tissues, 
identify the posterior tubercle of Cl longitudinally in the 
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FIGURE 


Posterior approach to 


text). SEE TECHNIQUE 37-20. 


upper cervical spine (see 


midline and begin subperiosteal dissection to the bone. 
Often the ring of Cl is thin, and direct pressure can frac¬ 
ture it or cause the instrument to slip off the ring and 
penetrate the atlantooccipital membrane. The dura may 
be vulnérable on the superior and the inferior edges of 
the ring of Cl. 

■ The second cervical ganglion is an important landmark 
on the ring of Cl laterally. It lies approximately 1.5 cm 
laterally on the lamina of Cl in the groove for the verté¬ 
bral artery. There is little, if any, indication for dissection 
latéral to this groove. 

■ The vertébral artery may be damaged by pénétration of 
the atlantooccipital membrane off the superior border of 
the ring of Cl more latéral than the usually safe 1.5 cm 
from the midline. 

■ Below C2, the latéral margins of the facet joints are the 
safe latéral extent of dissection. 

■ After exposure of the posterior occiput, the ring of Cl, 
and the posterior éléments of C2, the intended surgical 
procedure may be performed. 

■ After this, the wound is closed in layers over a drain. 


POSTERIOR APPROACH TO THE 
CERVICAL SPINE, C3 TO C7 


TECHNIQUE 37-21 


■ Position the patient prone on a turning frame with skel- 
etal traction through tongs or with the head positioned 
in the three-point head fixation device that is attached to 
the table. 

■ The large spinous processes of C2 and C7 are prominent 
and can be identified by palpation. It is important to note 
on preoperative radiographs any posterior element defi- 
ciencies, such as an occult spina bifida, before exposure 
of the posterior éléments. 

■ Make a midline skin incision over the appropriate verte- 
brae (Fig. 37-35) and inject the skin and subcutaneous 
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FIGURE 


Posterior approach 


text). SEE TECHNIQUE 37-21. 


to lower cervical spine (see 



Nuchal ligament 


Posterior approach to lower cervical spine. 
Nuchal ligament is irregular. To maintain dry field, surgeon must 
stay within ligament. SEE TECHNIQUE 37-21. 


tissues with a 1 :500,000 epinephrine solution to aid in 
hemostasis. 

■ Deepen the dissection in the midline using the electro- 
cautery knife and staying within the thin white médian 
raphe to avoid cutting the vascular muscle tissue (Fig. 
37-36). It is helpful to maintain tension on the soft tissue 
by inserting self-retaining retractors. 

■ Using electrocautery and elevators, detach the ligamen- 
tous attachments to the spinous processes and expose 
the posterior éléments subperiosteally to the latéral edge 
of the facet joints, which is the extent of dissection on 
either side of the midline. 

■ After identifying the latéral edge of the facet joint, pack 
each level with a taped sponge to keep blood loss to a 
minimum. 


■ It is helpful to expose the spinous processes distal to 
proximal because the muscles can be stripped from the 
spinous processes in the acute angle between their inser¬ 
tions and the bone. If exposure in the opposite direction 
is attempted, the knife blade or periosteal elevator would 
tend to follow the direction of the fibers into the muscle 
and divide the vessels, increasing hemorrhage. 


POSTERIOR APPROACH TO THE 
THORACIC SPINE, Tl TO Tl2 

The posterior approach to the thoracic spine can be made 
through a standard midline longitudinal exposure with 
reflection of the erector spinae muscle laterally to the tips 
of the transverse processes. Alternative^, the thoracic ver- 
tebrae can be approached through a costotransversectomy 
when direct access to the transverse processes and pedicles 
of the thoracic spine and limited access to the vertébral 
bodies are indicated. Costotransversectomy should be 
considered for simple biopsy or local debridement. This 
approach does not provide the working operative area or 
length of exposure to the thoracic vertébral bodies that is 
afforded by a transthoracic approach or the midlongitudi- 
nal posterior approach. 


TECHNIQUE 37-22 


■ Position the patient prone on a padded spinal operating 
frame. 

■ Make a long midline incision over the area to be exposed 
(Fig. 37-37). Infiltration of the skin, subcutaneous tissue, 
and erector spinae to the level of the laminae with 
1:500,000 epinephrine solution helps to provide 
hemostasis. 

■ Deepen the dissection in the midline using a scalpel or 
the electrocautery knife through the superficial and lum- 
bodorsal fasciae to the tips of the spinous processes. 

■ Expose subperiosteally the posterior éléments by reflect- 
ing the erector spinae muscle laterally to the tips of the 
transverse processes distal to proximal, using periosteal 
elevators. 

■ Repeat the procedure until the desired number of verte- 
brae are exposed; where both sides of the spine require 
exposure, use the same technique on each side. 

■ Pack each segment with a taped sponge immediately 
after exposure to lessen bleeding. 

■After satisfactory exposure of the posterior éléments, 
obtain a radiograph to confirm proper localization of the 
intended level. 

■ After completion of the spinal procedure, close the 
wound in layers over a suction drain. 


■ MINIMALLY INVASIVE APPROACHES TO THE 
POSTERIOR SPINE 

Ail of the posterior approaches to the spine can be made in 
a minimally invasive fashion when only a limited area of dis¬ 
section is needed within the latéral recess, canal, or lumbar 













5E 


PART XII THE SPINE 



intervertébral foramen. The adaptation typically involves 
dilating through the posterior overlying fascia (thoracolum- 
bar) and musculature, followed by inserting down to the 
spine a fixed or adjustable tubular retractor that is attached 
to a table-mounted retractor arm. The location of the incision 
is critical in a minimally invasive approach and dépends on 
the exact procedure since the smaller field of view and 
working portai limit the surgical corridor. A 2-cm error in 
placement of the incision when using a 20-mm retractor is a 
100% error. Planning the location of the incision based on 
preoperative imaging (MRI and/or CT) and fluoroscopie 
localization of the incision is mandatory for minimally inva¬ 
sive posterior approaches. 




T12 


FIGURE 


^ Posterior approach to thoracic spine (see text). 


SEE TECHNIQUE 37-22. 


COSTOTRANSVERSECTOMY 


TECHNIQUE 37-23 


■ Place the patient prone on a padded spinal operating 
frame. 

■ Make a straight longitudinal incision about 2.5 inches 
(6.3 cm) latéral to the spinous processes centered over 
the level of the desired vertébral dissection (Fig. 37-38A). 
(Alternative^, make a curved incision with its apex latéral 
to the midline.) 

■ Palpate the slight dépréssion between the dorsal paraspi- 
nal muscle mass and the prominent posterior angle of the 
rib and center the incision over this groove latéral to the 
spinous processes. 



Costotransversectomy. A f Straight longitudinal incision about 2.5 inches (6.3 cm) latéral to spinous processes, centered 
over level of vertébral dissection. B, Resection of costotransverse articulation. SEE TECHNIQUE 37-23. 
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■ Deepen the dissection through the subcutaneous tissues 
and the trapezius and latissimus dorsi muscles and the 
lumbodorsal fasciae, which are divided longitudinally. 

■ Dissect the paraspinal muscles sharply from their inser¬ 
tions on the ribs and transverse processes and retract 
them medially. 

■ Expose the transverse process and posterior aspects of 
the associated rib subperiosteally and remove a section 
of rib 5 to 7.5 cm long at the level of involvement. The 
rib generally is transected with rib cutters about 3.5 
inches (~9 cm) latéral to the vertebra at its prominent 
posterior angle. The costotransverse ligament and joint 
capsule are strong and increase the inhérent stability of 
the thoracic spine. 

■ Remain subperiosteal and extrapleural during this part of 
the exposure and protect the intercostal neurovascular 
bundle. Anterior to the transverse process is the vertébral 
pedicle, and above and below the pedicle lie the neural 
foramina. The nerve roots emerge from the superior 
portion of the foramina, giving off a dorsal and ventral 
ramus. The ventral ramus becomes the intercostal nerve 
and is joined by the intercostal vessels. 

■ When the pedicles, neural foramina, and neurovascular 
structures hâve been identified, proceed with dissection 
directly anteriorly on the pedicle to the vertébral body 
along a path that is relatively free of major vessels or 
nerves (Fig. 37-38B). 

■ Carefully dissect the pariétal pleura with elevators 
anteriorly to expose the antérolatéral aspect of the verté¬ 
bral body, raising the sympathetic trunk and pariétal 
pleura. 

■ Exposure may be increased by removal of the transverse 
process, pedicle, and facet joints as necessary. 

■ After completion of the spinal procedure, fill the 
wound with saline and inflate the lungs to check for air 
leaks. 

■ Close the wound in layers over a drain to prevent hema- 
toma collection. 

■ Obtain a chest radiograph to document the absence of 
air in the pleural space, which may occur if the pleura is 
inadvertently entered during the exposure. 


POSTERIOR APPROACH TO THE 
LUMBAR SPINE, L1 TO L5 

The posterior approach to the lumbar spine provides access 
directly to the spinous processes, laminae, and facet joints 
at ail levels. In addition, the transverse processes and ped¬ 
icles can be reached through this approach. Wiltse and 
Spencer refined the paraspinal approach to the lumbar 
spine, which involves a longitudinal séparation of the sacro- 
spinalis muscle group to expose the postérolatéral aspect 
of the lumbar spine. This approach is especially useful in 
removing far-lateral dise herniation, decompressing a "far 
out" syndrome, and inserting pedicle screws. 


TECHNIQUE 37-24 


■ Position the patient prone or in the kneeling position on 
a padded spinal frame. By allowing the abdomen to hang 
free, intravenous pressure is decreased and blood loss is 
decreased as a resuit of collapse of the épidural venous 
plexus. 

■ Make a midline skin incision centered over the involved 
lumbar segment (Fig. 37-39). Infiltrating the skin and 
subcutaneous tissue with 1:500,000 epinephrine aids 
hemostasis. 

■ Carry the dissection down in the midline through the 
skin, subcutaneous tissue, and lumbodorsal fascia to 
the tips of the spinous processes. Use self-retaining 
retractors to maintain tension on soft tissues during 
exposure. 

■Subperiosteally expose the posterior éléments from 
distal to proximal using electrocautery and periosteal 
elevators to detach the muscles from the posterior 
éléments. 

■ Pack each segment with a taped sponge immediately 
after exposure to lessen bleeding. 

■ If the procedure requires exposure of both sides of the 
spine, use the same technique on each side. 

■ We recommend accurate localization of the involved 
segment with a permanent radiograph in the operating 
room. 

■ After completion of the spinal procedure, close the 
wound in layers over a drain. 




FIGURE 


Posterior approach to lumbar spine (see text). 


SEE TECHNIQUE 37-24. 
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PARASPINAL APPROACH TO LUMBAR 
SPINE 


TECHNIQUE 37-25 


(WILTSE AND SPENCER) 

■ Position the patient prone or in the kneeling position on a 
spinal trame. By allowing the abdomen to hang free, intra- 
venous pressure is decreased and blood loss is decreased 
as a resuit of collapse of the épidural venous plexus. 

■ Make a midline skin incision centered over the involved 
lower lumbar segment (Fig. 37-40A). Infiltration with 
1 :500,000 epinephrine helps to provide hemostasis. 

■ Carry dissection down to the lumbodorsal fascia and 
retract the skin and subcutaneous tissue laterally on either 
side. 


■ Make a fascial incision approximately 2 cm latéral to the 
midline (Fig. 37-40B and C). 

■ After the fascial layers hâve been divided, a natural cleav- 
age plane is entered lying between the multifidus and 
longissimus muscles. Using blunt finger dissection 
between the muscle groups (Fig. 37-40D and E), palpate 
the facet joints at L4-5. Place self-retaining Gelpi retrac- 
tors between the two muscle groups. 

■ Using electrocautery or an elevator, separate the trans¬ 
verse fibers of the multifidus from their heavy fascial 
attachments. 

■ Expose the lumbar transverse processes, facet joints, 
and laminae subperiosteally and dénudé them of soft 
tissue. Avoid carrying the dissection anterior to the 
transverse processes because the exiting spinal nerves 
lie just in front of the transverse processes and can be 
injured. 



JjJ Paraspinal approach to lumbar spine (see text). A f Midline skin incision. B and C f Fascial incisions. D and E f Blunt 
finger dissection between muscle groups to palpate facet joints. (Redrawn from Wiltse LL, Spencer CW: New uses and refinements of the 
paraspinal approach of the lumbar spine, Spine 13:696, 1988.) SEE TECHNIQUE 37-25. 
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■ Use bipolar cautery to control bleeding from the lumbar 
arteries and veins coursing above the base of the trans¬ 
verse processes. 

■ Perform unilatéral or bilateral décompression and fusion 
of the lumbosacral spine. 

■ Close the wound over a suction drain and suture the skin 
flaps down to the fascia to remove dead space. 


POSTERIOR APPROACH TO THE 
LUMBOSACRAL SPINE, L1 TO 
SACRUM 


TECHNIQUE 37-26 


(WAGONER) 

■ Make a longitudinal incision over the spinous processes of 
the appropriate vertebrae and incise the superficial fascia, 
the lumbodorsal fascia, and the supraspinous ligament 
longitudinally, precisely over the tips of the processes. 

■ With a scalpel, divide longitudinally the ligament between 
the two spinous processes in the most distal part of the 
wound. 

■ Insert a small, blunt periosteal elevator through this 
opening so that its end rests on the junction of the 
spinous process with the lamina of the more proximal 
vertebra (Fig. 37-41 A). Move the handle of the elevator 
proximally and laterally to place under tension the muscles 
attached to this spinous process. 

■ With a scalpel moving from distal to proximal, strip the 
muscles subperiosteally from the latéral surface of the 
process. 

■ Place the end of the elevator in the wound so that its end 
rests on the junction of the spinous process with the 
lamina of the next most proximal vertebra and repeat the 
procedure as described. 

■ Repeat the procedure until the desired number of verte¬ 
brae hâve been exposed (Fig. 37-41 B). 

■ For operations requiring exposure of both sides of the 
spine, use the same technique on each side. 

■This approach exposes the spinous processes and médial 
part of the laminae. 

■ Increase the exposure, if desired, by further subperiosteal 
reflection along the laminae; expose the posterior surface 
of the laminae and the articular facets. 

■ Pack each segment with a tape sponge immediately after 
exposure to lessen bleeding. 

■ Divide the supraspinous ligament precisely over the tip 
of the spinous processes and dénudé subperiosteally the 
sides of the processes because this route leads through a 
relatively avascular field; otherwise, the arterial supply to 
the muscles is encountered (Fig. 37-38C). 

■ Blood loss can be decreased further by using electrocau- 
tery and a suction apparatus. Replace blood as it is lost. 

■ Expose the spinous processes from distal to proximal as 
just described because the muscles can then be stripped 
from the spinous processes in the acute angle between 
their insertions and the bone. 




Approach to posterior aspect of spine. A, 
Courses of arteries supplying posterior spinal muscles, showing 
proximity of internai muscular branches to spinous processes. 
B, Muscle insertions are freed subperiosteally from latéral side of 
spinous processes and interspinous ligaments; dissection proceeds 
proximally, with periosteal elevator being held against bases of 
spinous processes. C, Spinous processes, laminae, and articular 
facets exposed. (Modified from Wagoner G: A technique for lessening 
hemorrhage in operations on the spine, J Bone Joint Surg 19:469, 
1937 ) SEE TECHNIQUE 37-26 


■ If exposure in the opposite direction is attempted, the 
knife blade or periosteal elevator tends to follow the 
direction of the fibers into the muscle and divides 
the vessels, increasing hemorrhage. 


POSTERIOR APPROACH TO THE 
SACRUM AND SACROILIAC JOINT 

The posterior sacrum and sacroiliac joint are approached 
most commonly through a standard posterior exposure; 
however, the access to the sacroiliac joint is limited. Ebra- 
heim et al. described a transosseous approach to the 
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Posterior approach to sacroiliac joint. A f Skin incision. B f Right triangle on outer table of posterior ilium. PUS, Posterior 
inferior iliac spine; PSIS, posterior superior iliac spine. (Redrawn from Ebraheim NA, Lu J, Biyani A, et al: Anatomie considérations for posterior 
approach to the sacroiliac joint, Spine 21:2709, 1996.) SEE TECHNIQUE 37-27. 


■ Accurate localization of the bone window in the iliac crest 
is important to avoid lacération to the superior gluteal 
artery, which may retract into the pelvis, making hemo- 
stasis difficult. Injury to the superior gluteal nerve may 
denervate the gluteus médius, leading to dysfunction in 
hip abduction. The dimensions of the right-angle triangle 
in the outer table of the posterior ilium are illustrated in 
Figure 37-42B. 


sacroiliac joint that they suggested improves access for 
debridement and arthrodesis with only minimal soft-tissue 
dissection and iliac bone resection. Indications include 
trauma, infection, degenerative disease, and inflammatory 
processes. This approach allows direct exposure of the cor- 
responding sacral articular surfaces. 


TECHNIQUE 37-27 


(EBRAHEIM ETAL) 

■ Place the patient prone on padded bolsters or a spinal 
frame. 

■ Make an incision beginning at the level of the posterior 
superior iliac spine and extending distal to the midpoint 
between the posterior superior iliac spine and the poste¬ 
rior inferior iliac spine. 

■ Extend the incision laterally and distally approximately 
5 cm (Fig. 37-42A). 

■ Divide the superficial fascia and incise the gluteus médius 
muscle along the line of the skin incision. 

■Sharply dissect the origin of the gluteus maximus from 
the posterior ilium. 

■ Subperiosteally elevate the gluteal musculature laterally and 
identify the superior border of the greater sciatic notch. 

■ Insert one or two Steinmann pins into the ilium to assist 
in retracting the gluteus maximus laterally and distally. It 
is important not to injure the superior gluteal neurovas- 
cular bundle. 

■ Expose the posterior external surface of the ilium between 
the posterior superior iliac spine above and the superior 
border of the greater sciatic notch below. 

■ Elevate a right-angle triangular bone window from the 
posterior ilium using an osteotome or power saw and 
remove the articular cartilage from the sacrum and ilium 
(Fig. 37-42B). Débridé the joint with curets. 

■ After removal of the articular cartilage, place the previ- 
ously elevated bone window into its original position and 
carefully tamp it back into place. 
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OVERVIEW OF DISC 
DEGENERATION AND HERNIATION 
IN THE CERVICAL SPINE 

In recent years, understanding of dise degeneration has 
undergone a significant transformation. The opportunities to 
improve understanding at a basic science level and a clinical 
level remain greater for dise disorders than for many other 
areas of orthopaedics. Particularly with respect to clinical 
applications, more effort should be made toward defining and 
understanding the underlying pathophysiologic processes 
rather than developing additional treatment options. Treat¬ 
ment continues to be limited not by lack of procedures but 
by lack of spécifie diagnoses with reliable natural history data 
that could be used to better assess and direct current and 
future treatment applications. 

Axial spine pain, which should be distinguished from 
dise degeneration, is the most frequent musculoskeletal 
complaint. Axial spine pain—whether cervical, thoracic, or 
lumbar—offen is attributed to dise degeneration. This degen- 
erative process does not always cause pain, but it can lead to 
internai dise dérangement or dise herniation. Each of these 
pathologie processes has unique clinical findings and treat- 
ments. The understanding of dise degeneration and the 
associated étiologie factors has changed markedly over the 
past several years. Also, efforts to make the distinction 
between dise degeneration and “degenerative dise disease” 
hâve made progress. 


The genetic influence on dise degeneration may be attrib¬ 
uted to a small effect from each of multiple genes or possibly 
a relatively large effect of a smaller number of genes. To date, 
several spécifie gene loci hâve been identified that are associ¬ 
ated with dise degeneration. This association of a spécifie 
gene with degenerative dise changes has been confirmed. 
Other variations in the aggrecan gene, metalloproteinase-3 
gene, collagen type IX, and alpha 2 and 3 gene forms also hâve 
been associated with dise pathology and symptoms. The 
understanding of symptoms related to dise herniations has 
become clearer over time than symptoms related only to dise 
degeneration. 

Nonspecific axial pain is an international health issue of 
major significance and should be discriminated from pain 
associated with a dise herniation. Approximately 80% of 
individuals are affected by this symptom at some time in their 
lives. Impairments of the back and spine are ranked as the 
most frequent cause of limitation of activity in individuals 
younger than 45 years old by the National Center for Health 
Statistics (www.cdc.gov/nchs). 

Nonanatomic factors, specifically work perception and 
psychosocial factors, are intimately intertwined with physical 
complaints. Compounding the diagnostic and treatment dif- 
ficulties is the high incidence of significant abnormalities 
shown by imaging studies, which in asymptomatic matched 
Controls is 76%. Optimal outcome primarily dépends on 
“proper patient sélection,” which so far has defied satisfactory 
définition. Until the pathologie process is better described 
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Histologie findings of human intervertébral 
dises. A f Specimen from 30-month-old child shows how regular 
concentric lamellae can be seen when specimen is viewed with 
polarized light. B f Specimen from neonate shows how outer 
aspect of anulus fibrosus and cartilage endplate are vascularized 
with blood vessels (arrows) and vascular channels (asterisks). 
(A and B stained with hematoxylin and eosin; original magnifica- 
tion, xlO [A] and x30 [B], From Roberts S, Evans H, Trivedi J, et al: 
Histology and pathology of the human intervertébral dise, J Bone Joint 
Surg 88A[Suppl 2]:10, 2006.) 


and reliable criteria for the diagnosis are determined, 
improvement in treatment outcomes will change slowly. 

DISC AND SPINE ANATOMY 

The intervertébral dise has a complex structure; the nucléus 
pulposus has an organized matrix, which is laid down by rela- 
tively few cells. The central gelatinous nucléus is contained 
around the periphery by the collagenous anulus, the cartilagi- 
nous anulus, and the cartilage endplates cephalad and caudad. 
Collagen fibers continue from the anulus to the surrounding 
tissues, tying into the vertébral body along its rim and into the 
anterior and posterior longitudinal ligaments and the hyaline 
cartilage endplates superiorly and inferiorly. The cartilage 
endplates are secured to the osseous endplate by the calcified 
cartilage. Few, if any, collagen fibers cross this boundary. The 
anulus has a lamellar structure with interconnections between 
adjacent layers of collagen fibrils (Fig. 38-1). 

At birth, the dise has some direct blood supply contained 
within the cartilaginous endplates and the anulus. These 
vessels recede in the first years of life, and by adulthood there 
is no appréciable blood supply to the dise. Over time, for 
reasons not well understood, the water content of the gelati¬ 
nous nucléus matrix decreases with a decreased and altered 
proteoglycan composition. These changes lead to a more 
fibrous consistency of the nucléus, which ultimately fissures. 
Blood vessels grow into the dise through these outer fissures, 
with an increase in cellular prolifération and formation of cell 
clusters. Also, there is an increase in cell death, the mecha- 
nism of which is unknown. The cartilage endplates become 
thinned, with fissuring occurring with subséquent sclerosis 
of the subchondral endplates. The above-enumerated changes 
are quite similar if not identical to the changes of dise degen- 
eration. Herniated dises hâve a greater number of senescent 
cells than nonherniated dises and hâve higher concentrations 
of matrix metalloproteinases. 

The normal adult dise has a large amount of extracellular 
matrix and a few cells that account for about 1% by volume. 
These cells are of two phenotypes: anulus cells and nucléus 


cells. The anulus cells are more elongated and appear more 
like fibroblasts, whereas nucléus cells are oval and resemble 
chondrocytes. These two cell types behave differently and 
may be able to sense mechanical stresses. In culture, they 
respond differently to loads and produce different matrix 
proteins. The anulus cells produce predominantly type I col¬ 
lagen, whereas nucléus cells synthesize type II collagen. The 
characteristics of these cell types under normal and abnormal 
circumstances are beginning to be determined, and much is 
known, but this is beyond the scope of this chapter; however, 
this information is necessary to understand and subsequently 
treat dise disorders. 

The cells within the dise are sustained by diffusion of 
nutrients into the dise through the porous central concavity 
of the vertébral endplate. Histologie studies hâve shown 
régions where the marrow spaces are in direct contact with 
the cartilage and that the central portion of the endplate is 
permeable to dye. Motion and weight bearing are believed to 
be helpful in maintaining this diffusion. The metabolic turn¬ 
over of the dise is relatively high when its avascularity is 
considered but slow compared with other tissues. The glycos- 
aminoglycan turnover in the dise is quite slow, requiring 
500 days. 

NEURAL ELEMENTS 

The organization of the neural éléments is strictly maintained 
throughout the entire neural System, even within the conus 
medullaris and cauda equina distally. The orientation of the 
nerve roots in the durai sac and at the conus medullaris 
follows a highly organized pattern, with the most cephalad 
roots lying latéral and the most caudad lying centrally. The 
motor roots are ventral to the sensory roots at ail levels. The 
arachnoid mater holds the roots in these positions. 

The pedicle is the key to understanding surgical spinal 
anatomy. The relation of the pedicle to the neural éléments 
varies by région within the spinal column. In the cervical 
région, there are seven vertebrae but eight cervical roots. 
Accepted nomenclature allows each cervical root to exit 
cephalad to the pedicle of the vertebra for which it is named 
(e.g., the C6 nerve root exits above or cephalad to the C6 
pedicle). This relationship changes in the thoracic spine 
because the C8 root exits between the C7 and Tl pedicles, 
requiring the Tl root to exit caudal or below the pedicle for 
which it is named. This relationship is maintained throughout 
the remaining more caudal segments. The naming of the dise 
levels is different, in that ail levels where dises are présent are 
named for the vertébral level immediately cephalad (i.e., the 
C6 dise is immediately caudal to the C6 vertebra, and 
dise pathology at that level typically would involve the C7 
nerve root). 


NATURAL HISTORY 
OF DISC DISEASE 

One theory of spinal degeneration assumes that ail spines 
degenerate and that current methods of treatment are for 
symptomatic relief, not for a cure. The degenerative process 
has been divided into three separate stages with relatively 
distinct findings. The first stage is dysfunction, which is seen 
in individuals 15 to 45 years old. It is characterized by cir- 
cumferential and radial tears in the dise anulus and localized 
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TABLE 38-1 


Spectrum of Pathologie Changes in Facet Joints and Dises and Interaction of These Changes 

PHASES OF SPINAL 
DEGENERATION 

FACET JOINTS 


PATHOLOGIC RESULT 


INTERVERTEBRAL DISC 

Dysfunction 

Synovitis 

— > 

Dysfunction 

<- 

Circumferential tears 


Hypermobility 


i 

\ 



Continuing degeneration 

/ 

Herniation 

<- 

Radial tears 

Instability 

Capsular laxity 

— > 

Instability 

<- 

Internai disruption 


Subluxation 

-> 

Latéral nerve 
entrapment 

< - 

Disc résorption 

Stabilization 

Enlargement of articular 

—> 

One-level stenosis 

<- 

Osteophytes 


processes 

\ 

Multilevel spondylosis 
and stenosis 

/ 



Modified from Kirkaldy-Willis WH, editor: Managing low back pain, New York, Churchill Livingstone, 1983. 


synovitis of the facet joints. The next stage is instability. This 
stage, found in 35- to 70-year-old patients, is characterized 
by internai disruption of the dise, progressive dise résorption, 
degeneration of the facet joints with capsular laxity, sublux¬ 
ation, and joint érosion. The final stage, présent in patients 
older than 60 years, is stabilization. In this stage, the progres¬ 
sive development of hypertrophie bone around the dise and 
facet joints leads to segmentai stiffening or frank ankylosis 
(Table 38-1). 

Each spinal segment degenerates at a different rate. As 
one level is in the dysfunction stage, another may be entering 
the stabilization stage. Disc herniation in this scheme is 
considered a complication of dise degeneration in the 
dysfunction and instability stages. Spinal stenosis from 
degenerative arthritis in this scheme is a complication of bony 
overgrowth compromising neural tissue in the late instability 
and early stabilization stages. 

In general, the literature supports an active care approach, 
minimizing centrally acting médications. The judicious use 
of épidural steroids also is supported. Nonprogressive neuro¬ 
logie déficits can be treated nonoperatively with expected 
improvement clinically. If surgery is necessary, it usually can 
be delayed 6 to 12 weeks to allow adéquate opportunity for 
improvement. The important exception is a patient with 
cervical myelopathy, who is best treated surgically. 

The natural history of degenerative dise disease is one of 
récurrent épisodes of pain followed by periods of significant 
or complété relief. 

Before a discussion of diagnostic studies, axial spine pain 
with radiation to one or more extremities must be considered. 
Also, understanding of certain pathophysiologic entities must 
be juxtaposed to other entities of which only a rudimentary 
understanding exists. It is doubtful if there is any other area 
of orthopaedics in which accurate diagnosis is as difficult or 
the proper treatment as challenging as in patients with per¬ 
sistent neck and arm or low back and leg pain. Although 
many patients hâve clear diagnoses properly arrived at by 
careful history and physical examination with confirmatory 
imaging studies, more patients with pain hâve absent neuro¬ 
logie findings other than sensory changes and hâve normal 
imaging studies or studies that do not support the clinical 
complaints and findings. Inability to show easily an appropri- 
ate diagnosis in a patient does not relieve the physician of the 


obligation to recommend treatment or to direct the patient 
to a setting where such treatment is available. Careful assess- 
ment of these patients to détermine if they hâve problems that 
can be orthopaedically treated (operatively or nonoperatively) 
is impérative to avoid overtreatment and undertreatment. 

Operative treatment can benefit a patient if it corrects a 
deformity, corrects instability, relieves neural compression, or 
treats a combination of these problems. Obtaining a history 
and completing a physical examination to détermine a diag¬ 
nosis that should be supported by other diagnostic studies is 
a useful approach; conversely, matching the diagnosis and 
treatment to the results of diagnostic studies, as offen can be 
done in other subspecialties of orthopaedics (e.g., treating 
extremity pain based on a radiograph that shows a fracture), 
is more complex and difficult. 

DIAGNOSTIC STUDIES 

RADIOGRAPHY 

The simplest and most readily available diagnostic tests for 
cervical pain are anteroposterior and latéral radiographs of 
the involved spinal région. On latéral radiographs bony 
abnormalities, such as subluxation, congénital narrowing, or 
fracture, can be identified. Soff-tissue swelling may be visible. 
Anteroposterior radiographs can reveal uncovertebral arthri¬ 
tis; potential abnormalities can be identified by looking at the 
relationships between pedicles and the spinous processes. 
Obtaining other views such as flexion and extension radio¬ 
graphs can reveal if instability is présent. Oblique views show 
the foramen. These simple radiographs show a relatively high 
incidence of abnormal findings. 

MYELOGRAPHY 

The value of myelography is the ability to check ail spinal 
régions for abnormality and to define intraspinal lésions; it 
may be unnecessary if clinical and CT or MRI findings are in 
complété agreement. The primary indications for myelogra¬ 
phy are inability to get an MRI, suspicion of an intraspinal 
lésion, patients with spinal instrumentation causing artifact, 
or questionable diagnosis resulting from conflicting clinical 
findings and other studies (Fig. 38-2). In addition, myelogra¬ 
phy is valuable in a previously operated spine and in patients 
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Forty-five-year-old patient with right C7 radiculopathy clinically. A and B f MRI was inconclusive for dise herniation. 
C-E f Postmyelogram CT clearly reveals right intraforaminal dise herniation. 


with marked bony degenerative change that may be underes- 
timated on MRI. Myelography is improved by the use of 
postmyelography CT in this setting and in evaluating spinal 
stenosis. 

Several contrast agents hâve been used for myelography: 
air, oil contrast, and water-soluble (absorbable) contrast 
agents, including métrizamide (Amipaque), iohexol (Omnip- 
aque), and iopamidol (Isovue-M). Because these nonionic 
agents are absorbable, the discomforts of removing them and 
the severity of the postmyelography headache hâve decreased. 

COMPUTED TOMOGRAPHY 

Most clinicians now agréé that CT is an extremely useful 
diagnostic tool in the évaluation of spinal disease. The current 
technology and computer software hâve made possible the 
ability to reformat the standard axial cuts in almost any direc¬ 
tion and magnify the images so that exact measurements of 
various structures can be made. Software is available to evalu- 
ate the density of a selected vertebra and compare it with 
vertebrae of the normal population to give a numerically 
reproducible estimate of vertébral density to quantitate 
osteopenia. 

Numerous types of CT studies for the spine are available. 
One must be careful in ordering the study to ensure that the 


areas of clinical concern are included. Sagittal, axial, and 
coronal cuts allow a three-dimensional view of the cervical 
spine. Location markers allow for finer scrutiny of the area of 
pathology. 

MAGNETIC RESONANCE IMAGING 

MRI is currently the standard for advanced imaging of the 
spine and is superior to CT in most circumstances, in par- 
ticular, identification of infections, tumors, and degenerative 
changes within the dises. More importantly, MRI is superior 
for imaging the dise and directly imaging neural structures. 
Also, MRI typically shows the entire région of study (i.e., 
cervical, thoracic, or lumbar). Of particular value is the ability 
to image the nerve root in the foramen, which is difficult even 
with postmyelography CT because the subarachnoid space 
and the contrast agent do not extend fully through the 
foramen. Despite this superiority, there are circumstances in 
which MRI and CT, with or without myelography, can be 
used in a complementary fashion. 

One of the difficulties with MRI is showing anatomy that 
is abnormal but may be asymptomatic. MRI evidence of dise 
degeneration has been reported in the cervical spine in 25% 
of patients younger than 40 years and in 60% of patients 60 
years and older. The demonstrated findings must be carefully 
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correlated with the clinical impression. The importance of 
this concept cannot be overstated. The best way to obtain 
meaningful clinical information from MRI of the spine is to 
hâve a spécifie question before the study. This question is 
derived from a patient s history and a careful physical exami¬ 
nation and is posed using the parameters of (1) neural 
compression, (2) instability, and (3) deformity. In each case, 
the spécifie location of the abnormality should be suspected 
before MRI and confirmed with the study. Only abnormali- 
ties in one or a combination of these categories are important, 
because operative techniques can treat only these problems. 
Failure to interpret an imaging study in this way, especially 
MRI, which is sensitive to anatomie abnormalities, would 
inevitably lead to poor clinical choices and outcomes. 

OTHER DIAGNOSTIC TESTS 

Numerous diagnostic tests hâve been used in the diagnosis of 
intervertébral dise disease in addition to radiography, 
myelography, CT, and MRI. The primary advantage of these 
tests is to rule out diseases other than primary dise hernia- 
tion, spinal stenosis, and spinal arthritis. 

Electromyography is the most notable of these tests. One 
advantage of electromyography is in the identification of 
peripheral neuropathy and diffuse neurologie involvement 
indicating higher or lower lésions. Electromyography and 
nerve conduction velocity can be helpful if a patient has a 
history and physical examination suggestive of radiculopathy 
at either the cervical or the lumbar level with inconclusive 
imaging studies. Paraspinal muscles in a patient with a previ- 
ous posterior operation usually are abnormal and are not a 
reliable diagnostic finding. 

Bone scans are another procedure in which positive find- 
ings usually are not indicative of intervertébral dise disease, 
but they can confirm neoplastic, traumatic, and arthritic 
problems in the spine. Various laboratory tests, such as a 
complété blood cell count, differential white blood cell count, 
C-reactive protein, biochemical profile, urinalysis, sérum 
protein electrophoresis, and érythrocyte sédimentation rate, 
are extremely good screening procedures for other causes of 
pain in the spine. Rheumatoid screening studies, such as 
rheumatoid arthritis, antinuclear antibody, lupus erythema- 
tosus cell préparation, and HLA-B27, also are useful when 
indicated by the clinical picture. 

INJECTION STUDIES 

Whenever a diagnosis is in doubt, and the complaints seem 
real or the pathologie condition is diffuse, identification of 
the source of pain is problematic. The use of local anesthetics 
or contrast media in various spécifie anatomie areas can 
be helpful. These agents are relatively simple, safe, and 
minimally painful. Contrast media such as diatrizoate meglu- 
mine (Hypaque), iothalamate meglumine (Conray), iohexol 
(Omnipaque), iopamidol, and métrizamide (Amipaque) hâve 
been used for discography and blocks with no reported ill 
effects. Reports of neurologie complications with contrast 
media used for discography and subséquent chymopapain 
injection are well documented. The best choice of a contrast 
medium for documenting structures outside the subarach- 
noid space is an absorbable medium with low reactivity 
because it might be injected inadvertently into the subarach- 
noid space. Iohexol and métrizamide are the least reactive, 


most widely accepted, and best tolerated of the currently 
available contrast media. Local anesthetics, such as lidocaine 
(Xylocaine), tetracaine (Pontocaine), and bupivacaine (Mar- 
caine), are used frequently epidurally and intradurally. The 
use of bupivacaine should be limited to low concentrations 
and low volumes because of reports of death affer épidural 
anesthésia using concentrations of 0.75% or higher. 

Steroids prepared for intramuscular injection also hâve 
been used frequently in the épidural space with few and usually 
transient complications. Spinal arachnoiditis in past years was 
associated with the use of épidural méthylprednisolone acetate 
(Depo-Medrol). This complication was thought to be caused 
by the use of the suspending agent, polyethylene glycol, which 
has since been eliminated from the Depo-Medrol préparation. 
For épidural injections, we prefer the use of Celestone Solus- 
pan, which is a mixture of betamethasone sodium phosphate 
and betamethasone acetate. Celestone Soluspan provides 
immédiate and long-term duration of action, is highly soluble, 
and contains no harmful preservatives. Celestone should not 
be mixed with local anesthetics containing preservatives such 
as parabens or phénol because flocculation and clogging of 
the suspension can occur. If Celestone is not available, other 
commonly used préparations for spinal injections include 
méthylprednisolone (Depo-Medrol) and triamcinolone ace- 
tonide (Kenalog) (Table 38-2). Isotonie saline is the only other 
injectable medium used frequently around the spine with no 
reported adverse reactions. 

When discrète, well-controlled injection techniques 
directed at spécifie targets in and around the spine are used, 
grading the degree of pain before and affer a spinal injection 
is helpful in determining the location of the pain generator. 
The patient is asked to grade the degree of pain on a 0-to-10 
scale before and at various intervals affer the spinal injection 
(Box 38-1). If a spinal injection done under fluoroscopie 
control results in an 80% or more decrease in the level of pain, 
which corresponds to the duration of action of the anesthetic 
agent used, we présumé the target area injected to be the pain 
generator. Less pain réduction, 50% to 65% does not consti- 
tute a positive response. 
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_ table 38-2 

Common Corticosteroids Used in Spinal Interventions Compared With Hydrocortisone 


BETAMETHASONE SODIUM 

METHYLPREDNISOLONE TRIAMCINOLONE PHOSPHATE AND ACETATE 



HYDROCORTISONE 

(DEPO-MEDROL) 

ACETONIDE (KENALOG) 

(CELESTONE SOLUSPAN) 

Relative antiinflammatory 
potency 

1 

5 

5 

25 

PH 

5.0-7.0 

7.0-8.0 

4.5-6.5 

6.8-7.2 

Onset 

Fast 

Slow 

Moderate 

Fast 

Duration of action 

Short 

Intermediate 

Intermediate 

Long 

Concentration (mg/mL) 

50 

40-80 

20 

6 

Relative mineralocorticoid 
activity 

2+ 

0 

0 

0 


(From el Abd 0: Steroids in spine interventions. In Slipman CW, Derby D, Simeone FA, Mayer TG, editors: Interventional spine: an algorithmic approach, Philadelphia, 
Elsevier, 2008.) 


EPIDURAL CORTISONE INJECTIONS 

Epidural injections in the spine were developed to diagnose 
and treat spinal pain. Information obtained from épidural 
injections can be helpful in confirming pain generators that 
are responsible for a patients discomfort. Structural abnor- 
malities do not always cause pain, and diagnostic injections 
can help to correlate abnormalities seen on imaging studies 
with associated pain complaints. In addition, épidural injec¬ 
tions can provide pain relief during the recovery of dise or 
nerve root injuries and allow patients to increase their level 
of physical activity. Epidural steroid injections in the treat- 
ment of dise herniation and radiculitis are performed based 
on the pathophysiologic mechanism of reducing inflamma¬ 
tion; however, there is no evidence to suggest that local 
anesthetics with or without steroids are equally as effective as 
steroids alone in many settings. Because severe pain from an 
acute dise injury with or without radiculopathy offen is time 
limited, therapeutic injections help to manage pain and may 
alleviate or decrease the need for oral analgésies. 

Few serious complications occur in patients receiving 
épidural corticosteroid injections; however, épidural abscess, 
épidural hematoma, durocutaneous fistula, and Cushing 
syndrome hâve been reported as individual case reports. The 
most adverse immédiate reaction during an épidural injec¬ 
tion is a vasovagal reaction. Durai puncture has been esti- 
mated to occur in 0.5% to 5% of patients having cervical or 
lumbar épidural steroid injections. The anesthesiology litera- 
ture reported a 7.5% to 75% incidence of postdural puncture 
(positional) headaches, with the highest estimâtes associated 
with the use of 16- and 18-gauge needles. Headache without 
durai puncture has been estimated to occur in 2% of patients 
and is attributed to air injected into the épidural space, 
increased intrathecal pressure from fluid around the durai 
sac, and possibly an undetected durai puncture. Some minor, 
common complaints caused by corticosteroid injected into 
the épidural space include nonpositional headaches, facial 
flushing, insomnia, low-grade fever, and transient increased 
back or lower extremity pain. Epidural corticosteroid injec¬ 
tions are contraindicated in the presence of infection at the 
injection site, systemic infection, bleeding diathesis, uncon- 
trolled diabètes mellitus, and congestive heart failure. 


We perform épidural corticosteroid injections in a fluo- 
roscopy suite equipped with resuscitative and monitoring 
equipment. Intravenous access is established in ail patients 
with a 20-gauge angiocatheter placed in the upper extremity. 
Mild sédation is achieved through intravenous access. We 
recommend the use of fluoroscopy for diagnostic and thera¬ 
peutic épidural injections for several reasons. Epidural injec¬ 
tions performed without fluoroscopie guidance are not always 
made into the épidural space or the intended interspace. Even 
in experienced hands, needle misplacement occurs in 40% of 
épidural injections when done without fluoroscopie guid¬ 
ance. Accidentai intravascular injections also can occur, and 
the absence of blood return with needle aspiration before 
injection is an unreliable indicator of this complication. In 
the presence of anatomie anomalies, such as a midline épidu¬ 
ral septum or multiple separate épidural compartments, the 
desired flow of épidural injectants to the presumed pain 
generator is restricted and remains undetected without fluo¬ 
roscopy. In addition, if an injection fails to relieve pain, it 
would be impossible without fluoroscopy to détermine 
whether the failure was caused by a genuine poor response 
or by improper needle placement. 

■ CERVICAL EPIDURAL INJECTION 

Cervical épidural steroid injections hâve been used with some 
success to treat cervical spondylosis associated with acute 
dise disruption and radiculopathies, cervical strain syndromes 
with associated myofascial pain, postlaminectomy cervical 
pain, reflex sympathetic dystrophy, postherpetic neuralgia, 
acute viral brachial plexitis, and muscle contraction head¬ 
aches. The best results with cervical épidural steroid injections 
hâve been in patients with acute dise herniations or well- 
defined radicular symptoms and in patients with limited 
myofascial pain. In a group of 70 patients with herniated 
cervical dises without myelopathy for which conservative 
management failed to relieve symptoms, cervical épidural 
steroid injections provided significant pain relief and avoided 
surgery in 63%. Better outcomes were noted in patients 
older than 50 years and those who received the injections 
earlier (< 100 days from diagnosis). At this time, we do not 
perform cervical transforaminal injections because of the 
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A f Posteroanterior view of cervical interlaminar epidurogram showing characteristic C7-T1 épidural contrast flow 
pattern. B f Latéral radiograph of cervical epidurogram. SEE TECHNIQUE 38-1. 


increasing number of reports of catastrophic neurologie 
complications involving injury to the spinal cord and brain- 
stem after cervical transforaminal injections. These injuries 
are the resuit of intraarterial injection into either a reinforcing 
radicular artery or the vertébral artery, the latter of which is 
the most common basis of complication. Injection into a 
radicular artery is an unavoidable complication but one 
that can be recognized by using real-time monitoring of a 
test dose of contrast medium. In the case of intraarterial 
injection, the procedure should be aborted to avoid injury to 
the spinal cord. 


INTERLAMINAR CERVICAL 
EPIDURAL INJECTION 


TECHNIQUE 38-1 


■ Place the patient prone on a pain management table. We 
use a low-attenuated carbon fiber tabletop that allows 
better imaging and permits unobstructed C-arm viewing. 
For optimal placement and comfort, place the patient's 
face in a cervical prone cutout cushion. 

■Cervical épidural injections using a paramedian approach 
should be done routinely at the C7-T1 interspace unless 
previous surgery of the posterior cervical spine has been 
done at that level, in which case the C6-7 or Tl-2 level 
is injected. Aseptically préparé the skin area with isopropyl 
alcohol and povidone-iodine several segments above and 
below the laminar interspace to be injected. If the patient 
is allergie to povidone-iodine, use chlorhexidine gluconate 
(Hibiclens). 

■ Drape the area in stérile fashion. 

■ Using anteroposterior fluoroscopie imaging, identify the 
target laminar interspace. With the use of a 27-gauge, 


1/4-inch needle, anesthetize the skin so that a skin 
wheal is raised over the target interspace on the side 
of the patient's pain with 1 to 2 mL of 1 % preservative- 
free lidocaine without epinephrine. To diminish the 
burning discomfort of the anesthetic, mix 3 mL of 
8.4% sodium bicarbonate in a 30-mL bottle of 1 % 
preservative-free lidocaine without epinephrine. Nick the 
skin with an 18-gauge hypodermic needle. Under fluoro¬ 
scopie control, insert and advance a 22-gauge, 3 1/2-inch 
spinal needle in a vertical fashion until contact is made 
with the upper edge of the Tl lamina 1 to 2 mm latéral 
to the midline. 

■ Anesthetize the lamina with 1 to 2 mL of 1% 
preservative-free lidocaine without epinephrine. Anesthe¬ 
tize the soft tissues with 2 mL of 1% preservative-free 
lidocaine without epinephrine as the spinal needle is 
withdrawn. 

■ Insert an 18-gauge, 3 1/2-inch Tuohy épidural needle, and 
advance it vertically within the anesthetized soft-tissue 
track until contact is made with the Tl lamina under 
fluoroscopy. 

■ "Walk off" the lamina with the Tuohy needle onto the 
ligamentum flavum. Remove the stylet from the Tuohy 
needle, and attach a 10-mL syringe filled halfway with air 
and stérile saline. Advance the Tuohy needle into the 
épidural space using the loss-of-resistance technique. 
When loss of résistance has been achieved, aspirate to 
check for blood or cerebrospinal fluid (CSF). If neither 
blood nor CSF is évident, remove the syringe from the 
Tuohy needle and attach a 5-mL syringe containing 
1.5 mL of nonionic contrast dye. 

■ Confirm épidural placement by producing an epiduro¬ 
gram with the nonionic contrast agent (Fig. 38-3). To 
confirm proper placement further, adjust the C-arm to 
view the area from a latéral perspective. A spot radio¬ 
graph can be obtained to document placement. 
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■ Inject a test dose of 1 to 2 mL of 1 % préservâtive-free 
lidocaine without epinephrine and wait 3 minutes. If the 
patient does not complain of warmth, burning, or signifi- 
cant paresthesias or show signs of apnea, place a 10-mL 
syringe on the Tuohy needle and slowly inject 2 mL of 

1 % preservative-free lidocaine without epinephrine and 

2 mL of 6 mg/mL Celestone Soluspan slowly into the 
épidural space. If Celestone Soluspan cannot be obtained, 
40 mg/mL of triamcinolone is a good substitute. 


ZYGAPOPHYSEAL (FACET) JOINT 
INJECTIONS 

The facet joint can be a source of back or neck pain; the exact 
cause of the pain is unknown. Théories include meniscoid 
entrapment and extrapment, synovial impingement, chon- 
dromalacia facetae, capsular and synovial inflammation, and 
mechanical injury to the joint capsule. Osteoarthritis is 
another cause of facet joint pain; however, the incidence of 
facet joint arthropathy is equal in symptomatic and asymp- 
tomatic patients. As with other osteoarthritic joints, radio¬ 
graphie changes correlate poorly with pain. 

Although the history and physical examination may 
suggest that the facet joint is the cause of spine pain, no 
noninvasive pathognomonic findings distinguish facet joint- 
mediated pain from other sources of spine pain. Fluoroscopi- 
cally guided facet joint injections are commonly considered 
the “gold standard” for isolating or excluding the facet joint 
as a source of spine or extremity pain. 

Clinical suspicion of facet joint pain by a spine specialist 
remains the major indicator for diagnostic injection, which 
should be done only in patients who hâve had pain for more 
than 4 weeks and only affer appropriate conservative measures 
hâve failed to provide relief. Facet joint injection procedures 
may help to focus treatment on a spécifie spinal segment and 
provide adéquate pain relief to allow progression in therapy. 
Either intraarticular or médial branch blocks can be used for 
diagnostic purposes. Although injection of cortisone into the 
facet joint was a popular procedure through most of the 1970s 
and 1980s, many investigators hâve found no evidence that 
this effectively treats low back pain caused by a facet joint. The 
only controlled study on the use of intraarticular corticoste- 
roids in the cervical spine found no added benefit from 
intraarticular betamethasone over bupivacaine. 

■ CERVICAL FACET JOINT 


CERVICAL MEDIAL BRANCH BLOCK 
INJECTION 


TECHNIQUE 38-2 


■ Place the patient prone on the pain management table. 
Rotate the patient's neck so that the symptomatic side is 
down. This allows the vertébral artery to be positioned 





Proper needle placement for posterior approach 
to C4 and C6 médial branch blocks. Second cervical ganglion (g), 
third occipital nerve (ton), C2 ventral ramus (C2vr), and latéral 
atlantoaxial joint (laaj) are noted. a, articular facet; mb, médial 
branch. SEE TECHNIQUE 38-2. 


further beneath the articular pillar, créâtes greater accen¬ 
tuation of the cervical waists, and prevents the jaw from 
being superimposed. Aseptically préparé and drape the 
side to be injected. 

■ Identify the target location using anteroposteriorly 
directed fluoroscopy. Each cervical facet joint from C3-4 
to C7-T1 is supplied from the médial nerve branch above 
and below the joint that curves consistently around the 
"waist" of the articular pillar of the same numbered 
vertebrae (Fig. 38-4). To block the C6 facet joint nerve 
supply, anesthetize the C6 and C7 médial branches. 

■ Insert a 22- or 25-gauge, 3 1/2-inch spinal needle per- 
pendicular to the pain management table and advance it 
under fluoroscopie control ventrally and medially until 
contact is made with periosteum. Direct the spinal needle 
laterally until the needle tip reaches the latéral margin of 
the waist of the articular pillar, and then direct the needle 
until it rests at the deepest point of the articular pillar's 
concavity under fluoroscopy. 

■ Remove the stylet. If there is a négative aspirate, inject 
0.5 mL of 0.75% preservative-free bupivacaine. 


CERVICAL DISCOGRAPHY 

The approach to the cervical spine differs from the approaches 
used for discography of the lumbar and thoracic spine. The 
cervical spine is approached anteriorly rather than posteriorly. 
Complications associated with cervical discography because 
of the surrounding anatomy include injury to the trachea, 
esophagus, carotid artery, and jugular veins and spinal cord 
injury and pneumothorax. Discitis is a concern in the cervical 
spine; dise infection often originates from the gram-negative 
and anaérobie flora of the esophagus. 

Traditionally, the approach to the cervical intervertébral 
dises has been via a paralaryngeal route that requires 
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displacement of the trachea and esophagus away from the site 
of entry. A more latéral approach that is gaining popularity 
bypasses these structures and does not require such 
displacement. 


CERVICAL DISCOGRAPHY 


TECHNIQUE 38-3 


(FALCO) 

■ Place the patient supine on the procedure table. 

■ Insert an angiocatheter into the upper extremity and 
begin intravenous antibiotic infusion. Alternative^, intra- 
discal antibiotics can be given during surgery. 

■ Sedate the patient, and préparé and drape the skin 
sterilely, including the antérolatéral aspect of the neck. 

■ Under fluoroscopie imaging, identify the intervertébral 
dises with aligned endplates and sharp margins of the 
intervertébral dises. Approach the paralaryngeal area 
from the right, using a finger to displace the esophagus 
and trachea to the left and the carotid artery to the right. 
With the other hand, insert a 2- or 3 1/2-inch spinal 
needle over the finger through the skin and into the outer 
anulus of the dise. Advance the needle into the center of 
the dise, using anteroposterior and latéral fluoroscopie 
guidance. 

■ An alternative method is a more latéral approach to the 
cervical spine using a single needle. This approach may 
reduce the incidence of infection by passing the needle 
posterior to the trachea and esophagus en route to the 
dise space. Position the patient or the C-arm to place the 
cervical spine in an oblique position for optimal foraminal 
exposure and continue adjusting until the endplates, 
dise space, and uncovertebral process are in sharp focus 
(Fig. 38-5). 

■ Insert a 2- or 3 1/2-inch needle into the skin and advance 
it until the tip makes contact with the subjacent uncover¬ 
tebral process. "Walk off" the needle just anterior to the 
uncovertebral process. Advance the needle into the 
center of the dise, using anteroposterior and latéral fluo¬ 
roscopie guidance. 

■ After needle placement with either technique, the rest of 
the procedure is essentially the same as that described for 
thoracic or lumbar discography (Chapter 39). 

■ Inject either saline or a nonionic contrast dye into each 
dise. 

■ Record any pain response as none, dissimilar, similar, or 
exact in relationship to the patient's typical pain. Record 
intradiscal pressures to assist in determining if the dise is 
the cause of the pain. 

■ Perform radiography and CT of the cervical spine on 
completion of the study. 


CERVICAL DISC DISEASE 

Herniation of the cervical intervertébral dise with spinal 
cord compression has been identified since Key detailed the 
pathologie findings of two cases of cord compression by 



Foraminal position for performing cervical dis¬ 
cography with antérolatéral approach. f, foramen; v, vertébral 
body; d, intervertébral dise. (Courtesy of Frank J. E. Falco, MD.) SEE 

TECHNIQUE 38-3. 


“intervertébral substance” in 1838. Cervical dise disease is 
slightly more common in men. Factors associated with the 
injury are frequent heavy lifting on the job, cigarette smoking, 
and frequent diving from a board. Patients with cervical dise 
disease also are likely to hâve lumbar dise disease. MRI has 
shown increasing cervical dise degeneration with âge. 

The pathophysiology of cervical dise disease is the same 
as degenerative dise disease in other areas of the spine. Physi¬ 
ologie changes in the nucléus are followed by progressive 
annular degeneration. Frank extrusion of nuclear material 
can occur as a complication of this normal degenerative 
process. As the dise degeneration proceeds, hypermobility of 
the segment can resuit in instability or degenerative arthritic 
changes or both. In contrast to those in the lumbar spine, 
these hypertrophie changes are predominantly at the unco¬ 
vertebral joint (uncinate process) (Fig. 38-6). Hypertrophie 
changes eventually develop around the facet joints and verté¬ 
bral bodies. Progressive stiffening of the cervical spine and 
loss of motion are the usual resuit in the end stages. Hyper¬ 
trophie spurring anteriorly occasionally results in dysphagia. 
Increased amounts of matrix metalloproteinases, nitric oxide, 
prostaglandin E 2 , and interleukin-6 hâve been identified in 
dise material removed from cervical dise hernias, suggesting 
that these products are involved in the biochemistry of dise 
degeneration. These substances also are implicated in pain 
production. 

The classic approach to dises in this région has been 
posteriorly with laminectomy. Currently, anterior cervical 
discectomy with fusion is the procedure of choice when the 
dise is removed anteriorly to avoid dise space collapse, prevent 
painful and abnormal cervical motion, and speed interverté¬ 
bral fusion. Foraminotomy is the procedure of choice when 
the dise fragment is latéral and can be removed posteriorly. 

SIGNS AND SYMPTOMS 

The signs and symptoms of cervical intervertébral dise disease 
are best separated into symptoms related to the spine itself, 
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A f Comparison of points at which nerve roots emerge from cervical and lumbar spine. B, Cross-sectional view of cervi¬ 
cal spine at level of dise (D). Uncinate process (U) forms ventral wall of foramen. Root (N) exits dorsal to vertébral artery (A). 


symptoms related to nerve root compression, and symptoms 
of myelopathy. Several authors reported that when the dise is 
punctured anteriorly for the purpose of discography, pain is 
noted in the neck and shoulder. Complaints of neck pain, 
médial scapular pain, and shoulder pain are probably related 
to primary pain around the dise and spine. Anatomie studies 
hâve indicated cervical dise and ligamentous innervations. 
This has been inferred to be similar in the cervical spine to 
that of the lumbar spine with its sinu-vertebral nerve. 

Symptoms of root compression usually are associated 
with pain radiating into the arm or chest with numbness in 
the fingers and motor weakness. Cervical dise disease also 
can mimic cardiac disease with chest and arm pain. Usually 
the radicular symptoms are intermittent and combined with 
more frequent neck and shoulder pain. 

The signs of midline cervical spinal cord compression 
(myelopathy) are unique and varied. The pain is poorly local- 
ized and aching and may be only a minor complaint. Occa- 
sional sharp pain or generalized tingling may be described 
with neck extension. This is similar to the Lhermitte sign in 
multiple sclerosis. The pain can be in the shoulder and pelvic 
girdles; it is occasionally associated with a generalized feeling 
of weakness in the lower extremities and a feeling of instabil- 
ity. Global numbness in the upper extremities and difhculty 
with fine motor coordination are common findings. Gait 
disturbances and difficulty with tandem gait may be the first 
symptoms. 

In patients with prédominant cervical spondylosis, symp¬ 
toms of vertébral artery compression also may be found, 
including dizziness, tinnitus, intermittent blurring of vision, 
and occasional épisodes of retroocular pain. The signs of 
latéral root pressure from a dise or osteophytes are predomi- 
nantly neurologie (Boxes 38-2 to 38-6). By evaluatingmultiple 



C5 Nerve Root Compression 


Sensory Déficit 

Upper latéral arm and elbow 

Motor Weakness 

Deltoid 

Biceps (variable) 

Reflex Change 

Biceps (variable) 

Indicative of C4-5 dise rupture or other pathologie condition at that level. 



C6 Nerve Root Compression 


Sensory Déficit 

Latéral forearm, thumb, and index finger 

Motor Weakness 

Biceps 

Extensor carpi radialis longus and brevis 

Reflex Change 

Biceps 

Brachioradialis 

Indicative of C5-6 dise herniation or other local pathologie condition at that 
level. 
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$ 


Indicative of C6-7 dise rupture or other pathologie condition at that level. 



$ 


Indicative of C7-T1 dise rupture or other pathologie condition at that level. 



$ 


Indicative of Tl-2 dise rupture or other pathologie condition at that level. 


motor groups, multiple levels of deep tendon reflexes, and 
sensory abnormalities, the level of the lésion can be localized 
as accurately as any other lésion in the nervous System. The 
multiple innervation of muscles sometimes can lead to confu¬ 
sion in determining the exact root involved. For this reason, 
MRI or other studies done for imaging confirmation of the 
clinical impression usually are helpful. 

Rupture of the C4-5 dise with compression of the C5 
nerve root should resuit in weakness in the deltoid and biceps 
muscles. The deltoid is almost entirely innervated by C5, but 
the biceps has dual innervation. The biceps reflex may be 
diminished with injury to this nerve root, although it also has 
a C6 component, and this must be considered. Sensory testing 
should show a patch on the latéral aspect of the proximal arm 
to be diminished (Fig. 38-7). 


Rupture of the C5-6 dise with compression of the C6 root 
can be confused with other root levels because of dual inner¬ 
vation of structures. Weakness may be noted in the biceps 
and extensor carpi radialis longus and brevis. As mentioned 
earlier, the biceps is dually innervated by C5 and C6, whereas 
the long extensors are dually innervated by C6 and C7. The 
brachioradialis and biceps reflexes also may be diminished at 
this level. Sensory testing usually indicates a decreased sen- 
sibility over the latéral proximal forearm, thumb, and index 
finger. 

Rupture of the C6-7 dise with compression of the C7 root 
frequently results in weakness of the triceps. Weakness of the 
wrist flexors, especially the flexor carpi radialis, also is more 
indicative of C7 root problems. Extensor digitorum com- 
munis weakness also can indicate C7 root involvement and 
may be more readily apparent because of the normal relative 
weakness of this muscle compared with the triceps. Weakness 
of the flexor carpi ulnaris usually is caused more by C8 
lésions. As mentioned earlier, finger extensors also may be 
weakened in that they hâve C7 and C8 innervation. The 
triceps reflex may be diminished. Sensation is diminished in 
the middle finger. C7 sensibility varies because it is so narrow, 
and overlap is prominent. Definite sensibility change can be 
difficult to document. 

Rupture between C7 and Tl with compression of the C8 
nerve root results in no reflex changes. Weakness may be 
noted in the finger flexors and in the interossei of the hand. 
Sensibility is lost on the ulnar border of the palm, including 
the ring and little fingers. Compression of the Tl nerve root 
produces weakness of the interosseous muscles, decreased 
sensibility around the médial aspect of the elbow, and no 
reflex changes. 

Care should be taken in the examination of the extremity 
when radicular problems are encountered to rule out more 
distal compression syndromes in the upper extremities, such 
as thoracic outlet syndrome, carpal tunnel syndrome, and 
cubital tunnel syndrome. The lower extremities should be 
examined with spécial attention to long tract signs indicating 
myelopathy. 

Although no tests for movement of the upper extremity 
correspond with straight-leg raising tests in the lower extrem¬ 
ity, the Spurling test is a maneuver that is 95% sensitive and 
94% spécifie for diagnosing cervical nerve root pathology. A 
positive Spurling sign occurs when pain radiâtes in a derma- 
tomal distribution ipsilaterally when the examiner turns the 
patients head to the affected side while extending the neck 
and applying downward pressure on the head. 

The shoulder abduction relief sign is another clinical sign 
that can be helpful in diagnosing cervical root compression 
syndromes. The test consists of shoulder abduction and elbow 
flexion with placement of the hand on the top of the head. 
This maneuver should relieve the arm pain caused by radicu¬ 
lar compression. If this position is allowed to persist for 1 or 
2 minutes and pain is increased, more distal compressive 
neuropathies such as a tardy ulnar nerve syndrome (cubital 
tunnel syndrome) or primary shoulder pathologie conditions 
often are the cause. 

Cervical paraspinal spasm and limitation of neck 
motion are frequent findings of cervical spine disease but 
do not indicate a spécifie pathologie process. Spécial 
maneuvers involving neck motion can be helpful in the 
sélection of conservative treatment and identification of 
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pathologie processes. The distraction test, which involves 
the examiner placing the hands on the occiput and jaw and 
distracting the cervical spine in the neutral position, can 
relieve root compression pain, but also can increase pain 
caused by ligamentous injury. Neck extension and flexion 
with or without traction can be helpful in selecting conser¬ 
vative thérapies. 

Patients relieved of pain with the neck extended, with or 
without traction, usually hâve hyperextension syndromes 
with ligamentous injury posteriorly, whereas patients relieved 
of pain with distraction and neck flexion are more likely to 
hâve nerve root compression caused by a soft ruptured dise 
or more likely hypertrophie spurs in the neural foramina. 
Pain usually is increased in any condition with compression. 
One must be careful before applying compression or distrac¬ 
tion to ensure no cervical instability or fracture is présent. 
One also must be careful in interpreting the distraction test 
to ensure the temporomandibular joint is not diseased or 
injured because distraction also would increase the pain in 
this area. 

The signs of midline dise herniation are those of spinal 
cord compression. If the lésion is high in the cervical région, 
paresthesias, weakness, atrophy, and occasionally fascicula¬ 
tions may occur in the hands. A Hoffman sign (upper cervical 
spinal cord) or the inverted radial reflex also may be présent 
when the pathology is at or above the C5/6 level. Most 
commonly, however, the first and most prominent symptoms 


C5 neurologie level. 


are those of involvement of the corticospinal tract; less com¬ 
monly, the posterior columns are affected. The primary signs 
are sustained clonus, hyperactive reflexes, and the Babinski 
reflex. Less significant findings are varying degrees of spastic- 
ity, weakness in the legs, and impairment of proprioception. 
Equilibrium may be grossly disturbed, but sense of pain and 
température sense rarely are lost and usually are of little local - 
izing value. 

DIFFERENTIAL DIAGNOSIS 

The differential diagnosis of cervical dise disease is best sepa- 
rated into extrinsic and intrinsic factors. Extrinsic factors 
generally include disease processes extrinsic to the neck 
resulting in symptoms similar to primary neck problems. 
Included in this group are tumors of the chest; nerve com¬ 
pression syndromes distal to the spine; degenerative processes, 
such as shoulder and upper extremity arthritis; temporoman¬ 
dibular joint syndrome; and lésions around the shoulder, 
such as acute and chronic rotator euff tears and impingement 
syndromes. Intrinsic problems primarily consist of lésions 
directly associated with the cervical spine, the most common 
being cervical dise degeneration with concomitant dise her¬ 
niation or later development of hypertrophie arthritis. Con¬ 
génital factors, such as spinal stenosis in the cervical région, 
also may produce symptoms. Primary and secondary tumors 
of the cervical spine and fractures of the cervical vertebrae 
also should be considered as intrinsic lésions. 
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Odom et al. categorized cervical dise disease into four 
groups: (1) unilatéral soft dise protrusion with nerve root 
compression; (2) foraminal spur, or hard dise, with nerve root 
compression; (3) médial soft dise protrusion with spinal cord 
compression; and (4) transverse ridge or cervical spondylosis 
with spinal cord compression. Soft dise herniations usually 
affect one level, whereas hard dise herniations can affect 
multiple levels. Central lésions usually resuit in cord com¬ 
pression symptoms, and latéral lésions usually resuit in 
radicular symptoms. 

Most of the soft dise herniations in the sériés of Odom 
et al. occurred at the C6 interspace (70%) and C5 interspace 
(24%). Only six occurred at the C7 interspace. Foraminal 
spurs also were found predominantly at the C6 interspace 
(48%). The C5 interspace (39%) and C7 interspace (13%) 
accounted for the remaining levels where foraminal spurs 
were found. These investigators also noted the incidence of 
médial soft dise protrusion with myelopathy to be rare (14 of 
246 patients). 

CONFIRMATORY IMAGING 

Radiographie évaluation of the cervical spine frequently 
shows loss of normal cervical lordosis. Disc space narrowing 
and hypertrophie changes frequently increase with âge 
but are not indicative of cervical dise rupture. Usually radio - 
graphs are most helpful to rule out other problems. Oblique 
radiographs of the cervical spine may reveal foraminal 
encroachment. 

MRI of the cervical spine has rapidly become the major 
diagnostic procedure for neck, arm, and shoulder symptoms. 
MRI should confirm the objective clinical findings. Asymp- 
tomatic findings should be expected to increase with the âge 
of the patient. Cervical myelography usually is indicated only 
affer noninvasive évaluation by MRI fails to reveal the cause 
or level of the lésion or the patient is unable to obtain an MRI. 
If MRI is inconclusive, electromyography or nerve conduc¬ 
tion velocity may be indicated to show active radiculopathy 
before proceeding with myelography, especially if the history 
and physical examination are not strongly supportive of the 
presence of radiculopathy. 

Cervical discography is a controversial technique with 
limited benefits. It is not indicated in frank dise rupture, 
spondylosis, or spinal stenosis. The primary use is in patients 
with persistent neck pain without localized neurologie find¬ 
ings in whom standard MRI, myelography, and CT scan are 
inconclusive. Some investigators maintain that isolated 
painful dises can be identified in some patients by discogra¬ 
phy. A degenerative dise without pain on injection is not 
likely to be the source of the patients complaint. Cervical 
discography requires considérable care and caution. It should 
be considered a preoperative test in patients in whom an 
anterior dise excision and interbody fusion are considered for 
primary neck and shoulder pain. Assessing the psychosocial 
well-being of a patient is recommended before proceeding 
with operative treatment. Great care is required in the tech¬ 
nique and in the interprétation if reproducible results are 
desired. Cervical root blocks also hâve been suggested for the 
localization and confirmation of symptomatic root compres¬ 
sion when used in conjunction with cervical discography. 
Facet joint injections also should be considered before fusion 
as a therapeutic and diagnostic procedure. These procedures 
were described earlier in this chapter. 


When a component of dynamic cord compression is 
présent, myelography remains a valuable tool, although 
dynamic MRI has reduced the rôle of myelography. Myelog¬ 
raphy is performed for ruptured cervical dises. Considérable 
attention must be paid to the flow of the column of contrast 
medium with the neck in hyperextended, neutral, and flexed 
positions. One cannot conclude that spinal cord compression 
is not présent until one is certain that the cephalad flow of 
the medium is not obstructed with the neck acutely hyperex¬ 
tended. The neck should be hyperextended carefully because 
of the danger of further damage to the spinal cord. Cervical 
dynamic instability can be shown because the cephalad flow 
of contrast material is blocked between the lamina of the 
cephalad level and the dise or body of the caudal level. 

NONOPERATIVE TREATMENT 

As discussed earlier, most patients with symptomatic cervical 
dise herniations respond well to nonoperative treatment, 
including some patients with nonprogressive radicular weak- 
ness (between 70% and 80%). Reasonably good evidence 
shows that acute dise herniations decrease in size over time 
in the cervical région. Many conservative treatment methods 
for neck pain are used for multiple diagnoses. The primary 
purpose of the cervical spine and associated musculature is to 
support and mobilize the head while providing a conduit for 
the nervous System. The forces on the cervical spine are much 
smaller than on the lower spinal levels. The cervical spine is 
vulnérable to muscular tension forces, postural fatigue, and 
excessive motion. Most nonoperative treatments focus on one 
or more of these factors. The best primary treatment is short 
periods of rest, massage, ice, and antiinflammatory agents 
(glucocorticoids or nonsteroidal antiinflammatory) with 
active mobilization as soon as possible. The position of the 
neck for comfort is essential for relief of pain. The position of 
greatest relief may suggest the offending pathologie process or 
mechanism of injury. Patients with hyperflexion injuries 
usually are more comfortable with the neck in extension over 
a small roll under the neck. No spécifie position indicates 
latéral dise herniation, although most patients tolerate the 
neutral position best. Patients with spondylosis (hard dise) are 
most comfortable with the neck in flexion. 

Cervical traction can be helpful in selected patients. Care 
must be exercised in instructing the patient in the proper use 
of traction. It should be applied to the head in the position of 
maximal pain relief. Traction never should be continued if it 
increases pain. The weights should rarely exceed 10 lb (weight 
of the head). The proper head halter and duration of traction 
sessions should be chosen to prevent irritation of the tem- 
poromandibular joint. Traction applied by a patient-controlled 
pneumatic force, which is more mobile than halter-type units, 
avoids irritation of the temporomandibular joint. Traction 
also should allow general relaxation of the patient. “Poor 
maris” traction is a simple method of evaluating the efficacy 
of cervical traction. It uses the weight of the unsupported 
head for the traction weight (about 10 lb). For extension 
traction, the patient is supine and the head is allowed to 
extend gently off the examining table or bed. For flexion, the 
same procedure is repeated in the prone position. The patient 
continues the exercise in the position that is most comfort¬ 
able for 5 to 10 minutes several times daily. 

The postural aspects of neck pain can be treated with 
more frequent changes in position and ergonomie changes in 
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the work area to prevent fatigue and encourage good posture. 
Techniques to minimize or relieve tension also are helpful. 

Cervical braces usually limit excessive motion. Similar to 
traction, they should be tailored to the most comfortable neck 
position. Except in cases of trauma, use of an orthosis should 
be limited to prevent atrophy of the musculature. They may 
be most helpful for patients who are very active. 

Neck and shoulder exercises are most bénéficiai as the 
acute pain subsides. Isométrie exercises are helpful in the 
acute phase. Occasionally, shoulder problems, such as adhe- 
sive capsulitis, may be found concomitantly with cervical 
spondylosis; complété immobilization of the painful extrem- 
ity should be avoided. Physical therapy should be initiated. 

OPERATIVE TREATMENT 

The primary indications for operative treatment of cervical 
dise disease are (1) failure of nonoperative pain manage¬ 
ment; (2) increasing and significant neurologie déficit; and 
(3) cervical myelopathy, which predictably progresses, based 
on natural history studies. In most patients, the persistence 
of pain is the primary indication. The intensity of the persis¬ 
tent pain should be severe enough to interfère consistently 
with the patients desired activity and greater than would 
reasonably be expected affer operative treatment. The 
approach chosen should be determined by the location and 
type of lésion. Soft latéral dises are easily removed with the 
posterior approach, whereas soft central or hard dises 
(central or latéral) probably are best treated with an anterior 
approach. Any controversy that existed relative to the need 
for fusion with anterior discectomy essentially has been 
resolved with long-term follow-up studies of patients 
without fusion, such as that by Yamamoto et al. Osteophytes 
that were not removed at surgery frequently hâve been 
shown to be reabsorbed at the level of fusion. The use of a 
graff also prevents the collapse of the dise space and main- 
tains adéquate foraminal size. 

■ POSTERIOR APPROACH TO THE 
CERVICAL SPINE 


REMOVAL OF POSTEROLATERAL 
HERNIATIONS BY POSTERIOR 
APPROACH (POSTERIOR CERVICAL 
FORAMINOTOMY) 


TECHNIQUE 38-4 


■ With the patient under general endotrachéal anesthésia 
in the prone position and the head in a Mayfield posi- 
tioner, flex the neck to decrease the cervical lordosis as 
much as possible. The upright position for surgery 
decreases venous bleeding, but we are reluctant to rec- 
ommend its use because of concern regarding the pos- 
sibility of air embolism and cérébral hypoxia in the event 
of a significant décliné in blood pressure. Usually a slight 
reverse Trendelenburg position works well in posterior 
cervical surgery coupled with careful dissection to mini- 
mize bleeding. The shoulders are retracted inferiorly with 


tape if imaging of the lower cervical levels is contem- 
plated. This imaging is needed if a microsurgical technique 
using tubular retractors is chosen (see Technique 38-5). 

■ Appropriately préparé and drape the operative field. 

■ Make a midline incision centered on the spinous process 
tip of the cephalad level involved (Fig. 38-8A) and 2 cm 
in length. Retract the edges of this incision and the skin 
withdraws in a cephalad direction so that the wound 
becomes properly placed. 

■ Divide the ligamentum nuchae longitudinally to expose the 
tips of the spinous processes above and below the desig- 
nated area. The correct position is reasonably well ensured 
by palpation of the last bifid spinous process, which usually 
is C6. It must be verified intraoperatively, however, by a 
marker attached to the spinous process and documented 
on the latéral cervical spine radiograph. 

■ Dissect subperiosteally the paravertebral muscles from the 
laminae on the side of the lésion and retract them with 
a self-retaining retractor or with the help of an assistant 
using a hand-held retractor (Fig. 38-8B). 

■ With a small high-speed burr, drill away the caudal edge 
of the latéral portion of the lamina cephalad to the 
interspace. Usually minimal bone removal from the 
cephalad edge of the latéral portion of the caudal lamina 
is needed. Only a small amount of the médial portion of 
the facet needs to be removed in most patients. A small 
Kerrison rongeur (1 to 2 mm) can be used to enlarge this 
keyhole as needed. 

■Sharply excise the ligamentum flavum with a small Ker¬ 
rison rongeur and identify the nerve root, which is com- 
monly displaced posteriorly and flattened by pressure 
from the underlying dise fragments (Fig. 38-8C). Removal 
of additional bone along the dorsal aspect of the foramen 
and immediately above and below the nerve root often 
is bénéficiai at this point (Fig. 38-8D). 

■ When the bony removal has been completed, we prefer 
to use the operative microscope for the remainder of the 
procedure. This allows more délicate work around the 
neural éléments, while minimizing additional bone 
removal, and allows better hemostasis. 

■ The herniated nucléus pulposus most often lies slightly 
caudal to the center of the nerve root but occasionally is 
cephalad. Gently retract the nerve root superiorly to 
expose the extruded nuclear fragments or a distended 
posterior longitudinal ligament (Fig. 38-8E). The nerve 
root should not be retracted in a caudal direction. If 
additional exposure is needed, remove more bone rather 
than risk nerve root or spinal cord injury from traction on 
the root. To control troublesome venous oozing at this 
point, use bipolar cautery if possible. Otherwise, place 
tiny pledgets of cotton and thrombin-soaked absorbable 
gelatin sponge (Gelfoam) above and below the nerve 
root. Do not pack the pledgets tightly around the nerve. 
The nerve root can be retracted slightly in a cephalad 
direction to allow incision of the posterior longitudinal 
ligament over the herniated nucléus pulposus in a cruci- 
ate manner to permit the removal of the dise fragments 
(Fig. 38-8F). 

■ After removal of ail visible loose fragments, it is impéra¬ 
tive to search thoroughly for additional fragments laterally 
and medially. Ensure that the nerve root is thoroughly 
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Technique of removal of dise between fifth and sixth cervical vertebrae. A f Midline incision extending from spinous 
process of C5 to that of C6. B, Paraspinal muscles hâve been dissected from laminae and retracted laterally. Hole is to be drilled with 
high-speed burr (see text). C f Ligamentum flavum is being dissected. D f Defect measuring about 1.3 cm has been made (see text) to 
expose nerve root and latéral aspect of dura. E f Nerve root has been separated from nucléus and retracted superiorly to expose herniated 
dise. F f Longitudinal ligament has been incised, and loose fragment of nucléus is being removed. SEE TECHNIQUE 38-4. 


neither support nor physical therapy is necessary, and the 
patient's future activity is not restricted. Isométrie neck 
exercises, upper extremity range-of-motion exercises, and 
posterior shoulder girdle exercises can be useful for 
patients in whom atrophy or inactivity has been considér¬ 
able. A soft cervical collar can help relieve immédiate 
postoperative pain. 


decompressed by inserting a probe in the intervertébral 
foramen. If the nerve root still seems to be tight, remove 
more bone from the articular facets until the nerve root 
is completely free. Because récurrence is so rare, do not 
curet the intervertébral space. 

■ Remove any cotton pledgets and Gelfoam after meticu- 
lous hemostasis has been achieved. Hemostasis must be 
complété because postoperative hemorrhage can produce 
cord compression and quadriplegia. 

■ Close the wound by suturing the fascia to the supraspi- 
nous ligament with interrupted sutures and then suturing 
the subeutaneous layers and skin. 

POSTOPERATIVE CARE. Neurologie function is closely 
monitored after surgery. Discharge is permitted when the 
patient is ambulatory, which usually is the same day as 
surgery. Pain should be controlled with oral médication. 
Radicular pain relief usually is dramatic and prompt, 
although hypesthesia can persist for weeks or months. 
The patient is allowed to return to clérical work when 
comfortable and to manual labor after 6 weeks. As a rule, 


■ MINIMALLY INVASIVE POSTERIOR 
APPROACHES TO THE CERVICAL SPINE 

Because of the extensive subperiosteal stripping of the para- 
spinal musculature required for open posterior approaches, 
which can resuit in significant postoperative pain, muscle 
spasm, and dysfunction, less invasive procedures hâve been 
developed. Cited advantages of these “minimally invasive” 
techniques include shorter operative time, fewer operative 
risks, less blood loss, less postoperative pain, and earlier 
return to activity. The advent of muscle-splitting tubular 
retractor Systems and improvements in endoscopie technol- 
ogy hâve led to the development of microendoscopic and 
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full-endoscopie techniques for posterior cervical foraminot¬ 
omy and fusion. Indications for minimally invasive posterior 
cervical procedures include radiculopathy caused by latéral 
dise herniation or foraminal stenosis, persistent or récurrent 
nerve root symptoms affer anterior cervical discectomy, and 
cervical dise disease in patients for whom anterior approaches 
are contraindicated (e.g., those with anterior neck infection, 
tracheostomy, prior irradiation, previous radical neck surgery 
or neoplasm). Contraindications are much the same as those 
for open treatment and include pure axial neck pain without 
neurologie symptoms, gross cervical instability, symptomatic 
central dise herniation, and kyphotic deformity that would 
make posterior décompression ineffective. 


MINIMALLY INVASIVE POSTERIOR 
CERVICAL FORAMINOTOMY WITH 
TUBULAR DISTRACTORS 


TECHNIQUE 38-5 


(GALA, O'TOOLE, VOYADZIS, AND FESSLER) 

■ After induction of general anesthésia, place the patient 
in Mayfield three-point head fixation. Progressively flex 
the operating table to bring the patient into a semi-sitting 
position so that the head is flexed but not rotated and 
the long axis of the cervical spine is perpendicular to the 
floor. The sitting position allows decreased blood accu¬ 
mulation in the operative field, reduces blood loss and 
operative times, and improves latéral fluoroscopie images 
because of the gravity-dependent positioning of the 
shoulders. 

■ Secure the Mayfield frame to a table-mounted cross-bar 
and fold the patient's arms across the lap or chest, 
depending on body habitus. Pad the legs, hand, and arms 
to prevent positional neural injury. 

■ Confirm the operative level on latéral fluoroscopy while 
holding a long Kirschner wire or Steinmann pin over the 
latéral side of the patient's neck. 

■ Mark an 18-mm longitudinal incision approximately 
1.5 cm off the midline on the operative side and inject it 
with local anesthésia. 

■ Through a stab incision, advance a Kirschner wire slowly 
through the musculature under fluoroscopie guidance 
and dock it at the inferomedial edge of the rostral latéral 
mass of the level of interest (Fig. 38-9A). Be sure to 
identify and palpate bone and do not penetrate the 
interlaminar space where the laterally thinned ligamen- 
tum flavum may not protect against iatrogénie durai or 
spinal cord injury. 

■ Complété the incision approximately 1 cm rostral and 
caudal to the wire entry point and remove the wire. 

■ Incise the cervical fascia equal to the length of the incision 
with monopolar cautery or scissors so that muscle dilation 
can be done in a safe and controlled fashion. 

■ Reinsert the Kirschner wire under fluoroscopy and serially 
place the muscle dilators or, as an alternative, place the 
first dilator instead of the wire (Fig. 38-9B). 

■ After dilation is complété, place a 16- or 18-mm tubular 
retractor over the dilators and fix it over the laminofacet 


junction with a table-mounted flexible retractor arm 
(Fig. 38-9C); remove the dilators. 

■Attach a 25-degree angled glass-rod endoscope to the 
caméra, insert it, and attach it to the tube with a cylindri- 
cal plastic friction couple. 

■ Use monopolar cautery and pituitary rongeurs to clear the 
remaining soft tissue off the latéral mass and lamina, 
taking care to start the dissection over solid bone 
laterally. 

■ Use a small up-angled curet to gently detach the ligamen- 
tum flavum from the undersurface of the inferior edge of 
the lamina and use a Kerrison punch with a small foot- 
plate to begin the laminotomy (Fig. 38-9D and E). 

■ Subséquent steps differ little from the open procedure. 
Depending on the degree of facet hypertrophy, use the 
Kerrison punch to complété most of the laminotomy and 
early foraminotomy or use a drill if required. Using a 
fine-cutting bit and adjustable guard sleeve makes drilling 
around critical neural structures easier. 

■After the laminotomy, remove the ligamentum flavum 
medially to identify the latéral edge of the dura and 
proximal portion of the nerve root. Dorai bony resection 
should follow the nerve root into the foramen through a 
partial médial facetectomy. To maintain biomechanical 
integrity, preserve at least 50% of the facet. 

■ Carefully coagulate and incise the venous plexus overlying 
the nerve root. 

■ Use a fine-angled dissector to palpate the space ventral 
to the nerve root for osteophytes or dise fragments. If an 
osteophyte is présent, use a down-angled curet to tamp 
the material farther ventrally into the dise space or frag¬ 
ment it for subséquent removal. For a soft dise herniation, 
use a nerve hook passed ventrally and inferiorly to the 
root to gently tease the fragment away from the nerve; 
remove it with a pituitary rongeur (Fig. 38-9F and G). 

■ Inspect the foramen a final time for any further signs 
of compression and irrigate the field with antibiotic- 
impregnated solution. Obtain hemostasis with bipolar 
cautery, bone wax, or commercial hemostatic agent. 

■ Remove the tube and inject local anesthetic into the 
fascia and muscles surrounding the incision. 

■ Close the wound with one or two absorbable stitches for 
the fascia, two or three inverted stitches for the subeuta- 
neous layer, and a running subcuticular stitch and skin 
adhesive for the final skin closure. 

■ Place the patient supine and remove the Mayfield frame. 

POSTOPERATIVE CARE. The patient is mobilized as 
soon as possible. No cervical collar of any type is neces- 
sary. If medically stable, patients are typically discharged 
after 2 to 3 hours. 


Ruetten et al. described an all-endoscopic technique for 
posterior cervical foraminotomy using a 25-degree angle 
5.9-mm arthroscope, with working canal of 3.1-mm diameter. 
They reported no serious complications in 91 patients, of 
whom only 3 had récurrence of symptoms. Postoperative 
pain was significantly reduced compared with a similar group 
of patients with open foraminotomy, and return to work was 
significantly quicker (19 days compared with 34 days). 
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Minimally invasive posterior cervical foraminotomy with tubular distractors. A f Kirschner wire identification of area 
of interest. B, Placement of serial dilators. C f Placement of tubular retractor. D and E f Laminotomy and foraminotomy. F and G f Disc 
removal and nerve root décompression. (From Fessier RG, Khoo LT: Minimally invasive cervical microendoscopic foraminotomy: an initial clinical 
expérience, Neurosurgery 51 (Suppl 2):37, 2002.) SEE TECHNIQUE 38-5. 
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FULL-ENDOSCOPIC POSTERIOR 
CERVICAL FORAMINOTOMY 


TECHNIQUE 38-6 


(RUETTEN ETAL) 

■ With the patient prone and after induction of general 
anesthésia, mark the line of spinal joints under radiographie 
control, as for a conventional open foraminotomy. 

■ Détermine the location of the correct segment, make the 
skin incision, and insert a dilator into the facet joint. 

■ Insert the operating sheath through the dilator and 
remove the dilator. 

■ Préparé the joint segment and ligamentum flavum. Begin 
the foraminotomy by bone resection at the médial joint 
segments, resection of the latéral ligamentum flavum, 
and identification of the latéral edge of the dura and 
branching of the spinal nerve. 

■ Use 3-mm drills and bone punches inserted through the 
intraendoscopic working canal for bone resection. 

■ Use bipolar radiofrequency to coagulate the venous 
plexus. 

■ Depending on the particular pathology, extend the 
foraminotomy laterally or craniocaudally as needed. Take 
care to prevent excessive resection of the articular process. 

■ After completion of the foraminotomy, remove ail instru¬ 
ments and close the skin. No drainage is required. 

POSTOPERATIVE CARE. A soft brace is worn for 5 
days. 


I RESULTS 

In few, if any, operations in orthopaedic surgery are the 
results better than after the removal of a latéral herniated 
cervical dise. With either open or minimally invasive tech¬ 
niques, approximately 90% of patients hâve good results with 
relatively few complications. 

■ ANTERIOR CERVICAL ARTHRODESIS 

Anterior cervical discectomy with interbody fusion has 
gained wide acceptance by both orthopaedic surgeons and 
neurosurgeons in the management of refractory symptoms of 
cervical dise disease. The literature attests to a low incidence 
of major complications and postoperative morbidity and a 
high degree of success in relieving these symptoms. The 
fundamental différence in the many techniques is whether 
surgery is limited to simple discectomy and interbody fusion 
or whether an attempt is made to enter the spinal canal to 
remove osteophytes or otherwise decompress the spinal cord 
and nerve roots. 

Extrême care must be exercised in anterior fusion of the 
cervical spine because of significant potential complications, 
including injury to the cervical viscera and neurologie and 
vascular injury. Reported causes of complications related to 
fusion by the drill and dowel method include operation of a 
drill without the protection of the drill guard, which allowed 
the drill to enter the spinal canal; displacement of a dowel 
bone graff into the spinal canal, either during surgery or 


postoperatively, which damaged the cervical cord; and the use 
of electrocoagulation on the posterior longitudinal ligament. 
The use of a tricortical iliac graff is recommended for inter¬ 
body fusions. 

Anterior discectomy and interbody fusion has a wide 
application, producing excellent results in virtually ail forms 
of cervical dise disease and spondylosis, regardless of the 
objective neurologie signs. Despite subtle différences in surgi- 
cal technique, the intent of the procedure is discectomy and 
interbody fusion with no attempt to remove osteophytes. The 
extent to which the posterior and postérolatéral osteophytes 
with spondylosis contribute to the symptoms of cervical dise 
disease and the indications for removing them hâve not been 
completely defined. Offen the discrepancy between the degree 
of bony spurring or other radiographie changes and the 
symptoms présent is striking. Also, the level of neurologie 
involvement do es not always coincide with the site of the 
greatest radiographie findings. Because plain radiographs 
cannot provide the necessary information for identifying the 
level or levels of neural compression, either MRI or CT 
myelography when indicated is strongly recommended in 
operative planning; both provide the detailed diagnostic 
information necessary. In descending order of frequency, the 
dise levels involved with degenerative changes are C5, C6, and 
C4. Corrélation of the patients symptoms with diagnostic 
studies is crucial because 14% of asymptomatic patients 
younger than 40 years of âge and 28% of those older than 40 
years hâve significant abnormalities, as shown on MRI 
studies. The symptoms of the degenerative processes are 
related to the interplay of multiple aspects of the disease 
process and not solely to the amount of bony spurs présent. 
Observation of patients who hâve had fusions shows that a 
significant percentage of osteophytes but not ail will be 
spontaneously resorbed postoperatively in the presence of a 
stable interbody fusion. 

In our expérience, simple discectomy and interbody 
fusion without removal of the posterior longitudinal ligament 
or osteophytes has been adéquate in the treatment of neural 
compression caused by soft dise material. If the compression 
of neural tissue, especially the spinal cord, is caused by large 
osteophytes or an ossified posterior longitudinal ligament, 
direct décompression by removal of the compressing struc¬ 
tures has given superior results and is recommended (Fig. 
38-10). This is especially true if the T2 sequences on MRI 
demonstrate cord signal abnormality. In the hands of skilled 
surgeons, with the use of an operating microscope, a high- 
speed burr, small angled curets, and small Kerrison rongeurs, 
safe anterior excision of osteophytes and other offending 
structures from the spinal canal can be completed before 
grafting and stabilization. In selected instances, monitoring of 
somatosensory and motor evoked potentials is useful, primar- 
ily in patients with myelopathy or spinal cord signal abnor¬ 
mality, to minimize the risk of spinal cord injury from 
positioning or hypotension while the exposure and initial 
phase of décompression is being completed. 

I GENERAL COMPLICATIONS 

For every anatomie structure présent in the neck there is a 
possibility of a surgical error; however, poor results also occur 
because of poor indications and surgical technique. 

The wrong patient may be operated on because the neck 
is a common target for psychogenic pain. Careful preoperative 
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j[J A f Typical nonunion with fibrocartilage compromising canal. B f Collapse of graft leads to sharp angular kyphosis, 
which, combined with nonunion, causes compression of cord. C f Décompression through anterior approach. Hemicorporectomy per- 
formed cephalad and caudad to dise space with high-speed burr to create parallel surfaces of cancellous bone. Décompression completed 
with angled curets. D f Anterior bone grafting performed with tricortical Smith-Robinson bone graft countersunk into position. 


évaluation is essential to rule out a hysterical personality or a 
chronic anxiety State. In the absence of significant neurologie 
findings to localize the level of pathologie condition, great 
care in evaluating the patient s pain is essential. The relatively 
high incidence of imaging abnormalities in asymptomatic 
volunteers should be kept in mind. Adjunctive studies, includ- 
ing discography, may be of benefit. Disc degeneration may be 
a multifocal disease in the cervical spine; therefore, even if an 
examination seems to point to a single level, it is possible that 
within a short time other segments will become symptomatic 
and surgery will be of no long-term benefit. With multiple - 
level dise degeneration, results hâve not been gratifying. The 
best results are obtained with a single segment discectomy and 
fusion for definite nerve root impairment, spinal cord com¬ 
pression, or, less commonly, localized dise disease without 
root compression. Fusions of more than two segments per¬ 
formed for pain relief alone produce fair or poor results; 
improvement, not cure, is the best possible resuit. 

The operation can be done at the wrong level if an incor¬ 
rect vertébral count is made at surgery. Use of a localization 
film with a métal marker is mandatory, and the first or second 


cervical vertebra should always be shown on this check film. 
The marker needle should be directed cranially so that the tip 
butts the vertebra above and avoids the theca. Additionally, 
by placing two right-angle bends, beginning 1 cm proximal 
to the tip of the spinal needle, pénétration of the needle 
beyond a depth of 1 cm is prevented. 

The operation may be done in the wrong way\ for example, 
the récurrent laryngeal nerve, esophagus, or pharynx can be 
injured by retractors. Sympathetic nervous System injuries 
are avoided by dissecting in the correct planes. Keeping the 
dissection médial to the carotid avoids the sympathetic 
nervous System. An approach from the left was thought to be 
less likely to damage the récurrent laryngeal nerve. However, 
this has not been proved in recent studies. One large sériés 
suggested that compression of the récurrent laryngeal nerve 
may well be caused by endotrachéal tube position combined 
with trachéal retraction and may be decreased by deflating 
and reinflating the endotrachéal tube euff after retractor 
placement to allow the tube to reposition itself within the 
trachea. Instruments can tear the dura or compress neural 
tissue and must be used with extreme caution in removing 
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the posterior dise fragments and osteophytes. Small, angled 
curets and Kerrison rongeurs should be sharp to prevent the 
need for excessive force and loss of control of the instruments. 
Graffs must be accurately measured and tightly fitted under 
compression. 

The operation may be done at the wrong time. Timing of 
an operation is important; surgery should not be delayed if 
root conduction is significantly impaired. In patients in 
whom the clinical findings are purely subjective, considér¬ 
ation usually is given to delaying surgery until any possible 
litigation is settled. However, this can lead to chronic pain 
patterns that are difficult to eradicate. We rarely treat surgi- 
cally patients who do not hâve objectively demonstrated 
neural compression or neurologie déficits. Otherwise results 
seem, at best, unpredictable. 

I POSTOPERATIVE COMPLICATIONS 

Ail anterior surgical wounds are best drained to decrease the 
risks of a retropharyngeal hematoma, which can produce 
obstruction of the airway with its subséquent complications. 
A soft, closed-suction drainage System usually is inserted 
deep into the wound. Airway obstruction, although rare, 
typically occurs 12 to 36 hours postoperatively. Maximal 
swelling occurs 24 to 48 hours after procedure. 

Extrusion of a graft is most commonly seen in the treat- 
ment of fracture-dislocations of the neck with posterior 
instability. This is not common in fusions for dise degenera- 
tion when posterior stability of the ligamentous structures is 
not impaired. At this clinic, anterior plate stabilization and 
cervical orthosis for 6 to 8 weeks or posterior internai fixation 
is a routine adjunct when posterior ligamentous stability is 
lost for any reason and the anterior approach for arthrodesis 
is necessary. At times anterior stabilization combined with 
external fixation with a halo vest is used. Use of the halo vest 
may preclude the need for posterior internai fixation. 

A rectangular graft provides the best stability when 
compared with other graft types. Unless the graft extrudes 
more than 50% of its depth, or unless it causes dysphagia, 
révision surgery usually is not indicated. The extruded 
portion will be resorbed, and the graft will ossify as the 
arthrodesis heals. If healing time is protracted, external 
immobilization time should be adjusted accordingly. 

Complications related to anterior instrumentation hâve 
been reported. Locking-type plate devices minimize the risk 
of screws backing out and esophageal or trachéal perforation. 
This type of device also precludes the need for bicortical 
drilling and thereby decreases the risk for spinal cord injury 
during drilling or screw placement. 

Nonunion of an anterior cervical fusion is unusual. With 
multiple-level interbody fusions, however, the pseudarthrosis 
rate increases in a nonlinear fashion. For single-level fusions 
the literature reports a 3% to 7% nonunion rate even with 
autograff bone. Similar pseudarthrosis rates are noted with 
single-level fusions using allograff. With autogenous iliac 
tricortical graffs, the nonunion rate in two-level interbody 
fusions without anterior instrumentation ranges from 12% to 
18%. However, the addition of stable internai fixation reduces 
this significantly. This also is true for three or more level 
fusions. Allograff bone should not be used for multiple-level 
interbody fusions without anterior plating because of a high 
nonunion rate. Multiple-level anterior fusions using adjunc- 
tive anterior plate fixation with allograff bone can provide 


satisfactory fusion rates, although the results are not as good 
as with autograff. When nonunions occur, typically they 
occur at the caudalmost segment. 

If a cervical pseudarthrosis is determined to be 
symptomatic, usually it is best managed by posterior cervical 
fusion. If a significant anterior pathologie condition persists, 
satisfactory révision anterior surgery can be performed (see 
Fig. 38-10). 

When anterior cervical arthrodesis is being done for 
traumatic disorders with résultant instability from ligamen¬ 
tous tears or posterior element fractures, postoperative treat- 
ment must be planned to accommodate this added factor. The 
postoperative care described here usually applies to arthro¬ 
desis for “stable” degenerative or other nontraumatic condi¬ 
tions. If cervical instability is présent, or if two or more dise 
levels are fused, such as with corpectomy, anterior internai 
fixation and immobilization are routinely used. 

Three basic techniques hâve been used for anterior cervi¬ 
cal dise excision and fusion. The Cloward technique involves 
making a round hole centered at the dise space. A slightly 
larger, round iliac crest plug is inserted into the dise space 
hole. The Smith-Robinson technique involves inserting a 
tricortical strut of iliac crest into the dise space aff er removing 
the dise and cartilaginous endplate. The graft is inserted with 
the cancellous side facing the cord (posterior). This technique 
has been modified by fashioning the tricortical graft to be 
thicker in its midportion and inserting the graff with the 
cancellous portion facing anteriorly. The Bailey-Badgley 
technique involves the création of a slot in the superior and 
inferior vertébral bodies. This technique is most applicable 
to reconstruction when one or more vertébral bodies are 
excised for tumor, stenosis, or other extensive pathologie 
conditions. This technique has been modified by using a 
keystone graff that increases the surface area of the graff by 
30% and allows more complété locking of the graff. Biome- 
chanically, the Smith-Robinson technique provides the great- 
est stability and least risk of extrusion compared with the 
Cloward and Bailey-Badgley types of fusions. 

A leff-sided approach was recommended for years to 
avoid récurrent laryngeal nerve injury. Recent studies, 
however, hâve shown no différence in injury rate to this nerve 
when comparing approaches. Approach side should be 
chosen based on the surgeons comfort. Patients who hâve 
dysphagia, dysphonia, or a history of prior neck surgery on 
preoperative examination should undergo an évaluation of 
vocal cords and swallowing. If a paralyzed vocal cord is 
identified, the approach should be on the ipsilateral side of 
vocal cord paralysis. 


SMITH-ROBINSON ANTERIOR 
CERVICAL FUSION 


TECHNIQUE 38-7 


(SMITH-ROBINSON ETAL.) 

■ Place the patient supine on the operating table with a 
small roll in the interscapular area. 

■ Apply a head halter if anterior plate fixation is to be used. 
Apply 5 to 10 pounds of traction to the head halter if so 
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desired. Otherwise, the halter is not necessary because 
the distraction pins and the retraction set can be used to 
open the dise space and allow exposure. 

■ Rotate the patient's head slightly to the side opposite the 
planned approach. 

■ Mark the anterior cervical skin, preferably using an exist- 
ing curved skin crease, before placing the adhesive surgi- 
cal field drape. The hyoid (C3), thyroid cartilage (C4-5), 
and cricoid cartilage (C6) are useful landmarks. The 
transverse-type skin incision can be used, even for three- 
level corpectomies if it is well placed; otherwise, an inci¬ 
sion along the sternocleidomastoid border is useful. 
Throughout the exposure, meticulous hemostasis should 
be maintained to allow better identification of dissection 
planes and important anatomie structures. 

■ After sharply dividing the skin, sharply dissect the subeu- 
taneous layer off the anterior fascia of the platysma to 
allow mobility of the wound to the desired level. 

■ Divide the platysma vertically near the midline by lifting 
it between two pairs of forceps and dividing it sharply in 
the cephalad and caudal directions. This allows exposure 
of the sternocleidomastoid border. 

■ Develop the interval just médial to the sternocleidomas¬ 
toid to allow palpation and exposure of the carotid sheath 
and the overlying omohyoid muscle. 

■ Mobilize the omohyoid and retract caudally for access 
cephalad to C5 or mobilize cranially for access to C5 or 
caudal levels. 

■ Sharply divide the pretracheal fascia médial to the carotid 
sheath. Take care to avoid any dissection latéral to 
the carotid sheath that would place the sympathetic chain 
at risk. 

■ Once the pretracheal fascia has been incised, adequately 
develop the prevertebral space using blunt finger dissec¬ 
tion directed medially and posteriorly. 

■ Place blunt hand-held retractors medially to view the 
paired longus colli muscles. To avoid injury to the midline 
structures, use bipolar cautery and small key-type eleva- 
tors to subperiosteally elevate the longus colli so that 
self-retaining retractors can be placed deep to the médial 
borders of these muscles. 

■Obtain a localization radiograph using a prebent spinal 
needle to mark the dise space before proceeding with dise 
excision or corpectomy. 

■ If the superior or inferior thyroid vessels limit exposure, 
ligate and divide the vessels. 

■ When elevating the longus colli muscles, do not extend 
laterally to the transverse processes to avoid the sympa¬ 
thetic chain and the vertébral artery. This dissection, 
however, must extend laterally enough to expose the 
anterior aspect of the uncovertebral joints bilaterally. 

■ Place self-retaining retractor blades deep to the longus 
colli bilaterally and attach to the self-retaining retractor. 

■ For single-level discectomy, distraction pins can be 
inserted. For multiple-level procedures or if screw fixation 
is planned, the distraction pins are best avoided because 
of potential microfracture at the pin sites that will com¬ 
promise screw purchase. 

■ Once ail levels are adequately exposed, use a No. 11 blade 
scalpel to remove the anterior anulus at each level, cutting 
toward the midline from each uncovertebral joint. 



Diagram of bone removal with high-speed burr 
of anterior lip of cephalad vertebra to level matching subchondral 
bone at midbody level. SEE TECHNIQUE 38-7. 


■ Remove the anulus with pituitary rongeurs and curets to 
allow exposure of each uncinate process, which appears 
as a slight upward curve of the endplate of the caudal 
segment. This marks the safe extent of latéral dissection 
to avoid the vertébral artery. Remove the anterior one half 
to two thirds of the dise at each level in this way. 

■ Use an operating microscope for safe removal of the 
posterior dise, osteophytes, or posterior longitudinal liga¬ 
ment as needed. 

■ With a high-speed burr, remove the anterior lip of the 
cephalad vertebra to a level matching the subchondral 
bone at midbody level (Fig. 38-11 ). Thisforms a completely 
fiat surface and enhances visibility for removing the 
remaining dise material and the cartilaginous endplates to 
the level of the posterior longitudinal ligament. 

■ If preoperative imaging demonstrates a soft dise fragment 
and this is found without violation of the posterior lon¬ 
gitudinal ligament, further exploration of the canal is not 
warranted. 

■ If necessary, perform foraminotomy to remove uncoverte¬ 
bral tissue with small Kerrison rongeurs. If a defect through 
the posterior longitudinal ligament is found, enlarge it and 
explore the canal for additional fragments. 

■ If the surgical plan calls for complété removal of the 
posterior longitudinal ligament, complété ail corpecto¬ 
mies first. 

■To perform the corpectomies, use a high-speed burr to 
create a latéral gutter at the level of the uncinate process 
bilaterally that extends from one dise space to the next. 

■ Remove the midline bone to the same depth as the 
gutters and continue posteriorly until the brisk bleeding 
of cancellous bone gives way to cortical bone. Usually 
there will be significant bleeding from the posterior 
midpoint of the body that can be easily controlled with 
bipolar cautery once the cortical bone has been drilled 
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away. Do not use unipolar cautery in close proximity to 
neural tissue. 

■ Thin the cortical bone with the high-speed burr and 
remove with angled curets, or remove carefully with the 
burr. If necessary, remove the posterior longitudinal liga¬ 
ment by lifting it anteriorly with a small blunt hook and 
opening the épidural space with a 1 -mm Kerrison rongeur. 
This must be done with excellent visualization and care 
to avoid durai injury. 

■ After the épidural space is entered, remove the posterior 
longitudinal ligament entirely if needed. If the canal is 
significantly compromised, carefully free it from the 
underlying dura with blunt dissection. 

■ Perform foraminotomies at this time and remove osteo- 
phytes if necessary. A small blunt probe should pass easily 
anterolaterally after foraminotomy. When possible, pré¬ 
serve the posterior longitudinal ligament to enhance 
construct stability. 

■ Carefully préparé the adjacent endplates so that ail carti¬ 
lage is removed, subchondral bone is preserved, the 
entire décompression is the width of the endplate 
between the uncinate processes, and the endplates are 
parallel to one another. 

■ Carefully measure the anterior to posterior dimension at 
each endplate. The graft depth should be 3 to 4 mm less 
than the shorter of the two to allow the graft to be 
recessed 2 mm anteriorly and not compromise the spinal 
canal posteriorly. Also, carefully measure the length of 
graft needed in the cephalad to caudal dimension. 
Remember to measure with and without traction being 
applied through the head halter so that the graft will be 
under proper compression. Also, make sure at this point 
that endplates are parallel to one another. 

■ Remove the dise laterally to allow visualization of the 
uncinate process bilaterally, which will appear as a slight 
upturning of the endplate and marks the safe extent of 
latéral décompression. 

■ Obtain a tricortical iliac graft using a small oscillating saw 
(Fig. 38-12), as described in Technique 1-8. 

■ During préparation of the endplate, take care to preserve 
the anterior cortex of the cephalad and caudal 
vertebrae. 

■ Fashion the bone graft to the appropriate depth. Position 
the graft with the cancellous surface directed posteriorly 
and bevel the cephalad and caudal posterior margins 
slightly to facilitate impaction. With traction applied, 
impact the graft into place so that the cortical portion is 
recessed 1 to 2 mm posterior to the anterior cortex of 
the vertébral bodies. There should be 2 mm of free space 
between the posterior margin of the graft and the spinal 
canal. The graft should fit snugly even when traction is 
being applied. 

■ Release traction and check the fit of the graft using a 
Kocher clamp to grasp it. Repeat this procedure for each 
additional dise space. 

■ Apply anterior cervical plate instrumentation if necessary 
with ail traction released. Various Systems are available 
and should be placed according to the manufacturées 
recommendations. 

■Obtain intraoperative radiographs to verify graft and 
hardware position. 
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^ Technique of Robinson et al. for anterior fusion 


of cervical spine. SEE TECHNIQUE 38-7. 


■ Close the platysmal layer over a soft, closed-suction drain 
and close the skin and subeutaneous layers. Apply a thin 
dressing. Place the patient in a cervical orthosis before 
extubation. 

POSTOPERATIVE CARE. The patient is allowed to be 
out of bed later on the day of surgery. If a drain is used, 
it should be removed on the first postoperative day. The 
cervical orthosis is continued 4 to 6 weeks for discectomy 
patients and 8 to 12 weeks for patients undergoing 
corpectomies, depending on patient compliance and 
radiographie appearance of the graft. Occasionally a soft 
collar is helpful for an additional 1 or 2 weeks. Flexion 
and extension latéral cervical spine radiographs should 
reveal no evidence of motion at the fusion site, and tra- 
beculation should be présent before discontinuation of 
the rigid cervical orthosis. 


ANTERIOR OCCIPITOCERVICAL 
ARTHRODESIS BY 
EXTRAPHARYNGEAL EXPOSURE 

Rarely, an anterior occipitocervical fusion is required for a 
grossly unstable cervical spine when posterior fusion is not 
feasible, such as in patients who hâve had extensive lami¬ 
nectomies and for rheumatoid arthritis, traumatic quadri- 
paresis, neoplastic metastasis to the spine, and congénital 
abnormalities. This operation is a cranial extension of the 
approach described by Robinson and Smith and by Bailey 
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and Badgley; it permits access to the base of the occiput 
and the anterior aspect of ail the cervical vertebrae. We 
hâve no expérience with this procedure. 


TECHNIQUE 38-8 


(DE ANDRADE AND MACNAB) 

■ Maintain initial spinal stability by applying a cranial halo 
device with the patient on a turning trame. Keep the 
patient on the trame and maintain the traction through- 
out the operation. 

■ Make the exposure from the right side with an incision 
coursing along the anterior border of the sternocleido- 
mastoid muscle from above the angle of the mandible to 
below the cricoid cartilage (Fig. 38-13A). 

■ Divide the platysma and deep cervical fascia in line with 
the incision and expose the anterior border of the sterno- 
cleidomastoid. Take care not to injure the spinal accessory 
nerve as it enters the anterior aspect of the sternocleido- 
mastoid at the level of the transverse process of the atlas 
(Fig. 38-13B). 


■ Retract the sternocleidomastoid laterally and the pretra- 
cheal strap muscles anteriorly and palpate the carotid 
artery in its sheath. Expose the latter. 

■ Divide the omohyoid muscle as it crosses at the level of 
the cricoid cartilage (Fig. 38-13B). 

■ Identify the digastric muscle and hypoglossal nerve at the 
cranial end of the wound (Fig. 38-13B). Bluntly dissect 
the retropharyngeal space and enter it at the level of the 
thyroid cartilage. 

■ Divide the superior thyroid, lingual, and facial arteries and 
veins to gain access to the retropharyngeal space in the 
upper part of the wound. 

■ Continue blunt dissection in the retropharyngeal space 
and palpate the anterior arch of the atlas and the anterior 
tubercle in the midline. Continue above this area with the 
exploring finger and enter the hollow at the base of the 
occiput. Dissection cannot be carried farther cephalad 
because of the pharyngeal tubercle, to which the pharynx 
is attached (Fig. 38-13C). 

■ Insert a broad right-angled retractor under the pharynx 
and displace it anterosuperiorly. Use intermittent traction 


Incision 



Lingual artery 
Facial artery 
Hypoglossal nerve 

P 

Digastric muscle 
Occipital artery 



Superior thyroid artery 

Retropharyngeal space 

Laryngeal and 
pharyngeal structures 


Strap muscles 


Omohyoid 

muscles 

(divided) 

Sternocleidomastoid 

muscle 


B 


C 


Lines of incision in 
prevertebral muscle and fascia 



Anterior 

tubercle 



FIGURE 


Technique of de Andrade and Macnab for anterior occipitocervical arthrodesis. SEE TECHNIQUE 38-8. 
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on the pharyngeal and laryngeal branches of the vagus 
nerve during this maneuver to minimize the risk of 
hoarseness. The anterior aspect of the upper cervical 
spine and the base of the occiput are now exposed. 

■ Coagulate the profuse plexus of veins under the anterior 
border of the longus colli. Separate the muscles from the 
anterior aspect of the spine by incising the anterior lon¬ 
gitudinal ligament vertically and transversely and expose 
the anterior arch of Cl and the bodies of C2 and C3. The 
working space is approximately 4 cm because the hypo- 
glossal nerve exits from the skull through the anterior 
condyloid foramen about 2 cm latéral to the midline (Fig. 
38-13D). 

■ Roughen the anterior surface of the base of the occiput 
and upper cervical vertebrae with a curet. 

■ Obtain from the iliac crest slivers of fresh autogenous 
cancellous bone and place them on the anterior surface 
of the vertebrae to be fused. Make the slivers no thicker 
than 4.2 mm to prevent excessive bulging into the 
pharynx. 

■ Close the wound by suturing the platysma and skin only 
with a suction drain left in the retropharyngeal space for 
48 hours. 

POSTOPERATIVE CARE. The patient is kept on a 
turning frame, and traction is maintained for 6 weeks. A 
tracheostomy set must be kept by the bedside in case 
upper airway obstruction occurs. For earlier ambulation a 
halo vest can be applied; the halo vest is removed 16 
weeks after the operation. Consolidation of the graft 
should occur by this time. 


FIBULAR STRUT GRAFT IN CERVICAL 
SPINE ARTHRODESIS WITH 
CORPECTOMY 

When performing a corpectomy, it is important to evaluate 
the vertébral arteries on axial images of the MRI or CT. An 
anomalous vertébral artery can course medially into the 
body, putting it at risk during removal of the vertébral body. 


TECHNIQUE 38-9 


(WHITECLOUDAND LAROCCA) 

■ Use the surgical approach of Robinson et al. (see Tech¬ 
nique 38-7). As described in that technique, self-retaining 
retractors are helpful. These can be placed for cephalad 
and caudal retraction, as well as midline retraction 
achieved by placing the blades deep to the longus colli 
muscles that hâve been elevated. 

■ Remove a rectangular segment of the anterior longitudi¬ 
nal ligament and remove the anterior anulus at each dise 
level that is to be excised. 

■ Remove the anterior half to two thirds of the dise with a 
curet and pituitary rongeurs and identify the uncoverte- 
bral joints at each level laterally. 

■ With the uncovertebral joints clearly identified with the 
operating microscope, use a high-speed burr, small curets, 


and small Kerrison rongeurs to remove the remaining dise 
material back to the posterior longitudinal ligament at 
each dise level and remove the intervening vertébral 
bodies as described in the technique of Robinson. 

■ The width of the trough should be maintained at the 
width between the uncinate processes. The médial 
portion of the uncinate process can be removed, but 
removal should not be carried latéral to the uncinate 
process because this endangers the vertébral artery. 

■ Carry the dissection through the vertébral body until the 
posterior cortex is encountered. The bleeding pattern of 
the bone will change from a cancellous pattern to a corti¬ 
cal pattern at this point. 

■ Perform the vertebrectomy and the posterior discectomy 
at each level with the aid of the operating microscope or 
loupe magnification with the use of a headlight. 

■ Maintain meticulous hemostasis and use bipolar cautery 
on the posterior soft-tissue structures, such as the poste¬ 
rior longitudinal ligament. 

■Apply bone wax to the cancellous surfaces laterally on 
the edges of the trough. 

■ Maintain the sides of the trough in a parasagittal plane. 

■ When the posterior cortex has been reached and thinned 
to paper thickness, use a small curet to pull the bone 
anteriorly, detaching it from the posterior longitudinal 
ligament. In this fashion, the posterior longitudinal liga¬ 
ment can be thinned and pathologie processes, such as 
ossification of the posterior longitudinal ligament where 
spinal cord compression occurs, can be treated. 

■ Remove the posterior longitudinal ligament by thinning 
the posterior longitudinal ligament and developing a 
plane just ventral to the dura. The dura can be quite 
attenuated in some circumstances and is easily torn. 
Exercise great caution during this portion of the proce¬ 
dure. Small curets, small Kerrison rongeurs, and micro 
blunt hook and micro blunt dissector are quite useful in 
removing the posterior longitudinal ligament and osteo- 
phytes at the posterior aspect of the uncovertebral joints. 

■ On completion of the décompression, use a full segment 
of fibula for strut graft placement. 

■ Place the fibular graft into prepared notches in the verte- 
bra at both ends of the segment to be spanned. 

■ Notch the fibular graft at each end so that it will key into 
the prepared notch in each endplate. Place the endplate 
recess at the cephalad endplate slightly more posterior 
than the recess through the endplate at the caudal end 
to make graft insertion easier. 

■ Préparé the superior and inferior endplates to accept the 
graft by removing the cartilaginous endplate and prepar- 
ing the notches. Preserve the anterior portion of the 
vertébral cortex to prevent graft dislodgment anteriorly. 

■ After the fibular graft has been eut and shaped to appro- 
priate dimensions, increase the traction on the head and 
insert the graft into the superior vertebra, using an impac- 
tor to sink the inferior portion of the graft into the 
endplate recess, and pull distally, locking it into place. Two 
thirds of the graft then cornes to lie posterior to the 
anterior aspect of the vertébral column. 

■ Anterior cervical plate fixation is added for stability. Take 
care in selecting proper plate length so that the screws 
will not be too close to the graft-recipient site interface. 
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9 «Check the graft position with radiographs and close the 
wound over soft, closed-suction drains in layers. 

■ Plating provides adéquate stability so that only a cervical 
orthosis is needed after surgery. However, if screw pur- 
chase is not acceptable, halo vest immobilization should 
be used with the uninstrumented fibular technique or a 
posterior stabilizing procedure with mass screws should 
be considered. 

POSTOPERATIVE CARE. Depending on the type of 
internai fixation, initial immobilization is continued with 
an orthosis for 6 to 8 weeks, depending on healing 
demonstrated on radiograph. The time required for fusion 
will understandably be longer with cortical bone than 
with a corticocancellous bone graft. Prolonged immobili¬ 
zation may be necessary. 


■ POSTERIOR CERVICAL ARTHRODESIS 

The techniques of posterior arthrodesis of the cervical spine 
are discussed in the section on fractures, dislocations, and 
fracture-dislocations of the cervical spine (see Chapter 41). 

■ CERVICAL DISC ARTHROPLASTY 

Currently, several different designs for cervical arthroplasty 
hâve been approved by the U.S. Food and Drug Administra¬ 
tion (FDA) and more are in the approval process (Table 38-3). 
The primary argument favoring these devices is that, by 
avoiding anterior fusion, adjacent segment degeneration 
can be minimized, reducing the need for reoperation. This 
benefit of cervical dise arthroplasty appears to be supported 
by a number of randomized, controlled comparisons of 
arthroplasty and standard anterior cervical discectomy and 
fusion (ACDF) (Table 38-4). Most of these studies also noted 
better maintenance of motion with arthroplasty than with 
arthrodesis. Other studies hâve reported a quicker return to 
work (approximately 2 weeks earlier) by patients with arthro¬ 
plasty. The indications for cervical dise arthroplasty appear to 
be similar to those for ACDF (see Chapter 41). Using the 
published contraindications and indications listed in the 


TABLE 38-3 


United States Food and Drug Administration- 
Approved Cervical Disc Replacement Devices 

ActivL Artificial Disc 

B. Braun Aesculap Implant 

Systems, LLC, Center Valley, PA 

Bryan Cervical Disc 
Medtronic 

Sofamor Danek, Memphis, TN 

Mobi-C Cervical Disc 
Prosthesis 

LDR Spine USA, Inc, Austin, TX 

PCM Cervical Disc 

NuVasive, Inc San, Diego, CA 

Prestige Cervical Disc 

Medtronic Sofamor Danek, 

System 

Memphis, TN 

Prodisc-C 

Synthes Spine, Westchester, PA 

Secure-C Artificial 
Cervical Disc 

Globus Medical, Inc, Audubon, PA 


trials of four different cervical dise arthroplasty devices (Box 
38-7), a review of 167 consecutive patients who had cervical 
spine surgery identified 95 (57%) who had absolute contra¬ 
indications to this procedure. Osteopenia and concurrent 
lumbar degenerative disease hâve been reported to increase 
the risk of development of adjacent segment disease after 
cervical dise arthroplasty. Reported complications include 
implant migration, hétérotopie ossification, and récurrent 
radiculopathy. Metal-on-metal dise replacements also hâve 
been found to resuit in a lymphocytic reaction, similar to that 
with metal-on-metal hip prostheses, in a few patients. 

There are several additional considérations if cervical 
arthroplasty is to be recommended. The patient should be 
informed of the current expected or possible benefits and the 
current uncertainties involved with the procedure. Also, from 
an anatomie standpoint, the condition of the facets should be 
essentially normal because arthroplasty treats only one of the 
three joints at each motion segment. If there is significant dise 
space narrowing with facet overload and facet degeneration 
noted on CT, then cervical arthroplasty at this time cannot 
be recommended. Also, as with virtually any spine implant, 
the quality of the patients bone may preclude dise replace¬ 
ment if osteoporosis is présent. Proper implant position is 
crucial to the function and possible catastrophic failure of 
each device. The reader is referred to the spécifie technique 
guides for these parameters. Our expérience with these 
devices is limited at this time, and their ultimate value for 
patient care has not been determined. 


RHEUMATOID ARTHRITIS 
OF THE SPINE 

Rheumatoid arthritis is a systemic inflammatory disorder 
caused by lymphoproliférative disease within synovium, 
which results in cartilaginous destruction, periarticular éro¬ 
sions, and atténuation of ligaments and tendons. The latter 
along with pannus formation in the spine may cause spinal 
cord compression. This entity occurs twice as offen in young 
women, with the âge at diagnosis typically 30 to 50 years old. 
Cervical instability is the most serious and potentially léthal 
manifestation of rheumatoid arthritis, with radiographie 
changes or instability présent in 19% to 88% of patients. 
Lumbar or thoracic pathology rarely is présent in patients 
with rheumatoid arthritis. Risk factors for developing cervical 
involvement are an older âge at onset, more active synovitis, 
higher levels of C-reactive protein, rapidly progressive erosive 
peripheral joint disease, and early joint subluxation. Three 
basic types of cervical instability are présent in this disease. 
Atlantoaxial instability is most common, affecting 19% to 
70% of patients; basilar impression or atlantoaxial impaction 
occurs in 38%; and subaxial subluxation occurs in 7% to 29%. 

CLINICAL EVALUATION 

Pain, neurologie sequelae, and instability offen are the pre- 
senting symptoms. Approximately 61% of patients undergo- 
ing total joint replacement were reported to hâve instability 
in the cervical spine; 50% of these patients had no symptoms 
attributable to the neck preoperatively. Neck pain is reported 
by 40% to 88% of patients with rheumatoid arthritis of 
the spine, and 7% to 58% hâve neurologie fmdings. Axial 
neck pain usually is occipital and may be associated with 
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_ TABLE 38-4 

Randomized Controlled Trials of Cervical Disc Arthroplasty 


STUDY 

ACDF 

CDA 

FOLLOW-UP 

OUTCOMES 

Cheng et al. (2011) 

42 

41 

3 yr 

Patients with CDA scored better in functional 
assessments, had more motion maintained, and had 
fewer complications. 

Sasso et al. (2011) 

221 

242 

4 yr 

Patients with CDA had greater improvement in NDI; 
overall success rates: 85% with CDA, 73% with ACDF. 

Garrido et al. (2011) 

25 

21 

4 yr 

CDA associated with significantly lower incidence of 
adjacent-level ossification. 

Coric et al. (2011) 

133 

136 

2 yr 

Overall success rates: 84% with CDA, 71% with ACDF. 
Significantly more patients with ACDF had severe 
radiographie changes but no différence in reoperation 
rates. 

Zhang et al. (2012) 

60 

60 

2 yr 

Patients with CDA had significantly better ROM; no 
différences in NDI or VAS for pain. 

Reoperation rates < 1% for CDA, 3% for ACDF. 

Kelly et al. (2011) 

106 

103 

2 yr 

No différence in ROM. Significant increase in adjacent 
segment motion with ACDF. 

Nabhan et al. (2011) 

10 

10 

1 yr 

No différence in pain relief or adjacent-segment 
motion. 

Coric et al. (2011) 

41 

57 

3 yr 

Clinical success rates: 85% with CDA, 70% with ACDF. 
Angular motion improved with CDA, reduced with 
ACDF. Reoperation rates similar. 

Jawahar et al. (2010) 

34 

59 

3 yr 

Adjacent segment degeneration équivalent. 

Patient satisfaction 73% with ACDF, 66% with CDA. 

Heller et al. (2009) 

221 

242 

2 yr 

Significantly greater improvement in NDI score and 
overall success with CDA. Serious adverse events 2% 
with CDA, 3% with ACDF. Patients with CDA returned 
to work ~ 2 weeks earlier. 

Cheng et al. (2009) 

34 

31 

2 yr 

Greater improvement in NDI with CDA. 

Riew et al. (2008) 

93 

106 

2 yr 

Improvements in NDI, SF-36, arm/neck pain similar 


ACDF, Anterior cervical discectomy and fusion; CDA, cervical dise arthroplasty; NDI, Neck Disability Index; ROM, range of motion; VAS, Visual Analog Scale. 


Indications and Contraindications for Cervical Disc Replacement 


Indications 

Symptomatic cervical dise disease at one or two vertébral 
levels between C3-T1 confirmed by imaging (MRI, CT, 
or myelography) showing herniated nucléus pulposus, 
spondylosis, or loss of dise height 
Failed > 6 weeks of conservative therapy 
Between 20 and 70 years of âge 
No contraindications 

Contraindications 

>3 vertébral levels requiring treatment 
Cervical instability (translation > 3 mm and/or > 11-degree 
rotational différence to that or either adjacent level) 
Known allergy to implant materials (titanium, polyethylene, 
cobalt, chromium, and molybdenum) 

Cervical fusion adjacent to the level to be treated 

Posttraumatic vertébral body deficiency/deformity 

Facet joint degeneration 

Neck or arm pain of unknown etiology 

Axial neck pain as the solitary presenting symptom 


Severe spondylosis (bridging osteophytes, dise height loss 
> 50%, and absence of motion < 2 degrees) 
Osteoporosis/osteopenia 
Prior surgery at the level to be treated 
Active malignancy; history of invasive malignancy, unless 
treated and asymptomatic for at least 5 years 
Systemic disease (acquired immune deficiency syndrome, 
human immunodeficiency virus, hepatitis B or C, and 
insulin-dependent diabètes) 

Other metabolic bone disease (i.e., Paget disease and 
osteomalacia) 

Morbid obesity (body mass index [BMI] > 40 or weight > 
100 Ib over idéal body weight) 

Prégnant or trying to become prégnant in next 3 years 
Active local/systemic infection 

Presently on médications that can interfère with bone/ 
soft-tissue healing (i.e., corticosteroids) 

Autoimmune spondyloarthropathies (rheumatoid arthritis) 


(From Auerbach JD, Jones KJ, Fras Cl, et al: The prevalence of indications and contraindications to cervical total dise replacement, Spine J 8:711, 2008.) 
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headaches. Myelopathic symptoms include early weakness 
and gait disturbance, with frequent tripping or clumsiness. 
Hand function may be impaired, with coordination distur¬ 
bances that cause difficulty differentiating coins or buttoning 
clothing. Sensory changes and bowel and bladder inconti¬ 
nence are late myelopathic symptoms. In patients with 
atlantoaxial instability, vertebrobasilar insufficiency resulting 
from kinking of the vertébral arteries can cause vertigo, tin- 
nitus, or visual disturbances that lead to loss of equilibrium. 
Neurologie évaluation in patients with rheumatoid arthritis 
can be difhcult. Tendon ruptures, severe joint disturbances, 
and previous surgery can make it difhcult to distinguish 
radicular and myelopathic symptoms from peripheral disease 
involvement. Any hndings consistent with myelopathy should 
stimulate further investigation. 

DIAGNOSTIC IMAGING 
■ RADIOGRAPHY 

Radiographs should include anteroposterior, latéral, odon- 
toid, and latéral flexion and extension views. Instability and 
potential for neurologie sequelae are correlated best with the 
posterior atlantodens interval, which is determined by mea- 
suring the distance between the ventral surface of the lamina 
of Cl and the dorsal aspect of the odontoid; the interval 
should be more than 14 mm. This measurement is 97% sensi¬ 
tive for the presence of paralysis. In patients with preoperative 
paralysis caused by atlantoaxial subluxation, recovery is not 
expected if the spinal canal diameter is less than 10 mm. If 
basilar impression is coexistent, significant recovery occurs 
only if the space available for the cord is at least 13 mm. 
Therefore when patients hâve a posterior atlantodens interval 
of 14 mm or less, décompression must be considered because 
of the risk of paralysis from their atlantoaxial instability. 
Remember that the posterior atlantodens interval measured 
on a radiograph does not represent the actual space available 
for the cord because the soft tissues are not included in the 
measurement. 

The atlantodens interval is determined by measuring the 
distance between the posterior edge of the anterior ring of Cl 
and the anterior edge of the odontoid. Normally this distance 
should be 3.5 mm or less in an adult. An atlantodens interval 
of more than 10 mm is clinically significant and suggests 
transverse ligament disruption; however, this measurement is 
not useful in predicting neurologie sequelae caused by insta¬ 
bility, possibly because of the natural history of atlantoaxial 
instability. As atlantoaxial instability progresses, subséquent 
vertical instability develops. As this superior migration 
occurs, the atlantodens interval decreases. Despite significant 
progression of instability and potential neurologie déficit, the 
atlantodens interval does not increase further. Posterior 
subluxation is best determined by acute angulation of the 
cord and upper cervical spine as identified by sagittal refor- 
matted CT, latéral air contrast tomography, or preferably 
MRI. Latéral subluxation implies some rotation of the atlas 
and is présent when the latéral masses of Cl are 2 mm or 
more laterally than those of C2. 

Atlantoaxial impaction is measured using the McGregor 
line (Fig. 38-14). This line is constructed from the base of the 
hard palate to the outer cortical table of the occiput. The tip 
of the odontoid is measured perpendicular to this line. Supe¬ 
rior migration is considered présent in men if the tip of the 
odontoid is 4.5 mm above this line. Ranawat et al. described 



showing McGregor, McRae, and Chamberlain lines. 


a method of determining the degree of settling on the latéral 
radiograph using the minimal distance between a line drawn 
from the center of the anterior arch to the center of the 
posterior arch of the atlas and a vertical line drawn along the 
posterior aspect of the odontoid from the center of the pedicles 
of C2. They reported that the normal value was 15 mm for 
women and 17 mm for men, with less than 13 mm considered 
abnormal (Fig. 38-15). To détermine vertébral settling, 
Redlund-Johnell and Pettersson used the minimal distance 
between the McGregor line and the midpoint of the inferior 
margin of the body of the axis on the latéral radiograph in 
the neutral position (Fig. 38-16). They noted the normal 
value to be 34 mm or more for men and 29 mm or more for 
women (100 patients each). In a comparative study of these 
two screening methods, the Redlund-Johnell method was 
found to be better for diagnosing basilar impression. 

Subaxial subluxations produce a cascading, or “staircase,” 
appearance of the spine. Any slippage of 4 mm or more, or 
20% of the adjacent vertébral body, is considered significant. 
Measurement of sagittal spinal canal diameter is most useful 
and should be more than 13 mm. The risk of spinal cord 
compression and injury is higher in patients with smaller 
canal diameter s. 

■ COMPUTED TOMOGRAPHIC MYELOGRAPHY 
AND MAGNETIC RESONANCE IMAGING 

Three-dimensional imaging is useful in patients who hâve a 
neurologie déficit or radiographie evidence of instability. MRI 
or CT myelography helps delineate the true space available 
for the cord. MRI is excellent for viewing soft tissues and the 
neural éléments, but myelography followed by CT gives 
similar information. In addition to bony compression, pannus 
further decreases the space available for the cord by 3 mm or 
more in approximately 66% of patients. Determining the 
cervicomedullary angle is helpful in identifying vertical 
instability. A line drawn along the dorsal surface of the 
odontoid intersects a line drawn ventral and parallel to the 
medulla. This angle normally should be 135 to 175 degrees, 
with angles less than 135 degrees suggesting atlantoaxial 
impaction and correlating with the presence of myelopathy. 
MRI has been shown to be 100% accurate in identifying verti¬ 
cal settling, and it is currently the most definitive, least 
invasive test for cord compression. Flexion and extension 
MRI also has been used to détermine dynamic compression 
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Ranawat et al. measurement of superior migration in rheumatoid arthritis. A f Diameter of ring of first cervical ver- 
tebra and distance from center of pedicle of second cervical vertebra to this diameter are measured. B and C f Measurement of superior 


migration is unchanged in flexion or extension of spine. 



Redlund-Johnell détermination of vertébral settling in rheumatoid arthritis. Distance is measured between McGregor 
line and midpoint of base of C2. 


of the spinal cord. Data from anatomie studies indicate that 
the space available for the cord should be 14 mm at the 
foramen magnum, 13 mm at the atlantoaxial articulation, 
and 12 mm in the subaxial cervical spine. 

CERVICAL INSTABILITY 

Cervical disease has an early onset and is correlated with 
appendicular disease activity. Other factors that predict more 
severe spinal involvement include longer duration of disease, 
positive rheumatoid factor, use of steroids, and male sex. 
Patients with rheumatoid arthritis hâve a shorter life expec- 
tancy than the normal population. When cervical myelopathy 
is established, mortality is common if this condition remains 
untreated. Of 21 patients refusing surgery for cervical insta- 
bility, ail 21 died within 7 years of the onset of myelopathy. 
The incidence of sudden death from the combination of 
basilar impression and atlantoaxial instability is about 10%. 

Atlantoaxial subluxation is the most common instability, 
with a reported incidence of 11% to 46% of cases at necropsy. 


Atlantoaxial subluxation can be anterior, posterior, or latéral, 
with anterior instability predominating. Posterior instability 
may occur in 20% and latéral instability in 7% of patients. 
This instability results from erosive synovitis of the atlanto¬ 
axial, atlantoodontoid, and atlantooccipital joints. Basilar 
impression, vertical settling, or atlantoaxial impaction is the 
settling of the skull onto the atlas and the atlas onto the axis 
as a resuit of erosive arthritis and bone loss. This settling can 
resuit in vertébral arterial thrombosis. According to Ranawat 
et al., atlantoaxial instability is présent in 38% of patients with 
rheumatoid arthritis; however, its frequency increases with 
disease severity (0% in mild disease, 52% in moderate disease, 
and 88% in severe disease in a report by Oda et al.). Subaxial 
subluxations are more subtle and frequently multiple, affect- 
ing 10% to 20% of patients with rheumatoid arthritis. They 
are believed to resuit from synovitis of the facet joints and 
uncovertebral joints, accompanied by érosion of the ventral 
endplates. They may resuit in root compression from forami¬ 
nal narrowing. Myelography, postmyelography reformatted 
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CT, and MRI ail show root cutoff and partial or complété 
block. Postmyelography reformatted CT and MRI are clearly 
superior in identifying soft-tissue obstructions and cord 
compression. Absolute subluxation distances of clinical sig- 
nificance are unknown for this problem. 

The signs and symptoms of these instability patterns 
include pain, stiffness, pyramidal tract involvement, vertebro- 
basilar insufficiency, root findings, and symptoms similar 
to the Lhermitte sign in multiple sclerosis. Early clinical 
manifestations include Hoffmann and Babinski signs and 
hyperreflexia. 

■ NONOPERATIVE TREATMENT 

Disease-modifying antirheumatic médications are changing 
the course of this disease. Early use of nonbiologic or biologie 
antirheumatic drugs can be bénéficiai in avoiding irréversible 
injury. The use of a combination of these médications has 
been shown to prevent or retard the development of anterior 
atlantoaxial subluxation and other cervical spine lésions in 
patients with an early diagnosis of rheumatoid arthritis. 
Patients should be under the care of a rheumatologist once 
the diagnosis is made. 

Goals of nonoperative treatment include preventing neu¬ 
rologie injury, avoiding sudden death, minimizing pain, and 
maximizing function. Many patients, despite radiographie 
abnormalities, remain asymptomatic, and supportive treat¬ 
ment and close observation are necessary. Medical manage¬ 
ment during disease flares is important for patient comfort and 
should be coordinated with a rheumatologist. A cervical ortho- 
sis is helpful in some patients if pain persists. Isométrie exercises 
help stabilize the neck without excessive motion and may help 
alleviate mechanical symptoms. Yearly follow-up with five-view 
radiographs is indicated to detect instability so that stabilization 
can be done before neurologie déficits develop. 

■ OPERATIVE TREATMENT 

The indications for operative treatment are neurologie 
impairment, instability, and pain. Fusion is recommended for 
patients, with or without neurological déficits, who hâve 
atlantoaxial subluxation and a posterior atlantoodontoid 
interval of 14 mm or less, atlantoaxial subluxation with at 
least 5 mm of basilar invagination, or subaxial subluxation 
with a sagittal spinal canal diameter of 14 mm or less. Axial 
imaging that shows compression of the spinal cord to a 
diameter of less than 6 mm also is an indication for surgery. 

Atlantoaxial subluxation is best treated by posterior Cl 
and C2 fusion. When the subluxation is reducible, fusion may 
be accomplished by a posterior wiring technique (Galbe or 
Brooks wiring, Technique 41-7), Magerl transarticular screws 
(Technique 41-9), or Harms Cl-2 latéral mass fixation 
(Technique 41-6). When the atlantoaxial subluxation is not 
reducible, posterior wiring techniques are contraindicated 
and screw fixation as described by Magerl or Harms should 
be used in combination with a Cl laminectomy if décompres¬ 
sion is needed. Occipitocervical fusion also may be considered 
when adéquate fixation cannot be achieved in Cl. The need 
for a halo vest postoperatively should be based on the stability 
of the surgical fixation, bone quality, and compliance of the 
patient. 

Preoperative planning for transarticular screws or Cl 
latéral mass fixation must include CT with sagittal and axial 
reconstructions to détermine if ample latéral masses are 


présent for fixation and to see if there are anomalies of the 
vertébral arteries. Stabilization alone should resuit in some 
decrease of pannus, and odontoid excision is unnecessary, 
unless anterior compression persists after fusion or if com¬ 
pression is purely bony. 

In patients with basilar impression, a trial of halo or tong 
traction for réduction is an option, if tolerated. If réduction 
is accomplished, a posterior occipitocervical fusion is done. 
If réduction is impossible, posterior fusion is done after 
anterior transoral décompression or posterior décompression 
that includes décompression of the foramen magnum. Poste¬ 
rior stabilization can be obtained with wiring and cancellous 
struts, Luque rods, latéral mass plates, Y-plates, and newer 
rod-screw or rod-hook Systems. The prognosis is guarded in 
patients with preoperative neurologie déficits, and basilar 
impression is associated with poorer recovery of function. As 
a resuit, aggressive treatment is indicated to prevent neuro¬ 
logie déficits when progressive atlantoaxial impaction is 
identified. 

Symptomatic subaxial subluxation is best treated by 
surgical stabilization anteriorly or posteriorly. Anteriorly, 
stabilization can be achieved by discectomy or corpectomy 
and fusion using a cage and autograft or allograft, structural 
allograft, or tricortical autogenous bone graft, depending on 
the pathology. Posteriorly, fusion is done using wires, plates, 
or mass screws and rods and autogenous bone grafting. Halo 
traction can be used to reduce subluxations preoperatively, 
especially in patients with myelopathy or paraplegia. Anterior 
décompression and fusion are preferred for irreducible sub¬ 
luxations and in patients who require a décompression. 
Supplémentation with posterior instrumentation should be 
considered for patients who require multilevel anterior pro¬ 
cedures and in patients with poor bone quality. 

The mortality associated with surgery for rheumatoid 
arthritis patients is between 5% and 10% and is higher in 
patients with cardiovascular disease or atlantoaxial impac¬ 
tion. The complication rate also is high; 25% of patients will 
hâve wound complications. 

Boden and Clark developed a treatment algorithm for 
atlantoaxial subluxation (Fig. 38-17). The techniques for 
occipitocervical, atlantoaxial, and subaxial posterior cervical 
fusion are described in Chapter 4L 

Pain is decreased after surgery in 90% to 97% of 
patients. Peppelman et al. reported that neurologie function 
improved in 95% of patients with atlantoaxial subluxations, 
in 76% of patients with combined atlantoaxial subluxation 
and atlantoaxial impaction, and in 94% of patients with 
subaxial subluxations. Atlantoaxial subluxations hâve a poor 
prognosis for neurologie recovery, with several studies 
reporting improvement of function of one Ranawat class in 
only 40% to 50% of patients. The severity of the preoperative 
neurologie déficit also influenced results. 


ANKYLOSING SPONDYLITIS OF 
THE CERVICAL SPINE 

Ankylosing spondylitis is a chronic inflammatory disease of 
unknown etiology. It is a séronégative spondyloarthropathy 
that primarily affects the axial skeleton, sacroiliac joints, and 
pelvis. Less commonly, involvement of peripheral joints, eyes 
(iritis or uveitis), heart, and lungs can occur. Inflammation of 
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Algorithm for évaluation and management of rheumatoid arthritis of cervical spine. AAS, Atlantoaxial subluxation; 
CMA, cervicomedullary angle; PADI, posterior atlantodental interval; SAC, space available for cord; SAS, subaxial subluxation; VMO, 
vertical migration of odontoid. (From Boden SD, Clark CR: Rheumatoid arthritis of the cervical spine. In The Cervical Spine Research Society, Edito¬ 
rial Committee: The cervical spine, ed 3, Philadelphia, 1998, Lippincott-Raven.) 


the spinal joints and enthesopathies cause chronic pain and 
stiffness and can lead to progressive ankylosis of the spine in 
patients with long-standing disease. Ankylosing spondylitis 
typically affects young adults between the âges 20 and 40 
years, with a male to female ratio of 1:3. The average onset 
of symptoms occurs at 23 years of âge; there can be an 8.5- to 
11.4-year delay from initial symptoms to diagnosis. There is 
a known association with the HLA-B27 antigen. Eighty-eight 
to 96 percent of patients who hâve ankylosing spondylitis are 
HLA-B27 positive, but only 5% of the HLA-B27 population 
develops ankylosing spondylitis. 

In the cervical spine, ankylosing spondylitis can lead to 
progressive deformity, causing disabling functional déficits. 
In addition, fused sections of the spine make it more suscep¬ 
tible to fracture, pseudarthrosis, or spondylodiscitis. 

In the vertébral bodies, inflammatory résorption of bone 
at the enthesis causes periarticular osteopenia. This résorp¬ 
tion initially is seen as a “squaring off ” of the corners of the 
vertébral bodies. Subséquent ossification occurs in the anulus 
fibrosis, sparing the anterior longitudinal ligament and dise 
and giving the “bamboo spine” appearance on radiographs. 
The posterior éléments are similarly affected, with ossification 
of the facet joints, interspinous and supraspinous ligaments, 
and ligamentum flavum. Atlantoaxial instability must be 
identified, especially in any patient having surgery for condi¬ 
tions associated with ankylosing spondylitis. Because of the 
stiff subaxial spine, instability occurs in 25% to 90% of 
patients with ankylosing spondylitis. 


Treatment is directed at maintaining flexibility and main- 
taining spinal alignment with exercises and posture. Sleeping 
supine on a firm mattress with one pillow may help maintain 
sagittal alignment. Médications used in the treatment of 
ankylosing spondylitis fall into three categories. The first 
includes nonsteroidal antiinflammatory drugs that relieve 
pain by decreasing joint inflammation. The second group 
comprises disease-modifying antirheumatic drugs such as 
minocycline, sulfasalazine, and methotrexate. This is an 
unrelated group of drugs found to slow the disease process, 
but they do not provide a cure. Finally, tumor necrosis 
factor-a blockers hâve been shown to be effective. 

Operative management in patients with ankylosing 
spondylitis is indicated to decrease pain and improve func- 
tion. Total hip arthroplasties are the most common surgical 
interventions performed in this population followed by spinal 
ostéotomies to correct sagittal imbalances. 

Spinal fractures in patients with ankylosing spondylitis 
are always serious and frequently are life-threatening injuries. 
Spine osteopenia that is common in this population combined 
with fused segments make patients more vulnérable to frac¬ 
tures, especially from minor trauma. Furthermore, distorted 
anatomy from dise ossification, ectopic bone, and sclerosis 
can make the spinal fractures difficult to see on plain radio¬ 
graphs, and these injuries offen are missed. It should be up 
to the treating physician to prove that the patient with anky¬ 
losis does not hâve a fracture affer trauma. Spinal précautions 
and immobilization in a position accommodating the patients 
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Extent of resection of cervical laminae for safe osteotomy. Latéral resections are beveled toward each other so that 
opposing surfaces are parallel and in apposition after extension osteotomy. 


posture is very important. Often CT or MRI studies are 
needed. Fractures usually occur in the lower cervical spine, 
frequently are unstable, and usually are discovered late. Per¬ 
sistent pain may be the only finding until late neurologie loss 
occurs. In patients with established kyphosis, the deformity 
may suddenly improve. The patients previous deformity may 
be unknown to individuals providing emergency care. Any 
perceived change in spinal alignment, even if the resuit of 
trivial trauma, should be considered a fracture in a patient 
with ankylosing spondylitis. The standard procedure is to 
immobilize the patient in the position in which he or she is 
found because extension may resuit in sudden neurologie 
loss. A widened anterior dise space, which may be the only 
obvious radiographie finding, créâtes an unstable configura¬ 
tion that is prone to translation, late neurologie loss, and slow 
healing. Imaging with MRI, CT, or bone scan may be helpful 
in making the diagnosis. 

Surgical stabilization of fractures in patients with anky¬ 
losing spondylitis is associated with a high complication rate 
but has been shown to improve survival in this population. 
For stabilization of cervical fractures, combined anterior and 
posterior or long posterior constructs are recommended 
because of the poor bone quality. Anterior-only stabilization 
procedures are prone to failure and should be avoided. The 
morbidity and mortality associated with these procedures in 
patients with ankylosing spondylitis are very high because of 
the comorbidities many of these patients hâve. 

OSTEOTOMY OF THE CERVICAL SPINE 

In patients with chin-on-chest deformity, often the mandible 
is so near the sternum that opening the mouth and chewing 
properly are difficult. Cervicodorsal kyphosis usually can be 
treated satisfactorily by lumbar osteotomy, which provides a 
compensatory lumbar lordosis and results in an erect posture. 
Cervical osteotomy may be indicated, however, (1) to elevate 
the chin from the sternum, improving the appearance, the 
ability to eat, and the ability to see ahead; (2) to prevent 
atlantoaxial and cervical subluxations and dislocations, which 
resuit from the weight of the head being carried forward by 
gravity; (3) to relieve trachéal and esophageal distortion, 
which causes dyspnea and dysphagia; and (4) to prevent 



Position of patient for cervical osteotomy: 
sitting on stool with head suspended by halo and traction allows 
abdomen to be completely free of external pressure. 


irritation of the spinal cord tracts or excessive traction on the 
nerve roots, which causes neurologie disturbances. 

The appropriate level for osteotomy is determined by the 
deformity and the degree of ossification of the anterior lon¬ 
gitudinal ligament. Law successfully performed ostéotomies 
at the levels of C3-4, C5-6, and C6-7, fixing the spine inter- 
nally with the plates devised by Wilson and Straub for use in 
lumbosacral arthrodesis. Wiring of the spinal processes (see 
Chapter 41), or use of a halo alone, also should be effective. 
In the osteotomy technique described by Simmons (Fig. 
38-18), décompression is done first and is extended into the 
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neural foramina. After décompression and resection of the 
inferior aspect of the pedicles, extension manipulation is 
done. The operation is done with the patient sitting on a stool 
or in a dental chair and inclined forward with the arms resting 
on an operating table (Fig. 38-19). Overcorrection of the 
deformity must be avoided because otherwise the trachea and 
esophagus could be overstretched and become obstructed. If 
halo stabilization alone is used, postoperative neurologie 
symptoms are treated by lessening correction; if internai fixa¬ 
tion is used for more postoperative stability, reoperation is 
required for adjustment of correction. The halo is worn for 3 
months, and a Philadelphia collar or similar orthosis is worn 
an additional 6 to 8 weeks. 
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OVERVIEW OF LUMBAR AND 
THORACIC DISC DEGENERATION 
AND HERNIATION 

Despite an improving understanding of degenerative dise 
disease on the basis of its natural history and basic science, 
treatment results of this entity vary greatly. There is no lack 
of treatment options for degenerative dises; what we tend to 
lack is understanding of the spécifie cause(s) of the patients 
chief complaint. Despite the fact that William Kirkaldy-Willis 
has described the spectrum of dise degeneration and its 
pathologie progression, the clinical corrélation of history, 
physical examination, and imaging that yields a spécifie diag- 
nosis remains the greatest challenge. 

Over the past several décades, studies of patients with 
back and/or leg pain hâve led to improved treatment of the 
patients in whom a spécifie diagnosis was possible. This 
group remains the minority of patients who are evaluated for 
low back or leg pain. Complex psychosocial issues, déprés¬ 
sion, and secondary gain are a few of the nonanatomic prob- 
lems that must be considered when evaluating these patients. 
In addition, the number of anatomie causes for these symp- 
toms, whether real or perceived, has increased as understand¬ 
ing and diagnostic capabilities hâve increased. 

Axial spine pain, which should be distinguished from 
dise degeneration, is the most frequent musculoskeletal com¬ 
plaint. Axial spine pain—whether cervical, thoracic, or 
lumbar—offen is attributed to dise degeneration. This degen¬ 
erative process does not always cause pain, but it can lead to 
internai dise dérangement, dise herniation, facet arthrosis, 
degenerative spondylolisthesis, and stenosis that can be seen 
on imaging. Each of these pathologie processes has unique 
clinical findings and treatments. Outcomes of treatment for 
each of these spécifie pathologie entities also vary greatly 
despite their being from the same étiologie spectrum. The 
understanding of dise degeneration and the associated 
pathologies has changed markedly over the past several years. 

The genetic influence on dise degeneration may be caused 
by a small effect from each of multiple genes or possibly a 
relatively large effect of a smaller number of genes. To date, 
several spécifie gene loci hâve been identified that are associ¬ 
ated with dise degeneration. This association of a spécifie 
gene with degenerative dise changes has been confirmed. 
Other variations in the aggrecan gene, metalloproteinase-3 
gene, collagen type IX, and alpha 2 and 3 gene forms also hâve 
been associated with dise pathology and symptoms. The 
understanding of symptoms and treatment success for dise 
herniations has surpassed those related to dise degeneration 
alone. 

Nonspecific axial pain is an international health issue of 
major significance and should be discriminated from pain 
associated with a dise herniation. Approximately 80% of indi- 
viduals are affected by this symptom at some time in their 
lives. Impairments of the back and spine are ranked as the 
most frequent cause of limitation of activity in individuals 
younger than 45 years old by the National Center for Health 
Statistics (www.cdc.gov/nchs). Physicians who treat patients 
with spinal disorders and spine-related complaints must dis- 
tinguish the complaint of back pain, which several épidémio¬ 
logie studies reveal to be relatively constant, from disability 
attributed to back pain. Although back pain as a presenting 
complaint may account for only 2 % of the patients seen by a 


general practitioner, the cost to society and the patient in 
terms of lost work time, compensation, and treatment is 
staggering. 

The total cost of low back pain in the United States is 
greater than $100 billion per year; one third are direct costs 
for care, with the remaining costs resulting from decreased 
productivity, lost wages, and absenteeism. Also, only about 
5% of patients accounted for 75% of the costs. Typically, about 
90% of patients return to work by 3 months, with most 
returning to work by 1 month. Patients off work for 6 months 
hâve only a 50/50 probability of ever returning to work, 
whereas at 1 year this probability decreases to 25%. 

Nonanatomic factors, specifically work perception and 
psychosocial factors, are intimately intertwined with physical 
complaints. Compounding the diagnostic and treatment dif- 
ficulties is the high incidence of significant abnormalities 
shown by imaging studies, which in asymptomatic matched 
Controls is 76%. Identified risk factors for radiographically 
apparent dise disorders of the lumbar spine include genetic 
factors, âge, gender, smoking, and, to a minimal degree, occu- 
pational exposure, but not socioeconomic factors. In contrast 
is the importance of socioeconomic factors for the develop¬ 
ment of low back pain and disability. Job dissatisfaction, 
physically strenuous work, psychologically stressful work, 
low educational attainment, and workers compensation 
insurance ail are associated with low back pain or disability. 
These data suggest that aggressive treatment between 4 weeks 
and 6 months is necessary for patients with low back pain. 
Considération of socioeconomic factors is an important com- 
ponent of appropriate patient évaluation because there is an 
inextricable link between an individuals socioeconomic 
status and his or her health. 

Optimal outcome primarily dépends on “proper patient 
sélection,” which so far has defied satisfactory définition. 
Until the pathologie process is better described and reliable 
criteria for the diagnosis are determined, improvement in 
treatment outcomes will change slowly. 

DISC AND SPINE ANATOMY 

The anatomy of the spine and dises is discussed in detail in 
Chapter 37. 

NEURAL ELEMENTS 

The organization of the neural éléments is strictly maintained 
throughout the entire neural System, even within the conus 
medullaris and cauda equina distally. The orientation of the 
nerve roots in the durai sac and at the conus medullaris 
follows a highly organized pattern, with the most cephalad 
roots lying latéral and the most caudad lying centrally. The 
motor roots are ventral to the sensory roots at ail levels. The 
arachnoid mater holds the roots in these positions. 

The pedicle is the key to understanding surgical spinal 
anatomy. The relation of the pedicle to the neural éléments 
varies by région within the spinal column. In the thoracic and 
lumbar spine, the named root exits below the named pedicle. 
Dises are formally named for the vertébral bodies between 
which they lie (e.g., the L4-5 dise is between the L4 and L5 
vertébral bodies). This allows slightly more specificity in 
describing the dises if there is an anatomie variant (e.g., 
L4-S1) and less confusion than having the vertébral body, 
nerve root, and dise sharing the same name. Despite being 
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less spécifie, the dise often is informally named for the verté¬ 
bral level immediately cephalad (e.g., the L4 dise is immedi- 
ately caudal to the L4 vertebra). In the lumbar spine, latéral 
recess pathology, such as latéral recess stenosis or postérolat¬ 
éral dise herniation, typically involves the next nerve root 
exiting caudal to that dise; for example, an L4-5 postérolatéral 
dise herniation would be expected to cause L5 nerve root 
symptoms. 

At the level of the intervertébral foramen is the dorsal 
root ganglion (DRG). The DRG lies within the outer confines 
of the foramen. Distal to the ganglion, three distinct branches 
arise; the most prominent and important is the ventral ramus, 
which supplies ail structures ventral to the neural canal. The 
second branch, the sinuvertebral nerve, is a small filamentous 
nerve that originates from the ventral ramus and progresses 
medially over the posterior aspect of the dise and vertébral 
bodies, innervating these structures and the posterior longi¬ 
tudinal ligament. The third branch is the dorsal ramus. This 
branch courses dorsally, piercing the intertransverse ligament 
near the pars interarticularis. Three branches from the dorsal 
ramus innervate the structures dorsal to the neural canal. The 
latéral and intermediate branches provide innervation to the 
posterior musculature and skin. The médial branch séparâtes 
into three branches to innervate the facet joint at that level 
and the adjacent levels above and below (Fig. 39-1). 

Disc innervation is through afferent axons with cell 
bodies within the DRG. Nociceptive signais are transmitted 
to the spinal cord by neurons from the DRG. Animal studies 
hâve revealed two paths between the annulus and the DRG: 
one from the sinuvertebral nerve and another along the para¬ 
vertebral sympathetic trunk. The sinuvertebral nerve is a 


récurrent branch of the ventral ramus that connects back to 
the posterior dise at each level. The paired ganglia chains of 
the sympathetic trunks hâve axons that course through the 
gray rami communicantes to the spinal nerve. The dise is 
innervated by fibers from multiple levels. In animal models, 
the latéral annulus was found to be innervated by fibers 
coursing from the index level and two additional superior 
levels through the sinuvertebral nerves. Also, there was 
innervation through the sympathetic trunk by the DRG from 
the three levels even more superior than the sinuvertebral 
innervations. Contralatéral DRG involvement also occurs 
through both pathways. Similar nonsegmental, multilevel 
innervation patterns also hâve been reported for the ventral 
dise surface. These complex multilevel innervations would 
help explain the pain patterns encountered clinically if similar 
patterns are présent in humans. Also, innervations of the dise 
from the vertébral endplate hâve been shown. Intraosseous 
nerves follow the osseous vasculature. This endplate innerva¬ 
tion is through a branch of the sinuvertebral nerve, the basi¬ 
vertébral nerve. This nerve enters the foramen, and the nerve 
fibers enter the vertébral margin with the vessels. The density 
of innervation is similar to that seen in the outer annulus, 
which suggests that the endplates are as important to pain 
génération as is the annulus. 


NATURAL HISTORY OF 
DISC DISEASE 

One theory of spinal degeneration assumes that ail spines 
degenerate and that current methods of treatment are for 
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A f Dorsal view of lumbar spinal segment with lamina and facets removed. On left side, dura and root exiting at that 
level remain. On right side, dura has been resected and root is elevated. Sinuvertebral nerve with its course and innervation of posterior 
longitudinal ligament is usually obscured by nerve root and dura. B, Cross-sectional view of spine at level of endplate and dise. Note 
that sinuvertebral nerve innervâtes dorsal surface of dise and posterior longitudinal ligament. Additional nerve branches from ventral 
ramus innervate more ventral surface of dise and anterior longitudinal ligament. Dorsal ramus arises from root immediately on leaving 
foramen. This ramus divides into latéral, intermediate, and médial branches. Médial branch supplies primary innervation to facet joints 
dorsally. 
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symptomatic relief, not for cure. The degenerative process has 
been divided into three separate stages with relatively distinct 
findings. The first stage is dysfunction, which is seen in indi- 
viduals 15 to 45 years old. It is characterized by circumferen- 
tial and radial tears in the dise annulus and localized synovitis 
of the facet joints. The next stage is instability. This stage, 
found in 35- to 70-year-old individuals, is characterized by 
internai disruption of the dise, progressive dise résorption, 
and degeneration of the facet joints with capsular laxity, sub¬ 
luxation, and joint érosion. The final stage, présent in indi¬ 
viduals older than 60 years, is stabilization. In this stage, the 
progressive development of hypertrophie bone around the 
dise and facet joints leads to segmentai stiffening or frank 
ankylosis (see Table 38-1). 

Each spinal segment degenerates at a different rate. As 
one level is in the dysfunction stage, another may be entering 
the stabilization stage. Disc herniation in this scheme is con- 
sidered a complication of dise degeneration in the dysfunc¬ 
tion and instability stages. Spinal stenosis from degenerative 
arthritis in this scheme is a complication of bony overgrowth 
compromising neural tissue in the late instability and early 
stabilization stages. 

Long-term follow-up studies of lumbar dise herniations 
hâve documented several principles, the foremost being that 
generally symptomatic lumbar dise herniation (which is 
only one of the conséquences of dise degeneration) has a 
favorable outcome in most patients. The primary benefit of 
surgery has been noted to occur early on in the first year 
affer surgery, but with time the statistical significance of the 
improvement appears to be lost. In general, the literature 
supports an active care approach, minimizing centrally 
acting médications. The judicious use of épidural steroids 
also is supported, but long-term results and repeated use is 
questionable. Nonprogressive neurologie déficits originating 
from the lumbar spine (except cauda equina syndrome) can 
be treated nonoperatively with expected clinical improve¬ 
ment. If surgery is necessary, it usually can be delayed 6 to 
12 weeks to allow adéquate opportunity for improvement. 
Some patients are best treated surgically, and this is dis- 
cussed in the section dealing specifically with operative 
treatment of lumbar dise herniation. 

The natural history of degenerative dise disease is one of 
récurrent épisodes of pain followed by periods of significant 
or complété relief. 

Before a discussion of diagnostic studies, axial spine pain 
with radiation to one or more extremities must be considered. 
Also, understanding certain pathophysiologic entities must be 
juxtaposed to other entities of which only a rudimentary 
understanding exists. It is doubtful if there is any other area 
of orthopaedics in which accurate diagnosis is as difficult or 
the proper treatment as challenging as in patients with persis¬ 
tent neck and arm or low back and leg pain. Although many 
patients hâve clear diagnoses properly arrived at by careful 
history and physical examination with confirmatory imaging 
studies, many patients with pain hâve absent neurologie find¬ 
ings other than sensory changes and hâve normal imaging 
studies or studies that do not support the clinical complaints 
and findings. Inability to easily détermine an appropriate 
diagnosis does not relieve the physician of the obligation to 
recommend treatment or to direct the patient to a setting 
where such treatment is available. Careful assessment of these 
patients to détermine if they hâve problems that can be ortho- 


paedically treated (operatively or nonoperatively) is impéra¬ 
tive to avoid both overtreatment and undertreatment. 

Operative treatment can benefit a patient if it corrects a 
deformity, corrects instability, relieves neural compression, or 
treats a combination of these problems directly attributable 
to the patients complaint. Obtaining a history and complet- 
ing a physical examination to détermine a diagnosis that 
should be supported by other diagnostic studies is fundamen- 
tal; conversely, matching the diagnosis and treatment to the 
results of diagnostic studies, as often can be done in other 
subspecialties of orthopaedics (e.g., treating extremity pain 
based on a radiograph that shows a fracture), is more complex 
and difficult. The history, physical examination, and imaging 
studies must ail confirm the same pathologie process as the 
source of symptoms if surgical intervention is to be reproduc- 
ibly successful. 

AXIAL LUMBAR PAIN 

Axial lumbar pain occurs at some point in the lives of most 
people. Appropriate treatment for what can be at times 
excruciating pain generally should begin with évaluation 
for a significant spinal pathologie process. This pathologie 
process being absent, a brief (1 to 3 days) period of bed 
rest with institution of an antiinflammatory regimen and 
rapid progression to an active exercise regimen with an antic- 
ipated return to full activity should be expected and encour- 
aged. Generally, patients treated in this manner improve 
significantly in 4 to 8 weeks. Diagnostic studies, including 
radiographs, often are not helpful because they add little 
information. More sophisticated imaging with CT and MRI 
or other studies hâve even less utility initially. An overdepen- 
dence on the diagnosis of dise herniation can occur with early 
use of these diagnostic studies, which show dise herniations 
in 20% to 36% of normal volunteers. General imaging guide- 
lines hâve been developed to help identify patients for whom 
radiography is indicated (Box 39-1). 

Patients should understand that persistence of some pain 
does not indicate treatment failure, necessitating further 
measures; however, it is important for treating physicians to 
recognize that the longer a patient is limited by pain, the less 
likely he or she is to return to full activity. 



Sélective Indications for Radiography in Acute 
Low Back Pain 


■ Age > 50 years 

■ Significant trauma 

■ Neuromuscular déficits 

■ Unexplained weight loss (10 Ib in 6 months) 

■ Suspicion of ankylosing spondylitis 

■ Drug or alcohol abuse 

■ History of cancer 

■ Use of corticosteroids 

■ Température > 37.8° C (>100° F) 

■ Recent visit (<1 month) for same problem and no 
improvement 

■ Patient seeking compensation for back pain 
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For patients who do not respond to treatment regimens, 
early récognition that other issues may be involved is essen- 
tial. Careful reassessment of complaints and reexamination 
for new information or findings and inconsistencies are nec- 
essary. Many studies of occupational back pain hâve revealed 
that dépréssion, occupational mental stress, job satisfaction, 
intensity of concentration, anxiety, and marital status can be 
related to complaints of pain and disability. The rôle of 
these factors as causal or consequential of the symptoms 
remains an area of continued study; however, there is some 
evidence that the psychologie stresses occur before com¬ 
plaints of pain in some patients. Another finding that is 
évident from the literature is the inability of physicians to 
detect psychosocial factors adequately without using spécifie 
instruments designed for this purpose in patients with back 
pain. In one study, experienced spinal surgeons were able to 
identify distressed patients only 26% of the time based on 
patient interviews. Given the difficulty of identifying patients 
with psychosocial distress, being aware of the high incidence 
of incidental abnormal findings on imaging studies under- 
scores the need for critical individual review of these studies 
by treating physicians. Severe nerve compression shown by 
MRI or CT correlates with symptoms of distal leg pain; 
however, mild-to-moderate nerve compression (Table 39-1), 
dise degeneration or bulging, and central stenosis do not cor- 
relate significantly with spécifie pain patterns. 

DIAGNOSTIC STUDIES 
■ RADIOGRAPHY 

The simplest and most readily available diagnostic tests for 
lumbar pain are anteroposterior and latéral radiographs of 


TABLE 39-1 


Classification for Spinal Nerve and Thécal Sac 
Deformation 

SPINAL NERVE DEFORMATION IN LATERAL RECESS OR 
INTERVERTEBRAL FORAMEN 

0—absent 

No visible dise material contacting or 
deforming nerve 

1—minimal 

Contact with dise material deforming 
nerve but displacement < 2 mm 

Il—moderate 

Contact with dise material displacing 
>2 mm; nerve is still visible and not 
obscured by dise material 

III—severe 

Contact with dise material completely 
obscuring nerve 

THECAL SAC DEFORMATION IN VERTEBRAL CANAL 

0—absent 

No visible dise material contacting or 
deforming thécal sac 

1—minimal 

Disc material in contact with thécal sac 

Il—moderate 

Disc material deforming thécal sac; 
anteroposterior distance of thécal sac 
>7 mm 

III—severe 

Disc material deforming thécal sac; 
anteroposterior distance of thécal sac 
<7 mm 


(From Beattie PF, Myers SP, Stratford P, et al: Associations between patient report 
of symptoms and anatomical impairment visible on lumbar magnetic résonance 
imaging, Spine 25:819, 2000.) 


the involved spinal région. These simple radiographs show a 
relatively high incidence of abnormal findings; however, 
spinal radiographs on the initial visit for acute low back pain 
may not contribute to patient care and are not always cost 
effective. Plain radiographs may be considered only after the 
initial therapy fails, especially in patients younger than 45 
years old. 

There is insignificant corrélation between back pain and 
the radiographie findings of lumbar lordosis, transitional ver- 
tebra, dise space narrowing, dise vacuum sign, and claw 
spurs. In addition, the entity of dise space narrowing is 
extremely difficult to quantify in ail but operated backs or in 
obviously abnormal circumstances. A study of 321 patients 
found that only when traction spurs or obvious dise space 
narrowing or both were présent did the incidence of severe 
back and leg pain, leg weakness, and numbness increase. 
These positive findings had no relationship to heavy lifting, 
vehicular exposure, or exposure to vibrating equipment. 
Other studies hâve shown some relationship between back 
pain and the findings of spondylolysis, spondylolisthesis, and 
adult scoliosis, but these findings also can be observed in 
spine radiographs of asymptomatic patients. 

Spécial radiographie views can be helpful in further 
defining the initial clinical radiographie impression. Oblique 
views are useful in defining further spondylolisthesis and 
spondylolysis but are of limited use in facet syndrome and 
hypertrophie arthritis of the lumbar spine. Latéral flexion 
and extension radiographs may reveal segmentai instability. 
The interprétation of these views dépends on patient coopéra¬ 
tion, patient positioning, and reproducible technique. Latéral 
lumbar flexion views are valid only if done in the seated posi¬ 
tion, which maximizes lumbar kyphosis. The Ferguson view 
(20-degree caudocephalic anteroposterior radiograph) has 
been shown to be of value in the diagnosis of the “far out 
syndrome,” that is, fifth root compression produced by a large 
transverse process of the fifth lumbar vertebra against the ala 
of the sacrum. Angled caudal views localized to areas of 
concern may show evidence of facet or laminar pathologie 
conditions. 

■ MYELOGRAPHY 

The value of myelography is the ability to check ail spinal 
régions for abnormality and to define intraspinal lésions; it 
may be unnecessary if clinical and CT or MRI findings are in 
complété agreement. The primary indications for myelogra¬ 
phy are suspicion of an intraspinal lésion, patients with spinal 
instrumentation, or questionable diagnosis resulting from 
conflicting clinical findings and other studies. In addition, 
myelography is valuable in a previously operated spine and 
in patients with marked bony degenerative change that may 
be underestimated on MRI. Myelography is improved by the 
use of postmyelography CT in this setting and in evaluating 
spinal stenosis. 

Several contrast agents hâve been used for myelography: 
air, oil contrast, and water-soluble (absorbable) contrast 
agents, including métrizamide (Amipaque), iohexol (Omnip- 
aque), and iopamidol (Isovue-M). Because these nonionic 
agents are absorbable, the discomfort of removing them and 
the severity of the postmyelography headache hâve decreased. 

Arachnoiditis is a severe complication that has been 
attributed occasionally to the combination of iophendylate 
and blood in the cerebrospinal fluid (CSF). This diagnosis 
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usually is confirmée! only by repeat myelography. Attempts 
at surgical neurolysis hâve resulted in only short-term relief 
and a return of symptoms within 6 to 12 months after the 
procedure. Time may decrease the effects of this serious 
problem in some patients, but progressive paralysis has been 
reported in rare instances. Arachnoiditis also can be caused 
by tuberculosis and other types of meningitis. Arachnoiditis 
has not been noted to be related to the use of a water-soluble 
contrast agent, with or without injection, in the presence of 
a bloody tap. 

Water-soluble contrast media are now the standard agents 
for myelography. Their advantages include absorption by the 
body, enhanced définition of structures, tolérance, and the 
ability to vary the dosage for different contrasts. Similar to 
iophendylate, they are meningeal irritants, but they hâve not 
been associated with arachnoiditis. The complications of these 
agents include nausea, vomiting, confusion, and seizures. Rare 
complications include stroke, paralysis, and death. Iohexol 
and iopamidol hâve significantly lower complication rates 
than métrizamide. The more common complications seem to 
be related to patient hydration, phenothiazines, tricyclic anti- 
depressants, and migration of contrast material into the 
cranial vault. Many reported complications can be prevented 
or minimized by using the lowest possible dose to achieve the 
desired degree of contrast. Adéquate hydration and discon¬ 
tinuation of phenothiazines and tricyclic antidepressants 
before, during, and after the procedure also should minimize 
the incidence of the more common reactions. Likewise, main¬ 
tenance of at least a 30-degree élévation of the patients head 
until the contrast material is absorbed should help prevent 
reactions. Complété information about these agents and the 
dosages required is found in their package inserts. 

Iohexol is a nonionic contrast medium approved for tho- 
racic and lumbar myelography. The incidence of reactions to 
this medium is low. The most common reactions are head- 
ache (<20%), pain (8%), nausea (6%), and vomiting (3%). 
Serious reactions are rare and include mental disturbances 
and aseptie meningitis (0.01%). Good hydration is essential 
to minimize the common reactions. The use of phenothiazine 
antinauseants is contraindicated when this medium is 
employed. Management before and after the procedure is the 
same as for métrizamide. 

Air contrast is used rarely and probably should be used 
only in situations in which myelography is mandatory and 
the patient is extremely allergie to iodized materials. The 
resolution from such a procedure is poor. Air epidurography 
in conjunction with CT has been suggested in patients in 
whom further définition between postoperative scar and 
récurrent dise material is required. 

Myélographie technique begins with a careful explana- 
tion of the procedure to the patient before its initiation. 
Hydration of the patient before the procedure may minimize 
postmyelographic complaints. Heavy sédation rarely is 
needed. Proper equipment, including a fluoroscopie unit with 
a spot film device, image intensification, tilt table, and télévi¬ 
sion monitoring, is useful. The type of needle selected also 
influences the risk of postdural puncture headaches, which 
can be severe. Smaller gauge needles (22- or 25-gauge) hâve 
been found to resuit in a lower incidence of postdural punc¬ 
ture headaches. Also, use of a Whitacre-type needle with a 
blunter tip and side port opening results in fewer postdural 
puncture headache complaints. 


The most common technical complications of myelogra¬ 
phy are significant rétention of contrast medium (oil contrast 
only), persistent headache from a durai leak, and épidural 
injection. These problems usually are minor. Persistent durai 
leaks usually are responsive to a blood patch. With the use of 
a water-soluble contrast medium, the persistent abnormali- 
ties caused by retained medium and épidural injection are 
eliminated. 


MYELOGRAPHY 


TECHNIQUE 39-1 


■ Place the patient prone on the fluoroscopie table. Use of 
an abdominal pillow is optional. Préparé the back in the 
usual surgical fashion. 

■ Détermine needle placement by the suspected pathologie 
level. Placement of the needle cephalad to L2-3 is more 
dangerous because of the risk of damaging the conus 
medullaris. 

■ Infiltrate the selected area of injection with a local anes- 
thetic. Use the smallest gauge needle that can be well 
placed. If a Whitacre-type needle is used, a 19-gauge 
needle may be placed through the skin, subeutaneous 
tissue, and fascia to form a track because this relatively 
blunt needle may not penetrate these structures well. 
Midline needle placement usually minimizes latéral nerve 
root irritation and épidural injection. Advance the needle 
with the bevel parallel to the long axis of the body. Sub- 
arachnoid placement can be enhanced by tilting the 
patient up to increase intraspinal pressure and minimize 
the épidural space. 

■ When the dura and arachnoid hâve been punctured, turn 
the bevel of the needle cephalad. A clear continuous flow 
of CSF should continue with the patient prone. Mano- 
metric studies can be done at this time if desired or 
indicated. Remove a volume of CSF equal to the planned 
injection volume for laboratory évaluation as indicated by 
the clinical suspicions. In most patients, a cell count, dif- 
ferential white blood cell count, and protein analysis are 
performed. 

■ Inject a test dose of the contrast material under fluoro¬ 
scopie control to confirm a subarachnoid injection. If a 
mixed subdural-subarachnoid injection is suspected, 
change the needle depth; occasionally, a latéral radio- 
graph may be required to confirm the proper depth. If 
flow is good, inject the contrast material slowly. 

■ Ensure continued subarachnoid injection by occasionally 
aspirating as the injection continues. The usual dose of 
iohexol for lumbar myelography in an adult is 10 to 
15 mL with a concentration of 170 to 190 mg/mL. Higher 
concentrations of water-soluble contrast are required if 
higher areas of the spine are to be demonstrated. Consult 
the package insert of the contrast agent used. The needle 
can be removed if a water-soluble contrast agent (iohexol) 
is used. 

■ Allow the contrast material to flow caudally for the best 
views of the lumbar roots and distal sac. Make spot films 
in the anteroposterior, latéral, and oblique projections. A 
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S full lumbar examination should include thoracic évalua¬ 
tion to about the level of T7 because lésions at the tho¬ 
racic level may mimic lumbar dise disease. Take additional 
spot films as the contrast proceeds cranially. 

■ If a total or cervical myelogram is desired, allow the con¬ 
trast to proceed cranially. Extend the neck and head maxi- 
mally to prevent or minimize intracranial migration of the 
contrast medium. 

■ If blood is présent in the initial tap, aborting the proce¬ 
dure if the CSF does not clear rapidly is best. It can be 
attempted again in several days if the patient has no 
symptoms related to the first tap and is well hydrated. If 
the proper needle position is confirmed in the anteropos- 
terior and latéral views, and CSF flow is minimal or 
absent, suspect a neoplastic process. Place the needle at 
a higher or lower level as indicated by the circumstances. 
If attempts to obtain CSF continue to fail, abandon the 
procedure and reevaluate the clinical situation. 


■ COMPUTED TOMOGRAPHY 

CT can be a useful diagnostic tool in the évaluation of spinal 
disease (Fig. 39-2). The current technology and computer 
software hâve made possible the ability to reformat the 


standard axial cuts in almost any direction and magnify the 
images so that exact measurements of various structures can 
be made. Software is available to evaluate the density of a 
selected vertebra and compare it with vertebrae of the normal 
population to give a numerically reproducible estimate of 
vertébral density to quantitate osteopenia. 

Numerous types of CT studies for the spine are available. 
One must be careful when ordering the study to ensure that 
the areas of clinical concern are included. The most common 
routine for lumbar dise herniations consists of making serial 
cuts through the last three lumbar intervertébral dises. If the 
equipment has a tilting gantry, an attempt is made to keep the 
axis of the cuts parallel with the dises. Frequently, the gantry 
cannot tilt enough, however, to allow a parallel beam through 
the lowest dise space. This technique does not allow démon¬ 
stration of the canal at the pedicles. Another method involves 
making cuts through the dises without tilting the gantry. The 
entire canal is not shown, and the lower cuts frequently hâve 
the lower and upper endplates of adjacent vertebrae superim- 
posed in the same view. 

The most complex method consists of making multiple 
parallel cuts at equal intervals. This allows computer recon¬ 
struction of the images in different planes, usually sagittal and 
coronal. These reformatted views allow an almost three- 
dimensional view of the spine and most of its structures. The 



A f CT scan scout view of lumbar dise herniation at lumbar dise level showing angled gantry technique. B f CT scan 
scout view of straight gantry technique. C f CT scan of lumbar dise herniation at L4-5 dise level showing cross-sectional anatomy with 
gantry straight. D f CT scan of L4-5 dise herniation at lumbar dise level showing cross-sectional, sagittal, and coronal anatomy using 
computerized reformatted technique. E f CT scan of L4-5 dise herniation at lumbar dise level showing cross-sectional anatomy 2 hours 
after métrizamide myelography. F f CT scan of lumbar dise herniation at L4-5 dise level showing cross-sectional anatomy after intravenous 
injection for greater soft-tissue contrast. 
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greatest benefit of this technique is the ability to see beyond 
the limits of the durai sac and root sleeves. The diagnosis of 
foraminal encroachment by bone or dise material can be made 
in the face of a normal myelogram. The proper procedure can 
be chosen that fits ail of the pathologie conditions involved. 

Optimal reformatted CT should include enlarged axial 
and sagittal views with clear notation as to laterality and 
sequence of cuts. Several sections of the axial cuts should 
include the local soft tissue and contiguous abdominal con¬ 
tents. Finally, a set of images adjusted for improved bony 
detail should be included for évaluation of the facet joints and 
the latéral recesses. This study should be centered on the level 
of greatest clinical concern. The study can be enhanced 
further if done after water contrast myelography or with 
intravenous injection of a contrast medium. Enhancement 
techniques are especially useful if the spine being evaluated 
has been operated on previously. 

This noninvasive, painless outpatient procedure can 
supply more information about spinal disease than was previ¬ 
ously available with a battery of invasive and noninvasive tests 
usually requiring hospitalization. CT does not show intraspi- 
nal tumors or arachnoiditis and is unable to differentiate scar 
from récurrent dise herniation. The use of intravenous con¬ 
trast medium (Fig. 39-2F) followed by CT can improve the 
définition between scar and dise herniation. Myelography is 
still required to show intraspinal tumors and to “run” the 
spine to detect occult or unsuspected lésions. The develop¬ 
ment of low-dose métrizamide or iohexol myelography with 
reformatted CT done as an outpatient procedure allows 
maximal information to be obtained with minimal time, risk, 
discomfort, and cost. 


superior for imaging the dise and directly images neural 
structures. Also, MRI typically shows the entire région of 
study (cervical, thoracic, or lumbar). Of particular value is 
the ability to image the nerve root in the foramen, which is 
difficult even with postmyelography CT because the sub- 
arachnoid space and the contrast agent do not extend fully 
through the foramen. Despite this superiority, there are cir- 
cumstances in which MRI and CT, with or without myelog¬ 
raphy, can be used in a complementary fashion. 

One of the difficultés with MRI is showing anatomy 
that is abnormal but may be asymptomatic. MRI evidence of 
dise degeneration has been reported in the cervical spine 
in 25% of patients younger than 40 years and in 60% of 
patients 60 years and older, and lumbar dise degeneration 
was found in 35% of patients 20 to 39 years old and in 100% 
of patients older than 50. The demonstrated findings must 
be carefully correlated with the clinical impression. The 
importance of this concept cannot be overstated. The best 
way to obtain meaningful clinical information from MRI of 
the spine is to hâve a spécifie question before the study. This 
question is derived from the patients history and careful 
physical examination and is posed using the parameters of 
(1) neural compression, (2) instability, and (3) deformity. In 
each case the spécifie location of the abnormality should be 
suspected before MRI and confirmed with the study. Only 
abnormalities in one or a combination of these categories 
are important, and operative techniques can treat only these 
problems. Failure to interpret an imaging study in this way, 
especially MRI, which is sensitive to anatomie abnormali¬ 
ties, would inevitably lead to poor clinical choices and 
outcomes. 


■ MAGNETIC RESONANCE IMAGING 

MRI is currently the standard for advanced imaging of the 
spine and is superior to CT in most circumstances, in par¬ 
ticular, identification of infections, tumors, and degenerative 
changes within the dises (Fig. 39-3). More important, MRI is 



MRI of lumbar spine. A f Normal T2-weighted 
image. B f T2-weighted image showing degenerative bulging or 
herniated dises, or both, at L3-4, L4-5, and L5-S1. 


■ OTHER DIAGNOSTIC TESTS 

Numerous diagnostic tests hâve been used in the diagnosis of 
intervertébral dise disease in addition to radiography, myelog¬ 
raphy, CT, and MRI. The primary advantage of these tests is 
to rule out diseases other than primary dise herniation, spinal 
stenosis, and spinal arthritis. 

Electromyography is the most notable of these tests. One 
advantage of electromyography is in the identification of 
peripheral neuropathy and diffuse neurologie involvement 
indicating higher or lower lésions. Electromyography and 
nerve conduction velocity can be helpful if a patient has a 
history and physical examination suggestive of radiculopathy 
at either the cervical or lumbar level with inconclusive 
imaging studies. Paraspinal muscles in a patient with a previ- 
ous posterior operation usually are abnormal and are not a 
reliable diagnostic finding. 

Bone scans are another procedure in which positive find¬ 
ings usually are not indicative of intervertébral dise disease, 
but they can confirm neoplastic, traumatic, and arthritic 
problems in the spine. Various laboratory tests, such as a 
complété blood cell count, differential white blood cell count, 
C-reactive protein, biochemical profile, urinalysis, sérum 
protein electrophoresis, and érythrocyte sédimentation rate, 
are extremely good screening procedures for other causes of 
pain in the spine. Rheumatoid screening studies, such as 
those for rheumatoid arthritis, antinuclear antibody, lupus 
erythematosus cell préparation, and HLA-B27, also are useful 
when indicated by the clinical picture. 

Some tests that were developed to enhance the diagnosis 
of intervertébral dise disease hâve been surpassed by more 
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advanced technology. Lumbar venography and ultrasono- 
graphic measurement of the intervertébral canal are two 
examples. 

INJECTION STUDIES 

Whenever a diagnosis is in doubt and the complaints seem 
real or the pathologie condition is diffuse, identification of the 
source of pain is problematic. The use of local anesthetics or 
contrast media in various spécifie anatomie areas can be 
helpful. These agents are relatively simple, safe, and minimally 
painful. Contrast media such as diatrizoate meglumine 
(Hypaque), iothalamate meglumine (Conray), iohexol 
(Omnipaque), iopamidol, and métrizamide (Amipaque) hâve 
been used for discography and blocks with no reported ill 
effects. Reports of neurologie complications with contrast 
media used for discography and subséquent chymopapain 
injection are well documented. The best choice of a contrast 
medium for documenting structures outside the subarach- 
noid space is an absorbable medium with low reactivity, 
because it might be injected inadvertently into the subarach- 
noid space. Iohexol and métrizamide are the least reactive, 
most widely accepted, and best tolerated of the currently avail- 
able contrast media. Local anesthetics, such as lidocaine 
(Xylocaine), tetracaine (Pontocaine), and bupivacaine (Mar- 
caine), are used frequently epidurally and intradurally. The 
use of bupivacaine should be limited to low concentrations 
and low volumes because of reports of death after épidural 
anesthésia using concentrations of 0.75% or higher. 

Steroids prepared for intramuscular injection also hâve 
been used frequently in the épidural space with few and 
usually transient complications. Spinal arachnoiditis in past 
years was associated with the use of épidural méthylpredniso¬ 
lone acetate (Depo-Medrol). This complication was thought 
to be caused by the use of the suspending agent, polyethylene 
glycol, which has since been eliminated from the Depo- 
Medrol préparation. For épidural injections, we prefer the use 
of Celestone Soluspan, which is a mixture of betamethasone 
sodium phosphate and betamethasone acetate. Celestone 
Soluspan provides immédiate and long-term duration of 
action, is highly soluble, and contains no harmful preserva- 
tives. Celestone should not be mixed with local anesthetics 
containing preservatives such as parabens or phénol because 
flocculation and clogging of the suspension can occur. If 
Celestone is not available, other commonly used préparations 
for spinal injections include méthylprednisolone (Depo- 
Medrol) and triamcinolone acetonide (Kenalog) (see Table 
38-2). Isotonie saline is the only other injectable medium 
used frequently around the spine with no reported adverse 
reactions. Ail substrates injected into the épidural space 
should be preservative free. 

When discrète, well-controlled injection techniques 
directed at spécifie targets in and around the spine are used, 
grading the degree of pain before and after a spinal injection 
is helpful in determining the location of the pain generator. 
The patient is asked to grade the degree of pain on a 0-to-10 
scale before and at various intervals after the spinal injection 
(see Box 38-1). If a spinal injection done under fluoroscopie 
control results in an 80% or more decrease in the level of pain, 
which corresponds to the duration of action of the anesthetic 
agent used, we présumé the target area injected to be the pain 
generator. Less pain réduction, 50% to 65%, does not consti- 
tute a positive response. 


■ EPIDURAL CORTISONE INJECTIONS 

Epidural injections in the cervical, thoracic, and lumbosacral 
spine were developed to diagnose and treat spinal pain. Infor¬ 
mation obtained from épidural injections can be helpful in 
confirming pain generators that are responsible for a patient s 
discomfort. Structural abnormalities do not always cause 
pain, and diagnostic injections can help to correlate abnor¬ 
malities seen on imaging studies with associated pain com¬ 
plaints. In addition, épidural injections can provide pain relief 
during the recovery of dise or nerve root injuries and allow 
patients to increase their level of physical activity. Because 
severe pain from an acute dise injury, with or without radicu- 
lopathy, often is time limited, therapeutic injections can help 
to manage pain and may alleviate or decrease the need for 
oral analgésies. 

The previous literature did not reliably establish the 
efficacy of épidural injections because of the lack of well- 
controlled studies. A rétrospective study comparing inter- 
laminar to transforaminal épidural injections for symptomatic 
lumbar intervertébral dise herniations found that transfo¬ 
raminal injections resulted in better short-term pain improve- 
ment and fewer long-term operative interventions. 

A number of randomized, double-blind, controlled 
studies hâve been done to evaluate the effectiveness of lumbar 
interlaminar injections, as well as caudal épidural injections, 
in the treatment of chronic discogenic pain with and without 
radiculitis. Overall these studies indicate that a high percent- 
age of patients receiving the injections hâve significant pain 
relief and functional improvement. The question still remains 
whether there is any significant long-term benefit to these 
injections. 

Few serious complications occur in patients receiving 
épidural corticosteroid injections; however, épidural abscess, 
épidural hematoma, durocutaneous fistula, and Cushing syn¬ 
drome hâve been reported as individual case reports. The 
most adverse immédiate reaction during an épidural injec¬ 
tion is a vasovagal reaction, although this is much more 
common with cervical injections. Durai puncture has been 
estimated to occur in 0.5% to 5% of patients having cervical 
or lumbar épidural steroid injections. Some minor, common 
complaints caused by corticosteroid injected into the épidu¬ 
ral space include nonpositional headaches, facial flushing, 
insomnia, low-grade fever, and transient increased back or 
lower extremity pain. Major adverse events can occur with 
épidural injections, but these are rare, their true incidence is 
unknown, and they hâve been described only in case reports. 
Several large sériés involving nearly 5000 patients with over 
8000 transforaminal lumbar épidural injections reported no 
major adverse events and a less than 1% incidence of postin¬ 
jection headache; the most frequent sequela was increased 
leg or back pain, which also occurred in less than 1% of 
patients. 

Epidural corticosteroid injections are contraindicated in 
the presence of infection at the injection site, systemic infec¬ 
tion, bleeding diathesis, uncontrolled diabètes mellitus, and 
congestive heart failure. 

We perform épidural corticosteroid injections in a fluo- 
roscopy suite equipped with resuscitative and monitoring 
equipment. Intravenous access is established in ail patients 
with a 20-gauge angiocatheter placed in the upper extremity. 
Mild sédation is achieved through intravenous access. We 
recommend the use of fluoroscopy for diagnostic and 
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therapeutic épidural injections for several reasons. Epidural 
injections performed without fluoroscopie guidance are not 
always made into the épidural space or the intended inter- 
space. Even in experienced hands, needle misplacement 
occurs in 40% of caudal and 30% of lumbar épidural injec¬ 
tions when done without fluoroscopie guidance. Accidentai 
intravascular injections also can occur, and the absence of 
blood return with needle aspiration before injection is an 
unreliable indicator of this complication. In the presence of 
anatomie anomalies, such as a midline épidural septum or 
multiple separate épidural compartments, the desired flow of 
épidural injectants to the presumed pain generator is 
restricted and remains undetected without fluoroscopy. In 
addition, if an injection fails to relieve pain, it would be 
impossible without fluoroscopy to détermine whether the 
failure was caused by a genuine poor response or by improper 
needle placement. 

■ THORACIC EPIDURAL INJECTION 

Epidural steroid injections in the thoracic spine hâve been 
shown to provide relief from thoracic radicular pain second- 
ary to dise herniations, trauma, diabetic neuropathy, herpes 
zoster, and idiopathic thoracic neuralgia, although reports in 
the literature are few. 


area several segments above and below the interspace 
to be injected. Drape the area in stérile fashion. 

■ Identify the target laminar interspace using anteroposte- 
rior fluoroscopie guidance. 

■ Anesthetize the skin over the target interspace on the 
side of the patient's pain. Under fluoroscopie control, 
insert and advance a 22-gauge, 3/ 2 -inch spinal needle 
to the superior edge of the target lamina. Anesthetize the 
lamina and the soft tissues as the spinal needle is 
withdrawn. 

■ Mark the skin with an 18-gauge hypodermic needle and 
insert an 18-gauge, 3}Ç -inch Tuohy épidural needle, and 
advance it at a 50- to 60-degree angle to the axis of the 
spine and a 15- to 30-degree angle toward the midline 
until contact with the lamina is made. To view the tho¬ 
racic interspace better, position the C-arm so that the 
fluoroscopy beam is in the same plane as the Tuohy épi¬ 
dural needle. 

■ "Walk off" the lamina with the Tuohy needle into the 
ligamentum flavum. Remove the stylet from the Tuohy 
needle and, using the loss-of-resistance technique, 
advance it into the épidural space. When loss of résis¬ 
tance has been achieved, aspirate to check for blood or 
CSF. If neither blood nor CSF is évident, inject 1.5 mL of 
nonionic contrast dye to confirm épidural placement. 

■ To confirm proper placement further, adjust the C-arm to 
view the area from a latéral projection (Fig. 39-4). A spot 
radiograph or epidurogram can be obtained. Inject 2 mL 
of 1% preservative-free lidocaine without epinephrine 
and 2 mL of 6 mg/mL Celestone Soluspan slowly into the 
épidural space. 


■ LUMBAR EPIDURAL INJECTION 

Certain clinical trends are apparent with lumbar épidural 
steroid injections. When nerve root injury is associated with 
a dise herniation or latéral bony stenosis, most patients who 
received substantial relief of leg pain from a well-placed 


INTERLAMINAR THORACIC 
EPIDURAL INJECTION 


TECHNIQUE 39-2 


■ A paramedian rather than a midline approach is used 
because of the angulation of the spinous processes. 

■ Place the patient prone on a pain management table. 
The préparation of the patient and equipment are identi- 
cal to that used for interlaminar cervical épidural injec¬ 
tions (see Technique 38-1). Aseptically préparé the skin 



A f Posteroanterior view of thoracic interlaminar epidurogram showing characteristic contrast flow pattern. B f Latéral 
radiograph of thoracic epidurogram. SEE TECHNIQUE 39-2. 
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transforaminal injection, even if temporary, benefit from 
surgery for the radicular pain. Patients who do not respond 
and who hâve had radicular pain for at least 12 months are 
unlikely to benefit from surgery Patients with back and leg 
pain of an acute nature (<3 months) respond better to épidu¬ 
ral corticosteroids. Unless a significant reinjury results in an 
acute dise or nerve root injury, postsurgical patients tend to 
respond poorly to épidural corticosteroids. 


INTERLAMINAR LUMBAR 
EPIDURAL INJECTION 


TECHNIQUE 39-3 


■ Place the patient prone on a pain management table. 
Aseptically préparé the skin area with isopropyl alcohol 
and povidone-iodine several segments above and below 
the laminar interspace to be injected. Drape the area in 
a stérile fashion. 

■ Under anteroposterior fluoroscopy guidance, identify the 
target laminar interspace. Using a 27-gauge, %-inch 
needle, anesthetize the skin over the target interspace on 
the side of the patient's pain with 1 to 2 mL of 1 % 
preservative-free lidocaine without epinephrine. 

■ Insert a 22-gauge, 3/ 2 -inch spinal needle vertically until 
contact is made with the upper edge of the inferior 
lamina at the target interspace, 1 to 2 cm latéral to the 
caudal tip of the inferior spinous process under fluoros¬ 
copy. Anesthetize the lamina with 2 mL of 1 % 
preservative-free lidocaine without epinephrine. Anesthe¬ 
tize the soft tissue with 2 mL of 1% lidocaine as the 
spinal needle is withdrawn. 

■ Nick the skin with an 18-gauge hypodermic needle and 
insert a 17-gauge, 3/ 2 -inch Tuohy épidural needle and 
advance it vertically within the anesthetized soft-tissue 
track until contact with the lamina has been made under 
fluoroscopy. 


■ "Walk off" the lamina with the Tuohy needle onto the 
ligamentum flavum. Remove the stylet from the Tuohy 
needle and attach a 10-mL syringe filled halfway with air 
and stérile saline to the Tuohy needle. Advance the Tuohy 
needle into the épidural space using the loss-of-resistance 
technique. Avoid latéral needle placement to decrease 
the likelihood of encountering an épidural vein or adja¬ 
cent nerve root. Remove the stylet when loss of résistance 
has been achieved. Aspirate to check for blood or CSF. If 
neither blood nor CSF is présent, remove the syringe from 
the Tuohy needle and attach a 5-mL syringe containing 
2 mL of nonionic contrast dye. 

■ Confirm épidural placement by producing an epiduro- 
gram with the nonionic contrast agent (Fig. 39-5). A spot 
radiograph can be taken to document placement. 

■ Remove the 5-mL syringe and place on the Tuohy needle 
a 10-mL syringe containing 2 mL of 1 % preservative-free 
lidocaine and 2 mL of 6 mg/mL Celestone Soluspan. 
Inject the corticosteroid préparation slowly into the épi¬ 
dural space. 


TRANSFORAMINAL LUMBAR AND 
SACRAL EPIDURAL INJECTION 


TECHNIQUE 39-4 


■ Place the patient prone on a pain management table. 
Aseptically préparé the skin area with isopropyl alcohol 
and povidone-iodine several segments above and below 
the interspace to be injected. Drape the area in stérile 
fashion. 

■ Under anteroposterior fluoroscopie guidance, identify the 
target interspace. Anesthetize the soft tissues over the 
latéral border and midway between the two adjacent 
transverse processes at the target interspace. 



A f Posteroanterior view of lumbar interlaminar epidurogram showing characteristic contrast flow pattern. B f Latéral 
radiograph of lumbar epidurogram. SEE TECHNIQUE 39-3. 
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A, Right L5 sélective nerve root injection contrast pattern. B f Latéral radiograph of L5 sélective nerve block contrast 
flow pattern in anterior épidural space. SEE TECHNIQUE 39-4. 


Insert a 22-gauge, 4%-inch spinal needle and advance 
it within the anesthetized soft-tissue track under fluoros- 
copy until contact is made with the lower edge of the 
superior transverse process near its junction with the 
superior articular process. 

Retract the spinal needle 2 to 3 mm, redirect it toward 
the base of the appropriate pedicle, and advance it slowly 
to the 6-o'clock position of the pedicle under fluoroscopy. 
Adjust the C-arm to a latéral projection to confirm the 
position and then return the C-arm to the anteroposterior 
view. 

Remove the stylet. Inject 1 mL of nonionic contrast agent 
slowly to produce a perineurosheathogram (Fig. 39-6). 
After an adéquate dye pattern is observed, inject slowly 
a 2-mL volume containing 1 mL of 0.75% preservative- 
free bupivacaine and 1 mL of 6 mg/mL Celestone 
Soluspan. 

The SI nerve root also can be injected using the transfo¬ 
raminal approach. 

Place the patient prone on the pain management table. 
After appropriate aseptie préparation, direct the C-arm so 
that the fluoroscopy beam is in a cephalocaudad and 
lateral-to-medial direction so that the anterior and poste- 
rior SI foramina are aligned. 

Anesthetize the soft tissues and the dorsal aspect of the 
sacrum with 2 to 3 mL of 1% preservative-free lidocaine 
without epinephrine. Insert a 22-gauge, 3/ 2 -inch spinal 
needle, and advance it within the anesthetized soft-tissue 
track under fluoroscopy until contact is made with pos- 
terior sacral bone slightly latéral and inferior to the SI 
pedicle. "Walk" the spinal needle off the sacrum into the 
posterior SI foramen to the médial edge of the pedicle. 
Adjust the C-arm to a latéral projection to confirm the 
position and return it to the anteroposterior view. 
Remove the stylet. Inject 1 mL of nonionic contrast slowly 
to produce a perineurosheathogram (Fig. 39-7). After an 
adéquate dye pattern of the SI nerve root is obtained, 


insert a 2-mL volume containing 1 mL of 0.75% 
preservative-free bupivacaine and 1 mL of 6 mg/mL Cele¬ 
stone Soluspan. 


CAUDAL SACRAL EPIDURAL 
INJECTION 


TECHNIQUE 39-5 


■ Place the patient prone on a pain management table. 
Aseptically préparé the skin area from the lumbosacral 
junction to the coccyx with isopropyl alcohol and 
povidone-iodine. Drape the area in stérile fashion. 

■Try to identify by palpation the sacral hiatus, which is 
located between the two horns of the sacral cornua. The 
sacral hiatus can be best observed by directing the fluo¬ 
roscopie beam laterally. 

■ Anesthetize the soft tissues and the dorsal aspect of the 
sacrum with 2 to 3 mL of 1% preservative-free lidocaine 
without epinephrine. Keep the C-arm positioned so that 
the fluoroscopie beam remains latéral. 

■ Insert a 22-gauge, 3/ 2 -inch spinal needle between the 
sacral cornua at about 45 degrees, with the bevel of the 
spinal needle facing ventrally until contact with the 
sacrum is made. Using fluoroscopie guidance, redirect the 
spinal needle more cephalad, horizontal and parallel to 
the table, advancing it into the sacral canal through the 
sacrococcygeal ligament and into the épidural space 
(Fig. 39-8). 

■ Remove the stylet. Aspirate to check for blood or CSF. 
If neither blood nor CSF is évident, inject 2 mL of 
nonionic contrast dye to confirm placement. Move the 
C-arm into the anteroposterior position and look for the 
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A f Right SI sélective nerve root injection contrast pattern with perineurosheathogram. B f Latéral radiograph of SI 
contrast flow in sacral épidural space. SEE TECHNIQUE 39-4. 



FIGURE 


Fluoroscopie view (caudal approach) lumbar épidural injection. SEE TECHNIQUE 39-5. 


characteristic "Christmas tree" pattern of épidural flow. 
If a vascular pattern is seen, reposition the spinal needle 
and confirm épidural placement with nonionic contrast 
dye. 

■ When the correct contrast pattern is obtained, slowly 
injecta 10-mLvolumecontaining 3 mLof 1 % preservative- 
free lidocaine without epinephrine, 3 mL of 6 mg/mL 
Celestone Soluspan, and 4 mL of stérile normal saline. 


■ ZYGAPOPHYSEAL (FACET) JOINT INJECTIONS 

The facet joint can be a source of back pain; the exact cause 
of the pain is unknown. Théories include meniscoid entrap- 
ment and extrapment, synovial impingement, chondromala- 
cia facetae, capsular and synovial inflammation, and 
mechanical injury to the joint capsule. Osteoarthritis is 
another cause of facet joint pain; however, the incidence of 


facet joint arthropathy is equal in symptomatic and asymp- 
tomatic patients. As with other osteoarthritic joints, radio¬ 
graphie changes correlate poorly with pain. 

Although the history and physical examination may 
suggest that the facet joint is the cause of spine pain, no 
noninvasive pathognomonic findings distinguish facet joint- 
mediated pain from other sources of spine pain. Fluoroscopi- 
cally guided facet joint injections are commonly considered 
the “gold standard” for isolating or excluding the facet joint 
as a source of spine or extremity pain. 

Clinical suspicion of facet joint pain by a spine specialist 
remains the major indicator for diagnostic injection, which 
should be done only in patients who hâve had pain for more 
than 4 weeks and only affer appropriate conservative mea- 
sures hâve failed to provide relief. Facet joint injection pro¬ 
cedures may help to focus treatment on a spécifie spinal 
segment and provide adéquate pain relief to allow progres¬ 
sion in therapy. Either intraarticular or médial branch blocks 
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can be used for diagnostic purposes. Although injection of 
cortisone into the facet joint was a popular procedure through 
most of the 1970s and 1980s, many investigators hâve found 
no evidence that this effectively treats low back pain caused 
by a facet joint. The only controlled study on the use of 
intraarticular corticosteroids in the cervical spine found no 
added benefit from intraarticular betamethasone over 
bupivacaine. 

I LUMBAR FACET JOINT 


LUMBAR INTRAARTICULAR 
INJECTION 


TECHNIQUE 39-6 


■ Place the patient prone on a pain management table. 
Aseptically préparé and drape the patient. 

■ Under fluoroscopie guidance, identify the target segment 
to be injected. Upper lumbar facet joints are oriented in 
the sagittal (vertical) plane and often can be seen on 
direct anteroposterior views, whereas the lower lumbar 
facet joints, especially at L5-S1, are obliquely oriented and 
require an ipsilateral oblique rotation of the C-arm to be 
seen. 

■ Position the C-arm under fluoroscopy until the joint sil¬ 
houette first appears. Insert and advance a 22- or 
25-gauge, 3/ 2 -inch spinal needle toward the target joint 
along the axis of the fluoroscopy beam until contact is 
made with the articular processes of the joint. Enter the 
joint cavity through the softer capsule and advance the 
needle only a few millimeters. Capsular pénétration is 
perceived as a subtle change of résistance. If midpoint 
needle entry is difficult, redirect the spinal needle to the 
superior or inferior joint recesses. 

■ Confirm placement with less than 0.1 mL of nonionic 
contrast dye with a 3-mL syringe to minimize injection 
pressure under fluoroscopie guidance. When intraarticu¬ 
lar placement has been verified, inject a total volume of 
1 mL of injectant (local anesthetic with or without corti¬ 
costeroids) into the joint. 


LUMBAR MEDIAL BRANCH 
BLOCK INJECTION 


TECHNIQUE 39-7 


■ Place the patient prone on a pain management table. 
Aseptically préparé and drape the area to be injected. 

■ Because there is dual innervation of each lumbar facet 
joint, two médial branch blocks are required. The médial 
branches cross the transverse processes below their origin 
(Fig. 39-9). The L4-5 facet joint is anesthetized by block- 
ing the L3 médial branch at the transverse process of L4 
and the L4 médial branch at the transverse process of L5. 



Posterior view of lumbar spine showing loca¬ 
tion of médial branches (mb) of dorsal rami, which innervate 
lumbar facet joints (a). Needle position for L3 and L4 médial 
branch blocks shown on left half of diagram would be used to 
anesthetize L4-5 facet joint. Right half of diagram shows L3-4, 
L4-5, and L5-S1 intraarticular facet joint injection positions. SEE 
TECHNIQUE 39-7. 


In the case of the L5-S1 facet joint, anesthetize the L4 
médial branch as it passes over the L5 transverse process 
and the L5 médial branch as it passes across the sacral 
ala. 

■ Using anteroposterior fluoroscopie imaging, identify the 
target transverse process. For L1 through L4 médial 
branch blocks, penetrate the skin using a 22- or 25-gauge, 
3/ 2 -inch spinal needle latéral and superior to the target 
location. 

■ Under fluoroscopie guidance, advance the spinal needle 
until contact is made with the dorsal superior and médial 
aspects of the base of the transverse process so that the 
needle rests against the periosteum. To ensure optimal 
spinal needle placement, reposition the C-arm so that the 
fluoroscopy beam is ipsilateral oblique and the "Scotty 
dog" is seen. Position the spinal needle in the middle of 
the "eye" of the Scotty dog. Slowly inject (over 30 
seconds) 0.5 mL of 0.75% bupivacaine. 

■To inject the L5 médial branch (more correctly, the L5 
dorsal ramus), position the patient prone on the pain 
management table with the fluoroscopie beam in the 
anteroposterior projection. 

■ Identify the sacral ala. Rotate the C-arm 15 to 20 degrees 
ipsilateral obliquely to maximize exposure between the 
junction of the sacral ala and the superior process of SI. 
Insert a 22- or 25-gauge, 3/ 2 -inch spinal needle directly 
into the osseous landmarks approximately 5 mm below 
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9 the superior junction of the sacral ala with the superior 
articular process of the sacrum under fluoroscopy. Rest 
the spinal needle on the periosteum and position the 
bevel of the spinal needle médial and away from the 
foramen to minimize flow through the L5 or SI foramen. 
Slowly inject 0.5 mL of 0.75% bupivacaine. 


I SACROILIAC JOINT 

The sacroiliac joint remains a controversial source of primary 
low back pain despite validated scientific studies. It often is 
overlooked as a source of low back pain because its anatomie 
location makes it difficult to examine in isolation and many 
provocative tests place mechanical stresses on contiguous 
structures. In addition, several other structures may refer 
pain to the sacroiliac joint. 

Similar to other synovial joints, the sacroiliac joint moves; 
however, sacroiliac joint movement is involuntary and is 
caused by shear, compression, and other indirect forces. 
Muscles involved with secondary sacroiliac joint motion 
include the erectae spinae, quadratus lumborum, psoas major 
and minor, piriformis, latissimus dorsi, obliquus abdominis, 
and gluteal. Imbalances in any of these muscles as a resuit of 
central facilitation may cause them to function in a shortened 
State that tends to inhibit their antagonists reflexively. Theo- 
retically, dysfunctional movement patterns may resuit. Pos¬ 
tural changes and body weight also can create motion through 
the sacroiliac joint. 

Because of the wide range of segmentai innervation 
(L2-S2) of the sacroiliac joint, there are myriad referral zone 
patterns. In studies of asymptomatic subjects, the most con¬ 
stant referral zone was localized to a 3 x 10-cm area just 
inferior to the ipsilateral posterior superior iliac spine (Fig. 
39-10); however, pain may be referred to the buttocks, groin, 
posterior thigh, calf, and foot. 

Sacroiliac dysfunction, also called sacroiliac joint 
mechanical pain or sacroiliac joint syndrome, is the most 
common painful condition of this joint. The true prevalence 
of mediated pain from sacroiliac joint dysfunction is 
unknown; however, several studies indicated that it is more 
common than expected. Because no spécifie or pathogno- 
monic historical facts or physical examination tests accurately 
identify the sacroiliac joint as a source of pain, diagnosis is 
one of exclusion. Sacroiliac joint dysfunction should be con- 
sidered, however, if an injury was caused by a direct fall on 
the buttocks, a rear-end motor vehicle accident with the ipsi¬ 
lateral foot on the brake at the moment of impact, a broadside 
motor vehicle accident with a blow to the latéral aspect of the 
pelvic ring, or a fall in a hole with one leg in the hole and the 
other extended outside. Lumbar rotation and axial loading 
that can occur during ballet or ice skating is another common 
mechanism of injury. Although controversial, the risk of sac¬ 
roiliac joint dysfunction may be increased in individuals with 
lumbar fusion or hip pathology. Other causes include insuf- 
ficiency stress fractures; fatigue stress fractures; metabolic 
processes, such as déposition diseases; degenerative joint 
disease; infection; and inflammatory conditions, such as 
ankylosing spondylitis, psoriatic arthritis, and Reiter disease. 
The diagnosis of sacroiliac joint pain can be confirmed if 
symptoms are reproduced on distention of the joint capsule 
by provocative injection and subsequently abated with an 
analgésie block. 



JjJ Pain diagram. A f Patient-reported pain diagram 
consistent with sacroiliac joint dysfunction. B f Patient-reported 
diagram inconsistent with sacroiliac joint dysfunction. (From Fortin 
JD, Dwyer AP, West S, et al: Sacroiliac joint: pain referral maps upon 
applying a new injection/arthrography technique, part I: asymptomatic 
volunteers, Spine 19:1475, 1994.) 


SACROILIAC JOINT INJECTION 


TECHNIQUE 39-8 


■ Place the patient prone on a pain management table. 
Aseptically préparé and drape the side to be injected. 
Rotate the C-arm until the médial (posterior) joint line is 
seen. 

■ Use a 27-gauge, X -irich needle to anesthetize the skin 
of the buttock 1 to 3 cm inferior to the lowest aspect of 
the joint. Using fluoroscopy, insert a 22-gauge, 3y -inch 
spinal needle until the needle rests 1 cm above the most 
posteroinferior aspect of the joint (Fig. 39-11). Rarely, a 
larger spinal needle is required in obese patients. Advance 
the spinal needle into the sacroiliac joint until capsular 
pénétration occurs. 

■ Confirm intraarticular placement under fluoroscopy with 
0.5 mL of nonionic contrast dye (Fig. 39-12). A spot 
radiograph can be taken to document placement. Inject 
a 2-mL volume containing 1 mL of 0.75% preservative- 
free bupivacaine and 1 mL of 6 mg/mL Celestone Solus- 
pan into the joint. 


■ DISCOGRAPHY 

Discography has been used since the late 1940s for the experi¬ 
mental and clinical évaluation of dise disease in the cervical 
and lumbar régions of the spine. Since that time, discography 
has had a limited but important rôle in the évaluation of 
suspected dise pathology. 
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Sacroiliac joint injection showing médial (A) 
and latéral (B) joint planes (silhouettes). Entry into joint is 
achieved above most posteroinferior aspect of joint. SEE TECH¬ 
NIQUE 39-8. 



FIGURE 


Left sacroiliac joint contrast pattern. SEE TECH¬ 


NIQUE 39-8. 


The clinical usefulness of the data obtained from discog¬ 
raphy is controversial. Although early studies concluded that 
lumbar discography was an unreliable diagnostic tool, with a 
37% false-positive rate, later studies found a 0% false-positive 
rate for discography and concluded that, with current tech¬ 
nique and a standardized protocol, discography was a highly 
reliable test. 

The most important aspect of discography is provocative 
testing for concordant pain (i.e., pain that corresponds to a 
patients usual pain) to provide information regarding the 
clinical significance of the dise abnormality. Although diffi- 
cult to standardize, this testing distinguishes discography 
from other anatomie imaging techniques. If the patient is 
unable to distinguish customary pain from any other pain, 
the procedure is of no value. In patients who hâve a 


concordant response without evidence of a radial annular 
fissure on discography, CT should be considered because 
some dises that appear normal on discography show disrup- 
tion on a CT scan. 

Indications for lumbar discography include operative 
planning of spinal fusion, testing of the structural integrity of 
an adjacent dise to a known abnormality such as spondylo- 
listhesis or fusion, identifying a painful dise among multiple 
degenerative dises, ruling out secondary internai dise disrup- 
tion or suspected latéral or récurrent dise herniation, and 
determining the primary symptom-producing level when 
chemonucleolysis is being considered. Lumbar discography 
is most useful as a test to exclude levels from operative inter¬ 
vention rather than as a primary indication for operative 
fusion in patients with axial back pain. Thoracic discography 
can be a useful tool in the investigation of thoracic, chest, and 
upper abdominal pain. Degenerative thoracic dise disease, 
with or without herniation, has a highly variable clinical pré¬ 
sentation, frequently mimicking viscéral conditions and 
causing back or musculoskeletal pain. Discography also may 
be justified in medicolegal situations to establish a more 
definitive diagnosis even though treatment may not be 
planned on that dise. 

Compression of the spinal cord, stenosis of the roots, 
bleeding disorders, allergy to the injectable material, and 
active infection are contraindications to diagnostic discogra¬ 
phy procedures. Although the risk of complications from 
discography is low, potential problems include discitis, nerve 
root injury, subarachnoid puncture, Chemical meningitis, 
bleeding, and allergie reactions. In addition, in the cervical 
région, retropharyngeal and épidural abscess can occur. 
Pneumothorax is a risk in the cervical and thoracic régions. 


LUMBAR DISCOGRAPHY 

Lumbar discography originally was done using a transdural 
technique in a manner similar to myelography with a 
lumbar puncture. The différence between lumbar myelog¬ 
raphy and discography was that the needle used for the 
latter was advanced through the thécal sac. The technique 
later was modified, consisting of an extradural, extralami- 
nar approach that avoided the thécal sac, and it was refined 
further to enable entry into the L5-S1 dise using a two- 
needle technique to maneuver around the iliac crest. 

A patient's response during the procedure is the most 
important aspect of the study. Pain alone does not déter¬ 
mine if a dise is the cause of the back pain. The concor¬ 
dance of the pain in regard to the quality and location are 
paramount in determining whether the dise is a true pain 
generator. A control dise is necessary to validate a positive 
finding on discography. 


TECHNIQUE 39-9 


(FALCO) 

■ Place the patient on a procedure or fluoroscopie table. 

■ Insert an angiocatheter into the upper extremity and 
infuse intravenous antibiotics to prevent discitis. Some 
physicians prefer to give antibiotics intradiscally during 
the procedure. 
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Lumbar spine in oblique position with superior 
articular process (arrow) dividing dise space (d) in half. (Courtesy 
of Frank J. E. Falco, MD.) SEE TECHNIQUE 39-9. 


Disc entry point is just anterior (arrow) to base 
of superior articular process (s) and just above superior endplate 
of vertébral body. (Courtesy of Frank J. E. Falco, MD.) SEE TECHNIQUE 
39-9. 


9 " Place the patient in a modified latéral decubitus position 
with the symptomatic side down to avoid having the 
patient confuse the pain caused by the needle with the 
actual pain on that same side. This position also allows 
for easier fluoroscopie imaging of the intervertébral dises 
and mobilizes the bowel away from the needle path. 

■ Sedate the patient with a short-acting agent. It is best to 
avoid analgésie agents that may alter the pain response. 
■ Préparé and drape the skin sterilely, including the lumbo- 
sacral région. 

■ Under fluoroscopie control, identify the intervertébral 
dises. Adjust the patient's position or the C-arm so that 
the lumbar spine is in an oblique position with the supe¬ 
rior articular process dividing the intervertébral space in 
half (Fig. 39-13). 

■ Anesthetize the skin overlying the superior articular 
process with 1 to 2 mL of 1 % lidocaine if necessary. 

■ Advance a single 6-inch spinal needle (or longer, depend- 
ing on the patient's size) through the skin and deeper soft 
tissues to the outer annulus of the dise. The dise entry 
point is just anterior to the base of the superior articular 
process and just above the superior endplate of the ver¬ 
tébral body, which allows the needle to pass safely by the 
exiting nerve root (Fig. 39-14). Advance the needle into 
the central third of the dise, using anteroposterior and 
latéral fluoroscopie imaging. 

■ Confirm the position of the needle tip within the central 
third of the dise with anteroposterior and latéral fluoro¬ 
scopie imaging. Inject either saline or nonionic contrast 
dye into each dise. 

■ Record any pain that the patient expériences during the 
injection as none, dissimilar, similar, or exact in relation- 
ship to the patient's typical low back pain. Record intradis- 
cal pressures to assist in determining if the dise is the 
cause of the pain. 

■ Obtain radiographs of the lumbar spine on completion of 
the study, paying particular attention to the contrast- 


enhanced dise. Obtain a CT scan if necessary to assess 
dise anatomy further. 

■ An alternative method is a two-needle technique in which 
a 6- or 8-inch spinal needle is passed through a shorter 
introducer needle (typically 3/ 2 inches) into the dise in 
the same manner as a single needle. This approach may 
reduce the incidence of infection by allowing the proce¬ 
dure needle to pass into the dise space without ever 
penetrating the skin. The introducer needle also may 
assist in more accurate needle placement, reducing the 
risk of injuring the exiting nerve root. The two-needle 
approach may require more time than the single-needle 
technique, and the larger introducer needle could cause 
more pain to the patient. 

■ The two-needle technique often is used to enter the 
L5-S1 dise space with one modification. The procedure 
needle typically is curved (Fig. 39-15). To bypass the iliac 
crest, the introducer needle is advanced at an angle that 
places the needle tip in a position that does not line up 
with the L5-S1 dise space, which makes it difficult, if not 
impossible, for a straight procedure needle to advance 
into the L5-S1 dise. A curved procedure needle allows the 
needle tip to align with the L5-S1 dise as it is advanced 
toward and into the dise adjusting for malalignment. 


THORACIC DISCOGRAPHY 

Thoracic discography has been refined to provide a tech¬ 
nique that is reproducible and safe. A postérolatéral extra- 
laminar approach similar to lumbar discography is used 
with a single-needle technique. The significant différence 
between thoracic and lumbar discography is the potential 
for complications because of the surrounding anatomy of 
the thoracic spine. In contrast to lumbar discography, 
which typically is performed in the mid to lower lumbar 
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Curved procedure needle (c) passing through 
straight introducer needle (n). (Courtesy of Frank J. E. Falco, MD.) 

SEE TECHNIQUE 39-9. 


spine belowthe spinal cord and lungs, thoracic discography 
has the inhérent risk of pneumothorax and direct spinal 
cord trauma; other complications include discitis and bleed- 
ing. Essentially the same protocol is used for thoracic dis¬ 
cography as for lumbar discography. 


TECHNIQUE 39-10 


(FALCO) 

■ Place the patient in a modified latéral decubitus position 
on the procedure table with the symptomatic side down. 

■ Begin antibiotics through the intravenous cathéter. Alter¬ 
native^, intradiscal antibiotics may be given during the 
procedure. 

■ Sedate the patient and préparé and drape the skin in a 
stérile manner. 

■ Using fluoroscopie imaging, identify the intervertébral 
thoracic dises. Move the patient or adjust the C-arm 
obliquely to position the superior articular process so 
that it divides the intervertébral space in half (Fig. 
39-16). At this point, the intervertébral dises and end- 
plates, subjacent superior articular process, and adjacent 
rib head should be in clear view. The endplates, the 
superior articular process, and the rib head form a 
"box" (Fig. 39-17) that delineates a safe pathway into 
the dise, avoiding the spinal cord and lung. Keep the 
needle tip within the confines of this "box" while 
advancing it into the annulus. 

■After proper positioning and exposure, anesthetize the 
skin overlying the superior articular process with 1 to 
2 mL of 1 % lidocaine if necessary. 

■ Advance a single 6-inch spinal needle (a shorter or longer 
needle can be used, depending on the patient's size) 
through the skin and the deeper soft tissues into the 
outer annulus within the "box" just anterior to the base 
of the superior articular process and just above the supe¬ 
rior endplate. Continue into the central third of the dise, 
using anteroposterior and latéral fluoroscopie guidance. 



Oblique position with superior articular process 
(arrow) dividing thoracic intervertébral space in half. p, pedicle; 
r, rib head. (Courtesy of Frank J. E. Falco, MD.) SEE TECHNIQUE 39-10. 



Thoracic endplates (e), superior articular process 
(s), and rib head (r) form box. (Courtesy of Frank J. E. Falco, MD.) 


■ Inject either saline or a nonionic contrast dye into each 
dise in the same manner as for lumbar discography. 

■ Record any pain response and analyze for reproduction 
of concordant pain using the same protocol as for lumbar 
discography. 

■ Obtain radiographs and CT scan of the thoracic spine on 
completion of the study. 


THORACIC DISC DISEASE 

The thoracic spine is the least common location for dise 
pathology. Since the 1960s, many approaches hâve been 
described and validated through clinical expérience. It is 
apparent that posterior laminectomy has no rôle in the 
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operative treatment of this problem. Other posterior 
approaches, such as costotransversectomy, hâve good 
indications. 

Symptomatic thoracic dise herniations remain rare, with 
an estimated incidence of one in 1 million individuals per 
year. They represent 0.25%to0.75%of the total incidence of 
symptomatic dise herniations. The most common âge at onset 
is between the fourth and sixth décades. As with the other 
areas of the spine, the incidence of asymptomatic dise hernia¬ 
tions is high; an estimated 37% of thoracic dise herniations 
are asymptomatic. Operative treatment of thoracic dise her¬ 
niations is indicated in rare patients with acute dise hernia- 
tion with myelopathic findings attributable to the lésion, 
especially progressive neurologie symptoms. 

SIGNS AND SYMPTOMS 

The natural history of symptomatic thoracic dise disease is 
similar to that in other areas, in that symptoms and function 
typically improve with conservative treatment and time. The 
clinical course can vary, however, and a high index of suspi¬ 
cion must be maintained to make the correct diagnosis. The 
differential diagnosis for the symptoms of thoracic dise her¬ 
niations is fairly extensive and includes nonspinal causes 
occurring with the cardiopulmonary, gastrointestinal, and 
musculoskeletal Systems. Spinal causes of similar symptoms 
can occur with infectious, neoplastic, degenerative, and meta- 
bolic problems within the spinal column and the spinal cord. 

Two general patient populations hâve been documented 
in the literature. The smaller group of patients is younger and 
has a relatively short history of symptoms, often with a history 
of trauma. Typically, an acute soft dise herniation with either 
acute spinal cord compression or radiculopathy is présent. 
Outcome generally is favorable with operative or nonopera- 
tive treatment. The larger group of patients has a longer 
history, often more than 6 to 12 months of symptoms, which 
resuit from chronic spinal cord or root compression. Disc 
degeneration, often with calcification of the dise, is the under- 
lying process. 

Pain is the most common presenting feature of thoracic 
dise herniations. Two patterns of pain are apparent: one is 
axial, and the other is bandlike radicular pain along the 
course of the intercostal nerve. The T10 dermatomal level is 
the most commonly reported distribution, regardless of the 
level of involvement. This is a band extending around the 
lower latéral thorax and caudad to the level of the umbilicus. 
This radicular pattern is more common with upper thoracic 
and latéral dise herniations. Some axial pain often occurs 
with this pattern as well. Associated sensory changes of par- 
esthesias and dysesthesia in a dermatomal distribution also 
occur (Fig. 39-18). High thoracic dises (T2 to T5) can mani- 
fest similarly to cervical dise disease with upper arm pain, 
paresthesias, radiculopathy, and Horner syndrome. Myelopa- 
thy also may occur. Complaints of weakness, which may be 
generalized by the patient, typically involving both lower 
extremities occur in the form of mild paraparesis. Sustained 
clonus, a positive Babinski sign, and wide-based and spastic 
gait ail are signs of myelopathy. Bowel and bladder dysfunc- 
tion occur in only 15% to 20% of these patients. The neuro¬ 
logie évaluation of patients with thoracic dise herniations 
must be meticulous because there are few localizing findings. 
Abdominal reflexes, cremasteric reflex, dermatomal sensory 
évaluation, rectus abdominis contraction symmetry, lower 



FIGURE 


U Sensory dermatomes of trunk région. 


extremity reflexes and strength and sensory examinations, 
and détermination of long tract findings ail are important. 

CONFIRMATORY IMAGING 

Plain radiographs are helpful to evaluate traumatic injuries 
and to détermine potential osseous morphologie variations 
that may help to localize findings, especially on intraoperative 
films, if these become necessary. MRI is the most important 
and useful imaging method to show thoracic dise herniations. 
In addition to the dise herniation, neoplastic or infectious 
pathology can be seen. The presence of intradural pathology, 
including dise fragments, also usually is shown on MRI. The 
spinal cord signal may indicate the presence of inflammation 
or myelomalacia as well. Despite ail of these advantages, MRI 
may underestimate the thoracic dise herniation, which often 
is calcified and has low signal intensity on T1 - and T2-weighted 
sequences. 

Myelography followed by CT also can be useful in evalu- 
ating the bony anatomy and more accurately assessing the 
calcified portion of the herniated thoracic dise. Regardless of 
the imaging methods used, the appearance and presence of a 
thoracic dise herniation must be carefully considered and 
correlated with the patients complaints and detailed exami¬ 
nation findings. 

TREATMENT RESULTS 

As mentioned previously, nonoperative treatment usually is 
effective. A spécifie regimen cannot be recommended for ail 
patients; however, the principles of short-term rest, pain 
relief, antiinflammatory agents, and progressive directed 
activity restoration seem most appropriate. These measures 
generally should be continued at least 6 to 12 weeks if feasible. 
If neurologie déficits progress or manifest as myelopathy, or 
if pain remains at an intolérable level, surgery should be rec¬ 
ommended. The initial procedure recommended for this 
lésion was posterior thoracic laminectomy and dise excision. 
At least half of the lésions hâve been identified as being 
central, making the excision from this approach extremely 
difficult, and the results were disheartening. Most sériés 
reported fewer than half of the patients improving, with some 
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becoming worse after posterior laminectomy and discectomy. 
Recent studies suggest that latéral rachiotomy (modified cos- 
totransversectomy) or an anterior transthoracic approach for 
discectomy produces considerably better results with no évi¬ 
dence of worsening after the procedure. 

Video-assisted thoracic surgery (VATS) has been used in 
several sériés to remove central thoracic dise herniations suc- 
cessfully without the need for a thoracotomy or fusion. 

OPERATIVE TREATMENT 

The best operative approach for these lésions dépends on the 
spécifie characteristics of the dise herniation and on the par- 
ticular expérience of the surgeon. Simple laminectomy has no 
rôle in the treatment of thoracic dise herniations. Posterior 
approaches, including costotransversectomy, transpedicular, 
transfacet pedicle-sparing, transdural, and latéral extracavi- 
tary approaches, ail hâve been used successfully. Anterior 
approaches via thoracotomy, a transsternal approach, rétro¬ 
pleural approach, or VATS also hâve been used successfully 
(Fig. 39-19). More recently, a number of minimally invasive 
posterior and anterior techniques hâve been developed, most 
using a sériés of muscle dilators, tubal retractors, and micro¬ 
scope visualization. 

■ COSTOTRANSVERSECTOMY 

Costotransversectomy is probably best suited for thoracic 
dise herniations that are predominantly latéral or herniations 
that are suspected to be extruded or sequestered. Central dise 
herniations are probably best approached transthoracically. 
Some surgeons hâve recommended subséquent fusion after 
dise removal anteriorly or laterally. 


THORACIC 

COSTOTRANSVERSECTOMY 


TECHNIQUE 39-11 


■ The operation usually is done with the patient under 
general anesthésia with a double-lumen endotrachéal 
tube or a Carlen tube to allow lung déflation on the side 
of approach. 

■ Place the patient prone and make a long midline incision 
or a curved incision convex to the midline centered over 
the side of involvement. 

■ Expose the spine in the usual manner out to the ribs. 

■ Remove a section of rib 5.0 to 7.5 cm long at the level 
of involvement, avoiding damage to the intercostal nerve 
and artery. 

■ Carry the resection into the latéral side of the dise, expos- 
ing it for removal. Additional exposure can be made by 
laminectomy and excision of the pedicle and facet joint. 
Fusion is unnecessary unless more than one facet joint is 
removed. 

■ Close the wound in layers. 

POSTOPERATIVE CARE. Postoperative care is similar to 
that for lumbar dise excision without fusion (see Tech¬ 
nique 39-15). 


■ THORACIC DISC EXCISION 

Because of the relative âge of patients with thoracic dise rup¬ 
tures, spécial care must be taken to identify patients with 
pulmonary problems. In these patients, the anterior approach 
can be detrimental medically, making a postérolatéral 
approach safer. Patients with midline protrusions probably 
are best treated with the transthoracic approach to ensure 
complété dise removal. 


THORACIC DISCECTOMY— 
ANTERIOR APPROACH 


TECHNIQUE 39-12 


■The operation is done with the patient under general 
anesthésia, using a double-lumen endotrachéal tube for 
lung déflation on the side of the approach. 

■ Place the patient in a latéral decubitus position. A left- 
sided anterior approach usually is preferred, making 
the operative procedure easier, if the herniation is 
central. 

■ Make a skin incision along the line of the rib that corre¬ 
sponds to the second thoracic vertebra above the 
involved intervertébral dise except for approaches to the 
upper five thoracic segments, where the approach is 
through the third rib. The skin incision is best determined 
by correlating preoperative imaging with intraoperative 
fluoroscopy. 

■ Cut the rib subperiosteally at its posterior and anterior 
ends and insert a rib retractor. Save the rib for grafting 
later in the procedure. One can décidé on an extrapleural 
or transpleural approach depending on familiarity and 
ease. Exposure of the thoracic vertebrae should give adé¬ 
quate access to the front and opposite side. 

■ Dissect the great vessels free of the spine. 

■ Ligate the intersegmental vessels near the great vessels 
and not near the foramen. One should be able to insert 
the tip of a finger against the opposite side of the dise 
when the vascular mobilization is complété. Exposure of 
the intervertébral dise without disturbing more than three 
segmentai vessels is préférable to avoid ischémie prob¬ 
lems in the spinal cord. 

■ In the thoracolumbar région, strip the diaphragm from 
the 11 th and 12th ribs. The anterior longitudinal ligament 
usually is sectioned to allow spreading of the interverté¬ 
bral dise space. 

■ Remove the dise as completely as possible if fusion is 
planned. The use of an operating microscope or loupe 
magnification eases the removal of the dise near the 
posterior longitudinal ligament. Use curets and Kerrison 
rongeurs to remove the dise back to the posterior longi¬ 
tudinal ligament. When using this technique with fusion, 
removal of most of the dise is straightforward. As the 
posterior portion of the dise, including the herniation, is 
removed, however, the technique becomes more difficult. 
As mentioned previously, the herniation and surrounding 
dise usually are calcified and must be removed either 
piecemeal or with a high-speed drill. Careful dissection to 
develop a plane between tissue to be removed and the 
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Laminectomy 

I 




Costotransversectomy 



A to E, Exposure of thoracic dise provided by standard laminectomy (A), transpedicular approach (B), costotransver¬ 
sectomy approach (C), latéral extracavitary approach (D), and transthoracic approach (E). 


ventral dura is required. This is best done with blunt 
Penfield-type dissectors and small curets of various 
designs and orientations. Even if a drill is used, the 
removal of the posteriormost tissue should be done with 
hand instruments, not powered instruments. Expect sig¬ 
nifiant bleeding from the épidural veins, which usually 
are congested at the level of herniation. 

■ After removal of the dise, strip the endplates of their 
cartilage. 

■ Make a slot on the margin of the superior endplate to 
accept the graft material. Preserve the subchondral bone 
on both sides of the dise space. Insert iliac, tibial, or rib 
grafts into the dise space. If multiple short rib grafts are 


used, they can be tied together with heavy suture mate¬ 
rial when the maximal number of grafts has been inserted. 
This helps maintain vertical alignment for ail such grafts. 

■ Close the wound in the usual manner and use standard 
chest drainage. 

■ Alternative^, if fusion is not desired, a more limited resec¬ 
tion using an operating microscope can be done. 

■Also, the minimally invasive latéral extraeeloemie 
(retroperitoneal/retropleural) approach as described in 
Chapter 37 can be used for herniations from Tl0-11 to 
L1-2. 

■ After the vascular mobilization, resect the rib head to 
allow observation of the pedicle and foramen caudal to 
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the dise space. The cephalad portion of the pedicle can 
be removed with a high-speed burr and Kerrison ron¬ 
geurs, exposing the postérolatéral aspect of the dise. This 
allows for careful, blunt development of the plane ventral 
to the dura with removal of the dise herniation and prés¬ 
ervation of the anterior majority of the dise and limits the 
need for fusion. A similar technique using VATS is 
described in Technique 39-13. 

■ The transthoracic approach removing a rib two levels 
above the level of the lésion can be used up to T5. The 
transthoracic approach from T2 to T5 is best made by 
excision of the third or fourth rib and élévation of the 
scapula by sectioning of attachments of the serratus ante¬ 
rior and trapezius from the scapula. The approach to the 
Tl-2 dise is best made from the neck with a sternum- 
splitting incision. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for a thoracotomy. The patient is allowed to walk after 
the chest tubes are removed. Extension in any position is 
prohibited. A brace or body cast that limits extension 
should be used if the stability of the graft is questionable. 
The graft usually is stable without support if only one dise 
space is removed. Postoperative care is the same as for 
anterior corpectomy and fusion if more than one dise 
level is removed. If no fusion is done, the patient is mobi- 
lized as pain permits without a brace. 


■ THORACIC ENDOSCOPIC DISC EXCISION 

Microsurgical and endoscopie operative techniques are 
highly technical, and they should be performed by a surgeon 
who is proficient in this technique and in the use of endo¬ 
scopie equipment and with the assistance of an experienced 
thoracic surgeon. Ideally, the procedure should first be done 
on cadavers or live animais. 


■ Drill away the rib head and latéral portion of the pedicle. 
Remove the remaining pedicle with Kerrison rongeurs to 
improve exposure to the spinal canal. Removing the supe- 
rior posterior portion of the vertebra caudal to the dise 
space allows safer removal of the dise material, which can 
be pulled anteriorly and inferiorly away from the spinal 
canal to be removed. Use endoscopie instruments for 
surgery in the portais. 

■ Remove the dise posteriorly and the posterior longitudinal 
ligament, restricting bone and dise removal to the poste¬ 
rior third of the intervertébral space and costovertebral 
area to maintain stability. 

■ Insert chest tubes in the standard fashion and set them 
to water suction; close the portais. 

POSTOPERATIVE CARE. The patient is rapidly mobi- 
lized as tolerated by the chest tubes. Discharge is possible 
after the chest tubes hâve been removed and the patient 
is ambulating well. 


MINIMALLY INVASIVE THORACIC 
DISCECTOMY 


TECHNIQUE 39-14 


■ Place the patient in the latéral decubitus position with the 
affected side up. 

■ Localize an incision over the dise space of interest. A 5-cm 
portion of rib can be resected if it is overlying the dise, or 
the approach can sometimes be performed without rib 
resection. 

■ Using blunt finger dissection, make a rétropleural 
approach down to the spine and dock a minimally inva¬ 
sive retractor System on the dise space and rib head of 
interest. Sometimes the pleura must be opened, but this 
does not change the exposure significantly because the 
retractor can safely retract the lung while being 
insufflated. 

■ Complété the procedure as in an open discectomy 
through a thoracotomy using the self-retaining retractor 
(many different styles are available). 

■ Once the procedure is finished there is no need for a chest 
tube if the pleura is not violated. 

■ Close the rib base and subeutaneous tissues in layers. 

This approach can be extended down to L1 -2 by mobi- 
lizing the diaphragm off the rib and transverse process 
attachments. 

POSTOPERATIVE CARE. The patient is mobilized the 
day of surgery and is discharged when ambulating well. 


LUMBAR DISC DISEASE 

SIGNS AND SYMPTOMS 

Although back pain is common from the second decade of 
life on, intervertébral dise disease and dise herniation are 


ENDOSCOPIC THORACIC 
DISCECTOMY 


TECHNIQUE 39-13 


(ROSENTHAL ET AL.) 

■ Place the patient in the left latéral decubitus position to 
allow a right-sided approach and displacement of the 
aorta and heart to the left. 

■ Insert four trocars in a triangular fashion along the middle 
axillary line converging on the dise space. Introduce a rigid 
endoscope with a 30-degree optic angle attached to a 
video caméra into one of the trocars, leaving the other 
three as working channels. 

■ Deflate the lung using a Carlen tube or similar method. 

■ Split the pariétal pleura starting at the médial part of the 
intervertébral space and extending up to the costoverte¬ 
bral process. 

■ Preserve and mobilize the segmentai arteries and sympa- 
thetic nerve out of the operating field. 
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Diagram indicating dermatomal régions for T12-S5 nerves. 


most prominent in otherwise healthy people in the third and 
fourth décades of life. Most people relate their back and leg 
pain to a traumatic incident, but close questioning frequently 
reveals that the patient has had intermittent épisodes of back 
pain for many months or even years before the onset of severe 
leg pain. In many instances, the back pain is relatively fleeting 
and is relieved by rest. Heavy exertion, répétitive bending, 
twisting, or heavy lifting often brings on axial back pain. In 
other instances, an inciting event cannot be elicited. The pain 
usually begins in the lower back, radiating to the sacroiliac 
région and buttocks. The pain can radiate down the posterior 
thigh. Back and posterior thigh pain of this type can be elic¬ 
ited from many areas of the spine, including the facet joints, 
longitudinal ligaments, and periosteum of the vertebra. 
Radicular pain usually extends below the knee and follows 
the dermatome of the involved nerve root (Fig. 39-20). 

The usual history of lumbar dise herniation is of répéti¬ 
tive lower back and buttock pain, relieved by a short period 
of rest. This pain is suddenly exacerbated, often by a flexion 
épisode, with the appearance of leg pain. Most radicular pain 
from nerve root compression caused by a herniated nucléus 
pulposus is evidenced by leg pain equal to, or in many cases 
greater than, the degree of back pain. Whenever leg pain is 
minimal and back pain is prédominant, great care should be 
taken before making the diagnosis of a symptomatic herni¬ 
ated intervertébral dise. The pain from dise herniation usually 
varies, increasing with activity, especially sitting. The pain can 
be decreased by rest, especially in the semi-Fowler position, 


and can be exacerbated by straining, sneezing, or coughing. 
Whenever the pattern of pain is bizarre or the pain is uniform 
in intensity, a diagnosis of symptomatic herniated dise should 
be viewed with some skepticism. 

Other symptoms of dise herniation include weakness and 
paresthesias. In most patients, the weakness is intermittent, 
varies with activity, and is localized to the neurologie level of 
involvement. Paresthesias also vary and are limited to the 
dermatome of the involved nerve root. Whenever these com- 
plaints are generalized, the diagnosis of a simple unilatéral 
dise herniation should be questioned. 

Numbness and weakness in the involved leg and occa- 
sionally pain in the groin or testis can be associated with a 
high or midline lumbar dise herniation. If a fragment is large 
or the herniation is high, symptoms of pressure on the entire 
cauda equina can occur with development of cauda equina 
syndrome. These symptoms include numbness and weakness 
in both legs, rectal pain, numbness in the perineum, and 
paralysis of the sphincters. This diagnosis should be the 
primary considération in patients who complain of sudden 
loss of bowel or bladder control. Whenever the diagnosis of 
cauda equina syndrome is caused by an acute midline hernia¬ 
tion, évaluation and treatment should be aggressive. 

The physical findings with dise disease vary because of the 
time intervals involved. Usually patients with acute pain show 
evidence of marked paraspinal spasm that is sustained during 
walking or motion. A scoliosis or a list in the lumbar spine 
may be présent, and in many patients the normal lumbar 
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lordosis is lost. As the acute épisode subsides, the degree of 
spasm diminishes remarkably, and the loss of normal lumbar 
lordosis may be the only telltale sign. Point tenderness may 
be présent over the spinous process at the level of the dise 
involved, and pain may extend laterally in some patients. 

If there is nerve root irritation, it centers over the length 
of the sciatic nerve, in the sciatic notch, and more distally in 
the popliteal space. In addition, stretch of the sciatic nerve at 
the knee should reproduce buttock, thigh, and leg pain (i.e., 
pain distal to the knee). A Lasègue sign usually is positive on 
the involved side. A positive Lasègue sign or straight-leg 
raising should elicit buttock and leg pain distal to the knee. 
Occasionally, if leg pain is significant, the patient leans back 
from an upright sitting position and assumes the tripod posi¬ 
tion to relieve the pain. This is referred to as the “flip sign.” 
Contralatéral leg pain produced by straight-leg raising should 
be regarded as pathognomonic of a herniated intervertébral 
dise. The absence of a positive Lasègue sign should make one 
skeptical of the diagnosis, although older individuals may not 
hâve a positive Lasègue sign. Likewise, inappropriate findings 
and inconsistencies in the examination usually are nonor- 
ganic in origin (see discussion of nonspecific axial pain). If 
the leg pain has persisted for any length of time, atrophy of 
the involved limb may be présent, as shown by asymmetric 
girth of the thigh or calf. The neurologie examination 
varies as determined by the level of root involvement (Boxes 
39-2 to 39-4). 

Unilatéral dise herniation at L3-4 usually compresses the 
L4 root as it crosses the dise before exiting at the L4-5 inter¬ 
vertébral foramen below the L4 pedicle. Pain may be localized 
around the médial side of the leg. Numbness may be présent 
over the anteromedial aspect of the leg. The anterior tibial 
muscle may be weak, as evidenced by inability to heel walk. 
The quadriceps and hip adductor group, both innervated 
from L2, L3, and L4, also may be weak and, in extended 
ruptures, atrophie. Reflex testing may reveal a diminished or 
absent patellar tendon reflex (L2, L3, and L4) or anterior tibial 
tendon reflex (L4). Sensory testing may show diminished 
sensibility over the L4 dermatome, the isolated portion of 
which is the médial leg (Fig. 39-20) and the autonomous zone 
of which is at the level of the médial malleolus. 

Unilatéral dise herniation at L4-5 results in compression 
of the L5 root. L5 root radiculopathy should produce pain in 
the dermatomal pattern. Numbness, when présent, follows 


the L5 dermatome along the antérolatéral aspect of the leg 
and the dorsum of the foot, including the great toe. The 
autonomous zone for this nerve is the dorsal first web of the 
foot and the dorsum of the third toe. Weakness may involve 
the extensor hallucis longus (L5), gluteus médius (L5), or 
extensor digitorum longus and brevis (L5). Reflex change 
usually is not found. A diminished posterior tibial reflex is 
possible but difficult to elicit. 

With unilatéral rupture of the dise at L5-S1, the findings 
of an SI radiculopathy are noted. Pain and numbness involve 
the dermatome of SI. The SI dermatome includes the latéral 
malleolus and the latéral and plantar surface of the foot, occa¬ 
sionally including the heel. There is numbness over the latéral 
aspect of the leg and, more important, over the latéral aspect 
of the foot, including the latéral three toes. The autonomous 
zone for this root is the dorsum of the fifth toe. Weakness 
may be shown in the peroneus longus and brevis (SI), 
gastrocnemius-soleus (SI), or gluteus maximus (SI). In 
general, weakness is not a usual finding in SI radiculopathy. 
Occasionally, mild weakness may be shown by asymmetric 
fatigue with exercise of these motor groups. The ankle jerk 
usually is reduced or absent. 

Massive extrusion of a dise involving the entire diameter 
of the lumbar canal or a large midline extrusion can produce 
pain in the back, legs, and occasionally perineum. Both legs 
may be paralyzed, the sphincters may be incontinent, and the 
ankle jerks may be absent. 



T 


indicative of L4-5 dise herniation or pathologie condition localized to L5 
foramen. 



L4 Root Compression 


Sensory Déficit 

Postérolatéral thigh, anterior knee, and médial leg 

Motor Weakness 

Quadriceps (variable) 

Hip adductors (variable) 

Anterior Tibial Weakness 

Reflex change 
Patellar tendon 

Anterior tibial tendon (variable) 


indicative of L3-4 dise herniation or pathologie condition localized to L4 
foramen. 



SI Root Compression 


Sensory Déficit 

Latéral malleolus, latéral foot, heel, and web of fourth and 
fifth toes 

Motor Weakness 

Peroneus longus and brevis 
Gastrocnemius-soleus complex 
Gluteus maximus 

Reflex Change 

Achilles tendon (gastrocnemius-soleus complex) 


indicative of L5-S1 dise herniation or pathologie condition localized to the SI 
foramen. 
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More than 95% of the ruptures of the lumbar interverté¬ 
bral dises occur at L4-5 or L5-S1. Ruptures at higher levels in 
many patients are not associated with a positive straight-leg 
raising test. In these instances, a positive fémoral stretch test 
can be helpful. This test is done by placing the patient prone 
and acutely flexing the knee while placing the hand in the 
popliteal fossa. When this procedure results in anterior thigh 
pain, the resuit is positive and a high lésion should be sus- 
pected. In addition, these lésions may occur with a more 
diffuse neurologie complaint without significant localizing 
neurologie signs. 

Offen the neurologie signs associated with dise disease 
vary over time. If the patient has been up and walking for a 
period of time, the neurologie findings may be much more 
pronounced than if he or she has been at bed rest for several 
days, decreasing the pressure on the nerve root and allowing 
the nerve to résumé its normal function. In addition, various 
conservative treatments can change the physical signs of dise 
disease. 

Comparative bilateral examination of a patient with back 
and leg pain is essential in finding a clear-cut pattern of signs 
and symptoms. The évaluation commonly may change. 
Adverse changes in the examination may warrant more 
aggressive therapy, whereas improvement of the symptoms or 
signs should signal a resolution of the problem. Early symp¬ 
toms or signs suggesting cauda equina syndrome or severe or 
progressive neurologie déficit should be treated aggressively 
from the onset. 


DIFFERENTIAL DIAGNOSIS 

The differential diagnosis of back and leg pain is extremely 
lengthy and complex. It includes diseases intrinsic to the 
spine and diseases involving adjacent organs but causing pain 
referred to the back or leg. For simplicity, lésions can be cat- 
egorized as being extrinsic or intrinsic to the spine. Extrinsic 
lésions include diseases of the urogénital System, gastro- 
intestinal System, vascular System, endocrine System, nervous 
System not localized to the spine, and extrinsic musculoskel- 
etal System. These lésions include infections, tumors, meta- 
bolic disturbances, congénital abnormalities, and associated 
diseases of aging. Intrinsic lésions involve diseases that arise 
primarily in the spine. They include diseases of the spinal 
musculoskeletal System, the local hematopoietic System, and 
the local neurologie System. These conditions include trauma, 
tumors, infections, diseases of aging, and immune diseases 
affecting the spine or spinal nerves. 

Although the prédominant cause of back and leg pain in 
healthy individuals usually is lumbar dise disease, one must 
be extremely cautious to avoid a misdiagnosis, particularly 
given the high incidence of dise herniations présent in asymp- 
tomatic patients as discussed previously. A full physical 
examination must be completed before making a presump- 
tive diagnosis of herniated dise disease. Common diseases 
that can mimic dise disease include ankylosing spondylitis, 
multiple myeloma, vascular insufficiency, arthritis of the hip, 
osteoporosis with stress fractures, extradural tumors, periph- 
eral neuropathy, and herpes zoster. Infrequent but reported 
causes of sciatica not related to dise hernia include synovial 
cysts, rupture of the médial head of the gastroenemius, sac- 
roiliac joint dysfunction, lésions in the sacrum and pelvis, 
and fracture of the ischial tuberosity. 



CONFIRMATORY IMAGING 

Although the diagnosis of a herniated lumbar dise should be 
suspected from the history and physical examination, imaging 
studies are necessary to rule out other causes, such as a tumor 
or infection. Plain radiographs are of limited use in the diag¬ 
nosis because they do not show dise herniations or other 
intraspinal lésions, but they can show infection, tumors, or 
other anomalies and should be obtained, especially if surgery 
is planned. Currently, the most useful test for diagnosing a 
herniated lumbar dise is MRI (Figs. 39-21 and 39-22). Since 
the advent of MRI, myelography is used much less frequently, 
although in some situations it may help to show subtle lésions. 
When myelography is used, it should be followed by CT. 

NONOPERATIVE TREATMENT 

The number and variety of nonoperative thérapies for back 
and leg pain are diverse and overwhelming. Treatments range 
from simple rest to expensive traction apparatus. Ail of these 
thérapies are reported with glowing accounts of miraculous 
“cures”; few hâve been evaluated scientifically. In addition, the 
natural history of lumbar dise herniation is characterized by 
exacerbations and remissions with eventual improvement of 
extremity complaints in most cases, which can make any 
intervention appear successful to the patient. Finally, several 
distinct symptom complexes seem to be associated with dise 
disease. Few, if any, studies hâve isolated the response to 
spécifie and anatomically distinct diagnoses. 

The simplest treatment for acute back pain is rest; gener- 
ally 2 days of bed rest are better than a longer period. Biome- 
chanical studies indicate that lying in a semi-Fowler position 
(i.e., on the side with the hips and knees flexed) with a pillow 
between the legs should relieve most pressure on the dise and 
nerve roots. Muscle spasm can be controlled by the applica¬ 
tion of ice, preferably with a massage over the muscles in 
spasm. Pain relief and antiinflammatory effect can be achieved 
with nonsteroidal antiinflammatory drugs (NSAIDs). Most 
acute exacerbations of back pain respond quickly to this 
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Sixty-one-year-old patient with right L5 radicu- 
lopathy. A, T2 sagittal MR image reveals sequestered L4 herniated 
dise fragment. B f T2 axial MR image shows the fragment between 
L5 pedicles. C f This patient also had asymptomatic left L5 dise 
extrusion. 


therapy. As the pain diminishes, the patient should be encour- 
aged to begin isométrie abdominal and lower extremity exer¬ 
cises. Walking within the limits of comfort also is encouraged. 
Sitting, especially riding in a car, is discouraged. Continua¬ 
tion of ordinary activities within the limits permitted by pain 
has been shown to lead to a quicker recovery. 

Education in proper posture and body mechanics is 
helpful in returning the patient to the usual level of activity 
after the acute exacerbation has improved. This éducation 
can take many forms, from individual instruction to group 
instruction. Back éducation of this type is now usually 
referred to as “back school.” Although the concept is excel¬ 
lent, the quality and quantity of information provided may 
vary widely. The work of Bergquist-Ullman and Larsson 
and others indicates that patient éducation of this type is 
extremely bénéficiai in decreasing the amount of time lost 
from work initially but does little to decrease the incidence 
of récurrence of symptoms or length of time lost from work 
during récurrences. The combination of back éducation and 
combined physical therapy is superior to placebo treatment. 
Physical therapy can help improve activity level and physical 
function but should be discontinued if it aggravâtes the 
radiculopathy. 

Numerous médications hâve been used with various 
results in subacute and chronic back and leg pain syndromes. 
The current trend seems to be moving away from the use of 
strong narcotics and muscle relaxants in the outpatient treat¬ 
ment of these syndromes. This is especially true in the 
instances of chronic back and leg pain where drug habitua¬ 
tion and increased dépréssion are frequent. Oral steroids used 
briefly can be bénéficiai as potent antiinflammatory agents. 
The many types of NSAIDs also are helpful when aspirin is 
not tolerated or is of little help. Numerous NSAIDs are avail- 
able for the treatment of low back pain. When dépréssion is 
prominent, mood elevators such as nortriptyline can be bén¬ 
éficiai in reducing sleep disturbance and anxiety without 
increasing dépréssion. Nortriptyline also decreases the need 
for narcotic médication. 

Physical therapy should be used judiciously. The exercises 
should be fitted to the symptoms and not forced as an abso- 
lute group of activities. Patients with acute back and thigh 
pain eased by passive extension of the spine in the prone 
position can benefit from extension exercises rather than 
flexion exercises. Improvement in symptoms with extension 
indicates a good prognosis with conservative care. Patients 
whose pain is increased by passive extension may be improved 
by flexion exercises. These exercises should not be forced in 
the face of increased pain. This may avoid further dise extru¬ 
sion. Any exercise that increases pain should be discontinued. 
Lower extremity exercises can increase strength and relieve 
stress on the back, but they also can exacerbate lower extrem¬ 
ity arthritis. The true benefit of such treatments may be in the 
promotion of good posture and body mechanics rather than 
of strength. Numerous treatment methods hâve been 
advanced for the treatment of back pain. Some patients 
respond to the use of transcutaneous electrical nerve stimula¬ 
tion. Others do well with traction varying from skin traction 
in bed with 5 to 8 lb to body inversion with forces of more 
than 100 lb. Back braces or corsets may be helpful to other 
patients. Ultrasound and diathermy are other treatments 
used in acute back pain. The scientific efficacy of many of 
these treatments has not been proved. 
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As discussed earlier, the natural history of lumbar dise 
disease generally is favorable. Although low-back pain can 
resuit in significant disability, approximately 95% of patients 
return to their previous employment within 3 months of 
symptom onset. Failure to return to work within 3 months 
has been identified as a poor prognostic sign. Longer periods 
of disability equate to lower probability of returning to work: 
in patients with total disability lasting a year, the likelihood 
of returning to work is 21%, and in those with disability 
lasting 2 years the likelihood is less than 2%. Obesity and 
smoking hâve been shown to correlate unfavorably with low 
back pain and may adversely affect the progression of 
symptoms. 

OPERATIVE TREATMENT 

If nonoperative treatment for lumbar dise disease fails, the 
next considération is operative treatment. Before this step is 
taken, the surgeon must be sure of the diagnosis. The patient 
must be certain that the degree of pain and impairment war¬ 
rants such a step. The surgeon and the patient must realize 
that dise surgery is not a cure but may provide symptomatic 
relief. It neither stops the pathologie processes that allowed 
the herniation to occur nor restores the dise to a normal 
State. The patient still must practice good posture and 
body mechanics after surgery. Activities involving répétitive 
bending, twisting, and lifting with the spine in flexion may 
hâve to be curtailed or eliminated. If prolonged relief is to be 
expected, some permanent modification in the patients life- 
style may be necessary, although often no spécifie limitations 
are applied. 

The key to good results in dise surgery is appropriate 
patient sélection. The optimal patient is one with prédomi¬ 
nant (if not only) unilatéral leg pain extending below the knee 
that has been présent for at least 6 weeks. The pain should 
hâve been decreased by rest, antiinflammatory médication, or 
even épidural steroids but should hâve returned to the initial 
levels after a minimum of 6 to 8 weeks of conservative care. 
Physical examination should reveal signs of sciatic irritation 
and possibly objective evidence of localizing neurologie 
impairment. CT, lumbar MRI, or myelography should 
confirm the level of involvement consistent with the patients 
examination. 

Operative dise removal is mandatory and urgent only in 
patients with cauda equina syndrome; other dise excisions 
should be considered elective. The elective status of surgery 
should allow a thorough évaluation to confirm the diagnosis, 
level of involvement, and physical and psychologie status of 
the patient. Frequently, if there is a rush to the operating 
room to relieve pain without proper investigation, the patient 
and the physician later regret the decision. 

Regardless of the method chosen to treat a dise rupture 
surgically, the patient should be aware that the procedure is 
predominantly for the symptomatic relief of leg pain. Patients 
with predominantly back pain may not expérience relief. 

■ MICRODISCECTOMY 

Most dise surgery is performed with the patient under general 
endotrachéal anesthésia, although local anesthésia has been 
used with minimal complications. Patient positioning varies 
with the operative technique and surgeon. To position the 
patient in a modified kneeling position, a specialized frame 
or custom frame is popular. Positioning the patient in this 



Knee-chest position for lumbar dise excision 
allows abdomen to be completely free of external pressure. 


manner allows the abdomen to hang free, minimizing épidu¬ 
ral venous dilation and bleeding (Fig. 39-23). A headlamp 
allows the surgeon to direct light into the latéral recesses 
where a large proportion of the surgery may be required. The 
addition of loupe magnification also greatly improves the 
identification and exposure of various structures. Most sur¬ 
geons also use an operative microscope to improve visibility 
further. The primary benefit of an operating microscope com- 
pared with loupes is the view afforded the assistant. Radio¬ 
graphie confirmation of the proper level is necessary. Care 
should be taken to protect neural structures. Epidural bleed¬ 
ing should be controlled with bipolar electrocautery. Any 
sponge, pack, or cottonoid patty placed in the wound should 
extend to the outside. Pituitary rongeurs should be marked 
at a point equal to the maximal allowable dise depth to 
prevent injury of viscera or great vessels. 

I MICROSCOPIC LUMBAR DISC EXCISION 

Microscopie lumbar dise excision has replaced the standard 
open laminectomy as the procedure of choice for herniated 
lumbar dise. This procedure can be done on an outpatient 
basis and allows better lighting, magnification, and angle of 
view with a much smaller exposure. Because of the limited 
dissection required, there is less postoperative pain and a 
shorter postoperative stay. 

Microscopie lumbar discectomy requires an operating 
microscope with a 400-mm lens, a variety of small-angled 
Kerrison rongeurs of appropriate length, microinstruments, 
and preferably a combination suction/nerve root retractor. 
The procedure is performed with the patient prone. A special¬ 
ized frame (Fig. 39-23) previously described can be used, or 
the patient can be positioned on chest rolls. There are several 
advantages to using a specialized table, such as an Andrews 
table: (1) it allows the belly to hang free where venous blood 
will pool, which results in decreased venous épidural bleed¬ 
ing intraoperatively; (2) the knee-chest position maximizes 
the lumbar kyphosis, placing the ligamentum flavum on 
slight tension that allows for easier removal but also opens 
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the interlaminar space, which may provide greater canal 
access with less bone removal; and (3) the small footprint of 
the bed enables the operating microscope to be placed at the 
foot, which not only makes access to the ocular lens easier for 
both the surgeon and assistant standing on opposite sides of 
the table but also allows the fluoroscope to be moved into the 
surgical field for imaging without having to move the micro¬ 
scope base itself. 

The microscope can be used from skin incision to 
closure. The initial dissection can be done under direct 
vision, however. A latéral radiograph is taken to confirm the 
level, but fluoroscopy is much quicker when used for local- 
ization. Fluoroscopy is essential for localization when using 
tubular retractors because the field of view is smaller, 
making the available margin for error in placing the skin 
incision less. 

■ ENDOSCOPIC TECHNIQUES 

Endoscopie techniques hâve been developed with the pur- 
ported advantage of shortened hospital stay and faster return 
to activity. These techniques generally are variations of the 
microdiscectomy technique using an endoscope rather than 
the microscope and different types of retractors. This remains 
another alternative technique. Each System is unique, and the 
reader is referred to the technique guide of the various manu- 
facturers for details. The basic principles remain the same as 
with microdiscectomy. Less-invasive tubular retractors also 
hâve been used in a transmuscular fashion, allowing dise 
excision with less soft-tissue damage because of the more 
précisé exposure; however, better objective clinical results 
hâve not been shown with this technique. 


MICROSCOPIC LUMBAR DISCECTOMY 


TECHNIQUE 39-15 


APPROACH FOR USE OF MCCULLOCH RETRACTOR 

■ Infiltrate the operative field (paraspinous muscle, subeu- 
taneous tissue, and skin) with 10 mL of 0.25% bupiva- 
caine with epinephrine for preemptive analgesia and 
hemostasis. 

■ Make the incision from the midspinous process of the 
upper vertebra to the superior margin of the spinous 
process of the lower vertebra at the involved level. This 
usually results in a 1-inch (25 to 30 mm) skin incision. This 
incision may need to be moved slightly higher for higher 
lumbar levels (Fig. 39-24). 

■ Maintain meticulous hemostasis with electrocautery as 
the dissection is carried to the fascia. 

■ Incise the fascia at the midline using electrocautery. Insert 
a periosteal elevator in the midline incision. Using gentle 
latéral movements, elevate the deep fascia and muscle 
subperiosteally from the spinous processes and lamina on 
the involved side only. 

■ Obtain a latéral radiograph with a métal clamp attached 
to the spinous process to verify the level. 

■ With a Cobb elevator, gently sweep the remaining mus- 
cular attachments off in a latéral direction to expose the 
interlaminar space and the edge of each lamina. A sharp 



FIGURE 39-2 


_ Jjj' Incision micro lumbar dise excision. (From Gar- 

docki RG: Microscopie lumbar discectomy. In Canale ST, Beaty JH, Azar 
FM, editors: Campbell's Core Procedures, Philadelphia, Elsevier, 2016.) 

SEE TECHNIQUE 39-15. 


elevator makes this task easier. Meticulously cauterize ail 
bleeding points. 

■ Insert the appropriate length McCulloch-type retractor 
into the wound with the shorter spike médial and the fiat 
blade latéral and adjust the microscope. Shaving down 
the fiat blades of the retractor to produce a narrower 
retractor can help minimize the incision size and collateral 
soft-tissue damage. 

APPROACH FOR USE OF TUBULAR RETRACTOR 

■ Alternative^, the approach can be made using a tubular 
retractor, which further minimizes damage to the para- 
spinal muscles and prevents detachment of the lum- 
bodorsal fascia from the supraspinous ligament. A curved 
drill is required for visualization when drilling bone 
through the tubular retractor because of the narrower 
operating corridor. 

■ With fluoroscopie guidance, place an 18-gauge needle 
through the skin and into the paraspinous muscles with 
a trajectory toward the target dise space, approximately 
the radius of the final retractor diameter away from the 
edge of the spinous process (e.g., 9 mm off the edge of 
the spinous process if the ultimate tubular retractor diam¬ 
eter will be 18 mm) to prevent conflict between the 
spinous process and tubular retractor. It is essential that 
the needle be orthogonal with the target dise because it 
will be used to define the center of the tubular approach. 
Typically it is best to place the needle in line with the 
superior endplate of the caudal vertébral body, but that 
dépends on the type of herniation and its location. 

■ Infiltrate the operative field (paraspinous muscle, subeu- 
taneous tissue, and skin) with 10 mL of 0.25% bupiva- 
caine with epinephrine for preemptive analgesia and 
hemostasis. 

■ Make a 20-mm long incision centered on the needle stick 
and place the blunt end of the guidewire just through the 
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lumbodorsal fascia. The younger and more fit the patient, 
the more force necessary to pop the blunt end of the 
guidewire through the fascia. Do not use the sharp end 
of the guidewire or advance the guidewire down to bone 
because it is very easy to pierce the interlaminar space 
and durai sac with the guidewire. 

■ Once the guidewire is through the fascia, advance the 
first pencil-shaped dilator through the fascia over the 
guidewire and use it to gently probe for the trailing edge 
of the cephalad lamina, which should feel like a bump at 
the end of the dilator. The guidewire can be removed as 
soon as the lumbodorsal fascia is pierced with the first 
dilator. 

■ Sequentially dilate down to bone with enlarging tubular 
retractors to expose the interlaminar space. Each dilator 
can be used as a curet to remove soft-tissue attachments 
from the interlaminar space. 

■ Mount the final tubular retractor to a stationary arm 
attached to the table and obtain a final fluoroscopie 
image to confirm the location of the retractor orthogonal 
with the target dise space before bringing in the micro¬ 
scope and adjusting the field of view. We prefer 14 to 
16 mm diameter tubular retractors for this approach, 
depending on the size of the patient and the level of 
surgical expérience with this technique. Tubular retractors 
in the 18- to 24-mm diameter range can be used when 
first becoming familiar with this approach. 

From this point on, the surgical technique is essentially 
the same for both approaches. 

■ Identify the ligamentum flavum and lamina. Use a curet 
to elevate the superficial leaf of the ligamentum flavum 
from the leading edge of the caudal lamina. 

■ Use a Kerrison rongeur to resect the superficial leaf of the 
ligamentum flavum to allow identification of the critical 
angle, which is junction of the leading edge of the caudal 
lamina and the médial edge of the superior articular 
process. Identifying the critical angle is essential in primary 
microlumbar discectomy because it has a constant rela- 
tionship to the corresponding pedicle, traversing nerve 
root, and target dise. The pedicle is always just latéral to 
the critical angle, the traversing nerve is always just 
médial to the pedicle, and the dise of interest is always 


just cephalad to the critical angle and pedicle. It some- 
times is necessary to drill the médial aspect of the inferior 
articular process to allow adéquate visualization of the 
critical angle. 

■ Use a high-speed drill to remove the trailing edge of the 
cephalad lamina up to the insertion of the ligamentum 
flavum to allow easier and more complété removal of the 
ligament, keeping in mind that the ligament attaches to 
the lamina as you move medially. This makes initially 
detaching the ligament from the undersurface of the 
cephalad lamina with an angled curet much easier toward 
the midline. 

■ After the latéral portion of the ligamentum flavum has 
been detached from the caudal edge of the superior 
lamina and the cephalad edge of the inferior lamina with 
a curet, use a blunt dissector to lift the edge of the liga¬ 
mentum flavum so that it can be excised with a Kerrison 
rongeur. Take care to orient the rongeur parallel to the 
nerve root as much as possible. The goal when resecting 
the ligamentum flavum should be removal in one piece, 
which prevents nibbling away at it while trying to grab and 
mop end with the rongeur. En bloc removal is made easier 
by using the rongeur to remove some bone along with the 
latéral edge of the ligamentum flavum from caudal to 
cephalad, starting at the critical angle and working up 
the médial edge of the superior articular process 
where the ligamentum flavum attaches (Fig. 39-25). 

■ Once the ligamentum flavum is removed, the médial wall 
of the corresponding pedicle should be palpable with a 
nerve hook or angled dissector. If not, more bone may 
need to be removed latéral to the critical angle. Once the 
médial wall of the corresponding pedicle is identified, the 
traversing nerve can be found just médial to it and the 
target dise can be found just cephalad to it. 

■ When the nerve root is identified, carefully mobilize the 
root medially. Gently dissect the nerve free from the dise 
fragment to avoid excessive traction on the root. Bipolar 
cautery for hemostasis is helpful. When mobilized, retract 
the root medially. If the root is difficult to mobilize, con- 
sider that a conjoined root may be présent 

■ Make a gentle extradural exploration beneath the nerve 
with a 90-degree blunt hook, taking care not to tear the 
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Entrance to épidural space by detachment of ligamentum flavum. (From Gardocki RG: Microscopie lumbar discectomy. 
In Canale ST, Beaty JH, Azar FM, editors: Campbell's Core Procedures, Philadelphia, Elsevier, 2016.) SEE TECHNIQUE 39-15. 
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the level. Be aware of bony anomalies that may alter the 
numbering of the vertebrae on imaging studies. 

■Close the fascia and the skin in the usual fashion using 
absorbable sutures if using the McCulloch retractor. 
When using a tubular retraction, it can simply be removed 
and the skin closed subcutaneously because the lum- 
bodorsal fascia will seal itself like Chinese finger cuffs 
when the paraspinous muscles contract, because the 
lumbodorsal fascia was only dilated between its fibers 
and not incised. 

POSTOPERATIVE CARE. Postoperative care is similar to 
that after standard open dise surgery. Typically this pro¬ 
cedure is done on an outpatient basis. Injecting the para- 
spinal muscles on the involved side with bupivacaine 
0.25% with epinephrine at the beginning of the proce¬ 
dure and additional bupivacaine at the conclusion aids 
patient mobilization immediately postoperatively. We 
prefer to use a skin glue product for final skin closure 
without the use of dressing and allow the patient to 
shower the day of surgery. Activity can be allowed as 
tolerated once the skin incision is healed, typically in 2 
weeks. 


dura. The small opening and magnification can make the 
edge of the durai sac appear to be the nerve root. 

■ When using bipolar cautery, ensure that only one side is 
in contact with the nerve root to avoid thermal injury to 
the nerve. Epidural fat is not removed in this procedure. 

■ Insert the suction/nerve root retractor with its tip turned 
medially under the nerve root and hold the manifold 
between the thumb and index finger. With the nerve root 
retracted, the dise is now visible as a white, fibrous, avas- 
cular structure. Under magnification, small tears may be 
visible in the annulus. 

■ Enlarge the annular tear with a Penfield no. 4 dissector 
and remove the dise material with the appropriate-sized 
pituitary rongeur. Do not insert the instrument into the 
dise space beyond the angle of the jaws, usually about 
15 mm, to minimize the risk of anterior perforation and 
vascular injury. Downward pressure on the adjacent intact 
annulus can sometimes help express loose dise fragments 
from the subannular space (Fig. 39-26). 

■ Remove the exposed dise material. Remove additional 
loose dise or cartilage fragments. Inspect the root and 
adjacent dura for dise fragments. Forcefully irrigate the 
dise space using a Luer-Lok syringe and an unused no. 8 
suction tip inserted into the dise space. Maintain meticu- 
lous hemostasis. 

■ The discectomy is complété when (1) the latéral recess is 
adequately decompressed; (2) the 90-degree dissection 
can be probed to the back of the cephalad vertébral body, 
the dise space, and the back of the caudal vertébral body 
out to the midline without any protrusions into the canal; 
(3) the 90-degree dissector can be spun (helicopter 
maneuver) beneath the traversing nerve root without any 
restrictions; and (4) the traversing nerve root is freely 
rétractable both medially and laterally. It is comforting to 
see the dura pulsate with the heartbeat and expand and 
contract with respiration, but these findings alone do not 
indicate an adéquate discectomy and décompression. 

■ If the expected pathologie process is not found, review 
preoperative imaging studies for the correct level and 
side. Also obtain a repeat radiograph or fluoroscopie 
image with a metallic marker at the dise level to verify 


■ ADDITIONAL EXPOSURE TECHNIQUES 

A large dise herniation or other pathologie condition, such as 
latéral recess stenosis or foraminal stenosis, may require a 
greater exposure of the nerve root. The additional pathologie 
condition usually can be identified before surgery If the 
extent of the lésion is known before surgery, the proper 
approach can be planned. Additional exposure includes 
hemilaminectomy, total laminectomy, and facetectomy. 
Hemilaminectomy usually is required when identifying the 
root as a problem. This may occur with a conjoined root. 
Total laminectomy usually is reserved for patients with spinal 
sténoses that are central, which occur typically in cauda 
equina syndrome. Facetectomy usually is reserved for forami¬ 
nal stenosis or severe latéral recess stenosis. If more than one 
facet is removed, a fusion should be considered in addition. 
This is especially true in the removal of facets and the dise at 
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Dilation of annular defect to facilitate dise fragment removal. (From Gardocki RG: Microscopie lumbar discectomy. In 
Canale ST, Beaty JH, Azar FM, editors: Campbell's Core Procedures, Philadelphia, Elsevier, 2016.) SEE TECHNIQUE 39-15. 
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FIGURE 39-2 
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the same interspace in a young, active individual with a 
normal dise height at that level. 

Rarely, dise herniation has been reported to be intradural. 
An extremely large dise that cannot be dissected from the 
dura or the persistence of an intradural mass after dissection 
of the dise should alert one to this potential problem. Exci¬ 
sion of an intradural dise requires a transdural approach, 
which increases the risk of complications from cerebrospinal 
fluid leak and intradural scarring. 

A dise that is far latéral may require exposure outside the 
spinal canal (Fig. 39-27). This area is approached by removing 
the intertransverse ligament between the superior and infe- 
rior transverse processes latéral to the spinal canal. The dise 
hernia usually is anterior to the nerve root that is found in a 
mass of fat below the intertransverse ligament. A microsurgi- 
cal approach is a good method for dealing with this problem. 
A long tubular retractor is especially useful for the far latéral 
approach if the tube is inserted at the proper trajectory to 
address the pathology in or latéral to the foramen. If the facet 
is not hypertrophie and the plane between the facet joint 
capsule and intertransverse ligament can be identified, 
foraminal and far latéral dise herniations can sometimes be 
removed without bony resection above the L5 level. 

LUMBAR ROOT ANOMALIES 

Several different types of nerve root anomalies are relatively 
common in anatomie studies but less common with imaging 
studies, which suggest they are underrecognized clinically. 
These congénital anomalies may account for a portion of the 
poor results from lumbar dise surgery because the abnormal 
and unrecognized roots may be injured. This is of even more 
concern with some minimally invasive techniques with less 
direct nerve visualization. 

Conjoined nerve roots are the most common type of 
anomaly. Various anatomie studies show some type of con¬ 
joined root in 14% to 17% of cadavers. Clinical studies using 
advanced imaging, such as myelography or MRI, show con¬ 
joined roots in only 2 % to 5% of patients. Conjoined roots 




A f Type IA conjoined nerve root. B f Type IB 
conjoined nerve root. 




FIGURE 39-2 


3 A f Type 2A conjoined nerve root. B f Type 2B 
conjoined nerve root. 


hâve been classified anatomically (Figs. 39-28 to 39-31). 
There are three classes, the first two of which are subdivided. 
Type 1 occurs when two roots exit the dura with one common 
sheath. With type IA anomalies, the cephalad root départs 
the conjoined stalk at an acute angle to exit below the appro- 
priate pedicle, and the caudal root travels within the canal to 
exit also below the appropriate pedicle. If the cephalad root 
exits at 90 degrees from the conjoined portion, this is a type 
IB anomaly. Type 2 anomalies occur when two roots exit 
through a single foramen. Type 2A anomalies hâve one vacant 
foramen; type 2B anomalies hâve a portion of one of the roots 
exiting via the other foramen, which may be cephalad to the 
foramen occupied by the two nerve roots. Type 3 anomalies 
occur when there is an anastomosing branch between two 
adjacent nerve roots. This branch crosses the dise space and 
can easily be injured during discectomy. 

These root anomalies can cause false-positive interpréta¬ 
tions of imaging studies and can be confused with dise bulges 
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FIGURE 


Type 3 conjoined nerve root. 



or herniations. Particularly if the herniation appears in an 
atypical location, such as near the pedicle, or if the signal 
intensity is different from dise material, a diagnosis of a con¬ 
joined root should be considered. Also, if a patient présents 
with a history of failed dise surgery, this diagnosis should be 
considered. The anomalous roots not only can be divided 
inadvertently but also can be injured by excessive tension 
because the conjoined roots usually are less mobile than 
normal roots. The most common location for conjoined roots 
involves the L5 and SI levels. A second type of anomaly that 
may be as common as conjoined roots is a furcal nerve root; 
this refers to a bifurcation of a single nerve root. Offen furcal 
roots are bilateral and can occur at multiple levels. Increased 
awareness of these anomalies is important to reduce the risk 
of nerve injury and to avoid surgery with an incorrect diag¬ 
nosis of dise herniations. Surgical outcomes in patients with 
conjoined roots tend to be significantly worse than in the 
general population. 


RESULTS OF SURGERY FOR DISC 
HERNIATION 

Numerous rétrospective and some prospective reviews of 
open dise surgery are available. The results of these sériés vary 
greatly with respect to patient sélection, treatment method, 
évaluation method, length of follow-up, and conclusions. 
Good results range from 46% to 97%. Complications range 
from none to more than 10%. The reoperation rate ranges 
from 4% to more than 20%. A comparison between tech¬ 
niques also reveals similar results. There is no particular tech¬ 
nique of discectomy that yields consistently superior results. 
Technical procédural différences are of minimal importance 
with regard to outcome. 

Several points stand out in the analysis of the results of 
lumbar dise surgery. Patient sélection seems to be crucial. 
Several studies noted that a low educational level is signifi¬ 
cantly correlated to poor results of surgery. Valid results of 
the Minnesota Multiphasic Personality Inventory (MMPI) 
(hysteria and hypochondriasis T-scores) appear to be good 
indicators of surgical outcome regardless of the degree of the 
pathologie condition. The duration of the current épisode, the 
âge of the patient, the presence or absence of prédominant 
back pain, the number of previous hospitalizations, and the 
presence or absence of compensation for a work injury hâve 
been identified as factors affecting final outcome. In the latest 
report on lumbar dise herniation (2008) from the multicenter 
Spine Patient Outcomes Research Trial (SPORT), operative 
was compared with nonoperative treatment in 501 patients 
and additional observational cohorts (743 participants). The 
results were overwhelmingly in favor of surgery: patients 
treated operatively had far less pain, better physical function, 
and less disability than patients who did not hâve surgery. The 
validity of the conclusions generated by SPORT has been 
questioned because of the high crossover rates in the ran- 
domized intent-to-treat studies and the variability of the 
patient population, nonoperative treatments, and operative 
procedures. The finding of durability of operative results 
(4-year follow-up), however, is important. In a later study of 
patients with degenerative spondylolisthesis and spinal steno- 
sis who had operative treatment, those with prédominant leg 
pain had a better prognosis than those with prédominant 
back pain. 

■ COMPLICATIONS OF DISC EXCISION 

The complications associated with standard dise excision and 
micro lumbar dise excision are similar. One large sériés (Table 
39-2) of 2503 open dise excisions listed a postoperative mor- 
tality of 0.1%, a thromboembolism rate of 1%, a postoperative 
infection rate of 3.2%, and a deep dise space infection rate of 
1.1%. Postoperative cauda equina lésions developed in five 
patients. Lacération of the major vascular structures also has 
been described as a rare complication of this operation. Durai 
tears with CSF leaks, pseudomeningocele formation, CSF 
fistula formation, and meningitis also are possible but are 
more likely affer reoperation. The complications of micro 
lumbar dise excision seem to be less than with standard 
laminectomy. 

In a rétrospective review of 1326 patients who had spinal 
surgery, 51 durai tears (4%) were identified; 48 of these 
occurred with a posterior thoracolumbar approach. The pres¬ 
ence of a durai tear or leak results in the potentially serious 
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TABLE 39-2 


Complications of Lumbar Disc Surgery 

COMPLICATION 

INCIDENCE (%) 

Cauda equina syndrome 

0.2 

Thrombophlebitis 

1 

Pulmonary embolism 

0.4 

Wound infection 

2.2 

Pyogénie spondylitis 

0.07 

Postoperative discitis 

2 (1122 patients) 

Durai tears 

1.6 

Nerve root injury 

0.5 

Cerebrospinal fluid fistula 

* 

Lacération of abdominal vessels 

* 

Injury to abdominal viscera 

* 


*Rare occurrence (nos. 10 and 11 not identified in Spangfort's study, but reported 
elsewhere). 

(Modified from Spangfort EV: The lumbar dise herniation: a computer-aided 
analysis of 2504 operations, Acta Orthop Scand Suppl 142:1,1972.) 


problems of pseudomeningocele, CSF leak, and meningitis. 
Eismont, Wiesel, and Rothman suggested five basic principles 
in the repair of these leaks (Fig. 39-32): 

1. The operative field must be unobstructed, dry, and well 
exposed. 

2. Durai suture of a 4-0 or 6-0 gauge with a tapered or 
reverse cutting needle is used in a simple or a running 
locking stitch. If the leak is large or inaccessible, a free fat 
graff or fascial graff can be sutured to the dura. Fibrin 
glue applied to the repair also is helpful but used alone 
does not seal a significant leak. 

3. Ail repairs should be tested by using the reverse Tren- 
delenburg position and Valsalva maneuvers. 

4. Paraspinous muscles and overlying fascia should be 
closed in two layers with nonabsorbable suture used in a 
watertight fashion. Drains should not be used. 

5. Bed rest in the supine position should be maintained for 
4 to 7 days after the repair of lumbar durai defects. A 
lumbar drain should be placed if the integrity of the 
closure is questionable. 

The development of headaches on standing and a stormy 
postoperative period should alert one to the possibility of an 
undetected CSF leak. This can be confirmed by MRI. 

The presence of glucose in drainage fluid is an unreliable 
diagnostic test. Rarely, a pseudomeningocele has been impli- 
cated as a cause of persistent pain from pressure on a nerve 
root by the cystic mass. In our expérience, these principles 
are valid with the exception of maintaining bed rest. With 
good closure, patients can be mobilized the day after surgery. 
If closure is not watertight, extended bed rest with a drain 
may be helpful. 

One of the advantages of tubular lumbar discectomy with 
an 18-mm or smaller diameter tube is in the treatment of 
small durai tears. Because the dead space is so small, these 
tears usually can be treated simply with fibrin glue when there 
is no root herniation. We follow the usual postoperative 
course in patients who hâve tubular discectomy with durai 
repair using fibrin glue as long as there are no postoperative 



Ingrédients 

Two vials of topical thrombin, 10,000 U each 

10 mL of calcium chloride 

5 U of cryoprecipitate 

Two 5-mL syringes 

Two 22-gauge spinal needles 

Instructions 

1. Do not use saline that cornes with thrombin. 

2. Mix thrombin and calcium chloride. 

3. Draw mixture into syringe. 

4. Draw cryoprecipitate into second syringe. 

5. Apply equal amounts to area of need. 

6. Allow to set to a "Jello" consistency. 

headaches or symptoms of meningeal irritation. A 3-day 
course of acetazolamide (Diamox) is prescribed, which acts 
as a Chemical drain by decreasing CSF production in the 
choroid plexus by inhibiting carbonic anhydrase. This is the 
same course of Diamox prescribed for acute mountain (alti¬ 
tude) sickness. Patients are advised to lie fiat for 72 hours after 
surgery only if they hâve positional headaches. 


DURAL REPAIR AUGMENTED WITH 
FIBRIN GLUE 

Durai repair can be augmented with fibrin glue. Pressure 
testing of a durai repair without fibrin glue reveals that the 
dura is able to withstand 10 mm of pressure on day 1 and 
28 mm on day 7. With fibrin glue, the dura is able to 
withstand 28 mm on day 1 and 31 mm on day 7. Fibrin 
glue also can be used in areas of troublesome bleeding or 
difficult access for closure, such as the ventral aspect of the 
dura. Fibrin glue is an adjunct for closure, and every effort 
should be made for primary closure, even if fibrin glue is 
to be used. However, fibrin glue tends to be sufficient in 
the setting of a transmuscular approach using a tubular 
retractor because the amount of dead space is significantly 
limited and durai leaks can be tamponaded with fibrin glue 
alone. 


TECHNIQUE 39-16 


■ Mix 20,000 U of topical thrombin and 10 mL of calcium 
chloride and draw the mixture up into a syringe. 

■ In another syringe, draw 5 U of cryoprecipitate, and 
simultaneously inject equal quantities of each onto the 
durai repair or tear. 

■ Allow the glue to set to the consistency of "Jello" (Box 
39-5). Commercially available kits also are available. 


■ FREE FAT GRAFTING 

Fat graffing for the prévention of postoperative épidural scar- 
ring has been shown to be superior to Gelfoam in the 
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A f Durai repair using running-locking durai suture on taper or reverse-cutting, one-half-circle needle. Smaller sized 
suture should be used. Use of suction with sucker and small cotton pledgets is essential to protect nerve roots while operative field is 
kept dry of cerebrospinal fluid. B f Single durai stitches can be used to achieve closure, each suture end being left long. Second needle 
is attached to free suture end, and ends of suture are passed through piece of muscle or fat, which is tied down over repaired tear to 
help achieve watertight closure. Whenever durai material is inadéquate to allow closure without placing excessive pressure on underly- 
ing neural tissues, free graft of fascia or fascia lata or freeze-dried durai graft should be secured to margins of durai tear using simple 
sutures of appropriate size. C, For small durai defects in relatively inaccessible areas, transdural approach can be used to pull small 
piece of muscle or fat into defect from inside out, sealing cerebrospinal fluid leak. Central durotomy should be large enough to expose 
defect from durai sac. Durotomy is closed in standard watertight fashion. 


prévention of postoperative scarring. The current rationale 
for free fat grafting seems to be the possibility of making anyj 
reoperation easier. Neither the benefit of reduced scarring 
and its relationship to the prévention of postoperative pain 
nor the increased ease of reoperation in patients in whom fat 
grafting was performed has been established. Caution should 
be taken in applying a fat graft to a large laminar defect 
because this has been reported to resuit in an acute cauda 
equina syndrome in the early postoperative period. We cur- 
rently reserve the use of a fat graft (or fascial grafts) for durai 


repairs and small laminar defects where the graft is supported 
by the bone. A study by Jensen et al. found that fat grafts 
decreased durai scarring but not radicular scar formation. 
The clinical outcome was not improved. 

The technique of free fat grafting is straightforward. At 
the end of the procedure, just before the incision is closed, 
take a large piece of subcutaneous fat and insert it over the 
laminectomy defect. If the patient is thin, a separate incision 
over the buttock may be required to obtain sufficient fat to 
fill the defect. 
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or Penfield dissectors work best. Maintain meticulous 
hemostasis with bipolar cautery. 

■ Once the latéral edge of the root is identified, it is often 
helpful to mobilize the root and épidural scar as a single 
mass off the floor of the canal using a curet, which will 
sometimes uncover the underlying dise herniation. 

■ Remove the dise herniation and explore the axilia of the 
root and the subligamentous space for retained frag¬ 
ments. Also, ensure that the nerve root is well decom- 
pressed in the latéral recess. 

■ Spinal fusion is not done unless an unstable spine is 
created by the dissection or was identified preoperatively 
as a correctable and symptomatic problem. 

■ If the initial procedure was done using the tubular retrac- 
tor technique (see Technique 39-15), a tubular retractor 
is used for récurrent dise herniations 

POSTOPERATIVE CARE. Postoperative care is the same 
as after dise excision (see Technique 39-15). 


REPEAT LUMBAR DISC SURGERY 

Making the diagnosis of récurrent dise herniation is signffi- 
cantly more difficult than that of primary dise herniation. The 
clinical présentation may be identical to that of primary her¬ 
niation but usually has a larger component of axial pain. Most 
récurrences happen in the relatively early postoperative 
period, primarily the first 6 months after surgery. To date, no 
operative technique has been shown to reduce the incidence 
of récurrent dise herniations, which is reported in 3% to 7% 
of patients. Specifically, more aggressive dise removal does 
not reduce this complication and may be detrimental to the 
function of the motion segment. MRI with intravascular con- 
trast material has been helpful in identifying récurrent her¬ 
niations. It is difficult, however, to distinguish a péridural scar 
from a small récurrent herniation. For patients with a history 
of no or minimal improvement after dise excision, the diag¬ 
nostic difficulties are even greater. A possible incorrect origi¬ 
nal diagnosis, incorrect level, root anomaly, root injury, CSF 
leak, and infection must be considered in addition to récur¬ 
rent dise herniation. 

With regard to surgery for récurrent herniation, the prin- 
ciples of identifying and protecting the nerve root and then 
removing the herniation are the same as for a primary dis- 
cectomy. The area of exposure generally should be larger, 
although usually the procedure still can be done on an out- 
patient basis. 


DISC EXCISION AND FUSION 

The necessity of lumbar fusion at the same time as dise exci¬ 
sion was first suggested by Mixter and Barr. In the first 20 
years after their discovery the combination of dise excision 
and lumbar fusion was common. More recent data compar- 
ing dise excision alone with the combination of dise excision 
and fusion indicate that there is little, if any, advantage to the 
addition of a spinal fusion to the treatment of simple dise 
herniation. These studies indicate that spinal fusion increases 
the complication rate and lengthens recovery. The indications 
for lumbar fusion should be independent of the indications 
for dise excision for radiculopathy. 

THORACIC AND LUMBAR SPINE 
ARTHRODESIS 

Arthrodesis of the lumbosacral région is done for degenera- 
tive, traumatic, and congénital lésions. Indications for and 
techniques of spinal fusion and care after surgery vary from 
one orthopaedic center to another. Many orthopaedists prefer 
posterior arthrodesis, usually some modification of the inter¬ 
transverse process type fusion, using a large quantity of 
autogenous iliac bone. Internai fixation can be used with 
posterior arthrodesis. Before the use of instrumentation, the 
current status of the implant—its risks and indications and 
approval by the FDA—should be reviewed carefully and com- 
pletely with the patient. Postérolatéral or intertransverse 
process fusions are used most frequently, either alone or 
occasionally in combination with an anterior fusion and 
with or without posterior internai fixation. Interbody fusions 
from posterior, anterior, rétropéritonéal, or transperitoneal 
approaches are preferred by other orthopaedic surgeons. 

For lumbar fusion, the best technique for a particular 
patient remains controversial. The decision should be based 
on the pathologie entity being treated, expected applicable 
biomechanics and healing potential of different constructs, 
and the surgeons expérience. With regard to the pathologie 
entity, considération must be given to the spinal column and 
the neural éléments. In this way the proper balance can be 


REPEAT LUMBAR DISC EXCISION 


TECHNIQUE 39-17 


This procedure is most often used for récurrent herniation 
but can be used in primary dise excisions. 

■ After thoroughly preparing the back, identify the spinous 
processes of L3, L4, L5, and SI by palpation. Inject 25 mL 
of 0.25% bupivacaine with epinephrine into the paraspi- 
nal muscles on the involved side. 

■ Make a midline incision 4 cm long, centered over the 
interspace where the dise herniation is located. Incise the 
supraspinous ligament; by subperiosteal dissection, strip 
the muscles from the spinous processes and laminae of 
these vertebrae on the side of the lésion. 

■ Retract the muscles with a self-retaining retractor, or with 
the help of an assistant, and expose one interspace at a 
time. 

■ Verify the location with a radiograph so that no mistake 
is made regarding the interspaces explored. 

■Secure hemostasis with electrocautery, bone wax, and 
packs. Leave a portion of each pack completely outside 
the wound for ready identification. 

■ Identify normal tissue first. Use a curet to remove scar 
from the edges of the laminae carefully. Remove addi- 
tional bone as necessary to expose normal dura. 

■ Identify the pedicles superiorly and inferiorly if there is 
any question of position and status of the root. Carry the 
dissection from the pedicles to identify each root; this 
may allow the development of a normal plane between 
the dura and scar. This requires patience, and small curets 
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obtained between the need for possible increased instability 
from neural décompression and strategies to increase stability 
to promote fusion. After determining the optimal operative 
plan for a particular patient, additional controversy exists 
regarding the best technique to execute the plan, that is, an 
open technique versus a minimally invasive approach. 

ANTERIOR ARTHRODESIS 
■ TRANSTHORACIC APPROACH TO THE 
THORACIC SPINE 

For anterior arthrodesis of the thoracic spine, a transthoracic 
approach provides direct access to the vertébral bodies T2 to 
T12. The midthoracic vertébral bodies are best exposed by 
this approach, whereas views of the upper and lower extremes 
of the spine are more limited. 


TECHNIQUE 39-18 


■ Approach the involved vertebra as described in 
Chapter 37. 

■ Remove the dise material at the confirmed level with 
sharp dissection in the outer two thirds of the dise. 

■ Carefully remove the remaining dise material with Kerri- 
son rongeurs and curets using magnification. 

■ With the dise removed and the canal free of ail obstruc¬ 
tions, préparé the endplates by removing the cartilage 
without penetrating the cortical bone. 

■ Insert tricortical bone graft, prepared structural allograft, 
or a bone cage as desired. 

■ Internai fixation may be added as necessary. 

■ Close the chest cavity in layers over a chest tube. 

POSTOPERATIVE CARE. The patient is allowed to 
ambulate rapidly after the procedure. The chest tube is 
removed once drainage is minimal and there is no air leak. 
Initially a removable brace such as a Jewett brace or 
thoracolumbosacral orthosis can be used for ambulation. 
The brace can be discontinued as pain relief improves and 
radiographie union is noted. 


Numerous indications for anterior arthrodesis of the lumbar 
spine are reported in the literature. At this clinic the indica¬ 
tions include debridement of infection, tuberculosis, excision 
of tumors, correction of kyphosis, scoliosis, neural décom¬ 
pression after fracture, and to achieve stability when posterior 
arthrodesis is not feasible. Less frequently, we hâve used this 
technique in the treatment of spondylolisthesis or internai 
intervertébral dise dérangements. The surgical approach used 
in tuberculosis by Hodgson and Stock should be applicable 
in most instances (see Chapter 42). 

■ ANTERIOR DISC EXCISION AND INTERBODY 
FUSION OF THE LUMBAR SPINE 

The rationale of management of lower back pain must be 
based on an accurate diagnosis. The pain syndromes in this 
area are many, and diagnostic pitfalls are ever présent. Treat¬ 
ment varies according to the physical and emotional profile 
of the patient and the expérience of the surgeon involved. 
Hemilaminectomy and décompression of nerve roots still 


constitute the most widely used surgical procedure for unre- 
mitting lower back pain. With continued instability of the 
anterior and posterior éléments, supplémentai posterior or 
postérolatéral fusion usually proves satisfactory. 

There is a group of patients for whom standard surgical 
procedures are unsuccessful. The following causes of persis¬ 
tent symptoms after dise surgery hâve been identified: 

■ Mistaken original diagnosis 

■ Récurrent herniation of dise material (also incomplète 
removal) 

■ Herniation of dise at another level 

■ Bony compression of nerve root 

■ Perineural adhesions 

■ Instability of vertébral segments 

■ Psychoneurosis 

In this group, improved diagnostic accuracy currently can be 
obtained with the use of electromyography, a psychologie 
profile assessment, postmyelographic CT, MRI with and 
without gadolinium contrast, and possibly discography. 
Finally, differential spinal anesthésia is helpful in discriminât - 
ing between the various pain types. 

As a rule, failure of the usual posterior methods of fusion 
to relieve pain in the presence of a solid arthrodesis and in 
the absence of other pathology as listed earlier dictâtes 
considération of anterior intervertébral dise excision and 
interbody spinal fusion. The reported outcomes of anterior 
interbody fusion hâve been variable, with success rates 
ranging from 36% to 90%. Although reports of long-term 
results are inconclusive, pain relief appears to be obtained in 
80% to 90% of patients. 

Suggested indications include (1) instability causing 
backache and sciatica, (2) spondylolisthesis of ail types, (3) 
pain after multiple posterior explorations, and (4) failed pos¬ 
terior fusions. Good results hâve been reported with the use 
of three iliac wedge graft s for degenerative disease and a block 
graft for spondylolisthesis (Fig. 39-33). 



Freebody technique for anterior interbody 
fusion in lower lumbar spine. A f Technique for degenerative 
disease. B f Technique for spondylolisthesis. 
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ANTERIOR INTERBODY FUSION OF 
THE LUMBAR SPINE 


TECHNIQUE 39-19 


(GOLDNER ETAL) 

■ Administer general anesthésia and place the patient in 
the Trendelenburg position. 

■ Develop the rétropéritonéal approach to the vertébral 
bodies and identify the psoas muscle, the iliac artery and 
vein, and the left ureter. If more than three interspaces 
are to be fused, retract the ureter toward the left. 

■ Identify the sacral promontory by palpation. 

■ Inject saline solution under the prevertebral fascia over 
the lumbar vertebra and lift the sympathetic chain for 
easier dissection. 

■ Expose the lumbosacral dise space by retracting the left 
iliac artery and vein to the left. 

■ In exposing the fourth lumbar interspace, displace the left 
artery and vein and ureter to the right side. 

■ Elevate the anterior longitudinal ligament as a flap with 
the base toward the left. 

■Tag the flap with sutures and retract it to give additional 
protection to the vessels. 

■Separate the intervertébral dise and annulus from the 
cartilaginous endplates of the vertebrae with a thin ostéo¬ 
tomie and remove them with pituitary rongeurs and large 
eu rets. 

■ Clean the space thoroughly back to the posterior 
longitudinal ligament without removing bone, thereby 
keeping bleeding to a minimum until the site is ready for 
grafting. 

■ Remove the cartilaginous endplates from the vertébral 
bodies with an osteotome until bleeding bone is 
encountered. 

■ Cut shallow notches in the opposing surfaces of the 
vertebrae and measure the dimensions of the notches 
carefully with a caliper. 

■ Cut grafts from the iliac wing, making them larger than 
the notches for later firm impaction (Fig. 39-34). 

■ Hyperextend the spine, insert multiple grafts, and relieve 
the hyperextension. 

■ Bipolar electrocautery is useful in obtaining hemostasis, 
but take care not to coagulate the sympathetic fibers over 
the anterior aspect of the lumbosacral joint. Use of silver 
clips in this area is preferred. 

■ After completion of the fusion, close ail layers with 
absorbable sutures. 

■ Estimate the amount of blood lost and replace it. 

POSTOPERATIVE CARE. Nasogastric suction may be 
necessary for gastric décompression for about 36 hours. 
Attention must be paid to mobilization of the lower 
extremities to prevent dependency and blood pooling. 
Thigh-length hose for prévention of thromboembolie 
disease, intermittent compression boots, and low- 
molecular-weight heparin ail are used for deep vein 
thrombosis prophylaxis. In-bed exercises with straight-leg 



FIGURE 39-3 


Technique of Goldner et al. for anterior inter- 
body fusion of lumbosacral joint. SEE TECHNIQUE 39-19. 


raising are started on the first postoperative day and con- 
tinued indefinitely. The patient is allowed to sit and walk 
with a low back corset used for postoperative immobiliza- 
tion as tolerated. Postoperative radiographs are made 
before discharge from the hospital to serve as a baseline 
for judging graft appearance. Three months later, side- 
bending and flexion and extension radiographs are made 
in the standing position to provide information about the 
success of arthrodesis. Radiographs are then repeated at 
6 and 12 months after surgery, with the solid fusion not 
confirmed until 1 year after surgery. Tomograms may be 
useful in evaluating suspected pseudarthrosis. 


We hâve used a rétropéritonéal approach to L2, L3, L4, 
and L5 dises. For the L5 or lumbosacral dise, some prefer a 
transperitoneal approach if good anterior access is needed. 
The incidence of deep venous thrombosis after these 
approaches, especially the midline transperitoneal approach, 
is much higher than after ordinary spinal surgery. Suitable 
prophylaxis is indicated, even though it may not be successful 
in preventing this complication. 

■ MINIMALLY INVASIVE ANTERIOR FUSION OF 
THE LUMBAR SPINE 

In the fields of general surgery and thoracic surgery, the 
development of laparoscopie surgical techniques and VATS 
has allowed significant improvements to be made with respect 
to decreasing pain, duration of hospitalization, and recovery 
times for a variety of procedures (Fig. 39-35). Similarly, lapa¬ 
roscopie and VATS techniques hâve been applied to anterior 
spine surgery with significant improvements in these same 
areas. VATS is described in Technique 39-13. We hâve limited 
expérience with this technique; currently it is seldom used 
because of the risk of catastrophic complications. 

Laparoscopie transperitoneal lumbar instrumentation 
and fusion also has been developed, and several Systems are 
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Monitor 



Video-assisted thoracic surgery is used for anterior release and interbody fusion. A f Patient positioned in left latéral 
decubitus position and portai positions marked. B f Portais. 


currently available. These Systems allow dise removal and 
insertion of threaded cylindrical devices, as well as trapezoi- 
dal cages packed with autogenous bone into the dise spaces, 
typically at the L5-S1 and the L4-L5 levels. Although these 
techniques provide an effective means of achieving anterior 
interbody fusion with maintenance of dise space distraction, 
they appear to require a significant learning curve. Both the 
VATS and laparoscopie techniques should be performed by 
surgeons experienced in these techniques to minimize 
potentially catastrophic complications. The ultimate success 
of the procedure dépends on the proper diagnosis and 
patient sélection. Each device has a technique guide spécifie 
to it, and the reader is referred to these guides for spécifie 
device use. 


TECHNIQUE 39-20 


■ After confirmation of the correct position of the retractor 
(see Technique 37-16) with anteroposterior and latéral 
fluoroscopy, center the anterior annulotomy window in 
the anterior half of the dise. 

■ Make the window opening wide enough to accommo- 
date the implant. 

■ Remove the dise with standard instruments. 

■ Leave the posterior annulus intact. 

■ Release the contralatéral annulus using a Cobb dissector 
to allow distraction of the dise space to insert the implant. 

■ Insert an implant that will rest on both latéral margins of 
the epiphyseal ring. 

■ Irrigate the cavity copiously. 

■ Carefully remove the retractor while observing the psoas 
muscle covering the defect and watching for bleeding. 

■ Close the fascial and subeutaneous layers. 

■ The skin can be closed with a subcuticular method. 

■ Supplementary posterior instrumentation must be used 
to maintain stability. 


POSTERIOR ARTHRODESIS 

Posterior arthrodèses of the lumbar and thoracic spine gener- 
ally are based on the principles originated by Hibbs in 1911. 
In the Hibbs operation, fusion of the neural arches is induced 
by overlapping numerous small osseous flaps from contigu- 
ous laminae, spinous processes, and articular facets. In the 
thoracic spine, the arthrodesis is generally extended laterally 
out to the tips of the transverse processes so that the posterior 
cortex and cancellous bone of these portions of the vertebrae 


PERCUTANEOUS ANTERIOR LUMBAR 
ARTHRODESIS—LATERAL APPROACH 
TO L1 TO L4-5 

Direct latéral anterior lumbar fusion and extreme latéral 
interbody fusion can be done through a minimally invasive 
direct latéral approach (see Technique 37-16); however, 
there is a definite learning curve for dise excision and fusion 
techniques done through the small access provided by the 
dilating retractor Systems. Complications, primarily related 
to nerve root injury or irritation, hâve been reported in 22% 
of patients after a minimally invasive direct latéral anterior 
lumbar fusion and extreme latéral interbody fusion. Knowl¬ 
edge of "safe zones" for this approach and familiarity with 
the dilating retractor Systems are essential for avoiding 
these complications. 
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are used to widen the fusion mass. Accurate visual identifica¬ 
tion of a spécifie vertébral level is always difïicult except when 
the sacrum can be exposed and thus identified. At any other 
level, despite the fact that identification of a given vertebra 
may be possible because of the anatomie peculiarities of 
spinous processes, laminae, and articular facets, it is always 
advisable to make marker radiographs at surgery. Marker 
films occasionally are made before surgery, using a métal 
marker on the skin with a scratch on the skin to identify the 
level. We recommend a method consisting of the radio¬ 
graphie identification of a marker of adéquate size clamped 
to a spinous process within the operative field. The doser to 
the base of the spinous process the marker can be inserted, 
the more accurate and easier the identification. Cross-table 
latéral or anteroposterior radiographs taken on the operating 
table to compare with good-quality preoperative radiographs 
usually are sufhcient for accurate identification of the verté¬ 
bral level, although the quality of the portable radiographs 
may at times make this difïicult. Patient positioning to main- 
tain lumbar lordosis also is important. 

■ HIBBS FUSION 

With the Hibbs technique, fusion is attempted at four differ¬ 
ent points—the laminae and articular processes on each 
side. The procedure has been modified slightly over the 
years. 


TECHNIQUE 39-21 


(HIBBS, AS DESCRIBED BY HOWORTH) 

■ Incise the skin and subeutaneous tissues in the midline 
along the spinous processes and attach towels to the skin 
edges with clips or use an adhesive plastic drape. Divide 
the deep fascia and supraspinous ligament in line with 
the skin incision. With a Kirmisson or Cobb elevator, 
remove the supraspinous ligament from the tips of the 
spines. 

■ Strip the periosteum from the sides of the spines and the 
dorsal surface of the laminae with a curved elevator. 
Control bleeding with long thin sponge packs (Hibbs 
sponges). 

■ Incise the interspinous ligaments in the direction of their 
length, making a continuous longitudinal exposure. 

■ Elevate the muscles from the ligamentum flavum and 
expose the fossa distal to the latéral articulation overlying 
the pars interarticularis and transverse process base. 
Excise the fat pad in the fossa with a scalpel or curet. 

■ Thoroughly dénudé the spinous processes of periosteum 
and ligament with an elevator and curet, split them lon¬ 
gitudinal^ and transversely with an ostéotomie, and 
remove them with the Hibbs biting forceps. 

■ Using a thick chisel elevator, strip away the capsules of 
the latéral articulations. 

■ Free with a curet the posterior layer (about two thirds) of 
the ligamentum flavum from the margins of the distal 
and proximal laminae in succession and peel it off the 
anterior layer; leave the latter to cover the dura. 

■ Excise the articular cartilage and cortical bone from the 
latéral articulations with spécial thin osteotomes, either 
straight or angled at 30, 45, or 60 degrees as required. 


A. D. Smith emphasized that the latéral articulations of 
the vertebra above the area of fusion must not be dis- 
turbed, because this may cause pain later. However, it is 
important to include the latéral articulations within the 
fusion area, because if they are not obliterated, the entire 
fusion is jeopardized. After curetting the latéral articula¬ 
tions in the fusion area, he narrowed the remaining 
defect by making small cuts into the articular processes 
parallel with the joint line so that these thin slices of bone 
separate slightly and fill the space. This, he believed, is 
préférable to packing the joint spaces with cancellous 
bone chips. 

■ Using a gouge, eut chips from the fossa below each 
latéral articulation and turn them into the gap left by the 
removal of the articular cartilage or insert a fragment of 
spinous process into the gap. 

■ Dénudé the fossa of cortical bone and pack it fully with 
chips. 

■ Also with a gouge, remove chips from the laminae and 
place them in the interlaminar space in contact with raw 
bone on each side. Use fragments from the spinous pro¬ 
cesses to bridge the laminae. Also use additional bone 
from the ilium near the posterosuperior spine or from the 
spinous processes beyond the fusion area. 

■ When large or extensive grafts are taken from the poste¬ 
rior ilium, postoperative pain or sensitivity of the area may 
be marked. Care should be taken to avoid injury to the 
cluneal nerves with subséquent neuroma formation. Bone 
from the bone bank can be used, especially if the bone 
available locally is scant because of spina bifida. 

■ The bone grafts should not extend beyond the laminae 
of the end vertebrae because the projecting ends of the 
grafts can cause irritation and pain. 

■ If the nucléus pulposus is to be removed, the chips are 
eut before exposure of the nucléus and are kept until 
needed. The remaining layer of the ligamentum flavum 
is freed as a flap with its base at the midline, is retracted 
for exposure of the nerve root and nucléus, and after 
removal of the nucléus is replaced to protect the dura. 

■ Suture the periosteum, ligaments, and muscles snugly 
over the chips with interrupted sutures. Then suture the 
subeutaneous tissue carefully to eliminate dead space and 
close the skin either with a subcuticular suture or nonab- 
sorbable skin suture technique. 

At this clinic we routinely use an adhesive plastic film 
material to isolate the skin surface from the wound rather 
than attaching towels to skin edges with clips, because 
clips hâve an unfortunate tendency to become displaced 
and can get lost within the wound. We routinely use 
modified Cobb elevators, which when sharp are efficient 
in stripping away the capsules of the latéral articulations. 
The most important single project at the time of surgery 
is preparing an extensive fresh cancellous bed to receive 
the grafts. This means denuding the facet joints, articular 
processes, pars interarticularis, laminae, and spinous pro¬ 
cesses. Subcuticular wound closure is used routinely to 
improve patient comfort. 

POSTOPERATIVE CARE. We routinely use closed- 
wound suction for 12 to 36 hours, with removal of the 
suction device mandatory by 48 hours. Depending on the 
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level of the arthrodesis, the âge of the patient, and the 
presence or absence of internai fixation, walking is 
allowed in 24 to 48 hours when pain permits. For obese 
patients, ail types of external fixation or support likely will 
be inadéquate and limitation of activity may be the only 
reasonable alternative. The appropriateness of bracing 
remains controversial. Generally, for fusions with marked 
preoperative instability (e.g., burst fractures), rigid bracing 
is continued for 12 weeks. For fusions without marked 
instability (e.g., degenerative spondylolisthesis), bracing 
generally, if used, is less rigid and of shorter duration. 


■ POSTEROLATERAL OR INTERTRANSVERSE 
FUSIONS 

In 1948 Cleveland, Bosworth, and Thompson described a 
technique for repair of pseudarthrosis affer spinal fusion in 
which graffs are placed poster iorly on one side over the 
laminae, latéral margins of the articular facets, and base of 
the transverse processes. Watkins described what he called a 
postérolatéral fusion of the lumbar and lumbosacral spine in 
which the facets, pars interarticularis, and bases of the trans¬ 
verse processes are fused with chip graffs and a large graff is 
placed posteriorly on the transverse processes. When the 
lumbosacral joint is included, the graffs extend to the poste - 
rior aspect of the first sacral segment. 

We, like many others, use this operation and its modifica¬ 
tions for primary lumbar and lumbosacral fusions and in 
patients with pseudarthrosis, laminar defects either congéni¬ 
tal or surgical, or spondylolisthesis with chronic pain from 
instability. The operation may be unilatéral or bilateral but 
usually is bilateral, covering one or more joints depending on 
the stability of the area to be fused. The retraction instruments 
designed by McElroy and others are useful. However, one 
should be mindful of the ischemia caused by retractors, and 
they should be periodically released to allow perfusion of the 


paraspinal musculature. When placing the retractors, minimal 
retractor bulk and tension should be employed. The tech¬ 
nique described by Watkins allows exposure for a postérolat¬ 
éral fusion without much need for soff-tissue retraction. 


POSTEROLATERAL LUMBAR FUSION 


TECHNIQUE 39-22 


(WATKINS) 

■ Make a longitudinal skin incision along the latéral border 
of the paraspinal muscles, curving it medially at the distal 
end across the posterior crest of the ilium (Fig. 39-36A). 
Alternative^, a single midline skin incision can be used 
with bilateral fascial incisions. 

■ Divide the lumbodorsal fascia and establish the plane of 
cleavage between the border of the paraspinal muscles 
and the fascia overlying the transversus abdominis muscle. 
The tips of the transverse processes can now be palpated 
in the depths of the wound (Fig. 39-36B). 

■ Release the iliac attachment of the muscles with an ostéo¬ 
tomie, taking a thin layer of ilium. Continue the exposure 
of the posterior crest of the ilium by subperiosteal dissec¬ 
tion and remove the crest almost flush with the sacroiliac 
joint, taking enough bone to provide one or two grafts. 
Removal of the iliac crest increases exposure of the spine. 

■ Retract the sacrospinalis muscle toward the midline and 
dénudé the transverse processes of the dorsal muscle and 
ligamentous attachments; expose the articular facets by 
excising the joint capsule. 

■ Remove the cartilage from the facets with an osteotome 
and level the area down to allow the graft to fit snugly 
against the facets, pars interarticularis, and base of the 
transverse process at each level. 



FIGURE 39-3 


^ Watkins postérolatéral fusion. A f Incision. B f Lumbothoracic fascia has been incised, paraspinal muscles hâve been 
retracted medially, and tips of transverse processes are now palpable. Split iliac crest and smaller grafts hâve been placed against spine. 


SEE TECHNIQUE 39-22. 
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9 « Comminute the facets with a small gouge or osteotome 
and turn bone chips up and down from the facet area, 
upper sacral area, and transverse processes. 

■ Split the resected iliac crest longitudinally into two grafts. 
Shape one to fit into the prepared bed and impact it 
firmly in place with its eut surface against the spine (Fig. 
39-36B). Preserve the remaining graft for use on the 
opposite side with or without additional bone from the 
other iliac crest. 

■ Pack additional ribbons and chips of cancellous bone 
from the ilium about the graft. 

■ Allow the paraspinal muscles to fall in position over the 
fusion area and close the wound. 

POSTOPERATIVE CARE. Postoperative care is the 
same as that described for posterior arthrodesis (see 

Technique 39-21). 


Modifications of the Watkins technique include splitting of 
the sacrospinalis muscle longitudinally; inclusion of the 
laminae, as well as the articular facets and transverse pro- 
cesses, in the fusion (Figs. 39-37 and 39-38); and combining 
postérolatéral fusion using a midline approach with a modi- 
fied Hibbs type fusion in routine lumbar and lumbosacral 
fusions (Fig. 39-39). Adkins used an intertransverse or alar 
transverse fusion in which tibial grafts are inserted between 
the transverse processes of L4 and L5 and between that of L5 
and the ala of the sacrum on one or both sides. 


INTERTRANSVERSE LUMBAR FUSION 


TECHNIQUE 39-23 


(ADKINS) 

■ Dissect the erector spinae muscles laterally from the ped- 
icles, exposing the transverse processes and ala of the 


Sacrospinalis 

muscle 



L5 


FIGURE 39-3 


TÉ Technique of postérolatéral fusion in which 
sacrospinalis muscle is split longitudinally and laminae, articular 
facets, and transverse processes are ail included in fusion. 


sacrum. This is easier when the facets hâve been removed, 
but if these are intact, exposure can be obtained without 
disturbing them. 

■ Cut a groove in the upper or lower border of each trans¬ 
verse process with a sharp gouge or forceps. Take care 
not to fracture the transverse process. 

■ In the ala of the sacrum, first make parallel cuts in its 
posterosuperior border with an osteotome. Then drive a 
gouge across the ends of these cuts and lever the inter- 
vening bone out of the slot so made. 

■ For fusions of the fourth to the fifth lumbar vertebra, cut 
a tibial graft with V-shaped ends; insert it obliquely 
between the transverse processes and then rotate it into 
position so that it causes slight distraction of the pro¬ 
cesses and becomes firmly impacted between them. 

■ For the lumbosacral joint, cut the graft so that it is 
V-shaped at its upper end and straight but slightly 
oblique at its lower end. Insert one arm of the V in front 
of the transverse process and punch the lower end into 
the slot in the sacrum. If only one side is grafted, arrange 
the patient so that there is a slight convex curve of the 
spine on the operated side; thus, firm impaction occurs 
when the spine is straightened. Bilateral grafts are pre- 
ferred. The grafts should be placed as far laterally as 
possible to avoid the nerve roots and to gain maximal 
stability. 

■ Alternative^, strips of iliac wing cortex no more than 2 
to 3 mm thick are placed anterior to the transverse pro¬ 
cesses of L4 and L5 to bridge the gap and lie on the 
intertransverse fascia. Similarly, another strip is placed 
between the ala of the sacrum and L5 by wedging it into 
the space after the ala has been slotted and decorticated. 
Care must be taken that these grafts do not protrude too 
far anterior to the plane of the transverse processes. This 
modification does not require a tibial graft and is 
recommended. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that described for posterior arthrodesis (see Technique 
39-21). 


■ MINIMALLY INVASIVE TRANSFORAMINAL 
LUMBAR INTERBODY FUSION 

A microscope and tubular retractors allow minimally inva¬ 
sive transforaminal lumbar interbody fusions to achieve 
décompression and stabilization while safely performing the 
procedure with less collateral damage to surrounding struc¬ 
tures and the posterior dynamic stabilizers of the spine than 
with open procedures. Because the surgical corridor required 
is minimal, tubular retractors eliminate the need for tradi- 
tional muscle-stripping techniques and preserve the form and 
function of the paraspinous musculature, which allows more 
normal physiologie function of the spine and sparing of the 
dynamic posterior stabilizers. Other advantages include 
reduced blood loss, less postoperative back pain, shorter time 
to ambulation, shorter hospital stay, and shorter duration 
of narcotic usage postoperatively compared with open 
approaches. Minimally invasive techniques also hâve been 
reported to resuit in significant réductions in total hospital 
costs compared with standard open techniques, and there is 
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Slocum technique combining posterior (modi¬ 
fiée! Hibbs) and postérolatéral fusions. Midline incision is used. 
Inset, AN bone posterior to blue line is removed. 


early evidence that adjacent segment degeneration may be 
decreased compared with open surgery. 


TECHNIQUE 39-24 


(GARDOCKI) 

■ After induction of general endotrachéal anesthésia, posi¬ 
tion the patient prone on a radiolucent table. 


■Obtain latéral and anteroposterior C-arm fluoroscopie 
images to ensure that the pedicles can be adequately 
imaged. 

■ Insert a spinal needle into the paraspinal musculature at 
the interspace of interest, 40 to 60 mm latéral to the 
midline depending on patient depth and confirm its posi¬ 
tion with latéral fluoroscopy. 

■ The trajectory should approach the anterior and middle 
third of the dise space. 

■ Remove the needle and make a 20-mm vertical incision 
at the puncture site. 

■ Insert the blunt end of a guidewire through the incision 
and direct it toward the appropriate anatomy under fluo¬ 
roscopie guidance. Advance the guidewire only through 
the lumbodorsal fascia, taking care not to penetrate the 
ligamentum flavum and to avoid inadvertent durai 
puncture. 

■ Insert the cannulated soft-tissue dilator over the guide¬ 
wire with a twisting motion. 

■ Once the fascia is penetrated, remove the guidewire and 
use progressive^ larger dilators to create a muscle-sparing 
surgical corridor down to the appropriate interlaminar 
space while remaining orthogonal to the dise. 

■ Dock the appropriate-length 18- or 20-mm tubular retrac- 
tor on the facet joint complex and interlaminar space. 

■ With the use of an operating microscope or loupe mag- 
nification, carry out a total facetectomy with a high-speed 
drill (preferred) or osteotomes. The osteotomy is L-shaped 
and should connect the interlaminar space at the base of 
the spinous process with the pars interarticularis just 
above the dise space but below the pedicle. 

■ Dénudé ail removed bone of soft tissue and morcellize it 
for later use as interbody graft material. 
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■ Perform a conventional discectomy by incising the annulus 
with a no. 15 scalpel blade latéral to the durai sac while 
retracting the traversing nerve root. There is no need to 
retract the exiting root. Ail cartilage should be removed 
from the dise space up to the outer anulus. 

■ Sequentially distract the dise space until the original dise 
space height is obtained and the normal foraminal 
opening is restored. This can be done with shavers, trials, 
or mechanical distractors depending on the System being 
used. 

■ Remove soft tissue and the cartilaginous endplate cover- 
ing with scraping or curettage. Scrape medially under the 
midline and gradually work laterally in a sweeping motion 
until both caudal and cephalad endplates are cleared of 
soft tissue, exposing the compressed cancellous endplate 
of both vertebrae. 

■ Insert an appropriately sized graft based on the distractors 
or trials. The graft material can be bone, polymer, or 
métal. Do not place a graft that is too long because it 
may increase the risk of later posterior displacement. 

■Countersink the graft until it is 4 to 5 mm below the 
posterior margin of the dise space. 

■ Probe the extradural space and foramina to ensure adé¬ 
quate décompression of the neural éléments. 

■ Once the graft is in place, confirm positioning on antero- 
posterior and latéral fluoroscopie images. If positioned 
adequately with adéquate restoration of dise height and 
lordosis, place bilateral percutaneous pedicle screws to 
allow a stable environment for fusion across the dise 
space. 

■ Use anteroposterior and latéral images of the pedicle for 
cannulation with an appropriately sized Jamshidi needle 
using a "pencil-in-cup" technique. The remaining tech¬ 
nique varies depending on the hardware manufacturer. 

■Once ail hardware is adequately placed, close the inci¬ 
sions subcutaneously with 2-0 Vicryl and use skin glue 
(e.g., Dermabond or Histacryl) for final skin closure. When 
a 20-mm or smaller tube is used there is no need for 
fascial closure. 

POSTOPERATIVE CARE. Patients are encouraged to 
walk as much as possible immediately after surgery. 
Bending, lifting, and twisting are restricted for a period 
of 3 months. Ail restrictions are lifted at 3 months if 
radiographs show appropriate progression of fusion. Hos¬ 
pital stay is seldom longer than 24 hours, and this proce¬ 
dure can sometimes be done in the outpatient setting in 
carefully selected patients. 


INTERNAL FIXATION IN LUMBAR 
SPINAL FUSION 

Various types of internai fixation hâve been used in lumbar 
spinal fusion. The object is to immobilize the joints during 
fusion and thus hasten consolidation and reduce pain and 
disability after surgery. Additionally, the instrumentation 
maintains correction of deformity and normal contours 
during the consolidation of the fusion mass. For many years, 
surgeons fixed the spinous processes of the lumbar spine with 
heavy wire loops, as described by Rogers for fracture- 
dislocation of the cervical spine. 


Early methods of fixing the articular facets used bone 
blocks or cylindrical bone grafts to transfix the facets, par- 
ticularly at the lumbosacral joint. In one bone grafting tech¬ 
nique (McBride), soft-tissue attachments to the spinous 
processes and laminae were elevated, the spinous processes 
of L4, L5, and SI were removed at their bases, and spécial 
trephine cutting tools were used to eut mortise bone grafts 
from them. The laminae were then spread forcibly with 
laminae distractors, and, again with the use of spécial tre¬ 
phine cutting tools, a round hole was made across each facet 
joint into the underlying pedicle. The bone grafts were then 
impacted firmly across each joint into the pedicle, and the 
distractors were removed. H-shaped grafts between the 
spinous processes also hâve been described for articular facet 
fixation. 

Internai fixation (such as pedicle screws and plates) is 
described in Chapter 41. Again, however, before using these 
techniques the indications and current status of the use of 
these implants as approved by the FDA should be reviewed 
carefully with the patient. A spécial consent form should be 
signed by the patient if these devices are being used for any- 
thing other than the strictly approved indications. 

TREATMENT AFTER POSTERIOR 
ARTHRODESIS 

Opinions vary as to the proper treatment after spinal fusion. 
Usually the patient is placed on bed rest for a period of 12 to 
24 hours; mobilization is then begun. No clear consensus 
exists on the duration of bed rest or the type of external 
support that should be used or even whether external support 
should be used. This dépends on the pathologie condition 
being treated and on the location and extent of the fusion. 
Surgeon preference also is important in this decision and 
often is based more on the patients comfort rather than 
immobilization for promotion of fusion, especially if instru¬ 
mentation has been used for a degenerative process rather 
than for treatment of traumatic instability. Immobilization is 
continued until the patient is comfortable or until consolida¬ 
tion of the fusion mass occurs as seen on radiographs. 
Anteroposterior radiographs are made with the patient supine 
and in right and leff bending positions, and a latéral radio- 
graph is made with the patient in flexion and extension 
between 3 and 4 months postoperatively to confirm consoli¬ 
dation of the fusion mass. A longer period may be needed, 
especially in uninstrumented fusions. However, even with 
instrumentation the fusion mass may require a year or more 
to mature. 

With newer, less invasive techniques, postoperative 
immobilization usually is not needed and patients are encour¬ 
aged to gradually return to normal activities as much as pos¬ 
sible, avoiding bending, lifting, and twisting for 3 months. 

PSEUDARTHROSIS AFTER 
SPINAL FUSION 

The possibility of pseudarthrosis after spinal arthrodesis 
should be remembered from the time the operation is pro- 
posed until the fusion mass is solid. A frank discussion of this 
problem with each patient before operation is important. The 
reported pseudarthrosis rate ranges from 9% to 30%. Some 
authors hâve correlated higher pseudarthrosis rates with a 
greater number of levels fused, but multiple studies hâve 
reported single-level pseudarthrosis rates as high as 30%. A 
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TABLE 39-3 


Factors Affecting Fusion Rates in 
Surgery 

Lumbar Spine 

SUCCESSFUL 
FUSION (%) 

INSTRUMENTATION TYPE 

None 

84 

Any 

89 

Semirigid 

91 

Rigid 

88 

FUSION LOCATION 

Postérolatéral 

85 

Posterior interbody 

89 

Anterior interbody 

86 

Circumferential (360°) 

91 

GRAFT TYPE 

Autogenous bone alone 

87 

Allograft alone 

86 

Autogenous bone + interbody cage 

90 

Allograft/autogenous bone mix 

86 

BRACE TYPE 

None 

89 

Any 

88 

Semirigid or nonrigid 

87 

Rigid 

88 


(From Raizman NM, O'Brien JR, Poehling-Monaghan KL, Yu WD: Pseudarthrosis 
of the spine, J Am Acad Orthop Surg 17:494, 2009.) 


critical analysis of the literature determined that instrumenta¬ 
tion, fusion location, graft type, and brace type ail affected 
lumbar fusion rates (Table 39-3). Careful patient sélection 
and meticulous surgical technique in preparing the récipient 
site and in harvesting and preparing bone graffs are required 
to optimize fusion rates regardless of any other techniques 
that may be used. 

It has been estimated that 50% of patients with pseudar¬ 
throsis hâve no symptoms. Persistent pain after spinal fusion 
with no other identifiable cause is presumed to be caused by 
pseudarthrosis when this condition is présent. Yet, in some 
patients pain continues after a successful repair. Although 
pain can persist, repair of a pseudarthrosis is indicated when 
disabling pain persists; repair is contraindicated when pain is 
slight or absent. 

The following findings are helpful in making a diagnosis 
of pseudarthrosis: (1) discretely localized pain and tenderness 
over the fusion area, (2) progression of the deformity or 
disease, (3) localized motion in the fusion mass, as found in 
biplane bending radiographs, and (4) motion in the fusion 
mass found on exploration. The amount of motion on flexion- 
extension radiographs that is consistent with solid fusion is 
controversial, ranging from no motion to 5 degrees of motion. 
When rigid instrumentation has been used, lack of motion 
does not necessarily indicate solid fusion; the presence of 
broken spinal implants does imply pseudarthrosis. Thin-cut 


CT scans appear to be more reliable than radiographs in 
evaluating fusion: a prospective study comparing imaging 
findings to intraoperative findings showed that CT most 
closely agreed with intraoperative findings compared with 
plain radiographs and MRI. The expense of MRI and its sus- 
ceptibility to metallic artifact from instrumentation remain 
disadvantages to its routine use in the assessment of spinal 
fusion. Exploration is the only way to be absolutely certain 
that a fusion mass is completely solid. 

Treatment of a patient with a painful pseudarthrosis 
involves a second attempt at fusion and may require a differ¬ 
ent approach from that used in the original fusion surgery, as 
well as the use of additional instrumentation, bone graft, and 
osteobiologic agents. 


PSEUDARTHROSIS REPAIR 


TECHNIQUE 39-25 


(RALSTON AND THOMPSON) 

■ Expose the entire fusion plate subperiosteally through the 
old incision; if the defect is wide and filled with dense 
fibrous tissue, subperiosteal stripping in that area can be 
difficult. A narrow defect often is difficult to locate be- 
cause the surface of the plate usually is irregular and the 
line of pseudarthrosis may be sinuous in the coronal and 
sagittal planes. In our expérience, adhérence of the over- 
lying fibrous tissue has been the key factor that aids in 
identifying a pseudarthrosis. The characteristic smooth 
cortical surface and easily stripped fibrous "periosteum" 
of a solid, mature fusion mass are quite different from 
the adhèrent fibrous tissue overlying a pseudarthrosis. 
Meticulous inspection of the région of the facet joint 
is needed. Often a mature and solid fusion mass 
extends across the transverse processes, but motion is 
détectable at the facet joint, indicating the fusion mass 
did not incorporate to the fusion bed (i.e., the transverse 
processes). 

■ Thoroughly clean the fibrous tissue from the fusion mass 
in the vicinity of the pseudarthrosis. The adjacent superior 
and inferior borders of the fusion mass on either side of 
the pseudarthrosis usually will be seen to move when 
pressure is applied with a blunt instrument, such as a 
curet. 

■As the defect is followed across the fusion mass, it will 
be found to extend into the latéral articulations on each 
side. Carefully explore these articulations and excise ail 
fibrous tissue and any remaining articular cartilage down 
to bleeding bone. 

■ If the defect is wide, excise the fibrous tissue that fills it 
to a depth of 3 to 6 mm across the entire mass and 
protect the underlying spinal dura. 

■ Thoroughly freshen the exposed edges of the defect. 

■ When the defect is narrow and motion is minimal, limit 
the excision of the interposed soft tissue to avoid loss of 
fixation. 

■ Fashion a trough 6 mm wide and 6 mm deep on each 
side of the midline, extending longitudinally both well 
above and well below the defect. 
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9 " "Fish scale" the entire fusion mass on both sides of the 
defect, with the bases of the bone chips raised being 
away from the defect. 

■ Obtain both strip and chip bone grafts either from the 
fusion mass above or below or from the ilium, preferably 
the latter. 

■ Pack these grafts tightly into the latéral articulations, into 
the pseudarthrosis defect, and into the longitudinal 
troughs. 

■ Place small grafts across the pseudarthrosis line and 
wedge the edge of each transplant beneath the fish- 
scaled cortical bone chips. Use ail remaining graft material 
to pack neatly in and about the grafts. 

■ Internai fixation (see Chapter 41) can be used to improve 
the rate of healing after pseudarthrosis repair but often 
is not necessary, and removal of loose hardware improves 
postoperative imaging capability. 


DEGENERATIVE DISC DISEASE 
AND INTERNAL DISC 
DERANGEMENT 

As has already been discussed, the degenerative process is 
fundamental to the development of dise herniations. Current 
research shows that genetic factors are more important than 
the mechanical stresses that hâve long been emphasized. The 
development of a dise herniation is only one of the pathways 
that the degenerative dise may foliow. Alternatively, the dise 
may become the primary source of pain, rather than the 
nerve root, as is the case with herniations. This discogenic 
type of pain is most attributable to the internai dise dérange¬ 
ment (IDD) that accompanies the degenerative process. 
Correct diagnosis and treatment of painful degenerative dises 
are difficult and controversial. 

There are many different treatment options for this diag¬ 
nosis, including fusions, dise arthroplasty, nucleoplasty, and 
dynamic stabilization procedures. The number of fusion 
operations in the United States has consistently increased 
since the 1970s and is significantly higher than in other devel- 
oped countries. The indication for most of these procedures 
is IDD. Currently, only two lumbar dise replacement prosthe- 
ses are approved by the FDA, but several designs are under 
investigation. The sole indication for these devices currently 
is to treat symptomatic degenerative dise disease. Likewise, 
the implants currently in development for nucleoplasty also 
are ultimately for treatment of the same process. There are 
multiple devices and models for “dynamic stabilization,” only 
some of which are for the treatment of IDD. There is no short - 
age of treatment options. Treatment is controversial because 
no consensus of diagnostic criteria exists with regard to 
symptom type or severity, physical examination, or diagnos¬ 
tic imaging criteria. In addition to lack of consensus with 
regard to diagnosis, few prospective randomized data exist on 
outcomes for the numerous operative or nonoperative treat¬ 
ment options. 

More recent research has helped considerably in under- 
standing the anatomie basis for discogenic pain with 
nociceptive receptors and the innervation of the dise by 
the sinuvertebral nerves and basivertébral nerves being 
shown, as discussed earlier. Anatomie studies also are 


beginning to give insight into the complexities of normal 
dise structure and function. The understanding of pain and 
mechanisms that lead to inflammatory and mechanical pain 
is continually improving. These studies focus on the molec- 
ular structure of the matrix, the mechanical properties of 
the matrix, the cellular activities within the matrix, and the 
complexities of pain modulation (Fig. 39-40). Understand¬ 
ing the interplay between these processes and the complex 
psychosocial issues involved and instruments necessary for 
diagnosis allows for much more précisé and rational 
treatment. 

Current understanding of IDD defines this as a patho¬ 
logie condition resulting in axial spine pain with no or 
minimal deformation of spinal alignment or dise contour. 
This is to be distinguished from measurable instability as can 
occur with fractures, traumatic ligamentous disruptions, 
degenerative listhesis, scoliosis, or other conditions. Although 
these conditions can be a source of pain, they are fundamen- 
tally different in that there are definite defined anatomie 
alterations and imaging abnormalities associated with each of 
these circumstances. There are no defined criteria for IDD, 
however. 

Because there are no pathognomonic findings for IDD, 
the diagnosis requires a compilation of findings consistent 
with IDD and élimination of other diagnostic possibilities. 
Foremost among the consistent findings is the history. Patients 
usually are relatively young, in the third to sixth décades of 
life. Pain usually is chronic with symptoms présent for several 
years, although the pain may hâve become constant or very 
frequent only in the previous several months. The pain is axial 
primarily, often with buttock and posterior thigh (scleroto- 
mal) pain. Pain distal to the knee indicates either different or 
coexistent pathology. Positions and activities that increase 
intradiscal pressure, such as sitting or flexion, should exacer- 
bate the symptoms. Likewise, recumbency, especially in the 
fêtai position, often decreases the pain. This pattern of vari¬ 
able pain intensity is important and must be elicited carefully 
because the patient usually describes the pain only as con¬ 
stant. Pain that is constant but has little or no variation in 
intensity or only random fluctuations probably is not caused 
by IDD. 

Examination reveals no weakness or reflex changes if 
IDD is the only diagnosis. Lumbar range of motion is mildly 
limited, especially in flexion, and limitation is caused by lum- 
bosacral pain or tightness. Straight-leg raising typically causes 
back and buttock pain but no pain distal to the knee. There 
is no spasm in the paraspinal musculature, and extension 
usually gives some relief temporarily. The patient often has a 
depressed mood and should be questioned about changes or 
stresses at work and at home. If the patient has identified 
significant stresses, anger, or anxiety, the diagnosis of IDD is 
in question. Also, examination for Waddell signs should be 
included (Table 39-4), and if three or more are présent, an 
alternative diagnosis is more likely. The examination must 
include the hip joints as a possible cause of buttock and thigh 
pain. 

Imaging studies should include a lumbar spine sériés and 
dynamic films to assess deformities, measurable instability, or 
destructive lésions. Additional diagnostic studies should be 
obtained to evaluate abdominal or intrapelvic pathology that 
may hâve been suggested by the patients history and physical 
examination. Additionally, MRI of the lumbar spine should 
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Main anatomie areas of pain modulation. (Redrawn from DeLeo JA: Basic science of pain, J Bone Joint Surg 88A:58, 2006.) 


_ TABLE 39-4 ^ 

Signs and Symptoms for Diagnosis of Abnormal lllness Behavior 


NONORGANIC SIGNS DESCRIPTION 


Régional disturbances 

Widespread région of sensory changes or weakness that is divergent from 
accepted neuroanatomy 

Superficial/nonanatomic tenderness 

Tenderness of skin to light touch (superficial) or depth tenderness felt over a 
widespread area not localized to one structure (nonanatomic) 

Simulation 

Axial loading 

Low back pain reported with pressure on the patient's head while standing 

Rotation 

Low back pain reported when shoulders and pelvis are rotated in the same 
plane as the patient stands 

Distraction 

Straight-leg raising 

Inconsistent limitation of straight-leg raising in supine and seated positions 

Overreaction 

Disproportionate verbalization, facial expression, muscle tension, collapsing, 
sweating during examination 

NONORGANIC SYMPTOM DESCRIPTORS 


Do you get pain in your tailbone? 

Do you hâve numbness in your entire leg (front, side, and back of leg at the same time)? 
Do you hâve pain in your entire leg (front, side, and back of leg at the same time)? 

Does your whole leg ever give way? 

Hâve you had to go to the emergency department because of back pain? 

Has ail treatment for your back made your pain worse? 


(From Fritz JM, Wainner RS, Hicks GE: The use of nonorganic signs and symptoms as a screening tool for return-to-work in patients with acute low back pain, Spine 
25:1925, 2000.) 
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FIGURE 


A 51-year-old patient with chronic axial spine 


pain without neurologie déficits that did not respond to nonop- 


erative treatments. 


show diminished water content in the nucléus of one or more 
lumbar dises (Fig. 39-41). This may or may not be associated 
with a loss of dise height and broad-based dise bulging. 
Decreased water content leads to decreased signal intensity 
best seen on T2-weighted sagittal images. This finding alone 
has no diagnostic value unless the appropriate history and 
physical examination also are présent and there is no other 
discernible diagnosis. 

The clinical diagnosis of IDD requires a careful and 
methodical assessment of many different factors. When the 
diagnosis is established, treatment options can be considered. 
Most patients can be treated without operative intervention, 
especially if they are educated as to the nature of the process 
causing their pain, specifically that it is not relentlessly pro¬ 
gressive generally and that continued pain does not equate 
with progressive détérioration or disability. Offen this under- 
standing and instruction on moderate activity modification, 
aérobic conditioning such as walking, and core muscle 
strengthening allow these patients to manage their symptoms 
long-term without undue worry or resource consumption. 

A small group of patients with persistent and debilitating 
symptoms may benefit from operative intervention. Before 
proceeding with any operative treatment, the patient should 
be informed that surgery leads to improvement in only 65%, 
leaving about 35% no better or possibly worse with respect to 
axial spine pain. Also, patients should understand that those 
who improve still hâve some activity limitations caused by 
pain or stiffness. This discussion must be very frank. For 
patients who still are considering surgery, a consistent and 
comprehensive assessment leads to the best overall outcomes. 
This approach is used for treating IDD, which is a diagnosis 
of exclusion and is separate from the treatment of measurable 


instability, spinal stenosis, dise herniations, spondylolisthesis, 
fractures, and other more objective diagnoses. The question 
becomes: of patients who hâve severe and debilitating axial 
spine pain that is not adequately improved with nonoperative 
methods and who hâve no objective diagnosis to explain their 
symptoms, which are likely to improve with surgery? Treat¬ 
ment of the other diagnoses is covered elsewhere. 

PATIENT SELECTION PROCESS 

Given that any other objective diagnosis has already been 
ruled out, the primary considération in patient sélection 
revolves around nonanatomic or psychosocial causes for dis- 
abling axial spine pain. For many years, patients with workers’ 
compensation daims hâve been considered high risk for psy¬ 
chosocial causes of their pain, but more recent studies that 
independently assess this variable do not support this asser¬ 
tion. It has been found by several studies independently that 
being off work more than 8 weeks before surgery is an inde- 
pendent predictor of poorer outcome. 

Many authors hâve tried to develop instruments to 
measure “abnormal illness behaviors.” Waddell et al. defined 
this as “maladaptive overt illness related behavior, which is 
out of proportion to the underlying physical disease (includ- 
ing IDD) and more readily attributable to associated cogni¬ 
tive and affective disturbances.” Waddell et al. also developed 
clinical tools designed to detect the presence of abnormal 
illness behavior by identifying physical signs or symptoms 
and descriptions that were nonorganic. Five nonorganic signs 
and seven nonorganic symptom descriptions hâve been iden- 
tified (see Table 39-4). This group initially described these 
for use in patients with chronic pain and suggested that the 
presence of three or more was required to show abnormal 
illness behavior. Although these signs and symptoms cannot 
be used to predict return to work, the presence of multiple 
Waddell signs correlates with poor operative outcome and 
may temper the decision to offer a particular patient operative 
considération. 

The first formai step in patient sélection for operative 
treatment for IDD is the MMPI. This study is done before any 
invasive studies to assess specifically for IDD. This instrument 
has been used in many studies and has been shown to be a 
predictor of operative outcomes, regardless of the spinal 
pathologie condition that is présent. Riley et al. investigated 
the MMPI-2 and found that the results replicated the older 
MMPI. Patients with MMPI and MMPI-2 findings of 
depressed-pathologic profile and a conversion V profile 
reported greater dissatisfaction with operative outcomes. The 
MMPI is lengthy and difhcult to administer in an orthopaedic 
clinical setting. An independent assessment by an experi- 
enced psychologist or psychiatrist who also administers the 
MMPI is best. By comparison, the Distress and Risk Assess¬ 
ment Method (DRAM) is relatively easily administered and 
scored and has been validated in clinical settings with regard 
to patients with back pain. The DRAM consists of the Modi- 
fied Somatic Perception Questionnaire and the Zung Déprés¬ 
sion Index. With this simplified method, patients identified 
as psychologically distressed are three to four times more 
likely to hâve a poor outcome affer any form of treatment. 

We recommend that patients being considered for opera¬ 
tive treatment with the working diagnosis of IDD hâve formai 
psychologie testing, which at our clinic consists of the MMPI. 
The current version of this test has prédictive value for failure 
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TABLE 39-5 


Classification of Nerve Fibers on the Basis of Fiber Size (Relating Fiber Size to Fiber Function and 
Sensitivity to Local Anesthetics) 



CONDUCTION 


SENSITIVITY TO LOCAL 

FIBER GROUP/SUBGROUP 

DIAMETER (pM) 

VELOCITY (m/s) 

MODAUTY SUBSERVED 

ANESTHETICS (%) 

A (MYELINATED) 

A alpha 

15-20 

80-120 

Large motor, proprioception 

1 

A beta 

8-15 

30-70 

Small motor, touch, and pressure 

i* 

A gamma 

4-8 

30-70 

Muscle spindle, reflex 


A delta 

3-4 

10-30 

Température, sharp pain, nociception 

0.5 

B (unmyelinated) 

3-4 

10-15 

Preganglionic autonomie 

0.25 

C (unmyelinated) 

1-2 

1-2 

Dull pain, température, nociception 

0.5 


*Vertical arrow indicates intermediate values in descending order. 

(From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.) 

of operative treatment but has no prédictive value for success- 
ful operative treatment. If the scoring and assessment from 
the psychologist administering the MMPI do not indicate the 
patient is at increased risk for failure, the second step in the 
assessment is taken. 

DIFFERENTIAL SPINAL ANESTHETIC 

The second formai step is the administration of a differential 
spinal anesthetic. This technique has been well reviewed by 
Raj, and the reader is referred to that work for a more com¬ 
plété description. Briefly, this technique, which is based ana- 
tomically on the relationship between nerve fiber size, 
conduction velocity, and fiber function, is shown in Table 
39-5. The fiber diameter is the most critical physical dimen¬ 
sion. The type A fibers are myelinated and subdivided into 
alpha, beta, gamma, and delta subtypes, each with different 
functions. Also, the unmyelinated B and C fibers serve differ¬ 
ent functions. The basic concept of the differential spinal is 
that by sequentially administering a local anesthetic agent, a 
predictable sequence of functional loss, beginning with sym- 
pathetic, then sensory, and finally motor blockade, is seen. 
The conventional technique (Table 39-6) is administered as a 
sériés of four solutions, each given in an identical fashion. The 
patient is questioned regarding his or her pain, and a sériés 
of observations is made by the physician to evaluate strength 
by dermatome, light touch, sharp and dull discrimination by 
dermatome, and reflexes (Table 39-7). The solutions should 
be referred to as “A” through “D” to avoid the term “ placebo ” 
in front of the patient. Also, the patient is not told ahead of 
time of the expected sequential changes to avoid bias. The 
four solutions are given as follows: 

Solution A: contains no local anesthetic and serves as placebo. 
Solution B: contains 0.25% procaine, which is known to rep¬ 
osent the mean sympatholytic concentration of procaine 
in the subarachnoid space that is the concentration suf- 
ficient to block B fibers but usually insufficient to block 
A delta and C fibers 

Solution C: contains 0.5% procaine, the mean sensory block- 
ing concentration of procaine, that is, the concentration 
that usually is sufhcient to block (in addition to B fibers) 
A delta and C fibers, but insufficient to block A alpha, A 
beta, and A gamma fibers 

Solution D: contains 5% procaine and is used to provide 
complété blockade of ail fibers 


_ TABLE 39-6 _ 

Préparation of Solutions for Conventional 
Sequential Differential Spinal Blockade 


SOLUTION 

PREPARATION OF 
SOLUTION 

YIELD 

BLOCKADE 

D 

To 2 mL of 10% 
procaine, add 2 mL 
of normal saline 

4 mL of 5% 
procaine 

Motor 

C 

To 1 mL of 5% 
procaine, add 9 mL 
of normal saline 

10 mL of 

0.5% 

procaine 

Sensory 

B 

To 5 mL of 0.5% 
procaine, add 5 mL 
of normal saline 

10 mL of 

0.25% 

procaine 

Sympathetic 

A 

Draw up 10 mL of 
normal saline 

10 mL of 
normal saline 



(From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.) 


_ TABLE 39-7 IwOWpW » 

Observations After Each Injection 


SEQUENCE OBSERVATION 

1 Blood pressure and puise rate 

2 Patient's subjective évaluation of the pain at 
rest 

3 Reproduction of patient's pain by movement 

4 Signs of sympathetic block (température 
change, psychogalvanic reflex) 

5 Signs of sensory block (response to pin prick) 

6 Signs of motor block (inability to move toes, 
feet, legs) 

(From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.) 

Each solution is given at 5-minute intervals for appropriate 
patient examination with documentation of findings. The 
interprétation of this differential spinal anesthetic is as follows. 

■ PSYCHOGENIC PAIN 

If solution A relieves the patients pain, the pain should ten- 
tatively be considered as “psychogenic.” Between 30% and 
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35% of ail patients with true organic pain obtain relief from 
an inactive agent. Relief after the normal saline solution may 
represent a “placebo reactionbut it also may represent a true 
psychogenic mechanism that is subserving the patients pain. 
Clinically, these two usually can be differentiated because the 
placebo reaction is short lived and self-limiting, whereas pain 
relief provided by an inactive agent in a patient with true 
psychogenic pain usually is long lasting, if not permanent. 

■ SYMPATHETIC PAIN 

If the patient does not obtain relief with the placebo dose but 
does obtain relief from solution B, the mechanism causing 
pain tentatively is classified as sympathetic, provided that 
concomitant with the onset of pain relief there are signs of 
sympathetic blockade, without signs of sensory block. 
Although this is the mean sympatholytic dose, in some 
patients (who may hâve an increased sensitivity for A delta 
and C fibers) relief may be as a resuit of the production of 
hypoalgesia, analgesia, or anesthésia. The diagnosis of a sym¬ 
pathetic mechanism is fortunate for the patient because it 
may be treatable with sympathetic blocks, especially if diag¬ 
nosis and treatment are started early. 

■ SOMATIC PAIN 

If 0.25% procaine (solution B) does not produce pain relief, 
but the 0.5% concentration (solution C) does, this usually 
indicates the pain is subserved by A delta and C type fibers, 
and the pain is classified as somatic, provided that the patient 
did show signs of sympathetic blockade with the previous 
0.25% concentration, and the onset of pain relief is accompa- 
nied by the onset of analgesia and anesthésia. This is impor¬ 
tant because if the patient had a decreased sensitivity for B 
fibers, pain relief at the 0.5% concentration is from delayed 
sympathetic block rather than sensory block. 


■ CENTRAL PAIN 

If pain relief is not obtained by any of the preceding injec¬ 
tions, the 5% procaine (solution D) is injected to block ail 
fiber types. If the 5% dose gives pain relief, the mechanism is 
still considered somatic and it is presumed that the patient 
has a decreased sensitivity for A delta and C fibers. If the 
patient fails to obtain relief despite complété blockade, the 
pain is classified as “central” in origin. This is not a spécifie 
diagnosis and may indicate one of four possibilities, including 
(1) a central lésion, (2) psychogenic pain, (3) encephalization, 
or (4) malingering (see Table 39-8 for more complété infor¬ 
mation). Although this technique was used for many years, 
more recently, a “modified” technique has been used. This 
modified technique allows more rapid recovery of the patient 
and éliminâtes some ambiguities. Also, the spinal needle can 
be removed after a shorter time, which may reduce infection 
risk, and patient position can be changed more easily to 
re-create better the usual painful position for the patient. 

■ MODIFIED TECHNIQUE 

The modified technique requires only two solutions: normal 
saline and 5% procaine (Table 39-9). As with the conventional 
technique after informed consent (but being careful to avoid 
bias), a small-bore needle is placed into the subarachnoid 
space. At that time, 2 mL of normal saline is injected and the 
same observations are made. If the patient has no or only 
partial relief from the placebo injection, 2 mL of 5% procaine 
is injected, the needle is withdrawn, and the patient is placed 
supine. The same observations are made at 5-minute inter- 
vals, as outlined earlier (see Table 39-7). 

I INTERPRETATION 

If the pain is relieved with the saline injection, the interpréta¬ 
tion is the same as described earlier (i.e., consider the pain 


TABLE 39-8 


Diagnostic Possibilities of Central Mechanism 

DIAGNOSIS 

EXPLANATION/BASIS OF DIAGNOSIS 

Central lésion 

The patient may hâve a lésion in the central nervous System that is above the level of the subarachnoid 
sensory block. We hâve seen two patients who had a metastatic lésion in the precentral gyrus, which 
was the central origin of the patient's peripheral pain. 

Psychogenic pain 

The patient may hâve true psychogenic pain, and it is not going to respond to any level of block. This is 
an even more uncommon response in patients with psychogenic pain than a positive response to 
placebo. 

Encephalization 

The patient's pain may hâve undergone "encephalization," a poorly understood phenomenon in which 
persistent, severe, agonizing pain, originally of peripheral origin, becomes self-sustaining at a central 
level. This usually does not occur until severe pain has been endured for a prolonged period; when it 
has occurred, removal or blockade of the original peripheral mechanism fails to provide relief. 

Malingering 

The patient may be malingering. One cannot prove or disprove this with differential blocks. If a patient 
is involved in litigation concerning the cause of pain and anticipâtes financial benefit, it is unlikely that 
any therapeutic modality would relieve the pain. Empirically, however, we believe that a previous 
placebo reaction from solution A followed by no relief from solution D strongly suggests that a patient 
who ultimately appears to hâve a central mechanism is not malingering because the placebo reaction, 
depending as it does on a positive motivation to obtain relief, is unlikely in a malingerer. There is no 
way to document the validity of this theory, but it does suggest a greater motivation to obtain pain 
relief than to obtain financial gain. 


(From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.) 
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TABLE 39-9 


Préparation of Solutions for Modified Differential 
Spinal Blockade 

SOLUTION PREPARATION 

YIELD 

D To 1 mL of 10% 

2 mL of 5% procaine 

procaine, add 1 mL of 
cerebrospinal fluid 

(hyperbaric) 

A Draw up 2 mL of normal 

saline 

2 mL of normal saline 


(From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.) 


psychogenic). If the patient does not obtain relief with the 5% 
procaine, the diagnosis is considered the same as when no 
pain relief occurs in the conventional technique (i.e., mecha- 
nism is central). If the patient obtains complété pain relief 
after the 5% procaine, the pain is considered organic. If the 
pain returns when the patient again appréciâtes pinprick as 
sharp (recovered from analgesia), the mechanism is consid¬ 
ered somatic (i.e., subserved by A delta or C fibers or both). 
If pain relief persists for a prolonged time after recovery from 
analgesia, the mechanism is considered sympathetic. 

In our expérience, the primary benefit of this procedure 
is to distinguish patients with psychogenic or central pain 
mechanisms from the group with somatic pain. It is unusual 
to find a sympathetic etiology in this group of patients who 
hâve had extensive évaluations and trial thérapies before the 
current évaluation was undertaken. Identification of a patient 
with true psychogenic or central mechanism of pain and 
avoiding any further operative interventions is very advanta- 
geous to a patient who is highly likely to hâve a poor outcome 
and to the conscientious surgeon who is treating this patient. 
If a patient has a somatic mechanism responsible for pain, the 
third component to the évaluation is discography. 

Discography was described earlier in this chapter, and the 
reader is referred there for the details of the procedure (see 
Techniques 39-9 and 39-10). Although the technique of dis¬ 
cography generates some controversy, the interprétation and 
utility of the procedure generate even more controversy. In 
our practice, low-pressure discography is used. To be consid¬ 
ered positive, there must be concordant pain above a minimal 
threshold that is similar, if not identical, to a patients usual 
axial pain. Also, there must be radiographie abnormalities 
with annular disruption. If the examiner détermines that the 
patient has one or more positive discogram levels and at least 
one normal control level, operative treatment is offered. The 
type of operative treatment can be subdivided into arthro- 
desis or dise replacement, but even with confirmatory imaging 
and spécifie concordant discogram results, the results of 
surgery for axial back pain are médiocre at best. 

The spécifie procedure that best fits each patient requires 
careful considération of each available option and must 
involve the patient substantially in the decision-making 
process. With regard to arthrodesis, there are multiple 
options, including anterior lumbar interbody techniques, 
postérolatéral techniques, posterior interbody techniques, 
and combined anterior and posterior fusion options. There 
are a variety of stabilization alternatives involving interbody 
devices, pedicle screw fixation, and combinations of these 
strategies. The ultimate goal in each type of surgery is a solid 


arthrodesis. Also, the arthrodesis may use autologous iliac 
bone graff, which is considered the standard, although bone 
morphogenetic proteins (BMPs) seem to hâve a rôle. At this 
time, no particular approach and no particular technique of 
stabilization hâve been shown to be superior to others, and 
there are several good studies that show statistical equiva- 
lency between anterior lumbar interbody fusion (ALIF), pos¬ 
terior lumbar interbody fusion (PLIF), and postérolatéral 
fusion with instrumentation (Fig. 39-42). Also, there has been 
no superiority proved for the various minimally invasive 
options. Likewise, there is no study showing BMP superior 
to autogenous bone when used posteriorly in this setting. 
When used with ALIF, BMP-2 has been shown to be equal to 
autologous bone. Long-term questions remain, however, 
about use of BMP-2 in women of reproductive âge. The use 
of BMP in anterior cervical fusions has been associated with 
an increased incidence of complications, especially wound 
infections; its use in thoracolumbar and posterior cervical 
fusions does not seem to be associated with more 
complications. 

At this time, there is no commercially available prosthesis 
for nucleoplasty, so this remains only a potential treatment. 
Multiple dynamic stabilization-type devices are available. 
There are, however, no biomechanical or clinical data to 
support the use of this strategy for treatment of IDD. 

THORACIC/LUMBAR DISC ARTHROPLASTY 
(TOTAL DISC REPLACEMENT) 

A technique that has garnered great attention in the past 5 
years is that of total dise replacement (TDR) (Fig. 39-43). The 
reason for this intense interest is the belief by many experts 
that this motion-preserving technique reduces adjacent 
motion segment degeneration, which remains problematic. 
There is some evidence that genetics may be more important 
than mechanical factors in IDD. Serious questions remain in 
regard to this technology, however: 

1. Is motion preserved over long periods of time with 
TDR? 

2. Does motion préservation decrease adjacent segment 
disease, or is this primarily determined by genetic factors? 

3. What are the long-term results for TDR with issues such 
as wear, subsidence, or aseptie loosening? 

4. What are the optimal révision strategies for TDR? 

At this time, there are only three lumbar dise prostheses with 
FDA approval: the INMOTION, which is a modification of 
the Charité (Depuy Spine, Raynham, MA), the ProDisc-L 
(DePuy Synthes), and the activL (Aesculap, Center Valley, 
PA). Ail are approved only for single-level dise replacement. 
Several other lumbar dise prostheses are currently in the 
approval process. 

The patient should be informed of the current expected 
or possible benefits and the current uncertainties involved 
with TDR. Also, from an anatomie standpoint, the condition 
of the facets should be essentially normal because TDR treats 
only one of the three joints at each motion segment. If there 
is significant dise space narrowing with facet overload and 
facet degeneration noted on CT, then TDR at this time cannot 
be recommended. Also, as with virtually any spine implant, 
the quality of the patients bone may preclude TDR if osteo- 
porosis is présent. 

The spécifie technique for TDR is similar to ALIF in 
principle. The mobilization of vascular structures needs to be 
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A and B f Solid arthrodesis after anterior lumbar antibody fusion with radiolucent threaded cages with bone mor- 
phogenetic protein type 2. C and D f Pedicle screw instrumentation with postérolatéral autologous bone and transforaminal lumbar 
interbody fusion with allograft bone. E and F f Postérolatéral fusion with autologous bone and pedicle screw instrumentation extending 
previous fusion. 
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FIGURE 


replacement. 


A and B f Anteroposterior and latéral views of patient with internai dise dérangement treated with Charité total dise 


slightly greater, especially at the L4 dise level. Also, proper 
sizing of the implant to optimize surface area of contact has 
been shown to reduce the risk for subsidence. Proper implant 
position is crucial to the function and possible catastrophic 
failure of each device. The reader is referred to the spécifie 
technique guides for these parameters. Our expérience with 
these devices is limited at this time, and their ultimate value 
for patient care has not been determined. 

FAILED SPINE SURGERY 

One of the greatest problems in orthopaedic surgery and 
neurosurgery is the treatment of failed spine surgery. Numer- 
ous reasons for the failures hâve been advanced. Results from 
repeat surgery for dise problems seem to be best with the 
discovery of a new problem or identification of a previously 
undiagnosed or untreated problem. The best results from 
repeat surgery hâve been reported to occur in patients who 
hâve experienced 6 months or more of complété pain relief 
affer the first procedure, when leg pain exceeds back pain, 
and when a definite récurrent dise can be identified. Adverse 
factors include scarring, previous infection, repair of pseud- 
arthrosis, and adverse psychologie factors. Satisfactory results 
from reoperation hâve been reported to be 31% to 80%, and 
complications hâve been reported to be three to five times 
higher than for primary surgeries. Patients should expect 
improvement in the severity of symptoms rather than com¬ 
plété relief of pain. As the frequency of repeat back surgeries 
increases, the chance of a satisfactory resuit decreases 
precipitously. 

The récurrence or intensification of pain in the subacute 
or late period affer dise surgery should be treated with the 
usual conservative methods initially. If these methods fail to 
relieve the pain, the patient should be completely reevaluated. 
Frequently, a repeat history and physical examination give 
some indication of the problem. Additional testing should 
include psychologie testing, myelography, MRI to check for 
tumors or a higher dise herniation, and reformatted CT scans 
to check for areas of foraminal stenosis or for latéral hernia¬ 
tion. The use of the differential spinal, root blocks, facet 


blocks, and discograms also can help identify the source of 
pain. The presence of abnormal psychologie test results or an 
abnormal differential spinal should serve as a modifier to any 
suggested treatment indicated by the other testing. Satisfac¬ 
tory nonoperative treatment of this problem should be 
attempted before additional surgery is performed. A distinct, 
operatively correctable, anatomie problem should be identi¬ 
fied before surgery is contemplated. Pseudarthrosis, instabil- 
ity, and récurrent herniations are the diagnoses most likely to 
respond to further operative intervention affer failed spine 
surgery. The operative should be tailored specifically to the 
anatomie problem identified. 


STENOSIS OF THE THORACIC AND 
LUMBAR SPINE 

Degenerative spinal stenosis is a progressive disorder that 
involves the entire spinal motion segment as described by 
Kirkaldy-Willis. Degeneration of the intervertébral dise 
results in initial relative instability and hypermobility of the 
facet joints. An increase in pressure on the facet joints with 
dise space narrowing and increasing angles of extension 
occurs and can lead to hypertrophy of the facet joint, particu- 
larly the superior articular process. As joint destruction pro¬ 
gresses, the hypertrophie process ultimately may resuit in 
local ankylosis. Calcification and hypertrophy of the ligamen- 
tum flavum commonly are contributing factors. The end 
resuit anatomically is reduced spinal canal dimensions and 
compression of the neural éléments. The résultant venous 
congestion and hypertension likely are responsible for the 
symptom-complex known as intermittent neurogenic claudi¬ 
cation. Mild trauma and occupational activity do not seem to 
affect significantly the development of this disease, but they 
may exacerbate a preexisting condition. 

ANATOMY 

Spinal stenosis can be categorized according to the anatomie 
area of the spine affected, the région of each vertébral segment 
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TABLE 39-10 Bil'ilf "l'I 

Classification of Spinal Stenosis 


ANATOMIC 

ANATOMIC REGION 
ANATOMIC AREA (LOCAL SEGMENT) 

Cervical Central 


Thoracic 


Foraminal 
Central 
Latéral recess 
Foraminal 

Extraforaminal (far-out) 


PATHOLOGIC 

1. Congénital 

1. Achondroplastic (dwarfism) 

2. Congénital forms of spondylolisthesis 

3. Scoliosis 

4. Kyphosis 

2. Idiopathic 

3. Degenerative and inflammatory 

1. Osteoarthritis 

2. Inflammatory arthritis 

3. Diffuse idiopathic skeletal hyperostosis 

4. Scoliosis 

5. Kyphosis 

6. Degenerative forms of spondylolisthesis 

4. Metabolic 

1. Paget disease 

2. Fluorosis 


affected, and the spécifie pathologie entity involved (Table 
39-10). Stenosis can be generalized or localized to spécifie 
anatomie areas of the cervical, thoracic, or lumbar spine. It is 
most common in the lumbar région, but cervical stenosis also 
occurs frequently. It has been rarely reported in the thoracic 
spine. Spinal stenosis can be localized or diffuse, affecting 
multiple levels, as in congénital stenosis. Degeneration of the 
dise occurs with dise narrowing and subséquent ligamentous 
redundancy, which compromises the spinal canal area. Insta- 
bility may ensue. This relative hypermobility précipitâtes the 
formation of facet overgrowth and ligamentous hypertrophy. 
The ligamentum flavum may be markedly thickened into the 
latéral recess where it attaches to the facet capsule, causing 
nerve root compression. These phenomena occur alone or in 
combination to create the symptom-complex characteristic of 
spinal stenosis. 

A description of spinal stenosis requires an understand- 
ing of the anatomy affected and the use of consistent 
terminology (Fig. 39-44). Central spinal stenosis dénotés 
involvement of the area between the facet joints, which is 
occupied by the dura and its contents. Stenosis in this région 
usually is caused by protrusion of a dise, bulging anulus, 
osteophyte formation, or buckled or thickened ligamentum 
flavum. Symptomatic central spinal stenosis results in neuro- 
genic claudication with generalized leg pain. Latéral to the 
dura is the latéral canal, which contains the nerve roots; com¬ 
pression in this région results in radiculopathy. The latéral 
recess, also known as “Lees entrance zone,” begins at the 
médial border of the superior articular process and extends 



Zones of latéral canal as described by Lee. 
Entrance zone (1) is composed of cephalad and médial aspects of 
latéral recess, which begins at latéral aspect of thécal sac and runs 
obliquely down and laterally toward intervertébral foramen. 
Midzone (2) is located beneath pars interarticularis and just infe- 
rior to pedicle and is bound anteriorly by posterior aspect of 
vertébral body and posteriorly by pars; médial boundary is open 
to central spinal canal. Exit zone (3) is formed by intervertébral 
foramen. 


□ Extraforaminal 

□ Foraminal 

□ Subarticular 



Central canal — 


FIGURE 


^ Central and latéral canal zones showing subar¬ 


ticular, foraminal, and extraforaminal divisions. 


to the médial border of the pedicle. This is where the nerve 
root exits the dura and courses distally and laterally under the 
superior articular facet (Fig. 39-45). The borders of the latéral 
recess are the pedicle laterally, the superior articular facet 
dorsally, the dise and posterior ligamentous complex ven- 
trally, and the central canal medially. Facet arthritis most 
frequently causes stenosis in this zone, along with vertébral 
body spurring and dise or anulus pathology. “Lees midzone” 
describes th e foraminal région, which lies ventral to the pars. 
Its borders are the latéral recess medially, the posterior verté¬ 
bral body and dise ventrally, the pars and intertransverse liga¬ 
ment dorsally, and the latéral border of the pedicle laterally. 
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The foramen is essentially the area between the cephalad and 
caudal pedicles. The dorsal root ganglion and ventral motor 
root occupy 30% of this space. This also is the point where 
the dura becomes confluent with the nerve root as epineu- 
rium. Causes of stenosis in this area are pars fracture with 
proliférative fibrocartilage or a latéral dise herniation. Thick- 
ening of the ligamentum flavum sometimes extends into the 
foramen and can be associated with a spur from the under- 
surface of the pars, especially if foraminal height is less than 
15 mm and posterior intervertébral dise height is less than 
4 mm. The exit zone is identified as the area latéral to the facet 
joint. The nerve root is présent in this location and can be 
compressed by a “far latéral” dise, spondylolisthesis and asso¬ 
ciated subluxation, or facet arthritis. 

The most common type of spinal stenosis is caused by 
degenerative arthritis of the spine, including Forestier disease, 
and is characterized by hyperostosis and spinal rigidity in 
elderly patients. Other processes, such as Paget disease, fluo- 
rosis, kyphosis, scoliosis, and fracture with canal narrowing, 
may resuit in spinal stenosis. Hypertrophy and ossification of 
the posterior longitudinal ligament, which usually are con- 
fined to the cervical spine, and diffuse idiopathic skeletal 
hyperostosis (DISH) syndrome also may resuit in an acquired 
form of spinal stenosis. Congénital forms caused by disorders 
such as achondroplasia and dysplastic spondylolisthesis are 
much less common. 

Congénital spinal stenosis usually is central and is évident 
on imaging studies. Idiopathic congénital narrowing usually 
involves the anteroposterior dimension of the canal second- 
ary to short pedicles; the patient otherwise is normal. In 
contrast, in achondroplasia the canal is narrowed in the 
anteroposterior plane owing to shortened pedicles and in 
latéral diameter because of diminished interpedicular dis¬ 
tance. These findings occur in addition to the other charac- 
teristic features of achondroplasia. 

Acquired forms of spinal stenosis usually are degenera¬ 
tive (Box 39-6). This process is most commonly localized to 
the facet joints and ligamentum flavum, with the résultant 
arthritic changes in the joints visible on radiographie studies. 
Frequently, these abnormalities are symmetric bilaterally. 
The L4-5 level is the most commonly involved, followed by 
L5-S1 and L3-4. Disc herniation and spondylolisthesis may 
exacerbate the narrowing further. Spondylolisthesis and 
spondylolysis rarely cause spinal stenosis in young patients. 
The combination of degenerative change, aging, and spondy¬ 
lolisthesis or spondylolysis in patients 50 years old or older 
frequently results in latéral recess or foraminal stenosis. Paget 
disease and fluorosis hâve been reported to resuit in central 
or latéral spinal stenosis. Paget disease is one form of spinal 
stenosis that responds well to medical treatment with 
calcitonin. 

NATURAL HISTORY 

Although symptoms may arise from narrowing of the spinal 
canal, not ail patients with narrowing develop symptoms. 
One study found no significant association between clinical 
symptoms and anteroposterior spinal canal diameter. In 
general, the natural history of most forms of spinal stenosis 
is the insidious development of symptoms. Occasionally, 
there can be an acute onset of symptoms precipitated by 
trauma or heavy activity. Many patients hâve significant 
radiographie findings with minimal complaints or physical 


Types of Spinal Stenosis 


Congénital 

Idiopathic 

Achondroplastic 

Acquired 

Degenerative 

■ Central canal 

■ Latéral recess, foramen 

■ Degenerative spondylolisthesis 

■ Degenerative scoliosis 

■ Combination of congénital and degenerative stenosis 
Iatrogénie 

■ Postlaminectomy 

■ Postfusion 

■ Postchemonucleolysis 

■ Spondylolytic 

■ Posttraumatic 
Miscellaneous 

■ Paget disease 

■ Fluorosis 

■ Diffuse idiopathic skeletal hyperostosis syndrome 

■ Hyperostotic lumbar spinal stenosis 

■ Oxalosis 

■ Pseudogout 


findings. About 50% of patients treated nonoperatively report 
improved back and leg pain after 8 to 10 years, although 
functional ability after decompressive surgery has been shown 
in multiple studies to surpass that obtained after nonopera- 
tive treatment. A prospective, randomized study of 100 
patients with symptomatic spinal stenosis treated operatively 
or nonoperatively found that pain relief occurred after 3 
months in most patients regardless of treatment, although it 
took 12 months in a few patients. Results in patients treated 
nonoperatively deteriorated over time; however, at 4 years 
they were excellent or fair in 50%; 80% of patients treated 
operatively had good results at 4 years. 

Reported studies suggest that for most patients with 
spinal stenosis, a stable course can be predicted, with 15% to 
50% showing some improvement with nonoperative treat¬ 
ment. Worsening of symptoms despite adéquate conservative 
treatment is an indication for operative treatment. 

Weinstein et al. showed significantly more improvement 
in ail primary outcomes in patients treated operatively com- 
pared with those treated nonoperatively. 

CLINICAL EVALUATION 

In patients with spinal stenosis, symptoms include back pain 
(95%), sciatica (91%), sensory disturbance in the legs (70%), 
motor weakness (33%), and urinary disturbance (12%). In 
patients with central spinal stenosis, symptoms usually are 
bilateral and involve the buttocks and posterior thighs in a 
nondermatomal distribution. With latéral recess stenosis, 
symptoms usually are dermatomal because they are related to 
a spécifie nerve being compressed. Patients with latéral recess 
stenosis may hâve more pain during rest and at night but 
more walking tolérance than patients with central stenosis. 
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TABLE 39-11 


Différentiation of Symptoms of Vascular 
Claudication From Symptoms of Neurogenic 
Claudication 

EVALUATION 

VASCULAR 

NEUROGENIC 

Walking distance 

Fixed 

Variable 

Palliative factors 

Standing 

Sitting/bending 

Provocative factors 

Walking 

Walking/standing 

Walking uphill 
Bicycle test 

Painful 

Positive (painful) 

Painless 

Négative 

Puises 

Absent 

Présent 

Skin 

Loss of hair; shiny 

Normal 

Weakness 

Rarely 

Occasionally 

Back pain 

Occasionally 

Commonly 

Back motion 

Normal 

Limited 

Pain character 

Cramping—distal 
to proximal 

Numbness, 
aching—proximal 
to distal 

Atrophy 

Uncommon 

Occasional 


Différentiation of symptoms of vascular claudication 
from symptoms of neurogenic claudication is important 
(Table 39-11). Vascular symptoms typically are felt in the 
upper calf, are relieved after a short rest (5 minutes) while still 
standing, do not require sitting or bending, and worsen 
despite walking uphill or riding a stationary bicycle. Neuro¬ 
genic claudication improves with trunk flexion, stooping, or 
lying but may require 20 minutes to improve. Patients often 
report better endurance walking uphill or up steps and toler- 
ate riding a bicycle better than walking on a treadmill because 
of the flexed posture that occurs. Pushing a grocery cart also 
allows spinal flexion, which enhances endurance and 
decreases discomfort in most patients with neurogenic clau¬ 
dication (positive “shopping cart” sign). 

Generally, physical findings with ail forms of spinal ste- 
nosis are inconsistent. Distal puises should be felt and con- 
firmed to be strong, and internai and external rotation of the 
hips in extension should be full, symmetric and painless. 
Straight-leg raising and sciatic tension tests usually are 
normal. The neurologie examination usually is normal, but 
some abnormality may be detected if the patient is allowed 
to walk to the limit of pain and is then reexamined. The gait 
and posture after walking may reveal a positive “stoop test.” 
This test is done by asking the patient to walk briskly. As the 
pain intensifies, the patient may complain of sensory symp¬ 
toms followed by motor symptoms. If the patient is asked to 
continue to walk, he or she may assume a stooped posture 
and the symptoms may be eased, or if the patient sits in a 
chair bent forward, the same resolution of symptoms occurs. 

DIAGNOSTIC IMAGING 
■ RADIOGRAPHY 

Although plain radiography cannot confirm spinal stenosis, 
findings such as short pedicles on the latéral view, narrowing 
between the pedicles on the anteroposterior view, ligament 
ossification, narrowing of the foramen, and hypertrophy of 



Hypertrophie Radiographie Changes Associated 
With Hyperostosis 


Plain Radiographs 

Dorsal Level 

1. Intervertébral osseous bridge 

2. "Lobster claw" 

Cervical Level 

1. Exubérant osteophytosis 

2. Narrow cervical canal 

Lumbar Level 

1. Marginal somatic osseous prolifération 

2. "Candie flame" 

3. "Lobster claw" 

4. Intervertébral osseous bridge 

5. Disc arthrosis 

6. Acquired vertébral block 

7. Hypertrophy of posterior articular processes 

8. "Bulb" appearance of posterior articular hypertrophy 

9. Anterior subluxation 

10. Posterior subluxation 

Lumbar Computed Tomography 

1. Herniated dise 

2. Disc protrusion 

3. Vacuum dise sign 

4. Hypertrophy of posterior articular processes 

5. Osteoarthritis of apophyseal joints 

6. Osseous proliférations of nonarticular aspects of supe- 
rior apophyseal joint 

7. Osseous proliférations of nonarticular aspects of inferior 
apophyseal joint 

8. C/O of posterior longitudinal ligament 

9. C/O of yellow ligament 

10. C/O of supraspinal ligament 

11. Anterior C/O of posterior articular capsule 

12. Posterior C/O of posterior articular capsule 

13. Anteroposterior diameter of spinal canal 

14. Transverse diameters of spinal canal 

(Modified from Leroux JL, Legeron P, Moulinier L, et al: Stenosis of the lumbar 
spinal canal in vertébral ankylosing hyperostosis, Spine 17:1213,1992.) 

C/0, Calcification or ossification or both. 


the posterior articular facets can be helpful hints. Leroux 
et al. outlined hypertrophie radiographie changes associated 
with hyperostosis on plain tomography and CT (Box 39-7). 

The radiographie identification and confirmation of 
lumbar spinal stenosis hâve improved with the development 
of new imaging techniques. Initially, only central spinal ste¬ 
nosis was recognized, with canal narrowing to 10 mm con- 
sidered absolute stenosis. This could be measured using 
radiographs or, preferably, myelography. Schônstrôm, 
Bolender, and Spengler compared two methods of identify- 
ing central spinal stenosis: (1) anteroposterior canal measure- 
ment by CT and (2) measurement of the durai sac with 
myelography in patients undergoing surgery for spinal steno¬ 
sis. They found no corrélation between the transverse area of 
the bony canal in normal patients and patients with spinal 
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stenosis. A durai sac transverse area of 100 mm 2 or less cor- 
related with symptomatic spinal stenosis. This method allows 
the inclusion of soft tissue in the détermination of spinal 
stenosis. The analysis of this area can be calculated relatively 
easily using standard CT software. 

Currently, axial imaging has supplanted standard radio - 
graphs in the diagnosis of spinal stenosis, although radio- 
graphs are important in the initial évaluation of patients with 
persistent pain of more than 6 weeks duration or of patients 
with “red flags” of other disease, including recent trauma, 
history of cancer, immunosuppression, âge older than 50 
years or younger than 20 years, neurologie déficit, or previous 
surgery. Flexion and extension views are useful to identify 
preexisting instability before laminectomy and may be useful 
in determining the need for subséquent fusion. Translation 
of more than 4 mm or rotation of more than 10 to 15 degrees 
indicates instability. A reversai of the normal trapezoidal dise 
geometry with widening posteriorly and narrowing anteri- 
orly also may indicate instability. 

■ MAGNETIC RESONANCE IMAGING 

MRI is helpful in identifying disease processes, such as 
tumors and infections, and is a good noninvasive study for 
patients with persistent lower extremity complaints after 
radiographie screening évaluation. MRI should be confirma- 
tory in patients with a consistent history of neurogenic clau¬ 
dication or radiculopathy, but it should not be used as a 
screening examination because of the high rate of asymptom- 
atic disease. Morphologie changes hâve been correlated with 
preoperative findings, such as pain and function, however, 
only to a limited extent. Sagittal T2-weighted MR images are 
a good starting point because they give a myelogram-like 
image. Sagittal Tl-weighted images are evaluated with par- 
ticular attention focused on the foramen. An absence of 
normal fat around the root indicates foraminal stenosis. Axial 
images provide a good view of the central spinal canal and its 
contents on Tl- and T2-weighted images. Far latéral dise 
protrusions are identified on axial Tl-weighted images by 
oblitération of the normal interval of fat between the dise and 
nerve root (Fig. 39-46). The foraminal zone is better evalu¬ 
ated with sagittal Tl-weighted sequences, which confirm the 
presence of fat around the nerve root. Absolute anatomie 
measures also can be used, as previously discussed. Spinal 
deformity, including scoliosis and significant spondylolisthe- 
sis, can resuit in suboptimal imaging by MRI. This is second- 
ary to the curvature of the spine in and out of the plane of 
the scanner on sagittal sequences and difficulty obtaining true 
axial cuts. Another disadvantage of MRI is the cost; nonethe- 
less, MRI has become a useful, noninvasive diagnostic tool 
for the évaluation of patients with extremity complaints. 

■ COMPUTED TOMOGRAPHIC MYELOGRAPHY 

Despite the prevalence of MRI, myelography followed by CT 
is still accepted and widely used for operative planning in 
patients with spinal stenosis; it has a diagnostic accuracy of 
91%. The addition of CT after a myelogram allows détection 
of 30% more abnormalities than with myelography alone. 
Because of the dynamic nature of the study, stenosis not 
visible on MRI with the patient recumbent may be identified 
on standing flexion and extension latéral views. CT after 
myelography characterizes the bony anatomy better than 
MRI, which helps the surgeon plan décompression surgery. 



Tl-weighted MR image showing far-lateral dise 
protrusion. Note oblitération of normal interval of fat between 
dise and root. 


However, imaging of the nerve roots in the foraminal région 
latéral to the pedicle is impossible because of the confluence 
of the dura with the epineurium at this point. Tfiere also is 
additional morbidity associated with the lumbar puncture 
required for myelography. Myelography followed by CT is 
best suited for patients with dynamic stenosis, postoperative 
leg pain, severe scoliosis or spondylolisthesis, metallic 
implants, contraindications to MRI, and lower extremity 
symptoms in the absence of findings on MRI. 

Abnormal findings occur in 24% to 34% of asymptomatic 
individuals evaluated with CT myelography, just as with MRI, 
so clinical corrélation is a must. 

CT has been used to further define latéral recess stenosis 
and foraminal stenosis. Tfiese types of stenosis rarely are 
identified with myelography. The latéral recess is anatomically 
the area bordered laterally by the pedicle, posteriorly by the 
superior articular facet, and anteriorly by the postérolatéral 
surface of the vertébral body and the adjacent intervertébral 
dise. The superior border of the corresponding pedicle is the 
narrowest portion of the latéral recess. Measurement of the 
recess in this area using the tomographie cross-section usually 
is 5 mm or greater in normal patients, but in symptomatic 
patients the diagnosis is confirmed if the height is 2 mm or 
less (Fig. 39-47). The foramen is the area of the spine bor¬ 
dered by the inferior edge of the pedicle cephalad, the pars 
interarticularis with the associated inferior articular facet and 
the superior articular facet from the lower segment posteri¬ 
orly, the superior edge of the pedicle of the next lower verte- 
bra caudally, and the vertébral body and dise anteriorly. This 
area rarely can be seen with myelography. A standard CT in 
the cross-sectional mode suggests narrowing if the foraminal 
space immediately after the pedicle eut is présent for only one 
or two more cuts (provided that the cuts are close together). 
The best way to appreciate foraminal narrowing is to reformat 
the lumbar scan, which can create sagittal views through the 
pedicles and structures situated laterally. 

Wiltse et al. described a far-out compression of the root 
that occurs predominantly in spondylolisthesis when the root 
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is compressed by a large L5 transverse process subluxed 
below the root and pressing the root against the ala of the 
sacrum. This diagnosis is best confirmed with a reformatted 
CT scan with coronal cuts (Fig. 39-48). 

Some studies hâve attempted to correlate clinical out- 
comes with pathologie findings on myelography and CT. A 
rétrospective review found that patients who had a block on 
myelogram had a better chance of obtaining a good outcome. 
Another study confirmed postoperative stenosis in 64% of 
191 patients at 4-year follow-up. Slight différences were noted 



Three-dimensional illustration of segmentai 
sténoses. A, Anatomie. B, Segmentai. C, Pathologie. 


in the Oswestry questionnaire between patients with and 
without stenosis but not in walking distances, and instability 
was présent in 21% without demonstrable clinical effect. The 
degree of décompression on CT myelography did not corre¬ 
late at ail with outcomes, and regardless of the number of 
levels that had décompression, the results were similar. None- 
theless, décompression of ail symptomatic levels with évi¬ 
dence of compression is recommended to enhance neural 
circulation and function and to avoid reoperation for récur¬ 
rent spinal stenosis. 

■ OTHER DIAGNOSTIC STUDIES 

Electrodiagnostic studies should be used if the diagnosis of 
neuropathy is uncertain, especially in patients with diabètes 
mellitus. Needle electromyographic study was shown to hâve 
a lower false-positive rate than MRI in asymptomatic patients. 
The diagnostic use of such studies, including somatosensory 
evoked potentials, is limited by the lack of prospective studies 
to détermine sensitivity or specificity. Vascular Doppler 
examinations are useful to identify inflow problems into the 
lower extremities and should be accompanied by a vascular 
surgery consultation when indicated. Differential diagnosis 
also can be aided by the use of exercise testing. Tenhula et al. 
described a bicycle-treadmill test that stresses the patient in 
an upright position on an exercise treadmill and subsequently 
in a seated position on an exercise bicycle that allows spinal 
flexion. Earlier onset of leg symptoms with level walking and 
delayed onset of symptoms with inclined treadmill walking 
were significantly associated with stenosis. Exercise treadmill 
testing also is useful to help détermine baseline function for 
quantitative évaluation of functional status affer surgery. 
This study showed significant postoperative improvement in 


Coronal 




A f Coronal view of CT scan showing impingement of transverse process of L5 on sacrum. B, Coronal section showing 
right transverse process. C f Drawing of coronal section. (From Wiltse LL, Guyer RD, Spencer CW, et al: Alar transverse process impingement 
of the L5 spinal nerve: the far-out syndrome, Spine 9:31, 1984.) 
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treadmill walking and bicycling duration (88% preoperatively 
and 9% postoperatively for walking; 41% preoperatively and 
17% postoperatively for bicycling), lower visual analogue 
scale pain scores, and a later onset of pain. 

NONOPERATIVE TREATMENT 

Symptoms of spinal stenosis usually respond favorably to 
nonoperative management (satisfactory results in 69% at 3 
years according to Simotas et al.). Despite symptoms of back 
pain, radiculopathy, or neurogenic claudication, conservative 
management is successful in most patients. Patients with 
radicular type pain respond well to nonoperative treatment, 
but those with scoliosis tend to hâve worse results. Conserva¬ 
tive measures should include rest not exceeding 2 days, pain 
management with antiinflammatory médications or acet- 
aminophen, and participation in a trunk-stabilization exer¬ 
cise program, along with good aérobic fitness. Other methods 
should be reserved for patients who are limited by pain and 
should be used to maximize participation in the exercise 
program. Traction has no proven benefit in the adult lumbar 
spine. For a patient with unremitting symptoms of radicu¬ 
lopathy or neurogenic claudication, épidural steroid injec¬ 
tions may be useful in alleviating symptoms to allow better 
participation in physical therapy. Epidural steroids can give 
significant symptomatic relief, although no scientific study 
has documented long-term efhcacy. 

Manchikanti et al. reported significant pain relief in 76% 
of 25 patients who had percutaneous adhesiolysis with injec¬ 
tion of lidocaine, hypertonie sodium chloride solution, and 
nonparticulate betamethasone. If spinal stenosis is présent 
with coexistent degenerative arthritis in the hips or knees, 
some permanent limitation in activity may be necessary 
regardless of treatment. 

■ EPIDURAL STEROID INJECTION 

Spinal stenosis and the résultant mechanical compression of 
neural éléments can cause structural and Chemical injury to 
the nerve roots. Edema and venous congestion of the nerve 
roots can lead to further compression and ischémie neuritis. 
This may resuit in the leakage of neurotoxins, such as phos¬ 
pholipase and leukotriene B, which can lead to increased 
inflammation and edema. Steroids are potent antiinflamma¬ 
tory médications and resuit in a decrease in leukocyte migra¬ 
tion, the inhibition of cytokines, and membrane stabilization. 
These actions coupled with their ability to reduce edema 
provide the rationale for the use of épidural steroid injections 
in spinal stenosis. Epidural steroid injections hâve been used 
in the treatment of spinal stenosis for many years, and no 
validated long-term outcomes hâve been reported to substan- 
tiate their use. Significant improvement in pain scores, 
however, has been reported at 3 months. Patients with a 
healthier emotional status and those with a higher body mass 
index reportedly expérience more pain relief. A prospective, 
randomized study found caudal épidural injections (lido¬ 
caine 0.5%) with or without steroids to be effective in approx- 
imately 60% of patients in the short term. 

The technique of placement—caudal, translaminar, or 
transforaminal—also is debated, as is whether fluoroscopy 
should be used. Lee et al. reported improvement in 87.5% of 
216 patients using fluoroscopically guided caudal épidural 
steroid injection; however, they included minimal improve¬ 
ment in these results. Although one study reported no 


différence between interlaminar and transforaminal injection, 
Lee et al. noted that bilateral transforaminal épidural injec¬ 
tion allowed delivery of a higher concentration of injectate. 
Using anatomie landmarks for caudal injections, Stitz et al. 
reported accurate placement in 65% to 74% of patients, with 
intravascular placement in 4%. Accurate placement of trans¬ 
laminar injections seems to be equally difficult, with success¬ 
ful placement reported in 70%. 

Spinal canal dimension has not been shown to be prédic¬ 
tive of success or failure of épidural steroid injection. 
Complications are infrequent but can occur and include 
hypercorticism, épidural hematoma, temporary paralysis, 
retinal hemorrhage, épidural abscess, Chemical meningitis, 
and intracranial air. A 5% incidence of durai puncture has 
been reported, and, if it occurs, subarachnoid injection of 
steroids or local anesthetic should be avoided to prevent 
mechanical or Chemical nerve root irritation. Headaches 
occur in 1% to 5% of patients and are related to durai punc¬ 
ture or the use of the caudal injection route. In patients with 
headaches associated with caudal injections, the cause has not 
been determined because durai puncture should not occur 
at this level, because the durai sleeve has terminated at 
midsacrum. 

The idéal candidate for épidural steroid injection seems 
to be a patient who has acute radicular symptoms or neuro¬ 
genic claudication unresponsive to traditional analgésies and 
rest, with significant impairment in activities of daily living. 
We hâve used this technique successfully in our treatment 
algorithm for neurogenic claudication and radiculopathy 
both as a diagnostic and therapeutic procedure. The authors 
prefer transforaminal injections because they allow more 
ventral placement of injectate in the foramen and latéral 
recess. 

OPERATIVE TREATMENT 

The primary indication for surgery in patients with spinal 
stenosis is increasing pain that is résistant to conservative 
measures. Because the primary complaint offen is back pain 
and some leg pain, pain relief affer surgery may not be com¬ 
plété. Operative intervention should be expected to give good 
relief of claudicatory leg pain with variable response to back 
pain. Most sériés report a 64% to 91% rate of improvement, 
with 42% in patients with diabètes, but most patients still 
hâve some minor complaints, usually referable to the preex- 
isting degenerative arthritis of the spine. Neurologie findings, 
if présent, improve inconsistently after surgery. Pearson et al. 
noted that patients whose prédominant complaint was leg 
pain improved significantly more with operative treatment 
than those whose prédominant complaint was low back pain. 
Both, however, improved significantly with operative treat¬ 
ment compared with conservative treatment. Reoperation 
rates vary from 6% to 23%. Prognostic factors include better 
results with a dise herniation, stenosis at a single level, weak- 
ness of less than 6 weeks duration, monoradiculopathy, and 
âge younger than 65 years. Dépréssion, psychiatrie disease, 
cardiovascular disease, higher body mass index, scoliosis, and 
disorders affecting ambulation hâve been associated with a 
poorer prognosis. Reversai of neurologie conséquences of 
spinal stenosis seems to be a relative indication for surgery 
unless the symptoms are acute. 

Radiographie findings alone are never an indication for 
surgery. Factors predicting outcome vary, and corrélation of 
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FIGURE 


Algorithm for treatment of spinal stenosis. (From Hadjipavlou AG, Simmons JW, Pope MH: An algorithmic approach to the 


investigation, treatment, and complications of surgery for low back pain, Semin Spine Surg 10:193, 1998.) 


imaging with symptoms seems to be the best guarantee of 
improvement after surgery Localized lésions on radiograph 
without general involvement respond best. Ganz reported a 
96% success rate in patients whose preoperative symptoms 
were relieved by postural change. 

A patients inability to tolerate the restricted lifestyle 
necessitated by the disease and the failure of a good conserva¬ 
tive treatment regimen should be the primary determining 
factors for surgery in a well-informed patient. The patient 
should understand the potential for the operation to fail to 
relieve pain or to worsen it, especially in regard to the axial 
component of the symptoms. In addition to the general risks 
of spinal surgery, the severity of symptoms and lifestyle modi¬ 
fications should be considered. Lumbar spinal stenosis does 
not resuit in paralysis, only decreased ambulatory capacity, 
and conservative management is warranted indefinitely in a 
patient with good function and manageable symptoms. 
Delaying surgical treatment for a trial of nonoperative treat¬ 
ment has not been shown to affect outcome; however, one 
study reported less favorable results in patients who had 
symptoms for more than 33 months. 

Cervical and thoracic spinal sténoses are associated with 
painless paralysis in the form of cervical and thoracic myelop- 
athy and require doser attention and follow-up. 


■ PRINCIPLES OF SPINAL STENOSIS SURGERY 

Décompression by laminectomy or a fenestration procedure 
is the treatment of choice for lumbar spinal stenosis (Fig. 
39-49). Fusion is required if excessive bony resection com¬ 
promises stability or if isthmic or degenerative spondylolis- 
thesis, scoliosis, or kyphosis is présent. Other important 
indications for fusion include adjacent segment degenera- 
tion after prior fusion and récurrent stenosis or herniated 
dise after décompression. Laminectomy may be préférable 
in older patients with severe, multilevel stenosis, whereas 
fenestration procedures, consisting of bilateral laminotomies 
and partial facetectomies that preserve the midline struc¬ 
tures, are an alternative in younger patients with intact 
dises. This is an especially attractive procedure when per- 
formed through a minimally invasive approach because 
injury to the dynamic spinal stabilizers is minimized. In one 
recent study, fewer complications and less postoperative 
instability were reported after bilateral laminotomies than 
after laminectomy. 

Whenever possible, the source of pain should be localized 
with sélective root blocks preoperatively to allow a more focal 
décompression. At surgery, spécifie attention should be 
directed to the symptomatic area, which may resuit in less 
extensive décompression than would normally be done with 
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the pain source unconfirmed. If radical décompression of 
only one root is necessary, additional stabilization by fusion 
with or without instrumentation is usually unnecessary. The 
removal of more than one complété facet joint may require 
instrumented fusion. It is advisable to préparé the patient for 
fusion in case the findings at surgery require a more radical 
approach than anticipated. When both an ipsilateral latéral 
recess décompression and foraminal décompressions are nec¬ 
essary, a TLIF can be used without risking subséquent insta- 
bility at the level. Positioning the patient with the abdomen 
hanging free minimizes bleeding. If fusion is likely, the hips 
should remain extended to prevent positional kyphosis. The 
authors do not recommend the use of a kyphosing frame 
when a fusion is performed. As in dise surgery, a microscope 
or magnifying loupes and a headlamp are helpful. The micro¬ 
scope allows for a smaller incision with less damage while 
maintaining binocular vision and depth perception caused by 
the smaller interocular distance of the microscope. When 
proceeding with the décompression, care should be taken to 
watch for adhesions that can resuit in durai tears, even if no 
previous surgery has been done. Frequently, the narrowing in 
the latéral recess and foramen is so great that a Kerrison 
rongeur cannot be used without damaging the root. Alterna- 
tively, dissection in the latéral recess and foramen may require 
a small, sharp osteotome or a high-speed burr, which allows 
the surgeon to thin the bone sufficiently to allow removal 
with angled curets. In contrast to dise surgery, for décompres¬ 
sion the latéral recess is best seen from the opposite side of 
the table. During open procedures, the operating surgeon 
may find it necessary to switch sides during the operation to 
view the pathology and nerve roots better. Blunt probes with 
increasing diameters also are useful for determining adéquate 
foraminal enlargement. Disc herniation should be treated at 
the same time as the spinal stenosis. A good approach is to 
start the décompression at a point of lesser stenosis and work 
toward the area of most severe stenosis. This often frees the 
neural structures enough to make the final décompression 
simpler and decreases the risk of damage to dura or nerve 
roots. This approach is especially useful when a minimally 
invasive undercutting laminoplasty technique is used to oper- 
atively treat spinal stenosis. 

■ ADJACENT SEGMENT DEGENERATION 

Adjacent dise degeneration and stenosis, or the transition 
syndrome, deserves spécial mention. It is known that dise 
degeneration occurs adjacent to a fusion in 35% to 45% of 
patients because of the ensuing hypermobility of the unfused 
joint, usually above the fusion mass. Adjacent segment steno¬ 
sis below the fusion mass, although less frequent, always 
occurred along with stenosis above the fusion in a study by 
Lehmann et al. 

Adjacent segment breakdown may cause symptoms that 
require surgery in 30% of patients. Pathology, including spinal 
stenosis, herniated nucléus pulposus, and instability, may 
require treatment years after successful surgery. Breakdown is 
possible one or two levels above lumbosacral fusions and 
above or below thoracolumbar and “floating” lumbar fusions. 
Schlegel et al. reported 58 patients who developed spinal ste¬ 
nosis, dise herniation, or instability at a segment adjacent to 
a previously asymptomatic fusion that was done an average of 
13.1 years earlier, although 70% had good or excellent results. 
These clinical findings hâve been substantiated by subséquent 


biomechanical studies that confirmed kinematic changes in 
segments adjacent to spinal fusions. Simple malalignment 
that occurs during patient positioning when the hips are not 
extended may resuit in hypolordosis and increase the load 
across implants and increase posterior shear and laminar 
strain at adjacent levels. These changes may help to explain 
the cause of adjacent segment breakdown. Posterior lumbar 
interbody fusion (PLIF) also resulted in adjacent segment 
changes in ail patients, but this did not affect results at 5 years 
in the sériés of Miyakoshi et al. In a study comparing patients 
with spondylolytic spondylolisthesis, degenerative spondylo- 
listhesis, and spinal stenosis, Yu et al. found no significant 
différences in superior adjacent segment degeneration, insta¬ 
bility, or clinical outcome after partial or total laminectomy 
and single-level PLIF. 

Rigidity of instrumentation has been hypothesized to 
correlate with motion at adjacent segments. Studies hâve 
fueled interest in less rigid and dynamic stabilization con¬ 
struis. In a prospective study with 4-year radiographie 
follow-up comparing rigid, semirigid, and dynamic instru¬ 
mentation devices, Korovessis et al. found no différences in 
adjacent segment degeneration among the three groups. It is 
undetermined whether more rigid fusion increases the likeli- 
hood of adjacent segment changes. There is some evidence 
that maintaining the function of the posterior dynamic sta- 
bilizing paraspinous musculature, including the multifidus, 
may lead to decreased rates of adjacent segment degeneration 
after lumber fusion. 

Fusion is more difficult as the number of levels fused 
increases, with L4-5 being the most frequent site of pseudar- 
throsis. The addition of a second level of fusion should be 
avoided if possible, and fusing a degenerative dise as a pro- 
phylactic measure does not seem to be supported by the data 
available. The actual source of transition syndromes is 
unknown; however, postoperative hypolordosis and rigidity 
of the fused segment probably contribute to the problem 
along with disruption of the posterior dynamic muscular sta- 
bilizers damaged during open posterior approaches. Surgery 
should attempt to maintain normal segmentai lordosis and 
global sagittal balance, in addition to fusing the fewest seg¬ 
ments possible while minimizing collateral damage to the 
paraspinous musculature and lumbodorsal fascia. 

Complications are relatively infrequent after décompres¬ 
sion for spinal stenosis and occur more often in patients with 
multiple comorbid conditions, especially diabètes. Comor- 
bidities also contribute to poorer patient satisfaction and 
increased operative complications. Previous reports hâve 
cited increased morbidity and mortality associated with ste¬ 
nosis surgery in the elderly, although one study found that 
advanced âge did not decrease patient satisfaction or return 
to activities, and there was no increase in morbidity associ¬ 
ated with surgery for stenosis in the elderly. 

Deep venous thrombosis also must be considered in 
patients after décompression. The incidence of this complica¬ 
tion varies but is likely higher than reported. Pulmonary 
emboli are exceedingly rare, however. Prophylaxis is best 
limited to pneumatic compression devices of the foot or calf 
and early ambulation because the risk of épidural hematoma 
from pharmacologie agents is greater than the risk of a sig¬ 
nificant pulmonary event or deep venous thrombosis. Reop¬ 
eration is necessary in 9% to 23% of patients with spinal 
stenosis. 
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■ DECOMPRESSION 

There are no universal indicators of outcome after décom¬ 
pression. The number of levels requiring décompression hâve 
not been shown to affect the surgical results. Factors associ- 
ated with poorer outcomes hâve included questionable radio¬ 
graphie confirmation of stenosis, female sex, litigation, 
previous failed surgery, and the presence of spondylolisthesis. 
A patients self-assessment of health may be the best predictor 
of satisfaction. Cardiac comorbidity also may be prédictive. 
Yukawa et al. found that the severity of central canal narrow- 
ing at a single level did not affect postoperative improvement 
in either functional ability, as determined by treadmill and 
bicycle testing, or patient self-assessment. Patients with mul- 
tilevel stenosis had similar improvements in postoperative 
assessment scores. 

Jônsson reported successful results after operative treat- 
ment in 62% to 67% of patients, although they noted détério¬ 
ration at 5 years, with 18% requiring reoperation. Patients 
with a 6-mm or less anteroposterior canal diameter preopera- 
tively had better results. Patients with hip arthritis, diabètes 
mellitus, previous surgery, vertébral fracture, or a postopera¬ 
tive complication had worse results. Although most are satis- 
fied with the results of décompression, continued severe back 
pain and the inability to walk a distance hâve been reported. 
The Maine Lumbar Spine Group found that long-term (8 to 
10 years) results were better after operative than nonoperative 
treatment. However, approximately half of the patients 
reported improvement in their back pain, leg pain, or both 
and were satisfied with their current status regardless of 
whether they were treated operatively or nonoperatively. 

The cost of spinal stenosis surgery (decompressive lami- 
nectomy) at 2 years compared favorably with other treatment 
modalities in one Spine Patient Outcomes Research Trial 
(SPORT) study. 

Progressive instability after décompression does not 
predict poor results. It appears that normal walking, sensory 
déficits, and ability to perform activities of daily living 
improved despite instability. Some further anterolisthesis is 
tolerated well after décompression, and it is appropriate to 
observe these patients for further symptoms before recom- 
mending fusion because 30% of patients develop anterolis¬ 
thesis after décompression. 


MIDLINE DECOMPRESSION (NEURAL 
ARCH RESECTION) 


TECHNIQUE 39-26 


■ Perform the procedure with the patient under general 
endotrachéal anesthésia. Position the patient prone using 
the frame of choice. 

■ Make the incision in the midline centered over the level 
of stenosis. Localizing radiographs should be taken to 
verify the level of surgery. Carry the incision in the midline 
to the fascia. 

■ Strip the fascia and muscle subperiosteally from the 
spinous processes and laminae to the facet joints to 
expose the pars interarticularis. Avoid damaging facet 
joints that are not involved in the bony dissection. 


■ Identify and remove the spinous processes of the levels 
to be decompressed. Clear the soft tissue with a sharp 
curet. 

■ Remove the lamina with a Kerrison rongeur or high-speed 
burr up to the insertion of the ligamentum flavum. If the 
lamina is extremely thick, a high-speed drill with a 
diamond or side-cutting burr can be used to thin the 
outer cortex to allow easier removal of the inner portion 
with a Kerrison rongeur. The lamina may be removed with 
impunity up to the insertion of the ligamentum flavum. 
Once the ligamentum insertion is identified, the ligamen¬ 
tum can be detached from the lamina with a curet. Take 
spécial care in removal of the lamina after the ligamen¬ 
tum flavum is released. The neural structures will be 
found compressed, and the usual space for instrument 
insertion may be unavailable. Remove the lamina until the 
pedicles can be felt. It can be helpful to begin the latéral 
recess décompression with the high-speed burr before 
removal of the ligamentum flavum to avoid having to 
place a rongeur into an already stenotic canal. 

■ Using the pedicle as a guide, identify the nerve root and 
trace it out to the foramen. 

■ With a chisel or rongeur, carefully remove the médial 
portion of the superior facet that forms the upper portion 
of the latéral recess (Fig. 39-50). Check the foramen for 
patency with an angled durai elevator or graduated 
probes. If there is further restriction, carry the dissection 
laterally and open the foramen; do not remove more than 
half of the pars. Undercutting into the foramen is espe- 
cially helpful in this regard. 



FIGURE 39-5 


^ Typical midline décompression for spinal steno¬ 
sis. Note médial facetectomy and foraminotomy with préserva¬ 
tion of the pars. Décompression is from inferior border of L3 
pedicle to superior border of L5 pedicle, exposing both latéral 
borders of dura in latéral recess. SEE TECHNIQUE 39-26. 
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■ Inspect the dise and remove gross herniations unilaterally, 
but try to avoid bilateral annulotomy because this com¬ 
promises stability. Usually the dise is bulging, and the 
anulus is firm. Remove the anulus and bony ridge ven- 
trally if it is kinking the nerve. This procedure involves 
some risk of nerve injury and requires a bloodless field. If 
safety is a concern, a complété facetectomy may be 
bette r. 

■ Complété the dissection at ail symptomatic levels. Décom¬ 
pression should be from the caudal aspect of the most 
proximal pedicle to the cephalad aspect of the most distal 
pedicle, allowing observation of the latéral margins of the 
dura in the latéral recesses. This can be done with prés¬ 
ervation of the proximal portion of the lamina and the 
intervening ligamentum flavum at the level above and 
below. Many failed décompressions are the resuit of inad¬ 
équate décompression of the foraminal région, so probing 
the foramen is mandatory to détermine if the décompres¬ 
sion is adéquate. 

■ If no obstructions are noted and ail areas hâve been 
decompressed adequately, ensure hemostasis with bipolar 
cautery and the temporary use of thrombin-soaked 
absorbable gelatin sponge (Gelfoam). Inspect for cérébro- 
spinal fluid leakage. If desired, take a large fat graft from 
the incision or buttock and place it over the laminectomy 
defect. A / 8 -inch diameter drain can be placed deep in 
the wound, exiting through a separate stab incision. 
Close the wound in layers. 


I LESS-INVASIVE DECOMPRESSION 

The conséquences of bone and ligament removal must be 
considered when performing décompression for spinal ste- 
nosis. Removal of the spinous processes, laminae, variable 
portions of the facets and pars, supraspinous and interspi- 
nous ligaments, ligamentum flavum, and portions of facet 
capsules is routine during these operative procedures. Dener- 
vation of the paraspinal musculature occurs with wide expo- 
sures, which results in altered muscle function. A minimally 
invasive technique allows décompression of the significant 
compressing anatomy while preserving paraspinal muscles, 
the spinous processes, and intervening supraspinous and 
interspinous ligaments. Results with full-endoscopic tech¬ 
niques hâve been shown to be equal to those of conventional 
procedures, with the advantages of fewer complications. 
Although Kelleher et al. noted that minimally invasive 
décompression is effective in most patients, including those 
with degenerative spondylolisthesis; patients with scoliosis, 
especially with listhesis, hâve a significantly higher révision 
rate, and this must be considered when making treatment 
decisions. 

I SPINOUS PROCESS OSTEOTOMY 
(DECOMPRESSION) 

Weiner et al. reported a 47% improvement in the Low Back 
Outcome Score and a 66% improvement in average pain level 
in 46 of 50 patients evaluated 9 months affer surgery. Spinous 
process osteotomy was done at one to four levels; the only 
complications were durai tears in four patients. Although 
three patients died of unrelated causes, 38 of the 46 remain - 
ing patients were satisfied or very satisfied with their 


operative results. On reexploration or postoperative CT 
scans, spinous processes usually United with the remaining 
lamina in patients with short décompressions, although non- 
union did not correlate with poor results. Complété laminec¬ 
tomy may be necessary if adéquate décompression is 
impossible through the limited laminotomy in patients with 
severe involvement. 


SPINOUS PROCESS OSTEOTOMY 
(DECOMPRESSION) 


TECHNIQUE 39-27 


(WEINER ETAL.) 

■ Patient positioning and localization of spinal levels are as 
described in Technique 39-26. 

■ Make a midline incision to expose the dorsolumbar fascia. 
Make a paramedian incision in the fascia, preserving the 
supraspinous and interspinous ligaments with subperios- 
teal dissection of the paraspinal muscles from the spinous 
process and laminae. Avoid lifting the multifidus muscles 
beyond the médial aspect of the facet joint to preserve 
their innervation. 

■ With a curved osteotome, free each spinous process from 
the lamina at its base. Release only the levels shown to 
be affected on preoperative imaging. 

■ When the spinous process is freed, retract it to one side 
with the paraspinal muscles beneath the retractor and the 
other blade of the retractor beneath the multifidus 
muscles to expose the midline (Fig. 39-51 A). Resect 
approximately half of the cephalad lamina and one fourth 
of the caudal lamina along with the underlying ligamen¬ 
tum flavum. 

■ Using a loupe or microscope for magnification, undercut 
the latéral recess and open the foraminal zone (Fig. 
39-51 B). Complété laminectomy is recommended for 
severe stenosis or congénital stenosis involving ail ana¬ 
tomie zones (central, latéral recess, and foraminal zones). 

■ Close the incision in routine fashion, allowing the spinous 
process to return to its normal position with suture of the 
fascia (Fig. 39-51C). 


MICRODECOMPRESSION 

Microdecompression can be done in patients without dise 
herniations or instability, including degenerative spondylo¬ 
listhesis with a risk of worsening instability. This is a techni- 
cally demanding procedure and is not recommended for 
patients with severe stenosis or congénital stenosis, which 
require complété laminectomy. McCulloch reported that 
décompressions were done at one to five levels without 
intraoperative complications in 30 patients treated for neu- 
rogenic claudication unresponsive to nonoperative mea- 
sures. One superficial wound infection occurred. Of the 30 
patients, 26 were very satisfied or fairly satisfied with their 
results; ail but one stated that they would recommend the 
procedure to a friend with a similar problem. Good to 
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Spinous process osteotomy described by Weiner et al. A f Muscle is taken down on only one side and only to médial 
facet border. B f Décompression is performed under microscopie magnification. C f After closure, spine returns to normal position. SEE 

TECHNIQUE 39-27. 



Microdecompression. A f Muscle is taken down on only one side, and ipsilateral decompressive hemilaminotomy is 
done; contralatéral side is accessed under midline structures. B, Sac and root are gently retracted for contralatéral décompression. C, 
End resuit is complété décompression with préservation of paraspinal musculature and interspinous and supraspinous ligaments, limited 
dead space, and excellent cosmetic resuit. SEE TECHNIQUE 39-28. 


9 excellent results also hâve been reported (Orpen et al.) in 
82 of 100 patients using a slightly modified microdecom- 
pression technique that allows décompression on both 
sides of the spine through a unilatéral, hemilaminectomy 
approach. 


TECHNIQUE 39-28 


(MCCULLOCH) 

■ Place the patient in a kneeling position to increase inter- 
laminar distance and identify the operative level on stan¬ 
dard radiographs. 

■ Make a midline incision centered over the affected levels 
documented on preoperative imaging studies. Make a 
paramedian fascial incision on the most symptomatic side 
1 cm from the midline. 

■ Elevate the multifidus muscles subperiosteally from the 
spinous process and laminae, but do not retract them 
beyond the médial aspect of the facet joint. Obtain uni¬ 
latéral interlaminar exposure and maintain it with a dis- 
cectomy retractor. 


■ Under microscopie magnification, perform laminotomy 
cephalad until the origin of the ligamentum flavum is 
encountered. Use undercutting to preserve as much 
dorsal bone as possible; angle the microscope to accom- 
plish this. 

■ In a similar fashion, resect the proximal one fourth of the 
caudal lamina, completing removal of the ligamen¬ 
tum flavum from origin to insertion. Angling of the micro¬ 
scope into the latéral recess allows further décompression 
of the cephalad and caudal nerve roots and latéral dura. 

■ When décompression is completed on one side, angle the 
microscope toward the midline for contralatéral décom¬ 
pression (Fig. 39-52A). Rotation of the operative table 
allows better viewing of the contralatéral structures (Fig. 
39-52B). 

■ Use a no. 4 Penfield elevator or similar instrument to 
release adhesions between the dura and opposite liga¬ 
mentum flavum, which is resected in a similar fashion. 

■ Remove the bone at the base of the spinous processes of 
the cephalad and caudal levels to provide adéquate vision 
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of the opposite side (Fig. 39-52C). Some removal of the 
deepest portions of the interspinous ligament also is 
necessary to view the structures across the midline 
adequately. 

■ For surgeons comfortable with advanced minimally inva¬ 
sive techniques, the same laminoplasty procedure can be 
performed through a fixed tubular retractor using a trans- 
muscular approach with less damage to the paraspinous 
musculature. This minimizes the need to dissect the mul- 
tifidus attachment from the spinous process and lamina. 
Maintaining the dynamic stabilizers may lead to decreased 
rates of adjacent segment instability. 

POSTOPERATIVE CARE. There are no spécial considér¬ 
ations after a simple décompression. The patient should 
be examined carefully for the first few days for new neu¬ 
rologie changes that may indicate the formation of an 
épidural hematoma. The patient is encouraged to walk 
on the first day. Sutures are removed at 14 days if non- 
absorbable sutures hâve been used. We prefer the use of 
absorbable subeutaneous sutures with a glue-type 
product for the final skin closure. The same limitations as 
after dise surgery apply to décompressions without fusion. 
For patients engaged in heavy manual labor, a permanent 
job change may be required. Return to work also is similar 
to return after dise surgery. 


■ DECOMPRESSION WITH FUSION 

The indications for spinal fusion with décompression for 
spinal stenosis are becoming more clearly defined. Preopera- 
tive and intraoperative factors must be carefully considered 
when décompression and fusion surgery are contemplated. 
Serious thought should be given to performing arthrodesis in 
addition to décompression in patients with preoperative 
degenerative spondylolisthesis, scoliosis, kyphosis, stenosis at 
a previously decompressed level, or stenosis adjacent to a 
previously fused lumbar segment. The finding of a synovial 
facet joint cyst radiographically or intraoperatively is impor¬ 
tant because these hâve been associated with development or 
progression of slipping postoperatively. Because cysts reflect 
dérangement of the facet joint, fusion should be considered 
after décompression and excision of synovial cysts in patients 
with spinal stenosis with or without preoperative instability. 

The prevalence of postoperative problems related to 
instability varies, possibly because of the great variations in 
the extent of the operative décompression, but the likelihood 
of iatrogénie instability remains low if established principles 
of décompression are followed. White and Wiltse noted sub- 
luxation after décompression in 66% of patients with degen¬ 
erative spondylolisthesis. They suggested that a fusion be 
done in conjunction with décompression in (1) patients 
younger than 60 years old with instability caused by the loss 
of an articular process on one side, (2) patients younger than 
55 years old with a midline décompression for degenerative 
spondylolisthesis that préserves the facets, and (3) patients 
younger than 50 years old with isthmic spondylolisthesis. The 
complété removal of one facet, or more than 50% resection 
of both facets, may resuit in instability. In addition, general - 
ized spinal stenosis that requires extensive décompression 
with the loss of multiple articular processes may require 


fusion. When complété bilateral facetectomies are necessary, 
the addition of a latéral fusion may be difficult and the bone 
graft may impinge on the exposed nerve roots. In this instance, 
an anterior interbody fusion is warranted to prevent postop¬ 
erative instability. Posterior segmentai instrumentation for 
posterior spinal fusion has decreased the high incidence of 
pseudarthrosis after long lumbar fusions. 

The complications of this procedure are similar to the 
complications of dise surgery; however, the risk of nerve root 
damage and durai lacération is greater. The rates of infection, 
thrombophlebitis, and pulmonary embolism also are slightly 
higher. When a facet has been partially resected, later facet 
or pars fracture may account for a récurrence of symptoms, 
although the most important cause of failure to relieve symp¬ 
toms has been found to be inadéquate décompression. 
Bone regrowth has been noted in 88% of patients after 
total laminectomy and in ail patients with associated 
spondylolisthesis. 

■ INTERSPINOUS DISTRACTION 

A distraction technique recently has been described as an 
alternative to décompression surgery. A spacer is inserted 
into the interspinous space as far anteriorly and as close to 
the posterior aspect of the lamina as possible. This proce¬ 
dure requires no ligamentous or bony resection, and the 
spinal canal is not breached, eliminating the risk of neural 
damage. Symptomatic benefit has been reported in 54% at 1 
year in one study and in 78% at 4.2 years in another for 
degenerative spinal stenosis. Verhoof et al., however, did not 
recommend its use for the treatment of spinal stenosis in the 
presence of degenerative spondylolisthesis because of the 
unacceptably high failure rate. Fifty-eight percent of their 
patients required décompression and postérolatéral fusion 
within 24 months. Long-term follow-up data are still 
lacking. 

ANKYLOSING SPONDYLITIS 

Ankylosing spondylitis is a chronic inflammatory disease of 
unknown etiology. It is a séronégative spondyloarthropathy 
that primarily affects the axial skeleton, sacroiliac joints, and 
pelvis. Less commonly, involvement of peripheral joints, eyes 
(iritis or uveitis), heart, and lungs can occur. Inflammation of 
the spinal joints and enthesopathies cause chronic pain and 
stiffness and can lead to progressive ankylosis of the spine in 
patients with long-standing disease. Ankylosing spondylitis 
typically affects young adults between the âges 20 and 40 
years, with a male to female ratio of 1:3. The average onset 
of symptoms occurs at 23 years of âge; there can be an 8.5- to 
11.4-year delay from initial symptoms to diagnosis. There is 
a known association with the HLA-B27 antigen. Between 
88% and 96% of patients who hâve ankylosing spondylitis are 
HLA-B27 positive, but only 5% of the HLA-B27 population 
develops ankylosing spondylitis. 

Initially, morning stiffness is the primary symptom. 
Other early symptoms usually are chronic pain and stiffness 
in the middle and lower spine, as well as buttock pain from 
the sacroiliac joint. The symptoms are nonspecific for anky¬ 
losing spondylitis. As the disease progresses, ankylosis of the 
sacroiliac joints and spine can occur. Ankylosis usually pro¬ 
gresses from caudal to cephalad. After ankylosis, however, 
pain symptoms often improve. Other symptoms may be 
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related to hip arthritis, which occasionally progresses to 
spontaneous arthrodesis. Pulmonary cavitary lésions with 
fibrosis occur, as do aortic insufficiency and conduction 
defects. Amyloid déposition can cause rénal failure. Uveitis 
requires spécial ophthalmologic care and follow-up to prevent 
permanent vision changes. Breathing may be restricted 
because of fusion of the costochondral and costovertebral 
articulations. 

In the spine, ankylosis can lead to a loss of lumbar spinal 
lordosis and progressive kyphosis of the cervical and thoracic 
spine. This combined with hip flexion deformities can resuit 
in a loss of sagittal balance and disabling functional déficits, 
such as an inability to look above the horizon or to lie in bed. 
Furthermore, fused sections of the spine make it more sus¬ 
ceptible to fracture, pseudarthrosis, or spondylodiscitis. 

Radiographs initially show fusion of the sacroiliac joints, 
which characteristically occurs bilaterally. In the vertébral 
bodies, inflammatory résorption of bone at the enthesis 
causes periarticular osteopenia. This résorption initially is 
seen as a “squaring off” of the corners of the vertébral bodies. 
Subséquent ossification occurs in the anulus fibrosis, sparing 
the anterior longitudinal ligament and dise and giving the 
“bamboo spine” appearance on radiographs. The posterior 
éléments are similarly affected, with ossification of the facet 
joints, interspinous and supraspinous ligaments, and liga- 
mentum flavum. Atlantoaxial instability must be identified, 
especially in any patient having surgery for conditions associ- 
ated with ankylosing spondylitis. Because of the stiff subaxial 
spine, instability occurs in 25% to 90% of patients with anky¬ 
losing spondylitis. 

Treatment is directed at maintaining flexibility with 
stretching of the hip flexors and hamstrings and maintaining 
spinal alignment with exercises and posture. Sleeping supine 
on a firm mattress with one pillow may help maintain sagittal 
alignment and prevent hip flexion contractures. Médications 
used in the treatment of ankylosing spondylitis fall into three 
categories. The first includes nonsteroidal antiinflammatory 
drugs that relieve pain by decreasing joint inflammation. The 
second group comprises disease-modifying antirheumatic 
drugs such as minocycline, sulfasalazine, and methotrexate. 
This is an unrelated group of drugs found to slow the disease 
process, but they do not provide a cure. Finally, tumor necro- 
sis factor-a blockers hâve been shown to be effective. 

Operative management in patients with ankylosing spon¬ 
dylitis is indicated to decrease pain and improve function. 
Total hip arthroplasties are the most common surgical inter¬ 
ventions performed in this population followed by spinal 
ostéotomies to correct sagittal imbalances. 

Spinal fractures in patients with ankylosing spondylitis 
are always serious and frequently are life-threatening injuries. 
Spine osteopenia that is common in this population com¬ 
bined with fused segments make patients more vulnérable to 
fractures, especially from minor trauma. Furthermore, dis- 
torted anatomy from dise ossification, ectopic bone, and scle- 
rosis can make the spinal fractures difficult to see on plain 
radiographs, and these injuries off en are missed. It should be 
up to the treating physician to prove that the patient with 
ankylosis does not hâve a fracture affer trauma. Spinal pré¬ 
cautions and immobilization in a position accommodating 
the patients posture is very important. Often CT or MRI 
studies are needed. Fractures usually occur in the lower cervi¬ 
cal spine, frequently are unstable, and usually are discovered 


late. Persistent pain may be the only finding until late neuro¬ 
logie loss occurs. In patients with established kyphosis, the 
deformity may suddenly improve. The patients previous 
deformity may be unknown to individuals providing emer- 
gency care. Any perceived change in spinal alignment, even 
if the resuit of trivial trauma, should be considered a fracture 
in a patient with ankylosing spondylitis. The standard proce¬ 
dure is to immobilize the patient in the position in which he 
or she is found because extension may resuit in sudden neu¬ 
rologie loss. A widened anterior dise space, which may be the 
only obvious radiographie finding, créâtes an unstable con¬ 
figuration that is prone to translation, late neurologie loss, 
and slow healing. Imaging with MRI, CT, or bone scan may 
be helpful in making the diagnosis. 

Surgical stabilization of fractures in patients with anky¬ 
losing spondylitis can be challenging. For cervical fractures, 
anterior and posterior or long posterior constructs are rec- 
ommended because of the poor bone quality. Thoracolumbar 
fractures can be stabilized with a long posterior construct 
across the fractured level. More recently, percutaneous tech¬ 
niques of long-segment stabilization are being used. The mor- 
bidity and mortality associated with these procedures in 
patients with ankylosing spondylitis are very high because of 
the comorbidities many of these patients hâve. 

OSTEOTOMY OF THE LUMBAR SPINE 

Smith-Petersen, Larson, and Aufranc in 1945 described an 
osteotomy of the spine to correct the flexion deformity that 
often develops in ankylosing spondylitis and sometimes in 
rheumatoid arthritis. Since then, others hâve reported similar 
procedures. The technique described by Smith-Petersen et al. 
is done in one stage. Others hâve described surgery done in 
two stages, consisting of division of the anterior longitudinal 
ligament under direct vision instead of allowing it to rupture 
when the deformity is corrected by gentle manipulation, as 
in the method of Smith-Petersen et al. 

If the flexion deformity is severe, the patients field of 
vision is limited to a small area near the feet and walking is 
extremely difficult. This is évident by looking at the chin- 
brow to vertical angle (Fig. 39-53). Respiration becomes 
almost completely diaphragmatic. Gastrointestinal symptoms 
resulting from pressure of the costal margin on the contents 
of the upper abdomen are common; dysphagia or choking 
may occur. In addition to improvement in function, the 
improvement in appearance made by correcting the defor¬ 
mity is important to the patient. If extreme, the deformity 
should be corrected in two or more stages because of contrac¬ 
ture of soft tissues and the danger of damaging the aorta, the 
inferior vena cava, and the major nerves to the lower extremi- 
ties. According to Law, 25 to 45 degrees of correction usually 
can be obtained, resulting in marked improvement function- 
ally and cosmetically. Initially, mortality was about 10% with 
operative treatment; however, a later sériés reported no deaths 
or serious complications. 

The safest and most efficient position for this procedure 
is with the patient lying on his or her side. This latéral posi¬ 
tion has several advantages: (1) it is easier to place the grossly 
deformed patient on the table; (2) the danger of injuring the 
ankylosed cervical spine by pressure of the forehead against 
the table is eliminated; (3) the anesthésia is easier to manage 
because maintaining a clear airway and free respiratory 
exchange is less difficult; and (4) the operation is easier 
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because any blood would flow out from the depth of the 
wound rather than into it. Adams described hyperextending 
the spine with an ingenious three-point pressure apparatus, 
and Simmons described surgery with the patient on his or 
her side and under local anesthésia. When the osteotomy is 
complété, the patient is turned prone, carefully fracturing the 
anterior longitudinal ligament with the patient briefly under 
nitrous oxide and fentanyl anesthésia. 

The osteotomy usually is made at the upper lumbar level 
because the spinal canal here is large, and the osteotomy is 
distal to the end of the cord. A lumbar lordosis is created to 
compensate for the thoracic kyphosis; motion of the spine is 
not increased. Osteotomy methods include resection of the 
spinous processes from the laminae to the pedicles, simple 
wedge resection of the spinous processes into the neural 
foramina (Fig. 39-54A and B), chevron excision of the laminae 
and spinous processes (Fig. 39-54C and D), and combined 



Chin-brow to vertical angle is measured from 
brow to chin to vertical while patient stands with hips and knees 
extended and neck in fixed or neutral position. 


anterior opening wedge osteotomy affer posterior resection 
of the spinous processes and laminae. 

An average correction from 80 to 44 degrees has been 
reported affer upper lumbar osteotomy, with correction 
maintained by internai fixation. Manual osteoclasis worked 
best in patients with calcified ligaments. Complications from 
this procedure include hypertension, gastrointestinal prob- 
lems, neurologie defects, urinary tract infections, psychologie 
problems, durai tears with leakage, rétrogradé éjaculation, 
and, rarely, rupture of the aorta. 

Spinal osteotomy is a demanding procedure for which 
proper training and expérience are mandatory. The surgeon 
should be familiar with the several options available. 

■ SMITH-PETERSEN OSTEOTOMY 

The Smith-Petersen osteotomy is an excellent option for cor¬ 
rection of smaller degrees of spinal deformity. Bone is 
removed through the pars and facet joints (Fig. 39-54C and 
D). If a previous fusion has been done, care should be taken 
to thin the fusion mass gradually until the ligamentum flavum 
or dura is exposed. Symmetric resection is necessary to 
prevent creating a coronal deformity. Removal of the underly- 
ing ligament also is helpful in preventing buckling of the dura 
or iatrogénie spinal stenosis. Approximately 10 degrees of 
correction can be obtained with each 10 mm of resection. 
Excessive resection should be avoided because it may resuit 
in foraminal stenosis. In patients with degenerative dises, 
decreased flexibility may limit the amount of correction that 
can be obtained. The osteotomy is closed with compression 
or with in situ rod contouring, and bone graff is applied. 

■ PEDICLE SUBTRACTION OSTEOTOMY 

Pedicle subtraction osteotomy (Fig. 39-54A and B) is best 
suited for patients who hâve significant sagittal imbalance of 
4 cm or more and immobile or fused dises. Pedicle subtrac¬ 
tion osteotomy is inherently safer than the Smith-Petersen 
osteotomy because it avoids multiple ostéotomies. Typically, 
30 degrees or more of correction can be obtained with a single 
posterior osteotomy, preferably at the level of the deformity. 
If the deformity is at the spinal cord level, pedicle subtraction 
osteotomy can be used, but manipulation of the cord must be 
avoided. Thomasen and Thiranont and Netrawichien 
described the use of this osteotomy affer laminectomy and 
pedicle resection. In their technique, compression instru¬ 
mentation was used, along with simultaneous flexion of the 



FIGURE 39-5 


Methods of high lumbar spinal osteotomy. A and B f Simple wedge resection of spinous processes into neural foram¬ 
ina. C and D f Chevron excision of laminae and spinous processes. 
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A f Total laminectomy. B, Rather than osteotomy with opening of dise in front, Thomasen used resection of posterior 
wedge and resection of pedicles (C). Patient's position on operating table before (D) and after (E) réduction of osteotomy. Osteotomy 
gap is closed when table is brought from flexed to straight position. 


head and foot of the operating table (Fig. 39-55). Care must 
be taken to avoid compression of the dura or création of a 
coronal deformity. A wake-up test is done after correction 
and cancellous bone grafting hâve been completed. 

■ EGGSHELL OSTEOTOMY 

The eggshell osteotomy requires anterior and posterior 
approaches and usually is reserved for severe sagittal or 
coronal imbalance of more than 10 cm from the midline (Fig. 
39-56). This is a spinal shortening procedure with anterior 
decancellization followed by removal of posterior éléments, 
instrumentation, deformity correction, and fusion. 

ADULT SPINAL DEFORMITY 

Although nearly 60% of the adult population has some form 
of spinal deformity, only approximately 6% are symptomatic. 
Most patients with symptoms from their spinal deformity are 
70 years of âge or older, and most report pain and impaired 
health-related quality of life. Approximately 60% of patients 
with late-onset degenerative scoliosis are female. Degenera- 
tive curves tend to be short segment, usually lumbar, and less 
severe than the curves in idiopathic scoliosis. Symptoms of 
spinal sténo sis are more common in patients with degenera¬ 
tive scoliosis. The goal of treatment of degenerative scoliosis 
is to relieve back pain and the symptoms of spinal stenosis, 
whereas the treatment goals for adult idiopathic scoliosis 
usually are pain control and deformity correction. Treatment 
of adult idiopathic and degenerative scoliosis requires 



FIGURE 39-5 


^ Heinig eggshell procedure. After posterior élé¬ 
ments hâve been removed and pedicles hâve been collapsed 
outward, long, sharp curet is used to collapse "eggshell." 


a different approach from that used for typical adolescent 
idiopathic scoliosis, is more challenging, and is more likely to 
hâve complications such as durai tears, nonunion, implant 
breakage, and wound infection. Adult spinal deformity curves 
tend to be more rigid than those in adolescents, and surgery 
is further complicated by the prevalence of medical comor- 
bidities and osteopenia in these older patients. 

INCIDENCE AND PROGRESSION 
OF DEFORMITY 

Adult idiopathic scoliosis is defined as a coronal deformity of 
more than 10 degrees with associated structural changes in a 
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patient older than 20 years at time of diagnosis, most com- 
monly in patients in their late 30s. Women are affected much 
more frequently than men, similar to the incidence of ado¬ 
lescent scoliosis. Studies hâve shown a prevalence of 2% to 
4% for curves of more than 10 degrees. According to Wein- 
stein and Ponseti, thoracic curves of more than 50 degrees 
progress approximately 1 degree per year up to 75 degrees, 
when progression slows to about 0.3 degrees per year, finally 
stopping at about 90 degrees. Lumbar curves progress at a 
rate of 0.4 degrees per year after reaching only 30 degrees; a 
more aggressive approach is warranted for lumbar curves, 
especially after progression is documented. Predictors of 
lumbar curve progression include L5 above the intercristal 
line, apical rotation of more than 30%, an unbalanced or 
decompensated curve, a thoracic curve of more than 50 
degrees, and a thoracolumbar or lumbar curve of more than 
30 degrees. Sixty-eight percent of adult curves progress more 
than 5 degrees over time. 

Patients with idiopathic scoliosis rarely develop signifi- 
cant pulmonary complications, even with curves exceeding 
100 degrees. In the absence of overt thoracic lordosis, surgery 
generally is not warranted to maintain or improve pulmonary 
function in adult s. 

Degenerative scoliosis develops in patients with previ- 
ously straight spines after âge 40 years, typically affecting the 
lumbar spine with an associated lumbar hypolordosis, latéral 
olisthesis, and spinal stenosis. Men and women are affected 
more equally than patients with idiopathic curves, with 60% 
to 70% of those affected being women. Degenerative scolio¬ 
sis occurs in 6% to 30% of the elderly population, with most 
curves being minor, affecting fewer segments (two to five 
segments) than in adult idiopathic scoliosis (seven to 11 
segments), with an equal distribution of right and leff 
lumbar curves. Rotary subluxation varies and seems to be 
worse after décompression surgery without fusion. Curves 
can be progressive, but the natural history has not been elu- 
cidated conclusively. Progression of 1 to 6 degrees a year has 
been reported. Symptoms of spinal stenosis occur most 
often in degenerative curves that hâve defects in the convex- 
ity and concavity, possibly because significant degenerative 
changes preceded the development of the scoliosis. As a 
resuit, treatment of degenerative scoliosis often is necessary 
to relieve spinal stenosis by décompression, with instru- 
mented fusion to prevent instability and further progression 
of deformity. 

CLASSIFICATION 

In general, adult scoliosis can be broadly divided into two 
categories: deformity due to progression of untreated or inad- 
equately treated adolescent idiopathic scoliosis (AIS) or de 
novo scoliosis, which is primary degenerative scoliosis that 
results from asymmetric dise and facet joint degeneration. 
Deformity as a resuit of progression of AIS typically manifests 
as long, gradually progressive thoracic or thoracolumbar 
curves, whereas de novo deformity présents as sharp lumbar 
or thoracolumbar curves with an apex at L2-3 or L3-4. A third 
type of adult spinal deformity can be caused by an adjacent 
idiopathic curve or metabolic bone disease. More recently, 
the Scoliosis Research Society (SRS)-Schwab classification 
System has been developed. This System takes into account 
the coronal curve type, pelvic parameters, and sagittal balance 
(Fig. 39-57). It has been validated in a number of studies 
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and has shown excellent interobserver and intraobserver 
reliability. 

■ SAGITTAL AND CORONAL BALANCE 

In the treatment of adult spinal deformities, whether idio¬ 
pathic or degenerative in origin, it is important to understand 
the normal sagittal relationships. In a normal spine, the 
primary curvature is kyphosis of the thoracic spine, which 
develops first in infants. Subséquent to upright posture, the 
secondary lordotic curvatures in the cervical and lumbar 
spine develop between 5 and 15 years old. Curves in men and 
women are similar at the cessation of growth, although the 
curves develop more quickly in women. 

Sagittal balance is the alignment that is necessary to 
center the head over the pelvis or hips in the sagittal and 
coronal planes. A plumb line dropped from the center of the 
C7 vertébral body is referred to as the sagittal vertical axis. 
On the standing latéral long-cassette view, the plumb line 
normally falls through or behind the sacrum. Normal values 
for the sagittal vertical axis in adults are from +48 mm to 
-48 mm, with négative values indicating a position behind 
the sacral promontory. An alternative means of measuring 
sagittal balance is the Tl spinopelvic inclination angle 
(T1SPI), which is measured as the angle between a vertical 
plumb line from Tl and a line drawn from Tl to the center 
of the bicoxofemoral axis (Fig. 39-57). The advantage of using 
T1SPI over the sagittal vertical axis is that it is not vulnérable 
to radiographie calibration errors. Another method of assess- 
ing sagittal balance is the Tl pelvic angle (TPA). Similar to 
the T1SPI, TPA is the angle formed by a line drawn from the 
center of Tl to the bicoxofemoral axis and then to the center 
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Bernhardt and Bridwell segmentai sagittal 
measures of thoracic and lumbar spine. Note contribution of L4-5 
and L5-S1 dises to overall lumbar lordosis (67%). 


of the SI endplate. The two distinct advantages of TPA are 
that it does not require radiographie calibration and it inté¬ 
grâtes both T1SPI and pelvic tilt, both of which hâve been 
shown to correlate with outcome scores. 

Coronal balance is quantified globally by the amount of 
offset between the C7 plumb line and the center-sacral verti¬ 
cal line (CSVL) and the offset between the apical vertebra 
from the CSVL. Any translation of the coronal vertical axis 
to either side of the midline is considered decompensation. 

Sagittal and coronal vertical axes are used to evaluate and 
estimate global balance. Global balance is the resuit of seg¬ 
mentai alignment of the functional spinal unit and régional 
alignment of the cervical, thoracic, and lumbar segments. 
Bernhardt and Bridwell measured 102 radiographs of normal 
spines to détermine normal sagittal plane alignment (Fig. 
39-58). By convention, kyphosis is represented as a positive 
measurement and lordosis is represented as a négative value. 
In a normal adult spine, there is a small amount of kyphosis 
segmentally at each end of the thoracic kyphosis, reaching a 
maximum at the apical région (T6-7) of about +5 degrees. 
Apical dises or vertebrae are identified in the sagittal plane as 
those that are parallel to the floor. Considered independently, 
the thoracolumbar junction is a transition zone of force trans¬ 
mission and alignment. In this région, a shiff occurs from the 
thoracic kyphosis to lumbar lordosis. The first lordotic dise is 
typically at Ll-2, and normal thoracolumbar alignment as 
measured from the cephalad T12 endplate to the caudal L2 
endplate is 0 to -10 degrees. The lumbar spine is a région of 
lordosis, reaching a maximal segmentai lordosis at L4-5 and 
L5-S1. The sagittal apex of the lumbar spine usually is L3. 


Greater than 60% of lumbar lordosis is created by the dises at 
L4-5 and L5-S1, which contribute -20 degrees and -28 
degrees to the régional lordotic measurement. 

Because most lordosis is présent in the distal lumbar 
spine, it is important to maintain normal segmentai and 
régional interrelationships so that global balance is preserved. 
As a rule of thumb, on a latéral radiograph taken with the 
patient facing the surgeons right, there is a “sagittal dock,” as 
described by Bridwell. In a normal, standing patient, the 
apical L3 dise or endplate points at the 3-odock position, L4 
points at the 4-odock position, and L5 points at the 5-odock 
position. If this régional alignment is maintained, the likeli- 
hood of a postoperative flatback deformity is minimized. 

Achieving appropriate sagittal balance in adult spinal 
deformity correction is essential. The relationship between 
balanced sagittal vertical axis (SVA) and health-related quality 
of life scores has been well established in the literature. Sagit¬ 
tal malalignment results in compensatory pelvic rétroversion 
(increased pelvic tilt), which helps the patient maintain an 
upright posture; however, pelvic rétroversion has been shown 
to increase energy expenditure and negatively affect ambula- 
tion. Some patients are limited in their ability to compensate 
with pelvic rétroversion because of hip flexion contractures 
or stiffness. Schwab et al. listed as goals of surgical correction 
(1) SVA less than 50 mm, (2) T1SPI less than 0 degrees, (3) 
pelvic incidence-lumbar lordosis mismatch less than 9 
degrees, and (4) pelvic tilt less than 20 degrees. 

SPINOPELVIC ALIGNMENT 

Recent research has established the importance of spinopelvic 
parameters—pelvic incidence, pelvic tilt, and sacral slope—in 
the évaluation of adult patients with spinal deformity (Fig. 
39-59). Pelvic incidence is defined as the angle between a line 
perpendicular to the center of the sacral endplate and a line 
drawn from the center of the sacral endplate to the center of 
the bicoxofemoral axis (Fig. 39-59A). It is important to 
understand that pelvic incidence is a fixed morphologie 
parameter that does not change affer skeletal maturity. Pelvic 
incidence can be considered the “take-off” degree of the 
lumbar spine; the higher this angle, the more lumbar lordosis 
required to maintain an upright posture. Average pelvic inci¬ 
dence in adults is 52 ± 10 degrees. Pelvic tilt, on the other 
hand, is a variable angle that represents the amount of com¬ 
pensatory pelvic rétroversion the patient is using to maintain 
an upright posture (Fig. 39-59B). It is defined as the angle 
between a vertical reference line through the bicoxofemoral 
axis and a line from the center of the bicoxofemoral axis to 
the center of the sacral endplate. A pelvic tilt of less than 20 
degrees is considered normal, and values of more than 30 
degrees are considered markedly increased. Finally, sacral 
slope is defined by the angle between a horizontal reference 
line and a line parallel to the superior sacral endplate (Fig. 
39-59C). 

CLINICAL EVALUATION 

Back pain occurs in 60% to 80% of patients with idiopathic 
scoliosis, which is similar to the occurrence in the general 
population. Pain is the chief presenting complaint in 25% to 
80% of patients with adult idiopathic curvatures. This can 
include mechanical back pain, buttock pain, and, occasion- 
ally, radiculopathy or neurogenic claudication. Neurogenic 
claudication occurs in 13% as a resuit of degenerative changes 
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FIGURE 


Measurement of pelvic incidence (A), pelvictilt (B), and sacral slope (C). 


within or, more commonly, distal to the lumbar curve. Radic- 
ulopathy occurs in only 4%, with entrapment of nerve roots 
within the foramina of the concavity. In contrast to degenera- 
tive scoliosis, most adult patients with idiopathic scoliosis 
hâve more mechanical symptoms than neurologie com- 
plaints. Patients may relate symptoms of curve progression, 
such as a progressive lean or list to one side, changes in waist- 
line symmetry, hip prominence, protubérant or flaccid 
abdomen, hemline changes, or a loss in height in the 
absence of fracture. Neurologie symptoms may include radic- 
ulopathy or neurogenic claudication, which usually is a resuit 
of degenerative changes in the distal fractional curve. Dimin- 
ished pulmonary function in patients with curves of more 
than 60 degrees or cor pulmonale in patients with curves of 
more than 100 degrees occasionally is caused by the scoliosis 
and should be evaluated carefully to rule out other causes. 
Predictors of pain include curves of more than 45 degrees, 
lumbar curves, and thoracolumbar and lumbar curves of 
more than 45 degrees with apical rotation and coronal 
decompensation. 

Physical examination findings usually are négative except 
for the spinal deformity. The skin should be examined 
for evidence of pathologie lésions and hair patches that 
suggest underlying intraspinal anomalies. If spinal cord 
anomalies exist, atrophy may be évident in the lower extremi- 
ties or intrinsic atrophy of the foot may be présent with pes 
cavus and clawing of the toes. Reflexes should be docu- 
mented, as should the results of a comprehensive neurologie 
examination. 

The deformity should be evaluated by looking for struc¬ 
tural features of the rib and lumbar paraspinal prominence 
on forward bending while also recording flexibility. This test 
also helps to détermine which curve is primary because more 
rotation and subséquent prominence is found in the more 
structural primary curve. If rib prominence exceeds 3 cm, 
thoracoplasty should be considered if surgery is performed. 
Trunk shift is identified by dropping an imaginary line per- 
pendicular to the floor from the latéral ribs. This line should 
symmetrically intersect the pelvis. Plumb lines should be 
dropped to evaluate for coronal decompensation and to help 
in estimating sagittal balance. Spécial attention should be 
paid to the left shoulder because instrumentation of a curve 
with a structural upper thoracic curve must include this 
segment to avoid a high left shoulder postoperatively. 


Waistline asymmetry should be noted, and any limb-length 
inequality must be considered. Equalizing limb length with 
X -inch blocks sometimes is helpful if limb-length discrep- 
ancy is more than 1 inch. Placing the patient prone on the 
examination table often gives information regarding curve 
flexibility and the extent of deformity that will be found 
during intraoperative positioning. Some surgeons find trac¬ 
tion and bending films useful to evaluate curve flexibility. 

In degenerative scoliosis, symptoms of neurogenic clau¬ 
dication are présent in 71% to 90% of patients and usually 
cause them to seek medical attention, with deformity inci- 
dentally noted. These symptoms often do not improve with 
forward bending, and to obtain relief patients support the 
trunk with the arms or assume a supine position. This is in 
contrast to the usual patient with spinal stenosis and neuro¬ 
genic claudication. Radiculopathy from facet overgrowth, 
foraminal stenosis within the concavity of curvature, or nerve 
root tension along the curve convexity can occur, although 
neurologie déficits are rare, and back pain is ubiquitous. 
Primary treatment is directed at décompression of spinal ste¬ 
nosis, with fusion or instrumentation indicated based on the 
potential for increased instability. 

Physical findings are nonspecific in most patients. 
Motion usually is preserved, but patients guard against 
hyperextension. Symptoms may be reproduced by this 
maneuver in the presence of spinal stenosis. Neurologie 
examination rarely identifies significant motor, sensory, or 
reflex déficits; however, any abnormal findings should be 
documented. Evaluation of distal puises is necessary to help 
rule out peripheral vascular disease and vascular claudica¬ 
tion. Bilateral absence of Achilles tendon reflexes may be an 
indicator of peripheral neuropathy. Flattening of the lumbar 
spine represents degenerative change, and a lumbar promi¬ 
nence on forward bending accentuâtes the convexity of a 
coronal deformity. Sagittal and coronal balance should be 
estimated clinically. When contemplating any decompressive 
or stabilizing procedure, correction of the entire degenera¬ 
tive scoliotic segment must be considered because of sagittal 
or coronal decompensation. 

ANATOMY AND BIOMECHANICS 

Adult scoliosis shares most of the anatomie features of idio¬ 
pathic adolescent scoliosis. Unique to adult patients with sco¬ 
liosis are the diminished elasticity of the ligamentous 







structures and the narrowing of dise spaces that combine to 
stiffen primary and secondary or compensatory curves. 
Osteopenia also must be considered in older patients, espe- 
cially in patients with risk factors for osteoporosis, such as 
glucoid use, postmenopausal status, and a personal or family 
history of fragility fractures. 

The biomechanics of the bone-implant interface must be 
considered if long instrumentation constructs are used, espe- 
cially when extended to the sacrum. Because of the long lever 
arm produced in long deformity constructs and the relatively 
poor fixation obtained in the sacrum, SI screws hâve a high 
likelihood of biomechanical failure if not protected. To obtain 
purchase anterior to the biomechanical pivot point at the 
anterior sacrum, many surgeons choose iliac instrumenta¬ 
tion. The two most commonly used modem instrumentation 
options for protecting the SI screws are iliac screws and 
S2-alar-iliac (SAI) screws. Iliac screws provide strong fixation 
and ease of insertion with the potential risk of hardware 
prominence and the theoretical technical difficulty of rod 
alignment with the SI screws. SAI screws somewhat mitigate 
the hardware prominence and rod alignment issues of tradi- 
tional iliac screws. Fixation can be augmented with a load- 
sharing structural interbody fusion device. The most 
significant biomechanical increase in posterior instrumenta¬ 
tion strength is with the addition of the iliac screws. The 
superiority of any of these techniques has not been estab- 
lished, and the surgeons expérience and preference déter¬ 
mine the choice. 

Finally, osteoporosis is a significant considération in the 
treatment of these patients. Although there is no cause-and- 
effect relationship between bone density and degenerative 
scoliosis, these patients usually are older and more predis- 
posed to osteoporosis. Compression fractures and compro- 
mised operative fixation may complicate the treatment of 
patients with concomitant disease. Attention should be paid 
to the optimization of bone metabolism and bone density 
before any major spinal deformity surgery. If indicated, sup- 
plementary vitamin D and calcium should be started before 
surgery and continued afferward throughout the phases of 
bone healing. 

DIAGNOSTIC IMAGING 
■ RADIOGRAPHY 

For both idiopathic and degenerative scoliosis, standing 
radiographs on 36-inch cassettes must be obtained and scru- 
tinized for coronal and, more important, sagittal balance. It 
is critical for this to be conducted in a standardized fashion. 
Patients should be instructed to stand in a neutral upright 
position with the hips and knees comfortably extended and 
the fingers on the clavicles (shoulders at 45 degrees of forward 
élévation). Latéral bending radiographs over a foam fulcrum 
are idéal for assessing flexibility, although standard maximal 
effort bending films offen suffice. Offen, simple prone radio¬ 
graphs give a good estimate of sagittal and coronal alignment 
that can be found intraoperatively. For sagittal deformities, 
appropriate fulcrum bending films can be obtained to déter¬ 
mine flexibility. Push prone views, as described by Klein- 
mann et al. and Vedantam et al., are useful in determining 
the response of the lowest instrumented vertebra to instru¬ 
mentation. With degenerative scoliosis, degenerative dise 
changes and flattening of the normal lumbar lordosis are 


présent. With both degenerative and idiopathic scoliosis, 
rotary subluxation may be évident in some patients, with 
latéral olisthesis of varying degrees. 

■ COMPUTED TOMOGRAPHIC MYELOGRAPHY 
AND MAGNETIC RESONANCE IMAGING 

By providing information regarding central, latéral recess, 
and foraminal stenosis, MRI is very useful in the preoperative 
évaluation of adult patients with spinal deformity. In addi¬ 
tion, dise hydration and excessive facet degeneration are 
useful pièces of information provided by T2-weighted 
sequences that may influence whether surgery stops at or 
includes a lower degenerative segment. The degree of desic- 
cation of the L5-S1 dise should prompt extra considération 
to end at the adjacent dise above or include the degenerative 
segment. Adjacent segment pathology is common, and in 
older patients it may be prudent to include such diseased 
dises. 

CT myelogram can be used instead of MRI in patients 
with contraindications (such as a pacemaker); however, it is 
an invasive procedure and should not be used routinely. Non- 
myelogram CT scans can be useful in patients with extreme 
deformity or prior surgery. Finally, DICOM images from CT 
scans can be used by 3D printers to create life-size, three- 
dimensional models, which occasionally can be useful for 
surgical planning in severe deformities. 

NONOPERATIVE TREATMENT 

Recent studies hâve called into question the value of nonop- 
erative care in adult scoliosis, given the high cost and lack of 
improvement in outcome measures. However, given the 
potential morbidity of surgical treatment, we believe that 
attempting traditional methods of nonoperative treatment of 
back and leg pain are appropriate in patients with adult sco¬ 
liosis. Orthoses may be helpful for the relief of axial degenera¬ 
tive symptoms. Intermittent use of a soft thoracolumbosacral 
orthosis (TLSO) is better tolerated than use of a rigid TLSO 
by older, often endomorphic, patients. The orthosis should be 
worn during symptomatic periods and kept to a minimum 
otherwise. Correction of deformity or prévention of progres¬ 
sion of these curves is impossible, and an orthosis is used only 
for the management of symptoms; the patient should be 
aware of the treatment goals. Physical therapy should be con¬ 
tinued in addition to bracing, with the ultimate goal of para- 
spinal strengthening and subséquent core stabilization that 
allow the brace to be discarded. Cognitive behavioral therapy 
is another key aspect of the patient with chronic pain that 
should not be overlooked. 

OPERATIVE TREATMENT 

When adéquate nonoperative treatment has failed in a patient 
with unremitting symptoms or radiographie progression, 
surgery should be considered. Curves of more than 50 degrees 
with documented progression, loss of pulmonary function 
(believed to be caused by the scoliosis when curves exceed 60 
degrees), progressive neurologie changes, and significant 
coronal or sagittal decompensation are relative indications for 
surgery. Cosmetic considérations are a genuine concern for 
patients as well and may play a small rôle in operative 
decision-making. The goal of surgery is to maintain a bal- 
anced spine, with the head centered over the pelvis, while 
fusing the minimum number of segments possible. 
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Although improvement radiographically and clinically 
can be expected with operative treatment, the overall inci¬ 
dence of complications has been reported to be from 13% to 
40% and the incidence of pseudarthrosis is 13% to 17%. 
Several authors hâve noted that although elderly patients hâve 
the greatest risk of complications, they show greater improve¬ 
ment in pain and disability compared with younger patients. 
Révision rates are relatively low. 

A spinal implant should be used that allows segmentai 
placement of screws and allows iliac fixation. If fusion of the 
lumbosacral joint is anticipated, interbody fusion has tradi- 
tionally been obtained with allograff or fusion cages that are 
eut to maintain the normal segmentai lordotic dise align- 
ment. The use of cell-saver autotransfusion is encouraged. 
Spinal cord monitoring should include somatosensory and 
transcranial motor evoked potentials. If useful data are 
obtained and maintained with somatosensory and motor 
evoked potentials, wake-up testing is unnecessary until the 
conclusion of the surgery. If pedicle screws are used below 
T8, pedicle screw stimulation can be useful to confirm proper 
placement. Although we find free-hand pedicle screw tech¬ 
nique to be safe and to reduce patient and surgical team 
radiation exposure, some surgeons may not be comfortable 
with this. Fluoroscopy or computer-aided navigation 
enhances the use of anatomie landmarks and is helpful for 
some surgeons, especially in the setting of deformity and 
prior fusion. Regardless, this surgery is complex and has an 
extended récupération period, with a significant risk of com¬ 
plications, which the patient must understand when opera¬ 
tive treatment is chosen. 

■ DECOMPRESSION IN DEGENERATIVE 
SCOLIOSIS 

Décompression alone is a viable option for a patient with 
symptomatic spinal stenosis and minimal kyphosis, a neutral 
sagittal vertical axis, and no instability on dynamic imaging. 
Attempts should be made to avoid destabilizing the spine 
during décompression, and fusion should be done if more 
than 50% of either facets or an entire facet is resected. Degen- 
erative scoliosis should be considered the coronal variant of 
spondylolisthesis; if the ligamentous structures are violated 
and facet and dise resections are necessary, fusion should be 
considered. Décompression alone is inadéquate if claudica- 
tory leg symptoms originate from foraminal stenosis within 
the concavity of a degenerative curve. Transfeldt et al. found 
a higher complication rate in patients with full curve fusion 
and less improvement in the Oswestry Disability Index than 
in patients with décompression alone. 

■ POSTERIOR INSTRUMENTATION AND FUSION 
I IDIOPATHIC SCOLIOSIS 

Patients with flexible idiopathic curves of less than 70 degrees 
and no significant kyphosis or decompensation are candi¬ 
dates for posterior instrumentation and fusion alone. This 
can be done with numerous instrumentation Systems and 
techniques (see Chapter 44). The idéal candidate for a poste¬ 
rior procedure has a smaller, flexible curve; hypokyphosis; 
and a flexible compensatory lumbar curve. Posterior proce¬ 
dures also are an appropriate choice for a King type V or 
Lenke subclass 2 or 4 structural upper thoracic curve. Similar 
correction clinically and radiographically has been reported 
with posterior-only approaches compared with combined 


anterior and posterior procedures, with the advantages of 
decreased blood loss, anesthésia, and operative time. 

Standard posterior approaches are used, and instrumen¬ 
tation may include hooks, wires, or screws for curve correc¬ 
tion. The current trend involves the use of all-pedicle screw 
constructs for deformity correction because of the segmentai 
fixation that is obtained and the three-column control that is 
provided by a pedicle screw placed into the vertébral body. 
With this fixation, derotation may be possible to some extent 
during the correction maneuver. Another benefit of the use 
of pedicle screws is the extraspinal placement of implants, 
which avoids the space-occupying phenomenon created by 
hooks or wires placed within the spinal canal. Finally, the 
cortical fixation of a screw through the pedicle is superior 
biomechanically to hook fixation, which makes this tech¬ 
nique appealing for an osteoporotic adult spine. These ben- 
efits are not without risks, however, and the primary concern 
is pedicle screw malposition that affects the great vessels or 
the spinal cord, dura, or nerve roots. When done by surgeons 
with proper training, pedicle screw placement so far has 
been safe and effective for the treatment of adult scoliosis; 
however, it is wise to discuss procedures in detail with 
patients before surgery and to explain the inhérent risks 
involved. 

Sélection of fusion levels is similar to that in adolescent 
scoliosis patients. The goal of surgery is a balanced spine with 
the head centered over the pelvis in the sagittal and coronal 
planes. Fusion should be from stable vertebra to stable verte- 
bra, unless pedicle screw instrumentation is used, and fusion 
can safely be stopped short of the stable vertebra. For curves 
with features similar to King types II and V curves without 
severe kyphosis, pedicle screw fixation seems idéal. This tech¬ 
nique allows fusion of the curve from end vertebra to end 
vertebra, which can save one to three fusion levels distally in 
some patients compared with typical hook constructs. In 
adults, flexibility of the compensatory curve must be consid¬ 
ered more than in adolescents with scoliosis because overcor- 
rection of the thoracic curve in a spine with a relatively 
inflexible lumbar curve results in decompensation and an 
unsatisfactory resuit. It is prudent to apply only a conserva¬ 
tive amount of correction that can be accommodated by the 
compensatory curve so that normal balance is restored and 
further progression is halted. The amount of correction that 
can be obtained is estimated from preoperative bending films. 

Avoiding a flatback deformity during posterior distrac¬ 
tion is mandatory because this deformity is much easier to 
prevent than to treat. Nonetheless, because of pseudarthrosis, 
implant failure, transition syndromes, adjacent level fracture, 
patient positioning, and other technical reasons, flatback 
deformity can occur in some patients under the best of cir- 
cumstances. Concave distraction of the lumbar spine, espe¬ 
cially beyond L2, should be avoided because this maneuver 
is kyphogenic. Segmentai instrumentation allows différéntial 
correction along the same rod, which is helpful in preventing 
flatback deformity and shoulder decompensation. Avoiding 
distraction, or even applying some convex compression, 
along with precontouring the rods into lordosis helps to 
maintain normal lumbar alignment. 

I DEGENERATIVE SCOLIOSIS 

In a patient with a flexible spine and mild-to-moderate sco¬ 
liosis, symptomatic spinal stenosis is treated with traditional 
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décompression. Occasionally, facetectomy or partial pedicle 
resection is necessary to decompress symptomatic nerve 
roots. In this situation, posterior intertransverse fusion is rec- 
ommended. If laxity is présent, instrumentation should 
extend from neutral and stable vertebrae at each end of the 
construct. Ending the instrumented fusion at a level of 
kyphosis potentiates adjacent segment changes and may 
resuit in a proximal junctional kyphosis, which remains a 
particularly vexing problem for deformity surgeons. Rotary 
subluxation also can occur after décompression alone in the 
presence of unstable degenerative scoliosis. The fusion should 
end at a neutrally rotated, level, and stable end vertebra and 
should restore sagittal and coronal balance. Care should be 
taken to avoid stopping instrumentation and fusion at any 
apical segments or at the apex of a kyphosis or scoliosis 
because this créâtes deformity later. 

■ ANTERIOR SPINAL INSTRUMENTATION 
AND FUSION 

Deformity correction through an anterior approach is 
described in Chapter 44, but it warrants mention here because 
anterior instrumentation and fusion with third-generation 
implants hâve given excellent deformity correction in adults 
and hâve not caused significant problems with kyphosis as 
did the early Zielke and Dwyer implants. With single-rod or 
double-rod implant Systems and structural graffs, anterior 
deformity correction is a viable alternative for lumbar and 
thoracolumbar curves because it allows short segment cor¬ 
rection of flexible curves. Primary thoracic curves with flex¬ 
ible and compensatory lumbar curves in adults also can be 
treated effectively with anterior fusion. Correction must be 
appropriate, however, for the ability of the lumbar curve to 
compensate; overcorrection in adults results in more decom- 
pensation than in the flexible spines of children with scoliosis. 
Also, as in pédiatrie deformities, strict attention must be paid 
to the upper thoracic spinal segment from Tl or T2 to T6 to 
prevent shoulder asymmetry owing to a structural upper tho¬ 
racic curve. An upper thoracic curve is a relative contraindi- 
cation for anterior spinal instrumentation and fusion unless 
measures are taken to allow persistent tilt of the cephalad end 
vertebra, which would allow the upper thoracic curve to 
remain balanced. Anterior interbody fusion, either from a 
direct anterior or far latéral approach, can be especially 
helpful in restoring lordosis and indirectly decompressing 
foraminal stenosis in degenerative scoliosis but usually 
requires additional posterior stabilization. 

■ POSTOPERATIVE MANAGEMENT 

Patients are commonly monitored overnight in the intensive 
care unit with frequent neurologie évaluations and observa¬ 
tion to prevent complications associated with fluid shifts, 
which occur after such long procedures. Sitting is encouraged 
the day after surgery, and formai physical therapy is initiated. 
Walking as tolerated is encouraged with assistance until inde- 
pendent ambulation is achieved. With modem pedicle screw 
constructs, a thoracolumbar orthosis generally is not neces¬ 
sary. The Foley cathéter is removed when the patient is able 
to get to a bedside commode with minimal assistance. Anti¬ 
biotics can be discontinued when drains are pulled or at 24 
hours postoperatively, depending on surgeon preference, and 
oral narcotic analgésies usually are well tolerated by the third 
day after surgery. Pneumatic leg compression devices are used 


as prophylaxis against deep vein thrombosis because of the 
possible risk of épidural hematoma associated with pharma¬ 
cologie agents. These are discontinued when the patient is 
fully independent with ambulation. Nonsteroidal antiinflam- 
matory médications are avoided for 3 months postoperatively 
because of their potential inhibitory effect on fusion. 

■ COMBINED ANTERIOR AND 
POSTERIOR FUSIONS 

For a rigid curve of more than 70 degrees or a curve that is 
decompensated sagittally or coronally, or for instrumentation 
that crosses the lumbosacral joint, a combined approach can 
be more powerful. For severe rigid thoracic deformities of 
more than 100 degrees, which often are associated with trans¬ 
lation of the trunk of more than 4 to 6 cm anterior or latéral 
to the pelvis, Boachie-Adjei and Bradford showed that verte- 
brectomy, as a combined or staged procedure, was effective 
in achieving spinal balance. It is préférable to complété com¬ 
bined procedures, if possible, under a single anesthésia 
because this results in fewer complications and a shorter hos- 
pitalization; however, if any portion of the procedure is unex- 
pectedly long, blood loss is excessive, or a patient is unable to 
tolerate continuation of the procedure, it is prudent to post- 
pone the second stage of the procedure. Parentéral nutrition 
between stages is recommended because patients often 
develop a postoperative iléus and do not tolerate enterai 
nutrition. 

When a combined procedure is used, the first stage 
usually includes anterior release, discectomy, and fusion of 
the primary curve. If instrumentation is extended to the lum¬ 
bosacral joint, interbody fusion is advisable at L4-5 and 
L5-S1, with structural grafting of these dises to maintain lor¬ 
dosis, improve fusion rates, and decrease stresses on the pos¬ 
terior implants. Morselized bone graff is placed in the thoracic 
dise spaces and usually consists of the rib excised for the 
exposure. Supplémentai bone graff can be obtained from the 
inner table of the anterior iliac crest if the rib is small or 
osteoporotic. Instrumentation may or may not be necessary 
during the anterior portion of the procedure and is placed at 
the surgeons discrétion. 

After anterior release and fusion, posterior instrumenta¬ 
tion and fusion are done, with segmentai fixation from stable 
vertebra to stable vertebra. Care is taken to avoid ending an 
instrumentation construct at the apex of a curve in either the 
coronal or the sagittal plane because of the risk of later 
decompensation. It also is prudent to include any dise level 
with severe degenerative changes, especially in degenerative 
deformities. 

Boachie-Adjei and Cunningham reported the use of a 
hybrid approach consisting of limited anterior and overlap- 
ping posterior instrumentation for adult thoracolumbar and 
lumbar scoliosis. They noted 59% and 68% correction in tho¬ 
racolumbar and lumbar curves, respectively. 


PEDICLE SUBTRACTION OSTEOTOMY 

This is a very useful technique for correction of sagittal 
imbalance when performed below the level of the conus. 
It can achieve greater correction than Smith-Petersen type 
ostéotomies alone and may be necessary in the setting of 
sagittal imbalance in a previously fused spine. 
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TECHNIQUE 39-29 


(BRIDWELL ET AL.) 

■ Pedicle screws should be placed as the first step. We 
prefer using a freehand technique whenever possible to 
reduce radiation exposure to the operative team and 
patient. 

■ Extend the central laminectomy to include ail posterior 
éléments, using Leksell and Kerrison rongeurs and ostéo¬ 
tomies as much as possible to save bone graft material. 
This posterior element resection is, in essence, a Smith- 
Petersen osteotomy above and below the pedicles that 
are to be resected (Fig. 39-60A). 

■ Use an osteotome to create the transverse process 
osteotomy. 

■ Resectthe pedicle itself with a Leksell rongeur, high speed 
burr, or both. 

■ Carefully dissect along the vertébral wall with a small 
Cobb or Penfield elevator to avoid injuring the segmentai 
vessels. Place specialized spoon retractors along the 
latéral aspect of the vertébral body. 

■ To make the osteotomy, a decancellation or sharp oste¬ 
otomy technique can be used. Using an osteotome pro¬ 
vides better control of the geometry of the osteotomy, 
thereby affording more précisé and greater correction. 
Commercial osteotomy guides can guide the amount of 
resection required to achieve the desired angular correc¬ 
tion. It is critical during this step to avoid iatrogénie injury, 
via stretch or direct sharp injury, to the durai sac and nerve 
roots. This is best accomplished with a nerve root retrac- 
tor and a no. 4 Penfield. 

■ Before the osteotomy is completed, a temporary rod can 
be placed to allow for controlled closure. 

■ Once the posterior vertébral wall is sufficiently thinned, 
use specialized impactors to impact the posterior body 
wall into the defect. It is critical to ensure that the durai 
sac is free of adhesions at this point. 

■ With a high-speed drill, resect the latéral vertébral wall, 
taking care to avoid injury to the nerve roots and durai 
sac. Alternative^, a thin Leksell rongeur can be used. 

■ Close the osteotomy by applying compression or cantile- 
ver bending maneuvers to the spine. During this process, 
it is critical to make sure that the décompression is wide 


enough above and below to avoid injury or iatrogénie 
stenosis to the durai sac. 


■ OTHER TECHNIQUES 

The newest génération of implants can be used to treat most 
deformities, allowing instrumentation of ail thoracic levels 
down to the sacrum and pelvis. Approaches and techniques 
generally hâve remained the same, however. Pedicle screw 
instrumentation has been used in ail levels in the treatment 
of spinal deformities, with excellent clinical and radiographie 
results. For lumbar curves, pedicle screw instrumentation is 
applied to the convexity and compressed to create lordosis; 
for typical thoracic curves, the pedicle screws are applied to 
the concavity of the deformity and distracted to restore 
kyphosis. Any compensatory curves must be treated appro- 
priately with compression where lordosis is required and with 
distraction where kyphosis is desired. Upper thoracic curves 
are controlled by compression of the convexity because most 
of these curves also are kyphotic. 

Computer-navigation devices can be a helpful technique 
in the placement of pedicle screws; however, given the addi- 
tional setup time required and the safety and ease of freehand 
techniques, we typically reserve navigation for placement of 
pedicle screws across a fusion mass that has lost ail anatomie 
landmarks. This technique initially was used with CT and 
MRI but more recently has been used with fluoroscopy Fluo- 
roscopy has the advantage of “real-time” images that are not 
dépendent on patient position and are not subject to as much 
error from motion as are CT and MRI. These technologies 
can confirm anatomie relationships and, although expensive, 
are being used more frequently. Scheufler et al. reported that 
intraoperative biplanar fluoroscopy and CT-guided naviga¬ 
tion significantly facilitated correction and instrumentation 
while reducing radiation exposure to the surgeon in less- 
invasive décompression and fusion procedures. 

For skilled endoscopie spinal surgeons, video-assisted 
thoracoscopie surgery provides excellent visualization 
through relatively small incisions with the potential to 
decrease blood loss, postoperative pain, periscapular winging, 
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and pulmonary dysfunction. The learning curve is very steep, 
however, with initial procedures taking a good deal longer 
than a typical thoracotomy. This technique requires double 
lumen intubation and places increased demands on the anes¬ 
thésia staff. Although video-assisted thoracoscopie surgery 
continues to develop, the options for its use in anterior instru¬ 
mentation are still limited. In adult patients with spinal defor- 
mity, in whom osteoporosis and osteopenia are prévalent, 
structural grafts may be more difficult to place endoscopically, 
limiting the application of video-assisted thoracoscopie 
surgery 

Direct latéral or far latéral approaches to the interbody 
space in the lumbar spine are especially useful for degenera- 
tive scoliosis. These techniques allow for complété dise resec¬ 
tion with a bony bed for fusion, excellent correction of 
coronal deformities, and very good indirect décompression 
of foraminal stenosis caused by degenerative changes and 
scoliotic foraminal compression. These are not typically done 
as stand-alone procedures and deformity corrections benefit 
from the addition of posterior pedicle screw instrumentation, 
which can be done posteriorly if the posterior fusion is 
omitted. 

Anand et al. reported that minimally invasive multilevel 
percutaneous correction and fusion through a direct latéral 
transpsoas approach allowed multisegment correction with 
less blood loss and morbidity than an open approach. 
Reported complications of combined transpsoas extreme 
latéral interbody fusion and posterior pedicle screw instru¬ 
mentation hâve included intraoperative bowel injury, motor 
radiculopathy, and postoperative thigh paresthesias or dyses- 
thesias. The rate of major complications after a far latéral 
approach in one study, however, compared favorably to that 
of other procedures (12%). For these reasons, we commonly 
perform multilevel latéral interbody fusion and/or anterior 
interbody fusion as the first stage of adult deformity fusion 
surgery. 

ILIAC FIXATION 

Modem instrumentation techniques for correction of spinal 
deformity in adult patients often include iliac fixation. These 
large (> 8.0 mm diameter) and very long (> 80 mm) screws 
obtain purchase anterior to the lumbosacral pivot point. This 
créâtes a more rigid construct and unloads the SI screws, 
which, even with tricortical purchase, can be prone to loosen- 
ing and even fracture. Iliac fixation should be considered 
when fusion constructs extend proximally to L3 or beyond 
and when there is insufficient sacral fixation, significant 
sagittal or coronal imbalance that requires correction, L5 
or SI defects from tumor or infection, or an L5-S1 
pseudarthrosis. 

Although many iliac fixation techniques hâve been devel- 
oped, currently the two most popular choices are iliac screws 
and S2-alar-iliac screws (S2AI). Traditional iliac screws 
involve placing a screw from the posterior superior iliac spine 
(PSIS) toward the anterior superior iliac spine (ASIS). This 
screw can be safely placed freehand or with the use of intra¬ 
operative fluoroscopy. However, there are two distinct disad- 
vantagesofthis technique: (1) symptomatic screw prominence 
and (2) difficulty with aligning the iliac screw tulip with the 
SI tulip without the use of an offset connector. Alternatively, 
the S2AI screw obviâtes both of these issues by starting more 
medially and distally, between the SI and S2 foramen, 


Classification of Coccydynia 


Based on Etiology 

■ Idiopathic 

■ Traumatic 

Based on Pathology 

■ Degeneration of the sacrococcygeal and intercoccygeal 
dise and joints 

■ Morphology of the coccyx: types II, III, IV, presence of a 
bony spiculé and coccygeal rétroversion 

■ Mobility of the coccyx: hypermobile or posterior 
subluxation 

■ Referred pain: lumbar pathology or arachnoiditis of the 
sacral nerve roots, spasm of the pelvic floor muscles, 
inflammation of the pericoccygeal soft tissues 

■ Other: neoplasm, crystal deposits, infection, somatization 
or neurosis 

Based on Coccygeal Morphology 

■ Type I—curved gently forward 

■ Type II—marked curve with apex pointing straight forward 

■ Type III—angled forward sharply between the first and 
second or second and third segments 

■ Type IV—anteriorly subluxed at the level of the sacrococ¬ 
cygeal joint or first or second intercoccygeal joint 

■ Type V—coccygeal rétroversion with spiculé 

■ Type VI—scoliotic deformity 

(Modified from Nathan ST, Fisher BE, Roberts CS: Coccydynia: a review of patho- 
anatomy, aetiology, treatment and outcome, J Bone Joint Surg 92B:1622, 2010. 
Copyright British Editorial Society of Bone and Joint Surgery.) 


extending through the SI joint, and obtaining purchase in the 
ilium. Early expérience with the S2AI screws suggest they 
cause fewer symptomatic hardware issues requiring removal. 
Adult deformity surgeons should be able to place both types 
of iliac fixation in case anatomie or hardware issues preclude 
one option. 

COCCYGEAL PAIN 

Pain in the région of the coccyx is referred to as coccydynia 
or coccygodynia. Although the literature indicates that this is 
a rare disorder, physicians in our group who specialize in 
spine care evaluate and treat several cases of coccygeal pain 
every year. 

The most common causes of coccydynia that we hâve 
observed in our practice are a single direct axial trauma, such 
as falling directly on the coccyx, and a subtle form of cumula¬ 
tive trauma that occurs as a resuit of long periods of sitting 
awkwardly. As with other musculoskeletal disorders, however, 
other causes need to be considered (Box 39-8). In the absence 
of any obvious pathologie changes involving the coccyx, coc¬ 
cygeal pain is classified as idiopathic and may actually be the 
resuit of spasticity or abnormalities affecting the musculature 
of the pelvic floor. 

Body mass index appears to correlate with different 
coccygeal configurations (Table 39-12) and different coccy¬ 
geal lésions. Obese patients hâve mainly posterior sublux¬ 
ation, normal-weight patients hâve mainly a hypermobile or 
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TABLE 39-12 

Frequency of Different Coccygeal Lésions Correlated With Patient Body Mass Index (BMI) 



POSTERIOR LUXATION 

ANTERIOR LUXATION 

HYPERMOBILITY 

SPICULE 

NORMAL COCCYX 

Obese patients BMI > 27.4 

51% 

4% 

27% 

2% 

16% 

Normal-weight patients BMI 
19.5 to < 27.4 

15% 

6% 

30% 

16% 

33% 

Thin patients BMI < 19.5 

4% 

4% 

15% 

29% 

48% 


(Modified from Maigne JY, Doursounian L, Chatellier G: Causes and mechanisms of common coccydynia: rôle of body mass index and coccygeal trauma, Spine (Phila 
Pa) 25:3072, 2000.) 



Evaluation of coccygeal mobility. A f Standing radiograph. B f Sitting radiograph shows flexion of the coccyx. C f Super- 
imposition of sitting radiograph on standing radiograph, matching the sacrum by pivoting the sitting film through an angle represent- 
ing sagittal pelvic rotation (angle 1 = angle of rotation). Coccygeal mobility is indicated by angle 2 (angle of mobility). Angle 3 is the 
angle at which the coccyx strikes the seat surface (angle of incidence). 


radiographically normal coccyx, and thin patients hâve 
mainly anterior subluxation and spiculés. 

The most common presenting complaint is pain in and 
around the coccyx without significant low-back pain or radia¬ 
tion or referral of pain. Typically, the pain is associated with 
sitting and is exacerbated when rising from a seated position. 
Palpation in the région of the coccyx may reveal localized 
tenderness and swelling. Although coccydynia is a clinical 
diagnosis, imaging studies are helpful in the évaluation. 
Radiographs obtained with the patient sitting and standing 
are most useful because they allow measurement of the sagit¬ 
tal rotation of the pelvis and the coccygeal angle of incidence 
(Fig. 39-61). Advanced imaging studies, such as MRI and 
technetium-99 m bone scans, may demonstrate inflamma¬ 
tion of the sacrococcygeal area, indicating coccygeal hyper- 
mobility, and are helpful to rule out some forms of underlying 
pathology such as chordoma. 

Nonsurgical methods such as NSAIDs and use of a donut 
cushion remain the standard initial treatment for coccydynia 
and are successful in approximately 90% of patients. When 
these methods fail to relieve pain, we hâve had success in 
reducing or eliminating coccygeal pain with the injection of 
a local anesthetic and corticosteroids under fluoroscopie 
guidance. Although there is no clear consensus in the litera- 
ture regarding the exact site of injection, we generally target 
the vestigial dise at the point of maximal tenderness over the 
coccyx. 


COCCYGEAL INJECTION 
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■Place the patient prone on a pain management table, 
with the legs slightly abducted and the feet "pigeon- 
toed" in. 

■Aseptically préparé the skin area from the lumbosacral 
junction to the coccyx with isopropyl alcohol and 
povidone-iodine. Drape the area in stérile fashion. 

■ Adjust the C-arm to an anteroposterior projection to visu- 
alize the coccyx. Insert a 22-gauge, 3.5-inch spinal needle 
with the bevel facing ventrally in the midline. 

■ A latéral fluoroscopie image can be used to confirm the 
depth of the needle. Great care must be taken to prevent 
overinsertion because of the proximity of the rectum to 
the ventral surface of the coccyx. 

■ The needle should be inserted down to the point of 
maximal tenderness on the coccyx, which will radiograph¬ 
ically correlate with a vestigial dise segment. The goal is 
to dock the needle on the painful vestigial dise in the 
midline. 

■ Once the needle is docked, remove the stylet and aspirate 
to check for blood. If blood is not évident, inject 0.5 mL 
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9 of nonionic contract dye to confirm placement. When the 
correct contrast pattern is obtained, slowly inject a 5-mL 
volume consisting of 2 mL of 1 :1 preservative-free lido- 
caine without epinephrine and 3 mL of 6 mg/mL Cele- 
stone Soluspan. 


Excision of the mobile segment or total coccygectomy may 
be indicated for patients in whom conservative manage¬ 
ment fails, especially those with radiographie evidence of 
hypermobility or subluxation; success rates ranging from 
60% to 91% hâve been reported in this group of patients. 
Outcomes of surgery are not as good in patients with 
normal coccygeal mobility. Excision is considered only if 
the patient gets relief of the coccygeal pain that corresponds 
to the duration of the local anesthetic at a minimum. If the 
local anesthetic yield no relief, then resection of the coccyx 
is unlikely to as well. 
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GENERAL INFORMATION 

Spondylolisthesis is a descriptive term derived from the 
Greek spondylo (spine) and olisthesis (slip) and was first 
described by Herbinaux, an obstetrician, in 1782. The varied 
étiologies of spondylolisthesis hâve been classified by Wiltse. 
The common feature of the various types is anterior transla¬ 
tion of the cephalad vertebra relative to the adjacent caudal 
segment. The biomechanical force causing this translation 
is the anteriorly directed vector created by the contraction 
of the posteriorly located erector spinae muscles, coupled 
with the force of gravity acting on the upper body mass 
through the lordotic lumbar spine and lumbosacral junction, 
which explains why this deformity is not seen in children 
before they are ambulatory. For spondylolisthesis to occur 
there must be a failure of anatomie structure(s) that normally 
resist this anteriorly directed force. These structures include 
the facets, annulus fibrosus, posterior bony arch, and pedicles. 
Symptoms of spondylolisthesis include axial pain, neurogenic 
claudication, radiculopathy, and even cauda equina syndrome. 
In addition, the deformity associated with spondylolisthesis 
can range from not clinically apparent to severe with signifi- 
cant sagittal imbalance and associated truncal shortening. 

ETIOLOGY 

Wiltse initially described five different étiologies of spondy- 
lolisthesis and later added iatrogénie instability as a sixth type. 
The most common types are dysplastic, isthmic, and degen- 
erative. In a radiographie study over a 25-year period, Fred- 
rickson et al. found that 92% of children with spondylolysis 
also had dysplastic features of the lumbar spine, specifically 
spina bifida occulta, which persisted into adulthood in 70%. 

Congénital malformations of the posterior éléments, 
especially élongation of the pars interarticularis and spina 
bifida occulta, can significantly compromise the ability of the 


posterior bony éléments to resist the anteriorly directed forces 
applied to the spine can hâve this conséquence. Even though 
these anomalies are présent at birth the spondylolisthesis 
does not occur until affer the child is able to ambulate, which 
causes the anteriorly directed force to be generated. As the 
forces increase with growth, the annulus is unable to restrain 
the caudal-ventral force, which leads to the development 
of the spondylolisthesis. As the anterior translation occurs 
progressively, severe spinal stenosis can resuit with variable 
neurologie sequelae. 

Fracture of the pars interarticularis results in an isthmic 
type of spondylolisthesis. Development of a pars interarticu¬ 
laris stress fracture is the most common reason for a spondy¬ 
lolysis. Less commonly, fatigue fracture with healing and 
résultant élongation of the pars or acute traumatic pars fracture 
can resuit in an isthmic spondylolisthesis. The incidence of 
spondylolysis is 0% at birth and increases to 7% by âge 18. Most 
people with spondylolysis will develop a grade 1 slip over time. 
Longitudinal studies to evaluate the risk factors for developing 
a high-grade (greater than 50%) slip hâve identified several 
radiographie factors of importance, including dise degenera- 
tion, high slip angle, and increased pelvic incidence. It remains 
unclear which, if any, of these findings may actually cause slip 
progression and which may resuit from it. 

Degenerative spondylolisthesis occurs as a resuit of the 
degenerative cascade as described by Kirkaldy-Willis. The 
loss of dise height allows the cephalad vertebra to translate 
anteriorly. The associated hypertrophie facet and ligamentous 
changes resuit in spinal stenosis centrally and in the latéral 
recess more so than in other types of spondylolisthesis 
(Fig. 40-1). 

CLASSIFICATION 

Two classification Systems are most commonly used to 
describe spondylolisthesis. The Wiltse classification describes 
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Degenerative spondylolisthesis with spinal stenosis. A f Sagittal CT. B, On axial view, note hypertrophie facet and liga- 
mentum flavum (right arrow) and facet effusions (left arrow) indicating dynamic instability. 



Classification of Spondylolisthesis (Wiltse et al.) 


Type I, dysplastic —Congénital abnormalities of the upper 
sacral facets or inferior facets of the fifth lumbar vertebra 
that allow slipping of L5 to SI. No pars interarticularis 
defect is présent in this type. 

Type II, isthmic —Defect in pars interarticularis allows 
forward slipping of L5 on SI. Three types of isthmic 
spondylolistheses are recognized: 

■ Stress fracture of pars interarticularis (lytic) 

■ Elongated but intact pars interarticularis 

■ Acute fracture of pars interarticularis 

Type III, degenerative —Intersegmental instability of long 
duration with subséquent remodeling of the articular 
processes at the level of involvement 
Type IV, traumatic —Fractures in the area of the bony hook 
other than the pars interarticularis, such as the pedicle, 
lamina, or facet 

Type V, pathologie —Generalized or localized bone 
disease and structural weakness of the bone, such as 
osteogenesis imperfecta 


six types of spondylolisthesis based on the location of the 
deficiency of the posterior éléments that allows the listhesis 
to occur (Box 40-1). The other classification System in 
common usage was developed by Marchetti and Bartolozzi 
and divides spondylolisthesis types into dysplastic and 
acquired types. In addition to classification Systems based 
primarily on etiology, Meyerding devised a widely used 
grading System based on the amount of translation at the 
affected level that provides an easily determined metric for 


the severity of the slip. This grading System divides the supe- 
rior endplate of the caudal vertebra into four equal portions. 
This allows for five possible grades, based on the position of 
the posterior wall of the cephalad vertébral body relative to 
the four segments of the superior endplate below (Table 40-1 
and Fig. 40-2). 

■ WILTSE CLASSIFICATION 
1 TYPE 1 DYSPLASTIC 

Malformation or dysplasia of the posterior éléments, particu- 
larly the pars or inferior facet of the cephalad vertebra or the 
superior facet of the caudal vertebra (or both), results in a loss 
of the normal buttressing effect to resist the anterior and 
caudally directed forces on the L5 vertebra as a resuit of 
gravity and contraction of the erector spinae muscles. This 
dysplasia most offen occurs at the lumbopelvic junction and 
affects the geometry of the sacrum and L5. In addition con¬ 
génital defects such as spina bifida or élongation of the pars 
can resuit in instability and résultant progressive slippage. 

1 TYPE 2 ISTHMIC 

The hallmark of this type is a defect in the pars interarticu¬ 
laris. This defect can be lytic, the resuit of a stress fracture 
(most common), attributed to bone remodeling of microfrac¬ 
tures resulting in an elongated pars, or an acute pars fracture. 
Isthmic spondylolisthesis offen occurs in children, adoles¬ 
cents, and young adults, but can occur into the fifth decade. 
Because of the cortical nature of the bone of the pars fracture 
healing potential is relatively poor. 

1 TYPE 3 DEGENERATIVE 

Degenerative spondylolisthesis is the most common type. 
It results from segmentai instability as a resuit of dise degen- 
eration and facet remodeling and thus occurs later in life. 
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Patients with degenerative spondylolisthesis are more likely 
to hâve a dynamic component to their deformity, meaning 
the amount of translation is affected by their body position. 
This type of listhesis is most common at the L4-L5 level, 
usually in women over 50 years of âge, particularly those of 
African descent. For patients with a dynamic component, it 
is important to obtain upright films, because the spondylolis¬ 
thesis may not be visible on supine imaging such as MRI. 


1 TYPE 6 IATROGENIC 

This type was added after the original description of the clas¬ 
sification. Iatrogénie spondylolisthesis occurs when there has 
been surgical treatment at the involved segment and the 
instability is the resuit of the surgical intervention. Most 
commonly this is as a resuit of transection of the pars with 
facetectomy or excessive pars thinning and subséquent frac¬ 
ture of the pars leading to instability. 


1 TYPE 4 TRAUMATIC 

This is an uncommon type of spondylolisthesis. Unlike the 
isthmic type, the fracture is not through the pars. Rather, it 
is through any other part of the posterior éléments, usually 
involving the pedicles or facets. These tend to be high-energy 
injuries. 

1 TYPE 5 PATHOLOGIC 

This also is an uncommon etiology involving a pathologie 
process that affects the posterior arch, such as infection or 
Paget disease, leading to instability at the affected segment. 


TABLE 40-1 


Meyerding Classification of Spondylolisthesis 

GRADE 

DISPLACEMENT* 

1 

0-25% 

II 

26-50% 

III 

51-75% 

IV 

76-100% 

V (spondyloptosis) 

> 100% 


*As measured on latéral radiograph, distance from the posterior edge of the 
superior vertébral body to the posterior edge of the adjacent inferior vertébral 
body; distance is reported as a percentage of the total superior vertébral body 
length. 


■ MARCHETTI-BARTOLOZZI CLASSIFICATION 

Marchetti and Bartolozzi subclassified the dysplastic type of 
spondylolisthesis into high dysplasia and low dysplasia types 
(Box 40-2). In the low dysplasia type, the SI endplate and the 
L5 vertébral body maintain a normal anatomie shape. In the 
high dysplasia type, the SI endplate becomes rounded and 
takes on a more trapezoidal shape of the L5 vertébral body. 
This System was first described in 1982 with a subséquent révi¬ 
sion in 1994. The purpose of the classification is to détermine 
what factors may predict progression of the spondylolisthesis 
and thereby direct treatment. This classification divides the 
presumed étiologies of spondylolisthesis into two categories: 
developmental, in which there is a morphologie abnormality 
of the anatomy, or acquired, in which the anatomy is normal 
and the deformity results from trauma, degeneration, or 
pathologie causes. 

I DEVELOPMENTAL SPONDYLOLISTHESIS 

The cardinal feature of this group is that there is some 
degree of dysplasia of the posterior éléments présent. This 
category is further divided into low dysplasia and high dys¬ 
plasia based on the severity of the anomalies présent, as 
indicated by the degree of kyphosis at the affected level and 
the slip angle. 

Developmental high dysplastic spondylolisthesis is charac- 
terized by major deficiencies of the posterior arches, interver¬ 
tébral dises, upper endplate of SI (which offen is rounded) 
and the body of L5, which is trapezoidal. The pars is offen 




FIGURE 


Meyerding grading of severity of slip in spondylolisthesis (see text). 
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Classification of Spondylolisthesis (Marchetti 
and Bartolozzi) 


Developmental 

High dysplastic 
With lysis 
With élongation 
Low dysplastic 
With lysis 
With élongation 

Acquired 

Traumatic 

Acute fracture 
Stress fracture 
Post surgery 
Direct surgery 
Indirect surgery 
Pathologie 

Local pathology 
Systemic pathology 
Degenerative 
Primary 
Secondary 

From deWald RL: Spondylolisthesis. In Bridwell KH, DeWald RL, editors: The 
textbook of spinal surgery, ed 3, Philadelphia, 2011, Lippincott Williams & Wilkins. 


elongated or lytic. In adolescents, the L5-S1 level is most 
commonly affected. Patients with this type of spondylolisthe¬ 
sis often hâve progression of the spondylolisthesis before 
adulthood. The risk of progression is directly proportional to 
the severity of dysplasia. 

In developmental low dysplastic spondylolisthesis , the L4 
and L5 bodies remain rectangular and the SI endplate remains 
fiat. Also there is no hyperlordosis and verticalization of the 
sacrum. Progression is less common and when présent is a 
small increase in translation and not an increase in kyphosis 
and slip angle. 

1 ACQUIRED TRAUMATIC SPONDYLOLISTHESIS 

This type is rare and results from significant trauma with frac¬ 
ture of the pars or other portions of the posterior éléments. 

I ACQUIRED POSTSURGICAL SPONDYLOLISTHESIS 

This type is subdivided into direct and indirect types. In the 
direct type, the instability is at the level of surgical interven¬ 
tion because of fracture or bony resection such as facetectomy. 
The indirect type occurs at a level adjacent to prior surgery 
such as a fusion. 

I ACQUIRED PATHOLOGIC SPONDYLOLISTHESIS 

This type results from pathologie processes affecting the 
integrity of the posterior éléments such as infection or Paget 
disease. 

I ACQUIRED DEGENERATIVE SPONDYLOLISTHESIS 

This occurs as a resuit of degenerative changes in the dise and 
facets without any disruption of the pars and occurs without 
a history of prior surgery. 



Balancée! pelvis 



Unbalanced pelvis 


229 Balancée! and unbalanced pelvis as described by 
Hresko et al. Balanced pelvis has a high sacral slope (red Unes) 
and low pelvic tilt (black Unes). Unbalanced pelvis has a low sacral 
slop and high pelvic tilt. (Redrawn from Tebet MA: Current concepts 
on the sagittal balance and classification of spondylolysis and spondy¬ 
lolisthesis, Rev Bras Orthop 49:3, 2014.) 



£9 Nomogram defining groups based on relation 
between pelvic tilt and sacral slope. (From Hresko MT, Labelle H, 
Roussouly P, Berthonnaud E: Classification of high-grade spondylolisthe- 
ses based on pelvic version and spine balance. Possible rational for 
réduction, Spine 32:2208, 2007.) 


The classification of Marchetti and Bartolozzi is most 
useful in evaluating patients who hâve developmental, high 
dysplastic spondylolisthesis. In this group, the relationship 
between pelvic incidence, sacral slope, and pelvic tilt is most 
relevant. The pelvis is either “balanced “ or “unbalanced” (Fig. 
40-3), and Hresko et al. developed a nomogram (Fig. 40-4) 
to help define each group based on the relation between 
pelvic tilt and sacral slope. 

RADIOGRAPHIC PELVIC PARAMETERS 

The relationship between spinopelvic alignment and spondy¬ 
lolisthesis has been an area of intense évaluation in recent 
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years. This is true for dysplastic spondylolisthesis as well as 
other types of spondylolisthesis. Ferrero et al. compared 654 
patients with degenerative spondylolisthesis with 709 asymp- 
tomatic matched volunteers and concluded that those with 
degenerative spondylolisthesis had increased pelvic incidence 
and that there were several subgroups based on C7 tilt, 
emphasizing the need to evaluate overall spinopelvic balance 
in patients with degenerative spondylolisthesis. 

■ LUMBOSACRAL DYSPLASIA 

The primary areas of posterior dysplasia include the facet 
joints, pars interarticularis, and spina bifida occulta. These 
dysplastic posterior changes lead to an inability of the L5 
vertebra to resist the anterior and ventral forces created by 
the upright posture on the lordotic spine. This increases the 
anterior column stresses and can lead to growth related 
abnormalities and bone remodeling abnormalities that 
combine to cause anterior column dysplasia that can exacer- 
bate the posterior deficiencies. As a resuit of these changes a 
progressive deformity consisting of kyphosis at the lumbosa- 
cral junction and translation of L5 on the rounded SI endplate 
can occur, resulting in an unbalanced spinopelvic alignment. 
Evaluation of sacral “doming” is important because this has 
been identified as a risk factor for slip progression. The Spinal 
Deformity Study Group (SDSG) index (Fig. 40-5) has excel¬ 
lent intraobserver and interobserver reliability. An SDSG 
index of 25% has been suggested to be the threshold of sig- 
nificant sacral deformity. 

As the L5 dise becomes more vertical on the standing 
latéral radiograph, the ability of the dysplastic posterior élé¬ 
ments to resist the shear stresses progressively decreases. To 
correct the inability of the dysplastic L5 posterior éléments to 
resist this shear force at the lumbosacral junction, the poste¬ 
rior tension band needs to be restored and anterior column 
support needs to be reestablished. 



SDSG index (%) = h/bx100 


Spinal Deformity Study Group (SDSG) index for 
assessment of sacral doming. (Redrawn from Berthonnaud E, Dimnet 
J, Labelle H, et al: Spondylolisthesis. In O'Brien MF, Kuklo TR, Blanke 
KM, et al, editors: Spinal Deformity Study Group radiographie measure- 
ment manual. Memphis TN: Medtronic Sofamor Danek, 2004.) 


■ SPINOPELVIC ALIGNMENT 

In recent years numerous studies hâve demonstrated that 
spinopelvic alignment is important to maintain an energy- 
efficient posture. An understanding of the relationship 
between sacropelvic morphology and spinopelvic balance is 
particularly important in evaluating developmental dysplastic 
spondylolisthesis in adolescents and young adults. As under¬ 
standing ofthis relationship improves, the ability to détermine 
optimal treatment regimens should also increase. Patients 
with developmental dysplastic spondylolisthesis hâve abnor¬ 
mal sacropelvic morphology, which can resuit in abnormal 
sacropelvic orientation. 

One of the most important radiographie parameters is 
pelvic incidence (PI). Other parameters remain under évalu¬ 
ation, as does the optimal method to measure each parameter. 
Pelvic incidence is significantly increased in patients with 
degenerative spondylolisthesis and dysplastic spondylolisthe¬ 
sis, and the relative increase in pelvic incidence correlates 
directly with the severity of the slip. Pelvic incidence is defined 
as the angle between a line perpendicular to the sacral end¬ 
plate at its midpoint extending caudally and a line joining the 
midpoint of the sacral endplate to the hip axis (Fig. 40-6). It 
is important to understand that pelvic incidence is a morpho¬ 
logie measurement, meaning it is determined by the individual 
anatomy and it is not affected by the position of the sacropelvis 
in space. The pelvic incidence does increase slightly with 
growth before stabilizing in adulthood. Patients with spondy¬ 
lolisthesis hâve higher than normal values and the higher the 
grade of the spondylolisthesis the higher the pelvic incidence. 
Huang et al. found, however, that pelvic incidence does not 
predict the probability of spondylolisthesis progression. 

Two other important radiographie parameters are the 
sacral slope (SS) and pelvic tilt (PT) (Fig. 40-7). Both of these 
measurements are determined by pelvic orientation on a 
standing latéral radiograph; their values are dépendent on the 
position of the sacropelvis in space. Sacral slope is the angle 
formed by a line parallel to the sacral endplate and a horizon¬ 
tal line, and pelvic tilt is the angle formed by a vertical line 
passing through the hip axis and a line from the hip axis to 
the mid-point of the sacral endplate. The équation SS+PT=PI 
is true for a given individual in the standing position. Labelle 
et al. concluded that because pelvic incidence is a constant 
anatomie pelvic variable spécifie to each individual and 
strongly détermines sacral slope, pelvic tilt, and LL, which are 
position-dependent variables, this study suggests that pelvic 
anatomy has a direct influence on the development of a 
spondylolisthesis 

The slip angle is a measure of the local kyphosis at the 
L5-S1 level (Fig. 40-8A). It is defined as the angle formed 
between a line perpendicular to the posterior aspect of the 
upper sacrum and a line parallel to the L5 inferior endplate. 
The slip angle has been found to hâve some prédictive value 
for slip progression when it is larger than 30 degrees. 

The lumbosacral angle is defined as the angle formed by 
the intersection of a line perpendicular to the upper sacrum 
and a line parallel to the upper endplate of the L5 vertebra 
(Fig. 40-8B and C). It has been found to hâve some prédictive 
value for progression when it is larger than 10 degrees. 

NATURAL HISTORY 

The few natural history studies that are available provide 
limited information in light of our current understanding of 
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HRL 



Jjgî^ Pelvic incidence (PI) is defined as an angle 
subtended by line o a, which is drawn from the center of the 
fémoral head to the midpoint of the sacral endplate and a line 
perpendicular to the central of the sacral endplate {a). The sacral 
endplate is defined by the line segment bc constructed between 
the posterior superior corner of the sacrum and the anterior tip 
of the SI endplate at the sacral promontory. (Redrawn from 
Berthonnaud E, Dimnet J, Labelle H, et al: Spondylolisthesis. In O'Brien 
MF, Kuklo TR, Blanke KM, et al, editors: Spinal Deformity Study Group 
radiographie measurement manual. Memphis TN: Medtronic Sofamor 
Danek, 2004.) 


the different types of spondylolisthesis. It is clear that the 
natural history of developmental spondylolisthesis is different 
from that of acquired spondylolisthesis because of a lytic 
defect in an otherwise normal pars, and degenerative spon¬ 
dylolisthesis is different from both of these. Also, the associa¬ 
tion of spondylolysis and spondylolisthesis with clinically 
relevant low back pain is not clear. A recent systematic review 
by Andrade et al. failed to establish this link and suggested 
careful évaluation of the cause of low back pain even in 
patients with isthmic spondylolisthesis. 

With spondylolytic spondylolisthesis there appears to be a 
familial association: approximately 26% of those with isthmic 
spondylolisthesis hâve a first-degree relative who also had an 
isthmic spondylolisthesis. A long-term follow-up study (45 
years) by Beutler et al. found the risk of progression to be very 
small, and no children with a unilatéral lytic defect had a slip 
that progressed. Clinically there was no différence between 
the general population and those with a grade I or II slip. 
Most children (approximately 90%) with a lytic defect hâve 
been found to hâve spina bifida occulta, suggesting a 


Mathematical relationship between pelvic 
incidence (PI), sacral slope (SS), and pelvic tilt (PT). HRL, Horizontal 
reference line; VRL, vertical reference line. (Redrawn from Berthon¬ 
naud E, Dimnet J, Labelle H, et al: Spondylolisthesis. In O'Brien MF, 
Kuklo TR, Blanke KM, et al, editors: Spinal Deformity Study Group 
radiographie measurement manual. Memphis TN: Medtronic Sofamor 
Danek, 2004.) 


dysplastic etiology. The incidence of lytic defects increases 
with âge, from 4.4% at âge 6 to 6.0% in adults. Risk factors 
for progression remain unclear. Some authors hâve found that 
females, those with higher grade slips (> 50%) at the time of 
diagnosis, and those diagnosed before adolescent growth 
hâve a greater probability of progression. 

Developmental spondylolisthesis with dysplasia is more 
likely to progress than the spondylolytic type. Dysplasia of 
the anterior sacrum correlates best with progression in the 
dysplastic group. Long-term follow-up of Meyerding types III 
and IV spondylolisthesis treated both operatively and nonop- 
eratively found that most patients had done relatively well. 
None had severe neurologie sequelae, and only 45% had even 
mild neurologie symptoms. At 18-year follow-up, 36% of 
patients treated nonoperatively were asymptomatic. Yue et al. 
studied 27 patients with spondyloptosis and found pars 
defects in 89% and also spina bifida occulta in 89%. Ail of 
these patients had an abnormality of the proximal sacrum 
with rounding, suggesting that a physeal injury contributed 
to the deformity of the sacral endplate. 

Degenerative spondylolisthesis usually occurs at the L4-5 
level, primarily affects females over the âge of 50, and is 
more frequent in people of African descent. Slip progression 
has been found to occur in about 30% of patients, but there 
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A f Slip angle. B, Lumbosacral angle (Dubousset). C f Lumbosacral angle (Spinal Deformity Study Group). (Redrawn from 
Glavas P, Mac-Thiong JM, Parent S, et al: Assessment of lumbosacral kyphosis in spondylolisthesis: a computer-assisted reliability study of six measure- 
ment techniques, Eur Spine J 18:212, 2009.) 


usually is only mild progression. If neurologie symptoms 
are présent, operative treatment is superior to nonopera- 
tive treatment. Matsunaga et al. found that 76% of patients 
without neurologie symptoms remained stable over long- 
term follow-up (10 to 18 years). A more recent study of 
200 individuals by Enyo et al. found a baseline incidence 
of degenerative spondylolisthesis of 10% in those between 
the âges of 40 and 75 years. When the same group was 
radiographically re-examined 15 years later, the incidence 
had increased to 22.5%, with 14% of the previously normal 
population having developed a new degenerative spondylo- 
listhesis. Factors associated with risk of progression were L4-5 
degenerative spondylolisthesis présent before âge 60, female 
sex, and facet sagittalization. 

SPONDYLOLYSIS 

PATIENT PRESENTATION 

Spondylolysis without any spondylolisthesis is présent in 
2% to 5% of the population, but only a portion become 
symptomatic. An even smaller portion potentially require 
surgical treatment. Typically the patient is an athletically 
active teenager with back pain and sometimes with leg 
pain as well. Some patients participate in organized sports 
year round. Often the back pain is presumed to be mus- 
cular in origin, which can delay the diagnosis substantially. 
Examination reveals localized pain, most commonly in the 
midline at the lumbosacral junction. Palpation with the 
patient prone to relax the extensor musculature is helpful 
to détermine the level of involvement. For those with leg 
pain, nerve tension signs are présent but somewhat muted 
relative to patients with radiculopathy caused by dise 
herniation. 


DIAGNOSTIC EVALUATION 

The radiographie évaluation includes upright lumbar radio- 
graphs including oblique views if suspicion is high for 
spondylolysis (Fig. 40-9). Additionally a bone scan with 
single photon émission computed tomography (SPECT) is 
ordered (Fig. 40-10). If the SPECT scan is positive, a high- 
resolution CT scan of the involved level should be obtained 
to definitively confirm the spondylolysis (Fig. 40-11). This is 
necessary to distinguish an area of stress reaction from a lytic 
defect because treatment is different. For patients with a posi¬ 
tive SPECT scan but without a spondylolysis, 4 to 6 weeks of 
avoidance of sports or other high-intensity exercise usually is 
sufficient to allow symptom resolution. For patients with a 
positive SPECT scan and a pars defect visible on CT scan, 6 
weeks in a rigid orthosis while upright usually is sufficient to 
résolve symptoms. Bony union occurs in only 25% of patients 
even with the use of an orthosis. There is no high-level évi¬ 
dence in the literature supporting the use of a rigid orthosis. 
In both those with healed fractures and those with fibrous 
unions a program of trunk and pelvic stabilization is initiated 
with a graduai return to full activities. Patients are allowed to 
return to full activity based on clinical outcome, not neces- 
sarily radiographie evidence of bony healing. Patients who 
remain symptomatic longer than 3 months with this treat¬ 
ment regimen require either more significant activity modi¬ 
fications or considération for operative treatment depending 
on the severity of symptoms. 

EVALUATION FOR OPERATIVE TREATMENT 

For patients being considered for operative treatment, upright 
latéral flexion/extension radiographs are obtained. We prefer 
seated films, although others prefer standing latéral bending 
radiographs. This is necessary to detect the presence of a 
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Upright radiographie views for évaluation of suspected spondylolysis. A, Anteroposterior. B, Latéral. C, Spot latéral. 
D and E, Bilateral oblique (arrow shows pars defect). 


A 







C 


Coronal (A), sagittal (B), and axial (C) SPECT scans show increased activity in the région of the pars interarticularis in 
an adolescent athlete. (From spondylolysis in young athlètes, Physiopedia, www.physiopedia.com/Spondylolysis_in_Young_Athletes#Diagnosis.) 
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FIGURE 


Sagittal (A) f coronal (B) f and axial (C and D) CT scans confirm spondylolysis. 


significant spondylolisthesis, which may not be évident even 
on an upright standing latéral radiograph. To be a candidate 
for repair of the pars interarticularis several radiographie 
criteria must be met: (1) absence of spondylolisthesis, (2) 
absence of degenerative change at the involved dise level (best 
determined by MRI), (3) absence of degenerative facet 
changes (best determined by high resolution CT scan), and 
(4) absence of dysplastic changes such as spina bifida occulta, 
élongation of the pars interarticularis, or dysplastic facet 
morphology, which are ail contraindications for direct pars 
repair (best evaluated by CT scan). In addition to these 
radiographie évaluations, it sometimes is helpful to use a 
diagnostic pars injection with a very small volume of local 


anesthetic. Typically, we use this when more than one level 
of spondylolysis is présent or in other circumstances when 
the etiology of symptoms is not completely clear. 

OPERATIVE TREATMENT 

The original papers on posterior spinal fusion by Albee and 
Hibbs independently described the procedure for the treat- 
ment of spondylolysis and spondylolisthesis over 100 years 
ago. Later came descriptions of postérolatéral fusions and still 
later the use of autogenous iliac bone graff for fusion. Buck 
described direct osteosynthesis of the pars fracture with a 
screw technique in 1970. Subsequently several different 
techniques hâve been described that use pedicle screw 
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fixation at the involved level and various rod or hook con¬ 
struis. Each construct is intended to allow compression 
across the lytic defect. No one technique has been shown to 
be superior. It is likely that the bone grafting method and 
technique are the most critical aspect of the procedure. We 
hâve used iliac crest bone graft in this setting, which can be 
harvested with minimal morbidity or risk of complication in 
this group of young patients. 


REPAIR OF PARS 
INTERARTICULARIS DEFECT 


TECHNIQUE 40-1 


PATIENT POSITIONING 

■ Position the patient prone on a Jackson table after induc¬ 
tion of anesthésia. Proper positioning is important to 
avoid complications. 

■ Make sure the chest pad is just above the nipple line with 
the hip pads centered at the anterior superior iliac spine. 

■ Support the face without pressure on the eyes and align 
the cervical spine in neutral to a flexed position. 

■Cervical extension can be caused by some commercially 
available pillows for the Jackson frame and should be 
avoided. 

■ Place the hips in extension or in only slight flexion and 
flex the knees using pillows to decrease nerve tension. 

■ Confirm pedal puises to ensure the fémoral artery is not 
compressed by the anterior superior iliac spine pad. 

■ Position the upper extremities with the elbows at the level 
of the shoulders, placing the arm forward about 30 
degrees and the elbow flexed less than 90 degrees to 
minimize ulnar nerve tension. Ensure that the elbows are 
well padded, as are ail bony prominences. Administer 
prophylactic antibiotics and, after stérile préparation and 
draping are completed, complété the intraoperative 
"Time Out." 

EXPOSURE AND GRAFT HARVEST 

■ Localize the involved level radiographically and make a 
midline incision overlying this location. 

■ Carry dissection down to the fascia and obtain a localiza- 
tion image with a clamp affixed to the spinous 
process, which is then marked with a rongeur confirming 
the level. 

■ Use Cobb elevators and electrocautery to expose the 
entire spinous process of the lytic level and the caudal 
portion of the spinous process cephalad to the lytic level. 

■ Expose the lamina at each level, taking care to avoid injury 
to the facet capsule. 

■ Expose the L4-5 facet capsule and latéral superior articular 
mass of L5 for repair of an L5 pars defect because the 
pedicle screw will be placed at the L5 level. 

■ Meticulously expose the pars at the involved level and 
expose the entire lamina of the lytic level bilaterally. 

■ Carefully curet the fibrocartilage out of the lytic defect to 
expose bone on both sides of the defect. 

■ Expose the base of the transverse process at the involved 
level. 


■ Use an awl to penetrate the cortex and advance a pedicle 
probe into the vertébral body, using fluoroscopy to assist 
in screw hole préparation. 

■ Take a slightly cranial orientation with the probe to move 
the ultimate position of the screw head away from the 
facet. 

■ Make a separate incision overlying the posterior superior 
iliac spine and carry dissection down to the fascia, which 
is divided along the latéral margin of the posterior supe¬ 
rior iliac spine. 

■ Carefully elevate the fascia as a single layer to expose the 
iliac crest. There is no need to expose the outer table. 

■ Use an osteotome to reflect the cortex of the crest and 
expose the cancellous bone of the ilium. 

■ Use a narrow gouge to harvest multiples strips of cancel¬ 
lous bone. After harvesting the available bone, repair the 
fascia well and close the wound in layers. 

PEDICLE SCREW INSERTION 

■ Use a high-speed burr to decorticate the base of the 
transverse process, latéral superior articular mass, and the 
pars interarticularis. Carefully place the strips of cancel¬ 
lous bone onto the decorticated surfaces. 

■ Place a polyaxial pedicle screw at the appropriate level 
(e.g., L5). The screw chosen usually is a smaller diameter 
than would be chosen for a fusion as the stresses are less 
and a smaller diameter screw is less likely to impinge on 
the facet capsule. 

■ Repeat pedicle screw placement on the contralatéral side. 

■ With the defect grafted and both screws in place, use a 
stérile intubating stylet as a template to form a "V" shape 
with the caudal aspect of the L5 spinous process at the 
apex of the "V" and the upper ends engaging each of 
the pedicle screws (Fig. 40-12). Tubular benders will 
likely be needed to get the desired amount of rod 
contouring. 

■ Leave the rod long until after contouring is complété, 
because it is difficult to contour a short rod to the degree 
necessary. Cut the rod and place it caudal to the L5 
spinous process at its base and apply compression to the 
rod and secure it with set screws. Torque the set screws 
to the manufacturées spécifications. 

■ Close the lumbodorsal fascia to bone to restore the 
normal resting length of the paraspinal musculature and 
close the subcutaneous and subcuticular layers. 

POSTOPERATIVE CARE. Postoperatively the patient 
receives analgésies and muscle relaxants and begins 
mobilization immediately. Typically these patients are 
independent and able to be discharged home within 
2 days. 


ADULT ISTHMIC 
SPONDYLOLISTHESIS 

Patients with isthmic spondylolisthesis are the second largest 
group of patients with spondylolisthesis presenting to the 
spine surgeon. Only degenerative spondylolisthesis is more 
common. Most patients with isthmic spondylolisthesis (some 




FIGURE 


In situ postérolatéral instrumentée! fusion. SEE TECHNIQUE 40-2. 



Initial radiographie évaluation of isthmic spondylolisthesis. A, Standing anteroposterior view. B, Standing latéral view. 
C, Spot view at L5-S1 level (arrow shows pars defect). 


prefer the term “lytic acquired spondylolisthesis”) présent 
with low-grade deformities (less than a 50% slip); 90% to 95% 
involve the L5-S1 level, with 5% to 8% at L4-L5, and very few 
at the more cephalic levels. Low-grade slips are much more 
common than those of more than 50% by a ratio of 10:1; 
however, the severity can range from spondylolysis (no slip) 
ail the way to grade V. Fortunately, most cases of low-grade 
isthmic spondylolisthesis are not associated with significant 
kyphosis or spinal imbalance. The typical présentation is a 


patient with axial low-back pain that tends to be mechanical 
and radicular pain in an L5 distribution. Initial radiographie 
évaluation should consist of standing anteroposterior and 
latéral views, as well as a spot view at the L5-S1 level (Fig. 
40-13). The spondylolisthesis generally is easily diagnosed, 
and upright latéral flexion/extension films are useful to 
diagnose dynamic instability, which is common at the L4-L5 
level but not at the L5-S1 level. The radiographie assessment 
must also include an évaluation of the régional and, if needed, 
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global spinal balance. If significant imbalance is présent, the 
treatment plan must correct this if surgery is indicated. 

PATHOPHYSIOLOGY 

The simple presence of an isthmic spondylolisthesis is not 
sufficient to identify the cause of the patients symptoms 
because 7% of the population has spondylolysis, with or 
without spondylolisthesis, and most are asymptomatic. From 
rétrospective long-term studies it has been found that about 
80% of acquired lytic defects occur between the âges of 5 and 
10 years, with the remaining 20% of fractures occurring 
before the âge of 20 years. In most patients, spondylolisthesis 
is asymptomatic. Determining whether spondylolisthesis is 
the source of back pain requires a careful évaluation of the 
complaints. Mechanical back pain can originate from the pars 
defect but also from the dise, which offen is more degenera- 
tive than would be expected for the patients âge because of 
the abnormal stresses applied to the dise as a resuit of the lack 
of stability. Radicular complaints involving the L5 root can be 
generated by several different pathologie processes. As the 
dise degenerates and loses height, the foraminal cross- 
sectional area is diminished, leaving less space available for 
the nerve root. The annulus remains attached to the inferior 
endplate of the cephalad vertebra and, as this vertebra trans¬ 
lates anteriorly, the annulus becomes located posterior to 
the vertebra (pseudoherniation) and occupies space within 
the foramen. In addition, the pseudarthrosis that forms at the 
pars defect consists of cartilage, bone, and fibrous tissue, 
ail of which occupy space within the foramen. Thus, the 
cross-sectional area of the foramen is decreased in a cepha- 
locaudal direction by the loss of dise height and the pseudo¬ 
herniation and in an anterior to posterior direction by the 
fibrocartilaginous tissue of the pseudarthrosis. If there is 
translational instability at the involved level, this can cause 
traction on the nerve root and produce radicular symptoms 
as well. In addition to these possibilities at the L5-S1 level, the 
L5 root can be compromised by latéral recess stenosis at the 
L4-5 level or less commonly by a dise herniation at the L4 
dise level. Détermination of the patients primary complaint 
(mechanical back pain or radicular pain) will hâve a signifi¬ 
cant impact on the type of surgery that will be most appropri- 
ate if conservative treatment is not successful. 

NONOPERATIVE TREATMENT 

For many patients in the 5-to-10-year âge group the initial 
fracture event causes minimal or no pain. For older adoles¬ 
cents and young adults, there is more offen an acute épisode 
of low back pain that may be associated with a spécifie occur¬ 
rence. Typically, with the initial présentation, there is no or 
minimal translation présent. The initial management of 
patients with spondylolysis is covered in the section on pars 
repair (p. 1737). If the patient has a spondylolisthesis of more 
than 1 to 2 mm at présentation, an orthosis is not recom- 
mended because fracture healing is unlikely with significant 
displacement. In the absence of significant neurologie déficits, 
patients are initially treated with a brief period of rest, anti- 
inflammatory médications, and muscle relaxers. Narcotics 
are used very sparingly, if at ail, and the patient is mobilized 
as early as possible. Once the acute symptoms begin to 
subside, a program of low-impact aérobic exercise, trunk 
stabilization avoiding extension, and hamstring stretching is 
instituted. This offen is successful in allowing the patient to 


return to full activity over a period of 8 to 12 weeks. Even 
with good resolution of mechanical symptoms, the patient 
needs to understand that trunk stabilization exercises will be 
necessary indefinitely to manage the expected episodic back 
pain. 

Patients with a lytic defect of the pars hâve abnormal 
load sharing. Normally 20% of the axial load of the lumbar 
spine is transmitted through the posterior column, with 80% 
transmitted anteriorly. When a pars fracture is présent, no load 
is carried posteriorly and ail the load is transferred to the 
anterior column, which leads to prématuré dise degeneration 
and potentially episodic back pain; however, with proper 
exercise and relatively minor activity modifications, most 
patients can be managed nonoperatively throughout their 
lives. 

Neurologie symptoms are less common in younger 
patients and offen develop as the patient enters the third to 
fourth décades. The presence of significant neurologie déficits 
is an indication that operative treatment may soon become 
necessary because the chronic changes causing the neurologie 
symptoms will not résolve, although they offen can be miti- 
gated in the short-to-intermediate (months) term, but gener- 
ally not the long term. For patients with significant neurologie 
symptoms or more than 6 months of persistent back pain not 
adequately controlled with the above treatment regimen, 
operative treatment is recommended. 

It is important to realize that adult patients with low- 
grade isthmic spondylolisthesis and progressive complaints 
of lower back and hip pain may well hâve hip or knee pathol- 
ogy contributing to their symptoms. Before embarking on 
operative management of the spinal pathology, évaluation 
of these two areas is worthwhile. If the patient has signifi¬ 
cant degenerative changes of the hip, an intra-articular hip 
injection can be confirmatory as to whether the hip is the 
primary pathology. In patients with significant hip or knee 
degeneration, correction of these problems usually is rec¬ 
ommended before spinal surgery. The mechanical lumbar 
complaints offen improve with improvement in gait and 
aérobic activities made possible by pain réduction. When 
neurologie symptoms predominate, spinal surgery generally 
should be done first. 

OPERATIVE TREATMENT 
■ SURGICAL OPTIONS 

Patients with isthmic spondylolisthesis can be appropriately 
managed using a number of techniques; however, some surgi- 
cal procedures generally should not be considered in this 
patient group. Because patients with spondylolisthesis hâve 
instability at the involved segment, by définition, a total lami- 
nectomy (Gill procedure) in isolation is contraindicated. For 
similar reasons, techniques intended to achieve “dynamic 
fusion” are not appropriate in this group of patients. Inserting 
a posterior device designed to apply a distractive force at 
the level of an isthmic spondylolisthesis is contraindicated 
because distraction cannot be applied through the lytic defect. 
Pars repair can be a good procedure in the right patient popu¬ 
lation (see Technique 40-1); however, adult patients with 
isthmic spondylolisthesis-related symptoms generally are not 
good candidates because of the associated dise degeneration 
and facet arthrosis that are almost always présent in this older 
group of patients. 
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■ EVALUATION FOR OPERATIVE TREATMENT 

To appropriately plan operative treatment, additional imaging 
is needed. Standing latéral and posteroanterior scoliosis 
radiographs should be obtained to adequately assess the 
patient s global balance. These images should include the skull 
and both proximal fémurs so the hip axis can be determined. 
The slip angle is not likely to be significantly positive in 
patients with low-grade acquired lytic spondylolisthesis; 
however, when it is positive (kyphotic), anterior column 
support generally will be needed. Usually the sacral endplate 
morphology is relatively normal, indicating that the sacral 
buttress is maintained. The sacral table angle can be used to 
assess the sacral buttress (Fig. 40-14). Each L5 transverse 
processes should hâve at least 2 cm 2 of surface area. Given the 
high incidence of dysplastic changes in this group of patients, 
we normally obtain a high-resolution CT scan to evaluate 
pedicle morphology, adequacy of the L5 transverse process, 
sacral morphology, facet arthritis at adjacent levels, and the 
bony foraminal dimensions. If the patient has significant 
radicular symptoms, an MRI usually is obtained to détermine 
the spécifie location and etiology of the nerve root symptoms, 
which usually are caused by nerve compression but traction 
on the nerve root caused by instability also is possible. 
Although a pseudoherniation is common and can be readily 
seen on the MRI and may explain L5 root symptoms, the L4 
dise must also be assessed. Occasionally, a patient may hâve 
an L4 dise herniation causing the L5 root symptoms, and this 
generally can be managed more simply with a microdiscec- 
tomy at the L4 level rather than operative stabilization at the 
L5-S1 level if the patient has only mild axial back-pain 
complaints. Also the health of the adjacent dise levels can be 
assessed on MRI, which will influence how many levels 
may need to be fused and the method of fusion. Some 
authors hâve recommended provocative discography to 
evaluate adjacent levels, but we hâve not found this to be 
reliable. We hâve found that a pars injection with a small 
volume of long-acting local anesthetic is helpful as a diagnos¬ 
tic tool when evaluating patients with extensive degenerative 
changes at multiple levels in addition to isthmic 
spondylolisthesis. 



JïJJJ The sacral table angle is measured between a 
line along the sacral endplate and a line drawn along the poste- 
rior aspect of the SI vertébral body. 


■ OUTCOMES OF OPERATIVE TREATMENT 

An appropriate individualized treatment plan should be 
based on the patients spécifie symptoms. Do they hâve only 
mechanical back pain? Do they hâve predominantly nerve 
root symptomatology? Do they hâve significant components 
of both? For patients with primarily mechanical lumbar pain, 
stabilization without décompression (direct or indirect) can 
be appropriate. If they hâve significant neurologie déficits, 
direct décompression is optimal, but indirect décompression 
often is adéquate if there are neurologie symptoms without 
déficits, but this dépends on the pathology demonstrated on 
imaging. The first randomized study to demonstrate improved 
outcomes of operative treatment compared with nonopera- 
tive treatment in this patient group was that of Môller and 
Hedlund. Their findings were recently confirmed in a system- 
atic review by Schulte et al. For patients with appropriate 
operative intervention, a good-to-excellent outcome (based 
on patient-reported outcomes) can be expected in about 85%. 
The primary déterminant of good outcomes is the success of 
achieving a fusion. Kwon and Albert showed in their literature 
review that using rigid pedicle screw constructs improves 
fusion rates in patients with acquired lytic spondylolisthesis. 
They found a 90% fusion rate with the use of rigid pedicle 
screw instrumentation and a 77% fusion rate in uninstru- 
mented cases. In children, a postérolatéral uninstrumented 
fusion has been more successful than in adults. 

Open posterior fusions can be done using a midline 
approach or the muscle-splitting approach describedby Wiltse 
and Spencer (see Technique 37-25), which uses the intermus- 
cular plane between the multifidus and longissimus muscles. 
The latter approach is considered by most to hâve the advan- 
tage of being less traumatic to the musculature and producing 
less “fusion disease” attributable to muscle fibrosis postopera- 
tively. The muscle-splitting approach is not recommended if a 
direct décompression is planned. Current minimally invasive 
techniques are an extension of this concept and are less trau¬ 
matic to the soft tissues; however, so far it remains unclear if 
they will prove superior with respect to fusion rates and clini- 
cal outcomes. For patients requiring direct décompression and 
interbody support, we prefer a midline exposure extending out 
to the tip of the transverse processes bilaterally. Steps are taken 
to minimize the muscle ischemia associated with this approach 
in an effort to minimize the potential for persistent pain 
related to “fusion disease.” 

Another finding by Kwon and Albert was that patients 
who had a laminectomy had a slightly lower fusion rate and 
slightly lower outcome scores than those without laminec¬ 
tomy, but neither of these reached statistical significance. 
These authors did find a statistically significant différence in 
fusion rates between circumferential fusions (anterior lumbar 
interbody or combined posterior lumbar interbody fusion or 
transforaminal lumbar interbody fusion with posterior spinal 
fusion) and either anterior only or posterior only fusions. 
Patients with an interbody fusion and a posterior fusion had 
the highest fusion rate (98%) compared with anterior only 
(75%) or posterior only fusion (83%). Clinical success rates 
were similar: 86% for circumferential fusion, 79% for anterior 
fusion only, and 75% for posterior only fusion. An économie 
évaluation by Bydon et al. found that adding an interbody 
device increased the cost per quality-adjusted life-year (QALY) 
compared with a postérolatéral fusion alone initially; however, 
when the costs of reoperations were factored in, the addition 
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of interbody fusion resulted in a modest cost savings compared 
with postérolatéral fusion alone. Lee et al. found that compli¬ 
cation rates and fusion rates were similar in adult patients with 
postérolatéral fusion alone and those with postérolatéral 
interbody fusion for isthmic spondylolisthesis. 

■ OPERATIVE PLANNING 

After clinical and imaging évaluations are complété, spécifie 
surgical procedures can be recommended based on the find- 
ings. For patients without significant neurologie complaints 
and with good spinal alignment, instrumented postérolatéral 
fusion can be recommended if there is sufficient surface area 
for fusion. In many patients, the L5 transverse process is hypo- 
plastic and may be inadéquate (less than 2 cm 2 of surface area). 
For patients with inadéquate area for postérolatéral fusion, a 
posterior-only approach with circumferential fusion (poste - 
rior or transforaminal lumbar interbody fusion) or an anterior 
lumbar interbody fusion with posterior supplémentai fixation 
provides a good alternative. An uninstrumented posterior- 
only fusion rarely is recommended in this patient population. 

For patients with nerve root symptoms, direct or indirect 
décompression is a necessary part of the procedure. Indirect 
décompression is accomplished through realignment and 
reestablishment of the dise height using an interbody spacer 
device including allograff bone. Currently, a variety of devices 
are available for this purpose, including fémoral cortical 
allograffs, polyetheretherketone (PEEK) cages, titanium 
mesh cages, expandable cages, and carbon fiber devices. 
These devices are used in conjunction with autograff bone, 
allograff bone, and bone morphogenetic proteins (BMP) in 
an off-label application. A recent randomized, controlled, 
multicenter trial showed that BMP-7 (OP-1) with a collagen 
carrier was not as effective as autologous iliac crest bone for 
obtaining fusion. Because of the higher fusion rate with 
autologous iliac crest graffs (74%) than with BMP (54%), 
these authors did not recommend the use of BMP in instru¬ 
mented posterior lumbar fusion procedures. 

Indirect réduction can be accomplished with a transfo¬ 
raminal lumbar interbody fusion combined with an instru¬ 
mented postérolatéral fusion. For patients who need a direct 
décompression in addition to the realignment and réduction, 
we generally prefer a posterior lumbar interbody fusion 
coupled with an instrumented postérolatéral fusion. 


IN SITU POSTEROLATERAL 
INSTRUMENTED FUSION: WILTSE AND 
SPENCER APPROACH 


TECHNIQUE 40-2 


■ After induction of anesthésia, position the patient as 
described in Technique 40-1. Montgomery et al. demon- 
strated that proper positioning allows some réduction of 
the spondylolisthesis. 

■ Apply pneumatic compression devices and initiate neuro- 
monitoring (see Chapter 44) if it is used. 

■ Administer prophylactic antibiotics and tranexamic acid if 
it will be used. After stérile préparation and draping are 
completed, complété the intraoperative "Time Out." 


■ Make a midline skin incision at the L5-S1 level down to 
the fascia and carry dissection laterally superficial to the 
fascia on both sides about 4 cm for the length of the skin 
incision (see Technique 37-25). 

■ On each side of the midline make a 4 cm to 5 cm long 
fascial incision 3 cm off the midline at the approximate 
interval between the multifidus and longissimus muscles, 
curving the incisions slightly medially at the inferior end. 

■ Use blunt dissection to develop the plane down to the 
L5-S1 facet joint. 

■ Expose the L5 transverse process and the sacral ala 
subperiosteally. 

■ Verify the correct level radiographically with a towel clip 
applied to the transverse process. Once the correct level 
is confirmed, make a generous facetectomy. 

■ Préparé the pedicle screw holes at the L5 level and the 
SI level bilaterally, using fluoroscopy to assist in pedicle 
location and orientation. 

■ Préparé the SI screw holes for a bicortical technique for 
enhanced screw purchase. Penetrate the sacral cortex 
medially at the promontory just caudal to the endplate. 

■ Sound each screw hole to ensure there are no cortical 
breaches and place a cottonoid for hemostasis. 

■ Bone removal often is required to allow placement of the 
L5 screw, which also enlarges the area for bone graft 
incorporation. 

■ Place polyaxial pedicle screws bilaterally at L5 and SI after 
thorough décortication and placement of bone graft 
under direct vision. Generally, a separate autologous iliac 
graft is harvested or local autograft is combined with 
allograff cancellous bone soaked in antibiotic solution at 
least 30 minutes before implantation. Some hâve recom¬ 
mended off-label use of BMP or demineralized bone 
matrix to augment local autograft. 

■ Contour the rods and affix them with the set screws, 
which are torqued according to the manufacturées rec¬ 
ommendation (Fig. 40-14). 

■ Thoroughly irrigate the wound throughout the procedure 
and again before closure. Note that if BMP is used irriga¬ 
tion should not be done after BMP has been placed into 
the wound. 

■ Administer a second dose of tranexamic acid before 
wound closure. 

■Close the fascial wounds with interrupted sutures and 
place two subeutaneous drains. Minimize dead space by 
tacking the subeutaneous layer to the fascia bilaterally. 
Complété subeutaneous and subcuticular closure. 

■ This procedure can be done through a midline fascial 
incision (see Technique 37-24) rather than the Wiltse and 
Spencer approach (see Technique 37-25). If a midline 
incision is used, close the fascia over a drain and to the 
spinous processes to maintain proper muscle resting 
length in the lordotic spine. 

POSTOPERATIVE CARE. The patient is mobilized 
without a brace beginning the morning after surgery. 
Parentéral and oral analgésies and muscle relaxers are 
given to facilitate rest and mobilization. Generally patients 
are independent with activity and can be discharged the 
third or fourth postoperative day. 
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POSTERIOR INSTRUMENTED 
FUSION WITH INTERBODY FUSION 
(PLIF AND TUF) 

This is the procedure we most commonly use for adult 
patients with low-grade isthmic spondylolisthesis. It is 
preferred because of the ability to restore normal lumbo- 
sacral alignment parameters when necessary and restore 
dise height. Posterior and transforaminal lumbar interbody 
fusion techniques are very similar and are described 
together. Each is combined with a postérolatéral fusion to 
achieve a circumferential arthrodesis. A posterior lumbar 
interbody fusion (PLIF) is preferred because a complété 
laminectomy (Gill procedure) usually is done for direct 
décompression in these patients. 


TECHNIQUE 40-3 


■ Position the patient as described in Technique 40-1 and 
complété stérile préparation and draping, followed by the 
intraoperative "Time Out." 

■ Make a midline incision centered at the L5-S1 level (Fig. 
40-15A). 

■ Release the fascia and obtain a localization image with a 
clamp on the spinous process to confirm the operative 
level. Use a rongeur to mark the spinous process that had 
the clamp applied as a reference. 

■ Carry subperiosteal dissection laterally over the lamina at 
the L4, L5, and SI levels. 

■ Remove the joint capsule at the L5-S1 level bilaterally, but 
preserve the capsule at the L4-5 facet. 

■ Expose the transverse process of L5 and the sacral ala 
bilaterally and préparé pedicle screw holes at the L5 level 
and the SI level bilaterally, using fluoroscopy to assist in 
pedicle location and orientation. 

■ Préparé the SI screw holes for a bicortical technique for 
enhanced screw purchase. Penetrate the sacral cortex 
medially at the promontory just caudal to the endplate. 
Sound each screw hole to ensure there are no cortical 
breaches and place a cottonoid for hemostasis. 

■ Remove the posterior éléments of the L5 vertebra (Gill 
fragment) piecemeal or en bloc. For en bloc removal, 
detach the ligamentum flavum from the caudal and 
cephalad margins using small angled curettes. As the 
fragment is mobilized, advance the curet down to the 
pseudarthrosis site to release the fibrocartilaginous 
tissue around the L5 nerve root. Careful dissection is 
necessary here as the nerve root usually is already quite 
compressed and aggressive curetting may damage the 
root (Fig. 40-16). 

■ Once the lamina has been removed, remove additional 
fibrocartilage from around the nerve root with a 
Kerrison rongeur. The exiting L5 root should be visible 
ail the way to the latéral aspect of the foramen. 
The operating microscope is very helpful during this 
dissection. 

■ Through the SI foraminotomy identify the traversing SI 
root. Remove the ligamentum attached to the L4 lamina 
to adequately decompress the L5 root in the L4-5 latéral 




JjJg Posterior instrumented fusion with interbody 
fusion. A, Incision. B, Polyaxial screws inserted at SI and expand- 
able cage device placed. C, Rods inserted. SEE TECHNIQUE 40-3. 


recess as well. Removal of the osteophyte from the médial 
aspect of the L5 facet may also be needed. 

■After the décompression is completed, decorticate the 
transverse processes and sacral alae and pack the latéral 
gutter with a sponge for hemostasis. 

■ Insert the pedicle screws to allow distraction (if necessary) 
across the dise space to facilitate dise removal and réduc¬ 
tion of the spondylolisthesis. Standard polyaxial screws 
and rod réduction tools usually can be used at L5 if the 
amount of translation desired is less than 1.5 cm. If more 
translation is needed, réduction screws with extended 
threaded portions are quite helpful. 
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■ Insert standard polyaxial screws at the SI level (Fig. 
40-15B). Typically with sufficient décompression, the 
pedicles can be directly inspected for cortical breaches at 
the L5 and SI locations. If neuromonitoring is used, screw 
résistance can be determined. We use an impédance of 
10mA as a threshold for a safe screw. Neuromonitoring 
is most useful to detect déficits caused by tension during 
réduction of the spondylolisthesis. 

■ Cut a working rod and contour it to allow rod placement. 
Secure this working rod to the SI screw and then gradu- 
ally reduce it into the L5 screw while maintaining a dis- 
tractive force between the two screws (Fig. 40-15C). 
Reduce the rods bilaterally in a graduai alternating 
fashion, taking care not to apply so much force that the 
L5 screw pulls out. Monitor the translation of the L5 
vertebra fluoroscopically. 

■ Release of the posterior annulus and dise space prépara¬ 
tion is the next phase of the procedure. Often there is a 
leash of épidural veins in the axilla of the L5 nerve root 
that cross the dise. Coagulate these vessels with bipolar 
cautery, if possible, before annulotomy. They can be dif- 
ficult to control otherwise, but Gelfoam and thrombin 
usually are effective. 

■ Make a wide annulotomy by retracting the thécal sac 
medially. This can be done bilaterally if two cages are 
planned or unilaterally if one of the elongated designs is 
to be used. In either case, the posterior osteophyte 
extending from L5 may need to be removed with an 
osteotome to adequately open the annulotomy and 
access the dise space. 

■ Use intervertébral reamers/sizers and curets to préparé 
the endplates, with fluoroscopie monitoring of instru¬ 
ment position within the dise space to avoid anterior 
annulus violation and potential vascular injury. 

■ As the discectomy and annulotomy proceed, gradually 
reduce the L5 vertebra until réduction is satisfactory. 
Loosen the contralatéral set screw somewhat to allow this 
réduction to occur. 


■ Once the endplates are prepared and the réduction is 
satisfactory, thoroughly irrigate the dise space to remove 
any residual soft tissue. 

■ Pack allograft cancellous bone against the anterior 
annulus and morsellized local autograft bone in behind 
this. Submerge the allograft cancellous bone in antibi¬ 
otic irrigation solution at the beginning of the case and 
maintain it there until implantation. This has decreased 
postoperative deep wound infections associated with 
allograft bone usage. Take care to leave adéquate space 
to allow placement of the interbody device no more 
posteriorly than midbody so lordosis can be achieved. 

■ The goals of cage placement are to restore dise height and 
improve alignment with sufficient lordosis through the 
segment. Biomechanically, coverage of 35% of the end- 
plate is désirable for stability. This can be achieved with 
two or more smaller devices, such as mesh cages packed 
with bone, or a larger footprint single device. We prefer a 
single expandable cage device packed with local autograft 
placed just anterior to the midbody. The subchondral bone 
is strongest around the perimeter of the endplate and 
weakest centrally, increasing the risk of cage subsidence if 
the device is too small or only centrally located. 

■ Once the device is transversely positioned, expand it to 
the predetermined desired height. 

■ Release the distraction from the working rods, which may 
need to be cut or exchanged because they likely will be 
too long and may impinge on the L4-5 facet joint. 

■ Remove the sponge and place bone graft in the latéral 
gutter. 

■ Place the final rods and apply mild compression for lor¬ 
dosis, being mindful of the L5 foramina dimensions. 

■Torque the set screws to spécifications of the 
manufacturer. 

■ Irrigate the wound throughout the procedure and thor¬ 
oughly at the conclusion of the instrumentation. If BMP 
has been used, irrigation should not be done after it is 
placed into the wound. 
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■ Place a fluted drain (because of the exposed dura) and 
close the fascia to the remaining spinous processes with 
interrupted sutures to restore the normal resting length 
of the muscle. Close the subcutaneous and subcuticular 
layers individually. Administer a second dose of tranexamic 
acid as wound closure begins. 

The procedure for a transforaminal lumbar interbody 
fusion (TUF) is very similar to the PUF as just described 
when done through a midline approach. When indirect 
décompression through the spinal implants is sufficient, 
TUF may be preferred and can be done without the need 
for the Gill laminectomy. The discectomy and annulus 
removal are not as complété with this approach and the 
ability to translate the vertebra is more limited. Indirect 
décompression can be accomplished through a Wiltse 
approach or with minimally invasive techniques in patients 
with less severe pathology. 

POSTOPERATIVE CARE. The patient is mobilized 
without a brace beginning the morning after surgery. 
Parentéral and oral analgésies and muscle relaxers are 
given to facilitate rest and mobilization. Generally patients 
are independent with activity and can be discharged 
the third or fourth postoperative day with open tech¬ 
niques and somewhat sooner with minimally invasive 
methods. 


ANTERIOR LUMBAR INTERBODY 
FUSION 

There are certain advantages to anterior lumbar interbody 
fusions, particularly for high-grade spondylolisthesis, 
because of the soft-tissue release than can be obtained to 
allow réduction; however, this usually is not the first choice 
for treatment of low-grade isthmic spondylolisthesis. The 
two general circumstances in which this technique is most 
commonly used are (1) patients appropriate for postérolat¬ 
éral in situ fusion with prohibitively small transverse pro¬ 
cesses and (2) as a salvage procedure in patients who had 
an in situ postérolatéral fusion but developed a nonunion. 
In the first instance, supplémentai posterior instrumenta¬ 
tion normally is used, as well as the anterior surgery, to 
restore the posterior tension band. In the second case, the 
anterior procedure should be done before the previously 
placed posterior instrumentation has failed. This procedure 
is best done by an experienced spine surgeon. The risks of 
the approach need to be clearly discussed with the patient, 
particularly the risk of rétrogradé éjaculation in young male 
patients, as well as other risks. 


TECHNIQUE 40-4 


■ Position the patient supine on a radiolucent table, such 
as the OSI fiat top. After induction of anesthésia, fold the 
patient's arms across the chest on pillows and secure 
them in place. Place a pillow behind the knees to flex the 
hips and knees slightly. 


■ Apply pneumatic compressive devices and affix an 0 2 
saturation monitor to the left great toe. 

■ Place a bolster under the patient at the lumbosacral 
junction; this can be an inflatable pressure bag or rolled 
towels. 

■Sterilely préparé and drape the infraumbilical area and 
administer prophylactic antibiotics. Complété the intraop¬ 
erative "Time Out." 

■ Image the operative level fluoroscopically and détermine 
the level of the incision. 

■ Make a low transverse incision down to the rectus sheath. 
Open the rectus sheath and mobilize the left rectus 
muscle toward the midline. 

■ Open the posterior sheath distal to the arcuate line and 
enter the preperitoneal space. Mobilize the peritoneal 
contents to the patient's right. 

■ After the ureter has been positively identified, set up a 
table-mounted retractor with several retractor blades. 

■ Identify the aortic bifurcation and carefully expose the 
anterior spine. Usually the aortic bifurcation is located at 
the L4 dise level, but this is variable and a fluoroscopie 
latéral view is used to definitively confirm the level. 

■ When the L5 dise level is located caudal to the bifurcation, 
divide the middle lumbar vessels and mobilize the left iliac 
vein and artery to the left. 

■ The dissection at the level of the dise space should 
be done gently and without the use of electrocautery, 
only bipolar cautery. The oxygen sensor on the hallux 
allows monitoring of the level of retraction on the 
artery. 

■ Once the dise is sufficiently exposed, make a wide annu- 
lotomy and carry out the dise excision with curets and 
Kerrison rongeurs. 

■ Use latéral image intensifier views as the posterior dise 
préparation is completed, which can be taken back ail the 
way to the posterior longitudinal ligament. The most 
common error is inadéquate posterior release. 

■ If the sacrum is rounded, use an osteotome to reshape 
it to provide a fiat surface for the interbody device. A 
variety of cage devices are available, including titanium 
cages and mesh cylinders, PEEK devices with fixation 
capabilities, fémoral allograft bone, and carbon fiber 
implants. The commercially available Systems hâve trial 
sizes with varying degrees of lordosis to détermine the 
optimal size and footprint. Usually by this point the 
spondylolisthesis has been substantially if not completely 
reduced. 

■ To obtain a fusion, harvest autograft bone or use BMP to 
fill the chamber within the implant. Take care if BMP is 
placed posteriorly and the annulus has been violated 
because bone can form in the canal or BMP-induced 
radiculitis may affect the nerve root. 

■ Once the interbody device is implanted (Fig. 40-1 7), close 
the wound in the usual fashion. 

This same technique can be used at the L4 dise level 
or L3. Exposure at the L4 level is often difficult and usually 
requires sacrifice of the iliolumbar vein, which ascends 
from the left common iliac vein and must be identified 
and divided before the vein can be sufficiently mobilized. 
Excess traction on the iliac veins also can lead to deep 
venous thrombosis in the postoperative period. 
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FIGURE 


Ferguson (A) and latéral spot view (B) of anterior lumbar interbody fusion. 


POSTOPERATIVE CARE. The patient is allowed a clear 
liquid diet the next day and mobilization is started on the 
first postoperative day, usually without a brace. Patients 
usually can be discharged home the second or third 
postoperative day. If aggressive dise space mobilization 
was needed, these patients usually complain of significant 
lumbar pain when ambulation is initiated. 


DEGENERATIVE 

SPONDYLOLISTHESIS 

Degenerative spondylolisthesis is the most common form 
seen in adults. It is more homogeneous with respect to patho- 
anatomy than the acquired lytic type because there usually is 
no contributory dysplasia. Degenerative spondylolisthesis is 
most frequent in women over the âge of 50 years, especially 
those of African descent, and typically occurs at the L4-5 level 
(Fig. 40-18). It is believed to resuit from the degenerative 
cascade, as described by Kirkaldy-Willis. The L4-5 level is 
affected six times more often than other levels, and spondy¬ 
lolisthesis is four times more likely above a sacralized L5 
segment. Degenerative spondylolisthesis is présent in 10% of 
women over 60 years of âge, many of whom are asymptom- 
atic. Diabètes has been présent in a disproportionate number 
of study patients, and Imada et al. found that patients who 
had undergone oophorectomy had a three times greater rate 
of degenerative spondylolisthesis than did patients who had 
not undergone oophorectomy. 

PATHOPHYSIOLOGY 

Degenerative spondylolisthesis is differentiated from isthmic 
spondylolisthesis by the presence of an intact pars (see Fig. 
40-18). Because the arch is intact and moves forward with the 


L4 vertébral body, progressive spinal stenosis occurs in addi¬ 
tion to facet degenerative changes. The true deformity of 
degenerative spondylolisthesis does not seem to be pure 
translation, but rather a rotary deformity that may distort 
the dura and its contents and exaggerate the appearance of 
spinal stenosis. Existing théories to explain the development 
of degenerative spondylolisthesis include the primary occur¬ 
rence of sagittal facets and dise degeneration, with secondary 
facet changes accounting for anterolisthesis. The sagittal facet 
theory suggests a prédilection for slippage because of facet 
orientation that does not resist anterior translation forces 
and, over time, results in degenerative spondylolisthesis. The 
dise degenerative theory proposes that the dise narrows 
first, and subséquent overloading of the facets results in 
accelerated arthritic changes, secondary remodeling, and 
anterolisthesis. Facet arthritic changes seem to be more severe 
than dise space narrowing, with the most advanced antero¬ 
listhesis présent when dise narrowing is more pronounced. A 
continuum seems to exist as degeneration progresses. In 
addition, facets that are aligned in a more sagittal orientation 
provide less stability at the involved level, but whether these 
changes resuit from chronic instability or from a primary 
anatomie variant is debatable. Boden et al. showed that sagit¬ 
tal facet angles of more than 45 degrees at L4-5 predicted a 
25 times greater likelihood of degenerative spondylolisthesis. 
Despite the increased frequency of degenerative spondylolis¬ 
thesis in women, there seems to be no sex-specific différence 
in facet orientation, which calls into question the theory that 
sagittal facet joints are a primary cause of degenerative spon¬ 
dylolisthesis. Sagittal facet orientation has been correlated 
with dise space narrowing, suggesting that dise narrowing 
increases loading of the facet, resulting in secondary facet 
changes. Regardless of the exact nature of the first inciting 
event, this instability causes facet arthritis, dise degeneration, 
and ligamentous hypertrophy, which ail contribute to 
produce symptoms. Facet orientation may be part of the 
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Degenerative spondylolisthesis at L4-5. Degenerative spondylolisthesis can be differentiated from isthmic spondylo- 
listhesis by the presence of an intact pars (see Fig. 40-9). 


considération of potential instability when evaluating a 
patient for surgery, especially décompression alone. Most of 
the literature describing natural history concerns spinal ste- 
nosis rather than degenerative spondylolisthesis. Matsunaga 
et al. reported that in 145 patients examined annually for a 
minimum of 10 years, progressive spondylolisthesis occurred 
in 34% and further dise space narrowing continued in the 
patients without further slip. Patients with dise space narrow¬ 
ing, spur formation, and ligamentous ossification did not 
develop an increased amount of slip. There was no corrélation 
between radiographie findings and a patients clinical picture. 
Low back pain improved in patients with continued dise 
space narrowing, which may imply auto stabilization. Of the 
145 patients, 76% remained without neurologie déficits; 
however, 83% of patients with neurologie symptoms, includ- 
ing claudication and vesicorectal disorder, experienced a 
détérioration in their disorder and had a poor prognosis. This 
finding is in agreement with an earlier study by Matsunaga 
et al., which showed that, over 60 to 176 months, progressive 
slipping occurred in 30% of patients without significant effect 
on clinical outcome. 

NONOPERATIVE TREATMENT 

The symptoms attributed to degenerative spondylolisthesis 
tend to be stable over time or progress rather slowly. The 
typical complaints related to degenerative spondylolisthesis 
include lower back pain and lower extremity pain and weak- 
ness that are claudicatory in nature, meaning they progress 
in severity and distribution with ambulation and standing. 
The neurologie symptoms are related to spinal sténo sis, which 
may exist not only at the level of the spondylolisthesis but at 
other degenerative levels. The back pain may respond to 
physical therapy for core strengthening with avoidance of 
extension exercises, although there is no clear optimal 


regimen. Aérobic conditioning also has a rôle in reducing 
symptoms and maintaining cardiac fitness. Activities such as 
stationary bike, swimming, elliptical machines, and walking 
as tolerated are ail reasonable to try. Antiinflammatory drugs 
also are helpful for some patients. Ail of these measures must 
be used over the long term because of the chronic nature of 
this problem. Most patients remain stable with regard to 
symptoms over long periods, with intermittent periods of 
exacerbation. For those patients with worsening symptoms, 
12 weeks of directed treatment is reasonable before recom- 
mending operative intervention unless the patient develops 
a progressive neurologie déficit. Patients with neurologie 
symptoms, particularly radiculopathy, may benefit from 
épidural steroid injections, although the benefit may only be 
temporary. No literature exists to support the use of a sériés 
of two or three épidural steroid injections unless symptoms 
improve partially after the first injection. If the first injection 
is done without fluoroscopy and is ineffective, a second injec¬ 
tion can be done with fluoroscopy to ensure proper placement 
and diffusion. Further injections are not warranted if there is 
not a favorable response after a single well-placed injection. 
There is some evidence that response to injections can be 
used to diagnostically confirm the anatomie origin of the 
symptoms (when done under fluoroscopy) and that the short- 
term response to injections may correlate well with operative 
outcomes. If épidural steroid injection is successful, physical 
therapy should be instituted. 

OPERATIVE TREATMENT AND OUTCOMES 

The decision to consider operative treatment is based on the 
degree of disability and the severity of pain experienced by 
the patient. If the symptoms significantly limit the patients 
necessary activities or those the patient enjoys, even after a 
reasonable trial of nonoperative care, operative treatment 




CHAPTER 40 SPONDYLOLISTHESIS 



Evaluation of instability in degenerative spondylolisthesis. A, L3-4 spondylolisthesis appears reduced on supine MRI. 
B, L3-4 spondylolisthesis is visible on standing latéral radiographie spot view. 


should be considered. Only 10% to 15% of patients with 
degenerative spondylolisthesis require surgery. In general, 
patients complaining primarily of neurogenic claudication or 
radiculopathy tend to hâve more improvement than those 
experiencing primarily axial low back pain. This is because 
many of the patients with primarily axial pain hâve degenera¬ 
tive levels other than the spondylolisthetic level contributing 
to their symptoms. The Spine Patient Outcome Research Trial 
(SPORT) study demonstrated a significant benefit for patients 
with degenerative spondylolisthesis treated with décompres¬ 
sion and fusion (type of fusion was not controlled) at the 
2-year and 4-year time frame compared with nonoperatively 
treated patients. This prospective, randomized, multicenter 
study has provided the highest level of evidence to date sup- 
porting the benefit of operative treatment in this group of 
patients. In a study by Golinvaux et al., the SPORT findings 
were determined to be generalizable to a larger group of 
patients in the National Surgical Quality Improvement 
Program (NSQIP) database. Additional économie studies 
hâve found the cost per QALY for operative treatment of 
degenerative spondylolisthesis to be $64,000 per QALY at 4 
years, which is substantially less than the cost at 2 years. 
Multiple studies hâve found patient satisfaction rates of 85% 
to 90% in the operatively treated patients, with successful 
fusion being a key factor. In addition, Schulte et al. found 
“good” evidence in a literature review that operative treat¬ 
ment for degenerative spondylolisthesis is superior to nonop- 
erative treatment in appropriately selected patients. 

OPERATIVE PLANNING 

There should be an awareness that other pathologies 
can mimic or overlap the signs and symptoms of degen¬ 
erative spondylolisthesis and the associated spinal stenosis. 
Primary among these conditions are vascular claudication, 


degenerative hip arthritis, and peripheral neuropathy. If the 
history and physical examination findings are inconsistent 
with degenerative spondylolisthesis, évaluation for these 
problems should be considered. 

Once the decision to recommend operative treatment has 
been made, a détermination as to what type of operation is 
most appropriate for an individual patient also must be made. 
This détermination is based on the patients primary com- 
plaints and imaging findings. Standing latéral and anteropos- 
terior radiographs are impérative because 15% of deformities 
spontaneously reduce on supine imaging such as an MRI 
(Fig. 40-19). Instability is considered to be présent when 
4 mm of translation or 10 degrees of sagittal rotation greater 
than the adjacent level is identified. Disc space narrowing 
indicates degenerative changes. Upright flexion-extension 
latéral views may reveal translational motion, indicating a 
more unstable motion segment. The Ferguson anteroposte- 
rior view shows any significant degenerative changes in the 
lumbosacral joint and allows a better view of the transverse 
processes of L5. Hypoplastic transverse processes also should 
prompt considération for interbody fusion because of the 
paucity of bony substrate for fusion, especially for lumbosa¬ 
cral fusions. Dynamically unstable spondylolisthesis also may 
benefit from interbody fusions that improve stability through 
annular tension and decrease shear stress on posterior instru¬ 
mentation by sharing load through the dise space. The prés¬ 
ence of retrolisthesis or latéral listhesis also should be noted. 
In addition to plain radiographs, advanced neuroimaging is 
necessary to appropriately evaluate these patients. MRI gen- 
erally is satisfactory, but a significant sub set of patients cannot 
hâve an MRI because of the presence of a pacemaker or 
cardiac stents for example. In this case, lumbar myelography 
and post-myelogram high-resolution CT scans are quite 
satisfactory and offen demonstrate the bony pathology better 
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than MRI. Post-myelogram CT scans do not show pathology 
as well in the middle and latéral foramen because the sub- 
arachnoid space is not présent out to the dorsal root ganglion 
and, thus, there is no contrast présent in this area. Intrafo- 
raminal stenosis is relatively common, affecting the L4 nerve 
root, which is compressed against the inferior aspect of the 
L4 pedicle by annulus from a pseudoherniation. The most 
severe stenosis usually is located at the level of the spondylo- 
listhesis, but the entire course of each symptomatic nerve root 
must be thoroughly assessed. Usually the L5 root is com¬ 
pressed in the L4-5 latéral recess, but there may be other 
pathology, such as a synovial cyst or dise herniation, affecting 
the same root or a different root level. The presence of a facet 
effusion more than 2 mm in width is highly suggestive of 
instability at that level and should prompt close inspection of 
the upright dynamic radiographs. 

The most common procedure performed for degenera- 
tive spondylolisthesis is bilateral décompression and fusion. 
We typically use a posterior interbody technique with instru¬ 
mentation. A meta-analysis evaluating patients with degen- 
erative spondylolisthesis treated with décompression alone or 
décompression with postérolatéral fusion, with or without 
instrumentation, found similar fusion rates (93% and 86%) 
and satisfaction rates (86% and 90%) with or without instru¬ 
mentation. The nonfused group had a 69% satisfaction rate 
and 31% had slip progression. Other studies hâve found that 
patients with a solid fusion hâve better clinical outcomes than 
those who develop nonunions. Instrumentation and inter¬ 
body stabilization both hâve been found to improve fusion 
rates but also to increase cost and potential risk. 

The operative procedure chosen should aim to correct the 
identified sources of symptoms, not radiographie abnormali- 
ties. Fusion generally is recommended at the level of the 
spondylolisthesis but usually is not necessary at other levels 
requiring only décompression. Many patients with degenera- 
tive spondylolisthesis at the L4-5 level hâve some degenerative 
dise changes at the L5-S1 dise level as well. There remains 
some controversy of how best to manage the L5 degenerative 
dise changes in the absence of instability at that level. Choi 
et al. in a rétrospective study found that the presence of L5 
dise degeneration which was not treated at the time of L4-5 
anterior fusion with posterior instrumentation did not affect 
the clinical or radiographie outcome. Although fusion for 
axial pain attributable only to degenerative change is very 
controversial and not well supported in the literature, fusion 
in the setting of instability is much more accepted and there 
is substantial literature support. The fusion can be done 
posterolaterally, with or without instrumentation. Fusions 
with interbody implants (either PLIF or TLIF) are commonly 
used to treat patients with degenerative spondylolisthesis. 
Less commonly, anterior fusions are appropriate in this 
patient population. There is, however, also evidence to 
support décompression alone for the treatment of degenera¬ 
tive spondylolisthesis. Décompression alone can be the most 
appropriate procedure in some elderly patients or those with 
significant comorbidities who may not tolerate the added 
morbidity of a fusion, especially with instrumentation. 

The procedure we use most offen for degenerative spon¬ 
dylolisthesis is posterior décompression and fusion with 
interbody support combined with a postérolatéral instru- 
mented fusion. The primary advantage of this approach is 
that it allows optimal décompression and has a higher fusion 


rate than postérolatéral instrumented fusion or interbody 
fusion alone. Higher fusion rates in general correlate with 
better patient outcomes. One potential drawback of this 
approach is that biomechanically the interbody fusion 
increases the stiffness of the fused segment and this may 
increase the rate of adjacent segment degeneration. Minimally 
invasive posterior décompression and fusion techniques are 
described in Chapter 29. 


LUMBAR DECOMPRESSION 


TECHNIQUE 40-5 


■ Position the patient, préparé and drape the operative 
area, and administer prophylactic antibiotics as described 
in Technique 40-1. Keeping the hips relatively extended 
is important to simulate the anatomy in the standing 
position to allow adéquate assessment of the décompres¬ 
sion. If a frame is used that flexes the lumbar spine to 
open the inter-laminar space, this must be taken into 
account to avoid an inadéquate décompression. 

■ Make a midline incision centered at the level to be 
decompressed. 

■ Carry dissection down to the fascia and obtain a localiza- 
tion image with a clamp affixed to the spinous process to 
confirm the level. Mark this spinous process with a rongeur. 

■ Use Cobb elevators and electrocautery to subperiosteally 
expose the spinous processes and laminae of the levels 
to be decompressed bilaterally, taking care to preserve the 
facet capsule at each level. 

■ Expose the pars interarticularis so it is fully visible to avoid 
inadvertent excessive thinning of the pars, predisposing 
to pars fracture in the postoperative period. 

■ For a complété laminectomy, use a rongeur to remove the 
entire spinous process of the involved level and the caudal 
1/3 of the cephalad level. For L4-5 décompression this 
would mean removal of the caudal portion of L3 and the 
entire spinous process of L4. This will allow adéquate 
access to the L4 and the L5 nerve roots. 

■ Once the bone at the base of the spinous process has 
been thinned with the rongeur or with the use of a high- 
speed burr, identify the midline cleft in the ligamentum 
flavum. 

■ Use a small curet to detach the ligamentum flavum from 
the caudal margin of the cephalad (L4) level. Use of the 
operating microscope is very helpful. 

■ Remove the thinned lamina with a Kerrison rongeur 
proceeding from caudal to cephalad to hâve better pro¬ 
tection of the dura by the ligamentum flavum. 

■ Carry the décompression up to the caudal margin of the 
L3 lamina, focusing initially on the central canal 
stenosis. 

■ Once the central décompression is complété, turn atten¬ 
tion to the latéral recess and foraminal stenosis as dem- 
onstrated by the imaging studies. It generally is easier for 
the surgeon to work on the side of the patient opposite 
the side on which he or she is standing. 

■ With the dura gently retracted with a Penfield #4 dissec- 
tor, undercut the médial portion of the L3 inferior facet 
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Typical midline décompression for spinal steno- 
sis. Note médial facetectomy and foraminotomy with préserva¬ 
tion of the pars. Décompression is from inferior border of L3 
pedicle to superior border of L5 pedicle, exposing both latéral 
borders of dura in latéral recess. 



fil Décompression completed under microscopie 
magnification. SEE TECHNIQUE 40-5. 


paraspinal musculature. Close the subeutaneous and 
subcuticular layers. 

POSTOPERATIVE CARE. Patients are started on oral 
analgésies and scheduled muscle relaxers. Mobilization is 
started either the evening of surgery or the next morning. 
Most patients are independent with mobility and can be 
discharged home the same day or at least by the second 
postoperative day. 


with a Kerrison rongeur. Identify the L4 nerve root and 
follow it into the foramen. 

■ Complété the foraminotomy such that a Murphy bail 
hook can pass easily between the root and the inferior 
aspect of the pedicle (ensuring an adéquate cephalocau- 
dal dimension) and posterior to the root ventral to the L4 
pars (ensuring an adéquate anteroposterior dimension) 
(Fig. 40-20). 

■ Pay careful attention to the amount of bony removal from 
the L4 pars so as not to risk fracture. 

■ After the L3 médial facetectomy and L4 foraminotomy 
are complété, decompress the L5 root in the L4-5 latéral 
recess. Again, gently retract the dura and remove the 
osteophyte extending from the médial aspect of the L5 
superior articular mass and ligamentum flavum. Remove 
the bone to the level of the médial aspect of the L5 
pedicle, which marks the latéral extent of the canal. 
Complété the foraminotomy at the L5 level as described 
above for the L4 root. 

■ At this point the décompression is complété. If it was 
necessary to perform a complété facetectomy or if exten¬ 
sive bone removal was needed to adequately decompress 
the L4 nerve root, a fusion should be added. 

■ An alternative technique is a laminoforaminotomy (Fig. 
40-21), which can be unilatéral or bilateral. 

■ After achieving thorough hemostasis, irrigate the wound 
and close it over a fluted drain because of the exposed 
dura. Close the fascia to the spinous process where pos¬ 
sible to better restore the normal resting length of the 


LUMBAR DECOMPRESSION AND 
POSTEROLATERAL FUSION WITH OR 
WITHOUT INSTRUMENTATION 


TECHNIQUE 40-6 


■ Position the patient, préparé and drape the operative 
area, and carry out preoperative tasks as described in 

Technique 40-1 . 

■ Make a midline incision centered at the level to be 
decompressed. 

■ Carry dissection down to the fascia and obtain a localiza- 
tion image with a clamp affixed to the spinous process 
to confirm the level. Mark this spinous process with a 
rongeur. 

■ Use Cobb elevators and electrocautery to subperiosteally 
expose the spinous processes and laminae of the levels 
to be decompressed bilaterally, taking care to preserve the 
facet capsule at the cephalad level (L3-4) level that is not 
to be fused. 

■ Use a Cobb elevator to sweep the musculature off the 
capsule and carry the exposure down the latéral aspect 
of the superior articular mass onto the transverse process 
which is fully exposed. 

■ At the caudal facet (L4-5) level, remove the capsule and 
expose the transverse process. 
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■ Expose the intertransverse membrane, taking care not to 
violate this membrane to avoid a hematoma or nerve 
injury. 

■ Completely expose the transverse processes. 

■At this point, préparé the screw holes in the following 
manner if pedicle screw instrumentation is to be used. 
Use a bone awl to penetrate the cortex at the junction 
of the transverse process and the superior articular mass. 
Advance a pedicle probe into the pedicle. Use a sound to 
ensure there are no cortical breaches, although after the 
laminectomy the pedicles can be inspected visually as 
well. After the screw holes are prepared, place cottonoids 
for hemostasis while the décompression is completed. 
■Complété the laminectomy and foraminotomy as 
described in Technique 40-5 and proceed with fusion. 

■ Decorticate the transverse process of L4 and L5, the 
latéral surface of the articular mass and the pars with a 
high-speed drill, and carefully pack bone graft into the 
latéral gutter. 

■ In addition, decorticate the L4-5 facet joint and pack it 
with bone. 

■ If instrumentation is to be used, insert the screws at each 
level after the bone graft is placed. Otherwise the screws 
make décortication and graft placement more difficult. 

■ Cut the rods and secure them with set screws which are 
tightened to the manufacturées recommended torque. 
Take care to make sure the rods do not impinge on the 
cephalad joint. 

■ After achieving thorough hemostasis, irrigate the wound 
and close it over a fluted drain because of the exposed 
dura. Close the fascia to the spinous process where pos¬ 
sible to better restore the normal resting length of the 
paraspinal musculature. Close the subcutaneous and 
subcuticular layers. 

POSTOPERATIVE CARE. Patients are started on oral 
analgésies and scheduled muscle relaxers. A single dose 
of 5 mg of épidural preservative-free morphine gives 
excellent postoperative pain relief, but does require close 
monitoring for respiratory dépréssion postoperatively. 
Mobilization is started the next morning. Most patients 
are independent with mobility and can be discharged 
home by the third postoperative day. 


LUMBAR DECOMPRESSION AND 
COMBINED POSTEROLATERAL AND 
INTERBODY FUSION (TLIF OR PLIF) 

The preferred procedure for treating degenerative spondy- 
lolisthesis is postérolatéral fusion combined with TLIF. 


TECHNIQUE 40-7 


■ Patient positioning, approach, décompression, and place¬ 
ment of screw holes are as described in Technique 40-6. 

■ Place the interbody device from the side with the most 
severe nerve root compression and patient complaints. 


Thin the inferior facet on the selected side with a rongeur 
and keep the bone for later use. 

■ Use a small curet to detach the ligamentum flavum from 
the caudal lamina and remove the remaining inferior 
facet (of L4) and pars unilaterally with a Kerrison rongeur; 
preserve the bone for later use. 

■ Using the operating microscope, identify the exiting L4 
root and decompress it to the latéral aspect of the 
foramen. 

■ Use a large rongeur to remove the cephalad 50% of the 
L5 superior articular mass to allow the desired trajectory 
for insertion of the interbody device. 

■ Decompress the L5 nerve root to the médial border of the 
L5 pedicle and into the L5 foramen so that a Murphy bail 
hook will pass cephalad and posterior to the L5 root, 
indicating satisfactory décompression. 

■Contralatéral décompression is done at this point if 
desired. In some patients the indirect décompression from 
the interbody device placement will be sufficient. 

■ Next, préparé the dise space. Coagulate the épidural veins 
Crossing the dise space with bipolar cautery. Once they 
begin to bleed they are harder to control. 

■ Incise the annulus in the axilla of the L4 nerve root, 
retracting the thécal sac slightly medially and the L4 root 
laterally. 

■ Introduce dise reamer distractors into the dise space, 
monitoring the depth of pénétration on latéral fluoro¬ 
scopie views. 

■ Use ring and cup curets to scrape the endplates after the 
desired implant height is determined with the reamer 
distractor. 

■ Complété careful dise removal to préparé the dise space 
and to mobilize the segment. 

■ Once the endplates are prepared, thoroughly irrigate the 
dise space to remove any residual soft tissue. 

■ Pack allograft cancellous bone against the anterior 
annulus and morsellized local autograft bone behind this. 
This allograft cancellous bone is submerged in antibiotic 
irrigation solution at the beginning of the case and 
maintained there until implantation. This has decreased 
deep wound infections post operatively associated with 
allograft bone usage. 

■ Take care to leave adéquate space to allow placement of 
the interbody device no more posteriorly than midbody 
so lordosis can be achieved. The goals of cage placement 
are to restore dise height and improve alignment with 
sufficient lordosis through the segment. Biomechanically 
coverage of 35% of the endplate is désirable for stability. 
We prefer a single expandable cage device packed with 
local autograft placed just anterior to the midbody. The 
subchondral bone is strongest around the perimeter of 
the endplate and weakest centrally, increasing the risk of 
cage subsidence if the device is too small or only centrally 
located. 

■ Once the device is transversely positioned, expand it to 
the predetermined desired height. 

■To proceed with the fusion, decorticate the transverse 
process of L4 and L5, the latéral surface of the 
articular mass, and the pars opposite the TUF with a 
high-speed drill, and carefully pack bone graft into the 
latéral gutter. 
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■ Decorticate the remaining L4-5 facet joint and pack with 
bone. 

■ Insert pedicle screws at each level after the bone graft is 
placed. Otherwise the screws make décortication and 
graft placement more difficult. 

■ Cut the rods and secure them with set screws which are 
tightened to the manufacturées recommended torque. 
Take care to make sure the rods do not impinge on the 
cephalad joint. 

■ After achieving thorough hemostasis, irrigate the wound 
and close it over a fluted drain because of the exposed 
dura. Close the fascia to the spinous process where pos¬ 
sible to better restore the normal resting length of 
the paraspinal musculature. Close the subcutaneous 
and subcuticular layers. Administer a second dose of 
tranexamic acid as wound closure begins. 

POSTOPERATIVE CARE. Postoperative management is 

the same as after Technique 40-6. 


ANTERIOR LUMBAR INTERBODY FUSION 

There is relatively little rôle for this procedure as a first choice 
in treating degenerative spondylolisthesis because of the need 
for direct décompression in almost ail of these patients. For 
patients with previous adéquate décompression and persis¬ 
tent instability or failed postérolatéral fusion anterior lumbar 
interbody fusion (ALIF) can be a reasonable option (see 
Technique 40-4). 

PERIOPERATIVE MANAGEMENT 
AND COMPLICATIONS 

PREOPERATIVE MANAGEMENT 

The best way to manage complications is to avoid them 
wherever possible. This begins with an understanding of the 
risks associated with a particular surgical technique and the 
particular needs and pathology of a given patient. Having a 
candid preoperative discussion with the patient and his or her 
family about the spécifie and relative risks of different treat- 
ment options is an important step in limiting the risks of 
complications that are most unacceptable to that patient. A 
detailed description of potential procedures should be pro- 
vided to the patient in lay terms. Additionally, printed material 
or a list of web sites, such as those sponsored by the American 
Academy of Orthopaedic Surgeons, the Scoliosis Research 
Society, and the Pédiatrie Orthopaedic Society of North 
America, with reliable patient information is helpful. The 
surgeon should discuss any planned “off label” uses of implants 
and disclose any financial benefit from industry that may be 
derived from the procedure. In this way, the patient can make 
an informed decision as to his or her choice of procedure. 

The surgeon also should carefully evaluate the patient and 
document any medical conditions or circumstances that may 
increase the risk of complications. A careful neurologie 
examination to detect even subtle abnormalities which may 
indicate a greater risk of nerve root injury during or after 
surgery should be documented. If the patient has a history of 
diabètes, prior deep vein thrombosis (DVT), previous 


surgical infection, or osteoporosis, or is a current nicotine 
user, this should be documented and addressed preopera- 
tively to enhance postoperative results. In adult patients, 
particularly those with degenerative spondylolisthesis, assess- 
ment of vitamin D levels preoperatively and correction where 
indicated are warranted. Baseline information should be 
obtained from the patient using the patient-reported outcome 
instrument to be used at follow-up. 

INTRAOPERATIVE MANAGEMENT 

The surgical treatment of spondylolisthesis is complex, 
ranging from a single-level in situ fusion without instru¬ 
mentation to a combined anterior and posterior procedure 
involving direct deformity correction and instrumentation. 
Intraoperatively, the surgeon can affect the risk of infection, 
excessive hemorrhage, DVT, neurologie déficits both in and 
out of the surgical field, and development of pseudarthrosis 
by the choices that are made and techniques used. 

Some actions should be routine, such as careful patient 
positioning to decrease neurologie risk, administration of 
prophylactic antibiotics, administration of agents to decrease 
excessive bleeding, use of appropriate neuromonitoring in 
selected cases. The use of careful and précisé surgical tech¬ 
niques also is important, including careful soff-tissue man¬ 
agement, particularly in patients with significant dysplasia; 
bone graft bed préparation; type of bone graft selected; choice 
of implants; accurate instrumentation placement; and careful 
manipulations of the spine with the instrumentation. 

POSTOPERATIVE MANAGEMENT 

After the surgery is completed, the avoidance of complica¬ 
tions is primarily accomplished by completing appropriate 
prophylactic antibiotic therapy, using mechanical DVT 
prophylaxis, and carefully monitoring the patients neurologie 
status. Patient positioning and use of external spine support 
also may be appropriate in some circumstances. If use of 
an orthosis is planned, having it available preoperatively 
facilitâtes immédiate mobilization, although if significant 
deformity correction is planned, fitting is best done 
postoperatively 

SPECIFIC COMPLICATIONS 

The list of possible complications and the management of 
each is beyond the scope of this chapter. The most common 
complications following surgery for spondylolisthesis (of any 
etiology) are pseudarthrosis, instrumentation failure, neuro¬ 
logie déficits, vascular injury, and infection. 

■ PSEUDARTHROSIS 

The most frequent serious complication following surgery for 
spondylolisthesis in most sériés is pseudarthrosis, although 
infection is more common in some sériés. The development 
of pseudarthrosis is linked to other complications, such as 
progression of deformity and instrumentation failure as well. 
Eliminating nicotine use and correcting vitamin D deficiency 
preoperatively hâve been shown to reduce the risk of pseud¬ 
arthrosis in spinal fusion in general although not clearly in 
fusion for spondylolisthesis. Much of the spondylolisthesis 
literature deals with children and adolescents, and these 
issues are likely most relevant to older patients with degenera¬ 
tive spondylolisthesis. For large slip angles with sagittal 
imbalance and high-grade translational deformities, several 
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studies hâve shown that correcting the segmentai kyphosis 
appears to reduce the risk of pseudarthrosis more than reduc- 
ing the translation. Careful préparation of the fusion bed 
(posteriorly and anteriorly) is important. The transverse 
processes should each hâve a surface area of at least 2 cm 2 , 
and decorticating the pars (when présent) and the latéral 
superior articular mass is necessary. There is good evidence 
that having adéquate anterior column support is an important 
factor to reduce the risk of pseudarthrosis, and usually this is 
accomplished with the use of an anteriorly placed graft but 
this is not universally required. 

The diagnosis of pseudarthrosis often is difficult unless 
there is obvious and rapid loss of fixation or progression of 
deformity, both of which necessitate early surgical correction. 
Persistent complaints of back pain beyond 4 to 6 months, 
return of pain after initial resolution of back pain, worsening 


or new neurologie complaints, or persistent gait abnormality 
should prompt considération of the diagnosis of pseudar¬ 
throsis. Evaluation involves standing plain radiographs, 
upright dynamic radiographs, and usually CT scans to try to 
detect the nonunion (Fig. 40-22). Generally, a pseudarthrosis 
is not diagnosed until a year after surgery because of the slow 
nature of fusion consolidation and incorporation. Findings 
such as a persistent lucent line at the fusion site (best seen on 
sagittal and coronal CT reconstructions) and visible motion 
on dynamic radiographs are most diagnostic. Findings such 
as broken hardware or lucencies around screws are suggestive 
but not always conclusive evidence of nonunion. In addition, 
it is important to realize that the mere presence of a pseud¬ 
arthrosis, even when diagnostically not in doubt, is not an 
indication for révision surgery. If symptoms warrant révision 
surgery, a careful assessment of the potential reason for failure 



FIGURE 


^ Pseudarthrosis at L4-5. A to C, Plain radiographs. D and E, Upright dynamic radiographs. F, CT scan. 
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of the index procedure is important. Making the effort to 
détermine if the failure is, for example, host-related, is a 
biomechanical failure caused by the construct chosen, or 
resulted from poor execution of an appropriate construct is 
warranted to avoid the same outcome. 

■ NEUROLOGIC DEFICITS 

The avoidance of neurologie déficits begins with patient 
positioning. Taking care to pad ail bony prominences, par- 
ticularly the ulnar nerve at the elbow and the peroneal nerve 
at the knee, avoids palsies at these sites indirectly related to 
the surgery. In addition, keeping the knees flexed can decrease 
tension, particularly on the L5 root which is most at risk. The 
sélective use of neuromonitoring, including motor evoked 
potentials, electromyography, somatosensory evoked poten- 
tials, impédance testing of pedicle screws, and even direct 
nerve stimulation of the L5 root, can ail be useful techniques. 
Any intraoperative change in neuromonitoring parameters 
should be promptly evaluated. Technical issues and those 
related to anesthésia should be assessed, and if no clear cause 
is évident, the surgeon should suspect an actual neurologie 
injury. The anatomy and applied forces should be evaluated, 
and distractive or translational forces should be decreased 
until there is no tension on any of the neural structures. 
Caution should be used when applying corrective forces, 
particularly if the maneuver will cause tension on the L5 root. 
A cadaver study demonstrated that in spondylolisthesis 
réduction only 21% of the nerve strain occurs with the first 
50% of the réduction and 79% of the measured nerve 
strain occurs when the final 50% of the réduction is 
accomplished. 

Neurologie déficits also can occur from dissection around 
compromised neural structures. Décompression of the L5 
root in particular should be cautiously undertaken to remove 
the fibrocartilaginous tissue in the foramen. If a developmen- 
tal dysplastic spondylolisthesis is being reduced, careful dis¬ 
section to release the nerve ail the way out to the ala is 
necessary. 

Malpositioned hardware is another potential cause for 
neurologie déficits. The anatomy can be quite abnormal with 
dysplastic type deformities, and careful preoperative plan¬ 
ning and intraoperative fluoroscopy, and potentially image 
guided navigation, can be helpful in achieving proper and 
safe implant placement. 

With anterior exposures of the lower lumbar spine, there 
is a small risk of rétrogradé éjaculation attributed to auto¬ 
nomie nerve injury. If this approach is selected, some patients 
may want to use a sperm bank preoperatively. Intraopera- 
tively, limiting the use of electrocautery and gently dissecting 
only the area needed to access the dise space reduces this risk. 

Cauda equina syndrome can occur in the immédiate 
postoperative period. This may be attributed to a hematoma, 
which should be immediately decompressed, and if the 
segment was not instrumented initially, it should be at that 
time. 

■ VASCULAR COMPLICATIONS 

Preoperative positioning is important to decrease the risk of 
certain vascular complications. Postoperative blindness is a 
rare (1/60,000 to 1/100,000) postanesthetic complication that 
occurs more often in spine surgery than in other types of 
orthopaedic surgery, particularly if the patient is prone. It 
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seems to be related to hypotension with ischemia in the dis¬ 
tribution of the central retinal artery. There is some evidence 
that external pressure on the globe in the prone position may 
contribute, but the evidence is unclear. In any case attention 
to the eyes in a prone patient is warranted. 

Pressure can also be placed on the fémoral artery by the 
pad at the level of the anterior superior iliac spine of a prone 
patient. Verifying the presence of the pedal puises once the 
patient is prone will mitigate this risk. 

Direct vascular injury can occur with anterior or poste - 
rior spinal surgery. With anterior surgery, exposing and 
gaining control of the vascular injury are more direct. Vascu¬ 
lar injury occurring from a posterior procedure may not be 
immediately apparent if it is a venous or a small arterial 
injury. After a short period of time, the patient may show 
signs of hypovolemia, and attention should move to vascular 
repair. 

Postoperative vascular complications occur primarily 
in the form of DVT and very early pulmonary embolism. 

In patients undergoing postoperative venography without 
mechanical prophylaxis, some studies hâve reported a DVT 
rate of 10% to 15%, but this is decreased in similar studies 
using mechanical prophylaxis to 0.3% to 2%. However, in a 
study by Yoshioka et al., patients undergoing posterior single - 
level interbody fusion had a 10% rate of DVT even with 
mechanical prophylaxis. 

■ INFECTION 

An infection in a patient with spinal instrumentation in place 
is always a serious concern. Postoperative infections can 
manifest in the first few days following surgery or months 
later. Several factors are associated with infections, such as 
blood loss and operative time, which are likely surrogates for 
the complexity of the procedure. If a patient develops a 
pseudarthrosis, the possibility of infection should be consid- 
ered and appropriately evaluated. In the immédiate postop¬ 
erative period, the presence of increasing pain, fever, wound 
drainage, wound erythema, or elevated C-reactive protein 
levels should raise suspicion of infection. The incidence of 
infection in the literature in instrumented lumbar spinal 
fusions is as high as 21%. In our expérience, the infection 
rate for one- and two-level lumbar fusions with instrumenta¬ 
tion should be less than 1% to 2%. The most common organ- 
isms include Staphylococcus , both coagulase négative and 
positive, including methicillin-résistant Staphylococcus aureus 
(MRSA), Escherichia coli , Pseudomonas , and Enterobacter. In 
the presence of wound drainage, it is prudent présumé infec¬ 
tion and to wash out the wound to détermine if the infection 
is deep to the fascia or not. Appropriate antibiotic therapy 
should be administered. Factors shown to increase infection 
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Many factors make assessing and treating patients with inju¬ 
ries to the spinal column and spinal cord demanding. The 
most critical responsibilities are early récognition of the inju¬ 
ries, prévention of neurologie détérioration, optimization of 
initial medical management, correct interprétation of ail the 
diagnostic évaluations, and delivery of the most appropriate 
definitive care. 

The cervical spine is functionally the most important 
région of the spine. The complex anatomy, spinal biomechan- 
ics, and the common traumatic mechanisms involved make 
the cervical spine also the most difficult to assess. Careful 
évaluation of each région is necessary. No definitive level I or 
II evidence studies exist to guide clinicians through much of 
this process, and errors can hâve devastating conséquences 
for patients. The process is made even more difficult by coex- 
isting injuries and comorbidities that offen are présent in 
severely traumatized patients who are at risk for a significant 
spinal injury. An orderly and thoughtful approach that is 
based on the best available evidence gives patients the highest 
probability for an optimal outcome. 

The scope of the problem is demonstrated by information 
from the National Spinal Cord Injury Statistical Center in 
Birmingham, Alabama (www.nscisc.uab.edu/). The estimated 
annual incidence of spinal cord injury is approximately 
12,500 new cases per year. Significant spinal column injuries 
are about twice as common as those causing spinal cord 
injury. Additionally, an estimated 240,000 to 337,000 people 
in the United States are living with the sequelae of spinal cord 


injury. The most common causes of these injuries are motor 
vehicle accidents (38%), falls (30%), violence (14%, primarily 
gunshot wounds), and sports mishaps (9%). O ver the past few 
décades the average âge at the time of injury has increased 
from 28.7 to 40.7 years, and the causes hâve shifted slightly 
toward falls and away from motor vehicle accidents and vio¬ 
lence. Most patients with spinal cord injuries are men (80.7%). 
African-Americans are overrepresented based on general 
population trends and represent 24% of ail spinal cord inju¬ 
ries, although 63% of patients are Caucasian. The most 
common neurologie category since 2005 has been incomplète 
tetraplegia (45%), followed by incomplète paraplegia (21%), 
complété paraplegia (20%), and, least commonly, complété 
tetraplegia (14%). Complété injuries hâve decreased slightly 
in recent years. 


INITIAL MANAGEMENT OF 
SPINAL INJURY 

Evaluation and management of the patient begin at the scene 
of the injury, and proper transport of the patient is very 
important. A rétrospective review has shown that as many as 
26% of spinal cord injuries occurred during transport or the 
early stages of évaluation at the primary medical facility. The 
détérioration was attributed primarily to poor immobiliza¬ 
tion and improper initial handling of the patients. Standard- 
ized protocols among emergency medical personnel hâve 
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improved the safety of transport, but some controversy still 
remains. Total spine immobilization is recommended for ail 
patients with a potential spinal injury. A hard collar with sup¬ 
ports beside the head on an appropriately sized spine board 
for the âge of the patient is used. This allows the patient to be 
moved and tilted as needed for transport. A 2- to 3-cm occipi¬ 
tal pad is used in adults to avoid relative extension. In chil- 
dren, a spine board with an occipital recess is used to avoid 
relative flexion. Several studies hâve questioned whether ail 
patients with potential injury need this form of immobiliza¬ 
tion because of the risk of pressure sores from the backboard. 
Also, studies hâve revealed that intracranial pressure can be 
elevated by as much as 25 mm Hg by the use of a rigid cervi¬ 
cal collar. The clinical importance of this in a patient with a 
head injury has not been determined. At the présent time, 
this type of immobilization with the head taped to the board 
and the torso secured remains the most accepted method for 
patient transport. This recommendation is based on level III 
evidence, and it is unlikely there will be better evidence devel- 
oped because of ethical limitations and practical issues of 
moving injured patients. The patient should be moved from 
a spine board and hâve the cervical spine cleared as soon as 
is safely possible. This is best done after the patient reaches a 
facility able to fully assess and treat ail injuries that are présent. 

INITIAL SPINE ASSESSMENT 

After the ABC (airway, breathing, and circulation) of the 
Advanced Trauma Life Support (ATLS) protocol has been 
completed, a thorough orthopaedic history should be 
obtained and full physical examination should be done. 
Important information includes the injury mechanism, pre- 
injury functional level of the patient, patient report of weak- 
ness or sensory changes, signs of blunt head trauma, spine 


tenderness, spinal step offs, and interspinous widening. Find- 
ings of flaccidity in the extremities, incontinence, or penile 
érection may indicate spinal cord injury. A detailed neuro¬ 
logie examination, which includes motor function, sensory 
function, and rectal tone, recorded on the American Spinal 
Injury Association (ASIA) form and an assessment of mental 
status are part of this examination. The diagnostic imaging of 
a patient is inextricably linked to the neurologie examination. 
The initial spinal assessment of a trauma patient is to déter¬ 
mine if the patient has a spinal cord injury. If an injury is 
found, ail initial CT imaging, including that of the spine, is 
completed as rapidly as possible and treatment initiated. If a 
patient does not hâve a spinal cord injury, it should be deter¬ 
mined if he or she meets the criteria to be considered asymp- 
tomatic with respect to the cervical spine. If the patient is 
found to be asymptomatic, then the cervical spine can be 
cleared clinically without the need for radiography. There are 
five spécifie criteria described in the National Emergency 
X-Radiography Utilization Study (NEXUS) that must be ful- 
filled to classify a patient as asymptomatic. This study, which 
by design and execution provides level I evidence, is derived 
from 21 institutions and 34,069 patients. The purpose of the 
study was to develop a decision rule that would reduce the 
number of radiographie examinations in trauma patients 
without missing significant injuries. The five spécifie criteria 
are noted in Table 41-1. 

Using these criteria, one third of the trauma patients 
evaluated in the 21 community emergency departments or 
level 1 trauma centers were found to be asymptomatic (range 
14% to 58%). The détermination of a patients level of alert- 
ness is the first step in the workup specifically for a spinal 
injury, which should begin immediately after the ABCs hâve 
been evaluated. If the patient is asymptomatic by the criteria 


r TABLE 41-1 

Criteria for Patients to Be Considered Asymptomatic ] 

CRITERION 

COMMENT 

No posterior midline 
cervical spine 
tenderness 

Midline posterior tenderness is deemed to be présent if the patient reports pain on palpation of 
the posterior midline neck from the nuchal ridge to the prominence of the Tl vertebra, or if the 
patient évincés pain with direct palpation of any cervical spinous process. 

No evidence of 
intoxication 

Patients should be considered intoxicated if they hâve either of the following: a recent history 
provided by the patient or an observer of intoxication or intoxicant ingestion or evidence of 
intoxication on physical examination such as an odor of alcohol, slurred speech, ataxia, dysmetria, 
or other cerebellar findings or any behavior consistent with intoxication. Patients also may be 
considered to be intoxicated if tests of body fluids are positive for alcohol above 0.08 mg/dL or 
other drugs that affect the level of alertness. 

A normal level of 
alertness 

An altered level of alertness can include any of the following: a Glasgow Coma Scale score of 14 or 
less; disorientation to person, place, time, or events; inability to remember three objects at 5 
minutes; a delayed or inappropriate response to external stimuli; or other findings. 

No focal neurologie 
déficit 

A focal neurologie déficit is any focal neurologie finding on motor or sensory examination. 

No painful distracting 
injuries 

No précisé définition of painful distracting injury is possible. This category includes any condition 
thought by the clinician to be producing pain sufficient to distract the patient from a second 
cervical injury. Such injuries may include, but are not limited to, any long-bone fracture; viscéral 
injury requiring surgical consultation; large lacération; degloving injury; crush injury; large burns; or 
any other injury causing acute functional impairment. Physicians may also classify any injury as 
distracting if it is thought to hâve the potential to impair the patient's ability to appreciate other 
injuries. 


Adapted from Stiell IG, Clement CM, McKnight RD: The Canadian C-spine rule versus the NEXUS low-risk criteria in patients with trauma, N Engl J Med 349:2510, 
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of the NEXUS trial, no radiographs of the cervical spine are 
needed and the cervical spine may be “cleared” on clinical 
grounds, which significantly expedites care. Patients who are 
not alert or who do not meet the NEXUS trial criteria for 
other reasons require radiographie évaluation. The patients 
motor and sensory examination should be documented thor- 
oughly; the ASIA form is the accepted instrument that best 
serves this important function. For patients who are found to 
hâve a neurologie déficit, serial neurologie examinations are 
recorded using this form, which has proven to be useful in 
detecting clinical détérioration and guiding decisions on 
additional imaging or other interventions that may become 
necessary. For patients with neurologie déficits, ASIA forms 
are completed every 4 to 6 hours usually for the first 24 hours 
after arrivai, but this varies based on the patients course. If a 
patient is found to hâve a cervical spinal cord injury, then 
medical management and imaging workup will need to 
address this injury as the first priority in ail but the most 
critically injured patients. In some patients immédiate réduc¬ 
tion of fractures or dislocations may be most appropriate, 
whereas other patients may benefit from MRI before pro- 
ceeding with treatment. 

Controversy persists about the optimal diagnostic 
imaging protocol for trauma patients as it relates to the spine. 
There are several objectives for which there is general con¬ 
sensus among trauma surgeons and spine surgeons. First is 
the détection of any significant spinal injury that places the 
patient at risk for neurologie détérioration. This may be an 
osseous injury, a soft-tissue injury, including posterior liga¬ 
ment complex injuries and other important injuries such as 
dise disruptions, or a combination of the two. Second, make 
a détermination that there is no significant injury as early as 
possible to allow discontinuation of cervical immobilization 
and lifting of spine précautions. This will help avoid the rec- 
ognized morbidities of immobilization and to facilitate other 
aspects of the patients care. Rose et al. found that patients 
meeting the NEXUS criteria who had a “distracting injury” 
were correctly assessed on clinical grounds alone with 99% 
sensitivity and 99% négative prédictive value. They concluded 
that the number of CT scans in this cohort of patients could 
be reduced by 61% and suggested that radiographie évalua¬ 
tion is unnecessary for safe clearance of the asymptomatic 
cervical spine in awake and alert blunt trauma patients with 
“distracting injuries.” Additionally, the imaging should assess 
for associated injuries, including vertébral artery injuries in 
the cervical région or viscéral injuries involving the chest, 
abdomen, and pelvic areas when evaluating the thoracic, 
lumbar, and sacral spine régions. The initial évaluation of the 
spine (thoracic to sacrum) is best done using multidetector 
computed tomography (MDCT) with both sagittal and 
coronal reformatted images (Fig. 41-1). 

SPINE PRECAUTIONS 

The topic of spinal précautions often is mentioned but rarely 
described in publications regarding trauma to the spine. Spé¬ 
cifie practices are likely inconsistent among institutions. The 
following protocol is derived from our expérience. Spinal 
immobilization has already been described as it pertains to 
transport of an injured patient, but, as mentioned, one of the 
goals of the initial assessment is to be able to remove the 
patient from the backboard quickly once hémodynamie sta- 
bility has been obtained and CT évaluation completed. Even 


if a significant spinal injury at any level is found, the patient 
can be moved to a bed but maintained with a cervical collar 
in place on a pillow as needed to avoid cervical extension. 
Patients with ankylosing spondylitis may require several 
pillows to keep them more upright because of their rigid 
cervicothoracic kyphosis (see Chapter 38). If a patient is to 
be placed in cervical traction, the crossmember for the trac¬ 
tion pulley is fixed to the bed frame such that the traction 
vector maintains neutral alignment and adjusts if the bed 
position is altered. With this level of précaution, a patient can 
be placed head up using the reverse Trendelenburg function 
of the bed. If the cervical CT is négative for injury and cervi¬ 
cal immobilization is to be continued pending further évalu¬ 
ation, then the patient is allowed to be fully upright in a 
properly fitted rigid cervical orthosis until spinal clearance is 
possible unless other injuries prevent this. Prasarn et al. dem- 
onstrated in a cadaver study that a kinetic bed caused less 
cervical displacement through an injured segment than the 
traditional log roll maneuver. 

Patients with unstable thoracic or lumbar injuries, such 
as fracture-dislocation or other injuries that will be treated 
with internai stabilization, are maintained fiat in bed (using 
the reverse-Trendelenburg position to elevate the head) and 
log-rolled side-back-side every 2 hours while awake until the 
spine is stabilized. For patients with spinal cord injuries in 
whom operative stabilization will be delayed more than 24 to 
48 hours a Roto-Rest (KCI, San Antonio, TX) type bed is 
preferred (also used in patients with cervical injuries). Once 
the thoracolumbar fracture is stabilized, or for those patients 
being treated in an orthosis, elevating the head of the bed 0 
to 30 degrees is allowed without donning the orthosis. The 
orthosis is required when the head of the bed is above 30 
degrees. 

Keeping the head of the bed elevated is strongly encour- 
aged if blood pressure, intracranial pressure, and other vital 
parameters permit, to reduce the risk of aspiration and to 
assist with pulmonary toilet. Once spinal stability is achieved, 
continued frequent turning of the patient or the use of a 
therapeutic air mattress is preferred as long as mobility is 
severely limited for any reason. 

DIAGNOSTIC IMAGING 

Injuries that involve the thoracic, lumbar, or sacral régions of 
the spine generally can be diagnosed using CT, which has 
been established as the diagnostic imaging modality of choice 
in these areas. It usually is obtained as part of the primary 
workup by the trauma surgeons or the physicians in the emer- 
gency department. Additional évaluation with MRI in these 
areas or use of other modalities typically is not necessary, 
although there are circumstances in which this is appropriate. 
Because these CT studies are obtained routinely for other 
reasons, the spécifie indications for radiographie évaluations 
of these areas hâve not been extensively studied. Additional 
attention is given to this topic in later sections dealing specifi- 
cally with injuries to these areas. 

Patients who hâve cervical spine symptoms require 
imaging évaluation, and the recommendations for this 
process hâve changed in recent years. The standard radio¬ 
graphie évaluation of the cervical spine for trauma patients 
until relatively recently has been anteroposterior, latéral, and 
open-mouth odontoid views. This three-view protocol has 
proven reliable when technically adéquate images are 
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FIGURE 


Cervical spine imaging in patients without spinal cord injury. 


obtained, but has been documented to fail in demonstrating 
a small number of significant cervical injuries. Because the 
incidence of cervical injury in trauma patients is between 2% 
and 6%, a very high sensitivity is required to optimally evalu- 
ate symptomatic patients. In a sériés of 32,117 patients, Davis 
found 34 missed injuries. As has also been documented in 
numerous other studies, the most common reason the injury 
was missed in Davis sériés was failure to obtain adéquate 


radiographs of the injured level (23 patients). Eight patients 
in the sériés had incorrect readings of adéquate films, and 
only one patient was documented to hâve adéquate radio¬ 
graphs that did not demonstrate the injury even in retrospect. 
Most studies on this topic hâve found that the occipitocervi- 
cal junction and the cervicothoracic junction are the areas 
where injuries are most likely to be missed. Several studies 
hâve provided level I evidence that the négative prédictive 
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value of an adéquate three-view sériés is from 93% to 98%; 
however, in these same studies the sensitivity was only 62% 
to 84%. Assuming a sériés of 100 patients, 6% of whom hâve 
cervical injury, five of six cervical injuries could be detected 
as abnormal on a three-view radiographie sériés and one 
truly injured patient would not be distinguished radiographi- 
cally from the 94 correctly identified true négative sériés. This 
deficiency of plain radiographs is not improved with the addi¬ 
tion of oblique films for a five-view sériés. 

With greater availability of multidetector computed 
tomography (MDCT) there has been a transition to using this 
modality for the primary évaluation of the cervical spine in 
trauma patients based on level II and III evidence. Combining 
the cervical CT scan with the head-chest, abdomen, and 
pelvic scan, which offen is ordered for these patients, has 
resulted in a lower cost than if the cervical study is done sepa- 
rately. Also, because the patient is already in the scanner and 
the scan times are much faster with MDCT compared with 
conventional CT, it actually takes less time to obtain an MDCT 
than it would for a three-view sériés of plain radiographs. 
When the relatively high proportions of technically inadé¬ 
quate studies that require CT are factored in, the MDCT has 
been found to be cost effective relative to plain radiographs. 
Despite these advantages, the higher radiation dose to the 
patient remains a concern with MDCT. Although compari- 
sons between MDCT with coronal plane and sagittal plane 
reconstructions and plain radiographs hâve found higher sen¬ 
sitivity in detecting injuries with MDCT, several studies com- 
paring autopsy findings with injuries noted on CT before 
death found that not ail injuries présent at autopsy were dem- 
onstrated by CT. Molina et al. found significant injuries in a 
small number of patients that were not demonstrated on the 
CT images. This indicates that CT may not be the “gold stan¬ 
dard” by which to judge ail other diagnostic imaging tech¬ 
niques. The rôle of MRI in the évaluation of the cervical spine 
in symptomatic patients to supplément MDCT continues to 
develop as the deficiencies of MDCT are better understood. 
The high cost, limited availability, and restricted monitoring 
and access to the patient imposed by MRI continue to limit 
its use. Despite these shortcomings, a significant number of 
studies demonstrate improved diagnostic sensitivity with the 
use ofMRI. Sarani et al. rétrospectively found injuries on MRI 
in 42 of 164 (26%) trauma patients. Ail 164 patients had néga¬ 
tive CT scans, and treatment was altered in 74% of these 
patients either with surgery or continuation of immobiliza- 
tion. In the subset of patients who could not be examined 
because of altered mental status, Sarani et al. found injuries 
on MRI in 5 of 46 (11%) patients who had négative CT scans, 
and 80% of these patients required surgery. Pourtaheri et al. 
found in a subset of patients with cervical fractures and altered 
mental status that MRI was very useful; MRI found additional 
injuries in 48% that changed treatment for 39%. This treat¬ 
ment change was from nonoperative to operative treatment 
24% of the time. The clearest indication for MRI in a trauma 
patient is for the évaluation of an unexplained neurologie 
déficit at any spinal level. MRI has a higher sensitivity for 
detecting soft-tissue injuries, which are not well demonstrated 
on CT. MRI can detect a missed spinal column injury or 
neural compressive pathologie processes, such as dise frag¬ 
ments, épidural hematoma, or the presence of significant 
canal stenosis from other causes. For patients with a demon¬ 
strated injury and neurologie déficit at a corresponding level, 


MRI usually offers little additional information for that injury. 
However, noncontiguous injuries occur in up to 15% of 
patients. Because of this high rate of additional injuries, 
patients with cervical injuries demonstrated on MDCT at our 
institution are evaluated with MRI to assess for soft-tissue 
injuries. This practice has resulted in alteration of the treat¬ 
ment plan for a significant percentage of patients when addi¬ 
tional injuries are detected. Using MRI to assist in the 
“clearance” of the cervical spine remains controversial at this 
time. Although many of these additional injuries are signifi¬ 
cant and do alter treatment, some of the injuries are not clini- 
cally significant, so spécifie indications for obtaining MRI 
need to be defined. Determining which MRI findings corre- 
late with clinical instability also needs to be better defined. If 
a patient has abnormal findings on CT suggesting soft-tissue 
injury, such as soft-tissue density anterior to the midbody of 
C3 greater than 5 mm, a widened dise space (>1 to 2 mm) at 
one level relative to adjacent dise levels particularly if there is 
an anterior osteophyte avulsion at that level (Fig. 41-2), or 
excessive widening of the interspinous distance posteriorly, 
MRI should be obtained. An additional confounding issue is 
the timing of the MRI. Because MRI is most effective for 
evaluating soft-tissue injury, either by showing discontinuity 
of anatomie structures such as the ligamentum flavum and 
annulus fibrosus or hemorrhage and edema associated with 
tissue disruption, the timing of the study is very important. If 
the MRI is obtained within the first 48 hours after injury, the 
sensitivity for hemorrhage and edema is optimal. The ability 
of MRI to identify injury after 48 hours is dépendent on the 
direct démonstration of tissue disruption or subluxation of 
the spine. Emery et al. found that MRI done an average of 11 
days from injury failed to demonstrate known soft-tissue inju¬ 
ries in 2 of 19 patients. Evaluation of the available literature 
revealed level III evidence to support the “clearance” of the 
cervical spine in a symptomatic patient if CT and MRI done 
within 48 hours of injury are found to be normal. Our process 
is to obtain an MRI in the obtunded patient within this 
48-hour window if the patient is stable enough to undergo the 
study. A patient is not considered obtunded if the mental 
status is altered because of the presence of substances that will 
only transiently impair the patient. In this case the patient has 
CT examination and remains in a rigid orthosis with repeat 
examinations until the impairment has resolved and a déter¬ 
mination is made to either “clear” the cervical spine on clinical 
grounds or proceed with MRI within 48 hours. If the condi¬ 
tion of the patient does not allow the MRI to be completed 
within 48 hours and the patient remains obtunded, an MRI is 
obtained as soon as the patient can safely undergo the study 
and any identified injuries are treated. However, if the delayed 
MRI does not directly demonstrate an injury, the patient is 
kept in a rigid orthosis for up to 6 weeks as treatment for 
presumed soft-tissue injury or until his or her mental status 
improves and he or she can be cleared on clinical grounds by 
meeting the NEXUS criteria. This protocol has been effective 
in avoiding neurologie détérioration because of missed inju¬ 
ries. Although there has been occasional morbidity such as 
decubitus ulcers attributable to the orthosis, this is very rare. 
Skin breakdown on the posterior scalp above the orthosis 
results from improper fit of the orthosis, not keeping the 
patient upright, and not turning the patient adequately. No 
more serious morbidities from immobilization hâve occurred, 
although nursing care, especially tracheostomy care, is 
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A, Disruption of C6 osteophyte suggesting disruption through the dise (arrow). B f Increased signal through C6 dise 
indicates disruption of dise (arrow). C, Retropharyngeal soft tissue more than 5 mm on midsagittal image (arrow). D, Arrow a indicates 
hemorrhage causing widening of soft-tissue density at C3 level. Arrow b indicates anterior annulus disruption. Arrow c indicates disrup¬ 
tion of ligamentum flavum. Also note cord edema and swelling. Continued 
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■awnaagtCTWÎtgfc E f Arrow a indicates more than 5 mm of soft-tissue density at C3 level. Arrow b indicates subtle angulation 
through C5 dise level. V, Arrow a indicates hemorrhage at C3 level. Arrow b indicates disruption through anterior annulus and through 
the dise space. 


somewhat more difficult. Thus, the primary indications for 
cervical MRI are unexplained neurologie déficit, identified 
cervical injury, CT findings suggestive of soft-tissue injury, or 
a patient with altered mental status after intoxicants are 
metabolized. When possible, MRI is performed within 48 
hours. 

ADDITIONAL IMAGING 

It is unusual for additional imaging to be required beyond 
that described. We hâve not found dynamic studies to be 
useful acutely to evaluate the cervical spine. There is a high 
rate of inadéquate studies for a variety of reasons, foremost 
of which is inadéquate range of motion. In obtunded patients, 
there hâve been reports of major neurologie injury caused by 
obtaining dynamic images. If a nonobtunded patient has 
adéquate motion for flexion and extension latéral radio - 
graphs, typically clearance can be done on clinical grounds 
using the NEXUS criteria without further imaging. 

On rare occasions a patient may hâve findings on MD CT 
suggestive but not definitive of a soft-tissue injury. Typically, 
an MRI study would be obtained, but in certain patients this 
is contraindicated (e.g., if the patient has a pacemaker). In 
these instances a “stretch test” as described by White, South- 
wick, and Panjabi is done to more completely assess the sta- 
bility of the spine. This test allows measurement of the 
displacement within a motion segment under controlled con¬ 
ditions to identify soft-tissue injuries. Gardner-Wells tongs 
are applied before this test is performed. A head halter can 
be used but is less désirable because of the amount of weight 
that potentially may be used. The possible end points for the 
test are a change in neurologie status, an increase of 1.7 mm 


End Points for Stretch Test 


■ Change in neurologie status 

■ Increase of 1.7 mm between adjacent vertebrae at any 
level 

■ Angulatory change of 7.5 degrees at any dise level 

■ Reaching one third of body weight or weight limit for 
tongs, whichever is less 


between adjacent vertebrae at any level, an angulatory change 
of 7.5 degrees at any dise level, or reaching one third of body 
weight or 65 lb, whichever is less. A prerequisite to perform- 
ing a “stretch test” is that the patient must be alert and able 
to provide a consistent feedback for neurologie examination 
(Box 41-1). Resuscitation should be complété, and the patient 
should be hemodynamically stable. Head CT should confirm 
no fracture near the planned cranial pin sites. 


APPLICATION OF GARDNER- 
WELLS TONGS 


TECHNIQUE 41-1 


■ Stabilize the patient's neck with a rigid cervical orthosis. 
A small bolster may be needed under the occiput or 
shoulders to maintain neutral cervical alignment. 








CHAPTER 41 FRACTURES, DISLOCATIONS, AND FRACTURE-DISLOCATIONS OF THE SPINE ^ 


63 



Gardner-Wells tongs placed just above ears, 
below greatest diameter of skull. SEE TECHNIQUE 41-1. 


■ Identify a point 1 to 2 cm above the top of the ear and 
0 to 2 cm posterior to the auditory meatus bilaterally. Pull 
the hair back over this area. If necessary, remove a small 
amount of hair to expose the skin. 

■ If slight extension is desired, place the pins in line with 
the auditory meatus but no farther forward to avoid injury 
to the temporal artery. Placing the pins more posteriorly 
will resuit in slight flexion. Flexion or extension also can 
be accomplished by adjusting the level of the traction 
pulley or by placing a bolster under the shoulders as 
needed. 

■ Clean the pin sites with an antiseptie soap and antiseptie 
solution. 

■ Infiltrate the pin sites with 1 % or 2% lidocaine down to 
the periosteum. 

■ Check the tongs to ensure that the central pin is recessed, 
the pin points are not damaged, and the S hook is in 
place to attach the weight. 

■ Gently place the tongs over the patient's head and 
advance the pins toward the skin. Put the pins in a sym- 
metric position. 

■To avoid rotation, center the tongs by observing the 
patient's nose in the middle of the tongs. 

■ Advance the pins until the central pin protrudes by 1 mm. 
This will occur on one side only. Tighten the locking nuts 
securely after the pins are seated. 

■ The tongs are now set and traction can be applied. The 
other restraints can be removed. No dressing is needed. 

■ Place the pulley for the traction rope at a level to achieve 
in-line traction for the cervical spine (Fig. 41-3). 


STRETCH TEST 

This test must always be done with direct supervision by 
the attending orthopaedic surgeon. 


TECHNIQUE 41-2 


■Apply traction through secured cranial skeletal traction. 
Use of a head halter may be considered only if a small 


amount of weight is expected to be used. If a head halter 
is used, place a small piece of gauze sponge between the 
molars for patient comfort. Carefully place a rolled towel 
or sheet under the patient's head or neck as needed to 
maintain neutral alignment. 

■ Place the radiographie film as close as possible to the 
patient's neck, position the x-ray tube 72 inches from 
the film, and make a latéral exposure. This will serve as 
the baseline image. 

■ Begin with 10 Ib of weight and increase traction in 3- to 
5-lb incréments. Complété a full neurologie examination 
and obtain a latéral radiograph before adding the next 
weight incrément. 

■ The test is considered positive and should be discontinued 
and traction removed if any neurologie changes occur or 
if any abnormal séparation or angulation occurs. The 
radiographie criterion is an increase of 1.7 mm between 
adjacent vertebrae or a change of 7.5 degrees at an 
intervertébral dise level relative to the baseline image that 
was obtained. 

■ By completing a neurologie examination and allowing 
the radiographie image to be processed, an adéquate 
time of at least 5 minutes elapses between weight 
increases to overcome any muscle spasm that may 
occur. 

■ Be certain to compare measurements on each new 
radiograph to the baseline image, not the previous 
image. 

■The test is considered négative for instability if traction 
equal to one third of body weight or 65 Ib is reached 
without radiographie or neurologie change. 


NEUROLOGIC ASSESSMENT 

To properly direct the diagnostic imaging necessary for a 
patient, the neurologie examination findings play a key rôle. 
Assessment of mental status using the Glasgow Coma Scale 
(GCS) (Table 41-2) détermines the level of consciousness. If 
the GCS score is not 15, then imaging will be required as 
outlined earlier. Clearly document the motor and sensory 
examination, including the function of the rectal sphincter 
and the presence of perianal sensation. We hâve used 
the ASIA form provided on the ASIA website (www 
.asia-spinalinjury.org/publications/59544_sc_Exam_Sheet_ 
r4.pdf). Using the ASIA form, sensation is recorded for light 
touch and pinprick in 28 dermatomal distributions on each 
side of the body (Fig. 41-4). Pinprick testing is done using a 
stérile needle rather than a pinwheel. A score of 2 (normal), 
1 (altered), or 0 (absent) is determined for each dermatome, 
and spécifie “key” areas are identified on the diagram within 
each dermatome as optimal test locations. In addition, the 
presence of sensation for deep anal pressure is made to help 
détermine if a spinal cord injury is complété or incomplète. 
Important dermatomal landmarks are the nipple line (T4), 
xiphoid process (T7), umbilicus (T 10), inguinal région 
(T12, Ll), and perianal région (S4 and S5). Motor function 
is scored 0/5 to 5/5 in each of 10 spécifie myotomes per side 
(Table 41-3). Also, the presence or absence of voluntary 
anal sphincter contraction is recorded. In some 
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TABLE 41-2 


Glasgow Coma Scale 

POINTS 

EYES OPEN 

Spontaneous 

4 

To Sound 

3 

To pain 

2 

Never 

1 

BEST VERBAL RESPONSE 

Oriented 

5 

Confused conversation 

4 

Inappropriate words 

3 

Incompréhensible words 

2 

None 

1 

BEST MOTOR RESPONSE 

Obeys commands 

6 

Localizes pain 

5 

Flexion withdrawal 

4 

Abnormal 

3 

Extension 

2 

None 

1 


From Teasdale G, Jennett B: Assessment and prognosis of coma after head injury, 
Acta Neurochir 34:45, 1976. 


_ TABLE 41 -3 

Key Muscle Groups Used in ASIA Motor Source 
Evaluation of Spinal Cord Injury 


LEVEL MUSCLE GROUP 


C5 

Elbow flexors (biceps, brachialis) 

C6 

Wrist extensors (extensor carpi radialis longus 
and brevis) 

C7 

Elbow extensors (triceps) 

C8 

Finger flexors (flexor digitorum profundus to 
the middle finger) 

Tl 

Small finger abductors (abductor digiti minimi) 

L2 

Hip flexors (iliopsoas) 

L3 

Knee extensors (quadriceps) 

L4 

Ankle dorsiflexors (tibialis anterior) 

L5 

Long toe extensors (extensor hallucis longus) 

SI 

Ankle plantar flexors (gastroenemius, soleus) 


From Beaty JH, editor: Orthopaedic knowledge update, home study syllabus 6, 
Rosemont, IL, 1999, American Academy of Orthopaedic Surgeons, p 654. 


circumstances, the désignation of “NT” for not testable or 
5*/5 (weakness as expected, considered normal strength 
because of inhibiting factors such as fractures) are most 
appropriate. Before making a definitive détermination of 
injury type the patient must be out of spinal shock. This 
usually occurs within 24 to 48 hours but can take substan- 
tially longer and is indicated by the return of the bulbocav- 
ernosus reflex and anal wink (Figs. 41-5 and 41-6). On page 
2 of the ASIA document, the requirements for each motor 
grade are given along with the définitions of the ASIA 


Impairment Scale and a flow chart to properly interpret it. 
Using the ASIA Impairment Scale, a détermination is made 
to classify the spinal cord-injured patient. The level of 
injury is named by the most caudal myotome and derma- 
tome level with both normal motor and sensory function. 
Type A patients are motor complété and sensory complété, 
with no motor or sensory function more than three seg¬ 
ments caudal to the named injury level. Function within the 
zone of partial préservation should be recorded because a 
change by even a single level can be very significant, espe- 
cially in the cervical région. Type B patients are motor com¬ 
plété but sensory incomplète (incomplète sensory loss but 
complété motor loss with no motor function more than 
three segments caudal to the named injury level); sensory 
sparing may be only light touch, pinprick in the perianal 
segments, or deep anal pressure. Type C patients hâve either 
voluntary sphincter contraction or voluntary motor func¬ 
tion more than three segments below the named injury level 
with sacral sensory sparing. This motor sparing can be in 
non-key myotomes according to the standard at this time. 
More than half of functioning key myotomes are graded less 
than 3/5. Type D patients hâve at least half of functioning 
key myotomes greater than or equal to grade 3/5. Type E 
patients hâve a spinal cord injury that improves to normal. 
This type is not used to describe a patient without a spinal 
cord injury initially. This examination should allow the cli- 
nician to distinguish spinal cord injuries from isolated nerve 
root or nerve plexus type injuries. 

The initial neurologie examination should be completed 
as soon as possible after the arrivai of the patient to establish 
the correct baseline for the patient to which ail subséquent 
examinations will be compared. It is our practice to complété 
serial neurologie assessments on patients with spinal cord 
injuries or unstable spinal column injuries every 4 to 6 hours 
for at least the first 24 hours and continue less frequent reas- 
sessments thereaffer based on the patients clinical course. 
This regimen is derived from expérience in a busy level I 
trauma center but is not evidence based, and it is unlikely 
that evidence-based practices could be used to examine 
how frequently optimal évaluations should be done. In addi¬ 
tion to the motor and sensory examinations, it is important 
to include examination of the deep tendon reflexes. Acute 
spinal cord injury results in flaccid paralysis and areflexia. 
The presence of pathologie reflexes such as a Babinski or 
Hoffmann reflex or clonus indicates a more chronic process, 
which may be acutely worsened by trauma such as a central 
cord injury in the setting of chronic cervical stenosis. The 
purpose for serial examinations is to detect any neurologie 
change and institute management changes to improve the 
patients ultimate neurologie outcome. Détérioration of neu¬ 
rologie function can be caused by intracranial processes such 
as hemorrhage, metabolic processes such as acidosis, or 
spinal pathologie processes. Bony malalignment causing 
spinal cord compression, hypotension, expanding épidural 
hematoma, spinal cord infarction, inadéquate immobiliza- 
tion, or improper movement of a patient are some of the 
reasons for détérioration that must be considered by the 
orthopaedic surgeon in collaboration with other consultants 
so treatment can be adjusted appropriately. Likewise, if a 
patient is noted to improve, management may need to be 
altered as well with regard to planning of spinal stabilization 
or nonoperative spinal interventions. 






Patient Name. 


Examiner Name _ 


Date/Time of Exam 


American spinal Iniury Associatic 


C5 

C6 

C7 

C8 

Tl 

UPPER LIMB 
TOTAL 
(MAXIMUM) 


STANDARD NEUROLOGIC CLASSFICATION 
OF SPINAL CORD INJURY 


MOTOR 

KEY MUSCLES 

(scoring on reverse side) 

Elbow flexors 
Wrist extensors 
Elbow extensors 

FinC/er flexsors (distal phalanx ofmiddle finger) 

Finger abductors (unie finger) 


□+□= 

(25) (25) 







L2 




Flip flexors 

L3 




Knee extensors 

L4 




Ankle dorsiflexors 

L5 




Long toe extensors 

SI 




Ankle plantar flexors 


Voluntary anal contraction r 
(Yes/No) 


LIGHT 
TOUCH 
R L 



LOWER LIMB, 


□+□=1 


(MAXIMUM) (25) 

(25) (50) 

(MAXIMUM) (56) (56) 

(56) (56) 



NEUROLOGIC 

LEVEL 

The most caudal segment 
with normal function 

R L 

SENSORY | 

MOTOR | | | | 

COMPLETE OR INCOMPLETE? 

Incomplète = Any sensory or motor function in S4-S5 

ASIA IMPAIRMENT SCALE 

□ 

□ 

ZONE OF PARTIAL 
PRESERVATION 

Caudal extent ofpartially 
innervated segments 

R L 

SENSORY 1 II 1 

MOTOR |-1 |-1 



' I I Any anal sensation (Yes/No) 

PIN PRICK SCORE (max: 112) 
LIGHT TOUCH SCORE (max: 112) 


This form may be copied freely but should not be altered without permossion from the America! Spinal Injury Association. 


MUSCLE GRADING 

0 Total paralysis 

1 Palpable or visible contraction 

2 Active movement, full range of 
motion, gravity eliminated 

3 Active movement, full range of 
motion, against gravity 

4 Active movement, full range of 
motion, against gravity and provides 
some résistance 

5 Active movement, full range of 
motion, against gravity and provides 
normal résistance 

5* Muscle able to exert, in examiner’s 
judgment, sufficient résistance to be 
considered normal if identifiable 
inhibiting factors were not présent 

NT not testable. Patient unable to reliably 

exert effort or muscle unavailable for test- 

ing due to factors such as immobilization, 

pain on effort, or contracture. 


ASIA IMPAIRMENT SCALE 

□ A = Complété: No motor or sensory 

function is preserved in the sacral 
segments S4-S5. 

□ B = Incomplète: Sensory but not motor 

function is preserved below the 
neurologie level and includes the 
sacrai segments S4-S5. 

□ C = Incomplète: Motor function is pre¬ 

served below the neurologie 
level, and more than half of key 
muscles below the neurologie 
level hâve a muscle grade less 
than 3. 

□ D = Incomplète: Motor function is pre¬ 

served below the neurologie 
level, and at least half of key mus¬ 
cles below the neurologie level 
hâve a muscle grade of 3 
or more. 

□ E = Normal: Motor and sensory func¬ 

tion are normal. 


CLINICAL SYNDROMES 
(OPTIONAL) 

□ Central Cord 

□ Brown-Séquard 

□ Anterior Cord 

□ Conus Medullaris 

□ Cauda Equina 


B 


STEPS IN CLASSIFICATION 

The following order is recommended in determining the classification 
of individuals with SCI. 

1. Détermine sensory levels for right and left sides. 

2. Détermine motor levels for right and left sides. 

Note: in régions where there is no myotome to test, the motor level 
is presumed to be the same as the sensory level. 

3. Détermine the single neurologie level. 

This is the lowest segment where motor and sensory function is nor¬ 
mal on both sides, and is the most caudad of the sensory and 
motor levels determined in steps 1 and 2. 

4. Détermine whether the injury is Complété or Incomplète 
(sacral sparing). After spinal shock resolved: 

If voluntary and contraction = No AND ail S4-5 sensory scores = 0 
AND any anal sensation = No, then injury is COMPLETE. 

Otherwise injury is incomplète. 

5. Détermine ASIA Impairment Scale (AIS) Grade: 

Is iniury Complété ? If YES, AIS=A Record ZPP 

■ (For ZPP record lowest dermatome or myotome on 

NO 1 each side with some (non-zero score) préservation) 

Is injury ▼ 

motor Incomplète ? lfNO,AIS=B 

1 (Yes=voluntary anal contraction OR motor 

function more than three levels below the motor 
level on a given side.) 

Are at least half of the key muscles below the 
(single) neurologie level graded 3 or better? 

NO | YES | 

AIS=C AIS=D 

If sensation and motor function is normal in ail segments, AIS=E 

Note: AIS E is used in follow up testing when an individual with a 
documented SCI has recovered normal function. If at initial testing 
no déficits are found, the individual is neurologically intact; the 
ASIA Impairment Scale does not apply. 


A, Standard neurologie classification of spinal cord injury from the American Spinal Injury Association (ASIA). 
B f Muscle grading and ASIA impairment scale. 
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Glans pénis Anal sphincter 

compression contraction 


FIGURE 


Bulbocavernosus reflex. 







FIGURE 


Anal wink. Contracture of external sphincter 


caused by pin prick. 


SPINAL CORD INJURY 

NEUROGENIC AND SPINAL SHOCK 

Neurogenic shock refers to hémodynamie instability that 
occurs with rostral cord injuries related to the loss of sympa- 
thetic tone to the peripheral vasculature and heart, the con¬ 
séquences of which are bradycardia, hypotension, and 
hypothermia caused by absent thermorégulation. The combi¬ 
nation of hypotension and bradycardia should alert the clini- 
cian to this cause of shock rather than hémorrhagie shock, 
which may coexist, particularly in patients with other inju¬ 
ries. Aggressive treatment of hypotension of any cause is a 
priority in patients with spinal cord injury. Spinal shock refers 
to a temporary dysfunction of the spinal cord, with a loss of 
reflexes and sensorimotor function caudal to the level of 
injury. It is manifested by absence of anal wink and bulbo¬ 
cavernosus reflexes and by flaccid paralysis. It is a temporary 
phenomenon and recovers usually in 24 to 48 hours even in 
severe injuries but can persist for weeks or rarely months. 
There is no spécifie treatment for spinal shock. 

For patients with a spinal cord injury, rapid diagnosis and 
institution of measures to minimize secondary spinal cord 
injury may be the most important interventions possible to 
improve ultimate neurologie and functional recovery. The 
controversy concerning the timing of surgery is centered on 
the concept of minimizing the secondary injury. Numerous 


studies such as the Surgical Timing in Acute Spinal Cord 
Injury Study (STACIS) hâve attempted to détermine the 
optimal timing of surgical décompression and stabilization. 
At présent, this remains somewhat of an open question, but 
evidence is mounting in favor of early décompression to 
enhance neurologie outcomes. Often this décompression is 
most rapidly accomplished by placing the patient in skeletal 
traction. This maneuver can be done much more quickly than 
operative treatment in most circumstances. In addition, mul¬ 
tiple studies provide level III evidence that earlier décompres¬ 
sion and stabilization are associated with shorter hospital 
stays and lower overall treatment costs for these patients. In 
a clinical study with direct measurements of spinal cord pres¬ 
sure and spinal cord perfusion, Werndle et al. found that 
spinal realignment and stabilization did not lead to improved 
spinal cord perfusion. This was attributed to spinal cord 
swelling within the inelastic dura mater. 

The secondary injury cascade refers to the additional 
neurologie injury that results from cord ischemia, leading to 
electrolyte shifts with cell membrane alterations and accumu¬ 
lation of neurotransmitters and inflammatory mediators 
including free radicals that further injure neural tissue. A 
detailed discussion of these mechanisms is beyond the scope 
of this text; however, it must be recognized that proper 
medical management of a patient with a spinal cord injury is 
an important component in the overall care. The secondary 
mechanisms follow the initial or primary mechanical injury 
caused by compression, distraction, shear, or lacération of the 
spinal cord. The secondary injury cascade occurs over a 
period of hours to days, depending on the severity of injury 
and other injuries that may be présent. Based on a number of 
animal models and level III evidence, it appears that the 
injury caused by ischemia of the spinal cord is the central 
feature of this secondary injury process. Avoiding or mini¬ 
mizing ischemia of the spinal cord appears to improve neu¬ 
rologie outcome. Spinal cord ischemia results in changes 
locally, with loss of autoregulation of spinal cord blood flow 
and changes to the systemic vasculature. These systemic alter¬ 
ations include cardiac rhythm irregularities, bradycardia, 
decreased mean arterial pressure, decreased cardiac output, 
and decreased peripheral vascular résistance. Ail of these 
abnormalities hâve the effect of a positive feedback loop to 
worsen the cord ischemia and thus worsen hémodynamie 
parameters. Ail of these hémodynamie parameters tend to be 
worse with more severe and more rostral injuries. Respiratory 
insufficiency or failure often accompanies spinal cord injury 
because of weakness of the respiratory muscles resulting in 
hypoxemia, which, in turn, worsens the spinal cord ischemia. 
Early détection and treatment of cardiopulmonary dysfunc¬ 
tion does reduce the morbidity and mortality caused by these 
mechanisms. The goal for optimal blood pressure manage¬ 
ment is a mean arterial pressure of 85 to 90 mm Hg with 
maintenance of 100% oxygen saturation. This is based on 
clinical observations and level III evidence, which remains 
the best guidance available to date. To properly treat these 
patients, arterial lines and central venous access or even 
Swan-Ganz cathéters may be needed. Initially, hypotension 
should be treated as hémorrhagie in origin and fluid resusci¬ 
tation should be with a balanced solution (e.g., lactated 
Ringer solution). After adéquate crystalloid volume replace¬ 
ment, blood transfusion may be needed. If hypotension has 
not responded after fluid resuscitation and transfusion with 
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normal central venous pressure, pressor agents should be 
administered to maintain the mean arterial pressure in the 
desired range. Agents such as dobutamine, dopamine, or nor- 
epinephrine, with both a- and (3-agonist properties, are pre- 
ferred over pure a agonists such as phenylephrine that can 
lead to reflex bradycardia. The duration of pressure support 
to maintain the médian arterial pressure has been somewhat 
arbitrarily stated to be 7 days, but there is no evidence to 
support either a longer or shorter period of time. Supplémen¬ 
tai oxygen should be administered and ventilator settings 
adjusted to keep oxygénation at or near 100% during this 
period as well. 

IMMEDIATE SPINAL REDUCTION 

The primary objective for rapid cervical réduction and stabi¬ 
lization is to improve spinal cord blood flow and thus mini- 
mize the harmful effects of ischemia. In animal models, 
rapidly relieving spinal cord compression has been shown to 
be bénéficiai. The short period of time from injury to décom¬ 
pression determined in these studies to be optimal has not 
been clinically achievable. One intervention that can be 
accomplished in some patients to relieve spinal cord com¬ 
pression and improve cord blood flow is to reduce fractures 
and dislocations using skeletal traction. If the injury is recog- 
nized and the patient is emergently taken to the radiology 
suite, often the réduction can be achieved within the first 1 
to 2 hours after the patient arrives at the hospital. To be effec¬ 
tive this must be done absolutely as soon as possible even if 
the initial workup has not been completed. However, limited 
evidence exists as to how bénéficiai this may be, and there is 
some risk from other undetected injuries in this setting. 
Closed réduction usually can be accomplished significantly 
faster than can be achieved by operative means, and comple- 
tion of the évaluation in a hemodynamically stable patient 
can usually safely follow the réduction. Closed réduction is 
not always possible and is not appropriate to attempt, 
for example, in patients with distraction type injuries at 
other levels, in obtunded patients, in patients with certain 
cranial fractures, or if the patient becomes hemodynamically 
unstable. 

A great deal of controversy exists regarding timing of 
cervical réductions and the need for cervical MRI, particu- 
larly in the context of a patient with unilatéral or bilateral 
facet fractures or dislocations. The controversy has been 
centered on whether there is a need to obtain prereduction 
MRI to détermine if there is a dise herniation. The value of 
this information compared with the risk of the increased 
time to réduction has not been established. Considération 
must be given to several pièces of information when treating 
these patients. The first is that dislocation of the spine with 
spinal cord compression is definitely associated with neuro¬ 
logie injury. Rizzolo et al. reported that in 55% of patients 
with facet injuries, dise herniations or disruptions occurred 
and that often the dise material displaced into the canal. The 
importance of this is not clear as it relates to spinal réduc¬ 
tion. Vaccaro et al. documented by MRI that more dise her¬ 
niations were présent after réduction than before réduction, 
but dise displacement did not correlate with neurologie 
détérioration in a small sériés of patients. Grauer et al. noted 
the significant variability of using MRI in the setting of cer¬ 
vical dislocations among spine surgeons based on their 
primary specialty. The second important fact is that only 


rarely has closed spinal réduction been associated with neu¬ 
rologie worsening if the patient is awake and alert at the 
time of réduction. Although there is no level I evidence on 
this topic, it appears that the important issue is whether the 
patient is awake and alert at the time of réduction, not the 
presence of a dise injury. Many clinical sériés that were 
reported over a period of décades found only 11 of 1200 
awake patients (<1%) who developed permanent neurologie 
worsening after closed réduction. At least two were root 
level injuries. Additionally, one or two patients had transient 
worsening that returned to baseline. Réduction was accom¬ 
plished in 80% of patients, which should allow for better 
spinal cord perfusion. Thus, the risk of causing additional 
harm in an awake and alert patient with a cervical facet 
fracture or dislocation and a significant neurologie déficit 
is very low. In an awake and alert patient with a cervical 
fracture or dislocation with a significant neurologie déficit, 
we recommend expeditious réduction without obtaining 
an MRI. 

Significant neurologie injury in our protocol has been 
determined to mean less than grade 3/5 in more than one half 
of the key myotomes caudal to the level of injury (ASIA 
Impairment Scale A, B, or C). By using this regimen, most 
awake and alert patients hâve réductions before obtaining an 
MRI. These patients do hâve MRI after réduction but before 
definitive treatment to assist in surgical planning. For the rare 
patient with a bilateral facet injury, or more likely a unilatéral 
facet injury, and more than half of the key myotomes caudal 
to the injury level grade 3/5 or higher, an MRI is obtained 
before réduction even if the patient is awake and alert. The 
rationale is that if a patients neurologie function is grade 3/5 
or higher initially, there is more potential for harm with 
immédiate réduction and less benefit. If during the process 
of réduction worsening of neurologie déficit occurs, the 
attempt at réduction is terminated. Immédiate MRI is 
obtained, and operative treatment is undertaken, depending 
on the pathologie process présent. If the patient is obtunded, 
closed réduction cannot be undertaken safely and immédiate 
réduction is not attempted. For patients in whom closed 
réduction is attempted but not successful, MRI is completed 
to help guide the surgical approach. 

■ CLOSED REDUCTION TECHNIQUE 

After placement of cranial tongs, the technique used is the 
same as that described for the stretch test (see Technique 
41-2) and should be supervised by the attending surgeon. The 
end points are the same as well with respect to ail the motion 
segments without the fracture or dislocation and with the 
addition of achieving a réduction at the injured level. The 
injured segment should not be distracted more than 1.7 mm 
relative to the adjacent uninjured level during the réduction. 
Once a réduction is accomplished, the traction is reduced to 
10 to 15 lb and the patients diagnostic évaluation is com¬ 
pleted. The patient is maintained in traction with the head of 
bed elevated to 30 degrees until definitive stabilization is 
accomplished unless other injuries make it necessary to alter 
this position. As noted previously, a small bolster may be 
needed under the patients head or shoulders to achieve a 
neutral alignment in traction. Closed réduction should be 
successful in approximately 80% of patients. Further treat¬ 
ment after successful or failed réduction is discussed in the 
section regarding subaxial injuries. 
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SPINAL CORD INJURY TREATMENT 

At this time there remains no effective treatment to reverse 
spinal cord injury that has been established by level I évi¬ 
dence. Many patients do improve neurologically, and in some 
the improvement is very dramatic. The measures that hâve 
been established to date are those detailed earlier that reduce 
the secondary injury. These include rapid realignment of the 
spine when appropriate, maintaining mean arterial pressure 
at 85 to 90 mm Hg, and maintaining 100% oxygen saturation. 
The use of maintaining a mean arterial pressure (MAP) in the 
range of 85 to 90 mm Hg continues to be evaluated. Hawry- 
luk et al. evaluated minute-by-minute data on 100 patients 
with spinal cord injuries and found a corrélation between 
maintaining a MAP of 85 to 90 mm Hg and better neurologie 
outcomes; intermittent lapses below the target range nega- 
tively affected outcomes. Also, the effect appeared most 
important during the first 3 days after injury. An extensive 
literature review of cervical spinal cord injuries by the Con- 
gress of Neurological Surgeons also recommends maintain¬ 
ing MAP between 85 and 90 mm Hg during the first 7 days 
after injury. There has been extensive research into various 
interventions to discover any possible clinical benefit that 
may aid patients with spinal cord injury. One such interven¬ 
tion that initially gained clinical acceptance was the use of 
high-dose méthylprednisolone using the National Acute 
Spinal Cord Injury Study (NASCIS) II and then the NASCIS 
III protocols. Subséquent évaluations of these studies found 
significant flaws in the data analysis, and the claimed benefits 
of corticosteroid use hâve not been realized. These protocols 
are generally not recommended as treatment options to 
patients because significant complications are associated with 
these very high corticosteroid doses, which outweigh any 
benefit. However, the diagnosis of a severe spinal cord injury 
is devastating to patients, and they are informed of these 
protocols if they meet the inclusion criteria. If after careful 
counseling on the potentially harmful conséquences that are 
associated with the protocol a patient chooses this therapy, it 
is administered and the informed consent is thoroughly 
documented. 

SPINAL CORD SYNDROMES 

When evaluating patients with spinal cord injuries, incom¬ 
plète injuries must be distinguished from those that are 
complété because treatment decisions are based on this déter¬ 
mination. If a complété spinal cord injury exists, the patient 
may regain some function within the zone of partial préserva¬ 
tion but needs to understand that functional recovery at a 
more caudal level is not to be expected. This détermination 
cannot be made until spinal shock has resolved and a reliable 
detailed neurologie examination is possible. In the case of an 
incomplète spinal cord injury, there are several recognized 
syndromes. If the injury can be categorized as one of these 
syndromes, prognostic information can be provided to the 
patient in general terms, but détermination of spécifie func¬ 
tional recovery remains impossible at this time. There are, 
however, some generalizations that help inform the patient: 

(1) the greater the sparing of motor and sensory function is 
caudal to the injury, the greater is the expected recovery; 

(2) the earlier that recovery appears and the more rapidly 
it progresses, the greater is the expected recovery; and (3) 
recovery can occur over 12 to 15 months, but once progress 
ceases further recovery should not be expected. The most 


recognized syndromes are central cord syndrome, Brown- 
Séquard syndrome, anterior cord syndrome, posterior cord 
syndrome, conus medullaris syndrome, and cauda equina 
syndrome. There are some injuries that do not fit well into 
these described syndromes, and prognostic information 
cannot be given for these mixed syndromes. 

Central cord syndrome is the most common. It consists 
of injury to the central area of the spinal cord, including gray 
and white matter (Fig. 41-7B). The centrally located upper 
extremity motor neurons in the corticospinal tracts are the 
most severely affected, and the lower extremity tracts are 
affected to a lesser extent. Generally, patients hâve a tetrapa- 
resis involving the upper extremities to a greater degree than 
the lower extremities with greater dysfunction distally in the 
extremities than proximally. Sensory sparing varies, but 
usually sacral pinprick sensation is preserved. These patients 
frequently show early partial recovery and may hâve preexist- 
ing cord compression and may not hâve spinal instability. 
Prognosis varies, but more than 50% of patients hâve return 
of bowel and bladder control, become ambulatory, and hâve 
improved hand function (Table 41-4). This syndrome usually 
results from a hyperextension injury in an older individual 
with preexisting osteoarthritis of the spine. The spinal cord is 
pinched between the vertébral body anteriorly and the buck- 
ling ligamentum flavum and lamina posteriorly (Fig. 41-7A). 
It also may occur in younger patients with flexion injuries. 

Brown-Séquard syndrome is an injury to either side of 
the spinal cord (Fig. 41-7C) and usually is the resuit of a 
unilatéral laminar or pedicle fracture, penetrating injury, or 
rotational injury resulting in a subluxation. It is characterized 
by motor weakness on the side of the lésion and the contra¬ 
latéral loss of pain and température sensation. Prognosis for 
recovery is good, with significant neurologie improvement 
often occurring. Pollard and Apple noted that only central 
cord and Brown-Séquard syndromes were statistically associ¬ 
ated with improved recovery at 2 years after injury. 

Anterior cord syndrome usually is caused by a hyperflex- 
ion injury in which bone or dise fragments compress the 
anterior spinal artery and cord. It is characterized by com¬ 
plété motor loss and loss of pain and température discrimina¬ 
tion below the level of injury. The posterior columns are 
spared to varying degrees (Fig. 41-7D), resulting in préserva¬ 
tion of deep touch, position sense, and vibratory sensation. 


TABLE 41-4 


Function Attained After Central Cord Lésion 



ADMISSION 

(%) 

PRESENT AT 
DISCHARGE 

(%) 

FOLLOW-UP 

(%) 

Ambulation 

33.3 

77 

59 

Hand function 

26 

42 

56 

Bladder 

function 

17 

— 

53 

Bowel function 

9.5 

— 

53 


Chronic sequelae of central cord damage: (1) increased spasticity and pyramidal 
tract involvement; (2) incidence of 23.8%; and (3) prognosis poor with progres¬ 
sive neurologie loss. 

From Bosch A, Stauffer ES, Nickel VL: Incomplète traumatic quadriplegia: a ten- 
year review, JAMA 216:473,1971. 
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Spinal cord lésions. A and B f Central cord syndrome: spinal cord is pinned between vertébral body and buckling liga¬ 
mentum flavum. C f Brown-Séquard syndrome. D f Anterior cervical cord syndrome. 


Prognosis for significant recovery in this injury is poor. 
Posterior cord syndrome involves the dorsal columns of 
the spinal cord and produces loss of proprioception and 
vibratory sense while preserving other sensory and motor 
functions. This syndrome is rare and usually is caused by an 
extension injury. 

Conus medullaris syndrome, or injury of the sacral cord 
(conus) and lumbar nerve roots within the spinal canal, 
usually results in areflexic bladder, bowel, and lower extremi- 
ties. Most of these injuries occur between Tll and L2 and 
resuit in flaccid paralysis in the lower extremities and loss of 
ail bladder and perianal muscle control. The irréversible 
nature of this injury to the sacral segments is evidenced by 
the persistent absence of the bulbocavernosus reflex and the 
perianal wink. Motor function in the lower extremities 


between L1 and L4 may be présent if nerve root sparing 
occurs. 

Cauda equina syndrome, or injury between the conus 
and the lumbosacral nerve roots within the spinal canal, also 
can resuit in an areflexic bladder, bowel, and lower limbs. 
With a complété cauda equina injury, ail peripheral nerves to 
the bowel, bladder, perianal area, and lower extremities are 
lost and the bulbocavernosus reflex, anal wink, and ail reflex 
activity in the lower extremities are absent, indicating absence 
of any function in the cauda equina. The cauda equina inju¬ 
ries are lower motor neuron injuries, and there is a possibility 
of return of function of the nerve rootlets if they hâve not 
been completely transected or destroyed. Most offen, cauda 
equina syndrome manifests as a neurologically incomplète 
lésion. 
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CERVICAL SPINE INJURIES 

HALO VEST IMMOBILIZATION AND 
CERVICAL ORTHOSES 

Cervical immobilization is a mainstay of treatment for many 
cervical injuries. There is extensive clinical expérience covered 
in the orthopaedic literature over many years regarding cervi¬ 
cal immobilization. This literature base is mostly level III and 
level IV evidence studies. Unfortunately, controlled random- 
ized prospectively collected data on spécifie means of immo¬ 
bilization for spécifie injuries are not available. It is unlikely 
such data will become available given the difficulty of devis- 
ing an ethical study that could appropriately collect this 
information. 

The first modem halo vest was developed at Ranchos Los 
Amigos and described by Perry and Nickels in 1959. Numer- 
ous modifications hâve been made to the halo vest, and other 
orthoses for the cervical spine hâve been developed. These 
orthoses generally hâve been designed to serve one of two 
purposes: immobilization during extrication and transport 
procedures or adjunctive or definitive treatment for unstable 
cervical injuries. The adjunctive rôle is either as temporary 
immobilization preoperatively or to provide immobilization 
after surgical stabilization. The goals of stable fixation and 
early mobilization are appropriate with spinal injuries, but 
often a short period of external support is recommended after 
surgery. 

Extrication-type collars are not appropriate for treatment 
because they are too restrictive and would cause skin break- 
down with prolonged use. They should be exchanged or 
removed if immobilization is not needed after initial assess- 
ment of the patient. The most commonly used types of ortho¬ 
ses for the cervical spine include a soft collar, a two-piece 
“rigid” collar, a Sternal Occipital Mandibular Immobilizer 
(SOMI), a Minerva (similar to a SOMI with some forehead 
control), and a halo vest. Several authors hâve compared the 
relative ability of these devices to limit motion in the cervical 
spine. Studies comparing limitation of motion in normal vol- 
unteers using devices of the same basic type usually hâve not 
found statistically significant différences between devices 
within the same class. These studies generally hâve shown 
progressively more limitation of motion by the orthosis type 
in the sequence they are listed above. These studies usually 
measure global motion of the cervical région and are limited 
in that the study participants do not hâve cervical injuries and 
as such their spinal biomechanics may be different than 
patients. Other authors hâve used cadaver models to assess 
the effectiveness of different orthoses in limiting motion after 
instability is created at a spécifie cervical level. Richter et al. 
studied an odontoid fracture model and found the halo vest 
to be more effective than a two-piece collar or a Minerva type 
brace. In another cadaver study, Horodyski et al. found 
that a two-piece rigid collar did not limit motion effectively 
after severe C5-C6 instability was created. Other studies 
hâve found atypical motion, such as “snaking,” at individual 
levels that is caused by orthoses, especially the more restric¬ 
tive types, during activities of daily living. Further studies 
are needed to evaluate the effect of these devices with masti¬ 
cation, swallowing, and oral hygiene, although these devices 
hâve been shown to affect these activities. 

The halo vest has been studied more than other types of 
braces, and several findings hâve been determined. The halo 


vest is the most effective brace for limiting motion within 
the cervical spine. This appears true for the craniocervical 
junction, subaxial région, and cervicothoracic junction. 
Motion is allowed to a greater extent in the junctional areas 
than in the midcervical région in the halo vest. However, it 
is clear that motion remains throughout the cervical spine 
even with a halo vest properly applied. Despite this persis¬ 
tent motion, the halo vest has proven effective in the man¬ 
agement of many types of cervical injuries, especially bony 
injuries involving the craniocervical junction. As surgical 
methods hâve improved, the halo vest has remained useful 
in part because for many upper cervical injuries normal 
motion can be preserved after fracture union. This région is 
responsible for a large portion of the normal cervical spine, 
and this motion is often permanently sacrificed with opéra¬ 
tive stabilization. 

The use of halo vest immobilization does hâve significant 
associated complications. Recently, several studies hâve 
examined the morbidity and mortality associated with immo¬ 
bilization in a halo vest in elderly blunt trauma victims; 
however, no high-quality studies hâve prospectively evalu- 
ated this subgroup of patients. Rétrospective studies in the 
trauma literature hâve noted an increased mortality rate in 
elderly trauma patients with cervical fractures treated with 
immobilization with a halo vest compared with those treated 
operatively or with a collar. 

In institutions with higher death rates in patients with 
cervical spine injuries, higher rates of respiratory complica¬ 
tions and deep vein thrombosis also were noted, suggesting 
that this group may not hâve been mobilized as well as the 
other subgroup s evaluated. In a more thorough but still rét¬ 
rospective évaluation, Bransford et al. did not find an 
increased death rate associated with use of a halo vest. This 
study, which was a rétrospective review of ail patients at a 
level I trauma center for 8 years, evaluated treatment out- 
comes, complications, injury type, and patient âge. Successful 
treatment was reported in 85% of patients treated with halo 
vest immobilization, although 11% of patients had the time 
in a halo vest shortened because of complications such as pin 
site infections. Treatment success was defined as healing of 
the injury in satisfactory alignment without additional inter¬ 
vention or secondary neurologie détérioration. The adverse 
events encountered in this study included death, pin site 
problems, pulmonary détérioration, skin breakdown, dys- 
phagia, neurologie détérioration, and other miscellaneous 
complications. Twenty-two of 311 patients died after halo vest 
immobilization was initiated, and 19 of these deaths were 
within 21 days of starting halo vest immobilization. Review 
by a seven-member panel as to the cause of death, contribut- 
ing comorbidities, and specifically whether the halo vest 
immobilization was a contributing cause of death was done 
in each case. It was determined that ail 22 patients died for 
reasons that were not attributable to halo vest immobiliza¬ 
tion. The most common région treated with halo vest immo¬ 
bilization was the occiput to C2, especially odontoid fractures, 
although about a third of patients had subaxial injuries. Also, 
there were a significant proportion of study patients with 
more than one injury. 

Complications of halo vest immobilization are frequent, 
with some studies having complication rates as high as 59%, 
although most studies identify complications in about 35% of 
patients. The most common type of complications involve pin 
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site infection or loosening, which account for about 40% of 
ail complications. Most pin site infections respond well to oral 
antibiotics if started early. Local pin cleaning daily and close 
follow-up of these patients allow early détection of these 
problems. Occasionally, infections are more serious and 
require pin site change or early discontinuation of halo vest 
immobilization. The most serious infections, which rarely 
occur, can lead to intracranial abscess requiring debridement 
and possibly resuit in death. Other less common pin-related 
complications include durai pénétration, loosening without 
infection, or even skull fracture at or near the pin site. Another 
common complication of halo vest immobilization is failure 
to maintain adéquate fracture réduction and spinal align- 
ment. Rates of persistent instability with halo vest immobili¬ 
zation are 30% to 35% in most sériés. Most of these 
complications are detected in the first 7 to 10 days if radio¬ 
graphie imaging at the time halo vest immobilization is 
started is compared with imaging obtained after mobilization 
has been accomplished. Conversion to an alternative treat- 
ment may be necessary if alignment is not maintained because 
of the increased probability of nonunion. Nonunion detected 
after adéquate halo vest immobilization for 12 to 16 weeks 
also may require surgical stabilization. Neurologie détériora¬ 
tion secondary to persistent instability also is a concern, 
although this is not common with halo vest immobilization. 
More serious complications, such as pneumonia or respira- 
tory insufficiency, can occur but most often are related to 
inadéquate mobilization of the patient. If a détermination is 
made that adéquate stability will not be attained with halo 
vest immobilization to allow mobilization to the full extent 
that the patients other injuries would allow, then other treat- 
ment should be undertaken if possible. In this way, most of 
the serious complications can be avoided. Most of the later 
but less serious complications related to the pins are avoided 
by using care in applying the halo vest immobilization and by 
having appropriate follow-up. 


■ The anterior pins should be above the latéral third of the 
eyebrow. This position avoids the supraorbital and supra- 
trochlear nerves and the temporalis muscle. The posterior 
pins usually are slightly lower than the anterior pins and 
posterior to the ear (Fig. 41-8). 

■ Position the posterior piece of the vest under the patient 
so that the shoulder strap is properly located. 

■ Shave hair if needed and cleanse each pin site with anti¬ 
septie solution three times. 

■ Using the ring positioning pins, set the ring position and 
hâve an assistant hold the ring in this position. 

■ Place a needle through the pin location in the ring to be 
used and inject 0.5 mL of local anesthetic subperiosteally. 
Avoid raising a large skin wheal when injecting because 
this leads to traction on the skin after pin placement. 

■ Hâve the patient gently close his eyes and maintain this 
during ring placement to make sure the upper lids can 
be closed after placement of the pins. 

■ Place each pin down to the skin surface. 

■ Tighten by hand one opposing pair of pins (e.g., right 
anterior with left posterior) one full turn and then tighten 
the other pair; repeat until ail pins are as tight as possible 
by hand. This avoids translating the ring in one direction 
while tightening the pins. 

■ Using a torque-limiting screwdriver set at 8 in/lb, tighten 
the pins in a figure-of-eight sequence one full rotation 
each until ail four are at 8 in/lb. Lower torque will increase 
pin loosening, and higher torque increases the risk of skull 
pénétration. 

■Securely tighten the locking nut on each pin. 

■ Apply the anterior vest piece and secure the shoulder and 
abdominal straps. 

■ Engage the four supports from the vest into the ring and 
adjust the position to allow unrestricted movement of the 
xiphoid hinge if necessary. Tighten ail set screws to the 
manufacturer^ suggested torque. 

■ Radiographically verify that the fracture réduction and 
spinal alignment are acceptable. 

■ In 24 hours, retighten the pins to 8 in/lb of torque. 

■ Begin daily pin cleaning with H 2 0 2 or povidone-iodine 
solution. 

POSTOPERATIVE CARE. Daily pin cleaning is continued 
and, depending on how active the patient is, the super¬ 
structure of the halo vest is tightened every 2 to 4 weeks. 
The patient is mobilized as completely as the noncervical 
injuries will allow, and the cervical spine is imaged to 
verify that fracture réduction and overall alignment are 
stable. After the period of halo vest immobilization is 
completed and the pins are removed, the pin sites should 
be cleaned. Manually mobilizing the skin to prevent scar 
tethering to the periosteum allows for more normal facial 
expression and less noticeable scars. 


RADIOGRAPHIC EVALUATION PROTOCOL 

The helical CT scan is the imaging modality of choice for the 
diagnosis of cervical fractures and dislocations. Axial images, 
sagittal reconstructions, and coronal plane reconstructions 
each provide optimal visualization for particular injuries. 


HALO VEST APPLICATION 

There are a variety of halo vest designs available. We typi- 
cally hâve used a graphite horseshoe ring and four tita¬ 
nium pins. In patients younger than the âge of 10 years, 
either six or eight pins may be used (see Chapter 43). 
Proper sizing and location of the ring are important to 
reduce pin loosening or ring migration. The ring selected 
should be the smallest diameter that can be placed below 
the equator of the cranium and allow at least 1 cm of 
clearance circumferentially. A larger ring that is farther 
from the bone will increase motion at the pin-bone inter¬ 
face, as occurs with other external fixation components 
when placed farther from the bone. Planned pin locations 
also must be carefully evaluated on CT for possible 
fracture. 


TECHNIQUE 41-3 


■Select the smallest ring that allows at least 1 cm skin 
clearance when placed below the largest diameter of the 
skull. 
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When applying halo ring, pin sites should be 1 cm above latéral one third of eyebrows and same distance above 
tops of ears in occipital area (mastoid area). SEE TECHNIQUE 41-3. 


Having a systematic and methodical routine for viewing these 
sériés is required to detect injuries. Beginning with the sagit¬ 
tal reconstructions, three images are of particular value. 
These are the midline image and each of the parasagittal plane 
images through the occipital condyle-Cl joint and the facet 
joints on each side. These parasagittal images should be eval- 
uated specifically for (1) congruity of the occipital condyle-Cl 
joint, which should be concentric and should not be more 
than 2 mm wide laterally; (2) intact isthmus at the C2 level; 
and (3) a normal relationship at each facet joint and intact 
latéral masses. The midline image should be evaluated specifi¬ 
cally for (1) relation of the Wackenheim line to the dens 
(normally tangential to the posterior aspect of the dens); (2) 
widening of the atlantodens interval (normal < 3 mm; abnor¬ 
mal > 5 mm); (3) soft-tissue swelling at the C3 midbody 
(normal < 5 mm); (4) bony integrity of the dens; (5) anterior 
vertébral body alignment; (6) posterior vertébral body align- 
ment; (7) alignment of the spinolaminar line; and (8) assess- 
ment for excess angulation or widening of each dise space. 

The coronal reconstructions are best for evaluating the 
occiput-Cl joints, the C1-C2 joints, and the bony integrity of 
the dens. 

The continuity of the posterior bony arch at each cervical 
level and the occiput is best determined on the axial images. 
Fractures involving the body, pedicle, foramen transversar- 
ium, latéral mass, lamina, and spinous process can be seen at 
individual levels (Fig. 41-9). 

OCCIPITOCERVICAL DISSOCIATION 
INJURY PATTERNS 

Injuries to the craniocervical junction can occur at a 
variety of locations. Atlantooccipital dislocations, C1-C2 


dislocations, or combinations of fractures and dislocations 
involving the occiput, atlas, and the axis can disrupt the tecto- 
rial membrane, alar and apical ligaments, transverse atlantal 
ligament, and joint capsules at occiput-Cl or C1-C2. S orne 
injuries such as fracture of the occipital condyle or isolated 
joint capsule injuries may be stable. However, these injuries 
may occur as components of a more complex injury with 
occipital cervical instability, which can be fatal if not treated. 
Often these injuries resuit in fatalities before the patient is 
transported. The diagnosis of craniocervical junction injuries 
requires awareness of and suspicion for the expected injury 
patterns. The presence of cranial nerve (CN) VI, CN X, or 
CN XII palsies, subarachnoid hemorrhage at the craniover- 
tebral junction, or soft-tissue swelling anterior to the upper 
cervical spine should increase suspicion of a craniovertebral 
injury. More severe déficits, including monoparesis, hemipa- 
resis, quadriparesis, apnea, or other high cord symptoms, also 
hâve been reported with these injuries. Careful évaluation of 
the CT images, particularly the reconstruction images, is 
needed because these injuries often are dislocations and only 
the relative position of one bony structure to another may be 
abnormal without the presence of a fracture. Atlantooccipital 
dislocation has become recognized more frequently as aware¬ 
ness of the injury has increased and initial patient care has 
improved. The best method for the diagnosis of atlantooc¬ 
cipital dislocation has not been definitively determined. 
Older methods based on latéral radiographs such as the 
Power s ratio (basion to posterior arch distance/opisthion to 
anterior arch distance) and the basion atlas interval/basion 
dens interval (BAI-BDI) hâve been described (Fig. 41-10). 
The BAI/BDI method as described by Harris et al. is the most 
reliable method using latéral radiographs. With the use of 
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A, Arrow a indicates normal occiput-CI joint congruity. Arrow b indicates intact C2 isthmus. Bracket c indicates normal 
facet relationships throughout the cervical spine. B f Arrow a indicates Wackenheim line with normal relationship between clivus and 
posterior dens. Arrow b indicates atlantodens interval, which is normal in width. Arrow c indicates normal soft-tissue density width less 
than 5 mm at C3 midbody. 



Measurement technique for the basion dens 
interval and basion-axial interval described by Harris et al. 


helical CT scans, more detailed analysis of the bony relation¬ 
ships is possible. The method that we hâve used to diagnose 
the presence of atlantooccipital dislocation is to evaluate each 
of the occipital condyle-Cl joints for congruity and concen- 
tricity. If both joints are normal, there is no atlantooccipital 
dislocation. In addition, the relationship of the Wackenheim 
line to the dens is evaluated. If this relationship also is normal, 


there is no distraction injury between Cl and C2. The most 
commonly used classification System for atlantooccipital dis¬ 
location is the Traynelis System, which is described by direc¬ 
tion of displacement, but it lacks treatment guidance. The 
Traynelis classification includes type I (anterior); type II (lon¬ 
gitudinal); type III (posterior); and “other,” which includes 
latéral or multidirectional displacement. Review of the litera- 
ture revealed that patients with occipitocervical displacement 
who were not initially diagnosed had neurologie worsening 
73% of the time before the diagnosis was recognized and 
about half did not improve even to their baseline neurologie 
examination after treatment. Ten percent of patients placed 
in traction had neurologie worsening in a small number of 
reported cases. Also, patients treated definitively with exter- 
nal immobilization excluding traction had a 40% rate of neu¬ 
rologie worsening that necessitated stabilization. Another 
27% who did not worsen neurologically failed to achieve 
stability even after up to 22 weeks of immobilization. Patients 
treated with halo vest immobilization temporarily while 
awaiting operative stabilization had 0% neurologie worsening 
preoperatively. This evidence is level III but has led us to 
recommend operative stabilization for ail patients with occip¬ 
itocervical dislocations. Initial management is in a halo vest 
to provide provisional stabilization until the patient can 
undergo posterior occipitocervical fusion. Traction is not 
used under usual circumstances. Typically, fusion is from the 
occiput to C2 or C3, with multiple points of skull fixation 
and Cl latéral mass screws, C2 isthmus screws, and, when 
needed, C3 or lower latéral mass screws with autologous bone 










PART XII THE SPINE 


grafting. Some injuries to individual craniocervical struc¬ 
tures without dislocation can be treated without operative 
stabilization. 


OCCIPITOCERVICAL FUSION USING 
MODULAR PLATE AND ROD 
CONSTRUCT, SEGMENTAL FIXATION 
WITH OCCIPITAL PLATING, Cl 
LATERAL MASS SCREW, C2 ISTHMIC 
(PARS) SCREWS, AND LATERAL 
MASS FIXATION 

The preferred method of occiput to cervical fusion uses a 
modular plate and rod System that incorporâtes multiple 
skull fixation points and multiple fixation points to the 
upper cervical spine. If the injury is soft tissue only at the 
occiput-CI level, the construct usually can stop at the C2 
level. If fixation is compromised by injury at the Cl or C2 
level, fixation should be extended caudally to C3 or lower 
depending on the injury pattern. 

The awake patient is moved to the turning frame and 
placed supine. General anesthésia is initiated as is neuro- 
monitoring for appropriate patients. Typically, the patient 
will be in a halo vest on arrivai to the operating room. A 
Mayfield head positioner is directly attached to the halo 
ring, and the anterior vest and supports are removed. If the 
patient is not in a halo vest, the Mayfield pinion head 
holder is used. After turning the bed, the posterior portion 
of the vest is removed. Fluoroscopie images are obtained 
to verify réduction of the injury and to make sure the posi¬ 
tion of the head is satisfactory for fusion. A position of 
slight occipitocervical flexion is preferred to allow the 
patient to potentially ambulate and perform daily activities 
with less difficulty (Fig. 41-11). 


TECHNIQUE 41-4 


■ Shave the head several centimeters above the inion (pos¬ 
terior occipital protubérance). 

■ Préparé and drape the posterior head and neck, as well 
as the posterior iliac crest donor site. 

■ Score the skin sharply from the inion to the planned 
caudal level and inject dilute epinephrine solution (1 mg 
in 500 mL normal saline) through the score incision into 
the dermis and paraspinal musculature. 

■ Complété the skin incision sharply and then use electro- 
cautery to dissect to the skull and spinous processes 
to at least the C3 level (if construct is planned to C2 
level). 

■ Using Cobb elevators and electrocautery, subperiosteally 
expose the occiput from the inion to the foramen 
magnum. 

■Expose the posterior ring of Cl laterally a distance of 
15 mm from the midline or to the vertébral artery sulcus, 
whichever is less. Take care to keep the electrocautery on 
the ring of Cl and do not cauterize the atlantooccipital 
membrane, which is thin. 

■ Expose the bifid portion of the C2 spinous process and 
elevate the muscular attachments subperiosteally so that 


at closure the two sides can be sutured through bone to 
the spinous process of C2. 

■ Expose the spinous process, laminae, and entire latéral 
mass bilaterally at each level as needed, preserving the 
facet capsule at levels not to be included in the fusion. 

■ The C2 spinal nerve (greater occipital nerve) crosses pos¬ 
terior to the C2 isthmus in a dense venous plexus. Using 
bipolar cautery and a Penfield No. 4 elevator, gently mobi- 
lize this plexus cephalad, beginning at the upper latéral 
margin of the C2 lamina until the médial border of the 
C2 isthmus is visible. Expect bleeding during this step and 
control it with bipolar cautery, Gelfoam or Surgicel, and 
cottonoids. 

■ In a similar fashion, expose only the caudal edge of the 
ring of Cl laterally to a point even with the C2 isthmus 
and mobilize the venous plexus and C2 nerve caudally to 
allow exposure of the Cl latéral mass inferior to the 
posterior ring and vertébral artery. 

■ Using an image intensifier, verify that cervical alignment 
and injury réduction are satisfactory. 

■The Cl screw is placed as described by Flarms and 
Melcher. Using a hand drill placed just caudal to the ring 
of Cl and 3 to 4 mm latéral to the médial edge of the 
latéral mass, advance the drill at an angle of 10 degrees 
medially and slightly cephalad to a point just posterior to 
the anterior margin of the dens on a latéral image intensi¬ 
fier view. This allows for unicortical screw placement and 
lowers the risk of injury to the internai carotid artery and 
hypoglossal nerve anterior to the Cl latéral mass. 

■Place a polyaxial screw with a 10-mm smooth shank 
extension to the drilled depth. 

■ Place the C2 isthmic screw in a method similar to that 
described by Magerl and Seeman (see Technique 41-9). 
Place a Penfield No. 4 elevator to palpate and if possible 
view the isthmus médial cortex and détermine the line of 
entry points on the inferior facet of C2 that will allow the 
medially directed drill to enter the isthmus. Using the 
latéral image intensifier view, select the point on this line 
that will orient the drill up the center of the isthmus. Use 
a high-speed burr to penetrate only the cortex at that 
point. Typically, the drill will be directed 25 degrees medi¬ 
ally and 20 to 30 degrees cephalad, but anatomy varies 
considerably and careful review of the CT scan is required. 
Direct the hand drill up the isthmus under fluoroscopie 
control to a point at the posterior margin of the C2 
foramen transversarium as seen on the latéral image 
intensifier view. 

■ Place the appropriate length polyaxial screw to stop at 
the posterior foramen transversarium. In our expérience 
this provides excellent fixation without placing the verté¬ 
bral artery at risk by Crossing the foramen transversarium 
into the C2 body. 

■ If additional latéral mass screws are to be used, they are 
placed using Anderson's modification of the technique of 
Magerl. Identify the four boundaries of the latéral mass 
and détermine the géométrie center of the rectangle 
defined by these boundaries. Penetrate the cortex 1 mm 
médial to the center point using a high-speed burr. Using 
this starting point, orient the hand drill laterally and ceph¬ 
alad by resting the drill sleeve at the margin of the tip of 
the spinous process of the next most caudal level (C4 
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A f Arrow indicates fracture of right occipital condyle in patient with occipital-cervical dissociation injury. B, Arrow 
indicates widened and incongruous occipital condyle-CI joint. C f Arrow indicates the right occipital condyle fracture has been reduced. 
Arrow indicates the left occipital condyle-CI joint is congruous. D f Anatomie alignment with fixation to the skull. Cl latéral mass, and 
C2 isthmus. E f Latéral radiograph of occipitocervical plate-rod construct. SEE TECHNIQUE 41-4. 


spinous process for a C3 screw). Incrementally advance 
the drill until the far cortex is breached and the appropri- 
ate length screw is placed bicortically. Unicortical 14-mm 
screws hâve been shown to provide satisfactory fixation 
and can be used if desired. 

■ After placement of these screws, the rod position at the 
skull can be determined. Some modular Systems allow for 
either a single midline plate or two unilatéral plates to be 
used. The occipital bone is thicker along the midline 
ridge, and screw purchase is enhanced if this bone can 
be used. However, if the midline plate does not align well 
with the screws as placed, bilateral plates are preferred. 
If two plates will be used, contour and place them to 
engage the thickest bone possible. 

■ For each occipital screw placed through the plate, use 
a hand drill for bicortical screw placement in the 
thinner latéral bone, which often is only 5 to 6 mm thick. 
Unicortical screws can be placed in the thicker midline 
bone. 


■ After affixing the plate component to the occiput, 
contour, eut, and connect the rod to the cervical screws 
and plate on each side. If two plates are used, it is often 
easier to attach the contoured rod to the plate. Engage 
the rod into the cervical screws and then place the screws 
through the plate after it is in position. 

■ Tighten ail connections securely. 

■ Harvest iliac bone graft as described in Technique 1-8. 

■ Decorticate the occipital bone and the posterior éléments 
of the exposed levels using a high-speed burr. 

■ Carefully place morselized autologous bone graft over the 
decorticated areas. Avoid packing the bone over the 
atlantooccipital membrane because compression here 
may resuit in apnea from brainstem compression. For this 
reason, final hemostasis should be meticulous. 

■ Check final alignment and réduction. 

■ Close the fascial layer over a drain back to bone when 
possible with particular attention to the C2 level. 

■ Close the wound in layers with a subcuticular skin closure. 
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ALTERNATIVE C2 PEDICLE SCREW TECHNIQUE 

A C2 pedicle screw is placed using a very similar tech¬ 
nique to that described earlier for the isthmic screw. The 
primary différence is that the pedicle screw is longer and 
passes into the C2 body. In so doing, the course of the 
vertébral artery is traversed and therefore the artery is at 
higher risk for injury. The other différence is that with 
pedicle screws the trajectory is less medially oriented. 
Careful preoperative planning is needed because at least 
8% to 10% of patients do not hâve anatomy that allows 
safe pedicle screw placement. This is especially true in 
women. The biomechanical advantage of the longer 
pedicle screw does not seem clinically important, and in 
general little is gained for the patient for the added risk. 
The isthmic screw technique is our preferred method. 
Several studies recently evaluated the safety and accuracy 
of C2 pedicle screw placement using either intraoperative 
CT or navigation Systems, both of which were found to 
improve screw placement. 

POSTOPERATIVE CARE. The patient is maintained in a 
cervical collar for 8 to 12 weeks postoperatively until 
healing of the fusion has progressed satisfactorily. The 
drain is removed on the first postoperative day. 


OCCIPITOCERVICAL FUSION USING 
WIRES AND BONE GRAFT 


TECHNIQUE 41-5 


(WERTHEIM AND BOHLMAN) 

■ The initial positioning, induction of anesthésia, prépara¬ 
tion, neuromonitoring, and exposure are as described in 
Technique 41-4. 

■ Use a high-speed burr to penetrate the cortex on each 
side of the midline ridge of bone that extends from the 
inion to the foramen magnum (Fig. 41-12A). Use a towel 
clip to form a connection between the two openings in 
the cortex. Take care not to penetrate the inner cortex of 
the occipital bone. 

■ Make a hole through the base of the spinous process of 
C2 using a towel clip or bone tenaculum. 

■ Pass a 20-gauge wire through, around, and back through 
the hole in the spinous process of C2 to encircle the 
caudal portion of the C2 process and a second wire 
through the channel in the occipital bone in similar 
fashion. 



Wertheim and Bohlman method of occipitocervical fusion. A f Burr is used to create ridge in external occipital pro¬ 
tubérance, and hole is made in ridge. B f Wires are passed through outer table of occiput, under arch of atlas, and through spinous 
process of axis. C f Grafts are placed on wires. D f Wires are tightened to secure grafts in place. SEE TECHNIQUE 41-5. 
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■ Close the remaining wound in layers and the skin with a 
subcuticular closure. Reapply the halo vest. 

POSTOPERATIVE CARE. Halo vest immobilization is 
continuée! until graft consolidation, which usually occurs 
in 12 to 16 weeks. The drain is removed on the first 
postoperative day. 


■ Use a small angled curet to dissect the ventral side of the 
Cl lamina bilaterally to allow for midline sublaminar wire 
passage. 

■ Cut a 24-inch length of 20-gauge wire and bend it tightly 
back on itself at its midpoint. Contour the loop of wire 
into a "C" shape. 

■ Pass the loop of 20-gauge wire from caudal to rostral 
sublaminarly at the Cl level. Flatten the curve in the wire 
as needed to minimize intrusion of the wire into the spinal 
canal. A small blunt hook passed from the rostral side can 
be used to engage the loop of wire and pull the wire so 
that intrusion of the wire is minimized as it is advanced 
rostrally (Fig. 41-12B). 

■ Pass the free ends of the sublaminar wire through the 
looped portion and tighten the wire around the Cl 
lamina in the midline. 

■ Measure the distance from the occipital wire to the wire 
through the C2 spinous process and harvest a corticocan- 
cellous bone graft from the ilium outer table that can be 
divided into two 1,5-cm wide grafts that are long enough 
to span this distance with ail wires passing through the 
graft. 

■Decorticate the occiput and the laminae at Cl and C2 
with a high-speed burr. 

■ Drill through each slab of bone graft to allow the wire to 
corne through at each level (Fig. 41-12C). 

■ Tighten the occipital wire ends in the midline until the 
luster of the wire dulls slightly and turn down the cut end 
of the wires between the two grafts. 

■ Tighten the Cl and C2 wires together over the bone graft 
in a similar way. The grafts should be very secure (Fig. 
41-12D). 

■Close the fascial layer over a drain back to bone where 
possible with particular attention to the C2 level. 


OCCIPITAL CONDYLE FRACTURES 

Fractures of the occipital condyle are recognized more often 
now with increased use of screening CT with reformatted 
images (Fig. 41-13). They occur in association with traumatic 
brain injuries in over half the cases, and frequently patients 
hâve additional cervical fractures. Dysfunction of cranial 
nerves is uncommon, but involvement of CN VI, CN IX, CN 
X, CN XI, and CN XII has been reported. Cranial nerve 
palsies most often are reported when fractures of the occipital 
condyle are untreated. These fractures do occur as isolated 
injuries but are most significant when they occur as part of a 
more severe craniocervical injury, such as occipital cervical 
dislocation. The occipital condyles articulate with the Cl 
latéral masses and are attached to the dens by the paired alar 
ligaments. The alar ligaments function to limit rotation of the 
occiput and atlas with respect to C2. The mechanisms for 
fractures of the occipital condyle usually are axial loading and 
latéral bending. Anderson and Montesano described the clas¬ 
sification that is most commonly used: type I, impaction; type 
II, basilar skull fracture; and type III, avulsion fracture. Type 
I and type II fractures are stable and can be treated with a 
rigid orthosis or halo vest for 8 to 12 weeks. Type III fractures 
are potentially unstable, especially if displaced more than 



FIGURE 


A and B, Right occipital condyle fracture (arrows). 
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2 mm, because of the avulsion of the alar ligament that may 
be bilateral, and 12 weeks of immobilization in a halo vest is 
recommended. If instability persists affer a period of adéquate 
immobilization, occiput to C2 fusion may be indicated. Surgi- 
cal treatment rarely is needed. 

TRANSVERSE ATLANTAL LIGAMENT 
RUPTURE 

Rupture of the transverse atlantal ligament or cruciform liga¬ 
ment usually occurs from a force applied to the back of the 
head, such as occurs in a fall. Thus, injuries involving the 
transverse atlantal ligament can be a purely ligamentous mid- 
substance tear of the ligament or can occur as the resuit of an 
avulsion of the insertion into the Cl latéral mass. Dickman 
et al. classified these injuries as type I, disruptions of the 
substance of the ligament, and type II, fractures and avulsions 
involving the tubercle insertion of the transverse atlantal liga¬ 
ment on the latéral mass of Cl. Treatment is based on clas¬ 
sification type. According to Dickman et al., type I injuries 
are incapable of healing without internai fixation and they 
should be treated with early surgery. Type II injuries, which 
render the transverse ligament physiologically incompetent 
even if the ligament substance is not torn, should be treated 
initially with a rigid cervical orthosis. Dickman et al. had a 
74% success rate with nonoperative treatment of type II inju¬ 
ries, reserving surgery for patients who had a nonunion and 
persistent instability after 3 to 4 months of immobilization. 
Conversely, 26% of type II injuries in this study failed to heal 
after immobilization, suggesting that close follow-up is 
needed to détermine which patients require delayed operative 
intervention. Usually the anterior subluxation of the ring of 
Cl can be detected on flexion films and the instability can be 
reduced in extension (Fig. 41-14). Latéral views should be 


checked carefully for retropharyngeal swelling, which sug- 
gests an acute injury, and for small flecks of bone avulsed off 
the latéral masses of Cl, which may indicate avulsion of the 
ligament. The primary indication of this injury is instability 
at Cl-2 on flexion and extension films. Anterior widening of 
the atlantodens interval of more than 3 mm on the midsagit- 
tal CT reconstruction or on a flexion view suggests that 
the transverse ligament is incompetent. MRI has become the 
standard imaging modality to evaluate the integrity of the 
transverse atlantal ligament. Flexion and extension views 
should be made under the supervision of the physician, and 
the patient must be monitored closely for alterations in neu¬ 
rologie or respiratory function. As described by Dickman 
et al., midsubstance injury of the transverse atlantal ligament 
will not heal with immobilization, and operative treatment is 
indicated. Posterior C1-C2 fusion using the fixation tech¬ 
nique described by Harms and Seeman and autologous bone 
graft is preferred. This technique is more rigid than wiring 
and has the advantage over wiring methods in that it can be 
used in the presence of fractures of the posterior ring of Cl. 
An alternative fixation method is the Gallie method of wiring 
that créâtes a posteriorly directed force on Cl to reduce any 
atlantodens interval widening (Fig. 41-14C). An intact dens 
will prevent overreduction of Cl. A Brooks-Jenkins bone 
block technique should not be used because it cannot main- 
tain the réduction as well. In 12 patients with ruptures of the 
transverse ligament, Levine and Edwards found an average 
loss of correction of 4 mm after bone block techniques and 
1 mm after Gallie wiring. 

■ POSTERIOR C1-C2 FUSION TECHNIQUES 

The preferred method for C1-C2 fusion for most injuries is 
to use a polyaxial screw placed in the Cl latéral mass and an 



Patient sustained severe blow to back of head, resulting in instability of Cl-2 complex because of torn transverse 
ligament. A and B, Note widening of atlantodens interval in flexion (A) and réduction in extension (B). C f After Gallie wiring. 
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isthmic screw placed at C2 with autologous iliac bone graft. 
This is a stable construct and can be used in the presence of 
a posterior ring fracture of Cl. Wiring techniques are less 
rigid but hâve proven effective for many years when done 
properly and in the appropriate setting. The Gallie technique 
créâtes a posteriorly directed force on Cl and can be used 
with transverse atlantal ligament injuries and other injuries 
that require a posterior force vector to maintain the réduc¬ 
tion. The Gallie technique does not resist rotational forces 
well because the fixation is midline. The awake patient is 
moved to the turning frame bed in the supine position, and 
general anesthésia is initiated. The Mayfield pinion head 
holder is applied to avoid pressure on the eyes, and the patient 
is turned to the prone position. 


POSTERIOR C1-C2 FUSION USING 
ROD AND SCREW CONSTRUCT WITH 
Cl LATERAL MASS SCREWS 


TECHNIQUE 41-6 


(HARMS) 

■ Shave the head to the level of the inion (posterior occipi¬ 
tal protubérance). 

■ Préparé and drape the posterior head and neck, as well 
as the posterior iliac crest donor site. 

■ Score the skin sharply from foramen magnum to the C3 
level and inject dilute epinephrine solution (1 mg in 
500 mL normal saline) through the score incision into the 
dermis and paraspinal musculature. 

■Complété the skin incision sharply and then use electro- 
cautery to dissect to the skull and spinous processes to 
the C3 level. 

■ Using Cobb elevators and electrocautery subperiosteally, 
expose the occiput just above the foramen magnum 
bilaterally. 

■Expose the posterior ring of Cl laterally a distance of 
15 mm from the midline or to the vertébral artery sulcus, 
whichever is less. Take care to keep the electrocautery on 
the ring of Cl and do not cauterize the atlantooccipital 
membrane, which is thin. 

■ Expose the bifid portion of the C2 spinous process and 
elevate the muscular attachments subperiosteally so that 
at closure the two sides can be sutured through bone to 
the spinous process of C2. 

■ Expose the C2 spinous process, laminae, and entire latéral 
mass bilaterally, preserving the facet capsule at C2-C3. 

■ The C2 spinal nerve (greater occipital nerve) crosses pos¬ 
terior to the C2 isthmus in a dense venous plexus. Using 
bipolar cautery and a Penfield No. 4 elevator, gently mobi- 
lize this plexus cephalad beginning at the upper latéral 
margin of the C2 lamina until the médial border of the 
C2 isthmus is visible. Expect bleeding during this step, 
which can be significant and can be controlled with 
Gelfoam or Surgicel and cottonoids. Some authors advo- 
cate sacrificing the nerve, but in our expérience this is 
unnecessary. 

■ In similar fashion, expose only the caudal edge of the ring 
of Cl laterally to a point even with the C2 isthmus and 


then mobilize the venous plexus and C2 nerve caudally 
to allow exposure of the Cl latéral mass inferior to the 
posterior ring and vertébral artery. 

■ Using an image intensifier, verify that injury réduction is 
satisfactory. 

■ The C1 screw is placed as described by Goel and by Harms 
and Melcher. Using a hand drill placed just caudal to the 
ring of Cl and 3 to 4 mm latéral to the médial edge of 
the latéral mass, advance the drill at an angle of 10 
degrees medially and slightly cephalad to a point just 
posterior to the anterior margin of the dens on a latéral 
image intensifier view. This allows for unicortical screw 
placement and lowers the risk of injury to the internai 
carotid artery and hypoglossal nerve anterior to the Cl 
latéral mass. 

■ Place a polyaxial screw with a 10-mm smooth shank 
extension to the drilled depth. 

■ The C2 isthmic screw is placed in a method similar to 
that described by Magerl. Place a Penfield No. 4 eleva¬ 
tor to allow a view of the isthmus médial cortex and 
détermine the line of entry points on the inferior facet 
of C2 that will allow the medially directed drill to enter 
the isthmus. Using the latéral image intensifier view, 
select the point on this line that will orient the drill up 
the center of the isthmus. A high-speed burr is used to 
penetrate only the cortex at that point. Typically, the 
drill will be directed 25 degrees medially and 20 to 30 
degrees cephalad, but anatomy varies considerably and 
careful review of the CT scan is required. Direct the 
hand drill up the isthmus under fluoroscopie control to 
a point at the posterior margin of the C2 foramen 
transversarium as seen on the latéral image intensifier 
view (see Technique 41-4). 

■ Place the appropriate length polyaxial screw to stop at 
the posterior foramen transversarium. In our expérience, 
this gives excellent fixation without placing the vertébral 
artery at risk by Crossing the foramen transversarium into 
the C2 body. 

■Cut and contour the rod as desired. Place the rod and 
tighten the blocker screws securely. 

■ Harvest iliac bone graft as described in Technique 1-8. 

■ Decorticate the laminae of Cl and C2 using a high-speed 
burr. 

■ Carefully place morselized autologous bone graft over 
the decorticated areas. Avoid packing the bone over 
the atlantooccipital membrane because compression 
here may resuit in apnea from brainstem compression. 
For this same reason, final hemostasis should be 
meticulous. 

■ Check final alignment and réduction. 

■ Close the fascial layer over a drain, securely incorporating 
bone at the C2 spinous process level. 

■Close the wound in layers with a subcuticular skin 
closure. 

POSTOPERATIVE CARE. The patient is maintained in a 
rigid cervical orthosis for 8 to 12 weeks. The patient's 
clinical course and flexion and extension radiographs are 
used to verify stability and fusion progression. The drain 
is removed on the first postoperative day. 
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POSTERIOR C1-C2 FUSION USING THE 
MODIFIED GALLIE POSTERIOR 
WIRING TECHNIQUE 


TECHNIQUE 41-7 


(GALLIE, MODIFIED) 

■ Patient positioning, administration of anesthésia, prépa¬ 
ration, and exposure are as described in Technique 41-6. 

■ After exposing the C2 spinous process, laminae, and 
entire latéral mass bilaterally, and preserving the facet 
capsule at C2-C3, use a small angled curet to dissect the 
ventral side of the Cl lamina to allow for midline sub- 
laminar wire passage. 

■ Cut a 24-inch length of 20-gauge wire and bend it tightly 
back onto itself at its midpoint. Contour the loop of wire 
into a "C" shape. 

■ Pass the loop of 20-gauge wire from caudal to rostral 
sublaminarly at the Cl level. Flatten the curve in the wire 
as needed to minimize intrusion of the wire into the spinal 
canal. A small blunt hook passed from the rostral side can 
be used to engage the loop of wire and pull the wire so 
that intrusion of the wire is minimized as it is advanced 
rostrally. Alternative^, pass a suture to tie to the wire and 
use this to pull the wire rostrally. 

■ Pass the free ends of the sublaminar wire through the 
looped portion and tighten the wire around the Cl 
lamina in the midline at the rostral margin of the Cl ring. 

■ Make a hole through the base of the spinous process of 
C2 using a towel clip or bone tenaculum. 

■ Harvest a corticocancellous bone graft and notch it on 
one side to fit over the rostral edge of the C2 spinous 
process. Decorticate the Cl and C2 laminae and place 
the graft as an onlay type graft. 

■ Place one of the free ends of the wire over the graft 
and through the C2 spinous process and tighten to the 
other free wire end until the wire luster begins to change 
(Fig. 41-15). 

■ Check final alignment and réduction. 

■ Close the fascial layer securely over a drain, incorporating 
bone at the C2 spinous process level. 

■ Close the wound in layers with a subcuticular skin closure. 

POSTOPERATIVE CARE. The patient is maintained is a 
halo vest for 10 to 12 weeks. The patient's clinical course 
and flexion and extension radiographs are used to verify 
stability and fusion progression. The drain is removed on 
the first postoperative day. 


ATLAS FRACTURES 

The first description of a Cl fracture was by Cooper in 1822, 
and Jefferson published his case review adding four new cases 
in 1920. This paper contained his classification System, which 
has subsequently been revised by multiple authors, but his 
description of a burst fracture of the ring of Cl continues to 
carry the label of a “Jefferson fracture” (Fig. 41-16). Spence 
et al. published their work in 1970 on injuries to the trans¬ 
verse ligament in association with Cl fractures in 10 cadaver 




graft in place. A f Wire passes under lamina of atlas and axis and 
is tied over graft. B f Wire passes under lamina of atlas and 
through spine of axis and is tied over graft. C f Wire passes through 
holes drilled in lamina of atlas and through spine of axis; holes 
are drilled through graft. D f Wire passes under lamina of atlas 
and through spine of axis; holes are drilled through graft. SEE 
TECHNIQUE 41-7. 

specimens. They found that if the total latéral displacement 
of the latéral masses was 6.9 mm or more then the transverse 
ligament was likely incompetent. This détermination based 
on plain radiographs is referred to as the rule of Spence. Later, 
this was revised to 8.1 mm to account for magnification on 
plain radiographs. Dickman et al. studied 39 patients with 
injuries to the transverse atlantal ligament with plain radio¬ 
graphs, thin-cut CT, and high-resolution MRI. MRI was 
found to be very sensitive in detecting rupture of the trans¬ 
verse ligament, and their classification of these injuries was 
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A f Axial view of stable Jefferson fracture (trans¬ 
verse ligament intact). B f Axial view of unstable Jefferson fracture 
(transverse ligament ruptured). 


described previously. These authors found that applying the 
rule of Spence would hâve missed 61% of the transverse liga¬ 
ment injuries. 

Biomechanical studies by Panjabi et al. and Oda et al. 
hâve shown that axial loading is the primary force that leads 
to Cl fractures. Because the Cl latéral masses are wedge 
shaped, axial loading créâtes a hoop stress and bone failure 
occurs at the weakest points that are just anterior and poste - 
rior to the latéral masses. Less force is required if the head is 
in extension when force is applied. Even when the transverse 
atlantal ligament is injured, the alar ligaments, joint capsules, 
and tectorial membrane are spared with axial-loading inju¬ 
ries. This is an important différence for transverse atlantal 
ligament injuries associated with Cl fractures and those 
associated with more complex injuries of the craniocervical 
junction. Landells and Van Peteghem modified Jeffersons 
classification into three fracture types, which is useful for 
treatment. Type I injuries include isolated anterior or poste - 
rior arch fractures, type II injuries involve the anterior and 
posterior portion of the ring, and type III injuries involve the 
latéral mass with or without a fracture of the ring. 

■ TREATMENT 

Treatment of atlas fractures is determined primarily by the 
presence or absence of associated cervical injuries. Fractures 
at other cervical levels occur in 30% to 70% patients with 
Cl fractures. By far, odontoid fractures and C2 isthmic 
(hangman) fractures are the most common injuries associ¬ 
ated with Cl fractures. Landells and Van Peteghem found 
that type I injuries were the most common and were not 
associated with neurologie injuries. Our treatment regimen 
for isolated Cl fractures is to use a rigid collar for nondis- 
placed type I fractures and type III fractures of the latéral 
mass if the ring is not disrupted. For type I fractures with 
displacement, type II fractures, and type III fractures that 
disrupt the ring, a halo vest is used for external immobiliza- 
tion. Immobilization is maintained for 6 to 8 weeks if the ring 
is intact (some type III) and for 10 to 12 weeks if the ring is 
disrupted. It is rare to operatively stabilize isolated atlas frac¬ 
tures even if the transverse atlantal ligament is disrupted. 
Stability after immobilization is demonstrated on flexion- 
extension radiographs if the atlantodens interval is main¬ 
tained at less than 3 mm. If this distance is greater than 
5 mm, posterior C1-C2 fusion is recommended. The tech¬ 
niques are the same as described earlier for transverse atlantal 
ligament injuries, with some authors recommending the use 
of a crosslink with the screw and rod method to help main- 
tain the Cl réduction. Appropriate external immobilization 


has been shown in many level III and IV studies to resuit in 
stable unions in a high percentage of patients, but outcome 
measures for range of motion and persistent pain hâve not 
been widely studied. Ruf et al. described a transoral tech¬ 
nique for primary fracture stabilization without fusion, but 
the indication for this technique remains to be determined at 
this time given reliable outcomes with immobilization. 

Treatment of atlas fractures that occur with ligamentous 
injuries or other fractures is based primarily on the concomi¬ 
tant injuries. The additional fractures increase the level of 
instability, but external immobilization with a halo vest for 12 
to 16 weeks has proven sufficient in the vast majority of cases 
that usually involve the axis. If the halo vest does not maintain 
alignment sufficiently when the patient is mobilized, opéra¬ 
tive stabilization is indicated. Traction can be used to reduce 
the latéral mass displacement before halo vest treatment, but 
the halo cannot maintain the distractive force, and 3 weeks 
of traction may be needed to allow healing adéquate to 
prevent loss of réduction once halo vest immobilization is 
initiated. Patients with disruption of the transverse atlantal 
ligament can hâve unstable injuries regardless of the type of 
Cl fracture; however, this injury is different from transverse 
atlantal ligament injuries associated with flexion or distrac¬ 
tive mechanisms. Transverse atlantal ligament injuries from 
axial load mechanisms hâve been shown to hâve préservation 
of the joint capsules and alar ligaments. This explains why 
latéral mass displacement reduces with traction and why 
external immobilization can be successful in achieving stabil¬ 
ity when transverse atlantal ligament injuries are présent by 
MRI in association with Jefferson fractures. The characteriza- 
tion of Cl fractures as “unstable” based on the presence of 
transverse atlantal ligament disruption is based on an over- 
simplification of the anatomy and may not be an adéquate 
criterion for operative intervention. 

For the rare patient who requires operative stabilization 
as primary treatment or after failed immobilization, posterior 
C1-C2 fusion is done (see Technique 41-6). 

AXIS FRACTURES 

The most common fractures of the axis are those involving 
the odontoid process. The remaining fractures are those 
involving the isthmus (hangman), which are the next most 
common fracture patterns of the axis body. Although any of 
these fracture types can occur with concomitant cervical inju¬ 
ries, they frequently occur as isolated fractures and are dis- 
cussed separately. Odontoid fractures are especially common 
in the elderly, and in this patient group the most common 
mechanism is a low-energy fall. 

■ ODONTOID FRACTURES 

The classification of odontoid fractures described by Ander¬ 
son and DAlonzo in 1974 remains the most widely used 
System. Their scheme has three fracture types: type I, avulsion 
of the tip of the odontoid; type II, fracture through the base 
or waist of the odontoid process; and type III, originally 
described as fractures of the body below the base of the odon¬ 
toid (Fig. 41-17). Additional fracture characteristics hâve 
been studied in numerous publications, including degree of 
initial fracture displacement, angulation through the fracture, 
patient âge, fracture orientation, and smoking history of the 
patient. With respect to treatment outcomes, the primary 
factors that hâve been shown to be significant are fracture 
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A-C f Three types of odontoid process fractures 
as seen in anteroposterior and latéral planes. Type I is oblique 
fracture through upper part of odontoid process. Type II is frac¬ 
ture at junction of odontoid process and body of second cervical 
vertebra. Type III is fracture through upper body of vertebra. 


type, initial fracture displacement of 6 mm, and âge (progrès- 
sively worse outcomes are noted when patients are stratified 
by âge). 

i TREATMENT 

Many methods of treatment hâve been described for odon¬ 
toid fractures, including no treatment, traction and a collar, 
rigid immobilization, anterior primary osteosynthesis, and 
posterior fusion of the C1-C2 joint. A multicenter review that 
included patients who did not receive treatment found that 
none of these patients went on to fracture union. Older litera- 
ture described delayed myelopathy and death in patients with 
a history of untreated or nonunited odontoid fractures, indi- 
cating the importance of achieving fracture union. No level I 
evidence is available to make treatment recommendations; 
however, there is level III evidence on which treatment 
options can be based. Julien et al. found that type I and III 
fractures can be treated with rigid external immobilization 
such as a halo vest. One hundred percent union rates were 
reported for type I fractures, 65% for type II fractures, and 
84% for type III fractures. Greene et al. noted an 80% union 
rate in type II fractures with immobilization, although in a 
small number the immobilization was extended beyond 13 
weeks. The higher rate of success with immobilization in 
Greene et al.s study may be because of early surgical treat¬ 
ment in 20 patients who had greater than 6 mm of displace¬ 
ment or more comminuted fractures that were not stable after 


initial halo placement. Again, this study found 100% union 
rates for type I fractures and 98.5% union rates for type III 
fractures treated with immobilization. Type III fractures 
treated with collars had substantially lower healing rates of 
50% to 65% compared with union rates using halo vest 
immobilization. Collar immobilization has been found effec¬ 
tive in type I fractures in several small sériés because this 
pattern is very infrequent. 

Our treatment regimen has been to use rigid immobiliza¬ 
tion for isolated type I and type III fractures. Most offen halo 
vest immobilization is used, but rigid collars are an option 
especially for the rare type I fractures. For treatment of type 
II fractures that are minimally displaced, immobilization is 
recommended because it préserves motion at the highly 
mobile C1-C2 joint. If anatomie réduction is achieved and 
there is no loss of réduction after mobilization, fracture 
healing with préservation of motion can be expected in 80%. 
Ail patients treated with halo vest immobilization should be 
aggressively mobilized and made ambulatory if at ail possible, 
especially elderly patients. Mortality rates as high as 42% hâve 
been reported in patients with halo vest immobilization who 
are nonambulatory and not mobilized. Schoenfeld et al. 
found that the mortality was the same at various time points 
whether patients were treated in a collar or with halo vest 
immobilization, suggesting that factors other than simply 
treatment with halo vest immobilization resuit in the high 
mortality rates seen in elderly patients. In their study, patients 
with type II fractures treated operatively had lower mortality 
than those treated nonoperatively. Schoenfeld et al. did find 
a progressively higher mortality in both the operative and 
nonoperative treatment groups with âge, and the benefits of 
surgery were in those âge 74 years and younger. Wood et al. 
also found that operative benefits were greater in those under 
the âge of 75 years. They also found that aspiration pneumo- 
nia was the most common cause of death in both operatively 
(55%) and nonoperatively (64%) treated patients. Vaccaro 
et al. showed in a level II study that neither operatively or 
nonoperatively treated gériatrie patients returned to their 
preinjury functional levels. The surgically treated patients had 
a smaller loss than those treated nonoperatively, but the study 
was not randomized. We generally reserve operative treat¬ 
ment for type II fractures in patients in whom anatomie 
réduction cannot be achieved in traction or is not maintained 
with immobilization. Stabilization also is recommended if 
initial fracture translation is 6 mm or more and in patients 
who are not expected to be able to mobilize because of other 
injuries and comorbidities. Several studies hâve noted a trend 
toward operative treatment of type II fractures in the elderly 
in particular. This recommendation is based on level III evi¬ 
dence. In these patients, posterior C1-C2 fusion or anterior 
primary osteosynthesis may be recommended. The primary 
advantage of anterior fracture fixation is maintenance of 
motion at C1-C2, which accounts for 50% of cervical rota¬ 
tion, and expected acute fracture union rates of 80% to 95%. 
Posterior fusion of C1-C2 sacrifices this motion but can reli- 
ably achieve stability in 85% to 98% of patients and is pre- 
ferred by some authors. Anterior screw fixation is not 
appropriate for nonunions which are treated with posterior 
fusion. Ni et al. described a technique of posterior instru¬ 
mentation without fusion as a salvage method when anterior 
osteosynthesis is not possible; instrumentation is removed 
once fracture healing is complété. The Neck Disability Index 
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(NDI) scores were improved, as was range of motion after 
hardware removal. The Cl screw was placed using the Resnick 
modification for screw entry point. 


ANTERIOR ODONTOID 
SCREW FIXATION 

Anterior screw fixation can be accomplished with a single- 
screw or two-screw technique. Comparable union rates of 
81% and 85% for the single-screw and two-screw tech¬ 
niques, respectively, hâve been reported. More important 
than the number of screws used is the orientation of the 
fracture and proper technique to achieve a lag effect. Frac¬ 
tures that are transverse or oblique from anterosuperior to 
posteroinferior are best suited for this technique because 
the compression from the screw(s) will be applied perpen- 
dicular to the fracture line. This technique is challenging 
because obtaining an anatomie réduction requires visual- 
ization on anteroposterior and latéral dual image intensi¬ 
fier that are both draped into the operative field 
simultaneously (Fig. 41-18). 


TECHNIQUE 41-8 


(ETTER) 

■ After general endotrachéal anesthésia has been induced 
and the patient has been positioned supine on the oper- 
ating table, reduce displaced fractures in traction with 
either a head halter, Gardner-Wells tongs, or a halo ring. 

■ Anatomie réduction must be obtained before internai 
fixation with the cannulated screw System. 

■ Insert a large nasogastric tube to allow localization of the 
esophagus and to prevent perforation. 

■ Use a padded occipital ring attached to the operating 
table to stabilize the patient's head. The head and neck 
must be positioned to allow maximal access to the ante¬ 
rior cervical spine. A large vertical mandibular-sternal dis¬ 
tance is required because of the size of the instrumentation 
and the steep inferior angle of approach necessary for 
screw placement. With traction applied even posteriorly 
displaced fractures will usually reduce in maximal cervical 
extension. This position improves access to the C2 level. 
FHigh-resolution fluoroscopie image intensification in the 
anteroposterior and latéral planes is necessary for inser¬ 
tion of the screws. Place cotton sponges in the mouth to 
maximally open the jaw for an adéquate open-mouth 
view (Fig. 41-18A). 

■ Before beginning the surgical procedure, confirm a free 
working path for the instrumentation by placing a long 
Kirschner wire along the side of the neck in the direction 
of the intended screw placement and confirm safe trajec- 
tory on the latéral image intensifier view. If clearance of 
the sternum is inadéquate, modify the patient's position 
(Fig. 41-18B to D). 

■ Préparé and drape the operative field in a stérile fashion, 
with stérile draping of both the image intensifiers. 

■ Make an anteromedial approach to the cervical spine 
through a transverse skin incision 6 to 7 cm long at the 
level of the C5-6 dise space as determined using the 
Kirschner wire. 


■ Because of the steep angle of inclination required relative 
to the anterior plane of the neck, undermine the skin 
deep to the subeutaneous adipose layer and split the 
platysma muscle longitudinally in line with its fibers 2 to 
3 cm latéral to the midline. 

■ Bluntly dissect the pretrachial fascia and develop an inter¬ 
val between the carotid sheath laterally and the strap 
muscles overlying the trachea and esophagus medially. 

■ Bluntly develop the prevertebral space anteriorly along 
the front of the cervical spine until the anteroinferior 
margin of the C2 body is reached. 

■ Place a radiolucent retractor on the anterior body of C2, 
gently retracting the trachea and esophagus to allow 
direct visualization of the C2 dise. Delineate the C2-3 
intervertébral dise space and vertically incise the anterior 
longitudinal ligament at this level, confirming the desired 
entry point on the anteroposterior view for the screw(s). 
Ligation of the superior thyroid artery may be necessary 
for exposure of the C2-3 level. 

■ Identify with latéral image intensification the entry site 
through the C2 endplate and not through the body at 
the anterior margin just proximal to the endplate (Fig. 
41-18E). 

■ Using a long drill sleeve, insert one or two 1,2-mm Kirsch¬ 
ner wires. If one screw is planned it should be placed 
midline on the anteroposterior view. If using two screws, 
the guidewires should converge slightly but remain sepa- 
rated enough to allow both to fully penetrate the tip of 
the odontoid. On the latéral view, wire entry is at the 
anterior edge of the endplate and oriented to exit just 
posterior to the tip of the odontoid. Check advancement 
of the wire frequently to confirm proper trajectory. Redi- 
recting these wires after incorrect placement is difficult. 

■ Verify pénétration of the dens cortex and appropriate 
wire alignment by image intensification in two planes. 

■ Measure directly the guidewire insertion depth. Insert the 
cannulated drill bit for the cannulated 3.5-mm screw over 
each guidewire and drill the length of the wire to pene¬ 
trate the tip of the odontoid. Monitor frequently on 
image intensifier views to avoid advancing the guidewire 
toward the brainstem. Also make certain the drill is per- 
fectly aligned in both planes with the wire to avoid wire 
fracture attributed to binding within the bone. 

■Insert self-tapping 3.5-mm screws of appropriate length 
over each guidewire and advance them with the cannu¬ 
lated screwdriver until the opposing apical cortical bone 
is secured again, using image intensifier views to make 
sure not to advance the wire as the screw advances, 
which occurs easily after drilling (Fig. 41-18F). 

■ The screw heads tend to encroach on the anterior margin 
of the C2-3 intervertébral dise, frequently requiring 
removal of a small amount of annulus to create a recess. 
Ideally, the screw heads are recessed into the dise space 
just inferior to the endplate. 

■ Always use tissue protection guards during drilling to 
avoid damage to soft-tissue structures. 

■Close the platysma and remaining layers over a fluted 
style drain, which is removed the following day. 

POSTOPERATIVE CARE. The patient is observed closely 
for respiratory status in the intensive care unit for the first 
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Odontoid fracture. A f Patient positioned with traction applied and image intensifiers for open-mouth and latéral 
images in position. B, Wire held in place while latéral view is obtained to indicate level of incision placement. C f Image with wire held 
in place. D f Open-mouth view. E f Latéral view after placement of first guidewire. F f Bicortical screw placement. SEE TECHNIQUE 41-8. 
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24 hours after surgery. A rigid cervical orthosis is applied 
and is worn for 6 to 8 weeks. The orthosis may be 
removed for eating. Clinical and radiographie évaluations 
are performed at 6, 12, and 24 weeks. 


I POSTERIOR STABILIZATION 

The criteria for posterior stabilization are the same as for 
anterior fixation and are based primarily on rétrospective 
sériés. Posterior fixation using one of several techniques gen- 
erally offers biomechanical advantages over anterior fixation 
but does not allow for préservation of motion at the C1-C2 
joint, which is a significant morbidity. Posterior C1-C2 
fusion using the rod and screw technique popularized by 
Harms (see Technique 41-6) is the method usually preferred, 
using C2 isthmic screws rather than C2 pedicle screws in 
most cases. Other techniques hâve been described and are of 
use in treating odontoid fractures. Other techniques that can 
be useful are C1-C2 transarticular screw fixation and C1-C2 
translaminar screw fixation. C1-C2 transarticular screw fixa¬ 
tion as described by Magerl and Seemann preceded the 
Harms method and provides more rigid fixation than tradi- 
tional posterior wiring methods, such as the Gallie or 
Brooks-Jenkins method. Transarticular screw placement is 
technically difficult, and there are clearly some patients who 
cannot be treated with this method because of anatomie con- 
straints that are présent in as many as 23% of patients. A 
properly placed transarticular screw passes through the C2 
isthmus and crosses the C1-C2 facet joint and into the ante¬ 
rior portion of the Cl latéral mass (Fig. 41-19). Careful 
review of the C2 anatomy is required because in some people 
the vertébral artery is too médial to allow screw placement or 
the isthmus is too small to accept the screw. Other structures 
at risk include the internai carotid artery and hypoglossal 
nerve, which typically lie less than 3 mm anterior to the Cl 
latéral mass and can be injured if the screw is too long. Addi- 
tionally, the patients body habitus can make the necessary 
approach angle difficult if there is excessive cervicothoracic 
kyphosis. 

I POSTERIOR FUSION OF C1-C2 

The Harms method (see Technique 41-6) usually is preferred 
because anatomie limitations are uncommon at Cl and the 
C2 isthmic screw orientation can vary to accommodate the 
patients anatomy. 


POSTERIOR C1-C2 
TRANSARTICULAR SCREWS 


TECHNIQUE 41-9 


(MAGERL AND SEEMANN) 

■Careful preoperative planning is needed to assess safety 
of screw placement. 

■ Patient préparation, positioning, and administration of 
anesthésia are as described in Technique 41-6. 

■ Use latéral image intensification to check the réduction 
of the C1-C2 complex. 


■ Perform midline posterior cervical exposure in the routine 
fashion from C2 to C3. The exposure should be to the 
latéral edge of the C2 latéral mass. 

■ Expose the médial wall of the isthmus up to the C1-C2 
joint. If possible, curet or burr the joint. The area around 
the greater occipital nerve is highly vascular. 

■ Place intraarticular bone graft. 

■ Identify the landmarks for the entry portai of the trans¬ 
articular screw at the lower médial edge of the inferior 
articular process of C2 (Fig. 41-20A). Détermine the 
proper trajectory of the screw and make a stab incision 
in the skin if needed to attain the correct trajectory, which 
may be at C7. 

■ Using a 2-mm bit, incrementally drill through the isthmus 
near its posteromedial surface, exiting from the articular 
surface of C2 at the posterior aspect of the superior 
articular surface and entering the latéral mass of the atlas. 
If the isthmus is oriented too medially, the exiting drill will 
miss the Cl latéral mass or the drill will exit the isthmus 
laterally and risk injuring the vertébral artery. The drill bit 
should just perforate the anterior cortex of the latéral 
mass of Cl (Fig. 41-20B). 

■ Détermine the appropriate screw length (Fig. 41-20C). 
Use a 3.5-mm cortical tap to eut threads in the drill hole 
and insert the appropriate 3.5-mm cortical screw across 
the Cl-2 joint. Typically, screws are 34 to 43 mm in 
length. Take care not to extend more than 1 mm anterior 
to the Cl latéral mass. Cannulated screws can be used. 

■After placing the Cl-2 transarticular screws, perform a 
traditional posterior C1 -2 fusion using either the Gallie or 
the Brooks technique if intraarticular grafting was not 
possible (Fig. 41-20D). 

■Close the wound in layers over a drain, taking care to 
reattach the fascia to bone at the C2 level. Use a subeu- 
ticular skin closure. 

POSTOPERATIVE CARE. Because this technique pro¬ 
vides excellent rotational stability, postoperative immobi- 
lization with a halo vest usually is unnecessary. A cervical 
collar may be worn for 8 to 12 weeks. The drain is 
removed on the first postoperative day. 


POSTERIOR C1-C2 FUSION WITH C2 
TRANSLAMINAR SCREWS 

This technique was described in 2004 as an alternative 
technique with less risk for vertébral artery injury, although 
there are other risks such as durai or spinal cord injuries. 
When the procedure is done properly, these are small risks. 
The technique employs two screws inserted through the 
base of the C2 spinous process and contained within the 
lamina on the contralatéral side. The screws must be placed 
with one slightly more caudal on one side and directed 
cephalad at a steeper angle than the other screw. The 
translaminar screws are then connected to the Cl latéral 
mass screws. Biomechanically, this method has équivalence 
to the Harms technique for C1-C2 fusion but not for 
occiput-C2 fusion. If the construct is to extend below C2, 
rod contouring can be problematic because the translami¬ 
nar screws are not aligned with the latéral mass screws. 
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A f Anterior displaced odontoid fracture. B f Anatomie réduction achieved. C f Cl latéral mass screw and C2 isthmus 
screw in good position. 


Generally, this method is used if anatomie constraints pre- 
clude C2 isthmic screw placement with known vertébral 
artery injuries preoperatively. 


TECHNIQUE 41-10 


(WRIGHT) 

■ Patient préparation, positioning, and administration of 
anesthésia are as described in Technique 41-6. 

■ Use latéral image intensification to check the réduction 
of the Cl-2 complex. 


■ Perform posterior midline exposure of the cervical spine 
from the occiput to C2. 

■ Place the Cl latéral mass screws as described in Technique 
41-6. 

■ Fully expose the caudal edge of the C2 lamina at the 
midline and extend it laterally. 

■ Use an angled curet to detach the ligamentum flavum 
from the ventral surface and the cephalad and caudal 
margin of C2 so that a Penfield No. 4 dissector or other 
blunt instrument can be used to palpate the anterior C2 
lamina during screw placement. 
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Cl-2 transarticular screw fixation (Magerl and Seemann). A f Landmarks for entry point of transarticular screw. 
B, Wires are brought around arch of Cl and spinous process of C2 to manipulate these two vertebrae. Screw holes are drilled through 
isthmus near its posterior and médial surface of C2 and outer latéral mass of atlas. C f Measuring screw length and tapping with 3.5-mm 
cortical tap. D f Proper screw placement for Cl-2 fusion. SEE TECHNIQUE 41-9. 


■ With a Penfield No. 4 dissector or blunt hook ventral to 
the lamina, use the drill to penetrate the cortex at the 
base of the C2 spinous process at the location determined 
preoperatively to allow room for both screws. Using the 
Penfield dissector as a guide, maintain the drill posterior 
to the canal and advance it laterally into the C2 inferior 
articular mass. The drill should not penetrate the posterior 
or anterior cortex as it is advanced. Screw lengths usually 
are 25 to 35 mm. 

■ Place the contralatéral screw similarly. 

■Contour the rod to engage the Cl latéral mass screws 
and secure the connections. 

■ Perform a traditional posterior Cl-2 fusion using either 
the Gallie or the Brooks technique. Alternative^, mor- 
selized bone graft can be used. 

■Close the wound in layers over a drain, taking care to 
reattach the fascia to bone at the C2 level. Use a subcu- 
ticular skin closure. 

POSTOPERATIVE CARE. Postoperative immobilization 
with a halo vest usually is unnecessary. A cervical collar 
may be worn for 8 to 12 weeks. The drain is removed on 
the first postoperative day. 


POSTERIOR C1-C2 WIRING 

Wiring techniques are seldom used as the primary method 
of stabilization, but they remain useful for adjunctive sta¬ 
bilization and to maintain corticocancellous grafts in posi¬ 
tion. The Brooks and Jenkins method provides a bone block 
between the arch of Cl and the C2 lamina. The wires are 
located laterally and provide more rotational stability than 
is provided by the midline Gallie wiring. 


TECHNIQUE 41-11 


(BROOKS AND JENKINS) 

■ Patient préparation, positioning, and administration of 
anesthésia are as described in Technique 41-6. 

■ Expose the Cl-2 level through a midline incision. 

■ Use a small-angled curet to clear the ventral surface of 
the Cl and C2 lamina. 

■ Using an aneurysm needle, pass a No. 2 Mersilene suture 
on each side of the midline in a cephalad to caudal direc¬ 
tion, first under the arch of the atlas and then under the 
lamina of the axis (Fig. 41-2IA). These sutures serve as 
guides to introduce two doubled 20-gauge stainless Steel 
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Brooks and Jenkins technique of atlantoaxial 
fusion. A f Insertion of wires under atlas and axis. B f Wires in place 
with graft being inserted. C and D f Bone grafts secured by wires 
(anteroposterior and latéral views). SEE TECHNIQUE 41-11. 


9 wires into place. Alternative^, braided cables can be 
passed in place of the wires to increase flexibility and 
strength significantly. The suture is tied to the wire or 
cable, which is then pulled, using the suture to maintain 
tension on the wire or cable to minimize canal intrusion 
as it is passed. 

■ Obtain a full-thickness rectangular bone graft approxi- 
mately 1.5 x 4.0 cm from the iliac crest. Divide the graft 
in half along the short axis. Bevel the grafts to fit snugly 
into the interval between the arch of the atlas and each 
lamina of the axis with the cancellous portion of the graft 
in contact with the ring of Cl and the lamina of C2 
(Fig. 41-21 B). 

■ While holding the grafts in position on each side of the 
midline and maintaining the width of the interlaminar 
space, tighten the doubled wires over them and twist and 
tie the wires to secure the grafts (Fig. 41-21C and D). 

■ Irrigate and close the wound in layers over suction drain. 

POSTOPERATIVE CARE. When used as a primary fusion 
method, halo vest immobilization is continued for 10 to 
12 weeks. If wiring is adjunctive, immobilization is based 
on the primary stabilization method. 


■ TRAUMATIC SPONDYLOLISTHESIS OF THE 
AXIS (HANGMAN FRACTURE) 

Fractures of the posterior éléments of the axis through the 
isthmic portion or pars interarticularis are relatively common. 


The term hangmanfracture was coined by Schneider in 1965, 
although the mechanism for the typical injury is quite differ¬ 
ent from that occurring with a judicial hanging. The usual 
mechanism causing this fracture pattern is hyperextension 
and axial loading, although s orne injury patterns involve 
flexion as well. Effendi et al. classified the injury into three 
types based on the apparent mechanism of injury and the 
radiographie characteristics. Type I injury is caused by hyper¬ 
extension and is minimally displaced (0 to 2 mm of transla¬ 
tion of the C2 body relative to C3) with no kyphosis through 
the dise space. Type II injury is caused by hyperextension and 
axial loading followed by flexion. The fracture line is relatively 
vertical in orientation with at least 3 mm of translation 
through the C2 dise. Levine and Edwards modified the 
Effendi type II fracture to include a flexion-distraction injury 
that has a relatively horizontal fracture line and significant 
kyphosis through the C2 dise with posterior annulus disrup- 
tion but minimal translation of C2 on C3 (Fig. 41-22). Type 
III fractures are flexion-compression injuries, and in addition 
to the traumatic spondylolisthesis, dislocation of the C2-C3 
facet joints occurs. One additional fracture pattern of note, 
reported by Starr and Eismont, occurs when the fracture 
extends into the posterior body of the axis on one or both 
sides. This variant is important because it is associated with 
a higher rate of neurologie injury (Fig. 41-23). 

I TREATMENT 

Treatment of traumatic spondylolisthesis of the axis is based 
on fracture type, and immobilization of the fracture usually 
is adéquate. Francis et al. reported that 95 of 123 patients 
healed satisfactorily with immobilization. In most sériés, 
operative treatment was performed for patients with radio¬ 
graphie instability despite appropriate external bracing, for 
patients with type III injuries, and for patients demonstrating 
instability affer immobilization. 

Type I injuries generally do not hâve associated ligamen- 
tous injuries, given the mechanism, and can be treated with 
a rigid collar. Type II and lia injuries must be distinguished 
from one another because treatment is quite different. Type 

II injury usually can be reduced with traction if necessary, 
and then the patient is placed in a halo vest for 12 weeks. The 
patient with a type lia fracture should not be placed in trac¬ 
tion because of the posterior discal disruption, which allows 
for overdistraction and potential neurologie injury. Type Ha 
injuries should be reduced with gentle manual extension and 
slight compression, and the patient is maintained in a halo 
vest for 12 weeks. Type III fracture-dislocations require open 
réduction of the dislocation because the arch fragment cannot 
be controlled with traction because of the fracture. In some 
patients, direct stabilization of the fracture with a C2 pedicle 
screws placed as described earlier is possible as definitive 
treatment. More commonly, these screws are combined with 
C3 latéral mass screws and a rod construct to accomplish 
fusion at the C2-C3 level. If the C2 level cannot be stabilized 
with screw placement, a C1-C3 fusion with latéral mass 
screws at each level is recommended. Anterior C2-C3 stabi¬ 
lization is an option. The Starr and Eismont variant is treated 
in traction initially and then halo vest immobilization for 12 
weeks. If réduction cannot be maintained, posterior fusion 
using C2 isthmic or pedicle screws and C3 latéral mass screws 
with a rod construct is most appropriate. This posterior fixa¬ 
tion is biomechanically more stable than anterior C2-C3 
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Type I 


Type II 


Type ll-A 


FIGURE 


Hangman fracture (see text). 


Type III 



Atypical hangman fracture with cord impinge- 
ment described by Starr and Eismont. 


stabilization. Placement of this instrumentation is described 
in Technique 41-6. 

SUBAXIAL CERVICAL SPINE INJURY (C3-T1) 
■ CLASSIFICATION 

Although the axis is the individual vertebra most commonly 
injured, the subaxial région of the cervical spine accounts for 
about 65% of ail cervical spine injuries and most cervical 
spinal cord injuries. Despite the relatively high incidence of 
subaxial injuries (C3-T1), the optimal management offen is 
not clear from existing medical literature. There are several 
reasons for this, including development of improved surgical 
methods and options with improved outcomes and lower 
morbidities. Also, no idéal classification System exists that 
allows reproducible and valid characterization of spécifie 
injuries that are required to compare treatments and out¬ 
comes. There hâve been many efforts to classify these injuries, 
and improvements continue to be made. Central to any clas¬ 
sification is the concept of spinal stability, which classically 
has been defined by White and Panjabi as “the ability of the 
spine under physiologie loads to maintain an association 


between vertébral segments in such a way that there is neither 
damage nor subséquent irritation of the spinal cord or nerve 
roots, and, in addition, there is no development of incapaci- 
tating deformity or pain because of structural changes.” The 
ability to make a détermination of current and future stability 
is dépendent on a complété understanding of spinal biome- 
chanics and the ability to definitively détermine the presence 
of injury to ail the various anatomie components of the spinal 
column. Acute instability is caused by bone or soff-tissue 
injury that places the neural éléments at risk of injury with 
any subséquent loading or deformity. Chronic instability is 
the resuit of progressive deformity that may cause neurologie 
détérioration, prevent recovery of injured neural tissue, or 
cause increasing pain or decreasing function. 

In a sériés of cadaver studies, White and Panjabi system- 
atically eut the various supporting structures and noted the 
resulting instabilities of the spine. The supporting structures 
of the subaxial spine can be divided into two groups: anterior 
and posterior (Fig. 41-24). A motion segment is made up of 
two adjacent vertebrae and the intervening soft tissues. If a 
motion segment has ail the anterior éléments and one poste¬ 
rior element, or ail the posterior éléments and one anterior 
element, it remains stable under physiologie loads. White, 
Southwick, and Panjabi developed a checklist for the diagno- 
sis of clinical instability of the subaxial cervical spine (Box 
41-2). This checklist includes radiographie criteria to con- 
sider in détermination of clinical instability. These criteria 
include sagittal translation of 3.5 mm on a latéral view (Fig. 
41-25). An additional criterion is more than 11 degrees of 
angulation of one vertebra relative to another on a latéral 
radiograph (Fig. 41-26). 

This body of information and imaging capabilities con¬ 
tinue to improve. The classification System described by Allen 
and Ferguson remains the most widely used, although several 
alternative Systems hâve been described. The Allen and Fer¬ 
guson System is based on a mechanistic description of the 
injury based on the radiographie appearance of the cervical 
spine. These authors reviewed 165 subaxial injuries and cat- 
egorized them into six common patterns and then further 
subdivided each pattern into stages of severity of osseous and 
ligamentous injury (Table 41-5). 

The terminology of this System has become familiar to 
spine surgeons and is accepted to describe injuries, but précisé 
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FIGURE 


J Sagittal plane translation of more than 3.5 mm 


suggests clinical instability. (Redrawn from White AA, Johnson RM, 
Panjabi MM: Biomechanical analysis of clinical stability in the cervical 


spine, Clin Orthop Relat Res 109:85, 1975.) 



Checklist for Diagnosis of Clinical Instability in 
Lower Cervical Spine 


Elément Point Value 

Anterior éléments destroyed or unable to 2 

function 

Posterior éléments destroyed or unable to 2 

function 

Relative sagittal plane translation >3.5 mm 2 

Relative sagittal plane rotation >11 degrees 2 

Positive stretch test 2 

Medullary (cord) damage 2 

Root damage 1 

Abnormal dise narrowing 1 

Dangerous loading anticipated 1 

*Total of 5 or more = unstable 


From White AA, SouthwickWO, Panjabi MM: Clinical instability in the lower cervi¬ 
cal spine: a review of past and current concepts, Spine 1:15,1976. 



Significant sagittal plane rotation (>11 degrees) 
suggests instability. (Redrawn from White AA, Johnson RM, Panjabi 
MM: Biomechanical analysis of clinical stability in the cervical spine, Clin 
Orthop Relat Res 109:85, 1975.) 


définitions of each stage are lacking. An alternative classifica¬ 
tion System was proposed by Moore et al. and subsequently 
modified by Vaccaro et al. and presented as the Subaxial 
Injury Classification (SLIC) scoring System. This particular 
System has three categories that are scored and summed. The 
authors proposed that the numerical value obtained can then 
be used to détermine whether nonoperative or operative 
treatment should be performed. The categories that are scored 
are morphology, discoligamentous complex integrity, and 
neurologie status of the patient. An increasing score within 
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r TABLE 41-5 W 

Allen and Ferguson Classification of Subaxial Cervical Spine Fractures 

COMPRESSIVE FLEXION—FIVE STAGES 

Compressive 
flexion stage 1 

Blunting of the anterosuperior vertébral margin to a rounded contour, with no evidence of failure 
of the posterior ligamentous complex 

Compressive 
flexion stage 2 

In addition to the changes seen in stage 1, obliquity of the anterior vertébral body with loss of 
some anterior height of the centrum. The anteroinferior vertébral body has a "beak" appearance, 
concavity of the inferior endplate may be increased, and the vertébral body may hâve a vertical 
fracture. 

Compressive 
flexion stage 3 

In addition to the characteristics of a stage 2 injury, fracture line passing obliquely from the 
anterior surface of the vertebra through the centrum and extending through the inferior 
subchondral plate and a fracture of the beak. 

Compressive 
flexion stage 4 

Deformation of the centrum and fracture of the beak with mild (<3 mm) displacement of the 
inferoposterior vertébral margin into the spinal canal 

Compressive 
flexion stage 5 

Bony injuries as in stage 3 but with more than 3 mm of displacement of the posterior portion of 
the vertébral body posteriorly into the spinal canal. The vertébral arch remains intact, the articular 
facets are separated, and the interspinous process space is increased at the level of injury, 
suggesting a posterior ligamentous disruption in a tension mode. 

VERTICAL COMPRESSION—THREE STAGES 

Vertical 
compression 
stage 1 

Fracture of the superior or inferior endplate with a "cupping" deformity. Failure of the endplate is 
central rather than anterior, and posterior ligamentous failure is not évident. 

Vertical 
compression 
stage 2 

Fracture of both vertébral endplates with cupping deformities. Fracture lines through the centrum 
may be présent, but displacement is minimal. 

Vertical 
compression 
stage 3 

Progression of the vertébral body damage described in stage 2. The centrum is fragmented, and 
the displacement is peripheral in multiple directions. Most commonly, the centrum fails, with 
significant impaction and fragmentation. The posterior aspect of the vertébral body is fractured 
and may be displaced into the spinal canal. The vertébral arch may be intact with no evidence of 
ligamentous failure, or it may be comminuted with significant failure of the posterior ligamentous 
complex; the ligamentous disruption is between the fractured vertebra and the one below it. 

DISTRACTIVE FLEXION—FOUR STAGES 

Distractive flexion 
stage 1 

Failure of the posterior ligamentous complex, as evidenced by facet subluxation in flexion, with 
abnormal divergence of the spinous process. 

Distractive flexion 
stage 2 

Unilatéral facet dislocation (the degree of posterior ligamentous failure ranges from partial failure 
sufficient only to permit the abnormal displacement to complété failure of the anterior and 
posterior ligamentous complexes, which is uncommon). Subluxation of the facet on the side 
opposite the dislocation suggests severe ligamentous injury. In addition, a small fleck of bone may 
be displaced from the posterior surface of the articular process, which is displaced anteriorly. 
Widening of the uncovertebral joint on the side of the dislocation and displacement of the tip of 
the spinous process toward the side of the dislocation may be seen. Beatson serially divided the 
posterior interspinous ligaments, facet capsule, posterior longitudinal ligament, annulus fibrosus, 
and anterior longitudinal ligament and found that unilatéral facet dislocation can occur with 
rupture of only the posterior interspinous ligament and the facet capsule. 

Distractive flexion 
stage 3 

Bilateral facet dislocations, with approximately 50% anterior subluxation of the vertébral body. 
Blunting of the anterosuperior margin of the inferior vertebra to a rounded corner may or may not 
be présent. Beatson showed that rupture of the interspinous ligament, the capsules of both facet 
joints, the posterior longitudinal ligament, and the annulus fibrosus of the intervertébral dise was 
necessary to create this lésion. 

Distractive flexion 
stage 4 

Full vertébral body width displacement anteriorly or a grossly unstable motion segment, giving the 
appearance of a "floating" vertebra 

COMPRESSIVE EXTENSION—FIVE STAGES 

Compressive 
extension stage 1 

Unilatéral vertébral arch fracture with or without anterior rotatory vertébral displacement. 

Posterior element failure may consist of a linear fracture through the articular process, impaction 
of the articular process, and ipsilateral pedicle and lamina fractures, resulting in the "transverse 
facet" appearance on anteroposterior radiographs, or a combination of ipsilateral pedicle and 
articular process fractures. 


Continued 
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r TABLE 41-5 

Allen and Ferguson Classification of Subaxial Cervical Spine Fractures—cont'd J 

Compressive 
extension stage 2 

Bilaminar fractures without evidence of other tissue failure. Typically, the laminar fractures occur at 
multiple contiguous levels. 

Compressive 
extension stage 3 

Bilateral vertébral arch fractures with fracture of the articular processes, pedicles, lamina, or some 
bilateral combination, without vertébral body displacement 

Compressive 
extension stage 4 

Bilateral vertébral arch fractures with partial vertébral body width displacement anteriorly 

Compressive 
extension stage 5 

Bilateral vertébral arch fracture with full vertébral body width displacement anteriorly. The 
posterior portion of the vertébral arch of the fractured vertebra does not displace, and the anterior 
portion of the arch remains with the centrum. Ligament failure occurs at two levels: posteriorly 
between the fractured vertebra and the one above it and anteriorly between the fractured 
vertebra and the one below it. Characteristically, the anterosuperior portion of the vertebra below 
is sheared off by the anteriorly displaced centrum. 

DISTRACTIVE EXTENSION—TWO STAGES 

Distractive 
extension stage 1 

Either failure of the anterior ligamentous complex or a transverse fracture of the centrum. The 
injury usually is ligamentous, and there may be a fracture of the adjacent anterior vertébral 
margin. The radiographie due to this injury is abnormal widening of the dise space. 

Distractive 
extension stage 2 

Evidence of failure of the posterior ligamentous complex, with displacement of the upper vertébral 
body posteriorly into the spinal canal, in addition to the changes seen in stage 1 injuries. Because 
displacement of this type tends to reduce spontaneously when the head is placed in a neutral 
position, radiographie evidence of the displacement may be minimal, rarely greater than 3 mm on 
initial films with the patient supine. 

LATERAL FLEXION—TWO STAGES 

Latéral flexion 
stage 1 

Asymmetric compression fracture of the centrum and ipsilateral vertébral arch fracture, without 
displacement of the arch on the anteroposterior view. Compression of the articular process or 
comminution of the corner of the vertébral arch may be présent. 

Latéral flexion 
stage 2 

Latéral asymmetric compression of the centrum and either ipsilateral displaced vertébral arch 
fracture or ligamentous failure on the contralatéral side with séparation of the articular processes. 
Ipsilateral and compressive and contralatéral disruptive vertébral arch injuries may be présent. 


each category is intended to reflect increasingly severe injury 
(Table 41-6). The primary improvement of this severity 
scoring System is the reincorporation of the neurologie status 
of the patient, which is intégral to the détermination of spinal 
stability. This severity score was compared with the Allen and 
Ferguson System among a group of experienced spine sur¬ 
geons, and the two Systems had similar reliability for treat- 
ment recommendations. With continued improvement s in 
imaging, particularly of the soft-tissue components of the 
spine, détermination of the optimal classification of or treat- 
ment for a particular injury can be decided with certainty. 

■ TREATMENT 

Until there is a validated classification System that substan- 
tially improves on the available Systems, spine surgeons will 
continue to use the best information available coupled with 
expérience to détermine treatments. A systematic approach 
as discussed earlier in this chapter is necessary when deter- 
mining treatment. After the imaging has been obtained and 
any emergent closed réduction attempt completed, a decision 
for definitive treatment is necessary. 

Most cervical injuries do not disrupt the structural integ- 
rity of the spine sufficiently to require operative intervention. 
Evaluating individual injuries based on the three-column 
biomechanical model has been the basis for our treatment 
rationale in each région of the spine. The anterior column 


consists of the anterior longitudinal ligament and the ante¬ 
rior half of the vertébral body and dise, the middle column 
consists of the posterior half of the body and dise and the 
posterior longitudinal ligament, and the posterior column 
includes the pedicles and ail posterior osseous and ligamen- 
tous structures. The controlling principle is that single- 
column injuries without neurologie déficit will, in general, be 
stable without progressive deformity, neurologie injury, or 
postinjury pain. This has been consistent with our practice 
expérience, and these patients do well with immobilization. 
In contrast, injuries that involve three columns are consid- 
ered unstable even when there is no neurologie déficit (rare) 
and typically require operative stabilization. This, of course, 
leaves the two-column injuries, which are considered unsta¬ 
ble. These tend to be treated operatively, but some of these 
injuries can be treated with immobilization. In our expéri¬ 
ence, immobilization has a low morbidity when the patient 
is able to mobilize immediately. In patients with two-column 
injuries, the neurologie status often is the determining factor 
as to whether operative treatment is recommended. Patients 
with incomplète injuries or complété injuries generally are 
treated operatively, whereas those with normal results of 
examination or possibly isolated root injuries may be treated 
with immobilization. Other injuries, comorbidities, congéni¬ 
tal anomalies, and degenerative conditions can influence the 
treatment decision. 
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TABLE 41-6 


Subaxial Injury Classification (SLIC) Scale 

POINTS 

MORPHOLOGY 

No abnormality 

0 

Compression + burst 

1+1 = 2 

Distraction (e.g., facet perch, hyperextension) 

3 

Rotation or translation (e.g., facet dislocation, 
unstable teardrop, or advanced stage flexion 
compression injury) 

4 

DISCOLIGAMENTOUS COMPLEX 

Intact 

0 

Indeterminate (e.g., isolated interspinous 
widening, magnetic résonance imaging signal 
change only) 

1 

Disrupted (e.g., widening of anterior dise 
space, facet perch, or dislocation) 

2 

NEUROLOGIC STATUS 

Intact 

0 

Root injury 

1 

Compete cord injury 

2 

Incomplète cord injury 

3 

Continuous cord compression (neuro-modifier 
in the setting of a neurologie déficit) 

+1 


From Dorak M, Fisher CG, Fehlings MG, et al: The surgical approach to subaxial 
cervical spine injuries, Spine 32:2620, 2007. 


The goals of stabilization are to realign the spine, prevent 
further loss of neurologie function, enhance neurologie 
recovery, restore biomechanical integrity to the spine, and 
promote early functional recovery. Operative treatment for 
subaxial spine injuries can be from an anterior, posterior, or 
combined (360-degree) approach. There are a variety of 
acceptable treatment options that can achieve these goals in 
a given patient. The simplest and most direct strategy is to 
base the approach on the area of greatest structural injury. 
Injuries that require reconstruction of the anterior column 
support generally are approached anteriorly, and posterior 
injuries requiring direct réduction of dislocations are 
approached posteriorly. 

The primary advantages of anterior surgery include 
décompression of the neural éléments and restoration of the 
axial load-bearing support function with use of a strut graff 
and anterior plating, particularly over one to two motion 
segments. Maintaining the patient supine during surgery 
also is an advantage if the patient has significant pulmonary 
dysfunction from blunt trauma or infection. Wound compli¬ 
cations are infrequent with anterior surgery, although dys- 
phagia has been recognized more frequently in recent years. 
Access to any level from the C2 dise to the C7 dise is possible 
in most patients but can be quite challenging in obese 
patients or those with short necks. Adéquate décompression 
offen can be accomplished with a discectomy. In a trauma 
setting, this is preferred to a corpectomy, which is inherently 
less stable. At times, such as with a burst fracture, a 


corpectomy is needed, and adéquate stability is achieved 
with careful fitting and placement of the strut graff or cage 
and use of unicortical screws and a locking type plate. The 
dynamic type plates are of questionable benefit in degenera- 
tive indications but really do not hâve a place in the manage¬ 
ment of trauma patients because of the greater level of 
instability. Préservation of intact endplates and careful sizing 
of the strut graff without overdistracting the facets posteri¬ 
orly also are critical to achieving enough stability to allow 
primary bone healing at the graff-host interface. There are 
multiple sériés in the literature demonstrating good out- 
comes with this type of anterior-only construct even with 
posterior ligamentous injuries. Postoperative immobilization 
in an orthosis generally is adéquate with satisfactory plating. 
If fixation is compromised because of the injury pattern or 
bone quality, considération should be given to posterior fixa¬ 
tion or halo vest immobilization that may be advantageous 
for the patient rather than additional surgery. Anterior 
reconstruction and plating has been shown by Johnson et al. 
to hâve a high failure rate if the endplates are not intact, 
especially if there are associated facet fractures at the level 
treated with discectomy and reconstruction. Corpectomies 
at more than two levels are rare for trauma indications but if 
needed should be supplemented with posterior instrumenta¬ 
tion. Combined approaches rarely are needed for a good 
outcome except as discussed. 

Posterior fixation with current segmentai fixation Systems 
allows treatment of the most unstable injuries, even those that 
extend across the craniocervical or cervicothoracic junctions. 
These constructs use rods with latéral mass fixation from 
C3-C6 and pedicle screw placement at C2, C7 and in the 
upper thoracic région. Pedicle screws can be placed at C7 and 
are biomechanically superior to C7 latéral mass screws. 
Pedicle screws are technically more difficult to place than 
latéral mass screws at C3 to C6 and usually offer no significant 
benefit. When necessary, fixation can be extended above C3 
as has already been discussed. Because posterior fixation 
restores the posterior tension band and segmentai fixation is 
possible, these constructs are stiffer than anterior constructs 
in flexion and torsion, so fusion rates are superior for multi- 
level fusions treated posteriorly than for similar length ante¬ 
rior constructs. Décompression done posteriorly is not 
associated with quite the same level of neurologie improve- 
ment in some studies, probably because of less effective res¬ 
toration of blood flow to the anterior cord as was shown by 
Brodke et al. If posterior décompression is done, it should 
always be accompanied by stabilization and fusion in the 
setting of trauma. Because of the more extensive dissection 
required posteriorly, there has been a higher incidence of 
wound infection and greater blood loss relative to anterior 
procedures. However, for limited posterior approaches, such 
as for direct réduction of facet dislocations and fusion, 
wound-related complications are rare. Patients who are des- 
ignated as poor hosts are more likely to be osteoporotic, and, 
in general, posterior methods are preferred because segmen¬ 
tai fixation is possible. 

■ EXTENSION INJURIES 

An extension injury is the resuit of hyperextension of the 
cervical spine (Fig. 41-27). Offen the patient is older and had 
a relatively low-energy mechanism of injury such as a same 
level fall. The injury occurs in part from a loss of motion in 
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Extension fracture through C3 dise level in 
patient with diffuse idiopathic skeletal hyperostosis. 


the cervical spine, which is unable to dissipate the energy 
without failure. The patient may hâve diffuse idiopathic skel¬ 
etal hyperostosis (DISH) or ankylosing spondylitis that pré¬ 
disposés to this injury pattern. Patients with ankylosing 
spondylitis actually hâve a fracture through the dise space 
and are treated somewhat differently (see later section). 
Patients with an incomplète dise disruption usually can be 
treated with immobilization. Patients with an annulus disrup¬ 
tion that extends through the anterior and posterior margins 
of the annulus fibrosus are treated with anterior discectomy 
and fusion with bone graft and an anterior locking plate. 

■ BURST FRACTURES 

This injury is exemplified by shortening of the vertébral body, 
with comminution and rétropulsion of the vertébral body 
into the canal (Fig. 41-28). These injuries are usually treated 
with corpectomy and anterior reconstruction with a tricorti¬ 
cal iliac bone graft, fibular allograft, or cylindrical mesh cage 
packed with the resected vertébral body and anterior plating. 
The endplates are prepared to maintain intact subchondral 
bone as a secure footing for the chosen strut type. Usually, 
these patients are relatively young and do not hâve preexisting 
disease of the posterior longitudinal ligament, which is not 
injured by axial loading. The posterior longitudinal ligament 
should be preserved and will provide a counterforce for the 
implanted strut unless décompression cannot be satisfactorily 
accomplished without posterior longitudinal ligament resec¬ 
tion. An anterior locking plate is then applied. 

■ FACET DISLOCATIONS 

Facet dislocations should be distinguished from facet frac¬ 
tures with subluxation. Bilateral facet dislocations are severe 
pure soft-tissue injuries with disruption of the facet capsules, 


which are the most important posterior ligamentous stabiliz- 
ers. Additional injury occurs to the interspinous ligaments 
and posterior longitudinal ligament, and the posterior dise is 
disrupted with possible herniation. Anterior translation of 
up to 50% of the vertébral body dimension occurs. The algo- 
rithm for imaging and réduction should be followed. After 
failed or successful closed réduction, MRI is obtained. If 
there is a significant dise herniation présent, anterior cervical 
discectomy with fusion and bone graft is done. If réduction 
was accomplished preoperatively or at the time of discec¬ 
tomy and fusion, an anterior locking plate is applied. This 
construct is stable with a reduced facet dislocation that has 
no bony injury. If réduction cannot be accomplished at the 
time of discectomy, the graft is placed and the anterior 
wound is closed, followed by open posterior réduction and 
fusion with instrumentation. If the closed réduction fails and 
MRI demonstrates no significant dise herniation, open pos¬ 
terior réduction with stabilization is the treatment of choice. 
Open réduction in an anesthetized patient is associated with 
a higher rate of spinal cord injury than closed réduction in 
an awake patient, as previously discussed. Unilatéral facet 
dislocations usually hâve only about 25% translation, but the 
management scheme is similar. In some patients with unilat¬ 
éral facet dislocations with successful closed réduction, con¬ 
sidération to closed treatment is reasonable if there is no 
persistent neural compression, but close radiographie 
follow-up is essential because subluxation can recur even 
weeks later. 

■ FACET FRACTURE WITH SUBLUXATION 

When there is a facet fracture associated with subluxation, 
this injury usually will reduce easily with traction but will 
not remain reduced because of the osseous injury. If there is 
no fracture of either endplate, anterior discectomy with 
fusion, bone grafting, and anterior locking plate application 
is an option but should be undertaken with caution. This 
construct is subject to shear forces because of the incompe¬ 
tent facet(s), and displacement can occur. Although neuro¬ 
logie worsening is unusual, it has certainly been reported. 
Loss of fixation will require révision. Careful follow-up is 
recommended, and the patient must be compliant with 
orthosis usage. Alternatively, posterior instrumentation and 
fusion provide more stability and will maintain alignment 
more consistently, but an additional level of fusion generally 
is needed because fixation usually is not possible at the frac- 
tured level. 

■ FRACTURE-DISLOCATIONS 

These are the most severe injuries usually with soft-tissue and 
osseous injuries, translational displacement in one or more 
planes, and associated spinal cord injury. Closed réduction 
must be undertaken with caution to avoid overdistracting the 
injured segment and potentially worsening the spinal cord 
injury. In this injury group, combined anterior and posterior 
surgery often is the more conservative approach, although a 
combined approach is not always needed. The principle of 
treating the most severely injured area first is followed to 
reestablish spinal alignment and decompress the spinal cord. 
This usually is accomplished anteriorly first, and if necessary 
posterior supplémentai stabilization and fusion are added at 
a second stage and may be delayed depending on the overall 
condition of the patient (Fig. 41-29). 
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A f Typical burst fracture at C5 with retropulsed bone and dise fragments in spinal canal compressing neural éléments. 
B f Disc material above and below fractured vertebra has been removed, and high-speed power burr is used to remove bone back to 
level of posterior longitudinal ligament. C f Residual posterior vertébral margin is removed with small curet to decompress neural élé¬ 
ments. D, Extent of anterior cervical corpectomy. E f Placement of tricortical iliac crest graft after adéquate cervical décompression. SEE 

TECHNIQUE 41-12. 


ANTERIOR CERVICAL DISCECTOMY 
AND FUSION WITH LOCKING PLATE 


TECHNIQUE 41-12 


■ If the patient is already in traction, maintain traction and 
alignment. Coordinate with the anesthesiologist for an 
awake intubation or manually maintain head position and 
use a GlideScope (Veriathon Inc., Bothell, WA). If the 
patient has a spinal cord injury, maintain a mean arterial 
pressure of 85 to 90 mm Hg during the procedure. 

■ Expose the spine through either a transverse or a longi¬ 
tudinal incision, depending on the surgeon's preference. 
We usually prefer a left-sided transverse incision (Fig. 
41-30) because of the more constant anatomy of the 
récurrent laryngeal nerve and the lower risk of inadver- 
tent injury. 


■ Make a 3-cm incision at the cricoid level for the C5 dise 
or adjust accordingly. A transverse incision can be used 
even for an extensile exposure. Locate the skin incision 
with the midpoint on the latéral border of the trachea on 
the side of the approach. 

■ Incise the skin and dissect through the subeutaneous 
layer to the platysma. Sharply dissect the fat off the pla- 
tysma fascia at least 10 mm in ail directions from the 
incision. 

■ Incise the platysma muscle vertically in line with its fibers. 

■ In the latéral portion of the wound, identify the médial 
border of the sternocleidomastoid muscle and bluntly 
develop the plane to the carotid sheath. At the C5 dise 
level it will be covered by the omohyoid muscle. 

■ Sweep the omohyoid superiorly or inferiorly (at the C5 
dise level) as needed and sharply incise the pretracheal 
fascia along the médial border of the carotid sheath. 

■ With blunt finger dissection, develop the plane of the 
prevertebral space. Use a Kitner dissector to better define 
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A f Fracture-dislocation involving C6 and C7 levels. Note C2 fracture. B f Alignment has been improved with skeletal 
traction. C f MR image after traction reveals severe spinal cord swelling and increased signal. 


the anterior spine that is visible between the longus colli 
muscles. 

■ Radiographically identify the injured level with a metallic 
marker within the injured dise or bone and permanently 
store the image. 

■ Using blunt retractors, mobilize the trachea and esopha- 
gus just enough to safely elevate the longus colli muscles 


bilaterally from the midbody of the superior end vertebra 
to the midbody of the inferior end vertebra but avoid 
unnecessary exposure that may lead to adjacent segment 
degeneration. 

■ Place a self-retaining retractor with the blade deep to the 
médial border of the longus colli on each side of the spine 
at the affected level. 
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JjJ A f Anterior approach to middle and lower cervical spine through left-sided transverse incision is carried medially to 
carotid sheath and laterally to trachea and esophagus. B, Deep dissection to middle and lower cervical spine. Thorough knowledge of 
anatomie fascial planes is mandatory to gain adéquate exposure of the anterior aspect of the cervical spine. SEE TECHNIQUES 41-12 AND 
41-13. 


■ Incise the injured dise widely to the level of the uncinate 
process bilaterally. Use curets to remove most of the dise 
and clearly view the uncinate process bilaterally. 

■ Under the operating microscope, use a high-speed burr 
to remove the anteriormost portion of the inferior body 
of the cephalad vertebra. This bone removal is only to the 
level of the highest point of the concavity of the inferior 
endplate. This allows the endplate to be fiat, and it forms 
a right angle with the anterior and posterior body walls 
and préserves the subchondral bone (Fig. 41-28). Remove 
any anterior osteophyte as well. With this anterior bone 
resection, visibility is enhanced and the posterior dise 
material, posterior longitudinal ligament, and posterior 
osteophytes can be removed as needed. If the foramina 
are tight, perform foraminotomies. Contour the superior 
endplate of the inferior vertebra with a burr, preserving 
the subchondral bone and creating a fiat surface with an 
equal interval between the adjacent endplates left to 
right and front to back. 

■ Carefully measure the height of the dise space both with 
traction applied and without traction. Do not size the 


graft to maintain the traction interval if there is more than 
1 mm différence between the measurements. The graft 
size should allow stable fit without being excessively 
tight. 

■ Either harvest tricortical iliac graft or select a composite 
corticocancellous allograft product. The graft typically is 
12 to 13 mm in anterior to posterior dimension so it can 
be countersunk 2 mm and not intrude into the canal. 
Tamp the graft into place and verify radiographically or 
by direct vision that the posterior graft does not enter the 
canal. With traction removed the graft should be stable 
enough to resist being pulled easily from the dise space. 

■ Select the shortest locking plate possible to avoid impinge- 
ment injury to the adjacent dises. The prepared endplates 
should be just visible through the screw holes of the plate 
when it is properly positioned (Fig. 41-31). 

■ Drill and place unicortical screws most commonly 14 mm 
in length. Make sure screws are placed at the correct 
angle to optimize locking of the screw and plate. Engage 
the anti-backout mechanism of the plate after placing ail 
four screws. 
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FIGURE 


Anterior cervical discectomy and plating. SEE TECHNIQUE 41-12. 


■ Achieve meticulous hemostasis and close the platysma 
over a fluted style drain; close the remaining layers. 

5ee a/so Video 41-1. 

POSTOPERATIVE CARE. A rigid orthosis is worn for 4 
to 6 weeks until there is radiographie evidence of healing 
atthe graft interfaces. Flexion and extension radiographs 
are obtained to verify stability and to détermine if the 
orthosis can be discontinued. 


ANTERIOR CERVICAL CORPECTOMY 
AND FUSION, WITH ANTERIOR 
LOCKING PLATE 


TECHNIQUE 41-13 


■ Préparation, positioning, and exposure are as described 
in Technique 41-12 with the exception being that a 4-cm 
incision is made at the cricoid level for C5 (Fig. 41-30). 
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■ Incise the dise widely to the level of the uncinate process 
bilaterally above and below the fractured vertebra. Use 
curets to remove most of the dise and clearly view the 
uncinate process bilaterally at each level. If a métal cage 
or fibular allograft is to be used, remove the injured body 
piecemeal and save it to fill the cage or graft. If structural 
autograft will be used, remove the body with a high- 
speed burr. This is our preferred method. 

■ Under the operating microscope, use a high-speed burr 
to make a vertical groove on each side of the body to be 
removed that begins above the uncinate process of the 
normal vertebra caudally to the uncinate process of the 
injured segment. These grooves define the area of bone 
to be removed. Using the burr, remove ail the bone 
between the two grooves, deepening each groove as 
needed. This can be done very rapidly until the cancellous 
bone of the body gives way to cortical bone, indicating 
the posterior cortex has been reached. By staying médial 
to the uncinate the vertébral artery can be avoided, 
although rarely a tortuous artery can erode médial to the 
uncinate, and this should be detected on the CT during 
preoperative planning. Remove the posterior cortex with 
the burr as well. 

■ Remove the posterior longitudinal ligament and posterior 
osteophytes as needed and perform foraminotomies as 
needed. Normally, the corpectomy defect is at least 
17 mm in width. Remove the anterior portion of the 
cephalad end vertebra to leave a fiat surface with prés¬ 
ervation of the subchondral bone. Similarly, contour the 
superior endplate of the caudal end vertebra. The two 
endplates should each be fiat and parallel to one another. 

■ Carefully measure the distance between the endplates 
with and without traction applied. When there is little to 
no movement when traction is discontinued, very careful 
sizing of the graft is required to avoid graft subsidence 
or displacement. 

■ Obtain an appropriate length autograft, fibular allograft, 
or cage filled with local bone. 

■ Reapply traction and increase slightly if needed to insert 
the strut and carefully tamp the strut into place. Because 
of the inclination of the endplates the graft will be more 
posterior at the caudal end than it is rostrally when it is 
resting squarely on each endplate. Verify radiographically 
or by direct vision that the strut does not extend into the 
canal. With traction removed, the strut should be stable 
enough to resist being pulled easily from the corpectomy 
defect. 

■ Select the shortest locking plate possible to avoid impinge- 
ment injury to the adjacent dises. The prepared endplates 
should be just visible through the screw holes of the plate 
when it is properly positioned. Drill and place unicortical 
screws most commonly 14 mm in length. Make sure 
screws are placed at the correct angle to optimize locking 
of the screw and plate. Engage the anti-backout mecha- 
nism of the plate after placing ail four screws. Screws are 
not placed into the strut. 

■ Achieve meticulous hemostasis and close the platysma 
over a fluted drain; close the remaining layers. 

POSTOPERATIVE CARE. A rigid orthosis is worn for 
6 to 8 weeks depending on the stability of the final 


construct and radiographie evidence of graft incorpora¬ 
tion. Flexion and extension radiographs are obtained to 
verify stability and discontinue the orthosis. 


POSTERIOR SUBAXIAL FIXATION 
AND FUSION 

The instrumentation Systems for posterior fixation are poly- 
axial screws that can be placed in the latéral mass with 
unicortical or bicortical purchase, or they can be placed in 
the pedicle. Latéral mass fixation has been shown to be 
effective and safe and is the preferred method in most 
instances. The primary exception is the latéral mass of C7, 
which is smaller, and where fixation is biomechanically 
inferior to other levels. If the construct is to be continued 
into the thoracic région, which is typically the case if C7 is 
included in the fusion, then C7 fixation usually is not 
included because there is insufficient space for the screw 
head of the Tl screw and a C7 screw on the rod. If C7 
fixation is désirable, pedicle screw placement usually is 
preferred over latéral mass fixation at this level. The tech¬ 
nique for latéral mass screw placement is that of Magerl, 
as modified by Anderson. 


TECHNIQUE 41-14 


(MAGERL) 

■ If the patient is already in traction, maintain traction 
and alignment. Coordinate with the anesthesiologist 
for an awake intubation or manually maintain head 
position and use a GlideScope. If the patient has a spinal 
cord injury, maintain a mean arterial pressure of 85 to 
90 mm Hg throughout the procedure. Use a turning 
frame such as the Jackson table to position the patient 
prone. 

■ Radiographically verify injury réduction; if pedicle screws 
are to be used, make sure imaging can adequately be 
accomplished before préparation and draping. 

■ Incise the skin over the area of exposure. Infiltrate the 
subeutaneous tissue and muscle with 1 mg epinephrine 
in 500 mL normal saline. 

■ Expose the posterior cervical spine subperiosteally to the 
latéral border of the facet joints after verifying levels. 

■ If an unreduced dislocation is présent, use a Penfield No. 
4 dissector or Freer elevator to gently unlock the joint(s). 
Make a hole in the base of the spinous process of each 
of the involved vertebrae. Using a tenaculum through 
each spinous process, carefully distract and posteriorly 
translate the dislocated vertebra to reduce both facets 
while an assistant simultaneously uses a Penfield No. 4 
dissector to guide the inferior facet into the reduced posi¬ 
tion. If this cannot be accomplished, remove a small 
amount of bone from the superior margin of the inferior 
facet and repeat the process. Postreduction stability is 
decreased as more bone is resected. 

■ Remove any facet capsules in the area to be fused and 
identify the boundaries of the latéral mass, which consist 
of the superior joint line, the inferior joint line, the latéral 
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Posterior cervical plating. A f Landmarks used for identifying center of latéral mass and point for drilling. B f Relation- 
ship of facet joints, nerve root, and drill angle. C, Superior view of cervical vertebra showing relationship of drill angle, foramen 


transversarium, and vertébral artery. SEE TECHNIQUE 41-14. 


border, and the médial sulcus at the junction with the 
lamina (Fig. 41-32A). 

■ If a laminectomy or laminoplasty is planned, do not 
perform it until the screw holes are completed so the 
bony landmarks can be used. 

■ Select an entry portai 1 mm médial to the center of the 
latéral mass and penetrate only the cortex with a burr. 

■ Drilling of the latéral mass should be directed 25 to 35 
degrees laterally and 25 degrees cephalad (parallel to the 
plane of the facet joint) for C3 to C6 (Fig. 41-32B). This 
trajectory can reliably be accomplished by placing the drill 
guide against the midpoint of the posterior tip (remove 
large osteophytes if présent) of the spinous process of the 
vertebra caudal to the level being drilled. Use a hand drill 
set to a depth of 14 mm that will provide unicortical fixa¬ 
tion in most patients. 

■ If bicortical fixation is planned, use a drill of preset length 
and drill in 2-mm incréments. Use a ball-tipped wire to 
Sound the drill hole after each advance of the drill and 
feel the far cortex. Ideally, the drill will exit just latéral to 
the vertébral artery, but the artery is at risk if the drill is 
too medially directed. 

■ If a cervical pedicle screw is to be placed, carefully review 
the CT preoperatively to measure the size and orientation 
of the pedicle. The entry point into the pedicle as described 
by Abumi and Kaneda is just latéral to the center point 
of the latéral mass. Penetrate the cortex and advance a 
probe into the pedicle. The direction of the probe is 
30 to 40 degrees medially relative to the sagittal plane, 
which also has been found to be 90 degrees relative 
to the ipsilateral lamina. With regard to orientation in 
the cephalad to caudal direction, this varies by level 
and usually is slightly caudal at the C7 level and can be 


identified using image intensification. Ludwig et al. rec- 
ommended making a laminoforaminotomy and directly 
palpating the superomedial pedicle to help orient the 
probe. 

■ If a thoracic pedicle screw is to be placed, the technique 
described for ail thoracic pedicle screws is used (see Tech¬ 
nique 41-1 5). 

■ Place each screw. Decorticate the latéral mass and lamina 
and burr each joint. Cut and contour the rod and secure 
the rod to the screws with the blockers. 

■ Pack the bone graft into place. 

■ Close the wound in layers over a drain. 

POSTOPERATIVE CARE. A rigid orthosis is used for 6 
weeks and is removed if réduction has been maintained 
and flexion and extension films indicate there is no motion 
at the stabilized level (s). 


ANKYLOSING SPONDYLITIS 

Patients with ankylosing spondylitis form a subgroup of 
patients who merit spécial considération with regard to spinal 
injuries in general and cervical spine injuries in particular. 
These patients can présent with injury from high-energy 
mechanisms, but often there is a relatively low-energy mecha- 
nism such as a same-level fall. If there is no neurologie déficit, 
a high level of clinical suspicion must be maintained to avoid 
potentially serious harm to the patient. The injury mecha- 
nism is most often extension such as a blow to the face or 
head while falling. Because of the ossification of the outer 
portions of the dise, the spine is unable to absorb the energy 
imparted and a fracture occurs. The radiographie findings 
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can be very subtle and often require CT or MRI to be appreci- 
ated. These fractures are most common in the C5 to Tl 
région, and noncontiguous injuries are reported in 10% of 
patients. Patients with a history of ankylosing spondylitis or 
those who hâve a characteristic kyphotic deformity at the 
cervicothoracic junction should be supported to maintain the 
kyphosis during the évaluation process and should not be laid 
fiat. If a fracture is identified, these patients almost always 
require operative treatment with posterior segmentai fixation 
over relatively long spans because osteoporotic bone typically 
coexists with ankylosing spondylitis. Before stabilization, the 
patient should be moved as infrequently as possible to mini- 
mize risk of neurologie worsening. A rigid collar is not adé¬ 
quate for immobilization, and halo vest immobilization 
should be instituted early as a temporary measure. Halo vest 
immobilization also is helpful when moving the patient for 
surgery. Turning the patient into the prone position requires 
planning and considérable care. These patients are at risk for 
significant épidural bleeding; a décliné in neurologie function 
requires immédiate investigation and early décompression to 
optimize outcomes. Careful assessment of the entire spine is 
necessary because of the high incidence of noncontiguous 
injuries. 

VERTEBRAL ARTERY INJURIES 

Considérable controversy remains regarding the optimal 
screening criteria and treatment of vertébral artery injuries 
associated with cervical fractures more than 50 years affer the 
first description of this relationship by Carpenter. There hâve 
been numerous studies with prospectively collected data pri- 
marily to establish the incidence and evaluate treatment 
options. Based on a literature review, Fassett et al. found a 
0.5% incidence of vertébral artery injuries in trauma patients; 
however, 70% had associated cervical fractures. The fractures 
most commonly associated with vertébral artery injury are 
those involving the foramen transversarium, the Cl to C3 
levels, and displaced fractures or dislocations. The injury pat¬ 
terns associated with vascular artery injury hâve been further 
characterized by Lebl et al., who showed an association 
of vascular artery injury with foramen transversarium frac¬ 
tures displaced >1 mm, basilar skull fractures, ankylosing 
spondylitis, diffuse idiopathic skeletal hyperostosis, occipito- 
cervical dislocations, and facet subluxations and dislocations. 
The clinical présentation of vertébral artery injury is highly 
variable. Patients can remain asymptomatic or develop signs 
of posterior circulation stroke with a reported mortality in 
some sériés as high as 33%, although in the study of Lebl et al. 
mortality was 4.8%. Foramen transversarium fractures at the 
level of entry of the vertébral artery are probably more sig¬ 
nificant than other levels, and although this usually is C6, 
in 5% of people the artery enters the C7 foramen transver¬ 
sarium. To date, the most reliable diagnostic method has 
been cathéter cérébral angiography, although CT angiogra- 
phy and MR angiography continue to improve. Diagnostic 
associated complications do occur, which in some sériés 
include an iatrogénie stroke incidence of 1%. Treatment is 
anticoagulation with heparin acutely and may be maintained 
for 3 to 6 months; in some sériés, observation is recom- 
mended. Because no level I evidence guides treatment, careful 
coordinated treatment for each individual patient is indicated 
because it is not yet clear if current treatment improves 
patient outcomes. 


Another important aspect of vertébral artery injury is the 
influence it may hâve on operative planning with regard to 
the cervical spine. Because the vertébral artery is at risk with 
certain instrumentation techniques, the presence of a verté¬ 
bral artery injury must be factored into the treatment plan, 
as well as the effects of anticoagulation therapy if this is 
instituted. 


THORACIC AND 
LUMBAR INJURIES 

Thoracolumbar injuries usually are the resuit of high-energy 
trauma, and often associated viscéral injuries are présent in 
patients who hâve sustained significant injuries in this région. 
As was discussed for cervical injuries, patients with a sus- 
pected thoracolumbar injury need rapid évaluation in the 
trauma assessment area. This should follow the ATLS proto¬ 
col with a secondary survey that includes inspection and 
palpation of the entire spine, noting skin condition, tender- 
ness, stepoffs, mental status, motor and sensory examination 
in the extremities, and a rectal examination for tone and the 
presence or absence of spinal reflexes. The ASIA form is used 
to record the neurologie findings. The radiographie assess¬ 
ment should be completed as expeditiously as possible to 
allow the spine to be cleared and to remove the patient from 
the spine board or, if injury is présent, to identify the injury 
so prompt treatment can be undertaken. To this end, CT has 
become the standard method for évaluation of the thoracic 
and lumbar régions. CT of the chest, abdomen, and pelvis 
with contrast enhancement is routinely obtained in the same 
population at risk for thoracic or lumbar spine fractures to 
assess for viscéral injury. Several authors hâve shown that CT 
of the chest, abdomen, and pelvis has superior specificity 
and sensitivity for detecting injuries compared with plain 
radiographs. Additionally, CT of the chest, abdomen, and 
pelvis allows completion of the évaluation more quickly and 
with fewer transfers of the patient. Hauser et al. found that 
neither CT of the chest, abdomen, and pelvis nor plain radio¬ 
graphs failed to demonstrate any unstable thoracic or lumbar 
injuries in the 222 patients studied. Identification of addi- 
tional injuries considered minor by CT of the chest, abdomen, 
and pelvis compared with plain radiographs was shown to 
change treatment with respect to pain management and how 
patients were mobilized. These minor injuries included 
spinous process and transverse process fractures without 
displacement. 

CLASSIFICATION 

The classification of thoracic and lumbar spine injuries is still 
evolving more than 80 years affer the first published report 
of Bôhler. The classification of these injuries remains difficult 
in part because the goals of classification, anatomie structures 
to consider, and définitions hâve not been agreed upon by the 
community of spine surgeons. Thus, some Systems hâve been 
developed to direct treatment, whereas others are not intended 
for this purpose. Terminology, particularly relating to “stabil- 
ity” of the spine, do es not hâve a universally agreed upon 
définition, which introduces conflicting meanings in different 
schemes (Box 41-3). Nicoll et al. were the first to focus on 
patient outcomes and found that anatomie réduction was not 
crucial to good outcomes in a population of miners who were 
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Factors Related to Spinal Instability 


Neurologie Function 

■ Degree of neurologie déficit 

■ Potential for additional neurologie injury 

Structural Disruption 

■ Severity of overall structural damage 

■ Comminution of the vertébral body 

■ Degree of canal compromise 

■ Disruption of spinal ligaments 

■ Disruption of the facet joints, lamina, and pedicles 

■ Disruption of the intervertébral dise 

■ Presence of multiple contiguous injuries 

■ Effect of previous destabilizing procedures 

Deformity 

■ Severity of deformity (kyphosis or scoliosis) 

■ Buckling of the spinal column (loss of height) 

■ Potential for progression of deformity 

■ Redisplacement after réduction 

■ Potential for late collapse 

Anticipated Function 

■ Loss of stiffness 

■ Expected future physical exertion 

■ Potential for developing chronic pain 

■ Potential impact on future employment 


From Mirza SK, Mirza MJ, Chapman JR, Anderson PA: Classifications of thoracic 
and lumbar fractures: rationale and supporting data, J Am Acad Orthop Surg 
10:364, 2002. 


the basis of their studies. They also classified fractures as 
stable or unstable based on the probability of increasing 
deformity and spinal cord injury. Other Systems use “instabil¬ 
ity” as a surrogate term for neurologie injury and consider 
injuries unstable if a neurologie injury is présent without 
considering the fracture pattern. To classify fractures it is 
necessary to image the spine, but imaging has changed sig- 
nificantly in the past several years; CT is now the modality of 
choice in most centers. The use of MRI remains controversial 
and has a limited rôle in the thoracic and lumbar régions. 
There hâve been some reports indicating MRI can accurately 
image the ligamentous structures, but to date these hâve not 
been corroborated by large multicenter studies. Classification 
Systems hâve followed treatment options that hâve become 
more diverse as instrumentation for posterior segmentai fixa¬ 
tion, anterior reconstruction and fixation, intraosseous tech¬ 
niques, and minimally invasive Systems hâve been used in the 
trauma setting. 

Most of the various classification Systems currently in use 
are either based on a presumed mechanism of injury with 
spécifie injury patterns recognized or they are based on frac¬ 
ture morphology. The Denis classification, based on a three- 
column model of the spine (Fig. 41-33), is an example of a 
mechanistic System that remains in widespread use. The AO 
System (Fig. 41-34) is based on fracture morphology with 
more severe injuries progressing from type A to type C with 
subtypes 1 to 3 within each type of injury. These subtypes are 
further subdivided into 53 possible patterns. In 2005, a col¬ 
laborative effort of the Spine Trauma Study Group produced 
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Three-column classification of spinal instability. 


Illustrations of anterior, middle, and posterior columns (see text). 


the Thoracolumbar Injury Severity Score (TLISS) System. 
This System incorporâtes the neurologie examination of the 
patient in a more direct way than previous Systems and uses 
this information with the fracture morphology and the integ- 
rity of the posterior ligamentous complex to dérivé a numeric 
score for a given injury. The numeric value is then used to 
guide treatment options, and these treatment options are 
based on consensus opinions. This System was subsequently 
modified to become the Thoracolumbar Injury Classification 
and Severity Score (TLICS) by the original author in an effort 
to improve the reliability of classifying injuries (Table 41-7). 
There hâve been numerous articles evaluating the reliability 
of various classification Systems and comparing one System 
to another or comparing the results of the same surgeons 
classifying the same cases at different time points. Generally, 
these studies hâve not shown one classification System to be 
superior to another. The TLICS System is appealing because 
it incorporâtes the neurologie function of the patient, which 
is the single most important déterminant of functional 
outcome for a patient with spine injury. Although the reli¬ 
ability of the System has been found to be équivalent to other 
Systems, the validity of the criteria has not been demon- 
strated, which also is the case for the other classifications. 
Also, the treatment recommendations are level IV evidence 
as consensus opinion. 

Denis developed the three-column model as an extension 
of the work of several other authors based on his review of 
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AO/Magerl classification of spinal injuries. A f 
Compression injuries: Al, impaction; A2, split; A3, burst. B, Dis¬ 
traction injuries: B1, posterior ligamentous; B2, posterior osseous; 
B3, anterior through dise. C, Torsion injuries: Cl, type A with 
torsion; C2, type B with torsion; C3, torsion shear. 


TABLE 41-7 


Thoracolumbar Injury Classification and 

Severity Score 

POINTS 

FRACTURE MECHANISM 

Compression fracture 

1 

Burst fracture 

1 

Translation/rotation 

3 

Distraction 

4 

NEUROLOGIC INVOLVEMENT 

Intact 

0 

Nerve root 

2 

Cord, conus medullaris, incomplète 

3 

Cord, conus medullaris, complété 

2 

Cauda equina 

3 

POSTERIOR LIGAMENTOUS COMPLEX INTEGRITY 

Intact 

0 

Injury suspected/indeterminate 

2 

Injured 

3 


Score of < 3: nonoperative treatment; score of > 5: operative treatment; score 
of 4: either nonoperative or operative treatment, depending on qualifiers such 
as comorbid medical conditions and other injuries. 

From Vaccaro AR, Zeiller SC, Hulbert RJ, et al: The thoracolumbar injury severity 
score: a proposed treatment algorithm, J Spinal Disord Tech 18:209, 2005. 


412 thoracolumbar injuries, only 53 of which had CT scans. 
His goal was to highlight the injury patterns resulting from 
spécifie injury mechanisms, and this System did not consider 
treatment or functional outcomes that hâve become increas- 
ingly important to demonstrate. Denis introduced the abstract 
idea of the “middle column,” which is not a distinct anatomie 
structure but rather the posterior half of the vertébral body, 
posterior half of the intervertébral dise, and the posterior 
longitudinal ligament. The mode of failure of the middle 
column was used to détermine the injury type and the risk of 
neurologie injury. His description did not include a définition 
of stability. Injuries were designated as minor (e.g., transverse 
process, pars interarticularis, spinous process) or as major. 
The major injuries were divided into four categories based on 
the presumed mechanism of compression, burst, seat belt 
(Chance injury), or fracture-dislocation. In a CT study of 
100 consecutive patients with potentially unstable fractures 
and fracture-dislocations, McAfee et al. determined the 
mechanisms of failure of the middle osteoligamentous 
complex and developed a new System based on these mecha¬ 
nisms. McAfee et al. categorized the failure of the middle 
osteoligamentous complex into one of three modes: axial 
compression, axial distraction, or translation. We hâve found 
their simplified System useful in classifying injuries of the 
thoracolumbar spine. 

Wedge compression fractures cause isolated failure of the 
anterior column and resuit from forward flexion. They rarely 
are associated with neurologie déficit except when multiple 
adjacent vertébral levels are affected. 

In stable burst fractures, the anterior and middle columns 
fail because of a compressive load, with no loss of integrity of 
the posterior éléments. 

In unstable burst fractures, the anterior and middle 
columns fail in compression and the posterior column is dis- 
rupted. The posterior column can fail in compression, latéral 
flexion, or rotation. There is a tendency for posttraumatic 
kyphosis and progressive neural symptoms because of insta- 
bility. If the anterior and middle columns fail in compression, 
the posterior column cannot fail in distraction. 

Chance fractures are horizontally oriented distraction 
injuries of the vertébral bodies caused by flexion around an 
axis anterior to the anterior longitudinal ligament. The entire 
vertebra is pulled apart by a strong tensile force. 

In flexion compression injuries, the flexion axis is poste¬ 
rior to the anterior longitudinal ligament. The anterior 
column fails in compression, whereas the middle and poste¬ 
rior columns fail in tension. This injury is unstable because 
the ligamentum flavum, interspinous ligaments, and supra- 
spinous ligaments usually are disrupted. 

Translational injuries are characterized by malalignment 
of the neural canal, which has been totally disrupted. Usually 
ail three columns hâve failed in shear. At the affected level, 
one part of the spinal canal has been displaced in the trans¬ 
verse plane. 

TREATMENT 

The treatment of fractures that involve the thoracic and 
lumbar spine remains controversial for several reasons. The 
first is the détermination of which injuries are truly best 
treated operatively and which are best treated nonopera- 
tively; the second is the optimal approach for patients who 
will be treated operatively; and the third is whether operative 









JE» PART XII THE SPINE 


treatment should include a direct décompression or if indi¬ 
rect décompression is sufficient. The optimal nonoperative 
treatment likewise is not settled with respect to whether a 
postural réduction should be performed, whether initial 
casting or a thoracolumbosacral orthosis (TLSO) should be 
used for the duration, or whether treatment should include a 
period of recumbency or if mobilization should be started 
quickly. To date, there are only two randomized controlled 
trials comparing operative with nonoperative treatment of 
thoracolumbar fractures. In the study of Wood et al. of 53 
patients, there were no significant radiographie or functional 
outcome advantages to operative treatment. In addition, 
patients treated operatively had a much higher cost of care 
and higher complication rate than those treated nonopera- 
tively. In a second study, however, Siebenga et al. did report 
outcome advantages of short-segment posterior fixation 
compared with nonoperative treatment. A larger sériés of 
patients was reported more recently with a novel methodol- 
ogy based on surgeon equipoise as an inclusion criteria to 
limit bias without the severe limitations of a prospective ran¬ 
domized controlled study. Tfiis study, by Stadhouder et al., 
retrospectively compared 190 patients treated at two differ¬ 
ent centers either operatively or nonoperatively for thoraco¬ 
lumbar injuries regardless of neurologie status, with the 190 
patients selected from 636 total patients on the basis of dis¬ 
cordant treatment recommendations from the two centers. 
The follow-up averaged 6.2 years with a 2-year minimum. 
Functional outcomes with respect to pain and return to work 
were determined for 137 of these patients. The authors con- 
cluded that with regard to functional recovery and return to 
work there was no significant différence in the two groups. 
The operative group had more patients with neurologie 
déficits and showed a trend toward more neurologie improve- 
ment, but this did not reach statistical significance. A sys- 
tematic literature review by Bakhsheshian et al. confirmed 
these earlier findings in that functional outcomes affer non¬ 
operative treatment were equal to those affer operative treat¬ 
ment in patients without neurologie déficits. Tfiey also noted 
that the optimal conservative management method has not 
been determined. In a review of 5748 patients, Verlaan et al. 
found that the admission ASIA score is the best predictor of 
neurologie recovery and that neurologie recovery is not pre- 
dicted by operative or nonoperative care. To date, no clear 
benefit for neurologie recovery has been noted affer opera¬ 
tive treatment. Multiple studies hâve demonstrated that neu¬ 
rologie recovery does occur in patients with thoracolumbar 
fractures treated nonoperatively. Typically, incomplète inju¬ 
ries (ASIA B-D) will improve one grade with either form of 
treatment; several studies, including that of Wood et al., 
showed no benefit to surgery with respect to correcting 
spinal canal stenosis caused by rétropulsion of bony frag¬ 
ments. Daniels et al., in a rétrospective sériés of 24,098 
patients with thoracolumbar injuries from 25 U.S. hospitals, 
found that 91.7% of patients had no neurologie injury. Nine 
percent of patients without a neurologie injury were treated 
operatively compared with 61.4% of patients who had a neu¬ 
rologie déficit. The type of hospital setting where treatment 
was rendered was a significant déterminant of whether a 
patient received operative or nonoperative care. Patients, 
with or without neurologie injury, treated at an urban teach- 
ing hospital or a high-volume hospital were more likely to 
hâve surgery than at a nonteaching hospital. These numbers 


were significantly different. Numerous relatively small sériés 
hâve described percutaneous instrumentation, offen in neu- 
rologically intact patients who hâve been found to do well 
with nonoperative treatment, and do not contain relevant 
patient-reported outcomes. The technique appears to be safe, 
but clinical benefit remains to be determined. Several reports 
hâve indicated that patients with instrumented thoracolum¬ 
bar fractures without fusion hâve similar kyphosis progres¬ 
sion over long-term follow-up as patients with instrumentation 
and fusion. 

The issues of approach and the need for décompression 
offen are linked. Although there is no definitive literature 
proving the benefits of operative décompression in thoraco¬ 
lumbar fractures, most spine surgeons would not recom- 
mend allowing persistent neural compression in the presence 
of a neurologie déficit. This is based on numerous animal 
studies dating back several décades that hâve shown a cor¬ 
rélation between neurologie recovery and décompression of 
neural tissue, which allows for restoration of régional blood 
flow. Also, a study done by Bohlman et al. demonstrated 
neurologie recovery occurring affer a recovery plateau was 
reached when a late décompression was done. There is no 
absolute value for canal compromise that has been found to 
cor relate with neurologie déficit. Panjabi et al. demonstrated 
with a dynamic injury model that the canal encroachment at 
the time of injury was 85% greater than was évident on 
static postinjury images. This explains why there is no cor¬ 
rélation between canal compromise on static postinjury 
imaging studies and neurologie déficit. Direct décompres¬ 
sion is not indicated if the patient has no neurologie déficit 
even with significant canal encroachment at présentation, 
because this is not related to the development of a subsé¬ 
quent déficit. An indirect décompression offen is accom- 
plished during operative stabilization for thoracolumbar 
injuries. The approach that affords the best opportunity for 
décompression is selected when a direct décompression is 
deemed warranted because fixation options hâve become 
more versatile, and stable fixation usually is possible with 
either anterior or posterior fixation, and rarely combined 
fixation is necessary depending on which anatomie struc¬ 
tures are injured. 

In our practice, the treatment of thoracic and lumbar 
fractures is determined primarily by the neurologie status of 
a patient, a détermination of spinal column functional integ- 
rity based on which spécifie structures are injured, and the 
type and magnitude of deformity présent. Most patients with 
thoracic or lumbar injuries do not hâve neurologie compro¬ 
mise, and most of these patients are treated nonoperatively. 
A relatively small portion of these patients hâve injury pat¬ 
terns that necessitate operative treatment. Progressive neuro¬ 
logie déficit is one circumstance that results in a change to 
operative treatment. This occurs infrequently; in most studies 
the incidence is between 0 and 2% of patients, which is con¬ 
sistent with our expérience. Patients who develop significant 
worsening of their deformity with global imbalance in the 
sagittal or coronal plane rather than régional deformity are 
treated operatively. There is poor corrélation between régional 
kyphosis at the injured level and functional outcome, although 
injury to the posterior ligamentous complex is considered 
structurally important. To detect changes in overall align- 
ment, upright radiographs are obtained affer the patient has 
begun to mobilize. 
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Patients who hâve spinal cord, conus medullaris, or cauda 
equina injuries are most often treated operatively. Short- 
segment posterior instrumentation is the most common con- 
struct used, but spécifie construct design is dictated by the 
injury pattern and the neurology of the patient. Anatomie 
fracture réduction, although désirable, has not been the 
primary treatment objective. The acceptable limits of residual 
deformity in the sagittal and coronal planes before functional 
outcome is compromised hâve not been determined. In his 
original sériés of patients, Nicoll et al. found that of the 50 
patients who returned to full function, working as miners for 
at least 2 years, 24 (48%) had some residual deformity. What 
is not clear is whether these same patients would hâve reached 
functional recovery more quickly and with less difficulty had 
the deformity not been présent. 

Nonoperative treatment consists of a TLSO for most 
patients with injuries at or caudal to T7 to help control latéral 
bending, although Jewett-type braces also are used fairly fre- 
quently if latéral bending is less of a concern and if dictated 
by body habitus. Injuries that are rostral to T7 are difficult to 
brace, especially if there are rib fractures at the injured level. 
Comorbidities, concomitant injuries, and anticipated activity 
level of the patient are some of the individual factors consid- 
ered when determining whether brace treatment is a reason- 
able option for a particular patient. Brace treatment is initiated 
as soon as possible to begin mobilization, and a postural 
réduction usually is not done. Affer the patient has mobilized 
sufficiently, upright radiographs centered at the injury level 
are reviewed to confirm adéquate maintenance of alignment 
and full-length radiographs are obtained as soon as feasible. 
The orthosis is worn at ail times when the patient is upright 
beyond 30 degrees from horizontal for 12 weeks or longer if 
clinical progress is not as rapid as expected. 

COMPRESSION FRACTURES 

Compression fractures are characterized by loss of vertébral 
height anteriorly, with no loss of posterior vertébral height 
and no posterior ligamentous or bony injury. MRI is not 
routinely indicated unless ligamentous injury is suspected 
because of more than 25 degrees of segmentai kyphosis. 
Compression fracture treatment is with a TLSO for 12 weeks 
with medical management of pain, which is significant, and 
graduated return to activity. The most severe pain usually 
improves affer 3 to 6 weeks. Upright radiographs must be 
reviewed affer mobilization to verify that there is no worsen- 
ing of deformity. If the patient has a posterior ligamentous 
injury and an anterior body fracture, operative treatment is 
an option. Short-segment posterior tension band reconstruc¬ 
tion that can be percutaneously placed has shown promise in 
this setting, but longer-term study is needed. Intraosseous 
procedures such as kyphoplasty should be reserved for low- 
energy pathologie fractures. Higher-energy fractures can 
hâve fracture fines not visible on CT scan that may extend 
through the posterior cortex, allowing ingress of bone cernent 
into the spinal canal. 

BURST FRACTURES 

The key features of this injury are posterior vertébral body 
cortex fracture with rétropulsion of bone into the canal and 
widening of the interpedicular distance relative to the adja¬ 
cent levels. Multiple studies hâve shown that there is no reli- 
able corrélation between degree of canal compromise and 


neurologie function, so the percentage of canal compromise 
is not used as a stand-alone indication for surgery. It is very 
uncommon for a patient to develop a neurologie déficit with 
proper immobilization for a burst fracture even in the setting 
of severe canal compromise. Fractures of the laminae that are 
nondisplaced and vertically oriented do not significantly 
affect the ability of the spine to bear axial load forces, and the 
mere presence of such a fracture line does not require opera¬ 
tive intervention. Such fractures can, however, entrap nerve 
rootlets, and if neurologie déficits necessitate décompression, 
then stabilization will be necessary affer décompression. If 
the patient has a neurologie déficit involving more than a 
single root level, operative décompression and stabilization 
are recommended. The décompression can be indirect using 
distraction and ligamentotaxis through the intact posterior 
longitudinal ligament or a direct décompression that can be 
done either anteriorly or posteriorly. If there is a horizontally 
oriented injury posteriorly in the pars interarticularis, 
laminae, or a facet disruption, this would suggest a distrac¬ 
tion force and not an axial load injury, and the posterior 
longitudinal ligament may be disrupted, so ligamentotaxis 
should not be employed. For patients without neurologie 
déficit who are treated operatively, posterior indirect réduc¬ 
tion is used. The terms stable burst and unstable burst are 
ambiguous and in our opinion should be avoided in favor of 
a structural assessment of each spécifie portion of vertebrae. 
This allows an overall assessment of the structural integrity 
of the spine and forms the most logical basis for treatment. 
If operative treatment is chosen, it also can help direct the 
anatomie approach and the extent of stabilization that is 
needed. If operative stabilization is undertaken, short- 
segment constructs to preserve motion segments are désir¬ 
able, particularly in the mid and lower lumbar levels. The 
load-bearing fracture classification of McCormack et al. is 
helpful in determining if a short construct is likely to fail 
based on fracture characteristics (Fig. 41-35). For injuries that 
cannot be stabilized using short constructs, a longer con¬ 
struct can be used in the thoracic spine without sacrificing 
clinically important motion. In the lumbar spine, anterior 
décompression and reconstruction usually allow préservation 
of motion segments and rarely need supplémentai posterior 
stabilization at the same levels. The patient s neurologie status 
and coexisting injuries must be considered in operative plan¬ 
ning. Achieving adéquate stability to allow fracture and 
fusion healing to progress to definitive stability is the objec¬ 
tive. For patients requiring the most complété décompression 
of the spinal cord, direct anterior décompression is favored. 

DISTRACTION INJURIES 

The cardinal feature of this type of injury is lengthening of 
the posterior spine that extends into the middle portion or 
possibly ail the way through the anteriormost portion of the 
spine. It is important to distinguish between flexion- 
distraction injuries and flexion-compression injuries. Both 
injuries hâve posterior lengthening, indicating injury to the 
posterior osteoligamentous complex. The différence is where 
the instantaneous center of rotation is located at the time of 
injury. Flexion-distraction injuries are best represented by the 
“Chance” injury, described in 1948. This injury classically is 
located in the upper lumbar spine in people involved in 
motor vehicle collisions who were using two-point restraints 
across the lap. Upon impact, the lumbar spine flexes around 
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Grade 1 

<30% comminution 



Grade 2 

30% - 60% comminution 



Grade 3 

>60% comminution 


Apposition 


Grade 1 

Minimal displacement 
axial CT 




Grade 1 

Kyphotic correction 
<3° latéral radiograph 



Grade 2 
At least 2 mm 
displacement of <50% 
cross-section of body 


# i 



Grade 2 

Kyphotic correction 
of 4-9° latéral radiograph 



Grade 3 
At least 2 mm 
displacement of >50% 
cross section of the body. 



Grade 3 

Kyphotic correction 
>10° latéral radiograph 


FIGURE 


Fracture severity values assigned by McCormack et al. 


the lap belt, and the injury occurs as the osseous structures, 
ligamentous structures, or both fail in tension around the 
center of rotation created by the seat belt, compressing the 
abdominal contents against the anterior spine. Because 
the rotation occurs around a point anterior to the spine, the 
lengthening occurs even though the anterior longitudinal 
ligament that fails in tension, so there is no structure left 
intact. It is important to recognize this if operative treatment 
is to be undertaken. Posterior compression constructs are 
used to stabilize these injuries, and distraction should be 
avoided because there is no intact structure to prevent exces¬ 
sive lengthening of the spine and neural éléments. Flexion- 
compression injuries occur when the center of rotation is 
located within the spine such that posterior structures fail in 
tension and anterior structures fail in compression. Compres¬ 
sion is a failure mode for bone but not for ligamentous struc¬ 
tures, so in this instance the anterior longitudinal ligament is 
preserved and can be used as a hinge point during operative 
stabilization. Operative stabilization can be achieved posteri- 
orly, using careful and monitored distraction and a rod with 
slightly overcontoured lordosis. This allows better correction 
of the kyphosis that is présent with this type of injury than a 
compression construct. Because the posterior bone injury 
occurs in distraction and there is minimal comminution once 
réduction is achieved, the injuries are able to withstand some 
axial loading, so short constructs generally are sufficient. 
Distraction injuries offen are associated with neurologie 


déficits, and these injuries are treated operatively with short 
constructs and removal of the torn ligamentum flavum that 
can enfold into the canal, especially if a compression con¬ 
struct is used. If the injury is a true Chance bone injury with 
no neurologie déficit, satisfactory réduction can be obtained 
with a hyperextension TLSO for 12 weeks. 

EXTENSION INJURIES 

Extension injuries are identified by anterior spinal lengthen¬ 
ing and most commonly occur in the thoracic spine. Unlike 
the cervical extension injuries, which can be purely ligamen¬ 
tous or fractures, the injuries in the thoracic and lumbar 
régions are almost always fractures in patients with ankylos- 
ing spondylitis or disseminated idiopathic skeletal hyperos- 
tosis. For patients with a minimal neurologie déficit on 
présentation, the early récognition of this injury pattern is 
crucial to avoid iatrogénie injury associated with moving the 
patient for further évaluation or treatment of other injuries. 
These injuries are very unstable, and translation, usually ret- 
rolisthesis, can cause spinal cord injury. It is critical to avoid 
placing the patient in a horizontal supine position. Early sta¬ 
bilization with a long posterior construct using segmentai 
fixation is the recommended treatment. In addition to neu¬ 
rologie déficits from translation of the spinal column, patients 
are at risk for development of épidural hematomas. If a patient 
has neurologie worsening, emergent MRI is indicated to 
assess the spinal canal alignment and for a hematoma. During 
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the évaluation, the patient is supported in his or her native 
kyphosis. 

FRACTURE-DISLOCATIONS 

The pathognomonic feature for this type of injury is transla- 
tional displacement in the axial plane. The displacement may 
be most évident on either the sagittal or the coronal recon¬ 
struction but may not be well demonstrated on the axial 
images unless two vertébral bodies happen to be imaged on 
the same axial slice. There also can be a rotational component 
(either flexion or extension) présent; some injuries hâve dis¬ 
traction as a major component, but the translational displace¬ 
ment identifies the fracture-dislocation. This injury pattern is 
the most severe and is usually associated with a significant 
neurologie injury. These injuries are unstable in shear and 
require long constructs with segmentai fixation. Fracture 
réduction and proper spinal alignment are more important 
goals in these injuries than décompression because many 
hâve complété neurologie injuries that will not be improved 
by décompression. Achieving final stability is dépendent on 
achieving a solid fusion. 

DECOMPRESSION 

The rôle of surgical décompression is controversial. There are 
régional différences in cord blood flow and différences in 
susceptibility to neural injury by anatomie région, progress- 
ing from spinal cord to conus medullaris and cauda equina. 
The spinal canal in the thoracic area is small, and the cord 
blood supply is sparse; significant neurologie injury is 
common with severe fractures and dislocations in the tho¬ 
racic spine. Fractures or fracture-dislocations in the lumbar 
région may resuit in marked displacement and still cause little 
or no neurologie déficit. Not only is the canal larger in this 
area, but also the spinal cord ends at approximately the first 
lumbar vertebra, and the cauda equina is less vulnérable than 
the cord to injury. Wilcox et al. in an in vitro dynamic model 
showed that maximal compression of the cord and narrowing 
of the spinal canal occur at the time of impact; both improved 
affer recoil of the spine. The degree of final narrowing of the 
canal was poorly related to the CT obtained affer injury. 
Krompinger et al. reported that late CT analysis of patients 
with burst fractures treated conservatively showed significant 
resolution of bony canal compromise. This finding also was 
demonstrated by Wood et al. The remodeling process seems 
to be âge and time dépendent and follows expected principles 
of bone remodeling to applied stress. Fontijne et al. showed 
that remodeling and reconstitution of the spinal canal occurs 
within the first 12 months affer injury (50% of normal diam- 
eter at injury and 75% at 1-year follow-up). These authors 
concluded that conservative management of thoracolumbar 
burst fractures is followed by a marked degree of spontaneous 
redevelopment of the deformed spinal canal, which supports 
conservative management of thoracolumbar burst fractures 
in selected patients. Neurologie déficits hâve not developed 
in these patients. The treatment of thoracic and lumbar burst 
fractures must be individualized, and canal compromise from 
retropulsed bone fragments is not in itself an absolute indica¬ 
tion for surgical décompression. 

Canal compromise without residual neural tissue, which 
is not correlated with neural injury, must be distinguished 
from residual neural compression, which does correlate with 
neural injury. Compression of the neural éléments by 


retropulsed bone fragments can be relieved indirectly by the 
application of distractive forces through posterior instrumen¬ 
tation or directly by exploration of the spinal canal through 
a postérolatéral or anterior approach. There is no universal 
agreement as to indications for each of these. The indirect 
approach to décompression of the spinal canal using ligamen- 
totaxis is a technique that uses the posterior instrumentation 
and a distraction force applied to the intact posterior longi¬ 
tudinal ligament to reduce the retropulsed bone from the 
spinal canal by tensioning the posterior longitudinal liga¬ 
ment. Numerous authors hâve documented excellent results 
with this technique, and it is a familiar technique to most 
orthopaedic surgeons. Problems with this technique occur if 
surgery is delayed for more than 10 to 14 days because indi¬ 
rect réduction of the spinal canal cannot be achieved after 
fracture healing begins. In addition, severely comminuted 
fractures with multiple pièces of bone pushed into the spinal 
canal may not be completely reduced by distraction instru¬ 
mentation. If the reverse cortical sign is présent, the posterior 
longitudinal ligament is likely not intact and ligamentotaxis 
will not occur. 

The postérolatéral technique for décompression of the 
spinal canal is effective at the thoracolumbar junction and in 
the lumbar spine. This procedure involves hemilaminectomy 
and removal of a pedicle with a high-speed burr to allow 
postérolatéral décompression of the dura along its anterior 
aspect (Fig. 41-36). In the thoracic spine, where less room is 
available for the cord, this technique involves increased risk 
to the neural éléments. The anterior approach allows direct 
décompression of the thécal sac but is a less familiar approach 
to many surgeons. Viscéral and vascular structures may be 
injured, and this approach carries the greatest risk of potential 
morbidity. In addition, anterior décompression and place¬ 
ment of a strut graft or cage provides modest immédiate 
stability to the fracture if the anterior longitudinal ligament 
is preserved. To hâve adéquate stability, anterior fixation is 
needed if anterior décompression is done. The rôle of anterior 
internai fixation devices has evolved in recent years, and these 
devices hâve proven to be safe and bénéficiai in achieving 
spinal stabilization. The need for additional posterior stabili¬ 
zation procedures has been eliminated in some patients. 
When anterior décompression and strut graffing or cage 
placement are performed in the presence of posterior insta- 
bility, posterior instrumentation and fusion can be done to 
improve stability. This combined posterior and anterior fixa¬ 
tion allows for shorter constructs. 

At this time, we favor early posterior instrumentation 
with indirect or postérolatéral direct décompression in most 
patients requiring operative treatment. If significant residual 
neural compression (not mere canal compromise) exists post- 
operatively in a patient with an incomplète spinal cord injury, 
an anterior décompression and reconstruction are done if no 
significant clinical improvement over a reasonable period of 
time is noted. Posterior décompression must be carefully con- 
sidered in ail patients with posterior vertical laminar frac¬ 
tures because of the increased frequency of durai tears with 
exposed nerve roots and the possibility of severe posttrau- 
matic arachnoiditis. Careful neurologie examination is 
required to detect some déficits; however, in severely injured 
or obtunded patients, reliable neurologie examination may 
not be possible. Ozturk et al. found durai tears in 25% of 
25 patients with thoracic and lumbar burst fractures in 


T10 



Postérolatéral décompression technique. A f L1 burst fracture. B f Pedicle, transverse process, and latéral portions of 
T12-L1 facet are removed after L1 root has been isolated. C f After fragments hâve been undercut, they are reduced into vertébral body. 


conjunction with vertical lamina fractures. They were more 
common at L2 to L4. For patients with severe but incomplète 
spinal cord injuries at the T12 to L3 levels, anterior décom¬ 
pression and reconstruction is the favored treatment. A mini- 
mally invasive approach is used when possible. 

Postoperatively, a CT scan of the spine with sagittal 
reconstruction is obtained through the injured segment to 
evaluate further the adequacy of spinal cord décompression. 
In a rétrospective review of 49 nonparaplegic patients who 
sustained an acute, unstable, thoracolumbar burst fracture, 
Danisa et al. concluded that patients treated with posterior 
surgery had a statistically significant lower operative time and 
blood loss. They noted no significant intergroup différences 
between those treated with anterior décompression and 
fusion, posterior décompression and fusion, and combined 
anteroposterior surgery when considering postoperative 
kyphotic correction, neurologie function, pain assessment, or 
the ability to return to work. Posterior surgery was found to 
be as effective as anterior or anteroposterior surgery when 
treating unstable thoracolumbar burst fractures. Of the three 
procedures, posterior surgery takes the least time, causes the 
least blood loss, and is the least expensive. 


■ POSTERIOR STABILIZATION 


THORACIC AND LUMBAR SEGMENTAL 
FIXATION WITH PEDICLE SCREWS 

Pedicle screwand rod constructs hâve continued to increase 
in use for both thoracic and lumbar fractures over the past 
decade. By using segmentai fixation, rod contouring, and 
compression and distraction forces as indicated on an indi- 
vidual rod, excellent fracture réduction is possible. Most 
current Systems offer a variety of screw size options and a 
choice of rod material for the surgeon to tailor stabilization 
to the spécifie patient need. Minimally invasive techniques 
currently are not quite as versatile but do allow for correc¬ 
tive force application such as compression or distraction. 
The rôle of minimally invasive stabilization is not well estab- 
lished, and at this time we rarely use these techniques. We 
believe spinal implants should be used only by experienced 
spinal surgeons who hâve a thorough knowledge of spinal 
anatomy to reduce the incidence of complications, includ- 
ing pedicle fracture, durai tear, nerve root injury, spinal cord 
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injury, and vascular injuries. Image intensification is rou- 
tinely used to assist in screw placement; image-guided 
navigation has not been found useful except in unusual 
cases. 


TECHNIQUE 41-15 


■ A fully radiolucent table is used. Position the patient to 
allow for postural réduction when placed prone using a 
four-post frame or chest rolls placed transversely or lon¬ 
gitudinal^, depending on the extent of postural support 
desired. If the patient is neurologically intact or incom¬ 
plète, neuromonitoring is used if the spinal canal dimen- 
sionswill be manipulated (e.g. distraction for ligamentotaxis 
and indirect fracture réduction) during the operation. 

■ Obtain images of the spine to confirm the degree of 
postural spinal réduction after positioning and détermine 
the limits of the incision. 

■ Préparé and drape the thoracolumbar spine to be instru- 
mented and the iliac crest if desired. 

■ Harvest morselized cancellous bone graft from the iliac 
crest. 

■ Make a score incision from one spinous process above 
the area to be instrumented to one spinous process below 
the area to be instrumented. 

■ Infiltrate the incision, subcutaneous tissue, and muscle 
with epinephrine solution (1 mg in 500mL of saline) and 
then complété the incision sharply. 

■ Continue the dissection with electrocautery to the fascia. 
Delineate the fascia for later closure. Continue the dissec¬ 
tion through the fascia and subperiosteally expose the 
necessary levels. 

■ Use electrocautery to release the muscle from the bone 
carefully at the level of the fracture. Watch for evidence 
of a cerebrospinal fluid leak or the presence of free nerve 
roots. 

■ Continue to widen the dissection to the tips of the trans¬ 
verse processes in the thoracic and lumbar spine. 

■ Use image intensification to identify the upper level to be 
instrumented. 

THORACIC PEDICLE SCREW PLACEMENT 

■ Obtain a true anteroposterior view of the vertebra. On 
this view the superior endplate should appear as a sharply 
defined line with the superiormost portion of the pedicle 
just rostral to the endplate. The pedicles should be sym- 
metric with one another, and the tip of the spinous 
process should be superimposed in the midline of the 
vertebra. It is critical to adjust the image until such a view 
is acquired. 

■ Position a burr near the superior médial base of the 
transverse process such that it is superimposed at the 
2-o'clock position on the right pedicle or the 10-o'clock 
position on the left pedicle on the anteroposterior view. 
Use the burr to penetrate the cortex in this location. Use 
this as the starting point for a pedicle probe. 

■ Advance the pedicle probe, monitoring the anteroposte¬ 
rior image and directing the probe medially such that it 
crosses from the latéral cortex of the pedicle to the médial 
cortex of the pedicle as it pénétrâtes deeper into the 
pedicle. The trajectory of the probe should be chosen 


such that the tip of probe rests at the médial border of 
the pedicle image after advancing to a depth of 18 mm. 
This will allow the probe to traverse the length of the 
pedicle and enter the posterior vertébral body in most 
patients before becoming médial to the médial margin of 
the pedicle. This can be confirmed on latéral image inten¬ 
sifier views if the anatomy is atypical. As the probe is 
advanced, direct it slightly caudally. 

■ With the probe confirmed in the vertébral body, advance 
it to the desired depth. It is not necessary to advance into 
the anterior third of the body. 

■ Use a small ball-tipped probe to sound the pedicle for 
cortical breaches in ail four quadrants and to confirm the 
vertébral body was not penetrated anteriorly. 

■ Place the largest diameter screw that the pedicle will 
accept. This can be determined from the anteroposterior 
view of the pedicle. The most narrow pedicles are typically 
at the T4 to T6 levels. If the bone is very dense or the 
screw is very large in relation to the pedicle, a tap is used 
before screw placement. 

■ If the pedicle is too narrow to accept even the smallest 
diameter screw, this same technique will allow for safe 
screw placement with a "in-out-in" path of the pedicle 
probe. It will enter the bone and then exit the bone into 
the costovertebral joint and reenter through the latéral 
pedicle wall to enter the vertébral body. This allows for 
safe screw placement, although screw purchase is less 
than with an intact pedicle. 

■ Most commonly, polyaxial screws are used, although 
monoaxial screws are occasionally used if more rigidity is 
needed. 

■ Place ail thoracic screws in a similar fashion (Fig. 41-37). 
Details of rod placement follow lumbar screw 

technique. 

LUMBAR PEDICLE SCREW PLACEMENT 

■ In the upper lumbar segments the same technique 
described for the thoracic spine is useful because these 
pedicles can be quite narrow, especially at L1 and L2. For 
the lower levels with larger pedicles, we usually prefer 
to place the lumbar screws using a latéral image of the 
vertebra being instrumented to help guide screw 
placement. 

■ Obtain a true latéral view of the vertebra as indicated by 
sharply defined endplates with perfectly superimposed 
pedicles. Adjust the image intensifier until this image is 
obtained. 

■ Place the burr just posterior to the junction of the trans¬ 
verse process and the superior articular mass in line with 
the bisector of the pedicle on the latéral image intensifier 
view. Penetrate the cortex at this location, which is near 
the junction of the pars interarticularis and the superior 
articular mass. Decorticating the transverse process before 
screw insertion improves the effectiveness of décortica¬ 
tion and enhances the fusion bed. 

■ Use the cortical opening as the starting point and advance 
a pedicle probe into the pedicle. The probe is advanced 
anteriorly and medially simultaneously. Direct the probe 
more medially at the lower lumbar levels (usually 20 to 
30 degrees at L5 and 0 to 10 degrees at the L1 level). 
The cephalad to caudal orientation is guided by the image 
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Entry point at the 
10 o’clock and 
2 o’clock position 


c 



Axial (A) and sagittal (B) reformatted images in patient with T12-L1 fracture-dislocation. C f Pedicles are drilled to a 
depth of 18 mm from entry points at the 10-o'clock and 2-o'clock positions. D and E f Pedicle screws in place with restoration of ana¬ 
tomie alignment. SEE TECHNIQUE 37-15. 


intensifier view. Advance the probe to the anterior third 
of the body. 

■ Use a small ball-tipped probe to sound the pedicle in 
ail four quadrants and to palpate the vertébral body later- 
ally and anteriorly to make sure there are no cortical 
breaches. 


■ The largest diameter screw the pedicle will accept (up to 
a 6.5-mm screw) is typically placed. Larger screws can be 
placed but little is usually gained, and the larger screws 
are more likely to cause pedicle fracture and loss of screw 
purchase. Polyaxial screws are most commonly used, but 
monoaxial screws can be useful when short constructs 
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with a single level of fixation above or below the fracture 
is used. Using a tap will lower the risk of pedicle fracture 
in sclerotic bone. 

■ Place the screw after placing the bone graft onto the 
decorticated surface. 

■ Adjust the image intensifier to obtain an "end on" view 
of the screw to verify radiographically that the screw is 
within the pedicle. 

■ Place the remaining screws in the same fashion. 

ROD PLACEMENT 

■ Direct décompression, if needed, is completed before rod 
placement. Costotransversectomy is not used as fre- 
quently as transpedicular décompression, but both are 
useful techniques. 

■ Cut the rod, allowing some excess length if distraction 
will be applied. 

■Contour the rod to assist in achieving réduction. This 
usually means undercontouring the kyphosis to help 
reduce the kyphotic deformity as the rod is reduced into 
the screw "tulip." 

■ Reduce the rod to the screws, using multiple réduction 
instruments if needed to avoid excessive pull on any 
individual screw, and insert the blockers into the screw 
"tulip" loosely at each level. 

■Apply distraction or compression as the injury dictâtes 
and complété in situ rod contouring if necessary to reduce 
the fracture. Apply final tightening to the blockers and 
place crosslinks if necessary. 

■ Confirm adequacy of the réduction on anteroposterior 
and latéral views. 

■ Decorticate the posterior éléments and transverse pro¬ 
cesses at each instrumented level and place the bone 
graft onto the decorticated surface. In the lumbar spine, 
décortication and graft placement are best done before 
screw placement. Cancellous allograft can be used if 
additional bone is needed. 

■ Close the fascia over a drain with suture passed through 
the spinous processes. 

■ Close remaining layers using a subcuticular skin closure 
for fewer wound problems. 

POSTOPERATIVE CARE. Postoperatively a CT scan can 
be obtained to verify screw position and to détermine if 
there is any residual neural compression in a patient with 
a neurologie déficit. The patient is mobilized on the first 
postoperative day with an orthosis unless other injuries 
preclude this. The orthosis is continued 8 to 12 weeks, 
depending on resolution of pain and radiographie 
follow-up for evidence of healing and maintenance of 
spinal alignment. 


■ ANTERIOR STABILIZATION 

Anterior reconstruction can provide satisfactory stability 
without necessarily requiring a posterior procedure. Sasso 
et al. reviewed a sériés of 40 patients with three-column inju¬ 
ries who were treated with anterior reconstruction and found 
that 91% of those with incomplète neurologie déficits 
improved one modified Frankel grade and 95% of patients 
had satisfactory healing with maintenance of alignment. The 


study was rétrospective but included multiple surgeons and 
two sites. 

The approach for anterior reconstruction varies consider- 
ably by level of injury (T4 to L3), and many centers hâve a 
joint approach using either a cardiovascular surgeon or 
general surgeon along with a spine surgeon. The primary 
advantages of an anterior reconstruction are direct décom¬ 
pression and restoration of the axial load-bearing portion of 
the spine with a strut device. With restoration of some load 
bearing through the anterior spine, shorter constructs are 
possible that can allow préservation of more normal motion 
segments in some clinical settings. Correction of kyphosis 
also is enhanced with a direct anterior approach. The anterior 
construct can consist of bone graft or a metallic cage that may 
be adjustable with respect to length in conjunction with a 
plate or rod device with screw fixation. Additionally, with a 
direct anterior décompression of the spinal canal, it is pos¬ 
sible to completely remove retropulsed fragments of bone 
or dise material. The morbidity of the standard thoracotomy 
and rétropéritonéal approaches prohibits their use in many 
patients, making these advantages less attractive relative to 
the more common posterior approach. However, with 
advances in retractor Systems and fixation devices so that 
adjunctive posterior fixation is not necessary, a larger propor¬ 
tion of injuries can now be operatively treated anteriorly. 
Also, the dimensions of the implants hâve decreased some- 
what, allowing for safer implantation of the devices. Even 
with these advances, injuries with posterior ligamentous 
complex disruption should be considered very carefully 
before recommending anterior-only stabilization. Injuries 
with translational displacement usually are treated with pos¬ 
terior constructs. Anterior fixation devices consist of a plate 
or paired rods secured to the spine with bone screws or bolts 
that hâve a threaded portion extending through the plate and 
accepting a nut to capture the plate. Most Systems hâve two 
fixation points at each vertébral level to better resist flexion. 
Construct stability is most dépendent on the fit of the strut 
(bone or cage), followed by the integrity of the endplates the 
strut is in contact with, native bone quality, and the inhérent 
fixation device properties that can be decreased with techni- 
cal errors in placement. 


ANTERIOR PLATING 


TECHNIQUE 41-16 


■ After induction of anesthésia, place the patient in a right 
latéral decubitus position, with appropriate padding to 
allow for a left-sided thoracic or rétropéritonéal approach. 
Only rarely is a right-sided approach indicated. Secure the 
patient to the table to prevent him or her from rolling 
forward or backward during the procedure, which if unde- 
tected can lead to increased risk for neurologie or vascular 
injury. It is important that the patient remain in a true latéral 
position so screw trajectory can be correctly determined 
(Fig. 41-38A). Neuromonitoring generally is used when 
anterior thoracic or lumbar décompression is planned. 

■ Complété routine skin préparation including the iliac crest 
if this will be used as a graft. 
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Anterior stabilization technique. SEE TECHNIQUE 41-16. 


■ Use the image intensifier to locate the intended incision 
directly latéral to the injured segment. In the thoracic 
spine this is typically through the rib that is two levels 
above the injured level. For lumbar injuries a rétropérito¬ 
néal approach through the 10th or 11 th rib usually is 
used. 

■ Make an incision overlying the rib and dissect down to 
the rib periosteum with electrocautery. Elevate the peri- 
osteum circumferentially around the rib and elevate the 
neurovascular bundle from the inferior rib margin. Resect 
the portion of the rib necessary for access to the spine. 
Make sure to remove enough rib posteriorly. The rib can 
be used along with the resected vertébral body for bone 
graft and should be maintained. 

■ For a transthoracic approach (T4 to Tl 0), enter the pleural 
space and retract the lung with a wet laparotomy sponge. 
Shape a malléable retractor to maintain the operative 
field. Some prefer to deflate the lung and use a double- 
lumen endotrachéal tube, but we hâve not routinely 
found this to be necessary to maintain the lung out of 
the field. Identify the aorta by palpation and ligate the 
segmentai vessels 1 cm from the aorta. Divide between 


ligatures at the injured level and at the level above and 
below the injured level. Vascular clips can be used to 
supplément the ligatures. Ligating the artery of Adamkie- 
wicz, which has a variable location, is an inhérent risk of 
this procedure. 

■ For a rétropéritonéal approach (Tl 1 to L3), maintain the 
pleura intact if possible and enter the rétropéritonéal 
space, dissecting bluntly down to the iliopsoas. Use a wet 
laparotomy sponge and a malléable retractor to maintain 
the operative field. Ligate the segmentai arteries at the 
injured level and the level above and below 1 cm from 
the aorta. Divide between ligatures with supplémentai 
vascular clips if needed. The artery of Adamkiewicz can 
be as low as L2. The crus of the diaphragm is taken down 
as needed, depending on the level of injury. Elevate the 
iliopsoas from the spine from the anterior margin, taking 
care to avoid the genitofemoral nerve and ureter. 

■ Incise the dises above and below the injured segment and 
remove most of the dise, leaving the anteriormost dise 
and anterior longitudinal ligament intact. Protect the 
aorta from sharp instruments with a malléable retractor 
placed gently between the aorta and the anterior spine. 











CHAPTER 41 FRACTURES, DISLOCATIONS, AND FRACTURE-DISLOCATIONS OF THE SPINE ^ 


3 


■ Using the space created by removing the dises, remove 
the vertébral body in its midportion, again leaving the 
anterior longitudinal ligament and anteriormost bone in 
place. An osteotome is useful to remove the posterior 
bone, which is preserved for graft. During bone removal 
ensure that the patient position has not changed to avoid 
inadvertent entry into the spinal canal (Fig. 41-38B). 

■ After creating a cavity in the midportion of the body, 
remove the posterior bone by progressive^ thinning the 
remaining bone and pulling it into the created defect 
across the canal to the level of the far pedicle médial wall 
to achieve a satisfactory décompression. If décompression 
of the posterior cortex is begun on the far side of the 
canal, troublesome bulging of the dura into the space 
created by removing the vertébral body is minimized and 
the surgeon's view is less obstructed. 

■ Take care throughout not to violate the endplates of the 
intact vertebra that will support the strut. 

■ Meticulously clean the two endplates of ail cartilage and 
soft tissue. A surgical assistant should apply firm, anteri- 
orly directed pressure over the spine to correct kyphosis. 
Measure the corpectomy defect for length of the strut in 
the corrected position. Additional anterior distraction 
with a lamina spreader can be applied but must not injure 
the endplates. Release of the anterior longitudinal liga¬ 
ment seldom is necessary in acute injuries. 

■ Obtain a bone graft or cage device of the desired length. 
Fill allograft humerai shaft or a metallic cage with the 
available bone from the operative field. With kyphosis 
correction maintained, impact the strut into place. The 
strut should be secure once it is in position, but avoid 
excessive length because it increases the risk of mechani- 
cal failure through subsidence. Image intensification 
views are used to verify spinal alignment and satisfactory 
placement of the strut (Fig. 41-38C and D). 

■ Détermine the appropriate plate length and position the 
plate. 

■ Détermine the transverse dimension of the intact vertebra 
so appropriate-length screws or bolts can be used for 
bicortical fixation, depending on the device used. 

■ Identify the entry points of screws as shown (Fig. 41-38E). 

■ Place the first screw in the posterior position of the caudal 
vertebra. Take care when determining placement of this 
screw to drill and place the screw parallel to the end plate 
and directed away from the spinal canal. 

■ Place the adjacent screw, again parallel to the endplate 
and angled slightly posteriorly. 

■ Place the screws at the cephalad level similarly. Some 
devices allow for additional compression to be applied if 
desired. 

■ Once ail screws are secured, obtain hemostasis and close 
the wound in a routine manner over suction drains or 
chest tube as appropriate. 

POSTOPERATIVE CARE. The patient is kept at bed rest 
until the chest tube is removed. The patient is then mobi- 
lized in a TLSO that is worn at ail times when the spine 
is more vertical than 30 degrees from the horizontal 
plane. The TLSO is used for 12 to 16 weeks, depending 
on the clinical course. 


SACRAL FRACTURES 
AND SPINOPELVIC 
DISSOCIATION INJURIES 

The sacrum plays a central rôle in the stability of both the 
pelvis and the spinal column. The complex of ligaments that 
invest the sacrum anteriorly and posteriorly, the ligaments of 
the pelvic floor, and the osseous structure of the sacrum and 
pelvis ail contribute to lumbopelvic stability and help prevent 
injury to the neurovascular structures in the région. The 
important neurologie structures at risk with sacral injuries 
include not only the L5 and SI roots but also the lower sacral 
roots and autonomie nerves that are important for continence 
of the bowel and bladder and sexual function. Injuries to the 
sacrum are frequently missed at présentation because these 
patients often are involved in high-energy trauma and présent 
with multiple injuries and may be hemodynamically unstable 
on arrivai to the treating facility. Denis reported a large sériés 
of patients with sacral fractures, and 30% were identified late. 
This indicates how important a careful examination and a 
high index of suspicion are for détection of these injuries. As 
discussed earlier, the ATLS protocol should be followed for 
trauma patients, including palpation and inspection of the 
spine and posterior pelvis. Soff-tissue injuries are common in 
patients with sacral fractures, including Morel-Lavallée 
lésions that can significantly complicate the ultimate care for 
the patient. The neurologie évaluation must include a rectal 
examination to assess rectal tone and maximal contraction 
of the anal sphincter. The ASIA neurologie examination form 
should be completed to document possible L5 or SI root 
injuries. The usual presence of a Foley cathéter prevents 
assessment of bladder continence. Likewise, there is no clini¬ 
cal examination to detect injury to the anterior rami of S2 to 
S5, which contribute to the parasympathetic System and are 
important for sexual function and normal bladder and rectal 
function. Injuries to the sacrum also can damage the sympa- 
thetic ganglia of the inferior hypogastric plexus that are 
médial to the S2 to S4 foramina anteriorly. The L5 nerve is at 
risk at the anterior junction of the ala and the sacral promon- 
tory, and the SI nerve root can be injured within the foramen. 
Extremity motor and sensory testing and rectal examination 
with pinprick and light touch examination in the perianal 
concentric dermatomes should be done to evaluate S2 to S5 
function, as well as eliciting the anal wink and bulbocaverno- 
sus and cremasteric reflexes. 

Plain radiographs hâve not proven sensitive in demon- 
strating injuries to the sacrum and lumbosacral région. CT 
of the chest, abdomen, and pelvis is the imaging modality of 
choice to screen for injuries to the pelvis and sacrum. If inju¬ 
ries are identified, a dedicated CT scan of the pelvis with 
2-mm slices and sagittal and coronal reformatted images 
should be obtained. When there are associated neurologie 
injuries with displaced fractures, MRI also may be of value, 
but the best indications for MRI presently hâve not been fully 
delineated. 

CLASSIFICATION 

A discussion of ail pelvic fractures is beyond the scope of this 
section; only the relatively rare injuries with subluxation or 
dislocation of the L5-S1 joint and fractures of the sacrum that 
are associated with lumbopelvic instability are covered. 
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Multiple classification schemes hâve been devised for 
these injuries over the past several décades, but there is no 
single System that encompasses sacral and lumbopelvic inju¬ 
ries. Denis et al. categorized 236 sacral fractures into three 
types based on three zones (Fig. 41-39). Zone 1 fractures are 
latéral to the neuroforamina and were the most common in 
the sériés, accounting for 50% of injuries with a 6% incidence 
of L5 and SI injuries. Zone 2 injuries are through the neuro¬ 
foramina and accounted for 34% of the injuries, and 28% of 
these patients had neurologie déficits unilaterally at the L5, 
SI, or S2 levels. Some zone 2 injuries hâve a shear component 
that increases the instability of the injury and increases the 
risk of nonunion. Zone 3 injuries are médial to the foramen 
and involve the spinal canal, comprising the remaining 16% 
of injuries. Sixty percent of patients hâve neurologie symp- 
toms that involve bowel and bladder dysfunction, and 76% 
hâve sexual dysfunction. Roy-Camille et al. and Strange- 
Vognsen and Lebech subclassified the Denis zone 3 injuries 
that hâve a transverse component that connects the zone 3 
fracture to another fracture on the contralatéral side in zone 
1 or 2 (Fig. 41-40). Isler developed a classification to describe 
injuries at the lumbosacral joint level with increasing prob- 
ability of lumbosacral subluxation progressing from type 1 to 
type 3 injuries (Fig. 41-41). 

TREATMENT 

Many sacral fractures can be treated nonoperatively as well 
as some pelvic fractures, and a more complété discussion of 
these injuries is presented in other chapters. Fractures of the 
sacrum that are displaced and unstable or are associated with 
pelvic instability or spinal instability require operative treat- 
ment. Disruptions of the sacroiliac joint and some vertically 
unstable sacral fractures can be treated with percutaneous 
iliosacral screws. The best trajectory is horizontal with pur- 
chase in the SI body. For Denis zone 2 injuries, compression 
should be avoided to reduce risk of injury to the L5 root, 
which is at risk of being iatrogenically compressed within the 
fracture. If compression is not achieved, fracture stability is 
compromised. 


Injuries with subluxation or dislocation at the lumbosa¬ 
cral joint or that involve spinopelvic dissociation can be 
treated with lumbosacral or lumbopelvic fixation constructs. 
Nonoperative treatment of these injuries generally is not rec- 
ommended because of the high nonunion rates, severe 
chronic pain, and neurologie worsening that can occur and 
can be very difficult to treat late (Table 41-8). 


Région of 
Région of sacral 
central foramina 



FIGURE 


^ Three zones of sacrum described by Denis et al.: 


région of ala, région of sacral foramina, and région of central 


sacral canal. 



Roy-Camille and Strange-Vognsen and Lebech subclassifications of Denis zone 3 fractures. Type 1, angulation with 
no translation; type 2, angulation and translation; type 3, complété displacement of cephalad and caudal sacrum; type 4, segmentai 
comminution. (Reproduced from Vaccaro AR, Kim DH, Brodke DS, et al: Diagnosis and management of sacral spine fractures, Instr Course Lect 
53 : 375 , 2004 ). 
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Isler classification for fractures of sacrum and lumbosacral junction. Type I, injury latéral to L5-S1 facet joint affecting 
pelvic ring stability; type II, injury through L5-S1 facet joint associated with displacement and neurologie symptoms; type III, injury 
involving spinal canal that is unstable. (From Vaccaro AR, Kim DH, Brodke DS, et al: Diagnosis and management of sacral spine fractures, Instr 
Course Lect 53:375, 2004.) 


r TABLE 41-8 

Gibbons Classification of Cauda Equina 

Impairment 


TYPE 

NEUROLOGIC DEFICIT 

1 

None 

2 

Paresthesias only 

3 

Lower extremity motor déficit 

4 

Bowel/bladder dysfunction 


From ShildhauerTA, Bellabarba C, Nork SE, et al: Décompression and lumbopelvic 
fixation for sacral fracture-dislocations with spino-pelvic dissociation, J Orthop 
Trauma 20:447, 2006. 


The operative approach we use to stabilize these injuries 
is similar to that described by Schildhauer et al. The goals of 
treatment are to decompress the sacral nerves, restore stabil¬ 
ity, and improve alignment. Lindahl et al. reviewed 36 cases 
to détermine factors associated with neurologie recovery and 
late pain. The severity of translation through the fracture cor- 
related with neurologie recovery, and the quality of réduction 
correlated with pelvic pain. The patients are initially resusci- 
tated and stabilized with respect to other injuries, and defini¬ 
tive spinopelvic fixation is completed as soon as the patient 
is able to tolerate the surgery. Ruatti et al. described a réduc¬ 
tion maneuver that is done closed and as early as possible, 
even if definitive stabilization will be delayed. The technique 
involves strong and rapidly applied traction through fémoral 
traction and countertraction applied to the torso with exten¬ 
sion of the lumbosacral spine over a bolster. The average time 
to surgery reported by Schildhauer et al. was 6 days. If the 
patient has anterior pelvic instability, this is reconstructed 
first. Posterior stabilization is then done when the soft tissues 
are thought to be satisfactory. This stabilization is done 
through a midline approach, using pedicle screw fixation in 
the lower lumbar and SI segments if possible and iliac screws. 
Because of the large forces being neutralized by the pedicle 
screws, we hâve used at least four points of fixation in the 


lumbar spine, and this was also the recommendation by 
Schildhauer et al. Typically, the construct begins at L4 with 
bilateral screws at this level and the L5 level. The SI pedicles 
often are fractured and not available for screw placement, but 
if they are intact, L4 can be leff out of the construct. Fusion 
is done across ail instrumented spine levels. The sacroiliac 
joints are not fused. Iliac fixation consists of iliac screws 
inserted at the posterior superior iliac spine and directed 
through the sciatic buttress toward the anterior superior iliac 
spine and, when possible, iliosacral screws are placed. We 
hâve typically used a single iliac screw on each side (8.5 mm 
x 100 to 120 mm) and supplemented with iliosacral screws if 
réduction allows. Schildhauer et al. recommended two iliac 
screws per side or one iliosacral screw and one iliac screw per 
side. In either case, biomechanical data are not available. The 
prominence of the implants is an issue to consider because of 
the high wound complication rate. When placing the iliac 
screws, every effort is made not to elevate soft tissue unneces- 
sarily, and the posterior superior iliac spine is instrumented 
using the “teardrop” view on image intensification with very 
minimal direct visualization. The iliac screw is started on the 
ventral portion of the posterior superior iliac spine near the 
sacroiliac joint to minimize the prominence of the screw head 
(Fig. 41-42). This also helps in connecting the rod. This 
usually can be done without a separate connecting rod and 
minimizes the hardware profile. A wide décompression of the 
sacral nerve roots is completed with removed bone used for 
bone graffing at the L4 to SI segments. Durai lacérations are 
directly repaired when possible and patched with durai graff 
and fibrin glue if primary closure cannot be obtained. Réduc¬ 
tion often is difhcult, and using Schanz pins inserted into the 
SI body to assist in disimpacting the fracture and restoring 
length is helpful, as is the use of a fémoral distractor attached 
to a Schanz pin in the L5 pedicle and a pin in the ilium. Once 
réduction is achieved, bilateral rods are contoured and 
secured to the screws. Contouring the rods before determin- 
ing the site for the iliac screws is very helpful. After placing 
the rods bilaterally, they are compressed toward one another 
and a crosslink is applied (Fig. 41-43). Another réduction 
technique described by Starantzis involves a temporary rod 
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Obturator-outlet and obturator inlet views and iliac oblique intraoperative views guide accurate screw insertion. 
A f Bone corridor between posterior superior iliac spine and anterior inferior iliac spine, in which iliac screws are idéally placed, projects 
as teardrop on combination obturator-outlet oblique image. B f Screw is extraosseous if it extends beyond cortical boundary of radio¬ 
graphie teardrop. Intraosseous screw placement between inner and outer tables of ilium can also be guided and confirmed with 
obturator-inlet oblique view. C f Iliac oblique image ensures accurate screw length and appropriate location above greater sciatic notch. 
D, Two iliac screws positioned parallel or more cephalad (E) can be used for placement of second iliac screw, yielding triangular con¬ 
figuration. (From Shildhauer TA, Bellabara C, Nork SE, et al: Décompression and lumbopelvic fixation for sacral fracture-dislocations with spino-pelvic 
dissociation, J Orthop Trauma 20:447, 2006.) 
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on one side from L4 to the pelvis with a réduction screw 
placed at L4. A rod réduction tool is placed at L4, and distrac¬ 
tion is applied to the réduction tower (persuader) until length 
has been restored. With the fracture out to length, the rod 
is reduced into the L4 screw and provisionally fixed. Fixation 
does allow mobilization without bracing, but persistent 
pain, neurologie dysfunction in the lower extremities, sexual 



Lumbopelvic fixation for sacral fracture with 
spinopelvic dissociation. 


dysfunction, and incontinence often remain problematic, and 
treatment recommendations must be individualized (Fig. 
41-44). 

For injuries that involve lumbosacral subluxation or dis¬ 
location without pelvic ring or vertical sacral fracture, stabi¬ 
lization is accomplished with pedicle screw fixation at L4 and 
L5 on the cephalic side of the injury and SI and S2 fixation 
on the caudal side of the injury. Bone grafting is used poste - 
riorly. If SI fixation is not possible because of the injury 
pattern, fixation to the pelvis is used without fusion of the 
sacroiliac joint. 


LUMBOPELVIC FIXATION 
(TRIANGULAR OSTEOSYNTHESIS) 


TECHNIQUE 41-17 


(SHILDHAUER) 

■ Bowel préparation is completed preoperatively. After 
induction of anesthésia, position the patient prone on a 
radiolucent four-poster frame that can accommodate an 
anterior pelvic fixator if needed, such as a Jackson frame. 
Somatosensory evoked potentials and electromyographic 
monitoring are initiated. Use image intensification to 
obtain a latéral view of the sacrum. 

■ After routine skin préparation and draping, make 
a midline incision extending caudally far enough to 
allow adéquate décompression, without unnecessary skin 
tension. 



A f Sagittal CT scan of transverse fracture through S3 resulting in transection of sacral nerve roots (arrowhead). 
B, MR image of sacral fracture resulting in complété canal compromise. C f Postoperative CT scan shows décompression of sacral spinal 
canal after laminectomy (arrowheads). 
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■ Divide tissue down to fascia with electrocautery and care- 
fully elevate the soft tissue subperiosteally to expose the 
necessary lumbar segments and sacrum. Expose the 
transverse processes at each lumbar level and the inter¬ 
transverse ligament. Subperiosteally expose the sacral ala 
at least 1.5 cm latéral to the latéral face of the sacral 
facet. Expose the posterior sacrum caudally to the frac¬ 
ture site and laterally as wide as the spinal canal. The 
posterior superior iliac spine will overhang this area, but 
it is not necessary to elevate the soft tissue from the 
sacroiliac joint and the posterior superior iliac spine, and 
this tissue should be left attached to the maximal extent 
possible. Only a small area of the ventral portion of the 
posterior superior iliac spine must be visible. 

■ Using Kerrison rongeurs and small curets, unroof the 
spinal canal and expect the nerves to be compressed or 
impaled by the bone. Repair the durai injury if possible. 
Mobilize the sacral roots and push the ventral bone ante- 
riorly if needed to relieve tension on the roots. 

■ Reducing the fracture is difficult. Place a Schanz pin in 
the posterior body of SI between the SI and S2 foramen 
to manipulate the spine in relation to the pelvis. Fémoral 
traction and a fémoral distractor between the spine and 
ilium can be used. If réduction can be adequately achieved, 
iliosacral screws can sometimes be placed as transfixation 
screws, taking care not to compress through the vertical 
foramina fractures. Individual anatomy and incomplète 
réduction may preclude safe placement of iliosacral 
screws. 

■Correction of the angulation and some shortening 
through the fracture site improve the décompression. 

■ Decorticate the sacral ala and transverse processes and 
pack the latéral gutter for hemostasis. Décortication after 
pedicle screw placement is less effective and may limit 
fusion. 

■ Obtain a true latéral view of the vertebra, as indicated by 
sharply defined endplates with perfectly superimposed 
pedicles. Adjust the image intensifier until this image is 
obtained. 

■ Place the bur just posterior to the junction of the trans¬ 
verse process and the superior articular mass in line with 
the bisector of the pedicle on the latéral image intensifier 
view. Penetrate the cortex at this location, which will also 
be near the junction of the pars interarticularis and the 
superior articular mass. 

■ Use the cortical opening as the starting point and advance 
a pedicle awl into the pedicle. Advance the awl anteriorly 
and medially simultaneously. The pedicle awl must be 
advanced carefully owing to the mobility of the spine. If 
SI screws will be placed, bicortical purchase is optimal 
with screws exiting the anterior promontory just caudal 
to the SI endplate. The SI screws should be medialized 
so the screw tips are at or near the midline. 

■ Use a small ball-tipped probe to sound the pedicle in ail 
four quadrants and to palpate the vertébral body laterally 
and anteriorly to make sure there are no cortical breaches. 
The probe should exit anteriorly at SI. 

■ The largest-diameter screw that the pedicle will accept 
(up to a 6.5 mm) is typically placed. Larger screws can be 
placed, but little is usually gained, and the larger screws 
are more likely to cause pedicle fracture and loss of screw 


purchase. Polyaxial screws are used. Using a tap for the 
anterior SI cortex will lower the risk of pedicle fracture 
in sclerotic bone. Place the bone graft onto the decorti- 
cated surface before screw insertion. 

■Adjust the image intensifier to obtain an "end on" view 
of the screw to verify radiographically that the screw is 
within the pedicle. 

■ Place the remaining screws in the same fashion. 

■ Contour rods so they will be adjacent to the posterior 
superior iliac spine when connected to the lumbar screws. 
Adjust the image intensifier for the "teardrop" view after 
verifying that a true latéral view of the pelvis with super¬ 
imposition of the sciatic notches can be obtained (Fig. 
41-42). Select the entry point into the posterior superior 
iliac spine on the teardrop view and advance the straight 
pedicle awl or 3.2-mm drill to a depth of 100 to 140 mm 
remaining within the confines of the teardrop. Sound the 
hole for cortical defects and place a large caliber screw. 
We hâve used a single 8.5-mm screw even if iliosacral 
screws cannot be placed. Schildhauer et al. recommends 
two iliac screws that may need to be somewhat smaller 
depending on the teardrop size. 

■ Confirm that the iliac screws are intraosseous bilaterally, 
using obturator-outlet oblique and obturator-inlet oblique 
views, and confirm their length on the iliac oblique views. 

■ Secure the rods to the screws. 

■ Compress the rods toward one another and crosslink 
at the lumbosacral level to minimize hardware 
prominence. 

■ Decorticate the facet joints and pack with additional 
bone. 

■ Carefully close the fascia back to bone where possible 
over a suction drain. 

■ Close the thin subcutaneous layer and then the skin with 
subcuticular suture. 

POSTOPERATIVE CARE. The patient is maintained off 
the wound as much as possible for the first several days. 
The drain is removed on the first postoperative day 
usually, and mobilization without a brace is allowed. Full 
weight bearing is allowed unless precluded by pelvic or 
other injuries. 
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INFECTIONS OF THE SPINE 

Spinal infections are relatively rare, accounting for only 2% 
to 4% of ail osteomyelitis infections. Unfortunately, delays in 
diagnosis and treatment are common due to the manner in 
which these infections présent. Symptoms may be vague, and 
there are no pathognomonic clinical signs or definitive labo- 
ratory tests or to make the diagnosis. Spinal infections can be 
categorized into different groups based on location of infec¬ 
tion, mode of transmission, and infecting pathogen. The 
location can be in the vertébral body, dise space, paraspinal 
région, or épidural space. Transmission of the infection can 
occur by hematogenous seeding, contiguous spread, or by 
direct inoculation. Pathogens can be gram positive, with 
Staphylococcus aureus being the most common, gram néga¬ 
tive, fungal, or acid fast. 

SPINAL ANATOMY 

Knowledge of the structure and composition of the spinal 
éléments is essential to understanding spinal infections. The 
intervertébral dise previously was identified as the most com- 
monly infected spinal element, but more recent evidence 
points to the metaphyses and cartilaginous end plates as the 
starting areas for bloodborne infections. The dise space now 
is considered the primary starting area only for infections 
that resuit from direct inoculation. 

The nucléus pulposus is avascular, receiving nutrients 
through diffusion across the end plates. Coventry et al., in a 
microscopie study, found that in adults older than 30 years of 
âge the intervertébral dise receives its nutrition from tissue 
fluids rather than from a direct blood supply. They noted 
multiple holes in the end plates of the vertébral bodies. These 
holes allow for the transport of nutrients through the end 
plates into the central portion of the dise. 


The microvasculature of the vertébral end plates contains 
vessels oriented obliquely in the cartilage toward the inter¬ 
vertébral dise. These were found to originate from the cir- 
cumferential vessels fed from the arterial plexus outside the 
perichondrium and from nearby metaphyseal marrow vessels. 
The cartilaginous end plate, which is highly vascular, seems 
to be the anatomie area in which the arterial supply ends. 

PYOGENIC VERTEBRAL OSTEOMYELITIS 
AND DISCITIS 

Pyogénie vertébral osteomyelitis and discitis represent 2% to 
7% of ail cases of pyogénie osteomyelitis. There is a bimodal 
âge distribution with a small peak in childhood and then a 
larger spike in adulthood around the âge of 50. Males are 
affected more frequently than females. Pyogénie osteomyelitis 
and discitis are most common in the lumbar spine (50% to 
60%), followed by thoracic (30% to 40%) and cervical spine 
(10%). Seventeen percent of infected patients présent with 
neurologie déficits. Infections higher in the spine are more 
likely to présent with paralysis. The most common organism 
reported is S. aureus (65%). Drug abusers hâve been noted to 
more likely hâve Pseudomonas aeruginosa infections. Paraly¬ 
sis has been found to be the most common complication of 
S. aureus infection. 

Pyogénie vertébral osteomyelitis and discitis usually 
resuit from the hematogenous spread of pyogénie bacteria. 
The bacteria may originate from an infection in the urinary 
tract, respiratory tract, soft tissue, or elsewhere. Although it 
was previously thought that infection spread through the 
vertébral veins known as Batson venous plexus, this has been 
disproven. The arterial spread of infection originates in the 
end plate of the vertebra. The highly vascular end plate is an 
area with high volume and slow blood flow—an environment 
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that provides conditions conducive for microorganism 
seeding and growth. Bloodborne organisms sludging in 
these low-flow anastomoses can lead to a local suppurative 
infection. Tins infection can cause tissue necrosis, bony col¬ 
lapse, and spread of the infection into the adjacent interver¬ 
tébral dise spaces, the épidural space, or into paravertebral 
structures. 

The course of the infection varies with the infecting 
organism and the patients immune status. The infection itself 
may create a malnourished condition that compromises the 
immune System. 

Paralysis from spinal infection may occur early or late. 
Early onset of paralysis frequently suggests épidural exten¬ 
sion of an abscess. Late paralysis may be caused by the 
development of significant kyphosis, vertébral collapse with 
rétropulsion of bone and débris, or late abscess formation in 
more indolent infections. Four factors that indicate an 
increased prédisposition to paralysis in pyogénie and fungal 
vertébral osteomyelitis include âge; a higher vertébral level of 
infection (cervical); the presence of debilitating disease, such 
as diabètes mellitus, rheumatoid arthritis, or chronic steroid 
usage; and S. aureus infections. Paralysis from tuberculosis is 
not related to those factors. 

■ CLINICAL PRESENTATION 

The most common presenting symptom of spinal infection is 
back pain or neck pain (85% in one study). No pathogno- 
monic features of the pain occur with vertébral osteomyelitis 
or discitis, which can lead to a delay in diagnosis. Pain is 
worse at night and can occur with changes in position, 
ambulation, and other forms of activity. The intensity of the 
pain varies from mild to extreme. Constitutional symptoms 
include anorexia, malaise, night sweats, intermittent fever, 
and weight loss. Spinal deformity may be a late présentation 
of the disease. Paralysis is a serious complication but rarely is 
the presenting complaint. A history of an immune-suppressing 
disease or a recent infection, or both, is common. 

Température élévation, if présent, usually is minimal. 
Localized tenderness over the involved area is the most 
common physical sign. Sustained paraspinal spasm also is 
indicative of the acute process. Limitation of motion of the 
involved spinal segments because of pain is frequent. Torti- 
collis may resuit from infection in the cervical spine, and 
bizarre posturing and physical positions that could be con- 
sidered psychogenic in origin are frequent. Other possible 
findings include the Kernig sign (severe stiffness of the ham- 
string) and generalized weakness. Clinical findings in elderly 
and immunosuppressed individuals may be minimal. 

Because of the depth of the spine, abscess formation is 
difficult to identify unless it points superficially. Frequently, 
these areas of abscess pointing are some distance from the 
primary process. A paraspinal abscess commonly présents as 
a swelling in the groin below the Poupart ligament (inguinal 
ligament) because of extension along the psoas muscle. 
Straight leg raising examination usually is not helpful because 
it may be négative or may elicit back or rarely leg pain. 

The development of neurologie signs should suggest the 
possibility of neural compression from abscess formation, 
bone collapse, or direct neural infection. Neurologie findings 
rarely are radicular and more frequently involve multiple 
nerve groups. As might be expected, neurologie symptoms 
become more frequent at higher spinal levels; they are most 
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frequent with infections in the cervical and thoracic areas and 
are least common with infections in the thoracolumbar 
région. In our expérience, when neurologie symptoms appear, 
they progress rapidly unless active décompression or drain¬ 
age is undertaken. 

■ LABORATORY STUDIES 

The érythrocyte sédimentation rate (ESR) is used to help 
identify and clinically monitor osteomyelitic dise space infec¬ 
tion. The ESR is not diagnostic and indicates only an inflam- 
matory process, as do most of the radiographie findings. The 
ESR is elevated in 71% to 97% of children with vertébral 
osteomyelitis. In 37% of adults with osteomyelitis, the rate is 
greater than 100 mm/h, and in 67%, rates greater than 
50 mm/h are noted. The ESR normally is elevated after 
surgery (approximately 25 mm/h), peaking at 5 days but may 
stay elevated for 4 weeks. Persistent élévation of the ESR 4 
weeks after surgery, with associated clinical findings, indicates 
a persistent infection. 

C-reactive protein (CRP) has proven to be a more sensi¬ 
tive marker for early détection of postoperative spine infec¬ 
tions when compared with ESR. CRP levels tend to peak 
within the first 2 postoperative days and then décliné rapidly. 

A continued élévation of the CRP in the immédiate postop¬ 
erative period (4 to 7 days) or a second rise is a strong indica- 
tor of an infection. Thelander and Larsson compared the CRP 
with the ESR as an indicator of infection after surgery on the 
spine, including microscopie and conventional dise excision 
and anterior and posterior spinal fusion. They noted in ail 
patients that results of both tests were elevated initially after 
the surgery, but in ail the patients the CRP value had returned 
to normal by 14 days whereas the ESR took much longer to 
return to normal. The CRP also can be used to monitor the 
antibiotic treatment of an infection because of its rapid return 
to normal with resolution of the infection. The ESR may be 
elevated for weeks in a treated infection. 

Leukocytosis is not especially helpful in diagnosing spinal 
infection. White blood cell counts may decrease in infants 
and debilitated patients. High white blood cell counts may 
indicate areas of infection other than the spine. Blood cultures 
are helpful if positive, which usually occurs in times of active 
sepsis with a febrile illness and may be adéquate for the 
diagnosis and treatment of osteomyelitis, but this occurrence 
is rare. 

■ IMAGING TECHNIQUES 

The purpose of diagnostic techniques is confirmation of the 
clinical impression. In spinal infection, no single diagnostic 
technique is 100% effective as a confirmatory test. Culture of 
the organism from the infected tissue is the most definitive 
test, but results may be négative even under the most optimal 
conditions. Likewise, ail imaging and laboratory studies may 
be inconclusive, depending on the time at which they are 
done relative to the onset of infection. 

I RADIOGRAPHY 

Plain radiographs of the involved area are the most common 
initial study in patients with spinal infection. Radiographie 
findings, which appear 2 weeks to 3 months after the onset of 
the infection, include dise space narrowing, vertébral end 
plate irregularity or loss of the normal contour of the end 
plate, defects in the subchondral portion of the end plate, and 
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Radiographie appearance of spinal osteomyelitis. A f Minimal dise space narrowing, but normal end plate and sub- 
chondral région. B f Réduction of dise height associated with destruction of end plate and development of subchondral lytic defects. 
C f After successful treatment, note sclerotic vertebra and large osteophyte. (From Acker JD, Wood GW II, Moinuddin M, et al: Radiologie 
manifestations of spinal infection, State Art Rev Spine 3:403, 1989.) 


hypertrophie (sclerotic) bone formation (Fig. 42-1). Occa- 
sionally, paravertebral soft-tissue masses may be noted with 
involvement of nearby areas of the spine. Late radiographie 
findings may include vertébral collapse, segmentai kyphosis, 
and bony ankylosis. The sequence of events may range from 
2 to 8 weeks for early findings to more than 2 years for later 
findings. The only definable abnormality on plain radiographs 
and CT scans related specifically to tuberculosis is fine calci¬ 
fication in the paravertebral soft-tissue space. 

I COMPUTED TOMOGRAPHY 

CT adds another dimension to the plain radiographs. CT 
identifies paravertebral soft-tissue swelling and abscesses 
much more readily and can monitor changes in the size of 
the spinal canal. Some clinicians prefer CT to radiography for 
determining clinical progress. Findings with CT are similar 
to findings with plain radiographs, including lytic defects in 
the subchondral bone, destruction of the end plate with 
irregularity or multiple holes visible in the cross-sectional 
views, sclerosis near the lytic irregularities, hypodensity of the 
dise, flattening of the dise itself, disruption of the circumfer- 
ential bone near the periphery of the dise, and soft-tissue 
density in the épidural and paraspinal régions. Postmyelo- 
gram CT more clearly defines compression of the neural 
éléments by abscess or bone impingement and helps déter¬ 
mine whether the infection extends to the neural structures 
themselves, but there is a risk of seeding the thécal space. 

I MAGNETIC RESONANCE IMAGING 

High-quality MRI is an accurate and rapid method for iden- 
tifying spinal infection. It identifies infected and normal 
tissues and probably best détermines the full extent of the 
infection. MRI does not differentiate between pyogénie and 
nonpyogenic infections and cannot eliminate the need for 
diagnostic biopsy. To detect infection, Tl- and T2-weighted 
views in the sagittal plane should be obtained. Tl-weighted 
images hâve a decreased signal intensity in the vertébral 
bodies and dise spaces in patients with vertébral osteomyeli¬ 
tis. The margin between the dise and the adjacent vertébral 


body cannot be differentiated. In T2-weighted images, the 
signal intensity is increased in the vertébral dise and is mark- 
edly decreased in the vertébral body. Abscesses in the para¬ 
vertebral soft tissue around the thécal sac can be readily 
identified as areas of increased uptake. Frequently, the délin¬ 
éation of infection in the paravertebral tissues with extension 
to the thécal tissues éliminâtes the need for additional 
myelography. MRI also is useful to identify primary spinal 
cord infections (myelitis) without épidural or bone involve¬ 
ment. The addition of gadolinium seems to enhance the 
délinéation of épidural abscesses and to delineate further the 
extent of spinal infection. 

Using serial MRI to follow the response to treatment of 
spine infections may not be clinically useful depending on 
what is being evaluated. Follow-up MRI has shown that bony 
findings of vertébral body enhancement, marrow edema, and 
compression fractures often appeared unchanged or worse in 
the setting of clinical improvement. Soft-tissue findings of 
paraspinal abscesses, épidural abscesses, and T2 dise space 
abnormalities tended to improve on follow-up MRI. There - 
fore, serial MRI should be used to monitor soft-tissue findings 
not bony findings. Furthermore, the clinical findings, such as 
decreased pain and improved neurologie function, seem to 
be better indicators than an improvement seen on MRI. 

I RADIONUCLIDE SCANNING 

Radionuclide studies are relatively effective in identifying 
spinal infection. These techniques include technetium-99m 
( 99m Tc) bone scan, gallium-67 ( 67 Ga) scan, and indium-111- 
labeled leukocyte ( m In WBC) scan. The 99m Tc bone scan has 
three basic phases: angiogram, blood pool images, and 
delayed static images. In infection, diffuse activity is seen on 
the blood pool images; the diffuse activity becomes focal on 
delayed views. This marked reactivity may persist for months. 
Bone scans are almost always positive in patients with infec¬ 
tion, but they are not specifically diagnostic of infection. The 
67 Ga scan is a good adjunct to bone scanning for the détection 
of osteomyelitis. A sensitivity of 90%, specificity of 100%, and 
accuracy of 94% in patients having combined 99m Tc and 67 Ga 
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scanning for infection hâve been reported. 67 Ga scans alone 
are not as accurate as the combination of bone scan and a 
67 Ga scan for identifying infection. They also do not identify 
the type of organism involved. Because the 67 Ga scan changes 
rapidly with the resolution of the acute active infection, it may 
be useful to document clinical improvement. 

The m In WBC scan is useful in detecting abscesses but 
does not differentiate between acute and chronic infections. 
False-negative m In WBC scans hâve been reported in chronic 
infections because the radionuclide accumulâtes with any 
inflammatory, noninfectious lésion. Likewise, neoplastic 
noninfectious inflammatory lésions may lead to similar false- 
positive results with ail scanning techniques. One major 
advantage of m In WBC scanning is that it differentiates 
between noninfectious lésions, such as hematomas and 
seromas, which may appear as a mass or an abscess-like cavity 
on MRI or CT. Différentiation is important in the postopera- 
tive évaluation of potential infections. 

I DIAGNOSTIC BIOPSY 

Biopsy of the suspected lésion is the best method of deter- 
mining infection and identifying the causative agent so that 
appropriate antibiotics can be administered. Biopsy may be 
obtained percutaneously through a CT-guided needle proce¬ 
dure or by an open procedure. Biopsy, however, may not yield 
a pathogen. Administration of antibiotics before biopsy or the 
elapse of a long period between the onset of the disease and 
the biopsy may resuit in a négative biopsy. 

Négative results from percutaneous biopsy should not 
preclude open biopsy if there is good clinical evidence of 
infection. Razak, Kamari, and Roohi reported only 22% posi¬ 
tive results with percutaneous biopsy and 93% positive results 
with open biopsy. Marschall et al. likewise demonstrated that 
open biopsy had a higher microbiologie yield than needle 
biopsies. 

■ DIFFERENTE DIAGNOSIS 

The differential diagnosis of spinal osteomyelitis should 
include primary and metastatic malignancies; metabolic bone 
diseases with pathologie fractures; and infections in contigu- 
ous and related structures, including the psoas muscle, hip 
joint, abdominal cavity, and genitourinary System. Rheuma- 
toid arthritis and ankylosing spondylitis and Charcot spinal 
arthropathy may also cause findings resembling osteomyelitis 
of the spine. Acquired immunodeficiency syndrome may be 
another underlying factor in these infections. Myelitis from 
bacterial infection also has similar findings and distinctive 
MRI findings. 

■ NONOPERATIVE TREATMENT 

Antibiotic treatment for vertébral osteomyelitis and discitis 
infections in adults is the primary therapy. Surgery is reserved 
for disease progression despite adéquate empiric antimicro- 
bial therapy, spinal instability with cord compression or 
impending cord compression, and drainage of épidural 
abscess. The antibiotic is chosen according to the positive 
stains, cultures, and sensitivities of the organism. Response 
to treatment is evaluated by observing clinical symptoms and 
serially following CRP and ESR. 

The time for discontinuing antibiotic therapy also varies. 
Collert suggested that antibiotic therapy should be continued 
until the ESR returns to normal. Unfortunately the ESR can 


stay elevated for a prolonged period even in a treated infec¬ 
tion. CRP values appear to décliné more rapidly and may be 
a better gauge to base discontinuance of antibiotics, but cur- 
rently this factor is still being studied. Intravenous antibiotics 
usually are continued for about 6 weeks and are followed by 
oral antibiotics as indicated by the CRP, ESR, and clinical 
response. A failure of improvement or continued persistence 
of symptoms should prompt a réévaluation of the therapy and 
possibly a repeat biopsy or even open biopsy for cultures or 
to remove sequestered and infected material. 

With an adéquate biopsy and a reliable patient who 
responds rapidly to antibiotics, hospitalization and bed rest 
usually are required only for the primary symptoms. Home- 
administered intravenous antibiotics allow the patient to 
complété treatment out of the hospital. A major risk with this 
technique is late pathologie fracture of the infected bone. In 
patients who are at risk for fracture or in pain, a brace is used. 
If ambulatory therapy is chosen, thorough éducation and 
close monitoring of the patient are mandatory. 

■ PROGNOSIS 

Even if an absolute diagnosis is not made, most spinal infec¬ 
tions résolve symptomatically and radiographically within 9 
to 24 months of onset. Récurrence of infection and periods 
of decreased immune response are always possible, as are 
delayed complications of kyphosis, paralysis, and myelopathy. 
These risks are greatest during the period when the infection 
is controlled but the bone is still soft, when the healing process 
has not advanced to the point where solid bone has formed 
around the infected tissue. Bracing is strongly recommended 
in these patients. 

■ OPERATIVE TREATMENT 

Surgical intervention is indicated when medical management 
has failed, when there is a neurologie déficit from either an 
abscess or mass causing instability or deformity, or when a 
diagnosis is not otherwise possible. The location of the infec¬ 
tion dictâtes the surgical approach. Because vertébral osteo¬ 
myelitis and discitis typically affect the anterior column, an 
approach that allows thorough debridement of the anterior 
column is necessary. In the cervical spine, an anterior 
approach allows this. The anterior body can be treated from 
an anterior or posterior approach in the thoracic or lumbar 
spine. Whether an anterior or posterior approach is used, the 
objective of surgery is to perform a thorough debridement 
with décompression of the neural éléments and stabilization 
of the spine with correction of the deformity. Often this 
requires a corpectomy and the need for anterior stabilization 
with an interbody graff. The interbody graft can be a bone 
strut, mesh cage with allograff or autograff, or an expandable 
cage. Various studies hâve shown that ail these interbody 
devices are acceptable. Often supplémentation with posterior 
instrumentation is needed for added stability and to correct 
deformity. 

SPECIFIC INFECTIONS 

■ INFECTIONS IN CHILDREN 

The syndrome of discitis in children is characterized by fever 
and an elevated CRP and ESR, followed by dise space nar- 
rowing on plain radiographs at 4 to 6 weeks from onset. The 
syndrome frequently is associated with difficulty in walking, 
malaise, irritability, and sudden inability to stand or walk 
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comfortably. Most reports indicate that the cause is bacterial 
infection, although trauma also has been implicated. Most 
culture reports are positive for S. aureus. The average âge at 
onset is 6 to 7 years. Symptoms usually are présent for 4 weeks 
before hospitalization. Physical findings are limited. The child 
may refuse to walk or may cry when walking, and spinal 
flexion may be limited and so painful that the child holds 
himself or herself erect. Physical findings directly related to 
the spine are rare. Neurologie findings are uncommon but are 
ominous when présent. In older children, abdominal pain 
may be a presenting symptom. Other, less frequent symptoms 
include hamstring tightness and spinal tenderness. 

Diagnosing dise space infection (vertébral osteomyelitis) 
in children is difficult initially, and plain radiographs usually 
are négative. There may be a mild febrile reaction, but patients 
do not appear systemically ill. Laboratory investigation 
reveals only an elevated CRP and ESR in most patients. The 
best test to identify the infection probably is MRI or a com¬ 
bination of bone scanning and 67 Ga scanning. These scans 
should give the earliest indication of possible infection but 
are not totally diagnostic, and other possibilities, including 
inflammatory processes and tumors, may give false-positive 
results. Blood cultures may be helpful if obtained during the 
initial febrile period of the illness. 

The treatment of discitis in children varies considerably. 
Some authors hâve suggested bed rest and immobilization, 
without antibiotics, whereas others hâve recommended 
organism-specific intravenous antibiotics and bed rest 
without immobilization until the child can walk and move 
around comfortably and then oral antibiotics for an additional 
period of time. Most patients are symptom free within several 
months. Spontaneous fusion occurs in about 25% of patients. 
Surgical procedures rarely are required, and persistent back 
pain rarely is a problem in children. Cast or brace immobili¬ 
zation has been recommended if pain or difficulty in walking 
persists; most frequently this is necessary in older children. 
Aggressive surgical treatment rarely is needed in children 
except in tuberculosis and other caseating diseases that hâve 
not responded well to antibiotics alone. 

Spécial situations involving patients with immune sup¬ 
pression, suspected drug use, tumorous conditions, or poor 
response to conservative treatment require more vigorous 
évaluation by needle aspiration biopsy for culture and sensi- 
tivity. CT-controlled percutaneous biopsy, with the patient 
under a light general anesthésia, makes this a relatively safe 
procedure with high rates of positive culture. Definitive 
diagnosis and organism-specific antibiotic treatment consti- 
tute a more efficient method of dealing with these difficult 
situations. 

In children younger than 6 years old, discitis may be viral 
in origin. Needle biopsy rarely is performed in these patients, 
and they may be the only group in whom careful monitoring 
without antibiotics is reasonable. 

■ EPIDURAL SPACE INFECTION 

Spinal épidural infections hâve a low reported incidence 
of 0.2 to 1.2 cases per 10,000 hospital admissions per year. 
The incidence of this infection is increased in immunosup- 
pressed patients. Morbidity and mortality are high with 
épidural infections. The causes of infection are the same as 
those for osteomyelitis and discitis: direct extension from 
infected adjacent structure, hematogenous spread, and 


iatrogénie inoculation. Epidural abscess usually spans three 
to five vertébral segments. Longitudinal and circumferential 
extension of épidural infections is believed to be limited by 
the spinal canal anatomy. Using cryomicrotome sectioning, 
Hogan showed that épidural contents are discontinuous cir- 
cumferentially and longitudinally. A spinal épidural abscess 
caused by direct extension from a vertébral osteomyelitis 
usually is on the ventral side of the canal anterior to the 
thécal sac. 

The clinical findings are similar to those of osteomyelitis, 
but with several distinct différences: (1) a more rapid devel¬ 
opment of neurologie symptoms (days instead of weeks); (2) 
a more acute febrile illness; and (3) signs of meningeal irrita¬ 
tion, including radicular pain with a positive straight-leg 
raising test and neck rigidity. The classic progression of the 
disease is generalized spinal ache, root pain, weakness, and 
finally paralysis, ail occurring within 7 to 10 days. Confirma- 
tory testing is similar to that for osteomyelitis. MRI is crucial 
to the détermination of associated osteomyelitis. There is 
controversy over the etiology of neurologie impairment. 
Some authors believe that it is the resuit of a vascular insult, 
whereas others support mechanical compression. 

Even before antibiotics the chance of complété recovery 
was reportedly better than 50% with early décompression 
(before the development of paralysis or within 36 hours of 
onset). Although progression of the process is slow enough 
to allow évaluation and préparation without endangering the 
patient, failure to provide prompt drainage can resuit in 
serious paralysis and possibly death. Compared with patients 
treated surgically, patients who hâve been treated with 
medical management hâve a higher failure rate with decreased 
motor function. A few authors hâve reported successful treat¬ 
ment without surgical drainage. For selected patients with an 
épidural abscess presenting with back pain alone or neuro¬ 
logie symptoms that hâve been stable for more than 72 hours 
this may be an option, but close clinical follow-up is neces¬ 
sary, and any détérioration of the patients neurologie status 
or development of systemic sepsis requires urgent surgical 
décompression. Independent predictors of failure of nonop- 
erative management of spinal épidural abscesses include âge 
over 65 years, diabètes, methicillin-resistant Staphylococcus 
aureus, and neurologie compromise. Nonoperative medical 
management demands close observation and more active 
intervention if necessary. Medical management should be 
avoided in patients with cervical spinal épidural abscess. A 
recent study from Alton et al. reported a 75% failure rate and 
unacceptably poor motor score outcomes with medical 
management of cervical spinal épidural abscess when com¬ 
pared with surgical management. They recommended that ail 
patients with cervical spinal épidural abscess hâve early 
décompression to optimize motor function. 

The primary methods of treatment are surgical drainage 
and appropriate antibiotic therapy. The method of surgical 
treatment requires an accurate assessment of the location of 
the abscess and the presence of an associated osteomyelitis. 
Acute or chronic isolated dorsal (posterior), latéral, and some 
ventral (anterior) infections are best treated with total lami- 
nectomy for drainage, with cio sure over drains or secondary 
closure at a later date. Epidural infections associated with 
osteomyelitis are best exposed by anterior or postérolatéral 
exposures that allow treatment of the osteomyelitis and the 
épidural infection. Laminectomy in patients with ventral 
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(anterior) osteomyelitis results in late deformity and collapse, 
so posterior instrumentation should be used. 

Other intraspinal infections include subdural abscess and 
spinal cord abscess. These infections are rare. Subdural 
abscesses progress at a slower pace than épidural abscesses 
and can be confused with tumors. Treatment requires 
durotomy without opening the arachnoid, thorough débridé- 
ment, and durai closure if possible. Spinal cord abscesses 
cause pronounced incontinence and long tract signs. They 
frequently are confused with intramedullary tumors and 
transverse myelitis. In both of these conditions, the bone scan 
is normal, but the 67 Ga scan should be positive. MRI, prefer- 
ably with gadolinium contrast, is extremely helpful in defining 
the extent of the abscess. Some spinal cord abscesses can be 
treated successfully with antibiotics alone. 

MRI also may be useful in determining the outcome of 
spinal épidural abscesses. Tung et al. noted that weakness at 
follow-up was associated with 50% or more narrowing of the 
central canal, peripheral contrast enhancement, and abnormal 
spinal cord signal intensity. Incomplète recovery was associ¬ 
ated with abscess size and the severity of canal narrowing. 

■ POSTOPERATIVE INFECTIONS 

Postoperative infections are usually pyogénie and occur 
shortly affer an operation. Préventive measures should be 
taken to decrease the risk of infection (Table 42-1). Patients 
with instrumentation hâve been found to hâve significantly 
higher ESR and CRP values than patients without instrumen¬ 
tation, but these parameters normally decrease affer surgery 
unless infection is présent. Patients with postoperative infec¬ 
tion usually hâve a renewed élévation of these parameters. 
Wound drainage was common and occurred at an average of 
15 days affer surgery; however, fever was uncommon. There 
usually is back pain and tenderness to palpation. 

The Spine Patient Outcome Research Trial study of 
lumbar degenerative conditions showed the overall incidence 
of infection to be 2% affer procedures for dise herniation, 
2.5% affer spinal sténo sis surgery, and 4% affer surgery for 
degenerative spondylolisthesis. Other studies hâve put the 
rate of infection affer ail spinal infections at 1.9% to 4.4%. 
Although this number is small, postoperative spinal infec¬ 
tions are costly, and more important, can hâve a significant 
effect on a patients clinical outcome. 

The mode of transmission of postoperative infections 
usually is by direct inoculation of the surgical site with skin 
flora at the time of surgery. There are multiple patient-related 
and procedure-related risk factors believed to increase the 
incidence of postoperative infections. Patient-related risk 
factors include âge over 65 years, obesity, chronic obstructive 
pulmonary disease, previous spinal surgery, hyperglycemia, 
diabètes, malnutrition, corticosteroid use, rheumatoid arthri- 
tis, coronary heart disease, and osteoporosis. Procedure- 
related risk factors associated with postoperative infection 
include duration of surgical procedure, number of people in 
the operating room, durai tear, blood loss, transfusion of 
packed red blood cells, retained wound drain, and 
instrumentation. 

Use of topical intrawound vancomycin powder has been 
shown in early studies to decrease the risk of surgical site 
infections. A recent meta-analysis showed that vancomycin 
powder is protective against surgical site infections. Edin 
et al. reported no signs of tissue toxicity with vancomycin use 


_ TABLE 42-1 _ 

Recommendations for Minimizing Spinal Wound 
Infections 


PREOPERATIVE RECOMMENDATIONS 

■ Whenever possible, identify and treat ail infections 
remote to the surgical site before the elective 
procedure. 

■ Postpone elective operations on patients with remote 
site infections until the infection has resolved. 

■ Do not remove hair preoperatively unless it will 
interfère with the operation. 

■ If hair is removed, remove immediately before the 
operation, preferably with electric clippers. 

■ Adequately control sérum blood glucose levels in ail 
diabetic patients and avoid hyperglycemia 
perioperatively. 

■ Encourage tobacco cessation; at a minimum, instruct 
patients to abstain for at least 30 days before elective 
operation from smoking cigarettes, cigars, or pipes or 
from any other form of tobacco consumption (e.g., 
chewing/dipping). 

OPERATING ROOM 

■ Prophylactic antibiotics should be given 30 minutes prior 
to the incision and redose after 3 to 4 hours or 1500 mL 
blood loss. 

■ Reduce traffic in and out of the operating room. 

■ Release soft-tissue retraction regularly. 

■ Irrigate regularly. 

■ Maintain strict aseptie techniques. 

■ Close and seal wounds. 

■ Maintain stérile dressings in the immédiate 
postoperative period unless the wound is chemically 
sealed. 

POSTOPERATIVE MANAGEMENT 

■ Concomitant infections (e.g., urinary tract infections, 
pneumonia) should be aggressively evaluated and 
treated. 

■ Stérile dressings should be maintained for 48 hours. 

■ Nutritional status of the patient should be carefully 
maintained, particularly during the postoperative 
period. 

From Singh K, Heller JG: Postoperative spinal infections, Contemp Spine Surg 

6:61,2005. 


and that it had little or no effect on osteoblasts at doses used 
in the surgical wound, which is usually 1 g. 

Surgical treatment consists of initial drainage and 
debridement with primary closure done in layers over a 
drain. The patient is started on broad-spectrum intravenous 
antibiotics until cultures yield a pathogen. Once the organism 
is obtained with sensitivities the antibiotic may be changed. 
The patient stays on intravenous antibiotics for 6 weeks, and 
if there is improvement, intravenous antibiotics will be 
switched to oral antibiotics for roughly another 4 weeks. It is 
important to consult an infectious disease specialist for these 
patients. Repeat irrigation and debridement of the wound 
with cultures and layered closure over drains is done at 
48-hour intervals until the wound is without necrotic tissue 
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and cultures and Gram stain are négative. Instrumentation is 
to be assessed at the time of debridement. Well-fixed implants 
should be left in place. Numerous authors hâve shown that 
infections can be treated without removal of the instrumenta¬ 
tion. Instrumentation is removed only when the fusion is 
solid or when fixation is lost. Bone graft pièces that are loose 
should be removed at the time of debridement. This is also 
our method of treatment of acute postoperative infections. 
Récalcitrant wounds may require négative pressure wound 
therapy, V-Y flaps, or free flaps when bone or implants are 
exposed. Recent literature has shown négative pressure 
wound therapy to be useful in treating postoperative spine 
infections. The technique involves packing a debrided wound 
with gauze or foam dressing. A drain is placed over the dress- 
ing, and then the wound is sealed with a drape. The end of 
the drain is attached to a vacuum to produce négative pres¬ 
sure. The dressing is changed sterilely every 2 to 3 days until 
wound can be closed. 

■ BRUCELLOSIS 

Brucellosis results in a noncaseating, acid-fast-negative 
granuloma caused by a gram-negative capnophilic coccoba- 
cillus. This infection occurs most frequently in individuals 
involved in animal husbandry and méat processing (workers 
in abattoirs). Pasteurization of milk and antibiotic treatment 
of animais hâve led to a significant decrease in the incidence 
of this disease. Symptoms include polyarthralgia, fever, 
malaise, night sweats, anorexia, and headache. Psoas abscesses 
are found in 12% of patients. Bone involvement, most fre¬ 
quently of the spine, occurs in 2% to 30% of patients. The 
lumbar spine is the most frequently involved spinal région. 

Radiographie changes of steplike érosions of the margin 
of the vertébral body require 2 months or more to develop. 
Disc space thinning and vertébral segment ankylosis by 
bridging are similar to changes in other forms of osteomyelitis 
(Fig. 42-2). CT and MRI may show soft-tissue involvement. 
Moehring noted that 67 Ga scanning is not helpful in sacroiliac 


infections. MRI may be helpful in the early identification of 
the disease but has not been reported for this spécifie infec¬ 
tion. The diagnosis usually is indicated by Brucella titers of 
1:80 or greater; confirmatory cultures also should be done, 
if possible, using spécial techniques. Treatment usually con- 
sists of antibiotic therapy for 4 months and close monitoring 
of the Brucella titers. Persistence of a titer of 1:160 or greater 
after 4 months of treatment may indicate récurrence or 
résistance of the infection. Indications for surgical treatment 
are the same as for tubercular spinal infections. Because of 
the indolent nature of this disease, it can be mistaken for a 
degenerative process. Nas et al. recommended 6 months of 
antibiotic therapy (rifampicin and doxycycline) with surgery 
for spinal cord compression, instability, or radiculopathy. 

■ FUNGAL INFECTIONS 

Fungal infections generally are noncaseating, acid-fast-nega- 
tive infections. They usually occur as opportunistic infections 
in immunocompromised patients. Difficulty in diagnosis 
often leads to delayed treatment. Symptoms usually develop 
slowly. Pain is less prominent as a physical symptom than in 
other forms of spinal osteomyelitis. Laboratory and radio¬ 
graphie findings are similar to those of pyogénie infections. 
Tubercular infection and tumors are the primary differential 
diagnoses. Direct culture by biopsy is the only method of 
absoluté détermination of the infecting organism. 

Aspergillus and cryptococcal infections are of spécial note 
with regard to spinal infections. Aspergillus is an opportunis¬ 
tic infecting agent in most reported cases. One study noted 
spinal involvement in 63% and another study noted a pré¬ 
dominant lumbar involvement and neurologie involvement 
in 30%. Pain, tenderness, and an elevated ESR and CRP are 
the most common symptoms, but white blood cell élévations 
are rare. The diagnosis requires biopsy. Most patients do not 
require further surgery. 

Cryptococcal infection is a less opportunistic but more 
prévalent fungal infection. These organisms are found in 



Brucellosis of lumbar spine. Note vertébral sclerosis, spondylolisthesis, steplike irregularity in anterior vertébral body, 
and anterior osteophytes. (From Lifeso RM, Harder E, McCorkell SJ: Spinal brucellosis, J Bone Joint Surg 67B:345, 1985.) 
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avian excreta and usually infect the human respiratory System. 
Spinal infection is rare and usually is associated with general- 
ized cryptococcal dissémination. The primary findings are 
pain, weakness, and a mildly elevated ESR and CRP. Radio - 
graphs show lytic lésions that on biopsy reveal non-acid-fast, 
caseating granulomas without pus. The indications for radical 
surgery are the same as for tuberculosis. 

■ TUBERCULOSIS 

Tuberculosis was previously the primary cause of infectious 
spondylitis. Before the advent of effective chemotherapy, time 
and surgery for paralysis were the only treatment options. 
Laminectomy initially was performed for paralysis, but the 
results were disappointing until Ménard accidentally opened 
an abscess and the patient improved. Many patients treated 
in this manner died as a resuit of a secondary bacterial infec¬ 
tion, and the practice was abandoned. Posterior spinal fusion, 
as described by Hibbs and Albee, was the preferred operation 
to prevent deformity and promote healing by internai immo- 
bilization. The first radical debridement and bone graffing 
procedure for abscess formation was reported in 1934. Affer 
the development of satisfactory chemotherapeutic agents, 
more aggressive surgery was attempted, including costotrans- 
versectomy with bone graffing and radical debridement with 
bone graffing as popularized by Hodgson. Tubercular bone 
and joint infections currently account for 2% to 3% of ail 
reported cases of M. tuberculosis. Spinal tubercular infections 
account for one third to one half of the bone and joint infec¬ 
tions. The thoracolumbar spine is the most commonly 
infected area. The incidence of infection seems to increase 
with âge, but males and females are almost equally infected. 

Pathologically, the infection is characterized by acid-fast- 
positive, caseating granulomas with or without pus. Tubercles 
composed of monocytes and epithelioid cells, forming minute 
masses with central caséation in the presence of Langerhans- 
type giant cells, are typical on microscopie examination. 
Abscesses expand, following the path of least résistance, and 
contain necrotic débris. Skin sinuses form, drain, and heal 
spontaneously. Bone reaction to the infection varies from 
intense reaction to no reaction. In the spine the infection 
spares the intervertébral dises and spreads beneath the ante- 
rior and posterior longitudinal ligaments. Epidural infection 
is more likely to resuit in permanent neurologie damage. 

Slowly progressive constitutional symptoms are prédomi¬ 
nant in the early stages of the disease, including weakness, 
malaise, night sweats, fever, and weight loss. Pain is a late 
symptom associated with bone collapse and paralysis. Cervical 
involvement can cause hoarseness because of récurrent laryn- 
geal nerve paralysis, dysphagia, and respiratory stridor (known 
as Miïlar asthma). These symptoms may resuit from anterior 
abscess formation in the neck. Sudden death has been reported 
with cervical disease affer érosion into the great vessels. Neu¬ 
rologie signs usually occur late and may wax and wane. Motor 
function and rectal tone are good prognostic predictors. 

Laboratory studies suggest chronic disease. Findings 
include anémia, hypoproteinemia, and mild élévation of ESR 
and CRP. Skin testing may be helpful but is not diagnostic. 
The test is contraindicated in patients with prior tuberculous 
infection because of the risk of skin slough from an intense 
reaction and is not useful in patients with suspected réactiva¬ 
tion of the disease. Early radiographie findings include a 
subtle decrease in one or more dise spaces and localized 


osteopenia. Later findings include vertébral collapse, called 
“concertina collapse” by Seddon because of its resemblance 
to an accordion. 

Definitive diagnosis dépends on culture of the organism 
and requires biopsy of the lésion. Percutaneous techniques 
with radiographie or CT control usually are adéquate. Percu¬ 
taneous thoracoscopie or laparoscopie biopsy is another 
reported option. Open biopsy may be required if needle 
biopsy is dangerous or nonproductive or if other open pro¬ 
cedures are required. 

Delayed diagnosis and missed diagnosis are common. 
Differential diagnoses include pyogénie and fungal infections, 
secondary metastatic disease, primary tumors of bone (e.g., 
osteosarcoma, chondrosarcoma, myeloma, éosinophilie 
granuloma, and aneurysmal bone cyst), sarcoidosis, giant cell 
tumors of bone, and bone deformities such as Scheuermann 
disease. 

i TREATMENT OF TUBERCULAR SPINAL INFECTION 

Definitive diagnosis by culture of a biopsy specimen is impor¬ 
tant because of the toxicity of the chemotherapeutic agents 
and the length of treatment required. If open biopsy is 
required, Hodgson et al. recommended definitive debride¬ 
ment, graffing, and arthrodesis at the same time. Their 
technique requires a more extensive excision of bone than 
that of Roaf et al., but their mortality was only 2.9%, and no 
deaths occurred in patients who had disease of limited extent 
or of short duration and who had no pulmonary involvement. 
No patient developed paraplegia affer surgery. Hodgson et al. 
advised this method for ail patients with early tuberculosis of 
the spine and proposed that it supplant conservative treat¬ 
ment in most patients. They operated on ail patients, even 
patients in whom the disease was far advanced, and of the 
first 100 patients observed for 2 to 4 years, 93 had solid 
arthrodèses consisting of an uninterrupted bridge of mature 
bone and healing of the tuberculous focus. Yilmaz et al. 
concluded that anterior debridement, graffing, and anterior 
instrumentation was more effective than posterior instru¬ 
mentation for stabilization and réduction of deformity. 

Nonoperative and operative methods were extensively 
evaluated by the Medical Resource Council Working Party. 
Their reports indicated better results with regard to deformity, 
récurrence, development of paralysis, and resolution when 
radical surgery is performed with chemotherapeutic cover- 
age. The resolution of paraplegia did not dépend on surgical 
intervention. Long-term bed rest, with or without cast immo- 
bilization, was ineffective. If the facilities for radical surgery 
are unavailable, ambulatory chemotherapy is the treatment of 
choice. Their report identified the 6-month use of isoniazid 
with ethambutol or isoniazid withp-aminosalicylic acid to be 
inferior to isoniazid with rifampicin. They also stressed the 
use of adéquate patient supervision for a successful resuit. 
Similar results hâve since been reported. 

The indications for surgery in the absence of neurologie 
symptoms vary widely. Involvement of more than one verte- 
bra significantly increases the risk of kyphosis and collapse. 
Open biopsy for diagnosis, debridement, and graffing with or 
without anterior instrumentation may offer the most direct 
approach in these patients. Résistance to chemotherapy and 
récurrence of the disease are other indications for radical 
surgical treatments as are severe kyphosis with active disease, 
signs and symptoms of cord compression, progressive 
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impairment of pulmonary function, and progression of the 
kyphotic deformity. Primary contraindications to surgery are 
cardiac and respiratory failure. 

Posterior fusion, with or without spinal instrumentation, 
is indicated after anterior décompression and grafting to 
prevent late collapse and stress fracture of the graft if more 
than two vertebrae are involved and if anterior instrumenta¬ 
tion is not used. Posterior fusion alone rarely is indicated at 
this time. High incidences of failure and late progression of 
kyphotic deformity, with or without fatigue fracture of the 
fusion, hâve followed posterior fusion alone. Tricortical iliac 
crest is the preferred bone graft material for ail levels, pro- 
vided that it is long enough. If the ribs are strong, autogenous 
rib grafts can be used in the thoracic région, although fre¬ 
quent failure with the use of ribs as grafts has been reported. 
Fibular or humerai grafts may be required if the area of 
debridement is extensive and the available iliac crest graft is 
too short or if the ribs are not strong enough. The incidence 
of late stress fracture increases with the use of fibular or rib 
grafts (Table 42-2). External immobilization is mandatory 
whenever debridement and grafting are performed. Halo 
(vest, cast, or pelvic) immobilization for 3 months is used 
after cervical and cervicothoracic procedures. Removable or 
nonremovable thoracolumbar immobilization is used after 
thoracic and thoracolumbar procedures until the grafts hâve 
completely healed (9 to 12 months). Lumbosacropelvic 
immobilization is used after low lumbar procedures and 
should be from the hip to the knee of at least one leg for 6 to 
8 weeks, followed by thoracolumbosacral immobilization 
until the graft has healed and the infection has resolved. 

Cervical tuberculosis is a rare disease with a high com¬ 
plication rate. Hsu and Leong reported a 42.5% spinal cord 
compression rate in 40 patients. Children younger than 10 
years old were more likely to develop abscesses, whereas older 


children were more likely to develop paraplegia. Drainage 
and chemotherapy were adéquate for the younger children. 
For older patients, these researchers recommended radical 
anterior debridement and strut grafting followed by chemo¬ 
therapy. Cervical laminectomy resulted in increased kyphosis, 
subluxation, and neurologie déficits. Posterior cervical fusion 
resulted in persistent pain, kyphosis, and neurologie déficits 
that required anterior debridement and strut grafting. Sub- 
luxation was treated with skull traction for réduction, fol¬ 
lowed by anterior décompression and strut grafting. 

Lifeso recommended various treatments for three differ¬ 
ent stages of Cl-2 tubercular infection. Stage 1 infections 
involve minimal bone and ligamentous destruction. Surgical 
treatment consists of transoral biopsy, décompression, and 
immobilization in an orthosis. Stage 2 infections involve liga¬ 
mentous destruction, minimal bone loss, and anterior dis¬ 
placement of Cl on C2. The suggested treatment is transoral 
biopsy and décompression, followed by réduction with halo 
traction and later Cl-2 posterior fusion. Stage 3 infections 
exhibit marked ligamentous and bone destruction with Cl-2 
displacement. The suggested treatment is transoral biopsy 
and décompression, followed by réduction with halo traction 
and later occiput to C3 posterior fusion. 

The thoracic and lumbar spines are more commonly 
involved with tubercular infection. Rajasekaran and Shan- 
mugasundaram compared the development of kyphosis with 
the degree of collapse at the time of présentation of tubercular 
disease and the institution of antibiotic treatment. They 
developed a formula to predict the degree of final gibbus 
deformity that was 90% accurate: y - a + bx where y is the 
measurement of the final angle of gibbus deformity, x is the 
initial loss of vertébral body, and a and b are constants 5.5 
and 30.5, respectively. Initial vertébral loss was determined 
by dividing the vertebra into tenths for each involved vertebra 


TABLE 42-2 


Analysis of Results in 

Relation to Type of Graft 






TYPE OF GRAFT 

NO. 

NO. 

FOLLOW-UP 

NONUNION 

OR 

INCOMPLETE 

FUSION 

BODY FUSION 

AVERAGE 

TIME TO 
FUSION (mo) 

FINAL KYPHOSIS 

INCREASED 

(AND 

DECREASED STATIC AVERAGE) 

Autologous rib 

63 

8 

21 

34 (62%) 

24 

1 

30 

24 (13 
degrees) 

Autologous 
ilium (sériés 1)* 

23 

— 

6 

17 (74%) 

14 

1 

21 

1 (nil) 

Autologous 
ilium (sériés II)* 

18 

— 

1 

17 (94.5%) 

10 

2 

11 

5(7 

degrees) 

Homologous rib 

1 

— 

— 

1 

24 

— 

1 

— 

Homologous 

tibia 

7 

— 

2 

5 (71%) 

28 

— 

5 

2 

Heterologous 

5 

— 

1 

4 (80%) 

18.5 

— 

3 

2 

Kiel bonet 

4 








Heterologous 

Kiel bonet ilium 

1 









From Kemp HBS, Jackson JW, Jeremiah JD, et al: Anterior fusion of the spine for infective lésions in adults, J Bone Joint Surg 55B:715,1973. 

*Autologous ilium: Sériés I dénotés full-thickness ilium used as an inlay graft. Sériés II dénotés full-thickness ilium Crossing the coronal diameters of the affected 
vertebrae. The différence between the rate of fusion for autologous rib and autologous ilium was statistically significant (p < 0.001). 

+ Kiel bone = bovine bone. 
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Vertébral loss 

D8: 0.5 
D9: 0.7 




Line diagram showing method of assessment of 
loss of vertébral body. 


(Fig. 42-3). According to the diagram the height loss of D8 is 
0.5 and the height loss of D9 is 0.7, making the total vertébral 
height loss 1.2. Using the formula, the predicted degree of 
final kyphosis would be; 5.5 + 30.5 (1.2), whichis 42.1 degrees. 
These researchers suggested that this formula can be used to 
identify patients most likely to develop significant kyphosis. 

I POTT PARAPLEGIA 

The development of neurologie déficit is a strong indication 
for surgical treatment. Most patients with Pott paralysis 
recover. Paralysis caused by vascular embarrassment, pénétra¬ 
tion of the dura by the infection, and transection of the cord 
by a bony ridge portend a poorer prognosis. Paralysis persist- 
ing longer than 6 months was unlikely to improve. 

Hodgson et al. (1964) described two basic groups: group 
A, paraplegia with active diseuse , which included subtypes 1 
(external pressure on the cord) and 2 (pénétration of the dura 
by infection) and group B, paraplegia ofhealed disease, which 
included subtypes 1 (transection of the cord by a bony ridge) 
and 2 (constriction of the cord by granulation and fibrous 
tissue). They recommended early surgery to prevent the 
development of durai invasion by the infection, which results 
in irréversible paralysis. A thorough preoperative examina¬ 
tion, using MRI and CT of the involved segment, allows a 
complété évaluation of the extent of the disease and the 
development of a satisfactory approach for complété debride- 
ment and graffing. Late paralysis with inactive disease and 
significant kyphosis is much less responsive to treatment. 

1 ATYPICAL TUBERCULAR INFECTIONS 

Reports of atypical tubercular infections are limited to iso- 
lated case reports, usually in individuals who are elderly or 
immunocompromised by disease or médication. These atypi¬ 
cal infections require much more aggressive surgical inter¬ 
vention because of the lack of antibiotic sensitivity and the 
risk of progression with standard tubercular therapy. The 
clinical manifestations and aggressive surgical treatment of 
atypical tubercular spinal infections and mycobacterial infec¬ 
tions are similar. 


ABSCESS DRAINAGE BY ANATOMIC LEVEL 

Any abscess cavity around the spine and pelvis can be drained 
as summarized in the following techniques. 

■ CERVICAL SPINE 

If the cervical spine is involved, the abscess may be présent 
retropharyngeally in the posterior triangle of the neck or 
supraclavicular area or the tuberculous détritus may gravitate 
downward under the prevertebral fascia to form a médiastinal 
abscess. 


DRAINAGE OF A RETROPHARYNGEAL 
ABSCESS 

Drainage of a retropharyngeal abscess through an incision 
in the posterior wall of the pharynx is warrantée! only in an 
emergency, as indicated by cyanosis and respiratory diffi¬ 
culté Usually drainage should be through an extraoral 
approach (Fig. 42-4). 


TECHNIQUE 42-1 


■ Make a 7.5-cm incision along the posterior border of the 
sternocleidomastoid muscle at the junction of its middle 
and upper thirds. 

■ Incise the superficial layer of cervical fascia and protect 
the spinal accessory nerve that pierces the sternocleido¬ 
mastoid muscle and runs obliquely across the posterior 
triangle. 

■ Retract the sternocleidomastoid muscle medially, or divide 
it transversely. 

■ Using blunt dissection, expose the levator scapulae and 
splenius muscles, displace the internai jugular vein ante- 
riorly, and palpate the abscess in front of the transverse 
processes and bodies of the vertebrae. 

■ Puncture the abscess wall with a hemostat, enlarge the 
opening, and gently but thoroughly evacuate the abscess. 

■ If the abscess is unusually large and symptoms are severe, 
do not close the wound; if the abscess is not large and 
symptoms are not severe, close the wound in layers. 

■ A tracheostomy set should be available in case the patient 
develops respiratory difficulty from edema of the larynx 
or in case the abscess ruptures into the pharynx. 


DRAINAGE OF AN ABSCESS OF THE 
POSTERIOR TRIANGLE OF THE NECK 


TECHNIQUE 42-2 


■ Incise the skin and superficial fascia obliquely for 6.3 cm 
along the posterior border of the sternocleidomastoid 
muscle. 

■ Retract this muscle medially, but carefully protect the 
superficial nerves and external jugular vein. 
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Splenius capitis muscle 
Sternocleidomastoid muscle 
Levator scapulae muscle 
Trapezius muscle 


Scalenus muscles 
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médius 
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Omohyoid muscle 
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Common 
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FIGURE 


TECHNIQUE 42-1. 


Drainage of tuberculous abscess of cervical spine. The green line indicates incision for extraoral approach. SEE 


■ Identify the scaleni muscles without injuring the phrenic 
nerve. 

■ Locate and divide the line of cleavage between the sca¬ 
lenus anterior and longus colli muscles by blunt dissection 
obliquely inward to the abscess beneath the paravertebral 
fascia. 

■ Evacuate the cavity and close the wound. 


ALTERNATIVE APPROACH FOR 
DRAINAGE OF A RETROPHARYNGEAL 
ABSCESS 

Expose the anterior aspect of the cervical vertebrae as for 
standard anterior dise excision. This technique allows 
exposure from C2 to C7. A transverse incision is possible 
if only two or three vertebrae are involved. A longitudinal 
incision is made along the médial border of the sterno¬ 
cleidomastoid muscle if longer exposure is necessary. 


TECHNIQUE 42-3 


■ Place the patient supine on the operating table with 
endotrachéal anesthésia administered through a noncol- 
lapsible tube. Place the head turned to the right 10 to 20 
degrees. The insertion of a small nasogastric tube may 
facilitate the positive identification of the esophagus. 


■ Place a small roll between the scapulas; the shoulders can 
be pulled downward with tape to allow easy radiography. 

■ Slightly extend the neck over a small roll placed beneath 
it. Place a head halter on the mandible and occiput and 
apply several pounds of traction. 

■ Préparé and drape the area from the mandible to the 
upper chest. It may be necessary to suture the initial 
drapes in place. 

■ Undermine the subeutaneous tissue above and below 
and divide the platysma muscle longitudinally in the direc¬ 
tion of its fibers. 

■ Open the cervical fascia along the anteromedial border 
of the sternocleidomastoid muscle. 

■ Develop a plane between the sternocleidomastoid later- 
ally and the omohyoid and sternohyoid medially. 

■ Palpate the carotid artery in this plane and gently retract 
it laterally with a finger. 

■ With combined blunt and sharp dissection, develop a 
relatively avascular plane between the carotid sheath 
laterally and the thyroid, trachea, and esophagus 
medially. 

■ Insert handheld retractors initially. 

■ Identify the esophagus by palpation of the nasogastric 
tube. 

■ Dissect free the filmy connective tissue on the postérolat¬ 
éral aspect of the esophagus along the entire exposed 
wound to prevent ballooning of the esophagus above 
and below the retractor. 

■ Expose the prevertebral fascia and open the abscess 
cavity. 
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■ Insert a hypodermic needle into this material and obtain 
a latéral radiograph to confirm the proper level. 

■ Drain the wound in a standard fashion. 

■ Do not close the neck fascia, but let it fall together. The 
skin can be loosely closed or left open for delayed closure. 


■ DORSAL SPINE 


COSTOTRANSVERSECTOMY FOR 
DRAINAGE OF DORSAL SPINE 
ABSCESS 

Most abscesses caused by disease of the dorsal spine can 
be evacuated by costotransversectomy (Fig. 42-5). This 
procedure, originally performed by Haidenhaim, was 
described by Ménard in 1894. 


TECHNIQUE 42-4 


■ Make a midline incision overthree spinous processes. Reflect 
the periosteum and soft tissues laterally from the spinous 
processes and laminae on the side containing the abscess. 

■ Expose fully the middle transverse process and resect it at 
its base. 

■ After reflecting the periosteum from the contiguous rib, 
resect its médial end by division 5 cm from the tip of the 
transverse process. 

■ Bevel the end of the rib; avoid puncturing the pleura. 

■ Open the abscess by blunt dissection close to the vertébral 
body. The opening should be large enough to permit 
thorough exploration of the cavity and removal of ail 
débris. If resection of more than one rib is necessary, 
enlarge the initial incision accordingly. 



Lung 

Seventh dorsal 
verte b ra 

Abscess 


Aorta 


Esophagus 


Costotransversectomy to 
abscess of dorsal spine. SEE TECHNIQUE 42-4. 


drain tuberculous 


■ After resecting the ribs, doubly ligate and divide the 
intervening neurovascular bundle. 

■ Close the wound in layers. 


ALTERNATIVE 

COSTOTRANSVERSECTOMY FOR 
DRAINAGE OF DORSAL SPINE 
ABSCESS 


TECHNIQUE 42-5 


(SEDDON) 

■ Begin a semicircular skin incision in the midline about 
10 cm proximal to the apex of the kyphos, curve it distally 
and laterally to a point 10 cm from the midline at this 
apex, and continue distally and medially to the midline at 
a point 10 cm distal to the apex (Fig. 42-6). 

■ If the infection is pyogénie without a kyphosis, a midline 
incision can be used. 

■ Elevate the skin flap and retract it medially. 

■Cut the superficial muscles and turn them in whatever 
direction is appropriate for the particular level. 

■ Divide the erector spinae muscles transversely opposite 
the apex of the deformity. 

■ Using diathermy dissection, expose the médial 8.3 cm of 
not less than three ribs, the corresponding transverse 
processes, and the latéral third of the laminae (Fig. 42-7). 

■ Resect the rib that radiographs show to be level with the 
widest bulge of the abscess as follows. 

■ After dividing the costotransverse ligaments, remove the 
transverse process in one piece with large bone-cutting 
forceps. 

■ Using subperiosteal dissection, expose the rib, being 
careful not to perforate the pleura. If such a perforation 
occurs, place a small swab over it and try to close it as 
soon as the rib has been removed. The use of a Carlen 
tube allows déflation of the lung. 

■ Transect the rib at a point not less than 6.8 cm (in adults) 
latéral to the costotransverse joint. 

■ Use a curved gouge to free the médial end of the rib, 
pushing the gouge gently anteriorly and medially until it 
strikes the head of the rib or the vertébral column. 



Incision for costotransversectomy or antérolat¬ 
éral décompression. SEE TECHNIQUE 42-5. 
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Exposure of ribs and resection of transverse 
processes. SEE TECHNIQUE 42-5. 


9 " Gently rotate the médial end of the rib and use the gouge 
to divide any remaining attachment. 

■ If the operation is successful, pus pours out of the hole; 

remove it immediately with suction. 

■ Explore the abscess with a finger, reaching the vertébral 
bodies, opening small cavities, and dislodging necrotic 
material. 

■ If the abscess is unusually large, remove a second trans¬ 
verse process and rib for more exposure. 

■ Remove the tuberculous material from the abscess cavity 
and superficial tissues. 

■ After dusting the wound and the cavity with streptomycin 
powder, close the muscles and skin without a drain. 


■ LUMBAR SPINE 


DRAINAGE OF PARAVERTEBRAL 
ABSCESS 


TECHNIQUE 42-6 


■ Make a 7.5- to 10-cm longitudinal incision 5 to 7.5 cm 
latéral to the midline parallel to the spinous processes. 

■ Divide the lumbodorsal fascia in line with the incision and 
pass a hemostat bluntly around the latéral and anterior 
borders of the erector spinae muscles to the transverse 
processes (Fig. 42-8). 

■ Usually the abscess is encountered immediately; if it is 
not, puncture the layer of lumbodorsal fascia that sépa¬ 
râtes the quadratus lumborum muscle from the erector 
spinae group and force the hemostat along the anterior 
border of the transverse processes. 

■ After thorough évacuation of the abscess, close the inci¬ 
sion in layers. 



FIGURE 


Drainage of paravertebral abscess. SEE TECH¬ 


NIQUE 42-6. 


■ PELVIS 

I PSOAS ABSCESS 

Psoas abscesses are entirely extraperitoneal and follow the 
course of the iliopsoas muscle. Drainage can be done poste- 
riorly through the Petit triangle, by a latéral incision along 
the crest of the ilium, or anteriorly under the Poupart liga¬ 
ment, depending on the size of the abscess and the area in 
which it appears. Occasionally, an abscess burrows beneath 
the Poupart ligament and is seen subcutaneously in the 
proximal third of the thigh in the adductor région (Fig. 42-9). 


DRAINAGE THROUGH THE PETIT 
TRIANGLE 

The sides of the Petit triangle are formed by the latéral 
margin of the latissimus dorsi muscle and the médial border 
of the obliquus externus abdominis muscle and its base by 
the crest of the ilium. The floor of the triangle is the 
obliquus internus abdominis muscle. 


TECHNIQUE 42-7 


■ Make a 7.5-cm incision 2.5 cm proximal to and parallel 
with the posterior crest of the ilium, beginning latéral to 
the erector spinae group of muscles (Fig. 42-10). 
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Drainage of psoas abscess. Hemostat in adduc- 
tor région is pointed toward inferior edge of acetabulum; abscess 
usually is located nearer junction of fémoral head and neck. 



FIGURE 


Drainage of pelvic abscess through Petit trian¬ 


gle. SEE TECHNIQUE 42-7. 


■ After exposure of the Petit triangle, bluntly dissect through 
the obliquus internus abdominis muscle directly into the 
abscess. 

■ After thorough évacuation of the abscess, close the inci¬ 
sion in layers. 


POSTOPERATIVE CARE. Because flexion contracture of 
the hip usually accompanies a psoas abscess, Buck trac¬ 
tion should be used to correct the deformity and relax the 
spastic muscles until the hip is fully extended. 


DRAINAGE BY LATERAL INCISION 


TECHNIQUE 42-8 


■ Make a 10-cm incision along the middle third of the crest 
of the ilium and free the attachments of the internai and 
external obliquus abdominis muscles. 

■ With a hemostat, puncture the abscess, which can be 
palpated as a fluctuant extraperitoneal mass on the inner 
surface of the wing of the ilium. 

■ Avoid rupture of the peritoneum. 


DRAINAGE BY ANTERIOR INCISION 


TECHNIQUE 42-9 


■ Begin a longitudinal skin incision at the anterior superior 
spine and continue it distally for 5 to 7.5 cm on the 
anterior aspect of the thigh. 

■ Identify the sartorius muscle and carry the dissection deep 
to its médial border to the level of the anterior inferior 
spine. Protect the fémoral nerve, which liesjust médial to 
this area. 

■ Insert a long hemostat along the médial surface of the 
wing of the ilium under the Poupart ligament and punc¬ 
ture the abscess. 

■Separate the blades of the hemostat to enlarge the 
opening and permit complété évacuation. 

■ Close the incision in layers. 


Drainage by Ludlofî Incision. When a psoas abscess 
points subcutaneously in the adductor région of the thigh, 
drainage is accomplished by a Ludloff incision, as described 
in Chapter 1. 

Weinberg described a method of excising a psoas abscess 
when simpler treatment has failed or is likely to fail because 
of the size of the abscess, its chronicity, or involvement with 
mixed bacterial infection. He removed the abscess and any 
bony or cartilaginous séquestra lodged in the tract or in the 
diseased vertebrae. 


COCCYGECTOMY FOR DRAINAGE OF 
A PELVIC ABSCESS 

Lougheed and White noted that when tuberculosis involves 
the lower lumbar and lumbosacral areas, soft-tissue 
abscesses may gravitate into the pelvis, forming a large 
abscess anterior to the sacrum. These soft-tissue abscesses 
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may point to the skin on the anterior surface of the thigh 
or above the iliac crest, but drainage at these sites alone is 
insufficient, resulting only in a chronically draining sinus 
despite antibacterial therapy. The pelvic abscess usually can 
be seen radiographically by rétrogradé injection of an 
opaque contrast medium. Lougheed and White devised a 
method of establishing dépendent drainage posteriorly by 
coccygectomy. Their results in treatment of 10 patients by 
this method were uniformly good. The wound usually 
healed within 6 to 8 weeks, and the spinal lésions ail 
became inactive. 


TECHNIQUE 42-10 


(LOUGHEED AND WHITE) 

■ Make a 15-cm elliptical incision over the coccyx, removing 
a strip of skin. 

■ After freeing the coccyx from soft tissues, disarticulate it 
from the sacrum. 

■ With careful hemostasis, carry the dissection upward, 
staying close to the sacrum until the resulting pyramidal 
tunnel communicates with the abscess cavity. 

■ After evacuating the purulent matter, insert an irrigating 
cathéter to the top of the cavity and pack the wound 
with iodoform gauze. 

POSTOPERATIVE CARE. For 2 to 3 weeks, the wound 
is irrigated through the cathéter several times daily with 
a solution of streptomycin. The packing is changed at 
intervals until the wound has healed by granulation tissue 
from within. 


OPERATIVE TECHNIQUES 


RADICAL DEBRIDEMENT AND 
ARTHRODESIS 


TECHNIQUE 42-11 


(HODGSON ETAL) 

■Approach the upper cervical area (Cl and C2) through 
the transoral or transthyrohyoid approach. In either 
approach, perform a tracheostomy before operation. 
Hâve the anesthésia given through the tracheostomy 
opening, leaving the pharynx free of endotrachéal tubing 
that would obstruct the view. 

■ For the transoral approach, place the head in hyperexten¬ 
sion and pack the hypopharynx. 

■ Turn back the soft palate on itself and anchor it with stay 
sutures, exposing the nasopharynx. 

■ In the posterior pharyngeal wall, make a midline incision 
5 cm long with its center one fingerbreadth inferior to 
the anterior tubercle of the atlas, which is palpable (Fig. 
42-1 IA). Carry the incision down to bone. 

■ Strip the posterior pharyngeal wall subperiosteally as far 
laterally as the latéral margin of the latéral masses of the 
atlas and the axis. 


■ Retract the raised soft-tissue flaps with long stay sutures 
(Fig. 42-11 B) and control any oozing of blood by packing. 
The anterior arch of the atlas, the body of the axis, and 
the atlantoaxial joints on either side now are exposed. 

■ For the transthyrohyoid approach, make a collar incision 
along the uppermost crease of the neck between the 
hyoid bone and the thyroid cartilage extending as far 
laterally as the carotid sheaths (Fig. 42-12A). 

■ Divide the sternohyoid and thyrohyoid muscles, exposing 
the thyrohyoid membrane. Detach this membrane as near 
to the hyoid bone as possible to avoid damaging the 
internai laryngeal nerve and the superior laryngeal vessels 
that pierce it from the side nearer to its inferior attach- 
ment (Fig. 42-12B). 

■ Enter the hypopharynx by cutting into the exposed 
mucous membrane from the side to avoid damaging the 
epiglottis. 

■ Expose the posterior pharyngeal wall by retracting the 
hyoid bone and the epiglottis; make a midline incision in 
it down to bone (Fig. 42-12C). 

■ Raise subperiosteally soft-tissue flaps on either side and 
retract them to expose the bodies of C2, C3, and C4 (Fig. 
42-12D). 

■ As an alternative, approach the upper cervical vertebrae 
(anterior base of the skull and Cl-4) through a transmaxil- 
lary approach (see Chapter 37). 

■ Approach the lower cervical vertebrae (C3-C7) through a 
collar incision or one along the anterior or posterior 
border of the sternocleidomastoid muscle (see Chapter 
37). Incise the abscess longitudinally, exposing the spine. 

■ Approach the lower cervical and upper thoracic vertebrae 
(C7-T3) on the side with the larger abscess through a 
periscapular incision similar to that used for a first-stage 
thoracoplasty. 

■ Elevate the scapula with a mechanical retractor and resect 
the third rib. 

■ The pleura usually is opened, but if it is adhèrent, or if 
for other reasons it is necessary, make an extrapleural 
approach. Divide the superior intercostal artery at its 
origin, along with the accompanying vein. 

■Approach the midthoracic vertebrae (T4-T11) usually 
from the left side. 

■ Select the rib that in the midaxillary line lies opposite the 
maximal convexity of the kyphos. It usually is two ribs 
superior to the center of the vertébral focus. 

■ Make an incision along this rib, resect it, and do a stan¬ 
dard thoracotomy. The abscess usually is seen immediately, 
or there may be adhesions between it and the adjacent 
lung. 

■ Mobilize the lung and push it anteriorly. 

■ Make a longitudinal incision in the pleura close to the 
aorta in the groove between the aorta and the abscess. 

■ Displace the aorta anteriorly and medially, revealing the 
intercostal vessels; secure and divide these for the entire 
length of the abscess cavity. 

■ Divide also the éléments of the splanchnic nerves. 

■ Displace the aorta anteriorly away from the spine and 
palpate the abscess across the anterior aspects of the 
vertebrae. 

■ Make a T-shaped incision through the abscess wall: The 
first incision is transverse and opposite the center of the 
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Transoral approach to upper cervical area. A f Incision in posterior pharyngeal wall. 7, Uvula; 2, soft palate; 3, incision 
in posterior pharyngeal wall; 4, tongue. B f Atlas and axis exposed. 7, Atlas; 2, odontoid process; 3, axis; 4, uvula; 5, edge of posterior 
pharyngeal wall retracted. SEE TECHNIQUE 42-11. 




Transthyrohyoid approach to upper cervical area. A f Skin incision. 7, Sternocleidomastoid muscle; 2, hyoid bone; 3, 
skin incision; 4, thyroid cartilage. B f Incision in thyrohyoid membrane. 7, Cut ends of sternohyoid and thyrohyoid muscles; 2, omohyoid 
muscle; 3, thyrohyoid membrane; 4, incision in thyrohyoid membrane; 5, epiglottis; 6, internai laryngeal nerve and superior laryngeal 
artery; 7, thyroid cartilage. C f Incision in posterior pharyngeal wall. 7, Omohyoid muscle; 2, cut ends of sternohyoid and thyrohyoid 
muscles; 3, incision; 4, posterior pharyngeal wall; 5> cut edges of thyrohyoid membrane and hypopharyngeal mucosa. D f Vertébral 
bodies exposed. 7, Cut edges of thyrohyoid membrane and hypopharyngeal mucosa; 2, retracted edge of posterior pharyngeal wall; 
3, bodies of C2, C3, and C4 are exposed. SEE TECHNIQUE 42-11. 
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FIGURE 


Abscess opened with T-shaped incision through 


its wall. SEE TECHNIQUE 42-11. 


disease process, and the second is longitudinal and médial 
to the distally placed ligatures on the intercostal vessels. 

■ Raise the two triangular flaps, revealing the diseased area, 
including the inside of the abscess cavity (Fig. 42-13). 

■ Approach the thoracolumbar area (T12-L2) through an 
incision along the left 11 th rib. Keep the dissection 
extrapleural and rétropéritonéal and separate the dia- 
phragm from the spine. 

■ Divide the psoas muscle transversely and turn it distally. 

■ Ligate the lumbar arteries and veins, as just described for 
the intercostals, and proceed with the approach as for 
the middorsal area. 

■ Expose the lower lumbar vertebrae (L3 and L4) through 
a rénal approach, using a left 12th rib incision. 

■ The psoas muscle usually is divided transversely at a more 
distal level, often going through an ill-defined abscess 
between the muscle fibers. Avoid the trunks of the 
lumbar plexus posterior to the muscle. 

■ Expose the fifth lumbar and first sacral vertebrae through 
an extraperitoneal approach. Start the incision in the 
midline midway between the symphysis pubis and the 
umbilicus and carry it to the left in a lazy-S fashion to a 
point midway between the iliac crest and the lowest rib 
in the flank (Fig. 42-14A). 

■ Divide the skin, superficial fascia, and deep fascia in line 
with the incision. Divide the obliquus internus abdominis 
muscle in the same line but across its fibers. Divide also 
the transversus abdominis muscle and fascia in the same 
line. 

■ Expose and dissect the peritoneum from the latéral wall 
of the abdomen, the left psoas muscle, and the lower 
lumbar spine. If the bifurcation of the aorta is high, the 
easiest approach to the lumbosacral région is between 
the common iliac vessels. The only vessels encountered 
are the middle sacral artery and vein; cauterize and divide 
these (Fig. 42-14B). 


■ Retract or divide any fibers of the presacral plexus as 
necessary. 

■ If the bifurcation of the aorta is low, make the approach 
latéral to the aorta, the vena cava, and the common iliac 
vessels. Ligate and divide the iliolumbar and ascending 
lumbar veins to mobilize the left common iliac vein ade- 
quately (Fig. 42-14C and D). If necessary, ligate and divide 
the fifth lumbar artery and vein and, if a higher approach 
is required, the fourth lumbar artery and vein as well. 
Displace the large vessels to the right side and protect 
them with retractors. 

EXCISION OF DISEASED TISSUE AND ANTERIOR 
ARTHRODESIS 

■The technique of excision of the diseased tissue and of 
anterior arthrodesis is about the same at ail levels of the 
spine. 

■ Remove débris, pus, and sequestrated bone or dise by 
suction or with a pituitary rongeur. If possible, pass the 
suction device anterior to or between diseased vertebrae 
into the abscess cavity on the opposite side and evacuate 
ail material. 

■ Remove with an osteotome, rongeur, or chisel ail diseased 
bone, soft and sclerotic, exposing the spinal canal for the 
whole length of the disease. 

■ Remove with a knife or rongeur the posterior common 
ligament and tuberculous granulation and fibrous tissue, 
exposing the dura. 

■ Excise the entire vertébral body affected by the disease 
because collections of pus or sequestrated bone or dise 
material often are found in the spinal canal posterior to 
apparently normal posterior parts of diseased bodies. If 
there is a definite indication, open the dura for inspection 
of the cord. 

■ Remove the dise at each end of the cavity, exposing 
normal bleeding bone (Fig. 42-15A). 

■ Partially correct the kyphosis by direct pressure posteriorly 
on the spine. 

■ After cutting a mortise in the vertebrae at each end, insert 
one or more strut grafts of the correct length, keeping 
the vertebrae sprung apart (Fig. 42-15B). 

■ For the dorsal area, fashion the grafts from the rib 
removed during thoracotomy (Fig. 42-16); bone bank 
grafts may be added. For the cervical area, obtain the 
grafts from the bone bank or from the iliac crest. For the 
lumbar area, take a massive graft from the iliac crest (Figs. 
42-17 and 42-18). 

■ Put streptomycin and isoniazid into the cavity before 
closure. After thoracotomy, close the chest in the usual 
way and maintain suction drainage of the pleural space 
for 2 or 3 days. 

POSTOPERATIVE CARE. The patient is placed in a 
plaster cast consisting of anterior and posterior shells and 
remains there until the spine is judged to hâve united 
clinically. The time of immobilization after surgery aver¬ 
ages about 3 months. Mobilization is started gradually 
and is continued for 6 to 8 weeks; the patient is carefully 
watched for increasing kyphosis or other signs of disease 
activity. 
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A f Extraperitoneal approach to fifth lumbar and first sacral vertebrae (see text). Inset, Skin incision. B f In high bifurca¬ 
tion of aorta, middle sacral artery and vein are cauterized and divided. In low bifurcation of aorta, iliolumbar and ascending lumbar 
veins are cauterized and divided. C f Exposed vertebrae are crossed by ascending lumbar vein. D f Ascending lumbar vein is ligated and 
divided. SEE TECHNIQUE 42-11. 


DORSOLATERAL APPROACH 


TECHNIQUE 42-12 


(ROAF ET AL.) 

■ Expose the dorsal spine through a dorsolateral approach. 
Maintain careful hemostasis throughout. 

■ Select the side with the larger abscess shadow or, in the 
absence of an abscess, use the left side; make a curved 
incision. Begin posteriorly 3.8 cm from the midline and 
7.5 cm proximal to the center of the lésion and curve 
distally and laterally to a point 12.5 cm from the midline 
at the center of the lésion; continue medially and distally, 


ending 3.8 cm from the midline and 7.5 cm distal to the 
center of the lésion (Fig. 42-19). 

■ Divide the superficial and deep fascia and the underlying 
muscles down to the ribs in the line of the incision. 
Retract the flap of the skin and muscle medially. Now 
locate the rib opposite the center of the focus and remove 
7.5 to 10 cm of this rib and the one proximal and distal 
in the following manner. 

■ Free the ribs with a periosteal elevator and divide them 
with rib shears 7.5 to 10 cm from the tips of the trans¬ 
verse processes. 

■ Resect each at the tip of the transverse process. 

■ Divide under direct vision the ligaments and muscles 
attached to the rib heads and transverse processes and 
resect these bony parts. 















FIGURE 


A f Excision of diseased bone. B f Grafts inserted, keeping vertebrae sprung apart. SEE TECHNIQUE 42-11. 



Tuberculosis of spine without paraplegia in 4-year-old girl. A f Destruction of vertébral bodies before surgery. B f Six 
months after thoracotomy approach, excision of diseased bone, and anterior fusion from T6 to T11 using resected ribs for grafts; 4.5 
years later, pain and evidence of activity are absent. SEE TECHNIQUE 42-11. 



Tuberculosis of spine in 13-year-old girl. A, L2, L3, and L4 are destroyed, with resulting kyphosis. B, One month after 
excision of diseased bone and grafting of bone between L1 and L4 from resected 12th rib and from iliac crest. C f Three years after 
operation. Fusion is almost complété. (Courtesy Professor A.R. Hodgson. )SEE TECHNIQUE 42-11. 
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FIGURE 


Tuberculosis of bodies of L2 and L3 without paraplegia in 23-year-old woman. A f Before surgery. B f Six months after 


debridement and anterior arthrodesis through left extraperitoneal approach; grafts were from ilium. C f Four years after surgery, fusion 


is complété. SEE TECHNIQUE 42-11. 
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FIGURE 


Dorsolateral approach to dorsal spine. A, Incision. B, Ribs and transverse processes exposed. C f Ribs and transverse 


processes resected, and abscess and vertébral bodies exposed. SEE TECHNIQUE 42-12. 
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9 " Identify two and preferably three intercostal nerves and 
trace them medially to the intervertébral foramina. These 
nerves, as they pass into the foramina, indicate the level 
of the cord in the spinal canal. 

■ Expose the intercostal vessels near the spinal column and 
eut them between clamps. 

■ Divide the intercostal muscles near the vertébral column. 
■Separate the pleura from the spinal column by blunt 
dissection, exposing the latéral and antérolatéral aspects 
of the vertébral bodies. Avoid perforating the pleura 
because it is often adhèrent and thickened; if a perfora¬ 
tion occurs, suture it at once. 

■ Locate the center of the lésion by passing a finger into 
the wound anterior to the vertébral bodies. Remove ail 
pus, granulation tissue, and necrotic matter. 

■ Occasionally, one or more vertébral bodies may be 
sequestrated and lying free in the abscess cavity. Usually 
two or three small bony séquestra and pièces of necrotic 
dise material are found. If the paravertebral shadow, 
thought to be an abscess, is found to be mainly fibrous 
tissue, it is more difficult to find the lésion. Under these 
circumstances, using radiographie control, explore the 
bone with a fine gouge, burr, and rongeur. 

■ After thorough debridement, décidé whether bone grafts 
are advisable. The simplest method of grafting is to pack 
the cavity with bone chips. 

■ A more extensive procedure may be undertaken. With a 
chisel or gouge, roughen the latéral and antérolatéral 
aspects of the diseased vertébral bodies and, if possible, 
of one healthy vertebra above and below and eut a 
groove in them, passing from healthy bone above to 
healthy bone below. 

■ Wedge a full-thickness rib graft into the groove and sink 
it deeply within the vertébral bodies. 

■ Place cancellous bone chips obtained from the remaining 
portion of the resected ribs in the groove and laterally 
along the roughened surface of the vertébral bodies. 

■ If the pleura has been accidentally opened, drain the 
pleural cavity with a chest tube inserted through a small 
stab incision in the eighth intercostal space in the midaxil- 
lary line and connected to an underwater seal for 48 
hours after surgery. 


I COSTOTRANSVERSECTOMY 

Costotransversectomy is discussed earlier in this chapter (see 
Techniques 42-4 and 42-5). 


ANTEROLATERAL DECOMPRESSION 
(LATERAL RHACHOTOMY) 

In 1933, Capener originated a procedure that he called 
latéral rhachotomy, which is now popularly known as 
antérolatéral décompression , in which the spine is opened 
from its latéral side. This affords access to the front and 
side of the cord, permitting décompression by the removal 
of bony spurs, granulation tissue, and séquestra or the 
évacuation of abscesses. Because the procedure entails 
resection of one or more pedicles, it is contraindicated if 



JïJ Capener antérolatéral décompression for 
tuberculous abscess of dorsal spine. Green areas; Extent of bone 
resection. Inset, Skin incision. SEE TECHNIQUE 42-13. 


the spine is unstable. The operation at best is difficult but 
is easiest when there is a sharp kyphos. 


TECHNIQUE 42-13 


(CAPENER) 

■ If the disease is in the middorsal région, begin the incision 
in the midline at a point 10 cm proximal to the lésion, 
gently curve it laterally a distance of 7.5 cm, and return 
to the midline at a point 10 cm distal to the lésion (Fig. 
42-20, inset). Reflect the skin and superficial and deep 
fasciae as a thick flap. 

■ Incise and retract laterally the origin of the trapezius 
muscle; divide the erector spinae muscles transversely 
over the rib leading to the affected intervertébral space, 
and retract them proximally and distally. 

■ After exposing the rib subperiosteally, resect it from its 
angle to the transverse process; if necessary, resect the 
rib proximal and distal in the same manner. 

■ Separate the intercostal nerve from its accompanying 
vessels and divide it using the proximal end as a guide to 
further dissection and later for traction on the cord. 

■ Carefully retract the pleura along with the intercostal 
vessels and remove the médial end of the rib and the 
transverse process and pedicle of the vertebra with a 
rongeur; a sphenoid punch and a motor-driven burr are 
helpful at this stage. 

■ The dura and the postérolatéral aspect of the vertébral 
body are seen after anterior dépréssion of the pleura and 
the intercostal vessels and traction on the intercostal 
nerve. 

■ Work from the more normal tissues in the vertébral canal 
toward the site of compression. 

■ Gently remove diseased bone with a curet; also remove 
ail impinging and encroaching tissues so carefully that the 
dura is not even momentarily dented (Fig. 42-20). 

■ Thoroughly evacuate a paravertebral abscess if présent. 

■ Close the wound in layers. 
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A f Intercostal nerves are isolated, and pedicles 
are exposed. B f Exposure of spinal cord after resection of three 
pedicles. Material anterior to cord can now be removed. Seques- 
trum is shown within abscess. SEE TECHNIQUE 42-14. 


POSTOPERATIVE CARE. Anterior and posterior plaster 
shells, prepared before surgery, are applied; when the 
lésion is in the cervical or upper dorsal région, skeletal 
traction should be employed. Numerous authors recom- 
mend that three or more ribs be widely resected to 
provide better exposure. 


ALTERNATIVE ANTEROLATERAL 
DECOMPRESSION (LATERAL 
RHACHOTOMY) 


TECHNIQUE 42-14 


(SEDDON) 

■ The approach and the method of rib resection are as 
described for costotransversectomy earlier (see Technique 
42-5). Resect not less than three and not more than four 
ribs. 

■ Isolate the intercostal nerves and trace them medially to 
the intervertébral foramina; eut away the intervening 
intercostal muscles (Fig. 42-2IA). 


■ Gently push the pleura anteriorly with the fingers and 
détermine by palpation the position of the two or three 
pedicles to be resected. 

■ To increase exposure, eut away small parts of the over- 
hanging neural arches. Remove as little bone as possible 
dorsal to the pedicles because anything in the least 
approaching hemilaminectomy is likely to be followed by 
a latéral subluxation of the spine. 

■ Resect the pedicles by nibbling away from their latéral 
surfaces with a rongeur (Fig. 42-21 B). Use utmost care to 
avoid tearing the dura, which may be adhèrent to the 
inner surface of the pedicles. If a rent occurs, suture it as 
soon as possible. 

■ Remove the offending material, such as a caseous mass, 
granulation tissue, a necrotic dise, or a nest of séquestra. 
This may be accomplished easily, but the removal of a 
ridge of living bone is difficult. 

■ Do not retract the cord; leave it untouched and approach 
the bony ridge from the side or from beneath. 

■ Drill the ridge in several places with a slowly rotating hand 
drill and nibble away from the side and below with a small 
rongeur. The mass can be further broken up with an 
osteotome. 

■ The cord now rests on a shell of bone; gently push this 
bone anteriorly with a blunt instrument. Be sure to leave 
no offending ridges. 

■ Pass a probe along the anterior surface of the cord proxi- 
mally and distally to locate any secondary cause of 
compression inside the spinal canal, such as an encapsu- 
lated caseous mass. 

■ Wash the wound with saline solution and dust it with 
streptomycin. 

■ Suture the muscles and skin without drainage. 

POSTOPERATIVE CARE. Postoperative care is the same 

as for Technique 42-13. 


TUMORS OF THE SPINE 

BENIGN TUMORS 

Of ail primary benign bone tumors, 8% occur in the spine or 
sacrum. Benign lésions hâve a prédilection for younger 
patients, usually occurring in the first three décades of life 
with 60% of benign lésions identified in the second and third 
décades (Box 42-1). Typically, benign lésions are in the pos¬ 
terior éléments, anteriorly located lésions tend to be malignant 
(76%). 

During operative treatment of tumors, certain funda- 
mentals must be followed to maintain function and anatomy 
and to minimize the risk of récurrence or instability. These 
principles are most important in the région of the spinal cord. 
For cervical and thoracic lésions, the spinal cord must be 
preserved. Roots vary in importance depending on anatomie 
location and can be resected if long-term benefit is to be 
gained. Some paired vascular structures, including the verté¬ 
bral arteries, also can be singly resected. 

In the thoracic spine, laminectomy alone does not provide 
safe access to the anterior column. The risk of paralysis is 
significant, and alternative approaches must be used. For 
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Radiographie Diagnosis of Spine Tumors 
According to Age and Location 


Diagnosis According to Age 

10 to 30 Years Old 

Aneurysmal bone cyst 
Ewing sarcoma 
Giant cell carcinoma 
Histiocytosis X 
Osteoblastoma 
Osteoid osteoma 
Osteochondroma 
Osteosarcoma 

30 to 50 Years Old 

Chondrosarcoma 
Chordoma 
Hodgkin disease 
Hemangioma 

Older Than 50 Years 

Metastatic 

Myeloma 

Diagnosis According to Location 

Vertébral Body 

Chordoma 
Giant cell carcinoma 
Hemangioma 
Histiocytosis X 
Metastatic disease 
Multiple myeloma 

Posterior Eléments 

Aneurysmal bone cyst 
Osteoblastoma 
Osteoid osteoma 
Osteochondroma 

Adjacent Vertebrae 

Aneurysmal bone cyst 

Chondrosarcoma 

Chordoma 

Multiple Vertebrae 

Histiocytosis X 

Metastatic 

Myeloma 

From Charbot JNC, Herkowitz HN: Spine tumors: patient évaluation, Semin Spine 
Surg 7:260, 1995. 

patients who are unable to tolerate a thoracotomy, a costo- 
transversectomy is a reasonable and safe approach to the 
anterior column. With aggressive lésions, the spinal canal 
may be contaminated. Nerve roots serve only the intercostal 
muscles, so sacrifice of some of the thoracic roots does not 
severely affect function, unless numerous roots are taken. As 
more thoracic roots are sacrificed, there is some effect on 
chest cage function and respiration because of interférence 
with intercostal innervation. 

Sacral tumors requiring wide excision are rare. Combined 
approaches offen are necessary for wide excision and require 


complex reconstruction to stabilize the ilia to the distal 
lumbar spine. Resection of the sacrum and its associated 
nerve roots also affects continence. If both SI nerve roots and 
a single S2 nerve root are preserved, 50% of patients retain 
continence. If only a single S3 root is taken, with SI and S2 
undisturbed, bowel and bladder function are retained. The 
nature of the tumor to be resected offen dictâtes the anatomie 
level of resection. 

■ STABILITY 

Stability considérations affer resection are different in adult 
and pédiatrie patients. In the cervical and thoracic régions, 
laminectomy créâtes instability in an immature spine, so 
arthrodesis should be done. The adult spine seems to tolerate 
laminectomy better, and some biomechanical considérations 
are useful when choosing instrumentation and fusion proce¬ 
dures. Instability created by anterior resection increases as 
more vertébral body is resected. As a rule of thumb, fusion 
should be done when any significant amount of vertébral 
body is resected. The exception to this is curettage; if adéquate 
bone graff is placed affer curettage, fusion usually is unneces- 
sary. Affer anterior fusion, with or without instrumentation, 
immobilization with a TLSO generally is recommended. 
When incorporation of fusion bone is identified, usually 3 to 
6 months postoperatively, the orthosis is discontinued. 

Détermination of instability affer posterior spinal resec¬ 
tions is not as straightforward as affer anterior procedures. 
Important bony and ligamentous structures posteriorly con- 
tribute individually to overall stability in the intact spine. 
Soff-tissue restraints include the supraspinous, interspinous, 
and posterior longitudinal ligaments, the ligamentum flavum, 
and the facet capsules. The spinous processes, laminae, pars 
interarticularis, facet joints individually on the leff and right, 
and posterior vertébral wall provide bony stability. Point 
Systems hâve been created to assist in the détermination of 
stability. Bridwell assigned 25% of posterior vertébral stability 
for each stabilizing structure, including the midline osteoliga- 
mentous complex (laminae, spinous processes, and interven- 
ing ligaments); the two facet joint complexes (leff and right); 
and the posterior vertébral wall, dise, and annulus. Violation 
of two of the four complexes, or disruption of 50% of the sta¬ 
bilizing structures, is an indication for instrumentation and 
fusion. Bony involvement of tumors also contributes to 
impending pathologie fracture and instability. Considérations 
for impending instability or for determining stability affer 
fracture include more than 50% collapse of the vertébral body, 
translation, segmentai kyphosis of more than 20 degrees above 
normal, and involvement of anterior and posterior columns. 

■ CLASSIFICATION 

As with tumors in other locations, the Enneking classification 
is useful in determining treatment of spinal tumors (Fig. 
42-22). Stage 1 tumors (e.g., osteoid osteoma, éosinophilie 
granuloma, osteochondroma, and hemangioma) are latent 
and typically require no treatment. If surgery is necessary, 
offen intralesional excision is ail that is required, with or 
without adjuvants such as liquid nitrogen, phénol, or PMMA. 
Stage 2 lésions are active, become symptomatic, and usually 
require only en bloc excision (i.e., removal of the tumor as a 
whole, as opposed to piecemeal). Intralesional excision offen 
suffices for these tumors. Examples of stage 2 lésions include 
osteoid osteoma, osteoblastoma, éosinophilie granuloma, 
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Stage 1 



Stage 2 



Stage 3 


Enneking staging of benign spinal tumors. Capsule of tumor is indicated by 7, and reactive pseudocapsule is indicated 
by 2. Stage 3 aggressive benign tumors can expand through posterior vertébral wall and compress cord. Pseudocapsule is vascularized 
reactive tissue and can adhéré to dura. 


more aggressive hemangiomas, osteochondroma, and aneu- 
rysmal bone cysts. Aggressive lésions are characterized as 
stage 3. Despite being classified as benign tumors, lésions 
such as giant cell tumors and osteoblastomas are locally 
aggressive and hâve a tendency to recur. Wide excision is 
indicated for these lésions and consists of removal of the 
tumor with a cuff of normal tissue if possible. A marginal 
excision would resuit in a biopsy specimen that includes the 
reactive zone around the tumor. The exact type of excisional 
biopsy often is dictated by the anatomy of the spine and the 
location of the tumor. 

■ POSTERIOR ELEMENT TUMORS 
I OSTEOID OSTEOMA 

Osteoid osteoma is a lésion of bony origin that was first 
described by Jaffe in 1935. These lésions are most common in 
the spine (42%), affect men more often than women, and 
occur most often in the second decade. The lumbar spine is 
the most common location, the cervical next, and the thoracic 
last, and the lésion is almost invariably located in the posterior 
éléments. A few cases of osteoid osteomas of vertébral bodies 
hâve been reported. This lésion is not locally aggressive and 
is defined by a size of less than 2 cm; larger lésions are clas¬ 
sified as osteoblastomas. 

Pain is the primary complaint in 83% of patients, is worse 
at night with awakening in nearly 30%, and is relieved by 
aspirin in 27%. Because of the location in the posterior élé¬ 
ments, radiculopathy occurs in 28% of patients. A painful 
scoliosis may resuit, with the lésion usually présent at the 
apex of the curve in the concavity. Although various curve 
types may resuit, the usual structural features of vertébral 
rotation normally présent in idiopathic scoliosis are absent. 
The résultant scoliosis is rigid and rapidly progressive. Saifud- 
din et al., in a meta-analysis of spinal osteoid osteoma and 
osteoblastoma, determined that (1) 63% of patients had 
scoliosis, (2) scoliosis was significantly more common with 
osteoid osteomas than with osteoblastomas, (3) lésions were 
more common in the thoracic and lumbar régions than in the 
cervical région and more common in the lower cervical 
région than in the upper cervical région, and (4) lésions were 
more commonly located to one side of the midline. They 


concluded that these findings support the concept that in 
patients with spinal osteoid osteoma or osteoblastoma, scolio¬ 
sis is secondary to asymmetric muscle spasm. 

Diagnosis can be difficult because early radiographs may 
appear normal. Frequently, a sclerotic lésion of the pedicle is 
ail that is apparent, and even this may be a subtle asymmetry. 
Later, the usual configuration of a central nidus with sur- 
rounding sclerosis may be found, but it is typical in appear- 
ance in only half of patients. Oblique radiographs can be 
helpful when the pedicle, facet, and pars interarticularis are 
studied. A radioisotopic bone scan is most helpful in accurate 
localization, and CT often shows the nidus. 

Treatment should consist of surgical excision of the lésion 
if symptoms fail to improve or the scoliosis is progressive. 
Nidus excision can be confirmed by specimen CT. If the spine 
is considered unstable because of facet or pedicle removal, a 
single-level fusion is done simultaneously. Complété excision 
should resuit in improvement in the angular degree of the 
scoliosis, although resolution is less likely in patients 9 to 13.5 
years old. Scoliosis persists in 20% to 30% of patients after 
successful resection. Curves that persist for more than 18 
months after resection may require treatment. Brace manage¬ 
ment may be necessary in immature patients, and regular 
follow-up is advised. Surgery for spinal deformity usually is 
deferred until after treatment and resection of the osteoid 
osteoma and follows the same principles as for idiopathic 
scoliosis. Prompt relief of pain is the best postoperative 
indicator of successful removal of the tumor. 

Other described treatment methods include high- 
frequency radiofrequency ablation. This involves CT-guided 
percutaneous insertion of a radiofrequency electrode. 
Although this technique has been used successfully in other 
parts of the body, the potential for neurologie damage around 
the spine makes it more challenging. 

I OSTEOBLASTOMA 

Osteoblastoma accounts for 10% of ail spinal tumors, and 
32% appear in the spine. Similar to osteoid osteoma, osteo¬ 
blastoma occurs most commonly in the second and third 
décades, with a male-to-female ratio of 2:1. These lésions 
almost always involve the pedicle or posterior éléments or 
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both, although contiguous levels may be affected. The pré¬ 
dominant spinal région affected is the cervical région (40%), 
followed by the lumbar (23%), thoracic (21%), and sacral 
régions (17%). Osteoblastoma may be misdiagnosed as an 
osteosarcoma, Ewing sarcoma, lymphoma, or aneurysmal 
bone cyst, which ail are high on the list of differential diag¬ 
noses. Différentiation from osteoid osteoma is based on 
size—these lésions exceed 2 cm. 

Radiographie évaluation reveals a destructive, expansile 
lésion with a thin rim of cortical bone. Lytic features are 
prédominant and occur in 50%, with purely blastic changes 
in 20%. Bone scanning always is positive and is helpful in 
identification. Although MRI is useful in identifying a soft- 
tissue mass, it may confuse the picture. A “flare” reaction may 
occur, suggesting extracompartmental extension and confus- 
ing the diagnosis of a benign lésion. As with other bony 
lésions, CT is best for définition of the extent of the tumor 
and for identification of the nidus. 

Wide excision, if possible, is the treatment of choice. The 
tumor recurs 9 years after resection in 10% to 20% of patients 
with intralesional excision. The best indication of successful 
removal is relief of preoperative pain. Because of the possibil- 
ity of récurrence and malignant transformation, however, 
long-term CT follow-up is mandatory. Operative treatment 
is necessary for récurrences because these lésions are not 
radiosensitive. 

I 0STE0CH0NDR0MA 

Although rarely symptomatic, osteochondroma is the most 
common benign primary bone tumor. Half of patients with 
symptomatic tumors are younger than 20 years old, which is 
consistent with the growing cartilaginous cap. Males are 
affected three times more often than females, with most 
lésions protruding eccentrically from the neural arch. Because 
the spinal canal is occupied by spinal cord in the thoracic and 
cervical spine, lésions here are more frequently symptomatic. 
Ninety-one percent of osteochondromas occur in the cervical 
and upper thoracic spine, although the lumbar spine and 
sacrum also are affected. The lack of symptoms may resuit in 
underdiagnosis of lésions in the lumbar and sacral régions. 

Radiographie évaluation often is diagnostic, with the 
lésions found most often in the posterior éléments. Because 
of the radiolucent cartilaginous cap, however, MRI or 
myelography may be necessary to détermine if impingement 
of the neural structures is présent. These lésions are slow 
growing and require excision only if symptomatic. Malignant 
transformation occurs in less than 1% of tumors and is sus- 
pected when symptoms are rapid in onset with growth of a 
previously stable osteochondroma. A cartilaginous cap larger 
than 1 cm also is suspect. En bloc excision including ail of 
the cartilaginous cap is done, with neurologie recovery the 
rule and récurrence the exception. 

I ANEURYSMAL BONE CYST 

Aneurysmal bone cysts are relatively uncommon, accounting 
for only 1% to 2% of benign bone tumors. Although predomi- 
nantly a posterior element lésion, an aneurysmal bone cyst 
may expand to include the pedicle and vertébral body. Of ail 
aneurysmal bone cysts, 11% to 30% occur in the spine and 
are most frequent in patients younger than 20 years old. 
There does not seem to be a gender preference. Back pain is 
the prédominant symptom in 95% of patients, although 


muscle spasms causing spinal rigidity or scoliosis also may 
be présent. The differential diagnosis includes giant cell 
tumors, tuberculosis, fibrous dysplasia, éosinophilie granu- 
loma, Ewing sarcoma, and osteoblastoma. 

The characteristic radiographie finding with aneurysmal 
bone cysts is an expansile lésion with a reactive rim of cortical 
bone outlining the lésion as it expands from the cortex, 
although this may be absent in 30%. Another characteristic 
feature is that these lésions may affect contiguous levels. 
Arteriography may show a lésion with multiple septa and 
blood-filled spaces. MRI with gadolinium enhancement also 
shows the fluid levels within the septations. 

Embolization may be successful, although some may 
require repeated embolizations. Low-dose irradiation has had 
limited success, with few side effects when dosages are less 
than 30 Gy. Radiation alone is successful, however, in only 
approximately 50%. Surgery has remained the standard of 
care for aneurysmal bone cysts. After embolization to decrease 
intraoperative blood loss, curettage and bone grafting are 
done. Despite intralesional margins, the récurrence is only 
13%. Any instability created must be treated at the time of 
surgery and often requires a single-level fusion in skeletally 
immature patients. 

■ VERTEBRAL BODY TUMORS 

Typical benign lésions found in the vertébral bodies include 
hemangioma, éosinophilie granuloma, and giant cell tumors. 
Historically, lésions such as these were considered surgically 
inaccessible when in the vertebrae. The older literature recom- 
mended irradiation or chemotherapy. Although this still may 
be appropriate in spécial circumstances, such as in highly 
radiosensitive malignant tumors, angular deformity with 
potential paraplegia may resuit because of subséquent spinal 
instability. Benign tumors are best treated without irradiation 
to avoid secondary sarcomatous change. Optimal treatment of 
aggressive benign or solitary malignant tumors may be ante- 
rior resection of the tumor for cure or for tumor debulking. 

I HEMANGIOMA 

Hemangioma is a common lésion, présent in 10% to 12% of 
autopsy specimens. Most of these lésions are clinically silent 
and are detected only incidentally during évaluation for other 
problems. Occurrence may be single or multiple with con¬ 
tiguous levels affected, but the vertébral body is the most 
common location, especially in the lumbar and lower thoracic 
régions. The posterior éléments are involved in 10% to 15% 
of patients; however, this is atypical and indicative of an 
aggressive lésion. Patients with symptomatic hemangiomas 
most commonly hâve pain (60%), neurologie compromise 
(30%), or symptomatic fracture (10%). Epidural cavernous 
hemangiomas are rare. Several case reports can be found in 
the recent literature. 

Radiographs detect larger lésions, which hâve vertical 
striations and coarse, thick trabeculae, described as a “cordu- 
roy” vertebra. Expansion may be noted in aggressive heman¬ 
giomas, with érosion of the vertébral body. Axial CT shows a 
classic “polka dot” appearance. Bone scanning is not particu- 
larly helpful because lésions may be either hot or cold. 
MRI has become the standard for diagnosing these lésions. 
Typical hemangioma is identified by increased intensity on 
Tl- and T2-weighted sequences and can be differentiated 
from Paget disease because pagetic bone has more cortical 
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thickening and affects the entire vertébral body. Aggressive 
hemangiomas can involve the entire vertébral body, may be 
expansile, and may hâve a soft-tissue component, which is 
differentiated from typical hemangioma by hypointensity on 
Tl-weighted images and hyperintensity on T2-weighted 
images. 

Most hemangiomas do not require treatment, and other 
causes of pain must be excluded. For rare symptomatic 
lésions, radiation is successful in 50% to 80%. Embolization 
also is useful, especially in patients with progressive neuro¬ 
logie déficits, and may provide temporary relief of pain. 
Vertebroplasty has been used successfully for treatment of 
aggressive hemangiomas by stabilizing pathologie bone with 
an injection of bone cernent into the vertébral body. Use of 
inflatable bone tamps has had similarly good short-term 
results. Direct intralesional injection of éthanol has been 
reported to be effective in obliterating symptomatic vertébral 
hemangiomas. CT angiography is required before injection 
to identify functional vascular spaces of the hemangioma and 
to direct needle placement. Less than 15 mL of éthanol should 
be used because pathologie fractures of the involved vertebrae 
hâve been reported in two patients who received 42 mL and 
50 mL. For progressive neurologie déficit, radiation alone 
may be successful in arresting progression. With neurologie 
déficit and fracture, however, surgery is necessary to remove 
an aggressive hemangioma, and embolization should be done 
preoperatively to minimize bleeding intraoperatively. 

I EOSINOPHILIC GRANULOMA 

Eosinophilie granuloma is most common in patients younger 
than 10 years old. It typically is a solitary lésion of bone, with 
7 % to 15% occurring in the spine, and has a prédilection for 
the thoracic région. Symptoms usually include pain, muscular 
rigidity, and neurologie déficits; systemic symptoms may 
occur. The classic radiographie finding is vertebra plana seen 
as a complété collapse of the vertébral body on the latéral 
view. Bone scans are cold, and MRI often reveals a flare reac¬ 
tion on T2-weighted images, which can be mistaken for a 
malignant lésion. Differential diagnoses include Ewing 
sarcoma, aneurysmal bone cyst, infection, tuberculosis, leu- 
kemia, and neuroblastoma. Because radiographie findings are 
not pathognomonic, biopsy is necessary. 

When the diagnosis is made, immobilization and obser¬ 
vation alone often are sufhcient treatment. These lésions typi¬ 
cally regress spontaneously over time with some, although 
incomplète, restoration of vertébral deformity. Follow-up is 
important to detect instability. Operative intervention, 
including curettage and grafting, may speed healing. There 
presently is no rôle for radiation in the treatment of éosino¬ 
philie granuloma. Récurrence is unusual, and resolution of 
neurologie déficits usually occurs as the tumor régresses. 

IGIANT CELL TUMOR 

Giant cell tumor is the most prévalent benign tumor of the 
sacrum, rarely affecting other spinal sites, and is second only 
to hemangioma as the most common benign spinal neoplasm. 
Giant cell tumors account for 4% to 5% of ail primary bone 
tumors, occurring most often between the third and fifth 
décades. Females are affected twice as frequently as males, 
and 1% to 18% of giant cell tumors occur in the spine. Because 
of its lytic appearance, differential diagnoses include aneurys¬ 
mal bone cysts, osteoblastoma, and metastasis. 
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Pain is the most common complaint and often has been 
présent a long time before diagnosis. Neurologie déficits 
occur in 20% to 80% of patients with giant cell tumors of 
the spine. Radiographs show the lésions as lytic, septated, 
and expansile, often with cortical breakthrough and an 
associated soft-tissue mass. More than 50% of these lésions 
involve the vertébral body only. When présent in the 
sacrum, the lésion is in the proximal aspect and eccentrically 
located. 

Because of the aggressive nature of these lésions, en bloc 
resection with wide margins is necessary. Despite aggressive 
operative treatment, a 10% to 50% récurrence rate has been 
reported. Preoperative embolization is recommended, and 
embolization and radiation are reserved for lésions that 
cannot be resected or excised completely, or in which surgery 
would resuit in significant functional morbidity. Doses 
ranging from 3500 to 4500 cGy are safe and effective in 
controlling giant cell tumor. If intralesional excision is done, 
adjuvant cryotherapy should be considered. Métastasés occur 
in 1% to 11% of patients, with a 10% incidence of sarcomatous 
change. 

PRIMARY MALIGNANT TUMORS 

Almost ail patients with malignancies of the spine hâve pain. 
More than 95% seek medical care for pain, with radiculopathy 
occurring in about 20% of these patients. 

■ CLASSIFICATION 

The Enneking classification of malignant tumors also is useful 
for spinal tumors: stage I, low grade; stage II, high grade; and 
stage III, régional or distant métastasés (Fig. 42-23). The site 
of the tumor is indicated by A, intracompartmental, or B, 
extracompartmental. This classification scheme is useful in 
determining if marginal or wide excision is best. Radical 
excision is impossible in the spine. 

■ OSTEOSARCOMA 

Primary osteosarcoma of the spine is rare, accounting for 
only 3% of ail osteosarcomas, and frequently is fatal. Pain is 
the most common presenting complaint, but neurologie 
symptoms also are présent in 70% of patients. These tumors 
are anterior column tumors, and 95% affect the vertébral 
body. Men and women are equally affected. Secondary osteo¬ 
sarcomas, which occur most commonly after irradiation or 
develop in patients with Paget disease, affect patients in their 
60s. Soft-tissue extension, or extracompartmental disease, is 
the rule at the time of diagnosis, which is évident on MRI or 
at surgery. 

Radiographs may show a lytic, blastic, or mixed picture 
affecting the vertébral body. Bone scanning is useful in iden- 
tifying multicentric or metastatic disease, and axial CT scans 
are useful in delineating the bony anatomy. Intensive radia¬ 
tion therapy and chemotherapy are the primary treatments. 
Radical surgery has been suggested, including wide resection 
with adjuvant radiation therapy. The risk of local récurrence 
has been shown to be five times greater in patients with posi¬ 
tive resection margins than in patients with tumor-free 
resection margins. Wide or marginal excision of the tumors 
improves survival; therefore, chemotherapy and at least 
marginal excision should be done if possible. Patients with 
métastasés, large tumors, and sacral tumors hâve a poor 
prognosis. No association, however, has been found between 
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Enneking staging of malignant spinal tumors. Capsule of tumor is indicated by 7, pseudocapsule is indicated by 2, 
island of tumor within pseudocapsule (satellites) is indicated by 3 and at distance (skip métastasés) is indicated by 4. Types IB and MB 
tumors can compress cord if expanding posteriorly. Pseudocapsule is more or less infiltrated by neoplastic tissue, which can hâve direct 
contact with durai sac. 


the affected spinal région and outcome. Total sacrectomy and 
reconstruction with PMMA, plate-and-screw devices, and 
custom-made prostheses hâve been reported to be successful 
in the treatment of sacral osteosarcoma. 

■ EWING SARCOMA 

Another anterior column primary bone tumor, Ewing 
sarcoma, is a permeative lésion that affects the spine only 
3.5% to 8% of the time, with half of these tumors found in 
the sacrum. Neurologie déficits are présent in many patients 
because of soff-tissue extension, and constitutional symptoms 
are common. Radiographie findings are confusing, with 
vertebra plana apparent in some patients, which may be 
confused with éosinophilie granuloma. Generally, these 
tumors are lytic, with a soff-tissue mass identified on MRI. 
Treatment is similar to that for appendicular Ewing sarcoma— 
chemotherapy and radiation. Surgical décompression is 
indicated only for tumors causing neurologie compromise 
and for potential instability to preserve neurologie function. 
Long-term survival is possible with this tumor; 5-year sur- 
vival using chemotherapy and irradiation is 20% to 44%. The 
frequency of cérébral and skeletal metastasis is higher than 
in appendicular disease, where pulmonary metastasis is most 
prévalent. 


■ CHORDOMA 

Primarily a tumor of adults, chordoma is an uncommon 
tumor that affects the sacrum and coccyx. It originates 
embryologically from the notochord remnants and, as such, 
usually is a midline tumor. It is relatively slow growing but 
relentless in progression with high récurrence rates when a 
wide excision is not obtained. Symptoms usually are indolent 
with a palpable mass in the sacrum anteriorly on rectal 
examination. Men are affected twice as offen as women, and 
the tumor affects an older population, with peak incidences 
during the fifth and seventh décades. 

Radiographs reveal a lytic lésion in the midline of the 
sacrum with variable calcification. Bone scans offen are néga¬ 
tive because of the indolent biologie behavior of these tumors. 
MRI provides excellent délinéation of the anterior soff-tissue 
extension that typically occurs with these tumors. Treatment 
involves a wide en bloc excision, which may be impossible in 
the proximal sacrum without sacrifice of the S2 nerve roots. 
Récurrence rates approach 28% with sacrectomy, and bowel 
and bladder continence are retained only if both the S2 roots 
and one of the S3 roots are preserved. If for any reason the 
tumor is incised during excision, récurrence may be 64%. As 
a resuit, great care is needed in resection of these tumors and 
radiation should be used for tumors with incisional margins. 
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Long-term survival may approach 50% to 75% if marginal 
resection or better is achieved. 

■ MULTIPLE MYELOMA 

Plasmacytoma is the single-lésion variety of multiple myeloma 
and is rare, accounting for only 3% of plasma cell dyscrasias. 
This diagnosis carries a 60% 5-year survival rate. Thereafter, 
graduai progression to multiple myeloma occurs, although 
extended survival has been reported. Multiple myeloma, in 
contrast, accounts for 1% of newly diagnosed malignancies 
and is uniformly fatal within 4 years of diagnosis in ail 
patients when spinal disease is diagnosed. Men and women 
are equally affected during the sixth to eighth décades. These 
tumors resuit from unregulated prolifération of plasma cells, 
causing systemic manifestations. Diagnosis is confirmed by 
the presence of at least 10% abnormal plasma cells, lytic bone 
lésions, and monoclonal gammopathy diagnosed on sérum 
protein electrophoresis or urine protein electrophoresis. 
Anémia and élévation of sédimentation rate also are charac- 
teristic on laboratory studies. Protein electrophoresis may be 
négative in 3% of patients with myeloma, which requires a 
low threshold for bone marrow aspiration in patients at risk. 
Treatment of plasmacytoma and multiple myeloma is irradia¬ 
tion, with operative intervention reserved for patients with 
neurologie déficits or progression despite maximal chemo- 
therapy and irradiation. 

METASTATIC TUMORS 

Metastatic tumors are the most common malignant lésions 
found in bone, présent 40 times more often than ail other 
primary malignant bone tumors combined. Metastatic disease 
involves the spine in 50% to 85% of patients. The spine is the 
most common site of skeletal metastasis. Metastatic spread to 
the spine favors the thoracic région (70%), followed by the 
lumbar spine (20%), the cervical spine, and the sacrum. The 
vertébral body is the most common site of metastasis, fol¬ 
lowed by the pedicle and then the posterior éléments. Ninety 
percent of tumors are extradural, 5% are intradural, and 1% 
are intramedullary. Breast, lung, and prostate are the most 
frequent tumors to metastasize to the spine, followed by 
thyroid, rénal, and gastrointestinal cancer. Lymphoma is 
another tumor that commonly affects the spine and must be 
considered. Advances in chemotherapy, radiation therapy, 
and other cancer thérapies hâve resulted in a significant 
improvement in survival for many of these types of cancer. 
With the improved survival, previously silent spinal métasta¬ 
sés are becoming clinically apparent and significantly impair 
quality of life. 

The chief complaint in most patients is pain, although 
36% of spinal métastasés do not cause symptoms. Pain usually 
is progressive and unremitting, and often no relief occurs 
even with rest or at night. A previous history of cancer, 
regardless of how remote, must prompt a search for metastatic 
disease in patients with progressive pain. Neurologie symp¬ 
toms or signs may be présent but are less frequent, occurring 
in 5% to 20% of patients with spinal métastasés. For patients 
with thoracic metastasis, however, the rate of neurologie 
symptoms increases to 37%, probably because of the more 
sensitive spinal cord with less space available at this level 
compared with compression of the nerve roots in the lumbar 
spine. In patients who develop neurologie détérioration and 
paraparesis, only 25% to 35% regain lost motor function. 


Patients who are paraplégie or hâve complété bowel or bladder 
dysfunction are not likely to regain function regardless of 
treatment. Rapid onset of symptoms over less than 24 hours 
also indicates a poor prognosis for neurologie recovery, in 
contrast to a lésion with a slower onset of symptoms. With 
aggressive treatment, 60% of patients who retain the ability 
to walk before treatment of spinal metastasis maintain this 
function affer treatment. In a study comparing radiation with 
surgery for patients with metastatic cord compression and 
neurologie symptoms, those who received surgery had greater 
benefits in terms of ambulation ability than those who had 
radiation. Imaging often is inconclusive and nondiagnostic in 
these patients. Plain radiographs of the spine are inconclusive 
in many with metastatic disease. The most sensitive study is 
bone scanning, which identifies most lésions larger than 
2 mm, although faise-négative studies occur in 5%. Multiple 
myeloma, breast, nasopharyngeal, lung, and rénal tumors are 
the most likely neoplasms to appear falsely négative on bone 
scans. Use of CT is helpful in delineating soft-tissue extension 
from the bone or into the bone from extrinsic sources. Also, 
certain features of the CT scan are useful in determining 
whether a compression fracture is a resuit of osteoporosis or 
metastasis. Osteoporotic compression fractures reveal no 
evidence of cortical destruction, homogeneous involvement 
of the vertébral body, localized pathology, and the absence of 
a soft-tissue mass. MRI is more useful in evaluating soft- 
tissue masses, neural éléments, and vertébral body lésions. 
Characteristic features of metastatic lésions are hypointensity 
on Tl-weighted images, with enhancement on T2-weighted 
images and gadolinium-enhanced Tl-weighted images. 
Myelography occasionally is necessary for tumors not well 
defined by other, less invasive, procedures but should be 
used cautiously because it can precipitate neurologie détério¬ 
ration in 16% to 24% of patients, necessitating immédiate 
décompression. 

The standard methods of treatment for benign tumors, 
involving excision and grafting, usually are insufficient for the 
early mobilization of patients with symptomatic metastatic 
disease. An estimated 5% to 20% of patients with metastatic 
cancer develop spinal cord compression. Prostatic tumors are 
the most common cause of épidural impingement. Hyperne- 
phroma is the most common malignancy to cause neurologie 
impairment as the first sign of malignancy. 

■ CLASSIFICATION 

DeWald et al. suggested a classification of spinal métastasés. 
Class I is destruction without collapse but with pain. This 
class is divided further into la, less than 50% vertébral body 
destruction; Ib, greater than 50% vertébral body destruction; 
and le, pedicle destruction. In this class, DeWald et al. con¬ 
sidered surgery only for grades Ib and le. Class II is the 
addition of moderate deformity and collapse with immune 
compétence. Patients in this class are considered a good risk 
for surgery. Class III patients are immunocompromised with 
moderate deformity and collapse. This class carries greater 
risk for surgery. Class IV includes patients with paralysis, 
collapse, and deformity with immune compétence. This class 
is considered a relative surgical emergency. Class V adds 
immune incompétence to paralysis, collapse, and deformity. 
Patients in this class are not considered to be a good operative 
risk. Surgical reconstruction is recommended when more 
than 50% vertébral body destruction is identified or in the 
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presence of involvement of one or both pedicles because of 
the risk of later fracture and deformity. This classification 
allows considération of the tumor, potential instability, and 
patient physiology, which is a sensible approach to a difficult 
problem. 

■ IRRADIATION 

For most metastatic tumors, irradiation is sufficient for the 
palliation of symptoms of pain and neurologie déficit. Indica¬ 
tions for irradiation include pain and mild, slowly progressive 
neurologie symptoms in the presence of a radio sensitive 
tumor; spinal canal compromise that results from soft-tissue 
compression and not bony rétropulsion; and multifocal 
lésions compressing the spinal canal. Instability is a relative 
contraindication for irradiation because of the potential col- 
lapse and progression of deformity that could occur with 
tissue necrosis. Use of irradiation causes initial necrosis of 
tumor bone, which later is converted to lamellar bone and 
normal bone marrow. This process results in remineralization 
of the lésion at 2 months, formation of woven bone at 4 
months, and reorganization into mature bone at 6 to 12 
months. Initial necrosis affer irradiation of large, potentially 
unstable lésions may resuit in acute instability and neurologie 
détérioration. 

Successful treatment has been documented in 62% of 
patients with pain and in 52% of patients with neurologie 
impairment. Improvement in neurologie symptoms was 
noted in 25%. Surgery has failed to show a benefit in survival 
rates over irradiation; if symptoms can be controlled, radia¬ 
tion therapy seems to be the logical choice. Acute neurologie 
détérioration is an indication, however, for immédiate surgi- 
cal décompression. 

■ OPERATIVE TREATMENT 

Indications for surgical décompression include the require- 
ment of tissue for diagnosis; treatment of an isolated lésion; 
treatment of a fracture causing instability, pain, or spinal 
canal compromise; radiorésistant tumors, which usually 
include gastrointestinal and kidney métastasés; récurrent 
tumor in a previously irradiated field; neurologie symptoms 
that are progressive despite adjuvant measures; and potential 
instability. Operative procedures often are extensive and 
involve significant blood loss; the patient must be in a physical 
State that allows for survival of the proposed procedure. 
Expected survival of more than 6 weeks is a relative indica¬ 
tion for surgery in the presence of unremitting or progressive 
symptoms, although general physical condition also is impor¬ 
tant in operative decision-making. In patients with a reason- 
able long-term survival, bone graffing is recommended rather 
than PMMA because of the likely failure of such materials. 
Adjunctive radiation therapy must be planned carefully, 
however, to allow for incorporation of grafts when used. This 
is best accomplished by performing the irradiation preopera- 
tively or delaying it until at least 3 weeks postoperatively if 
possible to improve fusion rates. Because of the hypercoagu- 
lable State of malignancy, especially in patients with paraple- 
gia, the use of a preoperative inferior vena cava filter also 
should be considered. 

Laminectomy has been shown to be of little value in the 
treatment of progressive paralysis caused by malignant spinal 
tumors in the anterior column. Successful results using this 
approach hâve been reported in only 30% to 40% of patients 


and are inferior to the results obtained with radiation alone. 
Radical laminectomy for tumor resection is of value, however, 
and should be considered when compression is caused by 
lésions in the posterior éléments compressing the dura. 
Careful évaluation of diagnostic images is necessary for 
appropriate preoperative planning of the operative approach 
and subséquent procedures. 

Because of the prédominant vertébral body location of 
malignant tumors, anterior décompression is most often 
necessary to remove the pathologie process responsible for 
neurologie détérioration and pain. Other indications for 
anterior surgery include pathologie kyphosis with an intact 
posterior osteoligamentous complex. Improvement in pain 
is possible in 80% to 95% of patients, with restoration of 
neurologie function in 75%. Décompression often créâtes 
instability that requires reconstruction with instrumenta¬ 
tion, allografts, and occasionally structural bone cernent. 
Although circumferential instrumentation is definitely supe- 
rior in stabilization, anterior instrumentation alone often 
suffices if the posterior osteoligamentous complex is intact 
and resection is less than a complété spondylectomy. Addi- 
tional posterior décompression and stabilization in a com- 
bined approach often are necessary if the spinal canal is 
compressed anteriorly and posteriorly or if the posterior 
column is attenuated. If expo sure of anterior and posterior 
columns is necessary, a two-stage approach combined under 
one anesthésia or a simultaneous approach can be used. 
High-grade instability, contiguous vertébral involvement, 
destruction of anterior and posterior columns, and need for 
en bloc resection are indications for these approaches. Solid 
fixation is possible with structural graffing anteriorly, and 
solid segmentai instrumentation can be applied anteriorly 
and posteriorly if necessary to provide the most rigid surgi¬ 
cal constructs. 

For patients with anterior column involvement who are 
unable to tolerate a thoracotomy, or patients with circumfer¬ 
ential spinal cord or neural constriction, a costotransversec- 
tomy is useful in the thoracic spine and a postérolatéral 
approach is useful in the lumbar and cervical spines. Excision 
is intralesional, but décompression often is acceptable with 
the ability to restore stability using structural grafts or devices 
anteriorly with segmentai instrumentation posteriorly. The 
morbidity of a thoracotomy is avoided, which is a necessity 
in some patients, especially patients with symptomatic metas- 
tasis from lung cancer. By excising the rib head, intercostal 
neurovascular bundle, and transverse process on the side of 
the lésion, the anterior and middle columns are accessible to 
about the midline using spécial curets. If the pedicle is unin- 
volved, this médial wall is preserved to avoid contamination 
of the spinal canal or damage to the spinal cord. Bilateral 
approaches occasionally are necessary for extensive posterior 
vertébral body involvement to allow access to both sides of 
the middle column. Care must be taken with soft-tissue 
extension to avoid inadvertent entry into the great vessels 
anteriorly. These procedures should be followed by instru¬ 
mentation and fusion, and structural interbody graffing 
should be used if significant bony resection is done anteriorly 
to decrease tension stresses on the posterior implants. 

There hâve been numerous reports on the efficacy of 
PMMA as an adjunct to internai fixation and bone graffing. 
Bone cernent functions well in compression; however, results 
hâve been disappointing on the tension side of spinal 
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reconstructions. Failure has been noted at a mean of 200 
days after treatment, and its use has been recommended for 
patients with a short life expectancy or in salvage cases. 
Generally, if life expectancy is more than 3 to 6 months, 
bone graff incorporation is possible. Fear of neural injury 
from the use of PMMA has been a frequent concern. Wang 
et al. showed that although the température of the curing 
cernent may reach 176° F to 194° F, the température mea- 
sured beneath an intact lamina and under Gelfoam covering 
the dura at a laminar defect was significantly less (45° F). 
Later examination of the spinal cord in test animais did not 
show evidence of neural injury. Clinically, we hâve noted a 
decrease in amplitude of somatosensory evoked potentials 
during the curing phase that returns to normal within 20 to 
30 minutes of insertion of PMMA. Injury from the use of 
the material near the spinal cord has not been reported. 
PMMA can be used to augment existing internai fixation 
devices; however, loosening is to be expected. If long-term 
survival is expected, provision for bone graffing and graff 
incorporation must be made. 

Percutaneous vertebroplasty has been reported to be 
effective treatment for osteolytic spinal métastasés and mul¬ 
tiple myelomas. Cortet et al. reported decreased pain within 
48 hours of vertebroplasty in 97% of patients with bénéficiai 
effects maintained in 89% at 3 months and 75% at 6 months. 
Although leakage of the cernent outside the vertébral body 
occurred in 29, only two patients developed severe nerve root 
pain, owing to leakage into a neural foramen. Vertebroplasty 
should be done only in centers with experienced neurosur¬ 
geons or orthopaedic surgeons because of the possibility of 
severe complications. 


ANTERIOR DECOMPRESSION FOR 
TUMOR OF THE SPINE 


TECHNIQUE 42-15 


■ Approach the diseased spine using the standard anterior 
approach for that spinal segment from the side of 
the most prominent tumor mass, but choose an approach 
that allows for more radical or extensive exposure if 
necessary. 

■ Identify normal bone and dise cranially and caudally. 

■ Ligate segmentai vessels first to allow discectomy, which 
is carried to the posterior longitudinal ligament. Ligation 
of the segmentai vessel at the level of vertébral body 
involvement may be difficult because of encasement by 
soft-tissue extension. 

■ Décompression of the spinal canal or resection of tumor 
is possible if lésions are anteriorly situated. If décompres¬ 
sion is necessary, create an access portai within the ver¬ 
tébral body anterior to the tumor and use curets to pull 
tumoral tissue anteriorly away from the spinal canal into 
the void. This allows décompression without forcing 
material against the already compressed dura. 

■ Piecemeal resection commonly is done for metastatic 
lésions; however, for en bloc resection, the tumor must 
not be violated. In these cases, osteotomize the pedicles 
after discectomy to allow en bloc resection. Be prepared 


for a cerebrospinal fluid leak because adhérence of the 
tumor to the dura is possible. 

■ If any extension of tumor is présent into the posterior 
éléments, a staged posterior procedure for completion of 
vertebrectomy is done. 

■ When resection of tumor is complété, préparé for fixa¬ 
tion. For patients with expected long-term survival of 
more than 1 to 2 years, place allograft or autograft for 
structural support. These grafts include allograft fémur, 
humérus, fibula, and iliac crest. Autograft fibula and iliac 
crest are the only options unless a structural spacer, such 
as a mesh cage, is applied. 

■ Bone cernent is a considération in patients with a poor 
expected survival and allows for irradiation and immédiate 
compressive strength when combined with anterior instru¬ 
mentation. Cover the exposed dura or anterior longitudinal 
ligament or both with Gelfoam. Insert PMMA in a semiliq- 
uid or doughy State. Use of a reinforcement device is rec¬ 
ommended; this may include Harrington or other hook-rod 
implants used as a distraction device, Steinmann pins, or a 
mesh titanium cage that engages the vertébral bodies and 
is totally covered with PMMA to provide a smooth external 
surface. Remove excess cernent, which is especially impor¬ 
tant in the cervical spine where a large mass of cernent can 
cause dysphagia. Avoid pushing the cernent against the 
dura and spinal cord. As soon as the cernent has been 
trimmed, begin continuous irrigation of the wound with 
normal saline. This theoretically keeps perineural tempéra¬ 
tures at a minimum; although owing to cerebrospinal fluid 
convection, this may be unnecessary. 

■ Anterior instrumentation is added to provide maximal 
fixation. Numerous implants that are of low profile and 
provide at least four fixation points are available. For 
optimal fixation, place vertébral body screws in a bicorti- 
cal fashion. If a later posterior instrumentation construct 
is planned, slight modification of screw placement is 
necessary to allow for placement of pedicle screws if 
these are to be used. Under these circumstances, identify 
the pedicle, and simply keep the vertébral body screws 
just inferior to these structures. 

■ When fixation is complété and compression of the inter- 
body construct is maintained, test the construct for stabil- 
ity before closing. Remove and replace the cernent and 
métal fixation if it is loose. 

■ Close the wound in the standard fashion. 

■ If corpectomy of more than a single level is done or if 
posterior column involvement is présent, a combined 
approach with posterior instrumentation is preferred. 

POSTOPERATIVE CARE. Rigid immobilization is préfér¬ 
able after these procedures, especially when the bone 
quality is in question because of osteoporosis or other 
metabolic causes. A TLSO is typically worn when getting 
out of bed and while up; however, it is unnecessary for 
the patient to wear this during sleep. When the graft 
incorporâtes over the next 3 to 6 months, the TLSO is 
discontinued. Radiation is deferred for 3 weeks if possible. 
Great attention is paid to nutrition during the periopera- 
tive period, and parentéral or enterai supplémentation 
may be required. 
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COSTOTRANSVERSECTOMY FOR 
TUMOR OF SPINE 


TECHNIQUE 42-16 


■ Using a standard posterior incision or a paramedian 
incision, expose the spinous processes and transverse 
processes bilaterally over the levels of anticipated instru¬ 
mentation (see Chapter 37). When radiographie localiza- 
tion is complété, identify and expose the rib at the level 
and side of the pathologie process. 

■To perform corpectomy, usually it is necessary to expose 
three ribs subperiosteally and disarticulate them at the 
costotransverse articulation and to excise the médial 8 to 
10 cm of the ribs. Removal of the transverse processes 
aids in vertébral body exposure. 

■ When the ribs are removed, use peanut dissectors to 
elevate the pleura bluntly from the vertébral bodies. 

■ Create working portais between the intercostal neuro- 
vascular bundles for placement of retractors and instru¬ 
ments. During this step of the procedure, headlight 
illumination is mandatory to see into the rétropleural 
space. 

■ Laminectomy or facetectomy can be done if necessary for 
posterior décompression. Ligation of the segmentai 
vessels is possible, if necessary, under direct observation. 

■ Rétention of the intercostal nerves is préférable; however, 
these can be sacrificed if they interfère with proper 
décompression. The tradeoff is chest wall anesthésia, 
intercostal paralysis, and potentially upper abdominal 
muscle paralysis below T7. 

■ Perform discectomy above and below the affected verté¬ 
bral body in the standard fashion. 

■ Remove the tumor with curets and rongeurs to the level 
of the posterior longitudinal ligament or dura as neces¬ 
sary. Brisk bleeding as the tumor is curetted is to be 
expected but is minimized by preoperative embolization. 
Intermittent packing of the tumor also helps to control 
bleeding, with continuation of the procedure after bleed¬ 
ing subsides. When the tumor is excised, hemostasis 
usually occurs without much difficulty. 

■ For curative resections, it is difficult to obtain en bloc or 
wide margins using this approach. Osteotomes can be 
safely directed to parallel the posterior vertébral body 
wall; however, obtaining margins beyond the opposite 
latéral cortical wall of the vertébral body is impossible 
because of the risk of injury to the opposite segmentai 
vessels. Nonetheless, the approach is useful in patients 
unable to tolerate thoracotomy when an anterior patho¬ 
logie process is prédominant and stabilization is necessary. 
Instrumentation is necessary for stabilization and can be 
used posteriorly at any time during the procedure, 
although we prefer to place implants before exposure of 
the spinal canal to minimize incidental durai tear while 
placing implants. Early placement of implants also can be 
helpful to distract the ligamentous structures and dise 
during the décompression. Pedicle fixation avoids the 
concerns of spinal canal compromise of hooks or wires 
and allows fixation of levels after laminectomy. Hook-rod 


or Luque-type constructs also are applicable, and the type 
used is determined by the surgeon's expérience. 

■ Before closure, maintain positive-pressure ventilation 
momentarily while irrigation is allowed to cover the 
pleura. This is done to inspect the pleura for leaks that 
usually would necessitate placement of a chest tube. 

■ After bone grafting, standard closure is done over drains. 


POSTEROLATERAL DECOMPRESSION 
FOR TUMOR OF THE SPINE 

Postérolatéral décompression is indicated for patients with 
tumors that involve the anterior, middle, and posterior 
columns simultaneously. This is done without the risks or 
the extensive exposure required for a simultaneous 
approach. 


TECHNIQUE 42-17 


■ If a postérolatéral approach is used, make a midline inci¬ 
sion to expose the pathologie level. 

■ When identification of the correct level is confirmed, 
décompression can be done or posterior instrumentation 
can be placed. Regardless, because of the potential 
destabilization that occurs with laminectomy and pedicle 
resection, place posterior instrumentation before comple- 
tion of the procedure. 

■ Begin décompression as the pedicle that leads into the 
tumor is sounded and use sequentially larger curets to 
remove bone through this access site. 

■ Hemilaminectomy is helpful to expose the médial border 
of the pedicle to avoid médial pénétration, unless adé¬ 
quate décompression requires laminectomy, in which case 
this is done before the transpedicular décompression. 

■ Resect the latéral wall of the pedicle with a Leksell 
rongeur, which allows medialization of the curets. 

■ If the posterior vertébral body wall is retropulsed, resect 
the médial pedicle border as well. 

■ If compression is bilateral, a bilateral transpedicular 
approach is necessary. 

■ When the pedicle is resected, a reverse-angle curet or 
even a PUF tamp can be placed ventral to the dura, 
against the tumor or retropulsed posterior vertébral wall 
so that it is tamped or pushed back into the vertébral 
body. Decancellation of the middle column often is neces¬ 
sary before this maneuver to create a space for the bone 
that is reduced. 

■ When the retropulsed material is pushed anteriorly, resect 
it with curets and pituitary rongeurs. 

■ Anterior column grafting dépends on the procedure 
performed. 

■ Take care that morcellized graft is not retropulsed into the 
spinal canal after placement, creating the same problem 
the procedure was intended to correct. 

■ Perform appropriate bone grafting and instrumentation. 
If a large anterior vertébral body was resected, a structural 
device should be placed in addition to posterior segmentai 
spinal instrumentation. 
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POSTOPERATIVE CARE. Patients are fitted for a TLSO, 
and immobilization is continued after the procedure for 
3 to 6 months. Ambulation is started on the first postop- 
erative day, unless neurologie déficit was préexistent, in 
which case bed-to-chair transfers are started. Anticoagu¬ 
lants are not used in spinal surgery patients because of 
the inhérent risk of épidural hematoma, so lower extrem- 
ity antiembolism stockings and compression foot devices 
are used until the patient is ambulatory. A vena cava filter 
should be considered for high-risk patients. Radiation is 
deferred, if possible, for at least 3 weeks when autogenous 
or allograft bone is used. 
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A variety of diseases and congénital anomalies may affect the 
pédiatrie cervical spine and increase the risk for neurologie 
compromise from instability or encroachment of the spinal 
cord. Multiple anomalies of the upper cervical spine are 
common within a single patient, so when a single anomaly is 
seen in a patient, others should be sought. An average of 3.4 
cervical spine osseous anomalies per patient has been reported. 


NORMAL EMBRYOLOGY AND 
GROWTH AND DEVELOPMENT 

Most disorders of the spine are the resuit of aberrant growth 
and developmental processes. Knowledge of the normal 
embryology, growth, and development of the pédiatrie cervi¬ 
cal spine is necessary to aid in the understanding of these 
conditions. In embryonic development of the spine, 42 to 44 
pairs of somites (4 occipital, 8 cervical, 12 thoracic, 5 lumbar, 
5 sacral, and 8 to 10 coccygeal) will form craniocaudally from 
the mesoderm on either side of the notochord. Each somite 
différéntiates into either sclerotomes or dermomyotomes. 
Sclerotomes, precursors of the vertébral arch and body, collect 
at the embryonic midline, surrounding the neural tube and 
notochord, and proceed to separate into cranial and caudal 
portions. The cranial portion of each sclerotome then recom¬ 
bines with the caudal portion of the direct superior sclero¬ 
tome, eventually forming vertebrae. In the cervical spine, 
eight pairs of embryonic somites create seven cervical verte¬ 
brae, with the cranial portion of the first cervical sclerotome 
contributing to the development of the occiput and the caudal 
portion of the eighth cervical sclerotome contributing to the 
formation of the Tl vertebrae. 


The mechanism in the formation of the occiput-cervical 
junction is different and more complex. The first four spinal 
sclerotomes fuse to form the occiput and posterior foramen 
magnum. The cranial portion of the first cervical sclerotome 
remains as half a segment, eventually becoming part of the 
occipital condyle and tip of the odontoid (proatlas). The atlas 
is formed by cell contributions from the first cervical sclero¬ 
tome and the fourth occipital sclerotome. However, unlike 
the other sclerotomes, the vertébral arch of the first sclero¬ 
tome séparâtes from the centrum to become the ring of Cl 
and fuses with the proatlas above and the centrum of C2, 
becoming the odontoid process and body of C2. Thus, the 
axis is created by cell contributions from the cranial half of 
the first cervical sclerotome (tip of the odontoid), the second 
cervical sclerotome, and the centrum, which becomes the 
body of the odontoid. The inferior portion of the axis body 
is formed from the second cervical sclerotome. 

The HOX and PAX regulatory genes are believed to hâve 
a rôle in embryonic différentiation. HOX genes specify the 
vertébral morphology phenotype along the embryonic axis. 
The PAX genes are also intégral in vertébral development and 
are thought to establish the intervertébral boundaries of the 
sclerotomes. Abnormalities of the PAX1 sequence in humans 
are associated with Klippel-Feil syndrome. 

At birth the atlas has three ossification centers, one for 
the body and one for each neural arch. Although the posterior 
arches usually fuse by 3 years of âge, occasionally the poste¬ 
rior synchondrosis between the two fails to fuse, resulting in 
a bifid arch. The neurocentral synchondroses that connect 
the neural arches to the body close by 7 years of âge. 

The axis has four separate ossification centers: one for the 
dens, one for the body, and two for the neural arches. The 
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neurocentral synchondroses connect the body to the adjacent 
latéral masses, and the dentocentral synchondrosis connects 
it to the dens. The dentocentral synchondrosis closes by 6 to 
7 years of âge; it may persist as a sclerotic line until 11 years. 
The neural arches of C2 fuse at 3 to 6 years of âge. Occasion- 
ally, the tip of the odontoid is V shaped (dens bicornum), or 
a small separate summit ossification center may be présent at 
the tip of the odontoid (ossiculum terminale). 

Ossification of the third through seventh cervical verte- 
brae is similar: a single ossification center for the vertébral 
body and one for each neural arch. Between the âges of 2 and 
3 years the neural arch fuses posteriorly, and by 3 to 6 years 
the neurocentral synchondroses between the neural arches 
and the vertébral body fuse. Until 7 to 8 years of âge these 
vertebrae are normally wedge-shaped. 

The clinical présentations of patients with pédiatrie cervi¬ 
cal spine disorders are variable; however, most common pré¬ 
sentations are deformity, pain, limited motion, or neurologie 
compromise. 

ANOMALIES OF THE ODONTOID 

Although congénital anomalies of the odontoid are rare, they 
can cause significant atlantoaxial instability. These anomalies 
usually are detected as incidental findings after trauma or 
when symptoms occur. Atlantoaxial instability can cause a 
compressive myelopathy, vertébral artery compression, or 
both. 

Congénital anomalies of the odontoid can be divided 
into three groups: aplasia, hypoplasia, and os odontoideum 
(Fig. 43-1). Aplasia or agenesis is complété absence of the 
odontoid. Hypoplasia is partial development of the odontoid, 
and the bone varies from a small, peg-like projection to 
almost normal size. Odontoid hypoplasia and aplasia hâve 
been associated with spondyloepiphyseal dysplasia and 
mucopolysaccharidosis (Hunter, Hurler, Morquio, and 


Maroteaux-Lamy syndromes). In os odontoideum, the odon¬ 
toid is an oval or round ossicle with a smooth, sclerotic 
border. It is separated from the axis by a transverse gap, 
leaving the apical segment without support (Fig. 43-1D). The 
ossicle is of variable size and usually is located in the position 
of the normal odontoid (orthotopic), although occasionally 
it appears near the occiput in the area of the foramen magnum 
(dystopic). Because this lésion is frequently asymptomatic 
and remains undiscovered until it is brought to the physicians 
attention by trauma or the onset of symptoms, the exact inci¬ 
dence of os odontoideum is unknown, but it is probably more 
common than appreciated. Odontoid anomalies hâve been 
reported to be more common in patients with Down syn¬ 
drome, Klippel-Feil syndrome, Morquio syndrome, and 
spondyloepiphyseal dysplasia. 

Knowledge of the embryology and vasculature of the 
odontoid is essential to understanding the étiologie théories 
of congénital anomalies of the odontoid. The odontoid is 
derived from mesenchyme of the first cervical vertebra. 
During development, it becomes separated from the atlas and 
fuses with the axis. A vestigial dise space between Cl and C2 
forms a synchondrosis within the body of the axis. The apex, 
or tip, of the odontoid is derived from the most caudal occipi¬ 
tal sclerotome, or proatlas. This separate ossification center, 
called ossiculum terminale, appears at âge 3 and fuses by âge 
12. Anomalies of this terminal portion are rarely of clinical 
significance (Figs. 43-1C and 43-2). 

The arterial blood supply to the odontoid is derived from 
the vertébral and carotid arteries (Fig. 43-3). The vertébral 
artery gives off an anterior ascending artery and a posterior 
ascending artery that begin at the level of C3 and ascend 
anterior and posterior to the odontoid, meeting superiorly to 
form an apical arcade. The most rostral portion of the extra- 
cranial internai carotid artery gives off “cleft perforators,” 
which supply the superior portion of the odontoid. This pecu- 
liar arrangement of blood supply is necessary because of the 



Types of odontoid anomalies. A f Normal odontoid. B f Hypoplastic odontoid. C f Ossiculum terminale. D f Os odontoi¬ 
deum. E, Aplasia of odontoid. 



859 



FIGURE 


Anteroposterior open-mouth odontoid view 


showing V-shaped dens bicornis and ossiculum terminale. 
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FIGURE 


Blood supply to odontoid: posterior and ante¬ 


rior ascending arteries and apical arcade. 


embryologie development and anatomie function of the 
odontoid. The synchondrosis prevents direct vascularization 
of the odontoid from C2, and vascularization from the blood 
supply of Cl cannot occur because of the synovial joint cavity 
surrounding the odontoid. 

Congénital and acquired causes (posttraumatic) of odon¬ 
toid anomalies hâve been suggested. Trauma has been 
reported in up to 50% of patients. Congénital causes include 
failure of fusion of the apex or ossiculum terminale and 
failure of fusion of the odontoid to the axis, neither of which 
explains ail the findings in os odontoideum. The 
ossiculum terminale is usually too small to influence stability 
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significantly, and the theory of failure of fusion of the odon¬ 
toid to the axis do es not explain the fact that the space 
between the ossicle and the axis is at the level of the articulat- 
ing facets of C2, rather than below the level of the articulating 
facets where the synchondrosis occurs during development. 

A congénital etiology is supported by the increased incidence 
among patients with Down syndrome, Klippel-Feil malfor¬ 
mation, multiple epiphyseal dysplasia, and other skeletal 
dysplasias compared with the general population. Os odon¬ 
toideum can be acquired affer infection or trauma or can 
resuit from osteonecrosis. Several authors hâve suggested that 
an unrecognized fracture at the base of the odontoid is the 
most common cause. A distraction force by the alar ligament 
pulls the tip of the fractured odontoid away from its base to 
produce a nonunion. Osteonecrosis affer halo-pelvic traction 
has been reported. 

DIAGNOSIS 

The présentation of os odontoideum varies. Signs and symp- 
toms can range from minor to frank compressive myelopathy 
or vertébral artery compression. Presenting symptoms may 
include neck pain, torticollis, or headache caused by local 
irritation of the atlantoaxial joint. Neurologie symptoms vary 
from transient épisodes of paresis affer trauma to 
complété myelopathy caused by cord compression. Symp¬ 
toms may consist of weakness and loss of balance with upper 
motor neuron signs, although upper motor neuron signs 
may be completely absent. Proprioceptive and sphincter dis¬ 
turbances are common findings. Vertébral artery compres¬ 
sion causes cervical and brainstem ischemia, resulting 
in seizures, syncope, vertigo, and visual disturbances. Lack 
of cranial nerve involvement helps differentiate os odon¬ 
toideum from other occipitovertebral anomalies because 
the spinal cord impingement occurs below the foramen 
magnum. 

RADIOGRAPHIC FINDINGS 

Odontoid anomalies can be diagnosed on routine cervical 
spine radiographs that include an open-mouth odontoid view 
(Fig. 43-4). CT scans with reconstruction views and MRI are 
helpful in making the initial diagnosis of os odontoideum. 
Latéral flexion and extension radiographs can detect 
any instability. Odontoid aplasia appears as a slight déprés¬ 
sion between the superior articulating facets on the open- 
mouth odontoid view. Odontoid hypoplasia is seen as a short, 
bony remnant. With os odontoideum, a space is présent 
between the body of the axis and a bony ossicle. The 
free ossicle of os odontoideum is usually half the size of a 
normal odontoid and is oval or round with smooth, sclerotic 
borders. The space differs from that of an acute fracture, in 
which the space is thin and irregular instead of wide 
and smooth. This space should not be confused with the 
neurocentral synchondrosis in children younger than 6 to 7 
years of âge. 

The amount of instability can be documented by latéral 
flexion and extension plain films that allow measurement of 
the amount of anterior and posterior displacement of the atlas 
on the axis. In children, motion between the odontoid and 
the body of the axis must be shown before instability with os 
odontoideum can be diagnosed because the ossicle is fixed to 
the anterior arch of Cl and moves with it during flexion and 
extension. Measurement of the relation of Cl to the free 
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Latéral radiograph (A) and open-mouth odon- 
toid radiograph (B) showing os odontoideum. 


ossicle is of little value because this moves as one unit. A 
more significant measurement is made by projecting a line 
superiorly from the body of the axis to a line projected infe- 
riorly from the posterior border of the anterior arch of the 
atlas. Measurement s of more than 4 to 5 mm in children 
indicate significant instability. 

The space available for the spinal cord also is a helpful 
measurement. This space is determined by measuring 
the distance from the posterior aspect of the odontoid or 
axis to the nearest posterior structure. Fielding reported 
that most symptomatic patients in his study had an average 
of 1 cm of movement. Cineradiography can also be helpful in 
determining motion around the Cl-2 articulation. 

Watanabe, Toyama, and Fujimura described two 
radiographie measurements that correlate with neurologie 
signs and symptoms. They found that if there is a 
sagittal plane rotation angle of more than 20 degrees or an 
instability index of more than 40%, a patient is likely to hâve 
neurologie signs and symptoms. The instability index is mea- 
sured from latéral flexion and extension radiographs. Minimal 
and maximal distances are measured from the 
posterior border of the C2 body to the posterior arc of 
the atlas. The instability index is calculated by the following 
équation: 




Radiographie parameters. Minimal (A) and 
maximal (B) distance from posterior border of body of C2 to 
posterior atlantal arch. C f Change of atlantoaxial angle between 
flexion and extension position, a, sagittal plane rotation. 


Instability index = maximum distance - minimum distance + 
maximum distance x 100(%) 

The sagittal plane rotation angle is measured by the change 
in the atlantoaxial angle between flexion and extension (Fig. 
43-5). MRI can be useful in identifying reactive retrodental 
lésions that can occur with chronic instability. This reactive 
tissue is not seen on routine radiographs but can be respon- 
sible for a decrease in the space available for the spinal cord 
and compressive myelopathy. The prognosis of os odontoi¬ 
deum dépends on the clinical présentation. The prognosis is 
good if only mechanical symptoms (torticollis or neck pain) 
or transient neurologie symptoms exist. It is poor if neuro¬ 
logie déficits slowly progress. 

TREATMENT 

The primary concern in congénital anomalies of the odontoid 
is that an already abnormal atlantoaxial joint can subluxate 
or dislocate with minor trauma and cause permanent neuro¬ 
logie damage or even death. Patients with local symptoms 
usually improve with conservative treatment, such as cervical 
traction or immobilization. The indications for operative sta¬ 
bilization are: (1) neurologie involvement (even if this is tran¬ 
sient), (2) instability of more than 5 mm anteriorly or 
posteriorly, (3) progressive instability, and (4) persistent neck 
complaints associated with atlantoaxial instability and not 
relieved by conservative treatment (Box 43-1). 

Prophylactic operative stabilization of odontoid instability 
less than 5 mm in asymptomatic patients is controversial. 
Because it may be difficult or impossible to restrict a childs 
activities, the safety of stability without restriction of activity 
must be weighed against the possible complications of surgery. 
The decision concerning prophylactic arthrodesis must be 
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Indications for Operative Stabilization of Os 
Odontoideum 


■ Neurologie involvement (even transient) 

■ Instability of greater than 5 mm posteriorly or anteriorly 

■ Progressive instability 

■ Persistent neck complaints 


made after discussion with the patient and family concerning 
potential risks of operative and nonoperative treatment. Delayed 
neurologie injury has been reported in three patients who ini- 
tially received conservative treatment. We, therefore, recom- 
mend prophylactic stabilization of os odontoideum. 

In patients with neurologie déficits, skull traction should 
be used before surgery to achieve réduction, allow recovery of 
neurologie function, and decrease spinal cord irritation. 
Achieving and maintaining réduction are probably the most 
important aspects in the treatment of this anomaly. 

Before Cl-2 fusion, the integrity of the posterior arch of 
Cl must be documented. Incomplète development of the pos¬ 
terior ring of Cl is uncommon (3 cases in 1000) but is 
reported to occur with increased frequency in patients with 
os odontoideum. 

■ POSTERIOR CERVICAL APPROACHES 
I ATLANTOAXIAL FUSION 

Many variations of two basic techniques of atlantoaxial fusion 
exist (Box 43-2). The Gallie and the Brooks and Jenkins tech¬ 
niques hâve been the most frequently used for posterior 
atlantoaxial fusion (Figs. 43-6 to 43-8). The Gallie technique 
has the advantage of using only one wire passed beneath the 
lamina of Cl, but tightening the wire can cause the unstable 
Cl vertebra to displace posteriorly and fuse in a dislocated 
position (see Fig. 43-6). The Brooks and Jenkins technique 
has the disadvantage of requiring sublaminar wires at Cl and 
C2 but gives greater résistance to rotational movement, latéral 
bending, and extension. The wire varies in size from 22 gauge 
to 18 gauge, depending on the âge of the patient and the size 
of the spinal canal. Songer cables may also be used instead of 
wires for the Brooks and Jenkins fusion. In a very young 
child, wire fixation may be unnecessary; instead, the graft is 
placed along the decorticated fusion site, and a halo or 
Minerva cast is used for postoperative immobilization. With 
the use of fluoroscopy and image-guided Systems, Cl-2 tran- 
sarticular screws can be used for stabilization in appropriately 
sized children. 


POSTERIOR ATLANTOAXIAL FUSION 


TECHNIQUE 43-1 


(GALLIE) 

■ Carefully intubate the patient in the supine position while 
the patient is on a stretcher. Place the patient prone on 
the operating table with the head supported by traction, 
maintaining the head-thorax relationship at ail times 


Posterior Fusion Techniques 


Atlantoaxial Fusion 

Gallie 

Advantage: One wire passed beneath lamina of Cl 

Disadvantage: Wire may cause unstable Cl vertebra to dis¬ 
place posteriorly and fuse in dislocated position 

Brooks and Jenkins 

Advantage: Greater résistance to rotational movement, 
latéral bending, and extension 

Disadvantage: Requires sublaminar wires at Cl and C2 

Harms and Melcher 

Advantage: Individual placement of polyaxial screws simpli¬ 
fies technique and involves less risk to C1-C2 facet joint 
and vertébral artery. 

Disadvantages: Possible irritation of the C2 ganglion from 
instrumentation. Technique is not possible in patients 
with aberrant course of the vertébral artery (20%). 

Magerl and Seeman 

Advantage: Significant improvement in fusion rates over tra- 
ditional posterior wire stabilization and bone grafting 
techniques. 

Disadvantage: Technically demanding and must be com- 
bined with Gallie or Brooks fusion for maximum 
stability. 

Occipitocervical Fusion 

Cône and Turner; Willard and Nicholson; Rogers 

Required when other bony anomalies occur at occipitocervi¬ 
cal junction 

Wertheim and Bohlman 

Wires passed through outer table of skull at occipital protu¬ 
bérance instead of through inner and outer tables near 
foramen magnum 

Lessens risk of danger to superior sagittal and transverse 
sinuses (which are cephalad to occipital protubérance) 

Koop, Win ter, Lonstein 

No internai fixation used 

Autogenous corticocancellous iliac bone graft 

Dormans et al. 

Stable fixation is achieved by exact fit of autogenous iliac 
crest bone graft and fixation of the spinous process with 
button wire and fixation of the occiput with wires through 
burr holes. 

Can be used in high-risk patients (Down syndrome) with 
increased stabilization and shorter immobilization time. 

Contoured Rod, Screw, or Contoured Plate Fixation 

Has the advantage of achieving immédiate stability of the 
occipitocervical junction 


during turning. Obtain a latéral cervical spine radiograph 
to ensure proper alignment before surgery. 

■ Préparé and drape the skin in a stérile fashion and inject 
a solution of epinephrine (1 :500,000) intradermally to 
aid hemostasis. 
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Posterior translation of atlas after Cl-2 poste- 


rior Gallie fusion. 


■ Make a midline incision from the lower occiput to 
the level of the lower end of the fusion, extending 
it deeply within the relatively avascular midline stru¬ 
ctures, the intermuscular septum, or ligamentum nuchae. 
Do not expose any more than the area to be fused to 
decrease the chance of spontaneous extension of the 
fusion. 

■ By subperiosteal dissection, expose the posterior arch of 
the atlas and the laminae of C2. 

■ Remove the muscular and ligamentous attachments 
from C2 with a curet; dissect laterally along the atlas 
to prevent injury to the vertébral arteries and vertébral 
venous plexus that lie on the superior aspect of the ring 
of Cl, less than 2 cm latéral to the midline. 

■Expose the upper surface of Cl no farther laterally 
than 1.5 cm from the midline in adults and 1 cm in 
children. Décortication of Cl and C2 is generally 
unnecessary. 

■ From below, pass a wire loop of appropriate size upward 
under the arch of the atlas directly or with the aid of a 
nonabsorbable suture, which can be passed with an 
aneurysm needle. 

■ Pass the free ends of the wire through the loop, grasping 
the arch of Cl in the loop. 

■ Take a corticocancellous graft from the iliac crest and 
place it against the laminae of C2 and the arch of Cl 
beneath the wire. 

■ Pass one end of the wire through the spinous process of 
C2 and twist the wire on itself to secure the graft in 
place. 

■ Irrigate the wound and close it in layers with suction 
drainage tubes. 



Fielding's modifications of wire techniques for 
holding graft in place. A f Wire passes under laminae of atlas and 
axis and is tied over graft. B f Wire passes through holes drilled in 
laminae of atlas and through spine of axis; holes are drilled 
through graft. C f Wire passes under laminae of atlas and through 
spine of axis and is tied over graft. This method is used most 
frequently. D f Wire passes under laminae of atlas and through 
spine of axis; holes are drilled through graft. SEE TECHNIQUE 43-1. 


Fielding described several modifications of the Gallie 
fusion, as shown in Figure 43-7. 

POSTOPERATIVE CARE. The patient is immobilized in 
a Minerva cast, halo cast or halo vest, or a cervicothoracic 
orthosis. Immobilization usually is continued for 12 
weeks. 
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Brooks-Jenkins technique of atlantoaxial fusion. A f Insertion of wires under atlas and axis. B f Wires in place with 
graft being inserted. C and D f Bone grafts secured by wires (anteroposterior and latéral views). SEE TECHNIQUE 43-2. 


POSTERIOR ATLANTOAXIAL FUSION 
USING LAMINAR WIRING 


TECHNIQUE 43-2 


(BROOKS AND JENKINS) 

■ Intubate and turn the patient onto the operating table as 
for the Gallie technique (Technique 43-1). Préparé and 
drape the operative site as described. 

■ Expose Cl and C2 through a midline incision. 

■ Using an aneurysm needle, pass a Mersilene suture 
from cephalad to caudad on each side of the midline 
under the arch of the atlas and then beneath the laminae 
of C2 (Fig. 43-8A). These sutures serve as guides to intro- 
duce two doubled 20-gauge wires. The size of the 
wire used varies depending on the size and âge of 
the patient. 

■Obtain two full-thickness bone grafts 1.25 to 3.5 cm 
from the iliac crest and bevel them so that the apex of 
the graft fits in the interval between the arch of the atlas 
and the lamina of the axis (Fig. 43-8B). 

■ Fashion notches in the upper and lower cortical surfaces 
to hold the circumferential wires and prevent them from 
slipping. 

■ Tighten the doubled wires over the graft and twist them 
on each side (Fig. 43-8C and D). 


■ Irrigate and close the wound in layers over suction 
drains. 

POSTOPERATIVE CARE. The postoperative care is the 
same as that for the Gallie technique. 


I Cl-2 TRANSARTICULAR SCREW FIXATION 

Adult instrumentation and fusion techniques may be used in 
the pédiatrie cervical spine. The use of this instrumentation 
is dépendent on the preoperative anatomy that would allow 
appropriate size screws to be placed safely. Adult instrumen¬ 
tation of the cervical spine usually can be used in adolescents 
and preteens. For smaller children, the use of these adult 
instrumentation techniques become more difficult but can be 
used safely in certain patients. Wang et al. reported good 
results in the management of pédiatrie atlantoaxial instability 
with Cl-2 transarticular screw fixation and fusion, using a 
3.5-mm screw in children 4 years old. Originally described 
for adult patients, it is technically demanding and requires 
fluoroscopie or stereotactic assistance for the proper place¬ 
ment of the transarticular screw (Fig. 43-9). Harms and 
Melcher reported posterior C1-C2 fusion using polyaxial 
screw and rod fixation in adults and children with good 
results. They cited the following advantages: individual place¬ 
ment of polyaxial screws in Cl and C2 allows direct manipu¬ 
lation of Cl and C2, simplifying réduction and fixation; 
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superior and médial placement of the C2 screw carries less 
risk to the vertébral artery; the integrity of the posterior arch 
of Cl is not necessary for stable fixation (Fig. 43-10). Please 
refer to Chapter 41 for transarticular screw fixation technique 
in adults. 


TRANSLAMINAR SCREW FIXATION 
OF C2 

Translaminar screw fixation can be used as an alternative 
to polyaxial screw and rod fixation when the C2 isthmus 
or pedicle cannot be instrumented. Approximately 20% of 
patients hâve an abnormal path of the vertébral artery that 
will prevent placement of the C2 screw in Harms and 
Melcher's technique. Translaminar screw fixation may also 
be used in the lower cervical spine if needed. 


TECHNIQUE 43-3 


■ Place the patient prone with the head in a neutral position 
in a Mayfield head holder. 

■ Expose the posterior arch of Cl and the spinous process, 
laminae, and médial and latéral masses of C2. 

■ Create a small cortical window at the junction of the C2 
spinous process and the lamina on the left, close to the 
rostral margin of the C2 lamina (Fig. 43-1 IA). 

■ Using a hand drill, carefully drill along the length of the 
contralatéral (right) lamina, with the drill visually aligned 
along the angle of the exposed contralatéral laminar 
surface. 

■ Palpate the length of the drill hole with a small bail probe 
to verify that no cortical breakthrough into the spinal 
canal has occurred. 

■ Insert a 4-mm diameter polyaxial screw along the same 
trajectory. In the final position, the screw head is at the 
junction of the spinous process and lamina on the left, 
with the length of the screw within the right lamina. 

■Create a small cortical window at the junction of the 
spinous process and lamina of C2 on the right, close to 
the caudal aspect of the lamina. 



0 Harms and Melcher technique. Upper cervical 
spine after C1-C2 fixation by polyaxial screw and rod fixation. 


■ Using the same technique as above, insert a 4-mm diam¬ 
eter screw into the left lamina, with the screw head 
remaining on the right side of the spinous process. 

■ Place appropriate rods into the screw heads and attach to 
Cl screws or latéral mass screws below C2 (Fig. 43-1 IB). 

POSTOPERATIVE CARE. The patient is immobilized in 
a cervical or cervicothoracic orthosis for 8 to 12 weeks. 


I OCCIPITOCERVICAL FUSION 

When other bony anomalies occur at the occipitocervical 
junction, such as absence of the posterior arch of Cl, the 
fusion can extend up to the occiput. The following technique 
for occipitocervical fusion includes features of techniques 
described by Cône and Turner, Rogers, Willard and Nichol- 
son, and Robinson and Southwick. 
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A f C2 translaminar screw placement. B, Latéral and anteroposterior views of completed C1-C2 fixation with Cl latéral 
mass screws connected to C2 laminar screws. SEE TECHNIQUE 43-3. 


OCCIPITOCERVICAL FUSION 


TECHNIQUE 43-4 


■ Approach the base of the occiput and the spinous pro¬ 
cesses of the upper cervical vertebrae through a longitu¬ 
dinal midline incision, extending it deeply within the 
relatively avascular intermuscular septum. 

■ Expose the entire field subperiosteally. 

■ Dissect the posterior occiput laterally to the level of the 
external occipital protubérance. 

■ Make two burr holes in the posterior occiput about 7 mm 
from the foramen magnum and 10 mm latéral to the 
midline (see Fig. 43-12). 


■ Separate the dura from the inner table of the skull by 
blunt dissection with a right-angle dissector. 

■ Pass short lengths of wire through the holes in the occiput 
and through the foramen magnum. 

■ Pass wires beneath the posterior arch of Cl on either side 
if the arch is intact. 

■ Drill holes in the outer table of the spinous processes 
of C2 and C3, completing them with a towel clip or 
Lewin clamp, and pass short lengths of wire through the 
holes. 

■ Obtain a corticocancellous graft from the iliac crest and 
make holes at appropriate intervals to accept the ends of 
the wires. 

■ Pass the wires through the holes in the graft and lay the 
graft against the occiput and the laminae of C2 and C3. 
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Robinson and Southwick method of occipito- 
cervical fusion. SEE TECHNIQUE 43-4. 


■ Tighten the wires to hold the graft firmly in place (Fig. 
43-12, inset). 

■ Lay thin strips of cancellous bone around the cortical 
grafts to aid in fusion. 

■ Inspect the graft and wires to ensure that they do not 
impinge on the dura or vertébral arteries. Irrigate and 
close the wound in layers over suction drains. 

Robinson and Southwick pass individual wires beneath 
the laminae of C2 and C3 instead of through the spinous 
processes (Fig. 43-12). 

POSTOPERATIVE CARE. Some form of external support 
is recommended. This support may vary from a Minerva 
cast or halo vest or halo cast to a cervicothoracic brace, 
depending on the degree of preoperative instability and 
the stability of fixation. 


OCCIPITOCERVICAL FUSION PASSING 
WIRES THROUGH TABLE OF SKULL 

Wertheim and Bohlman described a technique of occipito- 
cervical fusion similar to that described by Grantham et al. 
in which wires are passed through the outer table of the 
skull at the occipital protubérance instead of through the 
innerand outertables of the skull near the foramen magnum. 
Superior to the foramen magnum the occipital bone is very 
thin, but at the external occipital protubérance it is thick and 
allows passage of wires without passing through both 
tables. The transverse and superior sagittal sinuses are ceph- 
alad to the protubérance and are out of danger. 


TECHNIQUE 43-5 


(WERTHEIM AND BOHLMAN) 

■ Stabilize the spine preoperatively with cranial skeletal traction 
with the patient on a turning frame or cerebellar headrest. 


■ Place the patient prone and obtain a latéral radiograph 
to document proper alignment. 

■ Préparé the skin and inject the subcutaneous tissue with 
a solution of epinephrine (1 :500,000). 

■ Make a midline incision extending from the external 
occipital protubérance to the spine of the third cervical 
vertebra. 

■ Sharply dissect the paraspinous muscles subperiosteally 
with a scalpel and a periosteal elevator to expose the 
occiput and cervical laminae, taking care to stay in the 
midline to avoid the paramedian venous plexus. 

■ At a point 2 cm above the rim of the foramen magnum, 
use a high-speed diamond burr to create a trough on 
either side of the protubérance, making a ridge in the 
center (Fig. 43-13A). With a towel clip, make a hole in 
this ridge through only the outer table of bone. 

■ Loop a 20-gauge wire through the hole and around the 
ridge and loop another 20-gauge wire around the arch 
of the atlas. 

■ Pass a third wire through a drill hole in the base of the 
spinous process of the axis and around this structure; 
three separate wires are used to secure the bone grafts 
on each side of the spine (Fig. 43-13B). 

■ Expose the posterior iliac crest and obtain a thick, slightly 
curved graft of corticocancellous bone of premeasured 
length and width. 

■ Divide this horizontally into two pièces and place three 
drill holes in each graft (Fig. 43-13C). 

■ Decorticate the occiput and anchor the grafts in place 
with the wires on both sides of the spine (Fig. 43-13D). 
Pack additional cancellous bone around and between the 
two grafts. 

■ Close the wound in layers over suction drains. 

POSTOPERATIVE CARE. A rigid cervical orthosis or a 
halo cast is worn for 6 to 16 weeks, followed by a soft 
collar that is worn for an additional 6 weeks. 


OCCIPITOCERVICAL FUSION WITHOUT 
INTERNAL FIXATION 

Koop, Winter, and Lonstein described a technique of 
occipitocervical fusion without internai fixation for use in 
children. The spine is decorticated, and autogenous corti¬ 
cocancellous iliac bone is placed over the area to be fused. 

In children with vertébral arch defects, an occipital perios¬ 
teal flap is reflected over the bone defect to provide an 
ostéogénie tissue layer for the bone grafts. A halo cast is 
used for postoperative stability. 


TECHNIQUE 43-6 


(KOOP ETAL) 

■ After the administration of endotrachéal anesthésia, 
apply a halo frame with the child supine. 

■ Turn the child prone and secure the head with the neck 
in slight extension by securing the halo frame to a traction 
frame. 
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Wertheim and Bohlman method of occipitocervical fusion. A f Burr is used to create ridge in external occipital pro¬ 
tubérance; hole is made in ridge. B f Wires are passed through outer table of occiput, under arch of atlas, and through spinous process 
of axis. C, Grafts are placed on wires. D, Wires are tightened to secure grafts in place. SEE TECHNIQUE 43-5. 



Koop, Winter, and Lonstein method of occipitocervical fusion used when posterior arch of Cl is absent. A, Exposure 
of occiput, atlas, and axis. B, Reflection of periosteal flap to cover defect in atlas. C, Décortication of exposed vertébral éléments. D, 
Placement of autogenous cancellous iliac bone grafts. SEE TECHNIQUE 43-6. 


■ Make a midline incision. In patients with intact posterior 
éléments, expose the vertebrae by sharp dissection. 

■ Decorticate the exposed vertébral éléments and lay strips 
of autogenous cancellous iliac bone over the decorticated 
bone. Expose only the vertebrae to be included in the 
fusion. In patients with defects in the posterior éléments, 
do not expose the dura, if possible. 

■ At the level of the occiput, dissect the nuchal tissue from 
the periosteum and retract it laterally (Fig. 43-14A). 

■ Elevate the occipital periosteum in a triangular-based 
flap attached near the margin of the foramen magnum. 

■ Reflect this flap caudally to cover the defects in the poste¬ 
rior vertébral éléments and suture it in place (Fig. 43-14B). 


■ Decorticate the occiput and the remaining exposed ver¬ 
tébral éléments with an air drill (Fig. 43-14C). 

■ Lay strips of autogenous cancellous bone in place over 
the entire area (Fig. 43-14D). 

■ Close the wound in layers over a suction drain. 

■ Turn the child supine and apply a halo cast. 

POSTOPERATIVE CARE. The halo cast is worn until 
union is radiographically évident, usually at about 5 
months. When union is documented by latéral flexion 
and extension radiographs, the halo cast is removed and 
a soft collar is worn for 1 month. 
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Occipitocervical fusion 
as described by Dormans et al. A f Place¬ 
ment of burr holes. B f Corticocancellous 
graft obtained from iliac crest. C f Looped 
16- or 18-gauge wires passed through 
burr holes and looped on themselves. 
Graft positioned into occipital trough 
and around spinous process of cervical 
vertebra at caudal extent of fusion and 
locked into place by précisé contouring 
of bone. D f Wires crossed, twisted, and 
eut. SEE TECHNIQUE 43-7. 





OCCIPITOCERVICAL FUSION USING 
CROSSED WIRING 

Dormans et al. described occipitocervical fusion using a dif¬ 
ferent wiring technique in 16 children with an average âge 
of 9.6 years (range 2.5 to 19.3 years). Fusion was achieved 
in 15 patients. Complications included pin track infection 
(four patients), pneumonia (one patient), additional level of 
fusion (one patient), and graft fracture and nonunion (one 
patient). The use of wire fixation, combined with inhérent 
stability of the bone-graft construct, allowed for removal of 
the halo device relatively early (6 to 12 weeks). 


TECHNIQUE 43-7 


(DORMANS ETAL) 

■ After halo ring application, place the patient prone and 
secure the halo frame to the operating table. Confirm 
alignment of the occiput and cervical spine with latéral 
radiographs. 

■ Expose the midline from the occiput to the second or 
third cervical vertebra. Limit the latéral dissection to avoid 
damaging the vertébral arteries. 

■ In patients who require décompression because of cervi¬ 
cal stenosis or for removal of a tumor, remove the arch 
of the first or second cervical vertebra, or both, with or 
without removal of a portion of occipital bone to enlarge 
the foramen magnum. 


■ Use a high-speed drill to make four holes through both 
cortices of the occiput, aligning them transversely with 
two on each side of the midline and leaving a 1-cm 
osseous bridge between the two holes of each pair. The 
holes are placed caudad to the transverse sinuses (Fig. 
43-1 5A). 

■ Fashion a trough into the base of the occiput to accept 
the cephalad end of the bone graft. 

■ Obtain a corticocancellous graft from the iliac crest and 
shape it into a rectangle, with a notch created in the infe- 
rior base to fit around the spinous process of the second 
or third cervical vertebra (Fig. 43-15B). The caudal extent 
of the intended fusion (the second or third cervical verte¬ 
bra) is determined by the presence or absence of a previous 
laminectomy, congénital anomalies, or level of instability. 

■ Pass a looped 16- or 18-gauge Luque wire through the 
burr holes on each side and loop it onto itself. 

■ Pass Wisconsin button wires (Zimmer, Warsaw, IN) through 
the base of the spinous process of either the second or the 
third cervical vertebra (Fig. 43-15C). Pass the wire that is 
going into the left arm of the graft through the spinous 
process from right to left. Place the graft into the occipital 
trough superiorly and around the spinous process of the 
vertebra that is to be at the caudal level of the arthrodesis 
(the second or third cervical vertebra). 

■ Contour the graft precisely so that it fits securely into the 
occipital trough and around the inferior spinous process 
before the wires are tightened. 

■ Cross the wires, twist, and eut (Fig. 43-15D). 
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A and B f Occipitocervical fusion using contoured rod and segmentai wire or cable fixation. SEE TECHNIQUE 43-8. 


■ Obtain a radiograph at this point to assess the position 
of the graft and wires and the alignment of the occiput 
and cephalad cervical vertebrae. Extension of the cervical 
spine can be controlled by positioning of the head with 
the halo frame, by adjustment of the size and shape of 
the graft, and, to a lesser extent, by appropriate tighten- 
ing of the wires. 

■ For patients who hâve not had a décompression, pass the 
sublaminar wire caudal to the ring of the first cervical ver- 
tebra to secure additional fixation. In young children, this 
may be difficult or undesirable because of the small size of 
the ring of the first cervical vertebra or the failure of forma¬ 
tion of the posterior arch of the first cervical vertebra. 

POSTOPERATIVE CARE. A custom halo orthosis or halo 
cast is worn until a solid fusion is obtained; thereafter, a 
cervical collar is worn for 1 month. 


OCCIPITOCERVICAL FUSION USING 
CONTOURED ROD AND SEGMENTAL 
ROD FIXATION 


Occipitocervical fusion using a contoured rod and segmen¬ 
tai wire or cable fixation, which has been described by 
several authors, has the advantage of achieving immédiate 
stability of the occipitocervical junction. This stability allows 
the patient to move in a cervical collar after surgery, avoid- 
ing the need for halo cast immobilization. Smith et al. 
described occipitocervical arthrodesis using a contoured 
plate instead of a rod for fixation. 


TECHNIQUE 43-8 


Figure 43-16 


■ Approach the base of the occiput and the spinous 
processes of the upper cervical vertebrae through a lon¬ 
gitudinal midline incision, extending it deeply within the 
relatively avascular intermuscular septum. 


■ Expose the entire field subperiosteally. 

■ Carry the dissection proximally above the inion and later- 
ally to the level of the external occipital protubérance. 

■ Make a template of the intended shape of the stainless 
Steel rod with the appropriate length of Luque wire. 

■ Make two burr holes on each side, about 2 cm latéral 
to the midline and 2.5 cm above the foramen magnum. 
Avoid the transverse and sigmoid sinus when making 
these burr holes. Leave at least 10 mm of intact cortical 
bone between the burr holes to ensure solid fixation. 

■ Pass Luque wires or Songer cables in an extradural plane 
through the two burr holes on each side of the midline. Pass 
the wires or cables sublaminar in the upper cervical spine. 

■ Bend the rod to match the template; this usually has a 
head-neck angle of about 135 degrees and slight cervical 
lordosis. A Bend Meister (Sofamor/Danek, Memphis) may 
be helpful in bending the rod. 

■ Secure the wires or cables to the rod. 

■ Decorticate the spine and occiput and perform autoge- 
nous cancellous bone grafting. 

POSTOPERATIVE CARE. A Philadelphia collar or an 
occipitocervical orthosis is worn until the fusion is stable. 


OCCIPITOCERVICAL FUSION USING A 
CONTOURED OCCIPITAL PLATE, 
SCREW, AND ROD FIXATION 

This technique uses an adjustable-angle rod and a con¬ 
toured occipital plate (VertexSelect, Medtronic, Memphis) 
for fixation. 


TECHNIQUE 43-9 


Figure 43-17 


■ Expose the spine posteriorly as described in Technique 43-8. 

■ Adjust the angle of each rod for the most préférable align¬ 
ment; tighten the internai set screws to lock the angle. 
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Occipitocervical fusion using contoured occipi¬ 
tal plate, screw, and rod fixation (VertexSelect, Medtronic, 
Memphis). SEE TECHNIQUE 43-9. 


S Further bend the rods to best fit the patient's anatomy. Cut 
both ends of the rods to the required lengths. 

■ Position the rods in the previously placed cervical implants 
to détermine the proper occipital plate size and make 
adjustments if necessary to align the rod. 

■ Position the occipital plate in the midline (occipital keel) 
between the external occipital protubérance and the poste- 
rior border of the foramen magnum. Contour the plate for 
an anatomie fit against the occiput. Avoid repeated bending 
of the plate because this may compromise its integrity. It 
may be necessary to contour the bone of the occiput. 

■ With an appropriate-size drill bit and guide that match the 
screw diameter, drill a hole in the occiput to the desired 
predetermined depth. Drilling must be done through the 
occipital plate to ensure proper drilling depth. 

■ Tap the hole, using a gauge to verify the depth. The 
occipital bone is very dense, and each hole should be 
completely tapped. 

■ Insert the appropriate size occipital screw and provision- 
ally tighten it. Insert the rest of the screws as above and 
hand-tighten each. 

■ Place the rods into the implants and stabilize them by 
tightening the set screws. Perform final tightening of the 
occipital plate set screws and recheck ail connections of 
the final construct before wound closure. 

POSTOPERATIVE CARE. Immobilize the cervical spine 
in an orthosis for 8 to 12 weeks. 


■ ANTERIOR CERVICAL APPROACHES 

Cl-2 subluxation or dislocation sometimes cannot be reduced 
with traction. If a patient has no neurologie déficits, a 
simple in situ posterior fusion can be done with little 
increase in risk. Posterior décompression by laminectomy has 
been associated with increased morbidity and mortality. Pos¬ 
terior décompression increases Cl-2 instability unless accom- 
panied by fusion from the occiput to C2 or C3. If posterior 



Anterior Cervical Approaches 


Transoral (Fang et al.) 

High incidence of wound complications and infection 

Transoral Mandible-Splitting and Tongue- 
Splitting (Hall, Denis, and Murray) 

More extensive exposure of upper cervical spine 

Subtotal Maxillectomy (Cocke et al.) 

Extended maxillotomy and subtotal maxillectomy are used 
when exposure of base of skull is necessary and cannot 
be obtained by other approaches 

Latéral Retropharyngeal (Whîtesides and Kelly) 

Extension of classic Henry approach to vertébral artery 
Sternocleidomastoid muscle everted and retracted 
posteriorly 

Dissection in plane posterior to carotid sheath 
Potential for postoperative edema and airway obstruction 

Modifications of Robinson and Southwick 
Approach (deAndrade and Macnab) 

Anterior to sternocleidomastoid muscle 
Dissection anterior to carotid sheath 
Risk of injury to superior laryngeal nerve 

McAfee et al. 

Exposure from atlas to body of C3 

No posterior dissection of carotid sheath 

No entrance into oral cavity 

Adéquate for insertion of iliac or fibular strut grafts 


stabilization cannot be performed because of the clinical 
situation or anterior subluxation associated with cord com¬ 
pression is présent, then an anterior approach should be con- 
sidered. A subtotal maxillectomy, latéral retropharyngeal 
approach, or transoral approach can be used. The retropha¬ 
ryngeal approach usually is preferred because of the increased 
incidence of wound complications and infection associated 
with the transoral and maxillectomy approaches (Box 43-3). 


TRANSORAL APPROACH 

Fang and Ong achieved fusion by placing rectangular grafts 
into similarly shaped graft beds extending from the latéral 
mass of the atlas to the latéral mass and body of the axis. 
If only an anterior décompression is performed, it should 
be followed by a posterior fusion. 


TECHNIQUE 43-10 


(FANG AND ONG) 

■ Parentéral prophylactic antibiotics are given based on pre- 
operative nasopharyngeal cultures. Endotrachéal intuba¬ 
tion is achieved using a noncollapsible tube and euff. If 
extensive dissection is anticipated, a tracheostomy should 
be performed. 
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A and B f Transoral approach to upper cervical spine for exposure of anterior aspect of atlas and axis. SEE TECHNIQUE 


■ Place the patient in the Trendelenburg position and insert 
a mouth gag to provide retraction. Identify the vertébral 
bodies by palpation. 

■ The ring of the first vertebra has a midline anterior tuber- 
cle, and the dise between the second and third vertebrae 
is prominent, providing another localizing landmark. 
Make a longitudinal incision in the midline of the poste¬ 
rior pharynx (Fig. 43-18A). The soft palate can be divided 
in the midline, making paresis after retraction less likely, 
or it can be folded back on itself. 

■ Continue the midline dissection down to bone and reflect 
the tissue laterally to the outer margin of the latéral 
masses of the axis (Fig. 43-18B). Beyond these margins 
are the vertébral arteries, and care should be taken not 
to harm them. The soft-tissue flap can be retracted using 
long stay sutures. 

■ After the procedure is complété, irrigate and close the 
wound loosely with interrupted absorbable sutures. Con¬ 
tinue antibiotics for at least 3 days after surgery. 


TRANSORAL MANDIBLE-SPLITTING 
AND TONGUE-SPLITTING APPROACH 

Hall, Denis, and Murray described a mandible-splitting and 
tongue-splitting transoral approach to the cervical spine 
that gives more extensive exposure of the upper cervical 
spine than the approach of Fang and Ong. 


TECHNIQUE 43-11 


(HALL, DENIS, AND MURRAY) 

■ Apply a halo cast preoperatively and perform a tracheos- 
tomy through the fourth trachéal ring. 

■ With the patient under general anesthésia, préparé the 
operative field with povidone-iodine (Betadine), and 
drape it to exclude the halo cast and tracheostomy tube. 

■ Make an incision from the anterior gum margin through 
both surfaces of the lower lip and down over the middle 
of the mandible to the hyoid cartilage (Fig. 43-19A). 


■ Divide the tongue in the midline with electrocautery. 

■ Place traction sutures to allow better exposure of the 
midline raphe. 

■ Remove the lower incisor and make a step-cut with an 
oscillating saw in the mandible. 

■ Split the tongue longitudinally to the epiglottis through 
its central raphe (Fig. 43-19B). 

■ Fold the uvula on itself and suture it to the roof of the 
soft palate; retract the mandible and tongue down on 
each side to improve exposure. 

■Open the mucosa over the posterior wall of the oral 
pharynx to expose the anterior cervical spine from the 
first cervical vertebra to the upper portion of the fifth 
cervical vertebra (Fig. 43-19C). 

■ Divide the anterior longitudinal ligament in the midline 
and reflect it laterally to allow enough exposure for 
removal of the anterior portion of the cervical spine and 
placement of bone grafts for fusion. 

■ Fix the posterior pharyngeal flap with 3-0 chromic suture. 

■ Thread a suction drain through the nose and insert it deep 
into the pharyngeal flap. 

■ Repair the tongue with 2-0 and 3-0 chromic sutures and 
fix the mandible with wires inserted through drill holes 
on each side of the osteotomy. 

■ Close the infralingual mucosa with 3-0 chromic sutures 
and close the subeutaneous tissue and skin. 

■ Preoperative and postoperative antibiotics are 
recommended. 

POSTOPERATIVE CARE. A halo cast is worn until fusion 
is évident on radiographs. The halo cast is removed, and 
a soft collar is worn for 1 month. 


I SUBTOTAL MAXILLECTOMY 

Cocke et al. described an extended maxillotomy with subtotal 
maxillectomy to be used when exposure of the base of the 
skull is needed and cannot be obtained by other approaches. 
This approach is technically demanding and requires a thor- 
ough knowledge of head and neck anatomy. A team of sur¬ 
geons, including an otolaryngologist, a neurosurgeon, and an 















PART XII THE SPINE 



FIGURE 


A-C, Mandible-splitting and tongue-splitting transoral approach. SEE TECHNIQUE 43-11. 


orthopaedist, should perform this surgery. Please refer to 
older éditions of Campbeïïs Operative Orthopaedics for the 
complété description. 

Endoscopie approaches hâve also been described for 
anterior resection of the odontoid. The endoscopie approaches 
to the odontoid and anterior ring of Cl may be sublabial, 
transoral, or transcervical (Fig. 43-20). 


LATERAL RETROPHARYNGEAL 
APPROACH 

The latéral retropharyngeal approach described by White- 
sides and Kelly is an extension of the classic approach of 
Henry to the vertébral artery. In this approach, the sterno- 
cleidomastoid muscle is everted and retracted posteriorly. 
The remainder of the dissection follows a plane posterior 
to the carotid sheath. 


TECHNIQUE 43-12 


(WHITESIDES AND KELLY) 

■ Make a longitudinal incision along the anterior margin of 
the sternocleidomastoid muscle. At the superior end of 
the muscle, carry the incision posteriorly across the base 
of the temporal bone. 

■ Divide the muscle at its mastoid origin. 

■ Partially divide the splenius capitis muscle at its insertion 
in the same area. 


At the superior pôle of the incision is the external jugular 
vein, which crosses the anterior margin of the sterno¬ 
cleidomastoid; ligate and divide this vein. Branches of the 
auricular nerve also may be encountered and may require 
division. 

Evert the sternocleidomastoid muscle and identify the 
spinal accessory nerve as it approaches and passes into 
the muscle. 

Divide and ligate the vascular structures that accompany 
the nerve. 

Develop the approach posterior to the carotid sheath and 
anterior to the sternocleidomastoid muscle (Fig. 43-21 A). 
The transverse processes of ail the exposed cervical ver- 
tebrae are palpable in this interval. 

Using sharp and blunt dissection, develop the plane 
between the alar and prevertebral fascia along the ante¬ 
rior aspect of the transverse processes of the vertébral 
bodies. The dissection plane is anterior to the longus colli 
and capitis muscles and the overlying sympathetic trunk 
and superior cervical ganglion. (An alternative approach 
is to elevate the longus colli and capitis muscles from their 
bony insertion on the transverse processes and retract 
the muscles anteriorly, but this approach can disrupt the 
sympathetic rami communicantes and cause Horner 
syndrome.) 

When the vertébral level is identified, make a longitudinal 
incision to bone through the anterior longitudinal 
ligament. 

Dissect the ligament and soft tissues subperiosteally to 
expose the vertébral bodies. 
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Endoscopie approaches to the cervical spine: relevant anatomy and operative angles for sublabial, transoral, and 
transcervical approaches to the cervical spine. (From Bettegowda C, Shajari M, Suk I, et al: Sublabial approach for the treatment of symptomatic 
basilar impression in a patient with Klippel-Feil syndrome, Neurosurgery 69[ONS Suppl 1]:ons77, 2011.) 


■ For fusion, place corticocancellous strips in a longitudinal 
trough made in the vertébral bodies. 

■ Irrigate and close the wound in layers over a suction drain 
in the retropharyngeal space. 

POSTOPERATIVE CARE. Because of the potential for 
postoperative edema and airway obstruction, the patient 
should be monitored closely. Traction may be required for 
1 to 2 days after surgery. When the traction is removed, 
the patient is immobilized in a cervicothoracic brace or 
halo vest or halo cast. 

deAndrade and Macnab described an approach to the 
upper cervical spine that is an extension of the approach 
described by Robinson and Southwick and Bailey and 
Badgley. This approach is anterior to the sternocleidomas- 
toid muscle (Fig. 43-21 B), but the dissection is anterior to 
the carotid sheath rather than posterior. This approach 
carries an increased risk of injury to the superior laryngeal 
nerve. 


ANTERIOR RETROPHARYNGEAL 
APPROACH 

McAfee et al. used a superior extension of the anterior 
approach of Robinson and Smith to the cervical spine. This 
approach provides exposure from the atlas to the body of 
the third cervical vertebra without the need for posterior 
dissection of the carotid sheath or entrance into the oral 
cavity and gives adéquate exposure for insertion of iliac or 
fibular strut grafts. 


TECHNIQUE 43-13 


(MCAFEE ET AL.) 

■ Place the patient supine on an operative wedge turning 
frame and perform a neurologie examination. Monitor 
the spinal cord during the operation using cortically 
recorded somatosensory-evoked potentials. 
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Latéral retropharyngeal approach to cervical 
spine. A f Whitesides and Kelly approach anterior to sternocleido- 
mastoid muscle and posterior to carotid sheath. B f DeAndrade 
and Macnab approach anterior to sternocleidomastoid muscle 
and anteromedial to carotid sheath. SEE TECHNIQUE 43-12. 


9 " Apply Gardner-Wells tongs with 4.5 kg of traction, if not 
already in place. Carefully extend the neck with the 
patient awake. Mark the maximal point of safe extension 
and do not exceed this at any time during the operative 
procedure. 

■ Perform fiberoptic nasotracheal intubation with the 
patient under local anesthésia. When the airway has been 
secured, place the patient under general anesthésia. Keep 
the patient's mouth free of ail tubes to prevent any 
dépréssion of the mandible inferiorly that may compro¬ 
mise the operative exposure. 

■ Make a modified transverse submandibular incision (the 
incision can be made on the right or left side depending 
on the surgeon's preference) (Fig. 43-22A). As long as the 
dissection does not extend caudad to the fifth cervical 
vertebra, this exposure is sufficiently superior to the right 
récurrent laryngeal nerve to prevent damage to this 
structure. 

■ Carry the incision through the platysma muscle and mobi- 
lize the skin and superficial fascia in the subplatysmal 
plane of the superficial fascia. 

■ Locate the marginal mandibular branch of the facial nerve 
with the aid of a nerve stimulator and by ligating and 
dissecting the retromandibular veins superiorly. Branches 
of the mandibular nerves usually cross the retromandibu¬ 
lar vein superficially and superiorly. By ligating this vein as 
it joins the internai jugular vein and by keeping the dis¬ 
section deep and inferior to the vein as the exposure is 


extended superiorly, the superficial branches of the facial 
nerve are protected. 

■ Free the anterior border of the sternocleidomastoid 
muscle by longitudinally transecting the superficial layer 
of deep cervical fascia. 

■ Locate the carotid sheath by palpation. 

■ Resect the submandibular salivary gland and suture its 
duct to prevent a salivary fistula. Identify the posterior 
belly of the digastric muscle and the stylohyoid muscle. 

■ Divide and tag the digastric tendon for later repair. Divi¬ 
sion of the digastric and stylohyoid muscles allows mobi- 
lization of the hyoid bone and the hypopharynx medially 
(Fig. 43-22B). 

■ Free the hypoglossal nerve from the base of the skull to 
the anterior border of the hypoglossal muscle and retract 
it superiorly throughout the remainder of the procedure 

(Fig. 43-22C). 

■ Continue the dissection between the carotid sheath later- 
ally and the larynx and pharynx anteromedially. 

■ Beginning inferiorly and progressing superiorly, the fol- 
lowing arteries and veins may need to be ligated for 
exposure: the superior thyroid artery and vein, the lingual 
artery and vein, and the facial artery and vein (Fig. 
43-22C). 

■ Free the superior laryngeal nerve from its origin near the 
nodose ganglion to its entrance into the larynx (Fig. 
43-22D). 

■ Transect the alar and prevertebral fascia longitudinally to 
expose the longus colli muscles (Fig. 43-22E). 

■ Ensure orientation to the midline by noting the attach- 
ment of the right and left longus colli muscles as they 
converge toward the anterior tubercle of the atlas. Detach 
the longus colli muscles from the anterior surface of the 
atlas and axis. 

■ Divide the anterior longitudinal ligament and expose the 
anterior surface of the atlas and axis. Do not carry the 
dissection too far laterally and damage the vertébral 
artery. 

■ McAfee et al. used a fibular or bicortical iliac strut graft 
contoured into the shape of a clothespin. The anterior 
body of C2 and the dises of C2 and C3 can be removed. 
Place the two prongs of the clothespin superiorly to strad- 
dle the anterior arch of the atlas. Tamp the inferior edge 
of the graft into the superior aspect of the body of C3, 
which is undercut to receive the graft. If the anterior 
aspect of the atlas must be removed, the superior aspect 
of the graft can be secured to the clivus. 

■ Begin closure by approximation of the digastric tendon. 

■ Place suction drains in the retropharyngeal space and the 
subeutaneous space. 

■Suture the platysma and skin in the standard fashion. 

■ If the spine has been made unstable by the anterior 
décompression, perform a posterior cervical or occipito- 
cervical fusion. 

■ If the hypopharynx has been inadvertently entered, 
hâve the anesthesiologist insert a nasogastric tube 
intraoperatively. 

■ Close the hole in two layers with absorbable sutures. 

POSTOPERATIVE CARE. Parentéral antibiotics effective 
against anaérobie organisms should be added to the 
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Anterior retropharyngeal approach to upper cervical spine described by McAfee et al. A f Submandibular incision. 
Lower limb of incision is used only if midcervical vertebrae must be exposed. B and C f Submandibular gland is resected, and digastric 
tendon is divided. Superior thyroid artery and vein also are divided. D f Hypoglossal nerve and superior laryngeal nerve are mobilized. 
Contents of carotid sheath are mobilized laterally, and hypopharynx is mobilized medially. E f Longus colli muscle is dissected latérally 
to expose anterior aspect of atlas and axis. SEE TECHNIQUE 43-13. 
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routine postoperative prophylactic antibiotics. The naso- 
gastric tube is left in place for 7 to 10 days. Skull traction 
is maintained with the head elevated 30 degrees to 
reduce hypopharyngeal edema. Nasal intubation is main- 
tained for 48 hours. If extubation is not possible in 48 to 
72 hours, a tracheostomy can be performed. The Gardner- 
Wells tongs are removed 2 to 4 days after surgery, and a 
halo vest is applied and is worn for about 3 months. 
When the halo vest is removed, a cervical collar is worn 
for an additional month. 


STERNAL-SPLITTING APPROACH 

Mulpuri et al. described a sternal splitting approach to the 
cervicothoracic junction in children that is useful for complex 
spinal deformities around the cervicothoracic junction. The 
approach requires the assistance of a cardiothoracic surgeon. 


TECHNIQUE 43-14 


(MULPURI ETAL) 

■ Make a standard extensile anterior cervical spine approach, 
incorporating an anterior sternal extension (Fig. 43-23A). 

■Complété the neck dissection in a standard fashion. 

■ Make an incision along the médial border of the sterno- 
mastoid muscle, extending down to the sternal notch. 

■ Retract the sternomastoid muscle laterally with the neuro- 
vascular sheath, including the carotid artery, the jugular vein, 
and the vagus nerve. Division of the omohyoid, sternohyoid, 
and sternothyroid muscles facilitâtes extensile exposure. 

■ Extend the incision as a midline sternotomy approach. 

■ Use blunt digital dissection to mobilize the rétrosternal 
soft tissues. 

■ Split the sternum using a sternal saw in a standard fashion. 

■ After opening the sternum, resect the thymus gland to 
provide exposure and mobilize and control the brachio- 
cephalic trunk with a vessel loop. 

■ At this point, the anterior cervical spine and upper tho- 
racic spine can be accessed contiguously (Fig. 43-23B). 

■ If necessary, the pericardium can be opened to increase 
mobility of the brachiocephalic trunk; however, the dissec¬ 
tion of the brachiocephalic trunk can be done down to the 
pericardial reflection without opening the pericardium. 

■ Retract the trachea and esophagus slightly away from the 
midline with a right-angle retractor. 

■ Place a deep right-angle retractor under the innominate 
artery and pull it forward and downward as necessary to 
provide access to the lower cervical and upper thoracic 
spine (Fig. 43-23C). 

■ The distal extent of the exposure at this point dépends 
on the patient's anatomy and deformity; in most patients, 
T4 can now be accessed and dise removal and instrumen¬ 
tation can be done safely. Aggressive distal exposure 
places the récurrent laryngeal nerve under traction and 
must be done carefully. Although left-sided anterior cervi¬ 
cal approaches typically are preferred because of the 
distal course of the récurrent laryngeal nerve on that 
side, Mulpuri et al. used a right-sided approach with 


mobilization of the brachiocephalic trunk because médial 
displacement of the trunk exposes more segments of the 
thoracic spine on the right side (Fig. 43-23D). 

■ After completion of the orthopaedic procedure, obtain 
hemostasis and approximate the sternum with wires or 
sutures depending on the âge of the child. 

■ Reattach the sternothyroid and omohyoid muscles. 

■Close the neck incision in usual fashion. A small Silastic 

drain may be required under the sternothyroid muscle if 
hemostasis is a problem in the cervical portion of the 
approach. 

■ Place a médiastinal tube as in cardiac surgical procedures. 


■ HALO VEST IMMOBILIZATION 

The halo device, introduced by Perry and Nickel in 1959, 
provides immobilization for an unstable cervical spine and 
can be used for preoperative traction in certain situations. 
Successful use of the halo has been shown in infants and 
children with instabilities caused by injuries or by cervical 
malformations, although complications are more frequent in 
children than adults. 

Most authors agréé that the halo device provides the best 
immobilization of the cervical spine of ail external immobi¬ 
lization methods, but reports hâve shown increased spinal 
motion (up to 70% of normal) and loss of réduction while in 
the halo. The halo vest has been well accepted by adult 
patients, and the vest can usually be easily fitted; in children, 
however, proper fit is rarely achieved with a prefabricated 
halo vest, and the use of a halo cast or custom-molded halo 
vest is a better choice. 

Mubarak et al. recommended the following steps in the 
fabrication of a custom halo for a child: (1) the size and con¬ 
figuration of the head are obtained with the use of a flexible 
lead wire placed around the head; (2) the halo ring is fabricated 
by constructing a ring 2 cm larger in diameter than the wire 
model; (3) a plaster mold of the trunk is obtained for the 
manufacture of a custom bivalved polypropylene vest; and (4) 
linear measurements are made to ensure appropriate length of 
the superstructure. CT helps détermine bone structure to plan 
pin sites to avoid suture lines or congénital malformations. 

Skull thickness in children varies greatly up to âge 6 years; 
it increases between âges 10 and 16 years, after which it is 
similar to that in adults. One study found that a 2-mm 
skull could be completely penetrated with a 160-lb load, 
which is below the recommended torque pressure for adult 
skulls. 

Mubarak et al. described a technique for the application 
of a halo device in children younger than 2 years old. This 
multiple-pin technique differs from previously accepted rec¬ 
ommendations in older children regarding pin number, pin 
placement, and torque. With multiple pins, significantly less 
torque can be used, allowing a greater range of pin placement 
sites in areas where the skull might otherwise be considered 
too thin. Perpendicular halo pin insertion has been recom¬ 
mended in an immature skull because this configuration 
results in increased load at the pin-bone interface and 
increases stability. Skull development is important to consider 
in halo device application in patients younger than 2 years 
old. Cranial suture interdigitation may be incomplète, and 
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Mulpuri et al. sternal-split approach to cervicothoracic junction. A f Incision for right-sided approach. B f Sternum is 
opened, thymus gland is resected, and brachiocephalic trunk is mobilized to allow contiguous access to anterior cervical spine and 
upper thoracic spine. C f Retraction of trachea, esophagus, and innominate artery provides access to lower cervical spine and upper 
thoracic spine. D f Médial displacement of brachiocephalic trunk allows more distal access to thoracic spine. SEE TECHNIQUE 43-14. 


fontanels may be open anteriorly in patients younger than 18 
months old and posteriorly in patients younger than 6 
months. Because of this, the halo device probably should not 
be used in children younger than 18 months old. 


APPLICATION OF HALO DEVICE 

Halo device applications for children in this âge group 
require a custom-made halo ring and plastic jacket. Ten to 
12 standard halo skull pins can be used. When constructed, 


the halo ring is applied with the patient under general 
anesthésia. In older children and adolescents, local anes¬ 
thésia can be used. 


TECHNIQUE 43-15 


(MUBARAK ET AL.) 

■ Place the patient supine, with the head supported by an 
assistant or a cupped métal extension that cradles the 
head. If a métal extension is used, do not place the neck 
in flexion; a child's head is relatively large in proportion 
to the body. 
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A f Ten pin placement sites for infant halo ring 
attachment using multiple-pin, low-torque technique. Usually, 
four pins are placed anteriorly, avoiding temporal area, and 
remaining six pins are placed in occipital area. B, Custom halo vest 
and light superstructure. SEE TECHNIQUE 43-14. 


9 «Shave the immédiate areas of pin insertion and préparé 
the skin with antiseptie solution. 

■ Infiltrate the skin and the periosteum in the selected areas 
with local anesthetic. 

■ Support the halo ring around the patient's head with the 
application device or the help of an assistant. Hold it 
below the area of greatest diameter of the skull, just 
above the eyebrows, and about 1 cm above the tips of 
the ears. 

■ Select the pin sites carefully so that the pins enter the 
skull as nearly perpendicular as possible. The best position 
for the anterior pins is in the antérolatéral aspect of the 
skull, above the latéral two thirds of the orbit, and below 
the greatest circumference of the skull; this area is a rela- 
tively safe zone. Avoid the temporalis muscle because 
pénétration of this muscle by the halo pin can be painful 
and may impede mandibular motion during mastication 
or talking; the bone in this area also is very thin, and pin 
loosening is likely. 

■ Place the posterior pins directly diagonal from the anterior 
pins, if possible, and inferior to the equator of the skull. 
Introduce the pins through the halo frame and tighten 
two diagonally opposed pins simultaneously. 

■ Ensure that the patient's eyes are closed while the pins 
are tightened to ensure that the forehead skin is not 
anchored in such a way as to prevent the eyelids from 
closing after application of the halo ring. 

■ In an infant or young child, insert 10 pins to finger tight- 
ness or 2 in-lb anterolaterally and posteriorly (Fig. 43-24A). 
If the skull thickness is of great concern, use finger tight- 
ness only to prevent penetrating the skull. 

■ In slightly older children, use 2 in-lb of torque (for halo 
device application in adults, see Chapter 41). 

■ In adolescents near skeletal maturity whose skull thick¬ 
ness is nearly that of an adult (as determined by CT), 
torque pressure can be increased to 6 to 8 in-lb. 

■ Secure the pins to the halo device with the appropriate 
lock nuts or set screws. 


■ Apply the polypropylene vest and superstructure after the 
halo ring and pins are in place (Fig. 43-24B). 

POSTOPERATIVE CARE. The pins are cleansed daily at 
the skin interface with hydrogen peroxide or a small 
amount of povidone-iodine solution. The pins are retight- 
ened once at 48 hours after application. 


I COMPLICATIONS 

Complications include pin loosening, infection, pin site 
bleeding, and durai puncture. If a pin becomes loose, it can 
be retightened as long as résistance is met. If no résistance is 
met, the pin should be removed and another pin inserted in 
an alternative site. If drainage develops around a pin, oral 
antibiotics and local skin care are begun. If the drainage does 
not respond to these measures or if cellulitis or an abscess 
develops, the pin should be removed and another pin should 
be inserted at an alternative site. If durai puncture occurs, the 
pin should be removed and another pin inserted at an alterna¬ 
tive site; the patient should receive prophylactic antibiotic 
therapy. The durai tear usually heals in 4 or 5 days, at which 
time antibiotics can be discontinued. 


BASILAR IMPRESSION 

Basilar impression (basilar invagination) is a rare deformity 
in which there is an indention of the skull floor by the upper 
cervical spine. The tip of the odontoid is more cephalad than 
normal. The odontoid may protrude into the foramen 
magnum and encroach on the brainstem, causing neurologie 
symptoms because of the limited space available for the brain¬ 
stem and spinal cord. Neurologie damage can be caused by 
direct pressure from the odontoid or from other constricting 
structures around the foramen magnum, circulatory compro¬ 
mise of the vertébral arteries, or impairment of cerebrospinal 
fluid flow. It is important that the orthopaedist be familiar 
with basilar impression and its présentation because this 
spinal deformity often goes unrecognized or is misdiagnosed 
as a posterior fossa tumor, bulbar palsy of polio, syringomy- 
elia, amyotrophie latéral sclerosis, spinal cord tumor, or mul¬ 
tiple sclerosis. 

Basilar impression can be primary (congénital) or sec- 
ondary (acquired). Primary basilar impression is a congénital 
structural abnormality of the craniocervical junction that 
often is associated with other vertébral defects (atlantooccipi- 
tal fusion, Klippel-Feil syndrome, Arnold-Chiari malforma¬ 
tion, syringomyelia, odontoid anomalies, hypoplasia of the 
atlas, and bifid posterior arch of the atlas); these associated 
conditions can cause the prédominant symptoms. The inci¬ 
dence of primary basilar impression in the general population 
is 1%. Secondary basilar impression is an acquired deformity 
of the skull resulting from systemic disease that causes soften- 
ing of the osseous structures at the base of the skull, such as 
Paget disease, osteomalacia, rickets, osteogenesis imperfecta, 
rheumatoid arthritis, neurofibromatosis, and ankylosing 
spondylitis. Secondary basilar impression occurs more com- 
monly in types III and IV than in type I osteogenesis 
imperfecta. 

Basilar impression causes neurologie symptoms because 
of crowding of the neural structures as they pass through the 
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Schematic diagram showing cranial settling and possible vertébral artery injuries resulting from traction. A f Normal 
position of vertébral artery. Aa and Ab, Normal vertébral alignment. B f Position of vertébral artery after cranial settling. Ba and Bb, 
Vertébral alignment in cranial settling. C f Effect of traction on vertébral arteries. Ca and Cb, Effect of vertébral alignment. 


foramen magnum. Clinical présentation varies, and patients 
with severe basilar impression may be totally asymptomatic. 
Symptoms usually appear during the second and third 
décades of life, probably because of increased ligamentous 
laxity and instability with âge and decreased tolérance to 
compression of the spinal cord and vertébral arteries. 

Most patients with basilar impression hâve short necks, 
asymmetry of the face or skull, and torticollis, but these find- 
ings are not spécifie for basilar impression and can be seen in 
patients with other congénital vertébral anomalies. Headache 
in the distribution of the greater occipital nerve is a frequent 
complaint. DeBarros et al. divided the signs and symptoms 
into two categories: those caused by pure basilar impression 
and those caused by the Arnold-Chiari malformation. They 
found that symptoms caused by pure basilar impression were 
primarily motor and sensory disturbances, such as weakness 
and paresthesia in the limbs, whereas patients with Arnold- 
Chiari malformation had symptoms of cerebellar and ves- 
tibular disturbances, such as ataxia, dizziness, and nystagmus. 
Involvement of the lower cranial nerves also occurs in basilar 
impression. The trigeminal, vagus, glossopharyngeal, and 
hypoglossal nerves may be compressed as they emerge from 
the medulla oblongata. DeBarros et al. also noted sexual dis¬ 
turbances, such as impotence and reduced libido in 27% of 
their patients. 

Compression of the vertébral arteries as they pass through 
the foramen magnum is another source of symptoms. Bernini 


et al. found a significantly higher incidence of vertébral artery 
anomalies in patients with basilar impression and atlantooc- 
cipital fusion. Symptoms caused by vertébral artery insuffi- 
ciency, such as dizziness, seizures, mental détérioration, and 
syncope, can occur alone or in combination with other symp¬ 
toms of basilar impression. Children with occipitocervical 
anomalies may be more susceptible to vertébral artery injury 
and brainstem ischemia if skull traction is applied 
(Fig. 43-25). 

RADIOGRAPHIC FINDINGS 

Numerous measurements hâve been suggested for diagnosing 
basilar impression (Box 43-4), reflecting the difficulty of eval- 
uating this area of the spine radiographically, and several 
methods of évaluation (plain radiography, CT, and MRI) may 
be needed to confirm the diagnosis. The most commonly 
used measurements are the lines of Chamberlain, McGregor, 
McRae, and Fischgold and Metzger. The Chamberlain, 
McGregor, and McRae lines are made on latéral radiographs 
of the skull (Fig. 43-26); the Fischgold and Metzger lines are 
made on an anteroposterior view (Fig. 43-27). 

The Chamberlain line is drawn from the posterior edge 
of the hard palate to the posterior border of the foramen 
magnum. Symptomatic basilar impression can occur when 
the odontoid tip extends above this line. There are two disad- 
vantages to the Chamberlain line: the posterior tip of the 
foramen magnum is difficult to define on the standard latéral 
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Measurements for Diagnosing Basilar 
Impression: Latéral Radiograph 


Chamberlain Line 

Extends from posterior edge of hard palate to posterior 
border of foramen magnum 

Symptomatic basilar impression may occur if tip of odontoid 
is above this line 

McGregor Line 

Extends from upper surface of posterior edge of hard palate 
to most caudal point of occipital curve 

Easier to identify on standard latéral view 

Odontoid tip greater than 4.5 mm above this line considered 
an abnormal finding 

Routine screening test; landmarks easily identified 

McRae Line 

Anteroposterior dimension of foramen magnum; line extends 
from anterior tip of foramen magnum to posterior tip 

Patient usually asymptomatic if tip of odontoid is below this 
line 

Helpful to détermine clinical significance 

Fischgold and Metzger (Digastric) Line 

Extends between two digastric grooves (junction of médial 
aspect of mastoid process at base of skull) 

Line normally passes 10.7 mm above odontoid tip and 
11.6 mm above atlantooccipital joint 

Confirms diagnosis 



Chamberlain 


McGregor 


Base of skull and upper cervical spine showing 
location of McRae, McGregor, and Chamberlain lines. 


view, and the posterior tip of the foramen magnum is offen 
invaginated. McGregor modified the Chamberlain line by 
drawing a line from the upper surface of the posterior 
edge of the hard palate to the most caudal point of the 
occipital curve, which is much easier to identify on a standard 
latéral radiograph. The position of the tip of the odontoid 
is measured in relation to the McGregor line, and a distance 
of 4.5 mm above this line is considered the upper limit 
of normal. The McRae line détermines the anteroposterior 
dimension of the foramen magnum and is formed by 
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Basilar 

impression 


Fischgold and Metzger lines. Line was originally 
drawn from lower pôle of mastoid process B, but because of vari- 
ability in size of mastoid processes these researchers recom- 
mended drawing the line between digastric grooves A. 


drawing a line from the anterior tip of the foramen magnum 
to the posterior tip. McRae observed that if the tip of the 
odontoid is below this line, then the patient usually is 
asymptomatic. 

The latéral lines of McGregor and Chamberlain hâve been 
criticized because the anterior reference point (the hard 
palate) is not part of the skull, and measurements can be 
distorted by an abnormal facial configuration or a high- 
arched palate. To résolve these problems, Fischgold and 
Metzger described a method of assessing basilar impression 
that uses an anteroposterior tomogram or CT with antero¬ 
posterior reconstruction views (see Fig. 43-26). This assess- 
ment is based on a line drawn between the two digastric 
grooves (the junction of the médial aspect of the mastoid 
process at the base of the skull). Normally, the digastric line 
passes above the odontoid tip (10.7 mm) and the atlantooc¬ 
cipital joint (11.6 mm). 

The Clark station, Redlund-Johnell criterion, and 
Ranawat criterion hâve been found useful to measure basilar 
impression in adults with rheumatoid arthritis. The Clark 
station is determined by dividing the odontoid process into 
three equal parts in the sagittal plane (Fig. 43-28). If the 
anterior ring of the atlas is level with the middle third (station 
II) or the caudal third (station III) of the odontoid process, 
basilar invagination is présent. The Redlund-Johnell criterion 
is the distance between the McGregor line and the midpoint 
of the caudal margin of the second cervical vertébral body. 
Basilar invagination is présent if the measurement is less than 
34 mm in men and less than 29 mm in women. The Ranawat 
criterion is the distance between the center of the second 
cervical pedicle and the transverse axis of the atlas. Basilar 
invagination is présent if this distance is less than 15 mm in 
men and less than 13 mm in women. The Redlund-Johnell 
and Ranawat criteria may not be applicable in small 
children. 

The McGregor line is used as a routine screening test 
because the landmarks for this line can be defined easily on 
a standard latéral radiograph. If more information is needed, 
an MRI of the craniovertebral junction is used to confirm the 
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Clark stations of first cervical vertebra are 
determined by dividing odontoid process into three equal parts 
in sagittal plane. If anterior ring of atlas is level with middle third 
(station //) or caudal third (station III) of odontoid process, basilar 
impression is présent. 


diagnosis of basilar impression. CT and MRI are recom- 
mended; CT provides better osseous detail and MRI provides 
superior soft-tissue resolution. “Functional” MRI obtained 
with the cervical spine in flexion and then extension shows 
the dynamics of spinal cord compression caused by vertébral 
instability or anomaly. 

TREATMENT 

Conservative treatment of symptomatic patients with a collar 
or cervical orthosis has not been successful. Many patients 
with basilar impression hâve no neurologie symptoms, and 
some hâve minimal symptoms with no sign of progressive 
neurologie damage. These patients can be observed and 
examined periodically; surgery is indicated if the clinical 
picture becomes worse. The indications for surgery are based 
on the clinical symptoms and not on the degree of basilar 
impression. When a patient becomes symptomatic, progres¬ 
sion of the disease and symptoms is likely. 

If symptoms are caused by anterior impingement from 
the odontoid, stabilization in extension by an occipital Cl-2 
fusion is indicated. If symptoms and impingement persist, 
anterior excision of the odontoid can be done affer posterior 
stabilization. Posterior impingement requires suboccipital 
craniectomy and laminectomy of Cl and possibly C2 to 
decompress the brainstem and spinal cord. The dura may 
need to be opened during this procedure to check for a tight 
posterior durai band that may be causing the symptoms 
instead of the bony abnormalities. Posterior fusion is recom- 
mended in addition to décompression if stability is in 
question. 

ATLANTOOCCIPITAL FUSION 

Atlantooccipital fusion (occipitalization) is a partial or com¬ 
plété congénital fusion between the atlas and the base of the 
occiput ranging from a complété bony fusion to a bony bridge 
or even a fibrous band uniting one small area of the atlas and 


occiput. Occipitalization is a failure of segmentation between 
the fourth occipital sclerotome and the first spinal sclero- 
tome. This condition can lead to chronic atlantoaxial instabil¬ 
ity or basilar invagination and can produce a wide range of 
symptoms because of spinal cord impingement and vascular 
compromise of the vertébral arteries. The incidence of atlan- 
tooccipital fusion has been reported to be 1.4 to 2.5 per 1000 
children, affecting males and females equally. Symptoms 
usually appear in the third and fourth décades of life. Atlan- 
tooccipital fusion frequently is associated with congénital 
fusion between C2 and C3 (reportedly in 70% of patients). 
Approximately half of patients with atlanto occipital fusion 
develop atlantoaxial instability. Kyphosis and scoliosis are 
also frequently associated with this deformity. Other associ¬ 
ated congénital anomalies, such as anomalies of the jaw, 
incomplète cleff of the nasal cartilage, cleff palate, external ear 
deformities, cervical ribs, and urinary tract anomalies, occur 
in 20% of patients with atlanto occipital fusion. 

Patients with atlanto occipital fusion commonly hâve low 
hairlines, torticollis, short necks, and restricted neck move- 
ment. Many patients complain of a dull, aching pain in the 
posterior occiput and the neck, with episodic neck stiffness, 
but symptoms vary depending on the area of spinal cord 
impingement. If the impingement is anterior, pyramidal tract 
signs and symptoms predominate; if the impingement is pos¬ 
terior, posterior column signs and symptoms predominate. 

The shape and position of the odontoid are the keys to 
neurologie symptoms. When the odontoid lies above the 
foramen magnum, a relative or actual basilar impression is 
présent. If the odontoid lies below the foramen magnum, the 
patient usually is asymptomatic. In this condition, the odon¬ 
toid may be excessively long and angulated posteriorly, 
decreasing the anteroposterior diameter of the spinal canal. 
Autopsy findings hâve shown the brainstem indented by the 
abnormal odontoid. Anterior spinal cord compression with 
pyramidal tract irritation causes muscle weakness and 
wasting, ataxia, spasticity, pathologie reflexes (Babinski and 
Hoffman), and hyperreflexia. Posterior compression causes 
loss of deep pain, light touch, proprioception, and vibratory 
sensation. Nystagmus is a common finding. Cranial nerve 
involvement can cause diplopia, dysphagia, and auditory dis¬ 
turbances. Disturbances of the vertébral artery resuit in 
syncope, seizures, vertigo, and an unsteady gait. 

Neurologie symptoms generally begin in the third and 
fourth décades of life, possibly because the older patients 
spinal cord and vertébral arteries become less résistant to 
compression. Symptoms may be initiated by trauma or infec¬ 
tion in the pharynx or nasopharynx. 

RADIOGRAPHIC FINDINGS 

Because this anomaly ranges from complété incorporation of 
the atlas into the occiput to a small fibrous band connecting 
part of the atlas to the occiput, routine radiographs usually 
are difhcult to interpret, and CT or MRI may be needed to 
show the occipitocervical fusion (Fig. 43-29). Most com¬ 
monly, the anterior arch of the atlas is assimilated into the 
occiput and displaced posteriorly relative to the occiput. 
About half of patients hâve a relative basilar impression 
caused by loss of height of the atlas. Posterior fusion usually 
is a small bony fringe or a fibrous band that frequently is not 
évident on a radiograph. This fringe is directed downward 
and into the spinal canal and can cause neurologie symptoms. 
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vical synostosis. 


Latéral radiograph of patient 







Morphologie classification of fusion of Cl to 
the occiput according to the anatomie site of occipitalization: Z7, 
a fused anterior arch; Z2, fused latéral masses; Z3, a fused poste- 
rior arch; and Z4, a combination of fused zones. (Redrawn from 
Gholve PA, Hosalkar HS, Ricchetti ET, et al: Occipitalization of the atlas 
in children. Morphologie classification, associations, and clinical rele- 
vance, J Bone Joint Surg Am 89:571, 2007.) 


Gholve et al. classified fusion of Cl to the occiput into four 
zones. Zone 1 is a fused anterior arch, zone 2 a fusion of the 
latéral masses, zone 3 a fused posterior arch, and a combina¬ 
tion of the zones (Fig. 43-30). In their 30 patients, zone 4 (a 
combination of zones) was the most common and patients 
with zone 2 fusion had the highest prevalence of spinal canal 
encroachment. Flexion and extension latéral cervical spine 
views should be part of the initial évaluation because of the 
frequency of atlantoaxial instability. McRae and Barnum 
measured the distance from the posterior aspect of the odon- 
toid to the posterior arch of the atlas or the posterior lip of 
the foramen magnum, whichever was doser. When the dis¬ 
tance was 19 mm or less, a neurologie déficit usually was 
présent in their sériés. A sagittal diameter of 13 mm has been 


associated with neurologie symptoms. This measurement 
should be made on a flexion view because maximal narrow- 
ing of the canal usually occurs in flexion. Myelography or 
MRI can detect areas of encroachment on the spinal cord or 
medulla and is especially useful when a constricting fibrous 
band occurs posteriorly. Flexion and extension MRI often is 
needed to identify the pathology. 

TREATMENT 

Patients who hâve minor symptoms or become symptomatic 
affer minor trauma or infection can be treated nonoperatively 
with immobilization in cervical orthosis. When neurologie 
symptoms occur, cervical spine fusion or décompression is 
indicated. Anterior symptoms usually are caused by a hyper- 
mobile odontoid; preliminary réduction of the odontoid with 
traction, followed by fusion from the occiput to C2, usually 
relieves the symptoms. If the odontoid is irreducible, the appro- 
priateness of either in situ fusion without réduction or fusion 
with excision of the odontoid, with its associated risks and 
complications, must be determined. Posterior signs and symp¬ 
toms usually are caused by bony compression or compression 
from a durai band. When this is documented by MRI or 
myelography, suboccipital craniectomy, excision of the poste¬ 
rior arch of the atlas, and removal of the durai band are indi¬ 
cated. This may need to be combined with a posterior fusion 
to prevent instability. Surgical results hâve been variable. 


IDIOPATHIC ATLANTOOCCIPITAL 
INSTABILITY 

Idiopathic atlantooccipital instability has been reported in 
five patients in one study. Neurologie signs included vertigo, 
syncope, and projectile vomiting, presumably caused by ver¬ 
tébral artery insufhciency from the mobility at the occipital-Cl 
junction. Posterior atlantooccipital fusion was successful in 
these patients. 

KLIPPEL-FEIL SYNDROME 

Klippel-Feil syndrome is a congénital fusion of the cervical 
vertebrae that may involve two segments, a congénital block 
vertebra, or the entire cervical spine. Congénital cervical 
fusion is a resuit of failure of normal segmentation of the 
cervical somites during the third to eighth week of life. The 
skeletal System may not be the only System affected during 
this time; cardiorespiratory, genitourinary, and auditory 
Systems frequently are involved. In most patients, the exact 
cause is unknown. One proposed cause is a primary vascular 
disruption during embryonic development that results in 
fusion of the cervical vertebrae and other associated anoma¬ 
lies. Studies hâve suggested that this may be an inherited 
condition in some patients and hâve found autosomal domi¬ 
nant inheritance in those with C2-3 fusion. Evidence of a 
familial Klippel-Feil syndrome gene locus has been identified 
on the long arm of chromosome 8. Maternai alcoholism has 
also been suggested as a causative factor; a 50% incidence of 
cervical vertébral fusions has been found on radiographs of 
infants with fêtai alcohol syndrome. 

Occipitalization of the atlas, hemivertebrae, and basilar 
impression occur frequently in patients with Klippel-Feil syn¬ 
drome, but their isolated occurrence is not considered part 
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of this syndrome. The classic features of Klippel-Feil syn¬ 
drome are a short neck, low posterior hairline, and limited 
range of neck motion. Patients may consult an orthopaedist 
because of neurologie problems, because of signs of instability 
of the cervical spine, or for cosmetic reasons. Because many 
patients are asymptomatic, the actual incidence of this condi¬ 
tion is unknown, but estimâtes in the literature range from 1 
in 42,400 births to 3 in 700. There is a slight male prédomi¬ 
nance (1.5:1). Feil classified the syndrome into three types: 
type I, block fusion of ail cervical and upper thoracic verte- 
brae; type II, fusion of one or two pairs of cervical vertebrae; 
and type III, cervical fusion in combination with lower tho¬ 
racic or lumbar fusion. Minimally involved patients with 
Klippel-Feil syndrome lead normal, active lives with no sig¬ 
nifiant restrictions or symptoms. More severely involved 
patients hâve a good prognosis if genitourinary, cardiopul- 
monary, and auditory problems are treated early. Samartzis et 
al. developed the following radiographie classification: type I, 
a single congenitally fused cervical segment; type II multiple 
noncontiguous, congenitally fused segments; and type III 
multiple contiguous, congenitally fused cervical segments. 
Patients with type I hâve more long-term axial neck pain, and 
those with type II and III are more likely to hâve radiculopa- 
thy and myelopathy. 

In patients with Klippel-Feil syndrome, neurologie com¬ 
promise, ranging from radiculopathy to quadriplegia to 
death, can occur. The neurologie symptoms are caused by 
occipitocervical anomalies, instability, or degenerative joint 
and dise disease. Instability and degenerative joint disease are 
common when two fused areas are separated by a single open 
interspace. Patients with multiple short areas of fusion (three 
or more vertebrae) separated by more than one open inter¬ 
space do not develop instability or degenerative joint disease 
as frequently, possibly because of a more equal distribution 
of stress in the cervical spine. Three patterns of cervical spine 
fusion with a potentially poor prognosis because of late insta¬ 
bility or degenerative joint disease hâve been identified. 
Pattern 1 is fusion of Cl-2 with occipitalization of the atlas. 
This pattern concentrâtes the motion of flexion and extension 
at the atlantoaxial joint; the odontoid becomes hypermobile 
and may dislocate posteriorly, narrowing the spinal canal and 
causing neurologie compromise. Pattern 2 is a long fusion 
with an abnormal occipitocervical junction, concentrating 
the forces of flexion, extension, and rotation through an 
abnormal odontoid or poorly developed Cl ring; with time, 
this abnormal articulation becomes unstable. This pattern 
should be differentiated from a long fusion with a normal 
Cl-2 articulation and occipitocervical junction. Patients with 
pattern 2 fusions are not at high risk for instability and neu¬ 
rologie problems and hâve a normal life expectancy. Pattern 
3 is a single open interspace between two fused segments with 
cervical spine motion concentrated at the single open inter¬ 
space, which becomes hypermobile and causes instability and 
degenerative joint disease. On a latéral radiograph, the cervi¬ 
cal spine with this pattern appears to hinge at an open 
segment. 

ASSOCIATED CONDITIONS 

Several congénital problems hâve been associated with con¬ 
génital fusion of the cervical vertebrae, most commonly 
scoliosis, rénal abnormalities, Sprengel deformity, deafness, 
synkinesis, and congénital heart defects (Box 43-5). 



Conditions Commonly Associated With Klippel- 
Feil Syndrome 


Scoliosis 

Most frequent orthopaedic complication (60%) 

Obtain radiographs of entire spine 

Rénal Abnormalities 

Occur in approximately 30% 

Usually asymptomatic 

Obtain ultrasound or intravenous pyelogram 

Cardiovascular Anomalies 

Found in 4% to 14% 

Ventricular septal defects most common 

Deafness 

Occurs in approximately 30% 

Obtain audiometric testing 

Synkinesis (Mirror Movements) 

Occurs in approximately 20% 

May restrict bimanual activities 
Usually decreases with âge 

Respiratory Anomalies 

Failure of lobe formation 
Ectopic lungs 

Restriction of lung function by shortened trunk, scoliosis, rib 
fusion, or deformed costovertebral joints 

Sprengel Deformity 

Occurs in approximately 20% 

Unilatéral or bilateral 
Increases unsightly appearance 
May affect shoulder motion 


■ SCOLIOSIS 

The most common orthopaedic anomaly is scoliosis. Studies 
hâve shown that 60% to 70% of patients with Klippel-Feil 
syndrome hâve scoliosis (curves >15 degrees), kyphosis, or 
both. These patients may require treatment and should be 
followed closely until growth is complété. Two types of scolio¬ 
sis hâve been identified. The first is congénital scoliosis caused 
by vertébral anomalies. The second occurs in a normal- 
appearing spine below an area of congénital scoliosis or cervi¬ 
cal fusion; this type of curve tends to be progressive. 
Progression may be controlled with a brace. Surgery may be 
required to prevent progression in both types of scoliosis 
associated with Klippel-Feil syndrome. Radiographs of the 
entire spine should be obtained because a progressive curve 
may not be appreciated until significant deformity has 
occurred if attention is focused just on the congénital scolio¬ 
sis or cervical fusion. 

■ RENAL ANOMALIES 

About one third of patients with Klippel-Feil syndrome hâve 
urogénital anomalies. Because the cervical vertebrae and 
genitourinary tract differentiate at the same time in the 
embryo, fêtai maldevelopment between 4 and 8 weeks of 
development may produce genitourinary anomalies and 
Klippel-Feil syndrome. These rénal anomalies usually are 
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asymptomatic, and children with Klippel-Feil syndrome 
should be evaluated with an ultrasound, intravenous pyelo- 
gram, or MRI because the rénal problems can be life threaten- 
ing. The most common rénal anomaly is unilatéral absence 
of the kidney. Other anomalies include malrotation of 
kidneys, ectopic kidney, horseshoe kidney, and hydronephro- 
sis from urétéral pelvic obstruction. 

■ CARDIOVASCULAR ANOMALIES 

The reported incidence of cardiovascular anomalies in chil¬ 
dren with Klippel-Feil syndrome ranges from 4.2% to 29%. 
Ventricular septal defects, alone or in combination, are the 
most common anomaly. Patients may hâve significant dyspnea 
and cyanosis. Other reported cardiovascular anomalies 
include mitral valve insufficiency, coarctation of the aorta, 
right-sided aorta, patent ductus arteriosus, pulmonic steno- 
sis, dextrocardia, atrial septal defect, aplasia of the pericar- 
dium, patent foramen ovale, single atrium, single ventricle, 
and bicuspid pulmonic valve. 

■ DEAFNESS 

Approximately 30% of children with Klippel-Feil syndrome 
hâve some degree of hearing loss. McGaughran, Kuna, and 
Das reported that 80% of the 44 patients they studied had 
some type of audiologic abnormalities. Several reports docu¬ 
ment conduction defects with ankylosis of the ossicles, foot- 
plate fixation, or absence of the external auditory canal. Other 
reports suggest a sensorineural defect. There is no common 
anatomie lésion, and the hearing loss may be conductive, 
sensorineural, or mixed. Ail patients with Klippel-Feil syn¬ 
drome should hâve audiometric testing. Early détection of 
hearing defects in a young child may improve speech and 
language development by permitting early initiation of speech 
and language training. 

■ SYNKINESIS 

Synkinesis (mirror movements) is involuntary paired move- 
ments of the hands and occasionally of the arms. One hand 
is unable to move without a similar reciprocal motion of the 
opposite hand. Synkinesis can be observed in normal 
children younger than 5 years old and is présent in 20% 
of patients with Klippel-Feil syndrome. Synkinesis may be 
so severe as to restrict bimanual activities. The mirror 
movements become less obvious with increasing âge and 
usually are not clinically obvious after the second decade 
of life. 

In autopsy studies, incomplète décussation of the pyra¬ 
midal tract in the upper cervical spinal cord has been 
observed, suggesting that an alternative extrapyramidal path 
is required to control motion in the upper extremity. Clini- 
cally normal patients with Klippel-Feil syndrome hâve been 
shown to hâve electrically détectable paired motion in the 
opposite extremity. These patients may be clumsier in two- 
handed activities. Occupational therapy can help the child 
disassociate the mirror movements and improve bimanual 
dexterity. 

■ RESPIRATORY ANOMALIES 

Pulmonary complications involving failure of lobe formation, 
ectopic lungs, or restrictive lung disease resulting from a 
shortened trunk, scoliosis, rib fusion, and deformed costo- 
vertebral joints hâve been reported. 


■ SPRENGEL DEFORMITY 

Sprengel deformity occurs in about 20% of patients with 
Klippel-Feil syndrome and can be unilatéral or bilateral. 
Descent of the scapula coincides with the period of develop¬ 
ment of Klippel-Feil anomalies, and maldevelopment during 
this time (3 to 8 weeks of gestation) can cause both anomalies. 
Sprengel deformity increases the unsightly appearance of an 
already short neck and can affect the range of shoulder 
motion. 

■ CERVICAL RIBS 

Cervical ribs occur in 12% to 15% of patients with Klippel- 
Feil syndrome. When evaluating a patient with neurologie 
symptoms, the presence of a cervical rib and associated tho- 
racic outlet syndrome should be investigated. 

CLINICAL FINDINGS 

The classic clinical présentation of Klippel-Feil syndrome is 
the triad of a low posterior hairline, a short neck, and limited 
neck motion (Fig. 43-31). This triad indicates almost com¬ 
plété cervical involvement and may be clinically évident at 
birth; however, fewer than half of patients with Klippel-Feil 
syndrome hâve ail parts of the triad. Many patients with 
Klippel-Feil syndrome hâve a normal appearance, and the 
syndrome is diagnosed through incidental radiographs. 
Shortening of the neck and a low posterior hairline are not 
constant findings and may be overlooked; webbing of the 
neck (pterygium colli) is seen in severe involvement. The 
most constant clinical finding is limitation of neck motion. 
Rotation and latéral bending are affected more than flexion 
and extension. If fewer than three vertebrae are fused or if the 
lower cervical vertebrae are fused, motion is only slightly 
limited. Hensinger reported that some of his patients had 
almost full flexion and extension through only one open 
(unfused) interspace. 

Symptoms usually are not caused by the fused cervical 
vertebrae but by open segments adjacent to areas of synosto- 
sis that become hypermobile in response to increased 
stress placed on the area. Symptoms can be caused 
by mechanical or neurologie problems. Mechanical problems 
are caused by stretching of the capsular and ligamentous 
structures near the hypermobile segment, resulting in 
early degenerative arthritis with pain localized to the neck. 
Neurologie problems resuit from direct irritation of or 
impingement on a nerve root or from compression of the 
spinal cord. Involvement of the nerve root alone causes 
radicular symptoms; spinal cord compression can cause spas- 
ticity, hyperreflexia, muscle weakness, and even complété 
paralysis. 

RADIOGRAPHIC FINDINGS 

Routine radiographs, cineradiograms, CT scans, and MR 
images may be useful in the évaluation of Klippel-Feil syn¬ 
drome. Adéquate radiographs can be difficult to obtain in 
severely involved children, but initial examination should 
include anteroposterior, odontoid, and latéral flexion and 
extension views of the cervical spine. Latéral flexion-extension 
views are the most important to identify atlantoaxial instabil- 
ity or instability near an open segment between two congeni- 
tally fused areas (Fig. 43-32). Spinal canal narrowing can 
occur from degenerative osteophytes or from congénital 
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FIGURE 


Clinical (A and B) and radiographie (C and D) features of Klippel-Feil syndrome in young boy. 


spinal stenosis. If enlargement of the spinal canal is évident 
on radiographs, syringomyelia, hydromyelia, or Arnold- 
Chiari malformation should be suspected. In young patients 
with Klippel-Feil syndrome, serial latéral flexion-extension 
views should be obtained to evaluate instability at the atlan- 
toaxial joint or at an open interspace between fused areas. 
Development of congénital or idiopathic scoliosis should be 
documented by radiographie examination of the entire spine. 
Cineradiography also may be helpful in determining the 
amount of vertébral instability Besides vertébral fusion, 
flattening and widening of involved vertébral bodies 
and absent dise spaces are common findings. In young chil- 
dren, the spine may appear normal because of the lack of 


ossification. The posterior éléments usually are the first to 
ossify and fuse, which aids in early diagnosis of Klippel-Feil 
syndrome. CT and MRI are helpful in diagnosing nerve root 
and spinal cord impingement by osteophyte formation. To 
evaluate instability and the risk of neurologie compromise, a 
flexion and extension MRI may be needed to give the soft- 
tissue définition necessary to show instability or spinal cord 
compromise. 

TREATMENT 

Mechanical symptoms caused by degenerative joint disease 
usually respond to traction, a cervical collar, and analgésies. 
Neurologie symptoms should be evaluated carefully 
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Radiographie features of Klippel-Feil syndrome in adolescent. A f Posteroanterior view shows congénital anomalies 
of cervical spine and left Sprengel deformity. B f Open-mouth odontoid view shows bony anomalies of cervical spine. C f Extension view 
shows odontoid in normal position. D f Flexion view shows increased atlantodens interval. 


to locate the exact pathologie condition; surgical stabilization 
with or without décompression may be required. Prophylac- 
tic fusion of a hypermobile segment is controversial. The risk 
of neurologie compromise must be weighed against the 
further réduction in neck motion, and this decision must be 
made for each patient individually. Depending on the type of 
anatomie deformity and location of instability a posterior 
fusion, anterior fusion, or a combined anterior and posterior 
fusion may be needed. If anterior décompression and fusion 
are needed, this can be done with an anterior approach. Ante¬ 
rior décompression and interbody fusion can be performed 
with plate and screw fixation similar to adults if the anatomy 
allows for this (see Chapter 41). Cosmetic improvement after 
surgery has been limited, but surgical correction of Sprengel 
deformity can significantly improve appearance, and occa- 
sionally soft-tissue procedures such as Z-plasty and muscle 
resection improve cosmesis. Bonola described a method of 
rib resection to obtain an apparent increase in neck length 
and motion, but this is an extensive procedure with signifi- 
cant risk. Partial thoracoplasty is performed as a two- stage 
procedure: removal of the upper four ribs on one side and, 
after the patient has recovered from the first surgery, removal 
of the upper four ribs on the other side. 


POSTERIOR FUSION OF C3-7 


TECHNIQUE 43-16 


■ Administer general anesthésia with the patient in a supine 
position. 

■ Turn the patient prone on the operating table, maintain- 
ing traction and proper alignment of the head and neck. 
The head can be positioned in a headrest or maintained 
in skeletal traction. 

■ Obtain radiographs to confirm adéquate alignment of the 
vertebrae and to localize the vertebrae to be exposed. 
There is a high incidence of extension of the fusion mass 
when extra vertebrae or spinous processes are exposed 
in the cervical spine. 

■ Make a midline incision over the chosen spinous pro¬ 
cesses and expose the spinous process and laminae sub- 
periosteally to the facet joints. 

■ If the spinous process is large enough, make a hole in the 
base of the spinous process with a towel clip or Lewin 
clamp. 
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■ Pass an 18-gauge wire through this hole, loop it over the 
spinous process, and pass it through the hole again. 

■ Make a similar hole in the base of the spinous process of 
the inferior vertebra to be fused. 

■ Pass the wire through this hole, loop it under the inferior 
aspect of the spinous process, and pass it back through 
the same hole. 

■ Tighten the wire and place corticocancellous bone grafts 
along the exposed lamina and spinous processes. 

■ Close the wound in layers. 

■ If the spinous process is too small to pass wires, an in situ 
fusion can be performed and external immobilization can 
be used. 

POSTOPERATIVE CARE. The patient should wear a 
rigid cervical orthosis until a solid fusion is documented 
radiographically. 



Hall technique of fixation for posterior arthrod- 
esis of cervical spine. SEE TECHNIQUE 43-17. 


POSTERIOR FUSION OF C3 TO C7 
USING 16-GAUGE WIRE AND 
THREADED KIRSCHNER WIRES 


TECHNIQUE 43-17 


(HALL) 

■ Pass the threaded Kirschner wires through the bases 
of the spinous processes of the vertebrae to be fused, fol- 
lowed by a figure-of-eight wiring with a 16-gauge wire. 

■ After the 16-gauge wire has been tightened around the 
threaded Kirschner wires, pack strips of corticocancellous 
and cancellous bone over the posterior arches of the 
vertebrae to be fused (Fig. 43-34). 

■ Exposure and postoperative care are similar to those 
described for a Rogers posterior fusion and wiring. 

Posterior instrumentation techniques (see Chapter 41) 
that are used in the adult spine (plate or rods and latéral 
mass screws) can be used in the pédiatrie cervical spine. 


Before the techniques are used, the size of the latéral 
masses must be evaluated to ensure there would be 
adéquate room to place these screws. 


POSTERIOR FUSION WITH LATERAL 
MASS SCREW FIXATION 

Latéral mass screw fixation of the lower cervical spine can 
be used in older children or adolescents. The instrumenta¬ 
tion should be matched to the size of the child. Techniques 
described differ primarily in the entry points and screw 
trajectories. 


TECHNIQUE 43-18 


(ROY-CAMILLE) 

■ Create an entry point for the screw 5 mm médial to the 
latéral edge and midway between the facet joint or at 








PART XII THE SPINE 




Roy-Camille technique of latéral mass screw insertion. A f Screw entry point. B f Drill directed perpendicular to posterior 
wall of vertébral body at 10-degree angle. C f Final screw position. SEE TECHNIQUE 43-18. 


the center of the rectangular posterior face of the latéral 
mass (Fig. 43-35A). 

■ Direct the drill perpendicular to the posterior wall of the 
vertébral body with a 10-degree latéral angle (Fig. 
43-35B). This trajectory takes the exit slightly latéral to 
the vertébral artery and below the existing nerve root. 
Use latéral fluoroscopie imaging to avoid pénétration of 
the subadjacent facet. 

■ Set the depth guide to 10 to 12 mm to avoid pénétration 
beyond the anterior cortex. For men the latéral mass 
depth from C3 to C6 ranges from 6 to 14 mm (average 
8.7 mm) and in women 6 to 11 mm (average 7.9 mm). 
The depth can be increased if the local anatomy permits. 
If additional 20% of pullout strength with bicortical fixa¬ 
tion is desired, place the screw to exit at the junction of 
the latéral mass and transverse process (Fig. 43-35C). 


POSTERIOR FUSION WITH LATERAL 
MASS SCREW AND ROD FIXATION 


TECHNIQUE 43-19 


■ Select an entry portai 1 mm médial to the center of the 
latéral mass. 

■ Drill the latéral mass 25 to 35 degrees laterally and 15 
degrees cephalad (parallel to the plane of the facet joint) 
for C3 to C6 (Fig. 43-36). The drilling should be 10 to 25 
degrees medially and 25 degrees superiorly at C2 to avoid 
injuring the vertébral artery. Use a hand drill with a stop 
guide to prevent drilling of the opposite cortex. Tap the 
drill hole if necessary. 

■ Insert the proper length polyaxial screw into each latéral 
mass to be instrumented and check the position of the 
screws with posteroanterior and latéral C-arm images. 
Make adjustments as necessary. 

■ Insert the prebent rods into the screw head fixtures. 
Tighten the rods to the screws. 

POSTOPERATIVE CARE. A cervical orthosis (cervical collar) 
is applied and worn for 6 to 8 weeks. Halo device immobi- 
lization may be considered if there is suboptimal fixation. 



Posterior latéral mass screw and rod fixation. 
Drilling latéral mass for screw insertion. SEE TECHNIQUE 43-19. 


RIB RESECTION 


TECHNIQUE 43-20 


(BONOLA) 

■ Bonola described partial thoracoplasty with the use of 
local anesthésia, but general anesthésia can be used. 

■ Through a right paravertebral incision midway between 
the spinous processes and the médial margin of the 
scapula, divide the trapezius and rhomboid muscles to 
expose the posterior aspect of the first four ribs (Fig. 
43-37A). 

■Cut these ribs with a rib cutter a few centimeters from 
the costovertebral joint. 

■ Continue the dissection anteriorly along the ribs, dividing 
and removing the ribs as far anteriorly as the dissection 
allows (Fig. 43-37B). 

■ Close the wound in layers. 
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POSTOPERATIVE CARE. A cervical collar is fitted to 
help mold the resected area. The second stage of the 
procedure is performed on the opposite side after the 
patient has recovered from the initial surgery. 


ATLANTOAXIAL ROTATORY 
SUBLUXATION 

Atlantoaxial rotatory subluxation is a common cause of child- 
hood torticollis, but the subluxation and torticollis usually are 
temporary. Rarely do they persist and become what is best 
described as atlantoaxial rotatory “fixation.” Atlantoaxial 
rotatory subluxation occurs when normal motion between 
the atlas and axis becomes limited or fixed, and it can occur 
spontaneously, can be associated with minor trauma, or 
can follow an upper respiratory tract infection. The cause of 
this subluxation is not completely understood. Various 
causes that hâve been proposed include hyperemic décalcifi¬ 
cation of the arch of the atlas, causing inadéquate attach- 
ment of the transverse ligaments; inflammation of the 



A and B f Bonola partial thoracoplasty for treat- 
ment of short neck in Klippel-FeiI syndrome. SEE TECHNIQUE 43-20. 


synovial fringes that act as an obstruction to réduction of 
subluxation; and disruption of one or both of the alar liga¬ 
ments with an intact transverse ligament. A meniscus-like 
synovial fold in the Cl-2 facet joints, which is primarily noted 
in children, caused subluxation in one study. Most authors 
now agréé that the subluxation is related to increased laxity 
of ligaments and capsular structures caused by inflammation 
or trauma. 

Fielding and Hawkins classified atlantoaxial rotatory sub¬ 
luxation into four types (Fig. 43-38): type I, simple rotatory 
displacement without anterior shiff of Cl; type II, rotatory 
displacement with an anterior shiff of Cl on C2 of 5 mm or 
less; type III, rotatory displacement with an anterior shiff of Cl 
on C2 greater than 5 mm; and type IV, rotatory displacement 
with a posterior shiff. Type I displacement is the most common 
and occurs primarily in children. Type II is less common but 
has greater potential for neurologie damage. Types III and IV 
are rare but hâve high potential for neurologie damage. 

Atlantoaxial rotatory subluxation usually occurs in chil¬ 
dren after an upper respiratory tract infection or minor or 
major trauma. The head is tilted to one side and rotated to 
the opposite side with the neck slightly flexed (the “cock 
robin” position). The sternocleidomastoid muscle on the long 
side is often in spasm in an attempt to correct this deformity. 
When the subluxation is acute, attempts to move the head 
cause pain. Patients are able to increase the deformity but 
cannot correct the deformity past the midline. With time, 
muscle spasms subside and the torticollis becomes less painful 
but the deformity persists. A careful neurologie examination 
should détermine any neurologie compression or vertébral 
artery compromise. 

RADIOGRAPHIC FINDINGS 

Adéquate radiographs of the cervical spine can be difficult to 
obtain in children with torticollis. Initial examination should 
include anteroposterior and odontoid views of the cervical 
spine. On the open-mouth odontoid view, the latéral mass 
that is rotated forward appears wider and doser to the midline 
and the opposite latéral mass appears narrower and farther 
away from the midline (Fig. 43-39). Apparent overlapping 
may obscure one of the facet joints of the atlas and axis. On 
the latéral view, the anteriorly rotated latéral mass appears 
wedge-shaped in front of the odontoid. The posterior arch of 
the atlas may appear to be assimilated into the occiput because 



Fielding and Hawkins classification of rotatory displacement. A f Type I, simple rotatory displacement without anterior 
shift; odontoid acts as pivot. B f Type II, rotatory displacement with anterior displacement of 3 to 5 mm; latéral articular process acts as 
pivot. C, Type III, rotatory displacement with anterior displacement of more than 5 mm. D, Type IV, rotatory displacement with posterior 
displacement. 
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FIGURE 


^ Atlantoaxial rotatory subluxation. Note latéral 


masses. 



Treatment Plan for Rotatory Subluxation 


Nonoperative Treatment 

Présent less than 1 week: immobilization in soft collar, anal¬ 
gésies, bed rest for 1 week; if no spontaneous réduction: 
hospitalization, halo traction 

Présent more than 1 week but less than 1 month: hospital¬ 
ization, halo traction, cervical collar 4 to 6 weeks 

Présent more than 1 month: hospitalization, halo traction, 
cervical collar 4 to 6 weeks 

Indications for Operative Treatment 

Neurologie involvement 

Anterior displacement 

Failure to achieve and maintain correction of deformity that 
exists for longer than 3 months 

Récurrence of deformity after an adéquate trial of conserva¬ 
tive management consisting of at least 6 weeks of 
immobilization 


of the head tilt. A latéral radiograph of the skull may show 
the relative position of Cl and C2 more clearly than a latéral 
radiograph of the cervical spine. Latéral flexion and extension 
views should be obtained to document any atlantoaxial insta- 
bility. Cineradiography confirms the diagnosis by showing 
the movement of atlas and axis as a single unit but is difficult 
to perform during the acute stage because movement of the 
neck is painful. Cineradiography is not routinely used because 
of the increased radiation exposure. CT with the head rotated 
as far to the leff and right as possible during scanning to 
confirm the loss of normal rotation at the atlantoaxial joint 
confirms the diagnosis of rotatory subluxation. McGuire et al. 
classified the findings on dynamic CT scans (DCTS) into 
three stages: stage 0, torticollis but normal DCTS; stage 1, 
limitation of motion (<15 degrees différence between Cl and 
C2, but Cl crosses the midline of C2); and stage 2, fixed (Cl 
does not cross midline of C2). They found a significant trend 
between increasing intensity of treatment and stage of DCTS 
findings. The usefulness of DCTS, however, for the diagnosis 
of atlantoaxial rotatory subluxation has been questioned. 
MRI may be bénéficiai for évaluation of ligamentous pathol- 
ogy or spinal cord compression. 

TREATMENT 

The treatment plan should be based on the duration of the 
subluxation (Box 43-6). If rotatory subluxation has existed 
less than 1 week, immobilization in a soft collar, analgésies, 
and bed rest for 1 week are recommended. If réduction does 
not occur spontaneously, hospitalization and traction are 
indicated. If rotatory subluxation is présent for longer than 1 
week, but less than 1 month, hospitalization and cervical 
traction are indicated. Head-halter traction generally is used; 
but when torticollis persists longer than 1 month, halo trac¬ 
tion may be required. Traction is maintained until the defor¬ 
mity corrects, then a cervical collar is worn for 4 to 6 weeks. 
Nonoperative treatment should be used only if no significant 
anterior displacement or instability is seen on radiographie 
évaluation. 

Fielding listed the following as indications for operative 
treatment: (1) neurologie involvement, (2) anterior 


displacement, (3) failure to achieve and maintain correction 
if the deformity exists for longer than 3 months, and (4) 
récurrence of the deformity after an adéquate trial of conser¬ 
vative management consisting of at least 6 weeks of immobi¬ 
lization. If operative treatment is indicated, a Cl-2 posterior 
fusion is performed (Fig. 43-40). Fielding and Hawkins rec¬ 
ommended preoperative traction for 2 to 3 weeks to correct 
the deformity as much as possible. Fusion is performed with 
the head in a neutral position. Halo immobilization is con- 
tinued for 6 weeks after surgery to maintain correction while 
the fusion becomes solid. This can be accomplished with a 
halo cast or halo vest. Immobilization is continued until there 
is radiographie evidence of fusion. 


CERVICAL INSTABILITY IN 
DOWN SYNDROME 

In children with Down syndrome, generalized ligamentous 
laxity caused by the underlying collagen defect can resuit in 
atlantoaxial and atlantooccipital instability. Pizzutillo and 
Herman made a distinction between cervical instability and 
hypermobility in patients with Down syndrome. Instability 
implies pathologie intersegmental motion that jeopardizes 
neurologie integrity. Hypermobility refers to increased excur¬ 
sions that occur in the cervical spine of patients with Down 
syndrome compared with normal Controls but do not resuit 
in loss of structural integrity of the anatomie restraints that 
protect neural tissues. Atlantoaxial instability, first described 
by Spitzer, Rabinowitch, and Wybar in 1961, occurs in 10% to 
20% of children with Down syndrome. Instability can occur 
at more than one level and in more than one plane. Atlantooc- 
cipital instability also can occur in patients with Down syn¬ 
drome; the incidence has been reported to be 60%. Despite 
these reports of atlantoaxial and atlanto occipital instability in 
patients with Down syndrome, the exact natural history 
related to this instability is unknown. In patients with Down 
syndrome, differentiating those with hypermobility and those 
with clinically significant instability may be difficult. 
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Atlantoaxial rotatory fixation. A f Latéral radiograph shows wedge-shaped mass anterior to odontoid. B f Open-mouth 
odontoid view. C f CT scan. D f After Cl-2 in situ fusion. 


The cervical spine in children with Down syndrome may 
be associated with congénital anomalies of the upper cervical 
spine, but whether the cervical anomalies are the cause or the 
resuit of ligamentous laxity is still controversial. 

NEUROLOGIC FINDINGS 

Neurologie symptoms are présent in 1% to 2.6% of patients 
with cervical instability. Instability is usually discovered on 
routine screening examinations or on cervical radiographs 
obtained for other reasons. Progressive instability leading to 
neurologie symptoms is most common in boys older than 
10.5 years of âge. Involvement of the pyramidal tract usually 
results in gait abnormalities, hyperreflexia, and motor 
weakness. Other neurologie symptoms include neck pain, 
occipital headaches, and torticollis. Detailed neurologie 
examination is often difficult in patients with Down syn¬ 
drome, and somatosensory evoked potentials may be bénéfi¬ 
ciai in documenting neurologie involvement. 

RADIOGRAPHIC FINDINGS 

Radiographie examination should include anteroposterior, 
flexion and extension latéral, and odontoid views. CT scans 
in flexion and extension or cineradiography in flexion and 
extension also may be needed to evaluate the occipitoatlantal 
joint and the atlantoaxial joint for instability. MRI is useful in 
detecting any spinal cord signal changes in suspected instabil¬ 
ity and neurologie compromise in these patients in whom it 



Drawing of Wackenheim clivus-canal line. This 
line is drawn along the clivus into the cervical spinal canal and 
should pass just posterior to the tip of the odontoid. 


is often difficult to obtain a detailed neurologie examination. 
Radiographie evidence of atlantooccipital instability is not as 
well defined as that for atlantoaxial instability, but the mea- 
surements described by Wackenheim (Fig. 43-41), Wiesel 
and Rothman (Fig. 43-42), Powers (Fig. 43-43), and Tredwell 
et al. are helpful. A Powers ratio of more than 1.0 is indicative 
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Method of measuring atlantooccipital instabil- 
ity according to Wiesel and Rothman. These lines are drawn on 
flexion and extension latéral radiographs, and translation should 
be no more than 1 mm. Atlantal line joins points 1 and 2. Line 
drawn perpendicular to atlantal line at posterior margin of ante- 
rior arch of atlas. Point 3 is basion. Distance from point 3 to 
perpendicular line is measured in flexion and extension. Différ¬ 
ence represents anteroposterior translation. 



Powers ratio is determined by drawing a line 
from the basion (B) to the posterior arch of the atlas (C) and a 
second line from the opisthion (O) to the anterior arch of the 
atlas (A). The length of line BC is divided by the length of line 
OA. A ratio greater than 1 is diagnostic of anterior atlantooccipi¬ 
tal translation, and a ratio lessthan 0.55 is diagnostic of posterior 
translation. 


recommendations. CT scans in flexion and extension or cine- 
radiography may be needed to give better detail and informa¬ 
tion about possible atlantooccipital instability. 

An atlantodens interval (ADI) of 4.5 to 5 mm indicates 
instability in normal pédiatrie patients. Increased ADI in 
patients with Down syndrome has not been directly corre- 
lated with an increase in neurologie compromise. This sug- 
gests that radiographs of the cervical spine in Down syndrome 
must be evaluated by standards spécifie to that population 
and not by traditional standards for general pédiatrie patients 
because this may resuit in overdiagnosis of a pathologie 
process. Neurologie compromise occurs with a similar inci¬ 
dence in individuals with Down syndrome who hâve a normal 
ADI and those with an ADI from 4 to 10 mm. In Down syn¬ 
drome, an ADI of less than 4.5 mm is normal; an ADI of 4.5 
to 10 mm is considered hypermobile but not unstable unless 
neurologie findings are présent; and an ADI of more than 
10 mm is considered unstable, and the patient is at risk for 
neurologie compromise because of the decrease in the space 
available for the spinal cord. 

TREATMENT 

Hypermobility of the occipitoatlantal junction has been 
observed in more than 60% of patients with Down syndrome, 
but this usually is not associated with neurologie risk. If 
hypermobility of this joint is documented and the patient is 
neurologically normal, then restriction of high risk activities 
is recommended. If there is hypermobility and a neurologie 
déficit or an abnormal signal change in the spinal cord on 
MRI, then an occiput to C2 or 3 fusion is recommended. 

When the ADI is less than 4.5 mm, no restriction of 
activities is necessary. In those who hâve an ADI of 4.5 to 
10 mm with no neurologie symptoms, high-risk activities are 
limited. If there is a neurologie déficit or spinal cord changes 
on MRI, a Cl-2 fusion is indicated. If the ADI is 10 mm or 
more, posterior fusion and instrumentation are recom¬ 
mended. Before fusion and instrumentation, the unstable 
Cl-2 joint should be reduced by traction. If réduction cannot 
be obtained, an in situ fusion reduces the risk of neurologie 
compromise. 

Complications are relatively common after cervical 
fusions in children with Down syndrome. Segal et al. reported 
frequent graft résorption after 10 posterior fusions and sug- 
gested as causes inadéquate inflammatory response and col- 
lagen defects. Msall et al. reported the frequent development 
of instability above and below Cl-2 fusion in patients with 
Down syndrome. Postoperative immobilization in a halo cast 
or halo vest should be continued for as long as possible 
because graft résorption 6 months after fusion has been 
reported. More stable fixation may decrease this 
complication. 

C1-C2 transarticular screw fixation (see Figs. 43-9 and 
43-10) or occiput to C2 instrumentation with plates or rods 
(Techniques 43-8 and 43-9) can be used successfully and give 
greater stability than wire fixation. 


of abnormal anterior translation of the occiput, and, accord¬ 
ing to Parfenchuck et al., a ratio of less than 0.55 indicates 
posterior translation. However, some studies hâve reported 
the poor reproducibility and reliability of these measure- 
ment techniques in children with Down syndrome, hinder- 
ing the physician in providing well-supported treatment 


FAMILIAL CERVICAL DYSPLASIA 

Saltzman et al. described a familial cervical dysplasia that 
affects the first cervical vertebra. Nine of 12 family members 
from three générations were affected by this inherited form 
of cervical vertébral dysplasia. The mode of transmission of 
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this disorder is autosomal dominant, with apparently com¬ 
plété penetrance and variable expressivity. Most patients are 
asymptomatic, and clinical présentation varies from an inci- 
dental finding on radiographie examination to a passively 
correctable head tilt. Symptoms such as suboccipital head- 
aches or decreased cervical motion may be présent. CT scan 
and three-dimensional reconstructions best delineate the 
anatomie pathology. MRI is useful in identifying the potential 
for neurologie compromise and the need for surgical stabili¬ 
zation. If surgery is required for stabilization, an occiput-to- 
C2 fusion is usually needed. 


CONGENITAL ANOMALIES OF 
THE ATLAS 

Dubousset and Winter et al. described congénital hemiatlas 
or hypoplasia of the atlas that can cause marked torticollis if 
left untreated. Dubousset reported 17 patients with absence 
of the facet of Cl that led to severe, progressive, fixed torticol¬ 
lis. Initially, the deformity or torticollis was flexible, but with 
time it became fixed. 

In most patients, the deformity is noted at birth as a 
latéral translation of the head on the trunk, with some degree 
of latéral tilt and rotation. The sternocleidomastoid muscle is 
not tight and there is offen aplasia of the muscles in the nuchal 
concavity of the tilted side. Neurologie signs such as head- 
aches, vertigo, or myelopathy occur in about 25% of patients. 
Plain radiographs are offen difflcult to interpret, and the diag- 
nosis usually is made by CT. Other spinal cord anomalies may 
be detected by MRI, such as Arnold-Chiari malformations 
and stenosis of the foramen magnum. Angiography should be 
obtained preoperatively because vertébral arterial anomalies 
may occur on the aplastic side. This disorder has been classi- 
fied into three types: type I is an isolated hemiatlas, type II is 
a partial or complété aplasia of one hemiatlas with other asso- 
ciated anomalies of the cervical spine, and type III is a partial 
or complété atlantooccipital fusion and symmetric or asym- 
metric hemiatlas aplasia, with or without anomalies of the 
odontoid and lower cervical spine. Initially the patient should 
be observed for progression of the deformity. Bracing will not 
stop progression of the deformity. Dubousset recommended 
using a halo cast to gradually correct the torticollis and obtain 
an acceptable position of the head and neck, followed by 
posterior fusion from occiput to C2. Seven of his 17 patients 
required surgical correction. Although the âge at which the 
torticollis could be corrected was not specified, Dubousset 
obtained good results in patients 13 and 15 years of âge. 

LARSEN SYNDROME 

Larsen syndrome is a rare disorder that may hâve vertébral 
anomalies such as spina bifida, hypoplastic vertebrae, cervical 
kyphosis, and anteroposterior dissociation. Patients with cer¬ 
vical kyphosis that may eventually lead to anteroposterior 
dissociation are difflcult to treat. This is potentially the most 
serious manifestation of Larsen syndrome because of the risk 
of paralysis. The natural history of cervical kyphosis is vari¬ 
able. Both static and dynamic flexion and extension radio¬ 
graphs should be obtained to document the degree of 
deformity and any instability. Treatment is also variable and 
is based on the âge of the patient, amount and flexibility of 
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the kyphosis, and the presence of any neurologie déficits. 
Johnston et al. has advocated early posterior fusion in patients 
with Larsen syndrome and cervical kyphosis. He found 
graduai improvement of the cervical kyphosis from contin- 
ued anterior vertébral body growth when a solid posterior 
fusion was obtained. In one patient, excessive lordosis 
occurred after posterior-only fusion. Sakaura et al. has rec¬ 
ommended posterior spinal fusion for patients with mild and 
flexible cervical kyphosis and anterior décompression and 
circumferential arthrodesis for those with severe kyphotic 
deformity or in patients with neurologie déficits. The poten¬ 
tial for durai ectasia should be considered in patients with 
Larsen syndrome. Jain et al. listed CT or MRI findings of 
enlargement of the durai sac, vertébral body scalloping, nar- 
rowing of the pedicles, and an enlarged spinal canal as highly 
indicative of durai ectasia. 


POSTERIOR SPINAL FUSION FOR 
CERVICAL KYPHOSIS THROUGH A 
LATERAL APPROACH 


TECHNIQUE 43-21 


(SAKAURA ETAL) 

■ Place the patient in the right decubitus position. 

■ Make an incision along the posterior margin of the ster- 
nocleidomastoid muscle (Fig. 43-44A) and bluntly dissect 
fascia of the posterior triangle of the neck to identify the 
levator scapulae muscle. 

■ Retract the carotid sheath and sternocleidomastoid 
muscle ventrally and the levator scapulae muscle dorsally 
to expose the scalene muscles. 

■ Identify the phrenic nerve and carefully dissect the inser¬ 
tions of the anterior scalene muscles from the anterior 
tubercles of the transverse processes from the C3 to C6 
vertebrae. Also dissect the longus colli and capitis muscles 
from the anterior tubercles to identify the anterior aspect 
of the cervical spine. 

■ Identify the vertébral artery and C4 to C6 nerve roots 
lying posterior to the vertébral artery (Fig. 43-44A and B). 
Retract the vertébral artery anteriorly and resect the trans¬ 
verse process from C3 to C6 (Fig. 43-44C). 

■ Release and eut the tight cartilaginous tissue and anterior 
longitudinal ligaments attaching to the cervical vertebrae 
ventrally. 

■ Using a surgical microscope, expose the latéral aspect of 
the dura from C4 to C5 by removing the left latéral 
masses and pedicles of the C4 and C5 vertebrae with a 
rongeur and a diamond-headed airtome. This allows 
removal of the vertébral bodies of the C4 and C5 verte¬ 
brae including the dises between C3 and C4 and C5 and 
C6 with clear exposure of the nerve roots and dura. 

■ Remove the vertébral bodies and dises starting at the 
middle of the bodies and dises. Using a diamond burr, 
thin the dorsal cortices of the bodies to the width of the 
spinal canal. 

■ If the kyphosis cannot be manually corrected, then 
insert a thin spatula between the posterior longitudinal 
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Sternocleidomastoid 
Anterior scalene 
Longus colli 


Levator scapulae 
Trapezius 


A 




Sakaura et al. anterior décompression and arthrodesis through a latéral approach. A f Axial image of latéral approach 
to cervical spine. B f Vertébral artery and C4 to C6 nerve roots posterior to the vertébral artery. C f Vertébral artery anteriorly dislocated 
by resecting transverse processes from C3 to C6. D f Subtotal removal of C4 and C5 bodies and cutting of posterior longitudinal liga¬ 
ment. (A from Sakaura et al: Surgical treatment of cervical kyphosis in Larsen syndrome, Spine 32:E39, 2007.) SEE TECHNIQUE 43-21. 


ligament and dura to avoid durai injury and eut the pos¬ 
terior longitudinal ligament at the middle of the exposed 
area (Fig. 43-44D). The vertebrae become slightly mobile, 
and the dura shifts ventrally. Under manual correction, 
insert an appropriate size strut from the tibia. 

■ Immobilize the patient in a halo device. 

POSTOPERATIVE CARE. The patient is immobilized in a 
halo cast or vest or a cervicothoracic orthosis for 12 weeks. 


INTERVERTEBRAL DISC 
CALCIFICATION 

Intervertébral dise calcification is uncommon in children but 
does occur. Tfiis syndrome is characterized by an acute onset 
of cervical pain associated with torticollis and limited motion 
of the cervical spine. Although no definite cause has been 
identified, suggested causes include metabolic disease, local 
infection, and trauma. Most children with vertébral dise 


calcification are 5 months to 11 years old, and boys are more 
frequently affected than girls. Symptomatic dise calcification 
occurs most commonly in the lower cervical spine, usually at 
the C6-7 level, and approximately one third of patients hâve 
multiple levels involved. In children, calcification involves the 
nucléus pulposus, in contrast to the process in adults, which 
involves the annulus fibrosus (Fig. 43-45). 

The most common symptoms of intervertébral dise cal¬ 
cification are neck pain, limitation of motion, and torticollis. 
Radicular pain or signs of nerve root compression are 
rare. Approximately 25% of patients hâve fever; 30% of 
patients hâve a history of trauma, and 15% hâve a history of 
upper respiratory tract infection. Pain usually begins 
suddenly and persists for 2 to 3 weeks; 75% of children 
are asymptomatic by 3 weeks, and 95% are asymptomatic 
within 6 months. Dai et al. found that the average time for 
symptoms to résolve was 34 days, and resolution of the cal¬ 
cifications was seen on radiographs by 15 months. Neurologie 
déficits, if présent, improve in 90% of patients. Disc hernia- 
tion is rare, but posterior herniations can cause spinal 
cord compression, and anterior herniations may resuit in 
dysphagia. 
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FIGURE 


Intervertébral dise calcification in an 8-year-old boy. 


Appropriate treatment consists of rest, cervical immobi- 
lization, and analgésies. Rarely, symptomatic nerve root or 
spinal cord impingement requires anterior discectomy and 
fusion. The long-term effects of intervertébral dise calcifica¬ 
tion are unknown, but permanent changes around the 
adjacent vertébral bodies that may be associated with 
early degenerative changes hâve been reported in young 
adults. 
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SCOLIOSIS 

The word scoliosis is derived from the Greek word meaning 
“crooked.” Scoliosis is defined as a latéral déviation of the 
normal vertical line of the spine. The latéral curvature of 
the spine also is associated with rotation of the vertebrae. This 
produces a three-dimensional deformity of the spine that 
occurs in the sagittal, frontal, and coronal planes. 

The Scoliosis Research Society recommends that idio- 
pathic scoliosis be classified according to the âge of the patient 
when the diagnosis is made. Infantile scoliosis occurs from 
birth to 3 years of âge; juvénile idiopathic scoliosis, between 
the âges of 4 and 10 years; and adolescent idiopathic scoliosis, 
between 10 years of âge and skeletal maturity. This traditional 
chronologie définition of scoliosis is important because major 
différences exist between the subtypes (Table 44-1). 

Scoliosis also can be classified based on the cause and 
associated conditions. Idiopathic scoliosis is the most common 
type, but the exact cause of this type of scoliosis is not known. 
Congénital scoliosis is caused by a failure in vertébral forma¬ 
tion or segmentation of the involved vertebrae. Scoliosis also 
can be classified based on associated conditions, such as 
neuromuscular disorders (cérébral palsy, muscular dystrophy, 
or other neuromuscular disorders), associated syndromes, or 
generalized disease (neurofibromatosis, Marfan syndrome, 
bone dysplasia, tumors, or as a resuit of irradiation). 

A distinction should be made between early-onset and 
late-onset scoliosis because the deformity may affect cardio- 
pulmonary development. During childhood, not only do the 
lungs grow in size, but also the alveoli and arteries multiply 
and the pattern of vascularity changes. The alveoli in the 
pulmonary tree increase by about 10-fold between infancy 
and 4 years of âge and are not completely developed until 8 


years of âge. Scoliotic deformity limits the space available for 
lung growth, and children who develop significant scoliosis 
before the âge of 5 years generally hâve disabling dyspnea or 
cardiorespiratory failure. Currently, according to the classifi¬ 
cation as it relates to treatment, some infantile and early 
juvénile curves are being identified as early-onset scoliosis. 

INFANTILE IDIOPATHIC SCOLIOSIS 

Infantile idiopathic scoliosis is a structural, latéral curvature 
of the spine occurring in patients younger than âge 3 years. 
James, who first used the term infantile idiopathic scoliosis , 
noted that these curves occurred before 3 years of âge, were 
more frequent in boys than in girls, and were primarily tho- 
racic and convex to the leff. 

Wynne-Davies noted plagiocephaly in 97 children in 
whom curves developed in the first 6 months of life; the fiat 
side of the head was on the convex side of the curve. Other 
associated conditions that she found were intellectual impair- 
ment in 13%, inguinal hernias in 7.4% of boys with progres¬ 
sive scoliosis, developmental dislocation of the hip in 3.5%, 
and congénital heart disease in 2.5% of ail patients. This led 
her to believe that the étiologie factors of infantile idiopathic 
scoliosis are multiple, with a genetic tendency that is either 
“triggered” or prevented by external factors. 

Infantile idiopathic scoliosis is more common in Europe 
than in North America. In the early 1970s, infantile scoliosis 
was seen in 41% of patients with idiopathic scoliosis in Great 
Britain compared with less than 1% in the United States. This 
différence was believed to be from infant positioning (Fig. 
44-1). Supine positioning was recommended in Europe, and 
prone positioning was recommended in the United States. 
Since the change to prone positioning, the incidence of 
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TABLE 44-1 


Classification of Idiopathic Scoliosis by Age 

PARAMETER 

INFANTILE 

JUVENILE 

ADOLESCENT 

Age at présentation 

Birth to 3 yr 

4 to 9 yr 

10 to 20 yr 

Male:female 

1:1 to 2:1 

<6 yr: 1:3 
>6 yr: 1:6 

1:6 

Incidence 

United States: 2% to 3% 

Great Britain: 30% 

United States: 12% to 15% 
Great Britain: 12% to 15% 

United States: 85% 

Great Britain: 55% 

Curve types 

Left thoracic 

L:R (2:1) 

Left thoracic/right lumbar 

Right thoracic 

R:L (6:1) 

Right thoracic 

R:L (8:1) 

Associated findings 

Mental deficiency, congénital 
hip dysplasia, plagiocephaly, 
congénital heart defects 

None 

None 

Risk of cardiopulmonary 
compromise 

High 

Intermediate 

Low 

Risk of curve progression 

<6 mo: low 
>1 yr: high 

67% 

23% 

Rate of curve 
progression 

Graduai progression: 2 to 3 
degrees/yr 

Malignant progression: 10 
degrees/yr 

Progression at puberty: 6 
degrees/yr 

Malignant progression: 10 
degrees/yr 

1 to 2 degrees/mo during 
puberty 

Curve resolution 

<1 yr: 90% 

>1 yr: 20% 

20% 

Rare 

Curve magnitude and 
maturity 

Graduai progression: 70 to 90 
degrees 

Malignant progression: >90 
degrees 

Progression at puberty: 50 
to 90 degrees 

Malignant progression: >90 
degrees 

Curves > 90 degrees are 
rare 

Orthotic management 

Effective at delaying and 
slowing rate of progression 
Ultimate progression: 100% 

Decreases rate of 
progression until puberty 
(failure rate: 30% to 80%) 

Effectively Controls curves 
< 40 degrees (success 
rate: 75% to 80%) 

Surgical treatment 

Instrumentation without 
fusion <8 yr 

After 8 yr: ASF-PSF 

After 11 yr: PSF 

Instrumentation without 
fusion <8 yr 

After 8 yr: ASF-PSF 

After 1 yr: PSF 

PSF with instrumentation 
ASF if younger than 11 yr 
with open triradiate 
cartilage 

Risk of crankshaft 

High 

High 

Low 


ASF, anterior spinal fusion; PSF, posterior spinal fusion. 

Modified from Mardjetko SM: Infantile and juvénile scoliosis. In Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, ed 2, Philadelphia, 1997, 
Lippincott-Raven. 


infantile idiopathic scoliosis has declined in Great Britain 
from 41% to 4%. 

Most curves in infantile idiopathic scoliosis are self- 
limiting and spontaneously résolve (70% to 90%); however, 
some curves may be progressive, usually increasing rapidly, 
are often difficult to manage, and may resuit in significant 
deformity and pulmonary impairment. Unfortunately, when 
a curve is mild, no absolute criteria are available for differen- 
tiating the two types and predicting progression. James et al. 
found that those with resolving scoliosis generally had a 
deformity that was noted before 1 year of âge; most had 
smaller curves at présentation, and none had compensatory 
curves. Lloyd-Roberts and Pilcher found that curves associ- 
ated with plagiocephaly or other molding abnormalities were 
more likely to be resolving, indicating an intrauterine posi- 
tioning cause of this scoliosis. According to James, when 
compensatory or secondary curves develop or when the 
curve measures more than 37 degrees by the Cobb method 
when first seen, the scoliosis probably will be progressive. 


Mehta developed a method to differentiate resolving 
from progressive curves in infantile idiopathic scoliosis based 
on measurement of the rib-vertebral angle (RVA). She evalu- 
ated the relationship of the convex rib head and vertébral 
body of the apical vertebra by drawing one line perpendicular 
to the apical vertébral endplate and another from the midneck 
to the midhead of the corresponding rib; the angle formed by 
the intersection of these lines is the RVA (Fig. 44-2). The RVA 
différence (RVAD) is the différence between the values of 
the RVAs on the concave and convex sides of the curve. 
Mehta reported that 83% of the curves resolved if the RVAD 
measured less than 20 degrees and that 84% of the curves 
progressed if the RVAD was greater than 20 degrees. She 
described a two-phase radiographie appearance based on the 
relationship of the apical ribs with the apical vertebra. In 
phase 1, the rib head on each side of the apical vertebra does 
not overlap the vertébral body. In phase 2, the rib head 
overlaps the convex side of the vertébral body. Phase 2 curves 
are progressive, and therefore the measurement of RVAD is 
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Diagram illustrâtes postural molding of thorax 
when infant is laid supine and partly turned toward the side. 



Construction of rib-vertebral angle (RVA) and 
rib-vertebral angle différence (RVAD). 1. Draw a line parallel to the 
bottom of the apical vertebra (apical vertébral endplate). 2. Draw 
a line perpendicular to the line drawn in Step 1. 3. Find the mid- 
point of the head of the rib. Find the midpoint of the neck of the 
rib. These landmarks are estimated and mental note is taken. 4. 
Draw a line from the midpoint of the head of the rib to the mid¬ 
point of the neck of the rib to the line from Step 2. 5. The resulting 
angle is the RVA for one side. 6. To calculate the RVAD, calculate 
the RVA for the other side. Use the lines created in Steps 1 and 2, 
and repeat Steps 3-5 for the other side. (From Corna J, Sanders JO, 
Luhmann SJ, et al: Reliability of radiographie measures for infantile idio- 
pathic scoliosis, J Bone Joint Surg 94A:e86, 2012.) 


unnecessary. These measurements are helpful in predicting 
curve progression, but the curves must be monitored closely 
to prevent severe progression with the résultant risk of 
restricted pulmonary disease. These measurements are 
helpful in predicting curve progression, but Corona et al. 
noted that these measurements should be used with care 
because of some variability of more than 10 degrees in 18% 
of paired observations. This highlights the necessity of closely 
monitoring curves both clinically and radiographically to 
prevent severe progression with the résultant risk of restricted 
pulmonary disease (Fig. 44-3). 

An increased incidence of neural axis abnormalities 
(Chiari malformation, syrinx, low-lying conus, and brainstem 
tumor) has been noted on MRI in patients with infantile 
idiopathic scoliosis (21.7%). MRI évaluation is now recom- 
mended for infantile scoliosis for curves measuring more 
than 20 degrees. These patients usually require sédation for 
MRI. Pahys found a smaller percentage (13%) of patients with 
infantile scoliosis and intraspinal anomalies. Because of the 
need for sédation to obtain the MRI, close observation may 
be a reasonable alternative. 

TREATMENT 

Because of the favorable natural history in 70% to 90% of 
patients with infantile idiopathic scoliosis, active treatment 
offen is not required. If the initial curve is less than 25 degrees 


Phase 1 




Two phases in progression of infantile scoliosis 
as seen on posteroanterior radiographs. Phase 1: rib head on 
convex side does not overlap vertébral body. Phase 2: rib head on 
convex side overlaps vertébral body. (Redrawn from Herring JA, 
editor: Tachdjian's pédiatrie orthopaedics, ed 4, Philadelphia, 2008, 
Elsevier, p 337.) 


and the RVAD is less than 20 degrees, observation with 
radiographie follow-up every 6 months is recommended. 
Most resolving curves correct by 3 years of âge (Fig. 44-4); 
however, follow-up should continue even affer resolution 
because scoliosis may recur in adolescence. 

■ CASTING 

Treatment options for children with progressive infantile 
idiopathic scoliosis curves include serial casting, bracing, and 
later fusion; preoperative traction to correct the curve fol- 
lowed by fusion; and growing rod or vertical expandable 
prosthetic titanium rib (VEPTR) instrumentation without 
fusion (Synthes, West Chester, PA). Once the diagnosis of a 
progressive curve is made based on either a progressive Cobb 
angle or an RVAD of more than 20 degrees, rib phase 2, or a 
double curve, treatment is recommended. An orthotist can 
make a satisfactory thoracolumbosacral orthosis (TLSO) or 
cervicothoracolumbosacral orthosis (CTLSO) for curves that 
are not too large. Progression of many infantile curves can be 
prevented and significant improvement can be obtained with 
the use of a well-fitting orthosis during the early period of 
skeletal growth. In a very young child, serial casting with 
general anesthésia may be required until the child is large 
enough for a satisfactory orthosis. The interval between cast 
changes is determined by the rate of the child s growth, but a 
cast change usually is required every 2 to 3 months. Br ace 
wear is continued full time until the curve stability has been 
maintained for at least 2 years. At that point, brace wear can 
be gradually reduced. McMaster reported control of the 
curves in 22 children with infantile scoliosis with an average 
brace time of more than 6 years. 

Sanders et al. reported good results with early casting for 
progressive infantile idiopathic scoliosis using the technique 
of Cotrel and Morel (extension, derotation, flexion) cast cor¬ 
rection. Best results were achieved if casting was started 
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A f Infantile scoliosis in a 3-year-old child. B, At 4 years of âge. C f At 6 years of âge, curve has greatly improved and 
by 10 years of âge (D) has resolved. E, At follow-up at âge 16, there is no curve progression. 


before 20 months of âge and in curves less than 60 degrees. 
Cast correction in older patients with curves of more than 60 
degrees frequently resulted in curve improvement (Fig. 44-5). 
Casts were changed every 2 to 4 months based on âge and 
growth of the child. Once curves were corrected to less than 
10 degrees, a custom-molded brace was used. 


TECHNIQUE 44-1 


■ Intubate the patient; thoracic pressure during cast 
molding can make ventilation temporarily difficult. 

■ Use a silver-impregnated shirt as the innermost layer. 
Head halter and pelvic traction also are used to assist 
in stabilizing the patient and in narrowing the body 
(Fig. 44-6A). 

■ A mirror slanted under the table is useful for viewing rib 
prominence, the posterior cast, and molds. 

■ Apply a thin layer of Webril with occasional felt on bony 
prominences. 

■ If there is a lumbar curve, flex the hips slightly to decrease 
lumbar lordosis and facilitate curve correction. 


CASTING FOR IDIOPATHIC SCOLIOSIS 

A proper casting table is crucial for this procedure. Although 
a standard Risser frame will suffice, it is quite large for small 
children. Sanders et al. hâve designed a table that leaves 
the head, arms, and legs supported but the body free for 
cast application. 
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FIGURE 


A and B f Mehta cast. C f Before cast wear. D f After 9 months of cast wear. 


9 " Plaster is usually preferred over fiberglass because it is 
more moldable. The pelvic portion is the foundation of 
the cast and should be well molded. 

■ Apply pressure to the posteriorly rotated ribs with an 
attempt to anteriorly rotate these ribs to create a more 
normal chest configuration with counterrotation applied 
through the pelvic mold and upper torso. This is a derota- 
tion maneuver and should not push the ribs toward the 
spine in an attempt to correct the curve (Fig. 44-6B). 

■ If the apex is T9 or below, an underarm cast can be used, 
but the original technique used an over-the-shoulder cast. 
■Create an anterior window to relieve the chest and 
abdomen while preventing the lower ribs from rotating. 


Create a posterior window on the concave side to allow 
the depressed concave ribs and spine to move posteriorly 

(Fig. 44-6C). 


■ OPERATIVE TREATMENT 

If a curve is severe or increases despite the use of an orthosis 
or casting, surgical stabilization is needed. Ideally, surgery 
should not only stop progression of the curve but also allow 
continued growth of the thorax and development of the 
pulmonary tree. Growing rods can be used to control curve 
progression and still allow for growth of the spine (see Video 
44-1). This usually requires surgery every 6 months to 

















3 



A, Position on table with traction applied to 
halter and pelvis. B f Example of correction maneuver for derota- 
tion of left thoracic curve. C f Underarm cast with Windows. 
(Redrawn from Sanders JO, D'Astous J, Fitzgerald M, et al: Derotational 
casting for progressive infantile scoliosis, J Pediatr Orthop 29:581, 
2009 ) SEE TECHNIQUE 44-1. 
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lengthen the rods (see Technique 44-2 and Video 44-2). The 
use of magnetically controlled growing rods, such as the 
MAGEC Spinal Bracing and Distraction System (NuVasive, 
Aliso Viejo, CA), avoids a return to surgery every 6 months. 
VEPTR instrumentation has been reported as another alter¬ 
native to correct the curve and allow for continued growth of 
the spine (see Technique 44-46). Schulz et al. reported this to 
be a safe and effective treatment of progressive curves in this 
patient population. When surgical fusion is necessary, a rela- 
tively short anterior and posterior arthrodesis should be 
considered, including only the structural or primary curve. 
Combined anterior and posterior arthrodesis is necessary to 
prevent the “crankshaft” phenomenon. The problem with this 
approach is that it leaves the child with a straight, shortened 
spine rather than a deformed spine of near-normal length. 
Karol reported that, despite early fusion surgery, révision 
surgery was required in 24% to 39% of patients. Restrictive 
pulmonary disease, defined as forced vital capacity less than 
50% of normal, occurs in 43% to 64% of patients who hâve 
early fusion surgery. Thoracic growth affer early surgery is an 
average of 50% of that seen in children with scoliosis who did 
not hâve early surgery. Because of the deleterious effect on 
the developing thoracic cage and lung function, fusionless 
instrumentation techniques are preferred. 

JUVENILE IDIOPATHIC SCOLIOSIS 

Juvénile idiopathic scoliosis appears between the âges of 4 
and 10 years. Multiple patterns can occur, but the convexity 
of the thoracic curve usually is to the right. Juvénile idiopathic 
scoliosis accounts for 12% to 21% of idiopathic scoliosis 
cases. The female-to-male ratio is 1:1 in children between 3 
and 6 years of âge. This ratio increases with âge, with the ratio 
of 4:1 from 6 to 10 years of âge, and reaches a female-to-male 
ratio of 8:1 by the time the children are 10 years of âge. The 
natural history of juvénile idiopathic scoliosis is usually slow 
to moderate progression until the pubertal growth spurt. 
Lonstein found that 67% of patients younger than âge 10 
years showed curve progression and that the risk of progres¬ 
sion was 100% in patients younger than 10 years who had 
curves of more than 20 degrees. Robinson and McMaster 
reported curve progression in 95% of children with juvénile 
idiopathic scoliosis. Of those patients followed to maturity, 

86% required spinal fusion. Most juvénile curves are convex 
right thoracic curve or double thoracic curve patterns and 
closely resemble those of adolescent idiopathic scoliosis. Few 
patients with juvénile idiopathic scoliosis hâve thoracolumbar 
or lumbar curves. Dobbs et al. modified the adolescent 
idiopathic scoliosis classification System of Lenke for juvénile 
idiopathic scoliosis (see Fig. 44-35). (There are the same six 
curve types, but instead of using side-bending radiographs to 
distinguish structural from nonstructural minor curves the 
authors used the déviation from the midline of the apex of 
the curve from the C7 plumb line for thoracic curves and the 
center sacral vertical line for thoracolumbar and lumbar 
curves. If the apex of the curve is completely off the line, a 
structural minor curve is présent; if the apex is not off the 
line, a nonstructural minor curve is présent.) 

As in infantile idiopathic scoliosis, a high incidence of 
neural axis abnormalities has been found on MRI in children 
younger than 11 years with scoliosis (26.7%). Some may 
argue about the need for MRI in a routine preoperative 
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workup, but most would agréé that spécifie factors indicating 
a need for further MRI évaluation include pain, rapid pro¬ 
gression, left thoracic deformity, neurologie abnormalities 
(alterations in the superficial abdominal reflex), and other 
neurologie findings, such as loss of bowel or bladder control. 
If operative intervention is planned, then preoperative MRI 
évaluation is recommended. 

TREATMENT 

Although it is likely to progress and often requires surgery, 
juvénile idiopathic scoliosis is treated according to guidelines 
similar to those for adolescent idiopathic scoliosis. For curves 
of less than 20 degrees, observation is indicated, with 
examination and standing posteroanterior radiographs every 
4 to 6 months. Evidence of progression on the radiographs as 
indicated by a change of at least 5 to 7 degrees warrants brace 
treatment. If the curve is not progressing, observation is 
continued until skeletal maturity. 

Although much of the earlier literature concerning 
orthotic treatment of juvénile idiopathic scoliosis had empha- 
sized the Milwaukee brace, a TLSO is used for thoracic curves 
with the apex at T8 or below. Initially, the brace is worn full 
time (22 of 24 hours). If the curve improves after at least 1 
year of full-time bracing, the hours per day of brace wear can 
be decreased gradually to a nighttime-only bracing program, 
which is much more tolerable, especially when the child 
reaches puberty. However, the patient is carefully observed 
for any sign of curve progression during this weaning process. 
If curve progression is noted, a full-time bracing program is 
resumed. 

The success of nonoperative treatment is variable; 27% to 
56% require spinal fusion for progressive curves. It often is 
not possible to predict which curves will increase from the 
curve pattern, the degree of curvature, or the patients âge at 
the time of diagnosis. Serial RVAD measurements hâve been 
useful to evaluate brace treatment; several guidelines can be 
formulated for evaluating brace treatment (Box 44-1). 

Evidence of progression should be obtained before a 
brace is applied, unless the curve is greater than 30 degrees 
when the juvénile patient is first seen. Some curves, even in 
the range of 20 to 30 degrees, did not progress during a period 
of several months in one study; Mannherz et al. found pro¬ 
gressive RVAD of more than 10 degrees over time to be 
associated with curve progression, and more frequent curve 
progression was noted in patients with less than 20 degrees 
of thoracic kyphosis. Double major curves tended to progress 



Evaluation of Brace Treatment of Juvénile 
Idiopathic Scoliosis by the Rib-Vertebral Angle 
Différence (RVAD) 


■ If the RVAD values progress above 10 degrees during 
brace wear, progression can be expected. 

■ If the RVAD values décliné as treatment continues, part- 
time brace wear should be adéquate. 

■ Those patients with curves with RVAD values near or 
below 0 degrees at the time of diagnosis generally will 
require only a short period of full-time brace wear before 
part-time brace wear is begun. 


most often. Charles et al. reported that juvénile curves of 
more than 30 degrees had a 100% risk of progression to a 
surgical range, underscoring the importance of beginning 
treatment in curves of more than 30 degrees. 

Kahanovitz, Levine, and Lardone found that patients who 
wore a Milwaukee brace part time (after school and at night) 
had good outcomes with curves of less than 35 degrees and 
RVAD s of less than 20 degrees. Patients with curvatures of 
greater than 45 degrees at the onset of bracing and whose 
RVADs exceeded 20 degrees ail eventually underwent spinal 
fusion. Patients with curvatures from 35 to 45 degrees at the 
onset of bracing had much less predictable prognoses. The 
part-time brace program consisted of wearing the brace after 
school and ail night for approximately a year. The patients 
were then kept in the brace at night only for another 2.5 years. 
The brace was at that point worn every other night for an 
average of 1.2 years. Bracing generally was discontinued 
completely at an average of about 14 years of âge. Individually, 
however, the numbers of hours spent wearing the brace 
depended on the amount of improvement and stability of the 
curvature. Part-time brace treatment may afford these chil- 
dren the social and psychological benefits not provided by a 
full-time brace program. Jarvis et al. reported the successful 
management (prévention of surgery) with part-time bracing 
in patients with juvénile idiopathic scoliosis. The Milwaukee 
brace may be preferred because it does not cause chest wall 
compression in these young patients. A total-contact TLSO 
often is prescribed, but rib cage distortion is possible because 
of the lengthy time the child must wear the brace. Robinson 
and McMaster found that the level of the most rotated verte- 
bra at the apex of the primary curve was the most useful 
factor in determining the prognosis of patients with juvénile 
idiopathic scoliosis. Patients who had a curve apex at T8, T9, 
or T10 had an 80% chance of requiring spinal arthrodesis by 
15 years of âge. Khoshbin et al. reported that 50% of their 
patients progressed to surgery despite brace treatment. The 
operative rate was higher for patients with curves of more 
than 30 degrees at the start of brace treatment. 

Even if the curve progresses, bracing may slow progres¬ 
sion and delay surgery until the child is older, which may 
avoid a short trunk and lessen the possibility of a crankshaft 
phenomenon. If orthotic treatment fails, operative manage¬ 
ment of the curve should be considered. Important considér¬ 
ations in the operative treatment of patients with juvénile 
idiopathic scoliosis are the expected loss of spinal height and 
the limited chest wall growth and lung development after 
spinal fusion. Another important considération is the crank¬ 
shaft phenomenon. With a solid posterior fusion, continued 
anterior growth of the vertébral bodies causes the vertébral 
body and dises to bulge laterally toward the convexity and to 
pivot on the posterior fusion, causing loss of correction, 
increase in vertébral rotation, and récurrence of the rib hump. 
Dimeglio found that during the first 5 years of life the spine 
from Tl to SI grows more than 2 cm a year. Between the âges 
of 5 and 10 years, it grows 0.9 cm per year, and then it grows 
1.8 cm per year during puberty (Fig. 44-7). A solid spinal 
fusion stops the longitudinal growth in the posterior élé¬ 
ments, but the vertébral bodies continue to grow anteriorly. 

There is no full agreement about the exact parameters for 
which a child requires anterior and posterior fusions to 
prevent crankshaft deformity (Figs. 44-8 and 44-9). Shuftle- 
barger and Clark recommended that patients with a Risser 
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sign of grade 0 or 1, a Tanner grade of less than 2, and a 
significant three-dimensional deformity hâve a preliminary 
anterior periapical fusion before posterior instrumentation 
and fusion. Sanders et al. noted that 10 of 43 patients with 
triradiate cartilage developed a crankshaff deformity after 
posterior-only fusion. An open triradiate physis in the pelvis 
indicates the need for supplementary anterior fusion. With 
superior correction and rotational control available with 
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pedicle screw instrumentation, perhaps the need for anterior 
fusions could be lessened. 

If the child is younger than 8 years, is small, and has a 
curve that cannot be controlled by nonoperative means, the 
idéal treatment is a growing rod System without fusion or 
growth modulation techniques. If the child is 9 or 10 years of 
âge or large, growing rods or growth modulation may still be 
used but instrumentation and fusion may be appropriate. A 



Growth velocity of T1-L5 segment. 
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segment T1-12, and lumbar segment L1-L5. (From Dimeglio / 
Growth of the spine before âge 5 years, J Pediatr Orthop B 1:101 
1993.) 



Crankshaft phenomenon. A, Spine with scolio- 
sis. B, Despite solid posterior fusion, continued anterior growth 
causes increase in deformity. 



Fifty-seven-degree curve (A) was corrected to 39 degrees with posterior fusion and instrumentation (B). C, Three 
years after surgery, deformity has recurred because of crankshaft phenomenon. 
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combined anterior and posterior spinal fusion to avoid the 
crankshaft phenomenon may be needed, but with the use of 
pedicle screws to allow better correction and derotation of 
the spine, an anterior fusion may not be necessary. 

■ GROWING ROD INSTRUMENTATION 

Growing rod instrumentation is a technique of posterior 
instrumentation that is sequentially lengthened to allow 
longitudinal growth while still attempting to control progres¬ 
sive spinal deformity. 

Moe et al. described the use of a subcutaneous Harrington 
rod without fusion, followed by a full-time external orthosis, 
in certain flexible curves in growing children. The authors 
noted an average length gain in the instrumented area of 
3.8 cm that ultimately required fusion. Complications, most 
frequently hook dislocation and rod breakage, occurred in 
50% of patients. Currently, growing rod techniques include 
(1) a single growing rod, (2) dual growing rods, (3) VEPTR 
rods, (4) Luque trolley, and (5) Shilla technique. Magnetically 
controlled growing rods, such as the MAGEC rods (NuVasive, 
Aliso Viejo, CA), provide a noninvasive method for rod 
lengthening, avoiding the need for additional surgical proce¬ 
dures for lengthening. 

The growing rod techniques should be considered in a 
cooperative patient with a stable family unit. This procedure 
usually is considered for patients younger than 10 years of âge 
who hâve a curve of 60 degrees. Surgery is required every 6 
months to lengthen the construct. A TLSO often is necessary 
for at least the first 6 months to protect the upper and lower 
levels of the instrumentation. Dual growing rods hâve been 
found to be effective in controlling severe spinal deformities 
and allowing spinal growth. With the use of dual rods, an 
apical fusion does not appear to be necessary during the 
course of treatment. We hâve had fewer instrumentation 
problems with the dual-rod technique than with previous 
single-rod techniques. 


bending or traction films as the lowest instrumented 
vertebra. The stable-to-be vertebra is the vertebra that is 
transected by the center sacral line on traction or bending 
films (Fig. 44-10). 

■ Confirm appropriate levels with a radiograph. 

■ Carry the dissection down to the lamina and spinous 
process of the end vertebrae. 

■ Strip the periosteum from the concave and convex lamina 
out to the facet joint of the two vertebrae selected for 
hooks at each end of the curve. 

■ The upper and lower foundations for the growth rods can 
be done with either hooks or screws. If hooks are used 
to form the upper claw, insert a pedicle hook onto the 
lower of the two upper vertebrae and another superior 
transverse process hook on the upper of the two verte¬ 
brae on both the concave and convex sides. 

■ Form the lower claw by placing a supralaminar hook on 
the upper vertebra and the infralaminar hook on the 
lower vertebra. If it is anatomically feasible, pedicle screw 
fixation can be used in both the upper and lower 
foundations. 

■ Use two rods on the concave side and two rods on the 
convex side. 

■Contour the rods to the natural contours of thoracic 
kyphosis and lordosis. 

■ Insert the rods under direct vision and use the appropriate 
set screws to hold the rods in the hooks or pedicle screws. 

■ Join the rods together with a low-profile growth rod 
connector (Fig. 44-1 1). 

■ Use bone chips to pack around the upper and lower 
foundation sites. 

■ Do not attempt subperiosteal dissection between the 
hook sites. 

POSTOPERATIVE CARE. The child is placed in an 
orthosis for the first 6 months. At that time, the orthosis 
can be discontinued if the hook sites are solidly fused. 
The rods routinely are lengthened every 6 months. 
Lengthening is performed by exposing the connector and 
loosening the set screws. Distraction is applied, and the 
set screws are retightened. Lengthenings are stopped 
when no further distraction can be achieved. Sankar et al. 
found that with successive lengthenings, there is a law of 
diminishing returns: repeated lengthenings had decreased 
gains in length with each subséquent lengthening over 
time. When no further distraction can be achieved, the 
patient undergoes the final arthrodesis. The final arthro- 
desis usually nécessitâtes removal of the rods, and in our 
expérience, if the proximal and distal anchors are still 
solidly fixed and well fused, they are used as part of the 
final construct (Figs. 44-12 and 44-13). 


Other growing rod constructs include the Luque trolley 
and the Shilla technique. The Luque trolley consists of sub- 
laminar wires and rods without fusion. The Shilla technique 
consists of a nonlocking pedicle screw implant. The apex of 
the deformity is fixed and fused with pedicle screws while the 
ends of the construct are instrumented with screws that are 
not locked to the rod. This theoretically allows for apical 
control of the deformity and continued axial lengthening of 
the spine with growth. 


DUAL GROWING ROD 
INSTRUMENTATION WITHOUT 
FUSION 

A multiple-hook segmentai instrumentation System that is 
appropriate for the child's size is used. If the child weighs 
less than 30 Ib, an infant spinal set may be necessary. If the 
infant set is used, the rod is quite flexible, and therefore 
some additional protection in the form of external immo- 
bilization is necessary until the System can be converted to 
a pédiatrie rod System of a larger diameter. 


TECHNIQUE 44-2 


■ Place the patient prone on the operating table or 
frame; préparé and drape the back in the routine stérile 
fashion. 

■ Take care to select the stable vertebrae at both ends of 
the curve and make a single, long, straight incision into 
the subcutaneous tissue from the upper to the lower 
neutral vertebrae. Dede et al. described préservation of 
motion segments by using the "stable-to-be vertebra" on 
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JïJ The "stable-to-be vertebra" (StbV) is the vertebra most closely bisected by the central sacral vertical (SV) line. A f In 
this patient, the stable-to-be vertebra is at L5. B, On the traction radiograph, it is at L3. C, The patient was treated with growing rod 
instrumentation extending to L3. D, At 6-year follow-up, correction is well maintained with no evidence of distal adding on. (From Dede 
O, Demirkiran G, Bekmez S, et al: Utilizing the "stable-to-be vertebra" saves motion segments in growing rods treatment of early-onset scoliosis, 
J Pediatr Orthop 36:336, 2016.) 



Technique of dual-rod instrumentation. A, 
Anteroposterior view. B, Latéral view showing construct con- 
toured to maintain sagittal alignment. Extended tandem connec- 
tors are placed in thoracolumbar spine to minimize profile. SEE 

TECHNIQUE 44-2. 


SHILLA GUIDED GROWTH SYSTEM 


TECHNIQUE 44-3 


(MCCARTHY ET AL.) 

■Careful assessment of upright coronal and sagittal films, 
along with analysis of the flexibility of the curve by 
bending or traction films, is necessary to détermine the 
location of the apical vertébral segments (Fig. 44-14). The 
apical three or four vertébral segments that are least 
corrected through flexibility testing are the apical levels 
for fusion and maximal correction. 

■ Place small needle markers in the spinous processes and 
obtain a radiograph to identify spinal levels. 

■ Make a single midline incision and perform subperiosteal 
dissection to only the apical levels. 

■ Incise the fascia 1 cm off the midline on both sides of the 
spinous processes from cephalad to caudad, merging 
with the subperiosteal dissection at the apex. 

■ Place bilateral fixed-head pedicle screws throughout the 
apical levels. 

■ Perform Ponte ostéotomies (see Technique 44-24) 
between the apical segments if needed to enhance cor¬ 
rection in ail planes. Apical décortication is necessary for 
fusion of these levels. 

■ Place the growth guidance screws through the muscular 
layer with fluoroscopie visualization of bone. Use a can- 
nulated polyaxial screw of sufficient diameter to fill the 
pedicle. A Jamshidi trocar System is helpful in placing the 
screw in the center of the pedicle. 

■ The location of the guidance screws dépends on the 
curve; the screw should extend far enough into the 
lumbar spine to maintain the lordosis and coronal 





















FIGURE 


A and B f Anteroposterior and posteroanterior radiographs of child with infantile scoliosis treated with dual growing 


rods (C). 



FIGURE 


| EŒ) Growing rods. SEE TECHNIQUE 44-2. 


9 correction. Avoid stopping the caudal instrumentation at 
the thoracolumbar junction because this may lead to 
prominence with flexion. 

■ Place the guidance screws at bilateral locations or stag- 
gered, making sure that they are separated by enough 
distance on the rod to allow for easy sliding. 


■ Because the guidance screws at the top of the construct 
are subjected to pull-out forces from kyphosis, place 
a sublaminar or transverse process cable or fiberwire 
(3 mm) one level above the upper screws to protect them. 

■ Choose a rod of the appropriate diameter for the size of 
the child, generally 4.5 mm, and contour it into normal 
sagittal curves, leaving the rod one vertébral level long at 
each length for growth. 

■ Before placement of the permanent rods, place a tempo- 
rary (provisional) rod on the convex side and attach it 
loosely at the apex and one growing screw above and 
below the apex. 

■ Roll the provisional rod into a neutral position in the 
coronal and sagittal positions, translate it toward the 
concavity of the curve with coronal benders, and hold it 
there by tightening the apical plugs. 

■ Attach the permanent concave rod to the screws and 
remove the provisional rod. 

■ Derotate the apical levels with tube derotation devices or 
a vertébral column derotation device while holding the 
rods in place with vise grips to prevent rod rotation. 

■ The fixed-head screws lock the rods at the apical screws 
through the locking set screws that fix to the rods. The 
guidance screw caps capture the rods in the guidance 
screw head, leaving room for movement of the rod within 
the screw head. 

■ If needed to help maintain rod rotation, use a crosslink 
just below the apical fixation. If the child is younger than 
5 years old, use a sliding type of crosslink to allow for 
growth in the canal diameter. 

■ Use the torque/countertorque device to snap off the caps 
at a preset torque pressure. 

■ Place bone graft at the apex only. 

■Close the wound in routine fashion, using a small drain 
if necessary. 






CHAPTER 44 SCOLIOSIS AND KYPHOSIS ^ 


19 



A f Preoperative standing radiograph of a 3-year-old child with infantile idiopathic scoliosis. B f Three-month postop- 
erative radiographs after insertion of Shilla rods. C f Five-year postoperative radiographs. (From Medtronic: Shilla Growth Guidance System, 

Memphis, TN; 2012.) SEE TECHNIQUE 44-3. 


POSTOPERATIVE CARE. The child is immobilized for 3 
months. A bivalved form-fitting turtle-shell brace is used 
during daytime until the apical fusion is solid. A protective 
brace is not necessary after this period of immobilization 
unless excessively vigorous activities are expected. 


Growing rods do hâve potential complications, and 
complications are common. Bess et al. found at least one 
complication in 58% of patients with early-onset scoliosis 
who were treated with growing rods; submuscular placement 
of the rod resulted in fewer complications than subfascial 
placement. The most common complications are (1) rod 
breakage, (2) hook displacement or failure of proximal or 
distal fixation points, (3) infection, (4) skin breakdown over 
prominent rods, and (5) autofusion of the spine. Cahill et al. 
reported autofusion in 89% of children treated with growing 
rods. The average percentage of Cobb angle correction 
obtained at definitive fusion was 44%, and an average of seven 
ostéotomies per patient was required at the time of definitive 
fusion because of autofusion. Flynn et al. also found that a 
deformity correction of less than 50% could be obtained 
when converting growing rods to a definitive instrumenta¬ 
tion and fusion. 

VEPTR instrumentation also can be used as a growing 
rod System (see Technique 44-46). The constructs can be 
rib-to-rib, rib-to-spine, or rib-to-pelvis. This has the advan- 
tage of minimal exposure of the spine and a theoretical 
decreased risk of spontaneous fusion of the spine. Another 
technique is to use a claw construct around ribs to act as the 
proximal attachment for dual growing rods. The advantage to 
using ribs as anchors instead of the spine is the préservation 
of motion between vertebrae, thereby preventing or delaying 
spontaneous fusion. The procedure is contraindicated in 
patients with kyphosis (upper thoracic kyphosis is poorly 
controlled with rib anchors) and patients who cannot tolerate 
repeated surgical procedures. This technique uses traditional 


spine implants with hooks that fit around the ribs. It is impor¬ 
tant to place the hook as close as possible to the transverse 
process to prevent the hook from sliding laterally (Fig. 44-15). 


GROWING ROD ATTACHMENT USING 
RIB ANCHORS 


TECHNIQUE 44-4 


(SANKAR AND SKAGGS) 

■ Position the patient prone, taking care to pad ail bony 
prominences. Neuromonitoring is essential when per- 
forming this procedure and should include both the 
upper and lower extremities. 

■ Make a midline skin incision or two separate incisions at 
the top and bottom of the construct, depending on the 
surgery. 

■ Dissect through the subcutaneous tissues and elevate a flap 
superficial to the paraspinal muscles laterally past the trans¬ 
verse processes. Confirm the location fluoroscopically. 

■ Alternative^, if the patient has multiple fused ribs and an 
open thoracostomy is planned, place the patient in the 
latéral decubitus position. Make a curvilinear J-shaped 
incision, starting halfway between the médial edge of the 
scapula and the posterior spinous process of T1-T2. Carry 
the incision distally and laterally across the 10th rib. 
Transect the muscle layers in line with the skin incision 
down to the level of the ribs and elevate an anterior flap 
to the costochondral junction. The paraspinal muscles 
are elevated from latéral to médial to the tips of the 
transverse process. In patients with multiple rib fusions 
and stiff chest walls, an opening wedge thoracostomy is 
indicated. 

■ For most patients, a thoracostomy usually is not necessary 
and has been shown to disrupt pulmonary function. The 
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A, Model of thoracic chamber. Correct placement of rib anchors (white arrows) latéral to tips of transverse processes 
(black arrows). B f Dissection of soft tissue anterior to rib. C f Postoperative posteroanterior and latéral radiographs after dual growing 
rods with proximal rib anchors (white arrows). Black arrows indicate connectors and crosslink. (From Sankar WN, Skaggs DL: Rib anchors 
in distraction-based growing spine implants. In Wang JC, editor: Advanced reconstruction spine, Rosemont, IL, 2011, American Academy of 
Orthopaedic Surgeons.) SEE TECHNIQUE 44-4. 
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■ Before wound closure, fill the upper anchor site with 
warm saline and perform a Valsalva maneuver to look for 
a pleural leak. If bubbles are présent, place a Hemovac 
(Zimmer, Inc., Warsaw, IN) or chest tube into the pleural 
space for a few days. 

■Close the wound in layers using 1-0 braided absorbable 
suture for the musculocutaneous flap, a 2-0 suture for 
the dermis, and a running 3-0 monofilament absorbable 
suture for the final subcuticular layer. 

POSTOPERATIVE CARE. Physical therapy is started on 
the first day after surgery. A TLSO should be used for 3 
months if the arthrodesis was at a distal anchor site. 
Patients may return to sports at 3 months. Lengthenings 
are planned for every 6 months after the initial surgery 
(Fig. 44-15C). 


use of distraction-based rib implants is effective in opening 
up the rib spaces. Standard spine hooks can be used. 
Make a 5-mm transverse incision just distal to the neuro- 
vascular bundle using cautery (latéral to the transverse 
process). Make sure that the dissection on the top of the 
rib is immediately adjacent to the transverse process only 
(see Fig. 44-15A). If the soft tissues are dissected too far 
laterally, hooks tend to slide down. Use a Freer elevator 
to dissect the soft tissue anterior to the rib (see Fig. 
44-15B). Preserve the periosteum around the rib to allow 
the rib to hypertrophy in response to stress. 

■ If a specialized device cradle is necessary, use a similar 
insertion technique, except stay subperiosteal with the rib 
dissection. Use a Freer elevator in both a superior and 
inferior direction around the rib to create a channel. Insert 
the rib cradle cap into the superior end of the channel 
and the rib cradle into the inferior end of the channel. 
Align the two devices and connect them with the cradle 
cap lock. 

■ Place a conventional upgoing spinal hook into the interval 
between the periosteum and pleura using a standard 
hook inserter or partial rod. Usually a second upgoing 
hook is placed around an adjacent rib to share the load. 
There is no need for a downgoing hook because distrac- 
tive forces keep the rib in the hook. 

■After proximal fixation, attention is turned to placement 
of the distal anchor. Through the same incision, subperi- 
osteally dissect the lamina of the intended vertebrae. 
Either single-level fixation with a downgoing supralaminar 
hook or two-level fixation with pedicle screws can be 
used. If single-level fixation is used, preserve the interspi- 
nous ligament to avoid progressive kyphosis of the distal 
segment with distraction. If pedicle screws are used, place 
them at two adjacent levels because plowing of the 
implants could injure nerve roots. 

■ If two-level distal anchoring is chosen, use a narrow 
rongeur to destroy the facet joint and place cancellous 
crushed allograft into the joint. Decorticate the exposed 
bone and place bone graft before the rod to maximize 
bony contact. 

■ If one incision was used and if separate upper and lower 
rods were used, they can be connected with a longitudinal 
growing rod connector or side-to-side connector with the 
rods overlapping. It is prudent to use more than one 
connector. If two separate incisions were used for expo- 
sure, a soft-tissue tunnel should be made between the 
two anchor sites for passage of the rods. Sankar and 
Skaggs use a chest tube to facilitate passage of the rod. 

■ Although unilatéral rods are less invasive, there are fewer 
anchor points to share the load, and balancing the curve 
can be problematic. Dual rods are more stable and less 
prone to loss of fixation and make balancing the spine 
easier. When dual rods are used, a crosslink should be 
included. 

■ If an opening wedge thoracostomy was performed, a 
second rib-to-rib device can be used laterally to assist in 
correction and to reduce the load on the médial rib- 
to-spine device. Place the superior cradle around the 
same ribs that hâve the médial hybrid device and place 
the inferior cradle on a stable rib no lower than the 
10th rib. 


■ GUIDED GROWTH AND PHYSEAL STAPLING 

Growth modulation is an attempt to apply the principles of 
guided growth in the lower extremities with physeal stapling. 
Intervertébral stapling is used to produce a tethering effect 
on the convex side of the spine. This tether theoretically will 
allow for continued growth on the concave side of the spine 
deformity and graduai correction of the deformity with 
growth. Devices that hâve been used for this growth modula¬ 
tion are a flexible titanium clip, a nitinol staple, and an 
anterior spinal tether using anterior vertébral body screws 
and a polypropylene cord. 


INTERVERTEBRAL STAPLING 

Current indications for vertébral body stapling for scoliosis 
include âge younger than 13 years in girls and 15 years in 
boys, skeletal maturity of Risser grade 0 or 1, with 1 year 
of growth remaining by wrist bone âge, minimal rotation 
of both the thoracic and lumbar curves of 45 degrees and 
flexibility to less than 20 degrees, and a sagittal thoracic 
curve of 40 degrees or less. If the thoracic coronal curve is 
between 35 and 45 degrees and does not correct on 
bending films to less than 20 degrees, adding a posterior 
rib-to-spine hybrid construct may be considered. If the first 
erect radiograph does not measure 20 degrees or less after 
vertébral body stapling, Betz et al. recommended having 
the patient wear a corrective brace until the curve measures 
less than 20 degrees. Children younger than 8 years of âge 
may not be idéal candidates for this surgery because of the 
possibility of overcorrection with growth. 


TECHNIQUE 44-5 


■ Administer general anesthésia and place the patient in 
the latéral decubitus position with the convex side of the 
scoliosis facing upward. 

■ Fluoroscopie imaging should be used. Plan to staple ail 
the vertebrae in the measured Cobb curve. 

■ For thoracic curves, a thoracoscopic-assisted approach is 
préférable. 
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■ Create a portai in the posterior axillary line for insertion 
of the Staples. Alternative^, two minithoracotomy inci¬ 
sions (< 5 cm) can be used, one centered at T4-5 and the 
other at T9-10. In most cases, the pariétal pleura is not 
excised and the segmentai vessels are preserved. 

■ Use a radiopaque trial instrument to détermine the 
dimension of the staple (3 to 12 mm) and to create pilot 
holes. The smallest staple that spans the dise and growth 
plate is used. 

■ Insert a staple, which has been cooled in an ice water 
basin, into a pilot hole. Two single Staples (two-prong) or 
one double staple (four-prong) are placed laterally, span- 
ning each dise of the measured Cobb curve. Occasionally, 
at T4 and T5, the vertebrae are too small and can only 
accommodate a single two-prong staple. 

■ If there is significant hypokyphosis (kyphosis < 10 degrees) 
at the apex of the thoracic spine, place the Staples more 
anteriorly to the midbody of the vertebra or place a third 
single staple along the antérolatéral aspect of the verté¬ 
bral body. 

■ Staples that cross the thoracolumbar junction require 
partial reflection of the diaphragm anteriorly off the spine 
to be applied in the proper position. The diaphragm then 
is repaired. 

■ For lumbar vertebrae, use a mini-open rétropéritonéal 
approach. 

■ Ligate the segmentai vessels of one or two levels to allow 
posterior retraction of the psoas. Place the Staples in the 
posterior one third of the vertébral body to allow normal 
lordosis. 

■ In ail cases, maximal correction is obtained on the operat- 
ing room table first by positioning but also by pushing 
with the staple trial instrument (Fig. 44-16). 


ANTERIOR VERTEBRAL TETHERING 

Purported advantages of anterior vertébral tethering 
include that it allows the spine to grow and remain flexible, 
it is one-time surgery, and a later fusion can be done if 
needed. The indications for this technique hâve not been 
well established, but it is most likely bénéficiai for patients 
with enough growth remaining to substantially alter the 
shape of the spine and is most suited for primary thoracic 
curves with typical hypokyphotic apices (Fig. 44-17). Sug- 
gested contraindications include patients with no remain¬ 
ing growth, patients younger than 8 years of âge, patients 
with curves of less than 40 degrees or more than 65 
degrees, and patients with left-sided curves, pulmonary 
disease limiting single-lung ventilation, previous ipsilateral 
chest surgery, or poor bone quality. 


TECHNIQUE 44-6 


■ With the use of single-lung ventilation and the patient in 
the latéral decubitus position, make a thoracoscopie 
approach. 

■ With fluoroscopy, mark the screw trajectories in the 
coronal plane, planning for three posterior axillary line 


15-mm portais for screw placement. Use an 11-mm 
anterior axillary line portai for endoscopie placement. 

■Open the pleura longitudinally 1 cm anterior to the rib 
heads. 

■Coagulate and divide the segmentai vessels and retract 
them anteriorly with sponges placed between the spine 
and the great vessels. 

■ Place bicortical transverse vertébral body screws through 
pronged washers using fluoroscopy to guide the screw 
trajectory. 

■ Introduce the tethering cord through a portai and capture 
it with a set screw into the proximal vertébral body screw. 
Adjust the portais to the appropriate interspace used to 
place the adjacent screws, and remove the long end of 
the tether from the chest through that portai, allowing a 
tensioning device to take slack out of the tether as the 
next set screw is tightened. 

■ Repeat this sequence for each screw, with more or less 
compression applied as indicated based on the deformity 
(generally more compression at the apex and less to none 
at the ends). 

■ Cut the tether distally and close the pleura over the device 
with the endoscopie suturing technique. Place a chest 
tube and reinflate the lungs. 

POSTOPERATIVE CARE. The patient recovers in the 
hospital for 4 to 5 days. A thoracolumbosacral orthosis is 
recommended for 3 months after surgery. Noncontact 
activities can be resumed after 3 months. 


■ INSTRUMENTATION WITH FUSION 

If a child is older than 9 or 10 years or is unable to cooper- 
ate with the demands of growth rods, instrumentation and 
spinal fusion should be considered. A combined anterior 
and posterior procedure should be considered if the patient 
is deemed at risk for the crankshaff phenomenon (see Figs. 
44-7 and 44-8). With the use of pedicle screws and the 
ability to get better correction of vertébral body rotation and 
the Cobb angle, an anterior fusion may not be needed in 
older juvénile patients undergoing a definitive instrumenta¬ 
tion and fusion. 

Preferably, if an anterior procedure is performed, the 
anterior release and fusion are done without sacrificing the 
segmentai vessels. Anterior instrumentation is not used if 
posterior instrumentation is scheduled as a second procedure. 
Posteriorly, a multiple-hook or pedicle screw segmentai 
System is used. Many of these Systems hâve a variety of dif¬ 
ferent size hooks, pedicle screws, and rods, depending on the 
size of the child. We hâve had good success, especially in 
younger children, with the use of freeze-dried crushed can- 
cellous allograft bone, obtaining a successful fusion without 
the morbidity associated with an autologous posterior iliac 
crest graft. Karol et al., however, found that patients with 
proximal thoracic deformity who required fusion of more 
than four segments were at higher risk for the development 
of restrictive pulmonary disease. There was a significant cor¬ 
rélation between poor pulmonary function and the proximal 
level of the thoracic fusion and the percentage of thoracic 
vertebrae fused. 
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FIGURE 


Guided growth and physeal stapling. SEE TECHNIQUE 44-5. 
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A, Anterior vertébral body tethering. B, Before tethering. C, After tethering. (From Shriners Hospital for Children 
Philadelphia Newsletter, June 18, 2014.) SEE TECHNIQUE 44-6. 


ADOLESCENT IDIOPATHIC 
SCOLIOSIS 

Adolescent idiopathic scoliosis is présent when the spinal 
deformity is recognized after the child is 10 years of âge but 
before skeletal maturity. This is the most common type of 
idiopathic scoliosis. The characteristics of adolescent idio¬ 
pathic scoliosis include a three-dimensional deformity of the 
spine with latéral curvature plus rotation of the vertébral 
bodies. Most idiopathic curves are lordotic or hypokyphotic 
in the thoracic région, and this may represent an important 
factor in the etiology of idiopathic scoliosis. 

ETIOLOGY 

The exact cause of idiopathic scoliosis remains unknown. The 
consensus is that there is a hereditary prédisposition and its 
actual cause is multifactorial. There are many proposed étio¬ 
logie factors, but these can be divided into six general catego¬ 
ries: (1) genetic factors, (2) neurologie disorders, (3) hormonal 
and metabolic dysfunctions, (4) skeletal growth, (5) biome- 
chanical factors, and (6) environmental and lifestyle factors. 
The rôle of a genetic component in the cause of scoliosis is 
supported by several studies demonstrating an increased 
incidence of scoliosis in family members. Riseborough and 
Wynne-Davies found scoliosis in 11% of first-degree relatives 
of 207 patients with scoliosis. Genetic studies of families in 
which multiple members are affected hâve suggested several 
sites within the genome that appear to be linked to scoliosis. 
Currently genetic testing is being evaluated as a prognostic 
test for the risk of curve progression. Abnormalities in the 
central nervous System also hâve been thought to play a rôle 
in causing scoliosis. These neurologie factors can be divided 
into two major groups: neuroanatomic and neurophysiologic 
dysfunction. Studies hâve reported anatomie abnormalities in 
the midbrain, pons, and medulla and the vestibular System in 


scoliosis patients. Hindbrain abnormalities with cervicotho- 
racic syrinx and low-lying cerebellar tonsils, with or without 
an abnormal cerebrospinal fluid dynamic, hâve been reported 
in patients with adolescent idiopathic scoliosis. Abnormali¬ 
ties of equilibrium and vestibular function hâve been noted 
as a possible cause. Differential growth between the right and 
leff sides of the spine and a relative overgrowth of the anterior 
spinal column compared with the posterior column, resulting 
in a relative thoracic lordosis, hâve been postulated to cause 
scoliosis. Hormone abnormalities that hâve been proposed as 
causes are abnormalities in growth hormone, estrogen, mela- 
tonin, calmodulin, and leptin. Biomechanical causes are 
thought to be a resuit of asymmetric loading of the immature 
spine, which in turn causes asymmetric growth, resulting in 
a progressive deformity. Possible environmental or lifestyle 
factors include nutrition, diet, calcium and vitamin D intake, 
and exercise level. In summary, the exact cause of scoliosis 
remains unknown and may be multifactorial. Current 
research continues to try to better define these proposed 
causes. 

NATURAL HISTORY 

A knowledge of the natural history and prevalence of idio¬ 
pathic scoliosis is essential to détermine if treatment is neces- 
sary. Three important questions need to be answered: 

What is the prevalence of idiopathic scoliosis in the 
general population? 

What is the likelihood of curve progression necessitating 
treatment in a child with scoliosis? 

What problems may occur in adult life if scoliosis is leff 
untreated and the curve progresses? 

Idiopathic scoliotic curves of more than 10 degrees are 
estimated to occur in 2% to 3% of children younger than 16 
years of âge. Larger curves of more than 30 degrees are esti¬ 
mated to occur in 0.15% to 0.3% of children. Weinstein 
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TABLE 44-2 


Adolescent Idiopathic Scoliosis Prevalence 

COBBANGLE 
(DEGREES) 

FEMALE: MALE 

PREVALENCE (%) 

>10 

1.4-2:1 

2-3 

>20 

5.4:1 

0.3-0.5 

>30 

10:1 

0.1-0.3 

>40 


<0.1 


From Weinstein SL: Adolescent idiopathic scoliosis: prevalence and natural 
history. In Weinstein SL, editor: The pédiatrie spine: principes and practice, New 
York, 2001, Raven. 



Factors Related to Progression of Adolescent 
Idiopathic Scoliosis 


■ G iris > boys 

■ Premenarchal 

■ Risser sign of 0 

■ Double curves > single curves 

■ Thoracic curves > lumbar curves 

■ More severe curves 



o 

Q. 


Nomogram for prédiction of progression of 
scoliotic curve. (From Lonstein JE, Carlson JM: The prédiction of curve 
progression in untreated idiopathic scoliosis during growth, J Bone Joint 
Surg 66A:1061, 1984.) 


created a table of calculations that show decreasing prevalence 
with increasing curve magnitude (Table 44-2). The impor¬ 
tance of these prevalence studies is that small degrees of 
scoliosis are common but larger curves occur much less fre- 
quently. Fewer than 10% of children with curves of 10 degrees 
or more require treatment. 

Once scoliosis has been discovered in a child, the curve 
must be evaluated for the probability of progression. Most 
authors define progression as an increase of 5 degrees or more 
measured by the Cobb measurement over two or more visits. 
What is unknown is whether this progression will continue 
and what the final curve will be. Spontaneous improvement 
can occur in 3% of adolescents with idiopathic scoliosis, most 
of whom hâve curves of less than 11 degrees. Certain factors 
hâve been found to be related to curve progression (Box 
44-2). Progression is more likely in girls than in boys. The 
time of curve progression in adolescent idiopathic scoliosis 
generally is during the rapid adolescent growth spurt before 
the onset of menses. This time of rapid growth has been called 
the peak height velocity (PHV), which is calculated from 
changes in a patients height measurements over time and is 
reported to be about 8 cm per year for girls and 9.5 cm per 
year for boys. The incidence of progression decreases as the 
child gets older. The incidence of progression also has been 
found to be related to curve patterns. In general, double 
curves are more likely to progress than single curves and 
single thoracic curves tend to be more progressive than single 
lumbar curves. The incidence of progression also increases 
with the curve magnitude. Bunnell estimated that the risk of 
progression for a 20-degree curve is approximately 20% and 
the risk for a 50-degree curve is 90%. Lonstein and Carlson 
developed a nomogram to predict progression of a curve 
when a patient is first seen (Fig. 44-18). In a study of 89 
female patients with scoliosis, a Risser sign of less than grade 


2, major curve magnitude of more than 35 degrees, apical 
vertébral rotation of more than grade III, and spinal length 
increase of more than 20 mm in 1 year predicted curve pro¬ 
gression. Sponseller et al. found that curve progression 
occurred affer posterior spinal fusion with pedicle screws in 
35% of patients with an open triradiate cartilage. In younger 
children with open triradiate cartilage and Risser grade 0, the 
Sponseller group advised against fusing “short of stable.” 
Sanders et al. developed a simplified classification of skeletal 
maturity that has been shown to correlate highly with curve 
behavior (see Fig. 44-25). 

The effect of progressive curves on adults with untreated 
scoliosis has been studied by several investigators. Five major 
considérations in the natural history of untreated adolescent 
idiopathic scoliosis in adults are (1) backpain, (2) pulmonary 
function, (3) psychosocial effects, (4) mortality, and (5) curve 
progression. 

The incidence of back pain in the general population is 
between 60% and 80%, and the incidence in patients with 
idiopathic scoliosis is comparable. The incidence of frequent 
daily backache is slightly higher in patients with scoliosis 
(80% to 86%) than in patients without scoliosis. Patients with 
lumbar or thoracolumbar curves, especially those with trans- 
latory shifts at the lower end of the curves, hâve a slightly 
greater incidence of backache than patients with other curve 
patterns, but this is rarely disabling and is unrelated to the 
presence of osteoarthritic changes on radiographie examina¬ 
tion. However, back pain has been found to be more severe 
than in adults without scoliosis. 

In a 50-year follow-up study, the incidence of back pain 
in scoliosis patients was 77 % compared with 37% in control 
subjects. Chronic back pain was reported by 61% of the 
scoliosis group and 35% of the control subjects. However, the 
ability of scoliosis patients to perform activities of daily living 
and work was similar to that of the control subjects. Studies 
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hâve found that the most common symptom of patients with 
scoliosis is backache at the end of a strenuous day or after 
unusual activities that is relieved by rest. The location of pain 
was variable in these studies and generally unrelated to the 
location or magnitude of the curve. 

In contrast, lumbar and thoracolumbar curves may arise 
in adult life and cause severe pain and discomfort. This 
degenerative type of scoliosis should not be confused with the 
natural history of untreated adolescent idiopathic scoliosis. 
Ultimately, it is important to détermine whether the pain is 
related to scoliosis before treatment déterminations are made. 

A direct corrélation has been noted between decreasing 
vital capacity and increasing curve severity. The respiratory 
impairment usually is restrictive lung disease and is seen only 
in thoracic scoliosis. There are reports that significant limita¬ 
tions of forced vital capacity do not occur until the curve 
approaches 100 to 120 degrees. Johnson et al. found signifi¬ 
cant respiratory impairment (pulmonary function < 65% 
predicted) in 19% of their preoperative patients with adoles¬ 
cent idiopathic scoliosis. The decrease in pulmonary function 
correlated with the severity of the main thoracic curve and 
sagittal plane hypokyphosis and was seen in patients with 
curves of 70 to 80 degrees. 

Death in patients with adult idiopathic scoliosis also 
seems to be related to thoracic curves greater than 100 
degrees, with résultant cor pulmonale. In a 40-year long-term 
study, the mortality rate was 15%, but only in one patient was 
cor pulmonale secondary to scoliosis the cause of death. In a 
subséquent 50-year follow-up, the number of deaths increased 
as expected but was no different from actuarially predicted 
rates for patients born in the same year. In yet another study, 
no patient with adolescent-onset idiopathic scoliosis died 
of respiratory failure. Most severe pulmonary effects of 
idiopathic scoliosis occur in curves that develop before the 
âge of 5 years. 

The psychologie effect of scoliosis has been studied by 
numerous authors. Unhappiness with the appearance often is 
correlated with the size of the rib prominence. Middle-aged 
patients tolerate the psychologie effects of scoliosis better 
than teenagers; however, many adult patients seeking treat¬ 
ment for untreated adolescent idiopathic scoliosis are most 
concerned with the cosmetic aspects of the disorder. 

Curves may continue to progress throughout adult life. 
Weinstein et al. identified multiple factors that predict the 
likelihood of curve progression after maturity (Table 44-3). 
In general, curves in any area of less than 30 degrees at skeletal 
maturity did not tend to progress in adult life. Larger curves 
were more likely to progress throughout adult life, especially 
thoracic curves between 50 and 75 degrees. Lumbar curves 
also tend to progress in adulthood in curves less than 50 
degrees if they are accompanied by a transitory shift between 
the lower vertebrae. 

PATIENT EVALUATION 

The initial évaluation of the patient should include a thorough 
history, complété physical and neurologie examinations, and 
radiographs of the spine. After the general physical examina¬ 
tion, the spine should be examined carefully and the charac- 
teristics of the deformity should be recorded. 

Most patients with scoliosis présent for évaluation 
because of their spine deformity. Back pain is présent in 
about 32% of adolescents with idiopathic scoliosis (23% at 


TABLE 44-3 


Progression Factors in Curves More Than 30 
Degrees at Skeletal Maturity 

THORACIC 

LUMBAR 

THORACOLUMBAR 

Cobb > 50 
degrees 

Cobb > 30 
degrees 

Cobb > 30 
degrees 

Apical vertical 
rotation > 30 
degrees 

Apical vertical 
rotation > 30 
degrees 

Apical vertical 
rotation > 30% 

Mehta angle 
> 30 degrees 

Curve direction 
Relation L5 to 
intercrest line 
Translatory shifts 

Translatory 

shifts 


From Weinstein SL: Natural history, Spine 24:2592,1999. 


présentation and 9% during treatment). Further workup may 
be needed if the patients back pain is persistent, interfères 
with daily activities, occurs at night, or is associated with any 
abnormal neurologie findings. Menarchal status, parental 
height, and family history of scoliosis should be determined. 
Scoliosis occurs three times more frequently in children 
whose parents are affected and seven times more frequently 
if a sibling is affected. Also, if the parents or siblings hâve been 
treated for scoliosis, this may suggest a greater likelihood of 
curve progression in the patient. Surgical history is important 
in identifying scoliosis associated with congénital heart 
disease or with a prior thoracotomy. 

On physical examination, the height of the patient should 
be measured. Serial measurement of height will detect when 
peak height velocity is occurring associated with an increase 
in progression of the curve. The height of the patient while 
standing and while sitting should be measured and recorded; 
these measurements are compared with later ones to déter¬ 
mine changes in the patients total height and whether any 
change is caused by growth of the lower extremities or by an 
increase or a decrease in the height of the trunk. On inspec¬ 
tion of the spine, the examiner should look for any dimpling, 
hair patches, or skin abnormalities, such as hemangiomas or 
café au lait spots. Asymmetry of the shoulder, scapula, ribs, 
and waistline should be noted. Spinal balance can be deter¬ 
mined by the alignment of the head over the pelvis. The head 
should be positioned directly above the gluteal crease. This 
can be assessed by dropping a plumb line from the base of 
the skull or from the spinous process of C7. The plumb line 
should not deviate from the center of the gluteal crease by 
more than 1 to 2 cm. In the sagittal plane, the spine is usually 
hypokyphotic. If hypokyphosis is absent clinically and radio- 
graphically, then a syrinx should be ruled out by MRI. The 
best clinical test for evaluating spinal curvature is the Adams 
forward bending test. As the patient bends forward at the 
waist until the spine is horizontal, the trunk is observed for 
rotation from behind (to asses midthoracic and lumbar rota¬ 
tion) and from the front (to assess upper thoracic rotation). 
The knees should be straight, the feet together, the arms 
dépendent, and the palms in opposition. Because of vertébral 
rotation, this will produce a rib prominence in the thoracic 
région or a paraspinal fullness in the lumbar région. The 
patient should also be observed from the side to detect any 
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Radiographs at four points during rotational cycle of articulated scoliotic spine show changes in Cobb angle with 
rotation. On anteroposterior view, apparent Cobb angle of 87 degrees (A) and true Cobb angle of 128 degrees (B). On latéral view, 
apparent kyphosis of 61 degrees (C) and true apical lordosis of 14 degrees (D). (From Deacon P, Flood BM, Dickson RA: Idiopathic scoliosis 
in three dimensions: a radiographie and morphometric analysis, J Bone Joint Surg 66B:509, 1984.) 


significant kyphosis. The scoliometer can be used in conjunc- 
tion with the Adams forward bending test to evaluate truncal 
rotation. An angle of less than 7 degrees is considered within 
the limits of normal, and an angle of more than 7 degrees 
usually is associated with a curve of 15 to 20 degrees. Limb 
lengths should be measured because a discrepancy may cause 
a pelvic tilt and a compensatory scoliosis. A thorough neuro¬ 
logie examination should be done to détermine if an intra- 
spinal neoplasm or a neurologie disorder is the cause of 
scoliosis. Particular attention should be given to the abdomi¬ 
nal reflexes because offen they are the only neurologie 
abnormality found with some intraspinal disorders. 

RADIOGRAPHIC EVALUATION 

Posteroanterior and latéral radiographs of the spine, includ- 
ing the iliac crest distally and most of the cervical spine 
proximally, should be made with the patient standing. Inclu¬ 
sion of the iliac crest and the cervical spine generally requires 
14 x 36-inch cassettes or digital equipment that allows accu- 
rate splicing of images. Patients should stand with their knees 
locked, with feet shoulder width apart, and looking straight 
ahead. The patients shoulders are flexed forward, the elbows 
are fully flexed, and the fists should rest on the clavicles. The 
organs most at risk from radiation are the maturing breasts, 
and radiation is decreased by a factor of 5 to 11 by use of the 
posteroanterior view. Faster radiographie film and rare-earth 
screens also reduce the patients exposure to radiation. New 
low-dose, digital slot-scanning techniques require approxi- 
mately one eighth the radiation of standard radiographs. 

Assessment of the flexibility of a scoliotic curve pattern 
is important when the patient is being evaluated for surgery 
or bracing. This can be assessed by right and leff bending 
films, traction films, fulcrum bending films, or push-prone 


radiographs. Controversy remains regarding the best way to 
obtain bending films. If the lumbosacral junction is not well 
seen on the standing latéral radiograph, a spot latéral radio- 
graph of the lumbosacral joint should be made to screen for 
spondylolisthesis. 

Standard anteroposterior views of scoliosis curves can 
underestimate the magnitude of the curve. Also, true latéral 
views show a lordosis when the more standard latéral views 
give the erroneous impression of kyphosis (Fig. 44-19). 
Stagnara described a radiographie technique to eliminate this 
rotational component of the curve. In this technique, an 
oblique radiograph is made with the cassette parallel to the 
médial aspect of the rotational rib prominence and the 
x-ray beam positioned at right angles to the cassette 
(Fig. 44-20). A film made at 90 degrees to this provides the 
true latéral view, allowing a much more accurate measure- 
ment of the curve size and better évaluation of vertébral 
anatomy (Fig. 44-21). 

Although no absolutely accurate method is available for 
determining skeletal maturity as an adolescent progresses 
through puberty, various radiographie parameters can be 
used to assess maturity. The most common method is assess¬ 
ment of bone âge at the hand and wrist and development of 
the iliac apophysis (Risser sign), triradiate cartilage, olecra- 
non apophysis ossification, and digital ossification. 

The Risser sign is a measurement based on the ossifica¬ 
tion of the iliac apophysis, which is divided into four quad¬ 
rants. The Risser sign proceeds from grade 0, no ossification, 
to grade 4, in which ail four quadrants of the apophysis hâve 
ossification. Risser grade 5 is when the apophysis has fused 
completely to the ilium when the patient is skeletally mature. 
The Risser sign may not be as useful for predicting 
curve progression because grade 1 has been found to begin 
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after the period of rapid adolescent growth or peak height 
velocity. 

The peak height velocity (PHV) has been reported by 
several authors to be a better maturity indicator than the 
Risser sign, chronologie âge, or menarchal âge. PHV is cal- 
culated from serial height measurements and is expressed as 
centimeters of growth per year. Average values of PHV are 
8 cm per year in girls and 9.5 cm per year in boys. Little et al., 
in a study of 120 girls with scoliosis, found that PHV reliably 
predicted cessation of growth (3.6 years after PHV in 90%) 
and likelihood of curve progression. Of 60 patients with 
curves of more than 30 degrees at PHV, 50 (83%) had curve 
progression to 45 degrees or more; of 28 with curves of 30 
degrees or less at PHV, only one (4%) progressed to 45 degrees 



or more. Little et al. found similar results in boys with scolio¬ 
sis and reported a 91% accuracy rate for predicting progres¬ 
sion to 45 degrees or more. In both girls and boys, they found 
the PHV to be superior to the Risser sign, chronologie âge, 
and menarchal âge as a maturity indicator. 

The triradiate cartilage begins to ossify in the early stages 
of puberty. In girls it is completely ossified after the period of 
PHV and before Risser grade 1 and menarche. In boys it is in 
the early stages of ossification when puberty begins. Sanders 
et al. evaluated the relationship of the PHV with the occur¬ 
rence of the crankshaff phenomenon after posterior arthro- 
desis and instrumentation. They found that in patients with 
open triradiate cartilages, surgery done before or during the 
time of PHV was a strong predictor of the crankshaff phe¬ 
nomenon (Fig. 44-22). 

Other methods for evaluating maturity and the risk of 
curve progression are based on hand and wrist or elbow 
radiographs. The Sauvegrain method détermines skeletal âge 
from anteroposterior and latéral radiographs of the leff elbow. 
It is a 27-point System based on four anatomie structures 
about the elbow: latéral condyle, trochlea, olecranon apophy- 
sis, and the proximal radial epiphysis. Skeletal âge is deter- 
mined from this score. Charles et al. reported a method to 
assess maturity based on the olecranon apophysis. Five 
radiographie images demonstrated the typical characteristic 
of the olecranon during pubertal growth: two ossification 
nuclei, a half-moon image, a rectangular shape, the beginning 
of fusion, and complété fusion. This represented a simple but 
reliable method of skeletal âge assessment and allowed for 
skeletal âge to be determined in regular 6-month intervals 
from the âge of 11 to 13 years in girls and from 13 to 15 years 
in boys. They found that this information complemented the 



A, Standard posteroanterior radiograph of large scoliosis. B f Stagnara view showing better detail of curve, size, and 


vertébral anatomy. 
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Risser grade 0 and triradiate cartilage cio sure information 
(Figs. 44-23 and 44-24). 

Both the Tanner-Whitehouse-III RUS score, based on the 
radiographie appearance of the epiphyses of the distal radius, 
ulna, and small bones of the hands, and the digital skeletal 
âge maturity scoring System, based on the metacarpals and 
phalanges, highly correlate with peak height velocity and 
curve progression. However, these Systems are cumbersome 
and not very practical to use in a busy clinical setting. Because 
of this, Sanders et al. reported a simplified classification based 
on the epiphyses of the phalanx, metacarpal, and distal radius. 
They were able to demonstrate that this method reliably 
predicted maturity and probability of progression to surgery 
(Fig. 44-25 and Table 44-4). 

Davids et al. found a 10% incidence of central nervous 
System abnormalities in patients with presumed adolescent 


PHV 



Height velocity. Triradiate cartilage (TRC) 
closure occurs after period of peak height velocity (PHV) and 
before Risser grade 1 and menarche. (Modified from Sanders JO, 
Little DG, Richards BS: Prédiction of the crankshaft phenomenon by 
peak height velocity, Spine 22:1352, 1997.) 
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idiopathic scoliosis having subtle history, physical examina¬ 
tion, or radiographie abnormalities (Fig. 44-26). The most 
valuable sign was absence of thoracic apical segment lordosis. 
Diab et al. and Richards et al. reported finding abnormalities 
on preoperative MRI in 9.9% and 6.8%, respectively, of 
patients with idiopathic scoliosis. Both studies found thoracic 


Pubertal diagram 


Elbow closure 



□ Zone 1 : Risser 0, triradiate open 

□ Zone 2: Risser 0, triradiate closed 

□ Zone 3: Risser l-ll, greater trochanter open 

□ Zone 4: Risser III—IV, greater trochanter closed 


Pubertal diagram divided into four zones. Zone 
1, ascending side, triradiate cartilage open, bone âge between 11 
and 13 years in girls and boys (Risser 0). Zone 2, ascending side, 
triradiate cartilage closed, bone âge between 11 and 13 years in 
girls and between 13 and 15 years in boys (Risser 0). Zone 3, 
descending side, elbow closed but greater trochanter not fused, 
bone âge between 13 and 16 years in girls and between 15 and 
18 years in boys (Risser 1 to 2). Zone 4, descending side, elbow 
closed and greater trochanter fused, bone âge between 13 and 
16 years in girls and between 15 and 18 years in boys (Risser 3 to 
4). (Redrawn from Dimeglio A, Canavese F, Charles P: Growth and 
adolescent idiopathic scoliosis: when and how much? J Pediatr Orthop 
31 :S28, 2011.) 




Risser 0 


Elbow 

fusion 



Menarche 



Simplified skeletal âge assessment with the olecranon method during the accelerating pubertal growth phase of 
peak height velocity and Risser grade 0 from âges of 11 to 13 years in girls and from 13 to 15 years in boys, with a decelerating growth 
phase after elbow fusion. Y-cartilage closure = triradiate cartilage closure. (Redrawn from Charles YP, Dimeglio A, Canavese F, Dauers JP: 
Skeletal âge assessment from the olecranon for idiopathic scoliosis at Risser grade 0, J Bone Joint Surg 89A:737, 2007.) 
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Stage 1 



Stage 2 


a 





Stage 3 



Stage 4 



Stage 5 



Stage 6 



Stage 7 Stage 8 


Sanders classification of skeletal maturity. Stage 1, juvénile slow; stage 2, preadolescent (Tanner 2); stage 3, adolescent 
rapid-early (Tanner 2 to 3, Risser 0); stage 4: adolescent rapid-late (Tanner 3, Risser 0); stage 5, adolescent steady-early (Risser 0); stage 
6, adolescent steady-late (Risser > 0); stage 7, early mature; stage 8, mature stage (Risser 5). (From Crawford AH, et al: Clinical and radio¬ 
graphie évaluation of the scoliotic patient. In Newton PO, O'Brien MF, Shufflebarger HL, et al, editors: Idiopathic scoliosis: the Harms Study Group 
treatment guide, New York, 2010, Thieme, p 60.) 



Preoperative MRI évaluation of what was pre- 
sumed to be routine adolescent idiopathic scoliosis scheduled for 
surgical instrumentation and fusion. Total spine MR image reveals 
an épidural cyst at T8-9. 


hyperkyphosis to be a risk factor for abnormal MRI findings. 
We obtain MRI of the total spine when any adolescent idio¬ 
pathic scoliosis curve appears unusual or when there is a 
questionable history or physical findings, a rapidly progres¬ 
sive curve, or any large curve when the patient is first seen. 

■ MEASUREMENT OF CURVES 

The Cobb method of measurement recommended by the 
Terminology Committee of the Scoliosis Research Society 
(Fig. 44-27) consists of three steps: (1) locating the superior 
end vertebra, (2) locating the inferior end vertebra, and (3) 
drawing intersecting perpendicular lines from the superior 
surface of the superior end vertebra and from the inferior 
surface of the inferior end vertebra. The angle of déviation of 
these perpendicular lines from a straight line is the angle of 
the curve. If the endplates are obscured, the pedicles can be 
used instead. The end vertebra of the curve is the one that 
tilts the most into the concavity of the curve being measured. 
In general, on moving away from the apex of the curve, the 
next intervertébral space below the inferior end vertebra or 
above the superior end vertebra is wider on the concave side 
of the curve. Within the curve, the intervertébral spaces 
usually are wider on the convex side and narrower on the 
concave side. When significantly wedged, the vertebrae 
themselves, rather than the intervertébral dise spaces, may be 
wider on the convex side of the curve and narrower on the 
concave side. The reported interobserver and intraobserver 
variations in Cobb measurements average 5 to 7 degrees. 
These figures should be taken into account in determining 
whether a curve is truly progressing. 
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TABLE 44-4 


Logistic Projection of the Probability of Lenke Type 1 and Type 3 Curves Progressing to Surgery 
Assuming a Threshold of More Than 50 Degrees 


CURVE 

STAGE 1 

STAGE 2 

STAGE 3 

STAGE 4 

STAGE 5 

STAGE 6 

STAGE 7,8 

10° 

2% 

0% 

0% 

0% 

0% 

0% 

0% 


(0% to 

(0% to 

(0% to 

(0% to 

(0% to 

(0% to 

(0% to 


40%) 

15%) 

0%) 

0%) 

0%) 

0%) 

1%) 

15° 

23% 

11% 

0% 

0% 

0% 

0% 

0% 


(4% to 

(1% to 

(0% to 

(0% to 

(0% to 

(0% to 

(0% to 


69%) 

58%) 

2%) 

0%) 

0%) 

0%) 

7%) 

20° 

84% 

92% 

0% 

0% 

0% 

0% 

0% 


(40% to 

(56% to 

(0% to 

(0% to 

(0% to 

(0% to 

(0% to 


98%) 

99%) 

14%) 

1%) 

1%) 

1%) 

26%) 

25° 

99% 

100% 

29% 

0% 

0% 

0% 

0% 


(68% to 

(92% to 

(3% to 

(0% to 

(0% to 

(0% to 

(0% to 


100%) 

100%) 

84%) 

5%) 

5%) 

2%) 

64%) 

30° 

100% 

100% 

100% 

0% 

0% 

0% 

0% 


(83% to 

(98% to 

(47% to 

(0% to 

(0% to 

(0% to 

(0% to 


100%) 

100%) 

100%) 

27%) 

22%) 

11%) 

91%) 

35° 

100% 

100% 

100% 

0% 

0% 

0% 

0% 


(91% to 

(100% to 

(89% to 

(0% to 

(0% to 

(0% to 

(0% to 


100%) 

100%) 

100%) 

79%) 

65%) 

41%) 

98%) 

40° 

100% 

100% 

100% 

15% 

0% 

0% 

0% 


(95% to 

(100% to 

(98% to 

(0% to 

(0% to 

(0% to 

(0% to 


100%) 

100%) 

100%) 

99%) 

94%) 

83%) 

100%) 

45° 

100% 

100% 

100% 

88% 

1% 

0% 

0% 


(98% to 

(100% to 

(100% to 

(2% to 

(0% to 

(0% to 

(0% to 


100%) 

100%) 

100%) 

100%) 

99%) 

98%) 

100%) 


*Unshaded cells correspond with combinations of curve size and maturity stage for which surgery would be a plausible treatment if more than 50 degrees at maturity 
is accepted as the threshold for surgical treatment. Shaded cells correspond with combinations for which surgery would not be a plausible treatment. 

+ Cells with wide 95% confidence intervals (shown in parenthèses) correspond with groups that had too few patients for accurate estimâtes (or groups that had no 
patients) and should be interpreted with caution. 

Reproduced from Sanders JO, Khoury JG, Kishan S, et al: Predicting scoliosis progression from skeletal maturity: a simplified classification during adolescence, J Bone 
Joint Surg 90A:540, 2008. 



FIGURE 


^ Diagram of Cobb method (see text). 


■ VERTEBRAL ROTATION 

The two most commonly used methods of determining ver¬ 
tébral rotation are those of Nash and Moe and of Perdriolle 
and Vidal. In the method of Nash and Moe, if the pedicles 
are équidistant from the sides of the vertébral bodies, no 


vertébral rotation is présent (0 rotation). The grades progress 
to grade IV rotation, in which the pedicle is past the center 
of the vertébral body (Fig. 44-28). The Perdriolle torsion 
meter is a template that measures the amount of vertébral 
rotation on a spinal radiograph. The vertebras pedicle-shadow 
offset and the edges of the vertébral body are marked and 
then measured with the torsion meter (Fig. 44-29). The 
advent of multiple-hook segmentai and thoracic pedicle 
screw instrumentation Systems has increased awareness of 
the rotational component of scoliosis and subsequently 
increased interest in postoperative measurement of rotation. 
Because both methods are subject to measurement errors, 
care must be taken in evaluating postoperative rotation 
information based on either the Nash and Moe or the Per¬ 
driolle and Vidal technique. Theoretically, a CT scan is much 
more accurate in evaluating vertébral rotation; CT usually is 
not used in routine scoliosis évaluation, however, due to 
increased radiation exposure. The Nash and Moe and the 
Perdriolle and Vidal techniques are subject to measurement 
error because of the three-dimensional torsion or dysplasia 
of the rotated segments, and postoperative measurements can 
be difficult or impossible because instrumentation may 
obscure the radiographie landmarks. Kuklo et al. evaluated 
the utility of alternative radiographie measures of vertébral 
rotation. They found that the rib hump as measured on the 
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Convex 




Grade: Neutral 


Concave 

Pedicle 


Grade: + 



Pedicle 

disappearing 


Grade: + + 



Pedicle 

disappears 


Grade: + + + 


Grade: + + + + 



Pedicle Convex 


Concave 


Gracie: Neutral 

No asymmetry 

No asymmetry 

Gracie: + 

Migrâtes within 
first segment 

Early distortion 

May start 
disappearing 
Early distortion 

Gracie: + + 

Migrâtes to 
second segment 

Gradually 

disappears 

Gracie: + + + 

Migrâtes to 
middle segment 

Not visible 

Gracie: + + + + 

Migrâtes past 
midline to 
concave side of 
vertébral body 

Not visible 


Pedicle method of determining vertébral rota¬ 
tion. Vertébral body is divided into six segments and grades 0 to 
4+ are assigned, depending on location of pedicle within seg¬ 
ments. Because pedicle on concave side disappears early in rota¬ 
tion, pedicle on convex side, easily visible through wide range of 
rotation, is used as standard. 



FIGURE 


Perdriolle torsion meter for measuring verté¬ 


bral rotation. 


latéral radiograph (Fig. 44-30A) and the apical vertébral 
body-rib ratio (Fig. 44-30B) showed a strong corrélation with 
vertébral rotation and can be used when CT is not feasible or 
when instrumentation obscures the landmarks necessary for 
rotation to be evaluated by the other techniques. New slot 
digital scanning imaging techniques (EOS Imaging, Paris, 
France) provide fast and accurate three-dimensional recon¬ 
structions of the spine that can better détermine vertébral 
body rotation. 

■ SAGITTAL BALANCE 

The importance of normal sagittal alignment has become 
recognized in the management of patients with spinal defor- 
mity. Sagittal alignment can be considered on a segmentai, 
régional, or global basis. Segmentai analysis refers to the 


relationships between two vertébral bodies and the interven- 
ing dise. Régional sagittal balance includes that of the cervical, 
thoracic, or lumbar spines; the thoracolumbar junction offen 
is considered separately. Global spinal alignment generally is 
considered to be an indication of overall sagittal balance. 

Overall spinal sagittal balance is determined by a plumb 
line dropped from the dens. This plumb line usually falls 
anterior to the thoracic spine, posterior to the lumbar spine, 
and through the posterior superior corner of SI (Fig. 44-31). 
On the standing long latéral films generally used in spinal 
deformity évaluation, the dens is not easily seen. The plumb 
line therefore usually is dropped from the middle of the C7 
vertébral body. This plumb line is called the sagittal vertébral 
axis. A positive sagittal vertébral axis is considered présent 
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A f Diagram of measurement technique for assessing rib hump (RH) deformity. RH is linear distance between left and 
right posterior rib prominences at apex of rib deformity on latéral radiograph. B f Diagram of measurement technique for apical ver¬ 
tébral body/rib ratio (AVB-R). AVB-R is ratio of linear measurements from latéral borders of apical thoracic vertebrae to chest wall on 
anteroposterior radiographs. (Redrawn from Kuklo TR, Potter BK, Lenke WG: Vertébral rotation and thoracic torsion in adolescent idiopathic 
scoliosis: what is the best radiographie correlate? J Spinal Disord Tech 18:139, 2005.) 



C7 sagittal plumb line is useful measurement of 
sagittal balance. Plumb line dropped from middle of C7 vertébral 
body falls close to posterosuperior corner of SI vertébral body. 


when the plumb line is anterior to the anterior aspect of SI. 
A négative sagittal vertébral axis occurs when this plumb line 
passes posterior to the anterior body of SI (Fig. 44-32). The 
overall sagittal balance is probably a more important mea¬ 
surement than régional and segmentai measurements. In 
general, for sagittal balance to be maintained, lumbar lordosis 
should measure 20 to 30 degrees more than the kyphosis. If 
overall sagittal balance is not considered, correction to the 


normal range of lordosis without similar correction of the 
kyphotic thoracic spine can lead to significant sagittal imbal¬ 
ance (Fig. 44-33). 

In the thoracic spine, the normal sagittal curvature is 
kyphotic. The kyphosis begins at the first thoracic vertebra 
and reaches its maximal segmentai kyphosis at T6 or T7. 
Ranges of thoracic kyphosis in normal patients, both adults 
and children, hâve been reported. Although the kyphosis 
begins at Tl, this vertebra often cannot be seen on standing 
long-cassette latéral films. The T4 or T5 vertebra is more 
easily seen and measured. Gelb et al. found that the upper 
thoracic kyphosis from Tl to T5 in 100 adults averaged 14 ± 
8 degrees. Adding this number to the kyphosis measured 
from T5 to T12 provides a reasonable estimate of overall 
régional kyphosis. 

The normal régional lumbar sagittal alignment is lordotic. 
The normal apex of this lordosis is at the vertébral body of 
L3 or L4 or the dise space itself. The segments at L4-L5 and 
L5-S1 account for 60% of the overall lumbar lordosis. Wam- 
boldt and Spencer reported that the lumbar dises account for 
-47 degrees of the lordosis; the vertébral bodies themselves 
account for only-12 degrees. This emphasizes the importance 
of preserving dise height during anterior procedures for the 
treatment of spinal deformities. Because 40% of the total 
lumbar lordosis is in the L5-S1 segment, it is important to 
measure to the top of the sacrum, although this can be dif- 
ficult on standing latéral images. The lumbar lordosis is a 
dépendent variable based on the amount of kyphosis. For 
sagittal balance to be maintained, lordosis generally is 20 to 
30 degrees larger than thoracic kyphosis. 

The orientation of the sacrum, the sacral slope, and the 
pelvic incidence are closely associated with the characteristics 
of lumbar lordosis and location of the apex of lumbar lordosis 
(Fig. 44-34). A sacral slope of less than 35 degrees and a low 
pelvic incidence are associated with a relatively fiat, short 
lumbar lordosis. A sacral slope of more than 45 degrees and 
a high pelvic incidence are associated with a long, curved 
lumbar lordosis. 











PART XII THE SPINE 



Method of measurement of various parameters 
of sagittal spinal alignment. Sagittal vertical axis (SVA) is horizon¬ 
tal distance from C7 plumb line to front corner of sacrum. Positive 
values indicate position anterior to sacrum; négative values are 
through or behind sacrum, p, Angle of sacral inclination, is angle 
subtended by tangent to posterior border of SI and vertical axis. 
8, Cobb angle between two vertebrae. 



Sacral slope (SS) is angle subtended by horizon¬ 
tal reference line (HRL) and sacral endplate line (bc). SS shares 
common reference line (bc) with pelvic incidence (PI) and pelvic 
tilt (PT). PI is measured from static anatomie structures. PT and SS 
dépend on angular position of sacrum/pelvis in relation to fémoral 
heads, which changes with standing, sitting, and lying down. 
Relationship of PT and SS is affected by lumbosacropelvic flexion 
and extension. VRL, vertical reference line. (From Jackson R, Kane- 
mura T, Kawakami N, Haies C: Lumbopelvic lordosis and pelvic balance 
on repeated standing latéral radiographs of adult volunteers and 
untreated patients with constant low back pain, Spine 25:575-586, 
2000 .) 



A, Preoperative standing latéral radiograph in patient with neuromuscular scoliosis. B, Standing latéral view 1 month 
later indicates imbalance between kyphosis and lordosis correction with signs of early increasing thoracic kyphosis. C, Further follow-up 
of same patient shows increasing falling off of thoracic kyphosis above instrumentation. 
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The thoracolumbar junction is the transition area from a 
relatively rigid kyphotic thoracic spine to a relatively mobile 
lordotic lumbar spine. Bernhardt and Bridwell showed that 
the thoracolumbar junction is nearly straight. This relation- 
ship must be maintained during reconstructive procedures to 
prevent a junctional kyphosis. 

■ CURVE PATTERNS 

I PONSETI AND FRIEDMAN CLASSIFICATION 

Idiopathic scoliosis curves were first classified by Ponseti and 
Friedman into five main patterns. A sixth curve pattern was 
described by Moe. 

Single major lumbar curve. The lumbar curve has its 
apex between the Ll-2 dise and L4. These curves 
produce an asymmetry of the waistline with promi- 
nence of the contralatéral hip that parents often 
assume is caused by a short leg on the side of the 
curve. 

Single major thoracolumbar curve. The thoracolumbar 
curve apex is at T12 or Ll. This curve tends to produce 
more trunk imbalance than other curves. This 
decompensation from the midline often produces a 
severe cosmetic deformity. 

Combined thoracic and lumbar curves (double major 
curves). Symmetric double major curves generally 
cause less visible deformities because the curves are 
nearly the same degree in size and the trunk usually 
is well balanced. 

Single major thoracic curve. This curve pattern generally 
is a convex right pattern. Because of the thoracic 
location of the curve, rotation of the involved verte- 
brae may be obvious. The curve produces prominence 
of the ribs on the convex side, dépréssion of the ribs 
on the concave side, and élévation of one shoulder, 
resulting in an unsightly deformity. 

Single major high thoracic curve. There were only five 
patients with this curve pattern in the sériés of Ponseti 
and Friedman; although none of these curves became 
large, the deformity was unsightly because of the 
elevated shoulder and the deformed thorax. The apex 
of the curve usually was at T3, with the curve extend- 
ing from C7 or Tl to T4 or T5. 

Double major thoracic curve. This pattern was described 
by Moe and consists of a short upper thoracic curve, 
often extending from Tl to T5 or T6, with considér¬ 
able rotation of the vertebrae and other structural 
changes in combination with the lower thoracic curve 
extending from T6 to T12 or Ll. The upper curve 
usually is convex to the leff, and the lower usually is 
convex to the right. Deformities in patients with this 
curve pattern usually are not as severe as in those 
with a single thoracic curve, but because of asym¬ 
metry of the neckline produced by the upper curve, 
this pattern is more deforming than combined tho¬ 
racic and lumbar curves. In this curve pattern, the 
highly structural upper curve may be overlooked if 
the radiographs are not made on 14 x 36-inch cas¬ 
settes and do not include the lower part of the cervical 
spine. If only the lower thoracic curve is corrected by 
fusion and instrumentation, the upper curve may not 
be flexible enough to allow correct posture and may 
lead to a cosmetically unacceptable resuit. 
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I KING CLASSIFICATION 

The classification System of King et al. is used to describe 
thoracic curves and aid in determining when the thoracic 
curve alone or both the thoracic and lumbar curves should 
be included in the instrumentation and fusion. Significant 
interobserver and intraobserver variability has been found in 
the use of this classification. Identification of curve types by 
the King classification begins with a careful physical examina¬ 
tion. The location and magnitude of the thoracic rib hump 
and lumbar rotational prominence should be noted, as well 
as any élévation of the shoulder. Radiographie évaluation 
should include standing posteroanterior, latéral, and side- 
bending radiographs. The side-bending films are used to 
détermine flexibility of the individual curves. 

In a King type I curve, the lumbar curve is larger than 
the thoracic curve. On occasion, the thoracic and lumbar 
curves are nearly equal but the lumbar curve is less flexible 
on side bending. On clinical examination, the lumbar rota¬ 
tional prominence is larger than the rib hump. 

Type II curves hâve created more confusion than any 
other curve pattern. As defined by King, type II thoracic 
scoliosis is a combined thoracic and lumbar curve pattern. 
On radiographs, the thoracic curve is larger than or equal to 
the lumbar curve. The lumbar curve must cross the center 
sacral line. On supine side-bending radiographs, the lumbar 
curve is more flexible than the thoracic curve. On clinical 
examination, the thoracic rib hump is larger than the lumbar 
rotational prominence. 

A type III curve is a thoracic scoliosis with the lumbar 
curve not Crossing the midline. The lumbar curve is very 
flexible on side-bending radiographs. On clinical examina¬ 
tion, the thoracic rib hump is apparent and the lumbar 
prominence may be small or nonexistent. 

A type IV curve is a single long thoracic curve, with L4 
tilted into the curve and L5 balanced over the pelvis. 

A type V curve is a double structural thoracic curve. On 
radiographs, the first thoracic vertebra is tilted into the 
concavity of the upper curve, which is structural on side- 
bending films. Clinical examination frequently finds an éléva¬ 
tion of the leff shoulder. On forward bending, there is an 
upper left thoracic rib hump and a lower right thoracic rib 
prominence. 

I LENKE CLASSIFICATION 

Lenke et al. proposed a three-step classification System for 
adolescent idiopathic scoliosis that considers both frontal 
and sagittal plane deformity and is designed to guide surgi- 
cal treatment decision making. Measurements are obtained 
from standard posteroanterior, latéral, and right and left 
bending radiographs. The three steps in this classification 
System are (1) identification of the primary curve, (2) 
assignment of the lumbar modifier, and (3) assignment of 
the thoracic sagittal modifier. The first step is to identify the 
primary curve. These curves should be divided by région: 
proximal thoracic, main thoracic, and thoracolumbar or 
lumbar. Curves are considered to be structural curves if they 
are more than 25 degrees on posteroanterior radiographs 
and do not bend to less than 25 degrees on side-bending 
radiographs. Based on these measurements the curve can be 
classified into six types (Fig. 44-35). The second step is to 
détermine the lumbar spine modifier. This is determined by 
drawing a vertical line upward from the center of the sacrum 
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Curve type 


Type 

Proximal 

thoracic 

Main 

thoracic 

Thoracolumbar/ 

lumbar 

Curve 

description 

1 

Nonstructural 

Structural (major) 

Nonstructural 

Main thoracic (MT) 

2 

Structural 

Structural (major) 

Nonstructural 

Double thoracic (DT) 

3 

Nonstructural 

Structural (major) 

Structural 

Double major (DM) 

4 

Structural 

Structural (major) 

Structural 

Triple major (TM) 

5 

Nonstructural 

Nonstructural 

Structural (major) 

Thoracolumbar/lumbar (TL/L) 

6 

Nonstructural 

Structural 

Structural (major) 

Thoracolumbar/lumbar— 
structural MT 

(Lumbar curve > thoracic by > 10°) 


Structural Criteria 


Proximal thoracic: Side-bending Cobb > 25° 
T2-T5 kyphosis > 120° 

Main thoracic: Side-bending Cobb > 25° 

Thoracolumbar/lumbar: Side-bending Cobb > 25° 
T10-L2 kyphosis > +20° 


Location of Apex 

(SRS définition) 


Curve 

Thoracic 

Thoracolumbar 

Lumbar 


Apex 

T2-T11-12 Disc 
T12-L1 
L1-2 Disc-L4 


Modifiers 


Lumbar 

Spine 

Modifier 

Center Sacral Vertical Line 
(CSVL) 

to Lumbar Apex 

A 

CSVL between pedicles 

B 

CSVL touches apical 
body(ies) 

C 

CSVL completely médial 


Thoracic Sagittal 
Profile 

T5-T12 


(Hypo) 

< 10° 

N (Normal) 

O 

O 

"si- 

1 

O 

O 

+ (Hyper) 

>40° 


Curve type (1-6) + Lumbar spine modifier (A, B, or C) + Thoracic sagittal modifier (-, N, or +) 

Classification (e.g., 1 B +):_ 


Curve types and criteria for structural curves and location of apex. (From Lenke LG, Betz RR, Harms J, et al: Adolescent 
idiopathic scoliosis: a new classification to détermine extent of spinal arthrodesis, J Bone Joint Surg 83A:1169, 2001.) 


(center sacral vertical line [CSVL]). The lumbar spine modi¬ 
fier is then determined by the relationship of the CSVL to 
the concave pedicle of the apical lumbar vertebra and can be 
assigned into A, B, or C. In type A, the CSVL is between 
the pedicles; in type B, it is between the médial pedicle wall 
and the latéral vertebra; and in type C, it is médial to the 
entire vertebra. The third step is to détermine the thoracic 
sagittal modifier. The sagittal modifier is hypokyphotic (< 10 
degrees), normal (10 to 40 degrees), or hyperkyphotic (> 40 
degrees). Forty-two discrète curve classifications can be 
identified by this three-step process. Recommendations for 
fusion levels can be made based on these curve types. The 
recommendation is that the major and structural minor 
curves be included in the instrumentation and fusion and 
the nonstructural curves excluded. Overall, the classification 


is treatment directed. The purpose is to allow better organi- 
zation of similar curve patterns and to provide comparisons 
of various treatment methods. This will then ultimately 
serve as a guide for optimal surgical treatment of each ado¬ 
lescent idiopathic scoliosis patient. This classification cur- 
rently is the most popular and preferred classification for 
idiopathic scoliosis. 

NONOPERATIVE TREATMENT 

Various methods hâve been used to treat adolescent idio¬ 
pathic scoliosis over the years, including physical therapy, 
manipulation, and electrical stimulation, but there is no sci- 
entific evidence supporting their effectiveness. The two most 
widely accepted nonoperative techniques for idiopathic sco¬ 
liosis are observation and bracing. 
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■ OBSERVATION 

Some degree of scoliosis is frequent in the general population, 
but few individuals hâve curves that require treatment. 
Unfortunately, no method is reliable for accurately predicting 
at the initial évaluation which curves will progress; thus, 
observation may be the primary treatment. A radiograph of 
the spine currently is the only definitive documentation of 
curve size and curve progression. Attempts hâve been made 
to monitor external contours with measurement of the rib 
hump, measurement of the trunk rotation angle with a “sco- 
liometer,” and use of contour devices such as moiré topogra- 
phy and ISIS scanning. These methods may be useful in 
certain small curves and for low-risk patients, but periodic 
évaluation of the spine with radiographs still is necessary. 

In general, young patients with curves of less than 20 
degrees can be examined every 6 to 9 months. Adolescents 
with larger degrees of curvature should be examined every 4 
to 6 months. Skeletally mature patients with curves of less 
than 20 degrees generally do not require further évaluation. 
A curve of more than 20 degrees in a patient who has not 
reached skeletal maturity will need more frequent examina¬ 
tion, usually every 4 to 6 months, with standing posteroante- 
rior radiographs. If progression of the curve (an increase of 
5 degrees during 6 months) beyond 25 degrees is noted, 
orthotic treatment may be considered. For curves of 30 to 40 
degrees in a skeletally immature patient, orthotic treatment 
is recommended at the initial évaluation. Curves of 30 to 40 
degrees in skeletally mature patients generally do not require 
treatment, but because studies indicate a potential for pro¬ 
gression in adult life, these patients should be observed with 
yearly standing posteroanterior radiographs for 2 to 3 years 
after skeletal maturity and then every 5 years. 

■ ORTHOTIC TREATMENT 

The goal of brace treatment is to limit further progression of 
the scoliotic curve and avoid surgery. Correction may occur 
while in the brace, but the curve will generally settle to its 
pretreatment degree of curvature once the brace is discontin- 
ued. Brace correction of spinal curves is thought to occur 
through molding of the spine, trunk, and rib cage during 
growth, specifically through transverse loading of the spine 
through the use of corrective pads. The efficacy of brace treat¬ 
ment for patients with adolescent idiopathic scoliosis remains 
controversial. Numerous studies in the literature support the 
effectiveness of an orthosis in preventing curve progression 
and the need for surgical intervention. However, there are 
other studies that suggest bracing may not be effective. In one 
of the most recent bracing studies, Weinstein et al. showed 
successful treatment in 72% of braced patients compared with 
48% success with observation. They concluded that bracing 
significantly decreased progression of high-risk curves to the 
threshold of surgery in patients with adolescent idiopathic 
scoliosis and that the benefit of bracing increased with longer 
hours of brace wear. The Scoliosis Research Society (SRS) 
Committee on Bracing and Nonoperative Management has 
recommended standardization of criteria for adolescent 
idiopathic scoliosis brace studies so that valid and reliable 
comparisons can be made. The optimal inclusion criteria 
consist of âge 10 years or older when a brace is prescribed, 
Risser grades 0 to 2, primary curve angles of 25 to 40 degrees, 
no prior treatment, and, if female, either premenarchal or less 
than 1 year postmenarchal. Our indications for orthotic treat¬ 


ment of adolescent idiopathic scoliosis are similar to 
the SRS inclusion criteria. We recommend a brace for a flex¬ 
ible curve of 20 to 30 degrees in a growing child with docu- 
mented progression of 5 degrees or more. Curves in the 30- to 
40-degree range in growing children are treated at initial 
évaluation. Although surgery usually is indicated for curves 
in the 40- to 50-degree range in growing children, orthotic 
treatment may be considered for some curves, such as a 
cosmetically acceptable double major curve of 40 to 45 
degrees. Orthotic treatment is not used in patients with 
curves of more than 50 degrees. 

Underarm braces (Boston, Wilmington, and Miami) hâve 
replaced the Milwaukee brace in most centers. However, 
these low-profile braces are restricted to patients whose curve 
apex is at T7 or lower. The Charleston and Providence night- 
time bending braces hold the patient in maximal side-bending 
correction and are worn only at night for 8 to 10 hours. These 
braces are best suited for single thoracolumbar or lumbar 
curves. 

The orthoses were originally intended to be worn 23 
hours a day, but concern about compliance has led to part- 
time bracing regimens. Most part-time bracing protocols call 
for approximately 16 hours or less of brace wear each day. A 
meta-analysis of the literature found a relationship between 
the duration of brace wear per day and prévention of curve 
progression, suggesting that the more time that is spent in a 
brace, the less likely it will be for the curve to progress. Katz 
et al. also found that the total number of hours of brace wear 
correlated with the lack of curve progression. This effect was 
most significant in patients who were at Risser grade 0 or 1 
at the beginning of treatment and in patients with an open 
triradiate cartilage at the beginning of treatment. Curves did 
not progress in 82% of patients who wore the brace more than 
12 hours per day compared with only 31% of those who wore 
the brace less than 7 hours per day. The number of hours of 
brace wear also was correlated inversely with the need for 
operative treatment. 

The SpineCor brace (Biorthex Inc., Boucherville, Quebec, 
Canada) is an adjustable, flexible, dynamic brace with the 
cited advantages of simplicity of use, comfort, increased 
mobility, high patient compliance, and effectiveness. Out- 
comes of clinical studies indicate that prévention of curve 
progression is better with the brace than with no treatment, 
but comparative studies hâve shown it to be less effective than 
rigid orthoses in preventing curve progression. It appears to 
provide the greatest benefit for children between the juvénile 
and early adolescent stages, generally between the âges of 6 
and 11 years, with Cobb angles of less than 30 degrees. 

■ CASTING 


UNDERARM CASTS 

Before the development of posterior instrumentation, 
casting was used to obtain correction of curve prior to 
fusion. With newer instrumentation Systems, postoperative 
casting seldom is used. If postoperative immobilization is 
needed, an orthotist often can make a TLSO that is com¬ 
parable to a postoperative cast. Unlike a cast, a TLSO allows 
tightening or loosening as necessary and also trimming to 
relieve pressure areas. If an orthotist is not available, 
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S however, a postoperative underarm cast can be used if 
postoperative immobilization is necessary. 


TECHNIQUE 44-7 


■ Place the patient on a Risser table and apply a stockinette 
to extend from over the head to the knees. 

■ Position the removable crossbar at the level of the upper 
portion of the shoulders. Use felt to pad the canvas strap 
on which the patient is resting. 

■ Pass muslin straps around the waist over the stockinette 
and tie them at the level of the greater trochanter on the 
opposite side. Then pass the straps through the windlass 
at the end of the table and apply a slight amount of 
traction. 

■ Pad the iliac crest with felt. 

■ Use extrastrong, resin-reinforced plaster and extend the 
cast to the sternum anteriorly and the upper portion of 
the back posteriorly. 

■ Mold the cast well around the pelvis and iliac crest. 

■ As the cast dries, trim it at the level of the pubic symphysis 
anteriorly, extending proximally to about the level of the 
anterior superior iliac spine to allow 100 degrees of hip 
flexion. Posteriorly, trim low over the buttocks at the level 
of the greater trochanters. Then trim proximally to relieve 
pressure over the sacral prominence. 

■ Remove an abdominal window to free the upper portion 
of the abdomen, the lower costal margin, and the xiphoid 
process. 


OPERATIVE TREATMENT 

The accepted indications for surgical correction of spinal 
deformity are based on the natural history of the deformity 
and the potential conséquences of the deformity for the 
patient in adult life. Natural history studies hâve been used 
to show the potential conséquences of significant deformity 
and pain. Pulmonary complications usually resuit from 
unusual deformities and early-onset scoliosis. In children and 
adolescents, surgery is considered if the curve is likely to 
reach a magnitude that can be expected to become trouble - 
some in adulthood. Although most authors recommend 
surgery when the curve reaches 50 degrees, other factors need 
to be considered. Smaller lumbar and thoracolumbar curves 
may cause significant trunk shiff, coronal decompensation, 
and cosmetic deformity. Double 50-degree curves are not as 
cosmetically unacceptable as single curves, and if progression 
occurs in skeletally mature patients, it is likely to be graduai. 
In an immature patient, on the other hand, surgery may be 
considered for curves between 40 and 50 degrees, depending 
on the clinical appearance. Surgery is more likely to be 
required in a patient with a curve that progresses despite 
brace treatment. Patients with significant back pain should 
hâve further évaluation before surgery. Dickson et al. empha- 
sized the importance of lordosis in treatment decision 
making. Thoracic lordosis has a detrimental effect on pulmo¬ 
nary function, and bracing worsens thoracic lordosis. Surgery 
is therefore more likely to be indicated for an adolescent with 
a progressive curve associated with significant thoracic lor¬ 
dosis. The general indications for operative treatment are 
summarized in Box 44-3. 



Indications for Operative Treatment of 
Idiopathic Scoliosis 


■ Increasing curve in growing child 

■ Severe deformity (> 50 degrees) with asymmetry of trunk 
in adolescent 

■ Pain uncontrolled by nonoperative treatment 

■ Thoracic lordosis 

■ Significant cosmetic deformity 


■ PREOPERATIVE PREPARATION 

Once the decision to perform spinal fusion has been made, 
certain preliminary précautions should be taken and tests 
done to ensure that the patient is properly prepared for the 
operative procedure. Aspirin-containing products or nonste- 
roidal antiinflammatory agents should be discontinued before 
surgery because these médications may increase blood loss 
during surgery. Birth control pills should be discontinued 1 
month before surgery because they hâve been shown to 
increase the possibility of thrombophlebitis in the postopera¬ 
tive period. Preoperative radiographie évaluation with pos- 
teroanterior, latéral, and side-bending films of the spinal 
levels to be fused is essential. Spécial imaging techniques, 
such as CT, MRI, and myelography, occasionally are needed 
to rule out conditions such as syringomyelia, diastematomy- 
elia, and tethered cord. 

Patients with adolescent idiopathic scoliosis should hâve 
preoperative pulmonary function studies if they hâve a 
history of poor exercise tolérance, a curve of more than 60 
degrees associated with a history of reactive airway disease, 
or a curve of more than 80 degrees. Newton et al. looked at 
the magnitude of the thoracic curve, number of vertebrae 
involved in the thoracic curve, thoracic hypokyphosis, and 
coronal imbalance in patients and found that these were 
associated with an increased risk of moderate or severe pul¬ 
monary impairment, but there were some patients who had 
clinically relevant pulmonary impairment with much smaller 
curves. In fact, in some patients the pulmonary impairment 
was out of proportion to the severity of the scoliosis. Johnston 
et al. reported that 19% of their patients with adolescent 
scoliosis had less than 65% of predicted pulmonary function. 
Pulmonary function studies usually are indicated in patients 
with paralytic scoliosis or those with idiopathic or congénital 
scoliosis who hâve severe curves or significant kyphosis or 
lordosis. Nickel et al. advocated tracheostomy before surgery 
in any patient with paralytic scoliosis and a vital capacity of 
less than 30% of predicted normal. We hâve found that the 
indications for tracheostomy can be safely narrowed if the 
patient spends several days after surgery in an adequately 
staffed intensive care unit in which the patient can remain 
intubated, respiratory functions can be constantly supervised, 
and mechanical aids for respiration are readily available. If 
any doubt remains as to the patients pulmonary status with 
these measures, however, a tracheostomy is better done at the 
time of surgery. 

Preoperative autologous blood donations can be used in 
patients who qualify to decrease the risk of homologous 
blood transfusions. The risks of homologous blood transfu¬ 
sion include transmitted diseases, such as hepatitis, malaria, 
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TABLE 44-5 


Quantity of Blood Taken at First Phlebotomy 

Based on Patient Body Weight 

PATIENT WEIGHT (kg) 

VOLUME OF BLOOD (mL)* 

23.0-29.5 

125-175 

30.0-42.5 

175-275 

43.0-50.0 

400-450 

>50.0 

450-500 


*lf hematocrit level remained satisfactory, the quantity of blood to be withdrawn 
was increased within the range at subséquent phlebotomy. 

Data from MacEwen GD, Bennett E, Guille JT: Autologous blood transfusions in 
children and young adults with low body weight undergoing spinal surgery, 
J Pediatr Orthop 10:750,1990. 


cytomégalovirus infection, and human immunodeficiency 
virus infection, as well as alloimmunization and graff-versus- 
host reactions. Most patients undergoing elective scoliosis 
surgery can avoid receiving homologous blood by using 
autologous blood transfusion. It is a safe method of blood 
replacement in children weighing less than 45.5 kg (100 lb). 
Patients are given oral iron suppléments three times a day. 
Larger children are allowed to donate one unit of blood a 
week. The patients hematocrit level is checked before each 
donation and must be at least 34%. If the level is low, the 
patient is asked to return the following week. For smaller 
patients, a lesser volume of blood should be obtained at each 
visit (Table 44-5). With improved collection and storage 
techniques, the blood can be stored in a liquid State for up to 
45 days. Cryopreserved autologous blood also is an effective 
method for storing a suffrcient volume of blood for scoliosis 
surgery; however, it requires expensive equipment that may 
not be universally available. Also, affer the blood is thawed, 
the glycerol must be removed. Once the blood is thawed and 
washed, it must be used within 24 hours. Bess et al. found 
that in 51% of patients, a minimum of one unit of autologous 
blood donated preoperatively was wasted or the patients were 
transfused at a higher hematocrit (>30%). They suggested 
that a more précisé autologous blood donation guideline is 
needed to limit unnecessary transfusion and wasted resources. 

Roye et al. showed that erythropoietin is an effective 
means of increasing red cell mass and decreasing the need for 
homologous blood products. The difficulty with erythropoi¬ 
etin use is the cost, and we do not use it routinely. 

■ INTRAOPERATIVE CONSIDERATIONS 

Whether the surgery is done anteriorly or posteriorly, or both, 
certain intraoperative considérations are important. Because 
spinal surgery requires extensive dissection that may resuit in 
severe blood loss, a large-bore intravenous line is necessary. 
An arterial line is helpful for continuons monitoring of blood 
pressure. An indwelling urinary cathéter is used to monitor 
urinary output. Electrocardiographic leads, blood pressure 
cuff, and esophageal stéthoscope also are routine monitors. A 
puise oximeter is a useful adjunct to the arterial line. 

Spinal cord monitoring using both spinal somatosensory 
evoked potentials and motor evoked potentials has become 
the standard of care during scoliosis surgery. Cervical and 
cortical leads to the surgical area can record stimulation of 
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the distal sensory nerves and can alert the surgeon to possible 
alteration of spinal cord transmission. Preoperative monitor¬ 
ing for a “baseline” is helpful for comparison during the 
operative procedure. When somatosensory evoked potentials 
are used, multiple recording sites must be used, including 
cortical, subcortical, and peripheral sites, and certain inhala¬ 
tion agents, such as halothane and isoflurane, should be 
avoided, as should diazepam and droperidol. The somatosen¬ 
sory evoked potential is a useful adjunct for monitoring 
spinal cord function, but it is not infallible, and false-positive 
and fais e-négative results hâve been reported. An important 
limitation of the somatosensory evoked potential is that it 
measures only the integrity of the sensory System. 

The use of motor evoked potentials will monitor the 
spinal cord motor tracts. The combination of motor evoked 
potentials and somatosensory evoked potentials can signifi- 
cantly decrease the chance of unrecognized injury to the 
spinal cord. Transcranial electrical stimulation of the motor 
cortex generates an electrical impulse that descends the 
corticospinal tract and enters the peripheral muscle, where 
this electrical impulse can be recorded. This allows for moni¬ 
toring of the ventral spinal cord, which is vulnérable to cord 
ischemia. 

Triggered electromyographic monitoring is useful to 
detect a possible breach in the pedicle wall by a pedicle screw. 

A threshold of less than 6 mA should alert the surgeon to a 
possible breach. 

If information is desired about individual nerve 
root functions, alternative neurophysiologic methods are 
necessary. 

The first available spinal cord monitoring technique was 
the Stagnara wake-up test, described by Vauzelle, Stagnara, 
and Jouvinroux in 1973. In this test, the anesthésia is decreased 
or reversed affer correction of the spinal deformity. The 
patient is brought to a conscious level and asked to move both 
lower extremities. Once voluntary movement is noted, anes¬ 
thésia is returned to the appropriate level and the surgical 
procedure is completed. Engler et al. pointed out possible 
hazards in arousing a prone, intubated patient from anesthé¬ 
sia, and Brown and Nash stressed that this test documents 
only that spinal cord function has not suffered a major com¬ 
promise at the time the test is done. It also does not allow 
continuous spinal cord monitoring. The ankle clonus test 
been reported as an alternative to the wake-up test. Clonus 
should be présent for a brief period on emergence from 
anesthésia. The absence of clonus during this time is abnor¬ 
mal. The combination of the somatosensory and motor 
evoked potentials has made use of the wake-up test much less 
frequent. 

Hypotensive anesthésia, in which mean arterial blood 
pressure is kept at 65 mm Hg, has been advocated as an 
effective way to decrease intraoperative blood loss. An arterial 
line is essential during this type of anesthésia. Care also must 
be taken in reducing blood pressure so that it does not lead 
to ischemia of the spinal cord. Hypotensive anesthésia should 
not be considered in patients with a heart condition or in 
patients with spinal cord compression in whom a decrease in 
arterial blood supply might restrict an already compromised 
spinal cord blood flow. Acute normovolémie hemodilution is 
a technique shown to reduce the need for allogenic blood 
transfusion. Removal of a volume of the patient s whole blood 
at the beginning of surgery is performed and replaced with 
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colloid or crystalloid. The hematocrit is reduced to 28% 
during surgery, and the whole blood that was withdrawn is 
then transfused at the conclusion of surgery This hemodilu- 
tion technique requires an anesthesiologist skilled in its use. 

The cell saver has been shown to save approximately 50% 
of the red cell mass, thereby reducing the need for intraopera¬ 
tive blood transfusions. The cell saver does add to the expense 
of the procedure, but if enough blood loss is anticipated, it is 
a reasonable option. Mann et al. reported a 40% red cell mass 
salvage in spinal surgery. The salvage rate was lower than in 
other procedures because spinal surgery does not allow 
pooling of lost blood. The surgical technique involves liberal 
use of sponges to tamponade vessels. The need for a narrow- 
diameter tip suction results in greater cell damage and thus a 
lower salvage. The cell saver is contraindicated in patients 
with malignant disease or infection. The surgeon should try 
to estimate preoperatively if enough blood will be salvaged to 
make the cell saver cost-effective. 

Antifibrinolytics hâve been shown to reduce intraopera¬ 
tive blood loss. Verma et al. showed that both tranexamic 
acid and epsilon-aminocaproic acid reduced blood loss 
during surgery for adolescent idiopathic scoliosis but did not 
change the overall transfusion rate. Tranexamic acid was 
more effective in reducing total blood and postoperative 
drainage. 

■ SURGICAL GOALS 

The goals of surgery for spinal deformity are to correct or 
improve the deformity, to maintain sagittal balance, to pré¬ 
serve or improve pulmonary function, to minimize morbidity 
or pain, to maximize postoperative function, and to improve 
or at least not to harm the function of the lumbar spine. To 
accomplish these goals in patients with idiopathic scoliosis, 
surgical techniques may include anterior, posterior, or com- 
bined anterior and posterior procedures. The surgical indica¬ 
tions, techniques, and procedures are divided into anterior 
and posterior sections. 

POSTERIOR SURGERIES FOR 
IDIOPATHIC SCOLIOSIS 


POSTERIOR APPROACH 

The posterior approach to the spinal column is the most 
commonly used. It is familiar to ail orthopaedic surgeons 
and offers a safe and extensile approach that exposes the 
entire vertébral column. 


TECHNIQUE 44-8 


■ Position the patient prone on a Jackson table (Mizuho 
OSI, Union City, CA) with the arms carefully supported 
and the elbows padded. The Jackson table éliminâtes 
intraabdominal pressure and helps reduce blood loss 

(Fig. 44-36). 

■ Do not abduct the shoulders more than 90 degrees to 
prevent pressure or stretch on the brachial plexus. 

■ The Jackson table maintains the hips in extension, which 
will maintain the lumbar lordosis, which is extremely 



Patient positioning on Jackson table with hips 
in extension to maintain lumbar lordosis. SEE TECHNIQUE 44-8. 


important in obtaining proper sagittal alignment of the 
spine with instrumentation. The knees are well padded 
and slightly flexed to relieve some pressure from the 
hamstring muscles. 

■ Carefully pad the pressure points. The upper pads of the 
frame should rest on the chest and not in the axilla to 
avoid pressure on any nerves from the brachial plexus. 

■ When the patient is positioned on the frame with the hips 
flexed, lumbar lordosis is partially eliminated. If the fusion 
is to be extended into the lower lumbar spine, elevate the 
knees and thighs so that the patient lies with the hip 
joints extended to maintain normal lumbar lordosis. 

■ Scrub the patient's back with a surgical soap solution for 
5 to 10 minutes and préparé the skin with an antiseptie 
solution. Drape the area of the operative site and use a 
plastic Steri-Drape (3M, St. Paul, MN) to seal off the skin. 

■ Make the skin incision in a straight line from one vertebra 
superior to the proposed fusion area to one vertebra 
inferior to it. A straight scar improves the postoperative 
appearance of the back (Fig. 44-37A). Make the initial 
incision through the dermal layer only. Infiltrate the 
intradermal and subeutaneous areas with an epinephrine 
solution (1 :500,000). 
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A, Skin incisions for posterior fusion and autogenous bone graft. B f Incisions over spinous processes and interspinous 
ligaments. C f Weitlaner retractors used to maintain tension and exposure of spine during dissection. SEE TECHNIQUE 44-8. 


■ Deepen the incision to the level of the spinous processes 
and use self-retaining Weitlaner retractors to retract the 
skin margins. Control bleeding with an electrocautery. 
Identify the interspinous ligament between the spinous 
processes; this often appears as a white line. As the 
incision is deepened, keep the Weitlaner retractors tight 
to help with exposure and to minimize bleeding. Now 
incise the cartilaginous cap overlying the spinous pro¬ 
cesses as close to the midline as possible (Fig. 44-37B). 
This midline may vary because of rotation of the spinous 
processes. 

■ With use of a Cobb elevator and electrocautery, expose 
the spinous processes subperiosteally after the cartilagi¬ 
nous caps hâve been moved to either side. 

■ After several of the spinous processes hâve been exposed, 
move the Weitlaner retractors to a deeper level and 
maintain tension for retraction and hemostasis. 

■ After exposure of ail spinous processes, a localizing 
radiograph can be obtained. Alternative^, the Tl 2 rib and 
the L1 transverse process can be used to localize the 
levels. Continue the subperiosteal exposure of the entire 
area to be fused, keeping the retractors tight at ail times 
(Fig. 44-37C). It is easier to dissect from caudad to cepha- 
lad because of the oblique attachments of the short 
rotator muscles and ligaments of the spine. 

■ Extend the subperiosteal dissection first to the facet joints 
on one side and then the other side, deepening the 
retractors as necessary. Continue the dissection laterally 
to the ends of the transverse processes on both sides. 

■ Coagulate the branch of the segmentai vessel just latéral 
to each facet. 



A and B f Cobb curets used to clean facets of 
ligament attachments. SEE TECHNIQUE 44-8. 


■ Place the self-retaining retractors deeper to hold the 
entire incision open and exposed. 

■Sponges soaked in the 1 :500,000 epinephrine solution 
can be used to maintain hemostasis. 

■ Use a curet and pituitary rongeur to completely clean the 
interspinous ligaments and the facets of ail ligamentous 
attachments and capsule, proceeding from the midline 
laterally (Fig. 44-38) to decrease the possibility of the 
curet's slipping and penetrating the spinal canal. 

■ The entire spine is now exposed from one transverse 
process to another, ail soft tissue has been removed, and 
the spine is ready for instrumentation and arthrodesis as 
indicated by the procedure chosen. 


POSTERIOR FUSION 

The long-term success of any operative procedure for scolio- 
sis dépends on a solid arthrodesis. The classic extraarticular 
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Hibbs technique has been replaced by intraarticular fusion 
techniques that include the facet joints. The success of spinal 
arthrodesis dépends on surgical préparation of the fusion 
site, systemic and local factors, ability of the graft material 
to stimulate a healing process, and biomechanical features of 
the graft positioning. To obtain the best field for the fusion, 
soft-tissue trauma should be minimal. Avascular tissue 
should be removed from the graft bed. The surface of the 
bone and the facets should be decorticated to provide a 
large, maximally exposed surface area for vascular ingrowth 
and to allow delivery of more osteoprogenitor cells. The 
patients condition should be improved as much as possible 
by nutrition and control of any medical problems. Smoking 
has been found to inhibit fusion significantly and should be 
discontinued before surgery. Autogenous bone graft from 
the iliac crest remains the “gold standard” for graft material, 
combining ostéogénie, osteoconductive, and osteoinductive 
properties. Another excellent source of autogenous bone is 
rib obtained from a thoracoplasty. Allografts provide osteo¬ 
conductive properties and hâve been shown to produce 
results equal to those of autogenous iliac crest graft in young 
patients. In certain conditions, such as paralytic scoliosis, 
in which large amounts of bone graft are needed and 
the iliac crests often are small or are used for instrumenta¬ 
tion, allografts are used routinely. Several alternative graft 
materials include tricalcium phosphate, hydroxyapatite, and 
demineralized bone matrix. Bone morphogenetic protein 
can supply osteoinductive properties but has not been rou¬ 
tinely used in multilevel fusions required in the treatment of 
scoliosis. In positioning the bone graft material, it should be 
remembered that bone graft generally does better under 
compression and is less effective with distraction. The 
farther the fusion is from the instantaneous axis of rotation, 
the better the fusion will prevent or minimize movement of 
that axis of rotation. 

With improvements in surgical techniques and the inclu¬ 
sion of intraarticular fusion, together with meticulous dissec¬ 
tion around the transverse processes, the pseudarthrosis rate 
has been decreased to 2% or less in adolescents with idio- 
pathic scoliosis. 


FACET FUSION 


TECHNIQUE 44-9 


(MOE) 

■ Expose the spine to the tips of the transverse processes 
as previously described (see Technique 44-8). 

■ Begin a eut over the cephalad articular processes at the 
base of the lamina and carry it along the transverse 
process almost to its tip. Bend this fragment laterally to 
lie between the transverse processes, leaving it hinged if 
possible. 

■ Thoroughly remove the cartilage from the superior articu¬ 
lar process. 

■ Make another eut in the area of the superior 
articular facet with the Cobb gouge, beginning medially 
and working laterally to produce another hinged 
fragment. 



fusion. SEE TECHNIQUE 44-9. 


■ Place cancellous bone graft in the defect created (Fig. 
44-39). 

■ In the lumbar spine, the facet joints are oriented in a more 
sagittal direction and a facet fusion is best accomplished 
by removal of the adjoining joint surface with a small 
osteotome or a needle-nose rongeur. This créâtes a defect 
that is packed with cancellous bone (Fig. 44-40). 

■ Decorticate the entire exposed spine with Cobb gouges 
from the midline, progressing laterally so that if the 
gouge were to slip it would be moving away from the 
spinal canal. 

■ Add cancellous bone graft. If the fusion is done for scolio¬ 
sis and the amount of bone available is limited, concen- 
trate the bone graft on the concave side of the curve 
because this bone will be subjected to compressive forces 
as opposed to tension forces on the convex side. The 
thoracolumbar and lumbar areas are the areas associated 
with the highest incidence of pseudarthrosis. 


FACET FUSION 


TECHNIQUE 44-10 


(HALL) 

■ First, sharply eut the inferior facet with a gouge, remove 
this bone fragment to expose the superior facet cartilage, 
and remove this cartilage with a sharp curet. 

■Create a trough by removing the outer cortex of the 
superior facet and add cancellous bone grafts (Fig. 44-41 ). 

■ Proceed with décortication as described in the Moe 
technique. 

■ At the completion of fusion, close the deep tissues with 
absorbable suture. 

■ Place a drain in the subeutaneous tissue or the deep layer, 
keeping the réservoir for this drain separate from the 
réservoir for the bone graft to allow monitoring of bleed- 
ing from the incision sites. 
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il A and B, Moe technique of lumbar facet fusion. SEE TECHNIQUE 44-9. 




■ Approximate the subcutaneous tissues with 2-0 absorb¬ 
able sutures and the skin edges with a running subcuticu- 
lar absorbable stitch. 

■ Apply a bulky stérile dressing. 

POSTOPERATIVE CARE. The patient is transferred to 
the bed from the operating table. Intravenous fluids are 
continued until the patient is able to tolerate oral intake 
and no longer requires any intravenous médication. Pro- 
phylactic preoperative, intraoperative, and postoperative 
intravenous antibiotics are given. Most patients hâve a 
Foley cathéter inserted at the time of surgery; this is 
removed at 48 to 72 hours after surgery. Other postop¬ 
erative treatment, such as casting, bracing, or ambulation, 
dépends on the type of internai fixation, if any, used with 
the individual procedure. 


BONE GRAFTING 

Autogenous iliac crest bone graft has been considered the 
gold standard. The harvest of autogenous bone graft from the 
ilium can introduce the potential for intraoperative and 
postoperative morbidity associated with the procedure. Betz 
et al. described 91 patients with adolescent idiopathic scolio- 
sis. Their results suggested that use of the rigid fixation pro- 
vided by modem multisegmented hook or screw and rod 


Systems combined with thorough décortication, facetectomy, 
and the inhérent ostéogénie potential of immature bone led 
to successful fusion rates without supplémentai autogenous 
bone graft. Violas et al. found that local autograft bone pro- 
duced fusion rates equal to those found with iliac crest 
autograft. The use of allograft does présent the theoretical risk 
of disease transmission. Allograft also adds expense to the 
procedure, but this expense should be weighed against the 
decreased morbidity and decreased operative time. We hâve, 
likewise, found that the use of allograft definitely shortens 
operative time, postoperative pain, and blood loss. To date, 
we hâve not noted any increase in pseudarthrosis rates with 
use of allograft over previous cases done with autogenous iliac 
crest grafts. 


AUTOGENOUS ILIAC CREST 
BONE GRAFT 


TECHNIQUE 44-11 


■ Make an incision over the iliac crest to be used (Fig. 
44-42A). If the original incision extends far enough distally 
into the lumbar spine, the iliac crest can be exposed 
through the same incision by subcutaneous dissection. 








PART XII THE SPINE 


9 " Infiltrate the intradermal and subcutaneous areas with 
1 :500,000 epinephrine solution. 

■ Expose the cartilaginous apophysis overlying the posterior 
iliac crest and split it in the middle. 

■ With a Cobb elevator, expose the ilium subperiosteally. 
■The superior gluteal artery emerges from the area of the 
sciatic notch (see Fig. 44-42A) and should be carefully 
avoided during the bone grafting procedure. 

■ If bicortical grafts are desired, expose the posterior crest 
of the ilium on the inner side and obtain two or three 
strips of bicortical graft with a large gouge. Otherwise, 
take cortical and cancellous strips from the outer table of 
the ilium (Fig. 44-42B). 

■ Place these bone grafts in a kidney basin and cover them 
with a sponge soaked in saline or blood. 



A f Superior gluteal artery as it emerges from 
area of sciatic notch. B f Cortical and cancellous strips removed 
from outer table of ilium for autogenous bone graft. SEE TECH¬ 
NIQUE 44-11. 


■ Control bleeding from the iliac crest with bone wax or 
Gelfoam. 

■Approximate the cartilaginous cap of the posterior iliac 
crest with an absorbable stitch. 

■ Place a suction drain at the donor site and connect it to 
a separate réservoir to monitor postoperative bleeding 
here separately from the spinal fusion site. 


■ COMPLICATIONS OF BONE GRAFTING 

The most common complication associated with bone graft 
harvesting from the posterior iliac crest is transient or per¬ 
manent numbness over the skin of the buttock caused by 
injury of the superior cluneal nerves (Fig. 44-43 A). The 
superior cluneal nerves supply sensation to a large area of 
the buttocks. They pierce the lumbodorsal fascia and cross 
the posterior iliac crest beginning 8 cm latéral to the posterior 
superior iliac spine. A limited incision, staying within 8 cm 
of the posterior superior iliac spine, which will avoid the 
superior cluneal nerves, is recommended. 

The superior gluteal artery exits the pelvis, enters the 
gluteal région through the superiormost portion of the sciatic 
notch, and sends extensive branches to the gluteal muscles. 
Care should be taken when a retractor is inserted into the 
sciatic notch. Injury to the superior gluteal artery will cause 
massive hemorrhage, and the artery generally retracts proxi- 
mally into the pelvis. Control of the bleeding frequently 
requires bone removal from the sciatic notch to obtain suf- 
ficient exposure. It may be necessary to pack the wound, turn 
the patient, and hâve a general surgeon locate and ligate the 
hypogastric artery. Urétéral injury also can occur in the 
sciatic notch from the sharp tip of a retractor. 

Most of the stability of the sacroiliac joint is provided by 
the posterior ligamentous complex (Fig. 44-43B). Injury 
to the sacroiliac joint from removal of these ligaments can 
range from clinical symptoms of instability to dislocation. 


Superior cluneal 
nerves 




Short posteri 
sacroiliac 
ligaments 

Long posterior 
sacroiliac 
ligaments 


Posterior 
superior 
iliac spine 


Posterior superior 
iliac spine 


A f Superior cluneal nerve may be injured during harvest of bone graft from iliac crest. Limited incision (green Une), 
staying within 8 cm of posterior superior iliac spine, avoids nerve. B f Posterior ligament complex provides most of stability of sacroiliac 


joint. 
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Posterior superior 
iliac spine 


Posterior sacroiliac 
and interosseous 
ligaments 


Sacrum 


Ilium 


Articular cartilage 


Ventral sacroiliac 
ligament 


FIGURE 


Full-thickness graft should not be obtained too 


close to sacroiliac joint to avoid damage to posterior ligamentous 


complex. 



FIGURE 


Comparative bending forces exerted at apexes 


of 75-degree curve and 30-degree curve. 


Dislocation of the sacroiliac joint as a complication of full- 
thickness graft removal from the posterior ilium has been 
reported. If a full-thickness graft is obtained, it should not be 
obtained too close to the sacroiliac joint (Fig. 44-44). 

POSTERIOR SPINAL INSTRUMENTATION 

The goals of instrumentation in scoliosis surgery are to 
correct the deformity as much as possible and to stabilize the 
spine in the corrected position while the fusion mass becomes 
solid. The fusion mass in a well-corrected spine is subjected 
to much lower bending moments and tensile forces than is 
the fusion mass in an uncorrected spine (Fig. 44-45). 

The idéal spinal instrumentation System is safe and reli- 
able, with infrequent instrument failure and breakage. It 
should be strong enough to resist load from ail directions 
without external support, be easy to use with little increase in 
operative time, and restore normal spinal contours in the 
coronal, sagittal, and transverse planes; it should not create 
new deformities as the instrumentation is applied. It also 
should be a cost-effective System. Numerous implants are 



Effects of distraction rod in lumbar spine. If 
contouring for lordosis is inadéquate, lumbar spine can be flat- 
tened by distracting force. Also note kyphotic deformity just 
superior to distraction rod. 


available, although none meets ail of the criteria for an idéal 
System. No one device is the best choice for every surgeon or 
every patient. 

In 1962, Harrington introduced the first effective instru¬ 
mentation System for scoliosis. For more than 30 years, use 
of the Harrington distraction rod, combined with a thorough 
posterior arthrodesis and immobilization in a cast or brace 
for 6 to 9 months, has been the standard surgical treatment 
of adolescent idiopathic scoliosis. The incidence of neurologie 
injury with this technique is less than 1%, and the pseudar- 
throsis rate is less than 10%. The major correcting force with 
the Harrington instrumentation is distraction. 

Despite its success, the Harrington instrumentation 
System had several disadvantages. Correction with this System 
is achieved with distraction. As the curve is corrected with 
distraction, the efficiency of correction is decreased. The 
distraction forces are applied only at the ends of the construct 
where the hooks are seated. If the load exceeds the strengths 
of the lamina, fracture and loss of correction can resuit. With 
distraction, the spine is elongated and loss of sagittal contour 
occurs (Fig. 44-46). Finally, distraction does not deal with the 
rotational component of the idiopathic adolescent scoliotic 
curve. Posterior segmentai instrumentation Systems with 
multiple-hook, sublaminar wires, or pedicle screws hâve now 
largely replaced the Harrington System. 

Posterior segmentai spinal instrumentation Systems 
provide multiple points of fixation to the spine and apply 
compression, distraction, and rotation forces through the 
same rod. These Systems generally do not require any post- 
operative immobilization. They provide better coronal plane 
correction and better control in the sagittal plane. Hypoky- 
phosis in the thoracic spine can be reduced and lumbar lor¬ 
dosis preserved when the instrumentation extends to the 
lower lumbar spine. With the use of pedicle screws there 
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appears to be better transverse plane correction (vertébral 
rotation). These Systems generally hâve implant failure and 
pseudarthrosis rates lower than those of Harrington instru¬ 
mentation (see Video 44-3). 

Three kinds of devices are available for fixation of poste - 
rior segmentai instrumentation: wires or cables, hooks, and 
screws. 

■ CORRECTION MANEUVERS 

A variety of techniques and maneuvers can be used to 
achieve correction of spinal deformity. Distraction on the 
concave side of a thoracic curve will decrease scoliosis and 
thoracic kyphosis. Compression applied on the convex side 
of a lumbar curve will correct scoliosis and allow for resto- 
ration or maintenance of lumbar lordosis. Correction of a 
scoliotic curve also can be obtained by translating the apex 
of the curve into a more normal position. Translation can be 
achieved by a rod derotation maneuver. This classic derota- 
tion maneuver of Cotrel and Dubousset is accomplished by 
connecting the precontoured concave rod to each fixation 
site and then rotating the rod into the sagittal plane. This en 
bloc derotation maneuver results in a latéral translation of 
the apical vertebrae or an in situ relocation of the apex of 
the treated curve. 

Pure translation is another method for correcting curves. 
This can be achieved with sublaminar wires or a réduction 
screw on the concave side. The rod is contoured into the 
desired amount of coronal and sagittal plane correction and 
placed into the proximal and distal fixation sites. The spine is 
then slowly and sequentially pulled to the precontoured rods 
using sublaminar wires or réduction screws. 

In situ contouring is another correction technique. With 
the use of appropriate bending tools, in situ contouring 
in both the coronal and sagittal planes can improve spinal 
alignment in scoliosis. A cantilever technique can be used to 
reduce spinal deformity. With this technique the precon¬ 
toured rod is inserted and fixed either proximally or distally 
and then sequentially reduced into each fixation site with a 
cantilever maneuver. This is usually followed by appropriate 
compression and distraction to finalize the correction. With 
the use of monoaxial and uniplanar pedicle screws, correc¬ 
tion can be obtained by en bloc vertébral derotation over 
three or four apical vertébral segments or by direct segmentai 
vertébral rotation in which the derotation maneuver is applied 
to individual vertébral segments. 

SEGMENTAL INSTRUMENTATION: 

MULTIPLE HOOKS OR PEDICLE SCREWS 

■ SURGICAL PLAN 

Preoperative radiographs, including standing posteroanterior 
and latéral and bending films, should be evaluated and a 
surgical plan devised. 

■ FUSION LEVELS AND HOOK SITE PLACEMENT 

In determining fusion levels for multiple-hook segmen¬ 
tai instrumentation, several basic principles must be 
considered. 

Anteroposterior, latéral, and bending films are essential. 
Because standing bending films are not nearly as revealing, 
supine bending films are préférable. Traction, fulcrum, or 
push-prone bending films also may be needed in preoperative 
curve évaluation. 


In the sagittal plane, ail pathologie curves must be 
included. The goal of segmentai instrumentation Systems is 
to produce normal sagittal contours of the spine, if possible. 
The instrumentation should not be stopped in the middle of 
a pathologie sagittal curve, such as a thoracolumbar junc- 
tional kyphosis. The upper instrumentation should not stop 
at the apex of the kyphosis proximally. These levels are deter- 
mined on standing latéral films. 

In the transverse plane, the instrumentation should 
extend to a rotational neutral vertebra, if possible. This is 
determined on standing posteroanterior or bending films. 

The instrumentation should be stopped at the level above 
dise space neutralization, as determined on bending films, as 
long as this level does not conflict with the sagittal and 
transverse plane requirements. In other words, the dise height 
should be equal on the right and left sides and should open 
on both the right and left sides with supine bending films. 
The rigid segment of the thoracic curve also is determined on 
coronal bending films and dictâtes the placement of interme- 
diate hooks or pedicle screws. 

The distal level should fall within the stable zone of Har¬ 
rington (Fig. 44-47). The inferior vertebra ideally is bisected 
by the center sacral line, but this is necessary only on bending 
films, not on the upright standing posteroanterior film. 

Once the proximal and distal levels of the fusion hâve 
been determined, if hooks are being used, hook placement 
patterns must be determined. To détermine the appropriate 
hook patterns, the type of force that must be generated on the 
spine and what that force will do to the sagittal plane must 
be determined. The basic principles are as follows: 

Distraction forces (forces directed away from the apex of 
the curve) decrease lordosis or contribute to kyphosis. 

Compression forces (toward the apex of the curve) 
decrease kyphosis or create lordosis. 

To create kyphosis, the concave side must be approached 
first. 


Inferior hook 

position- 


—Boundary of 
stable zone 



Stable zone for inferior vertebra as described 


by Harrington. 
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To create lordosis, the convex side must be approached 
first and the forces must be directed toward the apex 
of the curve. 

At the thoracolumbar junction, distractive forces should 
not be applied, and in rod bending, the lordotic bend 
of the rod should be initiated at the T12-L1 
interspace. 

Some typical hook constructs and order of rod applica¬ 
tion are illustrated in Figures 44-48 to 44-53. 



FIGURE 


(King III). 


Typical hook site sélection for Lenke IA 


Greater correction and derotation of the involved 
vertebrae can be obtained with the use of pedicle screw 
instrumentation, but this has led to problems with lumbar 
decompensation when a sélective thoracic fusion is done. 
With greater correction being obtained in the primary struc¬ 
tural curve, more attention needs to be focused on the proxi¬ 
mal thoracic curve to avoid shoulder imbalance after surgery. 
Following Lenkes classification has been the best guide to 
aid in sélection of appropriate fusion levels and avoidance 
of these complications. Trobisch et al., in a recent review, 
gave the following recommendations to aid in selecting 
fusion levels: 

Ail Lenke structural curves should be included in the 
fusion and instrumentation. Also included are lumbar 
nonstructural curves of more than 45 degrees on 
standing posteroanterior radiographs or associated 
with clinically significant rotational deformity, or in 
the presence of wedging of apical vertebrae along the 
significant apical vertébral transition and rotation. 

The upper instrumented vertebra should not end at a 
kyphotic dise. 

T2 is selected as the upper instrumented vertebra when 
the left shoulder is elevated, Tl tilt is more than 5 
degrees, and/or significant rotational prominences or 
trapezial fullness accompanies the proximal thoracic 
curve. 

In lumbar modifier A curves, the lower instrumented 
vertebra is the vertebra touching the center sacral 
vertébral line; however, the spine is fused one or two 
levels farther distal when L4 is tilted in the direction 
of the thoracic curve. 

In lumbar modifier B and C curves, the thoracolumbar 
stable vertebra is selected as the lower instrumented 
vertebra. 





Instrumentation of Lenke 3 (double major) curve (see text). A f Hook placement for left rod. B f Two apical lumbar 
hooks can be used to apply compression at apex of lumbar curve. C f Hook placement for right rod after left rod rotation. 
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Instrumentation of Lenke 2 (King type V) double thoracic curve with temporary upper rod. A f Hook placement for 
insertion of short segment rod in concavity of high thoracic curve. B f Gentle distraction is applied, and rod is locked in place. C f Left 
rod is inserted to include both curves; compression is applied to convexity of upper curve, and distraction is applied to concavity of 
lower curve. Short rod is removed, and long rod is contoured with in situ benders. 




Instrumentation of Lenke 5 (thoracolumbar) 
curve by convex rod technique. A, Hook pattern for insertion of 
convex rod; hooks are compressed, and rod is rotated to obtain 
normal sagittal contour. B, Concave rod is inserted and seated 
with distraction, and crosslinks are applied. 




Instrumentation of Lenke 5 (thoracolumbar) 
curve with concave rod technique in which correction is produced 
by cantilever mechanism. A, Concave rod is inserted and rotated 
to convert lumbar scoliosis into lordosis as it is sequentially seated 
in each more-cephalad hook. B, Convex rod is inserted in hook 
pattern shown. 


The lower instrumented vertebra in lumbar structural 
curves is influenced by curve flexibility (proposed by 
the lower instrumented vertebra translation) and 
rotation and correction on bending radiographs. 

Even with these guidelines and using Lenke’s classifica¬ 
tion, sélection of fusion and instrumentation levels must be 
individualized for each patient. 


■ HOOK SITE PREPARATION AND PLACEMENT 

There are basically two types of hooks: pedicle and laminar. 
The pedicle hooks are designed for secure fixation in the 
thoracic spine by insertion into the facet with impingement 
on the thoracic pedicle. Pedicle hooks are used in an upgoing 
direction at T10 or higher. The laminar hooks can be used in 
the thoracic and lumbar spine. These can be placed around 
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A and B f Hybrid fixation of Lenke IA (King 
curve with pedicle screws at lower end of construct. 


either the superior or inferior edge of the lamina or transverse 
process, according to the desired direction and point of 
application of forces. 


PEDICLE HOOK IMPLANTATION 


TECHNIQUE 44-12 


■ The pedicle hook is inserted in an upgoing direction from 
Tl to Tl 0. 

■ The facet capsule is removed, and a portion of the inferior 
facet process is removed to facilitate insertion of the hook 
(Fig. 44-54A). 

■ After removal of the portion of the inferior facet process, 
use a curet to remove the hyaline cartilage from the facet 
joint. 

■ Introduce the pedicle finder into the facet joint and push 
gently against the pedicle (Fig. 44-54B). Take care in using 
this instrument that it is introduced into the intraarticular 
space and not into the bone of the inferior articular facet. 
It must find its way, sliding along the superior articular 
facet. 

■ Once the pedicle finder is in place, check the position by 
a laterally directed force applied to the finder. If the ver- 
tebra moves laterally when the pedicle finder is translated, 
the pedicle finder is in the correct place. 

■ Insert the pedicle hook with a hook inserter and holder 
if needed. Again, be certain that the horns of the bifid 
hook remain within the facet joint and do not hook into 
the remaining bone of the inferior facet (Fig. 44-55). 




CD Horizon Legacy pedicle hook implantation. 
A and B f Hook site préparation and placement. SEE TECHNIQUE 
44-12. 


TRANSVERSE PROCESS HOOK 
IMPLANTATION 


TECHNIQUE 44-13 


■ The transverse process hook is part of a pedicular- 
transverse claw System. In most scoliosis procedures, use 
this claw at the upper end of the convex side. The trans¬ 
verse process hook generally is a wide-blade lamina hook 
inserted in a downgoing manner around the superior 
portion of the transverse process. 

■ Préparé the area along the superior edge of the transverse 
process, using a transverse process elevator to separate 
the ligamentous attachment between the undersurface 
of the transverse process and the posterior arch of the rib 
médial to the rib transverse joint (Fig. 44-56). 

■ With use of a hook holder, insert the hook around the 
superior edge of the transverse process. 


LAMINA HOOK IMPLANTATION 


TECHNIQUE 44-14 


■ Place laminar hooks around either the superior or inferior 
edge of the lamina, according to the desired direction of 
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CD Horizon Legacy pedicle hook implantation. 
A f Correct placement of the hook. B f Incorrect placement of the 
hook. SEE TECHNIQUE 44-12. 




B 


Area along superior edge of transverse process 
prepared using transverse process elevator. (Redrawn from Winter 
RB, Lonstein JW, Denis F, Smith MD, editors: Atlas of spine surgery, 
Philadelphia, 1995, WB Saunders, p. 263.) SEE TECHNIQUE 44-13. 


Lamina hook should be chosen carefully to 
match shape of lamina and to obtain closest possible fit to 
prevent hook impingement on spinal canal. SEE TECHNIQUE 44-14. 


S applied force. Carefully match the type of laminar hook 
to the shape of the lamina and obtain the closest possible 
fit to avoid the possibility of hook impingement on the 
spinal canal (Fig. 44-57). 

■ To insert the supralaminar hook, remove the ligamentum 
flavum with Kerrison rongeurs and curets (Fig. 44-58A). 
In the lumbar area, enough room generally exists between 
the vertebrae to allow implantation of the hook without 
removal of bone. In the thoracic area, however, the 
spinous process of the superior vertebra must be removed 
first. 

■ After the canal is open, obtain latéral extension of the 
area by excising the médial portion of the inferior articular 
facet of the superior vertebra. This will allow sufficient 
room for insertion of the thoracic laminar hook. 

■ When the infralaminar hook is inserted, partially remove 
the ligamentum flavum or separate it from the inferior 
surface of the lamina. If necessary, remove a piece of the 
inferior border of the lamina to allow proper seating of 
the hook on the lamina (Fig. 44-58B). Take care to pré¬ 
serve the latéral wall of the inferior facet to avoid latéral 
dislodgment of the hook. 

■ When the inferiormost laminar hook is inserted, preserve 
the interspinous ligament and facet capsule to prevent 
kyphosis distal to the rods. 


PEDICLE FIXATION 

Pedicle screw fixation from the posterior approach into the 
vertébral body has become an increasingly popular form of 
spinal fixation. Hamill et al. found that pedicle screws on the 
convex side of the lumbar spine improved coronal and sagittal 
correction, allowed the lower instrumented vertebra to be 
translated to the midline and brought to a horizontal posi¬ 
tion, and allowed improved restoration of segmentai lordosis. 
A similar study found that the pedicle screws provided greater 
lumbar curve correction, better maintenance of correction, 
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A f Supralaminar hook insertion. This insertion 
applies to lower two concave hooks in single thoracic curve 
instrumentation. Laminotomy is kept as small as possible to mini- 
mize risk of deep pénétration into spinal canal during rod inser¬ 
tion. Tight fit is necessary, and thoracic laminar hook is used if 
laminar thickness is too small to allow lumbar laminar hook to be 
stable in anteroposterior plane. B f Infralaminar hook insertion. 
Lower convex hook in right thoracic curve is inserted in this 
manner. Ligamentum flavum is dissected off underside of lamina. 
Small inferior laminotomy provides horizontal purchase site for 
hook. Adjacent facet capsule should be spared because it is not 
included in fusion. SEE TECHNIQUE 44-14. 


and greater correction of the uninstrumented spine below 
double major curves than laminar hooks. Neither study 
reported any complications associated with the placement of 
pedicle screws. Reported complication rates associated with 
the placement of pedicle screws hâve been low. 

The use of thoracic pedicle screws in the treatment of 
adolescent idiopathic scoliosis has become more common 
(Fig. 44-59). In studies comparing hook fixation with thoracic 
pedicle screw fixation, thoracic posterior-only pedicle screw 
constructs were found to provide better correction than hook 
constructs. Correction obtained with hooks was 55%, and 


with segmentai thoracic pedicle screws it was 72%. A 3% 
malposition rate for the thoracic pedicle screws based on 
plain radiographs was noted. No médial intracanal malposi¬ 
tions or neurologie complications were noted. The use of 
thoracic pedicle screw instrumentation off en can eliminate 
the need for an anterior approach and may require a slightly 
shorter fusion length. 

However, in a CT évaluation of 120 thoracic pedicle 
screws, 25% of the screws were found to hâve penetrated the 
pedicle cortex or the anterior cortex of the vertébral body. 
There were no neurologie complications. Anterior pénétra¬ 
tion of the vertébral body cortex by a pedicle screw in the 
thoracic spine has the most clinical relevance because of the 
proximity of the thoracic aorta (Fig. 44-60). 

A thorough knowledge of the anatomy of the pedicles is 
necessary for the use of pedicle fixation. The pedicle connects 
the posterior éléments to the vertébral body. Médial to the 
pedicle are the épidural space, nerve root, and durai sac. The 
exiting nerve root at the level of the pedicle is close to 
the médial and caudal cortex of the pedicle (Fig. 44-61). Close 
to the latéral and superior aspects of the pedicle cortex is the 
nerve root from the level above. At the L3 and L4 vertébral 
bodies, the common iliac artery and veins lie directly anterior 
to the pedicles (Fig. 44-62). In the sacral région, the great 
vessels and their branches lie laterally along the sacral ala. In 
the midline of the sacrum, a variable middle sacral artery can 
lie directly anterior to the SI vertébral body. Anterior pénétra¬ 
tion of a vertébral body can occur without being apparent on 
the radiograph unless a “near-approach” view is obtained 
(Fig. 44-63). 

In a study of the size of pedicles in mature and immature 
spines, the transverse pedicle width at the L5 and L4 levels 
reached 8 mm or more in children 6 to 8 years of âge, but 
transverse width at L3 approaching 8 mm was not seen until 
9 to 11 years of âge (Fig. 44-64). The distance to the anterior 
cortex increased dramatically from the youngest âge group 
until adulthood at ail levels (Fig. 44-65). In patients with 
spinal deformities, the pedicles, especially the concave pedi¬ 
cles, offen are deformed, and care must be taken in insertion 
of any pedicle fixation. Watanabe et al. studied thoracic 
pedicles in adolescents (14 to 16 years) with scoliosis to 
provide a classification that could be used for safe and accu- 
rate placement of pedicle screws. They found four pedicle 
types (Fig. 44-66): type A has a large cancellous channel in 
which the pedicle probe can be smoothly inserted without 
difficulty; type B has a small cancellous channel in which the 
probe fits snugly; type C is a cortical channel in which the 
probe must be tapped with a mallet to enter the body; and 
type D is an absent pedicle channel that requires a juxtape- 
dicular screw position. Type A and B pedicles do not require 
spécial techniques for probe insertion, whereas type C and 
especially type D pedicles do require spécial methods. Pedicles 
located on the concave side of the curves were found to be 
significantly smaller than those on the convex side, regardless 
of whether they were cancellous or cortical. Of 1021 pedicles 
in which pedicle screws were placed, 61% were type A, 29.2% 
were type B, 6.8% were type C, and 3% were type D. CT vali- 
dated the morphologie évaluation and description of the four 
pedicle types. 

Various methods hâve been described for identifying the 
pedicle and placing the pedicle screw, but basic steps include 
(1) clearing the soft tissue, (2) exposing the cancellous bone 
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A and B f Preoperative posteroanterior and latéral radiographs of patient with idiopathic scoliosis treated with lumbar 
and thoracic pedicle screws. C and D f Postoperative posteroanterior and latéral radiographs of amount of correction and restoration 
of sagittal balance possible with this type of instrumentation. 



JjJ Complété latéral pedicle screw pénétration at 
T10 on the concave side of King II scoliosis. Small hematoma 
probably was resuit of injury of segmentai vessels. (From Liljenqvist 
UR, Halm HFH, Link TM: Pedicle screw instrumentation of the thoracic 
spine in idiopathic scoliosis, Spine 22:2239, 1997.) 


of the pedicle canal by décortication at the intersection of the 
base of the facet and the middle of the transverse process, (3) 
probing the pedicle, (4) verifying the four walls of the pedicle 
canal by probing or obtaining radiographie confirmation, (5) 
tapping the pedicle, and (6) placing the screw. 


In the lumbar spine, pedicle screws are commonly 
inserted with use of anatomie landmarks, and confirmatory 
radiographs are obtained. Because of the deformed pedicles 
associated with scoliosis, many surgeons use fluoroscopie 
guidance. Freehand pedicle screw placement in the thoracic 
spine may be safe in experienced hands. The technique sig- 
nificantly reduces exposure of both the surgeon and the 
patient to radiation. Because of the tight confines of the 
pedicle in the thoracic spine and the frequently altered normal 
anatomy, we still use fluoroscopy to identify the entry site into 
the thoracic pedicle and to confirm screw placement. Frame- 
less stereotactic technology allows three-dimensional naviga¬ 
tion and also can be used to guide and confirm pedicle screw 
placement. 

■ INSERTION OF LUMBAR PEDICLE SCREWS 

Zindrick described a “pedicle approach zone” (Fig. 44-67) 
that is decorticated before the pedicle is cannulated with 
either a probe or pedicle awl. Great care is taken to advance 
the instrument slowly and carefully. If résistance is encoun- 
tered, the probe is repositioned. An intraoperative radiograph 
or C-arm image can be used to verify correct position. Instru¬ 
ments should pass relatively easily and should not be forced 
into the pedicle. In addition to radiographs or image intensi¬ 
fication, laminotomy and médial pedicle wall exposure can 
be done to help confirm the intrapedicular passage of the 
instrument. Once satisfactory entry into the pedicle has been 
achieved and palpation from within the pedicle finds solid 
bone margins along the pedicle wall throughout 360 degrees, 
the screw can be inserted. If the screws are self-tapping, the 
screw itself is inserted. If the screws require tapping, the tap 
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FIGURE 


out inferiorly. 


Errors in pedicle screw placement. A f Nerve root impingement by screw violating médial pedicle wall. B f Pedicle screw 



FIGURE 


anterior cortex. 


Vascular damage by insertion of screw beyond 



Near-approach radiographie view to decrease 
likelihood of anterior screw pénétration. When drill (or screw or 
probe) tip is actually at anterior cortex, latéral view (0 degrees) 
misleadingly shows tip still to be some distance (A) away from 
cortex. When angle of view is too oblique (60 degrees), tip 
appears to be some distance (B) from cortex. Only when view is 
tangent to point of pénétration (30 degrees in this illustration) 
does tip appear most nearly to approach actual breakthrough. 



Spinal level 


FIGURE 


Transverse pedicle isthmus widths. 



Spinal level 


Distance to anterior cortex through pedicle 
angle axis versus through line parallel to midline axis of 
vertebra. 
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Pedicle channel classification (see text). (From Watanabe K, Lenke KG, Matsumoto M, et al: A novel pedicle channel classifica¬ 
tion describing osseous anatomy, Spine 35:1836, 2010.) 




A f Funnel-shaped pedicle approach zone in 
upper lumbar région (L1). B f Funnel-shaped pedicle approach 
zone in lower lumbar région (L5). With increased pedicle size, 
pedicle approach zone funnel increases, especially in lower 
lumbar spine, allowing more latitude in pedicle screw insertion 
than in smaller upper lumbar and thoracic pedicles. (From Zindrick 
MR: Clinical pedicle anatomy, Spine: State of the Art Reviews 6:11, 
1992.) 




Entrance points for pedicle screw placement in 
lumbar spine as described by Roy-Camille (X) and Weinstein (•). 
A, Latéral view. B, Posterior view. Weinstein approach reduces 
interférence with upper uninvolved lumbar motion segment. 


is inserted first and then the screw. The common entry points 
in the lumbar spine are shown in Figure 44-68. The position 
of the pedicle in the sacrum is shown in Figure 44-69. In the 
lumbar spine, a medially directed screw allows the use of a 
longer screw and spares the facet joint, with less chance of 
injury to the common iliac vessels. Similarly, a medially 
directed sacral screw reduces the possibility of injury to 
anterior structures if the screw pénétrâtes the anterior cortex. 

When pedicle screws are used in the lumbar spine, screws 
usually are placed at every level on both the convex and 
concave sides. Each individual vertebra can be better dero- 
tated if it is instrumented on both sides (see deformity cor¬ 
rection by direct vertébral rotation in Technique 44-15). In 
choosing the lowest instrumented vertebra, the standing 
posteroanterior films and the bending films must be consid- 
ered. Bending films should be used in choosing the lowest 
instrumented lumbar vertebra. Instrumentation is stopped at 
the vertebra just above the first dise space that opens in the 



Coronal posterior view of contribution 
sacrum and posterior element to pedicle approach zone. 


of 
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Advantages and Disadvantages of Thoracic 
Pedicle Screws 


Advantages 

■ When they are optimally placed, the screws are completely 
external to the spinal canal (supralaminar and infralaminar 
hooks, in contrast, are within the canal itself). 

■ Stronger fixation is possible than with hook implants. 

■ The screws are attached to ail three columns, providing a 
rigid triangular crosslinked construct with a posterior-only 
implant. 

■ Facet joints, laminae, and transverse processes are free of 
implants; therefore, theoretically, there is more surface 
area for décortication. 

■ There is superior coronal correction and axial derotation. 

■ Most studies hâve shown slightly shorter fusion lengths 
than with hook constructs. With improved correction, 
there is a decreased need for anterior procedures and 
thoracoplasties. 

Disadvantages 

■ The implants add significantly to the cost of the 
procedure. 

■ The potential complications in insertion of thoracic pedicle 
screws include injury to the spinal cord, nerve roots, 
pleural cavity, and aorta. 

■ Radiation exposure is significant to the surgeon and 
patient if routine fluoroscopy is used. 


concavity of the lumbar curve on the bending film away from 
the concavity. Unless the curve is very flexible, the lower 
instrumented vertebra should at least touch the center sacral 
line on the standing posteroanterior radiograph. 

■ INSERTION OF THORACIC PEDICLE SCREWS 

The routine use of thoracic pedicle screws in adolescent 
idiopathic scoliosis has become more common. The advan¬ 
tages and disadvantages of thoracic screws are given in 
Box 44-4. 


THORACIC PEDICLE SCREW 
INSERTION TECHNIQUES 


TECHNIQUE 44-15 


■ Clean the facet joints of ail capsular tissue. Perform a 
partial inferior articular process osteotomy to enhance 
fusion and to improve exposure of the entry site for the 
thoracic pedicle screws (Fig. 44-70A). Seeing the trans¬ 
verse processes, the latéral portion of the pars interarticu- 
laris, and the base of the superior articular process helps 
identify the starting points. In general, start the screw 
insertion from the neutrally rotated, most distal vertebra 
to be instrumented. Anatomie landmarks can be used as 
a guide for starting points and screw trajectory (Fig. 
44-70B). Fixed-angle screws provide superior rotation in 


the thoracic spine and lumbar spine. Multiaxial screws can 
be used if needed. 

■ Perform a posterior cortical breach with a high-speed 
burr. A pedicle "blush" suggests entrance into the cancel- 
lous bone at the base of the pedicle, but this may not be 
seen in smaller pedicles because of the limited intrape- 
dicular cancellous bone. 

■ Use a thoracic gearshift probe to find the cancellous soft 
spot indicating entrance into the pedicle. 

■ Point the tip first laterally to avoid perforation of the 
médial cortex (Fig. 44-70C). 

■ Advance the tip 20 to 25 mm (Fig. 44-70D). 

■ Remove the gearshift probe to reorient it so that the tip 
points medially and then place the probe carefully back 
into the base of the prior hole and advance it to the 
desired depth (Fig. 44-70E). The average depth is 30 to 
40 mm in the lower thoracic région, 20 to 30 mm in the 
midthoracic région, and 20 to 25 mm in the proximal 
thoracic région in adolescents. 

■ Rotate the probe 180 degrees to ensure adéquate room 
for the screw. Probing of the pedicle with the gearshift 
should proceed in a smooth and consistent manner with 
a snug feel. Any sudden advancement of the gearshift 
suggests pénétration into soft tissue and pedicle wall or 
vertébral body violation. 

■ Once the gearshift probe is removed, view the track to 
make sure that only blood is coming out and not cere- 
brospinal fluid. 

■ With use of a flexible ball-tipped probe, advance the feeler 
probe to the base (floor) of the hole to confirm five distinct 
bony borders: the floor and four walls (médial, latéral, 
superior, and inferior) (Fig. 44-70F). Take spécial care in 
feeling the walls to the first 10 to 15 mm of the track. 

■ If a soft-tissue breach is palpated, redirect the screw. With 
the feeler probe at the base of the pedicle track, mark 
the length of the track with a hemostat and measure it 
(Fig. 44-70G). 

■ Undertap the pedicle track by 0.5 to 1 mm of the final 
screw diameter (Fig. 44-70H). After tapping, always 
palpate the tapped pedicle track again with the flexible 
feeler probe. This second palpation will allow identifica¬ 
tion of distinct bony ridges, confirming the intraosseous 
position of the track. 

■ Select the appropriate screw diameter and length by the 
preoperative radiographs, as well as by intraoperative 
measurement. 

■ Thread the screw onto either a fixed-angle or multiaxial 
screwdriver and slowly advance the screw down the 
pedicle to ensure proper tracking while allowing visco- 
elastic expansion (Fig. 44-701). The smaller pedicle 
diameters are located at T6 and T7 and in the proximal 
thoracic concavity (e.g., T3 and T4). 

■ Confirm intraosseous screw placement. 

■ On the anteroposterior image intensification, make sure 
the screws are positioned correctly relative to each other. 
Screws should not go past the midline on the anteropos¬ 
terior image. Use the latéral image primarily to gauge the 
length of the screws. No screw should extend past the 
anterior border of the vertébral body. 

■ Use electromyographic stimulation with real-time moni- 
toring of the appropriate thoracic nerve root, recording 
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Level 

Cephalad-Caudad 
Starting Point 

Medial-Lateral 
Starting Point 

Tl 

Midpoint TP 

Junction: 

TP-Lamina 

T2 

Midpoint TP 

Junction: 

TP-Lamina 

T3 

Midpoint TP 

Junction: 

TP-Lamina 

T4 

Junction: Proximal 
Third-Midpoint TP 

Junction: 

TP-Lamina 

T5 

Proximal Third TP 

Junction: 

TP-Lamina 

T6 

Junction: Proximal 
Edge-Proximal 
Third TP 

Junction: 

TP-Lamina-Facet 

T7 

Proximal TP 

Midpoint Facet 

T8 

Proximal TP 

Midpoint Facet 

T9 

Proximal TP 

Midpoint Facet 

T10 

Junction: Proximal 
Edge-Proximal 
Third TP 

Junction: 

TP-Lamina-Facet 

Tl 1 

Proximal Third TP 

Just médial to 
latéral pars 

Tl 2 

Midpoint TP 

At the level of 
latéral pars 




A-T, Thoracic pedicle screw insertion techniques with use of CD Horizon Legacy spinal deformity System. See text for 
description. (Redrawn from Lascombes P: CD Horizon Legacy Spinal System-deformity, surgical technique manual, Memphis, TN, 2005, Medtronic 
Sofamor Danek.) SEE TECHNIQUE 44-15. 


from the rectus abdominis musculature. Below Tl 2, the 
lumbar pedicle screws are tested by monitoring the 
appropriate lumbar nerve root. A triggered electromyo- 
graphic threshold of less than 6 mA or a significant 
decrease from the average of ail other screws may indi- 
cate a pedicle wall breach by the screw. If this is the case, 
remove the screw and palpate the pedicle wall before 
deciding whether to replace or to discard the screw. 


SUBLAMINAR WIRES 

Sublaminar wires generally are not used alone as anchors 
at the upper or lower instrumented vertebrae because they 


provide no axial stability. Sublaminar wires and cables are 
useful in and around the apex of curves to aid in the 
translation maneuver, in which the spine can be pulled to 
a precontoured rod, thus minimizing the need for derota- 
tional maneuvers. The more rigid the curve is, the more 
helpful these sublaminar wires or cables are (Fig. 44-71). 


TECHNIQUE 44-16 


■ Expose the spine as described in Technique 44-8. 

■ With a needle-nose rongeur, gradually thin the ligamen- 
tum flavum until the midline cleavage plane is visible. In 
the thoracic spine, the spinous processes slant distally and 
must be removed before the ligamentum flavum can be 
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Continued 
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A and B f Preoperative anteroposterior and latéral standing scoliosis films. Thoracolumbar curve measures 77 degrees. 
C and D f Postoperative correction by hooks with sublaminar cables, correcting thoracolumbar curve to 22 degrees. SEE TECHNIQUE 44-14. 



FIGURE 


A-C, Removal of caudally slanting spinous processes to expose ligamentum flavum. SEE TECHNIQUES 44-16 AND 44-17. 


adequately seen (Fig. 44-72). Once the midline cleavage 
is visible, carefully sweep a Penfield No. 4 dissector across 
the deep surface of the ligamentum flavum on the right 
and left sides (Fig. 44-73). Use a Kerrison punch to 
remove the remainder of the ligamentum flavum (Fig. 
44-74). Take care during this step to avoid damaging the 
dura or épidural vessels. 

■ Johnston étal, showed that wire pénétration into the 
neural canal during wire passage is substantial (up to 
1 cm). Because the depth of pénétration is less when a 
semicircular wire is used, shape the wire as shown in 
Figure 44-75. The largest diameter of the bend should be 
slightly larger than the lamina. Always pass the wire in 
the midline and not laterally and remove the spinous 
processes before wire passage. It is important that both 
the surgeon and the assistant be completely prepared for 
each step before passage of the wire and that they are 
careful about sudden movements and inadvertent touch- 
ing or hitting of the wires that hâve already been passed. 

■ Passing of the wire is divided into four steps: (1) 
introduction, (2) advancement, (3) roll-through, and (4) 



Penfield No. 4 dissector for freeing deep sur¬ 
faces of ligamentum flavum. SEE TECHNIQUES 44-16 AND 44-17. 


0 
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Shape of double wire before it passes under 
lamina. SEE TECHNIQUES 44-16 AND 44-17. 


A-C f Passage of segmentai wire beneath lamina. 

SEE TECHNIQUES 44-16 AND 44-17. 


pull-through. Pass the more cephalad wires first and pro- 
gress caudally. 

■ Gently place the tip of the wire into the neural canal at 
the inferior edge of the lamina in the midline. Hold the 
long end of the doubled wire in one hand and advance 
the tip with the other. Rest the hand that is advancing 
the tip firmly on the patient's back. Lift the tails of the 
wire slightly, pulling them to keep the wire snugly against 
the undersurface of the lamina (Fig. 44-76A). 

■ Once the wire has been introduced, advance it 5 to 
6 mm. Beginning roll-through too soon will cause the tip 
of the wire to strike the inferior portion of the vertébral 
arch, and the wire can be pushed more deeply into the 
neural canal (Fig. 44-76B). 

■ After advancement, roll the tip of the wire so that it 
emerges on the upper end of the lamina (Fig. 44-76C). 
As the tip of the wire emerges, use a nerve hook to pull 
the end farther up from the lamina to allow enough room 
for a needle holder, wire holder, or Kocher clamp to be 
placed into the loop of the wire by the assistant. Take the 
clamp from the assistant and pull the wire with the clamp 
until it is positioned beneath the lamina, with half its 
length protruding above and half below the lamina. As 
the clamp is pulled, gently feed the wire superiorly from 
the long end. This must be a coordinated maneuver and 
must be done by the surgeon. 

■ Once the wire has been pulled through, eut off the tip of 
the wire and place one length of the wire on the right 
side and the other length on the left side of the lamina. 


■ As an alternative, leave double wires on one side and pass 
another wire so that double wires are présent on both 
sides. 

■ Crimp each wire into the surface of the lamina to prevent 
any wire from being pushed accidentally into the neural 
canal (Fig. 44-77). 

■ As more wires are passed, it becomes more likely that the 
other wires will be accidentally hit. Even though the wires 
are crimped over the lamina, hitting them can be danger- 
ous, and care must be taken to avoid these previously 
placed wires. Crimp the superior wire toward the midline 
and crimp the inferior wire laterally. 


SUBLAMINAR CABLES 

Songer et al. recommended the use of sublaminar cables 
instead of monofilament stainless Steel wire because wire 
breakage and migration hâve been serious complications 
of sublaminar wiring. They also suggested that cable flex- 
ibility prevents repeated contusions to the spinal cord that 
can occur during insertion of the rod and tightening of the 
wire. 


TECHNIQUE 44-17 


■ Remove the spinous processes and ligamentum flavum 
(see Figs. 44-72 to 44-74). 
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A and B f After division, wire is crimped on 
laminar surface of each side of spinous process. SEE TECHNIQUE 
44-16. 


■Contour the monofilament cable leader into a C shape 
and pass it beneath the lamina. Grasp the leader and pull 
it through, leaving equal amounts of cable above and 
below the lamina (Fig. 44-78A). Cut the tip of the leader 
and separate the two cables. Pass one arm of the cable 
through the inferior loop to "lasso" the lamina (Fig. 
44-78B). 

■ After the cables hâve been passed, contour the rods as 
indicated. Place the rods through the noose of the cable 
and use the cable to lasso the rod into position (Fig. 
44-78C). The cables currently hâve an intégral crimp. Pass 
a provisional crimp over the cable. 

■ Préparé the cable tensioner by depressing the release 
lever and sliding the release button, which allows the 
tension to fully retract (Fig. 44-79A). 

■ Insert the cable through the tensioner. The cable leader 
must be straight and short. Once the cable has been 
threaded through the tensioner, lift the cam lever to lock 
the cable. Depress the tension arm repeatedly until the 


desired tension is obtained. After appropriate tension is 
obtained, lock the provisional crimp into place (Fig. 
44-79B). The tension on any other cables can be adjusted 
and retightened by use of the provisional crimp and 
tensioner. 

■ After ail cables hâve been tightened, compress the inté¬ 
gral crimp (Fig. 44-79C). 


INSTRUMENTATION SEQUENCE IN 
TYPICAL LENKE IA CURVE 

The following is a typical instrumentation sequence for a 
Lenke 1A (King III) curve with use of the CD Florizon Legacy 
spinal deformity System. Multiple other Systems are avail- 
able to accomplish the same resuit. Readers are referred to 
the technique manual for further details of the System that 
best fits their practice. 


TECHNIQUE 44-18 


■ Once the hook sites are prepared, remove the laminar 
hooks. They are not stable before rod insertion and can 
be jarred loose during décortication. 

■ At this point in the surgery, perform facetectomy 

(Fig. 44-80A). 

■ Curet the intervening cartilage to expose subchondral 
bone. Décortication of the laminae, spinous processes, 
and transverse processes along with bone graft place¬ 
ment will be done at completion of instrumentation. 

■ After facetectomy, place the laminar hooks back in their 
original positions. 

■ At this point, cut the correction rod that will be placed 
on the concave side to the appropriate length, which 
generally is 2 to 3 cm longer than the overall hook-to- 
hook length. 

■ Bend the rod to achieve correct sagittal plane contour. 
This is accomplished with small, incrémental steps by use 
of the French bender (Fig. 44-80B). The CD Florizon 
Legacy rod has an etched line to maintain the same plane 
orientation of the rod and to prevent a spiral-type bend. 
If the scoliosis is flexible, bend the rod to achieve the 
planned postoperative sagittal contours. If the curve is 
stiff, contour the rod to fit easily within the hooks; this 
rigid scoliosis will be corrected mainly with derotation and 
in situ bending. 

■ Place the contoured rod into the implants. This can be 
started from either the superior or inferior hook. Place 
the set screws into the first hooks where the rod seats 
perfectly. After the rod is inserted into the first one or 
two hooks, it then becomes necessary to use one of 
several methods to facilitate rod réduction and fully seat 
the rod into the saddle of the implants. 

■ The "forceps rocker" method is effective for seating the 
rod into the implant when there is only a slight height 
différence between the rod and the implant saddle. To 
use the rocker, grasp the sides of the implant with a 
rocker cam above the rod and the forceps tips facing the 
same direction as the hook blade (Fig. 44-80C). Lever the 
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Sublaminar cable technique. A f C-shaped cable leader is passed through lamina. B f Cable ends are passed through 
inferior loops to lasso lamina. C f Rod in place beneath cable. SEE TECHNIQUE 44-17. 


rocker backward over the rod to seat the rod into the 
saddle of the implant. The set screw is then inserted into 
the hook (Fig. 44-80D). 

■ In situations in which the différence between the hook 
and rod is such that the rocker cannot be used, use the 
Beale rod reducer. This reducer is placed over the implant 
with the ratchet portion parallel to the rod. 

■ Slowly close the reducer by squeezing the handles 
together, allowing the attached sleeve to slide down 
and seat the rod into the saddle of the implant 
(Fig. 44-80E). 

■ Place a set screw through the set screw tube of the 
reducer, using the provisional driver (Fig. 44-80F). 

■ Once the contoured rod and ail of the set screws hâve 
been placed, perform the rod rotation maneuver. This is 
done slowly, and it is essential to watch ail of the hooks 
because the hooks can sometimes be dislodged during 
this rotational maneuver. The hooks in the center of the 
construct are those most likely to back out during rod 
rotation. Using two rod grippers (Fig. 44-81 A), rotate the 
rod to translate the apex of the curve toward the midline. 
If the hooks begin to dislodge, place one of the rod 
grippers next to the hook and reseat the hook by use of 
a distractor. Once the rod rotation is complété, tighten 
the set screws. 

■ In situ benders are then used for correction and 
final adjustment of the rod in the sagittal plane. Bend 
the rod in small, incrémental steps by use of the two 
bender tips positioned near each other on the rod (Fig. 
44-81 B). 

■ Once the contouring has been completed, perform dis¬ 
traction or compression to seat the hooks in their final 
positions. It is recommended to use a rod gripper as a 
stop for distraction maneuvers rather than any portion of 
the implant (Fig. 44-82A). Compression maneuvers gen- 
erally are carried out on two hooks (Fig. 44-82B). Take 


care that these instruments are placed against the implant 
body and not against the set screw. 

■ After these maneuvers are complété, tighten the set 
screws further. Place the convex stabilizing rod, measure 
the length, and eut the rod to length. With use of the 
French bender, contour the rod according to the curvature 
of the spine in the residual position of alignment from 
the correction rod. Place the contoured rod into the hooks 
and provisionally secure the rods with set screws (Fig. 
44-82C). 

■ Once the rod is secured to the implants, apply distraction 
and compression. 

■ Measure the length and apply appropriate side crosslinks. 
Transverse crosslinks are necessary to provide rotational 
stability to the construct. Ideally, the crosslinks should be 
placed close to the ends of the construct. Tighten the set 
screws. 

■ Place the countertorque instrument over the implant and 
rod (Fig. 44-82D). Place the break-off driver through the 
cannulated countertorque. The self-retaining break-off 
driver provides leverage for breaking the set screw heads. 
Tighten the handle clockwise and shear off the set screw 
head (Fig. 44-82E). 

■ In this System, the broken-off part of the set screw is 
captured in the cannulated portion of the driver. 

■ After final tightening, the sheared-off portions of the set 
screws accumulated in the driver are removed with an 
obturator (Fig. 44-82F). These are then counted and 
compared against the number of implants. 

■ Perform décortication with either a power burr or Cobb 
gouge. 

■ Apply bone graft. 

■ Close the wound in the routine manner. 

POSTOPERATIVE CARE. Postoperatively, most patients 
hâve a temporary iléus. For this reason, food and liquids 
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Retracting 



Cable tensioner 



Fully retracted 





FIGURE 


A f Tensioner device. B f After appropriate tension is applied, provisional crimp is locked into place. C f After ail cables 


hâve been tightened, top hats are crimped. (Redrawn from Cable tensioner instruction sheet, Danek Cable Instruments, Memphis, TN, Sofamor 


Danek.) SEE TECHNIQUE 44-17. 
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jJU A-F f Instrumentation sequence for Lenke IA (King III) curve with CD Horizon Legacy spinal deformity System (see 
text). Décortication, rod contouring, and réduction. (Redrawn from Lascombes P: CD Horizon Legacy Spinal System-deformity, surgical technique 
manual, Memphis, TN, 2005, Medtronic Sofamor Danek.) SEE TECHNIQUE 44-18. 



A and B, Deformity correction by CD Horizon Legacy spinal deformity System. See text for description. (Redrawn from 
Lascombes P: CD Horizon Legacy Spinal System-deformity, surgical technique manual, Memphis, TN, 2005, Medtronic Sofamor Danek.) SEE 


TECHNIQUE 44-18. 
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A-F f Rod compression and distraction, stabilization, and final tightening for CD Horizon Legacy spinal deformity 
System (see text). Décortication, rod contouring, and réduction. (Redrawn from Lascombes P: CD Horizon Legacy Spinal System-deformity, 
surgical technique manual, Memphis, TN, 2005, Medtronic Sofamor Danek.) SEE TECHNIQUE 44-18. 


are advanced slowly. Frequently, they hâve atelectasis 
and a low-grade fever, and intravenous antibiotics may 
be continued for 24 hours. The suction drain is removed 
at 24 to 48 hours, depending on the amount of drain¬ 
age. The patient is mobilized from bed to chair as 
quickly as pain allows. The instrumentation usually is 
stable enough that no external support or brace is 
needed. Patients are discharged from the hospital as 
soon as they tolerate food and liquids, their température 
decreases, and they are independent with household- 
type activities. 


DEFORMITY CORRECTION BY USE OF 
TRANSLATIONAL TECHNIQUES WITH 
MULTIPLE THORACIC PEDICLE SCREWS 


TECHNIQUE 44-19 


■ Once the correct screw placement has been verified by 
image and by triggered electromyography, contour a trial 
rod in the sagittal and coronal planes. 
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A-K f Thoracic screw insertion techniques with use of CD Horizon Legacy spinal deformity System. See text for 
description. (Redrawn from Lascombes P: CD Horizon Legacy Spinal System-deformity, surgical technique manual, Memphis, TN, 2005, Medtronic 
Sofamor Danek.) SEE TECHNIQUE 44-19. 


■ Hold the rod with rod grippers to prevent it from rotating 
during contouring (Fig. 44-83A). For hypokyphotic defor- 
mities, which are the most common, place the rod on the 
concavity first. 

■ Place the contoured rod into the screws. There are several 
instruments that can be used to fully seat the rod into 
the saddle of the implant. A forceps rocker is effective for 
seating the rod into the implant when there is only a 
slight height différence between the rod and the implant 
saddle. To use the rocker, grasp the sides of the implant 
with a rocker cam above the rod (Fig. 44-83B). Lever 
backward over the rod. The levering action allows the rod 
to be fully seated in the saddle of the implant. 

■ Introduce a set screw plug into the screw (Fig. 44-83C). 

■ If the rod rests over the implant but is too far superior for 
the rocker, use a rod reducer. 


■ Place the reducer over the implant with the ratchet 
portion parallel to the rod (Fig. 44-83D). 

■ Slowly close the reducer, allowing the attached sleeve to 
slide down and seat the rod into the implant saddle. 

■ Place a set screw through the plug tube and provisionally 
tighten it (Fig. 44-83E). The set screws are tightened on 
each end of the rod but kept loose in the center. 

■ Slowly straighten the concave rod with the left and right 
coronal benders. Each straightening of the concave rod 
is performed over a pedicle screw. Only small corrections 
are made each time, and several passes are generally 
required to allow viscoelastic relaxation (Fig. 44-83F). 

■ Once correction is obtained, perform desired compression 
or distraction (Fig. 44-83G). Distraction can sometimes be 
useful in correcting any residual endplate tilt either proxi- 
mally or distally. 
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9 " Contour a second rod and place it in the convex screw 
heads (Fig. 44-83H). 

■ Place compressive forces on segments on the convex side 
to horizontalize the lowest instrumented vertebra and 
mildly compress the convexity of the deformity (Fig. 
44-831). 

■ In situ bending in the sagittal plane may be needed to 
re-create sagittal balance. 

■ Apply appropriate-sized crosslinks (Fig. 44-83J). 

■ In this particular instrumentation System, a countertorque 
and a self-retaining break-off driver are used. Shear the 
heads of the set screws off and lock the rod into place 
(Fig. 44-83K). 

■ Decorticate the posterior éléments with a bur and place 
a bone graft. 


DEFORMITY CORRECTION BY DIRECT 
VERTEBRAL ROTATION 


TECHNIQUE 44-20 


■ In this technique, we routinely use bilateral pedicle screws 
at every level to be fused in the thoracic spine. The direct 
vertébral rotation is opposite to that of the vertébral 
rotation in the thoracic curve; apical and juxtaapical ver- 
tebrae are rotated clockwise in the transverse plane. 

■ Insert screw derotators onto the pedicle screws of the 
juxtaapical vertebrae on both the concave and convex 
sides and derotate the vertebrae as much as possible. 

■ Remove the screw derotators on the concave side and 
contour the rod to fit into the pedicle screws on the 
concave side while holding the vertebrae derotated. 

■ Rotate the rod as the convex screws are held in a dero¬ 
tated position (Fig. 44-84). During the rod derotation, 
rotate the convex screws in the opposite direction (clock¬ 
wise) of the rod derotation maneuver. 

■ After completion of the derotation, lock the rod into 
position by tightening the set screws fully. 

■ If the curve is rigid, we hâve found that often little rod 
derotation is possible. In these cases, while holding the 
convex screws in the derotated position, use the coronal 
rod bender to correct the deformity in the coronal plane. 
Again, this is done in incrémental steps, each one around 
a pedicle screw. 

■ Once the coronal correction is obtained, temporarily 
tighten the set screws. 

■ Place the concave rod derotator over the appropriate 
pedicle screw and a convex rod derotator on the pedicle 
screw on the other side of the same vertebra. 

■ Loosen the concave set screw and derotate the vertebra 
farther in a clockwise manner and tighten the screw. In 
this manner, individual derotation of each vertebra can 
be performed. 

■ After this, apply the stabilizing rod in the screws on the 
convex side and attach the set screws. 

■Apply appropriate crosslinks. Shear the set screws off, 
decorticate the posterior element, and apply bone graft. 



Convex 


Direct vertébral rotation. (Redrawn from Newton 
PO, O'Brien MF, Sufflebarger FIL, et al, editors: Idiopathic scoliosis: the 
Flarms Study Group treatment guide, New York, 2010, Thieme.) SEE 

TECHNIQUE 44-20. 


COMPLICATIONS AND PITFALLS IN 
SEGMENTAL INSTRUMENTATION SYSTEMS 

In addition to the complications inhérent in any spinal 
arthrodesis, segmentai instrumentation Systems hâve several 
potential pitfalls. These generally can be divided into strategie 
mistakes and technical mistakes. 

One of the more common strategie mistakes is stopping 
the instrumentation at the middle of a sagittal or frontal 
pathologie curve. If the instrumentation is stopped at the 
level of a thoracolumbar kyphosis, a postoperative distal 
junctional kyphosis often occurs (Fig. 44-85). This mistake is 
prevented by closely following the principles of instrumenta¬ 
tion site sélection and avoiding ending instrumentation at a 
level of thoracolumbar kyphosis on a standing latéral 
radiograph. 

Kim et al. defined proximal junctional kyphosis as a 
Cobb angle of more than 10 degrees and of 10 degrees greater 
than the preoperative measurement when measured from the 
lower end point of the uppermost instrumented vertebra and 
the upper endplate of two supraadjacent vertebrae. They 
found an incidence of 26% at 7.3 years after surgery. The 
proximal junctional kyphosis did not progress after 2 years. 

Another common strategie mistake is failure to recognize 
the significance of the upper thoracic curve preoperatively. If 
the upper thoracic curve does not correct on supine bending 
films to the predicted correction of the lower thoracic curve, 
élévation of the left shoulder and an unsightly deformity will 
occur (Fig. 44-86). This mistake is prevented by carefully 
evaluating the clinical appearance of the shoulders and the 
bending films, as well as the standing radiographs, with 
spécial attention to this upper curve. Useful measurements 
from standing radiographs are the Tl tilt angle, the clavicle 
angle, and the radiographie shoulder height. The Tl tilt angle 
is measured by the intersection of a line drawn along the Tl 
cephalad endplate and a line parallel to the horizontal 
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When right edge of vertébral body is up, tilt 
angle is defined as négative. When left edge of vertébral body is 
up, tilt angle is defined as positive. (Redrawn from O'Brien MF, Kuklo 
TR, Blanke KM, Lenke LG, editors: Spinal deformity study group radio¬ 
graphie measurement manual, Memphis, TN, 2004, Medtronic Sofamor 
Danek, p. 55.) 



Postoperative junctional kyphosis in King type 
Il thoracic curve; instrumentation stopped at level of thoracolum- 
bar kyphosis. 



Elévation of shoulder caused by undercorrec- 
tion of upper thoracic curve. 


reference line (Fig. 44-87). The clavicular angle is measured 
by the intersection of a line touching the two highest points 
of the clavicle and a line parallel to the horizontal reference 
line (Fig. 44-88). The radiographie shoulder height is deter- 
mined by the différence in the soff-tissue shadow directly 



Négative (-) 

- CHRL 

Positive (+) 
CRL 


Left 


Right 


0 = Clavicle angle 


Clavicular angle. CHRL, Clavicle horizontal ref¬ 
erence line; CRL, clavicle reference line. (Redrawn from O'Brien MF, 
Kuklo TR, Blanke KM, Lenke LG, editors: Spinal deformity study group 
radiographie measurement manual, Memphis, TN, 2004, Medtronic 
Sofamor Danek, p. 56.) 


superior to each acromioclavicular joint on a standing pos- 
teroanterior radiograph (Fig. 44-89). A proximal curve 
should be considered structural if (1) the curve size is more 
than 30 degrees and remains more than 20 degrees on side- 
bending radiographs; (2) the Nash-Moe apical rotation is 
above grade 1; (3) there is more than 1 cm of apical transla¬ 
tion from the C7 plumb line; (4) there is a positive Tl tilt; 
and (5) clinical élévation of either shoulder (frequently the 
left) is noted, depending on the curve type. The other problem 
frequently described in the coronal plane is decompensation 
with sélective fusion of the thoracic curve (Fig. 44-90). When 
using pedicle screws for distal fixation, we hâve found that 
this problem can be minimized by careful évaluation of the 
lumbar curve according to the Lenke criteria and also by the 
clinical appearance of the lumbar curve. If the curve is 
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Left 


SHRL 


Right 


Négative (-) 


Positive (+) 
IHRL 


Radiographie shoulder height. IHRL, Inferior 
horizontal reference line; SHRL, superior horizontal reference 
line. (Redrawn from O'Brien MF, Kuklo TR, Blanke KM, Lenke LG, 
editors: Spinal deformity study group radiographie measurement 
manual, Memphis, TN, 2004, Medtronic Sofamor Danek, p. 57.) 



JjJ A, King type II curve. B, Decompensated lumbar 
curve after fusion of thoracic curve only. 


severely rotated clinically, it probably will need to be incor- 
porated in the fusion. If a sélective thoracic fusion is per- 
formed, the lower instrumented vertebra should at least 
touch the center sacral line on the standing posteroanterior 
preoperative radiograph. A well-balanced correction of the 
spine after a sélective thoracic fusion is more likely if the 
preoperative ratio of the thoracic to lumbar curve magnitude 
is greater than 1:2, the apical vertébral rotation ratio of 
the thoracic to lumbar curve is greater than 1:0, and the 
apical vertébral translation of the thoracic to the lumbar 
curve is 1:2. 



Cut-out of lower hooks caused by improper 
contouring of rods. 


When a multiple-hook segmentai instrumentation System 
is used, several potential technical problems should be 
avoided during the surgical procedure. During insertion of 
the pedicle hooks, the hooks should not be inserted too hori- 
zontally or else the inferior facet of the superior vertebra may 
be fractured; if the hooks are inserted too vertically, the 
superior facet of the inferior vertebra may be fractured. The 
pedicle hook should be carefully inserted into the intraarticu- 
lar space, and care should be taken to be certain that the 
pedicle is incorporated into the bifid area of the hook. During 
insertion of the laminar hooks, the most frequent problem is 
insufhcient insertion of the hook under the lamina. If this 
hook is not well seated, when the rod is applied and rotated 
and a posterior-directed force is applied, the hook often pulls 
out and the lamina breaks. The lower laminar edge runs in a 
backward and downward direction; therefore, when infrala- 
minar hooks are inserted in the lumbar spine, the hooks must 
be inserted in the same direction. Often, shaving down of the 
lamina is required to allow the hook to be well seated. 

The goal of the surgery is to restore normal sagittal con¬ 
tours. In contouring the rod, excessive bending of the rod 
should be avoided, if possible. If a large lumbar curve is 
présent and the rod is contoured in the coronal plane to 
correspond exactly to the lumbar curve, as the rod is rotated, 
an excessive posterior force is applied to the lower hooks, and 
these hooks can then eut out posteriorly (Fig. 44-91). If, 
however, the distance between the rod and hook is too large, 
the lamina can break as the rod is being inserted into the 
hook. In this case, it may be necessary to contour the rod 
further. 

As the rod rotation maneuver is done, the intermediate 
hooks of the thoracic spine tend to unload and can pull out 
with rotation. These hooks generally hâve to be reseated at 
least once during the rod rotation maneuver. Also, when a 
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lordotic rod bend with a reverse hook pattern is applied at 
the thoracolumbar junction, the infralaminar hook at the 
distal end often needs to be reset with rod rotation. As the 
rod is rotated, the upper end vertebra hook tends to medially 
rotate into the canal and may cause neurologie injury, such 
as a Brown-Séquard syndrome. This hook should be watched 
carefully during the rotation maneuver. 

The lower intermediate hook on the concave side can be 
forced accidentally into the spinal canal during rod insertion. 
The spinal cord generally is shifted toward the concave side 
of the scoliosis curve, and therefore extreme caution should 
be exercised when the rod is inserted. When the rod is rotated, 
however, the lower intermediate hook is pulled backward and 
away from the spinal cord. The lower intermediate hook is 
therefore of more concern during rod insertion, whereas the 
upper end vertébral hook is of more concern during rod 
rotation. 

When the convex rod is applied, a downward force is 
applied to the apical vertebra. Therefore this hook should 
be a pedicle hook and not a laminar hook. In general, the 
upper end vertebra in scoliosis should be instrumented 
on both sides with at least one pedicle-transverse process 
claw. Because compression is applied to the convex rod, 
the pedicle-transverse process claw generally is used on the 
convex side. The hook that most frequently dislodges is the 
inferior, convex, cranially directed hook. An additional cau- 
dally directed hook at the level above can give a two-level claw 
configuration to this hook and decrease the possibility of 
hook cutout. 

RIGID CURVES 



FIGURE 


44-21. 


Child in halo-gravity traction. SEE TECHNIQUE 


HALO-GRAVITY TRACTION 

Rigid curves of the spine in adolescents hâve historically 
been treated with halo traction as an adjunct to surgery. 
However, it is not always indicated, especially if the defor- 
mity includes the cervical spine or distal spine with hip 
flexion contractures, kyphosis, or stenosis (Fig. 44-92). It 
also is associated with complications and requires pro- 
longed hospital stays. 


TECHNIQUE 44-21 


(SPONSELLERANDTAKENAGA) 

■Sédation and local anesthésia should be used for this 
procedure. 

■ Place the halo just below the equator of the skull, above 
the eyebrows and pinnae of the ears. 

■ Six to eight pins are used in children younger than 6 years 
of âge and tightened to 4 in-lb of torque. In older children 
or adults (if there is normal bone density), the pins are 
tightened to 8 in-lb. Place the anterior pins latéral to the 
midportion of the eyebrows to avoid the supraorbital 
nerves. Place the posterior pins diametrically opposite 
the anterior pins. Retighten the pins after 24 to 48 hours. 
If there is loosening after this, the pin should be 
relocated. 

■ Begin traction immediately with 5 Ib of weight for young 
children and 10 Ib for children close to maturity. 


■ Gradually increase the traction weight by 2 to 3 Ib/day as 
tolerated, with the goal being a weight of 33% to 50% 
of the patient's body weight. Incline the bed downward 
caudally. 

■ Inspect the patient's skin regularly because pressure sores 
from bony prominences are common, especially in 
patients who hâve trouble turning themselves. 

■ Continue traction throughout the day. Patients should be 
upright in a halo wheelchair or walker for part of the day. 
The goal is to suspend the patient's trunk as much as 
possible. Traction also may be applied when the patient 
is standing in a specially designed walker. Decrease the 
traction weight when the patient is sleeping, especially 
when the weight is near its maximum. 

■ Check the patient's neurologie status in the upper and 
lower extremities three times daily, as well as cranial nerve 
function. 

■ The duration of preoperative halo-gravity traction may 
range from 2 to 12 weeks depending on the severity of 
the curve, its response to traction, and the overall condi¬ 
tion of the patient. 

■ Obtain radiographs approximately every week to assess 
the improvement obtained. 

■ Longer periods of traction may help to optimize nutrition 
and minimize pulmonary problems in those with border- 
line pulmonary or nutritional reserve. 
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TEMPORARY DISTRACTION ROD 

The use of temporary internai distraction rods in advance 
of the corrective surgical procedure has been described as 
an alternative to halo traction for severe rigid curves. 
Improved curve correction and restoration of sagittal and 
coronal contours hâve been cited as advantages to this 
technique. Placement of one or two temporary rods, soft- 
tissue releases, and ostéotomies are performed usually 1 
week before the permanent final implants are placed and 
fusion performed. The time between procedures can be 
longer than 1 week if necessary. 

Before surgery, standard anteroposterior and latéral 
plain radiographs of the spine should be obtained with 
the patient standing or sitting, depending on the neuro¬ 
logie status. Traction films are helpful in predicting the 
amount of correction that can be obtained with a tempo¬ 
rary rod. In addition, MRI and CT of the cervical, thoracic, 
and lumbar spine should be obtained to evaluate the 
précisé spinal anatomy. Preoperative antibiotics should be 
administered. 


TECHNIQUE 44-22 


(BUCHOWSKI ETAL) 

■ Place the patient prone on a Jackson table or alternative^ 
on a fiat radiolucent table. Place longitudinal chest rolls. 
The goal when positioning the patient on the table is to 
obtain as much correction of body alignment as possible 
to lessen the force required to achieve intraoperative 
correction. Gardner-Wells tongs can be helpful to obtain 
temporary intraoperative traction. The tongs can be 
released once instrumentation is placed and the spine is 
distracted. 

■ Neuromonitoring is absolutely necessary during distrac¬ 
tion of the spine. 

■ Make a skin incision in the standard fashion. Through a 
midline incision, carry subperiosteal dissection along the 
laminae down to the osseous cephalad anchor points. 

■ Place two infralaminar or pedicle hooks in a standard 
fashion in the laminae that are not intended to be the 
final cephalad fixation points. Alternative^, the ribs may 
be used as temporary cephalad anchor points. This 
requires subperiosteal dissection along the lamina and 
then laterally over the transverse processes until the 
médial aspects of the ribs are palpated. To avoid entering 
the chest, dissect the ribs subperiosteally along their 
anterior surfaces (before closure, check to make sure the 
chest has not been entered). Place standard laminar 
hooks on the rib in an upgoing fashion. 

■ For placement of the caudal anchors, use standard lumbar 
pedicle screws, placing two screws (or more, depending 
on bone quality) at adjacent vertebrae. Alternative^, 
sublaminar hooks can be used. The vertebrae cephalad 
to the end vertebrae of the final construct should be 
chosen because some loosening of the temporary anchor 
points is expected to occur with distraction. 

■ If the pelvis is used for anchoring points, expose the iliac 
spine. Place an iliac screw in the posterior superior iliac crest 
close to (but not entering) the sciatic notch. It should be 


placed parallel and at least 2 cm latéral to where the per¬ 
manent iliac screw will be placed. Alternative^, an S-shaped 
hook may be used, and this may be easier to connect to the 
distraction rod with a side-to-side connector. 

■ Although there are several possibilities for placement of 
internai distraction rod constructs, the simplest is to 
attach one distraction rod to the cephalad anchor points 
and a second rod to the caudal anchor points. Connect 
the two rods using a side-to-side connector with overlap 
of the rods. In some patients with extreme deformity, it 
may be necessary to attach two short rods (one attached 
cephalad and one caudal) to a third distraction rod using 
multiaxial crosslink connectors. 

■ Apply distraction across these two rods serially by loosen¬ 
ing and tightening the side-to-side connector. Careful 
attention should be given to spinal cord function during 
the distraction process. If a dépréssion in spinal cord 
signal is noticed, the amount of correction should be 
decreased and a wake-up test performed. 

■ Once the temporary rod or rods hâve been placed, expose 
the rest of the spine subperiosteally. Perform releases and 
ostéotomies as necessary to allow additional correction 
of the spine. Although technically more difficult, addi¬ 
tional anchor points can be placed after releases and 
ostéotomies if necessary. 

■ Small amounts of distraction should be performed 
throughout the procedure to allow maximal correction 
with minimal stress. With time, soft-tissue release, face- 
tectomies, and ostéotomies, additional correction can be 
obtained with the goal at the end of surgery to hâve 
correction greater than that shown on the supine traction 
film with 50% or more correction in the Cobb angle. 
Bone graft is not used at this time but can be stored for 
the final procedure. 

■ Irrigate the wound thoroughly. Buchkowski et al. recom- 
mend jet lavage and antibiotic-detergent solution to 
decrease the risk of infection. 

■Closure is difficult because substantial soft-tissue length- 
ening occurs with distraction and the rods usually are 
latéral to the transverse processes. If necessary, raise thick 
local flaps including the paraspinal muscles to make 
closure possible. Use closed suction drains in the space 
created during the closure. 

STAGE II DEFINITIVE SURGERY 

■ Reexpose the spine. Leaving the temporary rod(s) in place 
if feasible, create the anchor points for the final construct. 
There should be a substantial increase in the ability to 
correct the spine at this point, and it may be possible to 
gain additional distraction. 

■ Remove the temporary instrumentation and insert the 
final implants. 

■ Perform repeat pulsed irrigation and drainage and close 
the wound. 

POSTOPERATIVE CARE. Between the first and second 
stages, parentéral nutrition is recommended until the 
patient can optimize oral intake. Sitting, standing, and 
walking are encouraged to avoid pulmonary complica¬ 
tions. Casting or bracing is not required. 
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ANTERIOR RELEASE 

Complété anterior release of the thoracic or lumbar spine, 
or both, allows improved mobilization of a curve and cor¬ 
rection of deformity. Additional posterior release with 
instrumentation may be necessary in more severe or rigid 
deformity. 


TECHNIQUE 44-23 


(LETKO ETAL) 

■ In the thoracic spine, resect the convex rib heads and 
attempt to rupture the concave costovertebral joints. 

■ In both the thoracic and lumbar spine, remove the dise 
and posterior annulus. Release the posterior longitudinal 
ligament. 

■ Resect the convex inferior endplate with or without resec¬ 
tion of the convex superior endplate to allow mobilization 
and correction in the coronal plane. By shortening the 
anterior column, hypokyphosis in the thoracic sagittal 
profile can be corrected to normal. 

■ Anterior structural support of the lumbar spine and 
thoracolumbar junction is recommended to prevent 
kyphosis. 

■ After complété anterior release, anterior instrumentation 
can be performed if the curve is not too rigid or large. 


OSTEOTOMY IN COMPLEX 
SPINAL DEFORMITY 

Spinal osteotomy should be considered for patients with 
large, stiff curves for whom instrumentation alone cannot 
correct the deformity or restore balance. The classic indica¬ 
tion for this procedure was a long rounded kyphosis as in 
Scheuermann kyphosis; however, it is a versatile procedure 
that can be performed safely to aid in the graduai correc¬ 
tion of rigid scoliotic curves. If soft-tissue releases are 
insufficient in obtaining correction, proceeding to osteot¬ 
omy is the next step. The Ponte, Smith-Petersen osteotomy 
is performed for scoliosis greater than 70 to 75 degrees 
that does not bend down to less than 40 degrees or for 
kyphosis that corrects to greater than 40 to 50 degrees in 
hyperextension. Each millimeter of resection equals 1 
degree of correction, with a possible correction of 5 to 10 
degrees per level. Multiple levels can be resected to obtain 
more correction. A collapsed or immobile dise may be a 
contraindication to this technique. The choice of osteotomy 
dépends on the apex of the deformity. 


TECHNIQUE 44-24 


Figure 44-93 


(PONTE, SMITH-PETERSEN OSTEOTOMY) 

■ Place the patient prone on an open-frame radiolucent 
table that allows the abdomen to hang free and places 
the lumbar spine in lordosis. 

■ After exposing the spine as described in Technique 44-6, 
perform complété facetectomies for complété exposure. 


■ Develop the screw tracks for subséquent pedicle screw 
placement (without placing the screws) to help guide the 
osteotomy. 

■ Remove the lamina, ligamentum flavum, and superior 
and inferior articular processes bilaterally, and resect the 
spinous process of the vertebra just cephalad to the 
osteotomy site. 

■ Create a wedge-shaped osteotomy 7 to 10 mm in width 
and carry it laterally to the intervertébral notch with small 
Kerrison rongeurs. The point should be oriented distally. 
Both limbs of the wedge should be symmetric unless 
some coronal plane correction is desired. Take care to 
avoid the pedicles above and below the osteotomy and 
the nerve roots. If there is significant rotational deformity, 
open the osteotomy to a larger degree on the convex 
side. 

■ When closing the osteotomy site, widening the osteotomy 
by removing more superior facet may prevent impinge- 
ment of the superior nerve root. 

■ At this point, instrumentation can be added as indicated 
to achieve necessary correction. 


POSTERIOR THORACIC VERTEBRAL 
COLUMN RESECTION 

Vertébral column resection is indicated for patients with 
complex, rigid, spinal deformities that cannot be corrected 
by less aggressive ostéotomies. Circumferential access is 
provided to the vertébral column and neural éléments for 
décompression and stabilization. This procedure is quite 
challenging and entails resection of one or more entire 
vertébral segments, including the posterior éléments, ver¬ 
tébral body, and adjacent dises. Patients with cardiopulmo- 
nary comorbidities may not be suitable candidates. 


TECHNIQUE 44-25 


(POWERS ETAL) 

■ Position the patient on a Jackson table with adjustable 
pads. Intraoperative halo-gravity traction can be used. 
Neuromonitoring is necessary for this procedure. 

■ Subperiosteally expose the spine out to the tips of the 
transverse process (Fig. 44-94A). 

■ Place pedicle screws using a freehand technique at the 
preplanned levels of fusion, a minimum of three levels 
above and three below the vertébral column resection 
(Fig. 44-94C). The spine is considered unstable from the 
time resection begins until final correction is achieved. A 
minimum of six points of fixation, both cephalad and 
caudal to the resection, is recommended. Multiaxial 
réduction screws can be placed at the apical concave 
régions of severe scoliosis or at the proximal or distal 
régions of severe kyphoscoliosis or kyphosis. In the lumbar 
spine, they should be placed in the concavity of the 
lumbar région. 

■ Expose 4 to 5 cm of the médial ribs corresponding with 
the level of resection. Remove the ribs by cutting each 
laterally and then disarticulating the costovertebral joints, 
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Ponte ostéotomies for correction of kyphosis. A and B f Wedge-shaped ostéotomies. C and D f Placement of rod for 
correction. (Redrawn from Geck MJ, Macagno A, Ponte A, Shufflebarger HL: Posterior only treatment of Scheuermann's kyphosis using segmentai 
posterior shortening and pedicle screw instrumentation, J Spinal Disord Tech 20:586, 2007.) SEE TECHNIQUE 44-24. 



A f Posterior thoracic vertébral column resection. Spine exposed to tips of transverse processes. B f Médial 4 to 5 cm 
of ribs attached to vertebra excised to base of vertébral body. C f Pedicle screws placed segmentally, periadjacent to planned vertebrec- 
tomy site. (Redrawn from Powers AK, et al: Posterior thoracic vertébral column resection. In Wang JC: Advanced reconstruction: spine, Rosemont, 
IL, 2011, American Academy of Orthopaedic Surgeons, p. 265.) SEE TECHNIQUE 44-25. 
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A Laminectomy 



A f Complété laminectomy performed from inferior pedicles of level above to superior pedicles of level below planned 
resection. B f Temporary rod placed either unilaterally or bilaterally, depending on amount of instability anticipated. C f Vertébral body 
exposed superperiosteally or subperiosteally latéral ly and then anteriorly. Spoon retractor placed anterior to body. (Redrawn from Powers 
AK, et al: Posterior thoracic vertébral column resection. In Wang JC, editor: Advanced reconstruction: spine, Rosemont, IL, 2011, American Academy 
of Orthopaedic Surgeons, p. 265.) SEE TECHNIQUE 44-25. 


or resect the transverse process at the level of the resec¬ 
tion bilaterally to weaken the attachment of the rib head. 
The removal of the ribs and transverse process allows 
access to the latéral pedicle wall and vertébral body and 
can be used as a graft to fill the laminectomy defect later. 

■ After bilateral costotransversectomy, dissect the vertébral 
body wall anteriorly until the anterior vertébral body is 
exposed. Protect the thoracic sympathetic chain, anterior 
and posterior vessels, and pleura with a retractor. 

■ Perform bilateral laminectomies and facetectomies at the 
levels to be resected and complété the posterior décom¬ 
pression by removing the lamina cephalad to the pedicles 
above the resection and caudal to the pedicles below the 
resection (Fig. 44-95A). Posterior column exposure should 
be 5 to 6 cm to allow access to the spinal cord and to 
prevent durai buckling or impingement. Ligate the cor- 
responding nerve roots médial and dorsal to the root 
ganglion. 

■ Once the ostéotomies are complété, insert a temporary 
stabilizing rod and fix with two or three pedicle screws 
above and below the vertébral column resection (Fig. 
44-95B and C). Depending on the deformity, one or two 
rods can be used to prevent subluxation of the spine. 

■ Identify the pedicles to be resected and enter through 
their latéral wall to gain access to the vertébral body. 
Complété the corpectomy by curetting the cancellous 
bone out of the vertébral body. Save this bone for later 
bone grafting. Most of the vertébral body removed 
should be from the convexity of the deformity. Powers 
prefers to perform resection from the concave side before 
the convex side removal to minimize bleeding and to 
remove some tension from the concave side before 


proceeding. Except for the anterior shell, remove the 
entire vertébral body. Keep a thin rim of bone intact on 
the anterior longitudinal ligament for fusion. Thin the 
anterior bone if it is thick and cortical. 

■ Perform discectomies above and below the resected body 
to expose the adjacent vertébral body endplates; however, 
avoid violating these because this can lead to interbody 
cage subsidence (Fig. 44-96). 

■ For removal of the posterior wall, inspect the dura and 
free it of any attachments, such as the anterior épidural 
venous plexus, the posterior longitudinal ligament, or 
osteophytes. Control épidural bleeding, which can be 
significant, with bipolar electrocautery. Once the dura is 
freed, the thin posterior vertébral body can be tamped 
away from the spinal cord into the corpectomy defect 
(Fig. 44-97A). Inspect the dura after posterior vertébral 
body removal and remove any points of attachment or 
compression. 

■ Once the resection is complété, closure of the defect 
and deformity correction are performed. In this proce¬ 
dure, the spinal column is always shortened, not length- 
ened, with compression. Obtain correction with pedicle 
screws or using a construct-to-construct closure method 
performed by placing a construct rod above and one 
below to distribute forces of correction over several 
pedicle screw levels. Compression should proceed slowly 
because subluxation or durai impingement may occur 
(Fig. 44-97B). 

■ In any deformity with a degree of kyphosis, Powers et al. 
recommend using an anterior structural cage to prevent 
overshortening and to help provide extra kyphosis 
correction. 
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9 " Once the vertébral column resection has been complétée!, 
place a permanent contralatéral rod and remove the 
temporary rod. Then place a second permanent rod on 
the ipsilateral side and perform appropriate correction 
compression or distraction maneuvers as necessary. 

■ Confirm alignment by intraoperative radiographs (Fig. 
44-98) and perform a final circumferential durai 
inspection. 

■ Place split-thickness rib autograft over the laminectomy 
defect and secure it to the rods using sutures or a 
crosslink. 





Latéral vertébral Vertébral body 

body access removal 


Discectomy 


FIGURE 


Vertébral body corpectomy and discectomy. 


(Redrawn from Powers AK, et al: Posterior thoracic vertébral column 


resection. In Wang JC editor: Advanced reconstruction: spine, Rose¬ 
mont, IL, 2011, American Academy of Orthopaedic Surgeons, p. 265.) 

SEE TECHNIQUE 44-25. 



Rib bridge graft 


Permanent rods with rib bridge graft. (Redrawn 
from Powers AK, et al: Posterior thoracic vertébral column resection. In 
Wang JC, editor: Advanced reconstruction: spine, Rosemont, IL, 2011, 
American Academy of Orthopaedic Surgeons, p. 265.) SEE TECHNIQUE 
44-25. 



A f Impaction of posterior wall of vertébral body into defect created. B f Correction of deformity using compression. 

(Redrawn from Powers AK, et al: Posterior thoracic vertébral column resection. In Wang JC, editor: Advanced reconstruction: spine, Rosemont, IL, 
2011, American Academy of Orthopaedic Surgeons, p. 265.) SEE TECHNIQUE 44-25. 
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■ Irrigate the wound with saline. Decorticate the posterior 
spine and facet joints with a high-speed burr and place 
copious amounts of bone graft. 

■ Place subfascial and suprafascial Hemovac drains through 
separate stab incisions and close the wound in layers with 
interrupted absorbable sutures. 

POSTOPERATIVE CARE. The suction drain is removed 
once the drainage is less than 50 mL per 8-hour shift or 
at 48 hours postoperatively. Most patients will develop a 
postoperative iléus. Food or liquids are begun slowly and 
advanced as tolerated. Most patients also develop a 
postoperative atelectasis and température élévation. This 
is managed with routine "pulmonary toilet" and incentive 
spirometer. Intravenous antibiotics are administered for 
24 hours. If the patient is old enough, a patient-controlled 
pain médication pump is used. Postoperative continuous 
épidural analgesia using local anesthetic agents or opioids, 
or both, can be used in appropriate situations. The patient 
is gradually gotten out of bed as allowed by pain tolér¬ 
ance. A postoperative brace or no immobilization may be 
used depending on the stability of the instrumentation 
construct. When the température has subsided and the 
patient is relatively independently ambulatory and tolerat- 
ing food and liquid intake, the patient is discharged. At 
the 6-month checkup, if the fusion appears solid, most 
limitations are lifted. We generally advise against contact 
sports after this type of spinal surgery. 


COMPLICATIONS OF POSTERIOR 
SCOLIOSIS SURGERY 
■ EARLY COMPLICATIONS 
I NEUROLOGIC INJURY 

The most feared and unpredictable complication in scoliosis 
surgery remains neurologie injury. For patients undergoing 
spinal fusion for adolescent idiopathic scoliosis, the incidence 
of neurologie injury is relatively low, between 0.32% and 
0.69%. It may be caused by inadvertent entry of the instru¬ 
mentation into the spinal canal. Newer and more complex 
instrumentation Systems require the surgeon to be aware of 
potential problems with instrumentation (see Box 44-4). 
Other possible causes of neurologie injury during surgery are 
unrecognized spinal cord tethers or other spinal anomalies 
and ischémie damage as the spine is lengthened during the 
correction procedure. Management of an intraoperative 
neurologie déficit begins with a sériés of corrective actions. 
The first step is to bring the patients mean arterial pressure 
above 90 mm Hg combined with administration of an 
increased concentration of inspired oxygen. The patients 
wound also should be irrigated with warm saline in an effort 
to increase perfusion. If the neurologie injury is associated 
with curve correction, the spine should be allowed to return 
to its precorrection State and considération given to removal 
of the implants. The use of corticosteroids is controversial and 
is determined on a case-by-case basis. (Spinal cord monitor- 
ing and the wake-up test are discussed in the section on 
intraoperative considérations for operative treatment of 
adolescent idiopathic scoliosis.) 


I INFECTION 

Moe et al. reported two types of wound infections after sco¬ 
liosis surgery. The first is obvious because a high fever 
develops, usually within 2 to 5 days after surgery, and the 
wound almost always appears infected. In the second type, 
the température is elevated only slightly or moderately and 
the wound appears relatively normal. Diagnosis of this latter 
type of wound sepsis may be difficult. Patients often hâve 
postoperative température élévation of up to 102°F, which 
should décliné gradually during the first 4 postoperative days. 
Any spike of température above 102°F should strongly suggest 
a deep wound infection, especially if the patients general 
condition does not steadily improve. The appearance of the 
wound can be deceiving, with no significant erythema or 
tenderness. Prompt aspiration of the wound in several sites is 
recommended. Culture specimens should be submitted, but 
results should not be awaited, and reoperation should be 
planned immediately. 

The most common organism associated with postopera¬ 
tive infection is Staphylococcus aureus. When the wound 
infection is diagnosed, the wound is opened widely and 
thorough irrigation and debridement are done. The implants 
and most of the bone graft usually are left in, and the wound 
is closed over drains, although Ho et al. found nearly a 50% 
rate of persistent infection, despite multiple incisions and 
debridements if the implants were retained. Appropriate 
antibiotics are administered for 3 to 6 weeks, depending on 
the severity of the infection. If the wound infection is discov- 
ered late, it may be necessary to débridé the wound, to irrigate 
copiously, and to pack the wound open or use a vacuum- 
assisted closure (VAC) sponge. The patient is brought back to 
the operating room in 3 to 5 days, and the wound is closed 
over suction tubes. In severe infections or gram-negative 
infections, such as those caused by Pseudomonas or Esche- 
richia coli, it may be necessary to leave the wound packed 
open or use a VAC sponge for prolonged periods and allow 
it to granulate in from the bottom. This also is occasionally 
necessary if the infection recurs a few days after the wound 
is closed over suction drains. 

With the use of prophylactic preoperative, intraoperative, 
and postoperative antibiotics, the incidence of postoperative 
wound infections in surgery for idiopathic scoliosis is less 
than 1%. 

I ILEUS 

Iléus is a common complication after both anterior and 
posterior spinal fusion. Oral feedings are resumed slowly 
after surgery. Intravenous fluids are continued until a fu.ll diet 
is tolerated. Malnutrition is uncommon in teenagers with 
idiopathic scoliosis, but patients requiring a two-stage correc¬ 
tive procedure may become malnourished as a resuit of the 
limited oral calorie intake associated with closely spaced 
surgical procedures. Combined anterior and posterior proce¬ 
dures also are more likely to be done in patients with neuro- 
muscular disorders, and parentéral hyperalimentation should 
be considered for these patients. 

1 ATELECTASIS 

Atelectasis is a common cause of fever after scoliosis surgery. 
Frequent turning of the patient and deep breathing and 
coughing usually control or prevent serious atelectasis. Inha¬ 
lation therapy with intermittent positive-pressure breathing 
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may be bénéficiai in cooperative patients, but inflation of the 
stomach during this type of treatment must be avoided. 
Incentive spirometry now is commonly used instead. The 
atelectasis and the fever secondary to the atelectasis generally 
résolve rapidly once the patient is mobilized. 

I PNEUMOTHORAX 

At the time of subperiosteal posterior spine exposure, the 
pleura may be entered inadvertently between the transverse 
processes on the concave side of the scoliosis. If a thoraco- 
plasty is done at the same time, a pneumothorax is more likely 
to occur. Observation of the pneumothorax is probably 
appropriate if it is less than 20%, but chest tube insertion is 
needed for larger pneumothoraces. 

I DURAL TEAR 

If a durai tear occurs during removal of the ligamentum 
flavum or insertion of a hook or wire, repair should be 
attempted. The laminotomy often must be enlarged to allow 
access to the ends of the durai tear. If repair is not done, 
drainage of the cerebrospinal fluid through the wound can 
cause problems postoperatively. 

i WRONG LEVELS 

Care should be taken in the operating room to correctly 
identify the vertébral levels. If the fusion extends to the 
sacrum, it can be used as a landmark and the vertebrae 
accurately counted. For other curves, we routinely obtain an 
intraoperative radiograph with use of a marker on the verte- 
bra to be identified. Alternatively, the level can be confirmed 
by palpation of the T12 rib and the L1 transverse process. 

I URINARY COMPLICATIONS 

The syndrome of inappropriate antidiuretic hormone sécré¬ 
tion develops in the immédiate postoperative period in a high 
percentage of patients undergoing spinal fusion. This causes 
a décliné in urinary output and is maximal on the evening 
after surgery. If the sérum osmolality is diminished and the 
urine osmolality is elevated, this syndrome should be consid- 
ered and fluid overload should be avoided. The urinary output 
gradually increases in the next 2 to 3 days after surgery. 

I VISION LOSS 

Postoperative loss of vision has an incidence of 0.02% to 0.2%. 
In a review of a nationwide database including over 40,000 
patients under the âge of 18 who had surgery for idiopathic 
scoliosis, De la Garza-Ramos et al. found that vision loss was 
reported in 0.16%. Prone positioning, particularly in the 
Trendelenburg position, has been noted to increase intraocu- 
lar pressure. This is thought to be a risk factor for postopera¬ 
tive loss of vision as the resuit of decreased perfusion of the 
optic nerve. Other suggested risk factors include a younger 
âge, a history of deficiency anémia, and long-segment fusions. 
The loss of vision manifests itself during the first 2 postopera¬ 
tive days. Most déficits are permanent. 

■ LATE COMPLICATIONS 
I PSEUDARTHROSIS 

In adolescents with idiopathic scoliosis, the pseudarthrosis 
rate is approximately 1%; the rate is higher in patients with 
neuromuscular scoliosis. The most common areas of pseud¬ 
arthrosis are at the thoracolumbar junction and at the distally 


fused segment. With more rigid and stronger implants, the 
pseudarthrosis may not be apparent for years. In a review of 
cases of nonunion with segmentai instrumentation, the 
average time to présentation of nonunion was 3.5 years. In 
23% of patients with nonunion, implant failure was detected 
5 to 10 years postoperatively. The diagnosis of pseudarthrosis 
usually is made by oblique radiographs, a broken implant, 
tomograms, CT, or bone scanning. After successful posterior 
fusion, the dise height anteriorly should diminish as the 
vertébral body continues to grow at the expense of the dise 
space. A large dise space anteriorly may indicate a posterior 
pseudarthrosis. Often, however, the pseudarthrosis cannot be 
confirmed even with the most sophisticated radiographie 
évaluation and can be detected only by surgical exploration. 

If a pseudarthrosis does not cause pain or loss of correc¬ 
tion, surgery may not be necessary. Asymptomatic pseudar¬ 
throsis is more common in the distally fused segments. A 
pseudarthrosis at the thoracolumbar junction is more likely 
to cause loss of correction and pain. 

At surgical exploration, the cortex is smooth and firm 
over the mature and intact areas of the fusion mass and the 
soft tissues strip away easily. Conversely, at a pseudarthrosis, 
the soft tissues usually are adhèrent and continuons into the 
defect; however, a narrow pseudarthrosis may be difficult to 
locate, especially if motion is slight. In this instance, décorti¬ 
cation of the fusion mass in suspicious areas is indicated and 
a search always should be made for several pseudarthroses. 
An extremely difficult type of pseudarthrosis to détermine is 
a solid fusion mass posteriorly that is not well adhèrent to the 
underlying spine and lamina. Once the pseudarthrosis has 
been identified, it is cleared of fibrous tissue, and the curve is 
reinstrumented by the application of compression over the 
pseudarthrosis. If this is not done, kyphotic deformity may 
worsen because of incompetent spinal extensor muscles from 
the previous surgical exposure. The pseudarthroses are 
treated as ordinary joints to be fused: their edges are fresh- 
ened and decorticated, and autogenous bone graff is applied 
in addition to the instrumentation. 

I LOSS OF LUMBAR LORDOSIS 

If distraction is applied across the lumbar spine, normal 
physiologie lumbar lordosis may be diminished or eliminated, 
causing the patient to stand with a forward tilt that results in 
upper back pain, lower back pain, and even pain in the hips 
(Fig. 44-99). Care also must be taken in positioning the patient 
on the spinal frame and ensuring that the hips are not flexed 
(see Technique 44-8). Positioning of patients on a Jackson 
frame equipped with two chest pads, two anterior pelvic pads, 
and two proximal thigh pads has been shown to maintain the 
preoperative lumbar lordosis when measured from T12 to SI 
and from L1 to L5. Patients with pedicle screw placement to 
L3 or L4 hâve been found to hâve statistically greater increase 
in instrumented lumbar lordosis after the completion of the 
instrumentation process than patients with only hook place¬ 
ment from T12 to L2. The best treatment for the loss of lumbar 
lordosis is prévention, which includes careful patient posi¬ 
tioning, avoidance of distraction in the lumbar spine, and use 
of newer segmentai instrumentation Systems. 

I CRANKSHAFT PHENOMENON 

If posterior fusion alone is done in patients with a signifi- 
cant amount of anterior growth remaining, a crankshaff 
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FIGURE 


Loss of lumbar lordosis (lumbar "fiat back"). 


phenomenon usually occurs (see section on treatment of 
juvénile idiopathic scoliosis). Tins is prevented by combining 
anterior and posterior fusions in younger children. More 
recent reports in the literature indicate that the use of poste¬ 
rior segmentai pedicle screw instrumentation may obviate 
the need for combined fusions. Tao et al. reported that none 
of 46 patients with interval or continuous pedicle screw 
instrumentation had experienced crankshaff phenomenon at 
3-year follow-up. 

I SUPERIOR MESENTERIC ARTERY SYNDROME 

Rarely, superior mesenteric artery syndrome may cause small 
bowel obstruction affer spinal fusion. The transverse portion 
of the duodénum crosses the midline anterior to the spine 
and the aorta and posterior to the superior mesenteric artery. 
As the space between these structures decreases, obstruction 
of the duodénum can occur. The patient develops nausea and 
bilious vomiting. An upper gastrointestinal sériés offen is 
required for the diagnosis to be made. The average onset of 
superior mesenteric artery syndrome has been reported to be 
5 to 7 days affer surgery. Initial treatment should consist of 
nasogastric drainage and intravenous fluid replacement, ali¬ 
mentation through feeding tubes, or intravenous hyperali- 
mentation. This offen allows swelling in the duodénum to 
subside. If nonoperative treatment fails, general surgical 
procedures, such as release of the ligament of Treitz or duo- 
denojejunostomy, may be necessary. 

■ TRUNK DECOMPENSATION 

Problems with trunk decompensation hâve been noted with 
the newer segmentai instrumentation Systems in the treat¬ 
ment of King type II curves. As noted earlier, decompensation 
can be prevented and a well-balanced correction obtained if 
the preoperative ratio of the thoracic to lumbar curve mag¬ 
nitude is greater than 1:2, the apical vertébral rotation ratio 
of the thoracic to the lumbar curve is greater than 1:0, and 
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the apical vertébral translation of the thoracic to lumbar 
curve is greater than 1:2. If decompensation occurs and is 
mild with minimal trunk imbalance, treatment may not be 
needed. The patient can be observed periodically for lumbar 
curve progression. For more severe decompensation, an 
orthosis can be used for treatment of the lumbar curve. If 
bracing is unsuccessful, it may be necessary to extend the 
fusion to the distal stable vertebra of the lumbar curve. 

As noted in an earlier section on Complications and 
Pitfalls in Segmentai Instrumentation Systems, a proximal 
curve should be considered structural if (1) the curve size is 
more than 30 degrees and remains more than 20 degrees on 
side-bending radiographs; (2) the Nash-Moe apical rotation 
is above grade 1; (3) there is more than 1 cm of apical transla¬ 
tion from the C7 plumb line; (4) there is a positive Tl tilt; 
and (5) clinical élévation of the leff shoulder is noted. 

I LATE INFECTION 

Delayed deep wound infections requiring removal of instru¬ 
mentation because of pain, swelling, and spontaneous drain¬ 
age hâve been reported. Causes hâve been attributed to an 
inflammatory response to micromotion and corrosion of the 
components and intraoperative seeding oflow-virulence skin 
organisms. Treatment may include removal of instrumenta¬ 
tion and primary wound closure, with parentéral, followed by 
oral, antibiotics. 

POSTERIOR THORACOPLASTY 

Of ail the deformities caused by idiopathic scoliosis, the 
posterior rib prominence is generally the patients main 
concern. With thoracic pedicle instrumentation and derota- 
tion techniques, we now rarely find it necessary to perform 
a thoracoplasty. Chen et al. found that posterior instrumen¬ 
tation in combination with thoracoplasty led to a significant 
decrease in pulmonary function at 3 months. Eventually, the 
function returned to normal at 1 year postoperatively. In 
our expérience, the addition of a thoracoplasty also signifi- 
cantly increases the postoperative pain and not infrequently 
requires the insertion of a chest tube or at least pleural 
aspiration. If necessary for cosmetic reasons, resection of 
the convex rib s can improve the postoperative cosmetic 
resuit of this surgery. 


THORACOPLASTY 


TECHNIQUE 44-26 


(BETZ) 

■ Position the patient as for a standard posterior spinal 
fusion for idiopathic scoliosis (see Technique 44-8). 
Préparé and drape the patient in a standard fashion. For 
adéquate exposure of the rib prominence, place the 
latéral drapes at the postérolatéral axillary line or wider. 

■ Make a routine midline incision (see Technique 44-8). 

■ Perform the thoracoplasty through this midline posterior 
incision by retracting the fascia and working under it and 
the latissimus dorsi, or, alternative^, make a separate 
parallel vertical incision centered over the rib hump as 
described by Steel. If the single, midline posterior incision 
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is used, extend the skin incision distally to approximately 
L2 or L3 for a right thoracic curve to adequately retract 
the thoracolumbar fascia from the midline. 

■ Stopping the skin incision at Tl 2 does not provide adé¬ 
quate latéral exposure. Likewise, proximally, carry the skin 
incision approximately y 2 to 1 inch farther. Despite the 
slight increase in length, this incision is much more cos- 
metically appealing than the two-incision technique. The 
advantage of the two-incision technique is easier access 
to the latéral rib. With newer instrumentation techniques, 
better translation of the apex of the curve to the midline 
is possible and less of the rib needs to be resected laterally 
than is necessary with Harrington rod techniques. 

■ After the skin incision is made, outline the spinous pro¬ 
cesses and incise the thoracolumbar fascia off the spinous 
process. 

■ In the L2-3 région, be careful to identify the very thin 
layer of thoracolumbar fascia. By sharp and blunt dis¬ 
section, elevate this fascia off the paravertebral muscle 
fascia, working laterally and proximally at the same 
time to develop a plane. Sequentially incise the thora¬ 
columbar fascia off the spinous processes, proceeding 
proximally. 

■ Once the fascia has been retracted laterally, palpate the 
ribs starting at the apex of the deformity. Symmetric 
resection is done working distally and proximally one rib 
at a time. 

■ Mark the apical rib with an electrocautery. 

■ Make a midline incision into the paraspinal muscles medi- 
ally and outline the ribs for the periosteal eut. 

■ Use an elevator to pull the periosteum off the surface of 
the rib to the latéral edge. The elevator should be pulled 
and not pushed to prevent pénétration of the pleura. 
Usually between four and six ribs are outlined. 

■ Once the periosteum has been stripped to the side of the 
rib, use the elevator to strip the periosteum and muscle 
around the inferior edge of the rib. 

■ With a Cobb elevator, strip the periosteum from the 
anterior aspect of the rib in a médial to latéral direction. 
This is the time the pleura is most likely to be entered. 

■ Once the anterior aspect of the rib has been stripped with 
a Cobb elevator, pass a Doyen retractor circumferentially 
and médial to latéral on the exposed rib. Identify the most 
médial attachment of the rib to the transverse process 
and pass a rib cutter around the rib and push it as far 
medially as possible. 

■ Hold the rib with a towel clip or Kocher clamp to prevent 
it from plunging through the pleura when it is eut. Cut 
the rib medially, keeping the cut as parallel to the floor 
as possible, and then make the latéral cut. For a standard 
rib resection in a patient with a 55-degree right thoracic 
curve, 2 cm of rib should be cut initially. 

■ Take care not to resect too much rib because more rib 
can be removed if necessary. 

■ If the thoracoplasty is done before instrumentation of 
the spine, the apex of the curve will translate to the 
midline when the curve is corrected, leaving a much 
larger gap than is apparent at the time of the original rib 
resection. 

■ Apply bone wax to the ends of the rib and pack Gelfoam 
into the periosteal bed. 


■ Cut additional ribs in an identical fashion, but going 
proximally and distally from the apex, progressively 
removing less rib. 

■ Once the resection has been completed, lift the edges of 
the wound and pour saline into the wound. Hâve the 
anesthesiologist perform a VaIsalva maneuver to look for 
a leak in the pleura. 

■ Place a suction drain over the resected rib bed. 

■Close the thoracolumbar fascia with a running absorb¬ 
able suture, starting at the distal aspect of the wound. 

■ Cut the removed segments of rib into small pièces for use 
as autogenous bone graft in the spinal arthrodesis. 

■ Alternative^, the thoracoplasty procedure can be done 
after spinal instrumentation. This allows better évaluation 
of the rib hump after the instrumentation but also can 
lead to increased blood loss if this procedure is done after 
the major dissection of the spine in the midline. 

POSTOPERATIVE CARE. After skin closure and dressing 
application, a protective plaster shell is applied over the 
rib resection area. This shell is essential to help prevent a 
postoperative flail chest and to minimize motion of the 
cut ribs on top of the pleura and the possibility of pleural 
effusion. The shell is made of plaster with foam under- 
neath to protect the skin. The mold is made while the 
patient is prone on the operating table to prevent a 
plaster burn, but the shell is not applied until the patient 
is in the recovery room. A chest radiograph is obtained 
in the recovery room to rule out a pneumothorax, and 
then the shell is applied and wrapped with 6-inch elastic 
wraps. Alternative^, the posterior shell of a TLSO that was 
made preoperatively can be used. The patient's back is 
examined 2 days after surgery. If there is no evidence of 
a flail chest and the rib resection gap measures less than 
the width of the palm of the hand, no prolonged post¬ 
operative immobilization is needed. If there is a larger gap 
or a flail chest, a postoperative rib protector, such as the 
postérolatéral half of a TLSO, is fitted. This rib protector 
is worn for 3 months. Alternative^, a full TLSO brace can 
be used for the first 3 months after surgery to protect the 
chest cage while the ribs regenerate. 


■ COMPLICATIONS AND PITFALLS 

During rib resection, a hole may be made in the pariétal 
pleura. No attempt should be made to repair the pleura. The 
hole in the rib bed should be gently packed with Gelfoam, 
and the intercostal muscles should be closed with a running 
suture from the most médial to the latéral aspect. As the last 
sutures are tightened, the anesthesiologist expands the 
patients lung, expressing as much air from the pleural cavity 
as possible before the final sutures are tied. The purpose of 
closing the hole is to prevent blood from seeping into the 
pleural cavity. An expanding pneumothorax should not occur 
because only the pariétal pleura is violated and not the vis¬ 
céral pleura. Suction drains are used routinely. Less than 50% 
of patients with pleural holes require chest tubes. Daily 
semierect and latéral decubitus radiographs are made for 3 
days. A thoracentesis is done if fluid accumulation persists 
and the patient is symptomatic. If a second thoracentesis 
becomes necessary, a chest tube is considered. 
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■ Make four to six ostéotomies over the apical concave 
vertebrae. 

■ Approximate the paraspinous muscles with an absorbable 
suture. 

■Complété the instrumentation and fusion and insert a 
chest tube. 


On occasion, even without a pleural hole, a pleural effu¬ 
sion may develop. The use of a protective shell postoperatively 
minimizes this complication. For expanding, symptomatic 
effusions, a thoracentesis is done; a chest tube is inserted if it 
occurs a second time. 

Resection of too much rib will cause rib concavity. This 
complication is preventable, and it is better to resect too little 
rib than too much. Six ribs should be the maximum taken, 
and never more than 8 cm in length. 

The most common error leading to residual rib promi- 
nence is not resecting enough ribs and not resecting the ribs 
medially enough. This risk must be weighed against the risk 
of causing a rib concavity. If a long rib deformity requires 
resection of more than six ribs, the risk of causing a rib 
concavity is high. In this situation, it is better to do a second 
procedure later than to risk a rib concavity. 

CONCAVE RIB OSTEOTOMIES 

The concept of concave rib ostéotomies was introduced by 
Flinchum in 1963. Kostuik, Tolo, Goldstein, and Mann et al. 
reported the use of concave ostéotomies and their possible 
value as a release procedure. Halsall et al., in cadaver studies, 
tested flexibility before and after sectioning of the ribs on 
the tension side. They found an average increase in deflec- 
tion of 53%. Flexibility increased most when five or six ribs 
were resected. The addition of concave rib ostéotomies to 
instrumentation and fusion procedures increases the risk of 
pulmonary morbidity. Goldstein reported five pleural effu¬ 
sions and three pneumothoraces in 17 patients who had 
resection of 5 to 6 cm of concave ribs. Mann et al. decreased 
the incidence of complications by performing rib ostéoto¬ 
mies rather than rib resections. They reported two pleural 
effusions and one pneumothorax in 10 patients. Although 
concave ostéotomies can increase the flexibility of right 
curves, with pedicle screw fixation and correction we hâve 
rarely needed to include this as part of our procedure. If 
concave rib ostéotomies are done, a prophylactic chest tube 
should be inserted. 


ANTERIOR INSTRUMENTATION FOR 
IDIOPATHIC SCOLIOSIS 

Anterior instrumentation and fusion for idiopathic scoliosis 
is a well-accepted procedure for certain thoracolumbar and 
lumbar curves. A Lenke type 4 curve pattern in which the 
thoracolumbar or lumbar curve is the structural component 
and the main thoracic or proximal thoracic curves are non- 
structural is the idéal situation for this type of procedure. 
Anterior instrumentation can provide derotation and correc¬ 
tion of the curve in the coronal plane. On occasion, the 
deformity can be corrected by fusing fewer motion segments 
than if the same curve were approached posteriorly, although 
with pedicle screw instrumentation of the lumbar spine, this 
often is not the case. The thoracolumbar or lumbar curve 
should be flexible. The thoracic curve should be nonstruc- 
tural and reducible to 25 degrees or less on the bending 
films. The incomplète curve between the lumbar or thoraco¬ 
lumbar curve and sacrum must be carefully evaluated 
because it also must be flexible enough to correct on bending 
films (Fig. 44-101). The child must be old enough for the 
vertebrae to be large enough to allow screw fixation. Caution 
is advised in using these Systems in children younger than 9 
years. In general, the lowest instrumented vertebra is the 
lower end vertebra of the Cobb measurement. The proximal 
level usually is the neutral vertebra. The fusion should not 
extend into the compensatory thoracic curve above. On the 
convex bending film, the dise below the lowest instrumented 
vertebra should open up on both sides. This indicates that 
the lower vertebra selected can be made horizontal with the 
anterior approach. If there is a discrepancy in the levels 
indicated on the bending films and the standing posteroan- 
terior film with the Cobb measurement, the method that 
indicates the longest segment of instrumentation and fusion 
should be selected. 

The anterior approach for thoracolumbar and lumbar 
curves has several potential disadvantages: chylothorax; 
injury to the ureter, spleen, or great vessels; rétropéritonéal 
fibrosis; and prominent instrumentation that must be care¬ 
fully isolated from the great vessels. Without careful attention 
to detail, a kyphosing effect can occur even with solid-rod 
and dual-rod anterior instrumentation Systems. The attach- 
ment to the spine is through relatively cancellous vertébral 
bodies, and proximal screw dislodgement also is a risk. Many 
orthopaedic surgeons require the assistance of a thoracic or 
general surgeon with anterior approaches. 

Shufïlebarger et al. recommended a posterior rather than 
anterior approach and pedicle screw fixation for lumbar and 
thoracolumbar scoliosis with posterior shortening. After a 
wide posterior release (Fig. 44-102), the spine is instrumented 
with pedicle screws and a 5-mm rod. With this technique, the 
same levels are fused as would be fused with anterior instru¬ 
mentation. The morbidity of the anterior approach is avoided, 


OSTEOTOMY OF THE RIBS 


TECHNIQUE 44-27 


(MANN ETAL) 

■ Approach the concave ribs through the midline incision 
used for the instrumentation and spinal fusion. 

■ Retract the paraspinous muscles latéral to the tips of the 
concave transverse processes. When needed, use electro- 
cautery to incise overlying tissue along the rib axis. 

■ Incise the periosteum along the rib axis for 1.5 cm latéral 
to the transverse process and use small elevators to 
expose the rib periosteally. 

■ Protect the pleura with the elevators and use a rib cutter 
to section the rib approximately 1 cm latéral to the 
transverse process (Fig. 44-100A). 

■ Lift the latéral rib segment with a Kocher clamp and allow 
it to posteriorly overlap the médial segment (Fig. 44-100B). 

■ Rongeur any jagged ends and place a small piece of 
thrombin-soaked Gelfoam between the rib and pleura for 
protection and hemostasis. 





|2|| Rib osteotomy. A f Rib is exposed subperiosteally 1 cm latéral to transverse process. Osteotomy is complétée! with 
microsagittal saw. B f Overlap of latéral rib segment. SEE TECHNIQUE 44-27. 



JïJ A f Flexible 43-degree thoracic curve. B f Correction on bending film. C f Correction of fractional curve on bending film. 
D and E f After anterior fusion with Texas Scottish Rite Hospital (TSRH) instrumentation. 
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Posterior approach and pedicle screw fixation. A f Areas in blue indicate bony resection to be accomplished for 
posterior shortening procedure. Interspinous ligament and ligamentum flavum must be removed, including intracanal portion of 
capsular ligament of facet joint. B f Facet joints and ail posterior ligamentous structures hâve been excised. C f Ability to produce lordosis 
after posterior shortening is shown. (Redrawn from Shufflebarger HL, Geck MJ, Clark CE: The posterior approach for lumbar and thoracolumbar 
adolescent idiopathic scoliosis: posterior shortening and pedicle screws, Spine 29:269, 2004.) 



UJÿ A and B f Anteroposterior and latéral preoperative radiographs show significant thoracolumbar curve of 55 degrees 
from T10-L3, with shift of C7 plumb line off center sacral line with 27 degrees angulated and significantly translated distal end vertebra. 
Trunk shift is présent. Sagittal lumbar lordosis is only 32 degrees. C and D f Postoperative standing views show centralization and leveling 
of lowest instrumented vertebra, end of Cobb measurement. Lumbar lordosis is normalized to 45 degrees. (From Shufflebarger HL, Geck 
MJ, Clark CE: The posterior approach for lumbar and thoracolumbar adolescent idiopathic scoliosis: posterior shortening and pedicle screws, Spine 
29:269, 2004.) 


and the patient is managed with a posterior approach familiar 
to ail spine surgeons. They reported excellent correction of 
the coronal and sagittal deformities (Fig. 44-103). 

Anterior instrumentation and fusion also can be used in 
the treatment of thoracic curves. Betz et al. formed a study 
group to prospectively evaluate anterior spinal instrumenta¬ 
tion and fusion with a threaded rod anterior System and 
to compare it with posterior spinal fusion with various 
multiple-segmented hook-rod Systems in patients with 


adolescent idiopathic thoracic scoliosis. Initially, there was 
an unacceptably high rod breakage rate, but this was reduced 
by a stronger, solid-rod System. Advantages of the anterior 
thoracic approach are a more complété three-dimensional 
correction of the deformity because of thorough dise and 
annular excision, curve correction by convex compression 
that shortens the spinal column and avoids distraction of 
neural éléments, fusion of end vertebra to end vertebra offen 
resulting in a shorter fusion construct than would be 
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jjgj A, Standing posteroanterior radiograph of patient with idiopathic scoliosis. With posterior approach, this patient 
would require fusion well down into the lumbar spine. B and C f Postoperative posteroanterior and latéral radiographs after anterior 
instrumentation. Although some loss of fixation of proximal screw is noted, patient achieved satisfactory correction and well-balanced 
spine in both coronal and sagittal planes by instrumentation of only thoracic spine deformity. 


required posteriorly (Fig. 44-104), possible réduction of the 
number of upper and midlumbar fusion levels, avoidance of 
a crankshaft phenomenon in skeletally immature patients, 
decreased frequency of decompensation in primary thoracic 
curves with compensatory lumbar curves, kyphosis or lor- 
dosis of the vertébral segment to improve the sagittal profile 
after dise excision, and avoidance of problems with promi¬ 
nent posterior instrumentation that occurs in thin patients 
even with the newer low-profile instruments. Potential dis- 
advantages of this approach include chest cage disruption, 
with its effects on pulmonary function, the need for the 
assistance of a thoracic surgeon, an increased risk of pro¬ 
gressive kyphosis because of posterior spinal growth in 
skeletally immature patients (Risser grade 0), and smaller 
vertebrae and less secure fixation, especially of the proximal 
screw (see Fig. 44-104). The aorta can be very close to the 
screw tips if bicortical fixation is achieved (Fig. 44-105). 
Potter et al. compared curve correction by posterior spinal 
fusion and thoracic pedicle screws with anterior spinal 
fusion by single-rod instrumentation in Lenke type 1 curves. 
They found that posterior spinal fusion by thoracic pedicle 
screw instrumentation provided superior instrumented cor¬ 
rection of the main thoracic curves and spontaneous correc¬ 
tion of the thoracolumbar and lumbar curves. They also 
found that the posterior approach showed improved correc¬ 
tion of thoracic torsion and rotation. Our expérience is 
similar in that we rarely see the need for anterior instru¬ 
mentation of thoracic curves. 

If the curve to be instrumented is a thoracolumbar curve, 
a thoracoabdominal approach is required. If the curve is 
purely lumbar, a lumbar extraperitoneal approach can be 
used. 


THORACOABDOMINAL APPROACH 


TECHNIQUE 44-28 


■ Place the patient in the latéral decubitus position with the 
convex side of the curve elevated. 

■ Make a curvilinear incision along the rib that is one level 
higher than the most proximal level to be instrumented. 
This generally is the ninth rib in most thoracolumbar 
curves. Make the incision along the rib and extend it 
distally along the antérolatéral abdominal wall just latéral 
to the rectus abdominis muscle. 

■ Expose and excise the rib. 

■ Enter the chest and retract the lung. 

■ Identify the diaphragm as a separate structure; it tends 
to closely approximate the wall of the thoracic cage. The 
diaphragm can be removed in two ways. We prefer to 
remove it from the chest cavity and then continue with 
rétropéritonéal dissection distally. Alternative^, the retro- 
peritoneum can be entered below the diaphragm, and 
then the diaphragm can be divided. To remove the dia¬ 
phragm from the chest cavity, enter the chest cavity 
transpleurally through the bed of the rib. Then use elec- 
trocautery to divide the diaphragm close to the chest wall. 
Leave a small tag of diaphragm for reattachment. 

■ Once the diaphragm has been reflected, expose the rét¬ 
ropéritonéal space. 

■ Dissect the peritoneal cavity from underneath the internai 
oblique muscle and the abdominal musculature. 
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A f CT image at T5 showing good screw posi¬ 
tion. B f With descending aorta at 2-o'clock position, 26% of distal 
screw was thought to be adjacent to aorta at 2 mm or less. (From 
Kuklo TR, Lehman RA Jr, Lenke LG: Structures at risk following anterior 
instrumented spinal fusion for thoracic adolescent idiopathic scoliosis, 
J Spinal Disord Tech 18:S58, 2005.) 


■Split the internai oblique and the transverse abdominal 
muscles in line with the skin incisions and extend the 
exposure distally as far as necessary. 

■ Identify the vertébral bodies and carefully dissect the 
psoas muscle laterally off the vertébral dise spaces. The 
psoas origin usually is at about L1. 

■ Divide the prevertebral fascia in the direction of the 
spine. 

■ Identify the segmentai arteries over the waist of each 
vertébral body and isolate and ligate them in the 
midline. 

■ Expose the bone extraperiosteally. 

■ The exposure from T10 to L2 or L3 with this approach is 
simple; but more distally the iliac vessels overlie the L4 
and L5 vertebrae, and exposure in this area requires more 
meticulous dissection and displacement of these vessels. 


LUMBAR EXTRAPERITONEAL 
APPROACH 


TECHNIQUE 44-29 


■ Place the patient in the latéral decubitus position with the 
convex side up. 

■ Make a midflank incision from the midline anteriorly to 
the midline posteriorly (Fig. 44-106 A). 

■ Divide the abdominal oblique muscles in line with the 
incision (Fig. 44-106B and C). 

■ As the dissection leads laterally, identify the latissimus 
dorsi muscle as it adds another layer: the transversalis 
fascia and the peritoneum. The transversalis fascia and 
the peritoneum diverge posteriorly as the transversalis 
fascia lines the trunk wall, and the peritoneum turns 
anteriorly to encase the viscera. Posterior dissection in this 
plane allows access to the spine without entering the 
abdominal cavity. 

■ Repair any inadvertent entry into the peritoneum imme- 
diately because it may not be identifiable later. 

■ Reflect ail the fat-containing areolar tissue back to the 
transverse fascia and the lumbar fascia, reflecting the 
ureter along with the peritoneum (Fig. 44-106D). 

■ Locate the major vessels in the midline, divide the lumbar 
fascia, and carefully retract the great vessels. 

■ Divide the segmentai arteries and veins as they cross the 
waist of the vertebra in the midline and ligate them to 
control hemorrhage. 

■ The skin incision must be placed carefully to ensure that 
the most cephalad vertebra to be instrumented can be 
easily seen. 



DISC EXCISION 


TECHNIQUE 44-30 

| _ 


■ Once the anterior portion of the spine has been exposed, 
the dises can be felt as soft, rounded, protubérant areas 
of the spine compared with the concave surface of the 
vertébral body. 

■ Divide the annulus sharply with a long-handled scalpel 
(Fig. 44-107) and remove it. 

■ Remove the nucléus pulposus with rongeurs and curets. 
It is not necessary to remove the anterior or posterior 
longitudinal ligaments. 

■ Once the dise excision has been completed, remove the 
cartilaginous endplates with use of either ring curets or an 
osteotome. The posterior aspects of the cartilaginous 
endplates often are more easily removed with angled curets. 

■ Obtain hemostasis with Gelfoam soaked in thrombin 
unless a cell saver is in use. 

■ Significant correction of the curve usually occurs during 
the discectomies, and it becomes more flexible and more 
easily correctable. 
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A f Skin incision for extraperitoneal approach to lumbar and lumbosacral spine. B f Incision of fibers of external oblique 
muscle. C f Incision into fibers of internai oblique muscle. D f Exposure of spine before ligation of segmentai vessels. SEE TECHNIQUE 44-29. 



JïJ Disc excision. Annulus is divided with long- 
handled scalpel and removed. SEE TECHNIQUE 44-30. 


ANTERIOR INSTRUMENTATION OF 
A THORACOLUMBAR CURVE WITH 
DUAL-ROD INSTRUMENTATION 


TECHNIQUE 44-31 


■ After exposure of the spine and removal of the dises, 
Staples and screws are inserted into each vertébral body, 
beginning proximally and working distally. 

■ Place an appropriate-sized staple on the latéral aspect of 
the vertébral body, being sure to be posterior enough to 
allow placement of the anterior screw. Various staple 
lengths are available to accommodate different-sized 
patients. Normally, in the lower thoracic spine, the staple 
is placed just anterior to the rib head. 

■ Impact the staple into the vertébral body (Fig. 44-108A 
and B). Make a pilot hole with an awl in the vertébral 
body, which éliminâtes the need to tap the screws (Fig. 
44-108C). 

■ In the posterior hole, insert a screw of appropriate diam- 
eter and length angled approximately 10 degrees posterior 
to anterior, perpendicular to the base of the staple. Leave 
the screw slightly elevated off the staple surface until the 
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IjJjJ A-Q, Anterior instrumentation of thoracolumbar curve with CD Horizon Legacy dual-rod instrumentation. See text 
for description. (Redrawn from Lenke LG: CD Horizon Legacy Spinal System anterior dual-rod surgical technique manual, Memphis, TN, 2002, 
Medtronic Sofamor Danek.) SEE TECHNIQUE 44-31. Continued 


anterior screw is fully seated to prevent tilting of the 
staple (Fig. 44-108D). 

■ Place the anterior screws in a neutral but slightly anterior 
to posterior angular position. Once again, the goal is to 
place the screw perpendicular to the base of the staple 
(Fig. 44-108E). Bicortical purchase is required at the ends 


of the construct and is suggested in the intermediate 
levels as well. Figure 44-108F shows the Staples and 
screws inserted from T11 to L3 before rod insertion. 

■ Decorticate the endplates before graft placement. 

■ Place intervertébral structural grafts beginning in the 
most caudal dise and working in a proximal direction. 
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Structural grafts are placed in the anterior aspect of the 
dise to facilitate lordosis (Fig. 44-108G). Posteriorly, 
autogenous morselized rib graft is placed against the 
decorticated endplates. 

■ Perform appropriate biplanar bending of the posterior 
rod. 

■ Engage the posterior rod proximally and cantilever it into 
the distal screws. Capture the rod at each level with set 
screws (Fig. 44-108H). The orientation of the posterior 
rod is shown in Figure 44-1041 prior to the rod rotation 
maneuver. 

■ Place the rod grippers onto the rod and rotate it 90 
degrees from posterior to anterior. This will facilitate both 


scoliosis correction and the production of sagittal lordosis 
(Fig. 44-108J). 

■ Perform intervertébral compression across the posterior 
screws after locking the apical screw and compressing 
from the apex to both ends (Fig. 44-108K). 

■ Place the anterior rod sequentially into the screws 
and seat and lock it with mild compression forces. This 
is just a stabilizing rod, and no further correction is 
attempted. Correction in the coronal and sagittal planes 
can be determined on intraoperative anteroposterior 
radiographs. 

■ Once the final position is confirmed, break off the set 
screws with the counterforce device (Fig. 44-108L). 
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ÜJsJ A f Preoperative clinical and radiographie views of 12-year-old, skeletally immature patient. B f Clinical and radio¬ 
graphie views after anterior spinal fusion and instrumentation from T11-L3. (From Lenke LG: CD Horizon Legacy Spinal System anterior 
dual-rod surgical technique manual, Memphis, TN, 2002, Medtronic Sofamor Danek.) SEE TECHNIQUE 44-31. 


■ Place one or two crosslink plates to create a rectangular 
construct, which increases rigidity of the System. Use the 
crosslink plate measuring tools to détermine the required 
implant size (Fig. 44-108M) and then grasp the 
appropriate-sized crosslink and place it on the rods (Fig. 
44-108N and O). 

■ The lower profile of this anterior instrumentation (Fig. 
44-108P and Q) allows the closure of the pleura distally 
to the junction of the pleura and the diaphragm. 

■ Complété the closure procedure. Close the diaphragm, 
deep abdominal layers, chest wall (after chest tube place¬ 
ment), muscle layers, subeutaneous tissues, and skin. 

POSTOPERATIVE CARE. The patient is allowed up on 
the first postoperative day. The chest tube usually is left 
in place for 48 to 72 hours. It is removed when 
the drainage decreases to less than 50 mL for two con¬ 
secutive 8-hour periods. A TLSO can be used for 


immobilization, but if the screws hâve good purchase, no 
postoperative immobilization is used. A Foley cathéter is 
necessary to monitor urine output because urinary réten¬ 
tion is common. An iléus is to be expected after anterior 
surgery and usually lasts 2 to 3 days. Température éléva¬ 
tion consistent with atelectasis is common and usually 
responds to pulmonary therapy and ambulation as soon 
as the patient is capable (Fig. 44-109). 


■ COMPLICATIONS AND PITFALLS OF 
ANTERIOR INSTRUMENTATION 

Pitfalls and complications may be related to poor patient 
sélection, poor level sélection, or instrument technical diffi- 
culties. A common technical problem is failure of the most 
proximal screw (see Fig. 44-104), which can be prevented by 
watching this screw carefully during the derotation maneuver. 
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At any sign of screw loosening, the correction maneuver 
should be stopped. Another technical problem is encountered 
if the screw heads are not aligned properly and one screw 
head is offset from the others. If one screw is off just slightly, 
rod placement can be difficult. Variable-angle screws or 
polyaxial screws allow some adjustment to account for this 
offset. 

A number of studies hâve emphasized the potential 
complications associated with an anterior approach to the 
spine, including respiratory insufhciency requiring ventila- 
tory support, pneumonia, atelectasis, pneumothorax, pleural 
effusion, urinary tract infection, prolonged iléus, hemotho- 
rax, splenic injury, rétropéritonéal fibrosis, and partial 
sympathectomy. 

Neurologie injury can occur during discectomy or screw 
insertion. The screws should be placed parallel to the vertébral 
endplates. When the segmentai vessels are ligated, the anas- 
tomosis at the intervertébral foramina should be avoided to 
minimize the chance of injury to the vascular supply of the 
spinal cord. A scoliotic deformity is approached from the 
convex side of the curve, and because the great vessels are 
inevitably on the concave side of the curve, the risk of injury 
to them is low. To increase purchase of the screws, however, 
the opposite cortex of the vertebra should be engaged by the 
screw, and care must be taken to be certain that the screw is 
not too prominent on the concave side. 

ANTERIOR THORACOPLASTY 

The advantages of anterior thoracoplasty are the same as for 
posterior thoracoplasty. For the patient, réduction of the rib 
deformity is among the most important aspects of operative 
correction and fusion. The bone graff obtained from a thora¬ 
coplasty may obviate the need for an iliac bone graff that 
contributes to the postoperative morbidity. 


ANTERIOR THORACOPLASTY 


TECHNIQUE 44-32 


(SHUFFLEBARGER) 

■After thoracotomy, reflect the pariétal pleura over the 
chest wall, exposing the ribs. 

■ From within the thoracotomy, divide the periosteum in 
line with the rib. 

■ Use an elevator to complété circumferential subperiosteal 
dissection of the rib in the posterior axillary line. 

■ Divide the rib with an end-cutting instrument. Then grasp 
the rib and bring it into the chest. 

■ Perform circumferential dissection of the periosteum and 
intercostal muscles to the costotransverse articulation. 

■ Disarticulate the rib head from the costotransverse and 
costocorporeal articulation. 

■ Remove the posterior portion of the remaining ribs in 
a similar manner to complété the thoracoplasty. This 
thoracoplasty not only improves the appearance 
and provides bone graft but also significantly softens the 
chest wall to facilitate exposure in patients with rigid 
deformities. 


VIDEO-ASSISTED THORACOSCOPY 

Video-assisted thoracoscopie surgery in the treatment of 
pédiatrie spinal deformity can be used for anterior release. 
Endoscopie anterior instrumentation also can be used for 
correction of thoracic scoliosis. At this time, our preference 
for the instrumentation of thoracic curves is a posterior 
approach with segmentai instrumentation by hooks or cables 
or thoracic pedicle screws. Advantages of thoracoscopie 
surgery over open thoracotomy, in addition to better illumi¬ 
nation and magnification at the site of surgery, include less 
injury to the latissimus muscle and chest wall with less long- 
term pain, decreased blood loss, better cosmesis, shorter 
recovery time, improved postoperative pulmonary function, 
and potentially shorter hospital stays. The primary disadvan- 
tages of thoracoscopy are related to a steep learning curve and 
the technical demands of the procedure. 

Specialized equipment is required for these procedures. A 
general, pédiatrie, or thoracic surgeon familiar with thoracos¬ 
copy and open thoracotomies should be available to assist in 
the initial stages of the procedure and should remain scrubbed 
for the entire case. The anesthesiologist should be skilled in 
the use of double-lumen tubes with one-lung ventilation. 

Indications for video-assisted thoracoscopie surgery 
include neuromuscular scoliosis in patients with compro- 
mised pulmonary function requiring anterior release, rigid 
curves requiring anterior release and posterior fusion, and 
skeletal immaturity in patients in whom anterior surgery is 
needed to prevent the crankshaff phenomenon. Relative 
indications include rigid thoracic idiopathic curves that do 
not correct on bending and rigid kyphotic deformities. With 
the more rigid posterior instrumentation Systems currently 
available, anterior release in most idiopathic spinal deformi¬ 
ties is not needed. Crawford extended his indications to 
include ail procedures to the thoracic spine previously 
approached by thoracotomy. 

Contraindications to the procedure include the inability 
to tolerate single-lung ventilation, severe or acute respiratory 
insufhciency, high airway pressures with positive-pressure 
ventilation, emphysema, and previous thoracotomy. 

The equipment required for spinal thoracoscopie surgery 
is similar to that for general thoracoscopy. The basic equip¬ 
ment includes télescopes, light sources, caméras, monitors, 
and appropriate instrumentation. The most commonly used 
telescope is a 30-degree angled, 10-mm scope. In some 
pédiatrie cases, a smaller telescope may be needed, but it 
does not provide the same magnitude of illumination and 
resolution as the 10-mm scope. Télescopes with a lens- 
washing and site irrigation System are useful in defogging 
and cleaning the end of the scope. Other equipment includes 
flexible portais and long-handled manual instruments, such 
as curets, pituitary rongeurs, fan retractors, suction irriga¬ 
tion Systems, endoscopie clip appliers, and periosteal 
elevators. 


VIDEO-ASSISTED THORACOSCOPIC 
DISCECTOMY 

Some surgeons prefer to work facing the patient with the 
patient in a latéral decubitus position (Fig. 44-11 OA), 
whereas others prefer to work from behind the patient, 
therefore working away from the spinal cord (Fig. 44-110B). 
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A, Conventional setup for video-assisted thoracoscopie spinal surgery. B, Setup with surgeon working away from 


spine. SEE TECHNIQUE 44-33. 
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^ A f Thoracoscopie traditional technique. B f 


Thoracoscopie inversion technique. SEE TECHNIQUE 44-33. 


Two monitors are positioned so that they can be seen from 
each side of the table. Because the traditional setup for 
most endoscopie procedures requires members of the 
surgical team to be on opposite sides of the patient, and 
because working opposite the caméra image can lead to 
disorientation, Horton described turning the assistante 
monitor upside down. The monitor on the posterior aspect 
of the patient is inverted, and once the visualization port 
for the caméra is established, the scope is inserted into the 
caméra and rotated 180 degrees on the scope mount so 
that the caméra is upside down. The assistant holding the 
inverted caméra views the inverted monitor, which projects 
a normal monitor image as would be seen in an open 
thoracotomy (Fig. 44-111A and B). 


TECHNIQUE 44-33 


(CRAWFORD) 

■ After general anesthésia is obtained by either a double- 
lumen endotrachéal tube or a bronchial blocker for 


single-lung ventilation, turn the patient into the latéral 
decubitus position. Préparé and drape the operative field 
as the anesthesiologist deflates the lung. About 20 
minutes is required for complété résorption atelectasis to 
be obtained. 

■ Place the upper arm on a stand with the shoulder slightly 
abducted and flexed more than 90 degrees to allow 
placement of portais higher into the axilla. Use an axillary 
roll to take pressure off the axillary structures. 

■ Identify the scapular borders, 12th rib, and iliac crest, and 
outline them with a marker. 

■ Place the first portai at or around the T6 or T7 interspace 
in the posterior axillary line (Fig. 44-112A). 

■ Make a skin incision with a scalpel and then continue 
with electrocautery through the intercostal muscle to 
enter the chest cavity. To avoid damage to the intercostal 
vessels and nerves, make the incision over the top of the 
rib. Insert a finger to be sure the lung is deflated and that 
it is away from the chest wall so it will not be injured 
when the trocar is inserted. 
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A f First portai for anterior thoracoscopie release of spine created along posterior axillary line between T6 and T8 


intercostal spaces. Subséquent portais are created along anterior axillary line. B f Technique of portai insertion. Fifteen- to 20-mm incision 
is made parallel to superior surface of rib. Flexible portai is inserted with trocar. C f Trocar is removed, leaving flexible portai in place. 


SEE TECHNIQUE 44-33. 


■ Insert flexible portais through the intercostal spaces with 
a trocar (Fig. 44-112B and C). 

■Insert a 30-degree angled, 10-mm rigid thoracoscope. 
Prevent fogging of the endoscope by prewarming it with 
warm irrigation solution and wiping the lens with a stérile 
fog-reduction solution. Wipe the endoscope lens intermit- 
tently with this solution to optimize visibility. Some endo¬ 
scopes hâve incorporated irrigating and windshield-like 
cleaning mechanisms to further simplify the procedure. 

■ Evaluate the intrathoracic space to détermine anatomy, 
as well as possible sites for other portais. The superior 
thoracic spine usually can be seen without retraction of 
the lung once the lung is completely deflated; however, 
some retraction usually is necessary below T9-10 because 
the diaphragm blocks the view. 

■ Once the spinal anatomy has been identified, continue to 
identify levels. The first rib usually cannot be seen, and the 
first visually identifiable rib is the second rib. Count the ribs 
sequentially to identify the levels to be released. Insert a 
long, blunt-tipped needle into the dise space and obtain a 
radiograph to confirm the levels intraoperatively. 

■ Select other portai sites after viewing from within. View 
the trocars with the endoscope as they are inserted. Take 
care on inserting the inferior portai to avoid perforation 
of the diaphragm. Use a fan retractor to retract the dia¬ 
phragm, but take care not to lacerate the lung. 

■ Divide the pariétal pleura with an endoscopie cautery hook. 

■ Place the hook in the pariétal pleura in the région of the 
dise, midway between the head of the rib and the anterior 
spine. 

■ Pull the pleura up and cauterize in successive movements 
proximally and distally, avoiding the segmentai vessels. 

■ Identify the intervertébral dises as élévations on the spinal 
column and the vertébral bodies as dépréssions. 

■ For a simple anterior release, do not ligate the segmentai 
vessels because of the risk of tearing. Bleeding can be 


difficult to control endoscopically. Crawford recom- 
mended coagulation of any vessels that appear to be at 
risk for bleeding. 

■ Once the pleura has been completely resected, proceed 
directly to excision of the annulus at the level of the 
intervertébral dises to be removed. The rib heads provide 
excellent landmarks for localization. The rib head articu¬ 
lâtes with the base of the pedicle and the vertébral body 
just caudad to or at the level of the dise space; for 
example, the T9 rib head leads to the T8-9 dise space 
(Fig. 44-113). 

■ Make a transverse eut with cautery across the vertébral 
body, parallel to the dise, cephalad and caudad to it. 

■ Elevate the periosteum toward the vertébral endplate to 
isolate the dise 

■ Make a transverse eut across the annulus fibrosus, con- 
tinuing down to the level of the nucléus pulposus. 

■ Use rongeurs, curets, and periosteal elevators as neces¬ 
sary to ensure complété removal of the dise materials and 
endplates. 

■ Control bleeding of the subchondral bone by packing the 
dise space with Surgicel (Johnson & Johnson, Somerville, NJ). 

■ Stress the spinal column segment with moderate force after 
each release to see if mobility has been accomplished. 

■After the discectomies hâve been done, harvest of rib 
graft can be done through the portai sites if needed 
(Fig. 44-114). 

■The pleura can be closed or left open. 

■ Place a chest tube through the most posterior inferior 
portai. Use the endoscope to observe the chest tube as 
it is placed along the vertébral column. Connect the chest 
tube to a water seal. 

■ Once the anesthesiologist has inflated the lung to 
détermine whether an air leak exists, close the portais in 
routine fashion. 
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A, Thoracic vertébral anatomy. Ribs attach to vertebrae by costotransverse and costovertebral ligaments. Head 
of ribs articulate with base of pedicle and vertébral body just below dise or at dise space. Segmentai vessels cross over middle of 
concave surface of vertébral bodies. B f Cross section of thoracic vertebra showing relationship of rib and pedicle to spinal cord. SEE 

TECHNIQUE 44-33. 



A and B f Three or four rib sections removed 
and morselized until enough bone graft has been obtained. SEE 

TECHNIQUE 44-33. 


■ PITFALLS AND COMPLICATIONS 

Bleeding can be difficult to control with endoscopie surgery. 
A radiopaque sponge with a heavy suture attached and loaded 
on a sponge stick should be available at ail times to apply 
pressure. The suture allows later retrieval of the sponge. After 
application of direct pressure, electrocautery should be used 
for hemostasis. If necessary, endoscopie clip appliers or 
another hemostatic agent should be used. Instrumentation 
for open thoracotomy should be set up on a stérile back table 
to avoid delays or confusion if an immédiate thoracotomy is 
needed to control bleeding. 

Lung tissue can be damaged during the procedure. If an 
air leak occurs, it can be repaired with an endoscopie stapler. 
A durai tear can be recognized by leakage of clear cérébro- 
spinal fluid from the dise space. Hemostatic agents can 
sometimes seal small cerebrospinal fluid leaks. If a durai tear 
continues to leak cerebrospinal fluid, a thoracotomy and 
vertebrectomy with durai repair may be required. 


Cloudy fluid in the intervertébral dise space after irriga¬ 
tion and suctioning may indicate a lymphatic injury, which 
can be closed with an endoscopie clip applier. The thoracic 
duct is especially vulnérable to injury at the level of the dia- 
phragm. If a chylothorax is discovered after closure, it is 
treated with a low-fat diet. 

The sympathetic nerve chain on the operative side often 
is transected. This causes little or no morbidity; however, the 
surgeon needs to inform the patient and family members of 
the possibility of température and skin color changes below 
the level of the surgery. 

Postoperative pulmonary problems often involve the 
downside lung, in which mucous plugs can form. The anes- 
thesiologist should suction both lungs before extubation. 


ENDOSCOPIC ANTERIOR 
INSTRUMENTATION OF 
IDIOPATHIC SCOLIOSIS 

As expérience with video-assisted thoracoscopy has increased, 
techniques hâve been developed for anterior instrumentation 
of the thoracic spine through a thoracoscopie approach. 
The goal is to allow thoracoscopie anterior discectomy, 
fusion, and instrumentation comparable to that for open 
thoracotomy. 


CD HORIZON ECLIPSE SPINAL 
INSTRUMENTATION 


TECHNIQUE 44-34 


(PICETTI) 

■ Obtain appropriate preoperative radiographs and déter¬ 
mine the fusion levels by Cobb angles. 

■ After general anesthésia is obtained by a double-lumen 
intubation technique (children weighing less than 45 kg 
may require sélective intubation of the ventilated lung) 
and one-lung ventilation has been achieved, place the 
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A f Patient positioning. B, C-arm in posteroanterior plane used to détermine proper incision placement. C f Marker 
positioned posterior to patient and aligned with every other vertébral body. D f Three to five incisions are made, depending on number 
of levels to be instrumented. E f Cross mark is then placed on previous line. This is location of center of portais. (Redrawn from Picetti GD 
III: CD Horizon Eclipse Spinal System surgical technique manual, Memphis, TN, 1999, Sofamor Danek.) SEE TECHNIQUE 44-34. 


patient into the direct latéral decubitus position, with the 
arms at 90/90 and the concave side of the curve down. 
It is impérative to hâve the lung completely collapsed in 
this procedure. If the patient's oxygen saturation drops 
on placement into the latéral decubitus position, hâve the 
anesthesiologist readjust the tube. 

■ Tape the patient's hips and the shoulders to the operating 
table (Fig. 44-115A). Hâve a general or thoracic surgeon 
assist in the first part of the procedure if necessary. 

■ With the use of C-arm intensification, identify the verté¬ 
bral levels and portai sites. A straight metallic object is 
used as a marker to identify the vertébral levels and portai 


sites. The superior and inferior access incisions are the 
most critical because the vertebrae at these levels are at 
the greatest angle in relation to the apex of the curve. 

■ View the planes with a C-arm in the posteroanterior plane 
and make sure the endplates are parallel and well defined. 
Rotate the C-arm until it is parallel to the vertébral body 
endplates, not perpendicular to the table (Fig. 44-115B). 

■ Position the marker posterior to the patient and align 
with every other vertébral body (Fig. 44-115C). 

■Obtain a C-arm image at each level. 

■ Once the marker is centered and parallel to the endplates, 
make a line on the patient at each portai site in line with 
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A f Incision of pleura along entire length without injury to segmentai vessels. B f Pleura is dissected off vertébral bodies 
and dises, anteriorly off anterior longitudinal ligament and posteriorly off rib heads by peanut or endoscopie grasper. C, Kirschner wire 
is placed into dise space, and C-arm images are used to confirm level. Electrocautery is used to incise dise annulus. (Redrawn from Picetti 
GD III: CD Horizon Eclipse Spinal System surgical technique manual, Memphis, TN, 1999, Sofamor Danek.) SEE TECHNIQUE 44-34. 


the marker. Marks should be two interspaces apart to 
allow placement of portais above and below the rib at 
each level and to provide access to two levels through a 
single skin incision. Use three to five incisions, depending 
on the numberof levelsto be instrumented (Fig. 44-115D). 

■ Once marks are made at ail portai sites, rotate the C-arm 
to the latéral position. Place the marker end on each line 
and adjust the marker position until the C-arm image 
shows the end of the marker at the level of the rib head 
on the vertebrae. Place a cross mark on the previous line 
(Fig. 44-115E). This is the location of the center of the 
portais and will show the degree of rotation of the spine. 

■ The spine surgeon's position at the patient's back allows 
ail of the instruments to be directed away from the spinal 
cord. 

EXPOSURE AND DISCECTOMY 

■ Préparé and drape the patient, including the axilla and 
scapula. 

■Check positioning to confirm that the patient has 
remained in the direct latéral decubitus position. This 
orientation provides a reference to gauge the anteropos- 
terior and latéral direction of the guidewires and the 
screws. 

■ Make a modified thoracotomy incision at the central 
mark. The incision can be smaller because it is used only 
for the central discectomies, screw placement, and 
viewing. The other discectomies and screw placements 
are done through the access portais because they provide 
better alignment to the end dise spaces and vertébral 
bodies. 

■After the lung has been deflated completely, make the 
initial portai in the sixth or seventh interspace by use of 
the alignment marks made previously. Make sure that the 


portai is in line with the spine and positioned according 
to the amount of spinal rotation. Insertion of the first 
portai at this level will avoid injury to the diaphragm, 
which normally is more caudal. 

■ Once the portai is made, use a finger to confirm that the 
lung is deflated and make sure there are no adhesions. 

■ Place 10.5- to 12-mm access portais under direct observa¬ 
tion at the predetermined positions. Count the ribs to 
ensure that the correct levels are identified on the basis 
of preoperative plans. 

■ Incise the pleura longitudinally along the entire length of 
the spine to be instrumented. 

■ Place a Bovie hook on the pleura over a dise and make 
an opening. Insert the hook under the pleura and elevate 
it and incise along the entire length (Fig. 44-116 A). Use 
suction to evacuate the smoke from the chest cavity. 

■ Dissect the pleura off the vertébral bodies and dises. 
Continue pleural dissection anteriorly off the anterior 
longitudinal ligament and posteriorly off the rib heads by 
use of a peanut or endoscopie grasper (Fig. 44-116B). 

■ Place a Kirschner wire into the dise space and confirm the 
level with C-arm intensification. 

■ With electrocautery, incise the dise annulus (Fig. 44-116C). 

■ Remove the dise in standard fashion with use of various 
endoscopie curets and pituitary, Cobb, and Kerrison 
rongeurs. If necessary, use endoscopie shavers and rasps 
to assist in discectomy. 

■ Once the dise is completely removed, thin the anterior 
longitudinal ligament from within the dise space with a 
pituitary rongeur. Thin the ligament to a flexible remnant 
that is no longer structural but will contain the bone 
graft. 

■ Remove the dise and annulus posteriorly back to at least 
the rib head. Use a Kerrison rongeur to remove the 





PART XII THE SPINE 


annulus posterior to the rib heads. Leave the rib head 
intact at this point because it will be used to guide screw 
placement. 

■ Once the dise has been evacuated, remove the endplate 
completely and inspect the dise space directly with the 
scope. Pack the dise space with Surgicel to control end¬ 
plate bleeding. 

GRAFT HARVEST 

■ Use an Army-Navy retractor to stabilize the rib. 

■ With a rib cutter, make two vertical cuts through the 
superior aspect of the rib and perpendicular to the rib 
extending halfway across it. Use an osteotome to connect 
the two cuts while the retractor supports the rib. 

■ Remove and morselize the rib section. 

■ Remove three or four other rib sections in a similar fashion 
until enough bone graft has been obtained (see Fig. 
44-114). 

■ If a rib is removed through an access incision, retract the 
portai anteriorly as far as possible. Dissect the rib subperi- 
osteally and carry posterior dissection as far as the portai 
can be retracted. This technique yields an adéquate 
amount of graft and préserves the integrity of the rib, 
thus protecting the intercostal nerve and decreasing 
postoperative pain. 

■ If the patient has a large chest wall deformity, perform 
thoracoplasties and use rib sections for grafting. 

■ Do not remove the rib heads at this time because they 
function as landmarks for screw placement. 

SCREW PLACEMENT 

■ Position the C-arm at the most superior vertébral body to 
be instrumented. It is impérative to hâve the C-arm paral- 
lel to the spine to give an accurate image. 

■ The vessels are located in the dépréssion or middle of the 
vertébral body and serve as an anatomie guide for screw 
placement. 

■ Grasp the segmentai vessels and coagulate at the mid- 
vertebral body level with the electrocautery (Fig. 44-117A). 
Flemoclip and eut larger segmentai vessels if necessary. 

■ Check positioning again to ensure that the patient is still 
in the direct latéral decubitus position. 

■ Place the Kirschner guidewire onto the vertébral body just 
anterior to the rib head (Fig. 44-117B). Check this posi¬ 
tion with the C-arm to verify that the wire will be parallel 
to the endplates and in the center of the body (Fig. 
44-117C and D). 

■ Check the inclination of the guide in the latéral plane by 
examining the chest wall and the rotation. The guide 
should be in a slight posterior to anterior inclination, 
directing the wire away from the canal. If there is any 
doubt or concern about the anterior inclination, obtain a 
latéral C-arm image to verify position. 

■ Once the correct alignment of the guide has been 
attained, insert the Kirschner wire into the cannula of the 
Kirschner guide that is positioned centrally on the verté¬ 
bral body. 

■ Drill the guidewire to the opposite cortex, ensuring that 
it is parallel to the vertébral body. 

■ Confirm the position with the C-arm as the wire is 
inserted. Take care not to drill the wire through the 


opposite cortex because this can injure the segmentai 
vessels and the lung on the opposite side. 

■ The most superior mark on the guidewire represents a 
length of 50 mm, and the etched lines are at 5-mm 
incréments. The length of the Kirschner wire in the ver¬ 
tébral body can be determined by these marks. Start at 
the 50-mm mark and subtract 5 mm for each additional 
mark that is showing (Fig. 44-11 7E). For example, if there 
are four marks, in addition to the 50-mm mark, the 
length of the Kirschner wire would be 30 mm. 

■ Remove the guide and place the tap over the Kirschner 
wire onto the vertébral body. To maximize fixation 
strength, use the largest-diameter tap that will fit in the 
vertébral bodies, based on the preoperative radiographs. 
Grasp the distal end of the wire with a clamp (Fig. 
44-1 17F) and hold it as the tap is inserted so that the 
wire will not advance. This is important to avoid a pneu¬ 
mothorax in the opposite chest cavity. Tap only the near 
cortex (Fig. 44-117G). Use the C-arm to monitor tap 
depth and Kirschner wire position. 

■ Place the appropriate-sized screw, based on the Kirschner 
wire measurement and tap diameter, over the wire with 
the Eclipse screwdriver and advance it (Fig. 44-1 17H). To 
ensure bicortical fixation, select a screw that is 5 mm 
longer than the width of the vertébral body as measured 
with the Kirschner wire. Grasp the wire again to avoid 
advancement while the screw is inserted. 

■ Remove the wire when the screw is approximately halfway 
across the vertébral body. 

■ Check the screw direction with the C-arm as it is advanced 
and seated against the vertébral body. The screw should 
penetrate the opposite cortex for bicortical fixation. 

■ Instrument ail Cobb levels. 

■ Use each rib head as a reference for subséquent screw 
placement to help ensure that the screws are in line and 
will produce proper spinal rotation when the rod is 
inserted. With the screws properly aligned, the screw 
heads form an arc that can be verified with a latéral image 
(Fig. 44-1171). 

■ Adjust the side walls of the screws (saddles) to be in line 
for insertion of the rod (Fig. 44-1 17J). If a screw is sunk 
more than a few millimeters deeper than the rest of the 
screws, réduction of the rod into the screw head may be 
difficult. The C-arm image can confirm depth of screw 
placement as the screws are inserted. 

■ Once ail the screws hâve been placed, remove the Surgicel 
and use the graft funnel and plunger to deliver the graft 
into the dise spaces (Figs. 44-117K and L). Fill each dise 
space ail the way across to the opposite side. 

ROD MEASUREMENT AND PLACEMENT 

■ Détermine the rod length with the rod length gauge. 
Place the fixed bail at the end of the measuring device 
into the saddle of the inferior screw. Then guide the bail 
at the end of the cable through ail of the screws with a 
pituitary rongeur to the most superior screw and insert it 
into the saddle (Fig. 44-118A). Pull the wire tight and take 
a reading from the scale. The scale is in centimeters. 

■ Cut the 4.5-mm-diameter rod to length and insert it into 
the chest cavity through the thoracotomy. The rod has 
slight flexibility, so do not bend it before insertion. 
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A, Segmentai vessels are grasped and ligated at midvertebral body level with electrocautery. B f Kirschner guidewire 
is placed onto vertébral body just anterior to rib head. C and D f Position is checked with C-arm to verify that wire will be parallel to 
endplates in center of body. E, Most superior mark on guidewire represents length of 50 mm, and etched lines are at 5-mm incréments. 
Length of Kirschner wire is determined by these marks. F f Distal end of Kirschner wire grasped with clamp and held as tap is inserted. 
G f Only near cortex is tapped. H f Appropriate-sized screw is placed over Kirschner wire with Eclipse screwdriver and advanced. 
I f Alignment of screw heads verified by latéral image. Continued 
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tEmmnsm J, Side walls of screws adjusted to be in line for receipt of rod. K and L, Graft delivered to dise space by graft 
funnel and plunger. Disc space should be filled totally across to opposite side. (Redrawn from Picetti GD III: CD Horizon Eclipse Spinal System 
surgical technique manual, Memphis, TN, 1999, Sofamor Danek.) SEE TECHNIQUE 44-34. 


■ Apply anterior compression to obtain kyphosis in the 
thoracic spine. 

■ Do not eut the rod longer than measured because the 
total distance between the screws will be reduced with 
compression. 

■ Manipulate the rod into the inferior screw with the rod 
holder (Fig. 44-118B). The end of the rod should be flush 
with the saddle of the screw to prevent the rod from 
protruding and irritating or puncturing the diaphragm. 

■ Once the rod is in place, remove the portai and place the 
plug introduction guide over the screw to guide the plug 
and to hold the rod in position (Fig. 44-118C). 

■ Place the obturator in the tube to assist in the insertion 
through the incision if necessary. 

■ Load a plug onto the plug-capturing T25 driver (Fig. 
44-118D). Insert the plug with the fiat side and the laser 
etching up. 

■ Once the plug is placed on the driver, turn the sleeve 
clockwise to engage the plug with the sleeve. 

■ Place the plug through the plug introduction guide and 
insert it into the screw. Do not place the plug without 
using the introduction guide and the plug inserter. 

■To ensure proper threading, turn the sleeve once coun- 
terclockwise before advancing the plug. 

■ Once the plug has been correctly started, hold the locking 
sleeve to prevent any further rotation. This will disengage 
the plug from the inserter as the plug is placed into the 
screw (Fig. 44-118E). 

■ Remove the driver and introduction guide and torque the 
screw with the torque-limiting wrench. This is the only 
plug that is tightened completely at this time. 

■ Sequentially insert the rod into the remaining screws with 
use of the rod pusher (Fig. 44-118F). Place the rod pusher 
on the rod several screws above the screw into which the 
rod is being placed. 

■Apply the plugs through the plug introduction guide as 
described. To allow compression, do not fully tighten the 
plugs at this time. 

■ Once the rod has been seated and ail the plugs are 
inserted into the screws, apply compression between the 
screws. 


COMPRESSION: RACK AND PINION 

■ Insert the compressor through the thoracotomy incision. 
Once it is in the thoracic cavity, manipulate it by holding 
the ball-shaped attachment with the compressor holder. 
The rack and pinion compressor fits over two screw heads 
on the rod; turning the compressor driver clockwise 
compresses the two screws (Fig. 44-1 19A). Start com¬ 
pression at the inferior end of the construct with the most 
inferior screw's plug fully tightened. 

■ Once satisfactory compression has been obtained on a 
level, tighten the superior plug with the plug driver 
through the plug introduction guide. 

■Apply compression sequentially superiorly until ail levels 
hâve been compressed, then torque each plug to 75 in-lb 
with the torque-limiting wrench. The construct is com¬ 
plété at this point (Figs. 44-119B and C). 

COMPRESSION: CABLE COMPRESSOR 

■ Insert each end of the cable through one of the distal 
holes on the side of the guide (not the larger central 
hole). The actuator should be in the position closest to 
the compressor body. 

■ Form a 3-inch loop at the end of the guide (Fig. 44-120A), 
with the two cable ends passing through the actuator 
body. 

■ Engage the lever arm by use of one of the plug drivers 
through the cam mechanism (Fig. 44-120B). 

■ Place the end of the compressor through the distal portai. 
With the portai removed, place a plug introduction guide 
through the adjacent incision, through the loop, and over 
the next screw to be compressed. 

■ Place the foot of the compressor over the rod and against 
the inferior side of the end screw (Fig. 44-120C). 

■ Fully tighten the plug in the end screw. Squeeze the 
handle of the compressor several times to compress. 

■Once satisfactory compression has been obtained at a 
level, tighten the superior plug with the plug driver 
through the plug introduction guide. 

■ To disengage the compressor, tilt it toward the superior 
screw until the foot disengages from the inferior 
screw. 
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A, Bail at end of cable is guided through ail screws with pituitary rongeur to superiormost screw and inserted into 
saddle. B f Rod manipulated into inferior screw with rod holder. C f Plug introduction guide placed over screw to guide plug and to hold 
rod in position. D f Plug loaded onto plug-capturing T25 driver. E f Holding locking sleeve to prevent further rotation disengages plug 
from inserter as plug is inserted into screw. F f Rod reduced into remaining screws with use of rod pushers. (Redrawn from Picetti GD III: 
CD Horizon Eclipse Spinal System surgical technique manual, Memphis, TN, 1999, Sofamor Danek.) SEE TECHNIQUE 44-34. 
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A f Rack-and-pinion compressor fits over two screw heads on rod. B and C f Completed construct. (Redrawn from Picetti 
II: CD Horizon Eclipse Spinal System surgical technique manual, Memphis, TN, 1999, Sofamor Danek.) SEE TECHNIQUE 44-34. 



jJ[J A-D f Cable compression. See text for description. (Redrawn from Picetti GD 
technique manual, Memphis, TN, 1999, Sofamor Danek.) SEE TECHNIQUE 44-34. 


CD Horizon Eclipse Spinal System surgical 
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9 «Turn the actuator mechanism 90 degrees to disengage 
the ratchet (Fig. 44-120D). 

■ With the cable loop still around the plug introduction 
guide that is on the superior screw, pull the compressor 
until the actuator is next to the compressor body. 

■ Repeat the steps described on subséquent screws. Apply 
compression sequentially until ail levels hâve been com- 
pressed and then torque each plug to 75 in-lb with the 
torque-limiting wrench. The construct is complété at this 
point. 

■ Place a 20-French chest tube through the inferior portai 
and close the incisions. Obtain anteroposterior and latéral 
radiographs before the patient is transferred to the 
recovery room. 

POSTOPERATIVE CARE. The chest tube is left in until 
drainage is less than 100 mL every 8 hours. Patients can 
be ambulatory after the first postoperative day, and they 
can be discharged from the hospital the day after the 
chest tube is removed. A brace should be worn for 3 
months. 


NEUROMUSCULAR SCOLIOSIS 

The spécifie causes of neuromuscular scoliosis are unknown, 
but several contributing factors are well known. Loss of 
muscle strength or voluntary muscle control and loss of 
sensory abilities, such as proprioception, in the flexible and 
rapidly growing spinal column of a juvénile patient are 
believed to be factors in development of these curves. As the 
spine collapses, increased pressure on the concave side of the 
curve results in decreased growth of that side of the vertébral 
body and wedging of the vertébral body itself. The vertebrae 
also can be structurally compromised by malnutrition or 
disuse osteopenia. 

The Scoliosis Research Society has established a classifi¬ 
cation for neuromuscular scoliosis (Box 44-5). 

Neuromuscular curves develop at a younger âge than do 
idiopathic curves, and a larger percentage of neuromuscular 
curves are progressive. Unlike idiopathic curves, even small 
neuromuscular curves may continue to progress beyond 
skeletal maturity. Many neuromuscular curves are long, 
C-shaped curves that include the sacrum, and pelvic obliq- 
uity is common. Patients with neuromuscular scoliosis also 
may hâve pelvic obliquity from other sources, such as hip 
joint and other lower extremity contractures, ail of which 
can affect the lumbar spine. The progressing neurologie or 
muscular disease also can interfère with trunk stability. 
These patients generally are less tolérant of orthotic manage¬ 
ment than are patients with idiopathic scoliosis, and brace 
treatment offen is ineffective in preventing curve progres¬ 
sion. Spinal surgery in this group is associated with increased 
bleeding and less satisfactory bone stock; longer fusions, 
offen to the pelvis, are needed. 

Many neuromuscular spinal deformities require opéra¬ 
tive intervention. The goal of treatment is to maintain a spine 
balanced in the coronal and sagittal planes over a level pelvis. 
The basic treatment methods are similar to those for idio¬ 
pathic scoliosis: observation, orthotic treatment, and surgery. 



Scoliosis Research Society Classification of 
Neuromuscular Spinal Deformity 


■ Primary neuropathies 

■ Upper motor neuron neuropathies 
Cérébral palsy 

Spinocerebellar degeneration 
Friedreich ataxia 
Roussy-Levy disease 
Spinocerebellar ataxia 
Syringomyelia 
Spinal cord tumor 
Spinal cord trauma 

■ Lower motor neuron pathologies 
Poliomyelitis 

Other viral myelitides 
Traumatic 

Charcot-Marie-Tooth disease 
Spinal muscular atrophy 

Werdnig-Hoffmann disease (SMA type 1) 
Kugelberg-Welander disease (SMA type 2) 
Dysautonomia 

Riley-Day syndrome 

Combined upper and lower pathologies 
Amyotrophie latéral sclerosis 
Myelomeningocele 
Tethered cord 

■ Primary myopathies 
Muscular dystrophy 

Duchenne muscular dystrophy 
Limb-girdle dystrophy 
Facioscapulohumeral dystrophy 
Arthrogryposis 
Congénital hypotonia 
Myotonia dystrophica 


NONOPERATIVE TREATMENT 

■ OBSERVATION 

Not ail neuromuscular spinal deformities require immédiate 
treatment. Small curves of less than 20 to 25 degrees can be 
observed carefully for progression before treatment is begun. 
Similarly, large curves in severely mentally retarded patients 
in whom the curve is not causing any functional disability or 
hindering nursing care can be observed. If progression of a 
small curve is noted, orthotic management may be considered 
if the patient can tolerate this form of treatment. If the func¬ 
tional ability of severely impaired patients is compromised by 
increasing curvature, treatment may be instituted. 

■ ORTHOTIC TREATMENT 

Progressive neuromuscular scoliosis in very young patients 
can be treated with an orthosis. The scoliosis offen continues 
to progress despite orthotic treatment, but the rate of progres¬ 
sion can be slowed, and further spinal growth can occur 
before definitive spinal fusion. The brace also can provide 
flaccid patients with trunk support, allowing the use of the 
upper extremities. 

A custom-molded, total-contact TLSO usually is required 
for these children because their trunk contours do not 
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accommodate standard braces. Most patients with neuro- 
muscular scoliosis lack voluntary muscle control, normal 
righting reflexes, and the ability to cooperate with an active 
brace program; therefore, passive-type orthotics hâve been 
more successful in our expérience in managing these neuro- 
muscular curves. Patients with severe involvement and no 
head control frequently require custom-fabricated seating 
devices combined with orthoses or head-control devices. 

A more malléable type of spinal brace, the soft Boston 
orthosis, is fabricated from a soft material that is well toler- 
ated by patients, yet it is strong enough to provide good trunk 
support. The major complaint with the use of this brace has 
been heat rétention. 

Because of problems with brace treatment of neuromus- 
cular patients, growing rods and rib-based techniques hâve 
been successfully used to control progressive neuromuscular 
curves. Several authors hâve reported improvement in the 
Cobb angle and pelvis with these techniques, but a deep 
wound infection rate of 30% also has been reported. 

OPERATIVE TREATMENT 

The goal of fusion in patients with neuromuscular scoliosis is 
to produce solid arthrodesis of the spine, balanced in both 
the coronal and sagittal planes and over a level pelvis. In 
doing so, the surgery should maximize function and improve 
the quality of life. To achieve this goal, a much longer fusion 
is necessary than usually is indicated for idiopathic scoliosis. 
Because of a tendency for cephalad progression of the defor- 
mity when fusion ends at or below the fourth thoracic verte- 
bra, fusion should extend to T4 or above. The decision on 
the distal extent of the fusion generally is whether to fuse to 
the sacrum or to attempt to stop short of it. On occasion, the 
fusion can exclude the sacrum if the patient is an ambulator 
who requires lumbosacral motion, has no significant pelvic 
obliquity, and has a horizontal L5 vertébral body. Many of 
these patients, unfortunately, are nonambulators with a fixed 
spinopelvic obliquity. If the spinopelvic obliquity is fixed on 
bending or traction films (> 10 to 15 degrees of L4 or L5 tilt 
relative to the interiliac crest line), the caudal extent of the 
fusion usually is the sacrum or the pelvis. Maintaining physi¬ 
ologie lordosis in the lumbar spine is important in insensate 
patients who require fusion to the pelvis. This permits body 
weight to be distributed more equally beneath the ischial 
tuberosities and the posterior région of the thigh, reducing 
the risk of pressure sores over the coccyx and ischium. Bone- 
bank allograft usually is used to obtain a fusion. 

■ PREOPERATIVE CONSIDERATIONS 

Patients with neuromuscular scoliosis must hâve complété 
medical évaluations, including cardiac, pulmonary, and 
nutritional status. Many conditions, such as Duchenne mus- 
cular dystrophy and Friedreich ataxia, are associated with 
cardiac involvement. Most patients with neuromuscular 
scoliosis hâve diminished pulmonary function, and careful 
preoperative évaluation is essential. Nickel et al. found that 
patients with vital capacities of less than 30% of predicted 
normal required respiratory support postoperatively, and 
those with a similar decrease of vital capacity and without a 
voluntary cough reflex required tracheostomy. Some surgeons 
prefer to use a nasotracheal tube for postoperative respiratory 
assistance as long as necessary. Preoperatively, the patient 
should hâve pulmonary function studies if the patient is able 


to cooperate, and the vital capacity and forced expiratory 
volume in the first second are evaluated. This information is 
considered along with the patient s ability to cough and with 
measurement of arterial blood gas levels. Postoperative pul¬ 
monary management is then formulated in close consultation 
with a pulmonary specialist before surgery. 

Patients with neuromuscular scoliosis often hâve subop¬ 
timal nutrition because of gastrointestinal problems, such as 
a hiatal hernia or gastroesophageal reflux. Surgery intensifies 
the preexisting State by raising the patients metabolic require - 
ments. The lack of coordination of the muscles around the 
mouth and pharynx often causes difhculties in swallowing. 
Appropriate nutritional therapy, including preoperative 
hyperalimentation, may help improve wound healing and 
decrease the possibility of postoperative infection. Surgical 
procedures such as a gastrostomy and a Nissen fundoplica¬ 
tion can be helpful in improving nutrition and decreasing the 
possibility of problems with gastroesophageal reflux. Proce¬ 
dures to control oral sécrétions also can be bénéficiai, espe- 
cially in patients with cérébral palsy. 

Seizure disorders are common in patients with neuro¬ 
muscular scoliosis, and preoperative anticonvulsant levels 
should be optimized within a therapeutic range. Osteopenia 
may be présent because of the anticonvulsant médications. 
The preoperative use of valproic acid has also been shown to 
be associated with increased blood loss and need for blood 
transfusions. 

Ambulatory status should be evaluated carefully before 
surgery. Often a patient with marginal ambulation capabili- 
ties and progressive scoliosis may not walk again after spinal 
surgery. The patient and the parents must understand this 
before surgery. 

Techniques to minimize blood loss intraoperatively 
should be available, including electrocautery, hypotensive 
anesthésia, hemodilution techniques, and a cell saver. Use of 
antifibrinolytics has been shown to decrease intraoperative 
blood loss during posterior spinal fusion and instrumenta¬ 
tion in neuromuscular scoliosis surgery. Dhawale et al. 
reported that tranexamic acid was more effective than 
epsilon-aminocaproic acid in decreasing blood loss in neuro¬ 
muscular patients. Because of chronic anémia and poor 
nutrition, most patients with neuromuscular scoliosis are not 
suitable candidates for preoperative autodonation of blood. 

Most patients with neuromuscular disease hâve insuffi- 
cient autogenous bone; allograft bone usually is used to 
obtain a fusion and is an acceptable alternative. 

As in other types of scoliosis surgery, the fusion levels and 
instrumentation must be determined preoperatively. The 
source of pelvic obliquity must be determined (Fig. 44-121). 
Ko et al. reported that more than half of cérébral palsy patients 
had more than 10 degrees of asymmetry in the transaxial plane 
between right and left sides of the pelvis. There was greater 
asymmetry in patients with windswept hips. Combined ante- 
rior and posterior arthrodèses may be required for severe 
pelvic obliquity. Other indications for a combined anterior and 
posterior approach include necessity for an anterior release for 
further correction of severe kyphosis, severe and rigid scoliosis 
that cannot be corrected by bending or traction to less than 60 
degrees, and déficient posterior éléments, such as those in 
patients with myelomeningocele. With the use of pedicle 
screws the need for anterior surgery has decreased. Most 
neuromuscular deformities can be treated with segmentai 
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A f Pelvic obliquity. B, If pelvic obliquity is eliminated by abduction or adduction of hips, pelvic-femoral muscle 
contracture is cause. C f If obliquity persists despite abduction or adduction of hips, fixed spinal-pelvic deformity exists. (From Shook JE, 
Lubicky JP: Paralytic scoliosis. In Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, ed 2, Philadelphia, 1997, Lippincott-Raven.) 


instrumentation using pedicle screw fixation and supple- 
mented with sublaminar cables as needed. 

Finally, the patients family should be clearly informed of 
the potential benefits and risks of any surgical procedure. The 
surgery is directed toward functional goals, such as sitting 
balance, pain relief, and improvement in fatigability, rather 
than toward any cosmetic improvement. These functional 
goals must be weighed against the potential risks of the 
procedure and must be documented in the patients medical 
record. 

■ OPERATIVE CONSIDERATIONS 

The potential for intraoperative complications in patients with 
neuromuscular scoliosis is great. Death can resuit from anes¬ 
thésia problems, although more frequently it occurs from 
postoperative pulmonary détérioration. Relative hypothermia 
can easily occur in a lengthy spinal operation in which a large 
area of tissue is exposed and can cause myocardial dépréssion 
and arrhythmias. Spinal surgery is associated with greater 
blood loss in patients with neuromuscular disease than in 
patients with idiopathic scoliosis. The anesthesiologist should 
be aware of both of these potential problems and should be 
prepared for them with an arterial line, a central venous pres¬ 
sure line, température probes, and careful management of 
urine output. Because the curves generally are larger, more 
rigid, and more difficult to instrument, neurologie complica¬ 
tions can occur during surgery. Many patients with neuromus¬ 
cular scoliosis are unable to cooperate with an intraoperative 
wake-up test. Spinal cord monitoring can be a valuable tech¬ 
nique in these patients. Schwartz et al. evaluated the safety of 
using transcranial motor-evoked potentials in neuromuscular 
patients. There were no épisodes of seizures in any neuromus¬ 
cular patients, including those with a history of epilepsy. 

The surgical technique must include meticulous débridé- 
ment of the soft tissue off the posterior éléments of the spine. 


Ablation of the facet joints and a massive amount of bone 
graff are necessary. The bone frequently is ostéopénie, and 
appropriate stable segmentai instrumentation should be used. 
Anterior release and fusion can be considered in patients with 
large curves with a fixed spinal pelvic obliquity or in patients 
with posterior element deficiencies. Anterior instrumenta¬ 
tion in neuromuscular curves may be used if needed, but it 
is rarely used. A 29% failure rate has been reported with 
pelvic fixation in neuromuscular patients. Myung et al. rec- 
ommended placing bilateral pedicle screws at L5 and SI, in 
addition to two iliac screws, to decrease the failure rate of 
pelvic fixation in neuromuscular patients. 

■ POSTOPERATIVE CONSIDERATIONS 

Pulmonary problems are the most likely complications in the 
immédiate postoperative period, and the assistance of a 
pulmonary specialist is invaluable. Ventilatory support may 
be necessary, and such techniques as suctioning, spirometers, 
and intermittent positive-pressure breathing may be appro¬ 
priate. Possibly the best measure to prevent postoperative 
pulmonary problems is a spinal construct strong enough to 
allow early mobilization. 

Fluid balance must be monitored carefully. Affer spinal 
surgery, especially in patients with neuromuscular scoliosis, 
antidiuretic hormone levels may be increased, leading to 
oliguria. If fluids are increased to overcome the oliguria, fluid 
overload may occur. This is especially disastrous in patients 
with impaired rénal function, pulmonary compromise, and 
cardiac difficulties. 

The necessity for postoperative orthotic support must be 
determined for each patient. If a complication, such as 
extremely ostéopénie bone, compromises spinal fixation, or if 
less than idéal instrumentation is used, the use of postopera¬ 
tive external support may be wise. If the patient is so large, 
spastic, or dyskinetic that the spinal instrumentation may be 
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excessively stressed, a postoperative orthosis may be 
considered. 

Infection is a frequent problem in patients with neuro- 
muscular scoliosis, probably because of the metabolically 
compromised host and the lengthy spinal fusions necessary. 
Patients with myelomeningocele and cérébral palsy hâve the 
highest infection rates. A major source of postoperative infec¬ 
tion is the urinary tract. Any organisms found in the urine 
should be aggressively treated for 48 hours before surgery and 
for 3 months affer surgery. Spinal infection is treated in the 
same manner as in patients with idiopathic scoliosis (see 
section on complications of posterior scoliosis surgery). 

Pseudarthrosis with subséquent instrumentation failure 
is a potential late problem. If the pseudarthrosis causes pain 
or loss of correction, repair probably will be necessary, but 
asymptomatic pseudarthrosis without curve progression or 
pain can be observed. 

■ LUQUE ROD INSTRUMENTATION WITH 
SUBLAMINAR WIRING 

Eduardo Luque is credited with popularizing the use of long 
L-shaped rods and sublaminar wires in the surgical treatment 
of spinal deformity. The rods can be contoured, and the spine 
is corrected as the wires are tightened. 

Wilber et al. noted neurologie changes in 17% of their 
patients with idiopathic scoliosis, but since surgeons hâve 
become more proficient with the technique, the incidence of 
neurologie injury has been much lower. The neurologie 
complications from sublaminar wires are of three types: cord 
injury, root injury, and durai tears. Root injuries are the most 
common and lead to hyperesthesia, but these generally 
résolve within 2 weeks. Delayed paraplegia and neurologie 
déficits hâve been reported in patients months after sublami¬ 
nar wiring techniques. In a canine model, épidural and 
intramedullary hemorrhage, reactive épidural fibrosis, durai 
thinning and perforation, indentation of the dorsal surface of 
the spinal cord, cellular destruction within the spinal cord, 
and uncontrolled displacement of the sharp ends of the wires 
into the durai sac during wire extraction, were reported. 
Although sublaminar wires or cables hâve potential risks, we 
hâve found that for neuromuscular curves, the advantages of 
this type of segmentai instrumentation far outweigh the 
potential risks. 

The original Luque rods were L-shaped rods that were 
contoured to appropriate sagittal contours. Appropriately 
sized alloy rods are contoured to the appropriate sagittal 
contours and are connected proximally and distally with 
crosslinks. Originally, stainless-steel wires in diameters of 
16- and 18-gauge were used. We now usually use sublaminar 
cables as opposed to the wire (see Technique 44-17). 


LUQUE ROD INSTRUMENTATION AND 
SUBLAMINAR WIRES WITHOUT 
PELVIC FIXATION 


TECHNIQUE 44-35 


■ The spine is exposed posteriorly as described in 
Technique 44-8. 


■ Wires or cables are passed as described in Technique 
44-17. 

■ Two rods are used for most scoliosis corrections, with the 
first rod applied either to the convex or concave side of 
the curve. Lumbar scoliosis generally is more easily cor¬ 
rected by the concave rod technique, and because most 
neuromuscular curves include the lumbar spine and 
pelvis, the concave rod technique is most frequently used. 

■ Bend the appropriate amount of lordosis and kyphosis 
into the rods with the rod benders. 

■ Place the initial rod with its short limb passing transversely 
across the lamina of the lowermost vertebra to undergo 
instrumentation on the concave side. 

■ Pass it through the hole at the base of the spinous process 
if possible. 

■ Tighten the inferior double wire or cable on the concave 
side to supply firm fixation at the distal level. Now tighten 
the wires or cables to the lamina of the vertebra above 
the curve. 

■ Loosely attach the convex rod proximally after the short 
end has been placed loosely under the long limb of the 
concave rod. Once the concave rod has been completely 
tightened, it often is difficult to pass this short limb under 
the long limb of the concave rod. 

■ Reduce the spine to the rod by manual correction and a 
wire or cable tightener. An assistant can apply appropriate 
manual correction by pressure on the trunk as the wires 
or cables are tightened beneath the apex of the curvature 
(Fig. 44-122). 

■ As each wire or cable is tightened, more correction is 
obtained, and the twisting maneuver must be repeated 
two or three times on each wire to ensure a tight fit. 

■ Securely fasten the convex rod, tightening wires or cables 
from cephalad to caudad. 

■ Once in position, both rods usually can be brought 
into firm contact with the lamina by squeezing them 
together with the rod approximator. As this is done, the 
concave wires or cables will again loosen and must be 
tightened. 

■ Trim the wires to about y 2 inch in length and bend them 
toward the midline. 

■ With the internai fixation device in place, very little bone 
is exposed for décortication and facet excision. We prefer 
to excise the facets if at ail possible. 

■ A large volume of bone graft is necessary, and cancellous 
bone is harvested from the posterior iliac crest. Because 
the instrumentation often includes the iliac crest (see 
Technique 44-37), allograft bone usually is necessary. 
Place the graft latéral to the rods on both sides of the 
spine and out to the tips of the transverse processes. If 
possible, place bone graft between the wires, along the 
laminae. 


■ SACROPELVIC FIXATION 

Many patients with neuromuscular problems require instru¬ 
mentation and fusion to the sacrum. O’Brien described three 
fixation zones for sacropelvic fixation (Fig. 44-123). Examples 
of zone I fixation include SI sacral screws and a McCarthy 
S-rod. Zone II fixation includes S2 screws and the Jackson 
intrasacral rod technique (see later section on combined 
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A and B f Concave rod technique for correction of lumbar scoliosis. (From Segmentai spinal fixation and correction using 
Richards' L-rod instrumentation, Memphis, TN, Smith & Nephew Richards.) SEE TECHNIQUE 44-35. 


Zone 1 
Zone 2 

Zone 3 



sublaminar wires or cables bilaterally throughout the lumbar 
and thoracic spine. The rods generally are crosslinked below 
the upper fixation to provide further stability against migra¬ 
tion or rotation of the rods. We hâve found that if hooks or 
screws are not used at the upper end, wires alone provide no 
support against axial loading. 

The advantages of the S-rod are that firm fixation is 
provided around the sacral ala without Crossing the sacroiliac 
joint and that harvesting of bone graft from the ilium is not 
a problem because the ilium is not violated as it is when the 
Galveston technique is used. Prebent S-rods are available; 
complex bends cannot be done effectively at the time of 
surgery. The rods can be further contoured with a rod bender 
at the time of surgery to accommodate the size of the sacrum 
and to provide the appropriate sagittal plane correction. 


FIGURE 


^ Sacropelvic fixation zones. 


anterior and posterior fusion for scoliosis in patients with 
myelomeningocele). Zone III fixation includes the Galveston 
L-rod technique and sacroiliac screws. 

If fixation to the pelvis is necessary, McCarthy has 
described an S-rod technique (Fig. 44-124). These two rods 
are crosslinked at the lumbosacral junction (Fig. 44-125) and 
then fixed with a combination of hooks, pedicle screws, and 


SACROPELVIC FIXATION 


TECHNIQUE 44-36 


(MCCARTHY) 

■ Expose the spine posteriorly as described in Technique 44-8. 

■ Perform careful dissection of the sacral ala, using a curet to 
clean the superior edge. Use finger dissection ventrally. 
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A-C, S-rods are manufactured as a pair to fit over the right and left sacral alae for fixation to the sacrum without 
Crossing the sacroiliac joint. They are available in Xe-inch and %-inch rods. 


■ The rods corne in different sizes and contours. In most 
instances, a 5.5-mm rod provides satisfactory fit to the 
sacral ala. 

■ Contour the rods to appropriate sagittal contours. 

■ Place the S-rod over the sacral ala from posterior to 
anterior in a position adjacent to the anterior border of 
the sacroiliac joint. It lies posterior to the L5 nerve root 
and roughly parallel to it. 

■ Seat the S-portion of the rod firmly against the sacral ala 
by distraction between an L4-level hook or pedicle screw. 
The rods then can be used as a firm fixation point for 
translation or correction of scoliotic deformities or by 
placing the right and left rods simultaneously and cross- 
linking them, applying a strong cantilever corrective force 
for correction of pelvic obliquity. Crosslinking the two 
S-rods provides stability and éliminâtes the increased time 
and difficulty of insertion of rods into the ilium. 

■ Elevate the médial aspect of the iliac apophysis and rotate 
it over the top of the S-rod on the sacral ala. 

■ Provide bone graft to encase the S-rod into the sacrum. 


GALVESTON SACROPELVIC FIXATION 

Another popular method for achieving sacropelvic fixation 
is the Galveston technique described by Allen and Ferguson 
in which the pelvis is stabilized by driving a segment of the 
L-rod into each ilium (Fig. 44-126). The rod is inserted into 
the posterior iliac crest and rests between the cortices 
above the sciatic notch. This fixation provides immédiate 
firm stability and is biomechanically a stable construct. 
There are potential disadvantages, however, because the 
rod crosses the sacroiliac joint. It is postulated that motion 
in the sacroiliac joint is responsible for a " halo" that is often 
seen around the end of the Galveston rod in the iliac wing. 
Whether this radiographie phenomenon actually results in 
clinical problems is unknown. In a biomechanical compari- 
son of 10 lumbosacral fixation techniques, McCord et al. 
found that the most secure fixation of the lumbosacral joint 
was obtained by extending the fixation anterior to the 
projected latéral image of the middle column as in the 
Galveston technique. 


TECHNIQUE 44-37 


(ALLEN AND FERGUSON) 

■ Expose both iliac crests from the midline incision at the 
level of the posterior superior iliac spine. Expose the iliac 
crest to the sciatic notch. The area just proximal to the 
sciatic notch provides the most satisfactory fixation. 

■ Use a large, smooth Steinmann pin corresponding to the 
size of the rod diameter or a pedicle awl to create a tunnel 
for the rod. The insertion site is just posterior to the 
sacroiliac joint at the level of the posterior inferior iliac 
spine, distal to the posterior superior iliac spine, along the 
transverse bar of the ilium. The area for insertion often is 
difficult to identify, and the rod may be inserted too 
superiorly. 

■ Carefully identify the area for insertion and use a rongeur 
to carefully remove soft tissue and bone to expose the 
inner and outer tables of the ilium. 

■ Drill the Steinmann pin to a depth of 6 to 9 cm. 

■ Asher et al. described use of a pedicle awl for pin inser¬ 
tion. This allows tactile perception to détermine whether 
the awl is perforating the cortex of the ilium. 

■ Use a rongeur to remove enough cartilage and cortical 
bone to create a 1 x 1-cm entry site into the inferior 
portion of the posterior superior iliac spine. This exposes 
the intramedullary space. 

■ Introduce a blunt-tipped pedicle awl into the intracortical 
space and advance it by gentle oscillating pressure on the 
handle of the awl. 

■ Direct the awl to 2 cm above the sciatic notch and 
advance it to the appropriate depth of the rod in the ilium 

(Fig. 44-127). 

■ Now use a flexible ball-tipped pedicle probe to ensure 
that the hole made by the blunt-tipped probe is com- 
pletely intracortical. Place the smooth Steinmann pin into 
the iliac hole. 

ROD CONTOURING (ASHER) 

■ Préparation of the rod is made easier by the use of a 
variable-radius bender set. To préparé the rod for iliac 
(Galveston) placement, four measurements are needed: 
(1) the length of the intrailiac portion of the rod (Fig. 
44-128A), (2) the transverse plane angle of the iliac 
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Nine-year-old girl with spinal muscular atrophy 
and curve of 54degreesand pelvicobliquity measuring 15degrees. 
She was treated with combination of S-rods, TSRH hooks, and 
Songer cables. Her postoperative curve measured 19 degrees with 
pelvic obliquity of 0 degrees. A and B, Preoperative anteroposte- 
rior and latéral views. C and D f Postoperative anteroposterior and 
latéral views. (From McCarthy RE, Saer EH: The treatment of flaccid 
neuromuscularscoliosis. In Bridwell KH, DeWald RL, editors: Thetextbook 
of spinal surgery, ed 2, Philadelphia, 1997, Lippincott-Raven.) 


fixation site to the midsagittal plane (Fig. 44-128B), (3) 
the medial-lateral distance from the iliac entry site to the 
intended line of longitudinal passage of the rod along 
the spine (Fig. 44-128C), and (4) the length of the rod 
needed from the sacrum to the most cephalad instrumen¬ 
tation site. 


Intracortical passage of pedicle probe in ilium. 


SEE TECHNIQUE 44-37. 


■ Lay suture along the spine line from the sacrum to the 
facet above the last instrumented vertebra; its length plus 
1 cm is the usual length for this portion of the rod. 

■ Add the first and third measurements; a right-angle bend 
is placed at this distance from one end (Fig. 44-128D); 
this is the iliosacral portion of the rod. 

■ The medial-lateral distance (measurement 3) minus 
approximately 3 mm to allow for the bend is from the 
middle of the right-angle bend. Mark this at the iliosacral 
portion of the rod. 

■ After the right-left orientation is verified, place an angle 
identical to that of the iliac fixation site to the midsagittal 
plane at this second mark (Fig. 44-128E). This séparâtes 
the iliosacral portion of the rod into the iliac and sacral 
portions. 
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Technique of Asher. A f Length of intrailiac portion of rod. B f Transverse angle of iliac fixation site in midsagittal 
plane. C f Coronal plane distance from iliac entry site to intended line of longitudinal passage along spine. D f Right-angle bend. 
E f lliosacral axial plane bend. F f Placement of long- and short-radius lordosis. G f Placement of long and short thoracic kyphosis. H, Sagittal 
plane iliac angle adjustment. (Redrawn from Boachie-Adjei 0, Asher MA: Isola instrumentation for scoliosis. In McCarthy R, editor: Spinal 
instrumentation techniques, vol 2, Rosemont, IL, 1998, Scoliosis Research Society.) SEE TECHNIQUE 44-37. 


Add sagittal plane bends, beginning at L5-S1, thus leaving 
a straight portion overthe sacrum. Because lordosis is not 
uniform but is greater in the lower lumbar spine, two 
contours are necessary. The contour for the entire lumbar 
spine is a long radius, whereas that for the lower lumbar 
spine is shorter (Fig. 44-128F). 

Add thoracic kyphosis, again by use of the fiat benders 
(Fig. 44-128G). 

Attempt a trial placement to check whether the sagittal 
plane bend of the sacroiliac bend is correct. This can be 
determined by measuring the distance from the rod to 
the spine at the cephalad and caudal levels of the rod. 
Make final sagittal plane iliac angle adjustments with fiat 
bender posts and a tube bender (Fig. 44-128H). 

The Galveston technique can be combined with a 
multiple-hook or pedicle screw segmentai System with 
crosslinks if desired (Fig. 44-129A and B). 


UNIT ROD INSTRUMENTATION WITH 
PELVIC FIXATION 

When two unlinked L-rods are used, the rods may translate 
with respect to one another and compromise control of 
pelvic obliquity. In addition, twisting within the laminar 
wires can resuit in rotation of one rod relative to another. 
The X"inch rods generally used in neuromuscular patients 
are difficult to bend so that they can conform to the 
complex three-dimensional curves of the spine. In response 
to these problems, Bell et al. developed the unit rod. The 
unit rod is a single continuous %-inch stainless-steel rod 
with a U bend at the top and "bullet-ended" pelvic legs 
for implantation into the pelvis (Fig. 44-130). The three- 
dimensional preshaped kyphosis, lordosis, and pelvic legs 
were devised from a database of patients without spinal 
deformity. Eight lengths of rod are available, increasing in 
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A and B f Instrumentation with multiple-hook 
segmentai fixation and domino-type crosslinks. SEE TECHNIQUE 
44-37. 



A and B f Unit rod for neuromuscular scoliosis 
developed by Bell, Moseley, and Koreska. Single, continuous %- 
inch stainless Steel rod has U-shaped bend at top and bullet- 
shaped ends for insertion into pelvis. SEE TECHNIQUE 44-38. 


20-cm incréments from 310 to 450 cm. Right and left iliac 
guides facilitate drilling into the posterior ilia and subsé¬ 
quent introduction of the pelvic legs. The length of the iliac 
legs decreases proportionally as the rod shortens. The unit 
rod attempts to normalize body alignment in both the 
sagittal and coronal planes by establishing normal lordosis 
and kyphosis and correcting pelvic obliquity. We hâve not 
found the unit rod satisfactory for extremely rigid curves 
unless an anterior release or wedge ostéotomies are done 
to reduce the spinal stiffness. If, however, the curves seem 
relatively flexible on bending films or physical examination, 
correcting to less than 40 degrees, we hâve had excellent 
results with the use of the unit rod. 


TECHNIQUE 44-38 


■ Expose the spine as described in Technique 44-6. Expose 
both iliac crests to the posterior superior iliac spine and 
down to the sciatic notch. 

■ Mark a / 4 -\nch drill with a marking pen at 15 mm longer 
than the sciatic notch if the child weighs more than 45 kg 
and at 10 mm if the child weighs less than 45 kg. 

■ Place the appropriate right or left drill guide into the 
sciatic notch. Keep the latéral handle of the drill guide 
parallel to the pelvis (Fig. 44-131 A) and the axial handle 
of the drill guide parallel to the body axis (Fig. 44-131 B). 

■ Start the drill hole as far inferiorly on the posterior supe¬ 
rior iliac crest as possible (Fig. 44-131 C). 

■ Drill a hole in the ilium to the marked depth and check 
the hole with a wire to make certain the cortex has not 
been penetrated. 

■ Use a similar technique on the opposite iliac crest. 

■ Pass the sublaminar wires. 

■ Measure the length of the rod by placing the rod upside 
down, with the corner of the rod at the drilled hole on 
the elevated side of the pelvis. If kyphosis is severe, 
choose one length shorter because the kyphotic spine 
shortens as it corrects. If pelvic obliquity is severe, test the 
length from both the high and low sides and choose an 
intermediate length. If the rod is placed and turns out to 
be too long, it may be necessary to eut off the superior 
end; the upper end then can be connected with a 
crosslink. 

■ Cross the legs of the appropriate-length rod and insert 
them first into the hole on the low side of the pelvic 
obliquity (Fig. 44-132A). Cross the rod so that the leg 
going into the low side is underneath the other leg. 

■ Insert approximately one half to three fourths of the leg 
length into the hole. Then insert the next leg by holding 
it with a rod holder and guiding it into the correct direc¬ 
tion of the hole. 

■ Use the impactor and drive the rod leg in by alternately 
impacting each leg (Fig. 44-132B). Be certain that each 
rod leg is impacted in the exact direction of the hole or 
the cortex may be penetrated. 

■ Once the rod is firmly seated, use the proximal end of the 
rod as a "rudder" to bring the distal end of the rod to 
the spine (Fig. 44-132C). 

■ Do not push the rod down completely into the wound in 
one move because this may pull the legs out of the pelvis 
or fracture the ilium. Instead, push the rod to line it up 
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Unit rod instrumentation. A f Latéral handle of drill guide is kept parallel to pelvis. B f Axial handle is kept parallel 
to body axis. C f Drill hole started inferiorly on posterior superior iliac crest. (C redrawn from Miller F, Dabney KW: Unit rod procedure for 
neuromuscular scoliosis. In McCarthy R, editor: Spinal instrumentation techniques, vol 2, Rosemont, IL, 1998, Scoliosis Research Society.) SEE 

TECHNIQUE 44-38. 


with the L5 lamina only and tie these wires down with a 
jet wire twister. 

■ Now push the rod to the L4 vertebra, twist the wires, and 
eut them off. 

■ Tighten the wires from caudad to cephalad one level at 
a time. Do not relax the push on the rod between the 
levels of the major curve or too much load may be applied 
to the end vertebra. Do not use the wires themselves to 
pull the rod down to the lamina or the wires will eut 
through the lamina. 

■ After ail the wires hâve been tightened, go back and 
verify that ail previously tightened wires are well seated. 

■ Cut the wires at 10- to 15-mm lengths. 

■ Bend ail wires into the midline of the rod and direct them 
caudally (Fig. 44-132D). 

■ Apply bone graft. Bank bone usually is needed because 
the iliac crest is used for pelvic fixation. 


ILIAC FIXATION WITH ILIAC SCREWS 

Iliac screws provide secure and rigid pelvic fixation, which 
has the advantage of not having prefixed angles for pelvic 
fixation. 


TECHNIQUE 44-39 


■After the spine is exposed, dissect laterally underneath 
the spinal fascia to reach the médial aspect of the iliac 
wing at its very distal aspect. 


■ Identify the posterior superior iliac spine. The starting 
point for screw placement is 1 cm inferior to the posterior 
superior iliac spine and 1 cm proximal to the distal edge 
of the posterior superior iliac spine (Fig. 44-133A). If 
required, expose the latéral aspect of the iliac wing to 
help with the trajectory of the pathway down the iliac 
bone (Fig. 44-133B). 

■ With a 4-mm burr, create a médial cortical defect at the 
appropriate starting point. 

■ By use of an iliac probe or pedicle probe with the tip 
facing medially and the trajectory 45 degrees caudal and 
latéral, tunnel down between the cortices of the ilium 
(Fig. 44-133C). It is more likely to exit laterally than medi¬ 
ally. That is the reason for the probe to face medially. The 
idéal placement of the screw will be just cephalad to the 
superior gluteal notch, which is the thickest part of the 
ilium. 

■ Once the tunnel has been formed with the probe, use a 
flexible ball-tip sounding probe to palpate the intraosse- 
ous borders of the ilium to confirm intraosseous place¬ 
ment of the screw. Tap the tunnel if necessary. 

■ Various angles are available on the screw heads to 
allow easier placement of the connector rods. Screw 
trials are used to détermine which type of screw best 
fits the patient's anatomy. Select an appropriate-sized 
screw. 

■ Insert the screw with the screwdriver. If angled screw 
heads are used, each angle screw has its own screwdriver. 
Once the screw is placed snuggly into the ilium, it is 
important that the top of the screw head rest below the 
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Unit rod instrumentation, continuée/. A, One leg of rod is placed into low side of pelvic obliquity first. B, Impactor 
is used to drive rod legs into pelvis. C, Once rod is firmly seated, proximal end can be used as rudder to bring distal end to spine. 
D, Wires are bent into midline of rod and directed caudally. SEE TECHNIQUE 44-38. 


top of the posterior superior iliac spine (Fig. 44-133D). 
This ensures that the screw will not be prominent 
postoperatively. 

■ Position the screw head facing directly médial to allow 
the latéral connector to engage and thus keep the rod 
vertical in its orientation. 

■ Détermine the length of the latéral connector after 
placing and aligning the more cephalad spinal instrumen¬ 
tation; the goal is a vertical rod with only sagittal plane 
and minimal coronal plane bending. 


■ Once the offset is determined, eut the latéral connector 
to length and insert it into the screw head and provision- 
ally tighten the screw. 

■ Insert the rod into the latéral connector and cantilever 
it down into the cephalad spinal instrumentation 

(Fig. 44-133E). 

■ Place the set screw for the latéral connector and provi- 
sionally tighten it. 

■ When ail implants are securely in place, perform final 
tightening and break off the set screw head (Fig. 44-133F). 
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A-F f lliac fixation with CD Horizon Legacy spinal System. See text for description. (Redrawn from Lenke LG, King AG: 
CD Horizon Legacy iliac fixation spinal System technical guide, Memphis, TN, 2004, Medtronic Sofamor Danek.) SEE TECHNIQUE 44-39. 


POSTOPERATIVE CARE. Postoperative immobilization 
is not recommended after L-rod or unit-rod instrumenta¬ 
tion. However, because neuromuscular curves frequently 
are associated with osteoporosis, spasticity, inability of the 
patient to cooperate, and severe curves, postoperative 
immobilization in a TLSO for 3 to 6 months may be 
needed if there is any question about stability of the 
instrumentation construct. 


■ S2 ILIAC LUMBOPELVIC SCREW PLACEMENT 

The screws in this technique do not require a separate skin 
or fascial incision, and average lengths of 70 to 100 mm are 
attainable. Additionally, this fixation does not interfère with 
aggressive iliac crest harvest. However, O’Brien et al. reported 
articular cartilage violation in 60% and noted that biome- 
chanical strength of the S2 iliac screw technique has not been 
evaluated. The advantages of this technique are reduced 
implant prominence and placement of the iliac screw in line 
with other spinal anchors, thus avoiding acute bends in the 
rod to obtain pelvic fixation. Myung et al. recommended this 
technique to allow for six points of fixation distal to L4 with 
pelvic instrumentation. 


ILIAC AND LUMBOSACRAL FIXATION 
WITH SACRAL-ALAR-ILIAC SCREWS 


TECHNIQUE 44-40 


■ Place the patient prone on a radiolucent table, ensuring 
that the pelvis is as neutral as possible with minimal 
rotation. 

■ Extend a midline skin incision to expose the dorsal foram- 
ina of the sacrum, specifically the SI and S2 foramina. 
Additional latéral dissection to the iliac crest is not needed. 

■ Stand on the contralatéral side of the patient to identify 
the starting point. Find the midpoint between the SI and 
S2 dorsal foramina and the latéral border of the foramen; 
the starting point is where these two lines intersect (Fig. 
44-134A). This starting point should be in line with the 
SI pedicle screw. 

■ Be aware that the entry point may vary with the local 
anatomy of the patient. If the pelvis is asymmetric in the 
transverse plane, as is common in patients with genetic 
or neuromuscular disorders, the starting point may need 
to vary in the mediolateral plane. 








Iliac and lumbosacral fixation with sacral-alar-iliac screws. A f Starting point for screw insertion. B f Screw trajectory. 
C and D f Fluoroscopie confirmation of appropriate trajectory. Continued 


■ Détermine the proper trajectory of the sacral-alar-iliac 
fixation. Aim for the anterior inferior iliac spine, which 
can be found by palpating the top of the greater trochan¬ 
ter (Fig. 44-134B). The trajectory should pass immediately 
above the sciatic notch. 

■To use fluoroscopy to identify the appropriate trajectory, 
orient the C-arm in the intended trajectory and position 
it above the starting point. Then angle the C-arm 20 to 
30 degrees caudal (Fig. 44-134C) and 40 to 50 degrees 
to the vertical plane (Fig. 44-134D), aiming for the ante¬ 
rior inferior iliac spine. With this trajectory, the iliac 
teardrop should be visible on the anteroposterior fluoro¬ 
scopie image (Figs. 44-134E). 

■ Use an awl and probe or pelvic 2.5-mm drill bit to verify 
the correct trajectory. The path of the probe or drill should 


be within 20 mm of the greater sciatic notch and aiming 
toward the anterior inferior iliac spine (Fig. 44-134F). This 
trajectory may vary with pelvic obliquity and lumbar 
lordosis. 

■ If using a drill, feel for the bony end point after each 
advancement of the drill. Once the drill crosses the sac- 
roiliac joint, use a 3.2-mm drill bit to avoid breaking the 
smaller bit in the ilium. Alternative^, an awl can be used 
in a dysplastic pelvis. 

■ Obtain a teardrop fluoroscopie image to ensure that the 
anterior-posterior trajectory is within the thickest part of 
the ilium, without a cortical breach. 

■ Use a ball-tipped probe to palpate the course of the screw 
and confirm the bony end point. Note the appropriate screw 
length as shown on the ball-tipped probe or on the tap. 

























mmmasm E, With proper trajectory, iliac teardrop should be visible on anteroposterior image. F f Path of probe or drill 
within 20 mm of the greater sciatic notch and aimed toward the anterior inferior iliac spine. G f Guidewire placed through drilled hole. 
H-J f Fluoroscopie teardrop view to confirm screw placement. K f Final position of rods. (Courtesy DePuy Synthes Companies of Johnson & 

& Johnson ) SEE TECHNIQUE 44-40. 
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9 " Place a guidewire through the probed or drilled hole to 
preserve the trajectory (Fig. 44-134G) and confirm its 
position with fluoroscopy. 

■ Tap the hole using the same-size pedicle tap as the 
intended screw diameter. Make sure that the guidewire 
does not advance during advancement of the tap. 

■ Insert the screw, aiming for the anterior inferior iliac spine 
with the trajectory within 20 mm above the greater 
sciatic notch. Before the screw is fully seated, remove the 
guidewire to prevent bending or breakage. 

■ Using the teardrop fluoroscopy view, confirm screw place¬ 
ment (Figs. 44-134FH to J). 

■ Choose a rod length that will span the full length of the 
construct. Sagittally contour the rod before implanting it. 
■ Check to ensure that the sacral-alar-iliac screws are in line 
with the SI screws and proximal screws in the construct. 
Rods can be inserted from caudal to cranial (most com- 
monly) or from cranial to caudal in the case of severe 
proximal deformity. 

■ Insert the set screw to capture the rod. Tighten the rod 
to fix the rod to the distal screw and continue in a cepha- 
lad direction, capturing the rod with the rest of the screws 
in the construct (Fig. 44-134K), and tighten the set 
screws. 


CEREBRAL PALSY 

The prevalence of spinal deformities in patients with cérébral 
palsy varies according to the degree of neuromuscular 
involvement. Less than 10% of ambulatory patients with 
spastic hemiplegia hâve scoliosis; however, of those, 21% hâve 
scoliosis greater than 10 degrees and 6% hâve scoliosis greater 
than 30 degrees. Madigan and Wallace found scoliosis in 65% 
of patients with spastic quadriplegia who required total care. 
Most authors agréé that the severity of the curve is directly 
proportional to the degree of neurologie impairment. Scolio¬ 
sis in patients with cérébral palsy can continue to progress 
into the third decade. The greatest progression has been noted 
in patients who are unable to walk and hâve thoracolumbar 
or lumbar curves (average progression 0.8 degree per year in 
curves less than 50 degrees and 1.4 degrees per year in curves 
more than 50 degrees). 

Scoliosis in patients with cérébral palsy is best managed 
by early récognition and control of the curve before the 
deformity becomes severe. Unlike idiopathic scoliosis, scolio¬ 
sis caused by cérébral palsy can be painful. If the scoliosis is 
left untreated, function may be lost. If the patient is ambula¬ 
tory, the trunk may become so distorted that standing erect 
becomes impossible. Sitting may become more difficult with 
increasing pelvic obliquity. If supplémentai support by the 
hands is needed to sit, the patient will lose the ability to 
perform activities that require use of the upper extremity. 

Bonnett et al. listed the following seven goals of scoliosis 
treatment in patients with cérébral palsy: 

Improvement in assisted sitting to make positioning and 
transfer easier for nursing attendants and family 
Relief of pain in the hips and back 
Increased independence because of a decreased need for 
assistance, both for the positioning required to relieve 
pain and to prevent pressure areas and for feeding 


Improvement in upper extremity function and table-top 
activities by eliminating the need to use the upper 
extremities for trunk support 

Réduction of the equipment needed, making possible the 
use of other equipment 

Placement of the patient in a different facility, one in 
which less care is provided 

Improved eating ability made possible by a change in 
position 

Each patient must be evaluated individually to détermine 
the potential for achieving these réhabilitation goals. 

■ CLASSIFICATION 

Lonstein and Akbarnia classified cérébral palsy curves into 
two groups (Fig. 44-135). Group I curves—double curves 
with both thoracic and lumbar components—occurred in 
40% of their patients. These curves, which are similar to 
curves of idiopathic scoliosis, occurred more commonly in 
patients with only intellectual impairment who were ambula¬ 
tory and lived at home. Group II curves were présent in 58% 
of patients. These curves were more severe lumbar or thora¬ 
columbar curves that extended into the sacrum, with marked 
pelvic obliquity. Patients with these curves usually were 
nonambulatory with spastic quadriplegia, generally were not 
cared for at home, and were more likely to hâve the classic 
form of cérébral palsy rather than intellectual impairment 
alone. 

■ NONOPERATIVE TREATMENT 

If the curve is small, careful observation is indicated. If the 
curve progresses or is more than 30 degrees in a growing 
child who is an independent ambulator or sitter, treatment 
should be instituted. If a child is skeletally mature, bracing is 
not likely to be effective and surgery is indicated if the curve 
is 50 degrees or more. If neurologie involvement is extreme 
in a patient who is severely impaired and the curve is not 
causing any significant functional problems or pain, observa¬ 
tion is appropriate. 

Most nonambulatory patients with cérébral palsy do not 
hâve head or neck control during the first years of life. Custom 
seating may be effective in providing these patients with a 
straight spine and a level pelvis. Custom seating also can 
effectively accommodate severe spinal deformities and allow 
an upright posture in severely involved individuals. 

If the curve is progressive, an orthotic device may be 
helpful as a temporizing device but will not provide perma¬ 
nent control of the curve. Orthoses generally are used for 
curve control during growth in a child who is ambulatory or 
who has independent sitting ability. The orthosis offen pro- 
vides enough trunk support to free the upper extremities for 
functional use. The orthosis of choice is a passive, total- 
contact TLSO with either a one-piece front-opening or a 
two-piece bivalved design or the soft Boston orthosis. 

■ OPERATIVE TREATMENT 

The operative treatment of scoliosis in cérébral palsy is 
complex. Determining which type of surgery is needed, and 
even whether any surgical procedure is warranted, is difficult. 
Before the introduction of newer techniques and instrumen¬ 
tation, the operative treatment of these patients was likely to 
fail, but the ability to treat these individuals has improved 
greatly. 
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A and B f Group I double curves with thoracic and lumbar component and little pelvic obliquity. C and D f Group 
large lumbar or thoracolumbar curves with marked pelvic obliquity. 


The indications for surgical stabilization dépend on the 
degree of mental involvement and the functional State of the 
individual with cérébral palsy. Determining which functional 
abilities would be helped by surgery is not always easy Cer- 
tainly, in ambulatory children and in those of near-normal 
intelligence, operative indications are similar to those for 
idiopathic scoliosis (curves of 40 to 45 degrees or more during 
adolescence; curves of more than 50 to 60 degrees in young, 
skeletally mature adults; and progressive curves that do not 
respond to nonoperative treatment). The decision concerning 
treatment of a child with total body involvement, seizure 
disorder, no head or trunk control, and major nutritional 
problems is difficult. If a practical, functional gain is not 
likely, the risks of surgery may not be acceptable. 

The surgical techniques available for scoliosis in patients 
with cérébral palsy hâve improved significantly. A pseudar- 
throsis rate of 20% has been reported in patients with posterior 
spinal fusion and Harrington instrumentation. Combined 
anterior and posterior procedures with anterior and posterior 
instrumentation resuit in adéquate correction with a low 
incidence of pseudarthrosis. The introduction of Luque rods 
and segmentai instrumentation also has greatly improved the 
results of surgery for scoliosis in cérébral palsy patients. In a 
comparison study of a two-stage technique (anterior spinal 
instrumentation and fusion using the Zielke apparatus fol- 
lowed by posterior Luque procedures to the pelvis) with a 
single-stage posterior technique using Luque rods, the pseud¬ 
arthrosis rate was 40% in the single-stage procedure and 
only 9.5% in the combined procedure. Allen and Ferguson 
questioned the need for anterior instrumentation because 
anterior instrumentation actually decreases the overall cor¬ 
rection. They recommended an anterior release and fusion 
followed by a second-stage Luque procedure to the pelvis. 
With posterior segmentai instrumentation Systems, the 
technique of anterior release and fusion without instrumenta¬ 
tion followed by posterior instrumentation also has produced 


satisfactory results. In patients with cérébral palsy and scolio¬ 
sis, segmentai instrumentation has the advantage of allowing 
distraction and compression along the rods in addition to 
bending and rotational forces. The principles remain the 
same in that a large, stiff curve before surgery may need an 
anterior release, discectomy, and anterior bone grafting. 
Posterior instrumentation to the pelvis is completed at a 
second stage. The use of double sacral screws or iliosacral 
screws for fixation to the pelvis has been recommended. With 
pedicle screw instrumentation and posterior-only surgery, 
results are reported to be similar to those of anterior and 
posterior surgery. There probably is no one idéal technique 
for managing these complex curves. In general, we use pedicle 
screws, and pelvic fixation is preferred when possible. The 
rods can be crosslinked to increase stability. Our preference 
at this time for pelvic fixation is the iliac screw technique or 
S2 iliac screw technique (see Techniques 44-35 and 44-36). If 
the pelvis is too small to accept screw fixation, we use the 
McCarthy S-rod technique (see Technique 44-32) with cross- 
linking for pelvic fixation. 

The type of surgery also dépends on the type of scoliosis. 
According to Lonstein and Akbarnia, patients with group I 
curves usually require only a posterior fusion, with fusion to 
the sacrum rarely needed (Fig. 44-136). A combined anterior 
and posterior approach to group I curves is needed only when 
there is a significant lumbar component, in which case an 
anterior release and fusion and posterior instrumentation 
add correction and reduce the rate of pseudarthrosis. Group 
II curves usually require a long fusion to the sacrum because 
the sacrum is part of the curve and pelvic obliquity is présent. 
Traction radiographs should be obtained. If a level pelvis and 
balanced spine can be obtained, a one-stage posterior 
approach is indicated. However, if the traction radiograph 
shows significant residual pelvic obliquity, or if the torso is 
not balanced over the pelvis, a two-stage approach is indi¬ 
cated. In general, the larger the lumbar curve, the more severe 
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A f Preoperative standing radiograph of 
patient with cérébral palsy and significant group I scoliosis. 
B, Postoperative appearance 4 years after posterior instrumenta¬ 
tion not including the sacrum. 


the pelvic obliquity; and the more rigid the curve, the more 
likely a two-stage procedure will be needed, although with 
current segmentai instrumentation with pedicle screws, 
anterior and posterior procedures are not needed as often. 

Radiographie évaluation of patients with contractures 
around the hips can lead to erroneous conclusions. The 
radiograph often is made with the patient supine and the hips 
extended. If one hip has an adduction contracture and the 
opposite hip has an abduction contracture, it may appear that 
pelvic obliquity is présent. An appropriate radiographie évalu¬ 
ation should include a supine view obtained with the hips in 
a relaxed position, whatever the contractures dictate. This 
allows the spine and pelvis to assume a neutral alignment 
without the influence of hip contractures. Kyphosis can be 
caused by tight hamstrings and should be evaluated carefully 
because if the hamstrings are not released, increased stress 
will be placed on the instrumentation. 

Several technical points should be considered in instru¬ 
mentation of patients with cérébral palsy. The most proximal 
level of the fusion should be above T4 to prevent “falling off” 
of the kyphosis above the instrumentation. Only small por¬ 
tions of the ligamentum flavum on either side of the superior 
interspinous space to be instrumented should be removed. If 
possible, the supraspinous and interspinous ligaments at the 
superior level should be preserved to prevent an increase in 
kyphosis above instrumentation. Pedicle hooks or screws are 
used for fixation at the most proximal level to add axial load 
support to the System. 


Immobilization after the spinal fusion dépends on the 
activity level of the child and the security of the internai fixa¬ 
tion. If a child can tolerate external support without any 
detrimental effect on function, it can be used no matter how 
secure the internai fixation. If, however, external support 
would significantly hinder the patient s functional ability and 
the internai fixation is secure, it should not be used. If the 
bone is obviously ostéopénie or instrumentation is less than 
idéal, postoperative external support may be necessary. 

■ COMPLICATIONS 

Improved techniques of instrumentation and preoperative 
and postoperative management hâve decreased complica¬ 
tions, but a much higher complication rate should be expected 
after surgery for this type of scoliosis than after that for 
idiopathic curves. Complications in patients with cérébral 
palsy hâve been reported in up to 81%, including infection in 
15% to 19%. Patients with cérébral palsy are believed to be at 
an increased risk for infection. Deep infections can be treated 
by irrigation and debridement, administration of systemic 
antibiotics, and delayed primary closure or closure over a 
suction drain. 

Pulmonary complications often develop in these patients 
because they cannot cooperate in deep breathing and cough- 
ing exercises, and appropriate prophylactic pulmonary mea- 
sures are needed. 

If the upper limit of the fusion is not selected carefully 
(above T4), kyphosis cephalad to the upper limit of the fusion 
can occur. Pseudarthrosis is less frequent with newer instru¬ 
mentation Systems, but it still occurs and often results in 
implant failure. Other possible complications are those inhér¬ 
ent in any spinal operation, such as urinary tract infection, 
iléus, and blood loss. 

Although the complications can be significant in these 
patients, the functional improvement or prévention of dété¬ 
rioration of function may be worth the effort and the risks of 
surgery. Complications should be expected and planned for; 
prompt treatment will lessen their severity. 

FRIEDREICH ATAXIA 

Friedreich ataxia is a recessively inherited condition charac- 
terized by spinocerebellar degeneration. The genetic cause 
has been found to be a flaw within the frataxin gene on 
chromosome 9ql3. The clinical onset takes place between the 
âges of 6 and 20 years. Primary symptoms include progressive 
ataxie gait, dysarthria, decreased proprioception or vibratory 
sense, muscle weakness, and lack of deep tendon reflexes. 
Secondary symptoms include pes cavus, scoliosis, and cardio- 
myopathy. Affected children frequently are wheelchair bound 
in the first or second decade of life. The cardiomyopathy often 
leads to death in the third or fourth decade of life. 

Labelle et al. evaluated 56 patients with a diagnosis of 
Friedreich ataxia and found that ail 56 patients had scoliosis. 
The most common pattern was double structural thoracic 
and lumbar curves (57%). The typical neuromuscular thora- 
columbar curve with pelvic obliquity was found in only 14%. 
Milbrandt et al. reported that 63% of their patients developed 
scoliosis. Because no significant corrélation could be estab- 
lished between overall muscle weakness and curve progres¬ 
sion, as would be expected in neuromuscular scoliosis, Cady 
and Bobechko postulated that the pathogenesis of scoliosis in 
patients with Friedreich ataxia may be a disturbance of 
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equilibrium and postural reflexes rather than muscle weak- 
ness. Not ail curves in patients with Friedreich ataxia are 
progressive (49% are progressive); the onset of the disease at 
an early âge and the presence of scoliosis before puberty hâve 
been found to be major factors in progression. Scoliosis 
appearing in the late teens or early 20s is less likely to be 
progressive. 

Most authors hâve not found bracing to be useful for 
progressive curves in patients with Friedreich ataxia. The 
orthosis fails to control the curve, and by the time scoliosis 
develops, the patients often hâve a significant degree of 
ataxia and the restriction of a spinal orthosis makes annu¬ 
lation more difficult. Curves of less than 40 degrees should 
be observed, curves of more than 60 degrees should be 
treated operatively, and curves of between 40 and 60 degrees 
should be observed or treated operatively, depending on the 
âge of the patient, the onset of the disease, and such char- 
acteristics of the scoliosis as the patients âge when it is 
recognized and evidence of progression of the curve. If the 
curve is observed too long, cardiomyopathy may hâve pro- 
gressed to the point that surgery is risky, if not impossible; 
early surgical treatment is therefore recommended for pro¬ 
gressive curves. 

Cardiology évaluation is mandatory before any surgery is 
considered in these patients. Patients with Friedreich ataxia 
frequently are unable to walk with postoperative immobiliza- 
tion. Prolonged bed rest postoperatively must be kept to a 
minimum, or weakness can increase rapidly. For these 
reasons, the idéal instrumentation for these patients is seg¬ 
mentai spinal instrumentation with multiple fixation devices, 
such as hooks, sublaminar cables, or pedicle screws, that do 
not require external support postoperatively. In general, these 
patients require a long fusion with attention to sagittal con¬ 
tours to prevent later problems with thoracic kyphosis. Mil- 
brandt recommended segmentai instrumentation and fusion 
from T2 to the sacrum. The pelvis usually is not included in 
these fusions unless pelvic obliquity is significant. Spinal cord 
monitoring usually is not effective in these patients, and plans 
for a wake-up test should be made preoperatively to evaluate 
the neurologie status after instrumentation and correction. 

CHARCOT-MARIE-TOOTH DISEASE 

Classic Charcot-Marie-Tooth disease is a demyelinating 
neuropathy. The condition is dominantly inherited, with 
considérable variation in severity. The reported incidence of 
spinal deformity in Charcot-Marie-Tooth disease varies from 
10% to 26%. Some authors hâve found brace treatment to be 
well tolerated, whereas others hâve had little success, with 
curve progression reported in 71% and with 33% requiring 
instrumentation and fusion. The sagittal plane deformity 
accompanying this scoliosis most frequently is kyphosis, and 
fusion to the pelvis generally is not necessary unless pelvic 
obliquity exists. Intraoperative monitoring rarely is possible 
in patients with Charcot-Marie-Tooth disease; therefore, 
preoperative plans for intraoperative assessment of possible 
neurologie compromise with a wake-up test should be 
considered. 

SYRINGOMYELIA 

Syringomyelia is a cystic, fluid-filled cavitation within the 
spinal cord. Scoliosis may be the first manifestation of a 
syringomyelia. Syringomyelia can exist with or without Chiari 


I malformations. The proposed cause of syringomyelia associ- 
ated with Chiari I malformation is disturbed or obstructed 
cerebrospinal fluid flow. Syringomyelia without associated 
Chiari I malformation is described as a noncommunicating 
syrinx. Scoliosis has been reported in 63% to 73% of children 
with syringomyelia. Physical findings that may indicate 
syringomyelia include neurologie déficits and pain associated 
with the scoliosis, intrinsic muscle wasting of the hands, 
cavus deformity, asymmetric muscle bulk, occipital and 
upper cervical headaches, and loss of superficial abdominal 
reflexes. Radiographie features suggestive of syringomyelia 
include Charcot changes in joints and a left thoracic curva- 
ture. Patients with syringomyelia and scoliosis hâve been 
found to hâve thoracic kyphosis (> 40 degrees) instead of 
thoracic hypokyphosis seen with idiopathic scoliosis. Cervi¬ 
cal lordosis also is increased in this patient population. If the 
diagnosis of syringomyelia is suspected, MRI should be done 
(Fig. 44-137). In obtaining the MRI study, care must be taken 
to include the craniocervical junction to rule out the presence 
of an Arnold-Chiari malformation. 

The association of syringomyelia with scoliosis may hâve 
a significant influence on treatment. Paraplegia and rupture 
of a large cyst in the cord resulting in death hâve been reported 
in patients with syringomyelia who had instrumentation and 
fusion. Because of the possibility of these complications, 
surgery for scoliosis in patients with syringomyelia should be 
approached cautiously. The rate of progression of the neuro¬ 
logie déficit and the prognosis of the curve should be consid¬ 
ered carefully before any extensive surgery is considered. 
Drainage of the cyst, followed by observation to détermine if 
the subséquent curve stabilizes, has been recommended as 
initial treatment. In one study, improvement was noted in 
three of 15 patients, and progression did not occur in any 
patient. Another study showed that drainage of the syrinx 
delayed but did not prevent curve progression in immature 
patients; however, drainage of the syrinx did allow use of 
distraction-type instrumentation without complications. At 
our institution, the pédiatrie neurosurgeons believe that the 
syrinx usually is associated with Chiari I malformations. 
Their preferred management is décompression of the poste - 
rior fossa. If the curve continues to progress after posterior 
fossa décompression, surgery may be indicated. If instrumen¬ 
tation is necessary in these patients, distraction should be 
avoided if at ail possible. This can be accomplished by either 
anterior instrumentation or posterior thoracic pedicle instru¬ 
mentation with a direct vertébral rotation technique. Direct 
communication with the neurosurgeon always is indicated 
preoperatively in these patients to minimize the possibility of 
spinal cord injury. 

SPINAL CORD INJURY 

Several sériés in the literature hâve reported an incidence of 
spinal deformity in 99% of children with spinal cord injuries 
before the adolescent growth spurt. Spinal deformity is much 
more common and the rate of curve progression much greater 
in préadolescents than in older patients. 

Increasing curvature with pelvic obliquity in a child with 
a spinal cord injury can lead to a loss of sitting balance that 
requires the use of the upper extremities for trunk support 
rather than for functional tasks. Pressure sores may occur on 
the downside of the ischium, and hip subluxation can occur 
on the high side of the pelvic obliquity. 
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FIGURE 


^ Progressive curve in patient with syringomyelia. A f Initial curve. B f One year later. C f MRI shows syrinx at C7 (arrow). 


U ORTHOTIC TREATMENT 

Although some authors believe that alteration of the natural 
progression of scoliosis in these patients is impossible with 
devices such as braces and corsets, other authors indicated 
that orthotic treatment does hâve a place in the management 
of scoliosis in preadolescent patients with spinal cord injuries. 
Orthotic treatment is difficult because of potential skin 
problems, but effective slowing of progression has been noted. 
The use of an orthosis may delay the need for surgery in 
preadolescent patients until longitudinal growth of the spine 
is more complété. Orthotic treatment requires close coopéra¬ 
tion among the physician, the family, and the patient. A 
custom-fitted, well-padded, plastic total-contact TLSO gener- 
ally is used. Close attention must be paid to any evidence of 
pressure changes on the skin. The brace can be removed at 
night and used only during sitting. 

■ OPERATIVE TREATMENT 

Most preadolescent children with spinal cord injuries ulti- 
mately require surgical stabilization of their scoliosis (50% to 
60%). If the curve progresses despite orthotic treatment, 
operative intervention is indicated. If the curve is more than 
60 degrees when the child is first seen, surgery should be 
considered. Curves treated with an orthosis are considered 
for surgery if they progress beyond 40 degrees, and curves 
between 40 and 60 degrees are considered individually. 

The prevalence of pseudarthrosis in these patients 
reported in the literature ranges from 27% to 53%. Dearolf 
et al. found pseudarthrosis in 26% of their patients, and they 
attributed the lower figure to the use of segmentai fixation in 
recent years. Segmentai instrumentation allows more rigid 
fixation, and postoperative immobilization can be avoided 
(Fig. 44-138). Complété urinary tract évaluation should be 
done before surgery because urinary tract infections are 
common in patients with spinal cord injuries. The urine 


should be cultured 2 weeks before surgery. If the culture is 
positive, the patient is treated with antibiotics for 10 days and 
then the culture is repeated. If the organism is sensitive to a 
médication delivered orally, surgery is done when the culture 
is négative and the antibiotic is continued through surgery. If 
the organism is sensitive only to intravenous antibiotics, 
surgery is delayed until the cultures are négative for 10 days 
after discontinuation of the antibiotics. Postoperatively, oral 
antibiotic prophylaxis should be continued for 3 months. 
Rapidly progressive curves in patients with spinal cord injury 
should be evaluated with MRI for the possibility of a post- 
traumatic syrinx. 

If possible, surgery should be delayed until the patient 
weighs more than 100 lb. This allows the use of larger rods 
and more stable fixation. With the increased use of thoracic 
pedicle screws and lumbar pedicle screws, anterior release is 
becoming less necessary. It still should be considered, however, 
in a patient who has a large, rigid curve. For patients younger 
than 10 years with progressive curves of more than 50 degrees, 
a dilemma still exists. Luque instrumentation or subcutane- 
ous Harrington rods without fusion failed in ail four patients 
treated in this manner by Dearolf et al. If the child is very 
young, a dual growing rod technique will provide more stable 
fixation and fewer failures than the subcutaneous Harrington 
rod technique. If a definitive fusion is required in a young 
child at risk for future crankshaft problems, a first-stage 
anterior release and fusion should be considered, followed by 
posterior segmentai spinal instrumentation and fusion. With 
the better correction in the coronal, sagittal, and axial planes 
provided by posterior pedicle screw instrumentation, anterior 
fusion may not be necessary in young children. 

Dearolf et al. reported pseudarthroses in three of 10 
preadolescent patients and in one mature patient who had 
fusion to the sacrum. They believed that if there was little 
residual pelvic obliquity, fusion to L4 or L5 would be 
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Progressive paralytic scoliosis after gunshot wound. A f Initial curve of 30 degrees. B, Seven years later, curve is 110 
degrees. C f After fusion and segmentai instrumentation, correction to 53 degrees. 


sufficient. If, on the other hand, the pelvis was significantly 
involved in the curve, fusion probably should include the 
sacrum with pelvic instrumentation. For patients who are 
ambulators and in whom adéquate correction can be obtained 
without involving the pelvis, an effort should be made to end 
the instrumentation above the pelvis. In carefully selected 
patients, Shook and Lubicky used short anterior spinal fusion 
with instrumentation alone. They reported that this provided 
excellent curve correction over a short segment and allowed 
a number of open dise spaces below the fused segment 
(Fig. 44-139). 

If laminectomy was used to treat the initial spinal cord 
injury, an increased incidence of kyphosis can be expected. A 
kyphosis that is rigid and cannot be corrected to less than 50 
degrees on hyperextension views may need to be treated with 
a first-stage anterior release and spinal fusion, followed by a 
long posterior fusion with segmentai instrumentation. 

POLIOMYELITIS 

Because the Salk and Sabin vaccines hâve made poliomyelitis 
in children rare in the United States, most recent expérience 
in treating postpolio spinal deformities is in adult patients. 
The basic principles of treatment, however, are no different 
from those of treatment of spinal deformities resulting from 
other neuromuscular diseases. Bonnett et al. outlined the 
indications for correction and posterior spine fusion in 
patients with poliomyelitis (Box 44-6). 

As in any other neuromuscular curve, the length of fusion 
is much greater in patients with poliomyelitis than in those 
with idiopathic scoliosis. Segmentai instrumentation is rec- 
ommended. In évaluation of the distal extent of the fusion in 
a patient with poliomyelitis, it must be determined whether 
the pelvic obliquity is caused by the spinal curvature itself or 
by other factors, such as iliotibial band contractures. 



Indications for Correction and Posterior Spine 
Fusion in Patients With Poliomyelitis 


■ Collapsing spinal deformity because of marked paralysis 

■ Progressive spinal deformity that does not respond to 
nonoperative treatment 

■ Réduction of cardiorespiratory function associated with 
progressive restrictive lung disease 

■ Decreasing independence in functional activities because 
of spinal instability that nécessitâtes use of the upper 
extremities for trunk support rather than for tabletop 
activities 

■ Back pain and loss of sitting balance associated with pelvic 
obliquity, which frequently causes ischial pain and pressure 
necrosis on the downside of the gluteal région 


SPINAL MUSCULAR ATROPHY 

Spinal muscular atrophy is an autosomal récessive condition 
in which the anterior horn cells of the spinal cord, and occa- 
sionally the bulbar nuclei, atrophy. Daher et al. proposed that 
this disorder is caused by one épisode of neural destruction 
at different times in childhood. Children affected earlier in 
life hâve more severe involvement than do those affected later. 
Spinal muscular atrophy can be classified into three types 
based on the severity of disease and the âge of the patient at 
the time of clinical onset. Type I, or acute infantile Werdnig- 
Hoffmann disease, is the most severe form and is usually 
diagnosed within the first 6 months of life. The course of the 
disease is progressive, with most of these children dying 
within the first 2 to 3 years of life. Children with type 2 spinal 
muscular atrophy (chronic or intermediate form) manage to 
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Fourteen-year-old boy who was paraplégie as resuit of gunshot wound to spine. A and B f Anteroposterior and latéral 
sitting thoracolumbar spine views showing 45-degree right lumbar curve with minimal pelvic obliquity. Latéral view shows thoracolum- 
bar junction to be fairly straight. Because patient wanted to continue walking with braces, préservation of as many mobile segments 
below fusion was thought advantageous. Because of behavior of lumbar curve on side bending, it was thought that anterior fusion 
alone with instrumentation would provide correction of scoliosis and maintain sagittal contour. C f Anteroposterior sitting thoracolumbar 
spine view postoperatively shows excellent correction of scoliosis and préservation of sagittal contour. Anterior procedure was done 
with subperiosteal stripping of spine, and fusion healed rapidly within a few months. (From Shook JE, Lubicky JP: Paralytic scoliosis. In 
Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, ed 2, Philadelphia, 1997, Lippincott-Raven.) 


achieve normal motor milestones until 6 to 8 months of âge. 
They often are very weak but can usually sit without support. 
Patients will usually survive into the third or fourth decade. 
Type III, or Kugelberg-Welander disease, usually is seen after 
2 years of âge. It is more slowly progressive, and most patients 
are able to ambulate independently. 

On clinical examination, children with spinal muscular 
atrophy hâve severe weakness of the trunk and limb muscles. 
Fasciculations of the tongue and tremors of the extremities 
are frequent. Reflexes are diminished. Most patients hâve 
normal intelligence, and the heart is unaffected by the disease 
process. Motor and sensory nerve conduction velocities are 
normal, but electromyography demonstrates denervation 
with fibrillation potentials. The cause of death usually is 
pulmonary insufficiency. Ninety percent of these patients 
hâve scoliosis, and it is the most severe problem in those who 
survive childhood. Once patients with spinal muscular 
atrophy are wheelchair bound, their scoliosis develops rapidly. 
Aprin et al. noted that scoliosis usually is diagnosed between 
6 and 8 years of âge, and the more severe the disease, the more 
likely the curve is to be progressive. The scoliosis is a typical 
neuromuscular spinal deformity with a long C-shaped curve 
pattern. Thoracolumbar curves are seen in 80% of patients, 
and thoracic curves are noted in only 20% of patients. 

■ ORTHOTIC TREATMENT 

Bracing has been reported to slow progression of the curve 
and allows sitting for longer periods. However, patients 
treated in braces hâve been found to be less functional because 
of decreased flexibility of the spine and therefore tend to be 


noncompliant. When the scoliosis in a skeletally immature 
patient reaches 20 degrees in the sitting position, orthotic 
treatment should be considered, usually with a total-contact 
TLSO. This is used only during sitting to minimize progres¬ 
sion of the curve and to provide an extremely weak child with 
a stable sitting support. Severe chest wall deformities can 
occur from bracing, and developing chest wall deformities are 
a contraindication to brace treatment. Although bracing may 
not eliminate the need for surgical stabilization, it may delay 
surgery until the child is doser to the end of growth. Surgery 
at a young âge would require anterior and posterior approaches 
to prevent the crankshaft phenomenon, and the anterior 
fusion adds considerably to the risk of the procedure in these 
patients. The anterior approach almost invariably involves 
“taking down” the diaphragm, which is the main respiratory 
muscle in patients with spinal muscular atrophy. Thoraco¬ 
scopie anterior release and fusion (see Technique 44-28) may 
be a satisfactory alternative in these patients at great risk of 
crankshaft development. Chandran et al. described the use of 
a growing rod construct as an effective option in the treat¬ 
ment of scoliosis in patients with spinal muscular atrophy. 
This is the preferred option until a definitive posterior fusion 
can be done. 

■ OPERATIVE TREATMENT 

Surgical treatment of the spinal deformity is posterior spinal 
fusion with posterior segmentai instrumentation and adéquate 
bone graffing. Because fusion to the sacrum is needed for 
many of these patients, fixation to the pelvis can be obtained 
by the Galveston or iliac screw technique (see Techniques 
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44-33 and 44-35). Augmentation of the fusion with bone- 
bank allograft bone usually is necessary. If the vertebrae are 
extremely osteoporotic, external support, such as a bivalved 
body jacket, can be used. For a severe fixed lumbar curve with 
pelvic obliquity, anterior release and fusion may be needed in 
addition to posterior instrumentation. It should be under- 
stood, however, that anterior surgery in patients with severe 
pulmonary compromise carries a great risk, and this risk 
must be evaluated carefully before surgery. With posterior 
pedicle screw instrumentation, which provides better correc¬ 
tion in the coronal, sagittal, and axial planes, anterior fusion 
usually is not necessary. Preoperative traction can offer an 
excellent method to improve the flexibility of the spine and 
also improves pulmonary function before posterior fusion 
and instrumentation. 

Complications should be expected in this group of 
patients (45%). Pseudarthrosis, atelectasis, pneumonitis, 
and death hâve been reported. Brown et al. reduced their 
complication rate from 35% to 15% with the use of Luque 
segmentai instrumentation and the élimination of postopera- 
tive immobilization. 

Frequent pulmonary complications in patients with 
spinal muscular atrophy require respiratory support for a 
longer than normal period after surgery and rapid mobiliza- 
tion when possible. Patients with spinal muscular atrophy 
may be especially sensitive to médications that depress the 
respiratory centers, and the use of these drugs in the postop- 
erative period should be minimal. Lonstein and Renshaw 
found that patients with forced vital capacity of less than 20% 
of that predicted are at great risk for postoperative death. A 
vigorous preoperative and postoperative physical therapy 
program is mandatory. 

The patient and the family should be warned of the pos- 
sibility of some loss of function after spinal instrumentation 
and fusion. A flexible spine allows a weak trunk to collapse 
forward to increase the reach of the upper extremity. Also, 
flexibility of the spine and extremities allows the center of 
gravity to be placed where weak muscles hâve the best 
mechanical advantage. Spinal fusion créâtes a longer lever 
arm that weak hip muscles are unable to control. Gross motor 
activities, such as transfers, rolling, bathing, dressing, and 
toileting, hâve been noted to décliné after spinal fusion. This 
loss of function, however, must be weighed against the pre¬ 
dicted functional loss and pulmonary compromise from 
severe, untreated spinal deformity. During the long, progres¬ 
sive course of this disease, the advantages of a stable trunk far 
outweigh the disadvantages. 

FAMILIAL DYSAUTONOMIA 

Familial dysautonomia (Riley-Day syndrome), first described 
in 1949, is a rare autosomal récessive disorder found mostly 
in Jewish children of Eastern European extraction. Its clinical 
features include absence of overflow tears and sweating, 
vasomotor instability that often leads to hyperthermia, and 
relative indifférence to pain. Other frequent findings include 
episodic hypertension, postural hypotension, transient 
blotching of the skin, hyperhidrosis, episodic vomiting, dis- 
ordered swallowing, dysarthria, and motor incoordination. 
Death is caused most often by pulmonary disease. Scoliosis is 
the major orthopaedic problem in patients with this disease. 
The scoliosis may be progressive and may be large enough 
to contribute to early death because of kyphoscoliotic 


cardiopulmonary decompensation. Kyphosis also is a frequent 
sagittal plane deformity in these patients. If surgery for the 
scoliosis is considered, however, features of the syndrome 
such as vasomotor and thermal instability can cause trouble- 
some and sometimes fatal operative or postoperative compli¬ 
cations. Brace treatment, although bénéficiai in some patients, 
often is complicated by the tendency for pressure ulcers to 
develop. 

Posterior spinal fusion with instrumentation was required 
in 13 of 51 patients in the Israeli sériés of Kaplan et al. Ail 
children undergoing surgery had severe pulmonary problems. 
Intraoperative and postoperative respiratory and dysauto- 
nomic complications were frequent. Because of ostéopénie 
bone, only minor improvement of the spinal deformity was 
possible, and a small loss of correction was common; however, 
those surviving noted a marked decrease in the frequency of 
pneumonia and, for some reason, an improvement in the 
degree of ataxia. Albanese and Bobechko reported surgical 
stabilization of kyphoscoliosis in seven patients. Intraopera¬ 
tive complications included transient hypertension, failure of 
the lamina because of osteopenia, and an endotrachéal tube 
that was plugged by thick sécrétions after the lung was col- 
lapsed for an anterior approach. Ail patients had at least one 
complication, although there were no intraoperative or 
immédiate postoperative deaths. 

One technical problem in instrumenting these curves is 
the frequent occurrence of severe kyphosis combined with 
weak bone. Anterior procedures should be approached with 
caution because of the frequency of respiratory problems. 
Despite the significant dangers and high complication rates 
in patients with familial dysautonomia, surgery can be done 
successfully with proper précautions and can improve the 
quality of life. 

ARTHROGRYPOSIS MULTIPLEX CONGENITA 

Arthrogryposis multiplex congenita is a syndrome of persis¬ 
tent joint contractures that are présent at birth. A myopathie 
subtype is characterized by muscle changes similar to those 
found in progressive muscular dystrophy. In the neuropathie 
subtype, anterior horn cells are reduced or absent in the 
cervical, thoracic, and lumbosacral segments of the spinal 
cord. In the third subtype, joint fibrosis and contractures 
alone are the main problems. 

Scoliosis is common in patients with arthrogryposis 
multiplex congenita (20% to 66%). A single thoracolumbar 
curve is the prédominant curve pattern. The scoliosis usually 
is detected at birth or within the first few years of life. 
Brace treatment rarely is successful and should be used 
only with small, flexible curves (< 30 degrees) in patients 
who were ambulators. In patients who are nonambulatory or 
hâve a curve of more than 30 degrees, the brace is ineffective 
in controlling the curve. Rib-based distraction using the 
vertical expandable prosthetic titanium rib (VEPTR) has 
been reported to be effective in controlling scoliosis and 
kyphosis and maintaining thoracic growth in patients with 
arthrogryposis. 

The onset of pelvic obliquity is a serious problem. If treat¬ 
ment of the pelvic obliquity by release of the contractures in 
the hip area does not hait progression of the curve, spinal 
fusion to the sacrum may be necessary. The onset of thoracic 
lordosis also requires prompt treatment. Because of the sever- 
ity and rigidity of the curves, postoperative complications are 
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frequent. The connective tissue is tough, and the bones are 
osteoporotic. An average blood loss of 2000 mL has been 
reported, and Herron et al. obtained a maximal correction of 
only about 25% with Harrington instrumentation and poste - 
rior fusion. Combined anterior and posterior spinal arthro- 
desis has been recommended in these patients because it is 
more effective in terms of curve correction and in the least 
loss of correction at follow-up. If patients hâve less than 90 
degrees of passive flexion of the hip, caution should be exer- 
cised in extending spinal arthrodesis to the pelvis because this 
is likely to make sitting difficult. If a significant pelvic obliq- 
uity is présent that does not correct to acceptable levels on 
preoperative bending films, a first-stage anterior release and 
fusion are indicated. This is then followed by posterior instru¬ 
mentation and fusion to the pelvis. 

DUCHENNE MUSCULAR DYSTROPHY 

Duchenne muscular dystrophy is an inherited X-linked 
récessive condition caused by a frameshiff mutation in the 
dystrophin gene at the Xp21.2 locus of the X chromosome. 
The clinical course is one of progressive weakness, loss of the 
ability to walk at 10 to 14 years of âge, and eventual wheelchair 
dependence. Death from pulmonary or cardiac compromise 
usually occurs in the second or third decade of life. Scoliosis 
develops in most patients with Duchenne muscular dystro¬ 
phy, although the use of corticosteroids may decrease the 
development of spinal deformity in these patients. Before 
steroids were used in Duchenne patients, scoliosis developed 
in more than 90%; since steroid use began, the rate has fallen 
to only 10% to 20% (Fig. 44-140). A review of the Nationwide 
Inpatient Sample from 2001 to 2012 demonstrated a signifi¬ 
cant decrease in the rate of scoliosis surgery in patients with 
Duchenne muscular dystrophy. Lebel et al. reported that only 
20% of their patients receiving steroids went on to undergo 
spinal fusion, but 90% of patients not receiving steroids had 
spinal fusions. 

Spinal deformity usually occurs affer the patient becomes 
confined to a wheelchair, although very early scoliosis has 
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been detected in some ambulatory patients. The curves are 
predominantly long thoracolumbar curves with pelvic obliq- 
uity, the collapse of which is caused by absence of muscles 
and not by asymmetric muscle activity or contracture. Once 
a curve develops, it generally is progressive and cannot be 
controlled by braces or wheelchair seating Systems. In patients 
with Duchenne muscular dystrophy, pulmonary function 
deteriorates approximately 4% each year affer the âge of 12 
years. If orthotic treatment is continued while pulmonary 
function deteriorates significantly, surgical stabilization may 
become impossible. When the forced vital capacity decreases 
to less than 35%, surgery probably is not advisable because of 
the potential pulmonary problems postoperatively. Patients 
with Duchenne muscular dystrophy hâve reduced cardiac 
function that may alter the anesthetic management. Hypoten- 
sive anesthésia to minimize blood loss may not be possible. 
Increased intraoperative blood loss is commonly seen in 
patients with Duchenne muscular dystrophy. This may be due 
to having to dissect through dystrophie and fibrotic muscle, 
loss of vasoconstriction of blood vessels from the absence of 
dystrophin, and altered platelet function. 

Lonstein and Renshaws indications for spinal fusion in 
patients with Duchenne muscular dystrophy are curves of 
more than 30 degrees, forced vital capacity of more than 30% 
of normal, and prognosis of at least 2 years of life remaining. 
Because the scoliosis invariably increases, many authors 
recommended spinal fusion at the onset of the deformity in 
patients who use a wheelchair full time even when the curves 
are as small as 20 degrees or less. In decision making, the 
patients pulmonary function probably is more important 
than the size of the curve. The vital capacity should be 40% 
to 50% of normal. If the curve is allowed to progress beyond 
30 to 40 degrees, the forced vital capacity can be less than 
40% of predicted normal. Most patients with Duchenne 
muscular dystrophy generally hâve a forced vital capacity of 
50% to 70% of normal when they begin to use a wheelchair 
full time. Surgery is recommended during the first few years 
of full-time wheelchair use, when the patient almost always 



^ A and B f Progressive scoliosis in patient with Duchenne muscular dystrophy. C and D f After fusion with Luque rod 
instrumentation. 
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has a small, flexible curve and little or no pelvic obliquity but 
still has a forced vital capacity of 40% or more. Suk et al. 
found that surgery in patients who had Duchenne muscular 
dystrophy with scoliosis improved function and decreased 
the détérioration of forced vital capacity compared with 
patients treated conservatively; however, the muscle power 
and forced vital capacity continued to decrease in both 
groups. 

Treatment of scoliosis in patients with Duchenne muscu¬ 
lar dystrophy consists of segmentai instrumentation with 
sublaminar wires or cables, hooks, or pedicle screws and 
fusion from T2 to the pelvis. In patients with smaller curves 
and no fixed pelvic obliquity, the fusion and instrumentation 
can end at L5. If fixed pelvic obliquity is more than 15 degrees, 
fusion to the pelvis with iliac screw or S-rod pelvic fixation is 
indicated. Correction of pelvic obliquity is reported to be 
more certain with instrumentation and fusion to the sacrum 
in larger curves (average, 61 degrees), and better maintenance 
of correction of pelvic obliquity has been reported in patients 
who had fusions that extended to the pelvis than in patients 
in whom the distal extent of fusion was in the lumbar spine. 
The fusion should extend to the high upper thoracic spine 
(T2), to prevent proximal or junctional kyphosis. The sagittal 
contours of the spine, especially lumbar lordosis, should be 
maintained for sitting balance and pressure distribution. 
Bone-bank allograff is needed because a massive amount of 
bone graff will be necessary to obtain a solid fusion. Because 
of the pulmonary compromise in these patients, rapid post- 
operative mobilization is important. When segmentai spinal 
instrumentation is used, postoperative bracing usually is not 
necessary. 

Lonstein and Renshaw listed the following benefits of 
spinal fusion in patients with Duchenne muscular dystrophy: 
préserves sitting balance, prevents back pain, improves spinal 
decompensation, frees the arms of the necessity of trunk 
support, improves body image, and possibly slows the dété¬ 
rioration of pulmonary function. However, the rate of décliné 
of forced vital capacity is not changed by preventing scoliosis 
with spinal fusion. The use of corticosteroids in patients with 
Duchenne muscular dystrophy has been shown to prolong 
the time that patients are able to walk. The use of corticoste¬ 
roids also appears to hâve a positive effect on the prévention 
of spinal deformity. 

VARIANTS OF MUSCULAR DYSTROPHY 
OTHER THAN DUCHENNE TYPE 

Spinal curvature in association with non-Duchenne muscu¬ 
lar dystrophy is uncommon. The occurrence of scoliosis in 
patients with non-Duchenne muscular dystrophy dépends 
on the spécifie type of dystrophie disease, and the prognosis 
is related to the severity of the primary problem. For instance, 
Siegel found that childhood dystrophia myotonica is not 
associated with spinal curvature. Facioscapulohumeral dys¬ 
trophy is more rapidly progressive when the onset occurs in 
childhood. Frequently, it also is asymmetric in distribution, 
and structural scoliosis can occur. None of the 11 patients 
described by Daher et al. had pelvic obliquity. Thoracic lor¬ 
dosis was présent in 36% of their patients, ail of whom 
developed poor vital capacity and shortness of breath. The 
use of an orthosis during the juvénile years controlled the 
curve until the pubertal growth spurt, when progression 
occurred. The brace should not be used, however, when a 


thoracic lordosis exists. Spinal fusion is effective in maintain- 
ing correction and preventing curve progression in these 
patients. 

CONGENITAL SCOLIOSIS 

Congénital scoliosis is a latéral curvature of the spine caused 
by the presence of vertébral anomalies that resuit in an imbal¬ 
ance of the longitudinal growth of the spine. The prevalence 
rate of congénital scoliosis is thought to be approximately 1 
in 1000 live births. The critical time in the development of 
the spine embryologically is the fiffh to sixth week—the time 
of segmentation processes—and congénital anomalies of the 
spine develop during the first 6 weeks of intrauterine life. 
Some type of anomaly must be visible on the radiographs of 
the spine before a diagnosis of congénital scoliosis can be 
made. Because congénital scoliosis often is rigid and correc¬ 
tion can be difficult, it is important to detect these curves 
early and to institute appropriate treatment while the curve 
is small rather than to attempt salvage-type procedures that 
are necessary when the deformity is severe. 

A spécifie cause for congénital scoliosis has not been 
identified. Environmental factors, genetics, vitamin defi- 
ciency, Chemicals, and drugs hâve ail been implicated in the 
development of vertébral abnormalities. Currently, research- 
ers hypothesize that environmental factors affect the delivery 
of genetic instructions during the critical stages of develop¬ 
ment of the spine, resulting in vertébral anomalies. A family 
of genes referred to as the homeobox, or HOX, genes hâve 
been shown to direct and regulate the processes of embryonic 
différentiation and segmentation of the axial skeleton. Loder 
et al. suggested that environmental factors, such as low 
oxygen tension, may modulate the expression of the sonie 
hedgehog or homeobox genes that are involved in normal 
vertébral segmentation. Research suggests that maternai 
exposure to toxins, such as carbon monoxide, may cause 
congénital scoliosis. Associations with maternai diabètes and 
ingestion of antiepileptic drugs during pregnancy also hâve 
been postulated as possible causes. However, most congénital 
scoliosis cases are believed to be caused by nongenetic, fêtai 
environmental factors, but usually these factors cannot be 
determined by a history. 

CLASSIFICATION 

Classification of congénital scoliosis is based on the abnormal 
embryologie development of the spine and the type of verté¬ 
bral anomaly. Then it is further classified by the site at which 
the anomaly occurs. The classification proposed by MacEwen 
et al. and later modified by Winter, Moe, and Eilers is the one 
most uniformly accepted (Box 44-7; Figs. 44-141 and 44- 
142). The vertébral anomalies may be caused by a failure of 
formation or a failure of segmentation, or by a combination 
of these two factors, resulting in a mixed deformity. The 
congénital curve also should be classified according to the 
area of the spine involved because this is indicative of 
the prognosis of the spécifie deformity. The areas generally 
distinguished are the cervicothoracic spine, thoracic spine, 
thoracolumbar spine, lumbar spine, and lumbosacral spine. 
The purpose of this classification is to distinguish curves with 
a poor prognosis that may require early intervention from 
curves that hâve a more benign natural history that may be 
observed. Kawakamiet al. recommendedathree-dimensional 
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Defects of formation. A f Anterior central defect. B f Incarcerated hemivertebra. C f Free hemivertebra. D f Wedge 
vertebra. E f Multiple hemivertebrae. 



Classification of Congénital Scoliosis 


■ Failure of formation (see Fig. 44-136) 

Partial failure of formation (wedge vertebra) 

Complété failure of formation (hemivertebra) 

■ Failure of segmentation 

Unilatéral failure of segmentation (unilatéral unsegmented 
bar; see Fig. 44-148) 

Bilateral failure of segmentation (block vertebra; see Fig. 
44-142) 

■ Miscellaneous 



FIGURE 


Block vertebra. 


classification based on three-dimensional CT images. They 
found that congénital spinal deformity could be classified 
into four types: type I, solitary simple; type 2, multiple 
simple; type 3, complex; and type 4, segmentation failure 
(Table 44-6). 

PATIENT EVALUATION 

In addition to the routine spinal évaluation, some spécifie 
physical findings should be sought in patients with congénital 
scoliosis. The skin of the back should be carefully examined 
for signs such as hair patches, lipomas, dimples, and scars, 
which may indicate an underlying anomalous vertebra. The 
neurologie évaluation should be thorough. Evidence of neu¬ 
rologie involvement, such as clubfoot, calf atrophy, absent 
reflexes, and atrophy of one lower extremity compared with 
the other, should be noted carefully. Many children with 
congénital scoliosis hâve other anomalies. 

Neural axis abnormalities are présent in up to 35% of 
patients. Congénital heart disease has been reported to be 
présent in up to 25% of patients with congénital scoliosis. 
Patients who are undergoing surgery for congénital scoliosis 
should hâve a screening echocardiogram and évaluation by a 
cardiologist. Genitourinary anomalies hâve been reported in 
20% to 40% of patients with congénital scoliosis. A rénal 
ultrasound remains the standard for urologie screening in 
these patients, but also may be evaluated on MRI if this is 
being obtained for other reasons. MacEwen, Winter, and 




Diastematomyelia spiculé invaginâtes 
and divides spinal cord, either partially or completely. 


dura 


Hardy emphasized the importance of a complété évaluation 
of the genitourinary System: 18% of their patients had uro¬ 
logie anomalies, including 2.5% who had obstructive disease 
that could be life-threatening. Other musculoskeletal anoma¬ 
lies also occur frequently in association with congénital spine 
anomalies (Figs. 44-143 and 44-144). 

A high-quality sériés of routine radiographs is essential 
to evaluate the deformity. The congénital curve should be 
classified as a failure of segmentation or a failure of forma¬ 
tion, and the radiographs should be examined carefully for 
any evidence of widening of the pedicles or midline bony 
defects that may indicate an underlying cord anomaly. 
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__ TABLE 44-6 vJ 

Algorithm for Evaluating Congénital Spinal Deformities 


Step 1 

Count the number of vertébral anomalies 

Solitary or multiple 

Step 2 

Detect the abnormal formation 

(+), (-), or (±) 

Step 3 

Détermine the site of abnormal formation 

Anterior or posterior, or both 

Step 4 

Détermine the type of abnormal formation 

Anterior: hemivertebra, anterior wedge, latéral wedge, 
butterfly 

Posterior: bilamina (wedged), incomplète bilamina, 
hemilamina 

Spina bifida 

Step 5 

Detect the mismatched formation 

(+) or (-) 

Step 6 

Detect the abnormal formation 

(+), (-), or (±) 

Step 7 

Détermine the type of segmentation 

Anterior: fully segmented, semisegmented, nonsegmented 
Posterior: fully segmented, semisegmented, nonsegmented 

Step 8 

Détermine the site of abnormal 
segmentation 

Anterior, unilatéral, or posterior, or ail 

Step 9 

Detect the discordant segmentation 

(+) or (-) 



A f Congénital scoliosis with hemivertebrae. 
B f MRI shows occult syrinx extending from C4 to the conus. (From 
Prahinski JR, Polly DW Jr, McHale K, Ellenbogen RG: Occult intraspinal 
anomalies in congénital scoliosis, J Pediatr Orthop 20:59, 2000.) 


Probably more important than classification of the curve 
is an analysis of the growth potential of the curve to better 
détermine the possibility of curve progression. Ail congénital 
curves should be carefully measured with the Cobb technique, 
including compensatory or secondary curves in seemingly 
normal parts of the spine. Measurements should include each 
end of the anomalous area, as well as each end of the entire 
curve generally considered for treatment. CT and MRI hâve 
allowed us to better study the spinal anatomy and to screen 
for spinal dysraphism (see Fig. 44-144). There is a high risk 
of congénital intraspinal anomalies in patients with congéni¬ 
tal scoliosis and a lack of cutaneous manifestations in a 


significant number of patients. MRI during infancy may help 
delineate the anatomie deformity, which may not be visible 
on plain radiographs, and also better delineates the physis. 
MRI is helpful in evaluating patients whose curves are not 
too large, but the scans are difficult to interpret in patients 
with major scoliosis. Winter et al. found the incidence of 
spinal dysraphism to be 10%. The prevalence rate of spinal 
dysraphism on MRI examination approaches 43% in patients 
with congénital spinal deformities. 

NATURAL HISTORY 

Progression of congénital scoliosis is dépendent on the type 
and location of the vertébral anomaly. Curve progression 
occurs more rapidly during the first 5 years of life and during 
the adolescent growth spurt. These two periods represent the 
most rapid stages of spinal growth. Analysis of the growth 
status is the most important factor in predicting the possibil¬ 
ity of progression of these congénital deformities. Dubousset 
et al. emphasized the importance of considering growth of 
the spinal canal in three dimensions (Fig. 44-145). Analysis 
of the potential growth on both sides of the curve will help 
with the prognosis. For example, if normal convex growth is 
expected and déficient concave growth is likely, major defor¬ 
mity will occur (Fig. 44-146); however, if growth is déficient 
on both the convex and concave sides, progressive latéral 
deformity may not occur. If both sides are déficient in growth 
potential over many levels, shortening of the trunk may occur 
without latéral curvature. 

The deformity produced by a failure of formation is much 
more difficult to predict than that caused by failure of seg¬ 
mentation. A hemivertebra produces scoliosis through an 
enlarging wedge on the affected side of the spine, whereas a 
unilatéral unsegmented bar retards growth on the affected 
side. The growth imbalance in patients with hemivertebrae is 
not as severe as in those with unilatéral unsegmented bars. A 
hemivertebra can exist tucked into the spine between adjacent 
normal vertebrae without causing a corresponding deformity. 
Winter called this an “incarcerated hemivertebra.” When the 
hemivertebra is separated from either of the adjacent verte¬ 
brae by a dise, it is a segmented hemivertebra with two 
functioning physes on either side and is likely to cause a 
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Vertébral growth. A f Body endplates (superior and inferior; labeled as A). B f Neurocentral cartilage (bipolar) fusion 
at âge 7 or 8 years (labeled as B). C, Posterior éléments cartilage (labeled as C). L, Ring apophysis (begins at âge 7 to 9 years, closed at 

âge 14 to 24 years); P, periosteum. (Redrawn from Dubousset J, Katti E, Seringe R: Epiphysiodesis of the spine in young children for congénital 
spinal deformations, J Pediatr Orthop B 1:123, 1993.) 



A f Eight-year-old boy with congénital scoliosis. Déficient concave growth has resulted in a major deformity. B f After 
insertion of MAGEC growing rods. 


slowly progressive curve (Fig. 44-147). If the hemivertebra 
has only one adjacent dise and is fused to an adjacent vertebra, 
this is called a semisegmented hemivertebra, and if there are 
no adjacent dises associated with a hemivertebra, this is 
termed a nonsegmented hemivertebra and it has little growth 
potential. 

Several excellent studies hâve outlined the natural history 
of congénital scoliosis and hâve found that the rate of détério¬ 
ration and the ultimate severity of the curve dépend on both 


the type of anomaly and the site at which it occurs. The most 
progressive of ail anomalies is a concave, unilatéral unseg- 
mented bar with a convex hemivertebra (Fig. 44-148). The 
mean rate of curve progression is 6 to 7 degrees per year 
before 10 years of âge. The majority of curves will exceed 50 
degrees by 2 years of âge. Second in severity is a unilatéral 
unsegmented bar. A mean of three vertebrae usually are 
affected. The mean rate of curve progression is 5 degrees per 
year, with the curve exceeding 50 degrees by 10 years of âge 
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and 70 degrees by skeletal maturity. Next in severity of risk 
of progression is a double convex hemivertebra. These curves 
usually progress at 3 to 4 degrees per year, with most exceed- 
ing 50 degrees by 10 years of âge and exceeding 70 degrees 
by skeletal maturity A fully segmented hemivertebra will 
progress relatively slowly, at 1 or 2 degrees per year. For each 
type of anomaly, the rate of détérioration usually is less severe 



Progression of deformity in a 5-year-old girl 
with arthrogryposis and a large unsegmented bar treated with 
rib-based distraction (VEPTR). 


if the abnormality is in the upper thoracic région, more severe 
in the thoracic région, and most severe in the thoracolumbar 
région (Fig. 44-149). The rate of détérioration of the curve is 
not constant, but if the curve is présent before the patient is 
10 years of âge, it usually increases, especially during the 
adolescent growth spurt. The least severe scoliosis is caused 
by a block vertebra. 

NONOPERATIVE TREATMENT 

Nonoperative treatment is of limited value in patients with 
congénital scoliosis. Nonprogressive curves require regular 
observation during periods of rapid growth (0 to 5 years of 
âge and 10 to 15 years of âge) with quality radiographs twice 
a year. Observation also is helpful in patients with multiple 
anomalies in whom the prognosis is difficult to détermine. 

Bracing sometimes can be used to control secondary 
curves when the primary congénital curve is being treated 



Unilatéral and unsegmented bar with contra¬ 
latéral hemivertebra. 


□ No treatment required 

□ May require spinal fusion 

□ Requires spinal fusion 
* Too few or no curves 

Type of congénital anomaly 

Block 

vertebra 

Wedged 

vertebra 

Hemivertebrae 

Unilatéral 

unsegmented 

bar 

Unilatéral 
unsegmented bar 
and contralatéral 
hemivertebrae 

Site of curvature 

Single 

Double 

Upper thoracic 

< 1°-1° 

* - 2° 

1 0 - 2° 

2°-2.5° 

o 

'sl- 

1 

o 

CM 

5°-6° 

Lower thoracic 

< 1°-1° 

1 0 - 2° 

O 

LO 

CM 

1 

o 

CM 

o 

CO 

1 

o 

CM 

en 

o 

1 

en 

en 

o 

o 

1 

o 

CO 

Thoracolumbar 

< 1°-1° 

O 

CM 

1 

o 

LO 

2° - 3.5° 

* 

1 

O 

LO 

CD 

o 

1 

CO 

o 

>10°-* 

Lumbar 

<1°-* 

<1°-* 

< 1°-1° 

* 

> 5° - * 

* 

Lumbosacral 

* 

* 

A 

o 

1 

en 

o 

* 

* 

* 


Médian yearly rate of détérioration without treatment for each type of single congénital scoliosis in each région of 


spine. Numbers on left in each column refer to patients seen before 10 years of âge; numbers on right refer to patients seen at âge 
10 years or older. 
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Treatment of Congénital Scoliosis 


■ Prévention of future deformity 
In situ fusion 

■ Correction of deformity—graduai 

Hemiepiphysiodesis and hemiarthrodesis 
Growing rod nonfusion 

Vertical expandable prosthetic titanium rib (VEPTR) 

■ Correction of deformity—acute 

Instrumentation and fusion 
Hemivertebra excision 
Osteotomy 


nonoperatively. Also, bracing may prevent progression of a 
secondary curve that is causing balance problems. If orthotic 
treatment is elected, careful measurement and comparison 
of spine radiographs at 6-month intervals must be made. 
Because of the slow progression of some curves, it is impor¬ 
tant to compare current radiographs with ail previous films, 
including the original films, to detect curve progression. 

OPERATIVE TREATMENT 

Because 75% of congénital curves are progressive, surgery 
remains the fundamental treatment. Congénital spinal defor¬ 
mity can be treated by procedures that prevent further 
deformity or procedures that correct the présent deformity. 
If treatment is aimed at correcting the présent deformity, the 
curve can be corrected gradually or immediately. The surgical 
methods available for treatment of congénital scoliosis are 
outlined in Box 44-8. 

■ POSTERIOR FUSION WITHOUT 
INSTRUMENTATION 

In situ fusion allows for stabilization of a curve that has 
shown documented progression or is predicted to progress. 
It is ideally done early for small curves to prevent the curve 
from becoming unacceptably large. A controversy with in situ 
fusion is whether a combined anterior and posterior fusion 
is required. Posterior fusion alone can control curve progres¬ 
sion, but if there is significant anterior growth in the involved 
vertebra, progression of the deformity may occur in some 
young children owing to the crankshaff phenomenon. If 
anterior fusion is needed, then this may be performed either 
through an anterior open technique, thoracoscopically, or 
with a posterior approach through the pedicles. In situ fusion 
for unilatéral unsegmented bars usually only includes the 
involved vertebra. One level cephalad and one level caudad 
to the involved vertebrae are included in the fusion. 

The basic posterior spinal fusion technique is described 
in Technique 44-6. Correction is achieved postoperatively by 
a corrective cast or brace. Smaller-sized implants that are 
appropriate for the patient s size may be used for stabilization 
of in situ fusion and lessen the time needed in a cast or brace. 

■ POSTERIOR FUSION WITH INSTRUMENTATION 

The advantages of instrumentation in congénital scoliosis are 
that slightly more correction can be obtained, the rate of 


Common Errors in Instrumentation in Patients 
With Congénital Scoliosis 


■ Use of rods in small children in whom the bone structure 
is not strong enough to add any stability 

■ Excessive distraction leading to paralysis 

■ Failure to preoperatively evaluate for a tethered cord or 
other intraspinal abnormalities 

■ Failure to do a wake-up test after rod insertion 

■ Failure to perform adéquate fusion because of reliance on 
internai stability 

■ Failure to supplément the instrumentation with adéquate 
external immobilization 


pseudarthrosis can be reduced somewhat, and the need for a 
postoperative cast or brace is less. These advantages must be 
weighed against the risks of paralysis and infection. Congéni¬ 
tal scoliosis is the condition in which paraplegia occurs most 
often after Harrington instrumentation. The risk of neuro¬ 
logie injury can be lowered but not eliminated with careful 
preoperative évaluation by myelography or MRI, by intraop¬ 
erative spinal cord monitoring with somatosensory evoked 
potentials and motor-evoked potentials, and by the routine 
use of the wake-up test. Instrumentation does not alter the 
length of the fusion or the necessity for facet fusion, décorti¬ 
cations, or abundant bone graft (Box 44-9). Instrumentation 
usually should be reserved for larger curves in older children 
in whom obtaining and maintaining correction of the curves 
would be difficult in a plaster cast alone. The curves should 
be flexible, and no intraspinal abnormalities should be 
présent. Ideally, kyphosis should not be significant. The goal 
of this surgery is modest correction and curve control. In 
addition to spinal cord monitoring with somatosensory 
evoked potentials and motor-evoked potentials, a wake-up 
test also is needed in these patients. The instrumentation is 
used to increase the fusion rate and as a stabilizing strut, 
rather than to obtain significant correction. 

■ COMBINED ANTERIOR AND 
POSTERIOR FUSIONS 

The main indications for anterior and posterior fusions 
instead of isolated posterior fusion are to treat sagittal plane 
problems, to increase the flexibility of the scoliosis by discec- 
tomy, to eliminate the anterior physis to prevent bending or 
torsion of the fusion mass with further growth (crankshaff 
phenomenon), and to treat curves with a significant potential 
for progression. The anterior procedure consists of removal 
of the dise, cartilage endplates, and bony endplates. Bone 
graft in the form of bone chips is placed into the dise space 
for fusion. No anterior instrumentation is used. The spine is 
exposed on the convex side, but the approach is dictated by 
the level of the curve. The anterior fusion can be done through 
an open anterior approach or thoracoscopically. After the 
anterior fusion, a posterior procedure is done. Instrumenta¬ 
tion may or may not be used, depending on such factors as 
the severity of the curve. The postoperative management is 
the same as after posterior fusion with or without instrumen¬ 
tation. Dubousset et al. recommended anterior and posterior 
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fusions in young patients who are fused at the lumbar level 
before Risser grade 0 and who hâve significant residual 
deformity of 30 degrees and 10 degrees of rotation. For tho- 
racic curves, the amount of crankshaff effect that can be toler- 
ated is weighed against the risks of the thoracotomy necessary 
to perforai the anterior epiphysiodesis. 


TRANSPEDICULAR CONVEX 
ANTERIOR HEMIEPIPHYSIODESIS 
AND POSTERIOR ARTHRODESIS 

King et al. described a technique of transpedicular convex 
anterior hemiepiphysiodesis combined with posterior 
arthrodesis for treatment of progressive congénital scolio- 
sis. In effect a combined anterior and posterior fusion 
can be done through a single posterior approach. These 
authors reported arrest of curve progression in ail nine of 
their patients after this procedure. The average âge of 
patients at surgery was 9 years. Their technique is based 
on the work of Michel and Krueger, who described 
a transpedicular approach to the vertébral body, and 
Heinig, who described the "eggshell" procedure, so called 
because the vertébral body is hollowed out until it is 
eggshell thin before it is collapsed. King et al. found the 
pedicle dimensions to be adéquate for this technique 
even in infants; however, they recommended preoperative 
CT through the center of each pedicle to be included in 
the epiphysiodesis. 


TECHNIQUE 44-41 


(KING) 

■ Position the patient prone on a radiolucent operating 
table, with a frame or chest rolls. After préparation and 
draping, obtain a radiograph over a skin marker to 
identify the appropriate level for the incision. 

■ Make a single midline posterior incision and retract 
the paraspinous muscles on both sides of the curve 
as far as the tips of the costotransverse processes in the 
thoracic spine and latéral to the facet joints in the lumbar 
spine. 

■ Remove the cortical bone in the area of the pedicle to be 
mined caudad to the facet joint and at the base of the 
costotransverse process in the thoracic spine. 

■ Use the curet to remove the cancellous bone. The medul- 
lary cavity of the pedicle can now be seen. The cortex 
medially indicates the boundary of the spinal canal, and 
caudally and cranially it indicates the margins of the 
intervertébral neural foramina. Use progressively larger 
curets until only the cortical rim of the pedicle remains 
(Fig. 44-150A). The pedicle margins then expand into the 
vertébral body. 

■ Remove cancellous bone, creating a hole in the latéral 
half of the vertébral body, and use curved curets to 
remove cancellous bone from the vertébral body in the 
cephalad and caudal directions until the endplate bone, 
the physis, and the intervertébral dise are encountered. 
Brisk bleeding may occur, and the surgeon should be 
prepared for it. 


■ For a single hemivertebra, mine the pedicle of the hemi- 
vertebra itself, along with that of the adjacent vertebrae 
in the cephalad and caudal directions (Fig. 44-150B). 
Communication with each pedicle hole across the physis 
and dise space is readily achieved (Fig. 44-150C). 

■ Pack autogenous bone from the iliac crest down the 
pedicles and across the vertébral endplates and dises. 

■ Posteriorly, excise the convex and concave facet joints and 
pack with cancellous bone. Carry out décortication 
bilaterally. 

■ Use autologous iliac crest bone graft or allograft bone 
graft. 

■ If internai fixation is needed, a wire, compression device, 
or pedicle screw device can be used. 

POSTOPERATIVE CARE. The patient is placed in a TLSO 
for 4 to 6 months. After that, no further immobilization 
is used. 


■ COMBINED ANTERIOR AND POSTERIOR 
CONVEX HEMIEPIPHYSIODESIS 
(GROWTH ARREST) 

Graduai correction of congénital scoliosis may be obtained 
through the use of a convex hemiepiphysiodesis. This tech¬ 
nique is used for curves that are the resuit of failure of for¬ 
mation. There is no rôle for this technique in failures of 
segmentation. Correction of deformity relies on the future 
growth of the spine on the concave side. In deformities 
caused by failure of segmentation, there is really no growth 
potential on the concave side. This technique is best for 
treating a single hemivertebra that has not resulted in a 
large curve at the time of surgery. This technique is appro¬ 
priate in children younger than 5 years who meet certain 
criteria: a documented progressive curve, a curve of less 
than 50 degrees, a curve of six segments or fewer, concave 
growth potential, and no pathologie congénital kyphosis or 
lordosis. Even if the concave side ceases to grow, the anterior 
and posterior fusions obtain a good resuit as far as stabiliz- 
ing the curve. Epiphysiodesis of the entire curve, not merely 
the apical segment, should be done. Rigid spinal immobili¬ 
zation is used until the fusions are solid, usually at least 6 
months after surgery. 

Preoperative planning is important. Each vertebra should 
be considered a cube divided into four quadrants, with each 
quadrant growing symmetrically around the spinal canal 
(Fig. 44-151). When growth is unbalanced, the zones that 
must be fused to reestablish balanced growth are determined 
preoperatively. King et al. noted a true epiphysiodesis effect 
after transpedicular convex anterior hemiepiphysiodesis 
(see Technique 44-41) in four of their nine patients, ail 
four of whom had a single hemivertebra. On the basis of these 
results, they recommended transpedicular hemiepiphy¬ 
siodesis with posterior hemiarthrodesis in selected patients 
with a single hemivertebra. Demirkiran et al. reported that a 
convex growth arrest could be obtained with a posterior 
fusion and pedicle screw instrumentation at each involved 
level, with results similar to those of an anteroposterior 
convex hemiepiphysiodesis. 
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A f How pedicles are curetted. B f Anterior view of bone removed during "eggshell" 
completely hollowed out, and endplates and dises hâve been removed. SEE TECHNIQUE 44-41. 


procedure. C f Bone is almost 
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A f Vertébral growth on horizontal plane, four 
segments: AL, anterior left; AR, anterior right; PL, posterior left; 
and PR, posterior right. B, Congénital posterior bar involving PL 
and PR; level of epiphysiodesis must be AL and AR. C, Anterior 
defect involving AL and AR; epiphysiodesis must involve PL and 
PR. D f Anterior excess of growth potential involving both AR and 
AL; epiphysiodesis must involve both AR and AL above and below. 
E f Congénital postérolatéral bar involving PL only; epiphysiodesis 
must involve only AR. F, Excess (hemivertebra) growth involving 
only AR and part of PR; hemiepiphysiodesis must involve AR and 
PR. (Modified from Dubousset J, Katti E, Seringe R: Epiphysiodesis of 
spine in young children for congénital spinal deformation, J Pediatr 
Orthop B 1:23, 1992.) 


CONVEX ANTERIOR AND POSTERIOR 
HEMIEPIPHYSIODESES AND FUSION 


TECHNIQUE 44-42 


(WINTER) 

■ Place the patient in a straight latéral position with the 
convexity of the curve upward. Préparé and drape the 
back and side in the same field. The anterior approach 
technique varies according to the level to be fused (see 
Techniques 44-28 and 44-29). The posterior approach is 
a standard subperiosteal exposure (see Technique 44-8) 
but is always only on the convex side of the curve. 

■ Once the curve has been exposed, insert needles or other 
markers both anteriorly and posteriorly so that both are 
visible on one cross-table radiograph. Failure to place the 
fusion precisely in the proper area can lead to a poor 
resuit. 

■ Once the proper area has been identified, incise the 
periosteum of the anterior vertébral bodies and peel it 
forward to the latéral edge of the anterior longitudinal 
ligament and backward to the base of the pedicle (Fig. 
44-152 A). 

■ Incise the annulus of the dise at its superior and inferior 
margins and remove the superficial portion of the nucléus 
pulposus. 
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Combinée! anterior and posterior convex hemiepiphysiodesis. A f Periosteum of anterior vertébral bodies incised and 
peeled forward and backward. B, Trough created in latéral side of vertébral bodies. Autogenous rib graft placed in trough. C f Area to 
be fused exposed through standard, unilatéral, subperiosteal exposure. Area is decorticated, and bone graft is applied. SEE TECHNIQUE 
44-42. 


■ Carefully remove the cartilaginous endplates, which are 
thick in children, taking at least one third of the physes 
but never more than half. 

■ Once the cartilaginous endplates hâve been removed, 
remove the cortical bony endplate with a curet. 

■ Make a trough in the latéral side of the vertébral bodies 
(Fig. 44-152B) and lay the autogenous rib graft in the 
trough. Use cancellous bone to augment the autogenous 
rib graft. If autogenous rib is not available, use iliac or 
bone-bank bone. 

■ The posterior procedure consists of a standard, unilatéral, 
subperiosteal exposure of the area to be fused (Fig. 
44-152C). 


■ Excise the facet joints, remove any facet cartilage, decor- 
ticate the entire area, and apply a bone graft. 

■ Apply a corrective Risser cast while the child is still under 
anesthésia to avoid having to use a second anesthetic. 

POSTOPERATIVE CARE. Casting is continued for 6 
months, and the cast is changed as frequently as neces- 
sary. Follow-up must be continued until the end of 
growth. Results may appear excellent for years but can 
deteriorate during the adolescent growth spurt. 


Growing rods and VEPTR instrumentations that hâve 
been used to treat early-onset scoliosis also hâve been used 
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FIGURE 


^ A f Eight-year-old boy with congénital scoliosis. B f After correction and insertion of MAGEC growing rods. SEE 


TECHNIQUE 44-42. 


for graduai correction and stabilization of progressive con¬ 
génital curves. Several authors hâve reported good results 
with these techniques, with acceptable complication rates. 
The growing rod technique is suggested for patients with 
primary vertébral anomalies (Fig. 44-153); patients with rib 
fusion or associated thoracic insufficiency syndrome with 
congénital scoliosis usually are treated with a VEPTR. 

■ HEMIVERTEBRA EXCISION 

Hemivertebra excision can produce immédiate correction of 
a congénital spine deformity. This technique will remove the 
cause of and prevent further worsening of the deformity. 
Hemivertebra excision usually is reserved for patients with 
pelvic obliquity or with fixed, latéral translation of the thorax 
that cannot be corrected by other means. At the lumbosacral 
area, excision of the hemivertebra can improve trunk imbal¬ 
ance. The L3, L4, or lumbosacral level, below the level of the 
conus medullaris, is the safest level at which to excise a 
hemivertebra. Hemivertebra excision in the thoracic area has 
more risk because this area of the spinal canal is the narrowest 
and has the least blood supply, but with spinal cord monitor- 
ing (somatosensory evoked potentials and motor-evoked 
potentials) the excision can still be performed. 

The curves best managed by hemivertebra excision are 
angular curves in which the hemivertebra is the apex. This 
technique has been reported mostly in lumbosacral hemiver- 
tebrae that produce latéral spinal decompensation in patients 
for whom curve-stabilizing techniques cannot achieve adé¬ 
quate alignment. Hemivertebra resection can be done at any 
âge, but the optimal indication of hemivertebra resection is a 
patient younger than 5 years with a thoracolumbar, lumbar, 
or lumbosacral hemivertebra that is associated with truncal 
imbalance or a progressive curve. Chang et al. recommended 
early resection before structural changes occur above and 
below the hemivertebra. They also found that if resection was 


done before 6 years of âge, the patients had significantly better 
deformity correction and did not hâve any négative effects on 
the growth of the vertébral body or spinal canal compared 
with patients treated after 6 years of âge. Yaszay et al. found 
that while hemivertebra resection had a higher complication 
rate than either hemiepiphysiodesis/in situ fusion or instru- 
mented fusion without resection, posterior hemivertebra 
resection in younger patients resulted in a better percentage 
of correction than the other two techniques. 

Hemivertebra excision should be considered a convex 
osteotomy at the apex of the curve. The entire curve front and 
back must be fused. Neurologie risk is inhérent in hemiver¬ 
tebra excision because the spinal canal is entered both ante- 
riorly and posteriorly. Winter described two patients with 
lumbar root problems after hemivertebra excision. 

Leatherman and Dickson recommended a two-stage 
procedure in which the vertébral body is removed through 
an anterior exposure; then, in a second stage, the posterior 
éléments are removed and fusion is done. Other authors hâve 
reported acceptable results with one-stage anterior and pos¬ 
terior hemivertebra resection. If there is significant associated 
kyphosis, the hemivertebra can be excised from a posterior- 
only technique as described by Ruf and Harms or through a 
costotransversectomy as described by Smith. In general, 
postoperative cast or brace immobilization is prescribed for 
6 months. The use of instrumentation with downsized 
implants will give adéquate fixation and may permit a brace 
to be worn rather than a cast, but the bone stock must be 
adéquate to accept the instrumentation or a postoperative 
cast will be needed. 

Heinig described a decancellation procedure done with 
curets through the pedicle. Lubicky recommended both 
internai fixation and external immobilization with this tech¬ 
nique. He found that the amount of immédiate correction 
from this technique was unpredictable, but it did generally 
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A f Congénital scoliosis in a 7-year-old boy. B, After hemivertebra excision and fusion with short-segment rods and 


pedicle screws. 


lead to a hemiepiphysiodesis when it was combined with a 
convex posterior fusion at the same level. He recommended 
that the technique be done with C-arm control (Figs. 44-154 
and 44-155). Heinig and Lubicky advised leaving the hemi- 
lamina in place until the vertébral body resection is complété 
to protect the neural tube while the curet is used. This tech¬ 
nique can be useful if the hemivertebra is located posteriorly 
next to the spinal canal, where seeing the hemivertebra from 
anteriorly can be difficult. 


HEMIVERTEBRA EXCISION: 
ANTEROPOSTERIOR APPROACH 


TECHNIQUE 44-43 


(HEDEQUIST AND EMANS) 

■ Place the patient in the latéral decubitus position for 
simultaneous anteroposterior approach. The anterior 
approach is on the convex side and should be marked 
before surgery (Fig. 44-156A). 

■ For the anterior procedure, approach the spine through 
a standard transthoracic, transthoracic-retroperitoneal, or 
rétropéritonéal approach, depending on the location of 
the hemivertebra. The only exposure needed is of the 
hemivertebra and the dises above and below it. 

■ For the posterior approach, make a standard posterior 
midline incision and carry the dissection out to the tips 
of the transverse process, taking care when dissecting 
over the areas of laminar deficiency. 

■After the dissection is complété, obtain a spot radio- 
graph or fluoroscopie view to confirm the appropriate 
level. 



Posteroanterior standing view of spine in 8% 
-year-old girl shows nicely balanced spine and solid hemiepiphys¬ 
iodesis on left in lumbar spine 7 years after procedure similar 
to eggshell technique. (From Lubicky JP: Congénital scoliosis. In 
Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, ed 2, 
Philadelphia, 1997, Lippincott-Raven.) 
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Hemivertebra excision. A f Patient positioning for anteroposterior excision. B and C f Resection of posterior hemilamina 
with Kerrison rongeur. D f Compression of laminar hooks with closure of excision site. E f Anterior resection. F f Resection carried back to 
pedicle. (From Hedequist DJ, Emans JB: Hemivertebra excision. In Wiesel SW, editor: Operative techniques in orthopaedic surgery, Philadelphia, 
2011, Wolters Kluwer/Lippincott Williams & Wilkins, p. 1466.) SEE TECHNIQUE 44-43. 


HEMIVERTEBRA EXCISION 

■ Begin the excision by dissecting over the edge of the 
transverse process and down the latéral wall of the body 
with a Cobb elevator and a curve-tipped device. Place a 
curved retractor. If the hemivertebra is in the thoracic 
région, resect the rib head first to obtain access. 


■ Resect the cartilaginous surfaces of the concave facet to 
encourage fusion. 

■ With a Kerrison rongeur, begin resection in the midline 
with the ligamentum flavum followed by resection of the 
hemilamina (Fig. 44-156B). Extend the resection over to 
the facet, protecting the nerve roots above and below the 
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9 hemivertebra. Resect the transverse process and cortical 
bone over the pedicle until cancellous bone of the pedicle 
and cortical outlines of its walls are seen. Once again, 
take care to avoid nerve roots. Gelfoam and cottonoids 
can be used to protect the dura during resection. 

■ Develop the subperiosteal plane down the latéral wall of 
the pedicle and body with the use of a Cobb elevator to 
facilitate retraction and protection. The durai contents 
can be protected with a nerve root retractor. Blood loss 
can be controlled by bipolar sealing of the épidural 
vessels. Use a diamond-tipped burr to continue resection 
to the pedicle and into the hemivertebral body to protect 
against unwanted injury to the soft tissues. Work stepwise 
within the walls of the pedicle and confines of the body 
to make removal of the cortical shells easier (Fig. 44-156C). 
Resect the walls of the pedicle and the remaining walls 
of the hemivertebral body. Generally, the dorsal cortex of 
the vertébral body is removed last. The resection is wedge 
shaped and includes the dises above and below, as well 
as the concave area of the dise. 

■ While protecting the dura and its contents, remove the 
dise material with a pituitary rongeur and curet. Do not 
remove the dise material above or below or correction 
will be limited. Proceed with wedge closure and deformity 
correction. 

CLOSURE OF WEDGE RESECTION 

■ Place resected vertébral cancellous bone and allograft 
chips into the wedge resection site anteriorly. 

■ Closure of the wedge resection is achieved with the use 
of laminar hooks and external three-point pressure on the 
body. 

■ Place a downgoing supralaminar hook at the superior 
level and an upgoing infralaminar hook on the inferior 
level. 

■To close the resection site, insert the rod, using compres¬ 
sion to obtain correction. Using the rod avoids having to 
place large compression forces across the pedicle screws 
and allows the screws to maintain correction without 
plowing of the screws into the immature bone. The 
compression should be slow and controlled. Observe the 
dura to make sure it does not get caught in the closure 
of the posterior éléments (Fig. 44-156D). If insufficient 
correction is obtained, resect further along the edges of 
the laminae. 

■ Place two additional rods on either side of the spine 
connected to the corresponding screws. Apply a crosslink 
if possible. 

■ Decorticate the spine and place vertébral corticocancel- 
lous allograft. 

ANTEROPOSTERIOR EXCISION 

■ If anteroposterior excision is performed, place the 
posterior implant anchors before resection. Once com¬ 
plété exposure has been performed, place the posterior 
screws. 

■Create a full-thickness subperiosteal flap over the hemi- 
vertebra after localization is confirmed (Fig. 44-156E). 
■Starting at the inferior endplate of the adjacent 
superior body and the superior endplate of the adjacent 
inferior body, create longitudinal full-thickness cuts in the 


periosteum, working anteriorly to the contralatéral side. 
Then move posteriorly until the hemivertebral pedicle is 
seen. 

■ Resect the dises above and below the hemivertebra ail 
the way posterior to the posterior longitudinal 
ligament. 

■ Resect the hemivertebral body back to the posterior corti¬ 
cal wall of the body with rongeurs and a diamond-tipped 
burr. The posterior wall can be resected off the posterior 
longitudinal ligament starting at the level of the dise 
resections. The part of the pedicle that can be seen can 
be resected. 

■ For posterior resection, start with the hemilamina and 
proceed to the pedicle (Fig. 44-156F). With both incisions 
open and fields exposed, the pedicle can be resected 
though both incisions. 

■ Once the hemivertebra has been resected, wedge closure 
and correction of the deformity can proceed as described 
earlier. 

POSTOPERATIVE CARE. Postoperative care is similar to 
that for other spinal correction procedures. If fixation is 
adéquate, patients can be placed in a custom-molded 
TLSO for 3 months. In children younger than 2 years or 
if fixation is not adéquate, a Risser type cast is recom- 
mended for 2 months followed by brace wear for 6 
months. It may be necessary to remove the implants after 
a year if prominence is a problem. 


HEMIVERTEBRA EXCISION: LATERAL- 
POSTERIOR APPROACH 

Li et al. described a lateral-posterior approach for hemiver¬ 
tebra resection that gave a safe and stable resection 
through a single incision (Fig. 44-157). 


TECHNIQUE 44-44 


(U ET AL.) 

■ After administration of general anesthésia, place the 
patient in a latéral decubitus position, with the convex 



Lateral-posterior approach for hemivertebra 
resection. (Redrawn from Li X, Luo Z, Li X, et al: Flemivertebra resection 
for the treatment of congénital lumbar spinal scoliosis with lateral- 
posterior approach, Spine 33:2001, 2008.) SEE TECHNIQUE 44-44. 
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Hemivertebra excision through lateral-posterior approach. A f Patient positioning. B f Exposure of hemivertebra. 
C f Resection of hemivertebra. D f Compression and stabilization. E f Fusion. (Redrawn from Li X, Luo Z, Li X, et al: Hemivertebra resection for 
the treatment of congénital lumbar spinal scoliosis with lateral-posterior approach, Spine 33:2001, 2008.) SEE TECHNIQUE 44-44. 


side of the curve up. Préparé and drape the flank in 
routine fashion. 

■ Use an L-shaped lateral-posterior approach to expose the 
hemivertebra (Fig. 44-158A). Make a straight longitudinal 
incision about 3.5 cm latéral to the spinous process from 
one segment cephalad to one segment caudad to the 
hemivertebra, and then turn to the latéral. 


■ Carry the dissection down to the lumbodorsal fascia 
and retract the skin and subcutaneous tissue on either 
side. 

■ Make a fascial incision and pull the sacrospinal muscle 
medially. 

■ Expose the lumbar transverse processes, facet joints, 
lamina, and spinous process subperiosteally. 
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9 "After pulling the psoas major laterally, proceed with dis¬ 
section directly anteriorly on the pedicle to the vertébral 
body. 

■ After segmentai vessels hâve been ligated, the hemiver- 
tebra and the appendage, which hâve been identified 
radiographically, are exposed (Fig. 44-158B). 

■ Remove the lamina of the hemivertebra with its attached 
transverse process, facet joint, and the remaining portion 
of the pedicle and spinous process. 

■ Completely excise the dise material on both sides of the 
hemivertebra. 

■ Remove the vertébral physes. 

■ Remove the hemivertebra, starting dissection from the 
convex aspect to the concave aspect. If the dura has been 
exposed, place a Gelfoam sponge over it. 

■ Cut the removed hemivertebral body into morsels and 
carefully lay it as a graft in the gap that was created by 
the resection. 

■ Carry out compression and stabilization on the convex 
side with short-segmental instrumentation (Cotrel- 
Dubousset Horizon, Medtronic Sofamor Danek, Memphis, 
TN), including vertebrae cephalad and caudad to the 
hemivertebra to correct the scoliosis deformity (Fig. 
44-158D). 

■ Decorticate the facets and the laminae cephalad and 
caudad to the hemivertebra on the convex side of the 
curve. 

■ Cut any bone that is removed during the laminectomy 
into morsels and place it as graft material through the 
area extending from one vertebra cephalad to one verte- 
bra caudad to the hemivertebra (Fig. 44-158E). 

■Control bleeding with thrombin-soaked Gelfoam and 
place thrombin-soaked Gelfoam over the durai sac. Close 
the wound in a routine manner. 

■ Obtain radiographs to confirm curve correction. 

POSTOPERATIVE CARE. A rigid brace is worn full time 
or part time for an average of 4 months, depending 
on when the fusion appears solid on radiographs 

(Fig. 44-159). 


TRANSPEDICULAR EGGSHELL 
OSTEOTOMIES WITH FRAMELESS 
STEREOTACTIC GUIDANCE 

Mikles et al. described a technique for transpedicular 
eggshell ostéotomies for congénital scoliosis with frameless 
stereotactic guidance. This technique is recommended in 
older patients who hâve congénital scoliosis with multipla- 
nar spinal abnormalities. The guidance System was used to 
locate the pedicles intraoperatively for accurate screw 
placement. They thought that screw placement was diffi- 
cult because of the abnormal anatomy, and they found the 
use of the guidance System to be helpful in obtaining screw 
placement proximally and distally and, therefore, a rigid 
instrumentation construct. 


TECHNIQUE 44-45 


(MIKLES ETAL) 

■Obtain an operative CT scan with 1-mm cuts from 
one level above to one level below the spinal defor¬ 
mity, with use of the appropriate protocol for the fra¬ 
meless stereotactic guidance System. Three-dimensional 
reconstructions are assimilated. With newer fluoro¬ 
scopie image guidance Systems, CT may not be 
necessary. 

■ Détermine the level of the osteotomy before surgery. This 
usually corresponds with an eggshell osteotomy of the 
hemivertebra but is individualized for each patient. 

■ Monitor spinal cord and cauda equina function by 
somatosensory evoked potentials. 

■ Position the patient prone on a Jackson spinal table. 
Carefully pad bony prominences. 

■ Make a midline posterior incision and subperiosteally 
dissect to the deformity. 

■ Confirm the location and identification of the vertébral 
éléments by plain radiographs. 

■ Place an appropriate reference arc on the upper thoracic 
spinous processes. 



A f Preoperative radiographs of 9-year-old girl with congénital scoliosis due to L2 hemivertebra. B f Six months after 
hemivertebra resection and scoliosis correction. (From Li X, Luo Z, Li X, et al: Hemivertebra resection for the treatment of congénital lumbar 
spinal scoliosis with lateral-posterior approach, Spine 33:2001, 2008.) SEE TECHNIQUE 44-44. 
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■ Register numerous skeletal sites by paired-point and 
surface-matching techniques. Registration points are 
determined for only two levels above and below the 
osteotomy site. 

■ By use of the guidance System, locate the pedicles with 
the digitized probe, a digitized drill guide, or a digitized 
pedicle tap. 

■ Probe the pedicle with a pedicle probe to the appropriate 
depth and angle. Insert a digitized ball-tipped probe into 
the pedicle hole to check the length of the hole and to 
verify the intrapedicular position. 

■ Place the screws approximately two levels above and 
below the chosen osteotomy site. 

■ After screw placement, identify the transverse processes 
at the osteotomy level bilaterally; identify the foramina 
above and below the pedicle and check with 
fluoroscopy. 

■ Trim the midline région down carefully with a burr until 
a thin layer of lamina is left. 

■ Perform a central laminectomy at the chosen level, includ- 
ing any overhanging lamina from the levels above or 
below. 

■Start the posterior decancellation osteotomy on the side 
of the most accurately detailed anatomy. Identify the 
pedicle circumferentially and remove it with its transverse 
process while visual protection of the nerve root is 
maintained. 

■ Identify the pedicle opposite the proposed osteotomy and 
perform a similar exposure. 

■After pedicle removal, expose the vertébral body and 
inferior floor of the spinal canal. 

■ Elevate the dura off the posterior wall of the vertébral 
body and begin the decancellation of the body through 
the pedicle remnants. Use angled curets to remove the 
cancellous bone from the vertébral body. Remove the dise 
spaces if necessary. Push the floor of the canal into the 
created space with reverse curets and subsequently 
remove it. Complété vertebrectomy is attempted but not 
always achieved. This allows the best correction of the 
curve. 

■ After completion of the osteotomy, apply gentle pressure 
to the posterior spine with extension of the hips to close 
the osteotomy site. Spinal cord monitoring is followed 
carefully during this time. The dura and nerve roots are 
continuously viewed to prevent entrapment. Titanium 
instrumentation is used. Some additional coronal correc¬ 
tion is obtained with compression and distraction of the 
osteotomy site. Additional lordosis can be obtained with 
in situ contouring. 

■ Place two crosslinks and local autogenous bone graft, 
which was harvested from the vertébral body, laterally 
along the decorticated transverse processes of the instru- 
mented segment. 

■Close the deep fascial layer and place a suction drain 
subcutaneously. 

■ Perform a Stagnara wake-up test in the operating room. 

POSTOPERATIVE CARE. The patient is fitted with a 
well-molded TLSO, which is worn for 12 weeks, starting 
on the second postoperative day. 
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THORACIC INSUFFICIENCY SYNDROME 

Growing rod techniques can be used to treat congénital 
deformities involving long sections of the spine or deformi- 
ties with large compensatory curves in normally segmented 
régions above and below a congénital deformity. Thoracic 
insufficiency syndrome may be associated with congénital 
scoliosis and fused ribs. When this occurs, it is best managed 
during growth by expansion thoracostomy and insertion of 
expandable VEPTR devices. 

Campbell defined thoracic insufficiency syndrome as the 
inability of the thorax to support normal respiration or lung 
growth. This condition occurs in patients with hypoplastic 
thorax syndromes, such as Jeune and Jarcho-Levin syndromes, 
progressive infantile scoliosis with reductive distortion of 
the thoracic volume from spinal rotation, and congénital 
scoliosis associated with fused ribs on the concave side of the 
curve. In a hypoplastic thorax associated with congénital 
scoliosis, “extrinsic” restrictive lung disease can be caused by 
volume restriction of the underlying growing lungs and 
motion restriction of the ribs with réduction of the secondary 
breathing mechanism, as well as altered diaphragmatic 
mechanics. Thoracic and, therefore, lung volume increases to 
30% of adult size by the âge of 5 and to 50% of adult size by 
the âge of 10. 

Lung growth is limited to the anatomie boundaries of the 
thorax, so any spine or rib cage malformation that reduces 
the thoracic volume early in life may adversely affect the size 
of the lungs at skeletal maturity (Fig. 44-160). Maximizing 
thoracic height and volume is especially important in very 
young patients because lung growth between birth and the 
âge of 8 years is related to increases in alveolar number and 
size and because growth of the lung between 8 years and 
maturity is primarily a resuit of increases in alveolar size. 

Patients with early-onset scoliosis hâve been shown to 
hâve a higher mortality rate from respiratory failure than 
those with adolescent idiopathic scoliosis. A review of the 
literature found that young patients treated with thoracic 
fusions had a high rate of révision surgery (24% to 39%) and 
restrictive lung disease (43% to 64%), with those patients 
having upper thoracic fusions being at the highest risk. Long 
thoracic fusions by limiting thoracic and lung growth in 
young patients should be avoided to prevent the development 
of iatrogénie thoracic insufficiency. 

Because of the inability of traditional spinal correction 
techniques to increase the dimensions of the thorax, Camp¬ 
bell developed a technique to directly treat chest wall defor¬ 
mity with indirect correction of the congénital scoliosis. This 
procedure treats the total global deformity of the thorax, 
allowing the spine to grow undisturbed by surgical interven¬ 
tion, with increased height of the thoracic spine and the 
thorax. 

Gruca described a technique of operative compression of 
the ribs to obtain correction of idiopathic scoliosis on the 
convex side of the curve; however, concerns exist about this 
limiting thoracic and therefore lung growth. Campbell devel¬ 
oped rib distraction instrumentation techniques for treatment 
of primary hemithorax constriction in severe spinal deformity 
in young children. He postulated that indirect correction of 
scoliosis could be obtained by surgical expansion of the chest 
through rib distraction on the concave side of the curve. He 
compared this technique with an opening wedge osteotomy 
of a malunion of a long bone. In this technique, the thoracic 
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jgj A f Birth radiograph of girl with 50-degree congénital scoliosis due to multiple vertébral anomalies. B f Curve had 
increased to 83 degrees by âge 3 years. She underwent anterior convex spinal fusion and developed respiratory insufficiency 6 months 
after surgery, requiring supplémentai nasal oxygen. C f "False" latéral decubitus view, better showing changes in dimensions of thorax 
in addition to spinal curvature. D f CT scan shows extreme hypoplasia of chest and underlying lungs. (From Campbell RM: Congénital scoliosis 
due to multiple vertébral anomalies associated with thoracic insufficiency syndrome, Spine: State of the Art Reviews 14:210, 2000.) 


deformity is corrected by an “opening wedge thoracostomy” 
in the center of the deformity of the concave constricted 
hemithorax. Once the constricted hemithorax is lengthened, 
the thorax is equilibrated, with indirect correction of the 
scoliosis. Correction is maintained with an expandable tita¬ 
nium rib prosthesis. A substantial correction of the hemitho¬ 
rax deformity, an average curve correction of approximately 
20 degrees, and the continued growth of the spine were noted 
as well. Elongation of unilatéral unsegmented bars over time 
in patients treated with chest wall distraction techniques also 
has been noted (Fig. 44-161). The advantages of this technique 
are that it directly treats the anatomie causes of thoracic insuf¬ 
ficiency syndrome and do es not interfère with any subséquent 
spinal procedures that may be needed later in life. 

Campbell treated 34 patients who had progressive 
congénital scoliosis associated with fused ribs of the concave 
hemithorax with expansion thoracoplasty and a titanium 
rib prosthesis. He recommended considération of spinal 
growth-sparing techniques, such as growth rods and expan¬ 
sion thoracoplasty, for patients with multiple levels of malfor¬ 
mation in the thoracic spine (jumbled spine) with associated 
areas of either rib délétion or fusion (jumbled thorax). 
Patients treated with rib-based distraction hâve been shown 
to hâve improvement in their coronal and sagittal spine 
deformities, pulmonary status, hemoglobin levels, and 


nutritional status. Although Cobb angle correction with this 
technique is well described, it has been shown to correlate 
poorly with pulmonary function and so the exact method(s) 
of physiologie improvement remain unknown. 

Since the initial reports, rib-based distraction has now 
been used in the treatment of thoracic insufficiency and 
scoliosis in other conditions such as neuromuscular scoliosis 
and myelomeningocele. Because this is a posterior-based 
distraction technique, there is a potential for the development 
of increased kyphosis, especially in patients with increased 
preoperative kyphosis. Increased kyphosis may also play a 
rôle in proximal rib anchor failure. Longer constructs from 
the pelvis to ribs hâve been used to prevent excessive kypho¬ 
sis; however, these should be avoided in ambulatory patients 
because of the increased incidence of postoperative crouch 
gait caused by changes in the lumbosacral mechanics. Intra¬ 
operative neuromonitoring is recommended for ail initial 
insertions and in lengthening in which patients hâve neuro¬ 
logie changes at the time of their initial insertion. The rôle of 
its use in routine lengthenings in neurologically normal 
patients remains controversial. A large multicenter study 
found a rate of eight neurologie injuries in 1736 consecutive 
procedures (0.5%) of which five were at the time of initial 
implantation (1/5%). When used, it should include monitor- 
ing of the upper extremities because the upper extremity was 
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A f Multiple congénital anomalies of thoracic spine, including hemivertebra on convex side of curve and long unilat¬ 
éral unsegmented bar on concave side (arrows), in 2^-year-old girl with 87-degree scoliosis. B f At 6-year follow-up, curve is corrected 
to 65 degrees. Length of large central, unilatéral segmented bar from T5 to T11 on concave side of curve (arrows) compared preopera- 
tively and postoperatively suggests growth on concave side of curve. (From Campbell RM: Congénital scoliosis due to multiple vertébral 
anomalies associated with thoracic insufficiency syndrome, Spine: State of the Art Reviews 14:210, 2000.) 


involved in six of eight cases, which may hâve been related to 
brachial plexus injury. 


EXPANSION THORACOPLASTY 

The vertical expandable prosthetic titanium rib (VEPTR) 
device cornes in two forms. The device with a radius of 
220 mm is most commonly used in the treatment of fused 
ribs and scoliosis. The titanium alloy permits the use of MRI 
postoperatively. There are three anchors available: rib, spine, 
and pelvis. The rib anchor consists of two C-shaped clamps 
that, when locked, form a loose encirclement around the rib 
to avoid vascular compromise of the underlying rib. Latéral 
stability is provided by the surrounding soft tissues. The 
spine anchor consists of a low-profile closed laminar hook. 
The pelvic anchor consists of an S-shaped modified McCar¬ 
thy hook that is placed over the iliac crest. The central 
portion of the device consists of two sliding rib sleeves. The 
superior sleeve is attached to the cranial anchor, which is 
usually a rib, and the inferior sleeve is attached to the caudal 
anchor, which can be a rib, the spine, or the pelvis. The 
device is locked inferiorly by a peg-type lock through one of 
two holes, 5 mm apart in the distal rib sleeve, into partial- 
thickness holes in the inferior rib cradle post. This provides 
variable expandability for the device in incréments of 5 mm. 
It is important to insert the device with the sleeves completely 
overlapped to maximize the excursion of the construct 
before révision is necessary (Fig. 44-162). 


TECHNIQUE 44-46 


(CAMPBELL) 

■ Place the patient in a latéral decubitus position with the 
concave side of the hemithorax upward. A small padded 



Expandable prosthetic rib device. (Redrawn 
from Campbell RM, personal communication.) SEE TECHNIQUE 44-46. 


bolster can be placed at the apex of the curve to help 
with correction. 

■ Intraoperative spinal monitoring of both upper and lower 
extremities is used. Begin prophylactic intravenous 
antibiotics. 

■ Make a thoracotomy incision around the tip of the 
scapula and carry it anteriorly. Often in patients with 
fused ribs, the scapula is both hypoplastic and elevated 
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proximally. In these patients, the skin incision may need 
to be brought more distal as it courses around the scapula. 

■ If a hybrid device is to be used, make a second incision 
1 cm latéral to the midline over the proximal lumbar spine 

(Fig. 44-163A). 

■ Through the thoracotomy incision, elevate the muscle 
flaps and proximally identify the middle scalene muscle. 
Place devices on the second rib posterior to the scalene 
muscle. Anterior to the middle scalene muscle device, 
attachment is not done proximally because of the risk of 
impingement on the neurovascular bundle (Fig. 44-163B). 

■ Once exposure has been completed, identify the central 
rib fusion mass by the absence of intercostal muscles. This 
is the center of the apex of thoracic deformity where 
the concave hemithorax is most tightly constricted by 
rib fusion and is best seen on preoperative bending 
radiographs. 

■ Before the opening wedge thoracostomy is performed, 
préparé the rib prosthesis cradle sites proximally and 
distally. Make 1-cm incisions by use of an electrocautery 
in the intercostal muscles under the second rib, with a 
second 5-mm incision above it in the muscle. 

■ Use an elevator to carefully strip off only the anterior 
portion of the rib periosteum without violating the pleura 
(Fig. 44-163C). 

■ Insert a second elevator into the proximal intercostal 
muscle incision to encircle the rib. 

■ Préparé the inferior rib cradle site in the same fashion. 

■ Insert the rib cradle cap into the proximal intercostal 
muscle incision sideways and then turn it distally to 
encircle the rib, similar to insertion of a spinal laminar 
hook. 

■ Pass the superior rib cradle into the inferior intercostal 
muscle incision (Fig. 44-163D), mate it with the cradle 
cap, and lock it into place with pliers (Fig. 44-163E). 

■The sites for the cradles should be just latéral to the 
transverse processes of the spine. The superior cradle site 
should be at the top of the area of the constricted hemi¬ 
thorax. If that site does not allow enough distance 
between the cradle sites for a device of sufficient length 
to hâve reasonable expansion capability, the site can be 
moved superiorly. In very flexible spines, however, care 
must be taken not to induce a large compensatory curve 
in the spine above the primary hemithorax constriction 
by placing the rib cradle too far superiorly. The inferior 
cradle site should be in a stable base of the area of the 
constricted hemithorax, below the line of the opening 
wedge thoracostomy, and usually encircling two fused 
ribs. 

■ Select the inferior rib cradle site by picking a rib of attach¬ 
ment that is clinically stable, as horizontal as possible, and 
at the inferior edge of the thoracic constriction. Avoid 
unstable rib attachments distally (vestigial rib) because of 
the high loads placed on the device in the expansion of 
a fused chest wall. 

■ Insert the superior cradle before the opening wedge 
thoracostomy is made. The inferior cradle is not placed 
at this point because the size of the device required to 
hold acute hemithorax correction is not known until the 
hemithorax is lengthened by the opening wedge 
thoracostomy. 


■ The deformity of the concave hemithorax is corrected by 
an opening wedge thoracostomy (Fig. 44-163F). This 
corrects the "angulated thorax," similar to the use of an 
opening wedge osteotomy to correct malunion of a long 
bone. 

■ Place the thoracostomy in the apex of the thoracic con¬ 
striction where it can best correct the concave hemithorax, 
lengthen the constricted segment, and flare out the 
superior ribs laterally to increase thoracic volume. In most 
patients, this line of correction passes not through the 
apex of the scoliosis but above it. 

■ To confirm the correct position, place métal markers on 
the chest wall and verify the location with C-arm radio¬ 
graphs and then compare with the preoperative plan. 

■ The line of cleavage for the primary opening wedge 
thoracostomy may be through a mass of fused ribs, an 
area of fibrous adhesions between two ribs, or vestigial 
intercostal muscle. If the chosen interval is osseous, use 
a rongeur and Kerrison punches to make the thoracos¬ 
tomy. Be careful not to reflect periosteum from the rib 
incision site, which will devascularize the rib. Strip away 
the underlying periosteum with a No. 4 Penfield elevator. 
The line of the thoracostomy extends from the sternum, 
along the contours of the ribs, to the transverse processes 
of the spine posteriorly. 

■ Reflect the paraspinous muscles from latéral to médial. 
Take care not to expose the spine to minimize the risk of 
inadvertent fusion. 

■ Once exposure is completed, gently spread the thoracos¬ 
tomy interval apart with two vein retractors to allow a 
lamina spreader to be inserted between the ribs in the 
midaxillary line of the thorax. Then complété the opening 
wedge thoracostomy by gradually widening the lamina 
spreader about 5 mm every 3 minutes (Fig. 44-163G) 
until the thoracic interval is widened to approximately 
1 cm. 

■ If the ribs are easily distracted and there is at least 0.5 cm 
of soft tissue between the ribs as they articulate with the 
spine medially, no further resection is necessary. 

■ If rib distraction is difficult, additional rib fusion mass 
probably requires resection medially. If further resection 
is needed, eut a 1-cm-wide channel medially at the 
posterior apex of the opening wedge thoracostomy, 
resecting the remaining fused rib anterior to the trans¬ 
verse process and following it down to the vertébral body 
for complété removal. 

■ Expose the bone to be removed a few millimeters at a 
time by subperiosteal dissection with a Freer elevator. 

■ Use a rongeur to remove the exposed bone. Take care to 
resect only visible bone, avoiding the spinal canal poste¬ 
riorly and the esophagus and great vessels anteriorly. 
Preserve anomalous segmentai vessels. 

■ Disarticulate the last 5 mm of fused rib from the spine 
with an angled curet, avoiding the neuroforamen, until 
the cartilage articular dise is visible. 

■ Secure hemostasis with bipolar cautery. 

■ Place bone wax over any raw bone surfaces. 

■ If the maximal thoracostomy interval distraction is 2 cm 
or less, the underlying pleura generally stretches and 
remains intact. If distraction is more than 2 cm, the pleura 
may begin to tear. Small tears in the pleura require no 
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A-J f Campbell technique of expansion thoracoplasty. See text for description. 

communication, 2000.) SEE TECHNIQUE 44-46. 


(Redrawn from Campbell RM, personal 
Continued 
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S treatment, but substantial defects are treated with a 
Gore-Tex sheet (WL Gore and Assoc., Newark, DE) sutured 
to the edges of the intact pleura. Avoid attaching it to 
rib 7 muscle, or periosteum because it will become a 
tether. A Gore-Tex sheet of 0.6-mm thickness is used for 
small defects, and a 2-mm sheet is used for larger defects. 
The Gore-Tex sheet usually is placed after the device has 
been implanted to allow accurate sizing of the sheet 
needed for maximal thoracic volume. The surface of the 
sheet is brought outward to maximize volume. 

■ After the chest is expanded by the lamina spreader, 
measure the distance between the superior and inferior 
cradle sites to détermine the size of the device needed. 
The inferior rib cradle and the rib sleeve should be of 
compatible sizes. An inferior rib cradle that is substantially 


shorter than the rib sleeve will reduce the device's ability 
for later expansion and require more frequent 
change-outs. 

■ Assess the orientation of the device and cradle after acute 
thoracostomy expansion so that they conform best to the 
corrected anatomy. 

■ After the device is sized and the orientation for the 
inferior cradle is chosen, relax the lamina spreader to ease 
access to the cradle sites. 

■ Insert the cradle cap inferiorly, implant the inferior cradle, 
and lock the components together with a cradle lock. 

■ If a hybrid device is used to span down to the lumbar 
spine, place this in a supralaminar position by resecting 
the intraspinous ligament and ligamentum flavum using 
a Kerrison rongeur. 
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■ Place a bone graft on the lamina down to the hook to 
further stabilize a construct with a one-level fusion. 
Alternative^, a two-level claw construct can be used to 
increase stability, especially in older patients. 

■ If the superior cradle has not been previously inserted, 
implant it now. 

■ Reinsert the lamina spreader between médial ribs at the 
apex of the opening wedge thoracostomy. Reexpand the 
interval, expanding the thorax by bringing the device 
components out to length. 

■ Assemble the device by threading the rib sleeve over the 
inferior cradle and levering the rib sleeve in line with the 
superior rib cradle by the device wrenches. The acute 
correction obtained by the opening wedge thoracostomy 
is now stabilized by the rib device (Fig. 44-163H). 

■ For primary thoracic scoliosis in children younger than 18 
months, only a single thoracic device is placed posteriorly, 
adjacent to the transverse processes of the spine. If a 
patient is older than 18 months and has adéquate lumbar 
canal size and laminae, more support of the thoracostomy 
can be provided by a hybrid device and a second thoracic 
prosthesis added posterolaterally. 

■ Place the thoracic prosthesis in the posterior axillary line 
to further expand the constricted hemithorax, with proxi¬ 
mal attachment just posterior to the middle scalene 
muscle with at least 0.5 cm between the superior rib 
cradles. 

■ Once assembled, tension both devices by expanding 
them 0.5 cm to fit snugly without excessive distraction 
pressure and then place two distraction locks on the rib 
sleeve. 

■ If the chest wall defect created by the opening wedge 
thoracostomy is larger than 2 cm, potential chest wall 
instability will need to be considered. A chest wall defect 
up to 3 cm wide is well tolerated proximally because of 
the splinting effect of the scapula posteriorly and the 
pectoralis muscle anteriorly. A distal chest wall defect of 
more than 2 cm and a proximal defect of more than 3 cm 
may need augmentation to provide chest wall stability by 
centralization of surgically created "pseudoribs" in the 
defect, addition of more devices, or implantation of a 
Gore-Tex sheet (2 mm thick) over the defect. 

■ In the first technique, called transport centralization, 
separate a single rib or pseudorib of two or three fused 
ribs away from the superior border of the opening wedge 
thoracostomy and rotate it downward, like a "bucket 
handle," to lie centrally in the chest wall defect. The goal 
of this technique is to divide the chest wall defect into a 
sériés of smaller defects, none larger than 2 cm. If the 
defect is too large for a single rib, separate another rib 
or pseudorib from the inferior border of the open wedge 
thoracostomy and bring it into the defect, dividing the 
larger defect into three smaller ones. Take care to preserve 
ail soft-tissue attachments to avoid devascularization of 
the rib. 

■ The second method of augmentation is to add additional 
devices if transport centralization is not feasible or bone 
stock is inadéquate. This method is practical only in larger 
patients with adéquate soft tissue for device coverage, 
and usually three devices are the maximum that can be 
used safely. 


■ Finally, a 2-mm Gore-Tex sheet can be used to supplé¬ 
ment either of the other two methods. When the scolio¬ 
sis extends from the thorax into the lumbar spine, use a 
lumbar hybrid rod extension. This lumbar extension can 
be used only in patients with adéquate lumbar spinal 
canal size for hook placement, and generally the patient 
should be at least 18 months of âge. Preoperatively 
assess the width of the canal by CT. The usual site of 
distal insertion is at either L1 or L2; but if the scoliosis 
extends well distally into the lumbar spine, L3 can be 
used. Avoid more distal insertion sites on the spine if 
possible. 

■ Spinal dysraphism of the proximal lumbar spine may 
require that the laminar hook be placed in the distal 
lumbar spine or that a modified McCarthy hook for the 
pelvis be coupled to the hybrid lumbar extension. 

■ Through a separate skin incision over the lumbar spine, 
insert the hybrid distraction device and pass it percutane- 
ously from proximal to distal through the paraspinal 
muscles. Because of the kyphosis of the thorax, if the 
device is passed in a proximal direction, it may inadver- 
tently penetrate the chest. Size the device similar to the 
all-thoracic technique and complété the opening wedge 
thoracostomy. 

■ Implant the superior cradle with an empty rib sleeve sized 
to extend to the inferior border of the thorax at the 12th 
rib. 

■ Size a hybrid rod lumbar extension to match the rib sleeve 
and select for implantation. 

■ Insert the inferior hook sublaminar. Size a hybrid rod 
lumbar extension to match the rib sleeve. 

■ With a lamina spreader in place to maintain the correction 
obtained with the opening wedge thoracostomy, use in 
situ benders to bend the hybrid rod into a slight kyphosis 
proximally and slight valgus and lordosis distally to best 
fit the lamina hook. The length of the rod should allow 
it to extend 1 cm distal to the hook. 

■ With a Kelly clamp, create a tunnel from the proximal 
incision through the paraspinal muscles, moving proxi¬ 
mally to distally, with a finger in the lumbar incision to 
palpate the tip of the clamp as it exits the muscle. Use 
the Kelly clamp to grasp a small chest tube and pull it 
into the proximal incision. 

■ Attach the hybrid device to the tube and, by use of the 
tube, thread it proximally to engage the rib cradle and 
then into the hook. 

■ Distract the rib and tighten the hook. 

■ Place bone graft over the laminae. 

■ A large amount of correction may push the anterior 
portion of the proximal fused ribs proximally into the 
brachial plexus. To check for acute thoracic outlet syn¬ 
drome, bring the scapula back into position while the 
anesthesiologist monitors puises and ulnar nerve function 
is monitored by somatosensory potentials. If both are 
normal, close the muscle flaps with absorbable suture and 
close the skin in standard fashion with absorbable subcu- 
taneous sutures. 

■ If either the puise or ulnar nerve function is abnormal, 
retract the scapula and subperiosteally resect 2 cm of the 
proximal two ribs that are anterior under the brachial 
plexus. 
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9 " Bring the scapula back into position and check somato- 
sensory potentials again. If they are normal, close the 
incision. 

POSTOPERATIVE CARE. The patient is placed in the 
intensive care unit until extubation, which will dépend on 
the severity of the preoperative pulmonary compromise. 
In general, we leave our uncomplicated thoracostomy 
patients intubated overnight and wean respiratory 
support as tolerated. No bracing is used postoperatively 
to avoid constriction of chest wall growth. At intervals of 
approximately 6 months after the initial implantation, the 
device is expanded in an outpatient procedure. Prophy- 
lactic intravenous antibiotics are administered, and the 
distal end of the device is exposed with an incision 
through the thoracostomy incision if possible. Once the 
underlying muscle is exposed, it is split along its fibers or 
eut vertically either on the médial or latéral side of the 
device to form a thick muscle flap. Incisions directly over 
the device(s) should be avoided owing to the potential 
forskin breakdown and implant infection. The distraction 
lock over the device is removed, and distractor pliers are 
inserted to lengthen the device (Fig. 44-1631 and J). The 
prosthesis is lengthened slowly, approximately 2 mm 
every 3 minutes, to avoid fracture. Once maximal reactive 
pressure is reached, the device is locked in place with a 
new distraction lock. Lengthening usually is a minimum 
of 0.5 cm and up to 1.5 cm. Once the device has 
exhausted its expandability, a change-out operative pro¬ 
cedure is done through small proximal and distal trans¬ 
verse incisions. The sleeves are removed and replaced 
with larger components (implants). Devices that extend 
well under the scapula may be difficult to exchange and 
often require opening of a large portion of the old tho- 
racotomy incision to change the components. 


KYPHOSIS 

In the sagittal plane, the normal spine has four balanced 
curves: the cervical spine is lordotic; the thoracic spine is 
kyphotic (20 to 50 degrees), with the curve extending from 
T2 or T3 to T12; the lumbar région is lordotic (31 to 79 
degrees); and the sacral curve is kyphotic. On standing, the 
thoracic kyphosis and lumbar lordosis are balanced. Normal 
sagittal balance is defined as a plumb line dropped from C7 
and intersecting the posterosuperior corner of the SI vertebra 
(Fig. 44-164). Positive sagittal balance occurs when the plumb 
line falls in front of the sacrum, and négative sagittal balance 
occurs when the plumb line falls behind the sacrum. 

In the upright position, the spine is subjected to the forces 
of gravity, and several structures maintain its stability: the 
dise complex (nucléus pulposus and annulus), the ligaments 
(anterior longitudinal ligament, posterior longitudinal liga¬ 
ment, ligament flavum, apophyseal joint ligaments, and 
intraspinous ligament), and the muscles (the long spinal 
muscles, short intrinsic spinal muscles, and abdominal 
muscles). Kyphosis of 50 degrees or more in the thoracic 
spine usually is considered abnormal. Kyphotic deformity 
may occur if the anterior spinal column is unable to withstand 



Négative 

balance 


Plumb line is dropped from middle of C7 ver¬ 
tébral body to posterosuperior corner of SI vertébral body. 

(Redrawn from Bernhardt M: Normal spinal anatomy: normal sagittal 
plane alignment. In Bridwell KH, DeWald RL, editors: The textbook of 
spinal surgery, ed 2, Philadelphia, 1997, Lippincott-Raven.) 


compression, causing shortening of the anterior column. 
Disruption of the posterior column and inability to resist 
tension can lead to relative lengthening of the posterior 
column and kyphosis (Fig. 44-165). 

SCHEUERMANN DISEASE 

Scheuermann originally described a rigid juvénile kyphosis 
in 1920. Scheuermann disease is a structural kyphosis of the 
thoracic or thoracolumbar spine that occurs in 0.4% to 8.3% 
of the general population. It occurs slightly more often in 
males. The âge at onset usually is during the prepubertal 
growth spurt, between 10 and 12 years of âge. 

CLASSIFICATION 

Scheuermann disease is divided into two distinct groups: a 
typical form and an atypical form. These two types are deter- 
mined by the location and natural history of the kyphosis, 
including symptoms occurring during adolescence and after 
growth is completed. Typical Scheuermann disease usually 
involves the thoracic spine. This classic form of Scheuermann 
kyphosis has three or more consecutive vertebrae, each 
wedged 5 degrees or more, producing a structural kyphosis. 
In contrast, atypical Scheuermann disease usually is located 
in the thoracolumbar junction or the lumbar spine. It is 
characterized by vertébral endplate changes, dise space nar- 
rowing, and anterior Schmorl nodes but does not necessarily 
hâve three consecutively wedged vertebrae of 5 degrees. 
Thoracic Scheuermann disease is the most common form. 
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Forces that contribute to kyphotic deformity 
of thoracic spine. Anterior vertébral bodies are in compression, 
and posterior vertébral éléments are in tension. 


ETIOLOGY 

The cause of Scheuermann disease is probably multifactorial. 
Scheuermann thought that the kyphosis resulted from osteo- 
necrosis of the ring apophysis of the vertébral body. However, 
the ring apophysis lies outside the true cartilaginous physis 
and contributes nothing to the longitudinal growth of the 
body; therefore, a disturbance in the ring apophysis should 
not affect growth of the vertebra or cause vertébral wedging. 
In 1930, Schmorl suggested that the vertébral wedging is 
caused by herniation of dise material into the vertébral body; 
these herniations now are known as Schmorl nodes. Schmorl 
theorized that as the dise material is extruded into the verté¬ 
bral body the height of the intervertébral dise is diminished, 
which causes increased pressure anteriorly and disturbances 
of enchondral growth of the vertébral body and subséquent 
wedging. However, Schmorl nodes are relatively common 
and frequently occur in patients with no evidence of Scheuer¬ 
mann disease. Ferguson implicated the persistence of anterior 
vascular grooves in the vertébral bodies during preadoles- 
cence and adolescence. He suggested that these vascular 
defects create a point of structural weakness in the vertébral 
body, which leads to wedging and kyphosis. 

Bradford and Moe and Lopez et al. found that osteopo- 
rosis may be responsible for the development of Scheuermann 
disease. However, a study of bone density in a group of trauma 
patients and teenagers with Scheuermann disease, as well as 
a cadaver study, found no evidence of osteoporosis in the 
vertebrae. 

Mechanical factors are a likely cause of Scheuermann 
disease. Lambrinudi and others suggested that the upright 
posture and the tightness of the anterior longitudinal liga¬ 
ment of the spine contribute to the deformity. Scheuermann 


kyphosis is more common in patients who do heavy lifting or 
manual labor. The fact that some correction of the kyphosis 
can be obtained by bracing that relieves pressure on the 
anterior vertébral régions also indicates that mechanical 
factors are important. The kyphosis probably increases pres¬ 
sure on the vertébral endplates anteriorly, causing uneven 
growth of the vertébral bodies as a response to the law of 
Wolff. 

A bio Chemical abnormality of the collagen and matrix of 
the vertébral endplate cartilage also has been suggested as an 
important factor in the cause. Abnormal collagen fibers and 
a decrease in the ratio between collagen and proteoglycan 
hâve been found in the matrix of the endplate cartilage in 
patients with Scheuermann disease. 

Several authors hâve found support for a genetic basis for 
Scheuermann disease. A high familial prédilection has been 
noted in several studies. The disease may be inherited in an 
autosomal dominant fashion. Additional support for a genetic 
basis is provided by Carr et al. in a report of Scheuermann 
disease occurring in identical twins. In summary, many 
causes hâve been suggested but none has been proved. Further 
research is required to better investigate the ultimate causes 
of Scheuermann disease. 

CLINICAL FINDINGS 

Scheuermann disease usually appears around the adolescent 
growth spurt. The presenting complaint is either pain in the 
middle or lower back or concern about posture. Frequently, 
the parents believe that the kyphosis is postural, so diagnosis 
and treatment are delayed. Pain usually is located in the area 
of the deformity or in the lower back, is made worse by 
activity, and typically improves with the cessation of growth. 
If pain is présent in the lumbar area and the deformity is in 
the thoracic région, the possibility of spondylolysis should be 
considered. 

Physical examination shows an angular thoracic or tho- 
racolumbar kyphosis with compensatory hyperlordosis of 
the lumbar spine. The kyphosis is sharply angular and does 
not correct with the prone extension test (Fig. 44-166). The 
lumbar lordosis below the kyphosis usually is flexible 
and corrects with forward bending. Tight hamstrings and 
pectoral muscles are common. On forward bending, a 
small structural scoliosis may be présent in as many as 30% 
of patients. 

Physical findings in patients with atypical (lumbar) 
Scheuermann disease may differ from those in patients with 
thoracic deformity. These patients usually hâve low back pain, 
but, unlike patients with the more common form of Scheuer¬ 
mann disease, they do not hâve as noticeable a deformity. 
Pain with spinal movement is the primary symptom. The 
condition is especially common in males involved in com¬ 
pétitive athletics and in farm laborers, suggesting that it 
represents an injury to the vertébral physes from repeated 
trauma rather than true Scheuermann disease. 

Abnormal neurologie findings hâve been reported in 9% 
to 15% of patients with Scheuermann kyphosis; such findings 
emphasize the importance of a detailed neurologie examina¬ 
tion. Spinal cord compression from kyphosis, thoracic dise 
herniation, épidural cysts, and épidural lipomatosis hâve 
been reported. If lower extremity weakness, hyperreflexia, 
sensory changes, or other neurologie findings are detected, 
MRI of the kyphotic area should be done. 
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A f Scheuermann kyphosis. B f Postural kyphosis. 

(From Warner WC: Kyphosis. In Morrissy RT, Weinstein SL, editors: Lovell 
and Winters pédiatrie orthopaedics, ed 6, Philadelphia, 2006, Lippincott 
Williams & Wilkins, p. 797.) 


RADIOGRAPHIC FINDINGS 

Standing anteroposterior and latéral radiographs of the spine 
should be obtained. The amount of kyphosis is determined 
by the Cobb method on a latéral radiograph of the spine. The 
cranial and most caudal tilted vertebrae in the kyphotic 
deformity are selected. A line is drawn along the superior 
endplate of the cranial vertebra and the inferior endplate of 
the most caudal vertebra. Lines are drawn perpendicular to 
the line along the endplates, and the angle they form is the 
degree of kyphosis. The criteria for the diagnosis of typical 
Scheuermann disease are more than 5 degrees of wedging of 
at least three adjacent vertebrae at the apex of the kyphosis 
and vertébral endplate irregularities with a thoracic kyphosis 
of more than 50 degrees (Fig. 44-167). Bradford suggested 
that three wedged vertebrae are not necessary for the diagno¬ 
sis but rather an abnormal, rigid kyphosis is indicative of 
Scheuermann disease. Flexibility and the structural nature 
of the deformity are determined by taking a latéral postero- 
anterior radiograph with the patient lying over a bolster 
placed at the apex of the deformity to hyperextend the spine. 
On a latéral radiograph, most patients will be in négative 
sagittal balance measured by dropping a plumb line from 
the center of the C7 vertébral body and measuring the dis¬ 
tance from this line to the posterosuperior corner of the SI 
vertebra. Scoliosis is évident on posteroanterior radiographs 
in approximately a third of patients. A latéral radiograph 
should be made with the patient in the hyperextended posi¬ 
tion over a bolster to détermine the structural nature of the 
deformity. 



Scheuermann kyphosis. Kyphotic deformity of 
81 degrees and Schmorl nodes. 


Atypical Scheuermann disease of the lumbar spine is 
characterized by irregularity of the vertébral endplates, the 
presence of Schmorl nodes, and narrowing of the interverté¬ 
bral dises, without wedging of the vertébral bodies or kypho¬ 
sis. Late degenerative changes such as dise space narrowing 
and Schmorl nodes occur as in Scheuermann disease of the 
thoracic spine. 

NATURAL HISTORY 

In most cases, Scheuermann disease results in minimal 
deformity and few symptoms. The kyphotic deformity can 
progress rapidly during the adolescent growth spurt. Back 
pain and fatigue are common complaints during adolescence 
but usually disappear with skeletal maturity. Factors that 
contribute to the risk of continued progression of kyphosis 
include the number of years of growth remaining and the 
number of wedged vertebrae. Neurologie injury occasionally 
has been reported in adolescents because of herniation of a 
thoracic dise, an épidural cyst, or the severe kyphotic defor¬ 
mity alone with subséquent compression of the cord. 

The true natural history of untreated Scheuermann 
disease in adulthood is not well established. Travaglini and 
Conte found that the kyphosis increased during adulthood in 
80% of their patients, although few developed severe defor¬ 
mity. During middle âge, degenerative spondylosis is 
common, but radiographie findings do not always correlate 
with the presence or absence of back pain. If the kyphosis is 
less than 60 degrees, these changes usually do not occur in 
adulthood. 

Patients with Scheuermann kyphosis were found in one 
study to hâve more intense back pain, jobs that tend to hâve 
lower requirements for activity, loss of extension of the trunk, 
and different localization of pain. However, the level of éduca¬ 
tion, number of days absent from work because of back pain, 
pain that interfered with activities of daily living, self-esteem, 
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A and B f Latéral radiographs show spondylolisthesis with kyphosis. (From Warner WC: Kyphosis. In Morrissy RT, Weinstein 
SL, editors: Lovell and Winter's pédiatrie orthopaedics, ed 6, Philadelphia, 2006, Lippincott Williams & Wilkins.) 


social limitations, use of médication for back pain, or level of 
recreational activities were not significantly different from 
those without Scheuermann disease. Most patients reported 
little préoccupation with their physical appearances. Normal 
or above-normal averages of pulmonary function were found 
in patients in whom the kyphosis was less than 100 degrees. 
Patients who hâve Scheuermann kyphosis may hâve some 
functional limitation, but it do es not significantly affect their 
lives. Patients who hâve not had surgery for the kyphosis 
adapt reasonably well to their condition. 

Lumbar Scheuermann disease, which usually is associ- 
ated with strenuous physical activity, generally becomes 
asymptomatic within several months affer restriction of 
activities. It has not been shown to hâve any long-term 
sequelae in adult life, as long as those affected avoid strenuous 
jobs. 

ASSOCIATED CONDITIONS 

Mild-to-moderate scoliosis is présent in about one third of 
patients with Scheuermann disease, but the curves tend to be 
small (10 to 20 degrees). Scoliosis associated with Scheuer¬ 
mann disease usually has a benign natural history. Deacon 
et al. divided scoliotic curves in patients with Scheuermann 
disease into two types on the basis of the location of the curve 
and the rotation of the vertebrae into or away from the con- 
cavity of the scoliotic curve. In the first type of curve, the 
apices of the scoliosis and kyphosis are the same and the 
curve is rotated toward the convexity. The rotation of 
the scoliotic curve is opposite to that normally seen in idio- 
pathic scoliosis. They suggested that the différence in direc¬ 
tion of rotation is caused by scoliosis occurring in a kyphotic 


spine, instead of the hypokyphotic or lordotic spine that is 
common in idiopathic scoliosis. In the second type of curve, 
the apex of the scoliosis is above or below the apex of the 
kyphosis and the scoliotic curve is rotated into the concavity 
of the scoliosis, more like idiopathic scoliosis. This type of 
scoliosis seen with Scheuermann kyphosis is the more 
common, and it rarely progresses or requires treatment. 

Lumbar spondylolysis is frequently found in patients with 
Scheuermann kyphosis (Fig. 44-168). The suggested reason 
for the increased incidence of spondylolysis (50% to 54%) is 
that increased stress is placed on the pars interarticularis 
because of the associated compensatory hyperlordosis of the 
lumbar spine. This increased stress causes a fatigue fracture 
at the pars interarticularis, resulting in spondylolysis. Other 
conditions reported in patients with Scheuermann disease 
include endocrine abnormalities, hypovitaminosis, inflam- 
matory disorders, and durai cysts. 

DIFFERENTIAL DIAGNOSIS 

The most common entity to be differentiated from Scheuer¬ 
mann disease is postural round-back deformity. This deformity 
characteristically produces a slight increase in thoracic kypho¬ 
sis, which is mobile clinically and is easily correctable on the 
prone extension test. Radiographs show normal vertébral body 
contours without vertébral wedging. The kyphosis is more 
graduai than the angular kyphosis commonly seen in Scheuer¬ 
mann disease. A normal radiograph, however, may not rule out 
Scheuermann disease because radiographie changes may not 
be apparent until a child is 10 to 12 years of âge. 

If pain is a presenting symptom, infectious spondylitis 
must be considered. This usually can be excluded, however, 
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by clinical and laboratory studies and by MRI, CT, or bone 
scan of the spine. On occasion, traumatic injuries can confuse 
the differential diagnosis, but usually the wedging caused by 
a compression fracture involves only a single vertebra rather 
than the three or more vertebrae involved in true Scheuer- 
mann kyphosis. Osteochondrodystrophies, such as Morquio 
and Hurler syndromes, as well as tumors and congénital 
deformities, especially congénital kyphosis, also must be 
considered. In young men, ankylosing spondylitis must be 
ruled out, and this may require an HLA-B27 blood test. 

TREATMENT 

The indications for treatment of patients with Scheuermann 
kyphosis can be grouped into five general categories: pain, 
progression of deformity, neurologie compromise, cardiopul- 
monary compromise, and cosmesis. Treatment options 
include observation, conservative methods, and surgery. 

■ NONOPERATIVE TREATMENT 
I OBSERVATION 

Adolescents with mildly increased kyphosis of less than 50 
degrees without evidence of progression can be evaluated 
with repeated standing latéral radiographs every 4 to 6 
months. When growth is complété, further follow-up is not 
needed. Exercises alone hâve not been shown to provide any 
correction of the deformity in patients with Scheuermann 
disease. An exercise program, however, can help maintain 
flexibility, correct lumbar lordosis, and strengthen the exten- 
sor muscles of the spine and may improve any postural 
component of the deformity Stretching exercises should be 
prescribed for patients with associated tightness of the ham- 
string or pectoralis muscles. Patients with lumbar Scheuer¬ 
mann disease and back pain should avoid heavy lifting and 
should be prescribed an exercise program for the lower back. 

I ORTHOTIC TREATMENT 

The Milwaukee brace has been recommended for the treat¬ 
ment of Scheuermann disease. This brace acts as a dynamic 
three-point orthosis that promotes extension of the thoracic 
spine. Low-profile braces, without a chin ring and with 
anterior shoulder pads, can be used for curves with an apex 
at the level of T9 or lower. Indications for brace treatment are 
at least 1 year of growth remaining in the spine, some flexibil¬ 
ity of curve (40% to 50%), and kyphosis of more than 50 
degrees. The brace is worn full time for the first 12 to 18 
months. If the curve has stabilized and no progression is 
noted, then a part-time brace program can be used until 
skeletal maturity. An improvement in lumbar lordosis of 35% 
and in thoracic kyphosis of 49% has been reported in teenag- 
ers with Scheuermann kyphosis treated in this manner. 
Overall, at long-term follow-up, some loss of correction had 
occurred, but 69% of patients had improvement from the 
initial kyphosis. Others hâve reported less correction (30% 
initially), but the final kyphosis correction averaged only 
10 %. 

Although the Milwaukee brace has been shown to effec- 
tively prevent kyphosis progression and offers some modest 
permanent correction, full-time brace wear often is resisted 
by adolescents. Gutowski and Renshaw found that the Boston 
lumbar kyphosis orthosis was satisfactory for correction of 
curves of less than 70 degrees and had better compliance. 
They recommended the Boston lumbar orthosis as an 


acceptable alternative to the Milwaukee brace in patients with 
flexible kyphotic curves of less than 70 degrees and in whom 
compliance may be a problem. The rationale for the Boston 
lumbar orthosis is that réduction of the lumbar lordosis will 
cause the patient to dynamically straighten the thoracic 
kyphosis to maintain an upright posture. This présupposés a 
flexible kyphosis, a normal neurovestibular axis, and the 
absence of hip flexion contractures. 

Lowe used a modified underarm TLSO with padded 
anterior, infraclavicular outriggers for patients with 
thoracolumbar-pattern Scheuermann disease (apex T9 and 
below) and found that it was as effective as the Milwaukee 
brace and was cosmetically more acceptable to patients. 

Hyperextension casting has been used with excellent 
results in Europe, but this method is associated with frequent 
problems with the skin, restrictions of physical activity, and 
the need for frequent cast changes. 

■ OPERATIVE TREATMENT 

The indications for surgery in patients with Scheuermann 
kyphosis are a progressive kyphosis of more than 75 degrees 
and significant kyphosis associated with pain that is not allevi- 
ated by conservative treatment methods. The biomechanical 
principles of correction of kyphosis include lengthening the 
anterior column (anterior release), providing anterior support 
(interbody fusion), and shortening and stabilizing the poste - 
rior column (compression instrumentation and arthrodesis). 
Surgical correction can be achieved by a posterior approach, 
an anterior approach, or a combined anterior and posterior 
approach. The combined anterior and posterior approach has 
been the most frequently recommended, but with the devel¬ 
opment of pedicle screw fixation and posterior spinal oste- 
otomy techniques, such as the Ponte procedure, posterior-only 
surgery has become the preferred approach. A posterior 
procedure without osteotomy can be considered if the kypho¬ 
sis is flexible and can be corrected to, and maintained at, less 
than 50 degrees while a posterior fusion occurs (Fig. 44-169). 
Historically, the use of Harrington compression rods was 
common, but these hâve been replaced by segmentai hook 
and pedicle screw instrumentation. 

Anterior instrumentation was described by Kostuik and 
consisted of anterior interbody fusion and anterior instru¬ 
mentation with a Harrington distraction System augmented 
by postoperative bracing. Although Kostuik reported good 
results with this technique, the anterior-only instrumentation 
approach for treatment of Scheuermann kyphosis is not 
widely used. 

When a combined anterior and posterior procedure is 
used for Scheuermann disease, the anterior release and fusion 
are done first. The anterior release can be done through an 
open anterior procedure or by thoracoscopy. Herrera-Soto 
et al. showed good sagittal correction, with no loss of correc¬ 
tion or junctional kyphosis, with a thoracoscopie technique. 
Interbody cages hâve been used in an effort to improve sagit¬ 
tal correction; however, Arun et al. found no différence in 
outcomes between patients with anterior fusion using inter¬ 
body cages and those with anterior fusion using autogenous 
rib graffing. The posterior fusion and instrumentation can be 
done on the same day as the anterior release and fusion or as 
a staged procedure. Segmentai instrumentation Systems using 
multiple hooks or pedicle screws are used for the posterior 
spinal fusion. 
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FIGURE 


A and B f Scheuermann kyphosis. C and D f After correction and posterior fusion. 


Other instrumentation techniques hâve been used for 
correction of Scheuermann kyphosis. Sturm, Dobson, and 
Armstrong reported good results with posterior fusion alone 
by use of large, threaded Harrington compression rods rather 
than small ones. Coscia et al. reported an average 23-degree 
improvement with a combined anterior and posterior 
approach with Luque sublaminar wires and rods used poste - 
riorly for internai fixation. However, junctional kyphosis 
above the instrumented area developed in 13 of their 19 
patients, probably because the interspinous ligament and liga- 
mentum fl a vu m must be removed to allow wire passage. The 
Luque rods can translate the kyphosis posteriorly, but they 
cannot shorten the posterior column, which is an important 
aspect in treating kyphotic deformity. 

The use of posterior spinal ostéotomies such as the Ponte 
osteotomy allows for relative shortening of the posterior 
column and greater correction of the kyphosis. Several studies 
hâve shown similar sagittal correction with combined ante¬ 
rior and posterior procedures and posterior-only procedures 
with Ponte ostéotomies. Posterior fusion and instrumenta¬ 
tion should include the proximal vertebra in the measured 
kyphotic deformity and the first lordotic dise distally. If the 
fusion and instrumentation end in the kyphotic deformity, a 
junctional kyphosis at the end of the instrumentation may 
occur. Cho et al. reported the occurrence of distal junctional 
kyphosis despite inclusion of the first lordotic dise. They 
recommended inclusion of the lumbar vertébral body bisected 
by a vertical line drawn from the posterosuperior corner of 
the sacrum to prevent distal junctional kyphosis. 

Junctional decompensation has been reported to occur in 
as many as 30% of patients. Overcorrection of the deformity 
should be avoided to prevent junctional kyphosis. No more 
than 50% of the preoperative kyphosis should be corrected, 
and the final kyphosis should not be less than 40 degrees. 
Lowe found that patients with Scheuermann disease tend to 
be in négative sagittal balance and become further negatively 


balanced after surgery, which may prédisposé them to develop 
a junctional kyphosis. Lonner et al. found that the pelvic 
incidence may be related to the amount of proximal junc¬ 
tional kyphosis and that distal junctional kyphosis was 
related to fusion that ended cranial to the neutral sagittal 
vertebra. Denis et al. suggested that the incidence of proximal 
junctional kyphosis can be minimized by the appropriate 
sélection of the upper end vertebra and avoiding disruption 
of the junctional ligamentum flavum. They also recommended 
incorporation of the first lordotic dise into the fusion 
construct. 


ANTERIOR RELEASE AND FUSION 


TECHNIQUE 44-47 


■ The levels of the anterior release are those with the most 
wedging and the least flexibility on hyperextension latéral 
views. This région generally includes seven or eight 
interspaces centered on the apex of the kyphosis. 

■ Select the appropriate anterior approach for the levels to 
be fused. If there is no associated scoliosis, make the 
approach through the left side. If there is a concomitant 
scoliosis, approach the spine on the convexity of the 
scoliosis. 

■ Release the anterior longitudinal ligament and excise the 
entire dise and cartilaginous endplate, leaving only the 
posterior portion of the annulus and the posterior longi¬ 
tudinal ligament. 

■Curet the bony endplates but do not remove them 
completely. 

■ Use a laminar spreader to loosen or to mobilize each 
joint. 
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9 " Pack each dise space temporarily with Gelfoam or Surgicel 
to minimize blood loss. 

■ Perform an interbody fusion with use of the morselized 
ri b graft. 

■ Anterior instrumentation can be used to aid in correction 
of the deformity and stabilization until a solid fusion 
occurs. 


POSTERIOR MULTIPLE HOOK AND 
SCREW SEGMENTAL 
INSTRUMENTATION 

With multiple hook and screw segmentai instrumentation 
Systems, several techniques are available for réduction of 
kyphosis. The cantilever method (Fig. 44-170) consists of 
inserting the precontoured rod into the pedicle-transverse 
process claws or thoracic pedicle screws above the apex of 
the kyphosis. With the apex of the deformity as a fulcrum, 
the distal end of the rod is pushed into the lower hood or 
pedicle screws at the caudal end of the deformity by a 
cantilever maneuver. The disadvantage of this method is 
that the correction is a three-point cantilever maneuver and 
the correction is therefore somewhat abrupt and forces are 
concentrated at the ends of the construct. Réduction 
pedicle screws and instruments can be used to make this 
réduction maneuver more graduai. Another method for 
correction is an apical compression technique using multi- 
segmental hooks or pedicle screw constructs on either side 


A 




j| Réduction of kyphosis, standard method. A f 
Insertion of hooks. Note three sets of pedicle-transverse claws 
above apex of kyphosis. B f Rod passed through hooks of proximal 
segment and distal end of rod pushed to lower spine with rod 
pusher. Note that lower tip bend in rod facilitâtes hook insertion 
under distal lamina. SEE TECHNIQUE 44-48. 


of the apex. A combination of the cantilever and compres¬ 
sion techniques also can be used. These two techniques 
often are combined with a posterior column shortening 
procedure, allowing graduai correction of the kyphosis. 
Rigid posterior instrumentation Systems can be combined 
with posterior column shortening (Ponte ostéotomies) to 
correct the kyphosis without the need for anterior release 
and fusion. 


TECHNIQUE 44-48 


(CRANDALL) 

■ Place the patient prone on a Jackson frame. The spine is 
approached posteriorly. The instrumentation frequently 
extends proximally to T2 to T3. 

■ Détermine the apex of the kyphosis on preoperative 
radiographs. 

■ Use at least two sets of pedicular-transverse process claws 
or thoracic pedicle screws above the apex if the curve is 
flexible. In very large patients with rigid curves, extra fixa¬ 
tion sites may be needed. A third set of fixation points may 
be used. Below the apex, réduction pedicle screws are 
used. At least three sets of screws are recommended. 

■ Débridé the facet joints at each level to allow posterior 
column compression and to provide a bony surface for 
fusion. 

■ Perform ostéotomies if necessary. 

■ Bend both rods above the kyphosis to approximate the 
normal spinal contour. Proper rod contouring is impor¬ 
tant. Leave the distal rods uncontoured. 

■ Insert the upper end of both rods into the proximal 
points. If hooks are being used, compress each claw 
construct to ensure that each hook claw remains seated. 
Tighten the threaded plugs to hold the upper hooks or 
pedicle screws securely in the rod. 

■ After ail the rods are in the proximal fixation points, place 
a crosslink plate on the rods. Attach the distal ends of 
both rods into the réduction screws (Fig. 44-17IA). 

■ Begin the incrémental réduction process with ail réduc¬ 
tion screws to pull the spine up to the rod (Fig. 44-171 B). 

■ Cut the distal ends of the rods to the appropriate length 
(Fig. 44-171 C). 

■ As the intermediate points of fixation corne in contact 
with the rod, lock them to the rod and compress them 
to the proximal points of fixation. Graduai, repeated 
tightening, a few turns at a time with "two-finger" force 
on the driver, will bring the spine up in a safe and con- 
trolled fashion (Fig. 44-172). The spine is directly translated 
to the rod from any direction, achieving simultaneous 
correction in both the coronal and sagittal plane. Impor¬ 
tant^, this correction should not proceed too quickly. A 
graduai réduction allows the spine to stretch the soft- 
tissue structures contracted in the kyphosis and allows 
the least amount of stress on the construct and spinal 
cord. 

■ After full kyphosis correction, fully compress the posterior 
column and lock it into position. Place a crosslink plate 
distally and proximally (Figs. 44-173 and 44-174). 

■ During tightening of the réduction crimps (every 3 to 5 
minutes), harvest bone graft and decorticate the spine 
and facets. 
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Posterior multiple-hook and screw segmentai instrumentation. A f Réduction crimps are attached. B f Incrémental 
réduction. C f Distal end of rod eut to appropriate length. SEE TECHNIQUE 44-48. 


■ At the completion of the instrumentation, add abundant 
autogenous bone graft. 

POSTOPERATIVE CARE. Unless the bone quality is poor 
and fixation is tenuous, postoperative bracing is not 
required. If there isany concern about fixation, an extension 
orthosis, such as a Jewett brace, can be used until the fusion 


begins to consolidate, usually in 3 to 6 months. Ambulation 
is started as soon as possible. Ail patients start isométrie and 
isotonie back exercise programs when the fusion appears 
solid. In adolescents, the fusion generally is solid in approxi- 
mately 6 months. The patient generally is allowed to sit up 
on the second or third day postoperatively. 
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A f Beginning of correction, 70 degrees of kyphosis. B, Midpoint of correction, 47 degrees of kyphosis. C, Final con¬ 
struit, 40 degrees of kyphosis. SEE TECHNIQUE 44-48. 



A-C, Preoperative radiographs of patient with Scheuermann kyphosis. D, Preoperative clinical photograph. E-G, 
Postoperative radiographs. H, Postoperative photograph. SEE TECHNIQUE 44-48. 
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POSTERIOR COLUMN 
SHORTENING PROCEDURE FOR 
SCHEUERMANN KYPHOSIS 

Ponte, Gebbia, and Eliseo described a posterior column 
shortening technique for the correction of Scheuermann 
kyphosis. The potential advantages of this technique 
include that it is a single-stage posterior procedure; the 
posterior spine is shortened rather than the anterior spine 
lengthened, thereby increasing safety; a graduai correction 
is obtained; there are no complications from a thoracotomy 
or thoracoscopy; and there is no surgical interférence with 
anterior blood supply to the spinal cord. 


TECHNIQUE 44-49 


(PONTE) 

■A posterior midline approach is performed. 

■ Expose the spine subperiosteally to include one vertebra 
above and one vertebra below the fusion levels. The 
proximal extent of the fusion may need to include Tl to 
minimize the risk of cranial junctional kyphosis. The 
caudal limit must always be included and is determined 
by the first lordotic dise (open anteriorly) on latéral stand¬ 
ing films. 

■ Resect the spinous processes and perform wide facetec- 
tomies and partial laminectomies of both the inferior and 
superior laminar borders at every intersegmental level of 
the fusion area. Ideally, gaps of 4 to 6 mm should be 
obtained (Fig. 44-1 75A). A generous resection of the 
facet joints as far as the pedicles is an essential step of 
this technique. 


■ Remove the ligamentum flavum entirely at ail levels. The 
gaps extend uniformly over the entire width of the pos¬ 
terior spine (Fig. 44-175B to D). 

■ Insert the rods into the supralaminar hooks. If closed 
hooks are used, preload the hooks onto the rod and insert 
it as a unit. Pass the rod through the hooks just proximal 
to the apex. If open hooks are used, use appropriate set 
screws to hold the rod in the hooks or screws above the 
apex of the kyphosis. 

■ Leave the apical vertebra uninstrumented (Fig. 44-175D 
to I). 

■ Apply minimal compression force to keep the hooks in 
place. Any corrective tightening at this point would 
narrow the gaps and make placement of the hooks for 
the second rod difficult. 

■ Repeat the same sequence for the second rod. Apply 
compressive forces, beginning with the two opposing 
hooks facing the apex and then continuing sequentially 
to the cranial and caudal ends (see Fig. 44-175G). 

■ Repeat these maneuvers alternately on both sides and 
several times, always beginning at the apex. As compres¬ 
sion proceeds, the rods will gradually straighten out and 
the intersegmental gaps will close. Creating small notches 
for the hook blades will prevent their interférence with 
the closure of the gaps. 

■ Obtain an intraoperative radiograph to assess the magni¬ 
tude of the correction. Fine-tuning is performed as 
needed to obtain a harmonious distribution of interseg¬ 
mental correction. 

■ Secure two transverse connectors if they are needed for 
additional stability. 

■ Perform décortication and add morselized bone 
graft. 
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Posterior column shortening for Scheuermann kyphosis. A f Broad posterior resection (shaded parts) at every inter- 


segmental level of entire area of fusion and instrumentation. B f Posterior view showing levels of completed resections. C f Latéral view 
showing gaps from ostéotomies. Correction is achieved by closing gaps. D f Oblique view showing three apical vertebrae after completion 
of bone resections. Apical vertebra is left uninstrumented. E to G f Schematic représentation of réduction of kyphosis. 
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BIEE5B38SD H f Posterior view showing hook pattern of construct and two transverse connectors. I f Severe thoracic kyphosis 
in 42-year-old woman preoperatively (left) and at 31 months postoperatively (middle); standing anteroposterior radiograph shows the 
fully segmentai construct from Tl to L1 (right). (Redrawn from Ponte A: Posterior column shortening for Scheuermann's kyphosis. An innovative 
one-stage technique. In Haher TR, Merola AA, editors: Surgical techniques for the spine, New York, 2003, Thieme.) SEE TECHNIQUE 44-49. 


9 «The same principle, with Ponte ostéotomies, can be used 
with different instrumentation, including pedicle screws. 
Pedicle screws provide secure fixation without the problem 
of multiple hooks within the spinal canal and without the 
problem of the hooks potentially blocking the closure of 
the ostéotomies. Graduai reduction-type pedicle screws 
can be used distally to allow a more graduai correction 
of the kyphosis. 

POSTOPERATIVE CARE. The patient is allowed to sit 
out of bed on the first postoperative day. There is no need 
for external support, such as bracing. Physical activities, 
such as sports or lifting of more than 5 or 10 Ib, are 
restricted for 3 to 6 months. Radiographie assessment of 
the fusion at 6 months is performed, and if the fusion 
appears solid, graduai return to full activities is then 
allowed. Patients with an ostéopénie spine or who are 
overweight or noncompliant may require a brace until the 
fusion is solid. 


■ COMPLICATIONS 

Complications are more frequent after the operative treat- 
ment of Scheuermann kyphosis than adolescent idiopathic 
scoliosis; in the case of major complications, Loner et al. 
reported that they were four times more likely in Scheuer¬ 
mann kyphosis. Proximal junctional kyphosis has been 
reported to be présent in as many as 30% and distal junctional 
kyphosis in 12% of surgically treated patients. To decrease the 


risk of junctional kyphosis, Denis et al. suggested that the 
fusion should include ail vertebrae involved in the kyphosis, 
disruption of the ligamentous complex at the ends of the 
fusion should be avoided, and the fusion should extend dis¬ 
tally to include the vertebra below the first lordotic dise. 
Distal and proximal implant failure is caused by the increased 
stresses placed on the instrumentation. 

CONGENITAL KYPHOSIS 

Congénital kyphosis is an uncommon deformity, but neuro¬ 
logie déficits resulting from this deformity are frequent. 
Congénital kyphosis occurs because of abnormal develop¬ 
ment of the vertebrae consisting of a failure of formation or 
failure of segmentation of the developing segments. The spine 
may be either stable or unstable, or it may become unstable 
with growth. Spinal deformity in congénital kyphosis usually 
will progress with growth, and the amount of progression is 
directly proportional to the number of vertebrae involved, the 
type of involvement, and the amount of remaining normal 
growth in the affected vertebrae. Winter et al. described 130 
patients with congénital kyphosis of three types. Type I is 
congénital failure of vertébral body formation. Type II is 
failure of vertébral body segmentation (Fig. 44-176). Type III 
is a combination of both of these conditions. McMaster and 
Singh further subdivided type I congénital kyphosis into 
postérolatéral quadrant vertebrae, posterior hemivertebrae, 
butterfly (sagittal cleft) vertebrae, and anterior or antérolatéral 
wedged vertebrae (Fig. 44-177). This classification is impor¬ 
tant in predicting the natural history of these congénital 
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FIGURE 


Classification of congénital kyphosis. A and B f Type I. C f Type II. (Type III is not shown.) 


Effects of Vertébral 
Body Segmentation 


Defects of Vertébral Body Formation 


Mixed Anomalies 


Partial 



Anterior unsegmented bar 




Anterior and unilatéral 
aplasia 



Anterior and médian aplasia 


Postérolatéral quadrant 
verte b ra 


Butterfly vertebra 


Complété 


Anterior aplasia 


Anterior hypoplasia 



Antérolatéral bar 
and contralatéral 
quadrant vertebra 



Block vertebra 


Posterior hemivertebra 


Wedged vertebra 


Different types of vertébral anomalies that produce congénital kyphosis or kyphoscoliosis. (From McMaster MJ, Singh 


H: Natural history of congénital kyphosis in kyphoscoliosis: a study of 112 patients, J Bone Joint Surg 81A:1367, 1999.) 


kyphotic deformities. Dubousset and Zeller et al. added a 
rotatory dislocation of the spine, and Shapiro and Herring 
further divided type III displacement into type A (sagittal 
plane only) and type B (rotatory, transverse, and sagittal 
planes). Any classification can be further subdivided into 
deformities with or without neurologie compromise. 

The natural history of congénital kyphosis is well known 
and based on the type of kyphosis. Type I deformities are 
more common than type II deformities and occur more 
commonly in the thoracic spine and at the thoracolumbar 
junction. They are extremely rare in the cervical spine. In 
the sériés of McMaster and Singh, progression was most 
rapid in type III kyphosis, followed by type I. Kyphosis 
caused by two adjacent type I vertébral anomalies progressed 
more rapidly and produced a more severe deformity than 


did a single anomaly. Approximately 25% of patients with 
type I deformities had neurologie déficits, and deformities 
in the upper thoracic spine were more likely to be associated 
with neurologie problems. No patient in whom the apex 
of the kyphosis was at or caudad to the 12th thoracic 
vertebra had neurologie abnormalities. However, type I 
kyphosis progressed relentlessly during growth and usually 
accelerated during the adolescent growth spurt before stabi- 
lizing at skeletal maturity. An anterior failure of vertébral 
body formation produces a sharply angular kyphosis that is 
much more deforming and potentially dangerous neurologi- 
cally than a curve with a similar Cobb measurement, owing 
to an anterior failure of segmentation that affects several 
adjacent vertebrae and produces a smooth, less obvious 
deformity. 
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Type II deformities (failure of segmentation) are less 
common. An absence of physes and dises anteriorly in one or 
more vertebrae results in the development of an anterior 
unsegmented bar. The amount of kyphosis produced is pro- 
portional to the discrepancy between the amounts of growth 
in the anterior and posterior portions of the defective verté¬ 
bral segments. Mayfield et al. reported that these deformities 
progress at an average rate of 5 degrees a year and are not as 
severe as type I deformities. Paraplegia usually is not reported 
in patients with type II kyphosis; however, low back pain and 
cosmetic deformities are significant and early treatment is 
warranted. 

CLINICAL AND RADIOGRAPHIC 
EVALUATION 

The diagnosis of a congénital spine problem usually is made 
by a pediatrician before the patient is seen by an orthopaedist. 
The deformity may be detected before birth on a prénatal 
ultrasound examination or noted as a clinical deformity in a 
neonate. If the deformity is mild, congénital kyphosis can be 
overlooked until a rapid growth spurt makes the condition 
more obvious. Some mild deformities are found by chance on 
radiographs that are obtained for other reasons. Clinical 
deformities seen in the neonate tend to hâve a worse progno- 
sis than those discovered as an incidental finding on plain 
radiographs. 

Physical examination usually reveals a kyphotic defor¬ 
mity at the thoracolumbar junction or in the lower thoracic 
spine. A detailed neurologie examination should be done to 
look for any subtle signs of neurologie compromise. Associ¬ 
ated musculoskeletal and nonmusculoskeletal anomalies 
should be sought on physical examination. High-quality, 
detailed anteroposterior and latéral radiographs provide the 
most information in the évaluation of congénital kyphosis 
(Fig. 44-178). Failure of segmentation and the true extent of 
failure of formation may be difficult to detect on early films 
because of incomplète ossification. Flexion and extension 
latéral radiographs are helpful in determining the rigidity of 
the kyphosis and possible instability of the spine. CT with 
three-dimensional reconstructions can identify the amount 
of vertébral body involvement and can détermine whether 
more kyphosis or scoliosis might be expected (Fig. 44-179). 
CT can only identify the nature of the bony deformity and 
the size of the cartilage anlage; it do es not show the amount 
of growth potential in the cartilage anlage and therefore only 
estimâtes the possible progression. An MRI study should be 
obtained in most patients because of the significant incidence 
of intraspinal abnormalities. In addition, the location of the 
spinal cord and any areas of spinal cord compression caused 
by the kyphosis can be seen on MRI. The cartilage anlage will 
be well defined by MRI in patients with failure of formation 
(Fig. 44-180). 

Genitourinary abnormalities, cardiac abnormalities, 
Klippel-Feil syndrome, and intraspinal abnormalities are 
frequent in these patients. Cardiac évaluation and rénal 
ultrasonography should be done. Myelograms hâve been 
used for documenting spinal cord compression but gener- 
ally hâve been replaced by MRI. If myelography is used, 
Winter et al. emphasized that the patient should be placed 
supine for the myélographie évaluation so that the contrast 
medium pools at the apex of the kyphosis. If scoliosis is 
présent, the patient must be turned to a semilateral position 



Two-year-old child with type I congénital 
kyphosis measuring 40 degrees. Radiograph shows failure of 
formation of anterior portion of first lumbar vertebra. (From 
Warner WC: Kyphosis. In Morrissy RT, Weinstein SL, editors: Lovell and 
Winter's pédiatrie orthopaedics, ed 6, Philadelphia, 2006, Lippincott 
Williams & Wilkins.) 


to place the convexity of the kyphoscoliosis in a dépendent 
position. 

OPERATIVE TREATMENT 

The natural history of this condition usually is one of contin- 
ued progression and an increased risk of neurologie compro¬ 
mise. Therefore surgery is the preferred method of treatment. 
If the diagnosis is uncertain or the deformity is mild, close 
observation may be an option. Unless compensatory curves 
are being treated above or below the congénital kyphosis, 
bracing has no rôle in the treatment of congénital kyphosis 
because it neither corrects the deformity nor stops the pro¬ 
gression of kyphosis. 

Surgery is recommended for congénital kyphosis. The 
type of surgery dépends on the type and size of the deformity, 
the âge of the patient, and the presence of neurologie déficits. 
Procedures include posterior fusion, anterior fusion, com- 
bined anterior and posterior fusion, anterior osteotomy with 
posterior fusion, posterior column shortening and fusion, 
and vertébral body resection. Fusion can be done with or 
without instrumentation. 

■ TREATMENT OF TYPE I DEFORMITY 

The treatment of type I deformity dépends on the stage of the 
disease. For type I deformity, the best treatment is early 
posterior fusion. In a patient younger than 5 years old with a 
deformity of less than 50 or 55 degrees, posterior fusion 
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Congénital kyphosis. A and B f Anteroposterior and latéral radiographs. Note inadéquate detail of kyphosis on latéral 
radiograph of spine. C-E, CT three-dimensional reconstruction views that clearly show bony anatomy of congénital kyphosis. (From 
Warner WC: Kyphosis. In Morrissy RT, Weinstein SL, editors: Lovell and Winter's pédiatrie orthopaedics, ed 6, Philadelphia, 2006, Lippincott Williams 
& Wilkins.) 


alone, extending from one level above the kyphotic deformity 
to one level below, is recommended. This allows for some 
improvement because growth continues anteriorly from the 
anterior endplates of the vertebrae one level above and below 
the kyphotic vertebrae that are included in the posterior 
fusion. Although McMaster and Singh reported 15 degrees of 
correction in most patients treated with this technique, Kim 
et al. reported that correction of kyphosis occurred with 
growth only in patients younger than 3 years of âge with type 
II and type III deformities. In curves of more than 60 degrees, 
anterior and posterior spinal fusions at least one level above 
and one level below the kyphosis are indicated. This halts the 
progression of the kyphotic deformity, but because the ante¬ 
rior physes are ablated, there is no possibility of correction 
with growth. 

Posterior fusion alone may be successful if the kyphosis 
is less than 50 to 55 degrees in older patients with type I 


kyphotic deformity. If the deformity is more than 55 degrees, 
anterior and posterior fusion produces more reliable results. 
Anterior fusion alone will not correct the deformity, and 
anterior strut graffing with temporary distraction and poste¬ 
rior fusion, with or without posterior compression instru¬ 
mentation, is necessary for deformity correction (Fig. 44-181). 
Posterior instrumentation may allow for some correction of 
the kyphosis but should be regarded more as an internai 
stabilizer than as a correction device. Although instrumenta¬ 
tion has been reported to decrease the occurrence of pseud- 
arthrosis, it should be used with caution in rigid, angular 
curves because of the high incidence of neurologie complica¬ 
tions. If anterior strut graffing is done, the strut graff should 
be placed anteriorly under compression. If the goal of surgery 
is to stop the progression of deformity without correction, an 
anterior interbody fusion with a posterior fusion can be done. 
Simultaneous anterior and posterior approaches through a 
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jjjj MRI of type I congénital kyphosis. Failure of 
formation of anterior vertébral body is shown, but growth poten- 
tial of involved vertebra cannot be determined. Note pressure on 
durai sac. (From Warner WC: Kyphosis. In Morrissy RT, Weinstein SL, 
editors: Lovell and Winter's pédiatrie orthopaedics, ed 6, Philadelphia, 
2006, Lippincott Williams & Wilkins.) 


costotransversectomy that allows resection of the posterior 
hemivertebra and correction of the kyphosis with posterior 
compression instrumentation hâve been described. After 
removal of the hemivertebra, correction can be obtained 
safely and the thécal sac observed during correction. Use of 
skeletal traction (halo-pelvic, halo-fémoral, or halo-gravity) 
to correct the deformity is tempting but is not recommended 
because there is a risk of paraplegia (Fig. 44-182). Traction 
pulls the spinal cord against the apex of the rigid kyphosis, 
which can lead to neurologie compromise in a patient with a 
rigid gibbus deformity. 

Late treatment of a severe congénital kyphotic deformity 
that is accompanied by spinal cord compression is difficult; 
laminectomy has no rôle in the treatment of this condition. 
If there is an associated scoliosis, the anterior approach for 
décompression may need to be on the concavity of the 
scoliosis to allow the spinal cord to move both forward and 
into the midline after décompression. After adéquate décom¬ 
pression, the involved vertebrae are fused with an anterior 
strut graft. Posterior fusion, with or without posterior stabi- 
lizing instrumentation, is then performed. Postoperative 
support using a cast, brace, or halo cast may be required. 
Posterior vertébral column resection or décompression and 
subtraction osteotomy, followed by stabilizing instrumenta¬ 
tion, also can be used. Chang et al. described circumferential 
décompression and cantilever bending correction with pos¬ 
terior instrumentation. 




A, Préparation of tunnels for strut grafts. 
B, Insertion of strut grafts into prepared tunnels with cancellous 
bone graft in dise spaces. 



Effect of traction on rigid congénital kyphosis. 
A, Apical area does not change with traction, but adjacent spine 
is lengthened. B f As spine lengthens, so does spinal cord, produc- 
ing increased tension in cord and aggravating existing neurologie 
déficits. 


■ TREATMENT OF TYPE II DEFORMITY 

If a type II kyphosis is mild (<50 degrees) and detected early, 
posterior fusion using compression instrumentation can be 
done. Ail the involved vertebrae plus one vertebra above and 
one vertebra below the congénital kyphosis should be included 
in the posterior fusion. 
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Because the kyphosis is rounded and affects several seg¬ 
ments in type II deformity, instead of being sharply angular 
as in type I, compression instrumentation can be safely used. 
If the deformity is severe and detected late, correction can be 
obtained only with anterior ostéotomies and fusion, followed 
by posterior fusion and compression instrumentation. 


ANTERIOR OSTEOTOMY AND FUSION 


TECHNIQUE 44-50 


(WINTER ETAL) 

■ Expose the spine through an appropriate anterior 
approach (see Chapter 37). 

■ Ligate the segmentai vessels and expose the spine by 
subperiosteal stripping (Fig. 44-183A). The anterior lon¬ 
gitudinal ligament usually is thickened and must be 
divided at one or more levels. Make sure that a circum- 
ferential exposure is made ail the way to the opposite 
foramen before beginning the osteotomy. 

■ Divide the bony bar with a sharp osteotome or high- 
speed burr. Start the division anteriorly and work poste- 
riorly until the remaining dise material is entered. 

■ Once the remaining dise material is seen, use a laminar 
spreader and excise the dise material back to the level of 
the posterior longitudinal ligament (Fig. 44-183B). If the 
bony bar is complété, make the osteotomy ail the way 
through the posterior cortex at the level of the foramina. 
Take care in the area of the posterior longitudinal liga¬ 
ment because the ligament may be absent. 

■ Once the ostéotomies hâve been completed, insert strut 
grafts, slotting them into bodies above and below the 
area of the kyphos. Hollow out the cancellous bone of 
each body with a curet. With rib, fibula, or iliac crest 
grafts of sufficient length, insert the upper end of the 
graft into the slot first. As manual pressure is applied 
posteriorly against the kyphos, use an impactor to tap the 
lower end of the graft into place. Place additional grafts 
in the dise space defects and close the pleura over them 
if possible. More than one strut graft may be necessary, 
depending on the severity of the curve. The grafts should 
be placed as far anterior to the axis of the flexion defor¬ 
mity as possible. 

■ Winter et al. found that failures of anterior fusion in their 
patients generally were associated with strut grafts that 
were too short or placed too close to the apex of the 
kyphosis or with inadéquate removal of the intervertébral 
dises in the fusion area. 


ANTERIOR CORD DECOMPRESSION 
AND FUSION 


TECHNIQUE 44-51 


(WINTER AND LONSTEIN) 

■ Expose the spine through an appropriate anterior 
approach. 


■ Identify the apical vertebra and the site of compression 
and remove the intervertébral dise completely on each 
side of the vertébral body or bodies. 

■ Remove the vertébral body laterally at the apex of the 
kyphosis with curets, rongeurs, or high-speed burrs. 

■ Remove the cancellous bone back to the posterior cortex 
of the vertébral body from pedicle to pedicle, removing 
a wedge-shaped area of bone (Fig. 44-184A). 

■ Beginning on the side away from the surgeon, use angled 
curets to remove the posterior cortical shell. Removal of 
the bone farthest away first prevents the spinal cord from 
falling into the defect and blocking vision on the far side 
(Fig. 44-184B). 

■ Next, remove the closest bony shell, working toward the 
apex. Control épidural bleeding with thrombin-soaked 
Gelfoam. 

■ Once the cord has been decompressed, perform an 
anterior strut graft fusion (Fig. 44-184C). 

■ Close and drain the incision in the routine manner. 

■At a second stage, a posterior fusion with or without 

instrumentation is done. 


ANTERIOR VASCULAR RIB 
BONE GRAFTING 

Bradford et al. noted frequent fracture of strut grafts when 
the grafts were not in contact with the vertébral bodies 
and simply spanned an open area between vertebrae. A rib 
or fibular graft may take up to 2 years for replacement, 
and it is weakest approximately 6 months after surgery. To 
prevent graft fracture, Bradford developed a technique of 
vascular pedicle bone graft for the treatment of severe 
kyphosis when the strut must be placed more than 4 cm 
from the spine. He credited Rose et al. with first describing 
the technique in 1975. 


TECHNIQUE 44-52 


(BRADFORD) 

■ Plan the thoracotomy to remove enough rib to bridge the 
kyphosis. For a severe kyphotic deformity from T6 to Tl 2, 
a vascularized fifth rib would be used to strut the 
deformity. 

■ Make a skin incision as in the routine transthoracic 
exposure. Take care to identify the appropriate rib and 
avoid the use of electrocautery over the rib periosteum. 

■ Divide the intercostal muscles sharply off the cranial 
portion of the rib. This rib dissection is always extraperi- 
osteal. Divide the rib distally to provide enough length to 
span the area of deformity. 

■ At the level of the distal rib osteotomy, ligate the inter¬ 
costal vessels and sharply eut the intercostal nerve and 
allow it to retract. The intercostal muscles attached to the 
caudal portion of the rib should remain attached to 
provide protection for the intercostal vessels that will 
perfuse the rib. 

■ At the level for the proximal rib osteotomy, mobilize the 
periosteum away from the rib. 
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A f Antérolatéral exposure of spine 




tome. SEE TECHNIQUE 44-50. 




A f Antérolatéral exposure of spine and partial removal of apex of kyphosis. B f Posterior cortex is removed, allowing 
décompression of spinal cord. C f Cord is decompressed and strut grafts are in place. SEE TECHNIQUE 44-51. 



■ Once the osteotomy is completed, the rib is connected 
only to the caudal intercostal muscle and its intercostal 
vascular pedicle. Carefully divide the intercostal vessels 
below the rib in the direction of the costovertebral joint, 
retaining the muscle around the intercostal pedicle. Do 
not dissect out the intercostal artery and vein. 


■ If the rib and muscle are poorly perfused, dissect the vas¬ 
cular pedicle away from the intercostal vessels (Fig. 44-185). 

■ Mobilize the rib with its intact intercostal musculature and 
artery and vein complex (Fig. 44-186A). 

■ Carefully peel back the periosteum on the rib graft for 2 
or 3 mm on each end to provide bone-to-bone contact 
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Cranial surface of 
ri b free of excess 
intercostal muscle 



Intercostal vascular 
pedicle freely dissected 
with balloon background 


Vascularized 

rib 


Caudal surface of 
rib with retained 
intercostal muscle 
to protect pedicle 



Intercostal muscle 
enveloping 
vascular pedicle 


Vascularized 


FIGURE 


vascular 

harvest. 

textbook 


A and B f Background balloon placed behind intercostal vascular pedicle. Ordinarily, it is not necessary to dissect out 
pedicle. C and D f Retaining portion of intercostal muscle with vessel as shown here reduces likelihood of pedicle injury during 

(From Shaffer JW, Bradford DS: The use of and techniques for vascularized rib pedicle grafts. In Bridwell KH, DeWald RL, editors: The 
of spinal surgery, ed 2, Philadelphia, 1997, Lippincott-Raven.) SEE TECHNIQUE 44-52. 



svc 

Azygos 

vein 


Azygos 

vein 


Intercostal nerve, 
artery, and vein, 
ligated 


Thoracotomy. A f Wide margin of intercostal muscle left attached to rib to ensure intact blood supply. B f Rib graft 
rotated 90 degrees on its axis and keyed into vertébral bodies over length of kyphosis to be fused. SEE TECHNIQUE 44-52. 
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without soft-tissue intervention when the graft is rotated 
into position. 

■ Identify the vertébral bodies proximally and distally to be 
included in the fusion. 

■ Make a hole in the anterior aspect of the vertébral body 
above and below to accept the ends of the rib graft. 

■ Trim the rib so that the ends will match the length of the 
spine to be fused. 

■ Rotate the rib on its axis approximately 90 degrees and 
wedge it into the vertebrae above and below (Fig. 
44-186B). 

■ Close the chest in a routine fashion over chest tubes. 

■ Immobilization of the spine after vascular grafting is the 
same as after nonvascular graft procedures. 


CIRCUMFERENTIAL DECOMPRESSION 
AND CANTILEVER BENDING 


TECHNIQUE 44-53 


(CHANG ETAL) 

■ With the patient prone and somatosensory evoked 
potential monitoring initiated, make a straight posterior 
midline incision. 

■ After subperiosteal dissection, expose three to five verte¬ 
brae (depending on the bone quality) above and below 
the apex to the tips of the transverse process. 

■ Insert pedicle screws segmentally except at the levels of cir- 
cumferential décompression, where at least three segments 
of fixation are made at either end of the décompression. 

■ Carry dissection out latéral ly, exposing the ribs corre- 
sponding to the levels of circumferential neurologie 
décompression as determined by preoperative radio¬ 
graphie analysis (most often at the apex of the kyphotic 
deformity). 

■ Remove the transverse process and the corresponding 
ribs on both sides of the neurologie décompression to 
expose the latéral wall of the pedicle. 

■ Deepen the subperiosteal dissection, following the latéral 
wall of the vertébral body, until a comfortable working 
space for neurologie décompression is évident beneath 
the compromised cord. 

■ Take care to avoid damaging segmentai vessels during the 
exposure. Injured segmentai vessels should be clamped, 
ligated, and eut under spinal cord monitoring to ensure 
that there are no changes in somatosensory evoked 
potentials. 

■ Carry out total laminectomy and facetectomy at the apex 
to expose the compromised neural tissue. In thoracic 
vertebrae, eut the nerve roots to facilitate thorough 
neurologie décompression; in the lumbar vertebrae, keep 
the nerve roots intact. 

■ Remove the pedicle to expose the latéral portion of the 
compromised durai tube. 


■ Connect pedicle screws on both sides by two rods con- 
toured to the shape of the deformity to facilitate rigid 
fixation. 

■ Because of the marked angular change in segments 
around the apex, the rods can be situated nearly on 
the same coronal plane as the compromised cord 
by adjusting the protruding height of the screw heads 
at the levels immediately cephalad and caudad to 
the apex (the level of circumferential neurologie 
décompression) and properly precontouring the rods 
(Fig. 44-187A). 

■Create a tunnel beneath the compromised cord by pen- 
etrating a blunt-end cage trial from one side of the apical 
vertébral body to the other. Enlarge the tunnel and use 
rongeurs, curets, and pituitary forceps to remove the 
portion of the apical vertébral body above the tunnel and 
adjacent to the anterior compromised durai tube (includ- 
ing the posterior vertébral wall). 

■ After completion of this neurologie décompression, 
check to ensure that the canal is clear of any residual 
compression at the resection margins. Use a curet to 
remove cancellous bone within the portion of the apical 
vertébral body; deepen the tunnel to the depth of the 
anterior vertébral cortex. Weaken the cortex at several 
points by pénétration with a blunt-end cage trial to facili¬ 
tate its fracture while applying cantilever bending for 
correction. 

■ Connect one pair of in situ benders to each contoured 
rod at the levels immediately cephalad and caudad to the 
apex (Fig. 44-187B). Fix the position of the benders by 
using wire to tie the free ends at the desired location (Fig. 
44-187C). 

■ Fracture the apical vertébral body anterior to the cord and 
open it with the correction hinge in the compromised 
cord. 

■ Slowly increase the bending force. If résistance is felt, stop 
the correction and fix. 

■ After correction, perform a wake-up test. 

■ Measure the height of the anterior interbody gap. 
Fill a titanium mesh with bone chips and insert it into 
the anterior gap, and place an autogenous iliac bone 
graft around the titanium mesh. Insert the mesh cage 
from the latéral side to fit on the cephalad and caudal 
bone base. 

■ Confirm proper cage position by direct observation and 
fluoroscopy. Make sure there is ample space between the 
cage and the cord before releasing the benders and 
locking the cage in place (Fig. 44-187D). 

■ Connect two transverse links to the rods at the 
cephalad and caudad levels to the level of neurologie 
décompression. 

■ Perform posterior fusion at ail instrumented levels. 

■Close the wound in the usual fashion over suction 

drains. 


POSTOPERATIVE CARE. Patients are fitted with a 
custom-made, plastic thoracolumbosacral orthosis and 
are allowed out of bed 72 hours after surgery. The 
orthosis is worn for 6 months. 
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Hinge technique for correction of severe, rigid kyphotic deformity. A f Severe angular kyphosis. B f Laminectomy, 
pediculectomy, and rods placed on same plane as the cord. C f Complété circumferential décompression and placement of rod benders. 
D f Cantilever bending to correct kyphosis. E f Insertion of mesh cage to provide anterior support.. (Redrawn from Chang KW, Cheng CW, 
Chen HC, Chen TC: Correction hinge in the compromised cord for severe and rigid angular kyphosis with neurologie déficits, Spine 34:1040, 2009.) 

SEE TECHNIQUE 44-53. 


POSTERIOR HEMIVERTEBRA 
RESECTION WITH TRANSPEDICULAR 
INSTRUMENTATION 


TECHNIQUE 44-54 


(RUFAND HARMS) 

■ Carefully expose the posterior éléments of the spine at 
the affected levels, including the lamina, transverse pro¬ 
cesses, and facet joints, and, in the thoracic spine, the 
surplus rib head on the convex side. 

■ Mark the entry points for the pedicle screws with a fine 
needle and check their position with image intensification 
in an anteroposterior view. In the lumbar région, the entry 
point is the base of the transverse process at the latéral 
border of the superior articular facet. In the thoracic 
région, the entry point is at the superior margin of the 
transverse process, slightly latéral to the lower latéral 
edge of the articular facet. On image intensification, the 
tips of the cannulas should project onto the oval of the 
pedicles, ideally slightly latéral to the center. 

■Open the bone at the entry point with a sharp awl or 
small burr, and advance a 2-mm drill through the pedicle 
into the vertébral body. Mark the drill holes with Kirschner 
wires and check their correct position with fluoroscopy. 
After tapping, insert the screws. 

■ Remove the posterior éléments of the hemivertebra, 
including the lamina, facet joints, transverse process, and 
posterior part of the pedicle. Identify the spinal cord and 
the nerve roots above and below the pedicle of the hemi¬ 
vertebra. In the thoracic spine, resect the rib head and the 
proximal part of the surplus rib at the convex side also. 

■ After resection of the transverse process and the rib head, 
expose the lateral-anterior part of the hemivertebra by 
blunt dissection; this exposure is rétropéritonéal in the 
lumbar spine and extrapleural in the thoracic spine. 


■ Remove the remnants of the pedicle and expose the 
posterior aspect of the vertébral body of the hemiverte¬ 
bra; this is made easier by the fact that the hemivertebra 
lies far laterally on the convex side, whereas the spinal 
cord usually is shifted to the concave side. 

■ Cut the dises adjacent to the hemivertebra and mobilize 
and remove the body of the hemivertebra, using a blunt 
spatula to protect the anterior structures. 

■Completely remove the remaining dise material of the 
upper and lower dise spaces and débridé the endplates 
down to bleeding bone. Make sure that dise removal 
reaches the contralatéral side. 

■ Complété the instrumentation and apply compression 
on the convex side until the gap left after resection is 
closed completely. If a void remains, fill it with cancellous 
bone. 

■ When kyphosis is présent, anterior column support can 
be added to create a fulcrum to achieve lordosis. The 
neural structures must be controlled and protected at ail 
times during the resection and during the corrective 
maneuver. 

■ If there is a single hemivertebra without bars, rib synos- 
tosis, or other major structural changes of the neighbor- 
ing vertebrae, only the two vertebrae adjacent to the 
resected hemivertebra are fused. If major structural 
changes are présent in the adjacent vertebrae or there is 
a more severe kyphotic deformity, one or two additional 
segments may be included in the fusion. 

■ For contralatéral bar formation and rib synostosis, the 
synostosed rib heads on the concave side are removed 
and the bar is cut. The fusion is extended with segmentai 
instrumentation over the whole length of the bar forma¬ 
tion to the adjacent vertebrae. 


POSTOPERATIVE CARE. Postoperative management is 
as described for Technique 44-53. 
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Pedicle subtraction osteotomy and posterior vertébral column resection for congénital kyphosis. A f Pedicle subtrac¬ 
tion osteotomy. B f Posterior vertébral column resection. (Redrawn from Zeng Y, Chen Z, Qi Q, et al: The posterior surgical correction of 
congénital kyphosis and kyphoscoliosis: 23 cases with minimum 2 years follow-up, Eur Spine J 22:372, 2013.) SEE TECHNIQUE 44-54. 


Zeng et al. described pedicle subtraction osteotomy and 
posterior vertébral column resection (Fig. 44-188) in 
23 patients with kyphosis or kyphoscoliosis. Overall, satisfac- 
tory correction was obtained in 91%, with comparable 
complications. 

■ COMPLICATIONS OF OPERATIVE TREATMENT 

Some of the more frequent complications of treatment 
of congénital kyphosis are pseudarthrosis, progression of 
kyphosis, and paralysis. Pseudarthrosis and progression of 
the kyphotic deformity can be minimized by performing 
anterior and posterior fusions for deformities of more than 
50 degrees. The posterior fusion should extend from one level 
above to one level below the involved vertebra. 

Paralysis is perhaps the most feared complication of 
spinal surgery. The risk of this complication can be lessened 
by not attempting to maximally correct the deformity with 
instrumentation. Instrumentation should be used more for 
stabilization of rigid deformities rather than correction. Halo 
traction in rigid congénital kyphotic deformities has been 
associated with an increased risk of neurologie compromise. 
Another long-term problem, occurring in approximately 38% 
of patients with kyphosis, is low back pain caused by increased 
lumbar lordosis that is needed to compensate for the kyphotic 
deformity. 


PROGRESSIVE ANTERIOR 
VERTEBRAL FUSION 

Progressive anterior vertébral fusion is an uncommon cause 
of kyphosis in children that may be confused with type II 
congénital kyphosis if it is discovered late. However, it is 
distinguishable from type II congénital kyphosis in that the 
dise spaces and vertébral bodies are normal at birth 
and later become anteriorly fused. Knutsson first described 
progressive anterior vertébral fusion in 1949, and fewer 
than 100 cases hâve since been reported. The cause is 
unknown, and it is probably a distinct clinical condition; 
however, it may possibly represent a delayed type II congéni¬ 
tal kyphosis. 

Certain forms of type II congénital kyphosis (failure of 
segmentation) can be inherited with failure of segmentation 
and delayed fusion of the anterior vertébral éléments, which 
are not visible on radiographs until 8 or 10 years of âge. 
Familial occurrence has been reported by several authors. 
Associated anomalies, including hearing defects, tibial agen- 
esis, foot deformities, Klippel-Feil syndrome, Ito syndrome, 
pulmonary artery stenosis, and hemisacralization of L5, also 
hâve been reported. 

Neurologie déficits usually do not occur in patients with 
progressive anterior vertébral fusion, but spinal cord 
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compression resulting from an acutely angled kyphosis has 
been reported. 

Van Buskirk et al. described five stages of progressive 
anterior vertébral fusion: stage 1, dise space narrowing that 
occurs to a greater extent anteriorly than posteriorly; stage 2, 
increased sclerosis of the vertébral endplates of the anterior 
and middle columns; stage 3, fragmentation of the anterior 
vertébral endplates; stage 4, fusion of the anterior and some- 
times the middle columns; and stage 5, development of a 
kyphotic deformity. 

Kyphosis that occurs in the last stage of progressive 
anterior vertébral fusion is the resuit of the anterior dise 
space fusing while the posterior dise space remains 
open. Growth continues in the posterior dise space and 
the posterior column. Patients with thoracic progressive 
anterior vertébral fusion hâve a better prognosis than those 
with lumbar involvement. This is probably because of the 
normal kyphotic posture of the thoracic spine. Nonoperative 
treatment is recommended for most thoracic progressive 
anterior vertébral fusion deformities. If it occurs in the 
lumbar spine, a posterior spinal fusion is indicated for stage 
1 through stage 3 deformity. For stages 4 and 5, the kyphotic 
deformity has already occurred in a normal lordotic lumbar 
spine and posterior fusion will only stop progression of the 
deformity An anterior osteotomy with posterior fusion and 
instrumentation is necessary to obtain normal sagittal 
alignment. 


INFANTILE LUMBAR 
HYPOPLASIA 

Thoracolumbar kyphosis secondary to lumbar hypoplasia 
was reported by Campos et al. in seven normal infants in 
whom the thoracolumbar kyphosis resolved spontaneously 
with growth. It began improving with walking âge and cor- 
rected to normal by 6 years of âge. The average initial kyphosis 
was 34 degrees. The patients had a clinically apparent kyphotic 
deformity during the first year of life, and on radiographs 
they had a relatively sharply angled kyphosis, with the apex 
at the affected vertebra (Fig. 44-189 A). The affected vertebra 
was wedge shaped with an anterosuperior indentation, giving 
it the appearance of a beak (Fig. 44-189B and C). Only one 
vertebra was involved in ail seven infants, either L1 or L2. 
Campos et al. recommended an initial period of observation 
to get a better assessment of the deformity as ossification 
progresses and to avoid overtreatment of lumbar hypoplasia 
that will improve with growth. 


SPONDYLOLYSIS AND 
SPONDYLOLISTHESIS 

Herbiniaux, a Belgian obstetrician, noted a bone prominence 
in front of the sacrum that caused problems in delivery. He 
generally is credited with having first described spondylolis- 
thesis. The term spondylolisthesis was used by Kilian in 1854 
and is derived from the Greek spondylos , meaning “vertebra,” 
and olisthenein, meaning “to slip.” Spondylolisthesis is defined 
as anterior or posterior slipping of one segment of the spine 
on the next lower segment. Spondylolysis is a unilatéral or 
bilateral defect of the pars interarticularis. 


CLASSIFICATION 

Wiltse, Newman, and Macnabs classification of spondylolis¬ 
thesis is illustrated in Figure 44-190 and Box 44-10. Marchetti 
and Bartolozzi suggested that the classification of Wiltse et al. 
is based on a mixture of étiologie and topographie criteria, 
that it is difficult to predict progression or response to surgery 
with this classification, and that it also is difficult to identify 
the type of spondylolisthesis precisely. They therefore 
attempted to further classify spondylolisthesis by dividing the 
condition into developmental and acquired forms (Box 
44-11). Their classification removes the isthmic or lysis part 
of spondylolisthesis from the primary rôle in causation and 
emphasizes the developmental and dysplastic aspects. In 
analyzing the spondylolisthesis, the surgeon must first décidé 
if the condition is developmental or acquired. If it is develop¬ 
mental, the degree of dysplasia must be determined as high 
(severe) or low (mild) by évaluation of the quality of the 
posterior bony hook (Fig. 44-191). The degree of lordosis and 
the position of the gravity line also are important; the farther 
anterior the gravity line is, the more likely the spondylolis¬ 
thesis is to increase. The competency of the dise at the level 
of the spondylolisthesis also is important; MRI may be 
required to détermine this. Indications of an unstable situa¬ 
tion include a significant localized kyphosis (high slip angle) 
of the slip. Bony changes, such as a trapezoid-shaped L5 
vertébral body and a dome-shaped sacrum, also are indicative 
of instability and significant dysplasia. The implications of the 
classification System are that the more dysplastic and unstable 
the situation is, the more aggressive the surgical procedure 
should be to solve the problem. 

Herman and Pizzutillo proposed a new classification for 
spondylolysis and spondylolisthesis in children and adoles¬ 
cents that uses pertinent éléments of the Wiltse et al. and the 
Marchetti and Bartolozzi classifications. This four-part clas¬ 
sification was based on clinical présentation and morphology 
of the spinal abnormality. Type I is a dysplastic spondylolysis 
and spondylolisthesis similar to the Wiltse et al. dysplastic 
category. Type II is referred to as developmental spondylolysis 
and spondylolisthesis. This type usually is an incidental 
finding. Type III refers to traumatic spondylolysis and spon¬ 
dylolisthesis and is subdivided into acute and chronic types. 
The chronic type is further subdivided into (1) stress reaction, 
(2) stress fracture, and (3) spondylolytic defect or nonunion 
of pars. Type IV is pathologie spondylolysis and spondylolis¬ 
thesis (Box 44-12). 

Hollenberg et al. described an MRI classification System 
for spondylolysis: grade 0, normal; grade 1, bone edema and 
intact cortices compatible with stress reaction; grade 2, 
incomplète fracture; grade 3, complété active fracture with 
accompanying bone edema; and grade 4, complété fracture 
without accompanying bone marrow edema. 

Developmental spondylolisthesis and the acquired stress 
fracture type of spondylosis are the focus of this section. 
Acquired degenerative spondylolisthesis is discussed in 
Chapter 40. 

ETIOLOGY AND NATURAL HISTORY 

The prevalence of spondylolisthesis in the general population 
is 5% to 8%. The male-to-female ratio for this condition is 
2:1. Developmental spondylolisthesis with lysis is considered 
to be the resuit of a fatigue fracture caused by répétitive 
mechanical stresses on the lower lumbar spine in children 
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A and B f L2 hypoplasia in patient with spontaneous resolution. Note beaked vertebra at L2. C, Three-dimensional 
CT showing beaked L2 vertebra. (From Campos MA, Fernandes P, Dolan LA, Weinstein SL: Infantile thoracolumbar kyphosis secondary to lumbar 
hypoplasia, J Bone Joint Surg 90A:1726, 2008.) 


with a genetic prédisposition for the defect. During flexion 
and extension, the load on the posterior bony arch increases 
considerably from L1 to L5, with the highest mechanical 
stress concentrated at the pars interarticularis of L5. The 
defect has not been noted at birth or in chronically bedridden 
patients. Wiltse et al. postulated that lumbar lordosis is 
accentuated by the normal flexion contractures of the hip in 
childhood and that this posture places the weight-bearing 
forces on the pars interarticularis. Letts et al. suggested that 
shear stresses are greater on the pars interarticularis when the 
lumbar spine is extended. Cyron and Hutton found that the 
pars interarticularis is thinner and the vertébral dise is less 
résistant to shear in children and adolescents than in adults. 


It also is more common in certain types of sporting activities 
with répétitive hyperextension and rotational loads applied to 
the lumbar spine. Adéquate séparation between the adjacent 
articular facets allows the posterior éléments to overlap one 
another during hyperextension. As reported by Ward et al., a 
lack of suffleient interfacetal distance in the cranial to caudal 
direction is likely to pinch the L5 lamina between the inferior 
facets of L4 and the superior facets of SI during répétitive 
hyperextension of the lumbar spine, leading to the develop¬ 
ment of a spondylolytic defect. The prevalence of spondyloly- 
sis and spondylolisthesis increases in children and adolescents 
who are active in sports that involve répétitive hyperexten¬ 
sion of the lumbar spine, such as gymnastics, weight lifting, 
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Five types of spondylolisthesis: type I, dysplastic; type ll f isthmic; type III, degenerative; 
pathologie. (Redrawn from Hensinger RN: Spondylolysis and spondylolisthesis in children, Instr Course Lect 32:132, 


type IV, traumatic; type V, 

1983.) 



Classification of Spondylolisthesis (Wiltse et al.) 


■ Type I, dysplastic—Congénital abnormalities of the upper 
sacral facets or inferior facets of the fifth lumbar vertebra 
that allow slipping of L5 on SI. No pars interarticularis 
defect is présent in this type. 

■ Type II, isthmic—Defect in the pars interarticularis that 
allows forward slipping of L5 on SI. Three types of isthmic 
spondylolistheses are recognized: 

Lytic—a stress fracture of the pars interarticularis 
An elongated but intact pars interarticularis 
An acute fracture of the pars interarticularis 

■ Type III, degenerative—This lésion results from interseg- 
mental instability of a long duration with subséquent 
remodeling of the articular processes at the level of 
involvement. 

■ Type IV, traumatic—This type results from fractures in the 
area of the bony hook other than the pars interarticularis, 
such as the pedicle, lamina, or facet. 

■ Type V, pathologie—This type results from generalized or 
localized bone disease and structural weakness of the 
bone, such as osteogenesis imperfecta. 



Classification of Spondylolisthesis (Marchetti 
and Bartolozzi) 


Developmental 

■ High dysplastic 
With lysis 
With élongation 

■ Low dysplastic 
With lysis 
With élongation 

Acquired 

■ Traumatic 
Acute fracture 
Stress fracture 

From DeWald RL: Spondylolisthesis. In Bridwell KH, DeWald RL, editors: The 
textbook of spinal surgery, ed 3, Philadelphia, 2011, Lippincott Williams & 
Wilkins. 


■ Postsurgery 
Direct surgery 
Indirect surgery 

■ Pathologie 
Local pathology 
Systemic pathology 

■ Degenerative 
Primary 
Secondary 
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A f Pedicle, pars interarticularis, inferior facets 
of L5, and sacral facets ail form bony hook that prevents L5 ver- 
tebra from sliding forward along slope of sacral endplate. 
B f Différence between normal bony hook and dysplastic bony 
hook that is incapable of providing résistance to forward slippage 
of the L5 vertebra under weight-bearing stresses in upright spine. 



Classification of Spondylolisthesis and 
Spondylolysis (Herman and Pizzutillo) 


■ Type I—Dysplastic 

■ Type II—Developmental 

■ Type III—Traumatic 
Acute 

Chronic 

Stress reaction 
Stress fracture 
Spondylolytic defect 
Nonunion of pars 

■ Type IV—Pathologie 

From Herman MJ, Pizzutillo PD: Spondylolysis and spondylolisthesis in the child 
and adolescent, Clin Orthop Relat Res 434:46, 2005. 


swimming, wrestling, and rowing. The incidence can vary 
from 11% to 30% but has been reported to be as high as 47% 
in elite athlètes who participate in high-risk sports such as 
diving and gymnastics. These observations indicate that the 
condition is acquired rather than congénital. However, as 
many as 50% of Eskimos are reported to hâve spondylolisthe¬ 
sis, whereas only 6% to 7% of white males and 1.1% of adult 
black women hâve the condition, indicating a definite genetic 
prédisposition. 

Beutler et al. followed up on a prospective study started 
in the early 1950s by Dr. Daniel Baker to détermine the 
incidence and natural history of spondylolysis and spondylo¬ 
listhesis. From 1955 to 1957, radiographs were taken of ail 
first-grade children in a northern Pennsylvania town, a study 
population of 500 children. A lytic defect of the pars interar¬ 
ticularis was found in 4.4%. By adulthood, lumbar lytic 
lésions had developed in additional subjects, bringing the 
total incidence to 6%. Four décades later, ail subjects with a 
pars defect were observed. Subjects with unilatéral defects 
never experienced slippage during the course of the study. 
Progression of spondylolisthesis slowed with each decade. 
There was no association of slip progression and low back 
pain. There was no statistically significant différence between 


the SF-36 scores of the study population and those of the 
general population of the same âge. Their findings indicated 
a benign course for the first 50 years of life. Only a small 
percentage of subjects developed symptomatic slippage pro¬ 
gression in long-term follow-up studies. Their findings 
confirm that there is no justification for advising children and 
adolescents with spondylolysis and low-grade spondylolis¬ 
thesis not to participate in compétitive sports. 

Progression of spondylolisthesis is uncommon if it is less 
than 30%. If increased slipping occurs, it usually occurs 
between the âges of 9 and 15 years and seldom after the âge 
of 20 years. Harris and Weinstein, in a long-term follow-up 
of untreated patients with grade III and grade IV spondylo- 
listheses, found that 36% of patients were asymptomatic, 55% 
had mild symptoms, and only one patient had significant 
symptoms. Ail patients led active lives, and ail had required 
only minor adjustments in their lifestyles. None of the patients 
was dissatisfied with his or her appearance, and none stated 
that it had interfered with social or business relationships. In 
a similar group of patients treated with in situ posterior 
interlaminar arthrodèses, 57% were asymptomatic and 38% 
had mild symptoms. 

CLINICAL FINDINGS 

Patients with spondylolysis and spondylolisthesis usually 
présent with symptoms of mechanical low back pain that is 
aggravated by high activity levels or compétitive sports. Pain 
is diminished with activity restriction and rest. Offen no 
symptoms will be présent and the patient seeks medical 
évaluation because of a postural deformity or gait abnormal- 
ity. Pain most offen occurs during the adolescent growth 
spurt and is predominantly backache, with only occasional 
leg pain. Symptoms are aggravated by high activity levels or 
compétitive sports and are diminished by activity restriction 
and rest. The back pain probably results from instability of 
the affected segment, and the leg pain usually is related to 
irritation of the L5 nerve root. 

Back pain on lumbar hyperextension is a common clini- 
cal finding. Pain can be reproduced by performing the one-leg 
hyperextension test or “stork test.” This usually reproduces 
pain on the affected side. Buttock pain radiating into the 
posterior thighs is common during walking or standing. A 
neurologie déficit affecting the L5 or SI nerve root is présent 
in 15% of patients. With a significant slip, a step-off at the 
lumbosacral junction is palpable, motion of the lumbar spine 
is restricted, and hamstring tightness is évident on straight- 
leg raising. Tightness of the hamstrings is présent in 80% of 
symptomatic patients. As the vertébral body is displaced 
anteriorly, the patient assumes a lordotic posture above the 
level of the slip to compensate for the displacement. The 
sacrum becomes more vertical, and the buttocks appear heart 
shaped because of the sacral prominence. With more severe 
slips, the trunk becomes shortened and offen leads to com¬ 
plété absence of the waistline. These children walk with a 
peculiar gait, described as a “pelvic waddle” by Newman, 
because of the hamstring tightness and the lumbosacral 
kyphosis. Children, unlike adults, seldom hâve objective signs 
of nerve root compression, such as motor weakness, reflex 
change, or sensory déficit. Tight hamstrings offen are the only 
positive physical finding. 

Scoliosis is relatively common in younger patients with 
spondylolisthesis and is of three types: (1) sciatic, (2) 
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A and B, Percentage of slipping calculated by 
measurement of distance from line parallel to posterior portion 
of first sacral vertébral body to line parallel to posterior portion 
of body of L5; anteroposterior dimension of L5 inferiorly is used 
to calculate percentage of slipping. 


olisthetic, or (3) idiopathic. Sciatic scoliosis is a lumbar curve 
caused by muscle spasm. Usually, this is not a structural 
curve, and it résolves with recumbency or relief of symptoms. 
Olisthetic scoliosis is a torsional lumbar curve with rotation 
that blends with the spondylolytic defect and results from 
asymmetric slipping of the vertebra. These lumbar curves 
generally résolve affer treatment of the spondylolisthesis. 
Severe curves, however, may become structural, and treat¬ 
ment is more complicated. Fusion of the lumbosacral area has 
been found to hâve no corrective effect on thoracic or thora- 
columbar curves. When idiopathic scoliosis and spondylolis- 
thesis occur together, they should be treated as separate 
problems. 

RADIOGRAPHIC FINDINGS 

The key to diagnosis of spondylolysis and spondylolisthesis 
lies in routine radiographs. The initial évaluation should 
include anteroposterior views, standing latéral views, and a 
Ferguson coronal view. The Ferguson coronal view is obtained 
by angling the x-ray beam parallel to the L5-S1 dise. With this 
view, the profiles of the L5 pedicles, transverse processes, and 
sacral ala are more easily seen. The latéral view should be 
taken with the patient standing because a 26% increase in 
slipping has been noted on standing films compared with 
recumbent films. In spondylolysis without slippage, the pars 
interarticularis defect often is difhcult to see. Oblique views 
of the lumbar spine can put the pars area in relief apart from 
the underlying bony éléments, making viewing of the defect 
easier. A recent study has called into question whether routine 


oblique radiographs are useful and needed in the évaluation 
of a patient with spondylolysis or spondylolisthesis. A bone 
scan may be indicated in children in whom an acquired pars 
defect is believed to be présent but cannot be confirmed by 
plain films. The bone scan may detect the stress reaction stage 
before the fracture occurs. Isotope imaging with single- 
photon émission computed tomography (SPECT) is consid- 
ered an extremely sensitive technique for early diagnosis of 
acute spondylolysis. Unfortunately, SPECT is nonspecific, 
detects only 17% of chronic lésions, and cannot distinguish 
between stress reactions and complété fractures. 

Computed tomography (CT) has long been considered 
the gold standard for detecting pars interarticularis fractures. 
Limitations of CT, however, include low accuracy in distin- 
guishing between a recent active fracture or a stress reaction 
and a chronic nonunion. Another drawback is the increased 
radiation exposure associated with CT scanning. 

MRI can identify stress reactions and fractures in the 
pars; however, it is technique dépendent, and T2-weighted 
fat-suppressed images in the oblique and sagittal planes are 
needed to evaluate bone marrow edema in acute lésions. MRI 
is useful for évaluation of dise pathology and any nerve root 
compression. Disadvantages are cost, availability, and need 
for an experienced radiologist in reading the image. Hollen- 
berg et al. described an MRI classification System for spon¬ 
dylolysis: grade 0, normal; grade 1, bone edema and intact 
cortices compatible with a stress reaction; grade 2, incomplète 
fracture; grade 3, complété active fracture with accompany- 
ing bone edema; and grade 4, complété fracture without 
accompanying bone marrow edema. 

The most commonly used radiographie grading System 
for spondylolisthesis is that of Meyerding. In this System, 
the slip grade is calculated by determining the ratio between 
the anteroposterior diameter of the top of the first sacral 
vertebra and the distance the L5 vertebra has slipped anteri- 
orly (Fig. 44-192). Grade I spondylolisthesis is displacement 
of 25% or less; grade II, between 25% and 50%; grade III, 
between 50% and 75%; and grade IV, more than 75%. A 
grade V spondylolisthesis represents the position of L5 
completely below the top of the sacrum. This also is termed 
spondyloptosis. 

Bourassa-Moreau et al. emphasized the importance of 
standardizing the measurement techniques for determining 
slip severity in spondylolisthesis. They used two measure¬ 
ment techniques: technique 1 used a line drawn from the 
posteroinferior corner of the L5 vertebra that is perpendicular 
to the SI vertébral endplate, and technique 2 used a line 
tangential to the posterior wall of the L5 vertebra that inter- 
sects the SI vertébral endplate (Fig. 44-193). They found a 
significant différence between the two measurement tech¬ 
niques, highlighting the need to standardize and specify the 
measurement techniques used to plan and assess any inter¬ 
vention in spondylolisthesis (Fig. 44-194). 

DeWald recommended a modification of the Newman 
System to better define the amount of anterior roll of L5 (Fig. 
44-195). The dôme and the anterior surface of the sacrum are 
divided into 10 equal parts. The scoring is based on the posi¬ 
tion of the posterior inferior corner of the body of the fiffh 
lumbar vertebra with respect to the dôme of the sacrum. The 
second number indicates the position of the anterior inferior 
corner of the body of the L5 vertebra with respect to the 
anterior surface of the first sacral segment. 
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The angular relationships are the best predictors of insta- 
bility or progression of the spondylolisthesis deformity. These 
relationships are expressed as the slip angle, which is formed 
by the intersection of a line drawn parallel to the inferior or 
superior aspect of the L5 vertebra and a line drawn perpen- 
dicular to the posterior aspect of the body of the SI vertebra 
(Fig. 44-196). The normal slip angle in a patient without 
spondylolisthesis should be lordotic. With a high-grade 
spondylolisthesis, the angle is commonly kyphotic. The 
degree of kyphosis may become large, representing a severe 
form of segmentai kyphosis at L5-S1. Boxall et al. found an 
association between a high slip angle (> 55 degrees) and 
progression of the deformity, even affer a solid posterior 
arthrodesis. 


Technique 1 


Technique 2 




Two techniques for spondylolisthesis measure- 
ment. Technique 1 uses the b-f line perpendicular to the SI 
endplate (line e-d); technique 2 uses a tangent to the L5 posterior 
wall, line a-b. These lines indicate the position of L5 on SI in point 

f. (Redrawn from Bourassa-Moreau E, Mac-Thiong JM, LaBelle H: 
Redefining the technique for the radiologie measurement of slip in 
spondylolisthesis, Spine 35:1401, 2010.) 
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Restoration of spinopelvic balance is important in the 
treatment of spondylolisthesis. Hresko et al. described two 
patterns of deformity in patients with a high-grade spondy¬ 
lolisthesis, based on the alignment of the sacrum and pelvis. 

The first group was classified as balanced, and the sacral slope 
and pelvic tilt were similar to those of patients without spon¬ 
dylolisthesis in this balanced group. The second group was 
classified as unbalanced and had marked rétroversion of the 
sacropelvic complex. The balanced group is characterized by 
a high sacral slope and low pelvic tilt. The unbalanced group 
has a vertical sacrum, a low sacral slope, and a high pelvic tilt 
(Fig. 44-197). 

TREATMENT OF ACQUIRED 
SPONDYLOLYSIS 

Treatment of acquired spondylolysis from a stress fracture in 
children and adolescents dépends on whether the spondyloly¬ 
sis is acute or chronic. Micheli, Jackson et al., and Rabushka 
et al. described children and adolescents in whom acute 



Modified Newman spondylolisthesis grading 
System. Degree of slip is measured by two numbers, one along 
sacral endplate and second along anterior portion of sacrum: A 
= 3 +0; B =8 +6; and C = 10 + 10. 



Two clinical cases illustrating how the différences between technique 2 and technique 1 (see Fig. 44-193) vary with 
respect to the orientation of L5 over SI. A f In a kyphotic alignment (high LSA), technique 2 underestimates the value obtained. B f In 
a lordotic alignment (low LSA), technique 2 overestimates the technique 1 value. These cases illustrate a négative corrélation between 
LSA and technique 2 différence. LSA, lumbosacral angle. (From Bourassa-Moreau E, Mac-Thiong JM, LaBelle H: Redefining the technique for 
the radiologie measurement of slip in spondylolisthesis, Spine 35:1401, 2010.) 
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Schematic représentation of slip angle or 
kyphotic malalignment of lumbosacral junction présent in high- 
grade isthmic dysplastic spondylolisthesis. A, Standard method of 
measurement. B, Method used when inferior L5 endplate is 
irregularly shaped. 


spondylolytic defects healed with cast or brace immobiliza- 
tion. Typically, these children hâve an acute onset of symptoms 
and the épisode of injury is clearly documented. Offen they 
are participating in a sport, such as gymnastics, that causes 
répétitive hyperextension of the spine. A SPECT scan or MRI 
can be helpful in determining whether the process is acute or 
chronic. If the SPECT scan detects an abnormality or MRI 
shows edema in the pedicle, a CT scan of the suspected area 
can be obtained to distinguish between a stress reaction and 
an acute stress fracture. CT scanning is the most helpful 
radiographie technique for determining the presence or 
absence of healing. 

Nonoperative treatment will return most adolescents to 
normal activities. The spectrum of nonoperative treatment 
recommendations ranges from rest and restriction of activi¬ 
ties to bracing and a structured réhabilitation program. 
Treatment begins with rest and restriction of activities; 
however, El Rassi et al. found that there was only a 42% 


compliance rate with restriction of activities; this finding 
highlights the need for participation by the patient, parents, 
and coaches in the treatment plan. Brace treatment has been 
controversial because of the inability of a standard TLSO to 
completely immobilize the lumbosacral junction. A brace will 
give some global restriction of motion of the lumbar spine 
but is probably most effective in forcing restriction of activi¬ 
ties. Electrical stimulation has been used with varied results 
in attempts to heal an acute pars fracture. 

A structured réhabilitation program is essential to return 
the patient to sports. This program has four phases: (1) acute, 
(2) subacute, (3) pre-sport, and (4) sport-conditioning. The 
acute phase focuses on relief of pain and inflammation and 
réhabilitation of the lumbopelvic stabilizers. The subacute 
phase emphasizes core strengthening and restoration of trunk 
range of motion. Nonimpact cardio activities can be begun 
during this stage. The therapist initiâtes sports-simulated 
movements to increase the patients strength and endurance 
during the pre-sport phase. In the final sports-conditioning 
phase, sport-spécifie drills and impact cardio training are 
begun with the goal of returning the patient to his or her 
desired sport. The nonoperative treatment and structured 
réhabilitation program usually requires 12 weeks to complété. 
Patients with a stress reaction may progress faster, but some 
patients may require 4 to 5 months of réhabilitation before 
they are ready to return to sports. 

Children and adolescents in whom the spondylolysis is 
of long duration are treated with routine nonoperative mea- 
sures. Activities are restricted, and back, abdominal, and 
core-strengthening exercises are prescribed. If the symptoms 
are more severe, a brief period of bed rest or brace immobi- 
lization may be required. Once the pain has improved and 
the hamstring tightness has lessened, the child is allowed 
progressive activities. Yearly examinations with standing spot 
latéral radiographs of the lumbosacral spine are advised to 
rule out the development of spondylolisthesis. If the patient 
remains asymptomatic, limitation of activities or contact 
sports is not necessary. Most children with spondylolysis hâve 
excellent relief of symptoms or only minimal discomfort at 
long-term follow-up. If a child does not respond to conserva¬ 
tive measures, other causes of back pain, such as infection, 
tumor, osteoid osteoma, and herniated dise, should be ruled 
out. Spécial attention should be paid to children whose 
symptoms do not respond to bed rest or who hâve objective 
neurologie findings. A very small percentage of children with 
spondylolysis who do not respond to conservative measures 
and in whom the other possible causes of back pain hâve been 
eliminated may require operative treatment. 

■ REPAIR OF SPONDYLOLYTIC DEFECT 

The primary indication for operative treatment of spondy¬ 
lolysis is failure of a 6-month conservative treatment program. 
The principles of pseudarthrosis repair are the same as for any 
long bone: debridement, graffing of the site with autogenous 
bone graff, and compression across the fracture. The type of 
surgery is based on the location of the spondylolysis and any 
associated dise pathology or associated vertébral dysplasia. 

The surgical treatment of spondylolysis can be either an 
intervertébral fusion or a repair of the pars defect. When the 
lésion is at L5, direct repair of the pars defect and an L5 to SI 
fusion will give similar results. If there is associated dise 
pathology at L5 or SI or any associated dysplasia, fusion is 
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High-Grade Spondylolisthesis 



Balanced pelvis 


Unbalanced pelvis 


Sagittal view of spinopelvic alignment in high-grade spondylolisthesis. (From Hresko MT, LaBelle H, Roussouly P, Berthon- 
naud E: Classification of high-grade spondylolistheses based on pelvic version and spine balance, Spine 32:2208, 2007.) 


the preferred treatment. When the pars lésion is at L4 or L3, 
direct repair is recommended. Four repair techniques hâve 
been described: (1) Scott wiring, (2) Buck screw, (3) pedicle 
screw and hook, and (4) V-rod or U-rod technique. With ail 
techniques, the rate of return to sports is reported to be 80% 
to 90%. The Scott technique places wires around the trans¬ 
verse process on each side and through the spinous process 
to compress the pars defect. This is the least rigid of ail the 
fixation methods, but it nonetheless has a healing rate of 
nearly 80%. Direct intralaminar screw fixation of a pars 
defect, described by Buck in 1970 with good outcomes in 
93%, offers a minimally invasive and motion-preserving 
technique. The use of pedicle screws and infralaminar hoods 
attached to a short rod allows compression of the pars defect 
along the rod to stabilize the defect. This is the most rigid 
construct. A similar technique uses a U-shaped rod placed 
inferior to the spinous process for stabilization and compres¬ 
sion of the pars defect. Sairyo et al. described restoration of 
dise stresses to normal at the cranial and caudal levels of the 
pars defect after direct intralaminar screw fixation using the 
Buck technique. Several other studies also hâve shown a 
superior biomechanical advantage of the Buck technique rela¬ 
tive to other common fixation techniques; however, according 
to a biomechanical study of the four different techniques, ail 
of which restored normal intervertébral rotation, the Scott 
and Buck constructs were found to be less stable than the 
screw-hook or U-rod constructs. Mihara et al. found that the 
Buck screw technique restored more normal motion at 
the involved level and adjacent level. 

Kakiuchi reported successful union of pars defects with 
the use of a pedicle screw, laminar hook, and rod System. A 
pedicle screw is placed in the pedicle above the pars defect. 
The pars defect is bone graffed. A rod is placed in the pedicle 
screw and then into the caudal laminar hook, and compres¬ 
sion is applied. This gives a more stable construct than that 


afforded by wire techniques. A second surgery for removal of 
prominent implants after healing may be necessary. 


SPONDYLOLYSIS REPAIR 


TECHNIQUE 44-55 


(KAKIUCHI) 

■ Place the patient prone on a Hall frame. 

■ Expose the involved vertebra, including the defect of the 
pars interarticularis, through a midline posterior incision. 
Remove the fibrous tissue in and behind the defect with 
a Cobb elevator, rongeur, or curet. To maintain the length 
of the pars interarticularis, do not remove the sclerotic 
bone on both sides of the defect. 

■ Clean the latéral aspect of the inferior half of the superior 
articular process and the médial third of the posterior 
aspect of the transverse process of soft tissue without 
interfering with the capsule of the facet. 

■ Decorticate the posterior aspect of the pars interarticularis 
and adjoining portion of the lamina with use of a small 
chisel (Fig. 44-198A). Do not decorticate the latéral and 
inferior aspects of the superior articular process to main¬ 
tain the strength of the osseous structures for pedicle 
screw placement. 

■ If nerve root décompression is indicated, remove the bone 
spurs over the nerve root with an osteotome (Fig. 
44-198B). Bury free fat tissue in the defect created above 
the nerve root to prevent bone graft from falling onto the 
nerve root. 

■ To achieve a wider area for bone grafting, the starting 
point for the insertion of the pedicle screw is near the 
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Spondylolytic 

defect 


Area of soft-tissue 
removal without 
décortication 


Location 
of pedicle 


Area of 
décortication 

A 



- Nerve root before 
décompression 


Multifidus 




Midline 

fascial 

incision 


Head of variable- 
angle screw 


Starting point of 
screw insertion 


Longissimus 


Paraspinal 

fascial 

incision 


Area of 
bone graft 



Rod 


Laminar 

hook 


E 


A f Récipient bed prepared for autogenous cancellous bone graft. B f Posterior éléments overlying affected nerve root 
are excised. C f Variable-angle pedicle screw and bone graft inserted. D f A paraspinal approach may be used when the multifidus muscle 
is too tight for pedicle screw insertion through the midline. E f Rod attached to head of screw with variable-angle eyebolt. Laminar 
hook attached to rod. (From Kakiuci M: Repair of the defect in spondylolysis, J Bone Joint Surg 79A:818, 1997.) SEE TECHNIQUE 44-55. 


9 intersection of a vertical line through the center axis of 
the pedicle and a horizontal line at the superior border 
of the pedicle (Fig. 44-198C). 

■ Direct the screw slightly caudally so that it enters the 
vertébral body at the center axis of the pedicle. 

■ After insertion of the pedicle screw, take strips of cancel¬ 
lous bone from the posterior aspect of the ilium through 
the same incision in the skin. 

■ Pack the cancellous bone as an onlay graft from the 
médial third of the transverse process to the decorticated 
portion of the lamina to form a sheet of bone about 1 cm 
thick (see Fig. 44-198C). 

■ If the multifidus muscle is too tight for pedicle screw 
insertion through this midline approach (which is more 
common at L5 than more cephalad levels), the starting 
point for insertion of the pedicle screw on the superior 
articular process should be exposed through the paraspi¬ 
nal approach over the pedicle through the same midline 
incision in the skin and additional small fascial incisions 
made 2 to 3 cm latéral to the midline (Fig. 44-198D). 
Insert a finger through the natural cleavage plane between 
the multifidus and longissimus muscles to the insertion 
point over the pedicle. 

■ Cut the rod to the appropriate length and attach it to the 
head of the variable-angle screw. Insert a laminar hook 
to the inferior edge of the lamina and attach it to the rod 

(Fig. 44-198E). 


■ To reduce the size of the defect of the pars interarticularis, 
apply a mild compression force between the hook and 
the head of the screw with the hook compressor before 
tightening the locknut in the eyebolt. 

■ Repeat the procedure on the contralatéral side. 

POSTOPERATIVE CARE. Usually patients are allowed to 
stand and walk on the second or third postoperative day. 
A hard lumbosacral corset is worn for 2 months, but its 
use should be determined on an individual basis. Patients 
are allowed unrestricted activity after 6 months. 


MODIFIED SCOTT REPAIR TECHNIQUE 

van Dam reported success in 16 patients with a modifica¬ 
tion of the Scott repair technique. In 26 direct pars repairs, 
union was achieved in 22. 


TECHNIQUE 44-56 


(VAN DAM) 

■Approach the lumbar spine posteriorly. 

■ Identify and débridé the area of the pars 
pseudarthrosis. 
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Scott wiring technique. (Redrawn from Rechtine 
G II: Spondylolysis repair. In Vaccaro A, Albert TJ, editors: Spine surgery 
tricks of the trade, New York, 2003, Thieme.) SEE TECHNIQUE 44-56. 


■Place a 6.5-mm cancellous screw approximately two 
thirds of the way into the ipsilateral pedicle. 

■ Loop an 18-gauge wire around the screw head and pass 
the wire through a hole at the base of the spinous 
process. 

■ Pass the ends of the wire through a métal button and 
tighten the wire loop around the screw head. 

■ Twist the wire ends tightly against the métal button and 
eut the excess wire away. 

■ Place autogenous cancellous bone in and around the 
debrided pars defect. 

■ Fully seat the screw to accomplish final tightening of the 
wire (Fig. 44-199). 

■ Taddonio described the use of pedicle screws attached to 
Cotrel-Dubousset rods and offset laminar hooks to 
accomplish the same mechanical stability as in the Buck 
technique and Bradford technique. Roca et al. described 
the use of a titanium variable-angle pedicular-laminar 
hook-screw especially designed for direct spondylolysis 
repair. 

POSTOPERATIVE CARE. The patient should use a 
lumbosacral orthosis for a minimum of 3 months and up 
to 6 months after surgery. FHealing of the pars is ascer- 
tained by follow-up CT scan. 


INTRALAMINAR SCREW FIXATION 
OF PARS DEFECT (BUCK SCREW 
TECHNIQUE) 


TECHNIQUE 44-57 


PEDICLE SCREW FIXATION 

■ With the patient prone in a position to minimize lordosis, 
use fluoroscopy to localize the level of the defect. 



FIGURE 


Technique of Buck screw fixation of 


defect. SEE TECHNIQUE 44-57. 


pars 


■ Make a midline incision approximately 5 cm long latéral 
to the corresponding spinous process to expose the 
lamina and the defect. 

■ Use a curet to clean the defect. 

■ Under fluoroscopy, and alternating between anteropos- 
terior and latéral views, make a percutaneous stab wound 
with a 4.5-mm cannulated screw guidewire. 

■ Drill the wire through the caudal laminar surface, bisect- 
ing the pedicle to the superior cortex of the pedicle and 
traversing the pars defect (Fig. 44-200). 

■ Use a 3.2-mm cannulated drill to drill over the 
guidewire. 

■ Remove the wire and use a ball-tipped probe to feel the 
cortices. 

■ Measure and tap the screw length. 

■ If the lamina is large enough, overdrill it distally. 

■ Insert a solid (rather than cannulated) 4.5-mm screw of 
the appropriate size, with compression as needed. 

■ Through the same incision, harvest a posterior iliac crest 
bone graft and place the cancellous graft in the defect. 
Overlay a corticocancellous strip from the lamina to the 
transverse process. 


SPONDYLOLYSIS REPAIR WITH 
U-ROD OR V-ROD 


TECHNIQUE 44-58 


(SUMITA ET AL.) 

■ With the patient prone, make a midline incision and 
elevate the paraspinal musculature laterally to expose the 
lamina, pars, and base of the transverse process. Take 
care not to injure the capsule of the facet joint. 

■ Expose the defect in the pars and use a curet to remove 
the fibrocartilage. 

■ Use a burr to decorticate the defect and the correspond¬ 
ing lamina and transverse process. 

■ Using anatomie landmarks and fluoroscopy, détermine 
the starting point for the pedicle screw. 

■Create the starting hole with a burr and use a pedicle 
finder to enter the pedicle. 
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FIGURE 


Sagittal (A) and axial (B) position of the pedicle screw instrumentation for V-rod fixation. SEE TECHNIQUE 44-58. 


■ Assess the walls and floor with a ball-tipped probe and 
tap the hole for a 5-mm pedicle screw. 

■ Harvest bone graft from the iliac crest, place it in the 
defect, and impact it before insertion of the screw. 

■ After the screws are placed, contour a rod into a U shape 
or V shape (Fig. 44-201) and place it just caudal to the 
interspinous ligament of the affected level; attach the rod 
to each pedicle screw, and tighten the screws to compress 
the defect. 

■ Confirm correct placement of the screw and rod with 
fluoroscopie imaging. 

POSTOPERATIVE CARE. Intravenous antibiotics are 
administered until the wound is dry. The patient is mobi- 
lized without a brace. 


■ POSTEROLATERAL FUSION 

Postérolatéral fusion is the conventional operative treatment 
of symptomatic spondylolysis at L5 unresponsive to conser¬ 
vative treatment. Pedicle instrumentation and fusion offen 
are done to avoid the necessity of postoperative bracing. If no 
internai fixation is used, the patient is immobilized in a TLSO. 
A pantaloon cast or a TLSO with a thigh extension also may 
be used for greater immobilization. Fusion rates of approxi- 
mately 90% hâve been reported with similar percentages of 
relief of symptoms after fusion of L5 to the sacrum. Extension 
of the fusion to L4 is not necessary. The Gill procedure or a 
wide laminectomy in a child is not necessary. 

TREATMENT OF DEVELOPMENTAL 
SPONDYLOLISTHESIS 

■ NONOPERATIVE TREATMENT 

Surgery is not always necessary for spondylolisthesis. Restric¬ 
tion of the patients activities, muscle réhabilitation (spinal, 
abdominal, and trunk), and other nonoperative measures, 
including the intermittent use of a rigid back brace, offen 
are sufhcient if the symptoms are minimal and the 
slippage is mild. If symptoms improve, progressive increases 
in activity are permitted. Activity restrictions are unnecessary 
for patients with mild degrees of spondylolisthesis. For 


symptom-free patients with slips of more than 25% but less 
than 50%, contact sports and activities that carry a high prob- 
ability of back injury should be avoided. Standing spot latéral 
radiographs of the lumbosacral junction are made every 6 to 
12 months until the completion of growth. This is especially 
important in female patients and in patients who hâve high- 
risk characteristics for progression of the slip. 

■ OPERATIVE TREATMENT 

Indications for surgery include persistent symptoms despite 
conservative treatment for 6 months to 1 year, persistent tight 
hamstrings, abnormal gait, and pelvic-trunk deformity. 
Development of a neurologie déficit is an indication for 
operative intervention, as is progression of the slip, which is 
indicative of a severe dysplasia. Early surgery may prevent 
more difhcult or risky surgeries at a later time. If a patient is 
asymptomatic and has a slip of more than 50%, severe dys¬ 
plasia (high dysplastic spondylolisthesis) is likely and surgery 
is indicated. 

A postérolatéral fusion between L5 and the sacrum is 
recommended for slips of less than 50% in children and 
adolescents whose symptoms persist despite conservative 
treatment. This degree of slippage is a mild dysplasia (low 
dysplastic type), usually without a significant slip angle. In 
our expérience, these children do well with a postérolatéral 
fusion in situ. We hâve not seen the need for any attempts 
at réduction of these patients unless there is significant lum¬ 
bosacral kyphosis. We generally instrument these patients 
with pedicle screw fixation to avoid the need of postopera¬ 
tive immobilization. Extremely tight hamstrings, decreased 
Achilles tendon reflexes, and even footdrop may improve 
after a solid arthrodesis. Laminectomy as an isolated 
technique in a growing child is contraindicated because 
further slipping will occur. Hensinger et al. and Boxall et al. 
expressed doubt as to whether décompression with removal 
of the posterior element of L5 should ever be done in chil¬ 
dren with slips of less than 50%, no matter which signs and 
symptoms of neurologie compromise are présent. Obtaining 
a true anteroposterior (Ferguson) view of the lumbosacral 
junction is important in evaluating the success of arthro¬ 
desis. This view provides a true coronal profile of the 
L5-sacral ala région. For L5-S1 fusion with pedicle screws, 
see Technique 44-56. 
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JjJP A f Severe spondylolisthesis. B, MR image shows slip. C f After anterior and posterior réduction and fusion with pos- 
terior instrumentation. 



FIGURE 


A f Severe spondylolisthesis. B and C f After in situ fusion. 


TREATMENT OF SEVERE (HIGH 
DYSPLASTIC) SPONDYLOLISTHESIS 

Operative treatment of high dysplastic spondylolisthesis is 
more controversial. Most authors agréé that slippage of more 
than 50% requires fusion. The operative options, however, are 
many: posterior in situ fusion, adding instrumentation to a 
posterior in situ fusion; posterior décompression, partial 
réduction, instrumentation, and fusion; posterior décom¬ 
pression, complété réduction, instrumentation, and posterior 
fusion; posterior fusion with postoperative cast réduction; 
posterior instrumentation and fusion combined with poste¬ 
rior lumbar interbody fusion; anterior release; intradiscal 
graff or structural cage combined with posterior instrumen¬ 
tation and fusion; and réduction and circumferential fusion 
with or without instrumentation. For patients with a grade V 
spondyloptosis, Gaines and Nichols described an L5 spondy- 
lectomy with fusion of L4 to the sacrum. 

Lenke et al. found that 21% of 56 in situ bilateral trans¬ 
verse process fusions for spondylolisthesis were definitely 
not fused, but despite this low fusion rate, overall clinical 
improvement was noted in more than 80% of patients. 
Other authors recommended combined anterior fusion and 


réduction with posterior spinal instrumentation for high 
dysplastic slips because of problems with the healing of a 
posterior arthrodesis alone. In addition to improving the 
appearance, the réduction of spondylolisthesis with instru¬ 
mentation improves the chance of fusion, but these proce¬ 
dures hâve many risks and potential complications (Fig. 
44-202). Johnson and Kirwan and Wiltse et al. reported 
excellent results in patients with slips of more than 50% 
treated with bilateral latéral fusions. Freeman and Donati 
found similar results after in situ fusion in patients observed 
for an average of 12 years (Fig. 44-203). Poussa et al. com- 
pared the results of in situ fusion of spondylolisthesis of more 
than 50% with results of réduction by a transpedicular System 
and found no différences between the groups in functional 
improvement or pain relief. In situ fusion gave a satisfactory 
cosmetic appearance; réduction procedures were associated 
with increased operative time, complications, and reopera¬ 
tions. Also, long-term findings showed that the in situ fusion 
group performed better in almost ail clinical parameters 
measured. Other reports hâve recorded an increased rate of 
nonunion with bending of the fusion mass and delayed 
neurologie complications when postérolatéral fusion in situ 
has been performed in high-grade slips. 
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A, Severe spondylolisthesis. B f Increase that may occur intraoperatively. C f Operative décompression of cauda equina 
with sacroplasty. D f Appearance of sacrum after excision of posterior superior aspect. 


Instrumentation with pedicle screws has been used in an 
attempt to prevent further détérioration of the spondylolis¬ 
thesis with in situ fusion. The goal of surgical treatment in 
patients with a high-grade spondylolisthesis is to restore the 
global sagittal balance of the spinopelvic complex. The degree 
of réduction of the translatory displacement in high-grade 
slips is less important than improving the lumbosacral 
kyphosis and restoring sagittal imbalance. In severe cases, the 
fusion may need to be extended to L4. The potential advan- 
tages of réduction of high-grade spondylolisthesis include 
réduction of the slip angle (lumbosacral kyphosis), which 
improves the sagittal lumbosacral orientation and places the 
fusion mass in more compression, and improves the global 
sagittal balance and the cosmetic appearance. Direct neural 
décompression also is allowed with this procedure. Disadvan- 
tages are that more extensive surgery is required, an additional 
anterior procedure often is needed, and there is an increased 
risk for neurologie injury. The theoretical advantages of 
complété réduction of spondylolisthesis should be weighed 
against the natural history studies of Murray et al. in untreated 
spondylolisthesis, with satisfactory clinical results with fusion 
in situ. 

Cauda equina injuries may occur after in situ fusions. In 
severe spondylolisthesis, the sacral roots are stretched over 
the back of the body of SI and are sensitive to any movement 
of L5 on SI. It has been postulated that muscle relaxation after 
general anesthésia and the surgical dissection may lead to 
additional slippage that further stretches these sacral roots. 
Patients most at risk hâve an initial slip angle of more than 
45 degrees. Thorough neurologie évaluation before and after 
in situ arthrodesis is recommended in ail patients with grade 
III or grade IV spondylolisthesis. Examination should include 
clinical assessment of périnéal sensation, function of the 
bladder, and rectal tone. If a patient has a détectable neuro¬ 
logie déficit preoperatively, décompression of the cauda 
equina at the time of the arthrodesis with removal of the 
posterior superior lip of the sacrum (Fig. 44-204) can be 
done. Because this décompression causes additional instabil- 
ity, segmentai instrumentation with pedicle screws is required. 
Alternatively, décompression of the cauda equina can be 
combined with réduction of the forward slip with posterior 
pedicle segmentai instrumentation. If injury to the cauda 
equina is évident after an otherwise uneventful in situ arthro¬ 
desis, prompt décompression with removal of the posterior 
aspect of SI is recommended. In situ pedicle segmentai 
instrumentation should be considered to further stabilize the 


There are no definite guidelines regarding the appropriate 
surgical treatment of children and adolescents with high 
dysplastic spondylolisthesis. Intuitively, it seems that the 
more dysplastic and unstable the spine is, the more justifiable 
is some type of réduction and instrumentation. Boachie-Adjei 
et al. proposed a technique of partial réduction of the lum¬ 
bosacral kyphosis, décompression of the nerve roots, postéro¬ 
latéral fusion, and pedicle screw transvertebral fixation of the 
lumbosacral junction. This technique has the advantage of 
providing three-column fixation by the lumbosacral transfix¬ 
ation, yet it is performed through a single posterior approach. 
It also allows interbody graffing to be done if necessary 
without a formai anterior procedure. Lenke and Bridwell also 
found that this approach provided the best fusion rates and 
clinical outcomes with acceptable complication rates. 


POSTEROLATERAL FUSION AND 
PEDICLE SCREW FIXATION 


TECHNIQUE 44-59 


(LENKE AND BRIDWELL) 

■ Place the patient prone on a radiolucent table. Initially, 
the patient can be positioned with the knees and hips 
flexed to facilitate décompression. 

■ Approach the spine through a standard posterior midline 
lumbosacral incision. 

■ Perform a Gill laminectomy and bilateral L5 and SI nerve 
root décompressions. It is extremely important to decom- 
press the L5 nerve roots widely past the tips of the L5 
transverse processes. 

■ Place pedicle screws at L5 and SI. For additional sacro- 
pelvic fixation points, use bilateral distal iliac wing 
screws. In high-grade slips, instrumentation to L4 may be 
needed. 

■ Apply mild distraction to the L5-S1 segment and perform 
a sacroplasty to shorten the sacrum and decrease the 
stretch of the L5 nerve roots. 

■ At this point, if the hips and knees are flexed, extend 
them to flex the pelvis to meet the L5 segment. 

■ Attempt to access the L5-S1 dise space from the posterior 
approach. If this can be done, remove the dise and use 
morselized bone graft or place structural cages in the L5 
dise. 


area. 
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■ Contour the rod and place it into the distal fixation 
segment; flex the sacrum with the rod to meet the L5 
segment. 

■ Place the graft anterior just before locking the instrumen¬ 
tation into place. 

■ Review the intraoperative anteroposterior and latéral 
radiographs. 

■ Perform a formai wake-up test to assess bilateral foot and 
ankle movement. 

■ Place iliac crest bone graft harvested proximal to the iliac 
screw site over the decorticated transverse process and 
sacral ala bilaterally (Fig. 44-205). 

■ If an adéquate anterior spinal fusion could not be per- 
formed posteriorly, the patient is brought back 5 to 7 days 
later for an anterior procedure. 

■ Depending on the degree of réduction obtained, a formai 
discectomy with structural grafts or metallic cages is used 
with the anterior iliac crest graft for fusion. 

■ If the slip angle and translation correction hâve not been 
enough to allow access to the L5 dise anteriorly, ream 
over a Kirschner wire that is placed from the midportion 
of the L5 through the L5-S1 dise and into the proximal 
sacrum and insert the fibular allograft. 

POSTOPERATIVE CARE. Depending on the security of 
the fixation obtained, a single pantaloon brace or TLSO 
may be needed. The brace can be discontinued when it 
appears that the fusion is solid enough to safely do so, 
usually at 3 to 4 months postoperatively. 


INSTRUMENTED REDUCTION 

In high dysplastic spondylolisthesis, réduction and fusion 
with internai fixation and a sagittally aligned spine can 
eliminate the complication of progression of the deformity 
that can occur after in situ fusion. Lumbar root pain or 
déficit may require décompression of the L5 symptomatic 
roots and internai fixation. Internai fixation makes it pos¬ 
sible to decompress these roots fully without fear of residual 
instability or progressive slipping (Fig. 44-206). Sacral 
radiculopathy caused by stretching of the sacral roots over 
the posterosuperior corner of the sacrum theoretically can 
be relieved by restoring the lumbar spine to its proper 
position over the sacrum. This relieves the anterior pressure 
from the sacral roots, shortens their course, and relaxes the 
cauda equina. Correction of the slip angle (kyphosis) greatly 
reduces the bending moment and tensile stress that works 
against the posterior lumbosacral graft. When normal 
biomechanics are restored by correction of the deformity, 
it may be possible to fuse fewer lumbosacral segments. 
Theoretically, restoring body posture and mechanics to 
normal may lessen future problems in the proximal areas 
of the spine. Physical appearance is a concern of adoles¬ 
cents with high-grade spondylolisthesis, and this can be 
improved with réduction of the deformity. 

These theoretical advantages, however, should be 
weighed carefully against the potential risks of the surgery. 
These procedures are technically demanding and carry with 
them a significant risk of nerve root injury. As techniques 


are evolving, these risks are decreasing but are undeniably 
still présent. Numerous techniques to obtain complété 
réduction of high-grade dysplastic spondylolisthesis hâve 
been described. The following technique is just one of 
those described. 


TECHNIQUE 44-60 


(CRANDALL) 

■ After general anesthésia is obtained, place the patient 
prone on a radiolucent table. 

■ Use a routine midline approach to the lumbosacral spine. 

■ Perform a full L5 laminectomy, inferior facetectomy, and 
nerve root décompression. A discectomy at L5-S1 will also 
make L5 more mobile for réduction. 

■ Préparé and tap the pedicles at L5-S1 and insert long post 
screws bilaterally at L5. 

■ Screws also should be placed bilaterally at SI. 

■ For high-grade spondylolisthesis, a distal point of fixation 
is needed to form a strong and stable base from which 
L5 can be pulled into position. Options include iliac screws 
(Fig. 44-207A) and S2 alar screws (Fig. 44-207B and C). 

■ Aim the S2 multiaxial screws laterally into the beak of the 
sacral ala. 

■ After ail screws are placed, select a rod of the appropriate 
length and diameter, along with the corresponding three- 
dimensional connectors, and preassemble the construct. 

■ Place screw extenders on the post of the SI screws to 
ease insertion. 

■ Slide the preassembled construct down the screw extend¬ 
ers at SI and the threaded post of the long post screw 
at L5 and into the multiaxial screw heads at S2. 

■ Repeat the same process on the contralatéral side of the 
spine. 

■ Once the connectors are in place, temporarily secure 
them at SI with a lock screw. When the construct is in 
place, each rod créâtes a "diving board" over L5 (Fig. 
44-207D). 

■ Place a low-profile crosslink plate between the SI and S2 
levels of the construct. If iliac screws are used, this is not 
necessary. 

■ Place the provisional réduction crimps on both the long 
post three-dimensional screws at L5 (Fig. 44-207E). Place 
the crimp driver on the threaded posts of the screws. 
Advance the driver down the threaded post to the provi¬ 
sional réduction crimp. Sequentially tighten the driver by 
rotating clockwise and pushing down on the réduction 
crimps (Fig. 44-207F). By use of the provisional réduction 
crimps, the spine is brought into its correct anatomie 
position in a graduai and highly controlled way (Fig. 
44-207G and H). 

■ If the L5 connector "bottoms out" onto the screw head 
before full réduction is achieved (Fig. 44-2071), there are 
two options for getting the last few millimeters of 
correction. 

■ Contour the rod with more lordosis at L5 to increase the 
réduction distance for L5 to be pulled back (Fig. 44-207J), 
or place the connector at SI at the very top of the post, 
which créâtes more réduction distance (Fig. 44-207K). 

■ Once the spondylolisthesis is fully corrected, compress L5 
to SI with the compressor to make the alignment as 
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Radiographs of 12-year-old girl with high-grade IV isthmic dysplastic spondylolisthesis. Patient has small amount of 
sciatic scoliosis on coronal view (A and B). Sacrum is vertical on sagittal radiograph (C) f and she is positioned with her trunk anterior 
to her pelvis, showing anterior sagittal imbalance. Patient had posterior décompression, partial réduction, sacral dôme osteotomy, and 
postérolatéral fusion with instrumentation from L5 to sacrum. One week later, she had anterior fibular dowel graft placement from 
L5 to sacrum. Radiographs D to F show improved position of L5 on sacrum and excellent alignment in overall coronal (D) and sagittal 
(E) radiographs. F, Arrow points to anterior edge of fibular graft. (From Lenke LG, Bridwell KH: Evaluation and surgical treatment of high-grade 
isthmic dysplastic spondylolisthesis, Instr Course Lect 52:525, 2003.) SEE TECHNIQUE 44-59. 
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A f Standing latéral radiograph of high dysplastic spondylolisthesis, L5 on SI, in 12-year-old patient who had signifi- 
cant leg pain. It was thought that décompression of L5 nerve roots was important part of surgical procedure. B and C f Postoperative 
latéral and Ferguson views of lumbosacral junction after décompression of L5 nerve roots with limited réduction and internai fixation 
L4 to SI. Postoperatively, patient's back and leg symptoms were completely relieved. 


stable as possible. The correction is more likely to be 
maintained if bone or a small cage is placed into the dise 
space through a posterior lumbar interbody fusion or 
transforaminal lumbar interbody fusion before L5 is 
compressed to SI. 

■ Place lock screws in the three-dimensional connectors at 
L5 and SI (Fig. 44-207L) and tighten ail four lock screws. 
As the tightening occurs, the break-off portion of the set 
screw will shear off and remain in the sleeve of the driver. 

■ Use a "cutter" to eut the long post flush with the assem- 
bly (Fig. 44-207M and N). 


PARTIAL REDUCTION AND 
INTERBODY FUSION 

Satisfactory results hâve been reported with partial réduc¬ 
tion and posterior interbody fusion for the management of 
high-grade spondylolisthesis in pédiatrie and adult patients. 
Partial réduction can be augmented with an anterior fusion 
using morselized bone graft or a structural cage in the L5 
dise. Placement of a transsacral fibular graft or direct place¬ 
ment of sacral screws across the L5 dise into the L5 vertébral 
body also can be used to augment a partial réduction and 
fusion, as described by Smith et al. 


TECHNIQUE 44-61 


(SMITH ETAL) 

■ Place the patient prone on a four-poster frame. Neuro- 
monitoring is strongly recommended for this technique, 
including an intraoperative wake-up test in adult patients. 


■ Perform standard subperiosteal dissection of the posterior 
éléments from L2 to the sacrum. Perform décompression 
and sacral laminectomies of SI and S2. 

■ Place a temporary distracting rod from the inferior aspect 
of the lamina of L2 to the sacral ala, allowing distraction 
with concomitant extension moment applied by exten¬ 
sion of the thighs. If distraction prevents réduction of the 
slip angle, the primary réduction maneuver is extension 
of the hip joints. 

■ If the sacral dôme is thought to cause significant anterior 
impingement of the durai sac, perform partial sacral dôme 
resection to decompress the neural éléments further. 

■ Sweep the durai sac toward the midline in the vicinity of 
the S1-S2 dise. 

■ While protecting the neural éléments under fluoroscopie 
control, advance a guidewire through the body of SI, across 
the L5-S1 dise space, and up to the anterior cortex of L5. 

■ Overream the guidewire under fluoroscopie guidance, 
beginning at 6 mm and increasing by 2 mm incréments, 
usually up to 12 mm. 

■ Measure a single fibular allograft. Cut it and impact it into 
position. Remove the temporary distraction rod. 

■ To augment the transsacral fibula, place pedicle screw 
fixation in L4 and transsacral pedicle screws capturing L5. 
Direct the sacral screws along the same sagittal trajectory 
as the fibula to capture L5 with subséquent placement of 
rods connecting the pedicle screws. 

■ Perform a postérolatéral fusion from L4 to the sacral ala 
after harvest of iliac crest bone graft. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that after the one-stage décompression and postéro¬ 
latéral interbody fusion. 
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A-N, Réduction and fusion in high dysplastic spondylolisthesis with internai fixation. See text for description. (Redrawn 
from Crandall D: TSRH-3D Plus MPA spinal instrumentation-deformity and degenerative, surgical technique manual, Memphis, TN, 2005, Medtronic 
Sofamor Danek.) SEE TECHNIQUE 44-60. 
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Continued 


ONE-STAGE DECOMPRESSION 
AND POSTEROLATERAL 
INTERBODY FUSION 


TECHNIQUE 44-62 


(BOHLMAN AND COOK) 

■ Place the patient prone, with the right leg draped free as 
the graft donor site. 

■ Approach the spine through a standard midline incision 
from the third lumbar level to the second sacral level. 


Subperiosteally strip muscle to the tip of the transverse 
process and sacral ala on each side. 

■ Remove the posterior éléments of the fifth lumbar and 
first sacral vertebrae (and fourth lumbar vertebra if 
necessary). 

■ Perform a wide foraminotomy to decompress the fifth 
lumbar and first sacral nerve roots. 

■ Gently free the dura from the posterosuperior promi- 
nence of the first sacral vertébral body with a Penfield 
elevator. Osteotomize the sacral prominence with a 
curved osteotome to create a ventral trough for the 
dura and to eliminate ail pressure on the dura (Fig. 
44-2 08 A). 






























A, Amount of first sacral vertébral body resected to decompress dura (blue line). B, Insertion of interbody fibular 
graft and posterior décompression. C f After posterior décompression and fusion. Colored area represents postérolatéral fusions. Ends 
of two fibular grafts are shown just above first sacral nerve roots. (From Bohlman HH, Cook SS: One-stage décompression and postérolatéral 
and interbody fusion for lumbosacral spondyloptosis through a posterior approach, J Bone Joint Surg 64A:415, 1982.) SEE TECHNIQUE 44-62. 
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■ Introduce a guide pin between the fifth lumbar and 
first sacral nerve roots on each side. Each pin is 
approximately 1 cm latéral to the midline and is 
directed through the first sacral vertébral body anteriorly. 
Confirm the proper position of each guidewire with 
radiographs. 

■ Drill a %-inch epiphyseodesis bit over each guide pin to 
the appropriate depth, being careful not to violate the 
anterior cortex of the fifth lumbar vertebra (~ 5 cm). 

■ Obtain a fibular graft from the right leg and divide it 
longitudinally. Insert one half of the graft into each hole 
and countersink it 2 mm so as not to impinge on the dura 
(Fig. 44-208B). 

■ Perform a standard bilateral, postérolatéral transverse 
process fusion from the third or fourth lumbar vertebra 
to the sacral ala using iliac crest grafts (Fig. 44-208B and 
C). 

■ Close the wound over a drain. 

POSTOPERATIVE CARE. The patient is kept at bed rest 
for 7 to 10 days and then is mobilized in a lumbosacral 
orthosis. The drain is removed in 48 hours. 


UNINSTRUMENTED 
CIRCUMFERENTIAL IN SITU FUSION 

Circumferential in situ fusion has been used for the treat- 
ment of high-grade spondylolisthesis in children with better 
long-term results reported than after postérolatéral or 
anterior fusion alone. The Scoliosis Research Society recom- 
mendsthat if réduction is performed, circumferential fusion 
with instrumentation should be done at the time of 
réduction. 


TECHNIQUE 44-63 


(HELENIUS ETAL.) 

■ Place the patient prone on a four-poster Relton 
frame. 

■ Make a posterior midline skin incision and develop the 
space bilaterally through the erector spinae muscles, 3 cm 
from the midline. Identify the L5 transverse process, the 
L5-S1 facet joint, and the sacral ala. 

■ Expose the posterior iliac wing through the same incision 
and obtain corticocancellous bone graft material. 

■ Open the L5-S1 facet joint with an osteotome and decor- 
ticate and curet the L5 transverse process and sacral ala. 
Place autogenous graft over the decorticated bone and 
impact it into the L5-S1 facet joint space. 

■ Close the fasciae on both sides as well as the subcuta- 
neous tissues and skin with running absorbable 
suture. 

■ Place the patient supine, with both hips extended and 
the lower extremities spread apart. Place a small bolster 
under the lumbar spine to obtain lumbar lordosis. A 


Trendelenburg position of the table helps to keep the 
abdominal contents cephalad to the operating area. 

■ Make a longitudinal midline incision from just caudal to 
the umbilicus to just cephalad to the symphysis pubis. 

■Open the fascia over the rectus abdominis muscle and 
develop the internervous plane between the abdominal 
muscles. 

■ After opening the peritoneum, extend the approach 
cephalad by cutting through the linea alba and packing 
the abdominal contents superiorly. Take care not to enter 
the dôme of the bladder caudally. 

■ Open the posterior peritoneum (Fig. 44-209A) and assess 
the anatomy of the iliac vessels. Usually, the presacral 
intervertébral dise can be approached between the great 
vessels. Protect the left iliac vein across the L5 vertébral 
body and caudal to the aortic bifurcation. 

■ With a forceps, use blunt dissection to expose the L5-S1 
dise. 

■ Identify the anterior longitudinal ligament and ligate the 
middle sacral artery. To help retract the iliac vessels, two 
Steinmann pins can be inserted on either side of the L5 
vertébral body. Try to preserve ail the parasympathetic 
nerve fibers in this area by approaching the dise space in 
the midline. 

■ Open the anterior longitudinal ligament horizontally, just 
cephalad to the L5-S1 dise space (Fig. 44-209B). The 
lower anterior lip of the L5 vertebra can be resected along 
the anterior longitudinal ligament to better expose the 
dise space. 

■ Carefully remove ail intervertébral dise material up to the 
posterior longitudinal ligament, as well as the ring 
apophysis on both sides. Préparé the endplates with 
curettage. 

■ Obtain two to three tricortical wedge-shaped bone grafts 
(15 mm anterior and 10 mm posterior dimension) from 
either anterior iliac wing. The length of this graft is 
approximately 20 mm but may vary some. The grafts 
must fit into the dise space as prepared (Fig. 44-209C). 
A moderate increase in dise height and proper patient 
positioning reduce the spondylolisthesis and lumbosacral 
kyphosis. Using three structural autogenous grafts pro¬ 
vides the best stability. 

■ In slips of nearly 100%, it may be necessary to increase 
the area for anterior spinal fusion. In these cases, an 
osteotomy of the sacrum may be necessary. Continue the 
release of the anterior ligament inferiorly, producing an 
osteoperiosteal flap over the SI vertébral body. Apply 
corticocancellous bone grafts beneath this flap to increase 
the area for anterior intervertébral fusion. 

■ Reattach the anterior longitudinal ligament with absorb¬ 
able sutures through osseous channels in the L5 
vertebra. 

■Close the posterior peritoneal and laparotomy incision 
(Fig. 44-209D). 

POSTOPERATIVE CARE. A postoperative custom- 
molded TLSO is worn, and the patient is allowed to 
mobilize 2 to 3 days after surgery. Bending, lifting, and 
sports are restricted for 3 to 6 months or until a solid 
fusion is obtained. 
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A f Posterior peritoneum opened and middle sacral artery ligated. B f Anterior longitudinal ligament opened, and 
small piece of bone removed from lower lip of L5. C f After discectomy, structural autogenous grafts placed. D f Anterior longitudinal 
ligament reattached through osseous channels and posterior peritoneal and laparotomy incisions are subsequently closed. (From Helenius 
I, Remes V, Poussa M: Uninstrumented in situ fusion for high-grade childhood and adolescent isthmic spondylolisthesis: long-term outcome, J Bone 
Joint Surg 90A:145, 2008.) SEE TECHNIQUE 44-63. 


TREATMENT OF SPONDYLOPTOSIS 


L5 VERTEBRECTOMY 

Spondyloptosis exists when the entire body of L5 on a 
latéral standing radiograph is totally below the top of SI. 
Gaines popularized a two-stage L5 vertebrectomy proce¬ 
dure for this difficult problem (Fig. 44-210). The objective 
is to restore sagittal plane balance to avoid nerve root 
damage from cauda equina and nerve root stretching 
during réduction. This is a challenging procedure and 
should be done only by surgeons experienced in the surgi- 
cal treatment of patients with high-grade isthmic dysplastic 
spondylolisthesis. 


TECHNIQUE 44-64 


(GAINES) 

■This technique is performed in two stages, during either 
a single anesthetic or two separate anesthetic 
procedures. 

■ In the first stage, perform an L5 vertebrectomy and total ly 
remove the L4-L5 and L5-S1 dises through a transverse 
abdominal incision (Fig. 44-21 IA). 

■ Excise the L5 body back to the base of the pedicles and 
control épidural bleeding with Gelfoam. 

■ Do not attempt réduction of the deformity at this time. 

■ Remove the caudal cartilage endplate of L4 after the L5 
vertebrectomy is completed. 
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A f Anterior approach for resection of L4-L5 dise, vertébral body of L5, and L5-S1 dise is made through incision 
extending transversely across both rectus abdominis muscles. Great vessels are mobilized latérally after being carefully identified, and 
structures to be resected are seen between bifurcation of vena cava and aorta. B f Preoperative and postoperative latéral radiograph. 
C, Radiographs of same patient 7 years later. Solid intertransverse fusion and interbody fusion are shown. Reconstructed L4-S1 inter¬ 
vertébral foramen is wide open on latéral radiograph. (A redrawn from and B and C from Gaines RW Jr: The L5 vertebrectomy approach for 
the treatment of spondyloptosis. In Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, ed 2, Philadelphia, 1997, Lippincott-Raven.) 
SEE TECHNIQUE 44-64. 
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■ For the second stage, place the patient prone. 

■ Through a posterior approach, remove the L5 pedicles, 
facets, and laminar arch bilaterally. 

■ Place the pedicle screws into L4 and SI. 

■ Clean the upper surface of the sacrum of the cartilage 
endplate, but preserve the cortical endplate for docking 
with the inferior endplate of L4. Bone from the vertebrec- 
tomy is left between the L4 and SI screws posterolaterally 
(Fig. 44-211B and C). L4 must touch SI directly after the 
réduction, and the L5 and SI nerve roots must both be 
free. Direct exposure of the L5 nerve roots and durai tube 
is the most important way to avoid serious iatrogénie 
injury to the cauda equina. 


KYPHOSCOLIOSIS 

MYELOMENINGOCELE 

Treatment of patients with myelomeningocele spinal defor- 
mities is the most challenging in spine surgery. It requires a 
team effort, with coopération of consultants in several sub- 
specialties. These children often hâve multiple System dys- 
functions that influence the treatment of their spinal 
deformity. 

■ INCIDENCE AND NATURAL HISTORY 

Scoliosis and kyphosis with secondary adaptive changes are 
common in patients with myelomeningocele. Spinal defor¬ 
mity may be the resuit of developmental deformities that are 
acquired and related to the level of paralysis or congénital 
deformities that are the resuit of vertébral malformation. 
Developmental and congénital forms of spinal deformity may 
exist concurrently in patients with myelomeningocele. These 
deformities often are progressive and can lead to significant 
disabilities. The incidence of scoliosis increases with increas- 
ing âge and neurologie level. Trivedi et al. found the preva- 
lence of scoliosis to be 93%, 72%, 43%, and less than 1%, 


respectively, in patients with thoracic, upper lumbar, lower 
lumbar, and sacral motor levels. Congénital scoliosis in 
myelomeningocele is associated with structural disorganiza- 
tion of the vertebrae with asymmetric growth and includes 
ail of the congénital anomalies associated with scoliosis: 
hemivertebrae, unilatéral unsegmented bars, and various 
combinations of the two. Congénital scoliosis occurs in 15% 
to 20% of patients with myelomeningocele, and most curves 
in myelomeningocele patients are paralytic. In these patients, 
the spine is straight at birth and gradually develops a progres¬ 
sive curvature because of the neuromuscular problems. These 
generally are long, C-shaped curves with the apex in the 
thoracolumbar or lumbar spine (Fig. 44-212). These paralytic 
curves often extend into the lumbosacral junction and often 
are associated with pelvic obliquity. In these children, spinal 
curvatures often develop at a younger âge than in children 
with idiopathic scoliosis, beginning at 3 to 4 years of âge, and 
can become severe before the patient is 10 years old. Future 
trunk growth and final trunk height are considérations in 
treatment, although Lindseth noted that children with myelo¬ 
meningocele hâve slow growth because of growth hormone 
deficiency and mature earlier than usual, often by 9 to 10 
years in girls and 11 to 12 years in boys. 

■ CLINICAL EVALUATION 

Thorough évaluation is critical for determining the appropri- 
ate management of patients with myelomeningocele and 
spinal deformity. The following areas are closely investigated: 
presence of hydrocephalus, any operative procedures for 
shunting, bowel and bladder function, frequency of urinary 
tract infections, use of an indwelling cathéter or intermittent 
catheterization, possible latex allergies, current médications, 
mental status, method of ambulation, level of the defect, any 
noticeable progression of the curve, and any lower extremity 
contractures. The spine is examined to détermine the type 
and flexibility of the deformity and to detect any evidence of 
pressure sores or lack of sitting balance. In patients with 
progressive paralytic scoliosis, hydromyelia, disturbed ven- 
tricular shunts, syringomyelia, tethered cord, or compression 



A and B f Congénital scoliosis in a patient with myelomeningocele; note C-shaped curve. C and D f After posterior 
fusion and instrumentation. 
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from an Arnold-Chiari syndrome may contribute to the 
progression of scoliosis. Most patients with myelomeningo- 
cele hâve radiographie tethering of the spinal cord at the site 
of the sac closure, but the mere presence of radiographie 
tethering does not necessarily imply traction on the cord. 
Other clinical signs and symptoms of cord tethering should 
be observed, including back pain, new or increased spasticity, 
changes in muscle strength, difficulty with gait, changes in 
bowel or bladder function, and the appearance of lower 
extremity deformities. 

Careful évaluation of any pelvic obliquity is necessary. 
Because patients with myelomeningocele are prone to devel¬ 
opment of contractures around the hips, careful physical 
examination of the hip adductors, extensors, and flexors is 
important in evaluating the cause of pelvic obliquity. Lubicky 
noted a difficult but unusual problem in some patients with 
myelomeningocele and extension contractures of the hips. In 
these patients, flexion through the thoracolumbar spine was 
needed for them to sit upright. Spinal fusion would make 
sitting impossible and would place significant mechanical 
stresses on the instrumentation (Fig. 44-213). Physiologie hip 
flexion should be restored in these patients before spinal 
instrumentation and fusion are undertaken. 

■ RADIOGRAPHIC FINDINGS 

Radiographs should be taken with the patient upright and 
supine. If the patient can ambulate, standing films should be 
made. If the patient is nonambulatory, sitting films should be 
made. The upright films allow better évaluation of the actual 
deformity of the spine and will demonstrate the contribution 
of the paralytic component to the spine deformity. Supine 
films show better detail of various associated spinal deformi¬ 
ties. The flexibility of the curves is determined with traction 
or bending films. 

Radiographie évaluation of the pelvic obliquity should 
include a supine view obtained with the hips in the “relaxed” 
position. In this view, the hips are flexed and abducted or 
adducted as dictated by the contractures. Alternatively, radio¬ 
graphs can be made with the patient prone and the hips off 
the edge of the radiographie table and placed in abduction or 
adduction (see Fig. 44-121). 

Various specialized radiographs are helpful. Myelography 
and MRI are useful for evaluating such conditions as hydro- 
myelia, tethered cord (Fig. 44-214), diastematomyelia, and 
Arnold-Chiari malformation. CT with reconstruction views 
will give better bone detail for associated congénital spine 
anomalies. Rénal ultrasound or intravenous pyelography 
should be done at regular intervals, according to the urolo- 
gisfis recommendation. 

■ SCOLIOSIS AND LORDOSIS IN 
MYELOMENINGOCELE 

I ORTHOTIC TREATMENT 

Although the natural history of paralytic curves in patients 
with myelomeningocele is not changed by orthotic treatment, 
bracing may be useful to delay spinal fusion until adéquate 
spinal growth has occurred. Bracing may accomplish this in 
paralytic curves but does not affect congénital curves. The 
brace also can improve sitting balance and free the hands for 
other activities. Custom-fitted braces are used but require 
close and frequent observation by the parents. The skin must 
be examined frequently for pressure areas; any sign of 


pressure requires immédiate brace adjustment. Bracing 
usually is not instituted until the curve is beginning to cause 
clinical problems, and generally it is worn only when the 
patient is upright. If the curve fails to respond to bracing or 
if bracing becomes impossible because of pressure sores or 
noncompliance, surgery is indicated. The patient and the 
parents need to understand that the brace is not the definitive 
treatment of these curves. 

Flynn et al. reported that VEPTR is a reasonable treat¬ 
ment option for spinal deformity in immature, nonambula¬ 
tory myelomeningocele patients for correcting spinal 
deformity, allowing spinal growth, and maintaining adéquate 
respiratory function until definitive fusion is needed. 

I OPERATIVE TREATMENT 

Several authors hâve indicated that surgery on the myelome¬ 
ningocele spine is accompanied by potentially serious com¬ 
plications. Although the operative procedures varied 
considerably in these reports, some observations could be 
made. Because of densely scarred and adhèrent soft tissue, 
spinal exposure often is lengthy and hémorrhagie. The defor¬ 
mity offen is rigid, and correction may be limited. The quality 
of the bone often provides poor fixation for instrumentation 
Systems, and the inadequacy of the posterior bone mass 
provides a poor bed for bone graffing. The lack of normal 
posterior vertébral éléments makes instrumentation and 
achieving a solid fusion difficult. The abnormal placement of 
the paraspinal muscles results in the lack of usual soft-tissue 
coverage of the spine and instrumentation Systems. Newer 
techniques of surgery and instrumentation, bank bone, and 
prophylactic antibiotics hâve lessened but not eliminated 
these problems. The parents must be aware of these potential 
problems before surgery and must accept these as inhérent in 
the operative treatment. 

Emans et al. called attention to the problem of latex 
allergy in patients with myelomeningocele. Repeated expo- 
sures to latex during daily catheterization and multiple opera¬ 
tions most likely accounts for sensitization of these patients 
to natural latex. The allergy is to the residual plant proteins 
in natural latex products and is an immunoglobulin E- 
mediated, immédiate type of hypersensitivity. Anaphylaxis 
may occur intraoperatively and easily can be confused with 
other intraoperative emergencies. Patients with myelomenin¬ 
gocele should be closely questioned about any preoperative 
reactions to latex. Latex allergy testing can now be performed. 
We routinely treat ail patients with myelomeningocele as if 
they hâve a latex allergy. 

Congénital abnormalities that cause scoliosis in patients 
with myelomeningocele are treated in the same manner as in 
other patients with congénital scoliosis with early operative 
intervention. Paralytic scoliosis is more common than con¬ 
génital scoliosis, and lordoscoliosis is the most common type. 
The combined anterior and posterior fusion method provides 
the best chance to achieve a durable fusion. Stella et al. also 
reported that the best correction was obtained in patients 
who had instrumented anterior and posterior fusions. High 
pseudarthrosis rates hâve been reported in patients with 
myelomeningocele and are related to the surgical approach, 
type, and presence of instrumentation or the use of a 
posterior-only approach. The reported pseudarthrosis rates 
are 0% to 50% for anterior fusion, 26% to 76% for isolated 
posterior fusion, and 5% to 23% for combined anterior and 
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Thoracic-level myelomeningocele in 16-year-old boy who had progressive scoliosisand underwent anterior interbody 
fusion and posterior Luque instrumentation. Unfortunately, he had extremely poor hip flexion. Three years later, he had increasing 
deformity. Anteroposterior (A) and latéral (B) radiographs at time of présentation show broken rods and severe kyphotic deformity. 
Pseudarthrosis provided flexion for sitting because hips could not. Anteroposterior (C) and latéral (D) radiographs after révision of 
pseudarthrosis anteriorly and posteriorly. After these procedures and during same hospitalization, patient underwent fémoral shorten- 
ing ostéotomies, which allowed him to sit properly and prevented stress on instrumentation (E). (From Lubicky JP: Spinal deformity in 
myelomeningocele. In Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, ed 2, Philadelphia, 1997, Lippincott-Raven.) 


posterior fusions. Infection rates hâve approached 43% and 
are highest when surgery is performed with concurrent 
urinary tract infections. Preoperative urinary cultures are 
mandatory, as is treatment with antibiotics preoperatively 
and postoperatively. Prophylactic antibiotic use has reduced 
the infection rate to 8%. 

Sélection of Fusion Levels. The levels of fusion dépend 
on the âge of the child, location of the curve, level of paralysis, 
ambulatory status, and presence or absence of pelvic obliquity. 
Spinal fusion generally should extend from neutral vertebra 


to neutral vertebra, with the end vertebra of the scoliotic 
curve located within the stable zone. Paralytic curves often 
tend to be fused too short, especially proximally. In deciding 
whether to stop the fusion short or long, the longer fusion 
usually is safer. In the past, instrumentation was extended to 
the pelvis because déficient posterior éléments of the lumbar 
spine made adéquate fixation impossible. With pedicle screw 
fixation, fusion and instrumentation sometimes can be 
stopped short of the pelvis. Mazur et al. and Müller et al. 
showed that spinal fusion to the pelvis in ambulatory patients 
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MRI shows tethered cord at L3 in patient with 


kyphoscoliosis. 


diminished their ambulatory status. They therefore recom- 
mended fusion short of the pelvis, if possible, in ambulatory 
patients. Ending the fusion above the pelvis éliminâtes the 
stresses on the instrumentation and fusion areas at the lum- 
bosacral junction and allows some motion for adjustment of 
lordosis in those who hâve mild hip flexion contractures. In 
nonambulatory patients, unless the lumbar curve can be 
corrected to less than 20 degrees and the pelvic obliquity to 
less than 15 degrees, the scoliosis will continue to progress if 
the lumbosacral junction is not fused. 

Attention to the sagittal contour is extremely important. 
Even in a nonambulatory patient, maintenance of lumbar 
lordosis is important. If the lumbar lordosis is flattened, the 
pelvis rotâtes and much of the sitting weight is placed directly 
on the ischial tuberosities; this can resuit in the development 
of pressure sores. 

Anterior-Only Fusion. Sponseller et al. recommended 
anterior fusion and instrumentation alone in selected patients 
with myelomeningocele and paralytic scoliosis. Their indica¬ 
tions for this procedure include thoracolumbar curves of less 
than 75 degrees, compensatory proximal curves of less than 
40 degrees, no significant kyphosis in the primary curve, and 
no evidence of syrinx. Fourteen patients were treated with 
this technique. A rod and vertébral body screw construct was 
used most frequently anteriorly. A decrease in quadriceps 
strength was noted immediately affer surgery in two patients, 
and it was hypothesized that the amount of correction 
achieved with the anterior instrumentation Systems was so 
great that traction was placed on the cord. Intraoperative 
monitoring of quadriceps function may be needed in these 
patients. 


POSTERIOR INSTRUMENTATION 
AND FUSION 

Posterior instrumentation and fusion alone has been 
reserved for flexible curves with most of the posterior 


éléments intact so that adéquate fixation can be obtained 
with pedicle screws. However, the curve must be flexible 
and correction must allow almost normal coronal and sagit¬ 
tal balance. Posterior-only instrumentation and fusion has 
been associated with the highest pseudarthrosis rates. 


TECHNIQUE 44-65 


■ Place the patient prone on a radiolucent frame. 

■ Préparé and drape the back in a stérile manner. 

■ Make a midline incision from the area of the superior 
vertebra to be instrumented down to the sacrum. 

■ In the area of the normal spine, carry out subperiosteal 
dissection. An inverted-Y incision has been described to 
prevent exposure of the sac in the midline, but we hâve 
had difficulty with skin necrosis with use of this technique 
and hâve had better results with a midline incision that 
follows the scarred area of the skin posteriorly and careful 
dissection around the sac in the midline area. 

■ Make the skin incision carefully because the durai sac is 
just beneath the skin. If a durai leak is noted, repair it 
immediately. 

■ Carry the dissection laterally over the convex and 
concave facet areas and down to the ala of the sacrum 
(Fig. 44-215A) to expose the area of normal spine to be 
fused and the bony éléments in the région of the abnor¬ 
mal sac area. 

■ Hooks, pedicle screws, or sublaminar wires can be used 
to instrument the normal vertebra above the sac area. 

■ In the area of the defect, attempt to achieve segmentai 
fixation. Pass a wire around a pedicle and twist it on itself 
to secure fixation (Fig. 44-215B). Pass wires on both the 
concave and the convex sides of the curve. Because these 
pedicles often are osteoporotic, take care in tightening 
the wires so that they do not "eut through." 

■ On the concave side of the curve, distraction can help 
correct pelvic obliquity. 

■ If the iliac wing is large enough to accept the Galveston 
fixation, make a Galveston bend in short rods and insert 
the short rods in the iliac crests. Alternative^, an iliac 
screw with connectors can be used. 

■ Connect two longer rods to the spine with the segmentai 
wires and connect the long rods to the Galveston-type 
rods with domino-type crosslinks (see Technique 44-37). 

■ Alternative^, if the iliac wings are too small, use the 
McCarthy technique (see Technique 44-36). Take care to 
preserve normal lumbar lordosis and secure the rods in 
place by tightening the segmentai wires. 

■ Apply copious bone-bank allograft to any areas of bony 
structures posteriorly. 

■ It is important to link the two rods with a crosslink System. 


■ COMBINED ANTERIOR AND 
POSTERIOR FUSION 

The most commonly required procedure for progressive 
scoliosis in patients with myelomeningocele combines 
anterior and posterior fusions with posterior instrumenta¬ 
tion. Posterior instrumentation consists of a standard rod 
with hooks, pedicle screws, sublaminar wires, or cables, or 
a combination of these in the areas of normal posterior 
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Correction of scoliosis in myelomeningocele. A f Spinal exposure; durai sac is not dissected. B f Sublaminar wires placed 
in normal spine; in area of spina bifida, wires encircle pedicle for segmentai fixation. SEE TECHNIQUE 44-65. 



CT scan shows abnormal pedicle orientation in 
dysraphic vertebra. (From Rodgers WB, Frim DM, Emans JB: Surgery 
of the spine in myelodysplasia: an overview, Clin Orthop Relat Res 
338:19, 1997.) 


éléments. The hooks and pedicle screws allow distraction or 
compressive forces to be applied, and the wires or cables allow 
a translational force to be applied. The wires or cables also 
hâve the advantage of distributing the corrective forces over 
multiple vertébral levels and providing secure fixation of ail 
instrumented levels. 

The absence of posterior éléments in the dysraphic 
portion of the spine makes fixation more of a problem, so 
various instrumentation Systems need to be available (Fig. 
44-216). Rodgers et al. noted that pedicle screws greatly 
improved fixation and correction of the dysraphic portion of 
the spine. In widely dysraphic vertebrae, the orientation and 
landmarks of the pedicle are altered (Fig. 44-217), and direct 
viewing of the pedicle is necessary to insert pedicle screws in 
these areas. The pedicle is exposed either by resection of a 
sufficient amount of facet or by dissection along the médial 
wall of the spinal canal and retraction of the meningocele sac 
to identify the médial wall of the pedicle. During probing of 
the pedicle, remaining within the cortices of the pedicle is 
impérative. The pedicle screws do not necessarily need to 
penetrate the anterior vertébral cortex. In the dysraphic spine, 
the pedicle screws often hâve to be inserted at an angle from 
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Diagram shows alteration in anatomie rela- 
tionship of pedicle-transverse process. 



latéral to médial (Fig. 44-218). Tfiis requires spécial attention 
to rod contouring to attach the rod to the screw because of 
the latéral position of the screw head. The small vertébral 
bodies and ostéopénie bone often make the purchase of 
pedicle screws questionable. 

Two other techniques for fixation of the dysraphic spine 
can be used. Drummond spinous process button wires can be 
passed through laminar remnants (Fig. 44-219), or segmentai 
wires can be looped around each pedicle. When Drummond 
button wires are used, the dysraphic laminae are exposed 
and dissection is done between the sac and the adjacent 
laminae while the sac is carefully retracted medially. A hole 
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is placed through the strongest available portion of the 
laminar remnant, and the wire is passed from médial to 
latéral, leaving the button on the inner surface of the lamina. 
Segmentai wires can be looped around each pedicle by 
passing from one foramen around the pedicle and other 
posterior remnants médial to the pedicle and then back 
through the next foramen and back to the original wire. The 
passage of these wires usually is blind. The wires then attach 
to the rod. The wire also can be looped around a pedicle bone 
screw if it is difficult to contour the rod to easily fit in the 
screw (see Fig. 44-215A and B). 

Instrumentation to the pelvis frequently is necessary to 
correct associated pelvic obliquity in nonambulatory chil- 
dren. Fixation to the pelvis and sacrum is especially difficult 
in children with myelomeningocele because the bone offen is 
osteoporotic and the pelvis is small, making secure instru¬ 
mentation difficult. The stresses placed on distal fixation in 
scoliosis tend to displace sacral or sacropelvic instrumenta¬ 
tion laterally. If there is associated kyphosis, these forces tend 
to displace sacral or pelvic instrumentation dorsally. 

Several techniques hâve been described for extending 
fixation to the pelvis, including Galveston, Dunn-McCarthy, 
Jackson, Fackler, sacral bar, and pedicle screws. Our preferred 
technique for pelvic fixation in patients with paralytic scolio¬ 
sis is the Galveston technique (see Technique 44-37). We 



Diagram of Wisconsin button wire fixation of 


dysraphic vertebra. 


believe this provides the most secure pelvic fixation for sco- 
liotic curves. However, many patients with myelomeningocele 
hâve hypoplastic iliac crests, and in these patients, L-rods are 
fixed to the sacrum with the technique described by McCar¬ 
thy (see Technique 44-36). This technique does not restrict 
latéral displacement as well as the Galveston intrapelvic fixa¬ 
tion does, but crosslinking of the two rods may help decrease 
latéral displacement. Once the two rods are crosslinked, 
pelvic obliquity can be corrected by cantilevering the cross¬ 
linked rods. The Jackson intrasacral rod technique consists of 
inserting the rods through the latéral sacral mass and into the 
sacrum. The rod then pénétrâtes the antérolatéral cortex and 
usually is attached to a sacral screw, providing fixation in 
flexion and extension. The anatomy of the sacrum in patients 
with myelomeningocele makes this technique quite difficult. 
Widmann et al. described a technique using a sacral bar con- 
nected to standard Cotrel-Dubousset-like rods in 10 patients 
and found it to be effective (Fig. 44-220). Pelvic fixation by 
sacral pedicle screws is not reliable in these small ostéopénie 
patients. 

In patients who are treated with combined anterior and 
posterior fusion, the necessity for anterior instrumentation is 
controversial. One study found no statistical différences in 
fusion rate, curve correction, or change in pelvic obliquity 
with anterior and posterior instrumentation and fusion 
compared with anterior arthrodesis with only posterior 
instrumentation and fusion. However, other studies hâve 
reported better correction and a decrease in the rate of 
implant failure and postoperative loss of correction with 
instrumented anterior and posterior fusions. If anterior 
instrumentation is used, care must be taken to not cause a 
kyphotic deformity in the instrumented spine. 

■ KYPHOSIS IN MYELOMENINGOCELE 
I INCIDENCE AND NATURAL HISTORY 

Kyphosis in patients with myelomeningocele may be either 
developmental or congénital. Developmental kyphosis is not 
présent at birth and progresses slowly. It is a paralytic kyphosis 
that is aggravated by the lack of posterior stability. Congénital 
kyphosis, which is a much more difficult problem, usually 
measures 80 degrees or more at birth. The level of the lésion 
usually is T12 with total paraplegia. The kyphosis is rigid 
and progresses rapidly during infancy. Children with severe 




A, Correct passage of sacral bar through body of sacrum, posterior to great vessels and anterior to spinal canal. 
B, Connection between sacral bar and vertical rods. 
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kyphosis are unable to wear braces and often hâve difficulty 
sitting in wheelchairs because the center of gravity is displaced 
forward. An ulcération may develop over the prominent 
kyphosis and make skin coverage difficult. Progression of the 
kyphosis may lead to respiratory difficulty because of incom¬ 
pétence of the inspiratory muscles, crowding of the abdominal 
contents, and upward pressure on the diaphragm. Increased 
flexion of the trunk can interfère with urinary drainage and 
also may cause problems if urinary diversion or ileostomy 
becomes necessary. 

Hoppenfeld described the anatomy of this condition and 
noted that the pedicles are widely spread and the rudimentary 
laminae actually are everted. The anterior longitudinal liga¬ 
ment is short and thick. The paraspinal muscles are présent 
but are displaced far anterolaterally (Fig. 44-221); thus, ail 
muscles act anterior to the axis of rotation, which tends to 
worsen the kyphosis. 

I OPERATIVE TREATMENT 

Apical vertébral ostectomy, as proposed by Sharrard, makes 
closure of the skin easier in neonates but provides only short- 
term improvement, and the kyphotic deformity invariably 
recurs. Crawford et al. reported kyphectomies performed at 
the time of durai sac closure in the neonate. They found this 
to be a safe procedure with excellent initial correction. 
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A f Sagittal diagram showing deforming effect 
of psoas muscle on kyphosis. B f Transverse section of lumbar spine 
and attached muscles in région of kyphosis. Pedicles and laminae 
of vertebrae are splayed laterally; erector spinae muscles enclosed 
in thoracolumbar fascia lie latéral to vertébral bodies and act as 
flexors. 


Eventual récurrence is expected despite the procedure. The 
récurrence, however, is a longer, more rounded deformity 
that is technically less demanding to correct. Lindseth and 
Selzer reported vertébral excision for kyphosis in children 
with myelomeningocele. Their most consistent results were 
obtained with partial resection of the apical vertebra and the 
proximal lordotic curve, which was done in 12 patients. If 
only the apical vertebra and other vertebrae on either side 
were excised, correction of the kyphotic prominence was lost. 
Others hâve found that the Warner and Fackler type of sacral 
anchoring (see Fig. 44-223) provides a rigid construct, good 
correction, and low-profile instrumentation. That has also 
been our expérience and is our preferred method of sacral 
anchoring in kyphectomies. Other techniques using a Dunn- 
McCarthy technique, intrasacral fixation, and pedicle screws 
also hâve been described. The optimal instrumentation and 
distal fixation technique is yet to be determined. 

Although ail severe congénital kyphoses in patients with 
myelomeningocele progress, not ail patients require surgery. 
Kyphectomy is indicated to improve sitting balance or when 
skin problems occur over the apex. The trend is to delay 
surgery until the patient is 7 or 8 years of âge, if possible. The 
surgery should be done before skeletal maturity, however. 
Delaying the surgery allows more secure internai fixation 
with less postoperative loss of correction. 

Sarwark reported a subtraction osteotomy of multiple 
vertebrae at the apex, which créâtes lordosing ostéotomies at 
each level. The vertébral body is entered and subtracted via 
the pedicles with a curet, distal to proximal. A closing oste¬ 
otomy is done posteriorly to obtain correction. The spine is 
instrumented from the midthoracic level to the sacrum. The 
reported advantages include less blood loss, decreased mor- 
bidity, no need for cordotomy, and continued growth because 
the endplates are not violated. 


VERTEBRAL EXCISION AND 
REDUCTION OF KYPHOSIS 


TECHNIQUE 44-66 


(LINDSETH AND SELZER) 

■ Use a midline posterior incision (Fig. 44-222A), which can 
be varied somewhat, depending on local skin 
conditions. 

■ Expose subperiosteally the more normal vertebrae supe- 
riorly and the area of the abnormality, continuing the 
exposure past the latéral bony ridges. 

■ At this point, remove the sac. 

■ Dissect inside the lamina until the foramina are exposed 
on each side of the spine. 

■ Expose, divide, and coagulate the nerve, artery, and vein 
within each foramen, exposing the sac distally where it is 
scarred down and thin. 

■ At its distal level, cross-clamp the sac with Kelly clamps 
and divide it between the clamps (Fig. 44-222B). 

■ Close the scarred ends with a running stitch. Dissect the 
sac proximally. 

■ As this proximal dissection is done, large venous channels 
connecting the sac to the posterior vertébral body will be 
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Technique of vertébral excision (Lindseth and Selzer). A f Patient positioning. B f Exposure of area of kyphosis and 
durai sac. C f Sac is divided distally and dissected proximally. D f Vertebrae between apex of lordosis and apex of kyphosis are removed. 
E f Kyphosis is reduced. F f Réduction is maintained with stable internai fixation (in this instance, with Luque rods and segmentai wires). 

SEE TECHNIQUE 44-66. 


encountered; control the bleeding from the bone with 
bone wax and from the soft tissue with electrocautery. 

■ Dissect the sac up to the level of the dura that appears 
more normal (Fig. 44-222C). 

■The sac can be transected at this point. If this is done, 
close the dura with a purse-string suture. Do not suture 
the cord itself shut, but leave it open so that the spinal 
fluid can escape from the central canal of the cord into 
the arachnoid space. 

■ If the sac is not removed, it can be used at the completion 
of the procedure to further cover the area of the resected 
vertebra. 

■ Once the sac has been reflected proximally, continue 
dissection around the vertébral bodies, exposing only the 
area to be removed. If the entire kyphotic area of the 


spine is exposed subperiosteally, osteonecrosis of these 
vertébral bodies may occur. 

■ Remove the vertebrae between the apex of the lordosis 
and the apex of the kyphosis (Fig. 44-222D). Remove the 
vertebra at the apex of the kyphosis first by removing the 
intervertébral dise with a Cobb elevator and curets. Take 
care to leave the anterior longitudinal ligament intact to 
act as a stabilizing hinge. 

■ Once this vertebra has been removed, temporarily correct 
the spine to détermine how many cephalad vertebrae 
should be removed. Remove enough vertebrae to correct 
the kyphosis as much as possible but not so many that 
approximation is impossible (Fig. 44-222E). 

■ Morselization of these vertébral bodies provides additional 
bone graft. 
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A-D f Anterior fixation of kyphotic deformity in patients with myelomeningocele. (From Warner WC Jr, Fackler CD: 
Comparison of two instrumentation techniques in treatment of lumbar kyphosis in myelodysplasia, J Pediatr Orthop 13:704, 1993.) SEE TECHNIQUE 
44-66. 


■ Many techniques hâve been described for fixation of the 
kyphotic deformity, but L-rod instrumentation to the 
pelvis with segmentai wires is our preferred method (Fig. 
44-222F). The distal end of the rod can be contoured. We 
prefer to use a prebent, right-angled rod and pass the 
bend through the SI foramen rather than around the ala 
of the sacrum. This is the method of Warner and Fackler 
(Fig. 44-223). 


■ Move the distal segment to the proximal segment and 
tighten the segmentai wires. 

POSTOPERATIVE CARE. If fixation is secure, the patient 
may be mobilized in a wheelchair as tolerated. Some 
patients in whom the bone is too osteoporotic and the 
stability of internai fixation is in doubt may be kept at bed 
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rest or may require postoperative custom bracing. The 
fusion usually is solid in 6 to 9 months. 

The postoperative care of these patients requires close 
observation by ail subspecialty consultants involved. 
Postoperative infections, urinary tract problems, skin 
problems, and pseudarthrosis are frequent. The improved 
function, however, and the prévention of progression of 
the kyphosis make surgery worth the risks. 


Paralytic kyphosis is treated with more standard tech¬ 
niques. When surgery becomes necessary, anterior fusion 
over the area of the apex and ail levels of déficient posterior 
éléments is done. This is followed by posterior fusion and 
instrumentation. 

SACRAL AGENESIS 

Sacral agenesis is a rare lésion that often is associated with 
maternai diabètes mellitus. Renshaw postulated that the 
condition is teratogenically induced or is a spontaneous 
genetic mutation that prédisposés to or causes failure of 
embryonic induction of the caudal notochord sheath and 
ventral spinal cord. The dorsal ganglia and the dorsal (sensory) 
portion of the spinal cord continue to develop. The vertebrae 
and motor nerves are not subsequently induced, and the 
sacral agenesis results. Sensation remains intact because the 
dorsal ganglia and the dorsal portion of the spinal cord hâve 
been derived from the neural crest tissue. This disturbance in 


the normal sequence of development explains the observa¬ 
tion that the lowest vertébral body with pedicles corresponds 
closely to the motor level, whereas the sensory level is distal 
to the motor level. 

Renshaw proposed the following classification: type I, 
either total or partial unilatéral sacral agenesis (Fig. 44-224A); 
type II, partial sacral agenesis with partial but bilaterally 
symmetric defects and a stable articulation between the ilia 
and a normal or hypoplastic SI vertebra (Fig. 44-224B); type 
III, variable lumbar and total sacral agenesis with the ilia 
articulating with the sides of the lowest vertebra présent (Fig. 
44-224C); and type IV, variable lumbar and total sacral 
agenesis with the caudal endplate of the lowest vertebra 
resting above either fused ilia or an iliac amphiarthrosis (Fig. 
44-224D). Type II defects are most common, and type I are 
least common. Types I and II usually hâve a stable vertebral- 
pelvic articulation, whereas types III and IV produce instabil- 
ity and possibly a progressive kyphosis. 

The clinical appearance of a child with sacral agenesis 
ranges from one of severe deformities of the pelvis and lower 
extremities to no deformity or weakness whatsoever. Those 
with partial sacral or coccygeal agenesis may hâve no symp- 
toms. Those with lumbar or complété sacral agenesis may be 
severely deformed, with multiple musculoskeletal abnormali- 
ties, including foot deformities, knee flexion contractures 
with popliteal webbing, hip flexion contractures, dislocated 
hips, spinal-pelvic instability, and scoliosis. The posture of the 
lower extremities has been compared with a “sitting Buddha” 
(Fig. 44-225). Anomalies of the viscera, especially in the 
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Types of sacral agenesis. A f Type I, total or partial unilatéral sacral agenesis. B f Type II, partial sacral agenesis with 
partial, bilateral symmetric defects in stable articulation between ilia and normal or hypoplastic SI vertebra. C f Type III, variable lumbar 
and total sacral agenesis; ilia articulate with lowest vertebra. D, Type IV, variable lumbar and total sacral agenesis; caudal endplate of 
lowest vertebra rests above fused ilia or iliac amphiarthrosis. 
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Severe knee flexion contractures with popli- 
teal wedging and hip flexion deformities or contractures in chil- 
dren with lumbosacral agenesis resuit in the "sitting Buddha" 
position. 


genitourinary System and the rectal area, are common. 
Inspection of the back reveals a bone prominence represent- 
ing the last vertébral segment, often with gross motion 
between this vertébral prominence and the pelvis. Flexion 
and extension may occur at the junction of the spine and 
pelvis rather than at the hips. 

Neurologie examination usually reveals intact motor 
power down to the level of the lowest vertébral body that has 
pedicles. Sensation, however, is présent down to more caudal 
levels. Even patients with the most severe involvement may 
hâve sensation to the knees and spotty hypesthesia distally. 
Bladder and bowel control often is impaired. 

■ TREATMENT 

Phillips et al. reviewed the orthopaedic management of 
lumbosacral agenesis and concluded that patients with partial 
absence of the sacrum only (types I and II) hâve an excellent 
chance of becoming community ambulators. Management 
of more severe deformities (types III and IV) is more 
controversial. 

Scoliosis is the most common spinal anomaly associated 
with sacral agenesis. No corrélation has been found between 
the type of defect and the likelihood of scoliosis. Scoliosis 
may be associated with congénital anomalies, such as hemi- 
vertebra, or with no obvious spinal abnormality above the 
level of the vertébral agenesis. Progressive scoliosis or kypho- 
sis requires operative stabilization as for similar scoliosis 
without sacral agenesis. 

The treatment of spinal-pelvic instability is more contro¬ 
versial. Perry et al. noted that the key to réhabilitation of a 
patient with an unstable spinal-pelvic junction is establish¬ 
ment of a stable vertebral-pelvic complex around which lower 
extremity contractures can be stretched or operatively 
released. Renshaw also emphasized that patients with type III 
or type IV defects must be observed closely for signs of 
progressive kyphosis. If progressive deformity is noted, he 
recommended lumbopelvic arthrodesis as early as is consis¬ 
tent with successful fusion. In his sériés, fusion was done in 



Clinical Criteria for Diagnosis of 
Neurofibromatosis 


For the diagnosis of neurofibromatosis to be rnade, two of 

the following features are necessary: 

■ A minimum of six café au lait spots larger than 1.5 cm in 
diameter in a postpubertal patient and larger than 5 mm 
in diameter in prepubertal patients 

■ Two or more neurofibromas of any type or one plexiform 
neurofibroma 

■ Freckling in the inguinal or axillary régions 

■ Optic glioma 

■ Two or more iris Lisch nodules by slit-lamp examination 

■ A distinctive osseous lésion 

■ A first-degree relative with a definitive diagnosis of 
neurofibromatosis 


patients 4 years of âge or older. Ferland et al. reported suc¬ 
cessful spinopelvic fusion using vascularized rib grafts, with 
good outcomes in their patients. Phillips et al., however, 
found that spinal-pelvic instability was not a problem in 18 
of the 20 surviving patients at long-term follow-up. Others 
noted an actual decrease in the ability to sit after stabilization 
of the lumbopelvic area. Proper care of patients with sacral 
agenesis is best provided by a treatment team, including an 
orthopaedic surgeon, urologist, neurosurgeon, pediatrician, 
physical therapist, and orthotist-prosthetist. 


UNUSUAL CAUSES OF SCOLIOSIS 

NEUROFIBROMATOSIS 

Neurofibromatosis is a hereditary hamartomatous disorder of 
neural crest dérivation. These hamartomatous tissues may 
appear in any organ System of the body. The most widely 
described clinical forms of neurofibromatosis are the periph- 
eral (NF1) and central (NF2) types. 

The classic neurofibromatosis (NF1) described by von 
Recklinghausen is an autosomal dominant disorder that 
affects approximately 1 in 4000 people. Patients with NF1 
develop Schwann cell tumors and pigmentation abnormali- 
ties. Orthopaedic problems are frequent in patients with this 
type of neurofibromatosis, with spinal deformity being the 
most common. 

Central neurofibromatosis (NF2) also is an autosomal 
dominant disorder; however, it is much less common. It is 
characterized by bilateral acoustic neuromas. NF2 usually 
does not hâve any bone involvement or orthopaedic 
manifestations. 

The diagnosis of NF1 is based on clinical criteria (Box 
44-13). Scoliosis is the most common osseous defect associ¬ 
ated with neurofibromatosis. Studies hâve reported spinal 
disorders in 10% to 60% of patients with neurofibromatosis. 

The spinal deformities of neurofibromatosis are of two 
basic forms: nondystrophic and dystrophie. Nondystrophic 
deformities mimic idiopathic scoliosis and behave accord- 
ingly; the neurofibromatosis seems to hâve little influence on 
the curve or its treatment. Functional scoliosis also may 
develop and is caused by a leg-length discrepancy resulting 
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A and B f Dystrophie scoliosis. C and D, After posterior thoracic fusion and instrumentation. 


from lower extremity hypertrophy or dysplasia of the long 
bones. Dystrophie scoliosis characteristically is a short- 
segment, sharply angulated curve with severe wedging of the 
vertébral bodies, severe rotation of the vertebrae, scalloping 
of the vertébral bodies, spindling of the transverse processes, 
foraminal enlargement, and rotation of the ribs 90 degrees in 
the anteroposterior direction that makes them appear abnor- 
mally thin. Rib pénétration into the spinal canal has even 
been reported. Curves with significant sagittal plane defor- 
mity are common in dystrophie scoliosis. Dystrophie curves 
usually progress without treatment in patients with neurofi- 
bromatosis. Lykissas et al. found that the presence of three or 
more dystrophie features was highly prédictive of curve 
progression and the need for operative stabilization (Fig. 
44-226). Neurofibromatosis kyphoscoliosis is characterized 
by acute angulation in the sagittal plane and striking defor- 
mity of the vertébral bodies near the apex. Paraplegia has 
been reported in patients with this type of kyphoscoliosis. 
Severe thoracic lordoscoliosis also has been described in 
patients with neurofibromatosis. 

■ MANAGEMENT OF NONDYSTROPHIC CURVES 

Nondystrophic curves hâve the same prognosis and évolution 
as do idiopathic curves, except for a higher risk of pseudar- 
throsis after operative fusion. Dystrophie vertébral body 
changes may develop over time in nondystrophic curves. A 
spinal deformity that develops before 7 years of âge should 
be observed closely for potential evolving dystrophie features 
(modulation). If the curve then acquires either three penciled 
ribs or a combination of three dystrophie features, clinical 
progression is almost a certainty. The general guidelines for 
treating nondystrophic curves are the same as for idiopathic 
curves other than watching closely for any modulation. 
Curves of less than 20 to 25 degrees are observed; if no dys¬ 
trophie changes occur, a brace is prescribed when the defor¬ 
mity progresses to 30 degrees. If the deformity exceeds 40 to 
45 degrees, a posterior spinal fusion with segmentai instru¬ 
mentation will produce results similar to those obtained in 
patients with idiopathic scoliosis. Also common in these 
patients are spinal canal neurofibromas, which may grow and 
cause pressure-induced dysplasia of the canal. CT myelogra- 
phy or MRI should be done before surgery to rule out the 
presence of any intraspinal canal neurofibroma. 


■ MANAGEMENT OF DYSTROPHIC SCOLIOSIS 

Brace treatment is probably not indicated for the typical 
dystrophie curve of neurofibromatosis. Appropriate operative 
treatment is determined by the presence or absence of a 
kyphotic deformity and by the presence or absence of neuro¬ 
logie déficits. 

Before operative treatment of dystrophie curves in 
patients with neurofibromatosis, the presence of an intraspi¬ 
nal lésion, such as pseudomeningocele, durai ectasia, or 
intraspinal neurofibroma (dumbbell tumor), should be ruled 
out. Impingement of these lésions against the spinal cord has 
been reported to cause paraplegia after instrumentation of 
these curves. MRI or complété high-volume CT myelography 
in the prone, latéral, and supine positions should be done 
before operative treatment. Although myelography is adéquate 
to evaluate the presence of intraspinal tumors or durai ectasia, 
MRI is better to evaluate displacement of the cord, subarach- 
noid extent of neurofibroma, or anterior abnormalities; 
however, MRI may be inadéquate for the severe kyphoscoli- 
otic deformity associated with dystrophie kyphoscoliosis, and 
high-volume computed myelography offen is necessary. In a 
study by Ramachandran et al., 37% of patients in both the 
nondystrophic and dystrophie groups were found to hâve 
intraspinal and paraspinal neurofibromas. Significantly more 
tumors were identified adjacent to the convexity of the curve 
in the dystrophie group. Routine neural axis MRI évaluation 
in patients with NF1 and spinal deformity should be per- 
formed, particularly if surgical intervention is planned. 

■ SCOLIOSIS WITHOUT KYPHOSIS 

Patients with dystrophie scoliosis without kyphosis should be 
observed at 6-month intervals if the curve is less than 20 
degrees. As soon as the progression of the curve is noted, a 
posterior spinal fusion should be done. If this fusion is done 
before the curve becomes too large, anterior fusion will not 
be necessary (Fig. 44-227). Traditionally, combined anterior 
and posterior fusion is recommended unless there are con- 
traindications to the anterior approach (e.g., patients with 
anterior neurofibromas, excessive venous channels, poor 
medical condition, or thrombocytopenia caused by splenic 
obstruction by a fibroma or peculiar anatomie configura¬ 
tions). However, more recent studies hâve suggested that 
posterior fusion alone can stabilize curves less than 90 
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degrees. Curves with kyphosis or with the apex below T8 
should be considered for combined anterior and posterior 
fusion to decrease the rate of pseudarthrosis and curve pro¬ 
gression. Segmentai hook or screw instrumentation Systems 
provide correction and permit ambulation with or without 
postoperative bracing. Sublaminar wires can be used to 
augment the instrumentation, particularly at the proximal 
end of the construction and across the apex of the curve. If 
instrumentation is tenuous, bracing should be used. The 
fusion mass must be followed carefully. If there is any ques¬ 
tion as to the status of the fusion mass, the surgical area is 
explored 1 year affer surgery and additional autogenous bone 
graffing is done. Similarly, if progression of more than 10 
degrees occurs, the fusion mass is explored and reinforced. 

■ KYPHOSCOLIOSIS 

Patients with dystrophie scoliosis and angular kyphosis hâve 
been shown to respond poorly to posterior fusion alone. 
Good results are obtained by combined anterior and posterior 
fusion. Reasons for fusion failure may include too little bone 
and too limited an area for fusion; therefore, Winter et al. 
recommended that the entire structural area of the deformity 
be fused anteriorly, with complété dise excision and strong 
strut grafts, preferably from the fibula, as well as rib and iliac 
crest grafts. Ideally, ail anterior grafts should be in contact 
throughout with other grafts or with the spine. Grafts sur- 
rounded by soft tissue tend to be resorbed in the midportion. 
Early diagnosis and treatment by combined anterior and 
posterior fusion with internai fixation, if possible, is recom¬ 
mended. If anterior fusion is necessary for kyphoscoliotic 
deformities, vascularized rib graft augmentation as described 
by Bradford (Fig. 44-228) may be considered. 

However, some authors hâve questioned the necessity of 
an anterior approach in ail dystrophie kyphoscoliotic curves. 
For smaller dystrophie scoliosis with kyphosis of less than 40 


degrees, posterior spinal instrumentation with arthrodesis is 
considered as soon as possible. The fusion mass should be 
explored at 1 year affer surgery or sooner if progression of 
more than 10 degrees occurs. 

■ KYPHOSCOLIOSIS WITH SPINAL 
CORD COMPRESSION 

Spinal cord or cauda equina compression caused by spinal 
angulation, rib pénétration, or tumor has been described. 
Cord compression caused by an intraspinal lésion must be 
distinguished from kyphotic angular cord compression by 
MRI or high-volume CT myelography in the prone, latéral, 
and supine positions. Patients with severe scoliosis without 
significant kyphosis and with evidence of paraplegia should 
be assumed to hâve an intraspinal lésion until proved other- 
wise. If cord compression is caused by kyphoscoliotic defor¬ 
mity, laminectomy is absolutely contraindicated. Removal of 
the posterior éléments adds to the kyphosis and also removes 
valuable bone surface for a posterior fusion. If spinal cord 
compression is minor and no intraspinal tumor is présent, 
halo-gravity traction can be used. The patients neurologie 
status must be monitored carefully even if the kyphosis is 
mobile. As the alignment of the spinal canal improves and the 
compression is eliminated, anterior and posterior fusions can 
be done without direct observation of the cord. However, 
significant cord compression in patients with severe structural 
kyphoscoliosis requires anterior cord décompression. Ante¬ 
rior strut graft fusion must be done with this décompression, 
and posterior fusion is done as a second stage. If a tumor 
causes spinal cord compression anteriorly, anterior excision, 
spinal cord décompression, and fusion are indicated. If the 
lésion is posterior, a hemilaminectomy with tumor excision 
may be necessary. Instrumentation and fusion should be 
done at the time of décompression to prevent a rapidly 
increasing kyphotic deformity and neurologie injury. 
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■ POSTOPERATIVE MANAGEMENT 

Patients with nondystrophic curves are managed the same as 
those with idiopathic curves. If, however, the instrumentation 
is tenuous, casting or bracing is used. However, patients with 
dystrophie scoliosis should be considered for immobilization 
in a cast or brace until fusion is évident on anteroposterior, 
latéral, and oblique radiographs. Exploration of the fusion 
mass at 6 to 12 months affer surgery may be necessary in 
dystrophie curves, and prolonged immobilization offen is 
needed. Even affer the fusion is solid, the patient should be 
observed annually to be certain that no érosion of the fusion 
mass is occurring. 

■ COMPLICATIONS OF SURGERY 

In addition to the complications inhérent in any major spinal 
surgery, several complications are related to the neurofibro- 
matosis. Plexiform venous anomalies can be présent in the 
soft tissues surrounding the spine and can impede the opéra¬ 
tive approach to the vertébral bodies, leading to excessive 
bleeding. The increased vascularity of the neurofibromatous 
tissue itself also may increase blood loss. The angular defor- 
mity of the neurofibromatosis may cause significant mechani- 
cal problems with anterior strut grafting. The apical bodies 
may hâve subluxed into bayonet apposition or be so rotated 
that they no longer are in alignment with the rest of the spine. 
This malalignment does not allow the anterior strut grafts to 
be placed in the concavity of the kyphosis and makes them 
mechanically less effective in preventing its progression. 
Adéquate anterior fusion may be difficult to obtain and 
should be performed on the concave side, with multiple strut 
grafts. Convex discectomies may further destabilize the spine, 
and placement of struts from the convex approach is techni- 
cally difficult. Pheochromocytoma, a tumor arising from 


chromaffin cells, can be associated with neurofibromatosis 
and can create an anesthetic challenge. Patients with neuro¬ 
fibromatosis hâve a general tendency for decreased bone 
minerai density and osteopenia, possibly increasing the chal¬ 
lenge of obtaining stable implant fixation to the spine. 

Many patients with neurofibromatosis and scoliosis hâve 
cervical spine abnormalities (Fig. 44-229). Deformities of the 
cervical spine that cause cord compression and paraplegia 
hâve been reported in patients with neurofibromatosis. Cer¬ 
vical lésions associated with scoliosis or kyphoscoliosis hâve 
been classified into two groups: abnormalities of bone struc¬ 
ture and abnormalities of vertébral alignment. Cervical 
anomalies are most common in patients with short kyphotic 
curves or thoracic or lumbar curves that measure more than 
65 degrees. These patients are more likely to require anesthé¬ 
sia, traction, and operative stabilization of the spine. Routine 
radiographie évaluation of the cervical spine is recommended 
in ail patients with neurofibromatosis before anesthésia for 
any reason and before traction for treatment of the scoliosis. 
High-grade spondylolisthesis of the lower lumbar spine also 
has been reported in association with neurofibromatosis. The 
entire spinal column must be carefully assessed for cervical 
and lumbosacral abnormalities. 

Postoperative paralysis caused by contusion of the spinal 
cord by the periosteal elevator during exposure has been 
reported in two patients with unsuspected areas of laminar 
érosion because of durai ectasia. A total-spine MRI study or 
a complété high-volume myelography sériés in the prone, 
latéral, and supine positions would hâve alerted the surgeon 
to this before surgery. The most dangerous situation for 
neurologically intact patients with neurofibromatosis is 
instrumentation and distraction of the spine in the presence 
of unrecognized intraspinal lésions. 
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FIGURE 


^ A and B f Cervical spine deformity in patient with neurofibromatosis. 


MARFAN SYNDROME 

Marfan syndrome is a disorder of connective tissue inherited 
as an autosomal dominant trait. It occurs in 1 to 2 per 10,000 
persons and affects males and females equally. Sporadic 
occurrences reportedly account for 25% of patients. In most 
cases, a mutation in the fibrillin-1 (FBN1) gene has been 
implicated, resulting in abnormalities in a protein essential to 
proper formatting of elastic fibers found in connective tissue. 

■ DIAGNOSIS 

Genetic testing for FNB1 mutations lacks sensitivity and 
specificity and is not efficient in ail cases; therefore, the 
diagnosis of Marfan syndrome relies on physical findings, 
which hâve traditionally been divided into two categories: 
major and minor signs. Major signs include ectopia lentis, 
aortic dilation, severe kyphoscoliosis, and pectus deformity. 
Minor signs include myopia, tall stature, mitral valve prolapse, 
ligamentous laxity, and arachnodactyly. Newer diagnostic 
criteria place greater weight on cardiovascular manifesta¬ 
tions; therefore, in the absence of a family history, the prés¬ 
ence of both aortic root aneurysm and ectopia lentis is 
sufficient for the unequivocal diagnosis of Marfan syndrome. 
Screening tests for the Marfan phenotype in the orthopaedic 
examination include the thumb sign (the thumb extends well 
beyond the ulnar border of the hand when it is overlapped 
by the fingers), the wrist sign (the thumb overlaps the fifth 
finger as the patient grasps the opposite wrist), and the knee 
sign (the patient has the ability to touch the toes on the floor 
when sitting with the knees crossed). The diagnosis of Marfan 
syndrome frequently is delayed because cardiovascular 
involvement is a major diagnostic criterion and may not be 
évident until adolescence or adulthood. Scoliosis is reported 
to occur in 40% to 60% of patients with Marfan syndrome. 
These curves develop in patients with multiple major signs 
(definite diagnosis of Marfan), as well as those with only 
minor signs (Marfan phenotype). Marfan curves of less than 
40 degrees in adults tend not to progress, whereas curves of 
more than 40 degrees progress (an average of 2.8 degrees a 


year in a study by Sponseller et al.); the curve patterns of 
scoliosis in Marfan syndrome are similar to those in idio- 
pathic scoliosis. Double major curves are more frequent, and 
the scoliosis progresses more frequently in the infantile âge 
group. Disabling back pain is more frequently a presenting 
complaint in patients with scoliosis associated with Marfan 
syndrome than in patients with idiopathic scoliosis. Sagittal 
plane deformities are common (Fig. 44-230). A thoracolum- 
bar kyphosis can be found in patients with Marfan syndrome 
(Fig. 44-231). Characteristic vertébral anomalies also are 
found in these patients, including narrow pedicles, wide 
transverse processes, and vertébral scalloping. Spondylolis- 
thesis associated with Marfan syndrome also has been 
reported in one study. Cervical spine abnormalities also are 
common in patients with Marfan syndrome, but clinical 
problems from these abnormalities are rare. Basilar impres¬ 
sion and focal cervical kyphosis are the most commonly 
reported cervical spine abnormalities. The focal cervical 
kyphosis usually is associated with a lordotic thoracic spine. 

■ NONOPERATIVE TREATMENT 
I OBSERVATION 

For young patients with small curves of less than 25 degrees, 
observation every 3 to 4 months is indicated. The family 
should be made aware, however, that many of these curves 
progress. 

I ORTHOTIC TREATMENT 

Brace treatment is less successful in patients with Marfan 
syndrome than in those with idiopathic scoliosis. Sponseller 
et al. reported successful brace treatment in 4 of 22 patients. 
Chest wall deformity, with narrowing of the inferior portion 
of the thoracic cage, also has been noted with the use of an 
underarm TLSO. Bracing should be considered for patients 
with flexible progressive curves between 25 and 40 degrees 
who do not hâve associated thoracic lordosis or lumbar 
kyphosis. Bracing is not indicated for large, rigid curves or 
curves associated with thoracic lordosis. 
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■ OPERATIVE TREATMENT 

If progression occurs despite bracing or if the curve exceeds 
40 degrees, spinal fusion is recommended. If nonoperative 
treatment is continued too long, cardiovascular involvement 
may progress to the point of making surgery dangerous, if not 
impossible. Before operative intervention is considered, a 
complété cardiovascular évaluation is mandatory. Aortic 
dilation can develop in these patients at any time from child- 
hood to late adolescence or adulthood. Echocardiography is 
recommended because its sensitivity for aortic root dilation 
greatly exceeds that of auscultation. Any evidence of aortic 
dilation should be treated medically or operatively before 
treatment of the spinal deformity. 

Scoliosis in patients with Marfan syndrome can be cor- 
rected similar to the way it is corrected in idiopathic scoliosis, 
and solid fusion and maintenance of correction can be antici- 
pated; however, Jones et al. and Gjolaj et al. found that the 
number of surgical complications was higher in patients with 
Marfan syndrome. Complications included increased blood 
loss, pseudarthroses (10%), durai tears (8%), infection (10%), 
and failure of fixation (21%). The development of scoliosis or 
kyphosis at the upper or lower fusion levels (adding on) can 
occur affer surgery. Jones et al. found this complication to 
occur in the coronal plane in 8% of their patients and in the 
sagittal plane in 21%. 

Large bone graff s, secure segmentai internai fixation, and 
careful postoperative observation for pseudarthrosis are 
required in these patients. In general, the technique of instru¬ 
mentation and sélection of hook or screw levels are the same 
as for idiopathic scoliosis, but sélection of the lowest instru- 
mented vertebrae is ideally the neutral and stable vertebra in 
both the coronal and sagittal planes. Jones et al. recommended 
that any curve of more than 30 degrees should be included 
in the arthrodesis. As with ail scoliotic deformity correction, 


care must be taken in determining the distal extent of the 
fusion to avoid junctional kyphosis. 

Thoracic lordosis is relatively common in patients with 
Marfan syndrome and spinal deformity, and sagittal plane 
balance must be obtained in addition to improvement of the 
coronal plane deformity. Segmentai instrumentation Systems 
using hooks and pedicle screws or ail pedicle screws are effec¬ 
tive in correcting this problem. Surgical treatment should 
provide a more normal anteroposterior diameter of the chest, 
because this frequently is narrow. 

Growing rod constructs hâve been used with success for 
patients with Marfan syndrome with early-onset scoliosis for 
which definitive spinal fusion is not possible because of 
skeletal immaturity. Dual rod constructs are recommended. 
Because these children will require multiple lengthening 
procedures, careful monitoring of the cardiovascular mani¬ 
festations of Marfan syndrome is essential. Not ail adolescents 
with Marfan syndrome and kyphosis require surgery, but 
those who do offen require anterior fusion and posterior 
instrumentation and fusion. Typically, kyphosis in Marfan 
syndrome has a low thoracic or thoracolumbar apex and 
involvement of the lumbar spine. 

Severe spondylolisthesis associated with Marfan syn¬ 
drome has been reported. It has been postulated that the 
spondylolisthesis may be more likely to progress because of 
poor musculoligamentous tissues. Successful treatment of 
grade IV spondylolisthesis with in situ fusion has been 
reported. 

VERTEBRAL COLUMN TUMORS 

Because of their variable présentation, tumors of the vertébral 
column offen présent diagnostic problems. A team composed 
of a surgeon, a diagnostic radiologist, a pathologist, and offen 
a medical oncologist and radiotherapist is necessary for 
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A and B f Latéral radiographs of 17-year-old child with Marfan syndrome and 40-degree progressive thoracolumbar 
kyphosis. C f Latéral radiograph of same patient 3 years later shows that thoracolumbar kyphosis has progressed to 110 degrees. (From 
Warner WC: Kyphosis. In Morrissy RT, Weinstein SL, editors: Lovell and Winter's pédiatrie orthopaedics, ed 6, Philadelphia, 2006, Lippincott Williams 
& Wilkins.) 


treatment of the spectrum of tumors that involve the spine. 
The discussion in this section is on the most common primary 
tumors of the vertébral column in children. 

■ CLINICAL FINDINGS 

A complété history is the first step in the évaluation of any 
patient with a tumor. The initial complaint of patients with 
tumors involving the spine generally is pain. The exact type 
and distribution of pain vary with the anatomie location of 
the pathologie process. In general, pain caused by a neoplasm 
is not relieved by rest and often is worse at night. On occasion, 
constitutional symptoms such as anorexia, weight loss, and 
fever may be présent. The âge and sex of the patient may be 
important in the differential diagnosis. 

Physical examination should include a general évaluation 
in addition to careful examination of the spine. The tumor 
may produce local tenderness, muscle spasm, scoliosis, and 
limited spine motion. Painful scoliosis can be the resuit of a 
spinal tumor. In such cases, the tumor is usually located at 
the concavity of the curve. Spine deformity also may be sec- 
ondary to vertébral collapse or muscular spasms caused by 
pain. More than 50% of patients with malignant tumors of 
the spine présent with neurologie symptoms. A careful neu¬ 
rologie examination is essential. 

Laboratory studies should include a complété blood cell 
count, urinalysis, and sédimentation rate, as well as détermi¬ 
nation of sérum calcium, phosphorus, and alkaline phospha¬ 
tase concentrations. Alkaline phosphatase may be elevated 
two to three times normal in patients with osteosarcoma. 
Lactate dehydrogenase is a reliable indicator of the tumor 
burden in patients with Ewing sarcoma. An elevated white 


blood cell count with thrombocytopenia is characteristic of 
leukemia. Further laboratory studies may be indicated based 
on the clinical course. 

■ RADIOGRAPHIC EVALUATION 
AND TREATMENT 

Radiographs of the spine should be made in at least two 
planes at 90-degree angles. The radiographs should be 
evaluated for the presence of scoliosis, kyphosis, loss of 
lumbar lordosis, destruction of pedicles, congénital vertébral 
anomalies, lytic lésions, altered size of neural foramina, 
abnormal calcifications, and soft-tissue masses. If a scoliotic 
curve is présent, the curve usually shows significant coronal 
decompensation. There is an absence of the usual compensa- 
tory balancing curve above or below the curve containing 
the lésion. The scoliosis lacks the usual structural character- 
istics associated with idiopathic scoliosis, such as vertébral 
rotation and wedging. Curves with these characteristics 
should raise the index of suspicion for an underlying cause 
of the scoliosis. 

Bone scanning is helpful in certain tumors of the spine, 
especially osteoid osteoma. CT has greatly improved évalua¬ 
tion of the extent of the lésion and the presence of any spinal 
canal compromise; sagittal and coronal reformatted images 
are necessary to define the exact anatomie location and extent 
of the lésion. MRI is useful in evaluating the extent of soft- 
tissue involvement of the tumor and for determining the level 
and extent of neurologie compromise in patients with a 
neurologie déficit. 

Arteriography may be indicated to evaluate the extent of 
the tumor and to localize major feeder vessels. 
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A f Weinstein-Boriani-Biagini tumor classification System. The vertebra is divided into 12 radiating zones that are 
numbered clockwise, beginning at one half of the spinous process. The concentric layers are lettered sequentially from extraosseous 
soft tissues to the intradural space. B f The Spine Oncology Study Group modified the classification by numbering the radial zones in a 
counterclockwise fashion, beginning at the left half of the spinous process to allow for a more anatomie orientation of the diagram 
for ease of use. Circled letters: A, extraosseous soft tissues; B, intraosseous (superficial); C, intraosseous (deep); D, extraosseous 
(extradural); E, extraosseous (intradural). (A redrawn from Boriani S, Weinstein JN, Biagini R: Primary bone tumors of the spine: terminology 
and surgical staging, Spine 22:1036, 1997. B redrawn from Chan P, Boriani S, Fourney DR, et al: An assessment of the reliability of the Enneking 
and Weinstein-Boriani-Biagini classifications for staging of primary spinal tumors by the Spine Oncology Study Group, Spine 34:384, 2009.) 


Surgical staging classification Systems spécifie to spine 
tumors hâve been designed to guide treatment and aid in 
defining the prognosis. The surgical staging Systems proposed 
by Boriani et al. and Tomita et al. were devised to aid in surgi¬ 
cal planning and are used to delineate the margins of the 
tumor. The Weinstein-Boriani-Biagini (WBB) classification is 
an alphanumeric System that can be used to evaluate the 
extent of a lésion in the axial plane by dividing the vertebrae 
into 12 radial zones and five concentric layers with a désigna¬ 
tion for the presence of metastasis (Fig. 44-232). The Spine 
Oncology Study Group modified this System by orienting the 
diagram to correspond to the orientation of the vertebrae on 
axial tomograms. The tumor is reported according to the 
spinal level or levels affected in the cephalocaudal dimension. 
The method of surgical excision is based on the zone or zones 
that the tumor occupies. Tomita et al. classified tumors based 
on their anatomie location in the axial and sagittal planes 
using a numeric System that reflects the most common pro¬ 
gression of tumor growth (Figs. 44-233 and 44-234); this 
classification is used to guide surgical management. 

■ BIOPSY 

Certain tumors, such as osteochondroma and osteoid 
osteoma, generally can be diagnosed by their clinical présen¬ 
tation and radiographie appearance. Other benign tumors, 
such as osteoblastoma, aneurysmal bone cyst, and giant cell 
tumors, offen are difficult to diagnose preoperatively. Biopsy 
is the ultimate diagnostic technique for evaluating neoplasms. 
The biopsy may be incisional (removal of a small portion of 
the tumor) or excisional (removal of the entire tumor). 

Percutaneous CT-guided needle biopsy is an excellent 
diagnostic tool. Ghelman et al. obtained histologie diagnoses 




Axial (A) and latéral (B) illustrations of the 
Tomita anatomie classification of primary spinal malignant 
tumors. Lésions are classified by their location on the vertebra 
using a numeric scheme that reflects the most common progres¬ 
sion of tumor growth: 1, vertébral body; 2, pedicle; 3, lamina and 
transverse and spinous processes; 4, spinal canal and épidural 
space; and 5, paravertebral space. (Redrawn from Tomita K, Kewa- 
hara N, Baba H, et al: Total en bloc spondylectomy: a new surgical 
technique for primary malignant vertébral tumors, Spine 22:324, 1997.) 


in 85% of 76 biopsy specimens, and Kattapuram, Khurana, 
and Rosenthal obtained accurate diagnoses in 92%. Metastatic 
diseases were most offen diagnosed accurately (95%), and 
benign primary tumors were diagnosed least offen (82%). 
Fine-needle cytologie aspirâtes are satisfactory for diagnosis 
of metastatic disease and most infections, but large-core 
biopsy specimens are préférable for primary bone tumors. 

































2 


PART XII THE SPINE 



Type 1 

Vertébral 

body 


Intracompartmental 


Extracompartmental 



Type 4 

Epidural 

extension 



Type 7 


Type 2 

Pedicle 

extension 


Type 3 

Body-lamina 

extension 



Type 5 

Paravertebral 

extension 


Type 6 

2-3 vertebrae 



Multiple 



Tomita surgical classification of spinal tumors. Tumor types are categorized based on the number of vertébral areas 


affected. (Redrawn from Tomita K, Kewahara N, Baba H, et al: Total en bloc spondylectomy: a new surgical technique for primary malignant 
vertébral tumors, Spine 22:324, 1997.) 


OPEN BIOPSY OF THORACIC 
VERTEBRA 

If the needle biopsy is not diagnostic, an open biopsy or 
transpedicular biopsy will yield more tissue. Care must be 
taken that the open biopsy does not interfère with the 
definitive surgery if total resection is anticipated. 


TECHNIQUE 44-67 


(MICHELE AND KRUEGER) 

■ With the patient prone, make an incision over the side of 
the spinous process of the involved vertebra. 

■ Retract the muscles and expose the transverse process. 

■ Perform an osteotomy at the base of the transverse 
process at its junction with the lamina (Fig. 44-235A). 

■ By depressing or retracting the transverse process, expose 
the isthmus of the vertebra, revealing the cancellous 
nature of its bone structure. Radiographie vérification of 
the level is important. 

■ Insert a X6"i nc h trephine with %-inch markings through 
the fenestra and guide it downward with slight pressure 
so that a mere twisting action leads the trephine into the 
pedicle and finally into the body (Fig. 44-235B). Remove 
the trephine repeatedly and in each instance check that 
the contents consist of cancellous bone, which indicates 
that the trephine is in the medullary substance of the 
pedicle and has created a channel from the posterior 
éléments directly into the vertébral body. 

■ Remove the pathologie tissue with a small blunt curet. 

■ Alternative^, after the osteotomy of the base of the 
transverse process, expose the vertébral body by retract¬ 
ing the transverse process and depressing the adjacent 
rib to expose the junction of the pedicle and the body. 


■ Use the trephine to penetrate this junction at an angle of 
45 degrees toward the midline and remove the material 
with a curet (Fig. 44-235C). 


■ BENIGN TUMORS OF THE 
VERTEBRAL COLUMN 

The most common benign tumors of the vertébral column in 
children are osteoid osteoma, osteoblastoma, aneurysmal 
bone cyst, éosinophilie granuloma, and hemangioma. 

I OSTEOID OSTEOMA 

Osteoid osteoma is a benign growth that consists of a discrète 
osteoid nidus and reactive sclerotic bone thickening around 
the nidus. No malignant change of these tumors has ever been 
documented. The lésion occurs more frequently in males 
than in females. Spinal lésions occur predominantly in the 
posterior éléments of the spine, especially the lamina and the 
pedicles. Osteoid osteoma of the vertébral body has been 
reported but is rare. The lumbar spine is the most frequently 
involved area. 

Typically, patients with spinal osteoid osteoma hâve pain 
that is worse at night and relieved by aspirin. The pain 
increases with activity and often is localized to the site of the 
lésion. Radicular symptoms are especially common with 
lésions of the lumbar spine. Lésions in the cervical spine can 
produce radicular-type symptoms in the shoulders and arms, 
but the results of the neurologie examination usually are 
normal. 

Physical examination reveals muscle spasm in the 
involved area of the spine. The patients gait may be abnormal 
because of pain, and localized tenderness over the tumor may 
be moderate to severe. 

Osteoid osteoma is the most common cause of painful 
scoliosis in adolescents, especially if the vertébral column 
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A f Transverse osteotomy at base of thoracic 
transverse process. B f Trephine through fenestra of isthmus, into 
pedicle and body. C f Trephine inserted into body at junction of 
pedicle. SEE TECHNIQUE 44-67. 


is involved. The scoliosis associated with osteoid osteoma 
usually is described as a C-shaped curve, but only 23% to 33% 
of patients hâve this classic curve pattern. The osteoid osteoma 
usually is located on the concave side of the curve and in the 
area of the apical vertebra. 

When the osteoid osteoma is visible on plain radiographs, 
its appearance is diagnostic—a central radiolucency with a 
surrounding sclerotic bony reaction; however, the lésion offen 
is not visible on plain films. Technetium bone scanning should 
be considered in any adolescent with painful scoliosis (Fig. 
44-236 A). False-négative bone scans hâve not been reported 
in patients with osteoid osteoma of the spine. CT with very 
narrow cuts will precisely define the location of the tumor and 
the extent of the osseous involvement (Fig. 44-236B). 

Patients with spinal tumors and scoliosis reach a critical 
point affer which the continuation of a painful stimulus 
results in structural changes in the spine. Pettine and Klassen 
found that 15 months is the critical duration of symptoms if 
antalgie scoliosis is to undergo spontaneous correction affer 
excision of the tumor. Although the natural course of many 
osteoid osteomas is spontaneous remission, spinal lésions in 
children or adolescents should be removed when they are 
diagnosed to prevent the development of structural scoliosis. 
The operative treatment of an osteoid osteoma is complété 
removal; récurrence is likely affer incomplète removal. If pain 
and deformity persist affer removal of the lésion, incomplète 
removal or perhaps a multifocal lésion should be suspected. 
Exact localization of the tumor is impérative. Rinsky et al. 
reported the intraoperative localization of the lésion by 
radionuclide imaging and the use of a gamma caméra, but the 
caméra is bulky, and it is offen difhcult to pinpoint the loca¬ 
tion of the nidus of the osteoid osteoma in this manner. The 
best way to détermine the exact location of the nidus preop- 
eratively is with high-resolution CT. Technetium can be 
injected 2 to 3 hours before surgery, and the specimen can be 
sent for in vitro radionuclide évaluation. If the specimen can 
be excised en bloc, a CT scan of the specimen may show the 
nidus. 

Excision of these lésions usually does not require spinal 
fusion, but if removal of a significant portion of the facet 



FIGURE 


Bone scan (A) and CT scan (B) of patient with spinal osteoid osteoma. 
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joints and pedicles makes the spine unstable, spinal fusion 
can be done at the time of tumor removal. Surgical navigation 
Systems such as the O-arm can be used intraoperatively to 
evaluate the adequacy of resection. This is the preferred 
method if it is available in the treating institution. 

I OSTEOBLASTOMA 

Most authors believe that osteoid osteoma and osteoblastoma 
are variant manifestations of a benign osteoblastic process, 
resulting in an osteoid nidus surrounded by sclerotic bone. 
The lésions are histologically similar. The primary différence 
is the tendency of the osteoblastoma to form a less sclerotic 
but more expansile mass. Lésions larger than 1.5 cm in 
diameter are defined as osteoblastomas and those less than 
1.5 cm as osteoid osteomas. 

Benign osteoblastoma is an uncommon primary bone 
tumor that accounts for less than 1% of ail bone tumors. 
Of these reported tumors, however, 40% hâve been located in 
the spine and more than one half were associated with scolio- 
sis. The presenting symptom for most patients is pain; 
however, offen the nonspecificity of symptoms may contrib¬ 
ue to a delay in diagnosis. In one study, pain was présent for 
an average of 16 months before the diagnosis was made, and 
scoliosis was présent in 50% of patients with osteoblastomas 
involving the thoracic or lumbar spine. The osteoblastomas 
were always located in the concavity of the curve, near 
its apex. 

In contrast to osteoid osteoma, plain radiographs offen 
are sufficient to confirm the diagnosis of osteoblastoma. CT 
scans and bone scans (Fig. 44-237), however, can be helpful 
for a cross-sectional évaluation and localization of the tumor 
before operative excision. Osteoblastoma of the spine involves 
predominantly the posterior éléments (66%) or the posterior 
éléments and vertébral bodies (31%). A neoplasm involving 
only a vertébral body is unlikely to be an osteoblastoma. 
Spinal osteoblastomas are typically expansile with a scalloped 
or lobulated contour, well-defmed margins, and frequently a 
sclerotic rim. 

The treatment of osteoblastoma of the spine is complété 
operative excision. Récurrences affer incomplète curettage 
are not rare, and malignant change has been reported affer 
incomplète curettage; complété excision is therefore advised 
whenever possible. Because of the possibility of late sarcoma- 
tous changes, irradiation of this lésion is not recommended. 
The scoliosis associated with vertébral column osteoblastoma 
usually is réversible affer excision if the diagnosis is made 
early and treatment is undertaken at that time. Akbarnia and 
Rooholamini found that the scoliosis improved in three 
patients who had symptoms for 9 months or less before exci¬ 
sion of the tumor; the scoliosis did not improve in two 
patients whose symptoms had been présent for longer periods. 

1 ANEURYSMAL BONE CYSTS 

An aneurysmal bone cyst is a nonneoplastic, vasocystic 
tumor originating on either a previously normal bone or a 
preexisting lésion. It is most common in children and young 
adults, and vertébral involvement is common. Its radiographie 
appearance is characteristic—an expansile lésion confined by 
a thin rim of reactive bone. The lésion can occur in the ver¬ 
tébral body but is more commonly seen in the posterior 
éléments of the spine. An aneurysmal bone cyst is the only 
benign tumor that can cross the dise and involve more than 



Radiograph (A) and CT scan (B) of patient with 
osteoblastoma on right side of spine that caused left thoracic 
curve. 


one spinal level. Pain is the most common symptom, and 
radicular symptoms may be caused by cord compression. 

Treatment is operative excision whenever possible. The 
tumors can be quite vascular, and if operative resection is 
contemplated, preoperative embolization should be consid- 
ered. Embolization should be done in addition to the opera¬ 
tive excision, and vessels supplying important segments of the 
spinal cord or brain should not be embolized. The indications 
for embolization are benign vascular tumors in central loca¬ 
tions. In one study, three of the four tumors that were 
embolized were aneurysmal bone cysts. Contraindications 
include avascular tumors and tumors supplied by vessels that 
also supply important segments of the spinal cord because 
embolization of these vessels may infarct the spinal cord. 
Dick et al. suggested that malignant tumors that are to be 
treated with radiation should not be embolized, because 
effective radiation requires high oxygénation of the cells. 
Good clinical results hâve been reported affer arterial embo¬ 
lization; however, the major disadvantage is the need for 
repeated procedures and repeated CT scans and angiography. 
Radiation therapy should be used only in those lésions that 
cannot be operatively excised. 
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Eosinophilie granuloma in a 10-year-old child resulting in vertebra plana at T4. A and B f Radiographie appearance. 
C f Appearance on sagittal MRI. 



A f Eosinophilie granuloma of spine in 3^-year-old patient. B f Sudden collapse of T12 3 weeks later, in addition to 
vertebra plana at L2. C f Collapse of T12 and L2. D and E f Considérable reconstitution of the vertébral height of T12 and L2 16 months 
later. (From Seiman LP: Eosinophilie granuloma of the spine, J Pediatr Orthop 1:371, 1981.) 


Many patients with aneurysmal bone cysts of the verté¬ 
bral column hâve neurologie symptoms (30%), including 
complété or incomplète paraplegia or root signs or symptoms. 
When these neurologie symptoms occur, complété excision 
of the aneurysmal bone cyst with décompression of the spinal 
canal is indicated. The approach, whether anterior, posterior, 
or combined anterior and posterior, is dictated by the loca¬ 
tion of the lésion. 

I EOSINOPHILIC GRANULOMA 

Eosinophilie granuloma in childhood usually is a solitary 
lésion. The cause of this lésion, which may not represent a 
true neoplasm, is unknown. Approximately 10% involve the 
spine. Eosinophilie granuloma may produce varying degrees 
of vertébral collapse, including the classic picture of a verte¬ 
bra plana (Fig. 44-238). Considérable collapse of the vertébral 
body may occur without neurologie compromise, and sig- 
nificant reconstitution in height may occur after treatment 


(Fig. 44-239). Bone scan may show increased uptake. A lytic 
radiographie image without vertebra plana with normal 
bone scan uptake probably is a benign lésion, but biopsy 
must still be done. The differential diagnoses include aneu¬ 
rysmal bone cyst, acute leukemia, metastatic neuroblastoma, 
Ewing sarcoma, or multifocal osteomyelitis. MRI can be 
helpful in distinguishing éosinophilie granuloma from a 
malignant neoplasm. Eosinophilie granuloma will most 
often not hâve a prominent soff-tissue mass associated with 
the vertébral collapse. A malignant tumor, such as Ewing 
sarcoma, often has extensive soff-tissue involvement (Fig. 
44-240). The treatment of vertebra plana generally focuses 
on relief of symptoms. The usual resuit is spontaneous 
healing. Spinal deformity may be minimized by the use of an 
appropriate orthosis. Other reported treatment alternatives 
include curettage and bone grafting, radiotherapy, and inter- 
lesional instillation of corticosteroids, but they rarely are 
needed. 
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I HEMANGIOMA 

Hemangioma is the most common benign vascular tumor of 
bone. Most hemangiomas involve the vertébral bodies or 
skull, and involvement of other bones is rare. Vertébral 
involvement usually is an incidental finding and requires 
surgery only when neurologie function is compromised (Fig. 
44-24IC). Hemangioma has been reported in as many as 12% 
of spines studied by autopsy. The lésion usually produces a 
characteristic, vertical, striated appearance (see Fig. 44-241A 
and B). Laredo et al. divided vertébral hemangiomas into 
three subcategories. The most common is the asymptomatic 
vertébral hemangioma; the second is a compressive vertébral 
hemangioma that compresses the cord or cauda equina; and 
the third is the rare vertébral hemangioma that causes clinical 
symptoms (symptomatic vertébral hemangioma). Six radio¬ 
graphie criteria were noted that were indicative of vertébral 
hemangioma leading to compressive problems: thoracic 



jjj Sagittal Tl-weighted MRI of spine in 8-year- 
old boy with épidural Ewing sarcoma. Note extensive soft-tissue 
mass that is characteristic of malignant neoplasms in spine. (From 
Garg S, Dormans JP: Tumors and tumor-like conditions of the spine in 
children, J Am Acad Orthop Surg 13:372, 2005.) 


location (from T3 to T9), entire vertébral body involvement, 
neural arch (particularly pedicles) involvement, irregular 
honeycomb appearance, expanded and poorly defined cortex, 
and swelling of the soft tissue. It was suggested in patients 
with vertébral hemangioma and back pain of uncertain origin 
that the presence of three or more of these signs may indicate 
a potentially symptomatic vertébral hemangioma. Laredo 
et al. also compared MRI findings in asymptomatic and 
symptomatic vertébral hemangiomas. They found that verté¬ 
bral hemangiomas with low-signal intensity on Tl-weighted 
images had a significant vascular component, which might 
hâve been a major contributing factor to the patients symp¬ 
toms. Most vertébral hemangiomas contained prédominant 
fat atténuation values on CT and showed high-signal intensity 
on Tl-weighted imaging, indicating a predominantly fatty 
content. These researchers emphasized, however, as has been 
our expérience, that most vertébral hemangiomas are not 
symptomatic and are an incidental finding. If neurologie 
dysfunction and anterior collapse occur, operative excision of 
the lésion, perhaps with adjuvant embolization as described 
by Dick et al., is recommended. 

■ PRIMARY MALIGNANT TUMORS OF 
THE VERTEBRAL COLUMN 

Primary malignant tumors of the vertébral column are 
uncommon. In children, the most common are Ewing 
sarcoma and ostéogénie sarcoma. 

I EWING SARCOMA 

Ewing sarcoma is a relatively rare, primary malignant tumor 
of bone. The tumor occurs most frequently in males in the 
second decade of life. Ail bones, including the spine, may be 
affected. The tumor most commonly begins in the pelvis or 
long bones and rapidly metastasizes to other skeletal sites, 
including the spine, especially the vertébral bodies and 
pedicles. 

The currently recommended treatment of Ewing sarcoma 
is radiotherapy and adjuvant chemotherapy. On occasion, 
surgery may be necessary to stabilize the spine because of 
compression of the neural éléments and bony instability. If 
décompression of the neural éléments is necessary, stabiliza¬ 
tion usually is needed at the same time. 

IOSTEOGENIC SARCOMA 

Ostéogénie sarcoma is the most common primary malignant 
bone tumor, excluding multiple myeloma, but less than 2% 



FIGURE 


^ Radiograph (A), CT scan (B), and MRI (C) of patient with spinal hemangioma with canal compromise. 
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A f Ostéogénie sarcoma in an 14-year-old child. 
B f After tumor resection and stabilization. 


originate in the spine. It is a malignant tumor of bone in 
which tumor cells form neoplastic osteoid or bone, or both. 
Classic ostéogénie sarcoma is more common in boys 10 to 15 
years of âge. Tins is a rapidly progressive malignant neoplasm, 
and multiple metastatic lésions to the vertébral column are 
more common than primary involvement (Fig. 44-242). The 
rôle of surgery for vertébral involvement is based on whether 
the spinal lésion is solitary, primary, or metastatic. If décom¬ 
pression of the spinal cord becomes necessary, or if structural 
integrity of the vertébral column is compromised, stabilizing 
procedures usually are required. If aggressive operative 
debridement is required, the neural structures limit the 
margin of the resection, making it impossible to achieve as 
wide a margin of resection as in the extremities. 

POSTIRRADIATION SPINAL DEFORMITY 

Perthes in 1903 first described inhibition of osseous develop¬ 
ment by irradiation. Later studies indicated that the physis is 
particularly sensitive to radiation. A physis exposed to 600 
rad or more showed some growth retardation, and complété 
inhibition of growth was produced by doses of more than 
1200 rad. The longitudinal growth of a vertébral body takes 
place by means of true physeal cartilage, similar to the longi¬ 
tudinal growth of the metaphysis of the long bones. The three 
most common solid tumors of childhood for which radiation 
therapy is part of the treatment regimen and in which the 
vertébral column is included in the radiation fields are neu- 
roblastoma, Wilms tumor, and medulloblastoma. 

■ INCIDENCE 

Mayfield et al. studied spinal deformity in children treated for 
neuroblastoma, and Riseborough et al. studied spinal defor¬ 
mity in children treated for Wilms tumor. Several principles 
can be summarized from these studies. A direct relationship 
seems to exist between the amount of radiation and the 
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severity of the spinal deformity. In general, a dose of less than 
2000 rad is not associated with significant deformity, a dose 
between 2000 and 3000 rad is associated with mild scoliosis, 
and a dose of more than 3000 rad is associated with more 
severe scoliosis. Irradiation in younger children, especially 
those 2 years of âge or younger, produces the most serious 
disturbance in vertébral growth. Radiation treatment in 
children older than 4 years is less frequently associated with 
spinal deformity. Asymmetric irradiation is associated with 
significant spinal deformity. Engel and Arkin et al. produced 
experimental scoliosis by asymmetric irradiation, either 
internai or external. Progression usually occurs during the 
adolescent growth spurt. Scoliosis is the most frequent defor¬ 
mity, and the direction of the curve usually is concave toward 
the side of the irradiation. Kyphosis may occur in association 
with the scoliosis, or kyphosis alone may be présent, most 
frequently at the thoracolumbar junction. Children who 
require a laminectomy because of épidural spread of tumor 
are especially prone to the development of moderate-to- 
severe spinal deformity. Similarly, those children who se 
disease causes paraplegia also are prone to rapid progression 
of the deformity. Without these two complicating features, 
most radiation-induced scoliotic deformities remain small 
and do not require treatment. Because progression of these 
curves generally occurs during the adolescent growth spurt, 
any child undergoing radiation therapy to the spine should 
hâve orthopaedic consultation and regular follow-up until 
skeletal maturity. 

■ RADIOGRAPHIC FINDINGS 

Neuhauser et al. described the radiographie changes in previ- 
ously irradiated spines, and Riseborough et al. divided the 
radiographie findings into four groups. The earliest noted 
changes were alterations in the vertébral bodies within the 
irradiated section of the spine, which are expressions of 
irradiation impairment of physeal enchondral growth at the 
vertébral endplates. The most obvious features of these lésions 
were growth arrest fines that subsequently led to the bone-in- 
bone picture (28%) (Fig. 44-243). Endplate irregularity with 
an altered trabecular pattern and decreased vertébral body 
height were seen most frequently (83% of patients). Contour 
abnormalities, causing anterior narrowing and beaking of the 
vertébral bodies, such as those seen in Morquio disease (Fig. 
44-244), were présent in 20% of patients. Asymmetric or 
symmetric failure of vertébral body development was appar¬ 
ent on the anteroposterior radiographs of ail 81 patients 
studied. The second group of radiographie changes included 
alterations in spinal alignment. Scoliosis was présent in 70% 
of patients and kyphosis in 25%. The third group of radio¬ 
graphie findings included skeletal alterations in bones other 
than the vertébral column, the most common of which were 
iliac wing hypoplasia (68%) and osteochondroma (6%). The 
fourth group consisted of patients with no evidence of defor¬ 
mity of the axial skeleton (27%). 

■ TREATMENT 

Most studies indicate that the curves usually remain slight 
until the adolescent growth spurt, when progression can be 
severe and rapid. Orthoses for treatment of postirradiation 
spinal deformity may or may not (50%) improve or stop 
progression of the deformity, especially if severe changes in 
the architecture of the vertebrae and excessive soff-tissue 
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"Bone-in-bone" appearance of irradiated 
spine, équivalent of growth arrest line in long bone. (From 
Katzman H, Waugh T, Berdon W: Skeletal changes following irradiation 
of childhood tumors, J Bone Joint Surg 51A:825, 1969.) 



Contour abnormalities of vertébral bodies 
after radiotherapy for Wilms tumor in 8-month-old patient. (From 
Katzman H, Waugh T, Berdon W: Skeletal changes following irradiation 
of childhood tumors, J Bone Joint Surg 51A:825, 1969.) 


scarring are présent. The indications for operative treatment 
are a scoliosis of more than 40 degrees and a thoracolumbar 
kyphosis of more than 50 degrees. Patients with progression 
despite brace treatment also are considered candidates for 
operative intervention. Riseborough et al. outlined the diffi- 
culties in obtaining adéquate correction and fusion of these 
curves, which frequently are rigid. Extensive soft-tissue 


scarring may further complicate the surgery. Many patients 
requiring operative treatment hâve a kyphoscoliotic defor- 
mity, and many also hâve had previous laminectomies, which 
will inhibit solid fusion. Healing can be prolonged, and 
pseudarthrosis is common. 

Combined anterior and posterior fusions with an anterior 
strut graft or anterior interbody fusion and posterior instru¬ 
mentation should be considered for patients with kyphotic 
deformities of more than 40 degrees. Because of the unpre- 
dictable nature of the irradiated anterior bone stock, anterior 
instrumentation may not be possible. Segmentai hook or 
screw instrumentation Systems, with their ability to apply 
both compression and distraction, are idéal for posterior 
instrumentation in these patients. If irradiation was for a 
tumorous process, considération should be given to titanium 
implants, which would allow better follow-up MRI, if neces- 
sary. The fusion area is selected by the same criteria as for 
idiopathic curves (see earlier section on fusion levels and 
hook site placement). A large quantity of bone from the 
nonirradiated iliac crest should be used. Ogilvie suggested 
exploration of the fusion 6 months after surgery for repeated 
bone grafting of any developing pseudarthrosis. Because of 
problems with bone stock, postoperative immobilization in a 
TLSO often is indicated until complété fusion is obtained. 

■ COMPLICATIONS AND PITFALLS 

Pseudarthrosis, infection, and neurologie injury are more 
frequent after spinal fusion for radiation-induced deformity 
than for other spinal deformities. The increase in pseudar¬ 
throsis is attributed to poor bone quality, decreased bone 
vascularity, kyphotic deformity, and absence of posterior 
bone éléments after laminectomy. Poor vascularity and skin 
quality hâve been associated with an increased infection rate. 
Severe scarring sometimes is présent in the rétropéritonéal 
space, making the anterior exposure more difficult. Because 
viscera can be damaged by radiation, bowel obstruction, 
perforation, and fistula formation may occur after spinal 
fusion. This can be difficult to differentiate from postopera¬ 
tive cast syndrome. Paraplegia also has been reported in two 
patients who had radiation treatment for neuroblastoma and 
surgical correction. It is believed that they had a subclinical 
form of radiation myelopathy and that spinal correction 
compromised what little vascular supply there was to the 
cord. The surgeon should be aware of this possibility and 
avoid overcorrection of these kyphotic deformities. 

OSTEOCHONDRODYSTROPHY 

■ DIASTROPHIC DWARFISM 

Diastrophic dwarfism is inherited as an autosomal récessive 
disease. The diagnosis usually can be made at birth on the 
basis of clinical features and, for families at risk, before birth 
by ultrasound examination and molecular genetic testing. 
Clinical and radiographie findings are short limbs, short 
stature, multiple joint contractures, and early degeneration 
of joints. Spinal deformities, including cervical kyphosis, 
scoliosis, and exaggerated lumbar lordosis, often are seen. 
Remes et al. found scoliosis in 88% of patients with dia¬ 
strophic dwarfism. They subdivided the scoliotic curves into 
three subtypes: early progressive, idiopathic-like, and mild 
nonprogressive. The early progressive type resembled the 
progressive form of infantile idiopathic scoliosis, with early 
onset, rapid progression, and severe outcome. Patients with 
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the idiopathic-like scoliosis had features similar to patients 
with adolescent idiopathic scoliosis. 

The indications for treatment of scoliosis in diastrophic 
dwarfism hâve not been fully established. Patients with dia¬ 
strophic dwarfism already hâve many abnormalities in their 
appearance. The benefits of surgical treatment should there- 
fore be evaluated critically. Brace treatment has been found 
to be useful only for small curves in these patients. If the 
curve cannot be braced successfully, the spinal deformity can 
progress to a severe scoliosis causing imbalance of the trunk. 
This can lead to difficulties in gait and a réduction in the 
already short standing height. The most important factors to 
be considered are the rate of progression and the time at 
onset: the earlier the time at onset, the more rapid and severe 
the progression and curve type. The early progressive type of 
scoliosis virtually always develops into a severe deformity 
unless surgery is performed. In very young children, growth 
rod-type instrumentation can be considered. However, 
because growth is limited, repeated surgeries to lengthen the 
rods are done at 15- to 18-month intervals instead of the 
usual 6-month inter val. If a significantly progressive curve is 
noted in a very young child not appropriate for growing rods, 
combined anterior and posterior fusion should be considered. 
If a growth rod can be successfully used, by the âge of 10 
years, most of the spinal growth in a diastrophic dysplastic 
patient is complété and definitive fusion is then done. 

Cervical kyphosis occurs commonly, and although it 
usually résolves with âge, it can cause quadriplegia. Radio¬ 
graphie évaluation of the cervical spine is mandatory in these 
patients. If the cervical kyphosis worsens, surgical treatment 
is necessary. If the kyphosis is mild, posterior fusion alone, 
combined with a halo brace, should be considered. In an 
older child with a more severe kyphosis, combined anterior 
and posterior fusion should be considered. If the kyphosis is 
causing neurologie problems, décompression anteriorly at the 
apex of the kyphosis is needed along with anterior and pos¬ 
terior fusion. 

■ SPONDYLOEPIPHYSEAL DYSPLASIA 

Orthopaedic aspects of spondyloepiphyseal dysplasia are 
discussed in Chapter 32. 

The spinal problems most commonly associated with this 
condition are scoliosis, kyphoscoliosis, and odontoid hypo- 
plasia with atlantoaxial instability (Fig. 44-245). If the scoliosis 
and kyphoscoliosis are progressive, orthotic treatment some- 
times is useful for delaying the fusion until the patient is 
older. Bethem et al. found that the Milwaukee brace was more 
successful in managing the kyphotic deformity than the 
scoliotic deformity. Kopits found a 30% to 40% incidence of 
atlantoaxial instability in patients with spondyloepiphyseal 
dysplasia. In children with this condition who are not walking 
by 2 to 3 years of âge, the most likely explanation is spinal 
cord compression at the upper cervical région. Flexion- 
extension latéral cervical spine radiographs should be 
obtained. If ossification delay in vertébral bodies makes 
accurate détermination of movement at this level impossible, 
a flexion-extension latéral MRI study is indicated. Once the 
instability is diagnosed, the treatment is surgical fusion. 

If the scoliotic curve continues to progress despite 
bracing, surgical fusion is considered. Unlike in achondropla- 
sia, spinal stenosis generally is not présent in patients with 
spondyloepiphyseal dysplasia. 



OSTEOGENESIS IMPERFECTA 

Patients with osteogenesis imperfecta hâve abnormal collagen 
production that results in defective bone and connective 
tissue. Other orthopaedic aspects of osteogenesis imperfecta 
are described in Chapter 32. 

The reported incidence of spinal deformity in patients 
with osteogenesis imperfecta ranges from 40% to 90%. 
Hanscom et al. developed a classification System based on the 
degree of bone involvement and the likelihood of develop¬ 
ment of a spinal deformity. Patients with type A disease hâve 
mild bony abnormalities with normal vertébral contours. 
Patients with type B disease hâve bowed long bones and wide 
cortices with biconcave vertébral bodies and a normal pelvic 
contour. Patients with type C disease hâve thin, bowed long 
bones and protrusio acetabuli, which develop around the âge 
of 10 years. Patients with type D disease hâve deformities 
similar to type C, with the addition of cystic changes around 
the knee by the âge of 5 years. Patients with type E disease 
are totally dépendent functionally. Scoliosis occurred in 46% 
of their patients with type A disease and in ail patients with 
types C and D. Benson et al., in a review of 100 patients with 
osteogenesis imperfecta, also concluded that the severity of 
the disease correlates with the risk of development and the 
severity of the scoliosis. Anissipour et al. reviewed 157 
patients with osteogenesis imperfecta and scoliosis. Using the 
modified Sillence classification, they were able to follow 
patients having mild (type I), intermediate (type IV), and 
severe (type III) disease. Tfiere were high rates of scoliosis 
progression in types II and IV osteogenesis imperfecta, with 
a benign course in type I patients. Bisphosphonate therapy 
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initiated before the patient reached the âge of 6 years modu- 
lated the curve progression in type III patients. 

The natural history of scoliosis in patients with osteogen- 
esis imperfecta is continued progression. Scoliosis présent at 
a young âge almost always is progressive, and progression 
may continue into adulthood. Severe and disabling spinal 
deformities hâve been found in many adults with osteogenesis 
imperfecta. 

■ ANESTHESIA PROBLEMS 

There are several areas of concern in the administration of 
anesthésia for a patient with osteogenesis imperfecta. The 
primary concern is the risk of fractures. Extrême care must 
be taken in handling these patients, including positioning on 
the operating table with adéquate padding and care in trans- 
fer. Care also should be taken in establishment of the intra- 
venous line or application of a blood pressure cuff because 
both can resuit in fracture. Intubation and airway control also 
can be problematic because these patients hâve large heads 
and short necks, as well as tongues that often are dispropor- 
tionately large. Extension of the head to facilitate intubation 
could cause a cervical spine fracture or a mandibular fracture. 
Because many patients with osteogenesis imperfecta hâve 
thoracic deformities, poor respiratory function should be 
expected. 

A tendency for hyperthermia to develop in patients with 
osteogenesis imperfecta also has been noted. This does not 
appear to be a malignant type, however, and it may be related 
to elevated thyroid hormone levels, which are found in at least 
half of the patients with osteogenesis imperfecta. Hyperther¬ 
mia can be induced by various anesthetic agents, as well as 
by atropine, and atropine should be avoided in these patients. 
If hyperthermia occurs, it is controlled with cooling, supplé¬ 
mentai oxygen, sodium bicarbonate, cardiovascular stimu¬ 
lants, and dantrolene sodium. Libman suggested preoperative 
treatment with dantrolene sodium to perhaps prevent hyper¬ 
thermia. He also recommended minimizing fasciculations 
associated with succinylcholine chloride. If possible, other 
agents should be used. If succinylcholine chloride is neces- 
sary, the fasciculations may be minimized by prior adminis¬ 
tration of a nondepolarizing muscle relaxant. 

■ ORTHOTIC TREATMENT 

Most authors agréé that bracing does not control progressive 
scoliosis in patients with severe osteogenesis imperfecta. 
Brace treatment has been found to be ineffective in stopping 
progression of scoliosis in patients with osteogenesis imper¬ 
fecta even if the curves are small, although Hanscom et al. 
suggested that orthotic treatment under carefully controlled 
circumstances may be a reasonable alternative to operative 
intervention in patients with type A or type B osteogenesis 
imperfecta. It is doubtful whether any effective forces from 
an orthosis can be transmitted to the spine of a patient with 
preexisting deformity of the chest wall, fragile ribs, and 
deformed vertébral bodies. 

■ OPERATIVE TREATMENT 

Spinal fusion is recommended for curves of more than 50 
degrees in patients with osteogenesis imperfecta, regardless 
of the âge of the patient, provided there are no medical 
contraindications (Fig. 44-246). The decision to fuse the spine 
should dépend on the extent of the curvature and the 


presence of progression rather than on the âge of the patient. 
In a sériés by Yong-Hing and MacEwen, one third of patients 
had some complications; five of 60 patients developed pseud- 
arthroses, nine lost more than 2.5 L of blood, and 14 had 
problems related to instrumentation. In the absence of a 
pseudarthrosis or kyphosis, late bending of the fused spine 
did not occur. Fusion is recommended for prévention of 
progression of the spinal deformity and cardiopulmonary 
problems in patients with types B, C, and E osteogenesis 
imperfecta. 

Segmentai hook or screw instrumentation Systems can be 
considered in patients with type A osteogenesis imperfecta. 
Patients with the milder form of the disease can be treated in 
the same manner as patients with idiopathic scoliosis, 
although significant correction of the curve should not be 
attempted. Bone graft should be obtained from the iliac crest, 
but often the amount of bone available is inadéquate and 
allograft is required for a supplément. If the patient is small, 
pédiatrie instrumentation may be needed. The rod must be 
bent carefully to conform to the contours of the spine in both 
the coronal and sagittal planes to prevent excessive pull-out 
forces on the hooks. Methyl méthacrylate has been used to 
supplément hook placement in these patients. 

In patients with more severe disease (type C or type D), 
the use of L-rods with segmentai wires (Fig. 44-247) has been 
recommended. Great care in tightening these wires should be 
taken to prevent a wire from pulling through the lamina 
posteriorly. An alternative is to use Mersilene tapes. Anterior 
procedures should not be necessary if spinal deformities are 
stabilized before they become too severe. 

Because of poor bone quality, immobilization in a two- 
piece TLSO often is necessary for 6 to 9 months after surgery 
until the fusion is solid. 

UNUSUAL CAUSES OF KYPHOSIS 

POSTLAMINECTOMY SPINAL DEFORMITY 

Laminectomies most often are done in children for the 
diagnosis and treatment of spinal cord tumors, although they 
also may be needed in other conditions, such as neurofibro- 
matosis and syringomyelia. Several authors reported the 
frequency of spinal deformities after laminectomy in children. 
The incidence of spinal deformity ranged from 33% to 100%. 

Kyphosis is the most common deformity that occurs after 
multiple-level laminectomies (Fig. 44-248). Spinal deformity 
after laminectomy has been found to be more frequent in 
children younger than 15 years; also noted was the higher the 
level of the laminectomy, the greater the likelihood of spinal 
deformity or instability. Ail cervical or cervicothoracic lami¬ 
nectomies were followed by deformity in two studies. Lonstein 
et al. described two basic types of kyphosis, depending on the 
status of the facet joints posteriorly: sharp and angular or long 
and gradually rounding. 

Scoliosis also may occur after laminectomy and generally 
is in the area of the laminectomy and associated with the 
kyphotic deformity. Scoliosis may occur at levels below the 
laminectomy, but this is usually caused by the paralysis from 
the cord tumor or its treatment rather than by the 
laminectomy. 

The causes of instability of the spine after multiple lami¬ 
nectomies include skeletal and ligamentous deficiencies, 
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A and B f Spinal deformity in patient with osteogenesis imperfecta. C and D f Postoperative radiographs after posterior 
fusion and instrumentation. 



A, Preoperative posteroanterior radiographs of patient with osteogenesis imperfecta with progressing curvature. 
B f Postoperative radiographs after instrumentation with sublaminar cables and Luque rods. 
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Postlaminectomy kyphosis. A and B f Clinical appearance. C and D f Radiographie appearance. E and F f After posterior 
fusion with pedicle screw instrumentation. 


neuromuscular imbalance, progressive osseous deformity, 
and radiation therapy. Increased wedging or excessive motion 
has been noted in children rather than subluxation as occurs 
in adults, possibly because, after laminectomy, pressure is 
increased on the cartilaginous endplates of the vertébral 
bodies anteriorly and, with time, cartilage growth is decreased 
and vertébral wedging occurs (Fig. 44-249). Panjabi et al. 
showed that the loss of posterior stability caused by removal 
of interspinous ligaments, spinous processes, and laminae 
allows the normal flexion forces to produce a kyphosis. 
Lonstein et al. emphasized the importance of the facet joints 


posteriorly in these deformities. They showed that when the 
facet joints are completely removed at one level, gross insta- 
bility results, with maximal angulation at that level causing a 
sharp, angular kyphos, enlargement of the intervertébral 
foramen, and opening of the dise space posteriorly (Fig. 
44-250). If complété removal is on one side only, the angular 
kyphosis is accompanied by a sharp scoliosis with the apex at 
the same level. If ail the facets are preserved, a graduai round- 
ing kyphos results in the area of the laminectomy. Many 
authors hâve reported extremely high incidences of spinal 
deformity in children younger than 10 years with complété 
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Drawings of thoracic spine before and after 
repeated laminectomy show effects on growth of vertébral 
bodies. A f Before laminectomy, anterior vertébral bodies are 
rectangular in configuration. B, Spine that has had multiple lami¬ 
nectomies will hâve increased compression anteriorly because of 
loss of posterior supporting structures. This compression results 
in less growth in anterior portion of vertébral body than in pos¬ 
terior portion. In time, this will resuit in wedging of vertébral 
bodies, causing kyphotic deformity. 


paralysis. Children with extensive laminectomies and paraly- 
sis as a resuit of spinal cord tumors or their treatment are 
likely to hâve increasing spinal deformities. Radiation therapy, 
used to treat many spinal tumors, has been associated 
with injury to the vertébral physis and subséquent spinal 
deformity (see Postirradiation Spinal Deformity, earlier). 
The cause of postlaminectomy spinal deformity is therefore 
multifactorial. 

■ TREATMENT 

The treatment of postlaminectomy kyphosis is difficult, and, 
if at ail possible, it is best to prevent the deformity from 
occurring. When laminectomy is necessary, the facet joints 
should be preserved whenever possible. Localized fusion at 
the time of facetectomy or laminectomy may help prevent 
progression of the deformity, but because of the loss of bone 
mass posteriorly, localized fusion may not produce a large 
enough fusion mass to prevent kyphosis. The surgical tech¬ 
nique of laminoplasty to expose the spinal cord may lessen 
the chance of progressive deformity. This approach involves 
suturing the laminae back into place after removal or remov- 
ing just one side of the laminae and allowing them to hinge 
open like a book to expose the spinal cord and then suturing 
that side of the lamina back in place. This procedure may 
provide a fibrous tether connecting the laminae to the spine, 
and Mimatsu has shown a decreased incidence of postlami¬ 
nectomy kyphosis when it has been used. After surgery in 
which the laminae hâve been removed, the child should be 
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examined regularly by an orthopaedic surgeon. If a spinal 
deformity is detected, brace treatment can be considered. The 
patients long-term prognosis, however, should be considered 
before definitive treatment plans are made. If the prognosis 
for survival is poor, spinal fusion may not be appropriate. 
With modem treatment protocols and improved survival 
rates for tumors, fusion usually is indicated for progressive 
deformity. 

Most authors recommend combined anterior and poste¬ 
rior fusions for this condition because of the small amount of 
bone surface posteriorly after a wide laminectomy. Also, 
many of these deformities hâve a kyphotic component and 
anterior spinal fusion is more successful biomechanically 
than posterior fusion. Anteriorly, the fusion mass is under 
compression rather than distraction forces. Of 45 patients 
treated for postlaminectomy scoliosis, Lonstein reported 
pseudarthroses in 33% with posterior fusion alone, in 22% 
with anterior fusion alone, and in 9.5% with combined ante¬ 
rior and posterior fusion. At the first stage, anterior fusion is 
done by removal of ail of the dise material, taking spécial care 
to remove the entire dise back to the posterior longitudinal 
ligament to prevent growth in the posterior aspect of the 
vertébral endplate with increasing kyphotic deformity. Strut 
graffing, with the rib graff obtained during the approach, or 
a fibular graff can be used to provide correction in addition 
to the fusion. Additional bone obtained locally from the 
vertébral bodies or ilium or remaining rib should be packed 
into the open dise spaces. Posterior fusion and instrumenta¬ 
tion are done either immediately or a week after the anterior 
fusion. Because of the absence of the posterior éléments, 
instrumentation of the involved spine is désirable but not 
always possible. Pedicle screw fixation has been helpful in 
allowing the use of posterior instrumentation for postlami¬ 
nectomy kyphosis and scoliosis. This procedure provides 
secure fixation while the spinal fusion is maturing. The use 
of titanium rod instrumentation has been recommended at 
the time of laminectomy. The instrumentation provides sta- 
bility postoperatively, and the titanium rods allow postopera- 
tive MRI to evaluate spinal cord tumors. Offen, the extent of 
the deformity and the absence of the posterior éléments make 
instrumentation impossible, and a halo cast or vest may be 
necessary in these patients after surgery. 

SKELETAL DYSPLASIAS 
■ ACHONDROPLASIA 

Achondroplasia, the most common of the bony dysplasias, is 
caused by a mutation of fibroblast growth factor receptor 3. 

The most frequent spinal deformity associated with this 
condition is thoracolumbar kyphosis that is présent at birth 
(Fig. 44-251). The frequency of kyphosis in achondroplasia is 
87% from âge 1 to 2 years, 39% from âge 2 to 5 years, and 
11% from âge 5 to 10 years. As muscle tone develops and 
walking begins, the kyphotic deformity usually résolves, 
although persistent kyphosis has been reported and can 
become severe in some patients. This kyphosis is poorly toler- 
ated by the patient with achondroplasia because of the 
decreased size of the spinal canal related to a marked decrease 
in the interpedicular distance in the lower lumbar région and 
to shortened pedicles, which cause a réduction in the antero- 
posterior dimensions of the spinal canal. 

It is important to be aware of the possibility of persistent 
or progressive thoracolumbar kyphosis in these patients. 
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JJ Radiographs of 13-year-old girl treated for low-grade astrocytoma. She had resection of the tumor, a portion of 
occiput, and laminae of C1-C4, followed by radiotherapy at a dose of 5400 cGy. A, Progressive cervical kyphosis developed. Note wedging 
of anterior vertébral body. B, Radiograph in halo traction shows partial réduction of kyphosis. C, Postoperative radiograph after 
anterior and posterior fusion. (From Warner WC: Kyphosis. In Morrissy RT, Weinstein SL, editors: Lovell and Winter's pédiatrie orthopaedics, 
ed 6, Philadelphia, 2006, Lippincott Williams & Wilkins.) 
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FIGURE 


Kyphosis in infant with achondroplasia. 


Early bracing to prevent progression and correction of any 
associated hip flexion contractures to prevent hyperlordosis 
below the kyphosis are recommended. Pauli et al. showed the 
efficacy of early prohibition of unsupported sitting and 
bracing in a sériés of 66 infants with achondroplasia. The 
parents were advised to prevent unsupported sitting and to 
keep young children from sitting up more than 60 degrees 
even with support. If the kyphosis developed and became 
greater than 30 degrees (as measured on prone latéral radio- 
graphs), TLSO bracing was begun and continued until the 
child was walking independently and there was evidence of 
improvement in vertébral body wedging and kyphosis. With 
this form of early intervention, they reported no récurrences 
of progressive kyphosis. 

If the kyphosis progresses despite conservative treatment, 
operative stabilization is indicated. The indications for surgery 
include a documented progression of a kyphotic deformity, 
kyphosis of more than 50 degrees, and neurologie déficits 
relating to the spinal deformity. Unless the kyphosis is rapidly 
progressive or there are neurologie déficits, surgery is delayed 
until 4 years of âge. Neurologie déficits can occur as a direct 
resuit of the kyphotic deformity and also as a resuit of the 
lumbar stenosis. Neurologie déficits in infants with achon¬ 
droplasia may indicate narrowing of the foramen magnum 
and basilar impression. Evaluation of neurologie déficits 
therefore should include appropriate imaging studies of the 
foramen magnum and the occipitocervical junction. A thor- 
ough physical examination and diagnostic study, including a 
CT scan or MRI, may be necessary to détermine the source 
of neurologie déficits. 


Most patients with progressive thoracolumbar kyphosis 
require combined anterior and posterior fusion. The tradi- 
tional approach has been to avoid posterior instrumentation 
because of the small canal. Ain and Browne recommended 
an anterior approach when the pedicle was too small to 
accommodate screw instrumentation. Corpectomy to relieve 
anterior impingement was needed when hyperextension 
over a bolster failed to correct the kyphosis to less than 50 
degrees. Patients in whom no instrumentation was used 
posteriorly had repeated posterior bone graffing 4 months 
after the original procedure. If pedicle screw instrumentation 
was used, the pedicle screws were placed under fluoroscopie 
guidance. In patients with achondroplasia, the pedicles 
are directed cranially at ail levels, and the average pedicle 
length is nearly 10 mm shorter than in individuals without 
achondroplasia. In Ain and Brownes patients, ail kyphotic 
segments were included in the fusion. If a concomitant 
décompression was done, the fusion was ended at least one 
level cephalad to the most superior level of laminectomy to 
avoid development of junctional kyphosis (Fig. 44-252). They 
found that pedicle instrumentation of the pédiatrie achon- 
droplastic spine did not cause intraoperative neurologie 
monitoring difficulties or lead to postoperative neurologie 
déficits. Posterior column shortening with pedicle screws 
and posterior instrumentation also has been used to suc- 
cessfully treat neurologie déficits secondary to thoracolumbar 
kyphosis. 

Symptomatic spinal stenosis usually does not occur until 
the third or fourth decade of life, but it may develop before 
adolescence. The reported incidence of symptomatic spinal 
stenosis ranges from 37% to 89%. The interpedicular distance 
typically decreases from L1 to L5 and the pedicle diameter 
increases in the same direction, resulting in a 40% réduction 
in size of the sagittal and coronal diameter of the spinal canal. 
Approximately one fourth of ail patients with achondroplasia 
will require surgery for spinal stenosis. Surgical indications 
are progressive symptoms, urinary rétention, severe claudica¬ 
tion (symptoms after walking less than two city blocks), and 
neurologie symptoms at rest. Surgical management of spinal 
stenosis is a decompressive laminectomy. Laminectomy alone 
is not always sufficient for décompression, and the nerve root 
recesses on both sides should be explored because latéral 
stenosis usually is présent. Because of the high risk of devel- 
oping a postlaminectomy kyphosis, concurrent posterior 
instrumentation and fusion are recommended. 

MUCOPOLYSACCHARIDOSES 

Of the many types of mucopolysaccharidoses, Morquio, 
Hurler, and Maroteaux-Lamy syndromes are the types most 
commonly associated with structural changes of the spine. 
The spinal deformity commonly seen in children with these 
conditions is kyphosis, usually in the thoracolumbar junction 
(Figs. 44-253 and 44-254). The vertébral bodies of these 
patients are déficient anteriorly and are flattened, beaked, or 
notched. The intervertébral dises are thick and bulging, often 
larger than the bodies. Thus in time, the thoracolumbar spine 
collapses into kyphosis. The kyphosis is flexible in childhood 
but with progression becomes increasingly rigid. Treatment 
of the condition dépends on the degree of the deformity, as 
well as the child’s prognosis. Hurler syndrome usually is 
rapidly progressive, and affected children usually die before 
the âge of 10 years (Fig. 44-255). 
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Spinal arthrodesis with instrumentation in pédiatrie achondroplasia. A f Preoperative latéral radiograph. B f Postopera- 
tive anteroposterior radiograph. C f Postoperative latéral radiograph. (From Ain MC, Browne JA: Spinal arthrodesis with instrumentation for 
thoracolumbar kyphosis in pédiatrie achondroplasia, Spine 29:2075, 2004.) 



Spinal deformity in Morquio syndrome. A f Hook-shaped bodies in young child. B f Further anterior ossification in 
older child. C f Flattened, rectangular vertébral bodies in adult. (From Langer LO, Carey LS: The radiographie features of the KS mucopolysac- 
charidosis of Morquio, Am J Roentgenol 97:1, 1966.) 
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Kyphotic deformity in patient with mucopolysaccharidosis. A f Clinical appearance. B and C f Radiographie appearance. 


D, MRI. 
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Morquio syndrome is the most common of the muco- 
polysaccharidoses. Children with this condition may well live 
into adult life and hâve normal mentality. Many authors, 
including Blaw and Langer, Kopits, Langer, and Lipson, hâve 
emphasized the frequent occurrence of atlantoaxial instabil- 
ity in patients with Morquio syndrome. The most common 



Kyphosis at thoracolumbar junction in patient 
with Hurler syndrome. 


presenting symptom is reduced exercise tolérance, followed 
by progressive upper motor neuron déficits. Blaw and Langer 
stated that neurologie problems in the first 2 décades of life 
usually are related to odontoid abnormalities or atlantoaxial 
instability; later, symptoms primarily are caused by the 
kyphosis or gibbus. Posterior fusion of Cl to C2 is the recom- 
mended treatment of atlantoaxial instability as soon as any 
signs of a myelopathy are identified. Blaw and Langer recom- 
mended that the developing gibbus during childhood be 
treated with an appropriate spinal orthosis to prevent neuro¬ 
logie déficits. Dalvie et al. described the use of anterior dis- 
cectomy and anterior instrumentation to correct the 
thoracolumbar gibbus in these patients. The advantages of 
this technique are the opportunity for anterior décompres¬ 
sion by excision of the bulging dise before correction of the 
kyphosis; the number of levels included in the fusion is less 
than required posteriorly; the posterior éléments in these 
children are not strong enough to hold instrumentation, and, 
furthermore, associated canal stenosis, because of soft-tissue 
déposition, makes intracanal instrumentation unsafe; the 
interbody fusion obtained is of excellent quality; and anterior 
surgery can be performed, dissecting fewer muscle planes. 
The primary difficulty with this technique is technical in 
nature. The vertébral bodies are very small, and great care 
must be taken to ensure central placement of the screws. If 
the correction maneuver places excess stress on the implants, 
they may eut through the bone. The corrective maneuver 
must therefore include an external corrective force. Good 
correction of the kyphosis was obtained and maintained 
throughout the follow-up period (Fig. 44-256). 



Anterior fusion for thoracolumbar kyphosis in mucopolysaccharidosis. A f Preoperative radiograph. B f Anteroposterior 
radiograph showing instrumentation in place. C f Radiograph at 3 years shows correction of gibbus with instrumentation and solid bony 
fusion. (From Dalvie SS, Noordeen MH, Vellodi A: Anterior instrumented fusion for thoracolumbar kyphosis in mucopolysaccharidosis, Spine 26:E539, 
2001 .) 
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ANATOMY 

The knee is one of the most frequently injured joints because 
of its anatomie structure, its exposure to external forces, and 
the functional demands placed on it. Basic to an understand- 
ing of knee injuries is an understanding of the normal knee 
anatomy. Although much emphasis has been placed on the 
ligaments of the knee, without the supporting action of 
the associated muscles and tendons, the ligaments are not 
enough to maintain knee stability. The structures around 
the knee hâve been classified into three broad categories: 
osseous structures, extraarticular structures, and intraarticu- 
lar structures. 

OSSEOUS STRUCTURES 

The osseous structures of the knee consist of three compo- 
nents: the patella, the distal fémoral condyles, and the proxi¬ 
mal tibial plateaus, or condyles. The knee is called a hinge 
joint, but actually it is more complicated than that, because 
in addition to flexion and extension its motion has a rotary 
component. The fémoral condyles are two rounded promi- 
nences that are eccentrically curved. Anteriorly, the condyles 
are somewhat flattened, which créâtes a larger surface for 
contact and weight transmission. The condyles project very 
little in front of the fémoral shaft but markedly so behind. The 
groove found anteriorly between the condyles is the patello- 
femoral groove, or trochlea. Posteriorly, the condyles are 
separated by the intercondylar notch. The articular surface of 
the médial condyle is longer than that of the latéral condyle, 
but the latéral condyle is wider. The long axis of the latéral 
condyle is oriented essentially along the sagittal plane, 
whereas the médial condyle usually is at about a 22-degree 
angle to the sagittal plane. 

The expanded proximal end of the tibia forms two rather 
fiat surfaces, condyles or plateaus, that articulate with the 
fémoral condyles. They are separated in the midline by the 
intercondylar eminence with its médial and latéral intercon¬ 
dylar tubercles. Anterior and posterior to the intercondylar 
eminence are the areas that serve as attachment sites for the 
cruciate ligaments and menisci. The posterior lip of the latéral 
tibial condyle is rounded off where the latéral meniscus slides 
posteriorly during flexion of the knee. 

The articular surfaces of the knee are not congruent. On 
the médial side, the fémur meets the tibia like a wheel on a 
fiat surface, whereas on the latéral side, it is like a wheel on a 
dôme. Only the ligaments acting in concert with the other 
soft-tissue structures provide the knee with the necessary 
stability. 

The patella is a somewhat triangular sesamoid bone that 
is wider at the proximal pôle than at the distal pôle. The 
articular surface of the patella is divided by a vertical ridge, 
resulting in a smaller médial and a larger latéral articular 
facet, or surface. With the knee in extension, the patella rides 
above the superior articular margin of the fémoral groove. In 
extension, the distal portion of the latéral patellar facet articu¬ 
lâtes with the latéral fémoral condyle, but the médial patellar 
facet barely articulâtes with the médial fémoral condyle until 
complété flexion is approached. At 45 degrees of flexion, 
contact moves proximally to the midportion of the articular 
surfaces. In complété flexion, the proximal portions of both 
facets are in contact with the fémur; and during flexion and 
extension, the patella moves 7 to 8 cm in relation to the 
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fémoral condyles. With complété flexion, more pressure is 
applied to the médial facet. 

Trauma that affects these osseous structures and their 
relationship with each other frequently causes dérangement 
of the joint. Restoration of these structures is essential to 
restoration of the function of the knee. 

EXTRAARTICULAR TENDINOUS 
STRUCTURES 

The important extraarticular structures supporting and 
influencing the function of this joint are the synovium, 
capsule, collateral ligaments, and musculotendinous units 
that span the joint. The musculotendinous units are princi- 
pally the quadriceps mechanism, the gastroenemius, the 
médial and latéral hamstring groups, the popliteus, and the 
iliotibial band. 

The four components of the quadriceps mechanism form 
a three-layered quadriceps tendon that inserts into the patella. 

The tendon of the rectus femoris flattens immediately above 
the patella and becomes the anterior layer, which inserts at 
the anterior edge of the proximal pôle. The tendon of the 
vastus intermedius continues downward as the deepest layer 
of the quadriceps tendon and inserts into the posterior edge 
of the proximal pôle. The middle lamina is formed by the 
confluent edges of the vastus lateralis and vastus medialis. The 
fibers of the médial retinaculum formed from the aponeurosis 
of the vastus medialis insert directly into the side of the 
patella to help prevent latéral displacement of the patella 
during flexion. The patellar tendon takes its origin from the 
apex or distal pôle of the patella and inserts distally into the 
tibial tuberosity. 

The gastroenemius, the most powerful calf muscle, spans 
the posterior aspect of the knee in intimate relationship with 
the posterior capsule to insert on the posterior aspect of the 
médial and latéral fémoral condyles. 

P es anserinus is the term for the conjoined insertion of 
the sartorius, gracilis, and semitendinosus muscles along the 
proximal médial aspect to the tibia. These primary flexors of 
the knee hâve a secondary internai rotational influence on the 
tibia and help protect the knee against rotary and valgus 
stress. Their counterpart on the latéral side of the knee is the 
strong biceps femoris insertion into the fibular head, latéral 
tibia, and postérolatéral capsular structures. This muscle is a 
strong flexor of the knee that also produces simultaneous 
strong external rotation of the tibia. It provides rotary stabil¬ 
ity by preventing forward dislocation of the tibia on the fémur 
during flexion. Its contributions to the arcuate ligament 
complex at the postérolatéral corner of the knee also provide 
varus and rotary stability. The iliotibial tract, the posterior 
third of the iliotibial band, inserts proximally into the latéral 
épicondyle of the fémur and distally into the latéral tibial 
tubercle (Gerdys tubercle). It thus forms an additional liga¬ 
ment that is contiguous anteriorly with the vastus lateralis 
and posteriorly with the biceps. The iliotibial band moves 
forward in extension and backward in flexion but is tense in 
both positions. During flexion, the iliotibial band, the popli- 
teal tendon, and the latéral collateral ligament cross each 
other, whereas the iliotibial band and biceps tendon remain 
parallel to each other as in extension, ail serving to enhance 
latéral stability (Fig. 45-1). 

The popliteus muscle has three origins, the strongest of 
which is from the latéral fémoral condyle. Other important 
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FIGURE 


Tendinous and neurovascular structures of 


latéral side of knee. 


origins are from the fibula (popliteofibular ligament) and 
from the posterior horn of the latéral meniscus. The fémoral 
and fibular origins form the arms of an oblique Y-shaped 
ligament, the arcuate. The arms are joined together by the 
capsule and meniscal origin. The arcuate ligament is not a 
separate ligament but is a condensation of the fibers of the 
origin of the popliteus (Fig. 45-2). With electromyographic 
studies, Basmajian and Lovejoy found that the popliteus 
muscle is a prime médial rotator of the tibia during the initial 
stages of flexion and also acts to withdraw the meniscus 
during flexion. In addition, it supplies rotary stability to the 
fémur on the tibia and aids the posterior cruciate ligament in 
preventing forward dislocation of the fémur on the tibia. 

The semimembranosus muscle is especially important as 
a stabilizing structure around the posterior and posterome- 
dial aspects of the knee. It has five distal expansions (Fig. 
45-3). The first is the oblique popliteal ligament, which passes 
from the insertion of the semimembranosus on the postero- 
medial aspect of the tibia obliquely and laterally upward 
toward the insertion of the latéral gastroenemius head (Fig. 
45-4 A). It acts as an important stabilizing structure on the 
posterior aspect of the knee. The semimembranosus helps 
tighten this ligament with contraction (Fig. 45-4B). When the 
oblique popliteal ligament is pulled medially and forward, it 
tightens the posterior capsule of the knee. This maneuver can 
be used to tighten the posterior capsule in the posteromedial 
corner of the knee in surgical repair. A second tendinous 
attachment is to the posterior capsule and posterior horn of 
the médial meniscus. This tendinous slip helps tighten the 
posterior capsule and pulls the médial meniscus posteriorly 



Popliteus muscle with its tripartite origin. Main 
tendon attached to latéral condyle of fémur (A). Attachment 
to posterior horn of latéral meniscus ( B ). Attachment to fibular 
head (C). 
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during knee flexion. The anterior or deep head continues 
medially along the flare of the tibial condyle and inserts 
beneath the superficial médial collateral ligament just distal 
to the joint line. The direct head of the semimembranosus 
attaches to the tubercle on the posterior aspect of the médial 
condyle of the tibia just below the joint line. This tendinous 
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A f Triangular arrangement of passive éléments in posterior capsule of knee crucial for rotary stability. B f Posterior 
view of knee showing ligamentous reinforcement of posterior capsule. Oblique popliteal ligament is dynamically stabilized by semi- 
membranosus muscle and arcuate ligament by popliteus muscle. AL, Arcuate ligament; AT, anterior tibial; Fa, fabella; LCL, latéral col¬ 
lateral ligament; LG, latéral gastrocnemius muscle; MCL, médial collateral ligament; MG, médial gastrocnemius muscle; OPL, oblique 
popliteal ligament; PL, plantaris longus muscle; Po, popliteus muscle; POL, posterior oblique collateral ligament; PT, popliteal tendon; 
Sm, semimembranosus. 


attachment provides a firm point in which sutures can be 
anchored for posteromedial capsular repair. The distal portion 
of the semimembranosus tendon continues distally to form 
a fibrous expansion over the popliteus and fuses with the 
periosteum of the médial tibia. The semimembranosus, 
through its muscle contraction, tenses the posterior capsule 
and posteromedial capsular structures, providing significant 
stability. Functionally, it acts as a flexor of the knee and 
internai rotator of the tibia. 

The médial extensor expansion, or médial retinaculum, 
is a distal expansion of the vastus medialis aponeurosis. 
It attaches along the médial border of the patella and 
patellar tendon and distally inserts into the tibia. It functions 
as the médial tracking support of the patella in the patello- 
femoral groove. It covers and may blend into the anteromedial 
capsular ligament. Contraction of the vastus medialis 
helps tighten the anterior portion of the médial capsular 
ligament. 

The latéral extensor expansion, or latéral retinaculum, is 
an extension of the vastus lateralis attaching to the iliotibial 
band, which helps tense this band as the knee extends and 
the iliotibial band moves forward. Imbalance between the 
latéral and médial retinacular structures offen is présent in 
patellar subluxations and dislocations. 

In addition to these musculotendinous units that directly 
span the knee, abnormalities in the orientation and alignment 
of the foot, as well as deficiencies in the hip flexors and abduc- 
tors, can influence the alignment and function of the knee 
and must be considered in évaluation and réhabilitation of 
this joint. 


EXTRAARTICULAR LIGAMENTOUS 
STRUCTURES 

The joint capsule and the collateral ligaments are the principal 
extraarticular static stabilizing structures. The capsule is a 
sleeve of fibrous tissue extending from the patella and patellar 
tendon anteriorly to the médial, latéral, and posterior expanses 
of the joint. The menisci are attached firmly at the periphery 
to this capsule, especially so medially and less so laterally. 
Laterally, the passage of the popliteal tendon through the 
popliteal hiatus to its origin on the fémoral condyle produces 
a less secure meniscal attachment than is présent medially. 
The médial capsule is more distinct and well defined than its 
latéral counterpart. The capsular structures, along with the 
médial and latéral extensor expansions of the powerful quad- 
riceps musculature, are the principal stabilizing structures 
anterior to the transverse axis of the joint. The capsule is 
especially reinforced by the collateral ligaments and the 
médial and latéral hamstring muscles, as well as by the pop¬ 
liteus muscle and the iliotibial band posterior to the transverse 
axis. The médial and latéral “quadruple complexes” hâve been 
identified as principal stabilizers of the knee (Fig. 45-5). The 
médial quadruple complex is made up of the médial collateral 
ligament, the semimembranosus, the tendons of the pes 
anserinus, and the oblique popliteal ligament portion of the 
posterior capsule. The latéral quadruple complex is made up 
of the iliotibial band, the latéral collateral ligament, the 
popliteal tendon, and the biceps femoris. The capsule is 
reinforced posteriorly by the oblique popliteal ligament, at 
the posteromedial corner by the ramifications of the semi- 
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FIGURE 


Effect of external rotation and valgus forces applied to flexed knee. Posteromedial corner of tibia rotâtes forward 


around latérally and anteriorly displaced vertical axis, and médial joint line is distracted until tear occurs in médial ligament complex. 


membranosus, and posterolaterally by the structures contrib- 
uting to the arcuate complex. 

The anteromedial and antérolatéral portions of the 
capsule are relatively thin structures but are reinforced by the 
médial and latéral patellar retinacular expansions and also 
laterally by the iliotibial band and medially by reinforcing 
bands extending from the patella as the patelloepicondylar 
ligament and the patellotibial ligament. The anteromedial and 
antérolatéral portions of the capsule are significant in protect- 
ing the anteromedial and antérolatéral aspects of the knee 
against subluxation and rotational excesses. 

The médial capsule has been divided into three distinct 
régions: the anteromedial capsule, as just discussed; the 
midmedial capsule; and the posteromedial capsule. 

The midmedial capsule is reinforced and thickened by 
vertically oriented fibers and has offen been referred to as the 
deep layer of the médial collateral ligament. It originates from 
the fémoral condyle and épicondyle and inserts just below the 
tibial articular margin. It is divided into a meniscofemoral 
portion, extending from the meniscal attachment to the 
fémoral origin, and the meniscotibial portion, extending as 
the coronary ligament of the meniscus to its tibial insertion. 
The meniscofemoral portion is the much longer and stronger 
of these two divisions. The midmedial capsule resists valgus 
and rotary stresses. 

The posteromedial région of the médial capsule extends 
from the posterior edge of the médial collateral ligament 
posteriorly to the insertion of the direct head of the semi- 
membranosus. Hughston described this posterior oblique 
ligament as a thickening of the médial capsular ligament 
attached proximally to the adductor tubercle of the fémur and 
distally to the tibia and posterior aspect of the capsule. The 
distal attachment is composed of three arms: (1) the promi¬ 
nent central, or tibial, arm, which attaches to the edge of the 
posterior surface of the tibia close to the margin of the articu¬ 
lar surface and central to the upper edge of the semimembra- 
nosus tendon; (2) the superior, or capsular, arm, which is 
continuous with the posterior capsule and the proximal part 
of the oblique popliteal ligament; and (3) the poorly defined 
inferior, or distal, arm, which attaches distally both to the 
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Posteromedial corner of the knee. A, superior 
or capsular arm of posterior oblique ligament (POL); AT, Adductor 
tubercle; B, central or tibial arm of posterior oblique ligament; 
C, superficial arm of posterior oblique ligament; G, gastrocnemius 
muscle; J, common ligament of origin of posterior oblique liga¬ 
ment; MCL, médial collateral ligament; ME, médial épicondyle; 
OP, oblique popliteal ligament; PA, pes anserinus; S, common 
tendon of semimembranosus; SP, portion of semimembranosus 
tendon that becomes oblique popliteal ligament; ST, portion of 
semimembranosus tendon that goes to posteromedial corner of 
tibia. 


sheath covering the semimembranosus tendon and to the 
tibia just distal to the direct insertion of the semimembrano¬ 
sus tendon (Figs. 45-6 to 45-9). 

The central portion is the thickest and probably the most 
important arm of the ligament, originating in the région of 
the adductor tubercle and coursing posteriorly and obliquely 
to insert at the posteromedial corner of the tibia near the 
insertion of the direct head of the semimembranosus tendon. 
The superior, or more proximal, arm of the posterior oblique 
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Common origin of posterior oblique ligament 
has been dissected from adductor tubercle (AT). Capsular arm 
(A) is retracted posteriorly and tibial arm (B) distalward. P, intraar- 
ticular portion of fémoral condyle; Q, attachment of tibial arm of 
posterior oblique ligament to posteromedial corner of médial 
meniscus (MM). 



Posteromedial aspect of knee. Fémoral attach¬ 
ment of posterior oblique ligament is divided and ligament is 
retracted posteriorly. Capsular arm (A) forms portion of posterior 
capsule (see text and previous illustrations). 


ligament passes posteriorly, blending with the posterior 
capsule and the oblique popliteal ligament as it séparâtes from 
the semimembranosus tendon. The inferior and distal groups 
of fibers pass superficially over the insertion of the semimem¬ 
branosus tendon, attach to the tibia and fascia inferiorly, and 
probably hâve little functional importance. 

The posteromedial portion of the médial capsular liga- 
mentous complex is especially important for valgus and 
rotational stability to the knee. The posteromedial capsule 
and posterior oblique ligaments become progressively relaxed 


By pulling central or tibial arm (B) of posterior 
oblique ligament proximally toward its insertion on adductor 
tubercle (AT) while tibial arm of semimembranosus tendon (ST) 
is retracted posteriorly and inferiorly, firm broad attachment 
(H) of central arm of posterior oblique ligament to tibia is visible 
beneath and deep to semimembranosus tendon (see text and 
previous illustrations). 


as the knee flexes; however, with active contraction of the 
semimembranosus muscle, each of the three arms of the 
posterior oblique ligament is tense. Therefore, both kinetic 
and static stabilizing effects are obtained from this portion of 
the médial capsular ligament, even with the knee flexed. In 
knee ligament reconstruction, this important part of the 
posteromedial complex is as essential as any other structures 
requiring attention if stability is to be restored. A précisé 
understanding of anatomy and function is required for repair 
or reconstruction of this posteromedial complex. The central 
arm of the posterior oblique ligament must be tightened in 
surgical repair or reconstruction, or passive stability cannot 
be attained regardless of any other surgical procedures. 

The médial collateral ligament is a long, rather narrow, 
well-delineated structure lying superficial to the médial 
capsule and capsular ligaments, originating on the médial 
épicondyle and inserting 7 to 10 cm below the joint line on 
the posterior half of the médial surface of the tibial metaphy- 
sis deep to the pes anserinus tendons. It has been referred to 
as the superficial tibial collateral ligament or the superficial 
portion of the médial collateral ligament. Biomechanical 
studies hâve shown that it provides the principal stability to 
valgus stresses. It glides forward over the side of the fémoral 
condyle in extension and posteriorly in flexion (Fig. 45-10). 
The long fibers of the médial collateral ligament are the 
primary stabilizers of the médial side of the knee against 
valgus and external rotary stress. The anterior fibers of the 
ligament tighten as the knee flexes, with fibers more posteri¬ 
orly becoming slack (Fig. 45-11). 

In their classic study of knee anatomy, Warren and Mar¬ 
shall divided the knee into three layers. Layer I includes the 
deep fascia or crural fascia; layer II is composed of the super¬ 
ficial médial collateral ligament, various structures anterior 
to this ligament, and the ligaments of the posteromedial 
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Joint stripped to reveal médial collateral liga¬ 
ment. A f Anterior, posterosuperior, and posteroinferior portions 
of ligament are tense with joint in extension. B, On flexion and 
extension, ligament glides backward and forward on tibia; in 
flexion, posterior oblique portions are relaxed. Note that liga¬ 
ment attaches 4 to 5 cm distal to joint. 


Extension 


B C 


90° flexion 


B 


A and B, Fibers of médial collateral ligament. 
Points A and B are at anterior border of long fibers. C is 5 mm 
posterior to B (see text). 


corner; and layer III is made up of the capsule of the knee 
joint and the deep médial collateral ligament. Layer I is the 
first fascial plane encountered affer a skin incision. Its plane 
is defined by the fascia that invests the sartorius muscle (Fig. 
45-12). Proceeding posteriorly, layer I is a thin sheet that 
overlies the two heads of the gastrocnemius and the structures 
of the popliteal fossa. If a vertical incision is made in layer 
I posterior to the parallel fibers of the médial collateral 



Deep or crural fascia of limb. Layer I will be 
incised and reflected along dashed line to reveal underlying 
structures in subséquent Figures. This surgical exposure is not 
recommended. 


ligament and the anterior portion of layer I is reflected 
forward, the entire superficial médial collateral ligament is 
exposed (Fig. 45-13). Inferiorly, the tendons of the gracilis 
and semitendinosus can be seen as distinct structures that can 
be separated from layer I superficially and layer II beneath 
(Fig. 45-14). Layers I and II are separated by these tendons as 
they cross to their insertions on the tibia. 

The plane of layer II is clearly defined by the parallel fibers 
of the superficial médial collateral ligament. As layer II is 
traced posteriorly from the anterior edge of this ligament, the 
fibers joining the fémur to the tibia become more oblique in 
their orientation (Fig. 45-15). At the posteromedial corner of 
the knee, layer II merges with layer III and with the tendon 
sheath of the semimembranosus (Figs. 45-16 and 45-17; see 
also Fig. 45-14). The conjoined structure formed by layer II 
and layer III extends posteriorly to form the posteromedial 
capsule that envelops the médial condyle of the fémur. This 
posteromedial capsule is augmented by fibers from the semi¬ 
membranosus tendon sheath. Most of the semimembranosus 
tendon inserts onto bone through the direct insertion at the 
posteromedial corner of the tibia just below the joint line (see 
Fig. 45-16). A more anterior insertion, which is an extension 
of the direct insertion, proceeds around the médial side of the 
tibia just below the joint line. This anterior insertion lies deep 
to the superficial médial collateral ligament and layer II and 
distal to the tibial margin of the capsule, or layer III (see Figs. 
45-14C and 45-16). These two insertions do not participate 
in any of the three layers because they go directly to bone. 
The semimembranosus tendon sheath sends fibrous exten¬ 
sions upward and downward into layer II (see Figs. 45-15 to 
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With sartorius transected and layer I held open 
with forceps, split in layer II can be seen just anterior to superficial 
médial collateral ligament. Anterior to superficial médial collat¬ 
eral ligament above dissection line, layer II joins layer I to become 
part of retinacular tendons (A). "Incision" will be made along 
"dissection line" marked here so that layer II can be reflected 
farther forward as shown in Figure 45-16. 


45-17). The most clearly defined of these fiber tracts are the 
ones that extend directly upward over the médial fémoral 
condyle and across the back of the knee to the latéral condyle, 
forming the oblique popliteal ligament (see Fig. 45-16). A 
third, smaller extension of the semimembranosus sheath runs 
distally to insert on the tibia posterior to the inferior oblique 
portion of the superficial médial collateral ligament and to 
blend with the oblique libers of that ligament to a varying 
degree. Judging from their morphologie features, these fibers 
do not appear to hâve much functional significance. 

Anterior to the superficial médial collateral ligament, 
layer II is variable. Whereas it is a single layer posteriorly, it 
combines anteriorly with layer I, forming the parapatellar 
retinacular fibers and the patellofemoral ligaments. 

Layer III is the true capsule of the knee joint, attached 
above and below the joint at the margins of the articular 
surfaces (Fig. 45-18). The anterior part of the capsule is thin. 
It does not appear to function as a stabilizing ligament and 
simply envelops the fat pad. Beneath the superficial médial 
collateral ligament, layer III becomes thicker and forms a 
vertically oriented band of short fibers, variably known as the 
deep médial collateral ligament, deep layer of the médial 
collateral ligament, or médial capsular ligament (see Figs. 
45-14A and B and 45-18). This deep ligament extends from 
the fémur to the midportion of the peripheral margin of the 
meniscus and tibia (see Fig. 45-17). Elsewhere the capsule is 
thin. The deep and superficial ligaments are readily separated 
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where they are in direct contact, but farther posteriorly, 1 to 
2 cm behind the anterior edge of the superficial médial col¬ 
lateral ligament, layers II and III blend. The resuit is that the 
meniscofemoral portion of the deep ligament tends to merge 
with the overlying superficial ligament near its proximal 
attachment (see Figs. 45-14A to C and 45-18). The menisco- 
tibial ligament (coronary ligament) is consistently separated 
readily from the overlying superficial ligament. Farther pos¬ 
teriorly, layer III merges with layer II (see Fig. 45-14A to C), 
and their combined fibers envelop the posteromedial corner 
of the joint, forming a composite structure. 

The latéral collateral ligament attaches to the latéral 
fémoral épicondyle proximally and to the fibular head distally. 

The latéral collateral ligament has an average fémoral attach¬ 
ment slightly proximal (1.4 mm) and posterior (3.1 mm) to 
the latéral épicondyle. Distally, it is attached 8.2 mm posterior 
to the anterior aspect of the fibular head. It is more of a 
tendinous structure than a wide ligamentous band. It is of 
prime importance in stabilizing the knee against varus stress 
with the knee in extension. As the knee goes into flexion, the 
latéral collateral ligament becomes less influential as a varus- 
stabilizing structure. 

In addition to the latéral ligaments and latéral capsular 
structures, stability dépends on the iliotibial band, the biceps 
tendon, and the popliteal tendon. The iliotibial band inserts 
into the latéral épicondyle of the fémur and then passes in its 
broad expansion between the latéral aspect of the patella and 
the more posterior location of the biceps femoris to insert 
into the latéral tibial (Gerdys) tubercle. Thus it acts as a 
supplémentai ligament across the latéral aspect of the joint. 
This band moves anteriorly as the knee extends and slides 
posteriorly as the knee flexes but remains tense in ail knee 
positions. With flexion, the iliotibial band, the popliteal 
tendon, and the latéral collateral ligament cross each other, 
thereby greatly enhancing latéral stability. The biceps tendon 
functions as a latéral stabilizer by contributing to the arcuate 
complex and by being a powerful flexor and external rotator 
of the tibia on the fémur. The popliteal tendon courses from 
the posterior aspect of the tibia through the popliteal hiatus 
and attaches deep to and somewhat anterior to the fémoral 
insertion of the latéral collateral ligament. 

Warren et al. identified a strong direct attachment of the 
popliteal tendon to the fibula, which has been called the 
popliteal fibular fascicle and the fibular origin of the popliteus 
muscle. These researchers called this structure the popliteo- 
fibular ligament because it connects the fibula to the fémur 
through the popliteal tendon (Fig. 45-19). This ligament is 
located deep to the latéral limb of the arcuate ligament; it 
originates from the posterior part of the fibula and posterior 
to the biceps insertion and joins the popliteal tendon just 
proximal to its musculotendinous junction. Thus the poplit¬ 
eus muscle-tendon unit is a Y-shaped structure with a muscle 
origin from the posterior part of the tibia, a ligamentous 
origin from the fibula, and a United insertion on the fémur. 

The popliteal tendon has a constant, broad-based fémoral 
attachment at the most proximal and anterior fiffh of 
the popliteal sulcus. The popliteal tendon attachment 
on the fémur is always anterior to the latéral collateral liga¬ 
ment. The average distance between the fémoral attachments 
of the popliteal tendon and the latéral collateral ligament is 
18.5 mm. The popliteofibular ligament has two divisions, 
anterior and posterior. The average attachment of the 
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A f At this level, retinacular fibers of 
layer II anterior to superficial médial collateral liga¬ 
ment hâve joined layer I. Point of junction is shown at 
A; B indicates point where layer II and layer III merge 
with each other and with tendon sheath of semimem¬ 
branosus. B, Cross section at level of joint line. At this 
level, "split" can be seen where retinacular fibers 
anterior to superficial médial collateral ligament leave 
layer II and superficial médial collateral ligament to 
join layer I. C, Cross section approximately 1 cm inferior 
to joint line. Note insertions of semimembranosus 
posteriorly and medially. Deep médial collateral liga¬ 
ment is not seen because its attachment to tibia is 
below joint line, above this level (see Fig. 45-17). 
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Patellofemoral 

ligament 


Capsule 
(layer III) 


Dissection 


Semimembranosus 


médial 
collateral ligament 
(layer II) 


Gracilis 

Semitendinosus 


I With split extended distally along dissection line 
shown in Figure 45-14, layer I and part of layer II anterior to split 
and dissection line are reflected forward to expose capsule ante¬ 
rior to superficial médial collateral ligament. Long parallel and 
oblique fibers of superficial médial collateral ligament can be 
seen posteriorly (layer II) and capsule anteriorly (layer III). 



With layer I, midportion of superficial médial 
ligament, and médial half of semimembranosus sheath removed, 
structures composing posteromedial corner can be seen. Note 
distinct insertions of semimembranosus tendon (1 and 2) as 
opposed to extensions of semimembranosus tendon sheath (3, 4, 
and 5). Fibers of extension 5 are variable and appear to hâve little 
effect on superficial médial ligament. Semimembranosus sheath 
and its extensions are probably in layer II. Inset is included for 
orientation and shows sites of attachment of superficial médial 
(SML) and deep médial (DML) collateral ligaments and insertions 
of semimembranosus tendon. B, Point where layers II and III 
merge. C, Oblique popliteal ligament. 



FIGURE 


With retinacular tendons dissected away from capsule anteriorly and portion of superficial médial collateral ligament 


resected, deep médial collateral ligament and part of capsule, layer III, can be seen. Semimembranosus tendon, with its sheath win- 


dowed to expose anterior insertion of tendons, is retracted posteriorly. Sheath and its extensions are part of layer II. Anterior insertion 
of semimembranosus tendon is deep to layer II. B, Point where layers II and III merge. 
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Patellofemoral 

ligament 


Level of 
Fig. 45-14A 


Fig. 45-14B 


Fig. 45-14C 


Proximal to 
joint line 



Layer I invests 
the joint 


Blue area represents layer III, capsule. Posterior 
extent is deep médial collateral ligament. Anteriorly, it invests 
entire joint. Pink area represents layer II as it appears when layer 
I is reflected as far forward as possible. Inferior angle of multi- 
color triangle is at point of split in layer II. Lines indicate level of 
cross-sectional diagrams (see Fig. 45-14). 



FIGURE 


^ Popliteofibular ligament arises from posterior 


part of fibula to join popliteal tendon just above musculotendi- 


nous junction. 


posterior division is 1.6 mm distal to the posteromedial 
aspect of the tip of the fibular styloid process, and the anterior 
division attaches 2.8 mm distal to the anteromedial aspect of 
the tip of the fibular styloid process. Sélective cutting studies 
confirmed that the popliteal tendon attachments to the tibia 
and the popliteofibular ligament are important in resisting 
posterior translation, varus rotation, and external rotation. 

Seebacher, Inglis, Marshall, and Warren defined three 
distinct layers of the latéral structures of the knee. The most 
superficial layer, or layer I, has two parts: (1) the iliotibial tract 
and its expansion anteriorly and (2) the superficial portion of 
the biceps femoris and its expansion posteriorly (Figs. 45-20 
and 45-21). The peroneal nerve lies on the deep side of layer 
I, just posterior to the biceps tendon. Layer II is formed by 
the retinaculum of the quadriceps, most of which descends 
anterolaterally and adjacent to the patella. 

Posteriorly, layer II is incomplète and is represented by 
the two patellofemoral ligaments. The proximal ligament 
joins the terminal fibers of the latéral intermuscular septum; 
the distal one ends posteriorly at the fabella or at the inser¬ 
tions of the postérolatéral capsular reinforcements and of the 
latéral head of the gastrocnemius on the fémoral condyle (see 
Figs. 45-20 and 45-21). The patellomeniscal ligament also is 
part of layer II. It extends obliquely from the patella, attaches 
to the margin of the latéral meniscus, and terminâtes inferi- 
orly on the latéral tibial (Gerdy) tubercle deep to the iliotibial 
tract. Layers I and II are adhèrent to each other in a vertical 
line at the latéral margin of the patella. Discrète attachments 
of the uppermost fibers of the patellofemoral ligament to 
the overlying iliotibial tract occur just below the termination 
of the latéral intermuscular septum at the latéral fémoral 
épicondyle. 

Layer III, the deepest layer, is the latéral part of the joint 
capsule (Fig. 45-22). It is attached to the edges of the tibia and 
fémur circumferentially in horizontal planes at the proximal 
and distal ends of the knee joint. The capsular attachment to 
the outer edge of the latéral meniscus is called the coronary 
ligament. The popliteal tendon passes through a hiatus in the 
coronary ligament to attach to the fémur. Just posterior to the 
overlying iliotibial tract, the capsule divides into two layers. 
It encompasses the latéral collateral ligament and ends pos¬ 
teriorly at the variably sized fabellofibular ligament (short 
external ligament) (see Figs. 45-20 and 45-22A). The deep 
lamina of the postérolatéral part of the capsule passes along 
the edge of the latéral meniscus. The inner lamina terminâtes 
posteriorly at the Y-shaped arcuate ligament. These two 
capsular laminae always are separated from each other by the 
inferolateral geniculate vessels, which pass forward. Seebacher 
et al. noted three anatomie variations in their dissections: (1) 
the arcuate ligament alone reinforced the capsule in 13% of 
the knees; (2) the fabellofibular ligament alone reinforced the 
capsule in 20%; and (3) both of these ligaments reinforced 
the postérolatéral aspect of the capsule in 67%. These varia¬ 
tions were associated with variations in the size of the osseous 
cartilaginous fabella in the latéral head of the gastrocnemius. 
Most commonly, the fabellofibular and arcuate ligaments 
both were présent and were of modest size. When the fabella 
was large, there was no arcuate ligament and the fabellofibular 
ligament was robust. Conversely, when the fabella or its car¬ 
tilaginous remnant was absent, the fabellofibular ligament 
also was absent and only the arcuate ligament was présent 
(Fig. 45-23; see also Figs. 45-20 and 45-22). Both the arcuate 
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ÿjj View of right knee joint from above after removal of right fémur. Note three layers of latéral side and division of 
postérolatéral part of capsule (layer III) into deep and superficial laminae, which are separated by latéral inferior genicular vessels. 
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FIGURE 


Layers I and II of structures of latéral side of knee. A f 


Major constituants of layer I: iliotibial tract and superficial 


portion of expansion of biceps. B f Layer I has been incised and peeled back from latéral margin of patella, showing layer II. Layer II 


includes vastus latéral is and its expansions, as well as patellofemoral and patellomeniscal ligaments. 






























PART XIII SPORTS MEDICINE 


Plantaris 

Gastrocnemius 
Latéral head 
Médial head 

Fabella 

Semimembranosus 

Oblique 

popliteal 

ligament 

Arcuate 

ligament 

Latéral inferior 
genicular artery 

Popliteus 

Gastrocnemius 
Médial head 



Prepatellar 
b u rsa 


Patellar 

retinaculum 

Fabellofibular 
ligament and 
latéral collateral 
ligament 

lliotibial tract 
Apex of fibular head 


Common peroneal nerve 

Biceps tendon 

Gastrocnemius 
Latéral head (step-cut) 



Arcuate ligament 
médial and latéral 
limbs 


Latéral 
collateral 
ligament (eut) 

Fabellofibular 
ligament and 
superficial lamina 
eut to point of 
fusion with 
deep lamina 



Semimembranosus 
fascial envelope 



Popliteus 

(reflected) 


Hiatus in deep 
layer of joint 
capsule for 
popliteus 
tendon 


Latéral 

meniscus 


Coronary fibers to 
latéral meniscus 


Attachment to 
meniscus 


Arcuate ligament 
and deep layer of joint 
capsule - eut and 
dissected free of 
popliteus 


Latéral 

meniscus 

(médial 

border to 

popliteal 

hiatus) 

Popliteus 
b u rsa 


Oblique views of postérolatéral aspect of right knee after removal of two structural layers superficial to joint capsule. 
A f Superficial lamina of layer III encompasses latéral collateral and fabellofibular ligaments. B f Superficial lamina, including fabellofibular 
and latéral collateral ligaments, is sectioned and opened, showing genicular vessel Crossing deep lamina. C, Deep lamina of layer III, 
including arcuate ligament, is sectioned and separated from underlying musculotendinous junction of popliteus muscle. D, Belly of 
popliteus muscle is reflected (from distal to proximal), exposing popliteal attachments to latéral meniscus and to bursa of popliteus. 
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ligament and across bare area of latéral meniscus. 


knee. Note passage of popliteal tendon through hiatus in coronary 


and fabellofibular ligaments insert on the apex of the fibular 
styloid process. They ascend vertically on the free edges of 
their respective capsular lamina to the latéral head of the 
gastrocnemius, where they are joined by the posterior termi- 
nation of the oblique popliteal ligament. When présent, the 
fabella was traversed by ail of these ligaments. 

Although Segond identified the antérolatéral ligament 
(ALL) in 1879, it was believed to be a variant of the latéral 
collateral ligament and of little importance. More recently, 
however, a number of cadaver, radiographie, and biomechani- 
cal studies hâve established it as a distinct ligament important 
to knee stability. One study identified a network of peripheral 
nerves, suggesting a proprioception function of the ALL. 
Claes et al., in 2013, identified the ALL in 40 of 41 cadaver 
knees, finding that the ligament had consistent origin and 
insertion sites in 97% of specimens. Despite the number of 
studies devoted to investigation of the ALL, its exact structure 
and function are not clearly defined. Although most studies 
agréé on the location of the ALL tibial insertion halfway 
between Gerdys tubercle (average 18 to 25 mm posterior to 
it) and the fibular head (average 17 to 24 mm anterior to it), 
the fémoral insertion site is not firmly established. Two ana¬ 
tomie variations hâve been described: posterior and proximal 
to the insertion of the latéral collateral ligament and anterior 
and distal to it. The position of the ALL relative to the pop¬ 
liteus tendon also is controversial. Claes et al. and Cavaignac 
et al. described the ALL origin as proximal and posterior to 
the popliteus tendon; Vincent et al. described it as being 
anterior to the tendon. In a systematic review of the literature, 


Van der Watt et al. concluded that the ALL is an extraarticular 
structure with a clear course from the latéral fémoral epicon- 
dylar région, running anteroinferiorly to the proximal tibia at 
a site midway between Gerdys tubercle and the head of the 
fibula (Table 45-1 and Fig. 45-24). The mean width of the ALL 
at the latéral joint was found to be 6.7 mm, with a thickness 
of about 2 mm. 

The location and appearance of the ALL hâve been delin- 
eated on radiographs (Fig. 45-25), MRI (Fig. 45-26), and 
ultrasound, as well as intraoperative observation. Reported 
sensitivity of MRI ranges from 51% to 98%. In their cadaver 
ultrasound study, Cavaignac et al. found that the entire ALL 
was visible from its proximal insertion to its distal insertion, 
with excellent agreement between ultrasound and anatomie 
findings. 

Several studies hâve suggested that the primary function 
of the ALL is to provide antérolatéral stability, preventing the 
proximal-lateral tibia from subluxation anteriorly relative to 
the distal fémur, with the stabilizing force most significant at 
30 and 90 degrees of knee flexion. It also has been implicated 
in latéral meniscal tears and Segond fractures. 

INTRAARTICULAR STRUCTURES 

The principal intraarticular structures of importance are the 
médial and latéral menisci and the anterior and posterior 
cruciate ligaments. Numerous functions hâve been assigned 
to the menisci, some known and some hypothetical. Among 
these functions are distribution of joint fluid, nutrition, shock 
absorption, deepening of the joint, stabilization of the joint, 
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_ TABLE 45-1 _ WffPiPHi» 

Structure of Antérolatéral Ligament 


STUDY 

ORIGIN 

COURSE 

INSERTION 

CHARACTERISTICS 

Claes et al. 

Latéral fémoral 
épicondyle 

Depth of latéral tibial 
synovial recess measured 
6.5 ± 1.5 mm 

Antérolatéral proximal 
tibia 

Gerdy's tubercle to ALL: 

22 mm 

Fibular head to ALL: 

21.3 mm 

Gerdy's tubercle to 

Segond fracture: 

22.4 mm 

Insertion width: 11.3 mm 

Helito et al. 

1.9 ± 1.4 mm anterior 
and 4.1 ± 1.1 mm distal 
to LCL 

Latéral radiograph: 47% 
from anterior condyle 
and 3.7 mm inferiorto 
Blumensaat line 

AP radiograph: 15.8 mm 
from posterior bicondylar 
line 

Not stated 

4.4 ± 0.8 mm distal to 
antérolatéral proximal 
tibia, at a point 42% of 
the way from the fibular 
head to Gerdy's tubercle 
Latéral radiograph: 53% 
from anterior tibial 
plateau 

AP radiograph: 7.0 mm 
from tibial joint line 

Not stated 

Helito et al. 

Latéral fémoral condyle, 
immediately anterior to 
LCL 

Anteroinferior, superficial 
to popliteal tendon 
Bifurcation 3.0 mm 
proximal to latéral 
meniscus 

7.0 mm distal to latéral 
tibial plateau 

Thin linear structure with 
thickness between 1 and 

3 mm 

Rezansoff 
et al. 

Near latéral fémoral 
épicondyle, at a point on 
a line drawn from the 
posterior fémoral cortical 
line and just inferior to 
the Blumensaat line 

Not stated 

24.7 mm from Gerdy's 
tubercle and 11.5 mm 
distal to latéral tibial 
plateau, at a point 
between a line along the 
posterior tibial cortex 
and a parallel line from 
the apex of the tibial 
spine, intersecting a 
perpendicular line from 
the apex of the posterior 
tibial condyles 

Not stated 

Caterine 

2 variations: (1) proximal 

Obliquely within capsule 

Midway between head of 

Intracapsular 

et al. 

and posterior to latéral 
épicondyle and (2) 
anterior and distal to 
latéral épicondyle 

to insert on tibia. Deep 
attachment to latéral 
meniscus 

fibula and Gerdy's tubercle 

ligamentous thickening 
of antérolatéral capsule 

Dodds et al. 

8 mm proximal and 

4.3 mm posterior to 
latéral fémoral 
épicondyle 

Superficial to LCL and 
capsule with branching 
attachments to meniscus 

Midway between head of 
fibula and Gerdy's tubercle 

Extracapsular 
ligamentous structure 

Cianca et al. 

Not stated 

Over latéral meniscus, 
traveling obliquely and 
parallel to ITT 

Inferior to proximal latéral 
edge of tibia, posterior 
and proximal to Gerdy's 
tubercle 

Easiest to identify with 

90° of flexion and 
internai rotation of 
knee, resulting in 
ligament being taut 

Helito et al. 

2.2 ± 1.5 mm anterior 
and 3.5 ± 2.1 mm distal 
to LCL 

Bifurcation présent at 
52.5% of its length 
(proximal to distal), 
attaching to latéral 
meniscus 

4.4 ± 1.1 mm distal to 
latéral tibial plateau, at a 
point 38% of way from 
fibular head to Gerdy's 
tubercle 

Length: 37.3 ± 4.0 mm 
Width: 7.4 ± 1.7 mm 
Thickness: 2.7 ± 0.6 mm 
Histology: dense 
connective tissue with 
arranged fibers and little 
cellular material 
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TABLE 45-1 


Structure of Antérolatéral Ligament—cont'd 

STUDY 

ORIGIN 

COURSE 

INSERTION 

CHARACTERISTICS 

Claes et al. 

Latéral fémoral 
épicondyle, anterior to 
LCL, proximal and 
posterior to insertion of 
popliteus 

Oblique anteroinferior to 
proximal tibia Attachment 
to meniscus 

In middle of a line 
connecting Gerdy's 
tubercle and tip of fibular 
head 

Length: 41.5 mm 
(flexion), 38.5 mm 
(extension) 

Width: 8.3 mm (origin), 

6.7 mm (joint line), 

11.2 mm (insertion) 
Thickness: 1.3 mm (joint 
line) 

Vincent 
et al. 

Latéral fémoral 
épicondyle 

Obliquely anteroinferiorly 
toward latéral meniscus 
and tibial plateau 

Proximal antérolatéral 
tibia, 5 mm from articular 
cartilage, posterior to 
Gerdy's tubercle 

Collagenous fibers with 
dense core and parallel 
orientation 

Width: 8.2 mm 

Thickness: 2 to 3 mm 
Length: 34.1 mm 

Vieira et al. 

Latéral supraepicondylar 
région bordering latéral 
edge of latéral 
épicondyle 

Oblique course toward 
proximal tibia 

Latérally to Gerdy's 
tubercle 

Well-defined 
ligamentous structure 

Patella et al. 

1.5 cm anterior and 
superior to latéral 
épicondyle 

Oblique anteroinferior 
course 

1.5 cm posteriorly to 

Gerdy's tubercle 

Ligamentous structure 
composed of a 
superficial and deep 
bundle 

Campos 
et al. 

Latéral fémoral 
épicondyle 

Oblique anteroinferior 
course 

Latéral midportion of 
proximal tibia 

Thick band of tissue 
between ITT and LCL at 
level of latéral tibial 
plateau 

Irvine et al. 

Not stated 

Not stated 

Midway between Gerdy's 
tubercle and head of 
fibula 

Ligamentous structure, 
strong enough to cause 
avulsion fracture off 
proximal tibia 

Terry et al. 

Near latéral épicondyle 

Oblique course toward 
proximal tibia 

Just posterior to Gerdy's 
tubercle on latéral tibial 
tuberosity 

Distinct ligamentous 
structure 

Dietz et al. 

Not stated 

Not stated 

A point between Gerdy's 
tubercle and fibular head 

Can cause avulsion off 
tibial condyle (optimal 
radiograph is straight AP 
radiograph) 

Fulkerson 
and Gossling 

Latéral épicondyle, just 
anterior to origin of 
gastroenemius 

Anteroinferior course 

Proximal tibia immediately 
anterior to fibular head 

Not stated 

Johnson 

Latéral fémoral 
épicondyle 

Not stated 

Proximal tibia 

Strong ligamentous 
structure 

Hughston 
et al. 

Latéral fémoral 
épicondyle 

Not stated 

Tibial joint margin 

Technically strong 
ligament 


From Van der Watt L, Khan M, Rothrauff BB, et al: The structure and function of the antérolatéral ligament of the knee: a systematic review, Arthroscopy 31:569, 2015. 
ALL, Antérolatéral ligament; AP ; anteroposterior; LCL, latéral collateral ligament; ITT, iliotibial tract. 


and a load-bearing or weight-bearing function. The cruciate 
ligaments function as stabilizers of the joint and axes around 
which rotary motion, both normal and abnormal, occurs. 
They restrict the backward and forward motion of the tibia 
on the fémur and assist in the control of both médial and 
latéral rotation of the tibia on the fémur. External rotation of 
the tibia produces an unwinding of the ligaments, and inter¬ 
nai rotation produces a winding up of the cruciate ligaments 


(Fig. 45-27). Further discussion of their spécifie functions is 
presented in the section on cruciate ligament injuries. 

MECHANICS 

The mechanical axis of the fémur does not coincide with its 
anatomie axis because a line traversing the center of the hip 
joint and the center of the knee forms an angle of 6 to 9 
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Latéral view, right knee: osseous landmarks and attachment sites of the main structures of the latéral knee (iliotibial 
band and non-anterolateral-ligament related capsule removed). The fémoral attachment of the antérolatéral ligament is located 
posterior and proximal to the latéral collateral ligament; it courses anterodistally to its antérolatéral tibial attachment approximately 
midway between the center of Gerdy's tuberde and the anterior margin of the fibular head. ALL, Antérolatéral ligament; LCL, latéral 
collateral ligament; LE, latéral épicondyle. (Redrawn from Kennedy Ml, Claes S, Fuso FA, et al: The antérolatéral ligament: an anatomie, 
radiographie, and biomechanical analysis, Am J Sports Med 43:1606, 2015.) 



Anteroposterior (A) and latéral (B) radiographs illustrating the relationship of the fémoral and tibial antérolatéral 
ligament attachments (*) to the latéral gastroenemius tendon {A), the popliteus tendon {B), the fémoral attachment of the latéral 
collateral ligament (C) and latéral épicondyle (D), anterior arm of the short head of the biceps femoris (£), anterior margin of the 
fibular head (F), and Gerdy's tubercle (G). (From Kennedy Ml, Claes S, Fuso FA, et al: The antérolatéral ligament: an anatomie, radiographie, 
and biomechanical analysis, Am J Sports Med 43:1606, 2015.) 


degrees with the axis of the shaft of the fémur. The mechani- 
cal axis generally passes near the center of the normal knee 
joint. Significant déviations from this mechanical axis may 
be présent with genu varum or genu valgum deformity. In 
the erect position, the transverse axis through the knee joint 
lies in or near the true horizontal plane. Because of the 
disparity between the lengths of the articular surfaces of 
the fémoral condyles and the tibial condyles, two types of 
motion during flexion and extension are produced. The 
knee thus possesses features characteristic of both a gingly- 
mus (hinge joint) and a trochoid (pivot joint) articulation. 
The joint permits flexion and extension in the sagittal plane 


and some degree of internai and external rotation when the 
joint is flexed. No rotation is possible when the knee is in 
full extension. The complex flexion-extension motion is a 
combination of rocking and gliding. The rocking motion is 
demonstrable in the first 20 degrees of flexion, affer which 
the motion becomes predominantly of the gliding type. This 
transition from one form of motion to the other is graduai 
but progressive. The rocking motion in the first 20 degrees 
of flexion better meets the requirements for stability of the 
knee in the relatively extended position, whereas the gliding 
motion as the joint unwinds permits more freedom for 
rotation. 
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The natural deflection outward of the tibia on the fémur 
at the knee joint produces greater weight-bearing stresses on 
the latéral fémoral condyle than on the médial condyle, but 
because the médial condyle of the fémur is prolonged farther 
forward than the latéral condyle, the vertical axis of rotation 



Coronal magnetic résonance images of a right 
knee demonstrating the anatomie location of the latéral collat¬ 
eral ligament (LCL) on the left and the antérolatéral ligament 
(ALL) on the right, located more anteriorly to the latéral collateral 
ligament. (From Van der Watt L, Khan M, Routhrauff BB, et al: The 
structure and function of the antérolatéral ligament of the knee: a 
systematic review, Arthroscopy 31:569, 2015.) 
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falls in a plane near the médial condyle. During rotary move- 
ments, the médial condyle describes a smaller arc than the 
latéral condyle. 

An accurate plot of the contact points between the fémur 
and tibia reveals that the rate of rolling to gliding does not 
remain constant through ail degrees of flexion. This ratio is 
approximately 1:2 in early flexion and about 1:4 by the end 
of flexion (Fig. 45-28). 

The configuration of the osseous structures and the 
tension of the supporting ligaments and the menisci allow no 
rotary motion in the fully extended position. As flexion is 
initiated, the capsule and collateral ligaments, as well as the 
cruciate ligaments, become less tense, allowing rotary move- 
ments that progress increasingly as flexion increases from 0 
to 90 degrees. Rotation ranges from 5 to 25 degrees with 
individual variation, internai rotation always being greater 
than external rotation. 

Both menisci are displaced slightly forward in full exten¬ 
sion and move backward as flexion proceeds. The anchorage 
of the médial meniscus permits less mobility than of the 
latéral meniscus, possibly explaining why injuries are more 
common to the médial meniscus than to the latéral meniscus. 

The action of the popliteus muscle laterally and the 
semimembranosus muscle medially retracting the menisci 
posteriorly also helps prevent the menisci from becoming 
entrapped during movements of the knee. 

The menisci are described as moving with the fémoral 
condyles with flexion and extension but moving with the tibia 
with rotary movements. 

The médial and latéral fémoral condyles hâve 
different configurations. The latéral condyle is broader in the 



In addition to their synergistic functions, cruciate and collateral ligaments exercise basic antagonistic function during 
rotation. A, In external rotation, it is collateral ligaments that tighten and inhibit excessive rotation by becoming crossed in space. 
B, In neutral rotation, none of the four ligaments is under unusual tension. C, In internai rotation, collateral ligaments become more 
vertical and are more lax, whereas cruciate ligaments become coiled around each other and corne under strong tension. ACL, Anterior 
cruciate ligament; LCL, latéral collateral ligament; MCL, médial collateral ligament; PCL, posterior cruciate ligament. 
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Movement of fémur relative to tibia during 
flexion, showing contact points generated by combination of 
rolling and gliding. This represents true physiologie action of 
tibiofemoral joint. 


anteroposterior and the transverse planes than the médial 
condyle, and the médial condyle projects distally to a level 
slightly lower than the latéral condyle. This distal projection 
helps compensate for the inclination of the mechanical axis 
in the erect position so that the transverse axis lies near the 
horizontal. The articular surface of the médial condyle is 
prolonged anteriorly, and as the knee cornes into the fully 
extended position, the fémur internally rotâtes until the 
remaining articular surface on the médial condyle is in 
contact. The posterior portion of the latéral condyle rotâtes 
forward laterally, thus producing a “screwing home” move¬ 
ment, locking the knee in the fully extended position. When 
flexion is initiated, unscrewing of the joint occurs by external 
rotation of the fémur on the tibia. As previously mentioned, 
the rotary movement responsible for screwing and unscrew¬ 
ing of the knee joint occurs around an axis that passes near 
the médial condyle of the fémur and is greatly influenced by 
the posterior cruciate ligament. 

Normal flexion and extension are from 0 to 140 degrees, 
but 5 to 10 degrees of hyperextension is offen possible. With 
the knee flexed to 90 degrees, passive rotation of the tibia on 
the fémur can be demonstrated up to 25 or 30 degrees; this 
passive rotation varies with each individual. The extent of 
internai rotation always exceeds that of external rotation, and 
no rotation is possible with the knee fully extended. Sagittal 
displacement of the tibia on the fixed fémur is détectable in 
both the anterior and posterior directions when the knee is 
flexed. Under normal conditions, the extent of the excursion 
should not exceed 3 to 5 mm. When the knee is extended, 
latéral (abduction-adduction) motion at the knee joint occurs 
to a limited extent; this motion varies with individual char- 
acteristics but should not exceed 6 to 8 degrees. In the 
hyperextended position, no latéral motion is présent. In the 
flexed position, more latéral motion is possible but should 
never exceed 15 degrees. 

Alterations in the vertical and transverse axes can occur 
with disruptions and dérangements of the knee joint. When 


Anterior 



Superior view of tibial condyles after removal 
of fémur. Latéral meniscus is smaller in diameter, thicker around 
its periphery, wider in body, and more mobile; posteriorly, it is 
attached to médial fémoral condyle by either anterior or posterior 
meniscofemoral ligament, depending on which is présent, and to 
popliteus muscle. 


the médial ligaments are disrupted, the vertical axis of rota¬ 
tion shiffs laterally and vice versa. This is discussed in greater 
detail in the section on simple and combined instabilities of 
the knee. Because of the eccentricity of the fémoral condyles, 
the transverse axis of rotation constantly changes position 
(instant center of rotation) as the knee progresses from exten¬ 
sion into flexion. 


MENISCI 

FUNCTION AND ANATOMY 

Meniscal function is essential to the normal function of the 
knee joint. As stated in the previous section on anatomy, 
various functions hâve been attributed to the menisci, some 
of which are known or proved and others that are theorized. 
The menisci act as a joint filler, compensating for gross 
incongruity between fémoral and tibial articulating surfaces 
(Figs. 45-29 and 45-30). So located, the menisci prevent 
capsular and synovial impingement during flexion-extension 
movements. The menisci are believed to hâve a joint lubrica- 
tion function, helping to distribute synovial fluid throughout 
the joint and aiding the nutrition of the articular cartilage. 
They undoubtedly contribute to stability in ail planes but 
are especially important rotary stabilizers and are probably 
essential for the smooth transition from a pure hinge to a 
gliding or rotary motion as the knee moves from flexion to 
extension. 

Radiographie changes apparent after meniscectomy 
include narrowing of the joint space, flattening of the fémoral 
condyle, and formation of osteophytes. Narrowing of the joint 
space initially is caused by removal of the spacer effect of the 
meniscus (approximately 1 mm); it is further narrowed by a 
réduction in the contact area in the absence of the meniscus. 
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Posterior view of knee after removal of fémur. 
Posteriorly, latéral meniscus is attached to either anterior or 
posterior meniscofemoral ligament, depending on which is 
présent, and to popliteus muscle. 


When the médial meniscus is removed, the contact area is 
reduced by approximately 40%; in other words, the contact 
area is 2.5 times greater when the meniscus is présent. The 
larger contact area provided by the meniscus reduces the 
average contact stress acting between the bones. The menisci 
are thus important in reducing the stress on the articular 
cartilage; they prevent mechanical damage to both the chon¬ 
drocytes and the extracellular matrix. Increased contact stress 
resulting from decreased contact area may produce bone 
remodeling, producing a flattened fémoral condyle. Softening 
of the joint cartilage also results in increased joint space nar- 
rowing and osteophyte formation. 

The menisci hâve long been assumed to hâve shock- or 
energy-absorbing functions. Significant weight-bearing or 
load-transmitting forces are carried by the menisci, from 40% 
to 60% of the superimposed weight in the standing position. 
Thus, if normal and intact menisci spare the articular cartilage 
from compressive loads, then perhaps this partly explains 
the high incidence of osteoarthritis after removal of the 
meniscus. 

The effects of meniscectomy on joint laxity hâve been 
studied for anteroposterior and varus-valgus motions and 
rotation. These studies indicated that the effect on joint laxity 
dépends on whether the ligaments of the knee are intact and 
whether the joint is bearing weight. In the presence of intact 
ligamentous structures, excision of the menisci produces 
small increases in joint laxity. When combined with ligamen¬ 
tous insufficiency, these increased instabilities caused by 
meniscectomy are greatly exaggerated. In an anterior cruciate 
ligament-deficient knee, médial meniscectomy has been 
shown to increase tibial translation by 58% at 90 degrees, 
whereas primary anterior and posterior translations were not 
affected by latéral meniscectomy. Anatomically, the capsular 
components that attach the latéral meniscus to the tibia do 
not affix the latéral meniscus as firmly as they do the médial 
meniscus. These results indicate that in contrast to the médial 



Pattern of collagen fibers within meniscus. 
Radial fibers {A). Circumferential fibers ( B ). Perforating fibers (C). 


meniscus, the latéral meniscus does not act as an efficient 
posterior wedge to resist anterior translation of the tibia on 
the fémur. Therefore, in knees that lack an anterior cruciate 
ligament, the latéral meniscus is subjected to forces different 
from those that occur on the médial side; forces in the médial 
meniscus increase signfficantly in response to an anterior 
tibial load after transection of the anterior cruciate ligament. 
This may account for the different patterns of injury of the 
latéral and médial menisci in knees with anterior cruciate 
ligament deficiency. 

Biomechanical studies hâve shown that under loads of up 
to 150 kg, the latéral meniscus appears to carry 70% of the 
load on that side of the joint; whereas on the médial side, 
the load is shared approximately equally by the meniscus 
and the exposed articular cartilage. Médial meniscectomy 
decreases contact area by 50% to 70% and increases contact 
stress by 100%. Latéral meniscectomy decreases contact area 
by 40% to 50% but dramatically increases contact stress by 
200% to 300% because of the relative convex surface of the 
latéral tibial plateau. Presumably, the menisci provide medio- 
lateral stability where the load is supported by the entire 
width of the tibial articular surface. Without the menisci, the 
load is supported centrally on each plateau, diminishing the 
lever arm of load support. 

The menisci are crescents, roughly triangular in cross 
section, that cover one half to two thirds of the articular 
surface of the corresponding tibial plateau. They are com- 
posed of dense, tightly woven collagen fibers arranged in a 
pattern providing great elasticity and ability to withstand 
compression. The major orientation of collagen fibers in the 
meniscus is circumferential; radial fibers and perforating 
fibers also are présent. The arrangement of these collagen 
fibers détermines to some extent the characteristic patterns 
of meniscal tears (Figs. 45-31 to 45-33). When meniscal 
samples are tested by application of a force perpendicular to 
the fiber direction, the strength is decreased to less than 10% 
because collagen fibers function primarily to resist tensile 
forces along the direction of the fibers. The circumferential 
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FIGURE 


^ Cross section of meniscus showing direction of 


longitudinal tear. Note that direction of tear usually is oblique 


rather than vertical. 


fibers act in much the same way as métal hoops placed around 
a pressurized wooden barrel. The tension in the hoops keeps 
the wooden staves in place (Figs. 45-34 and 45-35). The 
compression of the menisci by the tibia and the fémur génér¬ 
âtes outward forces that push the menisci out from between 
the bones. The circumferential tension in the menisci coun- 
teracts this outward or radial force. These hoop forces are 
transmitted to the tibia through the strong anterior and 
posterior attachments of the menisci. Hoop tension is lost 
when a single radial eut or tear extends to the capsular 
margin; in terms of load bearing, a single radial eut through 
the meniscus may be équivalent to meniscectomy. 

The peripheral edges of the menisci are convex, fixed, and 
attached to the inner surface of the knee joint capsule, except 
where the popliteus is interposed laterally; these peripheral 
edges also are attached loosely to the borders of the tibial 
plateaus by the coronary ligaments. The inner edges are 
concave, thin, and unattached. The menisci are largely avas- 
cular except near their peripheral attachment to the coronary 
ligaments. The inferior surface of each meniscus is fiat, 
whereas the superior surface is concave, corresponding to the 
contour of the underlying tibial plateau and superimposed 
fémoral condyle. 



Rôle of hoop tension in menisci. Hoop tension 
developed in menisci acts to keep them between bones. 


Joint load 




Rôle of hoop tension in menisci. Single eut to 
radial edge éliminâtes hoop tension and allows menisci to move 
out from between bones. 


The médial meniscus is a C-shaped structure larger in 
radius than the latéral meniscus, with the posterior horn 
being wider than the anterior. The anterior horn is attached 
firmly to the tibia anterior to the intercondylar eminence and 
to the anterior cruciate ligament. Most of the weight is borne 
on the posterior portion of the meniscus. The posterior horn 
is anchored immediately in front of the attachments of the 
posterior cruciate ligament posterior to the intercondylar 
eminence. Its entire peripheral border is firmly attached to 
the médial capsule and through the coronary ligament to the 
upper border of the tibia. 

The latéral meniscus is more circular in form, covering 
up to two thirds of the articular surface of the underlying 
tibial plateau. The anterior horn is attached to the tibia medi- 
ally in front of the intercondylar eminence, whereas the 
posterior horn inserts into the posterior aspect of the inter¬ 
condylar eminence and in front of the posterior attachment 
of the médial meniscus. The posterior horn offen receives 
anchorage also to the fémur by the ligament of Wrisberg and 
the ligament of Humphry and from fascia covering the pop¬ 
liteus muscle and the arcuate complex at the postérolatéral 
corner of the knee. The inner border, like that of the médial 
meniscus, is thin, concave, and free. The tendon of the pop¬ 
liteus muscle séparâtes the postérolatéral periphery of the 
latéral meniscus from the joint capsule and the fibular col¬ 
lateral ligament. The tendon of the popliteus is enveloped in 
a synovial membrane and forms an oblique groove on the 
latéral border of the meniscus. 

The latéral meniscus is smaller in diameter, thicker in 
periphery, wider in body, and more mobile than the médial 
meniscus. It is attached to both cruciate ligaments and pos- 
teriorly to the médial fémoral condyle by either the ligament 
of Humphry or the ligament of Wrisberg, depending on 
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Superior aspect of médial (A) and latéral (B) menisci after vascular perfusion with India ink and tissue clearing by 
modified Spalteholz technique. Note vascularity at periphery of meniscus, as well as at anterior and posterior horn attachments. Absence 
of peripheral vasculature at postérolatéral corner of latéral meniscus (arrow) represents area of passage of popliteal tendon. 


which is présent; it is also attached posteriorly to the popliteus 
muscle (see Figs. 45-29 and 45-30). It is separated from the 
latéral collateral ligament by the popliteal tendon. In contrast, 
the médial meniscus is much larger in diameter, is thinner in 
its periphery and narrower in body, and does not attach to 
either cruciate ligament. It is loosely attached to the médial 
capsular ligaments. 

The menisci follow the tibial condyles during flexion and 
extension, but during rotation they follow the fémur and 
move on the tibia; consequently, the médial meniscus becomes 
distorted. Its anterior and posterior attachments follow the 
tibia, but its intervening part follows the fémur; thus it is 
likely to be injured during rotation. However, the latéral 
meniscus, because it is firmly attached to the popliteus muscle 
and to the ligament of Wrisberg or of Humphry, follows the 
latéral fémoral condyle during rotation and therefore is less 
likely to be injured. In addition, when the tibia is rotated 
internally and the knee flexed, the popliteus muscle, by way 
of the arcuate ligament, draws the posterior segment of the 
latéral meniscus backward, thereby preventing the meniscus 
from being caught between the condyle of the fémur and the 
plateau of the tibia. 

The vascular supply to the médial and latéral menisci 
originates predominantly from the latéral and médial genicu- 
late vessels (both inferior and superior). Branches from these 
vessels give rise to a perimeniscal capillary plexus within the 
synovial and capsular tissue. The plexus is an arboroid 
network of vessels that supplies the peripheral border of the 
meniscus throughout its attachment to the joint capsule (Fig. 
45-36). These vessels are oriented in a predominantly circum- 
ferential pattern with radial branches directed toward the 
center of the joint (Fig. 45-37). Microinjection techniques 
hâve shown that the depth of peripheral vascular pénétration 
is 10% to 30% of the width of the médial meniscus and 10% 
to 25% of the width of the latéral meniscus. The médial and 
latéral geniculate arteries, along with their branches, supply 
vessels to the menisci through the vascular synovial covering 



Frontal section of médial compartment of 
knee. Branching radial vessels from perimeniscal capillary plexus 
(PCP) can be seen penetrating peripheral border of médial menis¬ 
cus. F, Fémur; T, tibia. Three zones of meniscal vascularity are 
shown: 1 RR, red-red is fully within vascular area; 2 RW, red-white 
is at border of vascular area; and 3 WW, white-white is within 
avascular area. (From Arnoczky SP, Warren RF: Microvasculature of the 
human meniscus, Am J Sports Med 10:90, 1982.) 


of the anterior and posterior horn attachments. A small 
reflection of vascular synovial tissue also is présent through¬ 
out the periphery of the menisci at both the fémoral and tibial 
attachments and extends for a short distance (1 to 3 mm). 

MENISCAL HEALING AND REPAIR 

The vascular supply to the meniscus détermines its potential 
for repair. The peripheral meniscal blood supply is capable of 
producing a reparative response similar to that observed in 
other connective tissues because of a perimeniscal capillary 
plexus that supplies the peripheral 10% to 25% of the menisci. 
Meniscal tears hâve been classified on the basis of their loca¬ 
tion in three zones of vascularity—red (fully within the 
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vascular area), red-white (at the border of the vascular area), 
and white (within the avascular area)—and this classification 
indicates the potential for healing after repair (see Fig. 45-37 
and section on surgical repair of torn menisci). 

After injury within the peripheral vascular zone, a fibrin 
clôt that is rich in inflammatory cells forms. Vessels from the 
perimeniscal capillary plexus proliferate throughout this 
fibrin scaffold and are accompanied by the proliférations 
of differentiated mesenchymal cells. The lésion is eventually 
filled with cellular fibrovascular scar tissue that glues the 
wound edges together and appears continuous with the adja¬ 
cent normal meniscal fibrocartilage. Vessels from the peri¬ 
meniscal capillary plexus as well as the proliférative vascular 
pannus from the synovial fringe penetrate the fibrous scar to 
provide a marked inflammatory response. Experimental 
studies in animais hâve shown that complété radial lésions of 
the meniscus are completely healed with a young fibrocarti- 
laginous scar by 10 weeks, although several months are 
required for maturation to fibrocartilage that appears normal. 

Several reports described excellent results after primary 
repair of lésions at the periphery of the meniscus; because 
results of repair of tears in partially vascular or avascular 
areas are not as predictable, techniques hâve been developed 
to improve vascularity in meniscal repair. Techniques for 
open suture of peripheral tears of the meniscus are presented 
in this chapter, and those for arthroscopic suture are described 
in Chapter 51. 

Controversy exists about the ability of a meniscus or a 
meniscus-like tissue to regenerate after meniscectomy. It is 
now generally accepted that for a meniscus to regenerate, the 
entire structure must be resected to expose the vascular 
synovial tissue; or, in subtotal meniscectomy, the excision 
must extend to the peripheral vasculature of the meniscus. 
Subtotal excisions of the meniscus within the avascular 
central half of the meniscus do not show any régénération 
potential. The frequency and degree of régénération of the 
meniscus hâve not been determined precisely. Many surgeons 
believe that only the peripheral rim regenerates after total 
meniscectomy and that the quality of regenerated meniscus 
does not compare with that of original meniscus (see discus¬ 
sion of régénération of menisci after excision). 

TEARS OF MENISCI 

Traumatic lésions of the menisci are produced most com- 
monly by rotation as the flexed knee moves toward an 
extended position. The médial meniscus, being far less mobile 
on the tibia, can become impaled between the condyles, and 
injury can resuit. The most common location for injury is the 
posterior horn of the meniscus, and longitudinal tears are the 
most common type of injury. The length, depth, and position 
of the tear dépend on the position of the posterior horn in 
relation to the fémoral and tibial condyles at the time of 
injury. Menisci with peripheral cystic formation or menisci 
that hâve been rendered less mobile from previous injury or 
disease may sustain tears from less trauma. Congénital 
anomalies of the menisci, especially discoid latéral meniscus, 
may prédisposé to either degeneration or traumatic lacéra¬ 
tion. Likewise, areas of degeneration that develop as a resuit 
of aging cannot withstand as much trauma as healthy fibro¬ 
cartilage. Abnormal mechanical axes in a joint with incon- 
gruities or ligamentous disruptions expose the menisci to 
abnormal mechanics and thus can lead to a greater incidence 



Two tears of médial meniscus: classic bucket- 
handle tear and tear of posterior peripheral part. 


of injury. Congenitally relaxed joints and those with inadé¬ 
quate musculature, especially the quadriceps, probably are at 
significantly greater risk of meniscal injuries, as well as other 
internai dérangements. 

■ MECHANISM OF TEAR 

A meniscus usually is torn by a rotational force incurred 
while the joint is partially flexed. During vigorous internai 
rotation of the fémur on the tibia with the knee in flexion, the 
fémur tends to force the médial meniscus posteriorly and 
toward the center of the joint. A strong peripheral attachment 
posteriorly may prevent the meniscus from being injured, but 
if this attachment stretches or tears, the posterior part of the 
meniscus is forced toward the center of the joint, is caught 
between the fémur and the tibia, and is torn longitudinally 
when the joint is suddenly extended. If this longitudinal tear 
extends anteriorly beyond the médial collateral ligament, the 
inner segment of the meniscus is caught in the intercondylar 
notch and cannot return to its former position; thus a 
classic bucket-handle tear with locking of the joint is pro¬ 
duced (Fig. 45-38). 

The same mechanism can produce a posterior peripheral 
or a longitudinal tear of the latéral meniscus; the latéral 
fémoral condyle forces the anterior half of the meniscus 
anteriorly and toward the center of the joint, and this strain 
in turn may tear the posterior half of the meniscus from its 
peripheral attachment. When the joint is extended, a longi¬ 
tudinal tear results. Because of its mobility and structure, the 
latéral meniscus is not as susceptible to bucket-handle tears; 
however, because it is more sharply curved and is neither 
attached to nor controlled by the latéral collateral ligament, 
the latéral meniscus sustains incomplète transverse tears 
more often than does the médial meniscus. 

■ CLASSIFICATION 

Numerous classifications of tears of the menisci hâve been 
proposed on the basis of location or type of tear, etiology, and 
other factors; most of the commonly used classifications are 
based on the type of tear found at surgery. These are (1) 
longitudinal tears, (2) transverse and oblique tears, (3) a 
combination of longitudinal and transverse tears, (4) tears 
associated with cystic menisci, and (5) tears associated with 
discoid menisci. 
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The most common type of tear is the longitudinal tear, 
usually involving the posterior segment of either the médial 
or the latéral meniscus. Before the extensive use of arthros- 
copy for diagnosis and treatment of meniscal injuries, tears 
of the médial meniscus in most sériés were approximately five 
to seven times more common than those of the latéral menis¬ 
cus. However, as use of the arthroscope has increased, allow- 
ing more thorough inspection of both menisci, more latéral 
meniscal tears hâve been diagnosed. Although no definitive 
study comparing the incidence of médial to latéral tears has 
been reported, the two types are believed to occur with almost 
equal frequency. Tears within the meniscus itself can be 
complété or incomplète. Most involve the inferior rather than 
the superior surface of the meniscus. Small tears limited to 
the posterior horn are not capable of producing locking but 
will cause pain, récurrent swelling, and a feeling of instability 
in the joint. Extensive longitudinal tears can cause mechani- 
cal locking if the central portion of the meniscus is displaced 
into the intercondylar notch. A pedunculated fragment may 
resuit if either the posterior or anterior attachment of the 
bucket-handle fragment becomes detached. 

Transverse, radial, or oblique tears can occur in either 
meniscus but more commonly involve the latéral meniscus. 
Tfiese usually are located at the junction of the anterior and 
middle thirds and, as previously pointed out, tend to occur 
when forces separate the anterior and posterior segments of 
the meniscus, stretching the inner concave border and resuit - 
ing in a transverse tear. Because the latéral meniscus is more 
of a circle and has a shorter radius, the inner free edge is more 
easily torn transversely than its médial counterpart. Trans¬ 
verse tears also can resuit from degenerative changes within 
the meniscus itself or from injury or conditions such as cystic 
changes at the periphery that render the meniscus less mobile. 

Both transverse and longitudinal complex tears may be 
found and may follow degeneration or repeated traumatic 
épisodes. 

Cysts of the menisci are frequently associated with tears 
and are nine times more common on the latéral than on the 
médial side. The most common cause is trauma that produces 
degeneration and secondary mucinous and cystic changes in 
the periphery of the meniscus; when inflammatory changes 
follow, the meniscus may become less mobile during flexion, 
extension, and rotary motions and thus more susceptible to 
additional longitudinal or transverse tearing. 

Discoid menisci are abnormal and, because of hypermo- 
bility and the bulk of the tissue between the articular surfaces, 
they are vulnérable to compression and rotary stresses. 
Degeneration within the discoid meniscus, as well as tears, 
may develop. The diagnosis often is not made until surgery, 
since the discoid meniscus may not produce significant 
symptoms until some dérangement of the meniscus occurs. 

■ DIAGNOSIS 

The diagnosis of a meniscal tear can be difficult even for an 
experienced orthopaedic surgeon. Use of a careful history 
and physical examination and supplémentation of standard 
radiographs in spécifie instances with spécial imaging tech¬ 
niques and arthroscopy can keep errors in diagnosis of tears 
of the menisci to less than 5%. Rarely should arthroscopy for 
suspected tears reveal a normal joint or one with such minor 
abnormality that surgery would not hâve been useful; on 
these occasions, a diagnosis of hypermobile meniscus or 
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hypertrophy of the fat pad is seldom correct. Termination of 
the procedure is better than removal of structures that are not 
abnormal enough to explain the symptoms. 

When a meniscus has been injured, capsular and liga- 
mentous structures and the articular surfaces also often hâve 
been injured. For simplicity, tears of the menisci are discussed 
here as though they always are isolated injuries, but evidence 
of other injuries always must be sought. Disorders that can 
produce symptoms similar to those of a torn meniscus must 
be kept in mind and, to avoid error, a detailed, careful, sys- 
temic history and physical examination supplemented with 
appropriate imaging studies and arthroscopy are indicated, 
especially if symptoms and findings are not quite typical of a 
torn meniscus. 

A history of spécifie injury may not be obtained, espe¬ 
cially when tears of abnormal or degenerative menisci hâve 
occurred. This scénario is noted most often in a middle-aged 
person who sustains a weight-bearing twist on the knee or 
who has pain affer squatting. Tears of normal menisci usually 
are associated with more significant trauma or injury but are 
produced by a similar mechanism: the meniscus is entrapped 
between the fémoral and tibial condyles in flexion, tearing as 
the knee is extended. Patients with tears in degenerative 
menisci may recall symptoms of mild catching, snapping, or 
clicking, as well as occasional pain and mild swelling in the 
joint. Once the tear in the meniscus becomes of significant 
size, more obvious symptoms of giving way and locking may 
develop. 

The syndromes caused by tears of the menisci can be 
divided into two groups: those in which there is locking and 
the diagnosis is clear and those in which locking is absent and 
the diagnosis is more difficult. The first group requires little 
discussion because the symptoms and findings hâve been 
described many times elsewhere. However, locking may not 
be recognized unless the injured knee is compared with the 
opposite knee, which should exhibit the 5 to 10 degrees of 
recurvatum that normally is présent. The injured knee can be 
locked and still extend to neutral position. Locking usually 
occurs only with longitudinal tears and is much more 
common with bucket-handle tears, usually of the médial 
meniscus. Locking of the knee must not be considered 
pathognomonic of a bucket-handle tear of a meniscus; an 
intraarticular tumor, an osteocartilaginous loose body, and 
other conditions can cause locking. Regardless of its cause, 
locking that is unrelieved affer aspiration of the hemarthrosis 
and a period of conservative treatment may require surgical 
treatment. A serious error is failure to distinguish locking 
from false locking. False locking occurs most often soon affer 
an injury in which hemorrhage around the posterior part of 
the capsule or a collateral ligament with associated hamstring 
spasm prevents complété extension of the knee. Aspiration 
and a short period of rest until the reaction has partially 
subsided usually will differentiate locking from false locking 
of the joint. 

If a patient does not hâve locking, the diagnosis of a torn 
meniscus is more difficult even for the most astute surgeon. 

A patient typically gives a history of several épisodes of 
trouble referable to the knee, often resulting in effusion and 
a brief period of disability but no definite locking. A sensation 
of “giving way” or snaps, clicks, catches, or jerks in the knee 
may be described, or the history may be even more indefinite, 
with récurrent épisodes of pain and mild effusion in the knee 
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and tenderness in the anterior joint space after excessive 
activity. 

When they are well understood, the following dues can 
be important in the differential diagnosis in this second 
group: a sensation of giving way, effusion, atrophy of the 
quadriceps, tenderness over the joint line (or the meniscus), 
and reproduction of a click by manipulative maneuvers 
during the physical examination. 

A sensation of giving way is in itself of little help in 
diagnosis because it can occur in other disturbances of the 
knee, especially loose bodies, chondromalacia of the patella, 
and instability of the joint resulting from injury to the liga¬ 
ments or from weakness of the supporting musculature, 
especially the quadriceps. When this symptom results from a 
tear in the posterior part of a meniscus, the patient usually 
notices this on rotary movements of the knee and often 
associâtes it with a feeling of subluxation or “the joint jumping 
out of place.” When giving way is a resuit of other causes, such 
as quadriceps weakness, it usually is noticeable during simple 
flexion of the knee against résistance, such as in walking 
down stairs. 

Effusion indicates that something is irritating the 
synovium; therefore, it has limited spécifie diagnostic value. 
The sudden onset of effusion after an injury usually dénotés 
a hemarthrosis, and it can occur when the vascularized 
periphery of a meniscus is torn. Tears occurring within the 
body of a meniscus or in degenerative areas may not produce 
a hemarthrosis. Repeated displacement of a pedunculated or 
torn portion of a meniscus can cause sufficient synovial irrita¬ 
tion to produce a chronic synovitis with an effusion of a 
nonbloody nature. Thus, the time at onset and the character- 
istics of the effusion are of value in assessing the knee, but the 
absence of an effusion or hemarthrosis does not rule out a 
tear of the meniscus. 

Atrophy of the musculature around the knee, especially 
of the vastus medialis component of the quadriceps mecha- 
nism, suggests a recurring disability of the knee but does not 
indicate its cause. 

Probably the most important physical finding is localized 
tenderness along the médial or latéral joint line or over the 
periphery of the meniscus. This most often is located postero- 
medially or posterolaterally, because most meniscal tears are 
in the posterior horn areas. The meniscus itself is without 
nerve fibers except at its periphery; therefore, the tenderness 
or pain is related to synovitis in the adjacent capsular and 
synovial tissues. 

■ DIAGNOSTIC TESTS 

Clicks, snaps, or catches, either audible or detected by palpa¬ 
tion during flexion, extension, and rotary motions of the 
joint, can be valuable diagnostically, and efforts should be 
made to reproduce and accurately locate them. If these noises 
are localized to the joint line, the meniscus most likely con- 
tains a tear. Similar noises originating from the patella, the 
quadriceps mechanism, or the patellofemoral groove must be 
differentiated. Numerous manipulative tests hâve been 
described, but the McMurray test and the Apley grinding test 
probably are most commonly used. Ail basically involve 
attempts to locate and to reproduce crépitation that results as 
the knee is manipulated. 

The McMurray test (Fig. 45-39) is probably best known 
and is carried out as follows. With the patient supine and the 




McMurray test for meniscal injury (see text). 

(From Tria AJ Jr: Clinical examination of the knee. In Scott WN, editor: 
Insall & Scott surgery of the knee, 4th ed, Philadelphia, Churchill Liv¬ 
ingstone Elsevier, 2006.) 


knee acutely and forcibly flexed, the examiner can check the 
médial meniscus by palpating the posteromedial margin of 
the joint with one hand while grasping the foot with the other 
hand. Keeping the knee completely flexed, the leg is externally 
rotated as far as possible and then the knee is slowly extended. 
As the fémur passes over a tear in the meniscus, a click may 
be heard or felt. The latéral meniscus is checked by palpating 
the postérolatéral margin of the joint, internally rotating the 
leg as far as possible, and slowly extending the knee while 
listening and feeling for a click. A click produced by the 
McMurray test usually is caused by a posterior peripheral tear 
of the meniscus and occurs between complété flexion of the 
knee and 90 degrees. Popping, which occurs with greater 
degrees of extension when it is definitely localized to the joint 
line, suggests a tear of the middle and anterior portions of the 
meniscus. The position of the knee when the click occurs thus 
may help locate the lésion. A McMurray click localized to the 
joint line is additional evidence that the meniscus is torn; a 
négative resuit of the McMurray test does not rule out a tear. 

The grinding test , as described by Apley, is carried out as 
follows. With the patient prone, the knee is flexed to 90 
degrees and the anterior thigh is fixed against the examining 
table. The foot and leg are then pulled upward to distract the 
joint and rotated to place rotational strain on the ligaments 
(Fig. 45-40A); when ligaments hâve been torn, this part of the 
test usually is painful. Next, with the knee in the same posi¬ 
tion, the foot and leg are pressed downward and rotated as 
the joint is slowly flexed and extended (Fig. 45-40B); when a 
meniscus has been torn, popping and pain localized to the 
joint line may be noted. Although the McMurray, Apley, and 
other tests cannot be considered diagnostic, they are useful 
enough to be included in the routine examination of the knee. 
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[gj A and B f Apley grinding test for meniscal injury 
(see text). (From Tria AJ Jr: Clinical examination of the knee. In Scott 
WN, ed: Insall & Scott surgery of the knee, 4 th ed, Philadelphia, Churchill 
Livingstone, 2006.) 


Tears of one meniscus can produce pain in the opposite 
compartment of the knee. This is most commonly seen with 
posterior tears of the latéral meniscus. This phenomenon is 
not understood. The use of MRI has minimized initial explo¬ 
ration of the wrong compartment. 

Another useful test, the squat test , consists of several 
répétitions of a full squat with the feet and legs alternately 
fully internally and externally rotated as the squat is per- 
formed. Pain usually is produced on either the médial or 
latéral side of the knee, corresponding to the side of the torn 
meniscus. Pain in the internally rotated position suggests 
injury to the latéral meniscus, whereas pain in the external 
rotation suggests injury to the médial meniscus. The localiza- 
tion of the pain to either the médial joint line or the latéral 
joint line, however, is a much more dependable localizing 
sign than the position of rotation. 

Karachalios et al. described a test for early détection of 
meniscal tears (Thessaly test) for which they reported diag¬ 
nostic accuracy rates of 94% in detecting tears of the médial 
meniscus and 96% in the détection of tears of the latéral 
meniscus. The examiner supports the patient by holding his 
or her outstretched hands while the patient stands flatfooted 
on the floor. The patient then rotâtes his or her knee and body, 
internally and externally, three times with the knee in slight 
flexion (5 degrees). The same procedure is carried out with 
the knee flexed 20 degrees. Patients with suspected meniscal 
tears expérience médial or latéral joint-line discomfort and 
may hâve a sense of locking or catching. The test is always 
done on the normal knee first to teach the patient how to keep 
the knee in 5 and 20 degrees of flexion and how to recognize 
a possible positive resuit in the symptomatic knee. The 
Thessaly test at 20 degrees of knee flexion was suggested 
to be effective as a first-line clinical screening test for menis¬ 
cal tears. 

Two meta-analyses of the literature attempted to déter¬ 
mine the relative accuracy of these clinical tests, but both 
found problems with methodology of studies and small 
sample sizes, as well as with différences in how the tests were 
defined, performed, and interpreted. One analysis determined 
that joint line tenderness is the best “common test, while the 
other found sensitivities and specificities similar among the 



Arthrogram of knee showing tear of 


meniscus. 


three tests: McMurray, 70% and 71%; Apley, 60% and 70%; 
and joint line tenderness, 63% and 77%. 

■ IMAGING STUDIES 
I RADIOGRAPHY 

Anteroposterior, latéral, and intercondylar notch views with 
a tangential view of the inferior surface of the patella should 
be routine. Ordinary radiographs will not confirm the diag- 
nosis of a torn meniscus but are essential to exclude osteo- 
cartilaginous loose bodies, osteochondritis dissecans, and 
other pathologie processes that can mimic a torn meniscus. 

1 ARTHROGRAPHY 

The usefulness of arthrography in diagnosis of pathologie 
conditions of the meniscus usually is directly proportional to 
the interest and expérience of the arthrographer (Fig. 45-41). 
To never use arthrography is to eliminate an extremely valu- 
able diagnostic procedure, but to use it routinely on every 
injured knee is just as unfortunate. With the improvements 
in CT and MRI scanning, we rarely use arthrography for knee 
examination. 

I OTHER DIAGNOSTIC STUDIES 

Other diagnostic studies, such as ultrasonography, bone scan¬ 
ning, CT, and MRI, hâve been shown to improve diagnostic 
accuracy in many knee disorders (see Chapter 2). Their 
principal attractiveness over arthrography or arthroscopy is 
that they are noninvasive procedures. Compared with 
arthroscopy, MRI has been shown to hâve 98% accuracy for 
médial meniscal tears and 90% for latéral meniscal tears. 
Others hâve reported that MRI had a positive prédictive value 
of 75%, a négative prédictive value of 90%, a sensitivity of 
83%, and a specificity of 84% for pathologie changes in the 
menisci. More recently, a study of acute and chronic meniscal 
tears in 122 young adults found a sensitivity of 67%, specific¬ 
ity of 93%, and diagnostic accuracy of 88% in the détection 
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of acute tears; sensitivity was 64%, specificity was 91%, and 
diagnostic accuracy was 86% for chronic tears. Although MRI 
appears to be efficient in detecting meniscal tears, it has not 
been shown to be effective in predicting the reparability of 
such tears. Motamedi reported that two experienced 
musculoskeletal radiologists, using established arthroscopic 
criteria to grade 119 meniscal tears, agreed on réparable or 
not réparable classifications 74% of the time but came to 
identical scores only 38% of the time. 

High-resolution CT has been reported to hâve a sensitiv¬ 
ity of 96%, specificity of 81%, and accuracy of 91%. We most 
offen use CT for examining the patellofemoral joint because 
it allows évaluation of the normal and abnormal relation of 
the articulation at various degrees of knee flexion, with and 
without quadriceps contraction. It also is useful for delineat- 
ing synovial cysts and other soff-tissue tumors around the 
knee. 

■ ARTHROSCOPY 

Details about equipment, principles, and diagnostic and 
surgical arthroscopic techniques are presented in Chapter 51. 

■ NONOPERATIVE MANAGEMENT 

Proven meniscal tears usually are treated surgically, most 
offen by arthroscopy and in rare cases by arthrotomy. 

Arthroscopy has made the diagnosis of acute meniscal 
injuries more précisé, which aids in the treatment planning. 
Incomplète tears or small peripheral tears (displaced 
< 3 mm) are difficult to confirm without arthroscopy. An 
incomplète meniscal tear or a small (5 mm) stable periph¬ 
eral tear with no other pathologie condition, such as a torn 
anterior cruciate ligament, can be treated nonoperatively 
with predictably good results. Many incomplète tears will 
not progress to complété tears if the knee is stable. Small 
stable peripheral tears hâve been observed to heal affer 3 to 
6 weeks of protection. Many undiagnosed small peripheral 
tears probably occur with other knee injuries, such as 
sprains or patellar dislocations, and if they are in the vascu- 
larized zone (see section on surgical repair of torn menisci), 
these tears heal without surgical treatment. In a multicenter 
study of more than 400 patients aged 50 to 79 years, however, 
untreated meniscal tears, even minor radial tears, were 
strongly associated with the development of osteoarthritis: 
63% of patients with untreated meniscal tears had evidence 
of osteoarthritis, compared with only 19% of those with no 
meniscal damage. 

Stable vertical longitudinal tears, which tend to occur in 
the peripheral vascular portions of the menisci, hâve been 
reported to heal with nonoperative treatment. Weiss et al. 
reported healing of 17 of 26 vertical longitudinal tears with 
nonoperative treatment, compared with only four of 10 radial 
tears. A vertical longitudinal tear involving the body of the 
meniscus was classffied as stable when the portion of the 
meniscus that was central to the tear could not be displaced 
more than 3 mm from the intact peripheral rim. Most tears 
were 1 cm long or less, and ail partial-thickness tears were 
classffied as stable. In a randomized controlled trial, Yim 
et al. compared outcomes of arthroscopic meniscectomy and 
nonoperative treatment in 102 patients with degenerative 
horizontal tears of the posterior horn of the médial meniscus 
and found no signfficant différences in pain relief, knee func- 
tion, or patient satisfaction at 2-year follow-up. 


Chronic tears with a superimposed acute injury cannot 
be expected to heal with nonoperative treatment. Thus, an 
acute meniscal injury in a patient with a history of symptom- 
atic épisodes such as catching, locking, and giving way 
probably does not qualify for nonoperative management. 
Nonoperative treatment is never appropriate in a patient with 
a locked knee caused by a bucket-handle tear of the meniscus. 
Forceful manipulation of such displaced tears is never justi- 
fied, and most will not heal without surgery even if they are 
reduced. 

Meniscal tears that cause infrequent and minimal symp- 
toms can be treated with réhabilitation and restricted activity. 
Tears associated with ligamentous instabilities can be treated 
nonoperatively if the patient defers ligament reconstruction 
or if reconstruction is contraindicated. Removal of the 
menisci, especially the médial meniscus, in such knees 
may make the instability even more severe. Nonoperative or 
delayed operative treatment of ligamentous injuries also 
increases the risk of médial meniscal tear; Yoo et al. found 
that further médial meniscal damage is common if surgery is 
delayed by 6 months or more. 

Chronic tears even within the vascularized zone will not 
heal without surgery. However, chronic tears hâve been shown 
to heal when the synovial bed of the meniscus has been fresh- 
ened and the torn edges hâve been apposed and sutured. 

Nonsurgical management consists of a groin-to-ankle 
cylinder cast or knee immobilizer worn for 4 to 6 weeks. 
Crutch walking with touch-down weight bearing is permitted 
when the patient gains active control of the extremity in the 
cast. The patient is instructed in a progressive isométrie 
exercise program during the time the leg is in the cast to 
strengthen the quadriceps, the hamstrings, and the gastroc- 
nemius and soleus muscles around the knee, as well as the 
flexors, abductors, adductors, and extensors around the hip. 
At 4 to 6 weeks, the immobilization is discontinued and the 
rehabilitative exercise program for the muscles around the 
hip and knee is intensified. The patient must be informed that 
any tear in the meniscus may not hâve healed despite this 
period of immobilization. If symptoms recur affer a period of 
nonoperative treatment, surgical repair or removal of the 
damaged meniscus may be necessary, and more spécifie 
diagnostic procedures, such as MRI and arthroscopy, are used 
as indicated. 

The most important aspect of nonoperative treatment, 
once the acute pain and effusion hâve subsided, is restoration 
of the power of the muscles around the injured knee to a level 
comparable to that of the opposite knee. As much motion 
of the joint as possible should be encouraged. This can 
be accomplished through a regular program of progressive 
exercises, not only for the quadriceps and hamstrings but also 
for the hip flexors and abductors. 

■ OPERATIVE MANAGEMENT 

Historically, the indications and surgical techniques for exci¬ 
sion of torn menisci hâve been controversial; noted orthopae- 
dic surgeons hâve advocated total excision of the torn 
meniscus, whereas others hâve proposed subtotal excision. 
Justification for total excision offen was based on short-term, 
functional recovery criteria. With longer follow-up, increas- 
ing degenerative changes were noted, especially affer total 
meniscectomy. Removal of even one third of the meniscus 
was shown to increase joint contact forces by up to 350%. 
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The greatest degenerative changes occur after total rather 
than subtotal meniscectomy. After subtotal excision of the 
meniscus, there is less articular cartilage degeneration, and 
it is localized principally to the area previously covered by 
the meniscus. The amount of degenerative change in the 
articular cartilage appears to be directly proportional to 
the amount of meniscus removed. In our expérience, if the 
dérangement produces almost daily symptoms, frequent 
locking, or repeated or chronic effusions, the pathologie 
portion of the meniscus should be removed because the 
problems caused by the présent disability far outweigh the 
probability or significance of future degenerative arthritis. If 
a significant portion of the peripheral rim can be retained by 
subtotal meniscal excision, the long-term resuit is improved. 
A study of 312 patients found that, despite joint space nar- 
rowing, decreases in meniscal thickness after partial menis¬ 
cectomy with complété resection of the unstable leaf of 
horizontal tears had no additional adverse effect on functional 
and radiographie outcomes compared with conventional 
partial meniscectomy that preserved the whole meniscal 
thickness at 5-year follow-up. 

Complété removal of the meniscus is justified only when 
it is irreparably torn, and the meniscal rim should be pre¬ 
served if at ail possible. Total meniscectomy is no longer 
considered the treatment of choice in young athlètes or other 
people whose daily activities require vigorous use of the knee. 

Excision of only the torn portion of the meniscus, either 
by open arthrotomy or by arthroscopic technique, has suffi- 
cient support and clinical results to indicate its routine use. 
Subtotal excision of a torn meniscus by open arthrotomy can 
be a difficult procedure and can be accomplished more easily 
by arthroscopic techniques. Arthroscopic subtotal meniscus 
excision is described in Chapter 51. 

1 LATE CHANGES AFTER MENISCECTOMY 

The knee can function well without the meniscus, but con¬ 
sidérable evidence indicates that meniscectomy often is fol- 
lowed by degenerative changes within the joint; whether the 
injury, the damaged meniscus itself, or its excision led to the 
degenerative changes cannot be determined with certainty in 
most of these studies. More recent studies hâve found low 
percentages of joint narrowing of more than 50% 10 to 15 
years after partial médial meniscectomy. One 12-year 
follow-up study showed that 88% of patients with partial 
médial meniscectomy had joint space narrowing of less than 

2 mm and none had narrowing of more than 2 mm. Subjec¬ 
tive results after partial médial meniscectomy generally are 
favorable, with 88% to 95% of patients reporting good to 
excellent results. A meta-analysis comparing meniscal repair 
with meniscectomy, however, found better long-term patient- 
reported outcomes and better activity levels with meniscal 
repair than with meniscectomy. In their systematic review of 
clinical outcomes of meniscectomy, Salata et al. identified 
several preoperative and intraoperative predictors of poor 
clinical or radiographie outcomes: total meniscectomy or 
removal of the peripheral meniscal rim, latéral meniscectomy, 
degenerative meniscal tears, chondral damage, hand osteoar- 
thritis suggestive of genetic prédisposition, and increased 
body mass index. Meniscal tear pattern, patient âge or sex, 
mechanical alignment, activity level, and association with 
anterior cruciate ligament reconstruction were not prédictive 
of outcome, were inconclusive, or had mixed results. 
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I SURGICAL REPAIR OF TORN MENISCI 

Clinical studies with long-term follow-up hâve shown that 
many acute or chronic tears in the periphery and in this outer 
vascularized zone heal when sutured and protected. Reports 
of repairs of chronic and acute tears, by either open or 
arthroscopically aided techniques, cited confirmation of 
healing by arthrography or arthroscopy in as many as 90% of 
patients. A 21-year follow-up of 18 patients with isolated 
open meniscal repair found good to excellent results in 17, 
with an average Lysholm score of 97.8 and International Knee 
Documentation Committee (IKDC) score of 93%. Degenera¬ 
tive joint changes in the operated knee were similar to those 
in the contralatéral knee. A re-rupture rate of approximately 
30%, however, is of concern. The idéal indication for meniscal 
repair is an acute, 1- to 2-cm, longitudinal, peripheral tear 
that is repaired in conjunction with anterior cruciate ligament 
reconstruction in a young individual. Indications for repair 
in other situations are less clear-cut. Miller, Warner, and 
Harner categorized meniscal tears according to their location 
in three zones of vascularity (Fig. 45-42): red-red, fully within 
the vascular area; red-white, at the border of the vascular area; 
and white-white, within the avascular area. They recom- 
mended repair of red-red and red-white tears. The “reparabil- 
ity,” or likelihood of healing, dépends on several other factors 
in addition to vascularity, specifically, type of tear, chronicity, 
and size (Table 45-2). Pujol et al. reported that clinical out¬ 
comes were slightly improved by the addition of platelet-rich 
plasma (PRP) to open repair of horizontal tears extending 
into the avascular zone. Griffin et al., however, found no 
différence in functional outcome measures with or without 
the use of PRP after arthroscopic meniscal repair. 

Tears of the menisci can be sutured by open or arthroscopic 
techniques, which are described in Chapter 51. Open sutur- 
ing of the meniscus has been successful in stable knees. In 
unstable knees, the sutured meniscus can tear again unless 
reconstruction stabilizes the knee or the patient alters physi- 
cal activities. A cadaver study showed that anterior knee 
laxity significantly increased gapping of repaired and unre- 
paired posterior horn médial meniscal tears. 


Red-red 



Zones of potential meniscal healing (see text). 

(From Miller MD, Warner JJP, Harner CD: Meniscal repair. In Fu FH, 
Harner CD, Vince KG, editors: Knee surgery, Baltimore, Williams & 
Wilkins, 1994.) 
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TABLE 45-2 



SIZE 

ZONE TEARTYPE CHRONICITY (cm) REPARABILITY 



From Miller MD, Warner JJP, Harner CD: Meniscal repair. In Fu FH, Harner CD, 
Vince KG, editors: Knee surgery, Baltimore, Williams & Wilkins, 1994. 


If the meniscal tear involves the periphery of the posterior 
horn, exposure through a posteromedial or postérolatéral 
arthrotomy is relatively easy, the latter being more difficult. 
In such tears, the meniscal rim and the synoviocapsular junc- 
tion can be prepared and multiple sutures can be accurately 
placed. Because of the collagen arrangement within the 
meniscus, vertically oriented sutures can be used. We still 
prefer to repair posterior horn peripheral tears by open 
arthrotomy if posteromedial or postérolatéral capsular recon¬ 
structions are being done concurrently. Arthroscopic tech¬ 
niques of suturing are necessary for tears at or near the 
junction of the vascular and avascular zones. At an average 
3-year follow-up, Choi et al. reported complété or partial 
healing of 93% of radial tears of the midbody of the latéral 
meniscus affer arthroscopic repair. A long tear at or near this 
junction is almost impossible to expose and to suture through 
a posteromedial or postérolatéral arthrotomy. Médial tears 
that extend deep to the collateral ligament are difficult to 
expose by open techniques without risking injury to the liga¬ 
ment. Tears of the posterior horn of the latéral meniscus are 
difficult to expose and to suture because the postérolatéral 
capsule is not nearly as well defined. These can be more easily 
repaired by arthroscopic techniques. 

Meniscal repair sutures can approximate tissue and 
provide vascular access channels for ingrowth of healing 
tissue. The idéal suture material has not been determined. 
Most early reports of meniscal repair advocated the use of an 


absorbable suture, such as polyglycolic acid (Dexon), 
polyglactin-910 (Vicryl), or polydioxanone (PDS). The 
mechanical effects of normal joint motion probably cause 
failure of even nonabsorbable sutures over time. Because the 
human meniscus requires several months to heal completely, 
the suture selected for meniscal repair should be capable of 
providing adéquate support for this period. 

Significant instability adds tension to the meniscal repair, 
and the chance of another tear is greatly increased. We hâve 
repaired the meniscus without ligamentous stabilization but 
only when a patient is willing to seriously curtail activities 
and is fully aware that a second tear is more likely in an 
unstable joint. For younger, active patients, ligamentous 
stabilization should accompany meniscal suture because 
of the decreased likelihood of healing and increased risk of 
re-rupture in a knee with ligamentous laxity. 


OPEN MENISCAL REPAIR 


TECHNIQUE 45-1 


■ Systematically examine the entire knee arthroscopically to 
rule out additional pathologie conditions. The technique 
for repair is essentially the same for médial and latéral 
meniscal tears. 

■ Médial meniscal tears most commonly extend for 2 to 
3 cm along the posterior horn anteriorly to the posterior 
edge of the médial collateral ligament. The tear some- 
times extends farther anteriorly, or a bucket-handle dis¬ 
placement occurs. Some bucket-handle tears and 
longitudinal tears in the outer third of the meniscus can 
be sutured. 

■ If the médial meniscus is torn, position the knee in 60 
degrees of flexion. 

■ Then make a vertical posteromedial arthrotomy incision 
from the médial epicondylar area of the fémur distally 
toward the semimembranosus tendon in line with the 
fibers of the posterior oblique ligament. 

■ Use a right-angle retractor to retract the posterior capsule 
posteriorly and then explore the extent of the tear. Such 
tears usually are 2 to 3 mm from the periphery of the 
meniscus, well within the vascular zone. If the tear is 
5 mm or more from the peripheral attachment, it can be 
difficult to see and to repair through the arthrotomy 
approach. 

■ Débridé the edges of the tear with a small curet or scalpel. 
As a rule, do not remove any intact peripheral meniscal 
tissue. Removal of this tissue and pulling of the meniscal 
rim to the capsule with sutures narrow the meniscus and 
reduce its weight-bearing function. 

■ With a small rasp, abrade the debrided edges of the tear 
and also the parameniscal synovial tissue to evoke an 
increased inflammatory healing response. 

■ Once the tear has been prepared for suturing, identify the 
interval between the posterior capsule and the médial head 
of the gastroenemius and retract the latter posteriorly. 

■ Free the posterior capsule from the overlying gastroene¬ 
mius head along the entire length of the meniscal tear to 
make accurate suture placement easier. 
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A f Through posteromedial arthrotomy, multiple interrupted sutures placed vertically through periphery of meniscus 
are spaced every few millimeters and tied outside joint capsule. B f Looking down on top of longitudinal tear of meniscus with multiple 
approximating sutures. C f Sutures tied outside capsule, approximating capsule or peripheral meniscal rim to body of meniscus. SEE 

TECHNIQUE 45-1. 


■ Place interrupted sutures of Mersilene or other nonab- 
sorbable surgical suture material every 3 to 4 mm. Begin- 
ning outside the posterior capsule, pass the sutures 
through the capsule, then vertically from inferior to 
superior through the meniscus, and then back out 
through the capsule, but do not tie them (Fig. 45-43). 
Each suture should be oriented vertically rather than 
horizontally to achieve maximal purchase on the 
meniscus. 

■ Before the arthrotomy incision is closed, gather the ends 
of the meniscal sutures and exert tension on them. Check 
to see that the approximation of the meniscal tear is 
accurate. 

■ Maintain tension on the sutures, watch the tear, and 
slowly extend the knee to be sure the approximation is 
not pulled apart as the knee extends. If the sutures are 
placed too far superiorly in the posterior capsule, the 
edges of the tear will part as the knee extends. If 
the approximation involves a meniscal rim fragment, the 
fragment orients the proper placement of the sutures. If 
repair is of a peripheral attachment, pull the meniscus 
back to as near the original meniscocapsular junction as 
possible. 

■ If the médial meniscal tear extends anteriorly deep to the 
médial collateral ligament and thus makes inspection and 
repair through the posteromedial arthrotomy difficult, the 
sutures are best placed with arthroscopic techniques (see 
Chapter 51). If one is not skilled in arthroscopic tech¬ 
niques, careful longitudinal incisions through the médial 
collateral ligament and capsule may permit inspection 
and repair. Great care must be taken to avoid injury to 
the collateral ligament. 

■ If the arthrotomy has extended through the coronary liga¬ 
ment, be sure it is accurately approximated to restore 
peripheral stability. With the knee in 45 degrees of flexion, 
close the arthrotomy with multiple interrupted, nonab- 
sorbable sutures, advancing and tightening the posterior 
oblique ligament. 


■ Once the arthrotomy has been closed, tie the meniscal 
sutures individually, beginning with the most latéral 
suture and progressing to the most médial. 

Tears of the latéral meniscus are treated by techniques 
similar to those described for médial meniscal tears, but 
latéral meniscal tears are more difficult to repair. The 
posterior horn of the latéral meniscus is exposed through 
a postérolatéral capsular incision above the popliteal 
tendon, as described by Henderson (see Chapter 1). The 
coursing of the popliteal tendon through a hiatus in the 
periphery of the latéral meniscus adds to the difficulty. 
Because of this more difficult exposure and suturing, we 
prefer to repair ail latéral meniscal tears by arthroscopic 
techniques. 

POSTOPERATIVE CARE. Postoperative care is deter- 
mined by the size or extent of the tear, whether it is stable 
(not displaceable into the joint) or unstable (displaceable 
into the joint), and whether the repair is combined with 
a ligament reconstruction or other procedure. If the repair 
is not combined with another procedure and the tear 
is small and stable, the knee is placed in a hinged brace 
and immédiate range of motion from 0 to 90 degrees 
is permitted. Touch-down weight bearing is permitted 
immediately, and full weight bearing is permitted at 6 
weeks when the brace and crutches are discarded. No 
sports are allowed for 3 months. If the repair is not 
combined with other procedures but the tear is sufficiently 
large to allow displacement into the joint, the knee is 
placed in a hinged brace that is locked in full extension 
for 3 to 4 weeks. Only touch-down weight bearing with 
crutches is permitted. At 4 weeks, the hinge mechanism 
of the brace is adjusted and motion from 0 to 90 degrees 
is begun. The brace is worn for 6 weeks and then 
removed. Weight bearing to 50% is reached at this point. 
Crutches can be discontinued at 8 weeks. No sports are 
allowed for 6 months, depending on the success of 
réhabilitation. If the meniscal repair is combined with a 
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9 reconstructive procedure, such as reconstruction of the 
anterior cruciate ligament, motion, brace wear, and 
weight bearing are determined by the postoperative care 
required for the reconstructive procedure. 


I MENISCAL AUTOGRAFTS AND ALLOGRAFTS 

Despite the best of efforts, not ail meniscal tears can be 
repaired and arthritic changes may develop in the involved 
knee compartment. Perhaps one of the greatest dilemmas 
facing orthopaedists is the treatment of a young, active, 
healthy individual with an arthritic knee who is not a candi¬ 
date for a total knee replacement. In response to this problem, 
investigators hâve studied the use of meniscal allograffs, 
autograff fascial material, and synthetic menisci scaffolds. 
Reported results of meniscal allograffs are mixed, and most 
studies report only short-term and medium-term follow-up 
(Fig. 45-44). Success usually is definedby pain relief, improved 
function, lack of meniscal symptoms, lack of rejection, and 
peripheral healing of the graff. True success will be deter¬ 
mined by the prévention of arthritis, which will be proved 
only with long-term follow-up. A systematic review of the 
literature found that meniscal extrusion was présent in most 
patients with meniscal allograffs but was not associated with 
clinical or radiographie outcomes. The authors concluded 
that there is some evidence to suggest that meniscal allograff 
transplantation reduces the progression of osteoarthritis; 
however, the quality of the studies was low, with a high risk 
for bias. A few studies hâve examined the histology and 
biochemistry of transplants, but this research needs further 
investigation. Long-term success requires that the meniscal 
allograffs be histologically, biochemically, and biomechani- 
cally similar to the native meniscus. 

Because of the difficulty in locating, harvesting, and dis- 
tributing fresh donor allograffs to a size-matched récipient, 
as well as the possibility of disease transmission, fresh menisci 
suitable for allograff implantation hâve given way to bank- 
preserved meniscal allograffs. Currently, meniscal allograffs 



Meniscal allograft. 


are preserved in one of four ways: fresh, fresh frozen (deep- 
freezing), freeze-dried (lyophilization), and cryopreserved. 
Of these four methods, only cryopreservation has been shown 
to reproducibly maintain a substantially viable cell popula¬ 
tion (10% to 40%). The necessity of preserving viable cells in 
the allograff has been questioned because of animal studies 
showing that allograff is repopulated with host cells. 

Préservation techniques also affect the immunogenicity 
of the allograff meniscus. Deep-freezing or freeze-drying of 
meniscal tissue tends to decrease immunogenicity. Cryo¬ 
preservation maintains the content of donor human leukocyte 
antigen-encoded antigens and is more sensitizing to the host. 
Studies hâve demonstrated an immunologie response of the 
host to the transplant, but the clinical significance of this is 
unknown. 

The potential for disease transmission also is affected by 
préservation techniques. Cryopreservation is not considered 
a process through which sterilization can be ensured, but 
freeze-drying and gamma irradiation hâve been shown to 
effectively eliminate the risk of viral transmission. Unfortu- 
nately, these techniques appear to hâve the deleterious effect 
of graff shrinkage. To eliminate human immunodeficiency 
virus DNA, allograff tissue must be irradiated with more than 
3 Mrad of gamma irradiation, but expo sure to more than 
2.5 Mrad of irradiation negatively affects the mechanical 
properties of collagen-containing tissues. Consequently, sec- 
ondary sterilization with gamma irradiation is not currently 
recommended. 

The appropriate candidate for meniscal allograff trans¬ 
plantation should be skeletally mature but too young for total 
knee arthroplasty and hâve significant knee pain and limited 
function. Ail other options for medical management of pain, 
including a thorough trial of conservative therapy and bracing 
techniques, should be exhausted. The cause of meniscal 
damage must be mechanical, not degenerative, and the 
meniscal damage must not be caused by synovial disease. If 
a nonmechanical disease State exists, the allograff will fail. 
The idéal candidate is a patient younger than 40 years with 
an absent or nonfunctioning meniscus. On occasion, patients 
up to 50 years old may benefit from transplantation if they 
are highly active with only limited arthritis and are not good 
candidates for arthroplasty. The pain should be localized to 
the affected compartment with activities of daily living or 
sports. In addition, the patient should hâve normal mechani¬ 
cal alignment, a stable knee, and only Outerbridge grade I or 
grade II articular cartilage changes. Contraindications include 
knee instability or varus-valgus malalignment, unless these 
can be corrected. Varus-valgus malalignment is defined as 
asymmetry of 2 to 4 degrees or more compared with the 
contralatéral knee. Malalignment also exists if the weight- 
bearing line on long-leg alignment radiographs falls into the 
affected meniscus-deficient compartment. Anterior cruciate 
ligament reconstructions and ostéotomies can be performed 
simultaneously or as staged procedures. Most investigators 
believe that advanced osteoarthritis is an absolute contrain- 
dication because of questionable graff survival. 

Because mostly short-term and medium-term results of 
transplantation of meniscal allograffs are available, questions 
remain about their survivorship and function. In one study 
the bénéficiai effects of pain relief and improved function 
remained in approximately 70% of the patients at 10 years 
affer surgery; another study with follow-up of 14 years found 
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détérioration of clinical results during follow-up. A more 
recent meta-analysis found that, regardless of the follow-up 
period and the scoring System used, patients showed continu¬ 
ons clinical improvement, and a systematic review of the lit- 
erature reported patient satisfaction ranging from 62% to 
100% at follow-ups ranging from 3 to almost 12 years. Menis- 
cal allograffs hâve not been shown to hâve a significant 
long-term effect on progressive joint destruction, and the 
patient should hâve realistic expectations. However, pain 
relief and improvement in function, even if only temporary, 
are reasonable expectations. The technique for meniscal 
transplantation is described in Chapter 51. 

OTHER CONDITIONS OF MENISCI 
■ CYSTS OF MENISCI 

Meniscal cysts are relatively uncommon, with a reported 
frequency of approximately 1.5%. Cysts of the latéral menis- 
cus (Fig. 45-45) hâve been estimated to be 3 to 10 times more 
common than cysts of the médial meniscus. Several théories 
hâve been advanced to explain the etiology of meniscal cysts, 
including (1) trauma, which results in contusion and hemor- 
rhage within the substance of the meniscus, leading to mucoid 
degeneration; (2) degeneration with âge, which results in 
local necrosis and mucoid degeneration into a cyst; (3) 
developmental inclusion of synovial cells within the substance 
of the meniscus, or a metaplastic event in which the cells 
secrete mucin and resuit in cyst formation; and (4) displace¬ 
ment of synovial cells into the substance of the meniscus 
through microscopie tears in the fibrocartilage, which results 
in sécrétion of acid mucopolysaccharides to form the contents 
of meniscal cysts. More recently, formation of meniscal cysts 



Meniscal cyst. Fat-su ppressed coronal T2- 
weighted MR sequence shows high-signal intensity meniscal cyst 
(large white arrow) with an associated oblique tear (small white 
arrow) in the body of the latéral meniscus. (From Miller TT: Magnetic 
résonance imaging of the knee. In Scott WN, editor: Insall & Scott 
surgery of the knee, 4 th ed, Philadelphia, Churchill Livingstone, 2006.) 


SEE TECHNIQUE 45-5. 
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has been suggested to be related to the influx of synovial fluid 
through microscopie and macroscopie tears in the substance 
of the meniscus. A number of authors hâve noted a close 
corrélation (nearly 100%) between cyst formation and menis¬ 
cal pathologie conditions, most commonly tears of the 
peripheral portion of the middle third of the latéral meniscus. 

An analysis of 1571 menisci identified 112 with meniscal 
cysts, ail of which were associated with a horizontal or 
bucket-handle tear with a peripheral horizontal component. 

When located laterally, meniscal cysts usually are palpable 
immediately anterior and proximal to the head of the fibula 
and anterior to the latéral collateral ligament. They usually 
are firm and apparently fixed to the capsular tissue. They 
contain a clear, gelatinous material and usually are multilocu- 
lar. When of average size, they are characteristically more 
prominent when the knee is extended and less prominent 
when the knee is flexed; small cysts may disappear within the 
joint on flexion (Pisani sign). A large, untreated cyst of the 
latéral meniscus may erode the tibial condyle just inferior to 
the latéral margin of the articular cartilage and produce a 
defect visible both radiographically and at surgery. MRI most 
clearly defines the cyst and any associated meniscal patho¬ 
logie conditions. 

Pain usually is the most prominent symptom and is 
accentuated by activity. The patient may note a mass along 
the latéral joint line, and the mass can vary in size according 
to the degree of activity. If the cyst is associated with a menis¬ 
cal tear, the classic signs are présent, such as catching, popping, 
snapping, and giving way. In rare cases, larger cysts that 
manifest posteriorly into the popliteal space can be confused 
with popliteal (Baker) cysts. 

Treatment of cysts of the meniscus usually requires 
surgery. Rarely will conservative measures, consisting of 
injections or antiinflammatory médications, resuit in more 
than temporary relief of symptoms. Currently, the recom- 
mended treatment is arthroscopic partial meniscectomy and 
décompression of the cyst. 


ARTHROSCOPIC PARTIAL 
MENISCECTOMY AND 
DECOMPRESSION OF MENISCAL CYST 


TECHNIQUE 45-2 


■ General or régional anesthésia is used, and standard 
arthroscopy portais are established, with inflow through 
a superomedial parapatellar portai. Inferomedial and 
inferolateral portais are used to pass instruments (see 
Chapter 51 for a description of arthroscopic portais). 

■ Carefully probe the meniscus to identify the extent of the 
meniscal tear. 

■ If a radial tear is found, trim it to a stable peripheral rim 
(Fig. 45-46A and B). 

■ If the tear is a stable horizontal tear, resect only the 
inferior leaf after gently trimming the superior leaf. 

■ Palpate the cyst externally; this may push the cyst material 
into the joint and decompress the cyst, allowing identifi¬ 
cation of the cyst communication. 
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A and B f Excision of tears associated with meniscal cysts (see text). C f Décompression of meniscal cyst with basket- 
punch forceps. (A and B from Parisien JS: Techniques in therapeutic arthroscopy, New York, Lippincott-Raven, 1993.) SEE TECHNIQUE 45-2. 


9 " If this is not successful, introduce a spinal needle percu- 
taneously through the cystic mass to help locate the track 
between the cyst and the meniscus. Punch forceps passed 
through the tear and track into the cyst may widen the 
track enough for the contents of the cyst to be evacuated 
into the joint (Fig. 45-46C, inset). 

■ If necessary, insert a small, motorized shaver into the cyst 
to break up loculations, to assist in cystic décompression, 
and to stimulate inflammation and scarring of the cyst 
and its track (Fig. 45-46B, inset). Tesner et al. recom- 
mended suturing the remnants of the track within the 
meniscus, but Lonner and Parisien did not find this 
necessary. 

■ If a peripheral margin of meniscus is left that appears 
unstable, the meniscus can be repaired to the joint 
capsule with an arthroscopically aided technique. The 
knee is irrigated, and the arthroscopy portais are sutured. 


POSTOPERATIVE CARE. Immédiate full weight bearing 
is allowed, with a cane if necessary, and early isométrie 
quadriceps exercises are encouraged. 


EXCISION OF MENISCAL CYST 


TECHNIQUE 45-3 


■ Examine the knee arthroscopically and carefully inspect 
the meniscus for a tear and the extent of the 
degeneration. 

■ If the symptoms are of relatively short duration, the sur¬ 
faces of the meniscus and the capsular attachment may 
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appear fairly normal. If so, make a small latéral incision 
directly over the cyst and excise the peripheral cyst by 
careful dissection. 

■ A pedicle of the cyst can occasionally be traced into the 
periphery of the degenerated area of the meniscus. Excise 
and freshen the peripheral bed of the meniscus, expose 
the degenerated area to a vascular access channel, and 
suture the peripheral edge of the meniscus carefully to 
the meniscosynovial junction of the capsule with multiple 
interrupted, absorbable sutures. 

■ Immobilize the knee in extension for 4 weeks. 

POSTOPERATIVE CARE. Postoperative care is as 
described in the section on meniscal suturing (see 

Technique 45-1). 


If numerous intrasubstance cleavage tears are encountered 
when the cyst is excised, meniscectomy is done. In such 
instances, we prefer to do a partial meniscectomy arthroscopi- 
cally, if possible. If arthroscopic examination reveals a 
degenerative complex tear of the meniscus, the meniscus is 
resected arthroscopically, again with an attempt to retain a 
peripheral rim. As such a tear is resected, the cyst offen is 
decompressed, which can be noted by exudation of a gelati- 
nous material into the arthroscopic field. 

■ DISCOID MENISCUS 

Discoid meniscus is an uncommon meniscal anomaly that 
occurs more frequently laterally than medially. The reported 
incidence of discoid latéral meniscus has ranged from 26% in 
Japanese and Korean patients to less than 1% in other popula¬ 
tions of patients; the incidence of discoid médial meniscus 
has varied from 0% to 0.3%. 
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Discoid latéral menisci generally are categorized, accord- 
ing to the System of Watanabe et al., as complété, incomplète, 
and Wrisberg type, on the basis of the degree of coverage of 
the latéral tibial plateau and the presence or absence of the 
normal posterior meniscotibial attachment. Complété and 
incomplète types are more common, are dise shaped, and 
hâve a posterior meniscal attachment. These types usually are 
asymptomatic, with no abnormal motion of the meniscus 
during knee flexion or extension. If an incomplète or com¬ 
plété discoid meniscus is torn, symptoms are similar to those 
of any other meniscal tear: latéral joint line tenderness, click- 
ing, and effusion. Wrisberg-type discoid menisci usually are 
nearly normal in size and shape and hâve no posterior attach¬ 
ment except the ligament of Wrisberg (Fig. 45-47). Because 
this type is not dise shaped, Neuschwander et al. described it 
as a “latéral meniscal variant with absence of the posterior 
coronary ligament” to distinguish it from a truly discoid 
meniscus. Wrisberg-type discoid menisci offen occur at a 
younger âge than complété or incomplète types and are unas- 
sociated with trauma. Abnormal motion of this type of 
discoid meniscus results in a popping sound during knee 
flexion and extension (“snapping knee syndrome”). 

Discoid médial menisci are much less common than 
discoid latéral menisci, are dise shaped, and are more offen 
associated with trauma, usually meniscal tears. Most patients 
with discoid médial menisci hâve symptoms consistent with 
a médial meniscal tear. Radiographie evidence of discoid 
meniscus usually is absent, and the diagnosis may not be 
made before surgery unless MRI is used. 

1 TREATMENT 

An intact, complété or incomplète discoid meniscus seen as 
an incidental finding at arthroscopy or arthrotomy does not 
necessarily require treatment. However, it is unknown how 
many patients left untreated eventually develop tears or 




Latéral meniscofemoral 
ligament (Wrisberg) 


A f Wrisberg ligament-type discoid latéral meniscus with knee in flexion. Posterior meniscal tibial attachment is absent. 
Meniscus is not subluxated. B f With knee in extension, meniscus is displaced into intercondylar notch by its attached Wrisberg 
ligament. 
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degeneration within the meniscus. The proper treatment 
must be selected for each patient, and unless a stable, com¬ 
plété or incomplète discoid meniscus has caused grooving, 
chondromalacia changes, or other pathologie conditions 
within the compartment, treatment probably should be 
deferred. 

Tears of complété or incomplète discoid menisci that 
cause pain, popping, and snapping within the knee and that 
show a hypermobile médial segment but intact peripheral 
attachments are best treated by subtotal meniscectomy or a 
so-called saucerization of the mobile fragment. This can be 
done either by arthroscopic techniques (see Chapter 51) or 
through an arthrotomy. If a symptomatic meniscus is saucer- 
ized in a young child, the increased vascularity in the imma¬ 
ture meniscus has been suggested to resuit in adaptive changes 
within the remaining peripheral rim as growth and joint 
function continue, and a stable, healthy, and useful meniscal 
rim may develop; however, degenerative changes hâve been 
noted to develop in discoid menisci without gross injury and, 
in children younger than âge 16 years, total meniscectomy 
may offer the best chance of a symptom-free knee for a longer 
period. 

For a Wrisberg-type discoid meniscus, which lacks an 
adéquate posterior tibial attachment, the treatment generally 
is total meniscectomy, either open or arthroscopic. With this 
lésion, subtotal meniscectomy alone leaves an unstable rim of 
meniscus that is certain to cause future problems. Although 
total meniscectomy of a nondiscoid latéral meniscus may lead 
to progressive osteoarthrosis in children and adults, children 
with discoid menisci seem less prone to these degenerative 
changes. We hâve treated two Wrisberg-type discoid latéral 
menisci by arthroscopic saucerization, producing peripheral 
rims of approximately normal size. Because these rims had 
no posterior capsular attachments, they were sutured to the 
rasped capsule with arthroscopic suturing techniques. To 
date, these patients hâve managed satisfactorily, but no 
second-look arthroscopy has been performed. 

ACUTE TRAUMATIC LESIONS 
OF LIGAMENTS 

GENERAL CONSIDERATIONS 

Biomechanical loading, scanning électron microscopy, and 
high-speed photography hâve shown that ligaments fail by a 
progressive, serial, and sequential mechanism of microfiber 
failure. Single collagen fibers are not extensible and begin to 
fail at 7% to 8% élongation. The number of disrupted colla¬ 
gen fibers in the ligament détermines whether it is function- 
ally or morphologically disrupted. Investigators hâve shown 
that gross morphologie continuity may exist in a ligament 
after the yield point, the indicator of complété failure, has 
occurred. Complété disruption with loss of continuity 
requires extreme joint displacement. Visual observation of 
ligament integrity at the time of surgery is an inadéquate 
indicator of (1) extent of the failure, (2) damage to the blood 
supply to the ligament, (3) residual élongation, or (4) future 
functional capabilities. Complété rupture of isolated liga¬ 
ments is rare without damage to other structures because 
the extreme joint displacement required to disrupt a liga¬ 
ment completely must produce at least some disruption in 
the other supporting structures. 


ETIOLOGY 

Knee ligaments often are injured in athletic activities, espe- 
cially those involving contact, such as American football. 
Skiing, ice hockey, gymnastics, and other sports also can 
produce enough sudden stress to disrupt knee ligaments. 
Motor vehicle accidents, especially those involving motor- 
cycles, are common causes of knee ligament disruptions (e.g., 
a passenger s flexed knee strikes the automobile dashboard on 
impact, tearing the posterior cruciate ligament). Ligament 
disruption can occur without a fail or direct contact when 
sudden, severe loading or tension is placed on the ligaments, 
such as when a running athlete plants a foot to suddenly 
decelerate or change directions. 

MECHANISM 

Four mechanisms hâve been described as capable of disrupt- 
ing the ligamentous structures around the knee: (1) abduc¬ 
tion, flexion, and internai rotation of the fémur on the tibia; 
(2) adduction, flexion, and external rotation of the fémur on 
the tibia; (3) hyperextension; and (4) anteroposterior 
displacement. 

By far the most common mechanism is abduction, 
flexion, and internai rotation of the fémur on the tibia when 
the weight-bearing leg of an athlete is struck from the latéral 
aspect by an opponent. This mechanism results in an abduc¬ 
tion and flexion force on the knee, and the fémur is rotated 
internally by the shift of the body weight on the fixed tibia. 
This mechanism produces injury on the médial side of the 
knee, the severity of which dépends on the magnitude and 
dissipation of the applied force. When abduction, flexion, and 
internai rotation of the fémur on the tibia occur, the médial 
supporting structures—the médial collateral ligament and 
the médial capsular ligament—are the initial structures 
injured. If the force is of sufficient magnitude, the anterior 
cruciate ligament also can be torn. The médial meniscus may 
be trapped between the condyles of the fémur and the tibia, 
and it may be torn at its periphery as the médial structures 
tear, thus producing “the unhappy triad” of O’Donoghue. The 
mechanism of adduction, flexion, and external rotation of 
the fémur on the tibia is much less common and produces 
the primary disruption laterally. Again, the severity of the 
disruption dépends on the magnitude and dissipation of the 
force applied. The latéral collateral ligament usually is dis¬ 
rupted initially, and, depending on the magnitude of the 
trauma and displacement, the capsular ligaments, the arcuate 
ligament complex, the popliteus, the iliotibial band, the biceps 
femoris, the common peroneal nerve, and one or both cruci¬ 
ate ligaments may be disrupted. Force directed to the anterior 
aspect of the extended knee, a hyperextension mechanism, 
usually injures the anterior cruciate ligament, and if the force 
continues or is severe, stretching and disruption of the pos¬ 
terior capsule and posterior cruciate ligament may resuit. 
Anteroposterior forces applied to either the fémur or the 
tibia, such as the tibia striking a car dashboard, can cause 
injuries to either the anterior or the posterior cruciate liga¬ 
ment, depending on the direction of the tibial displacement. 

The incidence and mechanism of so-called isolated liga¬ 
ment disruption continue to be debated. As previously stated, 
ail the supporting structures around the knee function in 
concert, and probably no single ligament can be disrupted 
without some degree of injury being sustained to other sup¬ 
porting structures. Injury to the other structures may be 
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minimal and thus may heal with conservative measures, 
leaving what is apparently an isolated injury to clinical exami¬ 
nation. This is most common with the anterior cruciate liga¬ 
ment. Mechanisms reported as possibly able to disrupt the 
anterior cruciate ligament with minimal injury of other sup- 
porting structures are hyperextension, marked internai rota¬ 
tion of the tibia on the fémur, and pure décélération. Isolated 
posterior cruciate disruption can resuit from a direct blow to 
the front of the tibia with the knee flexed. 

LIGAMENT HEALING 

The ability of a torn ligament to heal dépends on a variety of 
factors, including anatomie location, presence of associated 
injuries, and selected treatment modality, as well as various 
systemic and local factors. Clinically, a grade I or grade II 
médial collateral ligament injury will heal within 11 to 20 
days, but a grade III médial collateral ligament tear may take 
years to heal. 

The healing process can be roughly divided into four 
overlapping phases: hemorrhage, inflammation, repair, and 
remodeling. The process can be described on the basis of 
histologie, biochemical, and biomechanical events. Affer a 
midsubstance tear of the médial collateral ligament, the 
hemorrhage phase begins with blood flowing into the space 
created by the retracting ligament ends, forming a hematoma. 
The inflammatory phase follows when inflammatory and 
monocytic cells migrate into the injury site, converting the 
clôt into granulation tissue and phagocytosing the necrotic 
tissue. Within 2 weeks, a network of immature, parallel col- 
lagen fibers replaces the granulation tissue. The inflammatory 
phase ends with the reparative phase and begins with the 
formation of extracellular matrix in a random pattern. This 
phase begins within 5 to 7 days after injury and lasts for 
several weeks. New blood vessels begin to form, and fibro- 
blasts continue to produce extracellular matrix. The final 
phase, remodeling, overlaps the reparative phase; it begins 
several weeks after injury and lasts months or even years. 
Collagen fibers align along the long axis of the ligament, 
resulting in increased maturation of the collagen matrix. The 
progressive alignment of the fibers has been shown to cor- 
relate directly with an improvement in the biomechanical 
properties of the ligament. Although the healing ligament 
appears to grossly resemble the normal original ligament, 
long-term animal studies hâve demonstrated that the histo¬ 
logie and morphologie appearance is different. Compared 
with the noninjured ligament, the healing tissue has an 
increased number of collagen fibrils, and their diameter and 
masses are smaller. Furthermore, the “crimping” patterns 
within the healing ligament remain abnormal for up to 1 year, 
and the collagen alignment remains poor. 

Biochemical analysis of the healing process reveals 
changes in collagen fiber type and distribution. Early in the 
process there is a greater proportion of type III fibers, but the 
ratio returns to normal after 1 year. Although the healing 
ligament shows an increased number of collagen fibers, the 
number of mature collagen crosslinks is only 45% of 
the normal value after 1 year. Ligament healing also can be 
studied biomechanically. Functional testing détermines the 
contribution of the ligament to knee kinematics, as well as 
the in situ forces in the ligament in response to external 
loads. Tensile testing assesses the structural and mechanical 
properties of the ligament. Weiss et al. showed that the 


biomechanical properties of a healing médial collateral liga¬ 
ment remain inferior to those of an intact ligament for as long 
as 1 year after injury. Although the stiffness approaches 
normal levels, the ultimate load to failure is still significantly 
lower than normal. 

CLASSIFICATION 

According to the American Medical Association handbook, 
Standard Nomenclature ofAthletic Injuries , a sprain is defined 
as an injury limited to ligaments (connective tissue attaching 
bone to bone) and a strain as a stretching injury of muscle or 
its tendinous attachment to bone. Sprains are classified into 
three degrees of severity. A first-degree sprain of a ligament 
is defined as a tear of a minimal number of fibers of the liga¬ 
ment with localized tenderness but no instability; a second- 
degree sprain, as a disruption of more ligamentous fibers with 
more loss of function and more joint reaction with mild-to- 
moderate instability; and a third-degree sprain, as a complété 
disruption of the ligament with résultant marked instability. 
These offen are classified as mild, moderate, and severe for 
first-, second-, and third-degree sprains, respectively. Third- 
degree sprains, that is, those demonstrating marked instabil¬ 
ity, can be further graded by the degree of instability 
demonstrated during stress testing. With 1+ instability, the 
joint surfaces separate 5 mm or less; with 2+ instability, they 
separate 5 to 10 mm; and with 3+ instability, they separate 
10 mm or more. A standardized classification is important 
for accurate communication, and although it obviously is not 
always précisé, it does provide a workable scale for clinical 
purposes. 

The treatment of first-degree sprains is symptomatic only; 
a per son with a first-degree sprain usually can return to full 
activity within a few days. Second-degree sprains with mod¬ 
erate local injury and joint reaction but without demonstrable 
instability can be treated conservatively, but the ligament 
needs protection. A return to vigorous activity must be 
delayed until the inflammatory reaction has subsided and 
réhabilitation has been completed. A functional brace that 
restricts motion through certain arcs can provide protection. 
Third-degree sprains with complété disruption of the liga¬ 
ment may require surgical repair unless there is a spécifie 
contraindication. The restoration of both anatomie structure 
and normal tension should be the goal of ligament repair. 
Surgical results, as a rule, are superior to conservative results 
in third-degree sprains, especially on the latéral side. Isolated 
third-degree sprains of collateral ligaments can be treated 
nonsurgically in spécifie circumstances with results compa¬ 
rable to those of surgical repair. These indications are dis- 
cussed in the section on treatment of acute médial collateral 
ligament injuries. 

DIAGNOSIS 

■ HISTORY AND PHYSICAL EXAMINATION 

With a careful history and physical examination, an acute 
injury to a knee ligament usually can be localized and classi¬ 
fied and graded according to its severity. The history of the 
mechanism of injury is always important and usually can be 
obtained through careful questioning. Information about 
previous difficulty or injury assists in the évaluation. The 
position of the knee at the time of the injury, the weight- 
supporting status, the force applied (either direct and external 
or indirect and generated by the patients momentum), and 
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the position of the extremity after the injury are ail important. 
The patients description of the expérience at the time of 
injury may be valuable as the following are described: the 
knees buckling or jumping out of place; an audible pop; the 
location, severity, and relative time at onset of pain; the ability 
to walk after the injury occurred; the sensation of stability 
or instability once walking was attempted; the freedom of 
motion, both active and passive, of the knee after the injury; 
and the rapidity and localization of swelling. In regard to the 
last point, intraarticular swelling or effusion within the first 
2 hours after trauma suggests hemarthrosis, whereas swelling 
that occurs overnight usually is an indication of acute trau- 
matic synovitis. 

The physical examination should be complété, précisé, 
systematic, and carried out as soon after the injury as possible 
to minimize problems of severe swelling, tense effusion, and 
involuntary muscle spasm. 

Both lower extremities should be undressed completely 
for examination to allow comparison of the position or atti¬ 
tude assumed by the injured extremity and to detect defor- 
mity, including a variation in the position of the patella. Areas 
of ecchymosis and large effusions are readily noted, although 
smaller effusions may require careful palpation. Hemarthrosis 
suggests rupture of a cruciate ligament, an osteochondral 
fracture, a peripheral tear in the vascular portion of a menis- 
cus, or a tear in the deep portion of the joint capsule. A 
nonbloody effusion suggests an irritative synovitis that may 
be caused by a degenerative meniscus or a chronic process 
with no superimposed acute injury. The absence of a hemar¬ 
throsis does not necessarily indicate a less severe ligament 
injury because severe disruptions often cause only minimal 
joint distention. The disruption may be so complété that the 
blood escapes into the soft tissues of the popliteal space rather 
than distending the joint. The presence of muscle atrophy is 
especially important when the examination is done several 
days after injury. The circumference of the distal thigh near 
the middle of the vastus medialis should be compared with 
the normal thigh, because the musculature, especially the 
quadriceps, undergoes a rapid reflex atrophy after a significant 
disorder around the knee. The range of motion of the joint, 
especially full extension, should be compared with that of the 
opposite, uninjured knee. A tense hemarthrosis or effusion 
can prevent full extension and should be evacuated; this 
leaves an entrapped meniscus as the most common cause of 
incomplète extension after injury. 

Palpation of the collateral ligaments and their bony 
attachments should locate tenderness at the point of ligament 
injury. A defect in the ligament occasionally is palpable if the 
examination is carried out immediately after the injury. A 
palpable defect is most likely when the tibial insertion of the 
médial collateral ligament or the latéral collateral ligament is 
torn. On occasion, an area of crépitation can be palpated from 
localized hematoma at the site of ligament disruption. Finally, 
after the neurovascular status has been assessed, stability 
should be determined by stress testing. 

Evaluation for stability of the knee usually is easy 
when the examination is done immediately after the injury 
and before the onset of the protective involuntary muscle 
spasm. When it is performed at a much later time, évaluation 
is much more difficult and under some circumstances may 
require anesthésia. When anesthésia is required to evaluate 
joint stability, we prefer general anesthésia unless it is 


contraindicated. Other investigators hâve infiltrated the areas 
of injury with a local anesthetic or used the Bier intravenous 
block technique, but we hâve had little expérience with these 
methods. Successful stress testing sometimes is possible even 
several hours or several days after injury if the examiner 
explains the test and reassures the patient that the pain will 
be minimal so that the patient can at least partially relax and 
cooperate. The uninjured knee is best examined first to evalu¬ 
ate the normal laxity for a baseline. Beginning with the 
nonpainful, normal knee also tends to instill confidence in 
the patient if the examination is unhurried and gentle but 
firm. If adéquate évaluation of stability is not possible, exami¬ 
nation under anesthésia is preferred over uncertainty. 

Commercially available stress-testing arthrometers are 
available and can measure the varus or valgus opening of the 
joint or its anterior or posterior translation. These devices are 
no substitute for careful clinical examination but are useful 
in measuring the degree of instability. They are most helpful 
in a chronically unstable joint. Muscle spasm and guarding 
in an acutely injured knee can mask instability the same as 
during clinical examination. 

I STANDARD STRESS TESTS 

In stress testing for disruptions of ligaments around the knee, 
the quality of the “end point” of the test varies from “hard,” 
implying a firm, definite stop, to “soft or mushy,” a less distinct 
and less sudden stop. This aspect of stress testing is subjective, 
and its usefulness dépends on the expérience and knowledge 
of the examiner. 

Abduction (Valgus) Stress Test. The abduction, or 
valgus, stress test is done with the patient supine on the 
examining table. Again, the opposite, normal extremity 
should be examined initially to gain the patients confidence 
and to establish a baseline of the patient s normal ligamentous 
tightness. The knee to be examined is placed on the side of 
the table next to the examiner. The extremity is abducted off 
the side of the table, and the knee flexed approximately 30 
degrees (Fig. 45-48A). One of the examiner s hands is placed 
around the latéral aspect of the knee, with the other hand 
supporting the ankle. Gentle abduction or valgus stress is 
applied to the knee while the hand at the ankle externally 
rotâtes the leg slightly. Stability with the knee flexed to 30 
degrees is observed. The test is repeated several times in this 
position up to the point of producing mild pain. The knee is 
brought into full extension, and the gentle rocking or valgus 
stressing is repeated with a gentle swinging motion. It is a 
mistake to grasp the leg and forcibly abduct it enough to be 
markedly painful; rarely will the patient cooperate or relax 
for subséquent examinations. As an alternative, the patients 
ankle can be placed in the examiner s axilla, with the examiner 
then placing one hand on each side of the knee near the joint 
line and gently producing a rocking motion as described 
previously; the available hand is used to palpate the médial 
ligaments and joint line to help assess the degree of 
instability. 

Adduction (Varus) Stress Test. The adduction, or varus, 
stress test is performed in a manner similar to the valgus 
stress test, and this test also is done after the normal knee has 
been examined. Adduction stress is applied by changing the 
hand to the médial side of the knee and applying an adduc¬ 
tion force (Fig. 45-48B). The examination should be done 
with the knee both in full extension and in 30 degrees of 
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FIGURE 


A and B f Abduction and adduction stress testing (see text). 


flexion. In addition, with the patients hip abducted and 
externally rotated and the knee flexed, the heel of the injured 
leg is placed on the opposite knee and the latéral aspect of 
the knee is palpated for a taut, narrow band consisting of 
the latéral collateral ligament. When the latéral collateral 
ligament is torn, this band is not as prominent as on the 
uninjured side. 

The degree of instability dépends on the structure or 
structures torn, the severity of the tears, and whether the knee 
is stressed in flexion or extension. When a collateral ligament 
is torn and the knee is tested in extension, the intact cruciate 
ligaments and posterior capsule are taut and little abduction 
or adduction instability is détectable. When the knee is tested 
in flexion, which relaxes the posterior capsule, the same liga- 
mentous laxity results in a much greater degree of instability. 
Abduction or adduction stress testing in extension that 
reveals significant varus and valgus instability suggests cruci¬ 
ate ligament disruption in addition to collateral ligament 
disruption (Fig. 45-49). 

Anterior Drawer Test. With the patient supine on the 
examining table, the hip is flexed to 45 degrees and the knee 
to 90 degrees, with the foot placed on the tabletop. The 
dorsum of the patients foot is sat on to stabilize it, and both 
hands are placed behind the knee to feel for relaxation of the 
hamstring muscles (Fig. 45-50). The proximal part of the leg 


then is gently and repeatedly pulled and pushed anteriorly 
and posteriorly, noting the movement of the tibia on the 
fémur. The test is done in three positions of rotation, initially 
with the tibia in neutral rotation and then in 30 degrees of 
external rotation. Internai rotation to 30 degrees may tighten 
the posterior cruciate enough to obliterate an otherwise posi¬ 
tive anterior drawer test resuit (Figs. 45-51 and 45-52). The 
degree of displacement in each position of rotation is recorded 
and compared with the normal knee. 

An anterior drawer sign 6 to 8 mm greater than that of 
the opposite knee indicates a torn anterior cruciate ligament. 
However, before applying anterior drawer stress, the examiner 
must make sure that the tibia is not sagging posteriorly as a 
resuit of laxity of the posterior cruciate ligament. In such 
knees, an apparent sign of anterior drawer instability simply 
may be the return of the tibia to the neutral starting point; 
posterior instability frequently is misdiagnosed because of 
this fact. Even if an anterior drawer sign is not accompanied 
by a pivot shiff phenomenon, a posterior cruciate ligament 
insufflciency exists until proved otherwise. Any tendency of 
one tibial plateau to rotate abnormally should be noted as the 
test is carried out. 

In an acutely painful knee, it may not be possible to carry 
out the anterior drawer test in the conventional 90-degree 
flexed position. Small degrees of anterior translation of the 
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Ligamentous lésions and associated passive instability. A f Tear confined to médial collateral ligament; posterior corner 
and posterior capsule (shaded) are intact. Valgus stress applied to knee will not cause médial opening. This is possible only when knee 
is flexed about 30 degrees to relax posterior capsule, thereby eliminating its latéral stabilizing action. B, If knee shows médial opening 
in extension, involvement of cruciate ligament is possibility even if no significant drawer sign can be elicited. C, If valgus instability 
extends across to latéral side in both flexion and extension, both cruciate ligaments are torn. 





Anterior drawer test. A, In resting position, tibial plateau is held in normal position by intact posterior cruciate liga¬ 
ment. B and C, With anterior cruciate insufficiency, tibia can be pulled forward against force of gravity and tone of flexors. 


tibia on the fémur may be detected better in the relatively 
extended position, in which the “doorstop” effect of the 
posterior horn of the menisci is negated (Fig. 45-53). 

Lachman Test. The Lachman test can be useful if the 
knee is swollen and painful. The patient is placed supine 
on the examining table with the involved extremity to the 


examiner s side (Fig. 45-54). The involved extremity is posi- 
tioned in slight external rotation and the knee between full 
extension and 15 degrees of flexion; the fémur is stabilized 
with one hand, and firm pressure is applied to the posterior 
aspect of the proximal tibia, which is lifted forward in 
an attempt to translate it anteriorly. The position of the 
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examiner s hands is important in doing the test properly. One 
hand should firmly stabilize the fémur while the other grips 
the proximal tibia in such a manner that the thumb lies on 
the anteromedial joint margin. When an anteriorly directed 
lifting force is applied by the palm and the fingers, anterior 
translation of the tibia in relation to the fémur can be palpated 
by the thumb. Anterior translation of the tibia associated with 
a soft or a mushy end point indicates a positive test resuit. 
When viewed from the latéral aspect, a silhouette of the 
inferior pôle of the patella, patellar tendon, and proximal tibia 
shows slight concavity. With disruption of the anterior cruci- 
ate ligament, anterior translation of the tibia oblitérâtes the 
patellar tendon slope. 

Other tests for anterior instability combined with a rotary 
element are discussed later. 

Posterior Drawer Test. The posterior drawer test is done 
with the patient supine and the knee flexed to 90 degrees; the 
foot is secured to the table by sitting on it. A posterior force 
is applied on the proximal tibia, which is opposite but similar 
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to the force applied in the anterior drawer test. Posterior 
movement of the tibia on the fémur shows posterior instabil¬ 
ity compared with the normal tibia. It is sometimes difficult 
to interpret whether the tibia is abnormally moving too far 
anteriorly or too far posteriorly. Careful attention to the 
neutral position or unstressed réduction point prevents 
misinterpretation. Both knees are placed in the position to 
perform a posterior drawer test, and a thumb is placed on 
each anteromedial joint line (Fig. 45-55). Loss of the normal 
1-cm anterior stepoff of the médial tibial plateau with respect 
to the médial fémoral condyle indicates a torn posterior 
cruciate ligament. As with the anterior drawer test, any 
abnormal rotation of the tibial condyles is noted as the pos¬ 
terior drawer is tested (Fig. 45-56). To further evaluate stabil- 
ity, the patients hips are positioned 90 degrees in the supine 
position and the knees are flexed to 90 degrees while the heels 
of each extremity are supported in the examiner s hands. If 



meniscus 


A f With knee flexed to 90 degrees for classic anterior drawer sign, médial meniscus, being attached to tibia, abuts 
against acutely convexed surface of médial fémoral condyle and has "doorstop" effect, preventing or hindering anterior translation 
of tibia. B, With knee extended, relationships are changed. Comparatively fiat weight-bearing surface of fémur does not obstruct 
forward motion of meniscus and tibia when anterior stress is applied. 
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Transverse section of knee joint showing rota- 
tional movement of tibia on fémur during postérolatéral and 
posterior drawer tests. A f With postérolatéral instability, tibia 
rotâtes posteriorly and laterally around axis in intact posterior 
cruciate ligament. B f With combined posterior cruciate and pos¬ 
térolatéral instability, tibia subluxates posteriorly and knee joint 
shows increase in postérolatéral subluxation. 


posterior instability is présent, the examiner, by sighting 
across the horizon of the flexed knees, will note that the tibia 
sags visibly posteriorly from the effects of gravity (Fig. 45-57). 
This test also should be done with the patient prone and the 
knee flexed to 90 degrees. The examiner should observe for 
presence of the posterior drawer sign and for rotation of the 
foot, which would indicate a rotary component as well. 

Frequently, when an anterior or a posterior drawer test is 
performed, increased excursion in the anteroposterior direc¬ 
tion is misinterpreted as presence of the anterior drawer sign 
when in fact the posterior cruciate ligament has been torn. 
The examiner do es not recognize that the anterior movement 
arises from a position of posterior subluxation to neutral 
instead of from neutral to anterior displacement. This misin- 
terpretation can be prevented by careful palpation of the 
relationship between the fémur and tibia of both knees 
simultaneously. Both knees are placed in the position for a 
posterior drawer test, with the patient supine, the hips flexed 
45 degrees, and the knees flexed 90 degrees. A thumb is 
placed on the anteromedial joint line of each knee. Normally, 
the anterior aspect of the tibia can be palpated as a 10-mm 
anterior stepoff in relation to the anterior aspect of the médial 
fémoral condyle. A posterior drop back with decreased 
prominence of the tibial margin compared with the opposite 
knee indicates injury to the posterior cruciate ligament. 
When the anteromedial tibia is flush with the médial fémoral 
condyle, there is approximately 10 mm of posterior drop 
back, indicating a grade II laxity. 

Quadriceps Active Test. With the patient supine, the 
relaxed limb is supported with the knee flexed to 90 degrees 
in the drawer test position (Fig. 45-58). Adéquate support of 
the thigh is important so that the patients muscles are com- 
pletely relaxed. The patient makes a gentle quadriceps con¬ 
traction to shiff the tibia without extending the knee. At this 
90-degree angle, the patellar ligament in the normal knee is 
oriented slightly posterior and contraction of the quadriceps 
does not resuit in an anterior shiff. If the posterior cruciate 
ligament has ruptured, the tibia sags into posterior sublux¬ 
ation and the patellar ligament is then directed anteriorly. 
Contraction of the quadriceps muscle in a knee with a pos¬ 
terior cruciate ligament deficiency results in an anterior shiff 
of the tibia of 2 mm or more. 

I ROTARY TESTS 

Slocum Anterior Rotary Drawer Test. As described in the 
discussion of the anterior drawer test, Slocum demonstrated 
that varying the rotation of the tibia on the fémur as the 
anterior drawer test is done is valuable in determining rota- 
tional instability of the knee. The degree of anterior displace¬ 
ment of the tibia on the fémur is noted and recorded as the 
test is done in 15 degrees of internai rotation, 30 degrees 
of external rotation, and neutral rotation (see Fig. 45-51). A 
positive anterior drawer test resuit in neutral tibial rotation 
that is accentuated when the test is repeated in 30 degrees of 
external tibial rotation and reduced when it is performed with 
the tibia in 15 degrees of internai rotation indicates antero¬ 
medial rotary instability. The opposite indicates antérolatéral 
rotary instability. 

Jerk Test of Hughston and Losee. Several methods of 
this test hâve been described. In Hughstons method, with the 
patient supine, the lower extremity is supported by the exam¬ 
iner while the knee is flexed to 90 degrees and the tibia is 
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"Posterior drawer" often is mistaken for "anterior drawer" because tibia sags posteriorly and appears to move 
abnormal distance forward when examiner tests for anterior drawer phenomenon. A f "Posterior sag" of right tibia is obvious compared 
with normal silhouette of healthy knee joint. B f Tibial sag in resting position. If patient starts to raise the foot from this position, pull 
of quadriceps first displaces tibia anteriorly into neutral position until anterior cruciate ligament is tight (C). Only then is foot raised 
from table (D). ER, External rotation; IR, internai rotation; NR, neutral rotation. (A, C, and D from Müller W: The knee: form, function, and 
ligamentous reconstruction, New York, Springer-Verlag, 1983.) 



Quadriceps active test for posterior cruciate ligament deficiency (see text). (From Veltri DM, Warren RF: Isolated and 
combined posterior cruciate ligament injuries, J Am Acad Orthop Surg 1:67, 1993.) 


rotated internally. When the right knee is being examined, 
the foot is grasped with the right hand and the tibia is inter¬ 
nally rotated while valgus stress is exerted with the left hand 
over the proximal end of the tibia and fibula. The knee is then 
extended gradually, maintaining the internai rotation and 
valgus stress (Fig. 45-59). When the test resuit is positive, the 
latéral tibia spontaneously subluxes forward in the form of a 
sudden jerk at approximately 30 degrees of flexion. 

Latéral Pivot Shift Test of Macintosh. With the knee 
extended, the foot is liffed and the leg internally rotated, and 
a valgus stress is applied to the latéral side of the leg in the 
région of the fibular neck with the opposite hand. The knee 
is flexed slowly while valgus and internai rotation are main- 
tained. With the knee extended and internally rotated, the 
tibia is subluxed anteriorly. As the knee is flexed past approxi¬ 
mately 30 degrees, the iliotibial band passes posterior to the 


center of rotation of the knee and provides the force that 
reduces the latéral tibial plateau on the latéral fémoral condyle. 

An isolated tear of the anterior cruciate ligament produces 
only a small subluxation; greater subluxation occurs when the 
latéral capsular complex or semimembranosus corner also is 
déficient. Severe valgus instability may make this test difficult 
to do because of lack of médial support. 

The pivot shift is tested while the knee is moved from 
extension to flexion, and the jerk test is elicited while the knee 
is moved from flexion to extension. 

Slocum reported that more subtle degrees of rotary 
instability can be detected if the test is carried out as follows. 
The patient is placed in a latéral decubitus position with the 
affected side up (Fig. 45-60). The patients pelvis is placed 30 
degrees posteriorly, and the médial side of the foot is placed 
on the firm examining table with the knee in full extension. 
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Jerk test, or latéral pivot shift test. (Courtesy of 
J. C. Hughston, MD; redrawn.) 


This position éliminâtes the rotational effects of the hip, 
allows the knee to fall into a valgus position, and internally 
rotâtes the tibia on the fémur. A thumb is placed on each of 
the fémoral and tibial sides of the joint posteriorly, and an 
index finger is placed across the joint anteriorly. The knee is 
then pressed gently forward into flexion. A test resuit is posi¬ 
tive if réduction occurs as the knee passes the 25- to 45-degree 
range of flexion. This may occur smoothly or as a sudden 
palpable and occasionally audible repositioning. In our 
expérience, lesser degrees of instability are detected by Slo- 
cums method, which also is not as likely to be painful. 

Flexion-Rotation Drawer Test. Noyés described a 
flexion-rotation drawer test that in his opinion is more reli- 
able than the anterior drawer test in detecting anterior cruci- 
ate insufficiency. It tests anterior cruciate function in two 
planes, the anteroposterior and fémoral rotation, and the 
resuit is positive when other test results for anterior cruciate 
function are négative (e.g., pivot shift). It combines the fea- 
tures of the Lachman test and the Hughston pivot shift test. 

The test is carried out in the following manner (Fig. 
45-61). With the patient supine and the knee at 0 degrees (not 



jjjj Latéral pivot shift test. A, Position of patient for test on right knee. Weight of right lower extremity is borne on 
right heel. B, Same position viewed from above. Right thumb of examiner is placed behind fibular head, and index finger palpâtes 
anterior aspect of subluxated latéral tibial plateau. Left thumb is placed behind latéral fémoral condyle (see text). C f With knee 
unsupported in valgus and tibia internally rotated on fémur, knee is flexed by pushing anteriorly with both thumbs. Tibia is reduced 
from its anteriorly subluxated position by tension of iliotibial band as knee reaches 25 to 45 degrees of flexion. Réduction should be 
readily palpable. 
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hyperextended), the leg is lifted upward, with the fémur 
allowed to fall back and to rotate externally. This results in 
antérolatéral tibial subluxation as the starting position for the 
test. While the knee is flexed, the tibia moves backward and 
the fémur rotâtes internally, causing the joint to reduce when 
the test resuit is positive. Mild valgus stress and anterior 
pressure on the upper calf applied by the examiner s hand can 
be done to elicit a positive test resuit. 

External Rotation-Recurvatum Test. In addition to the 
ordinary évaluation of recurvatum in an injured and unin- 
jured knee, the external rotation-recurvatum test can be 
done as follows to detect abnormal external rotation of the 
tibia on the fémur associated with or in combination with 
excessive recurvatum. This test is done with the patient 
supine, and the resuit is compared with the normal knee. The 
knee is moved from about 10 degrees of flexion to maximal 




A and B f Flexion-rotation drawer test for ante¬ 
rior cruciate ligament insufficiency (see text). (Courtesy of F. R. 
Noyés, MD.) 
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extension while external rotation of the proximal end of the 
tibia, as well as the amount of recurvatum, is observed and 
palpated. The test resuit is positive if excessive rotation and 
recurvatum with a subtle apparent varus deformity occur. A 
markedly positive test resuit indicates that the posterior 
cruciate ligament, postérolatéral corner, and latéral collateral 
ligament are torn. Hughston described doing this test by 
simultaneously lifting each extremity by the great toe and 
noting the degree of recurvatum and rotation of the tibia that 
occur on the normal and the abnormal side as the maneuver 
is performed (Fig. 45-62). 

Reverse Pivot Shift Sign of Jakob, Hassler, and Stâubli. 

This sign is présent in patients with acute or chronic postéro¬ 
latéral instability of the knee. The latéral tibial plateau shiffs 
from a position of posterior subluxation to a position of 
réduction as the flexed knee is extended under valgus stress 
and with the foot held in external rotation. The plateau sub- 
luxates again as the knee is flexed in the opposite manner. The 
maneuver produces discomfort and simulâtes the feeling of 
giving way to the patient. Although similar to the true pivot 
shift on first inspection, it can be clearly distinguished from 
it by the position of the foot (external rotation) and by other 
definite signs of postérolatéral instability. Because it describes 
a shift of the latéral tibial plateau in the opposite direction 
from the true joint shift, it is called the reverse pivot shift. A 
significantly positive reverse pivot shift suggests that the 
posterior cruciate ligament, the arcuate complex, and the 
latéral collateral ligament are ail torn. In the position of tibial 
internai rotation, the sign disappears. 

The patient is positioned supine on the examining table. 

To test the right knee, with the examiner facing the patient, 
the foot and ankle are lifted with the right hand and allowed 
to rest on the right side of the examiner s pelvis (Fig. 45-63). 

The latéral side of the calf is supported with the palm of the 
leff hand on the proximal fibula. The knee is moved several 
times through a full range of motion to reduce muscle résis¬ 
tance. Then the knee is bent to 70 to 80 degrees of flexion. At 
this position, the foot and the leg are externally rotated to 
cause the latéral tibial plateau to subluxate posteriorly in 
relation to the latéral fémoral condyle. This is seen as a pos¬ 
terior sag of the proximal tibia. The knee is allowed to 
straighten through nothing more than the weight of the leg. 

An axial load is transmitted through the leg while the foot is 



FIGURE 


A and B f External rotation-recurvatum test (see text). (A courtesy of J.C. Hughston, MD.) 
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Reverse pivot shift sign (see text). (From Jakob RP, Hassler H, Stàubli HU: Observations on rotatory instability of the latéral 
compartment of the knee: experimental studies on the functional anatomy and the pathomechanism of the true and the reversed pivot shift sign, 
Acta Orthop Scand Suppl 191:1, 1981.) 


leaned on slightly. A valgus stress is applied to the knee, with 
the examiners iliac crest used as a fulcrum. As the knee 
approaches 20 degrees short of full extension, the latéral tibial 
plateau is felt and is observed moving anteriorly in a jerklike 
shift from a position of posterior subluxation and external 
rotation into a position of réduction and neutral rotation. 

Reverse pivot shift also can be tested with the tibia initially 
in the reduced position of full extension. In neutral rotation, 
the knee is quickly bent under continuous valgus stress, and 
the foot is allowed to rotate externally. At about 10 degrees of 
flexion, the same jolt will occur as the tibia falls into posterior 
subluxation. In this way, the two phases, posterior subluxation 
and réduction, can be repeated from flexion to extension and 
back to flexion. The test is even more pertinent if it reproduces 
the patients symptoms. The intensity of the findings of sub- 
luxation and réduction and the patients reaction to it dépend 
on the degree of instability, the skill with which the examiner 
performs the test, and the patients ability to relax the muscles. 

Tibial External Rotation (Dial) Test. When an injured 
knee is tested for postérolatéral instability, external rotation 
of the tibia on the fémur is measured at both 30 and 90 
degrees of knee flexion. The test can be done with the patient 
supine or prone (Fig. 45-64A and B). The médial border of 
the foot in its neutral position is used as a reference point for 
external rotation. At the chosen knee flexion angle, the foot 
is externally rotated with force. The degree of external rota¬ 
tion of the foot is measured relative to the axis of the fémur 
and is compared with the opposite leg. External rotation is 
measured by noting the foot-thigh angle (Fig. 45-64C). In 
addition, the tibial plateaus are palpated to détermine their 
relative positions compared with the fémoral condyles. This 


détermines whether the external rotation is caused by the 
latéral tibial plateau moving posteriorly (postérolatéral insta¬ 
bility) or by the médial plateau moving anteriorly (anterome- 
dial instability). A 10-degree différence between knees in the 
amount of external rotation is considered pathologie. More 
than a 10-degree increase in external rotation compared with 
that of the contralatéral side at 30 degrees of knee flexion, but 
not at 90 degrees, indicates an isolated injury to the postéro¬ 
latéral corner. An increase in external rotation of more than 
10 degrees compared with that on the contralatéral side at 
both 30 and 90 degrees of knee flexion indicates injury of 
both the posterior cruciate ligament and the postérolatéral 
corner. A cadaver study found that affer transection of the 
médial collateral ligament the results of the dial test were 
similar to those from a solitary injury to the postérolatéral 
corner; the authors suggested that the dial test probably is not 
reliable in the presence of médial instability. Jung et al. 
reported that reducing the tibia with an anterior force 
increased the ability of the examiner to detect postérolatéral 
rotary instability combined with posterior cruciate ligament 
injuries. 

Postérolatéral Drawer Test. The postérolatéral drawer 
test is done with the patient supine and the hip flexed 45 
degrees, the knee flexed 80 degrees, and the tibia in 15 degrees 
of external rotation. With the foot fixed, a posterior drawer 
test is done. The test resuit is positive for postérolatéral 
instability if the latéral tibial condyle externally rotâtes rela¬ 
tive to the latéral fémoral condyle. The sensitivity of this test 
for detecting isolated injury to the postérolatéral structures 
of the knee is questionable. The quality of the end point 
felt during external rotation in normal knees can vary 
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A-C, Prone external rotation test. Increased 
external rotation at 30 degrees that decreases at 90 degrees 
indicates isolated injury to postérolatéral corner; increased exter¬ 
nal rotation at both 30 and 90 degrees indicates injury to both 
posterior cruciate ligament and postérolatéral corner. 


considerably. Because external rotation is coupled with pos¬ 
terior translation, a grossly positive resuit of the postérolatéral 
drawer test may indicate injury to the posterior cruciate liga¬ 
ment and the postérolatéral corner. 


through the intercondylar notch and weight-bearing views 
are désirable if the patient can tolerate the positioning. In 
children, avulsions of osteocartilaginous portions of the 
intercondylar eminences are more common than cruciate 
ligament disruptions. In adults, pièces of bone occasionally 
are avulsed from the fémoral condyle or from the tip of the 
fibula where the collateral ligament inserts. Routine radio- 
graphs in an acutely traumatized adult knee more offen are 
normal, and rarely is the anterior intercondylar eminence 
avulsed as an isolated finding. On occasion, a fragment off 
the back of the tibia can be seen in a posterior cruciate liga¬ 
ment disruption. Small fragments along the médial or latéral 
tibial joint line suggest avulsion of the capsular ligament at 
that location (latéral capsular sign). Stress radiographs rarely 
should be required if stress tests are gently performed; excep¬ 
tions are injuries to children before physeal closure and in 
tibial plateau fractures, in which apparent instability may 
instead be caused by the bony rather than ligamentous dis¬ 
ruption. As a rule, stress radiographs should be obtained in 
ail apparent ligamentous disruptions of the knee in patients 
whose distal fémoral and proximal tibial physes are still open. 
In these patients, the instability frequently is from a physeal 
séparation rather than from ligamentous disruption. The 
relationship of the tibial spine with the intercondylar notch 
of the fémur should be noted. On abduction stress radio¬ 
graphs showing opening of the joint medially, a latéral shift 
of the tibial spine in the intercondylar notch suggests poste¬ 
rior cruciate ligament disruption, and a médial shift suggests 
anterior cruciate ligament disruption. LaPrade et al., in a 
cadaver study, determined that an isolated latéral collateral 
ligament injury should be suspected if latéral compartment 
opening with varus stress increases by approximately 2.7 mm 
and a grade III postérolatéral corner injury is suggested if 
values increase by approximately 4 mm. 

Remarkably clear images of the soft tissues can be 
obtained with MRI, and with increasing expérience with this 
noninvasive method, some investigators hâve advocated its 
use in patients in whom diagnostic arthroscopy is the alterna¬ 
tive (Fig. 45-65). A high degree of accuracy has been reported 
for détection of anterior and posterior cruciate ligament 
injuries (see Chapter 2). The course of the posterior cruciate 
ligament is more vertical and more in the midline plane than 
that of the anterior cruciate ligament, making it easier to 
include the entire posterior cruciate ligament in the MRI eut. 
MRI cuts obtained with the tibia externally rotated 15 degrees 
(so-called nonorthogonal) usually provide a complété image 
of the anterior cruciate ligament in at least one frame. MRI 
may be useful in acute collateral ligament disruptions com- 
bined with anterior cruciate ligament tears. Some authors 
suggest surgical repair or reconstruction of the anterior cruci¬ 
ate ligament combined with a limited incision to expose the 
collateral ligament disruption if it is precisely localized on 
preoperative MRI. We believe that these adjunctive tests, 
which are expensive, generally should be used when indicated 
but should not be routine. 


■ RADIOGRAPHIC EXAMINATION 

Standard anteroposterior and latéral radiographs, as well as a 
tangential view of the patella as described by Hughston, are 
routine. The tangential view is necessary because of the 
frequent association of acute patelloquadriceps instability 
with acute médial ligamentous disruptions. Tunnel views 


CLASSIFICATION OF KNEE INSTABILITY 

In the past, instability from ligamentous injury was classified 
as médial, latéral, posterior, anterior, and rotary on the basis 
of the direction in which the tibia was displaced. Although 
useful, this classification was an oversimplification and did 
not include multiplane instabilities, which commonly occur. 
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MR images demonstrating superficial and deep layers of iliotibial band (arrows). A, Normal superficial and deep 
layers (coronal view, right knee). B, Tear of superficial layer off Gerdy tubercle (coronal view, left knee). (From LaPrade RF, Gilbert TJ, 
Bollom TS, et al: The magnetic résonance imaging appearance of individual structures of the postérolatéral knee: a prospective study of normal 
knees and knees with surgically verified grade III injuries, Am J Sports Med 28:191, 2000.) 


Traumatic disruption of knee ligaments often results in 
complex, multiplane instabilities; if these instabilities are not 
corrected, normal mechanics cannot be restored to the knee. 
There is some confusion over terminology, pathomechanics, 
and the principal pathologie condition responsible for pro- 
ducing each type of instability. 

The vertical axis of the knee joint normally passes near 
the center of the joint. The tibial plateau is divided into four 
quadrants that serve as the reference points in the définition 
of knee instability. Any disruption of the complex of support- 
ing structures around the knee can permit a shift in this verti¬ 
cal axis away from the center of the tibia into one of the latéral 
quadrants as the tibia shifts excessively and abnormally in 
relation to the fémur. The spécifie classification of each insta¬ 
bility dépends on the movement of the tibia in relation to the 
fémur during stress testing (Fig. 45-66). This may not be 
précisé and completely accurate for acute injuries unless the 
examination is done with the patient under general anesthé¬ 
sia. The classification probably has its greatest usefulness in 
chronic instabilities. 

Box 45-1 outlines the classification of knee instability 
proposed by the Committee on Research and Education of 
the American Orthopaedic Society for Sports Medicine. It 
was developed by pooling resources from major knee centers 
throughout North America. This classification attempts to 
describe the instability by the direction of the tibial displace¬ 
ment and, when possible, by structural déficits. It refers to 
instability occurring from joint trauma or to acute instability 
progressing to a chronic State and ignores congénital and 
acquired instability from other causes, such as tibial plateau 
fractures and congénital hyperextension. This is an anatomie 
classification in that one-plane médial instability means that 
the tibia moves abnormally away from the fémur on the 
médial side and that anteromedial rotary instability means 
that the tibia rotâtes anteriorly and externally and moves 
away from the fémur on the médial side. It is understandable 
that the classification becomes more complex as attempts are 
made to include anatomie or structural déficits. 



Classification of Knee Joint Instability Resulting 
From Ligament Injury 


One-Plane Instability (Simple or Straight) 

One-plane médial 
One-plane latéral 
One-plane posterior 
One-plane anterior 

Rotary Instability 

Anteromedial 

Antérolatéral 

Flexion 

Approaching extension 
Postérolatéral 
Posteromedial 

Combined Instability 

Anterolateral-anteromedial rotary 
An te ro I ate ra I - poste ro I ate ra I rota ry 
Anteromedial-posteromedial rotary 


■ ONE-PLANE INSTABILITY 

One-plane médial instability with the knee in full extension 
is apparent, as the abduction or valgus stress test is performed, 
when the knee joint opens on the médial side; that is, the tibia 
moves away from the fémur. This is a major instability and 
indicates disruption of the médial collateral ligament, the 
médial capsular ligament, the anterior cruciate ligament, 
the posterior oblique ligament, and the médial portion of 
the posterior capsule. It strongly suggests disruption of 
the posterior cruciate ligament, but it is not totally confirma- 
tory in most investigators’ opinion. One-plane médial insta¬ 
bility detected only when the knee is tested in 30 degrees of 
flexion indicates a tear limited to the médial compartment 
ligaments. 




69 


Normal position of left knee, no rotation 



Latéral 


Axis and 

direction of rotation 



■Tibia 

(proximal aspect) 

Médial 

Fémur 

(distal aspect) 


Antérolatéral complex 
instability 


Anteromedial complex 
instability 



Postérolatéral complex Posteromedial complex 

instability instability 




FIGURE 


Démonstration of shift in vertical axis away 


from center of tibia as tibia shifts excessively and abnormally in 
relation to fémur. Position of fémur is designated by shaded area. 


One-plane latéral instability with the knee in extension is 
apparent on adduction or varus stress testing when the knee 
opens on the latéral side; that is, the tibia moves away from 
the fémur. This indicates disruption of the latéral capsular 
ligament, the latéral collateral ligament, the biceps tendon, 
the iliotibial band, the arcuate-popliteus complex, the pop- 
liteofibular ligament, the anterior cruciate ligament, and, 
often, the posterior cruciate ligament. One-plane latéral 
instability detected only with the knee in 30 degrees of flexion 
may be présent in minor latéral complex tears or may be 
normal compared with the opposite knee. 

One-plane posterior instability is apparent when the tibia 
moves posteriorly on the fémur during the posterior drawer 
test. This indicates disruption of the posterior cruciate 
ligament, the arcuate ligament complex (partial or complété), 
and the posterior oblique ligament complex (partial or 
complété). 

One-plane anterior instability is présent when the tibia 
moves forward on the fémur during the anterior drawer test 
in neutral rotation. This instability is difficult to comprehend 
fully. It indicates that disrupted structures include the anterior 
cruciate ligament, the latéral capsular ligament (partial or 
complété), and the médial capsular ligament (partial or 
complété). The anterior drawer sign is présent in neutral 
rotation when the anterior cruciate ligament is disrupted with 
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immédiate or subséquent stretching of the médial and latéral 
capsular ligaments. Although laboratory studies suggest that 
loss of only a portion of the anterior cruciate ligament can 
produce an anterior drawer sign, the instability clinically 
suggests loss of functional integrity of the entire ligament. In 
this type of instability, the test resuit becomes négative as the 
tibia is internally rotated because the posterior cruciate liga¬ 
ment becomes taut in this position. When the anterior drawer 
test with the tibia in neutral rotation shows equal displace¬ 
ment of both condyles and this displacement is eliminated by 
internai rotation of the tibia, both anteromedial and antéro¬ 
latéral rotary instability may be présent. This can be confirmed 
by the jerk test (see Fig. 45-59). 

Severe grades of instability, that is, severe varus, valgus, 
anterior, or posterior instability, are accompanied by addi- 
tional central or peripheral ligamentous deficiencies, and 
therefore most are accompanied by rotary instabilities as well. 

■ ROTARY INSTABILITY 

Anteromedial rotary instability is apparent, with stress testing, 
when the médial plateau of the tibia rotâtes anteriorly and 
externally as the joint opens on the médial side. This implies 
disruption of the médial capsular ligament, the médial col¬ 
lateral ligament, the posterior oblique ligament, and the 
anterior cruciate ligament. 

Antérolatéral rotary instability detected at 90 degrees of 
flexion has little relation to the anterior drawer sign or major 
anterior displacement of the tibia. The latéral tibial plateau 
rotâtes forward in relation to the fémur at 90 degrees of 
flexion with excessive latéral opening of the joint. There is 
then excessive internai rotation of the tibia on the fémur with 
the knee in flexion. This implies disruption of the latéral 
capsular ligament, the arcuate ligament complex (partial), 
and the anterior cruciate ligament (partial or complété). 
Antérolatéral rotary instability detected as full extension of 
the knee is approached is more common. With a spécifie test 
(jerk test, antérolatéral rotary instability test of Slocum, or 
latéral pivot shift test of Macintosh), the latéral tibial plateau 
subluxates forward on the fémur as the knee approaches 
extension. This implies disruption of the anterior cruciate 
ligament and possible involvement of the latéral capsular liga¬ 
ment. Clinically, as the knee cornes into extension while 
weight bearing, the anterior subluxation of the latéral tibial 
plateau is dramatic. 

Postérolatéral rotary instability is apparent, with stress 
testing, when the latéral tibial plateau rotâtes posteriorly in 
relation to the fémur, with latéral opening of the joint. This 
implies disruption of the popliteal tendon, the arcuate liga¬ 
ment complex (partial or complété), and the latéral capsular 
ligament and at times stretching or loss of integrity of the 
posterior cruciate ligament. It is important to distinguish this 
type of instability from one-plane posterior instability result- 
ing from a tear of the posterior cruciate ligament. In postéro¬ 
latéral rotary instability, the postérolatéral corner of the tibia 
drops off the back of the fémur and the latéral opening of the 
joint is detected when the external rotation-recurvatum and 
reverse pivot shift tests are performed. 

Posteromedial rotary instability is apparent, with stress 
testing, when the médial tibial plateau rotâtes posteriorly in 
reference to the fémur, with médial opening of the joint. This 
implies disruption of the médial collateral ligament, the 
médial capsular ligament, the posterior oblique ligament, the 
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posterior cruciate ligament, and the médial portion of the 
posterior capsule, plus stretching or major injury to the 
semimembranosus insertions. The anterior cruciate ligament 
also may be injured. 

■ COMBINED INSTABILITES 

One-plane and rotary instabilities usually are understandable, 
although some of the implied structural déficits are still 
debatable. Combined instabilities, however, rarely are either 
clearly defined or consensual, and each orthopaedic surgeon 
will hâve to satisfy personal suspicions as to which structures 
are specifically damaged and their relative degree of involve - 
ment in the instability. When a severe rotary instability is 
noted in one quadrant, rotary, varus, or valgus instability in 
another quadrant must be sought. Most severe rotary insta¬ 
bilities are accompanied by some degree of varus or valgus 
instability as well. 

Combined anterolateral-anteromedial rotary instability is 
the most common combined instability The resuit of the 
anterior drawer test with the tibia in neutral rotation is mark- 
edly positive, with both tibial condyles being displaced 
anteriorly. The displacement is exaggerated when the tibia is 
externally rotated and diminished but usually not obliterated 
when the test is done with the tibia internally rotated. The test 
results for antérolatéral rotary instability are positive. Varus 
and valgus stress tests often show instability of varying 
degrees. 

Combined anterolateral-posterolateral rotary instability 
is apparent when the latéral tibial plateau rotâtes in a posterior 
direction as the external rotation-recurvatum test is per- 
formed, and there is excessive forward displacement of the 
latéral tibial plateau on the fémur when the antérolatéral 
rotary instability tests are performed. Latéral (varus) instabil¬ 
ity is great with disruption of most of the structures on the 
latéral side of the knee, as well as the anterior cruciate liga¬ 
ment, and with occasional stretching of the posterior cruciate 
ligament. 

Combined anteromedial-posteromedial rotary instability 
is apparent when médial and posteromedial structures are 
severely disrupted. The knee opens on the médial side, and 
the tibia may rotate anteriorly when tested; in addition, with 
further testing, the tibia rotâtes posteriorly, dropping off the 
posteromedial corner of the joint. Ail médial structures, 
including the semimembranosus complex, are disrupted in 
combination with the anterior and most likely the posterior 
cruciate ligaments. 

TREATMENT CONSIDERATIONS 

Treatment of first-degree sprains is entirely symptomatic, and 
the patient usually can return to normal function and activi- 
ties within a few days. Rest, ice, and a compression bandage 
are usually ail that are required. Second-degree sprains 
require protection. In these injuries, a part of the ligament 
has been torn, and although the remaining untorn portion 
may stabilize the knee to routine stress testing, the strength 
of the ligament has been significantly impaired. If these 
patients are permitted to return promptly to full activity, 
especially in sports, complété disruption of the ligament is a 
real possibility. These patients are best treated with a con- 
trolled motion brace, allowing full, protected motion for 4 to 
6 weeks. Recovery usually can be expected with no residual 
laxity once the réhabilitation program has been completed. 


Third-degree sprains may require operative treatment, 
depending on factors such as âge, general health, associated 
injuries, and activity demands. 

■ NONOPERATIVE TREATMENT 

Isolated third-degree sprains of the médial collateral ligament 
can be treated successfully by nonoperative means. MRI or 
stress testing with the patient under general anesthésia and 
an arthroscopic examination usually are required to rule out 
any associated articular surface, meniscus, or cruciate liga¬ 
ment injury. Nonoperative treatment of third-degree sprains 
of the médial collateral ligament is more predictable and 
successful if the tear is at the proximal attachment and there 
is no evidence of other ligamentous damage. Equally severe 
tears of the distal end of the médial collateral ligament do not 
heal as well as those at the proximal end. The distal end of 
the ligament may be pulled proximally and occasionally is 
displaced superficial to the pes anserinus insertion; therefore, 
with conservative treatment, healing at the distal end is not 
as predictable as it is at the proximal end. Furthermore, 
elderly patients who do not expect to return to vigorous 
activities or to place great demands on the knee can be treated 
adequately without surgery, but they often hâve mild residual 
laxity. 

Nonoperative treatment is reasonable for ail second- 
degree sprains and for some third-degree collateral ligament 
sprains. Third-degree sprains of 2+ to 3+ severity that occur 
in conjunction with meniscal injury are best treated by surgi- 
cal repair. After stress testing has been performed and the 
grade and severity of the injury hâve been determined, the 
extremity is placed in a hinged knee brace for 4 to 6 weeks. 
Crutch walking is permitted with toe-touch weight bearing 
as soon as the leg can be controlled. After 2 weeks, as the 
inflammation subsides and the healing begins, the brace is 
adjusted to provide full flexion and the extension block is 
reduced by 15 degrees. Full extension is obtained by 6 weeks. 
Numerous investigators hâve documented the deleterious 
effects of immobilization on the muscles, ligaments, and 
articular surfaces. 

Because the biomechanical and biochemical properties of 
the healing ligament fail to return to normal, researchers are 
exploring new modalities to improve the quality of healing 
tissues and to accelerate the rate of healing. Tissue engineer¬ 
ing with use of growth factors, gene transfer, and cell thérapies 
are being studied. The results with growth factors may be 
species, dosage, and treatment spécifie, demonstrating the 
complex nature of ligament healing. Growth factors hâve 
half-life periods of a few days in vivo, and their use would 
require répétitive applications to maintain potency, which is 
inconvénient and perhaps unfeasible in the clinical setting. 
Gene transfer has the potential to overcome this problem by 
providing the ability to control expression and régulation of 
proteins in a host cell. Transplantation of genetically altered 
tissues through a retroviral vector has resulted in the expres¬ 
sion of the lacZ marker gene for as long as 6 weeks in the 
anterior cruciate and médial collateral ligaments of animais. 
Studies of gene transfer hâve shown positive effects on col- 
lagen fibril diameter and distribution, as well as significant 
increases in mechanical properties. Cell therapy involves the 
implantation of genetically manipulated cells to enhance 
the repair of ligaments as those cells become constituents of 
the healing tissue. Nucleated cells, including mesenchymal 
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stem cells, from bone marrow hâve been transplanted into a 
pocket around the transected médial collateral ligament of 
inbred rats; donor cells could be identified in the midsub- 
stance of the ligament after 7 days, demonstrating the poten- 
tial for migration of transplanted cells. 

Many investigators recommend nonoperative treatment 
of the médial collateral ligament in combined injuries of the 
anterior cruciate and médial collateral ligaments. The médial 
side is treated with a motion-control brace for 2 to 3 weeks 
while motion in the knee is regained. Once the inflammatory 
process has diminished, the anterior cruciate ligament is 
reconstructed arthroscopically. The delay allows initiation of 
the healing process in the médial collateral ligament, which 
also seals the capsular rent and prevents extravasation of 
fluid. Fewer problems with postoperative arthrofibrosis occur 
when motion is restored preoperatively. However, Nakamura 
et al., in a study of the use of MRI in determining a treatment 
regimen for acute grade III médial collateral ligament injuries 
associated with anterior cruciate ligament tears, found that 
restoration of valgus stability was significantly correlated with 
the location of superficial médial collateral ligament fiber 
damage. When damage was évident over the whole length of 
the superficial layer and not confined to either the proximal 
or distal attachment sites, preoperative bracing did not restore 
valgus stability, and those patients required surgery for the 
médial collateral ligament injury along with anterior cruciate 
ligament reconstruction. Narvani et al. identified a subgroup 
of deep médial collateral ligament injuries at the fémoral 
origin that caused persistent symptoms after conservative 
treatment in high-level athlètes. After operative repair, ail 
athlètes returned to their sports and remained asymptomatic 
1 year later. 

Reconstruction of the anterior cruciate ligament appears 
to be important for adéquate healing of the médial collateral 
ligament when there are combined injuries. Biomechanical 
évaluation of the effects of anterior cruciate ligament defi- 
ciency on the healing of the injured médial collateral ligament 
in rabbit and canine models demonstrated that knees with 
untreated combined anterior cruciate and médial collateral 
ligament injuries showed significantly increased valgus laxity 
and a réduction in tissue quality of the healed médial col¬ 
lateral ligament. In addition, considérable joint degeneration 
was observed. 

Several studies hâve reported good results with nonop¬ 
erative treatment of médial collateral ligament injuries com¬ 
bined with reconstruction of the anterior cruciate ligament. 
A randomized controlled trial comparing operative with 
nonoperative treatment of médial collateral ligament injuries 
in 47 patients with combined anterior cruciate ligament 
and grade III médial collateral ligament injuries found no 
statistically significant différences between the two groups. 
Subjective outcomes and Lysholm scores were good and 
anteroposterior knee stability was excellent in both. More 
recently, a study comparing outcomes in patients with isolated 
ACL injuries and those with combined ACL and chronic 
grade II médial collateral ligament injuries found that residual 
valgus laxity did not significantly affect anteroposterior laxity 
at minimum follow-up of 3 years, suggesting that no addi- 
tional surgical procedure is needed for the médial collateral 
ligament in combined lésions. Not ail medial-sided knee 
injuries heal with nonoperative treatment. As Tibor et al. 
emphasized, injury to the posteromedial corner of the knee 


differs anatomically and biomechanically from isolated injury 
of the médial collateral ligament. Valgus instability places 
additional strain on a reconstructed anterior or posterior 
cruciate ligament, which can contribute to late graft failure, 
and in patients with multiligament injuries, operative recon¬ 
struction of the posteromedial corner, including the médial 
collateral ligament, may be indicated. 

The réhabilitation protocol must be individualized on the 
basis of the patients âge, the degree of instability, and other 
factors. The patient is prescribed a program of quadriceps and 
hamstring isométrie exercises and leg lifts for the hip flexors 
and hip abductors while in the brace. When the brace is 
removed, motion in the knee is advanced, and a vigorous 
rehabilitative exercise program is instituted. A reinforced 
elastic knee support usually is applied, and the patient is not 
permitted to return to normal activities, especially sports, 
until the range of motion is normal and the strength in ail 
muscle groups has returned to 90% of that in the uninjured 
extremity. When the patient returns to athletics, the injured 
ligament usually is protected by adhesive taping or a func- 
tional brace for 3 or 4 months. This is the minimal time neces- 
sary for stress orientation of the collagen fibers to be regained 
in the healing ligament. 

Healing of the latéral collateral ligament has not been as 
well researched as that of the médial collateral ligament, but 
reports in the literature indicate that grade I and II latéral 
collateral ligament injuries can be successfully treated non- 
operatively, whereas good results seldom are obtained with 
nonoperative treatment of grade III injuries. 

■ OPERATIVE TREATMENT 

Although most authors recommend nonoperative treatment 
of isolated médial collateral ligament injuries, some prefer to 
repair the médial side when the injury is associated with an 
anterior cruciate ligament disruption. Indelicato recom- 
mended reconstruction of the anterior cruciate ligament and 
reassessment of the médial laxity. If the knee continues to be 
unstable in full extension or slight flexion (grade II or grade 
III), the médial collateral ligament and the posterior oblique 
ligament are repaired. 

By définition, repair of ligaments of the knee refers to 
surgical treatment of acute injuries, and reconstruction usually 
refers to surgical treatment of ligamentous laxity several 
months after injury. Skillful repair or reconstruction dépends 
on a thorough knowledge of anatomy. The best possible repair 
restores the anatomie integrity and tension of a torn ligament 
and should be done without unnecessary delay. Optimal 
surgical dissection and repair become increasingly difficult 
beyond 7 to 10 days after injury. 

Absolute rules as to when it is too late to repair a ligament 
cannot be given. In addition to the time since injury, the 
severity of the disruption, the location of the principal patho¬ 
logie condition, and the patient s âge and activity needs must 
ail be considered. Although surgical repair should proceed as 
soon as possible, conditions for surgery must be optimal. 
Surgery should proceed only after a definite diagnosis has 
been made and a spécifie plan of repair has been formulated. 
The type of repair selected must dépend on the expérience 
and skill of the surgeon, the location of the injury, and the 
condition of the tissues. The search for additional abnormal- 
ity must be diligent before a diagnosis of isolated injury is 
accepted. 
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Major tears indicate a marked initial displacement of the 
joint surfaces and the probability of injury to other support- 
ing structures. Incisions must be planned properly, and 
exposure usually must be extensive, often from the midline 
of the limb anteriorly to the midline posteriorly, because the 
principal pathologie condition usually is in the posterior two 
thirds of the médial and latéral compartments. Without suf- 
ficient exposure to reach these areas, incomplète repair is 
likely. Repairs always are performed with use of a pneumatic 
tourniquet for hemostasis. The tourniquet is removed before 
closure to control bleeding and to prevent severe hemarthro- 
sis or hematoma. Joint stability may be impaired by a few 
millimeters of capsular stretching from a tense hemarthrosis. 
Although the anatomie integrity of the ligament is restored 
under proper tension, the repair procedure must not destroy 
the blood supply of the ligament. Dissection should be limited 
to only that necessary to identify and to correct the pathologie 
condition. Skin flaps developed during the approach should 
be deep to the fascia, when possible, to reduce the vascular 
and cutaneous nerve injury inhérent in superficial subeutane- 
ous dissection. 

Whenever possible, ligaments should be anchored into 
freshened bone with nonabsorbable sutures, suture anchors, 
screws with toothed or spiked washers (Fig. 45-67), or Staples. 
This can be accomplished by passing sutures through multiple 
holes drilled in cortical bone at the site of attachment or 
preferably through parallel holes drilled through to the 
opposite side of the bone. Staples, preferably with barbs to 
prevent extrusion, must be placed a sufficient distance from 
the articular margin so that joint function is unimpaired. 
Suture anchors, Staples, and screws with toothed washers are 
intended for use at sites of ligamentous attachments to bone, 
and again at a sufficient distance from the joint not to interfère 
with joint or ligament function. Neither the screw with 
toothed washer nor the staple should be overly tightened or 


countersunk because of the possibility of pressure necrosis of 
the ligamentous tissue beneath the crown of the staple or 
beneath the toothed washer. Staples, screws, or other forms 
of internai fixation should not be used in areas where normal 
gliding of the ligament is required during flexion and exten¬ 
sion. If they are placed in these areas, such as near the articular 
margin of the médial fémoral or tibial condyle, anteroposte- 
rior excursion of the tibial collateral ligament will be limited 
during flexion and extension movements. Thus, either it will 
be difficult to regain joint motion or the ligament will hâve 
to tear or stretch to permit motion. 

Anchoring of ligaments beneath raised flaps of bone is an 
effective method when the site is far enough away from the 
articular margins, such as on the proximal tibial metaphysis 
where the médial collateral ligament normally inserts beneath 
the pes anserinus tendons. Numerous studies hâve identified 
radiographie landmarks of ligament attachment sites, and 
these landmarks are being used more frequently for ligament 
reconstructions. Nonabsorbable sutures should be used for 
strength where tension is the greatest. Absorbable sutures can 
be used where approximation without appréciable tension is 
required. Approximating sutures apposing the dissected torn 
edges of the ligament should be reinforced with tension 
sutures of nonabsorbable material. A square or rectangular 
pattern is used in the manner of a mattress suture to secure 
the tension sutures. These sutures restore the normal length 
of the ligament while protecting the area of repair. Careful 
alignment of the tension sutures along the course of the liga¬ 
ment fibers is necessary if they are to perform their intended 
function. Tension sutures can be tested for functional place¬ 
ment and isometry during flexion and extension before being 
tied definitively. Sutures properly placed will not pull out or 
interfère with normal joint motion. 

The menisci should be salvaged if at ail possible, and 
peripheral tears should be repaired. Multiple tears within the 



Reattachment of avulsed ligaments with AO screw and toothed washer. A f Fixation of avulsed ligament, with or 
without bony fragment. B, Washer is designed so that it grips ligament and bone over broad area with its peripherally arranged teeth, 
compressing and fixing them within limits designed by a stop on each tooth. Little pressure is exerted on tissue next to and between 
teeth. Microcirculation in these areas of ligament is normal; it is compromised only in compressed area represented by solid trapezoids. 

(From Müller W: The knee: form, function, and ligamentous reconstruction, New York, Springer-Verlag, 1983.) 
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substance of the meniscus, however, may require that the 
meniscus be excised. If so, attempts should be made to leave 
a peripheral meniscus cuff or rim. Fragile areas of the liga¬ 
ment repair should be reinforced with fascia or other local 
tissue or supported by a muscle-tendon unit. 

Affer ligamentous repair, the knee should be briefly 
immobilized initially in a hinged brace in 30 degrees of flexion. 
The length of immobilization, if any, should be selected for 
each patient; it dépends on the severity of the tear, the struc¬ 
tures torn, the accuracy of repair, the method of ligament fixa¬ 
tion, the âge of the patient, and the health of the articular 
surfaces. At least theoretically, early motion is feasible if the 
ligamentous repair and attachment sites are truly isométrie. 
Under such circumstances, normal unstressed motion of the 
knee should not place undue tension on the fixation points. 
Full extension should be achieved as soon as possible to 
prevent the development of a flexion contracture. 

The success of repair dépends on the proper analysis of 
the instability by clinical examination; during surgery, it 
dépends on the quality of the tissue involved directly by 
injury and the quality of the tissue available to reinforce lax 
or ruptured structures, the exacting performance of the surgi- 
cal procedure, the postoperative care, the motivation of the 
patient, and the thoroughness of réhabilitation. The long- 
range prognosis for function dépends on the amount of initial 
laxity and the presence of any associated internai dérange¬ 
ment or posttraumatic degenerative arthritis. The objective of 
treatment is to attain maximal function and to minimize or 
prevent degenerative changes within the joint. 

MEDIAL COMPARTMENT (COLLATERAL) 
DISRUPTIONS 
■ REPAIR 

If surgical repair of the torn médial support of the knee is 
planned, arthroscopie examination of the knee to rule out 
other intraarticular pathologie conditions is done before 
open surgical exploration (see Chapter 51). The surgeon must 
be aware of the capsular disruption that may allow significant 
extravasation of irrigation fluid during arthroscopy of an 
acutely unstable knee. A synovial or capsular rent ordinarily 
will seal sufficiently to prevent dangerous extravasation of 
irrigation fluid if the arthroscopic examination is delayed 
for 5 to 7 days and the surgeon is skilled and expédités the 
examination. A lengthy examination of an acutely injured 
knee is not justified, and massive extravasation of irrigation 
fluid may occur in such instances. Once arthroscopic exami¬ 
nation has been completed, or if such examination is not 
carried out, the following open technique is used. 


REPAIR OF MEDIAL COMPARTMENT 
DISRUPTIONS 


TECHNIQUE 45-4 


■ Place the patient supine on the operating table with a 
pneumatic tourniquet inflated on the upper thigh. 

■ Flex the hip approximately 45 degrees, flex the knee 
approximately 60 degrees, and allow the lower extremity 
to lie with gravity in abduction at the hip. 


■ For positioning of the extremity, a spécial bolster posterior 
to the midthigh that permits the knee to flex to 90 
degrees may be preferred. 

■ Begin a midmedial incision 2 cm proximal to the adductor 
tubercle, curving it gently distally over the adductor 
tubercle parallel to the médial aspect of the patella and 
patellar tendon and approximately 3 cm médial to 
these structures. Carry it distally along the anteromedial 
aspect of the tibia to end 5 to 6 cm below the joint 
line. 

■ Dissect the skin, subeutaneous tissues, and superficial 
fascia as a single layer from the midline anteriorly to the 
posteromedial corner. Wide exposure is necessary to 
identify and to correct ail of the pathologie conditions. 

■ Take care during the dissection and retraction not to 
injure the large saphenous vein, which is in the subeuta¬ 
neous tissue at the posteromedial aspect of the 
dissection. 

■ The infrapatellar branches of the saphenous nerve cannot 
always be preserved with this incision, although the sarto- 
rial branch of the saphenous nerve should be identified 
and protected as it exits between the sartorius and gracilis 
to supply sensation over the entire médial aspect of the 
leg to the ankle. 

■ A hematoma in the posteromedial area of the exposure 
may identify the site of principal damage. 

■ Stress test the knee again for ligamentous and patellar 
instability. 

■ Incise the médial longitudinal extensor retinaculum along 
the anterior edge of the sartorius from its tibial insertion 
posteriorly to the posteromedial corner. Take care not to 
incise the tibial insertion of the tibial collateral ligament 
immediately beneath. 

■ With the knee in the flexed position, retract the sartorius 
and other components of the pes anserinus to allow 
inspection of the tibial insertion of the tibial collateral 
ligament, which is deep and distal to the anterior edge 
of the sartorius. 

■ An alternative to incising the longitudinal extensor reti¬ 
naculum along the anterior border of the sartorius is to 
detach the bony insertion of the pes anserinus from the 
tibia and reflect these tendons upward. This uncovers the 
médial collateral ligament, the posterior oblique ligament 
area, and the semimembranosus complex at the postero¬ 
medial corner of the knee. The first step in surgical 
identification of the pathologie condition should be the 
assessment of the integrity of this tibial insertion. We do 
not release the pes anserinus tendon. 

■ Make a médial parapatellar fascial incision extending 
from the edge of the vastus medialis muscle distally to 
join the incision along the anterior edge of the pes 
anserinus. 

■ Dissect this médial longitudinal patellar retinaculum off 
the anteromedial capsule and the médial collateral liga¬ 
ment and reflect it proximally and posteriorly to the 
margin of the vastus medialis. This can be done without 
undue difficulty when surgery is performed within a few 
days after injury. This exposes the médial collateral liga¬ 
ment and the médial capsular structures. 

■ Deepen the médial parapatellar capsular incision into the 
joint and thoroughly inspect it. 
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■ If arthroscopy has not been done to evaluate the intraar- 
ticular structures, systematically inspect the undersurface 
of the patella, the articular surfaces of the fémur and the 
tibia, the médial and latéral menisci, and the anterior and 
posterior cruciate ligaments. 

■ With the knee flexed, place the heel on the opposite knee 
and retract the patellar fat pad to see the entire latéral 
meniscus through the médial parapatellar capsular 
incision. 

■ Inspect the cruciate ligaments and palpate them with the 
finger and with ligament hooks. 

■ If the menisci are torn within their substance, excise areas 
that cannot be repaired. Attempt to preserve a meniscus 
rim or cuff even if most of the meniscus must be excised. 

■ When a cruciate ligament is torn, it should be recon- 
structed (see Techniques 45-19 and 45-20). 

■ Again, stress test the joint to better identify the area of 
médial ligament injury. Throughout the dissection, take 
care not to make the ligamentous pathologie condition 
unidentifiable. 

■ If the médial collateral ligament is avulsed from the tibia 
beneath the pes, reflect it proximally, exposing the under- 
lying midcapsular portion of the médial capsular ligament. 
A definite interval is présent between the médial collateral 
ligament and the midcapsular portion of the médial 
capsular ligament anteriorly so that proximal retraction of 
the médial collateral ligament is possible and the antero- 
medial, the midmedial, and the posteromedial capsular 
structures can be readily identified and inspected. 

■ Expose the posterior capsule by locating the interval 
between the médial head of the gastroenemius and the 
semimembranosus and incising the sheath of the semi- 
membranosus. Dissect the posterior capsule off the 
médial head of the gastroenemius muscle. With the knee 
maintained in flexion, the posterior capsule can be easily 
exposed to the midline. Carefully retract the popliteal 
vessels during this exposure. 

■ Expose the médial capsular ligament further by using an 
intraarticular retractor deep to the médial capsular liga¬ 
ment. This may reveal a bare area on the fémoral condyle 
from which the capsular ligament and synovium hâve 
been avulsed. 

■ When the capsular tear cannot be identified easily, a verti¬ 
cal incision splitting the fibers of the médial collateral 
ligament often will reveal tears in its meniscofemoral 
portion. Médial capsular tears often begin near the médial 
condylar origin and proceed in an L- or Z-shaped path 
toward the posteromedial corner. Tears in the menisco¬ 
femoral portion of the deep capsular ligament may leave 
the peripheral attachment of the médial meniscus undis- 
turbed, and the médial meniscus can be retained. Tears 
of the weaker meniscotibial portion of the médial capsular 
ligament frequently accompany tears of the meniscus or 
its peripheral attachment. 

■ Repair ail tears in the peripheral attachment as the cap¬ 
sular ligament is repaired; tears within the outer 25% of 
the substance of the meniscus should be repaired. 

■ Tears of the midmedial capsular ligament and that portion 
designated by Hughston as the posterior oblique liga¬ 
ment often extend for variable distances into the 
posterior capsule, and the extent must be determined. 


The posteromedial capsular tear often extends well 
around the posteromedial corner to involve the posterior 
capsule and its tibial insertion. 

■ If a major tear is not présent in the posteromedial capsular 
structures, incise in line with the fibers of the posterior 
oblique ligament, creating an arthrotomy for examination 
of the posterior horn of the médial meniscus. 

■ Do not remove an untorn médial meniscus or one that 
can be repaired to make reattachment of the posterior 
capsule easier. This is not necessary, and sacrifice of the 
meniscus with its protective and stabilizing function 
should be avoided. 

■ Begin the procedures of repair with the intraarticular 
abnormality (meniscectomy, meniscal suture, or cruciate 
reconstruction) as indicated. 

■ Place multiple interrupted sutures in the meniscus if repair 
is needed and pass them out through appropriate capsu¬ 
lar sites. Do not tie these sutures until the médial repair 
is complété. Manipulation of the knee in the course of 
médial repair may disrupt such sutures if they are tied 
initially. 

■ Proceed with repair of other ligaments as follows. Repair 
first the posteromedial capsule if it is torn, maintaining 
the knee at 60 to 90 degrees of flexion at ail times. If the 
posterior capsule has been torn from its tibial attachment, 
pull it down to the back of the tibia (see later). 

■ If the posteromedial capsule has been torn in its midpor- 
tion, approximate it with multiple interrupted, nonab- 
sorbable sutures, placing the knots extraarticularly as the 
médial head of the gastroenemius is retracted and the 
knee is maintained in 90 degrees of flexion. 

■ If the posteromedial capsule has been torn from its 
fémoral attachment, drill holes from the anteromedial 
epicondylar area to exit posteriorly in the area of insertion 
of the médial head of the gastroenemius muscle. 

■ Use sutures to bring the upper edge of the posterior 
capsule to its normal insertion, pass the sutures through 
the bone, and tie them over the bone anteromedially. 

■ As an alternative, the posterior capsule can be reattached 
to the fémur with suture anchors. 

■ If the posterior capsule has been torn from its tibial 
attachment, reattach the freshened edge to the posterior 
surface of the tibia. 

■ Place sutures, usually two, of nonabsorbable material 
in the freshened edge of the capsule and lay them 
aside. 

■ Drill three parallel holes beginning on the anteromedial 
surface of the tibial condyle and exiting just below its 
posterior articular margin. 

■ Pass the ends of the previously placed capsular sutures 
through these holes to the anterior aspect of the tibia 
with a suture passer, passing two sutures through the 
center hole. 

■ Before drilling the holes, roughen orfreshen the posterior 
rim of the tibia with an osteotome to aid in reattachment 
of the posterior capsule. 

■ With the knee in 60 degrees of flexion, bring the edge 
of the posterior capsule to its insertion by tying the 
sutures anteriorly (technique of O'Donoghue) (Figs. 45-68 
and 45-69). Again, suture anchors can be used instead 
of sutures being passed through the osseous tunnels. 


CHAPTER 45 KNEE INJURIES ^ 


5 



Repair or reconstruction of posteromedial 
corner of knee; sutures are placed in periphery but not tied. 

(Redrawn from Dohrmann [copyright 1988], In Feagin JA Jr, editor: The 
crucial ligaments: diagnosis and treatment of ligamentous injuries about 
the knee, New York, Churchill Livingstone, 1988.) SEE TECHNIQUE 45-4. 



Posterior capsule 


Semimembranosus 


FIGURE 


^ Reattachment of capsule to posterior tibia. SEE 


TECHNIQUE 45-4. 


■ If the posterior horn of the médial meniscus is salvage- 
able, do not advance the tibial attachment too far distally 
or the meniscus will be displaced off the back of the tibial 
plateau. With the knee held in a flexed position as the 
advancement is made, anchoring the attachment too far 
distally is a possibility. Before the sutures are tied, extend 
the knee to be sure that the reattachment is in the correct 
location. 

■ When the posterior capsule has been reattached, return 
to the anteromedial aspect of the exposure. 


■ Repair the médial extensor retinaculum and the vastus 
medialis muscle if they are torn and then close the ante- 
rior arthrotomy incision with multiple interrupted sutures. 
Failure to close the anteromedial arthrotomy incision 
before repairing the other médial and posteromedial 
structures may resuit in inability to close this anterior 
incision once those structures hâve been shortened and 
tightened. 

■Close the synovium with a continuous 3-0 absorbable 
suture and the anteromedial capsular incision with mul¬ 
tiple interrupted no. 0 absorbable sutures. 

■ Return to the posteromedial corner. 

■ Repair of the tear in the médial capsular ligament complex 
and the posterior oblique ligament or semimembranosus 
complex is determined mainly by the pattern of the tear. 
The objective is to anatomically approximate the torn liga¬ 
ment ends with multiple interrupted sutures and then to 
reinforce it with tension sutures in the manner of mattress 
sutures. These suture patterns should be square or rect- 
angular in orientation. The purposes of the tension 
sutures are to restore normal length and tension to the 
collagen fibers and to prevent stress on the suture line. 
The placement and direction of pull of the tension sutures 
must be précisé and in line with the ligament fibers. 
Similar to other sutures, they must be tested for correct 
functional placement and isometry during flexion and 
extension of the knee before they are tied definitively. The 
approximating sutures are usually absorbable (0 Vicryl), 
and the tension sutures are nonabsorbable (0 Mersilene) 
(Fig. 45-70). 

■ If the posteromedial corner (posterior oblique ligament 
complex) has been pulled from its fémoral attachment, 
Hughston recommended placing two or three nonab¬ 
sorbable mattress sutures well anchored distally in the 
ligament at the posterior corner of the tibia (Fig. 45-71 A) 
and anchoring them proximally at the attachment of 
the ligament to the adductor tubercle of the fémur 
(Fig. 45-71A to C). 

■ If the capsular arm of the posterior oblique ligament has 
been torn from its fémoral attachment, it produces a fold 
in the posterior part of the capsule that is continuous with 
the oblique popliteal ligament. If such a tear is found, 
draw the torn end of the capsular arm forward and suture 
it to the portion of the ligament still attached to the 
adductor tubercle (Fig. 45-7IA to D); when the attach¬ 
ment of the ligament to bone has been avulsed, leaving 
a bare bony surface, drill holes in the bone, elevate a small 
bone flap near the adductor tubercle, and attach the liga¬ 
ment with sutures, a screw with a toothed washer, or a 
staple (Fig. 45-72A and B). Suture anchors also can be 
used to attach the ligament to a roughened bone surface. 

■ When this posterior oblique ligament portion of the 
médial capsular complex has been secured, a gentle 
abduction stress should show médial stability. 

■ If the tibial arm of the posterior oblique portion of the 
médial capsular complex has been torn from the tibia and 
insufficient stump of the ligament or periosteum remains 
on the tibia to hold sutures, drill holes through the tibia 
as shown in Figure 45-73A and B. With a suture passer, 
pass long sutures from the ligament through anteriorly 
directed holes and tie them over the bone anteriorly to 
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JjjP A f Common tear pattern, médial compartment, superficial or médial collateral ligament torn distally near its tibial 
attachment with oblique tear in midmedial and posteromedial capsular ligament. B, Repair of midmedial and posteromedial deep liga¬ 
ment with interrupted approximating sutures; nonabsorbable tensioning sutures inserted to relieve tension on suture line. C f Superficial 
médial collateral ligament fixed to tibial metaphysis. D f If tear in superficial médial collateral ligament is near or just below joint line, 
it is repaired with interrupted sutures, with tensioning suture bridging tear to relieve tension along suture line. SEE TECHNIQUE 45-4. 
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Repair of ligaments of médial compartment of knee. A f Sutures are inserted into stump at original attachment of 
posterior oblique ligament and periosteum on adductor tubercle (AT) and through capsule (A) and tibial portions (B) of posterior 
oblique ligament (see text). B f Posterior oblique ligament is pulled forward and fixed and tied as tightly as possible to adductor tubercle 
with knee at 60 degrees of flexion when sutures are tied (see text). C f Advancement of tibial end of posterior oblique ligament (POL), 
with suturing to periosteum of tibia and to repaired tibial collateral ligament (TCL) (see text). D f Anterior border of posterior oblique 
ligament advanced and sutured over posterior border of tibial collateral ligament. X and Y, Sutures attaching POL to repaired médial 
collateral ligament. (Redrawn from Hughston JC, Eilers AF: The rôle of the posterior oblique ligament in repairs of acute médial [collateral] ligament 
tears of the knee, J Bone Joint Surg 55A:923, 1973.) SEE TECHNIQUE 45-4. 
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9 approximate the ligament to the posteromedial corner of 
the tibia. Suture anchors can be used instead. Additional 
sutures to secure the tibial arm to the direct and deep 
heads of the semimembranosus provide reinforcement of 
this important structure. 

■ When the posterior oblique portion of the médial capsular 
complex has been reattached, repair the médial capsular 



Repair of ligaments of médial compartment of 
knee. A f Isométrie fixation of médial ligaments secured with 
screw and washer. B f Médial collateral and posterior oblique liga¬ 
ments are repaired individually with AO screws and washers. SEE 

TECHNIQUE 45-4. 


ligament anterior to the point already repaired. Reattach 
the avulsed ligament to bone or approximate torn liga¬ 
ment ends with multiple interrupted, nonabsorbable 
sutures (Fig. 45-74A and B). This should complété the 
repair of the médial capsular structures. 

■ If the médial collateral ligament, the midportion of the 
médial capsular ligament, and the fémoral attachment of 
the posterior oblique ligament are avulsed with a piece 
of bone from the fémur, a relatively rare occurrence, ail 
can be reattached in continuity with a staple or screw 
with a toothed washer. This is an optimal tear pattern to 
encounter. 

■ Repair any vertical or oblique tears with multiple inter¬ 
rupted sutures (Fig. 45-75). Then repair the superficial 
portion of the médial collateral ligament. Krackow et al. 
designed a locking stitch that is idéal for grasping fiat 
structures such as this ligament (Fig. 45-76). It allows 
tension to be applied to the ligament without causing it 
to bunch up. 

■ If the fémoral attachment has been torn, reattach it to 
the adductor tubercle area with a staple, a screw with a 
toothed washer, suture anchors, or interrupted sutures. 

■ If the midportion is torn, use interrupted absorbable 
sutures to approximate the ends. Supplément the repair 
with tension, box, or mattress nonabsorbable sutures. 

■ If the ligament has avulsed from its tibial insertion, reat¬ 
tach it distal to the joint line with interrupted sutures 
through holes drilled in the bone, by a staple or suture 
anchors to roughened bone, or by élévation of a bone 
flap, placing the ligament beneath it and securing the flap 
with a table staple. Then pull the tibial portion of the 
posterior oblique ligament anteriorly and suture it to the 
periosteum of the tibia and the meniscotibial ligament 
distally and to the repaired posterior edge of the médial 



A f Repair of posterior oblique ligament torn from tibia. B f Sutures tied and ligament reattached. A, Point of original 
ligament attachment; B, torn ligament; attachment of ligament. (Redrawn from Hughston JC, Eilers AF: The rôle of the posterior oblique liga¬ 
ment in repairs of acute médial [collateral] ligament tears of the knee, J Bone Joint Surg 55A:923, 1973.) SEE TECHNIQUE 45-4. 














CHAPTER 45 KNEE INJURIES 


Proximal 



Proximal 



Central Distal 



Primary repairs of tears within médial capsular 
ligament. A f Tears. B, Repairs. SEE TECHNIQUE 45-4. 


collateral ligament proximally (Fig. 45-7IC). Advance the 
entire anterior border of the posterior oblique ligament 
and suture it in a pants-over-vest fashion to the posterior 
border of the médial collateral ligament (Fig. 45-71D). 

■ If the médial capsular ligament has been torn through the 
meniscotibial portion, the coronary ligament attachment 
of the médial meniscus also may be torn. If so, carefully 
repair it. In such tear patterns, the undersurface of the 
meniscus is visible as the tear is retracted superiorly. 
Détermine the method of repair for this type of tear by 
the length of the meniscotibial stumps. 

■ If the tear is in the midsubstance of the meniscotibial 
ligament, use multiple approximating, interrupted nonab- 
sorbable sutures. Two box-shaped tension sutures also are 
usually inserted (Fig. 45-77A). 



Superficial and deep médial ligaments avulsed 
from fémoral attachment reattached and vertical and oblique 
tears closed with interrupted sutures. SEE TECHNIQUE 45-4. 



Krackow locking stitch allows application of 
tension to ligament without bunching up. (Redrawn from Krackow 
KA, Thomas SC, Jones LC: Ligament-tendon fixation: analysis of a new 
stitch and comparison with standard techniques, Orthopedics 11:909, 
1988.) SEE TECHNIQUE 45-4. 
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A f Horizontal tear in meniscotibial ligament approximated with multiple interrupted sutures. Two tensioning sutures 
to relieve tension on approximated tear are placed vertically. B f Horizontal tear in meniscotibial ligament near its insertion on tibia. 
Repair is accomplished by multiple interrupted sutures through transosseous tunnels (inset). SEE TECHNIQUE 45-4. 


■ If the meniscotibial attachment of the médial capsular 
complex has been pulled off the tibia near its bony inser¬ 
tion, we prefer to reattach it as shown in Figure 45-77B. 
Freshen the side of the tibia near its articular margin to 
cancellous bone with a burr or osteotome. Insert multiple 
interrupted nonabsorbable no. 0 sutures through the torn 
meniscotibial capsular edge and test for good purchase. 
Drill multiple holes horizontally across the tibia. Expose 
the exit of the drill through the latéral tibia via a latéral 
incision and clear the soft tissues. Pass the sutures through 
the transosseous tunnels with suture passers to the latéral 
side, beginning with the most posterior suture. Tie each 
suture, proceeding from the most posterior to the most 
anterior. Be careful not to pull the meniscus down over 
the médial articular rim. Suture anchors that expedite this 
repair are now available. 

■ If the tears hâve been extensive and support is fragile, 
after repair has been completed, spécial procedures can 
be added to provide reinforcement or dynamic support. 
For example, suturing of the semimembranosus tendon 
to the posteromedial corner reinforces the posterior 
oblique ligament. Other procedures include suturing of 
the semimembranosus into the posterior aspect of the 
médial collateral ligament, advancement of the sartorius 
and gracilis, a pes plasty, and advancement of the vastus 
medialis muscle. These and other procedures are described 
in subséquent sections of this chapter. 

■ Bring the médial longitudinal patellar retinacular flap to 
its normal position and reattach it to the anterior border 


of the sartorius. Close the anteromedial capsular incision 
with multiple interrupted sutures. 

■ Release the tourniquet and obtain hemostasis. 

■ Close the wound over suction drainage tubes. 

■ Place the leg in a long-leg cast or controlled motion brace 
from groin to toes with the knee flexed 45 to 60 degrees 
and the tibia internally rotated but not forcibly. 

POSTOPERATIVE CARE. The extremity is elevated to 
reduce swelling. The patient is instructed in active quad- 
riceps and hamstring exercises beginning the day after 
surgery. Ideally, these exercises are practiced before 
surgery. Quadriceps and hamstring isométrie exercises are 
performed on a regular basis each hour, and leg lifts for 
strengthening of the hip flexors and abductors are insti- 
tuted as soon as possible. In selected patients, épidural 
analgesia and a continuous passive motion machine can 
be used. Crutch walking with touch-down weight bearing 
is begun as soon as possible. Drainage tubes are removed 
at 12 to 24 hours. The patient usually is released from 
the hospital ambulatory with crutches the day after 
surgery. The patient is encouraged to continue quadri¬ 
ceps- and hamstring-setting exercises on a regular basis 
in addition to leg lifts. Transcutaneous muscle stimulation 
has not been proved to reduce atrophy or to aid in 
réhabilitation. If a motion brace is used, motion between 
30 and 90 degrees is encouraged. The sutures are 
removed at 2 weeks. If a cast is used, it is changed at 2 
weeks, maintaining the 30-degree flexed position. The 
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protective cast or brace is changed every 2 weeks and is 
worn for a total of 4 to 6 weeks. Usually 4 weeks of 
complété immobilization is the maximum. A long-leg 7 
restricted motion brace or a fémoral cast brace that will 
permit freedom of flexion but will block extension, usually 
at 30 degrees, is worn. Total immobilization usually is 
unnecessary for acute médial collateral ligament repairs, 
and immobilization often has deleterious effects on the 
articular surfaces, especially of the patellofemoral joint. 
The flexible brace usually is worn until 6 to 8 weeks after 
surgery. If the brace has an adjustable dial lock mechanism 
in the knee hinge, the amount of extension can be 
increased (e.g., from 30 to 15 to 0 degrees) during the 6 
to 8 weeks after surgery. 


On removal of the cast or other appliance, a reinforced knee 
brace is applied. Partial weight bearing on crutches continues 
until at least 60 degrees of motion is présent in the knee and 
the patient is lifting 7 kg, 50 répétitions, with the quadriceps. 
Agility and proprioceptive retraining are emphasized as late 
components of the réhabilitation program. Réhabilitation 
proceeds similarly to that prescribed after meniscectomy, but 
it is more intense and more prolonged. Also, extension to 
within 5 degrees of the opposite extremity must be présent 
before the crutches can be discontinued. With early motion 
in a controlled motion brace, the patient often has fu.ll exten¬ 
sion by 8 weeks, and fu.ll weight bearing can be permitted. 
The patient should understand that maximal strength and 
function in the repaired ligaments probably are not attained 
for 12 months after surgery 

■ RECONSTRUCTION 

Chronic médial compartment instability is rarely a single- 
plane valgus laxity. Médial instabilities sufficient to justify 
reconstruction are more often combined with other instabili¬ 
ties, such as anterior cruciate insufficiency, that also must 
be taken into considération. For simplification, however, 
reconstructions in the following sections are described as 
médial reconstruction, latéral reconstruction, and so on, but 
the reader must realize that combinations of procedures 
and frequent modifications often are necessary. Simultaneous 
reconstruction of chronic anterior cruciate ligament and 
médial collateral ligament lésions has been shown to be effec¬ 
tive in improving médial, sagittal, and rotatory stability of 
the knee. 

The principles of reconstruction of the médial side are (1) 
repair and rétention of the médial meniscus, if possible; (2) 
reconstruction of the capsular structures, especially the pos- 
terior capsule; (3) restoration of the meniscotibial connection 
of the semimembranosus complex; (4) reconstruction of the 
posterior oblique ligament at the deep posterior corner; (5) 
reestablishment of the influence of the semimembranosus 
unit to the posterior oblique ligament, médial meniscus, and 
posterior capsule; and (6) reconstruction of the médial col¬ 
lateral ligament. Severe valgus laxity generally requires 
tightening of the médial collateral ligament in addition to the 
posterior capsule, the posterior oblique area of the postero- 
medial capsule, and the midmedial capsular ligament. 


TECHNIQUE 45-5 


(SLOCUM) 

■ Place the patient on the operating table supine so that 
the lower end of the table can be dropped beyond a right 
angle to flex the knee. A bolster can be used to support 
the distal aspect of the thigh and to flex the knee with 
the table fiat. Most of the surgical exposure, exploration, 
and reconstruction is carried out with the knee flexed; 
the method is the choice of the surgeon. We prefer the 
bolster and leave the foot on the table, but either method 
permits the knee to flex to 90 degrees and allows access 
to the posterior joint. 

■ Carefully préparé the skin, drape the extremity, and inflate 
a pneumatic tourniquet. If arthroscopic examination 
immediately précédés the planned reconstruction, it 
should be done without inflation of the tourniquet. 

■ Begin a médial skin incision 4 to 5 cm proximal to the 
médial fémoral épicondyle and curve it forward and 
downward, paralleling the lower fibers of the vastus 
medialis muscle, to the midpoint of the médial edge of 
the patella. 

■ Continue the incision distally, paralleling the patellar 
tendon across the joint line to the level of the lower 
border of the pes anserinus, as with the standard médial 
parapatellar incision. 

■ Reflect the skin and subcutaneous fat flap posteriorly to 
the médial popliteal space to expose the deep fascia 
covering the médial compartment and anteriorly to 
expose the musculotendinous structures around the 
médial side of the patella, patellar tendon, and tibial 
tuberosity (Fig. 45-78). 

■ With the extensor retinaculum and deep fascia still overly- 
ing the médial ligaments and with the posteromedial 
corner of the knee exposed, check the knee for stability 
by the abduction stress test and Slocum's anteromedial 
rotary test. Note points of greatest laxity and scarring 
during the testing to détermine which will require spécial 
reinforcement during the surgical repair. 

■ Check the latéral stability of the patella by attempting to 
force it laterally over the latéral fémoral condyle with the 
knee in several different degrees of flexion. When the 
patella can be subluxated or dislocated from the patel¬ 
lofemoral groove, laxity of the extensor retinaculum and 
the vastus medialis muscle insertion is présent and requires 
repair. Patellar stability must be tested at this stage 
because it is extremely difficult to evaluate after capsular 
arthrotomy incisions hâve been made. 

■ Make a médial parapatellar arthrotomy incision and 
explore the joint by a definite routine as follows. 

■ Inspect the médial meniscus for tears or tears of its 
attachment. If the médial meniscus and the synovium 
over the peripheral attachment are both intact on 
the upper surface and the meniscus is held tightly to 
the fémur by the meniscofemoral portion of the 
médial capsule while abduction stress is applied, the 
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Sartorius 




FIGURE 


Exposure for repair of posteromedial capsule. Médial skin incision is represented by green line. SEE TECHNIQUE 45-5. 


meniscotibial portion of the ligament is lax; when the 
meniscus remains fixed to the tibia during abduction 
stress testing, the meniscofemoral portion of the capsule 
is the principal site of laxity. Use a meniscus hook or a 
blunt ligament hook to detect posterior peripheral or 
inferior surface tears not détectable by inspection from 
above. 

■ Then inspect the latéral meniscus by placing the foot on 
the opposite knee and allowing the flexed knee to be 
stressed into varus as the hip falls into external rotation. 

■ Retract the ligamentum mucosum and the patellar fat 
pad to see most of the latéral meniscus. 

■ Inspect the articular surfaces of the patella, the fémoral 
condyles, and the tibial plateaus for chondral or osteo- 
chondral defects (treat them appropriately by chondro- 
plasty or excision of loose fragments). 

■ Test the anterior and posterior cruciate ligaments for laxity 
by inspection, palpation with a gloved finger, and tension 
testing with a ligament hook. 

■ If a cruciate ligament feels "soft" as it is stressed with a 
finger or a ligament hook but the overlying synovium 
appears intact, carefully incise the synovium to détermine 
whether an intrasynovial rupture of the cruciate ligament 
has occurred. 

■ When reconstruction of médial compartment structures 
is necessary and the laxity seems to be principally menis¬ 
cofemoral rather than meniscotibial, tightening of the 
médial capsular ligament by proximal advancement with 
an intact meniscotibial portion or médial and anterior 
advancement of the posterior capsule sufficient to correct 
mild-to-moderate posterior capsular laxity will not suffi- 
ciently disturb an intact médial meniscus to justify its 
excision. 

■ If the meniscotibial (coronary) ligament portion of the 
capsule is markedly lax and the peripheral attachment of 
the meniscus is intact, distal advancement of the posterior 
and médial capsule may be more difficult. In such 
instances, instead of excising the meniscus, we prefer to 
detach the posterior and posteromedial attachment of 
the meniscus along its meniscocapsular attachment, 


advance the capsule distally, and suture the meniscus to 
the tightened capsule. 

■ If the posterior periphery of the meniscus is already 
detached, the capsule is advanced distally and the periph¬ 
ery of the meniscus is sutured. 

■ Incise the deep fascia overlying the posteromedial corner 
of the knee from the level of the vastus medialis anteriorly 
to the sartorius posteriorly to expose the posterior part 
of the médial capsule and the semimembranosus tendon 
(Fig. 45-79A to C). We prefer to join the anterior parapa- 
tellar incision and the incision in the deep fascia of the 
posteromedial corner with an incision along the anterior 
border of the sartorius, thus reflecting a deep fascial 
flap proximally to the origin of the vastus medialis. This 
allows inspection of the tibial insertion of the médial 
collateral ligament in addition to better defining areas of 
maximal laxity of the médial supporting structures. Réfac¬ 
tion of this deep fascial flap proximally may be difficult 
because of scarring, but with care it usually can be 
accomplished. 

■ Now enter the posterior joint through the relatively thin 
part of the capsule lying between the médial and 
posterior capsular ligaments. This capsular incision lies 
just posterior and parallel to the strong ligamentous 
band forming the posterior margin of the médial 
capsule that extends from the médial fémoral épicondyle 
to the posterior capsule and direct tendon of the 
semimembranosus. 

■ Expose the semimembranosus complex at the posterome¬ 
dial corner of the knee by incising its tendon sheath from 
the posterior edge of the tibial collateral ligament to its 
muscle fibers proximally. 

■ Locate the interval between the posterior capsule and the 
médial head of the gastrocnemius muscle and retract 
the gastrocnemius off the posterior capsule over to the 
midline of the tibia. 

■ Because the tendon of the semimembranosus is lax with 
the knee in flexion, release it from its sheath and retract 
it distally from the groove on the tibia to provide easy 
access to the interval between the semimembranosus and 
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A-C, Deep complété posteromedial exposure into joint. SEE TECHNIQUE 45-5. 


the posteromedial aspect of the joint where the fibers of 
the posterior capsule, the oblique fibers of the postero¬ 
medial capsule, and the direct head of the semimembra¬ 
nosus and the oblique popliteal ligament intermingle. 

■ Release the ligamentous band between the semimembra¬ 
nosus and the gastrocnemius tendon sheath to further 
mobilize the semimembranosus complex; however, do 
not incise the popliteal oblique ligament from the 
semimembranosus. 

■ Expose the posterior joint, excise remnants of the médial 
meniscus or loose bodies, and correct other joint disor- 
ders, such as a torn meniscus, as indicated. 

■ Grasp the conjoined tendons of the semimembranosus 
with a heavy clamp and draw them forward, upward, and 
medially. 

■ Expose the interval between the médial head of the 
gastrocnemius and the semimembranosus tendon with 
finger dissection posteriorly to the point where the 
oblique popliteal ligament inserts into the back of the 
fémur and the posterior capsule of the latéral compart¬ 
iment of the knee. 

■ Palpate the direct insertion of the semimembranosus at 
its tibial attachment. 

■ Protect the popliteal vessels while exposing the posterior 
capsule. 


■ The objectives of repair at the posteromedial corner of 
the knee are to reattach the posterior capsule to the tibia, 
to suture the meniscus if possible, to restore tension 
in the posterior and médial capsular structures, and 
to reestablish the semimembranosus tendon complex, 
restoring its dynamic influence, especially on the oblique 
popliteal ligament. Slocum carried this out in the follow- 
ing manner. 

■ If the médial meniscus has previously been removed and 
when significant laxity exists, dissect the posterior capsule 
off the back of the tibia to unscarred ligamentous tissue. 
Use an osteotome to freshen or roughen the bone on the 
posterior aspect of the tibia for distal advancement of the 
edge of the posterior capsule (Fig. 45-80). 

■ Drill two or three holes from the anterior to the posterior 
aspect of the tibia into the freshened area, place sutures 
in the distal edge of the posterior capsule, and pass them 
through these drill holes to reattach the capsule to the 
posterior tibia from the intercondylar area to the médial 
edge of the insertion of the direct head of the semimem¬ 
branosus. The capsular repair also can be done with 
suture anchors. 

■ In advancing the tibial attachment of the posterior 
capsule, place the sutures in the distal posterior capsule 
so that when the sutures are passed anteriorly through 
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Repair of posterior capsule torn from posterior tibia. SEE TECHNIQUE 45-5. 


9 the parallel drill holes the posterior capsule is pulled 
downward (Fig. 45-81). 

■ Extend the knee with the capsule pulled downward 
before the sutures are tied to be sure that extension is 
not markedly limited. The joint should begin to feel 
"tight" as the last 15 or 20 degrees of extension is 
reached. This restores the tension to the latéral half of 
the posterior capsule. Posterior capsular advancement 
obviously is not necessary when avulsion of this portion 
of the capsule has not occurred. 

■ If the médial meniscus has not been removed previously, 
it should be retained if possible as already described. The 
technique for open meniscal suturing is described in 
Technique 45-1 . 

■ Now close the anteromedial arthrotomy incision; failure 
to do so at this point may resuit in difficulty in approxi- 
mating the edges once the posteromedial capsular and 
médial collateral ligamentous reconstructions hâve been 
completed. 

■ Next, pull the heavy oblique band at the posterior margin 
of the médial capsule distally and posteriorly to reattach it 
to the posterior capsule, the posterior margin of the tibia, 
the direct head of the semimembranosus, and the oblique 
popliteal ligament while at the same time pulling the 
inferior médial margin of the posterior capsule forward. 

■ Finally, advance medially and anteriorly the anteromedial 
edge of the direct head of the semimembranosus tendon. 


REPAIR OF POSTEROMEDIAL CORNER 


TECHNIQUE 45-6 


■ The insertion of the direct head of the semimembranosus 
tendon into the posterior tubercle of the tibia is the 
strongest soft-tissue anchor point at the posteromedial 
corner (Fig. 45-82). Place a mattress suture through the 
direct tendon near the bone to emerge at the confluence 
of the direct tendon, the posterior capsule, and the 
médial capsule. 

■ Then return anteriorly to the posteromedial capsule for the 
posteromedial capsular ligament, or that portion referred 
to by Flughston as the posterior oblique ligament. 

■ Place a suture through the inferior corner of this capsular 
ligament near the tibial articular margin and then back 
through the direct tendon of the semimembranosus 
and tie it securely. Placement of this suture is crucial to 
restoration of tension within the posterior oblique liga¬ 
ment or médial capsule. The posterior fibers of the liga¬ 
ment should lie in juxtaposition with the direct head of 
the semimembranosus and the tibial insertion of the 
posterior capsule. This should eliminate valgus and rotary 
instability. 

■ The posteroinferior corner of the médial capsule can be 
attached to a prepared site at the posteromedial tibial 
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Reattachment of posterior third of médial capsule. SEE TECHNIQUE 45-5. 
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Direct suture method of reconstruction of posteromedial corner of knee. A f Suture through direct head of semimem¬ 


branosus tendon. B f Suture through drill holes. C f Posterior capsule sutured over posteromedial capsule. SEE TECHNIQUE 45-6. 









PART XIII SPORTS MEDICINE 


margin with sutures passed through holes drilled through 
the bone when the direct head of the semimembranosus 
appears to be of insufficient strength. 

■ Advance the posterior capsule medially and anteriorly 
around the corner so that it overlies the posterior portion 
of the médial capsule. 

■ With the knee flexed, imbricate the médial capsular and 
posterior capsular edges 1 to 2 cm if possible and secure 
them with multiple interrupted sutures. Secure also the 
inferior aspect of the médial edge of the posterior capsule 
to the direct head of the semimembranosus and then to 
the médial capsule so that any remaining laxity of the 
posteromedial capsule is eliminated as the posterior joint 
is closed. Thus a double-thickness imbricated layer of 
capsular tissue fixed either to bone or to the direct head 
of the semimembranosus distally and to the médial épi¬ 
condyle proximally restores ligamentous tension with 
good-quality tissue at this most vulnérable point. 

■ Reinforce the repair by advancement of the semimembra¬ 
nosus tendon, using the direct head as a pivot point. 

■ Draw the conjoined tendon anteriorly, medially, and 
proximally to snugly cover the repaired médial and pos¬ 
terior capsule. With two or three interrupted sutures, 
secure this serpentine course of the semimembranosus 
complex. 

■ Slocum released the anteromedial tendon of the semi¬ 
membranosus from its tibial insertion beneath the longi¬ 
tudinal fibers of the médial collateral ligament and freed 
it from its distal attachment to its tendon sheath and the 
tibial metaphysis. He fixed this freed tendon to the pos¬ 
terior edge of the médial collateral ligament without 
disturbing its overlying fascia. Securing it to the posterior 
edge of the médial collateral ligament as well as to the 
reefed posterior capsular ligament above the joint line 
provides dynamic tightening of the important posterior 
oblique portion of the médial capsular ligament and of 
the médial collateral ligament. We prefer not to detach 
the anteromedial head of the semimembranosus because 
significant stabilizing function is lost if the suture line pulls 
loose. We recognize that bringing it in a serpentine 
manner over the posteromedial corner may not direct its 
pull in the line of its fibers, but we prefer this to 
detachment. 


RECONSTRUCTION OF 
POSTEROMEDIAL CORNER 


TECHNIQUE 45-7 


(HUGHSTON) 

■ Use a standard médial incision with the knee held in 60 
degrees of flexion, the thigh resting on the operating 
table, and the hip in external rotation. 

■ Incise the capsule in the soft spot interval behind the 
médial collateral ligament and anterior to the posterior 
oblique ligament. This interval provides access to the 
posteromedial aspect of the joint and exposure of the 
médial meniscus. 


■ Détermine the site of the original injury by use of a 
probe to assess the laxity of the fémoral and tibial 
attachments. 

■ If the médial collateral ligament is markedly unstable, 
especially off the fémoral attachment, advance it superi- 
orly and reattach it at the end of the tubercle with suture 
anchors or sutures to the periosteum. Avoid reattaching 
it to the fémoral neck, which would shorten the ligament 
and restrict flexion. 

■ Next, advance the posterior oblique ligament anteriorly 
and superiorly onto the fémur in the région of the adduc- 
tor tubercle and the médial épicondyle (Fig. 45-83A). 
Suture it to the periosteum under moderate tension. 

■ Then advance the posterior oblique ligament inferiorly 
and distally, anchoring it through holes drilled in the tibia 
or to adéquate soft tissue. Reinforce the midportion of 
the posterior oblique ligament by advancing it over the 
médial collateral ligament with mattress sutures in a vest- 
over-pants fashion (Fig. 45-83B). 

■ In the final step of the reconstruction, détermine the 
status of the capsular arm of the semimembranosus 
tendon. If it is lax, advance the tendon distally and supe¬ 
riorly onto the site of reconstruction of the posterior 
oblique ligament with mattress sutures (Fig. 45-83C). This 
restores the direct line and pull of the semimembranosus 
muscle and contributes to the dynamic stability. 

■ If the anteromedial capsule is lax or of poor quality, two 
procedures hâve been described for reinforcing this area: 
shifting the patellar tendon medially (Elmslie-Trillat tech¬ 
nique) and using the médial half of the patellar tendon 
to reinforce the repair of the anteromedial capsule. We 
hâve not found these necessary. For descriptions of these 
techniques, the reader is referred to earlier éditions of 
this text. 

POSTOPERATIVE CARE. The knee is protected for a 
total of 3 to 6 weeks, depending on the type of recon¬ 
struction, the âge of the patient, and other factors. As 
soon as full extension is achieved, partial weight bearing 
is begun. The rate of progression to full weight bearing 
dépends on quadriceps strength and the integrity of the 
reconstruction. Isométrie exercises are instituted as soon 
after surgery as tolerated and are progressed with increas- 
ing weights during the protected mobilization. When the 
brace is discontinued, at about 6 weeks, isotonie and 
isokinetic exercises are begun, along with active full range 
of motion. 


■ RECONSTRUCTION WITH 
ALLOGRAFT TENDONS 

An alternative method for reconstruction of the médial col¬ 
lateral ligament involves the use of allograft tendons. Com- 
monly used graft sources are the semitendinosus tendon, the 
posterior tibial tendon, and the anterior tibial tendon. These 
tissues can be doubled on themselves to provide sufficient 
strength and yet still maintain adéquate length to span the 
distance required. The tendon is placed in a drill hole at the 
fémoral épicondyle and secured there with a biodégradable 
interférence screw. The graft is attached on the tibial side at 
the distal end of the tibial insertion site beneath the pes 
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Repair of posterior oblique ligament. A f Médial collateral ligament is sutured to médial fémoral épicondyle; loose 
posterior oblique ligament is pulled anteriorly and proximally onto fémur, where it is sutured to periosteum. B, Proximal part of torn 
posterior oblique ligament is sutured to médial collateral ligament, and two ligaments are sutured together in pants-over-vest fashion. 
C, Lax capsular arm of semimembranosus tendon is pulled anteriorly onto site of repair of posterior oblique ligament and sutured in 
position. SEE TECHNIQUE 45-7. 


anserinus tendons. It is secured to roughened bone with a 
screw and spiked soff-tissue washer or staple. The knee can 
be taken through a range of motion to détermine proper 
isométrie placement of this graff before final fixation. Alter- 
natively, the graff can be placed into a drill hole at the tibial 
site with this technique. Sutures are placed in the free ends of 
the graff and brought through the tibial drill hole and across 
the knee to the latéral surface of the tibia to apply tension. 
The graff is fixed in the tibial tunnel with a biodégradable 
interférence screw. Zhang et al. described a tibial inlay recon¬ 
struction of the médial collateral ligament using Achilles 
tendon allograff. The bone block was fixed with a cancellous 
screw and washer into a cancellous trough created on the 
médial surface of the tibia, and the tendinous portion was 
fixed with a bioabsorbable interférence screw into the fémoral 
insertion site of the superficial médial collateral ligament. 
According to the authors, this technique reproduces the 


native anatomy and orientation of the médial collateral 
ligament. 

Although fascia lata and the semitendinosus tendon hâve 
been recommended as a graff, we prefer allograff tissue to the 
use of the autogenous tissue from the médial side of the knee 
when chronic médial instability is présent. We believe that 
the intact médial structures may provide some stability to the 
médial side of the knee and that their integrity should be 
maintained. Sacrifice of the semitendinosus or other médial 
structure may contribute to médial instability. 

LATERAL COMPARTMENT 
(COLLATERAL) DISRUPTIONS 

For acute latéral compartment disruptions, as for médial 
tears, the knee is examined for instability classification 
and grading affer the patient has been anesthetized, and 
systematic arthroscopie examination is usually carried out to 
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assess and rule out other intraarticular pathologie conditions 
before proceeding with open repair of the latéral complex. 
Investigators hâve demonstrated that failure to repair or to 
reconstruct the latéral compartment can lead to increased 
forces and subséquent failure of reconstructed anterior and 
posterior cruciate ligaments. Biomechanical studies hâve 
shown a significantly higher graff force during varus loading 
at 0 and 30 degrees of knee flexion after transection of the 
latéral collateral ligament than with intact postérolatéral 
structures, leading to recommendations that in knees with 
grade III postérolatéral injuries and evidence of varus or 
coupled posterior-external rotation instability, repair or 
reconstruction of the postérolatéral structures should be 
performed at the time of posterior cruciate ligament recon¬ 
struction to decrease the chance of later graff failure. Postero- 
medial corner injuries also hâve been implicated in 
anteromedial rotary instability and failed anterior cruciate 
ligament reconstructions. 

In recent years, cadaver and biomechanical studies hâve 
shown the importance of the antérolatéral ligament as a 
restraint to internai tibial rotation. Experimental sectioning 
of the antérolatéral ligament was found to invariably induce 
high-grade pivot-shiffs in ACL-deficient cadaver knees, 
unlike isolated ACL injury, suggesting that reconstruction of 
the antérolatéral ligament may play a major rôle in improving 
results of isolated ACL reconstruction by providing better 
rotational control of the knee. Several studies hâve shown that 
the antérolatéral ligament has an effect of rotational stability 
when its reconstruction is done in conjunction with a stan¬ 
dard intraarticular reconstruction of the ACL. Sonnery-Cottet 
et al. reported full range of motion in 83 patients at a 
minimum 2-year follow-up after combined reconstructions 
of the ACL and antérolatéral ligament; 76 patients had a 
négative pivot shift and 7 had a grade 1. Their indications for 
combined reconstructions were an associated Segond frac¬ 
ture, a chronic ACL lésion, grade 3 pivot shift, high level of 
sports activity, participation in pivoting sports, and latéral 
fémoral notch sign on radiographs. 


RECONSTRUCTION OF THE 
ANTEROLATERAL LIGAMENT 


TECHNIQUE 45-8 


■ Harvest a gracilis tendon autograft with a tendon stripper 
as described in Technique 45-23, and whipstitch the end 
of the graft. 

■ Make a fémoral stab incision slightly proximal and poste¬ 
rior to the latéral épicondyle and a tibial stab incision 
22 mm posterior to Gerdy's tubercle (approximately 
halfway between the tubercle and the center of the 
fibular head) (Fig. 45-84A). 

■ Through the fémoral stab wound, insert a 2.4-mm guide 
pin 8 mm proximal and 4.3 mm posterior to the latéral 
épicondyle. When drilling this guide pin, aim slightly 
anterior and proximal to avoid drilling into the fémoral 
socket of the ACL reconstruction. 

■After the pin is drilled, split the iliotibial band around it 
with a scalpel to facilitate insertion of a suture anchor 
(Fig. 45-84B). 


■ Through the fibular stab wound, drill a 2.4-mm guide pin 
22 mm posterior to Gerdy's tubercle and 10 mm distal to 
the joint line (Fig. 45-84C). 

■ Test the isometry of the graft by wrapping a FiberWire 
(Arthrex, Naples, FL) around the pins and moving the 
knee through a range of motion (Fig. 45-84D). When the 
FiberWire is held taut at extension, the graft should be 
isométrie or become slightly shorter by no more than 
5 mm as it moves to 90 degrees of flexion. If it becomes 
shorter by more than 5 mm, adjust the fémoral pin. 

■ Overdrill the fémoral guide pin with a 4.5-mm cannulated 
drill to a depth of 20 mm. 

■ Load the whipstitched sutures of the gracilis graft through 
the eyelet of a 4.75-mm SwiveLock anchor (Arthrex, 
Naples, FL). 

■ Insert the SwiveLock into the drilled hole. Make sure the 
eyelet is fully seated so that the threads of the anchor 
hâve started to touch the bone. Hold the paddle of the 
SwiveLock and turn the knob to insert the anchor (Fig. 
45-84E). The SwiveLock sutures can be removed. 

■ Overdrill the tibial guide pin with a 7-mm cannulated drill 
to a depth of 20 mm. 

■ Use a curved hemostat to dissect underneath the iliotibial 
band to create a plane from the fémoral incision to the 
tibial incision (Fig. 45-84F). Place a passing suture from 
distal to proximal with the hemostat. Use the passing 
suture to pass the graft to the tibial side (Fig. 45-84G). 

■ Hold the graft to the drilled hole and mark it at that 
location. Whipstitch 20 mm of the graft distally from the 
mark, using a no. 2 FiberLoop suture (Arthrex, Naples, FL) 
(Fig. 45-84H). This allows the whipstitched section to 
enter the drilled socket with the SwiveLock and increases 
the pull-out strength of the graft. 

■ Place the 7-mm forked Tenodesis SwiveLock anchor over 
the graft. Push the forked end into the tunnel and adjust 
tension by pulling on the graft (Fig. 45-841). It is important 
not to overconstrain the antérolatéral ligament. 

■ Fix the anchor with the knee in extension and neutral 
rotation. Once the anchor is in place, the sutures can be 
removed. Cut the end of the graft exiting the tibial socket 
(Fig. 45-84J). 

POSTOPERATIVE CARE. Patients are allowed to begin 
a standard ACL réhabilitation program, with full weight 
bearing, without a brace, and progressive range-of- 
motion exercises. A graduai return to sports activities is 
allowed starting at 4 months for nonpivoting sports, at 6 
months for pivoting noncontact sports, and at 8 to 9 
months for pivoting contact sports. 


REPAIR OF LATERAL COMPARTMENT 
DISRUPTIONS 


TECHNIQUE 45-9 


■ Place the patient supine with a sandbag beneath the 
ipsilateral hip to slightly tilt the patient to the opposite 
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Reconstruction of the antérolatéral ligament. A, Incisions. B, Splitting of the iliotibial band. C, Guide pin inserted 
22 mm posterior to Gerdy's tubercle and 10 mm distal to joint line. D, Testing of graft isometry. E, Insertion of the SwiveLock. 


Continued 
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■aMUHaEEffEWBffigfc F, Overdrilling of the tibial guide pin with a 7-mm cannulated drill to a depth of 20 mm. G f Placement of a 
passing suture from fémoral to tibial incision. H f Whipstitching of the graft. I f Placement of a SwiveLock anchor over graft. J, Fixation 
of the anchor. (Redrawn from Arthrex Surgical Technique Guide, Arthrex Inc., Naples, FL, 2016.) SEE TECHNIQUE 45-8. 


side. A bolster beneath the thigh to hold the knee near 
90 degrees of flexion may be preferred. Apply a pneu- 
matic tourniquet and inflate it. Keep the knee flexed for 
the skin incision, surgical approach, exposure, and repair. 

■ Begin a midlateral incision 2 cm proximal to the level of 
the patella, directly over and in line with the fibers of the 
iliotibial band (Fig. 45-85A), 3 cm latéral to the patella 
and patellar tendon and parallel to these structures. 
Proceed with the incision distally over the région of the 
tubercle of insertion of the iliotibial band (Gerdy tubercle), 
ending it approximately 4 cm distal to the joint. 

■ Dissect the skin, subcutaneous tissue, and superficial 
fascia as a single layer off the deep fascia to expose the 
entire latéral aspect of the knee from the midpatella 
anteriorly to the postérolatéral corner. 


■ Inspect the deep structures for hematoma that may 
indicate the site of significant pathologie changes. 

■ Identify the common peroneal nerve deep to the biceps 
tendon and around the neck of the fibula and carefully 
protect it. With severe latéral compartment disruptions, 
stretching or disruption of the common peroneal nerve 
may occur. The preoperative functional status of the 
nerve should hâve been noted and recorded. Towne et al. 
and Novich and Newark recommended early exploration 
of a nonfunctioning peroneal nerve with definitive repair 
as indicated. We advocate tagging the ends of the nerve 
when complété disruption exists to make them easy to 
locate for later repair. 

■ The nerve occasionally sustains a stretching type of injury 
with intrafascicular disruption at numerous levels and 
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Repair of acute latéral compartment (collateral ligament) disruption. A f Skin incision (see text). B f Entering between 
posterior edge of iliotibial band and anterior edge of biceps femoris. C f Exposure of midlateral and postérolatéral capsular structures 
and latéral collateral ligament. D f Reattachment of latéral collateral ligament and popliteal tendon to fémur after repair of latéral 
capsule. E, Advancing latéral edge of postérolatéral capsule anteriorly and suturing to midlateral capsule and posterior edge of latéral 
collateral ligament. Latéral edge of latéral head of gastrocnemius muscle is sutured as far anteriorly as possible over reconstructed liga¬ 
ment complex. SEE TECHNIQUE 45-9. 


therefore is not suitable for a successful repair. Even then, 
when repair is indicated, microscopie technique at a later, 
more optimal time is preferred. 

■ With severe latéral disruptions, the biceps femoris inser¬ 
tion into the fibula may be avulsed with a small piece of 
bone and the iliotibial band also may be torn. 

■ Once wide exposure has been achieved and the iliotibial 
band, biceps femoris, and common peroneal nerve hâve 
been inspected, stress test the knee for localization of 


ligamentous and capsular instability. This usually will cor¬ 
respond with the areas of hemorrhage. 

■ Make an antérolatéral parapatellar capsular incision and 
explore the interior of the joint. 

■ If arthroscopy has not been carried out, carefully inspect 
and palpate the latéral meniscus, the cruciate ligaments, 
and the anterior two thirds of the médial meniscus. Place¬ 
ment of the knee in the figure-four position (hip flexed 
and externally rotated and the heel on the opposite knee) 
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often permits sufficient varus opening of the joint to 
allow complété visibility of the latéral meniscus and latéral 
compartment. 

■ If the latéral meniscus is torn, excise it completely or 
subtotally at this time. Retain as much of its peripheral 
rim as possible. 

■ If the periphery of the meniscus can be sutured, delay 
this until further latéral and postérolatéral exposure is 
accomplished. 

■ If the anterior cruciate ligament is torn, it should be 
reconstructed. 

■ If the anterior cruciate ligament is avulsed from its tibial 
attachment and no médial compartment abnormality is 
noted, sutures can be placed in the ligament through the 
latéral arthrotomy incision. 

■ Treat any posterior cruciate ligament tears in a similar 
manner, usually through an additional médial approach. 

■ If the iliotibial band and biceps femoris are intact, locate 
the interval between the posterior edge of the iliotibial 
band and the anterior edge of the biceps femoris (Fig. 
45-85B). Separate them sharply and retract the iliotibial 
band anteriorly and the biceps with the common peroneal 
nerve posteriorly. This exposes the midlateral and postéro¬ 
latéral capsular structures and the latéral collateral liga¬ 
ment (Fig. 45-85C). 

■ It is often impossible to achieve adéquate exposure of the 
area of the tears through this interval between the ante¬ 
rior edge of the biceps and the posterior edge of the 
iliotibial tract. 

■ If exposure of this deeper layer (layer II in the classification 
of Warren and Marshall) of the latéral compartment is 
not adéquate, reflect the insertion of the iliotibial tract 
and its anterior expansion from Gerdy's tubercle with a 
button of bone; be careful not to eut into the articular 
surface of the tibia as the osteotomy détachés it. Reflect 
this layer proximally to the level of the latéral fémoral 
épicondyle and the latéral intermuscular septum. 

■ If the posterior third of the iliotibial tract is released from 
its attachment at the épicondyle, or if it is torn as is 
commonly found, it must be anchored to this site at the 
completion of the repair when the insertion is secured to 
Gerdy's tubercle. This proximal reflection of the iliotibial 
tract and the latéral patellar extensor retinaculum uncov- 
ers the deepest layer (layer III) of the latéral compartment 
and allows careful identification of the important stabiliz- 
ing structures of the postérolatéral corner. Dissection and 
identification of these structures are critical in the repair. 

■The postérolatéral corner often sustains the most severe 
injury in latéral compartment disruptions. The interior 
of the posterior compartment can be explored through 
tears of the postérolatéral capsule, but an antérolatéral 
arthrotomy is usually needed for thorough exploration of 
the joint. 

■ If the capsular tear is not large enough to allow thorough 
inspection of the posterior horn of the latéral meniscus 
and the tibial insertion of the posterior cruciate ligament, 
make a vertical incision in the capsule between the latéral 
collateral ligament and the popliteal tendon. Take care 
not to eut the popliteal tendon as it courses from its 
posterior origin through the capsular hiatus and attaches 
deep to and anterior to the latéral collateral ligament. 


■ With the knee flexed to 90 degrees to relax the posterior 
capsule for retraction, inspect the posterior horn of the 
latéral meniscus and the tibial insertion of the posterior 
cruciate ligament. This incision also permits détermination 
of the extent of tear in the postérolatéral capsule. As with 
tears in the posteromedial corner, they may extend from 
the corner ail the way to the midline posteriorly. 

■The posterior capsule is not as distinctly identifiable later- 
ally as it is medially because of the passage of the popliteus 
from its attachment to the back of the tibia through a 
hiatus in the coronary ligament to its attachment on the 
latéral fémoral condyle just anterior to the latéral collat¬ 
eral ligament. Repair of this posterior capsule médial to 
the postérolatéral corner is therefore difficult and prob- 
ably not required. Far more important is the careful repair 
of the arcuate and fabellofibular complexes, the midlat¬ 
eral capsule, the latéral collateral ligament, the popliteus, 
the popliteofibular ligament, and the iliotibial tract. 

■ If the postérolatéral capsule requires repair, it should be 
repaired in a manner similar to that described for the 
posteromedial capsule, preferably pulling it below the 
articular surface of the tibia and securing it to the tibia 
with sutures passed to its anterior surface through holes 
drilled from anterior to posterior (Fig. 45-85E). Suture 
anchors are now available to accomplish this repair. 
Freshen or roughen the back of the tibia at the site of 
reattachment with an osteotome before securing the 
capsule in place. 

■ Identify the latéral collateral ligament and détermine 
where it is torn. It may be avulsed from its fémoral origin, 
torn in its midportion, or avulsed from its fibular attach¬ 
ment (Fig. 45-85D). If the tip of the fibula has been 
avulsed, often the biceps tendon, the fibular attachment 
of the latéral collateral ligament, and the fibular styloid 
attachment of the arcuate ligament, popliteofibular liga¬ 
ment, and fabellofibular ligament hâve corne off together. 
This is the optimal situation for repair of the postérolatéral 
structures. 

■ Next détermine whether the popliteal tendon and the 
popliteofibular ligament hâve been torn. The popliteal 
tendon cornes through the hiatus in the coronary liga¬ 
ment at the postérolatéral aspect of the meniscus, runs 
deep to the latéral collateral ligament, and inserts onto 
the fémoral condyle anterior to the latéral collateral liga¬ 
ment insertion. The popliteofibular ligament arises from 
the posterior part of the fibula and joins the popliteal 
tendon just above the musculotendinous junction. Warren 
et al. demonstrated the importance of this ligament for 
postérolatéral stability. 

■ The midlateral capsule (latéral capsular ligament) is a 
strong thickening in the capsule just anterior to the latéral 
collateral ligament, and it may avulse a fragment of 
metaphyseal bone from the tibial articular margin in 
severe latéral disruptions (the latéral capsular sign, or 
Segond fracture). Careful inspection of and traction on 
the popliteal tendon with a ligament hook will generally 
détermine if it is torn. It can escape injury in postérolatéral 
disruptions of the static ligaments because it is dynamic 
and can stretch to some extent. 

■ If the tendon appears intact but tension is soft when 
traction is applied with the ligament hook, suspect a tear 
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at the musculotendinous junction just posteroinferior to 
the popliteal hiatus. These tears often are missed and can 
resuit in significant postérolatéral instability. Such tears 
are difficult to repair but must be sought. 

■ Now identify the arcuate, popliteofibular, and fabellofibu- 
lar ligament complexes (Fig. 45-86). The arcuate and 
fabellofibular ligaments insert onto the fibular styloid and 
ascend vertically to their fémoral attachments with the 
latéral head of the gastrocnemius. The popliteofibular 
ligament ascends to blend with the popliteal tendon. No 
severe postérolatéral instability will exist without tears in 
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FIGURE 


Postérolatéral structures of knee and arcuate 


and fabellofibular ligament complexes. SEE TECHNIQUE 45-10. 


these structures. Locate the area of tear in préparation 
for a systematic repair. 

■ Now close the antérolatéral capsular incision with con¬ 
tinuons 3-0 absorbable sutures for the synovium and 
multiple interrupted nonabsorbable sutures for the 
capsule and retinaculum. 

■ If the popliteus is torn, repair it first. If it is avulsed from 
its fémoral attachment and the latéral collateral ligament 
also is avulsed from the fémur, reattach the two structures 
to a raw bony bed with Bunnell-type sutures in each, 
pulled through holes drilled across the fémur and tied 
over a bony bridge over the médial fémoral epicondylar 
area (Fig. 45-87A). 

■ If the popliteal tendon is torn within its substance, 
approximate its ends with a Bunnell-type suture of non¬ 
absorbable material (Fig. 45-87B). 

■ If it is torn distal to the popliteal hiatus near its musculo¬ 
tendinous junction, repair is difficult at best. Mobilize the 
arcuate and fabellofibular complexes and the latéral head 
of the gastrocnemius for exposure and then insert 
approximating sutures. 

■ If the tear is within the muscle or is so near the muscu¬ 
lotendinous junction that suture purchase is impossible, 
attach the tendon to the back of the tibia by inserting a 
Bunnell-type suture (no. 2 Polydek) through holes drilled 
to exit on the antérolatéral surface of the tibia near 
Gerdy's tubercle (Fig. 45-87C). Suture anchors can be 
used instead. 

■ If the repair of the popliteus is tenuous, it can be aug- 
mented with a strip of iliotibial band. Harvest and tube a 
strip of iliotibial band 2 cm wide, leaving it attached to 
Gerdy's tubercle. Using a standard anterior cruciate liga¬ 
ment drill guide, create a tunnel the size of the graft from 
anterior to posterior in the proximal latéral tibia, 2 cm 



A f Repair of fémoral attachment avulsion of latéral collateral ligament and popliteal tendon with use of transosseous 
drill holes. B f Repair of midsubstance tear of popliteal tendon with Bunnell-type suture. C f Repair of musculotendinous avulsion of 
popliteus by tenodesis of tendon to posterior aspect of tibia with Bunnell-type transosseous sutures. SEE TECHNIQUE 45-10. 
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below and parallel to the joint line and exiting where 
the popliteal tendon crosses the tibia. Pass the graft 
anterior to posterior through the tunnel and secure it to 
the popliteal tendon from the tibia to the fémur with 
sutures. 

■ If the popliteofibular ligament is torn, repair it with 
sutures. 

■ If the ligament has been avulsed from the fibular styloid, 
place sutures in the ligament, pass them through holes 
drilled in the fibula from posterior to anterior, and tie 
them over a bony bridge. 

■ When augmentation is required for the popliteof ibular 
ligament, harvest the central third of the biceps tendon 
by dissecting the tendon free of its muscle belly. 

■ Leave this strip of tendon attached to the fibula, extend 
it proximally 12 cm, and transect it. Because the biceps 
tendon insertion on the fibula is anterior to the normal 
posterior insertion of the popliteofibular ligament, the 
graft must be passed posterior and beneath the remain- 
ing posterior third of the biceps tendon. 

■ Place the graft under tension and suture it to the posterior 
fibula to re-create the fibular origin of the popliteofibular 
ligament. 

■ Then pass the graft under the remaining biceps tendon 
and the posterior half of the iliotibial band to the latéral 
fémur. 

■ Free the peroneal nerve from the biceps tendon to prevent 
tension on the nerve when the graft is advanced. 

■ Détermine the isométrie point for fémoral fixation by 
drilling a Kirschner wire near the fémoral attachment of 
the latéral collateral ligament. Bring the graft over the 
Kirschner wire and mark with methylene blue where it 
touches the wire. Move the knee through a range of 
motion and observe the relationship between the mark 
and the wire. Reposition the Kirschner wire until there is 
minimal movement of the mark with respect to the wire. 


■ Once this isométrie position has been determined, secure 
the graft to the fémur with a 6.5-mm cancellous screw 
and ligament washer and to the remaining popliteal 
tendon with interrupted sutures. 

■ Now begin repair of the latéral collateral ligament. The 
technique chosen dépends on the level of the tear. 

■ Secure avulsions from the fémoral or fibular attachments 
to bone with Bunnell-type nonabsorbable sutures (Fig. 
45-88A). Rarely will the latéral collateral ligament avulse 
a sufficient fragment of bone to allow reattachment with 
a screw or staple. 

■ If it is torn within its substance, approximate the ends 
with nonabsorbable sutures (Fig. 45-88B). Reinforce this 
tenuous repair by fashioning a strip of biceps tendon (6 
to 8 cm long), leaving a distal attachment to the fibula. 
Place this strip lengthwise over the latéral collateral liga¬ 
ment, suture it to the ligament, and secure it at the 
fémoral attachment of the ligament with multiple non¬ 
absorbable sutures or a 6.5-mm cancellous screw and 
ligament washer. 

■ If the midlateral capsular ligament has been avulsed, 
reattach it with nonabsorbable sutures pulled through 
holes drilled across the tibial plateaus and tied over a bony 
bridge medially or with suture anchors. 

■ Now direct attention to the arcuate, popliteofibular, and 
fabellofibular ligament complexes. 

■ If they hâve been torn from their fibular styloid attach¬ 
ment, secure them with nonabsorbable sutures. 

■ If they hâve been torn at the upper end, secure them 
to the periosteum beneath the latéral head of the 
gastroenemius. 

■ If they hâve been torn within their substance, approxi¬ 
mate them under tension with multiple interrupted, 
nonabsorbable sutures. 

■ Increase tension by advancing their latéral edge anteriorly 
around the postérolatéral corner and suturing it to the 



FIGURE 


midsubstance tear 


A f Repair of avulsion of fibular attachment of latéral collateral ligament with Bunnell-type suture. B f Repair of 
of latéral collateral ligament with Bunnell-type suture. SEE TECHNIQUE 45-10. 
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posterior edge of the midlateral capsule and posterior 
edge of the latéral collateral ligament (Fig. 45-85E). 

■ It is necessary to secure this arcuate ligament complex 
around the postérolatéral corner to restore latéral com¬ 
partiment stability. 

■ Then bring the latéral edge of the latéral head of the 
gastrocnemius as far anteriorly as possible and secure it 
over the reconstructed arcuate ligament complex. 

■Close the interval between the posterior edge of the 
iliotibial band and the biceps femoris with interrupted 
sutures. 

■ If the iliotibial tract and latéral patellar retinaculum hâve 
been released from Gerdy's tubercle and reflected proxi- 
mally for exposure, secure the button of bone back in its 
bed on the antérolatéral tibia with a staple or a screw 
with a toothed washer. 

■ If the posterior third of the iliotibial tract was torn or 
detached from the latéral epicondylar area near the 
latéral intermuscular septum, secure it to a bony bed. We 
prefer to do this by crisscrossing, Bunnell fashion, a large 
no. 2 nonabsorbable suture, passing it through holes 
drilled across the fémur to the opposite side, and tying it 
over a bony bridge. As an alternative, it can be reattached 
with suture anchors. Failure to restore this epicondylar 
attachment of the iliotibial tract may resuit in varus 
instability and permit excessive internai rotation, especially 
if the anterior cruciate ligament is also déficient. 

■ If stability remains precarious because of the quality 
of the tissues repaired or the pathologie condition, trans¬ 
fers of the biceps tendon, gastrocnemius muscle, and 
iliotibial band can be done to reinforce the repair. These 
procedures are described in a subséquent section on 
reconstruction. 

■ Close the incision over suction drainage tubes after the 
tourniquet has been deflated and hemostasis is obtained. 

POSTOPERATIVE CARE. The repair can be protected by 
applying a long-leg cast with the knee flexed 30 degrees, 
but we prefer to allow immédiate protected motion by 
placing the knee in a controlled motion brace, which 
initially is locked in full extension. The leg is removed from 
the brace several times each day for range-of-motion 
exercises. 


■ RECONSTRUCTION OF LATERAL 
COMPARTMENT 

Reconstruction of latéral compartment structures is less well 
understood and less frequently required than reconstruction 
of médial compartment structures. Similar to médial com¬ 
partment reconstruction, latéral reconstruction should be 
done to correct functional deficiencies and not simply for 
anatomie restoration. Latéral instabilities usually are complex 
and include rotary as well as varus and anteroposterior 
components. The first requisite is an accurate classification of 
the instability This knowledge permits a rational surgical 
technique. 

The basic surgical principles are the same as those for the 
médial side: (1) restoration of normal tension of the capsular 
and collateral ligamentous structures from the midlateral axis 
of the tibia to the midline posteriorly, (2) reinforcement of 
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the structures by fascial suture when tissue quality is poor, (3) 
meniscal rétention if it can be repaired, (4) reinforcement of 
the reconstructed tissues with dynamic transfers, and (5) 
proper postoperative care and rehabilitative measures. The 
same general principles concerning isométrie attachment 
points and proper tensioning discussed in the section on 
médial reconstructions apply to latéral reconstructions as 
well. In a cadaver study, Kamath et al. identified the origin of 
the latéral collateral ligament as 58% across the width of the 
condyle and 2.3 mm distal to the Blumensaat line, with less 
than 5 mm variance from the mean in ail specimens. 

Most latéral compartment reconstructions are required 
for complex combined rotary instabilities. Tfius the tech¬ 
niques described usually are combined with anterior or 
posterior cruciate reconstruction. Liu et al. described an 
anatomie, arthroscopically assisted, mini-open reconstruc¬ 
tion for isolated latéral collateral ligament injuries, which was 
found in a biomechanical study to restore near-normal knee 
stability. 

The most common types of latéral instability are antéro¬ 
latéral rotary instability, postérolatéral rotary instability, and 
combined antérolatéral-anteromedial rotary instability. Obvi- 
ously not every latéral compartment instability requires ail of 
the procedures described here. The surgeon must détermine 
during the operation which procedure is required alone or 
which combination of procedures is required on the basis of 
the location and degree of laxity, the severity of scarring, and 
the quality of tissue available for reconstruction. 

During the preoperative évaluation, the knee should be 
inspected carefully for any signs of bony varus alignment and 
varus thrust during ambulation. Noyés described a triple 
varus knee that had genu varum alignment, soff-tissue varus 
instability, and latéral or varus thrust in the stance phase of 
ambulation. Soff-tissue reconstructions alone in such knees 
will fail because varus forces will stretch out the repair; valgus 
osteotomy should be done before or at the time of postéro¬ 
latéral stabilization. Correction of bony malalignment will 
protect the reconstruction and may eliminate the symptoms 
of instability without soff-tissue reconstruction. A cadaver 
study showed that a proximal tibial médial opening wedge 
osteotomy decreased varus and external rotation laxity in 
postérolatéral corner-deficient knees, owing in part to tight- 
ening of the superficial médial collateral ligament. The long- 
term conséquences of the increased force on the superficial 
médial collateral ligament are unknown. 

Anterior and posterior translation of the tibia on the 
fémur, as well as rotary instability, can be controlled by 
extraarticular procedures, by an intraarticular substitution 
for the anterior cruciate or posterior cruciate ligament, or by 
a combination of intraarticular and extraarticular reconstruc¬ 
tion. Intraarticular cruciate substitution is described in the 
sections on anterior cruciate and posterior cruciate recon¬ 
struction. Common extraarticular procedures use the 
iliotibial band, the biceps, and the gastrocnemius as a part of 
or a supplément to capsular and collateral ligamentous 
reconstruction. 

■ POSTEROLATERAL ROTARY INSTABILITY 

Patients with isolated posterior cruciate ligament deficiencies 
frequently do not hâve major symptoms of knee instability; 
however, if the posterior cruciate ligament disruption is 
associated with other deficiencies, severe, disabling instability 
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is common. One of the most common and disabling types is 
postérolatéral rotatory instability. In addition to the posterior 
tibial translation, the tibia is excessively externally rotated, 
causing a severe reverse pivot shift phenomenon. Because 
sélective sectioning of the posterior cruciate ligament alone 
does not increase external rotation, increased external rota¬ 
tion associated with posterior cruciate ligament tears indicates 
postérolatéral instability. In such instability, reconstruction of 
the posterior cruciate ligament alone, with persistent exces¬ 
sive external rotation of the tibia, may cause médial rotation 
of the tibial insertion of the posterior cruciate ligament graft 
and laxity of the graft because of the shortened distance to its 
médial fémoral condylar attachment. 

Numerous techniques for reconstruction of the postérolat¬ 
éral structures hâve been suggested, but none has had universal 
success. We usually attempt to correct this difficult instability 
by posterior cruciate ligament reconstruction combined with 
postérolatéral corner reconstruction, attempting to reestablish 
the arcuate and popliteus complexes as described earlier in this 
chapter (see Technique 45-9). Although Hughston and Jacob- 
son reported excellent results with their technique for latéral 
and postérolatéral instability, critics argue that this reconstruc¬ 
tion is not isométrie and consequently stretches out over time. 
In our expérience, this technique is adéquate for mild-to- 
moderate postérolatéral instability but is not sufficient for 
severe instability associated with posterior cruciate ligament 
disruption. The procedure should not be performed if postéro¬ 
latéral tissues are inadéquate, thinned, or scarred (these knees 
require graft reconstruction) or in varus-aligned knees. In this 
instance, posterior cruciate ligament reconstruction (intraar- 
ticular) should be combined with postérolatéral reconstruction 
by the technique described by Müller, Clancy, Warren, or 
Noyés (see also Video 45-4). 


RECONSTRUCTION OF THE 
POSTEROLATERAL STRUCTURES FOR 
MILD-TO-MODERATE 
POSTEROLATERAL INSTABILITY 


TECHNIQUE 45-10 


(HUGHSTON AND JACOBSON) 

■ After the induction of general anesthésia, do another 
complété examination of the knee ligaments and compare 
the findings with the preoperative évaluation. 

■ After the lower limb has been prepared and draped, 
make an anteromedial incision (described later) that will 
permit examination of the menisci, patella, anterior and 
posterior cruciate ligaments, fémoral condyles, tibial 
plateaus, and suprapatellar pouch. 

■ With the knee joint open, repeat the examination of the 
ligaments; use a ruler to measure the amounts of tibio- 
femoral displacement. 

■ Flex the knee to 90 degrees with the knee upright and 
the foot in a weight-bearing position on the operating 
table. 

■ Make a latéral hockey-stick incision beginning over the 
antérolatéral aspect of the leg at a point between Gerdy's 


tubercle and the tibial tuberosity. Extend the incision 
proximally about 2 cm anterior and parallel to the poste¬ 
rior margin of the iliotibial tract for approximately 20 cm 

(Fig. 45-89A). 

■ Develop a posterior flap between the superficial and deep 
fascial planes to maintain the blood and nerve supplies 
and to minimize scarring. 

■ Incise the deep fascia posterior to the biceps tendon and 
identify and mobilize the common peroneal and latéral 
sural nerves from their surrounding fascia. If the common 
peroneal nerve is not mobilized, it may become displaced 
into a tortuous course by the advancement of the muscle- 
tendon units and ligaments during the reconstruction. 

■ Then identify the tendon of the latéral head of the gas- 
troenemius distally and mobilize it proximally as it passes 
deep to the biceps tendon and the iliotibial tract. 

■ Next, longitudinally incise the iliotibial band in line with 
its fibers, approximately 2 cm anterior to its palpable 
posterior border, thereby separating the band anteriorly 
from the tract posteriorly. 

■ Extend this incision from the midpoint of Gerdy's tubercle 
to approximately 5 cm proximal to the latéral fémoral 
condyle. Retraction of this fascial incision reveals the 
superficial surface of the latéral capsular ligament, with 
an outline of the deep structures, the popliteal tendon, 
the latéral collateral ligament, and the mobilized latéral 
tendon of the gastroenemius (Fig. 45-89B). 

■ Palpate the origin of the popliteal tendon in the 
groove just anterior to the latéral épicondyle of the 
fémur and make a latéral capsular incision beginning 
superiorly approximately 2 mm anterior to this tendon 
(Fig. 45-90A). The incision remains anterior to the latéral 
collateral ligament and extends distally to the level of 
the latéral meniscus. Avoid the popliteal recess with this 
oblique incision and continue the incision in a vertical 
direction distally through the meniscotibial portion of 
the capsule. 

■ With the retractors in place, perform a postérolatéral 
drawer test to confirm and to measure the amount of 
postérolatéral displacement by observing the external 
rotation and posterior subluxation of the latéral tibial 
plateau. Again examine the latéral meniscus. If it is torn, 
remove it or repair it as described in Technique 45-1. 

■ Next, incise the iliotibial band at its anterior border in line 
with its fibers that separate it from the fascia lata, free it 
from the underlying synovial tissues and vastus lateralis, 
and retract it posteriorly to expose the area of the latéral 
fémoral condyle. 

■ In the postérolatéral area of the exposure, make an inci¬ 
sion along the latéral border of the latéral gastroenemius 
tendon through the posterior part of the capsule (arcuate 
ligament fibers) distally to the level of the popliteal tendon 
and its aponeurosis (Fig. 45-90B, line AB). 

■ Then, with an osteotome, outline the latéral fémoral 
épicondyle anterior and proximal to the attachments of 
the popliteus, the latéral collateral ligament, and the 
latéral gastroenemius tendon and posterior to the gas¬ 
troenemius tendon attachment to create a bony flap with 
these structures attached (Fig. 45-90B, line BC). The bone 
mass should be 0.6 to 0.9 cm thick and should incorpo- 
rate the underlying cancellous bone. 
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FIGURE 


A f Initial incision for latéral reconstruction. B f Retraction of iliotibial band reveals superficial surface of latéral capsular 


ligament, popliteal tendon, and latéral collateral ligament. (Redrawn from Hughston JC, Jacobson KE: Chronic postérolatéral rotatory instability 


of the knee, J Bone Joint Surg 67A:351, 1985.) SEE TECHNIQUE 45-11. 
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FIGURE 


A, Latéral capsular incision just anterior to latéral collateral ligament and popliteal tendon insertion. B, Line AB is 


incision along latéral border of latéral gastrocnemius tendon. Line BC is edge of osteotomized area. Line CD is latéral capsular incision. 


C, Intraarticular structures exposed when arcuate ligament complex is folded back. Area prepared to receive bone mass also is shown. 


SEE TECHNIQUE 45-11. 


■ Then remove the épicondyle with the osteotome by con¬ 
necting the osteotomy cuts in the direction of the longi¬ 
tudinal axis of the fémur. 

■ Retract this flap of bone and arcuate complex attachment 
posteriorly, bringing into view the intraarticular surfaces 
and courses of the structures of the arcuate complex (Fig. 
45-90C). 


■ Elevate the periosteum of the latéral fémoral condyle with 
an osteotome and retract it anteriorly at the edge of the 
osteotomy site in préparation for receiving the bony 
portion of the arcuate complex flap. 

■ Before restoration is begun, however, remove the tourni¬ 
quet, secure hemostasis, and irrigate the knee joint. Close 
the deep layers of the anteromedial incision. 
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■ Keep the hip in approximately 45 degrees of flexion, 
flex the knee approximately 90 degrees, and hold the 
foot firmly on the operating table. Hâve an assistant 
hold the tibia in mild internai rotation while gently 
maintaining an anterior pull on the tibia to ensure a 
reduced and internally rotated posture of the tibiofemoral 
joint. 

■ Advance the arcuate complex flap and hold it at the point 
of its anticipated fixation to the latéral fémoral condyle; 
place mattress sutures in the posterior incision along the 
gastrocnemius tendon and the posterior part of the 
capsule, thus approximating the arcuate ligament at a 
point farther proximal than its original position. The most 
anterior sutures fix the arcuate ligament and the latéral 
gastrocnemius tendon to the periosteum at approximately 
the point of attachment of the latéral intermuscular 
septum (Fig. 45-91 A). Postérolatéral advancement and 
closure of the arcuate ligament are necessary for achiev- 
ing and maintaining stability. 

■ Advance the bone plug with its attached arcuate ligament 
complex as tautly as possible anteriorly and proximally 
and secure it to the previously prepared raw surface of 
the latéral fémoral condyle with a table staple (Fig. 
45-91 B). Be sure that the staple fits flush against the 
soft-tissue attachments to the bone plug. 

■ Now perform the postérolatéral drawer test again to 
détermine if the instability has been corrected. If the 
drawer test resuit is still positive, take the reconstruction 
down and correct it. Lack of correction usually indicates 
that the arcuate complex has been insufficiently advanced, 
that the distal attachment has not been secured, or that 
the sutures hâve been incorrectly placed. If the knee has 
been stabilized, tie the previously placed sutures in the 
arcuate ligament. 

■ Next, close the antérolatéral capsular incision. 



■ If antérolatéral instability also is présent, advance the 
latéral capsular ligament anteriorly and distally and suture 
it to the tibia. 

■ Under tension, suture the iliotibial tract to the latéral 
intermuscular septum. 

■ The biceps tendon may or may not be advanced onto the 
iliotibial tract fibers while an associated extraarticular 
antérolatéral reconstructive procedure is performed. 

■ Then close the incisions in the iliotibial band and iliotibial 
tract. 

■ Reexamine the common peroneal nerve to make sure that 
the movement of tissues by the reconstruction has not 
placed it under tension. 

■Obtain final hemostasis, close the subcutaneous tissues 
and skin, and apply a compressive dressing. 

■ Originally, Hughston and Jacobson recommended cast 
immobilization with the knee flexed to approximately 45 
degrees and the tibia in slight internai rotation. More 
recently, a controlled motion brace has been used with 
the knee in 45 degrees of flexion. 

POSTOPERATIVE CARE. Range of motion is permitted 
in flexion, but extension is blocked in the terminal 45 
degrees. Moving in flexion will not stretch the recon- 
structed latéral and postérolatéral structures if the attach¬ 
ment sites are reasonably isométrie. Any motion in flexion 
moves the articular surfaces, especially the patellofemoral 
joint. Failure to move the patellofemoral joint often results 
in troublesome and symptomatic chondromalacia. The 
brace is adjusted periodically to allow increasing exten¬ 
sion beginning the third or fourth week. Partial weight 
bearing is permitted from the beginning, with the objec¬ 
tive of full weight bearing when the brace is discontinued 
at 8 weeks, provided extension is within 5 degrees of full. 



A, Most anterior sutures. B f Stone staple in place and advancement of arcuate ligament complex. Latéral part of 
capsule is advanced when there is an associated antérolatéral rotary instability. SEE TECHNIQUE 45-11. 
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RECONSTRUCTION OF THE POPLITEAL 
TENDON USING THE ILIOTIBIAL BAND 
FOR POSTEROLATERAL INSTABILITY 


TECHNIQUE 45-11 


(MÜLLER) 

■ Müller stated that the key structures in the postérolatéral 
corner of the knee in postérolatéral rotary instability are 
the popliteus and its tendon. 

■ After obtaining latéral exposure as previously described, 
carefully détermine the status of the popliteal tendon. 
In many postérolatéral rotary instabilités, the popliteal 
tendon will hâve been injured and is thin in the area just 
below its fémoral insertion. Inspect the tendon from its 
fémoral condylar insertion down through the hiatus in 
the latéral capsule to its musculotendinous junction. 

■ If the tendon is Sound from the hiatus distally to the 
musculotendinous junction, advance its fémoral attach- 
ment with a small block of bone as follows. 

■ Remove the insertion of the popliteus with a 1- x 1-cm 
plug of bone and, if sufficient laxity is présent, wrap the 
tendon around the block by flipping the block over 180 
degrees, pulling the tendon taut, and then reattaching 
the block in its original bed with a staple, a screw with a 
toothed washer, or transosseous sutures. With this tech¬ 
nique, the tendon will advance by 1 to 1.5 cm. 


■ If the tendon is not lax enough to permit this technique, 
advance the bone plug proximally and anteriorly to place 
the popliteal tendon under adéquate tension and secure 
it to a bony bed in a similar manner. According to Müller, 
it is important to advance and to adjust the tension on 
the popliteus and the latéral collateral ligament separately 
because these two critically important structures course 
in different directions. Advancing them together alters 
this normal anatomie arrangement. 

■ If the popliteal tendon has been stretched and thinned 
by a severe initial injury, create a substitution for the 
tendon and its function. This can be accomplished by 
several techniques. 

■ If the initial injury has occurred at the musculotendinous 
junction and sufficient distal tendon is présent, attach the 
musculotendinous junction to the postérolatéral tibia by 
means of a transosseous suture or suture anchor, as previ¬ 
ously described in repairs of the latéral compartment. 

■ If this is impossible or if the tendon is absent, use a strip 
of tissue fashioned from the iliotibial band or biceps 
tendon to serve as a suitable replacement. 

■ If the iliotibial band is to be the donor, fashion a strip 1.0 
to 1.5 cm wide from the midportion of the band long 
enough to pass from Gerdy's tubercle to the postérolatéral 
corner of the knee and then diagonally back to the 
anatomie insertion of the popliteal tendon. Use a suture 
to estimate the desired length, which usually is 16 to 
20 cm. Leave the strip of iliotibial band attached to 
Gerdy's tubercle and reflect it distally (Fig. 45-92A). 



Popliteal bypass with use of graft from anterior portion of iliotibial tract. Graft is passed through transosseous tunnel 
from area of Gerdy's tubercle to postérolatéral corner of knee (A), grasping the popliteofibular ligament structures, and then diagonally 
(B), replicating course of popliteal tendon. It is then attached near popliteus attachment on fémur just anterior to latéral collateral 
ligament attachment. (From Müller W: The knee: form, function, and ligamentous reconstruction, New York, Springer-Verlag, 1983.) SEE TECH¬ 


NIQUE 45-11. 
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■ Then use a 4.5-mm drill to create a tunnel through the 
latéral tibial plateau from anterior to posterior. The pos- 
terior hole should emerge just below the articular cartilage 
of the latéral tibial plateau adjacent to the normal groove 
for the popliteal tendon. 

■ Place a suture in the end of the strip of iliotibial band and 
pass the strip through the tunnel in the latéral tibial 
plateau from anterior to posterior with a suture passer. 
Pull it firmly through the opening in the bony tunnel at 
the postérolatéral corner of the knee. 

■ Then weave it into the latéral capsule parallel to the 
normal course of the popliteal tendon and pull it up 
anteriorly and superiorly to the area of insertion of the 
popliteal tendon on the fémur. Here, with the knee flexed 
90 degrees and the tibia internally rotated, secure it under 
tension with a transosseous suture, a suture anchor, a 
staple, or a screw with a toothed washer (Fig. 45-92B). 
The passageway in the posterior capsule and arcuate 
complex is best developed with a curved clamp. 

■ To aid in revascularization and recollagenization, cover 
the transplanted strip with synovium or other soft tissue 
throughout its course and do not let it communicate with 
the intraarticular structures. 

■ If the iliotibial band is not suitable as a donor, mobilize a 
strip of biceps tendon left attached to the fibula, with its 
length determined as previously described (Fig. 45-93A). 
The thickness of the strip should be approximately one 
third that of the biceps tendon. 

■ Then create a soft-tissue channel from the fibular head 
to the postérolatéral corner of the tibia in the région of 
the groove for the popliteal tendon. 


■ Next, pass the tendon strip from the fibular head through 
this passageway in the tibia. 

■ At a site just below the articular cartilage adjacent to the 
groove for the popliteal tendon on the back of the tibia, 
freshen the bone with an osteotome. Anchor the biceps 
tendon strip here with a transosseous suture, suture 
anchor, or screw with a toothed washer so that its free 
portion can be pulled anteriorly and superiorly through 
the postérolatéral capsule up to its attachment near the 
anatomie insertion of the popliteal tendon. 

■ Secure the end of the tendon strip to the fémur with a 
transosseous suture, a suture anchor, a staple, or a screw 
with a toothed washer (Fig. 45-93B). 

■Close the posterior arthrotomy incision with multiple 
absorbable sutures. 

■ Before further closure is undertaken, inspect the posterior 
capsule to be sure that it is not too lax; if it is, secure the 
posterior capsule and coronary ligament attachment of 
the posterior horn of the latéral meniscus to a freshened 
bony surface on the posterior tibia by transosseous 
sutures or suture anchors (Fig. 45-94). If the midlateral 
capsule is lax just anterior to the latéral collateral liga¬ 
ment, pull it snugly down to a freshened bony bed by 
transosseous sutures or suture anchors. 

■ Once the reconstruction of the popliteal tendon and the 
coronary and capsular ligaments has been completed, 
reconstruct the arcuate ligament complex. It is often dif- 
ficult to locate the site of an old tear in the arcuate ligament 
complex because of extensive postérolatéral scarring. 

■ If the complex has been detached from its postérolatéral 
attachment to the tibia, reattach it to a freshened bony 



A f Popliteal bypass with use of pedicle graft from biceps tendon. B f This has effect of restoring portion of arcuate 
ligament attachment by reattaching arcuate ligament to back of tibia while simultaneously closing abnormal meniscal tibial recess 
that forms postérolatérally. (From Müller W: The knee: form, function, and ligamentous reconstruction, New York, 1983, Springer-Verlag.) 


SEE TECHNIQUE 45-11. 
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Repair of latéral coronary meniscal ligament. If 
Segond-type avulsion is présent, suture should include arcuate 
expansions directly below coronary ligament, as well as posterior 
iliotibial fibers that course to posterior part of upper tibia. (From 
Müller W: The knee: form, function, and ligamentous reconstruction, 
New York, Springer-Verlag, 1983.) SEE TECHNIQUE 45-11. 


surface by transosseous sutures or suture anchors 
just below the postérolatéral tibial articular cartilage 
(Fig. 45-95). 

■ If it has been detached from the fémur superiorly, advance 
it by transosseous sutures or suture anchors to a raw bony 
surface on the back of the latéral fémoral condyle superior 
to the latéral articular margin. 

■ If the old tear has been in the midportion of the arcuate 
complex, it usually is necessary to advance this arcuate 
ligament complex anteriorly by pulling it around the 
postérolatéral corner and suturing it to the posterior edge 
of the latéral collateral ligament. 

■ Again, postérolatéral reconstructions generally are not for 
isolated injuries and often involve reconstructions of the 
anterior and posterior cruciate ligaments. If these liga¬ 
ments are to be reconstructed by intraarticular techniques, 
this should be done before the previously described 
techniques. 

■ Once the latéral collateral ligament has been reconstructed 
(Fig. 45-96), the popliteal tendon has been tightened or 
reconstructed by means of an iliotibial band or a biceps 
tendon strip, and the arcuate ligament complex has been 
advanced, close the postérolatéral capsular structures 
with multiple interrupted sutures. 

■ Then close the incision or defect in the iliotibial band with 
multiple interrupted sutures, with particular emphasis on 
reestablishing the posterior third of the iliotibial tract 
coursing from Gerdy's tubercle to its attachment over the 
latéral fémoral épicondyle and latéral intermuscular 


In ail peripheral repairs and reconstructions, 
deep layer also must be repaired. This includes reattachment of 
capsule and arcuate ligament to posterior tibia, fixation of latéral 
meniscus, and fixation of avulsed ligamentous fibers. Proximal 
attachment of arcuate ligament also must be restored where it 
passes to fémur together with latéral gastrocnemius tendon. 
(From Müller W: The knee: form, function, and ligamentous reconstruc¬ 
tion, New York, Springer-Verlag, 1983.) SEE TECHNIQUE 45-11. 


septum area. This is most commonly done by use of 
transosseous sutures or suture anchors at the level of the 
fémoral épicondyle, reestablishing the latéral static tibio- 
femoral ligamentous attachment. 

■ If the tissues are extensively scarred or attenuated, obtain 
a strip of fascia 15 to 20 cm long from the iliotibial band 
and use it, attached to a Gallie needle, to reinforce and 
snug up the postérolatéral corner. 

■ For fascial reinforcement, the procedure up to this point 
is identical to that just described. Start the fascial suture 
inferiorly in the posterior edge of the latéral capsule and 
latéral collateral ligament (postérolatéral arthrotomy inci¬ 
sion) and run it posteriorly through the distal portion of 
the posterior capsule and the latéral edge of the arcuate 
ligament. Place several turns of fascia, proceeding from 
distal to proximal until the posterior capsular incision has 
been tightly closed. In addition to adding strength to 
the attenuated tissues, the fascial repair is designed to 
advance and to tighten the distal portion of the posterior 
capsule and arcuate ligament. Place the fascial sutures so 
that they do not penetrate the synovium. 


We hâve used Müller s technique in a number of knees with 
severe postérolatéral rotary instability, usually in combina¬ 
tion with a posterior cruciate ligament reconstruction with a 
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Reconstruction of latéral collateral ligament 
with graft from biceps tendon. (From Müller W: The knee: form, 
function, and ligamentous reconstruction, New York, Springer-Verlag, 
1983 ) SEE TECHNIQUE 45-11. 


portion of the patellar tendon. We hâve been concerned with 
the strength of the thin strip of iliotibial band fashioned as 
described by Müller. The anterior part of the band, especially 
proximally, is its weakest part, and this is the part of the strip 
that often traverses the postérolatéral aspect of the tibia to the 
popliteal tendon insertion on the latéral fémoral condyle. The 
biceps tendon strip is much stronger and is a better structure 
to transfer when the popliteal tendon must be replaced. We 
believe that allografts hâve provided us with more latitude 
and flexibility in replacing deficiencies at the postérolatéral 
corner of the knee. Allograft materials, such as wide expanses 
of iliotibial band and semitendinosus, posterior tibial, and 
peroneus longus tendons, hâve provided a much stronger 
replacement for the popliteal tendon, and early results indi- 
cate that these are superior to thin strips of iliotibial band as 
described by Müller. 


REROUTING OF THE BICEPS TENDON 
TO THE FEMORAL EPICONDYLE FOR 
POSTEROLATERAL INSTABILITY 


TECHNIQUE 45-12 


(CLANCY) 

■ Begin a latéral skin incision just at Gerdy's tubercle and 
carry it superiorly in a curvilinear fashion, ending approxi- 
mately 15 cm proximally. 


■ Locate the latéral fémoral épicondyle and incise the ilio¬ 
tibial band longitudinally where it overlies the latéral 
fémoral épicondyle. 

■ Dissect the biceps tendon free of the surrounding soft 
tissues. Free the biceps muscle and tendon from their 
attachments to the latéral gastrocnemius muscle. 

■ Expose the peroneal nerve at the inferior portion of 
the biceps tendon and carefully dissect it free and 
protect it. 

■ Retract the biceps muscle anteriorly, exposing the pero¬ 
neal nerve as it courses proximally. Free it from any 
attachments to the biceps muscle (Fig. 45-97A). 

■ Free the inferior portion of the iliotibial band from its 
attachments to the intermuscular septum. Bring the 
biceps tendon and muscle up underneath this inferior 
portion of the iliotibial band so that the tendon can be 
fixed to the latéral fémoral épicondyle. 

■ Then dissect the épicondyle free of the surrounding soft 
tissues, exposing the superior insertional fibers of the 
fibular collateral ligament (Fig. 45-97B and C). 

■ Create a trough y 2 inch wide x 1 inch long at the upper 
portion of the latéral fémoral épicondyle, dissecting 
it proximally to the flare of the latéral condyle 
(Fig. 45-97D). 

■ Drill a 3.2-mm hole in the trough just superior to the 
latéral fémoral épicondyle and slightly cephalad to 
the médial fémoral condyle, avoiding the tunnel for the 
posterior cruciate ligament graft in the condyle. 

■ Place a 6.5-mm screw with a spiked washer in the 
hole. 

■ Resect the distal 2 inches of the biceps muscle away from 
the tendon; otherwise, fixation of the tendon to the 
latéral fémoral epicondylar trough is impossible because 
of interposition of the muscle. 

■ Bring the biceps tendon with its arcuate ligament attach¬ 
ments proximally, loop them over the screw, and fix them 
in place (Fig. 45-97E and F). 

■ Move the knee through a full range of motion and 
again test varus laxity and external rotation. If static 
stability is satisfactory, place drains and close the 
wound. 

POSTOPERATIVE CARE. If the posterior cruciate liga¬ 
ment has been reconstructed, the knee is held in full 
extension for about 6 weeks. If no other procedures hâve 
been performed or if the anterior cruciate ligament has 
been reconstructed, the knee is held in approximately 30 
degrees of flexion for 6 weeks. 


More recently, LaPrade et al. described an anatomie postéro¬ 
latéral knee reconstruction based on the quantitative attach- 
ment anatomy of the latéral collateral ligament, the popliteus 
tendon, and the popliteofibular ligament. They reported 
improved clinical outcomes and objective stability in 64 
patients with grade III chronic postérolatéral instability at 
4-year follow-up. Eighteen of their patients had isolated 
postérolatéral knee reconstruction, and 46 had a single-stage 
multiple-ligament reconstruction that included one or both 
cruciate ligaments. 
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Postérolatéral reconstruction with biceps femoris tendon (Clancy). A f Common peroneal nerve must be carefully 
dissected free; biceps muscle is freed from attachments to latéral gastrocnemius muscle and tendon. B f Superior insertion of latéral 
collateral ligament on latéral épicondyle. C f Insertions of common biceps tendon into arcuate complex posteriorly and horseshoe 
insertion around latéral collateral ligament. D f Trough is made in upper third of latéral fémoral épicondyle. Distal 5 cm of biceps muscle 
is removed to allow fixation of tendon to épicondyle. E f Tendon is brought anteriorly to trough in épicondyle. F f AO cancellous screw 
and washer are placed inferior to tendon and tightened to hold tendon in place. SEE TECHNIQUE 45-12. 
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ANATOMIC POSTEROLATERAL KNEE 
RECONSTRUCTION FOR GRADE III 
POSTEROLATERAL INJURY 


TECHNIQUE 45-13 


(LAPRADE ETAL) 

■ Make a hockey-stick incision to gain access to the pos¬ 
térolatéral knee structures. Identify the attachment sites 
of the latéral collateral ligament on the latéral aspect of 
the fibular head and the popliteofibular ligament on the 
posteromedial aspect of the fibular styloid. 

■ With the help of a cannulated cruciate ligament recon¬ 
struction aiming device, drill a guide pin through the 
latéral collateral ligament attachment in a posteromedial 
direction toward the popliteofibular ligament attachment. 
Ream a 7-mm tunnel over the guide pin. 

■ Identify the posterior tibial popliteal sulcus, which marks 
the location of the musculotendinous junction of the 
popliteus muscle, by palpation through the interval 
between the latéral head of the gastrocnemius and the 
soleus. 

■ Drill a transtibial guide pin from anterior, at the fiat spot 
just distal and médial to Gerdy's tubercle, to posterior at 
this sulcus. Use a large Chandler retractor to protect the 
neurovascular bundle. 

■ Ream a 9-mm tunnel over this guide pin and smooth the 
entry and exit sites with a rasp. 

■ Identify the fémoral attachments of the latéral collateral 
ligament and the popliteus tendon. The midpoints of 
these two structures hâve been reported to be 18.5 mm 
apart. 

■ Drill two eyelet-tipped guide pins from latéral to antero- 
medial through the fémur at these attachment sites. Use 
a 9-mm reamer to ream over these guide pins to a depth 
of 20 mm to préparé the fémoral tunnels. 

■ If there is any intraarticular pathologie process to be 
treated, remove the guide pins and perform any 
arthroscopic intraarticular or cruciate ligament recon¬ 
struction procedures as needed. 

■Once articular cartilage and meniscal abnormalities hâve 
been treated, pass the cruciate ligament grafts into their 
respective fémoral tunnels and fix them there. The order 
for final graft fixation is (1) secure the posterior cruciate 
ligament graft to the tibia, (2) secure the postérolatéral 
grafts to the fibula and tibia, and (3) secure the anterior 
cruciate ligament graft to the tibia. 

■ Préparé the grafts from an allogenic Achilles tendon, split 
lengthwise, and two 9 x 20 mm bone plugs prepared for 
the fémoral tunnels. Tubularize the tendons and size 
them to fit through the fibular and tibial tunnels. 

■ Place the passing sutures in the bone plugs into the eyelet 
pins and pull the bone plugs into the fémoral tunnels. 
Anchor the bone plugs in the superior aspect of the 
fémoral tunnels with 7-mm cannulated interférence 
screws. 

■ The graft anchored in the popliteal sulcus is used to 
reconstruct the static function of the popliteus tendon. 
Pass it distally through the popliteal hiatus. 


■ The second graft, anchored proximally and posterior to 
the latéral fémoral épicondyle, is used to reconstruct both 
the latéral collateral and popliteofibular ligaments. Pass it 
médial (deep) to the superficial layer of the iliotibial band 
and the anterior arm of the long head of the biceps 
femoris, following the normal path of the latéral collateral 
ligament. Then pass the graft through the fibular tunnel 
in a posteromedial direction. 

■ Anchor the postérolatéral graft passed through the fibular 
tunnel with a 7-mm cannulated screw with the knee in 
30 degrees of flexion, the tibial in neutral rotation, and a 
slight valgus force applied to reduce any potential latéral 
compartment gapping. 

■ Use the remaining portion of the graft, which is now 
médial to the fibula, to reconstruct the popliteofibular 
ligament. 

■ Pass both the popliteofibular ligament graft and the 
popliteus tendon graft from posterior to anterior through 
the tibial tunnel and tighten them by applying an anterior 
force with the knee flexed 60 degrees and the tibia in 
neutral rotation. 

■ Fix the grafts in the tibial tunnel with a 9-mm cannulated 
interférence screw (Fig. 45-98). 

POSTOPERATIVE CARE. Patients are kept non-weight 
bearing for the first 6 weeks after surgery. For the first 2 
weeks, quadriceps sets and straight-leg raises are done in 
a knee immobilizer and range-of-motion exercises are 
done without the immobilizer, with a goal of at least 90 
degrees of flexion by the end of the second week. These 
are continued for the next 4 weeks, during which time 
range of motion is increased as tolerated. Weight bearing 
is allowed at 7 weeks, and crutches are discontinued 
when the patient can walk without a limp or other subtle 
gait abnormalities or compensation patterns. Stationary 
bicycling is allowed once 105 to 110 degrees of knee 
flexion has been obtained. No active, isolated hamstring 
exercises are allowed for the first 4 months after surgery. 
Limited-resistance weight training is begun with one- 
quarter body weight and progressing to half of body 
weight as tolerated, but patients are instructed not to 
exceed 70 degrees of flexion while performing leg presses 
or minisquat exercises. Other weight-bearing exercises to 
restore joint proprioception and balance also are begun. 
From 4 to 6 months postoperatively, patients work on 
increasing endurance, strength, and proprioception. At 7 
months (or 9 months for combined reconstructions), if 
cleared by their surgeon, patients are allowed to return 
to full compétitive and pivot activities. 


Although described by LaPrade et al. as an anatomie recon¬ 
struction, tibial-fibular double-sling reconstruction is not 
completely anatomie and requires an extensive latéral 
approach. Several authors hâve described success with a 
single fibular or tibial sling technique, reporting restoration 
of varus and rotational stability. Yang et al. reported good 
clinical outcomes, with decreased external rotation, in 60 
patients with fibular-sling reconstructions as described by 
Kim et al. 
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FCL 



Graft and tunnel locations for anatomie postérolatéral knee reconstruction. FCL, Fibular collateral ligament; PLT, 
popliteus tendon; PFL, popliteofibular ligament. (Redrawn from LaPrade RF, Johansen S, Wentorf FA, et al: An analysis of an anatomie pos¬ 
térolatéral knee reconstruction: an in vitro biomechanical study and development of a surgical technique, Am J Sports Med 32:1405, 2004.) SEE 

TECHNIQUE 45-13. 


POSTEROLATERAL CORNER 
RECONSTRUCTION WITH A SINGLE 
ALLOGRAFT FIBULAR SLING 


TECHNIQUE 45-14 


YANG ETAL 

■ After careful arthroscopic examination of the knee, make 
a curvilinear skin incision in the latéral aspect of the knee, 
extending from the latéral fémoral épicondyle to the 
anterior aspect of the fibular head. Make the incision 
between the retinaculum and iliotibial band to expose the 
biceps tendon and the postérolatéral corner of the knee. 

■ Identify the peroneal nerve and retract it with the biceps 
tendon. 

■ Identify the latéral collateral ligament, popliteal tendon, 
and patellofemoral ligament, and make two fémoral 
tunnels just proximal to these anatomie locations. 

■ Place two guide pins just proximal to the latéral épicon¬ 
dyle and just distal to the popliteal tendon, followed 
by a 6-mm diameter cannulated reamer with a 30-mm 
depth. 

■ Direct the fibular head tunnel from the anteroinferior 
superficial aspect to the posterosuperior deep location, 
making it 6 mm in diameter at the distal portion of the 
anatomie insertion site. 

■ Préparé a fresh-frozen anterior tibial tendon allograft with 
a diameter of 6 mm and a length of 24 to 27 mm. Place 
an interlocking Krackow suture in each end of the graft. 

■ Pull one end of the graft into the fémoral socket for the 
popliteus tendon and tension it from the médial side of 
the knee by pulling on the passing suture. Fix the graft 
to the fémur with a 7-mm bioabsorbable screw. 


■ Pass the free end of the graft under the iliotibial band 
and the original latéral collateral ligament to the postero¬ 
superior portion of the fibular head through the soft spot 
between the latéral collateral ligament and the superior 
border of the biceps tendon. 

■ Pull the graft into the previously drilled 6-mm fibular 
tunnel and tension it from the anteroinferior side of the 
fibular head by pulling on the passing suture. Fix the 
graft to the fibula with a 7-mm bioabsorbable screw 

(Fig. 45-99). 

■ Pass the free end of the graft anteriorly under the iliotibial 
band again, pull it into the other fémoral socket for the 
latéral collateral ligament, tension it, and fix it in the same 
manner. 

■ If the popliteus tendon is ruptured, expose its fémoral 
attachment and repair it in a pull-out manner to the 
fémoral socket of the graft. 

POSTOPERATIVE CARE. Postoperative réhabilitation 
protocol dépends on the concomitant ligamentous 
reconstruction. 


■ POSTEROLATERAL INSTABILITY 
WITH VARUS KNEE 

Biomechanical sélective cutting studies hâve demonstrated 
that the latéral collateral ligament and the popliteal tendon 
are the major restraints to postérolatéral instability. Attention 
has focused on the anatomy of the postérolatéral corner, 
where a consistently strong attachment of the popliteal tendon 
to the fibula has been found—the popliteofibular ligament. 
The popliteofibular ligament is an important component of 
the popliteal muscle-tendon unit, and its anatomie orienta¬ 
tion performs a static stabilizing function to resist varus and 
external rotation moments and posterior forces. In cutting 
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Posteroanterior (A) and latéral (B) views of the 
single fibular sling procedure for postérolatéral corner recon¬ 
struction. (Redrawn from Kim JG, Ha JG, Lee YS, et al: Postérolatéral 
corner anatomy and its anatomical reconstruction with single fibula and 
double fémoral sling method: anatomical study and surgical technique, 
Arch Orthop Trauma Surg 129:381, 2009.) SEE TECHNIQUE 45-14. 


studies, section of the latéral collateral ligament and popliteus 
attachment to the tibia resulted in limited increases in primary 
varus rotation and primary external rotation because of the 
remaining intact popliteofibular ligament. Therefore, for both 
acute and chronic postérolatéral injuries, repair or recon¬ 
struction of the latéral collateral ligament, the popliteal 
tendon and its attachment to the tibia, and the popliteofibular 
ligament is recommended. 

In patients with chronic postérolatéral instability, limb 
alignment must be evaluated before postérolatéral recon¬ 
struction is considered. If the patient has varus knee align¬ 
ment and a latéral thrust in the stance phase of gait, simple 
soft-tissue postérolatéral reconstructions fail because of 
chronic répétitive stretching. A valgus proximal tibial oste- 
otomy must be performed before or simultaneously with 
the reconstruction to correct the alignment and to protect the 
repair. In some patients, osteotomy alone may alleviate the 
symptoms of postérolatéral instability. 


VALGUS TIBIAL OSTEOTOMY AND 
POSTEROLATERAL RECONSTRUCTION 


TECHNIQUE 45-15 


VALGUS TIBIAL OSTEOTOMY 

■ Make a long latéral longitudinal incision midway between 
the tibial tubercle and the fibula, extending proximally for 
15 to 20 cm. 

■ Isolate the iliotibial band along its anterior and posterior 
borders to its insertion at Gerdy's tubercle. 


■ Develop, drill, and pretap a 2-cm-square bone block for 
a 6.5-mm cancellous screw. 

■ Use an oscillating saw to remove the bone block with its 
attached iliotibial band (Fig. 45-100A and B). 

■ Unlike proximal tibial osteotomy for osteoarthritis, the 
fibular osteotomy is performed at the midshaft level. The 
proximal tibiofibular joint is not released because this 
would allow proximal migration of the fibula, with sub¬ 
séquent shortening of the postérolatéral structures and 
exacerbation of the postérolatéral instability. 

■ Perform the proximal valgus tibial osteotomy, and once it 
has been closed, make a trough distal to the osteotomy 
site to accept the bone block with its attached iliotibial 
band. 

■ Secure the block in the trough with a 6.5-mm cancellous 
screw (Fig. 45-100C). Angle the screw distally to avoid 
the osteotomy site. Advancement of the iliotibial band 
increases tension on the latéral side of the knee and helps 
stabilize the osteotomy. If necessary, additional fixation is 
achieved with Staples. 

■ Afterthe osteotomy, postérolatéral reconstruction can be 
performed concurrently or delayed until the clinical results 
of the osteotomy hâve been determined. 

POSTEROLATERAL RECONSTRUCTION (Fig. 45-101) 

■ If the bony alignment is acceptable or has been corrected, 
attention can be turned to the pathologie condition of 
the postérolatéral corner. 

■ If chronic cruciate deficiency is présent, reconstruct 
the ligament, preferably by arthroscopically assisted 
techniques. 

■ Through these same latéral skin incisions, release the 
attachments between the biceps tendon and iliotibial 
band to allow the iliotibial band to be retracted 
anteriorly. 

■ Split the iliotibial band anteriorly at the level of the latéral 
fémoral épicondyle to leave a 5-cm strip composed of a 
posterior iliotibial band. This can be retracted as needed 
to further expose the postérolatéral corner. 

■ Next, make a vertical incision in the posterior capsule just 
posterior to the latéral collateral ligament, exposing the 
posterior aspect of the joint in the area of the popliteal 
tendon. 

■ Examine the latéral collateral ligament and the popliteal 
tendon to détermine the site of injury and the quality of 
the tissues. 

■ Follow the popliteus from its fémoral insertion proximally 
to its tibial insertion distally and to its fibular insertion (the 
popliteofibular ligament). (Options for treatment of the 
chronic popliteal injury include those discussed in Tech¬ 
nique 45-9.) 

■ If an ipsilateral patellar tendon autograft has been used 
for cruciate ligament reconstruction, a contralatéral patel¬ 
lar tendon autograft or an allograft can be used for 
reconstruction of the popliteus. The length of a patellar 
tendon graft is a major considération for postérolatéral 
reconstruction. The patellar tendon graft rarely exceeds 
5 cm and may not be long enough to pass from the tibial 
or fibular tunnels poste roi aterally to the fémur, especially 
in larger knees. In these circumstances, an Achilles tendon 
allograft may be required. In the reconstruction of a 
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Valgus high tibial osteotomy for chronic postérolatéral instability and varus alignment. A and B f IIiotibial band is 
removed with bone block and advanced across osteotomy. C f Bone block is secured with cancellous screw distal to osteotomy. (From 
Veltri DM, Warren RF: Treatment of acute and chronic injuries to the postérolatéral and latéral knee, Oper Tech Sports Med 4:174, 1996.) SEE 

TECHNIQUE 45-15. 






For reconstruction of poplit- 
eus, placement of fémoral tunnel is determined 
with isometer (A), and graft is passed through 
fémoral and tibial tunnels and secured with 
sutures tied over ligament buttons (B) or with 
interférence screws. Patellar tendon graft used for 
reconstruction of popliteofibular ligament (C) can 
be split to reconstruct both components (D). 
E, Latéral collateral ligament is reconstructed with 
central third of biceps tendon. (From Veltri DM, 
Warren RF: Treatment of acute and chronic injuries to 
the postérolatéral and latéral knee, Oper Tech Sports 
Med 4:174, 1996.) SEE TECHNIQUE 45-15. 
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■ Drill two holes to intersect this blind tunnel for the bone 
block sutures. 

■ Use a Kirschner wire to détermine the isométrie point for 
the fémoral tunnel and create the tunnel as previously 
described. 

■ Place the graft into the fibula and secure it by tying the 
bone block sutures distally over the fibular bone bridge. 

■ Place the proximal end of the graft in the fémoral tunnel, 
tension it, and secure it with an interférence screw. 

POSTOPERATIVE CARE. The patient is placed in a 
controlled motion brace and is allowed immédiate post- 
operative knee motion. Posterior forces in varus and 
external rotation moments that would stress the postéro¬ 
latéral reconstruction are avoided. The patient is kept to 
toe-touch weight bearing for 6 weeks with the brace 
locked in extension. Quadriceps-setting and isométrie 
exercises are performed immediately. Passive and active- 
assisted knee flexion and passive knee extension exercises 
are emphasized. Stationary bicycling is started at 4 weeks 
after surgery. At 6 weeks, a standard closed kinetic 
chain exercise program is begun. Jogging is allowed at 
4 months. Open kinetic chain knee flexion and extension 
exercises are not done. A hinged brace is worn for 6 
months. Return to sports generally is allowed at 6 to 9 
months after surgery. 


popliteal tendon, both the tibial and fibular attachments 
should be treated with a single split patellar tendon or a 
split Achilles tendon allograft. 

■ Reconstruct the tibial component of the popliteus by 
creating a tibial tunnel from anterior to posterior in the 
latéral proximal tibia, using a standard anterior cruciate 
ligament drill guide. 

■ Begin the tunnel 2 cm below and parallel to the joint line, 
exiting where the popliteal tendon crosses the tibia. 
Before creating the tibial attachment, identify the pero- 
neal nerve and dissect it off the fibular neck. 

■Create a tunnel of appropriate size from posterior to 
anterior in the fibula, beginning distal and posterior to 
the fibular styloid. 

■ The fémoral tunnel site for reconstruction is determined 
by an isometer. Drill a Kirschner wire through the center 
of rotation on the knee, which is a point proximal and 
posterior to the fémoral attachment of the popliteus. Tie 
a suture to the Kirschner wire and then pass this from 
posterior to anterior through the tibial tunnel and the 
fibular tunnel. Attach the free end of the suture to an 
isometer and move the knee through a full range of 
motion, noting the change in the length of the suture. 
Adjust the Kirschner wire until the least change in length 
is determined. Then drill the Kirschner wire from latéral 
to médial through the fémur and overream it with the 
appropriate-size reamer to create a fémoral tunnel. 

■ In placing a graft, anchor it first in the fibular head, 
tension one limb by securing the graft in the fémoral 
tunnel, and then secure the graft in the tibial tunnel 
under tension with the tibia in neutral rotation. 

■ If a split patellar tendon graft is used, the bone plugs can 
be secured in their respective tunnels with interférence 
screws or with bone block sutures tied over a button on 
the opposite cortex. 

■ When a split Achilles tendon allograft is used, the bone 
plug is anchored in the fémoral tunnel with either an 
interférence screw or bone block sutures tied over a 
button on the médial fémoral condyle. The tibial portion 
of the tendon graft is fixed to the proximal tibia with a 
6.5-mm cancellous screw and ligament washer. The 
fibular portion can be secured within the fibular tunnel 
with sutures tied over a button or a 6.5-mm cancellous 
screw and ligament washer over the anterior fibula. 

■ If only one component of the popliteus is reconstructed, 
the popliteal fibular ligament should be reestablished 
because this has a greater moment arm in preventing 
rotational instability. In reconstructing only one of the 
distal attachments, simply forgo the unnecessary tunnel 
and do not split the graft. 

■ Chronic postérolatéral instability that occurs secondary to 
deficiency of the latéral collateral ligament usually requires 
reconstruction. The central third of the biceps tendon can 
be used as previously described under augmentation 
techniques forthe latéral collateral ligaments. In rare cases, 
the biceps tendon will not be available, and reconstruction 
of the latéral collateral ligament should proceed with a 
patellar tendon autograft or allograft. The peroneal nerve 
should hâve been previously isolated and protected. 

■ Make a blind-end tunnel at the top of the fibula to receive 
one bone plug. 


Noyés reported his results with use of allograft tissue to 
reconstruct the latéral collateral ligament in 21 patients. The 
success rate for the operative procedure was 76% as judged 
by knee stability examination and stress radiographs. The 
graffs used for the latéral collateral ligament reconstruction 
included a tendinous portion of the Achilles tendon, fascia 
lata, and bone-patellar tendon-bone. More recently, Noyés 
and Barber-Westin reported long-term (mean of 6 years) 
évaluation of 13 of the original patients: 9 had no symptoms 
with low-impact sports; however, 2 with concurrent arthritis 
had symptoms with sports but not with daily activities and 2 
had symptoms with daily activities. Cited advantages of their 
technique include simplicity of graft placement and the ability 
to place a large doubled graft at the latéral side of the knee 
joint. They recommended the procedure for latéral collateral 
ligament replacement in acute postérolatéral disruptions 
because repair of other disrupted postérolatéral tissues usually 
is possible. They cited as a contraindication a knee with 5 
degrees or more of varus recurvatum for which a popliteal - 
tibial graft is required to restore this portion of the postéro¬ 
latéral structures. 


ALLOGRAFT RECONSTRUCTION 
OF THE LATERAL COLLATERAL 
LIGAMENT 


TECHNIQUE 45-16 


(NOYES) 

■ Make a straight latéral incision approximately 15 cm long 
centered over the latéral joint line; extend it distally to 
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expose the fibular head and peroneal nerve and proxi- 
mally to expose the attachment of the posterior collateral 
ligament to the fémur. 

■ Identify the attachment of the iliotibial band and incise it 
along the anterior border proximally. Preserve the attach¬ 
ment of the iliotibial band to the latéral intermuscular 
septum. 

■ Make a second parallel inferior incision along the poste¬ 
rior aspect of the iliotibial band and the attachments 
overlying the biceps muscle. This créâtes a central portion 
of the iliotibial band that can be reflected either anteriorly 
or posteriorly to expose the postérolatéral aspect of the 
knee. 

■ If there is stretching of the iliotibial band and gross latéral 
joint opening, advance the iliotibial band at Gerdy's 
tubercle distally. 

■ Identify the peroneal nerve proximally and dissect it dis¬ 
tally around the fibular neck until it enters the anterior 
tibial muscle compartment. Protect the nerve throughout 
the procedure, especially when holes are drilled through 
the head-neck junction of the fibula for placement of the 
posterior collateral ligament allograft. 

■ Expose the fibular head and neck région anteriorly and 
posteriorly by subperiosteal dissection. This should require 
only 12 to 15 mm of proximal fibular exposure. 

■ Drill a 6-mm hole from anterior to posterior at the head- 
neck junction in the center of the fibula. Enlarge this hole 
with a curet. Do not disturb the proximal tibiofibular joint. 

■ Drill two 6-mm holes, one anterior and one posterior to 
the fémoral attachment of the latéral collateral ligament. 
The holes should be 10 mm deep and should be sepa- 
rated by 8 mm of intervening bone corresponding to the 
posterior collateral ligament attachment site. Carefully 
use a curved curet to connect the two drill holes, estab- 
lishing a bony tunnel beneath the ligament insertion site. 

■ Préparé the Achilles tendon allograft. Usually, the allograft 
measures 6 to 7 mm in diameter and 19 to 20 cm in 
length. This length allows the proximal and distal poste¬ 
rior arms of the circle graft to overlap, adding additional 
tissue to the postérolatéral aspect of the joint. Place no. 
2 Dacron, interlocking, closed-loop (baseball) sutures into 
both ends of the allograft, and pretension the allograft 
for 15 minutes under an 8-N or 9-N load. 

■ Make a vertical incision into the postérolatéral capsule 
just behind the posterior collateral ligament and anterior 
to the arcuate complex. 

■ Inspect the tissues of the postérolatéral capsule, arcuate 
ligament complex, popliteal tendon, and posterior col¬ 
lateral ligament. 

■ If the postérolatéral structures are not excessively redun- 
dant, plicate the postérolatéral capsule to the posterior 
collateral ligament allograft reconstruction in a simple 
vest-over-pants fashion (Fig. 45-102). 

■ If, however, the postérolatéral structures are markedly 
redundant, advance the postérolatéral capsule with half 
of the gastrocnemius tendon proximally on the fémur, 
using the Hughston and Jacobson technique (see Tech¬ 
nique 45-10). 

■ Reconstruct the posterior collateral ligament by passing 
the allograft through the bony tunnels in the fémur and 
fibula in a circular fashion with the two free ends 



Postérolatéral 

capsule 


Popliteus 


|j{| Vest-over-pants plication of postérolatéral 
complex to latéral collateral ligament reconstruction. (From Noyés 
FR, Barber-Westin SD: Surgical reconstruction of severe chronic postéro¬ 
latéral complex injuries of the knee using allograft tissues, Am J Sports 
Med 23:2, 1995.) SEE TECHNIQUE 45-16. 


overlapping each other on the posterior aspect. The graft 
should lie next to the stretched and slack posterior col¬ 
lateral ligament. 

■ Tension the graft with the knee at 30 degrees of flexion 
and neutral tibial rotation and with the latéral side of the 
joint closed. 

■ Suture the two free ends of the graft to each other with 
multiple interrupted sutures. Then suture both the ante¬ 
rior and posterior limbs of the allograft to the intervening 
latéral collateral ligament with horizontal sutures. 

■ If the posterior collateral ligament is markedly lax (allow- 
ing more than 15 mm of latéral joint opening), incise the 
ligament in its midportion and repair the overlapping 
ends with multiple interrupted, nonabsorbable sutures. 
Then secure the allograft to the shortened posterior col¬ 
lateral ligament as previously described. 

■ Check the knee motion from 0 to 90 degrees of flexion 
to confirm normal internai and external rotation and to 
avoid over constraining the joint. 

■ Plicate the postérolatéral capsule to the allograft recon¬ 
struction under sufficient tension to allow 0 degrees of 
extension without any hyperextension. 

POSTOPERATIVE CARE. A dial-locked hinged brace 
or bivalved cylinder cast is worn for 4 weeks. 
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S Muscle-strengthening exercises are begun the day after 
surgery. The cast is removed for immédiate intermittent, 
protected active-assisted range-of-motion exercises, six to 
eight times daily, in the range of 10 to 90 degrees. 
Periodically, the knee should be gently moved to 5 degrees 
to make sure excessive posterior capsular scarring does 
not occur. Hyperextension should be avoided. The motion 
is increased gradually until full motion is achieved by the 
twelfth postoperative week. Hyperextension is avoided 
for 6 months after surgery. After 4 weeks, the cast is 
removed and a full lower extremity, hinged, double- 
upright brace is used. The patient is kept non-weight 
bearing during the first 4 weeks, and then weight bearing 
of 25 pounds is allowed for the next 2 weeks. Patients 
are taught to walk with normal knee flexion to avoid knee 
hyperextension or varus position of the lower extremity. 
Weight bearing is slowly advanced until the 16th week, 
when the patient is weaned from crutch support. The 
brace is used for the first 9 months after surgery to 
prevent abnormal hyperextension, varus angulation, rota¬ 
tion, and external tibial rotation. 

Swimming is encouraged at the third postoperative 
month, and a progressive résistive exercise program in a 
protected range of 30 to 90 degrees of flexion is begun. 
No hamstring exercises are allowed until the 12th week. 
A running program is delayed until at least the 12th 
month in patients in whom articular cartilage changes do 
not contraindicate strenuous activity. 



Modification of Larson procedure with two 
graft limbs secured independently for the latéral collateral and 
popliteofibular ligaments; this configuration is suggested to 
resuit in a more physiologie load—sharing pattern. (Redrawn from 
Niki Y, Matsumoto H, Otani T, et al: A modified Larson's method of 
postérolatéral corner reconstruction of the knee reproducing the physi- 
ological tensioning pattern of the latéral collateral and popliteofibular 
ligaments, Sports Med Arthrose Rehabil Ther Technol 4:21, 2012.) 


Larsons procedure was one of the first fibular-based tech¬ 
niques and reconstructs the latéral collateral ligament and 
popliteofibular ligament with distal insertion sites on the 
fibula. The technique is less technically demanding than 
combined tibial-fibular-based procedures and has good 
reported clinical results. Niki et al. modified the Larson 
technique to reproduce the physiologie load-sharing pattern 
of the latéral collateral and popliteofibular ligaments. Two 
graft limbs are secured independently for the latéral collateral 
and popliteofibular ligaments to achieve differential, more 
anatomie tension patterns (Fig. 45-103). The authors cite 
technical simplicity as an advantage of their modification, in 
addition to a more physiologie load-sharing pattern. 


RECONSTRUCTION OF 
POSTEROLATERAL STRUCTURES WITH 
SEMITENDINOSUS TENDON 


TECHNIQUE 45-17 


(LARSON) 

■ Drill a hole into the fibular head from anterior to posterior, 
angling it slightly superiorly from anteroinferior to pos- 
terosuperior in the head to pass deep to the insertion of 
the biceps tendon onto the fibular head. 

■ Place the semitendinosus in a figure-of-eight position 
from the latéral fémoral épicondyle deep to the iliotibial 
band and through the head of the fibula. 


■ Make a small transverse incision in the iliotibial band over 
the latéral fémoral épicondyle. 

■ Make another incision at the lower border of the iliotibial 
band between the iliotibial band and the biceps femoris 
tendon. 

■ Insert a Kirschner wire as a temporary anchoring point in 
the latéral fémoral épicondyle. It can be used to help 
détermine the isométrie point and can be moved when 
needed. 

■ Pass the semitendinosus tendon through the fibular head, 
bringing it out posteriorly deep to the biceps tendon, and 
then pass it through an opening in the latéral intermus- 
cular septum and deep to the iliotibial band. 

■ Pass the graft to the anterior aspect of the latéral fémoral 
épicondyle and loop it over the Kirschner wire, bringing 
it beneath the iliotibial band to the anterior aspect of the 
fibular head. 

■ With tension on the graft, place the knee through a range 
of motion. Mark the graft with indelible ink to détermine 
if its placement is isométrie. Any change in the length of 
the graft can be identified by a movement of this mark. 
The Kirschner wire in the latéral épicondyle can be moved 
until the isométrie point is identified. 

■ Make a blind-end tunnel in the latéral fémoral épicondyle 
at this isométrie point and insert the looped end of the 
semitendinosus into the tunnel. It can be pulled with a 
looped suture that has been passed through the tunnel 
and knee and brought out on the médial side. This suture 
can be removed later. 
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Reconstruction of postérolatéral structures 
with use of semitendinosus tendon. Fixation is accomplished by 
placement of interférence screw 1 to 2 mm larger than drilled 
tunnel. (Redrawn from Fanelli GC, Larson RV: Practical management of 
postérolatéral instability of the knee, Arthroscopy 18[Suppl 1 ]: 1, 2002.) 
SEE TECHNIQUE 45-17. 


■ Secure the graft in the fémoral tunnel with a biodégrad¬ 
able interférence screw. 

■ Tension the graft and then suture it on itself distally (Fig. 
45-104). 

■ Biomechanical tests hâve indicated that the posterior limb 
of this construct reproduces the function of the popliteo- 
fibular ligament and the anterior limb reproduces the 
function of the latéral collateral ligament. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that described after Technique 45-16. 


■ ANTEROLATERAL ROTARY INSTABILITY 

When the indication for latéral reconstruction is antérolatéral 
rotary instability, numerous procedures hâve been used to 
control the anterior displacement or internai rotational ten- 
dencies of the tibia, in addition to the basic reconstruction 
previously described. These procedures are of three general 
types: intraarticular procedures, extraarticular procedures, 
and combinations of the two. Intraarticular procedures for 
anterior cruciate substitution are described in the section on 
anterior cruciate ligament reconstruction (see subséquent 
section). Intraarticular procedures include use of a strip of 
iliotibial band, tenodesis with use of the gracilis or semiten¬ 
dinosus, an “over-the-top” procedure with a strip of the latéral 
patelloquadriceps tendon, the iliotibial band transferred 
through the intercondylar notch to the anterior tibia, and 
other procedures that use portions of the patellar tendon. 
Extraarticular procedures include bicepsplasty, iliotibial band 
tenodesis and various modifications, and antérolatéral femo- 
rotibial ligament tenodesis. Extraarticular procedures com- 
bined with latéral compartment reconstruction to control 
antérolatéral rotary instability mainly involve variations in 


the use of the iliotibial band. The two basic types of extraar¬ 
ticular procedures using the iliotibial band are (1) création of 
a static checkrein and (2) création of a dynamic force on the 
tibia to prevent its displacement forward by the powerful 
quadriceps muscle as fu.ll extension approaches. 

We hâve had some success with each of these types of 
procedures. Mild grades of antérolatéral rotary instability 
where the pivot shiff phenomenon is only mild may benefit 
from an extraarticular procedure alone, especially if the activ- 
ity demands of the patient are not great. We suspect that when 
these procedures are analyzed after 10 years, the results will 
not be as good and degenerative changes will be apparent 
within the joint. We rarely use an extraarticular procedure 
alone for antérolatéral rotary instability. For moderate and 
severe instability of this type, we use an intraarticular replace¬ 
ment for the anterior cruciate ligament to correct the antero- 
posterior instability and correct the abnormal rotational 
component with a latéral extraarticular checkrein procedure 
if the rotatory component is great. 

Techniques using allografts are described in the section on 
intraarticular replacement of the anterior cruciate ligament. 


ANTERIOR CRUCIATE 
LIGAMENT INJURIES 

INCIDENCE 

The exact incidence of anterior cruciate ligament injuries is 
unknown; however, it has been estimated that 200,000 are 
torn each year, and 100,000 anterior cruciate ligament recon¬ 
structions are done each year in the United States. The con- 
troversy for managing this injury now centers more on the 
choice of graft sélection for reconstruction instead of whether 
surgery is necessary. In the past 2 décades alone, more than 
2000 scientific articles on the anterior cruciate ligament 
hâve been published, as well as a number of textbooks, 
making a detailed review of the literature beyond the scope 
of this section. MO ON (Multicenter Orthopaedic Outcomes 
Network) and MARS (Multicenter ACL Révision Study) are 
National Institutes of Health (NIH)-funded consortia of 
orthopaedic surgeons from multiple sites who seek to identify 
modifiable predictors of poor outcomes after anterior cruci¬ 
ate ligament reconstruction. These groups hâve generated 
multiple studies with large volumes of patients and increasing 
lengths of follow-up. 

ANATOMY 

The anterior cruciate ligament is composed of longitudinally 
oriented bundles of collagen tissue arranged in fascicular 
subunit s within larger functional bands. The ligament is sur- 
rounded by synovium, thus making it extrasynovial. The 
anterior cruciate ligament inserts on the tibial plateau, médial 
to the insertion of the anterior horn of the latéral meniscus 
in a depressed area antérolatéral to the anterior tibial spine. 
The tibial attachment site is larger and more secure than the 
fémoral site. The ligament is 31 to 35 mm in length and 
31.3 mm 2 in cross section. The primary blood supply to the 
ligament is from the middle geniculate artery, which pierces 
the posterior capsule and enters the intercondylar notch 
near the fémoral attachment. Additional supply cornes from 
the retropatellar fat pad via the inferior médial and latéral 
geniculate arteries. This source plays a more important rôle 
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when the ligament is injured. The osseous attachments of the 
anterior cruciate ligament contribute little to its vascularity. 
The posterior articular nerve, a branch of the tibial nerve, 
innervâtes the anterior cruciate ligament. Histologie study 
has revealed nerve fibers of the size most consistent with 
transmitting pain in the intrafascicular spaces. Mechanore- 
ceptors also hâve been identified on the surface of the liga¬ 
ment, mostly at the insertions of the ligament (especially 
fémoral), well beneath the external synovial sheath. 

BIOMECHANICS 

The anterior cruciate ligament is the primary restraint to 
anterior tibial displacement, accounting for approximately 
85% of the résistance to the anterior drawer test when the 
knee is at 90 degrees of flexion and neutral rotation. Sélective 
sectioning of the anterior cruciate ligament has shown that 
the anteromedial band is tight in flexion, providing the 
primary restraint, whereas the postérolatéral bulky portion of 
this ligament is tight in extension. The postérolatéral bundle 
provides the principal résistance to hyperextension. Tension 
in the anterior cruciate ligament is least at 30 to 40 degrees 
of knee flexion. The anterior cruciate ligament also fonctions 
as a secondary restraint on tibial rotation and varus-valgus 
angulation at full extension. 

In vivo, it is an oversimplification to limit the description 
of anterior cruciate ligament fonction to the fonction of its 
two fiber bundles. In fact, similar to the fibers in ail ligaments, 
those in the anterior cruciate ligament are recruited differ- 
ently on the basis of every subtle three-dimensional change 
in the position of the joint. The normal anterior cruciate liga¬ 
ment has been shown to carry loads throughout the entire 
range of flexion and extension of the knee. Consequently, the 
anterior cruciate ligament can fail differently at different 
loads, depending on the position of the bones and the direc¬ 
tion in which the loads are applied at the time of injury. The 
complexity of the arrangement of the ligament fibers and 
their response to load hâve important implications regarding 
the results of tensile tests. Tensile testing of the anterior cruci¬ 
ate ligament dépends on the âge of the specimen, angle of 
knee flexion, direction of tensile loading with respect to the 
anterior cruciate ligament, and rate of the applied load. In 
other words, the maximal strength of the anterior cruciate 
ligament should not be assumed to hâve one fixed value. 

Notwithstanding this qualification, investigators hâve 
studied the biomechanical properties of the anterior cruciate 
ligament. A comprehensive biomechanical study determined 
the ultimate load to be 1725 ± 269 N; the stiffness, 182 ± 
33 N/mm; and the energy absorbed to failure, 12.8 ± 2.2 N-m. 
In younger specimens the ultimate load was found to be 
2160 ± 157 N and the stiffness 242 ± 28 N/mm. 

In addition to the fonction as a mechanical restraint to 
translation, the anterior cruciate ligament has proprioceptive 
fonction, as evidenced by the presence of mechanoreceptors 
in the ligament. These nerve endings may provide the afferent 
arc for postural changes of the knee through deformations 
within the ligament. The exact contributions of the receptors 
hâve not been clearly defined. 

HISTORY AND PHYSICAL EXAMINATION 

The classic history of an anterior cruciate ligament injury 
begins with a noncontact décélération, jumping, or cutting 
action. Obviously, other mechanisms of injury include 


external forces applied to the knee. The patient often describes 
the knee as having been hyperextended or popping out of 
joint and then reducing. A pop is frequently heard or felt. The 
patient usually has fallen to the ground and is not immediately 
able to get up. Resumption of activity usually is not possible, 
and walking is often difhcult. Within a few hours, the knee 
swells, and aspiration of the joint reveals hemarthrosis. In this 
scénario, the likelihood of an anterior cruciate ligament 
injury is greater than 70%. Before the development of a 
hemarthrosis, the physical examination is easier and more 
revealing; conversely, the examination is more difhcult once 
pain and muscle guarding appear. The Lachman test (see Fig. 
45-54) is the most sensitive test for anterior tibial displace¬ 
ment (95% sensitivity). Increased excursion relative to the 
opposite knee and absence of a hrm end point suggest an 
injury to the anterior cruciate ligament. 

The pivot shiff test requires a relaxed patient and an intact 
médial collateral ligament (see Fig. 45-60). When the resuit 
is positive, this test reproduces the pathologie motion in an 
anterior cruciate ligament-deheient knee and is easier to 
elicit in a chronic anterior cruciate ligament disruption or in 
an anesthetized patient with an acute anterior cruciate liga¬ 
ment injury. 

Knee ligament arthrometers such as the KT-1000/2000 
can assist in the diagnosis but are more effective in evaluating 
patients with chronic anterior cruciate ligament disruption 
when pain and associated muscle guarding are absent. These 
devices also are usefol for documentation of surgical results 
both intraoperatively and postoperatively. With a manual 
maximal anterior displacement, the right-leff différence is less 
than 3 mm in 95% of normal knees. The right-leff différence 
is 3 mm or more in 90% of knees with an acute anterior cruci¬ 
ate ligament injury. 

Radiographie studies also are usefol in diagnosis of 
anterior cruciate ligament injuries. Plain radiographs often 
are normal; however, a tibial eminence fracture indicates an 
avulsion of the tibial attachment of the anterior cruciate liga¬ 
ment. The Segond fracture, or avulsion fracture of the latéral 
capsule, is pathognomonic of an anterior cruciate ligament 
tear (Fig. 45-105). MRI is the most helpful diagnostic radio¬ 
graphie technique. The reported accuracy for detecting tears 
of the anterior cruciate ligament has ranged from 70% to 
100%. Because the anterior cruciate ligament crosses the knee 
joint at a slightly oblique angle, the complété ligament rarely 
is captured in its entirety by a single MRI in the true sagittal 
plane. Vellet introduced the concept of a nonorthogonal 
plane, which usually shows the entire anterior cruciate liga¬ 
ment in one frame. The nonorthogonal plane is achieved by 
externally rotating the knee approximately 15 degrees. More 
recently, investigators hâve reported that the accuracy of MRI 
in evaluating injuries to the anterior cruciate ligament 
approaches 95% to 100%. 

Bone bruises, which are apparent on MRI in 80% of 
patients with anterior cruciate ligament tears, occur primarily 
in the latéral fémoral condyle and latéral tibial plateau and 
hâve been suggested to predict pain and other symptoms affer 
anterior cruciate ligament reconstruction (Fig. 45-106). In a 
study of 525 patients, however, Dunn et al. found that bone 
bruises on MRI were not associated with pain or symptoms 
affer reconstruction. The only démographie or injury-related 
factors associated with bone bruises were younger âge and 
not jumping at the time of injury. 
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UJjJ Avulsion fracture of the tibia (Segond fracture) 
with anterior cruciate ligament tear. 



Stress radiographs hâve been advocated to document 
both anterior and posterior cruciate ligament injuries. With 
the availability and accuracy of MRI, we rarely use stress 
radiographs except to evaluate chronic posterior cruciate liga¬ 
ment injuries when the posterior cruciate ligament appears 
healed on MRI. 

NATURAL HISTORY 

The method chosen for treating an anterior cruciate ligament 
tear is influenced by the natural history of the injury. Contro- 
versy still exists regarding the course that an anterior cruciate 
ligament-deficient knee will follow because the studies to 
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date hâve been biased toward symptomatic patients who seek 
care. Furthermore, not ail knee injuries are reported and 
accurately diagnosed as anterior cruciate ligament injuries. 
Additional confusion arises because of the variability in 
previous studies in patients âges and activity levels, extent of 
injury, résultant instability, type of nonoperative manage¬ 
ment, and follow-up duration and évaluation. It has been well 
documented that an individual with an anterior cruciate 
ligament-deficient knee who résumés athletic activities and 
has repeated épisodes of instability will sustain meniscal tears 
and osteochondral injuries that eventually lead to arthrosis. 
Also, the frequency of second anterior cruciate ligament 
injuries in the first 12 months affer reconstruction and return 
to sports in young, active patients has been reported to be 15 
times greater than in previously uninjured patients. Paterno 
et al. found that the overall frequency of a second anterior 
cruciate ligament injury within 24 months affer reconstruc¬ 
tion and return to sports was nearly 6 times greater than that 
in healthy control participants. 

Results of nonoperative treatment of anterior cruciate 
ligament tears hâve been discouraging and can be attributed 
partially to the associated injuries that occur at the time of 
the anterior cruciate ligament rupture. Several investigators 
reported the incidence of meniscal tears with acute anterior 
cruciate ligament injuries to range from 50% to 70%. The 
latéral meniscus is more commonly injured with the initial 
incident. As a resuit of abnormal loading and shear stresses 
in the anterior cruciate ligament-deficient knee, the risk of 
late meniscal injury is high and appears to increase with time 
from the initial injury. Most late meniscal tears occur in the 
médial meniscus because of its firm attachment to the capsule. 

Osteochondral damage also influences prognosis. The 
reported incidence ranges from 21% to 31% in patients 
examined affer the initial injury. MRI provides a sensitive 
technique for detecting bone injury in patients with acute and 
even chronic anterior cruciate ligament-deficient knees (see 
Fig. 45-106). These MRI lésions are classified as géographie, 
reticular, or linear on the basis of their architectural appear- 
ance, relationship to cortical bone, and short-term osteo¬ 
chondral sequelae. Géographie lésions are associated with the 
cortical margin and hâve increased density. Reticular lésions 
are not associated with the cortical bone, and most résolve 
between 6 and 12 months. Osteochondral abnormalities 
identified on MRI may be precursors of osteoarthritis. A 
long-term (15 years) follow-up study by Neuman et al., 
however, found no relationship between an osteochondral 
injury diagnosed at primary arthroscopy affer an anterior 
cruciate ligament injury and subséquent knee osteoarthritis. 
They did find meniscectomy to be a potent risk factor for the 
development of osteoarthritis. Of the 79 patients treated in 
their study, radiographie tibiofemoral osteoarthritis was 
présent in 13 (16%), ail of whom had meniscectomies for a 
major meniscal tear. The frequency of osteoarthritis also was 
higher in patients who had anterior cruciate ligament recon¬ 
struction than in those treated nonoperatively. 

Much current research is focused on the biochemical 
environment of the knee affer anterior cruciate ligament 
injury. Cameron et al. found that in chronic anterior cruciate 
ligament-deficient knees, the levels of proinflammatory 
cytokines such as interleukin-1 and tumor necrosis factor-a 
are markedly elevated, whereas protective, antiinflammatory 
proteins such as interleukin receptor antagonist protein 
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Notch width index is ratio of width of inter- 
condylar notch to width of distal fémur at level of popliteal 
groove (arrow). Ruler must be parallel to joint line. Narrowest 
portion of notch at level of ruler is to be measured. (From Souryal 
TO, Moore HA, Evans JP: Bilaterality in anterior cruciate ligament inju¬ 
ries: associated intercondylar notch stenosis, Am J Sports Med 16:449, 
1998.) 


are significantly decreased. Lohmander et al. reported 
elevated levels of stromelysin-1 and tissue inhibitor of 
metalloproteinases-1 in synovial fluid samples 6 months to 
18 years after trauma. They speculated that the increased 
release may be associated with the frequent development of 
posttraumatic osteoarthritis. 

A number of investigators hâve studied the epidemiology 
of anterior cruciate ligament-déficient knees and hâve impli- 
cated gender and fémoral intercondylar notch width as factors 
contributing to injury of the anterior cruciate ligament. 
Numerous investigators hâve reported that athlètes sustain- 
ing noncontact anterior cruciate ligament tears hâve statisti- 
cally significant intercondylar notch stenosis. Souryal and 
Freeman formulated the notch width index, which is the ratio 
of the width of the intercondylar notch to the width of the 
distal fémur at the level of the popliteal groove measured 
on a tunnel view radiograph of the knee (Fig. 45-107). The 
normal intercondylar notch ratio was 0.231 ± 0.044. The 
intercondylar notch width index for men was larger than that 
for women. They found noncontact anterior cruciate liga¬ 
ment injuries to be more frequent in athlètes who had a notch 
width index that was at least 1 standard déviation below the 
mean. Shelbourne et al. studied a group of patients who had 
anterior cruciate ligament reconstruction and found that 
women had statistically significantly narrower notches than 
men did, but the incidence of tearing the autograff was the 
same between groups presumably because a notchplasty had 
been performed. Data from the National College Athletic 
Association Injury Surveillance System as well as several 
studies hâve shown significantly higher anterior cruciate 


ligament injury rates in female soccer, basketball, and rugby 
players than in male players. Possible causative factors for the 
increased incidence in women may be extrinsic (body move- 
ment, muscle strength, shoe-surface interface, and skill level) 
or intrinsic (joint laxity, hormonal influences, limb align- 
ment, notch dimensions, and ligament size). Female sex 
hormones (i.e., estrogen, progestérone, and relaxin) fluctuate 
radically during the menstrual cycle and are reported to 
increase ligamentous laxity and to decrease neuromuscular 
performance. 

Hewett et al. prospectively measured 205 female athlètes 
in the high-risk sports of soccer, basketball, and volleyball for 
neuromuscular control by three-dimensional kinematics 
(joint angles) and for joint loads by kinetics (joint moments) 
during a jump-landing task. The nine athlètes in whom 
anterior cruciate ligament tears occurred had significantly 
different knee posture and loading compared with the 196 
who did not hâve an anterior cruciate ligament injury. The 
knee abduction angle at landing was 8 degrees greater in the 
anterior cruciate ligament-injured athlètes than in the unin- 
jured athlètes. Anterior cruciate ligament-injured athlètes 
had a 2.5 times greater knee abduction moment and 20% 
higher ground reaction force, whereas stance time was 
16% shorter; hence, increased motion, force, and moments 
occurred more quickly. Knee abduction moment predicted 
anterior cruciate ligament injury status with 73% specificity 
and 78% sensitivity; dynamic valgus measures showed a 
prédictive r 2 of 0.88. In an analysis of three-dimensional knee 
kinematics, Koga et al. suggested that valgus loading coupled 
with internai tibial rotation is a contributing factor in the 
anterior cruciate ligament injury mechanism in female ath¬ 
lètes. Less strength and smaller size of the anterior cruciate 
ligament in females hâve also been postulated to contribute 
to the frequency of injuries. Mahajan et al., however, used 
static and dynamic ultrasound to measure the diameter of the 
anterior cruciate ligament in normal contralatéral knees of 
25 individuals with noncontact anterior cruciate ligament 
injuries and in 25 matched control subjects. Although the 
diameter near the tibial insertion site was significantly smaller 
in those with anterior cruciate ligament injuries, the diameter 
was proportional to body weight and not significantly associ¬ 
ated with height, sex, or âge. 

An increased posterior tibial slope also has been identi- 
fied as a possible risk factor for anterior cruciate ligament 
injury in both men and women. Hashemi et al. and Sonnery- 
Cottet et al. identified a steep posterior tibial slope as a sig¬ 
nificant risk factor for ACL injuries, as well as for anterior 
knee instability after reconstruction. Li et al. found that 
patients with a steeper médial or latéral posterior tibial slope 
had a higher risk of anterior tibial translation of 5 mm or 
more at thresholds of 5.6 degrees and 3.8 degrees, respectively. 
Other authors hâve determined that a 5-degree increase in 
posterior tibial slope produces a 2-mm increase in anterior 
tibial translation during stance, and a 10-degree increase 
results in a 3-mm increase on radiographie Lachman testing. 

The efhcacy of injury prévention programs for female 
athlètes remains controversial. Pfeiffer et al. reported that a 
20-minute plyometric-based exercise program focusing on 
the mechanics of landing from a jump and décélération when 
running performed twice a week throughout the season did 
not reduce the rate of noncontact anterior cruciate ligament 
injuries in high-school female athlètes. In a meta-analysis of 
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six studies, Hewett et al. found that four reported significant 
decreases in the number of anterior cruciate ligament injuries 
after training, whereas two reported no différences between 
trained and untrained female athlètes. They concluded that 
neuromuscular training may reduce the frequency of anterior 
cruciate ligament injuries in female athlètes if (1) plyometrics, 
balance, and strengthening exercises are incorporated into a 
comprehensive training protocol, (2) the training sessions are 
performed more than once a week, and (3) the duration of 
the training program is a minimum of 6 weeks. 

TREATMENT 

With the natural history in mind, the surgeon must détermine 
which therapy is most appropriate for a spécifie patient. The 
treatment options available include nonoperative manage¬ 
ment, repair of the anterior cruciate ligament (either isolated 
or with augmentation), and reconstruction with either auto- 
graff or allograff tissues or synthetics. Nonoperative treatment 
is a viable option for a patient who is willing to make lifestyle 
changes and avoid the activities that cause récurrent instabil- 
ity. In one of the most comprehensive sériés, Daniel et al. 
observed 236 patients with unstable knees by KT-1000 mea- 
surement. The patients were assessed by physical examina¬ 
tion, KT-1000 measurements, and activity and frequency 
of sports participation. A total of 19% elected early anterior 
cruciate ligament reconstruction, 20% required late recon¬ 
struction, and 61% were able to deal with their injury, 
although many were symptomatic. The authors found three 
factors known at the time of the initial examination that 
correlated with the need for surgery: younger âge, preinjury 
hours of sports participation, and amount of anterior instabil- 
ity as measured by the KT-1000 arthrometer. If a nonoperative 
approach is chosen, it should include an aggressive réhabilita¬ 
tion program and counseling about activity level. The use of 
a functional knee brace is controversial and has not been 
shown to reduce the incidence of reinjury significantly if a 
patient returns to high-level sports. 

The techniques for augmentation of a primary repair use 
the same tissues and approaches as those for reconstruction 
with the exception that the augmenting tissue is passed 
through the posterior capsule high in the intercondylar notch 
and over the latéral fémoral condyle. This over-the-top ori¬ 
entation préserves the fémoral attachment of the anterior 
cruciate ligament, and the tissue is secured to the latéral 
aspect of the distal fémur with the Staples or a screw and 
spiked soff-tissue washer. The tibial tunnel should be placed 
at the anteromedial edge of the tibial footprint of the anterior 
cruciate ligament to minimize disruption of the tibial 
attachment. Further details are available in the techniques 
for intraarticular reconstruction of the anterior cruciate 
ligament. 

Ail of the preceding discussion has dealt with primary 
repair of a midsubstance anterior cruciate ligament tear. 
Acute repair is appropriate when a bony avulsion occurs with 
the anterior cruciate ligament attached. The avulsed bone 
fragment often can be replaced and fixed with sutures or 
passed through transosseous drill holes or screws placed 
through the fragment into the bed. A clinical comparison of 
screw and suture fixation of anterior cruciate ligament tibial 
avulsion fractures found no significant différences in Lysholm 
knee scores or return to preinjury activities; some patients 
in both groups had residual laxity or flexion contractures. 
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Anterior cruciate ligament avulsions usually occur from the 
tibial insertion. Rarely does a disruption from its fémoral 
origin avulse a piece of bone. Steadman reported a high fre¬ 
quency of avulsions of the fémoral attachment of the anterior 
cruciate ligament in skiers sustaining low-velocity injuries. 

He advocated repair of the ligament back to a freshened 
fémoral bed and reported early success. Long-term results of 
this procedure are not available, and we hâve no expérience 
with this technique. With repair of bony tibial avulsions of 
the anterior cruciate ligament, the literature reports residual 
objective anterior laxity in 50% to 90% of patients, but subjec¬ 
tive or functional instability is rare. 


REPAIR OF BONY TIBIAL AVULSIONS 
OF ANTERIOR CRUCIATE LIGAMENT 


TECHNIQUE 45-18 


■ If the anterior cruciate ligament has been avulsed with a 
fragment of bone from its tibial insertion, make an 
anteromedial incision, clear the crater in the tibia of clots 
and débris, and reduce the fragment. 

■ The method of fixation of the fragment dépends on its 
size; occasionally a screw can be used, but more often the 
fragment is too small, so nonabsorbable sutures are best. 

■ For this, place a Bunnell suture in the base of the cruciate 
ligament, pass the two ends through holes drilled in the 
attached fragment, if it is large enough, and lay the 
sutures aside. 

■ Loop a second suture over the bone fragment through 
the base of the anterior cruciate ligament and pass it 
through the holes in the fragment with the previous 
Bunnell suture. The two sutures are required so that not 
only is the ligament reattached under tension, but the 
second suture also pulls the bone fragment securely into 
place (Fig. 45-108). 

■ Beginning on the anteromedial surface of the tibia 
approximately 4 cm below the joint margin, drill two 
parallel holes obliquely and superiorly to emerge in the 
base of the crater near the intercondylar eminence. 

■ With suture passers, pull the previously placed sutures 
through the holes and tie them over the bone anteriorly, 
making sure that the fragment in the base of the cruciate 
has been anatomically reduced and that tension in the 
cruciate ligament has been restored. 

■ If blood clôt and débris are left within the depths of the 
crater before réduction, the repaired cruciate will be lax 
and normal tension will not be regained. 

■ Note at what degree of knee flexion the fragment is 
best reduced and apply a controlled motion brace in 
this position. 

POSTOPERATIVE CARE. At 3 weeks, flexion from 0 to 
90 degrees is allowed in the brace and isométrie quadri- 
ceps and hamstring exercises are begun. Crutches are 
discontinued at 6 weeks, and full active and passive range 
of motion should be obtained by 8 weeks. Progressive 
résistance exercises are continued for at least 3 months. 
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Repair of avulsion of tibial attachment of 
anterior cruciate ligament with fragment of bone. Crater in tibia 
should be deepened, and bone fragment on end of ligament is 
pulled into crater depth to restore tension in avulsed ligament. 

SEE TECHNIQUE 45-18. 


Network of points selected on latéral fémur, 
latéral tibia, and proximal fibula. F, Fémur; T, tibia. F-5, Origin of 
latéral collateral ligament at latéral épicondyle; T-10, insertion of 
latéral collateral ligament; T-3, Gerdy's tubercle (slightly more 
proximal than in specimen); T-7, superior latéral aspect of tibial 
tuberosity; T-1, proximal to joint line; T-7, doser to joint line. 


■ RECONSTRUCTION FOR ANTERIOR CRUCIATE 
LIGAMENT INSUFFICIENCY 

As evidence mounted that primary repair of midsubstance 
anterior cruciate ligament tears routinely failed, interest 
turned to reconstruction of the ligament. Previous expérience 
with intraarticular reconstruction procedures was discourag- 
ing because of the frequent postoperative stiffness and 
persistent avulsion laxity. Extraarticular procedures were 
developed to obviate these problems. These procedures gen- 
erally create a restraining band on the latéral side of the knee, 
extending from the latéral fémoral épicondyle to Gerdys 
tubercle in a line parallel with the anterior cruciate ligament. 
They avoid the problem of a lack of blood supply to the 
intraarticular reconstructions. Most latéral extraarticular 
procedures use the iliotibial band or tract connecting the 
latéral fémoral épicondyle to Gerdy’s tubercle. Krackow and 
Brooks, in a kinematic study to détermine the optimal attach¬ 
ment points for extraarticular latéral reconstructions for 
antérolatéral rotary instability, found the best attachments to 
be at or in front of Gerdy’s tubercle on the antérolatéral aspect 
of the tibia and proximal to the origin of the latéral collateral 
ligament on the fémur (Fig. 45-109). The stress exerted on 
the reconstructions depended primarily on changes in the 
fémoral fixation point and much less so on changes in the 
tibial fixation point. Thus, regardless of which extraarticular 
procedure is chosen, the transfer should be anchored high on 
the fémur, proximal to the attachment of the latéral collateral 
ligament. 

These procedures may diminish the antérolatéral rotary 
subluxation by virtue of their latéral placement, but they do 
not re-create the normal anatomy or function of the anterior 


cruciate ligament. When used alone, extraarticular techniques 
hâve been associated with high failure rates. The Ellison 
procedure reportedly led to an unsatisfactory resuit in 16 
(76%) of 21 patients, and the Macintosh procedure yielded 
an unsatisfactory resuit in 13 (48%) of 27 patients. Currently, 
extraarticular procedures are used primarily in conjunction 
with an intraarticular reconstruction when severe anterior 
instability is as a resuit of injury or late stretching of the 
secondary stabilizing capsular structures on the latéral side of 
the knee. For most grades of antérolatéral instability, we 
prefer an intraarticular anterior cruciate ligament replace¬ 
ment and do not attempt to correct the laxity of the secondary 
stabilizer. 

Extraarticular techniques described are those of 
Macintosh, Losee, and Andrews (iliotibial band tenodesis 
and bicepsplasty). 


EXTRAARTICULAR PROCEDURES 
(ILIOTIBIAL BAND TENODESIS) 


TECHNIQUE 45-19 


(MACINTOSH) 

■ Perform latéral reconstruction as previously described for 
latéral and postérolatéral capsular structures (see Tech¬ 
nique 45-10). 

■ Dissect a 1.5-cm-wide strip of iliotibial band from its 
midportion beginning approximately 16 cm from its distal 
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|jj Macintosh technique of latéral reconstruction 
with strip of iliotibial band. SEE TECHNIQUE 45-19. 


insertion and turn it down to its attachment at Gerdy's 
tubercle. 

■ Pass this strip of iliotibial band to the postérolatéral corner 
of the knee through a tunnel deep to the latéral collateral 
ligament (Fig. 45-11 0). 

■ At the distal insertion of the latéral intermuscular septum 
at the latéral fémoral épicondyle, use a right-angle clamp 
to create a hiatus of sufficient size to receive the strip of 
iliotibial band. 

■ Loop it back to retrace its course deep to the latéral 
collateral ligament and secure it near its insertion into 
Gerdy's tubercle. 

■ Pull it taut before securing it with a staple or sutures while 
the knee is flexed to 90 degrees and the tibia is externally 
rotated. 

■ Suture the defect in the iliotibial band with multiple inter- 
rupted sutures and close the interval between the poste- 
rior part of the iliotibial band and the biceps femoris in a 
similar manner. 


EXTRAARTICULAR PROCEDURES 
(ILIOTIBIAL BAND TENODESIS) 


TECHNIQUE 45-20 


(MACINTOSH, MODIFIED BY LOSEE) 

Losee modified Mackintosh's iliotibial band technique in 
the following manner: 

■ After reconstruction of the posterior capsule, postérolat¬ 
éral corner, and midlateral capsular area as described in 


the section on reconstruction of the postérolatéral com¬ 
partiment, fashion a strip of iliotibial band 18 cm long and 
1.5 cm wide, beginning near the midportion and leaving 
it attached distally to Gerdy's tubercle (Fig. 45-111A). 

■ Make a superficial osseous tunnel beginning on the 
antérolatéral aspect of the fémoral condyle, passing deep 
to the fémoral attachment of the latéral collateral liga¬ 
ment and popliteal tendon, and emerging posterolaterally 
where the superior part of the posterior capsule, the 
latéral head of the gastrocnemius muscle, and the iliotibial 
band insert into the fémoral epicondylar région. 

■ Pass the strip of iliotibial band through this osseous tunnel 
from anterior to posterior and pull it taut with the knee 
flexed 90 degrees and the tibia externally rotated. 

■ Then pass the strip through the fémoral attachment of 
the latéral intermuscular septum and the latéral head of 
the gastrocnemius muscle and weave it through the lat- 
eralmost portion of the arcuate complex at the recon- 
structed postérolatéral corner of the knee (Fig. 45-111 B). 

■ Again pull it taut inferiorly and anteriorly. This further 
tenses the posterior capsular structures and arcuate liga¬ 
ment complex. 

■ Pass the strip of iliotibial band anteriorly through a soft- 
tissue tunnel deep to the latéral collateral ligament, distal 
to the level of the joint surface, and back to the area of 
Gerdy's tubercle and secure it to bone with sutures or a 
staple while the knee is flexed 90 degrees and the tibia 
is maximally externally rotated (Fig. 45-11 IC). Besides 
supplying an anterior and internai rotary checkrein, this 
iliotibial strip should supply reinforcement to the antéro¬ 
latéral capsule, the postérolatéral capsule, and the arcuate 
complex. 

■ Close the defect in the iliotibial band with multiple inter- 
rupted sutures. 

■ Then roll the posterior part of the biceps femoris and 
suture it to the posterior edge of the iliotibial band in a 
similar manner. 


We hâve used this technique combined with an intraarticular 
anterior cruciate ligament reconstruction for severe antéro¬ 
latéral rotary instability, especially if some varus laxity also is 
présent. Used alone, it has effectively reduced the pivot shiff 
phenomenon, but on critical évaluation beyond a 2-year 
follow-up, it has not stopped the anteroposterior translation 
of the tibia on the fémur. 

Andrews reported success with a “minireconstruction” 
technique for treating anterior cruciate insufficiency primar- 
ily of the antérolatéral rotary type by an iliotibial band 
tenodesing procedure. Because it is an extraarticular proce¬ 
dure, the blood supply and healing potential are good, with 
the tensile strength in the reconstruction reaching a maximum 
early in the recovery period. It functions mainly to stabilize 
the latéral compartment against the anterior translation and 
excessive internai rotation of the tibia on the fémur seen in 
antérolatéral rotary instability. The two tenodesing bands 
created by the technique are roughly parallel with the course 
of the anterior cruciate ligament, and by being firmly attached 
to Gerdy’s tubercle and the latéral fémoral épicondyle, they 
can replace some of the functions of the lost anterior cruciate 
ligament and the déficient latéral capsular structures. 
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Losee modification of Macintosh technique of latéral reconstruction with iliotibial band. A f Fascial strip (18 cm long 
x 1.5 cm wide) of iliotibial tract attached to Gerdy's tubercle. B f Imbrication through latéral head of gastrocnemius plus postérolatéral 
corner. C f Rerouting of fascial strip deep to latéral collateral ligament, with reattachment to Gerdy's tubercle. SEE TECHNIQUE 45-20. 


EXTRAARTICULAR PROCEDURES 
(ILIOTIBIAL BAND TENODESIS) 


TECHNIQUE 45-21 


(ANDREWS) 

■ Place the anesthetized patient supine on the operating 
table with the affected extremity draped to allow free hip 
and knee motion. 

■ Perform full ligament and arthroscopic examinations to 
obtain an accurate diagnosis of the instability and any 
meniscal lésions. 

■ With a pneumatic tourniquet ensuring a bloodless field, 
perform any necessary médial repairs or reconstructions 
for other instabilités, along with a latéral reconstruction. 
Repair meniscal tears, if possible; otherwise, do a partial 
meniscectomy, arthroscopically, when feasible. 

■ With the foot resting on the operating table and the knee 
flexed approximately 90 degrees, make an initial antéro¬ 
latéral 10-cm hockey-stick incision, exposing the iliotibial 
band and iliotibial tract. 

■ Longitudinally divide the iliotibial tract with a 10-cm fiber- 
splitting incision placed 3 to 4 cm anterior to its posterior 
margin. 

■ Retract the anterior edge of the tract and the vastus 
lateralis from the latéral side of the distal fémur. 

■ With a periosteal elevator, elevate the fatty tissue and 
periosteum and expose the linea aspera and the distal 
insertion of the latéral intermuscular septum. 

■ Use an osteotome to "fish scale" the latéral fémoral 
cortex in this area to promote a proliférative healing 
response of bone to the iliotibial tract. 


■ Hold the iliotibial tract against the distal fémur by sutures 
passed through the tract and through two parallel holes 
in the distal fémur and tied to each other on the médial 
side of the fémur, beneath the vastus medialis as described 
later. By fixing the tract to the distal fémur, a ligament is 
created that closely approximates the biomechanical 
function of the anterior cruciate ligament, extending from 
the distal fémur to Gerdy's tubercle and preventing 
antérolatéral subluxation of the latéral tibial plateau on 
the latéral fémoral condyle (Fig. 45-112). 

■ On the latéral side of the fémur at the linea aspera, select 
two points that correspond closely to the two major 
fémoral intraarticular attachments of the anterior cruciate 
ligament. 

■ Drill the first hole at or slightly distal to the insertion of 
the latéral intermuscular septum on the linea aspera (Fig. 
45-113A). Just anterior to the posterior cortex, it corre¬ 
sponds to the intraarticular attachment of the anterome- 
dial bundle of the anterior cruciate ligament. 

■ Drill the second hole parallel to the first and 0.5 to 
1 cm distal and anterior to it, corresponding to the 
fémoral attachment of the postérolatéral bundle of the 
ligament. 

■ With the foot externally rotated, locate a point on the 
posterior edge of the iliotibial tract that will align with 
the posterior hole on the fémur when the tract is pulled 
against the fémur. At this point, separate the iliotibial 
tract into two bundles with no. 5 Bunnell sutures; the 
anterior bundle will be tight in flexion and the posterior 
bundle tight in extension, creating an isométrie repair 
(Fig. 45-113B and C). Begin the suture creating the lower 
bundle proximally and inside the iliotibial tract, running 
distally 4 to 5 cm. Begin the upper, or anterior, bundle 
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approximately 1 cm anterior and 0.5 cm distal to the 
lower bundle. These bundles are approximately 0.5 cm 
apart. 

■ Pass the two Bunnell sutures through the two drill holes, 
from the latéral to the médial side of the fémur, and test 
stability and range of motion. Constant tension is essen- 
tial to prevent antérolatéral subluxation of the tibia. If 
tibial subluxation is possible, the repair is too loose. 
Conversely, if the iliotibial tract cannot be pulled against 
the latéral fémur or if the range of motion is excessively 
limited, the repair is too tight. 


■ Adjust tension and range of motion by repositioning 
either of the fixation sutures or the holes in the fémur. 
Correct tension is crucial to the success of the procedure, 
which is determined by an isométrie reconstruction and 
full range of motion. Perform the jerk, Lachman, and 
anterior drawer tests at this time; the results of ail should 
be négative. Because it is a static repair without dynamic 
muscle support, the reconstruction will not increase in 
strength after surgery. Make certain, therefore, that the 
knee is absolutely stable at the end of the procedure, 
without laxity in either flexion or extension. 

■ With stability attained, tie the sutures together medially 
over the adductor tubercle and again test stability. 

■ Before the wound is closed, release the tourniquet and 
obtain hemostasis. 

■ After placing a large suction drainage tube intraarticularly 
and a second tube subcutaneously in the latéral wound, 
close the incisions. 

■ Place the knee in a well-padded cylinder cast in 30 to 40 
degrees of flexion for pure antérolatéral rotary instability 
and in 60 degrees of flexion for combined anteromedial 
and antérolatéral rotary instability. 

POSTOPERATIVE CARE. At 5 days after surgery, the 
wound is inspected and the cast changed. The cast is 
removed at 6 weeks. We prefer not to rigidly immobilize 
the knee in flexion for several weeks because of the 
détérioration of the articular cartilage surfaces associated 
with the absence of motion, especially in the patello- 
femoral joint. If extension beyond 30 degrees is detrimen- 
taltothe reconstruction early, we prefer to use a controlled 
motion brace locked at 30 degrees of extension but 
allowing flexion. 



Attachment of two bundles to latéral fémoral 
condylar area through transosseous drill holes to médial side of 
fémur. (Redrawn from original illustration by Beverly Kessler; courtesy 
of LTI Medica and The Upjohn Company, Learning Technology, 1981.) 

SEE TECHNIQUE 45-21. 


I INTRAARTICULAR RECONSTRUCTION 

The advances made in arthroscopy hâve led to the develop¬ 
ment of arthroscopic techniques for anterior cruciate ligament 
reconstruction. Simultaneously, our increased understanding 
of technical issues of graff sélection, placement, tensioning, 



A f Two points on latéral fémoral condyle corresponding to major fémoral intraarticular attachments of anterior 
cruciate ligament. B f Posterior band tight in extension. C f Anterior band tight in flexion. SEE TECHNIQUE 45-21. 
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and fixation, as well as of postoperative réhabilitation, led to 
dramatically improved results compared with previous 
intraarticular reconstructions. These same principles can be 
applied to open intraarticular reconstruction of the anterior 
cruciate ligament through a small arthrotomy incision, which 
préserves attachment of the vastus medialis obliquus muscle 
to the patella, or through the patellar tendon defect when 
the central third is used as a graff source. Arthroscopic 
techniques hâve minor advantages compared with miniar- 
throtomy, mainly, earlier resolution of postoperative pain. 
With either technique, we prefer to delay the reconstruction 
until after the patient has recovered from the initial injury or 
reinjury. Resolution of inflammation around the knee and 
return of full motion reduce the incidence of postoperative 
knee stiffness. 

Graft Sélection. Once the decision is made to recon- 
struct the anterior cruciate ligament, the surgeon must select 
a graft. Autograft tissue is used most commonly, but allografts 
and synthetics also are available and are discussed later in this 
chapter. Autografts hâve the advantages of low risk of adverse 
inflammatory reaction and virtually no risk of disease trans¬ 
mission. As a biologie graft, an autograft undergoes revascu- 
larization and recollagenization, but initially a 50% loss of 
graft strength occurs after implantation. Therefore, it is désir¬ 
able to begin with a graft stronger than the tissue to be 
replaced. Virtually every structure around the knee has been 
used as a substitute. The most common current graft choices 
are bone-patellar tendon-bone graft and the quadrupled 
hamstring tendon graft. The bone-patellar tendon-bone graft 
usually is an 8- to 11-mm-wide graft taken from the central 
third of the patellar tendon, with its adjacent patella and tibial 
bone blocks. This graft s attractive features include its high 
ultimate tensile load (approximately 2300 N), its stiffness 
(approximately 620 N/mm), and the possibility for rigid fixa¬ 
tion with its attached bony ends. 

The use of the hamstring tendon graft has increased in 
recent years because of its relatively low donor site morbidity. 
Use of a single strand of the semitendinosus or gracilis tendon 
is inadéquate because the semitendinosus tendon has only 
75% and the gracilis tendon only 49% the strength of the 
anterior cruciate ligament. Now, surgeons are using either a 
triple- or quadruple-stranded semitendinosus graft or a 
quadruple-stranded semitendinosus-gracilis tendon graft 
with both ends folded in half and combined. This latter graft 
has an ultimate tensile load reported to be as high as 4108 N. 
This quadruple-stranded graft also provides a multiple-bundle 
replacement graft that may better approximate the function 
of the two-bundle anterior cruciate ligament. Disadvantages 
of this soft-tissue graft include the concern over tendon 
healing within the osseous tunnels and the lack of rigid bony 
fixation. 

The quadriceps tendon graft also has attracted interest 
recently. It can be harvested with a portion of patellar bone 
or entirely as a soft-tissue graft. Biomechanical studies hâve 
shown the ultimate tensile load of this graft to be as high as 
2352 N. This graft has become an alternative replacement 
graft, especially for révision anterior cruciate ligament surger- 
ies and for knees with multiple ligament injuries. 

Most investigators hâve reported comparable results with 
the use of either a bone-patella tendon-bone graft or a qua¬ 
drupled hamstring graft. Spindler et al., in a systematic review 
of randomized, controlled trials comparing patellar tendon 


with hamstring tendon autografts, identified nine studies that 
met their criteria. Slight increased laxity on arthrometer 
testing was reported in the hamstring group in three of seven 
studies, pain with kneeling was greater for the patellar tendon 
group in ail of the four studies in which it was evaluated, and 
only one of nine studies showed increased anterior knee pain 
in the patellar tendon group. Frequency of additional surgery 
seemed to be related to the fixation method and not the graft 
type. No study reported a significant différence in graft failure 
between patellar tendon and hamstring tendon autografts; 
graft failure rates for the combined populations of the nine 
studies were 3.1% for patellar tendon grafts and 4.1% for 
hamstring grafts. Objective différences (range of motion, 
isokinetic strength, arthrometer testing) were not detected 
between groups in most of the studies, suggesting that their 
sensitivity to detect clinical outcomes may be limited. 

Sélection of either graft results in some residual morbid¬ 
ity to the patient. Using ultrasonographic and power Doppler 
évaluation, Jarvela et al. studied the morphologie changes in 
the patellar tendon of 31 patients 10 years after harvest of its 
central third and closure of the defect. They found intraten- 
dinous calcification in nine patients, hypoechoic lésions in 20 
patients, a hyperechoic lésion in one patient, and peritendi- 
nous changes in one patient. Only three of the 31 patients had 
no changes in the harvested patellar tendon. In most patients, 
the harvested patellar tendon was significantly thicker than 
the contralatéral tendon. Harvest of the hamstring tendons 
has raised concerns about potential weakness of knee flexion. 
Most studies hâve reported no significant différence in ham¬ 
string muscle torque between the surgical extremity and the 
control extremity at 2 years after surgery, possibly because of 
régénération of these tendons, as shown in MRI studies by 
Rispoli et al. However, Tashiro et al. reported significant 
weakness of hamstring muscle strength with both isokinetic 
and isométrie measurements when subjects knees were at 
positions of 70 degrees or more of flexion. 

Graft Placement. The next important decision is 
graft placement. Extensive research has been devoted to 
identification of the idéal position for graft placement to 
reproduce the anatomy and function of an intact anterior 
cruciate ligament. 

Numerous authors hâve shown that, although both the 
tibial and fémoral attachment sites are important, errors in 
the fémoral site are more critical because of the proximity to 
the center of axis of knee motion. A fémoral tunnel that is 
too anterior will resuit in lengthening of the intraarticular 
distance between tunnels with knee flexion. The practical 
implications of this anterior location are “capturing” of the 
knee and loss of flexion or stretching and perhaps clinical 
failure of the graft as flexion is achieved. Posterior placement 
of the fémoral tunnel or placement of the graft over the top 
of the latéral fémoral condyle produces a graft that is taut in 
extension but loosens with flexion. This location produces an 
acceptable resuit because the instability from an anterior 
cruciate ligament deficiency occurs near terminal extension. 
The clinical examination yields a négative Lachman test resuit 
and a 1+ posterior drawer. If this location is chosen, the 
surgeon must secure the graft with the knee in extension 
because securing the posteriorly located graft with the knee 
in flexion may resuit in loss of extension. If an over-the-top 
position is chosen, the route may be deeply grooved to 
approximate the “isométrie” fémoral position. The preferred 
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A f Tibial drill guide for anterior 
ligament fémoral guide. 


cruciate ligament referencing off posterior cruciate ligament. B f Anterior cruciate 


location has been isométrie placement of the graft that limits 
changes in graft length and tension during knee flexion and 
extension, which possibly may lead to overstretching or 
failure of the graft. Now, however, the concept of isometry is 
considered oversimplified because basic science studies hâve 
shown that the normal anterior cruciate ligament is not iso¬ 
métrie. The fiber bundles of the anterior cruciate ligament are 
under variable stress during knee motion. The anteromedial 
bundle undergoes higher stress during flexion, and the pos¬ 
térolatéral bundle undergoes higher stress during extension. 
Robotic technology has been used to study the in situ force 
in the anterior cruciate ligament in response to an anterior 
tibial load. The postérolatéral bundle shows a trend similar to 
the intact anterior cruciate ligament, in which the in situ force 
in the anteromedial bundle remains relatively unchanged 
throughout the range of knee motion. 

After more than 30 years of expérience with reconstruc¬ 
tion of the anterior cruciate ligament, controversy remains 
over the location of both the tibial and fémoral graft attach- 
ment sites. Some surgeons advocate placing the tibial tunnel 
in a more anatomie site in the center of the tibial attachment 
site, accepting the fact that it is not isométrie. Currently, most 
surgeons advocate placement of the graft at the posterior 
portion of the anterior cruciate ligament tibial insertion site 
near the postérolatéral bundle position for best reproduction 
of the function of the intact anterior cruciate ligament. This 


location also decreases graft impingement against the roof of 
the intercondylar notch with knee extension that can occur 
with anterior placement. There has been a trend to move the 
tibial tunnel more anterior, and a survey of National Basket- 
ball Association team physicians indicated that nearly half 
now use an anteromedial portai for fémoral tunnel drilling, 
compared with only 13% in a previous survey 4 years earlier. 

Various tools hâve been developed to assist the surgeon 
with placement of the tunnels (Fig. 45-114). These include 
devices in which the key point of reference is the over-the-top 
position, the roof of the intercondylar notch, or the anterior 
surface of the posterior cruciate ligament. Isometers also hâve 
been proposed as a means of confirming proper location of 
the tunnels. Although helpful in locating anatomie areas for 
insertion, isometers hâve not proved useful for accurate 
prédiction of the relationship between the tension and the 
length of the graft. Earlier techniques often included widen- 
ing of the intercondylar notch or notchplasty to prevent 
impingement, which is more likely with anterior placement 
of the graft. The posterior tibial location requires a minimal 
notchplasty, if at ail, unless the anterior cruciate ligament 
deficiency is chronic and the intercondylar notch has become 
stenotic with osteophytes. On occasion, the surgeon encoun- 
ters a narrow intercondylar notch, which has been shown to 
contribute to anterior cruciate ligament injury, and notch¬ 
plasty will protect the graft. In routine cases, we prefer a 
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limited notchplasty that improves visualization in the poste - 
rior aspect of the intercondylar notch and assists in the proper 
placement of the fémoral tunnel. The anterior aspect of the 
notch is deepened by 2 to 3 mm, depending on the size of the 
graff. The notchplasty is tapered posteriorly so that no bone 
is removed at the fémoral insertion site. A bony ridge (“resi- 
denfs ridge”) anterior to the fémoral attachment of the 
anterior cruciate ligament should be removed, if présent, 
because it impairs the proper identification of the fémoral 
attachment site and also hinders the proper placement of the 
over-the-top guides used to drill the fémoral tunnel. An 
excessive notchplasty may move the fémoral attachment site, 
creating abnormal knee kinematics. The long-term results of 
notchplasty remain unknown. 

Whereas past research has focused on the anteroposterior 
location of the fémoral tunnel in the intercondylar notch, 
more recent study has investigated the appropriate position 
of the tunnel along the side wall of the latéral fémoral condyle. 
This location frequently has been referred to in terms of a 
clock face. A vertical tunnel position high in the intercondylar 
notch near the 12-oclock position has been shown to provide 
stability in the anteroposterior plane but does not restore 
stability in the rotational direction. With this tunnel place¬ 
ment, the Lachman test resuit is normal but the pivot shift 
test resuit is positive. Consequently, surgeons are beginning 
to place the fémoral tunnel lower on the latéral wall toward 
the 10- or 2-oclock position or even lower, which more 
accurately reproduces the fémoral attachment site of the 
anterior cruciate ligament and provides rotational stability. 
Use of transtibial fémoral guide Systems tends to place the 
fémoral tunnel in a more vertical position. With effort, the 
surgeon can get the guidewire to approximate the 10- or 
2-oclock position. Two cadaver studies hâve pointed out 
limitations of the transtibial technique. Strauss et al. found 
that the constraints imposed by a coupled drilling technique 
resulted in nonanatomic fémoral tunnels that were superior 
and posterior to the native fémoral insertion, and Heming 
et al. reported that if tunnels are to be centered in the anterior 
cruciate ligament attachment site, a short tibial tunnel is 
necessary, which may compromise graff fixation and incor¬ 
poration or resuit in tunnel length/graff length mismatch. 
Studies by a number of investigators, however, hâve suggested 
that tibial and fémoral tunnels can be positioned in a highly 
anatomie manner with the transtibial technique, but this 
requires meticulous positioning of the tibial tunnel with little 
margin for error and some degree of tunnel length/graff 
length mismatch. 

Alternatively, the fémoral guide can be placed through a 
low médial portai hugging the patellar tendon to reach the 
lower spot on the latéral fémoral condylar wall. When the 
two-incision technique is used, the fémoral guide is not 
restricted in its placement by the native knee anatomy or 
previous tunnel placement and can be directed to the lower 
position on the latéral wall. 

Although the reported clinical results of anterior cruciate 
ligament reconstruction are very good (90% to 95% good and 
excellent), biomechanical studies hâve revealed persistent 
deficiencies in our attempts to replicate the function of the 
anterior cruciate ligament. The single-bundle technique tra- 
ditionally used re-creates the anteromedial bundle and 
ignores the postérolatéral bundle. Considering the two- 
bundle anatomy of the native anterior cruciate ligament, 


some investigators hâve suggested a two-tunnel anterior 
cruciate ligament reconstruction. The technique usually 
involves making two fémoral tunnels with one tibial tunnel, 
but some also use two tibial tunnels. A biomechanical com- 
parison of one-tibial-tunnel and two-tibial-tunnel techniques 
determined that anatomie reconstruction with two tibial 
tunnels may produce a better biomechanical outcome, espe- 
cially close to extension. Although double-bundle and single - 
bundle reconstructions were equally effective in controlling 
anterior translation during Lachman testing in a cadaver 
study by B edi et al., the double-bundle reconstruction was 
significantly better in limiting anterior translation of the 
latéral compartment during a pivot-shift maneuver. The 
authors suggested that the double-bundle technique may be 
more effective in restoring knee kinematics in at-risk knees 
with associated meniscal injuries or significant preoperative 
pivot-shift. Biomechanical testing has demonstrated improved 
ability to restore anterior cruciate ligament function with 
reconstruction by two fémoral tunnels, but improved clinical 
results hâve not yet been confirmed. A clinical comparison of 
single-bundle and double-bundle techniques reported higher 
subjective scores and significantly better results of manual 
tests of joint stability in those with double-bundle reconstruc¬ 
tions. Caution should be exercised before embracing a two- 
tunnel technique because the added complexity may negate 
the theoretical advantages. Furthermore, the presence of 
two fémoral tunnels may significantly complicate a révision 
procedure. 

Graff Tension. The application of tension to the graff at 
the time of initial fixation can significantly alter joint kine¬ 
matics and in situ forces in the graff during knee motion. 
Theoretically, the desired tension in the graff should be 
sufficient to obliterate the instability (Lachman test). Too 
much tension may “capture” the joint, resulting in difficulty 
in regaining motion, or it may lead to articular degeneration 
from altered joint kinematics. The tension in the graff neces¬ 
sary to restore stability has been shown to be tissue spécifie 
and to dépend on the length and stiffness of the graff; less 
tension is required for a bone-patellar tendon-bone graff 
than for a semitendinosus graff because the tendon portion 
of the former is shorter and stiffer. The results of applying 
tension to the graff also dépend on the position of the knee 
when tension is applied and the direction of tension. The 
force in the graff may decrease by as much as 30% affer 
fixation of the graff unless the graff has been cyclically 
preconditioned. Nicholas et al. studied 49 patients who had 
anterior cruciate ligament reconstruction with bone-patellar 
tendon-bone graffs and were randomized into high-tension 
(90 N) or low-tension (45 N) groups at initial fixation. At an 
average 20 months affer surgery, anterior tibial displacement 
was significantly greater in the patients in the low-tension 
group as measured by KT-1000 arthrometer and manual 
maximal force. 

Initial graff tension remains controversial because the in 
situ forces in the anterior cruciate ligament during daily 
activities are unknown. In addition, the significance of the 
viscoelastic behavior of the anterior cruciate ligament replace¬ 
ment graffs has not been entirely characterized. To date, an 
optimal protocol for applying tension to a graff has not been 
defined, but overtensioning should be avoided. 

Graff Fixation. In the early weeks affer surgery, the 
weakest links in reconstruction are the fixation sites, not graff 
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FIGURE 


^ Cross-pin fixation. 



_ Appropriate graft fixation by interférence 

screw (left) and inappropriate graft advancement by screw (right). 


tissue itself. Fixation of replacement grafts can be classified 
into direct and indirect methods. Direct fixation devices 
include interférence screws, Staples, washers, and cross pins 
(Fig. 45-115). Indirect fixation devices include polyester tape/ 
titanium button and suture-post. Significant research has 
been undertaken to détermine the stifïness and ultimate 
tensile load of these devices, which has been found to range 
from 200 to 1600 N. Each of the techniques has advantages 
and pitfalls. Interférence screw fixation is the most popular 
fixation method for bone-patellar tendon-bone grafts. 
Potential complications of the interférence screw fixation 
technique include (1) inadvertent graft advancement can 
occur unless constant tension is applied to the bone plug as 
the screw is inserted (Fig. 45-116); (2) screw lacération of the 
passing suture can occur unless at least one of the sutures is 
placed opposite the side of the bone plug that contacts the 




A f Improper passing suture position at screw- 
bone interface increases risk of suture lacération and loss of graft 
tension. B f Placement of passing suture opposite bone-screw 
interface decreases risk of suture lacération. 



Proper relationship of interférence screw to 
bone graft (left) and improper advancement of screw leading to 
potential tendon injury (right). 


screw threads (Fig. 45-117); and (3) the screw thread can 
lacerate the tendon if the tip of the screw protrudes beyond 
the end of the bone plug (Fig. 45-118). The screw must parai - 
lel the side of the bone plug and the tunnel wall. This is 
ensured by the use of a cannulated screw System over a 
guidewire inserted down the tunnel over which the screw is 
inserted. Screw divergence or lack of parallel placement of the 
screw to the bone plug can significantly affect the ultimate 
failure load. In a porcine study, screw divergence of more than 
15 degrees lowered the ultimate tensile load up to 50%. 
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Interférence screw size must be determined by the size of the 
bone plug and the tunnel. A small bone plug in a large tunnel 
requires a larger-diameter screw than a larger bone plug. 
Interférence screw fixation in ostéopénie bone may need to 
be supplemented by tying the passing sutures around a screw 
for added security. It also is possible to “explode” a tunnel in 
soft bone (most often the tibia) if the tunnel begins too near 
the tibial articular surface and the screw size is too large for 
the tunnel and bone peg. Larger-diameter screws are neces- 
sary in tibial metaphyseal bone. 

Bioabsorbable screws hâve been introduced as an alterna¬ 
tive to métal screws. With improvements made in the material 
properties and in screw design, the pull-out strength of bio¬ 
absorbable screws is comparable to that of their métal 
counterparts. 

Soft-tissue grafts can be secured to bone with soft-tissue 
interférence screws, screws and spiked washers, screws and 
fixation plates, or Staples. Studies comparing sutures, Staples, 
screws with spiked washers, and plates hâve shown that 
spiked washers and plates hâve the greatest holding power. 
Interwoven heavy suture through the soft-tissue graff can be 
tied to bony bridges or around screws or Staples. The screw 
is seated, and care is taken not to twist the washer in the soft 
tissue. The spacing and peripheral location of the spikes on 
the washer allow microcirculation to the graff. The limbs of 
the graff are sutured to each other with interrupted nonab- 
sorbable sutures. 


ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION WITH BONE- 
PATELLAR TENDON-BONE GRAFT 


TECHNIQUE 45-22 


(CLANCY, MODIFIED) 

■ A rear-entry commercial drill guide System (Acufex, Smith 
& Nephew, Memphis, TN) is used for the fémoral tunnel, 
and the bone plugs of the bone-tendon-bone composite 
free patellar tendon graft are secured in the tunnels with 
interférence screws. This technique can be used with 
entirely open or arthroscopically aided approaches. 
However, even if entirely open surgical techniques are 
used, thorough diagnostic arthroscopy is carried out. 

■ Any intraarticular pathologie condition is corrected 
with chondroplasty, meniscal repair, or partial meniscec- 
tomy, and the contents of the intercondylar notch are 
examined. 

■ Harvest of the graft and the reconstruction can be done 
through two incisions or a single incision. The necessity 
of posteromedial or postérolatéral incisions (as for menis¬ 
cal repair), previous incisional scars, or surgical preference 
influences the choice of incision placement. 

■ The single skin incision begins 8 cm superolateral to the 
patella and courses distally to cross the tibial tuberosity 
to the anteromedial tibia (Fig. 45-119A). 

■ The two separate incisions are (1) an anteromedial inci¬ 
sion beginning just médial to the superomedial border of 
the patella and paralleling the patellar tendon to 2 cm 
distal to the tibial tuberosity and (2) a latéral incision 8 to 



Modified Clancy technique. A f Single skin inci¬ 
sion. B, Anteromedial and latéral incisions. SEE TECHNIQUE 45-22. 


10 cm long, beginning at the latéral épicondyle of the 
fémur and extending proximally over the midlateral 
aspect of the iliotibial band (Fig. 45-119B). 

■ Expose the patella and patellar tendon through the plane 
of the prepatellar bursa. 

■ Measure the width of the patellar tendon. 

■ Make two parallel incisions through the full thickness of 
the tendon, 10 mm apart, from the inferior pôle of the 
patella to the attachment of the tibial tuberosity if the 
patellar tendon is at least 30 mm wide. If the patellar 
tendon is not this wide, use only the central third. 

■ Continue the parallel incisions through the aponeurosis, 
over the anterior surface of the patella from its inferior 
pôle to the quadriceps tendon insertion, and distally 
through the periosteum over the tibial tuberosity, extend¬ 
ing 2 to 3 cm inferior to the tendon insertion. The inci¬ 
sions mark the line for releasing the graft with its patellar 
and tibial tuberosity bony attachments (Fig. 45-12OA). 

■ With an oscillating saw, remove a 2- to 3-cm-long 
segment of tibial tuberosity bone by sawing along the 
previously made periosteal incisions, directing the saw 
from each side of the bone at a 45-degree angle (Fig. 
45-120B). 

■ After both sides of the tibial tuberosity bone hâve been 
sawed, release the proximal and distal bony extents with 
a 1-cm osteotome and then "pop up" and free the graft 

(Fig. 45-121). 

■ Now attend to the patellar end of the graft. 

■ Using the oscillating saw along the previously made paral¬ 
lel incisions in the anterior patellar aponeurosis, make 
parallel cuts through the outer cortex of the patella from 
the inferior pôle 20 to 25 mm. The depth of these cuts 
is crucial; too deep a eut risks osteotomy or subséquent 
fracture of the patella, and too shallow a eut risks fashion- 
ing a graft too thin for satisfactory fixation in the fémoral 
tunnel. 

■ Extend the knee fully and hâve an assistant pull the distally 
released graft superiorly while depressing the superior 
pôle of the patella to expose the inferior pôle. 
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FIGURE 


A f Release of graft with patellar and tibial tuberosity bony attachments. B f Removal of segment of tibial tuberosity. 


SEE TECHNIQUE 45-22. 



Patellar 


Tibial 



A f Free, nonvascularized, bone-tendon-bone 
graft; patellar bone is 5 mm thick, 10 mm wide, and 2 to 3 cm 
long and is connected to 10-mm-wide full-thickness patellar 
tendon attached to piece of tibial tuberosity 8 mm thick, 10 mm 
wide, and 2 to 3 cm long. B, Sutures are placed through holes in 
bony portions of graft. SEE TECHNIQUE 45-22. 


FIGURE 


Graft freed from tibial tuberosity. SEE TECH¬ 


NIQUE 45-22. 


■ With a 1-cm osteotome, release the full thickness of the 
outer cortex of the patella from inferior to superior, 
determined by the depth of the two previously made 
parallel saw cuts. Take care not to damage or to weaken 
the patellar tendon graft insertion on the bone at the 
inferior pôle of the patella. 

■ Smooth any sharp edges or corners of the bony defect in 
the patella with a rongeur or rasp to eliminate a stress 
riser effect. 

■ When it is completed, the free, nonvascularized, bone- 
tendon-bone graft should consist of a piece of patellar 


bone 5 mm thick, 10 mm wide, and 2 to 3 cm long 
connected to a 10-mm-wide, full-thickness patellar 
tendon attached to a piece of tibial tuberosity bone 8 mm 
thick, 10 mm wide, and 2 to 3 cm long (Fig. 45-122A). 

■ Size the bone-tendon-bone graft so that it passes snugly 
but easily through a 10-mm cylindrical sizer. 

■ Drill two holes through the patellar bone fragment and 
two through the tibial tuberosity bone. 

■ Place no. 5 Tevdek sutures through holes A, B, C, and D 
(Fig. 45-122B). 

■ Place the bone-tendon-bone graft in lactated Ringer 
solution with antibiotics. 

■ Explore the intercondylar notch; this can be done 
with an arthroscopically aided technique, through an 
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Intercondylar notch can be explored through 
defect in patellar tendon created by harvesting of graft. SEE 


TECHNIQUE 45-22. 


S anteromedial arthrotomy, or through the defect in the 
patellar tendon created by harvesting of the bone-tendon- 
bone graft (Fig. 45-123). 

■ Excise the fémoral and tibial stump remnants of the torn 
anterior cruciate ligament, carefully protecting the poste- 
rior cruciate ligament. 

■ Remove ail soft tissue from the latéral wall of the inter¬ 
condylar notch ail the way posteriorly to the postérolatéral 
capsule and the over-the-top site. Figure-four positioning 
of the knee (hip flexed and externally rotated, knee 
flexed, and foot on the opposite knee) may be helpful at 
this stage. 

■ Perform a notchplasty if needed, using ostéotomies, 
curets, or arthroscopic motorized burrs. 

■ A bony ridge anterior to the over-the-top site can be 
confused with the proper over-the-top location (referred 
to as "resident's ridge"). If this ridge is used as a reference 
for placement of the fémoral tunnel, the fémoral attach- 
ment site will be too far anterior. 

■ With a probe or angled curet, explore the posterior limits 
of the intercondylar notch to détermine precisely the 
drop-off point where the instrument goes over the top 
of the postérolatéral fémoral condyle (Fig. 45-124). 
Repeat this probing several times to confirm the posterior 
location. By observation of the probe or curet as it drops 
over the posterior edge of the fémoral condyle, the over- 
the-top route can be hooked with the curet or probe. 

■ Bring the tip of the curved curet back into the posterior 
intercondylar notch and create a pilot hole for the tip of 
the rear-entry guide 5 to 6 mm anterior to the drop-off 



FIGURE 


Small curet marks fémoral anatomie 


ment site. SEE TECHNIQUE 45-22. 


attach- 


point over the top of the fémoral condyle. With the 
posterosuperior apex of the intercondylar notch repre- 
senting the 12-o'clock position, this pilot hole should be 
at the 11-o'clock position in a right knee (Fig. 45-125A) 
and at the 1 -o'clock position in a left knee (Fig. 45-125B). 

■ Now direct attention to the latéral side of the knee. 

■ Make a longitudinal midlateral incision, beginning 4 to 
5 cm proximal to the patella and ending at the latéral 
fémoral épicondyle. 

■ Incise the iliotibial band longitudinally at its anterior two 
thirds/posterior one third junction, extending from the 
latéral epicondylar level proximally for 4 to 5 cm. 

■ Retract the vastus lateralis anteriorly to expose the latéral 
fémoral épicondyle and the metaphyseal cortex of the 
distal fémur. Incise the periosteum and strip it off 
the posterior fémur into the posterior intercondylar 
notch. Take care not to detach the latéral intermuscular 
septum or the posterior third of the iliotibial band from 
their important attachments to the latéral fémoral 
épicondyle. 

■ The exit site for the fémoral tunnel is 3 to 4 cm proximal 
to the latéral fémoral épicondyle (Fig. 45-126). 

■ Pass the blunt-end, curved passer through the intercon¬ 
dylar notch and pierce the postérolatéral capsule at the 
over-the-top location, just posterior to the previously 
fashioned pilot hole for the rear-entry guide. Keep the 
knee flexed during passage to minimize risk of injury to 
the popliteal structures. 

■ Insert a double-gloved fingertip through the latéral epi¬ 
condylar incision and palpate for the tip of the curved 
passer. Keep the tip of the passer against the bone at ail 
times as it is maneuvered to the gloved fingertip. Bring 
the tip of the passer through the latéral intermuscular 
septum and into view. 

■ Affix the appropriate rear-entry guide (right or left) into 
the eye of the passer (Fig. 45-127). 
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FIGURE 


Correct positioning of pilot holes for right knee (A) and left knee (B). SEE TECHNIQUE 45-22. 




FIGURE 


Rear entry guide is affixed into eye of passer. 


SEE TECHNIQUE 45-22. 


Exit site for fémoral tunnel 3 to 4 cm proximal 
to latéral fémoral épicondyle. SEE TECHNIQUE 45-22. 


■ Pull the tip of the rear-entry guide into the posterior 
intercondylar notch with the passer. As the passer is 
pulled back into the intercondylar notch, maintain a 
gentle pull on the rear-entry guide to prevent disengage- 
ment of the guide from the passer as it is pulled through 
the posterior capsule. 

■ Then remove the curved passer from the joint. 

■ View the tip of the rear-entry guide in the posterior 
intercondylar notch and engage it in the pilot hole at the 
anatomie fémoral attachment site. 


■ Insert the bullet-shaped attachment to the rear-entry 
guide and slide it down to engage the midlateral fémoral 
metaphysis 3 to 4 cm proximal to the latéral fémoral 
épicondyle. This site can be marked and a hole drilled 
through the cortex. 

■ Secure the tip of the bullet-shaped guide in the hole in 
the fémoral cortex and tighten the screw to secure the 
guide into the rear-entry guide System and then lock the 
guide (Fig. 45-128). 

■ Drill a Kirschner wire through the bullet-shaped guide 
from outside inward to enter the intercondylar notch at 
the tip of the rear-entry guide. 

■ Fashion the tibial tunnel by drilling a guide pin through 
the médial tibial condyle, entering the joint at the 
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With tip of guide engaged at anatomie site, 
and guide is locked. SEE TECHNIQUE 45-22. 


bullet is positioned so that two of three teeth engage latéral cortex 


posterior half of the tibial attachment of the anterior 
cruciate ligament. 

■ Direct the Kirschner wire at an approximately 30-degree 
angle with the tibia, beginning just médial to the tibial 
tuberosity and 25 to 30 mm below the joint surface. The 
guidewire can be inserted by a commercial drill guide 
System or with freehand technique. 

■ Advance the Kirschner wire 2 to 3 mm into the intercon- 
dylar notch to be sure it clears the posterior cruciate liga¬ 
ment and does not encroach on the latéral edge of the 
notch. Advancement of the Kirschner wire farther into 
the intercondylar notch should bring the tip of the wire 
near the tip of the fémoral guide pin, ensuring a straight- 
line course of the graft through each tunnel and through 
the notch. 

■ Extend the knee fully and observe the tibial guide pin 
to ensure adéquate clearance between the graft and 
the roof of the notch. Redirect the tibial guide pin if 
necessary. 

■ Remove the fémoral and tibial guide pins, pass a wire or 
strong suture through the drill holes, attach an isometer 
or tensiometer, and carry the knee through a range of 
motion. Excursion or length change of 2 mm or less 
indicates acceptable isométrie sites of the fémoral and 
tibial tunnels. If the length changes more than 2 mm, 
adjust the tunnel sites by drilling different guide pins into 
the notch and retesting. 

■Once isométrie sites hâve been confirmed, ream 10-mm 
tunnels over the guide pins. 

■ Smooth each internai and external tunnel aperture with 
chamfering rasps. 

■ Pass a suture passer from proximal to distal through the 
fémoral tunnel, the intercondylar notch, and the tibial 
tunnel. 

■ Place the sutures through the patellar-bone component 
of the graft and through the suture passer and pull the 
sutures and graft through the tibial tunnel, the 


intercondylar notch, and the fémoral tunnel. If the tunnels 
hâve been fashioned in a straight line, the graft should 
pass easily. Tying the proximal suture tightly over a notch 
in the leading end of the patellar bone plug guides the 
plug directly into the fémoral tunnel. 

■ Position the bone-tendon junction of the graft at the 
internai aperture of the fémoral tunnel; marking the 
bone-tendon junction with a colored suture or marking 
pen before graft insertion makes accurate positioning 
possible. The bone plug should not be placed too far into 
the tunnel to avoid exposure of the tendinous part of the 
graft to potential attrition on the tunnel edge (Fig. 
45-129); the bone plug also should not protrude from 
the tunnel's internai aperture. 

■ Once the graft has been properly positioned in the tunnel, 
insert an appropriate-size Kirschner wire down the 
fémoral tunnel parallel with the bone plug. 

■ Insert a cannulated interférence screw over the guide pin. 

■ While holding tension on the sutures in the distal end of 
the graft, move the knee through several ranges of 
motion. 

■ Then secure the distal bone plug in the tibial tunnel with 
an interférence screw while the knee is held in full exten¬ 
sion and moderate tension is maintained on the graft by 
way of the previously placed sutures. 

■ Carefully probe the secured graft to confirm proper 
tension and to ensure that neither interférence screw 
exits at the internai apertures of either tunnel and that 
articular fragments of bone and cartilage hâve not been 
pulled into the joint. 

■ Thoroughly lavage the joint and close the incisions in a 
standard manner. 

■ Others hâve preferred an over-the-top route for the 
fémoral attachment. 

■ Harvest the graft as previously described and thin the 
piece of patellar bone with a dental bur so that it is 
malléable. 




CHAPTER 45 KNEE INJURIES 



Incorrect (A) and correct (B) positioning of graft. Bone plug should not be too far into tunnel to avoid wear on 
tendinous part of graft. SEE TECHNIQUE 45-22. 


■ With osteotomes and curved rasps, fashion a deep slot 
or trough in the over-the-top location and into the pos- 
terior intercondylar notch. 

■ Pull the proximal end of the composite graft through the 
postérolatéral capsule and wrap it around the latéral 
fémoral condyle in the previously fashioned trough. 

■ Secure the patellar bone in the trough with a table staple, 
screws, or bone block sutures tied around the shank of a 
screw as an anchoring post. 

See also Videos 45-1 and 45-5. 


Macintosh, Marshall, Eriksson, and Müller described similar 
procedures for reconstruction of the anterior cruciate liga¬ 
ment using a portion of the patellar tendon with its distal 
attachment to the tibial tuberosity leff intact. Various surgeons 
hâve used the médial, central, or latéral third of the tendon 
with a sliver of patellar bone or tubed prepatellar periosteum 
and sometimes a portion of the quadriceps tendon. The most 
obvious advantage of this technique was the élimination of 
the need to anchor the graft distally. Unfortunately, in most 
knees, the patellar tendon-bone construct has insufftcient 
length to allow the patellar bone to be placed in the fémoral 
tunnel or in a trough in the over-the-top technique. The 
undesirable conséquence of this length discrepancy is that the 
patellar bone or the relatively weak tubed prepatellar perios¬ 
teum becomes the portion of the graft that traverses the joint. 
With the success of free bone-patellar tendon-bone graffs 
for anterior cruciate reconstruction, the Marshall-Macintosh 
technique and its modifications hâve waned in popularity. A 
modification of the technique is still used for anterior cruciate 
ligament reconstructions in patients with skeletally immature 
knees. In this operation, which has been called the “tomato 
stick” procedure, a trough is made in the proximal tibial 
epiphysis that extends to the tibial attachment site of the 
anterior cruciate ligament. Création of the trough éliminâtes 
the need for a tunnel that passes across the physis and pos- 
sibly results in a growth arrest. The graft passes over the top 
of the latéral fémoral condyle, where it is anchored to the 
bone, avoiding the distal fémoral physis. 

Marshall modified the Macintosh technique by using the 
central third rather than the latéral third of the patellar 


tendon, with the option of attaching the proximal end over 
the top or through a fémoral tunnel. We do not recommend 
this technique because the weakest part of the replacement 
graft, the tubed prepatellar aponeurosis, is the part that tra¬ 
verses the joint and ultimately must become the anterior 
cruciate ligament replacement. This graft source has only 15% 
to 20% of the initial strength of the normal anterior cruciate 
ligament. 

I RECONSTRUCTION WITH HAMSTRING TENDONS 

The use of hamstring tendon graffs for anterior cruciate liga¬ 
ment reconstructions has increased in popularity. Initially, 
the semitendinosus tendon and gracilis tendon were used 
together as two single strands. Their initial combined strength 
according to Noyés research exceeded that of the anterior 
cruciate ligament. The tendons could be released proximally 
and leff attached to the tibia, allowing a firm site of anchorage 
distally. Otherwise, they could be released both proximally 
and distally and used as a free graft. The tendons can be 
released proximally by using a commercially available tendon 
stripper or by making a second, more proximal incision. 

Surgeons more recently hâve chosen to fold the semiten¬ 
dinosus and gracilis tendons on themselves, creating four 
strands and theoretically doubling the strength of the graft 
construct. Others hâve chosen to use only the semitendinosus 
tendon, folding it on itself to create either three or four 
strands. 


ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION WITH 
HAMSTRINGS (WITH PROXIMAL 
RELEASE OF HAMSTRINGS) 


TECHNIQUE 45-23 


■ Make a médial parapatellar incision beginning just above 
the level of the superior pôle of the patella and extending 
approximately 8 cm distal to the joint line near the tibial 
insertion of the pes anserinus tendon. 

■ Perform an anteromedial arthrotomy and treat any 
intraarticular abnormalities, such as a torn meniscus. 
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■ Identify the semitendinosus tendon at the posteromedial 
part of the pes anserinus (this tendon is the lowermost 
component of the pes anserinus). The gracilis tendon is 
just proximal to the semitendinosus tendon. The insertion 
of the semitendinosus can be identified by its Y-shaped 
insertion onto the anteromedial tibia and the tibial crest, 
frequently blending into the fascia of the calf. Take care 
to avoid injury to the sartorial branch of the saphenous 
nerve into the saphenous vein. 

■ Release the proximal portion of the semitendinosus and 
gracilis tendons and the surrounding fascia from the 
musculotendinous junction, using either blunt or sharp 
dissection or a tendon stripper. If a tendon stripper is 
used, release ail the fascial attachments to allow smooth 
passage of the tendon stripper. Without this step, the 
stripper may transect the tendons prematurely, resulting 
in an excessively short graft. 

■ After release of the tendons, allow the muscle bellies to 
retract. 

■ Deliver both tendons through the distal portion of the 
médial parapatellar incision with their tibial insertions 
remaining intact. 

■ If a tendon remains attached distally, be sure to free the 
tendons completely from their bony insertion sites on the 
tibia. Otherwise, some creeping can occur at the tibial 
side after the tendons hâve been passed through the 
knee and tensioned. 

■ Free the tendons from any remaining muscle tissue and 
suture the tendons to each other under tension with a 
2-0 absorbable suture. 

■ Weave a Bunnell stitch of no. 2 nonabsorbable material 
into the free tendon ends. 

■ Wrap the tendons deep to the remaining sartorius tendon 
to the anteromedial flare of the tibia 3.5 to 4.0 cm below 
the joint line. 

■ Insert a guide pin at this location and direct it proximally 
and medially to enter the joint area of the normal tibial 
attachment of the anterior cruciate ligament (Fig. 45-130). 

■ Use a cannulated reamer to create a 5-mm tunnel in the 
tibial condyle over the guide pin. 

■ Bring the tendons of the semitendinosus and gracilis 
through the tunnel into the interior of the joint. 

■ If a free tendon graft is preferred, dissect the tendons at 
their tibial attachments with care. Between 1 and 2 cm 
of additional length can be harvested, including the 
periosteum of the tibial crest where the tendons insert. 

■ Weave a Bunnell stitch of no. 2 nonabsorbable material 
into the free tendon ends of ail four strands. 

■ Place the tendons on a commercially available tensioning 
board so that ail four strands can be placed under equal 
tension. 

■ Suture the strands together with a 2-0 absorbable suture. 

■ Measure the diameter of this construct. The tibial drill 
hole should be of the same diameter as that of the 
hamstring construct. Most constructs are between 7 and 
8 mm in diameter when doubled on themselves. Research 
at our institution has indicated that the fixation of the 
tibial tunnel is improved if the tibial tunnel is reamed to 
2 mm smaller than the diameter of the construct and 
then dilated to the appropriate size. Initially, ream the 
external tibial cortex to the appropriate diameter of the 



UjJ Anterior cruciate ligament (ACL) reconstruc¬ 
tion with hamstrings. Lines AA'and BB / coïncide with anatomie 
center of normal ACL. SEE TECHNIQUE 45-23. 


construct and then ream the medullary canal 2 mm 
smaller to facilitate passing the dilators through the 
external tibial cortex. 

■ The fémoral fixation can be achieved either with a second 
latéral skin incision and rear-entry technique or with a 
transtibial fémoral guide System and a single-incision 
technique. 

■ If the two-incision technique is chosen, make a latéral 
skin incision longitudinally in the région of the latéral 
fémoral épicondyle. 

■ Split the fascia lata in line with the skin incision, reflecting 
the vastus lateralis anteriorly off the latéral intermuscular 
septum. 

■ Expose the latéral fémoral epicondylar area. 

■ Direct a guide pin from without inward to emerge in the 
intercondylar notch near the normal fémoral attachment 
of the anterior cruciate ligament. Various commercial 
guides are available to aid in placement of this guide pin. 

■ Once satisfactory placement of the guide pin has been 
achieved, create a tunnel in the latéral fémoral condyle 
with a cannulated reamer. 

■ Pull the hamstring tendons through the tunnel in the 
latéral fémoral condyle. When the tendons are of suffi- 
cient length, secure them with multiple sutures or a staple 
in the latéral fémoral epicondylar area. 

■ If the tendons are not long enough to reach the surface 
of the tunnel, drill a second hole obliquely into the tunnel 
and pass one end of the Bunnell suture through this hole 
with a suture passer and tie the two sutures over the 
bridge of bone in the latéral fémoral epicondylar area. 

■ Alternative^, the ends of the Bunnell suture can be tied 
around the shank of a screw in the screw post technique. 
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■ Close the fascia lata, the latéral skin incision, and the 
anteromedial arthrotomy. 

■ If the transtibial fémoral tunnel is chosen, use of com- 
mercially available guides can assist in the placement of 
the guide pin in the roof of the intercondylar notch. 

■ Place the knee between 70 and 90 degrees of flexion and 
pass a Beath pin through the fémur and then out through 
the antérolatéral thigh. 

■ Ream with a cannulated acorn-type reamer, which mini- 
mizes injury to the posterior cruciate ligament. 

■The position of the fémoral tunnel should leave 1.5 to 
2.0 mm of posterior wall to prevent posterior blowout. 
The fémoral tunnel should be at the 1- to 2-o'clock 
position on the left knee and the 10- or 11-o'clock posi¬ 
tion on the right knee. The depth of the tunnel should 
be at least 2 cm, and the diameter of the tunnel should 
correspond to the diameter of the graft. Because the 
bone of the distal fémur is denser than the tibial metaphy- 
sis, dilating the fémoral tunnel probably is unnecessary. 

■ Mark the hamstring construct with indelible ink 2 cm 
from the tip to confirm that adéquate tissue has been 
passed into the fémoral tunnel. 

■ Secure the construct on the fémoral side with either an 
interférence screw or EndoButton (Smith and Nephew, 
Memphis, TN) or transfixion pin. 

■ On the tibial side, choose an interférence screw that is at 
least 1 mm larger than the diameter of the tunnel and 
graft. Research also has indicated that placement of the 
interférence screw near the subchondral surface of the 
tibia minimizes pistoning of the graft as well as creep. 
However, maintaining contact between the interférence 
screw and the external tibial cortex provides better initial 
fixation of the graft. Screws hâve been designed to 
achieve the desired length, and Systems hâve been 
created that allow fixation both proximally and distally 
(Fig. 45-131). 

See also Video 45-6. 

POSTOPERATIVE CARE. The knee is placed in a con- 
trolled motion brace locked in full extension. Protected 
range-of-motion exercises are begun immediately. 


I COMBINED ANTERIOR CRUCIATE LIGAMENT 
INSTABILITES 

Although a number of authors hâve recommended recon¬ 
struction of only the primary restraint (the anterior cruciate 
ligament), ignoring the deficiencies in the secondary capsular 
restraints, we reconstruct only the anterior cruciate ligament 
in patients with only mild or moderate (1+ to 2+) rotary 
instability under anesthésia. We hâve added capsular reefing 
(posterior oblique reconstruction) and extraarticular substi¬ 
tution techniques (e.g., iliotibial band tenodesis) in patients 
with severe (3+ or 4+) rotary instability. 

I SYNTHETIC MATERIALS FOR LIGAMENT 
RECONSTRUCTION 

Interest in the use of artificial ligaments for treatment of 
symptomatic knees with anterior cruciate ligament deficiency 



FIGURE 


^ Two-screw fixation of hamstring graft in tibial 


tunnel. SEE TECHNIQUE 45-23. 


remains despite disappointing early clinical results. Artificial 
ligaments offer a number of theoretical advantages compared 
with reconstruction by use of autogenous tissues—no autog- 
enous tissues are sacrificed, and the increased morbidity 
associated with the harvest of autogenous tissues is avoided. 
If autogenous tissues hâve been used in a failed reconstruc¬ 
tion or if they are unacceptable, the use of a readily available 
synthetic device is appealing. Artificial ligaments generally 
permit a simpler and easier reconstructive technique 
(frequently arthroscopic), and they allow a more rapid réha¬ 
bilitation because they do not become weak during tissue 
revascularization and reorganization. Although there has 
been a rapid development of new materials and surgical 
techniques for artificial ligament implantation, the long-term 
effects of these devices are not yet known. 

Artificial ligaments function in one of three ways: (1) as 
a prosthetic ligament, that is, the prosthesis is implanted as a 
permanent replacement for the normal ligament; (2) as a 
stent temporarily protecting or augmenting an autogenous 
graft; or (3) as a scaffold providing support for and stimulât - 
ing the ingrowth of collagen tissue. Several materials hâve 
been found to be biocompatible and to hâve adéquate strength 
to serve as permanent prosthetic ligaments. Many hâve failed, 
however, because they do not hâve the functional, physiologie, 
and biomechanical characteristics of the normal anterior 
cruciate ligament. No long-term studies of the artificial liga¬ 
ments currently used support their routine use. At présent, it 
is prudent to use them cautiously and to reserve them for 
salvage procedures when autogenous graffing and recon¬ 
structive procedures hâve failed. 

Scaffolds typically hâve an open-weave structure that 
promotes the ingrowth of fibrous tissue. Initially, they are 
biomechanically inferior to permanent prostheses, but their 
strength increases with the ingrowth of host collagenous 
tissue. Although these synthetic ligaments hâve not been used 
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widely in the United States, one of them, the Leeds-Keio 
prosthesis, has become popular elsewhere. It is composed of 
polyester with an open-weave tube to promote fibrous 
ingrowth. There is conflicting evidence regarding the quality 
of host tissue ingrowth into the Leeds-Keio prosthesis. Most 
reports hâve indicated unsatisfactory results and suggested 
that the Leeds-Keio artificial ligament is not an effective 
device for reconstruction of the anterior cruciate ligament. 

i ALLOGRAFT LIGAMENT REPLACEMENT 

The idéal ligament replacement should be readily available; it 
should be of sufhcient length and diameter; it should hâve 
biomechanical properties similar to the ligament it replaces; 
it should not disturb normal structures; and it should retain 
or develop a vascular supply. Although autogenous tissues 
currently are the most commonly used graffs for reconstruc¬ 
tion of the cruciate ligament, these transfers sacrifice a normal 
musculotendinous structure in an already déficient knee, 
adding to the functional disturbance. Extensive surgical 
exposure, long tourniquet times, and prolonged réhabilita¬ 
tion are other disadvantages of these techniques. 

Because collagen allograffs appear capable of fulfilling 
many of the requirements for an idéal ligament substitute, 
free allograffs for ligament reconstruction hâve received 
growing attention during the past 15 years. Researchers hâve 
focused on the basic science of allograffs and on early clinical 
results. Autograffs and allograffs both go through four stages 
affer transplantation: necrosis, revascularization, cellular 
prolifération, and remodeling. Affer incorporation, however, 
neither autograff nor allograff tendons hâve been demon- 
strated to return to their original strength. Most reports show 
30% to 40% ultimate load strengths. Because of this consistent 
réduction in strength, most surgeons prefer to use graffs or 
combinations of graffs that begin with more than 100% of 
anterior cruciate ligament strength, which should resuit in 
sufhcient strength affer incorporation. 

Early spéculation that graffs could be transplanted with 
viable cells, allowing better graff incorporation, has proved 
incorrect. Unfortunately, even préservation of a vascular 
pedicle does not appear to provide any clinical beneht over 
avascular graffs. Maintaining vascular supply to primate and 
human patellar tendon autograffs has not been shown to 
resuit in any clinically signihcant improvement. 

During remodeling, autograff and allograff tendons both 
undergo conversion from large-diameter hbers to smaller 
hbers. Studies hâve indicated varying time frames for this 
conversion process; some indicate a similar time period for 
both tissues, and others show a delay in allograffs. 

Reports on the immunogenic properties of collagen 
allograffs hâve been contradictory. Minami et al. studied 
collagen allograffs affer various treatment regimens both in 
vivo and in vitro. They found no evidence of cytotoxicity, no 
histologie signs of rejection, and no activity with antisera 
from collagen allograffs pretreated by freezing and thawing. 
They also showed that the immunoreactivity of the allograff 
depended solely on the cellular component of the graff; they 
concluded that the freezing and thawing treatment effectively 
neutralized the immunologie antigens by killing the tendon 
cells. Sterilization and préservation techniques hâve been 
shown to affect immunologie response. Freeze-drying reduces 
the response more than fresh freezing does, although cryo- 
preservation techniques that preserve cellularity still evoke an 


immunologie response. This seems to support the hypothesis 
that immune response is directed toward the cellular compo- 
nents within allograffs rather than to the antigens of the 
collagen scaffold. 

Other investigators hâve demonstrated elevated antibody 
titers predominantly in the joint rather than systemically affer 
anterior cruciate ligament reconstruction with a fresh frozen 
patellar tendon allograff. This finding raises concern for the 
potential for graff-versus-host reactions, which may account 
for the relative delay in the incorporation of allograffs com- 
pared with autograffs. 

The cited advantages of allograffs over autograffs—no 
donor site morbidity, shorter operative times, smaller inci¬ 
sions, and greater availability—hâve been somewhat over- 
shadowed by the risk of disease transmission, with reports of 
serious infection associated with allograffs heightening these 
concerns. According to a report from the American Associa¬ 
tion of Tissue Banks (AATB) using data from 2003 and 2004, 
192 suspected allograff-related infections were reported, 42% 
of which involved soff-tissue graffs and 37% involving bone 
graffs. Orthopaedic sports medicine procedures were involved 
in 59% of these infections. A major concern in use of allograff 
transplantation for ligament reconstruction remains the pos- 
sibility of transmission of hepatitis or acquired immunodeh- 
ciency syndrome. Lochemes et al. demonstrated active viral 
réplication in cells infected with human immunodeficiency 
virus 1 affer exposure to 2.5 Mrad of gamma irradiation, the 
maximal dosage that can be used without destroying the 
clinical usefulness of the allograff. Even though the donor 
may not demonstrate détectable antibodies to these viruses, 
a certain “window of vulnerability” exists between the time 
the patient may hâve contracted the virus and the production 
of measurable antibodies, which may be as long as several 
months. Emerging pathogens, such as West Nile virus, severe 
acute respiratory syndrome (SARS), coronavirus, and prion 
disease, also hâve become a concern in the use of allograffs. 

The risks of disease transmission are small, however, 
when the allograff is obtained with stérile technique and 
disinfection and secondary sterilization procedures are 
carried out. 

The use of ethylene oxide for sterilization has been ques- 
tioned because of the residual of ethylene glycol remaining in 
the sterilized tissues, which has been cited as a cause of some 
stérile effusions in late failures. Freeze-drying of the allograff 
does not appear to significantly alter the mechanical proper¬ 
ties compared with deep-freezing, but clinical reports reveal 
frequent late failures of freeze-dried allograff tissues. Gamma 
irradiation of the allograffs with up to 2 Mrad has been shown 
not to significantly affect the initial mechanical properties of 
the allograff tissue, but effects are signihcant affer use of 3 
Mrad. Electron-beam radiation has been used for steriliza¬ 
tion of soff-tissue graffs because of its lower penetrability 
compared with gamma irradiation and higher processing 
speed—seconds, compared with hours for gamma irradia¬ 
tion. Currently, the most commonly used method of steriliza¬ 
tion probably is a combination of lower doses of irradiation 
(1 to 3.5 Mrad) and other processing techniques, such as 
antibiotic soaks (Table 45-3). Several companies hâve propri- 
etary processes for sterilization that each daims provides a 
disease-free graff. 

The superiority of autograff or allograff for anterior cruci¬ 
ate ligament reconstruction remains a matter of controversy. 
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_ TABLE 45-3 

Process of Allograft Procurement, Sterilization, 
and Storage 


DONOR SCREENING 

PRECLUDED BY HISTORY OF: 

■ Autoimmune disease 

■ Ingestion or exposure to toxic 
substances 

■ Rheumatoid arthritis 

■ Systemic lupus erythematosus 

■ Polyarteritis nodosa 

■ Sarcoidosis 

■ Clinically significant bone disease 

BLOOD TESTING MUST BE NEGATIVE FOR: 

■ Antibodies to HIV 

■ Nucleic acid test (NAT) for HIV-1 

■ Hepatitis B surface antigen 

■ Total antibody to hepatitis B core 
antigen 

■ Antibodies to hepatitis C virus 
(HCV) 

■ NAT for HCV 

■ Antibodies to human 

T-lymphotropic virus 

■ Syphilis 

TISSUE HARVEST 

Within 24 hours of death if body 
cooled 

Within 15 hours of death if body not 
cooled 

Aseptie technique 

Tissue cultured before processing 

DISINFECTION: 
REMOVAL OF 
CONTAMINANTS 

Antibiotic soaks 

SECONDARY 
STERILIZATION: 
DESTRUCTION OF ALL 
LIFE FORMS 

Ethyl oxide, other Chemical sterilants 
Gamma/electron-beam irradiation 
Proprietary protocols (i.e., Allowash, 
BioClense, Clearant) 

STORAGE 

Fresh allograft (use within 24 days) 
Fresh freezing (3-5 years) 

Cryo préservât ion (up to 10 years) 
Lyophilization (3-5 years at room 
température) 

A systematic review 

of the literature that included 31 studies 


found that the percentage of patients receiving a final IKDC 
score of “A” (normal knee) was statistically higher for allograffs 
(44%) than for autograffs (28%); however, the graff failure 
rate was 8.2 per 100 reconstructions for allograft compared 
with 4.7 for autograffs, with a slightly higher complication 
rate for allograffs. The authors concluded that, from currently 
available data, the graff source has a minimal effect on 
the outcomes of anterior cruciate ligament reconstruction. 
Although a number of reports hâve documented good results 
with allograft reconstructions, worse outcomes hâve been 
reported with the use of anterior tibial tendon allograffs 
in young, active patients. Singhal et al. reported an overall 
reoperation rate of 38% affer primary anterior cruciate liga¬ 
ment reconstruction with anterior tibial tendon allograffs in 


125 young patients (<25 years of âge); the failure rate in 
patients younger than 25 years was 55% compared with 24% 
in those older than 25 years. The MO ON study also demon- 
strated that failure of anterior cruciate ligament reconstruc¬ 
tion was more frequent in young athlètes when allograffs 
were used. 

■ REHABILITATION AFTER ANTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION 

The goal of réhabilitation affer anterior cruciate ligament 
surgery is to restore normal joint motion and strength while 
protecting the ligament graff. Appropriate réhabilitation is 
crucial to the success of anterior cruciate ligament recon¬ 
struction. Some stress to the graff is désirable for healing and 
remodeling but should not be excessive and disruptive. 
Current evidence indicates that intensive réhabilitation can 
help prevent early arthrofibrosis and restore strength and 
function earlier. Perhaps the most important step is the early 
restoration of full extension. Knee immobilization in a fully 
extended brace is started immediately affer surgery to prevent 
development of a flexion contracture. We emphasize active 
and passive knee extension with the head elevated and the 
knee supported posteriorly. Cold therapy with ice bags is used 
liberally, although its efficacy in decreasing hospital stay and 
limb swelling and in increasing knee range of motion has not 
been demonstrated. Commercial cold therapy units rarely are 
used because of the expense. We aggressively pursue a full 
range of knee flexion, actively and passively. Continuous 
passive motion machines are not used routinely except in 
knees treated for arthrofibrosis. The literature does not 
support any added benefit with the use of these machines. 

Affer surgery, the thigh muscles atrophy quickly. Studies 
revealed that maximal thigh atrophy was recorded 6 weeks 
affer surgery. The contralatéral thigh girth différence was a 
mean of 4.2 cm. A tourniquet applied intraoperatively for 
anterior cruciate ligament reconstructions with autogenous 
bone-patellar tendon-bone graffs decreased the quadriceps 
strength recovery at 12 weeks affer surgery. However, at 52 
weeks there was no significant différence in thigh girth and 
quadriceps strength recovery compared with a control group 
in which a tourniquet was not used. 

Some investigators hâve suggested that quadriceps 
strength recovery is less for patients with patellar tendon 
graffs compared with hamstring graffs because of insult to 
the extensor mechanism. However, Carter and Edinger 
compared the hamstring and quadriceps isokinetic results 
6 months postoperatively in 106 patients randomly allocated 
to anterior cruciate ligament reconstruction with either 
autogenous patellar tendon or hamstring tendons. They 
found no statistically significant différences in knee extension 
or flexion strength in evaluating the different tissue sources. 
In addition, most patients had not achieved adéquate strength 
to participate safely in unlimited activities at 6 months 
postoperatively. 

Electrical muscle stimulation does not significantly 
decrease muscle atrophy in patients affer anterior cruciate 
ligament surgery, nor does it hâve any long-term strengthen- 
ing effect. We use electrical stimulation sparingly for muscle 
rééducation if the patient has a poor quadriceps set. The 
early emphasis of strengthening is on the hamstrings, which 
function in concert with the anterior cruciate ligament 
to prevent anterior translation of the tibia. Also, their 
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strengthening does not stress the graft. Early quadriceps 
strengthening concentrâtes on quadriceps sets and straight- 
leg raises. Certain resisted quadriceps exercises are worri- 
some because they put some strain on the anterior cruciate 
ligament, especially in the last few degrees of extension of the 
knee if the limb is not bearing weight, so-called open chain 
exercises. In an effort to protect the anterior cruciate liga¬ 
ment graft during quadriceps exercises, it has been suggested 
that the patient stand instead. The knee joint is thus loaded 
axially during motion, and perhaps the contours of the joint 
help stabilize the knee and protect the graft, so-called closed 
chain exercises. In a prospective randomized study of open 
and closed kinetic chain exercises during accelerated réha¬ 
bilitation after anterior cruciate ligament reconstruction, 
the closed kinetic chain group had lower mean KT-1000 
arthrometer side-to-side différences and less patellofemoral 
pain. Furthermore, patients generally were more satisfied 
with the end resuit and more often thought they returned to 
normal daily activities and sports sooner than expected. It is 
not known whether strains induced by réhabilitation exer¬ 
cises always hâve négative effects on grafts, causing them to 
stretch, or if some strain actually is necessary to stimulate 
remodeling of the graft. 

After isolated anterior cruciate ligament reconstruction, 
partial weight bearing with crutches is allowed immediately. 
A straight-leg brace is worn to support the weakened quad¬ 
riceps. Certain types of concurrent meniscal repairs or articu- 
lar cartilage procedures may dictate a different weight-bearing 
status. Crutches usually are discontinued by 3 to 4 weeks 
postoperatively. 

Proprioceptive training also is instituted in the first 2 
weeks. Risberg and Holm found that the outcomes of a 
6-month neuromuscular exercise training program and a 
traditional strength exercise training program were not sig- 
nificantly different at 2 years after anterior cruciate ligament 
reconstruction; however, knee function and pain réduction 
were better in those with neuromuscular training while 
hamstring muscle strength was significantly better in those 
with strength training, leading the authors to recommend a 
postoperative program that combines neuromuscular and 
strength training. Return to full activity requires 80% return 
of thigh strength and the ability to perform sport-spécifie 
agility duties. We also usually delay return to sports for at 
least 6 months after surgery to allow maturation of the graft. 
Animal studies suggest that the graft should be spared signifi- 
cant loads for 6 to 12 months. A functional knee brace after 
anterior cruciate ligament surgery sometimes is used for 
collision sports, although no data support this practice. The 
réhabilitation protocol for anterior cruciate ligament recon¬ 
struction is outlined in Chapter 51. 

In the current économie climate, more frequent use of 
home-based réhabilitation programs has been suggested to 
minimize costs, and several studies hâve reported them to be 
equally effective. In a comparison of home-based (four phys- 
ical therapy sessions) and physical therapy-supervised (17 
physical therapy sessions) patients, Grant and Mohtadi 
reported that the home-based group had a significantly 
higher mean score on the anterior cruciate ligament quality 
of life (ACL QOL) questionnaire, with no significant différ¬ 
ences in secondary outcomes measures such as range of 
motion and strength. However, ail of these patients were 
recreational athlètes, not high-level compétitive athlètes. 


■ RESULTS OF ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION 

The goals of ligament surgery are to restore normal joint 
motion, to return the patient to full function, and to prevent 
secondary injury and joint arthrosis. As with ail treatment 
évaluations, the results of the treatment must be compared 
with the natural history of the disease process and with other 
treatment methods. Although the scientific quality of the 
studies reporting results of anterior cruciate ligament recon¬ 
struction has improved, serious deficiencies remain. As previ- 
ously discussed, the full natural history of an anterior cruciate 
ligament-injuredknee is still unknown. Furthermore, current 
studies are flawed by various forms of bias. Détection bias 
results from the use of different scoring Systems to report 
results and from subjective définitions of success. Studies that 
include patients with different associated injuries and conse- 
quently different prognoses create a susceptibility bias. Studies 
that include different surgeons, different techniques, and 
different réhabilitation protocols introduce performance bias. 
Finally, transfer bias occurs when unknown subsets of patients 
are lost to follow-up, creating a false impression by focusing 
only on patients who are available. With these limitations in 
mind, most current studies report a 90% to 95% success rate 
in restoring stability as defined by a KT-1000 side-to-side 
différence of 3 mm or less. The results are équivalent for 
single-incision and two-incision anterior cruciate ligament 
reconstructions with autogenous patellar tendon and with 
hamstring tendons. Furthermore, the results reported with 
use of patellar tendon and hamstring tendons are comparable. 
Comparisons of the outcomes of anterior cruciate ligament 
reconstruction with quadruple-stranded autograff hamstring 
tendon and autograff central-third patellar tendon hâve 
found that ligament stability, range of motion, and general 
symptoms are basically the same in both groups. 

Several meta-analyses comparing patellar tendon and 
hamstring tendon autograff anterior cruciate ligament recon¬ 
struction showed that the frequency of instability is not sig¬ 
nificantly different between the two techniques. However, 
bone-patellar tendon-bone graffing was shown to be more 
likely to resuit in reconstructions with normal Lachman 
score, normal pivot shiff, KT-1000 manual maximal side-to- 
side différence of less than 3 mm, and less flexion loss. In 
contrast, hamstring grafts had a reduced incidence of patel¬ 
lofemoral crepitance, kneeling pain, and extension loss. More 
recent studies hâve noted no significant différences in out¬ 
comes related to graft choice. Holm et al. found that the 
choice of a hamstring or patellar tendon-bone autograff had 
minimal effect on the prevalence of osteoarthritis at 10 years 
after surgery. In a randomized trial comparing hamstring and 
patellar tendon autograff s, objective, subjective, and func¬ 
tional outcomes were similar 2 years after surgery. The choice 
of graft should be individualized, and the graft type may not 
be the primary déterminant for successful outcomes after 
anterior cruciate ligament surgery. 

Most of these studies are short-term reports and are not 
indicative of the natural history of anterior cruciate ligament 
reconstruction. The ultimate goals of reconstruction are to 
allow the patient to return to an active lifestyle and to prevent 
reinjury and the development of arthritis. In a cohort of 6576 
active-duty army personnel who had been hospitalized for 
an anterior cruciate ligament injury, the rate of reoperation 
was significantly lower among the anterior cruciate ligament 
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reconstruction group at 9 years after surgery compared with 
those treated nonoperatively. Proportional hazard régression 
analyses adjusted for âge, sex, race, marital status, éducation, 
and physical activity level confirmed that anterior cruciate 
ligament reconstruction was protective against meniscal and 
cartilage reinjury. A controlled laboratory study using MRI 
and dual orthogonal fluoroscopie imaging techniques deter- 
mined that anterior cruciate ligament injury caused a signifi- 
cant élongation of the fiber bundles of the superficial and 
deep médial collateral ligament at every flexion angle, whereas 
the latéral collateral ligament fiber bundles shortened. These 
alterations in the collateral ligaments demonstrate that 
abnormal tibiofemoral joint kinematics after anterior cruciate 
ligament injury disrupts normal joint function. 

In one of the earliest attempts to examine the natural 
history of anterior cruciate ligament-reconstructed knees, 
Daniel et al. observed for 64 months 292 patients who had 
an acute traumatic hemarthrosis. The patients were divided 
into four groups: I, early stable, no reconstruction; II, early 
unstable, no reconstruction; III, early reconstruction; and IV, 
late reconstruction. Ail patients were evaluated for joint 
arthrosis by radiographs and bone scans. Patients with recon- 
structed ligaments had a higher level of arthrosis, and Daniel 
et al. speculated that although objective stability was achieved, 
the function of the anterior cruciate ligament had not been 
completely restored. The patients were given a knee that was 
stable enough to résumé sports activities but perhaps not 
normal enough to prevent slowly progressive détérioration. 
In essence, they had been given a “license to abuse the knee.” 
Long-term follow-up (average 14 years) of 502 patients with 
anterior cruciate ligament reconstruction found that the loss 
of 3 to 5 degrees of knee extension, including loss of hyper¬ 
extension, adversely affected subjective and objective out- 
comes, especially in patients with meniscectomy or articular 
cartilage damage. Kessler et al. reported a 94-patient matched- 
pair study comparing the postoperative function and osteo- 
arthritis development in patients with isolated anterior 
cruciate ligament ruptures treated with reconstructive surgery 
(47) to those treated conservatively (47). No additional 
lésions, extraarticular or intraarticular, were included in the 
study. At a mean 11.4-year follow-up, clinical and radio¬ 
graphie évaluations and Tegner and IKDC scoring were done; 
the degree of osteoarthritis was classified by the Kellgren- 
Lawrence scale. Significantly higher postoperative IKDC 
scores were found in the reconstructed group, but 42% 
of patients in that group developed definite osteoarthritis 
(grade II or more) compared with 25% in the conservative 
treatment group. A controlled laboratory study of seven 
knees with anterior cruciate ligament reconstruction showed 
that although anterior laxity was restored during KT-1000 
arthrometer testing, reconstruction did not restore normal 
knee kinematics under weight-bearing loading conditions. 

■ COMPLICATIONS OF ANTERIOR CRUCIATE 
LIGAMENT SURGERY 

Complications of anterior cruciate ligament surgery can be 
caused by preoperative, intraoperative, and postoperative 
factors. Preoperative factors include appropriate timing of 
surgery, adéquate preoperative conditioning and strengthen- 
ing, and graff and fixation choices. Although each of these 
has been debated, current opinion generally holds that early 
reconstruction is préférable for early return to sporting 



Frequent cause of failure of anterior cruciate 
ligament reconstruction is incorrect placement of tunnels for 
graft fixation. In this patient, tibial tunnel was placed too far 
anterior, resulting in graft stretching and knee laxity. 


activities, better clinical and laxity testing results, and 
decreased risk of late osteoarthritic changes. Preoperative 
criteria for successful anterior cruciate ligament reconstruc¬ 
tion include minimal or no swelling, leg control, and full 
range of motion, including full hyperextension. The type of 
graft chosen and the fixation used hâve not been shown to 
hâve a significant influence on the incidence of complica¬ 
tions. The incidences of complications also hâve not been 
significantly different if either the single-incision or two- 
incision technique is chosen. 

Intraoperative complications include patellar fracture, 
inadéquate graff length, mismatch between the bone plug and 
tunnel sizes, graff fracture, suture lacération, violation of 
the posterior fémoral cortex, and incorrect fémoral or tibial 
tunnel placement (Fig. 45-132). These complications and 
their prévention are discussed in detail in Chapter 51. 

The most common postoperative complications are 
motion (primarily extension) déficits and persistent anterior 
knee pain. The incidence of these complications is difficult to 
détermine from the literature, with reported frequencies of 
motion loss ranging from 1% to 13% and of postoperative 
pain ranging from 0% to 34%. 

Motion loss after anterior cruciate ligament reconstruc¬ 
tion can resuit from preoperative, intraoperative, or postop¬ 
erative factors. Preoperative effusion, limited range of motion, 
and concomitant knee ligament injuries make poor postop¬ 
erative motion more likely. Intraoperative factors associated 
with motion déficits most offen are incorrect tunnel position 
and inadéquate notchplasty, which can resuit in overtighten- 
ing or impingement of the graff, leading to loss of extension. 
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Postoperative factors include prolonged immobilization and 
inadéquate or inappropriate réhabilitation. 

Anterior knee pain probably is the most common and 
most persistent complication after anterior cruciate ligament 
reconstruction. Although its exact cause has not been deter- 
mined, several studies hâve suggested a relationship between 
patellofemoral pain and persistent flexion contracture or 
quadriceps weakness. 

In general, current postoperative protocols advocating 
limited or no immobilization and more aggressive réhabilita¬ 
tion hâve greatly decreased the frequency of both motion loss 
and anterior knee pain. Early concerns about possible stretch- 
ing and failure of the graft hâve not been validated. Histologie 
analyses of patellar tendon autografts used for anterior cruci¬ 
ate ligament reconstruction hâve shown that the grafts 
undergo “ligamentization” during a period of months to 
years, but a necrotic stage may not occur, and the grafts may 
be viable as early as 3 weeks after surgery. 

REVISION ANTERIOR CRUCIATE 
LIGAMENT SURGERY 

Recent reports suggest a range of 10% to 25% failures of 
anterior cruciate ligament reconstruction. An accurate failure 
rate is difïicult to détermine because the meaning of “failure” 
of an anterior cruciate ligament reconstruction is not well 
defined. One criterion, récurrent instability because of graft 
failure, is estimated to occur in 0.7% to 8 % of reconstructions. 
Factors potentially involved in the failure of an anterior cruci¬ 
ate ligament reconstruction include surgical technique, 
sélection of graft material, problems with graft incorporation, 
integrity of the secondary restraints, condition of the articular 
and meniscal cartilage, postoperative réhabilitation, and 
motivation and expectations of the patient. Sélection of 
patients and timing of surgery are crucial aspects of the 
preoperative plan. Early failure, usually within the first 6 
months, most often is the resuit of technical errors, incorrect 
or overly aggressive réhabilitation, prématuré return to sport, 
or failure of graft incorporation. Later failure, usually after 1 
year, more typically is caused by récurrent injury. 

The cause of anterior cruciate ligament reconstruction 
failure may be difïicult to détermine, and more than one 
cause may be responsible. The most avoidable and most 
common cause is surgical technique. Errors in surgical tech¬ 
nique can include improper tunnel placement, inadéquate 
notchplasty, and errors in graft sélection, size, physiometry, 
or tensioning. These technique-related errors are discussed in 
detail in Chapter 51. 

The main purpose for determining why an anterior cruci¬ 
ate ligament reconstruction has failed is to prevent répétition 
of the cause if a révision is done. The causes of failure often 
cannot be determined. A detailed history, including events 
surrounding reinjury if présent, is important. The patients 
activity levels before and after primary anterior cruciate liga¬ 
ment reconstruction should be noted. It is especially impor¬ 
tant to note if the patient was able to return to his or her 
previous level of activity after primary reconstruction and if 
instability and not pain is the primary complaint. 

As with any knee examination, instability, meniscal 
signs, joint line tenderness, effusion, range of motion, quad¬ 
riceps girth comparisons, and other parameters should 
be documented. A comparison with the opposite extremity, 
if it is uninjured, is helpful for objectively determining the 


baseline examination of the patient. Lower extremity align- 
ment should be noted. The presence of combined 
instability patterns and the conditions of the secondary 
stabilizers also should be documented. Gait should be 
observed, including évaluation of varus or valgus thrust. 
Postérolatéral instability is a commonly undiagnosed liga¬ 
ment instability pattern. Underlying ligamentous laxity of 
other joints also should be noted. Previous incisions should 
be documented with preoperative planning. Infection may 
need to be ruled out. 

The patients medical records, including operative reports 
and intraoperative photographs, can be helpful in determin¬ 
ing why the graft initially failed. The surgeon should be pre- 
pared to correct any problems with graft fixation, implant 
removal, or bone deficiency, which might require a staged 
procedure. 

Radiographie évaluation should include standard antero- 
posterior and latéral views, a 45-degree posteroanterior 
flexion weight-bearing view, and a patellofemoral view. 
Standing alignment radiographs of the lower extremity are 
helpful to détermine the mechanical axis and if a concomitant 
osteotomy or staged osteotomy is necessary. The position of 
hardware, the position of tunnels, bony defects, osteolysis, 
and degenerative changes should be noted. CT or, preferably, 
MRI is helpful in determining if the previous fémoral and 
tibial tunnels are adéquate for révision or if new tunnels are 
required, as well as in determining the extent of any tunnel 
widening (Fig. 45-133). MRI also provides information about 
the graft, the menisci, and the condition of the articular 
cartilage. Bone scanning may identify early degenerative 
changes. 

■ GRAFT SELECTION 

Reharvest of bone-patellar tendon-bone grafts typically is 
not recommended given the numerous other sources of 
autografts and allografts available for révision anterior cruci¬ 
ate ligament reconstruction. Radiographie studies, including 
ultrasound and MRI, hâve shown that reharvest of the patel¬ 
lar tendon might be satisfactory because of suspected liga¬ 
ment régénération and remodeling as demonstrated at 
progressive follow-up intervals up to 18 months. However, 
animal studies involving canine and goat models reported 
inferior biomechanical properties after tendon reharvest. A 
contralatéral bone-patellar tendon-bone graft also may be a 
possibility but has the disadvantage of potential morbidity of 
the normal knee. 

Double, triple, or quadruple semitendinosus or quadruple- 
looped semitendinosus-gracilis grafts also are options for 
révision surgery. However, these grafts are smaller in diameter 
than the typical bone-patellar tendon-bone graft, possibly 
causing a graft-tunnel mismatch, which could resuit in prob¬ 
lems with graft fixation and with “windshield wiper” effect of 
the graft. 

The advantages of allografts include no donor site mor¬ 
bidity, smaller incisions, shorter tourniquet and operative 
times, and no size limitations. However, the cost is con¬ 
sidérable. Their use also involves an acceptably low risk 
of disease transmission and a questionable potential for 
rejection, depending on graft préparation techniques. Steril- 
ization techniques hâve been shown to hâve a significant 
impact on graft mechanical properties, immune response, 
and graft incorporation. Delayed graft incorporation has 
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FIGURE 


CT scan used to détermine location and size of tunnels before anterior cruciate ligament révision. 


been demonstrated in a goat model study. The most common 
allografts for révision anterior cruciate ligament surgery are 
bone-patellar tendon-bone grafts and Achilles tendon-bone 
grafts. Fascia lata and tibial tendon grafts also hâve been used. 
Although early reports found no significant functional or 
objective différences between révision anterior cruciate liga¬ 
ment reconstruction with autografts and with allografts, this 
has been contradicted by more recent animal and clinical 
studies. It is helpful to hâve more than one graft option avail- 
able at the time of révision; the surgeon should obtain preop- 
erative consent from the patient if an allograft or autograft 
from the contralatéral knee might be used. 

■ TECHNICAL CONSIDERATIONS 

Staged révision surgery should be considered if there is a 
problem with knee motion, specifically a lack of 5 degrees of 
extension or 20 degrees of flexion, when stability is not the 
problem. In addition, if large bony defects are présent that 
cannot be adequately treated at the time of révision surgery, 
staged procedures should be considered. Harner et al. recom- 
mended a staged bone graft for a tunnel more than 15 mm 
wide. Factors to be considered include the availability of 
autograft and whether the patient consents to the use of an 
allograft for the treatment of bony defects. 

Previous incisions should be used or extended if possible. 
Skin bridges of less than 7 cm wide should be avoided to 
prevent problems with wound healing. Meniscal and articular 
cartilage disease should be treated at the time of révision 
surgery. The position of the original anterior cruciate liga¬ 
ment graft should be noted and debrided. 

Fixation should be removed only if necessary (Fig. 
45-134). Unnecessary removal créâtes defects that require 
treatment. Typically, fémoral fixation is the most difhcult to 
remove, especially if the screw is buried. It is important to 
make sure the angle and seating of the screwdriver are accu- 
rate. If a screw has been in place for some time, the métal may 
hâve softened, and one turn of a screwdriver that is not 
properly seated may strip the screw head and make screw 
retrieval difhcult. If the screw is cannulated, it is helpful to 
place a guide pin through the screw to avoid this problem. 
Removal of the tibial fixation usually is not as difhcult, and 


intraoperative image intensihcation may help locate a screw 
that has been buried in or overgrown by bone. A bioabsorb¬ 
able screw can still be présent 2 years or more affer surgery 
because the polylactic acid used to make the screws is not 
readily absorbable within this short period. Attempts to 
remove a bioabsorbable screw may cause fragmentation. It is 
best to leave it intact if possible or to ream through part or 
ail of it if it is not readily removable. Prosthetic ligaments 
should be removed en bloc to avoid fragmentation of syn- 
thetic grafts. 

Fémoral or tibial hxation présent from a previous two- 
incision technique and occasionally from an endoscopie 
technique can be left intact, depending on its location. 

Screw and graft removal can cause large bony defects, 
which may require staged or simultaneous bone grafting. A 
cylinder-shaped graft can be taken from the tibia with a 
hand-held trephine harvester. In addition, the bony defects 
can be hlled with oversized absorbable or métal interférence 
screws, which can be stacked adjacent to one another to hll 
a defect. Harner et al. described the use of a large bone 
block allograft. For a posterior wall dehciency, it may be 
necessary to convert to an over-the-top technique or to use 
an EndoButton. 

A generous révision notchplasty may be indicated. Ade- 
quacy of the notchplasty should be assessed after graft 
placement. 

The clinical results of révision anterior cruciate ligament 
reconstruction are not as good as those of primary recon¬ 
struction, and patients should be appropriately counseled 
about their expectations. The success rate for primary recon¬ 
structions is generally reported to be 90% to 95% compared 
with 65% to 75% for révisions. In a sériés of 63 patients with 
révision anterior cruciate ligament reconstructions reported 
by Battaglia et al., approximately 60% were able to return to 
sports, most at lower levels than before révision. Significant 
progression of osteoarthritis, despite satisfactory stability and 
function, was reported by Diamantopoulos et al. at mid-term 
follow-up of 148 patients with révision anterior cruciate liga¬ 
ment reconstructions. The most frequently cited reason for 
failure of the primary anterior cruciate ligament reconstruc¬ 
tion is inappropriate tunnel positioning. 
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FIGURE 


If possible, original fixation should be left in place during révision anterior cruciate ligament reconstruction. 
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Structure and attachments of posterior cruciate ligament. A, Latéral surface of médial condyle of fémur showing 
average measurements and relationships of fémoral attachment of posterior cruciate ligament (shaded area). B, Change in shape and 
tension of posterior cruciate ligament components in extension and flexion. With flexion, there is tightening of bulk of ligament (BBO 
but less tension on small band (AA'). CC' Ligament of Humphry attached to latéral meniscus. 


POSTERIOR CRUCIATE LIGAMENT 

ANATOMY 

The posterior cruciate ligament is composed of two major 
parts, a large anterior portion that forms the bulk of the liga¬ 
ment and a smaller posterior portion that runs obliquely to 
the back of the tibia. The posterior cruciate ligament attaches 
proximally to the posterior part of the latéral surface of the 
médial condyle (Fig. 45-135), and, like the anterior cruciate, 
it forms a segment of a circle. The tibial attachment is in a 
dépréssion behind and below the intraarticular portion of the 


tibia, with a slip usually blending with the posterior horn of 
the latéral meniscus. Most investigators believe it is larger and 
stronger than the anterior cruciate ligament. Harner et al. 
measured the cross-sectional shape and area of the anterior 
cruciate ligament, posterior cruciate ligament, and menisco- 
femoral ligaments in eight cadaver areas. The posterior cruci¬ 
ate ligament increased in cross-sectional area from tibia to 
fémur and was approximately 50% and 20% larger than the 
anterior cruciate ligament at the fémur and tibia, respectively. 
The meniscofemoral ligaments averaged approximately 22% 
of the entire cross-sectional area of the posterior cruciate 
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ligament. The insertion sites were 300% to 500% larger than 
the cross section of the midsubstance. 

BIOMECHANICS 

Investigators evaluating the biomechanical properties of liga¬ 
ments found that the antérolatéral component of the posterior 
cruciate ligament had a significantly greater linear stiffness 
and ultimate load than both the posteromedial component 
and meniscofemoral ligaments. 

The posterior cruciate ligament is more vertically than 
obliquely oriented and is the axis around which rotation of 
the knee occurs. It appears to guide the “screw-home” mecha- 
nism on internai rotation of the fémur during terminal 
extension of the knee. Selected cutting of the posterior cruci¬ 
ate shows that it is important in flexion; when it is lost, pos¬ 
terior drawer displacement is increased with no change in the 
anterior drawer sign. Rotational stability is unchanged in 
extension but altered in flexion affer the posterior cruciate is 
eut. The posterior cruciate ligament accounts for 89% of the 
résistance to posterior translation of the tibia on the fémur 
and acts as a check of hyperextension only affer the anterior 
cruciate ligament has been ruptured. 

PHYSICAL EXAMINATION 

On physical examination, the posterior drawer test resuit is 
positive with a posterior cruciate ligament tear; however, the 
true direction of translation of the tibia offen is missed. The 
examiner frequently does not realize that the tibia is starting 
in a posteriorly subluxed position. Further posterior stress on 
the tibia does not produce any additional translation, suggest- 
ing a négative posterior drawer test resuit. An anterior drawer 
does resuit in anterior translation, and the diagnosis of an 
anterior cruciate ligament injury is mistakenly made. The 
examiner does not realize that the tibia is simply moving from 
a posteriorly subluxed position to neutral instead of neutral 
to anteriorly subluxed. The confusion can be prevented by 
placing both knees in the drawer position (hips flexed 45 
degrees and knees flexed 90 degrees), with the examiner s 
thumbs being placed on the anteromedial joint line of each 
knee (see Fig. 45-55). Normally, there should be 5 to 10 mm 
of anterior offset of the tibia relative to the médial fémoral 
condyle. With a posterior cruciate ligament injury, this ante¬ 
rior offset is lost and the tibia appears flush with the fémoral 
condyle. 

Stress radiography assists in the diagnosis of the posterior 
cruciate ligament injuries. Hewett et al. performed stress 
radiography on 21 patients with isolated unilatéral posterior 
cruciate ligament tears, 10 complété and 11 partial. An 89-N 
posterior load was applied to the proximal tibia and a latéral 
radiograph taken of each knee in 70 degrees of flexion. Stress 
radiographs were compared with KT-1000 arthrometer 
measurements and posterior drawer test results. Stress radi¬ 
ography was found to be superior to both. Increased posterior 
translation of 8 mm or more in stress radiographs is indica¬ 
tive of complété rupture. MRI studies are more reliable for 
diagnosis of posterior cruciate ligament tears than for anterior 
cruciate ligament tears and are routinely obtained. If an MRI 
study reveals associated meniscal disease (which is much less 
common than with anterior cruciate ligament injuries) or 
other lésions, surgical treatment of these lésions is indicated 
and surgical treatment of the posterior cruciate ligament is 
considered. 


NATURAL HISTORY 

The natural history of the disrupted posterior cruciate liga¬ 
ment is still debated, with some investigators describing 
untreated patients with minimal symptoms many years later. 
Others reported significant osteoarthritic changes in knees 
with a posterior cruciate ligament deficiency in an exception- 
ally high percentage (80%) of patients when repair or recon¬ 
struction was delayed beyond 4 years. The natural history of 
the isolated posterior cruciate ligament-déficient knee varies 
considerably. Although trends toward moderate détérioration 
of the articular surfaces, mild decrease in knee function, and 
moderate increase in symptoms hâve been noted in patients 
with posterior cruciate ligament-deficient knees, some 
patients hâve essentially normal knees and some hâve signs 
and symptoms of significant degeneration. Most reports on 
posterior cruciate ligament insufhciency consider the problem 
of functional instability, and few emphasize the potential for 
early degenerative arthritis. However, functional instability 
may not be the major symptom of an isolated posterior cruci¬ 
ate insufhciency. Pain, aching during activity, and effusion 
may be the resuit of articular cartilage degeneration, which 
offen begins several years before radiographie changes are 
évident. 

As with the anterior cruciate ligament, “isolated” tears 
of the posterior cruciate ligament are relatively rare; as a 
rule, ruptures of this ligament are associated with médial or 
latéral compartment disruptions, especially the latter. Clini- 
cally, however, isolated tears of the posterior cruciate liga¬ 
ment can be caused by a fall on the flexed knee or striking 
of the flexed tibia on the dashboard in a motor vehicle 
accident. Such a mechanism (the upper tibia driven posteri¬ 
orly with the knee flexed) may produce posterior cruciate 
ligament disruption as the only clinically détectable instabil¬ 
ity. These isolated posterior cruciate ligament disruptions 
can be difhcult to diagnose acutely unless a fragment of 
bone is avulsed from the posterior tibial insertion and is 
noted on radiographs. 

TREATMENT 

Treatment of a posterior cruciate ligament injury is perhaps 
the most controversial current topic in knee surgery, primar- 
ily because the natural history of this injury is unknown. 
Most reports in the literature hâve relatively short follow-up 
and include a mix of acute and chronic injuries, as well as 
isolated and complex ligament injuries. Treatment of a pos¬ 
terior cruciate ligament injury must be based on an under- 
standing of the natural history of this injury, as well as on an 
accurate understanding of the long-term results of various 
treatment alternatives. 

■ NONOPERATIVE TREATMENT 

Traditionally, most authors hâve recommended nonoperative 
treatment of isolated posterior cruciate ligament tears. Proven 
methods for reconstruction of this ligament are few; most 
surgeons hâve had limited expérience with these procedures, 
and results offen are unpredictable. Some patients remain free 
of symptoms despite the lack of a posterior cruciate ligament, 
offen with no direct corrélation between the amount of 
ligamentous instability and the severity of any symptoms. 
The true incidence of injury to the posterior cruciate ligament 
is not known but has been estimated to be between 3% and 
20% of ail knee ligament injuries. Many isolated injuries go 
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undetected or become clinically silent. A review of the litera¬ 
ture can be somewhat confusing, with studies reaching con- 
tradictory conclusions. Historically, most studies indicate 
that grade I or grade II injuries respond well to nonoperative 
treatment, at least at short term. 

MRI can be used to evaluate meniscal or chondral patho¬ 
logie conditions and to détermine if the injury is an interstitial 
or partial tear. These tear types hâve been reported to heal 
during 6 months, with a réduction in posterior laxity from a 
2+ posterior drawer to a 1+ or even a trace. The commonly 
quoted criteria for nonoperative treatment include (1) a 
posterior drawer of less than 10 mm (grade II) with the tibia 
in neutral rotation (posterior drawer excursion decreases 
with internai rotation of the tibia on the fémur), (2) less than 
5 degrees of abnormal rotary laxity (specifically, abnormal 
external rotation of the tibia with the knee flexed 30 degrees, 
indicating postérolatéral instability), and (3) no significant 
valgus-varus abnormal laxity (no associated significant liga- 
mentous injury). 

Reports hâve indicated that short-term functional insta¬ 
bility is minimal and that function usually is not correlated 
with objective stability. Several studies hâve reported a return 
to sports activities in approximately 85% of patients with 
nonoperatively treated isolated posterior cruciate ligament 
injuries, regardless of the grade of objective laxity. Despite 
these encouraging reports of nonoperative treatment, it is 
clear that not ail knees with an isolated posterior cruciate 
ligament tear do well. More recent longer term studies hâve 
shown that knee function tends to deteriorate over time and 
that most patients eventually are affected by some degree of 
disability: pain with walking long distances, standing, climb- 
ing, and squatting; knee stiffness; and giving way. Dejour 
et al. suggested that the natural history of isolated rupture of 
the posterior cruciate ligament could be described in three 
phases: (1) functional adaptation lasting 3 to 18 months, (2) 
functional tolérance continuing for 15 to 20 years, and (3) 
osteoarthritic détérioration that does not become disabling 
until affer 25 years. 

The worsening of symptoms and the development 
of osteoarthritis probably are caused by abnormal forces 
adversely affecting the articular surfaces of ail compartments 
in the knee. In an in vivo biomechanical study, Castle et al. 
suggested that rupture of the posterior cruciate ligament 
results in posterior subluxation of the tibia. During activities 
that require more knee flexion (e.g., ascending or descending 
stairs), the patella and patellar ligament are forced to assume 
a prominent rôle in the résistance of posterior tibial transla¬ 
tion. However, the abnormal posterior tibial sag produces 
a shortened moment arm for the quadriceps muscle group, 
resulting in a decreased mechanical advantage. Cadaver 
sequential sectioning studies hâve found patellofemoral 
pressures and quadriceps loads greatly elevated and médial 
compartment pressures significantly increased affer section¬ 
ing of the posterior cruciate ligament and the posterior latéral 
complex. Logan et al. evaluated tibiofemoral motion by open- 
access MRI with the patient weight bearing in a squat, through 
the arc of flexion from 0 degrees to 90 degrees, in six patients 
with isolated ruptures of the posterior cruciate ligament in 
one knee and a normal contralatéral knee. They found that 
posterior cruciate ligament rupture led to an increase in 
passive sagittal laxity in the médial compartment of the knee. 
In the weight-bearing scans, posterior cruciate ligament 


rupture altered the kinematics of the knee, with persistent 
posterior subluxation of the médial tibia so that the 
fémoral condyle rode up the anterior slope of the médial tibial 
plateau. This fixed subluxation was observed throughout the 
extension-flexion arc and was statistically significant at ail 
flexion angles. The kinematics of the latéral compartment was 
not altered by the ligament tear. 

Despite dividing their 38 patients into three groups on 
the basis of time from injury, Boynton and Tietjens could 
not identify prognosticating variables. They found subjects 
in ail groups who had essentially normal knees and subjects 
who had signs and symptoms of significant degeneration, 
leading the authors to conclude that the prognosis varies 
for knees with an isolated rupture of the posterior cruciate 
ligament. 

In addition to the confusing “natural history” of the 
isolated rupture of the posterior cruciate ligament, the results 
of current treatment options hâve been unpredictable, and 
the ability of any to prevent, slow, or arrest degenerative 
changes is unproved. Regardless, patients treated nonopera¬ 
tively should be observed closely for symptoms of degenera¬ 
tive changes or functional détérioration. 

Affer extensive expérience with both operative and non¬ 
operative treatment of posterior cruciate ligament injuries, 
Shelbourne recommended nonoperative treatment of most 
acute grade II and ail acute grade I isolated posterior cruciate 
ligament tears. In a high-demand athlete with isolated poste¬ 
rior laxity of grade II or more, acute posterior cruciate liga¬ 
ment reconstruction or repair may be indicated. In a chronic, 
isolated posterior cruciate ligament tear with residual grade 
II or greater laxity that is symptomatic, other associated 
injuries, such as meniscal or chondral damage, are identified 
that may account for the symptoms. If the posterior laxity is 
believed to be contributing to or causing the symptoms, a 
posterior cruciate ligament brace is worn to evaluate potential 
results from a stabilizing procedure. If the symptoms dimin- 
ish or subside, posterior cruciate ligament reconstruction is 
recommended. However, the success of surgical reconstruc¬ 
tion in terms of stability has varied and is far from predictable. 
Long-term results affer posterior cruciate reconstruction 
with an autogenous bone-patellar tendon-bone graff hâve 
shown decreased posterior laxity to an approximate grade 1.0 
to 1.5, but posterior laxity has not been consistently or pre- 
dictably eliminated in ail patients. Clancy also recommended 
nonoperative treatment of acute isolated posterior cruciate 
ligament tears because of the uncertainty of the natural 
history of this injury and the difficulty of consistently obtain- 
ing biomechanical stability. Furthermore, no studies hâve 
proved that posterior cruciate ligament reconstruction pre- 
vents the development of articular cartilage degeneration. 
Gill et al. measured the patellofemoral joint contact pressures 
affer posterior cruciate ligament deficiency and affer recon¬ 
struction in eight cadaver knees. Contact pressures were 
measured at 30 degrees, 60 degrees, 90 degrees, and 120 
degrees of flexion under simulated muscle loads. Posterior 
cruciate ligament deficiency significantly increased the peak 
contact pressures measured in the patellofemoral joint rela¬ 
tive to the intact knee under both an isolated quadriceps load 
of 400 N and a combined quadriceps-hamstrings load of 
400 N-200 N. Reconstruction did not significantly reduce 
the increased contact pressures observed in the ligament- 
deficient knee. 
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ligament (PCL) avulsion fracture. (From Veltri DM, Warren RF: Isolated 
and combined posterior cruciate ligament injuries, J Am Acad Orthop 
Surg 1:67, 1993.) 


■ OPERATIVE TREATMENT 

We generally delay reconstruction for 1 to 2 weeks after injury 
to allow painful intraarticular reaction to subside and to 
allow the patient to regain full motion and some strength. 
“Clinically isolated” acute posterior cruciate disruptions are 
repaired if the ligament is avulsed with a fragment of bone 
(Fig. 45-136). 

With knee dislocations, the posterior cruciate ligament 
occasionally will be “peeled off” from its fémoral attachment, 
and surgical repair produces good results. Repair of lésions 
at other sites is more controversial, with some authors con- 
cluding that suture alone cannot restore the posterior cruciate 
ligament and is not strong enough to withstand the applied 
forces on the knee and that neither repair of the posterior 
cruciate alone nor semitendinosus augmentation of the 
proximal third or midthird substance tears provides adéquate 
stabilization. 

As with anterior cruciate ligament repairs or reconstruc¬ 
tions, we usually examine the knee arthroscopically before 
any open surgical procedure to better evaluate the intraarticu¬ 
lar pathologie condition. Some posterior cruciate ligament 
reconstruction techniques can be arthroscopically aided as 
to tunnel site placement and routing of the graft (see the 
section on arthroscopically aided ligament reconstruction in 
Chapter 51). The following techniques are described as if only 
open techniques are used. 


REPAIR OF BONY AVULSION 


TECHNIQUE 45-24 


■ If repair of an isolated posterior cruciate bony avulsion is 
the only anticipated procedure, begin a médial incision at 
a level 5 cm proximal to the superior pôle of the patella 
and proceed distally across the médial epicondylar area 
paralleling the médial border of the patella and patellar 
tendon and ending at the level of the upper border of 
the pes anserinus. 


■ Reflect the skin and subeutaneous tissue anteriorly to the 
médial border of the patella and patellar tendon and 
posteriorly to the posteromedial corner. 

■ Make an anteromedial capsular incision and explore the 
joint. 

■ If the posterior cruciate ligament is avulsed from the tibia 
and the repair is to be done through a médial approach, 
dissect the posterior skin and subeutaneous tissue 
as a single layer to the posteromedial corner and, with 
the knee flexed to 90 degrees, retract the médial head of 
the gastroenemius and the popliteal structures posteriorly 
to adequately expose the tibial attachment of the 
ligament. 

■ In the absence of a major médial compartment disrup- 
tion, a posteromedial capsular incision allows adéquate 
exposure of the tibial attachment. The most médial 
portion of an intact posterior horn of the médial meniscus 
may make exposure and placement of the suture in the 
distal end of the ligament difficult, but excision of the 
intact médial meniscus is not necessary. 

■ Place nonabsorbable sutures through the avulsed tibial 
attachment of the ligament and drill parallel holes from 
the anteromedial aspect of the proximal tibia aimed 
posteriorly to exit near the normal tibial attachment of 
the posterior cruciate ligament. These holes should exit 
the posterior aspect of the tibia approximately 5 mm 
below the posterior articular margin. As the drill péné¬ 
trâtes the posterior tibial cortex, take care to protect the 
popliteal vessels with a wide metallic retractor. Com¬ 
mercial drill guides can aid in placement of the drill 
holes. 

■ Pass the sutures previously placed in the avulsed fragment 
through the parallel drill holes with suture passers and tie 
them over the bridge of bone anteriorly to reattach the 
ligament to its normal insertion and to restore the tension 
within the ligament. If this is the only major repair 
required, use interrupted sutures to close both the antero¬ 
medial capsular incision used to explore the joint and the 
posteromedial capsular incision. 

■ If the isolated posterior cruciate ligament disruption is 
characterized by avulsion of a large piece of bone from 
the posterior aspect of the tibia and a posterior approach 
is planned, the knee must be examined arthroscopically 
to rule out other orthopaedic disorders before making the 
approach. This approach does not permit exploration of 
the knee or correction of any other disorder. 

■ Fit the fragment of bone carefully into the crater and 
secure it with a cancellous screw if the fragment is large 
enough (Fig. 45-137) or with a nonabsorbable suture 
passed through parallel drill holes to the anterior aspect 
of the tibia. 

■ Repair the frequently found tear of the posterior capsule 
with interrupted sutures. 

With the direct posterior approach for repair of bony 
avulsion of the posterior cruciate ligament, detachment 
of the médial head of the gastroenemius from the fémoral 
condyle allows full exposure of the posterior capsule and 
the posterior intercondylar notch. Repair of avulsions at 
the tibial attachment, as well as repair of tears of the 
posterior capsule, is easily carried out with screws, suture 
anchors, or pull-through sutures. 
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Screw reattachment of bone fragment avulsed 
with posterior cruciate ligament from posterior tibia. SEE TECH¬ 


NIQUE 45-24. 



Heavy transarticular Steinmann pin holds tibia 
forward after repair of posterior cruciate ligament. SEETECHNIQUE 
45-24. 


Burks and Schaffer described an alternative approach 
to the posterior tibia for repair of an isolated tibial avul¬ 
sion (see Technique 45-28). 

Before closure of the capsular incision, some hâve 
advocated the insertion of a large Steinmann pin diago- 
nally through the proximal tibia, entering the joint in the 
intercondylar area and then drilled into the intercondylar 
notch and the fémoral condyle with the tibia held forward 
(Fig. 45-138). Advocates of this technique believe that 
without this pin insertion there will be posterior sagging 
of the tibia and thereby stress on the posterior cruciate 
repair even if a long-leg cast is utilized. However, in an 
experimental study, Ogata et al. showed that no sagging 
of the tibia occurred at full extension in knees with 
"isolated" sectioning of the posterior cruciate ligament. 
No sagging occurred when the posterior capsule also was 
sectioned if the knee remained fully extended. Sagging 
occurred in both instances as the knee was flexed. Only 
with sectioning of the médial or latéral collateral liga¬ 
ment, or both, did posterior sagging and rotation occur 
in extension. This study suggests that after posterior 
cruciate ligament injury immobilization in full extension is 
stable if the collateral ligaments are intact. 

Müller and others advocated placing a 4.5-mm Stein¬ 
mann pin through a predrilled hole in the patella and 
driving it into the tibia with the tibia and fémur in appro- 
priate alignment to prevent posterior sag of the tibia on 
the fémur. Müller referred to this as "olecranization" of 
the patella (Fig. 45-139). Flowever, Weinstabl étal, 
investigated in vitro the influence of olecranization on 
posterior cruciate ligament strain and showed that olec¬ 
ranization resulted in a strain five times greater than 



"Olecranization" of patella (Müller). To 
prevent posterior sag of tibia on fémur, which would stress graft, 
4.5-mm Steinmann pin is placed through hole in patella and 
driven into tibia with tibia and fémur in appropriate alignment; 
tension of graft is then adjusted. SEE TECHNIQUE 45-24. 
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normal with the knee in extension below 20 degrees and 
in flexion above 40 degrees. 

We do not use either of these techniques, preferring 
to place the knee in a controlled motion brace in full 
extension. 

POSTOPERATIVE CARE. Postoperative care is similar to 
that described for collateral and cruciate disruptions. 


I RECONSTRUCTION OF POSTERIOR 
CRUCIATE LIGAMENT 

For posterior cruciate ligament injuries in association with 
other significant ligament tears (including knee dislocation), 
reconstruction of the posterior cruciate ligament is indicated. 
The latéral structures should be repaired or reconstructed as 
indicated; the médial structures can be repaired in knees with 
severe instability, or the knee can be braced in patients with 
mild-to-modératé laxity. Harner et al., in a biomechanical 
study, demonstrated that the posterior cruciate ligament 
reconstruction is rendered ineffective and may be overloaded 
if the associated postérolatéral structures are not repaired. 
Torg et al. found that the most significant prédictive variable 
with regard to functional status is the presence of unidirec- 
tional rather than multidirectional instability at the time of 
injury. They established a direct corrélation between com- 
bined multidirectional instability and the occurrence of 
associated problems of chondromalacia of the patella, menis- 
cal dérangement, quadriceps atrophy, and degenerative 
changes. The presence of a grade III posterior drawer (more 
than 10 mm of posterior laxity) is a relative indication for 
surgical reconstruction (Fig. 45-140). 

Numerous techniques and tissues hâve been advocated to 
reconstruct the knee with a posterior cruciate deficiency. 
Since Hey-Groves reported reconstruction of the posterior 
cruciate ligament with the semitendinosus tendon, other 
authors hâve suggested extraarticular procedures, as well as 
intraarticular reconstruction with use of the latéral meniscus, 
the médial gastrocnemius, the semitendinosus and gracilis 
tendons, and bone-patellar tendon-bone autograffs with 
arthroscopic or open techniques. We do not use the meniscus 
or the médial head of the gastrocnemius for reconstruction 
of the posterior cruciate ligament and hâve had no expérience 
with the use of the semitendinosus and gracilis tendons, but 
we doubt that they are long enough or strong enough to be 
used as a posterior cruciate ligament replacement. We hâve 
found a free patellar tendon graff to produce the most 
predictable and satisfactory results for chronic posterior 
cruciate ligament insufficiency. If the patient will accept an 
allograff for posterior cruciate ligament reconstruction, 
excellent results can be obtained with use of a deep-frozen 
bone-patellar tendon-bone graff (15 to 20 mm wide) or an 
Achilles tendon graff with bone on one end. These allograffs 
are longer and stronger than graff s harvested from a patients 
own tissues. 

The controversy regarding management of posterior 
cruciate ligament ruptures also extends to the technique for 
reconstruction. Most investigators agréé that the anatomy of 
the posterior cruciate ligaments should be re-created to 
provide the best opportunity for a stable knee, but the con¬ 
sensus ends there, and descriptions of the anatomy of this 



Treatment algorithm for chronic posterior 
cruciate ligament (PCL) injuries. AP, Anteroposterior; PA, postero- 
anterior. (From Veltri DM, Warren RF: Isolated and combined posterior 
cruciate ligament injuries, J Am Acad Orthop Surg 1:67, 1993.) 


ligament vary among authors. Traditionally, the posterior 
cruciate ligament has been described as consisting of two 
parts, the anterior, or antérolatéral, band and the posterior, 
or posteromedial, band. Subséquent anatomie reports hâve 
described these bundles (anterior, middle, and posterior) on 
the basis of their location of insertion on the fémur. Studies 
of the macroscopie and functional anatomy hâve added 
further complexity by characterizing the ligament as a con¬ 
tinuum of fibers without truly separate bands or bundles. 
Based on functional and morphologie criteria, a subdivision 
into four fiber régions (anterior, central, posterior longitudi¬ 
nal, and posterior oblique) has been proposed according to 
the orientation of the fibers, the mechanical behavior during 
motion of the joint, and the osseous sites of insertion (Fig. 
45-141). Ail studies agréé that the anterior portion has the 
larger cross-sectional size, tightens with flexion of the knee, 
and relaxes with extension. The posterior fiber group has 
been estimated to constitute between 5% and 15% of the 
mass of the ligament, is lax with flexion, and tightens with 
extension. The amount of force generated in the posterior 
cruciate ligament during the posterior drawer test has been 
shown to dépend on the angle of flexion at which the test is 
performed; when the angle is near 90 degrees of flexion, ail 
the posterior force applied to the tibia is transmitted to the 
ligament. 
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Four fiber régions of posterior cruciate ligament and their osseous sites of attachment on médial fémoral condyle 
and posterior part of tibia. (From Covey CD, Sapega AA: Injuries of the posterior cruciate ligament, J Bone Joint Surg 75A:1376, 1993.) 


The posterior cruciate ligament attachment site on the 
médial fémoral condyle is a broad semicircle with an average 
width of 32 mm. The tibial insertion site lies in a dépréssion 
(fovea) 1 cm below the médial tibial articular surface. The 
ligament is oriented vertically in the frontal plane and angles 
forward 30 to 45 degrees in the sagittal plane, depending on 
the amount of knee flexion. Galloway et al. found that the 
restoration of knee stability in flexion depended greatly on 
the fémoral attachment location. A fémoral attachment that 
was nonisometric by intraoperative measurement but within 
the posterior cruciate ligament anatomie footprint most 
closely reproduced the intact knees posterior limits. Varia¬ 
tions in the tibial attachment site produced only minor 
changes in the posterior motion limits. Grood et al. concluded 
that no absolutely isométrie point exists within the fémoral 
attachment zone. 

Most surgeons hâve chosen to place the fémoral tunnel 
in the anterior portion of the fémoral footprint, replacing 
the anterior fibers and tensioning the graff near 90 degrees 
of knee flexion (Fig. 45-142). Posterior placement créâtes a 
graff that is much more vertically oriented than the normal 
posterior cruciate ligament. Obviously, isométrie function 
and placement are difhcult to reproduce, given the macro¬ 
scopie anatomy of the bulk of the ligament. Investigators 
disagree as to whether it is better to place the posterior 
cruciate ligament graff in a position where it will function 
isometrically or to replace the larger and stronger anterior 
bulk of the ligament, which is nonisometric. Each option 
has its proponents, and there is conflicting evidence to 
support tensioning of the graff in full extension, 90 degrees 
of flexion, and points in between. 

Robotic testing Systems hâve delineated several important 
concepts concerning graff tensioning: posterior cruciate liga¬ 
ment reconstruction with graff fixation at full extension with 
no load results in an overconstrained knee with significantly 
decreased total anteroposterior translation, whereas posterior 
cruciate ligament reconstruction with graff fixation at 90 


degrees of flexion results in kinematics similar to those of the 
intact knee, and graff fixation at full extension may overcon- 
strain the knee and elevate in situ graff forces. 

The controversy regarding posterior cruciate ligament 
reconstruction continues to grow. Some authors hâve recom- 
mended reconstructing both portions of the ligament. 
To date, most of the studies hâve been biomechanical 
évaluations using cadaver models. There are few published 
clinical reports, and what is available is limited by short-term 
follow-up. Although the effectiveness of a double-bundle 
posterior cruciate ligament reconstruction has yet to be 
proved, research suggests it offers the possibility of improving 
the results of reconstruction. 

Biomechanical cadaver studies showed the double-bundle 
technique to restore posterior laxity levels to more nearly 
normal than a single-bundle technique; however, a similar 
study found that the addition of a second posteromedial graff 
reduced laxity but did so at the expense of higher than normal 
forces in the posteromedial graff. More recent cadaver and 
biomechanical studies hâve reached differing conclusions. In 
view of relatively high graff forces at full extension that could 
cause the graff to permanently elongate with time, Markolf 
et al. questioned the need for a posteromedial graff, whereas 
Whiddon et al. compared single-bundle and double-bundle 
techniques in a cadaver model and concluded that double- 
bundle reconstruction offers measurable benefits in terms of 
rotational stability and posterior translation in the presence 
of an untreated postérolatéral corner injury. With the pos¬ 
térolatéral corner intact, however, it provided more rotational 
constraint but did not further reduce posterior translation. 
No différences in translation between a double-bundle graff 
and a single-bundle graff in tibial inlay posterior cruciate 
ligament reconstructions were found in eight cadaver knees 
subjected to six cycles from a 40-N anterior reference point 
to a 100-N posterior translational force at 10 degrees, 30 
degrees, 60 degrees, and 90 degrees of flexion, leading the 
authors to conclude that the use of a double-bundle graff may 
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FIGURE 


Origin and insertion 


sites of posterior cruciate ligament. 


not offer any advantages over a single-bundle graft for tibial 
inlay posterior cruciate reconstructions. Apsingi et al. reached 
similar conclusions after comparing single- and double- 
bundle reconstruction in cadaver models of combined poste¬ 
rior cruciate ligament and postérolatéral corner injuries, 
noting that the added complexity of the double-bundle 
reconstruction does not seem to be justified by their results. 
Wiley et al. determined in a cadaver model that, because 
drilling two tunnels removes additional bone from the médial 
fémoral condyle, the double-bundle technique increases the 
risk of médial fémoral condyle fracture. Testing with a robotic 
testing System determined that an anterior position of the 
bone tunnels in double-bundle posterior cruciate ligament 
reconstruction more nearly restored the normal knee kine- 
matics than did a posterior position. Stannard et al. reported 
the results of reconstruction of the posterior cruciate liga¬ 
ment by combined tibial inlay and two-femoral tunnel tech¬ 
nique in 29 patients with 30 posterior cruciate ligament 
ruptures. Twenty-three knees had no laxity, and seven had a 
1+ laxity. The KT-2000 arthrometer data documented less 
than 0.5 mm of side-to-side différence for both posterior 
displacement and total anteroposterior displacement at both 
30 degrees and 70 degrees of knee flexion. 

As with anterior cruciate ligament repairs or reconstruc¬ 
tions, we usually examine the knee arthroscopically before 
any open surgical procedure to better evaluate the intraarticu- 
lar pathologie condition. Some posterior cruciate ligament 
reconstruction techniques can be arthroscopically aided as to 
tunnel site placement and routing of the graft (see the section 
on arthroscopically aided ligament reconstruction in Chapter 
51). The foliowing techniques are described as if only open 
techniques are used. 


RECONSTRUCTION OF POSTERIOR 
CRUCIATE LIGAMENT WITH PATELLAR 
TENDON GRAFT 

The following technique for reconstruction of the posterior 
cruciate ligament was described by Clancy in 1983. Any of 
the commercial drill guides or Systems can be used to 
détermine the tunnel locations. Interférence screw fixation 
of the bone plugs in the fémoral and tibial tunnels is pre- 
ferred by most surgeons, although it may be more difficult 
than with anterior cruciate ligament reconstructions. The 
length especially of the tibial tunnel for posterior cruciate 
ligament reconstruction is greater than that for anterior 
cruciate ligament reconstruction; therefore, the distal bone 
plug can be more difficult to see in the tunnel for interfér¬ 
ence screw fixation. A longer plug of bone from the tibial 
tuberosity is advised. However, a long fragment of bone 
on the proximal end of the graft can make its entrance into 
the fémoral tunnel more difficult. An antérolatéral rather 
than anteromedial tibial tunnel starting point has been 
recommended to avoid the "killer turn" as the graft 
emerges from the tibia. This position was found to be 
associated with improved objective outcomes, but clinical 
results were not significantly correlated to a spécifie graft 
position. 

Isométrie tibial and fémoral attachment sites are 
just as important in posterior cruciate ligament reconstruc¬ 
tion or augmentation as in anterior cruciate ligament 
reconstruction. Similar to the anterior cruciate ligament, 
the posterior cruciate ligament tibial attachment site is 
not as crucial to isometry as the fémoral site. This tibial 
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attachment site often is difficult to expose for direct vision. 
Because the length pattern is relatively insensitive to either 
proximal-distal or medial-lateral location on the tibia, a 
widely exposed and visible tibial fossa is not as necessary 
as it is in choosing a fémoral attachment site. Placing a 
gloved finger in the fovea and placing a guidewire by 
commercial guide or by touch may be good enough. 
Radiographs of the knee after guide pin insertion confirm 
that the guidewire exits in the fovea just inferior to the 
articular margin of the posterior tibia and just latéral to the 
midline. The fémoral attachment site for the posterior 
cruciate ligament substitute is crucial. Fortunately, this is 
visible through the intercondylar notch. When the ligament 
is augmented or reconstructed, any errors should be in the 
anteroposterior direction, not in the proximal-distal direc¬ 
tion. In reconstructions of acute tears, the remaining pos¬ 
terior cruciate ligament stump helps locate the proper 
fémoral attachment site. 

If no fémoral stump is présent for reference to the most 
isométrie point, the most isométrie région is located toward 
the roof of the intercondylar notch and on average is 
11 mm from the junction of the notch and the trochlear 
groove. This isométrie attachment area extends approxi- 
mately 1 cm from the roof in a posterior and slightly distal 
direction (Fig. 45-143). A strong suture or wire should be 
passed through holes drilled in the selected tibial and 
fémoral condyles and attached to an isometer device. 
Length change of 2 mm or less is acceptable; if more, the 
fémoral site should be adjusted. If length increases with 
flexion during isométrie testing, the selected site is distal 
to the most isométrie région; the opposite is true if length 
decreases with flexion. 



Contour map from simple hinged model 
where knee rotâtes around single axis of rotation. Tibial attach¬ 
ment site (T) was placed 35 mm from axis. Number on each 
contour line indicates maximal graft length change as knee is 
rotated from 0 to 90 degrees. Line AA is "most isométrie" line. 
Pink area indicates région within which maximal length change 
is less than 2 mm. CR, Center of rotation. (Redrawn from Grood ES, 
Flefzy MS, Lindenfield TN: Factors affecting the région of most isométrie 
fémoral attachments, part I: the posterior cruciate ligament, Am J Sports 
Med 17:197, 1989.) 


Morgan et al. studied the fémoral attachment site in 
20 knees to define the location of the anatomie origin of 
both bands of the posterior cruciate ligament in reference 
to local anatomy to develop landmarks that can be used 
to reproducibly position two fémoral tunnels. The central 
origin point for the antérolatéral band was 13 mm ± 
0.5 mm posterior to the médial articular cartilage— 
intercondylar wall interface and 13 mm ± 0.5 mm inferior 
to the articular cartilage-intercondylar roof interface. The 
posteromedial band centrally originated 8 mm ± 0.5 mm 
posterior to the médial articular cartilage-intercondylar 
wall interface and 20 mm ± 0.5 mm inferior to the articular 
cartilage-intercondylar roof interface. These distances were 
noted to be relatively constant despite varying knee mor¬ 
phologie features and size. 


TECHNIQUE 45-25 


(CLANCY) 

■ Préparé and drape the leg in the standard fashion and 
inflate the tourniquet. 

■ Make a standard médial parapatellar incision, curved 
posteriorly at the superior aspect in line with the médial 
fémoral épicondyle but approximately two fingerbreadths 
proximal. Incise the subeutaneous tissue in a similar 
fashion. 

■ Make a médial arthrotomy close to the médial aspect of 
the patellar tendon. Inspect the knee joint and excise and 
repair any meniscal tears or excise the meniscus if neces¬ 
sary. If the tear of the posterior cruciate ligament is acute, 
place sutures through the larger remnant. 

■ In isolated posterior cruciate ligament injury, the ligament 
of Humphry usually is intact and can be mistaken for 
an intact posterior cruciate ligament. However, careful 
dissection shows that its most anterior fibers follow 
a latéral course to the posterior horn of the latéral 
meniscus. 

■ The ligament of Wrisberg also may be présent; it is 
composed of fibers attaching to the posterior cruciate 
ligament and also travels in a latéral direction toward the 
posterior horn of the latéral meniscus. 

■ If either of these ligaments is intact, the tibia will move 
only slightly backward when it is held in marked internai 
rotation and a posterior drawer maneuver is done. These 
ligaments decrease the expected excessive internai rota¬ 
tion and posterior translation of the tibia and can lead to 
a mistaken diagnosis of pure postérolatéral rotary instabil¬ 
ité If neither ligament is intact, the tibia will hâve signifi- 
cant posterior and internai rotational excursions on the 
fémur. 

■ Now direct attention to the posteromedial aspect of 
the knee. 

■ With the knee flexed to 90 degrees, sharply dissect the 
subeutaneous tissue and overlying skin to expose the 
anteromedial aspect of the médial gastroenemius and 
semimembranosus tendons. 

■ Make a posterior incision in the capsule just anterior to 
the médial gastroenemius tendon. Make the incision 
through the synovium and posterior capsule, keeping it 
posteromedially from the médial meniscus so that the 
meniscus can be preserved if it is intact. 
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■ If necessary for exposure, release the médial third of the 
médial gastrocnemius tendon just distal to its insertion 
onto the fémur. 

■ With the knee flexed to 90 degrees, use a curved retractor 
to retract the posterior capsule and synovium, exposing 
the old insertion of the posterior cruciate ligament onto 
the tibia. 

■ Place a drill guide or a gloved finger postérolatéral to the 
anatomie center of the posterior cruciate ligament attach- 
ment on the tibia (Fig. 45-144A). 

■ Place the anterior part of the drill guide or a Kirschner 
wire distal and médial to the tibial insertion of the patellar 
tendon (Fig. 45-144B). 

■ Drill a tunnel from distal to proximal through the tibia at 
an angle of approximately 45 degrees (Fig. 45-144C). 

■ Place the Kirschner wire, with or without the drill guide, 
at the anterior site so that it will exit posterolaterally to 
the anatomie center of the posterior cruciate ligament 
insertion (Fig. 45-144A). Then overdrill the Kirschner wire 
with a 10-mm drill bit. 

■ Use the drill guide to insert the Kirschner wire through 
the médial fémoral condyle so that it exits anterosupe- 
rior to the anatomie center of the original posterior 
cruciate ligament attachment, usually at the edge of 
the osteochondral junction (Figs. 45-144D and E 
and 45-145). 

■ Drill it to enter posterosuperior to the fémoral épicondyle 
and then overdrill the wire with a 10-mm reamer. 

■ Undermine the vastus medialis inferiorly and retract it to 
expose the exit tunnel. 

■ Now harvest the graft. Free the médial third of the patel¬ 
lar tendon (leaving a 5-mm intact border) from the 
remaining patellar tendon. 

■ Use power instruments to remove a patellar bone block 
10 mm wide, 4 mm deep, and 25 mm long; do not take 
any quadriceps tendon with the bone block. 

■ Drill three holes through the bone block with a 0.062- 
inch Kirschner wire and place a no. 5 nonabsorbable 
suture through each hole. 

■ Remove a bone block the same size as the patellar bone 
block from the tibial tuberosity insertion of the patellar 
tendon (Fig. 45-144F). 

■ Drill three holes through this block and place a no. 5 
nonabsorbable suture through each hole (Fig. 45-144G). 

■ Place the patellar bone block in the fémoral tunnel so 
that it lies entirely within the médial fémoral condyle 

(Fig. 45-144Fl). 

■ Tie the fémoral sutures loosely over a button placed over 
the exit of the fémoral tunnel (Fig. 45-1441). 

■ Pass a suture passer into the posteromedial capsular inci¬ 
sion and then into the intercondylar notch. 

■ Place the sutures into the tibial graft and pull them out 
through the posteromedial capsular incision, pulling the 
tibial graft gently through the intercondylar notch. 

■ Pass the suture passer into the tibial tunnel anteriorly 
and curve it out through the posteromedial capsular 
incision. 

■ Pass the tibial graft sutures through the suture passer and 
bring them out anteriorly. Tilt the tibial bone graft so that 
its inferior tip is angled anteriorly to allow easy passage 
into the tibial tunnel posteriorly. 


■ If the graft is difficult to place in the tunnel, soft tissue 
may be blocking the tunnel entrance, the tibial graft may 
be too long to be angled sufficiently to enter the tunnel, 
or the tunnel may be too low. If the tunnel is too low, 
enlarge it by reaming with gentle anterosuperior pressure 
on the reamer. 

■ Insert an AO malleolar screw and washer 5 mm longer 
than measured by the depth gauge at the inferior edge 
of the tibial tunnel. 

■ At the fémoral tunnel, tie the patellar bone sutures over 
a button. 

■ Then, with the knee in 90 degrees of flexion, pull forward 
on the tibia and tie the tibial bone sutures over the AO 
screw and washer. 

■ Tighten one suture with the knee in 90 degrees of flexion; 
bring the knee to 30 degrees of flexion and retighten the 
suture while maintaining the anterior drawer. 

■ Secure the remaining ties and tighten the screw. 

■ Perform a posterior drawer test and examine the knee for 
the normal step-off of the médial and latéral fémoral 
condyles. Place the knee through a full range of motion 
and perform a posterior drawer test. 

■Close the capsular arthrotomies in the standard fashion 
and place a drain in the médial side. 

■ Close the subeutaneous tissue and skin in the standard 
fashion. 


Both open and arthroscopic modifications of Clancy s tech¬ 
nique hâve been described. If the central third autogenous 
patellar tendon is chosen as the graft source, a limited inci¬ 
sion placed anteriorly over the patellar tendon, similar to that 
used for anterior cruciate ligament reconstruction, can be 
made for graft harvest. The intraarticular portion of the 
procedure can be done arthroscopically, or the menisci and 
intercondylar notch can be exposed through the defect in the 
patellar tendon after graft harvest, as described by Sallay and 
McCarroll. The fat pad should be incised vertically in its 
midportion, and two curved knee retractors are used to 
retract the médial and latéral portions of the patellar tendon 
or fat pad. Typically, it is unnecessary to resect the fat pad; 
however, Sallay and McCarroll did not observe any complica¬ 
tions in knees in which a portion of the fat pad was excised. 
Flexing the knee to 90 degrees provides the best exposure of 
the intercondylar notch so that the surgeons line of sight is 
parallel to the intercondylar roof. Use of a headlight can 
improve visibility. 


RECONSTRUCTION OF POSTERIOR 
CRUCIATE LIGAMENT WITH PATELLAR 
TENDON GRAFT 


TECHNIQUE 45-26 


(SALLAY AND MCCARROLL) 

■ Carefully identify the plane between the scarred posterior 
cruciate ligament and the anterior cruciate ligament to 
prevent damage to the anterior cruciate ligament while 
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FIGURE 


A-I f Technique for posterior cruciate ligament reconstruction with patellar tendon graft. SEE TECHNIQUE 45-25. 
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S excising remnants of the posterior cruciate ligament. 
Preserve a minimal amount of tissue at the fémoral 
attachment site to identify the anatomie footprint. 

■ Make a second incision to identify the tibial insertion of 
the posterior cruciate ligament to safely drill the tibial 
tunnel and to facilitate graft passage. Many surgeons 
elect to make a small posteromedial incision, identical to 
the exposure for a médial meniscal repair, regardless of 
the basic technique chosen for posterior cruciate liga¬ 
ment reconstruction (including arthroscopic), to protect 
the neurovascular structures and to facilitate graft 
passage. Sallay and McCarroll based the site of their 
incision on the need to treat associated médial or latéral 
injury. In the absence of injury to the latéral side, the 



A and B f Technique for posterior cruciate liga¬ 
ment reconstruction with patellar tendon graft. SEE TECHNIQUE 
45-25. 


standard approach has been a 4-cm posteromedial 
incision. 

■ Begin the proximal portion of the incision below and 
posterior to the médial fémoral épicondyle, extending it 
vertically downward, parallel to the lines of skin cleavage 

(Fig. 45-146A). 

■ Incise the investing fascia (layer I) in line with the skin 
incision superior to the leading edge of the sartorius 
muscle. Protect the infrapatellar branch of the saphenous 
nerve in the inferior aspect of the wound. 

■ Retract the pes tendons posteriorly, exposing the médial 
collateral ligament and the posterior oblique ligament. 

■ Make a vertical arthrotomy between the posterior oblique 
ligament and the médial head of the gastroenemius 
tendon. 

■ Sharply dissect the capsule off its tibial attachment, 
leaving the meniscotibial ligament intact. In chronic tears, 
this plane may be obscured by scarring of the posterior 
capsule to the posterior cruciate ligament. To prevent 
injury to the popliteal contents, carefully mobilize the scar 
tissue by blunt dissection to reflect the capsule off the 
tibial insertion of the posterior cruciate ligament. 

■ Now identify the posterior tibial sulcus by palpation and 
observation. 

■ If there is an associated injury to the postérolatéral corner, 
a latéral approach is preferred (Fig. 45-146B). Make a 
short, oblique incision, 6 cm long, just posterior to the 
latéral collateral ligament. 

■ Incise the iliotibial band (layer I) in line with its fibers. 

■The latéral collateral ligament lies beneath a superficial 

lamina (layer II). Divide this layer posterior to the latéral 
collateral ligament, exposing the deep capsular lamina 
(layer III). 

■ Divide the capsule in line with the posterior aspect of the 
latéral collateral ligament, exposing the postérolatéral 
joint space. Protect the popliteal tendon in the inferior 
aspect of the wound. 

■ Release the capsule and its attachment to the popliteus 
and meniscotibial ligament as described for the médial 
approach. In patients with acute injury of the posterior 



Posterior cruciate ligament reconstruction. A f Posteromedial incision over "soft spot" below and posterior to médial 
fémoral épicondyle. B f Latéral incision is made in line with iliotibial band. SEE TECHNIQUE 45-26. 







PART XIII SPORTS MEDICINE 


cruciate ligament and the postérolatéral corner, much of 
the exposure and dissection has been done by the 
disruption. 

■ To create the tibial tunnel, make an L-shaped periosteal 
flap 1 cm médial to the distal portion of the tibial tubercle 
just proximal to the pes tendon group insertion. 

■ With use of a commercially available drill guide, advance 
a guide pin from this site in a postérolatéral and proximal 
direction, exiting at the inferior and latéral quadrant of 
the posterior tibial sulcus. 

■ Confirm and document the proper position of the guide 
pin with an intraoperative radiograph. 

■ Bone guides allow calculation of the distance of the tibial 
tunnel, and the guide pin can be "chucked down" to the 
proper length to prevent overpenetration; placing a finger 
through the posteromedial incision to palpate the tibial 
fovea also protects the neurovascular structures from 
overpenetration. Some surgeons prefer to perform this 
step under imaging guidance to ensure proper placement 
of the guidewire. 

■ Overream the pin with the 10-mm reamer, again using a 
finger to protect the neurovascular structures. Some 
surgeons remove the power source and complété the last 
portion of the reaming by hand because certain reamers 
pull tissue toward the reamer as they advance along a 
guidewire. Paulos et al. used an oscillating reamer and 
drill stop to prevent vascular complications. Sallay and 
McCarroll used a reamer with a conical profile because 
the standard square profile reamers hâve been shown to 
eut out the posterior tibial cortex as far as 2 cm inferior 
to the intended exit site. 

■ Be careful not to apply counterpressure at the level of the 
popliteal fossa because this could compress the popliteal 
structures against the posterior tibia during the reaming 
process. 

■ By use of an angled curet or sharp dissection over the 
tip of the reamer while it is still in the tunnel, débridé 
the edge of the tunnel of residual soft tissue to avoid 
entrapment of the bone plug during later passage of the 
graft. 

■ Chamfer the edges of the tunnel with a rasp. 

■ The fémoral tunnel can be prepared by one of two 
methods. The standard method begins with exposure of 
the anteromedial fémoral cortex, using the superior 
portion of the médial incision. 

■ Elevate the vastus medialis proximally to allow access to 
the anteromedial aspect of the distal fémur. 

■ Use a commercial drill guide to advance a guide pin from 
a point just proximal to the médial fémoral épicondyle 
into the intercondylar notch. Pin entry should be at the 
junction of the anterior and middle thirds of the intercon¬ 
dylar notch (roughly 10 mm proximal to the articular 
surface) and at the 2-o'clock position for the right knee 
(10-o'clock position for the left knee), corresponding to 
the center of the anatomie insertion of the antérolatéral 
fibers. 

■ Overream the pin with a 10-mm reamer and chamfer the 
tunnel edges with a rasp. 

■The second technique for préparation of the fémoral 
tunnel does not require dissection of the médial fémoral 
cortex. 



"Inside-out" method of drilling fémoral tunnel 
uses latéral arthroscopic capsulotomy to advance Beath guide pin 
and to drill blind-end tunnel through intercondylar notch. SEE 

TECHNIQUE 45-26. 


■ Advance a long Beath pin through the capsule latéral to 
the patellar tendon to obtain the appropriate tunnel 
trajectory. The point of entry should correspond to the 
anatomie insertion of the anterior fibers. 

■ Advance the pin through the vastus medialis muscle and 
skin. 

■ Ream over the guide pin from the intercondylar side with 
a 10-mm reamer, stopping short of the médial fémoral 
cortex (Fig. 45-147). 

■ Withdrawthe reamer, leaving the Beath pin in place. This 
créâtes a blind-end tunnel from inside to out. 

■ The graft can be passed in two ways, depending on the 
preference of the surgeon. 

■ The first technique begins by passing the smaller, bullet- 
shaped bone plug through the tibial tunnel from anterior 
to posterior. 

■ Use a suture passer to retrieve the traction sutures into 
the posteromedial (latéral) wound. 

■ With constant tension applied parallel to the direction of 
the tibia tunnel, deliver the bone plug into the posterior 
recess (Fig. 45-148). Avoid pulling at an angle oblique to 
the tunnel because this causes the bone plug to bend at 
the posterior tunnel opening. 

■ Use the suture passer to retrieve the bone plug into the 
intercondylar notch. 

■ Direct the graft into the fémoral tunnel with the traction 
suture. 

■ The second technique uses the Beath pin to assist in 
passage of the fémoral bone plug. 

■ Thread the traction sutures of the bone plug through the 
eyelet at the end of the guide pin. 
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Graft is passed through tibial tunnel from 
anterior to posterior, pulling in line with direction of tunnel. SEE 

TECHNIQUE 45-26. 


■ Withdraw the pin from the médial aspect of the knee, 
leaving the traction sutures in the tunnel exiting the 
médial soft tissues. 

■ Advance the bone plug into the tunnel with the tendon 
portion facing the articular surface until the end of the 
bone plug is flush with the wall of the intercondylar 
notch. Abrasion of the graft is minimized because the 
tendon does not rest against the edge of the fémoral 
tunnel. 

■ Thread the sutures of the other bone plug through a 
DePuy graft passer (DePuy, Warsaw, IN). Advance the free 
end of the graft passer through the patellar tendon defect 
and the notch into the posterior recess. Apply gentle 
tension to the sutures to seat the end of the bone plug 
firmly in the mount of the graft passer. 

■ Thread the free end of the graft passer through the tibial 
tunnel from posterior to anterior, using an arthroscopic 
clamp. 

■ Place a heavy clamp on the end of the graft passer, 
preventing relative motion between the passer and the 
graft. Apply firm tension to the graft passer to deliver the 
graft through the notch and into the tibial tunnel. Main- 
taining an anterior drawer force on the tibia also aids 
graft passage into the tunnel. 

■ Fixation can be achieved by tying the sutures over liga¬ 
ment buttons, interférence screws, or both. 

■ Fix the fémoral bone plug first. 

■ Move the knee through a full range of motion to evaluate 
relative motion of the tibial bone plug with respect to the 
tibial tunnel. An appropriately placed graft should hâve 
no more than 2 mm of relative motion. 

■ Fix the tibial side with the knee flexed to 90 degrees with 
an anterior drawer force applied to re-create the normal 
femoral-tibial relationship. Secure the bone plug with a 
9 x 20-mm cannulated interférence screw. If the end of 
the graft is difficult to see, place the arthroscope into the 


tibial tunnel to allow more accurate screw fixation. As an 
alternative, tie the sutures over a ligament button. 

■ Perform a posterior drawer test to ensure adéquate stabil- 
ity. Residual laxity should be grade I or less. 

■Close in routine fashion over a drain. 

POSTOPERATIVE CARE. Restoring motion and reduc- 
ing swelling take priority within the first week. Patients 
are encouraged to perform active range-of-motion exer¬ 
cises, quadriceps training, and full weight bearing in an 
extension brace in the immédiate postoperative period. 
Immobilization is continued in extension for 3 weeks in 
patients in whom médial or latéral capsuloligamentous 
structures were repaired. Strengthening and functional 
activities are introduced in a stepwise program. 


I RECONSTRUCTION OF POSTERIOR CRUCIATE 
LIGAMENT WITH BONE-PATELLAR TENDON- 
BONE OR ACHILLES TENDON-BONE GRAFTS 

Allograffs, either bone-patellar tendon-bone or Achilles 
tendon-bone, also are popular graft sources for reconstruc¬ 
tion of the posterior cruciate ligament because of their large 
size. In addition, the Achilles tendon allograff has the advan- 
tages of extra length and only soft tissue at one end, which 
makes graft passage easier. Harner described an arthroscopic 
technique for Achilles tendon allograff. He emphasized that 
the tibial guide pin should course just anterior and parallel to 
the slope of the posterior tibial cortex, which is approximated 
by a line parallel to the slope of the proximal tibiofibular joint. 
The antérolatéral fibers are re-created by placing the fémoral 
tunnel within the anterior portion of the posterior cruciate 
ligament footprint. The guide pin enters 5 to 10 mm from the 
intraarticular cartilage of the médial fémoral condyle. On the 
extraarticular side of the fémoral condyle, the guide pin 
should exit 1.0 to 1.5 cm from the articular cartilage margin 
to avoid disruption of the subchondral bone. The bone plug 
should be advanced until its bone-tendon edge is flush with 
the cortex to minimize graft bending and abrasion. The bone 
plug is fixed in the fémoral tunnel with an interférence screw, 
and the soft-tissue end of the Achilles tendon allograff is 
secured outside the tibial tunnel with a screw and spiked 
washer or, in rare cases, a staple. Affer the graft has been fixed 
in the fémoral tunnel, the knee is moved through a range of 
motion to check for isometricity and stability and to preten- 
sion the graft. The tibial side is secured with the knee in 70 
to 80 degrees of flexion and 10 pounds of tension because the 
antérolatéral bundle is under maximal tension in this posi¬ 
tion, minimizing the risk of overtensioning the graft. 

Affer surgery, the knee is placed in full extension in a 
commercially available knee brace with hinges locked in 
extension. A range-of-motion exercise program of 0 to 90 
degrees is initiated immediately. Limited weight bearing in 
the brace with crutches is allowed. Quadriceps exercises are 
started immediately with active knee extension from 90 to 0 
degrees and straight-leg raises. Passive knee flexion exercises 
are used to gain knee flexion, but hamstring exercises are 
avoided because of the posterior translation stress they would 
place on the graft. Running begins at the fourth month, fol- 
lowed by sport-specific agility drills at 5 to 6 months. A full 
return to sports is allowed when adéquate quadriceps and 
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hamstring strength has been achieved and sport-spécifie 
agility and proprioceptive skills hâve been mastered. 

Ail the previous techniques require the graft to turn at a 
right angle as it exits the tibial tunnel posteriorly and heads 
anteriorly toward the fémoral tunnel. This acute bend créâtes 
the potential for graft abrasion and may make effective graft 
tensioning difficult. Posterior approaches to the tibial attach- 
ment of the posterior cruciate ligament hâve been described 
with tibial inlay reconstruction to avoid this. Other methods 
to improve graft position include (1) placing the patient in 
the latéral decubitus position with the affected extremity up 
so that moving the leg and rotating the table allows access to 
both the anterior and posterior aspects of the knee and (2) 
harvesting of the graft first and fixing the graft in the fémoral 
tunnel with the patient supine, and then repreparing and 
redraping with the patient prone to make the posterior 
exposure and fixing the graft on the tibial side. 

Both laboratory and cadaver studies hâve found no sig- 
nificant différences between the two techniques at any knee 
flexion angle, and a systematic review of the literature on 
clinical outcomes of transtibial and inlay reconstructions 
found satisfactory results for both techniques. 


RECONSTRUCTION OF POSTERIOR 
CRUCIATE LIGAMENT WITH BONE- 
PATELLAR TENDON-BONE OR 
ACHILLES TENDON-BONE GRAFTS 


TECHNIQUE 45-27 


(BERG) 

■ Before beginning the operation, détermine the size of the 
autogenous patellar tendon; if it is too long, the bony 
portion of the tendon graft will be recessed proximally 
within the fémoral tunnel, which may subject the tendon 
to abrasive atténuation. Size the autogenous patellar 
tendon on a calibrated, 30-degree flexed, latéral knee 
radiograph with 3 mm or less of perfect posterior fémoral 
condylar overlap. Use a high-intensity illuminator to 
discern the exact tibial tuberosity insertion site of the 
patellar tendon just anterior to the fat pad density. Pos¬ 
terior cruciate ligament strength is increased from the 
anterior margin of the intercondylar line to a point 1 cm 
below the posterior tibia. If the autogenous patellar 
tendon is longer than the measured posterior cruciate 
ligament length by more than 1.5 cm, consider using an 
allograft of specified tendon length. 

■ Place the patient in the decubitus position with the opéra¬ 
tive leg up. 

■ Circumferentially préparé and drape the limb from the 
proximal thigh to midcalf. 

■ Abduct and externally rotate the hip 45 degrees and flex 
the knee 90 degrees; the anterior knee faces the surgeon 
(Fig. 45-149A). 

■ Harvest a 1-cm-wide central-third bone-patellar tendon- 
bone autograft. 

■ Drill and tap the tibial tubercle bone to accept a 6.5-cm 
cancellous screw and spiked washer. 


■ Use either standard anterior arthroscopic portais and an 
incision through the patellar tendon defect and fat pad 
or a médial parapatellar arthrotomy to examine intraar- 
ticular structures and perform meniscal surgery as needed. 

■ Place a fémoral jig in the anterosuperior fémoral origin of 
the posterior cruciate ligament, 4 mm from the anterior 
articular margin of the médial fémoral condyle. 

■ Make a 5-cm incision proximal to the médial fémoral 
épicondyle. 

■ Divide the patellar retinaculum and expose the condyle 
subperiosteally. 

■ After guide pin placement, use a cannulated reamer to 
create a 1-cm-diameter interosseous tunnel in the médial 
fémoral condyle. Chamfer the tunnel margins with a rasp. 

■ Pass an 18-gauge wire loop through the fémoral tunnel, 
directed toward the posterior joint, and use it to pass the 
patellar tendon graft rétrogradé into the fémoral tunnel 
later in the case. 

■ If a combined arthroscopic anterior cruciate ligament and 
open posterior cruciate ligament procedure is planned, 
perform the anterior cruciate ligament reconstruction first 
because the popliteal arthrotomy will allow extravasation 
of the arthroscopic irrigant. 

■ Extend the knee, tilt the table toward the prone position, 
and abduct the thigh with stacked towels to allow access 
to the popliteal fossa (Fig. 45-149B). 

■ Make a vertical incision in line with the palpable semiten- 
dinosus tendon. Veer the incision laterally in the popliteal 
crease and extend it distally over the posterior calf 
(Fig. 45-149inset). 

■ Expose the deep fascia overlying the gastroenemius 
muscle and incise it vertically. 

■ Identify and protect the sural nerve between the two 
heads of the gastroenemius muscle. 

■ Develop bluntly the plane between the médial head of 
the gastroenemius and the semimembranosus tendon. 
Slightly flexing the knee improves exposure and allows 
relief of tension on the popliteal vessels. 

■ Incise the médial head of the gastroenemius near its 
insertion and retract it laterally, protecting its tibial nerve 
motor branch. 

■ Identify and ligate the inferior médial geniculate artery 
and vein, which overlie the posterior joint capsule at the 
superior margin of the popliteus. 

■ Make a vertical incision through the oblique popliteal 
ligament and posterior capsule. 

■ Identify the posterior cruciate ligament and expose the 
posterior tibial plateau subperiosteally. 

■ Advance the tendon graft traction sutures with the 
wire loop rétrogradé into the médial fémoral condyle 
tunnel. 

■ Use a 7- or 9-mm-diameter cannulated screw to secure 
interférence fixation of the bone graft in the fémoral 
tunnel. Optimally, the bone portion of the graft should 
not be recessed within the condylar tunnel but should lie 
at the tunnel margin interface to prevent tendon-tunnel 
wall abrasion. 

■ Avoiding recurvatum, position the knee in full extension, 
which reduces posterior tibial subluxation through the 
géométrie congruity of the fémoral condyle and tibial 
plateau. 
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A f Decubitus position with thigh abducted and knee and hip flexed allows access to anterior knee for arthroscopic 
and standard open technique. B f In second position, hip and knee are extended and table is tilted toward prone position to allow 
access to popliteal fossa, where vertical incision is made in line with semitendinosus tendon (inset). C, Patellar tendon bone block is 
inlaid within tibial window and secured to cancellous bone with screw and spiked washer. SEE TECHNIQUE 45-27. 


bearing on crutches is allowed. Full weight bearing is 
allowed at 2 weeks, and knee motion is permitted over 
a 0- to 90-degree arc of motion. Isométrie quadriceps 
exercises are begun with the knee at 70 to 90 degrees of 
flexion. At 6 weeks, the patient is allowed to walk without 
crutches, and prone quadriceps and hamstring exercises 
over a full arc of motion are begun. 


■ Place the patellar tendon graft under slight manual 
tension to détermine the site of posterior tibial fixation. 

■ Use an osteotome to create a unicortical window in the 
posterior tibia equal in size to the bony portion of the 
patellar tendon graft. 

■ Inlay the patellar tendon graft and secure it with a 6.5-mm 
titanium screw and spiked washer to the cancellous tibial 
bone (Fig. 45-149C). 

■ If the tendinous portion of the graft is too long, advance 
the tibial insertion site distally. 

■ If the meniscofemoral ligaments (Wrisberg and Flumphry) 
are incompetent, suture the peripheral latéral meniscus 
to the posterior cruciate ligament substitute. 

■ Repair the médial head of the gastroenemius and perform 
a routine closure. 

POSTOPERATIVE CARE. After surgery, the knee is 
braced in full extension for 2 weeks and partial weight 


In 1990, Burks and Schaffer described a posterior approach 
that does not require division of the médial head of 
the gastroenemius. It does require repositioning, reprepar- 
ing, and redraping of the patient after the graft has been 
harvested and secured in the fémoral tunnel; however, the 
full prone position may be easier on the surgical team 
than the latéral decubitus or semiprone position described 
by Berg. 
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RECONSTRUCTION OF POSTERIOR 
CRUCIATE LIGAMENT WITH BONE- 
PATELLAR TENDON-BONE OR 
ACHILLES TENDON-BONE GRAFTS 


TECHNIQUE 45-28 


(BURKS ANDSCHAFFER) 

■ With the patient prone, make a gently curved incision, 
with a horizontal limb near the flexion crease of the knee 
and a vertical limb overlying the médial aspect of the 
gastrocnemius muscle. 

■ Carry the dissection to the deep fascial layer and incise it 
vertically over the médial head of the gastrocnemius. 

■ Protect the médial sural cutaneous nerve (posterior 
cutaneous nerve of the calf), which usually perforâtes the 
deep fascia distal to the horizontal limb of the incision. 

■ Identify the médial border of the médial gastrocnemius 
and bluntly develop the interval between it and the 
semimembranosus tendon, exposing the posterior joint 
capsule (Fig. 45-150). The middle geniculate artery may 
be encountered near the midposterior capsule and can 
be ligated if necessary. By latéral retraction on the médial 
head of the gastrocnemius, no tension is directly applied 
to the motor branch to the médial head of the gastroc¬ 
nemius, the only motor branch from the tibial nerve in 
the popliteal fossa that traverses medially. The thick 
muscle belly protects the neurovascular structures as the 
capsule is exposed. Dissection on this protected médial 
side of the popliteal fossa is therefore relatively safe. 

■ Expose the posterior aspect of the proximal tibia and 
posterior margins of the fémoral condyle. 


Incision 



Semimembranosus 

muscle 

Posterior cruciate 
ligament 


Popliteal artery 
Popliteal vein 
Tibial nerve 



Gastrocnemius 

muscle 


Médial 


Latéral 


FIGURE 


Posterior approach for reconstruction of pos¬ 


terior cruciate ligament. SEE TECHNIQUE 45-28. 


■ If further latéral exposure is necessary, release a portion 
of the tendinous origin of the médial head of the gas¬ 
trocnemius from the distal fémur and joint capsule. Slight 
knee flexion will aid exposure, and complété sectioning 
of the médial head of the gastrocnemius rarely is needed. 

■ Make a vertical incision through the posterior capsule to 
expose the contents of the posterior intercondylar notch 
and the tibial attachment of the posterior cruciate 
ligament. 

■ Proceed as described by Berg (see Technique 45-27). 

■Suture the capsular incision, allow the gastrocnemius to 

settle into position, approximate the subcutaneous layers, 
and close the skin in a routine fashion. 


■ ARTHROSCOPICALLY AIDED POSTERIOR 
CRUCIATE LIGAMENT RECONSTRUCTION 

As described in the section on anterior cruciate ligament 
reconstruction, the posterior cruciate ligament also can be 
replaced by arthroscopic surgical techniques. See Chapter 51 
for descriptions of these techniques. 

■ COMPLICATIONS OF POSTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION 

Aside from the usual postoperative complications, the most 
common problem associated with posterior cruciate ligament 
reconstruction is loss of motion. Flexion loss is more common 
than extension loss. Many studies report between 10 and 20 
degrees loss of flexion, most likely caused by improper graff 
placement or inadéquate réhabilitation. The position of the 
fémoral tunnel is more critical than that of the tibial tunnel. 
Fémoral attachments anterior and distal to the most isométrie 
région resuit in increased graft tension, with flexion loss 
resulting from an increase in distance between the fémoral 
and tibial attachment sites. Loss of extension or a flexion 
contracture most likely is caused by prolonged immobiliza- 
tion in flexion. 

Failure to obtain objective stability is another common 
complication. Poor graft sélection has been implicated in the 
failure of reconstructions that use the iliotibial band, the 
médial head of the gastrocnemius, or the hamstring tendons. 
These tissues may hâve insufficient strength to prevent pos¬ 
terior sag and drawer. Improper tunnel placement can resuit 
in graft abrasion and subséquent failure. Fémoral tunnel 
placement posterior and proximal to the most isométrie 
région results in decreased graft tension in flexion secondary 
to a decrease in distance between fémoral and tibial attach¬ 
ment sites. This results in graft laxity with an inability to 
prevent posterior sag and drawer. 

Failure of the reconstruction may be the resuit of untreated 
associated ligamentous injuries, such as of the postérolatéral 
corner, that allow excessive forces to be applied to the graft. 

Neurologie injuries can resuit from excessive tourniquet 
time and manifest as neurapraxia. Direct injury to the tibial 
nerve can resuit from pénétration by either the tibial guide 
pin or drill and can be avoided by ensuring direct exposure 
of the tip of the pin and drill during préparation of the tibial 
tunnel. 

Vascular complications include lacération, thrombosis, 
and intimai injury to the popliteal artery. Viewing the tip of 
the guide pin and reamer at ail times can prevent this injury. 
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FIGURE 


Ultralow-velocity knee dislocation in an obese patient. 


Osteonecrosis of the médial fémoral condyle has been 
reported. It may occur months to years after the surgery. The 
cause is thought to be local trauma to the blood supply of the 
subchondral bone from both soft-tissue dissection and drill- 
ing of the condyle. This complication has been treated suc- 
cessfully with curettage and autogenous bone graffing of the 
defect. 

TRAUMATIC DISLOCATIONS 

In comparison with other injuries of the knee, dislocations 
are relatively uncommon; however, some knee dislocations 
probably are never recognized because of spontaneous réduc¬ 
tion before medical évaluation. In an acutely dislocated 
knee, the diagnosis usually is obvious because of deformity, 
pain, and swelling. The diagnosis may be more difficult in 
obese patients, in those with spontaneous réduction, and in 
patients with multiple trauma. Failure to correctly diagnose 
a knee dislocation diminishes the likelihood of recognizing 
injury to the popliteal artery, which can resuit in devastating 
complications. 

Knee dislocations hâve historically been described as 
high-velocity or low-velocity injuries. High-velocity disloca¬ 
tions most offen occur in motor vehicle accidents, falls from 
a height, or severe crush injuries, whereas most low-velocity 
dislocations occur during sporting activities. Reports of low- 
velocity knee dislocations hâve focused primarily on disloca¬ 
tions occurring during sports. We identified a subset of 
morbidly obese patients with what we termed ultralow- 
velocity knee dislocations that occurred during activities of 


daily living, such as stepping off a curb or stair or simply 
falling while walking (Fig. 45-151). The average âge of the 17 
patients (11 women and 6 men) was 28.6 years, and ail 17 
patients were clinically obese, with an average body mass 
index (BMI) of 48 (a BMI of 30 or more is considered clinical 
obesity). Popliteal artery injuries occurred in 7 of the 17 
patients, and 7 had neurologie injuries. Two patients with 
vascular repairs required above-knee amputations because of 
tissue ischemia. We found a corrélation between the BMI and 
the severity of injury: of patients with nerve injuries, the 
average BMI was 48.26; of those with vascular injuries, 56.28; 
and of those with both nerve and vascular injuries, 60.29. 
Only six patients did not hâve either vascular or nerve injury; 
their average BMI was 39.58. Regardless of BMI, patients with 
ligament reconstructions, especially postérolatéral corner 
repair, had better subjective and objective outcomes than 
did those without ligament reconstructions. Since this study, 
others hâve reported similar findings. 

In skeletally immature patients, stress radiographs should 
be obtained to rule out physeal injury (see Chapter 36). 

CLASSIFICATION 

Various classifications for knee dislocations hâve been pro- 
posed, including open or closed; high velocity, low velocity, 
or ultralow velocity; and reducible or irreducible. Disloca¬ 
tions also hâve been classified according to the position of the 
tibia relative to the fémur (anterior, posterior, médial, latéral, 
or rotary). Anterior dislocations are most common, followed 
by posterior dislocations; médial, latéral, and rotatory com¬ 
binations are less frequent. More recently, classification of 
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knee dislocations has focused on identifying which structures 
are injured and the severity of injury to spécifie structures 
(Table 45-4). Tins classification helps in preoperative plan¬ 
ning because the need for and timing of repair or reconstruc¬ 
tion of spécifie ligaments can be determined. It is, however, 
limited by the difficulty in obtaining an accurate examination. 
MRI and examination under anesthésia are useful to confirm 
the diagnosis and to identify injured structures. The anterior 
and posterior cruciate ligaments usually are both injured with 
a knee dislocation. In addition, either or both of the collateral 
ligaments and the postérolatéral corner structures also may 
be injured. The most common pattern of injury is that of 
bicruciate ligament injuries with an associated médial or 


TABLE 45-4 


Classification of Knee Dislocations (Schneck) 

GRADE 

DESCRIPTION 

KD-I 

PCL-intact knee dislocation, usually ACL and 
LCL torn; also includes ACL-intact knee 
dislocation with complété PCL tear 

KD-II 

ACL and PCL torn, collateral ligaments intact 

KD-IIIM 

ACL, PCL, and MCL—corner torn, latéral side 
intact 

KD-II 1L 

ACL, PCL, and LCL—corner torn, médial side 
intact 

KD-IV 

Ail four ligaments torn (ACL, PCL, MCL, LCL) 


ACL, Anterior cruciate ligament; KD, knee dislocation; LCL, latéral collateral liga¬ 
ment; MCL, médial collateral ligament; PCL, posterior cruciate ligament. 


latéral collateral ligament tear, depending on the direction of 
the deforming force (KD-III). 

EXAMINATION AND RADIOGRAPHIC 
EVALUATION 

Completion and documentation of a thorough neurovascular 
examination are mandatory at the time of initial évaluation, 
before réduction, and after réduction. The extremity should 
be examined thoroughly for color, température, and capillary 
refill. Posterior tibial and dorsalis pedis puises should be 
palpated and compared with the contralatéral side; if neces- 
sary, arteriography should be carried out. Indications for 
arteriography are discussed in the section on vascular 
injuries. 

Physical examination of patients with knee dislocations 
is not always reliable because of pain and guarding, spontané - 
ous réduction, or ipsilateral fractures. Once the neurovascular 
status is determined, the usual tests for ligamentous laxity 
should be carefully attempted, however. The extensor mecha- 
nism should be evaluated, and the limb should be examined 
for signs of compartment syndrome. 

Initial radiographie évaluation focuses on determining 
the direction of dislocation and the presence of any concomi¬ 
tant bony injuries (Fig. 45-152). Anteroposterior, latéral, and 
oblique views should be obtained before and after réduction. 
MRI allows better évaluation of soft-tissue injuries, such as 
the actual site of cruciate and collateral ligament injury, 
meniscal disorders or injuries, and the status of the popliteal 
tendon when postérolatéral corner injury is suggested (see 
earlier section on postérolatéral instability). Most anterior 
cruciate ligament injuries associated with knee dislocations 
are midsubstance tears (45%), followed by fémoral avulsions 



FIGURE 


A and B f Radiographs of knee dislocation. 
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(34%) and tibial avulsions (21%). The posterior cruciate liga¬ 
ment injury is most often a fémoral avulsion (76%), followed 
by midsubstance tear (17%) and tibial avulsion (7%). Occa- 
sionally, imaging by CT can be helpful in treatment planning 
if bone pathology is présent. 

VASCULAR AND NERVE INJURIES 
■ VASCULAR INJURIES 

The first priority in the assessment and treatment of traumatic 
dislocations of the knee is not the ligaments but the vascular 
status of the extremity. Popliteal artery injury is common in 
dislocations of the knee, especially in anterior dislocations, 
because the relatively fixed popliteal artery is stretched, with 
intimai disruption and possible subséquent vascular occlu¬ 
sion. The incidence of popliteal artery injury has been 
reported in the literature to range from 5% to over 60%; 
however, some more recent studies cite a range of 7% to 25%, 
and a large database study involving 8050 knees found vas¬ 
cular injury in only 3.3%. This is in contrast to a systematic 
review that identified a frequency of 18% in 862 patients. 
Vascular injuries are more common with high-velocity inju¬ 
ries than with low-velocity injuries, and we hâve found them 
to be more common with ultralow-velocity injuries. 

When the patient is first seen, if the peripheral circulation 
in the extremity is déficient, the dislocation should be reduced 
as quickly as possible and the circulatory status of the limb 
again carefully assessed. Several authors hâve suggested that 
even if puises are présent, the ankle-brachial index (ABI) 
should be calculated and rechecked several times. The ABI is 
the systolic pressure in the ankle divided by the systolic pres¬ 
sure in the arm. According to proponents of this method, if 
the ABI is more than 0.85 to 0.90, close observation is war- 
ranted; if the ABI is less than 0.85, arteriography is indicated. 
In a prospective study, the sensitivity, specificity, and positive 
prédictive value of an ABI lower than 0.90 were 100% and the 
négative prédictive value of an ABI that reached 0.90 or 
higher was 100%. 

Fémoral arteriography is indicated for any patient with 
questionable circulation or absent peripheral puises either 
before or after réduction of a dislocated knee (Fig. 45-153). 
Fémoral arteriography also is indicated in an extremity that 
originally has no puises, even though satisfactory puises are 
restored after réduction, because intimai tears may be présent 
even though the patency of the popliteal artery is sufficient 
for satisfactory circulation. Sometime later, the tear may 
dissect free, resulting in thrombosis behind the intimai flap 
and occlusion of circulation. Although arteriography carries 
a 5% false-positive rate and an 8% complication rate, impaired 
or questionably impaired peripheral circulation at any time 
calls for arteriography to be done as soon as possible so that 
potential revascularization is not delayed. We avoid any 
potential delay by Consulting with a vascular surgeon as soon 
as a vascular injury is suspected. Often, arteriography is done 
in the operating room at the time of emergency revasculariza¬ 
tion. We do not routinely obtain an arteriogram of extremities 
with knee dislocations when there is no sign of peripheral 
circulatory compromise before or after réduction. During the 
first 48 to 72 hours after injury, the extremity is monitored 
closely for an intimai tear that may progress and cause throm¬ 
bosis and when the ABI is within normal limits. 

Currently, CT angiography is being used more often 
as an alternative to fémoral angiography; cited advantages 



FIGURE 


Arteriogram in patient with knee dislocation. 


include less invasive procedure, lower radiation dose, and 
high sensitivity and specificity. MR angiography also has been 
proposed as an alternative to define the vascular anatomy and 
diagnose asymptomatic vascular lésions; in one small sériés 
of knee dislocations, findings were comparable to those of 
standard angiography. Arterial duplex ultrasonography has 
been reported to be 100% sensitive and 97% spécifie for 
identifying arterial injuries, but this technique is highly 
operator dépendent and is not always available for évaluation 
of acute injuries. 

An evidence-based algorithm has been developed for 
diagnosis of vascular injury that provides a reasonable 
approach in line with current consensus and available évi¬ 
dence (Fig. 45-154). 

■ NERVE DAMAGE 

Nerve damage has been reported to occur in 10% to 40% of 
knee dislocations. Usually the peroneal nerve is injured, and 
nearly half of these nerve injuries resuit in permanent neuro¬ 
logie déficit. Although most common with postérolatéral 
dislocations, peroneal or posterior tibial nerve injuries hâve 
been reported with ail types of dislocations. In dislocations 
with disruption of the posterior cruciate ligament and the 
postérolatéral corner, the frequency of peroneal nerve injury 
has been reported to be as high as 45%. Transient or perma¬ 
nent peroneal nerve neurapraxias hâve been reported to 
occur in over half of patients with knee dislocations with 
arterial injuries. A systematic review of the literature deter- 
mined that 87% of patients with partial peroneal nerve palsy 
achieved full motor recovery, whereas only 38% of patients 
with complété lésions had full recovery. Krych et al. also 
found that patients with partial nerve injury were more likely 
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APBI = ankle brachial pressure index; CT = computerized tomography; US = ultrasound 


Treatment algorithm for knee dislocation. (Modified from Howells NR, Brunton LR, Robinson J, et al: Acute knee dislocation: 
an evidence-based approach to the management of the multiligament injured knee, Injury 42:1198, 2011.) 


to regain antigravity strength; however, they found no différ¬ 
ence between patients with peroneal nerve injury and those 
without on Lysholm or IKDC scores after multiligament 
reconstruction at 6-year follow-up. Posterior tibial tendon 
transfer has been recommended for treatment of foot drop 
that persists for at least 1 year after knee dislocation. 

OTHER ASSOCIATED INJURIES 

The intercondylar eminences are frequently fractured, and 
other osteochondral fractures and meniscal tears hâve been 
reported. One study of 122 dislocated knees identified menis¬ 
cal or chondral injuries in 76%. Fractures of the distal fémur 
or proximal tibia are présent in approximately 16% of knee 
dislocations. Although dislocation of the knee probably 
cannot occur without disruption of both cruciate ligaments, 
in straight anterior or posterior dislocations some stability 
may be retained because the fémoral condyles are stripped 
cleanly out of the capsular and collateral ligament attach- 
ments and slip back inside them when the dislocation is 
reduced. On occasion, with avulsion fractures of the cruciate 
ligaments, the ligaments can be repaired rather than recon- 
structed. Midsubstance anterior cruciate ligament tears occur 
in approximately 50% of knee dislocations, followed in fre- 
quency by injury to the fémoral attachment and the tibial 
attachment. The posterior cruciate ligament is torn from its 
fémoral attachment in nearly 75% of knee dislocations, fol¬ 
lowed by midsubstance tears and tibial avulsions. 

TREATMENT 

Treatment of knee dislocations by closed réduction and 
plaster immobilization in preference to open réduction 


historically was recommended because ligamentous damage 
was extensive and adéquate repair was not believed to be 
possible. Currently, most recommend early ligament repair 
or reconstruction and aggressive réhabilitation, especially 
in young, active patients. Straight anterior or posterior 
dislocations—stable to varus and valgus stress after closed 
réduction—are most likely to hâve good results after closed 
réduction and brief immobilization. Other types of disloca¬ 
tions tend to be more unstable after réduction, and for these 
we generally prefer operative repair or reconstruction of ail 
torn structures, especially in young patients. 

Instability should be determined when the knee is 
reduced, and careful inspection of postreduction radio- 
graphs is necessary to détermine that the réduction is ana¬ 
tomie. On occasion, the médial capsule and médial collateral 
ligamentous structures are trapped within the joint when a 
postérolatéral dislocation is reduced. This is indicated by 
a slightly nonanatomic réduction on the radiographs 
and often a dimpling, puckering, or furrow along the 
médial joint line; immédiate open réduction may be 
required. Other indications for immédiate surgery include 
arterial injuries, open injuries, and compartment syndrome 
of the leg. 

When anatomie closed réduction is achieved, the knee is 
immobilized in a splint or brace in its most stable position; 
30 to 45 degrees of knee flexion is désirable if the knee is 
stable in this position because this approximates the posterior 
capsular and posteromedial and postérolatéral corner struc¬ 
tures and removes tension on the popliteal vessels. A circum- 
ferential cast should be avoided to allow careful monitoring 
of the neurocirculatory status. Spanning external fixation is 
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recommended to maintain réduction if splinting is inadéquate. 
Transarticular pinning or olecranization of the patella should 
be avoided. 

It has been well documented in the literature and we are 
convinced that the best results and the most stable knees can 
be obtained with repair or reconstruction of ail disrupted 
ligaments when circumstances are optimal for surgery. A 
meta-analysis of studies of knee dislocations published over 
a decade ago (2001) concluded that, overall, reconstruction 
of the ligaments produced better results and a significantly 
lower risk of knee stiffness than did nonoperative treatment. 
A more recent evidence-based review of the literature (2011) 
that included 35 studies involving 926 knee dislocations 
determined that the data regarding functional outcome, 
instability, contracture, and return to activity ail favored 
operative management. This also was true in our group of 
patients with ultralow-velocity knee dislocations. Even 
though their mobility was limited before injury, those with 
surgical ligament reconstruction had better function than 
those treated nonoperatively. Vaidya et al. also found better 
outcomes with operative reconstruction in their 19 patients 
with ultralow velocity knee dislocations. Other factors to be 
considered include related injuries, other damage within the 
knee and surrounding tissues, the circulatory status, the âge 
of the patient, and future demands on the knee. An elderly 
person with a sedentary lifestyle and few physical demands 
on the extremity may hâve a satisfactory resuit with closed 
conservative measures, but a young person who desires 
maximally stable function will benefit from early repair or 
reconstruction of the disrupted structures. In addition, the 
preexisting alignment of the lower extremities should be 
considered. A preexisting varus knee alignment should be 
treated surgically to prevent a subséquent latéral thrust gait. 
The same may hold true for a preexisting valgus knee align¬ 
ment with a severe médial injury. 

When circulation is impaired and abnormality is con- 
firmed by angiography, immédiate repair of the damaged 
popliteal vessel may save the limb. To delay with a nonsurgi- 
cal approach or expectation that collateral circulation around 
the joint will provide sufficient peripheral circulation is to 
invite disaster. The amputation rate is approximately 6% when 
vascular repair is performed within 6 hours. This increases to 
11% when repair is performed within 8 hours, to 86% when 
repair is delayed more than 8 hours, and to 90% when the 
vascular injury is untreated. When repair of the popliteal 
artery is required, we usually do not perform extensive liga- 
mentous reconstruction at the same time. A few well-placed 
sutures in the capsular structures while the popliteal artery is 
exposed are justified, but extensive repair and reconstruction 
should be delayed. Repair of collateral and capsular structures 
and repair or reconstruction of cruciate ligaments can be 
carried out safely and effectively up to 3 weeks affer vascular 
repair. The previous surgical incision should then be healed, 
the integrity of the popliteal artery established, and the liga- 
mentous tissue quality still satisfactory for reconstruction or 
repair. The use of a tourniquet is left up to the discrétion of 
the vascular surgeon. We usually await clearance from the 
vascular surgeon to use a tourniquet within the first 2 weeks 
of revascularization, and we hâve noted no récurrent vascular 
problems. 

Current treatment recommendations focus on early 
reconstruction of the cruciate ligaments combined with 


repair or reconstruction of the collateral structures, followed 
by aggressive réhabilitation. This approach has been shown 
to improve knee stability and range of motion. In general, we 
prefer immédiate repair or reconstruction (within 10 to 14 
days) for the following injury patterns: anterior and posterior 
cruciate ligaments and postérolatéral corner, posterior cruci¬ 
ate ligament and postérolatéral corner, anterior and posterior 
cruciate ligaments and médial collateral ligament (grade III 
injuries, distal tears), and posterior cruciate and médial col¬ 
lateral ligaments (grade III injuries, distal tears). Repair or 
reconstruction can be delayed for anterior and posterior 
cruciate ligament injuries with intact collateral ligaments and 
for anterior and posterior cruciate and médial collateral liga¬ 
ment injuries (grade I or II) with an intact posterior oblique 
ligament. Although tears of the médial patellofemoral liga¬ 
ment are frequent with multiligament knee injuries, they 
rarely cause patellar instability and in most patients do not 
require operative treatment. 

The choice of graff for reconstruction of cruciate liga¬ 
ments dépends on the structures injured, the severity of the 
injury, the timing of the surgery, and the expérience of the 
surgeon. We generally prefer allograff s for reconstruction of 
multiple ligament-injured knees: bone-patellar tendon-bone 
graff for anterior cruciate ligament reconstruction, Achilles 
tendon graff for posterior cruciate ligament reconstruction, 
tibialis graff for reconstruction of the postérolatéral corner, 
and tibialis or Achilles tendon graff for reconstruction of the 
médial or posteromedial corner. Autograff choices include 
bone-patellar tendon-bone, hamstring, and quadriceps 
tendon graffs. Recently, artificial ligaments hâve resurfaced, 
and their use has corne under investigation for multiple- 
ligament reconstructions. A study of 71 patients with artificial 
ligament reconstructions found subjective and objective 
outcomes comparable with other graff choices at 54-month 
follow-up. Graff choices for knee ligament reconstruction are 
discussed in more detail in the earlier section on anterior 
cruciate ligaments and in Chapter 51. 

The operative treatment of a dislocated knee begins with 
a thorough examination with the patient under anesthésia to 
confirm the preoperative identification of injured structures. 
Arthroscopy is especially helpful for évaluation of meniscal 
and chondral injuries, and some ligament repairs and recon¬ 
structions can be done arthroscopically or with arthroscopic 
assistance (see Chapter 51). Arthroscopy of an acute injury 
should, however, be limited because of the risk of fluid 
extravasation, which could precipitate a compartment syn¬ 
drome in patients with acute injuries. Meniscal and articular 
cartilage injuries are treated before ligament injuries. The 
approach used dépends on the structures injured (Fig. 
45-155). A curved médial utility incision allows exposure of 
the cruciate ligaments, the médial collateral ligament, and the 
posteromedial corner; a posterior L-shaped incision (Burks 
and Schaffer) allows exposure of the tibial insertion of the 
posterior cruciate ligament for repair of an avulsion fracture 
or for tibial inlay reconstruction; and straight médial and 
latéral incisions allow exposure of the médial and posterome¬ 
dial and the latéral and postérolatéral structures, respectively. 
A straight midline incision allows exposure to ail structures. 
Regardless of the approach used, full-thickness skin flaps 
should be developed and appropriate skin bridges (more than 
7 cm) should be maintained. The suggested sequence of 
surgery is shown in Box 45-2. 
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Skin incisions for open latéral or postérolatéral 
reconstruction combined with arthroscopic reconstruction of 
anterior and posterior cruciate ligaments. F, Fibular head; G, 
Gerdy tubercle; P, patella; T, tibial tubercle. (From L'Insalata JC, 
Dowdy PA, Harner CD: Multiple ligament reconstruction. In Harner CD, 
Vince KG, Fu FH, editors: Techniques in knee surgery, Philadelphia, 
Lippincott Williams & Wilkins, 2000.) 


Sequence of Surgery for Traumatic Knee 
Dislocation 


Examination under anesthésia 
Arthroscopic examination 
Treatment of meniscal and osteochondral injuries 
Reconstruction of cruciate ligaments: 


PCL tibial tunnel 
PCL fémoral tunnel 
ACL tibial tunnel 
ACL fémoral tunnel 


PCL tibial tunnel 
or ACL tibial tunnel 

ACL fémoral tunnel 
PCL fémoral tunnel 


Passage and fixation of PCL graft in fémoral tunnel 

Passage and fixation of ACL graft in fémoral tunnel 

Tensioning and fixation of PCL graft with knee flexed 90 
degrees 

Tensioning and fixation of ACL graft with knee in full 
extension 

Repair, augmentation, and reconstruction of collateral 
ligaments 

Range of motion and examination under anesthésia to 
ensure proper fixation 

Radiographie confirmation of knee joint réduction 


ACL, Anterior cruciate ligament; PCL, posterior cruciate ligament. 


Réhabilitation after surgery dépends on the individual 
patient and the type and severity of injuries repaired or 
reconstructed. In general, protected weight bearing is contin- 
ued for a minimum of 8 weeks, with the continued use of a 
functional brace for an additional 6 to 8 weeks. Full recovery 
may require 9 to 12 months. In their réhabilitation protocol 
after multiple ligament reconstruction (Fig. 45-156), Harner 
et al. delayed return to sports activities requiring changes in 
direction and pivoting for 9 to 12 months after surgery. 

■ OUTCOME OF OPERATIVE TREATMENT OF 
KNEE DISLOCATIONS 

Although a better understanding of knee dislocations and 
improved surgical techniques hâve resulted in better out- 
comes, the severe soft-tissue disruption associated with knee 
dislocations often precludes restoration of normal knee func- 
tion. In three studies that included more than 100 patients, 
none of the knees was rated as normal according to the IKDC 
scores; 39% were nearly normal, 40% were abnormal, and 
21% were severely abnormal. More recently, long-term 
follow-up (10 years) of 36 patients with traumatic knee dis¬ 
locations found that 20 (56%) had “nearly normal” knee 
function. Operative treatment has been shown to produce 
better range of motion and higher functional scores than 
nonoperative treatment, but some residual impairment 
should be expected. Knee stiffness and failure of some com- 
ponent of the ligamentous reconstruction are the most 
common complications after operative treatment of knee 
dislocation. Hétérotopie ossification has been reported to 
occur in over 30% of patients with knee dislocations and may 
resuit in a stiff knee with loss of motion. In a study of 91 
patients with knee dislocations, Whelan et al. cited posterior 
cruciate ligament reconstruction has the only independent 
predictor of hétérotopie ossification. Fanelli et al. found that, 
although 41 (93%) of 44 patients returned to their preinjury 
level of activity or one grade lower, 10 knees developed 
degenerative joint disease. 

Patellar dislocations are discussed in Chapter 60. 

SYNOVIAL PLICAE 

During fêtai development, the knee is separated into three 
compartments by synovial membranes. At 4 to 5 months of 
development, the partitions résolve to form a single cavity. 
Incomplète or partial résorption results in incomplète syno¬ 
vial shelves or plicae. The synovial plicae of the knee are 
commonly described as suprapatellar, mediopatellar, infrapa- 
tellar, and latéral (Fig. 45-157). Médial patellar plicae hâve 
been reported in 5% to 70% of individuals and suprapatellar 
plicae in approximately 17%. Infrapatellar plicae usually are 
reported to be the most common. 

Any condition that produces chronic irritation, trauma, 
or scarring may resuit in thickening of the plicae and the 
production of signs and symptoms suggesting internai 
dérangement of the knee. Poorly placed médial arthrotomy 
incisions could damage the médial plica sufficiently to cause 
scarring and subséquent symptoms. Bumping the flexed knee 
on a hard object may traumatize a plica and inflame and 
thicken it sufficiently to cause symptoms. Careful examina¬ 
tion should differentiate symptoms of a thickened plica that 
becomes inelastic from fibrosis or hyalinization from symp¬ 
toms of a torn meniscus. A torn meniscus usually causes 
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Réhabilitation Goal: Restore Range of Motion, Strength, and Function 


Partial weight bearing 
with brace locked 


0 2 wk 


I • Surgery 

• Brace locked in 
full extension 

• Passive extension 
symmetric to 
noninvolved side 
except for posterior 
cruciate ligament 
only to 0° 


• Add passive flexion 
up to 90° 

• Biofeedback and 
electrical stimulation 
as necessary for 
good function 

• Return to sedentary 
work 


Weight bearing as tolerated 

with brace unlocked Low-impact aérobics 


4 wk 

I • Limited arc open- 

chain quadriceps 
exercises 
from 60°-75° 

• Closed-chain 
exercises from 
quadriceps and 
hamstrings 


6-8 wk 


6-9 mo 


9-12 mo 


T 


► Passive and active 
assist range of motion/ 
stretching to increase 
flexion beyond 90° 

► Discontinue brace 

► Discontinue crutches 


► 80% quadriceps 
strength 

► Running 

* Heavy manual work 


Return 
to sports 


• Balance and 
proprioception 
exercises 


• Quadriceps sets and 
straight leg raises 


Réhabilitation protocol after multiple ligament reconstruction. (From Harner CD, Waltrip RL, Bennett CH, et al: Surgical 
management of knee dislocations, J Bone Joint Surg 86A:262, 2004.) 



Opening to 

suprapatellar 

pouch 

Suprapatellar 
plica (usually 
asymptomatic) 

Latéral 

gutter 


Médial 

fémoral 

condyle 


Médial 
(shelf) plica 
(symptomatic) — 


Latéral plica 
(asymptomatic) 

Latéral fémoral 
condyle 

Anterior cruciate 


ligament 

Infrapatellar 

plica 

"Tibia 


-Fibula 


Patella 
(turned up) 


FIGURE 


Synovial plicae around knee (see text). 


periodic épisodes of giving way, buckling, locking, and pain 
localized along the joint line, and pain often is increased or 
reproduced by torsion of the tibia on the fémur. A pathologie 
plica produces popping and catching in the knee by snapping 
across the patella or médial fémoral condyle. 

With the patient seated on the edge of the examining 
table and the leg dangling, palpation along the médial side of 
the patella as the patient flexes and extends the knee often 
localizes the abnormal plica as it flips over the médial fémoral 
condyle and may produce a momentary “stuttering” of the 
patella. Kim et al. described a clinical test for médial patellar 


plica (MPP) that is reported to hâve a sensitivity of 90% and 
specificity of 89%, which was better than either ultrasound or 
MRI in a systematic literature review by Stubbings and Smith. 
The test is done with the patient supine and the knee extended. 
The examiner uses his or her thumb to apply manual force to 
the inferomedial portion of the patellofemoral joint to insert 
the médial pica between the médial fémoral condyle and the 
patella. While this force is maintained, the knee is flexed 90 
degrees. The MPP test is considered positive when pain is 
experienced with the knee in extension and is eliminated or 
markedly diminished with the knee in 90 degrees of flexion. 
Dynamic ultrasonography has been reported to hâve a diag¬ 
nostic accuracy of 88%, sensitivity of 90%, and specificity of 
83% in the évaluation of médial plica syndrome; however, this 
technique is highly operator dépendent. 

Abnormal plica is diagnosed best by arthroscopic exami¬ 
nation of the knee. Careful assessment of the width and 
texture of the plica by viewing and probing is important. 
When it is sufficiently prominent (Fig. 45-158), a plica can 
présent difficulties during arthroscopy as the arthroscope is 
introduced into the suprapatellar pouch (see Chapter 51). 

Several authors hâve noted an association between the 
presence of plicae and the development of chondral lésions 
of the fémoral condyle. These degenerative changes hâve been 
suggested to be caused by a pathologie médial plica that snaps 
or impinges against the underlying fémoral condyle during 
knee motion. 

Treatment initially should be conservative. Restriction of 
activities, use of antiinflammatory agents, intraarticular cor- 
ticosteroid injection, and institution of an isométrie exercise 
program for the quadriceps muscles often resuit in sufficient 
réduction of edema and synovitis so that the plica assumes a 
more normal resiliency and therefore does not produce 
symptoms. If a plica has become fibrotic and hyalinized and 
conservative measures fail to relieve a patients symptoms, 
surgical excision should be curative. Excision usually is done 
by arthroscopic techniques, although a limited excision can 
be performed through a médial parapatellar incision. Simply 
incising or sectioning the plica is not recommended because 
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of the possibility that the continuity of the plica will be 
restored by scar tissue. 

ARTICULAR CARTILAGE INJURIES 

Articular cartilage is a complex tissue that is able to withstand 
tremendous forces over many cycles but does not hâve the 
ability to heal even after a minor injury. More than 250 years 
ago, Hunter observed, “Ulcerated cartilage is a troublesome 
thing, once destroyed is not repaired.” The health and fonc¬ 
tion of a joint dépend on the viability of the articular cartilage; 
without articular cartilage, arthritis develops. In young ath- 
letic individuals, articular cartilage changes usually are caused 
by trauma, whereas these changes are degenerative in older 
individuals. Knee arthroscopy studies hâve found articular 
cartilage lésions in 60% to 66% of patients. 



FIGURE 


Arthroscopic view of synovial plica. 


Patients with articular cartilage injuries usually complain 
of pain, effusion, and mechanical symptoms. In patients with 
fémoral lésions, pain generally is localized to the médial or 
latéral tibiofemoral compartment and is worse with weight 
bearing or high-impact activity. Patients with patellar lésions 
report pain with kneeling, stair climbing, and prolonged 
sitting. 

Evaluation of a patient suspected of having a chondral or 
osteochondral lésion of the knee should include weight- 
bearing anteroposterior, 45-degree posteroanterior, latéral, 
and patellar (Merchant or sunrise) views of the involved 
extremity, as well as bilateral standing hip-knee-ankle antero¬ 
posterior views. Clinical suspicion of an articular cartilage 
lésion should prompt évaluation with cartilage-sensitive MRI 
to détermine lésion location, size, and grade. Several classifi¬ 
cation Systems hâve been developed to indicate the severity 
and type of articular cartilage injuries (Tables 45-5 and 45-6). 
Arthroscopic évaluation usually is necessary for definitive 
classification, but advances in cartilage-sensitive MRI tech¬ 
niques hâve made this method effective in providing valuable 
information about the size and grade of a lésion before 
surgery. 

Articular cartilage lésions often are accompanied by sig¬ 
nifiant hemarthrosis and occult subchondral trabecular 
microfractures (bone bruises, bone blisters). Occult subchon¬ 
dral bone bruises hâve been found in up to 80% of patients 
with complété ruptures of the anterior cruciate ligament. 


F TABLE 45-5 


Classification of Articular Lésions by 

Configuration (Bauer and Jackson) 

TYPE 

CONFIGURATION 

1 

Linear 

II 

Stellate 

III 

Flap 

IV 

Crater 

V 

Fibrillation 

VI 

Degrading 


_ TABLE 45-6 

Classification of Articular Cartilage Lésions by Severity 


GRADE 

OUTERBRIDGE 

MODIFIED OUTERBRIDGE 

ICRS 

0 

Normal cartilage 

Intact cartilage 

Intact cartilage 

1 

Softening and swelling 

Chondral softening or blistering with 
intact surface 

Superficial (soft indentation or 
superficial fissures and cracks) 

II 

Fragmentation and fissures 
in area less than 0.5 inch in 
diameter 

Superficial ulcération, fibrillation, or 
fissuring less than 50% of depth of 
cartilage 

Lésion less than half the thicknes 
of articular cartilage 

III 

Fragmentation and fissures 
in area larger than 0.5 inch 
in diameter 

Deep ulcération, fibrillation, 
fissuring, or chondral flap more than 
50% of cartilage without exposed 
bone 

Lésion more than half the 
thickness of articular cartilage 

IV 

Exposed subchondral bone 

Full-thickness wear with exposed 
subchondral bone 

Lésion extending to subchondral 
bone 


ICRS, International Cartilage Repair Society. 
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TREATMENT 

Treatment recommendations for articular cartilage injuries 
and resulting arthritis include nonoperative and operative 
management. Nonoperative treatment involves decreasing 
the load on the joint. Having the patient lose weight, 
alter activities, and strengthen the muscles across the joint 
may help absorb some of the load. Orthoses or braces 
also are bénéficiai, as are analgésies and antiinflammatory 
médications. 

Operative treatment generally is indicated if nonopera¬ 
tive methods fail to relieve pain and mechanical symptoms. 
Treatment options include debridement, marrow stimulation, 
transplantation to fill the defect, cell-based therapy, and the 
use of growth factors or pharmacologie agents (Table 45-7). 
The choice of procedure is based primarily on the size of the 
lésion (Table 45-8) and the activity demands of the patient. 

For patients with minimal symptoms and small lésions 
(<2 cm 2 ) in areas of limited weight bearing, arthroscopic 
debridement to remove loose flaps or edges that impinge in 
the joint can provide short-term relief (see Chapter 51). The 
goal of arthroscopic debridement and lavage is to reduce the 
inflammation and mechanical irritation within the joint. 
Debridement may include smoothing of the fibrillated articu¬ 
lar surface (chondroplasty), meniscal trimming, shaving of 
osteophytes, and removal of inflamed synovium. Joint lavage 
is thought to reduce synovitis and pain by washing fragments 
of cartilage and calcium phosphate crystals from the knee. 
Scilla et al. reported that, at 6-year follow-up, 67% of National 
Football League players had been able to return to play after 
arthroscopic chondroplasty; those who had concomitant 
micro fracture were less likely to return. Resuit s after debride¬ 
ment are not as good in patients with significant knee 
arthritis. 

Abrasion chondroplasty or microfracture techniques 
(Fig. 45-159) may stimulate a reparative process for small 
lésions (<2 cm 2 ) in low-demand patients. These procedures, 


TABLE 45-7 


Treatment Options for Articular Cartilage Lésions 

PROCEDURE 

INDICATIONS 

OUTCOME 

Arthroscopic 
debridement 
and lavage 

Minimal symptoms 

Palliative 

Marrow 

stimulation 

Smaller lésions, 
low-demand patient 

Reparative 

Osteochondral 

autograft 

Smaller lésions, low- or 
high-demand patients 

Restorative 

Osteochondral 

allograft 

Larger lésions with 
bone loss, low- or 
high-demand patients 

Restorative 

Autologous 

chondrocyte 

implantation 

Small and large lésions 
with and without bone 
loss, high-demand 
patients 

Restorative 

Genetic 

engineering 

Investigational 

Restorative 


From Garrick JG, editor: Orthopaedic knowledge update: sports medicine, 3 rd ed, 
Rosemont, American Academy of Orthopaedic Surgeons, 2004. 


which involve pénétration of the avascular cartilage layer into 
the vascular subchondral bone to stimulate extrinsic repair, 
are well supported in the literature. Improvement in symp¬ 
toms has been reported in 60% to 70% of patients after 
abrasion or microfracture, but the fibrocartilaginous repair 
appears to deteriorate with time, beginning at about 18 
months after surgery. In a review of the literature involving 
3122 patients, functional outcomes were improved in 75% to 
100% of patients at short-term follow-up after microfracture; 
however, at 2-year follow-up, 47% to 80% had a décliné in 
function, and at long-term follow-up (6 to 7 years) functional 
décliné was seen in 67% to 85% of patients. Results are sig- 
nificantly better in patients younger than 40 years than in 
patients older than 40 years. Advantages of microfracture are 
the simplicity of the procedure, the relatively low cost, and 
the low risk of patient morbidity. It also does not prevent the 
later use of other, more complex procedures. Five factors hâve 



Microfracture of articular cartilage lésion. 

(From Canale ST, Azar FM: Osteochondritis dissecans. In Jackson DW: 
Master techniques in orthopaedic surgery: reconstructive knee surgery, 
3 rd ed, Philadelphia, Lippincott Williams & Wilkins, 2007.) 


TABLE 45-8 


Operative Treatment of Articular Cartilage 

Lésions 

LESION SIZE 

OPERATIVE TREATMENT 

<1.0 cm 

Observation 

Abrasion chondroplasty 

Microfracture 

Osteochondral autograft transfer 

1.0-2.0 cm 

Abrasion chondroplasty 

Microfracture 

Osteochondral autograft transfer 

2.0-3.5 cm 

Fresh osteochondral allograft 

Autologous chondrocyte implantation 

3.5-10 cm 

Autologous chondrocyte implantation 

Multiple (2 or 3) 

Autologous chondrocyte implantation 









226 


J PART XIII SPORTS MEDICINE 



jgj A f Miniarthrotomy mosaicplasty. Donor site area can be reached by extending knee. B f Récipient area is reached by 
flexing knee. C f Open mosaicplasty on fémoral trochlea. (From Hangody L, Füles P: Autologous osteochondral mosaicplasty for the treatment 
of full-thickness defects of weight-bearing joints: ten years of experimental and clinical expérience, J Bone Joint Surg 85A:25, 2003.) 


been identified as affecting the quality of the cartilaginous 
repair tissue after microfracture of a chondral defect: (1) 
during debridement, the calcified cartilage layer must be 
removed, but the abrasion of the subchondral bone must be 
avoided; (2) a 1- to 2-mm bridge of bone must be leff between 
pénétrations to allow connective tissue to fill the defect and 
adhéré to the base of the defect; (3) joint function must be 
maintained after surgery by the use of early continuous 
passive motion; (4) protected weight bearing must be strictly 
enforced, depending on the location of the lésion; and (5) any 
significant abnormality in the mechanical axis must be cor- 
rected in conjunction with the microfracture procedure. This 
technique is described in Chapter 51. In an attempt to improve 
long-term results, principles of tissue engineering currently 
are being applied to microfracture techniques (“enhanced 
microfracture”). Autologous matrix-induced chondrogenesis 
(AMIC) combines microfracture with the use of an exogenous 
scaffold to stabilize the marrow clôt and allow the ingrowth 
of mesenchymal stem cells. Several such matrices are com- 
mercially available, but most are not FDA-approved for use 
in the United States. Currently, there are few studies reporting 
the performance of these enhancements. 


For larger lésions or multiple lésions, especially in high- 
demand patients, restorative procedures such as osteochon¬ 
dral autograff transfer, osteochondral allograffing, and 
autologous chondrocyte implantation usually are indicated 
(see also Videos 45-2 and 45-3). Osteochondral autografts can 
be transplanted into damaged areas (up to 2 cm 2 ) from areas 
of less weight bearing on the fémoral condyle as either a single 
large bone plug or multiple small plugs (mosaicplasty) (Fig. 
45-160). For larger lésions (2 to 3.5 cm 2 ), allograffs can be 
obtained from a fresh osteoarticular size-matched hemicon- 
dyle (Fig. 45-161). Chondrocyte viability of up to 80% has 
been reported at 4 weeks after implantation. Osteochondral 
allograffs appear to be durable: short-term follow-up studies 
hâve indicated graft survival rates between 79% and 100%. In 
a long-term follow-up study of 129 knees with fémoral condy- 
lar lésions treated with osteochondral allograffs, survivorship 
was 82% at 10 years, 74% at 15 years, and 66% at 20 years. Graft 
failure was most likely in patients 30 years of âge or older and 
in patients with two or more previous surgeries on the opéra¬ 
tive knee. Kyrch et al. reported a limited return to sport in 38 
(88%) of 43 athlètes at an average of 2.5 years after allograft 
transplantation, with full return to preinjury levels eventually 
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Allografting of osteochondral lésion. A and B f Préparation of récipient bed. C f Removal of graft from donor bone. 
D, Graft in place. (From Canale ST, Azar FM: Osteochondritis dissecans. In Jackson DW: Master techniques in orthopaedic surgery: reconstructive 
knee surgery, 3 rd ed, Philadelphia, Lippincott Williams & Wilkins, 2007.) 


achieved in 34 (79%). Risk factors for not returning to sports 
were âge of 25 years or older and preoperative duration of 
symptoms of 12 months or more. The biggest disadvantage to 
the use of fresh allografts is that the patients must be “on call” 
for immédiate surgery when a suitable graft becomes avail- 
able. To alleviate this problem, a preshaped, cylindrical steril- 
ized and decellularized osteochondral allograft (SD OC A) has 
recently been developed as a treatment option. Farr et al. used 
these allografts in 32 patients with a mean âge of 35 years and 
mean defect size of 2.9 cm 2 . Twenty-three (72%) of these knees 
were considered failures, defined as structural damage of the 
graft or any reoperation resulting in removal of the graft; 
implant survival was only 20% at 2 years. 

For lésions up to 10 cm or for multiple lésions, autologous 
chondrocyte implantation can be an effective restorative 
procedure. This procedure is done in two stages. First, a small 
amount of articular cartilage or chondral bone is removed 
arthroscopically for growing of the autologous chondrocytes. 
Then, usually 3 to 6 weeks later, an open procedure is done 
to implant the cells in the chondral defect. A periosteal graft 
is sutured over the defect, and the chondrocytes are injected 
under the graft into the defect (Fig. 45-162). The injection site 
is closed with one or two additional sutures and sealed with 
fibrin glue. Malalignment, ligament instability, and meniscal 
deficiencies must be corrected before or at the time of autolo¬ 
gous chondrocyte implantation. Good to excellent results 
hâve been reported in 80% to 89% of patients at 2 to 9 years 


after surgery. Some authors hâve reported better results in 
patients younger than 40 years of âge at the time of surgery, 
whereas others hâve found no différences in the outcomes of 
autologous chondrocyte implantation. Autologous chondro¬ 
cyte implantation also has been reported to be successful in 
treating large (average approximately 500 mm 2 ) chronic 
articular cartilage lésions. In 104 patients who had symptoms 
for nearly 8 years before treatment, 26% experienced graft 
failure at an average of 6 years after ACI; of the patients in 
whom the graft did not fail, 88% had excellent or good results. 
The most common complications are articular adhesions 
(2%) and detachment or délamination (<1%). 

To avoid multiple operative procedures, an autologous 
chondrocyte implantation “sandwich” technique (Fig. 45-163) 
was developed in which cancellous bone graft is used to fill 
the bone defect, periosteum is sutured above the bone graft 
at the level of the subchondral bone with the cambium layer 
facing the joint, more periosteal membrane is sutured to the 
rim of the chondral defect with the cambium layer facing 
the defect, fibrin glue is used to secure a watertight seal, and 
chondrocytes are injected between the membranes. One 
variation of this sandwich technique uses a porcine type I to 
type III membrane rather than periosteum, and another 
matrix-induced autologous chondrocyte implantation tech¬ 
nique uses a porcine collagen bilayer seeded with chondro¬ 
cytes and secured directly to the base of a prepared chondral 
defect by fibrin glue. 
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Autologous chondrocyte implantation. A f Fémoral 


sutured over defect. 


defect. B f After debridement. C f Cells held in place by periosteum 



Periosteal 

flap 

Chondrocytes 

Periosteal 

flap 

Transplanted 

bone 


"Sandwich" technique of autogenous chon¬ 
drocyte implantation uses layers of transplanted bone, periosteal 
flap, chondrocytes, and periosteal flap. (From Peterson L: Interna¬ 
tional expérience with autologous chondrocyte transplantation. In Scott 
WN, editor: Insall & Scott surgery of the knee, 4 th ed, Philadelphia, 
Churchill Livingstone Elsevier, 2006.) 


Because of the frequency of periosteal hypertrophy and 
the difficulty of harvesting the periosteum and sewing it in 
place, bioabsorbable collagen covers were developed as 
an alternative (second-generation autologous chondrocyte 
implantation). The implantation of cultured chondrocytes in 
suspension, as is done in both periosteal and collagen covers, 
raised concerns about uneven distribution of the chondro¬ 
cytes in the defect and the possibility of cell leakage. To avoid 


these problems, chondrocytes hâve been seeded directly onto 
biodégradable scaffolds that are collagen based (e.g., MACI, 
Genzyme Biosurgery, Cambridge, MA) or hyaluronan based 
(e.g., Hyalograft-C, Anika Therapeutics, Bedford, MA; 
BioCart II, ProChon Biotech, Woburn, MA; Cartilix, polymer 
hydrogel, Biomet, Warsaw, IN; Cartipatch, agarose-alginate 
matrix, TBF Tissue Engineering, Mions, France). Because 
these membrane scaffolds are naturally “sticky,” they can be 
placed into the defect arthroscopically without additional 
fixation or covering. 

Results comparable to those obtained with standard 
autologous chondrocyte implantation hâve been reported in 
the European literature. Other investigators (NeoCart, Histo- 
genics, Northampton, MA) hâve cultured a scaffold seeded 
with autologous chondrocytes inside a bioreactor that con- 
tinuously applies hydrostatic pressure to the scaffold; this 
scaffold currently is in Phase 3 clinical trials. A Belgian 
company (ChondroCelect, Tigenix, Inc., Leuven, Belgium) 
identified and developed a mechanism to selectively culture 
more potent chondrocytes for implantation. To eliminate the 
need for a two-stage procedure, minced donor cartilage was 
placed on a bioabsorbable scaffold, which was then stapled 
into the chondral defect. Suggested advantages of this System 
(CAIS, DePuy-Mitek, Norwood, MA) are the avoidance of 
multiple surgeries for cartilage biopsy harvesting and chon¬ 
drocyte implantation, simplification of the surgical technique 
by staple fixation rather than suturing of the periosteum, and 
réduction of the high costs associated with the mechanical 







CHAPTER 45 KNEE INJURIES 


and logistical complexities of current methods of autologous 
chondrocyte implantation. However, slow trial enrollment 
and concerns about return on investment led to discontinu¬ 
ation of the trial. A more recent product is particulated 
juvénile cartilage allograft (DeNovo NT, Zimmer, Warsaw, 
IN), which consists of allograft articular cartilage from donors 
younger than 13 years old that has been eut into approxi- 
mately 1-mm cubes. Juvénile chondrocytes hâve 100-fold 
increased ability to produce proteoglycans and hâve the 
potential to increase the ability of adult cartilage fragments 
to produce matrix. DeNovo NT has a shelf life similar to a 
fresh osteochondral allograft (40 to 45 days). Each package 
of DeNovo NT is intended to cover defects up to 2.5 cm 2 , so 
multiple packets may be necessary for larger lésions. DeNovo 
NT is applied to cartilage lésions in a monolayer and held in 
place with a fibrin sealant (Fig. 45-164). Currently, there are 
few reports of clinical outcomes of this technique, most 
involving patellar or talar lésions. In a prospective study of 25 
patients with 29 lésions of the fémoral condyles or trochlea 


treated with DeNovo NT, Farr et al. reported significant 
improvements in pain and function as early as 3 months after 
surgery and maintained at 2-year follow-up. 

Regardless of the spécifie technique used, a disadvantage 
of autologous chondrocyte implantation is the prolonged 
postoperative réhabilitation that requires strict compliance of 
the patient with weight-bearing and activity restrictions. One 
study, however, found that activity levels in patients with 
characterized chondrocyte implantation were comparable to 
those of patients with microfracture at 2 years after surgery 
and in both groups a lack of low-load activities after surgery 
adversely aftected functional outcomes. 

Another strategy currently being developed is the manipu¬ 
lation of the repair process at the cellular and molecular levels 
by the transfer of new genetic information to cells that con- 
tribute to the healing process (“gene therapy”). Research is 
focused on finding the most efficient vector for delivering this 
genetic information and the candidate genes most likely to 
improve cartilage repair and régénération. Cell-based therapy 



Use of particulated articular cartilage for chondral defects of the knee. A, Parapatellar arthrotomy and debridement 
of defect. B, Sizing of the defect. C, Placement of a thin sheet of stérile foil in defect to create a négative mold. D, Placement of 
particulated cartilage fragments as a single layer into the mold. E, Filling of the mold with fibrin glue. F, Application of layer of fibrin 
glue to base of defect, insertion of the implant, and final layer of fibrin glue to secure the graft. G, For large defects, particulated 
cartilage can be applied directly to the bed of the defects (H), fixed with fibrin glue, then covered with a collagen l/lll membrane, 
which is sewn in place using standard techniques from autologous chondrocyte implantation (I). (From Ribboh JF, Cole BJ, Farr J: Particulated 
articular cartilage for symptomatic chondral defects of the knee, Curr Rev Musculoskelet Med 8:429, 2015.) 
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also is being investigated using mesenchymal stem cells; the 
use of cell-based thérapies allows the versatility of using scaf- 
folds, growth factors, recombinant proteins, and gene therapy 
in various combinations. 

The popularity of the use of PRP in treating osteoarthritis 
of the knee has led to its use in the treatment of chondral 
defects of the knee, although clinical follow-up data are 
limited. A small comparative study of 20 patients found that 
functional recovery and resolution of pain were quicker with 
the addition of PRP to microfracture. Currently, there is no 
conclusive, high-quality evidence to support the use of PRP 
for either traumatic or degenerative chondral lésions. 

With any of these procedures, malalignment, ligament 
instability, patellar instability, or any other coexisting patel- 
lofemoral pathologie process should be corrected to improve 
outcome. A systematic review of treatment methods that 
included microfracture, osteochondral autologous transplan¬ 
tation, autologous chondrocyte implantation, and matrix- 
associated autologous chondrocyte implantation found that 
ail operative procedures produced comparable improvements 
in Lysholm scores, with no procedure proven superior. A 
prospective comparative study of microfracture, osteochon¬ 
dral autograft transplantation (OAT), and autologous chon¬ 
drocyte implantation (ACI) also found no différences in 
functional scores or MRI grades among the groups, with 
good results in 80% affer microfracture, 82% after OAT, and 
80% after ACI. 

OSTEOCHONDRITIS DISSECANS 

Osteochondritis dissecans is the most common source of 
loose bodies in the knee joint. Other sources are (1) synovial 
chondromatosis, (2) osteophytes, (3) fractured articular sur¬ 
faces, and (4) damaged menisci. In osteochondritis dissecans, 
an area of subchondral bone becomes necrotic and degenera¬ 
tive changes usually occur in the cartilage overlying it. 
During the course of the disease, unless it is interrupted by 
surgery, other treatment, or spontaneous healing, the necrotic 
bone and the cartilage overlying it gradually separate from 
adjacent bone and cartilage and together become a loose 
body. It occurs most often in the knee joint, but it can occur 
in any joint, including the elbow, ankle, shoulder, and hip, 
and on any part of the articular surfaces (Fig. 45-165). 



Osteochondritis desiccans is most common in individuals 
aged 12 to 19 years. 

In osteochondritis dissecans of the knee (Fig. 45-166), the 
lésion usually is located on the latéral aspect of the médial 
fémoral condyle near the attachment of the posterior cruciate 
ligament (80%), but it can occur elsewhere on the articular 
surface of this condyle and occasionally on that of the pos¬ 
térolatéral aspect of the fémoral condyle (15%) or the infero- 
medial quadrant of the patella (5%). Osteochondritis 
dissecans is bilateral in 20% to 30% of patients. 

Osteochondritis dissecans of the knee joint is more 
common in males and during adolescence. It occurs in two 
groups of patients: (1) young patients, before physeal closure, 
in whom treatment can be expected to produce good results 
(Fig. 45-167); and (2) adults, in whom the cause may be a 
vascular phenomenon and the results less satisfactory. 

ETIOLOGY 

The etiology of osteochondritis dissecans is controversial and 
remains unclear. Théories include ischemia, répétitive micro- 
trauma, familial prédisposition, endocrine imbalance, epiphy- 
seal abnormalities, accessory centers of ossification, growth 
disorders, osteochondral fracture, répétitive microtrauma 
with subséquent interruption of interosseous blood supply to 
the subchondral area of the epiphysis, anatomie variations 
in the knee, and congenitally abnormal subchondral bone. 
Mechanical factors hâve been implicated in the development 
of osteochondritis dissecans by the finding of an association 
between médial condylar lésions and a varus mechanical axis 
of the leg and between latéral condylar lésions and a valgus 
axis. A comparison of 35 skeletally immature patients with 
osteochondritis dissecans of the médial fémoral condyle to 
matched Controls determined that fémoral notch width 
measured on MRI was significantly smaller in those with 
osteochondritis dissecans. The authors suggested that this 
anatomie factor may increase the likelihood of tibial eminence 
impingement and contribute to osteochondritis dissecans 
lésion formation. 

CLINICAL AND RADIOGRAPHIC FINDINGS 

Osteochondritis dissecans of the knee occurs twice as often 
in males as in females. It is rare in patients younger than 10 
years or older than 50 years. There are two distinctly different 



FIGURE 


Sites of lésions of osteochondritis dissecans of knee according to Hefti et al. (A) and Aichroth (B). 
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Osteochondritis dissecans of knee, nonoperative treatment. A f Lésion in adolescent treated nonoperatively in cast 
for 9 months. B f Several years later, complété healing is apparent and knee is asymptomatic. 



Osteochondritis dissecans. A f Osteochondritis dissecans involving weight-bearing portion of latéral fémoral condyle 
in 15-year-old boy. B and C f Fragment internally fixed with multiple Kirschner wires. 


clinical pictures, one in a child or young adolescent 5 to 15 
years of âge with open physes and the other in an older 
adolescent or adult. The most common symptom is vague, 
aching discomfort in the knee, frequently of several months 
duration. Approximately 80% of juvénile patients hâve symp- 
toms for an average of 14 months before initial présentation. 
A history of trauma to the knee is given by 40% to 60% of 
patients. Examination also may reveal effusion, joint line 
tenderness or tenderness over the lésion, limitation of motion, 
presence of McMurray sign, and quadriceps atrophy. The 
patient may walk with an externally rotated gait to avoid 
contact of the médial fémoral condyle with the médial tibial 


spine (Wilson sign). A thorough history and physical exami¬ 
nation are necessary to rule out other causes of knee disease. 

Although the knee may be puffy, it rarely has a significant 
effusion. Catching and popping may be prominent symptoms 
once the lésion becomes separated or partially separated. 
These symptoms can mimic those of meniscal dérangement. 
Once complété séparation has occurred, the patient may be 
able to palpate a loose body within the joint. 

Radiographie examination is diagnostic. Because the 
lésion most commonly is on the inner aspect of the médial 
fémoral condyle, the tunnel or intercondylar notch view may 
be the most revealing. Routine anteroposterior and latéral 
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radiographs should be made in addition to the tunnel view. 
Comparison radiographs should be obtained in juvénile and 
adolescent patients because an osteochondritis dissecans 
lésion may be confused with bilateral anomalous ossification 
centers, which may cause transient symptoms but usually 
résolve spontaneously within 6 to 12 months. Osteochondritis 
dissecans is bilateral in approximately 30% of patients. 

Technetium-99m bone scans hâve been recommended to 
follow the healing activity of lésions and to help predict the 
results of treatment. In addition, scan-negative ossifie anoma¬ 
lies and scan-positive unhealed osteochondritis dissecans 
lésions can be distinguished. Sequential single-photon émis¬ 
sion CT (SPECT) scans obtained at 8-week intervals can be 
helpful. If CT is performed, it should be done in the coronal 
plane. MRI is helpful in assessing fragment attachment and 
viability. Common MRI characteristics include a high-signal 
intensity line or cystic area beneath the lésion, a high-signal 
intensity line through the articular cartilage, and a focal 
articular cartilage defect on T2-weighted spin-echo and short 
tau inversion recovery images. Currently, a spoiled gradient- 
echo sequence using fat suppression and three-dimensional 
acquisition is considered the optimal technique for evaluating 
articular cartilage lésions. Fluid around the fragment and 
focal cystic areas beneath the fragment are the best indicators 
of instability; the absence of a zone of high signal intensity at 
the interface of the fragment and the bone is a reliable sign 
of lésion stability. MRI also is useful for identification of 
associated ligamentous and meniscal injuries. 

Primary prognostic factors, in addition to the âge of the 
patient, include progression, size, stability, amount of sub- 
chondral bone présent, and location of the lésion, especially 
as it relates to weight bearing. 

Several classification schemes for osteochondritis disse¬ 
cans hâve been proposed (Table 45-9). Dipaola et al. classified 
lésions according to their appearance on MRI and associated 
spécifie findings with the potential for fragment detachment 
and correlated these with arthroscopic and radiographie find¬ 
ings (Table 45-10). 

TREATMENT 

The treatment of osteochondritis dissecans dépends on the 
patients âge and the degree of involvement. The lésions often 
heal with conservative treatment in young patients with open 


physes. Although nonoperative treatment has a limited 
rôle in patients with symptomatic osteochondral lésions, 
multiple forms of nonoperative treatment hâve been 
described, including periods of immobilization, activity 
modification, and non-weight bearing. Prolonged immobili¬ 
zation should be avoided because joint motion affects articular 
cartilage attrition. 

In older adolescents and adults, the prognosis is less 
satisfactory than in younger patients, regardless of treatment. 
Many forms of surgical treatment hâve been described in the 
literature, including drilling or excision of the fragment, 
debridement or microfracture of the crater, and different 
forms of fixation and graffing. There seems to be no historical 
argument that the object of treatment is to promote healing 
of the lésion before closure of the physis and concomitantly 
to prevent detachment of the lésion. Careful assessment of 
the patient and the lésion is mandatory, and corrélation of the 
size and location of the lésion with the patients âge and 
symptoms is important. 

Détermination of the surface topography by MRI, CT, or 
arthroscopy is essential. Arthroscopy is useful not only 
because the diagnosis can be established but also because a 
lésion can be drilled, curetted, or pinned through the arthro- 
scope and loose bodies can be removed with minimal 


TABLE 45-9 


Classification of Osteochondritis Dissecans Based 
on Bone Scan 

STAGE FINDING 

0 

Normal radiographie and scintigraphie 
appearance 

1 

Lésion visible on plain radiographs, bone scan 
normal 

II 

Increased uptake in area of lésion on bone scan 

III 

Increased isotopic uptake in entire fémoral 
condyle 

IV 

Uptake in tibial plateau opposite lésion 


Based on data from Cahill BR: Osteochondritis dissecans of the knee: treatment 
of juvénile and adult forms, J Am Acad Orthop Surg 3:237,1995. 


TABLE 45-10 

Staging Systems for Osteochondritis Dissecans 


STAGE 

ARTHROSCOPY 

MAGNETIC RESONANCE IMAGING 

RADIOGRAPHY 

1 

Irregularity and softening of articular 
cartilage; no definable fragment 

Thickening of articular cartilage; low 
signal changes 

Compression lésion; 
no visible fragment 

II 

Articular cartilage breached; definable 
fragment not displaceable 

Articular cartilage breached; low signal 
rim behind fragment indicating fibrous 
attachment 

Fragment attached 

III 

Articular cartilage breached; definable 
fragment, displaceable but attached 
by some overlying cartilage 

Articular cartilage breached; high signal 
changes behind fragment indicating 
synovial fluid between fragment and 
underlying subchondral bone 

Nondisplaced 
fragment without 
attachment 

IV 

Loose body 

Loose body 

Displaced fragment 


From Dipaola JD, Nelson DW, Colville MR: Characterizing osteochondral lésions by magnetic résonance imaging, Arthroscopy 7:101,1991. 
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morbidity. Suggested advantages of arthroscopy in treating 
osteochondritis dissecans include immédiate évaluation of 
the surface topography, decrease in total réhabilitation time, 
avoidance of open surgery and the risk of infection, decreased 
morbidity, avoidance of the physical and psychologie scars of 
knee surgery, and decreased length and cost of hospitaliza- 
tion. Indications for operative treatment include a symptom- 
atic knee in a patient who is skeletally older than 12 years, a 
lésion larger than 1 cm in diameter, and involvement of the 
weight-bearing surface. Lésions with intact articular cartilage 
are simply drilled. Those with early séparation are drilled and 
occasionally pinned in place. Because partial detachment 
leads to a break in the cartilaginous border and protrusion of 
fibrous tissue, removal of the fibrous tissue to bleeding bone 
is recommended followed by pinning of the fragment in 
place. Craters are trephined and drilled, and fresh loose 
bodies are replaced and pinned. Cancellous graffs are used in 
selected lésions to restore surface congruity. One must be 
extremely proficient in surgical arthroscopic techniques to 
pin and bone graff such lésions. Treatment of larger lésions 
is much the same as that discussed in the earlier section on 
osteochondral lésions and may include osteochondral auto- 
graffing (see Chapter 51) or allograffing and autologous 
chondrocyte implantation techniques. 

Although we use arthroscopic techniques to treat most 
patients with osteochondritis dissecans lésions that require 
surgery, open arthrotomy techniques can be done through a 
mini-incision if arthroscopy does not allow for optimal fixa¬ 
tion. Also, lésions involving areas inaccessible by arthroscopic 
techniques can be treated by open procedures. 

The most commonly used open techniques are removal 
of loose bodies or loose fragments, curettage and drilling of 
the base of craters, and replacement and pinning of frag¬ 
ments. A well-done arthrotomy is préférable to a poorly done 
arthroscopic procedure. Arthrotomy also is indicated for 
lésions larger than 3 cm for which more than one graff is 
needed, when reshaping of a large loose body for replacement 
is required, and when multiple, salvageable loose fragments 
are présent. 

When arthroscopy is performed, injection of methylene 
blue may better define the lésion. The knee should be flexed 
fully to view the entire lésion or to locate posterior lésions. 
Fluoroscopy may be needed to locate a lésion that is intact 
with little or no articular change. Holes should be drilled to 
a depth of 1.0 to 1.5 cm to promote vascular healing. Rétro¬ 
gradé drilling, pinning, or bone graffing should not cross the 
physis. 

■ EXCISION OF LOOSE BODIES 

The indications for removal of loose bodies include small 
fragments (<2 cm), multiple fragments, fragments with 
inadéquate bone stock (usually purely cartilaginous), and 
fragments that cannot be secured with internai fixation. Most 
loose bodies currently are removed by arthroscopic tech¬ 
niques (see Chapter 51). In searching for and removing loose 
bodies, it is important to remember that some may be com- 
posed entirely of cartilage and therefore may not be visible 
on radiographs. If an arthrotomy is used for réduction and 
fixation of a detached fragment or for removal of loose bodies, 
it is important to remember that loose bodies often move 
freely from one compartment to another when the joint is 
moved or manipulated. Therefore, radiographs should be 



A and B f Large loose body in latéral portion 
of suprapatellar pouch; smaller body in postérolatéral compart- 
ment. Small fragment of bone opposite posterior surface of 
latéral condyle of fémur is sesamoid bone in latéral head of 
gastroenemius muscle, not loose body. 


made in the operating room, affer the tourniquet has been 
applied but before the incision is made. The loose body or 
bodies may hâve moved to another part of the joint since 
radiographs were made, and any plan for the surgical approach 
may hâve to be changed (Fig. 45-168). 

I FIXATION OF FRAGMENTS 

Good results hâve been reported with the fixation of loose 
fragments with headless screws, cannulated screws, and 
biodégradable pins and screws. Biodégradable implants are 
currently the preferred method of fixation; however, one 
study of 21 knees fixed with bioabsorbable fixation found a 
low rate of clinical healing and a high rate of complications 
with this method. A more recent study by Adachi et al. of 
fixation with bioabsorbable pins in 30 juvénile patients (33 
lésions) reported a healing rate of 97% with no complications. 
Ail patients regained normal range of motion, and 25 of 28 
patients who had been involved in sports returned to their 
previous sports activity levels within 6 months. Whatever 
implant is used, it needs to provide appropriate compression 
across the fixation point. 

We hâve had no expérience with the use of bone pegs for 
fixation or bone graffing of osteochondritis dissecans defects. 
With this technique, small matchstick graffs are fashioned, 
the crater bed is curetted to cancellous bone, and the frag¬ 
ment is carefully replaced; with the appropriate-size drill, the 
fragment is perforated to receive two, three, or four match- 
stick graffs that are tapped through the holes and into the 
underlying cancellous bone. These graffs can be used alone 
for fixation or can be supplemented with Kirschner wires. 

I DRILLING OF THE LESION 

Isolated drilling of an osteochondritic lésion currently is done 
arthroscopically and is most commonly indicated for stable 
lésions in immature patients in whom nonoperative treat¬ 
ment fails. Three drilling techniques are commonly used in 
the knee—transarticular, rétro articular, and notch—ail three 
of which hâve demonstrated high rates of healing and good 
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return to function. A comparison of transarticular and retro- 
articular techniques showed healing rates of 90% for both, 
with no reported complications. For descriptions of open 
loose body removal and open drilling and pinning, see earlier 
éditions of this text. 

■ OUTCOMES OF TREATMENT OF 

OSTEOCHONDRITIS DISSECANS OF THE KNEE 

The prognosis affer surgery varies with the size and location 
of the lésion and with the treatment. Reported results of 
operative treatment vary considerably among techniques and 
among authors, with good results reported in from 65% to 
95% of patients. Autologous chondrocyte implantation was 
successful in 85% of patients with failed previous treatment, 
and 6-year follow-up of 34 knees with grade III or IV osteo- 
chondritis dissecans found a statistically significant improve- 
ment in function affer autologous chondrocyte implantation. 
Osteochondral autologous graffing was reported to obtain 
significant increases in function in 64 patients. Follow-up 
évaluation of 48 knees surgically treated for osteochondritis 
dissecans with a variety of methods (debridement, drilling, 
loose body removal, arthroscopic réduction and internai 
fixation, microfracture, osteochondral allograff, autologous 
chondrocyte implantation) found significant improvement in 
ail outcome measures, including function and symptom 
relief, at 4-year follow-up. A 6-year follow-up study found 
that, regardless of the type of cartilage repair, knee function 
improved over 5 to 8 years affer surgery but remained signifi- 
cantly less than the contralatéral knee. 

COMPLICATIONS 

Complications, in addition to typical postoperative knee 
complications such as infection and hemarthrosis, include 
iatrogénie cartilage damage, implant loosening, and abrasion 
of the articular cartilage by implants. Aggressive drilling of 
an intact lésion can cause fragmentation of the lésion. Métal - 
lic screws that are prominent or become prominent as sur- 
rounding articular cartilage wears down can damage adjacent 
articular cartilage; removal usually is recommended. Absorb¬ 
able fixation devices hâve been reported to cause foreign body 
reactions on occasion. Damage to adjacent articular cartilage 
has been attributed to loosening and 
failure of bioabsorbable screws that backed out, and unab- 
sorbed screw heads hâve been found as intraarticular loose 
bodies. Fibrocartilage hypertrophy has been reported at 
osteochondral autograff donor sites, causing knee pain and 
occasional locking that required arthroscopic trimming of 
the fibro cartilage. Delayed union or nonunion of an internally 
fixed lésion may require an additional procedure if it is 
symptomatic. 

DISORDERS OF THE PATELLA 

OSTEOCHONDRITIS DISSECANS 
OF THE PATELLA 

Osteochondritis dissecans of the patella is less frequent than 
that of the fémoral condyles and typically has a worse prog¬ 
nosis. It usually occurs in the second and third décades 
and is most offen located in the lower half of the patella. 
Involvement is bilateral in up to one third of patients and 
should be distinguished from dorsal defects of the patella. 


Osteochondritis dissecans of the patella is best seen on a 
slightly overexposed latéral radiograph. An axial (“skyline”) 
radiographie view détermines whether the lésion is in the 
médial or latéral facet. 

Treatment is essentially the same as described for osteo¬ 
chondritis dissecans of the distal fémur; however, in the 
patella, it usually is associated with chondromalacia that 
extends considerably beyond the peripheral margins of the 
avascular bone. Residual disability affer treatment usually is 
proportional to the size of the chondromalacic area. Rarely is 
chondromalacia so extensive as to require patellectomy; the 
patella should almost always be preserved. (It can later be 
excised if too much disability persists.) Excision of the lésion 
followed by curettage and drilling of the lésion, arthroscopic 
screw (metallic and bioabsorbable) fixation, and autologous 
chondrocyte implantation hâve been described for osteo¬ 
chondritis dissecans of the patella. 

DORSAL DEFECT OF THE PATELLA 

Dorsal defect of the patella is a circular, well-circumscribed, 
radiolucent, benign lésion of approximately 1 cm that abuts 
the articular cartilage and invariably is in the superolateral 
aspect of the patella. In half the patients the lésion is asymp- 
tomatic. Differential diagnoses include osteochondritis dis¬ 
secans, Brodie abscess, éosinophilie granuloma, enchondroma, 
osteoid osteoma, and, in older individuals, metastatic disease. 

Although the cause is unknown, most authors believe 
that dorsal defect of the patella is a variant of ossification. It 
has been attributed to a traction injury at the insertion of the 
vastus lateralis muscle during ossification of the patella; 
ossification anomalies, such as patellar cartilage dépréssions 
and perforations lend support to this hypothesis. Some hâve 
proposed that dorsal defect of the patella may be a fibrous 
cortical defect or nonossifying fibroma of the patella. 

The lésion usually is self-limited and heals spontaneously. 
In patients with symptomatic defects, treatment should be 
conservative, with réduction of physical activity and follow-up 
évaluation. Operative treatment rarely is required, but curet¬ 
tage and bone graffing hâve been reported to hasten healing. 
The most important aspect of dorsal defects of the patella is 
differentiating them from osteochondritis dissecans so that 
unnecessary surgery is not done in a self-limited condition. 

BIPARTITE PATELLA 

Bipartite patella usually is asymptomatic and is noted inci- 
dentally on an anteroposterior or tunnel tangential radio¬ 
graph. When présent, it occurs bilaterally in approximately 
40% of patients. The most commonly used classification 
System identifies three types of bipartite patella. Type I, which 
accounts for 5%, occurs at the inferior pôle and may be 
associated with Sinding-Larsen-Johansson syndrome. Type 
II, which accounts for 20%, occurs along the entire latéral 
border of the patella and may be associated with a nonunion 
of a patellar fracture. Type III, the most common type, occurs 
as an elliptical area in the superolateral portion of the patella 
and accounts for 75% of cases. A more recent classification 
scheme considers location (superolateral or latéral) and 
number of fragments (bipartite, tripartite, multipartite) (Fig. 
45-169). In their study of 139 knees, the authors found that 
most (83%) were superolateral bipartite, 12% were latéral 
bipartite, 4% were superolateral and latéral tripartite, and 1% 
were superolateral tripartite. 
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Latéral 


Médial 



Superolateral 
bipartite type 



Latéral 
bipartite type 



Superolateral 
and latéral 
tripartite type 



Superolateral 
tripartite type 


Classification of bipartite patella according to 
location (superolateral or latéral) and number of fragments 
(bipartite, tripartite, multipartite). (Redrawn from Oohashi Y, 
Koshino T, Oohashi Y: Clinical features and classification of bipartite or 
tripartite patella, Knee Surg Sports Traumatol Arthrose 18:1465, 2010.) 




Pain is unusual in bipartite patella; when présent, it is 
caused by overuse. A diagnostic radiographie test to déter¬ 
mine if pain is caused by a nonunion at the bipartite site uses 
a normal skyline view followed by a skyline view taken with 
the patient in a squatting weight-bearing position. The test 
resuit is considered positive if the séparation is greater in the 
squatting weight-bearing position than on the normal skyline 
view MRI usually is not necessary for diagnosis but has been 
shown to identify bone marrow edema within the bipartite 
fragment in about half of patients. Abnormally high scinti¬ 
graphie uptake has been found to be frequent in both symp- 
tomatic and asymptomatic bipartite patella, and treatment 
decisions should not be based on bone scans. 

If pain does occur with a bipartite patella, we hâve had 
success by limiting and restricting activity, correcting the 
activity that is causing an overuse syndrome, and prescribing 
nonsteroidal antiinflammatory agents and a short-arc exercise 
program. Immobilization for 3 weeks or more relieves the 
symptoms of répétitive microtrauma of the synchondrosis. 
Operative treatment rarely is necessary. 

Fracture and traumatic séparation of bipartite patellae 
hâve been described in the literature, but these are rare occur¬ 
rences. We hâve had success with excision of the bipartite 
fragment, especially in the superolateral quadrant. One sys- 
tematic review of the literature found that 86% of athlètes 
made a full return to athletic activity affer operative treatment 
of a painful bipartite patella; excision of the painful fragment 
produced the best results (91% return to sport). Arthroscopic 
excision of a painful bipartite patella fragment results in less 
morbidity than open excision. Excision of large fragments 
with an articular surface, however, may produce patellofemo- 
ral incongruity; internai fixation of separated fragments has 
been reported but has limited support in the literature. Latéral 
retinacular release and detachment of the vastus lateralis 
muscle insertion hâve been reported to produce good pain 
relief and union of the fragments by reducing the traction 
force of the vastus lateralis on the loose fragment. 

Ogata described a subperiosteal release of the latéral 
quadriceps mechanism that inserts into the bipartite portion 
of the patella. The continuity of the tendon periosteal complex 
to the main portion of the patella is preserved. The fragment 
is thus relieved from muscle traction without causing a 
mediolateral imbalance that would affect patellofemoral 
tracking. 


C 



Ogata technique for bipartite patella. 
A, Oblique skin incision is made over distal portion of vastus 
lateralis tendon, extending just distal to midportion of separated 
area of patella. B, Vastus lateralis tendon is split along its middle 
fibers, and insertion to painful patellar fragment is detached 
subperiosteally. Continuity of tendon-periosteum complex to 
main portion of patella is preserved. C, Fragment is relieved from 
muscle traction without causing mediolateral imbalance that 
would affect patellofemoral tracking. Care should be taken not 
to injure synovial capsule to preserve some blood supply to frag¬ 
ment. SEE TECHNIQUE 45-29. 


SUBPERIOSTEAL RELEASE OF THE 
LATERAL QUADRICEPS MECHANISM 


TECHNIQUE 45-29 


(OGATA) 

■ After arthroscopic examination of the knee, make an 
oblique skin incision over the distal portion of the vastus 
lateralis tendon, extending just distal to the midportion 
of the separated area of the patella (Fig. 45-17OA). 

■Split the tendon, which usually is thickened, along its 
middle fibers, and detach its insertion to the painful 
patellar fragment subperiosteally while preserving the 
continuity of its expansion to the main mass. 

■ Dissect the tendon-periosteum complex, consisting of the 
tendinous expansion and the periosteal tissues, and 
sharply dénudé the fragment completely (Fig. 45-170B 
and C). 

■ Observe the area of séparation of the smaller portion of 
the patella after it has been exposed as bending stress is 
applied to the fragment by grasping it and attempting to 
move it with the thumb and finger. In general, a groove 
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9 at the area of séparation widens with such bending stress 
if the patellar fragment is unstable. 

■ Ogata recommended removal of the fragment if it is 
shown to be grossly mobile but leaving the fragment in 
situ if it shows little mobility with bending stress. 

■ Repair the longitudinal incision in the vastus lateralis with 
0 absorbable sutures and close the skin incision. 

POSTOPERATIVE CARE. Postoperative management is 
the same regardless of whether the patellar fragment was 
removed. The patient is immediately allowed to walk with 
full weight bearing and progress with range-of-motion 
exercises. Sports activity is gradually allowed by 2 to 4 
weeks if the patient is asymptomatic. 


CHONDROMALACIA OF THE PATELLA 

The term chondromalacia of the patella was introduced in the 
literature in 1928 by Aleman, who described the degeneration 
of articular cartilage of the patella. Unfortunately, the term 
chondromalacia has become synonymous with patellofemoral 
pain. Numerous terms hâve been proposed to describe the 
syndrome, such as patellofemoral syndrome, patellofemoral 
arthralgia, extensor mechanism dysplasia, anterior knee pain 
syndrome, and others, but these do not accurately reflect 
the pathologie condition présent in chondromalacia. Some 
patients with minimal changes in the articular surface hâve 
marked patellofemoral joint symptoms and, conversely, some 
patients with no patellofemoral joint pain hâve marked 
changes in the articular surface of the patella. Chondromala¬ 
cia of the patella should describe a pathologie condition of 
the cartilage and not a clinical syndrome. 

The basic pathologie lésion in chondromalacia of the 
patella is not the same as that in traumatic arthritis. In chon¬ 
dromalacia of the patella, the initial lésion is a change in the 
ground substance and collagen fibers at the deep levels of the 
cartilage. It is a disorder of the deep layers of the cartilage that 
involves the surface layer only late in its development. Such 
a change is tangible but not visible, and the surface is smooth 
and intact. In contrast, in osteoarthritis, the initial changes 
occur on the surface of the cartilage, with loss of continuity 
of the transverse fibers followed by fibrillation, which usually 
becomes grossly visible. 

Chondromalacia is attributed to a decrease in sulfated 
mucopolysaccharides in the ground substance. This can be 
demonstrated by loss of basophilia on hematoxylin and eosin 
préparations. The changes occur most commonly at one of 
two sites in the deep layer of cartilage. The first is an area 
about 1 cm in diameter astride the ridge that séparâtes the 
latéral facet from the médial facet; the second area straddles 
the inferior part of the central ridge that séparâtes the médial 
and latéral facets. These areas are close together and some- 
times are confluent (Fig. 45-171). If these noncontact areas 
were never subjected to the mechanical stresses of articula¬ 
tion, chondromalacia at these sites might be of little signifi- 
cance. However, when parts of these areas do articulate, 
usually at some extreme range of motion, the soffened carti¬ 
lage is mechanically inadéquate to support the collagen 
framework. Its complex structure begins to break up, and the 
next phase of degeneration, fibrillation, occurs. These changes 



Dark areas represent most common areas of 
patellar chondromalacia from maps of 105 patellas. It was most 
severe in central zone but extended equally onto médial and 
latéral facets. 


may deepen progressively until ail the layers of cartilage are 
affected down to the subchondral bone. Pain has been sug- 
gested to resuit from the disorganization of the fibrous 
structure of the intermediate zone of collagen fibers, which 
subjects the subjacent bone plates to pressure variations from 
which they normally are protected by the energy-absorbing 
function of that zone of cartilage (Fig. 45-172), which may 
act as a pain stimulus on the nerve endings in the subchondral 
bone plate. Some authors hâve pointed out the tendency in 
other joints for articular cartilage that habitually is out of 
contact with other articular cartilage to undergo surface 
fibrillation. These changes are age-dependent, nonprogres- 
sive, surface changes; they do not progress to an advanced, 
full-thickness cartilage loss. 

In most human knees, a ridge of varying height crosses 
the médial fémoral condyle at its osteochondral junction, and 
friction of the médial facet on the cartilage as the patella rides 
over this ridge during the normal movement of the knee has 
been proposed as a cause of chondromalacia of the patella. 

■ CLASSIFICATION AND ETIOLOGY 

Several authors hâve attempted to classify the macroscopie 
and microscopie pathologie changes. Some hâve based their 
classification on the cartilage changes; others, on the size 
of the lésion. In general, grade I changes include minimal 
articular cartilage changes. The cartilage may hâve localized 
soffening with minimal or no break in the surface. A blunt 
instrument pressed on the surface may sink into the cartilage, 
and the cartilage may appear slightly discolored and soft. 
Grade II changes include an area of fibrillation or fissuring 
and an irregular surface. Grade III changes hâve definite 
fibrillation with fissuring extending down to the subchondral 
bone, which présents a classic arthroscopic picture frequently 
described as “crab méat appearance.” Grade IV changes are 
those in which the articular cartilage has disappeared, allow- 
ing exposure and érosion of the subchondral bone. Etiologie 
factors can be divided into two main categories: biomechani- 
cal causes and biochemical causes (Box 45-3). 

■ CLINICAL FINDINGS 

The signs and symptoms of chondromalacia of the patella 
are nonspecific; there is no pathognomonic symptom. 
Most patients with chondromalacia describe a dull, aching 
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FIGURE 


Stages of lésion of basal degeneration of articular cartilage of patella. 



Etiologie Factors in Chondromalacia of Patella 


Biomédical Causes 
Acute 

■ Dislocation of the patella with a chondral or osteochondral 
fracture 

■ Direct trauma (e.g., a fall on or blow to the patella) 

■ Fracture of the patella, resulting in incongruous surfaces 

Chronic 

■ Récurrent subluxation or dislocation of the patella (sec- 
ondary to fémoral dysplasia, small patella, patella alta, 
fémoral antéversion, external tibial torsion, or even ante- 
rior cruciate ligament insufficiency) 

■ Increased quadriceps angle 

■ Quadriceps muscle imbalance, either weakness or abnor¬ 
mal attachment of the vastus medialis 

■ Patella alta 

■ Posttraumatic malalignment after fémoral shaft fracture 

■ Excessive latéral pressure syndrome 

■ Meniscal injury with alteration of synchronous pattern of 
patellar movement and loss of stability 

■ Reflex sympathetic dystrophy 

■ Médial fémoral condylar ridge 

Biochemical Causes 

Disease 

■ Rheumatoid arthritis 

■ Récurrent hemarthrosis 

■ Alkaptonuria 

■ Peripheral synovitis 

■ Sepsis and adhesions 

Iatrogénie 

■ Repeated intraarticular corticosteroid injections 

■ Prolonged immobilization 

Degenerative 

■ Primary osteoarthritis 


discomfort that is well localized to the anterior part of the knee 
and that is most prominent after sitting in one position for a 
long time. This has been called the “movie sign” or “theater 
sign.” Crépitation in the patellofemoral joint also varies. The 
patient may describe a catching or giving way sensation with 
activity; pain and giving way both tend to be much more 
prominent while descending stairs. Puffiness or swelling may 
be noted, depending on the degree of synovitis présent. 

Articular cartilage is devoid of nerve endings and there- 
fore cannot be the direct source of pain. The synovium and 
subchondral bone probably are the two areas producing pain 
in chondromalacia of the patella. The articular cartilage 
débris that is shed into the joint with chondromalacia of the 
patella can produce a Chemical irritation of the synovium, 
resulting in swelling and pain. Pain in the patellofemoral 
syndrome, with or without chondromalacia, has been sug- 
gested to originate from the subchondral bone. One hypoth- 
esis is that the biomechanical failure of articular cartilage in 
chondromalacia of the patella results in an alteration of load 
transfer to the subchondral bone; another is that extensor 
mechanism malalignment, rather than the articular changes 
themselves, is responsible for the pain. 

Arthroscopic examination of 56 young adults with ante¬ 
rior knee pain confirmed chondromalacia patellae in 45% 
and synovial plica in 45%. No association was found between 
the severity of the chondromalacia patellae seen at arthros- 
copy and the clinical symptoms of anterior knee pain syn¬ 
drome, suggesting that the symptoms of anterior knee 
pain syndrome should not be used as an indication for knee 
arthroscopy. 

■ TREATMENT 

Treatment of chondromalacia of the patella dépends on the 
underlying cause of the articular surface changes and should 
be directed to the cause rather than to the results. Most often, 
this involves nonsurgical measures, such as antiinflammatory 
médications, quadriceps exercises and hamstring stretching, 
bracing, taping, and orthotics. In addition, activity modifica¬ 
tion is encouraged to avoid lunges, squats, and leg presses 
beyond 90 degrees; no training is allowed on uneven terrain. 
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Operative treatment is divided into two phases: (1) treat- 
ment directed at malalignment and other abnormalities of the 
extensor mechanism and patellofemoral joint and (2) treat¬ 
ment of the diseased cartilage. Surgery may be indicated for 
chronic patellofemoral pain after ail attempts at nonoperative 
management been exhausted. Again, surgery should be 
directed at the cause, and a spécifie diagnosis must be 
established. 

Arthroscopy has proved extremely reliable in diagnosis 
of chondromalacia of the patella. The degree of fibrillation 
and fragmentation of the surface can be probed under direct 
vision, and areas of abnormal softness can be identified by 
careful probing. 

Malalignment of the extensor mechanism is believed to 
be one of the most common causes of patellofemoral pain and 
chondromalacic changes in the patellofemoral joint. Malalign¬ 
ment frequently results in subluxation or dislocation of the 
patella. Surgical procedures for those conditions are described 
in Chapter 47. Malalignment problems related to bony abnor¬ 
malities, such as excessive fémoral antéversion, excessive 
external tibial torsion, and severe genu valgum, may require 
osteotomy for skeletal realignment. 

Latéral retinacular release by open, subeutaneous, or 
arthroscopic technique has been recommended for patello¬ 
femoral pain syndromes. Release of the strong tethering 
latéral structures has proved effective if the preoperative 
diagnosis has been accurate. Before retinacular release, 
however, incongruity, latéral tilting, and latéral orientation of 
the patella in the patellofemoral joint should be established 
on axial radiographs. Surgery for chondromalacia of the 
patella has been unpredictable in patients with normal axial 
radiographie studies. Latéral retinacular release in patients 
with chondromalacia of the patella caused by patella alta is 
rarely successful, and an open procedure that reestablishes a 
more normal relationship between the length of the patellar 
tendon and the length of the patella by moving the patellar 
insertion distally may be more appropriate. 

In any surgery directed at the chondromalacic patellar 
surface, the healing of articular cartilage must be considered. 
Cartilage is an avascular tissue with limited healing capacity. 
Defects that extend through the articular cartilage, breaching 
the subchondral bone and thus opening an access channel for 
blood vessels to the surface, heal with a poor-grade fibrocar- 
tilaginous tissue that is disorganized, fibrous, and apparently 
prone to détérioration. This limited ability of the cartilage to 
heal or to replace itself is a major considération in the treat¬ 
ment of the articular surface irregularities in chondromalacia 
of the patella. Procedures involving the articular surface 
include (1) arthroscopic patellar shaving, (2) local excision of 
defects with drilling of the subchondral bone, (3) facetectomy, 
(4) mechanical décompression of the patellofemoral joint by 
anterior élévation of the tibial tuberosity (Maquet procedure), 
and (5) patellectomy. Patellar resurfacing and patellofemoral 
arthroplasty hâve been used for unicompartmental patello¬ 
femoral arthritis and severe chondromalacia of the patella, 
and newer techniques and implants hâve resulted in a resur- 
gence of interest in patellofemoral arthroplasty. This proce¬ 
dure is discussed in Chapter 7. 

Historically, open patellar shaving was limited almost 
exclusively to the treatment of chondromalacia of the patella, 
and its results were questionable at best. Most investigators 
believe that the only benefit from shaving of the patella is 


arthroscopic removal of the fibrillated cartilage, which 
decreases to some degree the breakdown products that may 
be shed into the joint and cause a painful synovitis. 

Local excision of the defect coupled with drilling of the 
subchondral bone has been a popular method of managing 
severe advanced chondromalacia of the patella. In this 
procedure, the area of chondromalacia is debrided with 
an arthroscopic shaver and ail diseased articular cartilage is 
removed down to subchondral bone. The subchondral bone 
is then perforated with multiple drill holes, allowing access 
for vascularity onto the surface defect to produce a replace¬ 
ment fibrocartilaginous covering. 

Removal of the médial or latéral patellar facet for chon¬ 
dromalacia of the patella has been recommended to limit the 
pathologie condition to a single facet. We hâve had no expéri¬ 
ence with this procedure. 

Anterior advancement or élévation of the insertion of the 
patellar tendon on the tibial tuberosity was designed to reduce 
the articular pressures in the patellofemoral joint. This has 
been used more offen for patellofemoral arthritis than for 
chondromalacia of the patella. Patellectomy should be used 
only in advanced chondromalacia and severe patellofemoral 
joint degeneration. 


ADVANCEMENT OF THE 
TIBIAL TUBEROSITY 

Maquet and Murray recommended anterior advancement 
of the patellar tendon at the tibial tuberosity to relieve the 
compressive effect of the patella on the fémoral condyles. 
They advanced the tibial tuberosity anteriorly by elevating 
the tibial crest (Fig. 45-173). In a modification of the 
technique, the proximal part of the tibia is regularly 
widened, without causing a cosmetically significant bulge 
at the level of the tibial tuberosity. A finite element study 
confirmed the effectiveness of this procedure in reducing 
patellofemoral contact forces, especially at smaller flexion 
angles; maximal contact stress was substantially decreased 
at full extension but increased at 90 degrees. Substantial 
effects of tuberosity élévation on tibial kinematics, cruciate 
ligament forces, tibiofemoral contact forces, and the exten¬ 
sor lever arm also were found. The authors cautioned that 
the effect of the procedure on the entire knee joint, not 
just the isolated compartment, should be considered. 


TECHNIQUE 45-30 


(MAQUET) 

■ Through a médial parapatellar incision carried distal to 
the tibial tuberosity on the anteromedial aspect of the 
tibia, outline the tuberosity. 

■ Dissect the patellar tendon along its posterior surface and 
loosen the infrapatellar fat pad sufficiently to permit the 
patella to ride free without tethering. 

■Open the joint medially and correct intraarticular abnor¬ 
malities as indicated. 

■ Carefully elevate a tongue of bone, composed of the 
tibial tuberosity and the attachment of the patellar 
tendon, that is 2.0 cm thick, 2.5 cm wide, and 11.5 cm 
long, and lever it anteriorly, leaving its distal attachment 
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Maquet technique of advancement of tibial 
tuberosity by élévation of tibial crest. A f Drill holes and line of 
osteotomy. B, Osteotomy is sprung open and propped with iliac 
graft. SEE TECHNIQUE 45-30. 


intact. This can be eut with an oscillating saw or by drilling 
multiple holes and connecting them with thin osteotomy 
cuts (Fig. 45-173A). 

■ Remove a block of bone 2.5 cm wide, 2.5 cm thick, and 
5 cm long from the anterior iliac crest in the area of the 
iliac tubercle through another incision. We hâve found 
that bank bone is just as satisfactory. 

■ Elevate the tongue of bone and the tibial tuberosity care- 
fully away from the tibia anteriorly and insert the block 
of iliac bone beneath it at its most proximal extent (Fig. 
45-173B). Cut the block of bone to approximately 2.5 cm 
on ail sides before its final insertion. 

■ We prefer to elevate the tibial tuberosity only 1.5 cm. The 
major décompression of the patellofemoral joint occurs 
with this amount of élévation, and complications are 
reduced. Usually the pressure of the tongue of tibial bone 
will hold this block in place securely, although Murray 
recommended a single stainless Steel screw 5 cm long 
inserted as a lag screw for further stability. 

■ If the distal end of the tongue of bone fractures from the 
tibia, insert three screws along the tongue for fixation. 

■ Perform an anterior compartment fasciotomy. 

■ Undermine the subeutaneous tissues extensively if nec- 
essary to close the skin without tension. Insert a suction 
drain under the subeutaneous tissue and close the 
wound. 

POSTOPERATIVE CARE. The extremity is placed in a 
knee immobilizer splint. The patient is allowed to bear 
weight to tolérance using crutches the following day. 
Quadriceps exercises, leg-lifting exercises, and calf raises 


are begun on the day after surgery. Range-of-motion 
exercises with or without continuous passive motion are 
begun once the wound has healed, usually at 2 weeks. 
Immobilization should not exceed 6 weeks. 


PATELLECTOMY 

Instead of patellaplasty, West and Soto-Hall and others 
recommended patellectomy. Today, patellectomy is used 
rarely and only as a salvage procedure because of the poor 
results and difficult réhabilitation after the procedure. 


TECHNIQUE 45-31 


(SOTO-HALL) 

■ Through a transverse incision at the level of the inferior 
third of the patella, incise the quadriceps expansion in 
line with the incision so that the suture line in the tendon 
will lie at the level of the fat pad rather than over the 
fémoral condyles. 

■ By careful sharp dissection, excise the patella. Because 
this produces a relative lengthening of the quadriceps 
mechanism, proper tension can be restored by overlap- 
ping the cut edges about 1.5 cm and suturing them 
together. According to Soto-Hall, complété active exten¬ 
sion will thus be regained more rapidly after surgery. 

■ When the quadriceps mechanism is in a valgus position 
and latéral instability of the patella has been demon- 
strated before surgery, extend the médial arm of the 
incision through the mechanism somewhat more proxi- 
mally and remove or plicate a V-shaped section of capsule 
to restore balance between the médial and latéral muscles 
by effectively transferring part of the insertion of the 
vastus medialis distally. 

POSTOPERATIVE CARE. Quadriceps -setting exercises 
that hâve been practiced before surgery are resumed 
within the first week after surgery. Quadriceps-resistant 
exercises are started after 2 weeks, with particular atten¬ 
tion given to the last 15 or 20 degrees of extension. 


EXTRAARTICULAR ANKYLOSIS 
OF THE KNEE 

Ankylosis of the knee, either intraarticular or extraarticular, 
may occur with the knee in complété extension, in flexion 
alone, or in flexion, external rotation, and valgus position. 
When the ankylosis is extraarticular, some motion can be 
preserved and radiographs even may reveal an apparently 
normal joint space. 

When extraarticular ankylosis and contracture, in either 
flexion or extension, limit mobility, a soft-tissue release pro¬ 
cedure, such as quadricepsplasty or capsulotomy, generally is 
indicated. The use of free tissue transfers has been recom¬ 
mended for soff-tissue augmentation in patients who hâve 
release procedures for posttraumatic knee joint stiffness to 
minimize wound problems, such as wound edge necrosis, 
wound dehiscence, and infection; to allow early initiation of 
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postoperative physical therapy, which improves functional 
outcomes; and to obtain a more acceptable cosmetic resuit. 

EXTRAARTICULAR ANKYLOSIS 
IN EXTENSION 

After fractures of the fémur or extensive soft-tissue wounds 
of the anterior aspect of the thigh, scarring or fibrosis of ail 
or a part of the quadriceps mechanism can resuit in extraar- 
ticular ankylosis of the knee in extension. This deformity can 
be caused by one or more of the following: (1) fibrosis of the 
vastus intermedius muscle scarring down the rectus femoris 
to the fémur in the suprapatellar pouch and proximally, 

(2) adhesions between the patella and the fémoral condyles, 

(3) fibrosis and shortening of the latéral expansions of the 
vasti and their adhérence to the fémoral condyles, and 

(4) actual shortening of the rectus femoris muscle. Quadri- 
cepsplasty was devised to correct the deformity; its success 
dépends on (1) whether the rectus femoris muscle has escaped 
injury, (2) how well this muscle can be isolated from the 
scarred parts of the quadriceps mechanism, and (3) how well 
the muscle can be developed by active use. 


THOMPSON QUADRICEPSPLASTY 


TECHNIQUE 45-32 


(THOMPSON) 

■ Use an electrocoagulation unit throughout the 
operation. 

■ Make an anterior longitudinal incision through the skin 
and superficial fascia from the proximal third of the thigh 
to the distal pôle of the patella, the exact location of the 
incision depending on the position of any scars. 

■ Divide the deep fascia along each side of the rectus 
femoris muscle from the proximal end of the skin incision 
to the patella and separate this muscle from the vastus 
medialis and lateralis. 

■ Then divide the anterior part of the knee capsule, includ- 
ing the latéral expansions of the vasti on both sides of 
the patella, far enough to overcome their contracture. 

■ Excise completely the vastus intermedius, which usually is 
a scarred band binding the posterior surfaces of the 
rectus femoris and patella to the fémur, but leave a 
fibrous or periosteal covering on the anterior surface of 
the fémur. 

■ If the tendon of the rectus has been destroyed by the 
injury, create a new one by making longitudinal incisions 
through the scar tissue in the distal third of the thigh. 

■At this point, slowly flex the knee to 110 degrees to 
release the remaining intraarticular adhesions. 

■ If the vastus medialis and lateralis are badly scarred, 
interpose subcutaneous tissue and fat between them and 
the rectus. If these muscles are relatively normal, suture 
them to the rectus as far distally as the distal third of the 
thigh. If a tourniquet has been used, remove it and obtain 
complété hemostasis before closing the wound. 

POSTOPERATIVE CARE. The extremity is placed in a 
continuous passive motion machine, and range of motion 


is used until 90 degrees of passive flexion is achieved. 
Passive and active exercises for the quadriceps and ham- 
strings continue and are of critical importance to the 
success of this procedure. The knee is kept in full exten¬ 
sion during the night and is exercised during the day 
with active and active-assisted exercises. If 90 degrees of 
flexion is not obtained after 3 months, gentle manipula¬ 
tion with the patient under anesthésia may be required. 
The patient should expect a very slow return of active 
quadriceps extension. Most patients can expect improve- 
ment in range of motion of the knee after quadriceps- 
plasty but should expect severe quadriceps weakness for 
many months. If the patient is not skeletally mature, some 
of the improvement in flexion may be lost as growth 
occurs. 


As an alternative to minimize damage to the quadriceps 
mechanism, a proximal-based, staged, sequential release of 
the intrinsic and extrinsic structures limiting knee flexion 
was developed, and several modifications to this technique 
hâve been developed. The three phases described by Judet 
were (1) release of the médial and latéral retinacula and 
release of the adhesions in the suprapatellar gutter and 
between the patella and fémoral condyles through a longitu¬ 
dinal or médial (or both) parapatellar incision, (2) release of 
the vastus intermedius through a long postérolatéral incision 
extending from the superior pôle of the patella to the greater 
trochanter, and (3) detachment of the rectus femoris from its 
insertion at the anterior inferior iliac spine through a proxi¬ 
mal antérolatéral extension of the postérolatéral incision. The 
final phase was used only if flexion was still limited after 
manipulation subséquent to the first two phases. Most reports 
of this procedure are small, with relatively short follow-up. 
Excellent or good results hâve been reported in approximately 
81% of patients and fair results in 19%. 


MINI-INVASIVE QUADRICEPSPLASTY 

Endoscopically and arthroscopically assisted percutaneous 
techniques hâve been described for quadricepsplasty, but 
follow-up reports are few, and these techniques are not 
well established. Wang, Zhao, and He described an extra- 
articular "mini-invasive" quadricepsplasty followed by 
intraarticular arthroscopic lysis of adhesions. Their proce¬ 
dure is done in five stages; the range of flexion is measured 
after each stage of release, and the procedure is terminated 
when the desired degree of flexion (ideally 120 degrees) is 
obtained. Currently, the only report of results of this tech¬ 
nique is that of the technique developers; they reported 16 
excellent results, 5 good results, and 1 fair resuit in 22 
patients with severely arthrofibrotic knees observed for an 
average of 44 months. Average maximal flexion increased 
from 15 degrees preoperatively to 115 degrees at most 
recent follow-up; only one patient had a persistent 
15-degree extension lag. We hâve no expérience with this 
technique, but it seems a reasonable alternative to open 
quadricepsplasty and certainly would produce a more 
pleasing cosmetic resuit. 
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FIGURE 


Mini-incision quadricepsplasty. A f Latéral patellar retinaculum is released. B f Adhesions in patellofemoral compart- 


ment are released. C f Tendinous tissue of vastus intermedius is separated from rectus femoris and anterior surface of fémur. D f Médial 


patellar retinaculum is released. 


Continued 


TECHNIQUE 45-33 


(WANG, Z H AO, HE) 

STAGE 1 

■ With an inside-out technique, make a percutaneous 
parapatellar latéral arthrotomy by incising the latéral reti¬ 
naculum from the patella along its latéral border, from 
the superolateral corner of the patella down to the latéral 
aspect of its lower pôle (Fig. 45-174A). 

■To restore the latéral recess, free the latéral retinaculum 
from the latéral fémoral condyle and free the vastus 
lateralis tendon and the iliotibial band from the distal 
third of the fémur. 

STAGE 2 

■ Mobilize the suprapatellar pouch, the patellofemoral 
compartment, and the anterior interval by dividing the 
adhesions within these spaces (Fig. 45-174B). The anterior 
interval is the région of the knee posterior to the infrapa- 
tellar fat pad and anterior to the anterosuperior aspect of 
the tibial plateau. 


■ Separate the tendinous tissue of the vastus intermedius 
from that of the rectus femoris and the anterior surface 
of the fémur (Fig. 45-174C). 

STAGE 3 

■ With a percutaneous inside-out technique, release the 
médial patellar retinaculum through the suprapatellar 
pouch, patellofemoral compartment, and anterior interval 
that were reestablished in the second stage. Take care to 
delineate the médial arthrotomy margin, which starts 
from the médial épicondyle of the fémur and slants later- 
ally to the tibial tubercle, to avoid detachment of the 
vastus medialis from its insertion at the superomedial 
corner of the patella (Fig. 45-174D). 

■ Free the médial retinaculum from the médial fémoral 
condyle, and free the vastus medialis from the distal third 
of the fémur to restore the médial recess. 

STAGE 4 

■ Transect the previously mobilized vastus intermedius 
at a level near its musculotendinous junction (Fig. 
45-174E). 
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FIGURE 




E and F, Quadriceps is lengthened. G and H f Proximal portion of vastus intermedius tendon and distal portion 


of rectus femoris tendon are sutured together with knee in 90 degrees of flexion. (From Wang JH, Zhao JZ, He YH: A new treatment strategy 


for severe arthrofibrosis of the knee: surgical technique, J Bone Joint Surg 89A[Suppl 2, pt 1]:93, 2007.) SEE TECHNIQUE 45-33. 


STAGE 5 

■ The fifth stage consists of lengthening the quadriceps 
tendon. 

■ Transect the rectus femoris at a more distal level than the 
vastus intermedius, adjacent to its patellar insertion (Fig. 
45-174E), and deliver the free tendinous ends of the 
vastus intermedius and rectus femoris through the wound 
(Fig. 45-174F). 

■ Gently manipulate the knee in flexion repeatedly until 
maximal flexion is achieved. 

■ Then overlap the proximal tendinous end of the vastus 
intermedius and the distal portion of the rectus femoris 
tendon and suture them with a no. 2 nonabsorbable 
Ethibond suture with the knee held in 90 degrees of 
flexion (Fig. 45-174G and H). 

■Test the passive range of motion after repair of the 
quadriceps tendon to ensure that the lengthened tendon 


is under substantial tension but remains competent at 90 
degrees of flexion. 

■ If the knee can be easily flexed beyond 90 degrees, 
increase the overlapping of the tendons by more proximal 
advancement of the vastus intermedius tendon to reduce 
the risk of creating an extension lag. 

■ If flexion is restricted, decrease the overlapping by more 
distal fixation of the vastus intermedius tendon. 

■ Throughout the procedure, manipulate the knee in flexion 
to release intraarticular adhesions, to assess the arc of 
knee flexion, and to détermine if there are remaining 
intraarticular adhesions. Once flexion of more than 120 
degrees has been achieved, the extraarticular portion of 
the procedure is terminated, closed suction drains are 
placed, and the skin is closed. 

In knees of moderate arthrofibrosis, the first four 
stages often allow knee flexion of more than 120 degrees. 
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With severe arthrofibrosis, the fifth stage (quadriceps 
lengthening) usually is necessary to gain more than 90 
degrees of flexion. After the initial mini-invasive quadri- 
cepsplasty, the primary arc of knee flexion should reach 
90 degrees and the suprapatellar pouch, patellofemoral 
compartiment, anterior interval, latéral recess, and médial 
recess are reestablished. With these spaces restored, 
arthroscopic surgery can be safely done for lysis of any 
remaining adhesions (see Chapter 51). 

POSTOPERATIVE CARE. A compressive wrap with an 
elastic bandage is applied from the toe to the thigh to 
decrease swelling. Physical therapy is started on the day 
after surgery. When the quadriceps tendon is lengthened, 
the réhabilitation protocol is modified to protect its repair 
during the first 3 weeks. A continuous passive motion 
machine is used as tolerated; the range and speed of 
motion are increased gradually without exceeding 90 
degrees of flexion during the first 3 weeks after surgery. 
Active-assisted flexion (with the same restriction of 90 
degrees of flexion) and patellar mobility exercises are 
begun on the first postoperative day. Additional flexion 
and quadriceps-strengthening exercises, including active 
straight-leg raising, isométrie quadriceps exercises, résis¬ 
tance exercises, and stationary bicycling, are deferred 
until 4 to 6 weeks after surgery. If the quadriceps tendon 
has not been lengthened, the réhabilitation program is 
more aggressive, without restriction of range of motion. 
Manipulation is necessary if less than 90 degrees of 
flexion is possible at 6 weeks after surgery. 


EXTRAARTICULAR ANKYLOSIS IN FLEXION 

Flexion contracture of the knee is much more common than 
extension contracture. It often is complicated by subluxation 
and external rotation of the tibia on the fémur because the 
hamstring muscles pull the tibia posteriorly and the biceps 
femoris muscle and iliotibial band rotate the tibia externally. 
Ail of the soft tissues in the popliteal space are contracted. 

Flexion contractures usually can be at least partially cor- 
rected conservatively; the amount of correction possible 
dépends on the severity and duration of the deformity. Trac¬ 
tion with balanced suspension, Buck extension, and static or 
dynamic splints, casts, or braces designed to extend the knee 
gradually are of value. These measures can be used before 
surgery to make the operation less extensive and after surgery 
to increase the correction. Regardless of how a contracture is 
corrected, it always must be remembered that the peroneal 
nerve is more susceptible to injury from stretching than is the 
popliteal artery and its branches, and extreme caution is 
indicated when signs of irritation develop along its course. 
Otherwise, prolonged or permanent paralysis can resuit after 
a flexion contracture has been corrected as little as 20 degrees. 

Graduai distraction by either an Ilizarov circular external 
fixator or an Orthofix monolateral external fixator has been 
reported to improve the function position of the arc of 
motion, although the total arc of motion remains essentially 
unchanged. Distal hamstring release with femorotibial exter¬ 
nal fixation also has been reported to allow complété exten¬ 
sion or residual flexion contracture of less than 10 degrees. 


POSTERIOR CAPSULOTOMY 

Posterior capsulotomy is indicated for severe flexion con¬ 
tractures of the knee that cannot be corrected by more 
conservative means. The following operation is a modifica¬ 
tion of one described by Putti. 


TECHNIQUE 45-34 


(PUTTI, MODIFIED) 

■ Position the patient prone. 

■ Make a curvilinear incision 15 cm long through the skin 
and superficial fascia over the popliteal space. 

■ Expose the médial and latéral aspects of the posterior part 
of the joint capsule by separate approaches through the 
deep structures as follows. 

■ Dissect between the subeutaneous tissue and deep fascia 
to the latéral aspect of the popliteal space and incise the 
deep fascia longitudinally. Isolate and retract laterally the 
biceps femoris tendon and common peroneal nerve and 
expose the latéral head of the gastroenemius; retract 
medially the popliteal vessels and nerves that lie in the 
midline. 

■ Under direct vision, divide the latéral head of the gastroe¬ 
nemius, the latéral half of the posterior capsule, and the 
attachment of the posterior cruciate ligament. 

■ Now dissect between the subeutaneous tissue and deep 
fascia to the médial aspect of the popliteal space. Incise 
the deep fascia to expose the latéral aspect of the semi- 
membranosus and semitendinosus muscles, and retract 
these muscles medially; retract the popliteal vessels and 
nerves laterally. 

■ Divide the médial head of the gastroenemius and médial 
half of the capsule. 

■ At this point, the knee may be completely extended by 
gentle manipulation if the hamstring tendons are not 
contracted. Avoid excessive force. During extension of the 
knee, fibrous adhesions may audibly rupture. 

■ This also can be accomplished through limited médial or 
latéral incisions, or both. This allows the patient to be in 
the supine position throughout the operation, in the 
event that additional procedures such as arthroscopic lysis 
of adhesions also are performed. 

■ On occasion, the biceps, semitendinosus, and semimem- 
branosus tendons and the iliotibial band are severely 
contracted; in these instances, lengthen the tendons by 
Z-plasty and divide the iliotibial band and latéral intermus- 
cular septum as described by Yount. 


POSTERIOR CAPSULOTOMY 


TECHNIQUE 45-35 


(YOUNT) 

■ Expose the fascia lata through a latéral longitudinal inci¬ 
sion just proximal to the fémoral condyle. 







injury involves only a single vessel below the trifurcation of the popliteal artery or distal to the midforearm. (Such an injury is not gener- 
ally explored unless there is a diagnosis of compartment syndrome, arteriovenous fistula, or pseudoaneurysm.) + Proximate injuries are 
those in which missile track passes within 1 inch of a major vessel. *lf "soft" signs of vascular injury, can consider duplex Doppler first. 

(From Bartlett CS, Helfet DL, Hausman MR, Strauss E: Ballistics and gunshot wounds: effects on musculoskeletal tissues, J Am Acad Orthop Surg 
8 : 21 , 2000 .) 
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9 « Divide the iliotibial band and fascia lata posteriorly to the 
biceps tendon and anteriorly to the midline of the thigh 
at a level 2.5 cm proximal to the patella. 

■ Now, at this level excise a segment of the iliotibial band 
and intermuscular septum 5 to 8 cm long. 

■ Before the wound is closed, détermine by palpation that 
ail tight bands hâve been divided. Suture only the subcu- 
taneous tissue and skin. 

POSTOPERATIVE CARE. A brace locked in extension is 
fitted, and range-of-motion exercises are begun. Use of 
a continuous passive motion machine may be bénéficiai. 
The patient should be examined frequently to detect any 
récurrent flexion contracture, which may require serial 
casting for extension to be regained. 


OPEN WOUNDS OF THE 
KNEE JOINT 

Although the management of war-related open joint injuries 
has been reviewed extensively, much less information is avail- 
able concerning the treatment of open joint wounds in the 
civilian population. As the incidence of civilian gunshot 
injuries has increased, gunshot injuries to the knee also hâve 
become more common. Of ail open joint injuries, those of the 
knee are by far the most common (53% to 91%). 

In one of the earliest articles on the “modem” manage¬ 
ment of open joint injuries, Patzakis et al. reviewed 140 
patients with penetrating joint injuries treated during a 4-year 
period. They divided the injuries into three types: those 
associated with fractures, open joint injuries without fracture, 
and gunshot wounds. Ail patients were treated with antibiot¬ 
ics, surgical debridement, and irrigation, including the instal¬ 
lation of polyethylene tubes into the joint for closed irrigation 
and suction. Their results were remarkably good, with infec¬ 
tion developing in only three of the 140 patients (2.1%). A 
number of patients had positive cultures from the drainage 
tubes in the postoperative period. Because these same patients 
did not hâve positive cultures at the time of initial surgery, 
they concluded that the positive cultures from the tubes were 
secondary to the tubes themselves and that a closed irrigation 
and suction System must be considered a potential source of 
contamination. Therefore, they recommended that closed 
irrigation and suction not be used routinely for open joint 
injuries but only for those with initial severe contamination 
or when the soff-tissue injury was extensive and closure of 
the joint was désirable. We concur with these recommenda¬ 
tions. They further concluded that open joint injuries should 
be treated with broad-spectrum antibiotic coverage before, 
during, and affer arthrotomy, open surgical debridement, and 
irrigation and primary closure of the wound in most patients. 
In their review of the effects of gunshot wounds on musculo- 
skeletal tissues, Bartlett et al. developed an algorithm for 
treatment that is applicable to gunshot wounds of the knee 
(Fig. 45-175). More recently, Komda étal, reported their 
expérience in the treatment of 40 open knee joint wounds; 
43% were gunshot wounds and 20% were sustained in motor 
vehicle accidents; no infections were reported, and only one 
patient had a vascular injury that ultimately required amputa¬ 
tion. Twenty-one (53%) of these patients had an associated 



Anteroposterior view of right distal fémur of 
18-year-old woman with high-velocity rifle wound. Note "lead 
snowstorm" pattern and severe comminution. Arteriogram 
revealed no gross arterial damage. (From Bartlett CS, Helfet DL, 
Hausman MR, Strauss E: Ballistics and gunshot wounds: effects on 
musculoskeletal tissues, J Am Acad Orthop Surg 8:21, 2000.) 


periarticular fracture, an association confirmed in other 
studies. 

In patients with gunshot wounds of the knee, évaluation 
of the neurovascular status is of primary importance (Fig. 
45-176). Once neurovascular injuries hâve been identified 
and treated, if necessary, skeletal injuries can be evaluated. 
Anteroposterior and latéral radiographs are carefully scruti- 
nized for fractures, air in the joint space, bullet fragments, 
and osteochondral fragments. CT also can provide valuable 
information about the extent and complexity of the fracture 
pattern. If intraarticular fractures are not évident, knee joint 
aspiration can help détermine if the joint has been penetrated; 
a bloody aspirate indicates the need for joint irrigation. The 
treatment of open fractures caused by firearms is discussed 
in detail in Chapter 53. 

If open fracture réduction is not required, irrigation and 
debridement can be done arthroscopically, resulting in a 
shorter postoperative hospital stay, less postoperative pain, 
and superior cosmetic results. It can also help identify 
intraarticular injuries. Fracture management dépends on the 
stability of the fracture pattern and may include casting or 
bracing, open réduction and internai fixation, or external 
fixation. Large osteochondral fragments can be reattached 
and fixed with arthroscopic techniques (see Chapter 51). 
Soff-tissue coverage may require graffs or flaps (see Chapter 
63). Damaged musculotendinous or ligamentous structures 
should be repaired or reconstructed as soon as possible to 
restore joint function. 

A rare late complication of intraarticular gunshot injuries, 
including those of the knee, is lead poisoning, which has been 
reported from 2 days to 52 years affer injury. Lead fragments 






PART XIII SPORTS MEDICINE 



A and B, Intraarticular bullet fragments in 30-year-old man 14 years after gunshot injury. He was found to hâve 
microcytic anémia with high blood lead levels and was treated with chélation therapy and removal of the fragments. (From Rehani B, 
Wissman R: Lead poisoning from a gunshot wound, South Med J 104:57, 2011.) 


in the soft tissues generally become encapsulated by fibrous 
tissue and are effectively inert; however, intraarticular bullet 
fragments in contact with synovial fluid can cause foreign- 
body reactions, mechanical articular cartilage damage, pro¬ 
liférative synovitis, and destructive arthritis. Lead can be 
absorbed into the systemic circulation through the inflamed 
synovial membrane. Bullet fragmentation and the surface 
area of lead exposed to synovial fluid correlate with increased 
levels of lead in the blood (Fig. 45-177). Adults with lead 
poisoning may be asymptomatic or may hâve nausea, diar- 
rhea, abdominal pain, and weakness. Lead poisoning should 
be considered in a patient with a history of an intraarticular 
gunshot wound and microcytic anémia. Prompt therapy, 
including chélation and removal of the bullet fragments, is 
essential. 
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SHOULDER INJURIES 

ANATOMY AND BIOMECHANICS 

The shoulder joint is composed of four articulations: the ster- 
noclavicular, acromioclavicular, glenohumeral, and scapulo- 
thoracic that work together to allow smooth shoulder 
function. Together, they allow the shoulder joint to hâve the 
greatest range of motion of any joint in the body, and the 
relationship between these articulations must be considered 
when treating shoulder dysfunction. Normal function of the 
shoulder is a balance between mobility and stability. In addi¬ 
tion to the four articulations, mobility is allowed by the “large 
ball-small socket” bony arrangement and the voluminous 
glenohumeral joint capsule, which does not restrict move- 
ment until the extremes of motion. The bony anatomy con- 
tributes little to stability and has been compared to a golf bail 
on a tee. The glenoid is encircled by the labrum, composed 
of dense fibrocartilaginous tissue, which increases the depth 
of the socket by 50% around the humerai head and increases 
stability. The glenoid articular surface and the labrum 
combine to create a socket that is approximately 9 mm deep 
in the superoinferior direction and 5 mm deep in the antero- 
posterior direction. Adding the glenoid labrum increases the 
glenoid surface to 75% of the humerai head vertically and 
57% horizontally. Biomechanical testing of cadaver shoulder 
specimens showed that the labrum affects the distribution of 
contact stresses when a compressive load is applied to the 
shoulder at 90 degrees of abduction. Because there is very 
little bony constraint to the shoulder, most of the stability is 
provided by the surrounding muscles and ligaments. 


The ligamentous constraints are the primary stabilizers at 
extremes of motion. The superior glenohumeral ligament is 
the primary restraint to inferior humerai subluxation in 0 
degrees of abduction and is the primary stabilizer to anterior 
and posterior stress in the same position. Tightening of the 
rotator interval (which includes the superior glenohumeral 
ligament) decreases posterior and inferior translation. The 
middle glenohumeral ligament limits external rotation when 
the arm is in the lower and middle ranges of abduction but 
has little effect when the arm is in 90 degrees of abduction. 
The inferior glenohumeral ligament is composed of an ante¬ 
rior band that is quite thick, a posterior band that is less thick 
and distinct, and a thinner intervening axillary pouch, creat- 
ing a hammock-type sling. With external rotation, the 
hammock slides anteriorly and superiorly, the anterior band 
tightens, and the posterior band fans out. With internai rota¬ 
tion, the opposite occurs. The anteroinferior glenohumeral 
ligament complex is the main stabilizer to anterior and pos¬ 
terior stresses when the shoulder is abducted 45 degrees or 
more. 

The muscles of the shoulder joint can be divided into 
intrinsic and extrinsic groups. The extrinsic muscles primar- 
ily control movement of the scapula and include the rhom- 
boids, levator scapulae, trapezius, and serratus anterior. The 
intrinsic muscles control the glenohumeral joint and include 
the rotator cuff muscles (subscapularis, supraspinatus, infra- 
spinatus, and teres minor), the deltoid, the pectoralis major, 
the teres major, the latissimus dorsi, and the biceps brachii. 
The muscular constraints work in several ways to provide 
stability. First, they dynamically position the scapula to place 
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the glenoid opposite the humerai head as the shoulder moves. 
Rowe compared the relationship to a “bail on a seals nose.” 
As the bail (humérus) moves, the seal (scapula and glenoid) 
moves to maintain the balanced relationship. Second, whereas 
ligaments work in a static fashion to limit translation and 
rotation, their stiffness and torsional rigidity are increased 
with concomitant muscle activity. Rotator cuff activity and 
biceps activity hâve been shown to stiffen the capsule 
and decrease glenohumeral translation. Third, intrinsic and 
extrinsic muscle groups serve as fine tuners of motion and 
power movers by working in “force couples.” The force couples 
control and direct the force through the joint, contributing to 
stability. 

The tendinous insertions of the rotator cuff muscles, the 
articular capsule, the coracohumeral ligament, and the gleno¬ 
humeral ligament complex blend into a confluent sheet before 
insertion into the humerai tuberosities. The tendons of the 
infraspinatus and supraspinatus muscles join approximately 
15 mm proximal to their insertion and cannot be readily 
separated by blunt dissection. The infraspinatus and teres 
minor fuse near their musculotendinous junctions. The 
supraspinatus and subscapularis tendons join as a sheath that 
surrounds the biceps tendon at the entrance of the bicipital 
groove. The roof of this sheath consists of a portion of the 
supraspinatus tendon, and a sheet of the subscapularis tendon 
forms the floor. This relationship is relevant to the frequent 
coexistence of subscapularis tendon tears with lésions of the 
long head of the biceps. The coracohumeral ligament is a 
thick band of fibrous tissue extending from the coracoid 
process along the surface of the capsule to the tuberosities 
between the supraspinatus and subscapularis tendons. The 
ligament is deep to the tendinous insertion of the cuff and 
blends with the capsule and supraspinatus tendon to form 
part of the roof of the biceps sheath. A 1-cm wide thickening 
of fibrous tissue extends posteriorly from the coracohumeral 
ligament origin on the coracoid to the posterior margin of 
the infraspinatus. This band is an extension of the coracohu¬ 
meral ligament and travels between the capsule and the cuff 
tendons. A sheet of fibrous tissue from the coracohumeral 
ligament origin also extends posterolaterally to form a sheet 
over the superficial supraspinatus and infraspinatus tendon 
insertions. 

Histologie studies of the supraspinatus and infraspinatus 
tendons identified five distinct layers. The most superficial 
layer (layer one) contains large artérioles and comprises fibers 
from the coracohumeral ligament. This layer is 1 mm thick 
and contains fibers that are oriented obliquely to the long axis 
of the muscle bellies. Layer two is 3 to 5 mm thick and rep- 
resents the direct tendinous insertion into the tuberosities. 
Large bundles (1 to 2 mm in diameter) of densely packed 
parallel tendon fibers compose layer two. The subscapularis 
tendinous insertion exhibits a similar structure, with collagen 
fiber bundles that parallel the long axis of the muscle and 
splay before insertion. A group of bundles from the subscapu¬ 
laris joins with fibers of the supraspinatus to serve as the floor 
of the biceps sheath, and the roof of the biceps sheath is 
formed by fibers from layer two of the supraspinatus. Layer 
three is approximately 3 mm thick and comprises smaller 
bundles of collagen with a less uniform orientation than in 
layer two. Fibers within this layer travel at 45-degree angles 
to one another to form an interdigitating meshwork that con- 
tributes to the fusion of the cuff tendon insertion. Layer four 
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comprises loose connective tissue and thick collagen bands 
that merge with the coracohumeral ligament at the most ante- 
rior border of the supraspinatus. Layer five (2 mm thick) 
represents the shoulder capsule and includes a sheet of inter- 
woven collagen extending from the glenoid labrum to the 
humérus. 

The insertion site of the rotator cuff tendon at the greater 
tuberosity offen is referred to as the “footprint.” Dugas et al. 
examined 20 normal cadaver rotator cuff specimens and 
mapped the footprint using a three-space digitizer. The mean 
médial-to-latéral insertion widths of the supraspinatus, infra¬ 
spinatus, teres minor, and subscapularis tendons were 
12.7 mm, 13.4 mm, 11.4 mm, and 17.9 mm, respectively. The 
mean minimal médial-to-latéral insertion width of the entire 
rotator cuff insertion occurred at the midportion of the supra¬ 
spinatus and was 14.7 mm. The articular surface-to-tendon 
insertion distance was less than 1 mm along the anterior 
2.1 cm of the supraspinatus-infraspinatus insertion. This dis¬ 
tance progressively increased to a mean distance of 13.9 mm 
at the most inferior aspect of the teres minor insertion. The 
mean anteroposterior distances of the supraspinatus, infraspi¬ 
natus, teres minor, and subscapularis insertions were noted to 
be 1.63 cm, 1.64 cm, 2.07 cm, and 2.43 cm, respectively. 

The rotator interval is defined as the triangular area in the 
anterior and superior shoulder where no rotator cuff tendons 
are présent. As such, the interval is bounded by the supraspi¬ 
natus superiorly, the subscapularis inferiorly, and the cora¬ 
coid medially. The apex of the triangle is marked laterally by 
the transverse humerai ligament. The coracohumeral liga¬ 
ment, biceps tendon, and superior glenohumeral ligament are 
found in the rotator interval. The rotator interval is altered in 
pathologie States and has been found to be contracted in 
patients with adhesive capsulitis and expanded in those with 
shoulder instability. 

The coracoacromial arch lies superior to the glenohu¬ 
meral joint and is composed of the coracoid and the anterior 
acromion, which are spanned by the coracoacromial liga¬ 
ment. The distal clavicle usually is considered to be part of 
the arch as well. The rotator cuff tendons, the subacromial 
bursa, the biceps tendon, and the proximal humérus ail pass 
beneath this arch. Any acquired or congénital process that 
narrows the space available for these structures can cause 
mechanical impingement. The coracoacromial arch also 
serves as a restraint to superior proximal humerai migration, 
and its disruption is considered the final step in the cascade 
of events culminating in anterosuperior escape in advanced 
degenerative shoulder disorders associated with massive 
rotator cuff tears. In escape, the humerai head dislocates ante- 
riorly and superiorly with attempted forward élévation of the 
shoulder. As a resuit, the humerai head cornes to rest in a 
palpable and visible position in the subeutaneous tissues. 

CLINICAL PRESENTATION AND 
PHYSICAL EXAMINATION 

Evaluation of a painful shoulder is challenging for several 
reasons. Different clinical conditions, such as the various 
impingement syndromes, rotator cuff tears (partial and com¬ 
plété), calcifie tendinitis, adhesive capsulitis, and nerve 
entrapment syndromes, hâve similar historiés, pain patterns, 
and findings on physical examination. Ail of these conditions 
can cause pain, weakness, and loss of motion of the affected 
extremity. The pain, usually exacerbated by overhead 
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activities, is worse with active rather than passive motion and 
may awaken the patient from sleep. Pain may be referred to 
the area of the deltoid insertion. On physical examination, it 
often is impossible to establish reliably which structure in the 
shoulder is causing the pain because of the close anatomie 
proximity of these structures. Many tests are sensitive for 
detecting shoulder pathology but are not spécifie. Many con¬ 
ditions are painful with the same provocative maneuvers. 
Palpation is of limited benefit, especially in muscular or heavy 
patients. It is impossible to palpate the labrum or capsule, and 
although some authors hâve claimed to be able to palpate 
rotator euff tears, we hâve not had that expérience other than 
in very thin patients. Clicks and crepitus in the shoulder are 
not spécifie for any one pathologie condition, and often the 
reverberating quality of these clicks makes them unreliable 
for localization. 

Although the physical examination often is inconclusive, 
it is an essential component of the évaluation of a patient with 
a painful shoulder and helps to eliminate other potential 
causes of referred pain to the shoulder, such as disorders of 
the cervical spine (herniated dise, spondylosis, brachial 
plexopathy), chest cavity (Pancoast tumor, upper lobe pneu- 
monia), breasts, axillary area, and abdomen (diaphragmâtic 
irritation, gallbladder dysfunction). 

The physical examination begins with inspection. The 
patient should be undressed above the waist. Women may 
cover up in a fashion similar to a strapless dress. This expo- 
sure allows observation of the anterior and the posterior 
aspects of the shoulder. Comparison of the shoulders may 
reveal subtle atrophy, swelling, or deformity. Ecchymosis may 
suggest contusions or ruptures of structures such as the 
rotator euff or the long head of the biceps tendon. Palpation 
of the superficial bony structures may identify a painful acro- 
mioclavicular joint, sternoclavicular joint, clavicle, or acro- 
mion. Palpation elsewhere around the shoulder may suggest 
potential sources of pain, but as previously mentioned this is 
not often spécifie. The joints above and below the area of pain 
should be examined; for the shoulder, the joint above is the 
cervical spine. Indeed, 5% of patients presenting with the 
chief complaint of shoulder pain will be found to hâve an 
isolated cervical spine disorder. Therefore, a neurovascular 
examination of both upper extremities should be included 
along with an assessment of motor strength. Range of motion 
is determined actively and passively, noting painful arcs and 
tendencies to substitute muscle function. 

Over 100 tests hâve been described for detecting shoulder 
instability, tendinitis, and tears of the rotator euff, with 
varying degrees of accuracy. In an exhaustive review of the 
literature, Hegedus et al. determined that no single physical 
examination test can be used to make an unequivocal diag- 
nosis; combinations of tests provide only marginally better 
accuracy. The following tests are designed either to reproduce 
symptoms or to produce pain suggesting impingement of the 
rotator euff or tendinitis. 

■ NEER IMPINGEMENT SIGN AND 
IMPINGEMENT TEST 

Neerfirst described the impingement test in 1972 (Fig. 46-1 A). 
With the patient seated, the examiner raises the affected arm 
in forced forward élévation while stabilizing the scapula, 
causing the greater tuberosity to impinge against the acro- 
mion. This maneuver produces pain with impingement lésions 


of ail stages. It also produces pain in many other shoulder 
conditions, such as adhesive capsulitis, osteoarthritis, calcifie 
tendinitis, and bone lésions. Neer also described the impinge¬ 
ment test with the use of a subacromial injection of 10 mL of 
1% lidocaine (Xylocaine). Pain caused by impingement 
usually is significantly reduced or eliminated, but pain caused 
by other conditions (with the exception perhaps of calcifie 
tendinitis) is not relieved. One study revealed sensitivity for 
the impingement sign of 75% for bursitis and 88% for euff 
abnormalities, with specificities of 48% and 51%. The positive 
prédictive values were 36% and 40%, and the négative prédic¬ 
tive values were 83% and 89%. The test was positive, however, 
in 25% of patients with Bankart lésions, 46% of patients with 
superior labral anterior and posterior lésions, and 69% of 
patients with acromioclavicular arthritis. 

■ HAWKINS-KENNEDY TEST 

Hawkins and Kennedy described their test in 1980 as an 
alternative to the Neer test, but they did not believe that it 
was as reliable (Fig. 46-1 B). The test is performed by forward 
flexing the humérus to 90 degrees and forcibly internally 
rotating the shoulder. This maneuver drives the greater tuber¬ 
osity farther under the coracoacromial ligament, reproducing 
the impingement pain. Sensitivities of 92% for bursitis and 
88% for euff abnormalities were found in 85 consecutive 
patients, with specificities of 44% and 43%. The positive pré¬ 
dictive values were 39% and 37%, and the négative prédictive 
values were 93.1% and 90%. The test was positive, however, 
in 31% of patients with Bankart lésions, 69% of patients with 
superior labral anterior and posterior lésions, and 94% of 
patients with acromioclavicular joint arthritis. 

■ JOBE TEST 

Jobe described the “supraspinatus test” in 1983 (Fig. 46-IC). 
The test is performed by placing the shoulder in 90 degrees 
of abduction and 30 degrees of forward flexion and internally 
rotated so that the thumb is pointing toward the floor. Muscle 
testing against résistance shows weakness or insufficiency of 
the supraspinatus owing to a tear or pain associated with 
rotator euff impingement. 

■ INTERNAL ROTATION RESISTANCE 
STRESS TEST 

Zaslav described a test to differentiate between internai and 
classic outlet impingement (Fig. 46-1D). The test is performed 
with the patient seated and the examiner standing behind the 
patient. The patients arm is positioned in 90 degrees of 
abduction in the coronal plane and approximately 80 degrees 
of external rotation. A manual isométrie muscle test is per¬ 
formed for external rotation and compared with one for 
internai rotation in the same position. If a patient with a posi¬ 
tive impingement sign has good strength in external rotation 
and weakness in internai rotation, the test is positive. A posi¬ 
tive internai rotation résistance stress test suggests internai 
impingement, and a négative test (more weakness in external 
rotation) suggests classic outlet impingement. Zaslav reported 
a sensitivity of 88%, specificity of 96%, positive prédictive 
value of 88%, and négative prédictive value of 94%. Ail of the 
patients tested had been selected, however, because they had 
a previous positive Neer impingement test, resulting in a 
population of “impingers” rather than a population with 
unconfirmed shoulder abnormalities. 
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Impingement tests to reproduce symptoms or produce pain (see text). A f Neer impingement sign and impingement 
test. B f Hawkins-Kennedy test. C f Jobe supraspinatus test. D f Internai rotation résistance stress test. E f Gerber subcoracoid impingement 
test. Continued 
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FIGURE 


F, Jobe apprehension-relocation test. G f Speed test. H f Yergason "supination" sign. 



FIGURE 


Dynamic shear test (O'Driscoll). 


■ DYNAMIC LABRAL SHEAR TEST 

O’Driscoll described the dynamic labral shear test to repro- 
duce the shearing mechanism that can cause a superior labrum 
tear anterior and posterior (SLAP); it is reported to yield reli- 
able results that isolate a SLAP lésions causal rôle in symptoms 
and impaired function. The test is performed with the patient 
supine with the affected arm relaxed off the side of the exam- 
ining table; the scapula is supported by the table, but the 
humérus is free. To test the right shoulder, the examiner flexes 
the right elbow 90 degrees and grasps the olecranon and distal 
humérus. The shoulder is passively rotated externally to its 
natural limit with the force of gravity alone pulling down on 
the forearm (approximately 90 degrees); the elbow is then 
dropped back into its natural limit of horizontal abduction 
(toward the floor), and the shoulder is passively elevated and 


depressed while horizontal abduction and external rotation 
are maintained. During élévation of the shoulder, the magni¬ 
tude of horizontal abduction will vary and must be permitted 
to do so without constraint. The degree of external rotation 
also will vary throughout the arc of élévation and must be 
unconstrained. While the shoulder is being elevated, the 
examiner’s right hand is kept on the acromion to stabilize the 
scapula and to detect any palpable click transmitted through 
the bony structures (Fig. 46-2). Usually the click will be felt by 
the left hand on the olecranon, as well as the distal humérus. 
Affer full overhead élévation, the entire motion is reversed 
and the arm is brought down to the side while the natural 
limits of shoulder external rotation and horizontal abduction 
are maintained. The test is considered positive if the patients 
deep pain at the posterior glenohumeral joint is reproduced 
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by the test through an arc from approximately 90 degrees to 
120 degrees; it is considered négative if it is not painful in this 
range or it does not reproduce the patients pain. The test can 
also be performed with the patient sitting or standing, and we 
hâve found this to be reliable in the clinical setting. Cheung 
and O’Driscoll reported sensitivity for diagnosis of a type II 
SLAP lésion of 86%, which was as good as MRI with gado¬ 
linium and better than MRI without gadolinium contrast dye. 
Kibler et al. found a sensitivity of 72%, specificity of 98%, 
accuracy of 97%, positive prédictive value of 97%, and néga¬ 
tive prédictive value of 77% for detecting labral disease with 
this test. 

■ GERBER SUBCORACOID IMPINGEMENT TEST 

The Gerber test is designed to identify impingement between 
the rotator cuff and the coracoid process (Fig. 46-1E). It is 
performed in a manner similar to the Hawkins-Kennedy 
impingement test. The arm is forward flexed 90 degrees and 
adducted 10 to 20 degrees across the body to bring the lesser 
tuberosity into contact with the coracoid. Pain with the 
maneuver indicates coracoid impingement. 

■ JOBE APPREHENSION-RELOCATION TEST 

Jobe described a combination test in 1989 to distinguish 
between primary impingement and secondary impingement 
owing to subtle anterior instability (Fig. 46- 1F). With the 
patient supine, the arm is abducted 90 degrees and externally 
rotated, which produces pain from impingement. Application 
of a posteriorly directed force to the humerai head, relocating 
it in the glenoid, does not change the pain in patients with 
primary impingement but relieves the pain in patients with 
instability (subluxation) and secondary impingement, who 
tolerate maximal external rotation with the humerai head 
maintained in a reduced position. Evaluation of this test con- 
cluded that pain in the position of 90 degrees of abduction 
and 90 degrees of external rotation could be caused by a 
variety of disorders and would be diminished by a posteriorly 
directed force. 

■ SPEED TEST 

In 1966, Crenshaw and Kilgore described a test they attrib- 
uted to Speed (Fig. 46-1 G). The Speed test is performed by 
having the patient forward flex the shoulder to 90 degrees 
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with the elbow extended and the forearm supinated. Résis¬ 
tance is applied to the forearm, and a positive resuit produces 
pain localized to the bicipital groove. In an arthroscopic anal¬ 
ysis that included biceps tendinitis and superior labral ante¬ 
rior and posterior lésions as positive findings, Bennett found 
that the Speed test had a sensitivity of 90% and a specificity 
of 14%. The positive prédictive value was 23%, and the néga¬ 
tive prédictive value was 83%. A study in 2005 showed the 
following values: sensitivity 38%, specificity 83%, positive 
prédictive value 81%, and négative prédictive value 43%. 

■ YERGASON SIGN 

Yergason described the “supination sign” in 1931 (Fig. 46-1 H). 

The elbow is flexed to 90 degrees, and the forearm is pronated. 

The patient attempts to supinate the forearm actively against 
résistance applied by the examiner at the patients wrist. Pain 
localized to the bicipital groove indicates inflammation of the 
long head of the biceps. Yergason noted that this test may be 
négative with partial or complété rupture of the supraspinatus 
tendon. 

Park et al. evaluated eight impingement tests (Table 46-1) 
in 552 patients and determined that if the Hawkins-Kennedy 
sign, the painful arc sign, and the infraspinatus muscle (Jobe) 
test ail were positive, the likelihood of a patient having an 
impingement syndrome of some degree was greater than 
95%; if these three tests ail were négative, the likelihood of 
impingement syndrome was less than 24%. 

The tests described next (Fig. 46-3) are designed to assess 
rotator cuff integrity and fall into two types: tests that déter¬ 
mine whether a movement can be undertaken actively and 
tests that détermine whether a passive position can be main¬ 
tained (the lag signs). The main finding on physical examina¬ 
tion of patients with full-thickness tears dépends on which 
tendons are torn, what percentage of the tendon width is torn, 
and the duration for which the tendons hâve been torn. 
During an examination of a patient with pain, it may be dif- 
ficult to détermine if weakness is caused by the pain or to a 
torn tendon. Weakness with pain should be interpreted with 
caution and not be assumed to indicate a full-thickness tear. 

■ LIFT-OFF TEST 

In 1991, Gerber and Krushell described the liff-off test for 
détection of an isolated rupture of the subscapularis tendon 


TABLE 46-1 


Clinical Tests for Subacromial Impingement (Regardless of Severity of Rotator Cuff Disease) 

TEST 

SENSITIVITY 

(%) 

SPECIFICITY 

(%) 

POSITIVE PREDICTIVE 
VALUE(%) 

NEGATIVE PREDICTIVE 
VALUE(%) 

OVERALL ACCURACY 

(%) 

Neer sign 

68 

68.7 

80.4 

53.2 


68.3 

Hawkins-Kennedy sign 

71.5 

66.3 

79.7 

55.7 


69.7 

Painful arc sign 

73.5 

81.1 

88.2 

61.5 


76.1 

Supraspinatus (Jobe) muscle test 

44.1 

89.5 

88.4 

46.8 


60.2 

Speed test 

38.3 

83.3 

80.5 

42.9 


54.4 

Cross-body adduction test 

38.3 

83.3 

80.5 

42.9 


54.4 

Drop-arm test 

26.9 

88.4 

81 

39.7 


48.6 

Infraspinatus muscle test 

41.6 

90.1 

90.6 

45.8 


58.7 


From Park HB, Yokota A, Gill HS, et al: Diagnostic accuracy of clinical tests for the different degrees of subacromial impingement syndrome, J Bone Joint Surg 87A:1446, 
2005. 
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Tests for evaluating rotator cuff integrity (see text). A f Lift-off test. B f Belly press test. C f External rotation stress test. 
External rotation lag sign. E f Drop sign. F, Internai rotation lag sign. 


(Fig. 46-3 A). With the patient seated or standing, the arm is 
internally rotated, and the dorsum of the hand is placed 
against the lower back. If the patient is unable to lift the 
dorsum of the hand off the back, the test is positive. Electro- 
myography has confirmed that the subscapularis muscle is 
maximally active with the hand in the midlumbar position 
and with résistance applied. 


■ BELLY PRESS TEST 

Gerber et al. described the belly press test for patients who 
hâve decreased internai rotation (Fig. 46-3B). In this test, the 
patient presses the abdomen with the fiat of the hand and 
attempts to keep the arm in maximal internai rotation. If 
active internai rotation is strong, the elbow does not drop 
backward, meaning it remains in front of the trunk. If the 
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strength of the subscapularis is impaired, maximal internai 
rotation cannot be maintained, the patient feels weakness, 
and the elbow drops back behind the trunk. The patient 
exerts pressure on the abdomen by extending the shoulder, 
rather than by internally rotating it. Other investigators hâve 
noted that when the subscapularis tendon is torn, patients 
tend to flex the wrist to press against the abdomen and are 
unable to hold the elbow forward. 

■ EXTERNAL ROTATION STRESS TEST 

The external rotation stress test is intended to test the integ- 
rity of the external rotators of the shoulder, specifically the 
infraspinatus and the teres minor (Fig. 46-3C). With the 
patient s arms by his or her side in neutral flexion and abduc¬ 
tion, the shoulders are externally rotated 45 to 60 degrees. The 
examiner applies force against the dorsum of the hands, 
attempting to rotate the shoulders internally back to neutral 
while the patient is asked to resist. Pain and weakness suggest 
inflammation or tearing of the infraspinatus or the teres 
minor or both. 

■ EXTERNAL ROTATION LAG SIGN 

The external rotation lag sign test is designed to test the 
integrity of the supraspinatus and infraspinatus tendons 
(Fig. 46-3D). The patient is seated with his or her back to the 
examiner. The elbow is passively flexed to 90 degrees, and the 
shoulder is held at 20 degrees of élévation and near maximal 
external rotation (maximal external rotation minus 5 degrees 
to avoid elastic recoil in the shoulder) by the examiner. The 
patient is asked to maintain the position of external rotation 
actively as the examiner releases the wrist, while maintaining 
support of the arm at the elbow. The sign is positive when a 
lag, or angular drop, occurs. As with ail tests, performance 
and interprétation are complicated by pathologie changes in 
the passive range of motion. The external rotation lag sign of 
more than 40 degrees has been shown to hâve a sensitivity of 
100% and a specificity of 92%. 

■ PATTE (HORNBLOWER) SIGN 

The Patte sign is used to détermine the strength of the teres 
minor. With the patient standing, the examiner elevates the 
patients arm to 90 degrees in the scapular plane and flexes 
the elbow to 90 degrees (Fig. 46-4). The patient is then asked 
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to laterally rotate the shoulder. Weakness and/or pain consti- 
tutes a positive test. This sign was reported to hâve a sensitiv¬ 
ity of 93% to 100% and a specificity of 72% to 93%. 

■ DROP SIGN 

The drop sign is intended to test the integrity of the infraspi¬ 
natus (Fig. 46-3E). The patient is seated with his or her back 
to the examiner. The affected arm is held at 90 degrees of 
élévation in the scapular plane and at almost full external 
rotation with the elbow flexed at 90 degrees. The patient is 
asked to maintain this position actively as the examiner 
releases the wrist while supporting the elbow, which is mainly 
a function of the infraspinatus. The sign is positive if a lag or 
“drop” occurs. The drop sign has a reported sensitivity of 87% 
and specificity of 88%. 

■ INTERNAL ROTATION LAG SIGN 

The internai rotation lag sign test is designed to test the integ¬ 
rity of the subscapularis tendon (Fig. 46-3F). The patient is 
seated with his or her back to the examiner. The affected arm 
is held by the examiner in almost maximal internai rotation. 

The elbow is flexed to 90 degrees, and the shoulder is held at 
20 degrees of élévation and 20 degrees of extension. The 
dorsum of the hand is passively liffed away from the lumbar 
région until almost full internai rotation is reached. The 
patient is asked to maintain this position actively as the exam¬ 
iner releases the wrist while maintaining support at the elbow. 

The sign is positive when a lag occurs. 

IMAGING 

Plain radiographs should be obtained for initial évaluation of 
a patient with shoulder pain. The radiographs should be made 
in two planes, preferably at right angles to each other, and 
should include an anteroposterior view, axillary latéral view, 
and supraspinatus outlet view. Anteroposterior radiographs 
can be made with the shoulder in neutral, internai rotation, 
or external rotation with advantages to each view. The inter¬ 
nai rotation view is useful for detecting Hill-Sachs lésions, 
and the external rotation view provides a good view of the 
greater tuberosity and proximal humerai physis in skeletally 
immature patients. A true anteroposterior radiograph of the 
glenohumeral joint (also known as the Grashey view) pro- 
vides the b est évaluation of the articular cartilage of the 



FIGURE 


Patte test to détermine strength of teres minor. 
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glenoid and the humerai head. The axillary latéral view has 
the advantage of showing the anatomy of the glenoid rim, the 
acromion, the coracoid, and the proximal humérus. An outlet 
view assists in the évaluation of patients with rotator cuff 
disease. This view is a latéral view of the scapula with the tube 
angled 10 degrees caudad. On this radiograph, the acromion 
can be classified into one of three types (fiat, curved, or 
hooked). An association between a hooked acromion and 
rotator cuff disease has been shown, but the causal relation- 
ship between the two has not been established. This classifica¬ 
tion of the acromion also is subject to poor agreement 
between observers, and slight changes in how the radiographs 
are made may alter the classification of the acromial shape. 
Radiographs may reveal exostoses, greater tuberosity cysts or 
sclerosis, and subacromial sclerosis (sourcil sign), which indi- 
cate chronic cuff tears. Calcifie deposits to the rotator cuff are 
consistent with calcifie tendinitis. Additionally, superior 
migration of the humerai head with narrowing of the acro- 
miohumeral space to less than 7 mm suggests a rotator cuff 
tear, and a space less than 5 mm suggests a massive tear. A 
Stryker notch view is helpful to evaluate for Hill-Sachs lésions, 
and a West Point view is used to evaluate bony Bankart 
lésions. 

Further imaging can assist with the diagnosis. Tradition- 
ally, an arthrogram has been used to document full-thickness 
rotator cuff tears. Leakage of contrast material into the sub- 
acromial and subdeltoid spaces after injection into the gleno- 
humeral joint indicates a full-thickness tear. Tendinopathy or 
even partial-thickness tears are difhcult, however, if not 
impossible, to diagnose with an arthrogram. The arthrogram 
does not provide any additional information, such as the size 
of the tear or the condition of the rotator cuff muscles. 
Arthrography is still useful for patients in whom MRI is con- 
traindicated, such as patients with a pacemaker, cérébral 
aneurysm clip, intraocular métal, or recent cardiac stents. 
Arthrography can be combined with MRI to improve the 
diagnostic accuracy when evaluating rotator cuff repairs for 
failure or retears in which it is difhcult to differentiate scar 
tissue from tendon, as well as for évaluation of entities such 
as labral tears, Bankart and reverse-Bankart lésions, and 
SLAP lésions, when additional information is needed for 
treatment decision making. 

MRI is currently the most commonly used test for évalu¬ 
ation of a rotator cuff pathologie process. It is highly accurate 
and shows detailed anatomie information, including the size 
of rotator cuff tears and the status of the rotator cuff muscles. 
In addition, partial tears and tendinopathy are well visualized 
by MRI. A patient with symptoms of subacromial impinge- 
ment may show increased signal in the infraspinatus tendon 
on T2-weighted MRI consistent with tendinopathy; increased 
fluid in the subacromial bursa also is a sign of subacromial 
impingement. MR images typically are made in several ori¬ 
entations, including coronal oblique, sagittal oblique, and 
axial. Coronal oblique MR images assist in evaluating the 
supraspinatus tendon and muscle, delineating the extent of 
retraction and the size and quality of the supraspinatus 
muscle. Fatty replacement of the supraspinatus muscle and 
the supraspinatus fossa indicates chronic pathology. The size 
of the supraspinatus tear in the anterior and posterior direc¬ 
tion can be determined by noting the tear on sequential 
images. The sagittal oblique images show the anterior and 
posterior extent of supraspinatus tearing and the quality of 


ail of the rotator cuff muscles. Axial images are used to show 
the condition of the biceps tendon and of the subscapularis 
and infraspinatus tendons and muscles. One potential disad- 
vantage of MRI is the significant potential for false-positive 
findings. Consequently, MRI findings should always be cor- 
related with clinical findings. Another potential problem with 
MRI is overuse; spécifie indications rarely hâve been dis- 
cussed. Patients with an insidious onset of shoulder pain and 
dysfunction do not require MRI évaluation until appropriate 
nonoperative treatment has failed. Patients for whom surgery 
is not a considération do not need MRI unless there are con- 
cerns about another pathologie entity, such as an infection or 
neoplasm. 

Ultrasound scanning has been reported to hâve a sensi- 
tivity of 58% to 100%, a specificity of 85% to 100%, and an 
overall accuracy of 80% to 94% in the détection of rotator cuff 
tears. In a comparison of MRI and ultrasound assessment of 
rotator cuff healing in 61 patients, ultrasound had 80% sen- 
sitivity and 98% specificity using MRI as the reference. A 
Cochrane Database Review concluded that MRI, MR arthrog¬ 
raphy, and ultrasound ail hâve good diagnostic accuracy and 
any could be used equally for détection of full-thickness tears 
in patients with shoulder pain for whom surgery is being 
considered, especially those with full-thickness tears; however, 
both MRI and ultrasound appear to hâve poor sensitivity for 
detecting partial-thickness tears. Advantages of ultrasonog- 
raphy over other imaging methods are that it is rapid, nonin- 
vasive, and inexpensive; a disadvantage is that the accuracy 
of ultrasound évaluation is highly dépendent on the expéri¬ 
ence of the ultrasonographer and on the quality of the equip- 
ment used. Dynamic ultrasound also can be useful in 
confirming shoulder impingement syndrome, assessing gle- 
nohumeral laxity, and identifying biceps tendon pathology. 

IMPINGEMENT SYNDROME 

Current understanding of impingement syndrome has 
evolved considerably since Jarjavay s first description of sub¬ 
acromial bursitis in 1867. Codman, in 1931, was the first to 
note that many patients with inability to abduct the arm had 
incomplète or complété ruptures of the supraspinatus tendon, 
rather than primary bursal problems. In 1972, Neer described 
impingement syndrome characterized by a ridge of proliféra¬ 
tive spurs and excrescences on the undersurface of the ante¬ 
rior process of the acromion, apparently caused by repeated 
impingement of the rotator cuff and the humerai head with 
traction of the coracoacromial ligament. Neer also noted that 
the anterior third of the acromion and its anterior lip seemed 
to be the offending structure in most cases. He introduced 
the concept of a continuum of impingement syndrome 
(Box 46-1). The supraspinatus insertion into the greater 
tuberosity that passes beneath the coracoacromial arch during 
forward flexion of the shoulder is susceptible to impingement 
(Fig. 46-5). Neer also described the temporary relief of pain 
with subacromial injection of lidocaine as a diagnostic test, 
now known as the impingement test , which is helpful in dif- 
ferentiating purely impingement-type symptoms from other 
pathologie processes. 

The natural history of impingement syndrome remains 
unclear. In a group of 63 patients with subacromial impinge¬ 
ment without rotator cuff tears who were evaluated 8 years 
after diagnosis, 44% had a relapsing course with asymptom- 
atic periods between récurrences, 25% had no récurrences, 
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Developmental Stages of Impingement 
Syndrome 


Stage 1: Edema and Hemorrhage 

Typical âge of patient: <25 years old 
Differential diagnosis: subluxation, acromioclavicular joint 
arthritis 

Clinical course: réversible 
Treatment: conservative 

Stage 2: Fibrosis and Tendinitis 

Typical âge of patient: 25 to 40 years old 
Differential diagnosis: frozen shoulder, calcium deposits 
Clinical course: récurrent pain with activity 
Treatment: consider bursectomy or division of coracoacro- 
mial ligament 

Stage 3: Bone Spurs and Tendon Rupture 

Typical âge of patient: >40 years old 

Differential diagnosis: cervical radiculitis, neoplasm 

Clinical course: progressive disability 

Treatment: anterior acromioplasty, rotator cuff repair 

Modified from Neer CS II: Impingement lésions, Clin Orthop Relat Res 173:70, 
1983. 



Impingement syndrome. Supraspinatus tendon 
is seen passing beneath coracoacromial arch. 


and 30% had a chronic course. Of those with a chronic course, 
37% eventually required surgery. Younger âge, lower body 
mass index (BMI), more functional capacity, shorter symp- 
tomatic period, réversible changes on MRI, and higher Con¬ 
stant and American Shoulder and Elbow Surgeons (ASES) 
Standardized Shoulder Assessment scores at the first évalua¬ 
tion were good prognostic factors. 

Since Neer s original description, the concept of impinge¬ 
ment syndrome has evolved to encompass four types of 
impingement: (1) primary impingement, (2) secondary 


impingement, (3) subcoracoid impingement, and (4) internai 
impingement. Primary impingement is subcategorized 
further into intrinsic and extrinsic types. Primary impinge¬ 
ment is the classic version and occurs without any other 
contributing pathology. Secondary impingement occurs 
when there is instability of the glenohumeral joint allowing 
translation of the humerai head, typically anteriorly, resulting 
in contact of the rotator cuff against the coracoacromial arch. 
When the structures passing beneath the coracoacromial 
arch become enlarged resulting in abutment against the arch, 
the cause of the impingement is considered to be intrinsic. 
Examples of this condition include thickening of the rotator 
cuff, calcium deposits within the rotator cuff, and thickening 
of the subacromial bursa. Extrinsic impingement occurs 
when the space available for the rotator cuff is diminished; 
examples include subacromial spurring, acromial fracture or 
pathologie os acromiale, osteophytes off the undersurface of 
the acromioclavicular joint, and exostoses at the greater 
tuberosity. 

Acromial morphology has been implicated as contribut¬ 
ing to impingement. Bigliani, Morrison, and April described 
three types of acromion morphology (Fig. 46-6) and noted 
an increase in rotator cuff tears with type III, or hooked, 
acromions. In a cadaver study of 140 shoulders, one third had 
full-thickness tears of the rotator cuff, 73% of which were in 
shoulders with type III acromions. A more recent comparison 
of patients with full-thickness supraspinatus tendon tears or 
subacromial impingement to a control group found that a low 
latéral acromial angle and a large latéral extension of the 
acromion were associated with a higher occurrence of 
impingement and rotator cuff tears. An extremely hooked 
anterior acromion with a slope of more than 43 degrees and 
a latéral acromial angle of less than 70 degrees occurred only 
in patients with rotator cuff tears. Patients with less slope to 
their acromion hâve been reported to hâve a propensity 
toward impingement because of subacromial stenosis. A 
cadaver study showed significantly lower angles in shoulders 
with rotator cuff tears than in shoulders with intact euffs. A 
study investigating the association between kyphosis, sub¬ 
acromial impingement syndrome, and a réduction in shoul¬ 
der élévation found a significant association between 
impingement and reduced shoulder élévation. The authors 
suggested that kyphosis might influence the development of 
impingement indirectly by reducing shoulder élévation 
because of restriction of thoracic spine extension and scapu- 
lar dyskinesis. Based on these observations, the recommended 
treatment for impingement syndrome has been anterior 
acromioplasty to remove the offending structure. 

Other investigators hâve suggested that the shape of the 
acromion and the coracoacromial ligament are not the 
primary problems, but rather that intrinsic rotator cuff 
degeneration is the primary cause with subacromial changes 
occurring secondarily. Senescence of the tendon fibroblasts 
with resulting disruption of the tendon architecture is a 
common finding in the rotator cuff with aging. Age-related 
degenerative changes, including decreased cellularity, fascic- 
ular thinning and disruption, accumulation of granulation 
tissue, and dystrophie calcification, ail hâve been noted and 
are likely irréversible. A zone of relative hypovascularity also 
is présent on the articular surface of the rotator cuff. Differ¬ 
ential shear stress within the tendon layers also has been cited 
as a cause of the disruption of the tendon fibers. Others hâve 
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outlet, and type 


Three types of acromion morphology defined by Morrison and Bigliani. Type I had least compromise of supraspinatus 
had highest rate of rotator cuff pathology. 


suggested that the rotator cuff tendons may fail in tension as 
a resuit of throwing a baseball or other overhead sports. 
Intrinsic degeneration leads to loss of the force couples, 
leading to superior humerai head translation and impinge- 
ment. As support for their theory of impingement as a sec- 
ondary phenomenon, these authors cited the improvement of 
symptoms after réhabilitation (capsular stretching and rotator 
cuff strengthening). They recommended minimal or no 
acromioplasty at the time of surgery for rotator cuff repair 
and repair of the coracoacromial ligament rather than exci¬ 
sion. Several systematic reviews and meta-analyses hâve 
failed to find différences in pain, function, and time to recov- 
ery between patients treated nonoperatively and those treated 
with acromioplasty. In addition, excision of the ligament is 
losing favor because of the potential for anterior and superior 
subluxation of the humerai head from underneath the acro¬ 
mion (anterior-superior escape) when the rotator cuff tear is 
irréparable or the repair fails and the ligament restraint is 
gone. A study of practice patterns in rotator cuff repair identi- 
fied a trend toward increased arthroscopic rotator cuff repair 
without subacromial décompression and a decrease in iso- 
lated subacromial décompression. 

In their study to identify shoulder motions that cause 
subacromial impingement, Park et al. measured the vertical 
displacement and peak strain of the coracoacromial ligament. 
They found that forward flexion, horizontal abduction, and 
internai rotation with the arm at 90 degrees of abduction 
showed higher vertical displacement and peak strain of the 
coracoacromial ligament, causing subacromial impingement. 
They recommended that patients with impingement syn¬ 
drome or a repaired rotator cuff avoid these shoulder motions. 

■ SUBCORACOID IMPINGEMENT 

Goldthwait, in 1909, first described pain in the shoulder 
caused by contact between the rotator cuff and the coracoid 
process. Gerber et al. suggested that this painful contact 
might be caused by a prominent coracoid, for which there 
may be numerous reasons, including idiopathic and iatro¬ 
génie conditions. The iatrogénie form was most common in 
their sériés, and it was found in patients who had undergone 
a Trillat osteotomy of the coracoid for the treatment of ante¬ 
rior instability. In their sériés of 475 patients with rotator cuff 
tears, Park et al. identified subcoracoid impingement in 13%; 
of 110 with subscapularis tears, 56% had subcoracoid 


impingement. Among patients with subacromial impinge¬ 
ment but no rotator cuff tears, 41% had subcoracoid impinge¬ 
ment. This entity has not been studied extensively, and it 
remains a diagnosis of exclusion. 

Physical findings attributed to this condition include ten- 
derness over the coracoid and a positive coracoid impinge¬ 
ment test (see Fig. 46-1E). An injection of lidocaine into the 
subcoracoid région similar to the Neer impingement test (see 
Fig. 46-1 A) has been used to evaluate patients for coracoid 
impingement. Relief of pain suggests the diagnosis, but the 
proximity of multiple structures in the subcoracoid région, 
including the glenohumeral joint itself, makes the accuracy 
of these injections questionable. CT has been used in the 
diagnosis of coracoid impingement; a suggested distance of 
6.8 mm between the coracoid tip and the closest portion of 
the proximal humérus indicates impingement. For suspected 
impingement, open or arthroscopic coracoplasty has been 
recommended. A comparison of outcomes between patients 
with arthroscopic coracoplasty and those without found a 
significant increase in internai rotation in the treated group, 
especially in those with large to massive rotator cuff tears. We 
hâve no expérience with this procedure. 

■ INTERNAL IMPINGEMENT 

In this condition, internai contact of the rotator cuff occurs 
with the posterosuperior aspect of the glenoid when the 
arm is abducted, extended, and externally rotated as in the 
cocked position of the throwing motion. This contact prob- 
ably is a normal phenomenon but becomes pathologie in 
certain patients. It often occurs in throwers who hâve lost 
internai rotation of the shoulder. This loss causes the center 
of rotation of the humerai head to move upward so that the 
contact between the rotator cuff and the biceps tendon attach- 
ments increases. Several cadaver studies hâve attempted to 
identify factors related to the development of internai 
impingement. One such study determined that increased cap¬ 
sular laxity significantly increased horizontal abduction and 
contact pressure in the glenohumeral joint, resulting in 
impingement of the supraspinatus and infraspinatus tendons 
and posterosuperior labrum between the greater tuberosity 
and glenoid. In contrast, another cadaver study found that 
excessive posteroinferior capsular tightness caused forceful 
internai impingement of the shoulder at maximal external 
rotation, whereas another identified increased internai 
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scapular rotation and decreased upward scapular rotation as 
significantly increasing glenohumeral contact pressure and 
the area of impingement of the rotator cuff. Arthroscopic 
findings include partial rotator cuff tears, posterior and supe- 
rior labral tears, and anterior shoulder laxity. Early in the 
course of the condition, aggressive physical therapy with 
attention to regaining internai rotation and rotator cuff 
strengthening often is successful. Arthroscopic management 
of this problem is discussed in Chapter 52. 

■ PRIMARY (EXTERNAL) IMPINGEMENT 

The initial treatment of a patient with tendinopathy caused 
by classic primary extrinsic impingement is a well-planned 
and well-executed nonoperative regimen including antiin- 
flammatory médications and one or at most two subacromial 
cortisone injections. Hyaluronic acid injections hâve been 
suggested to improve results, but a comparison of hyaluronic 
acid injections (51 patients) with corticosteroid (53 patients) 
or placebo injections (55 patients) found no benefit from 
hyaluronic acid injections; corticosteroid injections produced 
a significant réduction in pain in the short term (3 to 12 
weeks), but in the long term the placebo injection produced 
the best results. Medical treatment is followed by a physical 
therapy program focusing on stretching for full shoulder 
motion and strengthening the rotator cuff. A scapular motor 
control retraining protocol was reported to be successful in 
relieving symptoms in young patients. If the patient fails to 
respond after 3 to 4 months of conservative therapy, operative 
intervention may be indicated and should be directed to the 
spécifie lésion. Significantly greater improvements in Con¬ 
stant scores hâve been reported for patients with a positive 
Hawkins-Kennedy sign in the neutral position and positive 
Neer and Jobe tests compared with those with négative signs. 
Patients with four positive tests out of the five studied (Neer, 
Hawkins-Kennedy in neutral and in abduction, Jobe empty 
can, and painful arc) had greater improvement than those 
with three or fewer positive test results. 

Arthroscopic or open acromioplasty when indicated is 
the surgical treatment of choice for external impingement 
syndrome. The reported results of open anterior acromio¬ 
plasty vary widely. In more than 20 large sériés of open 
acromioplasties, the overall success rate was approximately 
85%. Failures were related to incorrect diagnosis, technical 
inadequacy, and other complications. For acromioplasty to be 
successful, impingement must be the cause of the pain and a 
thorough history and physical examination are necessary. 
Acromioclavicular arthritis, glenohumeral arthritis, subtle 
shoulder instability in throwing athlètes, early adhesive cap- 
sulitis, and fibromyalgia ail can présent diagnostic dilemmas. 
Cervical spondylosis with nerve root irritation and supra- 
scapular nerve injury also can mimic the symptoms associ- 
ated with an impingement syndrome. 

Technical inadequacy has been implicated as a cause of 
failed acromioplasties. Adéquate bone must be removed to 
alleviate outlet stenosis. Inadéquate bone removal seems to 
occur more often in arthroscopic than open acromioplasties. 
In addition to the anterior lip, the portion of the acromion 
anterior to the anterior clavicular border must be removed to 
obtain optimal results. Original technical descriptions called 
for resecting and removing a portion of the coracoacromial 
ligament to prevent the eut edge from scarring back to the 
acromion. Our current practice is to release the ligament. We 
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believe that the ligament can be part of the pathologie process 
and anticipate that it would heal back to the acromion, restor- 
ing the coracoacromial arch and preventing anterosuperior 
subluxation of the humerai head. 

We use arthroscopic and occasionally open techniques. 

We believe that either open or arthroscopic acromioplasty is 
satisfactory if the main principles of the original procedure 
as described by Neer are kept in mind, as follows: 

■ Release (but not resection) of the coracoacromial 
ligament 

■ Removal of the anterior lip and latéral edge of the 
acromion 

■ Removal of part of the acromion anterior to the anterior 
border of the clavicle 

■ Removal of the distal 1 to 1.5 cm of clavicle if significant 
degenerative changes are found 


OPEN ANTERIOR ACROMIOPLASTY 


TECHNIQUE 46-1 


■ Place the patient in a semi-upright position with the head 
elevated 30 to 35 degrees (beach chair position). Place a 
towel or an intravenous bag médial to the scapula to 
stabilize it. This degree of head élévation usually places 
the superior acromial surface perpendicular to the floor, 
allowing the acromial osteotomy to be made perpendicu¬ 
lar to the floor. Drape the arm free to permit shoulder 
rotation. 

■Outline the bony contour of the shoulder, including the 
latéral acromial border, coracoid, and acromioclavicular 
joint. 

■Outline the proposed skin incision along the Langer line 
4 to 6 cm long and infiltrate it with 10 mL of 1 :500,000 
epinephrine to minimize bleeding. 

■ Make the incision from latéral to the anterior acromion 
toward the coracoid and just latéral to it (Fig. 46-7). 

■ After mobilization of the subeutaneous tissue, identify 
the raphe between the anterior and middle deltoid and 
split it from a point 5 cm or less distal to the acromial 
border (to avoid axillary nerve injury) toward the antéro¬ 
latéral acromion (Fig. 46-8A). 

■ The deltoid can be left attached or can be detached 
from the corner of the acromion, depending on the 
surgeon's preference. We prefer to leave the deltoid 
attached initially, detaching it later if the procedure 
warrants. 

■To use this approach, elevate a flap of deltoid with its 
periosteal attachment and the periosteal attachment of 
the trapezius approximately 2 cm onto the superior acro¬ 
mial surface (Fig. 46-8B). 

■ Carry this medially as far as the acromioclavicular joint 
(the anterior capsule of which usually is included in the 
flap) and 1 cm along the latéral acromion. Occasionally, 
these periosteal attachments are tenuous after élévation, 
and the deltoid must be detached, to be secured later to 
the acromion through drill holes. We hâve found that 
using electrocautery with a Bovie needle for élévation 
usually ensures thicker flaps. 
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9 «The importance of correct deltoid detachment cannot be 
overemphasized. A secure cuff of tissue must be main- 
tained for later defect closure or reattachment to the 
acromion. Without secure deltoid attachment, the results 
of the acromioplasty would be compromised by lack of 
deltoid function. 

■ After completing the anterior limb of the élévation, resect 
the coracoacromial ligament. We use the electrocautery 
for this as well because the acromial branch of the cora¬ 
coacromial artery is contained within the ligament, and 
electrocautery allows exposure of the entire subacromial 
space. 

■ With the subacromial space exposed, resect the bursa 
along with ail adhesions and soft-tissue coverage from 



Anterior acromioplasty. Skin incision is made in 
skin lines across anterior corner of acromion. Acromion is exposed 
by incision in tendon between anterior and latéral deltoid. SEE 

TECHNIQUE 46-1. 


the acromial undersurface. The bursa can be quite thick 
and easily mistaken for the rotator cuff tendon. The bursa 
can be identified by its continuity with the acromial 
undersurface and its unilaminar appearance as opposed 
to the multilaminar appearance of the rotator cuff. Clark 
and Harryman showed five distinct layers with multiple 
interdigitations in the cuff tendons. 

■ After bursal resection, use an oscillating saw or rongeur 
to remove the portion of the acromion that projects ante¬ 
rior to the anterior border of the clavicle (Fig. 46-8C). This 
removes a portion of the offending acromial hook and 
squares off the surface, allowing easier completion of the 
acromioplasty with an oscillating saw or an osteotome. 
We prefer an oscillating saw for this portion of the pro¬ 
cedure because it affords more control than an osteo¬ 
tome, which may propagate a fracture line into the 
posterior acromion. 

■ Begin the osteotomy at the anterosuperior aspect of the 
acromion and continue it through the junction of the 
anterior and middle thirds of the acromion, including 
the entire anterior acromion from médial to latéral. 

■ Use a curved, blunt Hohmann or malléable retractor to 
depress the humerai head and protect the cuff during this 
portion of the procedure. 

■ Smooth out any rough surfaces with a rasp. 

■ Palpate the acromioclavicular joint undersurface and 
remove any bony spurs. 

■ If severe degenerative changes are présent, resect the 
distal 1.0 to 1.5 cm of the latéral clavicle. Preoperative 
radiographs and symptoms should indicate the necessity 
of this additional procedure, and it should not be done 
routinely. 

■ If the clavicle is resected, leave the superior acromiocla¬ 
vicular capsule intact to make deltoid repair in this area 
easier. Do not extend the clavicular eut beyond 1.5 cm to 
avoid violating the coracoclavicular ligaments and making 
the distal clavicle unstable. 

■ Carefully inspect the entire rotator cuff for tears before 
closure. The area just proximal to the supraspinatus 



A f Incision centered on antérolatéral corner of acromion, avoiding axillary nerve, and carried medially on superior 
surface of acromion. B f Deltoid origin elevated from acromion in continuity with acromial periosteum and trapezius insertion. C f Ante¬ 
rior extent of acromion to be removed. SEE TECHNIQUE 46-1. 
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insertion is the most common site for tears. Palpate this 
area for thinning, which may indicate a partial-thickness 
tear on the articular side. 

■ If preoperative studies show extreme degeneration 
without fresh tearing, resection of the diseased tendon 
and direct repair or suturing to a trough in bone should 
be considered (see Technique 46-2). 

■ Internally and externally rotate the shoulder to allow 
inspection of the entire bursal surface of the cuff. 

■ Copiously irrigate the area to remove ail débris from the 
subacromial space. 

■Suture the deltoid periosteum from side to side or, if 
necessary, through drill holes into the acromion with non- 
absorbable sutures, ensuring that the reattachment is 
secure. The repair of the deltoid to the acromion through 
drill holes has become our preferred method of repair. 

■Close the wound in layers in routine fashion. 

POSTOPERATIVE CARE The arm is supported by a 
sling. Pendulum exercises are started the day after surgery. 
Passive abduction and internai and external rotation exer¬ 
cises are started at the end of 1 week. At 3 weeks, active 
exercises are begun. The sling is discarded as soon as the 
patient feels comfortable. 


■ COMPLICATIONS 

Complications after acromioplasty include, but are not limited 
to, infection, seroma formation, hematoma, synovial fistula, 
biceps rupture, pulmonary embolus, acromial fracture, and 
complex régional pain syndrome. Poor patient motivation, 
poor réhabilitation compliance, or a poorly designed réhabili¬ 
tation program also can lead to failure because of continued 
pain and stiffness. Bouchard et al. cited co-planing and 
workers’ compensation daims as poor prognostic indicators. 

Without question, the worst common complication is 
loss of anterior deltoid function, which is caused by either 
axillary nerve injury or detachment of the deltoid from the 
acromion. Loss of anterior deltoid function produces a poor 
outcome despite technically adéquate bone work and liga¬ 
ment resection. Very little can be done to restore function to 
a detached, retracted deltoid. Because deltoid detachment, 
retraction, and scarring are much more common after the 
“deltoid on” approach, we recommend suturing to the acro¬ 
mion with heavy sutures whenever tissue is unavailable for 
direct side-to-side repair. 

ROTATOR CUFF TEAR 

Although some patients présent with a sudden onset of symp- 
toms following an acute shoulder injury, most patients with 
a pathologie condition of the rotator cuff hâve insidious onset 
of progressive pain and weakness, with concomitant loss of 
active motion. Pain usually is présent at night and may be 
referred to the area of the deltoid insertion. Passive motion 
initially remains full until pain limits active motion enough 
to cause development of adhesive capsulitis. Most patients 
cannot recall a spécifie traumatic incident referable to the 
onset of problems. Treatment recommendations are based on 
the patients âge, symptoms, and activity demands and the 
natural history of rotator cuff tears. 


The natural history of rotator cuff tears is not always 
predictable. On the one hand, many patients with full- 
thickness rotator cuff tears are asymptomatic or respond well 
to nonoperative treatment. On the other hand, studies indi¬ 
cate that some previously asymptomatic tears become symp- 
tomatic and some tears progress in size and become 
irréparable. Rotator cuff pathology is a common problem, 
and cadaver anatomie studies hâve reported rotator cuff tears 
in 30% to 50% of specimens, suggesting that they may be part 
of the normal aging process. 

Full-thickness rotator cuff tears are compatible with 
normal function. In 1962, McLaughlin advanced five reasons 
to avoid early repair of the average rupture: (1) at least 25% 
of cadaver shoulders had a torn or degenerated cuff; (2) 50% 
of patients recovered spontaneously; (3) immédiate repair 
had no advantages because rupture always occurred in dis¬ 
eased tendon; (4) results of early and late repair were the 
same; and (5) early diagnosis was difficult. Resolution of 
symptoms has been reported in 33% to 90% of patients 
treated nonoperatively, and we recommend nonoperative 
treatment initially for elderly patients or patients with low 
activity with suspected rotator cuff tears. Patients without 
pain or limitation of activities of daily living also should be 
treated nonoperatively. When the decision to treat nonopera¬ 
tively is made, treatment should be instituted promptly and 
aggressively. The duration of symptoms seems to correlate 
inversely with the long-term success of nonoperative man¬ 
agement because patients with symptoms for longer than 6 
months had poorer outcomes. 

The natural history of rotator cuff tears is not always 
predictable. When counseling a patient with a rotator cuff 
tear, the surgeon must remember that some asymptomatic 
tears become symptomatic and some tears do progress in 
size. A study of patients with bilateral rotator cuff tears found 
that, although ail patients were asymptomatic on one side 
at présentation, at follow-up over half had developed symp¬ 
toms in the previously asymptomatic side. Medium-size tears 
hâve been shown to be at high risk of progression, whereas 
partial tears or small full-thickness tears appear to hâve little 
risk of early development of irréparable damage. The prés¬ 
ence of rotator cuff disease has been shown to correlate with 
âge; after the âge of 66 years there is a 50% likelihood of 
bilateral tears. Duration of symptoms also has been corre- 
lated with severity of rotator cuff disease: the longer the 
symptoms, the more extensive the fatty degeneration of the 
torn rotator cuff muscle. A rétrospective review of 1688 
patients with rotator cuff tears determined that moderate 
supraspinatus fatty infiltration appeared an average of 3 years 
after the onset of symptoms and that severe fatty infiltration 
appeared at an average of 5 years after the onset of symptoms. 
In an ultrasound study of 105 rotator cuff repairs, patients 
with intact repairs of large tears had outcomes that were 
equal to those in patients with small tears. As the size of the 
récurrent defect increased, the strength, motion, and func¬ 
tion decreased. A more recent study confirmed these results 
in a group of patients aged 65 years or older: those with 
healed tears after surgery had function comparable to 
patients of a similar âge without tears and better than that 
of patients with untreated tears. These findings indicate that 
early operative intervention, when most tears are small and 
less degeneration of the muscle has occurred, improves 
outcomes. 
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Classification of Full-Thickness Rotator Cuff 
Tears by Size 


Small tear: < 1 cm 
Medium tear: 1 to < 3 cm 
Large tear: 3 to < 5 cm 
Massive tear: > 5 cm 


Loss of continuity of the rotator cuff can be described in 
several ways, including acute and chronic , partial or full thick- 
ness , and traumatic or degenerative. It is important to differ- 
entiate between the different types to plan appropriate 
treatment. Full-thickness rotator cuff tears also are classified 
based on their size (Box 46-2). The most common size clas¬ 
sification (Cofield) is based on the largest dimension of the 
tear. Tears also can be classified according to the number of 
tendons involved. Additionally, the extent of tendon rétrac¬ 
tion and tissue quality are important features not generally 
accounted for by classification schemes. Chronic tears can be 
classified based on the percentage of fatty infiltration of the 
muscle belly as seen on MRI or CT. Goutallier et al. proposed 
five stages of fatty degeneration. The presence and degree of 
fatty infiltration and atrophy of the muscle affect the success 
of the repair. Partial-thickness tears hâve been described by 
location, grade, and tear area (in mm 2 ). We hâve found it 
easier to classify partial tendon tears as involving less or more 
than 50% of the depth of the tendon and base treatment on 
this distinction. 

■ PARTIAL-THICKNESS AND 
FULL-THICKNESS TEARS 

Partial-thickness tears may be articular sided, bursal sided, or 
intratendinous. The true incidence of partial-thickness tears 
is unknown. Most of the information is from cadaver studies, 
which reflect an older population; the true incidence in young 
overhead-throwing athlètes is unknown. Among partial- 
thickness tears, cadaver studies indicate that intratendinous 
tears are more common than articular-sided or bursal-sided 
tears, whereas a clinical study found that articular-sided tears 
constituted 91% of ail partial-thickness tears in a population 
of young athlètes. This discrepancy between cadaver and 
clinical studies may resuit because intratendinous tears are 
more difficult to diagnose with arthroscopy, MRI, or ultra- 
sound than are bursal-sided or articular-sided tears. The true 
prevalence of partial-thickness tears is likely to be greater 
than that currently documented in the literature. In a system- 
atic review of the literature, Lazarides et al. determined that, 
among young patients with rotator cuff tears, most had full- 
thickness traumatic tears but in a subgroup of elite throwers 
most tears were partial-thickness tears resulting from chronic 
overuse. 

The natural history of partial-thickness tears is not fully 
known. Imaging and clinical studies hâve suggested that 
partial-thickness tears progress in as many as 80% of patients. 

For partial-thickness rotator cuff tears, a nonoperative 
program that includes activity modification, stretching and 
strengthening exercises, and antiinflammatory médication is 
appropriate as initial treatment. Operative management is 


indicated if conservative management fails. Arthroscopic 
évaluation is required to détermine the extent of the lésion, 
and subacromial décompression is indicated when outlet 
impingement is présent. The causes of the tear should be 
treated at the time of surgery. Debridement or repair of 
partial-thickness rotator cuff tears dépends on the degree of 
the tear and the activity level and âge of the patient. We cur¬ 
rently perform arthroscopic debridement of partial-thickness 
tears when they are found on inspection during arthroscopic 
acromioplasty. If a lésion involves less than 50% of cuff thick- 
ness, acromioplasty and debridement are sufhcient treatment. 
If a tear is longer or thicker, elliptical excision of the diseased 
tendon and repair are indicated. Good results hâve been 
reported with arthroscopic repair of bursal-side partial- 
thickness tears. 

The results of nonoperative treatment of partial-thickness 
tears are unknown because no long-term follow-up studies 
using a standardized treatment protocol on a well-defined 
uniform patient population exist in the literature. Excellent 
and good results affer arthroscopic debridement hâve been 
reported in from 80% to 90% of patients, with improvements 
in pain, function, active forward flexion, and strength. Studies 
also hâve shown no significant différence in outcome between 
patients with full-thickness and patients with partial-thickness 
tears or between patients with partial-thickness tears less 
than 50% of tendon thickness and patients without any tears. 

The primary goal of operative management of rotator cuff 
tears is pain relief, and this is accomplished with predictable 
results. Improvement of function is a secondary but impor¬ 
tant considération. Functional improvement is not as predict¬ 
able as pain relief and dépends on the âge of the patient, the 
âge and size of the tear (which suggests the quality of the 
tissue and the condition of the muscle), and the postoperative 
réhabilitation program. In elderly patients or patients with 
low activity, we attempt a course of conservative treatment (8 
to 12 weeks). If there is a positive response, the nonoperative 
approach may be continued, but if there is no improvement, 
we proceed to surgery to minimize the atrophy of the rotator 
cuff musculature. Surgery is appropriate for an acute rotator 
cuff injury in a young patient or in an older patient (60 to 70 
years old) with a defined injury who suddenly is unable to 
rotate the arm externally against résistance. In our expéri¬ 
ence, these patients usually hâve an excellent return of 
strength and function. Surgery is contraindicated in patients 
with rotator cuff tears and concomitant stiffness (secondary 
to adhesive capsulitis). Any significant preoperative stiffness 
must be corrected before rotator cuff repair to avoid severe 
postoperative stiffness. It is impérative that nearly full motion 
be regained before surgical intervention to prevent severe 
postoperative stiffness. 

The clinical results of rotator cuff repair in symptomatic 
patients who hâve been followed for 10 years are good to 
excellent in a high percentage of cases, even though rerupture 
of the cuff occurs in 20% to 65%. In four large sériés (Hawkins 
et al., Neer et al., Ellman et al., and Cofield et al.) that 
included 476 patients, success rates ranged from 78% to 86%, 
with excellent or good results reported in 383 (80%) of the 
476 patients. In a review of several sériés of rotator cuff 
repairs, overall pain relief was obtained in 87% of patients, 
with a 77% patient satisfaction rate. Most repair failures hâve 
been found to occur within the first 2 years affer surgery; if 
the repair survives this initial period, its 10-year survival is 
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likely. Our results with rotator cuff repair are similar, achiev- 
ing pain control and return of function in approximately 80% 
of patients. Outcomes of repair generally are better in patients 
younger than 60 years of âge, although clinical results offen 
are good despite poor imaging results. Factors consistently 
found to be associated with failed repair include âge of 65 
years of older, large and massive tears (>3 cm), moderate to 
severe muscle atrophy, more than 50% fatty infiltration of the 
involved cuff, tear retraction of more than 2.5 cm, and diabè¬ 
tes. Some newer studies, however, hâve challenged these tra- 
ditional risk factors. In a comparison of 40 patients older than 
70 years and 40 patients younger than 50 years, Moraiti et al. 
found that functional gain was similar, even though healing 
was more frequent in younger patients. Although increasing 
âge may predict a diminished healing environment, many 
studies hâve demonstrated excellent outcomes in older 
patients. Chung et al. reported that tendinosis severity 
assessed by preoperative MRI was the only factor associated 
with failure to heal in their 55 patients (mean âge, 58 years), 
and Inderhaug et al. identified preoperative use of NSAIDs, 
long-standing symptoms before surgery, and nonacute onset 
of symptoms as predictors of inferior long-term outcomes in 
147 patients. Other studies hâve noted that preoperative 
range of motion, obesity, fatty infiltration, or cuff retraction 
were not supported as prognostic factors for quality of life 
affer arthroscopic rotator cuff repair. These conflicting reports 
emphasize the importance of careful preoperative évaluation 
and spécifie treatment plans tailored for the individual 
patient. 

Several investigators hâve compared the results of décom¬ 
pression alone with repair and found much better results with 
repair. Satisfactory outcomes affer décompression hâve ranged 
from 8% to 59%, and results hâve been reported to deteriorate 
over time. Most rotator cuff tears are now approached 
arthroscopically. The tear and size can be confirmed, and 
other intraarticular pathology can be treated. A decision can 
be made to treat the tear arthroscopically, or arthroscopically 
assisted (mini-open), or to convert to an open procedure. We 
currently believe that arthroscopic-assisted or arthroscopic 
repair is appropriate for partial-thickness and small to 
medium and some large full-thickness rotator cuff tears. Pro- 
posed advantages of arthroscopic repair include access for 
glenohumeral inspection and treatment of intraarticular 
lésions, no deltoid detachment, less soff-tissue dissection, and 
smaller incisions. Arthroscopic techniques can reliably assess 
rotator cuff tear size, tendon quality, tendon mobility, and 
suture anchor placement. A recent meta-analysis of random- 
ized controlled trials comparing arthroscopic to mini-open 
repairs found no différences in surgery time, functional 
outcome scores, visual analog scale (VAS) pain scores, or 
functional outcomes. For the arthroscopic repair technique, 
see Chapter 52. 

An arthroscopic-plus-open technique has been described 
for combined tears of the subscapularis, supraspinatus, and 
infraspinatus tendons. Repair of the posterosuperior rotator 
cuff is done arthroscopically, followed by open repair of the 
subscapularis tendon. Cited advantages of this method 
include an ability to treat concomitant pathology, relative ease 
of repair, and création of a strong, reliable construct. 

Open rotator cuff repairs also can be done through 
a miniarthrotomy deltoid-splitting approach (see Technique 
1-90). 


OPEN REPAIR OF ROTATOR 
CUFF TEARS 


TECHNIQUE 46-2 


■ Perform an anterior acromioplasty as described in Tech¬ 
nique 46-1. This is an important part of rotator cuff 
surgery, and the results of repair without décompression 
are not as good as the results using the combined 
procedure. 

■ After standard acromioplasty, evaluate the rotator cuff 
tear carefully. 

■ Perform a subacromial bursectomy. Protect the biceps 
tendon unless biceps pathology is présent; if so, a proxi¬ 
mal biceps tendon release or tenodesis (see Technique 
52-9) is indicated. 

■ Tears usually begin at the supraspinatus insertion, and the 
end retracts into its fossa under the acromioclavicular 
joint. Most tears not only are transverse but also hâve a 
longitudinal component, making them oval or triangular. 
Ail but the smallest tears need to be advanced anteriorly 
and laterally, not just laterally, to restore anatomie posi¬ 
tion and correct muscle-tendon unit length. In tears of 
more than 2 to 3 cm, the infraspinatus tendon is involved 
as well. 

■ When the defect has been identified and its size approxi- 
mated, attention is turned to the repair itself. Usually, 
some degree of mobilization is necessary. 

■ Begin mobilization posteriorly with the infraspinatus, 
using a blunt probe or a finger to release adhesions inside 
and outside the joint (Fig. 46-9A and B). Do not dissect 
below the level of the teres minor to avoid injury to the 
axillary nerve in the quadrangular space or the supra- 
scapular nerve in the area of the spinoglenoid notch near 
the inferior border of the supraspinatus fossa. 

■ Continue mobilization anteriorly to the supraspinatus. If 
necessary, more exposure can be gained by resecting the 
distal 1.0 to 1.5 cm of the clavicle at the acromioclavicular 
joint, but this should not be done unless concomitant 
acromioclavicular arthrosis exists. Release of the coraco- 
humeral ligament in this area allows further mobilization 
of the supraspinatus laterally. 

■ If the supraspinatus and infraspinatus tendons are 
retracted so far that adéquate length cannot be obtained 
with tendon mobilization, incise the capsule at its inser¬ 
tion into the glenoid labrum (Fig. 46-9C and D). If neces¬ 
sary, carry this incision from the 8-o'clock position 
posterior to the 4-o'clock position posterior. 

■The use of a second posterior incision over the scapular 
spine to increase mobilization has been described, but we 
hâve no expérience with this technique. 

■ Débridé the end of the mobilized tendon to obtain a raw 
edge, taking care not to confuse the tendon with the 
overlying bursa. The goals of mobilization are to obtain 
tissue of adéquate strength, to position it anatomically 
for repair without damage to innervation and without 
compromise of deltoid function, and to decompress the 
subacromial space to prevent further mechanical impinge- 
ment on repaired cuff tissue. When these goals are 




PART XIII SPORTS MEDICINE 




Rotator cuff repair. A and B, Mobilization. Supraspinatus and subscapularis muscles hâve fascial attachments to cora- 
coid base via coracohumeral ligament. Latéral mobilization of retracted cuff is facilitated by release of these attachments. C and D f 
Substantial latéral advancement of cuff can be achieved by freeing capsule from glenoid by sharply incising capsule at its insertion into 
glenoid labrum. E f Osteotome is used to create trough. F f Holes for sutures are drilled 2 to 3 cm distal to trough. G f Suture anchors are 
inserted proximal to trough margin, passing proximal to proximalmost aspect of trough sutures. SEE TECHNIQUE 46-2. 
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S accomplished, the actual repair can be performed. We 
believe that the best results are obtained with the double- 
row technique, suturing the tendon to bone in a cancel- 
lous trough in combination with suture anchor fixation. 
This reduces tension on the primary trough repair. Using 
transosseous tunnels through the greater tuberosity 
increases the surface area of tendon-to-bone healing, 
which more closely restores the anatomie footprint. 

■ With No. 2 nonabsorbable suture, use a double loop 
technique, superior to inferior and inferior to superior in 
a horizontal mattress manner. Place the sutures 5 to 10 
mm from the free edge of the tear. This helps push the 
tendon down into the trough. 

■ Use a rongeur or burr to create a 3 mm wide shallow 
trough running the length of the exposed bone of the 
greater tuberosity (Fig. 46-9E) to accommodate the thick- 
ness of the supraspinatus and infraspinatus tendons. 

■ Place two or three rotator euff suture anchors immedi- 
ately médial to the trough at a 45-degree angle and pass 
the suture through the rotator euff tendon 5 mm médial 
to the sutures in the free end of the tendon. 

■ Drill holes for sutures 2 to 3 cm distal to the trough, and 
connect them to the trough using a No. 5 Mayo needle, 
a towel clip, or a specialized instrument (Concept, Largo, 
FL) (Fig. 46-9F). Take care not to fracture the thin cortical 
bone in this area, which may be osteoporotic. Space the 
holes at least 1 to 2 cm apart on the cortical humerai 
surface to give an adéquate surface over which to tie the 
knots. 

■ Tie the suture of the anchor down on top of the tendon 
with four or five knots to prevent impingement of the 
suture material. The use of strong sutures rather than 
Kocher clamps or hemostats to pull on the tendon while 
suturing avoids crush injury to the tendon. We occasion- 
ally make longitudinal incisions along the extremes of the 
free tendon edge to allow placement of the tendon in 
the trough; these can be sutured before closure. 

■ Next secure the sutures from the suture anchors over the 
tendon, completing the double-row repair (Fig. 46-9G). 

■ Most repairs are done with the shoulder in 0 degrees of 
abduction. 

■ If the latéral humerai cortex is fractured during tying 
down of the suture or construction of the suture tunnel, 
the anchors can be used as a salvage procedure. The 
anchors reportedly hâve adéquate holding power in can- 
cellous bone and are reasonable alternatives in problem- 
atic situations. Use these sutures for additional leverage 
when tying down the trough sutures and tie them on top 
of the tendon with four knots to prevent impingement 
of the suture material. 

■ If the anterior deltoid has been detached, reattach it 
through 2-mm drill holes in the acromion and/or by peri- 
osteal repair. 

■Close the wounds in the same manner as for open 
acromioplasty. 

POSTOPERATIVE CARE Postoperative protocols are 
based on the size of the tear, condition of the tissue, and 
stability of the repair. The evidence supporting early 
motion protocols over immobilization is contradictory. 
After standard repair, a low-profile pillow sling is worn 


for 6 weeks. It is removed for assisted exercises in flexion 
and external rotation to avoid adhesions, disuse atrophy, 
and disruption of the repairs. The repair is weakest at 3 
weeks, and tendon strength is less than at the time of 
surgery for the first 3 months after surgery. Empirically, 
we advance to isométrie exercises of external rotation at 
6 weeks, and at 12 weeks active motion is permitted. 
Patients are cautioned that overaggressive use of the 
extremity can lead to disruption of the repair for 6 to 12 
months depending on the size of the repair and the 
quality of the tissue and repair. 


■ MASSIVE AND IRREPARABLE TEARS 

Cordasco and Bigliani identified five factors that improved 
results of operative treatment of large and massive rotator euff 
tears: 

1. Adéquate subacromial décompression 

2. Maintaining the integrity of the deltoid origin 

3. Mobilizing torn tendons and performing an interval slide 
when indicated 

4. Repairing tendons to bone 

5. Carefully supervising and staging postoperative 
réhabilitation 

In the idéal repair, the arm can be brought down to the 
patients side without tension on the repair. Occasionally, 
despite the most diligent efforts to mobilize the tendons, 
tension remains on the repaired tendons. For these difficult 
problems, there are few options. If the tendon can be brought 
to the bony trough with the arm in abduction, the repair is 
completed and the shoulder is immobilized in an abduction 
orthosis for 6 weeks to permit tendon-to-bone healing. There 
are many problems with this technique, but we still believe it 
to be an option for certain patients. 

Excessive tension at the repair that results in suture 
cutting through the tendon is believed to be the most common 
mechanism of failure of rotator euff repair. The choice of 
suture type and technique can improve repair strength, as can 
decreasing the postoperative activity level. The latter option, 
however, has a significant problem with patient compliance. 
It is difficult to enforce the use of an abduction splint for 6 
weeks because of problems with hygiene, comfort, and 
driving. Without early movement, adhesive capsulitis is likely 
and may produce a poorer resuit than the original tear and 
loss of collagen strength caused by immobilization. Overall 
results are consistent with improved pain relief and function; 
however, a decrease in range of motion and muscle strength 
may remain. 

In an effort to decrease tension and increase strength and 
thus improve the rate and quality of biologie healing of rotator 
euff repairs, a number of augmentation methods hâve been 
developed, including autograffs (biceps, subscapularis, teres 
minor, latissimus dorsi, coracoacromial ligament), allograffs 
(tendon, ligament, freeze-dried rotator euff graff), xenograffs, 
and synthetic graff s. The most frequently used augmentation 
methods involve scaffold devices, which hâve been developed 
from polylactic acid, poly(lactide-co-glycolide), and polytet- 
rafluoroethylene; extracellular matrix (ECM) from human, 
porcine, bovine, and equine sources (Table 46-2); chitin; and 
chitosan-hyaluronan. Most of the published studies describe 
animal or biomechanical research involving ECM, with only 
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TABLE 46-2 


Extracellular Matrix Scaffold Devices Currently Approved by the United States Food and Drug 
Administration for Rotator Cuff Repair 

PRODUCT 

TYPE 

SOURCE 

MANUFACTURER 

Restore 

SIS 

Porcine 

Depuy Orthopaedics (Warsaw, IN) 

CuffPatch 

SIS (crosslinked) 

Porcine 

Organogenesis (Canton, MA) 

GraftJacket 

Dermis 

Human 

Wright Medical Technology (Arlington, TN) 

Conexa 

Dermis 

Porcine 

Tornier (Edina, MN) 

TissueMend 

Dermis (fêtai) 

Bovine 

Stryker Orthopaedics (Mahwah, NJ) 

Zimmer Collagen Repair 

Dermis (crosslinked) 

Porcine 

Zimmer (Warsaw, IN) 

Bio-Blanket 

Dermis (crosslinked) 

Bovine 

Kensey Nash (Exton, PA) 

O rt h AD PAT Bioimplant 

Pericardium (crosslinked) 

Equine 

Pegasus Biologics (Irvine, CA) 

SYNTHETIC SCAFFOLD DEVICES 

SoftMesh Soft Tissue 
Reinforcement 

Poly(urethaneurea) 


Biomet Sports Medicine (Warsaw, IN) 

X-repair 

Poly-L-lactide 


Synthasome (San Diego, CA) 


From Derwin KA, Badylak SF, Steinmann SP, lannotti JP: Extracellular matrix scaffold devices for rotator cuff repair, J Shoulder Elbow Surg 19:467, 2010. 


a limited number of follow-up studies in human patients; 
these studies hâve reported mixed results in surgical out- 
comes and complication rates. Several studies, including one 
prospective comparative study, hâve reported improvements 
in outcomes after repairs of massive and récurrent rotator cuff 
tears with ECM augmentation, whereas others hâve found no 
significant improvement in outcomes. Other sériés hâve 
shown better results with synthetic patch augmentation than 
with biologie patch augmentation (retear rates of 17% and 
51%, respectively). Studies of the use of a porcine xenograff 
scaffold hâve found not only worse outcomes with the scaf¬ 
fold but also severe postoperative inflammatory reactions 
requiring open debridement. 

A number of factors influence the extent to which a scaf¬ 
fold device can augment the mechanical properties of a 
tendon repair, including the mechanical and suture rétention 
properties and the surgical methods of scaffold application 
(e.g., the number, type, and location of fixation sutures; pre- 
tensioning of the scaffold at the time of repair). A study using 
an analytical model for rotator cuff repairs determined that 
70% to 80% of the load is distributed to the tendon after 
repair, with 20% to 30% of the load carried by the augmenta¬ 
tion device. The host response and remodeling of biologie 
scaffolds also are affected by the species and tissue of origin 
and the processing and sterilization methods used in prepar- 
ing the scaffold. Because of the scarcity of clinical data on 
which to base indications for the use of biologie scaffolds, 
Derwin et al. developed a grading System that correlates tear 
size, geometry, and ability to be repaired to the appropriate 
use of ECM scaffolds (Table 46-3). We hâve limited expéri¬ 
ence with the use of ECM augmentation. 

Molecular and cellular studies hâve targeted the tendon- 
bone interfaces, researching the use of growth factors and 
cell-coated scaffolds to improve healing. The delivery of 
transforming growth factor-(33 with an injectable calcium- 
phosphate matrix was reported to improve healing in a rat 
model, whereas other studies in a rat model found that appli¬ 
cation of mesenchymal stem cells genetically modified to 
overexpress bone morphogenetic protein-13 (BMP-13) did 


not improve healing, but that stem cells modified to overex¬ 
press the developmental gene MT 1-MMP produced more 
fibrocartilage at the interface and improved biomechanical 
strength. Heringou et al. compared outcomes in rotator cuff 
tears with and without the use of mesenchymal stem cells and 
found significant improvements in healing time and substan- 
tial improvement in tendon integrity at 10 years after surgery. 

In the late 1990s and early 2000s, platelet-rich plasma 
(PRP), which had been used successfully for many years in 
other medical specialties, became a popular treatment modal- 
ity for a variety of orthopaedic conditions, including acute 
soft-tissue injuries and chronic tendinopathy. PRP is defined 
as a “volume of plasma that has a platelet count above the 
baseline of whole blood;” however, PRP préparations can 
vary markedly according to the amount of blood used and 
the efficacy of platelet recovery, the presence or absence of 
white or red blood cells, the activation of platelets with 
thrombin, and the level of fibrin production. The effect of 
PRP on healing also differs with different musculoskeletal 
structures, adding to the difhculty of determining its efficacy. 
Most studies of the efficacy of PRP in rotator cuff healing hâve 
found no benefit regarding retear rates or clinical outcomes. 
Five meta-analyses and two randomized controlled trials ail 
reached the same conclusion: PRP does not improve early 
tendon-bone healing or functional recovery. Two compara¬ 
tive studies of leucocyte-plate-rich plasma (L-PRP) found no 
improvement in the quality of tendon healing or clinical out¬ 
comes with the use of L-PRP. A randomized comparison, 
however, found that PRP significantly decreased the rate of 
retears and increased the cross-sectional area of the supraspi- 
natus in repair of large to massive rotator cuff repairs; there 
was no significant différence in clinical outcomes at 1 year. 

Occasionally, despite the surgeons best efforts and the use 
of ail techniques of mobilization, some tears are so large or 
retracted, or both, that an anatomie repair is impossible. In 
this situation, several options are available, none of which is 
idéal. The two repair options are nonanatomic repair or 
partial repair. Muscle transfers or slides are another option. 
The final option is simple debridement. 
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_ TABLE 46-3 

Grades of Rotator Cuff Pathology With Indications for Use of Extracellular Matrix in Repair 


GRADE 

TEAR CHARACTERISTICS 

CURRENT TREATMENT(S) 

OUTCOMES 

INDICATION 

VI 

Massive, retracted 
irréparable tear with 
intraarticular pathology 

Open reverse total 
shoulder replacement 
(aggressive) 

Adéquate, but limited 
function 

Not indicated 

V 

Large, massive tear (3-5 cm, 
2-3 tendons); not 
repairable (unable to 
reappose to tuberosity 
with low tension) 

Open or arthroscopic 
attempt at repair, muscle 
transfer, debridement, and/ 
or partial repair 

High failure rate (>50% 
retear and/or low outcome 
scores) 

Interpositional in 
selected patients 

IV 

Large, massive tear (3-5 cm, 
2-3 tendons); repairable 

Open or arthroscopic repair 

Mode rate failure rate (>30% 
retear rate, 85% pain free 
but function reduced) 

Augmentation 

III 

Small to medium tear (<3 
cm, 1 tendon) 

Arthroscopic repair 

Moderate failure rate 
(5-10% retear rate; 85% 
pain free but > 50% with 
reduced function) 

Augmentation 

II 

Partial-thickness tear 
(>50% of articular or bursal 
surface) 

Arthroscopic 
décompression/ 
debridement or repair with 
acromioplasty 

40% failure within 5 years 
with debridement only; 95% 
heal when repaired 

Not indicated 

1 

Partial-thickness tear 
(<50% of articular or bursal 
surface) 

Arthroscopic 
décompression/ 
debridement or repair with 
acromioplasty 

95% heal when repaired 

Not indicated 


From Derwin KA, Badylak SF # Steinmann SP, lannotti JP: Extracellular matrix scaffold devices for rotator cuff repair, J Shoulder Elbow Surg 19:467, 2010. 


McLaughlin described suturing the tendon to a trough in 
bone at whatever point it could be advanced onto the humerai 
head (Fig. 46-10). This may be more proximal (approximately 
2 cm) through the anterior neck area. Although this repair 
allows a watertight closure, the mechanical advantage of the 
muscle-tendon unit is lost with this much proximal advance- 
ment. Partial repair of massive rotator cuff tears has been 
proposed to assist in closing large defects and as an alternative 
to debridement only or tendon transfers. The initial step is a 
side-to-side tendon repair that results in “marginal conver¬ 
gence” toward the greater tuberosity, which decreases the 
strain at the free margin of the rotator cuff tear, enhancing 
the mechanics of the construct. A combination of the tendon- 
to-tendon repair with tendon-to-bone repair can resuit in a 
functional rotator cuff. Partial repair has been shown to be 
superior to debridement, tendon transfers, and tendon aug¬ 
mentation procedures for the treatment of massive irrépara¬ 
ble rotator cuff tears. 

Tendon transfers for the treatment of irréparable rotator 
cuff tears may involve transfer of rotator cuff tendons or other 
muscle-tendon units. Cofield described subscapularis tendon 
transposition to fill large gaps in the supraspinatus insertion 
(Fig. 46-11). The flap is created by separating the outer 
portion of the subscapularis from the inner capsular portion. 
It is detached from the lesser tuberosity and mobilized supe- 
riorly to cover the humerai head. Other surgeons prefer to 
use the upper half of the subscapularis tendon by separating 
it from the anterior capsule and transferring it superiorly. 
This repair results in great tension in abduction and external 


A 




JjJ McLaughlin technique. A and B f Sutures are 
passed through appropriately placed bony holes, and cuff edge 
is drawn deep into trough. 
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Supraspinatus 

muscle 



Long head of 
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Superior glenohumeral 
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Cofield subscapularis transposition. A f Incision necessary for superior transposition of subscapularis tendon. B f Line 
of shoulder capsule incision. Inferior-middle glenohumeral ligament and subscapularis tendon and muscle are separated from capsule. 
C f Tendon-to-bone and tendon-to-tendon repair of transposed subscapularis. (A and C from Cofield RH: Subscapular muscle transposition 
for repair of chronic rotator cuff tears, Surg Gynecol Obstet 154:3, 1982; B from Cofield RH: Subscapularis tendon transposition for large rotator 
cuff tears, Tech Orthop 3:58, 1989.) 


rotation and disrupts the subscapularis force couple, which 
could prove detrimental to shoulder function. 

For anterosuperior tears involving the subscapularis and 
the supraspinatus, transfer of the pectoralis major has been 
described. The coracoacromial arch should be intact. The 
technique involves sharply releasing the sternocostal portion 
of the pectoralis major from its common insertion site on 
the humérus and bluntly dissecting it from the more super- 
ficial clavicular head. Care should be taken not to injure its 
nerve supply. The sternocostal head is passed deep to the 
clavicular head and underneath the conjoined tendon to the 
lesser tuberosity. The musculocutaneous nerve should be 
identified and protected; the tendon is passed superficial to 
the nerve. Passing the tendon beneath the conjoined tendon 
improves the posterior and inferior vectors of the transferred 
tendon. This transfer also is indicated for treatment of ante¬ 
rior soft-tissue deficiencies and instability after shoulder 
arthroplasty. 


For posterosuperior tears involving the infraspinatus and 
supraspinatus, the latissimus dorsi has been transferred. Clini- 
cally small but statistically significant gains can be expected in 
motion and strength. Factors reported to be associated with 
better clinical results include better preoperative function in 
active forward flexion and external rotation and synchronous 
in-phase contraction of the transferred latissimus dorsi by elec- 
tromyography; poor shoulder function and generalized muscle 
weakness before surgery hâve been correlated with a poor clini¬ 
cal resuit. Patients with unsatisfactory results after this proce¬ 
dure may be clinically worse than they were preoperatively. 

Transfer of the subcoracoid pectoralis major has been 
reported for patients with anterosuperior subluxation associ¬ 
ated with massive rotator cuff tears, with approximately 80% 
satisfactory results. Other muscles used for transfer include 
the teres minor, deltoid, and trapezius, but these are used 
infrequently and are associated with compromised function. 
We hâve no expérience with this technique. 
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Others hâve used free grafts (autologous or autogenous), 
such as the intrinsic portion of the biceps, the coracoacromial 
ligament, and fascia lata, or synthetics to augment or replace 
déficient rotator cuff tendon. There are few published reports 
of results, and most are not encouraging; however, successful 
closure of 14 massive cuff defects was reported with the use 
of a “tendon patch” fashioned from the long head of the 
biceps tendon. The disadvantages of the synthetic material are 
the potential for foreign body reaction to synthetics and 
tissue rejection. Such materials do not replace the atrophie 
and weakened rotator cuff musculature présent with chronic 
massive tears. 


LATISSIMUS DORSI TRANSFER 


TECHNIQUE 46-3 


(GERBER ET AL.) 

■ With the patient in the latéral decubitus position, make 
an 8-cm superolateral skin incision in the Langer lines 
immediately latéral to the acromioclavicular joint. 


■ With sharp dissection, detach the latéral deltoid from the 
acromion without leaving bone attached to the elevated 
tendinous origin; alternative^, use an osteotome to 
elevate the latéral deltoid with a thin layer of acromion 
attached to the deltoid origin. 

■ Leave the anterior deltoid untouched. 

■ After extensive mobilization of the retracted musculoten- 
dinous units, expose the rotator cuff and attempt to 
repair it directly to an osseous trough at the anatomie 
footprint. 

■ If mobilization of the supraspinatus, infraspinatus, and 
teres minor (including coracohumeral ligament release 
and capsulotomy) does not allow direct repair of the 
supraspinatus and infraspinatus tendons, proceed to latis- 
simus dorsi transfer. 

■ Make a 12- to 15-cm posterior skin incision that follows 
the latéral border of the latissimus dorsi (Fig. 46-12A). 

■ Identify the muscle and release it from the humerai shaft 
(Fig. 46-12B), carefully protecting the axillary nerve, which 
lies immediately adjacent to the proximal end of the 
tendon, and the radial nerve, which curves around the 
humérus immediately distal to the tendon. 



Latissimus dorsi transfer. A f Posterior skin incision. B f Release of muscle from humerai shaft. C f Braided sutures passed 
through end of tendon. D f Transferred tendon fixed to bony trough in humerai head. SEE TECHNIQUE 46-3. 
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■ Identify the neurovascular bundle and mobilize the latis- 
simus dorsi distally. 

■ Pass two No. 3 braided polyester sutures through the 
tendon at its médial and latéral borders and use a clamp to 
pull thetendon through the plane between the infraspinatus- 
teres minor and the deltoid muscles (Fig. 46-12C). 

■ Anchor the transferred tendon to a bony trough in the 
superolateral humerai head, pulling the heavy nonabsorb- 
able sutures out through bone and tying the knots over 
the greater or lesser tuberosity (Fig. 46-12D). 

■ If possible, suture the remaining cuff to the transferred 
tendon. If this cannot be done, débridé the remaining 
cuff and reattach the deltoid with transosseous sutures 
to the acromion. Close the deltopectoral fascia. 

POSTOPERATIVE CARE The arm is splinted in 45 
degrees of abduction and 30 to 45 degrees of external 
rotation; the splint is worn full time for 6 weeks. Passive 
range-of-motion exercises out of the splint are started the 
first postoperative day. After 6 weeks, the abduction 
splint is discontinued and active abduction and external 
rotation exercises are begun. Strengthening exercises are 
begun at 3 months and are continued for 6 to 9 months. 


Another option that we recommend for many patients 
with massive tears without possibility for repair even in abduc¬ 
tion is debridement and limited décompression. We attempt 
to leave the biceps in place as a humerai head depressor. The 
method is simple, does not disturb force couples, and is not 
overly restrictive postoperatively for the patient. We think it is 
a good choice, especially in elderly patients when pain control 
is the goal of surgery. Many short-term and midterm studies 
hâve shown satisfactory results with debridement and décom¬ 
pression of massive rotator cuff tears; however, long-term 
studies hâve shown that these results deteriorate over time. 

We also hâve had success with subscapularis transposi¬ 
tion (see Fig. 46-11); however, morbidity is higher with this 
procedure than with debridement and décompression, and 
the results are similar. Décompression and debridement 
should not be considered an alternative to direct repair or 
repair to a bone trough when such is possible. 

We perform décompression and debridement of massive 
tears arthroscopically (see Chapter 52). The open technique 
is described here as an option, however. We hâve modified 
the technique by preserving and repairing the coracoacromial 
ligament to prevent anterosuperior subluxation of the humerai 
head postoperatively. 


DECOMPRESSION AND DEBRIDEMENT 
OF MASSIVE ROTATOR CUFF TEARS 


TECHNIQUE 46-4 


(R0CKW00D ET AL.) 

■ Place the patient in a semi-seated position. 

■ Make an incision along the latéral border of the acromion 
along the lines of Langer. 


■ Open the interval between the anterior and latéral parts 
of the deltoid and resect the anterior part of the deltoid 
carefully from the anterior edge of the acromion. 

■ Remove 1 to 2 cm of the latéral part of the deltoid from 
the latéral edge of the acromion. 

■ With an osteotome, remove the portion of the acromion 
that extends beyond the anterior border of the clavicle 
vertically; excise the coracoacromial ligament along with 
this acromial fragment (as noted, we prefer to preserve 
the ligament). 

■ Remove the anteroinferior border of the acromion with 
an osteotome and smooth the surface on the remaining 
portion of the acromion with a rasp. We generally modify 
this portion by sharply detaching the coracoacromial liga¬ 
ment, performing an acromioplasty with an oscillating 
saw, and reattaching the coracoacromial ligament to pre¬ 
serve coracoacromial arch stability. 

■ Débridé the avascular tissue and try to mobilize, if pos¬ 
sible, the vascularized tendons of the rotator cuff to repair 
the greater tuberosity of the humérus or the sulcus 
between the greater tuberosity and the articular surface 
of the humerai head without tension with the arm at the 
patient's side. This may be impossible if massive defects 
of 5 cm or more involving the supraspinatus and infraspi- 
natus tendons are présent. During mobilization, avoid 
injuring the suprascapular nerve. 

■ If adéquate mobilization is impossible, sufficiently débridé 
the cuff so that there are no residual components of the 
supraspinatus or infraspinatus tendons that can be 
caught, ground, or impinged between the head of the 
humérus and the acromion during flexion and rotation of 
the upper extremity. Greater tuberosity prominences must 
be excised to prevent impingement during passive flexion 
of the upper extremity. 

■Apply bone wax to the base of the site of the excised 
exostosis to stop bleeding and prevent regrowth of the 
exostosis. 

■ Reattach the deltoid and the coracoacromial ligaments 
securely to the acromion with nonabsorbable No. 2 
sutures. 

■Close the incision in the usual manner. 

POSTOPERATIVE CARE The upper extremity of the 
patient is supported in a commercially available shoulder- 
sling immobilizer. A single-shot or 3-day interscalene 
block can be placed preoperatively for pain control, and 
a cold therapy device can be used as desired. The initial 
objective is to obtain and maintain the maximal range of 
passive glenohumeral flexion and rotation while the 
deltoid muscle heals to the acromion. When the gleno¬ 
humeral motion has been obtained, strengthening of the 
deltoid (especially the anterior portion), the remaining 
muscles of the rotator cuff, and the scapular stabilizers is 
the focus of therapy. Return to full activity usually requires 
4 to 6 months. 


■ COMPLICATIONS 

Complications of rotator cuff repair occur with tears of ail 
sizes, but especially with large and massive tears. Large 
amounts of retracted friable tissue are difficult to repair, and 
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repair can be tenuous. Nonabsorbable suture material should 
be used for deltoid and rotator cuff tendon repair. Suture 
anchors alone seem to hâve sufficient endurance and pull-out 
strength compared with sutures pulled through bone tunnels. 
Although newer générations of suture anchors seem to hâve 
more favorable characteristics, we usually do not use them 
alone but rather combine them with sutures pulled through 
bone tunnels. 

Because the suprascapular nerve lies only 1.8 cm from the 
posterosuperior glenoid rim, cuff mobilization should not 
exceed this. If more mobilization is necessary, capsular strip- 
ping can be done. 

Transposition of the upper portion of the subscapularis 
tendon can resuit in anterior instability and weakness of 
internai rotation. Teres minor and infraspinatus transposition 
can resuit in external rotator weakness. Free graffs hâve been 
used with very little success and are not recommended. 

Despite an excellent technical resuit, some patients do not 
return to previous activity levels. Some patients develop post- 
operative stiffness from immobilization, and some hâve per¬ 
sistent night pain. Although careful patient sélection can 
decrease the frequency of these problems, only about 80% of 
patients hâve complété pain relief and return to nearly normal 
function. A spécial subset of patients comprises patients with 
workers’ compensation daims in whom only a 40% to 50% 
success rate can be expected. 

An unsolved complication of rotator cuff surgery involves 
coracoacromial arch deficiency with anterosuperior cuff tears 
resulting in subluxation of the humerai head, for which there 
is no effective treatment. Préservation of the coracoacromial 
arch is the best method to prevent this complication. 

Outcomes affer révision rotator cuff repair are not as 
good as affer primary repair. Although short-term clinical 
results are similar, by 2 years patients with révision rotator 
cuff repair are twice as likely to hâve a retear as those with 
primary repair. 

CUFF TEAR ARTHROPATHY 

End-stage rotator cuff disease can lead to an entity known as 
cufftear arthropathy (CTA). Because of a massive rotator cuff 
tear, normal humerai head dépréssion of the supraspinatus is 
lost and the unopposed deltoid pull leads to superior sublux¬ 
ation and shearing forces across the glenoid. Articular carti¬ 
lage is poorly suited to resist shearing-type forces, and 
degenerative changes ensue. Therefore CTA involves three 
factors: a dysfunctional rotator cuff, glenohumeral joint 
degeneration, and superior humerai head migration. Neer 
also postulated that nutritional factors contributed to the 
process owing to loss of fluid pressure and the accompanying 
réduction in the quality of the Chemical content of the syno¬ 
vial fluid leading to cartilage and bone atrophy. Radiographie 
findings include the sourcil sign (Fig. 46-13) (érosion of the 
inferior acromial surface as the humerai head “articulâtes” 
against the undersurface of the acromion), inferior humerai 
head osteophytes, and loss of glenohumeral joint space (Fig. 
46-14). Superior glenoid wear also may be seen in advanced 
cases. 

Operative treatment of cuff tear arthropathy generally 
involves arthroplasty in various forms. Humerai head replace¬ 
ment with maintenance of the coracoacromial arch has been 
used in the past and has been a durable solution, although 
improvements in pain and function hâve been less reliable. 



Radiograph showing subacromial sclerosis, 
so-called sourcil sign (arrow), from chronic loading of undersur¬ 
face of acromion in impingement process. (From Matsen FA III, Arntz 
CT: Subacromial impingement. In Rockwood CA Jr, Matsen FA III, 
editors: The shoulder, Philadelphia, 1990, Saunders.) 



Radiograph showing sourcil sign (white arrow), 
loss of joint space (long black arrow), and humerai head osteo¬ 
phytes (short black arrow) in rotator cuff tear arthropathy. (From 
Cofield RH: Degenerative and arthritic problems of the glenohumeral 
joint. In Rockwood CA Jr, Matsen FA III, editors: The shoulder, Philadel¬ 
phia, 1990, Saunders.) 


Newer prosthetic designs feature a latéral extension over the 
greater tuberosity to improve articulation with the acromion 
and avoid impingement from the greater tuberosity. Because 
of the aforementioned shear forces that can lead to glenoid 
wear and loosening, irréparable rotator cuff tears are a con- 
traindication to conventional total shoulder arthroplasty. 

The reverse total shoulder arthroplasty (RTSA) has 
become the preferred treatment for elderly patients with 
irréparable rotator cuff tears and/or rotator cuff arthropathy. 
It is particularly bénéficiai for patients with anterosuperior 
escape or subluxation of the humerai head. It requires a func- 
tioning deltoid to restore forward élévation and has 
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a successful track record for pain relief and functional 
improvement. The glenoid is resurfaced with a baseplate and 
sphere, and the humerai head is replaced with a bearing 
surface to form a semiconstrained articulation. In this 
manner, a fulcrum is reestablished at the bail-socket interface 
and the deltoid is then able to power forward élévation. 
Further, financial analysis has shown RTSA to be cost- 
effective referable to hemiarthroplasty in the treatment of 
CTA. The technique and outcomes for RTSA are described in 
Chapter 12. 

ADHESIVE CAPSULITIS 

Much of current understanding of frozen shoulder, or adhe- 
sive capsulitis, cornes from the work of Neviaser and Lund¬ 
berg. Neviaser coined the term adhesive capsulitis to describe 
a contracted, thickened joint capsule that seemed to be drawn 
tightly around the humerai head with a relative absence of 
synovial fluid and chronic inflammatory changes within the 
subsynovial layer of the capsule. Evidence suggests that the 
underlying pathologie changes in adhesive capsulitis are 
synovial inflammation with subséquent reactive capsular 
fibrosis. Cytokines, metalloproteinases, and growth factor- 
beta 1 hâve been implicated in the process, but the initial 
triggering event in the cascade is unknown. Hyperlipidemia 
also has been proposed as a risk factor for primary frozen 
shoulder, and this association was supported by the findings 
of a comparative study of 300 patients with frozen shoulder 
and 900 control subjects. Further research is needed, however, 
to détermine if a nonoptimal sérum lipid level is a cause, a 
related cofactor, or a resuit of primary frozen shoulder. 
Increased expression of nerve growth factor receptor and new 
nerve fibers found in the shoulder capsular tissue of patients 
with frozen shoulder suggest that neoinnervation and neoan- 
giogenesis in the capsule are important events in the patho- 
genesis of frozen shoulder and may help explain the offen 
severe pain in patients with this condition. Although it 
remains a matter of controversy, some authors hâve suggested 
that inadéquate glycémie control as measured by the glycosyl- 
ated hemoglobin Aie (HbAlc) level can identify diabetic 
patients who are at higher risk for developing frozen shoul¬ 
der. In a sériés of 1150 diabetic patients with frozen shoulder, 
no association was found between HbAlc level and the 
occurrence of frozen shoulder; however, insulin-dependent 
patients were nearly twice as likely to develop frozen 
shoulder. 

The incidence of frozen shoulder in the general popula¬ 
tion is approximately 2%, but several conditions are associ- 
ated with an increased incidence, including female gender, 
âge older than 49 years, diabètes mellitus (five times more), 
cervical dise disease, prolonged immobilization, hyperthy- 
roidism, stroke or myocardial infarction, the presence of 
autoimmune diseases, and trauma. Individuals between the 
âges of 40 and 70 are more commonly affected. Approxi¬ 
mately 70% of patients are women. Between 20% and 30% of 
affected individuals develop adhesive capsulitis in the oppo¬ 
site shoulder. The condition rarely recurs in the same shoul¬ 
der. Common to almost ail patients is a period of immobility, 
the causes of which are diverse; this probably is the most 
significant factor related to the development of the 
condition. 

Lundberg developed a classification System of frozen 
shoulder based on the presence or absence of an inciting 


event. Frozen shoulders in patients who report no inciting 
event and with no abnormality on examination (other than 
loss of motion) or plain radiographs were designated as 
“primary,” and frozen shoulders in patients with précipitant 
traumatic injuries were designated as “secondary.” Patients 
with shoulder stiffness affer a surgical procedure technically 
hâve a secondary frozen shoulder, but their clinical course 
and treatment are different and are not discussed here. These 
conditions perhaps should be considered more of an 
arthrofibrosis. 

There are no universally accepted criteria for the diagno- 
sis of frozen shoulder. We hâve noted that internai rotation 
frequently is lost initially, followed by loss of flexion and 
external rotation. Most offen our patients can internally 
rotate only to the sacrum, hâve 50% loss of external rotation, 
and hâve less than 90 degrees of abduction. We include these 
patients in the diagnosis of frozen shoulder, but we hâve no 
formai inclusion criteria. 

Diagnostic tests in patients with a frozen shoulder 
(including plain film radiographs) usually are normal except 
in patients with medical disorders such as diabètes or thyroid 
disease. Bone scans hâve been reported to be positive in some 
patients, and a positive bone scan has been shown to hâve 
positive prédictive value for treatment with steroid injections. 
MRI has shown a contracted inferior capsule and an increased 
blood flow to the synovium, but its value is in evaluating the 
other structures in the shoulder to eliminate other pathologie 
conditions. 

Arthrograms characteristically show a reduced joint 
volume with irregular margins. Clinical improvement has 
been reported affer arthrography because of brisement of 
adhesions from forcefully injecting fluid into the joint. A 
volume of less than 10 mL and lack of filling of the axillary 
fold currently are accepted arthrographic findings indicative 
of a frozen shoulder. 

■ PRIMARY FROZEN SHOULDER 

The clinical course of primary (idiopathic) frozen shoulder 
consists of three phases. Secondary frozen shoulders may not 
exhibit ail three phases and may not follow the exact chronol- 
ogy. Although treatment for the two entities offen is similar, 
the cause for the secondary frozen shoulder should be identi- 
fied and treated as well. The three phases are as follows: 
Phase I: Pain. Patients usually hâve a graduai onset of diffuse 
shoulder pain, which is progressive over weeks to months. 
The pain usually is worse at night and is exacerbated by 
lying on the affected side. As the patient uses the arm less, 
pain leading to stiffness ensues. 

Phase II: Stiffness. Patients seek pain relief by restricting 
movement. This heralds the beginning of the stiffness 
phase, which usually lasts 4 to 12 months. Patients 
describe difficulty with activities of daily living; men hâve 
trouble getting to their wallets in their back pockets, and 
women hâve trouble with fastening brassières. As stiff¬ 
ness progresses, a dull ache is présent nearly ail the time 
(especially at night), and this offen is accompanied by 
sharp pain during range of motion at or near the new end 
points of motion. 

Phase III: Thawing. This phase lasts for weeks or months, and 
as motion increases, pain diminishes. Without treatment 
(other than benign neglect), motion return is graduai in 
most but may never objectively return to normal, although 
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most patients subjectively feel near normal, perhaps as a 
resuit of compensation or adjustment in ways of perform- 
ing activities of daily living. 

0 TREATMENT 

Traditionally, frozen shoulder has been considered a self- 
limiting condition, lasting 12 to 18 months without long-term 
sequelae. Approximately 10% of patients hâve long-term 
problems, however. In their almost 10-year average follow-up 
of 83 patients with frozen shoulder, Vastamâki et al. found 
that 94% recovered to normal levels of function and motion 
without treatment; however, only 51% of patients in the 
untreated group, 44% in the nonoperative treatment group, 
and 30% in the manipulation group were totally pain-free. 
Long-term follow-up studies hâve shown that patients under- 
estimate the amount of objective motion lost and that the 
duration of symptoms before medical care is sought may be 
correlated with recovery. Patients seeking care earlier usually 
recover more quickly. Dominant shoulder involvement has 
been reported to be prédictive of a good resuit, whereas occu¬ 
pation and treatment programs are not statistically signifi- 
cant. The best treatment of frozen shoulder is prévention 
(secondary frozen shoulder), but early intervention is para- 
mount; a good understanding of the pathologie process by 
the patient and the physician also is important. 

Treatment options described in the literature include 
benign neglect, supervised physical therapy, nonsteroidal 
antiinflammatory médications, oral corticosteroids, intraar- 
ticular steroid injections, distention arthrography, closed 
manipulation, open surgical release, and arthroscopic capsu- 
lar release. In two similar groups of patients with frozen 
shoulders, a home therapy program obtained results equal to 
those of arthroscopic release. Initial treatment is nonopera¬ 
tive, with emphasis placed on control of pain and inflamma¬ 
tion. Intraarticular steroid injections hâve been shown in a 
number of studies to obtain more rapid pain relief, better 
functional outcomes, and higher patient satisfaction than 
other nonoperative modalities. In a study of nearly 200 
patients with adhesive capsulitis, the site of the injection (sub¬ 
acromial, intraarticular, or intraarticular combined with sub- 
acromial space) did not affect the effectiveness of treatment, 
and another comparison study showed no différence in out¬ 
comes between glenohumeral and subacromial steroid injec¬ 
tions. Hyaluronate intraarticular injections hâve been shown 
to be as effective as steroid injections, with fewer side effects. 
Transcutaneous electrical nerve stimulation and ultrasound 
may be helpful, combined with passive and active range-of- 
motion exercises. Extracorporeal shockwave therapy (ESWT) 
has been shown to resuit in faster improvement and better 
final functional scores than those obtained with oral pred- 
nisolone. Abduction should be avoided initially to prevent 
impingement until joint motion becomes suppler. Intraar¬ 
ticular cortisone injections hâve proved bénéficiai in phase 1 
or early phase 2 of the clinical course. 

Although a frozen shoulder usually is self-limiting and 
résolves in 12 to 18 months, many patients do not wish to 
wait that long for resolution of symptoms and request active 
intervention long before 12 months. With appropriate patient 
sélection, significant improvement can be obtained in approx¬ 
imately 70% of patients. Results hâve been shown to be sig- 
nificantly worse in diabetic patients even though they may 
hâve improvement in function; full range of motion was 


obtained in only 71% of diabetic patients compared with 90% 
of nondiabetic patients. We hâve used closed manipulation 
under anesthésia with good results over many years and still 
believe in its efficacy. A systematic review involving 989 
patients concluded that the data demonstrated little benefit 
for a capsular release instead of, or in addition to, manipula¬ 
tion. Failures usually are related to inability to maintain 
postoperative motion rather than intraoperative complica¬ 
tions. For patients in whom closed manipulation fails, 
arthroscopic release is recommended. If arthroscopic release 
fails to relieve symptoms, open release of contractures has 
been recommended, with emphasis on release of the coraco- 
humeral ligament and reestablishment of the interval between 
the supraspinatus and subscapularis. We hâve no recent expé¬ 
rience with the technique of open release, but it may be 
appropriate in patients with poor bone stock or recent frac¬ 
tures or in patients who hâve had surgery recently. For 
patients who require surgical release, we prefer to do this 
arthroscopically. 


CLOSED MANIPULATION 


TECHNIQUE 46-5 


■ After administering general anesthésia supplemented 
with an interscalene block for postoperative pain control, 
manipulate the shoulder using a short lever arm and a 
fixed scapula. 

■ The acronym FEAR can be used as a safe sequence for 
shoulder manipulation-flexion, extension, abduction and 
adduction, external and internai rotation. 

■ Audible and palpable release of adhesions is a good prog- 
nostic sign. 

■ We occasionally obtain intraoperative anteroposterior 
and axillary latéral radiographs after the procedure to 
check for periarticular fracture or dislocation. 

POSTOPERATIVE CARE Réhabilitation after manipula¬ 
tion is crucial in preventing récurrence. We perform 
manipulations during the earlier part of the week and 
initiate physical therapy the following day. Supervised 
physical therapy sessions are performed daily for at least 
2 to 4 weeks. The goal of réhabilitation is early full range 
of motion. In some patients, we recommend an abduc¬ 
tion orthosis at night for 3 weeks to prevent significant 
axial pouch adhesions from returning in the early phase. 


I COMPLICATIONS 

Complications during closed manipulation can occur. The 
proximal humérus may be fractured during manipulation, 
or dislocation may occur. Manipulation should be avoided 
in patients with osteopenia or recently healed fractures 
and reserved for patients with récalcitrant stiffness unre- 
sponsive to conservative management. If dislocation occurs 
after closed manipulation, réhabilitation should be aggres- 
sive, but the abducted, externally rotated position should be 
avoided. 
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Arthroscopic release is an option when closed manipu¬ 
lation fails or for patients who hâve had prolonged, récal¬ 
citrant adhesive capsulitis, with marked improvement 
reported in 80% to 90% of patients. A long-term follow- 
up study found that motion equal to the contralatéral 
shoulder was maintained or enhanced at 7 years after 
surgery. For the technique of arthroscopic capsular release, 
see Chapter 52. 

CALCIFIC TENDINITIS 

Calcifie tendinitis is a painful, largely self-limited disorder of 
the rotator euff in which the tendons are infiltrated with 
calcium deposits. The most common site of occurrence is 
within the supraspinatus tendon and at a location 1.5 to 2 cm 
away from the tendon insertion on the greater tuberosity. 
Calcifie tendinitis usually has its onset in individuals who are 
older than 30 years, and it affects 10% of the population. An 
analysis of 1219 patients with and without subacromial pain 
found calcifie deposits in 8% of asymptomatic patients and 
43% of those with subacromial pain. Women between the 
âges of 30 and 60 years were the most frequently affected. Ten 
percent of patients affected hâve bilateral deposits. Women 
seem to be affected more often than men. Most individuals 
with deposits are asymptomatic, but pain can be intense in 
symptomatic patients. 

Although the clinical course and pathologie changes of 
calcifie tendinitis are well delineated, its cause remains 
unknown. Suggested causes hâve included a vascular etiology, 
with degeneration of the tendon fibers preceding calcifica¬ 
tion, and aging of the tendon, with a general diminishing 
of the vascularity to the supraspinatus as a normal course of 
events. Microangiographic studies showed an area of hypo- 
vascularity near Codmans “critical zone” just proximal to the 
supraspinatus insertion into the greater tuberosity. This hypo¬ 
perfusion is believed to initiate degenerative changes, which 
subsequently lead to calcification or susceptibility to tearing, 


as mentioned in the previous section on rotator euff tears. 
Other histologie studies, however, showed no evidence of 
inadéquate vascularization, and the supraspinatus, including 
the critical zone, was found to be well supplied with an anas- 
tomosis of vessels. 

■ CHRONOLOGIC PROGRESSION 

Calcifie tendinitis follows a definite progression in most 
patients, and resolution is seen in almost ail of them, with the 
length of time required being the only true variable. The fol- 
lowing three-phase chronology described by Sarkar and 
Uhthoff is useful in planning treatment: 

Phase I: Precalcification stage. In the precalcification stage, 
the site of prédilection for calcification (possibly a site 
with a diminished blood supply) undergoes fibrocarti- 
laginous metaplasia. At this stage, patients generally are 
asymptomatic. 

Phase II: Calcification stage. During this stage, calcium is 
deposited into matrix vesicles, which are excreted by the 
cells and coalesce into larger calcium deposits (Fig. 
46-15). This initial part of the calcification stage is known 
as the phase of formation. At this time, the deposits on 
gross inspection are dry and chalky. As the matrix vesicles 
coalesce into larger deposits, the fibrocartilage gradually 
is replaced and eroded. The patient enters a resting phase, 
during which the pain may be minimal, and the radio¬ 
graphie appearance is one of well-marginated, mature- 
appearing deposits. This resting phase is of variable 
length and ends with the beginning of the resorptive 
phase. During the resorptive phase, vascular channels 
appear at the periphery of the deposit and calcium résorp¬ 
tion ensues. This stage can be exceedingly painful, and 
many patients seek treatment at this time. The calcium 
deposits at this time resemble cream or toothpaste. As the 
calcium is resorbed, the dead space is filled with granula¬ 
tion tissue. 



FIGURE 


A f Preoperative radiograph showing calcium deposits. B f Radiograph taken 2 weeks after surgery. 
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Phase III: Postcalcification phase. During this phase, the 

granulation tissue matures into mature collagen aligned 

along stress lines with the longitudinal axis of the tendon, 

reconstituting the tendon. Pain subsides markedly during 

this phase. 

Although most patients seek treatment during the acutely 
painful resorptive phase of the calcification stage, in some 
the calcium deposits are an incidental finding or are part of 
an impingement syndrome. In these patients, we recom- 
mend treatment protocols directed at the particular patho¬ 
logie condition (e.g., impingement) rather than the calcifie 
deposits. 

As noted previously, essentially ail patients eventually 
recover from calcifie tendinitis and nonoperative manage¬ 
ment is the initial treatment of choice. Nonoperative 
treatment usually includes physical therapy, exercises, antiin- 
flammatory médications, and corticosteroid injections. 
Although these modalities are generally recommended as 
effective, there is little high-level supporting evidence. Corti- 
costeroids hâve been suggested to abort the resorptive phase, 
returning the lésion to dormancy and setting into motion the 
factors necessary for récurrence. 

■ SURGICAL TREATMENT 

Gschwend et al. listed the following as indications for opéra¬ 
tive treatment: (1) symptom progression, (2) constant pain 
that interfères with activities of daily living, and (3) absence 
of improvement affer conservative therapy. 

An ultrasound-guided percutaneous needling technique 
used in conjunction with subacromial corticosteroid injection 
was reported to be successful in approximately 70% of patients. 
Another prospective study showed that initial improvements 
affer ultrasound-guided needle lavage were maintained for at 
least 2 years; however, although one systematic review found 
this technique to be as effective as subacromial corticosteroid 
injection, another randomized controlled trial found better 
results with ultrasound-guided needling and lavage. Long- 
term follow-up studies hâve confirmed the benign natural 
history of this disorder. Although treated patients tend to hâve 
better results in the short term (1-year follow-up), at longer- 
term follow-up there are no différences. 

ESWT also has been well studied for the treatment of 
calcifie tendinitis. Several comparative studies hâve reported 
greater pain relief with ESWT than with placebo or sham 
treatment, although in one study half of the patients eventu¬ 
ally required surgery. Two recent systematic reviews con- 
cluded it to be a safe and effective treatment for this 
disorder. 

Currently, we prefer an arthroscopie technique when 
surgery is warranted. Removal of calcium deposits is done 
with a mechanical shaver. Some authors hâve reported success 
with using ultrasound intraoperatively to identify the depos¬ 
its that are not readily seen with arthroscopy. Acromioplasty 
is done for patients with preoperative evidence of subacro¬ 
mial stenosis. Several authors hâve reported good results in 
approximately 90% of patients with arthroscopic removal of 
calcifie deposits, and midterm follow-up studies hâve 
demonstrated that these good results are preserved over time. 
The importance of acromioplasty and the presence of residual 
calcifications on postoperative radiographs remains unclear. 
For the operative details of arthroscopic technique, see 
Chapter 52. 


QUADRILATERAL SPACE SYNDROME 

Quadrilatéral space syndrome is caused by compression of 
the axillary nerves and posterior humerai circumflex artery 
in the quadrilatéral space, which is bounded by the teres 
major and minor muscles, the humerai shaff, and the long 
head of the triceps (Fig. 46-16). 

The syndrome usually affects the dominant arm of young 
adults, particularly athlètes (20 to 35 years of âge) involved in 
overhead sports, and is characterized by poorly localized 
anterior and latéral shoulder pain and point tenderness over 
the quadrilatéral space near the teres minor insertion. Symp- 
toms are reproduced by holding the arm abducted and exter- 
nally rotated for 1 minute. Weakness and atrophy are difficult 
to detect unless significant deltoid involvement is présent. 
Sélective atrophy of the teres minor muscle, which is inner- 
vated by the axillary nerve, can be seen on MRI and is highly 
suggestive of quadrilatéral space syndrome. Arteriography 
shows occlusion of the posterior humerai circumflex artery 
with the arm in abduction and external rotation, but the 
artery appears normal with the arm at the side. The lésion 
seems to consist of oblique fibrous bands that compress the 
nerve and artery with the shoulder in abduction and external 
rotation. These bands can be lysed at surgery through a pos¬ 
terior approach with good results. Occasionally, a paralabral 
cyst from the posterior labrum may cause compression of the 
nerve. Brown et al. suggested classifying the syndrome into 
two types—neurogenic and vascular—and provided an algo- 
rithm for diagnosis and treatment (Fig. 46-17). According to 
their System, vascular quadrilatéral space syndrome (QSS) is 
caused by répétitive trauma to the posterior circumflex 
humerai artery during abduction and external rotation and 
is more likely to occur in professional or collegiate athlètes 
involved in overhead sports. Neurogenic QSS can be caused 
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* Ultrasound imaging has been preliminarily studied for the diagnosis of nQSS; there 

hâve not yet been studies specifically assessing ultrasound use to diagnose vQSS 

* Electromyography has poor sensitivity for nQSS, but can rule out alternative diagnoses 


Diagnosis and treatment algorithm for patients with suspected quadrilatéral space syndrome. AER, Abduction and 
external rotation; CTA, computed tomography angiography; DSA, digital subtraction angiography; MRA, magnetic résonance angiog- 
raphy; nQSS, neurogenic quadrilatéral space syndrome; NSAID, nonsteroidal antiinflammatory drug; overhead athlete, any patient 
engaged in elite, college, professional, or dedicated sport or activity involving répétitive abduction and external rotation of the arm 
above the head; PCHA, posterior circumflex humerai artery; PT, physical therapy; QS, quadrilatéral space; QSS, quadrilatéral space 
syndrome; SOL, space-occupying lésion; UEA, upper extremity arterial; US, ultrasound; vQSS, vascular quadrilatéral space syndrome. 
(From Brown SN, Doolittle DA, Bohanon CJ, et al: Quadrilatéral space syndrome: the Mayo Clinic expérience with a new classification System and 
case sériés, Mayo Clin Proc 90:381, 2015.) 
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by various fixed anatomie anomalies, with fibrous bands 
being the most common. 

Nonoperative treatment, including activity modification, 
NSAIDs, cortisone injections, and physical therapy for rotator 
euff muscle strengthening, is indicated initially for ail patients. 
If symptoms persist after 3 to 6 months of nonoperative treat¬ 
ment, a posterior approach to the area with lysis of the fibrous 
bands usually results in symptom relief. 


POSTERIOR SURGICAL APPROACH 
FOR QUADRILATERAL SPACE 
SYNDROME 


TECHNIQUE 46-6 


(CAHILLAND PALMER) 

■ Make an incision parallel and just inferior to the spine 
of the scapula and curve it inferiorly over the posterior 
humérus to allow inferior latéral dissection (Fig. 46-18A). 
Develop a skin flap, including ail subeutaneous 
tissue. 


■ Control bleeding, which may be moderately severe, with 
electrocautery; otherwise, when the deep fascia is 
opened, the bleeding dissects into the areolar planes and 
markedly hinders the view of the neurovascular bundle. 
Hemostasis is necessary before opening the deep fascia. 

■ Dissect the fascia at the inferior border of the deltoid 
(Fig. 46-18B), beginning inferolaterally and proceeding 
superiorly and medially. 

■ Remove the deltoid from the spine of the scapula by 
electrocautery, leaving a border of the musculotendinous 
area for resuture. 

■ Detach the teres minor at its insertion into the rotator 
euff and reflect it medially, leaving a small opening in the 
posterior glenohumeral capsule. No weakness of external 
rotation of the humérus has been detected postopera- 
tively if the teres minor has not been reattached. 

■ Decompress the quadrilatéral space by blunt and sharp 
dissection (Fig. 46-18C). A finger inserted into this space 
directed anteriorly is tethered and meets résistance before 
removal of the fibrous bands traversing this space. 

■ Follow the neurovascular bundle forward to its origin 
from the main vessel. Avoid injuring any accompanying 
veins, which are prone to tearing and bleeding. 



Cahill and Palmer technique. A f Skin incision. B f Retractor placed under border of deltoid. C f Teres minor is held by 
suture on left, with circular area on right representing insertion of teres minor. Clamp holds fibrous bands traversing quadrilatéral 
space that tether neurovascular bundle. Deltoid is reflected to right. D f Dissection is complété, with fibrous bands dissected away from 
neurovascular bundle. (Redrawn from Cahill BR, Palmer RE: Quadrilatéral space syndrome, J Hand Surg 8:65, 1983.) SEE TECHNIQUE 46-6. 
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9 «After décompression is complété (Fig. 46-18D), place a 
finger on the posterior circumflex artery. Abduct the arm 
and test the puise for adéquate décompression. 

■ Do not reattach the teres minor to the capsule, and 
approximate only the deltoid. 

POSTOPERATIVE CARE Aslingis worn until the patient 
feels comfortable. Early range of motion is encouraged 
to avoid superimposed adhesive capsulitis. 


SUPRASCAPULAR NERVE ENTRAPMENT 

Suprascapular neuropathy is a relatively uncommon but well- 
recognized source of shoulder pain, weakness, and dysfunc- 
tion. Boykin et al. estimated the prevalence of suprascapular 
neuropathy to be at least 4.3% in patients with shoulder com- 
plaints presenting to an academie referral center. Much 
higher rates, as high as 33%, hâve been reported in elite over- 
head athlètes. Suprascapular neuropathy occurs most com- 
monly in young and middle-aged individuals. 

The suprascapular nerve is derived from the upper trunk 
of the brachial plexus formed by the roots of C5 and C6 at 
the Erb point. The nerve passes parallel to the omohyoid 
muscle dorsal to the brachial plexus and beneath the trape- 
zius to the superior edge of the scapula and through the 
suprascapular notch, which can assume several configura¬ 
tions. The transverse scapular ligament forms the roof of the 
notch. After passing through the notch, the nerve supplies the 
supraspinatus and the shoulder capsule and the glenohu- 
meral and acromioclavicular joints. The nerve turns around 
the latéral margin of the scapular spine to innervate the 
infraspinatus. 

Most suprascapular nerve entrapments occur at the 
suprascapular notch. The nerve can be injured at the supra¬ 
scapular notch as a resuit of compression by the overlying 
transverse scapular ligament. A narrow notch or a calcified 
ligament has been shown to be associated with an increased 
risk of injury to the suprascapular nerve. A 3D-CT study of 
760 consecutive patients scheduled for shoulder surgery 
showed that morphologie changes of the scapular notch are 
related to aging, with the notch narrowing in older 
individuals. 

Lipomas and ganglion cysts hâve been described com- 
pressing the inferior branch of the suprascapular nerve and 
leading to isolated infraspinatus atrophy. These usually are 
found at the spinoglenoid notch and can be seen on MRI (Fig. 
46-19). The ganglion cyst usually is the resuit of intraarticular 
pathology, such as a posterior labral tear. The nerve may be 
compressed by the spinoglenoid ligament, also known as the 
inferior transverse scapular ligament, which arises from the 
latéral aspect of the root of the spine of the scapula and inserts 
at the margin of the glenoid with fibers to the posterior gle- 
nohumeral capsule. This ligament tightens with cross-body 
adduction and internai rotation, compressing the nerve. 

Nerve traction injuries associated with rotator euff tears 
hâve been suggested as a cause of suprascapular neuropathy, 
as hâve répétitive overhead activities that may produce muscle 
and tendon microtrauma with nerve inflammation and com¬ 
pression. In a study of 65 patients with confirmed supra¬ 
scapular neuropathy, nearly half of the neuropathies were 


related to trauma; the other two most frequent causes were 
inflammatory processes, such as brachial neuritis, and cysts; 
none were attributed to notch abnormalities. 

The diagnosis may be confirmed on electromyography as 
long as the surgeon alerts the electromyographer to the phys- 
ical findings and proposed diagnosis. Patients usually com- 
plain of deep, aching, diffuse pain and may complain of 
weakness of external rotation and abduction with overhead 
activities. Muscle atrophy may or may not be présent. Painless 
atrophy is more common with compression of the nerve at 
the spinoglenoid notch. 

If no structural lésion, such as a cyst, is seen on MRI, 
activity modification, NSAIDs, and a shoulder réhabilitation 
program should be the initial treatment. If nonoperative 
treatment fails, surgery should be considered. In patients with 
proven compression of the nerve and a space-occupying 
lésion or cyst, nonoperative treatment may hâve less favorable 
results over time, and early surgery generally is recom- 
mended. Arthroscopie and open approaches hâve been 
described for décompression of the nerve, based on the loca¬ 
tion and cause of compression. We generally prefer an 
arthroscopic approach. 


POSTERIOR SURGICAL APPROACH 
FOR SUBSCAPULAR NERVE 
ENTRAPMENT 


TECHNIQUE 46-7 


(POSTAND MAYER) 

■ Place the patient in a semiprone position with the arm 
draped free. 

■ Make an incision parallel and slightly cephalad to the 
spine of the scapula 10 to 12 cm long (Fig. 46-20A). 
Sharply elevate the trapezius from the scapular spine. Use 
electrocautery to control bleeding. 

■ As the fibers of the trapezius and periosteum are ele- 
vated, a thin, fatty layer can be seen between the under- 
surface of the trapezius and supraspinatus muscles. Do 
not elevate the supraspinatus from its fossa. Retract the 
trapezius muscle cephalad with a wide blunt retractor. 

■ Using blunt dissection with a wet, gloved finger, palpate 
the suprascapular ligament overlying its notch. Only 
minimal distal retraction of the supraspinatus muscle is 
required (Fig. 46-20B). 

■ Use a blunt elevator to clean the suprascapular ligament 
(Fig. 46-20C). Avoid the suprascapular artery and vein 
immediately superficial to the ligament. 

■ Sharply release the ligament, protecting the suprascapu¬ 
lar nerve beneath. Further exploration of the nerve or 
neurolysis is unnecessary. 

■ Inspect and palpate the surrounding région to rule out 
any abnormal masses. 

■ Reattach the trapezius muscle to the spine of the scapula 
using nonabsorbable sutures placed through several drill 
holes in the bone. 

■ Close the wound in the routine manner and apply a sling 
for immobilization. 
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Magnetic résonance images showing entrapment neuropathy of suprascapular nerve by ganglion. A f Arrowheads 
show small, low-density shadow just posterior to neck of glenoid. B and C f Ganglion cyst (arrows) in région of spinoglenoid notch. Cyst 
appears to originate from posterosuperior aspect of glenohumeral joint. (From Cummins CA, Messer TM, Nuber GW: Suprascapular nerve 
entrapment, J Bone Joint Surg 82A:415, 2000.) 


SUPRASCAPULAR NOTCH 
DECOMPRESSION 


TECHNIQUE 46-8 


■ Make a saber or transverse incision along the scapular 
spine. 

■ Split the trapezius along its fibers and retract the supra- 
spinatus posteriorly. 

■ Locate and release the transverse ligament, taking care 
to preserve the vascular structures running above and the 
nerve running below the ligament. 

■ In addition to ligament release, the notch can be widened 
with a burr if indicated. 


SPINOGLENOID NOTCH 
DECOMPRESSION 


TECHNIQUE 46-9 


■ Make a posterior incision, with a longitudinal incision 3 
cm médial to the postérolatéral corner of the acromion 
or with a vertical incision in the skin lines (Fig. 46-2IA). 

■ Divide the deltoid in line with its fibers, taking care not 
to split it too distally to avoid injury to the axillary nerve. 

■ Identify the infraspinatus fascia and incise it; retract the 
infraspinatus muscle inferiorly. 

■ Carry dissection down the latéral aspect of the scapular 
spine; identify and release the spinoglenoid ligament (Fig. 
46-21B and C). 
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JjJ Posterior surgical approach. A f Skin incision. B f Supraspinatus muscle retracted downward to bring into view supra- 
scapular artery and nerve. C f Suprascapular artery and transverse scapular ligament are isolated, permitting easy removal of ligament. 


SEE TECHNIQUE 46-7. 


REMOVAL OF A GANGLION FROM 
THE INFERIOR BRANCH OF THE 
SUPRASCAPULAR NERVE 


TECHNIQUE 46-10 


(THOMPSON, SCHNEIDER, AND KENNEDY) 

■ Detach the infraspinatus muscle and reflect it toward the 
vertébral border of the scapula to expose the posterior 
shoulder capsule and the posterior neck of the glenoid 

(Fig. 46-22). 

■ Identify and dissect the ganglion, leaving the nerve intact. 

POSTOPERATIVE CARE Active motion is allowed within 
10 to 14 days after surgery and is increased as pain 
permits. 


More recently, arthroscopic treatment has become our 
preferred method for suprascapular nerve entrapment at 
the spinoglenoid notch owing to a ganglion cyst. Usually the 
cyst results from some intraarticular pathology, such as a 


posterior labral tear, and arthroscopic treatment of the pathol¬ 
ogy with internai cyst décompression has been successful. 
This technique is described in Chapter 52. 

ELBOW INJURIES 

ELBOW TENOPATHIES 
■ LATERAL EPICONDYUTIS (TENNIS ELBOW) 

Latéral epicondylitis (tennis elbow), a familiar term used to 
describe myriad symptoms around the latéral aspect of the 
elbow, occurs more frequently in nonathletes than athlètes, 
with a peak incidence in the early fifth decade and has a 
nearly equal gender incidence. Latéral epicondylitis can occur 
during activities that require répétitive supination and prona¬ 
tion of the forearm with the elbow in near full extension. 
Runge first described the clinical entity in 1873, and since 
then almost 30 different conditions hâve been proposed as 
causes. Recent studies hâve suggested that some individuals 
may hâve a genetic prédisposition to develop tennis elbow. 
Although originally described as an inflammatory process, 
the current consensus is that latéral epicondylitis is initiated 
as a micro tear, most often within the origin of the extensor 
carpi radialis brevis. Microscopie fmdings show immature 
reparative tissue that resembles angiofibroblastic hyperplasia. 
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C 


Open décompression of the spinoglenoid notch. A f Oblique incision starting 4 cm médial to the postérolatéral corner 
of the acromion. B, Exposure of the notch after splitting the deltoid and retracting the infraspinatus inferiorly. C f Spinoglenoid liga¬ 
ment is released. (Redrawn from Piasecki DP, Romeo AA, Bach BR Jr, Nicholson GP: Suprascapular neuropathy, J Am Acad Orthop Surg 17:665, 
2009 ) SEE TECHNIQUE 46-9 


The pathologie process mainly involves the origin of the 
extensor carpi radialis brevis but can involve the tendons of 
the extensor carpi radialis longus and the extensor digitorum 
communis. 

The diagnosis of tennis elbow is made by localizing dis- 
comfort to the origin of the extensor carpi radialis brevis. 
Tenderness typically is présent over the latéral épicondyle 
approximately 5 mm distal and anterior to the midpoint of 
the condyle. Pain usually is exacerbated by resisted wrist dor- 
siflexion and forearm supination, and there is pain when 
grasping objects. Plain radiographs usually are négative; 
occasionally calcifie tendinitis may be présent. MRI shows 
tendon thickening with increased Tl and T2 signal intensity. 
One study showed that excellent surgical results corresponded 


with a high-signal intensity focus on T2-weighted images of 
the extensor carpi radialis brevis at the latéral épicondyle. 

Other entities that can produce pain in this general vicin- 
ity are osteochondritis dissecans of the capitellum, latéral 
compartment arthrosis, varus instability, and, perhaps most 
commonly, radial tunnel syndrome. Radial tunnel syndrome 
is a compressive neuropathy of the posterior interosseous 
nerve caused by any of four different anatomie structures in 
the radial tunnel, including a fibrous band near the anterior 
aspect of the radial head, a vascular leash of the récurrent 
radial artery, the distal extensor carpi radialis brevis tendon 
margin, or the supinator margin at the arcade of Frohse. The 
pain of radial tunnel syndrome is located 3 to 4 cm distal to 
the latéral épicondyle and may be reproduced with long 
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FIGURE 


^ Surgical approach for removal of ganglion. SEE 


TECHNIQUE 46-10. 


finger extension against résistance. The latter finding is incon- 
sistent, as are abnormalities on electromyography. True latéral 
epicondylitis and radial tunnel syndrome may coexist in 5% 
of patients. 

i TREATMENT 

Regardless of the underlying cause, nonoperative treatment 
is successful in 95% of patients with tennis elbow. Initial 
nonoperative treatment includes rest, ice, injections, and 
physical therapy with ultrasound, iontophoresis, electrical 
stimulation, manipulation, soft-tissue mobilization, friction 
massage, stretching and strengthening exercises, and coun- 
terforce bracing. 

In some patients, one or two local injections of a steroid 
préparation to the area of maximal tenderness are helpful. As 
an adjunct to local injection, an attempt to “complété the 
lésion” by forcibly flexing the wrist affer local anesthetic injec¬ 
tion to initiate the inflammatory cascade and induce healing 
can be done. Early studies were promising for extracorporeal 
shock wave therapy, but more recent studies hâve shown con- 
flicting results. One study did not find a meaningful différ¬ 
ence between treatment of latéral epicondylitis with 
extracorporeal shock wave therapy combined with forearm 
stretching and treatment with forearm stretching alone. A 
double-blind, randomized, placebo-controlled trial found 


that radial ESWT was not more effective in reducing pain or 
improving function or grip strength than sham treatment. 
Two other recent studies, however, reported that ESWT was 
effective in the treatment of acute and chronic latéral epicon¬ 
dylitis. Autologous blood injection has been shown to be 
bénéficiai in certain patients. Edwards and Calandruccio 
achieved 79% success in relieving pain in patients in whom 
ail other nonoperative treatments failed. PRP injections hâve 
been reported to be more effective than corticosteroid injec¬ 
tions in relieving pain and improving function, although 
some studies found that autologous blood injections were 
more successful than PRP. A recent systematic review con- 
cluded that PRP injection can improve pain and lower the 
risk of complications, whereas autologous blood injection can 
improve pain, disabilities scores, and pressure pain threshold 
but has a higher risk of complications, whereas a controlled 
randomized clinical trial determined that two ultrasound- 
guided PRP injections were not more effective than saline 
injections. A direct comparison of PRP injections (28 patients) 
and surgery (50 patients) for récalcitrant tennis elbow found 
equal results in two relatively small groups of patients. From 
the current literature, no firm conclusions can be drawn 
about the effectiveness of PRP or autologous blood injections 
or the superiority of one method over the other. 

Despite daims of success of a multitude of nonoperative 
treatment methods, a meta-analysis involving 2280 patients 
reported in randomized controlled trials concluded that there 
is no intermediate-term to long-term clinical benefit affer 
nonoperative treatment compared with observation only or 
placebo. Another systematic review of randomized controlled 
trials, however, did not report a lack of benefit but noted that 
the existing literature provides no conclusive evidence of 
superiority of any one nonoperative treatment method. 

If prolonged (6 to 12 months) nonoperative treatment is 
ineffective, operative treatment may be considered; it is effec¬ 
tive in approximately 90% of properly selected patients. In a 
study of 580 patients with latéral epicondylitis, Knutsen et al. 
reported 84% success with nonoperative treatment. Factors 
identified as prédictive of the need for surgical treatment 
included a workers compensation daim, prior injection, 
presence of radial tunnel syndrome, previous orthopaedic 
surgery, and duration of symptoms of more than 12 months. 
Numerous surgical procedures hâve been described for the 
treatment of tennis elbow. Formerly, we used the technique 
popularized by Boyd and McLeod, which was an effort to 
eliminate ail possible causes of latéral epicondylitis. This pro¬ 
cedure included excision of the proximal portion of the 
annular ligament, release of the entire extensor origin, exci¬ 
sion of an adventitious bursa (if found), and resection of 
hypertrophie synovium in the radiocapitellar articulation. 
Currently, we favor a more limited approach, which consists 
of exposure of the diseased extensor carpi radialis brevis 
origin, resection of degenerative tissue, and possibly direct 
repair to bone. 

Manipulation under anesthésia, especially in patients 
with concomitant flexion contractures, has been advocated. 
The technique involves sudden, forcible, full extension of the 
elbow with the wrist and fingers flexed and the forearm pro- 
nated to place the extensor carpi radialis brevis and extensors 
under tension. An audible, palpable snap frequently can be 
elicited, and the results can be excellent. We hâve no expéri¬ 
ence with this particular technique, but it seems to be a more 
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aggressive form of the previously mentioned manipulative 
attempt at completion of the lésion. 

Only a few patients with latéral epicondylitis (1% to 2%) 
cannot be treated successfully by either nonoperative or opér¬ 
ative methods. Morrey divided operative failures into two 
groups based on postoperative symptoms. Patients in the first 
group had symptoms similar to those experienced before 
surgery, whereas patients in the second group reported a dif¬ 
ferent symptom complex affer surgery Treatment failed in 
patients in the first group because of inadéquate release or 
incorrect initial diagnosis, most often related to radial tunnel 
syndrome; in the second group, treatment failed because of 
capsular or ligamentous insufficiency that resulted in either a 
capsular fistula or postérolatéral instability. Elbow instability 
can occur in patients in either group (especially patients with 
traumatic origins for latéral elbow pain) affer overzealous 
release that includes the anterior band of the latéral collateral 
ligament. It is important to obtain a thorough history to 
détermine if the patients symptoms hâve changed and a 
careful physical examination to identify instability, pain in 
the région of the épicondyle, or radial tunnel syndrome. 
These should be supplemented with arthrograms to detect 
synovial fistula and capsular insufficiency or with arthros- 
copy and examination with the use of anesthésia to detect 
instability or arthrosis. 

According to most authors, patients who will improve 
affer surgery do so within 3 to 4 months. We believe that 1 


year is a reasonable period to consider repeat intervention if 
symptoms hâve not improved. 


CORRECTION OF TENNIS ELBOW 


TECHNIQUE 46-11 


(NIRSCHL, MODIFIED) 

■ Make a gently curved incision 5 cm long centered over 
the latéral épicondyle (Fig. 46-23A). 

■ Incise the deep fascia in line with the incision and retract 
it. Identify the extensor carpi radialis longus and the origin 
of the extensor digitorum communis, which partially 
obscures the origin of the deeper extensor carpi radialis 
brevis (Fig. 46-23B and C). 

■ Elevate the brevis portion of the conjoined tendon at the 
midportion of the latéral épicondyle toward the elbow 
joint. 

■ Because normal-appearing Sharpey fibers are elevated, 
excise abnormal-appearing tendon. The diseased tissue 
may appear fibrillated and discolored and may contain 
calcium deposits. 

■ Occasionally, the disease process will hâve spread to the 
origin of the extensor digitorum communis, and a portion 
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Surgical technique for correction of tennis elbow. A f Skin incision. B f Origins of extensor carpi radialis longus and 
extensor digitorum communis are identified. C f Reflection of conjoined extensor tendon. D f Osteotome décortication. SEE TECHNIQUE 
46-11. 
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of this can be excised. We see no reason to enter the joint 
itself, unless preoperative évaluation indicates intraarticu- 
lar processes, such as a loose body, degenerative joint 
disease, effusion, or synovial thickening. 

■ Decorticate a small area of the latéral épicondyle with a 
rongeur or osteotome, taking care not to enter the joint 
and damage the articular cartilage (Fig. 46-23D). 

■Consider suturing the remaining normal tendon to the 
fascia or periosteum, or attach it with nonabsorbable 
sutures through drill holes in the épicondyle. Suture 
anchors can be used at the discrétion of the surgeon. 

■ Close the extensor carpi radialis longus and extensor digi- 
torum communis interval with absorbable sutures (which 
cover the knots made for the extensor carpi radialis brevis 
repair to bone if anchors are used). 

■ Close the skin incision with absorbable 4-0 sutures and 
adhesive strips. 

POSTOPERATIVE CARE The splint is removed within 
the first week of surgery, and range-of-motion exercises 
are begun. After the wound has healed (10 to 14 days), 
therapy is continued, including edema control and range- 
of-motion exercises, followed by strengthening exercises. 
Strenuous activity can be resumed within the limits of 
pain in 8 to 10 weeks, and full power should return in 


approximately 3 months. The réhabilitation protocol is 
not time dépendent, but rather goal dépendent, with 
patients passing from one phase to the next after certain 
goals hâve been met (Box 46-3). 


Percutaneous latéral release has been reported to be as 
effective as open release. We hâve no expérience with this 
technique; it does not remove diseased tendon, but it may 
trigger the inflammatory cascade, which leads to the resolu¬ 
tion of symptoms. 

Arthroscopic release has been reported to obtain results 
equal to those of open procedures with several advantages. 
The lésion can be treated without sacrifice of the common 
extensor origin. Arthroscopy allows intraarticular examina¬ 
tion for other pathologie processes and permits a shorter 
postoperative réhabilitation period and an earlier return to 
work. Three distinct patterns of pathologie changes hâve been 
identified in the latéral capsule and at the undersurface of the 
extensor carpi radialis brevis. Type I lésions appear 
arthroscopically with intact capsules, type II are linear tears 
at the undersurface of the capsule, and type III are complété 
tears of the capsule with partial or complété avulsion of the 
extensor carpi radialis brevis tendon. For the arthroscopic 
technique, see Chapter 52. 


Réhabilitation Protocol for Epicondylitis 


Phase 1: Acute 

Goals 

1. Reduce inflammation and pain 

2. Promote tissue healing 

3. Retard muscular atrophy 

Treatment Regimen 

■ Cryotherapy 

■ Whirlpool 

■ Stretching to increase flexibility 

■ Wrist extension and flexion 

■ Elbow extension and flexion 

■ Forearm supination and pronation 

■ FHigh-voltage galvanic stimulation 

■ Phonophoresis 

■ Friction massage 

■ lontophoresis (with an antiinflammatory drug such as 
dexamethasone) 

■ Avoiding painful movements (e.g., gripping) 

Phase 2: Subacute 

Goals 

1. Improve flexibility 

2. Increase muscular strength and endurance 

3. Increase functional activities and return to function 

Treatment Regimen 

■ Emphasize concentric and eccentric strengthening 

■ Concentrate on involved muscle group or groups 


■ Wrist extension and flexion 

■ Forearm pronation and supination 

■ Initiate shoulder strengthening (if deficiencies are noted) 

■ Continue flexibility exercises 

■ May use counterforce brace 

■ Continue use of cryotherapy after exercise or function 

■ Initiate graduai return to stressful activities 

■ Gradually reintroduce previously painful movements 

Phase 3: Chronic 

Goals 

1. Improve muscular strength and endurance 

2. Maintain and enhance flexibility 

3. Gradually return patient to sport or high-level activities 

Treatment Regimen 

■ Continue strengthening exercises (emphasize eccentric and 
concentric exercises) 

■ Continue to emphasize deficiencies in shoulder and elbow 
strength 

■ Continue flexibility exercises 

■ Gradually diminish use of counterforce brace 

■ Use cryotherapy as needed 

■ Initiate graduai return to sport activity 

■ Recommend equipment modifications (e.g., grip size, string 
tension, playing surface) 

■ Emphasize maintenance program 


From Wolk KE, Arrigo C, Andrews JR: Réhabilitation of the elbow in the throwing athlete, J Orthop Sports Phys Ther 17:305,1993. 
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■ MEDIAL EPICONDYLITIS 

Médial epicondylitis is similar to latéral epicondylitis, 
although much less common and more difficult to treat. The 
origin of the flexor carpi radialis and pronator te res (flexor 
pronator mass) are commonly involved and, less typically, the 
flexor digitorum superficialis and flexor carpi ulnaris. This 
entity must be differentiated from ulnar nerve neuropathy 
and médial collateral ligament instability. 

Médial epicondylitis frequently occurs with répétitive 
overhead motion and affects athlètes involved in racket sports 
and others who participate in activities that create a valgus 
force at the elbow. Physical examination usually reveals pain 
along the médial elbow that becomes worse on resisted 
forearm pronation and wrist flexion. The area of maximal 
tenderness is approximately 5 mm distal and anterior to the 
midpoint of the médial épicondyle. Loss of range of motion 
and a flexion contracture may be présent. Radiographs usually 
are normal, but médial ulnar traction spurs and médial col¬ 
lateral ligament calcifications may be seen and may be associ- 
ated with a chronic ulnar collateral ligament injury. 


Conservative treatment is the mainstay of management. 
Antiinflammatory médication, splinting, and an occasional 
steroid injection, which can be more precisely administered 
under ultrasound guidance technology, provide sustained 
relief in most patients. If nonoperative treatment fails, exci¬ 
sion of the diseased tendon origin and reattachment usually 
are successful. Techniques range from a percutaneous 
release to open debridement with or without release of the 
flexor pronator origin. Vangsness and Jobe described release 
of the flexor pronator origin, excision of the pathologie 
tissue, and reattachment of the flexor pronator origin to 
bleeding bone. Nirschl preferred excising the pathologie 
tissue of the flexor-pronator origin in a manner that leaves 
normal tissue intact and repairing the subséquent defect 
(Fig. 46-24). The ulnar nerve should be decompressed and 
transposed in patients who hâve ulnar nerve symptoms pre- 
operatively. Epicondylectomy also can be done, but no more 
than 20% to 25% of the épicondyle should be removed to 
avoid damage to the ulnar collateral ligament. Overall, the 
results are not as successful as with latéral epicondylar 
procedures. 
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Nirschl technique for médial epicondylitis. A f Skin incision. B f Longitudinal exposure of tissue of flexor-pronator 
origin. C f Excision of pathologie tissue. D f Normal tissue of pronator origin left intact. E f Closure of defect in flexor-pronator origin 
with absorbable suture. (Redrawn from Dlabach JA, Baker CL: Latéral and médial epicondylitis in the overhead athlete, Oper Tech Orthop 11:46, 
2001 ) SEE TECHNIQUE 46-12. 
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CORRECTION OF MEDIAL 
EPICONDYLITIS 


TECHNIQUE 46-12 


(NIRSCHL) 

■ Make a slightly curved 5-cm incision starting approxi- 
mately 1 cm proximal and just posterior to the médial 
épicondyle (Fig. 46-24A). Placement of the incision pos- 
teriorly avoids sensory branches of the médial antebrach- 
ial cutaneous nerve anterior and distal to the 
épicondyle. 

■ Retract the subcutaneous tissue and skin over the médial 
épicondyle to expose the common flexor origin. 

■ Make a longitudinal incision in the tendon origins, begin- 
ning at the tip of the médial épicondyle, distally for 3 to 
4 cm to expose the pathologie tissue (Fig. 46-24B). 

■ Excise the pathologie tissue elliptically, including the joint 
capsule if necessary, while leaving the normal tissue of 
the attachment to the médial épicondyle intact (Fig. 
46-24C and D). 

■Close the elliptical defect with absorbable suture (Fig. 
46-24E). 

■ Transpose the ulnar nerve in patients with symptoms or 
pathologie anatomy found at the time of surgery. 

■ Close the subcutaneous tissue with absorbable suture 
and the skin with a running subcuticular suture. 

■ Apply a dressing and a posterior splint with the elbow in 
90 degrees of flexion. 

POSTOPERATIVE CARE The splint is removed 1 week 
after surgery, and elbow range-of-motion exercises are 
initiated. Strengthening exercises are started when full 
range of motion is achieved, typically 3 weeks after 
surgery. Strenuous activity can résumé when the patient 
achieves normal strength without pain, which is typically 
3 months after surgery. A longer period of immobilization 
and slower progression of réhabilitation are indicated in 
patients who had ulnar nerve transposition. 


ELBOW CONTRACTURES 

A normal range of elbow motion is 0 to 150 degrees. Some 
loss of motion is associated with ail but the most trivial of 
elbow injuries, but a full range of elbow motion is unneces- 
sary for most activities of daily living. A functional range of 
motion generally is considered to be 30 to 130 degrees, with 
50 degrees of pronation and supination each. A flexion con¬ 
tracture that exceeds 45 degrees markedly impairs the ability 
to position the hand in space. Elbow contractures resuit from 
a variety of causes, including trauma, hétérotopie ossification, 
burns, spasticity, postoperative scarring, and prolonged 
immobilization. Of these, only the last can be effectively pre- 
vented. Recent investigation into the molecular pathogenesis 
has revealed the involvement of neuroinflammatory mecha- 
nisms, including mast cell activation and aberrant growth 
factor expression. 


Contractures can be initially managed effectively with 
physical therapy and splinting. Ulrich et al. described a static 
progressive stretching orthosis using stress relaxation prin- 
ciples that resulted in a mean increase of 26 degrees in flexion 
arc. Our goal is to restore a functional range of motion (30 to 
130 degrees). Surgery should be considered for patients with 
a flexion arc of less than 100 degrees after nonoperative treat- 
ment, especially patients with flexion contractures of more 
than 45 degrees. 

Causes of motion loss are classified as intrinsic or extrin- 
sic. Extrinsic causes include contractures of the capsule or 
collateral ligaments, extraarticular malunions, and hétéro¬ 
topie ossification. Intrinsic causes include the sequelae of 
intraarticular fractures, such as cartilage damage, articular 
incongruity, and adhesions. Contracture resulting from pri- 
marily extrinsic causes can be treated with resection of the 
contracted structures. In contrast, contractures resulting 
from intrinsic causes may require alteration of the articular 
anatomy. Extrinsic causes (capsular contracture) are almost 
always présent when intrinsic causes are primary. 

A history and physical examination, plain radiographs, 
MRI, and CT with three-dimensional reconstruction can be 
used to détermine the type of contracture. If joint surfaces are 
normal and contractures are secondary to capsular problems, 
a simple arthroscopic or open release is performed. If intraar¬ 
ticular surfaces hâve been altered or destroyed or extensive 
intraarticular adhesions are présent, a distraction arthro- 
plasty with or without fascial interposition is done. These 
procedures are described in detail in Chapter 12. 

Although elbow manipulation under anesthésia has 
been reported to improve range of motion, we do not recom- 
mend isolated manipulation in patients with long-standing 
contractures because it may prédisposé to fracture, hema- 
toma formation, scarring, and hétérotopie ossification. 
Rather, manipulation after operative contracture release has 
been found to be a useful adjunct. 

A variety of surgical release procedures hâve been 
described for treatment of elbow contractures. Anterior 
release without biceps lengthening works best in patients 
with flexion contractures but is unlikely to improve function 
in patients with concomitant articular surface damage. Can¬ 
didates for this treatment hâve a relatively well-preserved 
ulnohumeral joint and minimal or no osteophytes in the olec- 
ranon fossa. Combined anterior and posterior releases, as 
well as combined médial and latéral approaches, also hâve 
been described for treatment of elbow contractures. Ail 
approaches hâve similar reported success rates in improving 
elbow flexion arc. In addition to improving elbow motion, 
such releases hâve been found to improve general health 
status measures, although the scores do not necessarily cor- 
relate with range of motion gains. 

A modified latéral approach has been described for 
release of posttraumatic flexion contracture of the elbow. The 
technique is a modification of Nirschls procedure for resec¬ 
tion and repair of latéral epicondylitis and allows exposure of 
the entire anterior elbow joint without disturbing the common 
extensor origin or the collateral ligaments. If indicated, a 
posterior, triceps-splitting approach is used to expose the 
olecranon fossa. Another incision described for extrinsic 
posttraumatic elbow contracture allows anterior capsular 
exposure laterally through an interval in the brachioradialis 
and extensor carpi radialis longus. 
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We believe that the latéral approach (the so-called column 
procedure) has several advantages over the anterior approach. 
Anterior and posterior capsulectomy can be performed, and 
additional extension can be obtained by removing débris 
from the olecranon fossa. Similarly, flexion can be increased 
by triceps tenolysis posteriorly. Skin problems also are less 
likely if constant passive motion is used. Reported increases 
in total arc of motion average 40 to 50 degrees. Although 
reliable for posttraumatic contractures, open surgical release 
is less reliable for adolescents and patients with traumatic 
brain injuries. In posttraumatic patients where fracture fixa¬ 
tion constructs are removed, risk of refracture must be con- 
sidered. We typically recommend release of any constricting 
adhesions around the fixation implants but reserve removal 
for a staged procedure, if necessary. 

Hinged external fixation can be used as an adjunct affer 
contracture release, particularly if the latéral ligamentous 
complex is violated as part of the procedure. However, because 
the range of motion is not markedly improved, complications 
are frequent, and the device is expensive, we reserve hinged 
external fixation for instances where elbow stability would be 
otherwise compromised without the device. 

We usually approach elbow contractures arthroscopically 
as a primary procedure (see Chapter 52). Open techniques 
are described here for elbow contractures that cannot be 
treated arthroscopically. We approach open release of elbow 
contractures using the method outlined by Morrey. 


along with any enlargement of its margins. If flexion to 
135 degrees is impossible, look for a source of anterior 
impingement. If necessary, remove scar tissue or any 
osteophytes in or around the coronoid fossa. 

■ Examine the elbow to ensure that a functional range of 
motion has been achieved. 

■ Carefully repair the entire latéral tissue sleeve. Apply a 
splint with the elbow in full extension. 

POSTOPERATIVE CARE A continuous passive motion 
machine can be used 12 hours a day for 1 week, but this 
is somewhat controversial, with one study suggesting no 
benefit to use of continuous passive motion after open 
contracture release. After this first phase, active and 
passive range-of-motion exercises are done hourly, with 
the elbow splinted between exercise sessions and at 
night. Supervised physical therapy visits continue for 6 
weeks, two or three times a week. At 6 weeks, daytime 
splinting is discontinued, although splinting at night is 
continued for another 6 weeks. 


Complications after elbow contracture release include 
wound healing problems, infection, and récurrent stiffness. 
Because range of motion can continue to improve for up to 
1 year after initial release, we encourage patience in postop- 
erative management. In patients with a récurrent contracture 
unresponsive to conservative management, repeat surgical 
excision has resulted in good reported outcomes. One of the 
unique complications after elbow contracture release is 
delayed onset ulnar neuritis (DOUN), which has been 
reported in 11% of patients undergoing arthroscopic contrac¬ 
ture release, but this complication is more common in patients 
with more severe contractures. Prophylactic ulnar nerve 
décompression and/or transposition at the time of contrac¬ 
ture release is recommended to prevent this complication. 

HETEROTOPIC OSSIFICATION 

Hétérotopie ossification around the elbow remains a challeng- 
ing problem seen most commonly in association with trauma, 
burns, and head injuries (Box 46-4). Although the précisé 
mechanism at the histologie level has yet to be elucidated, a 
complex interaction of factors results in the conversion of 
progenitor cells to ostéogénie cells with subséquent bone for¬ 
mation. Furthermore, the character and location of hétéro¬ 
topie ossification tend to vary with the associated pathology 
(Box 46-5), rendering generalized statements about this dis- 
order difficult to make. However, most authors agréé that if 
ectopic bone around the elbow is causing or contributing to a 
loss of functional elbow motion, then an operative procedure 
is warranted to remove the offending bone and release the 
joint capsule. This principle applies whether the motion limi¬ 
tation is partial or complété (ankylosis). 

Much of the recent investigation has focused on the risk 
factors relevant to the formation of clinically significant hét¬ 
érotopie ossification. The prépondérance of evidence identi¬ 
fies more complex trauma (fracture-dislocations), delay in 
fracture fixation, multiple attempts at closed réduction, use 
of adjunctive bone graffs, concomitant head injuries, and pro- 
longed immobilization to be associated with ectopic bone 
formation after elbow injuries. In particular, more severe 


ANTERIOR AND POSTERIOR RELEASE 
OF ELBOW CONTRACTURE 


TECHNIQUE 46-13 


(MORREY) 

■ Place the patient supine on the operating table with a 
sandbag under the ipsilateral shoulder. Drape the extrem- 
ity free and bring the forearm across the abdomen. 

■ Extend the Kocher approach by making an extensive skin 
incision (15 cm) proximally along the supracondylar ridge; 
continue it distally to the latéral épicondyle, ending over 
the subeutaneous border of the ulna (Fig. 46-25A). 

■ Proximally carry the dissection onto the supracondylar 
ridge. 

■ Carefully elevate the brachialis from the anterior joint 
capsule (Fig. 46-25B and C). 

■ Place retractors deep to the brachioradialis and brachialis 
to expose the underlying joint capsule (Fig. 46-25D). 

■ Perform an anterior capsulectomy from latéral to médial 
(Fig. 46-25E). Take care to preserve the latéral collateral 
ligament and stay anterior to its origin. 

■ Then elevate the triceps from the posterior aspect of the 
humérus, taking care to stay posterior to the latéral col¬ 
lateral ligament origin. 

■ Retract the triceps to expose the underling joint capsule. 

■ To improve flexion, perform a posterior capsulectomy pro- 
ceeding from latéral to médial. Take care not to venture 
too far medially so as to injure the ulnar nerve. 

■ Completely extend the elbow. If extension is incomplète, 
débridé the olecranon fossa and the tip of the olecranon, 
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Plane of 
excision 





Latéral approach (Morrey). A f Skin incision for extensile Kocher approach. B f Deep fascia is incised along latéral 
margin of triceps proximally and along interval between anconeus and extensor carpi ulnaris distally. C f To preserve periosteal continu¬ 
ité triceps tendon is reflected subperiosteally from tip of olecranon. D f Extensor mechanism of elbow is reflected medially, tip of 
olecranon is removed (inset), and common origin of extensors of forearm is released from latéral épicondyle and adjacent structures. 
Extensor muscles are elevated to expose anterior part of capsule of elbow in interval between brachialis and capsule. E f Latéral col¬ 
lateral ligament is identified and released as distally based flap that can be reattached later to anatomie site of its proximal attachment 
on humérus. With latéral collateral ligament carefully retracted, anterior part of capsule now can be exposed and resected way across 
to médial site. (Redrawn from Morrey BF: Post-traumatic contracture of the elbow: operative treatment, including distraction arthroplasty, J Bone 
Joint Surg 72A:601, 1990.) SEE TECHNIQUE 46-13. 
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Risk Factors for Developing Hétérotopie 
Ossification About the Elbow 


Trauma 

■ Open elbow dislocation requiring extensive or multiple 
debridements 

■ Elbow dislocation associated with fractures that require 
open réduction internai fixation 

■ Radial head fractures treated with surgery > 24 hours after 
injury 

Surgery 

■ Distal biceps tendon repair 

■ Repeated procedures with an improper exposure in the 
first 2 weeks 

■ Central nervous System injury 

■ Traumatic brain injury 

■ Elbow trauma in patients with traumatic brain injury 

Burns 

■ Third-degree burns over 20% of total body area 

■ Third-degree burns over the elbow 

■ Long periods of bed confinement 

Genetic Conditions 

■ Fibrodysplasia ossificans progressiva 

■ History of hétérotopie bone formation 

Modified from Morrey BF, Harter GD: Ectopic ossification about the elbow. In 
Morrey BF, Sanchez-Sotelo J, editors: The elbow and its disorders, 4 th ed, Phila¬ 
delphia, 2009, Elsevier. 



Location of Hétérotopie Ossification Related to 
Associated Pathologie Process 


Traumatic 

■ Most often postérolatéral elbow 

■ Bone bridge between latéral humerai condyle and pos¬ 
térolatéral olecranon 

■ Bone may fill olecranon fossa 

■ Antérolatéral compartment second most common 
location 

■ Bone may extend from distal humérus to radius and 
ulna at level of bicipital tuberosity 

■ Coronoid frequently enlarged, blocking elbow flexion 

Burn-Related 

■ Most often posteromedial 

■ Cubital tunnel often obliterated 

■ Ulnar nerve may be completely encased in bone 

Neurogenic 

■ Most common anteriorly in flexor muscles or posteriorly 
in extensors 

■ Ossification tends to occur within the muscle and follow 
a single plane 

■ Forearm and proximal radioulnar joint also may be involved 

Modified from Morrey BF, Harter GD: Ectopic ossification about the elbow. In 
Morrey BF, Sanchez-Sotelo J, editors: The elbow and its disorders, 4 th ed, Phila¬ 
delphia, 2009, Elsevier. 


injuries and delay in surgical management are most com- 
monly cited as important associations. We therefore recom- 
mend early surgical management of complex elbow trauma 
in an attempt to limit ectopic bone formation. 

Although the timing of excision of hétérotopie ossifica¬ 
tion around the elbow remains a matter of debate, the current 
trend is for early surgical excision. Studies hâve shown no 
evidence of increased récurrence rates with early excision, 
and there is evidence that delay in excision may prédisposé 
to worse outcomes. Criteria suggested for early excision (3 to 
6 months after injury) include union of ail fractures, healing 
of ail initial wounds, and resolution of inflammation. Exci¬ 
sion of hétérotopie ossification around the elbow is typically 
done through a limited or extended Kocher approach; a mul¬ 
tiple incision technique also has been described for hétéro¬ 
topie ossification excision after burn injuries, in which 
soff-tissue préservation is paramount to avoid skin break- 
down and infection. Preoperative CT scanning is recom- 
mended to identify the précisé location of the ectopic bone 
and the position of the médian and ulnar nerves. 


EXCISION OF HETEROTOPIC 
OSSIFICATION 


TECHNIQUE 46-14 


(MORREY AND HARTER) 

■ Usually a posterior skin incision is made, and subeutane- 
ous dissection is carried laterally or medially depending 
on the location of the hétérotopie ossification. Care must 
be taken to identify and protect the ulnar nerve. 

POSTEROLATERAL EXCISION 

■ For postérolatéral resection, retract the triceps mechanism 
medially without disturbing its insertion and expose the 
ectopic bone subperiosteally. Resect the central portion 
of the bony bridge. 

■ Flex the elbow and remove the attachments of the ectopic 
bone to the humérus and olecranon. Anterior capsular 
release is not necessary. 

■ Excise any ectopic bone in the olecranon fossa to reduce 
olecranon impingement. 

MEDIAL EXCISION 

■ When the posterior ectopic bone extends to the médial 
aspect of the elbow, ulnar nerve transposition is 
necessary. 

■ Identify the ulnar nerve, which may be completely sur- 
rounded by bone. 

■ Expose the triceps expansion and incise it distal to its 
insertion. 

■ Expose the ectopic bone subperiosteally and resect it. 

■ If the ectopic bone interfères with ulnar nerve function, 
decompress the nerve or transfer it anteriorly if necessary. 

ANTERIOR EXCISION 

■ If anterior excision is necessary, elevate the origins of the 
brachioradialis and brachialis muscles from the latéral 
supracondylar ridge to expose the ectopic bone. 
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9 « Identify the radial nerve and retract it laterally. 

■ Resect the bone subperiosteally. 

CLOSURE 

■ Deflate the tourniquet and obtain hemostasis before 
routine layered closure over a suction drain. Do not close 
the capsule. Apply a soft dressing that will allow immédi¬ 
ate postoperative range of motion. 

POSTOPERATIVE CARE Indomethacin is prescribed for 
6 weeks after surgery. Although low-dose radiation has 
been used for prophylaxis against récurrence, evidence to 
support its use is weak. Intensive physical therapy and 
adjunctive progressive splinting are initiated to preserve 
the gains in range of motion. If motion goals are not met, 
manipulation under anesthésia can be done at about 6 
weeks after surgery. 


Outcomes following ectopic bone excision are generally 
improved. Recent studies hâve reported an average gain in 
flexion arc of approximately 50 to 70 degrees, and clinical 
results do not vary by etiology (traumatic brain injury, burns, 
or direct elbow trauma). Patients with preoperative ankylosis 
can expect more improvement than those with partial motion 
restriction; however, récurrence is more common in patients 
with central nervous System injuries. 
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Récurrent dislocations of a joint can resuit from one or more 
traumatic dislocations when subséquent healing of the joints 
supporting structures has been déficient. The following pre- 
disposing factors also can be présent in the joint or limb: an 
abnormal contour or alignment of the joint itself (congénital 
or traumatic), congénital relaxation of the soft supporting 
structures of the joint, and muscle imbalance. 

PATELLA 

Récurrent dislocation of the patella can follow a violent initial 
dislocation, but it occurs more often in knees with one or 
more underlying anatomie abnormalities that prédisposé the 
patella to dislocation or subluxation. In these knees, minor 
trauma is needed for the initial dislocation to occur. The 
underlying pathologie condition causes an abnormal excur¬ 
sion of the extensor mechanism over the fémoral condyles. 
Several anatomie factors should be considered when évaluât - 
ing a patient with récurrent dislocation of the patella. 

Anatomie studies hâve shown the contributions of the 
various portions of the quadriceps muscle to knee extension. 
The vastus lateralis pulls laterally to the frontal plane of the 
fémur at an angle of 7 to 10 degrees. The vastus medialis is 
divided into two parts: the vastus medialis longus (with its 
muscle fibers pulling at 15 to 18 degrees medially) and the 
vastus medialis obliquus (with its muscle fibers pulling at a 
relatively horizontal 50 to 55 degrees medially). The primary 
function of the vastus medialis obliquus muscle is to stabilize 
the patella against the latéral pull of the vastus lateralis, 
making the vastus medialis obliquus the dynamic stabilizer 
of the patella. 


Static factors, the primary stabilizers of the patella, 
include the shape of the patella, the fémoral sulcus, a patellar 
tendon of appropriate length, and a normally tensioned 
médial capsule reinforced by the patellofemoral and patello- 
tibial ligaments. The main factor that resuit s in récurrent 
patellar dislocation is incompétence of the médial patello¬ 
femoral ligament (MPFL). The MPFL is an extrasynovial 
ligament, as is the médial collateral ligament. Injury may 
resuit in minimal long-term damage with return of full func¬ 
tion, mild-to-moderate laxity, or incompétence from avulsion 
or interligamentous failure with résultant instability. MRI 
to evaluate the site and extent of injury is indicated for 
instability. 

Static and dynamic forces tend to displace the patella 
laterally. Brattstrôm first described the Q angle as an angle 
formed by the line of pull of the quadriceps mechanism and 
that of the patellar tendon as they intersect at the center of 
the patella. Clinically, this angle is represented by the inter¬ 
section of a line drawn from the anterior superior iliac spine 
to the center of the patella with a second line drawn from the 
center of the tibial tuberosity to the center of the patella (Fig. 
47-1). For this measurement to be accurate, the patella must 
be centered on the trochlea by flexing the knee 30 degrees. In 
males, the Q angle normally should be 8 to 10 degrees; in 
females, the normal angle is 15 degrees ± 5 degrees. This 
valgus angle gives a latéral force vector to the patellofemoral 
joint as the knee is extended. The factors that can increase 
this Q angle are genu valgum, increased fémoral antéversion, 
external tibial torsion, a laterally positioned tibial tuberosity, 
and a tight latéral retinaculum. The Q angle also can be 
increased in a dynamic mode by internally rotating the fémur 
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Center of 
patella 


FIGURE 


\^SBÊ Q angle (see text). 


on a fixed tibia, as in a “cutting” maneuver. Any of these 
factors that increase the Q angle can be a contributing factor 
in récurrent patellar dislocation. 

The shape of the patella itself also can be a contributing 
factor. An abnormally small or dysplastic patella can interfère 
with the smooth gliding motion of the patella in the intercon- 
dylar groove. A high-riding patella (patella alta) is considered 
by many authors to be the most common cause of récurrent 
dislocation or subluxation of the patella. Dysplasia of the 
fémoral condyles also can be a contributing factor. Patients 
with a hypoplastic latéral fémoral condyle hâve lost a bony 
support that prevents latéral subluxation of the patella from 
the intercondylar groove. 

CLINICAL FEATURES 

In patients with récurrent dislocation or subluxation of the 
patella, an accurate history is still one of the most important 
diagnostic tools. Patellar problems can mimic various “inter¬ 
nai dérangements” of the knee. An accurate history of the 
mechanism of injury and the type and area of pain is impor¬ 
tant. Patients who hâve récurrent dislocation frequently 
report diffuse pain around the knee that is aggravated by 
going up and down stairs or hills. The pain usually is located 
anterior in the knee and often is described as an aching pain 
with intermittent épisodes of sharp, severe pain. A feeling of 
insecurity in the knee and occasionally of “giving way” or 
“going out” of the knee may be présent. Patellar crépitation 
and swelling of the knee are common. Physical findings 
include the previously cited factors that contribute to increas- 
ing the Q angle. In addition, patellofemoral crepitus may be 
palpable and an effusion may be présent. 

The examination begins by observing the patients patel¬ 
lar height, with the patient in the seated position. An upward 
tilt indicates patella alta. Dynamic patellar tracking is evalu- 
ated with the examiner standing in front of the seated patient 
while the patient slowly extends the knee. A positive J sign 
(slight latéral subluxation of the patella as the knee approaches 



Positive appréhension test with displacement 
of patella (see text). 


full extension) indicates some degree of maltracking. Active 
patellar tracking also should be examined with the knee 
relaxed in the extended position. When the quadriceps 
muscle is tightened, motion of the patella is examined. Nor- 
mally, the patella should move more superiorly than laterally. 
With the patient supine and the knee flexed 30 degrees with 
a bolster behind the knee, the Q angle is measured. Insuffi- 
ciency of the fémoral sulcus and the MPFL, which provide 
60% of the médial stabilization, is tested by applying an 
inferolaterally directed stress while palpating the ligament. 
The patellar grind test is done by applying pressure to the 
patella and manually displacing it medially, laterally, superi¬ 
orly, and inferiorly in the trochlear groove. This test repro- 
duces anterior knee pain when a patellofemoral pathologie 
condition is présent. 

For the “appréhension test,” the examiner holds the 
relaxed knee in 20 to 30 degrees of flexion and manually 
subluxes the patella laterally. When the test is positive, the 
patient suddenly complains of pain and resists any further 
latéral motion of the patella (Fig. 47-2). The same controlled 
maneuver is done while slowly flexing and extending the 
patients knee. The examiner visually divides the patella into 
four quadrants and passively moves the patella medially and 
then laterally, measuring the amount of excursion in the 
patellar quadrants. This is done with the knee at 0 degrees 
and at 20 degrees of flexion. Normally, passive patellar glide 
is one to two quadrants medially and laterally. Excessive 
latéral retinacular tightness is indicated by limited médial 
passive patellar glide and by a négative patellar tilt. 

The patellar tilt test is done with the knee in 20 degrees 
of flexion. The examiner s fingers are placed along the médial 
side of the patella with the thumb on the latéral aspect. 
Inability to raise the latéral facet to the horizontal plane or 
slightly past indicates excessive latéral retinacular tightness. 

Tenderness may be palpated at the quadriceps or patellar 
tendon insertion on the patella or at the médial or latéral 
retinaculum; defects in the retinaculum also may be palpable. 
Tenderness along the médial or latéral facets of the patella 
may be noted with direct palpation of the facet as the patella 
is manually subluxed and rotated to expose these articular 
surfaces. This patellar tenderness may indicate a pathologie 
condition of the articular cartilage. 
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Thigh circumferences measured proximal to the patella 
often show quadriceps atrophy on the involved side. With the 
patient sitting and the knees flexed 90 degrees, a latéral or 
superior position of the patella sometimes can be seen. After 
careful examination of the uninvolved and injured knees, 
other joints should be examined for hyperlaxity. Hyperexten¬ 
sion of the knees or elbows past 10 degrees, ability to touch 
the thumb passively to the forearm, hyperextension of the 
metacarpophalangeal joint of the index finger, and multidi- 
rectional laxity of the shoulder joint ail are indicative of 
generalized ligamentous laxity. Patients with generalized liga- 
mentous laxity hâve been found to hâve fewer articular lésions 
associated with dislocations than patients without ligamen¬ 
tous laxity. The thigh-foot angle is measured with the patient 
prone and the knee flexed 90 degrees. An angle of more than 
30 degrees indicates significant rotational deformity of the 
lower extremity. The final part of the examination is done 
with the patient standing and consists of observation for 
malalignment (i.e., fémoral antéversion, genu valgum, exter- 
nal tibial torsion, and pes planus). 

RADIOGRAPHIC FEATURES (Table 47-1) 

The anteroposterior radiograph rarely provides any informa¬ 
tion regarding patellofemoral problems. It may reveal a 
bipartite patella, which is a variant of normal. Occasionally, 
an osteochondral fracture of the médial patellar edge can be 
seen. Also, loose bodies or osteochondral fractures occasion¬ 
ally are présent. The latéral view of the knee is helpful in 
determining patella alta. Blumensaat showed that with 
the knee flexed 30 degrees, a line extending through the 


intercondylar notch should just touch the lower pôle of the 
patella (Fig. 47-3). Several authors, however, hâve found the 
Blumensaat line to be an inexact index of patella alta. 

In a review of 114 latéral radiographs of normal knees, 
Insall and Salvati found that the length of the patellar tendon 
(LT) and the diagonal length of the patella (LP) had a ratio 
of 1.0 (Fig. 47-4), with less than 20% variation. They con- 
cluded that patella alta is likely to be présent if LT exceeds 



A f Normal knee. Lower pôle of patella at Blu¬ 
mensaat line at 30 degrees of flexion of knee. B f Patella alta. 
Patella significantly proximal to Blumensaat line. 


TABLE 47-1 


Radiographie Measurements of the Patella 

TECHNIQUE 

MEASUREMENT 

CHARACTERISTICS 

Blumensaat line (Fig. 47-3), latéral 
radiograph, to détermine patella 
alta 

With knee flexed 30 degrees, line is drawn 
through intercondylar notch 

Should approximate the 
lower pôle of the patella 

Insall-Salvati index (Fig. 47-4), latéral 
radiograph 

LT : LP = 1.0 

Patella alta if ratio >1.2 

Trochlear depth (Dejour) (Fig. 47-5), 
latéral radiograph 

Trochlear depth measured 1 cm from top of 
groove 

Should be >5 mm 

Patellar height (Caton-Deschamps), 
latéral radiograph 

Ratio between articular facet length of patella 
(AP) and distance between articular facet of 
patella and anterior corner of superior tibial 
epiphysis (AT). Knee flexed 30 degrees. 

AP/AT ratio—normal 0.6-1.3 
Patella inféra—ratio < 0.6 
Patella alta—ratio >1.3 

Blackburne-Peel ratio 

Length of articular surface of patella to length 
measured from articular surface of tibia to inferior 
pôle of patella 

Normal ratio 0.54-1.06 

Patellar tilt (CT scan) 

Angle formed by intersection of the tangent of 
the posterior condyles and the major axis of the 
patella on 20-degree flexion scan 

Normal angle: < 20 degrees 
Angle > 20 degrees: dysplasia 

TT-TG (axial radiograph, CT scan) 

Two lines drawn perpendicular to posterior 
bicondylar line, one line through middle of 
trochlear groove and second through tibial 
tuberosity. Distance between the lines is measured 

>20 mm = malalignment 

Crossing sign (Fig. 47-6) 

Anterior cortical outline of condyle intersects 
trochlear outline 

Dysplastic sulcus 

Trochlear bump (Fig. 47-6) 

Trochlear line extends anterior to fémoral cortex 

Dysplastic sulcus 


CT, Computed tomography; LP, length of the patella; LT, length of the patellar tendon; TT-TG, tibial tubercle-trochlear groove. 
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Insall method of diagnosing patella alta. Length 
of patellar tendon (LT) and length of patella (LP) hâve normal 
LT-to-LP ratio of 1.0. Variation of more than 20% indicates abnor¬ 
mal position. 


LP by more than 20% (ratio of >1.2). Dejour used a true 
latéral radiograph with the knee in 20 degrees of flexion to 
evaluate trochlear insufficiency. The trochlear depth mea- 
sured 1 cm from the top of the groove should be 5 mm or 
more (Fig. 47-5). A “crossing sign,” when the anterior corti¬ 
cal outline of the condyle intersects the trochlear outline, 
indicates a dysplastic sulcus, as does a trochlear “bump” 
when the trochlear line extends anterior to the fémoral 
cortex (Fig. 47-6). 

Blackburne and Peel described a similar ratio of the 
length of the articular surface of the patella to that of the 
length measured from the articular surface of the tibia to 
the inferior pôle of the patella. They suggested that these 
landmarks can be seen and reproduced more easily on radio- 
graphs. Normal ratios with this measurement were between 
0.54 and 1.06. 

The most important routine view of the patellofemoral 
joint is the axial view of the patella. Several methods hâve 
been described for taking this axial view (Fig. 47-7). For this 
radiograph to be meaningful, both knees should be exposed 
at the same time for comparison. The plane of the film should 
be perpendicular to the x-ray beam to avoid distortion, the 
legs should be held vertical to prevent rotation that might 
simulate low latéral fémoral condyles, the quadriceps muscles 
should be relaxed to prevent the patella from being reduced 
at the time the radiograph is made, and the knee should be 
flexed in the range of 20 to 45 degrees because more flexion 
generally reduces most patellofemoral abnormalities. 

When the axial view has been obtained, the shape of 
the patella should be evaluated, along with the shape of 
the fémoral trochlea and the relationship of the patella to the 
fémur. Normally, the patella appears evenly seated within the 
trochlear groove of the fémur, with an equal distance between 
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both patellar facets and the adjacent fémoral surfaces. Abnor¬ 
malities include tilting of the patella or subluxation and 
complété dislocation of the patella (Fig. 47-8). The trochlea 
is evaluated on the Merchant view for dysplasia, sulcus angle 
greater than 145 degrees, and congruence, normally 60+11 
degrees (Figs. 47-9 and 47-10). For chronic or récurrent 
dislocations or first-time dislocations in athlètes, MRI or CT 
examination may be indicated to evaluate for chondral 
damage, loose bodies, dysplasia, and malalignment. An axial 
view at the superior trochlear groove is used to evaluate 
dysplasia; superimposed views are used to evaluate malalign¬ 
ment. Tibial tubercle-trochlear groove (TT-TG) distance of 
more than 20 mm on CT (Fig. 47-11) or MRI may indicate 
malalignment and necessitate distal realignment. 


CONSERVATIVE TREATMENT 

■ ACUTE PATELLAR DISLOCATION 
OR SUBLUXATION 

Affer an acute dislocation or subluxation of the patella, the 
knee is immobilized in a commercial immobilizer with a 
Jones-type compressive dressing and crutches are used for 
ambulation. If hemarthrosis is présent, causing significant 
pain and tightness, aspiration under stérile conditions is 
indicated before the extremity is immobilized. 

Quadriceps-setting exercises and three sets of 15 to 20 
straight-leg raises are done four or five times a day during the 
acute period. Ice is applied for 20 minutes every 2 to 3 hours 
to reduce swelling. The knee immobilizer and compressive 
wrap are discontinued at 3 to 5 days, affer the acute reaction 
has resolved. The crutches are discontinued when the patient 
is able to do straight-leg raises with a 5-lb ankle weight and 
is able to walk with a near-normal gait. 

Réhabilitation should emphasize closed-chain exercises, 
including wall sets, in which the patient squats to approxi- 
mately 40 degrees while keeping the back fiat against the wall 
for 15 to 20 seconds, for a total of 10 to 15 répétitions. Side 
and forward step-up exercises using a 6- to 8-inch platform 
should be performed affer the acute inflammatory reaction 
has resolved. These are followed by short-arc leg presses and 
endurance-type strengthening using a stationary bike and 
Stairmaster. The patient can return to sports activity when 
quadriceps and hamstring muscle strength is at least 85% 
normal and sport-spécifie agility has been regained. Gener¬ 
ally, a patellar stabilizing brace is prescribed for the first 6 to 
8 weeks during réhabilitation and long-term for sports 
activity. 

■ PATELLOFEMORAL MALALIGNMENT AND 
RECURRENT PATELLAR SUBLUXATION 

Surgery is not needed in ail patients with patellofemoral 
malalignment or récurrent subluxation of the patella. Good 
results hâve been achieved with a conservative exercise treat- 
ment program in moderately active individuals. A réhabilita¬ 
tion program to strengthen the quadriceps muscle is prime. 
A program similar to that followed affer acute dislocation, 
with the addition of more résistive exercises, can be started 
early, and a patellar stabilization brace can be worn to help 
prevent chronic récurrent subluxation. With failed conserva¬ 
tive treatment in active, healthy surgical candidates, operative 
correction of the médial laxity or tubercle transfer is neces- 
sary to help prevent joint détérioration. 
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Classification of trochlear dysplasia (Dejour). 
Type A: Crossing sign is présent on true latéral view; trochlea is 
shallower than normal, but still symmetric and concave. Type B: 
Crossing sign and trochlear spur; trochlea is fiat or convex in axial 
images. Type C: Crossing sign plus double-contour sign represent- 
ing sclerosis of the subchondral bone of the médial hypoplastic 
facet; on axial CT views, latéral facet is convex. Type D: combina¬ 
tion of ail signs—Crossing sign, supratrochlear spur, and double- 
contour sign; cliff pattern on axial CT views. (Redrawn from Dejour 
D, Saggin P: The sulcus deepening trochleoplasty—the Lyon's procedure, 
Int Orthop 34:311, 2010.) 





SURGICAL TREATMENT 
■ ACUTE PATELLAR DISLOCATION 

Operative intervention for an acute, first-time patellar dislo¬ 
cation is indicated in patients with osteochondral fracture 
and a loose body formation or joint incongruity. Surgery also 
may be indicated for compétitive athlètes at or near the end 



FIGURE 


"Crossing" sign and trochlear bump. 


of their season if they plan to pursue high-level athletic activi¬ 
tés. Lewallen et al. found a 62% success rate at long-term 
follow-up of conservative treatment of acute patellar disloca¬ 
tions in 198 pédiatrie and adolescent patients. The success 
rate dropped to 31% in patients with open physes and troch¬ 
lear dysplasia. In their systematic review, Matic et al. reported 
a 27% failure rate with MPFL repair compared with a 6.6% 
failure rate with reconstruction. 

Studies of a cadaver model determined that the MPFL is 
the main stabilizer of the patella and the patellotibial and 
patellomeniscal ligaments are secondary stabilizers. A tear of 
the MPFL off the fémur is frequent in patients with acute 
patellar dislocations, as is partial disruption of the vastus 
medialis with ripping away of the muscle from the adductor 
magnus tendon. These injuries usually can be repaired 
through a small (4 cm) incision centered over the adductor 
tubercle; accelerated réhabilitation with no immobilization is 
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Radiographie techniques for évaluation of patellofemoral joint. A, Infrapatellar view. B, Axial view. C, Skyline view. 



FIGURE 


Latéral tilt of patella on axial view. 



FIGURE 


Merchant view showing hypoplastic sulcus. 
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ÜJ Measurements of patellofemoral congruence 
described by Merchant et al. F, facet; L, latéral condyle; M, médial 
condyle; P, patellar ridge; S, sulcus. Angle MSL is sulcus angle 
(average, 137 degrees; standard déviation, 6 degrees). Line SO is 
zéro reference line bisecting sulcus angle. Angle PSO is congru¬ 
ence angle (average, -8 degrees; standard déviation, 6 degrees). 
Line PF (latéral facet) and line ML form patellofemoral angle that 
should diverge latérally. 



Lines used to calculate tibial tubercle lateraliza- 
tion using CT. Line is drawn on superimposed image between 
posterior margins of fémoral condyles (AB). Two lines are drawn 
perpendicular to this, one bisecting fémoral trochlear groove (CD) 
and one bisecting anterior tibial tuberosity through chosen point 
in center of patellar tendon insertion (EF). Distance between 
these two lines (GFI) is measured in millimeters. (From Jones RB, 
Barletta EC, Vainright JR, et al: CT détermination of tibial tubercle lat- 
eralization in patients presenting with anterior knee pain, Skeletal Radiol 
24:505, 1995.) 


recommended to prevent arthrofibrosis. Buddula et al. 
reported 70% good to excellent results at 6-year follow-up 
after arthroscopic médial imbrication and latéral release. 


OPEN REPAIR OF THE MEDIAL 
PATELLOFEMORAL LIGAMENT 
AND VASTUS MEDIALIS 
OBLIQUUS MUSCLE 


TECHNIQUE 47-1 


■ After a thorough arthroscopic examination to identify and 
correct any intraarticular pathologie condition, an open 
repair is performed. 

■ Make a 4-cm oblique incision over the adductor tubercle 
in line with the skin cleavage plane. Incise the covering 
of the fascia in line with the skin incision, avoiding injury 
to the branch of the saphenous nerve. 

■ Identify the distal belly of the vastus medialis obliquus 
muscle, and retract the vastus medialis obliquus superiorly 
and anteriorly to help expose the MPFL. 

■ If a residual stump of soft tissue is attached to the adduc¬ 
tor tubercle, perform direct repair of the ligament with 
nonabsorbable sutures. If the ligament is avulsed off the 
tubercle, use suture anchors for approximation of the 
ligament. The anatomical attachment is along the anterior 
aspect of the proximal third of the tuberosity. 

POSTOPERATIVE CARE. An accelerated réhabilitation 
program is begun with immédiate postoperative motion. 
Weight bearing is allowed to tolérance, and early 
strengthening and function are allowed as tolerated. 
Closed-chain exercises are emphasized, as for conserva¬ 
tive treatment of patellar dislocations. 


■ PATELLOFEMORAL MALALIGNMENT AND 
RECURRENT PATELLAR SUBLUXATION 

If dislocation of the patella continues despite appropriate 
nonoperative treatment, surgery is indicated. Otherwise, the 
patient may become apprehensive and afraid to use the knee, 
and with continued récurrence the joint may be severely 
damaged. Abnormal patellofemoral articulation, abnormal 
quadriceps pull, osteochondral free fragments, chondroma- 
lacia of the patella, and meniscal tears and degeneration ail 
contribute to progressive détérioration of the knee joint. With 
récurrent dislocation of the patella, the articulating surfaces 
degenerate not so much because the patella is sometimes or 
often dislocated but because the excursions of the patella are 
abnormal during any motion of the knee. 

More than 100 surgical procedures hâve been described 
for the treatment of patellofemoral instability. The key to 
successful surgical intervention is correctly identifying 
and treating the pathologie anatomy producing the instabil¬ 
ity. The physical and imaging examinations should provide 
ample information for determining the areas that require 
surgical treatment (Table 47-2). The complexity of the proce¬ 
dure chosen should be appropriate for the problem identified, 











CHAPTER 47 RECURRENT DISLOCATIONS 


TABLE 47-2 


Treatment of Patellofemoral Instability 1 

PATHOLOGY 

DIAGNOSTIC FINDINGS 

PROCEDURE 

CONTAINMENT 

Patella alta 

Insall index >1 :2 

Distalization 

Trochlear dysplasia 

Crossing sign 

Trochlear bump 

Sulcus angle >145 degrees 

MPFL reconstruction 

Trochleoplasty* 

Patellar dysplasia 

Wiberg type C 

MPFL reconstruction 

ALIGNMENT 

Tibial tubercle 

Q angle > 20 degrees, TT-TG > 20 mm 

Anteromedialization of tuberosity 

Fémoral antéversion 

Thigh-foot angle > 30 degrees 

Rotational osteotomyt 

External tibial torsion, genu valgum, 
hyperpronation 

Observation for malalignment 

Orthotics and réhabilitation 

SOFT-TISSUE IMBALANCE 

Dynamic (VMO dysfunction) 

TT-TG <20 mm 

Réhabilitation 

Static 



Incompetent MPFL 

or generalized hyperlaxity 

Overconstraint 

Latéral glide 3 quadrants 

Latéral tilt (excessive latéral pressure 
syndrome) 

Médial imbrication if good tissues 
or MPFL reconstructiont 

Latéral release 


*Trochleoplasty: risk/benefit excessively high. 
tRotational osteotomy: high risk/benefit. 

tlf soft-tissue strength is in doubt, reconstruct in skeletally mature patient. 

MPFL, Médial patellofemoral ligament; TG, trochlear groove; TT, anterior tibial tuberosity; VMO, vastus medialis oblique. 


with focus on a reproducible, low-risk, high-reward proce¬ 
dure with a historically high success rate (Table 47-3 and 
Fig. 47-12). 

Procedures that involve transplantation of the tibial 
tuberosity are contraindicated until the proximal tibial physis 
has closed. Prématuré closure of the anterior portion of this 
physis can lead to genu recurvatum, requiring corrective 
osteotomy. 

During ail operative procedures for récurrent dislocation 
or subluxation of the patella, a thorough arthroscopic inspec¬ 
tion of the articular surfaces and intraarticular structures is 
important. Symptomatic chondral changes inferiorly and 
laterally can be improved by anteromedialization of the 
tuberosity, transferring the stress proximally and medially. 
Symptomatic chondral changes of the médial facet are exac- 
erbated by overtightening medially. 

No single operation is universally successful in correcting 
récurrent patellar dislocation and subluxation. The operation 
must be chosen insofar as possible with the needs of the 
individual patient as the foremost considération. The extent 
of the malalignment, the patients âge, the level of activity, and 
the condition of the joint also are important. For récurrent 
patellar instability with a hypermobile patella, radiographie 
findings in the anteroposterior and axial planes are important. 
If there is a shallow sulcus with a poorly developed trochlea, 
prolonged extensive physical therapy is indicated because of 
the high failure rate after surgery in these patients. When 
surgery is indicated, the best approach is an MPFL recon¬ 
struction. When severe dysplasia was présent, however, 
Hopper et al. found only 57% satisfactory results in 72 knees 
treated with MPFL reconstruction. Ntagiopoulos et al. 


recommended trochleoplasty for grade C or D dysplasia; they 
reported no stiffness, récurrence, or arthrosis in their 27 
patients. Distal realignment is performed when indicated. 
The risk-to-benefit ratio of a trochleoplasty may not warrant 
its use at this point. For récurrent instability with a Q angle 
at or near 20 degrees, knee arthroscopy is indicated to treat 
associated pathologie problems and to observe patellofemoral 
tracking through a superolateral portai. If grade 3 chondral 
changes are présent, an oblique osteotomy for distal realign¬ 
ment should be considered. After completing the realignment 
procedures, the Q angle as measured with a goniometer 
should be less than 15 degrees but more than 10 degrees. 
Patellar tracking can be reevaluated arthroscopically through 
the superolateral portai to ensure appropriate tracking and 
seating of the patella within the trochlea at 25 to 30 degrees 
of flexion. When the Insall index measures more than 1.2 on 
preoperative radiographs, the tibial tuberosity should be 
transferred distally and medially to create an Insall index of 
approximately 1.2. Patellar dislocations that are congénital or 
that occur secondary to other causes are discussed in Chap- 
ters 29 and 60. 

I LATERAL RELEASE 

A latéral release is indicated as an isolated procedure for 
parapatellar pain secondary to excessive latéral pressure 
syndrome (i.e., négative patellar tilt and less than one quad¬ 
rant passive médial patellar glide). In a combination realign¬ 
ment procedure, a latéral release is indicated when tight 
latéral structures prevent patellar centering. Marumoto et al. 
showed that an effective latéral release must include release 
of the retinaculum from the distal third of the vastus lateralis 




TABLE 47-3 


Surgical Procedures for Treatment of Patellar Instability 

LOW RISK—LOW REWARD 

Médial repair/imbrication 

30% failure rate, approximately the same as conservative treatment 

Indication: first dislocation + repairable chondral defect 

Instability in skeletally mature 

In combination with distal realignment 

Latéral release 

Excessive latéral pressure syndrome 

In combination with realignment procedure when excessive tightness prevents 
patellar centering 

May increase risk for both médial and latéral patellar subluxation 

LOW RISK—HIGH REWARD 

MPFL reconstruction 

Indicated for récurrent MPFL deficiency ± trochlear dysplasia 

Proximal or anterior fémoral placement or overtightening results in médial 
facet overload 

May combine with distal realignment 

Elmslie-Trillat procedure 

Indicated for instability, TT-TG >20 mm + strong repairable médial structures 
Healing time and risk for stress or contact fracture of proximal tibia much less 
than Fulkerson procedure 

HIGH RISK—HIGH REWARD* 

Fulkerson distal realignment 

Indicated for symptomatic latéral facet or distal pôle arthritis + TT-TG >20 mm 
Contraindicated with proximal/medial facet arthritis 

Long healing time, increased risk of proximal tibial fracture with sports 

Rotational high tibial osteotomy 

Indicated for instability + severe rotational deformity 

More normalized gait compared with distal realignment 

Trochleoplasty 

Indicated for dysplastic trochlea 

Low récurrence rate 

Increased risk for osteonecrosis, DJD, arthrofibrosis 

Latéral condyle: increased pressure; increased DJD of latéral facet 

Grooveplasty 

Increased DJD 

Good results with less risk reported with MPFL reconstruction 

3-in-1 procedure—extensor mechanism 
realignment + VMO advancement + 
transfer of the médial third of the 
patellar tendon to the MCL (Fig. 47-12) 

Récurrent instability, TT-TG >20 mm 

Open physes 


*lndicated in spécial circumstances when risk/benefit ratio is acceptable. 

DJD, Degenerative joint disease; MCL, médial collateral ligament; MPFL, médial patellofemoral ligament; TG, trochlear groove; TT, anterior tibial tuberosity; VMO, 
vastus medialis oblique. 



FIGURE 


Dejour sulcus-deepening trochleoplasty. SEE TECHNIQUE 47-8. 
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down to the tibial tuberosity to include the latéral patello- 
femoral and patellotibial ligaments. Most procedures for 
patellar realignment include release of the thickened and 
contracted latéral retinaculum when it prevents centering. 

Latéral release can be done as an open or arthroscopic 
procedure. With advances in arthroscopy, most latéral release 
procedures are now done arthroscopically. This allows com¬ 
plété exploration of the knee joint, which is important in 
any operation for patellar subluxation or dislocation. The 
technique of arthroscopic latéral release is described in 
Chapter 51. 


OPEN LATERAL RELEASE 


TECHNIQUE 47-2 


■ Perform an open latéral release afterthorough arthroscopic 
examination of the knee by extending the antérolatéral 
portai. 

■ Use Metcalf-type scissors to extend the retinacular release 
distally to the tibial tuberosity and then proximally to the 
superolateral edge of the patella. 

■ Release only the latéral third of the vastus lateralis tendon, 
and extend the release obliquely in line with the lateralis 
muscle superiorly and laterally. 

■ Release the latéral capsule down to the synovium. 

■ To identify the superolateral geniculate vessel better and 
prevent some of the complications of hemarthrosis asso- 
ciated with open and arthroscopic releases, make a 
superior antérolatéral 2-cm incision starting just latéral to 
the proximal pôle of the patella. 

■ Perform the release with scissors as previously described, 
and obtain hemostasis by coagulating the superolateral 
genicular artery. 

■ Place an intraarticular drain and apply a compression-type 
Jones dressing with a reinforced latéral patellar pad. 

POSTOPERATIVE CARE. The drain is removed after 24 
hours. A knee immobilizer is used for approximately 48 
hours to reduce swelling, after which range-of-motion 
and progressive strengthening exercises are begun, start¬ 
ing with straight-leg raises and progressing to closed- 
chain strengthening until symptoms résolve. 


I PROXIMAL SOFT-TISSUE PROCEDURES 

Indications for soff-tissue procedures include instability sec- 
ondary to médial laxity with or without trochlear dysplasia, 
fine-tuning of distal realignment procedures, and instability 
in skeletally immature patients. In the acute setting, isolated 
MPFL injury at the médial épicondyle as found on MRI 
should be repaired if the injury occurs near the completion 
of the athlètes season. Mini-open or arthroscopic imbrication 
should be done for mild-to-moderate chronic médial laxity, 
and MPFL reconstruction should be done for moderate-to- 
severe chronic médial laxity. To produce a stable patellofemo- 
ral joint, the site of injury of the MPFL must be identified and 
repaired, reinforced, or reconstructed with sufficient tissue to 
withstand the répétitive loading on the médial structures. 


MINI OPEN MEDIAL REEFING AND 
ARTHROSCOPIC LATERAL RELEASE 


TECHNIQUE 47-3 


Figure 47-13 


(NAM AND KARZEL) 

■ Examine the knee with the patient under anesthésia, and 
record range of motion, patellar tilt, and médial and 
latéral glide. 

■ Using standard inferolateral and inferomedial portais, 
perform a diagnostic arthroscopy. 

■Treat chondral or meniscal lésions with chondroplasty or 
partial meniscectomy. 

■ Perform a mini open médial reefing procedure. Make a 
4-cm incision, starting at the level of the superior pôle of 
the patella, 2 cm médial and parallel to the médial border 
of the patella extending distally. Carry dissection down 
through the subcutaneous tissues. 

■ Identify the vastus medialis and médial retinaculum and 
carefully inspect for any areas of detachment. Grasp these 
structures with a clamp and manually pull them laterally 
to assess the integrity at the adductor tubercle attach- 
ment site. 

■ Continue latéral advancement to the patella. Carefully 
incise the vastus medialis and médial retinaculum along 
the médial border of the patella down to, but not through, 
the level of the synovium. 

■ Using no. 2 nonabsorbable, braided polyester suture, 
advance the médial retinaculum to the médial border of 
the patella using at least four mattress sutures. 

■ Before the sutures are tied, assess range of motion to 
détermine congruent tracking of the patella and to ensure 
at least 90 degrees of knee flexion. 

■ Reintroduce the arthroscope to confirm centralization of 
the patella within the trochlear groove, and increase or 
decrease the suture tension as necessary. 

■ Tie the sutures with the knee in full extension, and close 
the incision in a standard fashion. 

POSTOPERATIVE CARE. After surgery, the knee is 
immobilized in full extension and the patient is allowed 
to bear weight as tolerated in a knee immobilizer. At 2 
to 3 weeks after surgery, the immobilizer is discontinued 
and graduai passive and active range-of-motion and 
quadriceps-strengthening exercises are begun with a 
formai physical therapy program. Patients are allowed to 
participate in sports in 4 months. 


Reconstruction of the Médial Patellofemoral Liga¬ 
ment. The MPFL should be repaired by making a 3-cm 
incision over the site of injury as shown by MRI. An incom¬ 
petent ligament with damage limited to the fémoral 
attachment can be repaired and reinforced by use of the 
adductor magnus tendon (Fig. 47-14). Chronic instability 
with a Q angle of less than 20 degrees or an extensively 
damaged MPFL should be treated using a semitendinosus 
hamstring tendon graff technique. Nelitz et al. reported no 
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FIGURE 


Nam and Karzel technique. A f Arthroscopic latéral release and mini-open médial reefing. B f Mattress sutures used 


to reef vastus medialis and médial retinaculum. SEE TECHNIQUE 47-3. 


Patellofemoral 

ligament 


Patellotibial 

ligament 




A f Médial patellofemoral ligament detached from médial fémoral épicondyle after acute patellar dislocation. 
B f Médial patellofemoral ligament with firm edge of vastus medialis obliquus muscle reinserted to periosteum of médial fémoral 
épicondyle, and adductor magnus tendon harvested. C f Adductor magnus tendon fixed near médial border of patella, and retinaculum 
duplicated. 


growth abnormalities or récurrences in 21 skeletally imma¬ 
ture patients treated with MPFL reconstruction. Two patients 
with severe dysplasia had persistence of appréhension. In 
their systematic review, Vavken et al. also found no growth 
abnormalities or récurrences in the 425 patients (456 knees) 
reported. Hopper et al. found that severe dysplasia reduced 
satisfactory results from 83% to 57%. 


Numerous techniques hâve been described for 
MPFL reconstruction, most using autogenous doubled 
semitendinosus-hamstring grafts placed in a physiometric 
position confirmed by palpation of landmarks and imaging, 
and tested for isometry. The technique we hâve been using 
for over 6 years involves appropriate placement of a strong, 
physiologically tensioned graft. This technique has resulted in 
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low récurrence rates with a low risk of producing patello- 
femoral arthrosis or loss of motion from overconstraint. 


MEDIAL PATELLOFEMORAL 
LIGAMENT RECONSTRUCTION 


TECHNIQUE 47-4 


(PHILLIPS) 

■ With the patient supine, place a tourniquet on the upper 
thigh. Use a latéral post on the operating table to assist 
with arthroscopic examination. 

■After stérile préparation and draping, arthroscopically 
examine the knee through standard médial and latéral 
portais to evaluate patellar tracking and look for intraar- 
ticular damage and evaluate patellar tracking. This évalu¬ 
ation is essential for determining appropriate treatment. 

■ Make a 3-cm incision 3 cm médial to the inferior portion 
of the patellar tuberosity and harvest the semitendinosus 
tendon in standard fashion. Size the folded graft so that 
the appropriately sized tunnel can be reamed later. Place 
a 0 Vicryl Krakow suture in each tail of the semitendinosus 
graft (Fig. 47-15A). 

■ Make two 2-cm incisions, the first just médial to the 
superior border of the patella and the second starting at 
the adductor tubercle and extending just distal to the 
médial épicondyle of the fémur, to expose the patello- 
femoral ligament. 

■ Dissect subcutaneously to expose the proximal médial 
retinaculum at its insertion into the proximal portion of 
the patella. Make a 1.5-cm incision in the retinaculum 
adjacent to the quadriceps insertion. 

■ Make a second 1 -cm vertical incision 1.5 cm latéral to the 
first incision through the quadriceps at its insertion into 
the patella. Use a Kelly clamp to spread the soft tissues 
and pass a looped no. 2 suture to use as a shuttle for the 
graft. 

■ Use blunt dissection to spread between layers 2 and 3 
(between the MPFL and the capsular layer), staying 
extrasynovial and developing the plane with a curved 
Kelly clamp directed toward the médial épicondyle, 
spreading between the layers to create a soft-tissue 
tunnel. Use the Kelly clamp to pass a looped suture to 
use as a shuttle for the tunnel thus created (Fig. 47-15B). 

■ Shuttle one tail of the graft through the slit in the quad¬ 
riceps, and then shuttle both tails through the MPFL 
tunnel to the fémoral insertion site. 

■ Select the site for the fémoral tunnel approximately 8 mm 
distal to the adductor tubercle, in the "saddle" région. 
Confirm correct position with imaging (Figs. 47-15C and 
47-16). 

■ Place a Beath-tip guidewire at the chosen spot, and pass 
two suture tails from the graft around the wire. Mark the 
sutures so that pistoning of the graft can be identified 
with range of motion of the knee. 

■ Move the knee through a range of motion and observe 
the sutures, which should hâve minimal motion between 
0 and 70 degrees of flexion and slight laxity above 70 
degrees. If tension increases with flexion, the fémoral 


tunnel site is too far proximal (most commonly) or pos- 
sibly too far anterior. If the sutures tighten excessively in 
extension, the tunnel is too far distal or too far posterior. 
If necessary, correct the guidewire position and repeat the 
évaluation. 

■ At the selected fémoral tunnel site, ream a 30-mm tunnel 
the diameter of the doubled tendon. 

■ Pull the graft taut, and stress the patella so as to allow 
for one to two quadrants of latéral passive glide. When 
the physiologie amount of tension on the graft is 
determined, make a mark on the graft, which will cor¬ 
respond to the aperture of the fémoral tunnel (Fig. 
47-15D). 

■ Cut the graft 20 mm distal to this mark to allow 20 mm 
of graft to be placed into the tunnel. 

■ Place absorbable whip sutures in the tails of the graft (Fig. 
47-15D), place them into the tip of a Beath pin, and pull 
them out laterally (Fig. 47-15E). 

■ Before fixation with a biocomposite screw, move the knee 
through a range of motion, once again making sure that 
the tendons do not become taut in flexion and that the 
tendon length is appropriate to allow one to two quad¬ 
rants of passive glide at 30 degrees of flexion so as not 
to overconstrain the patella. 

■ With the knee held in 60 degrees of flexion, maintain this 
graft length while it is secured with a biocomposite screw 
equal to the tunnel size chosen. Again, move the knee 
through a range of motion to make sure motion is not 
inhibited. 

■ Repair the retinaculum and place a stay suture in the 
quadriceps tendon just proximal to the split. Close the 
subeutaneous tissues with 2-0 Vicryl and the skin with 
absorbable monofilament suture (Fig. 47-15F). Apply a 
postoperative dressing and a knee brace. 

POSTOPERATIVE CARE. The knee joint is immobilized 
in extension with a simple knee brace for 3 days after 
surgery. Range-of-motion exercises and gait with weight 
bearing on two crutches are started and gradually pro- 
gressed. Weight bearing is allowed as tolerated immedi- 
ately after surgery. Walking with full weight bearing is 
usually possible 2 or 3 weeks after surgery. Extension 
during walking is maintained with a knee brace for 6 
weeks. Achieving at least 90 degrees knee flexion by the 
end of postoperative week 3 is encouraged. Jogging is 
allowed after 3 months, and participation in the original 
sporting activity is allowed 4 to 6 months after surgery, 
depending on the patient's réhabilitation progress. 


I DISTAL REALIGNMENT 

Indications for distal realignment include patellar instability 
secondary to malalignment indicated by a Q angle of more 
than 20 degrees and anterior tibial tuberosity-to-trochlear 
groove distance of more than 15 mm and patellar instability 
with inferior and latéral chondromalacia. Distal realignment 
has been perhaps the most widely used method of control- 
ling patellar dislocation. Hauser originally described transfer 
of the tibial tuberosity in which the transferred tuberosity 
is placed in a relatively posterior position, increasing 
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Phillips reconstruction of the médial patellofemoral ligament. A f Semitendinosus tendon graft. B f Création of soft- 
tissue tunnel. C f Correct position confirmed radiographically. D f Whip stitch placed in each end of graft. E f Graft tails passed through 
soft-tissue tunnel. F f Closure. SEE TECHNIQUE 47-4. 


Proximal 



Schôttle and colleagues' radiographie landmark 
for fémoral tunnel placement in médial patellofemoral ligament 
reconstruction. Two perpendicular lines to line 1 are drawn, 
intersecting the contact point of the médial condyle and posterior 
cortex (point 1, line 2) and intersecting the most posterior point 
of the Blumensaat line (point 2, line 3). For détermination of 
vertical position, distance between line 2 and the lead bail center 
is measured as is the distance between line 2 and line 3. SEE 
TECHNIQUE 47-4. 


patellofemoral contact stress and the incidence of late osteo- 
arthritis of the patellofemoral joint. This technique should 
not be used in children with open proximal physes and has 
fallen from favor with most orthopaedic surgeons. Hauser s 
method has been modified by several authors, including 
Trillat et al., Cox, and Brown et al. Anteromedialization for 
maltracking with associated chondral changes has been 
popularized by Fulkerson. Distal soft-tissue realignment 
procedures described by Roux, Goldthwait, and Galeazzi are 
probably best avoided. Instability in skeletally immature 
patients is best treated with a proximal procedure. 

Elmslie-Trillat Operation. Cox and Fulkerson described 
modifications of the Elmslie-Trillat procedure that require 
anterior displacement of the tibial tuberosity in realigning the 
patellofemoral mechanism. Cox reported 88% excellent and 
good results 6 to 24 months after surgery but later noted 
détérioration to 66% satisfactory results at 1 to 7 years. Brown 
et al. reported a slight modification of the Elmslie-Trillat 
procedure, with 81% good results at an average follow-up of 
42 months. The procedure consists of latéral retinacular 
release, médial retinacular plication, and médial transfer of 
the tibial tuberosity. The knee is examined arthroscopically, 
and any intraarticular pathologie condition is corrected. 
Patellar tracking is observed through a superolateral portai 
before and at the end of the procedure. 
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We recommend the modified Elmslie-Trillat procedure 
for dislocations with an Insall index of less than 1.2 and grade 
2 or less chondromalacia noted at arthroscopy. We hâve 
found the modification described by Shelbourne, Porter, and 
Rozzi to be as effective as the technique described by Cox, 
but with significantly less morbidity. For the best cosmetic 
resuit, an arthroscopic latéral release is done first. A 6- to 
7-cm distal antérolatéral incision is made, starting just distal 
to the joint line. To achieve the distal realignment, the tuber- 
osity is moved 8 to 10 mm medially and temporarily secured 
with a drill bit. Tracking is viewed arthroscopically, and, 
when congruent, the distal fixation is secured with low-profile 
screws. If proximal realignment is necessary, a 4-cm proximal 
médial parapatellar incision can be used. 


ELMSLIE-TRILLAT OPERATION 


TECHNIQUE 47-5 


(MODIFIED BY SHELBOURNE, PORTER, AND ROZZI) 

■ Make a 6-cm latéral parapatellar incision approximately 
1 cm latéral to the patellar tendon. 

■ Perform a latéral release from the tibial tubercle to the 
level of the insertion of the vastus lateralis tendon on the 
proximal patella. The release is considered adéquate 
when the patellar articular surface can be everted 90 
degrees laterally. 

■ Approach the tibial tubercle through the same parapatel¬ 
lar incision, and identify the patellar tendon insertion. 
Using a 2.5-cm fiat ostéotomie, raise a fiat, 6-cm long, 
7-mm thick osteoperiosteal flap, tapering anteriorly and 
hinged distally with periosteum. Do not violate the soft 
tissues. 

■ Rotate the bone flap medially, cracking the cortex distally, 
and hold it in place with a Kirschner wire while the knee 
is moved through a full passive range of motion to evalu- 
ate patellar tracking. 

■ If tracking is acceptable and the transferred tubercle fits 
flush with the underlying tibia, fix it with one or two AO 
4-mm cancellous lag screws. Use a 2.7-mm bit to drill 
through the tubercle and tibia. Angle the drill toward the 
joint and advance it until the posterior cortex is felt. 
Angling the drill proximally allows fixation to be placed 
in cancellous bone near the proximal tibia. Bicortical fixa¬ 
tion is not used, and the screw should be long enough 


(usually 40 to 50 mm) to corne near, but not penetrate, 
the posterior cortex. 

POSTOPERATIVE CARE. Weight bearing is allowed to 
tolérance using a straight-leg splint for ambulation for the 
first 6 weeks after surgery. At 1 week after surgery, closed 
chain kinetic strengthening is begun, with a goal of 
achieving 70% strength by 6 weeks. A functional pro¬ 
gression program that allows the patient to return to 
unrestricted sports is begun 8 to 12 weeks after surgery. 


I OBLIQUE OSTEOTOMY OF THE TUBEROSITY 

We generally prefer a slightly oblique osteotomy of the tuber- 
osity (Fig. 47-17), such as that described by Fulkerson and 
by Brown et al. that transfers the tuberosity anteriorly and 
medially. This procedure is indicated when grade 3 or 4 
chondromalacia is associated with récurrent dislocations. 
Fulkerson et al. used Steinmann pins placed through a guide 
to eut a fiat osteotomy surface that angled from anteromedial 
just deep to the anterior crest of the tibia in a postérolatéral 
direction (see Fig. 47-17C). They also made this eut deeper 
than that depicted to allow more anterior transfer of the 
tuberosity; however, the more superficial eut avoids a stress 
riser effect and reduces the risk of later fracture through the 
osteotomy. 

Although this technique has been reported to produce 
86% good to excellent results, complications hâve included 
stress risers and stress fractures through the area months after 
clinical and radiographie healing are présent. Mechanical 
testing showed that a fiat (Elmslie-Trillat) osteotomy had 
significantly higher mean load-to-failure and total energy-to- 
failure rates than the oblique osteotomy technique. Generally, 
this procedure is not indicated for athlètes and should be 
reserved for patients with severe patellofemoral degenerative 
changes. 

For récurrent patellar dislocation and significant patella 
alta with an Insall index of more than 1.2, médial and distal 
transfer of the tuberosity is indicated. Preoperative radio- 
graphs are used to détermine the amount of distal transfer 
necessary and to ensure the inferior pôle of the patella is not 
placed distal to the Blumensaat line, creating patella baja. The 
tuberosity is detached distally, and 5 to 10 mm of bone is 
resected from the distal tip of the tuberosity to allow distal 
transfer before secure fixation. 



Oblique osteotomy of tibial tuberosity (Brown et al.). A-C, Cross-sectional view of tibia shows that oblique osteotomy 
can elevate (C) or depress (B) origin of tibial tuberosity, whereas transverse osteotomy (A) does neither. 
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FULKERSON OSTEOTOMY 


TECHNIQUE 47-6 


■ Make a 9-cm latéral parapatellar incision extending from 
the inferior pôle of the patella distally. Exposure is similar 
to the Elmslie-Trillat procedure, with the différence being 
in the oblique osteotomy of the tuberosity. 

■ Extend the eut distally about 6 cm with the médial tip of 
the eut being more superficial. 

■ Drill holes to perforate the cortex distally so that the 
fragment can be hinged. 

■ Using an ostéotomie, complété the osteotomy deep and 
just proximal to the insertion of the patellar tendon and 
pry the tuberosity medially so that the Q angle is cor- 
rected to between 10 and 15 degrees. This usually 
requires moving the tuberosity anteriorly 8 to 10 mm. 

■ Secure the transferred tuberosity by placing a drill bit 
proximally through the tuberosity and tibia with the knee 
in 90 degrees of flexion to decrease risk to neurovascular 
structures. 

■ Move the knee through a range of motion, and evaluate 
patellar tracking. 

■ If tracking is satisfactory, secure the tuberosity with two 
countersunk, low-profile, cancellous screws (Fig. 47-18). 
Take care not to violate the posterior cortex because this 
may resuit in a stress riser. 

■ Close the médial retinaculum in a pants-over-vest fashion, 
plicating the médial side. Do no close the latéral 
retinaculum. 

POSTOPERATIVE CARE. Weight bearing is allowed as 
tolerated after surgery. Immobilization is continued 4 to 


6 weeks, at which time range-of-motion and streng- 
thening exercises are instituted. Return to sports usually 
is allowed at 6 to 9 months after surgery. In our opinion, 
there is some long-term risk for fracture after this 
procedure. 


DEROTATIONAL HIGH TIBIAL 
OSTEOTOMY 

For skeletally mature patients with instability associated 
with severe rotational deformity, a derotational high tibial 
osteotomy has been found to produce better functional 
results and more normal gait patterns than proximal or 
distal realignment procedures. Suggested indications for 
high tibial osteotomy include a thigh-foot angle of more 
than 30 degrees and a tubercle-sulcus angle of more than 
10 degrees measured with the knee flexed 90 degrees and 
hanging off the examination table. 


TECHNIQUE 47-7 


(PAULOS ETAL) 

■ After complété (anterior and posterior) diagnostic 
arthroscopy, treat any identified intraarticular pathologie 
processes as required. If a négative passive patellar tilt 
was présent during preoperative examination, perform a 
latéral release by incising the latéral retinaculum and 
synovium from the tibial tubercle to, but not including, 
the vastus lateralis muscle. 

■ Make a 4-cm vertical inferior-lateral incision midway 
between the tibial tubercle and proximal fibular head, 



Fulkerson procedure. A f Preoperative latéral radiograph. B f Postoperative latéral radiograph. C f Anteroposterior 
radiograph. SEE TECHNIQUE 47-6. 
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and expose the patellar tendon and proximal tibiofibular 
joint. 

■ Identify the peroneal nerve at the neck of the proximal 
fibula and release the nerve anteriorly along its periarticu- 
lar course. 

■ Expose the anterior tibiofibular joint and resect the articu- 
lar portion (3 mm) of the fibular head with a small 
osteotome. 

■ Release the capsule of the fibular head so that it moves 
freely from the tibia; this step is critical to allow rotation 
of the proximal tibia and reduce tension on the peroneal 
nerve. 

■ Expose the area posterior to the patellar tendon and 
identify the superior portion of the tibial tubercle. 

■ Pass a guidewire from latéral to médial perpendicular to 
the tibial shaft and superior to the tibial tubercle. Confirm 
proper placement with fluoroscopy. 

■ Pass a second guidewire 2 cm posterior and parallel to 
the first wire and verify its position with fluoroscopy. 

■ Use a thin, oscillating saw blade to eut the latéral and 
anterior tibial cortex while protecting the patellar tendon. 

■ Do not use the saw to eut the posterior and médial 
cortices; fracture them with a wedge osteotomy and then 
twist the osteotome to spread the osteotomy site. 

■ Before séparation and rotation of the distal tibia, use 
electrocautery or a surgical marking pen to place a per¬ 
pendicular mark from superior to inferior, Crossing the 
osteotomy eut. 

■ Internally rotate the distal tibia a predetermined amount 
based on physical examination and CT scanning (usually 
10 to 15 mm). Internai rotation of the tibia should reduce 
the thigh-foot angle to 5 to 10 degrees. (If a CT axial scan 
is used to détermine the amount of tibial torsion, it is 
necessary to normalize the value to the thigh-foot angle 
by adding 15 degrees to the normal thigh-foot angle.) 
The tibial tubercle should not proceed past the midpoint 
of the fémoral sulcus (tubercle-sulcus angle of 0 degrees; 
Fig. 47-19). 

■ If rotation of the tibial tubercle into a négative tubercle- 
sulcus angle is necessary (usually required after a previous 
distal realignment), eut the tubercle and elevate it free 
from the anterior tibial cortex; reattach the tubercle with 
a tubercle-sulcus angle of 0 degrees after rotation and 
fixation of the distal tibia are completed. 

■ Once proper position of the tibia is verified with fluoros¬ 
copy, fix the proximal and distal tibial sections with one 
or two latéral compression Staples placed perpendicular 
to the tibial shaft and osteotomy eut. Place a third staple 
from anterior to posterior and perpendicular to the latéral 
Staples. 

■Close the incision with absorbable suture. 

POSTOPERATIVE CARE. A postoperative locked hinged 
brace is applied with the knee in 20 degrees of flexion. 
Straight-leg raises, isométries, and neuromuscular stimu¬ 
lation are begun as soon as possible. Crutches are used 
(toe-touch weight bearing) for 4 to 6 weeks or until 
swelling subsides. Passive range-of-motion exercises are 
begun in the second postoperative week, and active 
extension is begun in the fourth week. Flexion is increased 
slowly each week as tolerated. Aquatic exercises are 



Derotational high tibial osteotomy. Proximal 
tibia reduced without posterior or médial subluxation and fixed 
using two- or three-step Staples. One staple is placed perpendicu¬ 
lar to the other to prevent loss of rotation. SEE TECHNIQUE 47-7. 


begun in the third week, and cycling exercises are started 
as soon as the knee has obtained 110 degrees of flexion. 
Unrestricted closed kinetic chain exercises are begun by 
12 weeks, and running and return to full activities usually 
is allowed by 6 months. A soft lateral-buttress brace is 
recommended during sports activities for the first year 
after surgery. 


TROCHLEOPLASTY 

Sulcus-deepening trochleoplasty is a technically demanding 
procedure with précisé indications: high-grade trochlear 
dysplasia with patellar instability and/or abnormal tracking. 
The primary goal is to improve patellar tracking by decreas- 
ing the prominence of the trochlea and creating a new 
groove with normal depth. Associated abnormalities should 
be evaluated and corrected (Box 47-1). 


TECHNIQUE 47-8 


(DEJOUR ETAL) 

■ After administration of régional anesthésia, supplemented 
with patient sédation, position the patient supine and 
préparé and drape the extremity. 

■ With the knee flexed to 90 degrees, make a straight 
midline skin incision from the superior patellar margin to 
the tibiofemoral articulation. 

■ Move the knee into extension and develop a médial full- 
thickness skin flap. 

■ Make a modified midvastus approach with sharp dissec¬ 
tion of the médial retinaculum starting overthe 1 to 2 cm 
médial border of the patella and blunt dissection of the 
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S vastus medialis oblique (VMO) fibers starting distally at 
the patellar superomedial pôle and extending approxi- 
mately 4 cm into the muscle belly. 

■ Evert the patella for inspection and treatment of chondral 
injuries if needed, and then retract it laterally. 

■ Expose the trochlea by incising the peritrochlear synovium 
and periosteum along their osteochondral junction and 
reflecting them from the field with a periosteal elevator. 



Associated Abnormalities That May Require 
Correction in Addition to Trochleoplasty 


■ Tibial tubercle-trochlear groove (TT-TG)> 20 mm: tibial 
tuberosity medializing osteotomy to obtain TT-TG distance 
between 10 and 15 mm 

■ Patella alta (Canton-Deschamps index >1.2): distalization 
osteotomy to obtain normal patellar index of 1.0 

■ Latéral patellar tilt >20 degrees: vastus medialis obliquus 
(VMO) plasty or reconstruction of the médial patellofemo- 
ral ligament (MPFL) with a double-looped gracilis tendon 
graft. 


The anterior fémoral cortex should be visible to orientate 
the amount of deepening. Changing the degree of 
flexion/extension allows a better view of the complété 
operative field and avoids extending the incision. 

■ Once the trochlea is fully exposed, draw the new trochlear 
limits with a stérile pen. Use the intercondylar notch as a 
starting point to draw the new trochlear groove. From 
there, draw a straight line directed proximally and 3 to 6 
degrees laterally; the superior limit is the osteochondral 
edge. Draw two divergent lines, starting at the notch and 
passing proximally through the condyle-trochlear grooves, 
representing latéral and médial facet limits; these lines 
should not enter the tibiofemoral joint (Fig. 47-20A). 

■To access the undersurface of the fémoral trochlea, 
remove a thin strip of cortical bone from the osteochon¬ 
dral edge. The width of the strip is similar to the promi- 
nence of the trochlea from the anterior fémoral cortex 
(the bump). Gently tap with a sharp osteotome and then 
use a rongeurs to remove the bone. 

■ To remove cancellous bone from the undersurface of the 
trochlea, use a drill with a depth guide set at 5 mm to 
ensure uniform thickness of the osteochondral flap and 
maintain an adéquate amount of bone attached to the 



ÿjj DeJour sulcus-deepening trochleoplasty. A f Drawing of the new trochlear limits. B f Removal of subchondral bone 
under the trochlea to correct the prominence and reshape the groove. C f Shape of the trochlea before (above) and after (below) sulcus- 
deepening trochleoplasty. D f Fixation of new trochlea with two Staples after restoration of trochlear sulcus and more "anatomie" shape. 

(From DeJour D, Saggin P: The sulcus deepening trochleoplasty—the Lyon's procedure, Int Orthop 34:311, 2010.) SEE TECHNIQUE 47-8. 
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cartilage (Fig. 47-20B). The guide also avoids injuring the 
cartilage or getting too close to it and causing thermal 
injury. The shell produced must be sufficiently compliant 
to allow modeling without being fractured. 

■ Extend cancellous bone removal up to the notch; remove 
more bone from the central portion where the new 
trochlear groove will lie (Fig. 47-20C). 

■ Use light pressure to mold the flap to the underlying 
cancellous bone bed in the distal fémur. If needed, eut 
the bottom of the groove and the external margin of the 
latéral facet to allow further modeling by gently tapping 
over a scalpel. 

■ If the correction obtained is satisfactory, fix the new 
trochlea with two Staples, one in each side of the groove, 
with one arm in the cartilaginous upper part of each facet 
and the other arm in the anterior fémoral cortex (Fig. 
47-20D). 

■Test patellar tracking. Suture the periosteum and synovial 
tissue to the osteochondral edge and anchor them in the 
Staples. 







Latéral 

one-quarter strip 
patellar tendon 



B 



POSTOPERATIVE CARE. Immédiate weight bearing is 
permitted, and no limitation is placed on range of motion. 
Continuous passive motion is indicated to model the 
trochlea and patella, and frequent knee movement is 
encouraged to help ensure cartilage nutrition and further 
molding of the trochlea by the tracking patella. Because 
trochleoplasty is rarely done as an isolated procedure, 
postoperative care must consider associated procedures. 
Radiographs, including anteroposterior and latéral views 
and an axial view in 30 degrees of flexion, are reviewed 
at 6 weeks. At 6 months, a CT scan is obtained to docu¬ 
ment correction. 


IATROGENIC MEDIAL PATELLAR 
INSTABILITY 

Iatrogénie médial patellar instability is diagnosed when 
manual médial subluxation re-creates a patients symptoms. 
Treatment consists of repairing the vastus lateralis if previ- 
ously released and revising a distal realignment to a more 
latéral position. If the initial procedure was proximal and 
inadéquate tissues remain, repair or reconstruction using the 
latéral portion of the patellar tendon is done (Fig. 47-21). 

HIP 

With the évolution of hip arthroscopy and MR arthrography 
of the hip, the diagnosis and treatment of hip instability hâve 
greatly improved. The diagnosis is indicated by récurrent 
“giving way,” pain, or popping with hip extension and external 
rotation during activities such as getting out of a car or 
kicking or pivoting maneuvers during sports. The physical 
examination should include évaluation for generalized liga- 
mentous laxity, as well as examination of the uninvolved hip 
for comparison. Tests that may indicate pathologie laxity 
include the dial test, passive external rotation of the more 
than 45 degrees, particularly if symptoms are reproduced. 
Other tests to reproduce symptoms of instability are the Ganz 
test, in which hip extension and external rotation produce 


Reconstruction using patellar tendon. A f Latéral 
one-quarter strip of patellar tendon is developed. B f Strip is 
attached at latéral tibial tubercle by suture to periosteum or 
through bony tunnel. 


anterior capsular pain. Finally, direct axial traction may 
produce appréhension. Moving the hip from flexion, abduc¬ 
tion, and external rotation into extension, adduction, and 
internai rotation may re-create catching or popping associ¬ 
ated with labral pathology. 

Plain anteroposterior and latéral radiographs are helpful 
in evaluating acetabular dysplasia and impingement. A 
center-edge (CE) angle of less than 20 degrees, a cross-over 
sign, and a Sharp angle of more than 42 degrees also are 
indicative of dysplasia (see Chapter 6). MR arthrography is 
used to evaluate for labral tears or capsular redundancy that 
may be related to récurrent instability. 

Hip instability may be categorized as loss of bony acetabu¬ 
lar containment, disruption of the capsulolabral complex, or 
a combination of the two. Récurrent trauma from stress at 
extremes of motion may resuit in capsulolabral deficiency 
and instability. Bony development problems can cause con¬ 
tainment issues resulting in impingement or straight-forward 
instability. Finally, hyperlax joints from collagen deficiencies, 
Ehlers-Danlos and Marfan syndromes, and generalized joint 
laxity can resuit in symptomatic hip instability. 

Treatment of these conditions must be tailored to the 
pathology, as in any other joint. Many of these procedures are 
now done arthroscopically and are described in Chapter 51. 

STERNOCLAVICULAR JOINT 

Most récurrent dislocations of the sternoclavicular joint 
are anterior and require only conservative treatment; poste - 
rior dislocations, although uncommon, require réduction 
because of the proximity and potential compromise of the 
subclavian vessels, esophagus, and trachea. A complété dis¬ 
cussion of acute dislocations and their treatment is presented 
in Chapter 60. 
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Récurrent atraumatic anterior subluxation of the sterno- 
clavicular joint with shoulder abduction and extension 
usually occurs in young girls. Often it is associated with laxity 
of other joints and generally is a self-limiting condition. Most 
patients with récurrent anterior sternoclavicular joint dislo¬ 
cation should be treated with a generalized upper extremity 
strengthening program and avoidance of activities that 
produce stress on the sternoclavicular joint. Surgery is rec- 
ommended only if severe symptoms limit activities of daily 
living. The surgical procedures, which include open repair of 
the sternoclavicular capsule, reconstruction of the sternocla¬ 
vicular joint, and resection of the médial end of the clavicle 
and securing of the clavicle to the first rib, ail are fraught with 
potentially severe complications, including injury to major 
vessels, persistent pain, unsightly scar formation, and récur¬ 
rence of dislocation. 

A strong semitendinosus graft is recommended for 
reconstruction of the joint. A figure-of-eight configuration 
through drill holes in the manubrium and midclavicle pro- 
duces a strong, stable configuration that was shown in 
mechanical testing to restore native joint stiffness better than 
resection arthroplasty (Fig. 47-22). The reconstruction should 
be reinforced with local tissue repair, in particular the impor¬ 
tant posterior capsular tissue. It is wise to hâve a thoracic 
surgeon available for the procedure because of the potential 
complications associated with the procedure. Because of the 
possibility of pin migration and potentially severe complica¬ 
tions, pins or wires should not be placed across the joint. 

After reconstruction, the shoulder is immobilized in a 
sling for 6 weeks. On the second day, the patient is allowed 
to perform gentle pendulum exercises but is cautioned against 
active flexion or abduction of the shoulder above 90 degrees. 
Pushing, pulling, and lifting are avoided for 3 months. 
Strengthening exercises are started at 8 to 12 weeks. The 
patient is restricted from returning to strenuous manual labor 
for a minimum of 3 months. 


SHOULDER 

The shoulder, by virtue of its anatomy and biomechanics, is 
one of the most unstable and frequently dislocated joints in 
the body, accounting for nearly 50% of ail dislocations, with 
a 2% incidence in the general population. Factors that influ¬ 
ence the probability of récurrent dislocations are âge, return 
to contact or collision sports, hyperlaxity, and the presence of 
a significant bony defect in the glenoid or humerai head. In 
a study of 101 acute dislocations, récurrence developed in 
90% of the patients younger than 20 years old, in 60% of 
patients 20 to 40 years old, and in only 10% of patients older 
than 40 years old. Although high récurrence rates of up to 
95% hâve been reported in patients younger than 20 years 
old, a long-term follow-up (average 25 years) study found no 
significant instability problems in 50% of individuals who 
were younger than 20 years at the time of their initial disloca¬ 
tion. The duration of immobilization also does not seem to 
affect stability; a recent meta-analysis determined that there 
is no benefit for conventional sling immobilization longer 
than 1 week for primary anterior dislocation. Immobilization 
in external rotation is thought to decrease récurrence rates, 
but this has not been proven; meta-analyses found a récur¬ 
rence risk of 36% with immobilization in internai rotation 
compared with 25% with external rotation bracing, but the 





Semitendinosus figure-of-eight reconstruction. 
A f Drill holes passed anterior to posterior through médial part of 
clavicle and manubrium. B f Free semitendinosus tendon graft 
woven through drill holes so tendon strands are parallel to each 
other posterior to the joint and cross each other anterior to the 
joint. C f Tendon tied in square knot and secured with suture. 


numbers were small and the différence was not significant. 
Burkhart and DeBeer, Sugaya et al., and Itoi et al. hâve shown 
that glenoid bone loss of more than 20% results in bony 
instability and increased récurrence rates. This is because the 
“safe arc” that the glenoid provides for humerai rotation is 
diminished, resulting in instability when the déficient edge is 
loaded at extremes of motion (Fig. 47-23). 

NORMAL FUNCTIONAL ANATOMY 

An understanding of the normal functional anatomy of the 
shoulder is necessary to understand the factors influencing 
the stability of the joint. The bony anatomy of the shoulder 
joint does not provide inhérent stability. The glenoid fossa is 
a flattened, dishlike structure. Only one fourth of the large 
humerai head articulâtes with the glenoid at any given time. 
This small, fiat glenoid does not provide the inhérent stability 
for the humerai head that the acetabulum does for the hip. 
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Glenoid bone loss shortens "safe arc" through 
which glenoid can resist axial forces. & 2 (bone-deficient condi¬ 
tion) is less than 


The glenoid is deepened by 50% by the presence of the glenoid 
labrum. The labrum increases the humerai contact to 75%. 
Intégral to the glenoid labrum is the insertion of the tendon 
of the long head of the biceps, which inserts on the superior 
aspect of the joint and blends to become indistinguishable 
from the posterior glenoid labrum. Matsen et al. suggested 
that the labrum may serve as a “chock block” to prevent 
excessive humerai head rollback. The shoulder joint capsule 
is lax and thin and, by itself, offers little résistance or stability. 
Anteriorly, the capsule is reinforced by three capsular thick- 
enings or ligaments that are intimately fused with the labral 
attachment to the glenoid rim. 

The superior glenohumeral ligament attaches to the 
glenoid rim near the apex of the labrum conjoined with the 
long head of the biceps (Fig. 47-24). On the humérus, it is 
attached to the anterior aspect of the anatomie neck of the 
humérus (Fig. 47-25). The superior glenohumeral ligament is 
the primary restraint to inferior humerai subluxation in 0 
degrees of abduction and is the primary stabilizer to anterior 
and posterior stress at 0 degrees of abduction. Tightening of 
the rotator interval (which includes the superior glenohu¬ 
meral ligament) decreases posterior and inferior translation; 
external rotation also may be decreased. The middle gleno¬ 
humeral ligament has a wide attachment extending from the 
superior glenohumeral ligament along the anterior margin of 
the glenoid down as far as the junction of the middle and 
inferior thirds of the glenoid rim. On the humérus, it also is 
attached to the anterior aspect of the anatomie neck. The 
middle glenohumeral ligament limits external rotation when 
the arm is in the lower and middle ranges of abduction but 
has little effect when the arm is in 90 degrees of abduction. 
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1^ Glenoid and surrounding capsule, ligaments, and tendons. 
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Upper part of left humérus showing attachments of glenohumeral ligaments on anterior (A) and médial (B) aspects 


of surgical and anatomie neck. 


The inferior glenohumeral ligament attaches to the glenoid 
margin from the 2- to 3-oclock positions anteriorly to the 
8- to 9-oclock positions posteriorly. The humerai attachment 
is below the level of the horizontally oriented physis into the 
inferior aspect of the anatomie and surgical neck of the 
humérus. The anterosuperior edge of this ligament usually is 
quite thickened. There is a less distinct posterior thickening, 
a hammock-type model consisting of thickened anterior and 
posterior bands and a thinner axillary pouch. With external 
rotation, the hammock slides anteriorly and superiorly. The 
anterior band tightens, and the posterior band fans out. With 
internai rotation, the opposite occurs. The anteroinferior 
glenohumeral ligament complex is the main stabilizer to 
anterior and posterior stresses when the shoulder is abducted 
45 degrees or more. The ligament provides a restraint at the 
extremes of motion and assists in the rollback of the humerai 
head in the glenoid. 

The muscles around the shoulder also contribute signifi- 
cantly to its stability. The action of the deltoid (the principal 
extrinsic muscle) produces primarily vertical shear forces, 
tending to displace the humerai head superiorly. The intrinsic 
muscle forces from the rotator euff provide compressive or 
stabilizing forces. Concavity compression is produced by 
dynamic rotator euff muscular stabilization of the humerai 
head when the concavity of the glenoid and labral complex is 
intact. Loss of the labrum can reduce this stabilizing effect by 
20%. In the concavity of the glenoid-labral complex, synchro- 
nous eccentric décélération and concentric contraction of the 
rotator euff and biceps tendon are necessary for humerai 
stability during midranges of humerai motion. Asynchronous 
fatigue of the rotator euff from overuse or incompetent liga- 
mentous support can resuit in further damage to the static 
and dynamic supports. MRI studies hâve shown fatty infiltra¬ 
tion and thinning of the subscapularis tendon in récurrent 
anterior instability. 

Several authors hâve noted the importance of synchro- 
nous mobility of the scapula and glenoid to shoulder stability 
and emphasized the importance of this dynamic balance to 
appropriate positioning of the glenoid articular surface so 
that the joint reaction force produced is a compressive rather 
than a shear force. With normal synchronous function of the 
scapular stabilizers, the scapula and the glenoid articular 


structures are maintained in the most stable functional posi¬ 
tion. Strengthening réhabilitation of the scapular stabilizers 
(serratus anterior, trapezius, latissimus dorsi, rhomboids, and 
levator scapulae) is especially important in patients who 
participate in upper extremity-dominant sports. Although 
the glenoid is small, it has the mobility to remain in the 
most stable position in relation to the humerai head with 
movement. Rowe compared this with a seal balancing a bail 
on its nose. The glenoid also has the ability to “recoil” when 
a sudden force is applied to the shoulder joint, such as in a 
fall on the outstretched hand. This ability to “recoil” lessens 
the impact on the shoulder as the scapula slides along the 
chest wall. 

Scapular dyskinesis is an alteration of the normal position 
or motion of the scapula during coupled scapulohumeral 
movements and can occur affer overuse of and repeated 
injuries to the shoulder joint. A particular overuse muscle 
fatigue syndrome has been designated the SICK scapula: 
scapular malposition, inferior médial border prominence, 
coracoid pain and malposition, and dyskinesis of scapular 
movement. 

The démonstration of Ruffini end organs and Pacinian 
corpuscles in the shoulder capsule helps solidify the concept 
of proprioceptive neuromuscular training as an important 
part of shoulder stabilization. Another force that has a lesser 
effect on glenohumeral stability is glenoid version. Glenoid 
version probably is not a significant contributor to instability 
except in a severely deformed shoulder. Cohésion produced 
by joint fluid and the vacuum effect produced by négative 
intraarticular pressure in normal shoulders play lesser rôles 
in joint stability. 

PATHOLOGIC ANATOMY 

No essential pathologie lésion is responsible for every récur¬ 
rent subluxation or dislocation of the shoulder. In 1906, 
Perthes considered detachment of the labrum from the 
anterior rim of the glenoid cavity to be the “essential” lésion 
in récurrent dislocations and described an operation to 
correct it. In 1938, Bankart published his classic paper in 
which he recognized two types of acute dislocations. In the 
first type, the humerai head is forced through the capsule 
where it is the weakest, generally anteriorly and inferiorly in 
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the interval between the lower border of the subscapularis 
and the long head of the triceps muscle. In the second type, 
the humerai head is forced anteriorly out of the glenoid cavity 
and tears not only the fibrocartilaginous labrum from almost 
the entire anterior half of the rim of the glenoid cavity but 
also the capsule and periosteum from the anterior surface of 
the neck of the scapula. This traumatic detachment of the 
glenoid labrum has been called the Bankart lésion. Most 
authors agréé that the Bankart lésion is the most commonly 
observed pathologie lésion in récurrent subluxation or dislo¬ 
cation of the shoulder, but it is not the “essential” lésion. 

Excessive laxity of the shoulder capsule also causes insta- 
bility of the shoulder joint. Excessive laxity can be caused by 
a congénital collagen deficiency, shown by hyperlaxity of 
other joints, or by plastic deformation of the capsuloligamen- 
tous complex from a single macrotraumatic event or répéti¬ 
tive microtraumatic events. Hyperlaxity has been implicated 
as a cause of failure in surgical correction of chronic shoulder 
instability. An arthroscopie study of anterior shoulder dislo¬ 
cations found that 38% of the acute injuries were intrasu- 
bstance ligamentous failures, and 62% were disruptions of the 
capsuloligamentous insertion into the glenoid neck. The 
“circle concept” of structural damage to the capsular struc¬ 
tures was suggested by cadaver studies that showed that 
humerai dislocation does not occur unless the posterior 
capsular structures are disrupted in addition to the anterior 
capsular structures. Posterior capsulolabral changes associ- 
ated with récurrent anterior instability often are identified by 
arthro scopy. 

A humerai head impaction fracture can be produced as 
the shoulder is dislocated, and the humerai head is impacted 
against the rim of the glenoid at the time of dislocation. This 
Hill-Sachs lésion is a defect in the postérolatéral aspect of the 
humerai head. Instability results when the defect engages the 
glenoid rim in the functional arc of motion at 90 degrees 
abduction and external rotation. In a cadaver model, humerai 
head defects of 35% to 40% were shown to decrease stability, 
whereas glenoid defects of as little as 25% were found to 
decrease stability. Glenoid rim fractures also can occur with 
an anterior or posterior dislocation. If these lésions involve 
more than 20% to 25% of the glenoid, they can resuit in 
récurrent instability despite having an excellent soft-tissue 
repair. These lésions are difficult to see on plain radiographs; 
if a defect is visible in an acute dislocation or one is evaluating 
récurrent instability, three-dimensional CT is the best method 
for evaluating the extent of the defect (Fig. 47-26). 

It seems that no single “essential” lésion is responsible for 
ail récurrent dislocations of the shoulder. Stability of this 
inherently unstable joint dépends on a continuing balance 
between the static and dynamic mechanisms influencing 
motion and stability. In addition to the various possible 
primary deficiencies influencing instability, secondary defi- 
ciencies can be caused by repeated dislocations. Erosion of 
the anterior glenoid rim, stretching of the anterior capsule 
and subscapularis tendon, and fraying and degeneration of 
the glenoid labrum ail can occur with repeated dislocation. 
The primary deficiency and the secondary deficiencies need 
to be considered at the time of surgery and in postoperative 
réhabilitation to correct the instability. Because no single 
deficiency is responsible for ail récurrent dislocations of the 
shoulder, no single operative procedure can be applied to 
every patient. The surgeon must search carefully for and 



A f Three-dimensional CT showing large Hill- 
Sachs lésion and déficient glenoid. B f Three-dimensional CT with 
humerai head subtracted showing loss of anterior glenoid surface. 


identify the deficiencies présent to choose the proper 
procedure. 

CLASSIFICATION 

Successful treatment of shoulder instability is based on a 
thorough understanding of the various posttraumatic lésions 
that can be associated with a déficient capsulolabral complex 
and on correct classification of the patients primary and 
secondary lésions. Classification and treatment of shoulder 
instability are based on the direction, degree, and duration of 
symptoms; the trauma that resulted in instability; and the 
patients âge, mental set, and associated conditions, such as 
seizures, neuromuscular disorders, collagen deficiencies, and 
congénital disorders. 

The direction of instability should be categorized as 
unidirectional, bidirectional, or multidirectional. Anterior 
dislocations account for about 95% of récurrent dislocations, 
and posterior dislocations account for approximately 5%. 
Despite increased understanding of shoulder instability, 50% 
of posterior shoulder dislocations can be missed unless an 
adéquate examination and appropriate radiographs are done. 
Inferior and superior dislocations are rare. Superior instabil¬ 
ity generally arises secondary to severe rotator euff 
insufhciency. 

Instability is categorized as subluxation with partial sépa¬ 
ration of the humerai head from the glenoid or dislocation 
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with complété séparation of the humerai head from the 
glenoid concavity. The duration of the symptoms should be 
recorded as acute, subacute, chronic, or récurrent. The dislo¬ 
cation is classified as chronic if the humerai head has remained 
dislocated longer than 6 weeks. 

The type of trauma associated with the dislocation is 
important in determining whether conservative or operative 
treatment is appropriate. Instability should be categorized as 
macrotraumatic , in which a single traumatic event results in 
dislocation, or microtraumatic (acquired), in which répétitive 
trauma at the extremes of motion results in plastic deforma¬ 
tion of the capsulolabral complex. Secondary trauma to the 
rotator cuff and biceps tendon may cause asynchronous 
rotator cuff function. These injuries most commonly occur in 
pitchers, batters, gymnasts, weightlifters, tennis players and 
others who play racquet sports, and swimmers, especially 
with the backstroke or butterfly stroke. The flexibility that 
allows an athlete to compete at a high level may be attributed 
to a generalized ligamentous laxity, which also prédisposés 
the athlete to injury. Trauma may cause decompensation of a 
previously stable capsuloligamentous complex. A thorough 
history of the initial traumatic event, symptoms, and family 
history and a thorough examination of the injured shoulder, 
contralatéral shoulder, and other joints are necessary. 

Age also is important in predicting pathologie lésions 
and outcomes, with récurrence rates of more than 90% 
reported in patients younger than 20 years old compared 
with a récurrence rate of about 10% in patients older than 
40 years old. 

In several studies, the récurrence rate for adolescents 
treated with surgical stabilization was higher than that for 
patients in other âge groups. These différences can be 
explained by the greater elasticity in adolescent ligaments that 
results in greater plastic deformation before failure of the 
System. This deformation must be considered in surgical 
treatment approaches. 

Although récurrence of the dislocation is uncommon in 
patients 40 years old or older, associated rotator cuff tears are 
présent in 30%, and such tears are présent in more than 80% 
of patients older than 60 years. Fractures of the greater tuber- 
osity also are more prévalent in patients older than 40 years 
old; some sériés report an incidence of 42%. In this âge group, 
surgical treatment of rotator cuff tears or fractures of the 
greater tuberosity generally takes precedence over treatment 
of the capsular injury. 

The mental set of the patient must be evaluated before 
treatment is started. Some patients with posterior instability 
learn to dislocate their shoulder through sélective muscular 
contractions. Although voluntary dislocation does not indi- 
cate pathologie overlay, some of these patients hâve learned 
to use voluntary dislocation for secondary gain, and in these 
patients surgical treatment is doomed to failure. 

In patients with primary neuromuscular disorders or 
syndromes and récurrent dislocation, conservative, nonop- 
erative treatment should be the initial approach. If instability 
remains after appropriate medical treatment, surgery may be 
necessary in conjunction with continued nonoperative treat¬ 
ment. Patients with primary collagen disorders, Ehlers-Danlos 
syndrome, or Marfan syndrome should be treated with 
extensive supervised conservative treatment. If surgical 
intervention becomes necessary, the possibility of the abnor¬ 
mal tissue stretching out and allowing dislocation to recur 
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^ Matsen's classification System. 


should be stressed to the patient and family. When severe 
dysplastic or traumatic glenohumeral deformity is présent, 
capsular and bony procedures may be necessary. Reformatted 
3D CT images are bénéficiai in determining the need for 
osteotomy or bone graffing procedures in these patients. 

Matsens simplified classification System is useful for 
categorizing instability patterns: TUBS (traumatic, unidirec- 
tional Bankart surgery) and AMBRII (atraumatic, multidi- 
rectional, bilateral, réhabilitation, inferior capsular shift, and 
internai closure). Microtraumatic or developmental lésions 
fall between the extremes of macrotraumatic and atraumatic 
lésions and can overlap these extreme lésions (Fig. 47-27). 
Classification of 168 shoulders according to four Systems 
used for describing shoulder instability revealed variations 
in the criteria that resulted in marked variations in the 
number of patients diagnosed with multidirectional instabil¬ 
ity (Table 47-4). 

HISTORY 

The history is important in récurrent instability of the shoul¬ 
der joint. The amount of initial trauma, if any, should be 
determined. High-energy traumatic collision sports and 
motor vehicle accidents are associated with an increased risk 
of glenoid or humerai bone defects. Récurrence with minimal 
trauma in the midrange of motion offen is associated with 
bony lésions, which must be treated. The position in which 
the dislocation or subluxation occurs should be elicited. In 
complété dislocations, the ease with which the shoulder is 
relocated is determined. Dislocations that occur during sleep 
or with the arm in an overhead position offen are associated 
with a significant glenoid defect that requires surgical 
treatment. 

Dislocations that are reduced by the patient offen are 
subluxations or dislocations associated with generalized liga¬ 
mentous laxity. The signs and symptoms of any nerve injury 
should be elicited. Most important, the physical limitations 
caused by this instability should be documented. 

Récurrent subluxation of the shoulder is commonly 
overlooked by physicians because the symptoms are vague 
and there is no history of actual dislocation. The patient may 
complain of a sensation of the shoulder sliding in and out of 
place, or he or she may not be aware of any shoulder instabil¬ 
ity. The patient may complain of having a “dead arm” as a 
resuit of stretching of the axillary nerve or of secondary 
rotator cuff symptoms. It is important to differentiate primary 
from secondary rotator cuff impingement. Rotator cuff symp¬ 
toms develop secondary to ligamentous dysfunction. Internai 
impingement of the undersurface of the posterior rotator cuff 
against the posterior glenoid and labrum is caused by anterior 
humerai subluxation with the shoulder externally rotated. 
This secondary impingement is more common than primary 
impingement in patients younger than 35 years old who 
are involved in upper extremity-dominant sports. Posterior 
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TABLE 47-4 


Distribution of Diagnoses Among 168 Patients According to Existing Classification Systems 




PERCENT (95% 
CONFIDENCE INTERVAL) 




NO. OF 

WITH MULTIDIRECTIONAL 

SIGNIFICANCE OF 

STUDY 

GROUP IN CLASSIFICATION 

PATIENTS 

INSTABILITY 

DIFFERENCE* 

Neer and Fostert 

Multidirectional instability 

2 

1.2 (0.3-4.2) 

p = 0.004, p = 0.001 

Matsen et al. 

TUBS 

80 




AMBRII 

7 

4.2 (2.0-8.3) 



Does not fit either type above 

81 



Allen 

Anterior instability 

108 




Posterior instability 

10 




Multidirectional instability 

13 




Type 1 (global) 

8 




Type II (anteroinferior instability 
with underlying hyperlaxity) 

5 

7.7 (4.6-12.2) 

p = 0.004 


Type III (posteroinferior instability 
with underlying hyperlaxity) 

0 




Type IV (anteroposterior instability) 

0 




Does not fit any size 

37 



Gerber 

Chronic, locked dislocation 

0 




Unidirectional instability without 
hyperlaxity 

113 




Unidirectional instability with 
multidirectional hyperlaxity 

10 




Multidirectional instability 

14 




Multidirectional instability without 
hyperlaxity 

10 

8.3 (5.0-13.5) 

p = 0.001 


Multidirectional instability with 
hyperlaxity 

4 




Voluntary instability 

2 




Does not fit any type above 

29 




*The significance of différences in the proportion of patients diagnosed with multidirectional instability as a resuit of reclassification was determined by analyzing 
method for proportions in two independent groups. Différences between the classification System of Neer and Foster and Allen's classification and between the 
classification System of Neer and Foster and Gerber's classification were significant (p = 0.004 and p = 0.001, respectively). The différences between the other classifica¬ 
tion Systems were not significant (p > 0.05). 

tin the classification System proposed by Neer, multidirectional instability was not defined as a separate group; only the étiologie factors were used as the defining 
criterion for the three-category classification System: atraumatic, traumatic, and acquired. In this table, the number of patients with a diagnosis of multidirectional 
instability was calculated with the use of the defining criteria described in his original paper. 

(From McFarland EG, Kim TK, Park HB, et al: The effect of variation in définition on the diagnosis of multidirectional instability of the shoulder, J Bone Joint Surg 
85A:2138, 2003.) 

AMBRII, atraumatic, multidirectional, bilateral, réhabilitation, inferior capsular shift, rotator interval; TUBS, traumatic, unilatéral, Bankart lésion, surgery. 


shoulder instability may présent as posterior pain or fatigue 
with repeated activity (e.g., blocking in football, swimming, 
bench press, rowing, and sports requiring overhead arm 
movement). 

PHYSICAL EXAMINATION 

The physical examination of a patient with instability begins 
by asking the patient which arm position créâtes the instabil¬ 
ity, what direction the shoulder subluxes, and if he or she can 
safely demonstrate the subluxation. Both shoulders should be 
thoroughly examined, with the normal shoulder used as a 
reference. The examination includes évaluation of the shoul¬ 
ders for atrophy or asymmetry, followed by palpation to 
détermine the amount of tenderness présent in the anterior 
or posterior capsule, the rotator euff, and the acromioclavicu- 
lar joint. Active and passive ranges of motion are evaluated 


with the patient upright and supine to record accurately the 
motion in ail planes. The strengths of the deltoid, rotator euff, 
and scapular stabilizers are evaluated, recorded, and graded 
from 0 to 5, with 5 being normal. Scapular winging or dys- 
function should be noted during active range of motion and 
during strength examination. Winging may indicate scapular 
weakness and can be evaluated by having the patient do a 
press-up from the examination table or an incline type of 
push-up off the wall. 

Stability is evaluated with the patient upright. A “shift 
and load” test is done by placing one hand along the edge 
of the scapula to stabilize it and grasping the humerai 
head with the other hand and applying a slight compressive 
force. The amount of anterior and posterior translation 
of the humerai head in the glenoid is observed with the 
arm abducted 0 degrees. Easy subluxation of the shoulder 
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indicates loss of the glenoid concavity, which must be surgi- 
cally treated. 

The sulcus test is done with the arm in 0 degrees and 45 
degrees of abduction. This test is done by pulling distally on 
the extremity and observing for a sulcus or dimple between 
the humerai head and the acromion that does not reduce with 
45 degrees of external rotation. The distance between the 
humerai head and acromion should be graded from 0 to 3 
with the arm in 0 degrees and 45 degrees of abduction, with 
1+ indicating subluxation of less than 1 cm, 2+ indicating 1 
to 2 cm of subluxation, and 3+ indicating more than 2 cm 
of inferior subluxation that does not reduce with external 
rotation. Subluxation at 0 degrees of abduction is more 
indicative of laxity at the rotator interval, and subluxation at 
45 degrees indicates laxity of the inferior glenohumeral liga¬ 
ment complex. 

Anterior appréhension is evaluated with the shoulder in 
90 degrees of abduction and the elbow in 90 degrees of 
flexion, with a slight external rotation force applied to the 
extremity as anterior stress is applied to the humérus. This 
generally produces an appréhension reaction in a patient who 
has anterior instability. Control of the proximal humérus 
should be maintained during any of the appréhension or 
stress tests to prevent dislocation during these procedures. 
Posterior instability can be evaluated with a posterior clunk 
test, in which the 90-degree abducted extremity is brought to 
a forward flexed, internally rotated position while posterior 
stress is applied to the elbow. The clunk is felt as the humerai 
head subluxes posteriorly, producing pain or a feeling of 
subluxation in an unstable shoulder. 

The shoulder anterior drawer test should be performed 
with the patient supine and the extremity in various degrees 
of abduction and external rotation in the plane of the scapula. 
When examining the patients right shoulder, the examiner s 
left hand is used to grasp the proximal humérus while the 
right hand is used to hold the elbow lightly. Anterior stress is 
applied to the proximal humérus using the left hand, and the 
amount of translation and the end point are evaluated. In 
performing this and other anterior or posterior instability 
tests, the amount of instability is graded from 0 to 3. Grade 
1 means that the humerai head slips up to the rim of the 
glenoid, and grade 2 means that it slips over the labrum but 
then spontaneously relocates. Grade 3 indicates dislocation. 
A grade 3 instability should not be exhibited in an awake 
patient. Anterior stress is applied with the shoulder in various 
degrees of abduction and external rotation, and posterior 
stress is applied to evaluate for posterior instability with the 
arm in 90 degrees of abduction and various degrees of flexion. 
When examining the patients right shoulder, posterior stress 
is applied with the examiner s right hand, starting at 0 degrees 
of forward flexion and internai rotation and proceeding to 
110 degrees. The examiner s left hand stabilizes the scapula 
and palpâtes the posterior part of the glenohumeral joint with 
the palm. It also can be used as a buttress to ensure that 
posterior dislocation does not occur during this procedure. 
Appréhension is evaluated with anterior and posterior stress 
during these procedures. 

The Jobe relocation test can be used for evaluating insta¬ 
bility in athlètes involved in sports requiring overhead motion 
(Fig. 47-28). This test is done with the patient supine and the 
shoulder in 90 degrees of abduction and external rotation. 
Various degrees of abduction are evaluated while anterior 




Jobe's relocation test (see text). A positive 
relocation test and a positive appréhension test are highly prédic¬ 
tive of récurrent instability. 


stress is applied by the examiner s hand to the posterior part 
of the humérus. If this produces pain or appréhension, pos- 
teriorly directed force is applied to the humérus to relocate 
the humerai head in the glenohumeral joint while the shoul¬ 
der is placed in abduction and external rotation. The poste - 
riorly directed stress used to relocate the humérus is released. 
A feeling of appréhension or subluxation on the part of the 
patient indicates anterior instability. 

Bony deformity of the glenoid or humérus is indicated by 
appréhension or instability at low ranges of motion (<90 
degrees of abduction) and when inferior instability is promi¬ 
nent. Hyperlaxity is indicated by a positive sulcus test, a 
positive Gagey hyper abduction test, and by the Beighton 
hyperlaxity scale (Table 47-5). The hyperabduction test is 
done by stabilizing the scapula with one hand placed superi- 
orly while passively abducting the shoulder with the other 
hand. A side-to-side différence of more than 20 degrees is 
suggestive of inferior capsular laxity. External rotation of 
more than 85 degrees at 0 degrees of abduction is indicative 
of hyperlaxity, which may need to be corrected with rotator 
interval closure. 

It is impérative to distinguish secondary rotator cuff 
impingement from primary impingement. The relocation and 
anterior appréhension tests are valuable in young athlètes in 
sports requiring throwing or overhead motion. It also is 
impérative to rule out scapular dysfunction that can be cor¬ 
rected with physical therapy. Although rarely associated with 
shoulder instability, neck problems should be also ruled out, 
such as degenerative dises or degenerative arthritis that causes 
pain radiating into the posterior or latéral aspect of the 
shoulder. 
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_ TABLE 47-5 TO 

Beighton Hyperlaxity Score 


CHARACTERISTIC SCORING* 


Passive dorsiflexion of the little 
finger beyond 90 degrees 
Passive apposition of the thumb 
to the ipsilateral forearm 
Active hyperextension of the 
elbow beyond 10 degrees 
Acute hyperextension of the 
knee beyond 10 degrees 


1 point for each hand 
1 point for each hand 
1 point for each elbow 
1 point for each knee 


Forward flexion of the trunk with 1 point 
the knees fully extended so that 
the palms of the hands rest fiat 
on the floor 


*A score of >4 points, on a 9-point scale, is diagnostic of hyperlaxity. 


RADIOGRAPHIC EVALUATION 

The diagnosis of an unstable shoulder often is made by history 
and physical examination, but an unstable shoulder can be 
documented by routine radiographs. The initial radiographie 
examination should include anteroposterior and axillary 
latéral views of the shoulder. If the initial radiographie évalu¬ 
ation is inconclusive, spécial views, gadolinium-enhanced 
MRI, or CT arthrography can be used to show posttraumatic 
changes not otherwise detected. The most common spécial 
views that can be obtained in the office are the anteroposterior 
view of the shoulder in internai rotation, the West Point or 
Rokous view, and the Stryker notch view. An anteroposterior 
radiograph of the shoulder in internai rotation often shows a 
Hill-Sachs lésion that may not be apparent on routine views. 
Garth et al. also described an apical oblique radiograph that 
frequently shows posterior humerai head defects that might 
not be seen on routine films (Fig. 47-29). The West Point view 
is used to show calcification or small fractures at the antero- 
inferior glenoid rim. Tfiis is a modified, prone, axillary latéral 
view of the shoulder obtained with the shoulder abducted 90 
degrees and the elbow bent with the arm hanging over the 
side of the table. The x-ray beam is directed 25 degrees medi- 
ally and 25 degrees cephalad with the cassette placed above 
the shoulder perpendicular to the table (Fig. 47-30). The 
Stryker notch view is obtained with the patient supine and 
the elbow elevated over the head. The x-ray beam is directed 
10 degrees cephalad (Fig. 47-31). 

Standard double-contrast arthrography of the shoulder 
may be useful if excessive capsular capacity with an enlarged 
axillary pouch is noted. CT, particularly three-dimensional 
imaging, effectively shows bony lésions such as Hill-Sachs 
lésions, glenoid rim fractures, glenoid version, and some 
soft-tissue abnormalities. Double-contrast CT arthrography 
is especially useful in patients without clear-cut clinical signs 
of subluxation or dislocation, but with pain, clicking, and 
vague discomfort suggestive of instability. Double-contrast 
CT arthrography is easier to perform than an arthrogram, 
and the dose of radiation is 5 to 10 times less. Tfiis test is 
especially useful in showing soft-tissue and labral defects. 
Gadolinium-enhanced MRI gives the best minimally invasive 
view of capsular or labral damage and is helpful in detecting 



Garth et al. radiographie technique for apical 
oblique view of shoulder. With patient seated and injured shoul¬ 
der adjacent to vertical cassette, chest is rotated to 45-degree 
oblique position. Beam is directed 45 degrees caudally, passing 
longitudinally through scapula, which rests at 45-degree angle on 
thorax while extremity is adducted. Origin of coracoid, midway 
between anterior and posterior margins of glenoid, aids in orien¬ 
tation on radiograph. 



jjjj Radiographie technique for West Point view of 
shoulder to show glenoid labrum lésions. With patient prone and 
pillow beneath shoulder, cassette is placed superior to shoulder. 


humerai avulsion glenohumeral ligament (HAGL) lésions, 
which require repair. Recent reports comparing MRI and 
arthroscopie examination hâve shown the sensitivity of MRI 
for detecting labral defects to be less than that cited in previ- 
ously published reports. 

CT, particularly three-dimensional CT, is the most sensi¬ 
tive test for detecting and measuring bone deficiency or rét¬ 
roversion of the glenoid or humérus. CT is indicated when 
there is blunting of the glenoid cortical outline or an obvious 
bone defect on plain radiographs. CT also is indicated for 
evaluating récurrences that occur with trivial trauma, low- 
angle instability, and failed surgical procedures (Fig. 47-32). 
























23 


0 PART XIII SPORTS MEDICINE 



FIGURE 


^ Radiographie technique for Stryker notch view 


of humérus. 



Percent bone=(B-A) x100% 
loss 2 x B 


Estimation of bone loss based on glenoid rim 
distances. En face view of glenoid is viewed on a CT scan. With 
use of intersection of longitudinal axis and widest anteroposterior 
diameter of glenoid, the bare spot is approximated on the glenoid 
fossa. A best-fit circle centered at the bare-spot approximation is 
drawn about the inferiortwo thirdsof the glenoid (red). Distances 
from the bare spot to anterior rim (A) and posterior rim (B) are 
measured. The percent bone loss is calculated according to the 
indicated équation. (From Provencher MT, Bhatia S, Ghodadra NS, 
et al: Récurrent shoulder instability: current concepts for évaluation and 
management of glenoid bone loss, J Bone Joint Surg 92A:133, 2010). 


MRI or MRA is useful in evaluating soff-tissue lésions 
associated with instability. MRI obtained within a few days of 
dislocation generally shows blood in the joint, which can aid 
in visualization and make MRA unnecessary. MRA is helpful 
in evaluating HAGL lésions, but occasionally it may show a 
tear but actually cover up the details of the exact tear site 
(Fig. 47-33). Evaluation of the glenoid track, as described 
by Yamamoto et al., évaluâtes Hill-Sachs lésions based on 
both the location and size of the humerai head defect and 
the amount of glenoid bone loss. It has been shown to be 
highly prédictive in a clinical setting. Metzger et al. found 
that lésions falling outside the track engaged more than 
85% of the time. The examination is measured on MRI 


(Fig. 47-34) and is essential in determining appropriate surgi- 
cal intervention. 

EXAMINATION USING ANESTHETIC 
AND ARTHROSCOPY 

Examination with the patient under anesthésia may support 
the clinical diagnosis or sometimes show unsuspected planes 
of instability, especially in multidirectional instability pat¬ 
terns. For anterior instability, the arm is abducted. Anterior 
and posterior stress is applied with the scapula stabilized. 
Minimal anterior translation of the humerai head occurs 
unless there is instability. The most significant findings of 
instability are demonstrable at 40 degrees and 80 degrees of 
external rotation. Translation of two grades more than the 
opposite uninvolved side resulted in 93% sensitivity and 
100% specificity for instability. For posterior instability, the 
arm is pushed posteriorly. Normal shoulders may permit 
posterior displacement of 50% of the diameter of the glenoid 
without pathologie instability. 

Arthroscopy can be combined with examination using 
anesthésia and is an excellent technique for confirming the 
presence of shoulder instabilities. The examiner should grade 
the instability in ail planes as previously described, remem- 
bering that this examination under anesthésia is used to 
support the clinical history and examination with the patient 
awake. Some authors use fluoroscopy to evaluate the amount 
and direction of displacement, but we hâve not found fluo¬ 
roscopy to be necessary. Arthroscopy should be performed to 
identify ail intraarticular pathology so that treatment may be 
rendered accordingly. Arthroscopy portais and time should 
be limited to reduce extravasation into the soft tissues, which 
can make surgical exposure more difficult. 

ANTERIOR INSTABILITY OF THE SHOULDER 
■ SURGICAL TREATMENT 

More than 150 operations and many modifications hâve been 
devised to treat traumatic récurrent anterior instability of the 
shoulder. There is no single best procedure. Factors that hâve 
been stressed as important in achieving a successful resuit are 
adéquate exposure and accurate surgical technique. The 
pathologie condition should be defined, and a procedure 
should be done that corrects this condition most anatomi- 
cally. Ideally, the procedure for récurrent instability should 
include the following factors: (1) low récurrence rate, (2) low 
complication rate, (3) low reoperation rate, (4) does no harm 
(arthritis), (5) maintains motion, (6) is applicable in most 
cases, (7) allows observation of the joint, (8) corrects the 
pathologie condition, and (9) is not too difficult. 

Operative procedures can be done open or arthroscopi- 
cally with comparable results. When the appropriate proce¬ 
dure is accomplished to restore the anatomy, outcomes of 
Bankart repairs are affected by what Balg and Boileau 
described as the Instability Severity Index Score (ISIS; Table 
47-6). At présent, our preferred surgical procedures are 
arthroscopic Bankart or capsular plication procedures as 
indicated. When an open procedure is desired, we prefer the 
Jobe capsulolabral reconstruction or Neer capsular shiff for 
anterior instability and a glenoid-based shiff for posterior 
instability. For glenoid bony defects that cannot be repaired, 
we reconstruct the anterior defects with a Latarjet procedure 
and use an autograff iliac crest extracapsular bone graff 
posteriorly. Moderately sized (25%) humerai head defects are 
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FIGURE 


MR angiograms showing humerai avulsion glenohumeral ligament (HAGL) lésion. 


treated with an arthroscopic remplissage procedure and 
Bankart repair, and larger defects (35% to 45%) are treated 
indirectly by increasing the glenoid arc using a Latarjet pro¬ 
cedure (Table 47-7). 

I BANKART OPERATION 

In the original Bankart operation, the subscapularis and 
shoulder capsule are opened vertically. The latéral leaf of the 
capsule is reattached to the anterior glenoid rim. A médial 
leaf of the capsule is imbricated, and the subscapularis is 
approximated. The Bankart operation is indicated when the 
labrum and the capsule are separated from the glenoid rim 
or if the capsule is thin. The advantage of this procedure is 
that it corrects the labral defect and imbricates the capsule 
without requiring any metallic internai fixation devices. The 
main disadvantage of the original procedure is its technical 
difficulty. 

Since the original description of the Bankart procedure, 
modifications hâve allowed the procedure to be done with 
more ease and less surgical trauma. The procedure can be 
done through a subscapularis split; or in larger, more muscu- 
lar individuals, the subscapularis split can be extended 


superiorly approximately 1 cm médial to the biceps tendon, 
releasing the subscapularis muscle in an L-shaped fashion. 
This L-type release provides excellent exposure of the rotator 
interval, and the inferior third of the subscapular muscle can 
be retracted inferiorly to expose the inferior capsule, while 
protecting the axillary nerve. The subscapularis split approach 
préserves neuromuscular function and minimizes the possi- 
bility of postoperative tendon detachment. We hâve had 
success using either the subscapularis split or the L-split, 
depending on the patient, and the modified Bankart proce¬ 
dure (Fig. 47-35). We hâve used a procedure similar to that 
described by Montgomery and Jobe for more than a decade 
for récurrent traumatic dislocations and récurrent microtrau- 
matic subluxations with anterior and inferior instability. We 
hâve not found it necessary to osteotomize the coracoid to 
obtain exposure. Keys to success of this procedure are (1) 
maximizing the healing potential by abrading the scapular 
neck, (2) restoring glenoid concavity, (3) securing anatomie 
capsular fixation at the edge of the glenoid articular surface, 
(4) re-creating physiologie capsular tension by superior and 
inferior capsular advancement and imbrication, and (5) 
performing supervised goal-oriented réhabilitation. 
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A f The glenoid track is calculated as 84% of the actual glenoid width measured on the sagittal oblique MR image. 
A best-fit circle is placed on the glenoid to calculate the expected width before bone loss; therefore, both percentage of bone loss and 
glenoid track can be determined. In this case, the actual glenoid width is 24 mm, with 4 mm of bone loss (17%). The glenoid track is 
84% of 24 mm, or 20.1 mm. B, The distance from the rotator cuff footprint to the médial margin of the Hill-Sachs lésion is measured 
on the coronal MR image. In this case, it is 23.1 mm. Because the Hill-Sachs width to the footprint (23.1 mm) is greater than the glenoid 
track measurement (20.1 mm), it is considered outside the glenoid track and at high risk for engaging. (From Metzger PD, Barlow B, 
Leonardelli D, et al: Clinical application of the "glenoid track" concept for defining humerai head engagement in anterior shoulder instability. A 
preliminary report, Orthop J Sports Med 1:1, 2013.) 
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_ TABLE 47-6 

Instability Severity Index Score Based on a 
Preoperative Questionnaire, Clinical Examination, 
and Radiographs 


PROGNOSTIC FACTORS 

POINTS 

AGE AT SURGERY (YEARS) 

<20 

2 

>20 

0 

DEGREE OF SPORT PARTICIPATION (PREOPERATIVE) 

Compétitive 

2 

Recreational or none 

0 

TYPE OF SPORT (PREOPERATIVE) 

Contact or forced overhead 

1 

Other 

0 

SHOULDER HYPERLAXITY 

Shoulder hyperlaxity (anterior or inferior) 

1 

Normal laxity 

0 

HILL-SACHS LESION ON ANTEROPOSTERIOR 


RADIOGRAPH 


Visible in external rotation 

2 

Not visible in external rotation 

0 

GLENOID LOSS OF CONTOUR ON ANTEROPOSTERIOR 


RADIOGRAPHS 


Loss of contour 

2 

No lésion 

0 

TOTAL (POINTS) 

10 


TABLE 47-7 


Our Preferred Surgical Treatment 

Traumatic Bankart 

Jobe capsulolabral 
reconstruction 

Acute bony Bankart 

Screw or anchor fixation 

+ Hyperlaxity 

Rotator interval closure 

HAGL 

Suture anchor repair 

MULTIDIRECTIONAL 

REPAIR BANKART/KIM LESIONS 

Anteroinferior prominent 

Humerai side Neer capsular 
shift 

Posterior prominent— 
glenoid side 

Glenoid side shift 

BONE LOSS—GLENOID 

Erosional bone loss >25% 

Laterjet procedure 

Erosional bone loss >40% 

Eden-Hybinette procedure 

BONE LOSS—HUMERAL HEAD 

20% + glenoid defect 

Jobe capsular reconstruction + 
capsular shift + remplissage 

25% (6 mm deep) 

Remplissage 

40% 

Laterjet to increase glenoid 
rotational arc 

BONE LOSS—ANTERIOR HUMERAL HEAD 

>30% 

McLaughlin 

Capsular deficiency 

Achilles allograft capsular 
reinforcement 


HAGL, Humerai avulsion glenohumeral ligament. 


(From Balg F, Boileau P: The instability severity index score: a simple preoperative 
score to select patients for arthroscopic or open shoulder stabilisation, J Bone 
Joint Surg 89B:1470, 2007. Copyright British Editorial Society of Bone and Joint 
Surgery.) 



Division of subscapularis tendon. A f Lower 
fourth of subscapularis tendon is left intact to protect anterior 
humerai circumflex artery and axillary nerve. B f Subscapularis 
muscle is split horizontally and retracted superiorly and inferiorly 
to expose underlying capsule. 


MODIFIED BANKART REPAIR 


TECHNIQUE 47-9 


(MONTGOMERY AND JOBE) 

■ Make an incision along the Langer lines, beginning 2 cm 
distal and latéral to the coracoid process and going 
inferiorly to the anterior axillary crease. 

■ Develop the deltopectoral interval, retracting the deltoid 
and cephalic vein laterally and the pectoralis major muscle 
medially. Leave the conjoined tendon intact, and retract 
it medially. 

■ Split the subscapularis tendon transversely in line with its 
fibers at the junction of the upper two thirds and lower 
one third of the tendon, and carefully dissect it from the 
underlying anterior capsule. Maintain the subscapularis 
tendon interval with a modified Gelpi retractor (Anspach, 
Inc, Lake Park, FL), and place a three-pronged retractor 
medially on the glenoid neck. 

■ Make a horizontal anterior capsulotomy in line with the 
split in the subscapularis tendon from the humerai 
insertion laterally to the anterior glenoid neck medially 
(Fig. 47-36A). Place stay sutures in the superior and 
inferior capsular flaps at the glenoid margin. 

■ Insert a narrow humerai head retractor, and retract the 
head laterally. Elevate the capsule on the anterior neck 
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Montgomery and Jobe technique. A f Capsular incision made at center (3-o'clock position) of glenoid. Incision is 
extended medially over neck of glenoid. Stay suture is placed in capsule to mark glenoid attachment site. B f Suture anchor drill holes 
are started in scapular neck adjacent to glenoid articular surface and directed medially away from joint surface. For exposure of neck, 
sharp Hohmann retractor is placed along superior and inferior neck for capsular retraction (not pictured). C, Suture anchors are placed 
in each prepared drill hole. Sutures are pulled to set anchor. Each individual suture is pulled to ensure suture slides in anchor. 
D, Approximation of capsule to freshened neck. Two or three suture anchors are used to secure inferior capsule firmly to scapular neck. 
An Allis clamp is used by assistant to advance capsule superiorly against neck while sutures are placed. E f Superior and middle suture 
anchors are used to secure and advance superior flap in inferior direction. F, Final imbrication of capsule is done with interrupted 
nonabsorbable sutures. Extremity is maintained in 45 degrees abduction and 45 degrees external rotation during closure to prevent 
overconstraint. Technical note: Suture anchors should be at edge of glenoid articular surface and aimed medially 20 degrees. 


SEE TECHNIQUE 47-9. 
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subperiosteally. Leave the labrum intact if it is still attached. 
Decorticate the anterior neck to bleeding bone with a 
rongeur. 

■ Drill holes near the glenoid rim at approximately the 3-, 
4-, and 5:30-o'clock positions, keeping the drill bit paral- 
lel to the glenoid surface (Fig. 47-36B). 

■ Place suture anchors in each hole and check for security 
of the anchors (Fig. 47-36C). During this portion of the 
procedure, maintain the shoulder in approximately 90 
degrees of abduction and 60 degrees of external rotation 
forthrowing athlètes. Maintain the shoulder in 60 degrees 
abduction and 30 to 45 degrees external rotation in 
nonthrowing athlètes and other patients. 

■ Tie the inferior flap down in mattress fashion, shifting the 
capsule superiorly but not medially (Fig. 47-36D). The stay 
sutures help prevent medialization of the capsule. Shift 
the superior flap interiorly, overlapping and reinforcing 
the inferior flap (Fig. 47-36E). 

■ Loosely close the remaining gap in the capsule (Fig. 
47-36F). The reconstruction has two layers of reinforced 
capsule outside the joint. 

POSTOPERATIVE CARE. Postoperative réhabilitation is 
carried out as described in Box 47-2. 


ANTERIOR STABILIZATION WITH 
ASSOCIATED GLENOID DEFICIENCY 
(LATERJET PROCEDURE) 

In patients who hâve an inverted pear-shaped glenoid and 
an engaging FHill-Sachs lésion, we hâve found that the 
Laterjet procedure alone usually is adéquate to treat this 
combined bone deficiency. The bone graft corrects the 
glenoid deficiency so that it can resist axial forces across an 
expanded glenoid diameter. The graft also lengthens the 
glenoid articular arc to prevent the FHill-Sachs lésion from 
engaging and is used when a large (35% to 45%) humerai 
head lésion is présent (Fig. 47-37). 


TECHNIQUE 47-10 


(WALCH AND BOILEAU) 

■ With the patient secured in a beach-chair position and 
after induction of general endotrachéal anesthésia, place 
a small pillow behind the scapula to position the glenoid 
surface perpendicular to the operative table. Sterilize and 
drape free the neck, chest, axilla, and entire arm. 

■ Make a 4- to 7-cm skin incision beginning under the tip 
of the coracoid process (Fig. 47-38A). Open the deltopec- 
toral interval and retract the cephalic vein laterally with 
the deltoid. Place a self-retaining retractor into the delto- 
pectoral interval and a Plohmann retractor on the top of 
the coracoid process. 

HARVESTING AND PREPARATION OF THE BONE BLOCK 

■ Position the patient's arm in 90 degrees of abduction and 
external rotation, and section the coracoacromial liga¬ 
ment 1 cm from the coracoid. 



Réhabilitation Program After Anterior 
Capsulolabral Reconstruction 


Postoperative Period (0-3 Weeks) 

Abduction pillow 

Passive/active ROM: abduction (90 degrees), flexion (90 
degrees), and external rotation (45 degrees); no extension 
Isométrie abduction, horizontal adduction, and external 
rotation 
Elbow ROM 
Bail squeeze 
Ice 

Phase I (3-6 Weeks) 

Discontinue brace/pillow 
Modalities as needed 

Progressive passive and active ROM, protecting anterior 
capsule 

Active internai rotation (full) and external rotation (neutral) 
using tubing and free weights 
Prone extension (not posterior to trunk) 

Shoulder shrugs and active abduction 

Supraspinatus strengthening 

Ice 

Phase II (6 Weeks-3 Months) 

Continue ROM, gradually increasing external rotation (goal 
is full ROM by 2 months) 

Continue strengthening exercises, with emphasis on rotator 
euff and parascapular muscles 
Add shoulder flexion and horizontal adduction exercises 
Joint mobilization 

Begin upper body ergometer for endurance at low résistance 
Ice 

Phase III (3-6 Months) 

Continue capsular stretching and strengthening and 
ergometer 

May include isokinetic strengthening and endurance exer¬ 
cises for internai and external rotation 
Add push-ups (begin with wall push-up with body always 
posterior to elbows) 

Start chin-ups at 4 to 5 months 
Total body conditioning 

Advance to throwing program or skill-specific training as 
tolerated 
Ice 

(From Montgomery WH, Jobe FW: Functional outcomes in athlètes after modified 
anterior capsulolabral reconstruction, Am J Sports Med 22:352,1994.) 

ROM, Range of motion. 


■ Adduct and internally rotate the arm to release the pec- 
toralis minor insertion from the coracoid, and expose the 
base of the coracoid with a periosteal elevator to allow 
observation of the "knee" of the coracoid process. Use 
an osteotome or small angulated saw to osteotomize the 
coracoid process from médial to latéral at the junction of 
the horizontal-vertical parts (Fig. 47-38B). 
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A f Preoperative sagittal MRI of shoulder with multiple loose bodies and loss of 35% of glenoid articular surface. 
Anteroposterior (B) and latéral (C) views after Laterjet procedure with parallel screw fixation. D f Arthroscopic view showing healed 
Laterjet procedure. SEE TECHNIQUE 47-10. 


■ Bring the arm back into abduction and external rotation 
and release the coracohumeral ligament from the latéral 
part of the coracoid. 

■ Grasp the bone graft firmly with forceps and carefully 
release it from its deep attachments. Dissect the latéral 
part of the conjoined tendon, avoiding the médial aspect 
and potential damage to the musculocutaneous nerve. 

■ Evert the bone graft and decorticate its deep surface with 
a cutting rongeur or saw. 

■ With a 3.2-mm drill, drill two parallel holes in the deep 
surface of the bone graft. 

■ Measure the thickness of the bone graft with a caliper 
and place the graft under the pectoralis major for subsé¬ 
quent use; hold it in place with the self-retaining retractor, 
which keeps the deltopectoral interval open. 


DIVISION OF THE SUBSCAPULARIS, CAPS U LOTO MY f 
AND EXPOSURE 

■ With the upper limb in full external rotation, identify the 
inferior and superior margins of the subscapularis tendon. 
Use electrocautery and then Mayo scissors to divide the 
muscle at the superior two-thirds or inferior one-third 
junction in line with its fibers, carefully obtaining hemo- 
stasis at each step. 

■ Carefully carry division down to the white capsule, and then 
extend it medially by inserting a 4 x 4-inch sponge into the 
cleavage plane, thus exposing the subscapular fossa. Extend 
the division laterally as far as the lesser tuberosity. Place a 
Hohmann retractor in the subscapular fossa. 

■ Place the upper limb in neutral rotation to provide full 
exposure of the capsule, and make a 1.5-cm vertical 
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Laterjet-Bristow procedure (Walch and Boileau). A f Vertical incision under tip of coracoid process. B f Harvest of bone 
block corresponding to horizontal part of coracoid process, retaining conjoined coracobrachialis tendon and coracoacromial ligament. 
C, Division of subscapularis horizontally. Anteroinferior glenoid rim is decorticated. D, Bicortical fixation of bone block. Outer capsular 
flap is sutured to remainder of coracoacromial ligament. SEE TECHNIQUE 47-10. 


capsulotomy at the level of the anteroinferior margin of 
the glenoid. 

■ Move the arm into full internai rotation to allow insertion 
of a humerai head retractor, which rests on the posterior 
margin of the glenoid. 

■ Retract the superior two thirds of the subscapularis 
superiorly with a Steinmann pin impacted at the superior 
part of the scapular neck; retract the inferior part inferiorly 
with a Hohmann retractor pushed under the neck of the 
scapula between the capsule and the subscapularis. 

■ With the anteroinferior rim of the scapula exposed, 
inspect the labrum, cartilage, and insertion site of the 
glenohumeral ligaments. Resect the médial capsular flap 
along with damaged portions of the labrum or fracture 
fragments. 


■ Use a scalpel to expose the anteroinferior margin of 
the glenoid and decorticate it with a curet or osteotome 
(Fig. 47-38C). 

FIXATION OF THE BONE BLOCK 

■ Insert the bone block through the soft tissues and posi¬ 
tion it flush to the anteroinferior margin of the glenoid. 
Check the position of the bone block with the arm in 
internai rotation, taking care to avoid any latéral over- 
hang; a slight médial position (no more than 1 to 2 mm) 
is acceptable. Never accept a latéral overhang of the 
coracoid in the joint; it can lead to rapid degenerative 
joint disease. 

■ Insert a 3.2-mm drill through the inferior hole in the bone 
graft and into the glenoid neck in an anteroposterior and 
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superior direction. Check the orientation of the articular 
surface and direct the drill parallel to this plane. Tempo- 
rarily reflect the bone block to allow measurement of the 
drilling depth with a depth gauge. 

■ Place an AO malleolar screw into the posterior cortex to 
secure the bone block to the glenoid. Tighten this screw 
loosely to allow easy rotation and proper positioning of 
the superior part of the bone block. When positioning is 
correct, insert a second AO malleolar screw through the 
superior hole in the bone block and tighten both screws 
firmly (Fig. 47-38D). To avoid impingement with the 
humerai head, do not use washers with the screws. 

CLOSURE 

■ With the arm in external rotation, repair the remnant of 
the coracoacromial ligament to the latéral capsular flap 
with two interrupted absorbable sutures. 

■ Remove the sponge placed earlier in the subscapular 
fossa, and move the arm through ail ranges of motion to 
evaluate mobility. 

■ Coat the eut surface of the coracoid with bone wax, place 
a suction drain, and close the superficial soft-tissue layers. 

POSTOPERATIVE CARE. Patients require immobiliza- 
tion in a sling or shoulder immobilizer for 2 weeks after 
surgery. Forward flexion is begun thereafter, and external 
rotation is begun at 6 weeks. Strengthening exercises are 
started at 8 weeks after surgery. 


RECONSTRUCTION OF ANTERIOR 
GLENOID USING ILIAC CREST BONE 
AUTOGRAFT 

The Eden-Hybbinette procedure was originally described 
using an iliac crest autograft to reconstruct the anterior 
glenoid. Glenoid bone loss approaching 40% of the ante¬ 
rior glenoid or posterior bone loss of 25% with récurrent 
posterior dislocation should be reconstructed with an 
autogenous iliac crest bone graft, or, occasionally for 
posterior lésions, the médial aspect of the acromion can be 
used as a graft. More recently, Provencher et al. described 
using allograft from the latéral aspect of a distal tibia for 
reconstruction. At présent, however, an iliac crest autograft 
is recommended because of its availability, greater healing 
potential, and less potential for résorption than an allograft. 


TECHNIQUE 47-11 


(WARNER ETAL) 

■ Harvest a tricortical iliac crest autograft 2 cm wide and 
3 cm long and contour it to make a smooth continuation 
of the glenoid arc. 

■ Drill two holes in the graft and use these to align the graft 
to form a smooth articular arc. 

■ Drill holes in the glenoid neck and mark them with 
electrocautery for ease in finding. 


■ Place sutures in the capsule and pass them around the 
screw shaft between the glenoid and graft sutures. Secure 
the graft extracapsularly. 

■ Appropriate graft position is vertical before closure of the 
latéral extent of the capsular incision. 

■ Decorticate the glenoid neck and secure the graft with 
two 4.0-mm cannulated bicortical screws. 

■ Anteriorly, place the graft intracapsularly, securing the 
capsule around the screw heads. 

■ Posteriorly, perform a medial-based plication. 

POSTOPERATIVE CARE. Postoperative care is as 
described for Technique 47-10. 


■ UNSUCCESSFUL SURGICAL REPAIRS FOR 
ANTERIOR INSTABILITY 

Failure of stabilization may occur because of failure to correct 
the pathology, failure to heal, or poor patient compliance. Ail 
potential causes of failure must be fully evaluated and should 
include a three-dimensional CT évaluation for bony defi- 
ciency of the glenoid and humerai head and, on occasion, an 
arthrogram to identify the site of capsular failure. If failure of 
stabilization is determined to be caused by failure to heal, the 
procedure may be revised arthroscopically with the option of 
open repair if it is thought to be advantageous. Bony defi- 
ciency of the humerai head usually is corrected with an 
arthroscopic remplissage procedure. Deficiency of the glenoid 
more than 25% should be approached with an open Latarjet 
procedure (see Table 47-7). 

Reported complications of récurrent instability or loss of 
motion, neurovascular problems, infection, and postopera¬ 
tive degenerative changes can be reduced significantly with 
appropriate planning preoperatively, intraoperatively, and 
postoperatively. The patients expectations and any secondary 
gains must be realized. Secure repair of the pathologie lésion 
is necessary to restore stability and preserve motion. Exces¬ 
sive loss of motion and injury to the glenohumeral joint from 
hardware hâve been indicated as causes of degenerative 
changes. Excessive loss of motion can be treated with an 
arthroscopic capsular release (Chapter 52). If severe restric¬ 
tion of rotation (i.e., <15 degrees of external rotation) is 
présent, an open coronal subscapularis lengthening should be 
considered. 

The basic principles for approaching failed repairs are the 
same as for the primary procedure: (1) creating an optimal 
healing environment, (2) re-creating the glenoid concavity, 

(3) securing anatomie capsular fixation at the articular edge, 

(4) re-creating physiologie capsular tension, and (5) having 
supervised, goal-specific therapy. Procedures in which a bone 
block or a coracoid transfer is done can resuit in degenerative 
changes if malposition of the transfer causes impingement on 
the humerai head. The keys for successful surgical repair 
include appropriate patient sélection, sélection of the appro¬ 
priate procedure to correct the pathologie lésion, a thorough 
understanding of the local anatomy, identification and 
protection of important neurovascular structures, use of a 
postoperative réhabilitation program consistent with the type 
of surgical correction done, and an understanding of the 
patients goals. 
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MULTIDIRECTIONAL INSTABILITY OF THE 
SHOULDER 

Neer and Foster introduced the term multidirectional instabil¬ 
ity in 1980. It describes glenohumeral subluxation or disloca¬ 
tion in multiple directions. The primary abnormality in 
multidirectional instability is a loose, redundant inferior 
pouch. It is important to distinguish multidirectional insta¬ 
bility from routine unidirectional dislocation because the 
former problem is not correctable by standard repairs. Surgery 
in these patients is not indicated unless disability is frequent 
and significant, an adéquate trial of conservative treatment 
emphasizing muscular and rotator cuff rehabilitative exercises 
has failed, and the patient is not a voluntary dislocator. 

The principle of the procedure is to detach the capsule 
from the neck of the humérus and shift it to the opposite side 
of the calcar (inferior portion of the neck of the humérus), 
not only to obliterate the inferior pouch and capsular redun- 
dancy on the side of the surgical approach but also to reduce 
laxity on the opposite side. To reduce inferior laxity with the 
arm in 0 degrees of abduction, closure of the rotator interval 
is indicated. Internai closure also has been shown to decrease 
posterior translation. The approach can be anterior or poste - 
rior depending on the direction of greatest instability. When 
the findings include a 3+ sulcus sign and symptoms related 
to inferior instability, associated with anterior or posterior 
instability, an anterior capsular shift and closure of the rotator 
interval allow better correction of inferior laxity. If the finding 
is posterior instability with a 1+ to 2+ sulcus sign and only 
mild inferior symptoms, a posterior capsular procedure is 
indicated. 


CAPSULAR SHIFT 


TECHNIQUE 47-12 


(NEER AND FOSTER) 

■The patient is carefully examined and questioned preop- 
eratively to détermine the probable direction of greatest 
instability. After delivery of a general anesthetic, the 
instability of the shoulder is evaluated again. Anterior 
instability is tested with the arm in external rotation and 
extension at various levels of abduction. Inferior instability 
is tested with the arm in 0 degrees and 45 degrees 
of abduction. Posterior instability is tested with the arm 
in internai rotation at various levels of forward élévation. 
If this examination and the preoperative évaluation 
correlate with anteroinferior instability, use an anterior 
approach. 

■ Place the patient in a tilted position with the front and 
the back of the shoulder exposed. Drape the arm free. 
Attach an arm board to the side of the table. 

■ Make a 9-cm incision in the skin creases from the anterior 
border of the axilla to the coracoid process. 

■ Develop the deltopectoral interval médial to the cephalic 
vein, and retract the deltoid laterally. Divide the clavipec- 
toral fascia, and retract the muscles attached to the cora¬ 
coid process medially. 

■ With the arm in external rotation, divide the superficial 
half of the thickness of the subscapularis tendon 


transversely, 1 cm médial to the biceps groove (Fig. 
47-39A). Leave the deep half of the subscapularis tendon 
attached to reinforce the anterior aspect of the capsule, 
and tag the superficial half of the tendon with stay 
sutures and retract it medially. It is important that this 
superficial portion of the subscapularis tendon be free so 
that the action of the subscapularis muscle is not 
tethered. 

■Close the cleft between the middle and superior gleno¬ 
humeral ligaments with nonabsorbable sutures. 

■ Make a T-shaped opening by incising between the middle 
and inferior glenohumeral ligaments (Fig. 47-39B). 

■ With a fiat elevator to protect the axillary nerve and with 
the arm in external rotation, develop a capsular flap by 
detaching the reinforced part of the capsule containing 
the inferior glenohumeral ligament from the inferior 
aspect of the neck of the humérus around to the posterior 
aspect of the neck of the humérus (Fig. 47-39C). 

■ Inspect the interior of the joint, and remove any osteo- 
chondral bodies or tags of labrum. 

■Test for posterior instability with and without forward 
traction on the inferior capsular flap to estimate the new 
location for the flap. 

■ Using curets and a small gouge, make a shallow slot in 
the bone at the anterior and inferior sulcus of the neck 
of the humérus (Fig. 47-39C). Suture the capsular flap to 
the stump of the subscapularis tendon and to the part of 
the capsule that remains on the humérus so that the 
capsular flap is held against the slot of raw bone. Suture 
anchors can be used to secure the capsule and generally 
are preferred. 

■ The tension on the capsular flap that is selected must 
eliminate the inferior pouch and reduce the posterior 
capsular redundancy (Fig. 47-39D). Suture the inferior 
flap first, and draw the superior flap down over it and 
suture it so as to cause the middle glenohumeral ligament 
to reinforce the capsule anteriorly and to act as a sling 
against inferior subluxation. 

■ Hold the arm in slight flexion and about 10 degrees of 
external rotation on the arm board while the anterior 
portion of the capsule is reattached with nonabsorbable 
sutures. Bigliani et al. recommended repairing the capsule 
with the arm held in approximately 25 degrees of external 
rotation and 20 degrees of abduction. For throwers, they 
recommended relatively more abduction and external 
rotation to ensure full range of motion. 

■ Bring the subscapularis tendon over the reattached 
anterior portion, and reattach the tendon at its normal 
location. 

■ After closure of the deltopectoral interval with absorbable 
sutures and after closure of the skin with a skin stitch, 
maintain the arm at the side in neutral flexion-extension 
and in about 20 degrees of internai rotation by light 
plastic splints. 

POSTOPERATIVE CARE. Postoperatively, the extremity 
is placed in a commercially available shoulder immobilizer 
with the shoulder in 30 to 40 degrees of abduction and 
slight external rotation. Range-of-motion exercises for the 
elbow, wrist, and hand are started immediately, with 
Codman's exercises of the shoulder being added on the 
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Neer technique of inferior capsular shift for shoulder instability. A f Reinforcement of capsular flaps; about half 
thickness of subscapularis tendon is left attached to reinforce capsule. B f Capsular incision. C f Préparation of flaps and slot. Arm 
is externally rotated as inferior flap is detached. D f Relocation of flaps with arm in slight flexion and 10 degrees of external 
rotation. Inferior flap (b) is relocated first and is pulled forward and upward. Superior flap (a) is brought down over inferior flap. SEE 

TECHNIQUE 47-12. 


participating in sports are prohibited for 9 months and 
until muscle strength is normal on manual testing com- 
pared with the contralatéral side. Ligament healing is 
more mature at 1 year, and patients are advised against 
swimming with the backstroke or butterfly stroke, heavy 
overhead use of the involved arm, and participation in 
contact sports during the first year after surgery. 


third postoperative day. External rotation to 10 degrees, 
forward élévation to 90 degrees, and isométrie exercises 
are begun after 10 days. For 2 to 4 weeks, isométrie 
strengthening is continued and external rotation is 
increased to 30 degrees and forward élévation to 140 
degrees. At 4 to 6 weeks, résistive exercises are begun 
and external rotation is increased to 40 degrees and 
forward élévation to 160 degrees. At 6 weeks, external 
rotation is increased to 50 degrees and forward élévation 
to 180 degrees. At 3 months, external rotation can be 
progressed. In the dominant shoulder of throwers, exter¬ 
nal rotation should be progressed more quickly; however, 
progression that is too quick can lead to récurrent instabil¬ 
ity, especially in patients in late adolescence. 

The internai and external rotators curb anterior and 
posterior displacement, and the supraspinatus and middle 
part of the deltoid curb inferior displacement. Complété 
recovery of the muscles probably is necessary to protect 
the repair because the capsule and ligaments normally 
function only as a checkrein. Lifting more than 9 kg and 


■ CAPSULAR SHIFT WITH INCISION ADJACENT 
TO THE GLENOID 

O’Brien, Warren, and Schwartz described a technique for a 
capsular shift procedure in which the T portion of the incision 
is made adjacent to the glenoid. This technique allows much 
easier repair of a detached glenoid labrum if this is présent. If 
the instability is mainly an inferior instability with no glenoid 
labrum tear, however, and it is necessary to tighten well around 
to the posterior aspect of the humérus, we hâve found the 
technique of Neer to allow more posterior tightening. With 
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the Neer technique, the posterior portion of the T can be 
extended farther as the humérus is externally rotated. 

Large, engaging Hill-Sachs lésions involving 20% to 30% 
of the humerai head may be treated by disimpaction and bone 
grafting in the acute stage. Transfer of the infraspinatus tendon 
is useful in the chronic setting. Wolf described an arthroscopic 
procedure to suture the infraspinatus tendon into the defect 
and reported good results. Larger defects of 30% to 40% may 
be treated indirectly with a Latarjet procedure, extending to 
the glenoid articulation; this prevents engagement of the Hill- 
Sachs defect. This is our preferred technique. The humerai 
head defect also can be approached directly and filled to 
prevent engagement. Small sériés of allograff reconstructions 
hâve shown satisfactory results, although some patients had 
to hâve the screws removed at a later date. Use of a métal 
implant to fill the defect also may be an option. Some centers 
hâve limited early expérience with the HemiCap device 
(Arthrosurface, Franklin, MA). Good to excellent results were 
reported in 90% of 207 patients undergoing a humerai rota- 
tional osteotomy and imbrication of the anterior capsule and 
subscapularis tendon for treatment of large (4 cm) Hill-Sachs 
lésions. Lésions larger than 45% should be treated by pros- 
thetic replacement. 

POSTERIOR INSTABILITY OF 
THE SHOULDER 

Posterior shoulder dislocations and récurrent posterior 
instability of the shoulder account for only 2% to 4% of ail 
dislocations of the shoulder. Traumatic events that resuit in 
posterior dislocation offen are associated with altered con- 
sciousness, such as occurs with seizures, electrical shock, and 
intoxication. Posterior dislocation also can be caused by a 
direct blow to the anterior shoulder or by a fall on a forward- 
flexed extremity. 

Récurrent posterior subluxation, atraumatic or acquired 
as a resuit of répétitive microtrauma, is much more common 
than récurrence affer a traumatic posterior dislocation. These 
instability patterns must be evaluated carefully and catego- 
rized as unidirectional, bidirectional, or multidirectional, and 
the direction of dislocations and symptomatic subluxations 
must be determined. Répétitive overuse and microtraumatic 
injuries that resuit in posterior instability include sports 
requiring overhead motion, such as pitching, tennis, and 
swimming (especially backstroke and breaststroke), weight 
lifting (especially bench press), and blocking by offensive 
linemen, ail of which inflict répétitive trauma on the posterior 
capsule. Andrews and Phillips described récurrent posterior 
instability of the dominant shoulder in batters. This most 
commonly occurs with a check swing or pulling of an outside 
pitch, which alters the normal synchronous swing mechanics 
and increases the posteriorly directed shear forces on the 
shoulder. 

Many patients with instability of microtraumatic or 
atraumatic origin learn to sublux their shoulder voluntarily 
with horizontal adduction and internai rotation; however, 
this does not mean there is a psychologie overlay. A patient 
who has a bland type of affect and who is able to sublux his 
shoulder with muscular contraction alone is more likely to 
hâve some psychologie overlay and secondary gain. With the 
shoulder in the abducted position, such patients selectively 
use internai rotators to sublux the shoulder posteriorly. These 
patients rarely, if ever, should be surgically treated. 
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In the past, glenoid version has been implicated in pos¬ 
terior instability; however, we believe that glenoid version 
contributes significantly to posterior instability only in 
patients with severe congénital dysplasia or traumatic disrup- 
tion of the bony architecture. Fuchs, Jost, and Gerber stated 
that glenoid osteotomy is indicated when more than 10 
degrees of rétroversion is présent. Because of high complica¬ 
tion rates, ostéotomies hâve fallen out of favor. 

■ CONSERVATIVE TREATMENT 

The initial treatment of posterior shoulder instability should 
be nonoperative. The regimen includes having the patient 
avoid provocative activities and educating the patient to avoid 
spécifie voluntary maneuvers that would cause the posterior 
subluxation. A strengthening exercise program aimed at the 
external rotators and posterior deltoid is carried out. Normal 
motion also should be obtained. 

Most patients with posterior instability respond to an 
aggressive exercise program, especially patients with general- 
ized ligamentous laxity and instability occurring as a resuit of 
répétitive microtrauma. In athlètes who use overhead motion, 
observation and instruction by a knowledgeable coach can 
provide slight alterations in mechanics that may reduce the 
instability épisodes. 

Patients who hâve traumatic dislocations are less likely to 
be helped by an exercise program. Traumatic dislocations are 
most common in athlètes who hâve répétitive posteriorly 
directed forces to the shoulder, such as football linemen, 
hockey players, and platform divers. If at least 4 to 6 months 
of an appropriate réhabilitation program has failed, if habituai 
dislocation has been ruled out, and if the patient is emotion- 
ally stable, surgery may be indicated if the pain and instability 
preclude adéquate function of the involved shoulder. 

■ SURGICAL TREATMENT 

Through the years, various types of procedures hâve been 
proposed to correct posterior instability, including soft-tissue 
procedures such as the “reverse” Bankart and Putti-Platt 
procedures, muscle transfers and capsulorrhaphies, bone 
blocks, and glenoid ostéotomies. The results of surgical treat¬ 
ment of posterior shoulder instability hâve been as varied as 
the techniques designed to correct it. In general, the best 
results with any procedure done to correct posterior instabil¬ 
ity are obtained in patients with récurrent traumatic posterior 
dislocation, not the more common posterior instability 
syndromes. 

We do not recommend surgery on patients with this 
atraumatic type of posterior instability, unless they hâve fre¬ 
quent and significant disability and conservative treatment 
has failed. The dislocation must not be habituai, and the 
patient must be emotionally stable. 

In any patient who has persistence of instability, a positive 
jerk test, and a positive shiff in load test and any labral pathol- 
ogy as indicated by the clunk test anterior or posterior further 
workup is indicated. This includes T2-weighted axial MRI 
with contrast enhancement to evaluate for capsular deficiency 
and loss of chondral labral containment as described by Kim 
et al. and Antoniou and Harryman (Fig. 47-40). Both authors 
found chondrolabral cavity lésions in more than 80% of 
patients with érosion, cracking, or partial detachment poste¬ 
riorly and inferiorly (i.e., the Kim lésion of the labrum). These 
deficiencies should be evaluated as noted with MRI, but, 
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Measurement of version of chondrolabral and 
osseous portions of the glenoid. a, reference line representing 
plane of chondrolabral portion of glenoid; b, reference line 
representing plane of scapular body; c, reference line represent¬ 
ing plane of osseous portion of glenoid. Angle between a and b ' 
(perpendicular to b) represents version of chondrolabral portion 
of glenoid. Angle between c and b / represents version of osseous 
portion of glenoid (Kim et al.). 


more importantly, arthroscopically at the time of stabiliza¬ 
tion. If an open technique is to be done, arthroscopic exami¬ 
nation for these lésions is indicated in most instances and to 
evaluate the rotator interval anteriorly. With a large rotator 
interval, a greater than 1 cm gap between the superior and 
middle glenohumeral ligaments at the edge of the glenoid, 
closure of the rotator interval should be done arthroscopi¬ 
cally. If an open procedure is to be done posteriorly, this can 
be performed affer completion of the arthroscopic examina¬ 
tion and interval closure anteriorly. Also to be evaluated by 
MRI is severe glenoid rétroversion, which is fairly unusual as 
previously described or, more commonly, loss of the bony 
glenoid rim. In the case of a fracture involving the rim, either 
arthroscopic or open fixation is indicated. For a larger frac¬ 
ture, an open procedure is indicated. 

Treatment of posterior instability is approached the same 
as anterior instability by restoring the anatomy and tension- 
ing the capsule appropriately. If surgery is required for a 
disabling posterior subluxation, or if posterior is the most 
significant plane in a multidirectional instability syndrome, 
the procedure that we hâve found most successful is the 
inferior capsular shift procedure through a posterior 
approach. We prefer either the capsular shift technique of 
Tibone or that of Neer and Foster for atraumatic multidirec¬ 
tional instability in a patient who is not an athlete who uses 


throwing or overhead motions. For an athlete with récurrent 
posterior subluxation who requires overhead movement, we 
prefer the muscle-splitting technique with médial shift as 
described by Tibone et al. The technique described by 
Hawkins and Janda is best reserved for a laborer or an athlete 
involved in contact sports, such as football or ice hockey, with 
récurrent posterior subluxation secondary to capsular defi- 
ciency. We hâve observed good to excellent results with this 
open procedure, and currently this is our preferred technique 
for this group of patients. 


NEER INFERIOR CAPSULAR 
SHIFT PROCEDURE THROUGH 
A POSTERIOR APPROACH 

Neer and Foster described an inferior capsular shift proce¬ 
dure performed through a posterior approach. In this 
procedure, the posterior capsule is split longitudinally, and 
the capsular attachment along the humerai neck is 
released as far inferiorly and anteriorly as possible. The 
superior capsule is advanced inferiorly, and the inferior 
capsule is advanced superiorly. The infraspinatus is eut so 
that it is overlapped and shortened, adding further but- 
tress to the posterior capsule. This procedure oblitérâtes 
the axillary pouch and redundancy. It and other capsular 
shift procedures are indicated in posterior subluxation 
syndromes that are not true traumatic récurrent posterior 
dislocations. 


TECHNIQUE 47-13 


(NEER AND FOSTER) 

■ For the posterior approach, place the patient on the 
operating table in the latéral decubitus position with the 
involved shoulder up. The patient is held in position with 
a beanbag and kidney rest. 

■ Make a 10-cm incision vertically over the posterior 
aspect of the acromion and the spine of the scapula 
(Fig. 47-41 A). 

■ Undermine the subeutaneous tissue to expose the deltoid 
muscle. Split the deltoid muscle from an area on the spine 
of the scapula, beginning 2 to 3 cm médial to the pos¬ 
térolatéral corner of the acromion and extending distally 
5 to 6 cm (Fig. 47-41 B). To protect the axillary nerve, the 
deltoid muscle should not be split distally beyond the 
teres minor. In a muscular individual, the deltoid muscle 
can be reflected from the spine of the scapula or the 
acromion. 

■ Expose the teres minor and infraspinatus muscles, and 
develop the interval between these muscles (Fig. 47-41 C). 

■ Detach the infraspinatus obliquely so that the superficial 
piece of tendon can be used later to reinforce the poste¬ 
rior part of the capsule (Fig. 47-42). 

■ Make a T-shaped opening in the posterior pouch in the 
posterior part of the capsule (Fig. 47-43A). 

■ Form a superior capsular flap by detaching 1.5 cm of 
capsule above the initial longitudinal capsular incision. 

■ Use a fiat elevator to protect the axillary nerve and, with 
the arm in progressive internai rotation, form the inferior 
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Neer and Foster posterior capsulorrhaphy for 
posterior shoulder subluxation. A f Saber eut skin incision just 
posterior to acromioclavicular joint toward posterior axillary fold. 
B f Deltoid muscle is split in line with fibers beginning 2 to 3 cm 
médial to postérolatéral corner of acromion. C f Exposure of 
underlying infraspinatus and teres minor muscles. SEE TECHNIQUE 
47-13. 


Infraspinatus 

muscle 



Neer and Foster inferior capsular shift through 
posterior approach. Detachment of infraspinatus tendon. SEE 

TECHNIQUE 47-13. 


capsular flap by detaching the capsule from the neck of 
the humérus around to the anterior portion of the calcar. 

■ Elevate the teres minor from the capsule and leave it 
intact. 

■ Distract the joint (with the addition of muscle relaxants 
as necessary) so that the glenoid labrum can be inspected 
anteriorly. If the anterior portion of the glenoid labrum 
has been detached, make a second approach anteriorly 


through which the labrum is sutured to the bone of the 
glenoid (Bankart repair). If the anterior part of the labrum 
is intact, draw the posterior part of the capsule backward 
to eliminate the inferior pouch and to reduce anterior 
capsular laxity (Fig. 47-43B). 

■ With curets and a small gouge, make a shallow slot in 
the sulcus of the humerai neck so that the capsular flap 
is approximated to raw bone. Hold the arm in slight 
extension and moderate external rotation as the capsule 
is reattached (Fig. 47-43B). 

■ During tensioning of the flaps, Bigliani suggested holding 
the extremity in 5 to 10 degrees of external rotation, 10 
to 15 degrees of abduction, and neutral flexion and 
extension. Reattach the superior flap first while drawing 
it downward to eliminate the posterior pouch. Next, draw 
the longer inferior flap over it, and turn back the excess 
part of the capsule for reinforcement posteriorly. Use the 
superficial portion of the infraspinatus to reinforce the 
posterior portion of the capsule further (Fig. 47-43C). 

■ Reattach the deep part of the infraspinatus superficially 
to preserve active external rotation, and carefully reattach 
the deltoid if it has been detached. 

■ Close the wound, and immobilize the arm at the side in 
neutral flexion-extension and 10 degrees of external 
rotation by means of a light plaster splint extending from 
the wrist to the middle part of the arm and around the 
waist, with the elbow bent 90 degrees. Rigid external 
immobilization is needed to ensure that 10 degrees of 
external rotation is maintained. 

POSTOPERATIVE CARE. The shoulder is immobilized 
with the arm at the side in slight abduction and neutral 
rotation for 6 weeks after surgery. A plastic brace main- 
tains this position, supports the weight of the arm, and 
prevents inferior stress on the repair. Range-of-motion 
exercises with élévation in the scapular plane and external 
rotation and isométrie exercises are begun 6 weeks after 
the surgery when the brace is removed. These exercises 
are progressed over the next 3 months to a full strength- 
ening program. Elévation of more than 150 degrees and 
internai rotation exercises that might stress the repair are 
avoided for 3 months. Sports activities such as swimming 
and throwing are not allowed for 9 months to 1 year after 
surgery. 


TIBONE AND BRADLEY TECHNIQUE 

Tibone and Bradley recommended a variation on the pos¬ 
terior capsular shift procedure in which the interval between 
the infraspinatus and teres minor muscles is split to expose 
the posterior capsule. The capsule is shifted on the glenoid 
side to reduce the volume of the posterior capsule in a 
manner similar to that described by Neer and Foster and 
Bigliani et al. Shaffer et al. described an infraspinatus 
muscle—splitting incision in which the bipennate muscle is 
split between its two innervations, resulting in no long- 
term trauma to the muscle. They stated that this may allow 
better exposure of the middle portion of the posterior 
capsule and make the capsular shift easier. Whether the 
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Superficial part of 
infraspinatus tendon 


Neer and Foster inferior capsular shift through posterior approach. A f T-shaped incision to form superior flap (a) and 
inferior flap (b). B f Relocation of flaps. C f Reinforcement of capsular flaps. Superficial part of infraspinatus tendon is brought down 
and sutured against raw bone on scapular neck; deep portion is sutured over this. SEE TECHNIQUE 47-13. 


split of the bipennate infraspinatus or the split between the 
infraspinatus and the teres minor is used, damage to the 
posterior rotator cuff is reduced. The advantage of this 
approach is that imbrication of the posterior capsule pro¬ 
duces a thicker posterior soft-tissue restraint. This is our 
preferred technique in athlètes with a moderate amount 
of posterior instability. 


TECHNIQUE 47-14 


(TIBONE AND BRADLEY) 

■ Place the patient in the latéral decubitus position, and 
approach the shoulder as described in the technique for 
the Neer posterior capsular shift procedure. 

■ When the capsule has been sufficiently separated from 
the overlying muscles, make a transverse arthrotomy 
incision into the posterior capsule from a latéral to médial 
direction up to the labrum (Fig. 47-44A and B) and 
inspect the joint. 

■ Develop two capsular flaps by making a T-shaped incision 
into the capsule parallel to the glenoid cavity and just 
adjacent to the labrum. Tag these flaps with sutures to 
control them (Fig. 47-44C). The inferior capsular flap 
must be developed carefully because of the close proxim- 
ity of the axillary nerve on the undersurface of the capsule. 
Usually the labrum is found intact. 

■ If the labrum is torn, reflect it so that holes can be made 
in the posterior glenoid cavity and sutures can be passed 
directly through the bone as in a typical anterior Bankart 


repair. (Suture anchors can be used to secure the capsule 
to the neck adjacent to the glenoid articular cartilage.) 

■ When the labrum is intact, the sutures can be placed 
directly into the labrum. 

■ Advance the inferior capsular flap superiorly and medially, 
and attach it to the glenoid labrum with nonabsorbable 
sutures (Fig. 47-44D). This usually éliminâtes the posterior 
and any inferior instability. 

■ Suture the superior capsular flap over the inferior flap by 
advancing it inferiorly and medially. 

■Close any remaining transverse gap in the capsule later- 
ally with interrupted mattress sutures (Fig. 47-44E). The 
teres minor and infraspinatus muscles corne together and 
usually do not need sutures. 

■ Close the wound in layers. 

POSTOPERATIVE CARE. The shoulder is placed in an 
abduction pillow in slight extension and neutral rotation 
to take stress off the repair. The pillow is removed at 3 
weeks. Active and active-assisted range-of-motion exer¬ 
cises are started. At this time, emphasis is placed on elevat- 
ing the arm in the scapular plane of the body and 
regaining internai and external rotation of the shoulder. 
At 6 weeks, forward flexion is allowed. At 12 weeks, 
weightlifting is started and progressed to increase strength 
and endurance. At 6 months, light throwing and noncon- 
tact sports can be resumed. At 1 year, a throwing athlete 
can return to compétition. 
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Tibone and Bradley posterior capsulorrhaphy for posterior shoulder subluxation. A f Development of interval between 
teres minor and infraspinatus muscle to expose capsule. B f Capsular incision from latéral to médial, up to glenoid labrum. C f Vertical 
capsular incision parallel to glenoid labrum. D f Médial and superior advancement of inferior capsular flap and attachment to labrum. 
Inset, Suture of flap to labrum. E f Suture of superior capsular flap over inferior flap. SEE TECHNIQUE 47-14. 


CAPSULAR SHIFT RECONSTRUCTION 
WITH POSTERIOR GLENOID 
OSTEOTOMY 

Posterior glenoplasty rarely is indicated, although it can be 
used if severe developmental or traumatic glenoid rétrover¬ 
sion of more than 20 degrees is confirmed on CT recon- 
structed films. High récurrence rates of up to 53% hâve 
been reported with this procedure. Hawkins et al. reported 
a complication rate of 29%, including osteonecrosis of the 
glenoid and degenerative arthritis of the glenohumeral 
joint, after this procedure. Currently, a similar but simpler 
procedure using a glenoid osteotomy is preferred for severe 
glenoid dysplasia, whether traumatic or congénital. 


TECHNIQUE 47-15 


(R0CKW00D) 

■ Place the patient in the latéral decubitus position with the 
involved shoulder upward. 

■ Make a skin incision beginning 2.5 cm médial to the 
postérolatéral corner of the acromion and extending 


downward 10 cm to the posterior axillary crease 
(Fig. 47-45A). 

■ Dissect and retract the subcutaneous tissues to expose 
the deltoid fibers. 

■ At a point 2.5 cm médial to the posterior corner of the 
acromion, split the deltoid distally 10 cm in line with its 
fibers (Fig. 47-45B). Retract the deltoid medially and later- 
ally to expose the underlying infraspinatus and teres 
minor muscles. 

■ Reflect the teres minor tendon inferiorly down to the level 
of the inferior joint capsule, and divide the infraspinatus 
tendon. Reflect it medially and laterally, avoiding injury to 
the suprascapular nerve (Fig. 47-45C). 

■ Make a vertical incision in the posterior capsule to explore 
the joint. Make the incision midway between the humerai 
and glenoid attachments so that a double-breasted 
closure can be done (Fig. 47-45D). The teres minor muscle 
must be reflected sufficiently inferior so that the vertical 
eut in the capsule goes ail the way down to the most 
inferior recess of the capsule. 

■ Pass a straight blunt instrument into the glenohumeral 
joint so that it lies on the anterior and posterior glenoid 
rims (Fig. 47-45E). Place an osteotome intracapsularly 
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Rockwood technique of posterior shoulder reconstruction. A f Incision. B f Splitting of deltoid in line with its fibers. C 
and D f Capsular incision midway between humerai and glenoid attachments. E f Détermination of angle of slope of glenoid. F f Glenoid 
osteotomy. G f Bone graft in place. H f Suture of médial capsule. I f Suture of latéral capsule. J, Suture of tendon to reduce laxity. SEE 

TECHNIQUE 47-15. 


and direct it parallel to the blunt instrument. This is done 
to lessen the chance of the osteotomy eut entering the 
joint. 

■ The osteotomy site is not more than 0.6 cm médial to the 
articular surface of the glenoid. If the osteotomy site is 
more médial than this, injury to the suprascapular nerve 
is possible as it passes around the base of the spine of 
the scapula to supply the infraspinatus muscle. Each time 


the osteotome is advanced, pry open the osteotomy site; 
this helps create a latéral plastic deformation of the 
posterior glenoid. 

■The osteotomy incision should not exit anteriorly, but 
should stop just at the anterior cortex of the scapula (Fig. 
47-45F). The intact anterior cortex, periosteum, and soft 
tissue act as a hinge, which allows the graft to be secure 
in the osteotomy without the need for internai fixation. 
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■ Take bone graft approximately 8 mm x 30 mm from the 
acromion. Use osteotomes to open up the osteotomy site, 
and place the bone graft into position (Fig. 47-45G). 

■ Place nonabsorbable sutures in the edge of the médial 
capsule. 

■ Hold the arm in neutral rotation, and suture the médial 
capsule laterally and superiorly under the latéral capsule 
(Fig. 47-45H). Suture the latéral capsule medially and 
superiorly over the médial capsule (Fig. 47-451). Repair the 
infraspinatus tendon with the arm in neutral rotation. If 
the tendon is lax, double-breast it (Fig. 47-45J). 

■Close the incision in layers. 

POSTOPERATIVE CARE. For the first 24 hours, the arm 
is maintained in neutral position and supported by skin 
traction. When the patient can comfortably stand, a 
modified shoulder immobilizer cast is applied by attach- 
ing a lightweight long arm cast to a belly band that sits 
around the abdomen and iliac crest. The arm is connected 
to this belly band through supports to maintain the arm 
in 10 to 15 degrees of abduction and neutral rotation. 
The cast is left in place for 6 to 8 weeks. After removal 
of the cast, the patient is allowed to use the arm for 4 
to 6 weeks for activities of daily living. A réhabilitation 
program is begun, including pendulum exercises, isomét¬ 
rie exercises, and stretching of the shoulder with the use 
of an overhead pulley. Afterward, résistive exercises are 
gradually increased. 


MCLAUGHLIN PROCEDURE 

For récurrent posterior dislocation associated with a large 
anterior médial Hill-Sachs lésion, McLaughlin described 
transfer of the subscapularis tendon into the defect. Neer 
and Foster subsequently described transfer of the sub¬ 
scapularis with the lesser tuberosity into the defect and 
securing it with a bone screw. In a rare reverse Hill-Sachs 
lésion with involvement of 20% to 25% of the articular 
surface, transfer of the subscapularis with the tuberosity 
placed into the defect has been shown to produce satisfac- 
tory results in moderate-size defects; also, allografts in case 
reports involving larger lésions hâve provided satisfactory 
results. 


TECHNIQUE 47-16 


(MCLAUGHLIN) 

■ Approach the shoulder anteriorly through the deltopec- 
toral intervaI. 

■ Retract the conjoined tendon medially, exposing the 
subscapularis tendon. Divide the subscapularis tendon 
transversely as close to its insertion as possible. 

■ Alternative^, as described by Neer and Foster, osteoto- 
mize the lesser tuberosity with the insertion of the tendon. 
The added fragment of the lesser tuberosity helps fill the 
defect in the anteromedial humerai neck. 

■ Débridé the surfaces of the defect in the anteromedial 
humerai neck. 


Subscapularis 



C Reduced D Stabilized 


McLaughlin technique for posterior dislocation 
of shoulder. A f Cross section of left shoulder viewed from above. 
B f Deformity in posterior dislocation with engagement of poste¬ 
rior glenoid rim in defect of anterior aspect of humerai head. 
C f Dislocation has been reduced, but instability remains; redisloca¬ 
tion occurs with internai rotation, flexion, or adduction. Sub- 
scapularishasbeendivided. D f Stabilization bymedialtransposition 
of subscapularis insertion into defect. SEE TECHNIQUE 47-16. 



Neer and Foster modification of McLaughlin 
technique. Lesser tuberosity, with attached subscapularis tendon, 
is transferred into defect and fixed with bone screw. SEE TECH¬ 
NIQUE 47-16. 


■ Reattach the subscapularis tendon to the humérus in the 
depths of the defect by mattress sutures passed through 
holes drilled in the bone (Fig. 47-46). Alternative^, as 
described by Neer and Foster, fix the lesser tuberosity 
together with the subscapularis tendon in the defect with 
a bone screw (Fig. 47-47). 

POSTOPERATIVE CARE. A shoulder immobilizer is 
applied. Pendulum exercises are started after the wound 
has healed, and graduai resumption of normal use is 
encouraged. The patient is protected from any forced 
external rotation forces for at least 3 months. 
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Causes of Failure in Surgical Repair of Posterior 
Shoulder Instability 


■ Inadéquate soft-tissue healing 

■ Ligamentous laxity 

■ Déficient capsule 

■ Déficient subscapularis 

■ Déficient glenoid 

■ Engaging Hill-Sachs lésion 

■ Overconstrained joint 

■ Nerve dysfunction 


I SURGICAL FAILURES 

Causes of surgical failures are listed in Box 47-3. A thorough 
physical examination and three-dimensional CT imaging are 
indicated to evaluate bony defects (see Fig. 47-26). Significant 
glenoid bone loss has been identified as a major factor in 
surgical failures, as hâve hyperlaxity and Hill-Sachs lésions. 
A Latarjet procedure, structural bone grafts, or remplissage 
procedures can be used as previously described for révision 
surgeries. Capsular deficiencies can be treated with a Latarjet 
procedure or soft-tissue allograff supplémentation of the 
capsule with Achilles or posterior tibial tendon allograffs. 
Subscapular deficiency is reconstructed with a pectoralis 
transfer. Excessive loss of motion after arthroscopic proce¬ 
dures generally can be corrected by précision arthroscopic 
releases. Open procedures may be necessary when a previous 
open procedure was used. 

ARTHROSCOPIC SURGERY 

Arthroscopic repair of shoulder instability is an area of 
increasing interest and continued improvement. As expéri¬ 
ence increases with these techniques, the operative results 
hâve improved to be comparable to, and in some cases 
surpass, results obtained with more standard open techniques. 
Arthroscopic shoulder surgery is discussed in Chapter 52. 

ELBOW 

Acute dislocation of the elbow occurs relatively frequently, 
accounting for 28% of ail injuries to the elbow. Elbow disloca¬ 
tion usually is a high-energy épisode with severe soft-tissue 
injury, and residual loss of motion is common. Récurrent 
dislocation of the elbow is relatively rare, however, and usually 
is posterior. Linscheid and Wheeler, in a sériés of 110 elbow 
dislocations, found only two récurrent cases. Persistence of 
postérolatéral or médial instability is more common and, 
when symptomatic, should be surgically corrected in appro- 
priate patients. 

ANATOMY 

The latéral collateral ligament of the elbow arises from the 
épicondyle and inserts on the annular ligament (Fig. 47-48). 
A separate band of the latéral ligamentous complex, the 
latéral ulnar collateral ligament, arises at the latéral épicon¬ 
dyle and blends with fibers of the annular ligament before 
inserting on the tubercle on the crest of the supinator on the 
ulna. This band has been described as the main latéral stabi- 
lizer, taut in flexion and extension, with disruption of this 



Latéral soft-tissue structures of elbow, includ- 
ing ulnar and radial part of latéral collateral ligament, annular 
ligament, and overlying capsule. 


portion of the latéral complex resulting in postérolatéral rota- 
tory instability. The latéral collateral ligament contributes 
only 14% of the varus stability of the elbow with the joint in 
full extension and only 9% with the joint in 90 degrees of 
flexion. The remainder of the stability is contributed by the 
bony articular surfaces and the anterior capsule, with the 
bony surfaces supplying most of the stability. 

The médial collateral ligament of the elbow is a well- 
developed ligament that can be described as three distinct 
portions (Fig. 47-49). In contrast to the latéral collateral liga¬ 
ment, the médial collateral ligament plays an important rôle 
in valgus stability. Valgus stability is divided equally among 
the médial collateral ligament, the anterior capsule, and the 
bony articulation with the elbow in full extension. At 90 
degrees of flexion, the médial collateral ligament provides 
55% of the stability to valgus stress, with the anterior bundle 
being the primary stabilizer. 

PATHOPHYSIOLOGY 

Elbow instability may be congénital, traumatic, or attritional. 
The primary stabilizers of the elbow are the anterior band of 
the médial ulnar collateral ligament and the latéral collateral 
ligament complex, consisting of the latéral collateral ligament, 
annular ligament, and the latéral ulnar collateral ligament. 
Secondary stabilizers consist of the capsule, the ulnohumeral 
and radiocapitellar articulations, and the dynamic stabilizers, 
consisting of ail muscle-tendon units that cross the elbow 
joint (i.e., biceps, brachialis, triceps, wrist flexors, and wrist 
extensors). Insufficiency of one or more of the stabilizers may 
resuit in a spectrum of instability from subtle valgus or pos¬ 
térolatéral rotatory instability to récurrent dislocation. 

In a long-term follow-up study of simple elbow disloca¬ 
tions, Anakwe et al. found that 60% of patients had residual 
stiffness with loss of extension and residual pain. Only 8% 
had functional instability. When fractures are associated with 
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the dislocation, resulting in loss of bony stability being pro- 
vided by the greater sigmoid notch of the ulna or the radio - 
capitellar joint, greater instability and disability can be 
anticipated. 

O’Driscoll et al. described the typical injury pattern for 
traumatic elbow dislocation, with the individual falling on a 
slightly flexed extremity and a valgus internai rotation force 
of the humérus on the pronated fixed position of the forearm. 
Structures are disrupted on the latéral side, progressing medi- 
ally as more force is applied (Fig. 47-50). When récurrence 
or persistence in instability results, the postérolatéral struc¬ 
tures are most commonly affected, but the médial structures 
also can be involved and cause significant instability. Thus, 
close évaluation of both primary stabilizers is warranted. 
Isolated médial side disruptions from valgus stress can resuit 
from football tackling, gymnastics, or throwing a javelin. 

Valgus instability from attritional disruption of the ante- 
rior bundle of the médial ulnar collateral ligament is by far 
the most common form of récurrent elbow instability. The 



Médial elbow ligaments. 1, anterior oblique; 2, 
posterior oblique; 3, transverse oblique. 


anterior bundle is divided into two nonisometric bands: 
an anterior band, which is taut at 0 to 60 degrees, and a 
posterior band, which is taut at 60 to 120 degrees. During the 
accélération phase of throwing, up to 60 N of force is applied 
to the ligament, which is near its tensile failure point. Pitcher 
fatigue, poor mechanics, or répétition overuse can resuit in 
bundle fiber failure, partial tearing, and eventual complété 
disruption. 

Failure of the primary stabilizer results in increased stress 
on secondary stabilizers, with resulting capsular contractures, 
chondromalacia, osteophytes, and loose bodies from the 
radio capitellar joint and the posteromedial tip of the olecra- 
non. Ulnar nerve symptoms may develop from traction, 
scarring, or osteophyte impingement. 

PHYSICAL EXAMINATION 

Examination of the elbow begins with a visual inspection for 
atrophy, swelling, or ecchymosis. The forearm circumference 
is measured 7 cm below the médial épicondyle to compare 
with the opposite extremity. Fluid can be detected in the soft 
spot posterolaterally. The flexor pronator mass, the ulnar 
collateral ligament, and the tip of the olecranon posteromedi- 
ally are carefully palpated for the area of most tenderness. 
Tenderness and swelling 2 to 3 cm distal to the olecranon tip 
may indicate an olecranon stress fracture. Active and passive 
range of motion is recorded, and a valgus stress is applied to 
the elbow with the forearm in the supinated and the pronated 
positions and the elbow in about 30 degrees of flexion. The 
amount of médial opening, the firmness of the end point, and 
the production of médial pain should be noted when valgus 
is applied with the forearm pronated (Fig. 47-51). 

The valgus extension overload test is done by maintaining 
a valgus stress on the elbow while the elbow is passively 
extended from 30 degrees down. Pain along the posteromedial 
aspect of the olecranon can be produced when subacute or 
chronic instability has resulted in posteromedial olecranon 
impingement. O’Driscoll described the active valgus exten¬ 
sion overload test, which he thought was the most accurate 
test for ulnar collateral ligament compétence. With the 
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Injury pattern for traumatic elbow dislocation described by O'Driscoll et al. A f Three stages of elbow instability from 
subluxation to dislocation: stage 1, disruption of the ulnar part of the latéral collateral ligament; stage 2, disruption of the other latéral 
ligamentous structures and posterior capsule; stage 3A, partial disruption of the médial ulnar collateral ligament and posterior médial 
ulnar collateral ligament only; and stage 3B, complété disruption of the médial ulnar collateral ligament and posterior médial ulnar 
collateral ligament. B, Soft-tissue injury progresses in a circle from latéral to médial correlating with those shown in A. 
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FIGURE 


^ Test for elbow instability. 


patients shoulder abducted and externally rotated, a valgus 
stress is applied on the elbow as it is passively extended 
from 120 degrees down to 30 degrees and then flexed back 
in a rapid sequence. Génération of médial pain may indicate 
ligamentous incompétence. The milking maneuver is likewise 
performed by putting valgus stress on the elbow by pulling 
on the patients thumb while stabilizing the arm and ranging 
the elbow between 30 and 120 degrees. Although valgus 
stress and compression are applied to the radiocapitellar joint, 
the forearm is pronated and supinated with the elbow in 
varying degrees of flexion to evaluate radiocapitellar crepi- 
tance or the production of pain, indicative of radiocapitellar 
chondromalacia. 

The patient is placed prone, and the ulnar nerve is evalu- 
ated by the Tinel test. With the shoulder abducted to 90 
degrees and the elbow flexed 90 degrees, the ulnar nerve is 
evaluated to see if it subluxes anteriorly from its groove with 
passive elbow motion or with manual stress on the nerve. 
Valgus stress again can be applied to the elbow when flexed 
greater than 30 degrees to detect médial instability. Postéro¬ 
latéral instability can be evaluated by supinating the forearm 
and applying a valgus moment and axial force with the elbow 
flexed 20 to 30 degrees. A clunking sensation may indicate 
postérolatéral laxity. 

The same test can be done with the extremity over the 
patient s head and the shoulder fully externally rotated. With 
the forearm fully supinated and valgus stress applied, the 
elbow is moved from a fully extended position to a flexed 
position. As the elbow is flexed near 40 degrees, a postérolat¬ 
éral prominence is produced by subluxation of the radial 
head; as the joint is flexed further, a dimple in the soft spot 
area appears and eventually disappears as the radius and ulna 
snap back into place on the humérus (Fig. 47-52). A variation 
of this examination, which reproduces functional postérolat¬ 
éral instability, is the table or seat press-up test, which is 
performed by having the patient push up with the forearm 
supinated while the examiner feels and observes for radial 
head instability. Wall or floor push-ups with the forearm in 
supination accomplish the same objective. 

Diagnostic radiographs should include an anteroposte- 
rior view and two 45-degree oblique views to evaluate the 




Test for postérolatéral rotatory instability of 
elbow. A f With arm at side and forearm in supination, supination 
and valgus moments and axial forces are applied to elbow, which 
is flexed 20 to 30 degrees. Postérolatéral subluxation is visibly and 
palpably reduced when elbow is flexed farther. B, Same procedure 
is done much more easily with patient's arm over his or her head. 
Full external rotation of shoulder provides counterforce for 
supination of forearm and leaves one of examinera hands free 
to control valgus moments. 


radiocapitellar joint and the trochlear joint. In patients with 
chronic médial symptoms, a Jones view of the elbow is indi- 
cated to détermine if posteromedial osteophytes are présent. 
In the presence of recent elbow subluxation or dislocation, 
the drop sign, widening of the ulnohumeral joint, may rep¬ 
osent significant capsular disruption and persistent sublux¬ 
ation. A gravity stress radiograph can be obtained with the 
patient supine, the shoulder abducted 90 degrees and exter¬ 
nally rotated, the forearm supinated, and the elbow flexed 20 
to 30 degrees. A latéral radiograph is obtained to show the 
opening of the médial side of the elbow to gravity stress. This 
is not a highly sensitive test, although a positive test does 
indicate a significant injury to the ulnar collateral ligament. 
Gadolinium-enhanced MR arthrograms or CT arthrograms 
are indicated to evaluate for complété or incomplète under- 
surface tears of the ulnar collateral ligament. Timmerman 
and Andrews described the T sign as a leak of contrast mate- 
rial around the humérus or ulna without extracapsular 
leakage. Currently, the best test of ulnar collateral ligament 
instability is a gadolinium-enhanced MRI of the elbow to 
evaluate for extravasation of fluid (T sign) or degenerative 
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changes in the ulnar collateral ligament. Some centers use 
ultrasound to evaluate the ulnar collateral ligament in the 
relaxed and stressed positions. Nonetheless, MRI allows for 
better visualization. 

NONOPERATIVE TREATMENT 

Acute complété simple dislocations are categorized as stable 
or unstable after réduction. For stable elbows, early range of 
motion is indicated. For unstable elbows, an elbow splint is 
used to control range of motion, blocking extension at 45 
degrees for 1 week, 30 degrees for the next week, and allowing 
full motion thereafter. If a contracture of more than 30 
degrees is still présent after 6 weeks, an extension splint can 
be used to improve motion. For incomplète injuries that 
involve disruption of the médial side of the elbow, the forearm 
is placed in supination. Latéral injuries are treated by placing 
the forearm in pronation with the elbow flexed 90 degrees for 
1 to 2 weeks, followed by use of an elbow brace. Repair and 
primary reconstruction with strong tendon grafts of the 
médial or latéral side, or both, depending on the instability 
pattern, is indicated when instability persists or recurs. 

ARTHROSCOPY 

Arthroscopy of the elbow can be used to confirm the presence 
of médial instability or loose bodies and to remove postero- 
medial osteophytes. Médial instability may be associated with 
chondromalacia of the radiocapitellar joint, synovitis of the 
médial capsule, or the formation of posteromedial olecranon 
osteophytes. Andrews et al. described a valgus stress test done 
arthroscopically with the patient under general anesthésia. 
Using the antérolatéral portai to view the médial compart- 
ment, valgus stress is applied to the elbow, which is flexed to 
70 to 90 degrees, and the opening between the ulna and 
trochlea is measured. An opening of more than 1 to 2 mm 
indicates médial instability. A more complété description of 
elbow arthroscopy is given in Chapter 52. 

SURGICAL TREATMENT 

Surgery generally is not indicated for simple elbow disloca¬ 
tions unless the dislocation recurs despite immobilization. In 
these instances, examination and MRI évaluation are used to 
delineate the soft tissues and bony anatomy to identify ail 
damaged structures. Surgical intervention is directed toward 
the side of greatest instability, generally the latéral side, or in 
the case of global instability, both the latéral and médial sides 
may need to be treated. Repair of the capsule, primary liga- 
mentous reconstruction, and reattachment of the tendon 
origins usually is necessary to obtain a stable joint. Significant 
fractures that resuit in joint instability must always be 
repaired. 

Surgical reconstruction for attritional ligamentous dis¬ 
ruption is much more common than primary reconstruction 
for dislocations. 

Suggested indications for ulnar collateral ligament recon¬ 
struction are (1) an acute complété rupture in a compétitive 
throwing athlete who wishes to remain active, (2) high-grade 
distal tear, and (3) chronic pain or instability without 
improvement after at least 4 to 6 weeks of supervised conser¬ 
vative treatment. Conservative treatment consists of relative 
rest with forearm and shoulder strengthening exercises. Core 
strengthening and lower extremity and cardiovascular exer¬ 
cises are maintained. Médications and antiinflammatory 



Jobe ulnar collateral ligament reconstruction. 
Médial aspect of right elbow before reconstruction showing 
remnant of ulnar collateral ligament and proper placement of 
bone tunnels in ulna and médial humerai condyle. Holes are 
drilled in ulna 5 mm from joint. Ulnar tunnel and closed-end 
tunnel in médial épicondyle are centered over bony attachments 
of ligament. Altchek et al. use same tunnel configuration, except 
anterior humerai tunnels are made with small drill bit for suture 
passage. SEE TECHNIQUE 47-17. 


agents are routinely prescribed. A short toss program is 
started at 4 to 6 weeks and progressed as the athlete tolérâtes. 
Récurrence of médial pain with throwing that prevents skill- 
ful progression of the athlètes monitored throwing program 
is indicative of ligamentous incompétence. 

Jobe originally described the technique for reconstruc¬ 
tion of the ulnar collateral ligament in 1986. Since that time, 
a number of modifications of the technique hâve been devised. 
In the original technique, the flexor mass was released from 
the épicondyle and open-ended tunnels were placed in the 
ulna and the médial humerai condyle (Fig. 47-53). A palmaris 
longus grafT was used to reconstruct the ligament, and the 
ulnar nerve was transferred anteriorly under the flexor muscle 
mass. Jobe later modified the technique to involve splitting 
the common flexor mass to expose the ulnar collateral liga¬ 
ment tear, using a closed-ended tunnel in the médial épicon¬ 
dyle, and transferring the ulnar nerve only if heavy scar tissue 
is found around the nerve or if chronic changes are présent 
in the ulnar nerve. Andrews et al. described dissection of the 
muscle belly of the flexor carpi ulnaris, retracting the muscle 
anteriorly to expose the ulnar collateral ligament. They did 
not detach the muscle from the épicondyle and used the 
open-ended tunnels. The grafT is sutured securely to the 
posterior épicondyle, and the soft-tissue graft is secured onto 
itself and the imbricated collateral ligament. The ulnar nerve 
is transferred anteriorly, where it is held by fascial slings. Cain 
et al. evaluated 743 athlètes who had ulnar collateral ligament 
reconstruction with a minimum of 2 years follow-up. Eighty- 
three percent returned to the same level or a higher level of 
compétition at less than 1 year from surgical stabilization. In 
a statistical analysis of 147 Major League Baseball pitchers, 
Makhni et al. found that 67% were able to return to same 
compétitive level as before their surgery. Overall, the group 
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had a décliné in performance comparable to age-matched 
Controls. 

Absence of the palmaris longus tendon occurs in 15% to 
20% of individuals. When the palmaris longus tendon is 
présent on one side only, it often has muscle extending dis- 
tally, which usually is a short déficient tendon. One must be 
aware and prepared for the potential need of a hamstring 
graft with the patient being informed of the possibility. 

A médial collateral ligament reconstruction done through 
a muscle-splitting approach and use of a single closed-end 
humerai tunnel was reported to allow 39 of 40 athlètes to 
return to their previous level of compétition. The benefits of 
this “docking procedure” include (1) reconstruction through 
a split in the muscle in a safe zone, (2) avoidance of obligatory 
nerve transfer, (3) placement of tendon grafts in bone tunnels, 
(4) réduction in number of humerai tunnels, and (5) simpli¬ 
fication of graft tensioning. (See Technique 47-19.) There has 
been interest in graft fixation with interférence screws. Pull- 
out studies hâve shown the use of a docking technique to be 
superior to use of screws. With the potential for bone résorp¬ 
tion around absorbable screws, at présent we do not advocate 
the use of the interférence screw. 

■ ULNAR COLLATERAL LIGAMENT 
RECONSTRUCTION 


JOBE TECHNIQUE 

Important technical points to remember when performing 
this procedure are (1) calcification should be removed from 
the ligament (Fig. 47-54); (2) drill holes must correspond 
to ulnar collateral ligament attachment sites; (3) the graft 
should not rub on the épicondyle or ulna, and the ends of 
the graft should be buried in the tunnels; (4) a figure-of- 
eight configuration of the graft ensures strength and 
approximates ulnar collateral ligament biomechanics; and 
(5) meticulous handling of médial antebrachial cutaneous 
and ulnar nerves, their branches, and their vasculature is 
essential. 


TECHNIQUE 47-17 


■ Apply a pneumatic tourniquet. Place the arm on an arm 
board with the elbow extended, and put a rolled towel 
beneath it. If appropriate, préparé the contralatéral arm 
and ipsilateral leg for graft harvest. 

■ Make a 10-cm incision over the médial épicondyle. 

■ Protect the médial antebrachial cutaneous nerve, and 
incise the common flexor pronator mass at the posterior 
third to expose the ulnar collateral ligament. 

■ Split the muscle, but do not take it down, and incise the 
ulnar collateral ligament to evaluate the quality of the 
ligament and joint. 

■ Lightly retract the ulnar nerve until it is off the bone to 
allow for drilling of the holes. Do not transfer the nerve. 

■ Using a 3.2-mm bit at slow speed with a tissue protector, 
drill anterior and posterior holes in the proximal ulna. 
Leaving a 1-cm bone bridge, drill the tunnel at the level 
of the coronoid tubercle (Fig. 47-53). In the médial épi¬ 
condyle, drill a common anterior hole at the origin of the 



Anteroposterior radiograph showing calcifica¬ 
tion of déficient ulnar collateral ligament. 


ulnar collateral ligament for 1 cm, using a 4-mm drill, and 
then, with a 3.2-mm drill bit, make divergent tunnels (lazy 
"Y") exiting anterior to the intermuscular septum 0.5 cm 
apart (Fig. 47-53). 

■Obtain a graft 15 cm long from the palmaris longus 
tendon, plantaris tendon, or Achilles tendon. Place a 1-0 
nonabsorbable suture through each end of the graft, and 
thread it through the tunnels in a figure-of-eight fashion. 

■ Remove the rolled towel from beneath the elbow, and 
tension and suture the graft with the elbow in neutral 
(varus-valgus) and 45 degrees of flexion. Evaluate the 
range of motion. Suture the graft to the remnants of the 
ulnar collateral ligament. 

■ If ulnar nerve symptoms and heavy scar tissue are found, 
transposition of the ulnar nerve may be necessary. Elevate 
the flexor pronator musculature, leaving a ring of soft 
tissue on the médial épicondyle. Decompress the nerve 
proximally to the arcade of Struthers and distally to the 
end of the intermuscular septum, avoiding devasculariza- 
tion. Transfer the nerve anterior to the épicondyle, and 
reattach the flexor pronator mass to the épicondyle 
superficial to the transferred nerve. 

■ Release the tourniquet, and obtain hemostasis. Bathe the 
nerve with dexamethasone (Decadron) solution, and 
perform routine subcutaneous and skin closure. Apply a 
padded posterior splint with the elbow in 90 degrees of 
flexion and neutral rotation, leaving the wrist and hand 
free. 
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POSTOPERATIVE CARE. The elbow is immobilized in 
the posterior splint for 10 days. Gentle hand grip exercises 
are begun as soon as the patient is comfortable. Active 
range-of-motion exercises for the elbow and shoulder are 
started at 10 days, and exercises to strengthen the 
muscles of the wrist and forearm are begun at 4 to 6 
weeks. After 6 weeks, elbow strengthening exercises are 
begun, but valgus stress on the elbow is avoided until 4 
months postoperatively. 

Athlètes can begin a progressive, supervised throwing 
program. They continue with a progressive strengthening 
program for the forearm and shoulder and a general 
conditioning program. They are allowed to return to 
compétitive pitching in approximately 1 year. 


ULNAR COLLATERAL LIGAMENT 
RECONSTRUCTION—ANDREWS 
ET AL. TECHNIQUE 

The goal of the procedure described by Andrews et al. is 
to reconstruct the anterior bundle of the ulnar collateral 
ligament. They recommend transposition of the ulnar nerve 
in ail ulnar collateral ligament reconstructions because 
(1 ) the nerve must be mobilized to expose the UCL through 
the interval used; (2) during drilling of the humerai tunnels 
the drill is aimed directly at the ulnar nerve if it is left in 
situ; and (3) athlètes often hâve ulnar nerve symptoms and 
UCL pathology. Preoperatively, the presence or absence of 
the palmaris longus tendon should be documented. Alter¬ 
native sources of tendon graft include the contralatéral 
palmaris longus tendon and gracilis tendon. 


TECHNIQUE 47-18 


PALMARIS LONGUS GRAFT HARVEST 

■ After induction of general anesthésia, apply a nonsterile 
tourniquet to the upper arm. Préparé and drape the arm 
and then exsanguinate it with an Esmarch bandage. 
Inflate the tourniquet to 250 mm Hg. 

■ Harvest the palmaris longus tendon first. Because of the 
close proximity of the other flexor tendons and the 
médian nerve, great care must be taken when harvesting 
this tendon. 

■ Make three transverse incisions, each 7 to 10 mm long, 
directly over the palmaris tendon. 

■ Make the first incision at the wrist flexion crease, directly 
over the palmaris tendon. Use a no. 15 blade to incise 
the skin and blunt dissection to isolate the tendon, which 
is immediately subcutaneous. 

■ Place a small hemostat around the tendon and pull to 
place tension on the tendon. This shows the course of 
the tendon along the length of the forearm. 

■ Make a second incision 3 to 5 cm proximal and parallel 
to the first, directly over the tendon. After the skin is 
sharply incised, deliver the tendon out of the second 
incision with a blunt hemostat. 

■ Make the final incision parallel to the others at the site 
of the musculotendinous junction, near the junction of 


the proximal and middle thirds of the forearm. Deliver the 
tendon out of the wound with a hemostat and confirm 
that the correct structure has been identified in ail three 
locations. 

■ Cut the tendon at the most distal incision and use a no. 
0 absorbable suture to whip stitch the exposed end. 

■ Deliver the tendon out of the proximal incision and cut it 
free at the musculotendinous junction (Fig. 47-55A). 

■ On a back table, remove any remaining muscle from the 
proximal end of the tendon, and whip stitch the end of 
the tendon with a no. 0 absorbable suture. Protect the 
tendon with a moist sponge. 

■ Close the three incisions with subcutaneous no. 2-0 
absorbable and subcuticular 3-0 nonabsorbable sutures. 

ULNAR NERVE EXPOSURE AND PROTECTION 

■ Make an incision over the médial elbow directly over the 
médial épicondyle, extending approximately 3 cm proxi¬ 
mal and 6 cm distal to the médial épicondyle. 

■ Use blunt dissection to identify and protect the médial 
antebrachial cutaneous nerve. This nerve is variable in size 
and location and often has multiple branches at this 
location. It most commonly is located in the distal third 
of the incision (Fig. 47-55B). 

■ Once this nerve is protected, elevate full-thickness flaps 
to expose the médial épicondyle, the flexor/pronator 
mass, and the cubital tunnel. 

■ Open the cubital tunnel with a no. 15 blade or tenotomy 
scissors and identify the ulnar nerve. Release the ulnar 
nerve and mobilize it from as far proximal into the pos¬ 
terior compartment as can be safely reached (Fig. 47-55C). 

■ Sharply split the fascia of the flexor carpi ulnaris and then 
bluntly spread the muscle fibers overlying the ulnar nerve. 

■ Identify and protect the first motor branch to the flexor 
carpi ulnaris. 

■ Place a vessel loop around the ulnar nerve for gentle 
retraction during the procedure. 

■ Divide the médial intermuscular septum of the upper arm 
at the most proximal aspect of the incision. Take down 
the remaining distal septum from the médial humérus, 
leaving it attached distally to the superior edge of the 
médial épicondyle. This strip of tissue will be used as a 
sling at the end of the procedure to hold the ulnar nerve 
in its anteriorly transposed position. 

■ Coagulate blood vessels at the posterosuperior edge of 
the médial épicondyle to préparé for drilling of the 
humerai tunnels. 

■ If posteromedial olecranon osteophytes are présent, 
make a small incision in the joint capsule to expose the 
posteromedial olecranon tip. With the ulnar nerve pro¬ 
tected, remove osteophytes with a rongeur, osteotome, 
or 4-mm burr. Close the capsule with interrupted no. 0 
absorbable sutures. 

JOINT EXPOSURE 

■ Expose the injured UCL. The native UCL inserts on the 
sublime tubercle of the ulnar, which lies deep and anterior 
to the ulnar nerve. Once it is mobilized, the posterior 
fibers can be easily seen. 

■ Elevate the flexor digitorum profundus muscle, which 
overlies the anterior fibers of the UCL, off the ligament 
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Andrews ulnar collateral ligament reconstruction. A f Harvest of palmaris graft. B, Médial antebrachial cutaneous 
nerve visible in distal third of exposure. C f Dissection of ulnar nerve from the cubital tunnel and mobilization with a vessel loop. 
D f Flexor digitorum profundus muscle belly elevated to expose the native ulnar collateral ligament, which is directly below the scalpel 
blade. E f Drilling of ulnar tunnels on either side of the sublime tubercle, perpendicular to the joint surface. F, Passage of graft through 
the ulnar tunnel. G, Drilling of the humerai tunnel from distal to proximal, starting atthe native insertion of the ulnar collateral ligament 
onto the humérus. H, Placement of a curet in the first humerai tunnel while second tunnel is drilled. I, Graft sewn together between 
the humerai and ulnar tunnels to increase tension within the graft and re-create the course of the native ligament. (From Andrews JR, 
Jost PW, Cain EL: The ulnar collateral ligament procedure revisited: the procedure we use, Sports Health 4:438, 2012.) SEE TECHNIQUE 47-18. 


9 with a no. 15 or no. 69 blade and a small periosteal eleva- 
tor (Fig. 47-55D). Begin this dissection distally and carry 
it proximally up the humerai origin on the médial épicon¬ 
dyle. Depending on the location, severity, and chronicity 
of the injury, a defect in the ligament may be visible at 
this point. 

■ Split the remaining fibers of the injured UCL longitudinally 
to expose the ulnohumeral articulation. Exposure of the 
joint surfaces provides a visual reference for proper ulnar 
tunnel position and allows inspection of partial undersur- 
face UCL tears. 

TUNNEL PREPARATION AND GRAFT PASSAGE 

■ Use a 3.6-mm drill to make a hole at the posterior edge 
of the sublime tubercle, aiming anterior and parallel to 
the joint line (Fig. 47-55E). 

■ Place a hemostat in this hole and, with the same drill and 
starting at the anterior border of the sublime tubercle, 
make a second hole 1 cm distal to the joint line. When 
the drill is deep enough, it will hit the hemostat. 


■ Use angled curets to clean and connect the tunnels and 
to remove bone débris for easier graft passage. Wash 
away any remaining bone débris in the soft tissues to 
prevent hétérotopie ossification. 

■ Bend a Hewson suture passer to fit through the curved 
tunnel and use it to pass the palmaris graft through the 
ulnar tunnels, leaving equal length of tendon on each 
side (Fig. 47-55F). 

■ Begin the humerai tunnels by placing a 3.6-mm drill at 
the humerai origin of the UCL and aiming it proximal and 
latéral to exit the posterosuperior border of the médial 
épicondyle (Fig. 47-55G). Take care to exit as close as 
possible to the médial border of the humerai shaft to 
leave the largest bone bridge possible. Place a no. 0 curet 
in the tunnel. 

■ Drill a second hole, starting at the médial prominence of 
the médial épicondyle and aiming toward the humerai 
insertion of the UCL. This créâtes a Y-shaped tunnel 
configuration. The starting point of this second tunnel 
must be sufficiently distant from the exit point of the first 









CHAPTER 47 RECURRENT DISLOCATIONS 


tunnel to prevent fracturing of the bone bridge between 
them (Fig. 47-55H). The drill contacts the curet when it 
has reached the proper depth. 

■ Use straight and curved curets to clear bone débris from 
the tunnels. 

■ Pass a straight Hewson suture passer through one of the 
limbs of the Y-shaped humerai tunnel and use it to pass 
the suture on the end of the graft; place a clamp on the 
suture. Pass only the suture through the tunnel to allow 
adéquate space for the Hewson suture passer to go 
through the tunnel a second time. 

■ Pass the suture passer through the second limb of the 
humerai tunnel and past the other end of the graft. Use 
the clamped suture to deliver the final limb of the graft 
through the remaining humerai tunnel. 

GRAFT FIXATION 

■ With one assistant holding the elbow in 30 degrees of 
flexion and with a slight varus stress so that the articular 
surfaces of the ulnohumeral joint are in contact, and a 
second assistant holding tension on the two ends of the 
graft in an overlapping position on the posteromedial 
épicondyle, use no. 0 nonabsorbable, braided coated 
polyester to sew the two limbs to each other and to the 
underlying periosteum. 

■ Use three to five no. 0 nonabsorbable, braided coated 
polyester sutures to sew together the two limbs of the 
graft between the humerai and ulnar tunnels to increase 
tension within the graft and re-create the course of the 
native UCL (Fig. 47-551). Resect excess graft with a no. 
15 blade. 

ULNAR NERVE TRANSPOSITION 

■ Transfer the ulnar nerve anterior to the médial épicondyle 
and lay the sling of médial intermuscular septum over the 
nerve. Sew the end of the sling to the fascia of the fl exor/ 
pronator mass with no. 3-0 nonabsorbable, braided 
coated polyester sutures, taking care to leave the sling of 
septum very loose so that the ulnar nerve is not com- 
pressed under it and can move freely. 

CLOSURE 

■ Close the flexor carpi ulnaris fascia and the fascia of the 
cubital tunnel with no. 0 absorbable suture. 

■ Release the tourniquet and obtain hemostasis with 
electrocautery. 

■ Irrigate the wound with normal saline and place a 
Hemovac drain in the dépendent portion of the wound, 
exiting proximally. 

■ Close the wound with subcutaneous no. 2-0 absorbable 
and subcuticular no. 3-0 nonabsorbable suture, followed 
by Steri-Strips. 

■ Place stérile dressings and a posterior splint molded at 90 
degrees of flexion. 

POSTOPERATIVE CARE. The splint is worn for 1 week; 
when it is removed, a functional brace set at 30 to 100 
degrees is applied. Wrist gripping exercises are begun 
during the first week, and elbow isométrie flexion and 
extension exercises are started during the second week. 
The brace is advanced from 15 to 110 degrees by week 


3. Light isotonie exercises are started the fourth week, 
and full motion should be regained by 6 to 8 weeks. From 
9 to 13 weeks, advanced strengthening exercises are 
begun, with eccentric elbow exercises and isométrie and 
isotonie exercises. An interval throwing program is started 
during week 14, and return to compétitive throwing is 
allowed in 22 to 26 weeks. 


ULNAR COLLATERAL LIGAMENT 
RECONSTRUCTION—ALTCHEK ET AL 
TECHNIQUE 


TECHNIQUE 47-19 


■ Place the patient supine on the table, and préparé and 
drape the arm in a stérile fashion. To assist in the 
arthroscopic examination, use a McConnell arm holder to 
hold the forearm against the chest. 

■ Examine the elbow arthroscopically for ulnar collateral 
ligament laxity by applying valgus stress with the elbow 
in 90 degrees of flexion. Remove loose bodies and pos¬ 
teromedial osteophytes as necessary. 

■ After arthroscopy has been completed, release the arm 
from the arm holder and place it on the hand table below. 

■ If a reconstruction is planned, harvest the graft at this 
time. Usually the ipsilateral palmaris longus is harvested 
through a 5-mm to 1-cm incision placed in the distal wrist 
crease. Rather than make multiple incisions, use a tendon 
stripper specially made for this purpose. 

■ Place a no. 1 braided nonabsorbable suture using a 
curved needle in a Krackow fashion in one end of the 
tendon. After harvest, place the tendon on a moist 
sponge on the back table. 

■ To expose the médial collateral ligament, use a tourniquet 
to exsanguinate the arm. 

■ Make an incision from the distal third of the intermuscular 
septum across the médial épicondyle to a point 2 cm 
beyond the sublime tubercle of the ulna. While exposing 
the fascia of the flexor pronator, identify and preserve the 
antebrachial cutaneous branch of the médian nerve, 
which frequently crosses the operative field. 

■ Incise the fascia of the flexor carpi ulnaris longitudinally, 
and split the underlying ligament (Fig. 47-56A). 

■ Place a deep, blunt, self-retaining retractor to maintain 
the exposure. Incise the anterior bundle of the médial 
collateral ligament longitudinally, exposing the joint. At 
this point, médial collateral ligament laxity can be con- 
firmed by observing 2 mm or more séparation of the joint 
surfaces with valgus stress (Fig. 47-56B). 

■ Expose the tunnel positions for the ulna. For the posterior 
tunnel, subperiosteally expose the posterior ulna at ail 
times and meticulously protect the nerve. If the nerve 
subluxes anteriorly so that it cannot be protected, trans¬ 
pose it. 

■ Using a no. 3 burr, create tunnels anterior and posterior 
to the sublime tubercle so that a 2-cm bridge exists 
between them. Connect the tunnels using a small curved 
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Altchek et al. médial collateral ligament reconstruction through muscle-splitting approach and using single closed- 
end humerai tunnel. A f Incision through flexor carpi ulnaris. B f Submuscular exposure of médial collateral ligament. C f Ulnar tunnel 
and single humerai tunnel and exit holes for two suture bundles. D f Graft passage through ulnar tunnel from anterior to posterior. 
E f Posterior limb of graft is docked in humerai tunnel. Elbow is reduced with varus stress; and after final tensioning of graft, Krackow 
stitch is placed in anterior limb of graft. SEE TECHNIQUE 47-19. 
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S curet. Do not violate the bony bridge. Pass a looped no. 
2-0 braided nonabsorbable suture using a curved needle. 
■ The humerai tunnel position is located in the anterior half 
of the médial épicondyle in the anterior position of the 
existing médial collateral ligament. Using a no. 4 burr, 
create a longitudinal tunnel up the axis of the épicondyle 
to a depth of 15 mm. Expose the upper border of the 
épicondyle, just anterior to the intermuscular septum. 
Create two small tunnels separated by 5 mm to 1 cm 
with a dental drill with a small bit. This allows suture 
passage from the primary humerai tunnel (Fig. 47-56C). 
Use a suture passer from each of the two upper humerai 
tunnels to pass a looped suture for later graft passage. 

■ With the elbow reduced, repair the longitudinal incision 
in the médial collateral ligament with a 2-0 absorbable 
suture. 

■ Pass the graft through the ulnar tunnel from anterior to 
posterior (Fig. 47-56D). Pass the limb of the graft that has 
sutures already in place into the humerai tunnel exiting 
into one of the small superior humerai tunnels. 

■ With the first limb of the graft securely docked in the 
humérus, reduce the elbow with forearm supination and 
gentle varus stress. Maintain tension on the graft while 
flexing and extending the elbow to avoid potential creep 
within the graft. 

■ Measure the final length of the graft by placing the free 
limb of the graft adjacent to the humerai tunnel and 
visually estimating the length of the graft that can be 
tensioned within the humerai tunnel. Mark this point 
with dye, and place a no. 1 braided nonabsorbable suture 
in a Krackow fashion. Dock this end of the graft securely 
in the humerai tunnel with the sutures exiting the small 
superior humerai tunnel (Fig. 47-56E). The graft may be 
quadrupled and secured with one braided nonabsorbable 
suture in a Krackow fashion in the looped end as well as 
in both tails. These are then folded over and secured on 
the docking position as described by Paletta et al. 

■ Perform final graft tensioning by moving the elbow 
through a full range of motion with varus stress placed 
on the elbow. 

■ When satisfied with graft tension, tie two sets of graft 
sutures over the bony bridge on the humerai condyle. 

■ Deflate the tourniquet, and copiously irrigate the wound. 
■ Approximate the flexor carpi ulnaris fascia, and perform 
subcutaneous and subcuticular closure. 

■ Place the elbow in a plaster splint at 60 degrees of flexion. 

POSTOPERATIVE CARE. The sutures are removed 
1 week after surgery, and the elbow is placed in a hinged 
brace. Motion is allowed between 45 degrees of exten¬ 
sion and 90 degrees of flexion. Over the next 3 weeks, 
motion is gradually advanced to full. A formai physical 
therapy program is begun at 6 weeks, and graduai 
strengthening of the forearm and shoulder is started. 
Care is taken to prevent a valgus load across the elbow 
during this phase of réhabilitation. At 12 weeks, the 
strengthening program is more vigorous, and bench- 
pressing with light-to-moderate weights is allowed. At 4 
months, a throwing program is begun for throwing 
athlètes. 
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For révision procedures or tunnel blow-out, a single ulnar 
tunnel with endobutton fixation can be used as a salvage 
procedure. A small interférence screw can also be used, but 
generally poor bone quality makes this a less désirable fixa¬ 
tion option. 


LATERAL ULNAR COLLATERAL 
LIGAMENT RECONSTRUCTION 
FOR POSTEROLATERAL ROTATORY 
INSTABILITY 

For postérolatéral rotatory instability that persists because 
of disruption of the latéral ulnar collateral ligament and 
incompétence of the latéral capsular structures, Nestor, 
O'Driscoll, and Morrey described the use of a Kocher latéral 
incision for repair or reconstruction of the latéral side. 


TECHNIQUE 47-20 


(NESTOR, O'DRISCOLL, AND MORREY) 

■ Approach the elbow through a modified Kocher incision 
(see Technique 1-107). 

■ By sharp dissection, carefully elevate the common exten- 
sororigin, including a portion of the extensor carpi radialis, 
to reveal the origin of the radial collateral ligament 
complex at the latéral épicondyle. 

■ Distally, reflect the anconeus muscle posteriorly and the 
extensor carpi ulnaris anteriorly. Reflect the extension of 
the origin of the anconeus to the latéral aspect of the 
triceps fascia sufficiently to expose the ligament ade- 
quately. Identify the supinator crest of the ulna. 

■Typically, a lax ulnar band of the radial collateral ligament 
is observed and the abnormal portion of the ligament is 
proximal to the annular ligament. The pivot-shift maneu- 
ver reveals laxity of the anterior part of the capsule over 
the radial head and of the posterior part of the capsule 
at the posterior aspect of the radiohumeral joint. The 
subluxation of the joint clearly shows the stretched ulnar 
part of the collateral ligament. 

■ Enter the joint, and inspect for loose bodies and abrasion 
of the articular surfaces. 

■ Tighten the anterior and posterior aspects of the capsule 
with plication sutures, but do not tie these sutures (Fig. 
47-57A, left). If the radial collateral ligament complex 
appears intact but stretched or detached from its origin, 
imbricate and advance it with a Bunnell suture technique. 
Suture and plicate the ulnar and the radial parts of the 
radial collateral ligament complex. Advance the suture 
through holes placed in the bone atthe humerai anatomie 
origin of the ligament (Fig. 47-57A, right). 

■ If the tissue of the collateral ligament is of poor quality, 
as is the usual case, reconstruct the ulnar part of the radial 
collateral ligament with an autogenous graft from the 
palmaris longus tendon. 

■ Pass the tendon through an osseous tunnel created by a 
small burr just posterior to the tubercle of the crest of the 
supinator. Make the entry holes about 7 mm apart to 
lessen the likelihood of rupture of the osseous tunnel 
roof. Thread the tendon through a humerai tunnel that 





2 


^TiTil PART XIII SPORTS MEDICINE 



Anterior capsule 


Radial collateral 
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Technique of Nestor et al. A f Imbrication and advancement of ulnar band of radial collateral ligament and radial 
part of radial collateral ligament with Bunnell suture technique, accomplished by placing sutures through drill holes at anatomie origin 
of ligament in humérus. B, Ulnar tunnel placed in crista supinatoris tubercle and oriented to hâve optimal alignment with isométrie 
point. C f Placement of graft into ulnar tunnel and création of yoke stitch. D f Graft tensioning after introduction into humerai tunnels. 
E, Tunnel is made in humérus and expanded in posterosuperior direction to emerge posterior and superior to point of isometry. Second 
humerai tunnel exits posterior and inferior from common entry site. Palmaris longus tendon is drawn through ulnar and humerai 
tunnels and tied to itself after recrossing joint. SEE TECHNIQUE 47-20. 
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9 emerges at the origin of the ligaments. Détermine the 
location of the tunnel in the humérus by placing a tem- 
porary suture in the ulnar tunnel and holding the ends of 
the suture against the humérus with a hemostat while 
the elbow is moved. Reflect the tendon graft back onto 
itself, Crossing the joint again, and attach it into its origin 
with 1-0 nonabsorbable sutures (Fig. 47-57B and C). 

■ If the tendon graft seems to be inadéquate for the size 
of the arm or for the anticipated activity or stress, use an 
autogenous or allograft hamstring tendon to reinforce 
the reconstruction with the same sites of attachment to 
bone and Crossing the joint twice. 

■ Tie ail the sutures with the elbow flexed 30 degrees and 
with the forearm fully pronated. 

■ After completing the reconstruction, test the elbow for 
antérolatéral rotatory instability. Allow the anconeus and 
triceps muscles to assume their normal positions, and 
close the interval between the anconeus and the extensor 
carpi ulnaris with absorbable sutures. 

■Apply a splint with the forearm flexed 90 degrees and 
pronated. 

We prefer to use a closed-end tunnel and docking 
technique in the humérus comparable to that used with 
the ulnar collateral ligament. When the palmaris is défi¬ 
cient, we use a 3.2-mm thick portion of the gracilis 
tendon. One hamstring may be split for médial and latéral 
reconstructions in the case of global instability after dis¬ 
location. The humerai tunnel is drilled at the point on the 
épicondyle where the line drawn along the anterior 
humerai cortex intersects a line through the center of the 
radiocapitellar axis between the 3- and 4:30-o'clock posi¬ 
tion on the épicondyle (Fig. 47-58). Stability and isometry 
are less affected by the location of the ulnar tunnels. 
Placement of drill holes 4 mm posterior to the radial head 
at the crista supinatoris and at the proximal aspect of the 
lesser sigmoid notch provides reproducible landmarks. 



Conjoined insertion 


Latéral collateral and annular ligament complex 
of elbow. Latéral collateral ligament originates off humérus at 
axis point of ulnohumeral joint, which lies at intersection of 
anterior humerai line and radiocapitellar axis. Radial collateral 
ligament blends with annular ligament to insert in conjoined 
fashion onto proximal ulna. SEE TECHNIQUE 47-20. 


POSTOPERATIVE CARE. With the forearm in full prona¬ 
tion, the elbow is placed in 70 to 80 degrees of flexion 
and held in this position for 10 to 14 days. Protected 
movement is allowed in a hinged brace 2 to 6 weeks after 
surgery. After 6 weeks, the hinged brace can be removed 
for light activity. The brace is discontinued completely at 
the end of an additional 6 weeks, but patients are encour- 
aged to protect the elbow from heavy activity. Full activity 
is allowed at 6 months, and participation in contact sports 
is allowed at 1 year. The patient is advised to protect the 
elbow from stresses during activities of daily living, such 
as lifting weights. We recommend that patients lift 
weights only in the plane of elbow flexion and extension, 
keeping the shoulder adducted and the elbow close to 
the body. 
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COMPARTMENT SYNDROME 

Compartment syndrome is an élévation of the interstitial 
pressure in a closed osteofascial compartment that results in 
microvascular compromise. Compartments with relatively 
noncompliant fascial or osseous structures most commonly 
are involved, especially the anterior and deep posterior com¬ 
partments of the leg (Fig. 48-1) and the volar compartment 
of the forearm. Compartment syndrome can develop any- 
where skeletal muscle is surrounded by substantial fascia, 
however, such as in the buttock, thigh, shoulder, hand, foot, 
arm, and lumbar paraspinous muscles. 

Compartment syndromes can be classified as acute or 
chronic, depending on the cause of the increased pressure 
and the duration of symptoms. The most common causes of 
acute compartment syndrome are fractures, soff-tissue 
trauma, arterial injury, limb compression during altered con- 
sciousness, and burns. Other causes include intravenous fluid 
extravasation and anticoagulants. Acute exertional compart¬ 
ment syndromes hâve been reported in the foot in runners, 
basketball players, and other athlètes. Chronic exertional 
compartment syndrome is récurrence of increased pressure, 
most offen in the anterior or deep posterior compartment of 
the leg. Exercise can increase muscle volume by 20%, causing 
an increase in pressure in a noncompliant compartment. 
Exertional compartment syndrome of the lower extremity is 
most common in long-distance runners and military recruits 


pushed past normal limits of functional tolérance. It also has 
been reported to occur elsewhere, including the forearms in 
weightliffers, rowers, welders, and others who place large 
demands on their upper extremities. 

ANATOMY AND PATHOPHYSIOLOGY 

The pathophysiology of compartment syndrome involves an 
insult to normal local tissue homeostasis that results in 
increased tissue pressure, decreased capillary blood flow, and 
local tissue necrosis caused by oxygen deprivation. Experi¬ 
mental evidence suggests that significant muscle necrosis can 
occur in patients with normal blood flow if intracompart- 
mental pressure is increased to more than 30 mm Hg for 
longer than 8 hours. Higher pressures hâve been shown to 
cause greater compromise of neuromuscular viability in 
shorter periods of time. 

Fascial hernias hâve been reported to hâve a definite asso¬ 
ciation with the development of exertional compartment 
symptoms. Approximately 15% to 40% of patients treated for 
chronic exertional compartment syndrome hâve been found 
to hâve a fascial hernia, offen despite a normal physical 
examination. 

ACUTE COMPARTMENT SYNDROME 
■ CLINICAL EVALUATION 

Physical signs of acute compartment syndrome include tight- 
ness of the involved compartment, pain with passive motion 
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of the muscles passing through the compartment, and weak- 
ness of the muscles. The most important sign is pain out of 
proportion to that expected with the injury. Hypesthesia or 
paresthesia should be evaluated by testing with pinprick, light 
touch, and two-point discrimination. The diagnosis of acute 
compartment syndrome may be delayed in patients with mul¬ 
tiple injuries or altered consciousness and in children, in 
whom physical findings cannot be documented accurately. 
Because of the variability of clinical signs and symptoms 
of compartment syndrome, the sensitivity and positive 
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Anterior 
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prédictive value of clinical findings are low; however, the 
specificity and négative prédictive value are high. The absence 
of clinical findings associated with compartment syndrome is 
more useful for excluding the diagnosis than the presence of 
findings is for confirming the diagnosis. 

If compartment syndrome is suspected and an adéquate 
examination cannot be performed, pressure levels should 
be measured. Monitoring of compartment pressures also is 
helpful in patients with a fracture and altered neurologie 
function caused by vascular injuries, continuous épidural 
anesthésia, peripheral nerve injury, or tourniquet palsy. 

A variety of invasive devices are available for measure- 
ment of compartment pressures, including a commercially 
available pressure monitor (Fig. 48-2), arterial line manom- 
eter, Whitesides three-way stopcock apparatus (Fig. 48-3A), 
and the wick monitor (Fig. 48-3B). Studies hâve shown, 
however, that pressure measurements are erroneous in as 
many as 30% to 35% of patients and should not be used as 
the primary déterminant for or against fasciotomy. Noninva- 
sive methods of evaluating compartment pressures include 



Four compartments of leg: transverse section 
through middle portion of left leg. 


Stryker hand-held compartment pressure 
monitor. (Courtesy Stryker, Kalamazoo, Mich.) 
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Technique of Whitesides et al. for détermination of tissue pressure. A f Tissue pressure is measured by determining 
amount of pressure within closed System required to overcome pressure within closed compartment and inject minute amount of saline. 
B, Use of wick cathéter for monitoring compartment pressures. 
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the use of ultrasonography to measure submicrometer dis¬ 
placement of the fascia wall caused by volume expansion of 
the muscle compartment, which is related to changes in intra- 
muscular pressure. Although more study is necessary, in a 
model of compartment syndrome in the legs of healthy indi- 
viduals, this technique had a diagnostic sensitivity of 77% and 
specificity of 93%. Infrared imaging also has been used in 
trauma patients to détermine température différences between 
the proximal and distal skin surfaces to help make the diag- 
nosis of compartment syndrome. Currently, neither of these 
methods has been shown to be as accurate or easily available 
as the invasive methods. 

■ TREATMENT 

Significant controversy exists regarding appropriate compart- 
mental pressures for performing fasciotomies. At our institu¬ 
tion, if compartmental pressures are greater than 30 mm Hg 
in the presence of clinical findings, immédiate fasciotomy is 
indicated. Equivocal readings require continuous monitoring 
and serial clinical examinations. In patients with major dis- 
ruption of the arterial circulation or circumferential full- 
thickness burns, fasciotomy should be performed at the time 
of initial surgery. An algorithm for patients with tibial frac¬ 
tures has been developed to détermine the rôles of tissue 
pressure measurement and clinical findings (Fig. 48-4). 



FIGURE 


Algorithm for diagnosis and treatment of acute 


compartment syndrome of lower leg after tibial fracture. (From 
Bourne RB, Rorabeck CH: Compartment syndromes of the lower leg. 


Clin Orthop Relat Res 240:97, 1989.) 


In isolated limb injuries, splitting of the cast and underly- 
ing padding can decrease compartment pressure by as much 
as 50% to 85%. Any circular constrictive bandages also should 
be released. Positioning of the limb is important; placing the 
limb at the level of the heart produces the highest arteriove- 
nous gradient. On the other hand, élévation of the limb 
decreases arterial inflow without significantly increasing 
venous outflow, thus increasing local ischemia. If symptoms 
do not résolve within 30 to 60 minutes after appropriate treat¬ 
ment, pressure measurement should be repeated and, if 
results are equivocal, fasciotomy is indicated without delay. 
Although an exact timeframe has not been firmly established 
by evidence-based research in humans, fasciotomy after 12 
hours has been associated with adverse outcomes. 

■ ACUTE COMPARTMENT SYNDROME 
OF THIGH 

Compartment syndrome of the thigh is much less frequent 
than that of the forearm or lower leg, but it is associated with 
a high level of morbidity. In one study of 23 patients with 
acute thigh compartment syndrome, four patients (17%) 
required amputations, whereas in another study of 18 patients 
more than half did not recover full thigh-muscle strength and 
had long-term functional déficits. Factors associated with an 
increased likelihood of functional déficits were high injury 
severity scores, ipsilateral fémoral fracture, prolonged inter- 
vals to décompression, the presence of myonecrosis at the 
time of fasciotomy, and an âge older than 30 years. 

The most common causes of thigh compartment syn¬ 
drome are blunt trauma (with or without fracture) and vas- 
cular injury; other cited causes of acute compartment 
syndrome of the thigh include polytrauma, arterial ischemia, 
burns, limb compression secondary to drug abuse, tourniquet 
use for lower leg surgery, use of military antishock trousers, 
muscle overuse, penetrating gunshot wounds, quadriceps 
tendon rupture and contusion or strain, other thigh muscle 
strains, and hétérotopie ossification. “Idiopathic” thigh com¬ 
partment syndrome also has been described. 

The myofascial compartments of the thigh hâve a consid- 
erably larger volume and potential capacity than those of the 
lower leg or forearm, accounting for the relative infrequency 
of thigh compartment syndrome. The thigh is divided into 
three distinct compartments (anterior, médial, and posterior) 
by intermuscular fascial extensions (Fig. 48-5); collectively, 
the compartments are encased by the fascia lata. Within the 
anterior compartment are the quadriceps muscle group and 
the sartorius muscle, the fémoral nerve and its sensory 
branch, the saphenous nerve, and the fémoral artery and vein. 
The médial compartment contains the adductor muscle 
group and its neurovascular supply, the profunda femoris and 
obturator arteries, and the obturator nerve. In the posterior 
compartment are the biceps femoris, semimembranosus and 
semitendinosus muscles, arterial branches of the profunda 
femoris, and the sciatic nerve. Most reported compartment 
syndromes of the thigh involve the anterior compartment 
because it is surrounded by the stiffest walls laterally and 
medially (fascia lata and iliotibial tract) and is the most vul¬ 
nérable to trauma. 

The diagnosis of acute compartment syndrome of the 
thigh is based on the criteria described earlier for acute com¬ 
partment syndrome. The most common signs of thigh com¬ 
partment syndrome are pain and increased thigh circumference 
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compared with the opposite side. Weakness of the involved 
thigh muscles and sensory or motor déficits in the anatomie 
distribution of the nerves contained in spécifie compart- 
ments can help détermine which compartments are involved 
(Table 48-1). 

Although conservative management has been advocated 
for young patients with isolated anterior compartment syn¬ 
drome of the thigh, most often immédiate surgical décom¬ 
pression is indicated. A rétrospective review of 29 patients 
with thigh compartment syndromes found that the frequency 
of complications correlated with the time to fasciotomy: delay 
of more than 12 hours was associated with a poor outcome 
in one study, and in another study patients who had décom¬ 
pression within 8 hours had significantly better outcomes 
than those with later surgery. High pressures in the thigh 
compartments hâve been found to cause long-term func- 
tional déficits even with shorter pressure durations, suggest- 
ing that the pressure level affects the time window until 
irréversible neuromuscular damage occurs. Some hâve sug- 
gested that fasciotomy should not be done when surgery is 
delayed for more than 12 hours because of the risk of infec¬ 
tion in the ischémie muscle tissue, recommending that 
patients be treated medically (rapid fluid resuscitation) in an 



médial, and posterior. 


Three compartments of the thigh: 




intensive care setting to manage rhabdomyolysis and avoid 
acute rénal failure. When the condition of the involved 
muscles is unknown, a small incision has been recommended 
to allow access for testing of muscle viability before the exten¬ 
sive fasciotomy incision is made. 


FASCIOTOMY FOR ACUTE 
COMPARTMENT SYNDROME 
OF THE THIGH 


TECHNIQUE 48-1 


(TARLOW ETAL) 

■ Préparé and drape the thigh in a stérile fashion, exposing 
the limb from the iliac crest to the knee joint. 

■ Make a latéral incision beginning just distal to the inter- 
trochanteric line and extending to the latéral épicondyle 

(Fig. 48-6A). 

■ Use subeutaneous dissection to expose the iliotibial band 
and then make a straight incision in line with the skin 
incision through the iliotibial band (Fig. 48-6B). 

■Carefully reflect the vastus lateralis off the latéral inter- 
muscular septum, making sure to coagulate ail perforat- 
ing vessels as they are encountered. 

■ Make a 1.5-cm incision in the latéral intermuscular 
septum and, using Metzenbaum scissors, extend it proxi- 
mally and distally the length of the incision (Fig. 48-6C). 

■ After the anterior and posterior compartments hâve been 
released, measure the pressure of the médial compart¬ 
ment. If the pressure is elevated, make a separate médial 
incision to release the adductor compartment. 

■ Pack the wound open and apply a large, bulky dressing. 

See also Video 48-1. 

POSTOPERATIVE CARE. At 48 to 72 hours the patient 
is returned to the operating room for debridement of any 
necrotic material. Intravenous fluorescein and a Wood 
light can be helpful in evaluating muscle viability. If there 
is no evidence of muscle necrosis, the skin is loosely 
closed. Alternative^, a négative pressure wound device 
can be used. If closure is not accomplished, the debride¬ 
ment is repeated after another 48 to 72 hour interval, 
after which skin closure or skin grafting can be done. 


TABLE 48-1 


Compartment-Specific Diagnostic Criteria of Acute Compartment Syndrome of the Thigh 

PAIN WITH PASSIVE 
STRETCH 

MOTOR DEFICIT 

ANTERIOR COMPARTMENT 

Passive knee flexion 
with hip in extension 
Knee extension 

POSTERIOR COMPARTMENT 

Passive knee extension with hip in 
flexion 

Knee flexion, plantar flexion (sciatic 
tibial branch), dorsiflexion, great 
toe extension (peroneal branch) 

MEDIAL COMPARTMENT 

Passive hip abduction with knee 
in extension 

Hip adduction 

SENSORY DEFICIT 

Passive hip abduction 
with knee in extension 

Hip adduction 

Proximal-medial thigh (obturator 
nerve cutaneous branch) 


Modified from Mithoefer K, Lhowe DW, Vrahas MS, et al: Functional outcome after acute compartment syndrome of the thigh, J Bone Joint Surg 88A:729, 2006. 
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Décompression of thigh compartments. A f Incision from intertrochanteric line to latéral épicondyle. B f Anterior com¬ 
partment is opened by incising fascia lata, and vastus lateralis is retracted medially to expose latéral intermuscular septum, which is then 


incised to decompress posterior compartment. C, Drawing of thigh compartments and appropriate incisions. SEE TECHNIQUE 48-1. 


■ ACUTE COMPARTMENT SYNDROME 
OF LOWER LEG 

Most acute compartment syndromes of the lower leg (approx- 
imately 36%) are associated with tibial fractures; the second 
most common cause is blunt soff-tissue injury. During a 
10-year period at a large trauma center, 288 (2.8%) of 10,315 
patients with extremity trauma required fasciotomy for com¬ 
partment syndrome. The need for fasciotomy varied widely 
according to mechanism of injury (<1% affer motor vehicle 
accidents to almost 9% affer gunshot wounds) and by type of 
injury (2% with closed fracture to 42% with combined vas- 
cular injury). Male sex and âge younger than 55 years were 
among the independent predictors identified. An increasingly 
common risk factor for the development of compartment syn¬ 
drome is the use of anticoagulation therapy in elderly trauma 
patients. As with ail compartment syndromes, early diagnosis 
and treatment are essential to a good resuit. A review of the 
outcomes of fasciotomy found that 68% of patients treated 
within 12 hours of symptom onset had normal function, com- 
pared with only 8% in those treated more than 12 hours affer 
symptom onset. Even with timely fasciotomy, many patients 
hâve long-term sequelae, including altered sensation, swell- 
ing, pain, functional déficits, and cosmetic concerns. 

Two techniques for release of the compartments of the 
lower leg are commonly used: single-incision perifibular fas¬ 
ciotomy and double-incision fasciotomy. The single incision 
may be useful if the soft tissue of the limb is not extensively 
distorted. Because this is rarely true, the double-incision 
technique is safer and more effective and generally should be 
used. The rôle of sélective compartment releases remains 
unclear. Thirty-eight patients with compartment syndromes 
in association with tibial fractures were treated according to 
an algorithm in which standard anterior and latéral releases 
were done through a full-length latéral incision and then 


superficial and deep posterior compartment pressures were 
measured. If the différence between compartment pressure 
and preoperative diastolic blood pressure was greater than or 
equal to 30 mm Hg, the posterior compartments were not 
released. Orthopaedic residents checked the patients every 2 
hours on the floor and repeated compartment pressure mea- 
surements if symptomatology changed or the patient was 
obtunded. Although this management protocol seems safe 
and effective—only 8% of patients required posterior release 
and no patient without posterior release developed sequelae 
of a missed posterior compartment syndrome—the resources 
to follow patients closely and allow a rapid return to the 
operating room if needed may not be available to most prac¬ 
tices. Release of ail four compartments appears to be a safer 
approach for most patients. 


SINGLE-INCISION FASCIOTOMY FOR 
LOWER LEG COMPARTMENT 
SYNDROME 


TECHNIQUE 48-2 


(DAVEY ET AL.) 

■ Make a single longitudinal, latéral incision in line with 
the fibula, extending from just distal to the head of the 
fibula to 3 to 4 cm proximal to the latéral malleolus 

(Fig. 48-7A). 

■ Undermine the skin anteriorly and avoid injuring the 
superficial peroneal nerve. 

■ Perform a longitudinal fasciotomy of the anterior and 
latéral compartments (Fig. 48-7B). 
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9 " Undermine the skin posteriorly and perform a fasciotomy 
of the superficial posterior compartment (Fig. 48-7C). 

■ Identify the interval between the superficial and latéral 
compartments distally and develop this interval proximally 
by detaching the soleus from the fibula. 

■ Subperiosteally dissect the flexor hallucis longus from the 
fibula. 

■ Retract the muscle and the peroneal vessels posteriorly. 

■ Identify the fascial attachment of the posterior tibial muscle 
to the fibula and incise this fascia longitudinally (Fig. 48-7D). 
■Close only the skin over a suction drain or a négative 
pressure wound device. 


DOUBLE-INCISION FASCIOTOMY FOR 
LOWER LEG COMPARTMENT 
SYNDROME 


TECHNIQUE 48-3 


(MUBARAK AND HARGENS) 

■ Make a 20- to 25-cm incision in the anterior compart¬ 
ment centered halfway between the fibular shaft and the 
crest of the tibia (Fig. 48-8A). Use subcutaneous dissec¬ 
tion for wide exposure of the fascial compartments. 

■ Make a transverse incision to expose the latéral intermus- 
cular septum and identify the superficial peroneal nerve 
just posterior to the septum. 


■ Using Metzenbaum scissors, release the anterior compart¬ 
ment proximally and distally in line with the anterior tibial 
muscle. 

■ Perform a fasciotomy of the latéral compartment proxi¬ 
mally and distally in line with the fibular shaft. 

■ Make a second longitudinal incision 2 cm posterior to the 
posterior margin of the tibia (Fig. 48-8B). Use wide sub¬ 
cutaneous dissection to allow identification of the fascial 
planes. 

■ Retract the saphenous vein and nerve anteriorly. 

■ Make a transverse incision to identify the septum between 
the deep and superficial posterior compartments. Release 
the fascia over the gastrocnemius-soleus complex for the 
length of the compartment. 

■ Make another fascial incision over the flexor digitorum 
longus muscle and release the entire deep posterior com¬ 
partment. As dissection is carried proximally, if the soleus 
bridge extends more than halfway down the tibia, release 
this extended origin. 

■ After release of the posterior compartment, identify the 
deep posterior muscle compartment. If increased tension 
is évident in this compartment, release it over the extent 
of the muscle belly (Fig. 48-8C). 

■ Pack the wound open and apply a posterior plaster splint 
with the foot plantigrade. 

■ Management of fasciotomy wounds has included primary 
closure, healing by secondary intention, or split-thickness 
skin grafting to cover defects, which is necessary in 
approximately 50% of patients. An alternative is a delayed 
primary closure, which can be accomplished using the 



Technique of Davey et al. for décompression of leg compartments. A f Latéral skin incision from fibular neck to 3 to 
4 cm proximal to latéral malleolus. B f Skin is undermined anteriorly, and fasciotomy of anterior and latéral compartments is performed. 
C f Skin is undermined posteriorly, and fasciotomy of superficial posterior compartment is performed. D f Interval between superficial 
posterior and latéral compartments is developed. Flexor hallucis longus muscle is dissected subperiosteally off fibula and retracted 
posteromedially. Fascial attachment of tibialis posterior muscle to fibula is incised to decompress muscle. SEE TECHNIQUE 48-2. 
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vessel loop shoelace technique (Fig. 48-9) or commercial 
closure devices. Vacuum-assisted wound closure can be 
used to reduce postoperative edema, which may improve 
wound closure with or without négative pressure therapy 

(Fig. 48-10). 

POSTOPERATIVE CARE. At 48 to 72 hours, the patient 
is returned to the operating room for debridement of any 
necrotic material. Intravenous fluorescein and a Wood 
light can be helpful in evaluating muscle viability. If there 
is no evidence of muscle necrosis, the skin is loosely 
closed. If closure is not accomplished, the debridement is 
repeated after another 48 to 72 hour interval, after which 
skin closure or skin grafting can be done. 


CHRONIC EXERTIONAL COMPARTMENT 
SYNDROME 

Chronic exertional compartment syndrome (CECS) is 
defined as réversible ischemia secondary to a noncompliant 
osteofascial compartment that is unresponsive to the 



Superficial 
posterior 
fasciotomy- 


Saphenous 


Latéral 

fasciotomy 


Deep 

posterior 

fasciotomy 



A 


B 



Posteromedial 

incision 


Antérolatéral 

incision 


Method of Mubarak and Hargens for décom¬ 
pression of anterior and latéral compartments of leg. A f Antéro¬ 
latéral incision. B f Posteromedial incision. C f Décompression of ail 
four compartments of leg. SEE TECHNIQUE 48-3. 


expansion of muscle volume that occurs with exercise. Factors 
believed to contribute to an increase in an intracompartmen- 
tal pressure during exercise include increased volume of the 
skeletal muscle with exertion due to blood flow and edema 
(muscle volume can increase up to 20% of its resting size 
during exercise), dynamic contraction factors due to the gait 
cycle (rear-foot landing, overpronation), and muscle hyper- 
trophy as a response to exercise. Anabolic steroid and creatine 
use also increases muscle volume. 

CECS is most common in young adult recreational 
runners, elite athlètes, and military recruits. The anterior and 
latéral compartments are most often affected, and symptoms 
are bilateral in about 75% of patients. Studies hâve indicated 
that a 2-year delay in diagnosis is typical for CECS. 

■ CLINICAL EVALUATION 

The importance of an accurate history cannot be overempha- 
sized in the évaluation of patients with lower extremity pain. 
A typical patient with CECS is a compétitive runner, 20 to 30 
years old, who describes exercise-induced pain and a feeling 



Delayed primary closure after fasciotomy with 
vessel loop shoelace technique. SEE TECHNIQUE 48-3. 



Fasciotomy wound with vacuum-assisted 
closure System in place. (From Saziye K, Mustafa C, llker U, Afksen- 
dyios K: Comparison of vacuum-assisted closure device and conservative 
treatment for fasciotomy wound healing in ischemia-reperfusion syn¬ 
drome: preliminary results. Int Wound J. 8:229, 2011.) 
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Differential Diagnosis of Chronic Exertional 
Compartment Syndrome 


■ Médial tibial stress syndrome (shin splints) 

■ Stress fracture 

■ Tenosynovitis 

■ Periostitis 

■ Deep venous thrombosis 

■ Nerve entrapment syndrome 

■ Lumbosacral radiculopathy 

■ Neurogenic claudication 

■ Popliteal artery entrapment syndrome 

■ Vascular claudication 

■ Infection 

■ Myopathy 

■ Tumor 


of tightness that begins after 20 to 30 minutes of running. The 
pain usually résolves within 15 to 30 minutes of cessation of 
exercise. Paresthesias of the nerves running through the 
involved compartment often are reported. Physical examina¬ 
tion may reveal tenderness over the musculature of the 
involved compartment, and muscle herniation through 
defects in fascia may be palpated. Patients should be exam- 
ined after completing the exercise that reproduces symptoms. 
Other possible causes of the patients symptoms also should 
be considered (Box 48-1). 

If history and physical examination are not diagnostic, 
other studies can be instituted to arrive at a diagnosis. Peri¬ 
ostitis is easily seen on bone scan, with diffuse uptake often 
covering one third of the bone. Stress fractures show a more 
localized, intense uptake of the radioactive isotope, although 
90% of stress fractures can be diagnosed with plain radio- 
graphs. Stress reactions, precursors of stress fractures, can 
best be detected by MRI on short Tl inversion recovery 
sequence or a fat-suppressed T2-weighted fast spin-echo 
sequence. Entrapment of the peroneal nerve can be deter- 
mined by provocative tests in which pressure over the point 
at which the superficial peroneal nerve emerges from the 
deep fascia produces pain during active, resisted dorsiflexion 
and eversion of the ankle. The Tinel sign also may be positive 
in the same area. 

As with acute compartment syndrome, some controversy 
exists as to values for diagnosis of CECS. The most commonly 
accepted values are the presence of one or more of the fol- 
lowing criteria: (1) preexercise, resting pressure of 15 mm Hg 
or more; (2) pressure of 30 mm Hg or more 1 minute after 
exercise; and (3) pressure of 20 mm Hg or more 5 minutes 
after exercise. One study found that the level of pain was 
significantly higher in patients with CECS than in Controls at 
ail phases of exercise. The authors noted that a pressure of 
105 mm Hg immediately after 5 minutes of sustained walking 
at 4 miles per hour with a 5% incline and the patient wearing 
a 15-kg backpack had better diagnostic accuracy than the 
Pedowitz criteria above. Other authors hâve suggested use of 
postexercise MRI, near-infrared spectroscopy, triple-phase 
bone scan, methoxyisobutyl isonitrile (MIBI) perfusion 
imaging, and thallous chloride scintigraphy. 


■ TREATMENT 
I NONOPERATIVE TREATMENT 

Conservative measures include relative rest (limiting activity 
to a level that avoids ail but minimal symptoms), antiinflam- 
matory médications, manual therapy, stretching and strength- 
ening of the involved muscles, and orthotics. Forefoot running 
(forefoot strike) also has been reported to improve pain and 
lower intracompartmental pressure with sustained results of 
up to 1 year, avoiding surgical intervention. If symptoms 
persist, if pressures are extremely elevated, or if the athlete 
desires to continue activity at the same level, fasciotomy of 
the involved compartments is indicated. 

I OPERATIVE TREATMENT 

Failure after fasciotomy may be related to the compartments 
released. Anterior compartment fasciotomy has a success rate 
of 80% to 90%, whereas release of the deep posterior com¬ 
partment has a lower rate of 50% to 70% as does a combined 
anterior and latéral release. Younger patient âge (< 23 years) 
also has been shown to be a factor in improved subjective 
function and satisfaction after fasciotomy. Most patients, 
however, are able to return to running without significant 
symptoms within 3 months of surgery. 

Subcutaneous and endoscopie techniques hâve been 
described for fasciotomy. Although increased complication 
rates and récurrence of symptoms hâve been reported with 
these techniques, a “double mini-incision” technique pro- 
duced good results in 18 athlètes; 14 had release of the ante¬ 
rior compartment only, and four had release of the anterior 
and latéral compartments. At 2-year follow-up, ail 18 had 
resumed their sports activities; two had a transient sensation 
of weakness that resolved within 3 months. Endoscopie com¬ 
partment release was reported to be successful in nine patients 
(14 legs), eight of whom were able to résumé preoperative 
activities; the only reported complications were two postop- 
erative hematomas that resolved. With anterior and posterior 
compartment release, extensive undermining and careful 
identification and retraction of the superficial peroneal nerve 
during anterior release and of the saphenous nerve and vein 
during posterior release are necessary. We believe the double- 
incision technique to be best for release of the posterior 
structures. 

Fasciotomy may not be successful, resulting in récurrence 
of symptoms. Partial fasciectomy has been advocated by some 
authors, especially in patients with récurrence after fasciot¬ 
omy. Other complications include numbness, bruising, skin 
infection, weakness, and vascular compromise. 


DOUBLE MINI-INCISION FASCIOTOMY 
FOR CHRONIC ANTERIOR 
COMPARTMENT SYNDROME 


TECHNIQUE 48-4 


(MOUHSINE ETAL.) 

■Without the use of a tourniquet, make two vertical 2-cm 
skin incisions over the anterior compartment 15 cm apart 

(Fig. 48-1 IA). 
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Mouhsine et al. double mini-incision fasciotomy for chronic anterior compartment syndrome. A f Two vertical 2-cm 
skin incisions. B f Development of subcutaneous flap with blunt dissection. C f Skin retraction to allow fasciotomy under direct vision. 
D, After wound closure. SEE TECHNIQUE 48-4. 


■ Identify the fascia and carefully develop a subcutaneous 
flap with blunt dissection of the bridge of skin and sub¬ 
cutaneous tissue (Fig. 48-11 B). Use retractors to mobilize 
this flap to allow a clear view of the deep fascia. 

■ Identify the anterior intermuscular septum and the super- 
ficial peroneal nerve through the distal incision (10 to 
12 cm proximal to the latéral malleolus). Retract the skin 
anteriorly and posteriorly to allow anterior and/or latéral 
fasciotomy under direct vision (Fig. 48-1 IC). If needed, 
use a gloved finger to complété the release. 

■ Close the two incisions with 3.0 monofilament and stérile 
adhesive strips (Fig. 48-11D) and apply a firm bandage 
from midfoot to the knee. 

POSTOPERATIVE CARE. The limb is elevated for 24 to 
48 hours and ice is applied. Then supervised active range- 
of-motion exercises and progressive weight bearing are 
begun. Most patients need to use crutches for up to 10 
days. Sports activities are gradually resumed at 3 to 4 
weeks after surgery. 


SINGLE-INCISION FASCIOTOMY FOR 
CHRONIC ANTERIOR AND LATERAL 
COMPARTMENT SYNDROME 


TECHNIQUE 48-5 


(FRONEK ETAL) 

■ Make a 5-cm longitudinal incision halfway between the 
fibula and the tibial crest in the midportion of the leg (Fig. 
48-12A) or over the fascial defect if a muscular hernia is 
présent at the exit of the superficial peroneal nerve (Fig. 
48-12B and C). 

■ Identify the nerve and the intermuscular septum and pass 
a fasciotome into the anterior compartment in line with 
the anterior tibial muscle (Fig. 48-12D). 

■ In the latéral compartment, run the fasciotome posterior 
to the superficial peroneal nerve in line with the fibular 
shaft (Fig. 48-12E). 

■ Do not repair muscular hernias. 

■Close the skin in the usual fashion and apply a stérile 
dressing. 
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Latéral 

Wl compartment 
fasciotomy 


FIGURE 


Fronek et al. single-incision fasciotomy. A f Incision between tibial crest and fibular shaft, over antérolatéral inter- 


muscular septum, when no fascial hernia exists. B, In presence of fascial hernia, incision is directly over fascial defect. C, Defect is 


enlarged across intermuscular septum (1). D and E, Complété longitudinal release of anterior compartment (2 and 3) and latéral com¬ 
partment (4 and 5). SEE TECHNIQUE 48-5. 
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Saphenous vein 


Superficial posterior 
compartment 


Deep posterior 
compartment 


Rorabek two-incision release of chronic deep 
posterior compartment syndrome. A f Two vertical incisions; 
saphenous vein is identified and retracted anteriorly. B f Superfi¬ 
cial compartment is entered and released. C f Deep fascia is incised, 
and deep posterior compartment is released. SEE TECHNIQUE 48-6. 


DOUBLE-INCISION FASCIOTOMY 
FOR CHRONIC POSTERIOR 
COMPARTMENT SYNDROME 


TECHNIQUE 48-6 


(RORABECK) 

■ Make two incisions in the leg 1 cm behind the postero- 
medial border of the tibia (Fig. 48-13A). Identify the 
saphenous vein in the proximal incision and retract it 
anteriorly along with the nerve. 

■ Enter and release the superficial compartment (Fig. 
48-13B). 

■ Incise the deep fascia (Fig. 48-13C). 

■ Expose the deep compartment, including the flexor digi- 
torum longus and posterior tibial muscles, by detaching 
the soleal bridge. 



Risk Factors for Achilles Tendon Rupture 


Intrinsic: Anatomie Prédisposition, Inability of 
Body's Biomechanics to Naturally Absorb Force 

■ Subtalar hyperpronation 

■ Excessive rearfoot/forefoot varus/valgus 

■ Increased fémoral antéversion 

■ Limb-length discrepancy 

■ Muscle weakness/imbalance 

■ High body mass index 

■ Aging 

Extrinsic: Errors in Training Technique, 
Environmental Factors 

■ Excessive running duration and intensity 

■ Unfamiliar running surface 

■ Drugs: fluoroquinolone antibiotics, corticosteroids 


■ Identify the neurovascular bundle and posterior tibial 
tendon and incise proximally and distally the fascia overly- 
ing the tendon. The posterior tibial tendon is the key to 
posterior compartment décompression, and it usually is 
constricted proximally between the two origins of the 
flexor hallucis longus; enlarge the opening between these 
two structures to check for constriction. 

■ Release the tourniquet and obtain meticulous hemostasis. 

■ Close the wound over a suction drain to minimize the risk 
of hematoma formation. 

POSTOPERATIVE CARE. Early range-of-motion exer¬ 
cises are encouraged, and weight bearing to tolérance on 
crutches is allowed the day after surgery. Crutches are 
discarded when walking is possible without difficulty. 
Light jogging is allowed at 2 to 3 weeks if swelling and 
tenderness are absent. 


RUPTURE OF MUSCLES AND 
TENDONS 

RUPTURE OF ACHILLES TENDON 

Injuries of the Achilles tendon are relatively common in 
middle-aged athlètes, and the frequency of these injuries is 
increasing (from 2/100,000 in 1986 to 10/100,000 in 2010) as 
more people remain active in recreational sports for longer 
times. Tendinitis, tendinosis, and peritendinitis accounted for 
11% of lower extremity complaints at a large runners’ clinic, 
and Achilles tendon ruptures hâve been estimated to be the 
third most frequent tendon rupture. Some studies hâve sug- 
gested that Achilles tendinopathy is présent in 24% of com¬ 
pétitive athlètes and in up to 50% of compétitive runners. 
Tendon ruptures are estimated to occur in approximately 8% 
of compétitive athlètes. The peak âge for Achilles tendon 
rupture in both men and women is between 30 and 40 years 
of âge. Several intrinsic and extrinsic risk factors for Achilles 
tendon rupture hâve been identified (Box 48-2). A survey of 
154 patients with acute tendon ruptures found that at 4-year 
follow-up 6% had sustained a rupture on the contralatéral 
side; according to the authors calculations, patients with an 
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acute Achilles tendon rupture hâve a nearly 200-fold increased 
risk of a contralatéral tendon rupture. 

Most commonly, the mechanisms of Achilles tendon 
rupture are pushing off with the weight-bearing forefoot 
while extending the knee, sudden unexpected dorsiflexion of 
the ankle, and violent dorsiflexion of the plantar flexed foot, 
as in a fall from a height. Disruption also can occur from a 
direct blow to the contracted tendon or from a lacération. 

■ ANATOMY AND PATHOPHYSIOLOGY 

Achilles tendon rupture has been related to a relatively hypo- 
vascular area of the tendon, shown by angiography to be 2 to 
6 cm above the tendon insertion into the calcaneus. The 
major blood supply of the tendon is through its mesotendon, 
with the richest supply through the anterior mesentery. With 
increasing âge, this anterior mesenteric supply becomes 
reduced. Age-dependent changes in collagen crosslinking 
resuit in increased stiffness and loss of viscoelasticity, predis- 
posing to injury. Répétitive microtrauma to this area may 
make it impossible for the reparative process to keep pace, 
and a degenerative attrition may be responsible for many 
Achilles tendon ruptures. Another theory concerning the 
cause of Achilles tendon rupture is the failure of inhibiting 
mechanisms at the musculotendinous unit as a resuit of 
fatigue, with résultant eccentric overload. The cause of Achil¬ 
les tendon rupture probably is a combination of a relatively 
hypovascular area and répétitive microtrauma that causes an 
inflammatory reparative process that is unable to keep up 
with the stresses because of decreased vascularity. A mechan- 
ical overload complétés the rupture. 

■ CLINICAL EVALUATION 

The diagnosis of Achilles tendon rupture is reliably made by 
a palpable tendon defect, the inability to do a toe raise on 
the affected side, and a positive Thompson “squeeze test,” 
which is performed by squeezing the calf muscle just distal 
to its maximal girth while the patient is prone to bring about 
plantar flexion of the ankle joint. The test is positive for com¬ 
plété rupture when there is no plantar flexion of the ankle. 
Another test that may be bénéficiai is that described by Matles. 
The patient is placed prone with the lower legs extending off 
the bed and is asked to actively flex the knees to 90 degrees. 
Active flexion of the knee should cause the gastrocnemius to 
shorten, causing plantar flexion of the foot. If the foot falls 
into neutral or slight dorsiflexion, the Achilles tendon is likely 
ruptured (Fig. 48-14). In the needle test described by O’Brien, 
a 25-gauge needle is placed percutaneously in the midline of 
the proximal tendon. Motion of the proximal tendon indicat- 
ing continuity is detected by observing the needle when the 
foot is put through passive range of motion. 

■ TREATMENT 

The decision to treat acute Achilles tendon ruptures conser- 
vatively or operatively is somewhat controversial, with évi¬ 
dence to support either form of treatment. Despite the 
multitude of articles in the medical literature about Achilles 
tendon rupture, there is still no consensus as to the best treat¬ 
ment and few high-level studies to support various recom¬ 
mendations. The American Academy of Orthopaedic 
Surgeons recommendations (Box 48-3) are primarily con¬ 
sensus or based on weak or inconclusive evidence. Important 
considérations include return to sport and to activities of 



Matles test for Achilles tendon rupture. If the 
foot falls into neutral or slight dorsiflexion with this maneuver, 
the Achilles tendon is likely ruptured. 


daily living (pain, range of motion, strength), rerupture rate, 
and risks associated with surgery. 

Current nonoperative treatment of Achilles tendon rup¬ 
tures involves functional bracing and an aggressive réhabilita¬ 
tion protocol that allows early motion (Table 48-2). Suggested 
ultrasound-based criteria for choosing nonoperative treat¬ 
ment include (1) gap of less than 5 mm with maximal plantar 
flexion, (2) gap of less than 10 mm with the foot in neutral 
position, and (3) more than 75% tendon apposition with the 
foot in 20 degrees of plantar flexion. 

Historically, operative treatment has been shown to hâve 
a significantly lower rerupture rate than nonoperative treat¬ 
ment but to be associated with a higher complication rate. 
More recent comparisons, however, show less différence in 
rerupture rates, rates of other complications, and functional 
outcomes, perhaps because improved operative techniques 
hâve decreased the frequency of postoperative complications 
and the use of functional bracing and aggressive réhabilita¬ 
tion has improved rerupture rates and function affer nonop¬ 
erative treatment. A review of the literature published up to 
2004 determined a 2.4% rerupture rate with functional 
bracing and a 3.5% rerupture rate with operative treatment. 

Regardless of treatment, 30% to 50% of patients are 
reported to hâve functional impairments, including pain, 
reduced strength, and decreased range of motion, at 1 to 5 
years affer injury. A study of 31 National Football League 
(NFL) players who had an acute Achilles tendon ruptures 
found that only 21 (64%) returned to play at an average of 11 
months affer injury, and ail 21 had significant decreases in 
the number of games played and in their power ratings 
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AAOS Recommendations: Achilles Tendon 
Ruptures 


Strength of Recommendation: Consensus 

■ The physical examination should include two or more of 
the following tests to establish the diagnosis of acute 
Achilles tendon rupture: 

■ Clinical Thompson test (Simmonds squeeze test) 

■ Decreased ankle plantar flexion strength 

■ Presence of a palpable gap (defect, loss of contour) 

■ Increased passive ankle dorsiflexion with gentle 
manipulation 

■ Operative treatment should be approached more cau- 
tiously in patients with diabètes, neuropathy, immuno- 
compromised States, âge older than 65, tobacco use, 
sedentary lifestyle, obesity (body mass index > 30), periph- 
eral vascular disease, or local/systemic dermatologie 
disorders. 

Strength of Recommendation: Moderate 

■ Early (<2 weeks) postoperative protected weight bearing 
(including limiting dorsiflexion) for patients with acute 
Achilles tendon rupture who hâve been treated operatively 

■ Use of a protective device that allows mobilization by 2 to 
4 weeks postoperatively 

Strength of Recommendation: Weak 

■ Nonoperative treatment as an option for patients with 
acute Achilles tendon rupture 

■ Open, limited open, and percutaneous techniques as 
options for treating patients with acute Achilles tendon 
rupture 

■ In patients who participate in sports, option of returning 
to sports within 3 to 6 months after operative treatment 
for acute Achilles tendon rupture 

Strength of Recommendation: Inconclusive 

■ Routine use of MRI, ultrasound, and radiography to 
confirm the diagnosis of acute Achilles tendon rupture 

■ Use of immédiate functional bracing as nonoperative 
treatment for patients with acute Achilles tendon rupture 

■ Preoperative immobilization or restricted weight bearing 
before surgical treatment of acute Achilles tendon rupture 

■ Use of allograft, autograft, xenograft, synthetic tissue, or 
biologie adjuncts in acute Achilles tendon ruptures that 
are treated operatively 

■ Use of antithrombotic treatment for patients with acute 
Achilles tendon ruptures 

■ Postoperative physiotherapy for patients with acute Achil¬ 
les tendon rupture 

Modified from Chido CP, Glazebrook M, Bluman EM, et al: American Academy of 
Orthopaedic Surgeons clinical practice guideline on treatment of Achilles tendon 
rupture, J Bone Joint Surg 92A:2466, 2010. 

compared with the three seasons preceding the injury. Despite 
the persistence of functional déficits and lower activity levels, 
in most patient populations the patient-reported outcomes 
are relatively high, suggesting that patients learn to adjust to 
any impairments. 

Contraindications to operative repair of Achilles tendon 
ruptures include arterial insufhciency, poor skin and 


soff-tissue quality, poorly controlled medical comorbidities 
(e.g., diabètes), and an inability to comply with postoperative 
réhabilitation protocols. Advanced âge alone is not a contra- 
indication to operative repair; good results hâve been reported 
with both open and percutaneous repair techniques in older 
patients. 

■ ACUTE RUPTURE 

A variety of techniques and modifications hâve been described 
for repair of acute Achilles tendon ruptures, including open 
repair, with or without augmentation (tendon transfer, local 
fascial turndown, allograft), and percutaneous or minimally 
invasive repair, with or without intraoperative ultrasound or 
endoscopy. In addition, numerous suture materials and con¬ 
figurations hâve been used for repair, including single and 
double Bunnell, Kessler, and Krackow (locking-loop) tech¬ 
niques and various modifications of these. Although propo- 
nents hâve suggested benefits for varied modifications, none 
has been firmly proved to be superior. A recent cadaver study 
found no différence in strength between Krackow, Bunnell, 
and Kessler sutures when ail were done with a double-suture 
technique. One long-term follow-up study (12 years) reported 
that fibrin glue produced functional results equal to those 
obtained with sutures, with fewer complications. 

Repairs of acute Achilles tendon ruptures hâve been aug- 
mented with “turn-down” flap of fascia, the plantaris and per- 
oneus brevis tendons, and biologie or synthetic scaffolds. Two 
large studies found no benefit of turn-down flaps over simple 
end-to-end repair, noting that the augmentation required a 
longer incision and a longer operating time. Extracellular 
matrix xenograft s hâve been reported to decrease gapping and 
increase load to failure immediately after surgery in cadaver 
models of Achilles rupture, as well as in animal studies; 
however, these benefits hâve not been clinically proven. 

Another “biologie” treatment approach involves the use 
of platelet-rich plasma (PRP) injected into the area of tendon 
rupture to theoretically recruit platelet growth factors to 
promote rapid tendon healing. Animal studies hâve shown 
that local application of PRP stimulâtes tendon repair, and 
cell culture studies hâve shown that PRP can stimulate pro- 
cesses associated with tendon healing. A clinical study on the 
use of PRP in open repair of acute Achilles tendon injuries 
reported faster recovery of motion and quicker return to 
sports with PRP; however, others reached the opposite con¬ 
clusion, reporting no effect on function and suggesting that 
PRP may actually hâve a négative effect on tendon healing. 
Until préparation and delivery methods, as well as patient 
sélection, are more standardized, it is difhcult to détermine 
the effect of PRP on tendon healing. Animal studies using 
mesenychmal stem cells for tendon healing also hâve shown 
promise. 

IOPEN REPAIR TECHNIQUES FOR ACHILLES 
TENDON RUPTURE 

Open repair of acute Achilles tendon ruptures remains the 
“gold standard” of operative treatment, especially for athletic 
individuals, because of the historically low rate of reruptures, 
high rate of return to sports, and decreased complication rate 
with newer techniques. Advocates of open repair argue that 
Achilles tendon injuries often resuit in complex obliquely 
oriented tears that cannot be adequately apposed and repaired 
with percutaneous or minimally invasive techniques. 
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_ TABLE 48-2 

Protocol for Nonoperative Treatment of Achilles Tendon Rupture and Réhabilitation 
After Operative Repair 


0-2 weeks Posterior slab/splint; non-weight bearing with crutches (immediately postoperative or after injury) 

2-4 weeks Aircast walking boot with 2-cm heel lift* * 

Protected weight bearing with crutches. Active plantar flexion and dorsiflexion to neutral, inversion/eversion 
below neutral, modalities to control swelling 

Incision mobilization modalities* (e.g., friction, ultrasound, stretching) 

Knee/hip exercises with no ankle involvement (e.g., leg lifts from sitting, prone, or side-lying position) 
Non-weight-bearing fitness/cardiovascular exercises (e.g., bicycling with one leg, deep-water running) 
Hydrotherapy (within motion and weight-bearing limitations) 

4-6 weeks Weight bearing as tolerated* 

Continue activities as above 
6-8 weeks Remove heel lift from boot 
Weight bearing as tolerated 

*Dorsiflexion stretching, slowly graduated résistance exercises (open and closed kinetic chain, functional 
activities) 

Proprioceptive and gait training 

Modalities, including ice, heat, and ultrasound as indicated 
Incision mobilization 

+ Fitness/cardiovascular exercises, including weight bearing as tolerated (e.g., bicycling, elliptical machine, 
walking and/or running on treadmill, StairMaster) 

Hydrotherapy 
8-12 weeks Wean off boot 

Return to crutches and/or cane as necessary and gradually wean off 
Continue to progress range of motion, strength, proprioception 
>12 weeks Continue to progress range of motion, strength, proprioception 
Retrain strength, power, endurance 

Increase dynamic weight-bearing exercise, include plyometric training 
Sport-specific training 


Modified from Willits K, Amendola A, Bryant D, et al: Operative versus nonoperative treatment of acute Achilles tendon ruptures: a multicenter randomized trial using 
accelerated functional réhabilitation, J Bone Joint Surg 92A:2767, 2010. 

^Patients are required to wear the boot while sleeping; may be removed for bathing and dressing but weight-bearing restrictions must be observed. 

*lf deemed necessary by the physical therapist (scar tight or not moving well). 


and approximate the ends of the tendon by tying the 
tension suture. 

■ Use a tendon stripper and harvest the plantaris tendon, 
releasing it proximally. Lay it aside in a moist sponge. 

■ Place the frayed ends of the tendon in as nearly normal 
position as possible and repair the rupture with multiple 
2-0 absorbable sutures anteriorly and posteriorly. 

■ Place the previously harvested plantaris tendon in a fascial 
needle and pass it circumferentially, first through the pos¬ 
terior and then through the anterior part of the tendon 
2 cm from the rupture. 

■ Use multiple 2-0 absorbable sutures to tack the plantaris 
tendon to the Achilles tendon. The distal tendon usually 
is long enough to be fanned out and tacked over the 
repair, as described by Lynn (see Technique 48-10). 

■Close the fascial sheath and subcutaneous tissues with 
2-0 absorbable sutures. 

■ Close the skin and apply a stérile dressing. 

■ Apply a short leg cast with the foot in gravity equinus. 


OPEN REPAIR OF ACUTE ACHILLES 
TENDON RUPTURE 


TECHNIQUE 48-7 


Figure 48-15 


«With the patient prone, make a posteromedial longitudi¬ 
nal incision 8 to 10 cm long; make it about 1 cm médial 
to the tendon, and end it just proximal to where the shoe 
counter strikes the heel. The skin incision should be off 
center to prevent later irritation by shoes directly over the 
tendon in the midline. 

« Carry the incision sharply through the skin, subcutaneous 
tissues, and tendon sheath. 

1 Reflect the tendon sheath with the subcutaneous tissue, 
minimizing subcutaneous dissection. 

«Approximate the ruptured ends of the tendon with No. 
5 nonabsorbable tension suture, using a modified Kessler 
stitch through the stump 2.5 cm from the rupture. Plantar 
flex the foot 0 to 5 degrees, flex the knee 15 degrees, 
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FIGURE 


Technique of repair of Achilles tendon. SEE TECHNIQUE 48-7. 


OPEN REPAIR OF ACHILLES TENDON 
RUPTURE—KRACKOW ET AL. 


TECHNIQUE 48-8 


■ With the patient prone, make a posteromedial incision 
approximately 10 cm long about 1 cm médial to the 
tendon and ending proximal to where the shoe counter 
strikes the heel. 

■Sharply dissect through the skin, subcutaneous tissues, 
and tendon sheath. Reflect the tendon sheath with the 
subcutaneous tissue to minimize subcutaneous 
dissection. 

■ Approximate the ruptured ends of the tendon with a 2-0 
nonabsorbable suture (Fig. 48-16). 

■ Check the repair for stability after the sutures are tied. 

■ Close the peritenon and subcutaneous tissues with 4-0 
absorbable sutures. 

■ Close the skin and apply a stérile dressing and a posterior 
splint or short leg cast with the foot in gravity equinus. 


OPEN REPAIR OF ACHILLES TENDON 
RUPTURE—LINDHOLM 


TECHNIQUE 48-9 


■ With the patient prone, make a posterior curvilinear inci¬ 
sion extending from the midcalf to the calcaneus. 

■ Incise the deep fascia in the midline and expose the 
tendon rupture. 



rupture. SEE TECHNIQUE 48-8. 


■ Débridé the ragged ends of the tendon and appose them 
with a box type of mattress suture of heavy nonabsorb¬ 
able suture material or wire; also use fine interrupted 
sutures (Fig. 48-17). 

■ Fashion two flaps from the proximal tendon and gastroc- 
nemius aponeurosis, each approximately 1 cm wide and 
7 to 8 cm long. Leave these flaps attached at a point 
3 cm proximal to the site of rupture. 

■ Twist each flap 180 degrees on itself so that its smooth 
external surface lies next to the subcutaneous tissue as it 
is turned distally over the rupture. 
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Lindholm technique for repairing ruptures of 
Achi I les tendon. SEE TECHNIQUE 48-9. 


9 "Suture each flap to the distal stump of the tendon and 
to one another so that they cover the site of rupture 
completely. 

■Close the wound, being careful to approximate the 
tendon sheath over the site of repair. 




REPAIR OF ACUTE ACHILLES TENDON 
RUPTURE USING PLANTARIS TENDON 

Lynn described a method of repairing ruptures of the Achil- 
les tendon in which the plantaris tendon is fanned out to 
make a membrane 2.5 cm or more wide for reinforcing 
the repair. The method is useful for injuries less than 10 
days old; later the plantaris tendon becomes incorporated 
in the scar tissue and cannot be identified easily. 


TECHNIQUE 48-10 


(LYNN) 

■ Make an incision 12.5 to 17.5 cm long parallel to the 
médial border of the Achilles tendon. 

■ Open the tendon sheath in the midline and, with the foot 
held in 20 degrees of plantar flexion and without excising 
the irregular edges, sew the ends of the Achilles tendon 
together with 2-0 absorbable sutures. 

■ If the plantaris tendon is intact (Fig. 48-18A), divide 
its insertion on the calcaneus; then, using forceps and 
beginning distally, fan out the tendon to form a 
membrane. 


Lynn technique for repairing fresh rupture of 
Achilles tendon. A f Ruptured Achilles tendon has been sutured, 
and plantaris tendon has been divided distally and is being 
fanned out to form membrane. B f Fanned-out plantaris tendon 
has been placed over repair of Achilles tendon and sutured in 
place. SEE TECHNIQUE 48-10. 


■ Place this membrane over the repair of the Achilles 
tendon and suture it in place with interrupted sutures 
(Fig. 48-18B). When possible, cover the Achilles tendon 
for 2.5 cm both proximal and distal to the repair. 

■ If the plantaris tendon also is ruptured, dissect it free from 
the Achilles tendon for several centimeters and divide it 
proximally, using a tendon stripper. 

■ Then pull the tendon distally into the incision, fan it 
out as a free graft, and cover the repair as already 
described. 

■ Close the sheath of the Achilles tendon as far distally as 
possible without tension and close the wound. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that used after treatment of acute rupture of the Achil¬ 
les tendon (see Technique 48-11). 
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DYNAMIC LOOP SUTURE TECHNIQUE 
FOR ACUTE ACHILLES TENDON 
RUPTURE 


TECHNIQUE 48-11 


(TEUFFER) 

■ Expose the Achilles tendon and the tuberosity of the 
calcaneus through a postérolatéral longitudinal incision. 

■ Identify and retract the sural nerve in the proximal part 
of the wound. 

■ Detach the peroneus brevis tendon from its insertion 
through a small incision at the base of the fifth 
metatarsal. 

■ Excise the aponeurotic septum, separating the latéral and 
posterior compartiments, and deliver the freed peroneus 
brevis into the first incision. 

■ Dissect the tuberosity of the calcaneus and drill a hole 
large enough for passage of the tendon through the 
transverse diameter of the bone. 

■ Pass the peroneus brevis tendon through this hole and 
back proximally beside the Achilles tendon, reinforcing 
the site of rupture, and suture it to the peroneus 
brevis itself, producing a dynamic loop (Fig. 48-19). 

Turco and Spinella described a modification in which 
the peroneus brevis is passed through a midcoronal slit in 
the distal stump of the Achilles tendon. The graft is 
sutured medially and laterally to the stump and proximally 
to the tendon with multiple interrupted sutures to prevent 
splitting of the distal tendon stump (Fig. 48-20). This 
modification can be bénéficiai if a long distal stump is 
présent. 

POSTOPERATIVE CARE. The cast is removed at 2 
weeks, the wound is inspected, and the Staples or sutures 
are removed unless subcuticular sutures were used for 
wound closure. Occasionally, another week is required for 
proper wound healing before sutures are removed. 
Another short leg cast with the foot in gravity equinus is 
worn for an additional 2 weeks. At 4 weeks, the cast is 
changed again and the foot is gradually brought to the 
plantigrade position over the next 2 weeks. Walking is 
gradually resumed with partial weight bearing on crutches 
during a 2-week period. At 6 to 8 weeks, a short leg 
walking cast is applied with the foot in the plantigrade 
position and full weight bearing is allowed. Alternative^, 
a removable brace allowing only plantar flexion can be 
used as early as 4 to 6 weeks after surgery. Gentle active 
range-of-motion exercises for 20 minutes twice a day are 
begun. Isométrie ankle exercises along with a knee- 
strengthening and hip-strengthening program can be 
instituted. Toe raises, progressive résistance exercises, and 
proprioceptive exercises, in combination with a general 
strengthening program, constitute the third stage of 
réhabilitation. In reliable, well-supervised patients with 
good tissue repair, this program can be accelerated, with 
earlier use of dorsiflexion-stop orthoses and active range- 
of-motion exercises. Return to full unrestricted activity 
usually requires at least 6 months and often more. 



FIGURE 


Dynamic loop suture of peroneus brevis to itself 


when end-to-end suture is not possible. SEE TECHNIQUE 48-11. 



FIGURE 


^ Turco and Spinella modification. Peroneus 


brevis is passed through midcoronal slit in distal stump of Achilles 


tendon and sutured to stump and to tendon. SEE TECHNIQUE 48-11. 


MINIMALLY INVASIVE AND 
PERCUTANEOUS REPAIR OF ACUTE 
ACHILLES TENDON RUPTURE 

A number of techniques hâve been developed to allow 
repair through smaller incisions to speed recovery and mini- 
mize complications, especially infection and sural nerve 
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9 damage. Because of the risk of sural nerve injuries with 
"blind" suturing of the tendon, some of these techniques 
use multiple incisions (e.g., three-incision technique), 
endoscopy, or specially designed devices. 

Comparisons of open repairs with minimally invasive 
or percutaneous techniques hâve shown functional results 
comparable to those obtained with open repair, with 
fewer complications, no apparent increased risk of rerup¬ 
ture, and better cosmetic results. Cited disadvantages 
of minimally invasive techniques include risk of sural nerve 
injury, failure to appose tendon ends or malalignment 
of tendon ends, and a lower strength of the repair. In 
a study of 211 patients with minimally invasive repairs, 
sural nerve injury occurred in 41 (19%) and reruptures in 
17 (8%). 


TECHNIQUE 48-12 


(MA AND GRIFFITH) 

■ In the operating room with the patient under local, 
régional, or general anesthésia, and with the extremity 
prepared as for open surgery, palpate the tendon defect 
and make small stab wounds on each side of the Achilles 
tendon 2.5 cm proximal to the rupture defect. 

■ Use a small hemostat to free the underlying tendon 
sheath from the subcutaneous tissue; pass a No. 0 or a 
No. 1 nonabsorbable suture threaded on a straight needle 
from the latéral stab wound through the body of the 
tendon and exit in the médial stab wound (Fig. 48-21, 
Step 1). 

■ With a straight needle on each end of the inserted suture, 
crisscross the needles within the body of the tendon and 
puncture the skin just distal to the site of tendon rupture; 
enlarge the sites of needle puncture with a scalpel (Fig. 
48-21, Step 2), and pull the suture completely through 
the stab wounds; snug the suture within the proximal 
portion of the ruptured tendon. 

■ With the latéral suture now threaded on a curved cutting 
needle, pass the suture back through the last stab wound 
to exit at about the midportion of the distal stump of the 
ruptured tendon on the latéral side (Fig. 48-21, Step 3). 
Enlarge the hole with a scalpel before pulling the suture 
through. 

■ Use a hemostat to free the subcutaneous tissue from the 
underlying tendon sheath (Fig. 48-21, Step 4). 

■ Using a straight needle, pass the latéral suture through 
the body of the distal stump of the tendon; enlarge the 
puncture wound in the skin as before (Fig. 48-21, Steps 
5 and 6). 

■ Using a curved cutting needle, pass the suture from this 
distalmost stab wound on the médial side and exit at the 
middle stab wound on the médial side of the ruptured 
tendon (Fig. 48-21, Step 7). 

■ With the ankle maintained in equinus position, apply 
tension to the suture in a crisscross manner and bring the 
tendon ends together; tie the suture in this position and, 
with a small hemostat, bury the knot in the depths of the 
wound (Fig. 48-21, Steps 8 and 9). 

■ Suturing the skin is unnecessary. Apply a stérile dressing 
to the stab wounds, and apply a short leg cast in gravity 
equinus position. 
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Ma and Griffith technique for percutaneous 
repair of acute rupture of Achilles tendon. SEE TECHNIQUE 48-12. 


POSTOPERATIVE CARE. The short leg cast is worn with 
non-weight bearing for 4 weeks, at which time a weight- 
bearing, low-heeled, short leg equinus cast is applied. At 
8 weeks, the cast is removed and a therapy program of 
toe-heel raising and gastrocnemius-soleus exercises is 
begun. The patient gradually restores the foot to a neutral 
position during a 4-week period. Then the patient begins 
heel cord stretching exercises for an additional 4 weeks. 


■ CHRONIC RUPTURE 

The définition of a “chronic” rupture has ranged from those 
diagnosed and treated more than 48 hours affer injury to 
those diagnosed and treated up to 2 months affer injury. 
Tfiere appears to be some consensus that a rupture diag¬ 
nosed 4 to 6 weeks affer injury should be considered a 
chronic rupture and that these are more difficult to treat 
than acute injuries. At about 1 week affer rupture of the Achil¬ 
les tendon, any space between the tendon ends fills with 
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FIGURE 


MRI appearance of chronic Achilles tendon rupture. 


scar tissue. If left untreated, the tendon heals elongated, 
leaving the patient unable to push off on the affected side. 
Running, jumping, and activities such as ascending or 
descending stairs are severely compromised. Calf atrophy 
usually is présent, the Achilles tendon often loses its normal 
contour, and a visible tendon defect may be présent. MRI can 
be helpful to estimate the gap between the ruptured ends of 
the tendon (Fig. 48-22). Chronic ruptures appear as an area 
of low-intensity signal on Tl-weighted images and alteration 
in T2-weighted signal. 

If posterior heel pain, swelling, or functional impairment 
is disabling, delayed repair or reconstruction is indicated. In 
most active adults, repair is préférable but often is not pos¬ 
sible. For ruptures more than 3 months old, treatment 
dépends on the patients physiologie âge, activity level, and 
amount of functional impairment. A number of techniques 
hâve been described for reconstruction of a neglected Achil¬ 
les tendon rupture (Box 48-4). If the tendon defect is less than 
3 cm after debridement and the injury is less than 3 months 
old, direct repair often is possible. If, however, the tendon gap 
is more than 3 cm (more common), additional techniques 
must be used, such as local tissue transfer, tissue augmenta¬ 
tion, synthetics, and allografts. 

V-Y quadricepsplasty (see Technique 48-17) and 
gastrocnemius-soleus fascia turn down graft (see Technique 
48-16) techniques can be used for augmentation, and local 
tendon transfers (flexor hallucis longus, flexor digitorum 
longus, peroneus brevis and longus, plantaris) can be used to 
bridge larger defects (Table 48-3). Minimally invasive and 
endoscopically assisted techniques hâve been described for 
tendon transfers, but there are few reports of the long-term 
outcomes of these procedures. MafFulli et al. described a 
“less-invasive” technique for transfer of the peroneus brevis 
through two paramidline incisions and recommended this 
technique for tendon gaps of less than 6 cm. 



Techniques for Reconstruction of Chronic 
Achilles Tendon Ruptures 


■ Primary repair (uncommon) 

■ Augmentation 

■ Free fascia tendon graft 

Fascia lata 

Donor tendons (semitendinosus, peroneal, gracilis, 
patellar tendon) 

■ Fascia advancement 

V-Y quadriceps plasty 

Gastrocnemius-soleus fascia turn-down graft 

■ Local tendon transfer 

Flexor hallucis longus 
Flexor digitorum longus 
Peroneus brevis 
Peroneus longus 
Plantaris 
Posterior tibial 

■ Synthetic or allograft augmentation 

■ Polyglycol threads 

■ Marlex mesh 

■ Dacron vascular graft 

■ Carbon fiber 

■ Allograft tendon 

Modified from Coughlin MJ, Schon LC: Disorders of tendons. In Coughlin MJ, 
Mann RA, Saltzman CL, editors: Surgery of the foot and ankle, ed 8, Philadelphia, 
2007, Elsevier. 






2 


5^ PART XIII SPORTS MEDICINE 


r TABLE 48-3 

Comparison of Tendons for Tendon Transfer in Treatment of Chronic Achilles Tendon Rupture 

TENDON 

STRENGTH 

RELATIVE TO GSC 

ADVANTAGES 

CONCERNS 

Peroneus 

brevis 

18 times 
weaker 

In phase with GSC during normal gait 

Shared rôle as plantar flexor of ankle 

Relatively close proximity to Achilles tendon 
but in separate muscle compartment 

Loss of eversion strength 
Lateral-to-medial pull after transfer 
to calcaneus, which does not 
reproduce inversion normally 
created by Achilles tendon 

Sural nerve damage during harvest 

Flexor 

digitorum 

longus 

Flexor 

hallucis 

longus 

27 times 
weaker 

13 times 
weaker 

In phase with GSC during normal gait 

Shared rôle as plantar flexor of ankle 

Relatively close proximity to Achilles tendon 

In phase with GSC during normal gait 

Shared rôle as plantar flexor of ankle 

Closest proximity to Achilles tendon 

Weakened flexion of toes 

Lesser toe deformities 

Nerve or artery injury during harvest 
Loss of push-off strength during gait 
Clawed hallux deformity 

Transfer metatarsalgia 

Nerve or artery injury during harvest 


GSC, Gastrocnemius-soleus. 


TRANSFER OF THE PERONEUS BREVIS 
TENDON FOR NEGLECTED ACHILLES 
TENDON RUPTURES 


TECHNIQUE 48-13 


(MAFFULLI ETAL) 

■ Make a 5-cm longitudinal incision 2 cm proximal and just 
médial to the palpable end of the proximal stump. 

■ Make a second longitudinal incision, 3 cm long, 2 cm 
distal, and just latéral to the latéral margin of the distal 
stump (Fig. 48-23A). Take care to avoid sural nerve injury 
by making this incision as close as possible to the anterior 
aspect of the latéral border of the Achilles tendon (pos- 
terior to the sural nerve). 

■ Make a 2-cm longitudinal incision at the base of the fifth 
metatarsal. 

■ Mobilize the distal Achilles tendon stump, freeing it of ail 
peritendinous adhesions, particularly on its latéral aspect. 
Resect the ruptured tendon end back to healthy tendon 
and place a locking suture (No. 1 Vicryl) along the free 
tendon edge to prevent séparation of the bundles. 

■ Mobilize the proximal tendon stump through the proxi¬ 
mal incision, divide any adhesions, and release the soft 
tissues anterior to the soleus and gastrocnemius muscle 
to allow maximal excursion and minimize the gap between 
the tendon stumps. 

■ Plantar flex the ankle and measure the gap between the 
two tendon ends. If less than 6 cm, the peroneus brevis 
tendon can be used to bridge the gap. 

■ Identify the peroneus brevis tendon through the incision 
on the latéral border of the foot. Expose the tendon and 
place a locking suture in the tendon end before releasing 
it from the metatarsal base. 

■ Through the distal incision over the Achilles tendon, incise 
the deep fascia overlying the peroneal muscle compart¬ 
iment and identify the peroneus brevis tendon at the base 


of the incision. Withdraw the peroneus brevis tendon 
through the distal incision; tendinous strands between 
the two peroneal tendons distally may require strong 
force to withdraw the tendon. 

■ Mobilize the muscular portion of the peroneus brevis 
proximally to increase its excursion. 

■ Make a longitudinal tenotomy parallel to the tendon 
fibers in both tendon stumps. 

■ Use a clamp to develop the plane, from latéral to médial, 
in the distal Achilles tendon stump, and pass the pero¬ 
neus brevis graft through the tenotomy. 

■ With the ankle in maximal plantar flexion, suture the 
peroneus brevis to both sides of the distal stump. 

■ Pass the peroneus brevis tendon beneath the intact skin 
bridge into the proximal incision, then from médial to 
latéral through the transverse tenotomy in the proximal 
stump, and secure it with sutures. 

■ Suture the peroneus brevis tendon back onto itself on the 
latéral side of the proximal incision (Fig. 48-23B). 

■ Close the incisions in standard fashion and apply a previ- 
ously prepared removable fiberglass cast support with the 
foot in maximal equinus. 

POSTOPERATIVE CARE. Weight bearing to tolérance 
on the metatarsal heads is allowed with the use of elbow 
crutches. Active flexion and extension of the hallux and 
lesser toes are encouraged, as are isométrie exercises of 
the calf muscles and toes. At 2 weeks, the back shell of 
the cast is removed and physical therapy focusing on 
proprioception, plantar flexion, inversion, and eversion is 
begun with the front shell in place to prevent ankle dor- 
siflexion. Full weight bearing is allowed with the front 
shell of the cast in place, but this rarely is possible because 
of balance difficulties, and most patients still require the 
assistance of a single elbow crutch. The front shell of the 
cast is removed at 6 weeks and physical therapy is con- 
tinued. Patients normally regain a plantigrade ankle over 
the next 2 to 3 weeks. 
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Peroneus brevis transfer for chronic Achilles 
tendon rupture. A f Longitudinal incisions. B f Completed transfer. 

SEE TECHNIQUE 48-13. 


DIRECT REPAIR OF NEGLECTED 
ACHILLES TENDON RUPTURES 


TECHNIQUE 48-14 


■ Make a curvilinear, posteromedial incision, extending proxi- 
mally as far as necessary for mobilization of the tendon. 

■ Free the gastrocnemius and soleus muscles individually in 
the proximal leg with combinations of sharp and blunt 
dissection to provide additional mobilization. 

■ Resect most of the scar tissue and proceed with repair as 
described for acute ruptures, using tension sutures and 
reinforcement with the plantaris tendon. 

■ Keep the knee flexed and the foot in equinus during the 
repair to relieve tension. 

POSTOPERATIVE CARE. Postoperative care is as 
described for after repair of an acute rupture of the Achil- 
les tendon (see Technique 48-11). 


REPAIR OF NEGLECTED ACHILLES 
TENDON RUPTURES USING PERONEUS 
BREVIS AND PLANTARIS TENDONS 

Repair of significant tendon defects in active patients may 
be best accomplished using a modification of local tendon 
transfer described by White and Kraynick and Teuffer. 



Technique for chronic rupture of Achilles tendon. 
A f Exposure of Achilles tendon and tuberosity through postérolat¬ 
éral incision. Peroneus brevis is passed through hole drilled in 
tuberosity and sutured to Achilles tendon. B f Plantaris tendon is 
passed through ruptured ends of tendon. SEE TECHNIQUE 48-15. 


TECHNIQUE 48-15 


(WHITE AND KRAYNICK; TEUFFER, MODIFIED) 

■ Expose the Achilles tendon and the tuberosity of the 
calcaneus through a postérolatéral incision; identify and 
retract the sural nerve in the proximal part of the wound. 

■ Through a small second incision, detach the peroneus 
brevis from the base of the fifth metatarsal. 

■ Incise the latéral septum and draw the peroneus brevis 
tendon through the first incision. 

■ Make an incision through the sheath of the Achilles 
tendon to expose the ruptured ends. 

■ Resect the scarred tissue and dissect proximally to free 
the gastrocnemius-soleus. 

■ Identify the plantaris tendon and release it with a tendon 
stripper. 

■ Take the peroneus brevis tendon from latéral to médial 
through a hole drilled in the calcaneal tuberosity and 
suture it to the Achilles tendon with multiple interrupted 
nonabsorbable sutures to form a dynamic loop (Fig. 
48-24A). 

■ Place the harvested plantaris tendon on a fascial needle 
and pass it in a figure-of-eight manner from posterior to 
anterior through the ruptured ends of the tendon (Fig. 
48-24B). 

■ Leave enough of the tendon to be fanned over the distal 
part of the tendon and tack it over the repair for a 
smoother closure of the tendon graft (see Fig. 48-18). 

■ Close the tendon sheath and subcutaneous tissues with 
nonabsorbable sutures. 
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9 " Close the skin and apply a stérile dressing and a short leg 
cast in gravity equinus. 

POSTOPERATIVE CARE. Postoperative care is the same 
as described after repair of an acute rupture of the Achil- 
les tendon (see Technique 48-11). 


REPAIR OF NEGLECTED ACHILLES 
TENDON RUPTURES USING 
GASTROCNEMIUS-SOLEUS TURN- 
DOWN GRAFT 


TECHNIQUE 48-16 


(BOSWORTH) 

■ Make a posterior longitudinal midline incision, extending 
from the calcaneus to the proximal one third of the calf. 

■ Expose the ruptured tendon and, using sharp dissection, 
excise the scar tissue from between the ends. 

■ Free from the médian raphe of the gastrocnemius muscle 
a strip of tendon 1.5 cm wide and 17.5 to 22.5 cm long 
and leave it attached just proximal to the site of rupture. 

■ Turn the strip distally, pass it transversely through the 
proximal tendon (Fig. 48-25A), and anchor it there with 
absorbable suture. 

■ Pass the strip distally and then transversely through the 
distal end of the tendon; pass it again through this end 
from anterior to posterior. 

■ While holding the knee at 90 degrees and the ankle in 
plantar flexion, draw the fascial strip tight and anchor it 
with chromic catgut sutures. 


■ Bring the strip proximally and pass it transversely through 
the proximal end of the tendon; carry it distally and suture 
it on itself (Fig. 48-25B and C). 

■ Close the wound and apply a long leg cast, holding the 
knee in flexion and the foot in plantar flexion. 

POSTOPERATIVE CARE. Postoperative care is as described 
for after repair of an acute rupture of the Achilles tendon 
(see Technique 48-1 1). 


V-Y REPAIR OF NEGLECTED ACHILLES 
TENDON RUPTURES 

Abraham and Pankovich described a V-Y tendinous flap for 
repair of chronic ruptures of the Achilles tendon. V-Y 
advancement may be required if more than 80% of the 
tendon width is involved. It also is useful when 1 to 3 cm 
of tendon must be resected. 


TECHNIQUE 48-17 


(ABRAHAM AND PANKOVICH) 

■ With the patient prone and under tourniquet control, 
make a lazy "S" incision from the latéral aspect of the 
Achilles tendon insertion to the midpart of the calf 

(Fig. 48-26A). 

■ Identify and retract the sural nerve. 

■ Incise the deep fascia in line with the skin incision. 

■ Resect the scar tissue from the tendon ends. 

■ Measure the length of the tendon defect with the knee 
in 30 degrees of flexion and the ankle in 20 degrees of 
plantar flexion. 

■ Make an inverted-V incision through the aponeurosis 
with the apex over its central part. Make the arms of the 
incision at least one and a half times longer than the 





FIGURE 


^ Bosworth technique for repairing old ruptures of Achilles tendon. SEE TECHNIQUE 48-16. 
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tendon defect to allow approximation in a Y configura¬ 
tion (Fig. 48-26B). 

■ Pull the flap distally and approximate the ends of the 
ruptured tendon with interrupted nonabsorbable sutures. 

■Close the proximal part of the incision in a Y configura¬ 
tion (Fig. 48-26C). 

■ Suture the peritenon with interrupted nonabsorbable 
sutures. 

■Close the deep fascia and subcutaneous tissue in a 
routine manner and apply a long leg cast with the knee 
in 30 degrees of flexion and the ankle in 20 degrees of 
plantar flexion. 

POSTOPERATIVE CARE. At 6 to 8 weeks, the long 
leg cast is removed, a short leg cast is applied and worn 
for 1 month, and weight bearing is allowed. After cast 
removal, a 3- to 5-cm heel lift is used for 1 month and 
progressive stretching exercises are begun immediately. 


REPAIR OF NEGLECTED ACHILLES 
TENDON RUPTURES USING 
FLEXOR HALLUCIS LONGUS 
TENDON TRANSFER 


TECHNIQUE 48-18 


(WAPNER ET AL.) 

■ Place the patient supine and apply a tourniquet. 


■ Make a longitudinal incision on the médial border of 
the foot just above the abductor muscle, extending from 
the head of the first metatarsal to the navicular 

(Fig. 48-27A). 

■ Carry the dissection sharply through the subcutaneous 
tissue to the fascia of the abductor. 

■ Reflect the abductor with the flexor hallucis brevis 
plantarward. 

■ Identify the flexor hallucis longus and the flexor digitorum 
longus tendons and divide the flexor hallucis longus as 
far distally as possible, allowing an adéquate distal stump 
for repair to the flexor digitorum longus. 

■ Place a tag suture into the divided proximal end of the 
flexor hallucis longus. 

■ Suture the distal end of the flexor hallucis longus into the 
flexor digitorum longus with the toes in neutral 
position. 

■ Make a posteromedial incision about 1 cm médial to the 
Achilles tendon from its musculotendinous junction proxi- 
mally to approximately 2.5 cm below its calcaneal inser¬ 
tion (Fig. 48-27A). 

■ Carry the incision sharply through the skin, subcutaneous 
tissues, and tendon sheath, minimizing subcutaneous dis¬ 
section. Inspect the substance of the tendon. 

■ Carry the dissection deep to the paratenon, creating full- 
thickness flaps to avoid skin slough. 

■ Incise the deep fascia longitudinally over the posterior 
compartment and expose the flexor hallucis longus. 
Retract the flexor hallucis tendon from the midfoot into 
the posterior wound. 

■ Drill a transverse hole just distal to the insertion of 
the Achilles tendon halfway from médial to latéral 

(Fig. 48-27B). 





V-Y repair of neglected rupture of Achilles tendon. A f Incision. B f Design of V flap. C f Y repair and end-to-end anas- 
tomosis. SEE TECHNIQUE 48-17. 
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■ Drill a second hole vertically just deep to the insertion of 
the Achilles tendon to join the first drill hole. Enlarge the 
tunnel with a large towel clip. 

■ Pull the tag suture through the tunnel from proximal to 
distal using a suture passer. 

■ Pass the flexor hallucis longus tendon through the tunnel 
and weave from distal to proximal through the Achilles 
tendon using a tendon weaver until the full length of the 
harvested tendon is used (Fig. 48-27C). 

■ Secure the weave with multiple 1-0 Dacron sutures. 

■ If desired, the repair can be supplemented using the 
plantaris tendon or a central slip of the Achilles tendon 
as previously described. 

■Close the paratenon using absorbable suture. Close the 
subcutaneous tissues and skin of both incisions. 

■ Apply stérile bandages and place the leg in a posterior 
plaster, non-weight-bearing cast in 15 degrees of plantar 
flexion. 

POSTOPERATIVE CARE. The cast is changed at 4 weeks 
to a short leg walking cast or a removable cast brace with 
the ankle in neutral; the cast brace is worn for an addi- 
tional 4 weeks. A réhabilitation program is begun with 
strengthening and range-of-motion exercises at 8 weeks. 
The removable brace remains in place until grade 4 to 5 
strength and 10 degrees of dorsiflexion are obtained. 
Athletic activity is restricted for 6 months. 


■ COMPLICATIONS 

Wong et al. and Kocher et al. classified complications after 
open repair of Achilles tendon ruptures as minor, moderate, 
or major (Box 48-5). The most common complication appears 
to be rerupture. Reported rerupture rates after operative 
treatment are approximately 3%, with higher rates reported 


after nonoperative treatment. MRI is helpful to delineate the 
length of the tendon defect, evaluate the morphology of the 
tendon ends, and identify any pathologie processes. Sural 
nerve damage has been reported in 3% to 40% of percutané - 
ous repairs and 0% to 20% of open repairs. Wound healing 
problems can occur after operative treatment of Achilles 
tendon ruptures, ranging from adhesions to deep infection 
associated with wound breakdown and tendon necrosis. 
Patients with deep infection typically are older, hâve received 
corticosteroid médication more often, sustained the tendon 
injury during everyday activities, and had a longer delay 
before treatment. Major wound breakdown, skin loss, and 
tendon necrosis may require complex reconstructive proce¬ 
dures, including local pedicle flaps and free flaps. 

RUPTURE OF GASTROCNEMIUS MUSCLE 

Musculotendinous rupture of the gastroenemius muscle 
usually occurs at the insertion of the médial head into the 
soleus aponeurosis. It is most common in middle-aged, male 
athlètes during eccentric overload with the knee extended 
and the ankle dorsiflexed, as may occur in tennis or jogging. 
This condition, although rarely confused with rupture of the 
Achilles tendon, may be confused with rupture of the plan¬ 
taris tendon, or more important, with thrombophlebitis. 
Patients may be mistakenly treated for thrombophlebitis with 
anticoagulants, which can cause other complications, as well 
as an increase in bleeding in the torn gastroenemius muscle. 
Patients may report hearing an audible pop or a feeling of 
being struck in the back of the leg when the injury occurred. 
Swelling and bruising in the leg may extend to the foot and 
ankle. A defect in the médial gastroenemius muscle may be 
visible or palpable. If the diagnosis is uncertain, MRI shows 
the area of disruption better than CT or ultrasonography. 
Only conservative management is required to treat ruptures 
of the gastroenemius muscle. Initial management includes 
relative rest, ice, compression, élévation (RICE) and early 



incision on midfoot is used to harvest flexor tendon. Posteromedial incision anterior to Achilles tendon is used to expose tendon. 
B f Hole is drilled just deep to tendo calcaneal insertion and is directed plantarward. Second drill hole is made from médial to latéral 
to intersect first drill hole midway through posterior body of calcaneus. C f Flexor hallucis longus is woven through remaining portion 
of Achilles tendon for secure fixation and supplémentation of tendon. SEE TECHNIQUE 48-18. 
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Classification of Complications After Open 
Repair Of Achilles Tendon Rupture 


Classification of Wong et al. 
Minor 

■ Wound 

■ Superficial infection 

■ Wound hematoma 

■ Delayed wound healing 

■ Adhesion of scar 

■ Suture granuloma 

■ Skin necrosis 

■ General 

■ Pain 

■ Disturbances in sensibility 

■ Suture rupture 

Major 

■ Wound 

■ Deep infection 

■ Chronic fistula 

■ General 

■ Deep vein thrombosis 

■ Tendon lengthening 

■ Death 

Classification of Kocher et al. 

Major 

■ Death 

■ Pulmonary embolism 

■ Deep venous thrombosis 

■ Pneumonia 

■ Skin slough 

■ Sinus formation 

■ Fistula 

■ Tendon lengthening 

■ Second operation 

Moderate 

■ Delayed healing 

■ Granuloma 

■ Medical infection 

■ Nerve injury 

Minor 

■ Adhesion 


weight bearing as tolerated. Ankle or foot bracing that holds 
the ankle in a position of slight plantarflexion may be helpful, 
and some studies hâve shown an increased rate of healing 
with the use of bracing. Physical therapy progresses until the 
patient is pain free and has full, symmetric range of motion 
and strength; sport-specific exercises can then be initiated. 
Depending on the severity of the rupture, return to play may 
require from 1 to 12 weeks of réhabilitation. 

TENDINOSIS OF EXTENSOR MECHANISM 
OF KNEE (JUMPER'S KNEE) 

Tendinosis of the extensor mechanism (“jumpers knee”) is 
most common in elite athlètes in jumping sports but can 



Elongation of lower pôle of patella in tennis 
player with long history of patellar tendinitis. (From Roels J, Martins 
M, Mulior JC, Burssens A: Patellar tendinitis [jumper's knee], Am J Sports 
Med 6:362, 1978.) 


affect athlètes in other sports. The prevalence of jumper’s knee 
has been estimated to range from 40% to 50% in high-level 
volleyball players and from 35% to 40% in elite basketball 
players. 

Tendinosis of the extensor mechanism (“jumper’s knee”) 
usually occurs at the tendoosseous junction at the inferior 
pôle of the patella and is caused by répétitive traction or 
overload injury during sports. Prolonged, répétitive micro- 
trauma causes focal mucoid degeneration, fraying, and 
microtearing of the collagen fibrils. Occasionally, a single 
épisode of eccentric overload or a direct blow to the tendon 
may cause onset of symptoms. Physical examination usually 
reveals tenderness at the inferior pôle of the patella and often 
associated abnormalities of patellar tracking, chondromala- 
cia, Osgood-Schlatter disease, or mechanical malalignment 
of the leg. The tenderness usually is worse with extension than 
with flexion. Anteroposterior, latéral, and tangential views of 
the patella may show radiolucency of the involved pôle early 
in the process. With prolonged symptoms, the involved pôle 
may become elongated (Fig. 48-28). Periosteal reaction of the 
anterior patellar surface (“tooth sign”) and tendon calcifica¬ 
tion may be évident, and in long-standing disease stress frac¬ 
ture or disruption of the extensor mechanism may occur. 

Blazina et al. described three stages of jumper’s knee 
based on symptoms: phase 1, pain only after activity; phase 
2, pain during and after activity but no significant functional 
impairment; and phase 3, pain during and after activities with 
progressive difficulty in satisfactory performance. Phase 4, 
end-stage disease with stress fracture through the patella or 
disruption of the extensor mechanism, was later added. Fer- 
retti et al. classified jumper’s knee symptoms into six stages 
(Table 48-4) based on the System of Blazina et al. MRI dem- 
onstrated médial focal thickening in almost ail 11 knees, and 
ail demonstrated a focus of abnormal signal intensity in the 
proximal third of the patellar tendon. MRI findings correlated 
with intraoperative findings of degenerative pathologie 
changes consistent with angiofibroblastic tendinosis. The 
médial thickening was thought to represent the greater 
stresses across the médial portion of the extensor mechanism. 
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TABLE 48-4 


Classification of Jumper's Knee According to 
Symptoms 

STAGE 

SYMPTOMS 

0 

No pain 

1 

Pain only after intense sports activity; no undue 
functional impairment 

2 

Pain at the beginning and after sports activity; 
still able to perform at a satisfactory level 

3 

Pain during sports activity; increasing difficulty 
in performing at a satisfactory level 

4 

Pain during sports activity; unable to 
participate in sport at a satisfactory level 

5 

Pain during daily activity; unable to participate 
in sport at any level 


Modified from Ferretti A, Conteduca F, Camerucci E, et al: Patellar tendinosis: a 
follow-up study of surgical treatment, J Bone Joint Surg 84A:2179, 2002. 


Advances in ultrasonography hâve provided more options for 
diagnosis and conservative treatment of patellar tendinitis. 

Patients with symptoms of phase 1 or 2 usually respond 
well to conservative treatment with activity modification, 
rest, and antiinflammatory médication. Jumping and eccen- 
tric exercises are discouraged, although some now recom- 
mend eccentric exercise for treatment of jumpers knee. 
Functional, pain-free physical therapy is begun after symp¬ 
toms résolve, with a graduai return to activity Cortisone 
injections should not be used because they may increase the 
risk of tendon rupture. The same nonoperative protocol, with 
a longer rest period, can be tried initially in patients with 
symptoms of phase 3 involvement, but operative treatment is 
indicated if symptoms persist. Patients with “end-stage” or 
phase 4 symptoms generally require operative treatment. 
Several studies hâve indicated that delays in operative treat¬ 
ment resuit in worse outcomes, whereas others hâve found 
no such corrélation. As early as 2 weeks but more commonly 
at 4 to 8 weeks after patellar tendon rupture, muscle rétrac¬ 
tion of up to 5 cm may be présent, necessitating quadriceps 
lengthening, tendon or muscle transfer, or a combination of 
these techniques. For end-stage disruption of the extensor 
mechanism (phase four), repair is as described for acute 
rupture of the quadriceps (see Technique 48-26) or patellar 
(see Techniques 48-21 or 48-22) tendon. 

■ CHRONIC PATELLAR TENDINOSIS 

Suggested alternatives to open patellar tenotomy of chronic 
jumpers knee include eccentric exercise, sclerosing injections 
targeting the area of neovessels and nerves on the dorsal side 
of the patellar tendon, injections of PRP, arthroscopic shaving 
of the same area, and extracorporeal shockwave therapy. 
Studies of the effectiveness of eccentric training hâve had 
conflicting results, with one randomized controlled study 
reporting results comparable to surgery and another report- 
ing no eftect of a 12-week eccentric training program. A 
randomized controlled study comparing sclerosing polidoca- 
nol injections and arthroscopic shaving found that patients 
treated with arthroscopic shaving had less pain, were more 
satisfied with their outcomes, and returned more quickly 


to participation in sports. PRP has been described in ath¬ 
lètes with chronic jumpers knee, ail of whom were reported 
to hâve statistically significant improvements in pain and 
function. Studies also hâve reported improvement in symp¬ 
toms with the use of PRP injection combined with an 
eccentric training protocol. A randomized controlled trial 
comparing ultrasound-guided injection of autologous skin- 
derived tendon-like cells and injection of autologous plasma 
alone found faster response and greater improvements in 
pain and function with cell therapy. Satisfactory results were 
obtained in 74% of 83 knees treated with extracorporeal 
shockwave therapy, with athlètes returning to participation in 
their sport in an average of 6 weeks. Two studies, however, 
compared extracorporeal shockwave therapy with PRP injec¬ 
tion and found that PRP had significantly better results at 6 
and 12 months. Mesenchymal stem cells also may hâve thera- 
peutic utility in the future. 


TENOTOMY AND REPAIR FOR 
CHRONIC PATELLAR TENDINOSIS 


TECHNIQUE 48-19 


■ Incise the tendon sheath longitudinally and identify and 
excise the area of degeneration using longitudinal inci¬ 
sions in the tendon. 

■ The inferior pôle of the patella can be curetted or drilled 
to incite a healing response. 

■ Suture the defect in the tendon with side-to-side inter- 
rupted 2-0 Vicryl sutures. 

■ Close the peritenon with interrupted absorbable sutures 
and close the skin and subcutaneous tissue in routine 
fashion. 

■ Apply a knee immobilizer. 

POSTOPERATIVE CARE. The knee immobilizer is worn 
for 3 to 4 weeks, and crutches are used for partial weight 
bearing. Stage 1 of réhabilitation should emphasize range 
of motion and isométrie strengthening. Closed-chain 
kinetics are started in stage 2 when swelling and tender- 
ness hâve resolved. Stage 3 should consist of activity- 
specific exercises, avoiding eccentric overload. Return to 
full activities can be allowed when 85% to 90% of 
strength and full range of motion are achieved. 


■ STRESS FRACTURE THROUGH THE PATELLA 

The same répétitive loading that can cause patellar tendino¬ 
sis or even patellar tendon rupture can resuit in a stress 
fracture of the patella, usually in a young athlete. Initially a 
stress reaction may produce low-grade symptoms, which if 
recognized and treated with activity restriction, may résolve. 
If activities are continued, a stress fracture may develop. The 
most common site of stress fracture is at the junction of 
the middle and distal thirds of the patella where the fibers of 
the distal quadriceps and proximal patellar tendons merge 
and insert. 
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Stress fracture of inferior pôle of patella. Fracture is secured with parallel screws; corticocancellous slot graft is placed 
distally across fracture. SEE TECHNIQUE 48-20. 


FIXATION OF PATELLAR 
STRESS FRACTURE 


TECHNIQUE 48-20 


■ For stress fracture through the inferior pôle of the patella 
(Fig. 48-29), make a longitudinal midline or curvilinear 
transverse incision to expose the fracture. 

■ If the fracture is several weeks old, freshen the fracture 
surface and insert parallel, vertical 4.0 cancellous screws 
through the inferior pôle. If needed, this can be aug- 
mented with nonabsorbable sutures passed circumferen- 
tially through the screw holes. 

■As an optional step, use an oscillating saw to take a slot 
graft 10 mm wide x 15 mm long and slide it distally 
across the fracture site. 

■ Close the wound in routine fashion and apply a cylinder 
cast. 

POSTOPERATIVE CARE. The cast is worn for 6 weeks, 
after which active range-of-motion and strengthening 
exercises are begun. Return to full activity usually is pos¬ 
sible at 10 to 16 weeks. 


RUPTURE OF EXTENSOR 
MECHANISM OF KNEE 

Disruption of the extensor mechanism of the knee most com- 
monly is caused by fracture of the patella. Disruption of the 
quadriceps mechanism and disruption of the patellar tendon 
are the next most common causes. The mechanism of injury 
usually is an eccentric overload to the extensor mechanism 
with the foot planted and the knee partially flexed. Patellar 
tendon rupture or avulsion is more common in patients 


younger than 40 years old, especially athlètes. Quadriceps 
rupture is more common in older patients and in patients 
with systemic disease or degenerative changes. Systemic dis- 
eases, such as lupus erythematosus, diabètes, goût, hyper- 
parathyroidism, uremia, and obesity, hâve been associated 
with disruption of the quadriceps mechanism. A relationship 
between prior steroid injection, as well as use of corticoste- 
roids or fluoroquinolone antibiotics, and tendon rupture has 
been documented. 

■ ANATOMY AND PATHOPHYSIOLOGY 

Many studies hâve indicated that degenerative tendinopathy 
is présent before tendon rupture; however, a more recent 
histologie analysis of 22 ruptured quadriceps tendons found 
degenerative changes in only 64%, with the frequency of 
degenerative changes increasing with âge. Numerous authors 
hâve documented a history of pain before rupture. Occasion- 
ally, as may be the case in an athlete, no history of pain is 
reported. This is consistent with a subclinical process. Degen¬ 
erative spurring (“tooth sign”), as seen on a tangential view 
of the patella, may indicate significant changes in the quad¬ 
riceps mechanism (Fig. 48-30). 

■ CLINICAL EVALUATION 

Diagnosis of a disrupted extensor mechanism can be difficult, 
and offen diagnosis is delayed, especially in patients with 
large lower extremities. Extensor mechanism disruption 
should be suspected in middle-aged or elderly patients with 
swelling, pain, and dysfunction of the knee, especially if a 
history of jumping, squatting, or stumbling is reported. An 
audible pop may be heard. Physical examination usually 
reveals a palpable gap in the quadriceps tendon, and the 
patella can be displaced inferiorly. Swelling and ecchymosis 
may be présent. Straight-leg raising reveals a significant 
extension lag. This may be less évident with an intact extensor 
mechanism. Disruption of the patellar tendon causes similar 
findings, in addition to a superiorly displaced patella. A 
latéral radiograph may reveal a superiorly displaced patella, 
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Anteroposterior (A) and latéral (B) radiographs 
of patellar tendon rupture. 


Technique of repair of fresh rupture of patellar 
tendon. SEE TECHNIQUE 48-21. 


especially if the knee is flexed. If the diagnosis is in doubt, 
ultrasound or MRI can be helpful. 

■ TREATMENT OF ACUTE RUPTURE OF 
PATELLAR TENDON 

Rupture of the patellar tendon usually occurs at the infe- 
rior pôle of the patella; the patella is a part of the proxi¬ 
mal segment of the tendon and may be retracted 3 to 
5 cm proximal to its normal position by contracture of the 
quadriceps muscle (Fig. 48-31). Fresh ruptures should be 
repaired if skin conditions are optimal. It is important to pay 
close attention to the position of the patella in the sagittal 
plane to prevent excessive baja or alta. Tensioning of the 


suture to allow 90 to 100 degrees of passive flexion has been 
recommended. 


SUTURE REPAIR OF PATELLAR 
TENDON RUPTURE 


TECHNIQUE 48-21 


Figure 48-32 


■ With the patient supine and a tourniquet around the upper 
thigh, make a longitudinal incision centered overthe defect. 
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■ With careful subcutaneous dissection, expose the area of 
the rupture. Identify the infrapatellar branch of the saphe- 
nous nerve and retract it during the procedure; the 
patient should be informed before surgery that there will 
likely be a permanent anesthetic area latéral to the 
incision. 

■ Use sharp dissection to open the peritenon longitudinally 
in the midline proximally and distally from the defect. 

■ Carefully realign the tear, which is most commonly at the 
tendon-bone junction, replacing the tendon in its ana¬ 
tomie position to allow normal patellar tracking. 

■ With a rongeur, make a small horizontal trough at the 
inferior pôle of the patella, place three horizontal No. 5 
nonabsorbable mattress sutures through the patellar 
tendon stump and bring the tendon through holes drilled 
in the patella, drawing the tendon securely to the inferior 
pôle of the patella. This can be accomplished with a 
suture passer or Beath pin. 

■ Flex the knee to 45 degrees and place a hemostat 
parallel to the roof of the intercondylar notch to ensure 
that patella baja has not been produced. The inferior 
pôle of the patella should be at or just slightly above the 
hemostat. 

■ Bury the nonabsorbable suture knots superior to the 
patella deep to the quadriceps tendon and hold them 
there during closing of the two vertical Windows in the 
quadriceps with No. 0 absorbable sutures. 

■ The tendon should be repaired adjacent to the articular 
surface and not to the anterior surface of the patella. 
Failure to do this causes tilting of the patella and an 
increase in patellofemoral forces. 

■ Identify the full extent of the retinacular tear and repair 
it with No. 0 absorbable sutures or No. 2 nonabsorbable 
sutures. 

■ If the patellar tendon is extensively frayed, two running 
interlocking No. 5 nonabsorbable sutures can be used to 
secure the tendon, as described subsequently. Use a 
suture retriever or Beath pin to thread the suture strands 
through 3-mm drill tunnels, one horizontally into the 
tibial tubercle and two vertically into the patella (Fig. 
48-33). If secure fixation cannot be obtained with this 
method, augment the repair with the semitendinosus or 
gracilis tendon. 

■ Ruptures through the substance of the tendon can be 
repaired with running interlocking sutures placed in the 
proximally and distally based bundles and secured through 
parallel vertical holes drilled in the patella and a transverse 
hole drilled in the tibial tuberosity (Fig. 48-34). Repair the 
individual bundles side-to-side after appropriate tendon 
length is determined. 

■ If needed after completion of the repair, place a cir- 
cumferential tension suture of No. 5 nonabsorbable box 
wire. 



Mersilene loop tendon repair. A f Route of burr 
channels. B f Suturing of ruptured tendon. SEE TECHNIQUE 48-21. 




Technique of repair of fresh rupture of patellar 
tendon. Interlocking sutures are secured through parallel vertical 
holes drilled in patella and transverse hole drilled in tibial tuber¬ 
osity. SEE TECHNIQUE 48-21. 


POSTOPERATIVE CARE. A cylinder cast with the knee 
in extension or a hinged brace locked in extension is 
applied, and weight bearing to tolérance is allowed. 
Straight-leg raising exercises are begun at 3 weeks. At 6 
weeks, the cast is removed and a controlled motion brace 
with a range of motion 0 to 45 degrees is fitted. Motion 


is increased 10 to 15 degrees each week. Crutches are 
used for ambulation in the brace until sufficient strength 
and motion hâve been regained. If a tension wire was 
used for protection, it can be removed electively at 10 to 
12 weeks under local anesthésia. 
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SUTURE ANCHOR REPAIR OF 
PATELLAR TENDON RUPTURE 


TECHNIQUE 48-22 


(DEBERARDINO AND OWENS) 

■ Through a midline longitudinal incision over the patellar 
tendon, incise the peritenon longitudinally and dissect it 
away from the underlying tendon. 

■ Débridé or resect any grossly pathologie tendon tissue. 

■ For ruptures in the midsubstance of the tendon, expose 
the full length of the tendon and place two Krackow 
locking stitches in each tendon stump with No. 2 or No. 
5 nonabsorbable suture. Repair the retinaculum with 
absorbable sutures. With the knee fully extended, tie the 
four proximal core sutures to the distal ones. 

■ For proximal avulsion of the tendon from the patella, 
expose the inferior patellar pôle and place three suture 
anchors équidistant along the anatomie tendon footprint. 
Pull the suture through the anchor eyelet to produce long 
and short suture arms. Pass the long suture arm down 
and back of the tendon stump in a locking Krackow 
fashion, and use the short arm to reduce the tendon to 
the patella (Fig. 48-35A). Tie each suture repair securely. 

■ For distal avulsion of the tendon, the same procedure is 
used but the suture anchors are placed in the tibial 
tubercle and the tendon is repaired to the tubercle 
(Fig. 48-35B). 

■ Flex the knee to check for gap formation. Close the peri¬ 
tenon with absorbable sutures. 

POSTOPERATIVE CARE. Weight bearing is allowed 
with the knee braced in full extension. The stability of the 
tendon repair détermines the amount of early flexion 
allowed with active-assisted range of motion. Motion is 
progressed as tolerated, with the goal of 90 degrees of 
flexion by 4 to 6 weeks and full motion by 10 to 12 



weeks. Isométrie quadriceps contractions can be done 
immediately after surgery, progressing to straight-leg 
raises at 6 weeks. Full return to activities is not allowed 
for 6 months. 


■ TREATMENT OF CHRONIC RUPTURE OF 
PATELLAR TENDON 

When a rupture of the patellar tendon is more than 6 weeks 
old, the patella is retracted proximally and may require exten¬ 
sive surgical release to draw it distally to the appropriate level. 
Although preoperative traction through a Kirschner wire 
placed transversely in the patella has been recommended, we 
now believe better results can be obtained with proximal 
release of scar tissue and a modified Thompson quadriceps- 
plasty (see Chapter 45), if necessary. Before surgery, latéral 
radiographs of the uninvolved extremity should be obtained 
with the knee flexed to 45 degrees to evaluate patellar height; 
these are compared with radiographs of the involved knee 
during surgery to détermine the appropriate tendon length. 

Various methods of reconstruction of the patellar tendon 
hâve been described. If sufficient patellar tendon is left for 
repair, augmentation with the semitendinosus or gracilis 
tendon may be indicated. If the rupture is several months old, 
an allograff can be used, and an Achilles tendon allograff has 
been used with some success in this situation. 


ACHILLES TENDON ALLOGRAFT 
FOR CHRONIC PATELLAR 
TENDON RUPTURE 


TECHNIQUE 48-23 


■ Make a longitudinal incision beginning 3 to 4 cm above 
the superior pôle of the patella and extending just distal 
to the tibial tuberosity. 



Repair of patellar tendon avulsion with suture anchors (see text). A f For proximal avulsions three suture anchors are 
placed in anatomie tendon footprint. B f For distal avulsions, suture anchors are place in the tibial tubercle. SEE TECHNIQUE 48-22. 
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■ With sharp subcutaneous dissection, expose the extensor 
mechanism medially and laterally through the plane of 
the prepatellar bursa. Medially protect the infrapatellar 
branch of the saphenous nerve if possible. 

■ Make a sharp longitudinal incision through the tendon 
sheath and scar tissue in the midportion of the patellar 
tendon and expose the remains of the tendon. If suffi- 
cient tissue is présent to add structural strength to the 
repair, freshen the ends of the tendon to be used later as 
described for hamstring augmentation. 

■ Perform a latéral retinacular release and use blunt and 
sharp dissection to free the médial and latéral gutters in 
the suprapatellar pouch. 

■ If further mobilization is necessary, use a periosteal eleva- 
tor to dissect the vastus intermedius muscle proximally off 
the fémur. Rarely, a médial release may be required to 
complété the quadricepsplasty as described by Thomp¬ 
son, but this should be avoided, if possible, to decrease 
the likelihood of avascular changes in the patella. The 
latéral incision allows inspection of the intraarticular 
structures and the patellofemoral articulation. 

■ If an allograft is necessary, we hâve had good results 
using the Achilles tendon, as well as the tibialis and 
hamstring tendons. Place the allograft over the tibial 
tuberosity about 4 cm distal to the joint line to esti- 
mate the proper length of the trough to be made in this 
area. 

■ Use an oscillating saw to make the trough 2.5 to 3.0 cm 
long, 1.5 to 2.0 cm wide, and 1.5 cm deep. 

■Contour the corticocancellous bone attached to the 
Achilles tendon to fit flush in the trough (Fig. 48-36A). 
After ensuring proper alignment, secure it in this position 
with two staggered 4-mm cancellous screws using a lag 
screw technique or two 6.5-mm partially threaded cancel¬ 
lous screws. 


■ Identify the attachment of the patellar tendon in the 
central area of the inferior pôle of the patella and place a 
Kirschner wire through this area, exiting superiorly 3 mm 
posterior to the central part of the quadriceps tendon. 

■ Pass an 8- or 9-mm reamer over the Kirschner wire and 
use a rasp to contour the tunnel edges. 

■ Fashion the Achilles tendon graft into three branches, the 
central third consisting of the thick half to two thirds of 
the tendon. This central branch should be 8 to 9 mm in 
diameter and should be freed distally far enough to allow 
the graft to be pulled up to the inferior pôle of the patella 
without hindering the two latéral branches. 

■ Place a whipstitch of No. 2 nonabsorbable suture in the 
central branch and pass it from inferior to superior 
through the tunnel, exiting through a slit in the quadri¬ 
ceps tendon just superior to the patellar insertion (Fig. 
48-36B). A ligament passer may be helpful. 

■ Tack the tendon in place with multiple interrupted non¬ 
absorbable sutures through the graft in the soft tissue of 
the inferior pôle of the patella and at the edges of the 
quadriceps tendon just superior to the superior pôle of 
the patella (Fig. 48-36C). 

■The appropriate graft length is determined by ensuring 
the knee flexes to 90 degrees, evaluating Insall's index, 
and measuring the alignment of the inferior pôle of the 
patella and ensuring that it is parallel to the roof of the 
intercondylar notch with the knee at 45 degrees. With 
the knee extended, there should be about 1.5 cm of slack 
in the patellar tendon. Obtain a latéral radiograph to 
confirm correct patellar height compared with the unin- 
volved extremity. 

■ When the appropriate patellar level has been determined, 
use multiple interrupted sutures to tack the patellar 
tendon stump to the graft, which was passed through 
the midline slit in the patellar stump. 


A 



Technique of reconstruction of chronic rupture of patellar tendon using Achilles tendon allograft. A f Slot measuring 
3.0 cm long, 2.0 cm wide, and 1.5 cm deep is eut in tuberosity; graft is contoured to fit. B f Central arm of graft is placed through 9 mm 
longitudinal tunnel and then through vertical slit in quadriceps tendon. Tunnel is placed centrally to avoid pénétration of articular 
cartilage. C f Graft is secured with multiple sutures. SEE TECHNIQUE 48-23. 
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9 " Close the latéral release with the knee flexed 30 degrees 
and carefully check patellar tracking and the quadriceps 
angle. 

■ Tack the médial and latéral branches of the graft to the 
médial and latéral retinaculum using No. 0 nonabsorbable 
sutures. 

■ Close the tendon sheath with interrupted 2-0 absorbable 
sutures, close the subcutaneous tissue with 2-0 absorb¬ 
able sutures, and close the skin in the usual fashion. 

■ Alternative^, place suture anchors in the distal pôle of the 
patella and the anterior cortex of the patella and use 
these to secure the allograft tendon to the patella. Drape 
the allograft tendon over the quadriceps tendon and 
muscle fascia and secure it with nonabsorbable sutures. 
■ If augmentation of the repair is necessary, use No. 5 
nonabsorbable suture placed in a box-stitch fashion 
through holes drilled in the patella and tibial tubercle. 
Steel wire or cerclage cables also can be used. 

■ Apply a cylinder cast or knee immobilizer locked in 
extension. 

POSTOPERATIVE CARE. At 10 to 14 days, the cast is 
removed for wound évaluation and removal of sutures 
or Staples if needed. A cylinder cast or locked brace is 
worn for 4 to 6 weeks. Active and passive range-of-motion 
exercises are begun at 4 to 6 weeks. Weight bearing to 
tolérance with crutches is allowed until sufficient motion 
and strength allow unassisted ambulation. A progressive 
strengthening and range-of-motion exercise program is 
essential to regain function. The timing of réhabilitation 
can be adjusted depending on the intraoperative findings. 


HAMSTRING (SEMITENDINOSUS 
AND G RACHIS) AUTOGRAFT 
AUGMENTATION FOR CHRONIC 
PATELLAR TENDON RUPTURE 

We hâve in the past advocated the use of autogenous 
hamstring tendon grafts in a two-stage procedure in which 
the quadriceps mechanism is freed and traction is applied 
through the patella with a Kirschner wire as the first stage. 
The second stage is reconstruction of the patellar tendon 
with the semitendinosus tendon. We now believe a one- 
stage procedure is préférable and that use of both the 
gracilis and semitendinosus is necessary for augmentation. 
The semitendinosus is a suitable graft because it is strong 
native tissue, does not require an additional surgery for 
removal, and allows immédiate postoperative mobilization; 
harvesting the hamstrings has been shown to cause little 
functional déficit. A biomechanical study showed that aug¬ 
mentation of the patellar tendon repair decreased gap 
formation at the repair site after cyclic loading. 


TECHNIQUE 48-24 


(ECKER, LOTKE, AND GLAZER) 

■ Make an incision beginning just proximal and latéral to 
the patella, extending distally, Crossing the midline of the 


limb inferior to the patella, and ending along the médial 
flare of the tibia. Expose the patella, quadriceps tendon, 
and tibial tuberosity. 

■ Place a Steinmann pin transversely through the midpor- 
tion of the patella for distal traction (Fig. 48-37A). 

■ Remove ail scar tissue from the remnants of the patellar 
tendon. 

■ Now flex the knee and expose the insertions of the graci¬ 
lis and semitendinosus tendons into the pes anserinus. 

■ Use a tendon stripper to release the tendons from their 
proximal musculotendinous junctions and bring the 
tendons into the primary incision. 

■ Pass the semitendinosus tendon through an oblique hole 
drilled in the tibial tuberosity and through one of two 
transverse holes drilled through the distal part of the 
patella. 

■ Then pass the gracilis tendon through the other hole in 
the patella (Fig. 48-37B). 

■ Pass a wire through the patella and the tibial tuberosity 
and tighten it to maintain a distance between the patella 
and the tibial tuberosity equal to the length of the patella. 

■ Suture the semitendinosus and gracilis tendons under 
tension (Fig. 48-37C). 

■ Remove the transverse traction pin, close the wound, and 
apply a cylinder cast. 

POSTOPERATIVE CARE. At 2 weeks, the cast is removed 
for wound évaluation and a new cylinder cast or locked 
brace is applied. At 6 weeks, vigorous straight-leg raising 
with weights and active flexion exercises are instituted. 


HAMSTRING AUTOGRAFT 
AUGMENTATION FOR CHRONIC 
PATELLAR TENDON RUPTURE 


TECHNIQUE 48-25 


(MANDELBAUM ETAL) 

■ Make a midline approach to the patellar tendon. Make a 
médial arthrotomy for inspection of the joint and lysis of 
adhesions as necessary. 

■ Make a Z-lengthening incision in the quadriceps tendon 
and a Z-shortening incision through the patellar tendon, 
using careful dissection to preserve the vascular pedicle 
in the proximal and the distal flaps (Fig. 48-38A). 

■ Place sutures in the tendon (Fig. 48-38B) and obtain an 
anteroposterior radiograph; compare it with the preop- 
erative film of the uninvolved extremity to détermine 
appropriate patellar height. 

■ When a satisfactory position is obtained, place multiple 
absorbable sutures in the quadriceps and patellar tendons 
to secure the repair. 

■ Expose the distal insertion of the pes anserinus and with 
a tendon stripper harvest the semitendinosus and gracilis 
tendons (Fig. 48-38C). 

■ Suture the tendons together with multiple interrupted 
absorbable sutures. 
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Technique for one-stage delayed reconstruction of patellar tendon. A f Steinmann pin through transverse hole in 
patella is used for distal traction. B f Proximally divided semitendinosus and gracilis tendons are placed through holes and fixation wire 
is inserted. C f With patella in normal position, fixation wire is secured and gracilis and semitendinosus tendons are sutured to each 
other. SEE TECHNIQUE 48-24. 


■ Pass the tendons through a transverse hole in the midpor- 
tion of the patella and through a transverse hole in the 
tibial tuberosity in a figure-of-eight fashion. 

■ Use running interlocking sutures, as described by 
Krackow, Thomas, and Jones, to suture the tendon to 
itself (Fig. 48-38D). 

■ Tack the tendons to the underlying patellar tendon 
(Fig. 48-38E) and close the wound in the usual fashion. 

POSTOPERATIVE CARE. Postoperative care is the same 
as after reconstruction of a neglected rupture of the 
patellar tendon (see Technique 48-23). 


RUPTURE OF TENDON OF QUADRICEPS 
FEMORIS MUSCLE 
■ ACUTE RUPTURE 

Acute ruptures of the quadriceps tendon generally resuit 
from eccentric contraction of the extensor mechanism against 
a sudden load of body weight with the foot planted and the 
knee flexed. The quadriceps tendon usually ruptures trans- 
versely at the osteotendinous junction in older patients and 
at the midtendon or musculotendinous area in younger 
patients. A cadaver study identified a hypovascular zone in 
the quadriceps tendon 1 to 2 cm from the superior pôle of 
the patella, corresponding to the site of spontaneous ruptures 
reported in the literature. The rupture often extends through 
the vastus intermedius tendon, slightly proximal to the 
rupture of the rectus femoris tendon. Incomplète ruptures 
usually can be treated nonoperatively, depending on the 
extent of the tear and the patients occupation or sports activ- 
ity, with immobilization of the knee in full extension for 6 
weeks, followed by protected range-of-motion and strength- 
ening exercises. When good quadriceps muscle control 


is regained, and the patient can perform a straight-leg 
raise without discomfort, the immobilizer is progressively 
discontinued. 

For complété ruptures, operative repair should be done 
as soon as possible. Delays in operative repair can complicate 
the repair process and lead to unsatisfactory results. Without 
its distal tendinous insertion intact, the quadriceps apparatus 
begins to retract in the first few days after injury. After days 
or weeks, retraction can make apposition of the torn tendon 
ends difhcult and can increase tension on the suture line. 

Although various techniques hâve been described for 
repair of quadriceps tendon ruptures, none has been proved 
to be the most reliable and effective. Most techniques involve 
repair of the tendon with sutures passed through holes drilled 
in the patella, although suture anchors hâve been used instead. 
If a local flap technique is to be used for reinforcement, the 
tendon proximal to the rupture should be evaluated carefully 
to avoid formation of an additional weakened area. The repair 
can be protected by a circumferential wire or strong nonab- 
sorbable sutures or by a Bunnell pull-out wire through the 
médial and latéral retinaculum. PRP injection may aide in the 
reparative process, although more studies are needed. 


REPAIR OF ACUTE RUPTURE OF THE 
TENDON OF THE QUADRICEPS 
FEMORIS MUSCLE 


TECHNIQUE 48-26 


■ Make a midline longitudinal incision 15 to 20 cm long to 
expose the rupture. 

■ Irrigate the hematoma and freshen the tendon ends. 
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-Gracilis 
muscle tendon 

-Semitendinosus 
muscle tendon 



Technique of reconstruction of neglected ruptures of patellar tendon. A f Z-shortening of patellar tendon and 
Z-lengthening of quadriceps tendon. B f Tack sutures are placed in tendons. C f Semitendinosus and gracilis tendons are harvested with 


tendon stripper and sutured together. D f Tendons are passed through transverse hole in patella and sutured together with Krackow 
technique. E f Tendons are tacked to underlying patellar tendon. SEE TECHNIQUE 48-25. 


9 " If sufficient tendon is left distally, make an end-to-end 
repair using multiple No. 2 or No. 5 nonabsorbable mat- 
tress sutures through the tendon and No. 0 absorbable 
sutures to repair the retinaculum. Carefully align the 
tendon and evaluate patellar tracking and position. Use a 
circumferential wire or suture for protection of the repair. 
■ In ruptures at the osteotendinous junction, an 8- to 
10-mm stump of vastus intermedius often is left attached 
to the patella. Place No. 0 nonabsorbable sutures through 
the stump and lay them aside for later use. 

■ With a rongeur, make a small trough in the superior pôle 
of the patella. 

■ Drill three longitudinal holes about 1 cm apart centered 
over the anticipated area of attachment of the quadriceps 
tendon. 


■ Pass a No. 5 nonabsorbable suture proximally through the 
quadriceps tendon, using a running interlocking suture, 
for a distance of about 2.5 cm, until normal-appearing 
tendon is reached. Pass the suture distally in a similar 
manner, ending just latéral to the midline of the ruptured 
tendon. 

■ Pass similar sutures along the médial side of the tendon 
and distally as previously described. 

■ Pass the suture distally with a suture retriever or Beath 
pin, place a single throw in the suture, and secure it with 
a hemostat. 

■ Move the knee through a range of motion to check patel¬ 
lar tracking and position. 

■ If placement is satisfactory, bring the sutures in the vastus 
intermedius stump anteriorly and secure them through 
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the quadriceps tendon while maintaining anatomie 
position. 

■ Tie the sutures distally, drawing the tendon into the bony 
trough. 

■ Repair the retinaculum with interrupted absorbable 
sutures and close the skin and subeutaneous tissue in a 
routine manner. Apply a cylinder cast or locked brace with 
the knee in extension. 

POSTOPERATIVE CARE. The cylinder cast or locked 
brace is worn for 6 weeks. Weight bearing with crutches 


Suture in 



Technique for repair of fresh rupture of quad¬ 
riceps femoris muscle. A f Two parallel interlocking sutures are 
placed in quadriceps tendon. Small trough is made in anterior 
aspect of superior pôle of patella. Horizontal mattress sutures are 
placed in vastus intermedius stump. B, Sutures in vastus interme- 
dius are pulled anteriorly through rectus and are tied while 
tendon is held in anatomie position, using sutures placed 
distally through drill holes; sutures are then tied distally. 
SEE TECHNIQUE 48-26. 


is allowed at 3 weeks. Cast removal and a dial-locked 
brace is fitted, allowing a range of knee motion from 0 
to 60 degrees; the range is increased 10 to 15 degrees 
each week. An aggressive strengthening program is 
essential for good functional recovery. 


■ CHRONIC RUPTURE 

When a rupture of the quadriceps tendon is not treated for 
months or years, its repair is difficult. A defect of 2.5 to 5.0 cm 
or more may be présent between the ends of the tendon and 
must be repaired with fascia lata. If the ends can be apposed, 
the repair is done as described for fresh rupture of the tendon 
of the quadriceps femoris muscle. 

If shortening makes apposing the ends of the tendon 
impossible, tendon lengthening can be helpful. An inverted 
V is eut through the full thickness of the proximal segment 
of the quadriceps tendon, with the inferior ends of the V 
ending 1.5 to 2.0 cm proximal to the rupture (Fig. 48-40). The 
triangular flap thus fashioned is split into an anterior part of 
one third of its thickness and a posterior part of two thirds. 
The tendon ends are apposed with interrupted sutures, and 
the anterior part of the flap is turned distally and is sutured. 
The open upper part of the V is closed with interrupted 
sutures. Pull-out wire sutures can be used to protect the repair 
but typically are not necessary. 

■ COMPLICATIONS 

Loss of motion, especially flexion, is a common complica¬ 
tion affer rupture of the quadriceps tendon. Extensor mecha- 
nism weakness, manifested by quadriceps atrophy and 
extensor lag, may occur, although this can be corrected with 
time and proper réhabilitation. Infection and wound prob- 
lems may occur with subeutaneous placement of nonabsorb- 
able sutures or wires and with an incision directly over the 
tibial tubercle. Occasionally, these sutures or wires require 
removal, especially when wire breakage has occurred. Patella 
alta or baja can be avoided by paying close attention to 
the position of the patella within the sagittal plane during 
surgery. Malalignment can lead to degenerative changes at 



FIGURE 


^210 Codivilla tendon lengthening and repair of quadriceps tendon. 
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the patellofemoral joint by increasing joint réactivé forces. 
Rerupture that requires repeat repair also is a potential 
complication. 

RUPTURE OF ADDUCTOR 
LONGUS MUSCLE 

Rupture of the adductor longus muscle is characterized by the 
sudden or graduai appearance of swelling on the médial 
aspect of the upper third of the thigh with an inconsistent 
history of trauma. Soccer, ice hockey, and football players 
seem prone to this condition, and the mechanism of injury 
may be a combination of wide abduction of the thighs with 
flexion of one hip and internai rotation of the other. The 
palpable mass becomes more prominent during contraction 
of the adductor longus muscle. In 19 NFL players with adduc¬ 
tor ruptures, nearly half (9) reported prior abdominal or 
groin pain. 

We hâve found repair of adductor longus ruptures diffl- 
cult when they occur at the musculotendinous junction. Con¬ 
servative therapy consisting of ice, thigh compression using 
a thigh sleeve, and relative rest using crutches if necessary 
generally is successful. When the acute inflammatory response 
has subsided, stretching and strengthening exercises are 
begun for réhabilitation of the hip and thigh musculature, 
concentrating on the adductors. Minimal functional déficit 
can be expected with this treatment. Nonoperative treatment 
was reported to resuit in a significantly faster return to play 
(6 weeks) in 14 NFL players compared with operative repair 
in five players (12 weeks). 

RUPTURE OF GLUTEUS MEDIUS AND 
MINIMUS TENDONS 

Offen misdiagnosed as greater trochanteric pain syndrome or 
trochanteric bursitis, avulsion or rupture of the gluteus 
médius or minimus tendons (“rotator cuff of the hip”) can 
cause prolonged latéral hip pain. The cause of tendinosis and 
rupture of these tendons is uncertain but may be related to 
local mechanical trauma or predisposing systemic condi¬ 
tions. The incidence of gluteal ruptures is unknown, but 
gluteal médius or minimus tears hâve been reported in 4% to 
20% of patients undergoing total hip replacement and in 
approximately 25% of patients with fémoral neck fractures. 
Most reported gluteus médius ruptures hâve been in women 
older than âge 50 years. The two most reliable signs of a 
gluteus médius rupture are a Trendelenburg gait and pain on 
resisted hip abduction, both of which are reported to hâve a 
more than 70% specificity and sensitivity. In patients with 
chronic tears, plain radiographs usually are unremarkable 
but may show sclerosis, an irregular border, or osteophytes at 
the anterior edge of the greater trochanter. MRI (91% accu- 
racy) and ultrasound can be used for confirmation of the 
diagnosis. 

If diagnosed early, gluteus tendon ruptures can be treated 
conservatively by unloading the involved hip with crutches 
or a cane, NSAIDs, and physical therapy once acute symp- 
toms subside. If symptoms persist, operative treatment may 
involve conjoined tendon debridement, transosseous fixa¬ 
tion, and possibly augmentation with a soff-tissue graff. Tran¬ 
sosseous fixation can be obtained with suture fixation through 
drill holes or suture anchors in the greater trochanteric foot- 
print of the tendons. Open repair has been reported to suc- 
cessfully relieve pain in 90% to 95% of patients. Techniques 


for endoscopie repair of the gluteus tendon also hâve been 
described. 

RUPTURE OF BICEPS BRACHII TENDONS 
■ PROXIMAL BICEPS TENDON RUPTURE 

More than half of ail ruptures involving the biceps brachii 
muscle occur through the tendon of its long head. The rupture 
usually is more or less transverse and is located either within 
the shoulder joint or within the proximal part of the inter tu - 
bercular groove. Most of the remaining ruptures occur at 
the musculotendinous junction or at the attachment to the 
glenoid. A few ruptures occur through the tendon of the short 
head, the muscle proper, or the distal tendon of the biceps 
muscle. The injury is most common in individuals 40 to 60 
years of âge and offen is due to impingement or chronic 
microtrauma on the tendon, but it may occur in younger 
individuals during heavy weightliffing or other sports activi- 
ties (e.g., football, rugby, soccer, snowboarding) or in a trau- 
matic fall. 

Acute rupture of the proximal biceps tendon is associated 
with an up to 30% decrease in elbow flexion power, and the 
power of shoulder abduction with the arm in external rota¬ 
tion is about 17% less that of the opposite side. With an acute 
injury, ecchymosis and a lump may be noted on the latéral 
side of the arm from retraction of the tendon. With ruptures 
seen late, however, usually no appréciable weakness is noted 
in either flexion of the elbow or abduction of the shoulder. 
One difflculty in the diagnosis of rupture of the proximal 
biceps tendon is determining if the rupture is associated with 
concomitant rotator cuff tears or instability. The présentation 
of a patient with a proximal biceps tendon rupture is similar 
to that of a patient with a rotator cuff tear, and the standard 
tests for rotator cuff injury (see Chapter 46) may be needed 
to define the injury. 

Ruptures of the proximal biceps tendon traditionally hâve 
been treated nonoperatively because they rarely cause signifi- 
cant functional impairment. We prefer operative repair of 
acute proximal biceps tendon rupture in young, active 
patients who are unwilling to accept the deformity or slight 
weakness of supination. Occasionally, repair is indicated in a 
middle-aged patient whose profession, such as carpentry, 
requires full supination strength if the patient believes the 
time out of work is outweighed by the slight increase in supi¬ 
nation power gained by operation. 

Chronic biceps tendinitis or biceps tendon rupture 
is associated with impingement syndrome. In patients with 
a history of impingement symptoms and an acute rupture, 
arthrography or MRI is used for évaluation of rotator 
cuff pathology. Treatment is directed toward the impinge¬ 
ment syndrome and repair of the rotator cuff defect. In 
an active patient younger than 40 years old with a rupture 
of less than 1 years duration, tenodesis should be per- 
formed at the time of acromioplasty, resection of the cora- 
coacromial ligament, and repair of the rotator cuff tendon. 
Tenotomy may be appropriate in older, less active patients 
who do not object to the supination weakness and cos- 
metic deformity. It is a technically simpler procedure, with a 
short réhabilitation time and requires no postoperative 
immobilization. 

Techniques for tenodesis vary from open techniques 
to a mini-open subpectoral approach to all-arthroscopic 
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techniques (see Chapter 52). Fixation can be done with suture 
anchors, interférence screws, or bone tunnels. 


REPAIR OF PROXIMAL BICEPS 
TENDON RUPTURE 


TECHNIQUE 48-27 


■ Make an anterior incision and expose the deltopectoral 
groove and the tendon of the long head of the biceps by 
opening the intertubercular groove and dividing the 
transverse humerai ligament. 

■ Remove the infraglenoid portion of the tendon, and if the 
tendon was previously intact (as in biceps tendinitis), 
place a marking suture in it so that proper length can be 
retained. 

■ Make an inferior axillary approach, centered on the infe- 
rior border of the pectoralis major tendon. 

■ Identify the biceps and coracobrachialis and incise the 
overlying fascia longitudinally. 

■ Place a Hohmann retractor under the pectoralis major and 
retract the muscle proximally and laterally; deliver the 
long head of the biceps into the incision. 

■ At the location of the intended tenodesis, add 25 mm to 
the length of the biceps tendon and excise the remaining 
tendon. 

■ Fix the tendon to the bone with sutures through drill 
holes, suture anchors, or interférence screws. 

POSTOPERATIVE CARE. Postoperatively, the arm is 
rested in a sling for several days. The patient is encour- 
aged to résumé activities as tolerated. Participation in 
sports should be delayed for at least 12 weeks. 


SUBPECTORAL BICEPS TENODESIS 


TECHNIQUE 48-28 


(MAZZOCA ET AL.) 

■ With the patient in the beach chair position, perform a 
standard diagnostic arthroscopic examination. 

■ Identify the rotator interval between the supraspinatus 
and subscapularis tendons and make a standard anterior 
portai from inside-out or outside-in (see Chapter 52). 

■ With a probe in the anterior portai, pull the biceps tendon 
into the glenohumeral joint to evaluate its mobility and 
any structural lésions. Because pathologie processes of 
the biceps tendon are most often in the intertubercular 
groove portion, it is critical that this part be drawn into 
the joint. 

■ Evaluate the coracohumeral ligament and supraspinatus 
and subscapular tendons for any pathologie process. 

■ With an arthroscopic cutting instrument or thermal 
ablator through the anterior portai, tenotomize the biceps 
tendon at its base. A shaver can be used to débridé the 
proximal portion for a stable base. 


■ With the arm abducted and internally rotated, palpate 
the inferior border of the pectoralis major tendon; on the 
médial aspect of the arm, make an incision 1 cm superior 
to this inferior border and continue it to 3 cm below the 
inferior border (Fig. 48-41 A). 

■ Inject the incision site with a local anesthetic plus epi- 
nephrine for subeutaneous hemostasis and perioperative 
analgesia. 

■ Dissect through the subcuticular tissue, using electrocau- 
tery to control bleeding, and clear the overlying fatty 
tissue until the fascia overlying the pectoralis major, cora¬ 
cobrachialis, and biceps is identified. If these anatomie 
landmarks are not seen, the dissection may be too latéral; 
if the cephalic vein is seen in the deltopectoral groove, 
the dissection is too proximal and too latéral. 

■ Once the inferior border of the pectoralis major has been 
identified, incise the fascia over the coracobrachialis and 
biceps in a proximal to distal direction. It is important to 
see the horizontal fibers of the pectoralis muscle and 
dissect below this level. 

■ Use blunt finger dissection under the inferior edge of 
the pectoralis muscle, palpating up the anteromedial 
humérus, to identify the longitudinal, fusiform structure 
of the biceps tendon. 

■ Place a pointed Hohmann retractor into the pectoralis 
major tendon and on the proximal humérus to retract the 
muscle proximally and laterally (Fig. 48-41 B). 

■ Position a blunt Chandler retractor on the médial aspect 
of the humérus and gently retract the coracobrachialis 
and short head of the biceps tendon. Avoid vigorous 
médial retraction to prevent injury to the musculocutane- 
ous nerve. 

■ Once the biceps tendon is identified, place a right-angle 
clamp deep to it and pull the tendon into the wound (Fig. 
48-41 C). 

■ One centimeter proximal to the pectoralis major tendon, 
reflect the periosteum in a rectangle roughly 2 x 1 cm. 

■To ensure appropriate tensioning of the biceps tendon, 
resect the proximal portion to leave 20 to 25 mm of tendon 
proximal to the musculotendinous portion of the biceps. 

■ Using a Krackow or whip stitch, weave a No. 2 nonab- 
sorbable suture into the proximal 15 mm of the tendon 
(Fig. 48-41 D). Secure enough of the tendon to ensure 
adéquate interférence fixation within bone and to posi¬ 
tion the musculotendinous portion of the biceps muscle 
beneath the inferior border of the pectoralis major 
tendon. This is critical for proper tensioning of the muscle- 
tendon unit as well as for cosmesis. 

■ Use a guidewire and an 8-mm reamer to make a 15-mm 
deep bone tunnel at the junction of the middle and distal 
thirds of the intertubercular groove between the lesser 
and greater tuberosities (Fig. 48-41 E). 

■ Clear ail débris from the field with irrigation. 

■ Thread one limb of the suture through a biotenodesis 
screwdriver and screw (8x12 mm) and wrap the end of 
the suture into the screw cleat. 

■ Place the tenodesis screwdriver into the bone tunnel and 
advance the screw over the tendon; when the screw is 
flush with the bone tunnel, remove the screwdriver. 

■ Tie the limb of the suture next to the tendon and screw 
to the limb of the suture through the screw to provide 
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Subpectoral biceps tenodesis (see text). A f Skin incision. B f Retraction of pectoralis muscle. C f Biceps tendon pulled 
into the wound. D f Krackow sutures woven into proximal tendon. E f Guidewire placed in bicipital groove for reaming. F f Placement of 
interférence screw. (Redrawn from Mazzocca AD, Rios CG, Romeo AA, Arciero RA: Subpectoral biceps tenodesis with interférence screw fixation, 
Arthroscopy 21:896, 2005.) SEE TECHNIQUE 48-28. 
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S both an interférence fit and suture anchor stability (Fig. 
48-41 F). 

■ When the fixation is completed, the musculotendinous 
junction should rest in its exact anatomie location under- 
neath the inferior border of the pectoralis major tendon. 

■ Complété the procedure with standard wound closure. 

POSTOPERATIVE CARE. A sling is worn during sleep 
for the first 4 weeks and is used only while awake if the 
patient is having difficulty keeping the elbow flexed pas- 
sively or if he or she is going into public areas. The sling 
is discontinued completely after 4 weeks. Activity typically 
is dictated by procedures done in conjunction with the 
biceps tenodesis. If biceps tenodesis alone is done, 
strengthening activities should be restricted until 6 weeks 
after surgery; many patients are able to résumé activity 
as tolerated at 2 weeks, but they should be informed of 
the risks. 

Arthroscopic biceps tenodesis is described in Chapter 52. 


■ DISTAL BICEPS TENDON RUPTURE 

Distal rupture of the biceps tendon typically occurs in middle- 
aged men during heavy lifting with the elbow flexed 90 
degrees, or when the biceps muscle contracts against unex- 
pected résistance. A pop may be heard, which usually is fol- 
lowed by pain, swelling, and ecchymosis in the antecubital 
fossa. Superior migration of the muscle is évident, as is a 
palpable defect. Initially, there is weakness with flexion and 
supination. 

The biceps squeeze test, similar to the Thompson test for 
Achilles tendon rupture, can be used for diagnosis of com¬ 
plété distal biceps rupture. The test is done with the patient 
seated and the elbow flexed 60 to 80 degrees. This amount of 
flexion minimizes tension on the brachialis and helps isolate 
the biceps to forearm supination. The forearm is slightly pro- 
nated to place tension on the biceps brachii tendon. The 
examiner stands on the same side as the extremity being 
tested. The biceps brachii is squeezed firmly with both hands, 
one hand at the distal myotendinous junction and the other 
around the muscle belly. As the biceps is squeezed, the muscle 
belly is drawn away from the underlying humérus, eliciting 
an anterior bow of the muscle. Lack of forearm supination 
with this maneuver is considered a positive text, indicating 
rupture of the biceps brachii tendon or muscle belly. The 
reported positive prédictive value of this test is 95%, with a 
sensitivity of 100%. The hook test can be used for the diag¬ 
nosis of complété biceps tendon avulsions: with the elbow 
actively flexed and supinated, the examiner should be able to 
“hook” an index finger under a cordlike structure in the ante¬ 
cubital fossa if the tendon is intact (Fig. 48-42). This test was 
reported to hâve 100% sensitivity and specificity; however, 
the examiner must be sure to hook the latéral edge of the 
biceps tendon, not the médial edge, because the lacertus 
fibrosus might be mistaken for an intact biceps tendon. 

Médian nerve compression in the proximal forearm may 
resuit from a partial rupture. Although complété ruptures 
offen are dramatic in appearance and relatively easy to diag¬ 
nose, partial or incomplète ruptures are not and offen exhibit 
features similar to that of complété disruption, including pain 



Hook test for distal biceps avulsion. With elbow 
actively flexed and supinated, the examiner should be able to 
"hook" an index finger under the cordlike structure in the ante¬ 
cubital fossa if the biceps tendon is intact. 


and weakness of elbow flexion and forearm supination, dif- 
fering only in that the biceps tendon is still palpable. 

MRI can be helpful in distinguishing complété from 
partial ruptures, as well as in defining tendinosis, tenosyno- 
vitis, hematoma, and brachialis contusion. A flexed abducted 
supinated (FABS) position (90 degrees of elbow flexion, 180 
degrees of shoulder abduction, and forearm supination) has 
been recommended to obtain a true longitudinal view of the 
tendon. Ultrasound is a potentially faster and less expensive 
imaging method, but it is very user dépendent. 

Opinions differ as to the proper method and site for reat- 
taching this tendon. Most authors agréé that theoretically it 
should be reattached at its normal position on the radial 
tuberosity to restore the power of supination of the biceps 
muscle. When the elbow is extended, the biceps muscle is 
twice as powerful as the supinator muscle in supinating the 
forearm, and this power is even greater when the elbow is 
flexed. Surgical treatment of distal biceps tendon ruptures can 
be accomplished through a single-incision or two-incision 
technique. The two-incision technique of Boyd and Anderson 
restores the power of supination to the biceps but avoids the 
dangers of deep dissection in the antecubital fossa. An endo¬ 
scopie procedure has been described, but we do not recom- 
mend this technique. 

There has been some concern about hétérotopie ossifica¬ 
tion formation or radioulnar synostosis using the Boyd and 
Anderson approach; however, in our patients treated with 
this technique we hâve not found this to be a problem. We 
believe that using an osteotome instead of a drill to make the 
trapdoor prevents the disbursement of bone particles into the 
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interosseous space, which might lead to ectopic ossification. 
We hâve modified the technique by substituting the trapdoor 
with a trough. We also recommend minimal disruption of the 
interosseous membrane when passing the tendon from the 
anterior incision to the postérolatéral incision. In addition, a 
small transverse incision is made instead of the anterior cur- 
vilinear incision. 

A “mini-open” two-incision technique has been described 
using a small (<2 mm) transverse incision in the flexion 
crease of the antecubital fossa and a 3-cm postérolatéral inci¬ 
sion for transosseous fixation. 

Good results also hâve been reported with single-incision 
techniques using suture anchors, interférence screws, buttons, 
and tenodesis screws. Reported advantages of the single- 
incision techniques include limited exposure of the radial 
tuberosity, better cosmetic resuit, and decreased risk of hét¬ 
érotopie ossification. Disadvantages include increased costs 
(expensive hardware), possibility of less secure fixation, and 
no bony trough for tendon revascularization. In general, 
nerve injuries are more frequent with single-incision tech¬ 
niques, and hétérotopie ossification is more common affer 
two-incision techniques. 

Biomechanical studies comparing fixation methods hâve 
had conflicting conclusions; some hâve shown button fixation 
to hâve significantly higher pull-out strength than suture 
anchors or bone tunnel fixation, whereas others hâve found 
transosseous sutures to be stronger than suture anchors. 


TWO-INCISION TECHNIQUE 
FOR REPAIR OF THE DISTAL 
BICEPS TENDON 


TECHNIQUE 48-29 


(BOYD AND ANDERSON) 

■ Make a 2-cm transverse anterior incision and a longer, 
6- to 8-cm postérolatéral incision over the radial aspect 
of the ulnar border (Fig. 48-43A). 

■ Open the deep fascia and identify the biceps tendon with 
palpation. 

■ Locate the original tunnel through the interosseous 
membrane. 

■ Place Krakow locking stitches in the tendon end. It is 
important to keep each locking throw in close proximity 
to the previous throw to avoid kinking the tendon and 
forming a bunched end to the tendon that would prohibit 
the tendon from seating into the groove or "trapdoor" 
created in the radial tuberosity. 

■ With a long curved hemostat, deliver the tendon from 
the anterior incision to the postérolatéral incision. Avoid 
making multiple passes through the membrane to mini- 
mize the risk of hétérotopie ossification and subséquent 
synostosis. 

■ Deepen the postérolatéral incision, identify the anconeus, 
and sharply dissect it off the bone. Pronate the arm to 
protect the posterior interosseous nerve. 

■ Use a small 1/4-inch curved osteotome to make a trough 
or "trapdoor" in the tuberosity. 



Two-incision technique for repair of the distal 


biceps tendon. A f Incisions. B f Biceps tendon passed through 


"trapdoor" in the tuberosity. SEE TECHNIQUE 48-29. 


■ Drill two holes in the dorsal aspect of the trough, leaving 
a 10-mm bone bridge between them (Fig. 48-43B). 

■ Pass the sutures tied to the tendon, and with them the 
tendon, through the interosseous membrane. 

■ Use a suture passer to pass the first suture through the 
trough and out of the drill hole. 

■ Pass the second suture with the suture passer through 
the trough and out of the drill hole. 

■ Pulling carefully on the sutures in the tendon, guide it 
into the trough in the bone. 

■ Tie the sutures securely over the bone and eut off the 
ends of the sutures. 

■ Close the anterior incision with the elbow flexed about 
60 degrees. 

■ Release the tourniquet and close the postérolatéral 
incision. 

POSTOPERATIVE CARE. With the elbow flexed to 110 
degrees and the forearm in moderate supination, a pos¬ 
terior plaster splint is applied. At 2 weeks, the splint and 
the sutures are removed. A hinged brace is applied 
and worn for 4 weeks. Passive flexion is allowed, as is 
active extension, progressing 15 to 20 degrees per 
week. Supination/pronation range-of-motion exercises 
are added at 4 to 6 weeks. At 6 to 8 weeks, full range 
of motion should be possible, but return to full activities 
should be delayed for 12 to 16 weeks. 
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SINGLE-INCISION TECHNIQUE FOR 
REPAIR OF THE DISTAL BICEPS 
TENDON 


TECHNIQUE 48-30 


■ Make a 3- to 4-cm anterior longitudinal incision (Henry 
approach, see Chapter 1). Superficial antecubital veins 
may require ligation. Identify and preserve the latéral 
antebrachial cutaneous nerve. 

■ Identify the proximal torn biceps tendon and place it in a 
moist sponge. 

■ Ligate the radial récurrent vessels. 

■ Deep knee retractors allow excellent exposure of the 
radial tuberosity. Débridé the remnant of the tuberosity 
free of remaining tendon and elevate the periosteum over 
the bone with a curet. 

■ Fix the tendon to the radial tuberosity with sutures 
through bone tunnels, suture anchors, button, or teno- 
desis or interférence screws. 

■ Once the tendon is approximated, move the forearm 
through a full range of pronation and supination to 
ensure that the tendon tracks smoothly. 

POSTOPERATIVE CARE. The elbow is immobilized at 
90 degrees for 2 weeks at which time the sutures are 
removed. A hinged elbow brace is applied with extension 
stopped at 80 degrees. Full passive flexion is allowed with 
passive pronation and supination to 90 degrees. At 6 
weeks, progressive extension in the brace is allowed at a 
rate of 20 degrees per week. At 8 weeks, active flexion 
is begun and strengthening is started at 12 weeks. Full, 
unrestricted use is allowed at 16 weeks. 


RUPTURE OF PECTORALIS MAJOR MUSCLE 

Rupture of the pectoralis major muscle most commonly is 
caused by forced abduction, external rotation, and extension 
of the shoulder against résistance. Once considered a rare 
injury, pectoralis major rupture has become more common 
over the past 2 décades, especially in athlètes participating in 
sports such as weight lifting. Although the bench press is the 
most frequently cited cause of pectoralis major rupture, these 
injuries also hâve been reported in other sports, including 
rugby, snow and water skiing, football, wrestling, and hockey. 
Traumatic ruptures occur almost exclusively in men between 
the âges of 20 and 40 years. Swelling, ecchymosis, and later 
muscular deformity are évident at the site of the rupture, 
usually at the musculotendinous insertion into the humérus. 
Weakness in shoulder adduction and internai rotation is 
présent. A more spécifie sign of pectoralis major rupture, 
both acute and chronic, is a loss or thinning of the anterior 
axillary fold on the side of the injury. A defect in the axillary 
fold often is accentuated by abduction or contracted adduc¬ 
tion of the affected arm. The defect is palpable when com- 
pared with the opposite flexed pectoralis tendon. MRI and 
ultrasound are effective in determining the location and 
extent of ruptures of the pectoralis major. 



Repair of pectoralis major with bone trough 
technique. A f Sutures passed through bone trough in tendon 
footprint. B f Tying of sutures pulls ruptured tendon into bone 
trough. (Redrawn from Petilon J, Carr DR, Sekiya JK, Unger DV: Pecto¬ 
ralis major muscle injuries: évaluation and management, J Am Acad 
Orthop Surg 13:59, 2005.) 


Direct surgical repair usually is indicated for fresh, trau¬ 
matic ruptures in young adults, especially if full muscle power 
is required or if the patient objects to the clinical deformity. 
The tendon usually is avulsed from bone, and repair usually 
is done by tying nonabsorbable sutures through drill holes, 
with or without suture anchors, in the same manner as a 
rotator euff repair (Fig. 48-44). Repair also can be accom- 
plished with direct tendon-to-tendon suture using multiple 
nonabsorbable mattress sutures. Delayed repair, if warranted 
by symptoms, may be successful if the muscle ends hâve not 
significantly retracted. If testing of résistance to shoulder 
adduction and internai rotation indicates some remaining 
tendon function, delayed repair may be successful. If circum- 
ferential mobilization of the tendon does not restore sufhcient 
tendon length to allow reattachment, an allograff, either 
Achilles or hamstring tendon, can be used to provide length 
and allow repair directly to the humérus. A shoulder immo- 
bilizer should be worn for 6 weeks affer surgery. Pendulum 
exercises are started within the first or second week, and 
progressive résistance exercises are begun at about 3 months. 
Unrestricted activity usually is allowed at about 4 months 
affer surgery. 

RUPTURE OR AVULSION OF 
TRICEPS TENDON 

Rupture of the triceps tendon is relatively uncommon. It 
usually occurs as an avulsion of the tendon and a small piece 
of bone from the olecranon tip. Triceps tendon rupture also 
is associated with steroid injections for olecranon bursitis, 
and an association with anabolic steroid use has been 
suggested. 

Patients présent with pain and swelling over the posterior 
aspect of the elbow. Physical examination reveals tenderness 
to palpation, swelling, and ecchymosis. A palpable defect may 

















2 


^ PART XIII SPORTS MEDICINE 



Long head 
of triceps 
muscle 


Triceps 

tendon- 


Médial 

épicondyle 


Mersilene 

tape 


Latéral head 
of triceps 
muscle 


Latéral 

épicondyle 


Olecranon 



B 


Repair of triceps tendon avulsion or rupture. 
A f Mersilene strip is passed through hole in olecranon. B f Strip is 
threaded through large needle and loop is made through tendon; 
needle is then passed transversely through tendon and another 
loop is fashioned. 


be présent proximal to the olecranon. Although an inability 
to actively extend against résistance is a sign of complété 
rupture, not ail complété ruptures cause this déficit. Sagittal 
MRI is helpful for determining the integrity of the triceps 
tendon. Partial ruptures are characterized by a small fluid- 
filled defect within the distal tendon that appears as a bright 
area on T2-weighted images. Complété ruptures are charac¬ 
terized by a large fluid-filled gap between the distal end of the 
triceps tendon and the olecranon process. 

Nonoperative treatment of triceps tendon ruptures gener- 
ally is reserved for elderly patients with low activity demands. 
Most ruptures at the olecranon insertion should be repaired 
with No. 2 or No. 5 nonabsorbable sutures passed through 
holes drilled in the olecranon (Fig. 48-45). A tension suture 
of No. 5 nonabsorbable suture can be used to relieve stress on 
the repair. Suture anchors also can be used. Yeh et al. described 
an “anatomie triceps tendon footprint repair” using suture 
anchors to create a suture bridge and restore a wider area of 
tendon-bone contact (Fig. 48-46). An endoscopie technique 
has been reported but we hâve no expérience with this. 

For ruptures at the myotendinous junction, a V-Y triceps 
tendon advancement technique has been described, in which 
autologous plantaris tendon is interwoven with the remaining 
proximal and distal triceps tissue to augment the strength of 
the repair. 

Multiple procedures hâve been described for treatment of 
chronic ruptures, including use of anconeus or Achilles rota¬ 
tion flaps, plantaris or hamstring tendon augmentation, and 
ligament augmentation devices. 

Affer repair, we recommend immobilization for 3 weeks, 
followed by progressive active flexion in a controlled-motion 



"Anatomie triceps tendon footprint repair" 
using sutures anchors to provide wider area of tendon-bone 
contact. (Redrawn from Yeh PC, Dodds SD, Smart LR, et al: Distal 
triceps rupture, J Am Acad Orthop Surg 18:31, 2010.) 


brace. Active strengthening of the triceps is begun at about 3 
months. Isométrie exercises can be started earlier based on 
the strength of the repair and careful évaluation of soft-tissue 
healing. 


DISPLACEMENT OF TENDONS 

PERONEAL TENDONS 

Subluxation and dislocation of the peroneal tendons are 
uncommon and often overlooked causes of latéral ankle pain. 
Because the acute injury may mimic latéral ankle sprain and 
may occur at the same time as latéral ankle ligament injury, 
diagnosis can be difficult. In one study, only 60% of peroneal 
tendon disorders were accurately diagnosed at the first clini- 
cal évaluation. These injuries are most frequent in young 
athletic individuals participating in such sports as skiing, 
soccer, basketball, rugby, ice skating, tennis, football, and 
gymnastics; chronic subluxation has been reported without 
any history of a spécifie traumatic event. 

The superior peroneal retinaculum is a primary restraint 
to instability of the peroneal tendons at the fibular malleolus. 
It extends approximately 3.5 cm proximally from the tip of 
the latéral malleolus and attaches posterolaterally onto the 
calcaneus and the deep investing fascia adjacent to the Achil¬ 
les tendon. The peroneal tendons may be displaced within the 
tendon sheaths but are more commonly displaced outside the 
sheaths and the tendon groove. The peroneal musculature 
contracts and overpowers the soft tissue. The tendons dislo- 
cate anteriorly from behind the distal fibula. Powerful con¬ 
traction of the peroneals with the foot dorsiflexed may cause 
failure of the superior peroneal retinaculum, leading to sub¬ 
luxation or dislocation of the tendons. An inversion injury 
with the foot in plantar flexion also can stretch or avulse this 
structure. 
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Classification of peroneal subluxation (see text): 7, peroneus brevis tendon; 2, peroneus longus tendon. (See text.) 

(Redrawn from Raikin SM, Elias I, Nazarian LN: Intrasheath subluxation of the peroneal tendon, J Bone Joint Surg 90A:992, 2008.) 





B 


Two types of tendon intrasheath subluxation: 1, peroneus brevis tendon; 2, peroneus longus tendon. A f Normal 
location of tendons. B f Type A subluxation in which tendons snap over each other and switch their relative position. C f Type B sublux¬ 
ation in which peroneus longus tendon subluxes through a longitudinal split tear within the peroneus brevis tendon. (Redrawn from 
Raikin SM, Elias I, Nazarian LN: Intrasheath subluxation of the peroneal tendon, J Bone Joint Surg 90A:992, 2008.) 


Anatomie factors that may prédisposé to récurrent dislo¬ 
cation include incompétence of the superior retinaculum, a 
shallow sulcus, or a convex posterior surface of the distal 
fibula. Congénital deformities such as congénital vertical 
talus and talipes planovalgus also hâve been reported to con- 
tribute to peroneal tendon dislocation. 

■ CLASSIFICATION 

Peroneal tendon injuries hâve been classified primarily by 
location. In one classification System (Shawen and Ander¬ 
son), zone I injuries involve the fibular groove and usually the 
peroneus brevis tendon; zone II injuries are located in the 
cuboid tunnel and primarily involve the peroneus longus 
tendon. In Odens modification of the classification of 
Eckert and Davis (Fig. 48-47), injuries are divided into four 
grades. In grade 1 lésions, the most common pattern (>50%), 
the superior peroneal retinaculum is elevated off the fibula 
with the peroneal tendons coming to lie between the bone 
and the periosteum. In grade 2 lésions the fibrocartilaginous 
ridge behind the latéral insertion of the superior peroneal 
retinaculum is avulsed along with the retinaculum and the 
tendons are displaced beneath the ridge. Grade 3 lésions 
involve an avulsion of a small cortical osseous fragment from 
the fibular insertion of the superior peroneal retinaculum 
with the tendons dislocating beneath the fibular fragment. 
Grade 4 lésions, the least common type, involve a complété 
avulsion or rupture of the superior peroneal retinaculum 
with the tendons lying external and superficial to the reti¬ 
naculum. More recently, Raikin et al. proposed intrasheath 
subluxation within the peroneal groove beneath an otherwise 


intact superior peroneal retinaculum as a subgroup of pero¬ 
neal subluxation. Two types of these intrasheath subluxations 
were described: type A, in which there is no peroneal tendon 
tear and the tendons momentarily switch their relative posi¬ 
tions (the peroneus longus tendon lies deep to the peroneus 
brevis tendon), and type B, in which in the peroneus longus 
subluxes through a longitudinal tear in the peroneus brevis 
tendon (Fig. 48-48). 

■ CLINICAL AND RADIOGRAPHIC EVALUATION 

The diagnosis can be confirmed by popping and clicking of 
the latéral ankle, especially while ascending stairs, and by 
provocative testing in which the foot is placed in dorsiflexion, 
eversion, and external rotation while resisting an inversion- 
plantar flexion force applied by the examiner. Dislocation of 
the tendon can be detected with circumduction of the foot 
while the examiner palpâtes the anterior tip of the peroneal 
groove. Patients with intrasheath subluxations may not hâve 
reproducible clinical signs. The differential diagnosis should 
include degenerative, traumatic, and congénital causes of 
latéral ankle pain (Box 48-6), especially latéral ankle ligament 
sprain (Table 48-5). 

Radiographs usually are négative; with a grade 3 injury, 
a “fleck” of bone may be seen off the posterior distal fibula. 
MRI can be used to identify injury to the superior peroneal 
retinaculum, the peroneal tendons, and supporting soft 
tissues, as well as identify anomalous structures such as the 
peroneus quartus or a low-lying peroneal brevis muscle belly. 
Kinematic MRI of the ankle moving from dorsiflexion to 
plantar flexion has been suggested to be superior to static 











2 


PART XIII SPORTS MEDICINE 




Differential Diagnosis of Peroneal Tendon 
Subluxation/Dislocation 


■ Latéral ligament ankle sprain 

■ Achilles tendon rupture 

■ Fracture: malleolus, fifth metatarsal, cuboid 

■ Stress fracture: calcaneus 

■ Sinus tarsi syndrome 

■ Calcaneocuboid syndrome 

■ Peroneal tendinopathy 

■ Degenerative joint disease 

■ Tarsal coalition 

■ Osteochondral lésion of the talus 

■ Loose bodies in the ankle or subtalar joint 

■ Sural neuritis 

■ Radiculopathy 

■ Malignant or benign neoplasm 

■ Accessory muscle or bone 


_ TABLE 48-5 _ 

Differentiating Peroneal Tendon Subluxation 
from Latéral Ankle Ligament Sprain 


SIGN/SYMPTOM 

Tenderness 

Swelling 

PERONEAL TENDON 
SUBLUXATION 

Proximal to tip 
of fibula 

Postérolatéral 

LATERAL ANKLE 
LIGAMENT SPRAIN 

Distal to tip of 
fibula 

Anteroinferior 

History 

Snapping 

Giving way 

Worse on 
uneven ground 

Possible 

Probable 

Worse with 
circumduction 

Yes 

No 

Worse on 
flexion-inversion 

No 

Yes 


imaging because the pathologie process is position dépen¬ 
dent. Ultrasonography also has been reported to be effective 
for dynamically evaluating peroneal tendon subluxation. 

■ TREATMENT 

Treatment dépends on the whether the injury is acute or 
chronic, the bone and soft-tissue anatomy, any associated 
clinical findings, and the âge and activity level of the patient. 
Nonoperative treatment rarely is successful, and operative 
treatment is preferred, especially in young, athletic patients. 
Acute repair of the superior peroneal retinaculum is recom- 
mended. Symptomatic chronic or récurrent tendon disloca¬ 
tion should be treated surgically unless contraindicated. 
Operative procedures are of five general types: periosteal 
attachment, groove deepening, tenoplasty, bone block proce¬ 
dures, and rerouting procedures, such as incision of the cal- 
caneofibular ligament and placement of the peroneal tendons 
deep to the ligament. We generally prefer a soft-tissue recon¬ 
struction using the deep fascia or periosteum in combination 
with groove deepening. If the fascia is insufficient, a posterior 
bone-block procedure can give excellent results. Use of a 
latéral band from the Achilles tendon is another alternative, 


although some of our patients hâve had persistent symptoms 
of Achilles tendinitis after this procedure. Other procedures 
described for treatment of peroneal tendon subluxation 
include use of half of the peroneus brevis tendon for repair 
of the superior peroneal retinaculum, transposition of the 
peroneal tendon under the calcaneofibular ligament, and 
various techniques of superior peroneal retinaculum recon¬ 
struction and deepening of the posterior fibular groove. An 
endoscopie technique for repair of the superior peroneal reti¬ 
naculum also has been described. Bone-block procedures 
involve ostéotomies of the fibula designed to produce a bony 
lip at the distal fibula to help prevent subluxation; although 
these procedures can hâve high rates of success, they also 
hâve high rates of complications because of the internai fixa¬ 
tion used. An endoscopie technique has been reported, but 
we hâve no expérience with it. 


REPAIR OF THE SUPERIOR 
PERONEAL RETINACULUM 


TECHNIQUE 48-31 


■ Make a longitudinal incision over the posterior aspect of 
the distal third of the fibula and extend it over the latéral 
border of the foot to the cuboid. 

■ At the latéral malleolus superficially, elevate the posterior 
skin flap, and from the deep fascia, form an ample flap 
with its base attached to the tip of the latéral 
malleolus. 

■ Retract anteriorly the sheaths and tendons of the pero¬ 
neal muscles. 

■ With an ostéotomie, make a groove in the posterior 
aspect of the latéral malleolus and place the peroneal 
tendons in it. 

■ Bring the fascial flap over the tendons and suture it to 
the remains of the retinacula or to the periosteum or soft 
tissue on the latéral side of the calcaneus to hold the 
tendons in their normal position. 

POSTOPERATIVE CARE. With a splint or cast, the foot 
is immobilized in slight eversion and at an angle of 90 
degrees to the leg for 4 weeks, with protected weight 
bearing. At 2 to 4 weeks, full weight bearing is allowed 
in a cast or removable brace. 


FIBULAR GROOVE DEEPENING WITH 
TISSUE TRANSFER (PERIOSTEAL 
FLAP) FOR RECURRENT PERONEAL 
TENDON DISLOCATION 


TECHNIQUE 48-32 


(ZOELLNER AND CLANCY) 

■ Make a 7-cm J-shaped curvilinear incision posterior to 
the latéral malleolus along the course of the peroneal 
tendons. 
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Technique for récurrent dislocation of peroneal tendon. A f With tendons retracted, cortical osteoperiosteal flap is 
raised along postérolatéral aspect of distal fibula, leaving posteromedial border intact as hinge. B f Flap is hinged posteriorly, and can- 
cellous bone is removed from posterior aspect of fibula to deepen groove. C f Periosteal flap is swung posteriorly over tendons in groove. 

SEE TECHNIQUE 48-32. 


■ Free the tendons from their sheath and retract them 
anteriorly over the malleolus. 

■ Raise a cortical osteoperiosteal flap measuring 3 cm x 
1 cm along the posteromedial aspect of the distal fibula 
and latéral malleolus, leaving the posteromedial border 
intact to act as a hinge (Fig. 48-49A). 

■ Swing the flap posteriorly and remove cancellous bone 
from the posterior aspect of the fibula to deepen the 
groove 6 to 9 mm (Fig. 48-49B). 

■ Then tamp the flap back into position, creating a groove 
3 to 4 cm long. The floor of the groove should provide a 
smooth gliding surface for the peroneal tendons. 

■ Replace the tendons in the groove and move the ankle 
through a full range of motion. The tendons should 
remain well seated and show no tendency to subluxate 
or dislocate. 

■ If the superior peroneal retinaculum is strong enough to 
use for repair, plicate it over the tendon. If the retinacu¬ 
lum is tenuous, as is often the case, raise an additional 
periosteal flap (1 cm 2 ) from the latéral surface of the mal¬ 
leolus, leaving it hinged on its postérolatéral side. Reflect 
this flap posteriorly and suture it to the médial part of the 
peroneal retinaculum (Fig. 48-49C). 

■ Close the wounds in the usual manner and apply a short- 
leg cast. 

POSTOPERATIVE CARE. At 3 weeks the initial cast is 
changed to a hinged short leg cast that allows dorsiflex- 
ion and plantar flexion exercises; this cast is worn for 3 
more weeks. Strenuous athletic activities are not allowed 
until a full range of motion and normal strength are 
attained. 


INDIRECT (IMPACTION) FIBULAR 
GROOVE DEEPENING FOR PERONEAL 
TENDON DISLOCATION 


TECHNIQUE 48-33 


(SHAWEN AND ANDERSON) 

■ Make a 6- to 8-cm longitudinal incision curved anteriorly 
over the tip of the fibula along the posterior edge of the 
fibula. 

■ Develop full-thickness skin flaps to avoid skin necrosis. 

■ Incise the distal 4 to 5 cm of the superior peroneal reti¬ 
naculum from the fibula, leaving a 3-mm cuff of tissue 
to assist with soft-tissue repair. 

■ Elevate the remainder of the cuff on the fibula off the 
bone to expose the latéral cortex; roughen the cortex to 
bleeding bone. 

■ Excise any low-lying peroneus brevis muscle and super- 
numerary muscles of the latéral leg compartment (e.g., 
peroneus quartus) and remove any fibrinous tissue within 
the fibular groove. 

■ Expose the distal tip of the fibula and sequentially ream 
the distal fibula through a small entry site at the fibular 
tip. As an alternative, place an intramedullary guide pin 
from distal to proximal into the fibula, attempting to 
follow the posterior cortex, and sequentially ream over 
the guide pin to an appropriate size (usually 7 to 8 mm). 

■ Use a bone tamp and mallet to impact the posterior 
cortex. Be sure to impact the distal tip of the fibula inward 
to avoid a sharp edge that would impinge on the pero¬ 
neal tendon. 

■ After groove deepening and ail necessary tendon repairs 
are completed, repair the superior peroneal retinaculum, 
excising any redundant tissue. Advance the remaining 
superior peroneal retinaculum to the previously prepared 
cortical bed and secure it either through drill holes or with 
suture anchors. 
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9 «Suture the cuff of tissue left on the fibula in a "pants- 
over-vest" fashion over the repair, close the skin and 
subcutaneous tissue in standard fashion, and apply a cast 
with the leg and ankle in a neutral position. 

POSTOPERATIVE CARE. The patient remains non- 
weight bearing for 2 weeks, at which time the cast and 
sutures or Staples are removed and a short leg walking 
cast is applied. The patient is allowed to bear weight as 
tolerated. At 6 weeks, the cast is removed and an Aircast 
(Summit, NJ) or a similar supportive device is applied to 
avoid ankle inversion. Active range of motion exercises 
are begun. At 8 to 10 weeks, aggressive peroneal 
strengthening is initiated. Full return to activities usually 
is possible between 4 and 6 months after surgery. 


ACHILLES TENDON AUGMENTATION 
OF SUPERIOR PERONEAL 
RETINACULUM REPAIR 


TECHNIQUE 48-34 


(JONES) 

■ Make a longitudinal incision 5 cm long posterior to the 
latéral malleolus. 

■ Without disturbing their sheaths, replace the peroneal 
tendons in their normal position behind the malleolus. 

■ Expose the Achilles tendon and dissect from its latéral 
border a flap 5 cm long x 0.6 cm wide and leave it 
attached to the calcaneus (Fig. 48-50). 

■ Next expose the latéral malleolus and drill a hole through 
it in an anteroposterior direction. 

■ Draw the free end of the flap from the calcaneus through 
the hole and suture it to itself and to the periosteum. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that after Technique 48-32. 



jfjp Jones technique for displacement of peroneal 
tendons. Check ligament formed by flap of Achilles tendon 
is inserted through hole drilled in latéral malleolus. SEE 


TECHNIQUE 48-34. 


■ COMPLICATIONS 

Complications of operative treatment of peroneal tendon 
subluxation include sural and superficial nerve injury; this 
risk can be minimized by careful surgical technique. Peroneal 
tendon adhesions can develop and limit motion; early (4 
weeks) range-of-motion exercises can help avoid this compli¬ 
cation. Overtightening of the peroneal tendon sheath can 
cause stenosing flexor tenosynovitis. Undertightening or 
inadéquate groove depth can lead to persistent instability. 
Satisfactory tendon excursion with ankle and hindfoot range 
of motion should be documented after superior peroneal reti- 
naculum repair. 

BICEPS BRACHII TENDON 

The précisé prevalence of isolated biceps dislocation, also 
referred to as the bicipital syndrome , is unknown. Some 
authors believe it to be more common than anterior shoulder 
subluxation and often misdiagnosed, whereas other believe it 
to be extremely rare. Most often the biceps syndrome is asso- 
ciated with a large tear of the rotator cuff or a fracture of the 
lesser tuberosity, resulting in incompétence of the bicipital 
groove-transverse humerai ligament complex with resulting 
médial displacement of the tendon. One study of 200 patients 
with rotator cuff tears identified biceps tendon instability in 
45%; 80% ofthose were subluxations. Posterior instability was 
most common (53%), followed by anteroposterior (27%) and 
anterior (20%). Subluxations were anterior or posterior, 
whereas dislocations were only anterior. Based on their 
arthroscopic examination of these patients, the authors devel- 
oped an arthroscopic classification of biceps tendon instabil¬ 
ity according to the direction and extent of instability in 
relation to the bicipital groove (subluxation or dislocation) 
(Box 48-7). 


■ CLINICAL EVALUATION 

The diagnosis is based on the history of anterior shoul¬ 
der pain and popping with stress of the biceps tendon. 



Arthroscopic Classification of Biceps Tendon 
Instability 


Direction of instability 

■ Anterior 

■ Posterior 

■ Anteroposterior 
Extent of instability 

■ None 

■ Subluxation 

■ Dislocation 
Lésion grade 

■ 0 (normal) 

■ I (minor lésion) 

■ Il (major lésion) 

Rotator cuff tear/lesion 

■ A (intact) 

■ B (partial thickness) 

■ C (full thickness) 

From Lafosse L, Reiland Y, Baier GP, et al: Anterior and posterior instability of the 
long head of the biceps tendon in rotator cuff tears: a new classification based 
on arthroscopic observations, Arthroscopy 23:73, 2007. 
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Provocative testing, such as the Yergason test and palpation 
over the bicipital groove with the shoulder abducted to 90 
degrees and internally and externally rotated against modér¬ 
até résistance, can help in making the diagnosis. The O’Brien 
and Speed test are not reliable for detecting biceps brachii 
instability. A bicipital groove radiograph may show a shallow 
groove, a médial wall angle of less than 45 degrees, osteophyte 
formation, or a healed fracture of the lesser tuberosity. MRI 
or arthrography is useful to confirm the diagnosis. A rotator 
cuff tear offen is identified, and médial displacement of the 
tendon may be visible on the external rotation bicipital groove 
view. 

■ TREATMENT 

Surgery is indicated for a persistently symptomatic shoulder. 
Based on the arthroscopic classification of biceps instability, 
biceps tenodesis was recommended for ail anterior disloca¬ 
tions if not reliably reducible. 

Tenodesis of the biceps tendon to the humérus can be 
performed, along with excision of the proximal intraarticular 
tendon through the rotator cuff interval and repair of cuff 
pathology as indicated. For acute injury involving fracture of 
the lesser tuberosity, fixation of the tuberosity and repair of 
the transverse humerai ligament should be done. Chronic 
symptoms from fracture of the médial aspect of the intertu- 
bercular groove should be treated with tenodesis, followed by 
excision of the intraarticular tendon through a small incision 
in the rotator interval. 


■ Excise the intraarticular portion of the tendon and repair 
the rotator cuff. 

■ Close the wound in the usual manner. 

■ Alternative^, release the proximal biceps tendon attach- 
ment arthroscopically (see Chapter 52), and then perform 
a tenodesis procedure. A subpectoral technique (see 
Technique 48-28) also can be used. 

POSTOPERATIVE CARE. A shoulder immobilizer is 
worn for 2 weeks. A sling is used for an additional 2 
weeks, and then active use and exercises are begun. If 
the rotator cuff was repaired, réhabilitation dépends on 
the size of the tear. 

Arthroscopic biceps tenodesis and release are described 
in Chapter 52. 
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TREATMENT OF BICEPS BRACHII 
TENDON DISPLACEMENT 


TECHNIQUE 48-35 


■ In the rare instance when no pathologie condition exists 
in the rotator cuff, use an anterior approach through the 
deltopectoral interval. Identify the long head of the biceps 
tendon, and make an incision through the transverse 
humerai ligament, extending down through the proximal 
third of the pectoralis major tendon. Rarely, the biceps 
tendon can be placed back in the groove and the transverse 
humerai ligament can be repaired using interrupted sutures. 
More commonly, tenodesis should be performed. 

■ If a pathologie process of the rotator cuff is présent with 
the subluxing biceps tendon, use an anterosuperior 
approach, beginning the incision just latéral to the acro- 
mioclavicular joint and extending it distally in line with 
the deltoid fibers. 

■ With wide subeutaneous dissection, expose the deltoid 
at its insertion. 

■ Split the deltoid, beginning just latéral to the acromiocla- 
vicular joint and continuing 5 cm distally in the deltoid 
raphe. Do not excise the acromial branch of the thora- 
coacromial artery in the proximal dissection. 

■Carefully dissect the deltoid from the anterior acromion 
using electrocautery, perform an acromioplasty, and excise 
the coracoacromial ligament. 

■ Flex the shoulder, identify the long head of the biceps 
tendon, and tenodese it to the humérus with interférence 
or tenodesis screws or suture anchors. 
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During the past five décades, arthroscopy has dramatically 
changed the orthopaedic surgeons approach to the diagnosis 
and treatment of a variety of joint ailments. A high degree of 
clinical accuracy, combined with low morbidity, has encour- 
aged the use of arthroscopy to assist in diagnosis, to déter¬ 
mine prognosis, and often to provide treatment. Arthroscopic 
procedures should serve as adjuncts to and not as replace¬ 
ments for thorough clinical évaluation; arthroscopy is not a 
substitute for clinical skills. 

Progressive improvements in the lens Systems of arthro- 
scopes and fiberoptic Systems, in miniaturization, and in the 
accessory operative instruments hâve made advanced opéra¬ 
tive arthroscopic techniques possible for virtually every joint 
in the body, including the knee, shoulder, hip, ankle, elbow, 
wrist, hand, and foot. Even spinal procedures are increasingly 
performed with endoscopie techniques. Although many 
arthroscopic procedures hâve proved superior to previous 
open techniques, surgical results should not be sacrificed to 
expand the indications for arthroscopic procedures. 

INSTRUMENTS AND EQUIPMENT 

ARTHROSCOPE 

An arthroscope is an optical instrument. Three basic optical 
Systems hâve been used in rigid arthroscopes: (1) the classic 
thin lens System, (2) the rod-lens System designed by Profes- 
sor Hopkins of Reading, England, and (3) the graded index 
(GRIN) lens System. Fiberoptic technology, the use of mag- 
nifying lenses, and digital monitors hâve allowed advance- 
ments in arthroscope design. Newer arthroscopes offer an 


increased field of view with smaller scope diameters, better 
depth of field with improved optics, and better flow through 
the sheath. 

Certain features détermine the optical characteristics of 
an arthroscope. Most important are the diameter, angle of 
inclination, and field of view. The angle of inclination, which 
is the angle between the axis of the arthroscope and a line 
perpendicular to the surface of the lens, varies from 0 to 120 
degrees. The 25- and 30-degree arthroscopes are most com- 
monly used. The 70- and 90-degree arthroscopes are useful 
for seeing around corners, such as the posterior compart- 
ments of the knee through the intercondylar notch, but hâve 
the disadvantage of making orientation by the observer more 
difficult. 

Field of view refers to the viewing angle encompassed by 
the lens and varies according to the type of arthroscope. The 
1.9-mm scope has a 65-degree field of view; the 2.7-mm 
scope, a 90-degree field of view; and the 4.0-mm scope, a 
115-degree field of view. Wider viewing angles make orienta¬ 
tion by the observer much easier. Rotation of the forward 
oblique viewing (25- and 30-degree) arthroscopes allows a 
much larger area of the joint to be observed (Fig. 49-1). Rota¬ 
tion of 70-degree arthroscopes produces an extremely large 
field of view but may create a central blind area directly in 
front of the scope (Fig. 49-2). 

TELEVISION CAMERAS 

McGinty and Johnson were among the first to introduce a 
télévision caméra to the arthroscopy System. The advantages 
of this addition included a more comfortable operating posi¬ 
tion for the surgeon, avoidance of contamination of the 


2458 


59 


operative field by the surgeons face, and involvement of the 
rest of the surgical team in the procedure. Early caméras were 
bulky and inconvénient, but small, solid-State caméras hâve 
been developed that can be connected directly to the arthro- 
scope. In these caméra Systems, improvements in the chip 
and electronic circuitry hâve allowed réductions in size and 
better high-definition digital resolution. Cableless arthro- 
scopic Systems also are available in which the video signal is 
transmitted to the monitor from an arthroscope that contains 
its own miniature light source. Caméras using three-chip 
technology allow even greater color resolution, and digitaliza- 




Rotation of arthroscope with 30-degree angle 
of inclination, which causes a scanning effect that increases the 
field of view by about three times. Dotted circle shows field of 
view and is compared at lower left with small circle that shows 
field of view of the 0-degree arthroscope. 
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tion of the video signal has resulted in advancements in high- 
quality imaging. 

ACCESSORY INSTRUMENTS 

The basic instrument kit consists of the following: arthro- 
scopes (30- and 70-degree); probe; scissors; basket forceps; 
grasping forceps; arthroscopic knives; motorized meniscus 
cutter and shaver; electrosurgical, laser, and radiofrequency 
instruments; and miscellaneous equipment. These instru¬ 
ments are used to perform most routine arthroscopic 
surgical procedures. Additional instruments are available and 
are occasionally used in spécial circumstances. Procedure- 
specific instrumentation has also been developed for cruciate 
ligament reconstruction, meniscal repair, osteochondral 
transplantation, hip arthroscopy, and small joint arthroscopy, 
among others. Each surgeon has personal preferences regard- 
ing the type, design, and manufacturer of each instrument. 

Many new instruments hâve been redesigned for use in 
advanced shoulder procedures. Instruments to pass, retrieve, 
and tie sutures hâve greatly advanced soff-tissue repair pro¬ 
cedures of the capsule, labrum, and rotator cuff (Fig. 49-3). 

■ PROBE 

The probe is perhaps the most used and important diagnostic 
instrument after the arthroscope. The probe has become 
known over the years as “the extension of the arthrosco- 
pists finger.” It is used in both diagnostic and operative 
arthroscopy, and is the safest instrument that one can use 
when learning triangulation techniques (Fig. 49-4). The 
probe is essential for palpating intraarticular structures and 
planning the approach to a surgical procedure. A tactile sen¬ 
sation regarding what is normal and what is abnormal soon 
develops. It is better to “see and feel” rather than to “see” 
alone. The probe can be used to feel the consistency of a 
structure, such as the articular cartilage; to détermine the 
depth of chondromalacic areas; to identify and palpate loose 
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Rotation of arthroscope with 70-degree angle of inclination. This scans a large circle but créâtes a blind area directly 
ahead of it in which nothing can be seen. 
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Arthroscopic 


procedures. 


instruments for shoulder 



Arthroscopic probe used in exploring intraar- 
ticular structures during arthroscopic triangulation techniques. 


structures within the joint, such as tears of the menisci; to 
maneuver loose bodies into more accessible grasping posi¬ 
tions; to palpate the anterior cruciate ligament and détermine 
the tension in the ligamentous and synovial structures within 
the joint; to retract structures within the joint for exposure; 
to elevate a meniscus so that its undersurface can be viewed; 
and to probe the fossae and recesses, such as the popliteal 
hiatus within the joint. Most probes are right angled with a 
tip size of 3 to 4 mm, and this known size of the hook can be 
used to measure the size of intraarticular lésions. The arthro- 
scope magnifies, and the doser the arthroscope, the greater 
the magnification. Care should be taken in using the tip of 
the probe; much of the palpation with the probe within the 
joint is actually done with the elbow of the probe rather than 
the tip or toe of the instrument. 

■ SCISSORS 

Arthroscopic scissors are 3 to 4 mm in diameter and are 
available in both small and large sizes. The jaws of the scissors 
may be straight or hooked (Fig. 49-5). Hooked scissors are 
preferred because the configuration of the jaws tends to hook 
the tissue and pull it between the cutting edges of the scissors, 
rather than pushing the material away from the jaws, which 
can occur with straight scissors. Optional accessory scissors 
designs include right- and left-curved scissors and angled 
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Commonly used arthroscopic instruments (see 


cutting scissors. The différence between these two designs is 
based on the location of the angulation. The shank of the 
curved scissors is gently curved to accommodate right and 
leff positioning, whereas the angled scissors, usually with a 
rotating type of jaw mechanism, actually eut at an angle to 
the shaft of the sdssors. These accessory designs are useful 
for detaching difficult-to-reach meniscal fragments. 

■ BASKET FORCEPS 

The basket or punch biopsy forceps is one of the most com¬ 
monly used operative arthroscopic instruments (see Fig. 
49-5). The standard basket forceps has an open base that 
permits each punch or bite of tissue to drop free within the 
joint and does not require the instrument to be removed from 
the joint and cleaned with each bite. Small fragments of tissue 
that drop free within the joint through the open-floor punch 
or basket forceps can be irrigated out or subsequently removed 
from the joint by suction. This instrument is available in 3- to 
5-mm sizes with a straight or curved shaft. It is useful for 
trimming the peripheral rim of the meniscus or can be used 
instead of scissors to eut across meniscal or other tissue. 
Wide, low-profile baskets are excellent for meniscal work. The 
configuration of the jaws of the basket forceps may be straight 
or hooked; again, the hooked configuration is preferred. 
Baskets are available in an assortment of angles, including 30, 
45, and 90 degrees, which are especially useful for trimming 
the anterior portions of the meniscus. They also are available 
in 15-degree down-biting and up-biting curves to make it 
easier to get around the fémoral condyle during resection of 
the posterior meniscal horn. As with other arthroscopic 
instruments, the proper technique is to make small bites to 
avoid excessive pressure on the joints and pins of the instru¬ 
ment and to prevent frequent breakage. 

Hinged, jawed suction punches are available to cleanly 
bite small bits of meniscus or other small tissues and suction 
them from the joint through a channel in the shaft of the 
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Motorized shaver blades. 


punch. This prevents fragments of tissue from floating in the 
joint, blocking vision, and ensures removal of ail free frag¬ 
ments from the joint. This instrument, however, offen is too 
large to reach tight posterior areas. 

■ GRASPING FORCEPS 

Grasping forceps (see Fig. 49-5) are useful for retrieving 
material from the joint, such as loose bodies or synovium, or 
for placing meniscal flaps and other tissues under tension 
while cutting with a second instrument. Most grasping forceps 
hâve some type of ratchet closure on the handle to secure the 
tissue within the jaws. The jaws of the grasping forceps may 
be of single- or double-action design and may hâve regular 
serrated interdigitating teeth or one or two sharp teeth to 
better secure the grasped tissue. The double-action grasping 
forceps, of which both jaws open, are especially preferred for 
securing an osteocartilaginous loose body because the single- 
action types frequently allow it to slip from between the jaws. 

■ KNIFE BLADES 

Most arthroscopic knives currently used are disposable, 
single-use instruments. A variety of disposable blade designs 
are available: hooked or rétrogradé blades; regular down- 
cutting blades, both straight and curved; and Smillie-type 
end-cutting blades. Magnetic properties are also helpful in 
retrieving the blade if it is inadvertently broken inside the 
joint. Tbese blades should be inserted through cannula 
sheaths or encased within a rétractable sheath mechanism so 
that the cutting portion of the blade is only exposed when it 
enter s the field of arthroscopic vision and not as it enters 
through the entry portai. 

■ MOTORIZED SHAVING SYSTEMS 

The motorized shaving Systems are ail basically of similar 
design, consisting of an outer, hollow sheath and an inner, 
hollow rotating cannula with corresponding Windows (Fig. 
49-6). The window of the inner sheath functions as a two- 
edged, cylindrical blade that spins within the outer hollow 
tube. Suction through the cylinder brings the fragments of 
soft tissue into the window, and as the blade rotâtes, the frag¬ 
ments are amputated, sucked to the outside, and collected in 
a suction trap. Numerous cutting tips hâve been developed 
for spécifie situations and functions. The diameter of the 
cutting tip is usually 3 to 5.5 mm, and many of the tips hâve 
variable sizes to allow access to smaller or tighter joints. 
Spécial blades hâve been designed for meniscal cutting or 
trimming, synovial resection, and shaving of articular carti¬ 
lage. Spécial burrs and abraders hâve been designed for 
arthroscopic acromioplasty and anterior cruciate ligament 
reconstructions. Most Systems use a foot pedal to control the 
motor and allow for variable speed and direction. Reversing 


the rotation of the cutting blade intermittently offen improves 
cutting efficiency and minimizes clogging with débris. Motor¬ 
ized shavers hâve been developed for small joints with a 
2-mm shaver and burr. 

While the motorized shaver is being used, the outflow 
from the arthroscope should be closed, not only to minimize 
excessive suction, but also to prevent inadvertent suction of 
potentially contaminated irrigating fluids back through the 
joint. Finally, the cutting tip should always be positioned 
within the Visual field, and the position of the window should 
be located before activating the rotary motion of the blade. 

■ ELECTROSURGICAL, LASER, AND 
RADIOFREQUENCY INSTRUMENTS 

Electrocautery has been used as an arthroscopic tool for 
cutting and hemostasis most offen affer arthroscopic syno- 
vectomy and subacromial décompression. It also has been 
used for both cutting and hemostasis in latéral retinacular 
release for malalignment of the patella. 

At a much lower cost, radiofrequency Systems hâve been 
reported to produce heat energy similar to that of lasers 
which hâve fallen out of favor. The two types available are 
monopolar and bipolar. Monopolar devices use a grounding 
pad and draw energy through the body; with bipolar devices, 
energy is transferred between électrodes at the site of treat- 
ment. Current controversies include the depth of tissue pén¬ 
étration, the amount of cell death, and the ability of the 
devices to monitor and to control température. Reported 
complications of radiofrequency meniscal ablation include 
articular cartilage damage, osteonecrosis, and tissue damage 
caused by the irrigant. 

■ IMPLANTS 

A variety of implants, both métal and biodégradable, hâve 
been developed for use in arthroscopic procedures, including 
suture anchors, meniscal repair devices, and devices for 
tendon and ligament fixation and articular cartilage repair. 

Suture anchors are used to attach ligaments and tendons 
to bone without the need for creating a bony tunnel for the 
passage of sutures. Instead, sutures are passed through an 
eyelet on the suture anchor, which is inserted into the bone. 
According to Barber and Richards, désirable characteristics 
of a suture anchor are that it must fix the suture to the bone, 
not pull out of the bone, permit an easy surgical technique 
(the ability to tie an arthroscopic slip knot), and not cause 
long-term problems; other désirable features include biocom- 
patibility, adéquate strength, easy insertion, and the ability to 
allow early réhabilitation. Suture anchors are used most offen 
for arthroscopic procedures around the shoulder. Poly- 
etheretherketone (PEEK) biocomposite or métal anchors can 
be used; these hâve less potential for producing osteolytic 
reactions that hâve been associated with bioabsorbable 
implants. 

Meniscal repair devices, of varying designs and materials, 
allow an all-inside meniscal repair without the need for 
arthroscopic knot-tying, accessory portais, or incisions. The 
first génération meniscal repair devices were solid flexible 
devices placed across the tear to hold the meniscal fragments 
in place. Todays fourth-generation devices are low profile, 
hâve a suture tension construct, and provide much greater 
fixation strength. The techniques for use of spécifie meniscal 
repair devices are discussed in Chapters 45 and 51. 
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Depending on the graft chosen, cruciate ligament fixation 
devices can be used for bone-to-bone fixation or for soft 
tissue-to-bone fixation. Tfiey may be made from either bio¬ 
dégradable or nonbiodegradable materials. 

■ MISCELLANEOUS EQUIPMENT 

A variety of sheaths and trocars are required for arthroscopic 
surgery, and they must accommodate the arthroscope and 
accessory equipment being used. When possible, sharp 
instruments should be placed through sheaths to protect the 
soft tissues of the skin portais. Motorized instruments can be 
used with or without a sheath. The initial perforation through 
the capsular and synovial tissue may be made with a No. 11 
blade and blunt trocar or with a sharp trocar carefully passed 
through the appropriate instrument sheath. Some Systems 
allow cannulas to be interchanged for inflow, arthroscope, 
and motorized shaver Systems. Disposable plastic cannulas 
with sealed ends reduce fluid extravasation. 

As arthroscopic surgery procedures hâve advanced to 
cater for more joints, additional instruments hâve been devel- 
oped. “Switching sticks” are simple rods placed through the 
cannula to maintain the portai while the cannula is exchanged. 
For a larger operating cannula, a dilator is used before 
exchange. The Wissinger rod was designed to assist in estab- 
lishing a portai on the opposite side of a joint from a previ- 
ously established portai. Traction devices hâve been developed 
for use in the shoulder, elbow, and ankle for better exposure 
(see Chapters 50 and 52). There has also been an explosion 
of procedure-specific instruments, many of which are 
described in the pertinent operative sections in Chapters 50 
to 52. 

CARE AND STERILIZATION OF 
INSTRUMENTS 

Arthroscopy equipment that is heat stable may be autoclaved 
for sterility. Heat- or moisture-sensitive equipment may be 
sterilized with a low-temperature hydrogen peroxide gas 
plasma. Low-temperature sterilization processes, gas steril- 
ization, and activated glutaraldehyde hâve been shown to be 
less effective and hâve more potential side effects. 


IRRIGATION SYSTEMS 

Irrigation and distention of the joint are essential to ail 
arthroscopic procedures. Joint distention is maintained by 
using lactated Ringer solution during arthroscopy. The inflow 
may pass directly through the arthroscopic sheath or through 
a separate portai by means of a cannula. For adéquate flow, a 
6.0- or 6.2-mm sheath should be used with the scope. We 
routinely use lactated Ringer solution because it is physio¬ 
logie and results in minimal synovial and articular surface 
changes. Shinjo et al. determined that lactated Ringer solu¬ 
tion was better at maintaining meniscal cell integrity than 
isotonie sodium chloride solution. 

Usually, two 5-L plastic bags of lactated Ringer solution, 
interconnected with a Y-connector, are suspended for use 
with the arthroscopic pump (Fig. 49-7). Once the inflow and 
outflow cannulas are established, the joint is lavaged until the 
fluid is clear. When a pump is not used, joint distention can 
be increased by elevating the fluid bag, using large-diameter 
tubing, or decreasing the size and number of outflow portais. 



Gravity with water vacuum-assisted closure 
System. Gravity or arthroscopic pump may be used to deliver fluid. 
Inflow may be through the arthroscopic sheath or a separate 
inflow sheath. 


For each foot of élévation of the solution bag above the level 
of the joint, 22 mm Hg of pressure is produced. The bag 
usually is placed 3 feet (~1 m) above the level of the 
joint, thus producing approximately 66 mm Hg of pressure. 
Arthroscopic pumps should be used carefully, and the tight- 
ness of muscle compartments and soff-tissue spaces, such as 
the popliteal fossa, should be monitored closely. Pump pres¬ 
sures should be varied according to the joint being treated 
and the type of pump used. When a pressure inflow System 
is used, joint distention pressures in the knee generally should 
be 45 to 60 mm Hg. Vision and hemostasis in the shoulder 
usually are best when the distention pressure is maintained 
approximately 40 mm Hg below the systolic blood pressure. 
In healthy patients, hypotensive anesthésia may be used to 
reduce the systolic pressure to approximately 100 mm Hg, at 
which level a pump pressure of 55 to 60 mm Hg usually pro- 
vides safe distention and clear vision. In a prospective, 
double-blinded, randomized study, Olszewski et al. found 
that the addition of epinephrine (1 mg/L of saline) signifi- 
cantly increased visibility and reduced the need for tourni¬ 
quet inflation by 50% compared with a placebo group of 
patients who had not received epinephrine. In patients with 
hypertension or cardiac problems, we forgo the use of epi¬ 
nephrine. Karaoglu et al. also found that adding a small 
amount of epinephrine (50 JLtg/10 mL) to the local anesthetic 
mixture just before portai site injection improved arthroscopic 
visibility. 

Because of the increased likelihood of extravasation, dis¬ 
tention pressures in the elbow and ankle should be main¬ 
tained at approximately 40 to 45 mm Hg using gravity inflow. 
The surgeon should be aware of individual variations relating 
to different pump flow and sensor mechanisms. We do not 
use pumps for distention in small joints. 
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TOURNIQUET 

During arthroscopic procedures of the knee, ankle, elbow, 
and other distal joints, a tourniquet is almost always applied 
and is inflated as needed. Contraindications to the use of a 
tourniquet include a history of thrombophlebitis and signifi- 
cant peripheral vascular disease. Advantages of tourniquet 
use are increased visibility and no significant increase in 
postoperative morbidity with tourniquet times of less than 
90 minutes. The disadvantages of routine tourniquet use 
include blanching of the synovium (which makes différentia¬ 
tion and diagnosis of various synovial disorders difficult) and 
the possibility of ischémie damage to muscle and nervous 
tissue with prolonged tourniquet times of greater than 90 to 
120 minutes. Many of the commercial leg holders used in 
knee arthroscopy require the tourniquet to be placed within 
them. These holders may function satisfactorily whether or 
not the tourniquet is inflated. 

In a prospective, randomized clinical trial, Kirkley et al. 
found no significant différences between patients in whom a 
tourniquet was used and those without tourniquet use. There 
was a trend for less early postoperative pain and slightly 
better isokinetic strength testing at 2 weeks in patients without 
tourniquet use, but visibility was rated by the surgeons as 
being three times better with tourniquet use. The authors 
concluded that the use of a tourniquet at 300 mm Hg did not 
significantly affect overall functional outcome. In a prospec¬ 
tive, randomized trial including 109 patients who had under- 
gone arthroscopic knee surgery with or without a tourniquet, 
Johnson et al. found no significant différences between the 
two groups with respect to operative view, duration of opera¬ 
tion, pain scores, analgésie requirement, or complications. 
Because the use of a tourniquet did not appear to improve 
the operative view, these authors recommended against 
routine use of a tourniquet for arthroscopic knee surgery. 

LEG HOLDERS 

The greatest advantage of a leg holder is that it permits appli¬ 
cation of stress, primarily to open the posteromedial com- 
partment for better viewing, manipulation of the meniscus, 
and posterior horn meniscal surgery, especially in tight knees. 
Because the thigh is firmly held by the leg holder, the number 
of different positions in which the leg can be placed is some- 
what limited. An alternative to an encompassing leg holder is 
a latéral post attached to the side rail of the operating table 
(Fig. 49-8). The latéral aspect of the distal thigh can be levered 
against this post for opening of the posteromedial compart- 
ment. The post do es not confine or prevent the knee from 
being positioned in an almost unlimited number of positions, 
including flexion and the figure-four position, and therefore 
has advantages over many of the expensive commercial leg- 
holding de vices. We use this for major knee reconstructive 
procedures. 

Routine use of a leg holder, especially one that incorpo¬ 
râtes a tourniquet within the confines of the holder, may 
présent other difficultés. In such an arrangement, wide fluc¬ 
tuations in the tourniquet pressures may occur when stress is 
applied to the leg; however, we hâve had no spécifie complica¬ 
tions related to this. Also, the leg-holding device may fix the 
distal fémur so securely that the applied stress can resuit in 
fractures around the knee or tearing of the ligamentous struc¬ 
tures; such occurrences hâve been reported. 



Latéral post attached to the side rail of the 


Thus if the clinical évaluation suggests médial compart- 
ment meniscal disease, a leg holder can be of significant 
assistance. However, if a patellofemoral joint or a latéral com- 
partment problem is anticipated, a valgus stress post may be 
chosen to make viewing of these compartments easier. For 
endoscopie repair of the anterior cruciate ligament, a latéral 
post should be used or the end of the table should be flexed 
to allow full, unobstructed knee flexion. 

ANESTHESIA 

Diagnostic arthroscopy can be performed with the patient 
under local, régional, or general anesthésia. Some intraarticu- 
lar operative procedures can be performed with régional and 
local anesthetics. 

Local anesthésia can be used for many arthroscopic pro¬ 
cedures around the knee and ankle in a cooperative patient. 
Intravenous sédation is used to complément the local injec¬ 
tion. Articles by Hansen et al., Chu et al., Petty et al., and 
many others hâve brought to light the chondrotoxicity of 
lidocaine and bupivacaine, particularly when combined with 
epinephrine, which alters the local pH. When used, lower- 
volume and lower-concentration injections (i.e., 1% lidocaine 
and 0.25% bupivacaine) are safer alternatives. Prolonged 
presence of local agents provided through intraarticular pain 
pumps should be avoided. 

Ultrasound-guided régional blocks for postoperative 
pain management are safe and effective in most patients and 
are used routinely. Interscalene blocks affect the phrenic 
nerve, which is in close proximity, and thus should be avoided 
or used with caution in respiratory-compromised patients. 
When used in overhead athlètes, the potential for postinjec¬ 
tion neuritis should be considered and discussed with the 
patient. Saphenous nerve blocks provide excellent pain relief 
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after anterior cruciate ligament surgery and hâve the added 
benefit of being a purely sensory block. We rarely use fémoral 
blocks because of the loss of motor function and occasional 
prolonged quadriceps weakness. 

General anesthésia is used or indicated more offen in an 
acutely injured knee, when pain is an important factor, when 
significant intraarticular surgery is anticipated, or when the 
patient is not cooperative or is especially apprehensive. 
Allergy to local anesthetics, of course, requires that a general 
anesthetic be administered. Arthroscopic surgeons who are 
less experienced and unfamiliar with ail of the techniques are 
best advised to select a general anesthetic. If the need for a 
tourniquet to control bleeding is anticipated, such as for 
partial or complété synovectomies or excision of adhesions, 
general anesthésia is recommended. Most arthroscopic pro¬ 
cedures performed at our clinic are performed with general 
anesthésia. 

If a local anesthetic is chosen, the tourniquet is not 
inflated. Yoshiya et al. reported the use of a 1:1 mixture of 
1% lidocaine and 0.25% bupivacaine. Usually, 50 mL of the 
mixture was injected intraarticularly before the procedure. 
When a long procedure was expected, a small amount of 
epinephrine was added to the mixture to help maintain 
hemostasis and to increase the duration of action of the anes¬ 
thetic agents. The authors recommended taking care not to 
exceed the maximal dosage when using bupivacaine (2 mg/ 
kg of body weight). At each anticipated portai, an additional 
5 mL of the lidocaine-bupivacaine mixture was injected. 
There was only one report of nausea and no other reports of 
toxic reactions or central nervous System or cardiovascular 
complications. 

Postoperative pain may be diminished by treatment 
with oral nonsteroidal antiinflammatory médication preop- 
eratively and postoperatively, or intraoperatively through 
intramuscular or intravenous administration. The use of non¬ 
steroidal antiinflammatory médication has also been shown 
to reduce swelling and to increase range of motion in 
the early postoperative period. The use of oral corticoste- 
roids has not proved effective. Bénéficiai analgésie effects 
hâve been documented for administration of 30 mL of 0.25% 
bupivacaine with or without the addition of 3 mg of mor¬ 
phine. We do not recommend the use of intraarticular pain 
pump cathéters because of the potential for chondrocyte 
toxicity. 

DOCUMENTATION 

A systematic examination of the operative joint should be 
recorded using digital photographs, video clips, or both. Pre- 
operative and postoperative photographs are valuable élé¬ 
ments of a patients record and can be used to critically 
analyze and teach operative procedures. 

ADVANTAGES 

The advantages of arthroscopic procedures far outweigh the 
disadvantages. Some advantages of arthroscopic procedures 
compared with arthrotomy are as follows: 

■ Reduced postoperative morbidity. The patient can return to 
sedentary work almost immediately and to more vigorous 
work activities within 2 to 3 weeks after most simple 
procedures. 


■ Smaller incisions. Arthroscopic diagnostic and operative 
procedures can be carried out through multiple small inci¬ 
sions around the joint, which are less likely to produce 
disfiguring scars. 

■ Less intense inflammatory response. The small incisions 
through the capsule and synovium resuit in a much less 
intense inflammatory response than with standard arthrot¬ 
omy. This results in less postoperative pain, faster réhabili¬ 
tation, and faster return to work. 

■ Improved visualization. Better visualization is particularly 
important in shoulder procedures where pathology is 
common and can be repaired concomitantly through the 
use of common arthroscopic portais. 

■ Absence of secondary effects. The secondary effects of 
arthrotomy around the joints, such as neuroma formation, 
painful disfiguring scars, and potential functional imbal¬ 
ance (e.g., of the extensor mechanism of the knee), are 
eliminated by arthroscopic techniques. 

■ Reduced hospital stay. Most arthroscopic procedures are 
performed on an outpatient basis. 

■ Reduced complication rate. Only infrequent complications 
of arthroscopic procedures hâve been reported. 

■ Improved follow-up évaluation. The minimal morbidity 
associated with arthroscopy allows the effects of a previous 
operative procedure, such as meniscal repair, to be reeval- 
uated if persistent symptoms warrant further évaluation. 
These are offen referred to as relook or second-look 
procedures. 

■ Possibility of performing surgical procedures that would be 
difficult or impossible to perform through open arthrotomy. 
A number of surgical procedures are more easily per¬ 
formed with arthroscopic techniques than through open 
arthrotomy incisions. Many menisci that can be repaired 
are accessible only with arthroscopic techniques and 
cannot be satisfactorily viewed through arthrotomy. 

DISADVANTAGES 

The disadvantages of arthroscopy are few but may be signifi¬ 
cant to the individual arthroscopic surgeon. Not every 
surgeon has the tempérament to perform arthroscopic 
surgery because it requires working through small portais 
with délicate and fragile instruments. The need to maneuver 
the instruments within the tight confines of intraarticular 
spaces may produce significant seuffing and scoring of the 
articular surfaces, especially by an inexperienced surgeon. 
The procedures can be extremely time-consuming early in 
one’s expérience with arthroscopy. Also, the specialized 
equipment that is required is extensive and expensive. 

Although these disadvantages can be significant, the 
advantages to patients generally far outweigh them. 

INDICATIONS AND 
CONTRAINDICATIONS 

Intraarticular or periarticular pathologie conditions can be 
examined and treated arthroscopically. However, previous 
expérience and the skillset of the operating surgeon should 
détermine whether an arthroscopic or open technique would 
ensure the best possible treatment for the patient. The con- 
traindications are few. Arthroscopy should not be used in a 
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minimally damaged joint that will respond to the usual con¬ 
servative methods of treatment. Furthermore, the surgeon 
should not consider arthroscopy before careful évaluation of 
the patients history, thorough physical examination, and 
standard noninvasive diagnostic procedures hâve been per- 
formed. Arthroscopy is contraindicated when the risk of joint 
sepsis from a local skin condition is présent or when a remote 
infection may be seeded in the operative site. Partial or com¬ 
plété ankylosis around the joint is a relative contraindication, 
although the use of arthroscopy for lysis of adhesions around 
the knee, shoulder, elbow, and ankle can be bénéficiai. Major 
collateral ligamentous and capsular disruptions of the joint 
that will permit excessive extravasation of fluids into the soft 
tissues are relative contraindications to arthroscopy. In this 
situation, the capsule should be allowed to “stick down” or 
should be repaired primarily before any arthroscopic proce¬ 
dure. Gravity inflow should be used, and outflow should be 
maintained to help prevent increased compartmental fluid 
pressures. 


BASIC ARTHROSCOPIC 
TECHNIQUES 

Proficiency in arthroscopic techniques requires a great deal 
of patience and persistence. 

Techniques are best learned by assisting with and 
performing surgical procedures alongside an experienced 
arthroscopist during residency or fellowship or in practice. 
Hands-on learning sources by the American Academy of 
Orthopaedic Surgeons and by specialty societies are excellent 
ways to learn new procedures. Internet surgical videos also 
are available at many vendor websites. 

Patients expectations regarding the use of arthroscopic 
techniques hâve placed tremendous demands on practicing 
orthopaedic surgeons. A surgeon should not be persuaded by 
these pressures to perform a difficult arthroscopic procedure 
for which sufficient skills hâve yet to be developed. If an 
arthroscopic procedure is not progressing as expected, it may 
be wise to abort the procedure and return to an open method 
that has given good results in the past. As arthroscopic pro¬ 
cedures become better defined and results continue to 
improve, the number of arthroscopic procedures is increasing 
steadily. There is a steep learning curve to successful comple- 
tion of complicated procedures, such as shoulder stabilization 
and rotator cuff repair. The practicing surgeon should keep 
up with the literature, attend workshops, and observe these 
procedures being performed by highly skilled arthroscopists. 
Orthopaedic surgeons should perform procedures concur¬ 
rent with their skill levels, keeping in mind that a skillfully 
performed procedure through an open arthrotomy is préfér¬ 
able to a poorly performed arthroscopic procedure. 

TRIANGULATION TECHNIQUE 

Triangulation involves the use of one or more instruments 
inserted through separate portais and brought into the optical 
field of the arthroscope, with the tip of the instrument and 
the arthroscope forming the apex of a triangle. The principle 
of triangulation is the basis for operative arthroscopy. Trian¬ 
gulation séparâtes the arthroscope from the operating instru¬ 
ment, allowing the viewing arthroscope to be enlarged and 
increasing the field of view. The angle of inclination can be 


varied to allow improved visual access to more areas of the 
joint. Séparation of the instruments from the arthroscope 
improves depth perception and, perhaps the most significant 
advantage, permits independent movement of the arthro¬ 
scope and the surgical instrument, which is essential for 
operative arthroscopy. 

To begin triangulation, the arthroscope should be placed 
at a sufficient distance from the area to be probed to give a 
wide field of vision. When the instrument is positioned, the 
scope and instrument are advanced together toward the 
intended area, reducing the field of vision while increasing 
the magnification. A mistake commonly made by arthrosco¬ 
pists early on is placement of the scope too close to objects, 
thus losing the larger field of vision necessary to maintain 
constant visual orientation. 

If the surgeon becomes disoriented and has difficulty in 
triangulation, the accessory instrument may be brought into 
the joint to contact the sheath of the arthroscope. By sliding 
the instrument down the sheath to the arthroscope tip, the 
surgeon may bring the instrument into the field of vision. 
With practice, a surgeon will develop a stéréo scopie sense 
that allows placement of the instrument into the field of view 
immediately. 

COMPLICATIONS 

Complications during or affer arthroscopy are infrequent and 
fortunately are usually minor. Most are preventable with good 
preoperative and intraoperative planning and attention to the 
details of basic techniques. Familiarity with local anatomy 
and gaining familiarity with new techniques through learning 
centers, operating with colleagues, videos, and staying current 
with specialty journals allow the surgeon to gain valuable 
information from the expériences of other colleagues. Before 
operative procedures, having ail office notes and radiographs 
available is similarly bénéficiai. Also, before entering the 
operating room, reviewing the surgical procedure with the 
patient and having the patient Write the word “wrong” on the 
nonoperative extremity can alleviate possible confusion on a 
long operative day. The Sign Your Site program of the Ameri¬ 
can Academy of Orthopaedic Surgeons and the Universal 
Protocol recommendations of the Joint Commission on 
Accréditation of Healthcare Organizations include preopera¬ 
tive vérification of the operative site, marking of the operative 
site by the surgeon (Fig. 49-9), and a “time out” before 
the procedure is begun for final vérification and a final 
checklist. 

Overall complication rates for arthroscopy are reported 
to be between 1% and 4.7%. The complication rate is 
proportional to expérience, operating time, tourniquet time, 
procedure complexity, multi-ligament and posterior cruciate 
ligament injuries, number of procedures, and meniscal 
repairs. The most commonly reported complications include 
return to the operating room and superficial infections. 
Careful préparation before the procedure can prevent many 
of the potential complications. In their review of complica¬ 
tions reported by surgeons sitting for part II of the American 
Board of Orthopaedic Surgeons examinations, Salzler et al. 
found 4305 complications reported in approximately 92,565 
arthroscopic knee procedures, a 4.7% complication rate. Pro¬ 
cedure complexity was correlated with an increase in adverse 
outcomes. Posterior cruciate ligament reconstruction had the 
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Operative extremity has been marked by the 
patient and by the surgeon. 


highest complication rate, which was 20%. Basques et al. 
showed that comorbidities and smoking increased the risk of 
complications after arthroscopie meniscectomy. 

DAMAGE TO INTRAARTICULAR 
STRUCTURES 

Damage to intraarticular structures probably is the most 
common complication of knee arthroscopy. Scuffing of the 
articular cartilage surfaces by the tip of the arthroscope or the 
operating instrument occurs most offen when the arthrosco- 
pist is inexperienced, when the joint is tight, or when the 
procedure is long and particularly difficult. Forcing the 
arthroscope or other instruments between articular surfaces, 
such as the fémoral and tibial condyles or the humerai head 
and glenoid cavity, may severely score their surfaces and lead 
to progressive chondromalacic changes and degenerative 
arthritis. The joint should be opened with leverage or traction 
first and the arthroscope allowed to slide into the space 
created. Use of a leg holder or a leverage post during knee 
surgery, as well as traction or distraction devices during 
shoulder, hip, and ankle procedures, is helpful. Once the 
arthroscope has been inserted between the articular surfaces, 
distraction should be maintained. If distraction is released 
and the scope is then retracted, the articular cartilage will be 
severely scored. Finally, a poorly placed portai frequently 
makes instrument passage and maneuvering more difficult. It 
is better to change the portai site or to make an accessory 
portai than to seuff the articular surface by forcing the 
instrument. 

DAMAGE TO MENISCI AND FAT PAD 

The anterior horn of either meniscus of the knee can be 
damaged by incision or pénétration if the anterior portais are 
located too inferiorly (Fig. 49-10). If the portais are too close 



UP Idéal placement of cannula. If it is positioned 
too high, the angle of obliquity is such that the posterior horn 
cannot be seen; if it is too low, the cannula can go through the 
meniscus and limit view or mobility. Idéal placement is directly in 
the slot between the fémur and tibia. 


to the patellar tendon, they may traverse the fat pad. Repeated 
pénétration of the fat pad causes swelling of the pad and 
obstruction of view, and may also resuit in hemorrhage, 
hypertrophy, or fibrosis of that structure. 

DAMAGE TO CRUCIATE LIGAMENTS 

Either cruciate ligament may be damaged during meniscal 
excision when an intercondylar attachment is eut. With knee 
ligament reconstructions, the intact cruciate is susceptible to 
injury when motorized instruments are debriding the inter¬ 
condylar notch. Thus, the shaver blade should always be 
directed away from the intact ligament. 

DAMAGE TO EXTRAARTICULAR 
STRUCTURES 
■ BLOOD VESSELS 

Damage to the blood vessels around the joint may be the most 
serious and devastating arthroscopic complication. Vascular 
injury most offen occurs as a resuit of direct pénétration or 
lacération but may occur from pressure caused by excessive 
fluid extravasation. Small’s 1986 report included 12 vascular 
injuries, ail in knee surgery; no vascular complications were 
reported in his 1988 study. The popliteal artery is at risk 
during meniscectomy when intercondylar attachments are 
eut, especially when arthroscopic knives are used. Both the 
popliteal artery and vein hâve been damaged during meniscal 
repairs as the sutures are placed posteriorly. Most surgeons 
now recommend a posteromedial or postérolatéral incision, 
with expo sure of the capsule and placement of a suitable 
retractor to protect the popliteal vessels during meniscal 
repairs and for posterior cruciate ligament reconstructions. 
When large, complicated procedures are performed, constant 
awareness of the posterior vascular structures is necessary 
and having the availability of a vascular surgeon is désirable. 
The vessels are also vulnérable if there is uncontrolled péné¬ 
tration during establishment of the posteromedial or postéro¬ 
latéral knee portais. Extensive arthroscopic synovectomies 
hâve been associated with injury to the genicular arteries, 
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with subséquent arteriovenous fistula or pseudoaneurysm 
formation. 

The anterior tibial artery is at risk during anterior 
approaches for ankle arthroscopy, especially with the antero- 
central approach. Likewise, posteromedial portais are not 
recommended because of the proximity of the posterior 
artery During elbow arthroscopy, the brachial artery may be 
damaged when establishing either the anteromedial or 
antérolatéral portai. Fluid extravasation may also compress 
this vessel in the antecubital fossa. In shoulder arthroscopy, 
the axillary artery may be injured by an arthroscopic instru¬ 
ment plunging through the axillary pouch. More often, axil¬ 
lary vessel occlusion is caused by fluid extravasation or 
excessive arm traction. 

During shoulder arthroscopy, the acromial branch of the 
coracoacromial artery can be transected just latéral to the 
acromioclavicular joint during resection of the coracoacro¬ 
mial ligament. 

Major superficial veins may be lacerated by improper 
portai sélection. In the knee, the saphenous vein may be 
penetrated by poor posteromedial portai location. In the 
shoulder, the cephalic vein may be penetrated by poor ante¬ 
rior portai site sélection. 

■ COMPARTMENT SYNDROMES 

Increased compartment pressure may occur during surgery 
from fluid extravasations and should be monitored during 
ail extensive procedures. By using gravity inflow or lower 
pump pressures and ensuring adéquate outflow, most of 
these complications can be avoided. When excessive extrava¬ 
sations occur, stopping fluid inflow, releasing any constricting 
dressing or tourniquets, and placing the extremity at the 
level of the heart are recommended. Wrapping with an 
Esmarch tourniquet from a distal to proximal direction and 
then removing it may help remove the extravasated fluid. 
Persistence of elevated pressure should be evaluated and 
treated following the guidelines set for compartment syn¬ 
drome (see Chapter 53). 

■ NERVES 

Nerve injuries may be caused by direct trauma from a scalpel 
or sharp trocar, traction from overdistraction, mechanical 
compression or compression from fluid extravasation, pro- 
longed ischemia from excessive tourniquet use, or a poorly 
defined mechanism of injury to the anatomie nervous System 
that results in reflex sympathetic dystrophy. Many of these 
complications can be avoided by marking the portais appro- 
priately, making sure the scalpel pénétrâtes the skin only, 
using a hemostat to spread down to the joint capsule in the 
proximity of a nerve, and routinely using blunt trocars. Main- 
taining proper joint distention and distraction, padding nerve 
and bony prominences, and proper patient positioning also 
greatly reduce the chances of nerve complications. Familiarity 
with techniques and anatomy allows proper portai placement 
and improves surgical technique, thus minimizing tourniquet 
time. 

Sensory and motor nerves near the joint may also be 
damaged. The inferior branches of the saphenous nerve or 
sartorial branches of the fémoral nerve are the most com- 
monly injured cutaneous nerves. The location of each of these 
numerous cutaneous branches varies, and therefore occa- 
sional injury to one may be unavoidable, especially if multiple 


portais are used. In most instances, the hypesthesia produced 
is of minor conséquence and causes no problem. On occa¬ 
sion, a painful neuroma may require subséquent resection. In 
Small’s report (1986), 229 nerve injuries were reported during 
knee arthroscopies. Thirty saphenous nerve injuries and six 
peroneal nerve injuries were reported in 3034 meniscal 
repairs. In Smalls second sériés (1988), increased expérience 
with meniscal repairs as well as improved techniques (espe¬ 
cially posteromedial or postérolatéral exposures) dramati- 
cally lowered the incidence of nerve injury to one saphenous 
nerve injury in 310 meniscal repairs. 

During shoulder arthroscopy, the branches of the axillary 
nerve that course along the deep surface of the deltoid may 
be injured if either anterior or posterior portai sites are too 
far inferior. Traction neurapraxia of the brachial plexus may 
occur when strong traction and distraction of the shoulder 
hâve been used. The position that appears to resuit in the 
greatest traction on the brachial plexus is 30 degrees of 
forward élévation and 70 degrees of abduction. In 1986, Small 
reported one axillary nerve injury and three brachial plexus 
injuries in 14,329 shoulder arthroscopies. In 1988, there were 
no nerve injuries in 1184 shoulder procedures. Arthroscopy 
of the smaller joints, elbow and ankle, requires even greater 
attention to detail and general principles than in the more 
familiar knee arthroscopy. Neurovascular injury is the major 
risk of elbow arthroscopy: anterior portais place the radial 
and posterior interosseous nerves at risk on the latéral side 
and the médian nerve at risk on the médial side; posterome¬ 
dial portais place the ulnar nerve at risk. However, nerve 
palsies after elbow arthroscopy usually are transient and 
resuit from local anesthetic, tourniquet use, or blunt injury. 
Kelly et al. reported 12 transient nerve palsies in 473 elbow 
arthroscopies and identified rheumatoid arthritis and con¬ 
tractures as significant risk factors for the development of 
temporary nerve palsy. 

Regardless of the site of the arthroscopic procedure, a 
thorough understanding of local anatomy and précisé 
marking of tendons and neurovascular structures are essen- 
tial. Exact portai placement and proper distention before 
blunt entry into the joint decrease nerve vulnerability. Careful 
use of less aggressive motorized shavers is important in 
working close to neurovascular structures. 

■ LIGAMENTS AND TENDONS 

The médial collateral ligament may be injured by accessory 
médial portais around the knee, or it may be torn by severe 
valgus stress in an attempt to open up the médial compart¬ 
ment. This is a real possibility if a rigid leg holder is used and 
a strong valgus stress is applied. 

HEMARTHROSIS 

Hemarthrosis is the most common postoperative com¬ 
plication, occurring most frequently after latéral reti- 
nacular releases and synovectomies. The superior latéral 
geniculate vessels usually are eut in latéral retinacular releases, 
and the inferior latéral geniculate vessels may be lacerated 
just anterior to the popliteal hiatus during latéral men- 
iscectomy and synovectomy. Persistent unexplained hemar¬ 
throsis is an indication for appropriate vascular studies and 
hématologie clotting studies to help détermine appropriate 
treatment. 
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THROMBOPHLEBITIS 

Thrombophlebitis is potentially the most dangerous postop- 
erative complication; fortunately, it is not common after 
routine arthroscopic procedures. Stringer et al. reported deep 
vein thrombosis (DVT) in 4.2% of 48 patients evaluated with 
venography after knee arthroscopy; none had pulmonary 
emboli. In a 1998 report, Schippinger et al., using ultrasound, 
phlebography, and lung scans preoperatively and 5 weeks 
postoperatively in 101 patients, revealed eight cases of DVT, 
four of which were silent and four of which were symptom- 
atic. Nine emboli were detected, of which eight were silent. 
Ail patients had been given 5000 IU of low-molecular-weight 
heparin (LMWH) 12 hours before surgery. The authors found 
a tendency toward development of DVT when several preop- 
erative risk factors were présent. There was no corrélation 
with surgical time, tourniquet use, or anesthetic. Demers 
et al. studied 184 patients using ultrasonography 1 week after 
arthroscopy; no prophylaxis was given. Thirty-three patients 
(17.9%) were diagnosed with DVT; 20 patients were symp- 
tomatic, and most were proximal or extensive. DVT signifi- 
cantly increased with a tourniquet time of greater than 60 
minutes. In a meta-analysis of patients who had not received 
prophylactic antithrombotic médication, Ilahi et al. found the 
overall rate to be 9.9% for DVT and 2.1% for proximal DVT 
after knee arthroscopy. 

Although rates of pulmonary emboli after arthroscopic 
surgery hâve been reported to be less than 1%, a more recent 
meta-analysis by Sun et al. found an average rate of 6.8% for 
DVT in patients without LMWH prophylaxis; 29 of 136 
DVTs were proximal. In patients who received LMWH pro¬ 
phylaxis, the DVT rate was 1.8%; four of 36 DVTs were proxi¬ 
mal. Two studies evaluating DVT after anterior cruciate 
ligament reconstruction reported DVT rates of 14% (Ye et al.) 
and 9% (Struijk-Mulder et al.). Ye et al. found âge of greater 
than 35 years and female sex to be associated with an increased 
risk of DVT. In a later study of 537 patients who were exam- 
ined with venography after knee arthroscopy, Sun et al. found 
venous thromboemboli in 80 patients (15%), only 20 of 
whom had clinical signs of DVT. Advanced âge and complex 
procedures were significantly associated with DVT. 

DVT of the upper extremity is rare. Randelli et al. 
reported only six occurrences of DVT in 9385 shoulder 
arthroscopies (0.06%). In a sériés of 1908 patients with shoul¬ 
der arthroscopy reported by Kuremsky et al., six patients 
(0.3%) had thromboembolie complications involving both 
the ipsilateral upper and lower extremities; four of the six 
patients had pulmonary emboli. 

Based on the currently available data, we recommend use 
of lower extremity serial compression devices after extensive 
arthroscopic shoulder surgery, especially in at-risk patients. 
The risks of DVT prophylaxis should be weighed against the 
benefits when ligament or meniscal repair is performed, par- 
ticularly in patients with known risk factors for thromboem¬ 
bolie complications, such as female sex, âge over 35 years, 
co-morbidities, use of birth control, and factor V Leiden 
thrombophilia. Medical consultation is indicated for these 
patients. Finally, prolonged travel, especially by air, is best 
avoided in the immédiate postoperative period. 

INFECTION 

Despite early fears of infection, the actual number of reported 
infections after arthroscopy has remained extremely low. 


Numerous investigators hâve reported large sériés, ail 
with infection rates of less than 0.2%. This low incidence 
is undoubtedly the resuit of several factors, including 
limited incisions, young and healthy patients, short operat- 
ing times, and irrigation and dilutional effects of the irrigat- 
ing solutions. Babcock et al. noted, however, that when 
such infections occur, they can cause significant morbidity. 
As risk factors, they cited the use of intraarticular corticoste- 
roids, prolonged tourniquet time, patient âge of greater 
than 50 years, failure to préparé the surgical site again 
before conversion to arthrotomy, procedure complexity, 
and history of previous procedures. They also noted that 
several reported outbreaks of infection after arthroscopy 
were related to breaks in infection control or contaminated 
instruments. 

The use of prophylactic antibiotics is still controversial. 
Citing the development of septic arthritis in nine patients 
after knee arthroscopy, DAngelo and Ogilvie-Harris sug- 
gested that the use of prophylactic antibiotics may be cost 
bénéficiai, considering the unpredictability of this complica¬ 
tion and its serious conséquences. However, Bert et al. 
reviewed 3231 arthroscopic knee surgeries and found infec¬ 
tion rates of 0.15% in patients who received antibiotics and 
0.16% in those who did not. These authors concluded 
that there was no value in administering antibiotics before 
routine arthroscopic knee surgery. Kurzweil noted that pro¬ 
phylactic antibiotics may be appropriate to reduce the risk of 
infection in “high-risk” patients, such as those with diabètes, 
immune problems, and skin disorders. Judd et al. reported 
an infection rate of 0.68% in 1615 patients who had under- 
gone arthroscopic anterior cruciate ligament reconstructions, 
and associated previous knee surgery, especially previous 
anterior cruciate ligament reconstruction and tibial graft fixa¬ 
tion with a post and washer, with an increased risk of infec¬ 
tion. Routine use of postoperative intraarticular steroids has 
been associated with an increased incidence of postoperative 
infection. 

In a literature review of infections after arthroscopic ante¬ 
rior cruciate ligament reconstruction, Saper et al. found an 
86% success rate in 90 infections treated with early 
arthroscopic irrigation and debridement and intravenous 
antibiotics. Infections involving Staphylococcus aureus and 
allograffs were less likely to be successfully treated with this 
regimen. 

Infection rates after arthroscopy of other joints are equally 
low. Clarke et al. reported only one case of septic arthritis in 
1054 consecutive patients who underwent hip arthroscopy, 
and infections hâve been reported to occur in less than 1% of 
patients after shoulder arthroscopy and after arthroscopy of 
the ankle. Kelly et al. reported an infection rate of 0.8% in 473 
consecutive elbow arthroscopy patients. 

We recommend that surgical sites be cleansed and 
clippers be used in a preoperative area for hair removal. 
The entire extremity is cleansed with Hibiclens (Môlnlycke 
Health Care, Norcross, GA) and then painted with Dura- 
Prep (3M, St Paul, MN). A stérile technique is used while 
draping and isolating the surgical site with a waterproof seal. 
Stérile handling of the surgical site is also mandatory after 
surgery. 

Antibiotics are given as recommended by the American 
Academy of Orthopaedic Surgeons advisory statement for 
total joints, which recommends intravenous administration 
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of 1 g cefazolin to the patient within 1 hour of the skin inci¬ 
sion. Patients who are allergie to cephalosporins are treated 
with alternative antibiotic prophylaxis. 

TOURNIQUET PARESIS 

Temporary paresis in the extremity has been observed after 
tourniquet use to control bleeding in diagnostic or operative 
arthroscopy, usually after prolonged procedures. If a tourni¬ 
quet is required, it should be deflated after 90 to 120 minutes. 
Careful monitoring of the tourniquet pressure and testing the 
accuracy of the tourniquet gauges minimize these problems. 
Fortunately, tourniquet paresis is usually mild and résolves 
within a few days. 

SYNOVIAL HERNIATION AND FISTULAS 

Small globules of fat and synovial tissue may herniate through 
any of the arthroscopic portais. Usually, the larger the portai, 
the greater the chance of this complication occurring. Rarely, 
a large fluid-filled cystic herniation may occur. These fat and 
synovial herniations are usually small and become asymp- 
tomatic over several weeks and do not require any spécifie 
treatment. If a herniation persists and remains symptomatic, 
excision of the herniated portion with careful closure of the 
capsule may be required. 

Synovial fistulas are rare but hâve occurred following 
suture reactions or stitch abscesses. Fistulas are more com- 
monly associated with posteromedial knee and ankle portais. 
To improve closure, these portais should be routinely sutured 
rather than closed with adhesive strips. Fistulas do not usually 
produce significant intraarticular infections, but the patient 
should probably receive antibiotics, and the knee should be 
immobilized for 7 to 10 days to allow the fistula to close 
spontaneously. Surgical closure is rarely required. 

INSTRUMENT BREAKAGE 

If an instrument breaks, the surgeon should immediately 
close the outflow cannula, but the inflow should be left open 
to keep the joint distended. Stopping the outflow reduces 
turbulence, and holding the joint still helps to prevent the 
fragment from falling out of sight into another part of the 
joint. If the broken instrument is located in the visual field, it 
is essential to focus total attention on keeping it within view 
and removing it. Broken instruments tend to gravitate into 
the médial or latéral gutters of the knee, to hide beneath the 
menisci, or to drop by gravity into the posterior or most 
dépendent part of the joint. If the fragment cannot be located 
by thorough examination and probing of the joint, a radio - 
graph of the joint should be made. If the broken piece is 
located, a suction apparatus or magnet may be introduced 
through an accessory portai to stabilize and remove the small 
broken fragment, or an additional grasping instrument can 
be inserted through a third portai to secure and extract the 
piece. 

IMPLANT COMPLICATIONS 

Suture anchors, sutures, and knots can cause chondral 
damage, synovitis, osteolysis, and chondrolysis. Persistence of 
mechanical symptoms, reproducible knot impingement, and 
persistence of synovitis should be evaluated by MRI and by 
aspiration if indicated. Arthroscopic examination is indicated 
for painful mechanical catching or impingement for which 
another cause cannot be found. 
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ANKLE ARTHROSCOPY 

The most common current indications for ankle arthroscopy 
include soft-tissue or bony impingement and treatment of 
osteochondral lésions of the talus. These patients often hâve 
continuing ankle pain affer injuries such as a sprain that hâve 
not responded to the usual conservative therapy, and tender- 
ness is noted specifically at the ankle joint line on physical 
examination. A definite diagnosis should be made before 
arthroscopy is performed; purely diagnostic arthroscopy has 
a low success rate. If an MRI is not helpful with the diagnosis, 
a diagnostic intraarticular injection can be used. Significant 
relief from an intraarticular anesthetic suggests the presence 
of an intraarticular pathologie process, for which ankle 
arthroscopy and debridement may be bénéficiai. Arthroscopy 
also has been used to treat ankle instability, septic arthritis, 
arthrofibrosis, and loose bodies. 

Several anatomie structures are at risk during anterior 
ankle arthroscopy, with most of the risk of injury occurring 
during portai placement. In addition, the anterior tibial 
artery is at risk of injury when working in the anterior 
aspect of the ankle. In an MRI study, a branch of the ante¬ 
rior tibial artery was near the antérolatéral portai in 6.2% of 
patients, and the artery was an average of 2.3 mm from the 
anterior capsule. In a cadaver study, the mean distance from 
the distal tibia to the anterior tibial artery was 0.9 cm when 
the ankle was in dorsiflexion, and the distance decreased to 
0.7 cm when noninvasive distraction was applied to the 
ankle; thus the safe anterior working area is decreased with 
distraction. The superficial peroneal nerve often is marked 
preoperatively with the foot in plantarflexion and inversion. 
A cadaver study found that the nerve moves laterally when 
the foot is moved from plantarflexion and inversion to 
neutral or dorsiflexion (which is the usual position of the 
foot when creating the antérolatéral portai); the authors 
therefore advise to stay médial to the preoperative marking 
when making the portai to lessen the risk of injury to the 
nerve. In another cadaver study, two or more branches of 
the superficial peroneal nerve crossed the ankle in 83% of 
specimens, 68% of ankles had a branch near the antérolat¬ 
éral portai, and 12% had a branch near the anteromedial 
portai. 


ARTHROSCOPIC EXAMINATION AND 
DEBRIDEMENT OF THE ANKLE JOINT 


TECHNIQUE 50-1 


■ For routine ankle arthroscopy, place the patient supine, 
with the operative extremity in a leg holder such that the 
hip and knee are flexed, with the foot hanging free, 
resulting in gravity-assisted distraction. This also allows 
free ankle range of motion, which can assist in access to 
different parts of the ankle (Fig. 50-1). 

■ Mark portai placement after establishing the path of the 
superficial peroneal nerve, which can be seen subeutane- 
ously after plantarflexion and inversion of the foot 
(Fig. 50-2). 

■ Mark antérolatéral and anteromedial portais at the joint 
line, which can be palpated, staying away from the pero¬ 
neal nerve (Fig. 50-3). 

■ After Esmarch exsanguination of the extremity and infla¬ 
tion of the thigh tourniquet, establish the anteromedial 
portai by inserting an 18-gauge spinal needle at the 
marked site and insufflating the joint with saline to ensure 
intraarticular placement and to provide more space for 
introduction of the blunt trocar (Fig. 50-4). Successful 
insufflation occurs when there is minimal résistance to the 
introduction of saline, when the foot dorsiflexes as the 
joint capsule becomes tight, and when there is backflow 
of the saline into the syringe after the joint is maximally 
distended. The anteromedial portai is established first 
because there are fewer structures at risk than with the 
antérolatéral portai. 

■ After localization of the anteromedial portai with the 
spinal needle, make a skin incision just large enough to 
insertthe cannula. A large incision allows more extravasa¬ 
tion of fluid into the surrounding soft tissues and can 
make the procedure more difficult. 

■ Further penetrate the joint with a blunt straight hemostat 
to avoid damage to the saphenous nerve, which is at risk 
in this area. 


2471 
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Leg holder for ankle arthroscopy. SEE TECH¬ 


NIQUE 50-1. 


JjgjJ Path of superficial peroneal nerve is marked on 
ankle. SEE TECHNIQUE 50-1. 


■ Place a 2.7-mm 30-degree arthroscope into the antero- 
medial portai, and establish the antérolatéral portai by 
direct visualization of a spinal needle introduced at the 
site of the anticipated portai placement. 

■ When appropriate needle placement is seen, make the 
skin incision for the antérolatéral portai and penetrate the 
joint with a blunt instrument (Fig. 50-5); then introduce 
the arthroscopic shaver in this portai. 

■ Inspect the latéral aspect of the joint with use of instru¬ 
ments in the antérolatéral portai as needed for debride- 
ment (Fig. 50-6), and then switch portais (arthroscope in 
the antérolatéral portai and instruments in the anterome- 
dial portai) for treatment of the médial side of the joint 
(Fig. 50-7). 

■ Noninvasive distraction can be used if needed to access 
the deeper aspects of the joint (Fig. 50-8). Occasionally, 
a postérolatéral portai is needed to treat pathologie 
processes in the posterior aspect of the ankle that cannot 
be reached even after distraction is applied. 

■ After the procedure is completed, close the portais with 
suture to avoid the development of a fistula, which is a 
reported complication of ankle arthroscopy. 

POSTOPERATIVE CARE. Patients are placed in a walking 
boot and can bear weight as tolerated but should be 
cautioned against excessive activity, because this could 
cause the ankle to become inflamed. Physical therapy 
should be started once the wounds hâve healed and 
postoperative pain is minimal. 


COMPLICATIONS 

Complication rates vary from 9% to 17%, with the most 
common complication being neurologie injury. More recent 
studies hâve reported lower complication rates of 3.5% to 
6.8%, presumably related to the use of noninvasive distraction 
or dorsiflexion with minimal distraction. Other complica¬ 
tions include vascular injury with pseudoaneurysms, joint 
fistula, infection, chronic régional pain syndrome, instru¬ 
ment breakage, deep venous thrombosis, and compartment 


syndrome. Iatrogénie cartilage damage has been reported in 
31% of cases, with severe damage in 6.7%; however, there 
were no symptoms in these patients at follow-up. 

ANKLE IMPINGEMENT SYNDROMES 
■ ANTERIOR ANKLE IMPINGEMENT 

Anterior ankle impingement can be caused by anterior tibial 
and talar osteophytes and by anterior soft tissue that becomes 
compressed with dorsiflexion of the ankle. Patients présent 
with pain localized to the anterior aspect of the ankle and 
hâve tenderness at the joint line anteriorly. Latéral radiographs 
may not show the osteophytes; an anteromedial view of the 
ankle is often helpful. MRI can show osteophytes but is not 
very sensitive for soff-tissue impingement; MR arthrography 
or contrast-enhanced, fat-suppressed, three-dimensional 
(3D), fast-gradient recalled acquisition in the steady State with 
radiofrequency spoiling (CE 3D-FSPGR) MRI is more sensi¬ 
tive and spécifie but is less practical. MRI may be helpful; 
however, in one study, 58% of patients had an associated 
diagnosis, which changed the surgical plan in 33%. Careful 
physical examination and diagnostic injection can help to 
pinpoint the diagnosis. The use of intraarticular injections has 
been questioned because of the potential cytotoxicity to chon¬ 
drocytes; however, these are ail in vitro studies, and there are 
no studies substantiating the effects in the clinical setting. 

If symptoms persist despite activity modification, immo- 
bilization and réhabilitation, arthroscopic debridement can 
be helpful in alleviating symptoms. Reported success rates for 
this procedure range from 73% to 96% in level II-IV studies. 
In a 2015 systematic review, patient satisfaction was good or 
excellent in 74% to 100%, with a complication rate of 5.1%, 
although most studies did not differentiate between types 
of impingement. When separating out the different types of 
impingement, level IV studies show that ankle arthroscopy is 
successful for anteromedial impingement, antérolatéral 
impingement, and anterior bony impingement. Patients with 
a poorer prognosis include those without a clear diagnosis 
and those with higher grades of arthritic changes of the ankle. 
Osteophytes may recur but usually are not symptomatic. 
There is currently a grade B recommendation (fair evidence) 
to support use of ankle arthroscopy for ankle impingement 













CHAPTER 50 ARTHROSCOPY OF THE FOOT AND ANKLE 



A f Two anterior portais for ankle arthroscopy are marked in relation to anterior tibial and other extensor 
tendons where they cross anterior aspect of ankle. B f Anteromedial portai site. C f Antérolatéral portai site. D f Posterior portais. 

SEE TECHNIQUE 50-1. 


according to a systematic review from 2009. According to a 
national database study, the frequency of ankle arthroscopy 
has increased from 2814 cases in 2007 to 3314 cases in 2011, 
the rate of increase being greater than that for shoulder, knee, 
and elbow arthroscopy. Some level IV studies hâve described 
arthroscopic debridement for persistent pain affer supramal- 
leolar osteotomy and ankle fracture and for rheumatoid 
arthritis. 


■ POSTERIOR ANKLE IMPINGEMENT 

Patients with posterior ankle impingement point to the back 
of the ankle as the area of pain and hâve tenderness in the 
deep posterior aspect of the ankle and pain with a forced 
plantarflexion test (Fig. 50-9). Studies may show an os trigo- 
num or hypertrophie posterior process of the talus, and 
patients obtain relief with a fluoroscopic-guided injection in 
the area. 
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Establishment of anteromedial portai using 
18-gauge spinal needle. SEE TECHNIQUE 50-1. 


Antérolatéral portai is made with blunt 
instrument, followed by insertion of arthroscopic shaver. 

SEE TECHNIQUE 50-1. 




FIGURE 


A, Synovitis in médial ankle. B, After debridement. SEE TECHNIQUE 50-1. 
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Noninvasive ankle distraction. SEE TECH¬ 


NIQUE 50-1. 


POSTERIOR DEBRIDEMENT FOR 
ANKLE IMPINGEMENT 


TECHNIQUE 50-2 


■ Place the patient prone with the foot at the end of the 
bed and a support under the lower leg so that the foot 
hangs freely (Fig. 50-1 OA). Keeping the foot in neutral 
with respect to dorsiflexion/plantarflexion and varus/ 
valgus is the safest position in which to avoid neurovas- 
cular damage. 

■ Make the postérolatéral portai just superior to a line from 
the tip of the latéral malleolus to the Achilles tendon, just 
latéral to the tendon (Fig. 50-10B). Insert a hemostat 
through a small skin incision, aiming along a line directed 
to the first web space of the forefoot, until it hits bone 
(Fig. 50-10C). 

■ Make the posteromedial portai at the same level, just 
médial to the Achilles tendon, and insert a hemostat 
through the skin incision, directing it to contact the 
arthroscope at a 90-degree angle (Fig. 50-10D). Once 
the hemostat contacts the arthroscope, move it down 
the shaft until it hits bone and can be seen through the 
scope. If desired, use fluoroscopy to confirm appropriate 
placement. 

■ Place a shaver in this portai and remove the posterior 
subtalar capsule (Fig. 5-10E). Take care to stay latéral to 
the flexor hallucis longus tendon to avoid damage to the 
neurovascular bundle (Fig. 5-10F). 

■ To remove the os trigonum, partially detach the posterior 
talofibular ligament and posterior talocalcaneal ligament 
and release the flexor retinaculum to expose the bone to 
be removed (Fig. 50-10G). 

■ If distraction is needed, a transcalcaneal traction pin can 
be hooked to a traction device. 



Forced plantarflexion test for diagnosis of pos¬ 
terior ankle impingement. 


Good and excellent outcomes hâve been reported in 91% to 
100% of patients with this procedure. Multiple level IV studies 
demonstrate the efficacy of this procedure for symptomatic 
os trigonum and bony impingement, flexor hallucis longus 
tenosynovitis, and for patients with both diagnoses. Posterior 
debridement enabled ail 27 elite professional soccer players 
to return to training at an average of 5 weeks and can resuit 
in significant réduction in pain. Outcomes affer arthroscopic 
and open posterior debridement are similar, but earlier return 
to sports is possible with arthroscopic treatment, with lower 
complication rates. Complication rates range from 4% to 20%; 
complications include neurologie symptoms of the tibial and 
sural nerves, infection, chronic régional pain syndrome, 
Achilles tightness, and wound problems. 

A systematic review suggested a grade C recommenda¬ 
tion (poor quality evidence) for arthroscopic treatment of 
posterior ankle impingement, given the level of studies avail- 
able in the literature. 

■ ANTERIOR AND POSTERIOR IMPINGEMENT 

If access to both anterior and posterior aspects of the joint is 
necessary, changing the setup to switch the patient from 
supine to prone can be cumbersome but can hâve good 
results. An alternative to this is to perform anterior ankle 
arthroscopy as described earlier, and then rotate the leg to 
place two posteromedial portais, or to place the patient in the 
latéral position for the posterior surgery and externally rotate 
the leg for the anterior surgery. Alternatively, posterior 
arthroscopy can be done with the patient prone, and the knee 
can be flexed to 90 degrees to access the anterior ankle 
arthroscopically. 
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Posterior debridement for ankle impingement. A f Patient positioning. B f Postérolatéral portai. C f Insertion of hemo- 
stat aimed along line directed to first web space. D f Insertion of arthroscope through posteromedial portai. E f Insertion of arthroscopic 


shaver. F, Identification of flexor hallucis longus. G f Exposure of os trigonum. SEE TECHNIQUE 50-2. 
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OSTEOCHONDRAL LESIONS OF THE TALUS 

Osteochondral lésions of the talus can be treated arthroscopi- 
cally, and the current grade of recommendation is grade B 
(fair evidence), according to the literature that is currently 
available. Ankle arthroscopy is performed as described 
earlier; noninvasive distraction often is necessary to allow 
room for the instruments for subchondral pénétration. A 
more thorough discussion of osteochondral lésions of the 
talus is given in Chapter 89. 

ANKLE FRACTURES 

Arthroscopy can be used to assist with the réduction of talar 
fractures, but only case reports and case sériés are available 
in the literature, with no outcome studies to prove the efficacy 
of this technique. The same is true for distal tibial fractures, 
with only case reports and case sériés in the literature. In 
these reports, arthroscopy was used to assist in the réduction 
of pilon, posterior malleolar, médial malleolar, triplane, and 
Tillaux fractures. 

Arthroscopic examination of the syndesmosis can be 
more sensitive for detecting instability than stress radio - 
graphs or MRI. Patients with chronic syndesmosis injuries 
can be treated with arthroscopic debridement of the associ- 
ated intraarticular pathologie process without screw fixation 
if there is no latéral displacement of the talus. Patients with 
chronic widening of the syndesmosis can benefit from 
arthroscopic debridement and percutaneous placement of 
screws across the syndesmosis after réduction. 

Arthroscopic évaluation of the joint before fixation of an 
ankle fracture can detect chondral injuries and latent syndes¬ 
mosis injuries. There is some controversy in the literature, 
however, as to whether treatment of these otherwise unknown 
pathologie processes can improve outcomes; thus there is a 
grade I (incomplète) recommendation for supplementing 
ankle fracture fixation with arthroscopy. 

ANKLE ARTHRODESIS 

Arthrodesis of the ankle can be done arthroscopically, avoid- 
ing large incisions in patients with a poor soft-tissue envelope 
and minimal deformity. Once standard antérolatéral and 
anteromedial portais hâve been established and noninvasive 
distraction applied, curets and shavers are used to remove 
articular cartilage. An arthroscopic burr is then used to 
abrade the subchondral bone (Fig. 50-11). Complété joint 
préparation can be time consuming and tedious, but care 
should be taken to be thorough and complété. Percutaneous 
6.5-mm or 7.0-mm screws can be placed across the joint with 
the help of fluoroscopy (Fig. 50-12). 

Fusion rates are similar to those with open ankle arthrod¬ 
esis, and some studies hâve reported shorter times to fusion 
and less morbidity. In one level III study, outcomes were 
better in the arthroscopic arthrodesis group at 1 and 2 years, 
with a shorter hospital stay. Results may be less optimal in 
patients with greater deformity, but ankle arthrodesis has 
been done in patients with more than 15 degrees of deformity 
with good results. Although results are good from this pro¬ 
cedure, the complication rate can be as high as 55%, but most 
of these complications are minor. 

A grade B recommendation (fair evidence) exists for 
arthroscopic arthrodesis of ankles without deformity of more 
than 15 degrees. There is incomplète evidence for its use in 
ankles with greater deformity. 



2J2Ï Ankle arthrodesis. Motorized burr used to 
remove thin layer of subchondral bone (approximately 2 mm). 


ANKLE INSTABILITY 

Thermal capsular shrinkage has been suggested to be helpful 
for ankle instability; however, there is sparse evidence in the 
orthopaedic literature that supports this intervention, leading 
to a grade C recommendation (poor evidence) for this 
procedure. 

Arthroscopic-assisted procedures for latéral ligament 
repair also hâve been described. Suture anchors are placed 
into the fibula arthroscopically, and an accessory antérolatéral 
portai is used for passage of the sutures through the ligament 
and capsule. Although these procedures only correct laxity of 
the anterior tibiofibular ligament, good outcomes hâve been 
reported with their use. All-inside arthroscopic techniques 
also hâve been described for the Brostrôm procedure, as well 
as latéral ligament reconstruction with gracilis autograff. A 
cadaver study showed no différence in the strength of the 
repair with open or arthroscopic Brostrôm techniques. In a 
systematic review of level IV studies, ail patients had subjec¬ 
tive improvement of instability with arthroscopic Brostrôm 
techniques, but there was a 17% complication rate. Another 
cadaver study showed that entrapment of the peroneus 
tertius, extensor tendons, and the superficial peroneal nerve 
can occur with tying of the sutures for the anterior talofibular 
ligament. Techniques for ligament repair are discussed in 
Chapter 89. 

Because concomitant intraarticular pathologie processes 
are often associated with chronic ankle instability, arthros¬ 
copy is recommended before open latéral ankle ligament 
surgery. 

OTHER INDICATIONS 
■ SEPTIC ARTHRITIS 

There is sparse literature regarding the use of arthroscopy 
for treatment of septic arthritis of the ankle. In one sériés of 
78 infected joints that included five ankles, there was a 91% 
cure rate. In another sériés of 89 infected joints, three of 
which were ankles, there were 61% good/excellent, 20% 
satisfactory, and 19% poor functional outcomes. There is a 
grade C (poor evidence) for the use of arthroscopy for this 
indication. 
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FIGURE 


Fixation with two 6.5-mm cannulated screws. 


■ ARTHROFIBROSIS 

There are only small sériés (level IV studies) on the use of 
arthroscopy to treat arthrofibrosis of the ankle, most of which 
report promising results. There is, however, only a grade C 
recommendation (poor evidence) for the use of ankle arthros¬ 
copy in the treatment of arthrofibrosis. 

SUBTALAR ARTHROSCOPY 

Patients with sinus tarsi syndrome or subtalar synovitis local- 
ize their pain to the latéral hindfoot and hâve tenderness at 
the subtalar joint on examination. As with ankle impinge- 
ment, imaging studies may be négative and the diagnosis can 
be made with a subtalar injection that alleviates the patients 
symptoms. 


SUBTALAR ARTHROSCOPY 


TECHNIQUE 50-3 


■The setup for subtalar arthroscopy is similar to that for 
ankle arthroscopy, with the operative extremity placed in 
a leg holder, the hip and knee flexed, and the foot hanging 
free. Alternative^, the patient can be placed in the latéral 
decubitus position with the foot hanging off a bump. 

■ After insufflation of the joint, establish the central portai 
and then the antérolatéral portai by direct visualization 
using a spinal needle (Fig. 50-13). 

■ Often, visualization of the joint is difficult when the 
arthroscope first enters the joint because of the synovitis 
that fills the sinus tarsi (Fig. 50-14A). After triangulation 


to place portais, continue debridement until the joint can 
be visualized. 

■ Débridé the anterior aspect of the posterior facet, includ- 
ing the often attenuated interosseous talocalcaneal liga¬ 
ment (Fig. 50-14B). 

■ Rotate the instruments to the latéral aspect of the poste¬ 
rior facet where debridement of synovitis often is neces- 
sary (Fig. 50-15). Switch portais as needed for better 
access. Occasionally, a postérolatéral portai is necessary 
for posterior access. 

■ The subtalar joint can also be approached through pos¬ 
terior portais, similar to that described for posterior ankle 
arthroscopy. 

POSTOPERATIVE CARE. Postoperative care is similar to 
that after ankle arthroscopy. 


Subtalar arthroscopy when done for therapeutic and not 
diagnostic purposes, has good or excellent results in 86% to 
94% of patients, and 97% of patients are satisfied with the 
procedure. Arthroscopic debridement can be helpful for 
symptoms after calcaneal fractures, with 80% of patients expe- 
riencing considérable relief of pain and 82% satisfied with 
their outcomes. Subtalar arthroscopy can be used in conjunc- 
tion with fluoroscopy for percutaneous réduction and fixation 
of calcaneal fractures. Arthrodesis of the subtalar joint can be 
performed through a latéral or posterior approach or a com- 
bined posterior and latéral approach. Complications are rare, 
and most commonly are neurologie complications that résolve 
over time, similar to those after ankle arthroscopy. 
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FIGURE 5C 


Subtalar portais must be made carefully to avoid neurovascular injury. A, Antérolatéral portai. B, Central portai 


C, Postérolatéral portai. SEE TECHNIQUE 50-3. 



FIGURE 


Anterior subtalar debridement. SEE TECHNIQUE 50-3. 



FIGURE 


A, Synovitis in latéral aspect of posterior facet. B f After debridement. SEE TECHNIQUE 50-3. 
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FIRST METATARSOPHALANGEAL 
JOINT ARTHROSCOPY 

First metatarsophalangeal joint arthroscopy can be used to 
treat osteochondral lésions of the first metatarsal head (Fig. 
50-16), early osteophytosis, chondromalacia, loose bodies, 
arthrofibrosis, synovitis, and gouty arthritis. Arthroscopic or 
arthroscopic-assisted techniques hâve been described for first 
metatarsophalangeal joint arthrodesis, with a soff-tissue release 
for hallux valgus before a distal first metatarsal osteotomy. 


FIRST METATARSOPHALANGEAL 
JOINT ARTHROSCOPY 


TECHNIQUE 50-4 


■ Place the patient supine and place a finger trap on the 
hallux for distraction; suspend the foot from a tower such 
as those used for wrist arthroscopy (Fig. 50-17A). 



FIGURE 


A f First metatarsophalangeal joint osteochondral lésion. B f After debridement and microfracture. 



FIGURE 


A f Distraction of first metatarsophalangeal joint with stérile finger trap. B f Placement of dorsal médial and dorsal 


latéral portais. SEE TECHNIQUE 50-4. 
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Peroneal tendoscopy. A f Portai placement approximately 4 cm apart. B f Peroneal brevis tendon (a) médial and deep 
to peroneus longus tendon (b) as seen from portai proximal to fibula. (From Ferkel RD, Hommen JP: Arthroscopy of the ankle and foot. In 
Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot and ankle, ed 8, Philadelphia, 2007, Elsevier.) 



PBiPI Tendoscopy of posterior tibial tendon. Arthro- 
scope is in distal portai, and shaver is in proximal portai in right 
ankle. (From Ferkel RD, Hommen JP: Arthroscopy of the ankle and foot. 
In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot 
and ankle, ed 8, Philadelphia, 2007, Elsevier.) 


■ Make portais on either side of the extensor hallucis longus 
tendon at the level of the joint (Fig. 50-17B). 

■ Use a 1.9-mm arthroscope and 2.0-mm shavers as 
needed. 


Lesser metatarsophalangeal joint arthroscopy also has been 
described for synovectomy, arthroscopic-assisted plantar 
plate tenodesis, and interpositional arthroplasty for Frei- 
berg infraction. A cadaver study confirmed the accuracy of 
arthroscopic évaluation of lesser metatarsophalangeal joints. 

TENDOSCOPY AND ENDOSCOPY 

Tendoscopy of the peroneal tendons (Fig. 50-18) and poste¬ 
rior tibial tendons (Fig. 50-19) has been described and can 
be used for tenosynovectomy for tendinitis and groove 
deepening for peroneal dislocation. Posterior tibial tendos¬ 
copy also can be performed through a posterior approach. 
According to a systematic review, there is weak evidence 
(grade C) for use of tendoscopy of the Achilles tendon, 
flexor hallucis longus, and peroneal tendons. There is insuf- 
ficient evidence (grade I) to support tendoscopy of the pos¬ 
terior tibial tendon, anterior tibial tendon, flexor digitorum 
longus, extensor hallucis longus, and extensor digitorum 
longus. 

Endoscopie procedures also can be helpful for conditions 
around the Achilles tendon (Fig. 50-20). Endoscopie calca- 
neoplasty and debridement of the retrocalcaneal space has 
good to excellent results in 80% to 100% of patients. There 
are reports of endoscopy to treat unicameral bone cysts of the 
calcaneus, talar cysts, calcaneofibular impingement after cal- 
caneal fractures, and tarsal coalitions. 
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KNEE 

The knee is the joint in which arthroscopy has its greatest 
diagnostic and intraarticular surgical application. The useful- 
ness of arthroscopic techniques in diagnosis and treatment of 
intraarticular pathology has been well documented. 

Arthroscopy should be considered a diagnostic aid used 
in conjunction with a good history, complété physical exami¬ 
nation, and appropriate radiographs. It should serve as an 
adjunct to, not as a replacement for, a thorough clinical évalu¬ 
ation. With increased proficiency in examination of extremi- 
ties and more accurate adjuvant tests, including MRI, we 
rarely, if ever, perform simple “diagnostic arthroscopy.” Surgi¬ 
cal alternatives are discussed thoroughly with the patient 
before the procedure, and the definitive surgical procedure is 
performed at the time of a thorough arthroscopic examina¬ 
tion. The general principles, instrumentation, indications, 
contraindications, and complications of arthroscopy are dis¬ 
cussed in Chapter 49. 

BASIC DIAGNOSTIC TECHNIQUES 
■ GENERAL PRINCIPLES 

Arthroscopy of the knee can be done as the essential initial 
step before proceeding to operative arthroscopy or before an 
open arthrotomy. Anesthésia can be local, régional block, or 
general. If the procedure is uncomplicated and of short dura¬ 
tion, it can be done using local anesthésia in cooperative 
patients, especially if the surgeon is experienced in arthros¬ 
copy. If local anesthésia is to be used, we prefer intravenous 
sédation for portai injection with 1% lidocaine and an 
intraarticular bolus of 30 mL of bupivacaine and 15 mL of 


lidocaine 20 minutes before starting the procedure. Diagnos¬ 
tic arthroscopy before arthrotomy or major intraarticular 
surgery generally is best done with the patient under general 
anesthésia, unless this type of anesthésia is contraindicated. 

The procedure is performed in the operating room under 
strict stérile conditions. The seriousness of this surgical pro¬ 
cedure must not be minimized. Although complications such 
as infection are infrequent (< 1%), carelessness in surgical 
scrubbing, préparation, or draping or careless handling of the 
irrigating solutions, arthroscopes, and instruments can resuit 
in intraarticular infections just as devastating as those affer 
arthrotomy. Sterilization of arthroscopy equipment and use 
of waterproof arthroscopy gowns and drapes are essential. 
Sealing the extremity proximal and distal to the arthroscopy 
site and use of a durable skin préparation (DuraPrep, 3M 
Healthcare, St. Paul, MN) and iodine-impregnated drape at 
the surgical site can help to minimize infections. 

The scrub nurse uses a large table for instruments. This 
is positioned for the nurses convenience, usually on the 
same side as the knee having surgery. A Mayo stand is 
placed over the operating table at the upper part of the 
patients thighs, and the more commonly used instruments 
are placed on it. Power cords and light cables are attached to 
the appropriate sources and are placed on a side table. Irri¬ 
gation bags are suspended from an intravenous stand at the 
head of the table and are raised 3 to 4 feet above the level of 
the patient. The use of an arthroscopic pump for inflow 
through the arthroscope sheath or a separate sheath helps 
keep flow and pressure constant. The pump may eliminate 
the need for a tourniquet, making arthroscopy using local 
anesthésia feasible. 
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A tourniquet is placed around the thigh but is not inflated 
in diagnostic arthroscopy unless troublesome bleeding 
occurs. Inflation of the tourniquet blanches the synovium and 
other vascularized tissue and makes diagnostic évaluation of 
these structures more diflicult. Meniscal vascularity and 
healing potential should be evaluated with the tourniquet 
deflated and the intraarticular hydrostatic pressure low. The 
tourniquet usually is inflated after exsanguination of the limb 
in acute traumatic disorders, or if the surgeon anticipâtes 
anything other than the simplest intraarticular surgical pro¬ 
cedure. Tourniquet time should be minimized and not exceed 
90 minutes for routine procedures to prevent possible deep 
vein thrombosis. For major complicated procedures, tourni¬ 
quet times of 2 hours can be used, but times longer than this 
should be avoided to prevent ischémie neurovascular changes. 

Stressing the knee to open up the various compartments 
is necessary for diagnostic or operative procedures. This can 
be accomplished by using an assistant, a padded latéral post, 
or a commercial leg-holding device. The use of an assistant 
to stress the joint probably is the least efficient method 
because of fatigue and the inconsistent amounts of stress that 
resuit, among other factors. The use of a padded latéral post 
attached to the edge of the operating table can be effective 
for valgus stressing in or near full extension, but it does not 
control rotation. The commercial thigh holders are most 
effective, but some of their potential dangers must be kept in 
mind. Although the use of a leg-holding device makes stress¬ 
ing and opening the compartments easier, especially the 
posterior compartment, these devices do get in the way 
when one is working through the superior portais in the 
patellofemoral joint. Also, the potential tourniquet effect of 
the leg-holding devices must be appreciated. In osteoporotic 
bone, excessive stress can resuit in fracture to the rigidly held 
extremity. We hâve had no problems with the commercial 
leg holder and believe that the advantages of being able to 
control and stress the joint outweigh the potential 
disadvantages. 

■ PATIENT POSITIONING 

When the patient is anesthetized, and a tourniquet and leg 
holder are applied if desired, the limb from the ankle to the 
tourniquet is thoroughly scrubbed and surgically prepared, 
just as for an open arthrotomy. Excellent commercial arthros¬ 
copy draping Systems are available that isolate the foot and 
lower leg and the distal thigh just below the tourniquet and 
leg holder (Fig. 51-1). Waterproof gowns also are impérative 
for the surgeon and assistant to prevent contamination. 

The patient can be placed supine with the prepared and 
draped limb angled off the latéral aspect of the table. The use 
of a leg holder or a latéral post allows the surgeon to stand 
on the inside of the abducted leg, placing the patients foot 
and ankle on the surgeons hip and iliac crest area. Placing the 
surgeons outside foot on a small platform offen helps main- 
tain the patients foot in the correct position. This position 
frees both of the surgeons hands, and the surgeon can stress 
the leg into valgus by simply leaning against the leg in the leg 
holder. This maneuver opens up the médial compartment for 
examination and probing. When the patient is supine, exami¬ 
nation of the latéral compartment requires the assistant to 
hold the leg in a figure-four position. The table-flat position 
can be used with the surgeon and assistant standing at the 
side of the table (Fig. 51-2). 



Waterproof outer drape with central rubber- 
ized opening seals unsterile proximal thigh from operative field. 



_ Technique of table-flat position. Surgeon and 

accictant ctanrl at cirla tahlo 


The patient also can be placed supine on a standard 
operating table with the knee joint positioned slightly past the 
distal break point of the table. The end of the table is dropped 
so that both limbs dangle at 90 degrees. The opposite limb 
should be well padded to prevent potential pressure problems. 
Flexing the middle of the table and placing a padded bolster 
also flexes the hips to take the stretch off the fémoral nerve 
and simultaneously flattens the lumbar spine. The use of a 
well-leg support for the uninvolved limb is another excellent 
technique. With either technique, it is recommended to wrap 
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Placement of latéral post and taping of saline 
bag to table allow ease of leg positioning and full range of 
motion during ligament reconstruction. 


the uninvolved extremity with an elastic wrap or to use an 
elastic stocking to minimize venostasis (Fig. 51-3). 

■ PORTAL PLACEMENT 

Among the keys to success in arthroscopy are adéquate light 
and distention of the joint and précisé localization of the 
portais of entry for the arthroscope and accessory instru¬ 
ments. Without adéquate illumination, clear vision is impos¬ 
sible; without adéquate distention of the joint, the fat pad, 
synovium, and other soft tissues obliterate the view; and 
without précisé location of the portais of entry, one would 
be unable to see adequately or to maneuver within ail parts 
of the joint. Attempts to force a poorly placed arthroscope 
or instrument can resuit in articular scuffing, instrument 
damage, and other problems. Adéquate illumination is 
ensured by proper care of the arthroscope and fiberoptic light 
cables, changing the light source bulbs when required, cleans- 
ing the arthroscope lens of film from frequent disinfectant 
soakings, and maintaining a clear irrigation medium. Any 
damage to the arthroscope tip, whether from motorized 
instrumentation or careless handling, can resuit in uneven 
light régulation and inability to focus the arthroscope prop- 
erly. Précisé entry portai location can be ensured best by 
carefully drawing the joint lines and soff-tissue and bony 
landmarks with a skin-marking pen before joint distention. 
Ail standard and optional portais are marked. Typically, the 
outlines of the patella and patellar tendon are drawn, médial 
and latéral joint lines are palpated with the fingertip and 
drawn, and the posterior contours of the médial and latéral 
fémoral condyles are marked. The surgeon should recheck 
these outlines affer distention to ensure proper placement. 

When the portais are carefully marked, a small outflow, 
needle-type cannula can be placed superomedially or supero- 
laterally with inflow through the arthroscope. This generally 
is necessary for large procedures, such as anterior cruciate 
ligament reconstruction when hemarthrosis is présent. For 
smaller procedures, such as a meniscectomy, an outflow 



FIGURE 


Landmarks drawn on knee before distention. 


cannula might not always be necessary. Avoiding going 
through the vastus medialis obliquus may help to accelerate 
réhabilitation, as has been shown by Stetson and Templin. In 
their study, réhabilitation in patients with three portais took 
approximately twice as long as in patients who had two 
portais that avoided going through the vastus medialis 
obliquus. 

Inflow through the arthroscope does seem to give the best 
view with fluid management being at the site of visualization. 
In the two-portai System, the outflow is managed by the 
arthroscopie shaver. 

I STANDARD PORTALS 

The standard portais for diagnostic arthroscopy are the 
antérolatéral, anteromedial, posteromedial, and superolateral 
(Fig. 51-4). 

Antérolatéral Portai. If allowed only one approach for 
diagnostic arthroscopy of the knee joint, most arthroscopic 
surgeons would choose the antérolatéral portai. With the use 
of a 4-mm-diameter, 30-degree oblique forelens arthroscope 
through the antérolatéral portai, almost ail of the structures 
within the knee joint can be seen. Through this portai, the 
posterior cruciate ligament, the anterior portion of the latéral 
meniscus, and, in tight knees, the periphery of the posterior 
horn of the médial meniscus cannot be viewed adequately, 
however. This portai is located approximately 1 cm above the 
latéral joint line and approximately 1 cm latéral to the margin 
of the patellar tendon. Palpation of the inferior pôle of the 
patella helps to ensure that the anterior portais are not placed 
too high; the portai should be approximately 1 cm inferior to 
the patella. If the portai is placed too near the joint line, the 
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Placement of antérolatéral portai. Arthroscope 
introduced through portai placed high above joint line (A) has 
advantages of avoiding fat pad and being easy to manipulate. It 
is difficult to reach posterior aspect of joint, however, where most 
meniscal pathology is located. With low portai placement (B), 
posterior access is easier because fémoral condyle does not get in 
the way, but instrumentation through the fat pad is more diffi¬ 
cult. Compromise should be made depending on location of 
intraarticular pathology and tightness of joint. 


anterior horn of the latéral meniscus can be lacerated or 
otherwise damaged. Also, an arthroscope inserted through 
such a portai can pass either through or beneath the anterior 
horn of the latéral meniscus, resulting in damage to the 
anterior horn or difficulty in maneuvering the arthroscope 
within the joint because it is bound down by the overlying 
meniscus. A portai placement too superior to the joint line 
allows the arthroscope to enter the space between the fémoral 
and tibial condyles and prevents viewing of the posterior 
horns of the menisci and other posterior structures (Fig. 
51-5). An arthroscope placed immediately adjacent to the 
edge of the patellar tendon can penetrate the fat pad, causing 
difficulty in viewing and in maneuvering the arthroscope 
within the joint. 

Anteromedial Portai. The anteromedial portai is most 
commonly used for additional viewing of the latéral compart- 
ment and for insertion of a probe for palpation of the médial 
and latéral compartment structures. This portai is located 
similarly to the antérolatéral portai: 1 cm above the médial 
joint line, 1 cm inferior to the tip of the patella, and 1 cm 
médial to the edge of the patellar tendon. Précisé placement 
can be confirmed by using a percutaneous spinal needle 
visualized from the antérolatéral portai. A no. 11 blade with 
the cutting edge pointed away from the meniscus is visualized 
while making the portai. 

Posteromedial Portai. The posteromedial portai is 
located in a small triangular soft spot formed by the postero¬ 
medial edge of the fémoral condyle and the posteromedial 
edge of the tibia. Before distention of the joint, this small 
triangle can be palpated easily with the knee flexed to 90 
degrees. The landmarks should be drawn on the skin before 
beginning the diagnostic arthroscopy. The posteromedial 
compartment is small, but any arthroscope can be inserted 


into it with proper care and technique. In this portai, a 
30-degree angled arthroscope offers optimal viewing of ail the 
structures in the posteromedial compartment. Three guide- 
lines aid in the establishment of this portai: (1) The knee must 
be maximally distended with irrigating solution so that the 
posteromedial compartment balloons out like a bubble when 
the knee is flexed to 90 degrees; (2) the knee must be flexed 
as close to 90 degrees as possible; and (3) the bony landmarks 
must be drawn before the joint is distended. The location of 
the portais should be approximately 1 cm above the postero¬ 
medial joint line and approximately 1 cm posterior to the 
posteromedial margin of the fémoral condyle. This portai is 
useful for repair or removal of displaced posterior horn 
meniscal tears and for removal of posterior loose bodies that 
cannot be displaced into the médial compartment and 
removed through an anterior portai. 

Superolateral Portai. The superolateral portai is most 
useful diagnostically for viewing the dynamics of the patel- 
lofemoral articulation. It also is the best approach for excision 
of médial plicae. This portai is located just latéral to the 
quadriceps tendon and about 2.5 cm superior to the supero¬ 
lateral corner of the patella. With the arthroscope in this 
portai, the patellofemoral joint can be viewed with a 30- or 
70-degree arthroscope, allowing évaluation of patellar track- 
ing, patellar congruity, and latéral overhang of the patella as 
the knee is carried from extension into varying degrees of 
flexion. 

I OPTIONAL PORTALS 

Postérolatéral Portai. The knee should be flexed to 90 
degrees, and the joint should be maximally distended. The 
landmark for the postérolatéral portai is at the point where a 
line drawn along the posterior margin of the fémoral shaft 
intersects a line drawn along the posterior aspect of the 
fibula. This is about 2 cm above the postérolatéral joint line 
at the posterior edge of the iliotibial band and the anterior 
edge of the biceps femoris tendon. A 6-mm skin incision is 
made, and the distended posterior capsule is penetrated 
using the arthroscope sheath and a sharp trocar. The poste¬ 
rior edge of the fémoral condyle is palpated with a trocar, 
slipping off the posterior condyle parallel to it. Directed 
slightly inferiorly, the sheath enters the postérolatéral com¬ 
partment. Care must be taken not to damage the articular 
surface of the posterior fémoral condyle with this maneuver. 
Also, plunging in with a sharp trocar through the capsule 
and into the popliteal space must be avoided for fear of 
damaging neurovascular structures. The outflow of irriga¬ 
tion solution on removal of the sharp trocar confirms entry 
into the joint. This portai is useful for assisting with repair of 
latéral meniscal tears. 

Proximal Midpatellar Médial and Latéral Portais. The 

optional midpatellar portai désignations should not be con- 
fused with a central transpatellar tendon portai. These 
optional portais were described to improve the viewing of 
the anterior compartment structures, the latéral menisco- 
capsular structures, and the popliteus tunnel and to mini- 
mize accessory instrument crowding with the arthroscope 
during procedures requiring triangulation of several instru¬ 
ments into these compartments. Viewing of the posterior 
horns of the menisci and the tibial attachment of the poste¬ 
rior cruciate ligament (PCL) may be difficult through these 
portais. 
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These portais are located just off the médial and latéral 
edges of the midpatella at the broadest portion of the patella. 
The sélection of the site is crucial. A site that is too far superior 
or inferior can jeopardize proper viewing. A 30-degree 
oblique arthroscope is idéal here. These are our preferred 
accessory portais for anterior compartment procedures. 

Accessory Far Médial and Latéral Portais. These infe¬ 
rior optional portais often are used for triangulation of 
accessory instruments into the knee during operative 
arthroscopic procedures. They are located approximately 
2.5 cm médial or latéral to the standard anteromedial and 
antérolatéral portais. Medially, these portais are near the 
anterior edge of the médial collateral ligament; laterally, they 
should be well anterior to the latéral collateral ligament and 
popliteus tendon. An excellent technique is to insert a spinal 
needle through the skin and capsule and into the compart¬ 
ment under direct vision with the arthroscope. The needle 
should enter the joint above the superior surface of the 
meniscus, which would allow passage to its desired location. 
After the needle is directed to the desired location within the 
joint, the accessory instrument can be passed to this location 
with ease. If the needle cannot pass to the desired location, 
its point of entry is adjusted carefully before the portai inci¬ 
sion is made. The margin for error is less through these 
accessory médial and latéral portais; the meniscus or the 
collateral ligament can be lacerated, or the articular margin 
of the fémoral condyle can be damaged. 

Central Transpatellar Tendon (Gillquist) Portai. The 
central transpatellar tendon portai is located approximately 
1 cm inferior to the lower pôle of the patella in the midline 
of the joint through the patellar tendon. With the patella in 
higher or lower locations than normal, or if the patellar 
tendon is located entirely latéral to the midline of the joint, 
adjustments in portai location must be made. We find this 
portai most helpful in anterior cruciate ligament reconstruc¬ 
tion procedures after graft harvest has been completed, 
avoiding tendon damage. 

If a transpatellar tendon portai is necessary for posterior 
compartment évaluation or anterior compartment triangu¬ 
lation, it is made with the knee in 90 degrees of flexion to 
keep the tendon under tension. A 6- to 7-mm vertical inci¬ 
sion is made sharply with a no. 11 blade through the skin 
and subcutaneous tissues and the patellar tendon, approxi¬ 
mately 1 cm from the inferior pôle of the patella. In the case 
of fixation of osteochondritis dissecans fragments, in which 
a more distal portai might be necessary, a spinal needle 
should be used to localize the portai before making an inci¬ 
sion. We do not advocate routine use of this portai because 
of patellar tendon damage from the incision and instrumen¬ 
tation through the tendon. In certain cases, this portai 
would allow better instrumentation of an anterior articular 
joint surface and can complément the standard arthroscopic 
portais. 

■ INSERTION OF SCOPE 

If the tourniquet is not to be inflated unless troublesome 
bleeding occurs, the portai sites should be infiltrated with 
4 mL to 5 mL of a local anesthetic agent mixed with epineph- 
rine, which reduces bleeding and postoperative pain. The use 
of more than 4 mL to 5 mL is not advised because a larger 
bolus, especially in the antérolatéral and anteromedial portais, 
can distend the fat pads sufficiently to make viewing difficult. 


If inflation of the tourniquet is planned, the portais usually 
are not infiltrated. 

ARTHROSCOPIC EXAMINATION OF 
THE KNEE 

The key to successful, accurate, and complété diagnosis of 
lésions within the knee joint is a systematic approach to 
viewing. A methodical sequence of examination should be 
developed, progressing from one compartment to another 
and systematically carrying out this sequence in every knee. 
The exact sequence is not crucial, but it is important to 
develop the habit of following it every time. Failure to do so 
could compromise diagnostic accuracy and completeness. 

The knee should be divided routinely into the following 
compartments for arthroscopic examination (Fig. 51-6): 

1. Suprapatellar pouch and patellofemoral joint 

2. Médial gutter 

3. Médial compartment 

4. Intercondylar notch 

5. Posteromedial compartment 

6. Latéral compartment 

7. Latéral gutter and postérolatéral compartment 

The posteromedial compartment can be examined by passing 
the scope posteriorly through the intercondylar notch or 
through a separate posteromedial portai. The postérolatéral 
compartment usually can be examined adequately from an 
anterior portai, but if this compartment is incompletely 
viewed, a direct postérolatéral portai should be chosen. 

ARTHROSCOPIC SURGERY OF THE 
MENISCUS 

■ CLASSIFICATION OF MENISCAL TEARS 

Classification of the types of meniscal tears encountered 
during diagnostic arthroscopy of the knee is essential in 
planning the subséquent arthroscopic resection or repair. 
Although numerous classifications of meniscal tears hâve 
been described, that of O’Connor has proved useful: (1) 
longitudinal tears; (2) horizontal tears; (3) oblique tears; (4) 
radial tears (Fig. 51-7); and (5) variations, which include flap 
tears, complex tears, and degenerative meniscal tears. 
Longitudinal tears most commonly occur as a resuit of trauma 
to a reasonably normal meniscus. The tear usually is 
vertically oriented and may extend completely through 
the thickness of the meniscus or may extend only partially 
or incompletely through it. The tear is oriented parallel 
to the edge of the meniscus; if the tear is complété, a 
displaceable inner fragment frequently is produced. 
When the inner fragment displaces over into the 
intercondylar notch, it commonly is referred to as a 
bucket-handle tear (Fig. 51-8). If the tear is near the 
meniscocapsular attachment of the meniscus, it com¬ 
monly is referred to as a peripheral tear. A peripheral 
vertical tear in zone I, referred to as a red-red tear, and a 
tear between zone I and II, referred to as a red-white tear, 
are in the vascularized portion of the meniscus (Fig. 
51-9). These peripheral tears should be repaired when 
feasible. 

Horizontal tears tend to be more common in older patients, 
with the horizontal cleavage plane occurring from shear, 
which divides the superior and inferior surfaces of the 
meniscus. These are more commonly seen in the 
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A f Suprapatellar pouch with view of undersurface of articularis genu. B, Tangential view of patellofemoral articula¬ 
tion. C f Normal médial parapatellar plica. D f Posteromedial compartment is seen by passing arthroscope through intercondylar notch 
after viewing médial compartment. E f Posteromedial compartment is seen through posteromedial portai, which is made after comple- 
tion of routine examination if complété posteromedial view is unsatisfactory. F, Médial meniscus and médial compartment. G, Cruciate 
ligaments with fatty synovium covering posterior cruciate ligament. H, View of latéral meniscus and latéral compartment. I, View of 
posterior horn of latéral meniscus and popliteal tendon through hiatus. J, Postérolatéral view of knee with arthroscope in antérolatéral 
portai showing popliteal tendon insertion into fémur in popliteal hiatus. 
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dinal 


Four basic patterns of meniscal tears: /, longitu- 
\\, horizontal; III , oblique; and IV, radial. 



FIGURE 


Bucket-handle tear, displaced centrally. 




F 

Posterior 


Anterior 


Latéral 


E 

0 


Zone classification of meniscus (modified from 
Cooper et al.). Most anterior zone of médial meniscus is labeled 
C # whereas most anterior zone of latéral meniscus is labeled D. 0 
is meniscosynovial junction; / is outer third. Il is middle third, and 
III is inner third of each meniscus. 



0 Diagram of posterior oblique (A) and anterior 
oblique (B) tears. 



Radial tears: incomplète radial tear involves 
part of width of meniscus (A); complété radial tear extends to 
periphery (B)] and incomplète tear extending posteriorly or 
anteriorly is called "parrot beak" tear (C). 


posterior half of the médial meniscus or the midsegment 
of the latéral meniscus. Many flap tears and complex tears 
begin with a horizontal cleavage component. 

Oblique tears are full-thickness tears running obliquely from 
the inner edge of the meniscus out into the body of the 
meniscus. If the base of the tear is posterior, it is referred 
to as a posterior oblique tear; the base of an anterior 
oblique tear is in the anterior horn of the meniscus 
(Fig. 51-10). 

Radial tears, similar to oblique tears, are vertically oriented, 
extending from the inner edge of the meniscus toward its 
periphery, and can be complété or incomplète, depending 
on the extent of involvement. These probably are similar 
in pathogenesis to oblique tears (Fig. 51-11). Tears pos¬ 
terior to the popliteal tendon may heal on their own or 
with local stimulation techniques (Fig. 51-12). 

The possible variations include flap tears, complex tears, and 
degenerative meniscal tears. Flap tears are similar to 
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FIGURE 


Healed posterior horn latéral meniscus. 


oblique tears but usually hâve a horizontal cleavage 
element rather than being purely vertical in orientation. 
Tears containing a horizontal element often are referred 
to as superior or inferior flap tears, depending on where 
the flap is based on the surface of the meniscus. 

Complex tears may contain éléments of ail of the just- 
mentioned types of tears and are more common in 
chronic meniscal lésions or in older degenerative menisci. 
These generally are caused by chronic, long-standing, 
altered mechanics of the meniscus, and the initial tear 
occurring in the meniscus may not be identifiable after 
several different planes of tearing hâve resulted. 
Degenerative tears often refer to complex tears. These présent 
with marked irregularity and complex tearing within the 
meniscus. These are most often seen in older patients. 

■ TYPES OF MENISCAL EXCISIONS 

O’Connor separated meniscal excisions into three categories 
depending on the amount of meniscal tissue to be removed 
(Fig. 51-13). 

I PARTIAL MENISCECTOMY 

In this type of meniscal excision, only the loose, unstable 
meniscal fragments are excised, such as the displaceable inner 
edge in bucket-handle tears, the flaps in flap tears, or the flaps 
in oblique tears. In partial meniscectomies, a stable and 
balanced peripheral rim of healthy meniscal tissue is 
preserved. 

I SUBTOTAL MENISCECTOMY 

In this type of meniscectomy, the type and extent of the tear 
require excision of a portion of the peripheral rim of the 
meniscus. This is most commonly required in complex or 
degenerative tears of the posterior horn of either meniscus. 
Resection of the involved portion by necessity extends out to 
and includes the peripheral rim of the meniscus. It is termed 
subtotal because in most cases most of the anterior horn and 
a portion of the middle third of the meniscus are not resected. 



Types of meniscal excision: partial meniscec¬ 
tomy (A); subtotal meniscectomy (B); and total meniscectomy (C). 


1 TOTAL MENISCECTOMY 

Total removal of the meniscus is required when it is detached 
from its peripheral meniscosynovial attachment, and intra- 
meniscal damage and tears are extensive. If the body of the 
peripherally detached meniscus is salvageable, total menis¬ 
cectomy is not warranted and meniscal suture should be 
considered. 

■ GENERAL PRINCIPLES 

Partial meniscectomy is always préférable to subtotal or total 
meniscectomy. Leaving an intact, balanced, peripheral rim of 
meniscus aids in the stability of the joint and protects the 
articular surfaces by its load-bearing functions. Total menis¬ 
cectomy removes ail of the actual load-bearing protection 
and reduces stability of the joint, especially if a concomitant 
ligamentous relaxation already exists. Partial meniscectomy, 
although désirable, is not always possible if the tear extends 
to the periphery of the meniscus. In such cases, subtotal exci¬ 
sion is préférable to complété excision, even though the 
contoured anterior meniscal tissue leff may be subject to 
subséquent tears or degeneration. 

To détermine accurately the type of meniscectomy 
required, the meniscal lésion must be carefully probed and 
classified. Failure to classify, probe, and explore accurately 
and thoroughly the extent and various planes of the tear 
before proceeding with the meniscal resection often results 
in needlessly sacrificing healthy meniscal tissue. 

When the meniscal tear has been probed and classified, 
the surgeon should mentally formulate the methods and steps 
required to excise the necessary portion of the meniscus. The 
surgeon should be able to visualize the tissues to be removed 
and the subséquent contour of the peripheral meniscal rim. 
The objective is to remove the torn, mobile meniscal frag¬ 
ment and contour the peripheral rim, leaving a balanced, 
stable rim of meniscal tissue. 

Excision of the pathologie tissue can be done either with 
en bloc resection of the mobile fragment or by morselization 
of the fragments and subséquent removal. Sharp excision of 
the major mobile fragments usually is préférable to mor¬ 
selization to minimize the potential débris within the joint. 
When the tear has been removed, the remaining peripheral 
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rim must be carefully probed to ensure that there are no 
additional tears and that the rim is balanced and stable. When 
a contoured, balanced, stable peripheral rim is présent, the 
joint should be thoroughly lavaged and suctioned to remove 
any small meniscal fragments or débris that may hâve dropped 
into the joint as a resuit of the resection. 

■ SURGERY FOR SPECIFIC MENISCAL TEARS 

As discussed earlier, tears of the menisci can be (1) longitu¬ 
dinal, either intrameniscal or peripheral, complété or 
incomplète, displaced (bucket-handle) or nondisplaced; (2) 
horizontal; (3) oblique; (4) radial; (5) flap; (6) complex; or (7) 
degenerative. No standard technique can be used in every 
case. The following techniques are useful in dealing with each 
of these types of tears through the anteroinferior portais. 
Even partial meniscectomy has been shown to increase joint 
wear; reasonable judgment must be used in planning menis¬ 
cal surgery to preserve functional meniscal tissue. Planning 
begins in the preoperative period, ensuring the patient is fully 
informed as to the possibility of a partial meniscectomy 
versus meniscal repair and the postoperative course involved 
with each. Also, having the appropriate equipment and a 
thorough understanding of the incision and repair techniques 
are impérative. 

As a whole, tears of the latéral meniscus are less common 
than tears of the médial meniscus. The radial tear configura¬ 
tion is almost unique to the latéral meniscus, occurring rarely 
in the médial meniscus. Also, the occasional discoid meniscus 
rarely is encountered in the médial compartment. 

Most latéral meniscal excisions or repairs are done with 
the knee in the figure-four position (Fig. 51-14): the hip 
slightly flexed, abducted, and externally rotated; the knee 
flexed at 30 to 90 degrees; and the tibia internally rotated. This 
position can be achieved with the foot of the table extended 
or flexed. With the end of the table extended, the ankle is 
placed on the table surface or on the opposite lower leg. In 
this position, the hip falls into external rotation, and a varus 
stress can be applied by pushing downward on the flexed 
knee. The figure-four position also can reduce overall joint 



Figure-four position, used to apply varus force 
to flexed knee to widen latéral compartment. 


distention by collapsing the suprapatellar pouch, making 
viewing and the use of suction and motorized cutters 
and trimmers in the latéral compartment more difficult. 
Inflow through the arthroscopic sheath allows for best 
visualization. 

ï VERTICAL LONGITUDINAL 
(BUCKET-HANDLE) TEARS 

This common tear usually occurs in young patients as a resuit 
of significant trauma. It frequently is associated with an 
anterior cruciate ligament injury, and the médial side is more 
commonly involved than the latéral side (approximately 3:1). 
Long tears that extend at least two thirds of the circumference 
of the meniscus produce an unstable fragment that locks into 
the joint by displacing in toward the notch (Fig. 51-15). The 
patient typically has épisodes of locking in which the knee 
can be neither fully extended nor flexed. The fragment may 
displace and reduce with an audible and palpable clunk. 
There is associated pain and effusion. Occasionally, the 
bucket-handle fragment permanently displaces into the 
intercondylar notch. In these situations, the patient is gradu- 
ally able to résumé most activities but knows that something 
is wrong with the knee. The fragment may become distorted 
and fixed in place. Other bucket-handle tears divide in their 
central portion, creating two separate flaps, one based ante- 
riorly and the other posteriorly. 

A patient with a suspected bucket-handle tear who may 
be a candidate for meniscal repair should hâve this possibility 
discussed before arthroscopy. The most common criteria for 
meniscal repair include (1) a vertical longitudinal tear more 
than 1 cm in length located within the vascular zone, (2) a 
tear that is unstable and displaceable into the joint (Fig. 
51-16A), (3) an informed and cooperative patient who is 
active and younger than 40 years old, (4) a knee that either is 
stable or would be stabilized with a ligamentous reconstruc¬ 
tion simultaneously, and (5) a bucket-handle portion and 
remaining meniscal rim that are in good condition. Chroni- 
cally deformed or degenerative menisci are not good candi¬ 
dates for repair. Most investigators report that only 10% to 
15% of meniscal tears can be repaired and that most such 
repairs are done in association with an anterior cruciate liga¬ 
ment reconstruction. 

Bucket-handle tears that cannot be repaired can be 
treated with partial meniscectomy. Early reports suggested 
that preserving a meniscal rim eventually would lead to better 
long-term results, particularly in stable joints with a normal 
weight-bearing axis. 

Partially displaceable tears usually are shorter and con- 
fined to the posterior half of the meniscus. Offen, these 
shorter tears are located peripherally and can be repaired. 
Tears that are less than 5 to 7 mm in length and stable to 
probing during which the tear does not displace more than 
1 mm can hâve the edges and perimeniscal synovium fresh- 
ened with a meniscal rasp. Talley and Grana noted a 21% 
failure rate at short-term follow-up of 19 patients with stable 
partial-thickness médial meniscal tears that were treated 
with perimeniscal rasping. For latéral tears, 4% failed. These 
authors recommended repair of partial-thickness médial 
tears. We also believe that an aggressive treatment approach 
should be used for médial meniscal tears. 

When the decision has been made to perform a partial 
meniscectomy, the choice must be made as to whether to use 
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A f Bucket-handle tear of médial meniscus that has flipped into intercondylar notch; in this position, meniscus may 
cause intermittent symptoms. B, Locked bucket-handle tear of médial meniscus. 



A, Unstable 2-cm peripheral tear of meniscus. Meniscus is being repaired with stacked vertical mattress suture. 
B, Incomplète undersurface tear of médial meniscus; this can be treated with abrasion to stimulate local healing followed by placement 
of one or two sutures. C, Complété 2-cm tear in avascular zone of meniscus; this type of tear generally is treated with excision, but if 
repair is attempted, use of fibrin clôt and other local stimuli should be considered. 


a two-portal or three-portal technique. If the meniscal frag¬ 
ment has displaced into the notch, it should be reduced using 
either a probe or a blunt trocar. If the meniscal fragment is 
large or chronic, the médial compartment may hâve to be 
opened with flexion and a valgus stress to permit réduction 
of the fragment. The technique for resecting a displaced 
bucket-handle tear and the technique for resecting a nondis- 
placed, short, vertical, longitudinal tear are essentially the 
same. In each situation, a probe should be introduced and 
the tear should be examined with the probe to détermine the 
anterior and posterior extents. The probe also can be used to 
plan the subséquent cuts. This examination usually is most 
easily conducted with the arthroscope in the anterior portai 
contralatéral to the tear and the probe in the ipsilateral portai. 


RESECTION OF BUCKET-HANDLE TEAR 


TECHNIQUE 51-1 


■ For réduction of the meniscal fragment, use a probe or a 
blunt trocar to reduce the fragment to its normal 
position. 

■ Begin the technique (Fig. 51-17A) with partial division 
of the posterior attachment of the meniscal fragment. This 
can be done with basketforceps, scissors, oran arthroscopic 
knife. Attempt to eut almost completely through the 
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A 




C 


D 


Two-portal technique for bucket-handle tears of latéral meniscus. A, Displaced bucket-handle tear of latéral meniscus 
probed. B, After réduction of displaced bucket-handle tear, posterior attachment is partially released with scissors. C, Anterior attach- 
ment is released with scissors. D, Tenuous remaining posterior attachment is avulsed with grasper and extracted. SEE TECHNIQUE 51-1. 








CHAPTER 51 ARTHROSCOPY OF THE LOWER EXTREMITY 


posterior attachment of the mobile fragment at its junction 
with the remaining normal meniscal rim (Fig. 51-17B). This 
eut should not be done blindly to prevent harm to the 
normal meniscus or articular cartilage or both. Exposure 
can be aided by passing the arthroscope through the 
intercondylar notch to look down onto the posterior horn 
of the meniscus while cutting, or a posteromedial portai 
can be made if necessary to look directly down onto the 
meniscus for visualization or to pass through the posterior 
compartment for cutting of the meniscus. 

■ Leave a small tag of meniscal tissue intact posteriorly to 
prevent the meniscus from floating freely in the posterior 
compartment after anterior release. 

■ Divide the anterior horn attachment with angled scissors, 
basket forceps, or an arthroscopic knife. Make the release 
of the anterior attachment flush with the intact anterior 
rim so that no stump or "dog ear" remains (Fig. 51-17C). 
If the approach is difficult from the ipsilateral portai, 
changing portai sites and approaching from the contra¬ 
latéral portai with the operating instrument often facili¬ 
tâtes making this eut. Rarely, a midpatellar portai is 
necessary so that both anterior portais can be used for 
instrumentation. 

■ Use a hemostat to dilate the capsular incision before 
attempting meniscal removal. 

■ Insert a grasping clamp through the ipsilateral portai and 
grasp the meniscal fragment as close to its remaining 
posterior attachment as possible. Keep the meniscal frag¬ 
ment in view and twist and rotate the grasping forceps 
at least two révolutions while applying traction to avulse 
the small bridge previously created. 

■ If the meniscal fragment does not corne loose as planned, 
use a grasper through the latéral portai for traction on 
the meniscus and pass arthroscopic scissors through 
the same portai to complété the resection posteriorly. If 
it is still difficult with this technique, make an accessory 
portai, 1 cm from the anterior portai using the spinal 
needle. The other option is to make an accessory midpa¬ 
tellar portai for the arthroscope and use the two anterior 
portais for instrumentation. 

■Observe the fragment as it exits the joint to ensure 
complété removal (Fig. 51-17D). 

■ Occasionally, the fragment is so large that it lodges within 
the subeutaneous tissues. In these circumstances, the skin 
incision may hâve to be enlarged to deliver the fragment. 
Additional longitudinal tears can be treated as previously 
described. 

■ If there are no further tears, use a motorized meniscal 
shaver to smooth the remaining rim. 

■ Before the procedure is completed, examine the posterior 
compartment with either a 30- or 70-degree arthroscope 
inserted through the intercondylar notch or a 30-degree 
oblique arthroscope inserted through the corresponding 
posterior portai. 

POSTOPERATIVE CARE. Partial weight bearing with 
the use of crutches is allowed for 48 hours until the 
patient is comfortable. Straight-leg raising exercises, 
ankle pumps, and range-of-motion exercises are started 
in the recovery room and repeated hourly during the early 
postoperative period. Wall sets are started 3 to 4 days 


after surgery. Stationary bike and progressive low-impact 
strengthening exercises are started when postoperative 
swelling has resolved. Return to sports is allowed around 
3 to 4 weeks. 


I LONGITUDINAL INCOMPLETE 
INTRAMENISCAL TEARS 

Longitudinal incomplète intrameniscal tears may extend 
from the superior surface into the body of the meniscus or 
may enter from the inferior surface. These often are extremely 
difficult to view and treat. This type of tear is commonly 
located in the posterior horn of the meniscus and may be only 
a few millimeters long. By the time such a tear extends more 
than 1 cm or 2 cm, it usually becomes complété and often 
displaceable. Usually a signfficant amount of stress must be 
applied to the knee to open up the appropriate compartment 
to view small tears. The first sign of such a tear may be a 
wrinkled or buckled inner meniscal border. If the incomplète 
tear begins from the superior surface, the probe tip passes 
into it but not through to the inferior surface. Inferior incom¬ 
plète tears are even more difficult to view and explore, espe- 
cially in a tight knee. The tip of the probe passes into the 
inferior tear but not through to the superior surface of the 
meniscus. Vigorous attempts to hook the probe into an 
unseen inferior tear should be avoided for danger of extend- 
ing the tear. If such a tear exists, gentle probing can make 
the inner border of the meniscus buckle and evert (see 
Fig. 51-16B). 

Stable peripheral one-third tears in relatively healthy 
menisci should be treated by abrasion of the tear site and 
meniscal synovial tissue to stimulate healing, preserving 
meniscal function. If stability is in question, suturing may be 
indicated for most médial meniscal tears (see “Arthroscopic 
Surgery of the Meniscus,” earlier). 


REMOVAL OF POSTERIOR HORN TEAR 


TECHNIQUE 51-2 


■Use a 15-degree up-biting low-profile basket to make 
removal of a posterior horn tear easier. 

■ Carry the resection out through the ipsilateral portai, 
trimming back to a stable contoured peripheral rim 

(Fig. 51-18). 

POSTOPERATIVE CARE. Postoperative care is the same 
as that described for Technique 51 -1 . 


I HORIZONTAL, OBLIQUE, RADIAL, AND 
COMPLEX TEARS 

In evaluating horizontal, oblique, radial, and complex tears, 
it is impérative to evaluate and remove only damaged tissue 
while maintaining functional, healthy meniscal tissue. Ahn 
et al. reported successful repair of horizontal tears using a 
marrow stimulation technique and all-inside suture device. 
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Technique for longitudinal incomplète intrameniscal tears. A f Probing longitudinal intrameniscal incomplète inferior 
surface tear. B f Fragment is removed bit by bit with basket forceps. C f Rim is smoothed and contoured with motorized trimmer. 

SEE TECHNIQUE 51-2. 


With horizontal tears of long-term duration, a meniscal cyst 
may be présent. This generally is évident on preoperative 
MRI and should be looked for during the arthroscopic 
examination. In most instances, the superior and the infe¬ 
rior leaves are resected back to relatively normal stable 
tissue. The cleft should be probed, and if there is a meniscal 
cyst présent, a small curved curet can be placed through the 
cleft aimed toward the surgeons finger on the exterior extent 
of the meniscal cyst. This can be opened with a small curet, 
and the cyst can be drained into the knee. A shaver or 
suction without running the shaver also can be used to open 
and decompress the cyst. Localization also can be aided 
with the use of a spinal needle placed exteriorly to enter the 
cyst. 

When evaluating flap tears, one must probe the meniscus 
in the tear site carefully. Often a flap can be rolled up under 
the normal portion of the meniscus and its size and contour 
are not apparent. Likewise, the flap can be posterior to the 
fémoral condyle, and careful examination of the posterior 
compartments is necessary to evaluate these meniscal tears 
fully. Resection in the case of a flap tear or a complex tear 
generally is accomplished with a basket forceps to morcellize 
the tear, and careful probing is done to ensure that the menis¬ 
cal tissue remaining is of relatively normal contour with a 
smooth transition at its edges. 

Radial tears can be divided into partial and complété. A 
partial-depth tear of the meniscus is treated with sauceriza- 
tion, balancing, and contouring of the edges (Fig. 51-19). 
Complété radial tears that go to the meniscosynovial junction 
are difficult problems. Many authors believe that horizontal 
mattress repair of the peripheral portion of the meniscus is 
indicated because resection would resuit in loss of the func- 
tional protective mechanism of the meniscus. This is discussed 
further in the section on meniscal repairs. 


TREATMENT OF PARTIAL DEPTH 
MENISCAL TEARS 


TECHNIQUE 51-3 


■ Examine the tear through the contralatéral portai and 
probe it through the ipsilateral portai. 

■ Evaluate the extent of the tear. 

■ Use basket forceps or scissors to resect the torn and 
degenerative portion of the meniscus. 

■ Probe the stable meniscal rim to ensure there is no 
additional flap that is inverted under the meniscus or 
inverted behind the condyle. Horizontal-type tears should 
be resected back to a stable rim. 

■ If a meniscal cyst has been noted on MRI before surgery, 
open this area with a small curved curet passed from the 
contralatéral portai, dilate the opening, and decompress 
the cyst. Localization can be accomplished with a spinal 
needle. 

■ Contour the meniscal fragment with a shaver after resec¬ 
tion and remove small morcellized meniscal fragments. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that described for Technique 51 -1 . 


■ DISCOID LATERAL MENISCUS 

Most discoid menisci are latéral; compared with other menis¬ 
cal pathologie entities, discoid latéral meniscus is rare (0.4% 
to 5%). Bilateral discoid menisci generally are reported in less 
than 10% of patients. Discoid médial meniscus is reported to 
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FIGURE 


Balancing meniscal resection. A f With radial tear. B f With longitudinal tear. C f With flap tear. 


be présent in less than 0.3% of knee arthroscopies. A discoid 
latéral meniscus may be discovered during a systematic 
examination of the knee in which another abnormality may 
be producing symptoms. The abnormality accounting for the 
symptoms should be appropriately corrected, and the discoid 
latéral meniscus should be left intact unless torn or degenera- 
tive. Careful évaluation of the superior and inferior surfaces 
of the meniscus is necessary to rule out a meniscal tear. 

The most common method of classification of discoid 
latéral meniscus is that of Wantanabe et al., who described 
three types: complété or incomplète, based on the degree of 
coverage of the latéral tibial plateau, and the Wrisberg variant 
with absent or abnormal posterior meniscal tibial attachment. 
The current recommended treatment of a discoid latéral 
meniscus is based on this System of classification. Complété 
and incomplète lésions with tears of the discoid component 
are partially resected to a stable peripheral rim of latéral 
meniscus 6 to 8 mm wide. When healthy meniscal tissue is 
présent, repair of the Wrisberg-type latéral meniscus is 
performed. 

Good and excellent results hâve been reported in 55% to 
94% of knees that hâve had a partial central meniscectomy 
or “saucerization.” Preexisting degenerative changes, female 
gender, and âge older than 20 years are associated with 
unsatisfactory results. We found at long-term follow-up that 
a significant percentage of patients had latéral joint symptoms 
affer partial central meniscectomy, and others hâve reported 
similar findings. We try to preserve, contour, balance, and 
repair healthy meniscal tissue. 


PARTIAL EXCISION OF THE DISCOID 
MENISCUS 

The objective of partial excision of the discoid meniscus 
generally is to remove the central portion, leaving a bal- 
anced rim of meniscus about the width of the normal 
latéral meniscus. The width is dictated, however, by the 
location and extent of the tear within the meniscus. If the 
free inner edge of the meniscus is not noted in the system¬ 
atic diagnostic arthroscopy of the latéral compartiment, a 


discoid latéral meniscus may be responsible. The tibial 
plateau may be completely covered by the meniscus, and 
the latéral compartment may appear to be devoid of a 
latéral meniscus; alternative^, varying portions may be 
covered. If a discoid meniscus is suspected, careful explora¬ 
tion should be focused more centrally in the latéral com¬ 
partment or over near the intercondylar eminence for a 
meniscal edge. 


TECHNIQUE 51-4 


■ In young patients with small knees, use a 2.7-mm arthro- 
scope and small joint instruments. In older individuals, 
use a médial midpatellar portai for the arthroscope 
and standard anteromedial and latéral portais for 
instrumentation. 

■ With direct vision of the meniscus, plan the resection 
so that a healthy peripheral meniscus of approximately 
8 mm in width remains. 

■ With the knee in a figure-four position, use basket forceps 
to start the central resection of the discoid tissue 
(Fig. 51-20A and B). 

■ When the bulk has been resected, place arthroscopic 
scissors through the antérolatéral portai to make a pos¬ 
terior, radially directed eut extending to the outer 8 mm 
of the meniscal tissue (Fig. 51-20C). 

■ From a latéral peripatellar portai, place a curved 
arthroscopic knife into the outer extent of the radial eut. 
Direct the incision anteriorly in a semicircular manner, 
preserving a peripheral rim of 6 to 8 mm of tissue. 
Complété the eut by changing the knife or scissors to the 
médial portai. 

■ When the desired amount of meniscal tissue has been 
removed and the rim is balanced, the thickness of the 
inner edge is much greater than that after routine partial 
meniscus excision. 

■ Thoroughly lavage and suction the joint. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that described for Technique 51-1 . 
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it» Technique for discoid latéral meniscus. A, Anterior portion of discoid latéral meniscus is removed with rotary basket 
forceps. B, Further contouring of anterior rim with 90-degree rotary basket forceps. C, Posterior discoid fragment is removed with 
basket forceps. SEE TECHNIQUE 51-4. 


■ MENISCAL CYST 

Meniscal cysts may develop from chronic médial or latéral 
degenerative meniscal tears; they most commonly involve the 
latéral meniscus. The site of the cyst usually can be differenti- 
ated intraarticularly by probing the meniscal tear fragments 
and opening the horizontal split in the meniscus with a small 
curved curet and passing it through the meniscal body into 
the central portion of the cyst. The cyst is curetted, and exter- 
nal digital palpation of the cyst is used to free up the cyst and 
decompress it into the joint. Suction may be used to remove 
the contents further. The meniscal fragments are removed and 
are cleaned up to relatively stable healthy meniscus. 

Good to excellent results hâve been reported with 
arthroscopic partial meniscectomy and cyst décompression. 
If the cyst décompresses during the meniscectomy, no further 
treatment is needed for the cyst. If the cyst does not spontané - 
ously decompress, it can be percutaneously aspirated and 
does not require open excision. 

■ ARTHROSCOPIC REPAIR OF TORN MENISCI 

Although partial meniscectomy has yielded functionally 
better results than total meniscectomy, the ultimate outcome 
for partial meniscectomy remains suboptimal, with Fair- 
banks changes and functional détérioration much more 
frequent affer partial and total meniscectomy than affer 
meniscal repair. Multiple authors hâve found that joint dété¬ 
rioration affer meniscectomy is accelerated with concomi¬ 
tant conditions of fémoral and tibial chondromalacia, grade 
II or III anterior cruciate ligament instability, or tibiofemo- 
ral malalignment at the time of the initial meniscectomy. 
Partial latéral meniscectomies tend to do worse than partial 
médial meniscectomies. The latéral meniscus bears approxi- 
mately 70% of the weight in that compartment, whereas the 
médial meniscus bears 50% of the weight in the médial 
compartment. 


As noted earlier, only 10% to 15% of meniscal tears can 
be repaired, and these usually are associated with anterior 
cruciate ligament injuries. The only other positive corréla¬ 
tions with healing hâve been found in patients who hâve a 
narrow peripheral meniscal rim (<4 mm) and when the 
repair is done within 8 weeks of injury. The length of the tear 
also has been associated with variations in healing, with 
failure to heal in over half of tears longer than 4 cm. The 
addition of a fibrin dot has been reported to increase the 
healing rate. 

Arthroscopic repair techniques can be divided into four 
categories: (1) inside-out repairs; (2) outside-in repairs; (3) 
all-inside repairs; and (4) hybrid repairs, which combine the 
previous techniques. The inside-out technique can be done 
with double-lumen or single-lumen zone-specific repair can- 
nulas, with absorbable or nonabsorbable sutures. The tech¬ 
nique is rendered safe with the use of an incision for exposure 
of the capsule and placement of retractors for safe retrieval 
of suture needles. The outside-in technique is most suitable 
for repairs of the middle and the anterior thirds of the 
meniscus. 

All-inside repair techniques hâve been simplified by the 
development of suture fixators, which hâve pre-tied knots. 
These devices provide secure fixation and decrease the poten- 
tial for chondral injury présent in earlier devices. They are 
best used for securing tears that are 2 to 4 mm from the 
peripheral attachment. Because of the ease and speed of 
repair, greatly reduced patient morbidity, and midterm results 
that are equal to or better than those with outside-in sutures, 
most of our repairs are done with all-inside devices. Indica¬ 
tions for the different repair techniques are listed in Box 51-1 
and Box 51-2. 

Regardless of the arthroscopic technique preferred by the 
surgeon, arthroscopic meniscal repairs consist of three 
important steps: (1) appropriate patient sélection; the patient 
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Repair Techniques and Indications 


Outside-in sutures 


Inside-out sutures 


Fixator implants 


Anterior horn tears, midthird 
tears, radial tears, complex 
tears, réduction of bucket- 
handle tears 

Posterior horn tears, midthird 
tears, displaced bucket-handle 
tears, peripheral capsular tears, 
meniscal allografts 
Posterior horn tears, tears with > 
2- to 3-mm rim width, vertical/ 
longitudinal tears, midthird 
tears, radial tears 


Modified from Sgaglione NA: Instructional course 206. The biological treatment 
of focal articular cartilage lésions in the knee: future trends? Arthroscopy 19:154, 
2003. 



Authors' Preferred Techniques for Meniscal 
Repair 


Meniscal body tears 

— All-inside devices 

Meniscal capsular tears 

— Inside-out devices 

Anterior root tears (8% of tears) 

— Ail suture anchors 

Posterior root tears (10% to 20% of tears) 

— Simple sutures, transtibial tunnel, and button fixation 


should hâve a documented meniscal tear that is able to heal, 
most often a single vertical longitudinal tear in the outer one 
third; (2) tear debridement and local synovial, meniscal, 
and capsular abrasion to stimulate a proliférative fibroblastic 
healing response; and (3) suture placement to reduce and 
stabilize the meniscus. 

Tears can be categorized into (1) tears that can be rasped 
and left alone, (2) tears that definitely can be repaired, (3) 
tears that can be repaired under certain circumstances, and 
(4) tears that should be resected. Weiss et al. showed that 
peripheral tears of 7 mm or less heal without suture stabiliza¬ 
tion. Such tears should be probed to ensure less than 3 mm 
of displacement, and the tear and the meniscal synovium 
should be rasped to promote healing. 

Tears that definitely can be repaired are single vertical 
tears in the peripheral vascular portion of the meniscus, the 
red-red zone at the meniscosynovial junction, or the red- 
white zone within 3 mm of the junction. These tears are 
displaceable, are more than 1 cm long, and involve minimal 
damage to the body of the meniscus. Generally, repair should 
be limited to patients aged 40 years or younger. A healing 
response is stimulated by rasping the tear and the périsynovial 
tissue. Tears that can be repaired under certain circumstances 
include tears 3 to 5 mm from the meniscosynovial junction. 
These tears, similar to ail tears that can be repaired, should 
be evaluated with the tourniquet deflated to détermine 


TABLE 51-1 


Meniscal Repair Versus Resection 

Z.—LOCATION 

<2 mm 

0 

FROM CAPSULE 

2-3 mm 

1 


4-5 mm 

2 

A—AGE 

<20 

0 


20-40 years 

1 


>40 years 

2 

S—SIZE 

1-2 cm 

0 


2-3 cm 

1 


>4 cm 

2 

T —TISSUE 

Excellent 

0 

QUALITY 

Good 

1 


Fair 

2 

QUALIFIERS 

Unstable 

2 


Malalignment 

1 


Chondromalacia grade III 

1 


Radial tear 

2 


ACL reconstruction or fibrin clôt 

-1 


*Higher scores associated with higher failure rates. 
ACL, Anterior cruciate ligament. 


vascularity. In young, active patients with minimal damage to 
the meniscal body, suture repair in association with healing 
enhancement is most likely to be successful when anterior 
cruciate ligament reconstruction is performed concomitantly. 
If rasping produces bleeding, potential healing can be consid- 
ered. Vascular access channels, achieved through meniscal 
trephination using an 18-gauge spinal needle to penetrate the 
peripheral meniscus to the synovium, can stimulate bleeding. 
When isolated tears are to be repaired, addition of fibrin clôt 
or platelet-rich plasma (PRP) should be considered. Resec¬ 
tion is necessary for a meniscus with several tears, for tears 
involving damage or deformation of the body, and for tears 
that are definitely in an avascular (white-white) area (see Fig. 
51-16C). Although complété radial tears are uncommon, they 
présent particularly perplexing problems. When within the 
meniscal body, these tears disrupt ail circumferential fibers. 
Although radial tears near the origin of the posterior horn of 
the latéral meniscus hâve been shown to heal, the biome- 
chanical functionality of these repairs is in doubt. However, 
long-term results of repair may be better than those of a 
subtotal meniscectomy, especially in young patients (Table 
51-1). 

We often combine two or three basic arthroscopic 
techniques (suture-based meniscal fixator, inside-to-outside 
cannula technique, and outside-to-inside needle technique). 
If a large bucket-handle tear of the médial meniscus is suit- 
able for repair, an initial stabilizing horizontal mattress suture 
can be inserted with a single-cannula or double-cannula 
technique in the midpoint of the tear near the posteromedial 
corner. Additional sutures can be placed posteriorly using the 
cannula technique from inside to outside or with a suture- 
based fixation device. The anterior portion of the tear, espe¬ 
cially if this extends into the anterior half of the meniscus, is 
often best approached with an outside-to-inside technique. 

If a patient has an unstable knee caused by an anterior 
cruciate ligament deficiency and a meniscal lésion that can 
be repaired, generally a ligament reconstruction and a menis¬ 
cal repair should be done at the same time. 
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INSIDE-TO-OUTSIDE TECHNIQUE 


TECHNIQUE 51-5 


■ Perform a systematic and complété diagnostic 
arthroscopy. 

■ If a meniscal lésion that can be repaired is noted after 
thorough probing to ensure that no additional meniscal 
damage is présent, exsanguinate the extremity and inflate 
the tourniquet. 

■ Hâve a leg holder in place for stressing the knee. This 
opens up the compartment to make viewing of the 
periphery of the meniscus possible. 

■ For repair of the médial meniscus, insert the 30-degree 
viewing arthroscope through the antérolatéral portai and 
view and probe the extent of the tear. 

■ If the tear is acute and within the vascular red zone of 
the periphery of the meniscus, minimally préparé the rim 
before suturing. If the tear is clearly within the vascular 
red zone, do not resect that part peripheral to the tear. 
Resection of this material décompresses the meniscus 
from the peripheral side and has an effect similar to that 
of partial meniscectomy by narrowing the meniscus. 

■ If the tear is chronic, freshen and débridé the torn sur¬ 
faces, especially peripherally. Limit the excision to no more 
than about 0.5 mm of meniscal tissue if possible. This 
debridement and préparation of the torn surfaces can 
be accomplished with basket forceps, a shaver, curved 
meniscal knives, or small angled rasps introduced through 
the anteromedial, accessory médial, or posteromedial 
portai, while the tear is viewed with the arthroscope 
through the antérolatéral portai. A small rasp is preferred 
for excoriating and abrading the meniscal surfaces 
(Fig. 51-21) and the superior and inferior parameniscal 
synovium. 

■ Spécifie cannulas are made to allow for the best approach 
to meniscal tears based on the location. Place the cannula 
in such a position to angle the needle away from the 
posterior midline structures and to place the needle 
perpendicular to the tear site. 

■ If a peripheral tear is beyond the posteromedial corner of 
the knee, use an all-inside meniscus fixation device or 
repair the meniscus using the inside-out technique. 

■ For the inside-out technique, first make a 5- to 7-cm 
incision over the posteromedial aspect of the knee, dis- 
secting through the subeutaneous tissue down to the 
posteromedial corner of the knee. 

■ Identify the interval between the médial head of the 
gastroenemius and the posterior capsule of the joint and 
retract the médial head of the gastroenemius posteriorly 
off the posterior capsule. 

■ Place a popliteal retractor in this interval to protect the 
popliteal vessels and to aid in capturing the needles 
(Fig. 51-22). 

■ Pass the cannula of the suturing instrumentation through 
the antérolatéral portai and place its tip near the posterior 
limit of the tear. 

■ Remove the needle cradle and hâve an assistant load the 
cradle with the first needle. 



Préparation of meniscocapsular tear of médial 
meniscus through accessory posteromedial portai. SEE TECHNIQUE 
51-5. 


Gracilis tendon 


Latéral 



Popliteal 

retractor 


Médial 


Médial 

tear 


Semitendinosus tendon 


Sartorius muscle 

Saphenous nerve 

Semimembranosus 

muscle 


Needle 


Top view of joint with arthroscope, needle 


cannula, and popliteal retractor in place for médial meniscal 


repair. SEE TECHNIQUE 51-5. 


■ Pass the needle through the cannula to enter the menis¬ 
cus 3 to 4 mm from the edge, aiming the needle in a 
slightly vertical direction so as to exit at or above the 
center of the torn edge. Observe the needle as it is 
advanced through the outer portion of the tear. Use the 
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A f Most posterior sutures are placed with cannula in ipsilateral portai. B, Antérolatéral and midmedial sutures are 
inserted with cannula through contralatéral portai. Stacked vertical or oblique mattress sutures provide better holding strength than 
depicted horizontal mattress sutures. SEE TECHNIQUE 51-5. 


needle to align the meniscus anatomically before advanc- 
ing through the outer rim. If good positioning is obtained, 
use the needle driver to advance the needle 1 cm more 
(Fig. 51-23). 

■ Pass the second needle to enter the meniscus or menis- 
cosynovial junction peripheral to the first needle, forming 
a stacked vertical mattress or oblique mattress suture 
(Fig. 51-24). 

■ Pass the needles out through the capsule with the knee 
flexed 15 to 20 degrees while retracting the pes anserinus 
and saphenous nerve posteriorly. 

■ Clamp the paired sutures together with a hemostat. 

■ Vertical mattress sutures are placed from both surfaces of 
the meniscus in an alternating fashion every 3 to 4 mm. If 
it is difficult to maintain réduction of a bucket-handle tear, 
place the first mattress suture anteriorly to help hold the 
meniscus in place while subséquent sutures are passed. 

■ The choice of suture material has been varied. Some 
surgeons fear that ail absorbable sutures would dégradé 
before adéquate healing and may cause an inflamma- 
tory reaction around the knot. Other surgeons are con- 
cerned that nonabsorbable sutures would remain as 
stress risers within the meniscus or cause abrasive wear 
to the articular surface of the fémur or tibia or penetrate 
and capture the médial collateral ligament. To date, no 
studies hâve shown any deleterious effects of using 
absorbable sutures with a long tensile life or nonabsorb¬ 
able sutures. We prefer nonabsorbable sutures for larger, 



FIGURE 


(BQ) All-inside meniscal repair. SEE TECHNIQUE 51-5. 
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more centrally located tears because of the prolonged 
healing time. 

■ If the tear involves mainly the middle third of the médial 
meniscus and the capsule has not been opened posteriorly 
to protect the neurovascular éléments, make an incision 
over the médial joint line, before pushing the initial needle 
through the capsule and into the subcutaneous tissue. 

■ Expose the capsule parallel to the peripheral tear of the 
meniscus and throughout its length. Exposing this area 
before passing the sutures through the capsule lessens 
the likelihood of cutting the sutures in making the 
exposure. 

■ When ail sutures are passed into this médial incision, tie 
them over the capsule. It is important to arthroscopically 
view the meniscus as the sutures are tied to ensure réduc¬ 
tion of the tear site without deformation. 

■ The safest position of the knee for suture of latéral 
meniscus tears is near 90 degrees of flexion. The 
peroneal nerve drops more inferiorly with flexion and is 
protected. 

■ Make a 3-cm to 4-cm postérolatéral skin incision, extend- 
ing distally just anterior to the tip of the fibula with two 
thirds of the incision extending distal to the joint line. 

■ Develop the interval between the iliotibial band and 
biceps and retract the biceps posteriorly. Use careful dis¬ 
section to reflect the latéral gastrocnemius head off the 
posterior capsule. Place a hip skid or needle deflector 
between the capsule and the gastrocnemius head. 

■ If the posterior extent of the tear is near the midline, 
protect the popliteal vessels before bringing the needles 
through the capsule by placing a wide metallic retractor 
between them and the posterior capsule. The common 
peroneal nerve lies slightly posterior to the posterior 
aspect of the biceps femoris tendon, so the needles must 
always exit anterior to the biceps tendon. It is much 
better, however, to make the posterior skin incision and 
expose the area of the posterior capsule and peroneal 
nerve before bringing the sutures through the posterior 
aspect of the capsule. 

POSTOPERATIVE CARE. There is no universally accepted 
method of immédiate postoperative management of 
meniscal repairs. Currently, after an isolated meniscal 
repair, we place the extremity in an immobilizer for 7 to 
10 days. Range-of-motion exercises (20 to 80 degrees) 
are begun immediately for 20 minutes four times daily. 
Touch-down weight bearing is allowed for the first 2 
weeks, partial weight bearing for 2 to 4 weeks, and full 
weight bearing at 4 to 6 weeks. Jogging is allowed at 3 
months, and squatting and return to sports are allowed 
at 4 to 6 months. If the meniscal repair is performed in 
conjunction with an anterior cruciate ligament recon¬ 
struction, we prefer to treat the ligament primarily. This 
involves placing the knee in full extension immediately 
and allowing early full range of motion. Touch-down 
weight bearing on crutches is continued for the first 6 
weeks. When stable repair in the red-red zone has been 
obtained, we allow the patient to return to sports at 
approximately 3 months, provided that complété return 
of function has been obtained. 


OUTSIDE-TO-INSIDE TECHNIQUE 

With this technique, a suture is introduced through a spinal 
needle that is inserted from outside to inside. It has been 
recommended as a safe approach to the posterior meniscal 
horns. We hâve found this technique most appropriate and 
safest for tears located in the anterior aspect of either 
meniscus. Johnson used a suture retrieval technique in 
which the suture is passed through the spinal needle and 
a second needle is passed through the meniscus in a verti¬ 
cal mattress configuration. A wire loop is used to retrieve 
the first suture and pull it back through the meniscus, 
forming a mattress repair (see Figs. 51-25 and 51-26). 

Certain points for this technique must be emphasized. 
For posteromedial repairs, the knee should be flexed 10 to 
20 degrees for the incision and for passing the needles to 
allow the sartorial nerve to lie anterior to the repair site. 
For anteromedial repairs, the knee should be in 40 to 50 
degrees of flexion for the incision and repair to allow the 
sartorial nerve to lie posterior to the repair site. For latéral 
repairs, the knee should be flexed 90 degrees to allow the 
nerve to be posterior to the repair site. The meniscus and 
parameniscal tissue must be prepared with a rasp before 
the repair. A small, 5- to 6-mm working cannula should be 
placed in the ipsilateral side for suture management. 


TECHNIQUE 51-6 


Figures 51-25 and 51-26 


(JOHNSON) 

■ Make a small skin incision and extend it through the 
subcutaneous tissue down to the capsule opposite the 
site of the meniscal tear. 

■ Under arthroscopic observation, introduce the needle 
from outside to inside, penetrating the meniscal rim and 
the meniscal fragment. 

■ Remove the stylet and pass a specially designed suture 
passer down through the needle and into the joint. 

■ Deliver the end of the suture into the joint using a spécial 
grasping instrument passed through an anterior portai. 
Place the suture through the wire loop of the suture 
passer. Withdraw the needle and suture passer simultane- 
ously, bringing one end of the suture with them out 
through the capsule. 

■ Repeat the process, placing another needle 3 to 4 mm 
from the first one. Insert a suture passer through the 
needle, again bring the remaining free end of the suture 
into the joint through the anterior portai, and deliver it 
through the wire loop. When this needle and the suture 
passer are retracted, both ends of the suture are now on 
the outside of the capsule and a horizontal mattress 
suture has been placed. 

■ Tie down the suture over the capsule and repeat the 
process as often as necessary to stabilize the meniscal tear 
securely. 

■ For large peripheral lésions on the médial side, such as a 
displaced peripheral bucket-handle tear, a combination of 
inside-to-outside and outside-to-inside methods can be 
used. 

■ Place a single horizontal mattress suture, using a cannu- 
lated technique, into the midportion of the tear anterior 




CHAPTER 51 ARTHROSCOPY OF THE LOWER EXTREMITY ^ 


5 



Johnson technique. Permanent suture brought 
in through anterior portai and placed into wire cable loop. SEE 


TECHNIQUE 51-6. 



Suture placement 
bucket-handle tear using curved 

TECHNIQUE 51-6. 


in midportion of large 
cannula technique. SEE 



to the posteromedial corner. This suture provides the 
necessary stability to the large bucket-handle fragment 
and prevents gross displacement when the spinal needle 
loaded with suture material is placed through the 
posterior and anterior horn régions of the fragment 
(Fig. 51-27). 

POSTOPERATIVE CARE. Postoperative care is the same 
as that described for Technique 51-5. 



Johnson technique. A f Second suture is pulled 
through to complété suture attachment. B f Sutures are brought 
into place after needles and cable loops hâve been removed. 


SEE TECHNIQUE 51-6. 


LATERAL MENISCAL SUTURING 


TECHNIQUE 51-7 


■ The technique for suture placement on the latéral side is 
similar to that described for the médial side, with the 
common peroneal nerve most at risk when suturing the 
posterior horn of the latéral meniscus. 

■ Keep the knee near 90 degrees of flexion when suturing 
the posterior horn of the latéral meniscus because in this 
position the nerve falls well below the joint line postero- 
laterally. With the knee in nearly 90 degrees of flexion or 
in the figure-four position, posterior and postérolatéral 
suturing involves little risk of injury to the peroneal nerve 
if the needles enter and exit the capsule superior to the 
palpable biceps femoris tendon. 

■ Sutures can be placed inside-out or outside-in, in a 
stacked vertical mattress configuration. Place the sutures 























PART XIV ARTHROSCOPY 



A, Menisco-capsular rip atthe popliteal hiatus. B, Abrasion of undersurface of meniscus secondary to meniscal instabil¬ 
ité C, Repaired rip. 




FIGURE 


^ Posterior meniscal capsular tear. 


FIGURE 


[ip Meniscal root tear. 


S approximately 3 mm from the edge and space every 4 to 
5 mm. 

■ If approximation and stability hâve been achieved, tie the 
sutures to each other over appropriate bridges of the 
postérolatéral capsule. Tie the sutures with the knee in 
full extension. 

■ Immobilize the knee in a commercial knee immobilizer 
with the knee in extension. 

POSTOPERATIVE CARE. Postoperative partial weight 
bearing on crutches is maintained for 4 to 6 weeks, 
depending on the stability of the tear and the distance 
of the tear from the peripheral blood supply. 


Hidden Lésions: Rips (Fig. 51-28), Ramps (Fig. 51-29), 
and Roots (Fig. 51-30). Traumatic enlargement of the pop¬ 
liteal hiatus resulting in latéral meniscal mechanical popping 
during knee extension from a figure-four position may not 


be identifiable on MRI. Likewise, tears of the posteromedial 
meniscal capsular attachment may be missed if Visual exami¬ 
nation and probing are not carefully performed. When 
symptoms warrant, a posteromedial portai may be necessary 
to find and repair this lésion. Root tears offen are visible on 
MRI (Box 51-3) and should be repaired when possible in 
patients younger than 40 years of âge. These usually are not 
réparable in patients older than 50 years and rarely will heal. 

LaPrade et al. described a classification System for menis¬ 
cal root tears based on tear morphology (Fig. 51-31) 

■ RADIAL TEARS AND MENISCAL ROOT TEARS 

Radial tears that extend to the capsule may be repaired in 
young patients with otherwise healthy menisci. Synovial 
rasping followed by longitudinal repair, consisting of two 
longitudinal sutures on the superior surface and one on the 
inferior surface, is indicated in young patients willing to 
follow stringent postoperative protocol (Fig. 51-32). 

Root tears of the latéral meniscus may do well by rasping 
and allowing them to heal in situ. Unstable root tears of the 
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Classification of meniscal root tears based on tear morphology: partial stable root tear (type 1), complété radial tear 
within 9 mm from the bony root attachment (type 2), bucket-handle tear with complété root detachment (type 3), complex oblique 
or longitudinal tear with complété root detachment (type 4), and bony avulsion fracture of the root attachment (type 5). (Redrawn from 
LaPrade CM, James EW, Cram TR, et al: Meniscal root tears: a classification System based on tear morphology, Am J Sports Med 43:363, 2015.) 



Clinical Pearls for the Diagnosis and Treatment 
of Meniscal Root Tears 


Clinical Diagnosis 

■ Suspect in patients with posterior knee pain 

■ Evaluate for effusion and painful flexion 

MRI Evaluation 

■ Evaluate for meniscal extrusion greater than 3 mm at level 
of the MCL 

■ Evaluate for ghost meniscal sign on sagittal MRI 

■ Evaluate for vertical linear defects on coronal MRI 

■ Differentiate true root tear from posterior horn radial tear 

■ Détermine status of cartilage 

■ Détermine status of cartilage 

■ Evaluate for presence of bony edema or insufficiency 
fractures of ipsilateral tibiofemoral joint 

Treatment 

■ Intimate knowledge of root insertional anatomy is essential 
for restoration of meniscal function 

■ Indications for surgical repair: young patients with trau- 
matic tears and excellent chondral health 

■ Proper tensioning of root repair 

■ Proper anatomie placement of root repair on tibia 

MCL, Médial collateral ligament; MRI, magnetic résonance imaging. 

Modified from Bhatia S, LaPrade CM, Ellman MB, LaPrade RF: Meniscal root tears: 
significance, diagnosis, and treatment, Am J Sports Med 42:3016, 2014. 



Repair of complété radial tear of latéral menis- 
cus. Note that first vertical mattress suture approximates meniscal 
fragments. Later, more vertical mattress sutures are added to 
suture posterior aspect of capsule. At least two vertical mattress 
sutures are placed and often a third "stacked" vertical mattress 
suture is necessary. 






















PART XIV ARTHROSCOPY 


posterior horn of the médial or latéral meniscus may be 
repaired to a freshened posterior bony bed using an anterior 
cruciate ligament guide to drill from the antérolatéral tibia to 
the base of the root footprint. A suture shuttle device is used 
to pass simple sutures through the meniscus and then out 
through the bone tunnel; the sutures are then tied anteriorly. 
The repair also may be accomplished using a 4.5 suture 
anchor placed through a high posteromedial portai. 


TRANSTIBIAL PULL-OUT REPAIR OF 
RADIAL OR MENISCAL ROOT TEAR 


TECHNIQUE 51-8 


(PHILLIPS) 

■ Make the initial arthroscopy portai in the compartment 
contralatéral to the intended repair. Use a spinal needle 
to direct the intended working portai just off the edge of 
the patellar tendon, directed to the repair site. Insert a 
5-mm cannula through which instruments will be inserted. 

■ Use a low-profile Arthrex guide to ream a 3-mm tunnel 
to the anatomie repair site. Make a 2-cm skin incision and 
clear soft tissues before reaming. 

■ After reaming to the anatomie repair site, withdraw the 
reamer 1 mm and rasp the repair site to stimulate healing. 

■ Pass a knee Scorpion repair device (Arthrex, Naples, FL) 
through the 5-mm plastic cannula and pass a simple no. 
0 Fiberwire suture through the posterior part of the 
meniscus 3 mm from the tear site. 

■ Pass a second suture through the anterior aspect of the 
meniscus and leave both pairs of sutures in the cannula. 

■ Push a nitinol loop up the reamer and retrieve the loop 
out the cannula. Shuttle the meniscal sutures down the 
3-mm tunnel using the nitinol loop and tie them securely 
over a button (Fig. 51-33). 

POSTOPERATIVE CARE. Postoperative care is the same 
as that described for Technique 51-5. 


ÏALL-INSIDE TECHNIQUE 

There are numerous suture-based fixators on the market at 
this time. The holding strength and short-term follow-up 
healing rates using these devices approach that of inside-out 
suture fixation. We use these devices for most repairs. The 
advantages of these devices are the ease of use and élimina¬ 
tion of accessory surgical incisions. The disadvantages are 
meniscal damage from deployment of the fixator, difficulty in 
obtaining a vertical repair, and the cost. 

The same principles apply to use of all-inside devices as 
to inside-out techniques. Proper sélection and préparation of 
meniscal tears and avoidance of vascular damage by aiming 
needles away from neurovascular structures and by setting 
the needle stop at 14 mm or 16 mm are necessary. 

I RIOLOGICS FOR HEALING 

Although the exact rôle of fibrin clôt, platelet-rich plasma, or 
stem cells in meniscal healing is unknown, many authors 
recommend its use when repairing isolated meniscal tears 
that are 3 to 5 mm from the periphery. Marrow stimulation 
can be accomplished when the médial wall of the intercon- 
dylar notch is reamed or drilled so as to protect the posterior 
cruciate ligament and create a channel to the cancellous 
bone. When anterior cruciate ligament reconstruction is 
done concomitantly, cell stimulation is unnecessary because 
of the hemarthrosis associated with the reconstruction. 

■ MENISCAL REPLACEMENT 

Meniscal replacement continues to evolve using bone-plug 
techniques with better-defined indications and more asymp- 
tomatic results (> 90%). The question remains how much 
chondroprotective function a transplanted meniscus pro- 
duces. Graff failure rates hâve ranged from 21% to 60% in 
some studies. Verdonk et al. at 7.2-year follow-up of 100 
procedures found that one third had additional surgery for 
meniscal tears or impingement, although 70% maintained 
asymptomatic relief with the meniscal transplant, and 
Saltzman et al. reported an overall success rate of 88% at 
7-year follow-up of 22 patients. 

The functional relief provided by meniscal transplant is 
clouded further by the fact that many of the patients had 
concomitant procedures for realignment, stabilization, or 



FIGURE 


A and B, Repair of meniscal root tear. SEE TECHNIQUE 51-8. 







CHAPTER 51 ARTHROSCOPY OF THE LOWER EXTREMITY ^ 


19 


osteochondral transplant at the time of the meniscal trans¬ 
plant. Cryopreserved menisci hâve been shown to perform 
similar to fresh frozen menisci with similar risks, in particular 
that of acquired immunodeficiency syndrome (AIDS; 1 in 1.6 
million). Investigational studies of biologie tissue scaffolds for 
partial or complété meniscal replacement are in progress. 
These graffs may provide more acceptable replacements in 
the future, but at this time results are short term and limited 
in number. 

Meniscal allograff is indicated in a patient who has had a 
previous meniscectomy, who is âge 50 years or younger, and 
who has symptoms localized to the tibiofemoral compart- 
ment and no advanced arthrosis as evidenced by flattening 
of the condyles or excessive osteophyte formation. A joint 
space of 2 mm or greater on standing posteroanterior view is 
necessary. Contraindications include malalignment, instabil- 
ity that the patient does not wish to hâve corrected, chon- 
dromalacia greater than grade III, and previous joint 
infection. 

In addition, the patient should be motivated, well 
informed, and willing to decrease impact-loading activities. 
When deciding whether a fresh frozen or a cryopreserved 
meniscus is to be used, one should be familiar with the 
allograff procurement and ensure that a quality, young, 
healthy graff is secured. Best results are obtained with a 
meniscal allograff that has a bone block or a bone bridge 
attached. Sizing is best done on anteroposterior radiographs, 
and MRI may be used to détermine meniscal coverage. 

A technique used at the University of Pittsburgh is 
described. The technique is divided into four parts: graff 
préparation, tunnel placement, graff insertion, and graff 
fixation. 


MENISCAL REPLACEMENT 


TECHNIQUE 51-9 


GRAFT PREPARATION 

■ After patient positioning, diagnostic arthroscopy, and bed 
préparation, obtain a true latéral radiograph of the 
involved knee. 

■ Measure the anteroposterior diameter of the appropriate 
tibial plateau, taking into account any magnification 
factor. 

■ Thaw the fresh frozen meniscal allograff at a température 
of less than 40° F to prevent denaturing of the 
collagen. 

■ Préparé each meniscal horn bony insertion site to cylindri- 
cal 7-mm bone plugs (Fig. 51-34A). 

■ Place nonabsorbable sutures through the roots of each 
meniscal horn and respective bone plugs to allow for 
meniscal insertion, passage, and fixation into osseous 
tunnels (Fig. 51-34B). 

■ Demarcate the meniscus-bone interface with a stérile 
marking pen for accurate assessment of complété graft 
seating to the level of the bone-meniscal tunnel 
junction. 


TUNNEL PLACEMENT 

■ Place the arthroscope and arthroscopic guide in the 
antérolatéral and anteromedial portais to provide optimal 
exposure and tunnel placement for both latéral meniscal 
bony insertion sites. The anterior and posterior horn 
insertion sites of the médial meniscus are best seen with 
the arthroscope in the anteromedial and posteromedial 
portais. Placement of the arthroscopic guide in the 
contralatéral anterior portai is optimal for each médial 
meniscal horn insertion site. 

■ After determining that the intraarticular placement of the 
arthroscopic guide is appropriate, place the extraarticular 
exit over the contralatéral portion of the tibial metaphysis 
at the level of the fibular head midway between the tibial 
tubercle and the posteromedial or postérolatéral border 
of the tibia. The advantage of drilling tunnels from the 
contralatéral metaphysis is that tunnel divergence would 
be greater, providing a larger bony bridge between the 
two tunnels (i.e., less chance of tunnel "blowout"). 

■ Make a 3-cm longitudinal incision in the skin and elevate 
the periosteal flaps. Enough exposure is needed for paral- 
lel placement of two 7-mm osseous tunnels with a 1-cm 
bone bridge between them. 

■ Drill the tibial tunnels under arthroscopic guidance. 

■ Insert a tibial drill guide through the appropriate anterior 
portai and seat it in the "footprint" of the meniscal horn 
bony insertion site. 

■ Drill a guidewire through the tibial jig. 

■ Remove the guide and confirm the position of the guide¬ 
wire before creating the tibial tunnel. 

■ Overdrill the tibial guide pin with a 7-mm cannulated 
reamer. 

■ Débridé the tibial tunnel of ail soft tissue, chamfer and 
smooth with an arthroscopic rasp to facilitate bone plug 
insertion and prevent graft abrasion at the plateau-tunnel 
interface. 

GRAFT INSERTION 

■ Make an accessory 3-cm incision at the posteromedial or 
latéral corner as would be done if performing an inside- 
out meniscal repair. 

■ With careful dissection, expose the posterior border of 
the latéral collateral ligament laterally or the junction of 
the posterior border of the médial collateral ligament and 
the posterior oblique ligament medially. 

■ Make a 1,5-cm arthrotomy at the posterior border of the 
latéral collateral ligament and médial collateral ligament 
for latéral and médial meniscal allograft insertion. 

■ Using the arthroscope, pass a looped 18-gauge malléable 
wire rétrogradé through the posterior tibial tunnel to 
outside the knee through the vertical capsular incision 
located at the posterolateromedial border. 

■ Pull the sutures that were placed in the posterior horn 
and bone plug of the meniscal allograft through the 
posterior tibial tunnel with the use of the looped wire. 

■ Apply tension through these sutures to seat the 
posterior bone plug of the médial and latéral meniscal 
allograft. 

■ To avoid potential fracture of the anterior bone plug, a 
two-step process is used for anterior horn insertion and 
seating. 
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FIGURE 


D, Appearance on 


Double bone plug technique. A 
completion. SEE TECHNIQUE 51-9. 


and B, Graft préparation. C f Insertion of graft, including réduction suture. 


■ Introduce the looped 18-gauge wire through the ipsilat- 
eral anterior portai and bring it outside the knee through 
the posterior capsular incision (Fig. 51-34C). 

■ Pull the sutures that anchor the anterior portion of the 
allograft out the ipsilateral anterior portai, guiding the 
anterior bone plug into the front half of the knee via 
the médial or latéral gutter. 

■Carefully pass the anterior bone block along the gutter 
and take care to avoid fracturing the bone plug. 

■ Pass the malléable wire rétrogradé through the anterior 
tibial tunnel into the knee and bring it out of the ipsilateral 
anterior portai to accompany the sutures anchored to the 
anterior bone plug. 

■ Pass the sutures through the looped wire and guide them 
through the anterior tibial tunnel out the front of the 
knee. 

■ Reduce the anterior bone plug into the respective osseous 
tunnel under arthroscopy. This seats the meniscal allograft 
in its anatomie position with the anterior and posterior 
bone plugs in their respective osseous tunnels. 


GRAFT FIXATION 

■ Place 2-0 Ethibond (Ethicon, Inc., Somerville, NJ) nonab- 
sorbable sutures in a vertical or horizontal mattress 
fashion. 

■ Insert the sutures from the upper and lower meniscal 
surfaces to approximate the meniscus and capsule 
completely. 

■ When ail the sutures hâve been passed, but before tying, 
apply tension to the peripheral, meniscal root, and bone 
plug-anchoring sutures while moving the knee through a 
complété range of motion. 

■Closely observe meniscal kinematics while probing to 
assess stability and réduction. Tie the peripheral sutures 
over the capsule. 

■Tie the sutures anchoring the tibial bone plugs over the 
bone bridge separating the tunnels (Fig. 51-34D). 

■ Perform a standard layered closure for each incision. 

POSTOPERATIVE CARE. The operated extremity is 
placed in a long leg hinged knee brace. Knee range of 
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motion from 0 to 90 degrees is begun immediately 
postoperatively. The patient is permitted crutch-assisted 
partial weight bearing with the brace locked in full 
extension for the first 6 weeks. At 6 weeks, the brace is 
removed, and the patient is progressed to full weight 
bearing. Closed chain exercises are emphasized, and deep 
flexion is avoided for the first 6 months. Bicycling, swim- 
ming, and straight-ahead jogging at half speed are 
allowed at 3 to 6 months. Hard running, agility maneu- 
vers, and full squats are prohibited until after 6 months. 
Compétitive sports are prohibited until 9 to 12 months 
postoperatively. 


ARTHROSCOPIC SURGERY FOR 
OTHER DISORDERS 
■ LOOSE BODIES IN THE KNEE JOINT 

Removal of loose bodies from the knee joint is especially 
suitable for arthroscopic techniques. A loose body may be a 
singular, isolated problem, or multiple loose bodies may 
indicate the presence of a more complex pathologie process, 
such as synovial chondromatosis. Every attempt should be 
made to identify the underlying process to manage the condi¬ 
tion correctly. 

Loose bodies can be classified into the following types: 

1. Osteocartilaginous. These loose bodies are composed of 
bone and cartilage and are détectable radiographically. 
Osteocartilaginous loose bodies may originate from 
several sources, the most common being osteochondritis 
dissecans, osteochondral fractures, osteophytes, and 
synovial osteochondromatosis. 

2. Cartilaginous. These radiolucent loose bodies usually are 
traumatic and originate from the articular surfaces of the 
patella or the fémoral or tibial condyle. 

3. Fibrous. These radiolucent loose bodies occur less fre- 
quently and resuit from hyalinized reactions originating 
usually from the synovium secondary to trauma or, 
more commonly, from chronic inflammatory conditions. 
Synovial villi become thickened and fibrotic, may become 
pedunculated, and may detach and fall into the joint as 
loose bodies. Chronic inflammations, such as tuberculo- 
sis, may produce multiple fibrinous loose bodies known 
as “rice bodies.” 

4. Others. Intraarticular tumors, such as lipomas, and local- 
ized nodular synovitis may be pedunculated and by pal¬ 
pation feel like loose bodies or, in rare instances, drop free 
into the joint. Bullets, needles, and broken arthroscopic 
instruments also may appear as foreign loose bodies 
within the knee. 


REMOVAL OF LOOSE BODIES 


TECHNIQUE 51-10 


■ Two techniques generally are used, based on the problem 
facing the surgeon: (1) small loose bodies are removed 
from the knee joint by suction and lavage of the joint. 


and (2) larger loose bodies are removed using triangula¬ 
tion techniques. 

■ Insert the 30-degree viewing arthroscope through the 
antérolatéral portai. Rarely is bleeding a problem in 
loose body removal; inflating the tourniquet usually is 
unnecessary. 

■ Perform a complété systematic diagnostic arthroscopy, 
moving sequentially and systematically through the joint. 
If the loose body is large and radiopaque, preoperative 
radiographs give an indication of its location; however, it 
may hâve moved since the radiograph was taken. 

■ Search the joint systematically for additional loose bodies, 
including the suprapatellar pouch, the médial and latéral 
gutters, the médial and latéral compartments, the popli- 
teal hiatus, the intercondylar notch, and the posterior 
compartments. 

■ If the loose body is in the suprapatellar pouch, it may float 
away from the arthroscope or grasping instrument. In 
addition, the slightest turbulence in the irrigation fluids 
or the slightest touching with the grasper frequently 
makes it move away. This can be reduced by turning off 
the outflow of irrigating solution and inserting a small 
suction tip. Frequently, the loose body is drawn to the 
suction tip, where it can be held until a third instrument 
is brought into the knee to grasp it. 

■ The loose body also can be trapped or stabilized by tri- 
angulating a spinal needle to it, piercing it with the 
needle, and holding it in place until a grasper is inserted, 
usually through a superolateral or superomedial portai 
(Fig. 51-35). 

■ When it is within the jaws of the grasper, slowly withdraw 
the loose body to the portai entrance. 

■ If necessary, enlarge the entrance so that the loose body 
can be extracted. It is better to enlarge the portai than 



Removal of loose body. Loose body is impaled 
with needle, and grasper is inserted through superolateral portai. 


SEE TECHNIQUE 51-10. 
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Loose body in posteromedial compartment. 
Complété knee arthroscopy should always include examination 
of posteromedial compartment. SEE TECHNIQUE 51-10. 


9 to hâve the loose body slip from the grasper and become 
free again within the joint. 

■ If multiple loose bodies are présent, remove the smaller 
ones first. Removal of the largest ones first may require 
enlargement of the portai and can resuit in significant 
leakage of irrigation solutions from the joint. 

■ When ail loose bodies that can be seen hâve been 
removed, suction the joint, especially the posterior com¬ 
partiments and the intercondylar notch. Occasionally, this 
pulls small, previously unseen loose bodies into view. 

■ Try to identify, if possible, the pathologie process produc- 
ing the loose bodies, and treat it appropriately (i.e., by 
biopsy, synovectomy, or chondroplasty). 

■ Loose bodies that gravitate into the posterior compart¬ 
ment can be seen with the viewing arthroscope through 
a posteromedial or a postérolatéral portai or a central 
portai using a 70-degree oblique viewing arthroscope 
(Fig. 51-36). 

■ Triangulating a grasping instrument into the posterome¬ 
dial or postérolatéral compartment, with the arthroscope 
also through a posteromedial or postérolatéral portai, 
can be difficult because of crowding and collision of 
instruments. 

■ Pass the 70-degree oblique viewing arthroscope through 
the intercondylar notch and into the appropriate posterior 
compartment, locate the loose body, and triangulate a 
grasping instrument through a posteromedial or postéro¬ 
latéral portai to remove it. 

■ Loose bodies also can be difficult to find in the 
anterior compartment around the fat pad under the 
anterior horns of the menisci. If it is difficult to find 
an anterior loose body, add a midpatellar portai to view 
the area and allow instrumentation and probing through 
both of the anterior portais. 

■ Loose bodies large enough to require a major incision for 
removal can be removed in smaller fragments by mor- 
selization if desired. Do not use the délicate basket 
forceps or other arthroscopic instruments for this purpose, 
or severe damage to the instrument can resuit. It is better 


to use a Kerrison rongeur or an arthroscopic bur to break 
up larger loose bodies for removal. 

■ Remove pedunculated "loose bodies," caused by disor- 
ders such as nodular synovitis, using standard triangula¬ 
tion techniques after the restraining pedicle is eut with 
scissors. 

■ Instrument breakage during arthroscopic procedures may 
occur, and portions of broken instruments can drop into 
the joint. Under these circumstances, remain calm, turn 
off the irrigating solution, move the knee as little as 
possible, and always keep the fragment in view. Do not 
proceed with the intended surgical procedure until the 
instrument part is removed. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that described for Technique 51 -1 . 


■ SYNOVIAL PLICAE OF THE KNEE 

Embryologically, the knee joint forms from three synovial 
compartments. Normally, these fuse into a single synovial 
cavity with the intervening synovial partitions resolving. The 
important synovial plicae of the knee represent unresolved 
remnants of these partitions. These plicae are synovial folds, 
usually classified according to their anatomie relationship to 
the patella: suprapatellar, infrapatellar, médial patellar, and 
latéral patellar plicae. They vary in frequency, size, thickness, 
and clinical significance. The term plica or shelf generally is 
used to describe a normal synovial fold; and if the plica is 
believed to be contributing to the patients symptoms, it 
should be referred to as a pathologie plica. 

The infrapatellar plica, or ligamentum mucosum, probably 
never produces symptoms but can make it difficult to pass the 
arthroscope from one compartment to the other; if it is 
prominent, viewing of the anterior cruciate ligament can be 
difficult. It can vary from a thin band of synovium running 
from the back side of the fat pad into the intercondylar notch 
to a nearly complété synovial partition separating the médial 
and latéral compartments. The suprapatellar plica is superior 
to the patella and partially divides the suprapatellar pouch 
into two compartments. Rarely does it cause symptoms in the 
knee. A latéral patellar shelf or plica has been described but 
is exceedingly rare. 

The most common of these plicae to be of clinical signffi- 
cance is the médial patellar plica. Its incidence has been 
reported to range from 10% to more than 50% in normal 
knees. The frequency of the médial patellar plica and its pos¬ 
sible rôle in the cause of anterior knee pain hâve been more 
greatly appreciated as diagnostic arthroscopy has developed. 

The médial patellar plica begins just superior to the 
patella and sometimes continues with the distal extent of the 
suprapatellar plica, running distally along the médial side 
wall of the joint and over the médial fémoral condyle to insert 
onto the fat pad. This structure causes symptoms only if it 
becomes thickened and inelastic from trauma or chronic 
inflammation. A common precipitating cause is a direct blow 
to the anteromedial knee région, traumatizing the plica. This 
results in swelling and inflammatory changes. Répétitive knee 
flexion and extension in such instances may cause thickening 
and hyalinization within the plica, leading to loss of elasticity. 
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If this is accompanied by increased activities, the narrow, 
noncompliant structure may act as an abrasive band, rubbing 
across the médial fémoral condyle instead of smoothly gliding 
over it. This abrasive action with time may resuit in chondro- 
malacia of the médial fémoral condyle. Pathologie médial 
patellar plica has a fairly thickened, rounded, fibrotic, and 
white inner border. As the knee is moved from extension to 
90 degrees of flexion, this pathologie plica makes firm contact 
with the underlying fémoral condyle at 30 to 40 degrees of 
flexion. Either a soffened area of articular cartilage on the 
edge of the médial fémoral condyle or a pannus of synovium 
growing over the edge of the condyle from the médial gutter 
is an additional due that the plica may be pathologie and 
responsible for the patients symptoms, provided that the 
examination and symptom complex are consistent. 

Clinically, the patient usually describes striking the 
anteromedial aspect of the knee on a hard object, a fall on the 
anterior aspect of the knee, or some direct blow to this région. 
This is followed by a chronic, aching discomfort in the ante¬ 
rior aspect of the knee, which is made worse by activities. The 
patient also may sense a clicking sensation during flexion and 
extension of the joint. Effusion rarely is noted. On examina¬ 
tion, a locally tender area well above the joint line on the 
anteromedial aspect of the knee usually is found. Occasion- 
ally, with active flexion and extension of the joint, a popping 
of the plica over the médial fémoral condyle may be noted, 
more commonly at about 30 to 40 degrees of flexion. Some- 
times this thickened fibrotic plica is palpable along the médial 
border of the patella. 

The initial treatment of pathologie médial plica should be 
conservative. Modification of activities to reduce répétitive 
flexion and extension movements of the knee should be 
advised. The patient should avoid keeping the knee flexed for 
prolonged periods, and quadriceps exercises consisting of 
isométrie and stiff-legged exercises are advised, along with a 
short course of antiinflammatory médications. Occasionally, 
immobilization of the knee in extension for a few days or a 
local injection may be bénéficiai. Progressive résistive exer¬ 
cises of the quadriceps should be avoided because these 
répétitive flexion and extension movements of the knee 
aggravate the plica. Conservative measures usually are bénéfi¬ 
ciai in médial plica syndromes of short duration. If the 
symptoms are chronic and conservative measures hâve failed, 
arthroscopic examination of the knee and resection of the 
pathologie plica may be required. In a review of 135 adoles¬ 
cents (165 knees) with médial synovial plica, only 36% were 
pain-free at an average 4-year follow-up; 46% had mild 
residual symptoms, and 18% had pain that was not improved 
by surgery. Most patients, however, were satisfied with their 
outcomes, and 87% were able to return to sports. 


RESECTION OF PLICA 


TECHNIQUE 51-11 


■ Perform a complété and systematic diagnostic arthros- 
copy to rule out other intraarticular pathologie conditions. 
If a thickened, inelastic, rounded, and whitish plica is 


noted, arthroscopic resection of the plica should relieve 
the symptoms. 

■ Examine the médial patellar plica with the 30-degree 
viewing arthroscope in the standard antérolatéral portai. 

■ Confirm the pathologie nature of the plica further by 
viewing its superior aspect through a superolateral portai. 

■ If the plica is found to be pathologie, it is better to resect 
a large portion of it rather than simply to eut it. With the 
viewing arthroscope in the antérolatéral portai, insert 
scissors or basket forceps through a superolateral portai 
(or side-biting baskets can be used through the antero¬ 
medial portai), advance the scissors or forceps to the 
médial side wall, and, beginning at the superior aspect 
of the plica, excise 1 cm to 2 cm of it. A saucerization of 
the plica down to the synovial side wall should be the 
goal of treatment. 

■Often, the initial division of the plica is accompanied by 
a snapping apart of the structure and a wide séparation 
of its eut ends, indicating that the plica was under con¬ 
sidérable tension. If necessary, insert the motorized shaver 
or synovial resector through the superolateral portai and 
remove the remaining tags of synovium and plica. Avoid 
overly aggressive synovial resection to reduce postopera- 
tive synovitis. 

■ Thoroughly lavage and suction the joint to remove any 
remaining débris. 


■ OSTEOCHONDRITIS DISSECANS AND 
CHONDRAL DEFECTS OF THE FEMORAL 
CONDYLES AND PATELLA 

Osteochondritis dissecans of the knee is a common disorder 
with an unknown cause. It is thought to resuit from ischemia 
of a localized area of subchondral bone, precipitated by 
infarction, trauma, or other causes. An area of subchondral 
bone becomes avascular, with subséquent changes occurring 
in the overlying articular cartilage. Osteochondritis dissecans 
must be differentiated from true osteochondral fractures and 
irregular ossification within the fémoral condyles. Although 
it is well established that undisplaced lésions in skeletally 
immature children heal if immobilized, surgery often is 
indicated for osteochondritis dissecans in mature or almost 
mature patients and for patients who hâve partially or com- 
pletely detached fragments. 

Osteochondritis dissecans of the fémoral condyles has 
been classified radiographically, depending on the size and 
location of the lésion. Lésions of the médial fémoral condyle 
hâve been described as central, laterocentral, and inferocen- 
tral (Fig. 51-37). Standard 45-degree posteroanterior, weight- 
bearing latéral views and patellofemoral joint views are 
helpful. Radiographs of the opposite knee also are necessary 
to evaluate for potential contralatéral lésions. Bone âge films 
to détermine actual skeletal maturity are useful. MRI is an 
effective way to evaluate the size and integrity of osteochon- 
dritic lésions and may be necessary to détermine healing of 
a lésion. MRI evidence of lésion instability is fluid under the 
lésion (in the crater) or subchondral edema. 

Symptomatic lésions in skeletally immature patients are 
treated conservatively for 3 months, the duration being 





PART XIV ARTHROSCOPY 



Locations of lésions of osteochondritis disse- 
cans. A f Locations of lésions of médial fémoral condyle (central, 
laterocentral, or inferocentral) and of latéral fémoral condyle 
(inferocentral and often posterior). B, Latéral view of médial 
fémoral condyle showing common location of lésions. 


determined by the âge of the patient, the size of the lésion, 
and whether it involves a weight-bearing area. Small lésions 
in non-weight-bearing areas can be treated with restriction 
of activities. For lésions 1 cm or larger in a weight-bearing 
area, the knee is immobilized, and partial weight bearing is 
allowed until some healing is noted on subséquent radio - 
graphs. Lésions destined to heal show some signs of healing 
over a 3-month period. The immobilizer is discarded affer 4 
to 6 weeks if symptoms permit. Partial weight bearing is 
progressed over the subséquent 4 to 8 weeks as healing pro¬ 
gresses. Lésions showing no evidence of healing are consid- 
ered for open or arthroscopic surgical treatment (Box 51-4). 
Early surgical intervention should be considered in lésions 
that remain symptomatic (effusion and joint line pain) despite 
a conservative program. This is especially true in children 
approaching physeal closure. Incidental fmdings of an 
asymptomatic osteochondral lésion should be followed by 
repeat radiographs every 4 to 6 months until the lésion has 
healed or until skeletal maturity is reached. MRI is valuable 
in following the healing process. If affer that time the lésion 
is still asymptomatic and radiographie findings are benign, 
follow-up should be on an as-needed basis. 

Arthroscopic évaluation and treatment are indicated in 
ail patients who are 12 years old or older as determined by 
bone âge radiographs and who hâve lésions larger than 1 cm 
in diameter located primarily in a weight-bearing area. 
Lésions that are massive (>3 cm in diameter), lésions having 
large or multiple loose bodies that are thought to be replace- 
able, or lésions that are inaccessible to arthroscopic techniques 
are best treated by open arthrotomy. Treatment of the lésion 
is based on the arthroscopic examination. The lésions are 
classified into one of the following groups: (1) intact lésions, 
(2) lésions showing signs of early séparation, (3) partially 



Treatment of Chondral Lésions of the Knee 
(Least Effective to Most Effective) 


■ Debridement 

■ Low demand 

■ Low compliance 

■ Mechanical symptoms 

■ Minimal edema on T2-weighted MRI 

■ Microfracture 

■ Contained lésion less than 2.5 cm, 8 mm deep 

■ Moderate activity 

■ Technique 

■ Small 1 to 2 mm holes, 2 to 3 mm apart, varying 
depth 

■ Préparé with sharp vertical walls and curettement of 
calcified basal layer 

■ Cell transfer (ACI, MACI, JAC) 

■ Large lésion 

■ Moderate activity 

■ ACI: two operations required, third often necessary for 
mechanical symptoms 

■ JAC: one operation, less cost, early results promising, 
insurance coverage? 

■ OAT 

■ High demand 

■ Lésion less than 2.5 cm 

■ For best results, minimize cartilage trauma on insertion 
and maximize conformity of grafts to joint 

■ Mini-open technique for two or more grafts 

■ Fresh allograft 

■ Active 

■ Lésion greater than 2.5 cm 

■ Moderate activity: 80% to 90% success at 10 years 

■ FHigh activity: approximately 30% success at 4 years 

ACI, Autologous chondrocyte implantation; JAC, juvénile articular cartilage; 
MACI, matrix-associated autologous chondrocyte implantation; MRI, magnetic 
résonance imaging; OAT, osteochondral allograft transplantation. 


detached lésions, and (4) craters with loose bodies (salvage- 
able or unsalvageable). 

An intact lésion présents only a minor irregularity of 
the articular surface, with no break in the continuity of 
the surface. This is determined by careful palpation and 
arthroscopic probing. These lésions are treated by drilling 
multiple holes through the articular surface and into the 
subchondral fragment and underlying vascular bone. The use 
of imaging and rétrogradé drilling distal to the growth plate 
also may be used to preserve the articular surface. Because 
the articular surface viewed arthroscopically may show little 
or no surface irregularity, palpation of the softened defect is 
the best means for identifying the lésion. Having preoperative 
images available and using an image intensifier during this 
process may assist in locating the site for drilling. 

An early separated lésion présents an essentially intact 
smooth articular surface, but with greater irregularity than 
that of an intact lésion. The articular surface at some point 
shows a break in a small portion of the periphery of 
the lésion, and the fragment moves significantly when 
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probed. These lésions should be treated by debridement and 
smoothing of the break in the articular surface followed by 
fragment stabilization. The fragment can be secured with 
bioabsorbable or métal screws. Screws hâve the advantage of 
fragment compression, which may be helpful in larger 
lésions. Non-weight bearing is necessary for approximately 
6 weeks affer surgery. Most métal screws need to be 
removed. 

A partially detached lésion présents a greater disruption 
in the articular surface and, with probing, the lésion can be 
displaced or hinged on one edge. These lésions should be 
hinged open and the crater debrided to remove fibrous tissue 
and stimulate pétéchial bone bleeding. Occasionally, cancel- 
lous bone grafting in the crater base is required. When viewed 
arthroscopically, lésions that already hâve developed a loose 
body and a crater are treated by reconstruction of the crater, 
that is, by curettage and debridement to bleeding bone and 
by contouring and smoothing the edges and walls of the 
crater. If the loose body has detached recently, as indicated 
by hemorrhage or a little fibrous material within the crater, 
and the loose body can be replaced congruously, it is secured 
back in the crater and stabilized. Displaced loose bodies with 
viable cartilage and some attached subchondral bone hâve 
been successfully reattached and hâve healed in more than 
90% of patients in a study by Magnussen et al. The fragments 
were trimmed and cancellous bone graft added when neces¬ 
sary to fill the crater. When the fragment is not acceptable, 
the crater may be treated by microfracture or autogenous 
osteochondral transfer. 

Osteochondritis dissecans of the patella may occur on 
the médial or latéral facet and the central ridge or the 
médial or latéral aspect of the trochlea. In the case of local- 
ized lésions, the first line of treatment is debridement and 
microfracture. For persistent mechanical symptoms with 
swelling and pain that does not respond to conservative 
treatment or microfracture, a second line of treatment in a 
mature individual with these lésions would be anterior 
medialization of the tibial tuberosity and autogenous osteo¬ 
chondral transplant as an open procedure if indicated (see 
Chapter 45). It is important to note that the condition of the 
surrounding cartilage, viability of the meniscus, stability of 
the knee, and alignment of the extremity weighs greatly on 
the long-term results of these lésions. Smoking and obesity 
negatively affect results as does âge older than 30 to 45 years 
(Box 51-5). 



Factors With a Négative Effect on Healing of 
Chondral Lésions 


■ Age greater than 50 years 

■ Malalignment 

■ Activity level 

■ Loss of meniscal tissue 

■ Instability 

■ Bipolar lésions 

■ Body mass index greater than 30 

■ Smoking 

■ Chronic systemic disease 


ARTHROSCOPIC DRILLING OF 
AN INTACT LESION OF THE 
FEMORAL CONDYLE 


TECHNIQUE 51-12 


■ Perform a complété and systematic diagnostic arthros- 
copy with the 30-degree viewing arthroscope in the 
antérolatéral portai. 

■ Inspect carefully the articular surface of the médial 
fémoral condyle, varying the degree of flexion of the knee 
between 20 and 90 degrees to view the posterior extent 
of the lésion. The articular surfaces appear smooth except 
for a slightly raised irregularity at the borders of the 
lésion. 

■ Insert a probe through the anteromedial portai and care¬ 
fully probe this irregular line to ensure there is no break 
in the continuity of the articular surface overlying the 
subchondral bone lésion. 

■ If the lésion is intact, perforate it with multiple holes using 
a 0.045-inch Kirschner wire. Position the Kirschner wire 
perpendicular to the articular surface, with the soft tissues 
protected by a sleeve or cannula over the wire (Fig. 
51-38). Access for drilling inferocentral lésions of the 
médial fémoral condyle usually is through the anterome¬ 
dial portai; laterocentral lésions may be approached 
better by bringing the Kirschner wire through the antéro¬ 
latéral portai while viewing through the anteromedial 
portai. If the patient is not fully skeletally mature and the 
physis is open, take care not to penetrate too deeply and 
injure the physis. A radiographie image can be used to 
pass a 0.045-inch Kirschner wire starting distal to the 



Technique for drilling intact lésion of osteo¬ 
chondritis dissecans. Multiple perforations of lésion of médial 
fémoral condyle are made using Kirschner wire through antero¬ 
medial portai. SEE TECHNIQUE 51-12. 
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S physis and ending just proximal to the articular suture, 
thus preserving the cartilage. Passing one wire through 
the cartilage to exit laterally can act as a guide for the 
wires to be passed from proximal to the lésion. 

■ Thoroughly lavage and suction the joint and remove the 
instruments. 

POSTOPERATIVE CARE. Postoperative management 
consists of immobilization in a restricted motion brace, 
with the arc of motion controlled to prevent contact of 
the tibial articular surface with the lésion. Use of crutches 
with partial weight bearing is encouraged until early 
healing is noted radiographically. Four to 6 weeks of 
immobilization for young patients is common, whereas 
older patients with larger lésions should continue the 
immobilization and avoid weight bearing until definite 
radiographie evidence of healing is noted. Range-of- 
motion exercises should be performed for 15 to 20 
minutes two to three times daily. 


ARTHROSCOPIC SCREW FIXATION 
FOR OSTEOCHONDRITIS DISSECANS 
LESIONS IN THE MEDIAL 
FEMORAL CONDYLE 

For small (<2.5 cm), relatively stable lésions, we generally 
prefer the use of an absorbable screw fixation technique. 
Unstable fragments are best secured with screws, either 
métal or bioabsorbable. Métal screws provide greater secu- 
rity but must be removed. Bioabsorbable screws hâve less 
secure fixation, hâve variable absorption, and sometimes 
cause synovitis; however, removal may not be necessary. 


TECHNIQUE 51-13 


■ Evaluate the defect and détermine the best method of 
fixation. Displaced lésions that require contouring prob- 
ably are best treated open through a parapatellar 
incision. 

■ For relatively stable lésions, débridé the base and secure 
the lésion with cannulated bioabsorbable screws placed 
perpendicular to the lésion. 

■ If the defect is large, use cancellous bone obtained from 
the proximal tibia to fill the cavity. 

■ Secure the lésion with small 1.5- to 2.7-mm métal screws. 

POSTOPERATIVE CARE. Immédiate range of motion is 
encouraged. Non-weight bearing with crutches for 12 
weeks is necessary for healing and to protect the joint sur¬ 
faces until the métal screws are removed arthroscopically. 


I OSTEOCHONDRITIC LOOSE BODIES 

Osteochondritic loose bodies that are already completely 
detached and floating free within the joint usually are not 
suitable for réduction and fixation or bone graffing. Only a 
recently detached loose body with viable cartilage and bone 


and a fresh crater base is suitable for replacement and fixa¬ 
tion. More offen the loose body or bodies become rounded 
off and cannot be made to fit congruously back within the 
crater by either open or closed methods. In these instances, 
the loose bodies should be extracted from the joint, the base 
of the crater cleared of fibrous débris, the underlying ebur- 
nated and sclerotic bone perforated with multiple drill holes 
or abraded to bleeding cancellous bone, and the edges and 
walls of the crater contoured and smoothed without remov- 
ing additional healthy articular cartilage. 

Postoperatively, immédiate motion and weight bearing 
are allowed. Prolonged protection in these circumstances 
does not seem to improve coverage of the base of the crater 
with fibrocartilaginous tissue. Constant passive motion for 6 
weeks has proved effective. 

Larger defects (1.0 to 2.5 cm) in a weight-bearing portion 
with a wall of intact cartilage surrounding the defect are 
preferably treated by use of an osteochondral autograff trans¬ 
fer (OATS) type of graff to plug the defect. 

I OSTEOCHONDRAL AUTOGRAFTS 

The first reports of osteochondral autograff transfer were by 
Yamashita et al. in 1985 followed by Fabbriciani et al. in 1992. 

The osteochondral transfer method for autogenous mate- 
rial has developed into two similar procedures. One method 
involves the use of individual donor cores 5 to 10 mm in size, 
whereas the other uses smaller plugs, ranging from 2.7 to 
8.5 mm, which are believed to cause less trauma to the donor 
site and can be plugged into the récipient site to restore an 
area about 2 cm in diameter. 

The larger graff, which proponents believe fills the récipi¬ 
ent site with more cartilage, can be used in defects ranging 
from 1.0 to 2.5 cm. Many researchers think that the most 
advantageous size graff is 4.5 to 6.5 mm. When multiple 
graffs are used (mosaicplasty), an open technique may be 
préférable to enable idéal restoration of the articular cartilage 
surface (see Chapter 45). When multiple graffs are taken, the 
defect is thought to fill with 60% to 80% of hyaline cartilage. 
To maximize cartilage transfer, a cartilage bone paste can be 
used to fill the small defects between the cartilage surfaces. 

Osteochondral autograff transfer is indicated for patients 
who are younger than âge 45 years and hâve a sharply defined 
defect with normal-appearing hyaline cartilage surrounding 
the borders of the defect. Lésions should be unipolar and 
generally no more than 2.0 to 2.5 cm. Relative contraindica- 
tions to the procedure are patients older than 45 years of âge 
and obvious chondromalacia of the articular cartilage sur¬ 
rounding the defect. For best long-term results, normal 
mechanical alignment and a stable knee are necessary. 


OSTEOCHONDRAL AUTOGRAFT 
TRANSFER 


TECHNIQUE 51-14 


■ Inspect the osteochondral defect arthroscopically and 
measure the size of the lésion. Use a set of OATS sizer/ 
tamps with heads of 5 to 10 mm to détermine precisely 
the diameter of the defect. The color-coded tamps 
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correspond in size with the diameter of the tube harvest- 
ers (Fig. 51-39A). 

■ Assemble the tube harvester driver/extractor. 

■ Load the donor tube harvester with the collared pin into 
the base of the driver and tighten the chuck. Screw a 
cartilage protector cap onto the back of the driver. When 
seated, the collared pin protrudes a few millimeters past 
the sharp cutting tip of the harvester to protect articular 
surfaces (Fig. 51-39B). 

■ When an acceptable position is established, drive the 
donor harvester with a mallet into subchondral bone or 
to a depth of approximately 15 mm. Avoid rotating the 
harvester during impaction. 


■ Remove the harvester and bone core by axially loading 
the harvester and rotating the driver 90 degrees clockwise 
and then 90 degrees counterclockwise (Fig. 51-39C). 

■ Fully insert the récipient harvester into the driver and 
insert the protector caps in a similar fashion. During 
socket création, maintain a 90-degree angle to the articu¬ 
lar surface to end up with a flush transfer. Rotate the 
harvester so that the depth markings are seen. Maintain 
a constant knee flexion angle during harvesting (Fig. 
51-39D). 

■ After using a mallet to drive the tube harvester into 
subchondral bone to a depth of approximately 13 mm 
(2 mm less than the length of the donor core), extract 



A f Size of defect determined. B f Harvester driver extractor assembled with tube harvester and collared pin loaded. 
C f Harvester driven into subchondral bone. D and E f Harvesting of graft. F f Calibrated osteochondral allograft transplantation System 
(OATS) alignment stick of appropriate diameter used to measure récipient socket depth and align angle of récipient socket correctly 
to position of insertion portai. Continued 
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9 the récipient bone core in the same manner as the donor 
bone core, and measure and record the depth of the core 

(Fig. 51-39E). 

■ Use the calibrated OATS alignment stick of the appropri- 
ate diameter to measure the récipient socket depth and 
align the angle of the récipient socket correctly in relation 
to the position of the insertion portai when using an 
arthroscopic approach (Fig. 51-39F). 

■ Reinsert the donor harvester, collared pin, and autograft 
core into the driver. Unscrew the cap and remove the 
T-handled midsection. This exposes the end of the 


collared pin that is used to advance the bone into the 
récipient socket. 

■ Insert the pin calibrator over the guide pin and press into 
the open back of the driver (Fig. 51-39G). Insert the 
donor tube harvester's beveled edge fully into the récipi¬ 
ent socket. Stabilize the harvester during autograft 
impaction. Use a mallet to tap the end of the collared pin 
lightly and drive the bone core into the récipient socket 
(Fig. 51-39H). 

■ Maintain a stable knee flexion angle and position of the 
harvester during this step. Carefully advance the collared 



■awiia^ EgElgffigfc G f Donor harvester, collared pin, and autograft core reinserted into driver. H f Donor tube harvester inserted 
into récipient socket. I f Sizer tamp, measuring 1 mm in diameter larger than bone core, positioned over bone core. J, Harvested and 
transferred cores. SEE TECHNIQUE 51-14. 
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pin until the end of the pin is flush with the pin calibrator 
on the back of the driver/extractor. This provides exact 
mechanical control to ensure proper bone core insertion 
depth. The predetermined length of the collared pin is 
designed to advance the bone core so that 1 mm of graft 
is exposed from the récipient socket when the pin is 
driven flush with the end of the pin calibrator. One can 
see the core insertion as it is occurring by viewing the 
core and the collared pin advancement through the slots 
in the side of the harvester. 

■ Alternative^, the core extruder is an option to using the 
mallet to insert the bone core into the récipient socket. 
Place the donor harvester into the chuck of the fully 
assembled tube harvester driver/extractor. As described 
previously, insert the beveled edge of the donor tube 
harvester into the récipient socket. While keeping the 
donor tube harvester firmly in position, slowly screw the 
core extruder into the rear of the fully assembled driver/ 
extractor. Advance the core extruder by turning it in a 
clockwise motion, forcing the bone core from the donor 
tube harvester into the récipient socket. When the core 
extruder is fully seated, the bone core should remain 
slightly proud. 

■ Remove the donor tube harvester and position a sizer 
tamp, measuring at least 1 mm in diameter larger than 
the diameter of the bone core, over the bone core. Final 
seating of the bone core flush with surrounding cartilage 
is achieved by tapping the tamp lightly with the mallet 
(Fig. 51-391). 

■ When multiple cores of various diameters are elected to 
be harvested and transferred into spécifie quadrants of 
the defect, each core transfer should be completed before 
proceeding with further récipient socket création. This 
prevents potential récipient tunnel wall fracture and 
allows subséquent cores to be placed directly adjacent to 
previously inserted bone cores (Fig. 51-39J). 


I BONE GRAFTING 

Cancellous bone grafts can be packed into the base of the 
crater in partially detached lésions before réduction and fixa¬ 
tion to obliterate step-off. A cancellous graft can be obtained 
from the proximal tibia, using a trephine coring needle or 
similar device to obtain the harvest. This is placed arthroscopi- 
cally or by open technique behind the osteochondritis dis- 
secans lésion, packing it to a smooth surface before fixation 
with a cannulated screw. Autogenous chondrocyte implanta¬ 
tion of the osteochondritis dissecans lésions should be con- 
tained and should hâve a depth of bone loss of less than 
8 mm. Bone loss of more than 8 mm should be bone grafted, 
and a staged procedure should be performed 6 to 12 months 
later. These techniques are discussed further in Chapter 45. 

■ CRUCIATE LIGAMENT RECONSTRUCTION 

Arthroscopic techniques hâve been advanced and refined to 
assist in the reconstruction of the anterior and posterior 
cruciate ligaments. The arthroscopically aided approach has 
the advantages of smaller skin and capsular incisions, less 
extensor mechanism trauma, improved viewing of the inter- 
condylar notch for placement of the tunnel and attachment 


_ TABLE 51-2 

Ultimate Load to Failure and Stiffness of Current 
Graft Sélections in Cruciate Ligament Surgery 


GRAFT SELECTION 

ULTIMATE 
STRENGTH TO 
FAILURE (n) 

STIFFNESS 

(n/mm) 

Native ACL (Woo et al.) 

2160 

242 

Native PCL (Race, Amis) 

1867 

— 

Patellar tendon (Cooper et al.) 

2977 

455 

Quadruple hamstring tendon 
(semitendinosus and gracilis) 
(Hamner et al.) 

4140 

807 

Quadriceps tendon (Stàubli 
et al.) 

2353 

326 


ACL, Anterior cruciate ligament; PCL, posterior cruciate ligament. 

From Brand J, Weiler A, Caborn DNM, et al: Graft fixation in cruciate ligament 
reconstruction, Am J Sports Med 28:761, 2000. 


sites, less postoperative pain, fewer adhesions, earlier motion, 
and easier réhabilitation. General principles for anterior and 
posterior cruciate ligament reconstructions are discussed in 
Chapter 49, and only pertinent portions of the arthroscopic 
technique are described here. 

The sélection of grafts dépends on the surgeons prefer- 
ence and the tissues available. Among the autogenous tissues 
currently available, the most commonly used are central one- 
third patellar tendon, quadrupled hamstrings, and, less 
commonly, quadriceps tendon grafts. Each of these grafts has 
been shown to hâve sufficient load-to-failure strength and 
stiffness to replace the cruciate ligament (Table 51-2). Another 
important considération in selecting an appropriate graft is 
graft creep or stress relaxation of the graft over time, the 
occurrence of which may be more frequent with hamstring 
tendons than with ligaments, such as the patellar or quadri¬ 
ceps ligament. Fixation strength, including pull-out strength, 
graft slippage, and bony ingrowth, also is important. Fixation 
with interférence screws, if performed properly, provides 
sufficient strength with bone-patellar tendon-bone grafts. Use 
of the Bioscrew for fixation of soff-tissue grafts is enhanced 
by tunnel compaction and secondary fixation. The time of 
graft incorporation into bone varies considerably from study 
to study, ranging from 3 weeks for bone plugs to more than 
3 months for soft tissues. Generally, bone plug graft incorpo¬ 
ration into the tunnel occurs at around 6 weeks, with soft- 
tissue grafts taking 2 to 3 weeks longer. 

Donor morbidity and cosmesis also must be considered 
when choosing a graft. Bone-patellar tendon-bone harvest is 
associated with increased risk for patellar tendinitis, especially 
if larger grafts are harvested. Acute and delayed stress frac¬ 
tures of the patella resulting from taking too deep of a graft 
also hâve been reported. The weakness from harvesting the 
hamstring is in itself insignificant, but injury to the saphenous 
nerve from graft harvest can be detrimental. The idéal graft 
and graft fixation techniques are still being developed. Cur¬ 
rently, patellar tendon and hamstring grafts, when fixed at the 
joint line with secondary fixation on the tibia, hâve almost 
equal reported results. The ultimate goals of anterior cruciate 
ligament surgery are a graft with low morbidity; excellent 
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cosmesis, strength, and stiffness; and secure early fixation and 
incorporation near the joint line. 

At this time, there are over 100,000 anterior cruciate 
ligament reconstructions done yearly, with the number 
increasing. Also, the number of allografts being used for 
primary and révision procedures is increasing. The advan- 
tages of using allografts are decreased postoperative morbid- 
ity, improved cosmesis, decreased operating time, and 
préservation of the extensor mechanism, which may elimi- 
nate some postoperative symptoms of tendinitis or chondro- 
malacia. Arguments against using allografts are that the 
length of time for allograff maturation and the percentage of 
incorporation of the graff into the ligamentous structure 
vary. Studies hâve shown failure rates in athlètes to be as 
much as two to four times that of autograff. The potential 
for infection is low, including bacterial infection and hepati- 
tis. The possibility of AIDS transmission is approximately 1 
in 1.5 million. 

The cost and availability of good, young allografts of 
appropriate length also is an issue. The increased use of 
allografts in primary procedures is making it more difficult 
to obtain these for révision or for multiple ligament proce¬ 
dures. The use of allografts in our opinion is best reserved for 
révision surgery in patients who do not wish to hâve the 
patellar tendon harvested from the contralatéral leg and for 
patients with multiple ligamentous injuries in whom morbid- 
ity may be increased from harvesting a graff in an already 
severely injured knee. Allografts also may be useful in athlètes 
who are negatively affected by harvest site symptoms. In révi¬ 
sion surgery, reported failure rates range from 27% to 46%. 
The best results are obtained with the use of autograffs. The 
first attempt at anterior cruciate ligament reconstruction 
should be the best attempt. 


A 2001 survey of members of the American Orthopaedic 
Society for Sports Medicine found that approximately 85% 
of anterior cruciate ligament reconstructions involved 
one-incision endoscopie technique, with about 12% being 
two-incision and 3% being mini-open techniques. Use of 
hamstrings probably has increased in popularity, but they 
are still used less than patellar tendons. Anterior cruciate 
ligament reconstruction can be performed as a single-bundle 
or double-bundle procedure. A systematic review of con- 
trolled trials found that ail but one reported significantly less 
rotational laxity using double-bundle techniques compared 
with the single-bundle techniques. At présent, there are 
no long-term studies comparing anatomie single-bundle 
with anatomie double-bundle anterior cruciate ligament 
reconstruction. Double-bundle reconstruction has several 
limitations: 

1. It is only suited for patients with adéquate knee size. 

2. It is technically demanding and requires more expertise. 

3. It is more expensive than single-bundle anterior cruciate 
ligament reconstruction because it requires a longer 
operating time and additional fixation. 

4. There is an increased risk for tunnel malposition, poste - 
rior blowout, fracture, and confluence of tunnels. 

The keys to surgical success are ample mental préparation, 
knowledge of recent literature, and proper patient évaluation, 
including assessment of potential stresses, ligamentous defi- 
ciencies, and ultimate goals of the patient. This évaluation 
should help to détermine what to correct and how and when 
to proceed with surgery. Finally, prioritizing the surgical 
approach is necessary as far as alignment, instability, articula¬ 
tion, and meniscus are concerned. Préparation also includes 
knowledge of potential complications and the ability to 
recognize and résolve them (Figs. 51-40 and 51-41). 
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Causes of complications of anterior cruciate ligament reconstruction. 
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1 ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION 

For pathologie laxity of the anterior cruciate ligament in an 
active, healthy individual who wishes to remain active, our 
preferred treatment is endoscopie anterior cruciate ligament 
reconstruction with patellar tendon autograft. Surgery is 
performed as an outpatient or 23-hour admission after the 
acute inflammatory reaction has resolved. We use physical 
therapy to regain muscle tone and motion before the surgical 
procedure, which usually takes 10 to 21 days before surgery. 


ANATOMIC SINGLE-BUNDLE 
ENDOSCOPIC ANTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION 
USING BONE-PATELLAR 
TENDON-BONE GRAFT 


TECHNIQUE 51-15 


■ Place the patient supine on the operating table. 

■ After general endotrachéal anesthésia has been adminis- 
tered, examine the uninjured knee to obtain a reference 
examination for ligamentous laxity. Examine the injured 
knee and record Lachman and pivot shift instability. 

■ Apply a tourniquet around the upper thigh and use a 
well-padded latéral post. Secure a 5-L intravenous saline 
bag to the table to act as a stop to maintain 90 degrees 
of knee flexion (Fig. 51-42A). 

■ Prépare and drape the extremity with standard arthros- 
copy drapes and use an Esmarch wrap for exsanguination. 
Inflate the tourniquet to 100 mm Hg above the patient's 
systolic pressure. 

■ If preoperative examination revealed significant laxity, 
proceed with patellar tendon harvesting. 


■ Arthroscopic joint portais can be made through this initial 
skin incision. If the status of the anterior cruciate ligament 
is in question (Fig. 51-43), or if more than 90 minutes 
of tourniquet time is anticipated for completion of the 
procedure, arthroscopy portais should be made for joint 
évaluation and notch debridement before inflating the 
tourniquet and making the skin incision for harvest of the 
patellar tendon. 

■ Inject the portais with lidocaine and epinephrine to help 
control bleeding and maintain hypotensive anesthésia. An 
arthroscopy pump can be used to maintain proper joint 
distention and to reduce bone bleeding. 

■ Unless contraindicated, administer antibiotics and ketoro- 
lac (Toradol) before tourniquet inflation (30 mg intrave- 
nously in patients younger than 65 years; 15 mg in 
patients older than 65 years or in those weighing less 
than 50 kg). Two additional doses can be given postop- 
eratively, not to exceed 120 mg or 60 mg, respectively. 

GRAFT HARVEST 

■ With the knee held in 90 degrees of flexion, make a 4- to 
6-cm médial parapatellar incision starting inferior to the 
patella and extending distally médial to the tibial tuberos- 
ity. The length of this incision dépends on the size of the 
patient. 

■ Expose the patella and tendon by subeutaneous 
dissection. 

■ Make a straight midline incision through the peritenon 
and dissect the peritenon from the patellar tendon, taking 
the flaps medially and laterally. 

■ With the knee held flexed to maintain some tension on 
the patellar tendon, measure the width of the tendon. 

■ Harvest a 10-mm-wide graft or one third of the tendon, 
whichever is smaller, from the central portion of the 
tendon, extending distally from the palpable inferior tip 
of the patella. Maintain straight, single-fiber plane inci¬ 
sions while harvesting the tendon. The size of the graft 
is individualized. For a large football lineman, an 11-mm 
graft or double-bundle graft may be indicated. For a small 
patient, a 9-mm or possibly an 8-mm graft and tunnels 
may be indicated. 

■ Use an oscillating saw with a 1-cm-wide blade to make 
the bone cuts. Run the saw blade 15 degrees oblique to 
a line perpendicular to the anterior cortex of the patella, 
keeping 2 mm of the saw blade visible, to make a eut 
8 mm in depth. This eut should be about 10 mm wide x 
20 mm long measured from the bony tip of the patella. 

■ Make 25-mm-long cuts distally and free the tibial graft 
with a curved osteotome. 

■ Flip the plug and place it back into the harvest site. Drill 
a 2-mm hole, 3 mm from the distal tip of the plug, and 
pass a no. 5 Tevdek suture (Deknatel OSP, Fall River, MA). 
An assistant should hold this at ail times to ensure that 
the graft is not contaminated. 

■ Complété the patellar eut with the saw or an osteotome 
placed at the inferior pôle of the patella, 7 to 8 mm deep 
and parallel to the anterior cortex. 

GRAFT PREPARATION 

■ Secure the graft to the top drape on a previously prepared 
table that holds appropriate-sized bone plug trials, 
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A f Saline arthroscopy bag is secured to table to assist in maintaining knee flexion. B f Increase in tibial guide angle. 
Length of tunnel can be increased. C f Tibial tunnel using inner edge of latéral meniscus and médial tibial spine as reference points. 
Tibial tunnel should be reamed into edge of médial spine and should be centered just slightly anterior to inner edge of latéral meniscus. 
D, Three reference points—inner edge of latéral meniscus, base of médial spine, and posterior cruciate ligament—are used for tibial 
guidewire. E, Tibial tunnel should be posterior to roof of altered intercondylar notch to prevent graft impingement in knee extension. 
F, Note position of fémoral tunnel, about 4 to 5 mm off articular surface and 2 to 3 mm anterior to over-the-top spot. G, With knee 
flexed more than 100 degrees, guidewire is placed up fémoral tunnel through middle cannula. Interférence screw is passed, ensuring 
that guidewire and traction suture is a straight line and ensuring minimal divergence between screw and bone plug. H, Use of sheath 
to protect graft and to assist in placing screw parallel to graft. SEE TECHNIQUE 51-15. 


9 rongeurs, a 2-mm drill bit, a Silastic block, a skin marker, 
no. 5 Tevdek sutures on Keith needles, and an 18-gauge 
Steel wire. 

■ Commercially available graft préparation boards make 
tensioning and graft préparation much easier. 

■ Contour the graft with the rongeurs so that it fits through 
the 10-mm trial, ensuring that the complété graft would 
pass through the trial. 


■ Drill a single hole in the patellar plug about 3 mm from 
the end. 

■ Bullet the end of the bone plug to make passage easier. 

■ Drill a hole in the tibial bone plug. This plug should be 
20 mm. 

■ Place a no. 5 nonabsorbable suture through the better 
bone plug to be placed into the fémoral tunnel and an 
18-gauge wire through the other plug, which is placed 
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A f Calcified stump of anterior cruciate ligament after chronic tear. B, Empty latéral wall sign indicating anterior cruci- 
ate ligament-deficient knee; anterior cruciate ligament can be attached to posterior cruciate ligament, giving false indication of 
functional ligament. SEE TECHNIQUE 51-15. 


into the tibial tunnel. The use of a wire prevents cut-out 
before firm fixation is obtained. 

■ Mark the bone-tendon junction on the cancellous side of 
the graft at both ends with a methylene blue pencil and 
measure the total graft length. Wrap it in a stérile saline- 
soaked sponge and place it in a safe holding location. 

■ Use electrocautery to make an inverted L-shaped flap 
through the tibial periosteum, starting about 2.5 cm 
distal to the joint line and extending distally 1 cm médial 
to the tibial tuberosity. 

■ Reflect the flap medially with a periosteal elevator to 
expose the proximal tibia for later placement of the tibial 
tunnel. 

■ Make standard anteromedial and antérolatéral arthros- 
copy portais, taking care not to damage the remaining 
portion of the patellar tendon. If a separate inflow is 
being used for the arthroscopy pump, make a portai just 
médial to the inferior pôle of the patella so that the 
cannula can be placed just superior to the notch for an 
unobstructed flow. 

■ Systematically examine the knee and evaluate and treat 
any associated intraarticular pathologie condition. 

■ Perform meniscal suturing before securing the anterior 
cruciate ligament graft. 

■ Tie the meniscal sutures after completing the anterior 
cruciate ligament reconstruction. 

■ With the arthroscope in the antérolatéral portai and a 
5.5-mm full-radius resector in the anteromedial portai, 
release the ligamentum mucosum and partially resect the 
fat pad to allow full exposure of the joint during the 
procedure. 

■ Resect the soft tissue from the intercondylar notch and 
from the tibial stump by sliding the resector between the 
remaining stump of the anterior cruciate ligament and 
the posterior cruciate ligament. The opening of the blade 
should always be pointed superiorly or laterally to avoid 
damage to the posterior cruciate ligament. 


■ Leave the outline of the tibial and fémoral footprint intact 
as a reference guide (Fig. 51-44). Visualize the latéral 
intercondylar ridge, the latéral bifurcate ridge, and the 
extent of the footprint that covers the lower third of the 
notch wall. Use an awl to make a hole in the posterosu- 
perior part of the footprint so that the tunnel will hâve a 
2-mm posterior wall and be about 5 mm superior to the 
articular cartilage. After properly marking the footprint 
while visualizing from the anteromedial portai, the scope 
can be changed to the antérolatéral portai and a small 
internai notchplasty can be performed to aid with graft 
placement. 

■ With the knee in 30 degrees of flexion to expose the 
opening of the notch, evaluate the available space 
between the posterior cruciate ligament and latéral wall 
and the architecture of the roof. Use a 5.5-mm burr to 
enlarge the notch as indicated. The notch should be 
opened to look like an inverted U. Do not extend the 
notchplasty too far medially or superiorly, which would 
interfère with the patellofemoral articulation. Often, the 
opening needs to be enlarged only 2 to 3 mm superiorly 
and laterally. The burr can be placed in reverse to remove 
the articular fringe and smooth the initial notchplasty. 

■ As the notchplasty proceeds posteriorly, flex the knee 
from 45 to 60 degrees; when the notchplasty is complété, 
the knee should be at 90 degrees of flexion. Use con- 
trolled strokes with the burr from posterior to anterior. 
Posteriorly, open the notch enough to accommodate the 
10-mm endoscopie reamer. Smooth the edges of the 
tunnel by placing the burr in reverse or by using an 
arthroscopic rasp. 

TIBIAL TUNNEL PREPARATION AND DETERMINING 
APPROPRIATE LENGTH 

■ If transosseous drilling of the fémoral tunnel is planned, 
the tibial tunnel will need to be placed at a 45-degree 
sagittal angle, starting just latéral to the médial collateral 
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A, View of anterior cruciate ligament footprint using a 30-degree scope through a latéral parapatellar portai. Note 
proximity of anterior cruciate ligament footprint to articular surface of fémoral condyle. B f Same footprint from médial parapatellar 
portai. Entire extent of footprint can be visualized more adequately through this view. C f Fémoral footprint just posterior to center of 
anterior cruciate ligament footprint is marked with awl to use as reference point for reaming of fémoral tunnel. D f Reamer. SEE 

TECHNIQUE 51-15. 


ligament. More acute angles tend to undercut the tibial 
articular suture and resuit in an oblique nonanatomic 
aperture. This does allow for a longer tibial tunnel, and 
the anatomie fémoral footprint can be successfully 
reamed about 60% of the time through the tibial tunnel. 
A low médial portai may be préférable to independently 
ream the fémur so that the tibial tunnel can be placed 
vertical as described later. 

■ When placing the tibial guide intraarticularly, be aware of 
the intended tunnel length and direction so that the graft 
can be secured in an anatomie, impingement-free posi¬ 
tion. Proper length and direction of the tunnel require a 
starting point approximately 1 cm proximal to the pes 
anserinus and about 1.5 cm médial to the tibial tuberosity 
to form a 30- to 40-degree angle with the shaft of the 
tibia. One should see this wire being directed to approach 
the fémoral pilot hole (Fig. 51-42B). Intraarticular refer¬ 
ence points that can serve as guides include the anterior 


cruciate ligament stump, the inner edge of the anterior 
horn of the latéral meniscus, the médial tibial spine, and 
the posterior cruciate ligament (Fig. 51-42C and D). 

■ When evaluating pin placement in a two-dimensional 
picture, in the anteroposterior plane, ensure that the 
guidewire exits just anterior to a reference line extended 
medially from the inner edge of the latéral meniscus. This 
point should be approximately 7 mm anterior to the 
posterior cruciate ligament and 2 to 3 mm anterior to the 
peak of the médial spine at the center of the anterior 
cruciate ligament footprint. In the mediolateral plane, 
ensure that the wire enters at the base of the médial spine 
or just slightly médial to the center of the anterior cruciate 
ligament footprint (Fig. 51-42D). 

■ The unaltered roof of the intercondylar notch normally 
forms an angle of 35 to 40 degrees with the long axis 
of the fémur (Fig. 51-42E). To prevent impingement, an 
internai notchplasty, as previously described, may be 
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FIGURE 


A, Flat-blade reamer for fémoral tunnel préparation. B, Completion of tunnel préparation. SEE TECHNIQUE 51-15. 


necessary, as is appropriate tunnel placement. Use the 
tibial and fémoral landmarks described earlier and place 
the guide at 55 to 60 degrees to the tibial plateau surface 
to obtain sufficient tunnel length and an angle that 
allows the graft angle to approximate that of the original. 
Measure the tibial tunnel length directly off the guide 
calibrations and approximate the length of the tendinous 
portion of the graft. The tunnel length should be suffi¬ 
cient to allow at least 20 mm of bone to be secured in 
the tibial tunnel for stable fixation. 

■ If the tendinous portion of the graft is 50 mm long or 
less, increase the guide angle to produce a longer tibial 
tunnel. The tunnel can be easily increased to 45 to 50 mm 
long to accommodate the longer graft. Recessing the 
graft into the fémoral tunnel can take up more slack. 
Recess the graft as necessary into the fémoral tunnel and 
fix the graft and the tunnel aperture with a screw long 
enough to securely engage the bone plug. 

■ Using the guide, advance the wire approximately 10 mm 
into the knee while observing through the arthroscope. 

■ Place a clamp over the intraarticular end of the Kirschner 
wire to prevent advancement. Ream over the wire with a 
reamer 2 mm smaller than the intended final tunnel. 

■ Leave the protruding end of the reamer in the tunnel and 
examine the tunnel for appropriate impingement-free 
position as the knee is moved through a full range of 
motion. 

■ Make necessary adjustments with the 8-mm reamer. 

■ Prevent bowstringing of the anterior cruciate ligament 
graft over the posterior cruciate ligament by leaving a 
2-mm posterior wall between the tibial tunnel and the 
posterior cruciate ligament. By directing the tunnel just 
latéral to the posterior cruciate ligament, the graft lies on 
the posterior cruciate ligament without bowing around 
the ligament. 

■ Ream the tunnel with a reamer the size of the graft and 
use the full-radius resector to contour the edges of the 
tunnel and resect any remaining soft tissue that might 
block extension. 

■ Place a rasp through the tunnel to complété contouring 
and ensure that the external portion of the tunnel is free 
of soft tissue. 


FEMORAL TUNNEL PREPARATION 

■ Visualize from a high anteromedial portai just médial to 
the tip of the patella. 

■ Use a spinal needle to identify the best position for a low 
médial portai about 2.5 cm médial to the patellar tendon 
and just above the meniscus. A guide is placed to ensure 
that the tunnel is just anterior to the anteromedial bundle; 
that is, leaving a 2-mm posterior wall and about 5 mm 
from the fémoral articular surface (Fig. 51-42F). Flex the 
knee 120 degrees and use a flat-blade reamer to avoid 
articular damage and to allow optimal visualization of 
tunnel placement (Fig. 51-45). Advance the reamer 1 mm 
and recheck the tunnel location. If it is in the desired 
location, ream a 30-mm tunnel if possible. 

■ Carefully retract the reamer and remove it from the joint, 
being careful not to enlarge the tunnel and ream out the 
posterior wall of the fémur. 

■ Smooth the edges of the fémoral tunnel with a full-radius 
resector. 

■ Use the tunnel notcher to make a 25-mm-long slot per 
the guidewire. 

GRAFT PASSAGE 

■ Use the eyelet guidewire to pass a suture loop with tails 
through the fémoral tunnel and out through the latéral 
thigh. Retrieve the loop through the fémoral tunnel. Use 
this loop to pass the graft up through the tibial tunnel 
and then guide it into the fémoral tunnel using a probe. 
The cancellous surface of the fémoral bone plug is posi- 
tioned to face anteriorly. 

■ When the graft is in the fémoral tunnel, pass a flexible 
screw guidewire through the médial portai, and with the 
wire parallel to the graft, advance both up into the tunnel. 
Ensure that at least 2 cm of bone plug remains in the 
tibial tunnel for later fixation; if necessary, recess the graft 
into the fémoral tunnel and choose a longer interférence 
screw to fix the graft at the fémoral aperture. 

GRAFT FIXATION 

■ Secure the graft with an interférence screw with a sheath 
passed through the low médial portai to form a straight 
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line with the tunnel (Fig. 51-42G and H). The screw should 
firmly engage the bone and be flush with the fémoral 
aperture. Visualization is aided by placing the scope into 
the top of the notch and looking down on the tunnel. 

■ Move the knee through a range of motion while holding 
tension distally on the graft to ensure that there is no 
impingement or pistoning of the graft. If the graft tight- 
ens more than 2 mm with knee flexion, remove the graft 
and move the fémoral tunnel, or both tunnels, slightly 
posterior using a convex arthroscopic rasp. Slight tighten- 
ing during knee extension is normal. 

■ Rotate the tibial bone plug counter clockwise (right knee) 
so that the cancellous plug faces laterally, thus replicating 
the anterior cruciate ligament fiber orientation. 

■ If no graft pistoning or impingement is évident, hold the 
tension on the graft for approximately 3 minutes while 
cycling the knee to allow for collagen fiber stress relax¬ 
ation. If the graft tends to impinge in one direction, use 
the screw to push the bone graft in the opposite 
direction. 

■ Tension the graft with 8 to 10 Ib of pull. Overtensioning 
of the graft can cause failure because of joint capture or 
graft necrosis. 

■ Secure the graft with a screw equal to the gap size plus 
5 mm. 

■ If the tendon is so long that the bone plug is completely 
out of the tibial tunnel, as may be the case with an allograft 
mismatch, then a biocomposite or noncutting screw 1 mm 
smaller than the tunnel can be used for soft-tissue fixation 
of the patellar tendon and bone construct. 

■ Move the knee through a full range of motion and ensure 
there is no evidence of capture of the knee joint. Observe 


and probe the graft arthroscopically to ensure that it is 
taut. The graft should be slightly tighter than a normal 
anterior cruciate ligament. Also ensure that there is no 
impingement and that no bone or screw protrudes into 
the joint from the tibial or fémoral tunnel. 

■ Check the stability of the knee by Lachman and pivot shift 
maneuvers. The knee should be just slightly tighter than 
the uninjured knee. 

■ If fixation is secure, remove the 18-gauge wire and the 
tension sutures. 

CLOSURE 

■ Loosely approximate the patellar tendon with simple 
interrupted absorbable sutures through the anterior 
portion of the fiber of the tendon. 

■ Place bone saved from contouring of the bone plugs into 
the patellar defect and close the peritenon. 

■ Remove the sutures from the thigh proximally (fémoral 
bone plug) and from the tibial bone plug distally. 

■ Remove any protruding bone, leaving a smooth surface 
distally. 

■ Close the periosteal flap back over the tunnel. 

■Close the subcutaneous tissues with interrupted 2-0 
Vicryl suture and approximate the skin with a running 
subcuticular 4-0 Monocryl suture. 

■ Apply adhesive strips loosely over the closure and apply 
a stérile dressing, a cooling sleeve, and an elastic wrap. 

POSTOPERATIVE CARE. For the anterior cruciate liga¬ 
ment réhabilitation protocol, see Box 51-6. 


Anterior Cruciate Ligament Réhabilitation Protocol 

Stage 1: 0 to 2 Weeks 

■ Good QS 

■ Patellar mobilizations (emphasize superior/inferior glides) 

■ Emphasize normal gait pattern 

■ MCB 0 to 90 degrees 

Stage II: 2 to 4 Weeks 

■ Quadriceps sets/SLR ail planes (emphasize SLR without 

■ MCB full ROM 

extension lag) 

■ Progress ROM to 120 degrees by week 4 

■ Prone/standing hamstring curls 

■ Progress SLR and prone/standing hamstring curls with 

■ Passive extension (emphasize full extension) 

weights 

■ Prone hangs 

■ Bike for ROM, begin low-resistance program when ROM 

■ Pillow under heel 

adéquate 

■ Passive, active, and active-assisted ROM knee flexion 

■ Stool scoots 

■ Wall slides 

■ FWB with crutches; discontinue crutches when ambulating 

■ Sitting slides 

without limp 

■ Prone towel pulls 

■ Begin double-leg BAPS, progress to single leg 

■ Edema control—compression pump 

■ Begin double-leg press with light weight/high répétitions 

■ Electrical stimulation for muscle re-education if poor QS 

■ Wall sits at 45-degree angle with tibia vertical, progress time 

■ PWB 50% to 75% with crutches or WBTT without crutches 

■ Latéral step-ups (4 inches) when able to perform single-leg 

if MCB locked in full extension 

quarter squat 

■ Sleep in brace locked in extension 

■ Hip machine and hamstring machine when able to perform 

Goals 

SLR with 10 Ib 

■ Full knee extension ROM 

■ Treadmill (forward and backward) with emphasis on normal 

■ 90-degree knee flexion ROM 

gait 
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Anterior Cruciate Ligament Réhabilitation Protocol—cont'd 


■ Knee extension 90 to 60 degrees (submaximal) with manual 
résistance by therapist 

Goals 

■ ROM 0 to 120 degrees 

■ FWB without crutches, no limp 

Stage II: 4 to 6 Weeks 

■ Progress to full ROM by 6 weeks 

■ Begin Kin-Com isokinetic hamstring progression (isotonie/ 
isokinetic) 

■ Begin Kin-Com dynamometer quadriceps work 90 to 40 
degrees isotonies with antishear pad 

■ Stairmaster (forward and backward) 

■ Progress closed chain exercises 

■ At 6 weeks, begin Kin-Com dynamometer quadriceps work 
90 to 40 degrees isokinetics (start with higher speed and 
work on endurance) 

■ Aquatic exercises 

Stage II: 8 to 10 Weeks 

■ Progress above-listed exercises 

■ Slow-form running with sport cord (forward and 
backward) 

■ Isokinetic quadriceps work at different speeds (60, 90, 120 
degrees per second) 

■ Begin lunges 

■ At 10 weeks, begin Fitter, slide board 

Stage III: 12 to 16 Weeks 

■ Full range isotonies on Kin-Com dynamometer (begin 
moving antishear pad down) 


■ Knee extension machine with low weight/high répétitions 

■ Latéral sport cord drills (slow, controlled) 

■ Kin-Com dynamometer test hamstrings, discontinue iso¬ 
kinetic hamstrings if 90% 

■ Progress isokinetic quadriceps to full extension by 16 weeks 

Stage IV: 16 to 18 Weeks 

■ Kin-Com dynamometer test for quadriceps, retest ham¬ 
strings if necessary 

■ Begin plyometric program with shuttle, minitrampoline, 
jump rope if quadriceps strength 65%, no effusion, full 
ROM, stable knee 

■ Begin jogging program if quadriceps strength is 65% 

Stage V: 5 to 6 Months 

■ Agility training 

■ Sport-specific drills (e.g., carioca, 45 cutting, figure-of-eight) 

■ Retest quadriceps if necessary 

Stage VI: 6 Months 

■ Return to sport if: 

■ Motion > 130 degrees 

■ Hamstrings > 90% 

■ Quadriceps > 85% 

■ Sport-specific agility training completed 

■ Maintenance exercises two to three times per week 


BAPS, Biomechanical Ankle Platform System; FWB, full weight bearing; MCB, motion control brace; PWB, partial weight bearing; QS, quadriceps setting; ROM, range 
of motion; SLR, straight-leg raises; WBTT, weight bearing to tolérance. 


TWO-INCISION TECHNIQUE FOR 
ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION USING BONE- 
PATELLAR TENDON-BONE GRAFT 

The two-incision technique can be used for révisions, for 
recovery of a posterior wall blow out, and for pédiatrie 
patients. 


TECHNIQUE 51-16 


■ The basics for the two-incision technique are as described 
for the endoscopie technique except a latéral exposure is 
necessary. 

LATERAL EXPOSURE 

■ Make a 4-cm latéral incision starting 1.5 cm proximal to 
the flare of the latéral condyle and centered directly over 


the iliotibial band. Carry the dissection down to the 
iliotibial band and expose it with wide subeutaneous 
dissection. 

■ Divide the iliotibial band in its midline and extend it 
proximally and distally from the skin incision. The lower 
edge of the distal portion of the vastus lateralis can be 
felt by sweeping a finger along the intermuscular septum. 

■ Slide a periosteal elevator under the edge of the vastus 
lateralis and lift the muscle anteriorly over the latéral part 
of the fémur without injuring the muscle belly. 

■ Place a Z-retractor over the fémur to hold the vastus 
lateralis superiorly. 

■ Use electrocautery to make a longitudinal incision through 
the periosteum just proximal to the flare of the condyle 
and extend it proximally for about 2.5 cm. Use a perios¬ 
teal elevator to expose the bone and the over-the-top 
spot where the flare of the condyle and the metaphysis 
of the fémur meet. Coagulate the latéral genicular vessels 
in this area. 
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ENDOSCOPIC QUADRUPLE 
HAMSTRING GRAFT 


TECHNIQUE 51-17 


GRAFT HARVEST 

■ Make a 4-cm incision anteromedially on the tibia starting 
approximately 4 cm distal to the joint line and 3 cm 
médial to the tibial tuberosity (Fig. 51-46A). 

■ Expose the pes anserinus insertion with subcutaneous 
dissection. 

■ Palpate the upper and lower borders of the sartorius 
tendon and identify the palpable gracilis and semitendi- 
nosus tendons 3 cm to 4 cm médial to the tendinous 
insertion (Fig. 51-46B). 

■ Make a short incision in line with the upper border of the 
gracilis tendon and carry the incision just through the first 
layer, taking care not to injure the underlying médial 
collateral ligament. 

■ With Metzenbaum scissors, carry the dissection proximally 
up the thigh. Stay in the same plane and maintain adé¬ 
quate exposure by using properly placed retractors. 
Careful observation of structures is necessary to avoid 


injuring the saphenous vein or nerve by straying from the 
plane of dissection. 

With a curved hemostat, dissect the gracilis and semiten- 
dinosus tendons from the surrounding soft tissues about 
3 cm médial to their insertion onto the tibia. 

After carefully identifying each tendon, use a right-angle 
vascular clamp to pass a Penrose drain around the gracilis 
tendon and release its fibrous extensions to the gastrocne- 
mius and semimembranosus muscles (Fig. 51-46C). These 
fibrous extensions corne off the hamstring tendons at 6 cm 
to 7 cm proximal to their distal attachment. Subperiosteally 
dissect the tendons medially to the insertion and release 
them sharply. Do not damage or release the sartorius 
tendon. Place a nonabsorbable Krackow stitch on the 
tendon ends using different colored sutures to differentiate 
the two tendons (Fig. 51-46D). Use a tendon tube sizer to 
accurately measure the give of the quadrupled tendon. 
Palpate ail sides of the tendon to ensure there are no 
fibrous extensions before releasing it with an open-end 
tendon stripper. If firm résistance is felt, redissect around 
the tendons with a periosteal elevator and Metzenbaum 
scissors. Release the tendon proximally by controlled 
tension on the tendon, while advancing the stripper 
proximally. The muscle should slide off the tendon as the 
stripper is advanced proximally. 



A f A 3-cm incision is made over the pes anserinus tendon. B, Inferior retraction of the sartorius tendon, exposing the 
gracilis and semitendinosus tendons. C, Placement of Penrose drain around the hamstring tendon to be harvested. D f Two running, 
interlocking (Krackow) sutures. SEE TECHNIQUE 51-17. 
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■ Use the same procedure to release the semitendinosus 
tendon. 

■ At a separate table, separate the muscle from the tendon 
with a no. 10 blade. 

■ Place a Krackow-type whipstitch in both ends of each 
tendon with no. 2 nonabsorbable sutures. Fold both 
tendons in half to form four strands of tendon. 

■ Perform a limited notchplasty and tunnel placement as 
described for the endoscopie bone-tendon-bone tech¬ 
nique (see Technique 51-17). 

■ Ream the tibial tunnel at 50 degrees to the tibial articular 
surface. The tunnel is reamed 2 mm smaller than the 
graft size and serially dilated to produce a snug fit. Dila- 
tion of the tibial tunnel has been shown to significantly 
increase the pull-out strength. The tunnel length should 
be 30 to 35 mm to allow fixation near the articular 
surface. 

■ A low anteromedial portai is used for reaming the fémoral 
tunnel. Use an EndoButton (Smith & Nephew, Memphis, 
TN) or similar type device to secure 20 to 25 mm of 
tendon in the fémoral tunnel. After tensioning the graft 
for 3 minutes while cycling the knee, use a biocompatible 
screw 1 mm smaller than the tunnel for tibial fixation and 
use secondary suture and post fixation. A screw sheath, 
soft-tissue fixation device may also be used to secure the 
tibial end of the graft. 

POSTOPERATIVE CARE. See Box 51-6 for postopera- 
tive anterior cruciate ligament réhabilitation. We generally 
proceed more slowly with réhabilitation when a hamstring 
graft has been used. The patient generally is allowed to 
return to full activity at around 9 months. 


ANATOMIC DOUBLE-BUNDLE 
ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION 

Anatomie double-bundle anterior cruciate ligament recon¬ 
struction places the fémoral graft into the fémoral footprint 
of the native anterior cruciate ligament, which has been 
shown to resuit in doser knee joint kinematics than the 
original isométrie fémoral position. A three-portal tech¬ 
nique adds an accessory médial portai to create the fémoral 
tunnel. 


TECHNIQUE 51-18 


(KARLSSON ETAL) 

■ A three-portal approach, using standard antérolatéral and 
central médial portais and an accessory anteromedial 
portai, allows for a complété view of the entire anterior 
cruciate ligament and its fémoral and tibial insertion sites. 

■ Using a spinal needle, create the central portai while 
viewing through the latéral portai. The spinal needle 
should be in the center of the notch in a proximal to distal 
direction. 

■ Create the accessory anteromedial portai superior to the 
médial joint line, approximately 2 cm médial to the médial 



Right knee in 90 degrees of flexion showing the 
whole latéral wall of notch. Fémoral anterior cruciate ligament 
(ACL) insertion site is clearly demarcated by the latéral intercon- 
dylar ridge and the latéral bifurcate ridge. It can be seen that the 
anterior cruciate ligament attaches to the lower 30% to 35% of 
the latéral notch wall area when the knee is in operating position. 
(From Karlsson J, Irrgang JJ, van Eck, et al: Anatomie single- and double- 
bundle anterior cruciate ligament reconstruction, part 2, Am J Sports 
Med 39:2016, 2011.) SEE TECHNIQUE 51-18. 


border of the patellar tendon. The fémoral tunnels can 
be drilled through the accessory médial portai. 

■ Locate the idéal anterior cruciate ligament insertion sites 
for anatomie tunnel placement. Anterior cruciate liga¬ 
ment remnants can be used to détermine this site. On 
the fémoral side, the bony landmarks, such as the latéral 
intercondylar ridge and latéral bifurcate ridge, can be 
used, as well as posterior cartilage border. With the knee 
flexed 90 degrees, the fémoral insertion site encompasses 
the lower 30% to 35% of the notch wall (Fig. 51-47). 

■ Mark the tibial and fémoral insertion sites of the anterior 
cruciate ligament and measure to détermine the tunnel 
location and size. If the insertion site is smaller than 
14 mm in diameter, a double-bundle reconstruction may 
become challenging. The width of the notch entrance 
and its shape will détermine if a double-bundle technique 
can be used, but generally a notch width no smaller than 
12 mm is the minimal size required. 

■ Create the fémoral postérolatéral tunnel first, through 
the accessory anteromedial portai, followed by the 
tibial anteromedial and postérolatéral tunnels. Place the 
anteromedial and postérolatéral tunnels in the center of 
the native anteromedial and postérolatéral tibial and 
fémoral insertion sites. 

■ Drill the fémoral anteromedial tunnel through the acces¬ 
sory médial portai or through the tibial anteromedial or 
postérolatéral tunnel if this allows for the native fémoral 
insertion site to be reached. 
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9 " In determining the size of the tunnels, aim to restore as 
much of the native insertion site as possible while main- 
taining an approximately 2-mm bony bridge between the 
bundles. 

■ After the tunnels hâve been drilled, préparé the grafts. 
The graft size should be equal to the tunnel diameter. 
Tension the anteromedial and postérolatéral grafts sepa- 
rately, with the anteromedial graft in approximately 45 
degrees of knee flexion and the postérolatéral graft in full 
knee extension. 

■ For fixation, use suspensory fixation on the fémoral side 
to avoid disruption of the insertion site, which can occur 
with aperture interférence screw fixation. Use interfér¬ 
ence screw fixation on the cortical tibial side. 


Quadriceps Tendon Graft. Use of a 10-mm-wide quad- 
riceps tendon with an attached piece of patellar bone for 
anterior cruciate ligament reconstruction has been described. 
We hâve rarely used this as a révision technique, but it is an 
attractive alternative. 

Anterior Cruciate Ligament Injuries in Skeletally 
Immature Individuals. With athletic activities becoming 
more compétitive at a younger âge, the incidence of anterior 
cruciate ligament injuries in skeletally immature individuals 
has rapidly increased over the past décades. These injuries 
présent a particularly perplexing problem with the potential 
for physeal injury with reaming of tunnels that is counterbal- 
anced by the potential for meniscal damage from récurrent 
giving way in these individuals. Two principles must be fol- 
lowed: (1) preserve menisci if possible, and (2) prevent 
récurrent giving way. In some less active individuals with 
mild-to-moderate instability, réduction of activity level may 
be ail that is necessary until they hâve had an appropriate 
growth spurt and maturing of the physes. In active, young 
boys, sometimes this is quite hard to accomplish. In these 
children when there is a meniscal tear or récurrent giving 
way, a physeal-preserving, soff-tissue graft procedure is best. 
A small central tunnel made in the tibia just above the physis 
with préservation of the physis in the fémur seems to be a 
safe procedure. The benefit of stabilizing the knee seems to 
outweigh the small potential for growth disturbance if these 
procedures are done correctly. It is necessary to use a soff- 
tissue graft to avoid bone or fixation across the physis. The 
tunnel and the tibia can be drilled above the physis, or a small 
central tunnel through the physis probably is acceptable, 
particularly in Tanner stages II, III, and IV patients. In 
younger patients, a procedure going around the physis or an 
over-the-top procedure as described by Anderson and Kocher, 
Garg, and Micheli is recommended. 


The procedure is contraindicated in patients in Tanner stage 
IV of development, who can hâve conventional anterior 
cruciate ligament reconstruction. Pitfalls of this procedure 
are summarized in Box 51-7. 


TECHNIQUE 51-19 


(ANDERSON) 

■ Place the injured lower limb in an arthroscopic leg holder 
with the hip flexed to 20 degrees to facilitate C-arm fluo¬ 
roscopie viewing of the knee in the latéral plane. 

■ Position the C-arm on the side of the table opposite the 
injured knee and place the monitor at the head of the 
table. View the tibial and fémoral physes in the antero- 
posterior and latéral planes before the limb is prepared 
and draped. When the distal part of the fémur is viewed, 
adjust the C-arm so that the médial and latéral fémoral 
condyles line up perfectly with the latéral plane. Rotate 
the C-arm to see the extension of the tibial physis into 
the tibial tubercle on the latéral view of the tibia. 

■ Make an oblique 4-cm incision over the semitendinosus 
and gracilis tendons. Dissect these tendons free and 
transect at the musculotendinous junction with use of a 
standard tendon stripper and detach distally. 

■ Double the tendons and place a no. 5 FiberWire suture 
(Arthrex, Naples, FL) in the ends of the tendons with a 
whipstitch. 

■ Place the doubled tendons under 4.5 kg (10 Ib) of tension 
on the back table with the use of the Graftmaster device 
(Smith & Nephew Endoscopy, Andover, MA). 

■ Insert the arthroscope into the antérolatéral portai and 
insert a probe through the anteromedial portai. 

■ Perform intraarticular examination in the usual manner. 

■ Remove débris in the intercondylar notch and perform a 
notchplasty to see the anatomie footprint of the anterior 
cruciate ligament on the fémur. 

■ Repair any substantial meniscal tears found. 

■ With the C-arm in the latéral position, adjust the limb to 
show a perfect latéral view. 

■ Place the point of the guidewire over the latéral fémoral 
condyle, corresponding with the location of the footprint 
of the anterior cruciate ligament on the fémur. This point 
is approximately one fourth of the distance from posterior 
to anterior along the Blumensaat line and one fourth of 
the distance down from the Blumensaat line (Fig. 51-48A). 
Make a 2-cm latéral incision at this point. 

■ Incise the iliotibial tract longitudinally and strip the peri- 
osteum from a small area of the latéral fémoral condyle. 

■ Use the C-arm to view the entry point of the guidewire 
in the anteroposterior and the latéral planes. With the 
C-arm in the latéral plane and with the use of a free-hand 
technique, introduce the point of the guidewire 2 to 
3 mm into the fémoral epiphysis. Do not angulate the pin 
anteriorly or posteriorly, but rather keep it perpendicular 
to the fémur in the coronal plane. Rotate the C-arm to 
the anteroposterior plane to ensure that the guidewire is 
not angulated superiorly or inferiorly. 

■ Drive the guidewire across the fémoral epiphysis, perpen¬ 
dicular to the fémur and distal to the physis (Fig. 51-48A). 
Through the arthroscope, view the entrance of the 
guidewire into the intercondylar notch. The guidewire 


TRANSEPIPHYSEAL REPLACEMENT OF 
ANTERIOR CRUCIATE LIGAMENT 
USING QUADRUPLE 
HAMSTRING GRAFTS 

The transepiphyseal replacement of anterior cruciate liga¬ 
ment using quadruple hamstring grafts procedure is indi- 
cated in patients in Tanner stage I, II, or III of development. 





CHAPTER 51 ARTHROSCOPY OF THE LOWER EXTREMITY 


Pitfalls of Transepiphyseal Replacement of the Anterior Cruciate Ligament Using Quadruple Hamstring 
Grafts in Skeletally Immature Patients 


Suboptimal Graft Placement 

■ Optimal graft placement is essential to restore normal knee 
kinematics and avoid physeal injuries. 

■ Avoid placing the fémoral or tibial drill hole anterior; correct 
positioning of the drill hole is crucial in preventing graft 
impingement. 

■ Surgery should not proceed without clearly seeing the 
physes on anteroposterior and latéral planes using C-arm. 

■ Guidewires should be inserted under real-time C-arm 
viewing. 

■ Confirm arthroscopically that the guidewires enter the joint 
in the center of the footprint of the anterior cruciate liga¬ 
ment on the fémur and in the posterior footprint of the 
anterior cruciate ligament on the tibia. 

Incorrect Diameter of Transepiphyseal Drill Holes 

■ A drill bit corresponding to the smallest size through which 
tendon would easily pass should be used to make tran¬ 
sepiphyseal holes. 

■ A small-diameter drill bit is less likely to damage the physes, 
and a snug fit promûtes healing of the graft to bone. 


■ Graft passage can be eased by chamfering the fémoral hole 
and pushing the graft into the hole using a blunt instrument 
through an anteromedial portai while pulling a no. 5 Fiber- 
Wire suture tied to an EndoButton. 

Failure of Fixation 

■ Load to failure in this technique exceeds normal tensile 
loads on the anterior cruciate ligament. 

■ In the early phase of healing, failure can lead to instability. 

■ Check the fémoral side fixation with C-arm to confirm that 
EndoButton washer is flush on latéral fémoral condyle. 

Graft Slippage Associated With Suture 

Post Fixation 

■ Minimize slippage by meticulous placement of whipstitches 
in tendon ends with tight loops placed in close proximity. 

■ Pretension graft using Graftmaster (Smith & Nephew Endos- 
copy, Andover, MA) 

■ When tendon graft extends through the tibial hole, augment 
the tibial fixation by suturing the tendons through the 
periosteum. 


Data from Anderson AF: Transepiphyseal replacement of the anterior cruciate ligament using quadruple hamstring grafts in skeletally immature patients, J Bone Joint 
Surg 86A:201, 2004. 


should enter the joint 1 mm posterior and superior to the 
center of the anatomie footprint of the anterior cruciate 
ligament on the fémur. 

■ Leave the fémoral guidewire in place and insert a second 
guidewire into the anteromedial aspect of the tibia, 
through the epiphysis, with the aid of a tibial drill guide. 
From the direct latéral position, rotate the C-arm exter- 
nally approximately 30 degrees to show the physis 
clearly extending into the tibial tubercle. Drill the guide¬ 
wire into the tibial epiphysis under real-time fluoroscopie 
imaging (Fig. 51-48B). The handle of the drill guide 
must be lifted for the wire to clear the anterior part of 
the tibial physis. The wire should enter the joint at the 
level of the free edge of the latéral meniscus and in the 
posterior footprint of the anterior cruciate ligament on 
the tibia. 

■ Arthroscopically confirm the appropriate position of both 
guidewires at this point. 

■ Use tendon sizers to measure the diameter of the qua¬ 
druple tendon graft (which typically is 6 to 8 mm). A tight 
fit is important; consequently, use the smallest appropri¬ 
ate drill to ream over both guidewires. 

■ Chamfer the edge of the fémoral hole intraarticularly 
and measure the width of the latéral fémoral condyle. 
Choose the appropriate EndoButton continuous loop (2 
to 3 cm) so that approximately 2 cm of the quadruple 
hamstring tendon graft remains within the latéral 
fémoral condyle. 

■ Pass the EndoButton continuous loop around the 
middle of the double tendons and loop inside of 


itself to secure the tendons proximally (Fig. 51-48C). 
Alternative^, the tendons can be placed through the 
continuous loop before the tendon ends are sutured 
together. That requires drilling and measuring the length 
of the fémoral hole before graft préparation, however. 
Otherwise, it is difficult to détermine the appropriate 
length of the EndoButton continuous loop necessary 
to leave 2 cm of the tendon graft within the latéral 
fémoral condyle. 

■ Place a no. 5 FiberWire suture in one end of the EndoBut¬ 
ton and pass a suture passer from anterior to posterior 
through the tibia and out the latéral fémoral condyle (Fig. 
51-48D). Pull the EndoButton and tendons up through 
the tibia and out the fémoral hole with the use of the no. 
5 suture. 

■ Place an EndoButton washer, 3 to 4 mm larger than the 
fémoral hole, over the EndoButton. Apply tension to 
the tendons distally, pulling the EndoButton and washer 
to the surface of the latéral fémoral condyle (Fig. 
51-48E). The washer is necessary to anchor the graft 
proximally because the hole in the fémoral condyle is 
larger than the EndoButton. 

■ Place the graft under tension and extend the knee to 
détermine arthroscopically if there is impingement of the 
graft on the intercondylar notch. 

■ An anterior notchplasty usually is unnecessary when this 
technique is used; however, if the anterior outlet of the 
intercondylar notch touches or indents the graft in termi¬ 
nal extension, remove a small portion of the anterior 
outlet. 
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Anderson transepiphyseal replacement of anterior cruciate ligament using quadruple hamstring grafts. A f Graphically 
enhanced latéral view from C-arm after drilling of fémoral hole. B f Latéral radiograph of tibia, showing correct position of tibial 
guidewire. Although guidewire appears to enter tibial tubercle in this view, it actually enters epiphysis médial to tibial tubercle. 
C, EndoButton continuous loop passed around middle of double tendons and looped on itself. D, Semitendinosus and gracilis tendons 
pulled up through tibia and out of latéral fémoral condyle with use of no. 5 suture in EndoButton. E, EndoButton washer is placed 
over EndoButton, and washer is pulled back to surface of latéral fémoral condyle. F, Quadruple hamstring grafts secured distally by 
tying no. 5 FiberWire sutures over tibial screw and post. G, Radiograph 4 months after surgery, showing properly placed transepiphyseal 
tibial and fémoral holes. SEE TECHNIQUE 51-19. 


■ With the knee in 10 degrees of flexion, secure the qua¬ 
druple hamstring graft distally by tying the no. 5 FiberWire 
sutures over a tibial screw and post that is placed médial 
to the tibial tubercle apophysis and distal to the proximal 
tibial physis (Fig. 51-48F and G). 

■ If the tendon graft extends through the tibial drill hole, 
secure it to the periosteum of the anterior tibia with 
multiple no. 1 Ethibond sutures with use of figure-of- 
eight stitches (Fig. 51 -48F). Close the subcutaneous tissue 
and skin in a routine fashion and apply a hinged brace. 


PHYSEAL-SPARING RECONSTRUCTION 
OF THE ANTERIOR 
CRUCIATE LIGAMENT 

The procedure of Kocher, Garg, and Micheli consists 
of arthroscopically assisted, physeal-sparing, combined 
intraarticular and extraarticular reconstruction of the ante¬ 
rior cruciate ligament with use of an autogenous iliotibial 
band graft. It is a modification of the combined intraarticu¬ 
lar and extraarticular reconstruction described by Macintosh 
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and Darby. Modifications include application in skeletally 
immature patients, arthroscopic assistance, graft fixation, 
and accelerated réhabilitation. Réhabilitation must be 
geared to the âge of the young patient. 


TECHNIQUE 51-20 


Figure 51-49 


(KOCHER, GARG, AND MICHELI) 

■ The procedure is done with the patient under general 
anesthésia as an overnight observation procedure. 

■ Position the child supine on the operating table with a 
pneumatic tourniquet around the proximal aspect of the 
thigh. 

■ With the patient under anesthésia, confirm anterior cruci- 
ate ligament insufficiency. 

■ Make an incision of approximately 6 cm obliquely from 
the latéral joint line to the superior border of the iliotibial 
band. Separate the iliotibial band proximally from the 
subcutaneous tissue with the use of a periosteal elevator 
under the skin of the latéral part of the thigh. 

■ Incise the anterior and posterior borders of the iliotibial 
band and carry the incisions proximally under the skin 
with the use of a curved meniscotome. 

■ Detach the iliotibial band proximally under the skin with 
the use of a curved meniscotome or an open tendon 
stripper. 

■ Leave the iliotibial band attached distally at Gerdy's 
tubercle. 

■ Dissect distally to separate the iliotibial band from the 
joint capsule and from the latéral patellar retinaculum. 

■ Tubularize the free proximal end of the iliotibial band 
with a whipstitch using a no. 5 Ethibond suture (Ethicon, 
Johnson & Johnson, Somerville, NJ). 

■ Examine the knee with the arthroscope through standard 
antérolatéral and anteromedial portais, treat any meniscal 



Technique of physeal-sparing, combined 
intraarticular and extraarticular reconstruction of anterior cruci- 
ate ligament. (Redrawn from Kocher MS, Garg S, Micheli LJ: Physeal 
sparing reconstruction of the anterior cruciate ligament in skeletally 
immature prepubescent children and adolescents, J Bone Joint Surg 
87A 2371, 2005 ) SEE TECHNIQUE 51-20. 


injury or chondral injury, and excise the anterior cruciate 
ligament remnant. 

■ Identify the over-the-top position on the fémur and 
the over-the-front position under the intermeniscal 
ligament. 

■ Perform a minimal notchplasty to avoid iatrogénie injury 
to the perichondrial ring of the distal fémoral physis, 
which is in close proximity to the over-the-top position. 

■ Bring the free end of the iliotibial band graft through the 
over-the-top position with the use of a full-length clamp 
or a two-incision, rear-entry guide and out through the 
anteromedial portai. 

■ Make a second incision of approximately 4.5 cm over the 
proximal médial aspect of the tibia in the région of the 
pes anserinus. Carry the dissection through the subcuta¬ 
neous tissue to the periosteum. 

■ Place a curved clamp from this incision into the joint 
under the intermeniscal ligament. 

■ Make a small groove in the anteromedial aspect of the 
proximal tibial epiphysis under the intermeniscal ligament 
with the use of a curved rat-tail rasp to bring the tibial 
graft placement more posterior. 

■ Bring the free end of the graft through the joint, under 
the intermeniscal ligament in the anteromedial epiphyseal 
groove, and out through the médial tibial incision. 

■ Place the knee in 90 degrees of flexion and 15 degrees 
of external rotation. For extraarticular reconstruction, fix 
the graft on the fémoral side through the latéral inci¬ 
sion using mattress sutures on the latéral fémoral 
condyle at the insertion of the latéral intermuscular 
septum. 

■ Fix the tibial side through the médial incision with the 
knee flexed 20 degrees and tension applied to the graft. 

■ Make a periosteal incision distal to the proximal tibial 
physis as confirmed fluoroscopically. 

■ Make a trough in the proximal médial tibial metaphyseal 
cortex and suture the graft to the periosteum at the 
rough margins with mattress sutures. 

POSTOPERATIVE CARE. Postoperatively, the patient is 
permitted touch-down weight bearing for 6 weeks. 
Immédiate mobilization from 0 to 90 degrees is allowed 
for the first 2 weeks, followed by progression to full range 
of motion. Continuous passive motion from 0 to 90 
degrees is used for the first 2 weeks postoperatively to 
initiate motion and overcome the anxiety associated with 
postoperative movement in young children. A protective 
hinged knee brace is used for 6 weeks after surgery with 
motion limits of 0 to 90 degrees for the first 2 weeks. 
Progressive réhabilitation consists of range-of-motion 
exercises, patellar mobilization, electrical stimulation, 
pool therapy (if available), proprioception exercises, and 
closed chain strengthening exercises during the first 3 
months postoperatively followed by straight-line jogging, 
plyometric exercises, sport cord exercises, and sport- 
specific exercises. Return to full activity, including sports 
that involve cutting, usually is allowed 6 months postop¬ 
eratively. A custom-made knee brace is used routinely 
during cutting and pivoting activities for the first 2 years 
after return to sports. 
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ANTERIOR CRUCIATE AND 
ANTEROLATERAL LIGAMENT 
RECONSTRUCTION IN ATHLETES WITH 
3+ PIVOT SHIFT AND REVISIONS 

(BOX 51-8) 


TECHNIQUE 51-21 


(PHILLIPS) 

■ Harvest the semitendinosus through the inferior portion 
of a médial parapatellar tendon incision. 

■ Make 1 -cm incisions over the fémoral and tibial insertions 
of the antérolatéral ligament (ALL) as verified by imaging. 

■ Make a nick in the iliotibial band proximally and use Kelly 
forceps to spread the tissues, forming a tunnel between 
the iliotibial band and the underlying capsule. 

■ Secure the tendon graft distally with a 5.5-mm swivel lock 
(Fig. 51-50A). 

■ Pass the graft under the iliotibial band proximally to the 
insertion site (Fig. 51-50B). 



Preferred Techniques for Anterior Cruciate 
Ligament Reconstruction in Athlètes 


■ Primary reconstruction 

■ Male - 10-mm BPTB 

■ Female - 9-mm BPTP 

■ Chronic, révision, or 3+ pivot shift 

■ BPTB + ALL reconstruction using semitendinosus har- 
vested through same incision 

ALL, Antérolatéral ligament; BPTB, bone-patellar tendon-bone. 


■ Place a fémoral guidewire and verity its position with 
imaging, 5 mm proximal and posterior to the épicondyle. 

■ Taking care to prevent injury to the latéral collateral liga¬ 
ment or popliteus tendon, direct the wire proximally and 
anterior to avoid the fémoral tunnel. 

■ Mark the graft and move the knee through a range of 
motion to evaluate isometry. 

■ Ream a 22-mm x 5-mm tunnel. 

■ Shorten the graft and place a Vicryl Krackow suture in 
the graft so as to seat 15 to 20 mm of the graft in the 
tunnel. 

■ Pull the guidewire out medially, seating the graft. 

■ Move the knee through a range of motion to check 
isometry. 

■ With the knee in 25 to 30 degrees of flexion, secure the 
graft with a polyetheretherketone (PEEK) interférence 
screw equal to the tunnel size (Fig. 51-50C). 


I COMPLICATIONS OF ANTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION 

Five-year follow-up studies of anterior cruciate ligament 
reconstruction using autograft bone-patellar tendon-bone 
grafts and hamstring grafts show similar results as far as 
stability and failure rates are concerned. Stiffness and strength 
tend to be slightly better with bone-patellar tendon-bone 
grafts, but overall results are comparable. Allograft studies at 
5- and 7-year follow-up are similar to those with autograft, 
especially because the incidence of effusions and apparent 
graft rejection has decreased and graft procurement and 
sterilization techniques hâve improved. Failure rates seem to 
hâve stabilized at 7% to 8% at 5-year follow-up when graft 
failure is the cause of the poor outcome. Other studies 
measure failure by KT-1000 testing, giving way of the knee, 
or failure of the patient to return to a previous sporting 



Reconstruction of the anterior cruciate and antérolatéral ligaments. A, Graft is secured distally with a swivel lock. 
B, Graft is passed under the iliotibial band proximal to the insertion site. C, Graft is secured with a polyetheretherkitone (PEEK) interfér¬ 
ence screw. SEE TECHNIQUE 51-21. 
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activity. If these parameters are used to measure surgical 
failure, the percentage ranges from 5% to 52%. Although the 
failure rate has stabilized, the number of révision surgeries 
continues to increase, probably because of better follow-up 
protocols; higher patient demands, expectations, and activity 
levels; and the earlier âge at which these procedures are being 
performed. 

Economically, the cost of failure can be high. Additional 
procedures and réhabilitation, loss of work for the patient, 
and the potential loss of a college scholarship for a high 
school athlete can be financially burdensome. 

Anterior cruciate ligament failure also may take an emo- 
tional toll on the patient. Psychologie trauma from additional 
surgery, frustration over prolonged réhabilitation, loss of 
motivation, and displaced anger may resuit. Physiologie 
conséquences include additional surgical trauma from har- 
vesting the graff, possible articular damage, and additional 
chondral or meniscal damage from chronic instability because 
many patients wait some time before révision surgery. Menis¬ 
cal damage has been shown to occur in approximately 40% 
at 1 year, 60% at 5 years, and approximately 80% at 10 years, 
which is the same incidence as degenerative joint disease seen 
at 10 years. 

The causes of anterior cruciate ligament reconstruction 
complications can be outlined by the failures as depicted in 
Figure 51-40. Most failures can be prevented by careful surgi¬ 
cal planning and préparation, adhérence to technique, atten¬ 
tion to detail, and careful postoperative follow-up with early 
récognition and intervention for complications. Surgeons 
should be knowledgeable about the current literature and 
potential complications. If one is to advance on a surgical 
learning curve and decrease the number of complications, 
assessment of surgical results, radiographie évaluation of 
tunnels and screw placements, and careful, unbiased physical 
and KT-1000 examinations are necessary. 

Complications can be divided into preoperative, intraop¬ 
erative, and postoperative categories. Preoperative radio¬ 
graphie évaluation can eliminate most problems of excessive 
patellar tendon length, tuberosity ossicles, or aberrancy of the 
patella. Intraoperative complications can resuit from graff, 
fixation, or tunnel problems and are avoidable by attention to 
details. Methods for avoiding these complications are dis- 
cussed subsequently. Less common or significant problems 
are noted in Figure 51-40. 

Surgical failure can be caused by nonphysiometric tunnel 
placement, graff impingement, a weak graff, or weak graff 
fixation. Careful observation of the landmarks and correct 
placement of tunnels are essential to prevent excessive graff 
stress or impingement. We generally like to ream the tunnels 
initially with a reamer that is approximately 2 mm smaller 
than the definitive tunnel so that minor adjustments can be 
made easily. Use of a rasp or eccentric reaming to move a 
tunnel to an appropriate place is easily accomplished. Stress 
on the patella can be decreased greatly by carefully harvesting 
the patellar tendon graff. It is important to make straight cuts 
in line with the fibers and to ensure that the bone cuts are not 
too deep, especially in the patella, and that the length of the 
eut is 20 to 23 mm. Cuts should be slightly angled, and the 
patella should be bone graffed on completion to avoid late 
stress fractures. 

At the time of the procedure, an internai notchplasty and 
careful viewing of the guidewire to ensure that it does not 


impinge on the roof or the wall of the tunnel with flexion and 
extension is essential. Also, one should ensure that it is not 
too far posterior, where it would impinge on the posterior 
cruciate ligament. Affer placement and alterations hâve been 
made, the graff should be fully observed again, particularly 
in knee extension. 

Postoperative problems include arthrofibrosis, which 
should be treated with nonsteroidal antiinflammatory drugs 
and supervised therapy. Therapy to rebuild muscular tone 
initially should be attempted to try to regain full knee exten¬ 
sion. Supervised therapy is instituted three times a week 
with the patient working on range of motion three times 
daily, stressing prone hangs to regain full extension. If 
motion fails to progress over 4 to 6 weeks of therapy, and the 
patient has less than 90 degrees flexion affer 6 weeks of 
supervised physical therapy, gentle manipulation and possibly 
arthroscopic évaluation should be considered. Postoperative 
radiographs are reviewed to ensure that the tunnels are cor- 
rectly placed and that an obvious impingement is not 
demonstrable. 

Loss of full extension, persistent effusion, anterior knee 
pain, or clicking or popping in the anterior part of the knee 
that is painful with terminal extension may indicate 
impingement. A latéral radiograph should be obtained with 
the knee in extension to ensure the tibial tunnel is posterior 
to the foot of the intercondylar notch and that screw place¬ 
ment in the fémur is in the posterior aspect of the intercon¬ 
dylar notch. 

Postoperative infections are uncommon with arthroscopic 
anterior cruciate ligament reconstructions, but persistence or 
récurrence of fever 5 to 6 days affer the procedure with 
increased pain, loss of knee motion, and heat or erythema at 
the knee site may indicate early infection and must be treated 
appropriately and aggressively. If a knee aspiration shows a 
white blood cell count to be elevated (offen > 20,000/jnL), 
arthroscopic irrigation and évaluation of the graff should be 
performed. If the graff is still intact and in good condition, it 
should be leff in place, but the joint should be thoroughly 
irrigated, and repeat irrigation and debridement should be 
done at 48 to 72 hours if symptoms are not drastically 
improving. A combination of antibiotics intravenously for 
2 to 3 weeks followed by oral antibiotics to complété a 
6-week course of organism-spécifie antibiotic treatment is 
necessary. 

In any postoperative infection, finding the source is 
crucial to prevent additional infections. Equipment steriliza- 
tion procedures, préparation and draping techniques, han- 
dling of the graff by operating room personnel, and surgical 
techniques should be evaluated carefully. The surgical site of 
arthroscopy should always be prepared with a waterproof 
antibiotic solution and draped and sealed proximal and distal 
to the site of surgery. 

I POSTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION 

The posterior cruciate ligament consists of three components: 
an anteromedial band, a postérolatéral band, and the menis- 
cofemoral ligaments. The postérolatéral band is approximately 
150% the strength and stiffness of the anteromedial band and 
is tight in knee flexion. The entire ligament has 1.5 to 2 times 
the strength of the anterior cruciate ligament, and the broad- 
ness of its fémoral footprint is approximately 3 cm 2 . The large 
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insertion site of the dual ligaments makes physiometric 
reconstruction difficult. 

Many posterior cruciate ligament injuries hâve an associ- 
ated ligamentous injury, most commonly the postérolatéral 
corner. Hyperflexion is the most common cause for posterior 
cruciate ligament injuries in athlètes. Sometimes a partial 
posterior cruciate ligament injury, with 1+ to 2+ posterior 
laxity, occurs. Shelbourne and Muthukaruppan reported 
good clinical outcomes when these injuries were treated 
conservatively initially, consisting of knee extension and a 
protective réhabilitation program with no active hamstring 
strengthening. Long-term results did not correlate with the 
initial degree of instability in isolated injuries. Subjective 
scores did not deteriorate with time. 

For more significant posterior cruciate ligament injuries 
with associated posterior and postérolatéral laxity, recon¬ 
struction has become the treatment of choice for active, 
younger individuals. Physical examination of these posterior 
cruciate ligament injuries reveals a 1-cm posterior drawer 
that does not improve with internai rotation and may reveal 
a 10-degree increase in external rotation at 30 and 90 degrees, 
indicative of associated posterior labral injury. The choice of 
techniques varies and is still being debated. The original one- 
tunnel posterior cruciate ligament technique in itself does not 
seem to stabilize satisfactorily many of these conditions. 
Nonetheless, when the one-tunnel posterior cruciate liga¬ 
ment reconstruction is performed, and postérolatéral recon¬ 
struction is used to stabilize the postérolatéral component, 
excellent results hâve been reported to increase from 48% to 
more than 70%. Two additional techniques for posterior 
cruciate ligament reconstruction hâve been described. With 
the inlay technique, fixation is solid near the joint line and 
the “killer curve” is removed by placing the graff in a tibial 
trough at the posterior cruciate ligament footprint. The dis- 
advantage of this technique is the difficulty with patient 
positioning and using posterior and anterior incisions. 

For isolated posterior cruciate ligament reconstruction, 
we prefer the tibial inlay technique or transtibial with aperture 
fixation. For most high-impact trauma injuries, we perform 
a postérolatéral corner repair or reconstruction using a 
figure-of-eight tendon reconstruction technique. The fémoral 
tunnel may be single or double; the double-tunnel technique 
practically and biomechanically provides the best stability. 
The posterior cruciate ligament inlay technique is described 
in Chapter 45. 

The two-tunnel technique has been shown in clinical 
studies to hâve increased stability and to better fill the large 
posterior cruciate ligament footprint. 

The single-tunnel technique, which we use mostly for 
reconstruction of multiple knee ligaments in knee disloca¬ 
tions, is described subsequently. The two-tunnel technique is 
used primarily in isolated posterior cruciate ligament recon¬ 
struction. An Achilles tendon allograff (transtibial fixed at the 
aperture or inlay) is our preferred graff source for posterior 
cruciate ligament reconstruction. 

An all-arthroscopic inlay procedure, using a retrocutting 
reamer and a closed-ended tibial tunnel with suture fixation 
anteriorly, has been described by several authors; this, like 
aperture screw fixation, produces a shorter, stiffer graff 
construct. 

Comparative studies show that anatomie single-tunnel 
and inlay procedures produce equal function and stability. 


Double-bundle techniques hâve been shown to be slightly 
better (2.5 mm of posterior displacement compared with 
3.2 mm) in some studies. The most important factors for 
long-term success are correction of associated instabilities 
and meniscal préservation. Slow, protected réhabilitation also 
increases the likelihood of knee stability and should empha- 
size early maintenance of knee extension, delayed weight 
bearing, and delayed return to sports. For multiligament 
instability, a simple single-tunnel procedure usually is effec¬ 
tive; an isolated posterior cruciate ligament double-tunnel 
procedure may be indicated. 


SINGLE-TUNNEL POSTERIOR 
CRUCIATE LIGAMENT 
RECONSTRUCTION 


TECHNIQUE 51-22 


■ Place the patient supine and apply a tourniquet high 
around the thigh. Use a padded latéral post to assist with 
valgus stress. Tape a 3-L saline bag to the table before 
draping to use as a foot bolster to help maintain 80 to 
90 degrees of knee flexion during the procedure. 

■ Perform a routine systematic arthroscopic examination of 
the knee and repair any associated intraarticular abnor- 
malities as necessary. If a meniscal repair is performed, 
the sutures should be tied after the ligament reconstruc¬ 
tion is completed. 

■ Using standard antérolatéral and anteromedial portais, 
débridé the soft tissue and remaining cruciate ligament 
from the intercondylar notch. 

■ Perform an internai bony notchplasty as necessary. 

■ Viewing of the tibial attachment site of the posterior 
cruciate ligament (Fig. 51-51 A) is improved by using a 
70-degree viewing arthroscope in the antérolatéral portai 
or by placing the 30-degree viewing arthroscope through 
a posteromedial portai. 

■ Using a full-radius resector, remove the remaining stump 
of the posterior cruciate ligament. Specially designed 
back-cutting knives, curets, and rasps also are available 
to assist in removing the remnants. 

■ Elevate the posterior capsule from its attachment to the 
posterior fiat spot on the tibia using a curved curet or 
periosteal elevator passed through the intercondylar 
notch or the posteromedial portai. 

■ Contour an Achilles tendon allograft to make a bone plug 
11 mm wide x 20 mm long. 

■ Place the tendinous part of the graft under tension and roll 
the graft with a running Vicryl suture. Place a no. 5 tension 
suture in the distal 5 cm of the graft, using a running 
interlocking suture. Place the graft on a graft tension 
board, maintained with 10 Ib of tension for 15 minutes. 

■ If an autogenous patellar tendon is chosen as a graft, 
make a 7-cm midline incision, starting at the inferior 
patella and extending distally over the tibial tuberosity. 

■ Harvest the central third of the patellar tendon—10 to 
11 mm wide and 25 mm long—with 8-mm-thick bone 
plugs. 
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Arthroscopic view of the tibial attachment (A) and fémoral attachment (B) of the posterior cruciate ligament (PCL) 
in a right knee, demonstrating pertinent landmarks. ALB, antérolatéral bundle; aMFL, anterior meniscofemoral ligament; PMB, pos- 
teromedial bundle; pMFL, posterior meniscofemoral ligament. (Redrawn from Anderson CJ, Ziegler CG, Wijdicks CA, et al: Arthroscopically 
pertinent anatomy of the antérolatéral and posteromedial bundles of the posterior cruciate ligament, J Bone Joint Surg 94:1936, 2012.) 


■ Contour the graft to pass through a 10- or 11 -mm trial. 
The bone plug to be secured in the fémoral tunnel should 
be shortened to approximately 20 mm to make intraar- 
ticular passage easier. 

■ For making the tibial tunnel, we prefer to use the Arthrex 
drill guide System. With the 70-degree arthroscope in the 
antérolatéral portai, insert the guide through the antero- 
medial portai and pass it through the notch. 


■ Place the guide tip 10 to 12 mm below the joint line in 
the posterior cruciate ligament facet. 

■Orient the drill guide approximately 60 degrees to the 
articular surface of the tibia, starting just inferior and 
médial to the tibial tuberosity (Fig. 51-52A). A more 
perpendicular angle would create too much of an acute 
angle at the posterior tibia that may abrade the graft. A 
tibial tunnel that is started too distally may ream out the 
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Posterior ligament reconstruction. A, Arthrex Popliteal Drill Stop prevents advancement of guide pin past the tip of 
the marking hook during drilling. B f Millimeter markings on Arthrex PCL Fémoral Marking Hook allow détermination of the distance 
of the fémoral tunnel from the margin of the articular cartilage. C, Arthrex "Worm" Curving Suture Passer facilitâtes passing of graft 
sutures through tibial tunnel into intercondylar notch. SEE TECHNIQUE 51-22. 


posterior tibial shelf. The simultaneous use of image 
intensification and arthroscopy aids in proper positioning 
of the drill guide before and during drilling. Calibrations 
on the tibial guide accurately measure the distance from 
the anterior tibial cortex to the tip of the guide. 

■ Adjust the guide pin so that it is protruding from the tip 
of the drill 1 cm less than the distance measured on the 
guide System to help prevent overdrilling (Fig. 51-52A). 

■ The guide pin should exit posteriorly at the physeal scar 
area. 

■Tap the pin in the final 1 cm to help prevent pénétration. 
While tapping the pin in, place a curet through the 
posteromedial portai to protect the neurovascular struc¬ 
tures from pin pénétration during advancement and 
reaming. If adéquate soft-tissue debridement has been 
performed, the guide pin can be observed arthroscopi- 
cally as it exits the tibia. An image intensifier is used to 
confirm appropriate guidewire placement. 

■ The fémoral physiometric point is 8 mm proximal to the 
articular cartilage at the 1-o'clock position on the right 
knee and at the 11-o'clock position on the left knee 
(Fig. 51-51 B). Place the tip of the posterior cruciate liga¬ 
ment fémoral guide through the anteromedial portai 
while viewing with the arthroscope in the antérolatéral 
portai. 

■ Expose the fémoral cortex through the 3-cm longitudinal 
incision and elevate the vastus medialis obliquus 
superiorly. 


■ Insert the guide pin midway between the articular 
margin of the médial fémoral condyle and the médial 
épicondyle. 

■ Use the appropriate size reamer for the available graft, 
leaving 1 to 2 mm of distal bone at the articular margin. 

■ Pass a Gore smoother through the tibial tunnel into the 
joint and pull it through the central fat pad portai (Fig. 
51-52C). The smoother is used to smooth and remove 
the posterior soft-tissue remnants. Do not enlarge the 
tibial tunnel excessively. 

■ When the smoother passes without undue résistance, 
attach the graft to the end of the smoother and pull the 
graft sutures and bone plug into the joint. 

■ Extrême flexion of the knee sometimes aids passage of 
the patellar bone plug from the posterior tibial aperture 
into the joint. Placing a switching stick through the pos¬ 
teromedial portai allows the guide sutures to be redirected 
over the stick to assist in passing the graft. 

■ Place a grasper through the fémoral tunnel to grab the 
sutures. Use a probe or Allis clamp to assist the graft into 
the fémoral tunnel. 

■ Place the cancellous portion of the bone plug posteriorly 
to reduce graft abrasion. 

■ Before tibial fixation, ensure that the fémoral bone plug 
would fit appropriately at the aperture of the fémoral 
tunnel. 

■ Put the knee through a range of motion and ensure there 
is no more than 3 mm of graft pistoning through range 
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of motion from 0 to 100 degrees. If excessive pistoning 
is encountered, rasp the fémoral tunnel proximal wall. 

■ Secure the fémoral bone plug with a métal interférence 
screw. 

■ Maintain graft tension and put the knee through a range 
of motion for 20 cycles to allow stress relaxation of the 
graft. 

■ Secure the graft with an interférence screw. If a soft- 
tissue graft is used, backup fixation over a post is 
indicated. 

POSTOPERATIVE CARE. Réhabilitation dépends on the 
graft material selected, the size of the patient, and any 
other surgery done. After isolated posterior cruciate liga¬ 
ment reconstruction, the knee can be immobilized in 
extension in a removable knee immobilizer for 4 weeks. 
Early range-of-motion and quadriceps exercises are 
encouraged, but flexion is limited to 90 degrees for the 
first 4 weeks. Hamstring strengthening is begun at 3 
months. During motion and strengthening therapy, care 
is taken to prevent posterior tibial stress. Return to sports 
is allowed at 9 months. 


DOUBLE-TUNNEL POSTERIOR 
CRUCIATE LIGAMENT 
RECONSTRUCTION 


TECHNIQUE 51-23 


(CLANCYAND BISSON) 

■ Harvest a patellar tendon bone plug 10 mm wide x 10 
to 20 mm long from the patella and tibial tubercle or a 
quadriceps tendon through a separate small incision 
above the patella (8 mm wide x 10 to 20 mm long). 

■ Place three no. 5 Ethibond sutures in each end of the 
graft for later fixation. 

■ Alternative^, the semitendinosus tendon can be harvested 
through the inferior incision and doubled over itself to 
form a double-strength graft. 

■ After debridement of the posterior cruciate ligament 
remnant from the fémur and debridement of the tibial 
insertion side of the posterior cruciate ligament, create 
the tibial tunnel. 

■ When the site of insertion of the posterior cruciate liga¬ 
ment has been fully identified, drive a guide pin from the 
anterior tibia (12 to 15 mm distal to the site of graft 
harvest from the tibial tubercle) into the center of the 
insertion of the posterior cruciate ligament. The entry 
point of the guide pin into the tibia is important because 
it créâtes a vertical tunnel (which eases graft passage into 
the tibia and facilitâtes tensioning of the graft) and avoids 
creating an oblique hole at the exit site of the tunnel in 
the fovea. Drilling a hole that enters médial or latéral to 
the tibial tubercle créâtes an oblique exit hole in the tibial 
fovea and can resuit in excessive médial or latéral place¬ 
ment of the graft. 


■ Drive a 10-mm reamer over the guidewire and then a 
12-mm reamer. Leave the arthroscope in the posterome- 
dial portai to ensure that neither the guide pin nor the 
reamers penetrate the knee joint during reaming. 

■ When the tibial tunnel has been reamed, débridé the 
foveal site of any remaining tissue. 

■ Pass a no. 5 Ethibond suture through the tibial drill hole 
and out the central fat pad portai. This suture is used 
during passage of the graft into the tibial tunnel. 

■ To create the fémoral tunnels, use the remaining fibers of 
the posterior cruciate ligament on the médial fémoral 
condyle as a guide. 

■ Drill a 10-mm anterior proximal tunnel and an 8-mm 
posterior distal tunnel, keeping them separated by a 3- to 
4-mm bony bridge. 

■ Use a small (00) curet to make marks in the médial 
fémoral condyle at the desired tunnel sites. The anterior 
proximal tunnel guide pin should enter the intracondylar 
notch at the 10:30-o'clock position in the left knee (1:30- 
o'clock position in the right knee) approximately 6 mm 
posterior to the articular surface of the médial fémoral 
condyle (Fig. 51-53). 

■ Place the posterior distal tunnel approximately 5 mm 
posterior and 5 mm distal to the anterior proximal tunnel, 
ascertaining that the tunnel sites remain within the ana¬ 
tomie site of origin of the posterior cruciate ligament and 
that both tunnels are entirely anterior to the ridge in the 
médial fémoral condyle. Noyés suggested 1-o'clock and 
3-o'clock positions and 6 mm and 8 mm off the articular 
surface. He uses a two-limb quadriceps graft. 

■ Make an incision over the vastus medialis muscle at the 
level of the adductor tubercle and elevate the fibers of 
the vastus medialis anteriorly. 

■ Use a vector guide to place a pin from the région of the 
adductor tubercle into the desired position of the anterior 
proximal tunnel and drive a 10-mm reamer over this 
guide. 

■ Drive a second guide pin from a separate site in the 
médial fémoral condyle into the desired site of the pos¬ 
terior distal tunnel, and drive an 8-mm reamer over this 
guide pin. Ensure that an adéquate bony bridge séparâtes 
these two tunnels. 



Idéal sites for positions of fémoral tunnels as 
viewed from side of left knee with latéral fémoral condyle 
removed (Bisson and Clancy). SEE TECHNIQUE 51-23. 
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■ Pass two no. 5 Ethibond sutures, which will be used later 
for graft passage, through these tunnels and exit out the 
central fat pad portai. 

■ If using the endoscopie technique, a specially designed 
custom guide, flexible guide pins, and reamers are used 
to ream the two tunnels from the inside of the notch. 

■ Ream each tunnel to a depth of 25 to 30 mm with the 
appropriate-sized reamer and use a 4.5-mm drill to drill 
out the médial fémoral cortex. 

■ Fix the grafts with an EndoButton device, allowing an 
entirely endoscopie reconstruction. 

■ Pass the grafts into the fémoral tunnels using the previ- 
ously placed sutures through the central fat pad portai 
and the fémoral tunnels. 

■ Place the quadriceps or semitendinosus graft first and fix 
it at the médial fémoral condyle using either a simple 
button (open technique) or an EndoButton (endoscopie 
technique). 

■ After fémoral fixation of this graft, pass the patellar 
tendon into the fémur and fix in a similar fashion. 

■ When both grafts hâve been fixed at the médial fémoral 
condyle, pass them through the central fat pad portai 
and into the tibia using the previously placed suture 
through the tibial tunnel. This step can be facilitated 
with the use of a specialized graft passer, which encloses 
the grafts and provides a smooth surface to slide through 
the tibial tunnel. The application of an anterior drawer 
maneuver at the time of graft passage into the tibia 
helps the graft to turn the corner at the proximal part of 
the tibial tunnel. 

■ The final step in the procedure is fixation of the grafts to 
the tibia. 

■ Fix the patellar tendon graft first and tension it at 90 
degrees of flexion with an anterior drawer maneuver. 

■Tie the sutures from the patellar bone plug over a screw 
and washer and tighten at the end of the procedure. 

■ Tighten the quadriceps or hamstring graft at 30 degrees 
of flexion and tie these sutures over the same screw as 
those from the patellar tendon graft. Irrigate the wounds 
and close in routine fashion. 

POSTOPERATIVE CARE. The réhabilitation protocol 
should begin on the first postoperative day. In the immé¬ 
diate postoperative phase, the patient is encouraged to 
bear 50% of weight as tolerated, using two crutches to 
do ankle and hip exercises and to perform knee exten¬ 
sions from 60 to 0 degrees. 

Full weight bearing is allowed 2 to 6 weeks after 
surgery; multiangle quadriceps and isométrie exercises at 
60, 40, and 20 degrees are performed. Leg presses and 
squats from 0 to 60 degrees are introduced, and well-leg 
bicycling is performed. By week 4, range of motion 
should be to 90 degrees, and bicycling can be encour¬ 
aged for range of motion and endurance. Exercises in the 
pool are initiated at week 5. 

Swimming, closed kinetic chain réhabilitation, and a 
stretching program are begun at 6 to 12 weeks to increase 
quadriceps strength. By week 12, the patient can begin 
latéral step-ups, cycling for endurance (30 minutes), 
hamstring curls from 0 to 60 degrees with low weight, 
and a walking program. These exercises should be 


continued to week 16. By 5 to 6 months after surgery, 
the patient should be performing plyometric exercises 
and agility and balance drills. The patient can return to 
sports when KT-2000, isokinetic testing, and functional 
testing yield satisfactory results. 


Inlay Technique. This technique, which allows direct 
fixation of a tibial bone plug to a tibial trough in the anatomie 
insertion of the posterior cruciate ligament along the poste - 
rior tibia, has the advantages of eliminating acute graft angle 
changes and allows secure direct fixation to the posterior 
tibia, thus making a shorter, stiffer graft. The approach allows 
safe exposure of this area. The disadvantage of this technique 
is that access to the anterior and the posterior knee is neces- 
sary during the surgical procedure. The patient can be placed 
in the latéral decubitus position with the injured side up. The 
hip can be externally rotated for the arthroscopic part of the 
procedure, and then the knee can be straightened and placed 
on a padded Mayo stand for the posterior exposure. Con- 
versely, an easier method for posterior exposure is made 
possible by placing a bump under the unaffected side and 
placing the affected side in a figure-of-four position. The 
surgeon starts on the opposite side of the table (i.e., the unaf¬ 
fected side). Tilting the table toward or away from the surgeon 
allows for better visualization during different parts of the 
procedure. With the fémoral tunnels at 1 oclock and at 3 
oclock, 1 mm and 3 mm, respectively, off the articular surface 
are reamed before posterior exposure. 

■ CHONDROMALACIA OF THE 
PATELLA SYNDROME 

Chondromalacia, which means softening of the articular 
cartilage, has multiple causes. Cartilage changes can be clas- 
sified from an arthroscopic standpoint based on the modified 
Outerbridge (Insall) classification: grade I, softening and 
swelling of the cartilage; grade II, fragmentation and fissuring 
in an area 0.5 inch or less in diameter; grade III, more severe 
fragmentation and fissuring involving an area of more than 
0.5 inch in diameter; and grade IV, érosion of cartilage down 
to bone. 

Chondromalacia can be treated conservatively in most 
patients with an emphasis on maximizing flexibility of the 
musculature and strengthening the vastus medialis obliquus 
muscle. Closed chain exercises are recommended, and some 
studies showed that taping and bracing were advantageous. 
Carefully evaluating lower extremity alignment, particularly 
for hyperpronation that can be corrected with orthotics, also 
can decrease patellofemoral stress. 

If prolonged, conservative treatment fails, then surgical 
intervention may be necessary. Careful évaluation of the 
individual, including alignment, associated articular changes, 
ligamentous laxity, future goals, and réhabilitation potential, 
is necessary to obtain a good surgical resuit. In the case of 
chondromalacia with no significant malalignment and grade 
II or early grade III changes, arthroscopic debridement of 
the patellofemoral joint and réévaluation of the exercise 
program may be ail that is necessary. Arthroscopic debride¬ 
ment of the articular surface can be done safely with 
mechanical instrumentation. For full-thickness chondral 
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defects, realignment and cartilage cell transfer can give mod- 
erate to good relief. 

Latéral release is indicated for excessive latéral pressure 
syndrome unresponsive to therapy and for latéral facet arthri- 
tis in combination with excision of a painful latéral facet 
osteophyte. Isolated latéral release for patellar instability has 
not been shown to be effective and may compound the 
problem caused by persistent quadriceps weakness. The most 
predictable criterion for success of a latéral release is a néga¬ 
tive passive patellar tilt, a médial and latéral patellar glide of 
two quadrants or less, and a normal tubercle-sulcus angle 
with the knee at 90 degrees of flexion. The passive patellar tilt 
test is performed with the patient supine, the knee extended, 
and the quadriceps relaxed. The examiner lifts the latéral edge 
of the patella from the latéral fémoral condyle. The patella 
should remain in the trochlea. An excessively tight latéral 
restraint is shown by a neutral or négative angle to the hori¬ 
zontal (Fig. 51-54A). The patellar glide test détermines médial 



B 



A f Passive patellar tilt test. Latéral edge of 
patella is lifted from latéral fémoral condyle (b). Patella should 
remain in trochlea and not be allowed latéral subluxation. Exces¬ 
sively tight latéral restraint is shown by neutral or négative angle 
to horizontal (a). B f Patellar glide test in 30 degrees of flexion. 


or latéral retinacular tightness (Fig. 51-54B). This test is 
performed with the knee flexed 20 to 30 degrees and the 
quadriceps relaxed. This position can be accomplished by 
placing a small pillow beneath the knee. The patella is divided 
into longitudinal quadrants, and an attempt is made to dis- 
place the patella medially and laterally. A latéral patellar glide 
of three quadrants or more suggests an incompetent médial 
restraint. A médial glide of one quadrant is consistent with a 
tight latéral restraint, and a glide of three or more quadrants 
suggests a hypermobile patella. The tuberosity-sulcus angle is 
determined by measuring the Q angle with the knee at 90 
degrees of flexion. The angle is formed by a line drawn from 
the center of the patella to the center of the tibial tuberosity 
and a line drawn from the center of the patella and passing 
perpendicular to the transepicondylar axis. This angle should 
be 0 degrees, and more than 10 degrees is definitely abnormal. 
The traditional Q angle measured from the tibial tuberosity 
to the center of the patella and extending to the anterior 
superior iliac spine likewise is a valuable measurement that 
should be evaluated when contemplating surgical procedures 
for the patella. Anteroposterior, 45-degree latéral, and 45- 
degree Merchant view radiographs are helpful in determining 
patellar tilt, subluxation, and Insall ratio, as described in 
Chapter 45. Latéral release should extend only to the vastus 
lateralis and not include this structure. 


LATERAL RETINACULAR RELEASE 


TECHNIQUE 51-24 


■ View the patellofemoral joint with a 30-degree viewing 
arthroscope in the inferior or superior portai; either is 
adéquate. With the arthroscope in the standard antéro¬ 
latéral portai and advanced into the patellofemoral joint, 
rotate the lens upward and downward alternately to view 
the articular surfaces of the patella and the trochlear 
groove of the distal fémur (Fig. 51-55). 

■ Manually manipulate the patella with the thumb and 
index finger for complété viewing of the entire surface of 
the patella. The tracking of the patella and the dynamics 
of the patella and the patellofemoral joint can be viewed 
better from a superior portai (Fig. 51-56). The patella 
naturally rides laterally with the knee in extension, and 
observation of it in this position does not confirm that 
the patella is subluxable or riding laterally. As the knee is 
moved from full extension into 30 to 40 degrees of 
flexion, the patella enters the trochlear groove and should 
become congruous and centered at this degree of flexion. 
Persistent latéral tilt or overhang of the latéral facet over 
the edge of the latéral fémoral condyle with the knee in 
this position suggests a latéral tracking phenomenon. 
Note the various degrees of chondromalacia of the patel¬ 
lar and trochlear articular surfaces and record them (Fig. 
51-57). 

■ Before performing the latéral retinacular release, carry out 
a complété and systematic examination of the knee for 
other pathologie entities and trim and shave severe 
patellar articular surface chondromalacic changes where 
appropriate. Extensive shaving of chondromalacic areas 
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FIGURE 


Uül Trochlear dysplasia. SEE TECHNIQUE 51-24. 



Patellofemoral joint viewed from the supero- 
lateral portai; latéral subluxation of the patella is évident. SEE 

TECHNIQUE 51-24. 


9 on the patellar or trochlear surface probably has only 
short-term effects; shaving should be kept to a minimum, 
emphasizing removal of only degenerative fibrillated 
material. The objective is restoration of the proper 
dynamics of the extensor mechanism. 

■ When a complété arthroscopic examination has been 
done and any chondroplastic areas hâve been shaved, 
remove the arthroscopic instruments from the joint and 
evacuate the irrigating fluids. 

■ Attempt to palpate the inferior edge of the vastus lateralis 
tendon and mark this junction at its insertion into the 
patella with an 18-gauge spinal needle at the superior 
pôle of the patella. If the edge of the tendon cannot be 
palpated, simply insert the needle at the superolateral 
corner of the patella. 



Grade III chondromalacia of patella involving 
central ridge and latéral facet. SEE TECHNIQUE 51-24. 


■ Insert the arthroscope through the superolateral or the 
anteromedial portai. Initially, insert the electrocautery into 
the antérolatéral portai. 

■ Under arthroscopic guidance, divide the synovium and 
latéral retinaculum from the superolateral corner of the 
patella marked by the spinal needle to the inferior extent 
of the latéral border of the patellar tendon. Occasionally, 
the electrocautery must be placed in a superomedial or 
superolateral portai to complété the most inferior portion 
of the release. The release can be extended proximally 
along the latéral border of the vastus lateralis tendon. 

■ If a percutaneous method is chosen, the joint can be 
redistended or left deflated. Through a 1-cm incision at 
the latéral border of the patella, or through the antéro¬ 
latéral portai, undermine the skin and subcutaneous 
tissue along the entire latéral border of the patella, along 
the latéral retinacular area, distally along the latéral 
border of the patellar tendon, and proximally to the inser¬ 
tion of the vastus lateralis muscle into the superolateral 
pôle of the patella (Fig. 51-58). 

■ Place one tine of a curved Mayo scissors into this reti¬ 
nacular and capsular defect and push the scissors supe- 
riorly along the latéral edge of the patella to the vastus 
lateralis. At this point, they can be turned to follow the 
latéral border of the vastus lateralis for a short distance. 

■ Repeat this maneuver distally along the latéral border of 
the patella and the patellar tendon to the level of the 
latéral tibial plateau. 

■ When these structures hâve been released proximally and 
distally, remove the scissors and, with the knee in full 
extension, grasp the patella between thumb and index 
finger and tilt it 90 degrees to the plane of the trochlear 
surface. 

■ If the patella cannot be tilted, carefully inspect the release 
and carry it farther if necessary or consider a médial 
plication. 

■ Place a thick sponge pad over the superolateral aspect 
of the distal thigh just proximal to the patellar tendon 
to serve as a pressure pad over the eut superolateral 
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FIGURE 


Line of deep incision for latéral patellar release 


of right knee. SEE TECHNIQUE 51-24. 


geniculate vessels. This has reduced the incidence of 
troublesome hemarthrosis after release. 

■ A drain can be placed intraarticularly and removed after 
several hours. 

POSTOPERATIVE CARE. The knee is maintained in an 
immobile, extended position for 48 hours, and then 
gentle range-of-motion exercises are begun. Immobiliza- 
tion of the knee in extension for longer than 72 hours 
may allow the edges of the latéral retinacular release to 
adhéré and become ineffective. Early range of motion 
tends to spread the release. Quadriceps isométrie and 
stiff-leg exercises are encouraged. Weight bearing is 
allowed as tolerated. 


ï ARTHROSCOPIC MEDIAL 
PARAPATELLAR PLICATION 

Arthroscopic plication of the médial retinaculum has been 
described for patellar instability. The all-inside technique uses 
a 17-gauge Tuohy épidural needle to pass a no. 1 polydioxa- 
none suture near the médial edge of the patella. The edge of 
the suture is retrieved out of a superolateral portai. The needle 
is backed up slightly to remain under the subeutaneous tissue 
and advanced posteriorly about 2 cm. The needle is passed 
back through the retinaculum, and the resulting loop of the 
suture is pulled out superiorly, taking both tails out superiorly. 
After passage of four to five sutures, they are tied arthroscopi- 
cally through the anteromedial portai. An arthroscopic latéral 
release is performed. We do not do this procedure and believe 
that the same technique can be performed more adequately 
with nonabsorbable sutures and better imbrication through a 
small médial parapatellar incision. 


SYNOVECTOMY 

Arthroscopic synovectomy in rheumatoid disease and other 
chronic inflammatory conditions and in hemophilia has 
been reported to produce less morbidity, shorter hospital- 
ization, and more rapid return of function to the joint. 


TECHNIQUE 51-25 


■ Four or five portais, including the posteromedial and 
postérolatéral portais, are used routinely. Approach the 
posterior compartment with a 70-degree viewing arthro- 
scope placed through the intercondylar notch and place 
a full-radius resector through the corresponding postero¬ 
medial or postérolatéral portai. 

■ Preserving the menisci, resect the synovial prolifération 
inferior to the menisci and around the cruciate ligaments, 
preserving the underlying structures. 

■ Carefully strip the synovial prolifération in the médial and 
latéral aspects of the knee off the junction of the synovium 
and the articular cartilage. Frequent repositioning of the 
arthroscope and motorized shavers is necessary to avoid 
damage to the articular cartilage and to reach ail synovial 
recesses. 

■ After synovectomy, insert a drain in the knee and connect 
it to suction. Place the knee in a modified Jones 
dressing. 

POSTOPERATIVE CARE. Before discharge, the drain 
is removed. Weight bearing to tolérance with crutches 
is allowed, and range-of-motion and quadriceps- 
strengthening exercises are begun immediately. 


DRAINAGE AND DEBRIDEMENT IN 
PYARTHROSIS 

Arthroscopic debridement and lavage in pyarthrosis offer 
the advantages of reduced morbidity and shortened hos- 
pitalization. With the arthroscope, the knee can be lavaged 
with large volumes of fluid and any fibrinoid material and 
infected débris can be removed. With the advent of more 
résistant organisms, the use of appropriate cultures and 
initial use of broad-spectrum antibiotic coverage, including 
coverage for methicillin-resistant Staphylococcus aureus, 
are indicated. When the cultures are complété, antibiotics 
spécifie to the organism should be used. 


TECHNIQUE 51-26 


■ The standard arthroscopic setup is used for arthroscopic 
debridement. Do not exsanguinate the extremity. Use a 
large-bore cannula or arthroscopic pump for irrigation. 

■ Make anteromedial and antérolatéral portais to examine 
and débridé fibrinoid exudate as indicated. Take appropri¬ 
ate bacterial cultures. 
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9 «Thoroughly lavage ail compartments (anterior, posterior, 
and suprapatellar) and the médial and latéral gutters, 
using 9 L to 10 L of fluid. 

■ Place suction drain tubes in the médial and latéral gutters 
through the arthroscopic cannula and then withdraw the 
cannula over the drain. Loosely approximate the portais 
with absorbable sutures. 

POSTOPERATIVE CARE. A Jones-type dressing is 
applied to immobilize the knee for 36 to 48 hours while 
appropriate antibiotics are administered. At 48 hours, the 
drains are removed and range of motion is begun. If the 
infection fails to respond to treatment, repeat debride- 
ment is considered at 72 hours. 


OTHER APPLICATIONS OF ARTHROSCOPY 
OF THE KNEE 

The following are additional, less frequent, applications for 
arthroscopy of the knee. Several are refinements of principles 
and techniques previously described in this chapter, and most 
should be attempted only by surgeons with considérable 
arthroscopic expérience. Many of these techniques hâve not 
been sufficiently evaluated to détermine the long-term results 
and are not described in detail. 

■ ARTHROSCOPY IN FRACTURES AROUND 
THE KNEE 

Arthroscopic techniques hâve been used to evaluate fractures 
of the anterior intercondylar eminence of the tibia, to reduce 
such fractures, and, affer réduction, to fix the eminence with 
percutaneously inserted internai fixation. In addition, 
arthroscopy has been advocated to assess the degree of articu- 
lar surface dépréssion and the adequacy of réduction affer 
tibial plateau fractures. 

Good results hâve been reported with arthroscopically 
assisted fracture réduction and percutaneous fixation. Frac¬ 
ture patterns that are appropriate for arthroscopic manage¬ 
ment are those that can be internally fixed with a cancellous 
screw and do not require a major réduction or use of a but- 
tress plate. Better fracture évaluation, reduced operative time 
and morbidity, shorter hospitalization, and quicker recovery 
hâve been cited as advantages to the arthroscopically assisted 
technique. 


ARTHROSCOPICALLY ASSISTED 
FRACTURE REDUCTION AND 
PERCUTANEOUS FIXATION 


TECHNIQUE 51-27 


(CASPARI ETAL) 

■ Make a small transverse incision in the skin 3 cm to 4 cm 
below the joint line and drill holes through the anterior 
cortex. 


■ With the use of an image intensifier and underarthroscopic 
guidance, insert a 0.25-inch osteotome through the corti¬ 
cal window and drive it under the fracture to elevate the 
fragments. By manipulating the osteotome and using the 
anterior cortex as a fulcrum, elevate the fragments under 
arthroscopic guidance. Caspari et al. termed this "indirect 
triangulation." They recommended over-e levât ion of the 
fragments. 

■ Remove the stress from the knee and move it through a 
range of motion. The fémoral condyle serves to mold the 
surface of the tibial plateau back into its anatomie con¬ 
figuration. If necessary, insert a bone graft under the 
fracture through the cortical window. 

■ Obtain internai fixation by percutaneous or open 
technique. 

■ Use of an arthroscopic anterior cruciate ligament guide 
to place a guidewire into the fracture site also has been 
described. A reamer is used to make the cortical window 
and a tamp to elevate the fragments. A 15-mm Arthrex 
"coring" reamer can preserve local bone graft. Image 
intensification is used to place percutaneous cannulated 
screws. 

POSTOPERATIVE CARE. Postoperative management is 
tailored to the spécifie injury and the adequacy of réduc¬ 
tion and fixation. If the fracture is stable, with rigid 
internai fixation, early controlled range of motion is 
begun. 


■ ARTHROFIBROSIS 

Arthroscopic techniques for lysis and excision of postopera¬ 
tive adhesions hâve been described. The arthroscopic proce¬ 
dure usually is combined with a gentle manipulation affer the 
release. If extensive infrapatellar contracture syndrome devel- 
ops, as evidenced by peripatellar induration, restricted patel- 
lar mobility, and loss of knee motion, conservative means 
should be used to reduce inflammation and regain muscle 
tone and knee extension. An open technique, including 
latéral release and excision of the fat pad, may be necessary 
affer the acute reaction has subsided. 


ARTHROSCOPIC LYSIS AND EXCISION 
OF ADHESIONS 


TECHNIQUE 51-28 


(SPRAGUE) 

■ Insert an arthroscopic sheath and blunt trocar through 
standard antérolatéral and anteromedial portais. 

■ Pass the blunt trocar carefully beneath the patella and 
into the suprapatellar pouch. Use the trocar to disrupt 
bluntly any adhesions in the suprapatellar pouch and in 
the médial and latéral gutters. 

■ Insert the arthroscope and inspect the joint in a routine 
manner. If the adhesions are dense, the patellofemoral 
joint usually is spared. 
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■ Begin the debridement in the peripatellar région and 
extend it outward. 

■ When the suprapatellar pouch has been restored, insert 
an inflow cannula through a superior portai. 

■ Continue the dissection down into the médial and 
latéral gutters and compartments and finally into the 
intercondylar area. Avoid damage to the cruciate 
ligaments. 

■ Occasionally, prolifération of fibrous tissue is présent 
within the intercondylar notch and anterior régions; this 
should be removed because it may limit extension. Some 
investigators recommend a latéral retinacular release as 
part of the procedure if patellar mobility is restricted after 
the arthroscopic release. Avoid iatrogénie fracture caused 
by excessive manipulation. 

■ After the systematic lysis of adhesions, perform a gentle 
manipulation. If any further adhesions are disrupted, 
débridé these further arthroscopically. 

■ Thoroughly irrigate the joint, insert a suction drain, and 
apply a bulky compressive dressing. 

POSTOPERATIVE CARE. We hâve found it helpful to 
perform this procedure with the patient under continuous 
épidural anesthésia, which is maintained for 2 to 3 days 
after surgery. The patient is placed in a continuous passive 
motion machine immediately after surgery, and the 
suction drain is removed at 2 days. 


COMPLICATIONS ASSOCIATED WITH 
KNEE ARTHROSCOPY 

Large sériés on complications associated with knee arthros¬ 
copy published in the late 1980s reported overall complica¬ 
tion rates for knee arthroscopy of less than 2%. More recent 
reports generally cite overall complication rates of less than 
1%. Four large sériés with a combined total of 191, 584 
arthroscopic knee procedures reported complications in 
1175 (0.6%), with the most common being infection and 
deep venous thrombosis (DVT) or pulmonary embolism 
(PE). Data from the American Board of Orthopaedic 
Surgery from 2003 to 2009, however, showed an overall 
complication rate of almost 5%, with a range of 2.5% for 
meniscectomy to 20% for posterior cruciate ligament recon¬ 
struction. Infection was the most common complication 
overall. 

Complications increase with the difficulty of the case, 
and saphenous and peroneal nerve injuries are still being 
reported with arthroscopic repairs; however, with all-inside 
techniques the frequency of these injuries has decreased 
dramatically. The incidence of arthrofibrosis associated with 
anterior cruciate ligament reconstruction is increased when 
meniscal repair is performed. Likewise, the incidence of 
infection associated with anterior cruciate ligament recon¬ 
structions is slightly increased when the reconstruction is 
performed in conjunction with meniscal repair. Additional 
exposure, surgical time, and potential for joint contamina¬ 
tion during the passing and retrieving of needles are proba- 
bly the reasons. 
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Surgical complications related to ligamentous reconstruc¬ 
tion are associated with multiple factors that hâve been 
reported (see Figs. 51-40 and 51-41). DVT is a real concern 
with long, complicated procedures, particularly in patients 
who are overweight, hâve a history of DVT, are taking birth 
control pills, or hâve been inactive as a resuit of injury. When 
limited postoperative weight bearing is indicated in these 
patients, DVT prophylaxis with at least 325 mg of aspirin 
twice a day probably is warranted. The use of a sequential 
compression device (SCD) may be indicated for high-risk 
patients. Most of these causes of failures hâve been discussed 
in the technique section. 

Careful attention to detail during surgery, including 
proper sterilization techniques, handling of the graff, and 
appropriate préparation and draping, can help to prevent 
postoperative infections. If a graff is contaminated by drop- 
ping it on the floor, the surgeon has two choices: change graff 
sources (i.e., a different autogenous graff source) or attempt 
sterilization of the dropped graff. Molina et al. reported the 
results of sterilization of dropped graff s in three solutions: (1) 
a 1-mL vial containing 40 mg of neomycin and polymyxin in 
1000 mL of stérile saline, (2) 10% povidone-iodine solution, 
or (3) 4% chlorhexidine gluconate solution. Their results after 
a 90-second soak showed that one of 50 of the contaminated 
grafts that were soaked in chlorhexidine remained positive, 
three of 50 soaked in antibiotic remained positive, and 12 of 
50 soaked in the povidone-iodine solution remained positive. 
Several more recent reports hâve confirmed the efficacy of 4% 
chlorhexidine for sterilizing contaminated grafts, including 
laboratory studies that included 495 graff samples. Bacitracin 
alone also was found effective (97%), as was a combination 
of neomycin and polymyxin B. With this in mind, it should 
be reasonable to retrieve the graff immediately from the floor, 
rinse it using stérile technique with a large volume of stérile 
saline, soak it in 4% chlorhexidine gluconate solution for at 
least 90 seconds (we recommend 10 minutes) and then in the 
neomycin and polymyxin B solution for at least another 90 
seconds (we recommend 10 minutes), and finally rinse it 
thoroughly. In a survey by Izquierdo et al., 196 sports-trained 
surgeons responded to a questionnaire on anterior cruciate 
ligament graff contamination (from a variety of sources). 
Forty-nine surgeons had experienced a total of 57 contamina¬ 
tions, 75% of which were treated with graff cleansing and 
proceeding with the reconstruction. In 18% of contamina¬ 
tions, the surgeon harvested a different graff, and in 7% an 
allograff was used. There were no reported infections. Sixty- 
five of the 147 surgeons with no graff contaminations 
responded with hypothetical treatments: 58% would cleanse 
the graff, 34% would harvest a different graff, and 8% would 
use an allograff. 

When postoperative knee infections occur, early, thor- 
ough arthroscopic irrigation and debridement are indicated 
with repeat irrigation and debridement at 48 to 72 hours if 
the symptoms hâve not resolved. Anterior cruciate ligament 
grafts can be left in place, provided that no extensive détério¬ 
ration of the graff is présent at the time of initial irrigation. 

The appropriate intravenous antibiotics if susceptible gener¬ 
ally are prescribed for 2 to 3 weeks, followed by oral antibiot¬ 
ics to complété a 6-week course of antibiotic treatment. A 
recent meta-analysis determined that approximately 85% of 
grafts could be salvaged with arthroscopic debridement and 
antibiotic therapy. 
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Abnormal healing reactions, arthrofibrosis, complex 
régional pain syndrome, and failure of graft incorporation fall 
under the category of surgical limitations, as do chondral or 
meniscal injuries. Surgical control over these conditions often 
is limited, but sometimes skill in surgical planning and timing 
can hâve an effect. Early surgical intervention for ligamentous 
injuries before regaining muscular tone and motion is associ- 
ated with arthrofibrosis, as are surgical procedures such as 
médial collateral ligament repair on the fémoral side and 
meniscal repair. Allowing motion and allowing the knee to 
calm before surgery has been shown to greatly decrease 
postoperative stiffness and arthrofibrosis. 

Complex régional pain syndrome is a poorly understood 
condition that possibly could be decreased by better patient 
sélection, decreased operating time, and early physical 
therapy. Early reports stated that overtightening of the ante- 
rior cruciate ligament graft might resuit in failure of graft 
maturation, but other studies hâve not supported this 
conclusion. 

HIP 

Arthroscopy of the hip continues to evolve and become 
more common, with expanding indications. There was a 
significant increase in the number of cases reported by 
AB OS (American Board of Orthopaedic Surgery) candidates 
from 2003 to 2009 and a larger increase between 2006 and 
2010. There also has been a sharp increase in the number of 
reports of hip arthroscopy in the literature in this period as 
well. However, arthroscopy of the hip is a technically 
demanding procedure because of the sphericity of the 
fémoral head, as well as the dense capsule and musculature 
that surround the joint. Several papers hâve described a 
learning curve for hip arthroscopy, and a recent review 
showed that complications and operating room time decrease 
affer about 30 cases. 

Arthroscopy of the hip gives the surgeon access to the 
central compartment and peripheral compartments of the 
hip. The central compartment includes the articular surfaces 
of the fémoral head and acetabulum, the labrum, and the 
ligamentum teres. The peripheral compartment includes the 
fémoral neck and the surrounding capsule and synovium. 
Numerous procedures involving the peritrochanteric space 
hâve been described as well. 

INDICATIONS 

Indications for hip arthroscopy include labral tears, removal 
of loose bodies, femoroacetabular impingement (FAI), 
chondral lésions, synovial abnormalities, rupture of the liga¬ 
mentum teres, snapping hip syndromes, joint sepsis, and 
osteoarthritis. In the évaluation of patients for hip arthros¬ 
copy, care needs to be taken to evaluate the radiographie level 
of osteoarthritis within the affected hip. Studies hâve shown 
worse results in patients with preexisting osteoarthritis of the 
hip. A review by Domb et al. demonstrated worse results in 
patients with less 2 mm of joint space or a Tônnis grade 
greater than 1. Philippon et al. found that patients older than 
50 years with joint space of less than 2 mm were 12 times 
more likely to require total hip arthroplasty than those with 
more than 2 mm of joint space; 81% of those with arthroplas- 
ties had less than 2 mm joint space. Similarly, Larson et al. 
found less symptomatic improvement after FAI correction in 


patients with osteoarthritis and no improvement in patients 
with advanced osteoarthritis when compared to patients 
without radiographie signs of osteoarthritis. 

GENERAL SETUP 

Arthroscopy of the hip has been described with the patient 
supine or in the latéral position. Both positions offer some 
advantages, but the choice is surgeon dépendent. The supine 
position offers ease of patient positioning, surgeon familiar- 
ity, and the ability to use a fracture table. The latéral position 
is often easier in obese patients. The latéral position does 
require distraction devices for the operating table. 

Both techniques require the affected leg to be placed in 
traction for access to the joint, as well as for procedures 
involving the intraarticular portion or central compartment 
of the hip. Some commercially available distractors are avail- 
able, but a regular fracture table can be used (Fig. 51-59A). 
Between 10 and 12 mm of distraction is needed for place¬ 
ment of 4.5- or 5.5-mm cannulas. With devices that hâve 
tensiometers, approximately 50 lb. of force is needed. Trac¬ 
tion time should be limited to less than 2 hours to decrease 
the chance of traction neurapraxias. A well-padded, often 
oversized périnéal post is used. The post should be placed 
laterally. This improves the vector of the traction force and 
decreases the risk of neuropraxia (Fig. 51-59B). Often less 
traction is needed after the joint has been accessed, relieving 
the négative pressure. In both positions, image intensification 
is used extensively for portai placement. 

After completion of the central compartment procedure, 
the leg is removed from traction and the hip is flexed, typi- 
cally to 45 degrees. This relaxes the capsule and gives greater 
access to the peripheral compartment. 

Both 30-degree and 70-degree arthroscopes are used for 
adéquate visualization. The 70-degree arthroscope is used 
for most central compartment procedures. Commercial hip 
arthroscopy instruments are available. The instruments typi- 
cally are longer than standard arthroscopy equipment. 
Various dilators and slotted cannulas are helpful for portai 
placement and exchanging instruments within portais, as 
well as minimizing soff-tissue trauma. 

PORTALS 

Supine position arthroscopy uses three standard portais: the 
antérolatéral, anterior, and postérolatéral (Figs. 51-60 and 
51-61). The antérolatéral portai typically is placed first with 
the aid of fluoroscopy. This portai is made approximately 
1 cm superior and anterior to the anterior edge of the greater 
trochanter. The postérolatéral portai is made 1 cm posterior 
and superior to the greater trochanter. The location of the 
anterior portai is determined by the intersection of a line 
drawn from the tip of the greater trochanter and a line 
extending inferiorly from the anterior superior iliac spine. 
The postérolatéral and anterior portais are made under direct 
observation with the caméra in the antérolatéral portai. After 
the additional portais are established, the caméra is placed in 
the anterior portai to assess the placement of the antérolatéral 
portai. Because the antérolatéral portai is made without 
direct visualization, this portai needs to be inspected to be 
sure there has not been inadvertent pénétration of the 
labrum. Numerous additional accessory portais can be 
placed under direct visualization depending on the proce¬ 
dure (Fig. 51-62). 
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FIGURE 


51-29. 



A f Commercially available distraction device. B f Périnéal post for hip positioning of the operative leg. SEE TECHNIQUE 



ÿj Landmarks outlined: fémoral artery, vein, and 
nerve; greater trochanter; and anterosuperior iliac spine. 
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Additional accessory portais. AL, Antérolatéral; 
AP, anterior; MAP, midanterior portai; PMAP, proximal midante- 
rior portai; PALA, proximal accessory antérolatéral portai PSP, 
peritrochanteric space portai. (From Robertson WJ, Kelly BT: The safe 
zone for hip arthroscopy: a cadaveric assessment of central, peripheral, 
and latéral compartment portai placement, Arthroscopy 24:1019,2008.) 


The antérolatéral portai pierces the gluteus médius muscle 
and then the hip capsule (Fig. 51-63 A). The nearest neuro- 
vascular structures are the superior gluteal nerve and the 
sciatic nerve. The anterior portai passes through the sartorius 
and the rectus femoris muscles and then the hip capsule. This 
portai passes close to the latéral fémoral cutaneous nerve and 
ascending branch of the latéral fémoral circumflex artery 
(Fig. 51-63B). The postérolatéral portai passes through the 
gluteus médius and minimus muscles. The closest neurovas- 
cular structure is the sciatic nerve (Fig. 51-63C). A cadaver 
study determined the distances of the arthroscopic portais to 
neurovascular structures: the antérolatéral portai is 6 cm 
from the superior gluteal nerve and 4 cm from the sciatic 
nerve, the postérolatéral portai lies 2.2 cm from the sciatic 
nerve, and the anterior portai is 1.5 cm from the latéral 
fémoral cutaneous nerve, although several branches of this 
nerve may be doser. 


SUPINE POSITION ARTHROSCOPY 


TECHNIQUE 51-29 


(BYRD) 

■ Place the patient supine on the fracture table or on a 
regular operating table with a distraction device. 

■ Place a heavily padded périnéal post, lateralizing it against 
the médial thigh of the operative leg (see Fig. 51-59B). 

■ Position the operative hip in neutral, slight abduction, and 
neutral rotation. Slight flexion may relax the capsule and 
facilitate distraction but can place more traction on the 
sciatic nerve and draw it doser to the joint, making it 
more vulnérable to injury. 

■ Apply traction to the operative extremity and confirm 
distraction of the joint fluoroscopically. 


■ Three standard portais are used for this procedure: ante¬ 
rior, antérolatéral, and postérolatéral (Fig. 51-64Aand B). 

■ Establish the antérolatéral portai first, using a 6-inch, 
17-gauge needle under fluoroscopy. The portai is in the 
safe zone. 

■ Take care that the labrum is not penetrated when estab- 
lishing ail arthroscopic portais. If excessive résistance is 
met during needle placement, redirect it under fluoro¬ 
scopie control, aiming slightly more parallel to the fémoral 
head and away from the edge of the acetabulum. Distend 
the joint with saline, pass the guidewire through the 
needle, and withdraw the needle. Pass the cannula 
operator assembly over the guidewire into the joint. Do 
not injure the articular surface of the head or penetrate 
the labrum when introducing the cannula. 

■ To make the anterior portai and the postérolatéral portai, 
pass the spinal needle into the joint, observing the needle 
and its position with a 70-degree arthroscope. Verify 
correct placement with fluoroscopy. 

■ Place the anterior portai at the intersection of a line 
drawn from the anterior superior iliac spine and a trans¬ 
verse line drawn from the superior margin of the greater 
trochanter (see Fig. 51-61). The anterior portai pénétrâtes 
the sartorius and rectus femoris before entering the 
anterior capsule (Fig. 51-63B). To avoid the latéral fémoral 
cutaneous nerve, make the incision only through the skin. 

■ Rotate the 70-degree scope posteriorly and make the 
postérolatéral portai under arthroscopic and fluoroscopie 
control just superior to the margin of the greater trochan¬ 
ter at its posterior border. The portai should be directed 
slightly cephalad and anteriorly, converging toward the 
antérolatéral portai. It is important to hâve the hip in 
neutral rotation while making this portai to ensure that 
the sciatic nerve is not at risk. 

■ After establishing the three portais, place the outflow in 
the postérolatéral portai. 

■ To view the acetabulum, labrum, and fémoral head from 
each of the three portais, alternate the 70-degree scope 
and 30-degree scope between the antérolatéral and 
anterior portais. Rotate the lens and internally and exter- 
nally rotate the hip. The 70-degree scope is best for 
viewing the labrum and the periphery of the acetabulum 
and fémoral head, and the 30-degree scope is used for 
viewing of the central portion of the acetabulum, fémoral 
head, and superior portion of the acetabular fossa 
(Fig. 51-65). 

■ Pass an arthroscopic knife through the cannula and 
slightly incise the surrounding capsule transversely to 
allow greater maneuverability of the instruments 

(Fig. 51-66A and B). 

■ Use interchangeable, flexible cannulas with curved shaver 
blades to reach the greatest portion of the head and 
acetabulum and extra-length instrumentation for removal 
of labral or loose body fragments. 

■ Remove larger loose bodies piecemeal, carefully observ¬ 
ing the retraction through the cannulas. 

■ After completing arthroscopy of the central compart¬ 
ment, release the operative leg from traction and 
flex the hip 45 degrees. This allows relaxation of the 
capsule to proceed with examination of the peripheral 
compartment. 
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Standard portais: antérolatéral (A) f anterior (B) f and postérolatéral (C). SEE TECHNIQUE 51-29. 
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FIGURE 


51-29. 


A and B f Diagrams of arthroscopic incisions around hip joint and their relationship to nerves in vicinity. SEE TECHNIQUE 



FIGURE 


^ Arthroscopic view of the acetabular fossa. SEE 


TECHNIQUE 51-29. 


9 «The original anterior and antérolatéral portais can be 
redirected onto the fémoral neck. Alternative^, an ancil- 
lary portai can be established 4 cm to 5 cm distal to the 
antérolatéral portai. Fluoroscopy is used to guide place¬ 
ment onto the fémoral neck (Fig. 51-67). 


LATERAL POSITION ARTHROSCOPY 

The latéral decubitus position for hip arthroscopy may be 
more familiar to surgeons who perform total hip arthro- 
plasty with the patient in this position. In addition, in obese 
patients, the fat around the hip tends to fall away from the 
surgical site. In patients with large antérolatéral bone 
spurs, the joint can be easily entered through the posterior 
peritrochanteric portai. 


TECHNIQUE 51-30 


(GLICK ET AL.) 

■ Place the anesthetized patient in the latéral decubitus 
position with the affected hip superior. A fracture table 
or a specialized distraction device can be used. A well- 
padded périnéal post is placed. The post should be placed 
as latéral as possible on the surgical leg to protect the 
pudendal nerve and to improve the traction vector on the 
hip. The foot of the affected leg is placed in the foot 
holder to apply traction. 

■ Abduct the hip between 20 and 45 degrees and extend 
it. Place the hip in mild abduction, flexion, and external 
rotation. Use an image intensifier to evaluate traction and 
to guide instruments. Apply sufficient traction to create 
a space large enough to accommodate a 5-mm arthro- 
scope and instruments. 

■ Préparé and drape the hip in a routine stérile manner 
to allow access as far anteriorly as the fémoral artery 
and slightly past the posterior aspect of the greater 
trochanter. 

■ Place the affected leg in traction and obtain a fluoroscopie 
image to ensure distraction of the joint 8 to 10 mm. If 
excessive force is required to distract the joint, a needle 
can be inserted into the joint under image. A small 
amount of air is then introduced into the joint, thereby 
breaking the vacuum seal of the hip. The required force 
needed for distraction will be reduced. 

■ Mark the anatomie landmarks, including the fémoral 
artery anteriorly, the anterior superior iliac spine, and the 
inguinal ligament, and outline the anterior, posterior, and 
superior portions of the greater trochanter. 

■The latéral approach uses anterior peritrochanteric, 
posterior peritrochanteric, and direct anterior portais. 
Additional portais can be made depending on the 
procedure. 

■ The anterior peritrochanteric portai is typically established 
first. Insert a 6-inch, 18-gauge spinal needle into the hip 
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FIGURE 


Capsulotomy. A f Antérolatéral and anterior portais. B f View from anterior portai. SEE TECHNIQUE 51-29. 




FIGURE 


Establishing an ancillary portai. SEE TECHNIQUE 51-29. 


joint, under image intensifier guidance, starting just 
anterior to the anterior edge of the greater trochanter. 
Be sure not to penetrate the labrum. 

■ Air or fluid can then be injected into the joint for déten¬ 
tion. Introduce a nitinol wire through the spinal needle 
and into the hip joint. Use image intensification to ensure 
placement. 

■ Make a skin incision at the needle site. Place the scope 
cannula over the wire and introduce it into the joint. 
Again, use an image intensifier to confirm placement. 
Avoid bending or breaking the nitinol wire. 


■ Establish an anterior portai for inflow. The anterior portai 
also is necessary for viewing of the anterior corners of the 
hip joint. 

■ Insert a spinal needle at a point where a sagittal line 
through the anterior iliac spine meets a horizontal line 
from the proximal tip of the greater trochanter. Angle the 
needle 45 degrees in the cephalad direction and 20 
degrees medially, using the image intensifier and the 
arthroscope for guidance. The needle should enter the 
joint under direct visualization to ensure protection of 
the labrum and articular cartilage. 
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■ Make a small skin incision at the needle site and insert a 
5.25-inch inflow cannula. Branches of the latéral fémoral 
cutaneous nerve are close to this portai; avoid them by 
incising only the skin and by bluntly dissecting through 
the subcutaneous tissues. The sheath and trocar push the 
nerve to the side as they are directed through the tissues. 

■ Establish the posterior peritrochanteric portai in similar 
fashion beginning at the posterior tip on the greater 
trochanter. 

■ Make capsulotomies where each of the portais penetrate 
the capsule. This allows maneuverability and visualization 
by alternating the caméra between the portais depending 
on the procedure being performed. 


HIP CAPSULE 

The capsule of the hip joint is composed of three ligaments: 
the iliofemoral, ischiofemoral, and pubofemoral. Each of 
these ligaments is a thickening of the capsule, and each 
performs a spécifie function that contributes to hip stability. 
The iliofemoral ligament resists external rotation of the 
hip. The ischiofemoral ligament is a restraint to internai rota¬ 
tion. The pubofemoral ligament also helps to control external 
rotation (Fig. 51-68A and B). 

During hip arthroscopy, the typical portais traverse the 
iliofemoral ligament. Because of the thickness of this liga¬ 
ment, various capsulotomies hâve been described to allow 
increased maneuverability and increased visualization of 


certain pathologies. Typically, for central compartment 
arthroscopy, an intraportal capsulotomy is made that con- 
nects the antérolatéral and the anterior portais (or midanterior 
portai). This capsulotomy runs parallel to the acetabulum. 
For femoroacetabular impingement, this capsulotomy may 
not be adéquate to visualize the full extent of the pathology. 
A T-shaped capsulotomy can be added to allow full visualiza¬ 
tion of the fémoral neck (Fig. 51-69). 

Controversy exists about the repair of these capsuloto¬ 
mies. Some surgeons repair the entire capsulotomy, and 
others repair only the T-limb (vertical limb) of the capsu¬ 
lotomy. If instability is a concern, the entire capsulotomy 
should be repaired. Some recent studies hâve shown an 
increase in external rotation affer capsulotomy, which returns 
to normal with repair. Another recent study showed improved 
patient outcomes when the entire T-capsulotomy was repaired 
compared with partial repair with only the vertical limb 
repaired. 

ARTHROSCOPIC MANAGEMENT OF 
LABRAL TEARS 

The acetabular labrum is a fibrocartilaginous structure that 
surrounds the periphery of the acetabulum and inserts on the 
transverse acetabular ligament. Blood supply to the acetabu¬ 
lum is primarily through the obturator artery, superior gluteal 
artery, and inferior gluteal artery. The periphery of the labrum 
is more vascularized than the articular région. 

The labrum functions to increase the stability of the hip 
joint and to seal the hip joint and prevent escape of fluid. In 
the presence of a labral tear, this latter function is lost and 
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A, Anteroposterior view of the hip showing iliofemoral and pubofemoral ligament. Note the capsular insertion 
distally to the intertrochanteric line. B, Posterior view of the hip showing ischiofemoral ligament and relation to obturator externus 
tendon. (Redrawn from Bedi A, Galano G, Walsh C, Kelly BT: Capsular management during hip arthroscopy: from femoroacetabular impingement 
to instability, Arthroscopy 27:1720, 2011.) 
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Intermuscular plane for extensile exposure of 
fémoral head-neck junction. The gluteus minimus (1) lies on the 
latéral limb of the T-cut; the iliocapsularis insertion of the iliacus 
(2) lies on the médial limb. If the plane is accurately identified, 
the médial capsule translates medially from the pull of the ilio¬ 
capsularis, and the latéral capsule translates laterally from the 
gluteus minimus to further facilitate séparation of the two limbs 
of the iliofemoral ligament. (Redrawn from Bedi A, Galano G, Walsh 
C, Kelly BT: Capsular management during hip arthroscopy: from femo- 
roacetabular impingement to instability, Arthroscopy 27:1720, 2011.) 


may lead to increased contact pressure, which is thought to 
hâve a rôle in the development of degenerative disease of the 
hip. In a study of 436 patients, 73% of those with labral tears 
or fraying had articular damage, with most of the damage 
located in the same zone as the labral damage. Also, the 
severity of chondral damage was greater in patients with 
labral tears than in patients who had an intact labrum. 

Seldes et al. described two types of labral injuries: a sépa¬ 
ration of the labrum from its articular attachment and tears 
in various planes within the substance of the labrum. A 
morphologie classification based on arthroscopic findings 
includes radial flap tears, radial fibrillated tears, longitudinal 
peripheral tears, and unstable tears. More recently, most 
labral tears hâve been suggested to be related to abnormal 
joint morphology and function. Certain tears are seen with 
particular hip pathologies. Labral-chondral séparation is 
more common with cam-type femoroacetabular impinge¬ 
ment, whereas intrasubstance tears are more typical of pincer 
impingement. 

Patients with labral tears typically présent with pain 
(usually groin pain) and mechanical symptoms. Byrd 
described the C-sign: when asked to localize the pain patients 
cup their hand, forming a C over the greater trochanter (Fig. 
51-70). Pain may be positional, with symptoms increasing 
with sitting, driving, putting on shoes, or Crossing the legs. 



FIGURE 


The "C" sign, which is indicative of a labral tear. 


Pain may be minimal with level walking. Evaluation should 
include radiographs of the pelvis and hip and advanced 
imaging when indicated. Associated conditions should be 
noted and treated at the time of surgery. CT offers greater 
detail in assessing bony architecture, whereas MRI and MRI- 
arthrogram are useful for identifying labral tears. Initial 
treatment typically is nonoperative, with rest, antiinflamma- 
tory agents, and physical therapy. Unresolved pain affer 
nonoperative treatment is treated with labral debridement or 
repair. 

In 2009, Byrd and Jones reported 10-year follow-up of 
patients with labral lésions treated with debridement. Hips 
that did not show any signs of arthritis had a significant 
increase in Harris Hip Scores, an improvement that remained 
significant throughout the 10-year period. However, seven of 
eight patients with associated arthritis required total hip 
arthroplasty. Larson and Giveans compared the outcomes of 
labral debridement and labral repair in patients with fémoral 
acetabular impingement and found that improvement in 
Harris Hip Scores was greater in the labral refixation group. 

Two main suture configurations are used when repairing 
labral tears. The suture can be looped around the entirety of 
the labrum for a circumferential repair, or it can be passed 
through the substance of the labrum creating a labral base 
repair (Fig. 51-71). The choice of suture configuration is 
based on the quality of the labral tissue remaining. In patients 
with robust labral tissue, a labral base repair typically is used. 
When the labrum is significantly frayed, a circumferential 
repair is chosen to avoid lacération of the remaining labrum 
by the suture. In either type of repair, it is essential to maintain 
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A 


B 




Techniques for labral repair. A, Circumferential 
suture configuration has suture placed around the labrum. In cases 
of a small labrum or with inappropriate tensioning, this can evert 
the labrum off of the edge of the rim and fémoral head, negating 
its suction-seal function. B, Circumferential suture configuration 
with proper suction-seal function. C, Labral base repair passes suture 
through the labrum A, Acetabulum; FH, fémoral head; L, labrum. 
(Redrawn from Jackson TJ, Hammarstedt JE, Vemula SP, Domb BD: Ace- 
tabular labral base repair versus circumferential suture repair: a matched- 
paired comparison of clinical outcomes, Arthroscopy 31:1716, 2015.) 



FIGURE 


Suction-seal after labral repair. 


the labral contact with the fémoral head, reestablishing the 
suction seal (Fig. 51-72). Anchors placed too far from the 
acetabular rim or sutures that are overtightened may evert 
the labral edge. Jackson et al. showed no différence in out¬ 
comes between the suture patterns in a recent rétrospective 
study. 


ARTHROSCOPIC REPAIR OF 
LABRAL TEARS 


TECHNIQUE 51-31 


(KELLY ETAL) 

■ Establish anterior, antérolatéral, and postérolatéral portais 
in typical fashion, with the patient supine or in the latéral 
decubitus position. Often, a midanterior portai is estab- 
lished. This portai is helpful because it créâtes an easier 
angle to place anchors in the acetabular rim without 
penetrating the joint surface. 

■ Débridé ail torn tissue, leaving as much healthy labrum 
intact as possible (Fig. 51-73). 

■ When a labral tear is well identified, define the margins 
with a flexible probe. Controlled use of monopolar 
radiofrequency energy through the same flexible probe 
can contract the torn portion of the labrum and better 
define the edges. 

■ Use a flexible ligament chisel to detach the torn part of 
the labrum from the intact labrum, leaving only a small 
portion attached. 

■ Complété the debridement and remove the torn portion 
of the labrum with a motorized shaver. 

■ If the labrum is detached from the bone, stabilize the 
fibrocartilaginous tissue back to the rim of the acetabu¬ 
lum with a bioabsorbable suture anchor. Typically, the 
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FIGURE 


Labral tear. SEE TECHNIQUE 51-31. 



FIGURE 


^ Placement of anchor in labral repair. SEE 


TECHNIQUE 51-31. 


anchor should be placed on the acetabular rim, more on 
the capsular side than the articular side of the labrum, to 
achieve an appropriate angle that will not resuit in pénétra¬ 
tion of the anchor into the joint. Ensure appropriate 
placement using fluoroscopy. Anchors can be placed 
through any portai (Fig. 51-74). 

■ After the sleeve for the anchor is placed in the appropri¬ 
ate position, tap the anchor while viewing the articular 
surface of the acetabulum to avoid iatrogénie chondral 
injury. 

■ When the anchor is placed, use a suture passer to deliver 
a limb of suture through a small portion of the substance 
of the labrum. Retrieve the suture and pass it through the 
labrum a second time, creating a vertical mattress suture. 
Pull the cannula back slightly to an extraarticular position 
and tie the suture down using standard arthroscopic 
knot-tying techniques. 

■ An intrasubstance split in the labrum can be repaired if it 
is well fixed to the acetabulum and has a stable outer 
rim. Fully define and débridé the cleavage plane in the 
labrum of frayed, nonviable tissue. 


■ Use a spectrum to deliver a looped monofilament suture 
between the junction of the articular cartilage and the 
fibrocartilage labrum. Pull the working cannula back to 
the capsule and deliver a bird beak through the outer 
edge of the labrum peripheral to the tear. 

■Grasp the loop and bring it out through the working 
cannula. Pass a bioabsorbable suture around the labral 
split using the looped monofilament as a suture lasso. 
Using tactile sensation, tie the knot in an extraarticular 
position and use an automatic suture cutter to eut the 
remaining suture above the knot. 

■ After the labral repair, assess the capsule and the fémoral 
head-neck junction by dynamic examination to détermine 
if other pathologie processes are présent that require 
capsular plication, thermal capsulorrhaphy, or osteoplasty 
for femoroacetabular impingement. 


FEMOROACETABULAR IMPINGEMENT 

Femoroacetabular impingement is abnormal contact between 
the proximal fémur and the acetabulum during terminal 
motion. This abnormal contact leads to damage of the ace¬ 
tabular labrum and articular cartilage and may lead to what 
was previously thought of as idiopathic osteoarthritis of 
the hip. 

Based on 600 surgical dislocations, Ganz et al. described 
two types of femoroacetabular impingement and the 
mechanisms by which this might lead to osteoarthritis: cam 
impingement, most common in young males, and pincer 
impingement, most common in middle-aged women. Cam 
impingement results from an abnormally shaped, nonspheri- 
cal fémoral head, with decreased head-neck offset, abutting 
against the acetabulum. The impingement typically occurs in 
flexion and results in a shearing of the articular surface and 
avulsion of the labrum (Fig. 51-75). Pincer impingement is 
abnormal contact between the acetabular rim and the fémoral 
head-neck junction caused by acetabular overcoverage, which 
may be global, as in coxa profunda, or more focal in the 
anterosuperior acetabulum, as in acetabular rétroversion 
(Fig. 51-76). This contact causes intrasubstance tears of the 
labrum. As pincer impingement worsens, the fémoral head 
can be levered from the Socket, causing chondral damage in 
the posteroinferior acetabulum (contrecoup injury) (Figs. 
51-77 and 51-78). In most cases, cam and pincer impinge¬ 
ment exist together. 

Patients with femoroacetabular impingement typically 
complain of pain in the groin with an insidious onset. Pain 
usually is exacerbated by exercise and may be positional. 
Patients may complain of pain with sitting, driving, or putting 
on socks and shoes. 

Examination begins with observation of posture and gait. 
Palpation of the hip typically does not reproduce tenderness. 
Ranges of motion of both hips are checked, and asymmetric 
range of motion is noted. The affected hip usually has 
decreased internai rotation. An impingement test may repro- 
duce the patients pain: with the patient supine and the hip 
flexed to 90 degrees, the hip is adducted and internally rotated 
(Fig. 51-79). A FABER (flexion, abduction, external rotation) 
test may show increased knee-to-table distance on the affected 
side in patients with femoroacetabular impingement. 
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A f Cam impingement. B f With hip flexion, cam 
lésion glides under labrum, engaging edge of articular cartilage 
causing failure over time. 


A, Pincer impingement from anterior acetabu¬ 
lar prominence. B, Labrum is pushed against neck of fémur 
causing failure over time. 


Imaging évaluation begins with plain radiographs, which 
may include anteroposterior pelvic, false profile, cross-table 
latéral, frog-leg latéral, and Dunn views of the hip. The 
anteroposterior pelvic view should be well centered, with the 
tip of the coccyx pointing to the symphysis pubis. The dis¬ 
tance between the coccyx and symphysis, on a well-centered 
view, should be 1 cm to 2 cm. The acetabulum is assessed for 
coxa profunda, acetabular protrusion, or acetabular rétrover¬ 
sion. Coxa profunda is indicated when the acetabular teardrop 
lies médial to the ilioischial line. If the fémoral head lies 
médial to the ilioischial line, acetabular protrusion is indi¬ 
cated. With acetabular rétroversion, the anterior wall crosses 
latéral to the posterior wall, creating a “crossover sign” (Fig. 
51-80). Certain measurements can be used to assess acetabu¬ 
lar coverage. The center-edge angle is the angle formed 
between a line that is perpendicular to the transverse axis of 
the pelvis that passes through the center of the fémoral head 
and a second line from the center of the fémoral head to the 
latéral edge of the acetabular sourcil (see Fig. 51-80). Values 
of less than 20 to 25 degrees may indicate acetabular under- 
coverage. Any preoperative osteoarthritic changes of the hip 
are noted. On ail views, fémoral head sphericity and fémoral 
head-neck offset are evaluated. The alpha angle is determined 
on the latéral radiographs. This angle is formed by a line 
through the center of the fémoral head and neck and a second 
line from the center of the fémoral head to the point where 
the fémoral head radius exits a concentric circle drawn 



Articular cartilage is sheared from the 


acetabulum. 


around the fémoral head. An alpha angle of more than 50 
degrees is typical in hips with loss of sphericity (Fig. 51-81). 
CT may help further define bony anatomy. MRI is used to 
assess labral and chondral injuries. 

There is evidence that FAI exists in asymptomatic patients. 
A review by Frank et al. documented a 37% incidence of 
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FIGURE 


Labral tear. 



The impingement test is performed by provok- 
ing pain with flexion, adduction, and internai rotation of the 
symptomatic hip. 


radiographie FAI in asymptomatic individuals. The preva- 
lence is even higher athlètes. There is no indication for opéra¬ 
tive treatment in asymptomatic individuals. These patients 
should be followed if symptoms do arise. 

Treatment is initially nonoperative and includes activity 
modification, nonsteroidal antiinflammatory drugs, and 
physical therapy. Patients who do not respond to conservative 
treatment may be candidates for arthroscopic treatment. The 
goal of arthroscopic treatment is to treat labral pathology and 
chondral damage, as well as to remove sites of bony impinge¬ 
ment and reestablish the fémoral head-neck offset. In a 
cadaver study, Mardones et al. showed that up to 30% of the 
fémoral head-neck junction can be resected without produc- 
ing a significant increase in risk of fémoral neck fracture. 

Short-term follow-up affer FAI correction continues to 
show improvement in pain and function. Philippon et al. 
reported that at 24-month follow-up affer arthroscopic treat- 



JjP "Crossover sign" (left) is created when anterior 
wall crosses latéral to posterior wall in acetabular rétropulsion. 
Center edge angle is created with line drawn perpendicular to 
horizontal axis of pelvis through center of fémoral head and 
second line drawn to edge of sourcil. 



FIGURE 


Alpha angle. 


ment of femoroacetabular impingement in 28 professional 
hockey players ail had returned to skating (average time to 
return 3.8 months). The average modified Harris Hip Score 
(mHHS) improved from an average of 70 to 95. Similar 
improvement was noted in a group of adolescent athlètes 
treated for femoroacetabular impingement; at an average 
follow-up of 1.36 years, there was an increase in mHHS of 35 
points. Nho et al. found that 79% of high-level athlètes were 
able to return to sport at 1 year and 90% were able to return 
to the same level of compétition; 73% were still able to 
compete at 2-year follow-up. Philippon et al. also showed that 
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FAI correction provides improvement in mHHS and patient 
satisfaction in patients between 11 and 16 years of âge at a 
mean follow-up of 3 years. The cam lésion was resected if it 
did not contact the physis; otherwise, it was resected at a 
second procedure after the physis closed. There were no 
growth disturbances of the proximal fémoral physis in the 
follow-up period. Javed and O’Donnell reported improved 
satisfaction and mHHS after FAI correction in patients over 
60 years of âge who had preoperative pain and mechanical 
symptoms. Results of arthroscopic FAI correction hâve been 
comparable with results of surgical dislocation or mini-open 
procedures. 


ARTHROSCOPIC TREATMENT OF 
PINCER IMPINGEMENT 


TECHNIQUE 51-32 


(LARSON) 

■ Establish standard arthroscopic portais and examine the 
hip to confirm pincer impingement. A midanterior portai 
can be used to aid in anchor placement. 


■ If the pincer lésion can be seen, leave the labral-chondral 
junction intact and use a burr to resect the bony promi- 
nence (Fig. 51-82A). 

■ If exposure of the acetabular rim is needed to access the 
pincer lésion, place a banana blade through the anterior 
portai and take down the labrum at the labral-chondral 
junction in the area of the lésion. 

■ Place a burr in the midanterior portai and position it on 
the anterior wall at the level of the acetabular overcover- 
age. Confirm with fluoroscopy that the burr is just distal 
to the crossover sign, resect the rim to the appropriate 
level, and confirm resection of the crossover with fluoros¬ 
copy. The caméra can be switched to the anterior portai 
and the burr to the antérolatéral portai to complété the 
more superior rim resection. 

■ Refix the labrum to the rim with suture anchors. Place the 
first anchor superiorly through the antérolatéral portai, 
using fluoroscopy and direct observation to ensure that 
the joint is not penetrated. Pass one suture limb into the 
joint between the labrum and rim (Fig. 51-82B). 

■ Pass a Bird Beak (Arthrex, Naples, FL) or other penetrating 
grasper through the labrum, retrieve the suture, and tie 
it. Alternative^, loop the suture around the labrum 
instead of piercing the tissue (Fig. 51-82C). 



A f Pincer lésion. B f Pincer resection. C f Suture limb passed into joint between labrum and rim. D f Suture retrieved 
with Bird Beak grasper and tied. SEE TECHNIQUE 51-32. 
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■ With the caméra in the antérolatéral portai, place the 
remaining anchors through the midanterior portai in a 
similar fashion. 

■ Remove traction from the leg and move the hip through 
a range of motion to ensure there is no residual 
impingement. 


ARTHROSCOPIC TREATMENT OF 
CAM IMPINGEMENT 


TECHNIQUE 51-33 


(MAURO ETAL) 

■ After standard arthroscopic portai placement and exami¬ 
nation, complété any needed central compartment 
procedures. 

■ Remove the leg from traction and flex the hip approxi- 
mately 45 degrees. 

■ With the caméra in the midanterior portai, introduce an 
arthroscopic blade through a distal accessory antérolatéral 
portai and make a T-shaped capsulotomy to allow inspec¬ 
tion of the cam lésion. Flexion and external rotation will 
help expose inferior médial lésions, and extension and 
internai rotation will help expose superolateral lésions. 
Take care to avoid the retinacular vessels when treating 
lésions on the superolateral neck. 

■ Introduce a burr and resect the cam lésion to re-create a 
spherical fémoral head. Use fluoroscopy to assist and 
confirm resection. 

■ Perform dynamic assessment of the hip. Flex the hip and 
internally and externally rotate it to ensure there is no 
residual impingement. 

■ Repair the limb of the capsulotomy that extends down 
the fémoral neck in side-to-side fashion. 

POSTOPERATIVE CARE. Physical therapy and range of 
motion are begun in the first 24 to 48 hours. A stationary 
bike can be used immediately. Patients are limited to 
touch-down weight bearing for 2 weeks. Extrêmes of 
motion are avoided for several weeks, particularly exten¬ 
sion and external rotation. Some surgeons recommend 
bracing for the first few weeks. Impact activities are not 
recommended for 2 to 3 months. Return to sports may 
take 4 to 6 months. 


LABRAL RECONSTRUCTION 

The acetabular labrum provides several important protective 
rôles in the hip, but sometimes the labrum is too damaged to 
repair or may be absent. This may be seen in a primary or a 
révision setting. In young, active patients, reconstruction of 
the labrum may help provide some protection to the joint. 
Several graft choices hâve been described, including the 
iliotibial band, gracilis, and ligamentum teres. The technique 
involves side-to-side repair with the native labrum and repair 


of the graft to the acetabular rim with anchors placed 1 cm 
apart. In a cadaver study, Lee et al. demonstrated an increase 
in joint contact forces with decreased contact areas after 
resection of the labrum. Reconstructing the labrum did 
reverse some of these changes. Short-term results hâve shown 
increased patient satisfaction and improved hip scores. 
Boykin et al. reported an average rate of return to sports of 
85% after labral reconstruction in elite athlètes. Improve- 
ments were seen in mHHS and patient satisfaction. In a 
2-year follow-up, Domb et al. compared labral resection to 
labral reconstruction in similarly matched groups. Both 
groups showed improvement, but in a few categories patient - 
reported outcomes in the reconstruction group were signifi- 
cantly better in the reconstruction group than in the resection 
group. 


ABDUCTOR TENDON TEARS 

Latéral hip pain, or greater trochanteric pain syndrome, is 
a common complaint. Causes of greater trochanteric pain 
syndrome range from bursitis to partial or full-thickness 
tears of the abductor tendon. In patients with abductor 
tendon pathology, weakness also may be présent. Initial 
treatment includes activity modification, physical therapy, 
nonsteroidal antiinflammatory médication, and trochan¬ 
teric steroidal injections. If these are ineffective, an MRI can 
détermine the integrity of the abductor tendon. If pain and 
weakness persist, endoscopie tendon repair may be indi- 
cated. Short-term follow-up studies demonstrate improve¬ 
ment in symptoms, strength, and patient satisfaction after 
tendon repair. A recent review showed that endoscopie 
results were similar to those with open repair with fewer 
wound complications. 

Endoscopie repair can be done with the patient supine 
or in the latéral position. If indicated, central and peripheral 
compartment arthroscopy are completed first. 


TECHNIQUE 51-34 


(BYRD) 

■ Position the leg in slight extension and abduction. No 
traction is applied. 

■ Establish a distal anterior portai anterior and distal to the 
vastus ridge and insert a 30-degree arthroscope. 

■ Establish a proximal-anterior portai under direct visualiza- 
tion. The two portais should be aimed toward the vastus 
ridge, deep to the iliotibial band (Fig. 51-83A). 

■ Excise bursal tissue. 

■ Identify the insertion of the abductor tendon, the vastus 
ridge, and the origin of the vastus lateralis. 

■ Establish a posterior portai at the posterior border of the 
vastus ridge. 

■ Mobilize the torn tendon edges and préparé the bony 
footprint with a burr (Fig. 51-83B). 

■ Place anchors in the footprint perpendicular to the 
cortical surface. 

■ Use mattress sutures to approximate the tendon edges to 
the prepared bed (Fig. 51-83C). 
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A, Right hip with two anteriorly-based portais established into the peritrochanteric space, latéral to the greater 
trochanter (GT) and vastus lateralis ridge (VLR). B, Vertically oriented tear of the gluteus médius (arrows) shows the underlying bony 
footprint (asterisk). C, Suture pairs hâve been passed and are ready to be tied, restoring the tendinous insertion site of the gluteus 
médius. (From Byrd JWT: Peritrochanteric access and gluteus médius repair, Arthrose Tech 2:e243, 2013.) 


■ SNAPPING HIP 

There are a variety of causes of snapping hip. Intraarticular 
pathology, such as labral tears, FAI, or loose bodies, may cause 
a sensation of snapping or popping in the hip. These causes are 
treated during hip arthroscopy when indicated. External snap¬ 
ping hip occurs when the iliotibial band snaps over the greater 
trochanter when the hip moves between flexion and extension. 
Patients often can reproduce this snapping, which can even be 
seen. The snapping may be painless and no treatment is needed. 
Internai snapping hip occurs when the psoas tendon snaps 
over the iliopectineal eminence, fémoral head, or a prominent 
acetabular component affer total hip arthroplasty. Internai 
snapping typically is reproduced when the flexed, externally 
rotated hip is brought into extension and internai rotation. 

For painful external or internai snapping hips, treat¬ 
ment typically is nonsurgical and consists of physical 


therapy, antiinflammatory médication, and steroid injec¬ 
tion. If conservative management fails, surgical release may 
be indicated. For external snapping hips, an endoscopie 
release of the iliotibial band is performed by creating a 
diamond-shaped defect overlying the greater trochanter. 
Surgical treatment of internai snapping hips involves release 
of the psoas tendon at the lesser trochanter or at the level of 
the hip joint. At the level of the hip joint, the psoas tendon 
can be released through the central compartment with the 
leg in traction or through the peripheral compartment with 
the leg flexed (Fig. 51-84). The psoas tendon typically is 
released at the end of the surgical procedure to prevent 
fluid extravasation into the rétropéritonéal space. In a 
recent review, there were fewer complications and less post- 
operative pain associated with arthroscopic release com- 
pared with open procedures. 
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TREATMENT OF EXTERNAL 
SNAPPING HIP 


TECHNIQUE 51-35 


(ILIZALITURRI ETAL) 

■ Position the patient in the latéral position but do not 
place the leg in traction. The leg should hâve free range 
of motion to reproduce the snapping. 



Proximal 
antérolatéral 
portai (PC) 


Anterior 
portai (PC) 


Portai placement for access to the peripheral 
compartment (PC) for arthroscopic psoas tenotomy. The arthro- 
scope is introduced through the proximal antérolatéral portai; 
the electrothermic device is placed through the anterior portai. 

(Redrawn from Weetsetin M, Jung J, Dienst M: Arthroscopic psoas 
tenotomy, Arthroscopy 22:907, 2006.) 


■ Inject 40 mL to 50 mL of saline under the iliotibial band. 

■ Mark the location of the greater trochanter on the skin 
and establish two portais in line with the fémur, one 
proximal and one distal to the trochanter. Make the distal 
portai first and place the 30-degree scope superficial to 
the iliotibial band. Make the proximal portai under direct 
visualization and place a shaver through this portai. 

■ With the shaver, create a plane superficial to the iliotibial 
band allowing visualization of the tendon. 

■ Place a radiofrequency probe in the proximal portai and 
make a vertical eut in the iliotibial band starting at the 
level of the distal portai and extending proximally about 
4 cm to 6 cm. 

■ At the midportion of the vertical eut, make a 2-cm hori¬ 
zontal eut anteriorly and a similar eut posteriorly 

■ Resect the anterior and posterior flaps to create a 
diamond-shaped defect (Fig. 51-85). 

■ Move the leg through range of motion to ensure there is 
no residual snapping. 


COMPLICATIONS OF HIP ARTHROSCOPY 

Reported complication rates for hip arthroscopy generally are 
low (1.4% in 1054 consecutive hip arthroscopies). Traction 
neurapraxia affecting the fémoral, sciatic, pudendal, or latéral 
fémoral cutaneous nerves is the most commonly reported 
complication; these typically résolve spontaneously. Neura¬ 
praxia usually is caused by the length of time the leg is placed 
in traction or excessive pressure from the périnéal post. The 
latéral fémoral cutaneous nerve also may be damaged if the 
anterior portai is placed too far medially. Excessive traction 
also may cause pressure damage to the périnéal areas. 




Greater trochanter 


Iliotibial 

band 


Endoscopie iliotibial band release for external snapping hip. A, Arthroscopic image shows shaver resecting the proxi¬ 
mal flap of the posterior transverse release (PITB). The distal flap of the posterior edge of the iliotibial band has already been resected. 
B, Diamond-shaped defect created after resection of the four flaps (right hip). (From llizaliturri VM Jr, Martinez-Escalante FA, Chaidez PA, 
Camacho-Galindo J: Endoscopie iliotibial band release for external snapping hip syndrome, Arthroscopy 22:505, 2006.) SEE TECHNIQUE 51-35. 
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Scuffing of the articular surfaces may occur, and this may be 
underreported. Iatrogénie damage to the labrum may occur 
during placement of the initial antérolatéral portai, as this 
portai is not placed under direct visualization. 

Other rare complications hâve been reported affer hip 
arthroscopy, including abdominal compartment syndrome. 
In one case the complication was believed to be related to 
fluid tracking to the rétropéritonéal space after psoas tenot- 
omy, and in another case fatal abdominal compartment 
syndrome occurred after arthroscopic removal of a loose 
body after an acetabular fracture. Osteonecrosis of the fémoral 
head also has been reported after hip arthroscopy. 

Arthroscopic treatment of femoroacetabular impinge- 
ment may lead to complications because of bony overresec- 
tion or underresection. Hip instability may occur if too much 
of the acetabular rim is resected. Underresection of pincer or 
cam deformities can lead to incomplète relief and a need for 
further surgery. Overresection of a fémoral neck cam lésion 
places the fémoral neck at risk for fracture. 

As with open hip surgery, there is a risk of hétérotopie 
ossification after hip arthroscopy. A recent report of 300 cases 
had a 1.6% rate of hétérotopie ossification, ail of which 
occurred in a control group of 15 patients who did not receive 
prophylaxis. None of 285 patients who received nonsteroidal 
antiinflammatory drugs for 3 weeks developed hétérotopie 
ossification. 
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Diagnostic and surgical arthroscopy of the upper extremity 
has become much more common as surgeons hâve developed 
proficiency with the arthroscope and appropriate instrumen¬ 
tation has been developed. A thorough knowledge of the 
anatomy, disorders, arthroscopic variations, and pathologie 
findings of each joint is essential to perform the procedures 
successfully and to minimize complications. This chapter 
discusses indications for arthroscopic treatment, patient 
préparation, portai anatomy, spécifie arthroscopic techniques, 
and complications affer arthroscopy of the shoulder, acro¬ 
mioclavicular, and elbow joints. 

SHOULDER 

Painful syndromes, altered function, and signs and symptoms 
of instability and internai dérangement are frequent in the 
shoulder. The causes of such dysfunctions can be difficult to 
prove. The underlying cause offen can be established by a 
careful history and physical examination combined with 
appropriate radiographie évaluation of the shoulder girdle, 


cervical spine, and thoracic cavity. Spécial diagnostic studies 
may be helpful, including stress radiographs, CT, or MRI, 
with and without contrast dye, electromyographic studies, 
and nerve conduction studies. 

Appropriate radiographs should be obtained according to 
the âge and presenting symptoms for the patient. In an ado¬ 
lescent athlete, with dominant-side pain during sports requir- 
ing overhead motion, anteroposterior views with the shoulder 
in internai and external rotation should be included to evalu- 
ate for physeal injury. Young adults with symptoms of insta¬ 
bility should hâve true anteroposterior, West Point, and 
Stryker notch views, as well as an anteroposterior view with 
the shoulder in internai rotation to evaluate for changes to 
the glenoid and humerai head. Middle-aged and older patients 
should hâve outlet, axillary latéral, and true anteroposterior 
views. 

To evaluate récurrent traumatic disorders, MRI or mag- 
netic résonance angiography (MRA) is indicated to delineate 
any pathologie process for accurate surgical planning. In 
acute instability, hemarthrosis provides good contrast; thus 
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MRA probably is not necessary. MRA is helpful in évaluation 
of biceps superior labral anterior to posterior (SLAP) tears 
and may better delineate humerai avulsion of the glenohu- 
meral ligament. For chronic instability or if radiographs 
indicate bony defects from instability, three-dimensional CT 
is the best means of évaluation in deciding whether an 
arthroscopic or open reconstruction is necessary. 

Careful thorough preoperative planning is essential for 
ail arthroscopic surgical procedures. The surgeon also should 
consider potential unexpected findings and mentally préparé 
for an open procedure when necessary to obtain the best 
results. 

INDICATIONS 

For developmental, traumatic, degenerative, or inflammatory 
conditions of the shoulder resulting in pain, instability, or 
disability that cannot be controlled by conservative measures, 
arthroscopic treatment performed by a skilled surgeon results 
in a low-risk, high-reward reproducible procedure. Contra- 
indications to shoulder arthroscopy include local skin condi¬ 
tions, remote infections that might spread to the joint, and 
increased medical risks. Surgeons considering arthroscopic 
procedures should adhéré to appropriate indications for the 
technique and should advise patients about the possibility of 
an open procedure if arthroscopic findings warrant it. 

PATIENT POSITIONING AND ANESTHESIA 

Two basic positions for shoulder arthroscopy hâve been 
described: the latéral decubitus and the “beach chair” posi¬ 
tions. The latéral decubitus position probably is more com- 
monly used because of better access to the posterior shoulder 
and the relative ease and safety of positioning. The benefits of 
the “beach chair” position are ease in orientation and surgical 
manipulation in the subacromial space and ease in conver¬ 
sion to an open surgical procedure. Complications of stroke 
and death hâve been reported from hypotensive épisodes in 
the beach chair position; blood pressure at the brachium is 
lower than that in the cerebrum and potentially significantly 
lower if carotid artery disease is présent. Because blood pres¬ 
sure measured in the calf of a patient in the beach chair 
position can be easily 40 mm Hg higher than the accurate 
cérébral perfusion pressure, pressure should be monitored on 
the opposite brachium or with cérébral perfusion monitors 
when possible. We use hypotensive anesthésia and believe 
that cérébral perfusion is more reliably maintained in the 
latéral decubitus position than in the beach chair position. 



Dual traction for distraction of glenohumeral 
joint with minimal inferior subluxation. Wide 4-inch sling should 
be used; amount of traction and length of procedure should be 
monitored. 


surface is placed parallel to the floor. This modification has 
been reported to hâve several advantages: (1) less traction, 
decreasing the risk of neurapraxia of the brachial plexus; (2) 
accentuation of tears of the glenoid labrum because they are 
pulled away from their beds instead of in line with them; and 
(3) improved arthroscopic access to the inferior third of the 
glenoid labrum and capsule. 

Using a commercially available stérile arm traction 
device, 10 to 13 lb of traction is applied. Overdistraction with 
excessive weight should be avoided. The principle is more one 
of balanced suspension. Only the amount of traction required 
for clear viewing should be used. Most arthroscopists use 30 
to 60 degrees of abduction and 20 to 30 degrees of forward 
flexion and pay more attention to the amount of traction and 
the length of the procedure (Fig. 52-1). Vertical and longitu¬ 
dinal traction can be applied to the shoulder, with most of the 
traction applied vertically to distract the glenohumeral joint 
without subluxing it inferiorly (see Fig. 52-1). Complications 
affer shoulder arthroscopy hâve been reported to be between 
23% and 30%, most caused by neurapraxia affer excessive arm 
traction. 

The arm position for arthroscopy of the subacromial 
space and acromioclavicular joint is slightly different. The 
arm is brought down to 20 to 45 degrees of abduction and 0 
degrees of flexion. This position permits mild inferior sub¬ 
luxation of the humerai head, opening up the subacromial 
space. 


■ LATERAL DECUBITUS POSITION 

The patient is placed in the latéral decubitus position with the 
affected shoulder exposed and is supported by a vacuum 
beanbag and kidney rest. A chest strap is used for additional 
support. The patients head is supported by a foam rest, and 
care is taken to protect the eyes and the downside ear. An 
axillary roll often is requested by anesthesiologists to improve 
ventilation. 

Peripheral puises and puise oximeter readings should be 
evaluated to ensure axillary structures are not compromised. 
Ail pressure points are padded, with a pillow beneath the 
down leg protecting the peroneal nerve and latéral malleolus 
and one or more pillows between the knees and ankles. This 
straight latéral decubitus position can be modified by tilting 
the patient 20 to 30 degrees posteriorly, so that the glenoid 


■ BEACH CHAIR POSITION 

The use of the beach chair position and interscalene block 
anesthésia has several reported advantages: faster and easier 
patient positioning, reduced risk of neurapraxia because trac¬ 
tion is not used, less distortion of intraarticular capsular 
anatomy, improved mobility of the patients arm, and easier 
conversion to open procedures because repositioning and 
repreparation are not required (Fig. 52-2). The disadvantage 
of this technique is difficulty in working from posterior 
portais and decreased cérébral perfusion when hypotensive 
anesthésia is induced. As mentioned earlier, complications of 
stroke and death may occur from hypotensive épisodes in the 
beach chair position. 

A commercially available beach chair attachment is used 
for better control of the patients head, neck, and torso and 
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increases access to the posterior shoulder. An assistant can 
control the arm, or a stérile arm-positioning attachment can 
be used. 

CONTROL OF BLEEDING DURING 
ARTHROSCOPY 

One method of controlling bleeding is to add 1 mL of 1:1000 
epinephrine to each 3000-mL bag of irrigant, if the patient 
has a stable pressure and no cardiac contraindications. We 
hâve not experienced any anesthetic problems with this 
mixture. Another technique, and perhaps the most effective, 
is to use hypotensive anesthésia, with a systolic blood pres¬ 
sure of 90 to 100 mm Hg. A systolic-to-pump pressure gradi¬ 
ent of approximately 30 mm Hg should be maintained when 
possible. Elévation of the fluid bags 3 feet above the level 



Beach chair position for arthroscopic shoulder 


stabilization. 
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produces a similar pressure gradient of 66 mm fluid flow 
pressure. In older patients, particularly with beach chair 
positioning, hypotensive anesthésia may not be advisable. 

FLUID EXTRAVASATION 

Fluid extravasation also is more of a problem during shoulder 
arthroscopy than during knee arthroscopy. The increased 
depth of tissue traversed makes reinsertion of cannulas dif- 
ficult. Tissue is traumatized, or “new” portais are created with 
subséquent passes, and fluid extravasation is worsened. 
Established portais should be maintained by an interchange¬ 
able cannula System or by cannulas with rubber diaphragms 
that close while instruments are being exchanged. Procedures 
such as subacromial décompression are extraarticular, and 
fluid extravasation can be pronounced. Lo and Burkhart 
evaluated 53 patients immediately affer shoulder arthroscopy 
and found an average fluid weight gain of 8.7 lb. 

PORTAL PLACEMENT 

The number of described arthroscopic portais for the shoul¬ 
der has greatly increased as shoulder surgical procedures hâve 
become more complex. The nomenclature for various portais 
often is confusing because authors hâve used the same 
descriptive terms for anatomically different portai sites. 
Before making arthroscopic portais, a thorough understand- 
ing of the local anatomy is necessary to prevent damage to 
neurovascular structures (Fig. 52-3). The portai that passes 
closest to a neurovascular structure is the low anterior portai 
approximately 1 cm from the cephalic vein. Awareness of the 
axillary nerve is important in portai placement anteriorly, 
posteriorly, and laterally. Posteriorly, the suprascapular nerve 
and circumflex scapular artery are approximately 2 cm from 
the portai site. Later portais, which are used to work on the 
glenohumeral space, should be directed to enter médial to the 
rotator arch (Table 52-1). 

Arthroscopic portais can be made in the glenohumeral, 
subacromial, and acromioclavicular joints. The glenohumeral 
joint portais can be made posteriorly, superiorly, and anteri¬ 
orly; the subacromial joint portais are placed anteriorly, 



Cephalic vein 


B 



Suprascapular 

nerve 


A f Bony landmarks outlined on skin. B f Anterior neurovascular structures. (B redrawn from Hulstyn MJ, Fadale PD: 
Arthroscopic anatomy of the shoulder, Orthop Clin North Am 26:597, 1995.) 
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r TABLE 52-1 

Description of Portais 

ANTERIOR 

5-o'clock portai 
(Davidson) 

The leading edge of the inferior 
glenohumeral ligament at the 
5-o'clock position of the glenoid 
rim (right shoulder) 

The arthroscope is placed through the posterior 
"soft point" portai, withdrawn, and replaced by 
a Wissinger rod, which is passed through the 
anterior capsule while the humérus is maximally 
adducted. Better with spinal needle outside-in 
technique. Percutaneous for better localization 
and angle to the glenoid. Percutaneous 
localization approximately 1 cm inferior and just 
latéral to coracoid 1 cm from cephalic vein 
entering joint just superior to the inferior 
glenohumeral ligament through junction of mid 
third and inferior third of subscapular tendon 


Anterior inferior 
(Wolf) 

The arthroscope slides off the 
inferior edge of the coracoid tip 

The arthroscope placed through the posterior 
"soft point" portai is withdrawn and replaced by 
a Wissinger rod, which is passed through the 
anterior capsule 


Anterior central 
(Matthews) 

Skin point latéral to the coracoid 

The space limited by the humerai head latéral, 
the glenoid rim medially, the long head of the 
biceps tendon superiorly, the subscapularis 
tendon inferiorly 


Anterior superior 
(Wolf) 

Mid distance between the 
coracoid and the acromion 

Enters the joint just anterior to the long head of 
the biceps tendon 


Superolateral 

(Laurencin) 

Latéral to the acromion on a line 
drawn from the acromion to the 
coracoid 

Enters the joint obliquely directly above the 
biceps tendon, where it pierces the rotator 
interval tissue 


Antérolatéral 

(Ellman) 

2 cm below the latéral edge 
of the acromion in the 
prolongation of its anterior edge 

Medially to the subacromial bursa 

POSTERIOR 

Soft point 

1.5 cm inferior and 2 cm médial 
to the postérolatéral corner of 
the acromion 

To the coracoid 


Central posterior 
(Wolf) 

2 cm médial and 3 cm inferior to 
the postérolatéral corner of the 
acromion 

To the coracoid 


Postérolatéral 

(Elmann) 

2 cm below the latéral edge of 
the acromion in the 
prolongation of its posterior 
edge 

Medially to the subacromial bursa, just médial to 
the ledge of the acromion 


7-o'clock portai 
(Davidson) 

3-4 cm inferior and 
approximately 1 cm latéral to 
the postérolatéral acromial edge 


LATERAL 

Portai of 
Wilmington 

1 cm anterior and 1 cm latéral to 
the postérolatéral corner of the 
acromion 

45-degree approach angle to the posterosuperior 
glenoid labrum 


Transrotator cuff 
(O'Brien) 

1 cm posterior and 2 cm latéral 
to the antérolatéral corner of 
the acromion 

To the 11-o'clock position in the glenoid labrum 
(right shoulder) médial to the rotator arch 

SUPERIOR 

Neviaser portai 

Superior "soft spot" surrounded 
by the clavicle anteriorly, the 
médial edge of the acromion 

1 cm medially, and the spine of 
the scapula posteriorly 

Down at 30 degrees laterally and slightly 
posteriorly into the glenohumeral joint 


Superior 
suprascapular 
nerve portai 
(Lafosse) 

Percutaneous, approximately 

7 cm médial to latéral border of 
acromion, approximately 2 cm 
médial to Neviaser portai. 

Approach to suprascapular 
notch. 
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posteriorly, and laterally; and the acromioclavicular joint can 
be approached from the subacromial space anteriorly or 
posteriorly. When making arthroscopic portais, especially if 
establishing an accessory instrument portai is contemplated, 
an appropriate angle and spacing of the portais are crucial. 
The axillary and suprascapular nerves are the two structures 
most at risk during shoulder arthroscopic portai placement. 
The distance between the acromioclavicular joint and the 
axillary nerve is 7.9 cm for men and 6.37 cm for women, and 
the suprascapular nerve is located 1.8 cm from the postero- 
superior labrum and 2.5 cm from the superior glenoid 
tubercle. Posterior portais seem to be at lower risk than 
anterior portais. The nearest anatomie structure at risk is the 
suprascapular artery. The Neviaser portai can be used safely 
provided that the arm is in no more than 45 degrees of abduc¬ 
tion with no forward flexion during trocar introduction. The 
suprascapular artery and nerve are at low risk with the Nevi¬ 
aser portai. The axillary nerve is at low risk in latéral portais, 
but the portai of Wilmington crosses the supraspinatus 
tendon at the myotendinous junction. 

The anterior and posterior portais are the two primary 
portais for arthroscopy of the acromioclavicular joint. These 
portais are positioned just anterior and posterior to the 
superior acromioclavicular ligament to preserve that struc¬ 
ture. If arthroscopy of the acromioclavicular joint is planned, 
an 18-gauge spinal needle should be inserted into this joint 
at the beginning of the procedure because extravasation of 
fluid during the shoulder and subacromial arthroscopy makes 
later identification of this joint difhcult. 

■ POSTERIOR PORTAL 

The posterior portai is the primary entry portai for shoulder 
arthroscopy. It allows examination of most of the joint and 
assists in the placement of subséquent portais. Thus, before 
making the posterior portai, its purpose and functions should 
be known (Fig. 52-4). For visualization, the “soft spot” portai 
works well. This portai is located 1.5 to 3 cm inferior and 
1 cm médial to the postérolatéral tip of the acromion. Thus, 
the location attempts to pass through the posterior soft spot 

Suprascapular nerve 


Axillary 

nerve 



Posterior shoulder portai risks injury to supra¬ 
scapular nerve if too médial and to axillary nerve if too inferior 
or latéral. 


between the infraspinatus and teres minor muscles. By 
placing the portai 1 cm médial to the postérolatéral acromion, 
the portai can be made approximately parallel to the glenoid 
articular surface, making for easier passage of the arthroscopic 
instrumentation to the anterior part of the joint. To locate this 
spot, one places a hand on the top of the shoulder and palpâtes 
the coracoid process with the index or long finger and the 
posterior soft spot with the thumb. By rotating the humérus 
with the opposite hand, the posterior glenohumeral joint line 
often can be located with the thumb. If a posterior stabiliza¬ 
tion procedure is contemplated, or if two posterior portais are 
necessary, the portai is made 1.5 to 2 cm inferiorly in line 
with the acromial edge. For subacromial procedures, a portai 
15 cm inferior and in line with the acromion works nicely. A 
second posterior portai can subsequently be made under 
direct vision. When a posterior procedure is the main focus, 
some surgeons prefer to make an anterior portai first and 
then the posterior portais under direct vision. 


ESTABLISHING A POSTERIOR PORTAL 


TECHNIQUE 52-1 


■ Establish a posterior portai by inserting an 18-gauge 
spinal needle through the posterior soft spot into the 
joint. Place the index or long finger on the coracoid tip 
to direct the needle anteromedially toward the coracoid. 
The needle should meet little résistance entering the joint, 
but sometimes it abuts the humerai head. Redirecting the 
needle slightly superiorly over the humerai head allows it 
to penetrate deeper and ensures an intraarticular loca¬ 
tion. If the needle is placed too far medially and abuts 
against the glenoid, it can be "walked up" the posterior 
glenoid surface until it enters the joint. 

■ After the capsule has been entered, inject 30 to 40 mL 
of saline into the joint; far less fluid may be accepted if 
adhesive capsulitis is significant. There should be free flow 
into the joint and free backflow. Preinsufflation of the 
joint produces some distraction of the humerai head from 
the glenoid and makes entry into the joint with the can- 
nulas easier. If the needle is extraarticular, however, the 
initial fluid bolus is injected into the soft tissues, distorting 
the anatomy. Some authors prefer using a blunt trocar to 
enter the joint before joint distention because the glenoid 
neck and humerai head are more easily palpable without 
distention. The blunt trocar is used to palpate the neck 
and head area before entering into the triangle just 
superior to the glenohumeral articulation. 

■After the skin site for the posterior portai is selected, 
inject this area and other planned arthroscopic portai 
areas with local anesthetic and epinephrine to decrease 
bleeding. 

■ Incise the superficial skin layer with a No. 11 knife blade. 
Avoid deeper pénétration because it may precipitate 
excessive bleeding. 

■ Insert a cannula and blunt trocar along the path of the 
needle, anteriorly and medially toward the anterior joint 
line. Palpate the bony scapular neck and glenoid with the 
blunt tip of the trocar to détermine the midpoint in a 
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S superoinferior direction. Slide the trocar laterally to locate 
the rim of the glenoid as a small ridge. Immediately latéral 
to this ridge is the entry site for the joint capsule. This 
position ensures that the entry site is as far médial as 
possible and that it passes through the muscular portions 
of the rotator cuff instead of damaging the tendinous 
portions. 


■ POSTEROINFERIOR SEVEN-O'CLOCK PORTAL 

Davidson and Rivenburgh described a 7-oclock accessory 
posterior working portai for shoulder arthroscopy that allows 
direct access to the inferior glenohumeral capsule and avoids 
damage to the nearby structures. The inside-to-outside portai 
is created by using a switching stick passed through the 
3-oclock portai and directed posteroinferiorly. The switching 
stick is brought through a small skin incision and left in place. 
The outside-to-inside 7-oclock portai is established by making 
a small skin incision 2 to 3 cm inferior to the posterior 
viewing portai. A blunt-tipped rod is then inserted into the 
glenohumeral joint under direct vision. 

■ ANTERIOR PORTAL 

Multiple anterior portais hâve been described for diagnostic 
and surgical stabilization techniques. For complété diagnostic 
examination of the shoulder, an anterior portai is essential to 
allow observation of the posterior capsule and the rotator cuff 
and for an anterior view of the glenohumeral ligaments and 
the subscapularis tendon. The most commonly described 
anterior portai is made slightly latéral to a point halfway 
between the antérolatéral tip of the acromion and the cora- 
coid process. Other described portais are superior or inferior 
to this portai and latéral to a line drawn from the coracoid 
toward the antérolatéral aspect of the acromion. The antero- 
inferior portai is made just latéral and slightly superior to the 
palpable coracoid process. The antérolatéral portai is made 
approximately 1 cm latéral to the antérolatéral tip of the 
acromion and enters the glenohumeral joint through the 
rotator interval. If this portai is made, a large inflow sheath 
should not be used to prevent damage to the rotator cuff 
musculature. When anterior stabilization procedures are 
contemplated, the anterior portais should be separated as 
much as is safely possible to allow easy placement of instru¬ 
ments without overcrowding and disrupting vision. For 
repair of superior labral pathologie conditions, an accessory 
anterosuperior portai just anterior to the acromioclavicular 
joint may be needed. 

The anterior portai is established aff er the posterior portai, 
and the posteriorly placed arthroscope is used to assist visually 
with its establishment. Two basic methods are used to establish 
the anterior portai: antegrade (outside-in) and rétrogradé 
(inside-out). With both methods, the cannula passes through 
the anterior soft spot, which corresponds to an intraarticular 
triangle bounded by the intraarticular portion of the biceps 
tendon superiorly, the superior intraarticular portion of the 
subscapularis tendon inferiorly, and the anterior edge of the 
glenoid at the base. Accessory portais are made by using a 
spinal needle to confirm appropriate placement of the portai 
that allows access to the pathologie process. The portai is made 
using an outside-in (antegrade) technique. 


ANTEGRADE METHOD 


TECHNIQUE 52-2 


■ Before joint détention, when anatomie landmarks can be 
palpated, mark on the skin the approximate sites for 
arthroscopic anterior portai placement. 

■ Push the arthroscope, which is already in the posterior 
portai, up into the anterior soft spot triangle formed by 
the glenoid articular surface, the biceps tendon, and the 
subscapularis tendon. Push the arthroscope up against 
the area of the joint capsule and, with the overhead 
lights off, transilluminate the area of intended portai 
placement. 

■ Back the arthroscope slightly away from this area and 
palpate externally from the intended portai site while 
observing arthroscopically the soft spot area. Pass a 
spinal needle from this spot into the joint. Manipulate 
the spinal needle within the joint to ensure ease of 
instrumentation. 

■ Withdraw the needle and, with a No. 11 blade, make a 
portai in this chosen spot. 

■ Pass a cannula with a blunt trocar into the joint capsule. 
Before penetrating the capsule, move the arthroscope 
superiorly so that the lens is not damaged as the trocar 
enters into the joint. Maintain careful control of the trocar 
to prevent damage to articular structures or to the 
arthroscope. 

■ If an accessory anterior portai is necessary, the decision 
about its location should be made before making the 
initial anterior portai. The accessory anterior portais 
should be separated by at least 2 to 3 cm. The appropri¬ 
ate position of an accessory portai also can be confirmed 
with a spinal needle. 


RETROGRADE METHOD 


TECHNIQUE 52-3 


■ "Drive" the arthroscope, which is in the posterior portai, 
directly into the soft spot. Then remove the arthroscope 
from its sheath, keeping the sheath against the anterior 
capsule. 

■ Pass a Wissinger rod or large blunted Steinmann pin into 
the cannula and advance it through the anterior capsular 
structures until the anterior skin is tented. 

■ Make a skin incision over the tip of the rod and advance 
the rod past the skin. Pass a cannula sheath over the 
Wissinger rod and advance it rétrogradé into the joint. 
Remove the rod to establish the anterior portai. This 
method is easier with larger shoulder joints but affords 
less flexibility in positioning. 

■ The anterior portai traverses the clavicular portion of the 
deltoid muscle and enters the rotator cuff interval of the 
anterior capsule. The structures at risk include the cephalic 
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vein laterally and the musculocutaneous nerve, brachial 
plexus, and axillary artery and vein anteromedially. Gener- 
ally, the musculocutaneous nerve passes 3 to 5 cm inferior 
to the tip of the coracoid, but several anatomie variations 
hâve been described, and staying latéral to the coracoid 
process is safer. Remaining superior to the leading edge 
of the subscapularis tendon avoids injury to the brachial 
plexus and vascular structures. 


■ ANTEROINFERIOR FIVE-O'CLOCK PORTAL 

The intraarticular starting point for the anteroinferior portai 
is along the leading edge of the inferior glenohumeral liga¬ 
ment at the 5-oclock position along the glenoid rim. The 
portai travels through the subscapularis and latéral to the 
conjoined tendon. Both the cephalic vein and the anterior 
humerai circumflex artery are in the path of this portai, but 
a blunt passer rod or cannula can effectively push these aside. 
The portai passes latéral to the musculocutaneous nerve and 
superolateral to the axillary nerve and approximately 1 cm 
from the cephalic vein. The distances between the portai and 
the musculocutaneous and axillary nerves hâve been mea- 
sured at 22.9 + 4 mm (mean + SD) and 24.4 + 5.7 mm, 
respectively. The convexity of the humerai head should be 
moved away from the starting site, not only for visualization 
but also so that a Wissinger rod can be directed laterally. 
When the arm is unweighted, removed from traction, and 
placed alongside the body, the humerai head convexity moves 
superiorly. This allows appropriate access to the leading edge 
of the inferior glenohumeral ligament. Placing an object such 
as a rolled towel in the axilla distracts the joint and allows 
visualization of the starting site for the 5-oclock portai. 
Conversely, using the outside-in 5-oclock portai allows the 
portai to be created from a point latéral and inferior to 
the coracoid using spinal needle localization for best access 
to the inferior glenoid. 

■ SUPERIOR PORTAL 

Neviaser is credited with the description of the superior 
portai (supraclavicular or suprascapular portai). This portai 
is most useful for passage of suture retrieval devices for 
rotator euff repair. It is bound anteriorly by the clavicle, later¬ 
ally by the acromion, posteriorly by the base of the acromion 
and the scapular spine, and inferiorly by the posterosuperior 
rim of the glenoid. This portai pénétrâtes the trapezius muscle 
and passes through the supraspinatus muscle belly. The 
suprascapular nerve and artery lie approximately 3 cm médial 
to the superior portai at its closest point. 


acromion at an angle of 30 to 45 degrees to the skin and 
10 degrees posteriorly to enter the joint at the superior 
margin of the glenoid just posterior to the attachment of 
the long head of the biceps tendon. 

■ Observe passage of the needle arthroscopically to confirm 
proper position before making a small skin incision. 


■ SUPRASCAPULAR NERVE PORTAL AS 
DESCRIBED BY LAFOSSE 

The suprascapular nerve portai is positioned between the 
clavicle and the scapular spine approximately 7 cm médial to 
the latéral border of the acromion. This portai is approxi¬ 
mately 2 cm médial to the Neviaser portai. 

■ LATERAL, POSTEROLATERAL, 

AND ANTEROLATERAL PORTALS 

The latéral portai is the primary operative portai for the 
subacromial space. It is located 3 cm latéral to the latéral 
border of the acromion and passes through the deltoid 
muscle. One must ensure that instrumentation can be used 
and not be hindered by impingement on the latéral acromial 
edge. When advancing the cannula, it is initially directed 
downward and toward the tuberosity to enter the latéral 
extent of the bursa, allowing for a full view and ease of 
instrumentation. Accessory portais can be spaced anteriorly 
or posteriorly as necessary. The axillary nerve lies approxi¬ 
mately 5 cm distal to the latéral border of the acromion. 

Arthroscopy of the subacromial space usually can be 
accomplished through the initial posterior portai and the 
central anterior portai. The cannulas are easily redirected up 
into the bursa from the same skin incisions, affer passing 
through the deltoid muscle. 

When passing the anterior cannula, gentle palpation with 
the cannula tip can reveal the extent of the coracoacromial 
ligament, allowing redirection of the cannula just latéral to 
the ligament. In a very muscular individual or if the posterior 
portai has been placed too far inferiorly, a new portai, 1.5 cm 
inferior to the posterior acromion, may be required. Burkhart 
described two latéral portais for repair of SLAP lésions. 
Depending on the site of disruption, he used an antérolatéral 
portai, 1 cm latéral and posterior to the antérolatéral corner 
of the acromion, or a postérolatéral portai, 1 cm anterior and 
latéral to the postérolatéral corner of the acromion. 

■ PORTAL OF WILMINGTON 

This postérolatéral accessory portai is used to approach 
posterior type II SLAP lésions, providing access to the glenoid 
and superior labrum. The location is 1 cm anterior and 1 cm 
latéral to the posterior acromial angle. Care should be taken 
when placing this portai so as not to damage the rotator euff 
near its attachment to the greater tuberosity. 

DIAGNOSTIC ARTHROSCOPY AND 
ARTHROSCOPIC ANATOMY 

As with arthroscopy of other joints, a thorough knowledge of 
the major anatomie structures around the shoulder is neces¬ 
sary. The surgeon must be familiar with the normal anatomy 
to identify abnormal or pathologie processes. 


ESTABLISHING THE SUPERIOR 
PORTAL 


TECHNIQUE 52-4 


(NEVIASER) 

■ The entry site is easily palpable as a soft spot. Introduce 
an 18-gauge spinal needle 1 cm médial to the médial 
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The examination begins with identification of the soft 
spot between the biceps and subscapularis tendons (Fig. 
52-5). The subscapularis is evaluated by having an assistant 
rotate and then lever the humérus posteriorly by placing a 
posterior force on the proximal humérus while pushing 
anteriorly at the elbow. The subscapularis recess is inspected 
for loose bodies. The examination consists of arthroscopically 
circling the joint, viewing the labral attachment at the biceps, 
and following the labral attachment to the glenoid and the 
capsular attachment to the humérus circumferentially around 
the shoulder back to the biceps superiorly. Capsular laxity is 
demonstrated by a drive-through sign and a rotator interval 
of more than 1.5 cm. A large sublabral hole or Buford complex 
variant where the middle glenohumeral ligament inserts at 
the base of the biceps must be distinguished from a true 
Bankart lésion, which extends inferiorly from the glenoid 
equator. Inferior glenohumeral ligament injuries may be off 
the glenoid, midsubstance, or off the humérus (HAGL lésions) 
or bipolar lésions and, when identified, should later be reex- 
amined through an anterosuperior portai. 

The biceps attachment to the superior labrum is thor- 
oughly evaluated by applying traction to the biceps with a 
probe and by taking the arm out of traction to check for 
peel-back due to a SLAP lésion. The biceps tendon is followed 
to the bicipital arch while one évaluâtes for fraying, inflam¬ 
mation, instability, and chondromalacia where the tendon 
rubs against the humerai head. 

Using the scope and looking superiorly, a circumferential 
examination in the reverse direction, starting at the biceps 
and progressing posteriorly, is undertaken to evaluate the 
rotator cuff insertion. The anterior footprint insertion of the 
rotator arch is just posterior to the biceps and is the key 
component of the supraspinatus insertion. The cuff is fol¬ 
lowed posteriorly; a healthy cuff attaches just off the articular 
surface of the humerai head. The posterior attachment of the 
rotator arch marks the overlap of the attachments of the 
supraspinatus and infraspinatus onto the humerai head and 
the start of the bare area. This area is evaluated for chondro¬ 
malacia or a Hill-Sachs lésion. If a Hill-Sachs lésion is noted, 
the Hill-Sachs interval is measured from the posterior cuff 
insertion to the médial edge of the lésion. This loss of humerai 
articulation, as well as the amount of loss of anterior glenoid 
articulation (determined by using the glenoid bare area to 
measure the posterior radius compared with the anterior 
radius), is used to identify on-track or off-track lésions result- 
ing from shoulder instability (described later). 

The arthroscope is now moved to the anterosuperior 
portai, and the posterior portai can be used for probing. The 
arthroscope is inserted anteriorly to view the posterior 
articular surface, posterior labrum, posterior pouch, and 
posterior capsule for redundancy, synovitis, fraying from 
instability, or inflammatory processes (Fig. 52-51). Although 
not as prévalent as the anterior band of the inferior gleno¬ 
humeral ligament, the posterior band may be visible with 
internai rotation as it approaches its insertion at the 7-oclock 
to 9-oclock positions posteriorly (Fig. 52-5J). Affer exami¬ 
nation of the bare area in the humerai articular cartilage, the 
arthroscope is moved anteriorly to evaluate the rotator cuff 
by looking superiorly and the biceps-labral complex by 
looking inferiorly toward the glenoid. As the arthroscope is 
moved more anteriorly and directed back toward the infe¬ 
rior pouch, the glenohumeral ligaments can be seen from 


their humerai insertion down to the glenoid insertion. 
Careful observation for the ligamentous insertion to the 
humérus is indicated to rule out humerai avulsion of the 
glenohumeral ligament (HAGL). Figure 52-5K shows a 
normal glenohumeral ligament. By turning the arthroscope 
more inferiorly, the attachment of the anteroinferior gleno¬ 
humeral ligament and the capsulolabral attachment can be 
seen (Fig. 52-5L). The middle glenohumeral ligament and 
subscapularis tendon and the subscapularis recess also can 
be observed, and the arthroscope can be moved inferiorly 
into the subscapular recess for évaluation of the subscapu¬ 
laris tendon and muscle. Loose bodies and loose hardware 
in previously operated shoulders may be found in the sub¬ 
scapular recess. Glenoid bone loss is best evaluated by mea- 
suring the posterior radius of the bare area and comparing 
it with the radius of the anterior bare area through the 
anterosuperior portai. 

To complété diagnostic arthroscopy of the shoulder for 
impingement, rotator cuff calcification, and inflammatory 
conditions, the subacromial bursa should be examined. The 
bursa extends from at least 2 cm anterior to the anterior edge 
of the acromion to approximately the midacromion posteri¬ 
orly. To enter this space, ail distention from the glenohumeral 
joint should be removed before removing any cannulas. The 
posterior cannula can be used to enter the subacromial space. 
The cannula is withdrawn from its previous placement and 
redirected so that the blunt edge of the trocar abuts the 
posterior edge of the acromion just médial to the postérolat¬ 
éral edge. It is redirected slightly inferior to the acromion so 
as to slide up under the acromion without probing into the 
soft tissue under the bone. At the tip of the acromion, the 
cannula is directed toward the surgeons finger, which is 
placed at the antérolatéral edge of the acromion. The cannula 
should not be aimed toward the acromioclavicular joint. The 
subacromial space can be increased, and the approach can be 
made easier by placing the arm in approximately 30 degrees 
of abduction. When the tip of the cannula is felt up under the 
antérolatéral edge of the acromion, it is gently swept back and 
forth to free the area in the bursa. 

The arthroscope is placed in the subacromial bursa, and 
contiguous structures are examined carefully. If the view is 
limited at this time, attempts can be made to reinsert the 
cannula or to sweep the cannula back and forth to open the 
bursa further. During this portion of the procedure, as in ail 
arthroscopic shoulder procedures, maintaining a systolic 
blood pressure of no more than 30 mm Hg above the pump 
pressure is helpful. Initially, viewing superiorly, the undersur- 
face of the acromion can be seen and evaluated for roughen- 
ing or fraying, with an associated kissing lésion on the rotator 
cuff indicating impingement. The shoulder is rotated inter- 
nally and externally, and increased abduction can be applied 
to evaluate the area for impingement. The arthroscope is 
turned to view medially the area of the acromioclavicular 
joint and the coracoacromial ligament as it ascends under the 
acromion. If the shoulder has impingement or inflammation, 
vision may be limited, and an antérolatéral portai can be 
made using an outside-in technique. A shaver is placed into 
the bursa under direct vision, and bursectomy is performed 
to allow better exposure of the rotator cuff. The rotator cuff 
and bursa should be cleaned from the area of the insertion to 
the tuberosity, which is the usual area of attrition, impinge¬ 
ment, or calcification (Fig. 52-5M). 
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Patient is in latéral decubitus position, and glenoid is oriented horizontally. A, Superior part of shoulder joint with 
biceps tendon inserting into superior labrum. Humerai head is superior right, and glenoid is inferior. B, Superior glenohumeral ligament 
and subscapularis tendon on right with middle glenohumeral ligament inferiorly. C f Normal sublabral hole. D, Buford complex showing 
insertion of middle glenohumeral ligament directly into biceps anchor (see text). E f Middle cord variant of glenohumeral ligament 
Crossing subscapularis tendon. F, Inferior pouch. Glenohumeral ligaments and labrum are seen. G, Capsular attachment to humerai head 
observed through inferior pouch. H, Rotator cuff evaluated for fraying, partial tears, or calcification. Supraspinatus tendon is seen 
superiorly with biceps tendon in center of picture. I, Posterior articular surface, posterior labrum, posterior pouch, and posterior capsule 
observed with arthroscope inserted anteriorly. J, Posterior band of inferior glenohumeral ligament. K, Anterior band of inferior gleno¬ 
humeral ligament observed from anterior portai. Humerai insertion of ligament is superior. L, Capsulolabral attachment to glenoid 
observed through anterior portai. M, View of subacromial space with cuff below and acromion above. 
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away, insert a suction tip or apply suction to the outflow 
cannula to pull the loose body to the tip and stabilize it. 
Insert a grasping instrument to grasp it. 

■ Loose bodies tend to gravitate into the axillary pouch of 
the shoulder or occasionally into the subscapular recess. 
Loose hardware likewise may be found in these areas. 
Other hiding places include the posterior recess behind 
the glenoid, the synovial folds behind the biceps tendon 
insertion on the glenoid, and at the site where the biceps 
tendon exits the joint. If a loose body is seen on a radio- 
graph, but is not readily visible arthroscopically and is 
hidden within the subscapularis bursa, "milk" the loose 
body from the bursa by palpating in the subcoracoid area. 
From an anterior portai, drive the arthroscope into the 
subscapular bursa to examine this area fully. 

■ In addition to removing the loose body, détermine its 
source because the underlying abnormality may need 
correction. Loose bodies may form from Hill-Sachs lésions 
or glenoid rim fractures in patients who hâve sustained 
dislocations. They also may be produced in shoulders with 
advanced arthritis or osteonecrosis where portions of the 
lésion hâve broken free. 
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After rotation of the arm to evaluate the cuff through the 
posterior portai, the arthroscope can be placed in the latéral 
portai and directed toward the posterior bursal wall. The 
same procedure can be used to view directly the acromion 
superiorly and the clavicle for evidence of bony prominence 
or fraying indicating impingement. 

The subacromial space should be examined thoroughly, 
which may require partial or subtotal bursectomy to see the 
rotator cuff and the undersurface of the acromion clearly. Any 
bony prominences of the acromion or the acromioclavicular 
joint should be evaluated and resected. The rotator cuff itself 
should be palpated for roughness, fraying, or calcifications. 
Although calcifications may be difhcult to delineate, generally 
they can be palpated, or a slight bulge or vascular blush of the 
tendon can be seen. 

The internai extent of the bursa is approximately 4 cm 
from the acromial edge with the axillary nerve always latéral 
to the bursa, on average 0.8 cm. The latéral extent of the bursa 
should not be violated arthroscopically. If an open repair 
technique is used, the palpable internai extent of the bursa 
can be used as the limit of safely splitting the deltoid. 

General évaluation of the acromioclavicular joint can be 
accomplished through the subacromial portai. If an acromio¬ 
clavicular spur is présent, electrocautery and a shaver should 
be used to resect the soft tissue from the undersurface of the 
acromion; inferiorly directed pressure places the clavicle into 
the joint for better vision. The acromioclavicular joint also 
can be seen directly through the anterosuperior and postero- 
superior portais by placing the spinal needles at approximately 
a 45-degree angle into the acromioclavicular joint from just 
anterior and posterior to the joint. 

LOOSE BODIES 

Loose bodies occasionally are encountered during shoulder 
arthroscopy. Small ones sometimes can be removed from the 
joint with suction applied to a large-caliber outflow cannula. 
Often by increasing the rate of inflow, the joint can be vacu- 
umed without applying suction to the outflow. 


SYNOVECTOMY 

The arthroscope allows almost complété inspection of the 
shoulder joint and can be used successfully for sélective 
biopsy of the synovium. A near-total synovectomy is possible 
using the arthroscope without the debilitating disruption of 
the deltoid or rotator cuff. The latéral decubitus position 
with the affected arm suspended in skin traction is preferred, 
and the three-portal (anterior, posterior, and superior) tech¬ 
nique usually allows complété access. The superior and 
anterior portions of the joint are reached with operative 
instruments placed through the anterior portai and the 
arthroscope in the posterior or superior portai. The posterior 
and superior portions of the joint are reached with the opera¬ 
tive instruments in the posterior portai and the arthroscope 
in the anterior or superior portai. For involvement of the 
inferior recess, accessory posterior and inferior operating 
portais may be necessary. Motorized synovial resectors are 
required for adéquate arthroscopic synovectomy. Large- 
diameter (> 5 mm) blades allow for more efficient resection 
of synovial tissue. Maintaining a systolic-to-joint distention 
pressure of 30 mm Hg or less and adding one ampule of 
epinephrine to the 3-L arthroscopy bag helps maintain clear 
vision. 

DRAINAGE AND DEBRIDEMENT 

As in the knee, the arthroscope has been recommended for 
drainage and debridement of a septic shoulder joint; however, 
few clinical studies hâve been reported. Arthroscopic debride¬ 
ment (1) improves inspection, irrigation, and debridement 
compared with multiple needle aspirations; (2) allows break- 
ing up of intraarticular loculations; (3) decreases the potential 
for postoperative scarring and stiffness that occur after formai 
arthrotomies; and (4) can be done several times if necessary. 
A contraindication to arthroscopic debridement is an adja¬ 
cent soff-tissue abscess. 


ARTHROSCOPIC REMOVAL OF 
LOOSE BODY 


TECHNIQUE 52-5 


■ Remove larger loose bodies with grasping forceps and 
triangulation techniques. Loose bodies tend to bob like 
apples, and turning off the inflow or outflow to decrease 
turbulence makes it easier to grasp the loose body. When 
securely grasped, extract the loose body with a slow, 
twisting movement to minimize the chance of its slipping 
from the jaws of the grasper. If necessary, enlarge the 
portai by spreading the joint capsule and soft tissues with 
the grasper or hemostat tips to prevent pulling the loose 
body from the jaws of the grasper. 

■ Extremely large loose bodies may hâve to be broken into 
smaller fragments by cutting them with a burr before they 
can be extracted through the portais. Keep the loose 
bodies contained to a localized accessible space when 
breaking the larger fragments. If the loose body floats 
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LABRAL TEARS 

The glenoid labrum consists of dense fibrocartilaginous 
tissues and some elastic fibers. On the inner side, the labrum 
is continuons with the hyaline cartilage of the glenoid, and 
on the outer side, it is continuons with the fibrous tissue of 
the capsule. The capsule and ligaments of the shoulder, 
including the biceps tendon, are attached to and become part 
of the glenoid labrum, which attaches to the glenoid. The 
labrum encircles the glenoid, increasing its depth around the 
humerai head, and provides increased stability. Saha has 
shown that adding the glenoid labrum increases the glenoid 
surface to 75% of the humerai head vertically and 57% in the 
horizontal direction. Karzel et al., in biomechanical testing of 
cadaver shoulder specimens, showed that the labrum affects 
the distribution of contact stresses when a compressive load 
is applied to the shoulder at 90 degrees of abduction. 

The most common mechanisms of injury to the superior 
labrum (i.e., SLAP lésions) are extrinsic secondary to traction 
on the upper extremity and intrinsic during the throwing 
motion, which likewise produces traction on the biceps 
anchor. A second proposed mechanism of injury is torsional 
peel-back of the posterior superior labrum during the cocking 
phase of throwing. Compression, shear, and degenerative 
changes associated with decreased peripheral vascularity and 
âge increase the likelihood of labral tears. 

To aid in localizing the site of labral injury, the glenoid 
labrum has been divided into six areas: (1) the superior 
labrum, (2) the anterior labrum above the midglenoid notch, 
(3) the anterior labrum below the midglenoid notch, (4) the 
inferior labrum, (5) the posteroinferior labrum, and (6) the 
posterosuperior labrum (Fig. 52-6). Lésions located above 
the equator of the glenoid (a line drawn between the 3-oclock 
and 9-oclock positions on the glenoid) offen are associated 
with rotator cuff or biceps disease. Lésions located below the 
equator, most commonly split, nondetached lésions anteriorly 
and posteriorly, are highly suggestive of shoulder instability. 

Good and excellent short-term results hâve been reported 
in 88% of throwing athlètes with superior labral lésions 
treated with debridement. Long-term follow-up studies of 
labral debridement hâve shown, however, that results deterio- 
rate over time. 

Snyder further classified superior labral anterior to 
posterior lésions and coined the term SLAP lésions. He 


categorized them into four basic varieties and a complex 
variety that involves a combination of two or more of the 
other SLAP lésions. These descriptive categorizations are 
used to détermine treatment alternatives and to predict long- 
term results. Type I lésions, which can be treated with simple 
debridement, are described as fraying of the superior labrum 
with a solid biceps tendon anchor attachment. Type II lésions 
involve pathologie detachments of the labrum and biceps 
anchor from the superior part of the glenoid (Fig. 52-7A). 
These lésions most commonly progress posterior to the biceps 
but may progress anterior to or both anterior and posterior 
to the biceps attachment at the supraglenoid tubercle. Biceps- 
labral instability is evidenced by labral displacement of 5 mm 
or more with traction on the biceps tendon, hemorrhage, or 
fibrous granulation tissue at the insertion with long-standing 
lésions and superior articular cartilage changes. The peel- 
back test as described by Burkhart is used to evaluate for 
posterior extension of the lésion by removing the arm from 
traction and placing it in 90 degrees of abduction. The labrum 
is observed to displace medially on the scapular neck as the 
shoulder is externally rotated to 90 degrees. 


Posterior 



FIGURE 


Glenoid labrum can be divided into six areas. 



Labral tears. A f Type II. B f Type IV SLAP lésion with displaced labral fragment and tear extending into base of biceps. 
Biceps anchor was stable, and labrum was excised. 
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Indications for Shoulder Stabilization Modifiers 


Bone loss > 25% of glenoid—Laterjet procedure 
Humerai head > 6 mm deep—Consider remplissage for 
collision athlètes 

Soft-tissue multidirectional instability—Arthroscopic capsular 
shift 

ALPSA—Restore anatomy anteriorly; consider plication 
Anterior HAGL—Mini-open or arthroscopic repair 
Posterior HAGL—Arthroscopic repair 
SLAP lésion—Concomitant repair 
Cuff lésion—Concomitant repair 

ALPSA, anterior labroligamentous periosteal sleeve avulsion; HAGL, humerai 
avulsion of interior glenohumeral ligament; SLAP, superior labral tear anterior to 
posterior. 


Type III lésions, which occur with the meniscoid-type 
labrum, are vertical tears within the labrum that produce 
bucket-handle fragments. These can be excised, provided that 
the biceps anchor is securely fixed to the supraglenoid 
tubercle. Type IV lésions are bucket-handle type tears that 
extend up into the biceps tendon (Fig. 52-7B). These lésions 
also can be excised if less than 30% of the thickness of the 
biceps tendon is involved. Snyder suggested that if approxi- 
mately one third of the biceps tendon is involved, suture 
repair of the segment should be considered. In older patients, 
if more than a third of the tendon is involved, he suggested 
performing biceps tenodesis or tenotomy affer resection of 
the labral tear. Complex tears involving a combination of two 
or more of the previously described lésions should be treated 
with repair of the type II portion if présent and resection of 
the other lésions, provided that there is a stable biceps anchor. 

With multiple authors showing poor results with SLAP 
repairs in older individuals, the current thinking is that it is 
best to perform SLAP repairs in symptomatic athlètes who 
do not respond to conservative therapy. Age is a determining 
factor: In general, for patients 30 years of âge or younger, 
SLAP repair is recommended; 30 to 60 years, tenodesis; and 
over 60 years of âge, tenotomy. Repairs must hâve low-profile 
knots or knotless constructs to prevent knot impingement. If 
a tenodesis is chosen and a component of shoulder instability 
is présent, repair of the superior labrum probably is war- 
ranted (Box 52-1). 


ARTHROSCOPIC FIXATION OF TYPE II 
SLAP LESIONS 


TECHNIQUE 52-6 


(MODIFIED FROM BURKHART, MORGAN, AND KIBLER) 

■ Place the patient in the latéral decubitus position and 
place the arm in 30 to 45 degrees of abduction and 20 
degrees of forward flexion with 5 to 10 Ib of balanced 
suspension. Administer general anesthésia and place a 
warming blanket to prevent hypothermia. Use an 


arthroscopic pump to maintain intraarticular pressure at 
60 mm Hg. Use serial compression devices on the lower 
extremities. 

■ Establish a viewing portai 2 cm below the postérolatéral 
acromion and an anterior central working portai for 
routine diagnostic arthroscopy. Findings such as a superior 
sulcus of more than 5 mm in depth, a displaceable biceps 
root, a positive drive-through sign, and a positive peel- 
back sign are indicative of a SLAP lésion (Fig. 52-8). 

■ Use an angled arthroscopic probe to test the stability of 
the biceps-superior labral attachments to the glenoid. A 
normal superior sublabral sulcus covered with articular 
cartilage can be seen 5 mm medially beneath the labrum. 
If the sublabral sulcus is deeper than 5 mm, or if the labral 
attachments at the médial limit of the sulcus are tenuous, 
a SLAP lésion may be présent. 

■ Assess whether the biceps root is easily displaceable with 
a probe. An unstable biceps root and superior labrum are 
easily displaced medially on the glenoid neck. Occasion- 
ally, the biceps root is unstable to probing, yet tenuous 
superior labral attachments are présent. Such cases rep- 
resent interstitial disruption of medially located attach¬ 
ments and require completion of the lésions, bone bed 
préparation, and repair. 

■ Sweep the arthroscope from superior to inferior between 
the glenoid and humerai head to see if the arthroscope 
can be easily "driven through" the joint. Although a 
positive drive-through sign indicates instability, "pseu- 
dolaxity" associated with SLAP lésions also may be the 
cause. 

■ The positive peel-back sign is diagnostic for a posterior 
SLAP lésion; however, isolated anterior SLAP lésions often 
hâve a négative peel-back test, but other arthroscopic 
signs, as described earlier, usually are positive. To perform 
the peel-back test, remove the arm from traction and 
observe the superior labrum arthroscopically as an 
assistant brings the arm to 90 degrees of abduction and 
90 degrees of external rotation (Fig. 52-9). Performing 



FIGURE 


1^39 Type II SLAP lésion. SEE TECHNIQUE 52-6. 
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FIGURE 


1-iU Dynamic peel-back test. SEE TECHNIQUE 52-6. 


this dynamic peel-back maneuver in a shoulder with a 
posterior SLAP lésion causes the entire biceps-superior 
labrum complex to drop medially over the edge of the 
glenoid. 

■ When the diagnosis of a SLAP lésion is made, repair the 
lésion immediately because swelling may occur that 
oblitérâtes the supralabral recess and obscures exposure. 
For the SLAP lésion repair, make three portais: a standard 
posterior viewing portai, an anterior portai located just 
above the latéral border of the subscapularis tendon, and 
an anterosuperior portai. The anterosuperior portai is 
located just latéral to the antérolatéral corner of the 
acromion (Fig. 52-10). Use a spinal needle to locate this 
portai precisely so that it provides a 45-degree angle of 
approach to the anterosuperior corner of the glenoid for 
proper placement of the suture anchor. Alternative^, use 
a percutaneous shuttle through the superomedial (Nevi- 
aser) portai. 

■ Through the anterior portai, préparé the bone bed on the 
superior neck of the glenoid, beneath the detached 
labrum, using a motorized shaver (Fig. 52-11). Débridé 
the soft tissues carefully down to a bleeding base of bone, 
but do not remove bone. 

■ For fixation of SLAP lésions, use small-size suture anchors 
and simple translabral loop sutures, preferably PEEK or 
all-suture anchors (Fig. 52-12A). The most critical element 
to resisting peel-back forces in a mechanically effective 
manner is to position a tight suture loop just posterior 
to the root of the biceps, with the loop attached to a 
suture anchor placed beneath the root of the biceps 
(Fig. 52-12B). 

■To prevent suture or knot impingement, a vertical suture 
through the labrum or horizontal suture behind the 
biceps can be helpful in some cases (Fig. 52-12C to E). 
The strength of the different suture configurations is 
similar in laboratory studies. Using knotless suture anchors 
is now our preferred technique for helping to prevent 
knot impingement on the cuff or humerai head 
(Fig. 52-12F and G). 



JU Anterosuperior portai to access superior 
glenoid for suture anchor placement, suture passing, and knot 
tying. Portai is typically located 1 cm off antérolatéral tip of 
acromion. Anterosuperior portai provides 45-degree angle of 
approach to corner of superior glenoid. SEE TECHNIQUE 52-6. 



Préparation of bone bed on superior neck of 
glenoid. SEE TECHNIQUE 52-6. 


■ For superior labral lésions that extend posteriorly to 
overlie the posterosuperior quadrant, place a second 
anchor through a postérolatéral portai (Fig. 52-13). 

■ Pass a Spear guide (Arthrex, Naples, FL) through the 
rotator cuff near the musculotendinous junction of the 
infraspinatus by this approach. Because the diameter of 
the Spear guide is only 3.5 mm, it is preferred over a 
standard 7-mm arthroscopy cannula for delivery of the 
suture anchor through the postérolatéral portai. To mini- 
mize damage to the rotator cuff from portai placement, 
place only the 3.5-mm Spear guide through the 
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A and B f Anchor placement at base of biceps. C and D f Sutures passed through biceps anchor complex and retrieved 
posterior to biceps tendon. E f Suture retrieved anterior to biceps tendon. F f Humerai head érosion secondary to knot impingement. 
G f Knotless repair. H, Passage of suture shuttle at base of biceps. SEE TECHNIQUE 52-6. 
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Postérolatéral portai (portai of Wilmington) 
used to place suture anchor in posterosuperior quadrant of 
glenoid. Portai located 1 cm latéral and 1 cm anteriorto posterior 
acromial angle. SEE TECHNIQUE 52-6. 


3 postérolatéral portai. This postérolatéral portai is used for 
anchor placement only; suture passage and knot-tying for 
the posterior anchor are accomplished through the 
anterosuperior portai. 

■ Use the BirdBeak suture passers (Arthrex, Naples, FL) to 
pass the suture through the labrum. The 45-degree 
BirdBeak is idéal for passing sutures posterior to the 
biceps through the anterosuperior cannula, and the 
22-degree BirdBeak is best for passing sutures anterior to 
the biceps through the anterior cannula. Penetrate the 
labrum with the BirdBeak from superior to inferior and 
grasp the suture; withdraw the BirdBeak to pull the suture 
out of the anterosuperior cannula. If the SLAP lésion 
extends anteriorly beyond the 1-o'clock position, place a 
separate suture anchor in that position for fixation of that 
portion of the labrum. A suture shuttle device through an 
anterior or a percutaneous Neviaser portai allows for less 
trauma and more accurate placement and is necessary for 
knotless anchors (Fig. 52-12H). 

■ After the repair, perform the peel-back and drive- 
through test again to be sure that they are négative, 
indicating that the pathologie process has been cor- 
rected (Fig. 52-14). If the drive-through sign remains 
positive, consider adjunctive measures for capsular 
tightening. 

POSTOPERATIVE CARE. The operated arm is placed at 
the side in a sling with a small pillow. Passive external 
rotation of the shoulder with the arm at the side (not in 
abduction) and flexion and extension of the elbow are 
emphasized immediately. Patients who require posteroin- 
ferior capsulotomy are started on posteroinferior capsular 
stretches (sleeper stretches) on the first postoperative day. 
The sling is discontinued after 3 weeks, and passive éléva¬ 
tion is initiated. From weeks 3 to 6, progressive passive 
motion as tolerated is permitted in ail planes, and sleeper 



FIGURE 


Completed SLAP repair. SEE TECHNIQUE 52-6. 


stretches are begun in patients who did not hâve postero¬ 
inferior capsulotomy. From weeks 6 to 16, stretching and 
flexibility exercises are continued. Passive posteroinferior 
capsular stretching is continued, as is external rotation 
stretching in abduction. Strengthening exercises for the 
rotator euff, scapular stabilizers, and deltoid are initiated 
at 6 weeks. Biceps strengthening is begun 8 weeks 
postoperatively. 

At 4 months, athlètes begin an interval throwing 
program on a level surface. They continue a stretching 
and strengthening program, with particular emphasis on 
posteroinferior capsular stretching. At 6 months, pitchers 
may begin throwing at full speed, and at 7 months they 
are allowed full-velocity throwing from the mound. Ail 
throwing athlètes are instructed to continue posteroinfe¬ 
rior capsular stretching indefinitely. A tight posteroinferior 
capsule probably initiâtes the pathologie cascade to a 
SLAP lésion, and récurrence of the tightness can be 
expected to place the repair at risk in a throwing athlete 
(Table 52-2). 


BICEPS TENDON LESIONS 

Biceps tendon lésions may be inflammatory, degenerative, or 
traumatic as a resuit of répétitive microtrauma or macro- 
trauma. The injury site or sites may include the attachment 
to the supraglenoid tubercle, SLAP, the tendon (intraarticular 
or extraarticular), and the bicipital arch. The bicipital arch 
consists of the conglomerate of the superior glenohumeral 
ligament and the coracohumeral ligament attachment at the 
superior bicipital groove. The ligaments are reinforced ante¬ 
riorly by the subscapular tendon attachment and posteriorly 
by the supraspinatus attachment. In a study of 200 consecu¬ 
tive patients undergoing arthroscopic euff repair, Lafosse 
et al. found 45% to hâve anterior, posterior, or both anterior 
and posterior biceps instability. Larger tears correlated with 
a higher incidence and degree of biceps instability. The 
researchers suggested internai and external rotation of the 
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TABLE 52-2 


Réhabilitation Protocol for Superior Labral Anterior-Posterior (SLAP) Lésion 

PHASE 1— IMMEDIATE POSTSURGICAL 

WEEKS 0-2 POSTOPERATIVE (TYPE II AND IV) 

GOALS (BY END OF 2 WK) 

1. P/AAROM with following restrictions 1. Independent with HEP 

FL < 120 degrees 2. PROM 120 degrees maximum FL/scaption 

ER/l R < 30 degrees 3. PROM 30 degrees maximal ER/l R 

2. Table slides in FL/pendulums 4. Full hand, wrist AROM 

3. Scapular mobility exercises 5. Active elbow EXT to 30 degrees, full passive elbow 

4. Passive elbow FL FL 

5. Active hand, wrist ROM and gripping Précautions 

exercises 1. Sling compliance 

6. Submaximal pain-free isométries 2. No active biceps contraction 

IR/ER 3. Full active elbow EXT 

AB D/AD D 

Scapular retraction/depression 

PHASE II—GRADED AROM/STRENGTHENING 

WEEKS 3-6 POSTOPERATIVE 

GOALS (BY END OF 6 WK) 

1. Glenohumeral joint mobilizations (grades 1 
and II) 

2. Progressing PROM to tolérance 

3. Progress AAROM/AROM 

4. Progress scapular mobility exercises (side 
lying) 

5. Elbow FL—no résistance 

6. UBE with low résistance 

7. Initiate Theraband ER/IR isométries in neutral 
(sidestepping) 

8. Rhythmic stabilization progression 

9. PNF diagonals with light/moderate manual 
résistance 

1. Independent with HEP 

2. Gradually restore full PROM 

3. Discontinue sling as pain decreases and proximal 
stability increases (wk 3-4) 

4. Restore correct shoulder girdle mechanics 
(scapulohumeral rhythm) 

5. Full active elbow FL (pain-free) 

6. Full EXT by 4-6 wk depending on physician input 

7. Able to comb hair (if dominant arm) 

8. Sleep uninterrupted 

Précautions 

1. No lifting 

2. No ER with ABD > 90 degrees 

WEEKS 7-9 POSTOPERATIVE 

GOALS (BY END OF 9 WK) 

1. Continue progressing PROM—more 
aggressive mobilizations if needed (progress 
joint mobilizations grades III and IV as 
needed) 

2. Elbow FL with light weights (1-5 Ib) 

3. UBE—increase intensity 

4. Progress isotonies as able (Theraband/light 
weight) 

5. Progress rhythmic stabilization/PNF diagonals 

6. Progress closed-chain exercises (especially wall 
push-ups) 

1. Independent with HEP 

2. AROM WNL 

3. Able to reach behind back for wallet 

4. Able to lift plate into eye-level cabinet 

Précaution 

No lifting > 5 Ib 

WEEKS 10-11 POSTOPERATIVE 

GOALS (BY END OF 11 WK) 

1. Progress above exercises as tolerated 

2. Theraband ER/IR 45 to 90 degrees increase 
speed/intensity (must be pain-free and 
demonstrate correct mechanics) 

3. Closed-chain scapular stability exercises 
(quadruped, tripod, side lying) 

4. Progress proprioceptive training to include 
progressive weight-bearing exercises on 
unstable surfaces 

1. MMT elbow FL 4/5 

2. MMT shoulder FL 4/5 

3. MMT shoulder ABD 4/5 

4. MMT shoulder ER 4/5 

5. MMT shoulder IR 4/5 

6. Able to lift 3 Ib into overhead cabinet 

7. Maintain scapulohumeral rhythm with strengthening 
and functional activities 

8. Able to tuck shirt and fasten bra 

Précaution 

No unilatéral lifting over head > 5 Ib 
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TABLE 52-2 


Réhabilitation Protocol for Superior Labral Anterior-Posterior (SLAP) Lésion—cont'd 

PHASE III— ADVANCED STRENGTHENING FOR RETURN TO SPORT 

WEEKS 12-15 POSTOPERATIVE 

GOALS (BY END OF 15 WK) 

1. Progress isotonies increasing résistance/ 
répétitions (exercises, throwing, lunges) 

2. Plyoball exercises if appropriate 

Chest pass 

Overhead throw 

Sideway throw 

One-handed bail on wall 

3. Progress shoulder strengthening (latéral 
pull-downs, rows) 

4. Isokinetic strengthening as needed 

1. MMT shoulder musculature 5/5 

2. Able to place > 10 Ib in overhead cabinet 

WEEKS 16 TO 24 POSTOPERATIVE 

GOALS (BY END OF 6 MO) 

1. Initiate interval throwing (per physician 
input) 

2. Initiate sport-specific/functional training 

3. Isokinetic testing if requested 

1. Return to sport/activity of choice 

2. Independent with exercise progression 


ABD, abduction; ADD, adduction; AROM, active range of motion; ER, external rotation; EXT, extension; HEP, home exercise programs; FL, flexion; IR, internai rotation; 
MMT, manual muscle testing; P/AAROM, passive or active-assisted range of motion; PNF, proprioceptive neuromuscular facilitation; PROM, passive range of motion; 
ROM, range of motion; UBE, upper body exercises; WNL, within normal limits. 

*Protocol was developed for patients after SLAP lésion repair. Surgery and réhabilitation differ depending on type of lésion. Types I and III usually are treated with 
debridement.The biceps tendon is stable, so postoperative réhabilitation usually can progress as tolerated. Types II and IV indicate an unstable biceps tendon requiring 
repair. This protocol addresses range-of-motion limitations and limited active biceps work necessary for type ll/IV repairs. This is a guideline and may be adjusted to 
the clinical présentation and physician's guidance. 


humérus in 0 to 30 degrees of abduction for dynamic évalu¬ 
ation of the biceps followed by probing to evaluate for static 
stability. 

Boileau et al. described an hourglass-shaped biceps defor- 
mity that is associated with inflammation and triggering 
through the proximal pulley. Persistence of the triggering can 
resuit in pulley instability. The treatment is arthroscopic 
tendon debulking or tenodesis. In patients who hâve chronic 
impingement and persistent biceps tendinitis with more than 
50% of the biceps tendon disrupted, or with biceps tendon 
subluxation as described by Lafosse et al., Habermeyer et al., 
and Bennett, an arthroscopic or mini-open tenodesis can be 
used (Fig. 52-15). In younger, active patients, a biotenodesis 
screw or suture anchors are indicated for tenodesis. Both of 
these techniques hâve been shown to hâve good fixation and 
to resist cyclic displacement. For middle-aged patients, a soff- 
tissue tenodesis may be adéquate. In older patients with prior 
informed consent, the best results are achieved with simple 
tendon release and stump debridement. 

Osbahr et al. compared the results in 80 patients (average 
âge 58 years) who had an arthroscopic tenotomy with 80 
patients (average âge 54 years) who had biceps tenodeses. The 
results for cosmesis, muscle spasms, and anterior shoulder 
pain were similar in follow-up questionnaires. Indications 
for biceps tenotomy included âge older than 50 years and no 
heavy work activities. These patients were placed in three 
categories: (1) chronic bicipital tendinitis with tear, (2) médial 
subluxation, or (3) degenerative SLAP tear with biceps lésion. 
Walch et al. reviewed 307 patients with biceps tenotomy; 
87% were satisfied with the results. A poor outcome was often 
associated with the preoperative findings of a high-riding 
humérus and associated fatty infiltration of the rotator cuff. 


BICEPS TENDON RELEASE 


TECHNIQUE 52-7 


■ Perform arthroscopy of the shoulder through standard 
anterior and posterior portais. 

■ Release the biceps tendon at its glenoid attachment with 
an arthroscopic electrode or arthroscopic scissors to allow 
for a thickened biceps tip, which should hang up in 
the bicipital sling, thus preventing a severe "Popeye" 
deformity. 

■ Débridé any attached stump with a shaver. 

POSTOPERATIVE CARE. Patients are given a sling to 
wear for 3 to 5 days for comfort; a full range of motion 
is allowed. No resisted elbow flexion is allowed for 1 
month. 


ARTHROSCOPIC BICEPS TENODESIS 
WITH A PERCUTANEOUS 
INTRAARTICULAR TENDON 

Sekiya et al. described a technique that should be used in 
middle-aged patients who are not participating in high- t 
level sports or heavy lifting. Indications are as for other 
biceps tendon problems with chronic bicipital tendinitis and ê 
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Mazzocca et al. subpectoral mini-open biceps tenodesis. A f Skin incision. B, Location of biceps tendon made by dissect- 
ing through superficial fascia using blunt dissection to palpate tendon. C f Probe is used towithdraw tendon from joint and out of incision. 
D, To ensure appropriate tensioning, 20 mm of diseased portion of tendon is excised. E f Guidewire is placed in center of bicipital groove, 
usually at junction of middle and distal thirds of intertubercular groove between lesser and greater tuberosities. A 7- or 8-mm acorn reamer 
is placed over this and reamed to 15 to 20 mm. F f Suture is placed through Arthrex Bio-Tenodesis driver, and one suture is left out. 
G, Bio-Tenodesis screw inserted into bone tunnel, and suture that was left out of driver is tied to suture that is in cannulated portion 
of tenodesis screw. H, Musculotendinous junction rests in its anatomie location underneath inferior border of pectoralis major tendon. 
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S an associated tear, médial subluxation, or bicipital pain with 
an associated SLAP tear. 


TECHNIQUE 52-8 


(SEKIYA ETAL) 

■ Place the patient in a beach chair or latéral decubitus 
position. 

■ Insert a spinal needle from the anterior aspect of the 
shoulder into the bicipital groove and through the trans¬ 
verse humerai ligament and the latéral aspect of the 
internai capsule. 

■ Under direct view, pierce the biceps tendon with the 
spinal needle. Thread a No. 1 PDS (Ethicon, Somerville, 
NJ) through the spinal needle and pull it through the 
anterior portai with a grasper. 

■ Insert a second spinal needle through the transverse 
humerai ligament from the anterior shoulder and pierce 
the biceps tendon near the first suture. Thread a second 
No. 1 PDS through the spinal needle and pull it out of 
the anterior portai. 

■These two sutures are used to pull a No. 2 braided, 
nonabsorbable suture through the biceps tendon. Tie the 
No. 2 suture to one strand of the PDS and pull it from 
the puncture wound in the anterior aspect of the shoulder 
through the biceps tendon and out of the anterior 
cannula. Tie the end of the suture that was pulled through 
the anterior cannula to the other PDS and pull it back 
through the anterior cannula, through the biceps tendon, 
and out of the anterior shoulder puncture wound. This 
créâtes a mattress suture, which secures the biceps 
tendon to the transverse humerai ligament in the bicipital 
groove. 

■ Repeat these steps to create a second mattress suture to 
secure the biceps tendon. Sutures of different colors can 
be used to simplify suture management. 

■ After the biceps tendon is adequately secured, use an 
arthroscopic scissors or biter to transect the biceps tendon 
proximal to the suture. 

■ Débridé the stump of the biceps anchor down to a 
smooth, stable rim on the superior labrum. 

■ At this point, direct the arthroscope into the subacromial 
space. Establish a latéral portai and perform any concomi¬ 
tant procedures, such as a subacromial décompression or 
rotator cuff repair. Avoid transection of the previously 
passed sutures. We prefer to perform a subacromial 
bursectomy before passing tenodesis sutures. 

■ Locate the sutures securing the biceps tendon to the 
transverse humerai ligament in the bicipital groove in the 
subacromial space and pull through the latéral portai. 

■ Sequentially tie the sutures using standard arthroscopic 
knot-tying techniques. 

■ Remove ail fluid and débris and close portais in the 
standard fashion. Dress the wound and place the shoulder 
in a sling. 

POSTOPERATIVE CARE. If an isolated arthroscopic 
biceps tenodesis was done, the patient is immediately 
started on passive pendulum exercises and active wrist 
and hand range-of-motion exercises. At 1 week after 
surgery, gentle passive elbow and shoulder range of 


motion is begun in ail planes under the guidance of a 
physical therapist. The sling is used for 4 weeks. Active 
motion and gentle strengthening of the shoulder and 
elbow can begin 8 weeks after surgery. By 12 to 16 weeks 
after surgery, the patient is "weaned" from physical 
therapy to a home exercise program. Unrestricted use of 
the extremity is allowed 4 to 6 months after surgery. 


BICEPS TENODESIS: ARTHROSCOPIC 
OR MINI-OPEN TECHNIQUE 

Tenodesis can be done with a PEEK tenodesis screw or with 
two suture anchors. The résistance to cyclic loading is 
comparable in both techniques, whereas the ultimate pull- 
out strength of the biotenodesis screw is stronger than the 
suture anchors. Whether done arthroscopically or through 
a mini-open approach with a small anterior incision or a 
small subpectoral incision, long-term resultsarecomparable, 
and the technique should be chosen based on the skills 
and expérience of the operating surgeon. 


TECHNIQUE 52-9 


(ROMEO ETAL MODIFIED) 

■ Place the patient in the latéral decubitus position, with 
the shoulder abducted 30 to 40 degrees and forward 
flexed 30 degrees. 

■ Pass an 18-gauge needle from the antérolatéral corner of 
the acromion through the rotator cuff and into the biceps 
tendon. 

■ Pass a No. 1 monofilament suture through the 18-gauge 
needle, capture it with a grabber from the anterior portai 
and then extract it. 

■Use a No. 11 blade along the same plane as the spinal 
needle to make a vertical incision in the lower portion of 
the visible biceps tendon sheath to aid in finding the 
tendon later in the subacromial space. 

■ After the tendon is marked with a suture, use an 
arthroscopic basket to release the tendon from its origin 
just latéral to the superior labrum. This complétés the 
préparation for the biceps tenodesis during the glenohu- 
meral joint arthroscopy. 

■ Make an antérolatéral portai 2 to 3 cm below the pal¬ 
pable edge of the anterior acromion in the center of the 
anterior third of the acromion. Visualization is maintained 
through the latéral portai or with a 70-degree scope 
through the posterior portai; the anterior portai is the 
working portai. 

■ Place an arthroscopic shaver in the anterior portai and 
remove ail adventitial tissue. Anatomie landmarks and the 
monofilament suture are used for localizing the tendon 
in the groove. The falciform ligament of the pectoralis 
tendon is a reproducible landmark. The biceps tendon is 
directly under this structure. 

■ Using an arthroscopic basket, identify the sheath and 
open it. Use electrocautery to clean surrounding tissues 
and use a probe to free the tendon. Extend the dissection 
proximally to the latéral aspect of the rotator interval. 
Avoid proceeding too far medially. Otherwise, the 
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POSTOPERATIVE CARE. Postoperative management 
dépends largely on the types of procedures that were 
performed in conjunction with the biceps tenodesis. If 
only a biceps tenodesis was done, the postoperative 
procedure is the same as for arthroscopic acromioplasty 
(see Technique 52-17). Strengthening activities related to 
elbow flexion or forward élévation of the arm with the 
elbow extended should be restricted until 6 weeks after 
the biceps tenodesis. 


dissection to expose the biceps tendon from the biceps 
sheath may lead to a partial displacement of the superfi- 
cial attachment of the subscapularis tendon. 

■ Débridé soft tissues to expose the bicipital groove. 

■ Pull the tendon directly out through the skin incision of 
the antérolatéral portai. 

■ Place a hemostat on the tendon at the level of the skin 
to prevent it from retracting underneath the skin. 

■ The placement and tension of the tenodesis are important 
for anatomie repair. To approximate the intraarticular 
distance, remove 20 mm of tendon and place a Krackow 
stitch of No. 2 FiberWire. 

■ Allow the sutures to fall back into the subacromial space. 

■ Place cannulas into the anterior and antérolatéral portais 
and shuttle the sutures into the anterior portai so that they 
are out of the way for the bone tunnel préparation. 

■ Use a latéral portai for exposure and identify the bicipital 
groove. 

■ For instrumentation, use an 8.25-mm clear cannula in the 
anterior portai to enhance exposure and minimize soft- 
tissue distention. Through the antérolatéral portai, insert 
a tenodesis reamer into the center of the bicipital groove, 
10 to 15 mm below the insertion of the supraspinatus 
latéral to the subscapularis insertion at the level of the 
transverse humerai ligament. The depth of insertion is 
20 mm. For most men, an 8-mm reamer is used, and for 
most women, a 7-mm reamer. The tendon can be con- 
toured slightly to make sure it fits easily. Ream to a depth 
of 25 mm. 

■ Retrieve the sutures out of the antérolatéral portai and 
slide an 8-mm cannula over the sutures to align them 
over the tunnel. 

■ Pull the sutures through a swivel-lock tip and hold tension 
on the construct to push the biceps into the base of the 
tunnel. 

■ Insert the tenodesis screw flush with the cortex. 

■ Check for stability by rotating the humérus. 


■ SUBPECTORAL BICEPS TENODESIS 

Successful arthroscopic subpectoral tenodesis has been 
described by several authors. Currently, mini-open or open 
subpectoral tenodesis with a small nonabsorbable screw is 
indicated in patients who are not athlètes participating in 
contact sports or overhead throwing (see Fig. 52-15). 

ANTERIOR INSTABILITY 

Since Detrisac and Johnson first introduced the staple capsu- 
lorrhaphy in the 1970s, arthroscopic shoulder stabilization 
procedures hâve evolved with continued development of 
technology and procedure modifications. Arthroscopic 
suture anchors, capsular plication, and interval closure repair 
techniques were developed, with a récurrence rate in appro- 
priately selected patients being comparable to that of open 
techniques. 

As the technique evolved, so did the indications and 
contraindications. In a study of 190 patients, Burkhart and 
DeBeer noted an increased récurrence rate (from 6.5% to 
89%) in contact athlètes when a 25% glenoid defect or an 
engaging Hill-Sachs lésion alone or in combination was 
présent. Di Giacomo et al. developed the concept of “on-track” 
and “off-track” lésions based on évaluation of bipolar bone 
loss at the glenoid and humerai head (Fig. 52-16 and Box 
52-2). Glenoid lésions involving more than 25% are treated 
with a Bankart-Bristow-Latarjet procedure (see Technique 



Off-track Hill-Sachs lésion. A, Three-dimensional CT showing glenoid face with bone loss of width d. In this case, the 
glenoid track is 83% of the normal glenoid width minus d. A2-B2 is the long axis of the glenoid. B, Relation of glenohumeral joint in 
abduction and external rotation. Note loss of contact of the intact humerai articular surface with glenoid articular surface because of 
anteroinferior glenoid bone loss. The large Hill-Sachs interval (distance from posterior rotator euff attachments to the médial margin 
of the Hill-Sachs lésion) is wider than the glenoid track the width of which has been reduced by glenoid bone loss. (From DiGiacomo G, 
Itoi E, Burkhart SS: Evolving concept of bipolar bone loss and the Hill-Sachs lésion: from "engaging/non-engaging" lésion to "on-track/off-track" 
lésion, Arthroscopy 30:90, 2014.) 
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Determining If a Hill-Sachs Lésion Is "On Track" 
or "Off Track" 


1. Measure the diameter (D) of the inferior glenoid, either 
by arthroscopy or from a three-dimensional CT scan. 

2. Détermine the width of the anterior glenoid bone loss (d). 

3. Calculate the width of the glenoid track (GT) by following 
the formula: GT = 0.83 D - d. 

4. Calculate the width of the HSI, which is the width of the 
Hill-Sachs lésion (HS) plus the width of the bone bridge 
(BB) between the rotator cuff attachments and the latéral 
aspect of the Hill-Sachs lésion: HIS = HS + BB. 

5. If HSI > GT, the HS is off track, or engaging. If HSI < GT, 
the HS is on track, or nonengaging. 

From DiGiacomo G, Itoi E, Burkhart SS: Evolving concept of bipolar bone loss and 
the Hill-Sachs lésion: from "engaging/non-engaging" lésion to "on-track/off- 
track" lésion, Arthroscopy 30:90, 2014. 


TABLE 52-3 


Instability Severity Index Score 


PROGNOSTIC FACTORS POINTS 

Age at surgery (yr) 

<20 2 

>20 0 

Degree of sport participation (preoperative) 

Compétitive 2 

Recreational or none 0 

Type of sport (preoperative) 

Contact or forced overhead 1 

Other 0 

Shoulder hyperlaxity 

Shoulder hyperlaxity (anterior or inferior) 1 

Normal laxity 0 

Hill-Sachs on anteroposterior radiograph 
Visible in external rotation 2 

Not visible in external rotation 0 

Glenoid loss of contour on anteroposterior 
radiograph 

Loss of contour 2 

No lésion 0 

Total (points) 10 


From Balg F, Boileau P: The instability severity index score, J Bone Joint Surg 
89B:1470, 2007. Copyright British Editorial Society of Bone and Joint Surgery. 

52-11). Glenoid lésions that involve less than 25% but are 
nonetheless off track are treated with an arthroscopic Bankart 
procedure with the addition of a remplissage procedure. 
Boileau et al. observed 91 patients for 36 months and found 
an overall récurrence rate of 15.3%. Balg and Boileau devel- 
oped an injury severity index (Table 52-3) and found a 
récurrence rate of 75% with glenoid bone loss and hyperlax¬ 
ity. Shaha et al. showed that in the active military population, 
bone loss of 13.5% resulted in a significant decrease in func- 
tional outcomes. Likewise, Neviaser noted inferior results 


when treating anterior periosteal sleeve avulsions in young 
patients. 

At this time, we believe that the arthroscopic procedure 
with plication and inter val cio sure as indicated and repair of 
the capsulolabral defects produces comparable results to an 
open procedure. Surgeons should evaluate their skills and 
technical expertise and choose between an open and 
arthroscopic procedure based on the best procedure for their 
level of expertise and the pathologie process présent. 

Indications for shoulder stabilization procedures include 
primary dislocation in high-risk patients involved in contact 
or collision sports near the seasons end or dislocation of the 
dominant shoulder in an athlete who uses an overhead 
motion. Récurrence of instability despite conservative treat- 
ment also is an indication for shoulder stabilization (see Box 
52-1). Contraindications include an uncooperative or medi- 
cally unstable patient. Relative contraindications include 
glenoid bone loss of 25% (~ 6 mm) and an off-track Hills- 
Sachs lésion and an anterior HAGL lésion (see Box 52-1). 

The HAGL lésion was originally described by Nicola in 
1942 and subsequently by Bach, Wolf, and Baker et al. Wolf 
described the HAGL lésion in 9.3% of patients with shoulder 
instability. Both anterior and posterior humerai avulsions 
with and without a piece of bone and a floating inferior gle- 
nohumeral ligament both anteriorly and posteriorly hâve 
been reported. Preoperative MRI in the acute setting or MRA 
in the subacute setting as well as thorough arthroscopic 
examination are needed to identify and treat ail points of 
damage (Fig. 52-17). Open and arthroscopic repairs of the 
HAGL lésion hâve been described, and at this time most 
authors believe that an open procedure is the easiest and most 
reproducible way to repair anterior lésions. 

Pertinent technical points for the success of arthroscopic 
Bankart repair include the following: 

Realistic patient goals and time frames 
Careful évaluation and identification of ail significant patho¬ 
logie conditions, including preoperative MRI or a three- 
dimensional CT scan to evaluate significant bone defects 
associated with récurrent instability. An arthroscopic 
examination through an anterosuperior portai is per- 
formed to evaluate glenoid bone loss forming the so-called 
inverted-pear defect. 

Release of the capsular ligamentous complex around to 
approximately the 6-oclock position so that the underly- 
ing subscapularis muscle can be clearly seen to allow 
appropriate superior advancement of the capsule 
Abrasion of the glenoid neck to promote bony bleeding for a 
well-vascularized bed for optimal capsular healing 
Superior advancement of the glenohumeral complex to 
restore physiologie tension and eliminate any potential 
drive-through sign; an injury to the posterior inferior 
glenohumeral ligament is offen présent and should be 
repaired to restore normal tension; any appréciable Hill- 
Sachs lésion in a collision athlete is repaired with a 
remplissage procedure, except for a lésion of the domi¬ 
nant shoulder in a throwing athlete; secure anatomie fixa¬ 
tion 1 to 2 mm over the articular surface with a minimum 
of three suture anchors and secure loop and knot fixation 
to compress the capsuloligamentous complex to the bone 
surface and provide adéquate fixation during the early 
healing stage; placement of knots or knotless anchors to 
avoid impingement 
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A f Humerai avulsion of glenohumeral ligament with exposure of posterior cuff. B f Posterior glenoid avulsion of 
glenohumeral ligament same patient. C f Repaired floating humerai avulsion of glenohumeral ligament. 


Repair of significant rotator interval, labral, and cuff defects 
Supervised, goal-oriented réhabilitation 


ARTHROSCOPIC BANKART 
REPAIR TECHNIQUE 


TECHNIQUE 52-10 


■ Place the patient on the operating table in the latéral 
decubitus position with a beanbag and kidney rest. Care- 
fully protect ail bony prominences as well as the axillary 
area. Apply a heating blanket and serial compression 
devices around the lower extremities. Préparé and drape 
the patient so that there is wide exposure to the anterior, 
posterior, and superior aspects of the shoulder. Place the 
arm in 45 degrees of abduction and 20 degrees of 
forward flexion using 12 to 14 Ib of traction. 


■Outline the bony landmarks and mark the potential 
portais on the skin. 

■ Place the posterior portai 2 cm inferior to the postérolat¬ 
éral edge of the acromion. 

■ Before making additional portais, thoroughly examine 
the shoulder through the posterior portai to identify the 
most appropriate sites for placement of the anterior 
portais and for any additional posterior portais that may 
be necessary. Carefully visualize the entire labrum, 360 
degrees of the shoulder joint, and the attachment of 
the glenohumeral ligament to the humérus from ante¬ 
rior to posterior. Thoroughly evaluate the glenohumeral 
joint for bony loss of the glenoid or humerai head. 
Defects of the humerai head measured from the cuff to 
the médial edge of the lésion should be repaired by 
remplissage if more than 83% of the glenoid articular 
surface is measured anterior to posterior using a cali- 
brated probe (see Technique 52-15). Glenoid bone loss 
greater than 6 mm should be restored with an open 
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Latarjet procedure. Proper preoperative planning élimi¬ 
nâtes surprises. 

■ After identifying the quadrant or quadrants of injury to 
the labrum, create the planned portais using spinal needle 
localization according to the quadrant approach as shown 

in Figure 52-18. 

■ Make an anterosuperior portai with the cannula entering 
the shoulder just posterior to the biceps tendon and 
anterior to the leading edge of the supraspinatus tendon. 
It is the best portai to visualize the full extent of the 


capsular ligamentous damage and to best identify the 
particular lésion (Fig. 52-19). 

■ Make an anterior central portai to place an 8.25-mm clear 
cannula just above the superior edge of the subscapularis 
tendon at an angle of approximately 45 degrees to the 
glenoid articular surface. This is used for placement of 
anchors and for instrumentation using a suture shuttle. 

■ If the lésion extends posterior, make a 7-o'clock portai 
posteriorly using spinal needle localization. Enter the joint 
at an appropriate angle for placement of a suture anchor 






Four-quadrant approach by Seroyer et al. A f In the superior quadrant, SLAP tears between 2 and 10 o'clock are 
accessible through anterior portai (AP), anterosuperior latéral (ASL), and the portai of Wilmington (PW). B f In the anterior quadrant, 
anteroinferior labral tears are accessible through the anterior portai (AP) and the 5-o'clock portai. C f In the anteroinferior quadrant, 
anteroinferior capsulolabral tears are accessible through the 5- and 7-o'clock portais. D f In the posteroinferior quadrant, posterior labral 
tears can be accessed through the 7-o'clock portai. SEE TECHNIQUE 52-10. 
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A f Soft-tissue Bankart lésion. B f Bony Bankart lésion. C f Anterior labral periosteal sleeve avulsion. D f Glenoid avulsion 
of glenohumeral ligament. E f Glenoid labral articular disruption. F, Juvénile glenoid avulsion of the glenohumeral ligament. SEE 

TECHNIQUE 52-10. 


9 in the inferior part of the glenoid if necessary or for 
placement of a shuttle for passing sutures along the 
capsular ligamentous complex. 

■ While visualizing from the anterosuperior portai, use an 
elevator to free up the capsule down to the subscapularis 


muscle, which should be visible. Abrade the glenoid neck 
to stimulate healing (see Fig. 52-2IA). 

■ While visualizing from the anterosuperior portai if neces¬ 
sary, perform a capsular plication procedure posteriorly, 
extending along to the attachment of the posterior band 





CHAPTER 52 ARTHROSCOPY OF THE UPPER EXTREMITY 



JjJ Bankart repair. A f Capsule and labral complex freed. B f Anchor inserted on articular edge. C f A 1-cm capsular bite 
taken with Spectrum suture passed distal to anchor. D f Knots tied re-creating soft-tissue bumper. SEE TECHNIQUE 52-10. 


of the inferior glenohumeral ligament. Using a rasp, 
freshen the soft tissue and the intended area of plication 
to incite some inflammation without damaging the tissue. 

■ Use a suture shuttle to pass PDS sutures, starting at about 
the 6-o'clock position and taking a bite of approximately 
1 cm of capsule in a pinch-tuck technique, making sure 
that the needle cornes out through the capsule and 
passes up under the labrum in its appropriate position. 
The sutures can be tied at the time they are passed, but 
it may be easier to pass multiple sutures first, store them 
outside the cannula, and tie them later. Generally, three 
sutures are passed, with the upper extent being at the 
attachment of the posterior band of the inferior gleno¬ 
humeral ligament. 

■ Now perform the anterior part of the Bankart procedure. 
Abrade the anterior neck and free up the capsule and 
labral complex so it can be advanced superiorly (Fig. 
52-20A). Plan the position of the suture anchors, trying 
to get three or four anchors placed below the 3-o'clock 
position. 

■ The most inferior anchor often is best placed using a 
5-o'clock percutaneous portai made with the help of a 


spinal needle for localization. Place the spinal needle at a 
45-degree angle to the articular surface. The Spear point 
guide can be placed at the 5:30 position on the neck, 1 
to 2 mm on the articular surface for reaming and place¬ 
ment of the suture anchor. To obtain the best area of 
bone for drilling at a lower level, the use of an angled 
reamer and anchor inserter, such as the JuggerKnot 
(Biomet, Warsaw, IN), can be placed percutaneously. This 
provides excellent fixation in this position (Fig. 52-20B). 

■ The second and third anchors may be either single-loaded 
or double-loaded anchors and usually are PEEK double- 
loaded anchors. Recently, we hâve used knotless anchors 
to provide secure fixation without the risk of knot 
impingement. When knots are used, use the cannula to 
direct the knot away from the articular surface as it is 
being seated. With this technique, take the most inferior 
suture out the posteroinferior cannula using a suture 
grasper. Obtain a good bite of the capsule and labrum 
just distal to the intended site of the anchor (Fig. 52-20C). 
Take this PDS out of the posterior inferior cannula and 
secure it around the inferior suture limb of the anchor, 
and then retrieve it out the anterior cannula. Grasp the 




PART XIV ARTHROSCOPY 


9 two sutures not involved in the first knot with a suture 
retrieval device from the posterior cannula, take them out 
the posterior cannula, and store them for later tying. The 
arthroscopic knot is then tied. 

■ Firmly secure the first suture that was passed through 
the labrum to the capsule and labrum up to the edge of 
the glenoid, creating an anterior bumper. Pass the supe- 
rior of the two suture limbs that were passed out the 
posterior cannula back through the anterior cannula. 
Use the shuttle to pass the shuttle loop through the 
capsule and labrum. Carry this shuttle out the posterior 
cannula and shuttle the second suture through the 
capsule and out the anterior cannula. Use the cannula to 
direct the knot away from the joint surface as it is 
secured. 

■ Place a third anchor either single-loaded or double-loaded 
using the same technique. Sometimes, some of the lower 
sutures can be used in either a single simple repair or as 
a mattress suture, depending on the type of tear and 
tissue involved. This is determined at the time of surgery. 
Three or four anchors are placed, each separated by 5 to 
7 mm. Tie the knots securely, re-creating a soft-tissue 
bumper (Figs. 52-20D and 52-21). At this time, if the 
plication sutures hâve not been tied, they should be tied 


posteriorly from the posterior cannula and secured. In our 
practice, we generally tie these earlier in the procedure 
when they are placed, but some authors prefer to tie 
them later. 

■ If the patient had hyperlaxity and significant sulcus associ- 
ated with the Bankart lésion, perform a rotator interval 
closure at this time by withdrawing the anterior central 
cannula to just outside the capsule. Pass a crescent 
spectrum needle through the inferior glenohumeral liga¬ 
ment several millimeters into the ligament and out into 
the joint. Maintain one limb outside the capsule while the 
limb in the joint is retrieved using a penetrator device 
through the anterior central cannula. Grasp the intraar- 
ticular limb of the suture at the level of the superior 
glenohumeral ligament and retrieve it out of the cannula 
for extracapsular tying using an SMC (Samsung Medical 
Center, Séoul, South Korea)-type knot (see Fig. 52-59). 
Generally, two sutures are passed in securing the rotator 
interval if it is thought that the slight loss of external 
rotation is offset by the added stability of these additional 
sutures (Figs. 52-22 and 52-23). 

■ Upon completion, close the portais with subcuticular 
poliglecaprone 25 (Monocryl). Apply a stérile dressing and 
an UltraSling (DJO Global, Vista, CA). 



A f Abrasion of glenoid neck and capsular release to allow advancement of capsulolabral complex superiorly and later- 
ally to restore anatomy and physiologie tension. Arthroscope is in anterosuperior portai. B and C f Restored anterior labral bumper. SEE 


TECHNIQUE 52-10. 
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Complétée! Bankart repair with three anchors 
and capsule plicated inferiorly. Rotator interval is closed. SEE 

TECHNIQUE 52-10. 


POSTOPERATIVE CARE. The sling is applied after 
surgery and worn for 4 to 6 weeks. Physical therapy is 
started 2 to 3 weeks after surgery. Active-assisted range 
of motion is performed from weeks 2 to 8, and isométrie 
strengthening is performed from weeks 8 to 12. The 
athlete is allowed to return to preinjury conditioning 
programs and weight training at 12 weeks, and at 6 
months he or she is allowed to participate in contact 
sports based on range-of-motion and strength guidelines 
dictated by the contralatéral shoulder (Table 52-4). 


ARTHROSCOPIC BANKART-BRISTOW- 
LATARJET TECHNIQUE 

Boileau, Mercier, and Olds proposed the combined tech¬ 
nique as an alternative to capsulolabral repair in patients 
with anterior instability and significant glenoid bone loss. 
They reported a high rate of return to sports and a low rate 
of instability. Tasaki et al. recently reported on 40 rugby 
players who had anterior dislocations treated with this 



A f Repaired glenoid avulsion of the glenohumeral ligament. B f Repaired juvénile glenoid avulsion. C f Completed 
bony Bankart repair. SEE TECHNIQUE 52-10. 
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_ TABLE 52-4 

Ban kart Repair Réhabilitation Protocol 


PREOPERATIVE GOALS 

1. Independent with postoperative exercise program 

2. Independent with preoperative strengthening with isométries and isotonies in pain-free, stable range 

PHASE I 

WEEKS 1-2 POSTOPERATIVE NO FORMAL PT IF PATIENT HAS ACHIEVED 

PREOPERATIVE GOALS 


1. Pendulum exercises 

2. Elbow, forearm, wrist AROM 

3. Wrist isotonies and grip exercises 

4. Sling at ail times 

WEEKS 3-4 POSTOPERATIVE (PT QIW-TIW) 

1. Initiate PT approximately 15 d postoperatively 

2. PROM with the following restrictions 
FL < 160 degrees 

Scaption to < 150 degrees 

ER neutral to 30 degrees at 3 wk and 40 degrees at 4 wk 
IR in 45 degrees scaption < 60 degrees 

3. Gentle AAROM with cane 
FL < 160 degrees 

ER neutral as above 

4. Table slides in FL 

5. Scapular mobility exercises 
Protraction/retraction 
Elevation/depression 


GOALS (BY END OF 4 WK) 

1. Independent with HEP BID 

2. PROM 150 degrees maximal FL 

3. PROM 150 degrees maximal scaption 

4. PROM 40 degrees maximal ER 

5. PROM 60 degrees maximal IR in 45 degrees 
scaption 

6. Full wrist, elbow AROM 
Précautions 

1. Sling at ail times except PT 

2. No true ABD PROM 

3. No ER with arm abducted from body 


WEEKS 5-6 POSTOPERATIVE (PT QIW-TIW) 

1. PROM with the following restrictions: 

FL < 170 degrees 

Scaption < 160 degrees 
ER 45 degrees, scaption < 60 degrees 
IR 45 degrees, scaption to 60 degrees 
Home ADD to WNL 

2. AAROM—cane, pulley, wall walks 

3. Submaximal (25%) isométries at side for IR and ER, and 
ABD 

4. Submaximal manual résistance scapular protraction/ 
retraction and elevation/depression 

5. AROM—prone EXT and rows, supine protraction and 
reverse Codman 

PHASE II—GRADED AROM AND STRENGTHENING 

WEEKS 7-8 POSTOPERATIVE (PT BIW) 

1. PROM with the following restrictions 
FL to WNL 

Scaption to WNL 

ER 70 degrees, scaption to 70 degrees by end of wk 7 
ER 90 degrees, scaption to 70 degrees by end of wk 8 
IR to WNL 

2. Continued AAROM activities as needed 

3. AROM FL and scaption to 90 degrees 

4. Isotonies when able 

FL and scaption with 1-2 Ib 
ER and IR with 1-2 Ib (side lying) or Theraband 
(standing) 

Prone EXT, rows, and horizontal ABD < 90 degrees 
Biceps curls; triceps EXT 

5. UBE for endurance 

6. Proprioceptive training (bail wall dribble, weighted 
reverse Codman, submaximal manual résistance PNF) 


GOALS (BY END OF 6 WK) 

1. Independent with HEP BID 

2. PROM 170 degrees maximal FL 

3. PROM 160 degrees maximal scaption 

4. PROM 60 degrees maximal ER at 45 
degrees scaption 

5. PROM 60 degrees maximal IR at 45 
degrees scaption 

6. Home ADD to WNL 

Précautions 

1. Use of sling during sleep and in crowds 

2. No true ABD PROM 

3. No ER with arm ABD from body > 45 
degrees 


GOALS (BY END OF 8 WK) 

1. Independent with HEP QID 

Discontinue sling at ail times without 
increased pain 
PROM FL to WNL 
PROM scaption to WNL 
PROM 70 degrees maximal ER at 90 
degrees scaption 
PROM IR to WNL 

AROM FL and scaption at least 90 degrees 
with proper scapular mechanics 
Able to lift 2 Ib to eye-level cabinet 
Able to perform ail grooming and 
dressing activities independently and with 
normal mechanics 

Able to retrieve wallet from back pocket 
11. Able to open/close car door 
Précautions 

1. Avoid terminal ER/ABD 

2. Light-weight/high-repetition isotonies 


2 . 

3. 

4. 

5. 

6. 

7. 

8. 
9. 


10 
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TABLE 52-4 


Bankart Repair Réhabilitation Protocol—cont'd 

PREOPERATIVE GOALS 

WEEKS 9-10 POSTOPERATIVE (PT BIW) 

GOALS (BY END OF 10 WK) 

1. PROM ER 90 degrees, scaption to WFL 

2. Progress ail AROM to WFL 

3. Progress isotonie strengthening—Jobe rotator euff 
program 

4. Initiate isotonies—latéral pull-downs to chest, wall push- 
ups with elbows tight to side, step-ups, throwing lunges 

5. Advance proprioceptive training to include progressive 
weight-bearing exercises on unstable surface 

6. Advance endurance training for upper extremity and 
entire body 

1. PROM WFL ail directions 

2. AROM WFL ail directions 

3. MMT 4/5 FL 

4. MMT 4/5 scaption 

5. MMT 4/5 ER 

6. MMT4+/5IR 

7. MMT 5/5 EXT 

8. Able to place gallon milk in refrigerator 

9. Able to lift 5 Ib to eye-level cabinet 

10. Able to lift 2 Ib to overhead cabinet 
Précaution 

Evaluate for posterior capsular tightness; 
stretch if necessary 

WEEKS 11-14 POSTOPERATIVE (PT BIM) 

GOALS (BY END OF 14 WK) 

1. Progress isotonies — increase résistance 

2. Progress ER and IR isotonies toward 90 degrees ABD 
(Theraband, weights) 

3. Plyoball exercises if appropriate 

Chest pass 

Sideway throw 

Overhead throw 

4. Isokinetic strengthening as needed 

1. Independent with isotonie HEP 

2. MMT 5/5 FL 

3. MMT scaption 5/5 

4. MMT ER 5/5 

5. MMT IR 5/5 

6. Able to lift 10 Ib to eye-level cabinet 

7. Able to lift 5 Ib to overhead cabinet 

8. Full return to strenuous work 

Précaution 

No bench press or flies until 6 mo 
postoperatively 


AAROM, active-assisted range of motion; ABD, abduction; ADD, adduction; AROM, active range of motion; BID, twice a day; BIW, twice a week; BIM, twice a month; 
ER, external rotation; EXT, extension; FL, flexion; HEP, home exercise program; IR, internai rotation; MMT, manual muscle testing; PNF, proprioceptive neuromuscular 
facilitation; PT, physical therapy; QID, four times a day; QIW, four times a week; TIW, three times a week; UBE, upper body exercise; WFL, within functional limits; WNL, 
within normal limits. 

*The Bankart repair is intended to stabilize the anterior portion of the shoulder capsule that has lost integrity owing to répétitive or traumatic insult. It is paramount 
to protect healing tissue of the anterior capsule during early stages of réhabilitation. Avoidance of terminal ABD/ER is crucial during this period. This protocol is a 
guideline and may be adjusted according to the clinical présentation and physician's guidance. 


9 procedure. Ail players returned to compétitive rugby with 
no récurrent anterior dislocations at 2-year follow-up. 
Transection of the coracoid process is carried out before 
the arthroscopic Bankart repair. An open Bristow-Latarjet 
procedure is then performed for extraarticular augmenta¬ 
tion to provide stability. 


TECHNIQUE 52-11 


(TASAKI ET AL.) 

■ Position the patient in the beach chair position using an 
arm support. 

■ Through a 7-to 10-cm deltopectoral approach, severthe 
coracoacromial ligament and pectoralis minor tendon 
from the coracoid process and dissect the coracoid 
process, preserving the conjoined tendon. 

■ Decorticate and shape the eut end of the coracoid process 
so that it is approximately 15 mm long and the cancellous 
bone is convex (Fig. 52-24A). 

■ Fix the process to the anterior surface of the glenoid with 
a 4-mm cannulated cancellous screw. 


■ Préparé the coracoid fragment for fixation by measuring 
the length of screw needed to transfix the coracoid to 
the glenoid and then tapping and drilling perpendicular 
to the cancellous surface. 

■ Separate the subscapularis in the direction of its fibers, 
preserving the enthesis and the capsular ligament of the 
glenohumeral joint. Through the subscapularis interval, 
place a retractor at the glenoid neck to expose the 
anterior surface of the glenoid at the 4-o'clock position 
(right shoulder) (Fig. 52-24B). 

■ Perform an arthroscopic Bankart procedure as described 
in Technique 52-10. In an all-arthroscopic procedure, the 
bony Bankart lésion, if présent, may hâve to be resected 
so as not to interfère with the procedure. 

■ Mobilize the anteroinferior capsular ligament and pull it 
up and retension it. Suture the reduced ligament using 
at least four suture anchors placed evenly from the 
5:30 clockface position to the 2-o'clock position. 

■Attach the middle and inferior glenohumeral ligaments 
to the fractured portion of the glenoid and reduce them 
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Tasaki technique of combined arthroscopic Bankart repair and coracoid process (CP) transfer. A f Drilling of coracoid 
process for fixation to anterior aspect of glenoid. B f Exposure of anterior surface of glenoid (asterisk). Capsular ligament (CL) was 
preserved. SC, subscapularis. (From Tasaki A, Morita W, Yamakawa A, et al: Combined arthroscopic Bankart repair and coracoid process transfer 
to anterior glenoid for shoulder dislocation in rugby players: évaluation based on ability to perform sport-specific movements effectively, Arthroscopy 
31:1693, 2015.) SEE TECHNIQUE 52-11. 



Bristow method in a right shoulder. A, Washer used for fixation of coracoid bone graft. B, Anteroposterior radiograph 
showing fixation. (From Tasaki A, Morita W, Yamakawa A, et al: Combined arthroscopic Bankart repair and coracoid process transfer to anterior 
glenoid for shoulder dislocation in rugby players: évaluation based on ability to perform sport-specific movements effectively, Arthroscopy 31:1693, 
2015 ) SEE TECHNIQUE 52-11. 


S simultaneously with the repair of the capsular ligament. 
In an all-arthroscopic procedure, dissection of the rotator 
interval and part of the joint capsule is necessary to obtain 
adéquate exposure for the coracoid osteotomy. 

■ Next, fixation of the prepared coracoid fragment is carried 
out according to Bristow. Preserve the repaired capsular 
ligaments and avoid placing the graft latéral to the 
glenoid articular surface. 

■ Insert a guide pin from the anterior surface of the glenoid 
to the posterior surface, parallel to the glenoid surface at 
the 4-o'clock position (right shoulder). 


■ After confirming the position of the glenoid over the 
capsule, decorticate the cortex with a cannulated 8-mm 
bone reamer along the guide pin to obtain bleeding from 
the bone surface. To prevent osteoarthritic changes, care 
should be taken to avoid placing the graft latéral to the 
glenoid articular surface and to thoroughly préparé 
the bone. 

■ Insert the fragment over the guide pin and fix it to the 
anterior surface of the glenoid with a screw and washer 
that reach the contralatéral cortex of the glenoid 

(Fig. 52-25). 
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Repaired Bankart lésion after open Bristow 
procedure in a right shoulder. (From Tasaki A, Morita W, Yamakawa 
A, et al: Combined arthroscopic Bankart repair and coracoid process 
transfer to anterior glenoid for shoulder dislocation in rugby players: 
évaluation based on ability to perform sport-specific movements effec¬ 
tive^, Arthroscopy 31:1693, 2015.) SEE TECHNIQUE 52-11. 


■ Take care that the graft is close to the glenoid articular 
surface but does not protrude. 

■ Confirm the fixed position with plain anteroposterior and 
axial radiographs. 

■ Inspect the joint space arthroscopically, especially the 
repaired Bankart lésion (Fig. 52-26). 

■ Do not suture the subscapularis muscle. Close the 
incisions. 

POSTOPERATIVE CARE. A shoulder brace with the 
shoulder in neutral is used for 3 weeks, and range-of- 
motion exercises are then begun. When union is con- 
firmed, patients are allowed to begin training at 10 to 
12 weeks. 


POSTERIOR INSTABILITY 

Arthroscopic posterior shoulder stabilization has rapidly 
gained favor in recent years, with the results of open proce¬ 
dures having been less than adéquate. Arthroscopic repairs 
hâve been shown to be effective in athletic and nonathletic 
patients. In a study by Bradley et al. reviewing 100 shoulder 
procedures for posterior récurrent shoulder instability, the 
American Shoulder and Elbow Surgeons score improved 
from 50.36 to 85.66 at a mean follow-up of 27 months. 
Overall, 89% of their patients were able to return to sports 
and 67% were able to return to the same level of sports as 
preoperatively. We likewise believe that arthroscopic repair 
allows full exposure and correction of intraarticular pathol- 
ogy of the shoulder, and it allows the surgeon to fully define 
hidden pathologie lésions that offen are not évident on MRI. 
At this time, we use the procedure described by Kim et al. 
and often incorporate a rotator interval closure in contact 
athlètes or in any patients who hâve an inferior component 
to their posterior instability. As with anterior instability, 


excessive bone loss of more than 25% of the glenoid, a large 
anterior Hill-Sachs lésion, excessive glenoid rétroversion of 
more than 15%, or a pathologie collagen deficiency syndrome 
will resuit in inferior results; these conditions are relative 
contraindications to arthroscopic soft-tissue techniques. 


POSTERIOR SHOULDER 
STABILIZATION 


TECHNIQUE 52-12 


(KIM ETAL) 

■ Place the patient in the latéral decubitus position and 
préparé and drape the shoulder. 

■ Maintain the arm with latéral traction in 30 degrees of 
abduction and 10 degrees of forward flexion. 

■ Create a posterior portai 2 cm inferior to the postérolat¬ 
éral acromial angle. This position, which is about 1 cm 
latéral to a standard posterior glenohumeral portai, is 
used to improve access to the posteroinferior aspect of 
the glenoid labrum and capsule. 

■ Create two anterior portais, just distal to the acromiocla- 
vicular joint and proximal to the leading edge of the 
subscapularis, with at least 1 cm of distance maintained 
between them. If, while viewing through the anterosupe- 
rior portai, a loose flap of the posteroinferior aspect of 
the labrum is encountered, débridé the labrum. 

■ Introduce a small meniscal rasp (CONMED, Utica, NY) 
through the posterior portai to abrade the incomplète 
tear of the posteroinferior aspect of the labrum and the 
corresponding glenoid wall. If the posteroinferior aspect 
of the labrum is detached from the inner surface, and the 
junction between the labrum and the glenoid articular 
cartilage is intact, completely detach the labrum with use 
of a Liberator knife (CONMED, Utica, NY). 

■ Abrade the inferior and posterior aspects of the capsule 
to enhance healing. 

■ Place a suture anchor at the posteroinferior glenoid 
surface, within 2 mm of the margin of the glenoid, 
through the posterior portai. If a proper angle for suture 
anchor insertion cannot be achieved through the poste¬ 
rior portai, use an accessory posterior portai at about 
1 cm inferior and latéral to the standard posterior portai 
under the guidance of a spinal needle to maintain a 
downward angle toward the posteroinferior aspect of the 
glenoid (Fig. 52-27). 

■ Retrieve one end of the suture through the anterior 
midglenoid portai. 

■ Introduce a 90-degree angle suture hook, loaded with a 
Shuttle Relay (CONMED, Utica, NY), through the posterior 
portai to pierce the posterior band of the inferior gleno¬ 
humeral ligament at the same level as the glenoid surface. 
The posterior band of the inferior glenohumeral ligament 
is always incorporated into the first suture. 

■ Shift the suture hook about 1 cm superiorly and pass it 
under the posteroinferior aspect of the labrum. Retrieve 
the Shuttle Relay through the anterior midglenoid portai. 

■ Load the suture into the Shuttle Relay and pull it back out 
of the posterior portai and tie an SMC knot. Use two or 
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A f Posterior shoulder instability in pitcher resulting in capsulolabral detachment. B, Approximation of labrum with 
suture anchors. C f Closure of posterior arthroscopy portai by using shuttle relay to pass suture through one side of capsule and penetrate 
opposite side. Knot is tied extracapsularly and eut with knot cutter. SEE TECHNIQUE 52-12. 


three suture anchors. Knotless anchors can be used (Fig. 
52-28). 

POSTOPERATIVE CARE. The shoulder is immobilized in 
an abduction sling with an external rotation pillow for 6 
weeks. The arm is maintained posterior to the longitudinal 
axis of the trunk. Pendulum and active-assisted range-of- 
motion exercises are initiated at 3 weeks. At that time, 
forward élévation in the scapular plane and external 
rotation exercises with the arm at the side are regularly 
executed. Internai rotation behind the back is started at 
4 weeks postoperatively, but internai rotation with the 
arm elevated (the cross-body adduction position) is pro- 
hibited until 6 weeks postoperatively. At 6 weeks, internai 
rotation with the arm elevated and strengthening exer¬ 
cises are initiated. When the resuit of manual strength 
testing is 4+ or more, professional and collegiate-level 
athlètes may perform more vigorous strengthening exer¬ 
cises. Sports activities are allowed after 4 to 6 months, 
depending on the isokinetic measurement with a Cybex 
6000 dynamometer (Cybex International, Medway, MA) 
(i.e., sports activity can be resumed when strength in 
forward élévation, external rotation at the side, and 
internai rotation in 90 degrees of abduction is more than 
80% of the values on the contralatéral side). 



FIGURE 


U Completed repair. 
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MULTIDIRECTIONAL INSTABILITY 

Capsular laxity producing unidirectional and multidirectional 
instability can be successfully treated arthroscopically with 
plication or a shift procedure in one or more quadrants of the 
shoulder. Results of capsular volume réduction hâve been 
shown to be comparable with open techniques, although the 
capsular reinforcement by the open shiffing of one leaf over 
the other is not replicated. We hâve had success arthroscopi¬ 
cally comparable with open techniques but with much less 
morbidity. Bradley has shown that the use of anchors greatly 
increases the reliability and security of the shift. When 
anteroinferior instability with a 2 to 3+ sulcus sign is présent, 
a rotator interval closure is performed, and the capsule is 
shifted along the entire inferior glenohumeral ligament from 
the 3-oclock to the 9-oclock position. 


catch the axillary nerve. Extend the plication up to about 
the 9-o'clock position. 

■Close the rotator interval. For significant multidirectional 
instability, this is done using a Spectrum suture after 
having withdrawn the anterior cannula to just anterior to 
the capsule. Pass a PDS through the superior portion of 
the middle glenohumeral ligament and then retrieve it 
with a penetrator type grasper just superior to the supe¬ 
rior glenohumeral ligament. Close the interval with two 
sutures anteriorly. On completion, close the posterior 
capsule similarly by passing a suture on each side of the 
rent and closing it with the cannula just outside the 
capsule. These techniques can be done most easily by 
visualizing the anterior interval closure from the posterior 
portai and then moving the scope to the anterosuperior 
portai to visualize the posterior capsular closure. 

■ Close the arthroscopic portais with subcuticular Monocryl 
sutures and place stérile dressings. 

POSTOPERATIVE CARE. An UltraSling (DJO Global, 
Vista, CA) is applied with the arm in neutral rotation. The 
arm is kept in the sling postoperatively for 6 weeks. 


HUMERAL AND/OR GLENOID AVULSION 
OF THE INFERIOR GLENOHUMERAL 
LIGAMENT 

Humerai avulsion of the inferior glenohumeral ligament can 
be most easily repaired with a mini-open technique for 
anterior lésions. Posterior lésions can be repaired using dual 
posterior portais. The glenoid avulsion of the anterior infe¬ 
rior glenohumeral ligament must be visualized and repaired 
back to the labrum, which usually is stable (see Fig. 52-17). 
The glenoid avulsion of the glenohumeral ligament is 
repaired back to a stable labrum using a Spectrum to pass a 
No. 1 PDS through the capsule. Repair the capsule to the 
labrum similar to the plication procedure. Repair of the 
posterior glenohumeral ligament is as described in Tech¬ 
nique 52-14. 


ARTHROSCOPIC REPAIR OF 
POSTERIOR HUMERAL AVULSION OF 
THE GLENOHUMERAL LIGAMENT 


TECHNIQUE 52-14 


■ Place the patient in the latéral decubitus position, main- 
tained with a beanbag and kidney rest. Place the arm in 
60 degrees of abduction and 20 degrees of forward 
flexion maintained with 10 to 12 Ib of traction. 

■ Three portais are used for posterior repair. A posterior 
portai, an anterosuperior portai, and a posterior 7-o'clock 
portai are normally necessary. 

■ Fully evaluate the shoulder for ail pathologie entities. If it 
is determined that it is an isolated posterior avulsion of 


CAPSULAR SHIFT 


TECHNIQUE 52-13 


■ After examining the anesthetized patient and determin- 
ing the amount of hyperlaxity présent, place the patient 
in a latéral decubitus position and maintain the position 
with a beanbag and kidney rest. Carefully pad bony 
prominences. Apply a heating blanket and serial com¬ 
pression devices to the lower extremity. Place the arm in 
45 degrees of abduction and 20 degrees of flexion with 
10 Ib of traction. During the procedure, it is helpful 
to hâve an assistant to position the shoulder to obtain 
the most advantageous view and to place gentle pres¬ 
sure anteriorly or posteriorly when slight traction is 
necessary. 

■ Outline bony landmarks and potential portai sites on the 
skin. A posterior portai is made about 3 cm distal and 
in line with the postérolatéral acromial edge to evaluate 
the shoulder. The anterior portais are the anterosuperior 
latéral portai and the anterior central portai, which usually 
is about 1 cm latéral to the coracoid. Place working 
8.25-mm cannulas later in the procedure in the posterior 
and anterior central portais. The anterosuperior portai is 
used for visualization. 

■ Use a small arthroscopic rasp to abrade the capsule and 
labrum around the area to be plicated, which generally 
extends from the length of the glenohumeral ligament 
attachment, starting posteriorly at the 9-o'clock position 
and extending anteriorly through the 3-o'clock position. 
Freshen the soft tissue. 

■ Starting on the side of the shoulder where the most 
instability is présent, place 2.4-mm PEEK or biocomposite 
anchors at the articular edge spaced about 1 cm apart. 
Use a shuttle to take 1-cm plication bites, using a 
combination of simple and mattress sutures to plicate 
the capsule. Advance the capsule superiorly and use the 
cannula to direct the knots away from the joint surface. 
Use a Spectrum suture passer (CONMED, Utica, NY) 
to pass additional No. 0 PDS sutures to plicate as 
necessary. 

■ Carry the capsular plication around inferiorly, taking care 
not to get too deep or too far from the labrum so as to 
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9 the glenohumeral ligament and capsular attachment and 
that the attachment to the glenoid is stable, then a 
humerai repair is undertaken. With the arthroscope in the 
anterosuperior portai, create two posterior portais and 
place a 6-mm plastic cannula in each portai. The postero- 
inferior portai is used for placement of an inferior suture 
anchor. Abrade the neck area. Place the anchor and 
retrieve the sutures through the posterosuperior portai. 
With a grasping instrument maintained in the superior 
portai to put tension on the capsule, visualize the approxi- 
mate location of the anatomie attachment. Maintain 
tension on the capsule and place a penetrating retrieval 
device through the posteroinferior portai and through the 
capsule about 7 mm from its edge. Grasp the inferiormost 
suture and carry it into the inferior cannula. Use of a 
hand-off technique with an instrument from the superior 
portai can make this technique easier. 

■ Use the same technique to grab the more superior of the 
sutures, once again separating it from the previously 
retrieved suture by about 7 mm. Place the penetrator 
through the capsule about 7 mm from its torn edge and 
retrieve the second suture and take it back out the inferior 
capsule. Once again, the superior portai is used to keep 
tension on the capsule and a hand-off technique is used 
to aid in retrieving the suture and pulling it back through 
the capsule. Tie the mattress sutures down snugly, secur- 
ing the inferior portion of the tear to the neck. Use the 
inferior cannula to tie the arthroscopic SMC knots. 

■ Place a second biocomposite anchor in the more superior 
part of the anatomie attachment of the capsule in the 
posterior part of the neck. Place the penetrating device 
through the capsule and grab the inferior suture and pass 
it back out through the cannula. Grab the superior suture 
and again pass it back out through the cannula. Tie the 
arthroscopic mattress suture through the superior portai 
to obtain excellent compression of the capsule to the 
neck to ensure adéquate healing. If a side-to-side repair 
of the vertical component of the tear is achievable, a 
Spectrum with a crescent hook can be used to pass 
through the superior leaf of the tear. The suture can be 
retrieved with a penetrating device passed through the 
inferior leaf of the tear and then tied extracapsularly. 

■ On completion, check the stability and close the portais 
with Monocryl sutures. 

POSTOPERATIVE CARE. The patient is placed in an 
UltraSling with the arm in slight external rotation for 
6 weeks. 


HILL-SACHS LESION 


REMPLISSAGE 

The Hill-Sachs remplissage technique is similar to an 
arthroscopic repair of a partial-thickness, articular-surface 
rotator euff tear. It consists of fixation of the infraspinatus 


tendon and posterior capsule to the abraded surface of the 
Hill-Sachs lésion (Fig. 52-29A). 


TECHNIQUE 52-15 


(PURCHASE ETAL [WOLF] TECHNIQUE) 

■ Place the patient in the latéral decubitus position and 
leaned back approximately 30 degrees. Place with the 
shoulder in 30 degrees of abduction and 15 degrees of 
forward flexion. Suspend the arm with 15 Ib of distal 
traction. 

■ Enter the glenohumeral joint through a posterior portai 
that is placed at the latéral aspect of the convexity of the 
humerai head so that it is centered directly over the 
Hill-Sachs lésion (Fig. 52-29B). This remplissage posterior 
portai will allow initial visualization and évaluation of the 
joint as well as working access to the Hill-Sachs lésion. 
Create an anteroinferior portai in the rotator interval, 
which will be the primary working portai for the anterior 
labral repair. Establish an anterosuperior portai at the 
anterior margin of the acromion. This portai should enter 
immediately behind the biceps tendon. Switch the arthro¬ 
scope from the posterior portai to the anterosuperior 
portai and place the cannula into the posterior portai. 

■ While viewing from the anterosuperior portai, assess the 
Hill-Sachs lésion, glenoid bone loss, and anterior labral 
lésion, as well as the location of the posterior portai. The 
posterior portai placement is correct if it is located directly 
over the Hill-Sachs lésion and at an angle that will allow 
the placement of two anchors. If the posterior portai is 
not in the correct position, optimize its location with the 
assistance of a spinal needle at this time. 

■ Gently freshen the surface of the engaging Hill-Sachs 
lésion with a burr in reverse mode, taking care to remove 
a minimal amount of surface bone. Also freshen the 
surface of the entire posterior and inferior capsule with 
a whisker blade. In anticipation of a Bankart repair, the 
anterior labrum and glenoid neck must be prepared 
before one proceeds with the remplissage. 

■ While maintaining the caméra in the anterosuperior 
portai, carefully withdraw the cannula in the posterior 
portai from the posterior capsule and infraspinatus 
tendon but not through the deltoid. The mouth of 
the cannula will be in the subdeltoid space. Through the 
preexisting portai, pass the anchor cannula with the 
obturator through the infraspinatus tendon and posterior 
capsule. Place the first anchor in the inferior aspect of the 
Hill-Sachs lésion (Fig. 52-29C). Pass a penetrating grasper 
through the tendon and posterior capsule to grasp and 
pull one suture limb 1 cm inferior to the initial portai entry 
site. Place a second anchor in the superior aspect of the 
Hill-Sachs lésion. Use a grasper penetrator in the same 
fashion to pass one suture limb 1 cm superior to the initial 
portai entry site (Fig. 52-29D). Tie the inferior suture first 
with the knots remaining extraarticular in the subdeltoid 
space. Tie the superior suture to complété the remplis¬ 
sage. The knots can be visualized by opening the posterior 
wall of the subacromial bursa. These mattress sutures 
draw the infraspinatus and posterior capsule to the 
abraded bony surfaces, thus filling the Hill-Sachs lésion. 
A Bankart repair can now be completed (Fig. 52-29E). 




CHAPTER 52 ARTHROSCOPY OF THE UPPER EXTREMITY 


POSTOPERATIVE CARE. Postoperative care and immo- 
bilization are individualized and based on the patient's 
historyand pathologie findings. In general, an immobilizer 
is used for 6 weeks. Patients are allowed to remove the 
immobilizer for controlled activities of daily living such as 
eating, showering, and computer use within 1 to 2 days. 
They can remove it for these activities as long as the arm 
is not abducted and does not externally rotate beyond 
neutral. Active and résistive range of motion is started at 
6 weeks. No at-risk work activities or contact sports are 
allowed for 6 months. 


BONY BANKART LESIONS AND 
GLENOID FRACTURES 


TRANSOSSEOUS BONY 
BANKART REPAIR 

Simple fractures involving 25% of the glenoid surface can 
be reduced and secured using a percutaneous 5-o'clock 
portai and the Arthrex nesting guide System (Fig. 52-30A to 
C). Placement and fixation are confirmed with radiography. 



FIGURE 52-2 


^ A, Hill-Sachs lésion. B f Remplissage needle localization. C f First anchor placed. D f Second anchor placed. E f Completed 
remplissage. SEE TECHNIQUE 52-15. 
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A-C, Bony Bankart suture repair. SEE TECHNIQUE 52-16. 


Most bony lésions are not of the size or bone quality for 
screwfixation and are best repaired with suture anchor fixa¬ 
tion (Fig. 52-31A and B). 


TECHNIQUE 52-16 


(DRISCOLL, BURNS, AND SNYDER) 

■ Place the patient in the latéral decubitus position with 
10 Ib of traction. 

■ Establish anterosuperior, anteroinferior, and posterior 
portais. 

■ Looking through the anterosuperior portai and working 
through the anterior midglenoid portai, remove clots and 
scar tissue interposed between the fracture fragment and 
intact glenoid using an arthroscopic grasper and shaver. 

■ Use a Liberator knife (CONMED, Utica, NY) to free the 
bony fragments from the intact glenoid until subscapularis 
fibers can be seen and the bony fragment can be easily 
manipulated to an anatomie position with minimal tension. 


■ Pass a curved Spectrum suture passer (CONMED, Utica, 
NY) loaded with No. 1 PDS through the capsulolabral 
tissues at the "hinge point," which is the junction of the 
Bankart fragment and the intact glenoid inferiorly. Cir- 
cumferential fibers of the labrum generally are intact at 
this location. 

■ Retrieve both limbs of the PDS from the anterior midgle¬ 
noid portai and place them outside the cannula, where 
they can serve as traction sutures to aid in manipulation 
of the fracture fragment (Fig. 52-32A). 

■ Use an electrofrequency device to clear soft tissue from 
the anterior surface fragment, médial to the capsule and 
labrum, to improve visualization of transosseous tunnels 
and suture passage later in the procedure. 

BONY BANKART REPAIR 

■ The repair construct typically consists of three anchors: 
one at the inferior hinge point, one in the center of the 
intact side of the fracture defect, and one at the superior 
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FIGURE 


A f Larger bony fragment before screw fixation. B f After screw fixation. SEE TECHNIQUE 52-16. 


suture to shuttle one high-strength suture from the 
anchor around the anteroinferior capsulolabral tissue, 
and secure it with a sliding-locking knot and three 
alternating half-stitches. This results in good approxima¬ 
tion of the fracture fragment and aids in subséquent 
final réduction. 

■ Place the second anchor in the center of the intact side 
of the fracture bed, between the two transosseous 
tunnels, at the osteochondral junction, not on the face 
of the glenoid. Retrieve the anterior and posterior limbs 
of the PDS in the inferior tunnel into the anterior midg- 
lenoid and posterior cannulas, respectively, and use them 
to shuttle one suture limb from the anchor through the 
posterior portai through the inferior tunnel from posterior 
to anterior. 

■Shuttle the other limb of the suture through the more 
superior tunnel in a similar fashion, resulting in a mattress 
stitch capturing the bony fragment (Fig. 52-32C). Secure 
this stitch with a sliding-locking knot and three alternat¬ 
ing half-hitches, taking care to adequately reduce the 
bony fragment before locking the initial knot. 

■ Place the third anchor at the superior margin of the 
fracture site and perform soft-tissue repair with one to 
two additional simple stitches using a curved suture 
passer and standard shuttling (Fig. 52-32D). 


border of the fracture. As described later, sutures from 
the central anchor are passed through transosseous 
tunnels for bony fixation, and those from the anchors at 
the superior and inferior margins of the fracture site are 
used for soft-tissue repair and augmentation of the 
transosseous repair construct. 

■ Before the anchors are placed, drill two tunnels from 
posterior to anterior through the fracture fragment. 
Introduce the previously placed traction suture and a 
grasper through the anterior midglenoid portai, and use 
them to manipulate the fracture fragment laterally, expos- 
ing the subchondral bone of the fragment for tunnel 
drilling. 

■ Introduce a 14-gauge, 8-inch arthroscopy needle through 
the posterior portai (Fig. 52-32B) and into the subchon¬ 
dral bone of the fracture fragment slightly inferior to its 
center. If a 14-gauge needle is not available, a 2-mm 
anchor drill bit can be used to drill holes and a crescent 
Spectrum suture passer can be used to pass the PDS 
suture. 

■Pass a 0.062-inch (1.6-mm) Kirschner wire through the 
needle and drill across the fracture fragment from poste¬ 
rior to anterior to create the first tunnel. Remove the 
Kirschner wire, taking care to leave the needle in position 
within the bony fragment. 

■ Pass a No. 1 PDS through the needle and across the 
fracture fragment from posterior to anterior and retrieve 
both limbs of the suture from the anterior cannula. 

■ Repeat these steps, creating a second tunnel and 
passing a second No. 1 PDS approximately 4 to 5 mm 
superior to the first tunnel (Fig. 52-32B). Store these 
sutures outside the anterior midglenoid cannula for later 
shuttling. 

■ Place the first suture anchor inferiorly at the edge of the 
intact articular cartilage adjacent to the hinge point. Use 
the posterior limb of the previously placed traction 


■ LATARJET PROCEDURE 

Lafosse and Boyle described arthroscopic Latarj et procedures, 
with which they hâve had good results and minimal compli¬ 
cations (Fig. 52-33). These are procedures that should be 
performed only by advanced arthroscopists and after exten¬ 
sive training in a laboratory setting to see if one can safely 
reproduce results comparable to the excellent open Latarj et 
procedure results. 
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Driscoll et al. arthroscopic transosseous bony Bankart repair. A f Both limbs of suture retrieved from midglenoid portai 
and placed outside cannula to serve as traction sutures. B, Sutures placed 4 to 5 mm superior to first tunnel and stored outside anterior 
midglenoid cannula to be used for shuttling. C f After inferior labrum is secured, a second anchor is placed, the suture ends of which 
are shuttled through tunnels and out anteriorly, where they are tied over the bony fragment as a mattress stitch. D, Final repair consists 
of three suture anchors, with inferior and superior sutures passing around labrum and capsule and middle suture passing through 
osseous fragment being tied over bone anteriorly. (From Driscoll MD, Burns JP, Snyder SJ: Arthroscopic transosseous bony Bankart repair, 
Arthroscopy Tech 4(1):e47, 2015.) SEE TECHNIQUE 52-16. 


IMPINGEMENT SYNDROME 

In the évaluation of impingement syndrome, one should look 
at the cause, whether it is primary or secondary, the duration, 
the extent of involvement, and the potential for healing. In 
young patients, impingement offen is of a secondary variety 
resulting from mild instability or posterior capsular contrac¬ 
ture, as described by Andrews et al., Jobe et al., and Walch 
et al. The Walch group described internai impingement of the 
cuff against the posterior glenoid in a throwing athlete and 
related it to altered shoulder function from capsular imbal¬ 
ance. Primary impingement of the cuff against the undersur- 
face of the acromion should be evaluated for duration and 
extent of involvement, whether it is acute, caused by overuse 


tendinitis, or is a more involved tendinosis. It should be 
determined if degenerative changes are présent within the 
tendon and if there is a partial-thickness or full-thickness tear 
or tear s involving one or more tendons. 

Anteroposterior, latéral, and outlet radiographie views 
are helpful in evaluating the anatomy and determining the 
potential for primary impingement caused by the acromion 
or a degenerative acromioclavicular joint. Bigliani et al. clas- 
sified the acromial architecture into three types: type I is 
basically fiat, type II is curved similar to the curvature of the 
humerai head, and type III has a hook on the anterior portion 
of the acromion potentially resulting in impingement. Moor 
et al. evaluated what they termed the “critical shoulder angle,” 
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Arthroscopic view of complétée! Latarjet 


procedure. 


_ TABLE 52-5 ^ 

Stages of Fatty Degeneration of the Infraspinatus 
According to Time Elapsed Between the Onset of 
Functional Impairment and Operation 



STAGE 

STAGE 

STAGE 

TIME 

OTO 1 

1.5 TO 2 

2.5 TO 

< 6 mo 

1 

2 


6 mo to 1 yr 

2 

1 

2 

1-2 yr 


4 

2 

>2 yr 


2 

5 


From Goutallier D, Postel JM, Bernageau J, et al: Fat muscle degeneration in euff 
ruptures: pre- and postoperative évaluation by CT scan, Clin Orthop Relat Res 
304:78,1994. 


formed between the glenoid articular surface and the latéral 
edge of the acromion. Patients with angles of more than 35 
degrees had increased shear force and resulting euff disease. 
Further évaluation for chronic impingement syndrome or 
acute traumatic injury to the rotator euff is best evaluated by 
MRI. MRI évaluation of partial-thickness tears should be 
categorized into articular (A), bursal side (B), or intratendi- 
nous side (C) tears as described by Ellman. These can be 
further divided into grades I, II, or III, with grade I being 
3 mm or less, grade II being 3 to 6 mm, and grade III being 
more than 6 mm. This is best confirmed later at the time of 
arthroscopy. Another excellent MRI classification is that of 
Goutallier et al., originally described for CT évaluation and 
modified by Fuchs et al. for MRI évaluation of fatty degenera¬ 
tion and changes of the involved rotator euff musculature 
(Table 52-5). In this System, stages 3 and 4 are indications of 
a long-term chronic euff tear, which has a higher potential for 
failure when surgery is undertaken. 
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Using the Ellman classification for partial-cuff tears, 
Tasaki found that conservative treatment of the Al and A2 
types of euff tears did better in the short and intermediate 
term than did the B1 and B2 types of tears that tend to remain 
symptomatic despite conservative treatment consisting of an 
exercise program for more than 6 months. When surgery is 
contemplated, a risk-to-benefit ratio should be evaluated, 
with the probability of good to excellent results being quanti- 
fied for the individual patient. Evaluation of the literature 
found that the best potential for healing was in patients 
younger than 70 years with acute small tears (< 3 cm) and a 
healthy tendon-bone interface who are compliant with 
wearing a sling and going through an extended réhabilitation 
program of 6 to 9 months. The potential for healing is 
decreased in patients older than the âge of 70 years physiologi- 
cally and in patients with significant comorbidities, chronic 
massive tears, particularly with superior escape of the humerai 
head, and Goutallier stages III and IV tears. Goutallier stages 
III and IV tears, if accompanied by a tendinous stump of less 
than 15 mm and a positive tangent sign, hâve a 90% failure 
rate. Comorbidities, such as diabètes and degenerative arthri- 
tis of the other joints, particularly when the use of ambulatory 
devices will place extra strain on the euff, also should be 
considered. A study by Verma et al. found that carefully 
selected patients older than the âge of 70 years did well when 
treated for euff tears. Once again, individualization of treat¬ 
ment is necessary and thorough évaluation of potential 
healing and risks is needed to obtain the best long-term 
results. 

Healing factors for rotator euff repairs include the tendon 
and bone quality and the ability to place the tendon back into 
its normal footprint on the tuberosity, normally described as 
2.5 cm anteroposterior and 12 to 17 mm médial to latéral. 
Strong fixation of the repair is essential to prevent gapping of 
the tendon during cyclic or rotational loading. In particular, 
the anterior portion of the tendon or the anterior attachment 
of the rotator arch must be secured with each repair. 

Local stimulants, such as protein-rich plasma, hâve been 
tried, but at présent there are no significant scientific data 
showing that these substances benefit healing. Local bone 
marrow stimulation as described by Snyder allows the bone 
marrow éléments to become involved in the repair and has 
shown some potential for increasing healing and should be 
considered. 

Approaching euff repairs whether through a mini-open 
repair or an arthroscopic repair must be decided based on the 
skills of the surgeon and the surgical findings. Mini-open 
techniques hâve been shown to be less expensive and quicker 
but probably are associated with increased pain and subdel- 
toid scarring with some loss of motion as compared with 
arthroscopic techniques. The controversy of single-row versus 
double-row repair, or so-called transosseous équivalent 
repair, in which the second row is placed latéral to the tuber¬ 
osity, has been studied in clinical and laboratory studies. In 
the laboratory, the single-row repair covers approximately 
50% of the footprint of the original euff attachment. The 
double-row repair in several studies has been shown to cover 
nearly 100% of the footprint. In laboratory studies, the 
double-row repair has been shown to be superior in ultimate 
load-to-failure, compression, and résistance to capping with 
rotation and cyclic loading, most importantly, along the 
anterior edge of the repair where the rotator arch attaches. 
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Clinical results and foliow-up MRI of double-row and tran- 
sosseous équivalent repairs are better than for single-row 
repair in some studies, but other studies, such as that by 
Snyder, hâve shown excellent results using a single-row repair 
with multiple suture points of fixation. 

Clinically, there is no significant différence in healing in 
a small or medium-sized tear using single-row compared 
with double-row fixation. Large massive tears do better using 
with transosseous équivalent repair, with greater healing 
noted, but there is a caveat in that overconstraint of the repair 
has been reported in double-row repairs when trying to 
re-create footprint coverage. Trantalis et al. reported several 
disruptions of the repair at the muscle-tendon junction from 
overconstraint. 

In many individuals, the use of double-row repair can 
place anchors perilously close to each other and could resuit 
in a fracture of the tuberosity. Thus, double-row fixation offen 
is not feasible in smaller individuals, although a transosseous 
repair can be done by placing the anchors farther latéral to 
the tuberosity. 

The final issue is the cost of the repairs. Studies hâve 
shown that the least expensive repair is the mini-open tech¬ 
nique followed by arthroscopic single-row repair. The trans¬ 
osseous équivalent repair had the second highest cost, and 
the double-row repair had the highest cost because of 
increased operating room time and the increased number 
of implants used. The greatest cost to the patient is failure 
from inadéquate fixation and the need to hâve repeat 
surgery; repeat operating room time and time off work 
were quite costly. Thus, when determining fixation tech¬ 
niques, the best available technique for a particular patient 
with a particular pathologie process is still the one that 
should be used. 

Careful préparation is necessary before starting any 
technique. Being familiar with the procedure, understanding 
the known pathologie process, and being prepared to treat 
other presenting pathologie processes are critical. 

■ IMPINGEMENT AND ACROMIOPLASTY 

Acromioplasty is indicated when there is MRI evidence and 
arthroscopic confirmation of euff abrasion by the acromion. 
Routine acromioplasty is not indicated for traumatic euff 
tears. 


ARTHROSCOPIC ACROMIOPLASTY 


TECHNIQUE 52-17 


■ After general anesthésia is administered, evaluate the 
shoulder for range of motion; gently regain any lost 
motion. 

■ Place the patient in a latéral decubitus position using a 
beanbag and kidney rest under the torso, which is angled 
approximately 20 degrees posteriorly. The arm is main- 
tained in 20 to 40 degrees of abduction in a balanced 
skeletal suspension device. 

■ Carefully outline the bony landmarks, including the 
acromion, distal clavicle, acromioclavicular joint, and cora- 
coid process. 



Thickness of euff tear can be judged by distance 
of attached euff fibers from articular surface. In this case, tear is 
about 8 mm when using 5.5-mm shaver as reference scale. SEE 

TECHNIQUE 52-17. 


■ Inspect the glenohumeral joint first for evidence of any 
labral or articular cartilage damage and undersurface 
rotator euff tearing. 

■ If a rotator euff partial tear is identified, débridé the area 
of the tear with the full-radius resector to leave a smooth 
surface and to incite some pétéchial bleeding in the area. 
Gauge the depth of the tear, comparing it with the size 
of the shaver (Fig. 52-34). Normally, the supraspinatus 
insertion extends from the biceps to the bare area poste¬ 
riorly and from the articular surface medially to approxi¬ 
mately 17 mm laterally onto the tuberosity. 

■ Position the arm in 20 to 30 degrees of abduction, and, 
using a large 6-mm or 6.2-mm cannula, enter the sub¬ 
acromial space from the posterior portai. 

■ Advance a blunt trocar to touch the posterior aspect of 
the spine and advance it anteriorly to just beneath the 
antérolatéral aspect of the acromion. 

■ Break up adhesions in the subacromial space with a 
sweep of the cannula medially and laterally. 

■ Palpate the undersurface of the acromion to ensure 
correct trocar placement and to palpate the area of 
impingement. 

■ Bring the arthroscope with the inflow connected through 
the posterior portai. Orient the caméra in an upright 
position and direct the arthroscopic lens to view laterally 
where a spinal needle is being brought in through the 
area of the potential midlateral portai about 3 cm distal 
to the acromion in line with the posterior aspect of the 
acromioclavicular joint. Move the spinal needle in and 
evaluate its orientation to ensure that movement in the 
subacromial space would not be blocked by passing too 
close to the acromion. 

■ After establishing the midlateral portai, perform a bursec- 
tomy with the full-radius resector to view the superior 
surface of the euff out to its attachment to the greater 
tuberosity and to view the undersurface of the acromio¬ 
clavicular joint. 
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■ Place a spinal needle in through the acromioclavicular 
joint and place another spinal needle just at the antéro¬ 
latéral aspect of the acromion to identify these landmarks 
clearly. 

■ Use a thermal probe to morcellate the periosteum and 
the undersurface of the acromion, releasing the coracoac- 
romial ligament. Maintain hemostasis at ail times by using 
electrocautery and 1 mL of epinephrine per 3-L bag of 
fluid and by maintaining a systolic blood pressure to a 
pump pressure differential of 30 mm Hg or less. 

■ After morcellating the soft tissues of the undersurface of 
the acromion, place a 5.5-mm full-radius resector through 
the latéral portai to remove the soft tissues from the 
undersurface of the acromion after carefully identifying 
the anterior, médial, and latéral edges of the acromion 
for a distance of approximately 1.5 cm posterior (approxi- 
mately the position of the shaver when it is in a direct 
perpendicular position to the acromion). 

■ Place a 5.5-mm acromionizer burr through the latéral 
portai and resect the latéral edge of the acromion just 
médial to the portai, starting at a depth of about 5 mm 
anterior and tapering posteriorly. 

■ After resecting the latéral aspect of the acromion, begin the 
anterior eut from anteromedial to the acromioclavicular 
joint, working anterolaterally. Deepen the eut through the 
anterior edge of the acromion to about 5 mm to try to 
resect the anterior aspect of the acromion back with the 
clavicle (Fig. 52-35A). Leave the periosteal sleeve attached 
and use it as a means to gauge the amount of resection of 
the anterior acromion and to protect the deltoid. Using 
strokes from anterior to posterior, taper the acromioplasty 
posteriorly, resecting about 5 mm of acromion anteriorly 
and tapering and smoothing the section posteriorly, remov- 
ing only minimal bone. Working medially, the acromiocla¬ 
vicular joint can be located by the previously placed spinal 
needle and the fatty tissue over the acromioclavicular joint. 
Because of the vascularity and potential for bleeding, this 
area is resected at the end of the procedure. 

■ After completing the acromioplasty, use an acromionizer, 
a full-radius resector, or a small arthroscopic rasp to 
smooth the undersurface only if preoperative symptoms 
and radiographs indicate a significant pathologie process 
of the acromioclavicular joint. 


■ Evaluate the acromioclavicular joint area. 

■ Use a thermal device again to strip the soft tissue from 
the undersurface of the clavicle, which is identified by the 
spinal needle and by superior palpation of the clavicle. 
After resecting the soft tissue, compare the amount of 
acromial undersurface that has been resected with the 
undersurface of the clavicle as a reference for the amount 
of acromion resected. 

■ If preoperative radiographs show a bony spur of the 
acromioclavicular joint, use a burr to resect the undersur¬ 
face of the clavicle for approximately 8 mm médial to the 
joint, making this flush with the acromion. Do not resect 
the clavicle excessively, unless a Mumford-type procedure 
(see Technique 52-25) is considered. 

■ View the completed procedure by placing the arthroscope 
in the antérolatéral portai and viewing the eut anteriorly 
to evaluate the depth of the eut of the acromion and to 
ensure the undersurface of the acromioclavicular joint is 
smooth (Fig. 52-35B). 

■ If a partial-thickness articular surface tear was previously 
identified, pass the arthroscope back into the anterior 
cannula, which has been left in the glenohumeral joint. 

■ Pass a No. 2 PDS through an 18-gauge spinal needle 3 cm 
latéral to the acromion and direct it toward the base of 
the euff tear. The tear can be seen clearly and probed 
through the three portais (anterior glenohumeral portai 
and posterior and latéral subacromial portais). 

■ Tears of 50% thickness in active, healthy individuals 
should be repaired. In an athlete who uses overhead 
motion, repair should probably be performed only if the 
tear is very high and larger than 70% and there is little 
potential for effective use otherwise. A side-to-side repair 
can be done arthroscopically. Use a spinal needle to pass 
the PDS on one side of the tear. With a suture retriever 
passed through the tendon anterior to the posteriorly 
placed spinal needle, retrieve the end out of the latéral 
8-mm cannula. 

■ Tie an arthroscopic slip knot in the subacromial space by 
passing both ends of the suture out the latéral cannula 
and viewing through a posterior portai. 

■Secure repair is confirmed by changing the arthroscope 
to the anterior glenohumeral portai. 



FIGURE 


^ A f Subacromial impingement. B f Completed acromioplasty with resection of anterior hook. SEE TECHNIQUE 52-17. 
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involving more than 80% may be more efficiently taken down 
and repaired primarily versus transtendon repair. In these 
cases, the remaining tendon and its attachments may be of 
poor quality; we do not recommend taking down good cuff 
attachments. Double-row constructs for repair of partial- 
thickness repairs are not cost-effective and are not necessary 
for good healing. 

Finally, intratendinous tears that can be identified on 
MRI must be localized through preoperative planning and 
use of a spinal needle to identify the tear site. The tear can be 
opened using an arthroscopic knife and the edge debrided 
back slightly to promote local healing. Goodmurphy et al. 
showed that extensive debridement is unnecessary. These 
tears are repaired side to side using arthroscopic technique. 


PARTIAL-THICKNESS ROTATOR CUFF TEARS 

Partial-thickness rotator cuff tears may be classified as articu- 
lar or bursal side tears (see Fig. 52-34). As previously noted, 
partial-thickness rotator cuff tears involving 50% or more of 
the tendon are offen best repaired. The gray area lies in the 
treatment of 30% to 50% thickness tears, and this must be 
individualized. Tears involving 50% or less of the tendon 
thickness are treated with debridement, and bursal side tears 
are treated with décompression if indicated. One also must 
be aware of delamination-type tears of the articular side, 
which commonly occur in throwing and in sports requiring 
overhead motion. If délamination of the tear is présent, a 
transtendinous repair is indicated. Also, side-to-side repair 
may be indicated for localized partial-thickness tears. For a 
partial articular side supraspinatus tendon avulsion injury, 
transtendinous repair, using one or two suture anchors, as 
described subsequently, generally is indicated. Tears 


REPAIR OF DELAMINATION AND 
LOCALIZED, ARTICULAR-SIDE 
PARTIAL-THICKNESS CUFF TEARS 


TECHNIQUE 52-20 


■ Place the patient in the latéral decubitus position for 
arthroscopic examination. If a significant délamination 


DEBRIDEMENT OF PARTIAL- 
THICKNESS ROTATOR CUFF TEARS 


TECHNIQUE 52-19 


■ Place the patient in a latéral decubitus position with bony 
prominences carefully padded and maintained with a 
beanbag kidney rest and a strap. 

■ After ensuring correct alignment of the neck and protec¬ 
tion of the patient's eyes, drape the arm so as to expose 
the shoulder area. Take care that there is wide exposure 
before placing the arm in a stérile traction device, with a 
suspension device holding the arm in 45 degrees abduc¬ 
tion and 0 degrees forward flexion. 

■ Arthroscopic working portais are as shown in Figure 52-36. 
We occasionally use an anterosuperior portai depending 
on the side and location of the tear. For simple debride¬ 
ment, usually three portais are sufficient. Identify the 
partial cuff tear, and if it is less than 50% thickness, débridé 
to remove the damaged tissue and incite pétéchial bleed- 
ing of the area debrided. This can be done with a full-radius 
resector. Excessive tissue should not be removed. 

■Carefully probe the tear to ensure that a delaminating 
type of tear is not présent, which would require a trans¬ 
tendinous repair. 

■ Perform acromioplasty as necessary. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for acromioplasty, with early range of motion and 
strengthening as tolerated. 


CHOCK-BLOCK METHOD FOR 
ACROMIOPLASTY 


TECHNIQUE 52-18 


■ Sampson et al. use a burr in the posterior portai to make 
a smooth undersurface acromioplasty. Place the arthro- 
scope in the latéral portai and the burr in the posterior 
portai that was made 2 to 3 cm distal to the undersurface 
of the acromion. Pass the burr into the subacromial space 
parallel to the undersurface of the acromion. Pass the 
burr up under the anterior edge of the acromion into 
the space between the sheath and the concavity of 
the acromion to détermine the amount of bone to be 
removed. Bring the burr back to the posterior edge of the 
apex over the curvature and, sweeping médial to latéral, 
resect the bone from the posterior part of the curve to 
the anterior aspect, keeping the burr fiat to the acromion. 
By using a 4-mm burr, one can gauge the amount of 
acromion to be resected. 

■ We hâve had excellent success by starting the procedure 
with the acromionizer in the latéral portai to resect the 
anterior and latéral edges of the acromion. The acromion¬ 
izer is placed in the posterior portai to complété the 
procedure as above. 

POSTOPERATIVE CARE. The arm is placed in a sling, 
and Codman pendulum exercises are begun on the first 
day. The sling is discarded as soon as comfort permits, 
unless a cuff repair has been performed. Active-assisted 
range-of-motion exercises and isométrie strengthening 
exercises for the deltoid and rotator cuff are begun within 
the first week. Light résistance exercises using elastic 
tubing are started the second week. Most patients hâve 
a full range of motion by 3 weeks, and supervised pro¬ 
gressive exercises against résistance are instituted and 
continued for 3 months. Activities of daily living are 
resumed as soon as symptoms allow, and return to sports 
is delayed until full strength and endurance and pain-free 
motion are obtained. 
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FIGURE 52-3 


^ Relative location of portais. Middle working 
portai is located at center of rotator cuff tear and 3 cm latéral 
from latéral margin of acromion. Rear viewing portai is placed at 
posterior lip of tear and 1 cm latéral from latéral margin of 
acromion. Portai should be placed at least 2 cm from middle 
working portai to prevent overcrowding. SEE TECHNIQUE 52-19. 


tear or a localized undersurface partial cuff tear involving 
50% thickness is présent, a transtendinous repair may be 
necessary. 

■ Lightly débridé the area of the tear site and identify the 
extent of the tear. The depth of the tear can be deter- 
mined by measuring the distance from the articular 
surface of the humérus to the healthy attached tendon 


on the tuberosity. A tear of more than 6 mm in depth 
would indicate a 50% thickness tear. Use the 4.5-mm 
shaver tip as a reference. 

■ After debridement of the tear site, view the subacromial 
space and perform a subacromial bursectomy using a 
combination of posterior and latéral portais made 2 to 
3 cm latéral and posterior to the anterior acromial edge. 
Perform an acromioplasty if indicated. 

■ Place the arthroscope back into the glenohumeral joint 
through the posterior portai for visualization. 

■Approximate délamination tears under physiologie 
tension using an arthroscopic suture grasper. 

■ Insert a spinal needle from latéral just off the edge of the 
acromion, through the normal tendon, and through the 
tear site. Pass a No. 1 PDS through the spinal needle and 
retrieve it out the anterior portai. Pass a second No. 1 PDS 
through a spinal needle in the opposite side of the tear 
site so that the two sutures are separated about 1 cm. 
Retrieve both sutures out the anterior portai and use 
them as suture shuttles. 

■ Tie a No. 2 nonabsorbable suture to each tail of the PDS 
pulled out of the anterior cannula. Using the percutane- 
ous tails, pull the suture into the joint while carefully 
making sure that it does not tangle. Clip the suture ends 
with a hemostat. 

■ Repeat this procedure until secure side-to-side approxi¬ 
mation can be obtained. 

■ Pass the arthroscope back into the subacromial space and 
identify the suture ends. Place a 7-mm clear plastic 
cannula through the midlateral portai, retrieve the sutures 
individually, and tie them in the subacromial space to 
approximate the undersurface, délamination, or trans¬ 
verse tear. 

■ On completion, pass the arthroscope intraarticularly to 
reevaluate the repair. 

POSTOPERATIVE CARE. The patient's arm is placed in 
a sling for 3 weeks, following which an accelerated 
program of small cuff tear réhabilitation is used 

(Tables 52-6 to 52-8). 


Text continued on page 2614 


_ TABLE 52-6 _ ^ 

Rotator Cuff Repair Réhabilitation Protocol (Minor Tear < 2 cm) 


PREOPERATIVE GOALS 

1. PROM WFL (i.e., no frozen shoulder) 

2. Independent in postoperative exercise program 

3. Understands realistic postoperative goals and time frame 

PHASE I—PROTECTION AND PROGRESSIVE PROM 

IMMEDIATELY POSTOPERATIVELY 

1. Sling at ail times for 3 wk, then as needed for comfort 

2. Stitches removed at 7-10 days (at physician's visit) 

3. Begin pendulum exercises 

4. AROM wrist and hand 

5. Perform home exercise program two to three times a day 


Continued 













TABLE 52-6 


Rotator Cuff Repair Réhabilitation Protocol (Minor Tear < 2 cm) — cont'd 

WEEK 1-3 POSTOPERATIVE (PT QIW-TIW) 

GOALS (BY 3 WK) 

1. Continue above exercises 

2. PROM—FL, scaption, ER, ER in available scaption 

3. Table slides—FL, scaption 

4. AROM—elbow, wrist, and hand 

5. Begin scapular PNF 

6. Ice, E-stim for pain control, edema réduction 

1. Independent with HEP BID 

2. PROM > 150 degrees FL 

3. PROM > 50 degrees ER (neutral) 

4. PROM > 140 degrees ABD scaption 

Précautions 

1. Sling at ail times except during exercises (3 wk) 

2. No A/AAROM—would jeopardize repair 

WEEKS 4-6 POSTOPERATIVE (PT QIW-TIW) 

GOALS (BY 6 WK) 

1. Wean from sling 

2. PROM as above. Initiate true ABD stretch and gentle IR stretch 

3. AROM < 90 degrees (5 wk) 

4. Supine Theraband ER stretch (as needed) 

5. Cane exercises in supine—FL, scaption, ER neutral, ER in 90 
degrees scaption 

6. Shoulder pulley—FL scaption 

7. Grade ll-lll capsular mobilizations 

8. Wall walks—FL, scaption 

9. Submaximal (25%) isométries with arm at side—ER, IR, FL, ABD, 

EXT 

1. PROM > 160 degrees FL 

2. PROM > 65 degrees ER 

3. PROM > 160 degrees scaption 

4. PROM 50 degrees maximum for IR 

5. Able to comb hair—if dominant arm 

6. Able to open or close car door 

7. Able to reach behind back for wallet 
Précautions 

1. Lifts nothing heavier than coffee cup 

2. No aggressive IR stretching 

PHASE II—PROGRESSIVE AROM AND STRENGTHENING 

WEEKS 7-8 POSTOPERATIVE (PT QIW-BIW) 

GOALS (BY 8 WK) 

1. Progress AROM to full by wk 8 

2. Isotonies (light weight/high répétition)—biceps curls, triceps EXT, 
shoulder shrugs, supine scapular protraction, reverse Codman 

3. Supine manual résistance PNF patterns 

4. Clothespin, cupboard placing 

5. UBE with minimal résistance 

6. Functional exercises according to patient's postoperative activity 
goals 

1. A/PROM WNL FL 

2. A/PROM WNL ABD 

3. A/PROM WNL ER 

4. PROM > 60 degrees IR 

5. Able to lift plate into eye-level cupboard 

6. Able to dress with normal mechanics 
Précautions 

1. Unilatéral lifting limited to < 3 Ib 

2. Prevent posterior capsular tightness 

Throwing lunges 

Standing PNF 

WEEKS 9-10 POSTOPERATIVE (PT 1x/2-3 WK) 

GOALS (BY 10 WK) 

1. Isotonies (light weight/high répétition) 

Standing—FL and ABD to 90 degrees, ER and IR with tubing 

Prone—rows, horizontal ABD 90 and 120 degrees, EXT 

Side lying—IR and ER with towel roll under axilla 

2. Increased résistance with UBE 

3. Begin wall push-ups with a plus, gradually progress toward 
lower levels (table, chair, bench, floor) 

4. Weighted PNF patterns DI and D2 

1. MMT >4/5 FL 

2. MMT > 4/5 ABD 

3. MMT > 4/5 ER 

4. MMT > 4+/5 IR 

5. Functional reach behind back to allow tucking 
in shirt 

6. Able to place 2 Ib into overhead cabinet 

7. Able to place gallon of milk in refrigerator 
Précaution 

Unilatéral lifting limited to < 10 Ib 

PHASE III—ADVANCED STRENGTHENING FOR PATIENTS RETURNING TO SPORT 

WEEKS 11-16 POSTOPERATIVE (PT AS NEEDED) 

GOALS (BY 16 WK) 

1. Progress isotonie exercises 

2. Additional isotonies (wk 12) 

Bench press (light weight, short range) 

Latéral pull-downs to chest 

Incline chest press 

Short arc, high Theraband ER and IR at 90 degrees ABD 

3. Plyometrics (3 mo)—chest pass, plyoball chop toss, overhead 
throw 

4. Return to throwing/racquet sports at 3 mo with normal 
strength, normal glenohumeral mechanics, and no pain 

5. Isokinetic évaluation if necessary 

1. MMT 5/5 FL 

2. MMT 5/5 ABD 

3. MMT 5/5 ER 

4. MMT 5/5 IR 

5. MMT 5/5 EXT 

6. Able to place > 10 Ib in overhead cabinet 

7. Sport-specific goals 

A/AAROM, active/active-assisted range of motion; ABD, abduction; AROM, active range of motion; BID, twice a day; BIW, twice a week; ER, external rotation; E-stim, 
electrical stimulation; EXT, extension; FL, flexion; HEP, home exercise program; IR, internai rotation; MMT, manual muscle testing; PNF, proprioceptive neuromuscular 
facilitation; PROM, passive range of motion; PT, physical therapy; QIW, four times a week; TIW, three times a week; UBE, upper body exercise; WFL, within functional 
limits;WNL, within normal limits. 

* Postoperative réhabilitation of a rotator cuff repair is guided largely by the size of the repair. Allowing the repair to heal adequately before stressing the tissue is 
paramount to successful réhabilitation. 





TABLE 52-7 


Rotator Cuff Repair Réhabilitation Protocol (Moderate Tear 2-5 cm) 

PREOPERATIVE GOALS 

1. PROM WFL (i.e., no frozen shoulder) 

2. Independent in postoperative exercise program 

3. Understands realistic postoperative goals and time trame 

PHASE 1—PROTECTION AND PROGRESSIVE PROM 

IMMEDIATELY POSTOPERATIVELY 

1. Sling at ail times for 3 wk, then as needed for comfort 

2. Stitches removed at 7-10 days (at physician's visit) 

3. Begin pendulum exercises 

4. AROM wrist and hand 

5. Perform HEP two to three times a day 

WEEK 1-3 POSTOPERATIVE (PT QIW-TIW) 

GOALS (BY 3 WK) 

1. Continue above exercises 

2. PROM—FL, scaption, ER, ER in available scaption 

3. Table slides—FL, scaption 

4. AROM—elbow, wrist, and hand 

5. Begin scapular PNF 

6. Ice, E-stim for pain control, edema réduction 

1. Independent with HEP BID 

2. PROM > 130 degrees FL 

3. PROM > 40 degrees ER (neutral) 

4. PROM > 130 degrees ABD scaption 

Précautions 

1. Sling at ail times except during exercises 
(3 wk) 

2. No A/AAROM—would jeopardize repair 

WEEKS 4-6 POSTOPERATIVE (PT QIW-TIW) 

GOALS (BY 6 WK) 

1. Wean from sling 

2. PROM as above. Initiate true ABD stretch and IR without 
overpressure 

3. AROM < 90 degrees (6 wk) 

4. Supine Theraband ER stretch (as needed) 

5. Cane exercises in supine—FL, scaption, ER neutral, ER in 90 
degrees scaption 

6. Shoulder pulley—FL scaption 

7. Grade ll-lll capsular mobilizations 

8. Wall walks—FL, scaption 

9. Submaximal (25%) isométries with arm at side—ER, IR, FL, 

ABD, EXT 

1. PROM > 150 degrees FL 

2. PROM > 65 degrees ER 

3. PROM > 160 degrees scaption 

4. PROM 50 degrees maximum for IR 

5. Able to comb hair—if dominant arm 

6. Able to open or close car door 

Précautions 

1. Lifts < 1 Ib until 6 wk postoperatively 

2. No aggressive IR stretching 

PHASE II—PROGRESSIVE AROM AND STRENGTHENING 

WEEKS 7-8 POSTOPERATIVE (PT QIW-BIW) 

GOALS (BY 8 WK) 

1. Progress AA/AROM 

2. Isotonies (light weight/high répétition)—biceps curls, triceps EXT, 
shoulder shrugs, supine scapular protraction, reverse Codman 

3. Supine manual résistance PNF patterns 

4. Clothespin, cupboard placing 

5. UBE with minimal résistance 

1. AROM > 140 degrees FL 

2. AROM > 130 degrees ABD 

3. AROM > 60 degrees ER 

4. PROM FL WNL 

5. PROM ABD WNL 

6. PROM ER WNL 

7. PROM > 60 degrees IR 

8. Able to lift plate into eye-level cupboard 

9. Able to reach behind back for wallet 
Précautions 

1. Unilatéral lifting limited to < 2 Ib 

2. Prevent posterior capsular tightness 

WEEKS 9-12 POSTOPERATIVE (PT 1x2-3 WK) 

GOALS (BY 12 WK) 

1. Isotonies (light weight/high répétition) 

Standing—FL and ABD to 90 degrees, ER and IR with 
tubing 

Prone—rows, horizontal ABD 90 and 120 degrees, EXT 

Side lying—IR and ER with towel roll under axilia 

2. Increased résistance with UBE 

3. Begin wall push-ups with a plus, gradually progress toward 
lower levels (table, chair, bench, floor) 

4. Weighted PNF patterns DI and D2 

5. Functional exercises according to patient's postoperative 
activity goals 

Throwing lunges 

Standing PNF patterns 

1. AROM WFL for FL 

2. AROM WFL for ABD 

3. AROM WFL for ER 

4. MMT > 4/5 FL 

5. MMT > 4/5 ABD 

6. MMT > 4/5 ER 

7. MMT > 4+/5 IR 

8. Functional reach behind back to allow 
tucking in shirt 

9. Able to place 2 Ib into overhead cabinet 

10. Able to lift gallon of milk into refrigerator 
Précaution 

Unilatéral lifting limited to < 10 Ib 


Continuée! 
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TABLE 52-7 


Rotator Cuff Repair Réhabilitation Protocol (Moderate Tear 2-5 cm)—cont'd 


PHASE III—ADVANCED STRENGTHENING FOR PATIENTS RETURNING TO SPORT 


WEEKS 11-16 POSTOPERATIVE (PT AS NEEDED) 

1. Progress isotonie exercises 

2. Additional isotonies (3 mo) 

Bench press (light weight, short range) 

Latéral pull-downs to chest 
Incline chest press 

Short arc, high Theraband ER and IR at 90 degrees ABD 

3. Plyometrics (4 mo)—chest pass, plyoball chop toss, 
overhead throw 

4. Return to throw/racquet sports progress at 4 mo with 
normal strength, normal glenohumeral mechanics, and no 
pain 

5. Isokinetic évaluation if necessary 


GOALS (BY 16 WK) 

1. MMT 5/5 FL 

2. MMT 5/5 ABD 

3. MMT 5/5 ER 

4. MMT 5/5 IR 

5. MMT 5/5 EXT 

6. Able to place > 10 Ib in overhead cabinet 

7. Sport-specific goals 


A/AAROM, active/active-assisted range of motion; ABD, abduction; AROM, active range of motion; BID, twice a day; BIW, twice a week; ER, external rotation; E-stim, 
electrical stimulation; EXT, extension; FL, flexion; HEP, home exercise program; IR, internai rotation; MMT, manual muscle testing; PNF, proprioceptive neuromuscular 
facilitation; PROM, passive range of motion; PT, physical therapy; QIW, four times a week; TIW, three times a week; UBE, upper body exercise; WFL, within functional 
limits;WNL, within normal limits. 


TABLE 52-8 _' ' 

Rotator Cuff Repair Réhabilitation Protocol (Massive Tear > 5 cm) 


PREOPERATIVE GOALS 


1. PROM WFL (i.e., no frozen shoulder) 

2. Independent in postoperative exercise program 

3. Understands realistic postoperative goals and time frame 

PHASE I—PROTECTION AND PROGRESSIVE PROM 

IMMEDIATELY POSTOPERATIVELY 

1. Sling and ABD pillow at ail times for 4-6 wk, then as needed for comfort 

2. Stitches removed at 7-10 days (at physician's visit) 

3. Begin pendulum exercises 

4. AROM wrist and hand 

5. Perform home exercise program two to three times a day 
WEEKS 1-4 POSTOPERATIVE (PT QIW-TIW) 

1. Continue above exercises 

2. PROM—FL, scaption, ER, ER in < 45 degrees scaption 

3. AROM—elbow, wrist, and hand 

4. Begin scapular PNF 

5. Ice and E-stim for pain control, edema réduction 

6. Grade ll-lll posterior and inferior capsular mobilizations (begin 
wk 3, continue as needed throughout réhabilitation) 

WEEKS 5-8 POSTOPERATIVE (PT QIW-TIW) 

1. Wean from sling after 6 wk 

2. AROM < 60 degrees élévation after sling removal 

3. PROM as above. Initiate IR without overpressure 

4. Supine Theraband ER stretch (as needed) 

5. Cane exercises in supine—FL, scaption, ER neutral, ER in 60 
degrees scaption 

6. Shoulder pulley—FL, scaption 

7. Submaximal (25%) isométries with arm at side—IR, FL, ABD, EXT 


GOALS (BY 4 WK) 

1. Independent with HEP BID 

2. PROM >110 degrees FL 

3. PROM > 30 degrees ER (neutral) 

4. PROM >110 degrees scaption 
Précautions 

1. Sling at ail times except when exercising 

2. No A/AAROM—would jeopardize repair 

3. Do not stretch IR 
GOALS (BY 8 WK) 

1. PROM > 150 degrees FL 

2. PROM > 65 degrees ER 

3. PROM > 160 degrees scaption 

4. PROM 50 degrees maximum for IR 

5. Able to comb hair—if dominant arm 

6. Able to open/close car door 
Précautions 

1. Lifts < 1 Ib until 8 wk postoperatively 

2. No aggressive IR stretching 
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TABLE 52-8 


Rotator Cuff Repair Réhabilitation Protocol (Massive Tear > 

5 cm)—cont'd 

PHASE II—PROGRESSIVE AROM AND STRENGTHENING 

WEEKS 9-10 POSTOPERATIVE (PT QIW-BIW) 

GOALS (BY 10 WK) 

1. AROM < 120 degrees élévation 

2. Isotonies (light weight/high répétitions)—biceps curls, triceps 

EXT, shoulder shrugs, supine scapular protraction, reverse 

Codman 

3. Clothespin, cupboard placing 

4. UBE with minimal résistance 

1. AROM >110 degrees FL 

2. AROM >110 degrees scaption 

3. AROM > 60 degrees ER 

4. PROM > 160 degrees FL 

5. PROM > 80 degrees ER 

6. PROM to 60 degrees IR 

7. Able to lift plate into eye-level cabinet 

8. Able to reach behind back for wallet 
Précautions 

1. Unilatéral lifting limited to < 2 Ib 

2. Prevent posterior capsular tightness 

WEEKS 11-14 POSTOPERATIVE (PT QIW) 

GOALS (BY 14 WK) 

1. Isotonies (light weight/high répétition) 

Standing—FL and ABD to 90 degrees, ER and IR with tubing 

Prone—rows, horizontal ABD 90 and 120 degrees, EXT 

Side lying—IR and ER with towel roll under axilla 

2. Increased résistance with UBE 

1. AROM WFL for FL 

2. AROM WFL for ABD 

3. AROM WFL for ER 

4. MMT >4/5 FL 

5. MMT >4/5 ABD 


3. 


4. 


Begin wall push-ups with a plus, gradually progress toward 
lower levels (table, chair) 

Supine manual résistance PNF patterns 


6. MMT > 4/5 ER 

7. MMT > 4+/5 IR 

8. Functional reach behind back to allow 
tucking in shirt 

9. Able to place 2 Ib into overhead cabinet 

10. Able to lift y 2 gallon of milk into 

refrigerator 

Précaution 

Unilatéral lifting limited to > 5 Ib 


PHASE III—ADVANCED STRENGTHENING FOR PATIENTS RETURNING TO SPORTS 

MONTHS 3-6 POSTOPERATIVE (PT AS NEEDED) 

1. Progress isotonie exercises 

2. Progress wall push-ups to floor 

3. Additional isométries (3-4 mo) 

Bench press (light weight, short range) 

Latéral pull-downs to chest 
Incline chest press 

Short arc, high-speed Theraband ER and IR at 90 degrees ABD 

4. Weighted PNF patterns DI and D2 

5. Plyometrics (4 mo)—chest pass, plyoball chop toss, overhead 
throw 

6. Return to throw/racquet sport progression at 4 mo with normal 
strength, normal glenohumeral mechanics, and no pain 

7. Isokinetic évaluation if necessary 


GOALS (BY 20 WK) 

1. MMT 5/5 FL 

2. MMT 5/5 ABD 

3. MMT 5/5 ER 

4. MMT 5/5 IR 

5. MMT 5/5 EXT 

6. Able to place > 10 Ib in overhead cabinet 

7. Sport-specific goals 


A/AAROM, active/active-assisted range of motion; ABD, abduction; AROM, active range of motion; BID, twice a day; BIW, twice a week; ER, external rotation; E-stim, 
electrical stimulation; EXT, extension; FL, flexion; HEP, home exercise program; IR, internai rotation; MMT, manual muscle testing; PNF, proprioceptive neuromuscular 
facilitation; PROM, passive range of motion; PT, physical therapy; QIW, four times a week; TIW, three times a week; UBE, upper body exercise; WFL, within functional 
limits. 

*lt is important to stress to the patient that after a massive tear repair, AROM and strength are limited. 
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TRANSTENDINOUS REPAIR OF 
A PARTIAL ARTICULAR-SIDE 
SUPRASPINATUS TENDON 
AVULSION LESION 


TECHNIQUE 52-21 


■ Place the patient in a latéral decubitus position and 
perform acromioplasty if indicated. Placing the arm in 
about 30 degrees of abduction is helpful for performing 
acromioplasty and bursectomy. For a transtendinous 
repair, move the arm gently to about 70 degrees of 
abduction. An assistant may position the arm to provide 
the best position to place the suture anchor. 

■ Use anterior midglenoid, antérolatéral, and posterior 
portais for repair of the defect. 

■ Débridé the tear to stimulate inflammation of the soft 
tissue and to remove the devitalized cuff. Abrade the 
tuberosity with a shaver or small burr to incite bone 
healing. This is started at the articular surface and 
extended laterally, but make sure not to disrupt the latéral 
attachment of the cuff. By leaving the latéral attachment 
intact, a suture anchor can be placed more médial to 
obtain a double-row type of fixation (Fig. 52-37A). 


Insert a spinal needle just latéral to the edge of the 
acromion to identify the site for anchor insertion. Place 
the transtendinous spinal needle just latéral to the ante¬ 
rior third of the acromion to visualize an appropriate 
angle to place a screw just latéral to the articular surface 
and angled away from the surface so as not to damage 
the articular surface (Fig. 52-37B). 

For suture anchor placement, make a small skin incision. 
Make a nick in the cuff in the plane of the fibers using 
an arthroscopic knife. Use a punch to make a small start- 
ing hole just latéral to the articular surface, ensuring that 
the angle is appropriate. Pass the suture anchor through 
the slit and into the hole. Under direct view, screw the 
suture anchor down securely. Ensure that the suture 
threads are subcortical. 

Pass a spinal needle from latéral just posterior to the 
previously placed suture anchor and pass a No. 1 PDS 
through the needle and out the anterior cannula to use 
as a suture shuttle. Using a suture grasper, pull one of 
the passed sutures out the anterior cannula. Place a 
simple throw from the PDS around this tail and pull the 
suture back up through the capsule just posterior to 
the suture anchor and out through the skin latéral to the 
acromion. 

Pass a second spinal needle just anterior to the anchor 
and pass a PDS from latéral, retrieve it anteriorly, and use 



FIGURE 52-3 


^ A f Eight-millimeter partial-thickness cuff tear with tuberosity abraded and latéral fibers left attached. B f Transtendi¬ 
nous placement of suture anchor just latéral to articular surface. C f Completed repair with knots tied in subacromial space. 
D f Intraarticular view of completed repair with footprint covered over to articular edge. SEE TECHNIQUE 52-21. 
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it as a suture retriever. Using a grasper, retrieve one end 
of the second set of sutures out the anterior portai. 

■ Tie the PDS shuttle around the retrieved anterior limb of 
the second set of sutures and pull it back up into the 
subacromial space to form the second mattress suture. If 
necessary, the arthroscope may be placed anteriorly and 
a second suture anchored posteriorly in a similar fashion. 

■ Enter the subacromial space and place a 7-mm plastic 
cannula using a switching stick. Retrieve the paired 
sutures into the cannula. Starting posteriorly and working 
anteriorly, tie arthroscopic knots to secure the cuff back 
down to the tuberosity (Fig. 52-37C). 

■ On completion, view the intraarticular area to ensure that 
there is good approximation of the cuff to the tuberosity 
(Fig. 52-37D). 

POSTOPERATIVE CARE. The postoperative care is the 
same as that of a small rotator cuff repair (see Table 52-6). 



FIGURE 52-3 


_^ Crescent-shaped rotator cuff tear. A f Superior 

view of crescent-shaped rotator cuff tear involving supraspinatus 
(SS) and infraspinatus (IS) tendons. B f Repaired tear. 
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FULL-THICKNESS ROTATOR CUFF TEARS 

Boileau et al. showed that arthroscopic repairs of cuff tears 
do heal, whereas Galatz et al. found less evidence of healing 
in the procedures performed between 1997 and 2000. With 
double-roll repair techniques and increased clinical expéri¬ 
ence, we believe that cuff repairs hâve an excellent chance of 
healing. Double-row repair has been shown to be biome- 
chanically superior to single-row fixation and has been 
shown to reestablish the footprint of the rotator cuff, increas- 
ing the contact area for healing. Lo and Burkhart classified 
cuff tears as crescent-shaped, U-shaped, and L-shaped (Fig. 
52-38). Repair of the U- and L-shaped tears involves margin 
convergence with sutures starting medially and extending 
laterally along the tear to decrease the size, allowing easier 
reapproximation of the edges to the tuberosity using a 
double-roll technique (Fig. 52-39). Chronic tears, such as 
chronic L-shaped tears (Figs. 52-40 and 52-41) and chronic 
massive contracted tears such as crescent cuff tears with 
retraction, require releases and interval slides before repair. 
These repairs can be done arthroscopically or open, depend- 
ing on the surgeons skills. Sometimes the use of structural 
supplémentation may be required for repairing these tears. 

For tears smaller than 3 cm, a single-row repair has been 
shown to be comparable to double-row repair, whereas for 
tears larger than 3 cm, a double-row repair has been shown 
to be superior in several studies. Footprint coverage should 
be obtained under physiologie tension. Furthermore, multiple 
suture passes through the tendon (three sutures instead of 
two) hâve been shown to be superior, as one would expect. 
With this in mind, we generally use the following treatment 
algorithm: 

One-anchor, two-suture simple repair for a 1-cm tear 
One anchor, three sutures for a 1.5-cm tear 
Two anchor s for a tear larger than 1.5 cm 
Double-row repair for tears larger than 3 cm 
For massive cuff tears, releases and margin conver¬ 
gence repairs are used (Figs. 52-42 and 52-43). Fixation 
usually is a single row just latéral to the articular surface 
to prevent tension overload and failure at the muscle- 
tendon interface. 



U-shaped rotator cuff tear. A f Superior view of U-shaped rotator cuff tear involving supraspinatus (SS) and infraspi¬ 
natus (IS) tendons. B f U-shaped tears show excellent mobility from anterior-to-posterior direction and are initially repaired with side- 
to-side sutures using principle of margin convergence. C f Repaired margin is repaired to bone in tension-free manner. 
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Acute L-shaped rotator cuff tear. A f Superior view of acute L-shaped rotator cuff tear involving supraspinatus (SS) 
and rotator interval (RI). B f Tears should be initially repaired along longitudinal split. C f Converged margin is repaired to bone. CHL, 
coracohumeral ligament; IS, infraspinatus tendon; Sub, subscapularis tendon. 



Chronic L-shaped tear. A f Superior view of chronic L-shaped tear, which has assumed U-shaped configuration. 
B f L-shaped tears show excellent mobility from anterior-to-posterior direction; however, one tear margin (usually posterior leaf) is more 
mobile. Tears should be initially repaired using side-to-side sutures by using principle of margin convergence. C f Converged margin is 
repaired to bone in tension-free manner. A, anatomie insertion site of supraspinatus tendon (Al); CHL, coracohumeral ligament; IS, 
infraspinatus tendon; RI, rotator interval; SS, supraspinatus tendon; Sub, subscapularis tendon. 


ROTATOR CUFF REPAIR 


TECHNIQUE 52-22 


■ Before taking the patient to the operating room, an 
interscalene block is administered. Place the patient in a 
latéral decubitus position maintained with a beanbag and 
kidney rest, making sure to relieve pressure from the axilla 
and ail bony prominences. Maintain the extremity in 30 
degrees of abduction and 10 degrees of forward flexion 
using stérile balanced suspension. Apply serial compres¬ 
sion devices to the lower extremities to help avoid deep 
vein thrombosis. Control bleeding with the use of hypo- 
tensive anesthésia, with systolic pressure generally being 
around 100 mm Hg and the arthroscopic inflow pressure 
within 30 mm Hg of the systolic blood pressure. 


Wide draping is necessary to make sure that drapes do not 
interfère with the procedure. Also, the distance from the 
patient's head to the shoulder is critical. Place the head in 
line with the body, but take care that it does not interfère 
with the operating site. Anesthésia is placed at a 90-degree 
angle to the chest also to free up the surgical site. 
Carefully outline the bony landmarks and potential portais 
on the skin (see Fig. 52-36). For large, muscular individu- 
als and for large tears, an accessory postérolatéral portai 
may be necessary. It is not routinely used for smaller tears 
or in smaller individuals. The anterior portai generally is 
a percutaneous portai used for retrieving and storing 
sutures. The suture anchors will be placed just off the 
latéral edge of the acromion using spinal needle localiza- 
tion and percutaneous insertion. 

A posterior portai 2 cm distal to the postérolatéral acro¬ 
mion is used to fully evaluate intraarticular structures. 
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Massive, contractée! crescentic rotator euff tear. A, Superior view. B f Double-interval slide is performed by first doing 
anterior interval slide, then posterior interval slide releasing interval between supraspinatus (SS) and infraspinatus (IS). C, After release, 
improved mobility (arrows) of supraspinatus tendon and infraspinatus and teres minor tendons posteriorly. D f Supraspinatus tendon 
repaired to latéral bone bed in tension-free manner, and infraspinatus and teres minor tendons advanced latérally. E f Residual defect 
closed with side-to-side sutures. CHL, coracohumeral ligament; Sub, subscapularis tendon. 


Place the viewing cannula in the subacromial space. 
Identify the site and configuration of the tear. Create the 
latéral operating portai directly over the center of the tear, 
generally about 3 cm latéral to edge of the acromion and 
2 to 3 cm posterior to the anterior edge of the acromion 
(Fig. 52-44A). Latéral distraction applied by an assistant 
can increase the space intermittent^ for visualization and 
for retrieving sutures. 

■ Perform a complété bursectomy to ensure good visualiza¬ 
tion and ease of retrieving sutures, and perform subacro¬ 
mial décompression when indicated. Carefully define the 
depth of the tear and détermine the type of tear (crescent, 
U-shaped, or L-shaped configuration) (see Figs. 52-38 to 
52-42). Détermine the amount of retraction and mobility 
of the tendon and make sure the tendon can be placed 
back into the footprint, or, if not, how it can be repaired 
to get the best fixation with minimal tension on the repair. 

■ Préparé the footprint by abrading the site without overly 
resecting bone. Abrasion can increase bleeding, and 
marrow éléments are released when the suture anchors 
are placed, both of which aid in healing. 

■ Define the potential location of the anchors, separating 
the insertion points by 1.2 to 1.5 cm to prevent tuberosity 
fracture. Détermine where double-loaded or triple-loaded 


anchors should be used to get an appropriate number of 
sutures through the tendon and préparé either for a 
single-row repair, a double-row repair, or a transosseous 
équivalent repair. Double-row repairs with suture anchors 
can cause crowding of the anchors; a transosseous 
équivalent repair in which the latéral row is placed below 
the tuberosity does not produce as much crowding. 

■ For tears smaller than 1.5 cm, generally one double- 
loaded or triple-loaded anchor is used. For tears larger 
than 1.5 cm, two anchors should be planned, separating 
the starting points by 1.2 to 1.5 cm. If a tear is 3 cm or 
larger, generally a transosseous équivalent repair is per¬ 
formed with the médial anchors starting 5 mm off the 
articular suture and the latéral row about 5 mm latéral to 
the tuberosity, thus separating the rows by 1.2 to 1.5 cm. 

■ After visualizing where the anchors will be placed in the 
latéral row, use electrocautery to resect the soft tissue to 
expose the site for insertion of a swivel lock device later 
in the procedure. 

■ Margin convergence and releases to reduce tension 
on the repairs should be contemplated. Particularly for 
U-shaped tears, margin convergence is always performed 
to reduce the size of the tear and more easily repair it 
back down to the tuberosity (Fig. 52-44B and C). 
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A, Arthroscopic subacromial view of massive retracted cuff tear and biceps in lower corner. Humerai tuberosity is to 
right. B f Placement of starting hole for médial anchor. Note 45-degree angle to shaft and placement 2 mm off articular edge. C f Use 
of Scorpion to place mattress suture 16 mm médial to torn edge. D f Completion of médial mattress suture placement and storage in 
cannula. Sutures can be used to pull tendon to its tuberosity to help identify appropriate placement of latéral anchors and sutures. 
E f Completed double-row repair with cuff securely repaired to anatomie footprint. 


■ For margin convergence of a U-shaped tear or médial 
extension of an L-shaped tear, use a large crescent-type 
suture shuttle device, passing it through both leaves, and 
then retrieve a No. 2 nonabsorbable suture back through 
the two leaves, storing them for later tying. 

■ Begin the convergence at the apex of the tear, working 
from médial to latéral. Make sure to visually line up the 
tear in its normal anatomy (Fig. 52-44D to F). 


■ For larger tears that can be repaired back into the ana¬ 
tomie footprint with no undue tension, use a transosseous 
équivalent repair. Place suture anchors in a stepwise 
fashion, placing the anterior anchor first, followed by the 
posterior anchor, through small percutaneous stab 
wounds just off the edge of the acromion so as to achieve 
a 45-degree angle to the shaft (Fig. 52-45). Bury the 
anchors to make sure the edges are fully engaged in 
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A, Portais for rotator cuff repair. B f Margin convergence and releases to reduce tension on repairs. C f Insertion of 
double-loaded anchor for mattress sutures 3 mm latéral to articular surface. D-F f Convergence is started at apex of tear, working from 
médial to latéral. SEE TECHNIQUE 52-22. 


bone. The anterior anchor is placed at the insertion site 
of the rotator arch. 

■ Pass the mattress sutures through the tendon using a 
scorpion-type device about 4 mm latéral to the musculo- 
tendinous junction and separate by 7 mm (approximate 
width of the Scorpion device) (Fig. 52-46). Capture the 


sutures and carry them through an anterior stab wound 
where they are paired and clamped. When passing sutures, 
pass the anterior sutures first and then work to posterior. 

■ Finally, after ail sutures are passed and stored either 
through a separate stab wound anteriorly or through the 
previous stab wounds used for passing anchors, tie them, 
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S starting posteriorly and working to the anterior suture, 
which generally is tied last to secure the anterior edge of 
the cuff down to its anatomie position. As each suture is 
tied, it is stored either outside the cannula or pulled back 
through one of the stab wounds. 

■ After ail médial rows are tied, perform a transosseous 
équivalent repair using a SpeedBridge (Arthrex, Naples, 
FL) technique. Place the médial row, pass the sutures 
through the cuff, and use a grasper to push the cuff 
down snugly to bone medially. Cross the sutures and 
secure them laterally under direct vision to ensure appro- 
priate tension in the construct. 

■ Place the latéral row fixation device about 1.5 cm latéral 
to the médial row, about 6 mm latéral to the footprint 
(Figs. 52-47 and 52-48). 



Anchors inserted just off edge of acromion 
through individual stab wounds. SEE TECHNIQUE 52-22. 


■ On completion, move the arm through a range of motion 
to make sure there is no gapping of the anterior repair 
or impingement of the cuff on the acromion. 

5ee a/so Video 52-1. 

POSTOPERATIVE CARE. The postoperative course is 
critical in obtaining excellent results. Use of a sling is 
encouraged for 6 weeks after almost ail repairs. Strength- 
ening exercises usually are not performed until 10 weeks 
after the repair to prevent overstrain on the cuff during 
the early healing phase. 



FIGURE 


Placement of mattress sutures for cuff repair. 


SEE TECHNIQUE 52-22. 



FIGURE 


A and B, Transosseous équivalent repair. SEE TECHNIQUE 52-22. 
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FIGURE 


52-22. 


Complétée) rotator euff repair. SEE TECHNIQUE 


MASSIVE CONTRACTED ROTATOR 
CUFF TEARS 


REPAIR OF LARGE OR MASSIVE 
CONTRACTED TEARS USING THE 
INTERVAL SLIDE TECHNIQUE 


TECHNIQUE 52-23 


(TAURO ETAL) 

■ Perform routine diagnostic arthroscopy first in the gleno- 
humeral joint to assess the size and shape of the tear. 

■ Insert an atraumatic grasper through the latéral subacro- 
mial portai and assess euff mobility from the articular side. 
If supraspinatus tendon mobility is poor, release the 
superior capsule at this time, with an arthroscopic eleva- 
tor or electrosurgical cutting device inserted through the 
latéral subacromial portai. The release is accomplished by 
cutting through the capsule between the euff tendon and 
glenoid rim from the rotator interval anteriorly to the 
scapular spine posteriorly. 

■ If a crescent-shaped tear does not reduce to bone or a 
longitudinal tear does not close from side to side, perform 
an arthroscopic interval slide. This soft-tissue release is 
simply an arthroscopic adaptation of the open interval 
slide. 

■ While viewing from the posterior intraarticular portai, 
insert a narrow basket punch into the latéral subacromial 
portai, through the tear in the euff, and into the joint (Fig. 
52-49A). Divide the interval between the anterior border 
of the supraspinatus and the superior capsule (rotator 
interval) from latéral to médial. This also releases the 
tendon from the contracted coracohumeral ligament on 



Tauro et al. interval slide technique for repair 
of large rotator euff tear. A f Basket punch inserted through 
latéral subacromial portai to begin interval release. B f Completed 
interval slide release for crescentic tear. C f Completed interval 
slide release for longitudinal tear. SEE TECHNIQUE 52-23. 


the bursal side. With the biceps intact, make the release 
just caudad to the tendon. If the biceps is not intact, the 
release is started approximately at the anterosuperior pôle 
of the glenoid. The release also can be judged by the 
character of the tissue being eut. In most cases, establish- 
ing a small percutaneous portai just adjacent to the latéral 
subacromial portai and using a grasper to help pull later- 
ally on the tendon as it is released may be helpful. 

■After the release is completed, repair the euff down to 
the tuberosity using suture anchors, or repair it side to 
side with margin convergence, followed by repair to the 
tuberosity (Fig. 52-49B and C). 
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SUBSCAPULARIS TENDON TEARS 

Subscapularis tendon tears associated with eccentric overload 
of the cuff may be associated with coracoid impingement. 
When evaluating the tendon, a positive Napoléon test, a posi¬ 
tive lift-off test, and general weakness to internai rotation may 
be présent. A positive Napoléon test indicates weakness of the 
subscapularis when the patient can press on his or her 
abdomen only by flexing the wrist 90 degrees. MRI is impor¬ 
tant to evaluate the lésions, in particular to check for the 
amount of damage to the tendon and to evaluate possible 
dislocation or médial subluxation of the biceps tendon. Biceps 
tendon instability should be treated with tenotomy in older 
patients or by arthroscopic or open tenodesis in more active 
patients or patients who want to preserve a fairly normal 
biceps tendon function. The biceps tendon procedures are 
described in Techniques 52-7 to 52-9. 


SUBSCAPULARIS TENDON REPAIR 


TECHNIQUE 52-24 


(BURKHART AND TEHRANY) 

■ Use four portais for the procedure (Fig. 52-50): (1 ) anterior 
portai for anchor placement and suture passage, (2) 
antérolatéral portai for subscapularis mobilization and 
préparation of the bone bed, (3) accessory antérolatéral 
portai for traction sutures, and (4) posterior portai for the 
arthroscope. Place the antérolatéral portai just anterior to 
the biceps tendon and the accessory antérolatéral portai 
just posterior to the biceps. 



FIGURE 52-5 


^ Burkhart and Tehrany portais for arthroscopic 
subscapularis repair. Anterior portai is used for anchor placement 
and suture passage (A). Antérolatéral portai is used for subscapu¬ 
laris mobilization and préparation of bone bed (B). Accessory 
antérolatéral portai is used for traction sutures (C). Posterior 
portai is used for arthroscopic viewing (D). SEE TECHNIQUE 52-24. 


■ When a subscapularis tear is identified, repair it before 
repairing any other tendon. This is done to maximize 
exposure in this confined space. 

■ With the arthroscope placed in a posterior portai, the 
view of the subscapularis tendon and bone bed on the 
lesser tuberosity is excellent. 

■ To vary the field of view, abduct or internally or externally 
rotate the shoulder. In general, internai rotation is useful 
in enhancing visualization of partial tears by relaxing the 
intact portion of the subscapularis. For partial tears, the 
percentage of tendon that is torn can be estimated from 
the superior-to-inferior dimension of the "bare footprint," 
or bone bed, on the lesser tuberosity from which the 
tendon has torn. 

■ In chronic retracted subscapularis tears, the tendon edge 
often is located far medially, at the level of the glenoid rim, 
and it can be difficult to recognize. Use a tendon grasper 
to pull on the medially retracted tissues until a positive 
identification of the upper border of the subscapularis is 
made, or try to find the "comma sign." In retracted sub¬ 
scapularis tears, the médial sling of the biceps, composed 
of the superior glenohumeral ligament and a portion of 
the coracohumeral ligament, is torn from the humérus at 
the upper border of the subscapularis footprint and 
remains attached to the superolateral portion of the sub¬ 
scapularis, forming a comma-shaped arc just above the 
superolateral corner of the subscapularis. 

■ For partial tears of the biceps, perform debridement or 
tenotomy. For dislocations or subluxations of the biceps, 
perform arthroscopic tenotomy or tenodesis. 

■ With traction being exerted on the subscapularis by means 
of traction sutures, bring an arthroscopic elevator through 
the antérolatéral portai to mobilize the anterior and poste¬ 
rior aspects of the subscapularis (Fig. 52-51). In isolated 
tears of the subscapularis, the muscle-tendon unit gener- 
ally is not retracted and does not require mobilization. 
Massive combined tears that affect ail of the subscapularis 
tendon and the supraspinatus and infraspinatus tendons 
generally require mobilization, however. If the tendon 
cannot be pulled easily over the bone bed on the lesser 
tuberosity, mobilize iton its anterior, posterior, and superior 
aspects with an arthroscopic elevator, while pulling on the 
tendon with traction sutures. Avoid the inferior border of 
the tendon to minimize the chance of neurovascular injury. 
By freeing ail except the inferior border, traction on the 
tendon effectively disrupts any adhesions inferiorly. 

■ Préparé the bone bed on the lesser tuberosity using a 
high-speed burr through an antérolatéral portai (Fig. 
52-52). To maximize tendon-to-bone contact, medialize 
the bone bed 5 mm by removing articular cartilage to a 
bleeding base of bone. 

FIXATION 

■ For tendons that reach to the bone bed but cannot be 
overpulled beyond the bone bed, use standard screw- 
type anchors (Corkscrew; Arthrex, Naples, FL), followed 
by suture passage through the tendon using standard 
suture passers or shuttle techniques (Fig. 52-53). 

■ For large complété subscapularis tears that require mobi¬ 
lization, use a "traction shuttle" repair technique: pass 
the braided sutures from the anchor through the tendon 
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Subscapularis 

muscle 


Traction 

suture 



Traction 

suture 


Elevator 


FIGURE 


Burkhart and Tehrany mobilization of sub¬ 


scapularis using arthroscopic elevator. A f Superior view. B f Ante- 


rior view. SEE TECHNIQUE 52-24. 


FIGURE 


^ Burkhart and Tehrany subscapularis tendon 


repair. Préparation of bone bed on lesser tuberosity using high- 


speed burr (superior view). SEE TECHNIQUE 52-24. 



by threading them through a loop on the traction suture, 
and then pull the traction suture through the tendon so 
that it "shuttles" the braided sutures through the tendon 
with it. Retrieve the sutures and bring them out through 
an antérolatéral portai, through which arthroscopic knot 
tying can be accomplished. 

■ For complété tears, use two anchors; for tears of the 
upper half of the tendon, use one anchor. 

■ After passage of the suture through the tendon, before 
knot tying, retrieval of the transtendon suture limb can be 
difficult because of poor exposure caused by deltoid swell- 
ing. In those cases, the suture limb can be threaded 
through the lumen of a single-hole knot pusher, which 
delivers the suture into the joint where it can be easily 
retrieved. 


Burkhart and Tehrany subscapularis tendon 
repair. Superior view of suture passage through subscapularis 
tendon as traction is maintained on tendon. SEE TECHNIQUE 52-24. 


■ After subscapularis repair is completed, perform subacro¬ 
mial smoothing, with préservation of the coracoacromial 
ligament, followed by arthroscopic suture anchor repair 
of the rest of the tear in patients with combined multi- 
tendon rotator cuff tears extending more posteriorly. 

POSTOPERATIVE CARE. Postoperatively, patients are 
immobilized in a padded sling for 6 weeks with the 
shoulder in 30 degrees of internai rotation. External 
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rotation beyond neutral and active or passive overhead 
motion are avoided for 6 weeks. Overhead motion is 
started at 6 weeks. Resisted isotonie strengthening is 
started at 10 weeks postoperatively. 


ACROMIOCLAVICULAR JOINT 

Symptomatic disease of the acromioclavicular joint usually 
responds to conservative measures, such as rest, antiinflam- 
matory drugs, intraarticular corticosteroid injections, and 
avoidance of the offending activity. If these measures fail, 
debridement of the joint and resection of the distal clavicle 
can be done. 

The decision to débridé the acromioclavicular joint is 
made on the basis of the preoperative physical examination 
and radiographs. Distal clavicular excision is indicated if the 
acromioclavicular joint is tender to palpation and pain is 
présent at the joint with horizontal adduction of the shoulder 
(compressing the joint), along with degenerative joint changes 
on radiographs. Injecting the acromioclavicular joint with 1% 
lidocaine without epinephrine is a reliable predictor of surgi- 
cal success; relief of 80% to 100% of pain indicates a likelihood 
of good results. If no symptoms are referable to the acromio¬ 
clavicular joint, despite radiographie degeneration, the distal 
clavicle is not resected. 

Good-to-excellent long-term results hâve been reported 
with arthroscopic distal clavicular resections, and compari- 
sons of open techniques with arthroscopic techniques hâve 
not shown a significant différence in stability. 

A comparison of subacromial décompression and associ- 
ated coplaning of the clavicle, 50% resection of the undersur- 
face of the clavicle, and acromioclavicular joint resection 
found comparable scores and comparable relief of symptoms. 
In a long-term follow-up study of 66 shoulders in 60 patients, 
Levine et al. compared arthroscopic direct and indirect 
acromioclavicular joint resection. Forty-two patients had a 
direct approach, of which four required reoperation, two to 
stabilize the acromioclavicular joint and two for acromiocla¬ 
vicular joint resection at 5 years. Levine and his group sug- 
gested that the direct approach may injure the superior 
capsular ligaments, leading to distal clavicular instability. 
With this long-term follow-up and the cadaver studies 
showing no added benefit to the direct acromioclavicular 
joint resection, we generally use an indirect approach and 
believe that it is quicker, easier to evaluate, and generally 
associated with adéquate subacromial décompression. 


ARTHROSCOPIC RESECTION OF THE 
DISTAL END OF THE CLAVICLE 
(MUMFORD PROCEDURE) 


TECHNIQUE 52-25 


(TOLIN AND SNYDER) 

■ After administering general endotrachéal anesthésia 
supplemented with an interscalene block for postopera- 
tive pain control, place the patient in the latéral decubitus 


position tilted backward approximately 30 degrees and 
support the torso with an inflatable beanbag. 

■ Using a stérile foam-padded traction device (STaR Sleeve; 
Arthrex, Naples, FL), suspend the arm in 70 degrees of 
abduction and 15 degrees of forward flexion with 10 Ib 
of traction. 

■ Make standard posterior and anterior portais and perform 
a complété 15-point anatomie review of the glenohu- 
meral joint. 

■ Evaluate and repair any intraarticular pathologie process 
involving the biceps tendon, labrum, and articular surface 
of the rotator euff. 

■ Change the shoulder position to 20 degrees of abduction 
and 5 degrees of forward flexion in préparation for 
subacromial bursoscopy. 

■ Using the standard anterior and posterior portais, examine 
the subacromial bursa and the undersurface of the 
acromion, coracoacromial ligament, bursal surface of the 
rotator euff, and acromioclavicular joint. Perform a sélec¬ 
tive subacromial décompression. If no impingement lésion 
is présent, limit this to beveling the acromial facet of the 
acromioclavicular joint and removing the coracoacromial 
ligament beneath the acromion. Bevel the acromial facet 
to expose the tight or medially inclined acromioclavicular 
joint through the posterior subacromial portai. 

■ Resect the distal clavicle after subacromial bursoscopy 
and subacromial décompression. The decision to proceed 
with a complété distal clavicle resection should be made 
before beginning the surgical procedure. 

■ Begin the resection with the arthroscope in the posterior 
subacromial portai. Insert a 6-mm internai diameter 
outflow cannula connected to gravity drainage in the 
anterior subacromial portai and insert the electrosurgical 
tool with a subacromial electrode through an insulated 
cannula in the latéral portai. Use the electrode to transect 
and morcellize the inferior capsule and periosteum from 
the undersurface of the acromioclavicular joint and distal 
end of the clavicle. 

■ Insert a mechanical shaver through the latéral portai 
cannula to excise the soft-tissue débris created with the 
electrosurgical tool. When a large spur is présent, it may 
be easier to start with the arthroscope latéral and the 
instrumentation posterior. 

■ Insert a 4-mm or 5.5-mm burr through the posterior 
portai to remove the posterior facet and spurs on the 
clavicle. Clear the bony débris from the burring by gravity 
drainage through the outflow cannula in the anterior 
subacromial portai. 

■ Insert the 4-mm or 5.5-mm burr with the hooded acro- 
mionizer sheath through the anterior portai into the 
acromioclavicular joint. Start the clavicular resection 
anteriorly and work to the posterior extent of the acro¬ 
mioclavicular joint capsule. Carefully observe and preserve 
the capsule. Use the burr to resect the remaining superior 
margin of the distal clavicle, avoiding injury to the superior 
capsule (Fig. 52-54A). Resect the superior aspect of the 
clavicle and any associated cyst, leaving a resection sym- 
metrical to that of the inferior clavicle. 

■ Insert the arthroscope into the anterior portai to view the 
space of the resected acromioclavicular joint. Resect any 
remaining spurs or irregularities around the margins from 
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Tolin and Snyder arthroscopic resection of distal head of the clavicle. A f Superior cortical rim of clavicle is removed. 
B f Two-pin technique used to measure width of resection. SEE TECHNIQUE 52-25. 


either a latéral or a posterior portai. Bevel the undersur- 
face of the clavicle slightly to remove any sharp edges. 
Estimate the width of resection of the acromioclavicular 
space using a two-pin technique. With the arthroscope 
in the anterior portai, place a pin vertically through the 
skin parallel to and at the midsection of the distal end of 
the clavicle. Place a second pin perpendicular to the 
médial border of the acromion and parallel to the central 
portion of the acromial facet (Fig. 52-54B). The distance 
between these two pins measured at skin level corre¬ 
sponds to the width of resection. The resection should be 
6 to 8 mm. 

POSTOPERATIVE CARE. The patient is placed in an 
UltraSling. General passive range-of-motion and pendu- 
lum exercises are begun immediately. Exercises of the 
forearm, wrist, and hand are begun on the first postop- 
erative day with the aid of therapy putty. Overhead lifting, 
pulling, and pushing activities are restricted for 1 to 2 
weeks, with a return to heavy labor and sporting activities 
allowed 2 to 3 months postoperatively. 


SUPERIOR APPROACH 


TECHNIQUE 52-26 


(FLATOW ET AL.) 

■ Place the patient in the beach chair position and admin- 
ister a scalene block. 

■ Use needles to détermine the location and orientation of 
the joint before introducing the instruments. 


■ Inject several milliliters of normal saline solution with an 
18-gauge needle. 

■ Make two portai sites, one anterior and one posterior to 
the joint line. Use a 2.7-mm wrist arthroscopy unit until 
adéquate space is présent for a standard 4-mm arthro¬ 
scope. Use electrocautery to coagulate small bleeders. 
Glycine or normal saline with 1 :300,000 epinephrine and 
a shielded cautery unit can be used for irrigation. 

■ Using a full-radius resector, perform a complété synovec- 
tomy and clean soft tissue and any remaining cartilage 
from the articular surface of the outer end of the clavicle 
with a curet. 

■ Using the electrocautery unit, shell out the outer end of 
the clavicle so that the tube of soft tissue containing the 
acromioclavicular ligament and capsule is preserved. 

■ Begin bone resection with a small (2-mm) burr followed 
by larger (3.5- to 4.5-mm) burrs. Switch the burr from 
the anterior to the posterior portai to remove bone 
adequately under direct vision. Perform final beveling 
using rasps. 

■ Carefully examine the joint with the arthroscope from the 
anterior and posterior portais to ensure adéquate removal 
of bone and check for loose fragments of bone or carti¬ 
lage. Probe the edges to confirm that no overhanging 
ridges remain. The direct approach affords excellent 
exposure for final "sculpturing." 

■ After withdrawing the instruments, inject 0.25% bupiva- 
caine (Marcaine) without epinephrine into the joint for 
postoperative comfort. Close the portai sites with résorb¬ 
able sutures in a subcuticular fashion. 

POSTOPERATIVE CARE. Passive motion is allowed on 
the first postoperative day. Active exercises are allowed 
as soon as postoperative discomfort résolves, usually in 
3 to 5 days. A sling is worn for comfort for 1 to 2 days 
postoperatively. 
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ARTHROSCOPIC 
ACROMIOCLAVICULAR JOINT 
RECONSTRUCTION 

Arthroscopy can be used to aid in repair or reconstruction 
of the acromioclavicular joint or can be used to assist in 
graft passage for mini-open reconstruction of the acromio- 
clavicular joint. Care should be taken when drilling the 
coracoid to ensure that a small central hole is made to 
decrease postsurgical fracture potential. When performed 
during the first 4 weeks, a fixation device alone may be 
sufficient, although Shin and Kim reported loss of réduc¬ 
tion in 33% within 3 months of fixation. Patients over 45 
years of âge hâve a greater chance of having associated 
SLAP lésions and posterior cuff tears with high-grade 
acromioclavicular joint injuries. 


TECHNIQUE 52-27 


■ Make a transverse incision over the clavicle for placing a 
drill hole, passing a dog-bone drill guide, and later repair- 
ing the soft tissues. 

■ Place the arthroscope laterally, using anterior portais to 
assist with device passage. 

■ Obtain radiographs to confirm placement and 
réduction. 


CALCIFIC TENDINITIS OF THE 
ROTATOR CUFF 

Although the exact cause of calcifie tendinitis of the rotator 
cuff is unknown, many investigators believe that local tissue 
hypoxia and degeneration resuit in the calcium deposits. 
During the acute resorptive phase of calcifie tendinitis, 
patients may hâve pain, inflammation, and limited range of 
motion of the shoulder, ail of which mimic an acute infection. 
Conservative treatment of this painful condition consists of 
intermittent icing, antiinflammatory drugs, and occasionally 
a local injection of a long-acting anesthetic into the subacro¬ 
mial space. The use of corticosteroid injections is controversial 
and may prolong the painful resorptive phase of calcifie 
tendinitis. Oral narcotics for pain offen are necessary during 
the acute phase. 

Anteroposterior radiographs with the shoulder in inter¬ 
nai and external rotation and an axillary latéral view are 
helpful in identifying the area of calcification. The supraspi- 
natus tendon and the subscapularis tendon are commonly 
involved. If surgical intervention is necessary, arthroscopic 
release of the calcification may be bénéficiai. 


RELEASE OF CALCIFIC TENDINITIS 


TECHNIQUE 52-28 


■Standard arthroscopy portais are used for thorough 
intraarticular évaluation. The undersurface of the 


supraspinatus tendon when involved with calcifie tendinitis 
may hâve an appearance of a strawberry lésion or hyper¬ 
émie inflamed area, and the tendon in this area may be 
frayed. A fullness or slight bulge in the tendon also may 
be visible. 

■ If identified, lightly débridé the area with a full-radius 
resector and mark this with a No.1 PDS placed through 
a spinal needle and left in place when the needle is 
retracted. View the lésion through a subacromial portai 
and use an antérolatéral accessory portai for instrumenta¬ 
tion. Release the calcification into the subacromial bursa 
with a spinal needle or arthroscopic knife. 

■ For larger lésions, use a small curet to open the area in 
line with its fibers to release the calcification. Place a 
small, full-radius resector over the lésion to suction the 
pasty material from the cuff and lightly débridé this area 
to stimulate a healthy response. Repair of the small partial 
tear usually is unnecessary. 

■ If there is evidence of impingement with fraying of the 
undersurface of the acromion and its counterpart near 
the rotator cuff, perform arthroscopic acromioplasty. 

■ Approach calcification of the subscapularis tendon 
through an antérolatéral portai to view the subscapularis 
bursa and subscapularis tendon. Use the standard anterior 
portai to place a full-radius resector down into the bursa 
into the site of the subscapularis tendon inflammation, 
and lightly débridé and release the calcification. 

POSTOPERATIVE CARE. Active-assisted range-of- 
motion exercises are used to regain full motion as quickly 
as possible. As symptoms subside, progressive strengthen- 
ing exercises for the cuff are performed, avoiding exercises 
in the impingement position. 


OSTEOARTHRITIS 

Weinstein et al. reported 25 patients with arthroscopic 
debridement for degenerative arthritis. Treatment consisted 
of lavage, removal of loose bodies, debridement of degenera¬ 
tive labral tears and chondral lésions, and debridement of 
partial rotator cuff tears. They reported 80% good results and 
20% unsatisfactory results when evaluating pain relief, func- 
tion, and range of motion. At an average follow-up of 34 
months, 76% of patients maintained pain relief. 

This technique (Fig. 52-55) may be bénéficiai in patients 
in whom conservative therapy has failed but who are not 
candidates for total joint arthroplasty. The best results may 
be expected in patients who hâve had a recent exacerbation 
of symptoms as opposed to patients who hâve had a graduai, 
long-term, progressive worsening of the condition. Few 
studies spécifie to micro fracture of the glenoid and humerai 
head are available, but, as in other joints, best results can be 
expected for local unipolar defects in patients younger than 
50 years of âge. Small humerai head defects fare better than 
glenoid defects. For glenoid defects associated with a 
Bankart lésion, advancement of the labrum to cover or 
decrease the size of the defect can be used. Aggressive 
microfracture will cause a stress riser in the glenoid and 
should be avoided. 
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FIGURE 


Arthroscopic debridement for osteoarthritis. 


POSTERIOR OSSIFICATION OF THE 
SHOULDER (BENNETT LESION) 

The Bennett lésion was originally believed to be calcification 
caused by a traction injury in the area of the triceps tendon 
insertion. Ferrari et al. described the arthroscopic findings in 
seven pitchers with Bennett lésions, ail of whom had posterior 
intraarticular changes, including posterior labral injury 
and posterior undersurface rotator cuff damage. The extra- 
articular calcification seen on radiography was not visible 
arthroscopically and was not treated. The frayed labrum and 
rotator cuff were debrided, and a réhabilitation program was 
started. Six of the seven athlètes were able to return to prein- 
jury levels of compétition. Warren suggested that in athlètes 
with evidence of posterior labral injury some may hâve a 
partially detached posterior capsule. This injury may be in the 
spectrum of lésions described by Burkhart and Morgan as a 
peel-back lésion associated with extreme external rotation in 
sports requiring overhead motion. They suggested reattach- 
ment of this posterior capsule to a “freshened” glenoid. If 
capsular attachment is necessary, the glenoid can be freshened 
with a full-radius resector through a posterior portai with 
the arthroscope in the anterior portai. The capsule can be 
approximated to the glenoid with an arthroscopic absorbable 
suture anchor technique using accessory posterior portais for 
instrumentation and an anterior portai for viewing or a 
postérolatéral portai 1 cm anterior and latéral to the postéro¬ 
latéral corner of the acromion. 

SPINOGLENOID CYST 

In the past, treatment of a spinoglenoid cyst with associated 
suprascapular nerve symptoms focused on excision of the 
cyst with repair of the labrum. Most of the cysts are secondary 
to flap tears. A sériés by Youm, Matthews, and El Attrache 
evaluated 10 patients treated with arthroscopic décompres¬ 
sion of the cyst and labral repair. Ail patients were satisfied 
with their treatment, and 8 of the 10 had MRI evidence of the 
cyst completely resolving. Ail six patients who had external 
rotation weakness regained normal function and had normal 


electromyographic studies. It seems that décompression 
should be done when it can be safely performed while decor- 
ticating the neck and making a small puncture into the cyst, 
decompressing it at the time of repair. Nevertheless, the main 
part of the treatment has been shown to be a labral repair, 
and results are excellent with repair of the SLAP lésion. 

SHOULDER CONTRACTURES 

Shoulder contractures may be caused by trauma, surgery, or 
inflammation. Many of these conditions are preventable or 
treatable by intensive, goal-oriented physical therapy. A par- 
ticularly troublesome form of contracture is that associated 
with diabètes mellitus. The présentation typically is one of 
graduai progression of idiopathic adhesive capsulitis owing 
to a marked thickening and loss of viscoelastic properties of 
the joint capsuloligamentous complex. Scarlat and Harryman 
noted that patients who had symptoms for more than 6 
months were less likely to respond favorably to manipulation 
than were patients with posttraumatic or postsurgical stiff- 
ness. In our expérience, patients with symptoms of more than 
4 months duration combined with rotation of less than 30 
degrees and flexion of less than 100 degrees generally respond 
poorly to therapy. These patients and ail patients with capsu¬ 
litis should be monitored closely in therapy. If a patient is not 
gaining significant motion (10 to 15 degrees over 2 weeks) 
over a 4-week period, manipulation or surgical intervention 
should be contemplated early. Scarlat and Harryman recom- 
mended early prophylactic range-of-motion programs for 
patients with diabètes, particularly type 1, and early treatment 
with manipulation and complété arthroscopic release to 
prevent chronic painful symptoms. In their study, approxi- 
mately 20% of the patients required early remanipulation, and 
these patients did best if the second procedure was done 3 
to 4 years affer the first. The guidelines listed in Box 52-3 can 
be used to approach the difficult problems associated with 
shoulder contractures. 


CAPSULAR RELEASE 


TECHNIQUE 52-29 


(SCARLAT AND HARRYMAN) 

■ Begin by performing a bilateral range-of-motion exami- 
nation with the patient under anesthésia and then 
attempt gentle manipulation. 

■ Make a posterosuperior portai after marking the surgical 
anatomy. 

■ Insert a tapered-tip trocar through the soft spot at the 
posterosuperior aspect of the glenohumeral joint. Use a 
sharp trocar to pierce the thickened posterior capsule if 
necessary, but immediately switch back to the blunt 
tapered tip before advancing into the joint. 

■ Advance the scope toward the rotator interval. In very 
stiff shoulders there is no room below the biceps tendon, 
but the scope can be advanced above the biceps tendon 
toward the rotator interval capsule. 

■ Use a Wissinger rod to create an anterosuperior portai 
from inside out. Alternative^, this portai can be made 
outside in by making a portai 1.5 cm anterior to the 
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Guidelines for Treatment of Shoulder 
Contractures 


1. The patient must fully understand the potential surgical 
procedures, including open techniques, and the difficult 
postoperative course. 

2. Initial portais are placed superiorly 1.5 cm below the 
acromion and 1.5 cm below the acromioclavicular joint. 
Sharp trocars may be necessary to penetrate the thick- 
ened contracted capsule carefully. 

3. Sélective arthroscopic releases may accomplish the fol- 
lowing gains in motion (Bennett): 

Rotator interval: external rotation 
Inferior capsule: external rotation, flexion, internai 
rotation 

Posterosuperior capsule: internai rotation 

4. Patients with diabètes require complété circumferential 
release if manipulation does not restore full motion. 

5. Postsurgical contractures usually require a combined 
arthroscopic and open release. A subscapularis lengthen- 
ing may be necessary to restore external rotation. 

6. If arthroscopic visualization is poor, convert to an open 
procedure. If an arthroscopic release is to be performed 
in the 5-o'clock to 7-o'clock position at the inferior 
capsule, stay within 1 cm of the labrum and carefully 
separate capsule from muscle to protect the axillary 
nerve. 

7. Postoperative pain control is obtained with interscalene 
block, passive range of motion, careful follow-up, and 
early 3- to 4-week reintervention with arthroscopic pro¬ 
cedures when indicated. 


acromioclavicular joint and passing a sharp trocar through 
the rotator interval capsule under direct view. Insert a 
30-degree arthroscope through the anterosuperior portai 
to view the posterosuperior capsule adjacent to the 
glenoid labrum. 

■ Retract the posterior cannula to release the contracted 
posterosuperior capsule using capsular release forceps. 
These forceps are specially designed to free the capsule 
from the subjacent rotator cuff musculature and to resect 
the thick capsule widely. The labrum should be left entirely 
intact. Some authors prefer electrocautery for the release. 

■ After the posterosuperior quadrant has been released, 
release the posterior capsule in an inferior direction as far 
as visibility allows. 

■ Exchange the arthroscope in position and excise the 
anterosuperior rotator interval capsule. To avoid additional 
bleeding, do not use a motorized shaver for debridement 
except for sucking out pièces of capsule. Next, resect the 
anterior capsule farther inferiorly, continuing with the 
middle glenohumeral ligament and extending toward 
the anteroinferior glenohumeral ligament. Alternative^, a 
70-degree arthroscope can be used to assist in viewing 
the release in an inferior direction. 

■ Retract the arthroscope posteriorly to view the intact and 
contracted posteroinferior capsule. 

■ Use a spinal needle to locate a second posteroinferior 
portai for placement of a second posterior cannula. 


■ When portai access is established, insert the capsular 
release forceps and retract the cannula. Close the capsular 
release forceps and separate the rotator cuff musculature 
and neurovascular structures from the external surface of 
the contracted capsule before resecting the capsular 
tissue. Insert and retract the cannula alternately with the 
capsular release forceps. Use a suction shaver to extract 
tissue fragments effectively. Direct the cutting orifice of 
the motorized shaver toward the labrum to avoid nerve 
or vascular injury. 

■ Perform the inferior capsular release no more than 1 cm 
from the inferior labrum to avoid risk to the neurovascular 
structures. Use the maximal length of the angulated 
capsular release forceps to continue release of the capsule. 
As the release continues from posterior to anterior, the 
inferior border of the subscapularis is encountered. 
Continue the release into the anteroinferior quadrant. In 
this location, the inferior glenohumeral ligament is quite 
thick. 

■ Position the arthroscope to view the upper rolled border 
of the subscapularis tendon and place a second antero¬ 
inferior portai from outside to inside just above the sub¬ 
scapularis tendon. When the portai is established, use the 
anterosuperior portai for arthroscopic viewing and posi¬ 
tion the capsular release forceps through the anteroinfe¬ 
rior portai to resect the inferior glenohumeral ligament 
from the deep surface of the subscapularis muscle. 

■ Completely release the thick capsuloligamentous struc¬ 
ture until a direct connection is made between the 
anterior and posterior release. The humerai head does not 
drop inferiorly and does not fully rotate until the inferior 
glenohumeral ligament is completely divided. 

■After the release has been connected circumferentially 
around the joint, finish with a synovectomy and wide 
resection of the capsular margins to prevent early scar 
formation and restricted capsular volume. 

■ When the intraarticular capsular release is complété, 
view the subacromial space. Usually, significant adhesion 
contractures of the humeroscapular motion interface are 
seen in patients with prior surgical intervention. These 
adhesions connect the deep surface of the deltoid to the 
rotator cuff, and because they prevent rotating or gliding 
motions, they limit the shoulder range. 

■ Through an axillary deltopectoral approach, perform a 
complété lysis of adhesions between the bursal surface 
around the proximal humérus and surfaces of the entire 
rotator cuff, coracoacromial arch, coracoid base, and 
conjoined tendon. 

POSTOPERATIVE CARE. A supraclavicular cathéter is 
placed before surgery under ultrasound guidance. It is left 
in place for pain management for the first 48 to 72 hours 
after surgery. After surgery, the patient and family 
members are instructed on immédiate active-assisted 
range-of-motion exercises to be repeated continuously 
throughout the day. Physical therapy for passive- and 
active-assisted range of motion is started within 24 hours. 

We recommend reexamination within 3 weeks. The 
stretching exercises must be performed in ail four quad¬ 
rants, five times a day, with five répétitions of each 
stretching maneuver. 
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SUPRASCAPULAR NERVE ENTRAPMENT 

Suprascapular nerve entrapment has drawn more attention in 
recent literature as a cause of persistent parascapular and 
posterior shoulder pain associated with massive cuff tears and 
traction placed on the nerve by the retracted cuff. Other 
causes of suprascapular nerve entrapment include ganglia in 
or around the suprascapular notch and altered anatomy of the 
notch involving transverse scapular ligament thickening and 
constricting bony anatomy of the notch. Lafosse et al. sug- 
gested that chronic pain and electrodiagnostic evidence of 
suprascapular nerve compression refractory to conservative 
management is an indication for nerve release. 


SUPRASCAPULAR NERVE RELEASE 


TECHNIQUE 52-30 


(LAFOSSE, TOMASI, AND CORBETT) 

■ Place the patient in a beach chair position with the arm 
held in flexion and with 3 kg of longitudinal traction. 
Position the suprascapular nerve portai between the 
clavicle and the scapular spine, approximately 7 cm 
médial to the latéral border of the acromion. This portai 
is approximately 2 cm médial to the Neviaser portai. 
Warner et al. found that the suprascapular notch is 
approximately 4.5 cm from the postérolatéral acromion. 
This portai is created under direct visualization through 
an outside-in technique. 

■ After inspection of the glenohumeral joint through the 
posterior portai, introduce the arthroscope into the sub¬ 
acromial space through the latéral portai. Use a shaver 
and radiofrequency device through the posterior portai 
to remove the anteromedial bursa and provide access to 
the suprascapular notch. Because swelling during the 
procedure adds significantly to the difficulty of gaining 
adéquate exposure to the transverse scapular ligament, 
distal clavicular resection or subacromial décompression, 
if it is to be performed, should be done after the supra¬ 
scapular nerve décompression. 

■ Once the anteromedial bursectomy has been completed, 
switch the arthroscope to the latéral portai. Create an 
antérolatéral portai at the antérolatéral corner of the 
acromion. This portai is optimal for completing the dis¬ 
section of the transverse scapular notch by use of a shaver 
and radiofrequency devices. 

■ First, identify the coracoacromial ligament and follow 
its course to the base of the coracoid. Next, identify the 
coracoclavicular ligaments (conoid and trapezoid) by car- 
rying the dissection posteriorly and medially. The médial 
border of these ligaments at the base of the coracoid 
defines the latéral insertion of the superior transverse 
scapular ligament. The transverse scapular ligament is 
identified as the médial continuity of the conoid ligament 
above the scapular notch (Fig. 52-56A). 

■ Once visualization of the transverse scapular ligament 
is adéquate, use an 18-gauge spinal needle to guide 
the placement of the new suprascapular nerve portai 
through the trapezius at an angle orthogonal to the 
suprascapular fossa and slightly anteriorly toward the 


transverse scapular notch. The portai is located approxi¬ 
mately 7 cm médial to the latéral border of the acromion 
and approximately 2 cm médial to the Neviaser portai. If 
the spinal needle is oriented correctly, the tip of the 
needle should be visualized immediately anterior to the 
anterior border of the supraspinatus muscle. Take care 
not to damage the spinal accessory nerve as it traverses 
near the médial border of the scapula; the portai should 
be more than 5 cm médial to the suprascapular nerve. 

■ Once the spinal needle has been appropriately positioned, 
use a knife to incise the skin and blunt dissection through 
the trapezius and surrounding soft tissues to the supra¬ 
scapular nerve with a trocar. Use the blunt trocar to 
dissect the fatty tissues that surround the suprascapular 
nerve within the transverse scapular notch and to further 
clarify the borders of the transverse scapular ligament. 
The suprascapular artery is easily visualized superior to the 
ligament, and the suprascapular nerve is identified as it 
travels underneath the ligament (Fig. 52-56B). If neces- 
sary, use radiofrequency or shaver devices to enhance the 
dissection but be sure that the instruments remain supe¬ 
rior and latéral to the conoid ligament insertion at the 
base of the coracoid to avoid injury to the suprascapular 
artery. 

■ Once the ligament and nerve are identified, position the 
blunt tip of the trocar latéral to the suprascapular nerve 
within the transverse scapular notch to protect the supra¬ 
scapular nerve during transection of the ligament. To 
perform the ligament release, make a second portai 
approximately 1.5 cm latéral to the suprascapular nerve 
portai to introduce the arthroscopic scissors. Release the 
transverse scapular ligament (Fig. 52-56C). 

■ After release of the transverse scapular ligament, assess 
the décompression by use of gentle manipulation of the 
suprascapular nerve within the scapular notch. If there 
is residual compression of the nerve usually resulting 
from bony hypertrophy within the suprascapular notch, 
perform a notchplasty along the latéral border of the 
suprascapular notch with a burr. 

■ Close the portais with an absorbable subcutaneous 
suture. 

POSTOPERATIVE CARE. Patients are discharged on the 
day of surgery. They are instructed to wear a sling for the 
first 48 to 72 hours for comfort, although there is no 
structural reason to restrict activity. Pendulum exercises 
and active motion are encouraged on the first postopera- 
tive day, and patients are permitted to progress their 
activity without restrictions thereafter. Follow-up should 
be in 6 weeks and 6 months. 


COMPLICATIONS 

Complications after diagnostic and operative shoulder 
arthroscopy are as uncommon as they are in other joints. The 
less frequent use of shoulder arthroscopy by the average 
orthopaedic surgeon may contribute to an increased inci¬ 
dence of complications, however. Portai placement for 
shoulder arthroscopy is more difhcult than for the knee 
because there are fewer bony landmarks and more muscle 
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FIGURE 52-5 


_ A, Superior view of portais for suprascapular nerve décompression (red dot, standard posterior portai). B, Portais on 

right shoulder. C f Portais and instrument positioning. Viewing through the latéral portai, ail other devices are passed through the 
suprascapular nerve portai. (From Lafosse L, Tomasi A, Corbett S, et al: Arthroscopic release of suprascapular nerve entrapment at the supra¬ 
scapular notch: technique and preliminary results, Arthroscopy 23:34, 2007.) SEE TECHNIQUE 52-30. 


mass to traverse. Maneuvering the arthroscope is more dif- 
ficult in the shoulder than the knee because the joint is sur- 
rounded by thick layers of musculotendinous cuff and 
capsular tissue. New advanced procedures are being done by 
more surgeons, and in some procedures the learning curve 
may be quite steep. This in itself results in increased procedure 
failures and increased intraarticular damage. 

Many potential arthroscopic complications can be elimi- 
nated before they occur by thoroughly examining the causes 
of récurrence. Treating bony lésions and hyperlaxity with 
standard arthroscopic techniques will certainly resuit in a 
high failure rate. In appropriately chosen patients in whom 
repair was obtained with good arthroscopic technique, the 
chance of récurrent instability is comparable with open 
techniques. Likewise, overconstrained joints usually can be 


avoided by carefully evaluating and choosing appropriate 
patients on whom to perform interval closures and plication 
procedures. 

Neurologie injuries can occur from traction or pressure 
and are normally transient. Injury to the suprascapular nerve 
can occur because it résides less than 2 cm médial to the 
glenoid articular surface along the scapular neck, and the 
axillary nerve can also be injured because it is 3 cm or more 
from most portais. Care in marking landmarks and portai 
position is critical. Finally, the subclavian vein is within 1 cm 
of the 5-oclock portai; thus, to preserve the vein and the 
integrity of the subscapular muscle, the portai is mainly a 
percutaneous portai for anchor placement. Although the 
neurovascular structures are at risk for injury with anterior 
portai placements that are too médial or inferior, neurologie 
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complications seem to resuit more offen from excessive trac¬ 
tion on the shoulder and improper positioning. Paulos and 
Franklin reported an approximately 30% incidence of tran- 
sient paresthesias in the upper extremity after shoulder 
arthroscopy using traction. Klein et al. reported a 10% inci¬ 
dence of transient paresthesias and palsies combined. They 
also used cadaver shoulders to study the strain on the brachial 
plexus that results from traction loads applied at various arm 
positions and to correlate this with visibility through the 
arthroscope. The most common arthroscopic shoulder posi¬ 
tion of 30 degrees of forward flexion and 70 degrees of 
abduction produced the highest average strain on the brachial 
plexus. They recommended placing the shoulder in either 45 
degrees of forward flexion and 90 degrees of abduction or 45 
degrees of forward flexion and 0 degrees of abduction to 
maximize visibility with minimal strain to the brachial plexus. 
We typically place the shoulder in 30 to 70 degrees of abduc¬ 
tion with 10 to 13 lb of traction and hâve not had any signifi- 
cant neurologie sequelae. 

Infection should be an infrequent complication because 
of the limited exposure, the rich vascularity around the joint, 
and the dilutional effect of the irrigating solution. Infection 
can occur, however, with violations of stérile technique. 
Careful préparation and draping minimize fluid leakage and 
contamination through the drapes to unsterile areas. Propi- 
onibacterium acnés is a low-virulence organism associated 
with shoulder procedures. Completely sealing the axilla 
with stérile gauze and stérile drapes helps decrease possible 
exposure. 

Chondrolysis can be a severely debilitating complication. 
The risk factors are postarthroscopic infusion of local anes- 
thetic, particularly in young patients when suture anchors are 
used. 

Thromboembolie events hâve been reported in patients 
having shoulder arthroscopy. Kuremsky et al. reported a 
0.31% prevalence in patients after shoulder arthroscopy. 
Deep vein thrombosis occurred in both the ipsilateral upper 
or lower extremities. Four of six patients had a pulmonary 
embolism and three of them had identifiable risk factors. 
Routine use of lower extremity serial compression devices 
may be bénéficiai, particularly if risk factors are évident. 

Lo and Burkhart reported fluid rétention and weight gain 
after arthroscopy as a common, although transient, complica¬ 
tion of shoulder arthroscopy. In a study of 53 patients, the 
average weight gain caused by arthroscopy fluid was 4.2 ± 
3.8 lb (range: 0 to 14.5 lb). Ail of these fluid rétention prob- 
lems resolved rapidly postoperatively but could be a potential 
problem in a cardiac-compromised patient. 

Currently, the most frequent complication of shoulder 
arthroscopy is failure of the procedure. Earlier stabilization 
techniques with transglenoid sutures had failure rates ranging 
from 4% to 40%. To prevent suture loosening and subséquent 
instability, appropriate tension should be placed on the sutures 
and meticulous intraarticular knot-tying techniques should 
be used. The surgeon should be skilled in the tying of two 
basic knot types—a nonsliding knot and a sliding knot. The 
nonsliding knot can be used for any application. The sliding 
variety is a good choice when the suture slides easily through 
the anchor and soft tissues. A variety of arthroscopic knots 
can be used, but the surgeons or Revo knot is the standard, 
most secure knot with a tight suture loop and no slippage (Fig. 
52-57). According to a study by Lo and Burkhart evaluating 


loop and knot security, locking-sliding knots such as the 
Duncan loop (Fig. 52-58), SMC (Fig. 52-59), and Roeder (Fig. 
52-60) knots are secure when three reversing half-hitches are 
placed on alternating posts and are tied over the knot. The 
Roeder and SMC knots are locking-sliding knots. 

When tying arthroscopic intraarticular knots, the initial 
knot should be either a slipknot with two half-hitches thrown 
in the same direction over the same post or a fishermans knot 
(Duncan loop). The initial slip knot is secured by three 
reversing half-hitched throws over alternating posts. The post 
suture is held under tension while the knot pusher is used to 
tease the slip knot down securely; the hitch suture is pushed 
to the side and past the point of the knot to tie the throw 
securely. The post changes from one suture strand to the other 
with each throw of the suture. This may also be achieved by 
alternating tension on the two suture ends; the suture tail 
under tension serves as the post suture. Recommendations of 
Loutzenheiser et al. are as follows: (1) always switch the post 
for every throw after securing the first half-hitch following a 
slipknot, (2) always reverse the half-hitch direction, over and 
then under the post, for each half-hitch throw, (3) use at least 
three half-hitches on alternating posts, and (4) reverse loops 
to secure slip knots. They also recommended practicing and 
examining pusher-tied knots for consistency before attempt- 
ing them clinically. 

Other important points for secure knot tying are as 
follows: (1) the suture must slide through the anchor eyelet, 
allowing for an initial slip knot; (2) the knot passer must pass 
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FIGURE 52-5 


Q Revo nonsliding knot. Place knot pusher on 
post strand. A f Throw underhand loop (first half-hitch) around 
post, and advance loop into operative cavity, alternating tension 
on each strand until first half-hitch is tightened down on tissue 
to be opposed. B, Withdraw knot pusher while maintaining 
tension on post strand, and throw another underhand half-hitch 
around same post. Push it into joint until knot has seated. 
C f Maintain tension on post strand, and this time overhand throw 
around same post and push down into place. Tension knot by 
past-pointing, accomplished by passing knot pusher beyond knot 
sequence and applying tension on both strands while holding 
pusher in position beyond knot. Knot pusher is switched to 
second limb, which is designated as new post. D, Throw an 
underhand half-hitch around new post and tension. E, Switch 
knot pusher to original post, and throw an overhand hitch and 
tension. F, Alternatively, pull half-hitches into joint by placing 
knot pusher on loop strand ahead of loop and drag loop into 
position. Tighten knot by past-pointing on each loop. Cut tails of 
suture 3 to 4 mm from knot. 
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Duncan loop sliding knot. Verify that suture is 
free to slide and there is no evidence of twists or soft-tissue 
entanglements between suture and tissue to be opposed. Begin 
with two uneven parallel sutures, with post being half as long as 
loop as it protrudes from operative cannula. A, Grasp sutures 
between thumb and index finger, creating small loop by passing 
loop strand over post. B, Follow this by succession of four loops 
around post and loop strands. C, Pass tail of loop strand through 
original loop created, and pull on loop limb to tighten knot 
configuration. D, When it is tightened, gently advance knot by 
pulling on post. Maintain tension on post during locking sequence. 
Place sériés of half-hitches to lock this knot. E, Place first half- 
hitch on same post strand by passing it under post. F, Change post, 
and place opposite throw (overhand) over new post. Tension and 
advance into position. Continue sequence, alternating posts and 
direction of loop thrown to give total of three or four half-hitches 
on top of sliding knot to prevent slippage of this knot. 



strand under loop and post strands. B, Second underhand throw 
with loop strand under post strand. C, Underhand throw with 
loop strand under post strand behind second throw. (From Kim SH, 
Ha Kl: The SMC knot—a new slip knot with locking mechanism, 
Arthroscopy 16:563, 2000.) 


ail the way down the post suture without obstruction; and (3) 
no excessive tension should be placed on the soft tissue being 
sutured. Tension can be relieved by decreasing traction and 
internally rotating the shoulder and by placing a tension 
suture or grasper on the soft tissue while tying the suture. 
Absorbable monofilament PDS maintains 40% to 50% 
strength at 6 weeks but can elongate up to 30% when placed 
under tension. Although the PDS is easier for passing and 
tying knots, it also slips and elongates easier than nonabsorb- 
able suture. We reserve its use for plication techniques and to 
assist in passing anchor sutures through the capsule. 



FIGURE 


Roeder knot. 


As skill levels and understanding of the pathoanatomy 
hâve increased, the failure rates hâve corne more in line with 
those of the open techniques. 

ELBOW 

Arthroscopic évaluation and treatment of the elbow hâve 
advanced in popularity and in sophistication. New portais 
and more advanced surgical techniques hâve been described, 
and a better understanding of the pathologie findings has 
been obtained. 

INDICATIONS 

Elbow arthroscopy has been found to be helpful in the fol- 
lowing situations: (1) évaluation and removal of loose bodies; 
(2) évaluation and treatment of osteochondritis dissecans of 
the capitellum; (3) évaluation and treatment of chondral or 
osteochondral lésions of the radial head; (4) excision of 
osteophytes from the humérus and olecranon; (5) partial 
synovectomy, especially in rheumatoid disease; (6) débridé - 
ment and lysis of adhesions around the elbow in posttraumatic 
or degenerative disease; (7) tennis elbow release; and (8) 
évaluation of a painful elbow when other diagnostic tests are 
inconclusive. Use of the arthroscope also has been described 
for debridement of inflamed olecranon bursae, stabilization 
procedures, and treatment of some intraarticular fractures. 

Contraindications are few but include bony ankylosis or 
severe fibrous ankylosis that prevents safe introduction of 
the arthroscope. Previous surgery that alters normal elbow 
anatomy, such as anterior transposition of the ulnar nerve, 
also éliminâtes certain portais and may be a relative contra- 
indication to arthroscopy. As with other joints, elbow 
arthroscopy should not be done in the presence of a periar- 
ticular infection. 

PATIENT POSITIONING AND ANESTHESIA 

Elbow arthroscopy can be done with the patient supine, 
prone, or in the latéral decubitus position on a standard 
operating room table. A tourniquet is used to control bleed- 
ing and is placed as high as possible on the arm to avoid 
crowding the operative field. Usually, general anesthésia is 
used because it affords complété muscle relaxation and élimi¬ 
nâtes intraoperative patient discomfort. 
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■ SUPINE POSITION 

With the patient supine, the hand and forearm are placed in 
a stérile, waterproof stockinette suspension device connected 
to a rope and pulley System with 5 to 6 lb of weight for bal- 
anced suspension. The patient is positioned so that the arm 
hangs free off the side of the table, with the shoulder in 
neutral rotation and 90 degrees of abduction (Fig. 52-61). The 
elbow is flexed at 90 degrees. This position provides access to 
both sides of the elbow and relaxes the neurovascular struc¬ 
tures in the antecubital fossa. The surgeon sits on a rolling 
stool with the elbow at chest level so that he or she can easily 
move to either side of the elbow (see Fig. 52-61). 

The monitor is placed on the opposite side of the patient, 
and 4-mm, 30-degree and 2.7-mm, 70-degree wide-angle 
arthroscopes are used. Maintaining established portais with 
interchangeable cannulas or cannulas with rubber diaphragms 
is essential to reduce the risk of damaging adjacent neurovas¬ 
cular structures with repeated passage of instruments and 
decreases fluid extravasation with its risk of neurovascular 
compression in the antecubital fossa. Use of a video-dedicated 
arthroscope also is recommended to decrease fogging. Inflow 
may be by gravity or by arthroscopic pump with low pressure 
at 40 to 50 mm. Throughout the procedure, the amount of 
fluid extravasation and the tension of the soft tissues, espe- 
cially in the antecubital fossa, should be carefully monitored. 
If extravasation becomes excessive, the procedure should be 
aborted. 

■ PRONE POSITION 

Poehling et al. introduced the use of the prone position for 
elbow arthroscopy in 1989. They recommended this opéra¬ 
tive position on the basis of their impression that it improves 
arthroscopic mobility, makes joint manipulation easier, 
improves access to the posterior aspect of the joint, and 
provides more complété viewing of the intraarticular struc¬ 
tures. The patient is placed prone on chest rolls, and a tour¬ 
niquet is applied around the proximal arm. An arm board is 
placed parallel to the operating table at the level of the arm. 
The shoulder and proximal arm are elevated on a sandbag 
placed on the arm board. No traction is used, and the arm is 



Setup for patient in supine position with elbow 
maintained in 90 degrees of flexion and shoulder in 90 degrees 
of abduction by overhead traction. 


positioned with the shoulder in neutral rotation and 90 
degrees of abduction. The elbow is flexed 90 degrees with the 
hand pointing toward the floor. The surgeon stands with 
the operating table at chest level to prevent contamination of 
the dépendent hand. The monitor and other equipment are 
placed across from the surgeon (Fig. 52-62). 

Affer induction of anesthésia, the arm is prepared in the 
usual fashion and waterproof drapes are applied. Affer the 
arm is exsanguinated and the tourniquet is inflated, bony 
landmarks and portai sites are outlined with a marking pen: 
laterally, the latéral épicondyle and the radial head; medially, 
the médial épicondyle; and posteriorly, the olecranon tip. The 
most commonly used portais are the direct latéral, antérolat¬ 
éral, anteromedial, proximal médial, postérolatéral, and 
straight posterior (Fig. 52-63). 

■ LATERAL DECUBITUS POSITION 

The latéral decubitus position for elbow arthroscopy was 
developed as a modification of the prone position. Placing the 
patient in the latéral decubitus position allows easy access to 
the posterior compartment and maintains mobility of the 
patient for induction and maintenance of anesthésia during 
the procedure. The patient is kept in the latéral decubitus 
position with the help of a beanbag and kidney rest. The 
tourniquet is applied high around the arm, and the arm is 
placed over a bolster attachment to the bed. The bolster 
should be small enough to be out of the operative site and to 
allow the elbow to hang freely at 90 degrees of flexion with 
unobstructed access to anterior and posterior portais. Taka¬ 
hashi et al. advocated traction to assist in joint visualization. 
We hâve not used traction, but a small amount of manual 
distraction may improve exposure in some instances. 

PORTAL PLACEMENT 

The direct latéral portai is located in the latéral soft spot where 
elbow effusions are visible, palpable, and often aspirated. The 
portai is located in the center of the triangle formed by the 
latéral épicondyle, radial head, and tip of the olecranon. This 
spot can be precisely located by palpating the posterior 
articulation of the radiocapitellar joint. The portai is made 
just posterior and proximal to this joint. Instruments in this 
portai traverse skin, a small amount of subcutaneous tissue, 
the anconeus muscle, and the joint capsule. The elbow is 
distended initially through this portai. 

The antérolatéral portai , traditionally the standard diag¬ 
nostic portai, usually is the first established affer elbow dé¬ 
tention. Antérolatéral portais may include (1) the traditional 
distal antérolatéral portai 2 to 3 cm distal and 1 cm anterior 
to the latéral épicondyle, (2) the midanterolateral portai just 
proximal and approximately 1 cm anterior to the palpable 
radio capitellar joint, and (3) the proximal antérolatéral portai 
2 cm proximal and 1 cm anterior to the latéral épicondyle, as 
described by Field et al. These authors believe that this proxi¬ 
mal portai is technically easier to establish and allows superior 
joint exposure compared with other antérolatéral portais. The 
proximal antérolatéral portai provides the safest distance 
from the radial nerve but can make instrumentation in the 
médial compartment more difhcult than the midanterolateral 
portai. We no longer use the distal antérolatéral portai because 
of its proximity to the radial nerve but prefer the midantero¬ 
lateral portai (Fig. 52-64). The antérolatéral portai traverses 
the extensor carpi radialis brevis muscle and passes beneath 
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A f Operating room setup with patient prone on chest roiIs. For added mobility, shoulder and proximal arm are 
elevated on sandbag. Tourniquet is placed on proximal arm. AN equipment is mounted on portable rolling platform. B f Proximal médial 
portai is located 2 cm proximal to médial humerai épicondyle, just anterior to médial intermuscular septum. C, Cross-sectional view of 
proximal médial portai. Sheath and blunt trocar are inserted anterior to intermuscular septum and in contact with anterior humérus, 
directed toward radial head, avoiding injury to neurovascular structures. D, Proximal médial portai provides full view of anterior joint. 
Gravity protects médian nerve and brachial artery. 


the radial nerve. Lynch et al. reported that instruments might 
pass within 4 mm of the radial nerve when the elbow is not 
adequately distended. If the elbow is flexed 90 degrees and 
maximally distended, however, the distance between the 
radial nerve and the cannula averaged 11 mm. Field et al. 
evaluated the distance from the cannula to the radial nerve 
with ail three antérolatéral portais. They found the distance 
to be greatest from the proximal antérolatéral portai, averag- 
ing 13.7 mm with the elbow flexed; the nerve was an average 
of 7.2 mm from the distal antérolatéral portai and 10.9 mm 
from the midanterolateral portion. Ail authors emphasize the 
importance of 90 degrees of elbow flexion and joint distention 
to move the radial nerve anteriorly out of the path of the 
trocar entering the joint. The skin incisions should be made 
carefully with a No. 11 blade, avoiding deep pénétration to 
protect the latéral and posterior antebrachial cutaneous 
nerves. A small hemostat is used to spread down to the 
capsule before using a blunt trocar to enter the joint. 

The anteromedial portai is located 2 cm distal and 2 cm 
anterior to the médial épicondyle. This portai approximates 


the médial extension of the flexor crease of the elbow (see Fig. 
52-63A). It passes through the tendinous portions of the 
pronator teres and the radial aspect of the flexor digitorum 
sublimis before penetrating the médial capsule. Lynch et al. 
showed that cannulas pass a mean distance of 14 mm poste¬ 
rior to the médian nerve and 17 mm posterior to the brachial 
artery when the elbow is flexed 90 degrees and the joint is 
maximally distended. The médial antebrachial cutaneous 
nerve and basilic vein are vulnérable with an incision deeper 
than the skin layer. These structures often can be transillumi- 
nated with the arthroscope in the latéral portai before 
establishing the médial portai. 

The proximal médial portai (or supracondylar anterome¬ 
dial portai) (see Fig. 52-63A), with the patient prone, has 
been recommended by Poehling et al. This portai is located 
2 cm proximal and anterior to the médial épicondyle. It is 
impérative to palpate the position of the ulnar nerve before 
establishing this or any other médial portai. To avoid injury 
to the many cutaneous nerves, only the skin is incised longi- 
tudinally with the tip of a No. 11 blade. The cannula is inserted 



















A f Portais are marked for arthroscopy with patient prone. Laterally, anterior midlateral and anterior proximal latéral 
portais are marked. Direct latéral portai also is indicated just posterior to outline of radiocapitellar joint. Medially, ulnar nerve and 
médial épicondyle are carefully marked. Flexor crease of elbow is noted. Proximal médial portai is made 2 cm proximal to épicondyle. 
Direct posterior and postérolatéral portais are 2.5 to 3 cm proximal to tip of olecranon with elbow in 30 degrees of flexion and patient 
supine. B, Operating room setup for elbow arthroscopy with patient prone. 
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anterior to the intermuscular septum to avoid injury to the 
ulnar nerve and should maintain contact with the anterior 
humérus to protect the médian nerve and brachial artery. The 
cannula is directed toward the radial head during insertion. 
This portai allows better viewing of the entire elbow joint 
than the traditional anteromedial portai. If an anterior patho¬ 
logie condition is identified, surgical instruments are intro- 
duced through an antérolatéral portai. 

To establish the two posterior portais with the patient 
supine, the elbow is flexed to 45 to 60 degrees to relax the 
triceps muscle and allow distention of the posterior aspect of 
the elbow joint. The postérolatéral portai is located 2 to 3 cm 
proximal to the olecranon tip and just latéral to the border of 
the triceps tendon along the latéral supracondylar ridge (see 
Fig. 52-63A). If the posterior aspect of the radiocapitellar 
joint requires visualization and instrumentation, the portai 
for placement of the arthroscope should be made just proxi¬ 
mal to the tip of the olecranon in line with the radial gutter, 
whereas instrumentation should be carried out through a 
direct latéral portai. With the patient prone, the elbow is at 
approximately 90 degrees of flexion and the portai is made 2 
to 3 cm proximal to the tip of the olecranon. The posterior 
antebrachial and the latéral brachial cutaneous nerves are at 
risk with deep incisions. The ulnar nerve is 2.5 cm médial to 
the center of the elbow joint and can be damaged if the 
cannula passes too far medially. 

The straight posterior portai is placed 2 to 3 cm proximal 
to the olecranon tip and approximately 2 cm médial to the 
postérolatéral portai, with the patient supine and the elbow 
at 45 degrees of flexion. With the patient prone and the elbow 
in 90 degrees of flexion, the portais are made 2 to 3 cm 
proximal to the olecranon tip centered in the triceps tendon 
(see Fig. 52-63A). It is used if a second operative portai is 
needed posteriorly. The ulnar nerve is at risk if the portai is 
placed too far medially. The portai is established under direct 
vision with the arthroscope in the direct latéral or postérolat¬ 
éral portai. Appropriate position of the portai can be con- 
firmed by placement of a spinal needle. In severely 
arthrofibrotic elbows, sometimes the direct posterior portai 
can be established more easily than the postérolatéral portai 
and use of a 2.7-mm arthroscope can make entrance to the 
posterior compartment easier. An accessory posterior “retrac- 
tor” portai 2 cm more proximally can be made to place a 
Howarth elevator. Likewise, anteromedial or antérolatéral 
retractor portais can be made 2 to 3 cm proximal to their 
respective arthroscopy portais. 

EVALUATION OF THE ELBOW 


ARTHROSCOPIC ELBOW 
EXAMINATION 


TECHNIQUE 52-31 


ANTERIOR PORTAL 

■ Begin by distending the elbow joint. Insert an 18-gauge 
spinal needle at the direct latéral portai, and aim it directly 
toward the center of the joint. The needle passes between 
the olecranon, radial head, and distal humérus. Avoid 


extending it too far anteriorly and entering the soft tissues 
in the antecubital fossa. Extraarticular swelling from 
infiltration of irrigant into these anterior soft tissues can 
collapse the anterior joint space. Using a 60-mL syringe 
and connective tubing, distend the elbow with fluid. Free 
backflow of fluid confirms proper intraarticular location 
of the needle. Maximally distend the joint with 20 mL of 
fluid to displace the neurovascular structures anteriorly in 
the antecubital fossa and to increase the space available 
in the anterior aspect of the joint. 

■ Leaving the first needle in place and maintaining disten¬ 
tion, insert a second 18-gauge spinal needle through the 
midanterolateral portai. Aim this needle toward the 
center of the joint; free backflow of the solution confirms 
an intraarticular location. 

■ Remove the needle and incise the skin with the tip of a 
No. 11 blade by pulling the skin against the cutting edge. 
Use a mosquito hemostat to dissect bluntly down to the 
fascia to minimize the chance of injury to cutaneous or 
radial nerves (Fig. 52-65). 

■ Pass the arthroscopy cannula with a blunt trocar along 
the same course as the needle, just proximal and anterior 
to the radiocapitellar articulation. Use the trocar to 
capture the joint capsule laterally; increase the angle of 
insertion to approximately 70 degrees to horizontal, 
moving toward the center of the joint. It is important to 
prevent the trocar from skiving more medially before 
penetrating the joint capsule. If this occurs, viewing 
and instrumentation from the antérolatéral portai are 
compromised. 

■ Insert the arthroscope through this cannula with inflow 
through the arthroscope. This portai allows examination 
of the coronoid process of the ulna and the trochlear 
ridge (Fig. 52-66A). 

■ Examine the capsule médial to the articulation. Timmer- 
man and Andrews showed that the anterior 10% to 15% 



Hemostat being used for blunt dissection down 
to joint capsule with elbow distention through direct latéral 
portai. SEE TECHNIQUE 52-31. 
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A f View of médial side of elbow with coronoid process on right and trochlea on left. B, Anterior aspect of elbow 
viewed from médial portai with coronoid and trochlea in foreground and radiocapitellar joint. Annular ligament is clearly seen. 
C f Radiocapitellar joint with varus stress applied to expose undersurface of radial head. D f With elbow flexed 90 degrees, patient supine, 
and 2.7-mm arthroscope in direct latéral portai, articulation of three bones is seen. Radial head is superior left, ulna is superior right, 
and capitellum is inferior. E, Bare area of olecranon is right inside with trochlea on left. Scope is in direct latéral portai. F, Posterior 
compartment viewed through postérolatéral portai. Tip of olecranon is superior, trochlea is inferior, and olecranon fossa is in fore¬ 
ground. G, Médial gutter viewed through postérolatéral portai with posterior aspect of ulnar collateral ligament on right and distal 
humérus on left. SEE TECHNIQUE 52-31. 


of the anterior bundle of the ulnar collateral ligament can 
be seen in some elbows. Synovitis or capsular damage in 
this area may indicate médial instability. Confirm instabil- 
ity by releasing traction, supinating the forearm, and 
applying valgus stress to the elbow at varying degrees of 
flexion from 30 to 90 degrees. According to Andrews and 
Baumgarten, opening of the joint medially of more than 
1 mm indicates médial laxity. Flexing and extending the 
elbow also allows viewing of the trochlea. Retracting 
the arthroscope brings the radial head into view, and the 
radioulnar articulation is viewed as the forearm is pro- 
nated and supinated. 

■ Turn the scope to observe the capsule and its insertion 
on the distal humérus. Observe the adequacy of the coro¬ 
noid fossa. Embedded loose bodies, osteophytes, and 
adhesions may impinge the coronoid as the elbow is fully 
flexed. 

■ The anteromedial portai can be established with the 
Wissinger rod technique or under direct arthroscopic 
vision through the antérolatéral portai. Some authors 
believe the anteromedial or the proximal médial portai 
should be established first in the manner described for 
the antérolatéral portai. 

■ With the Wissinger rod technique, push the arthroscope 
up to the médial capsule at the desired location for the 


médial portai, remove the arthroscope, and hold the 
cannula flush against the capsule. Insert the Wissinger 
rod and advance it until it tents the skin medially, incise 
the skin, and push the rod through the skin. Place a 
cannula sheath over the rod, and advance it into the joint. 
Remove the rod, and the portai is established. 

■ Alternative^, an 18-gauge spinal needle can be inserted 
through the anticipated anteromedial portai site into 
the joint while confirming a satisfactory position 
arthroscopically. After the skin is incised and the fascia 
is reached with a hemostat, insert a blunt trocar follow- 
ing the same course as the needle, heading toward the 
center of the joint. Push the blunt trocar against the 
capsule where the exactness of the entry point can be 
confirmed proximal and anterior to the articulation, 
allowing maneuverability. Withdraw the arthroscope 
from harm's way before pushing the cannula while 
twisting back and forth to penetrate the joint capsule. 
This method prevents the cannula from sliding anteri- 
orly over the joint capsule and damaging neurovascular 
structures. 

■ Leaving the cannula in the antérolatéral portai, the 
arthroscope can be switched to the anteromedial portai 
to view the radioulnar and radiocapitellar articulations 
and the annular ligament (Fig. 52-66B). Extending the 
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9 elbow reveals more of the capitellum, and pronating and 
supinating the forearm exposes more of the radial head. 
Chondromalacia of the radiocapitellar joint may develop 
as a resuit of répétitive trauma from throwing or racquet 
sports. Osteophytes and loose bodies likewise may form. 
By placing varus stress to the joint, the articular surface 
of the capitellum can be seen better as the elbow is 
extended (Fig. 52-66C). The annular ligament can be 
examined using the shaver tip or blunt cannula to lift the 
capsule anteriorly and distally over the radial head. The 
antérolatéral capsule and gutter should be examined for 
synovitis. According to Andrews and Baumgarten, a 
synovial plica in the latéral gutter may be a normal 
finding. With répétitive trauma, this band may become 
thickened and fibrotic and may need to be excised. Slowly 
retracting the arthroscope and turning the lens toward 
the ulna reveals the coronoid process. 

DIRECT LATERAL PORTAL 

■This portai is made proximal and posterior to the radio¬ 
capitellar articulation, just posterior to the previously 
established antérolatéral portai (see Fig. 52-63A). Use a 
blunt trocar to enter the joint carefully to avoid scuffing 
the articular cartilage. Become anatomically oriented by 
finding the two articulations and the posterior aspect 
of the radiocapitellar and the radioulnar articulations 
(Fig. 52-66D). 

■ Examine the concavity of the radial head articulating on 
the convex capitellum. Turn the lens to look anteriorly and 
gently move the elbow through flexion and extension to 
examine the surface of the capitellum. Examine for 
chondromalacia and any chondral defects producing 
instability and incongruence. Probe osteochondritis dis- 
secans lésions through an accessory portai and evaluate 
the stability of the articular cartilage. Sweep the scope 
back posteriorly to the area of the two articulations. 

■ Examine the articulation between the olecranon and the 
trochlea. Small loose bodies may hide in this area. A 
normal bare area exists in the olecranon articulation at 
the site of the physeal scar (Fig. 52-66E). Follow the 
articulation proximally to view the posteromedial olecra¬ 
non tip. Chondromalacia of the olecranon tip may pro- 
gress to osteophyte formation, which is indicative of 
posteromedial elbow impingement. This spectrum of 
lésions is a continuum of a pathologie response related 
to médial elbow laxity from répétitive throwing. 

■ Sweep the arthroscope more proximally and turn the lens 
to observe the anticipated site of establishment of the 
postérolatéral portai. 

POSTEROLATERAL PORTAL 

■ The postérolatéral portai can be established under 
arthroscopic guidance with the arthroscope in the direct 
latéral portai and the lens directed posteriorly. First insert 
an 18-gauge needle, aiming toward the olecranon fossa, 
and confirm a satisfactory position. If the direct latéral 
portai is to be a working portai as for treating an osteo¬ 
chondritis dissecans lésion, the postérolatéral portai 
should be made at or just proximal to the olecranon tip 
in line with the radial gutter. A 70-degree arthroscope is 
inserted and directed toward the radiocapitellar joint for 


visualization. This allows séparation of the scope and the 
working portai for easier triangulation. 

■ Incise the skin and use a small hemostat to spread down 
to the capsule. Use a blunt trocar to enter the joint. The 
arthroscopic view includes the olecranon fossa, olecranon 
tip, and posterior trochlea (Fig. 52-66F) and a portion of 
the posterior band on the ulnar collateral ligament (Fig. 
52-66G). With the patient prone, arthroscopic procedures 
in the posterior compartment are technically easier and 
orientation is improved. Loose bodies frequently gravitate 
to the posterior compartment, and osteophytes form on 
the posteromedial tip of the olecranon. Palpation along 
the ulnar nerve locates it immediately superficial to this 
posteromedial osteophyte, separated only by the joint 
capsule, and the proximity of this nerve should be con- 
sidered when using motorized instruments or osteotomes 
posteriorly. 

■ If a second operative portai is needed, establish the 
straight posterior portai under arthroscopic guidance as 
described. 

POSTOPERATIVE CARE. Réhabilitation begins immedi¬ 
ately. The patient is encouraged to move the elbow within 
the postoperative dressing as soon as pain and swelling 
permit. Flexibility and strengthening exercises are begun 
when pain and swelling are sufficiently diminished. 


LOOSE BODIES 

Removal of loose bodies probably is the most common 
indication for elbow arthroscopy. When symptoms of pain, 
catching, and limited range of motion persist, a thorough 
arthroscopic examination is indicated. According to Andrews 
and Carson, only approximately 38% of loose bodies are 
obvious on plain radiographs, and CT arthrography detects 
72% (Fig. 52-67). 

In addition to the location of the loose body, the site of 
origin should be identified. Osteocartilaginous loose bodies 
often resuit from osteochondritic lésions of the capitellum, 
osteochondral fractures as a resuit of latéral compression 
injuries, and synovial diseases such as synovial chondroma- 
tosis. Loose bodies may be embedded in the fibrous tissue in 
the coronoid, radial, or olecranon fossa and may be missed 
at arthroscopy if these areas are not thoroughly examined and 
probed. Release of the soft tissue with a shaver or arthroscopic 
scissors is necessary to free these loose bodies for removal. 
Small loose bodies may be found in the olecranon-trochlear 
articulation or in the radiocapitellar articulation. When large 
bodies are located in a difficult site for retrieval, they should 
be moved to a more easily accessible area. This can be accom- 
plished through an accessory portai or by uncoupling the 
arthroscope from its sheath, rotating and pulling the scope 
back a few millimeters into the sheath, and using the arthro¬ 
scope sheath to push the loose body to an accessible location. 
If turbulence is making loose body entrapment difficult, the 
inflow can be reduced or turned off. Occasionally, loose 
bodies are too large to be extracted through the arthroscopic 
portai; these can be broken using an arthroscopic burr and 
removed piecemeal, or they can be leff in place until the rest 
of the arthroscopic procedure is completed and then removed 
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A, Latéral radiograph of elbow shows large anterior loose body and defect of radial head. B f Anteroposterior 
radiograph shows large loose body in coronoid fossa. C and D f After removal of loose bodies and resection of defect from radial head. 


through longitudinal extension of the capsular incision with 
a Kocher clamp (Fig. 52-68). Tins prevents extravasation of 
fluid into the anterior soft tissues during the remainder of the 
arthroscopic procedure and decreases the risk of neurovas- 
cular compromise. 

PANNER DISEASE AND 
OSTEOCHONDRITIS DISSECANS 

Panner disease is an idiopathic osteochondrosis with diffuse 
involvement of the capitellum usually occurring in patients 6 
to 8 years old. With conservative treatment, this disease is 
self-limiting, and usually no residual joint problems occur. 
Osteochondritis dissecans develops in a more localized area 


in préadolescents or adolescents when the capitellum is doser 
to maturity and has less potential for healing and remodeling 
(Fig. 52-69). Osteochondritis dissecans has been related to 
activities involving répétitive compression and shear forces to 
the radiocapitellar joint, such as gymnastics, baseball pitch- 
ing, racquet sports, and weight lifting. 

Osteochondritis dissecans generally présents in the 10- to 
17-year age-group, with males being more frequently affected. 
Symptoms présent as latéral-sided elbow pain, exacerbated by 
répétitive loading activities, such as baseball pitching or 
gymnastics. Physical examination reveals tenderness over the 
capitellum with pain to active compression tests. Active 
compression testing is performed by resisted elbow extension 
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FIGURE 


A f Large loose body in anterior elbow compartment. B f Anterior compartment after removal of loose body. 



Partially detached osteochondritis dissecans of 


the capitellum. 


while pronating and supinating with the fist clenched. 
O’Driscoll also described the radial shear test, with valgus 
stress applied during passive flexion and extension of the 
elbow, producing radial-sided pain or grinding. The presence 
of an effusion and loss of 20 degrees are poor prognostic signs 
according to Takahara et al. The examination is completed 
with a moving valgus stress test to evaluate ulnar collateral 
ligament stability. 

Radiographie examination of the adolescent elbow should 
include anteroposterior views with the elbow in 45 degrees of 
flexion, extension, and a latéral view. Comparison views 
of the opposite elbow also can be helpful for evaluating 
articular surfaces. MRI is the imaging modality of choice to 
détermine the treatment course and to evaluate persistent 
elbow pain that cannot be diagnosed with plain radiographs. 


MRI findings of an unstable osteochondritis lésion of the 
capitellum are described by Kijowski and DeSmet as (1) a line 
of high-signal intensity deep to the fragment as seen on a 
T2-weighted image, (2) an articular fracture indicated by 
high-signal intensity passing through the subchondral bone 
plate, (3) a focal osteochondral defect, and (4) a 5-mm fluid- 
filled cyst deep to the lésion. 

When determining conservative versus surgical interven¬ 
tion, lésions can be divided into stable and unstable as per 
Takahara et al. in his study of 106 patients with osteochon¬ 
dritis dissecans. Stable lésions that healed completely pre- 
sented initially with an open capitellar physis, localized 
flattening or radiolucency of the subchondral bone, and good 
elbow motion. Unstable lésions for which surgery provided 
better results had one of the following findings: a capitellum 
with a closed physis, fragmentation, restricted elbow motion 
of 20 degrees or more, or an effusion. 

Our surgical guidelines for unstable lésions dépend on 
arthroscopic évaluation, MRI findings, and Baumgarten, 
Andrews, and Satterwhite graded lésions as 1 to 5 arthroscopi- 
cally: grade 1, articular soffening; grade 2, fraying or fissuring 
but with the cartilage cap intact; and grades 3 to 5, degrees of 
disruption of the articular cartilage, with grade 5 being a 
displaced lésion. Likewise, the International Cartilage 
Research Society graded cartilage lésions of osteochondritis 
dissecans as 1 to 4, with grade 1 being intact cartilage, grade 
2 being partially detached, grade 3 being detached but in the 
crater, and grade 4 being displaced from the crater. When 
arthroscopically evaluating the lésion, size, containment, and 
radial head engagement of the lésion are important prognos¬ 
tic factors. Capitellar defects larger than 50% of the articular 
surface, loss of latéral buttress containment of more than 6 or 
7 mm, or engagement of the radial head after debridement of 
the lésion are poor prognostic factors, according to Ahmad 
et al. They suggested that during évaluation of the engage¬ 
ment of the radial head the elbow should be placed in exten¬ 
sion and pronated and supinated and then put through a full 
arc of motion to see if the radial head engages into the capitel¬ 
lar defect after debridement. With engagement, loss of latéral 
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containment, or more than 50% involvement of the capitel- 
lum, either fragment fixation or, more commonly, osteochon- 
dral transfer is best to prevent further symptoms and the 
potential for further degenerative joint changes. 

Follow-up studies of fragment fixation are variable. Most 
fragments tend to hâve chondral degenerative changes or 
minimal bone to provide secure fixation and thus most com¬ 
monly are treated with either microfracture (Fig. 52-70) or 
osteochondral transfer, depending on the size and contain¬ 
ment of the lésion. Our algorithm for a treatment protocol is 
shown in Table 52-9. 


ARTHROSCOPIC TREATMENT OF 
OSTEOCHONDRITIS DISSECANS 


TECHNIQUE 52-32 


■ Place the patient supine with the arm held in balanced 
suspension, with 5 to 6 Ib of traction, the shoulder in 90 
degrees of abduction, and the elbow in 90 degrees of 
flexion. 



Jïy Microfracture of crater of osteochondritis dis- 
secan lésion less than 1 cm in size with stable latéral rim. 


■ Distend the elbow through a soft spot portai before 
making any portais. Generally, five portais are necessary 
to fully visualize and treat the elbow in this condition. 

■ Make a midanterolateral portai using a spinal needle to 
enter the joint and a No. 11 blade to create the portai. 
A 4-mm arthroscope is used to visualize the anterior 
portion of the joint for loose bodies and to visualize the 
extent of the osteochondritis dissecans lésion; it can be 
visualized if the elbow is placed near extension. An 
anteromedial portai can be used for probing the defect 
if necessary. Look for a pathologie plica above the latéral 
gutter that can cause popping across the edge of the 
capitellum; this should be resected with a shaver. 

■ Make a postérolatéral portai just latéral to the tip of the 
olecranon and pass a small cannula with a blunt obtura- 
tor so as to place it into the radiocapitellar area. Use a 
70-degree scope to view the articulation. 

■ Using a spinal needle, identify the site for a direct latéral 
portai that should be placed at an angle that allows for 
best manipulation and debridement or fixation of the 
osteochondritis dissecan lésion. Make an accessory latéral 
portai 1 cm ulnarward or 1 cm distal to the direct latéral 
portai if necessary. 

■ Resect the synovium and the fat pad in the area as well 
as any plica along the radiocapitellar articulation with a 
full radius resector. Fully visualize and probe the defect 
for continuity and to evaluate cartilage cap fragmenta¬ 
tion. If the lésion is firm, stable, and just has some slight 
softening, arthroscopic drilling can be performed through 
one of the dual latéral portais. 

■ Use a 0.062-inch Kirschner wire to perforate the surface; 
a small drill guide should be used to protect the soft tissue 
while drilling. Perforations are spaced 3 mm apart to drill 
the entire defect. 

■ In the case of an unstable lésion, thoroughly evaluate the 
integrity of the articular cartilage, the amount of capitel¬ 
lum involved, whether the lésion is contained by a latéral 
buttress, and whether there is sufficient good-quality 
bone for screw fixation. In the rare instance that there is 
good-quality tissue of sufficient size to hold a screw, then 
a cannulated bioabsorbable screw can be inserted to 
secure the lésion. 

■ For grade II to IV defects with a contained lésion and a 
stable radiocapitellar articulation, débridé the defect to 
a nice stable rim followed by microfracture. If there is a 


TABLE 52-9 


Treatment Protocol for Fragment Fixation 


Stable (Takahara; DeSmet—MRI) 

Rest, controlled motion brace, follow healing at 6 weeks, 

MRI at 3 months, return to activity when healed and 
asymptomatic 

Unstable—ICRS grading System 1-4 

Grade 1 

Drill 0.062-inch Kirschner wire 

Grade 2-4 Contained lésion, stable articulation 

Microfracture 

Grade 2-4 Unstable articulation, excellent quality 

Consider screw fixation; healing somewhat guarded 

cartilage and bone 

Grade 2-4 Unstable articulation, unipolar lésion 

Osteochondral transfer 

Grade 2-4 Unstable articulation, bipolar lésion 

Debridement and microfracture, activity modification 
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defect involving more than 50% of the capitellum with 
radial head engagement into the defect that results in 
catching and popping with pronation and supination of 
the arm and with the elbow in near extension or with 
flexion and extension, then perform an osteochondral 
transfer procedure as described in Technique 52-33. The 
osteochondral transfer procedure should be performed 
using an autograft from the intercondylar notch or from 
the latéral aspect of the latéral fémoral condyle. This has 
been shown to be technically possible arthroscopically, 
but generally it should be done as an open procedure to 
get the précisé smooth placement of the grafts in the 
capitellum. 

POSTOPERATIVE CARE. After drilling or microfracture 
of the elbow, early gentle range of motion of the elbow 
is started. The elbow is not loaded and neither are any 
strengthening exercises performed until full motion is 
obtained at least 6 weeks from the procedure. Return to 
activity from both of these procedures is in 3 to 4 months 
when symptoms hâve resolved and strength has been 
obtained. For osteochondral autograft transfer proce¬ 
dures, general range of motion is started early, with 
strengthening at 6 weeks and return to activity at 4 to 6 
months when the graft has been incorporated. 


OSTEOCHONDRAL AUTOGRAFT 
TRANSFER 

Tsuda et al. described arthroscopic-assisted visualization and 
open osteochondral transfer in three nonathletes with 
osteochondritis dissecans of the elbow. Iwasaki et al. used a 
postérolatéral column approach described by Mansat and 
Morrey to perform mosaicplasty on eight patients who were 
baseball players. Seven of the eight had good-to-excellent 
results at 24-month follow-up. They used the Timmerman 
and Andrews scale, and their patients averaged improve- 
ment from 140 to 183 on a 200-point scale with 200 being 
normal. Yamamoto étal, reported 2-year follow-up in 18 
teenage baseball players with osteochondritis dissecans 
who had an osteochondral transfer procedure. Nine had 
grade III lésions, and nine had grade IV lésions. Six ofthe nine 
patients with grade III lésions and eight of the nine with 
grade IV lésions were able to return to their previous levels 
of sports. They also noted that three of the grade IV lésions 
with wide defects had persistent evidence of articular irrégu¬ 
larités on MRI at follow-up. At short-term follow-up, these 
lésions, which were associated with compression and shear 
forces from pitching, were satisfactorily treated with autog- 
enous osteochondral transfers. 


TECHNIQUE 52-33 


(YAMAMOTO ETAL) 

■ Perform arthroscopy of the elbow joint through the 
médial portai and inspect the joint cavity. 


■ Observe the osteochondritis dissecans lésions through a 
postérolatéral approach or posterior approach. 

■ In the postérolatéral approach, divide the anconeus 
muscle and extensor carpi ulnaris and preserve the latéral 
collateral ligament as much as possible. Separate the 
anterior joint capsule and expose the radiohumeral joint. 

■ In the posterior approach, fully flex the elbow and make 
a posterior longitudinal skin incision. Separate the anco¬ 
neus muscle and joint capsule to view the osteochondritis 
dissecans lésion. 

■The Osteochondral Autograft Transfer System (Arthrex, 
Inc., Naples, FL) is used for harvest and transfer of the 
osteochondral autografts. 

■ For grade IV or small grade III lésions, détermine the sizes 
(using sizers) and numbers of the osteochondral grafts 
that would adequately cover the defect. 

■ Create the récipient sockets in the lésion with the récipi¬ 
ent graft harvester. A cannulated drill can be used to 
create the récipient socket in a lésion with sclerotic 
changes by drilling to the base of the socket before 
insertion of the graft for bone marrow stimulation. 

■ Arthroscopically harvest osteochondral grafts of about 
10 mm in length from the intercondylar notch of the 
latéral fémoral condyle or latéral side of the patellofemo- 
ral joint. 

■ Measure the depth of the récipient socket with a cali- 
brated alignment stick, match the length of the osteo¬ 
chondral graft, and transfer the graft. In grade IV lésions 
with a wide osteochondral defect, only part of the articu¬ 
lar surface can be restored with this technique. For large 
grade III lésions, appropriate osteochondral grafts are 
transferred for the purpose of stabilizing the lésion. 

POSTOPERATIVE CARE. After surgery, a cast or soft 
splint is applied and worn for 2 weeks. Range-of-motion 
exercises are started at 3 weeks. Patients are allowed 
underhand tossing 2 months after surgery, and gentle 
overhand throwing is allowed after 3 months. Full throw- 
ing is allowed after 6 months. 


THROWING INJURIES 

Injuries to the elbow from throwing include compression and 
shear injuries to the radiocapitellar joint on the latéral side of 
the elbow, incompétence and disruption of the ulnar collateral 
ligament, and posteromedial impingement with osteophyte 
formation as described by Cain et al. and others. Loose bodies 
may be found anteriorly or posteriorly; small loose bodies 
may be found along the posterior radiocapitellar joint and the 
trochlear articulation. If elbow pain does not respond to rest 
and symptomatic treatment, MRI is indicated. Gadolinium 
contrast agent may be added to fully evaluate partial tears to 
the ulnar collateral ligament. In young patients, radiographs 
of the elbow may show osteochondritis dissecans or physeal 
nonunion of the olecranon. In older patients, stress fractures 
of the olecranon may be found on radiographs or MRI. 
Arthroscopy is indicated when a pathologie process is found 
on MRI or when pain or inability to throw persists despite 
normal conservative measures. 
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EVALUATION OF ULNAR COLLATERAL 
LIGAMENT FUNCTION 

The functional integrity of the anterior bundle of the ulnar 
collateral ligament can be evaluated by releasing traction on 
the extremity, supinating the forearm, and flexing the elbow 
to 70 degrees during arthroscopy. Valgus stress is applied to 
the joint as the ulnohumeral articulation is observed through 
the antérolatéral portai. Normally, the ulnohumeral joint 
opens less than 1 mm with stress. Opening of more than 1 to 
2 mm, according to Andrews and Baumgarten, indicates 
functional instability (Fig. 52-71). Incomplète undersurface 
tears of the ulnar collateral ligament, as described by Tim- 
merman and Andrews, may not open to valgus stress. Liga- 
mentous or capsular damage in the area of the ulnar collateral 
ligament may be présent with these injuries. Treatment 
dépends on the symptoms and the future goals of the athlete 
and is described in Chapter 47. 

POSTERIOR ELBOW IMPINGEMENT 

When a radiograph or MRI shows a posteromedial osteophyte, 
arthroscopic removal through a postérolatéral and direct 
posterior portai is indicated. Careful, full évaluation of the 
elbow is indicated as previously noted. When resecting the 
olecranon osteophyte, studies by Kamineni et al. hâve shown 
that it is safe to remove the osteophyte and no more than 3 mm 
of bone at the tip of the olecranon. More aggressive removal of 
the tip of the olecranon results in increased stress to the ulnar 
collateral ligament and the potential for further problems. 


REMOVAL OF OLECRANON TIP 
AND OSTEOPHYTES 


TECHNIQUE 52-34 


■ Place the patient supine, prone, or latéral as desired. 

■ View the anterior compartments through proximal 
antérolatéral and anteromedial portais. Posterior and 
postérolatéral portais are used to perform the posterior 
procedure (see Technique 52-31). 

■ After fully visualizing the anterior compartiment, turn 
attention to the posterior compartment. Observe the 
posteromedial and postérolatéral gutters and radiocapi- 
tellar joint to ensure that there are no loose bodies. 

■ Remove any identified osteophyte of the tip of the olec¬ 
ranon with a small arthroscopic osteotome or small burr 
(Fig. 52-72). No more than 2 to 3 mm of bone should be 
removed. 

■ Smooth chondral lésions of the articular surface, and 
if exposed bone is encountered, use a microfracture 
technique. 


POSTEROLATERAL SYNOVIAL 
PLICA SYNDROME 

Postérolatéral elbow pain, persistent pain, and popping with 
extension may be caused by osteochondritis dissecans, chon- 
dromalacia, or possibly synovial plica syndrome. Although 
rare, it is an entity that occurs in athlètes from répétitive 



Arthroscopic examination showing médial 
instability to stress examination at 70 degrees of flexion. Note 
2-mm opening between coronoid and trochlea. 


trauma to the outside part of the elbow, such as in throwing 
or golfing. Postérolatéral pain and tenderness along the 
radiocapitellar joint and anconeus fossa area and pain on 
extension of the elbow with intermittent popping are best 
treated conservatively initially with antiinflammatory agents, 
relative rest, and a flexibility program. Intraarticular injection 
of cortisone in this area also can be helpful. Persistent pain 
despite conservative treatment may be an indication for 
arthroscopic examination of this area if an MRI shows évi¬ 
dence of thickening of the capsule of 3 mm on axial views 
indicating a pathologie plica of the postérolatéral compart¬ 
ment. Postérolatéral pain also may be caused by posttraumatic 
instability and should be thoroughly evaluated with preopera- 
tive and arthroscopic provocative tests for instability. 


RESECTION OF THICKENED 
PATHOLOGIC SYNOVIAL PLICA 


TECHNIQUE 52-35 


■ Visualize the elbow anteriorly and posteriorly using mul¬ 
tiple portais. The antérolatéral aspect of the elbow is 
visualized through an anteromedial portai. 

■ If a pathologie catching or popping of plica is noted when 
the radiocapitellar joint is evaluated, débridé the joint and 
shave the thickened plica through an antérolatéral portai. 
Evaluate the posterior compartment of the radiocapitellar 
joint through a postérolatéral portai with a 70-degree, 
2.7-mm arthroscope. Resect the thickened pathologie 
tissue using a shaver or small basket through a direct 
latéral portai. 

POSTOPERATIVE CARE. Postoperatively, the patient 
is placed in a sling for 3 to 5 days to allow settling of 
the elbow, and early active range of motion is started, 
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FIGURE 


after osteophyte 


A and B f Osteophyte at tip of olecranon superiorly; trochlea is inferior in this supine patient. C f Tip of olecranon 
resection. SEE TECHNIQUE 52-34. 


S followed by a progressive strengthening program, start- 
ing at 3 weeks. Return to sports generally is allowed in 2 
to 3 months. 


RADIAL HEAD RESECTION 

Radial head resection may be indicated for malunited head 
fractures or for painful arthritic changes. The radial head and 
a portion of the neck can be resected using an arthroscopic 
burr in the antérolatéral portai and the arthroscope in the 
anteromedial portai. The radial head is removed in a piece- 
meal fashion past the level of the sigmoid notch of the ulna. 
A partial synovectomy may be necessary to examine ade- 
quately the radial head and the annular ligament, which 
should be leff intact. After resection is completed, the forearm 
is pronated and supinated as the elbow is moved through a 
range of motion to ensure that no impingement occurs. 


ARTHROFIBROSIS 

Arthrofibrosis is a relatively common complication of elbow 
fractures and dislocations. For patients with mild symptoms, 
aggressive conservative treatment, including physical therapy 
and orthoses, may be sufficient; however, in patients with 
severe involvement, surgery generally is indicated. Good 
results can be obtained using arthroscopic treatment. In 
arthrofibrotic elbows, however, the ability to distend the joint 
capsule and to identify normal anatomie landmarks may be 
compromised. Gallay et al. found the capacity of normal 
elbows to be 15 to 25 mL of saline and that of arthrofibrotic 
elbows to be 6 mL. When performing procedures on arthro¬ 
fibrotic elbows, a thorough familiarity with elbow arthroscopy 
and elbow anatomy is necessary. One should be prepared to 
perform an open procedure if adéquate vision cannot be 
obtained. Delayed-onset ulnar neuritis may occur following 
release and should be carefully monitored. Blonna et al. 
described delayed-onset ulnar neuritis in 11% of 235 patients 
with release of elbow contractures. A rapid-onset form of 
sensorimotor déficit and motion loss occurred in the first 
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week in 60 % of those with delayed-onset neuritis; these were 
treated with urgent nerve transfer. The rest of the patients had 
mild, nonprogressive or slowly progressive sensory changes. 
Risk factors were hétérotopie ossification, preoperative neu- 
ropathy, and preoperative arc of motion. 


ARTHROSCOPY FOR 
ARTHROFIBROSIS 


TECHNIQUE 52-36 


(PHILLIPS AND STRASBURGER) 

■ Afterthe usual portais hâve been established, distend the 
joint with stérile lactated Ringer solution through the soft 
spot (direct latéral) portai at the center of the triangle 
formed by the radial head, the latéral épicondyle, and the 
tip of the olecranon. 

■ Insert a spinal needle medially and posteriorly toward the 
center of the elbow joint to confirm the midanterolateral 
portai. 

■ Using a No. 11 blade, make a skin incision and use small 
hemostats to dissect the soft tissues down to the area of 
the joint capsule, avoiding injury to the antecubital 
cutaneous nerve. 

■ Enter the joint with a blunt trocar. Using the trocar, 
"capture" the capsule just anterior and proximal to the 
capitellum, with the cannula directed toward the center 
of the joint. Palpate the joint itself with the trocar to 
confirm entry into the joint. In an arthrofibrotic joint, the 
area of vision may be very limited initially, and the position 
of the portai and intraarticular placement of the trocar 
must be carefully evaluated. 

■ Make the médial portai under direct vision using a spinal 
needle. To increase visibility, place a 4.5-mm full-radius 
resector through the anteromedial portai and carefully 
resect the fibrotic tissue from the anterior part of the joint 

(Fig. 52-73A). 

■ Remove any loose bodies and fully débridé the anterior 
fibrous tissue, using a combination of a full-radius 
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resector and electrocautery through the anteromedial and 
antérolatéral portais (Fig. 52-73B). 

■ Re-create the coronoid fossa using the resector, and, if 
necessary, resect bony hypertrophy from the area with a 
burr. Relieve impingement of the coronoid by partially 
resecting its tip (Fig. 52-73C). Ensure that the radioulnar 
joint is free of bony and soft-tissue impingement and that 
ail loose bodies are removed. 

■ Use the resector to strip the capsule proximally off the 
distal humérus for approximately 2.5 cm proximal to 
the olecranon fossa until the posterior fibers of the bra- 
chialis muscles are identified proximally. Protect the 
muscle and the overlying médian nerve. Complété the 
release using a small elevator and basket; to perform an 
adéquate release, a 1-cm capsulotomy of the anterior 
capsule from médial to latéral is necessary. Do not stray 
distally where the radial nerve would corne more into 
play. 

■ Débridé the posterior compartment and remove loose 
bodies through a direct posterior portai and a postérolat¬ 
éral portai made under direct vision. 

■ After resecting the scar tissue from the olecranon fossa 
to improve visibility, change the scope to the postérolat¬ 
éral portai and place the resector or burr through the 
direct posterior portai to complété the procedure. Care¬ 
fully release the contracture with a full-radius resector 
and use blunt mobilization to release the postérolatéral 
and posteromedial gutters. Do not use the shaver in the 
area of the ulnar nerve, which is in close proximity 
medially. 

■ At this time, if you wish to expose the ulnar nerve through 
a small médial incision, use a posterior retractor portai 
made about 2 cm proximal to the direct posterior portai. 

A small retractor-elevator can be placed here and used to 
increase visualization and help prevent any injury to the 
ulnar nerve. 

■ Use an osteotome to resect any impingement of the 
olecranon tip in the fossa or osteophyte formation and 
complété the resection with an arthroscopic burr. 

■ To relieve bony hypertrophy creating impingement of the fl 

olecranon fossa, enlarge the fossa with a burr. W 



A f Arthrofibrotic joint with coronoid on left and trochlea on right and extensive fibrosis superiorly. B f After resection 
of fibrotic tissue and release of distal capsular insertion onto humérus. Coronoid fossa is filled by large osteophyte. C f Coronoid fossa 
after resection of osteophyte and re-creation of fossa to allow elbow flexion. SEE TECHNIQUE 52-35. 
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9 "When the procedure is complété, place a drain in the 
direct posterior portai and close the portais with nylon 
sutures. 

■ Manipulate the elbow to gain maximal motion and splint 
in maximal extension. 

POSTOPERATIVE CARE. The splint is left in place for 24 
hours. Gentle active and passive range-of-motion exercise 
of the elbow is begun. A removable extension splint is 
worn between exercise periods. In patients with extensive 
posttraumatic arthrofibrosis and severe loss of flexion and 
extension, use of an elbow continuous passive motion 
machine may be helpful to maintain range of motion 
during the first 3 weeks after surgery. At 1 week after 
surgery a Joint Active System (Joint Active Systems, Eff- 
ingham, IL) brace is used for 30 minutes three times a 
day for extension and flexion. Active and passive range- 
of-motion exercises are performed for 20 minutes four to 
five times a day at home, and supervised physical therapy 
is continued three times a week. An antiinflammatory 
drug is prescribed for the first 3 weeks to decrease inflam¬ 
mation and the risk of myositis. 



Extensive synovitis of anterior compartment in 
retired Major League pitcher with persistent pain, popping, and 
swelling of elbow. Partial synovectomy was done and loose bodies 
were removed. 


OSTEOARTHRITIS 

Arthroscopic debridement for osteoarthritis is as described 
for arthrofibrosis. Loose bodies and osteophytes are removed 
from anterior and posterior compartments, focusing on 
re-creating the normal-shaped coronoid and olecranon tissue. 
Preoperative three-dimensional CT examination greatly 
improves the accuracy and reliability of bone resection and 
improves functional outcomes. Arthroscopic radial head 
resection can produce good pain relief and functional motion 
in patients with radiocapitellar arthritis and can safely be 
performed by an experienced arthroscopist. 

SYNOVECTOMY 

When indicated for rheumatoid arthritis or other inflamma- 
tory conditions of the elbow, arthroscopic synovectomy can 
be done using ail the standard portais. The entire joint can be 
evaluated, and a subtotal synovectomy can be done with a 
full-radius resector (Fig. 52-74). Adéquate vision should be 
maintained at ail times using retractors when necessary. Care 
must be taken when working anteriorly to prevent damage to 
the neurovascular structures because often the capsule is thin. 
Posteromedially, a whisker shaver should be used if a motor- 
ized shaver is necessary. Lee and Morrey reported 93% 
good-to-excellent short-term results in 14 arthroscopic syno¬ 
vectomies in 11 patients. At 42 months, only 57% maintained 
these results, however. Four required total elbow replace¬ 
ment. These authors pointed out the importance of weighing 
the short-term gains against the potential serious complica¬ 
tions from this procedure. 

TENNIS ELBOW 

Arthroscopic release for latéral epicondylitis has been shown 
to be safe in both anatomie and clinical studies (Fig. 52-75). 
Most patients are able to return to work within 2 to 3 weeks, 
and grip strength generally is nearly equal to that of the 


unoperated extremity. With appropriate therapy regimens, 
continued improvement can be expected for 3 to 6 months. 


ARTHROSCOPIC TENNIS 
ELBOW RELEASE 


TECHNIQUE 52-37 


(BAKER AND CUMMINGS) 

■ After intubation, place the patient prone on the operating 
table. Place two rolled towels longitudinally under the 
patient's thorax. Pad ail bony prominences well. Position 
the affected extremity with the ipsilateral shoulder 
abducted to 90 degrees, and support the arm with a 
precut foam holder. 

■ After marking anatomie landmarks and portai sites, 
distend the joint with 20 to 30 mL of saline through an 
18-gauge needle introduced through the direct latéral 
portai. 

■ Establish the proximal médial or superomedial portai, 
which is located approximately 2 cm proximal to the 
médial épicondyle and 1 cm anterior to the intermuscular 
septum. Introduce the trocar and sheath anterior to 
the intermuscular septum, maintaining contact with the 
anterior aspect of the humérus at ail times as the trocar 
is directed toward the radial head. Insert a 2.7-mm, 
30-degree arthroscope into the joint and perform the 
diagnostic portion of the procedure. 

■ After the pathologie tissue is identified, establish the 
superolateral portai with an 18-gauge needle through the 
lésion. Using a full-radius resector, excise the capsule to 
identify the undersurface of the extensor carpi radialis 
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FIGURE 


Tennis elbow release. A f Undersurface tear. B f Debridement and release. 


brevis tendon. View the origin of the extensor carpi radia- 
lis brevis. 

■ Using a curet and motorized shaver, débridé the capsule 
and the pathologie tendinous attachment of the extensor 
carpi radialis brevis and decorticate the latéral épicondyle. 
Décortication of the latéral épicondyle and latéral epicon- 
dylar ridge can be done with an arthroscopic burr, hand- 
held instruments, or electrocautery. Although a 30-degree 
arthroscope is adéquate to view around the corner for 
most of the procedure, a 70-degree arthroscope may be 
required in rare instances. 

■ After release of the extensor carpi radialis brevis tendon 
and décortication of the latéral épicondyle, view the 
overlying muscle belly of the extensor musculature. 
Protect the latéral ulnar collateral ligament by limiting the 
amount of posterior resection. 

POSTOPERATIVE CARE. Postoperatively, the arm is 
placed in a sling with the elbow in 90 degrees of flexion. 
Gentle active and passive range-of-motion exercises are 
encouraged. The patient progresses to wrist extension- 
strengthening exercises and overall upper extremity 
réhabilitation exercises. 


OLECRANON BURSITIS 

Chronic récalcitrant olecranon bursitis generally can be 
treated effectively with a small open excision when necessary. 
Some surgeons hâve tried arthroscopic bursectomy in an 
attempt to circumvent healing problems. Kerr reported a 
6-month follow-up of five patients who had arthroscopic 
bursectomy A postoperative infection developed in one 
immunosuppressed patient. Savoie reported arthroscopic 
bursectomy in six patients, one of whom developed a chronic 
draining portai fistula. With the small number of studies 
and with complications similar to those reported for open 


techniques, the relative value of arthroscopic bursal resection 
remains to be determined. 


ARTHROSCOPIC BURSECTOMY 


TECHNIQUE 52-38 


(BAKER AND CUMMINGS) 

■ After intubation, place the patient prone on the operating 
table. Make three arthroscopic portais: latéral, proximal 
central, and distal central. Use a standard No. 11 surgical 
blade and a hemostat to spread the soft tissue. Do not 
use médial portais because of the risk of injury to the 
ulnar nerve. 

■ Perform a total bursectomy, exchanging operative and 
viewing portais as necessary. Removal of the bursal tissue 
is complété when an increase in light can be seen through 
the skin and the triceps tendon and muscle can be seen. 
Excise only minimal subeutaneous fat. Remove spurs on 
the olecranon tip with an arthroscopic burr. 

■ Close the arthroscopic portais with 3-0 nylon sutures. 

■ Postoperative anesthetic injections rarely are used because 
of the need for an immédiate neurologie évaluation. 
Apply a compression dressing. 

POSTOPERATIVE CARE. The compression dressing is 
removed at 7 to 10 days postoperatively. Mobilization of 
the extremity should be started immediately. 


ARTHROSCOPIC-ASSISTED 
INTRAARTICULAR FRACTURE CARE 

There are a few case reports of arthroscopic-assisted intraar- 
ticular fracture évaluation and treatment. Most commonly, 
arthroscopy has been shown to be bénéficiai in removal of 
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small capitellar or radial head fragments. Radial head resec¬ 
tion can be accomplished if a significant médial capsular 
injury has not occurred that might allow excessive fluid 
extravasation. Limited internai fixation can be accomplished 
with cannulated screws. In more extensive fractures involving 
significant soft-tissue injuries, the benefit of arthroscopy is 
outweighed by the associated risks. When contemplating 
arthroscopic fracture care, one should be fully prepared to 
abort the procedure when visualization is poor or fluid 
extravasation is significant. 

PYARTHROSIS 

Arthroscopic irrigation and debridement of periarticular 
matter can be used to treat early pyarthrosis. When extensive 
swelling and distention of landmarks hâve occurred, an open 
procedure is préférable. Cultures should be obtained at the 
time of debridement, and appropriate antibiotics should be 
instituted. A drain is placed in the anterior and posterior 
compartments. The drains are removed in 48 hours, and 
active range-of-motion exercise is begun if signs of infection 
are receding. If the infection has not improved, irrigation and 
debridement are repeated. 

COMPLICATIONS 

Complications of elbow arthroscopy are the same as for other 
arthroscopic procedures, including infection, instrument 
breakage, iatrogénie seuffing of articular surfaces, tourniquet 
problems, and neurovascular injuries. In a report from the 
Mayo Clinic, Kelly et al. noted a 1% incidence of true com¬ 
plications that adversely affected the outcome. They reported 
a 10% incidence of lesser problems that increased postopera- 
tive morbidity without causing long-term sequelae. Similarly 
low complication rates hâve been reported in children. 

Neurologie problems are the most commonly reported 
complications. Savoie and Field reported about a 3% preva- 
lence of neurologie complications in a review of 465 
arthroscopic procedures, most of which were transient inju¬ 
ries. Jones and Savoie reported one posterior interosseous 
nerve injury from an arthroscopic release. They recom- 
mended a more proximal latéral portai to increase the distance 
from the radial nerve. Horiuchi et al. reported arthroscopic 
synovectomies in 29 elbows. They noted that care must be 
taken when working anteriorly because of the thinness of the 
brachialis muscle; particular caution must also be exercised 
posteromedially. They did not try to perform a full synovec- 
tomy in this area, and they did not perform a capsular release. 
They started immédiate range of motion in the postoperative 
period. As noted, the proximity of the nerves with the thin¬ 
ness of the capsule increases the risk for neurologie injury 
with this procedure, and it should be attempted only when 
proficiency in elbow arthroscopy has been obtained. 

Various neurologie injuries hâve been reported, including 
transient low radial nerve and transient low médian nerve 
palsies, neuroma of the médial antebrachial cutaneous nerve, 
and injuries to the ulnar, radial, and médian nerves. Postop¬ 
erative paresthesias and dysesthesias also hâve been reported, 
probably caused by the tourniquet, fluid extravasation, blunt 
trauma, or traction. 

To prevent serious complications from elbow arthros¬ 
copy, surgeons should be familiar with the anatomy and 
perform procedures in accordance with their ability. Recom¬ 
mendations previously described in the text bear repeating. 


Readers are referred to Morrey s excellent review of elbow 
arthroscopy complications. Recommendations for avoiding 
complications include carefully drawing anatomie landmarks, 
palpating the ulnar nerve location, obtaining adéquate cap¬ 
sular distention, placing the elbow in 90 degrees of flexion, 
placing more proximal portais, not using pressurized infu¬ 
sion (low flow of 40 to 45 mL/min or gravity can be used 
safely), protecting the posterior interosseous nerve by prona¬ 
tion, using a retractor to lift the capsule away from debride¬ 
ment instruments, keeping instrument tips in view at ail 
times, avoiding suction around nerves, and avoiding local 
anesthésia that can confuse postoperative évaluation. 

WRIST 

Indications and techniques for wrist arthroscopy are described 
in Chapter 69. 
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Accidentai injury is the most common cause of death in the 
United States in individuals between the âges of 1 and 45 
(Table 53-1). In adults older than the âge of 65 years, falls 
account for many of the injuries; one in three persons older 
than the âge of 65 expériences a fall that results in serious 
injury or death. Falls are the most common reasons for hos¬ 
pital admissions in this older âge group and account for 87% 
of fractures. Each year, falls among older people cost more 
than $20 billion in direct medical costs. The Medicare cost 
for hip fractures alone was estimated at over $3 billion in the 
mid-1990s and may reach over $30 billion in the next decade. 
In 2009 more than 8.7 million accidentai (unintentional) 
nonfatal fall injuries were reported to Medicare, a rate of 2831 
per 100,000 individuals per year, but this is likely only a small 
portion of the injuries that occurred. As life expectancy has 
increased, the rate of accidentai injury has increased 
dramatically. 

Fractures hâve been identified as medical problems 
throughout history. Most of Hippocrates medical essays 
described the management of injuries, especially fractures. 
Knowledge of the biologie aspects of fracture care expanded 


greatly during the twentieth century. Patient expectations 
hâve reached unprecedented levels, and large, multinational 
industries hâve developed around the surgical and medical 
treatment of fractures. 

The vascular supply of bone is the basis of ail fracture 
healing. In 1932 Girdlestone warned that “there is danger 
inhérent in the mechanical efficiency of our modem methods, 
danger lest the craff sman forget that union cannot be imposed 
but may hâve to be encouraged. Where bone is a plant, with 
its roots in soft tissues, and when its vascular connections 
are damaged, it often requires, not the technique of a 
cabinet maker, but the patient care and understanding of a 
gardener.” 

Orthopaedic surgeons are feeling the full impact of Gir- 
dlestones prophétie words. An orthopaedic surgeon dealing 
with trauma must combine the knowledge of the systemic 
effects of trauma, including immunologie impairment, mal¬ 
nutrition, pulmonary and gastrointestinal dysfunction, and 
neurologie injury in planning both the timing and the type 
of surgical intervention required. The choice of fracture treat¬ 
ment is not a clear-cut decision because of the number of 


2656 


CHAPTER 53 GENERAL PRINCIPLES OF FRACTURE TREATMENT 


TABLE 53-1 


Most Common Causes of Death in 

the United States Among Individuals 25 to 44 Years Old 

1980 

2003 

2013 

1. Accidentai injuries 

1. Accidentai injuries 

1. Accidentai injuries 

2. Cancer (ail types) 

2. Cancer (ail types) 

2. Cancer (ail types) 

3. Heart disease 

3. Heart disease 

3. Heart disease 

4. Homicide 

4. Suicide 

4. Suicide 

5. Suicide 

5. Homicide 

5. Homicide 

6. Chronic liver disease/cirrhosis 

6. Human immunodeficiency virus (HIV) 

6. Chronic liver disease/cirrhosis 

7. Cerebrovascular disease 

7. Chronic liver disease/cirrhosis 

7. Diabètes mellitus 

8. Diabètes mellitus 

8. Cerebrovascular disease 

8. Cerebrovascular disease 

9. Pneumonia and influenza 

9. Diabètes mellitus 

9. HIV 

10. Congénital anomalies 

10. Influenza and pneumonia 

10. Influenza and pneumonia 

From the National Center for Health Statistics: Health, 

United States, 2010. www.cdc.gov/nchs/hus.htm. 



treatment options available. Each has its benefits and poten- 
tial complications. A thorough knowledge of the underlying 
principles is essential in determining the right procedure to 
be done at the right time. 

The goal of fracture treatment is to obtain union of the 
fracture in the most anatomie position compatible with 
maximal functional return of the extremity. Because it is 
impossible to intervene surgically without adding further 
injury to the extremity, the technique chosen should 
minimize additional soff-tissue damage and bone injury. An 
anatomie réduction obtained at the expense of total devascu- 
larization of the fracture is not a well-planned or well- 
executed procedure. The mechanical stresses that will be 
applied to the extremity and the planned fixation also must 
be considered. Finally, the general health status of the patient 
and the risks of surgery must be weighed to détermine the 
best therapy. 

Any form of fixation is at best a splinting device with a 
finite life span. There is a continuai race between failure of 
fixation and healing of the bone. The problem is identifying 
the therapy that will resuit in the most predictable and accept¬ 
able fracture union with a minimal number of complications. 
Before attempting a complicated open réduction and internai 
fixation, surgeons must consider their own training and sur- 
gical ability and must be familiar with the proposed proce¬ 
dure. The institution in which the procedure is performed 
also must be considered. The environment in the operating 
room suite should be superior. The personnel should be 
familiar with the proposed technique and instrumentation, 
and a complété set of ail instruments and implants should be 
readily available and well maintained. Excellent anesthésia 
and extensive intraoperative monitoring of the patient are 
necessary for safe surgical fracture management. A patient 
who is fully informed of the rewards and risks of the surgical 
methods chosen and who is willing to cooperate with required 
réhabilitation affer surgery is vital to the success of any 
method of treatment. 

Successful treatment of fractures dépends on a thorough 
évaluation of the patient, not just the injured parts, as well as 
on the formulation of a treatment plan tailored specifically to 
the needs of the patient. The chosen treatment method should 
be the most likely to resuit in bone and soff-tissue healing and 
optimal functional recovery with the fewest complications. 


CLASSIFICATION OF FRACTURES 

When combined with an assessment of the surgeons capabili- 
ties, facility, and resources, as well as an assessment of the 
patient profile, classification of the extent and type of fracture 
and its associated soff-tissue injuries allows détermination of 
the best treatment. Analysis of the fracture pattern reveals the 
amount of energy imparted to the extremity and the stability 
of the fracture affer réduction and alerts the surgeon to 
higher-risk patterns of injury. Classification also allows the 
surgeon to monitor results and to compare treatment results 
with those of other surgeons and investigators; it also pro¬ 
vides a basis for the évaluation of new treatment methods. 

The extensive Orthopaedic Trauma Association (OTA) 
classification (Fig. 53-1) correlates the coding of the fracture 
with the expanded International Classification of Disease, 
tenth édition (ICD-10) codes for diagnosis and treatment. If 
possible, it incorporated well-recognized classification 
Systems, such as Judet, Judet, and Letournels classification of 
acetabular fractures and Neer’s classification of proximal 
humerai injuries. Sample follow-up assessment forms were 
created to allow consistent postoperative évaluations. The 
latest 2007 update of the OTA classification includes the AO 
classification. The AO alphanumeric classification is the resuit 
of an international effort by numerous individuals based on 
information from the AO Documentation Center and their 
clinical expérience. This System is based on the morphologie 
characteristics and the location of the fracture. This AO clas¬ 
sification System has been applied to 2700 surgically treated 
diaphyseal fractures with corrélation of the System ideology. 
It was specifically evaluated in 400 fractures of the tibial or 
fibular diaphysis. As the severity of the fracture pattern 
increased, the resulting impairment correlated with progres¬ 
sion of the type and group. Both of these classification Systems 
are detailed and complex, and the reader is referred to the 
references for complété discussions. 


CLASSIFICATION OF SOFT- 
TISSUE INJURIES 

Just as the bony injury must be classified to evaluate the frac¬ 
ture adequately and to validate results for comparative studies, 
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Orthopaedic Trauma Association (OTA) classification of long bone fractures (see text). (From Gustilo RB: The fracture 
classification manual, St. Louis, 1991, Mosby.) 
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Gustilo-Anderson classification of open fracture wounds. A f Type I open fracture of patella and type II open fracture 
of tibial shaft. B f Type NIA open fracture with extensive lacération of skin and muscles that involves almost entire leg. C f Type II IA open 
tibial fracture with extensive periosteal stripping but without massive contamination. D f Type II IB open fracture of tibia stabilized with 
external fixation. E f Type MIC fracture of proximal third of humérus. 


associated soft-tissue injuries also must be evaluated. Open 
wounds hâve been classified several ways. Gustilo and Ander¬ 
son in 1976 described their treatment of 1025 open fractures 
with application of a grading System that offered prognostic 
information about the outcome of infected fractures. In 1984, 
this System was modified and their results updated. The mod- 
ified classification is based on the size of the wound, perios¬ 
teal soft-tissue damage, periosteal stripping, and vascular 
injury (Fig. 53-2). 

■ Type I open fractures hâve a clean wound less than 1 cm 
long. 

■ In type II wounds the lacération is more than 1cm long 
but is without extensive soft-tissue damage, skin flaps, or 
avulsions. 

■ Type IIIA open fractures hâve extensive soft-tissue lacéra¬ 
tions or flaps but maintain adéquate soft-tissue coverage 
of bone, or they resuit from high-energy trauma regardless 
of the size of the wound. This group includes segmentai or 
severely comminuted fractures, even those with 1-cm 
lacérations. 


■ Type IIIB open fractures hâve extensive soft-tissue loss 
with periosteal stripping and bone exposure. They usually 
are massively contaminated. 

■ Type IIIC open fractures include open fractures with an 
arterial injury that requires repair regardless of the size of 
the soft-tissue wound. 

This classification has prognostic significance and is discussed 
in greater detail later in the section on open fractures. 

Other classifications include that of Tscherne and Gotzen, 
which is widely used in Europe. Closed fractures are divided 
into grades 0 through 3 (Fig. 53-3). Open fractures are divided 
into grades 1 through 4 (Table 53-2). This System includes 
soft-tissue damage and compartment syndrome, which are 
not included in other grading schemes. The AO-ASIF group 
added to their extensive fracture classification a soft-tissue 
classification scheme that closely follows that of Tscherne and 
Gotzen. This classification includes both closed and open 
injuries, musculotendinous injury, and neurovascular injury 
(Box 53-1). A number of other trauma scoring Systems hâve 
been proposed, including the Trauma Score (TS), Revised 
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Grading System of soft-tissue injury in closed fractures. A f Grade 0: little or no soft-tissue injury. B f Grade 1: superficial 
abrasion with local contusional damage to skin or muscle. C f Grade 2: deep contaminated abrasion with local contusional damage to 
skin and muscle. D f Grade 3: extensive contusion or crushing of skin or destruction of muscle. 


_ table 53-2 

Tscherne Classification for Open Tibial Fractures 


Grade 1 Skin lacérations caused by a bone fragment 
from inside, little or no contusion of skin 

Grade 2 Any type of skin lacération with circumscribed 
skin or soft-tissue contusion and moderate 
contamination; can occur with any type of 
fracture 

Grade 3 Fracture must hâve severe soft-tissue damage, 
often with major vessel or nerve injury or 
both: ail fractures accompanied by ischemia 
and severe bone comminution belong in this 
group and those associated with compartment 
syndrome 

Grade 4 Subtotal and total amputation, defined as 
séparation of ail important anatomie 
structures, especially major vessels with total 
ischemia; remaining soft tissue may not exceed 
one fourth of circumference of extremity (any 
revascularization is grade 3) 


Trauma Score (RTS), Injury Severity Score (ISS), Modified 
Abbreviated Injury Severity Scale (MISS), Pédiatrie Trauma 
Score (PTS), Nerve Injury, Ischemia, Soft-Tissue Injury, Skel- 
etal Injury, Shock, and Age of Patient Score (NISSSA), and 
the Hanover Fracture Scale-97 (HFS-97). These classification 
Systems attempt to quantitate the degree of soft-tissue injury 
in relation to the fracture and the potential for infection or 
other healing problems. An évaluation of the AO/OTA frac¬ 
ture classification System, however, found that patients with 
C-type fractures had significantly worse functional perfor¬ 
mance and impairment compared with patients with B-type 
fractures but were not significantly different from patients 
with A-type fractures, suggesting that the AO/OTA classifica¬ 
tion may not be a good predictor of functional performance 
and impairment in patients who hâve isolated unilatéral 
lower extremity fractures. 

In 2010 the classification committee of the OTA recom- 
mended a new classification scheme for open fractures. This 
new classification uses five categories of assessment: skin 
injury, muscle injury, arterial injury, contamination, and bone 


AO-ASIF Soft-Tissue Injury Classification 


Scale 

1 Normal (except open fractures) 

2-4 Increasing severity of lésion 
5 A spécial situation 

Skin Lésions (Closed Fractures) 

IC 1 No skin lésion 

IC 2 No skin lacération, but contusion 
IC 3 Circumferential degloving 
IC 4 Extensive, closed degloving 
IC 5 Necrosis from contusion 

Skin Lésions (Open Fractures) 

10 1 10 1 Skin breakage from inside out 
10 2 Skin breakage <5 cm, edges contused 
10 3 Skin breakage >5 cm, devitalized edges 
10 4 Full-thickness contusion, avulsion, soft-tissue defect, 
muscle-tendon unit injury 

Muscle-Tendon Unit Injury 

MT 1 No muscle injury 

MT 2 Circumferential injury, one compartment only 
MT 3 Considérable injury, two compartments 
MT 4 Muscle defect, tendon lacération, extensive contusion 
MT 5 Compartment syndrome/crush injury 

Neurovascular Injury 

NV 1 No neurovascular injury 
NV 2 Isolated nerve injury 
NV 3 Localized vascular injury 
NV 4 Extensive segmentai vascular injury 
NV 5 Combined neurovascular injury including subtotal or 
complété amputation 


From German G, Sherman R, Levin LS: Decision-making in reconstructive surgery 
upper-extremity, New York, 1999, Springer-Verlag. 


loss (Box 53-2). This provides a systemic approach to classi¬ 
fication at the time of arrivai before treatment has occurred. 
As with ail classification Systems, its complexity may make it 
less reproducible for general use. Its prédictive ability is cur- 
rently being evaluated. 
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Proposed Classification of Open Fractures 
(OTA 2010) 


Skin 

1. Can be approximated 

2. Cannot be approximated 

3. Extensive degloving 

Muscle 

1. No muscle in area, no appréciable muscle necrosis, some 
muscle injury with intact muscle function 

2. Loss of muscle but the muscle remains functional, some 
localized necrosis in the zone of injury that requires exci¬ 
sion, intact muscle-tendon unit 

3. Dead muscle, loss of muscle function, partial or complété 
compartment excision, complété disruption of a muscle- 
tendon unit, muscle defect does not approximate 

Arterial 

1. No injury 

2. Artery injury without ischemia 

3. Artery injury with ischemia 

Contamination 

1. No or minimal contamination 

2. Surface contamination (easily removed, not embedded in 
bone or deep soft tissues) 

a. Embedded in bone or deep soft tissues 

b. High-risk environmental conditions (e.g., barnyard, 
fecal matter, dirty water) 

Bone Loss 

1. None 

2. Bone missing or devascularized but still some contact 
between proximal and distal fragments 

3. Segmentai bone loss 

From Orthopaedic Trauma Association: Open Fracture Study Group: A new clas¬ 
sification scheme for open fractures, J Orthop Trauma 24:457, 2010. 


TRAUMA PRINCIPLES 

Treatment of patients with multiple trauma requires addi- 
tional resources that often are unavailable in small commu- 
nity hospitals. The resources of equipment and physician and 
nursing support personnel may not be available for acute 
stabilization of long bone, pelvic, and spinal fractures accord - 
ing to current trauma center protocols. Treatment in a level 
1 or 2 trauma center has been documented to improve the 
care and survival of patients with multiple injuries. The length 
of hospital stay and cost of treatment are significantly lower 
in patients who are treated initially in trauma centers com- 
pared with those transferred to a trauma center from another 
location. The best management, in terms of quality of care 
and économies, of patients with multiple injuries is referral 
to a dedicated trauma center as soon as possible. 

Since the early 1990s emphasis has been on early total 
care of multiply injured patients, including fracture stabiliza¬ 
tion. The frequency of pulmonary complications, such as 
adult respiratory distress syndrome, fat emboli syndrome, 
and pneumonia, has been correlated to the timing and type 
of treatment of long bone fractures. Statistically significant 


increases in morbidity, pulmonary complications, and length 
of hospital stay hâve been reported for patients in whom 
stabilization of major fractures was delayed. A large multi- 
center study also reported reduced mortality when early total 
care was implemented. 

More than half of patients with multiple injuries hâve 
fractures or dislocations or both, and the orthopaedic surgeon 
plays a pivotai rôle in the trauma team. The management of 
orthopaedic injuries can hâve a profound effect on the 
patients ultimate functional recovery and may save the 
patients life and limb. An example is placement of a pelvic 
binder in a patient with an open-book pelvic injury who 
remains hemodynamically unstable despite aggressive initial 
fluid and blood replacement. Open fractures, pelvic or ace- 
tabular injuries with associated genitourinary injuries, and 
extremity fractures with vascular injuries are other examples 
of situations in which communication and coordination 
among the various team members are essential. 

Early stabilization of fractures of the spine, pelvis, and 
acetabulum, as well as other major articular fractures, is 
désirable to decrease pulmonary complications and other 
sequelae of forced recumbency, but the treatment of such 
fractures requires more complex surgical skills, equipment, 
and often neurologie monitoring. “Damage control orthopae- 
dics” in the form of rapid immobilization of fractures with 
external fixation to obtain stability and recover length, while 
allowing full évaluation of the extremity, is now standard 
care. Operative treatment should not be undertaken if hémo¬ 
dynamie stabilization is not obtained, if potentially life- 
threatening conditions hâve not been resolved, or if laboratory 
and radiographie évaluations are inadéquate for formulation 
of a satisfactory surgical plan. 

Orthopaedic damage control measures can be under¬ 
taken in the emergency department or resuscitation area in 
spécial circumstances. Emergent external fixation of long 
bones in unstable patients may be necessary but can be com- 
plicated by pin site infections, or less frequently, deep vein 
thrombosis. In some patients, the fixation may be retained 
until fracture union. A significant decrease in the frequency 
of adult respiratory distress syndrome has been noted in 
patients with externally fixed fémoral fractures compared 
with patients with nail fixation. In a prospective, randomized, 
multicenter study, inflammatory cytokines were measured in 
fémoral fractures treated with immédiate nailing and with 
immédiate external fixation. An inflammatory response was 
noted with intramedullary fixation but not with external fixa¬ 
tion. There was no différence in the clinical complications, 
and the total numbers studied were small. The concept of 
damage control in trauma surgery is presently the subject of 
intense évaluation. We hâve found this concept to be helpful 
in dealing with complex fractures in an emergency situation. 
Complications hâve occurred primarily in patients who never 
improved enough clinically to allow conversion to more 
definitive fixation. 

Polytrauma and the resuscitation procedures often 
required in multiply injured patients resuit in the activation 
of cellular factors that hâve systemic effects, including inflam¬ 
matory, immune, and hémodynamie factors that are medi- 
ated by Chemicals known as cytokines. Elévation of cytokines 
is associated with organ dysfunction. Polytrauma also is asso¬ 
ciated with a systemic immune response syndrome, a diffuse 
inflammatory reaction mediated by cytokines and other 
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Chemicals in response to the massive tissue injuries. Damage 
control orthopaedics is a method to deal with the double 
insult of injury and surgery that may potentiate this response 
further. 

An estimated 5% to 20% of patients with multiple trauma 
hâve injuries that are not recognized during the initial exami¬ 
nation because of factors such as an altered level of conscious- 
ness or hémodynamie instability that precludes a thorough 
orthopaedic examination, a more apparent injury in the same 
extremity, and inadéquate initial radiographs. Repeat ortho¬ 
paedic examination after more critical injuries are stabilized 
should identify any missed injuries and allow early treatment. 
Studies hâve indicated that CT évaluation of the cervical 
spine and pelvis reveals more injuries than were apparent in 
the initial screening studies and on plain radiographs. 

Management of a patient who has sustained multiple 
injuries requires very spécifie and reliable methods of évalu¬ 
ation and treatment. The Advanced Trauma Life Support 
System (ATLS) developed by the American College of Sur¬ 
geons is the most widely used method for evaluating trauma 
patients. Evaluation is based on the mnemonic ABCDE: 
Airway, which should be free and unobstructed 
Breathing, which should be as normal as possible under the 
circumstances with normal oxygénation 
Circulation both central and peripheral; the goal is good cap- 
illary filling of ail extremities and maintenance of a 
normal blood pressure 

Disability, which includes neurologie, musculoskeletal, uro¬ 
logie, and reproductive injuries. These injuries, although 
rarely life threatening, can resuit in serious long-term 
disability. 

Environment. Many of these injuries do not occur in an iso- 
lated situation and may resuit in contamination that can 
expose caregivers to disease. 

From an orthopaedic standpoint, the musculoskeletal and 
neurologie évaluation protocols are extremely important in 
determining the type and extent of injury. Life- and limb- 
threatening musculoskeletal problems include hemorrhage 
from wounds and fractures, infections from open fractures, 
limb loss from vascular damage and compartment syndrome, 
and loss of function from spinal or peripheral neurologie 
injuries. Occult bleeding and unexplained blood loss from 
multiple areas, with concomitant hémodynamie instability, 
are major areas of concern with regard to the évaluation of 
circulation. Blood loss from multiple fractures, especially 
pelvic and long bone fractures, demands early stabilization to 
minimize blood loss. 

The first considération in management is the patients 
general condition. Emergency measures are necessary to 
combat pain, hemorrhage, and shock. Hemorrhage should be 
controlled with pressure. Tourniquets rarely are recom- 
mended because of the potential for further nerve and limb 
damage. The blind use of a hemostat in a wound also is not 
recommended because of the risk of damage to peripheral 
nerves lying near the vessels. From the time of injury until 
the patient is ready for the wound préparation for surgery, the 
wound should be protected by a stérile dressing and the 
extremity should be splinted to prevent additional soft-tissue 
injury from movement of the sharp bone fragments. 

The medical history should include when and where the 
injury occurred. The examination should include détermina¬ 
tion of the extent and type of soft-tissue wound and the 


existence of any vascular or neurologie damage. Vascular 
injury or compartment syndrome should be treated promptly 
to avoid tissue ischemia, which, if présent for 8 hours or more, 
can cause irréversible muscle and nerve damage (see Chapter 
48). An experimental canine study found that irréversible 
muscle damage occurred with tissue pressures of 10 mm Hg 
less than diastolic blood pressure or within 30 mm Hg of 
mean arterial pressure. This study emphasized that rather 
than an absolute tissue pressure value, a différence between 
tissue pressure and diastolic pressure of 10 to 20 mm Hg is 
an indication for immédiate fasciotomy. 

Radiographs should be made to show the extent and type 
of injury to the bone. The extent of soft-tissue damage some- 
times cannot be determined until surgical exploration. The 
time since injury and the type and extent of soft-tissue damage 
hâve a direct bearing on the choice of treatment. High- 
velocity or high-energy trauma results in more extensive 
damage to both the soft tissues and the bone and carries with 
it a much more uncertain prognosis for healing than does 
low-velocity or low-energy trauma. The patients general con¬ 
dition, the presence of related injuries, and numerous other 
factors influence the ultimate outcome and should influence 
treatment. 

OPEN FRACTURES 

Open fractures are surgical emergencies that perhaps should 
be thought of as incomplète amputations. Tscherne described 
four eras of open fracture treatment: life préservation, limb 
préservation, infection avoidance, and functional préserva¬ 
tion. The first, or preantiseptic, era lasted well into the twen- 
tieth century. The era of limb préservation encompassed both 
world wars but was marked by a high incidence of amputa¬ 
tions and resulting interest in artificial limb prosthetic 
designs. The third era lasted until the mid-1960s, during 
which time attention was focused on the avoidance of infec¬ 
tion and the use of antibiotics. The fourth era (functional 
préservation) was characterized by aggressive wound débridé - 
ment, definitive fracture stabilization with internai or exter- 
nal fixation, and delayed wound closure. The current fifth era 
is a product of rapid and high-value trauma care. Recent 
studies hâve confirmed that wound closure can be done in 
most open fractures (up to Gustilo-Anderson type IIIA) 
without significant risk and with decreased morbidity and 
hospital stay. Additionally, the requirements for prophylactic 
antibiotics are also being questioned. A recent review of the 
literature concerning prophylactic antibiotic use revealed 
poor quality and questionable conclusions in the research 
papers used to develop the présent recommendations. The 
rapid administration of prophylactic antibiotics within 2 
hours of admission of a patient with an open fracture, as well 
as the type of antibiotic and the length of time it is adminis- 
tered, hâve been questioned by some authors. Finally, the 
strict requirement for formai debridement and irrigation of 
ail open fractures within 6 hours of arrivai has been shown 
by multiple studies to be unnecessary, at least for Gustilo - 
Anderson types I, II, and IIIA fractures. 

■ OPEN FRACTURES CAUSED BY FIREARMS 

Evaluation of a patient with an open fracture caused by a 
firearm should include plain anteroposterior and latéral 
radiographs of the area of injury, as well as the joints above 
and below the injury. Arthrography may be necessary to 
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FIGURE 


Low-velocity gunshot wound of fémur; note minimal soft-tissue disruption. 


identify joint pénétration by a projectile. CT should be used 
to détermine the précisé location of the missile if the spine or 
pelvis is involved and is helpful in evaluating articular inju¬ 
ries. If vascular injury is suspected, angiography or arteriog- 
raphy may be necessary to confirm the diagnosis. 

As encountered in civilian practice, firearm wounds are 
of three distinct types: (1) low-velocity pistol or rifle wounds, 
(2) high-velocity rifle wounds, and (3) close-range shotgun 
wounds. In low-velocity pistol or rifle wounds, soft-tissue 
damage usually is minimal and extensive debridement is 
unnecessary (Fig. 53-4). The wounds of entry and exit are 
small. They usually do not require cio sure, and only their skin 
edges require debridement. In low-velocity gunshot wounds, 
irrigation and local debridement, tetanus prophylaxis, and a 
single dose of a long-acting intramuscular cephalosporin 
hâve been found to be as effective as 48 hours of intravenous 
antibiotics, and oral and intravenous administrations of anti¬ 
biotics were shown to be equally effective for prophylaxis 
against infection. Infection in this type of wound is rare. A 
proposed treatment protocol for intraarticular fractures 
includes 1 to 2 days of antibiotic prophylaxis for injuries in 
which the bullet passed through “clean” skin or clothing and 
1 to 2 weeks of broad-spectrum antibiotic treatment for 
wounds in which the bullet penetrated lung, bowel, or grossly 
contaminated skin or clothing. Civilian gunshot wounds hâve 
been classified according to energy, vital structures involved, 
wound characteristics, fracture, and degree of contamination. 
This classification, however, is complex, has not been vali- 
dated, and offers no guidelines for treatment. 

Some gunshot wounds can be treated with outpatient oral 
antibiotics following a single dose of intravenous cephalospo¬ 
rin. Dickson et al. reported that a superficial infection 
occurred in only one of 41 patients (44 fractures) with Gustilo 
type I or II open fractures caused by low-velocity gunshot 


wounds who were treated with their outpatient protocol: 
tetanus toxoid, 0.5 mL, irrigation and local wound debride¬ 
ment, closed réduction (if necessary), placement of a dressing 
or splint, 1 g of intravenous cefazolin, and 500 mg of oral 
cephalexin four times daily for 7 days. 

In high-velocity rifle and shotgun wounds, the damage to 
soft tissue and bone is massive and tissue necrosis is extensive 
(Fig. 53-5). These wounds should be treated in much the same 
manner as battle wounds. They require wide exposure and 
debridement of ail devitalized soft tissues. These wounds 
should be left open for delayed primary or secondary closure 
depending on the nature of the wound. In close-range shotgun 
wounds, damage to soft tissue and bone is extensive. Unless 
the wound is through and through, the wadding of the shell 
usually is retained within it and can cause severe foreign body 
reactions. Ail wadding must be found and removed and devi¬ 
talized soft tissue excised. Removing ail of the lead shot is 
unnecessary; it seems to cause little reaction, and attempting 
to remove it can cause further damage to the soft tissues. 
However, bullets and bullet fragments should be removed 
from intraarticular or intrabursal locations because they can 
produce complications of mechanical wear, lead synovitis, 
and systemic lead toxicity. Systemic lead toxicity has been 
reported to occur as early as 2 days and as late as 40 years 
after intraarticular gunshot injury. These wounds also should 
be left open and are closed later. 

Although both delayed and immédiate reamed inter- 
locked nailing hâve been successful in the treatment of 
fémoral fractures, immédiate nailing of fémoral fractures 
caused by gunshots has been reported to resuit in shorter 
hospital stays, with significant decreases in hospital expenses, 
and no detrimental effect on clinical results compared with 
delayed nailing. Statically locked intramedullary nailing is 
currently our preferred treatment for most low-velocity and 
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FIGURE 


^ High-velocity gunshot wound to humérus. 


mid-velocity fémoral shaff fractures, including most subtro- 
chanteric and supracondylar fractures. Fémoral fractures 
caused by high-velocity weapons or shotguns can be tempo- 
rarily stabilized with external fixation. When wound healing 
is satisfactory, intramedullary nailing can be performed 
(approximately 2 weeks affer injury). Some high-velocity 
fractures can be treated with immédiate unreamed intramed¬ 
ullary nailing. Primary amputation may be required for 
severe soff-tissue injury that includes vascular and neurologie 
injury. In a sériés of 52 fémoral fractures with arterial injuries 
treated at our local level 1 trauma center, limb salvage was 
successful in 32 (61.5%). Ail 22 limbs in which the fémoral 
fractures were stabilized with intramedullary nails either ini- 
tially (16 limbs) or affer traction or external fixation were 
salvaged. Primary amputation was required in eight limbs 
with high-velocity injuries, secondary amputations were 
required in nine limbs, and three patients died of other inju¬ 
ries. No disruption of the anastomoses occurred in patients 
in whom vascular repair preceded fracture fixation (Fig. 
53-6). 

External fixation may be appropriate for severe (Gustilo 
type III) injuries. Ilizarov fixation and delayed primary 
closure hâve been reported to yield a low overall complication 
rate and a low infection rate in these complex fractures. 

In a report of gunshot injuries to the hip, the best diag¬ 
nostic test to detect joint pénétration was hip aspiration fol- 
lowed by an arthrogram. Although selected patients were 
treated successfully with antibiotic therapy without arthrot- 
omy, ail transabdominal injuries required immédiate arthrot- 
omy. Bullets leff in contact with joint fluid resulted in joint 
destruction or infection. Because ail displaced fémoral neck 
fractures treated with internai fixation had poor results, hip 


arthroplasty or arthrodesis was recommended for definitive 
management of these injuries. 

■ AMPUTATION VERSUS LIMB SALVAGE 

The development of sophisticated protocols for open fracture 
management has permitted the development of techniques 
that resuit in salvaged but nonfunctional extremities. There 
is concern, however, about “technique over reason” and not 
only the end resuit of a useless limb but also the physical, 
psychologie, financial, and social effects on the individual. 
Inévitable amputation off en is delayed too long, with increased 
financial, personal, and social expenses and, more important, 
the attendant morbidity and possible mortality. In a study of 
open tibial fractures, patients who had limb salvage had more 
complications, more operative procedures, longer hospital 
stays, and higher hospital charges than patients who had early 
below-knee amputations. More patients with limb salvage 
considered themselves disabled than did those with early 
amputation. 

Several attempts hâve been made to better evaluate inju¬ 
ries and identify injury patterns that would best be treated by 
early amputation. The Mangled Extremity Severity Score 
(MESS) is based on a four-group System: skeletal and soff- 
tissue injuries, shock, ischemia, and âge (Table 53-3). Some 
studies hâve found that limbs with scores of 7 to 12 ultimately 
required amputation, whereas scores of 3 to 6 resulted in 
viable limbs; others hâve found no prédictive utility of the 
MESS, Limb Salvage Index (LSI), or Prédictive Salvage Index 
(PSI). A high specificity of the scores confirmed that low 
scores could be used to predict limb-salvage potential, but the 
low sensitivity failed to support the validity of the scores as 
predictors of amputation. These scoring Systems appear to 
hâve limited usefulness and cannot be used as the sole crite- 
rion to détermine whether amputation is indicated, and lower 
extremity injury-severity scores at or above the amputation 
threshold should be used with caution in determining the 
potential for salvaging a lower extremity with a high-energy 
injury. 

Rajasekaran et al. proposed a scoring System for Gustilo 
type IIIA and IIIB open fractures of the tibia that evaluated 
skin coverage, skeletal structures, tendon and nerve injury, 
and comorbid conditions (Box 53-3). Using this System, 
they divided 109 type III open tibial fractures into four groups 
to assess the possibilities of limb salvage. Group 1 had 
scores of 5 or less, group 2 had scores of 6 to 10, group 3 
had scores of 11 to 15, and group 4 had scores of 16 or greater. 
A score of 14 or greater as an indicator for amputation had a 
sensitivity of 98%, a specificity of 100%, a positive prédictive 
value of 100%, and a négative prédictive value of 70%. These 
were similar to the MESS scores of 99% sensitivity and 97% 
positive prédictive value, but better than the 17% specificity 
and 50% négative prédictive value. The high specificity of this 
new scoring System may make it a much better predictor of 
amputation. Currently, however, the prédictive power of ail 
extremity injury scores remains low. 

■ ANTIBIOTIC TREATMENT 

The treatment of an open fracture wound actually is an exer¬ 
cise in applied microbiology. Once the skin barrier is dis- 
rupted, bacteria enter from the local environment and attempt 
to attach and grow (Fig. 53-7). The greater the zone of injury 
and the more necrotic the tissue, the greater the potential for 
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A f Open type INB tibial fracture with vascular injury. B f Radiographie appearance. C and D, After fixation with locked 
intramedullary nail. 


nutritional support of the bacteria. With impairment of cir¬ 
culation in the injured area, the bodys immune System is 
compromised in its ability to use cellular and humoral 
defenses. A race then ensues between the bacteria to establish 
an infection and the body to mobilize sufficient immune 
mechanisms to combat the infection. 

The virulence of the infecting organism dépends on its 
ability to adhéré to the host substrate (e.g., necrotic skin, 
fascia, muscle, and bone), its pathogenicity, and its offensive 
efforts to neutralize the host defenses by the bacterias own 
humoral and mechanical factors. The foreign body reaction 
is now recognized as a complex interaction of bacterial gly- 
coprotein that protects the bacteria from the phagocytic 
white blood cells (Fig. 53-8). After the bacteria hâve invaded 
the body, adhered to the host cellular substrate, and secreted 
the humoral and glycoprotein protective shield, they can then 
proceed with cell réplication, establishing a clinical infection. 


Growth of the bacteria then proceeds in a logarithmic fashion 
until the available nutrients are exhausted, the host dies, or 
the host defenses successfully neutralize the infection. If the 
latter occurs and the host survives, the bacteria either will be 
eradicated or suppressed and isolated, creating chronic osteo- 
myelitis (Fig. 53-9). 

The care of open wounds generally includes postoperative 
systemic antibiotics. A 2004 Cochrane systematic review con- 
firmed the benefit of antibiotics in patients with open frac¬ 
tures. This review showed that the administration of 
antibiotics after open fracture reduces the risk of infection by 
59%. The data reviewed supported the conclusion that a short 
course of first-génération cephalosporins, begun as soon as 
possible after injury, significantly lowers the risk of infection 
when used in combination with prompt, modem orthopaedic 
fracture wound management. Evidence was insufhcient to 
support other common management practices, such as 












PART XV FRACTURES AND DISLOCATIONS IN ADULTS 


_ TABLE 53-3 _ 

Mangled Extremity Severity Score 


TYPE 

CHARACTERISTICS 

INJURIES 

POINTS 

SKELETAL/SOFT-TISSUE GROUP 

1 

Low energy 

Stab wounds, simple closed fractures, small-caliber 
gunshot wounds 

1 

2 

Medium energy 

Open or multiple-level fractures, dislocations, 
moderate crush injuries 

2 

3 

High energy 

Shotgun blast (close range), high-velocity wounds 

3 

4 

Massive crush 

Logging, railroad, oil-rig accidents 

4 

SHOCK GROUP 

1 

Normotensive 

hemodynamics 

Blood pressure stable in field and in operating room 

0 

2 

Transiently 

hypotensive 

Blood pressure unstable in field but responsive to 
intravenous fluids 

1 

3 

Prolonged 

hypotensive 

Systolic blood pressure < 90 mm Hg in field and 
responsive to intravenous fluid only in operating room 

2 

ISCHEMIA GROUP 

1 

None 

Pulsatile limb without signs of ischemia 

0* 

2 

Mild 

Diminished puises without signs of ischemia 

1* 

3 

Moderate 

No puise by Doppler, sluggish capillary refill, 
paresthesia, diminished motor activity 

2* 

4 

Advanced 

Pulseless, cool, paralyzed, and numb without capillary 
refill 

3* 

AGE GROUP 

1 

<30 yr 


0 

2 

30-50 yr 


1 

3 

>50 yr 


2 


*lf ischemia time >6 hours, add 2 points.From Helfet DL, HoweyT, Sanders R, Johansen K: Limb salvage versus amputation: preliminary results of the mangled extremity 
severity score, Clin Orthop Relat Res 256:80,1990. 


Injury Severity Score for Gustilo Type NIA and INB Open Tibial Fractures 


Covering Structures: Skin and Fascia 

Wounds without skin loss 
Not over the fracture: 1 
Exposing the fracture: 2 

Wounds with skin loss 
Not over the fracture: 3 
Over the fracture: 4 

Circumferential wound with skin loss: 5 

Skeletal Structures: Bone and Joints 

Transverse or oblique fracture or butterfly fragment <50% 
circumference: 1 

Large butterfly fragment >50% circumference: 2 

Comminution or segmentai fractures without bone loss: 3 

Bone loss <4 cm: 4 

Bone loss >4 cm: 5 

Functional Tissues: Musculotendinous and Nerve 

Units 

Partial injury to musculotendinous unit: 1 

Complété but repairable injury to musculotendinous units: 2 


Irréparable injury to musculotendinous units, partial loss 
of a compartment, or complété injury to posterior tibial 
nerve: 3 

Loss of one compartment of musculotendinous units: 4 

Loss of two or more compartments or subtotal amputations: 5 

Comorbid Conditions: Add 2 Points for Each 

Condition Présent 

Injury leading to debridement interval >12 hours 

Sewage or organic contamination or farmyard injuries 

Age >65 years 

Drug-dependent diabètes mellitus or cardiorespiratory dis- 
eases leading to increased anesthetic risk 

Polytrauma involving chest or abdomen with injury severity 
score >25 or fat embolism 

Hypotension with systolic blood pressure <90 mm Hg at 
présentation 

Another major injury to the same limb or compartment 
syndrome 
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FIGURE 


Molecular sequence in bacterial (B) attachment, adhesion, aggregation, and dispersion at substratum surface. Several 


possible interactions may occur depending on characteristics of bacteria and substratum System (nutrients, contaminants, macromol- 


ecules, species, and materials). (Modified from Gristina AG: Biomaterial-centered infection: microbial adhesion versus tissue intégration, Science 
237:1588, 1987.) 



Cytoplasmic 

membrane 

Peptidoglycan 

Exopolysaccharide 

polymer 


Van der Waals 
forces 


Passive 

substrate 

surface 


— Biofilm 


$ Antagonists, 
host defenses 
T Receptor 
y Ligand 


Nutrients 


Hydrophobie 

molécules 

Glyco- 

proteinaceous 

residue 

Hydrophobie 

interaction 


FIGURE 


At spécifie distances, initial repelling forces of négative bacteria and substrate surface charges are overcome by 


attracting van der Waals forces. There also are hydrophobie interactions between molécules. Under appropriate conditions, extensive 


exopolysaccharide polymer develops, aiding ligand-receptor interactions and bacterial attachment and adhesion to substrate. (From 
Gristina AG, Oga M, Webb LX, et al: Adhèrent bacterial colonization in the pathogenesis of osteomyelitis, Science 228:990, 1985.) 


prolongée! courses or repeated short courses of antibiotics, 
the use of antibiotic coverage extending to gram-negative 
bacilli or clostridial species, or the use of local antibiotic 
thérapies such as beads. 

Most protocols recommend the use of a broad-spectrum 
antibiotic, usually a first-generation cephalosporin, with the 
addition of an aminoglycoside, such as tobramycin or genta- 
micin, for highly contaminated wounds in which there is a 


risk of gram-negative contamination (Gustilo type III). If 
there is the possibility of anaérobie organisms, such as Clos¬ 
tridium, high-dose penicillin is recommended. The duration 
of antibiotic treatment should be limited because in most 
sériés the infecting organisms are hospital acquired. Gustilo 
recommended administration of 2 g of cefamandole on 
admission and 1 g every 8 hours for 3 days only in types I 
and II open fractures. In type III open fractures he 
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Sequence of pathogenesis in osteomyelitis. Top left, Initial trauma produces soft-tissue destruction, bone fragmenta¬ 
tion, and contamination by bacteria. In closed wounds, contamination may occur by hematogenous seeding. Top right, As infection 
progresses, bacterial colonization occurs within protective exopolysaccharide biofilm, which is especially abundant on devitalized bone 
fragment, which acts as passive substratum for colonization. Bottom left , Host defenses are mobilized against infection but cannot 
penetrate biofilm. Bottom right , Progressive inflammation and abscess formation resuit in development of sinus track and in some 
cases ultimate extrusion of sequestrum, which is focus of résistant infection. (From Gristina AG, Barth E, Webb LX: Microbial adhesion and 
the pathogenesis of biomaterial-centered infections. In Gustilo RB, Gruninger RP, Tsukayama DT, eds: Orthopaedic infection: diagnosis and treatment, 
Philadelphia, 1989, Saunders.) 


recommended an aminoglycoside in dosages of 3 to 5 mg/kg 
daily, adding penicillin, 10 to 12 million U daily, for farm 
injuries. Gustilo continued double antibiotic therapy for 3 
days only and repeated the antibiotic regimen during wound 
closure, internai fixation, and bone grafting. Okike and Bhat- 
tacharyya recommended the administration of cefazolin, 1 g 
intravenously, every 8 hours until 24 hours after the wound 
is closed, with intravenous gentamicin (with weight-adjusted 
dosing) or levofloxacin (500 mg every 24 hours) added for 
type III fractures. Because of their adverse effect on healing, 
fluoroquinolones should not be used for antibiotic prophy- 
laxis in patients with open fractures. 

Although there is general agreement regarding the effec- 
tiveness of antibiotic treatment in open fractures, debate is 
ongoing about the duration, mode of administration, and 
type of antibiotics. A prospective, double-blind study showed 
a 13.9% infection rate without antibiotics compared with a 
2.3% infection rate with cephalosporin treatment, but these 
results hâve been questioned, and the number of reliable 
studies in this area is very limited. Another study found that 
a once-daily, high-dose regimen of antibiotic therapy was as 
effective as a divided, low-dose regimen. 

The appropriate time to obtain cultures from open 
wounds also is controversial. A very small number of bacteria 
présent before debridement are believed to eventually cause 


infection, suggesting that bacterial cultures taken before or 
after debridement are essentially of no value. The most 
common infecting organisms appear to be gram-negative and 
methicillin-résistant Staphylococcus aureus (MRSA), which 
may be hospital or community acquired. We do recommend 
obtaining cultures when obvious clinical findings of infection 
are présent at the second debridement. More recently, a 
marked improvement was noted in infection rates using cul¬ 
tures obtained after debridement and irrigation to détermine 
the need for repeat formai irrigation and debridement, 
although there was an increased rate of return to surgery with 
this rationale. Early and rapid empirical administration of 
antibiotics as determined by wound protocols has been shown 
to be the most effective means of preventing infection in open 
fractures. 

TREATMENT OF SOFT-TISSUE INJURIES 

Initial treatment of open wounds before transport to a medical 
facility should include pressure over the wound, splinting of 
fractures, and placement of stérile dressings. Rapid transport 
to an appropriate medical center is essential because further 
bacterial contamination can occur with expo sure of the tissue 
to air. A 3.5% rate of infection was found in patients who 
received treatment at a trauma center within 20 minutes of 
injury, compared with a 22% infection rate in patients who 
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reached a trauma center by way of another hospital within 10 
hours of injury. 

In the emergency department, rapid évaluation of the 
patients condition and immédiate debridement and irriga¬ 
tion of the wound are essential. Debridement and irrigation 
hâve been used in the prévention of posttraumatic infections 
only since World War I. DePag, a Belgian surgeon, introduced 
the concept of debridement of devitalized tissue and delayed 
wound closure based on a bactériologie évaluation of the 
wound. Debridement has since been combined with irriga¬ 
tion as a mainstay of treatment of open wounds, especially 
those associated with fractures. 

The following steps are recommended for open injuries: 

1. Treat open fractures as emergencies. 

2. Perform a thorough initial évaluation to diagnose life- 
and limb-threatening injuries. 

3. Begin appropriate antibiotic therapy in the emergency 
department or at the latest in the operating room and 
continue treatment for 2 to 3 days only. 

4. Immediately débridé the wound of contaminated and 
devitalized tissue, copiously irrigate, and perform repeat 
debridement within 24 to 72 hours. 

5. Stabilize the fracture with the method determined at 
initial évaluation. 

6. Leave the wound open (controversial). 

7. Perform early autogenous cancellous bone grafting. 

8. Rehabilitate the involved extremity aggressively. 

In general, reported incidences of wound infection are 0% to 
2% in type I fractures, 2% to 7% in type II fractures, 10% to 
25% in ail type III fractures, 7% in type IIIA fractures, 10% 
to 50% in type IIIB fractures, and 25% to 50% in type IIIC 
fractures. Amputation rates of 50% or more hâve been 
reported in type IIIC fractures. 

Soft-tissue injuries associated with closed fractures may 
be more severe, although they are less obvious than those in 
open fractures. Failure to recognize these injuries and con- 
sider them in the treatment decisions can resuit in serious 
complications, ranging from delayed healing to partial- or 
full-thickness tissue slough and massive infection. One fre- 
quently missed injury of this type is the Morel-Lavallée syn¬ 
drome, which occurs when the skin is separated from the 
fascia. This créâtes a pocket under which considérable bleed- 
ing can occur. Usually this is a subeutaneous hematoma, but 
the hematoma can become so large that it seriously threatens 
the viability of the skin above it (Fig. 53-10). This syndrome 
occurs frequently in patients with pelvic fractures, especially 
in obese individuals in whom there was a shear component 
to the injury. MRI and ultrasonography hâve been recom¬ 
mended to confirm the diagnosis. 

Multiple treatment options hâve been suggested for 
Morel-Lavallée syndrome, including radical incision, which 
frequently leaves a massive wound, and less invasive methods, 
such as wound drainage. The primary recommendation is to 
treat the soft-tissue problem at the same time the fracture is 
stabilized. We prefer to wait and watch initially rather than 
to proceed with immédiate décompression because of the risk 
of devascularizing additional skin by opening the wound. We 
hâve some expérience with percutaneous aspiration, but we 
hâve noted récurrence of the swelling. The thigh is especially 
at risk because of the erratic course of its blood supply (Fig. 
53-11). This lésion should be treated at the time of internai 
fixation. Draining the hematoma with a small incision 
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followed by application of a compression bandage has been 
recommended. We hâve used a similar drainage technique 
but hâve noted an increased incidence of infection when skin 
necrosis or wound breakdown occurs. 

Tseng and Tornetta described good results in 19 patients 
with Morel-Lavallée lésions using a percutaneous technique 
of drainage done within 3 days of admission. In six acetabular 
surgeries and two pelvic ring surgeries, there was a delay of 
at least 24 hours before the drain was removed. Only 3 of the 
19 patients had a positive culture at the time of drainage; one 
required exploration for persistent drainage. There were no 
deep infections at 6-month follow-up. 


PERCUTANEOUS DRAINAGE OF A 
MOREL-LAVALLÉE LESION 


TECHNIQUE 53-1 


(TSENG AND TORNETTA) 

■ Position the patient to allow exposure of the involved 
area. 

■ Make a 2-cm incision over the distal aspect of the lésion. 

■ Make a second 2-cm incision at the superior and posterior 
extent of the injury. 

■ Détermine the extent of the lésion by placing a suction 
tip through the lésion. 

■ Additional incisions may be required depending on the 
extent of the lésion. 

■ Send fluid from the lésion for culture and sensitivity. 

■ Drain the hematoma with suction. 

■ Use a plastic brush (used for canal préparation in joint 
replacement) to débridé the loose fat. 

■ Wash the cavity with a pulsed lavage. Continue the 
lavage until the fluid is clear and no further fat débris can 
be removed. 

■ Place a medium closed suction drain in the wound to 
drain the entire cavity. 

■ Close the incisions tightly. 

■ Attach the drain to wall suction until the drainage is less 
than 30 mL in 24 hours. (This may require 8 days.) 

■ Continue cephalosporin or spécifie antibiotics intrave- 
nously for 24 hours after removal of the drain. 


■ DEBRIDEMENT 

Individual patient characteristics should be considered in 
determining the exact extent of debridement necessary, but 
generally the skin should be debrided until there is a bleeding 
edge. This should not be done under tourniquet control 
because the viability of the skin may not be known. 

Muscle debridement should remove ail nonviable muscle 
that is noncontractile or grossly contaminated. Completely 
severed tendon ends that are highly contaminated also may 
require excision, although this becomes a much more ques- 
tionable practice if the musculotendinous unit is intact. 
Removal of contamination with préservation of the tendon 
itself may be possible. Care must be taken to maintain mois- 
ture around such structures because once the tendon becomes 
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jjj Morel-Lavallée lésion. A and B f Clinical appearance of large Morel-Lavallée lésion in thigh after pelvic fracture. 
C f Appearance of large Morel-Lavallée lésion in buttock. D f At operative exposure showing depth of lésion. 


dried it is dead and excision will be necessary. Early flap 
placement or a sealed dressing may prevent desiccation of 
these délicate tissues. When dealing with muscles, the four 
“C”s must be observed: consistency, color, contractility, and 
circulation. Normal muscle contraction should be seen when 
the muscle is pinched or electrically stimulated. The muscle 
should be of normal consistency, not waxy, fibrotic, or friable. 


The muscle should be a normal color of red, not brown. Good 
circulation should be visible within bleeding edges. 

The empirical standard for timely debridement has been 
the “6-hour rule,” although only a few studies hâve shown 
decreased infection rates when debridement was done within 
6 hours, and many studies hâve questioned the validity of this 
standard. A few authors hâve suggested that operative 
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debridement might be unnecessary for low-grade open frac¬ 
tures. We consider thorough operative debridement done as 
soon as possible after injury the standard of care for ail open 
fractures, however. One recent study questioned whether sur¬ 
geons were removing normal muscle at times. The surgeons 
impression of muscle viability based on the four “C”s was 
compared with histologie analysis. In 60% of specimens, his¬ 
tologie analysis revealed normal muscle or mild interstitial 
inflammation of tissue deemed dead or borderline by the 
surgeon. It is unclear what would hâve happened to this 
muscle if left in situ. Until better methods of intraoperative 
assessment of muscle viability are available, it seems prudent 
to débridé any questionable tissue (or return to the operating 
room for a second-look debridement). 

After the dead, contaminated, and necrotic tissues hâve 
been removed, the next step is copious irrigation. Some 
experimental but few clinical studies hâve evaluated the effi- 
cacy of irrigation (Table 53-4). The most commonly used 
irrigant is normal saline, and it can be applied by bulb syringe, 
pouring, or low- or high-pressure lavage. Each method has 
its benefits. High-pressure irrigation removes more bacteria 



Tracing of thigh vessels with internai diameter 
(I.D.) 0.25 mm. AL, Antérolatéral; AM, anteromedial; P, posterior. 

(From Cormack GC, Lamberty BGH: The blood supply of thigh skin, Plast 
Reconstr Surg 75:342, 1985.) 


and necrotic tissue than a bulb syringe and may be more 
effective when there has been massive contamination or delay 
in treatment. However, a decrease in new bone formation has 
been noted in the first week after high-pressure irrigation 
when compared with control sites, and contamination has 
been found 1 to 4 cm away from the wound after pulsatile 
lavage, as well as some propagation of the contamination 
down the bone canal. In addition, the position of the irriga¬ 
tion tip close to the tissue may affect the degree of cleaning. 
More recently, Draeger and Dhaners noted more soft-tissue 
damage in an in vitro experimental model in which high- 
pressure pulsatile lavage was used than when bulb-syringe 
suction was used. They also noted that the high-pressure 
lavage removed less contaminant than other debridement 
methods and postulated that the lavage may drive contami¬ 
nants deeper into the tissue. Other authors also hâve shown 
increased soft-tissue damage with high-pressure lavage com¬ 
pared with low-pressure lavage. The current consensus seems 
to lean toward high-volume, low-pressure lavage repeated an 
adéquate number of times to effect the best healing and pré¬ 
vention of infection. 

The amount of fluid used varies with the method of appli¬ 
cation. There also is a question of whether additives to the 
irrigation solution are bénéficiai. Additives are generally of 
three types: antiseptics, which include among others 
povidone-iodine, chlorhexidine gluconate, hexachlorophene, 
and hydrogen peroxide; antibiotics, such as bacitracin, poly- 
myxin, and neomycin; and surfactants, such as castile soap or 
benzalkonium chloride (Table 53-5). Bhandari et al. noted 
that the combination of low-pressure lavage and 1% liquid 
soap was the most effective irrigating solution for in vivo 
removal of bacteria. In a more recent prospective, random- 
ized, controlled trial, Anglen compared nonsterile castile 
soap with bacitracin solution for the irrigation of 398 lower 
extremity open fractures. Anglen found no significant différ¬ 
ences with respect to infection and bone healing, but wound 
healing problems were more common in the bacitracin group. 

Ail these additives hâve advantages and disadvantages, 
but none has been shown to be clinically efficacious at this 
time. The FLOW study was undertaken to help clarify the 
conflicting recommendations regarding irrigation pressure 
and irrigation solutions. In an international, multicenter, 
blinded, randomized, controlled trial, patients with open 


TABLE 53-4 


Irrigation Variables 

VARIABLE 

EFFECT 

RECOMMENDATION 

Volume 

In animal studies, increasing volume removes more 
particulate matter and bacteria, but the effect plateaus at a 
level dépendent on the System. 

Grade 1 fractures, 3 L 

Grade 2 fractures, 6 L 

Grade 3 fractures, 9 L 

Pressure 

Increased pressure removes more débris and bacteria; 
however, the highest pressure settings damage bone, delay 
fracture healing, and may increase risk of infection by 
damaging soft tissues. 

Use a power irrigation System that 
provides a variety of settings; select 
a low- or middle-range setting. 

Pulsation 

In theory, pulsation improves removal of surface débris by 
means of tissue elasticity; limited studies hâve not 
confirmed the effect or hâve suggested decreased efficacy. 

Not established 


From Anglen JO: Wound irrigation in musculoskeletal injury, J Am Acad Orthop Surg 9:219, 2001. 
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TABLE 53-5 


Irrigation Additives 

CLASS 

EXAMPLES 

ADVANTAGES 

DISADVANTAGES 

RECOMMENDATION 

Antiseptics 

Povidone-iodine, 
chlorhexidine, 
hydrogen peroxide 

Broad spectrum of 
activity against 
bacteria, fungi, 
viruses; kill pathogens 
in the wound 

Toxic to host cells, 
may impair immune 
cell function and 
delay or weaken 
wound healing 

Findings from animal and 
clinical studies are 
contradictory; toxicity is more 
clearly established than 
benefits; should not be used 

Antibiotics 

Bacitracin, 

polymyxin, 

neomycin 

Bacterial or 
bacteriostatic activity 
in the wound, if in 
adéquate 
concentration and 
duration 

Cost, rare toxicity or 
allergie reaction, 
promotion of 
bacterial résistance 

Clinical efficacy in preventing 
infection not proved; should 
not be used routinely 

Surfactants 

Castile soap, green 
soap, benzalkonium 
chloride 

Interfère with 
bacterial adhesion to 
surfaces; emulsify and 
remove débris 

Mild host-cell 
toxicities 

Clinical efficacy not proved; 
consider use in highly 
contaminated wounds; first 
irrigations 


From Anglen JO: Wound irrigation in musculoskeletal injury, J Am Acad Orthop Surg 9:219, 2001. 


extremity fractures were divided into six groups: high- 
pressure irrigation (>20 psi), low-pressure irrigation (5 to 10 
psi) or very low-pressure irrigation (1 to 2 psi), with either 
normal saline or a 0.45% solution of normal saline and castile 
soap. Fractures of the hands, toes, and pelvis were excluded. 
Reoperation within 12 months for bone or wound healing 
problems or wound infection was chosen as the primary end 
point of the study. In 2447 eligible patients, there was no 
significant différence in reoperation among the pressure 
groups (13.2% high pressure, 12.7% low pressure, and 13.7% 
very low pressure). Reoperation was significantly higher in 
the soap group (14.8%) than the saline group (11.6%). The 
authors concluded that very low-pressure irrigation is an 
acceptable, low cost alternative to pressure-irrigation devices 
and that soap solution is not superior to saline alone. 

Our protocol has been to use 9 L of gravity-flow irriga¬ 
tion in most cases. Additional fluid may be needed in highly 
contaminated fractures, whereas lesser amounts (5 to 6 L) are 
usually sufficient in minimally contaminated upper extremity 
injuries. Our previous protocol called for genitourinary irrig- 
ant as an additive; however, we are currently not placing 
additives in our irrigation fluid. Regardless of the type of 
irrigation, the most important part of wound cleansing is the 
surgical debridement of dead and contaminated tissue. 

Controversy also surrounds the closure of wounds affer 
irrigation. Historically, leaving the wound open has been rec- 
ommended, but, with the development of powerful antibiot¬ 
ics and early aggressive debridement, more institutions are 
reporting success with loose closure of wounds, with or 
without drainage. If debridement does not resuit in a surgi- 
cally clean wound, closure should not be done. In addition, 
the skin should not be closed under tension because this may 
resuit in further skin necrosis and ischemia. The proper 
tension has been described as a wound that can be closed with 
2-0 nylon without breaking. Structures should be kept moist 
with occlusive dressings. The use of a “bead pouch” in which 
methyl méthacrylate impregnated with powdered antibiotics, 


such as vancomycin or tobramycin, is rolled into small beads 
that are placed on a wire and laid in the wound has been 
shown to be very cost effective in control of deep infection. 

Early closure of the wound has been shown to decrease 
the incidence of infection, malunion, and nonunion. A variety 
of methods can be used for wound closure, including direct 
suturing, split-thickness skin graffing, and free or local muscle 
flaps. The method chosen dépends on several factors, includ¬ 
ing the size and location of the defect and associated injuries. 
In a multicenter study of 195 tibial fractures that required flap 
coverage, ASIF/OTA class C injuries that were treated with a 
rotational flap were 4.3 times more likely to hâve a wound 
complication requiring operative intervention than were 
injuries treated with a free flap. 

A relatively recent innovation, vacuum-assisted closure 
(KCI, San Antonio, TX), has been reported to be useful in 
accelerating wound healing by reducing chronic edema, 
increasing local blood flow, and enhancing granulation tissue 
formation. The few reports of the use of vacuum-assisted 
closure in the management of orthopaedic injuries hâve been 
generally favorable, but its efhcacy has not been clearly 
proven. The vacuum-assisted closure device usually is applied 
at the end of each irrigation and debridement until the wound 
is considered clean. 


IRRIGATION AND DEBRIDEMENT OF 
OPEN WOUNDS 

Our policy is to repeat debridement of ail Gustilo type III 
open fractures within 24 to 72 hours of the first debride¬ 
ment. We also repeat debridement and irrigation of ail 
wounds that are questionable, regardless of the Gustilo 
classification. Debridement and irrigation are repeated at 
48-hour intervals until a clean wound is obtained. This may 
require removing any internai fixation or external fixation 
to allow complété exposure of the bone. 
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TECHNIQUE 53-2 


■ Begin the procedure by ensuring adéquate personal pro¬ 
tection, including splash guards, goggles, boots, and 
additional protective gloves. 

■ Préparé the patient and the skin and apply a stérile tour¬ 
niquet if possible, but do not inflate the tourniquet. 

■ Wash and drape the wound as for a normal surgical 
procedure, but allow for a wide exposure of the involved 
area (entire limb, possibly extending to the torso). Use 
imperméable drapes. 

■ Begin the debridement at the skin and proceed in an 
orderly fashion. Remove devitalized skin until bleeding is 
visible in the skin edge. Progressive removal of skin is 
recommended over wide margins. 

■ In a similar fashion, remove the subcutaneous tissue, 
including ail contaminated tissue. 

■ Cut and coagulate veins. 

■ Preserve superficial nerves if they are intact, which is 
infrequent. 

■ Remove devitalized fat beneath the flaps down to clean, 
bleeding, subcutaneous tissue. 

■ Open the fascia to allow exposure of the muscle tendon 
and removal of ail devitalized muscle, paying attention 
to the four "C"s (color, contractility, circulation, and 
consistency). 

■ Trim completely severed tendons back to viable tendon. 
Intact tendons should be cleaned and not excised, at least 
in the first debridement. 

■ Enlarge the wound to allow adéquate debridement and 
exposure of the fracture. In most cases, remove devascu- 
larized bone, especially if it is highly contaminated. 
Remove contamination in the medullary canal by progres¬ 
sive^ removing bone with a saw or rongeur. Curettage 
of the medullary canal should be avoided to prevent 
proximal migration of the infected material. 

■ After ail dead tissue has been removed, irrigate the 
wound with normal saline and an appropriate additive. 

■ If the wound can be closed, suture the surgically created 
wound first. Loosely close the remaining wound over a 
drain if necessary, provided there is no excessive pressure 
or tension on the skin. If closure is not possible, leave the 
wound open. Keep structures such as bone, nerve, and 
tendon moist. A bead pouch (see Chapter 21) can be 
used as an impervious dressing to maintain moisture. 
Alternative^, a négative pressure wound therapy dressing 
can be placed. This type of dressing facilitâtes réduction 
of dead space and edema. A specialized sponge is used 
over bone or tendon. 

■ Whether to use internai or external fixation usually 
is decided after debridement is done and may influence 
the wound closure and dressing. We prefer to préparé 
and drape the patient again, discard ail instruments 
used during the debridement, and change operating 
gowns and gloves before applying internai or external 
fixation. 

POSTOPERATIVE CARE. Antibiotics are continued 
according to the grade of wound severity (see section on 
open fractures). 


TREATMENT OF BONE INJURIES 

Small fragments of bone that are completely devoid of soff- 
tissue attachment and are avascular are removed. Small frag¬ 
ments that are grossly contaminated with foreign material 
probably should be removed as well because adéquate cleans- 
ing is rarely possible. Removal of large avascular fragments 
is controversial. It generally is best to remove any avascular 
bone and plan on later replacement with autogenous bone 
graffing. Retained avascular fragments are a source of adhér¬ 
ence for bacteria and probably are the most frequent cause 
of persistent infection after open fractures. When large seg¬ 
ments of cortical bone are extruded, sterilization of these 
segments has been done experimentally with the use of 
povidone-iodine, autoclaving, and chlorhexidine-gluconate 
antibiotic solutions. The use of Ilizarov distraction histogen- 
esis techniques for losses of large segments of bone also 
has been reported. Judgment must be exercised in this aspect 
of the management of open fractures. Small pièces of bone 
with intact periosteum and soft tissue should be retained 
because they may act as small grafts and stimulate fracture 
healing. 

In addition to the contamination of open fractures, the 
disruption of the periosteum reduces bone vascularity and 
viability and adds to the difficulty in management of open 
fractures compared with closed fractures. More severe dis¬ 
ruption of the soft tissue around the fracture usually produces 
more fracture instability and makes stabilization of the frac¬ 
ture more difficult. 

■ FRACTURE STABILIZATION 

An open fracture generally should be stabilized with the 
method that provides adéquate stability with a minimum of 
further damage to the vascularity of the zone of injury and 
its associated soft tissues. For type I wounds, essentially any 
technique that is suitable for closed fracture management is 
satisfactory. Treatment of type II and III wounds is more 
controversial, with proponents of traction, external fixation, 
nonreamed intramedullary nailing, and occasionally plate 
and screw fixation. Generally, external fixation is preferred 
for metaphyseal-diaphyseal fractures with occasional limited 
internai fixation with screws. In the upper extremity, casting, 
external fixation, and plate and screw fixation are popular 
methods of stabilization. In the lower extremity, open diaphy- 
seal fémoral and tibial fractures hâve been treated success- 
fully with intramedullary nailing, and results are encouraging 
for the use of nonreamed intramedullary nails in type I, II, 
and IIIA fractures. 

Our expérience with open fémoral and tibial fractures 
treated at the Elvis Presley Régional Trauma Center confirms 
the effectiveness of unreamed intramedullary fixation of 
these fractures. Of 125 open fémoral fractures treated with 
unreamed and reamed nailing, ail United, and infection 
developed in only five (4%). Of 50 open tibial fractures (three 
Gustilo type I, 13 type II, 22 type IIIB, and 12 type IIIB), 
union was obtained in 48 (96%), infection occurred in four 
(8%), and malunion occurred in two (4%). Eighteen fractures 
(36%) required dynamization, bone graffing, or both to 
obtain union. For type IIIB and IIIC injuries that are salvage- 
able, external fixation is still the primary method of treat¬ 
ment. As important as any other factor is the surgeons 
familiarity with the surgical stabilization technique chosen, 
as long as further devascularization is minimized. 
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The method used to reduce and immobilize the fracture 
dépends on the bone involved, the type of fracture, the effi- 
cacy of the debridement, and the patients general condition. 
When it is désirable to limit further trauma from surgery, and 
when the fracture is stable, it can be reduced and a cast 
applied as for a closed fracture. The cast must be bivalved or 
windowed to allow inspection of the wound. External fixation 
allows easy évaluation of the skin and soft tissues and may be 
préférable even for stable fractures with unstable soft tissues, 
such as tibial pilon fractures. Open fractures involving the 
shaff of the humérus, the tibia, the fibula, or the small bones 
can be reduced and immobilized in this fashion. If sophisti- 
cated techniques are unavailable, skeletal traction provides 
enough stability and allows adéquate exposure of most 
wounds. The more unstable a fracture, the more justified is 
some type of surgical stabilization or a staged stabilization. 

Fractures involving joints or physes may require internai 
fixation to maintain alignment of the articular surfaces and 
physes. Usually, Kirschner wires or limited internai fixation 
with or without external fixation is sufficient to accomplish 
this purpose without introducing much foreign material. If 
possible, we treat the soft tissues and the wound, allow the 
soft tissues to heal, and then proceed with open réduction and 
internai fixation of intraarticular fractures through a clean 
surgical wound. Spécifie methods of fracture fixation are dis- 
cussed later in this chapter. 


FRACTURE HEALING (BONE 
REGENERATION) 

The multitude of factors involved in fracture healing hâve 
been investigated in numerous clinical, biomechanical, and 
laboratory studies but are not yet fully defined. Understand- 
ing of the cellular and molecular pathways that govern the 
process of fracture healing has increased but is far from com¬ 
plété. Fracture healing can be considered from any of several 
viewpoints, including biologie, biochemical, mechanical, and 
clinical. A discussion of ail the aspects of fracture healing is 
beyond the scope of this book, and the reader is referred to 
the excellent journal articles and textbooks devoted to this 
subject for more information. 

Fracture healing is a complex process that requires the 
recruitment of appropriate cell (fibroblasts, macrophages, 
chondroblasts, osteoblasts, osteoclasts) and the subséquent 
expression of the appropriate genes (those that control matrix 
production and organization, growth factors, transcription 
factors) at the right time and in the right anatomie location. 
A fracture initiâtes a sequence of inflammation, repair, and 
remodeling that can restore the injured bone to its original 
State within a few months if each stage of this complex inter- 
dependent cascade proceeds undisturbed. Clinical union 
occurs when progressively increasing stiffness and strength 
provided by the mineralization process makes the fracture 
site stable and pain free. Radiographie union is présent when 
plain radiographs show bone trabeculae or cortical bone 
Crossing the fracture site. Radioisotope studies hâve shown 
increased activity in fracture sites long after painless function 
has been restored and radiographie union is présent, indicat- 
ing that the remodeling process continues for years. 

In the inflammatory phase of fracture healing, a hema- 
toma is formed from the blood vessels ruptured by the injury. 


Inflammatory cells invade the hematoma and initiate the 
lysosomal dégradation of necrotic tissue. The hematoma may 
be a source of signaling molécules, such as transforming 
growth factor-beta (TGF-(3) and platelet-derived growth 
factor (PDGF), which initiate and regulate the cascades of 
cellular events that resuit in fracture healing. The reparative 
phase, which usually begins 4 or 5 days after injury, is char- 
acterized by the invasion of pluripotential mesenchymal cells, 
which differentiate into fibroblasts, chondroblasts, and osteo¬ 
blasts and form a soft fracture callus. Prolifération of blood 
vessels (angiogenesis) within the periosteal tissues and 
marrow space helps route the appropriate cells to the fracture 
site and contributes to the formation of a bed of granulation 
tissue. The transition of the fracture callus to woven bone and 
the process of mineralization, which stiffens and strengthens 
the newly formed bone, signal the beginning of the remodel¬ 
ing phase, which may last for months or even years. The 
woven bone is replaced by lamellar bone, the medullary canal 
is restored, and the bone is restored to normal or nearly 
normal morphology and mechanical strength. Each of these 
stages overlaps the end of the stage preceding it, so fracture 
healing is a continuous process. 

Einhorn described four distinct healing responses, char- 
acterizing them by location: bone marrow, cortex, perios- 
teum, and external soft tissues (Fig. 53-12). He suggested that 
perhaps the most important response in fracture healing is 
that of the periosteum, where committed osteoprogenitor 
cells and uncommitted, undifterentiated mesenchymal cells 
contribute to the process by a récapitulation of embryonic 
intramembranous ossification and endochondral bone for¬ 
mation. The periosteal response has been shown to be rapid 
and capable of bridging gaps as large as half the diameter of 
the bone; it is enhanced by motion and inhibited by rigid 
fixation. The external soff-tissue response also dépends 
heavily on mechanical factors and may be depressed by rigid 
immobilization. This response involves rapid cellular activity 
and the development of early bridging callus that stabilizes 
the fracture fragments. The type of tissue formed evolves 
through endochondral ossification in which undifterentiated 
mesenchymal cells are recruited, attach, proliferate, and even- 
tually differentiate into cartilage-forming cells. 

During the complex fracture-repair process, four basic 
types of new bone formation occur: osteochondral ossifica¬ 
tion, intramembranous ossification, oppositional new bone 



Tissue types that contribute to four main frac¬ 
ture healing responses. (Redrawn from Einhorn TA: The cell and 
molecular biology of fracture healing, Clin Orthop Relat Res 355[Suppl]:7, 
1998.) 
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formation, and osteonal migration (creeping substitution). 
The type, amount, and location of bone formed can be influ- 
enced by fracture type, gap condition, fixation rigidity, 
loading, and biologie environment. Cells subjected to com¬ 
pression and low oxygen tension hâve been shown to differ- 
entiate into chondroblasts and cartilage, whereas those under 
tension and high oxygen tension differentiate into fibroblasts 
and produce fibrous tissue, suggesting that the type of stress 
applied to immature or undifferentiated tissue détermines the 
type of bone formed (Fig. 53-13). 

Uhthofflisted a number of systemic and local factors that 
affect fracture healing (Box 53-4) and classified them as being 
présent at the time of injury, caused by the injury, dépendent 
on treatment, or associated with complications. Factors iden- 
tified as prédictive of complications, especially infection, 
include the condition of the soft tissues and the level of 
trauma energy, as evidenced by the AO classification; body 
mass index of 40 or higher; and compromising comorbidities 
such as âge 80 years or older, smoking, diabètes, malignant 
disease, pulmonary insufficiency, and systemic immunodefi- 
ciency. Infections were found to be almost eight times more 
frequent in patients with three or more compromising factors 
than in those with none. 
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We also hâve found that a patients general health and 
habits, socioeconomic situation, and neuropsychiatrie history 
are good predictors of the risk of complications after open 
fractures. Taking into considération several patient variables, 
we developed a host classification (Box 53-5) that has been 


Intermittent 
compressive or 
shear stresses 


w Endochondral 
~ ossification 


Tensile stress — —y . Intramembranous 

ossification 


Constant compressive 
stresses (hydrostatic 
stress) inhibit 
endochondral 
ossification 



Cartilage 


High shear stresses 




Fibrous tissue 
formation 


Hypothetical bone formation mechanism under 
different types of mechanical stress, as proposed by Carter et al. 

(From Carter DR, Beaupré GS, Giori NJ, et al: Mechanobiology of skel- 
etal régénération, Clin Orthop Relat Res 355[Suppl]:41, 1998.) 


Factors Influencing Fracture Healing 


I. Systemic Factors 

A. Age 

B. Activity level including 

1. General immobilization 

2. Space flight 

C. Nutritional status 

D. Hormonal factors 

1. Growth hormone 

2. Corticosteroids (microvascular osteonecrosis) 

3. Others (thyroid, estrogen, androgen, calcitonin, 
parathyroid hormone, prostaglandins) 

E. Diseases: diabètes, anémia, neuropathies, tabes 

F. Vitamin deficiencies: A, C, D, K 

G. Drugs: nonsteroidal antiinflammatory drugs (NSAIDs), 
anticoagulants, factor XIII, calcium channel blockers 
(verapamil), cytotoxins, diphosphonates, phenytoin, 
sodium fluoride, tétracycline 

H. Other substances (nicotine, alcohol) 

I. Hyperoxia 

J. Systemic growth factors 

K. Environmental température 

L. Central nervous System trauma 

II. Local Factors 

A. Factors independent of injury, treatment, or 
complications 

1. Type of bone 

2. Abnormal bone 

a. Radiation necrosis 

b. Infection 

c. Tumors and other pathologie conditions 

3. Denervation 


B. Factors depending on injury 

1. Degree of local damage 

a. Compound fracture 

b. Comminution of fracture 

c. Velocity of injury 

d. Low circulatory levels of vitamin K, 

2. Extent of disruption of vascular supply to bone, its 
fragments (macrovascular osteonecrosis), or soft 
tissues; severity of injury 

3. Type and location of fracture (one or two bones, e.g., 
tibia and fibula or tibia alone) 

4. Loss of bone 

5. Soft-tissue interposition 

6. Local growth factors 

C. Factors depending on treatment 

1. Extent of surgical trauma (blood supply, heat) 

2. Implant-induced altered blood flow 

3. Degree and kind of rigidity of internai or external 
fixation and the influence of timing 

4. Degree, duration, and direction of load-induced 
deformation of bone and soft tissues 

5. Extent of contact between fragments (gap, displace¬ 
ment, overdistraction) 

6. Factors stimulating posttraumatic osteogenesis (bone 
grafts, bone morphogenetic protein, electrical stimu¬ 
lation, surgical technique, intermittent venous stasis 
[Bier]) 

D. Factors associated with complications 

1. Infection 

2. Venous stasis 

3. Métal allergy 


From Uhthoff HK: Fracture healing. In Gustilo RB, Kyle RF, Templeman DC: Fractures and dislocations, St. Louis, 1993, Mosby. 
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Host Classification for Determining Risk of 
Complications of Open Fractures 


Type A Host 

No systemic illness (e.g., insulin-dependent diabètes mellitus, 
rheumatoid arthritis, active infection) 

No immunosuppression (pharmacologie or disease) 

No substance abuse (tobacco, alcohol, illicit drugs) 

Stable socioeconomic status (nutrition, housing, assistance) 
Normal neuropsychiatrie history 

Type B Host 

One systemic illness: controlled (i.e., controlled diabètes mel¬ 
litus, long-term anticoagulant or antiplatelet therapy) 

No immunosuppression (pharmacologie or disease) 

Isolated tobacco or recreational drug use 
Impaired socioeconomic status (lack of adéquate nutrition, 
housing, assistance) 

History of neuropsychiatrie impairment—treated 

Type C Host 

Uncontrolled or multiple systemic illnesses 
Immunosuppression (pharmacologie or disease) 
Polysubstance abuse 

Unstable socioeconomic status (malnourished, homeless, no 
assistance) 

History of neuropsychiatrie impairment: untreated 
Combination of any of these factors 


helpful. In a rétrospective review of 87 patients with open 
tibial fractures, we found that complications developed in 
48% of type C hosts, in 32% of type B hosts, and in 19% of 
type A hosts. Specifically, infections occurred in 32% of type 
C hosts, in 17% of type B hosts, and in 11% of type A hosts. 
Because the host classification can be determined at initial 
évaluation, it allows an earlier prédiction of complications 
than does the Gustilo classification (which often can be defin- 
itively determined only at debridement). Used as an adjunct 
to the Gustilo System, host classification also can help déter¬ 
mine at initial évaluation whether a wound can be closed affer 
debridement. 

STIMULATION OF FRACTURE HEALING 
■ BONE GRAFTING 
I AUTOLOGOUS BONE GRAFTS 

Autologous bone grafts contain the three required compo- 
nents for the formation of bone: osteoconduction, osteoin- 
duction, and cellular osteogenesis. Osteoconduction refers to 
the scaffolding that allows bone ingrowth. Osteoinduction is 
the ability to induce the production of osteoblasts. Primitive 
ostéocytes are necessary to form osteoblasts. 

Autologous grafts are obtained from multiple areas. Local 
bone removed at the time of arthrodesis may be reused affer 
removing ail soft tissue and then morselizing this bone into 
much smaller pièces. A bone mill also can be used to finely 
morselize this bone. This increases the number of live cells 
and proteins for osteoinduction. 


The iliac crest is the second most common area for auto- 
graft harvest. The posterior iliac crest offers more bone for 
grafting than the anterior surface and can be used for morcel- 
ized bone or structural bone such as a tricortical graft. Unfor- 
tunately, bone harvest from the iliac crest is prone to 
complications such as donor site pain, neuromas, fracture, 
and hétérotopie bone formation. Techniques for harvest of 
iliac bone grafts are described in Chapter 1. 

The fibula can be used for a structural graft, and the 
ribs can be used for a structural or morcelized graft. The 
tibia also has been used for long corticocancellous structural 
grafts, but the use of these structural grafts has declined 
with the advent of rigid internai fixation and reliable 
allografts. 

The harvest of fémoral bone marrow using the techniques 
of fémoral nailing and a specialized reamer/irrigator/aspira- 
tor (RIA) (Synthes) is a more recent method for obtaining 
significant amounts of marrow from the fémur (Fig. 53-14). 
The RIA was developed to decrease intramedullary pressure 
and fat embolism during reaming, and significant decreases 
in intramedullary pressure and fémoral vein fat hâve been 
documented with its use. In the process of doing this, the 
reamings and effluent are captured, and a sizable amount of 
marrow may be aspirated for bone grafting. Depending on 
the patient and the source bone, from 25 to 90 mL of bone 
may be captured. These bony fragments are rich in mesen- 
chymal stem cells. Additionally, the supernatant is rich in 
fibroblast growth factor (FGF)-2, insulin-like growth factor 
(IGF)-p!, and latent transforming growth factor (TGF)-px but 
not bone morphogenetic protein-2 (BMP2). As a resuit the 
RIA is a potential source for autologous bone, mesenchymal 
stem cells, and bone growth factors. When used as a spinal 
graft, however, this technique may require obtaining the graft 
before the spinal procedure with a different position and 
draping. 

This technique is not without complications. Fractures of 
the donor bone hâve been reported, some requiring addi- 
tional fixation. Perforation of the cortex of the reamed bone 
that required insertion of prophylactic intramedullary fixa¬ 
tion also has been described. Significant blood loss from aspi¬ 
ration has been reported. To avoid or minimize these 
problems, several actions hâve been suggested. 

■ Preoperative radiographs of the donor bone should be 
evaluated for deformity, and the isthmus should be mea- 
sured to détermine the limits of reaming. 

■ Blood should be available to replace aspirated blood and 
marrow. 

■ The aspirator should be turned off when reaming is not 
being performed to avoid unnecessary blood loss. 

■ The donor bone should be carefully evaluated affer 
reaming to check for perforations. A prophylactic intra¬ 
medullary device should be available if a perforation is 
detected. 

■ Postoperative ambulation should be protected to prevent 
donor bone fracture. 

■ The patient s hematocrit level should be checked at the end 
of the procedure and over the next 24 hours to detect 
significant blood loss. 

■ Finally, patients with known metabolic bone disease 
such as osteoporosis or even simple osteopenia of the 
involved bone may not be the best candidates for this 
procedure. 
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Locking clip Drive shaft 



FIGURE 


Reamer, irrigator, aspirator (RIA) for obtaining marrow during fémoral reaming; the aspirated marrow can be used 


for bone grafting. 


HARVEST OF FEMORAL OR TIBIAL 
BONE GRAFT WITH THE RIA 
INSTRUMENTATION 


TECHNIQUE 53-3 


PREOPERATIVELY 

■ Select the proper tube length and assembly for the bone 
to be reamed. 

■ Confirm the reaming diameter with diaphyseal radio¬ 
graphie measurement (Fig. 53-15A) 

■ For bone harvesting, select a reamer head no larger than 
1.5 mm than the measured isthmus diameter. 

OPERATIVELY 

■ Position the patient as for a standard intramedullary 
nailing (supine or latéral for the fémur and supine for the 
tibia). 

■ Gain access to the bone as for a standard intramedullary 
nailing procedure (Fig. 53-15B and C). 

■ Insert the guidewire (reaming wire) down to the physeal 
scar and confirm placement by image intensification on 
both anteroposterior and latéral views. 

■ Assemble the RIA according to the manufacturer's 
directions. 


■ Attach the drive shaft to the RIA and cover the connec¬ 
tion with the locking clip. 

■ Attach the drive shaft seal to the proximal end of the 
drive shaft. 

■ Attach the drive unit (reamer driver). 

■ Connect the irrigation, clamped closed until irrigation 
begins, to the smaller port marked 11 \." 

■ Connect the aspiration (suction) to the larger port. 

■ Be sure the graft filter is on this tubing to collect the 
bone aspirate. 

■ Connect the aspiration tube to suction. 

■ Slide the RIA over the guidewire (Fig. 53-15D). 

■ Start the irrigation and aspiration to confirm proper func- 
tioning before insertion. 

■ Insert the reamer into the bone (Fig. 53-15E) and confirm 
its position with image intensification. 

■ A flow of bone should be visible in the aspiration tube as 
the reamer is advanced under power. Never ream when 
there is no irrigation or aspiration. 

■ Ream 20 to 30 mm and then retract 50 to 80 mm to 
allow the irrigation fluid to fill the space (Fig. 53-15F). 

■ Repeat this slow advancement until résistance is felt. 

■ Repeat the retraction maneuver with reinsertion until the 
desired end point is reached on image intensification. 

■ The reamer can be reversed if reaming becomes difficult. 

■ Stop irrigating after removing the RIA from the medullary 
canal. 
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Harvest of fémoral or tibial bone graft with RIA instrumentation (see text). A f Confirmation of reaming diameter. 
B and C f Access to and reaming of medullary canal. D f Insertion of reamer. E f Reaming of the canal. F, Removal of graft material. G f 
Bone graft pushed out of inner filter. SEE TECHNIQUE 53-3. 
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■ Turn off the suction or clamp the suction tubing. 

■ Hold the graft filter vertically and compress the graft with 
a plunger; record the volume measurement. 

■ With the plunger inserted, invert the filter and remove 
the inner filter from the outer canister. 

■ Hold the inner filter over an appropriate container and 
push out the bone graft (Fig. 53-15G). 

■ Carefully check the donor bone for areas of weakness or 
reamer perforation. 

■ Close the wound in layers as after intramedullary nailing. 

POSTOPERATIVE CARE. Although cadaver studies hâve 
found that RIA does not dramatically diminish the 
mechanical properties of the fémur and does not require 
postoperative weight-bearing restrictions, we prefer to 
protect the donor bone by having the patient use crutches 
and limit weight bearing until healing is confirmed on a 
radiograph. 


■ BONE GRAFT SUBSTITUTES 

Although autogenous material, such as iliac crest bone, 
remains the gold standard for filling bone defects caused by 
trauma, infection, tumor, or surgery, its use increases the 
morbidity of the surgical procedure, increases anesthésia time 
and blood loss, and offen causes significant postoperative 
donor-site complications (e.g., pain, cosmetic defect, fatigue 
fracture, hétérotopie bone formation). The amount of autog¬ 
enous bone available for graffing also is limited. Because of 
these limitations, a number of bone graft substitutes hâve 
been developed. 

A bone graft substitute classification System proposed by 
Laurencin et al. divides these into five major categories: 
allograft-based, factor-based, cell-based, ceramic-based, and 
polymer-based (Table 53-6). Allograft substitutes use allograft 
bone with or without other éléments and can be used as 
structural or filler grafts. Factor-based substances include 
both natural and recombinant growth factors and can be used 
alone or in combination with other products. Cell-based 


substitutes use cells to produce new bone. Ceramic-based 
substitutes use various ceramics as a scaffold for bone growth, 
and polymer-based substitutes use biodégradable polymers 
alone or with other materials. A miscellaneous group includes 
tissue from marine sources such as coral and sponge 
skeleton. 

I ALLOGRAFT-BASED BONE GRAFT SUBSTITUTES 

Allograft cornes in many forms and is prepared in many ways, 
including freeze-dried, irradiated (électron beam and gamma 
ray), and decalcified. Freeze-dried and irradiated forms can 
be used for structural support when taken from cortical bone. 
Some forms can be milled for spécial applications, such as use 
in intervertébral cages or morcelized as a bone extender. 
Demineralized bone matrix (DBM) is the decalcified form of 
allograft that contains the osteoinductive proteins that stimu- 
late bone formation. It is supplied as a putty, injectable gel, 
paste, powder, strips, and mixtures of these. Some of these 
forms may be mixed with bone marrow to add ostéogénie 
pluripotent cells. Tbere is considérable variability in bone 
stimulation between different DBM products, which may be 
because of multiple factors, including the source (bone bank 
and/or donor), processing procedures, form, and carrier type. 
Demineralized allograft usually is mixed with a carrier such 
as glycerol, calcium sulfate powder, sodium hyaluronate, and 
gelatin. Sterilization of DBM by gamma irradiation and eth- 
ylene oxide exposure decreases the risk of disease transmis¬ 
sion but also may decrease the osteoinductive activity of the 
product. Ail of these factors add significant variability in the 
efficacy of bone activation by these substances. 

DBM is contraindicated in patients with severe vascular 
or neurologie disease, fever, uncontrolled diabètes, severe 
degenerative bone disease, pregnancy, hypercalcemia, rénal 
compromise, Pott disease, or osteomyelitis or sepsis at the 
surgical site. 

Transmission of disease from the donor is a rare but 
documented risk. Other complications of allografts include 
variable osteoinductive strength and infection of the graft. 
Even with rigorous donor screening and various methods of 
sterilization, complété removal of viral and bacterial infec- 
tious agents cannot be fully achieved. Large allografts for 


_ TABLE 53-6 _ 

Bone Graft and Bone Graft Substitutes 


CLASS 

USE 

EXAMPLE 

PROPERTIES 

CARRIER 

Autograft 

Use alone 

ICBG 

Osteoinductive 

Osteoconductive 

Ostéogénie 

No 

Allograft 

Alone or combination 

Freeze-dried bone 

DBM 

Osteoconductive 

Osteoinductive 

Yes 

Factor based 

Combination required 

rhBMP-7 

Osteoinductive 

No 

Cell based 

Alone or combination 

Mesenchymal stem cells 

Ostéogénie 


Ceramic 

Alone or combination 

Calcium phosphate, calcium sulfate 
Bioactive glass 

Osteoconductive 

Yes 

Polymer 

Combination 

Nondegradable and biodégradable 
polymers 

Osteoconductive 

Yes 

Miscellaneous 

Alone or combination 

Coralline hydroxyapatite 

Osteoconductive 

Yes 


BMP, Bone morphogenetic protein; DBM, demineralized bone matrix; ICBG, iliac crest bone graft. 
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structural replacement hâve the greatest risks of disease 
transmission. Bacterial infections and hepatitis B and C hâve 
been reported in patients who received allografts. DBM is 
much less likely to transmit infection from the donor to the 
récipient. 

IGROWTH FACTOR-BASED BONE GRAFT 
SUBSTITUTES 

Urist first discovered bone morphogenetic protein (BMP) in 
1965 when he recognized its ability to induce enchondral 
bone formation. Since then, numerous proteins hâve been 
isolated from this group. They are part of a very large group 
of cytokines and metabologens grouped together as growth 
factors and aid in the development of multiple tissues. Most 
of the BMPs used today are in the bone superfamily trans- 
forming growth factor-beta (TGF-p). This superfamily 
includes the inhibin/activin family, Müllerian-inhibiting sub¬ 
stance family, and the decapentaplegic family (Table 53-7). 
Most of the proteins in the TGF-p family do not help form 


TABLE 53-7 


TGF-p Family Ligands 

TGF-(31 

TGF-J32 

TGF-p1,2,3 

TGF-p2/1.2 

TGF-pl.2 

TGF-p3 

TGF-pl/1.2 

TGF-p5 


bone but are involved in the production, régulation, and 
modulation of other tissues (Table 53-8). Presently, only two 
proteins hâve been isolated, produced, and approved for use 
in humans. Because they are produced by the recombinant 
process, they are designated rhBMP-2 and rhBMP-7. Other 
BMPs that hâve been shown to hâve ostéogénie properties are 
BMP-4, -6, and -9. The U.S. Food and Drug Administration 
(FDA) has approved rhBMP-2 for use in anterior lumbar 
fusion with a titanium cage. The use of rhBMP-7 or OP-1 is 
limited to use under the Humanitarian Device Exemptions 
for révision spinal fusion by the FDA. 

BMP-2 and BMP-7 are water soluble and require a carrier 
to remain in the operative area to be effective. They are either 
supplied in a carrier or added to a carrier. By choosing a 
carrier that also has osteoconductive properties, the power of 
the inductive process is magnified. Care must be taken in 
choosing the carrier to avoid loss of the BMP. 

Complications hâve been reported with the use of BMP 
in spinal surgery, and these are discussed in Chapter 41. 

Other proteins that show promise in bone formation 
include platelet-derived growth factor (PDGF) and vascular 
endothélial growth factor (VEGF). 

I CELL-BASED BONE GRAFT SUBSTITUTES 

Cells may be used to stimulate or seed cells for new tissue. 
Presently, the most frequently used cell-based graff is autolo- 
gous bone marrow. In the future, adult and embryonic stem 
cells, somatic stem cells such as bone marrow stromal cells, 
dermal stem cells, and cells in fêtai cord blood may be grown 
for use as graffs. 


TABLE 53-8 


Bone Morphogenetic Proteins 


KNOWN FUNCTIONS 

GENE LOCUS 

BMP1 

BMP1 does not belong to the TGF-p family of proteins. It is a 
métalloprotease that acts on procollagen 1, II, and III. It is involved in 
cartilage development. 

Chromosome: 8 
Location: 8p21 

BMP2 

Acts as a disulfide-linked homodimer and induces bone and cartilage 
formation. It is a candidate as a retinoid mediator and plays a key 
rôle in osteoblast différentiation. 

Chromosome: 20 
Location: 20p12 

BMP3 

Induces bone formation 

Chromosome: 14 
Location: 14p22 

BMP4 

Régulâtes the formation of teeth, limbs, and bone from mesoderm. It 
also plays a rôle in fracture repair. 

Chromosome: 14 
Location: 14q22-q23 

BMP5 

Performs functions in cartilage development 

Chromosome: 6 
Location: 6p12.1 

BMP6 

Plays a rôle in joint integrity in adults 

Chromosome: 6 
Location: 6p12.1 

BMP7 

Plays a key rôle in osteoblast différentiation. It also induces the 
production of SMAD1 and is key in rénal development and repair. 

Chromosome: 20 
Location: 20q13 

BMP8a 

Involved in bone and cartilage development 

Chromosome: 1 
Location: 1p35-p32 

BMP8b 

Expressed in the hippocampus 

Chromosome: 1 
Location: 1p35-p32 

BMP10 

May play a rôle in the trabeculation of the embryonic heart 

Chromosome: 2 
Location: 2p14 

BMP15 

May play a rôle in oocyte and follicular development 

Chromosome: X 
Location: Xp11.2 


BMP, Bone morphogenetic protein; TGF-p, transforming growth factor-beta. 
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Collagen in its denatured form is an osteoinductive mate- 
rial. The usual forms of this material are bovine (xenograft) 
and human type 1 collagen. It is used as a carrier for BMP. 
Both rhBMP-2 and rhBMP-7 use bone collagen to avoid the 
problem of compressibility and potential loss of the BMP 
found in tendon and ligament collagen. 

ICERAMIC-BASED BONE GRAFT SUBSTITUTES 

Ceramic and collagen bone substitutes can provide osteocon- 
duction without the risk of disease transmission. Available 
ceramics include calcium sulfate, calcium phosphate, and 
bioactive glass. In addition to osteoconduction these prod- 
ucts are osteointegrative, having the ability to form intimate 
bonds with the tissue. These products are brittle and may be 
used with other products as a carrier or for protection (such 
as cages). Calcium phosphate ceramics corne in several vari- 
eties, including tricalcium phosphate and synthetic hydroxy- 
apatite. These products are available as pastes, solid matrices, 
putties, and granules. Bioactive glass is silicate-based glass 
that is biologically active. Presently, it is used with polymethyl 
méthacrylate to improve bonding. These products are not 
recommended for load bearing individually without modifi¬ 
cation or use with stronger products. Some may be used with 
DBM or as carriers for BMP. 

I POLYMER-BASED BONE GRAFT SUBSTITUTES 

Polymers available for bone graft substitutes include both 
natural and synthetic polymers, biodégradable and nonbio- 
degradable. Some nonbiodegradable natural and synthetic 
polymers are composites of the polymer and a ceramic and 
can be used in load-bearing areas. Biodégradable natural and 
synthetic materials include polyglycolic acid and poly(lactic- 
co-glycolic) acid. The résorption of these products limits their 
use in load bearing. 

I MISCELLANEOUS BONE GRAFT SUBSTITUTES 

Coralline hydroxyapatite is one of the first substances used 
as a bone substitute. It is resorbed very slowly and can be 
used as a carrier for BMP. This material is strong in com¬ 
pression but weak in shear, limiting its use in spinal applica¬ 
tions. When used as a filler, it also may migrate because 
of bone compression with healing because of its slow 
résorption. 

Chitosan and sponge skeleton are other potential graft 
substitutes that appear promising but hâve yet to be proven 
reliably effective. Tfiey require close proximity to the host 
bone to achieve bone conduction. 

■ ELECTRICAL AND ULTRASOUND 
STIMULATION 

Electromagnetic stimulation has been used since the early 
1970s in the treatment of delayed unions and nonunions, 
with reported success rates of 64% to 85%, but it has not been 
proved to be effective in the treatment of fresh fractures. 
Double-blind prospective studies hâve shown positive effects 
of electromagnetic stimulation on the healing of fémoral and 
tibial ostéotomies. The effects of electromagnetic stimulation 
on the cellular processes of fracture healing are not well 
understood, but in vitro exposure of osteoblasts to electro¬ 
magnetic fields was found to stimulate the sécrétion of 
numerous growth factors, including BMP-2 and BMP-4, 
TGF-p, and IGF-2. 


Although animal and clinical studies hâve confirmed the 
ability of ultrasound to enhance fracture healing, the exact 
physical mechanism has not been established. Low-intensity 
ultrasound has been shown to increase the incorporation of 
calcium ions in cultures of cartilage and bone cells and to 
stimulate the expression of numerous genes involved in the 
healing process, including IGF and TGF-p. In a murine 
model, exposure to ultrasound increased the formation of 
soft callus and resulted in earlier onset of endochondral ossi¬ 
fication. Animal studies of fresh fractures in rats and rabbits 
showed a mean accélération of the healing process by 1.5 
times in the group treated with ultrasound. Clinical compari- 
son studies hâve shown an approximately 40% shorter healing 
time in tibial and radial fractures with ultrasound treatment. 
Low-intensity ultrasound also has been suggested to enhance 
fracture healing in smokers, a group at risk for delayed union; 
in patients with diseases such as diabètes, vascular insuffi- 
ciency, and osteoporosis; and in patients taking médications 
such as steroids, NSAIDs, or calcium channel blockers. 

■ FACTORS THAT NEGATIVELY AFFECT 
BONE HEALING 

Numerous factors hâve been shown to hâve a négative 
effect on bone healing. Tobacco smoking is the most notable 
of these factors. Clinical and animal studies hâve shown that 
smoking, previous smoking, and use of smokeless tobacco sig- 
nificantly delay fracture healing. Tobacco use also delays simple 
wound healing. Smoking may double the time for a fracture 
to heal and significantly increases the risk of nonunion. 
Nonsteroidal antiinflammatory drugs (cyclooxygenase-1 and 
cyclooxygenase-2) hâve been shown to delay or, in the case of 
ibuprofen, stop the bone healing cascade. These effects vary 
with the individual drug. The fluoroquinolone family of anti¬ 
biotics has been implicated in slowing bone healing, although 
these drugs hâve been shown to be effective in the outpatient 
treatment of deep bone infections. Other factors include a lack 
of weight bearing or muscular stimulation of the fracture site 
and the presence of some comorbid conditions such as diabètes 
(see Box 53-3). 


PRINCIPLES OF SURGICAL 
TREATMENT 

GENERAL INDICATIONS FOR SURGICAL 
REDUCTION AND STABILIZATION 

Previously, orthopaedic schools of thought hâve fallen into 
one of two groups. Tfiose who preferred nonoperative 
methods, such as closed réduction, casting, and traction tech¬ 
niques, were referred to as proponents of “conservative treat¬ 
ment.” The second school of thought included proponents of 
surgical treatment of ail fractures. As with most labels, these 
distinctions hâve become obsolète; ail orthopaedic surgeons 
are members of a “conservative orthopaedic consensus” in 
that our goal is to conserve as much functional potential of 
the injured extremity as possible. 

In some circumstances a complex open réduction and 
internai fixation of a comminuted intraarticular fracture may 
be the patient s only chance for regaining a functional extrem¬ 
ity and would be conservative treatment. In contrast, an iso- 
lated, simple, closed, stable midshaff tibial or fibular fracture 
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can be treated with casting, plating, intramedullary nailing, 
or external fixation, but most surgeons currently would favor 
a long leg walking cast followed by some type of cast bracing 
as the most conservative option. For that same tibial or fibular 
fracture with an ipsilateral fémoral fracture, tibial plateau 
fracture, or malleolar fracture, however, surgical repair with 
an intramedullary nail, external fixation, or plate and screws 
would be considered, depending on the soff-tissue injury, the 
Injury Severity Score of the patient, associated upper extrem- 
ity and systemic injuries, and the proximity of the adjacent 
fractures and their combined effect on the mobility and 
potential for recovery of the adjacent joints. In this situation 
conservative management of the tibial shaft fracture most 
likely would be surgical. 

Rather than a listing of absolute indications for surgical 
réduction and stabilization, those situations are described in 
which the probability is high that surgical treatment will be 
required to obtain an optimal resuit: 

1. Displaced intraarticular fractures suitable for surgical 
réduction and stabilization 

2. Unstable fractures in which an appropriate trial of con¬ 
servative management has failed 

3. Major avulsion fractures associated with disruption of 
important musculotendinous units or ligamentous 
groups that hâve been shown to hâve a poor resuit with 
conservative treatment 

4. Displaced pathologie fractures in patients not immi- 
nently terminal 

5. Fractures for which conservative treatment is known to 
yield poor functional results, such as fémoral neck frac¬ 
tures, Galeazzi fracture-dislocations, and Monteggia 
fracture-dislocations 

6. Displaced physeal injuries that hâve a propensity for 
growth arrest (Salter-Harris types III and IV) 

7. Fractures with compartment syndromes that require 
fasciotomies 

8. Nonunions, especially malreduced ones, in which previ- 
ous conservative or surgical treatments hâve failed 

Fractures in which surgical réduction and stabilization hâve 
a moderate probability of resulting in improved function 
include the following: 

1. Unstable spinal injuries, long bone fractures, and 
unstable pelvic fractures, especially in polytrauma 
patients 

2. Delayed unions after an appropriate trial of conservative 
management 

3. Impending pathologie fractures 

4. Unstable open fractures 

5. Fractures associated with complex soft-tissue lésions 
(Gustilo type IIIB open fractures, burns over fractured 
areas, or preexisting dermatitis) 

6. Fractures in patients in whom prolonged immobilization 
will lead to increased systemic complications (e.g., hip 
and fémoral fractures in elderly patients and multiple 
fractures in patients with injury severity scores of less 
than 18) 

7. Unstable infected fractures or unstable septic 
nonunions 

8. Fractures associated with vascular or neurologie déficits 
that require surgical repair, including long bone fractures 
in patients with spinal cord, conus, or proximal nerve 
root lésions 


Situations with a low probability for improvement of func¬ 
tional outcome after surgery include the following: 

1. Cosmetic improvement of fracture deformities that do 
not impair function 

2. Stabilization for économie considérations to allow more 
rapid discharge from an acute care facility without a sig- 
nificant functional improvement over conservative 
methods 

CONTRAINDICATIONS TO SURGICAL 
REDUCTION AND STABILIZATION 

Boyd, Lipinski, and Wiley stated that good surgical judgment 
cornes from expérience and that expérience cornes from bad 
surgical judgment. Just as there are no absolute indications 
for surgical management of a fracture, there are no absolute 
contraindications. However, if the possibility for a successful 
outcome with surgery is overshadowed by the probability of 
complications and failure, nonoperative treatment is recom- 
mended. Situations in which there is a high probability for 
failure with surgical treatment are as follows: 

1. Osteoporotic bone that is too fragile to allow stabilization 
by internai or external fixation. In severely comminuted 
osteoporotic fractures of the distal humérus, or less com- 
monly the distal fémur, some surgeons hâve found success 
with arthroplasty or a tumor prosthesis. 

2. Soft tissues overlying the fracture or planned surgical 
approach of such poor quality because of scarring, burns, 
active infection, or dermatitis that internai fixation would 
resuit in loss of soft-tissue coverage or exacerbation of 
infection; external fixation is preferred in this situation. 

3. Active infection or osteomyelitis. Currently the favored 
treatment is external fixation combined with a biologie 
approach to control of the infection. Occasionally, intra¬ 
medullary nail stabilization combined with biologie 
control of the infection has been used successfully to 
obtain fracture stability; these infected fractures hâve 
been treated by experts in intramedullary nailing tech¬ 
niques as a last resort, and this approach cannot be rou- 
tinely recommended. 

4. Fracture comminution to a degree that does not allow 
successful reconstruction. This is most commonly seen in 
severe intraarticular fractures in which impaction has 
destroyed the articular surface. 

5. General medical conditions that are contraindications to 
anesthésia are generally contraindications to the surgical 
treatment of fractures 

6. Undisplaced or stable impacted fractures in acceptable 
position do not require surgical exposure or réduction, 
but they may benefit from prophylactic fixation in spécial 
circumstances (e.g., impacted or undisplaced fémoral 
neck fractures). 

7. Inadéquate equipment, manpower, training, and 
expérience 

DISADVANTAGES OF SURGICAL 
REDUCTION AND STABILIZATION 

Surgical treatment adds further trauma to any injury. The 
challenge is to improve the overall outcome of the injury. If 
open réduction is required, the technique should minimize 
the dangers of infection and further vascular destruction to 
the injured tissues to lessen the possibility of inactivating the 
biology of fracture repair, which leads to delayed union or 
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nonunion. Any surgical dissection produces scar tissue to 
heal the incision, but the dissection in itself can cause con¬ 
tracture and débilitation of the musculotendinous units 
responsible for functional réactivation of the extremity. Sur¬ 
gical approaches should follow internervous planes and 
should avoid transection of musculotendinous units. With 
any surgical approach, the possibility of nerve and vascular 
damage is constant. Surgical treatment also involves the use 
of anesthésia, with ail its attendant risks. 

The risks of bloodborne infection to the patient and the 
surgical team are becoming better appreciated. Blood trans¬ 
fusions carry the risks of hepatitis, acquired immunodefi- 
ciency syndrome (AIDS), and immunologie reactions. The 
surgical team must minimize blood loss and blood contami¬ 
nation (see Chapter 1). The American Academy of Orthopae- 
dic Surgeons published recommendations for the prévention 
of human immunodeficiency virus (HIV) transmission in the 
practice of orthopaedic surgery. The task force recommended 
that ail health care providers hâve voluntary testing on a 
regular basis and that knowledge of the HIV status of indi- 
viduals be pursued after proper counseling and voluntary 
consent of the patient. They noted that “theoretically, if 
patients hâve advanced HIV infection, the immune status 
might be compromised to such a degree that they are at an 
increased risk of nosocomial infection were surgery to be 
performed.” 

Implants or external fixation Systems frequently require 
removal, with the attendant risks of a second surgical proce¬ 
dure. Refractures hâve been reported after implant and exter¬ 
nal fixation removal. 

TIMING OF SURGICAL TREATMENT 

The best time for surgical treatment after an injury dépends 
on several factors. Surgical procedures can be divided into 
three categories: emergency, urgent, and elective. Injuries 
requiring emergency procedures include open fractures, irre- 
ducible dislocations of major joints, fractures with lacérations 
or deep excoriations in the operative field, spinal injuries with 
deteriorating neurologie déficits, fracture-dislocations that 
impair the vascularity of the limb or overlying soft tissues, 
and fractures with compartment syndromes. In these situa¬ 
tions delays in surgery can lead to infection, neurologie 
damage, amputation, and possibly loss of life. Urgent proce¬ 
dures are those that should be done within 24 to 72 hours of 
injury, such as re-debridement of severe open fractures and 
long bone stabilization in polytrauma patients, hip fractures, 
and unstable fracture-dislocations. Elective operations in 
trauma surgery are those that can be delayed 3 or 4 days and 
up to 3 or 4 weeks. Injuries that can be treated with elective 
surgery include isolated skeletal injuries that hâve been ini- 
tially reduced and stabilized with nonoperative techniques 
but will hâve a better outcome with surgery, such as both- 
bone forearm fractures, fractures with damaged soft tissues 
or fracture blisters overlying the planned operative approach, 
and intraarticular fractures that require further radiographie 
évaluation for adéquate preoperative planning. 

If open réductions are delayed for longer than 4 to 6 
weeks, shortening of the musculotendinous units, lack of 
clearly defined tissue planes in the zone of injury, and résorp¬ 
tion of the fracture surfaces make surgery more difficult. 
With delayed operations, autogenous bone grafting may be 
désirable, as in nonunion treatment. 


LAMBOTTE'S PRINCIPLES OF SURGICAL 
TREATMENT OF FRACTURES 

Lambottes four principles of surgical treatment of fractures 
are as applicable now as they were in the 1700s. Based on 
these principles, the AO-ASIF formulated four treatment 
guidelines for fracture treatment: (1) anatomie réduction of 
the fracture fragments, especially in joint fractures, (2) stable 
internai fixation to fulfill the local biomechanical demands, 
(3) préservation of blood supply to the injured area of the 
extremity, and (4) active, pain-free mobilization of adjacent 
muscles and joints to prevent the development of fracture 
disease. These principles ail hâve been validated by time, but 
the methods of applying them hâve been further refined. 

1. Exposure of the fracture. With open techniques, interner¬ 
vous extensile planes should be used whenever possible. 
Limited dissection, ligamentotaxis, distractors, and frac¬ 
ture tables with réduction apparatus ail aid the surgical 
exposure and decrease the degree of devascularization at 
the fracture. An image intensifier with image storage 
capability frequently allows surgical approaches without 
soff-tissue dissection at the fracture, as in closed 
intramedullary nailing techniques. However, adéquate 
exposure allows development of a three-dimensional 
perspective of the fracture configuration, its attached 
soft tissues, and its degree of multiplanar displacement. 
This should be augmented by adéquate preoperative 
planning. 

2. Réduction of the fracture. When the anatomy and mechan- 
ics of the fracture are understood, recreating the deform- 
ing force and realigning the fracture with traction often 
resuit in réduction. This is the mainstay of closed treat¬ 
ment of fractures and dislocations. This maneuver 
dépends on compétence of the associated ligamentous 
and muscular attachments to the fracture fragments. 
When these musculoligamentous allies are lost, open 
réduction must be used. The placement and application 
of instruments and mechanical distractors should be 
planned to minimize the force required and the damage 
to the injured tissues at the fracture. In evaluating the 
adequacy of the réduction, the anatomie location and 
tolérance to malreduction must be considered. A weight- 
bearing intraarticular fracture of the fémoral condyle 
requires an anatomie réduction, whereas a comminuted 
closed midshaft fracture of the fémur may permit marked 
displacement of intermediary fragments if it is treated 
with an interlocking intramedullary nail. The adequacy 
of a diaphyseal or metaphyseal fracture réduction is mea- 
sured by four criteria of decreasing importance: 

a. Alignment of the axis of the bone should be corrected 
in anteroposterior and mediolateral planes. Excessive 
déviations of alignment lead to abnormal load defor¬ 
mations on weight-bearing joints with the potential 
for posttraumatic osteoarthritis or changes in gait 
that may change the force transmission to other joints 
or to the spine. 

b. Rotation of the axis of the bone should be corrected 
to be as close as possible to that of the normal oppo¬ 
site extremity. Malrotation is better tolerated in the 
upper extremity than in the lower extremity because 
of the shoulder s greater range of motion as compared 
with that of the hip. External malrotation seems 
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better tolerated than internai malrotation in the 
lower extremity. Although there are no concrète 
guidelines for acceptable degrees of malreduction, 5 
to 10 degrees of angulatory deformation and 10 to 15 
degrees of rotary deformity may be functionally 
tolerated. 

c. Length correction is difficult when bone is lost, and 
up to 1 cm of shortening or lengthening is well toler¬ 
ated if it does not compromise fracture régénération 
biology. 

d. If alignment, rotation, and length are restored, dis- 
placement of fracture fragments is well tolerated, 
with so-called secondary bone healing occurring 
after closed treatment of fractures or after indirect 
réduction techniques such as closed intramedullary 
nailing. 

3. Provisional stabilization of the fracture. When the fracture 
is acceptably reduced, provisional stabilization, usually 
with Kirschner wires or screws, allows radiographie con¬ 
firmation of the réduction, choice of definitive fixation, 
and détermination of the need for bone graft augmenta¬ 
tion. If provisional fixation is not used, réduction may be 
lost when definitive fixation is applied. The placement of 
provisional stabilization requires careful preoperative 
planning so that it will not interfère with the placement 
of definitive fixation. 

4. Definitive stabilization of the fracture. The definitive fixa¬ 
tion must obtain the mechanical stability dictated by the 
preoperative plan to encourage the selected type of frac¬ 
ture healing. The mechanical construct (nail, plate and 
screws, or external fixator) must hâve sufficient fatigue 
life to support the injured extremity until bony régénéra¬ 
tion can assume progressively higher loads. The fixation 
optimally should allow relatively pain-free range of 
motion of adjacent joints and musculotendinous units so 
that secondary contractures and stiffness are avoided or 
minimized. The fixation should permit some load sharing 
if it does not compromise the stability of the fixation or 
impair the biology of bone régénération. 

BIOMATERIALS OF 
FRACTURE FIXATION 

METALS 

In the treatment of fractures, metals are the mainstays of 
materials because of their strength and ductility. Since the 
report by Venable, Stuck, and Beach in 1937 that some metals 
create an electrical potential when bathed with the saline 
environment of the soft tissues and cause local tissue necrosis, 
corrosion of the métal, and résultant loosening of the implants, 
metals with the lowest electrolytic coefficient hâve been eval- 
uated and tested, and currently most orthopaedic implants 
are constructed of 316 L stainless Steel (composed of iron, 
chromium, and nickel), titanium-aluminum-vanadium 
alloys, or commercially pure titanium (titanium and oxygen). 

A newer material, tantalum, is a trabecular métal com¬ 
posed of a carbon substrate with elemental tantalum depos- 
ited on the surface. This so-called tantalum porous trabecular 
métal forms a biologie scaffold for new bone formation. 
Tantalum can be fabricated in a highly porous form, which 
has a modulus of elasticity doser to that of bone than 


stainless Steel or the cobalt-based alloys. Tantalum balls hâve 
been used in studies that hâve required bone markers; 
however, it has not been used in the manufacture of implants 
until more recently. Because of its remarkable résistance to 
corrosion, tantalum seems well suited to a biologie ingrowth 
setting, but long-term studies are needed to confirm its 
usefulness. 

Concerns hâve been raised about métal sensitization 
from chromium and nickel. The incidence of métal sensitivity 
complications from internai fixation devices that actually 
effect a change in fracture régénération is unknown, but it 
seems to be quite low. 

Ail metals and alloys corrode in saline environments. 
This corrosion increases significantly with fretting wear 
caused by motion between métal components (plates or nails 
and screws). Most implants are passivated to resist corrosion. 
Care should be taken not to scratch implants during insertion 
and to avoid using dissimilar metals so as to minimize the 
effects of corrosion and electrolytic potentials. 

BIOABSORBABLE MATERIALS 

Polyglycolic acid (PGA) was the first totally synthetic bioab¬ 
sorbable suture developed, followed by Vicryl, a copolymer 
of 92% PGA and 8% polylactic acid (PLA) and polydioxa- 
none (PDS). PDS was the first bioabsorbable material to be 
made into screws. Currently, PGA, PDS, polylevolactic acid 
(PLLA), and racemic poly(D, L)-lactic acid (PDLLA) are the 
primary alpha polyesters used for bioabsorbable implants. 
PGA is degraded by hydrolysis primarily to pyruvic acid and 
is excreted as carbon dioxide and water. PDLLA is similarly 
hydrolyzed via the tricarboxylic acid cycle to carbon dioxide 
and water and excreted by respiration. PDS also is hydro¬ 
lyzed, but it primarily is excreted in the urine. Biodégradable 
implants cannot be contoured intraoperatively because they 
hâve a high glass transition température: the température at 
which the compound becomes as hard as glass. The implants 
can be given greater tensile and flexural strength by orienting 
the fibers in the implant in the longitudinal axis of the implant 
(self-reinforcement). 

These absorbable polymers are subject to creep and stress 
relaxation. Claes demonstrated that self-reinforced PLA (SR- 
PLA) and PDLLA-PLLA screws lost 20% of their compressive 
force within 20 minutes. In a more natural saline environ¬ 
ment, this loss was more rapid. Similarly, because these 
implants are absorbable, they lose strength relatively rapidly. 
SR-PGA rods are at 50% strength at 2 weeks and 13% strength 
at 4 weeks. The slowest dégradation and loss of strength is 
exhibited by PLLA. The biomechanical properties of these 
polymers also are affected by their Chemical composition, 
manufacturing process, physical dimensions, environmental 
factors, and time (Box 53-6). 

■ COMPLICATIONS 

PGA has been implicated in aseptie inflammation and sinus 
track formation. PLLA has not been implicated as having this 
problem, possibly because of its slower dégradation, which 
leaves less local residue to be removed by the body. Osteolysis 
also has been reported around PGA and is thought to be a 
nonspecific foreign body reaction. Severe synovitis has been 
reported with the use of both PGA and PLLA bioabsorbable 
implants to fix osteochondral lésions. This also is believed to 
be the resuit of the amount of biodégradation débris that is 
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Factors Affecting the Biomechanical Properties 
of Bioabsorbable Polymers 


Chemical Composition 

Molecular weight 
Viscosity 

Molar ratio of copolymers 
Sequence of chains 
Crystallinity 

Manufacturing Processes 

Machining 
Extrusion 
Melt molding 

Compression molding 
Injection molding 
Fiber reinforcement 
Sterilization 

Physical Dimensions 

Diameter 

Mechanical designs 

Environmental 

Température 

pH 

Blood flow 

Rate of removal of degraded polymer 
Oxidation/air exposure 
Enzymatic action 

Time 

Viscoelasticity 
Rate of dégradation 

From Hovis WD, Watson JT, Bucholz RW: Biochemical and biomechanical proper¬ 
ties of bioabsorbable implants used in fracture fixation, Tech Orthop 13:123, 
1998. 


présent; slower résorption of high-strength PLLA may avoid 
this problem. 

The most common orthopaedic use of bioabsorbable 
implants is for the attachment of soft tissue to bone, as in 
shoulder and knee surgeries, and few reports of bioabsorb¬ 
able fracture fixation are available. In a review of more than 
2500 fractures fixed with bioabsorbable implants, bacterial 
wound infections were reported in 3.6%, nonspecific foreign 
body reaction in 2.3%, and failures of fixation in 3.7%. In a 
study of 3111 ankle fractures, infection was slightly less fre¬ 
quent with bioabsorbable fixation (3.2%) than with metallic 
fixation (4.1%). In a prospective, randomized comparison of 
PLA screws with stainless Steel screws for fixation of dis- 
placed médial malleolar fractures, no statistically significant 
différences were found in operative or postoperative compli¬ 
cations. A more recent report of absorbable plate-and-screw 
fixation of metacarpal fractures, however, reported foreign 
body reactions in four of 12 patients, ail four of which 
required surgical debridement. 

Bioabsorbable implants offer the advantages of graduai 
load transfer to the healing tissue, reduced need for hardware 
removal, and radiolucency, which facilitâtes postoperative 
radiographie évaluation. Bioabsorbable bone implants 



Indications for Absorbable Fixation Devices 


Metatarsal ostéotomies (hallux valgus) 

Metacarpal and metatarsal fusions 
Malleolar fractures 
Osteochondritis dissecans 
Fractures of the radius and olecranon 
Epiphyseal fractures 

Ruptures of the ulnar collateral ligament of the thumb 
Arthroscopic fixation of meniscal lésions 
Fémoral canal occlusion for cernent restriction 
Drug delivery 

Cell transplantation (e.g., Dermagraft) 

Nerve reconstruction (e.g., Neurotube) 

Adhesion prévention 


currently should be limited to applications where there is 
minimal load applied until healing is évident, such as periar- 
ticular fractures that are immobilized (Box 53-7). Bioabsorb¬ 
able implants do dissolve, but most are not replaced by bone. 
Postoperative CT scans of bones with bioabsorbable implants 
show no bony ingrowth at the screw site affer the fractures 
hâve healed. When they break off in a joint, arthropathy may 
resuit or surgery may be required to retrieve the broken parts. 
Bioabsorbable implants hâve been used as carriers for BMP2 
and other biochemicals, and this ultimately may be the best 
application for this technology. 


BIOMECHANICS OF IMPLANT 
DESIGN AND FRACTURE FIXATION 

The factors usually cited in evaluating failure of bone are the 
type, magnitude, and rate of load and the material and struc¬ 
tural properties of bone. Bone is an anisotropic material in 
that it exhibits different stress-strain relationships depending 
on the direction in which the stress is applied. Cancellous and 
cortical bone also differ because of the porosity and diameter 
of their respective cross sections. Cortical bone fractures in 
vitro when strain exceeds 2% of the original length, whereas 
cancellous bone does not fail until strain exceeds 7%. In ana- 
lyzing fracture patterns, the mode of loading offers insight 
into the mechanism of injury and possible associated injuries. 
Loads usually are described as tension, compression, bending, 
shear, torsion, or a combination of these (Fig. 53-16). The 
mode of bone failure can predict the soff-tissue injury and 
stability of the fracture (Table 53-9). 

Devices used to stabilize the skeleton are subjected to 
loading and deforming forces that rarely cause acute load-to- 
failure as occurs with the fracture, but these devices can fail 
because of fatigue if the bone does not regenerate to accom- 
modate the load. Material properties, as noted, are expressed 
by stress-strain curves (Fig. 53-17), and structural properties 
are expressed by load deformation curves (Fig. 53-18). Struc¬ 
tural properties of area moment of inertia and polar moment 
of inertia are modified to obtain the desired stiffness and 
strength of implants. Most implants function within the 
elastic deformation phase of the load deformation curve. 
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Unloaded Tension Compression Bending 



Shear Torsion Combined loading 

torsion-compression 


FIGURE 


Frankel VH, Nordin 
delphia, 1980, Lea 


Various loading modes (see text). (Redrawn from 
M: Basic biomechanics of the skeletal System, Phila- 
& Febiger.) 


Elastic 


Plastic 


co 


Strain 



Stress-strain curve shows material properties in 
single-cycle stress until failure. Testing usually is performed in 
fixed sample with stress applied under tension. (From Russell TA: 
Biomechanical concepts of fémoral intramedullary nailing, J Int Orthop 
Trauma 1:35, 1991.) 


_ TABLE 53-9 _ 

Summary of Long Bone Fracture Biomechanics 


LOCATION OF 


FRACTURE PATTERN 

APPEARANCE 

MECHANISM OF INJURY 

SOFT-TISSUE HINGE 

ENERGY 

Transverse 



Bending 

Concavity 

Low 

Spiral 

^ j 


Torsion 

Vertical segment 

Low 

Oblique-transverse or butterfly 

% ^ 

& 

Compression + bending 

Concavity or side 
of butterfly 

Moderate 

Oblique 


Compression + bending 

Concavity (often 
destroyed) 

Moderate 

Comminuted 

Ér 

(XK 

\ 

Torsion variable 

Destroyed 

High 






Metaphyseal compression 

& 

Compression 

Variable 

Variable 


From Gozna ER, Harrington IJ: Biomechanics of musculoskeletal injury, Baltimore, 1982, Williams & Wilkins. 
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Root diameter 
Thread diameter 

Lead 

Pitch 

Design of thread- 


Tapped thread 


Root area of 
tapped thread 


— ©V thread 
I—(C^Buttress thread 


Load deflection curve shows material and struc¬ 
tural properties. Note elastic phase, which is working area of 
intramedullary implant. (From Russell TA: Biomechanical concepts of 
fémoral intramedullary nailing, J Int Orthop Trauma 1:35, 1991.) 


Design parameters of orthopaedic bone screw 
(see text). (From Gonza ER, Harrington IJ: Biomechanics of musculosk- 
eletal injury, Baltimore, 1982, Williams & Wilkins.) 


Theoretically, there is probably an elastic range of deforma¬ 
tion of implants that favors bone régénération, but this range 
is different for direct and indirect forms of bone healing. 
When an intramedullary nail, plate and screws, or external 
fixator is used, the preoperative plan must consider the forces 
that the internai or external fixation will sustain and the 
fatigue life of the implant; this also is necessary to détermine 
the postoperative réhabilitation program. 

PIN AND WIRE FIXATION 

Küntscher described the biomechanical différences between 
pins, rods, and nails used for fracture fixation. Pins resist 
alignment changes only, rods resist déviations in alignment 
and translation, and nails resist changes in alignment, transla¬ 
tion, and rotation. Kirschner wires and Steinmann pins fre- 
quently are used for both provisional and definitive fracture 
fixation. Because their résistance to bending loads is poor, if 
used alone they should be supplemented by bracing or 
casting. If used as definitive fixation, they usually are inserted 
percutaneously or with limited open réduction. To prevent 
thermal damage to bone and soft tissues, they should be 
inserted slowly with power equipment and with frequent 
stops of the drill. We prefer smooth wires to make their 
removal easier after fracture healing. 

Threaded wires hold fractures in place better for tempo- 
rary fixation, but the fragments must be held together during 
wire insertion to avoid distraction. There also is a risk of pin 
breakage if the cortical bone is hard. Pin or wire fixation 
usually is adéquate for small fragments in metaphyseal and 
epiphyseal régions, especially in fractures of the distal foot, 
forearm, and hand, such as Colles fractures, and in displaced 
metacarpal and phalangeal fractures after closed réduction. 


Most frequently, pins are inserted under image intensifier 
control. This protects the soft tissues from further damage, 
theoretically permitting maximal bone régénération; however, 
care must be taken that tendons and nerves are not wound 
around the pin during insertion. Wire fixation is used alone 
or in combination with other implants for definitive fixation 
of some metaphyseal fractures, such as in the proximal 
humérus, patella, and cervical spine. Notching of the wire 
should be avoided because it shortens the fatigue life of the 
implant. Rarely does wire alone provide sufficient stability for 
functional réhabilitation of the extremity. 

SCREW FIXATION 

Screws are complex tools with a four-part construction: head, 
shaff, thread, and tip. The head serves as an attachment for 
the screwdriver, which can be hexagonal, cruciate, slotted, or 
Phillips in design. The head also serves as the counterforce 
against which compression generated by the screw acts on the 
bone. The shaff or shank is the smooth portion of the screw 
between the head and the threaded portion. The thread is 
defined by its root (or core) diameter, its thread (or outside) 
diameter, its pitch (or distance between adjacent threads), 
and its lead (or distance it advances into the bone with each 
complété turn). The root area détermines the résistance of the 
screw to pull-out forces and relates to the area of the bone at 
the thread interface and the root area of the tapped thread. 
The cross-sectional design usually is a buttress (ASIF screws) 
or V-thread (usually used in machine screws) (Fig. 53-19). 
The tip of the screw is either round (requires pretapping) or 
self-tapping (fluted or trocar). Clinically, if pull-out of the 
screw is a concern because of soft bone, a larger thread diam¬ 
eter may be preferred, whereas if the bone is strong and 
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FIGURE 53-2 


^ Principles of lag screw technique. A f To détermine best location and inclination, forceps temporarily compress frac¬ 
ture. B, Lag screw replaces forceps in location and position (inclination). C, Lag screw is best positioned at right angle to fracture plane. 
Use of bisecting angle is correct only for fractures with less than 40 degrees of inclination. If inclination is 60 degrees, fracture is dis- 
placed because of insufficient inclination of lag screw. (Redrawn after Müller ME, Allgôwer M, Schneider R, et al: Manual of internai fixation: 
techniques recommended by the AO-ASIF group, ed 3, Berlin, 1990, Springer-Verlag.) SEE TECHNIQUE 53-4. 


fatigue is more of a concern, a screw with a wider root diam- 
eter has a higher résistance to fatigue failure. Screws also 
usually are grouped into machine-type screws and ASIF 
screw designs. Other manufacturers now make screws and 
plates similar in design to those introduced by the ASIF 
group. 

The use of a screw to convert torque forces to compres¬ 
sion forces across a fracture is a valuable technique. Its success 
requires application of the screw in a manner that allows 
gliding of the proximal portion of the screw in the near bone 
and thread purchase in the opposite cortex so that the head 
of the screw exerts load and forces the fracture together. 
Careful sélection of the screw angle respective to the fracture 
is necessary to prevent sliding of the fracture fragments as 
they are compressed (Fig. 53-20). Any type of screw can be 
used as an interfragmentary device if the principles are main- 
tained. Any screw that crosses a fracture line should be 
inserted with interfragmentary technique. Screws that attach 
an implant to bone are referred to as positional or neutraliza- 
tion screws. 



Examples of cancellous and cortical screws for 
fracture fixation. (From Bechtold JE: Biomechanics of fracture fixation 
devices. In Gustilo RB, Kyle RF, Templeman DC, editors: Fractures and 
dislocations, St. Louis, 1993, Mosby.) 


than that used for a hole in soft bone. Screws and drill points 
should be checked for proper size before surgery. 


■ MACHINE SCREWS 

Machine screws are threaded their whole length and can 
either be self-tapping or require threads to be eut before 
insertion. Most are self-tapping; the end has a cutting flûte 
that cuts the screw threads as the screw is inserted. Machine 
screws are used primarily to fasten hip compression screw 
devices to the shaft of the fémur. The size of the hole drilled 
for machine screws is of critical importance. A hole that is 
too large will resuit in an insecure purchase by the threads, 
and a hole that is too small can resuit in inability to insert the 
screw or fragmentation of the bone as it is inserted. The drill 
point selected should be slightly smaller than the shank of the 
screw minus its thread. For a self-tapping screw, the drill 
point used for a hole in cortical bone should be 0.3 mm larger 


■ INTERNAL FIXATION SCREWS 

Screws designed for the techniques and principles of osteo- 
synthesis developed by the ASIF group in Switzerland are 
widely used. The threads are more horizontal than those of 
machine screws, and with rare exception these screws are not 
self-tapping; the drill hole must be tapped with a cutting 
tapper before the screw is inserted. Cortical, cancellous, and 
malleolar designs are available in ASIF screws. Miniscrews 
for fixation of small fragments and small bones, as well as the 
standard cancellous and cortical screws, corne in multiple 
lengths and diameters (see Fig. 53-21). The heads of the stan¬ 
dard cancellous and cortical screws hâve a hexagonal recess 
for a spécial screwdriver, whereas the smaller screws hâve a 
Phillips head. 
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I CORTICAL SCREWS 

The cortical ASIF screws are threaded their entire length and 
are available in the following diameters: 4.5, 3.5, 2.7, 2.4, 2.0, 
and 1.5 mm. The cortical screws can function as either posi- 
tional or lag screws for interfragmentary compression if the 
hole in the near cortex is overdrilled. 

I CANCELLOUS SCREWS 

These screws hâve larger threads that provide more purchase 
in soft cancellous bone and therefore are more frequently 
used in the metaphyseal areas. The cancellous screws are 
available in 6.5- and 4.0-mm diameters and in two thread 
lengths: 16 and 32 mm. They are threaded for these two 
lengths only, regardless of the length of the screw. The malleo- 
lar screw, a 4.5-mm screw, also is included in this group, but 
it is unique in that it has a self-tapping trephine tip. Selecting 
the proper drill size and tapping the drill hole are essential 
for secure purchase. Plastic and métal washers are used fre¬ 
quently with these types of screws for reattaching ligamen- 
tous avulsions or to increase interfragmentary compression 
by providing a larger surface area of the cortex for the screw 
head to compress against. 

I SELF-TAPPING, SELF-DRILLING SCREWS 

Self-tapping screws are available in the same sizes as cortical 
screws. These screws hâve a small bit at the end of the screw 
to remove bone débris. Self-tapping screws hâve less pull-out 
strength because of their construction. These screws are best 
used in external fixation pins. 

I LOCKING SCREWS 

Locking screws are self-tapping screws with a locking screw 
at the head. These screws require précisé predrilling to allow 
tight fixation with a locking plate, and specialized screwdriv- 
ers are required for implantation. 

■ SCREWS FIXATION TECHNIQUES 

For transverse or short oblique fractures, screws must be com- 
bined with plates or other forms of internai fixation. Use of 
interfragmentary compression techniques always is more 
désirable than use of a screw as a positional fixation device. If 
a screw is threaded its entire length, it can function only as a 
positional screw unless the near cortex is overdrilled so that 
the threads purchase only in the far cortex; then as the screw 
is tightened, compression across the fracture line may be pro- 
duced. If the screw is threaded over only part of its length, with 
the portion nearer the head being unthreaded, then compres¬ 
sion across the fracture line can be obtained without overdrill- 
ing the proximal cortex, but the threaded portion that has 
purchase should not cross the fracture line, or interfragmen¬ 
tary compression will not be possible (Fig. 53-22). If interfrag¬ 
mentary compression across the fracture line is desired, the 
following technique is recommended by the AO group. 


SCREW FIXATION 


TECHNIQUE 53-4 


■ Reduce the fracture and secure the réduction with forceps 
or provisional fixation by Kirschner wires. 




Lag screw insertion. To apply compression, 
thread must be engaged only in far fragment to pull far fragment 
toward near fragment and create compression across fracture 
site. (From Bechtold JE: Biomechanics of fracture fixation devices. In 
Gustilo RB, Kyle RF, Templeman DC, editors: Fractures and dislocations, 
St. Louis, 1993, Mosby.) 


■ Plan the position of the screw so that it is inserted in the 
middle of the fragment, équidistant from the fracture 
edges and directed at a right angle to the fracture plane. 
If the screw is not inserted perpendicular to the fracture 
plane, shearing forces will be introduced as the torque 
forces of the screw create compression at the fracture 
line, resulting in displacement of the fracture réduction 
(Fig. 53-20). 

■ Drill the near cortex with a 4.5-mm drill. 

■ Insert the drill réduction sleeve for the 3.2-mm drill and 
drill the far cortex with a 3.2-mm drill. 

■ Countersink the 4.5-mm drill hole to allow maximal 
contact with the head of the screw to increase load dis¬ 
persion on the cortex. 

■ Détermine the screw length with a depth gauge, insert 
the 4.5-mm tap, and eut threads in the hole in the far 
cortex; thus the screw threads will hâve purchase only in 
the far cortex. 

■ Insert a screw of the proper length and observe interfrag¬ 
mentary compression occurring by means of the lag 
effect as the screw is tightened. Do not remove the pro¬ 
visional fixation or holding forceps until the screw is fully 
seated. 

Interfragmentary screw fixation alone is well suited 
for repair of avulsion fractures, in which shear forces 
cause epiphyseal and metaphyseal intraarticular fractures 

(Fig. 53-23). 
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Intraarticular epiphyseal and metaphyseal fractures reconstructed with lag screws. A f Cancellous screw (6.4 mm) for 
posterior lip ankle fracture. B f Two 4-mm partially threaded small fragment cancellous bone screws used for médial malleolar fracture. 
C f Two 4-mm partially threaded small fragment cancellous bone screws used for type A fracture of médial malleolus. D f Two 4-mm 
partially threaded small fragment cancellous bone screws used for lag screw fixation of epiphysis and fixation of condyle to metaphysis 
of distal humérus. (Redrawn from Müller ME, Allgôwer M, Schneider R, et al: Manual of internai fixation: techniques recommended by the AO-ASIF 
group, ed 3, Berlin, 1990, Springer-Verlag.) 


ASIF CANCELLOUS SCREW 
TECHNIQUE 

The ASIF cancellous screw technique should be used for 
screw fixation through a plate using the 4.5-mm ASIF corti¬ 
cal screw. If the screw is to serve a positional function, 
select a 3.2-mm drill and drill through both cortices. Déter¬ 
mine the screw length with a depth gauge; then with a 
4.5-mm tapper eut the threads along the drill hole and 
insert a 4.5-mm cortical screw that is of the proper length. 
Cancellous screw insertion is similar to that of cortical 
screws except that the near cortex is not overdrilled; that 
portion of the screw nearest the head is not threaded and 
does not hold the near cortex. 


TECHNIQUE 53-5 


■ When cancellous bone in which these screws are used is 
soft, insert a washer under the head of the screw to 
increase the surface area and help prevent the screw head 
from being pulled through the cortex as the screw is 
tightened. 

■ If the metaphyseal bone is firm and hard, tap for the 
cancellous screw as for the cortical screw, but only in the 
near cortex. 

■ Use a 2.5-mm drill and a 3.5-mm tap for the 4-mm can¬ 
cellous screw, and use a 3.2-mm drill with a 6.5-mm tap 
for the 6.5-mm cancellous screw. 

■ If the bone is osteoporotic and soft, tapping may not be 
necessary. 

■ Proper sélection of the length of the threaded portion of 
the screw is necessary if interfragmentary compression is 
to be accomplished. Select a length of thread that places 
ail the threads in the far fragment and none in the near 
fragment so that compression can be achieved. 



_ 3 Various 

several manufacturers. 


FIGURE 53-2 


cannulated screws are available from 


Cannulated screws (Fig. 53-24) are available from several 
manufacturers. For small fracture fragments, the idéal provi- 
sional fixation frequently is in the same location as the desired 
definitive screw fixation. The major différence from conven- 
tional lag screw technique is the need to drill over the guide- 
wire with a cannulated drill. The principles of interfragmentary 
lag screw fixation still must be followed with respect to 
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Insertion of small cannulated cancellous bone screws. A f After réduction of fragments, 1.25-mm threaded guide is 
inserted using small air drill and drill sleeve. Guidewire should cross fracture and penetrate far cortex. Guidewire position is confirmed 
with radiographs in three views, drill sleeve is removed, and second wire is inserted parallel to first wire. B, Guidewire insertion depth 
is determined by direct measuring device over wire; drilling depth is 5 mm less than reading on device to prevent pénétration of far 
cortex. C f Cannulated drill bit is inserted into drill guide until coupling rests on guide. Drill is inserted into measuring device, knurled 
nut is loosened, drill guide is rotated until drill bit length corresponds to drilling depth, and nut istightened. Drilling assembly is placed 
over guidewire, and drilling continues until coupling end contacts drill guide. D, Small cannulated countersink is placed over guidewire 
to create recess for screw head (a washer can be used if necessary). E, Near cortex is tapped using tapping assembly. F, Small cannulated 
bone screw of same length as depth drilled is inserted over guidewire. Guidewire is removed. Procedure is repeated for additional 
screws. (Redrawn after Müller ME, Allgôwer M, Schneider R, et al: Manual of internai fixation: techniques recommended by the AO-ASIF group, 
ed 3, Berlin, 1990, Springer-Verlag.) 


planning of screw orientation, provisional fixation, and the 
need for ail threads to purchase only in the opposite bone 
fragment and cortex. Figure 53-25 shows one technique and 
instrumentation. 

Hip screws (Fig. 53-26) are used to fix various types of 
fémoral neck fractures. Early hip screw designs, such as the 
Jewett nail, consisted of a nail or screw that was fixed in the 
fémoral head and was attached to a side plate that was fixed 
to the fémur. More recent compression hip screw designs 
allow sliding of the screw or nail within a barrel attached to 
the side plate to accommodate the inévitable collapse that 


occurs during fracture healing. These compression hip screws 
act according to a tension band principle in that the screw is 
loaded in tension and the bone at the fracture site is loaded 
in compression. The applied bending moment, and thus the 
fatigue strength, of these devices dépends on the angle 
between the side plate and the screw or nail. Biomechanical 
studies hâve shown that higher angles with shorter moment 
arms resuit in smaller bending moments than do lower angles 
with longer moment arms (Fig. 53-27). Use of these 
devices for fixation of fémoral neck fractures is discussed in 
Chapter 54. 
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Examples of fixed and sliding hip screws and 
nails; sliding devices allow fracture site to collapse. (From Bechtold 
JE: Biomechanics of fracture fixation devices. In Gustilo RB, Kyle RF, 
Templeman DC, editors: Fractures and dislocations, St. Louis, 1993, 
Mosby.) 



FIGURE 53-2 


^ Influence of nail plate angle on bending 
moment: Larger angle results in smaller moment because of 
shorter distance (d); conversely, smaller angle results in larger 
moment because of longer distance. (From Bechtold JE: Biomechan¬ 
ics of fracture fixation devices. In Gustilo RB, Kyle RF, Templeman DC, 
editors: Fractures and dislocations, St. Louis, 1993, Mosby.) 



A-D f Principle of tension band plate. Because 
long bones are subject to eccentric loading, plate applied to outer 
(or convex) side counteracts tension forces and provides rigid 
internai fixation, whereas plate applied on inner (or concave) 
surface provides little fixation and would corne under excessive 
bending stresses and soon show fatigue fracture. (Redrawn from 
Müller ME, Allgôwer M, Willenegger H: Manual of internai fixation, 
New York, 1970, Springer-Verlag.) 


PLATE AND SCREW FIXATION 

Plate and screw fixation of fractures has undergone continuai 
design modifications and improvements. Pauwels first defined 
and applied the tension band principle in the fixation of frac¬ 
tures and nonunions. This engineering principle applies to 
the conversion of tensile forces to compression forces on the 
convex side of an eccentrically loaded bone. This is accom- 
plished by placing a tension band (bone plate) across the 
fracture on the tension (or convex) side of the bone. Tension 
forces are counteracted by the tension band in this position 
and converted into compressive forces. If the plate is applied 
to the compression (or concave) side of the bone, it is likely 
to bend, fatigue, and fail. Therefore, a basic principle of 
tension band plating is that it must be applied to the tension 
side of the bone so that the bone itself will receive the com¬ 
pressive forces, and thus the tension band appliance need not 
be heavy and rigid (Fig. 53-28). Tension band principles also 
are used for some olecranon and patellar fractures with pins 
or screws and wires; these techniques are discussed in Chap- 
ters 54 and 57. The tension band and axial compression prin¬ 
ciples frequently are combined when using plates and screws. 

Although the use of axial compression in promoting 
union of fractures in cancellous bone is now well accepted, 
the effects of compression on cortical bone hâve been contro- 
versial. A number of compression plates hâve been developed 
and modified several times since their introduction in 1963 
(Fig. 53-29). 

Plates offer the benefits of anatomie réduction of the frac¬ 
ture with open techniques and stability for early function of 
musculotendinous units and joints, but they must be pro- 
tected from prématuré weight bearing. Disadvantages of plate 
fixation include the risk of bone refracture after their removal, 
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FIGURE 53-2 


^ A f When prebent plate is used, inner screws are applied first, then outer screws. B f If outer screws are applied first, 
near cortex opens because plate is too long in relation to bone spanned between outer screw holes. (Redrawn after Müller ME, Allgôwer 
M, Schneider R, et al: Manual of internai fixation: techniques recommended by the AO-ASIF group, ed 3, Berlin, 1990, Springer-Verlag.) 


stress protection and osteoporosis beneath a plate, plate irri¬ 
tation, and, rarely, an immunologie reaction. 

Plates neutralize deforming forces that cannot be coun- 
teracted by screws alone. Plates require contouring to main- 
tain optimal stability of the fracture réduction. The application 
of the screws also is critical because incorrect placement or 
sequence will resuit in displacement or shear and loss of 
réduction (Fig. 53-30). For plates of any type to function, 
adéquate screw fixation in bone is required. Usually six to 
eight cortices of purchase are required above and below the 
fracture, except with buttress plates. One of the most common 
mistakes is to use a plate of insufficient length. The larger the 
bone and the greater the stresses, the longer the plates should 
be. We hâve added cancellous bone graffs to severely com- 
minuted fractures when the comminution involved more 
than one third of the circumference of the bone. Overtorqu- 
ing of the screws should be avoided during insertion. Before 
closure of the wound, ail screws should be retightened to 
allow time for stress relaxation of the screw-bone interface. 

Spécifie plate designs include semitubular, one third and 
one quarter tubular plates, T and L plates, spoon plates, 
dynamic compression plates, and cobra arthrodesis plates. In 
larger bones, such as the fémur, so-called broad plates, with 
offset holes to minimize stress concentration, are used. The 
many different types and designs of plates can be grouped 
functionally into four categories: neutralization plates, com¬ 
pression plates, buttress plates, and bridge plates. In recent 
years there has been a prolifération of anatomically contoured 
specialty plates, particularly for periarticular fractures. 

Neutralization plates are used in conjunction with inter- 
fragmentary screw fixation and neutralize torsional, bending, 
and shear forces. These are used commonly in fractures with 
butterfly or wedge-type fragments after interfragmentary 
screw fixation of the wedge portion of the fracture (Fig. 
53-31). Stability of the plate is significantly improved by the 
interfragmentary screw. Common fractures fixed with neu¬ 
tralization plates are type B wedge fractures of the humérus, 
radius, ulna, and fibula. The technique for neutralization plate 
fixation essentially is the same as for compression plate 



FIGURE 53-3 


_ B Plates can hâve more than one function. This 

plate is acting not only as protection plate but also as compression 
plate. For compression plate to serve as neutralization plate, plate 
must be contoured exactly, and screws must be inserted from frac¬ 
ture toward ends of plate. (Redrawn after Müller ME, Allgôwer M, 
Schneider R, et al: Manual of internai fixation: techniques recommended 
by the AO-ASIF group, ed 3, Berlin, 1990, Springer-Verlag.) 


fixation, except that compression is not applied through the 
screw holes. 

Compression plates negate torsional, bending, and shear 
forces and create compression across the fracture site either 
through external tension devices or through specially 
designed self-compression holes in the dynamic compression 







































269 


J PART XV FRACTURES AND DISLOCATIONS IN ADULTS 



FIGURE 


A and B f Fixation of comminuted distal fémoral fracture with a locking plate. 


plate design; these holes exert compression through transla¬ 
tion of the plate as the screw engages it. Dynamic compres¬ 
sion plates are used in type A shaft fractures, transverse or 
short oblique diaphyseal fractures, or type B fractures after 
interfragmentary fixation of the wedge fragment. Variations 
of the technique include inserting the interfragmentary screw 
outside the plate, applying compression through the plate 
with the two closest screws, and then filling in the remaining 
screws eccentrically from the fracture and middle of the plate. 
A semitubular plate also can be used as a compression plate, 
usually in the fixation of fibular fractures. 

The AO-ASIF low-contact dynamic compression plate 
System was designed to solve problems with biologie compat- 
ibility. The plate is contoured to improve circulation under 
the plate and to allow a narrow area of circumferential callus 
to regenerate at the fracture. The holes in the plate are uni- 
formly positioned to optimize plate application about the 
fracture. Undercutting of the holes allows a greater angula- 
tory capacity of the screw insertion angle up to 40 degrees. 
The compression feature of the screw holes also allows bidi- 
rectional compression through the holes. The plate is avail- 
able in commercially pure titanium, as well as stainless Steel. 

Buttress plates negate compression and shear forces that 
frequently occur with metaphyseal-epiphyseal fractures, such 
as tibial plateau and tibial pilon fractures. They are frequently 
used in conjunction with interfragmentary screw fixation. 
They differ from other functional types of plates in that the 
plate is anchored to the main stable fragment but not neces- 
sarily to the fragment it is supporting. Correct contouring is 
mandatory, and the screws should be inserted so that they 
adhéré to the shoulder of the screw hole closest to the fracture 
line to prevent axial deformation with loading. 


Bridge plates are used to span a comminuted unstable 
fracture or bone defect in which an anatomie réduction and 
rigid stability of the fracture cannot be restored by fracture 
réduction. This function is the most difficult for a plate to 
maintain. Biologie additions to this form of fixation fre¬ 
quently are required in the form of autogenous bone graffing. 
Indirect réduction techniques are recommended to maximize 
the bone régénération potential at the injury site. 

After adéquate bone régénération has occurred, implant 
removal may be indicated because of patient preference or to 
restore skeletal strength. The risk of refracture after plate 
removal can be minimized by evaluating multiple radio¬ 
graphie views of the fracture. Restoration of the medullary 
canal and oblitération of ail fracture lines suggest adéquate 
healing, although refracture through screw holes still may 
occur. The AO-ASIF published general guidelines for implant 
removal that may be helpful (Table 53-10). 

■ LOCKING PLATES 

Locked plates are a hybrid of plate technology and percutané - 
ous bridge plating using locked screws as a fixed-angle device. 
They hâve been shown to allow much greater load bearing 
than regular plates. The Less Invasive Stabilization System 
(LISS) (Synthes, Inc., West Chester, PA) uses unicortical 
locking screws to allow more elastic deformation than con- 
ventional plating Systems. Locked plates also can be used in 
a hybrid fashion with locked and unlocked screws and are 
mechanically similar to pure locked constructs. Locked plates 
work best in osteoporotic bone where pull-out of the plate is 
problematic. They also provide adéquate load-bearing 
strength to avoid médial and latéral plating in the distal 
fémur, proximal tibia, and tibial plateau (Fig. 53-31). 
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TABLE 53-10 ^ 

Timing of Métal Removal 



TIME AFTER 

BONE FRACTURE 

IMPLANTATION (MO) 

Malleolar fractures 

8-12 

Tibial pilon 

12-18 

Tibial shaft 


Plate 

12-18 

Intramedullary nail 

18-24 

Tibial head 

12-18 

Patella, tension band 

8-12 

Fémoral condyles 

12-24 

Fémoral shaft 


Single plate 

24-36 

Double plates 

From mo 18, in two 
steps (interval, 6 mo) 

Intramedullary nail 

24-36 

Peritrochanteric and fémoral neck 
fractures 

12-18 

Pelvis (only in case of complaints) 

From mo 10 

Upper extremity (optional) 

12-18 


These data essentially relate to recent fractures with uncomplicated healing 
processes and do not apply to osteosyntheses in pseudarthroses, to major frag¬ 
ments, or after infections, which must be considered on an individual basis. 


INTRAMEDULLARY NAIL FIXATION 

Since the middle of the 1950s intramedullary nail techniques 
for fracture fixation hâve gained universal acceptance. Closed 
interlocking nail fixation is the procedure of choice for 
fémoral shaft fractures, especially in polytrauma patients, in 
most trauma centers in North America. This treatment 
method has been the subject of controversy since its intro¬ 
duction because of concerns of damage to the medullary 
circulation, possibilities of fat embolism, and complications 
from misapplication of the technique because of a lack of 
understanding of the biomechanical principles of intramed¬ 
ullary nail fixation. One by one these concerns hâve been 
answered by scientific investigation to the point that intra¬ 
medullary nailing has become the standard treatment for 
many fractures. 

Satisfactory stabilization of a fracture by intramedullary 
fixation is possible under the following circumstances: 

1. Unlocked nails can be considered when a noncommi- 
nuted fracture occurs through the narrowest part of the 
medullary canal; not only are side-to-side or shearing 
forces eliminated, but rotational forces also are well con- 
trolled. If the medullary canal is much larger in one frag¬ 
ment than in the other, poor control of rotational forces 
frequently results; in these situations, interlocking tech¬ 
niques are required. Generally, the interlocking screws 
should be positioned at least 2 cm from the fracture to 
provide sufficient stability to allow functional activity 
postoperatively. Axially unstable fractures are best treated 
with static or double-locked nails. 

2. The curvature of the bone must be considered in selecting 
the type of nail and determining the degree of reaming 
necessary. Biomechanically, unlocked nails attain stability 



Blocking or Poller screws can increase stability 
of intramedullary nail used for proximal or distal fracture, espe¬ 
cially with small-diameter nail. 


by a curvature mismatch between the bone and the nail, 
inducing a longitudinal interférence fit. If curvature mis¬ 
match is large, more reaming will be required. The entry 
portai is critical for ail nails and should be in the région 
that will minimize insertional forces. In the fémur this is 
at the piriformis fossa in line with the medullary canal 
for straight nails, or in the médial greater trochanter for 
nails with a slightly latéral proximal bend. For the tibia 
and humérus, the offset between the entry portai and 
the alignment of the canal introduces strong forces on the 
posterior and médial cortices, respectively. Starting the 
nail at the level of the fibular head minimizes forces of 
insertion in the tibia. 

3. Sufficient diameter and continuity of the medullary canal 
are prerequisites for intramedullary nail techniques. 
Excessive reaming should be avoided because it signifi- 
cantly weakens the bone and increases the risk of thermal 
necrosis. We recommend reaming until cortical “chatter” 
is encountered, known as “ream to fit.” Never insert a 
nail larger than the diameter of the canal. In general, we 
use a nail 0.5 mm or 1.0 mm smaller than the largest 
reamer used. 

4. Locked intramedullary nailing techniques should allow 
nailing of fractures to within 2 to 4 cm of the joint. These 
techniques require the use of blocking screws or “Poller” 
screws (Fig. 53-32). Newer nail designs with obliquely 
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oriented distal locking screws and screws that can be 
locked into the nail to create a fixed-angle construct can 
increase stability in these metaphyseal fractures. 

A perfect intramedullary nail has not yet been designed. The 
varying contours of bones make such a nail impossible, but 
improvement in the design of intramedullary nails continues. 
Spécial nails may be designed for each bone, for each kind 
of fracture, or for fractures in different régions of the same 
bone. An intramedullary nail should meet the following 
requirements: 

1. It should be strong enough and provide sufficient stability 
to maintain alignment and position, including préven¬ 
tion of rotation; it should include interlocking transfixing 
screws as necessary. 

2. It should be constructed so that contact-compression 
forces can impact the fracture surfaces, a désirable physi¬ 
ologie stimulus to union. 

3. It should be placed so that it is accessible for easy removal; 
attachments are provided to facilitate removal. 

Before selecting this technique, the surgeon should realize 
that complications are as possible with intramedullary 
fixation as with any other internai fixation. It is not a tech¬ 
nique to be used casually. We recommend the following 
considérations: 

1. Adéquate preoperative planning is required to ensure that 
the fracture can be adequately stabilized within the 
working zone of the nail. 

2. The patient should be able to tolerate a major surgical 
procedure. Spécial considération should be given to 
patients with severe pulmonary injury because the added 
fat emboli from the procedure may intensify pulmonary 
problems. 

3. Nails of suitable length and diameter must be available 
and identified before surgery. 

4. Suitable instruments, trained assistants, and optimal hos¬ 
pital conditions are necessary for successful insertion of 
intramedullary nails. 

5. A métal nail is not a substitute for union and will bend 
or break if subjected to undue strain during convales¬ 
cence (Fig. 53-33). 

6. Closed nailing techniques should be used whenever pos¬ 
sible. Higher union rates and fewer infections hâve been 
reported with the use of these techniques; however, the 
surgeon must be familiar with both open and closed tech¬ 
niques. As more expérience is gained with closed tech¬ 
niques, fewer and fewer fractures will require open 
réduction. A limited open réduction, however, is préfér¬ 
able to accepting a poor closed réduction. This situation 
most frequently occurs in high-energy subtrochanteric 
fémoral fractures in which traction will not adequately 
correct flexion and abduction. 

■ TYPES OF INTRAMEDULLARY NAILS 

Intramedullary nails, similar to plates, hâve anatomie and 
functional names. Centromedullary nails enter the bone in 
line with the medullary canal. They obtain contact with the 
bone through multiple points of longitudinal interférence. 
They dépend on restoration of bony contact and stability to 
avoid axial and rotational deformation of the fracture. Exam¬ 
ples of centromedullary nails are the classic Küntscher clo- 
verleaf and Sampson nails. Condylocephalic nails enter the 
bone in the condyles of the metaphysis and usually enter the 



Load sharing in bending between intramedul¬ 
lary nail and bone; most of bending load is carried by nail, espe- 
cially if there is segmentai loss. (From Bechtold JE: Biomechanics of 
fracture fixation devices. In Gustilo RB, Kyle RF, Templeman DC, editors: 
Fractures and dislocations, St. Louis, 1993, Mosby.) 


opposite metaphyseal-epiphyseal area. They frequently are 
inserted in groups for added rotational stability. Examples of 
condylocephalic nails are Ender and Hackenthall pins. Ceph- 
alomedullary nails hâve a centromedullary portion but also 
permit fixation up into the fémoral head. The Küntscher 
Y-nail and Zickel subtrochanteric nail are examples of this 
type. 

Interlocking techniques further modified these classics 
by the addition of interlocking centromedullary and inter¬ 
locking cephalomedullary nails. Interlocking nails allow a 
longer working length of the nail by the addition of inter¬ 
locking screws to resist axial and rotational deformation of 
the fracture. Modney is credited with designing the first 
interlocking nail. Küntscher also designed an interlocking 
nail (the detensor nail), and this was modified by Klemm 
and Schellman and later by Kempf et al. and others. These 
pioneers developed the techniques and implants that formed 
the basis for several designs and techniques in use today. 
Cephalomedullary interlocking nails were designed to treat 
complex fractures extending into the proximal fémur that 
were axially and rotationally unstable, such as complex sub¬ 
trochanteric fractures, pathologie fractures, and ipsilateral 
hip and shaff fractures. These nails permit fixation with 
bolts, nails, and spécial lag screws, as exemplified by the 
Russell-Taylor reconstruction nail, the Williams Y-nail, and 
the Uniflex nail. Current intramedullary nails designed for 
fémoral fixation reflect the area of insertion of the nail. 
Antegrade fémoral nailing can be done through a piriformis 
or a trochanteric entry portai. Rétrogradé fémoral nailing is 
done through an entry portai between the fémoral 
condyles. 

Interlocking fixation is defined as dynamic, static, and 
double locked. Dynamic fixation Controls bending and 
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significant in most patients, however, and some authors hâve 
suggested that the development of pulmonary complications 
may be more closely related to the severity of an associated 
chest injury than to medullary reaming. Studies that support 
reamed nailing generally report no statistical différence in 
pulmonary complications between patients with reamed and 
unreamed nailings. Because of the multitude of factors con- 
tributing to the development of adult respiratory distress syn¬ 
drome, a subset of patients in whom reaming may be harmful 
is difficult to define. 

Another controversial area is whether reamed nailing of 
long bone fractures increases the frequency of infection. Cur- 
rently available clinical data show no différence in infection 
rates affer reamed and unreamed fémoral nailing. Our expé¬ 
rience with intramedullary nailing confirms this. Of 125 open 
fémoral fractures treated with reamed (95 fractures) or 
unreamed (30 fractures) nailing, infection developed in 4% 
of ail fractures, in 3.2% of those with reamed nailing, and in 
6.4% of those with unreamed nailing. Of 50 open tibial frac¬ 
tures treated with unreamed nailing, infection developed in 
four (8%); ail four were type III injuries. 


FIGURE 53-3 


Dynamic (A) and static (B) locking of intramed¬ 
ullary nail. (From Bechtold JE: Biomechanics of fracture fixation devices. 
In Gustilo RB, Kyle RF, Templeman DC, editors: Fractures and disloca¬ 
tions, St. Louis, 1993, Mosby.) 


rotational deformation but allows nearly full axial load trans¬ 
fer by bone. Dynamic fixation is used in axially stable fractures 
and some nonunions (Fig. 53-34A). Static fixation Controls 
rotation, bending, and axial load and makes the implant a 
more load-bearing device with the potential for a reduced 
fatigue life. It is especially useful in comminuted, nonisthmal 
fractures of the fémur and tibia. The double-locked mode 
Controls bending, rotational forces, and some axial deforma¬ 
tion, but because of the capability of axial translation of the 
screw within the nail, some shortening is possible (Fig. 
53-34B). This mode of fixation is used in fractures of the 
humérus and occasionally in delayed unions and nonunions. 

Dynamization of interlocking nails originally was 
described to avoid impairment of fracture healing because it 
was theorized that static interlocking would abort fracture 
repair. The technique involves conversion of the static mode 
to a dynamic mode by removing the screws from the longest 
fragment. Dynamization do es potentially increase the fatigue 
life of the nail by decreasing its load bearing and also increases 
compression forces at the fracture site; however, if adéquate 
cortical stability or bone régénération has not occurred before 
dynamization, shortening results. Dynamization rarely is 
used today. Spécifie techniques of intramedullary nailing are 
discussed in the appropriate chapters. 

■ REAMED VERSUS UNREAMED 
INTRAMEDULLARY NAILING 

A continuing controversy in the management of long bone 
fractures in multiply injured patients is reaming of the canal 
for intramedullary nailing. Studies that support unreamed 
nailing emphasize the adverse physiologie effects of reaming, 
such as embolization of bone marrow fat to the lungs, and 
experimental evidence suggests that reaming adversely affects 
pulmonary function. This adverse effect is not clinically 


EXTERNAL FIXATION 

External fixation is useful in trauma management, from 
damage control to definitive treatment. Although external 
fixation requires more careful clinical and radiographie mon- 
itoring than internai fixation, the general principles of appli¬ 
cation and management are relatively straightforward and its 
versatility allows its use in a wide variety of fractures. External 
fixation is not, however, appropriate for ail fractures and 
should not be used when other forms of fixation, such as 
screws, plates, or nails, are more suitable. 

■ ADVANTAGES 

External fixation provides rigid fixation of the bones in cases 
in which other forms of immobilization, for one reason or 
another, are inappropriate. This is most common in severe, 
open types II and III fractures in which cast or traction 
methods would not permit access for management of the 
soff-tissue wounds and in which exposure and dissection to 
implant an internai fixation appliance would devitalize and 
contaminate larger areas and might significantly increase the 
risk of infection or loss of the limb itself. 

1. Compression, neutralization, or fixed distraction of the 
fracture fragments is possible, as dictated by the fracture 
configuration. Uncomminuted transverse fractures can 
be optimally compressed, length can be maintained in 
comminuted fractures by pins in the major proximal and 
distal fragments (neutralization mode), or fixed distrac¬ 
tion can be obtained in fractures with bone loss in one of 
paired bones, such as the radius or ulna, or in leg- 
lengthening procedures. 

2. Direct surveillance of the limb and wound status is pos¬ 
sible, including wound healing, neurovascular status, 
viability of skin flaps, and tense muscle compartments. 
Associated treatment (e.g., dressing changes, skin graff- 
ing, bone graffing, and irrigation) is possible without 
disturbing the fracture alignment or fixation. Rigid exter¬ 
nal fixation allows aggressive and simultaneous treatment 
of bone and soft tissues. 

3. Immédiate motion of the proximal and distal joints is 
allowed. This aids in réduction of edema and nutrition of 




269: 


PART XV FRACTURES AND DISLOCATIONS IN ADULTS 

articular surfaces and retards capsular fibrosis, joint stiff- 
ening, muscle atrophy, and osteoporosis. 

4. The extremity is elevated without pressure on the poste - 
rior soft tissues. The pins and frames can be suspended 
by ropes from overhead frames on the bed, aiding edema 
resolution and relieving pressure on the posterior soft- 
tissue part. 

5. Early patient mobilization is allowed. With rigid fixation 
the limb can be moved and positioned without fear of loss 
of fracture position. In stable, uncomminuted fractures 
early ambulation is usually possible; this may not be the 
case if these fractures are treated by traction or casting. 
Use of external fixation also allows mobilization of some 
patients with pelvic fractures. 

6. The external fixation can be applied with the patient 
under local anesthésia, if necessary. If a patients general 
medical condition is such that use of a spinal or general 
anesthetic is contraindicated, the fixator can be inserted 
using local anesthésia, although this is not optimal. 

7. Rigid fixation can be used in infected, acute fractures or 
nonunions. Rigid fixation ofthe bone fragments in infected 
fractures or in infected established nonunions is a critical 
factor in controlling and obliterating the infection. This is 
rarely possible with casting or traction methods, and 
implantation of internai fixation devices is often ill advised. 
Modem external fixators in such instances can provide 
rigidity not afforded by other methods. 

8. Rigid fixation of failed, infected arthroplasties can be 
obtained when joint reconstruction is not possible and 
arthrodesis is desired. 

■ DISADVANTAGES 

1. Meticulous pin insertion technique and skin and pin 
track care are required to prevent pin track infection. 

2. The pin and fixator frame can be mechanically difficult 
to assemble by the uninitiated surgeon. 

3. The frame can be cumbersome, and the patient may reject 
it for aesthetic reasons. 

4. Fracture through pin tracks may occur. 

5. Refracture after frame removal may occur unless the limb 
is adequately protected until the underlying bone can 
again become accustomed to stress. 

6. The equipment is expensive. 

7. A noncompliant patient may disturb the appliance 
adjustments. 

8. Joint stiffness may occur if the fracture requires that the 
fixator immobilize the adjacent joint. This is most 
common with fractures involving the proximal or distal 
limits of the bone, with the major fragment affording 
insufficient pin purchase and dictating a set of pins and 
frame above the joint. 

9. External fixator components may interfère with the use 
of MRI. The induction of electric currents that can be 
produced and the possibility of heating of the external 
fixation device are two concerns; there are no reliable 
clinical data on either of these phenomena, however, and 
currently there is no industry standard for what is clini- 
cally “safe” in the use of MRI in patients with external 
fixator devices in place. Other concerns include the pos¬ 
sibility of damage to the MRI machine and interférence 
from external fixator components that make MRI scans 
invalid. 


■ COMPLICATIONS 

Widespread use has brought about a sériés of unique compli¬ 
cations. As with every other technique, however, adhérence 
to basic principles and use of proper technique can keep 
complications to a minimum. 

I PIN TRACK INFECTION 

Without proper technique for pin insertion and meticulous 
pin track care, pin track infection may be the most common 
complication, occurring in 30% of patients. Infection varies 
from minor inflammation remedied by local wound care; to 
superficial infection requiring antibiotics, local wound care, 
and occasional pin removal; to osteomyelitis requiring seques- 
trectomy. A comprehensive review of studies of pin care found 
one randomized, controlled study that showed no cleaning 
resulted in fewer infections than either saline solution cleans- 
ing or alcohol cleansing; another study found no différence 
between daily and weekly pin care. Because pin site irritation 
can lead to inflammation that results in infection, minimizing 
skin motion at the pin sites may be more important in prevent- 
ing infection than the spécifie cleansing agent or schedule. 

I NEUROVASCULAR IMPALEMENT 

The surgeon must be familiar with the cross-sectional 
anatomy of the limb and with the relatively safe zones and 
danger zones for pin insertion (Fig. 53-35). Several excellent 
manuals of cross-sectional anatomy are available and should 
be studied as part of the preoperative planning for external 
fixation. The radial nerve in the distal half of the arm and 
proximal half of the forearm, the dorsal sensory radial nerve 
just above the wrist, and the anterior tibial artery and deep 
peroneal nerve at the junction of the third and fourth quar- 
ters of the leg are the structures most often involved. Vessel 
pénétration, thrombosis, late érosion, arteriovenous fistulas, 
and the formation of aneurysms also hâve been observed. 

I MUSCLE OR TENDON IMPALEMENT 

Pins inserted through tendons or muscle bellies restrain the 
muscle from its normal excursion and can lead to tendon 
rupture or muscle fibrosis. Ankle stiffness is frequent if mul¬ 
tiple transfixing pins are used in fractures of the tibia. Limbs 
must be placed in a position that avoids contractures before 
wires or pins are inserted impaling tendons and muscle. 

I DELAYED UNION 

The rigid pins and frames can “unload” the fracture site, with 
cancellization and weakening of the cortex similar to that 
noted with internai rigid compression plate fixation if the 
fixator remains in place for several weeks or months. The 
callus produced is entirely endosteal, and delayed unions in 
20% to 30% (up to 80%) of fractures hâve been reported in 
the literature with prolonged use of the rigid fixator. 

I COMPARTMENT SYNDROME 

Increases in intracompartmental pressures of several milli- 
meters of mercury in a tense muscle compartment may occur 
as the resuit of pins traversing the compartment, leading to a 
full-blown compartment syndrome. 

I REFRACTURE 

Union resulting from the rigid fixation is largely endosteal, 
with little peripheral callus formation. The destressing of the 
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cortical bone by the rigid fixation results in cancellization of 
the cortex; refracture is possible after fixator removal, unless 
the limb is adequately protected by the use of crutches, sup¬ 
plémentai casts, or supports. 

I LIMITATION OF FUTURE ALTERNATIVES 

Such methods as open réduction become difficult or impos¬ 
sible if pin tracks become infected. 

■ INDICATIONS 

Indications for external fixation are relatively spécifie and 
infrequent, but there are no absolute indications. Each case 



A f Eleven cross sections of leg, arrangée! into five 
groups corresponding to areas most commonly used for external 
fixation: DI to D3, proximal epiphysis and metaphysis; D4 and D5, 
proximal diaphysis; D6 and D7, middle diaphysis; D8 and D9, distal 
diaphysis; D10 and D11, distal metaphysis and epiphysis. B f Cross- 
sectional anatomy of leg: 1, tibia; 2, tibial tuberosity; 3, fibular neck; 
4, tibial collateral ligament of knee, semitendinosus, and gracilis; 5, 
sartorius; 6, popliteus; 7, anterior tibial; 8, extensor digitorum 
longus; 9, peroneus longus; 10, soleus; 11, latéral head of gastroc- 
nemius; 12, médial head of gastroenemius; 13, anterior tibial vessels 
(branches); 14, posterior tibial vessels; 15, short saphenous vein; 16, 
long saphenous vein; 17, common peroneal nerve; 18, tibial nerve. 
(From Faure C, Merloz PH: Transfixation: atlas of anatomical sections for 
the external fixation of limbs, Berlin, 1987, Springer-Verlag.) 
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must be individualized. Routine use of the external fixator is 
not justified in patients in whom other conventional, time- 
tested methods, such as casting or open réduction and 
internai fixation, are applicable. Indications can be consid- 
ered in three categories: (1) accepted, (2) possible, and 
(3) occasional. 

I ACCEPTED INDICATIONS 

1. Severe type II and III open fractures 

2. Fractures associated with severe burns 

3. Fractures requiring subséquent cross-leg flaps, free vas- 
cularized graffs, or other reconstructive procedures 

4. Certain fractures requiring distraction (e.g., fractures 
associated with significant bone loss or fractures in paired 
bones of an extremity in which maintenance of equal 
length of the paired bones is important) 

5. Limb lengthening 

6. Arthrodesis 

7. Infected fractures or nonunions 

8. Correction of malunions 

■ POSSIBLE INDICATIONS 

1. Certain pelvic fractures and dislocations 

2. Open, infected pelvic nonunions 

3. Reconstructive pelvic osteotomy (i.e., exstrophy of the 
bladder) 

4. Fixation after radical tumor excision with autograff or 
allograff replacement 

5. Fémoral ostéotomies in children (use of this method 
éliminâtes the necessity of subséquent removal of internai 
fixation appliances such as plates and screws) 

6. Fractures associated with vascular or nerve repairs or 
reconstructions 

7. Limb reimplantation 

1 FIXATION OF MULTIPLE CLOSED FRACTURES 

External fixation may be an alternative in polytrauma patients 
with fractures that could be managed singly by traction, 
casting, or open réduction and internai fixation, but that can 
be difficult to immobilize in combination. This technique of 
rapid réduction and fixation and spanning of periarticular 
fractures (Fig. 53-36) has been termed “damage control 
orthopaedics .” 

I SEVERELY COMMINUTED FRACTURES 

External fixation can be used to supplément nonrigid internai 
fixation, for example, in comminuted fractures in which 
major fragments hâve been immobilized by Kirschner wires 
and screws but are not sufficiently rigid for definitive immo- 
bilization (Fig. 53-37). 



FIGURE 53-3i 


^ Spanning external fixation used for periarticular fracture fixation. 
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FIGURE 53-3 


^ A f Comminuted proximal tibial plateau fracture 
extending into tibial diaphysis. B and C f Articular reconstruction 
and fixation with simple lag screw followed by spanning knee 
external fixation with moderate distraction provided by anterior 
unilatéral frame to stabilize soft tissues by ligamentotaxis. (From 
Mast J, Jakob R, Ganz R: Planning and réduction technique in fracture 
surgery, Berlin, 1989, Springer-Verlag.) 


I LIGAMENTOTAXIS 

The term ligamentotaxis, common in the European literature, 
suggests that certain intraarticular fractures can be treated by 
external fixation using traction by the fixator on the capsular 
and ligamentous structures around the joint (see Fig. 53-37). 
This concept works well in comminuted intraarticular frac¬ 
tures of the distal radius, for which pins and plaster hâve 
commonly been employed. 

I FIXATION OF FRACTURES IN PATIENTS WITH 
HEAD INJURIES 

Rigid external fixation can be used to immobilize fractures 
temporarily in patients with severe head injuries who are 
having severe élévations in intracranial pressure, seizures, or 
continuai spasms, making traction, casting, or other forms of 
immobilization impractical. Unless rigidly fixed, the fracture 
can be compounded by seizures or frequent, severe muscle 
spasms. The external fixator can be removed and other forms 
of fracture management used when the head injury has 
improved. 

I FIXATION OF FRACTURES IN PATIENTS WHO 
REQUIRE FREQUENT TRANSPORTATION FOR 
DIAGNOSTIC TESTING, THERAPY, OR OTHER 
SURGICAL PROCEDURES 

External fixation allows transportation without disturbing 
the fracture réduction in cases in which traction does not 
allow patient transportation. 


I FIXATION OF FLOATING KNEE FRACTURES 

External fixation of ipsilateral fémoral and tibial fractures not 
suited for open réduction and internai fixation allows early 
knee function. 

I ASSESSMENT OF KNEE LIGAMENT STABILITY 
WITH FRACTURES OF THE UPPER TIBIA OR 
LOWER FEMUR IN PATIENTS IN WHOM 
INTEGRITY OF KNEE LIGAMENTS IS DIFFICULT 
TO ASSESS 

The use of an external fixator to stabilize the adjacent fracture 
permits évaluation of the presence or absence of associated 
knee ligament disruption. When knee ligament repair or 
reconstruction is required with associated fractures, an exter¬ 
nal fixator can be used to immobilize the fracture and the 
ligament repair. Probably no more than 3 to 4 weeks of rigid 
immobilization of the knee joint is required in such cases, 
after which time a hinged attachment can permit initiation of 
joint motion. Total immobilization of the joint for 6 to 8 
weeks offen results in some degree of joint ankylosis. 

I OCCASIONAL INDICATIONS 

The use of external fixation in closed fractures, for which 
conventional methods hâve proved successful, must be ques- 
tioned. Although the potential problems of pin track infec¬ 
tions, delayed unions, and refractures can be reduced by 
careful attention to the basic principles, they do occur. The 
technique of external fixation is valuable in the treatment of 
fractures of long bones, but it should be reserved for patients 
in whom réduction and immobilization cannot be safely 
obtained by conventional techniques. 

The general techniques for using external fixators are 
demanding, regardless of the spécifie fixator selected. Atten¬ 
tion to detail is essential if maximal advantage of the device 
is to be gained and potentially serious complications are to 
be minimized. The initial treatment of the condition for 
which the external fixator is chosen must be considered first: 
irrigation, debridement, and réduction of the severe, open 
fracture; drainage, debridement, and sequestrectomy of the 
infected fracture or nonunion; or removal of the components 
and cernent in the infected failed arthroplasty. Primary treat¬ 
ment in these and other conditions must be appropriately 
administered before fixator application. 

■ DESIGN AND APPLICATION OF 
EXTERNAL FIXATORS 

External fixators are composed of a bone anchorage System 
in the form of wires or pins, articulations, and longitudinal 
supports and are of two basic types: pin and ring. Pin fixators 
are subdivided into simple fixators, which provide indepen- 
dent application of single pins, and clamp fixators, which 
permit spatially constrained pin clusters (Fig. 53-38). Pin 
clamps offen are connected to support members through 
“universal” articulations that permit adjustments after appli¬ 
cation. Pin fixators can be used in four basic configurations 
(Fig. 53-39). A unilatéral frame with a support member and 
half-pins on one plane constitutes a unilatéral one-plane con¬ 
figuration (Fig. 53-40). The addition of a second support 
member and a second plane of half-pins form a unilatéral 
two-plane configuration. Transfixation pins connected to 
support members at either end are used to build the bilateral 
one-plane configuration. The addition of a second plane of 
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FIGURE 53-3 


_ B A-C f Examples of external fixation devices: AO, Unifix, Orthofix. (From Bechtold JE: Biomechanics of fracture fixation 

devices. In Gustilo RB, Kyle RF, Templeman DC, editors: Fractures and dislocations, St. Louis, 1993, Mosby.) 





1-Plane 


2-Plane 


Unilatéral frames 


1-Plane 


2-Plane 


Bilateral frames 


Four basic fixator configurations. (From Behrens F, Searls K: External fixation of the tibia: basic concepts and prospective 
évaluation, J Bone Joint Surg 68B:246, 1986.) 


half-pins or possibly transfixation pins forms a bilateral two- 
plane configuration. 

Ring fixators consist of complété or partial rings con¬ 
nectée! by rods or articulated members (Fig. 53-41). Rings are 
anchored to bone with half-pins or highly tensioned wires 1.5 
to 2.0 mm in diameter. In addition to the fixation of acute 
fractures, elaborate hinged frames can be created to treat 
nonunions and malunions. 


To prevent the problems of pin loosening, pin track infec¬ 
tion, and possible neurovascular injury during pin insertion, 
the pinless external fixator was designed to be attached by 
clamps anchored in the cortex, rather than by pins that pen- 
etrate the medullary canal. Animal and cadaver studies 
showed this device to be strong enough for temporary frac¬ 
ture fixation, and it has been described as an idéal tool for 
emergency stabilization because the application technique is 
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FIGURE 


^ A and B f External fixation with unilatéral frame. 


easy to learn, the device can be applied quickly (average of 20 
minutes in their study), and it does not preclude the use of 
any further treatment methods (repeated debridements, soft- 
tissue coverage, and internai or external fixation of the frac¬ 
ture). Although this device is no longer commercially available 
in the United States, a 2015 report from China of 96 patients 
showed good results at an average follow-up of 2 years. 

Hybrid external fixation techniques hâve been devel- 
oped that combine wire fixation and half-pin fixation (Fig. 
53-42). These devices hâve been used most frequently for 
fractures of the proximal or distal tibia with compromised 
soft tissue, diaphyseal extension, and minimal articular 
comminution. Several authors hâve reported good results 
with hybrid external fixation of proximal tibial fractures, but 
ail emphasize that accurate réduction of articular surfaces, 
either open or percutaneous, is mandatory. Indications and 
techniques for hybrid external fixation are discussed in 
Chapter 54. 

Combinations of internai and external fixation also hâve 
been reported to be effective for stabilization of severely com- 
minuted fractures, with cited advantages of anatomie stable 
fixation, less soff-tissue dissection, and no large implants. 
Good results hâve been reported with limited internai fixa¬ 
tion combined with external fixation in the treatment of 
complex tibial plateau fractures, distal tibial (pilon) fractures, 
and open tibial shaff fractures. One study, however, found no 
statistical différences in time to full weight bearing; time to 
union; or frequency of delayed union, osteomyelitis, mal¬ 
union, infection, or pin loosening between open tibial frac¬ 
tures treated with external fixation alone and those treated 
with combined external fixation and lag screw fixation. 
Refractures and the need for bone graffing to obtain union 


were more than twice as frequent in the group with lag screw 
fixation. We hâve had good results with screw fixation of 
articular fragments combined with external fixation (Fig. 
53-43) but hâve not used this technique in diaphyseal frac¬ 
tures, which usually can be adequately stabilized with stan¬ 
dard internai or external fixation methods. 

A spectrum of fracture responses, from primary healing, 
to gap healing, to fusiform secondary callus, is seen with 
external fixation. Although initial stages of healing are 
improved by stability, later stages of healing, including the 
stimulation of callus indicative of secondary bone healing, 
may benefit from decreasing frame stability. Axial micromo¬ 
tion or dynamization may be especially bénéficiai. Most 
authors recommend at least partial early weight bearing after 
wound healing. Weight bearing must be gauged by increasing 
fracture stability. In segmentai defects or comminuted frac¬ 
tures, weight bearing must be minimal so as not to exceed 
critical pressure at the pin-bone interface, which can cause 
résorption and loosening. In the late stages of fracture healing, 
several authors recommend graduai frame modification or 
“build down,” in addition to axial dynamization, to continue 
stimulation of fracture healing. 

I GENERAL METHOD FOR HALF-PIN FIXATORS 

The skin and other soft tissues must be handled with care. 
The skin should be sharply incised with short longitudinal 
incisions along safe zones. Bone is reached with gentle blunt 
dissection when the subeutaneous border of the tibia is not 
being used. Drill sheaths should be used during drilling, 
tapping (when indicated), and pin insertion. A new drill bit 
should be used with each procedure. Hand drilling or low- 
speed power drilling with pauses is preferred. Pins should be 
inserted by hand through sheaths. Thermal necrosis may be 
the initiating event in pin loosening and infection. Predrilling 
reduces bone température by approximately 50%. Pin sites 
should be cleaned daily with a washcloth and soap and water, 
usually in a shower, and covered by a light pressure dressing 
to minimize pin-skin motion. 

I GENERAL METHOD FOR CIRCULAR 
WIRE FIXATORS 

In general, 1.5-mm and 1.8-mm wires need no incision or 
drill sheath. Larger, 2-mm wires can be inserted with a sheath 
and incision. Olive wires require a small incision through the 
skin only. Wires are used that hâve a spécial self-drilling tip so 
that no predrilling is required. A low-speed power drill with 
frequent pauses (or, preferably, an oscillating drill) or a hand 
drill should be used. After the safe angle for the transfixation 
wire at a given cross-sectional level is determined, the wire is 
stabbed through skin and muscle to bone. With a low-speed 
drill, the wire is drilled across both cortices of the bone. When 
the wire emerges from the far cortex, it is driven across the 
remaining soft tissues with a mallet. Care is taken to traverse 
soft tissue exactly as it lies without creating pressure or tension 
at the pin-skin interface. Wires are fixed to the external frame 
without bending to meet the frame, which occasionally may 
require small spacers. In general, large fracture fragments 
require two levels of fixation with two wires at each level. 
Short fragments can be fixed with one ring and a drop wire or 
with a wire offset from the main ring by a few centimeters. 
Stability is increased by increasing the angle between the 
wires at each level within anatomie constraints. 
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FIGURE 


Q A-D f Ring fixator created for treatment of acute segmentai tibial fracture. 



Hybrid external fixation of distal tibial and 


fibular fractures. 


PIN INSERTION 


TECHNIQUE 53-6 


■ Make a short longitudinal incision. 

■ Insert the drill sleeve and trocar into the pin clamp, and 
advance it to the cortex. 

■ Remove the trocar from the drill sleeve. 

■ Drill both cortices using the appropriate drill bit for the 
pin. Usually, 4-mm pins are used for the upper extremity 
and 5-mm or 6-mm pins are used for the fémur and tibia. 

■ Use the depth gauge through the drill sleeve for depth 
measurement. 
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FIGURE 


Screw fixation of articular fragment combinée! with external fixation. 


■ Insert the appropriate pin though the sleeve and confirm 
bicortical purchase of the screws; this is easier with image 
intensification. 

■ Tighten the pin attachments; add additional pins and 
longitudinal supports as necessary for stability. 

■ Fémoral fractures should be stabilized with at least six 
pins. Use at least three pins in a multiplane configuration 
to fix a short fragment at the hip or knee. 


I ILIZAROV EXTERNAL FIXATOR 

Ilizarov developed techniques to treat a variety of orthopae- 
dic problems, including fractures, nonunions, and deformi- 
ties, using an innovative modular circular external fixator 
with tensioned wires. Many changes in external fixation 
design and use hâve occurred in recent years, the most 
important of which is the shiff toward half-pin frames and 
maintenance of the external fixator until union of unstable 
fractures. A tradeoff exists between the need for initial rigid- 
ity to maintain fracture alignment and lessen the risk of infec¬ 
tion in open fractures and the need for axial micromotion to 
stimulate fracture healing and prevent nonunion. Although 
it is only 25% as stiff axially as unilatéral fixators, the Ilizarov 
external fixator is similar to pin fixators in its stiffness in 
bending and shear. Wire diameter and tension are the most 
important factors affecting frame stability. Other factors 
influencing frame stiffness include size, number, and location 
of the rings, divergence of the transfixing wires, use of olive 
wires, and distraction or compression loads at the fracture or 
nonunion. Intrinsic biomechanical factors unique to each 
patient include weight, cortical continuity, and integrity of 
the soft tissues. 

The Ilizarov external fixator permits stabilization of high- 
energy fractures with minimal operative trauma to soft 


tissues, preserving critical blood supply (see Fig. 53-38). Early 
use of the limb, including weight bearing, is permitted and 
encouraged. The Ilizarov technique often éliminâtes the need 
for extensive soft-tissue procedures and bone grafting. Ten¬ 
sioned wire fixators are especially useful in treating chronic 
malunion and nonunion, with or without infection. Angula- 
tory, translation, rotational, and length deformities can be 
corrected and union can be obtained in many of these diffi- 
cult situations. Another application of the Ilizarov device is 
in salvage arthrodesis of the knee, ankle, and hindfoot. 

The latest adaptation of the Ilizarov pin-to-ring concept 
is the spatial frame. This device uses a computer program to 
identify where the fracture is in space and, with mathematic 
calculations (also using a computer program), deformities 
can be corrected and fractures can be reduced without return- 
ing to the operating room. We also hâve used this device to 
reduce fractures acutely under image intensification (Fig. 
53-44). Spécifie applications of external fixation to respective 
fractures are discussed further in the appropriate chapters 
(see Chapters 54 and 56 to 58). 

REHABILITATION 

Réhabilitation of the patient and extremity should begin 
immediately, depending on the fracture and soft-tissue stabil¬ 
ity. We believe that adjacent joints should be mobilized as 
soon as possible; however, in open fractures, motion of mus- 
culotendinous units over fracture surfaces would irritate the 
soft tissues and may decrease résistance to infection. We 
usually incorporate immobilization of adjacent joints with 
splints, braces, or foot attachments to external fixation 
Systems to prevent contracture. Physical therapy should 
include active and active-assisted exercises for joint mobiliza- 
tion as soon as soft-tissue healing permits. Neurologie déficits 
resulting in loss of active motion should be evaluated, and the 
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Application of spatial-frame external fixator 
with use of image intensification. 


appropriate joints should be splinted in functional positions 
to avoid contractures. 

Weight bearing should be limited, depending on the sta- 
bility of fixation, the type of fixation and its inhérent fatigue 
life, and the systemic condition of the patient. Progression of 
weight bearing should be monitored radiographically accord- 
ing to evidence of stability and bone régénération. We usually 
allow weight bearing as tolerated with most axially stable 
fractures treated with locked intramedullary nailing that do 
not hâve intraarticular extension. Weight bearing is protected 
in more unstable fractures until some fracture healing has 
occurred. With intraarticular fractures, weight bearing is not 
allowed for 3 months but early motion is encouraged. Range- 
of-motion and strengthening exercises should be monitored 
and directed by the physician and physical therapist; however, 
the patient should be instructed as to his or her responsibility 
for maximal functional return of the extremity. Vocational 
réhabilitation counseling should be initiated early to enable a 
productive return to society. 

TREATMENT OF COMPLICATIONS 
FROM SURGICAL TREATMENT 
OF FRACTURES 

INFECTION 

Infections occur in 5% to 10% of open fémoral and tibial 
fractures fixed with intramedullary nailing, and pin track 
infections occur in 0.5% to 42% treated with external fixation. 
Orthopaedic surgical site infections hâve been reported to 
prolong total hospital stays by an average of 2 weeks, approxi- 
mately double rehospitalization rates, and increase health 
care costs by more than 300%. In addition, patients with 
orthopaedic surgical site infections hâve substantially greater 
physical limitations and réductions in their health-related 
quality of life. Thus, it is important to prevent these infections 
when possible and to administer prompt and appropriate 
treatment when they occur. 

A relatively recent concern has been the frequency 
of methicillin-resistant Staphylococcus aureus (MRSA) 
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infections in trauma patients; the reported rate of MRSA 
infections (11%) in trauma patients is nearly double that 
reported in general orthopaedic patients (4% to 5.6%). One 
study found that MRSA carrier status at the time of admission, 
hip fracture, and advancing âge (with an almost 2% increase 
in relative risk per year) were associated with higher rates of 
infection in orthopaedic trauma patients, whereas another 
large case-control study showed that vascular disease, chronic 
obstructive pulmonary disease, being admitted to an intensive 
care unit, having an open wound, and increased âge were risk 
factors of the development of a deep infection with MRSA at 
the surgical site. Measurement of C-reactive protein levels has 
been reported to be valuable in the diagnosis of infection after 
internai fixation of fractures. In ail patients studied, C-reactive 
protein levels increased after surgery, peaking on the second 
postoperative day, after which levels decreased. In those 
without infection, C-reactive protein levels continued to 
decrease but in those with infections a secondary élévation in 
C-reactive protein levels was noted beginning on the fourth 
day after surgery. A C-reactive protein value of greater than 
or equal to 96 mg/L on the fourth day after surgery was found 
to be prédictive of infection. 

These infections should be treated aggressively with 
repeat surgical debridements and appropriate antibiotic cov- 
erage (usually intravenous). When infection occurs in the 
presence of a skeletal fixation device (plate, nail, external 
fixator), there is a tradeoff between bony stability and foreign 
body response. Stability is necessary to eliminate the infec¬ 
tion, but organisms may remain adhèrent to the orthopaedic 
implant, resulting in a persistent infection. If an implant is 
not needed to maintain bony stability, it should be removed. 
Implants needed for stability should be retained until bony 
stability occurs, or they should be replaced by another form 
of fixation (e.g., removing a plate and replacing it with an 
external fixator). A study of 121 patients who had early post¬ 
operative infections after internai fixation of fractures 
reported fracture union in 71% with operative debridement, 
rétention of hardware, and culture-spécifie antibiotic treat¬ 
ment and suppression. Variables significantly associated with 
the success of obtaining osseous union were open fracture 
(58% success versus 79% in closed fractures) and use of an 
intramedullary nail (46% vs. 77% with either plates or screws); 
other factors included tobacco use (66% versus 76% in non- 
tobacco users), Pseudomonas infection (44% versus 73% with 
non -Pseudomonas infection), and MRSA infection (65% 
versus 74% with non-MRSA infection). 

If infections are not treated aggressively, surgical fixation 
becomes compromised. It is easier to treat a stable healed 
fracture with osteomyelitis than an unstable infected non- 
union. For infections after intramedullary nailing of tibial 
fractures, most authors now recommend leaving the nail in 
place until fracture union, and then removing the nail and 
reaming the medullary canal. If sequestrectomy is required, 
exchange nailing usually is necessary. 

Of 1520 fémoral and tibial nailings performed at the Elvis 
Presley Régional Trauma Center between 1984 and 1993, 34 
(2.2%) fractures became infected (17 fémoral and 17 tibial). 
Debridement and irrigation with nail rétention until fracture 
union, followed by nail removal and canal brushing or 
reaming at fracture union, led to 100% union and 100% érad¬ 
ication of infection in 17 infected fémoral fractures. Infected 
tibial fractures had more complications. Two below-knee 
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amputations were necessary because of soft-tissue problems. 
Ail remaining fractures United, whether converted to external 
fixators or treated with the nail left in situ; however, fractures 
treated with external fixation took twice as long to heal. 
When révision of fixation is needed to achieve fracture stabil- 
ity, exchange nailing may be préférable to external fixation to 
speed fracture union. 

GAS GANGRENE 

The term gas gangrené implies an infection with the Clos¬ 
tridium species of anaérobie bacteria, but many necrotizing 
soft-tissue infections are caused by mixed aérobic and anaér¬ 
obie gram-negative and gram-positive bacteria. Clostridium 
can be cultured from approximately 30% of deep infections, 
but only a few progress to myonecrosis. Clostridium species, 
most commonly C. perfringens , C. novyi , and C. septicum, 
cause the most dramatic infections and are the most deadly, 
with mortality rates of 40% reported. More recent reports 
noted survival rates of greater than 90%, however. 

C. perfringens , which causes approximately 90% of gas 
gangrené infections, contains four major toxins: alpha, beta, 
epsilon, and thêta. The alpha toxin has been shown to be 
hemolytic, destroying platelets and polymorphonuclear leu¬ 
kocytes, and to cause widespread capillary damage. This toxin 
has been suggested to be important in infections that progress 
to gas gangrené. 

Gas gangrené historically has been associated with war 
injuries. During World War I, gas gangrené occurred in 6% 
of open fractures and 1% of ail open wounds; this frequency 
decreased to 0.7% during World War II, 0.2% during the 
Korean War, and 0.002% during the Vietnam War. Although 
gas gangrené usually is associated with open fractures or 
other severe soft-tissue trauma, it can occur affer surgery or 
with no antécédent trauma. 

Clostridial infections usually involve soft tissues and only 
rarely affect bone. They can cause a range of conditions, 
including simple contamination of a wound, localized infec¬ 
tion of the skin and soft tissues without systemic symptoms, 
spreading cellulitis and fasciitis with systemic toxicity, and 
clostridial myonecrosis (gas gangrené). Localized infections 
usually spread slowly and cause little pain or edema, whereas 
spreading cellulitis and fasciitis progress rapidly; when sup¬ 
puration, gas in the soft tissues, and toxemia are présent, the 
condition usually is fatal within 48 hours. 

Gas gangrené typically begins with the sudden appear- 
ance of pain in the région of the wound. In contrast to the 
pain with spreading cellulitis, the pain remains only in 
the infected régions and spreads only as the infection spreads; 
the infection can progress 10 cm per hour. The puise rate may 
be elevated, but température generally is not, although fever, 
sweating, and anxiety or delirium may develop; profound 
shock and systemic toxemia can develop rapidly. The skin 
over the area usually is tense, white, and cooler than normal; 
it later progresses to dark red or purple. Muscle involvement 
is almost always more extensive than indicated by skin 
changes. 

The diagnosis can be confirmed by local exploration of 
the wound and by radiographs, CT, or MRI; however, surgery 
should not be delayed in a patient in whom gas gangrené is 
highly suspected and whose symptoms are worsening. Prompt 
surgical removal of dead, damaged, and infected tissue 
(debridement) is necessary. Fasciotomy may be necessary for 


compartment syndrome. Amputation of an arm or leg may 
be indicated to control the spread of infection. Although 
penicillin G is effective against clostridial species, mixed 
infections are common and antibiotic treatment should 
include aminoglycosides, penicillinase-resistant penicillins, 
or vancomycin. For patients who are allergie to penicillin, 
alternative choices include clindamycin, a third-generation 
cephalosporin, metronidazole, and chloramphenicol. Tetanus 
prophylaxis should be ensured. Polyvalent antitoxin has not 
proved effective and is no longer used. 

Hyperbaric oxygen therapy, as an adjunct to surgery and 
antibiotics, has had variable results in the treatment of gas 
gangrené. It generally is done with 100% oxygen at 3 atm of 
pressure for 1 to 2 hours every 8 to 12 hours, for a total of six 
to eight treatments. Proponents suggest that élévation of 
oxygen tension in the région of functioning capillaries in the 
infected wound halts alpha toxin production, and necrotic 
tissue can be debrided more conservatively, salvaging more 
viable tissue than would otherwise be possible. Several clini- 
cal studies hâve reported that lower morbidity and mortality 
rates were obtained with rapid initiation of hyperbaric oxygen 
therapy, whereas others hâve disputed the value of such a 
logistically difficult therapy. 

The most important factors in the successful treatment of 
gas gangrené are early diagnosis and prompt treatment. To 
minimize morbidity and mortality, aggressive treatment, 
including surgical debridement and intravenous antibiotics, 
with or without hyperbaric oxygen therapy, must be insti- 
tuted promptly. 

TETANUS 

Because of widespread vaccination programs, tetanus is a rare 
complication of open fractures in most developed countries. 
According to the Centers for Disease Control and Prévention 
(CDC), during 2001 through 2008 an average of 29 cases of 
tetanus were reported each year among the approximately 
one quarter billion individuals in the United States, for an 
annual incidence of 0.10 per million population. The overall 
mortality rate among the cases for which outcome was 
reported was 13%; the mortality rate in persons aged 65 or 
older was nearly three times higher. The CDC also reported 
tetanus vaccination coverage in only 57% of individuals 
between the âges of 18 and 64 and in only 44% of those 65 
years of âge and older. 

When actively immunized with tetanus toxoid, patients 
require only a booster dose. Patients not immunized and 
patients with tetanus-prone wounds require human tetanus 
immune globulin, 250 U, for most wounds. The Subcommit - 
tee on Advanced Trauma Life Support of the American 
College of Surgeons identified several characteristics of 
tetanus-prone wounds: more than 6 hours old; stellate, avul¬ 
sion, or abrasion configuration; depth of more than 1 cm; 
injury mechanism of missile, crush, burn, or frostbite; signs 
of infected, devitalized, denervated, or ischémie tissue; and 
contaminants (e.g., dirt, feces, soil, saliva). A tetanus toxoid 
active immunization sériés also should be started. Human 
tetanus immune globulin does not interfère with simultane- 
ous active immunization with toxoid; however, separate 
syringes and separate sites of injection must be used for each. 
The protective level of antibodies provided by human tetanus 
immune globulin lasts longer than that provided by equine 
tetanus antitoxin, and by the time this level is decreasing, 
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active immunization usually is effective. The second dose of 
tetanus toxoid should be given 4 weeks after the initial one, 
and a third dose should be given 6 to 12 months later. If 
manipulation of the wound or fracture is necessary at 1 to 2 
months after injury, the dose of human tetanus immune glob- 
ulin should be repeated. 

Formerly, for patients who had been immunized with 
tetanus toxoid but had not received a booster dose during the 
previous 4 years, the administration of tetanus antitoxin was 
recommended for severe type III wounds. It is now known 
that the protection produced by active immunization lasts a 
long time and that a booster dose is effective in reactivating 
the immune mechanism for at least 6 and probably 10 years. 
An old open fracture that has healed and has been free of 
drainage for many months or years may still contain viable 
spores of C. tetani. Consequently, a reconstructive procedure 
such as bone grafting should not be done until the patient is 
actively immunized with tetanus toxoid. 

According to the CDC 2011 report, 96% of those who 
sought care for their tetanus-prone wounds did not receive 
appropriate tetanus prophylaxis. Health care providers were 
encouraged to periodically assess their patients tetanus vac¬ 
cination status, especially those likely to be inadequately vac- 
cinated or at increased risk for tetanus, such as individuals 
older than the âge of 65, those with diabètes, and injection 
drug users. 

SOFT-TISSUE COMPLICATIONS 

Wound dehiscence may be a sign of occult or impending 
infection. The treatment is surgical debridement of ail necrotic 
tissue. Plastic surgery consultation may be helpful. Many 
trauma patients are malnourished and hâve nutritional defi- 
ciencies during their hospitalization; this may resuit in 
impaired wound healing and infection. The treatment is 
nourishment through enterai or parentéral nutrition. 

Fracture blisters or blebs may occur in high-energy 
trauma or in fractures adjacent to joints or areas of restricted 
skin mobility (Fig. 53-45). Fracture blisters generally are 
designated as bloody or clear. Bloody blisters are more likely 
to be infected, so surgery should be avoided in those areas. 
Clear blisters are less likely to be infected, and these areas 
may tolerate surgical intervention. If feasible, the blebs should 
be allowed to résolve, which may take 10 to 14 days, and 
surgical treatment can be delayed; or the blebs can be treated 
aggressively. 



Blood blister. 


Fracture blisters resemble second-degree burns histologi- 
cally. We hâve used a burn treatment protocol for fracture 
blebs that calls for surgical excision using stérile technique 
and treatment of the wound base with Silvadene ointment 
dressings daily. With this protocol, we believe that stable epi¬ 
thelium usually is attained faster (within 5 to 10 days) and 
with less chance of superficial infection. 

Swelling may not allow wound closure. We prefer to delay 
surgery until the skin can be wrinkled on examination, which 
usually indicates adéquate pliability of the skin to support 
surgical intervention in that area. 

THROMBOEMBOLIC COMPLICATIONS 

Although fatal pulmonary emboli are rare in trauma patients, 
the occurrence of pulmonary emboli may complicate further 
the systemic demands on the patient. The difficulty is that no 
treatment for thromboembolie complications is without sig¬ 
nifiant risk of morbidity or mortality, either from hémor¬ 
rhagie complications secondary to anticoagulation or from 
migration or chronic venous stasis secondary to vena caval 
filters. Physical methods, such as stockings and intermittent 
compression, frequently are not applicable in patients with 
lower extremity fractures. Currently, we favor vena cava filters 
for polytrauma patients at high risk for pulmonary embolism, 
especially patients with spinal or pelvic and acetabular 
fractures. 

Protocols for prophylaxis and treatment of deep vein 
thrombosis and pulmonary embolism currently are under 
évaluation. The combination of foot pumps and short-chain 



A f Broken fémoral intramedullary nail resulted 
in nonunion that required bone grafting and plate fixation. 
B f Broken screws proximally and distally did not impede bony 
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heparins has been shown to be the safest prophylaxis for deep 
vein thrombosis and pulmonary embolism. The use of foot 
pumps allows early prophylaxis after injury and after surgery, 
whereas the short-chain heparins are used later when bleed- 
ing was less likely. 

BIOMECHANICAL CONSTRUCT 
COMPLICATIONS 

Ail implants and external fixation Systems eventually fail if 
bone régénération does not occur in a timely fashion (Fig. 
53-46). If possible, it is best to augment the fracture régénéra¬ 
tion with autogenous bone grafts and weight-bearing methods 
as early as possible to maximize the fatigue life of the fracture 
fixation construct. Other treatment options for delayed 
unions and nonunions are described in the following chap- 
ters. Fracture management can be one of the most exciting 
and challenging problems that a physician faces. It requires 
an approach that is strategie and tactical. 

Gill stated, “Study principles rather than methods. A 
mind that grasps principles will devise its own methods” 
(cited in Bick). 
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This chapter discusses the surgical management of common 
fractures in the lower extremity in adults. Indications and 
techniques for plating, intramedullary nailing, and external 
fixation are constantly being refined. Basic techniques of fixa¬ 
tion are discussed in Chapter 53. The treatment of lower 
extremity fractures in children is discussed in Chapter 36. 

Nonoperative treatment generally is restricted to stable, 
minimally displaced fractures or to fractures in patients with 
significant comorbidities that preclude surgery. Intramedul¬ 
lary nailing has become the treatment of choice for most 
fémoral and tibial diaphyseal fractures, including select frac¬ 
tures with proximal and distal metaphyseal involvement; 
plating is most commonly indicated for periarticular frac¬ 
tures; and external fixation is most commonly indicated for 
periarticular fractures, fractures with severe soff-tissue injury, 
and temporary fixation before definitive fixation with another 


method. The indications, contraindications, and limitations 
of these techniques are discussed for each type of lower 
extremity fracture. 

Operative management of fractures of the hip and pelvis 
is discussed in Chapters 55 and 56. Fractures and dislocations 
of the foot are discussed in Chapter 8. 

ANKLE 

Injuries around the ankle joint cause destruction of not only 
the bony architecture but also offen the ligamentous and soff- 
tissue components. The treatment of the soff-tissue and liga¬ 
mentous components is discussed in Chapter 82. With 
fractures of the ankle, only slight variation from normal is 
compatible with good joint function. Radiographs after 
réduction should be studied with these requirements in mind: 
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(1) the normal relationships of the ankle mortise must be 
restored, (2) the weight-bearing alignment of the ankle must 
be at a right angle to the longitudinal axis of the leg, and (3) 
the contours of the articular surface must be satisfactorily 
reduced. The best results are obtained by anatomie joint 
restoration, and the method used to accomplish this may be 
either closed manipulation or open réduction and internai 
fixation (ORIF). For most fractures, the latter method most 
often ensures anatomie joint restoration and union. 

CLASSIFICATION 

Ankle fractures can be classified purely along anatomie fines 
as monomalleolar, bimalleolar, or trimalleolar. The Lauge- 
Hansen classification attempted to associate spécifie fracture 
patterns with the mechanism of injury and proposed a detailed 
classification, with each broad classification subdivided into 
four groups (Box 54-1). According to this classification, most 
fractures are supination-eversion, supination-adduction, 


Lauge-Hansen Classification 


Supination-Adduction (SA) 

Transverse avulsion-type fracture of the fibula below the level 
of the joint or tear of the latéral collateral ligaments 
Vertical fracture of the médial malleolus 

Supination-Eversion (External) Rotation (SER) 

Disruption of the anterior tibiofibular ligament 
Spiral oblique fracture of the distal fibula 
Disruption of the posterior tibiofibular ligament or fracture 
of the posterior malleolus 

Fracture of the médial malleolus or rupture of the deltoid 
ligament 

Pronation-Abduction (PA) 

Transverse fracture of the médial malleolus or rupture of the 
deltoid ligament 

Rupture of the syndesmotic ligaments or avulsion fracture of 
their insertions 

Short, horizontal, oblique fracture of the fibula above the 
level of the joint 

Pronation-Eversion (External) Rotation (PER) 

Transverse fracture of the médial malleolus or disruption of 
the deltoid ligament 

Disruption of the anterior tibiofibular ligament 
Short oblique fracture of the fibula above the level of the 
joint 

Rupture of posterior tibiofibular ligament or avulsion fracture 
of the postérolatéral tibia 

Pronation-Dorsiflexion (PD) 

Fracture of the médial malleolus 
Fracture of the anterior margin of the tibia 
Supramalleolar fracture of the fibula 
Transverse fracture of the posterior tibial surface 

*Classification into fracture type (A to C) and group (1 to 3). 

From Geissler WB, Tsao AK, Hughes JL: Fractures and injuries of the ankle. In 
Rockwood CA Jr, Green DP, Bucholz RW, et al, editors: Rockwood and Green's 
fractures in adults, ed 4, Philadelphia, 1996, Lippincott-Raven. 


pronation-abduction, and pronation-eversion injuries. In this 
classification System, the term eversion is a misnomer; it more 
correctly should be external or latéral rotation. The first word 
in the désignation refers to the foots position at the time of 
injury; the second word refers to the direction of the deform- 
ing force. 

The most common mechanism is supination-eversion 
(supination-external rotation). The identifying feature is a 
spiral oblique fracture of the distal fibula and a rupture of the 
deltoid ligament or fracture of the médial malleolus. The 
supination-adduction type of injury is characterized by a 
transverse fracture of the distal fibula and a relatively vertical 
fracture of the médial malleolus. The pronation-abduction 
mechanism produces a transverse fracture of the médial mal¬ 
leolus and a short oblique fracture of the fibula that appears 
relatively horizontal on the latéral radiograph. The pronation- 
eversion (pronation-external rotation) mechanism is charac¬ 
terized by a deltoid ligament tear or a fracture of the médial 
malleolus and a spiral oblique fracture of the fibula relatively 
high above the level of the ankle joint. Analysis of the fracture 
configuration, and hence the mechanism of forces producing 
the fracture, is especially important if closed réduction and 
immobilization are planned as definitive treatment. Gener- 
ally, the mechanism of forces producing the fracture is 
reversed by the closed réduction manipulation; for example, 
if the fracture is produced by a supination, eversion, or exter¬ 
nal rotation mechanism, réduction is achieved by a prona¬ 
tion, inversion, or internai rotation manipulation. 

S orne authors caution against using the Lauge-Hansen 
classification alone to détermine treatment and recommend 
that treatment be based on a clinical détermination of stabil- 
ity. O’Leary and Ward described an abduction-external rota¬ 
tion mechanism that resulted in fracture of the médial 
malleolus and avulsion of the deltoid ligament, emphasizing 
the difficulty in determining the full extent of injury affer 
high-velocity impact. This injury results from initial abduc¬ 
tion and external rotation, followed by violent adduction that 
fractures the médial malleolus. Whitelaw et al. recommended 
évaluation of ankle joint stability by the anterior drawer and 
talar tilt tests affer bony stabilization and surgical repair of 
any concomitant ligamentous disruption. 

The Danis-Weber classification (Fig. 54-1) is based on the 
location and appearance of the fibular fracture. Type A frac¬ 
tures are caused by internai rotation and adduction that 
produce a transverse fracture of the latéral malleolus at or 
below the plafond, with or without an oblique fracture of the 
médial malleolus. Type B fractures are caused by external 
rotation resulting in an oblique fracture of the latéral malleo¬ 
lus, beginning on the anteromedial surface and extending 
proximally to the postérolatéral aspect. The injury may 
include rupture or avulsion of the anteroinferior tibiofibular 
ligament, fracture of the médial malleolus, or rupture of the 
deltoid ligament. Approximately 80% to 90% of latéral mal- 
leolar fractures fall into the Danis-Weber type B category. 
Type C fractures are divided into abduction injuries with 
oblique fracture of the fibula proximal to the disrupted tibio¬ 
fibular ligaments (C-l) and abduction-external rotation inju¬ 
ries with a more proximal fracture of the fibula and more 
extensive disruption of the interosseous membrane (C-2). 
Type C injuries may involve a médial malleolar fracture or a 
deltoid ligament rupture. Fracture of the posterior malleolus 
may accompany any of the three types. The AO classification 
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FIGURE 


based on mechanism of injury and location and appearance of 
fibular fracture (see text). (Redrawn from Weber BG: Die Verletzun- 
gen des oberen Sprunggelenkes. In Aktuelle Problème in der Chirurgie, 
Bern, 1966, Verlag Hans Huber.) 


divides the three Danis-Weber types further for associated 
médial injuries (Box 54-2). Malek et al. reported high interob¬ 
server and intraobserver reliability using the Danis-Weber 
classification System of 78% and 85%, respectively. 

Authors hâve demonstrated that there is considérable 
interobserver variability between the classification Systems 
for ankle fractures. In addition, although the Lauge-Hansen 
and Danis-Weber classifications hâve proved useful for 
understanding the mechanisms of injury and planning treat- 
ment, neither has been shown to hâve prognostic signifi- 
cance. Furthermore, the Lauge-Hansen classification scheme 
has demonstrated limitations in predicting associated soff- 
tissue injuries when evaluated with MRI. 

ISOLATED FRACTURES OF THE MEDIAL 
AND LATERAL MALLEOLI 
■ MEDIAL MALLEOLUS 

Nondisplaced fractures of the médial malleolus usually can 
be treated with cast immobilization; however, in individuals 
with high functional demands, internai fixation may be 
appropriate to hasten healing and réhabilitation. Herscovici 


AO Classification of Malleolar Fractures 


Type A: Fibular Fracture Below Syndesmosis 
(Infrasyndesmotic) 

Al: isolated 

A2: with fracture of médial malleolus 
A3: with a posteromedial fracture 

Type B: Fibular Fracture at Level of Syndesmosis 
(Transsyndesmotic) 

B1: isolated 

B2: with médial lésion (malleolus or ligament) 

B3: with a médial lésion and fracture of postérolatéral 
tibia 

Type C: Fibular Fracture Above Syndesmosis 
(Suprasyndesmotic) 

Cl: fracture of the fibula, simple 

C2: diaphyseal fracture of the fibula, complex 

C3: proximal fracture of the fibula 

From Geissler WB, Tsao AK, Hughes JL: Fractures and injuries of the ankle. In 
Rockwood CA Jr, Green DP, Bucholz RW, et al, editors: Rockwood and Green's 
fractures in adults, ed 4, Philadelphia, 1996, Lippincott-Raven. 


et al. obtained a high rate of union and functional outcome 
with conservative management of isolated médial malleolar 
fractures. Displaced fractures of the médial malleolus should 
be treated operatively because persistent displacement allows 
the talus to tilt into varus. Avulsion fractures involving only 
the tip of the médial malleolus are not as unstable as fractures 
involving the axilla of the mortise and do not require internai 
fixation, unless displacement is significant. Delayed internai 
fixation can be done if symptoms warrant. Fixation of the 
médial malleolus usually consists of two 4-mm cancellous lag 
screws oriented perpendicular to the fracture. Some authors 
hâve advocated fixation with bicortical 3.5-mm lag screws, 
rather than 4-mm cancellous screws, because biomechanical 
data suggest increased construct strength (Fig. 54-2A). 

Smaller fragments can be fixed with one lag screw and 
one Kirschner wire to prevent rotation (Fig. 54-2B). Frag¬ 
ments that are too small or comminuted for screw fixation 
can be stabilized with two Kirschner wires and a tension band 
(Fig. 54-2C). Alternatively, minifragment screws hâve become 
readily available and are an excellent option for stabilization 
of smaller fractures. Vertical fractures of the médial malleolus 
require horizontally directed screws or antiglide plating tech¬ 
niques (Fig. 54-2D and E). Dumigan et al. demonstrated that 
fixation of vertical médial malleolar fractures with neutraliza- 
tion plating is biomechanically advantageous. 

Although stainless Steel implants are used most com- 
monly for médial malleolar fractures, the safety and efficacy 
of bioabsorbable implants hâve been investigated. The main 
theoretical advantage of these implants is that they reduce the 
incidence of late hardware removal stemming from persistent 
prominence or tenderness around the screw heads. Although 
bioabsorbable implants hâve been used successfully, with no 
différences in outcomes noted between stainless Steel and 
polyglycolide, drainage from stérile sinuses has been reported 
in 5% to 10% of patients, possibly related to the breakdown 
of polyglycolide. Also, in a sériés of 2528 patients, a 4.3% 
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Fixation of médial malleolar fractures. A f Single lag screw through large fragment. B f Combination of 4-mm lag screw 
and Kirschner wire for small fragment. C f Tension band wiring for low transverse fracture. D f Vertical countersunk 4-mm lag screw for 
low transverse fracture. E f Plate fixation with horizontal screw fixation. 


occurrence rate of clinically significant local inflammatory 
tissue reaction has been reported. Bioabsorbable implants are 
discussed in more detail in Chapter 53. 

Our preference is for metallic implants, typically screws 
or screw and plate combination, depending on the fracture 
morphology. Absorbable implants hâve a rôle in the treat- 
ment of associated articular fragments but are not a substitute 
for traditional internai fixation options. 

I STRESS FRACTURE OF THE MEDIAL MALLEOLUS 

Stress fractures of the médial malleolus usually présent as 
localized pain, swelling, and tenderness over the médial 
ankle. Initially, they may not be apparent on radiographs but 
usually can be demonstrated on bone scan, CT, or MRI. Offen 
stress fractures become apparent on follow-up radiographs. 
Shelbourne et al. recommended internai fixation for fractures 
that are immediately apparent on radiographs and cast immo- 
bilization for those only apparent on bone scans. Stress frac¬ 
tures of the médial malleolus hâve a high risk of progression 
to complété fracture, delayed union, or nonunion. Offen 
aggressive treatment, including surgery, is necessary. If stress 
fractures are treated operatively, a 4- to 5-month period of 
restricted activity is necessary. 

■ LATERAL MALLEOLUS 

Although fractures of the latéral malleolus without significant 
médial injury are common, the indications for open réduc¬ 
tion of these fractures are still controversial. The maximal 
acceptable displacement of the fibula reported in the litera- 
ture has ranged from 0 to 5 mm. In most patients, 2 to 3 mm 
of displacement is accepted, depending on the functional 
demands of the patient. Displacement of the talus has been 
shown to accompany displacement of the latéral malleolus in 
bimalleolar ankle fractures; therefore, anatomie réduction of 
the latéral malleolus is necessary in these injuries. Biome- 
chanical studies hâve shown that isolated fractures of the 
latéral malleolus do not disturb joint kinematics or cause talar 
displacement with axial loading, and long-term clinical 
follow-up studies of closed treatment of supination-external 
rotation stage II fractures hâve demonstrated 94% to 98% 
good functional results, even with 3 mm of fibular displace¬ 
ment. Results affer operative treatment are similar to those of 


closed treatment of supination-external rotation stage II inju¬ 
ries, regardless of whether anatomie réduction has been 
obtained. If the stability of a latéral malleolar fracture is 
uncertain, stress radiographs can be obtained to detect dis¬ 
placement of the talus indicative of médial injury. Koval et al. 
evaluated whether a positive stress test predicts the need for 
operative fixation of latéral malleolar fractures. In their study, 
ail patients with positive findings of stress radiographs of the 
ankles underwent an MRI to evaluate the integrity of the 
deltoid ligament complex. Only complété ruptures required 
operative stabilization. Patients with partial disruptions had 
successful nonoperative management with a minimum 1-year 
follow-up. Others hâve proposed ultrasonographic évaluation 
of the deltoid ligament to differentiate between a bimalleolar 
équivalent fracture and an isolated latéral malleolar injury. 
Others hâve proposed that preoperative radiographie and CT 
findings are effective in predicting syndesmotic injuries in 
supination-external rotation type ankle fractures. Choi et al. 
suggested that a fracture height of more than 3 mm and 
médial joint space of more than 4.9 mm on CT, and fracture 
height of more than 7 mm and médial joint space of more 
than 4.0 mm on radiographs, is a good indicator of an unsta- 
ble syndesmotic injury. However, the idéal preoperative diag¬ 
nostic modality for assessing a médial-sided injury for 
decision making regarding operative or nonoperative man¬ 
agement remains unclear. 

BIMALLEOLAR FRACTURE 

Bimalleolar ankle fractures disrupt the médial and latéral 
stabilizing structures of the ankle joint. Displacement reduces 
the tibiotalar contact area and alters joint kinematics. Closed 
réduction can offen be accomplished but not maintained in 
anatomical position as swelling subsides. Nonunion has been 
reported in approximately 10% of bimalleolar fractures 
treated by closed methods, although these are not always 
symptomatic. Twenty percent of bimalleolar fractures involve 
intraarticular injuries to the talus and tibia; these injuries go 
untreated when closed methods are used. Randomized, pro¬ 
spective, and long-term follow-up studies of bimalleolar or 
bimalleolar-equivalent ankle fractures hâve shown superior 
results of operative over nonoperative treatment. A long-term 
follow-up study by Bauer et al. also showed superior results 
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Fixation of latéral malleolar fractures. A f Standard fixation of fibular fracture with one-third semitubular 3.5-mm 
plate and screws. B f Multiple 3.5-mm lag screws. C f Two lag screws for long oblique fracture. D f Single 3.5-mm malleolar screw for low 
transverse fracture. E f Tension band wiring; note 4-mm lag screw fixation of associated médial malleolar fracture. F, Fixation with 
3.5-mm intramedullary screw. 


after operative treatment of supination-external rotation 
stage IV fractures. Tile and the AO group recommended 
ORIF of both malleoli for almost ail bimalleolar fractures. 

For most displaced bimalleolar fractures, we also recom- 
mend ORIF of both malleoli. Most Weber type B and type C 
latéral malleolar fractures are stabilized with plate and screw 
fixation. In some patients, latéral hardware in the ankle may 
become symptomatic; however, in one study only half the 
patients had relief of pain after hardware removal. Posterior 
plating of Weber type B fractures of the latéral malleolus 
using an antiglide technique has been advocated to avoid the 
possibility of intraarticular screws, decrease the incidence of 
palpable hardware, and provide a stronger construct. In a 
prospective sériés of 32 patients, there were no nonunions, 
malunions, wound complications, loss of fixation, or intraar¬ 
ticular or palpable screws. Four patients had transient pero- 
neal tendinitis, and in two patients the plates were removed 
because of symptoms caused by a poorly placed lag screw. 
Weber et al. documented peroneal tendon lésions precipi- 
tated by posterior antiglide plating of the latéral malleolus. In 
their sériés, 30% of patients demonstrated peroneal tendon 
injury at the time of hardware removal. However, only 22 % 
of these patients had symptoms preoperatively. The authors 
concluded that the tendon lésions correlated with distal plate 
placement and screw insertion through the most distal hole 
of the plate and there fore advocated avoiding distal hardware 
placement or early hardware removal. 

Hardware prominence also may be decreased in some 
latéral malleolar fractures by using a lag screw only technique 
(Fig. 54-3). Several authors hâve reported successful treat¬ 
ment of latéral malleolar fractures with lag screw only fixa¬ 
tion, with no nonunions, loss of réduction, or soff-tissue 
complications. They cite less hardware prominence and pain 
compared with patients who had plate fixation for similar 
injuries. Patients younger than 50 years with a simple oblique 
latéral malleolar fracture and minimal comminution that 
allows the placement of two lag screws at least 1 cm apart are 
idéal candidates. 

Augmenting plate fixation with intramedullary Kirschner 
wires in ostéopénie fibular fractures has been recommended 


in one study; 89% had minimal or no pain. In a biomechani- 
cal study, plates supplemented by Kirschner wires had an 81% 
greater résistance to bending than plates alone and twice the 
résistance to motion in torsional testing. 

Operative treatment of periarticular fractures in general, 
ankle fractures in particular, probably is limited to two time 
periods: early and late. ORIF may be possible within the first 
12 hours after injury but may not be possible again for 2 to 3 
weeks because of excessive swelling. Delayed closure and 
even skin grafting may be necessary when too much swelling 
exists at surgery. Equally good functional results hâve been 
found with immédiate and delayed ORIF of Danis-Weber 
type B bimalleolar or bimalleolar équivalent ankle fractures, 
with no différences in complications, adequacy of réduction, 
range of motion, or operative time, although hospitalization 
was briefer and pain was diminished with immédiate surgery 
in one study. Although delayed surgery may be technically 
more difficult, it is justified in patients with severe closed 
soff-tissue injury or fracture blisters. If open réduction of a 
fracture-dislocation is delayed, immédiate closed réduction 
of the dislocation and splinting are mandatory to prevent skin 
necrosis. 

SYNDESMOTIC INJURY 

Injuries to the syndesmotic complex continue to be a center 
of controversy and continuing focus. Syndesmotic injuries are 
most commonly caused by pronation-external rotation, 
pronation-abduction and, infrequently, supination-external 
rotation mechanisms (Danis-Weber type C and type B inju¬ 
ries). These forces cause the talus to abduct or rotate exter- 
nally in the mortise, leading to disruption of the syndesmotic 
ligaments. 

Anatomie restoration of the distal tibiofibular syndes- 
mosis is essential. If the fibular fracture is above the level of 
the distal tibiofibular joint, this joint is assumed to be dis- 
rupted and must be anatomically reduced. In the past, inter¬ 
nai fixation of ail syndesmotic injuries was considered 
mandatory, but Boden et al. showed in a cadaver study that 
disruption of the syndesmosis did not cause ankle instability 
if no médial injury was involved. If a médial lésion was 
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présent, syndesmotic injuries extending more than 4.5 cm 
proximal to the ankle joint altered joint mechanics but syn¬ 
desmotic injuries extending less than 3 cm proximal to the 
ankle joint did not. Syndesmotic disruptions of 3.0 to 4.5 cm 
produced variable results. Drawing from these findings, 
Boden et al. suggested that syndesmotic fixation was unnec- 
essary if the disruption extended less than 3 cm above the 
plafond or if the médial and the latéral injuries were stabilized 
by fixation of the médial malleolus or repair of the deltoid 
ligament. 

Kennedy et al., in a prospective study evaluating syndes¬ 
motic screw fixation of Weber type C ankle fractures in which 
the latéral malleolar fracture was located within 5 cm of the 
ankle joint, found that syndesmotic screw fixation was not 
necessary if the fracture was anatomically reduced and was 
immobilized for 6 weeks postoperatively. This has not yet 
been extensively evaluated clinically, however. Others hâve 
more recently proposed an “anatomie” restoration of the 
syndesmosis, citing repair of the deltoid ligament and pos- 
teroinferior tibiofibular ligament to be équivalent to trans- 
syndesmotic fixation from a functional outcome perspective, 
but with improved syndesmotic réductions noted. 

There is general agreement that syndesmotic fixation is 
indicated for (1) syndesmotic injuries associated with proxi¬ 
mal fibular fractures for which fixation is not planned and 
that involve a médial injury that cannot be stabilized and (2) 
syndesmotic injuries extending more than 5 cm proximal to 
the plafond. Whether syndesmotic fixation should be used in 
latéral malleolar fractures located 3 to 5 cm from the ankle 
joint in which the médial injury (deltoid ligament) is not 
repaired remains controversial. If a high fibular fracture asso¬ 
ciated with a syndesmotic injury is not fixed, restoration 
of fibular length can be difficult to détermine accurately. 
Furthermore, fixation of midshaff fibular fractures with asso¬ 
ciated syndesmotic injuries demonstrates improved biome- 
chanical characteristics when compared with syndesmosis 
fixation alone. 

The integrity of the syndesmosis can be evaluated intra- 
operatively by performing an external rotation stress test and 
Cotton test. (Cotton described this test to détermine incom¬ 
pétence of the ankle syndesmosis intraoperatively. Distrac¬ 
tion is applied to the fibula with a bone hook to try to separate 
it from the tibia to which an opposing force has been applied 
to prevent tibial motion. If no significant motion is noted 
between the distal tibia and fibula, the syndesmotic ligaments 
are intact.) If more than 3 to 4 mm of latéral displacement 
occurs, syndesmotic fixation is necessary. Intraoperative 
radiographs should show a clear space of less than 5 mm 
between the médial wall of the fibula and the latéral wall of 
the posterior tibial malleolus. Persistent widening indicates 
an unreduced syndesmosis. In a cadaver study, Xenos et al. 
showed that syndesmotic disruption, measured as posterior 
displacement of the fibula on an external rotation stress 
latéral radiograph, correlated more closely with anatomie 
diastasis than did displacement on stress mortise radiographs. 
Stark et al. recommended intraoperative external rotation 
stress évaluation for unstable Weber B fractures after identify- 
ing a 39% incidence of syndesmotic instability after latéral 
malleolar fixation. 

Various methods hâve been used to fix the syndesmosis, 
most commonly screws or oblique pins inserted through the 
latéral malleolus and into the distal tibia. These pins or screws 


not only hold the joint anatomically reduced but also stabilize 
and fix the latéral buttress of the ankle mortise. If screw fixa¬ 
tion is chosen, either one or two 3.5-mm or 4.5-mm cortical 
screws are necessary; both hâve been found to be équivalent 
biomechanically. Two screws hâve been found to provide 
more secure fixation than one screw, and suture repair has 
the least mechanical strength. Vander Griend, Michelson, 
and Bone suggested using two syndesmotic screws in large or 
noncompliant patients. The syndesmotic screw should be 
placed through both cortices of the fibula and either one or 
two cortices of the tibia. In a survey performed from members 
of the Orthopaedic Trauma Association and the American 
Orthopaedic Foot and Ankle Society, Bava et al. sought to 
identify the current State of syndesmotic injury management. 
Fifty-one percent used 3.5-mm cortical screws, 24% used 
4.5-mm cortical screws, and 14% routinely used a suture fixa¬ 
tion device. Forty-four percent used one screw, whereas 44% 
used two screws, and the remainder was undecided. The most 
common construct was use of 3.5-mm screws engaging four 
cortices that were routinely removed at 3 months. Bioabsorb¬ 
able screws also hâve been used for fixation of the syndesmo¬ 
sis and hâve shown comparable results to metallic implants. 
Suture bridge techniques hâve gained in popularity, but 
their exact rôle is unknown. The proposed benefit is decreased 
hardware issues requiring secondary intervention and 
dynamic stabilization. Rétrospective data hâve demonstrated 
some loss of syndesmotic réduction at short-term follow-up. 
Hardware prominence and suture knot irritation can still 
occur. 

Whether and when syndesmotic screws need to be 
removed are controversial subjects. Recommendations in the 
literature range from routine removal of the screw before 
weight bearing is allowed (in 6 to 8 weeks) to removal after 
the fracture has healed only if symptoms develop. Advocates 
of screw removal contend that the syndesmotic fixation dis- 
rupts ankle mechanics by restricting the normal external 
rotation of the fibula that occurs with dorsiflexion. Removing 
the screw too early may allow récurrent diastasis of the syn¬ 
desmosis, however. Syndesmosis displacement has been 
reported when the screw was removed before weight bearing 
was allowed, and screw breakage has been reported with 
weight bearing with the screw in place. If tricortical fixation 
is used, the screw usually loosens rather than breaks and may 
not disrupt normal ankle mechanics. If fixation through four 
cortices is used, both ends of the screw can be removed easily 
if breakage occurs. In general, late diastasis of the syndesmo¬ 
sis créâtes a much more difficult clinical problem than broken 
screws; it is advisable to leave the screw in place for at least 
12 weeks. Furthermore, another study revealed that at 1-year 
follow-up there was no différence in clinical outcome of 
patients with intact or removed syndesmotic screws. In fact, 
the subset with broken screws had improved clinical out- 
comes; therefore, the authors recommended not removing 
intact or broken syndesmotic screws. We hâve transitioned 
toward not routinely removing syndesmotic fixation unless 
the ankle is symptomatic, primarily with stiffness limiting 
dorsiflexion. 

The syndesmosis must be anatomically reduced and held 
with provisional Kirschner wires or a réduction clamp before 
the syndesmotic screws are inserted. Miller et al. noted a 
significant decrease in syndesmotic malreductions in a cohort 
of patients in whom the syndesmosis was directly viewed 
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during réduction. We also advocate open réduction of the 
syndesmosis with direct viewing. The réduction can therefore 
be performed manually and maintained with a réduction 
clamp, in contrast to using the clamp to effect réduction, 
which can introduce rotational malreduction. The screw 
should be positioned 2 to 3 cm proximal to the tibial plafond, 
directed parallel to the joint surface, and angled 30 degrees 
anteriorly so that it is perpendicular to the tibiofibular joint. 
If the screw is placed too far proximally, it may deform the 
fibula and cause the mortise to widen. If the screw is not 
parallel to the joint, the fibula may shift proximally. If the 
screw is not perpendicular to the tibiofibular joint, the fibula 
may remain laterally displaced. The AO group recommended 
a fully threaded syndesmotic screw in a neutralization mode 
or position; however, others hâve suggested that a lag screw 
provides more secure fixation. Traditionally, it was recom¬ 
mended to maximally dorsiflex the ankle during syndesmotic 
fixation to prevent postoperative limitation of motion; 
however, there are data refuting this finding and noting that 
maximal dorsiflexion may induce an external rotation 
moment risking malreduction. A cadaver study found no loss 
of dorsiflexion when lag screws were used for fixation of the 
syndesmosis with the ankle in plantarflexion. Others hâve 
illustrated that postoperative radiographie measurements are 
unreliable markers of syndesmotic réduction, which is better 
assessed with CT. 

If a small plate has been used to fix the fibular fracture, 
this transfixing screw can be one of the screws used to secure 
the plate to the latéral side of the fibula (Fig. 54-4). The 
reduced and fixed fibula must meet the three requirements 
for satisfactory function listed earlier in this section. Occa- 
sionally, the syndesmotic ligaments may avulse a small frag¬ 
ment of bone. If this is the case, syndesmotic stabilization can 
be accomplished by lag screw or minifragment fixation 
through this fragment. 



Fracture of fibula above level of syndesmosis, 
disruption of distal tibiofibular syndesmosis, and rupture of 
deltoid ligament. Deltoid ligament was repaired. Small fragment 
plate was applied to fibula, and syndesmosis was repositioned 
and held by transfixing screw through distal hole of fibular plate. 


Egol et al. evaluated outcomes affer unstable ankle frac¬ 
tures with regard to the effects of syndesmotic fixation. Tfiey 
determined that at 1-year follow-up patients who underwent 
syndesmotic fixation had poorer outcomes than those who 
had malleolar fracture fixation alone. 


FIXATION OF THE LATERAL 
MALLEOLUS 


TECHNIQUE 54-1 


■ If the fractured fibula is part of a bimalleolar fracture 
pattern, we usually reduce and internally fix the latéral 
malleolar or fibular fracture before fixing the médial mal¬ 
leolar component. The exception to this is a comminuted 
latéral malleolus as part of a bimalleolar or trimalleolar 
pattern. Occasionally, if comminution is severe, the latéral 
malleolus can be overreduced in the coronal plane, which 
inhibits anatomie réduction of the médial malleolar com¬ 
ponent of the injury. In this circumstance, it may be 
advisable to proceed with médial malleolar fixation 
initially. 

■ Expose the latéral malleolus and the distal fibular shaft 
through a latéral longitudinal incision. Protect the super- 
ficial peroneal nerve. Alternative^, a postérolatéral inci¬ 
sion can be used, and the plate can be inserted with a 
posterior antiglide technique. The advantage is the ability 
to achieve distal bicortical fixation in a posterior to ante- 
rior direction. An incision placed slightly posteriorly has 
the theoretical advantage of not being positioned directly 
over a laterally based implant; however, direct exposure 
of the syndesmosis (if needed) may be made increasingly 
difficult. Expose the fibula in extraperiosteal fashion. 

■ If the fracture is sufficiently oblique, if bone stock is good, 
and if there is no comminution, fix the fracture with one 
or two lag screws inserted from anterior to posterior to 
establish interfragmentary compression. Place the screws 
approximately 1 cm apart (Fig. 54-5). The length of the 
screws is important; the screws must engage the poste¬ 
rior cortex for secure fixation but must not protrude far 
enough posteriorly to encroach on the peroneal tendon 
sheaths. 

■ If the fracture is transverse, an intramedullary device may 
be used. Expose the tip of the latéral malleolus by splitting 
the fibers of the calcaneofibular ligament longitudinally. 

■ Insert a Rush rod, titanium elastic nail, interlocking fibular 
rod, or other intramedullary device across the fracture line 
into the medullary canal of the proximal fragment. If 
using an intramedullary device, do not tilt the latéral mal¬ 
leolus toward the talus. The insertion point for intramed¬ 
ullary fixation tends to be in line with the medullary canal 
of the fibula; because the intramedullary appliance is 
straight, the latéral malleolus may be inadvertently tilted 
toward the talus, resulting in narrowing of the ankle 
mortise and reduced motion. This mistake can be avoided 
by contouring the intramedullary rod. 

■ If the fracture is below the level of the plafond, if the 
distal fragment is small, and if the patient has good bone 
stock, use an intramedullary 3.5-mm malleolar screw for 
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Bimalleolar ankle fracture with oblique frac¬ 
ture of lower fibula treated with interfragmentary screw fixation. 
Kirschner wires were used for internai fixation of médial malleo- 
lus. SEE TECHNIQUE 54-1. 


fixation. Rarely, a 4.5-mm lag screw can be used in large 
patients. Alternative^, orient the malleolar screw slightly 
obliquely to engage the médial cortex of the fibula proxi¬ 
mal to the fracture. 

■ In patients with poor bone quality, place Kirschner wires 
obliquely from latéral to médial through the distal and 
proximal fibular fragments and secure them further with 
a tension band wire. Alternative^, precontoured periar- 
ticular locking constructs, which are now readily available, 
may afford increased stability. 

■ Anatomie réduction and maintenance of fibular length 
are necessary. 

■ If the fracture is above the level of the syndesmosis, use 
a small fragment, one-third tubular plate for fixation after 
anatomie réduction has been obtained; a 3.5-mm dynamic 
compression plate can be used in larger individuals or for 
more proximal fractures. The plates can be used to sup¬ 
plément lag screw fixation or to span a comminuted 
segment. In general, place three cortical screws in the 
shaft of the fibula above the fracture and two or three 
screws distal to the fracture. Unicortical cancellous screws 
are placed below the level of the plafond. If the plate is 
placed posterolaterally, it acts as an antiglide plate. Several 
commercially available precontoured fixed angle distal 
fibular locking plates provide alternative fixation options 
distally, however, often at the expense of increased hard¬ 
ware prominence. 

■ Syndesmotic fixation, if necessary, can be done as 
described in the section on syndesmotic injuries. 


FIXATION OF THE MEDIAL 
MALLEOLUS 


TECHNIQUE 54-2 


■ Make an anteromedial incision that begins approximately 
2 cm proximal to the fracture line, extends distally and 
slightly posteriorly, and ends approximately 2 cm distal to 
the tip of the médial malleolus. We prefer this incision for 
two reasons: (1) the posterior tibial tendon and its sheath 
are less likely to be damaged, and (2) the surgeon is able 
to see the articular surfaces, especially the anteromedial 
aspect of the joint, which permits accurate alignment of 
the fracture and an opportunity to treat any associated 
impaction. However, this incision cannot be made exten- 
sile distally if associated foot injuries must be treated. 

■ Handle the skin with care, reflecting the flap intact with 
its underlying subeutaneous tissue. The blood supply to 
the skin of this area is poor, and careful handling is neces¬ 
sary to prevent skin sloughing. Protect the greater saphe- 
nous vein and its accompanying nerve. 

■ Usually the distal fragment of the médial malleolus is 
displaced distally and anteriorly and a small fold of peri- 
osteum commonly is interposed between the fracture 
surfaces. Remove this fold from the fracture site with a 
curet or periosteal elevator, exposing the small serrations 
of the fracture. 

■ Débridé small, loose osseous or chondral fragments; large 
osteochondral fragments should be preserved and sup- 
ported with a bone graft. 

■ With a bone-holding clamp or pointed réduction tenacu- 
lum, bring the detached malleolus into the normal posi¬ 
tion, and, while holding it there, internally fix it with two 
2-mm smooth Kirschner wires drilled across the fracture 
site as temporary fixation devices. 

■Check the fracture réduction with anteroposterior and 
latéral radiographs. If the réduction is satisfactory, remove 
one of the Kirschner wires and insert a 4-mm lag screw; 
remove and replace the other Kirschner wire (Fig. 54-6). 
Alternative^, a drill with a 2.5- and a 3.5-mm bit can be 
used to create a path for the screws; a long pelvic drill 
bit will be necessary if bicortical lag screw fixation is 
chosen. 

■Carefully inspect the interior of the joint, particularly at 
the superomedial corner, to ensure the screw has not 
crossed the articular surface, and to treat any associated 
anteromedial impaction if présent. 

■ Use radiographs to verify the position of the screw and 
the fracture. 

■ If the médial malleolar fragment is very small or commi¬ 
nuted, fixation with a standard screw may be impossible; 
in these cases, use several Kirschner wires, minifragment 
screws, or tension band wiring for fixation. Large vertical 
fractures of the médial malleolus that involve proximal 
comminution often require a buttress plate to prevent loss 
of réduction; a small, one-third tubular plate usually is 
sufficient. To avoid wound complications, extreme care 
must be taken when applying bulky hardware to this area 
of poor skin coverage. 






2 


PART XV FRACTURES AND DISLOCATIONS IN ADULTS 




A f AO technique for internai fixation of médial malleolus. Hole (3.2 mm) is drilled while distal fragment is held 
reduced with two Kirschner wires bent to stay out of way. Length of hole is measured. B f Insertion of malleolar screw without tapping. 
Kirschner wires are removed after screw is tightened. If fragment tends to rotate, additional smaller screw or compression wiring can 
be added. SEE TECHNIQUE 54-2. 


POSTOPERATIVE CARE. The ankle is immobilized in a 
posterior plaster splint in neutral position and elevated. If 
the bone quality is good and the fixation is secure, the 
splint can be removed on the first postoperative visit and 
replaced with a removable splint or fracture boot. Range- 
of-motion exercises are begun. Weight bearing is restricted 
for 6 weeks, after which partial weight bearing can be 
started if the fracture is healing well and progressed 
accordingly. 

If skin conditions, bone quality, comorbidities (e.g., 
diabètes), or other factors hâve prevented secure fixation, 
the fracture must be protected longer. The patient is 
placed in a short leg cast. The patient is not allowed to 
bear weight on the ankle until fracture healing is pro- 
gressing well (8 to 12 weeks). A short leg walking boot 
is worn, and weight bearing is progressed. 


DELTOID LIGAMENT TEAR AND LATERAL 
MALLEOLAR FRACTURE 

A deltoid ligament tear accompanied by a fracture of the 
latéral malleolus is caused by the same mechanism that pro- 
duces bimalleolar fractures, that is, supination with external 
rotation of the foot. Instead of the médial malleolus being 
fractured, however, the deltoid ligament is torn, allowing the 
talus to displace laterally (Fig. 54-7). Usually the anterior 
capsule of the ankle joint is also torn. The deltoid ligament, 
especially its deep branch, is important to the stability of the 
ankle because it prevents latéral displacement and external 
rotation of the talus. A deltoid ligament tear should be sus- 
pected if a fracture of the latéral malleolus is accompanied by 
tenderness, swelling, and hematoma on the médial side of the 
ankle. Historically, medial-sided ankle tenderness would lead 


the clinician to suspect a deltoid ligament disruption in the 
presence of a latéral malleolar fracture. However, it has been 
established that there is no statistically significant relation- 
ship between médial tenderness and deep deltoid ligament 
rupture. A routine anteroposterior radiograph may show no 
latéral displacement of the talus, but a radiograph made when 
the ankle is stressed into supination and external rotation 
shows displacement and tilting of the talus in the ankle 
mortise and a wide médial clear space (>4 mm). This radio¬ 
graph should be obtained with the ankle in neutral position. 
With the ankle in plantarflexion, the narrowest portion of the 
talus is within the mortise, which may appear to be wide even 
without injury. Alternatively, a gravity external rotation stress 
radiograph can be obtained. 

Closed treatment of these injuries is difficult because the 
talus tends to shiff in the mortise. A 1-mm latéral shiff of the 
talus can reduce the effective weight-bearing area of the talo- 
tibial articulation by 20% to 40%, and a 5-mm shiff can 
reduce it by 80%. If closed treatment is chosen, the patient 
must be followed closely for displacement. Optimal treatment 
of this injury is controversial. Provided that the condition of 
the skin and the patients âge and general condition permit, 
ORIF of the fibula, with or without repair of the deltoid liga¬ 
ment, may be done. Nonoperative treatment also is feasible 
but requires careful radiographie monitoring to ensure main¬ 
tenance of a congruent ankle mortise. If only the deltoid liga¬ 
ment tear is repaired, the talus is likely to become displaced 
laterally after surgery despite the use of a cast. If only the 
fibular fracture is repaired, the deltoid ligament may be 
caught between the médial malleolus and the talus, prevent- 
ing accurate réduction, or the ligament may be relaxed after 
healing. One-year functional outcomes after nonoperative 
management are équivalent to ORIF of stress positive latéral 
malleolar fractures. However, complications may include 
residual médial clear space widening and latéral malleolar 
delayed union or nonunion. 
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A f Latéral malleolar fracture with associated médial clear space widening and syndesmotic disruption. B and C f After 
surgical stabilization. Fibula is anatomically reduced and concentric tibiotalar réduction restored and maintained with a single quad- 
cortical syndesmotic screw. 


Many surgeons advocate fixation of the fibula without 
routine exploration of the médial side, unless the réduction 
is blocked. We hâve found, however, that some fibers of the 
deltoid ligament can become trapped between the médial 
malleolus and the talus, even with a seemingly acceptable 
réduction, and this may lead to late displacement. Médial 
exploration requires little further surgical dissection; it allows 
the surgeon to ensure that the deltoid ligament has been 
cleared from the mortise, and it provides access for repair of 
the deltoid ligament if desired. We do not routinely repair the 
deltoid ligament and explore the médial side only in select 
cases. 

Fractures of the latéral malleolus can be stabilized by 
several different methods, the most common being the use of 
a one-third tubular plate and 3.5-mm cortical or locking 
screws. Long oblique fractures can be stabilized with lag 
screws alone. Fractures below the tibial plafond (Danis- 
Weber type A fracture) can be stabilized by a malleolar lag 
screw or with Kirschner wires and tension band fixation. We 
also hâve used oblique Kirschner wires placed from the distal 
fibular fragment into the tibia. Intramedullary devices can be 
used to stabilize transverse latéral malleolar fractures, but 
these rods do not prevent rotation. Interlocking intramedul¬ 
lary rods hâve been developed for the fixation of fibular 
fractures. 


REPAIR OF THE DELTOID LIGAMENT 
AND INTERNAL FIXATION OF THE 
LATERAL MALLEOLUS 


TECHNIQUE 54-3 


■ Make an anteromedial curved incision similar to 7 but 
slightly more distal than, the incision described for inter¬ 
nai fixation of the médial malleolus (see Technique 54-2). 

■ Identify the deltoid ligament, which is composed of two 
parts: a fan-shaped superficial portion and a short, heavy, 
deep portion. The superficial portion is almost always torn 
across its middle or is avulsed from the médial malleolus; 
the fanned-out inferior attachment of this superficial 
portion makes an inferior tear less likely. 

■ Open the sheath of the posterior tibial tendon and dis¬ 
place the tendon to explore and repair the deep and more 
important portion of the deltoid ligament. This deep 
portion may be torn from the tip of the malleolus, avulsed 
from the side of the talus, or torn in the middle. 

■ If the deep portion has been avulsed from the médial 
aspect of the talus, place two No. 0 nonabsorbable 
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9 sutures through the ligaments and pass these through 
holes drilled diagonally across the body and neck of the 
talus to exit in the sinus tarsi area. Leave these sutures 
untied until the fibular fracture has been anatomically 
reduced and internally fixed. Alternative^, suture anchors 
can be used. 

■ Make a latéral longitudinal incision and expose the latéral 
malleolus as described. 

■ Anatomically reduce and fix the fracture of the latéral 
malleolus as described previously (see Technique 54-1). 

■ When the latéral malleolar fracture has been rigidly fixed, 
snugly tie the sutures already placed in the deltoid liga¬ 
ment and passed through the talus. 

■Close the latéral incision. 

■ Return to the médial side of the ankle, replace the pos- 
terior tibial tendon in its sheath, and close the sheath. 

■ Repair the superficial portion of the deltoid ligament with 
multiple interrupted, nonabsorbable sutures. 

■ If the entire deltoid ligament has been avulsed from the 
médial malleolus, drill two or three small holes in the 
malleolus and place interrupted sutures through them 
and the avulsed end of the ligament; alternative^, suture 
anchors may be used. 

■ Place the sutures in the ligament, but do not tie them 
before completing the fixation of the latéral malleolus 
because they may be torn loose during that procedure. If 
the latéral malleolus is fixed before these sutures are 
placed, repairing the ligament becomes much more 
difficult. 

POSTOPERATIVE CARE. The postoperative care is the 
same as that described after Technique 54-2. 


IRREDUCIBLE FRACTURE OR 
FRACTURE-DISLOCATION 

Anatomie réduction of fractures around the ankle is essential 
for acceptable functional results. One lésion that appears 
innocent but is nevertheless crippling if leff untreated is the 
widened ankle mortise. Specifically, a widened ankle mortise 
is latéral displacement of the talus and the fibula that leaves 
an interval between the talus and the intact médial malleolus. 
In this lésion, the deltoid ligament has been avulsed or torn 
and either the distal fibula has been fractured or the distal 
tibiofibular ligaments hâve been torn. 

It may be impossible to reduce the gap by closed methods. 
The end of an avulsed deltoid ligament may be caught between 
the médial malleolus and the talus (Fig. 54-8). Less offen, a 
deltoid ligament tear or an avulsion fracture of the tip of the 
médial malleolus may release the posterior tibial tendon and 
sometimes the tibial nerve and posterior tibial vessels and 
allow them to become trapped between the médial malleolus 
and the talus (Fig. 54-9). These obstructions must be removed 
surgically, and then the deltoid ligament tear or avulsion 
and any fracture of the latéral malleolus can be repaired (see 
Technique 54-1). 

Occasionally, the posterior tibial tendon is interposed 
between the torn parts of the deltoid ligament and impairs 
healing (Fig. 54-10). In more severe fracture-dislocations, the 



Deltoid ligament after being avulsed from 
médial malleolus may be caught between malleolus and talus. 




Trapping of posterior tibial tendon between 
médial malleolus and talus. Note widening of ankle mortise and 
avulsion fracture of médial malleolus. 


posterior tibial tendon may be displaced far laterally between 
the distal tibia and fibula. 

A lésion described by Bosworth (Fig. 54-11) may be the 
cause of failure to reduce a posterior fracture-dislocation of 
the ankle. The distal end of the proximal fragment of the 









23 


fibula may be displaced posterior to the tibia and locked by 
the tibias postérolatéral ridge; the bone cannot be released by 
manipulation because of the pull of the intact interosseous 
membrane. The fibula is exposed, and a periosteal elevator is 
used to release the bone; considérable force may be necessary. 
The fibular fracture is fixed as described in Technique 54-1. 

TRIMALLEOLAR FRACTURE 

Trimalleolar fractures require open réduction more offen 
than any other type of ankle fracture. The results of treatment 
of trimalleolar fractures are usually not as good as the results 
obtained for bimalleolar fractures. Trimalleolar fractures 
usually are caused by an abduction or external rotation injury. 
In addition to fractures of the médial malleolus and fibula, 
the posterior lip of the articular surface of the tibia is frac- 
tured and displaced, allowing posterior and latéral displace¬ 
ment and external rotation with supination of the foot. The 
médial malleolus may remain intact, with a tear of the deltoid 
ligament occurring instead of a malleolar fracture. 

The same principles and indications for open réduction 
as previously outlined for bimalleolar fractures apply to tri¬ 
malleolar fractures. Indications for open réduction of the 



When deltoid ligament has been avulsed from 
its distal insertion, it may become reflected proximally and allow 
posterior tibial tendon to become interposed as shown. Sponta- 
neous healing of ligament is impaired. 
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posterior malleolus or posterior tibial fragment dépend on its 
size, displacement, and, most important, its perceived contri¬ 
bution to stability of the injured ankle. A 50-degree external 
rotation view may be used for the most accurate assessment 
of the size and displacement of posterior malleolar fragment. 
Historically, if the fragment of the posterior malleolus involves 
more than 25% to 30% of the weight-bearing surface, it 
should be anatomically reduced and held with internai fixa¬ 
tion. Offen, satisfactory réduction of the posterior tibial frag¬ 
ment, if small, occurs with anatomie and rigid fixation of the 
fibula because this fragment most offen is postérolatéral and 
attached to the fibula by the posterior tibiofibular ligament. 
Gardner et al. has shown in a cadaver model that fixation of 
the posterior malleolus imparts syndesmotic stability to a 
greater extent than syndesmotic screws. If the posterior tibial 
fragment is small, a proximally displaced position may be of 
little conséquence, but even the slightest posterior sublux¬ 
ation of the talus on the articular surface of the tibia is unac- 
ceptable. If there is a persistent step-off or gap of more than 
2 to 3 mm or persistent posterior instability, open réduction 
is warranted. The posterior and proximal displacement of the 
tibial fragment créâtes an offset at the fracture. With the foot 
displaced posteriorly, this irregularity in the articular surface 
of the tibia is brought against the weight-bearing surface of 
the talus; and with motion and weight bearing, severe trau- 
matic arthritis develops. We routinely treat the posterior mal¬ 
leolus as part of the ankle injury complex because of its 
contribution to ankle stability. Very small fractures can be 
treated nonoperatively if ankle stability is proven, and fre- 
quently reduce well with anatomie fibular reconstruction. 
Our preference for larger displaced fragments is open réduc¬ 
tion and internai fixation. 

POSTERIOR TIBIAL LIP FRACTURE 

Fractures of the posterior lip of the tibia usually are associated 
with fractures of the médial and latéral malleoli, and the 
approach to the posterior malleolus may dépend on what 
additional open réductions are required. Most offen, an 
anteromedial incision is made to fix a fractured médial mal¬ 
leolus, and a postérolatéral incision is used to fix the posterior 
lip of the tibia and the latéral malleolar fracture. If the poste¬ 
rior fragment is located more medially, a posteromedial 
approach can be used to treat the médial and the posterior 
malleolar fractures. Alternatively, a separate posteromedial or 



FIGURE 


^ Bosworth fracture with entrapment of fibula behind tibia. A, Anteroposterior view. B and C f Latéral views. 
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postérolatéral incision can be made adjacent to the Achilles 
tendon to allow indirect or direct réduction. 

Preoperative CT scans are mandatory for évaluation of 
fracture morphology, including size, location, and any asso- 
ciated marginal impaction of the posterior malleolar frag¬ 
ment. The posterior lip fracture often reduces affer réduction 
of the fibula. If this does not occur and internai fixation is 
necessary because of the size of the fragment or the presence 
of posterior instability, the posterior lip fracture should be 
reduced and internally fixed before réduction of either the 
médial or the latéral malleolus. The objective is to restore 
anatomically the articular surface of the distal tibia. Réduc¬ 
tion and fixation of either malleolus reduces the distractibil- 
ity of the tibial and talar joint surfaces, making exposure 
more difficult. Distraction of the tibiotalar joint can be 
increased by inserting a large Steinmann pin transversely 
through the calcaneus, to which a traction bow is applied. 
An assistant can distract the tibiotalar joint significantly 
using this technique if neither malleolus has been reattached. 
Alternatively, a large distractor may be of benefit. If the pos¬ 
terior malleolar fragment is small, a screw directed from 
posterior to anterior or a fully threaded screw placed by lag 
technique should be used because a partially threaded screw 
placed from anterior to posterior may leave screw threads 
Crossing the fracture site. Preoperative planning, including 
CT scans, facilitâtes understanding of the orientation of the 
posterior malleolar segment and therefore aids in sélection 
of an appropriate surgical approach and fixation. The fre¬ 
quent postérolatéral position of this fragment often permits 
fixation through a postérolatéral approach. 


REDUCTION AND FIXATION OF 
POSTERIOR MALLEOLAR FRACTURE 


TECHNIQUE 54-4 


■ Proper preoperative templating and review of imaging are 
necessary. 

■ The posterior malleolus can be exposed through a pos- 
teromedial incision by incising the posterior tibial tendon 
sheath adjacent to the posterior border of the tibia. 

■ Displace the médial malleolar fragment and dissect sub- 
periosteally to gain access to the posterior malleolus. 
Although this approach permits direct access to a medi- 
ally located posterior malleolus, fixation may be limited 
to screws. 

■ Insert two Kirschner wires 1 to 3 cm above the anterior 
tibial lip, directed from anterior to posterior, to engage 
the posterior fragment. 

■ When this temporary fixation has been achieved, make a 
hole from anterior to posterior with the appropriate size 
drill bit through both fragments; measure with a depth 
gauge; and insert a malleolar, small fragment screw, 
tightening the fragments together to produce interfrag- 
mentary compression (Fig. 54-12). 

■ If a conventional screw is used, overdrill the anterior 
cortex so that a lag effect is achieved. 

■ Remove the Kirschner wires and anatomically reduce and 
internally fix the latéral and then the médial malleolus. 


■ If the posterior malleolar fragment is located more latér¬ 
al ly, use a postérolatéral incision. Make a 7.5-cm incision 
latéral to the Achilles tendon. Protect the sural nerve. 

■ Retract the Achilles tendon medially and the peroneal 
tendons laterally to expose the posterior malleolus. 

■ Establish the normal articular relationship between the 
talus and the tibia by anterior traction on the foot and 
by adduction and inversion. 

■ Correct the proximal displacement of the posterior lip of 
the tibia by placement of a joystick for manipulation and 
fix the fragment by inserting one or two lag screws from 
posterior to anterior into the tibial metaphysis, or alter¬ 
natively place a posterior antiglide plate, which is pre- 
ferred because of its biomechanical advantage. 

■After the posterior fracture has been fixed, repair the 
fractures of the médial and latéral malleoli as previously 
described (see Techniques 54-1 and 54-2). 

■ Carefully inspect the articular surface of the tibia through 
the anteromedial incision to confirm anatomie réduction 
of the articular surface; this is essential because imperfec¬ 
tion is poorly tolerated. 

■ Check the position of ail fragments with radiographs 
before closing the wounds. 

POSTOPERATIVE CARE. The postoperative care is the 
same as for internai fixation of bimalleolar fractures (see 
Techniques 54-1 and 54-2). 



Ventral 



C Dorsal 
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Fixation of posterior malleolar fracture. A f 
Anteroposterior 4-mm lag screw; lag screw also is used to fix 
avulsion fracture. B f Latéral view of 4-mm anteroposterior lag 
screw. C f Multiple lag screw fixation of comminuted fracture. 
D f Lag screw fixation of avulsion fracture of insertion of anterior 
tibiofibular ligament from distal tibia. (From Johnson EE, Davlin LB: 
Open ankle fractures: the indications for immédiate open réduction and 
internai fixation, Clin Orthop Relat Res 292:118, 1993.) SEE TECHNIQUE 
54-4. 
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FRACTURE OF THE ANTERIOR TIBIAL 
MARGIN AT THE ANKLE JOINT 

These fractures can be viewed as transitional fractures 
between traditional ankle fractures and pilon fractures, which 
typically are the resuit of axial loading. The treatment of frac¬ 
tures of the anterior margin of the tibia is about the same as 
that for the posterior margin, although in reverse. The frac¬ 
tures differ in one respect, however. Because fractures of the 
anterior margin usually are caused by a fall from a height that 
results in the foot and ankle being forcefully dorsiflexed, 
crushing of the articular surface of the tibia is likely to be 
more severe in these fractures. Perfect restoration of the artic¬ 
ular surface of the tibia may be impossible. When necessary, 
associated fractures of the médial and latéral malleoli are 
treated as described previously. Surgery should be performed 
within the first 24 hours or delayed until the soft tissue is in 
good condition. CT is instrumental in preoperative templat- 
ing to be prepared for treating segments of marginal 
impaction. 


TECHNIQUE 54-5 


■ Expose the fracture through an antérolatéral incision 7.5 
to 10 cm long (see Chapter 1), retract the extensor 
tendons medially, and continue the dissection until the 
entire anterior surface of the ankle joint has been exposed. 

■ Remove small, loose fragments of bone, preserving intact 
as much of the articular surface as possible. 

■ Reduce the anterior subluxation of the talus, appose the 
large anterior triangular fragment to the shaft of the tibia 
in its normal position, and transfix it with one or two 
screws or with threaded Kirschner wires if the fragments 
are small. If the fragment is comminuted, it may be neces¬ 
sary to apply a low-profile, small fragment buttress plate 
or span the ankle temporarily with an external fixator. 
Elévation of depressed articular segments can be sup- 
ported with grafting. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for internai fixation of bimalleolar fractures (see Tech¬ 
nique 54-2). 


ANKLE FRACTURES IN PATIENTS 
WITH DIABETES 

Although malleolar fractures historically hâve been consid- 
ered to be relatively benign injuries, operative treatment in 
diabetic patients is associated with significant complications. 
These patients offen are older and may hâve peripheral vas- 
cular disease or peripheral neuropathy, which complicates 
their care. Complications hâve been reported to be as high as 
43% compared with 15.5% in patients without diabètes. 
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Complications may include deep and superficial infection, 
loss of fixation, malunion, wound necrosis, and amputation. 
Although diabetic patients treated nonoperatively hâve 
shown a high frequency of loss of réduction and malunion, 
they are minimally symptomatic. Nonoperative treatment is 
recommended for malleolar fractures in older diabetic 
patients with low functional demands. However, if surgical 
treatment of the ankle fracture is indicated, it should not be 
delayed or avoided simply because the patient is diabetic. 
Inadéquate immobilization may lead to rapidly developing 
neuropathy. If the ankle fracture is nondisplaced or mini¬ 
mally displaced and has a stable configuration, closed man¬ 
agement with prolonged casting is an acceptable alternative, 
but only with close supervision. If the fracture is displaced, 
and either considérable manipulation is necessary to reduce 
it or molding is required to maintain the réduction, an open 
approach with internai fixation is recommended. Regardless 
of the method of treatment, prolonged immobilization offen 
is necessary to prevent the development of neuropathy. 

In contrast, a study by Guo et al. compared patients with 
preoperatively neglected type 2 diabètes and a nondiabetic 
matched cohort and found no significant increase in postop¬ 
erative infection after immédiate operative stabilization of 
closed ankle fractures. Jones et al. demonstrated that opera- 
tively treated ankle fractures in diabetic patients without 
comorbidities had comparable complication rates to nondia¬ 
betic patients. The presence of diabetic comorbidities and, in 
particular, a history of Charcot arthropathy increased the 
likelihood of complications. In one large sériés, Costigan 
et al. reported 84 patients who underwent ORIF for acute 
closed ankle fractures. Open fractures, insulin dependence, 
patient âge, and fracture type affected outcome, and 83% of 
patients with absent pedal puises and 92% of patients with 
preoperative neuropathy developed complications. Others 
hâve shown that operatively treated ankle fractures in dia¬ 
betic patients are associated with higher rates of mortality and 
length of hospital stay, as well as total hospital charges. Ayoub 
reported the results of tibiotalar arthrodesis in 17 diabetic 
patients with unstable bimalleolar ankle fractures compli- 
cated by Charcot arthropathy. Results were better with surgery 
within 3 to 6 months of onset, with absence of dense periph¬ 
eral neuropathy, and in patients with satisfactory extremity 
oxygénation. Amputation was required in 17.6% of patients. 

We typically employ standard fixation techniques in 
patients with controlled diabètes and unstable ankle frac¬ 
tures. However, in certain patients who are deemed at 
increased risk for fixation failure, the fixation strategy may be 
modified in the interest of obtaining rigid fixation. These 
include bicortical médial malleolar fixation, placement of 
multiple transfibular or transtibial syndesmotic position 
screws, adjuvant external fixation, and application of locking 
plate technology (Fig. 54-13). 

OPEN ANKLE FRACTURES 

Open ankle fractures caused by indirect injury are two to four 
times more likely to be open medially than laterally. Several 
studies hâve shown the advantages of primary internai 
fixation of open ankle fractures, including Gustilo type 
III wounds, compared with either closed immobilization 
with delayed fixation or immédiate provisional fixation 
with Kirschner wires. We also prefer immédiate internai 
fixation after surgical debridement. If the wound is severely 
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A f Elderly patient with osteoporosis, diabètes mellitus, and peripheral neuropathy who sustained an open commi- 
nuted bimalleolar ankle fracture-dislocation. B f After debridement, fracture is definitively treated with internai fixation. Because of 
patient's poor bone quality, multiple transfibular/transtibial screws were used to increase fixation purchase. 


contaminated, a temporary external fixator can be placed 
spanning the ankle and open réduction can be done when the 
wound is judged to be clean and swelling has decreased. 
Ngcelwane noted dirt and grass at the syndesmosis in some 
médial wounds, possibly sucked in by the vacuum created by 
dislocation of the ankle; he recommended a latéral incision 
for cross irrigation, especially for displaced Danis-Weber 
types B and C fractures with gas shadows. In addition to 
internai fixation, a temporary external fixator that spans the 
ankle joint can be used to make wound care easier. The fixator 
can be removed when soff-tissue healing is complété. 

Although most patients (80%) can be expected to return 
to work after the fracture has healed, Wiss et al. pointed out 
that only 18% return to their preinjury recreational level. The 
rate of deep infection in open ankle fractures is approximately 
5%. We hâve found that open ankle fractures, especially 
fracture-dislocations, in diabetic patients, especially patients 
with neuropathy, are problematic and frequently become 
infected or hâve hardware failure, sometimes resulting in 
amputation. Supplémentai external fixation is advisable in 
these patients. 

UNSTABLE ANKLE 
FRACTURE-DISLOCATION 

Childress described a method that may be useful for unstable 
fracture-dislocations in the ankle when the usual treatment 
is inadvisable. This situation most often arises when an abra¬ 
sion or superficial infection is présent where an incision 
usually would be made for open réduction. Childress 


recommended this technique only as a last resort but found 
it useful several times. The ankle is stabilized by a pin inserted 
through the calcaneus into the medullary canal of the tibia. 
Our preferred method of stabilization is application of a uni- 
planar external fixator with inclusion of the forefoot if war- 
ranted to prevent forefoot equinus posturing should a frame 
become necessary for definitive management. Use of a per- 
cutaneous tibiotalocalcaneal pin has been reserved for very 
rare instances in which existing hardware precludes external 
fixation placement and stability is necessary for soff-tissue 
protection. We hâve modified the procedure so that the pin 
is directed to exit the anterior distal tibial metaphysis to facili- 
tate later extraction should the implant fail. 


STABILIZATION OF UNSTABLE ANKLE 
FRACTURE-DISLOCATION 


TECHNIQUE 54-6 


(CHILDRESS) 

■ Tape a Kirschner wire longitudinally on the médial side of 
the ankle exactly in the midline. 

■ Reduce the fracture-dislocation and obtain anteroposte- 
rior and latéral radiographs of the ankle. 

■ Using the Kirschner wire as seen in the radiograph as a 
guide, insert a 2.8-mm, smooth Steinmann pin in the 
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midline on the sole 2.5 cm posterior to the calcaneocu- 
boid joint and aim it toward the center of the tibia. 

■ Advance the pin about 10 cm into the distal tibia and 
check the position of it and the fragments by radio- 
graphs. Leave 1.3 cm of the pin protruding through the 
sole and pad it well. 

■ Apply a long leg cast that does not incorporate the end 
of the pin. 

POSTOPERATIVE CARE. The cast is removed at 4 to 6 
weeks, and a short cast is applied. The pin is removed at 
4 to 8 weeks, depending on the stage of healing and the 
original stability of the fracture. Weight bearing is not 
allowed until the pin has been removed, and then only 
as healing progresses. 


TIBIAL PILON FRACTURE 

Tibial pilon fractures encompass a spectrum of skeletal injury 
ranging from fractures caused by low-energy rotational forces 
to those precipitated by high-energy axial compression forces 
usually resulting from motor vehicle accidents or falls from a 
height. Rotational variants typically hâve a more favorable 
prognosis, whereas high-energy fractures frequently are asso- 
ciated with open wounds or severe, closed, soft-tissue trauma. 
The fracture may hâve significant metaphyseal or articular 
comminution or diaphyseal extension. Classification of these 
fractures is important in determining their prognosis and 
choosing the optimal treatment. The fibula is fractured in 
85% of these patients, and the degree of talar injury varies. 

Rotational fracture of the ankle can be viewed as a con¬ 
tinuum, progressing from single malleolar fractures to bimal- 
leolar fractures to fractures involving the distal tibial articular 
surface. Lauge-Hansen described a pronation-dorsiflexion 
injury that produces an oblique médial malleolar fracture, a 
large anterior lip fracture, a supraarticular fibular fracture, 
and a posterior tibial fracture. Giachino and Hammond 
described a fracture caused by a combination of external rota¬ 
tion, dorsiflexion, and abduction that consisted of an oblique 
fracture of the médial malleolus and an antérolatéral tibial 
plafond fracture. These fractures generally hâve little com¬ 
minution, no significant metaphyseal involvement, and 
minimal soft-tissue injury. They can be treated similarly to 
other ankle fractures with internai fixation of the fibula and 
lag screw fixation of the distal tibial articular surface through 
limited surgical approaches. 

Classification Systems hâve been devised to describe 
more accurately the wide range of distal tibial articular frac¬ 
tures. The AO/OTA classification System provides a compré¬ 
hensive description of distal tibial fractures. Type A fractures 
are extraarticular distal tibial fractures, which are subdivided 
into groups Al, A2, and A3, based on the amount of metaph¬ 
yseal comminution. Type B fractures are partial articular 
fractures in which a portion of the articular surface remains 
in continuity with the shaft; these are subdivided into groups 
Bl, B2, and B3, based on the amount of articular impaction 
and comminution. Type C fractures are complété metaphy¬ 
seal fractures with articular involvement; these are subdi¬ 
vided into groups Cl, C2, and C3, based on the extent of 
metaphyseal and articular comminution (Fig. 54-14). 


Another commonly used System is that proposed by 
Rüedi and Allgôwer, which divides plafond fractures into 
three categories. Type I fractures are nondisplaced cleavage 
fractures that involve the joint surface; type II fractures hâve 
cleavage-type fracture lines with displacement of the articular 
surface but minimal comminution; type III fractures are asso- 
ciated with metaphyseal and articular comminution. 

Studies hâve shown these classification Systems to hâve 
only moderate interobserver reliability; nevertheless, they 
hâve proved to hâve some prognostic value. Treatment of 
fractures with little displacement or comminution (Rüedi and 
Allgôwer type I and type II spiral fractures) has yielded much 
better functional results with far fewer complications than 
treatment of the more severe fracture patterns (Rüedi and 
Allgôwer type III, AO types B3 and C3). 

Intraarticular fractures of the distal tibia hâve been 
treated by a variety of methods, including plaster immobiliza- 
tion, traction, lag screw fixation, ORIF with plates, and exter¬ 
nal fixation with or without limited internai fixation. A variety 
of external fixators hâve been used: traditional half-pin fix- 
ators spanning the ankle, articulated half-pin fixators that 
allow ankle motion, half-pin fixators that do not span the 
ankle, and hybrid fixators that combine tensioned wires with 
half-pins in the tibial diaphysis and do not span the ankle 
joint. Hybrid frames may be composed of rings proximally 
and distally (Ilizarov, Monticell-Spinelli). 

As a resuit of disappointing results after acute definitive 
management, staged protocols hâve been advocated consist- 
ing of temporary external fixation spanning the ankle joint, 
followed by ORIF with plates and screws after the condition 
of the soft tissues has improved, usually 2 to 3 weeks after 
injury. Percutaneous or minimally invasive plating techniques 
hâve been developed. Primary arthrodesis has been per- 
formed in selected severe fractures with extensive articular 
comminution and talar injury. In these patients, functional 
results are likely to be poor with attempts at anatomie restora- 
tion, which may not be feasible. There is some overlap in the 
indications for these differing methods of treatment. The sur¬ 
geons preference and expérience should play a rôle in preop- 
erative decision making. 

Several variables must be considered when devising a 
treatment strategy. One must understand the mechanism of 
injury because this can reflect on the amount of associated 
soft-tissue damage. The fracture type should be determined 
according to the amount and location of displacement, com¬ 
minution, impaction, and diaphyseal involvement. Fracture 
extension into the tibial diaphysis and ipsilateral fractures of 
the foot or tibia may influence the choice of treatment. Some 
authors hâve advocated early limited fixation of the fracture 
extensions into the diaphyseal région for certain fractures to 
facilitate later staged reconstruction. Radiographs of the 
contralatéral ankle may be bénéficiai as a template for articu¬ 
lar reconstruction. 

In addition to plain radiographs, CT scans are extremely 
useful for determining accurately the direction of fracture 
lines, the size and displacement of articular fragments, and 
the extent of articular comminution and impaction. CT scans 
also are useful in planning surgical incisions and trajectory 
for screw or fine wire fixation. Traction can be applied using 
a calcaneal traction pin and Bohler frame or a uniplanar 
spanning external fixator. Radiographs in traction show the 
extent to which the articular surface can be reduced 
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Classification of Orthopaedic Trauma Association (OTA). A f Tibia/fibula, distal extraarticular. B f Tibia/fibula, distal, 
partial articular. C, Tibia/fibula complété articular. (From Orthopaedic Trauma Association Committee for Coding and Classification: Fracture 
and dislocation compendium, J Orthop Trauma 10(Suppl 1):1, 1996.) 


by ligamentotaxis. As a resuit, typically the CT should be 
performed affer the application of an external fixator. Unless 
a form of external fixation may be considered as definitive 
treatment, an acutely chosen preoperative CT can assist in 
planning placement of limited internai fixation. Any impacted 
segments need to be reduced by open or limited open 
methods. Anatomie réduction may be impossible in some 
severely comminuted fractures. 

Clearly define the amount of soff-tissue injury. Open 
injuries can be classified according to the Gustilo System. 
Although less obvious than open wounds, closed soff-tissue 
injuries can be quite severe and can adversely affect the func- 
tional outcome, especially if unrecognized. 

The extremity should be examined carefully for signs of 
vascular injury, swelling, fracture blisters, soff-tissue crush- 
ing, closed degloving, and compartment syndrome. Blood- 
filled fracture blisters indicate more extensive cutaneous 
damage than blisters filled with clear fluid. The Tscherne clas¬ 
sification System can be used to describe closed soff-tissue 


injury. Patient characteristics, such as smoking, alcoholism, 
peripheral vascular disease, and diabètes, should also be 
considered. 

The ultimate goals of tibial pilon fracture management 
are restoring an anatomie articular surface, restoring 
mechanical alignment, maintaining joint stability, achieving 
fracture union, and regaining functional and pain-free weight 
bearing and motion, while avoiding complications. Idéal 
results are not attainable in some patients because of the 
severity of articular comminution and soff-tissue injury or 
comorbidities. Poor prognostic indicators are articular 
comminution (AO C3 and Rüedi-Allgôwer type III fracture), 
talar injury, severe soff-tissue injury, poor réduction of the 
articular surface, unstable fixation, and postoperative wound 
infection. 

Many investigators hâve reported poorer results in the 
more severe fracture patterns. Anatomie réduction has a 
better prognosis than a fair or poor réduction but does not 
guarantee a good resuit. Some degree of arthrosis has been 
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shown to develop in anatomie réductions; however, in fair 
or poor réductions (>2 mm of displacement), more severe 
arthrosis can be expected. In a sériés of 37 AO type B3 and 
C3 fractures treated with external fixation and delayed inter¬ 
nai fixation of the articular surface, Dickson, Montgomery, 
and Field identified a subset of patients with “ground-glass” 
comminution, which was defined as more than three pièces 
of articular surface less than 2 mm in size seen on CT scan. 
Posttraumatic arthritis developed in 10 (38%) of the 26 ankles 
with ground-glass comminution and in none of the ankles 
without it. Overall, 17% of anatomically reduced fractures (5 
of 29) developed arthritis, whereas five of seven nonanatomi- 
cally reduced fractures developed arthritis. 

In recent years, there has been a greater emphasis on 
functional outcome. Although there is no disagreement that 
anatomie réduction is désirable, the impact of anatomie 
réduction on overall outcome is less clear. DeCoster et al. 
analyzed the effect of severity of injury and fracture réduc¬ 
tion on clinical outcome and found no corrélation with clini- 
cal ankle score. In addition, no corrélation has been found 
between radiographie arthrosis and clinical results. Williams 
et al. found that although radiographie arthrosis was related 
to injury severity and quality of réduction, there was no 
significant relationship between these variables and the 
36-Item Short Form Health Survey (SF-36) score, clinical 
ankle score, or return to work. Functional outcome was 
more closely related to socioeconomic factors. Patients with 
a higher level of éducation were more likely to return to 
work and had higher ankle scores. The predictors of clinical 
outcome seem to be multifactorial and are not fully 
understood. 

Pollak et al. and Marsh et al. found pilon fractures to hâve 
a négative long-term effect on general health as measured by 
the SF-36. Stiffness, swelling, persistent pain, and the use of 
an ambulatory aid were some of the reasons. Forty-three 
percent of previously employed patients were no longer 
employed, and of this subgroup, 68% attributed their inability 
to work to the pilon fracture. Poorer results were correlated 
with having two or more comorbidities and treatment with 
external fixation. Fractures treated with external fixation had 
more impairment of range of motion and worse pain scores 
than fractures treated with ORIF. External fixation tended to 
be used in more severe injuries (AO type C). 

Factors to consider in the formulation of a treatment plan 
include the fracture pattern, soff-tissue injury, patient comor¬ 
bidities, fixation resources, and surgical expérience. The 
degree of articular comminution, talar damage, and soff- 
tissue injury is dictated by the injury; however, the surgeon 
does hâve some influence over other prognostic factors. The 
goal should be to obtain the best possible articular réduction 
and axial alignment while respecting the soft tissues. If the 
articular surface does not reduce by ligamentotaxis, some 
form of open réduction usually is indicated after the soft 
tissues hâve recovered. Fracture union can be enhanced by 
bone grafting areas of impaction, bone loss, or extensive 
metaphyseal comminution. The frequency of wound healing 
problems and infection can be decreased by recognizing open 
and closed soff-tissue injury and not operating through com- 
promised soft tissue. In some cases, the surgeon must achieve 
a balance between the goals of anatomie réduction and pré¬ 
vention of wound complications. Anatomie réduction often 
is more difficult to achieve after a delay of 2 to 3 weeks; 
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however, surgical incisions through swollen, contused soft 
tissues can lead to disastrous results, which may require free 
tissue transfer or even amputation. 

Nondisplaced fractures, such as AO types Al, Bl, and Cl, 
hâve been treated successfully with operative and nonopera- 
tive methods. These are the only fracture types in which cast 
immobilization alone may be suitable. If casting is chosen, the 
patient should be observed closely for displacement, and 
weight bearing should be restricted for at least 8 weeks if the 
joint is nonarthritic. Calcaneal traction alone often is helpful 
in temporarily stabilizing severe fractures associated with 
soff-tissue swelling, but it seldom is used for definitive treat¬ 
ment. External fixation accomplishes the same goal of frac¬ 
ture réduction through ligamentotaxis and allows the patient 
to be mobilized. Limited fixation with 3.5- or 4.0-mm screws, 
inserted after either percutaneous or limited open réduction, 
combined with plaster immobilization may be adéquate treat¬ 
ment for AO types Bl, B2, and stable Cl fractures. If the 
stability of the fracture is uncertain, however, an external 
fixator should be used instead of a cast. 

■ OPEN REDUCTION AND PLATE FIXATION 

For displaced fractures, operative treatment has been found 
to be superior to nonoperative treatment. Rüedi and Allgôwer 
popularized the technique of ORIF with plates and screws for 
tibial pilon fractures in the 1960s. This technique follows the 
AO principles of anatomie réduction, rigid stabilization, 
and early motion. The fibula is reduced first and stabilized 
with a plate. Then the articular surface of the tibia is reduced 
and provisionally fixed with Kirschner wires through an 
anteromedial incision. Metaphyseal defects are filled with 
bone graff, and the fracture is stabilized with a médial but- 
tress plate. Rüedi and Allgôwer reported 70 good or excellent 
results in 75 fractures treated with this method. Only three 
fractures were open, and almost half were low-energy, sport - 
related injuries. 

In the 1980s to the mid-1990s, sériés involving larger 
percentages of open and high-energy injuries reported far 
fewer successful results and a high incidence of complications 
with this technique, especially in Rüedi and Allgôwer type III 
(AO type C3) fractures. When complications occur, they can 
be devastating. Free tissue transfer often is necessary to 
salvage the extremity, and the final resuit in some cases is 
amputation. Satisfactory results in Rüedi and Allgôwer types 
I and II fractures hâve been reported to be between 60% and 
82% and 37% and 40% in type III fractures treated with ORIF, 
respectively. Infection rates after type III fractures hâve been 
reported to be 12.5% to 37%. McFerran et al. investigated the 
complications in 52 tibial plafond fractures, most of which 
were treated by ORIF. Overall, there was a 54% incidence of 
local complications, and 8 of 11 open fractures were associ¬ 
ated with complications. 

Plate and screw fixation has been associated with 
more frequent wound breakdown and infection than in 
similar fractures treated with external fixation. Watson et al. 
reported more excellent and good results at 5-year follow- 
up with external fixation (81%) than with open plating 
(75%) in 94 pilon fractures. They based their treatment 
choices on the severity of the soff-tissue injury: Tscherne 
grade 0 and grade I were treated with plating, and grade II 
and grade III and open fractures were treated with external 
fixation. 
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■ TWO-STAGE DELAYED OPEN REDUCTION 
AND INTERNAL FIXATION 

The high incidence of wound complications after ORIF of 
pilon fractures reported in the 1980s and in the early to mid- 
1990s is attributable to operating through a poor soft-tissue 
envelope. In an effort to improve overall results, protocols for 
staged ORIF hâve been developed, and these hâve decreased 
the frequency of wound complications and infections associ- 
ated with plating of pilon fractures. Initially, the fibula is 
plated and an external fixator is placed, spanning the ankle. 
Preoperatively, the proposed incision for tibial réduction is 
planned and the fibular incision is placed so that the skin 
bridge between the two incisions is at least 7 cm, although 
smaller soft-tissue bridges hâve been shown to be tolerable. 
If the soft tissue overlying the fibula is compromised, fibular 
plating should be delayed. External fixation pins should be 
placed well away from planned incisions and out of the zone 
of injury and potential plate fixation. 

Watson et al. described a two-pin “traveling traction” 
type of external fixator that is useful in this situation. Sirkin 
et al. recommended either an AO delta frame spanning the 
ankle or a médial half-pin fixator consisting of one half-pin 
in the talus, one half-pin in the calcaneus, and two half-pins 
in the tibial shaff. However, the use of a talar pin may com¬ 
promise certain surgical approaches. Tibial pilon open réduc¬ 
tion is done after the soft tissues hâve improved and swelling 
has decreased (usually between 10 and 21 days). Skin wrin- 
kling and healing of fracture blisters are clinical indicators of 
improved soft-tissue condition. Careful soft-tissue handling 
and low-profile plates are recommended. When the soft- 
tissue swelling has significantly diminished, anatomie réduc¬ 
tion and internai fixation can be done with fewer wound 
complications than with early ORIF. 

Several authors hâve recommended staged protocols for 
treatment of complex pilon fractures with severe soft-tissue 
injuries. Patterson and Cole described immédiate fibular fixa¬ 
tion and placement of a médial spanning external fixator, 
followed at an average 24 days later by removal of the fixator 
and ORIF. Of 22 type C3 pilon fractures, 21 healed within an 
average of 4.2 months with no infections or soft-tissue com¬ 
plications. These authors cited as advantages of this protocol 
(1) better soft-tissue management, because the first stage aims 
to obtain anatomical fibular realignment and restore ana¬ 
tomie length of the distal tibia with little disruption of the soft 
tissues, and (2) the ability to obtain anatomie realignment of 
the articular surface under direct vision in the second stage. 
Disadvantages include the need for a large soft-tissue dissec¬ 
tion initially and the difficulty of réduction techniques and 
maneuvers in a fracture 3 weeks or more after injury. Pat¬ 
terson and Cole also cautioned against creating large soft- 
tissue dissections and bone stripping. 

Blauth et al. compared three different treatment methods 
in 51 patients with predominantly AO type C pilon fractures. 
Tfiey found no significant différence among the methods in 
regard to soft-tissue infection. Tfiere was no statistical cor¬ 
rélation between arthritis and soft-tissue injury or treatment 
group. Tfiere was a trend toward better range of motion, 
less pain, more frequent return to previous occupation, 
and increased ability to return to leisure activities in the 
staged treatment group; however, it was not statistically sig¬ 
nificant. Based on these results, the authors stated a prefer- 
ence for the staged procedure in patients with severe 


soft-tissue compromise that involved limited screw fixation 
of the articular surface through stab incisions and spanning 
external fixation followed by a less invasive plating technique 
after soft-tissue healing. 

Most pilon injuries are treated in staged fashion owing to 
the reported decrease in associated complications. However, 
investigation continues to further our understanding of these 
difficult fractures in an effort to minimize soft-tissue compli¬ 
cations and maximize treatment results. Graves et al. revealed 
that the larger soft-tissue envelope associated with obesity 
resulted in a trend toward increased wound complications. In 
a recent study, authors hâve published their results of early 
definitive fixation of tibial pilon fractures. White et al. evalu- 
ated 95 OTA 43.C-type tibial pilon fractures; 88% were 
managed within 48 hours of injury, citing comparable results 
to those previously published for other treatment modalities. 
Tfie latéral approach has been advocated for treating certain 
fracture patterns in a staged fashion, as has combined postero- 
medial and postérolatéral approaches. Boraiah et al. reported 
outcomes of open pilon fractures treated with ORIF in a staged 
fashion. Despite a 3% and 5% deep and superficial infection 
rate, respectively, functional outcome scoring for most patients 
was poor. In another study, Harris étal, determined that 
patients sustaining a type C3 fracture developed more compli¬ 
cations, required secondary interventions, and had worse 
functional scoring at a mean follow-up of 98 months. 

I PLATING TECHNIQUE 

Open anatomie réduction and rigid fixation with plate and 
screw devices can be used effectively to treat tibial pilon frac¬ 
tures if strict attention is paid to fracture réduction and soft- 
tissue management. Tfiis technique is suitable for low-energy 
fractures with large displaced fragments, little comminution, 
and no diaphyseal extension (Fig. 54-15). An extremity with 
minimal swelling and a good soft-tissue envelope is of para- 
mount importance if complications are to be prevented. Skin 
wrinkling is a good indication that edema has subsided. Soft- 
tissue handling must be meticulous, and strict “no-touch” 
techniques hâve been advocated. Tfie most prudent course is 
temporization with placement of an external fixator until the 
soft tissues can be definitively treated. Formai open plating 
techniques should be used cautiously in open fractures and 
Rüedi and Allgôwer type III fractures (AO type C3) because 
of the high reported incidences of poor results and 
complications. 

I MINIMALLY INVASIVE PLATING TECHNIQUE 

In an effort to decrease the wound complications associated 
with traditional open plating techniques, less invasive 
methods of plating hâve been developed. Tfie fracture is pri- 
marily reduced by ligamentotaxis, and further réduction and 
plating are performed through limited incisions. Open médial 
plating has been found to disrupt the blood supply of the 
distal tibia to a greater extent than percutaneous plating, 
which might prédisposé to delayed union or nonunion. 

Borens et al. reported their results in 17 patients treated 
with minimally invasive plating of selected tibial pilon frac¬ 
tures with a low-profile médial plate. Ail fractures healed. 
Results were rated as excellent in eight patients (47%), fair in 
seven patients (41%), and poor in two patients (12%). Tfie 
authors concluded that this technique was effective and 
reduced soft-tissue complications associated with open 
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FIGURE 


Plate and screw fixation of distal tibial and fibular fractures. 


plating of pilon fractures. They advocated the use of this 
technique in a staged protocol. 

I MINIMALLY INVASIVE PLATING OF TIBIAL PILON 
FRACTURE 

Minimally invasive plating techniques hâve been further 
enhanced with the widespread development of precontoured 
locking-plate technology, particularly those with outriggers 
to target proximal fixation. We do not routinely perform open 
réduction of the fibular component during the initial setting 
and prefer to maintain length through application of an exter- 
nal fixator alone. Alternatively, an antérolatéral surgical 
approach may be performed for articular réduction and then 
fixation can be performed in submuscular fashion and proxi¬ 
mal fixation percutaneously. This can be done with a medially 
based large distractor for facilitation of réduction. The antéro¬ 
latéral approach is described in Chapter 1. Care must be 
applied to ensure adéquate soff-tissue bridging if a separate 
incision is necessary to treat the fibula. When the antérolat¬ 
éral approach is employed, a separate incision is occasionally 
needed to place a percutaneous small médial plate if the frac¬ 
ture pattern demands. 

Understanding the typical morphology of tibial pilon 
fractures is paramount to devising an appropriate réduction 
strategy whether the fibula is fixed acutely or not. Mapping 
of tibial pilon fractures has revealed characteristic fracture 
fragments that can be identified in most fractures. These 
consist of antérolatéral, médial, and postérolatéral fragments, 
with a central component that may be significantly commi- 
nuted. As with many ankle fractures, réduction of the fibular 
component can improve the réduction of the posterior frag¬ 
ment. These fragments must be recognized whether a formai 
open or limited technique is employed. With open approaches, 


the réduction sequence (affer fixation of the fibula in many 
cases) begins posteriorly and then progresses medially, fol- 
lowed by central réduction, and finally the antérolatéral 
fragment. 


STAGED MINIMALLY INVASIVE OPEN 
REDUCTION AND INTERNAL FIXATION 


TECHNIQUE 54-7 


STAGE 1 

■ Place the patient supine on a radiolucent operating table 
and place a tourniquet. 

■ For ORIF, make a standard postérolatéral incision. 

■ Reduce the fracture, and fix the fibula with a one-third 
tubular plate. 

■ Close the wound with 3-0 nylon. 

■ Place a triangular external fixator spanning the ankle 
joint. 

■ Place two pins proximally in the anteromedial aspect of 
the tibia and place one threaded pin through the 
calcaneus. 

■ Using ligamentotaxis and the reestablished latéral column, 
the pilon fracture is temporarily reduced and secured 

(Fig. 54-16). 

STAGE 2 

■ Definitive reconstruction can be done as soon as healing 
of the soft tissues permits, typically as judged by the 
return of skin wrinkling. 
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A f Comminuted pilon fracture with fibular frac¬ 
ture. B, Fibular length is restored and secured with six-hole plate 
as first step in reconstruction of pilon fracture. (From deSouza LJ: 
Fractures and dislocations about the ankle. In Gustilo RB, Kyle RF, 
Templeman DC, editors: Fractures and dislocations, St. Louis, 1993, 
Mosby ) SEE TECHNIQUE 54-7. 


9 " Place the patient supine on a radiolucent table with a 
tourniquet. If preoperative planning has shown that per- 
cutaneous plating is impossible, reduce articular surfaces 
through a limited anterior arthrotomy, chosen by the 
location of primary fracture lines, which can also allow 
bone grafting or application of a small anterior plate or 
both. 

■ If percutaneous plating is possible, estimate the length of 
the plate based on preoperative films. Place the plate on 
the skin while checking the position with fluoroscopy. 

■ Contour the plate to fit on the anteromedial aspect of 
the distal tibia. After bending and twisting the plate using 
plate benders, check the anticipated position using 
fluoroscopy. 

■ Make one anteromedial incision at the proximal end of 
the anticipated plate position and one at the distal end. 
■ Make a tunnel connecting these two incisions in an extra- 
periosteal fashion by advancing a clamp from distal to 
proximal or from proximal to distal. 

■ Tie a strong suture (e.g., Ethibond No. 5) through the first 
hole in the plate. Use the Kelly clamp to help pull the 
plate through the subcutaneous tunnel under radio¬ 
graphie control. Through small stab incisions, fix the plate 
with 3.5-mm cortical low-profile screws. Locking screws 
may be used if a bridge plate construct is deemed 
necessary. 

■ Place a nonlocking lag screw through the midportion of 
the plate. Because the plate is flexible, good bone-plate 
contact can be achieved (Fig. 54-17). 

■ When final radiographie control shows adéquate réduc¬ 
tion and fixation, remove the external fixator. 

■ Deflate the tourniquet and obtain hemostasis. Close the 
wound over drains in standard layered fashion. 

■ Place a bulky cotton dressing with a posterior plaster 
splint to maintain the ankle in neutral position. 


POSTOPERATIVE CARE. Postoperatively, the limb is 
immobilized with the use of a splint. Closed suction 
drains are typically removed on postoperative day 1 or 2. 
Depending on the rigidity of fixation, splint immobiliza- 
tion is discontinued as wound healing permits. Passive 
and active range-of-motion exercises are then initiated. 
Sutures are removed between 2 to 3 weeks postopera¬ 
tively. Full weight bearing is not permitted until full bony 
healing is confirmed radiographically, usually by 12 
weeks. 


If minimally invasive techniques are not deemed appropriate 
for the fracture pattern, open techniques should be used. 
Similar to the technique above, once the soff-tissue envelope 
is appropriate after staged external fixation, the surgeon 
can embark on definitive fixation. The selected surgical 
approach should take into account the primary fracture lines 
or “lines of access” to effect the réduction with the most direct 
access to minimize soff-tissue undermining. This may consist 
of multiple smaller surgical incisions. Multiple surgical 
approaches hâve been described for definitive fixation, the 
most common being antérolatéral and anteromedial. 

■ POSTEROLATERAL APPROACH TO 
PILON FRACTURES 

Alternatives to the traditional anteromedial approach for 
ORIF of pilon fractures hâve been advocated in an attempt to 
reduce the incidence of soff-tissue complications. The inter¬ 
val is between the peroneal tendons and the flexor hallucis 
longus. A thicker soff-tissue envelope overlying the plate 
(flexor hallucis longus muscle) was thought potentially to 
decrease problems with wound healing and deep infection. A 
disadvantage of this approach is poor exposure of the ankle 
joint, which limits its utility in fractures with anterior com- 
minution. Some authors suggest the postérolatéral approach 
should be considered as an alternative surgical approach in 
fractures that can be effectively reduced posteriorly. 

Bhattacharyya et al. examined the complications associ- 
ated with the use of the postérolatéral approach for pilon 
fractures in 19 patients. Complications occurred in nine of 
the 19 patients. Six patients (31%) had wound problems 
(three superficial infections, three deep infections). Four 
patients (21%) had nonunions (two aseptie, two infected), 
three patients required ankle arthrodesis, and one patient had 
a 3-mm step-off. The authors concluded that the postérolat¬ 
éral approach did not reduce the incidence of wound compli¬ 
cations compared with other approaches. They recommended 
this surgical approach only for pilon fractures in which the 
articular displacement and comminution are predominantly 
located posteriorly or when an anterior approach is not rec¬ 
ommended because of the condition of the soft tissues. 

The postérolatéral approach is rarely indicated as the 
sole approach for management of pilon injuries. Instead, 
it can be a component of an overall strategy to treat these 
injuries. Some hâve advocated its use early in the treatment 
of the fibula and posterior fragment. Definitive ORIF of 
the plafond from a staged anterior-based approach has the 
benefit of a stable posterior column to serve as the base for 
reconstruction. 
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A f Closed, comminuted fracture involving tibial pilon and fibula. B and C f Application of uniplanar external fixation 
and fibular ORIF facilitâtes indirect réduction of distal tibial comminution. D-G f After healing of soft tissues, patient returned for defini¬ 
tive fixation with limited open réduction and minimally invasive plate osteosynthesis. SEE TECHNIQUE 54-7. 


POSTEROLATERAL APPROACH TO 
PILON FRACTURES 


TECHNIQUE 54-8 


■ With the patient under general anesthésia, remove the 
temporary external fixator that was previously placed. 
Administer antibiotics preoperatively. 

■ Place the patient prone and exsanguinate the extremity 
and inflate the tourniquet. 


■ Make a postérolatéral incision into the distal tibia between 
the peroneal tendons and flexor hallucis longus, adjacent 
to the Achilles tendon. The approach can be carried proxi- 
mally if needed. 

■ Identify and protect the sural nerve. 

■ Apply a fémoral distractor if necessary to gain length or 
view the joint. Apply the distractor through new pins in 
the tibia to the calcaneus (Fig. 54-18). 

■ If necessary, plate the fibula through the same incision 
and fix with a 3.5-mm one-third tubular plate. 

■Obtain articular réduction by direct manipulation 
of the fracture fragments through the fracture 
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Posterior approach. Fémoral distractor has 
been applied, and sural nerve is dissected free. SEE TECHNIQUE 
54-8. 


sites under direct exposure. Confirm réduction with 
fluoroscopy. 

■ Fix the articular fragments with 3.5-mm lag screws or 
4.0-mm cancellous screws. 

■ For the metaphyseal component of the injury, apply an 
appropriate plate for the injury type. C-type injuries 
typically require a 3.5-mm plate. B-type injuries can be 
treated with lower-profile implants placed in an antiglide 
fashion. 

■ For large bone defects caused by comminution, consider 
using iliac crest bone grafting or appropriate bone graft 
substitutes. 

■ Perform wound closure in standard layered fashion and 
consider insertion of a subfascial closed suction drain. 

POSTOPERATIVE CARE. The leg is splinted and ele- 
vated for 48 hours. We routinely place a closed suction 
drain postoperatively for postérolatéral approaches. Early 
ankle motion is encouraged with physical therapy once 
the wound permits and sutures hâve been removed. 
Weight bearing begins at 12 weeks when radiographs 
permit. 


■ COMBINED INTERNAL AND 
EXTERNAL FIXATION 

In response to reports of unacceptable results with plating of 
high-energy tibial pilon fractures with traditional techniques, 
external fixation combined with limited internai fixation of 
the fibula and articular surface of the tibia has been advocated 
as an alternative approach. Reports of external fixation com¬ 
bined with limited internai fixation for tibial pilon fractures 
hâve shown a decreased incidence of infection compared with 
similar fractures treated with plate and screw devices. 
However, a 20% incidence of pin complications and wound 
healing problems over the fibular incision were noted in one 
study. 

In a long-term follow-up study (5 to 12 years) by Marsh 
et al., of 35 pilon fractures treated with monolateral spanning 
external fixation, réduction was rated as good in 14, fair in 
15, and poor in 6. Osteoarthrosis was grade 0 in 3, grade 1 in 
6, grade 2 in 20, and grade 3 in 6. Arthrosis was correlated 
with severity of injury and quality of réduction but did not 
correlate with clinical resuit (15 excellent, 10 good, and 7 
poor). Fiffeen patients rated their outcome as excellent, 10 as 
good, 7 as fair, and 1 as poor. Most patients (27 of 31) were 
unable to run. 

Another study by Dickson et al. of 37 high-energy tibial 
pilon fractures (AO B3 and C3) treated by spanning external 
fixation and a second-stage open réduction of the articular 
surface at 10 to 21 days reported 81% good and excellent 
results. Complications included infection in 8%, loss of 
réduction in 11%, secondary arthrosis in 8%, and one (3%) 
amputation in a diabetic patient with a failed arthrodesis. 

Studies hâve shown good to excellent results with the use 
of hybrid external fixation in 67% to 69% of intraarticular or 
Rüedi-Allgôwer type II fractures and 75% to 97% good 
results. Complications hâve been reported in 23% to 66 % of 
patients and include deep and superficial infections and 
malunion. 

■ EXTERNAL FIXATION AND FIBULAR PLATING 

Although an intégral part of the AO principles for ORIF of 
tibial pilon fractures, the rôle of fibular plating is controver- 
sial when external fixation is used as the definitive treatment. 
Potential advantages of fibular plating include increasing 
mechanical stability, assisting in réduction of the antérolatéral 
articular fragment, and restoring the length and alignment of 
the tibia. Potential disadvantages include increased operative 
time, possible wound complications, and potential malreduc- 
tion resulting in inability to accurately reduce the plafond. In 
addition, fibular plating restricts the ability of the fixator to 
be dynamized and may lead to delayed union or varus mal¬ 
union if metaphyseal defects are not bone graffed. Fibular 
réduction may be difficult in some fractures, and malreduc- 
tion impairs the ability to reduce the tibia. 

In a study by Williams et al. of patients treated with 
fibular plating, complications included fibular wound infec¬ 
tions (23%), fibular nonunions (9%), and angular malalign- 
ment (4.5%). Complications in patients without fibular 
plating included angular malunions (19%) and tibial wound 
infection (3%). An increased frequency of delayed union or 
varus malunion in the fractures with fibular plating was 
not found; however, the authors concluded that plating of 
the fibula in tibial pilon fractures treated with external fixa¬ 
tion spanning the ankle is associated with significant 
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complications and that good results can be obtained without 
fibular fixation. Limitations of the study included the small 
number of patients. 

Watson et al. analyzed 39 tibial pilon fractures that were 
treated with a variety of external fixation devices and were 
considered treatment failures. They found that 64% of the 
failures consisted of malunion or nonunion of the diaphyseal- 
metaphyseal junction in fractures with plated or intact fibulas 
and unrecognized bone loss or comminution of the tibia that 
was never bone graffed. The authors contended that this 
complication may be avoided by early récognition and bone 
graffing of tibial bone loss or comminution before frame 
dynamization. Alternatively, bone graffing potentially can be 
avoided by not plating the fibula and by using a screw or wire 
to maintain fibular réduction at the ankle mortise. There cur- 
rently is no definitive evidence to support or condemn fibular 
fixation in tibial pilon fractures treated with external fixation. 
The risks and benefits of fibular fixation must be weighed for 
each individual fracture. We do not routinely stabilize the 
fibular fracture at the time of initial external fixator applica¬ 
tion, particularly if the definitive management will be with 
external fixation. However, we do in select patients treat the 
fibular fracture early if a postérolatéral approach is used to 
treat a posterior plafond fragment and then return in a staged 
fashion once the soff-tissue envelope allows for fixation of the 
remaining components of the injury. 

Although external fixation techniques hâve been shown 
to reduce the incidence of wound complications and deep 
infection compared with open réduction and plating, mal¬ 
unions and pin site infections remain problematic. In addi¬ 
tion, Wyrsch et al. and Pugh et al. reported in comparative 
sériés that articular réduction was better in the open réduc¬ 
tion group than in the external fixation group, although 
external fixation was used more commonly for more severe 
fractures. 

I SPANNING EXTERNAL FIXATION 

Traditional half-pin external fixation that spans the ankle 
joint has the advantages of requiring less soff-tissue dissec¬ 
tion and of leaving no large implants in a subcutaneous posi¬ 
tion, which theoretically should lead to fewer wound 
complications and infections, especially in open fractures or 
fractures with severe closed soff-tissue injury. Limited open 
réduction may be necessary, however, if the fracture does not 
reduce by ligamentotaxis. External fixation can be used to 
stabilize almost any fracture of the distal tibia, regardless of 
comminution, and is especially useful in fractures with 
diaphyseal extension. Half-pin external fixators are relatively 
easy to apply, and most surgeons are familiar with this tech¬ 
nique. Potential disadvantages include pin track infection and 
pin loosening, which are common with any type of external 
fixator; loss of réduction, which can occur if the fixation is 
removed before the fracture heals; and ankle stiffness, which 
may occur because half-pin fixators span the ankle and sub- 
talar joints. At least one half-pin usually is inserted into the 
calcaneus, which makes this technique more difficult if an 
ipsilateral calcaneal fracture is involved. Half-pins in the 
hindfoot loosen with time, and bone graffing may be needed 
in comminuted fractures to promote fracture union before 
fixator removal. 

The articulated half-pin fixator, with a hinge to allow 
ankle motion, was developed to prevent immobilization of 


the tibiotalar joint. The axis of the hinge is aligned as closely 
as possible to the true axis of the ankle, and the articulated 
hinge can be loosened to allow ankle motion. It has not been 
proved, however, that the articulating feature improves overall 
functional results. 

Marsh et al. compared 19 patients with pilon fractures 
treated in a spanning external fixator without ankle motion 
with 22 patients treated with an articulated spanning external 
fixator and early ankle range of motion (within 2 weeks of 
surgery). Patients were placed in a short leg cast or walking 
boot for 4 to 6 weeks affer fixator removal. The authors found 
no significant différences between the groups in range of 
motion, pain, or functional scores. The authors cautioned that 
follow-up was short and that numbers may hâve been too 
small to detect différences. 

Half-pins are placed in the calcaneus and talus and con- 
nected to half-pins in the diaphysis. The fracture is reduced 
by distraction and ligamentotaxis. The fibula may be plated if 
the overlying soft tissues hâve not been damaged. The articu¬ 
lar surface is reduced further percutaneously, under fluoro¬ 
scopie guidance, or through limited incisions made directly 
over fracture fines. The articular réduction is fixed with 3.5- 
or 4.0-mm screws (Fig. 54-19). Bone graffing of metaphyseal 
defects is necessary in 25% to 60% of fractures; it can be 
performed acutely if soff-tissue coverage is good, or it can be 
delayed 4 to 6 weeks until the soft tissues hâve healed. 


SPANNING EXTERNAL FIXATION OF 
TIBIAL PILON FRACTURE 


TECHNIQUE 54-9 


(BONARAND MARSH) 

■ Fix a hinged, articulated fixator to two screws distally, one 
in the calcaneus and one in the talus, and to two screws 
proximally in the tibia. Insert ail screws after predrilling. 
To protect the soft tissues, perform ail drilling and screw 
insertion through sleeves. 

■ Place the calcaneal and talar screws as indicated in Figure 
54-20A to straddle the neurovascular bundle. 

■ Using fluoroscopy, place the talar screw first without 
using the fixator template. Locate the starting point of 
the talar screw on the distal médial neck of the talus (see 
Fig. 54-20A); place the screw parallel to the dôme of the 
talus, as seen fluoroscopically on an anteroposterior view 
of the ankle (Fig. 54-20B), and roughly perpendicular to 
the long axis of the foot (Fig. 54-20C). The placement 
and direction of this screw are important because they 
align the template used to insert the rest of the screws. 

■ Ensure bicortical purchase by making sure that two 
threads penetrate the latéral neck of the talus on an 
anteroposterior fluoroscopie view. 

■ Place the calcaneal and tibial screws through the template 
based on the talar screw. The calcaneal screw can be 
placed high or low in the tuberosity of the calcaneus by 
rotating the articulated hinge. The high position allows 
more postoperative dorsiflexion and is recommended. 

■ Confirm bicortical purchase of the calcaneal screw on an 
axial fluoroscopie view of the hindfoot. The center of the 
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A and B f Severe fracture-dislocation of distal tibia and fibula. C f CT scan shows fracture pattern. D and E f After fixa¬ 
tion with plate and screws in fibula, lag screws in tibia, and articulated fixator to maintain réduction. 


hinge of the articulated fixator should be near the middle 
of the talus. 

■ After the screws hâve been placed, remove the template, 
apply the fixator, and lock the proximal bail joint. Use a 
compression distraction apparatus to distract the ankle 
joint and evaluate the réduction fluoroscopically. 

■ Based on preoperative planning and the intraoperative 
appearance after distraction, make limited incisions to aid 
in exact réduction of the articular surface and obtain fixa¬ 
tion with small fragment screws. Choose incision loca¬ 
tions that coïncide directly with the major fracture lines 
to provide a view of the articular surface, using the frac¬ 
ture as a window. Large tenaculum réduction forceps may 
help reduce the major fragments. 

■ Use screw fixation for the articular fragments only; do not 
attempt to obtain screw fixation across the metaphyseal 
fracture. Tibial plates are not used. Use cannulated screws 
for percutaneous insertion and keep periosteal stripping 
to a minimum. 

■Apply bone graft to the metaphyseal defect through the 
same incision or through a separate incision if needed. 


POSTOPERATIVE CARE. The limb is kept elevated until 
soft-tissue healing allows mobilization. Most patients are 
kept non-weight bearing and are not allowed to bear 
more than 20 kg of weight during the first 6 weeks. The 
external fixator is dynamized (the locking nut is released 
to allow sliding of the telescoping body) at 4 to 12 weeks, 
at which time weight bearing is increased. The fixator is 
removed when healing of the fracture is évident on radio- 
graphs and the patient can walk without pain when the 
fixator body is removed. Ankle joint motion is begun 
when soft-tissue conditions permit, usually at 1 to 2 
weeks. An Orthoplast (Johnson & Johnson, New Bruns¬ 
wick, NJ) splint is worn to maintain the ankle in neutral 
except during range-of-motion exercises. 


I HYBRID EXTERNAL FIXATION 

Hybrid external fixators consist of tensioned wires in the 
epiphyseal fragment of the tibia connected to half-pins placed 
in the diaphysis. Similar to half-pin fixators, these devices 
provide greater préservation of the soft tissues and greater 
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JjJ A f Placement of calcaneal and talar screws to 
avoid neurovascular bundle and subtalar joint. B f Talar screw is 
parallel to talar dôme on anteroposterior view (dashed Unes indi- 
cate inaccurate screw placement). C f Screw is perpendicular to 
long axis of foot, and two threads should protrude through far 
cortex of talus. SEE TECHNIQUE 54-9. 


ease in spanning diaphyseal fracture Unes than do plating 
devices. The tensioned wires, which can be used in a manner 
similar to lag screws, can aid in the réduction and fixation of 
articular fragments. Confining the fixation to above the ankle 
joint has potential advantages and disadvantages. The tibio- 
talar and subtalar joints are not immobilized, which theoreti- 
cally should diminish stiffness in these areas. 

The surgeon must be familiar with the biomechanics of 
these fixators to ensure a stable construct. In a biomechanical 
study, Yang et al. found that a bar-ring hybrid fixator consist- 
ing of a unilatéral fixator body connected to a ring/wire 
assembly was too flexible. The addition of diagonally placed 


struts significantly improved the stability of this construct. A 
two-ring hybrid fixator seemed to hâve the best mechanical 
performance. In fractures with extreme articular comminu- 
tion, the wires may not provide adéquate fixation, however. 
Fixation wires may need to be placed intracapsularly for adé¬ 
quate fixation, and although septic arthritis caused by pin 
track infection is a potential complication, this has not been a 
problem in the ankle as it has been in the knee. Neurologie, 
vascular, or tendinous impaiement can occur if safe corridors 
for wire placement are not recognized. Fractures associated 
with tibiotalar instability also are not adequately stabilized 
with this method. Many surgeons do not hâve expérience with 
tensioned wire techniques. Hybrid fixators are most appropri- 
ate for AO type A, type Cl, and type C2 fractures. 

Watson emphasized the importance of achieving early 
ligamentotaxis réduction to close large fracture gaps and to 
reduce fracture hemorrhage and tension on the tenuous soft- 
tissue envelope. A delay of more than a few days may make 
it impossible to disimpact the metaphyseal fragments and 
makes realignment of any shaff extension and comminution 
difficult; it also makes indirect réduction difficult and may 
require a larger or more extensile incision. Watson recom- 
mended that calcaneal traction be applied immediately affer 
évaluation in the emergency department or, for open frac¬ 
tures, in the operating room during emergency irrigation and 
debridement. He described the use of a “traveling traction” 
device consisting of a 6-mm, centrally threaded, Steinmann 
pin through the calcaneal tuberosity and a similar pin through 
the proximal tibia at the level of the fibular head. A simple 
quadrilatéral external fixator frame is constructed by apply- 
ing médial and latéral radiolucent external fixation bars, and 
manual distraction is done to obtain a ligamentotaxis réduc¬ 
tion. A CT scan of the extremity in traction allows formula¬ 
tion of an operative plan. If ligamentotaxis has obtained a 
relative réduction, percutaneous olive wires can be used, with 
or without cannulated screws. If the joint is not reduced, a 
limited open approach is indicated. 

Based on review of more than 150 CT scans of these 
injuries, Watson developed a four-quadrant approach to wire 
insertion (Fig. 54-21). Incisions are made to correspond with 
the anatomically “safe” corridors for transfixation wire place¬ 
ment to stabilize the metaphyseal fragments. The only région 
inaccessible to tension wire fixation is a fracture line that is 
exactly transverse in the coronal plane. Because of anatomie 
restraints, olive wires cannot be placed from directly anterior 
to posterior, and fracture fines in this orientation are best 
stabilized with small cannulated screws. 


DEFINITIVE RING EXTERNAL 
FIXATION OF TIBIAL PILON 
FRACTURES 


TECHNIQUE 54-10 


(WATSON) 

■ Place the patient on a radiolucent table on a beanbag 
patient-positioning device. Bolster the beanbag to elevate 
the entire lower extremity and to allow placement of a 
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Fracture patterns found on CT scans of pilon 
fracture: antérolatéral, postérolatéral, anteromedial, or postero- 
medial fragments with central impaction or compression. Based 
on anatomically safe corridors, wires can be passed obliquely 
through safe zones A and D or B and C; wires cannot be passed 
safely directly from anterior to posterior. Safe zones A, B, C, and 
D correspond to incisions. (Redrawn from Watson JT: Tibial pilon 
fractures, Tech Orthop 11:150, 1996.) 



circular fixator without its impinging on the table. Main- 
tain calcaneal traction through a table extension with a 
stérile traction bow. If a two-pin external fixator is in 
place, use it to maintain traction. 

■ Stabilize the fibula first. If the condition of the soft tissues 
allows, use a limited open réduction technique to apply 
a four-hole or six-hole plate. If the soft tissues along the 
latéral aspect of the fibula are compromised, use percu- 
taneous tenaculum forceps to pull the fibula out to length 
and pin it temporarily to the latéral tibia with a percutane- 
ous Kirschner wire, which later is replaced with a ten- 
sioned olive wire. 

■ The external fixation frame usually consists of three or 
four rings. Begin the frame with a distally based ring 
located at the level of the ankle joint. Locate the second 
ring just proximal to any shaft extension. If there is a wide 
zone of diaphyseal-metaphyseal extension, an additional 
middle ring is necessary. Connect the proximal two or 
three rings above the fracture by long, threaded rods. 
Leave the distal ring free. 

■ Open the proximal ring construct in a "clamshell" fashion 
and place it over the tibial shaft. Place a transverse 


reference wire parallel to the knee joint and level with 
the fibular head, and attach the proximal ring to this wire. 
Obtain appropriate soft-tissue clearance and position the 
proximal ring on the limb to ensure that it is parallel to 
the knee joint and collinear with the intact proximal shaft 
of the tibia. 

■ Place a Schanz pin into the proximal tibial shaft and 
attach it to the most proximal ring. At this point, the 
proximal ring construct is firmly attached to the tibia 
above the fracture. Place additional transfixation wires or 
Schanz pins on the additional proximal rings to obtain 
two levels of fixation on each ring of the intact proximal 
shaft. Do not yet place olive wires through any area of 
comminution. 

■ Articular fixation is performed next. If ligamentotaxis was 
successful, stabilize the fracture by placing percutaneous 
olive wires across the major fragments in accordance with 
the preoperative CT data (Fig. 54-22A). This approach 
differs from techniques in which a standardized pattern 
of transfixation wire placement is used; in this technique, 
the transfixation wires are placed where the fracture pat¬ 
terns dictate. For coronal plane fractures, use cannulated 
screws to facilitate fixation of the wires. 

■ If ligamentotaxis was unsuccessful, an open approach is 
indicated. 

■ Based on the CT data, select an appropriate corridor and 
make a 4- to 6-cm incision, avoiding undermining any 
large cutaneous flaps. If the placement of the incision has 
been selected carefully, it should lead directly to the major 
fracture line. 

■ Minimal periosteal stripping is necessary, and the fracture 
line is opened like a book to reveal the joint. The impacted 
articular fragments also are visible because the joint is 
distracted. 

■ Use a small elevator to disimpact the articular surface and 
reduce it under direct vision. 

■ Use Kirschner wires to hold the fragments temporarily 
and apply any bone graft necessary to maintain the 
segment in position and fill any cancellous defects. 
Reduce the metaphyseal fragments and hold them with 
temporary Kirschner wire fixation. Use screws for defini¬ 
tive articular fixation of any coronal fracture lines. Alter¬ 
native^, for most fracture lines, place olive wires 
percutaneously or directly through the incision to fix the 
fragments. 

■ At least three or four olive wires are necessary to obtain 
adéquate fixation of the articular surfaces. If the distal 
tibial-fibular joint has been disrupted, use an olive wire 
to reduce the diastasis by passing the wire from the 
fibula across the tibia. If the fibula has not been plated, 
ensure that it is pulled out to its full length and that 
appropriate rotation is maintained before placing the 
tibia-fibula transfixation wire. Place the final wire, a 
transverse reference wire, just anterior to the fibula. Pass 
the wire only through the tibia to ensure that it is parallel 
to the joint, approximately 1 cm proximal to the ankle 
joint. Then "clamshell" the distal ring and place it around 
the wires, positioning the ring on the reference wire 
(Fig. 54-22B). This ensures that the knee and ankle joints 
are parallel when the distal and proximal rings hâve been 
connected. 
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C 



A f Fracture lines are reduced and compressed with multiple olive wires, based on preoperative CT data. B f Distal ring 
is "clam shelled" and placed parallel to ankle joint. C f Posts of various heights are used to attach wires to ring. (From Watson JT: Tibial 
pilon fractures, Tech Orthop 11:150, 1996.) SEE TECHNIQUE 54-10. 


■ Attach the remainder of the wires to the free ring. 
Because the wires may not lie directly in apposition to the 
ring, build up to the ring by using various posts of differ¬ 
ent heights (Fig. 54-22C). 

■ Tension the opposing olive wires symmetrically using 
two-wire tensioners. Perform this tensioning under fluo¬ 
roscopie control to prevent asymmetric compression of 
the fracture lines. 

■Attach the distal ring to the proximal rings with 
threaded rods with conical washers, allowing some 


variability in reducing and maintaining the overall 
mechanical axis. 

■ Use the ring at the level of proximal shaft extension to 
reduce proximal shaft comminution. Use olive or smooth 
wires to manipulate and maintain shaft alignment and to 
reduce any large fracture lines in this area. Attach these 
wires to the mid-distal ring and tension them under fluo- 
roscopy so that the réduction can be observed. 

■ For AO type C injuries with extensive joint involvement 
and large areas of metaphyseal comminution, it is helpful 














2 


fHÜ PART XV FRACTURES AND DISLOCATIONS IN ADULTS 



A f Comminuted fracture of tibial pilon after a fall from height. Patient had previous talar fracture resulting in post- 
traumatic arthritis of tibiotalar and subtalar articulations. B f Definitive management with primary tibiotalocalcaneal arthrodesis with 
rétrogradé intramedullary implant secondary to preexisting arthrosis. 


to preconstruct a four-ring frame with an attached 
foot frame to maintain distraction at the ankle joint. The 
distraction construct can be as simple as a calcaneal 
pin or wire attached to a distal calcaneal ring or as 
extensive as a full foot frame attached to the distal tibial 
ring. 

■ Use a distraction frame similar to that described earlier 
and attach the proximal tibial rings first, providing appro- 
priate soft-tissue clearance. 

■ Attach the foot frame or calcaneal pin and perform dis¬ 
traction ligamentotaxis across the ankle joint by adjusting 
the threaded rods. 

■ If ligamentotaxis réduction is inadéquate, do an open 
procedure as described previously. 

■ When réduction is satisfactory, position the distal tibial 
ring at the level of the fracture; pass the fixation wires 
across the fracture fragments, attach them to the ring, 
and tension them as described earlier. The only différence 
in this technique is that the distal tibial ring is already 
attached to the frame and it is not necessary to "clam- 
shell" the ring to place it around the wires. 

POSTOPERATIVE CARE. In fractures with significant 
periarticular comminution or fragments with minimal 
soft-tissue attachment, Watson recommended maintain- 
ing distraction across the ankle for 6 weeks. When tenta¬ 
tive healing has occurred at the joint line, the foot frame 
or calcaneal pin is removed in an outpatient procedure. 
Physical therapy is begun to increase range of motion and 
general strength. Total non-weight bearing is maintained 
in patients with severely comminuted (AO type C3) frac¬ 
tures. In fractures with shaft extension, tentative weight 
bearing is begun when early callus and some signs of 


healing are seen on radiographs, usually at 8 to 10 weeks. 
Progressive weight bearing is begun, and by 12 to 14 
weeks the patient usually is ambulatory with the aid of 
one crutch or a cane. 


■ PRIMARY ARTHRODESIS 

Primary arthrodesis has been suggested as a method of treat- 
ing severely comminuted tibial pilon fractures. Several inves- 
tigators hâve noted, however, that severe skeletal injury and 
nonanatomic réduction do not preclude a satisfactory clinical 
resuit. We recommend stabilization of these fractures with an 
external fixator to maintain alignment and allow bony con¬ 
solidation. Arthrodesis can be done later if the patient is 
sufficiently symptomatic. Primary arthrodesis may be consid- 
ered for severe open injuries with extensive loss of cartilage 
from the tibial and talar articular surfaces (Fig. 54-23). The 
wound is debrided, and the remaining cartilage is removed 
from the talus and tibia. An external fixator can be used to 
stabilize the fracture. Bone graffing may be necessary when 
the soft tissues hâve healed. 

TIBIAL SHAFT 

Fractures of the shaft of the tibia cannot be treated by follow- 
ing a simple set of rules. Because of its location, the tibia is 
exposed to frequent injury; it is the most commonly fractured 
long bone. Because one third of the tibial surface is subcuta- 
neous throughout most of its length, open fractures are more 
common in the tibia than in any other major long bone. The 
blood supply to the tibia is more precarious than that of bones 
enclosed by heavy muscles. High-energy tibial fractures may 
be associated with compartment syndrome or neural or 
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vascular injury. The presence of hinge joints at the knee and 
the ankle allows no adjustment for rotary deformity after 
fracture, and spécial care is necessary during réduction to 
correct such deformity Delayed union, nonunion, and infec¬ 
tion are relatively common complications of tibial shaft 
fractures. 

Evaluation of tibial fractures should include a detailed 
history and physical examination. The limb is inspected for 
open wounds and soft-tissue crush or contusion, and a thor- 
ough neurovascular examination is performed. A puise déficit 
or neurologie déficit may be a sign of compartment syndrome 
or vascular injury, which must be identified and treated 
immediately. The ipsilateral fémur, knee, ankle, and foot also 
must be examined. When the examination is completed, the 
limb is realigned gently and splinted. Appropriate tetanus and 
antibiotic prophylaxes are administered. Plain anteroposte- 
rior and latéral radiographs that include the knee and ankle 
are obtained. Oblique radiographie views at 45 degrees some- 
times are required to detect a nondisplaced spiral fracture. 
Radiographs of the contralatéral tibia sometimes are neces¬ 
sary to evaluate length in fractures with severe comminution 
or bone loss. 

The indications for operative and nonoperative treatment 
of tibial shaft fractures continue to be refined. Although com- 
monly advocated in the past, nonoperative treatment now is 
generally reserved for closed, stable, isolated, minimally dis- 
placed fractures caused by low-energy trauma and some 
stable low-velocity gunshot fractures. Operative treatment is 
indicated for most tibial fractures caused by high-energy 
trauma. Tfiese fractures usually are unstable, comminuted, 
and associated with varying degrees of soft-tissue trauma. 
Operative treatment allows early motion, provides soft-tissue 
access, and avoids complications associated with immobiliza- 
tion. The goals of treatment are to obtain a healed, well- 
aligned fracture; pain-free weight bearing; and functional 
range of motion of the knee and ankle joints. The optimal 
treatment method should assist in meeting these goals while 
minimizing complications, especially infection. These goals 
may not be attainable in severely injured limbs. 

Sarmiento, Nicoll, and others found that closed treatment 
with casting or functional bracing is an effective method of 
treatment for many tibial shaft fractures that avoids the 
potential complications of surgical intervention. For closed 
treatment to succeed, the cast or brace must maintain accept¬ 
able fracture alignment and the fracture pattern must allow 
early weight bearing to prevent delayed union or nonunion. 
Repeated attempts at manipulation should be avoided. If the 
fracture cannot be well aligned, an alternative method of 
treatment should be chosen. Axial or rotational malalign- 
ment and shortening cause cosmetic deformities and alter the 
loading characteristics in adjacent joints, which may hasten 
the development of posttraumatic arthritis. 

The amount of malalignment and shortening considered 
acceptable also is controversial. Tarr et al. and Puno et al. 
demonstrated that distal tibial malalignment may be more 
poorly tolerated than more proximal malalignment. The rec¬ 
ommendations in the literature vary widely: 4 to 10 degrees 
of varus-valgus malalignment, 5 to 20 degrees of anteropos- 
terior malalignment, 5 to 20 degrees of rotatory malalign¬ 
ment, and 10 to 20 mm of shortening. In general, we agréé 
with Traftons recommendation and strive to achieve less than 
5 degrees of varus-valgus angulation, less than 10 degrees of 


anteroposterior angulation, less than 10 degrees of rotation, 
and less than 15 mm of shortening. Maintaining fracture 
alignment is difficult in certain fracture types, and if repeated 
attempts at realignment hâve been unsuccessful, operative 
fixation is indicated. 

The important factors in prognosis are (1) the amount of 
initial displacement, (2) the degree of comminution, (3) 
whether infection has developed, and (4) the severity of the 
soft-tissue injury excluding infection. Torsional fractures 
with or without simple comminution hâve been found to 
hâve a better prognosis than high-energy patterns, such as 
short oblique or transverse fractures, with or without com¬ 
minution. Torsional fractures tend to create a longitudinal 
tear of the periosteum and may not disrupt endosteal vessels, 
whereas transverse fractures usually tear the periosteum cir- 
cumferentially and completely disrupt the endosteal circula¬ 
tion. Réduction is difficult in displaced spiral fractures of the 
distal third of the tibia. 

Hoaglund and States classified fractures of the tibia as 
being caused by either high-energy or low-energy trauma and 
found this classification useful in prognosis. Fractures in the 
high-energy group resulted from accidents such as motor 
vehicle collisions and crush injuries. This group included 
more than half the total fractures and 90% of the open frac¬ 
tures; fractures in this group healed in an average of 6 months. 
Fractures in the low-energy group resulted from accidents 
such as falls on ice and while skiing; these healed in an average 
of about 4 months. These researchers found that the level of 
fracture was not significant in the prognosis but that the 
amount of bony contact was. Fractures in which contact 
between the fragments after réduction was 50% to 90% of 
normal healed significantly faster than fractures in which 
contact was less. 

Displacement of more than 50% of the width of the tibia 
at the fracture site has been noted to be a significant cause of 
delayed union or nonunion. Fractures with more than 50% 
comminution are considered unstable and usually are associ¬ 
ated with high-energy trauma and significant open or closed 
soft-tissue injury. The presence or absence of a fibular fracture 
does not influence the prognosis, although inhibited fracture 
healing of closed tibial fractures associated with intact fibulas 
treated with cast immobilization has been reported. 

Patient characteristics also can influence the success of 
closed treatment of tibial shaft fractures. Alignment can be 
difficult to maintain with casts or braces in patients with 
edematous or obese extremities. Loss of réduction may occur 
in noncompliant patients with closed treatment, whereas 
delayed union and nonunion are common in patients in 
whom weight bearing must be restricted for a prolonged 
time. An individuals functional demands also must be con¬ 
sidered when planning treatment. 

In comparative studies of intramedullary nailing and 
casting for the treatment of isolated closed tibial shaft frac¬ 
tures, intramedullary nailing has been found to achieve 
higher union rates and better functional scores. Although 
these studies show the superiority of intramedullary nailing 
over casting for closed unstable tibial shaft fractures, further 
comparative studies are necessary to confirm these results 
and establish more rigid treatment guidelines. 

Nicoll, an advocate of closed treatment, listed the follow- 
ing indications for internai fixation: (1) open fracture requir- 
ing complicated plastic surgery, (2) associated fracture of the 
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fémur and other major injuries, (3) paraplegia with sensory 
loss, (4) segmentai fracture with displaced central fragments, 
and (5) gaps resulting from missing bone fragments. Bone 
and Johnson recommended internai fixation for unstable, 
comminuted, or segmentai fractures; bilateral tibial fractures; 
and ipsilateral fémoral fractures. Operative treatment also 
currently is favored for open fractures, fractures with severe 
closed soff-tissue injury, fractures associated with compart- 
ment syndrome, fractures involving vascular injury, and frac¬ 
tures in patients with multiple trauma. 

Fractures in which closed treatment is inappropriate can 
be treated with plate and screw fixation, intramedullary fixa¬ 
tion (interlocking intramedullary nails), and external fixa¬ 
tion. Locked intramedullary nailing currently is the preferred 
treatment for most tibial shaff fractures requiring operative 
fixation. Plating is used primarily for fractures at or proximal 
to the metaphyseal-diaphyseal junction. External fixation is 
useful for fractures with periarticular extension and for severe 
open fractures. In severely mangled extremities, amputation 
should be considered. 

For open high-energy tibial fractures, results of treatment 
hâve improved significantly because of important contribu¬ 
tions made by large trauma services. Several factors are 
important for a good outcome in these fractures. Aggressive 
and repeated debridements of ail devitalized tissue, including 
large fragments of bone, are essential. Because vascular soft 
tissue and bone are essential for resisting infection and pro- 
viding a bed for reconstruction, Gustilo and others stressed 
the importance of leaving the wound open and repeating 
debridement every 24 to 48 hours until cio sure at 5 to 7 days 
by delayed primary closure, skin graffing, or skin flaps. Our 
protocol is repeat debridement and irrigation at 48 to 72 
hours if there is evidence of continuing démarcation of the 
zone of injury. Ail Gustilo type III fractures routinely hâve 
repeat debridement. Antibiotics should be used routinely 
with open fractures. Aminoglycosides are added to cephalo- 
sporins for type III open fractures, and penicillin is included 
for fractures with severe contamination. Soff-tissue coverage 
by 5 to 7 days should be obtained by delayed closure, skin 
graffing, or flap coverage. 

Although there is no dispute that soff-tissue management 
is the most important factor in determining the outcome of 
open tibial fractures, the optimal method of fixation is 
debated. Sufficient stability of the fracture fragments and soft 
tissues usually can be obtained only by locked intramedullary 
nails or external fixation. Plate fixation has been associated 
with an unacceptably high incidence of infection. For Gustilo 
type I, type II, and type IIIA open fractures, most orthopaedic 
traumatologists prefer intramedullary nailing. 

Studies comparing unreamed nailing with external fixa¬ 
tion hâve shown that tibial fractures treated with unreamed 
nailing required fewer additional operations and achieved 
better functional outcomes with fewer superficial infections 
than fractures treated with external fixation. Comparisons of 
reamed with unreamed nailing (two studies with 132 patients) 
hâve shown a reduced risk of reoperation with a reamed 
technique. 

Type IIIB open tibial fractures hâve been associated with 
a relatively high incidence of infection when treated with 
external fixation and with unreamed nailing. There are, 
however, spécifie open fractures for which acute intramedul¬ 
lary nailing is almost certainly not the best treatment option. 


Open fractures secondary to war injuries; fractures with 
severe contamination, especially involving the medullary 
canal; and type IIIC open tibial fractures, especially those in 
which limb salvage is questionable, ail are better treated with 
external fixation. 

The time to debridement for open tibial fractures has not 
been found to be prédictive of infection; however, fracture 
severity has. Negative-pressure wound therapy is being used 
more frequently for open wound management, although 
similar infection and nonunion rates with negative-pressure 
wound therapy compared with historical Controls hâve been 
reported. 

We prefer intramedullary nailing for most open tibial 
fractures. Our protocol (Fig. 54-24) includes planning of 
postoperative management to decrease the frequency of 
delayed union and hardware failure. With this protocol, 
union was obtained in 48 (96%) of 50 open tibial fractures. 
Additional procedures to promote union were done in 18 
patients at an average of 4 months affer injury. 

Mangled extremities are severe open fractures offen asso¬ 
ciated with vascular injury or nerve disruption. Surgeons 
treating these injuries face the difficult decision of whether to 
attempt limb salvage or perform early amputation. Salvage 
often is technically possible but may resuit in disastrous 
medical, social, psychologie, and financial conséquences for 
the patient. 

Lange et al. proposed two absolute indications for 
primary amputation: complété anatomie disruption of the 
tibial nerve in adults and crush injuries with a warm ischemia 
time of more than 6 hours. They also listed relative indica¬ 
tions, including serious associated polytrauma, severe ipsilat¬ 
eral foot trauma, and a projected long course to full recovery. 
Other factors are the patients âge, occupation, and medical 
condition; the mechanism of injury; fracture comminution; 
bone loss; the extent and location of neurologie and vascular 
injury; and the severity and duration of shock. Various 
authors hâve attempted to formulate scores predicting the 
likelihood of salvage or amputation, but none has proved 
entirely accurate. Georgiadis et al. examined the long-term 
functional results and quality of life in patients with severe 
open tibial fractures treated with either salvage or amputa¬ 
tion. They concluded that recovery time and long-term dis- 
ability were reduced with early below-knee amputation. 
Trabulsy et al. reported, however, a high rate of préservation 
of a functional weight-bearing limb in patients with type IIIB 
open tibial fractures treated with aggressive wound manage¬ 
ment and early soff-tissue coverage. 

In an effort to résolve questions about the indications for 
limb salvage or amputation in a mangled extremity, the Lower 
Extremity Assessment Project (LEAP) study group was 
formed. In a multicenter, prospective, longitudinal study, the 
investigators identified risk factors that predisposed patients 
to poor outcomes in the salvage and amputee groups. Poor 
prognostic indicators were attributable to low educational 
level, income below poverty level, nonwhite racial back- 
ground, lack of insurance, poor social support network, 
smoking, and pending legal action. Patients with salvaged 
limbs without risk factors for poor outcomes had results 
équivalent to the results of amputées at 2 and 7 years but 
required more surgical procedures and more rehospitaliza- 
tions. Patients with tibial nerve injury and insensate feet had 
substantial impairment at 12 and 24 months; however, 
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Protocol for initial unreamed nailing and postoperative treatment of open tibial fractures. *Bone graft may be 
indicated at 6 weeks in type INB open fractures. (From Whittle AP: Clinical results of unreamed nailing of tibial and fémoral fractures, Tech 
Orthop 11:67, 1996). 


outcomes were no different in patients with amputated or 
salvaged limbs. The LEAP study group also found that muscle 
injury, absence of sensation, arterial injury, and vein injury 
were factors that had the greatest impact on the surgeons 
decision to amputate or salvage the extremity. However, the 
group of patients with insensate limbs recovered intact sensa¬ 
tion in 67%, questioning insensibility as an absolute indica¬ 
tion for amputation. 

TREATMENT 
■ CAST BRACING 

The use of a short cast or functional brace for treatment of a 
tibial shaft fracture resulted in a 97% union rate in a study by 
Sarmiento et al. The incidence of nonunion ranged from 0% 
to 13%. Sarmiento narrowed his indications for bracing to 
closed fractures and low-energy open fractures. Other studies 
ail resulted in recommendations for some type of closed 
treatment. 

Although good functional results without deformity hâve 
been reported in more than 95% of patients, the immobiliza- 
tion required with closed treatment may adversely affect 
ankle motion. Ankle stiffness has been reported in 20% to 
30% of patients who had closed treatment. Angular deformity 
of more than 5 degrees occurs in 10% to 55% of fractures 


treated with a cast or brace, and shortening of at least 12 to 
14 mm occurs in 5% to 27% of patients. Sarmientos sériés of 
carefully selected fractures had the best results, whereas sériés 
with more unstable fractures reported poorer results. Loss of 
réduction requiring operative treatment has been reported in 
2.4% to 9.3% of patients in several larger sériés. Anatomie 
réduction and rigid immobilization are highly advantageous 
to the healing of a fracture, but not at the risk of infection 
and delayed union. The closed, early weight-bearing method 
of treatment often concédés minor complications in favor of 
a predictably high union rate and no major complications. It 
is a method applicable to many types of tibial shaft fractures, 
but it requires a good deal of patience and time from the 
physician and a cooperative patient. We prefer casting for 
minimally displaced, stable, low-energy tibial fractures. The 
exception is for bilateral fractures, floating knee injuries, 
intraarticular extension of the fractures, and fractures in 
which the initial réduction is not achieved or is lost. 

■ PLATE AND SCREW FIXATION 

Plate fixation has been recommended for treatment of tibial 
fractures that are unsuitable for nonoperative management 
historically. Open réduction and plating provide stable fixa¬ 
tion, allow early motion of the knee and ankle, and maintain 
length and alignment. The greatest disadvantage of plating is 
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that it requires soft-tissue stripping, which can lead to wound 
complications and infection. Before the 1960s, plating of 
open and closed tibial fractures often was complicated by 
delayed union, nonunion, implant failure, soft-tissue slough- 
ing, and infection, especially if performed within the first 
week after injury. 

The AO group subsequently developed compression 
plating techniques and implants that remain in use today. 
Good functional results were reported in 98% of closed frac¬ 
tures with a 6% complication rate and 90% good results in 
open fractures, however, with a 30% complication rate. A 
significant increase in complications was noted in progres- 
sively higher-energy fractures that were treated by ORIF, and 
complications increased from 9.5% for torsional fractures to 
48.3% for comminuted fractures. Likewise, increased infec¬ 
tion rates from 2.1% for torsional fractures to 10.3% for com¬ 
minuted fractures were noted. Also, nonunion was twice as 
common and infection five times more likely when open 
fractures were treated with plating. 

Other investigators also hâve reported increased compli¬ 
cations when plating open tibial fractures (infections 1.9% in 
closed fractures and 7.1% in open fractures; hardware failure 
0.6% in closed fractures and 10.3% in open fractures). Most 
authors now recommend plating for tibial shaff fractures 
associated with displaced intraarticular fractures of the knee 
and ankle. Refinements in plating and indirect réduction 
should be used when plating extended shaff fractures, and 
soft-tissue handling should be meticulous. 

In an effort to decrease the frequency of delayed union, 
nonunion, and infection after tibial shaft fractures, “percuta¬ 
neous” plating was developed to obtain stable fixation while 
preserving the fracture environment. This technique involves 
plating of any associated fibular fracture, prebending a 
3.5-mm dynamic compression plate to match the tibial 
anatomy, and placing the plate and screws through small 


incisions. Current indications for percutaneous plating are 

(1) a tibial shaft fracture with periarticular metaphyseal com- 
minution that precludes locked intramedullary nailing and 

(2) a tibial fracture that cannot be treated with intramedullary 
fixation because of a preexisting implant, such as a tibial base 
plate from a total knee arthroplasty. Percutaneous plating is 
technically challenging, and malalignment is more frequent 
than with other methods of fixation. 

■ TRANSFIXATION BY SCREWS 

Lag screws can be used for fixation of long oblique (more 
than three shaff diameters) or spiral fractures that extend into 
the metaphysis, although these fractures more commonly are 
treated using other methods. These evenly placed lag screws 
are oriented perpendicular to the fracture and are placed 
away from narrow fracture ends. This technique may be 
useful to supplément external fixation in open fractures by 
stabilizing large butterfly fragments to one of the principal 
fragments. Furthermore, we hâve found this technique useful 
for open fractures with short periarticular segments that are 
difïicult to control with external fixation alone before defini¬ 
tive fixation (Fig. 54-25). 

■ INTRAMEDULLARY FIXATION 

Locked intramedullary nailing currently is considered the 
treatment of choice for most type I, type II, and type IIIA 
open and closed tibial shaff fractures (Fig. 54-26) and is espe¬ 
cially useful for segmentai and bilateral tibial fractures. Busse 
et al. polled orthopaedic trauma surgeons with regard to 
management of tibial fractures. Eighty percent preferred 
operative treatment for closed fractures. Intramedullary 
nailing préserves the soft-tissue sleeve around the fracture 
site and allows early motion of the adjacent joints. The ability 
to lock the nails proximally and distally provides control of 
length, alignment, and rotation in unstable fractures and 



A f Patient with medially open extraarticular distal tibia and fibular fractures. B and C f At time of uniplanar external 
fixation application, coronal plane stability was difficult to control and resulted in continued soft-tissue endangerment from displaced 
underlying tibial metaphyseal spike. Anatomie réduction of tibia and interfragmentary lag screw fixation as temporizing measure to 
provide stability as adjunct to external fixator. 
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FIGURE 


Open tibial fracture stabilized with intramedul- 


lary nail. 


permits stabilization of fractures located below the tibial 
tubercle or 3 to 4 cm proximal to the ankle joint. Nailing is 
not recommended in patients with open physes, anatomie 
deformity, burns or wounds over the entry portai, or most 
type IIIC open fractures. 

Küntscher developed his V-shaped and cloverleaf nails in 
the 1930s, but it was not until nearly 50 years later that rigid 
intramedullary nailing became a widely accepted treatment 
for tibial shaff fractures, with 98% good results in closed 
fractures and in 97.5% of open fractures treated with 
unreamed straight Küntscher nails. Herzog modified the 
straight Küntscher nail to accommodate the eccentric proxi¬ 
mal portai. Some authors proposed reaming of the medullary 
canal to improve the fit of the nail and to increase its rota- 
tional control and strength. Slatis and Rokkanen found that 
50% of nailed fractures in their sériés required casting to 
control rotation. Biomechanical data suggest substantial 
improvement in fracture site mobility when increasing to a 
larger diameter implant. 

In the 1970s, Grosse and Kempf and Klemm and Schell- 
mann developed nails with interlocking screws, which 
expanded the indications for nailing to include more proxi¬ 
mal, distal, and unstable fractures. Reports of interlocking 
nails inserted with reaming showed good results (97% union 
rate; 2.2% complication rate), especially in closed fractures. 
Ekeland et al. also reported good results with interlocking 
nails but cautioned against their use in the dynamic or simple 
unlocked mode, noting that most complications in their 
sériés occurred with dynamic locked nails; they also did not 
recommend routine dynamization. 

I REAMED VERSUS UNREAMED NAILING 

Studies published in the 1970s and 1980s reported unaccept- 
ably high infection rates (13.6% to 33%) in small sériés of 


open tibial fractures treated with reamed nailing. These 
reports led to the conclusion that medullary reaming is con- 
traindicated in open tibial fractures, especially Gustilo type 

II and type III. Studies of open tibial fractures treated with 
unreamed Ender pins and Lottes nails during the same time 
period reported infection rates of 6% to 7%. Animal experi- 
ments showed that insertion of reamed nails disturbs cortical 
blood flow to a greater extent than insertion of unreamed 
nails, possibly increasing susceptibility to infection. These 
factors led to the development of interlocking intramedullary 
nails suitable for unreamed insertion. 

In our sériés of 50 unreamed tibial nailings of three type 
I, 13 type II, and 34 type III (11 type IIIA and six type IIIB) 
open fractures, there were four infections, ail in type III frac¬ 
tures. Two infections occurred in type IIIB fractures after 
failure of initial rotational or free fiiaps. One infection in a 
type IIIA open fracture developed at 10 months, immediately 
after bone grafting of a bone defect. Ail infections resolved 
with no chronic osteomyelitis. This sériés and subséquent 
studies reported union in 96% to 100% of fractures, infection 
in 2% to 13%, nail failure in 0% to 6%, screw failure in 6% to 
41%, and secondary surgery to achieve union in 35% to 48%. 

Hardware failure most often is associated with smaller 
(8 mm) nails, axially unstable fractures, metaphyseal frac¬ 
tures, delayed union or nonunion, open fracture, and severe 
comminution. Nail failure may require additional surgery. In 
one study, failure occurred most often at the transverse proxi¬ 
mal locking screw when a single screw was used. Fractures in 
the distal third of the tibia had the highest frequency of nail 
breakage. 

Problems with delayed union and hardware failure with 
the smaller implants used in unreamed nailing hâve led some 
investigators to return to the use of reamed nailing in open 
tibial fractures. Using perioperative antibiotics and modem 
techniques of wound closure, infection rates hâve been 
reported to be 1.8% of type I, 3.8% of type II, and 9.5% of type 

III open tibial fractures (5.15% in type IIIA and 12.5% in type 
IIIB) treated with reamed nailing. These results are similar to 
the results obtained with unreamed locked tibial nails. 

Keating et al. reported a randomized, prospective study 
comparing reamed with unreamed locked nailing of open 
tibial fractures. Overall, there was no statistically significant 
différence in the results of treatment of open tibial fractures 
with reamed nailing and with unreamed nailing except for 
the higher incidence of screw failure in the unreamed 
nailings. 

Other investigators still caution against reamed nailing in 
open tibial fractures, especially high-grade open fractures, 
reporting a 21% occurrence of deep infection in type I and 
type II fractures treated with reamed nailing. The severity of 
soft-tissue injury and adequacy of debridement and soft-tissue 
coverage are more important in the prévention of infection 
than is the type of implant used. Currently, most orthopaedic 
traumatologists in North America accept the use of reamed 
nails in type I and type II open fractures; however, the use of 
reamed nailing in type III open fractures is controversial. 

The successful use of unreamed nailing in patients with 
open tibial fractures has led some investigators to recom¬ 
mend this technique for closed fractures as well. Potential 
advantages of unreamed nailing over the reamed technique 
include shorter operative time, less blood loss, and less dis- 
ruption of the endosteal blood supply in patients with severe 
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closed soft-tissue injuries. No significant différences hâve 
been found in outcomes and complications between reamed 
and unreamed nailing of closed tibial shaft fractures. However, 
a trend toward improved union has been noted with reamed 
nailing. In one study, signihcantly more screws failed in 
unreamed than reamed nails. These and other studies seem 
to indicate that fracture and soft-tissue characteristics are 
more important in determining fracture outcome than the 
choice of treatment, and reamed nailing is recommended for 
most closed unstable tibial shaft fractures. 

A recent metaanalysis showed a decreased nonunion 
rate with reamed intramedullary nailings for closed injuries. 
Furthermore, the results of the Study to Prospectively Evalu- 
ate Reamed Intramedullary Nails in Patients with Tibial Frac¬ 
tures (SPRINT) illustrate a possible benefit to reaming when 
compared with unreamed devices. In addition, it also found 
that delaying reoperation until at least 6 months may decrease 
the need for secondary interventions for fractures of the tibia. 
Lefaivre et al. evaluated long-term (médian 14 years) func- 
tional outcomes after intramedullary tibial nailing. They 
found outcome measures comparable to the normal popula¬ 
tion, but with some insignificant sequelae still présent. 

I INTRAMEDULLARY NAILING OF FRACTURES OF 
THE PROXIMAL THIRD OF THE TIBIAL SHAFT 

The enthusiasm for locked nailing of tibial shaft fractures has 
led some surgeons to expand the indications to include more 
proximal and distal fractures. Malalignment is a common 
problem in proximal-third fractures treated with locked nails 
because of the large discrepancy in size between the tibial nail 
and the wide tibial metaphysis. Valgus angulation and ante- 
rior displacement of the proximal fragment are the most 
common deformities. Valgus deformity can be caused by a 
portai that starts too far medially and is directed laterally. A 
médial parapatellar incision and impingement from the 
patella may cause a portai to be directed in this manner. 

In a biomechanical study, Henley et al. found that médial 
to latéral screws in one plane can allow the nail to slide on 
the screws. Apex anterior angulation or anterior displace¬ 
ment can be caused by a portai that starts too distally or is 
directed too posteriorly. Henley et al. also found that a nail 
with a proximal bend that is at or below the fracture site can 
cause anterior translation of the proximal fragment when the 
nail wedges against the cortex. Locking the nail proximally 
with the knee flexed causes extension of the proximal frag¬ 
ment owing to the pull of the patellar tendon. Rehnements in 
technique, including more précisé placement of the entry 
portai and the use of some form of supplémentai fixation such 
as blocking screws, unicortical plates (Fig. 54-27), and 
two-pin médial external fixation, hâve greatly reduced the 
frequency of this complication. 

Some proximal-third tibial fractures can best be treated 
by other methods. Bono et al. developed an algorithm that is 
helpful in treatment decision-making (Fig. 54-28). Tornetta 
et al. described a technique of nailing with the knee in a 
semiextended position with a médial parapatellar arthrotomy 
to mitigate against extension deformity of the proximal frag¬ 
ment. The technique was later revised to include a smaller 
superomedial incision, which is facilitated by newly available 
instrumentation permitting this application in a more percu- 
taneous manner. Investigations are ongoing with regard to 
this techniques effect on the patellofemoral articulation. A 



A and B f Proximal tibial fracture treated with 
intramedullary nailing and latéral plate. 


22% trochlear articular damage rate has been reported in one 
study after the semiextended nailing; however, these patients 
were early in the sériés and results were attributed to errors 
in technique. In a recent cadaver investigation, patellofemoral 
contact pressures were examined and found to be higher in 
the suprapatellar portai compared with traditional approaches. 
The authors thought the pressure exerted was below that nec- 
essary for cartilage damage and therefore concluded that the 
surgical approach is viable. Further investigation is necessary 
to détermine the long-term functional implications for the 
patellofemoral joint. Data continue to emerge regarding this 
technique. Sanders et al. recently reported a sériés of 55 
patients who underwent tibial nailing through a semiex¬ 
tended approach with a suprapatellar portai. Radiographie 
and clinical follow-up were performed at a minimum of 12 
months postoperatively including follow-up arthroscopy and 
MRI. The authors concluded that this technique results in 
excellent tibial alignment, union, knee range of motion, and 
absence of anterior knee pain. 

Currently, we use this technique for selected difhcult 
proximal third fractures. The technique has several advan- 
tages beyond réduction of proximal tibial fractures. It likely 
lessens the need for supplementary réduction aids, such as 
blocking screws, and the intraoperative radiographs are sig¬ 
nificantly easier to obtain. 

I INTRAMEDULLARY NAILING OF FRACTURES 
OF THE DISTAL TIBIAL SHAFT 

Intramedullary nailing of more distal fractures is possible, but 
the ability to maintain a mechanically stable réduction 
becomes more difhcult the farther the fracture extends dis¬ 
tally. Robinson et al. identihed two distinct fracture patterns. 
Direct bending forces produced simple transverse and oblique 
tibial fractures with same-level hbular fractures and no 
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Treatment algorithm for proximal tibial fractures with minimal or severe soft-tissue injury. (From Bono CM, Levine RG, 
Rao JP, Behrens FF: Nonarticular proximal tibia fractures: treatment options and decision making, J Am Acad Orthop Surg 9:176, 2001.) 


intraarticular extension. Soft-tissue injury was more severe in 
this group. Torsional forces caused spiral fractures, usually 
with different-level fibular fractures, and nearly half had 
intraarticular involvement of either the médial or the poste - 
rior malleolus. The médial malleolus was involved in 17% of 
torsional fractures and seemed to be a continuation of the 
spiral pattern. The posterior malleolus was fractured in 32% 
of the torsional injuries and did not seem to communicate 
with the spiral fracture. No articular fractures were displaced 
during nailing. One must also be cognizant of the potential 
for distal fracture extension to the tibial plafond or associated 
ankle pathology. Stuermer and Stuermer identified that in the 
presence of certain injury markers, namely, pronation- 
eversion mechanisms, spiral fractures, proximal fibular frac¬ 
tures, or an intact fibula, associated ankle injuries were 
diagnosed in 20.1% of patients. We typically recommend a 
CT scan for distal fractures with radiographie evidence or 
concern about distal intraarticular extension. 

Two distal locking screws are required to prevent recur¬ 
vatum deformity from rotation around a single distal locking 
screw. Cancellous lag screws can be used to stabilize médial 
and posterior malleolar fractures. Open réduction is done if 


there is intraarticular displacement. The fibula is plated if 
necessary for the stability of the ankle joint or if it is severely 
displaced. Distal fibular fixation can be useful in very distal 
fractures to facilitate alignment of the tibia. 

Although not advocated by Robinson et al., some inves- 
tigators believe that plating same-level fibular fractures helps 
prevent malalignment in distal tibial fractures treated with 
intramedullary nailing. We analyzed the influence of fibular 
fractures on maintaining alignment in 40 distal-fourth tibial 
fractures treated with locked intramedullary nailing. The five 
tibial fractures with intact fibulas and four fractures with 
fibular fixation ail healed in anatomie alignment. Ail 11 
unfixed fibular fractures located at levels different from the 
tibial fracture were in anatomie alignment, whereas 12 (60%) 
of 20 unfixed fibular fractures occurring at the same level as 
the tibial fracture were malaligned. This study suggests that 
internai fixation of some fibular fractures improves stability 
in distal-fourth tibial fractures treated with intramedullary 
nailing. For transverse fractures of the fibula, we prefer a 
medullary device. 

Overall union rates of 96% hâve been reported affer 
reamed nailing of distal tibial fractures. A biomechanical 
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study determined that the fixation strength achieved in frac¬ 
tures 4 cm from the tibiotalar joint with a shortened nail 
(1 cm removed) was comparable with that of standard intra¬ 
medullary nailing of fractures 5 cm from the joint. They cau- 
tioned, however, in neither construct was fixation strong 
enough to resist moderate compression-bending loads and 
that patients with distal tibial fractures treated with intramed- 
ullary nailing must follow weight-bearing restrictions until 
significant fracture healing occurs to prevent coronal plane 
malalignment. It is clear that intramedullary nail fixation of 
distal tibial fractures is challenging. Newer implant designs 
with tighter distal screw clusters hâve facilitated treatment of 
these injuries without need for implant modification. 

Vallier et al. investigated the factors influencing outcomes 
affer distal tibial shaff fractures in 104 patients. Functional 
testing identified residual dysfunction when compared with 
the uninjured population. Mild pain was noted but was not 
typically limiting. No patients reported unemployment as a 
resuit of their fracture. The same investigators reported a 
prospective comparison of plate with intramedullary nail 
fixation for distal tibial fractures. In their sériés, intramedul¬ 
lary nailing was associated with more malalignment. 

I ANTERIOR KNEE PAIN AFTER 
INTRAMEDULLARY NAILING 

Anterior knee pain is the most commonly reported complica¬ 
tion affer intramedullary nailing of the tibia. Historically, 56% 
of patients hâve some degree of chronic knee pain and hâve 
difficulty kneeling. The cause of this knee pain is still unclear. 
Suggested contributing factors include younger, more 
active patients, nail prominence above the proximal tibial 
cortex, meniscal tear, unrecognized articular injury, increased 
contact pressure in the patellofemoral articulation, damage 
to the infrapatellar nerve, and surgically induced scar 
formation. 

Some authors hâve suggested that a transpatellar approach 
is associated with more frequent anterior knee pain than is a 
médial paratendinous approach, although others disagree. 
Investigations hâve shown no différence in anterior knee pain 
whether a transtendinous or paratendinous surgical approach 
was performed. Anterior knee pain improves with time, yet 
quadriceps weakness and lower functional knee scores cor- 
related with knee pain in the long term. In an effort to cir- 
cumvent this issue, semiextended nailing techniques hâve 
been advocated with early data that suggest this approach 
mitigates this issue. 

I INTRAMEDULLARY INTERLOCKING NAILS 

Currently, a variety of interlocking tibial nails are available. 
Most can be inserted using a reamed or unreamed technique. 
There are différences in nail composition (stainless Steel, tita¬ 
nium) and location of the proximal bend. Some nails hâve 
medially to laterally directed locking screws, and others hâve 
additional proximal oblique screw holes and anteroposterior 
distal screw holes. Nails with more distally placed distal 
locking screws improve the ability to treat very distal tibial 
fractures. The surgeon should be familiar with the strengths 
and limitations of the various nailing Systems to choose the 
appropriate implant for a spécifie fracture. Ail unstable frac¬ 
tures should be locked with two screws distally and two proxi - 
mally to maintain length and prevent rotation. We routinely 
statically lock most fractures. A proximal drill guide allows 


accurate nail insertion and placement of the proximal screws, 
whereas distal fixation is typically performed free-hand. 

I PREOPERATIVE PLANNING 

Preoperative radiographs of the uninjured tibia can be used 
to establish the proper nail diameter, the expected amount of 
reaming, and the final nail length for severely comminuted 
fractures. (Radiographie templates are available for preopera¬ 
tive planning.) The nail length should permit the proximal 
end to be countersunk with the distal end centered in the 
distal epiphysis. Diaphyseal fractures must be slightly dis- 
tracted with traction before closed antegrade medullary 
nailing. 

Further impaction occasionally occurs when severely 
comminuted fractures are later dynamized. This risk should 
be considered during the sélection of nail length to prevent 
later nail migration into the ankle or nail protrusion out of 
the proximal tibia. 

Measurement is especially important for very tall or very 
short patients who may require a nail either longer or shorter 
than is commonly kept in inventory. Colen and Prieskorn 
found that the most accurate method for determining correct 
nail length of four methods tested (full-length scanograms, 
“spotograms,” acrylic template overlays, and tibial tubercle- 
medial malleolar distance [TMD]) was the TMD. The TMD 
is determined by measuring the length between the highest 
(most prominent) points on the médial malleolus and the 
tibial tubercle. Eleven of 14 nails selected by scanograms were 
incorrect, 6 of 14 selected by spotograms were incorrect, and 
14 of 14 selected by templates were too small. TMD correctly 
selected 10 of 14 nail lengths. The authors suggested that the 
TMD is an easy, inexpensive, and accurate method of preop¬ 
erative détermination of correct nail length. The diameter of 
the nail is assessed by measuring the tibia at its narrowest 
point, which is best appreciated on latéral radiographs. 

The decision to insert the nail with or without reaming 
should be made preoperatively. “Reamed” and “unreamed” 
refer to technique, rather than implants. Unreamed nail 
insertion usually requires nails with diameters ranging from 
8 to 10 mm, depending on canal diameter, and cannot be 
used in patients with medullary canals narrower than 8 mm. 
Reaming allows insertion of stronger implants with larger 
diameters. We recommend reamed nail insertion for frac¬ 
tures, open or closed, with minor soff-tissue injury and only 
consider the unreamed nail technique for fractures with more 
extensive soff-tissue injury. 

Nailing can be done using either a fracture table or a 
standard radiolucent operating table. A fracture table may be 
préférable if a skilled assistant is unavailable or if the fracture 
is not nailed acutely. Disadvantages of a fracture table include 
the longer time required for patient positioning, increased 
risk of nerve injury from traction or pressure on the posterior 
thigh from the crossbar, and the possibility of élévation of 
compartment pressures with prolonged traction. Multiple 
injuries are more easily treated on a standard operating table. 
Other advantages of the standard operating table include 
lower risk of iatrogénie nerve injury and greater flexibility in 
manipulating the fracture site and changing position of the 
extremity as needed. Without skeletal traction, however, frac¬ 
ture réduction is more difficult to maintain, and an assistant 
is needed to help stabilize the limb. We prefer a standard 
radiolucent table with the limb positioned over a bolster. 
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INTRAMEDULLARY NAILING OF 
TIBIAL SHAFT FRACTURES 


TECHNIQUE 54-11 


FRACTURE TABLE 

■ If a fracture table is used, place a calcaneal traction pin 
before positioning. Place the patient supine with the hip 
flexed 45 degrees and the knee flexed 90 degrees (Fig. 
54-29). 

■ Place a well-padded crossbar proximal to the popliteal 
fossa to support the thigh in the flexed position. Adé¬ 
quate padding should reduce the risk of compression 
neuropathy. 

■ Attach the calcaneal pin to the traction apparatus on the 
fracture table, apply traction, and reduce the fracture 
under fluoroscopie guidance. 

■ To decrease the risk of traction injury to neurologie struc¬ 
tures, release the traction after the ability to reduce the 
fracture has been confirmed. 

■ Préparé and drape the limb, allowing full exposure of the 
knee to above the patella and enough access to the distal 
tibia for locking screw placement. Reapply traction after 
the entry portai is made. 

STANDARD OPERATING TABLE 

■ If a standard operating table is used, place the patient 
supine with the thigh supported in a flexed position over 
a padded bolster. 

■ A skilled assistant is needed to assist with fracture réduc¬ 
tion and help support the limb during the procedure. 

■ A fémoral distractor or two-pin external fixator can be 
used to help maintain réduction. Place a Schanz pin 1 cm 
distal to the knee joint and place a second pin 1 cm 
proximal to the ankle joint. The proximal pin must be 
placed in the posterior portion of the tibial condyle to 
avoid the path of the nail. 

MEASUREMENT OF ROTATION 

■ Before nailing, measure rotation by the method described 
by Clementz. Measure the amount of tibial torsion in the 
uninjured extremity with the knee fully extended and a 
C-arm image intensifier placed in the latéral position with 
the beam parallel to the floor. 



Patient is positioned supine, and traction is 
applied through calcaneal traction pin or spécial foot holder. SEE 


TECHNIQUE 54-11. 


■ Rotate the leg until a perfect latéral view of the distal 
fémur is obtained with the condyles superimposed exactly. 
Hold the knee and foot in this position while the C-arm 
is brought into the anteroposterior position with the 
beam perpendicular to the floor to image the ankle. 

■ Rotate the C-arm until a tangential image of the inner 
surface of the médial malleolus is seen. This is the refer- 
ence line at the ankle. 

■ Tilt the beam cranially 5 degrees to obtain a better image 
of the ankle. Center the structures to be imaged in the 
radiographie field. 

■ The amount of tibial torsion is equal to the différence 
between the reference line at the ankle and a line per¬ 
pendicular to the floor. If the tangential view of the 
médial malleolus is obtained with the C-arm rotated later- 
ally 10 degrees from perpendicular, tibial torsion is 10 
degrees. 

■ Alternative^, obtain rotational alignment by aligning the 
iliac crest, patella, and second ray of the foot. 

■Close attention to operative technique can greatly 
decrease the risk of complications after tibial nailing. 

NAIL PLACEMENT 

■ Begin the entry portai by making a 3-cm incision along 
the médial border of the patellar tendon, extending from 
the tibial tubercle in a proximal direction. It may be neces- 
sary to extend the incision farther proximally through skin 
and subeutaneous tissue only to protect the soft tissues 
around the knee during reaming and nail insertion. 

■ Insert a threaded tip guidewire through the metaphysis 
anteriorly to gain access to the medullary canal (Fig. 
54-30). With the appropriate soft-tissue sleeve, advance 
the guidewire into the correct starting portai as noted on 
multiplanar imaging. This typically is located along the 
médial slope of the latéral tibial eminence on the antero¬ 
posterior view and just anterior to the articular margin on 
latéral imaging. 

■ Confirm the proper position on anteroposterior and 
latéral fluoroscopie views before guidewire insertion. 
Obtain a true anteroposterior view of the tibia when 
assessing the placement of the guidewire. If the limb is 



Opening of medullary canal with curved awl. 

SEE TECHNIQUE 54-11. 
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FIGURE 


^ Réduction of fracture with guide rod. SEETECH¬ 


NIQUE 54-11. 


S externally rotated, the portai may be placed too medially 
and violate the tibial plateau and injure the intermeniscal 
ligament. A portai placed too distally may damage the 
insertion of the patellar tendon or cause the nail to enter 
the tibia at too steep of an angle, which may cause the 
tibia to split or cause the nail to penetrate the posterior 
cortex. Check the process of insertion on latéral fluoro¬ 
scopie views. The safe zone for tibial nail placement is just 
médial to the latéral tibial spine on the anteroposterior 
view and immediately adjacent and anterior to the articu- 
lar surface on the latéral view. 

■ Direct the guidewire to a position nearly parallel to the 
shaft as it is inserted more deeply to prevent violation of 
the posterior cortex. Once appropriate provisional guide¬ 
wire trajectory is achieved, the entry portai is created by 
using the cannulated entry reamer with matching soft- 
tissue protection sleeve. Alternative^, the starting portai 
can be initiated by use of a cannulated curved awl. 

■ Insert a ball-tipped guidewire through the entry portai 
into the tibial canal and pass it across the fracture site 
into the tibia under fluoroscopie guidance (Fig. 54-31). 
The guide rod should be centered and slightly latéral 
within the distal fragment on anteroposterior and central 
latéral views and advanced to within 1.0 cm to 0.5 cm 
of the ankle joint. 

■ If a reamed technique is chosen, ream the canal in 
0.5-mm incréments, starting with a reamer smaller than 
the measured diameter of the tibial canal (Fig. 54-32). 
Ream with the knee in flexion to avoid excessive reaming 
of the anterior cortex. Hold the fracture reduced during 
reaming to decrease the risk of iatrogénie comminution. 
Prevent the guide rod from being partially withdrawn 
during reaming. We prefer "minimal" reaming, with no 
more than 2 mm of reaming after cortical contact 
("chatter") is first initiated. Newer larger diameter end- 
cutting reamers simplify the medullary préparation. It is 


advised to ream with the tourniquet deflated because its 
use may lead to thermal necrosis of bone and soft tissue. 

■ Choose a nail diameter that is 1.0 to 1.5 mm smaller than 
the last reamer used. Ream the entry site large enough 
to accept the proximal diameter of the chosen nail. 

■ Do not undersize the nail because a loose-fitting nail 
would be less stable and the smaller implants are not as 
strong and may be more prone to hardware failure. In 
general, the largest implant suitable for a given patient 
should be used. 

■ When reaming is completed, détermine the length of the 
nail by using the system-specific depth gauge to accu- 
rately détermine the necessary implant length. Alterna¬ 
tive^, place the tip of a guidewire of the same length at 
the most distal edge of the entry portai. Subtract the 
length of the overlapped portions of the guide rods from 
the full length of the guide rod to détermine the length 
of the nail, making sure the fracture is held out to length 
during this measurement. Comminuted fractures may 
require preoperative radiographie measurement of the 
contralatéral tibia to assess length properly. 

■ Attach the insertion device and proximal locking screw 
guide to the nail. Direct the apex of the proximal bend in 
the nail posteriorly. Some nail Systems use oblique proxi¬ 
mal locking screws, which are directed anteromedial to 
postérolatéral and antérolatéral to posteromedial. Insert 
the nail with the knee in flexion (except in some proximal 
third fractures) to avoid impingement on the patella. 
Evaluate rotational alignment by aligning the iliac crest, 
patella, and second ray of the foot. This is impérative for 
not only fracture alignment but also the rotation of the 
implant in relation to the limb. This ensures that the 
interlocking holes remain in their intended orientation 
and that the sagittal bend of the nail does not induce 
deformity. Tremendous force should not be necessary to 
insert the nail. Moderate manual pressure with a gentle 
back-and-forth twisting motion usually is sufficient for 
nail insertion. If a mallet is used, the nail should advance 
with each blow. If the nail does not advance, withdraw 
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the nail and perform further reaming or insert a smaller 
diameter nail. It is important to keep the fracture well 
aligned during nail insertion to prevent iatrogénie com- 
minution and malalignment. 

■ When the nail has passed well into the distal fragment, 
remove the guidewire to avoid incarcération; and during 
final seating of the nail, release traction to allow impac¬ 
tion of the fracture. Do not shorten fractures excessively 
with segmentai comminution. When the nail is fully 
inserted, the proximal end should lie 0.5 to 1.0 cm below 
the cortical opening of the entry portai. This position is 
best seen on a latéral fluoroscopie view. If the nail pro- 
trudes too far proximally, knee pain and difficulty with 
kneeling may resuit. Excessive countersinking also should 
be avoided because it makes nail removal more difficult. 
The distal tip of the nail should lie 0.5 to 2.0 cm from the 
subchondral bone of the ankle joint. Distal fractures 
require nail insertion near the more distal end of this 
range. If compression of the fracture is planned, the nail 
should be appropriately countersunk to prevent promi- 
nence once the fracture is compressed. 

■ Insert proximal locking screws using the jig attached to 
the nail insertion device. Place the drill sleeve through a 
small incision down to bone. Measure the length of the 
screw from calibrations on the drill bit. The number of 
interlocking screws is dépendent on fracture characteris- 
tics. Tighten ail connections between the insertion device, 
drill guide, and nail before screw insertion. 

■ Perform distal locking by using a freehand technique after 
"perfect circles" are obtained by fluoroscopy. In the 
latéral position, adjust the fluoroscopie beam until it is 
directed straight through the distal screw holes and the 
holes appear perfectly round. 

■ Place a drill bit through a small incision overlying the hole 
and center the tip in the hole. Taking care not to move 
the location of the tip, bring the drill bit in line with the 
fluoroscopie beam and drill through the near (médial) 
cortex. Detach the drill from the bit and check the posi¬ 
tion of the drill bit with fluoroscopy to ensure that it is 
passing through the screw hole. When proper position is 
confirmed, drive the drill bit through the far (latéral) 
cortex. 

■ Measure the screw length using drill sleeves and cali- 
brated bits or check the anteroposterior view on the fluo¬ 
roscopy screen, using the known diameter of the nail as 
a reference for length, or a system-specific depth gauge. 

■ After screw insertion, obtain a latéral image to ensure the 
screws hâve been inserted through the screw holes. Two 
distal locking screws are used in most fractures. 

■ Some nail Systems hâve the option of placing an antero¬ 
posterior distal locking screw. "Perfect circles" are 
obtained in the anteroposterior fluoroscopie view. Do not 
injure the anterior tibial tendon or extensor hallucis 
longus or nearby neurovascular structures. Meticulous 
attention to technique can minimize complications from 
anteroposterior distal interlocking. Careful soft-tissue 
protection and retraction both during drilling and screw 
insertion are critical to prevent soft-tissue injury or tether- 
ing as the screw head engages anterior tibial cortex. A 
drill sleeve can be valuable for protection of the associ- 
ated soft tissues during this portion of the procedure. 


■ Before interlocking, inspect the fracture site for possible 
distraction. If the fracture is distracted, place the distal 
locking screws first. Some intramedullary implants now 
hâve the capability to provide axial compression, for prop- 
erly selected fracture patterns, during the process of 
interlocking. 

■ After distal locking is complété, impact the fracture by 
carefully driving the nail backward while watching the 
fracture site under fluoroscopy. Keep the knee flexed until 
the nail insertion instruments are removed to avoid 
damage to the soft tissues around the patella. 

■ Most nails are statically locked. Minimally comminuted 
transverse diaphyseal fractures can be dynamically locked; 
however, comminuted or metaphyseal fractures should 
be statically locked. If there is any question about stability, 
perform static locking. Because the nail may not prevent 
malalignment of unstable fractures before it is locked, it 
is crucial to maintain accurate réduction until proximal 
and distal locking is complété. 

■ Modifications in technique hâve decreased the incidence 
of malalignment in proximal-third fractures. The réduc¬ 
tion can be manipulated more freely if nailing is not done 
on a fracture table. 

■To prevent valgus, start the entry portai in line with the 
latéral intercondylar eminence and center it on the med- 
ullary canal on the anteroposterior fluoroscopie image. 
An incision latéral to the patellar tendon can be used. 

■ To prevent anterior angulation and displacement, move 
the portai more proximally and posteriorly and direct it 
more vertically in a line more parallel with the anterior 
tibial cortex. Interlocking the nail proximally with the knee 
extended relaxes the pull of the patellar tendon and pre- 
vents anterior angulation. Many nail Systems require 
removal of the insertion jig, however, to extend the knee 
to avoid impingement on soft tissues. 

■ Tornetta et al. recommended nailing proximal-third 
tibial fractures in a semiextended position (15 degrees 
of flexion) using two thirds of a médial parapatellar 
arthrotomy to retract the patella laterally. This technique 
prevents the patella from causing the portai to be 
angled from médial to latéral and allows proximal inter¬ 
locking to be performed with the knee extended. Using 
a nail with a more proximally located bend decreases 
the risk of anterior displacement of the proximal frag¬ 
ment. A nail with proximal locking screws oriented 
obliquely at 90 degrees to each other provides more 
résistance to varus-valgus angulation than one-plane, 
medial-to-lateral screws. Semiextended nailing through 
a suprapatellar portai also has been described and is 
gaining in popularity. In this technique, a midline inci¬ 
sion is created approximately two fingerbreadths proxi¬ 
mal to the superior pôle of the patella. The quadriceps 
mechanism is divided sharply in line with its fibers. It is 
critical to use suprapatellar spécifie instrumentation to 
provide protection to the patellofemoral joint. The 
cannula and trochar are inserted atraumatically in a ret- 
ropatellar fashion, allowing the fémoral trochlea to act 
as a guide to positioning the instrumentation in line 
with the medullary canal. The guide pin placement, 
medullary reaming, and nail insertion can then proceed 
as previously described. 
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9 " In contrast to diaphyseal fractures, the nail does not 
"automatically" reduce the fracture because it is inserted 
through the wide tibial metaphysis. Accurate fracture 
réduction before nail insertion helps to decrease the risk 
of malalignment. Réduction can be accomplished by 
using an AO distractor medially or by limited open réduc¬ 
tion and application of a unicortical plate as described by 
Benirschke et al. This technique can be particularly useful 
in open fractures. 

■ Malalignment also can be prevented by using blocking 
screws as described by Krettek et al. Overcorrect the 
deformity and insert blocking screws anteriorly to poste- 
riorly on the concave side of the deformity. The screws 
effectively reduce the diameter of the metaphysis and 
physically block the nail by creating an artificial "cortex," 
thus preventing angulation by increasing stability. Use of 
blocking screws to prevent malalignment in distal meta- 
physeal fractures also can be valuable (Fig. 54-33). 

POSTOPERATIVE CARE. The patient initially is placed in 
a removable splint, and early range-of-motion exercises 
are begun. Noncompliant patients or patients with unsta- 
ble fracture fixation are placed in a patellar tendon- 
bearing brace or orthosis until enough healing occurs 
to ensure stability. Unrestricted weight bearing is permit- 
ted in axial stable patterns (i.e., transverse diaphyseal). 
Weight bearing is restricted until early callus occurs (4 to 
6 weeks) and then is progressed as tolerated in fractures 
without axial stability and those at the proximal or distal 
metadiaphyseal junction. Nail removal is not routinely 



Malalignment after intramedullary nailing can 
be prevented by use of blocking screws in addition to standard 
locking screws. SEE TECHNIQUE 54-11. 


necessary but may be needed to relieve pain in patients 
with prominent hardware. Nail removal usually is delayed 
until at least 12 to 18 months after injury, when ail frac¬ 
ture lines are obliterated and there is full cortical remodel- 
ing. Conversely, removal of interlocking screws for 
symptomatic hardware is not uncommon and can be 
performed once sufficient healing and fracture stability 
are achieved. 


■ EXTERNAL FIXATION 

External fixation is a useful and versatile tool in the treatment 
of tibial fractures, both as a temporizing and definitive treat¬ 
ment. Three distinct types of fixators are commonly used: 
half-pin fixators, wire and ring fixators, and hybrid fixators 
that combine half-pins and tensioned wires. Although com¬ 
monly used in the past, transfixion pins currently are used 
mainly in the calcaneus or as part of a two-pin “traveling 
traction” fixator. These devices can be used to stabilize almost 
any fracture, whether open or closed, throughout the length 
of the tibia. External fixation provides stable fixation, pré¬ 
serves soft tissues and bone vascularity, leaves wounds acces¬ 
sible, and causes little blood loss. Frame designs provide 
uniplanar or multiplanar fixation and can be modified to 
allow axial compression with weight bearing, which stimu¬ 
lâtes fracture union. External fixators that use tensioned wires 
for fixation extend the indications for external fixation to 
include periarticular fractures (Fig. 54-34). Pin site infection, 
malunion, joint stiffness, patient acceptance, and delayed 
union remain the greatest problems, however, associated with 
external fixation. 

External fixation as definitive management usually is 
indicated for severe open fractures (type IIIB and type C), 
especially fractures with gross contamination of the tibial 
canal or if the adequacy of the initial debridement (shotgun 
wound, crush injuries) is a concern. External fixation also can 
be used in the delayed management of fractures with bone 
loss, either by providing stabilization for autogenous bone 
graffing or by creating regenerated bone with circular wire 
fixators. External fixators also are préférable in patients with 
very small medullary canals, fractures associated with burns 
or wounds over the tibial nail entry portai, open fractures 
receiving delayed treatment (>24 hours), severely contami- 
nated fractures, fractures with vascular injury in which 
salvage may be questionable, war injuries, and in some 
patients with multiple-System trauma in whom blood loss 
must be kept to a minimum. 

External fixation may be indicated for patients with 
unstable closed fractures, fractures complicated by compart- 
ment syndrome, diaphyseal fractures with periarticular 
extension, segmentai fractures with a periarticular compo- 
nent, and head injury or impaired sensation. 

Initial healing of a fracture, especially a comminuted 
open fracture, dépends on the blood supply from surround- 
ing soft tissues. Fracture and soff-tissue stability must be 
maintained to allow continued capillary ingrowth into the 
injured areas. If external fixation is used for open tibial frac¬ 
tures, temporary fixation of the foot to eliminate ankle and 
soff-tissue motion at the fracture site should be considered. 
If fixation of the foot is not important for fracture stability, 
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A and B f Clinical photograph and initial radiograph of pedestrian struck by vehicle at high speed. Presented with 
Gustilo 3B open proximal fibular and tibial fractures. Note large bone defect. C and D f Fracture managed with multiplanar ring external 
fixator secondary to overlying soft-tissue injury requiring skin grafting. Osseous defect managed with bulk autogenous bone grafting 
and acute compression/shortening of fracture in wire frame after removal of large antibiotic spacer. 
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it is removed when the soft tissues hâve healed, and ankle 
motion is encouraged. 

The amount of stiffness that provides the most favorable 
environment for fracture healing in an external fixator is 
unknown. More rigid frames are preferred initially during the 
phase of soft-tissue healing and usually hâve fewer pin site 
problems. Fractures with more inhérent instability require 
stiffer frames than more stable fracture patterns. There is 
evidence that gradually destabilizing the frame to permit 
more weight bearing by the bone stimulâtes fracture healing. 
Destabilization usually includes converting the frame from a 
static to a dynamic construct by loosening the pin-to-bar 
clamps on one side of the fracture. Axial compression is 
allowed while maintaining angular and rotational alignment. 
Frames also can be made less rigid by increasing the distance 
between the bar and the bone and removing the outer bar in 
a double-bar frame. The fracture should be stable enough to 
resist excessive shortening or angulation before fracture 
destabilization. 

Although external fixation long has been proposed for 
provisional soft-tissue care, a growing number of reports 
advocate it for definitive fracture care, especially for high- 
energy fractures with significant diastasis or dissociation of 
the tibia and fibula and little intrinsic stability. Tfiese reports 
cite high complication rates, especially of malunion, with 
conversion of high-energy fractures from external fixation to 
casts. External fixators now usually are retained until fracture 
union. External fixation also provides stability for fractures 
that require subséquent bone grafting. Although open frac¬ 
tures with bone loss clearly require bone grafting or bone 
transport with ring fixators, open fractures with periosteal 
stripping (type IIIB) also frequently require autogenous bone 
grafting for union. Tfiese especially difficult fractures hâve led 
some authors to recommend early bone grafting in ail 
such injuries. Lawyer and Lubbers found that grade I open 
fractures required 4.7 months to heal after fixation with 
Hoffmann external fixation; 8% required secondary bone 
grafting. 

To avoid intrinsic problems of delayed union, nonunion, 
pin loosening, and pin track infection, Rommens et al. sug- 
gested conversion to internai fixation after soft tissues and ail 
pin sites hâve healed. Tfiey proposed 8 to 12 weeks as the idéal 
time for such conversion. 

Behrens and Searles used the AO external fixator for 75 
fractures in 73 patients and found that 80% of fractures could 
be treated with a unilatéral uniplanar fixator. Bone grafting 
was used in 67% of the fractures. Edwards stated that 90% of 
tibias with severe type III fractures can be restored to useful 
function without infection with careful management and 
attention to detail in external fixation. He cautioned against 
early removal of the fixator in high-energy fractures with 
disruption of the interosseous membrane, comminution, or 
bone loss. Burgess et al. reported a decrease in the time to 
union from 58.4 weeks to 37.6 weeks for type III open tibial 
fractures during the évolution of their protocol. Kimmel 
reported treatment of 27 severe tibial fractures with the Hoff¬ 
mann external fixator that resulted in a 13% nonunion rate 
and a 39% malunion rate, with 45% requiring bone grafting. 
In a prospective évaluation of 78 patients, Brâten et al. dem- 
onstrated that time to union and full weight bearing were 
similar between intramedullary nails and external fixation. 
However, the cohort receiving a nail achieved unprotected 


weight bearing sooner. External fixation resulted in more 
reoperations, whereas 64% of the patients with intramedul¬ 
lary nails had anterior knee pain at 1 year. Others hâve evalu- 
ated the factors that influence fracture healing with external 
fixation and found significant disparities of healing associated 
with lack of supplémentai fixation techniques and pin track 
infections. 

I HALF-PIN FIXATORS 

Numerous brands of external fixators are available. The fixator 
chosen should provide adéquate stability, permit progressive 
weight bearing, and allow dynamization and destabilization 
as the fracture heals. Fixator Systems that accommodate pin 
placement in more than one plane and hâve the ability to 
include the foot are most useful. Lighter weight, lower cost, 
and less interférence with visualization of the bone on radio- 
graphs also are désirable attributes if they do not compromise 
the stability and versatility of the System. Single-unit fixators 
with large universal joints readily permit adjustments to frac¬ 
ture réduction after the frame is applied. These fixators tend 
to be less stable because they do not allow wide pin spacing, 
and it is more difficult to add a second plane of fixation. 
Modular fixators allow greater freedom in placement but are 
more difficult to adjust when the frame is completed. Pin 
removal and replacement may be necessary to improve réduc¬ 
tion. Newer pin clamp designs with bail joint or pivoting 
mechanisms increase the adjustability of these constructs to 
some extent. 

I PREOPERATIVE PLANNING 

The initial frame should be rigid enough to minimize motion 
at the fracture site. Stability can be increased in several ways, 
as follows: increasing pin diameter, increasing the distance 
between the pins, increasing the number of pins, increasing 
the number of stabilizing bars, decreasing the distance from 
the bar to the limb, and adding a second plane of fixation. 
Tibial fixators use pins ranging from 4.5 to 6.0 mm in diam¬ 
eter. The pin should be less than one third the diameter of the 
bone to prevent fracture. Uncomminuted fractures require a 
minimum of two pins for each major fragment (including 
large segmentai fragments). A uniplanar construct usually 
provides sufficient stability for many tibial fractures. The 
addition of a third pin to a fragment significantly increases 
rigidity, especially if it is in another plane. A fourth pin in a 
single fragment provides minimal additional stability and 
usually is unnecessary. Comminuted fractures may benefit 
from three pins per major fragment, and two-plane fixation 
is preferred. Two-plane fixation can be achieved by connect¬ 
ing pins in different planes to a single bar. Alternatively, the 
pins placed in a second plane can be attached to a second bar, 
and the bars can be connected with bar-to-bar clamps. Rigid¬ 
ity can be increased in a uniplanar construct by connecting 
the pins to the two bars stacked on top of each other. 

Widely spaced pins in each fragment provide stability in 
the plane of fixation and in the plane perpendicular to it. 
Short fragments do not allow wide pin spread, however. Two 
pins placed in the same plane in a short fragment provide 
stability in the plane of the pins but are less stable in the plane 
perpendicular to the pins. Adding a pin in a different plane 
enhances stability. Because the major bending moments in 
the tibia occur in the sagittal plane, fixation in this plane 
is more stable. Tibial fractures associated with unstable 
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ipsilateral ankle injuries or with severe soft-tissue wounds of 
the distal leg require extension of the fixation into the foot to 
facilitate soft-tissue healing. 


EXTERNAL FIXATION FOR TIBIAL 
SHAFT FRACTURES 

At our institution, this technique is most applicable for 
provisional stabilization of open tibial fractures or in the 
setting of multiple trauma for fractures that will typically 
be managed definitively by other means. 


TECHNIQUE 54-12 


■ Before fixator application, review cross-sectional anatomy 
to confirm the "safe zones" for pin placement and to mini- 
mize the risk of neurologie, vascular, or tendinous injury. 

■ Place pins through either the anterior or the anteromedial 
cortex along the subeutaneous border of the tibia to avoid 
soft-tissue tethering. Direct the pins perpendicular to the 
long axis of the bone and parallel to the joint surfaces 
and insert them through small longitudinal incisions. 

■ Bluntly dissect soft tissues to bone. 

■ Place a drill sleeve against the bone and predrill the pin 
hole with an appropriate-size bit. Predrilling lowers the 
risk of thermal necrosis and pin loosening. 

■ Insert a pin with the correct thread length through the 
sleeve by power drill and into the bone. Bicortical pur- 
chase is necessary to prevent loosening. Threads should 
not protrude through the skin at the insertion site because 
this can cause pin site irritation. Some pins hâve conical 
rather than cylindrical threaded portions to create a radial 
preload with tightening. These pins cannot be backed out 
after insertion without causing loosening. Do not insert 
them too deeply. 

■ Some Systems hâve different thread designs for cortical 
and cancellous bone, which use different drill bits. The 
following is a technique for the application of a generic 
modular fixator. 

■ Pins should be nearly perpendicular to the long axis of 
the tibia and parallel to the knee and ankle joints. If the 
length of the segments allow, place the most proximal 
and distal pins at the metaphyseal-diaphyseal junction, 
where the bone is thicker and better pin purchase is 
obtained than in the cancellous bone of the metaphysis. 
Proximally, place the pin at least 15 mm from the joint to 
avoid pénétration of the joint capsule and avoid the pes 
tendons and patellar tendon. 

■ Place the inner pin in each fragment at least 1 cm from 
the fracture site, avoiding undisplaced areas of comminu- 
tion. The fracture site could become secondarily infected 
from a pin site infection if the pin is too close. If the length 
of the segment allows, place inner pins 2 to 3 cm from 
the fracture site. Keep in mind that wide pin spread 
enhances stability. 

■ Apply multiple pin-to-bar connections and connect the 
bars positioned. 

■ Perform réduction. If the injury is open, the traumatic 
wound provides an excellent opportunity to effect réduc¬ 
tion under direct vision or with provisional clamps. 


■ Securely tighten ail connections. Assess fracture réduction 
with fluoroscopy and adjust as needed. 

■ Additional bars can increase construct stability. 

■ If stability warrants, expand the external fixation to 
include the foot. To include the foot, insert 4-mm or 
3-mm pins through the subeutaneous border of either the 
first or the fifth metatarsal respectively or, if necessary, 
place larger half-pins or transfixation pins in the posterior 
tuberosity of the calcaneus. Avoid equinus, inversion, and 
eversion of the foot. 

■ Connect the foot pins to the tibial frame using either 
specialized pin clamps or additional bars and bar-to-bar 
clamps. 

■ Combining external fixation with lag screw fixation of the 
diaphysis is discouraged. 

POSTOPERATIVE CARE. Pin site care is started after the 
initial postoperative dressing has been removed. Pin sites 
are cleaned daily using a diluted hydrogen peroxide solu¬ 
tion or antibacterial soap and water. Pin sites are inspected 
to ensure that they are tight. A removable splint is used 
to prevent equinus, with definitive fixation performed 
later. 


I COMPLICATIONS 

When the soft-tissue techniques previously described are 
used and the safe zones of the tibia are observed, especially 
with half-pin fixation in the subeutaneous tibial border, 
immédiate complications are rare. Vascular injury more often 
is the resuit of late érosion of a vessel than of direct injury; 
however, direct injury is possible, especially with transfix¬ 
ation pins in bilateral uniplanar frames. Persistent bleeding 
at the time of surgery or late spontaneous bleeding must be 
investigated to rule out direct injury, late érosion, or pseudoa- 
neurysm of a major vessel. We hâve seen persistent bleeding 
around the pins from small periosteal arteries in children. 

Pin track irritation is common and requires daily pin site 
care with soap and water cleansing and gentle pressure dress- 
ings. Oral antibiotics may be required for secondary 
cellulitis. 

Removal of the external fixator and application of a cast 
before union in high-energy tibial fractures may resuit in 
malunion or nonunion. Intramedullary nailing after external 
fixation, especially with a history of a pin track infection, 
results in a high rate of infection, although a low rate of mal¬ 
union or nonunion. In our expérience, with an average delay 
in nailing of 7 weeks after fixator removal, intramedullary 
nailing of delayed union or nonunion of the tibia has been 
extremely successful. Gustilo recommended delaying any 
reconstructive surgery for severe open tibial fractures, includ- 
ing bone graffing and delayed nailing, until ail wounds are 
reepithelialized. 

I ILIZAROV EXTERNAL FIXATION DEVICE 

The tensioned wire external fixator has proved valuable in the 
acute and subacute care of tibial fractures. It has been used 
more frequently for difficult fractures, especially metaphyseal 
fractures with significant shaff extension. Difficult nonunions 
with bone loss, deformity, or infection also hâve been managed 
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A f Infection after open tibial fracture was 
treated with bone resection and llizarov bone transplant, with 
bone graft at docking site. B, After removal of fixator. 




llizarov external fixation provides trampoline 
effect because of highly tensioned wires that are supported 
circumferentially. 


effectively with this type of fixation (Fig. 54-35). Preoperative 
planning and frame construction, early mobilization of the 
patient, daily cleansing of skin and frame, and close follow-up 
minimize complications. 

Our expérience with the llizarov external fixator has been 
primarily with tibial fractures. Stabilization of short periar- 
ticular fragments is possible with this appliance. Four 1.8-mm 
diameter wires used to stabilize a bicondylar tibial plateau 
fracture provide the effective cross section of fixation of 
7.2 mm. Four wires also provide eight cortical interfaces and, 
because of the multiplanar orientation, virtually eliminate 
any late displacement of fragments. Because the wires are 
highly tensioned and supported circumferentially, a trampo¬ 
line of fixation is provided (Fig. 54-36). Spanning the knee or 
ankle for 4 to 6 weeks occasionally is necessary, especially 
after élévation of a joint surface and bone grafting. 

The Taylor spatial frame (Smith 8c Nephew, Memphis, 
TN) is a unique ring and wire fixator consisting of two rings 
connected by six oblique struts (Fig. 54-37). Its application is 
similar to that of the llizarov except that FastFx struts are 
used, and réduction is performed manually under image 
intensification until the best possible réduction is obtained in 
the anteroposterior and latéral planes. The struts are then 
locked in place. Additional rings can be added as necessary, 
and the foot can be incorporated. With the aid of a computer 
soffware-generated prescription, the struts can be adjusted as 
a procedure in the outpatient setting to effect anatomie réduc¬ 
tion at the fracture site. Radiographie parameters are entered 
into a computer. Length, rotation, translation, and coronal 
and sagittal alignment ail can be corrected by changing the 
lengths of the six struts as dictated by the computer program. 
We hâve used this fixator primarily to correct malunions, but 
it can be useful in treating acute fractures as well. 


Open fractures with extensive bone loss are another indi¬ 
cation for the llizarov method. The unstable fracture, soft- 
tissue defect, and bone loss ail are managed successfully with 
one device and method. The first step in the management of 
complex fractures is to détermine if the limb is salvageable, 
however. Occasionally, these injuries are managed best by 
early amputation, especially in the presence of major arterial 
or nerve injury. A dysvascular, insensate terminal limb do es 
not function better than a prosthetic limb. The number of 
operations, the length of treatment, and the psychologie 
factors associated with salvage of a severely injured limb must 
be considered. Other relative indications for the llizarov 
fixator in acute trauma are open fractures, unstable closed 
fractures, and compartment syndrome. 

Up to 100% union rates hâve been reported after this 
technique. We examined 40 unstable tibial fractures treated 
with the llizarov external fixator, 37.5% of which were open 
fractures; 12 of the 15 open fractures were Gustilo grade III 
fractures. Nineteen fractures were bicondylar tibial plateau 
fractures with extensive shaft extension. Four autogenous 
bone grafts were required for open fractures with bone loss. 
One fracture failed to unité and required reapplication of a 
frame, after which union was obtained. The average active 
range of motion of the knee after fracture healing was 110 
degrees. 

Time to union probably is related to the quality of réduc¬ 
tion and restoration of normal alignment. We prefer accurate 
apposition and alignment at the initial application of a simpler 
trauma frame rather than the use of articulated frames and 
subséquent réduction. Our preference for tibial fractures for 
which definitive external fixation has been selected is multi¬ 
planar ring external fixation as opposed to a modular half-pin 
fixator. 
















CHAPTER 54 FRACTURES OF THE LOWER EXTREMITY 



A, Taylor spatial trame is applied before fracture réduction. B, FastFx struts allow réduction under direct vision or 
C-arm control. If réduction is satisfactory, no adjustments are necessary; if not, graduai adjustments can be made using the deformity 
correction computer program. C f FastFx struts hâve dual actions. With the locking sleeve released, strut lengths can be changed to 
effect fracture réduction. (Courtesy of Smith & Nephew, Memphis, TN.) 


I ILIZAROV METHOD IN OPEN FRACTURES 

In open fractures with bone loss, the Ilizarov external 
fixator should be strongly considered as the primary treat- 
ment. Conventional treatment consists of debridement and 
delayed coverage with a rotation or free flap, followed by 
autogenous bone grafting. The tensioned wire fixator allows 
serial debridement of ail necrotic tissue. If bone is not 
exposed, a split-thickness skin graft can be placed onto the 
remaining muscle. Later, a corticotomy is performed with 
transport of bone into the gap. The tendency of soft tissue 
is to move with the transported bone and the normal ten¬ 
dency of split-thickness grafts to contract and fill the soft- 
tissue and bony defects, eliminating the need for more 
difficult rotation or free flaps. If an insignificant length of 
vascular exposed bone is présent after debridement, further 
shortening of fragment ends should be considered to avoid 
the necessity of flap coverage. Then a simple skin graft can 
be used as just described. Alternatively, the Taylor Spatial 


Frame can be used. It permits soft-tissue closure followed 
by graduai correction of osseous alignment for injuries that 
would otherwise require more involved soft-tissue coverage 
procedures. 

If a signifiant amount of vascular bone remains uncov- 
ered after debridement, a free flap or rotation flap should be 
used (Fig. 54-38 A). At flap coverage, a corticotomy is made 
and a fragment is prepared for transport into the bony defect 
(Fig. 54-38B and C). Ilizarov recommended a metaphyseal 
corticotomy for bone transport. 

I RECONSTRUCTIVE PROCEDURES 

Reconstructive soft-tissue procedures are possible with cir- 
cular tensioned wire fixators. Typical fracture frames are 
composed of four threaded rods linking four complété rings. 
Temporary removal of one rod allows 180-degree access to 
the leg for bone grafting of delayed unions or for free flap 
grafts. Removal of the antérolatéral rod allows access to a 
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A f Free flap or rotation flap. B and C f Corti- 
cotomy and préparation of fragment for transport into bony 
defect. 


dorsalis pedis donor, and removal of the posteromedial rod 
allows access to the posterior tibial artery. 

I PREOPERATIVE PLANNING 

Préparation is essential to success with the Ilizarov fixator. We 
modify the standard Ilizarov method by assembling the 
frames preoperatively, which greatly reduces intraoperative 
time. Radiographs are used to détermine correct ring posi¬ 
tions, and ring size is determined by the uninjured extremity. 
Two fingerbreadths of clearance are necessary for tibial 
mountings (Fig. 54-39). Rings that are too large do not 
support the transfixing wires adequately, and osteogenesis is 
impaired. Because of the anatomie constraints of safe wire 
placement, 90-degree divergence generally is unobtainable. A 
second level of fixation in each segment improves frame stiff- 
ness to anteroposterior bending and torsion. Two rings are 
used on large fragments, and a ring and drop post are used 
for smaller fragments. 

The midfemur is the most proximal level to accommo- 
date a complété ring comfortably. Fixation to the proximal 
fémur usually is accomplished with hybrid frames and half- 
pins. The entire lower extremity can be treated with a simple 
cylindrical frame from midfemur to the ankle. The thigh 
dictâtes ring size, usually one or two sizes larger than that 
normally used for the tibia. The frame should be situated 
parallel to the tibia on anteroposterior and latéral views. The 
fémur is centered at the level of the patella and inclined in 
anatomie valgus with respect to the frame. An open section 
ring can be used as the distal fémoral ring to allow full flexion 
at the knee (Fig. 54-40). This ring can be attached to a com¬ 
plété ring with heavyweight sockets to make it more résistant 




Open section ring used for most proximal ring 
in tibial mounting and attached to complété ring. 




FIGURE 


^ Open section distal fémoral ring. 


to deformity when tensioned wires are applied to the open 
section ring. Likewise, the most proximal ring in a tibial 
mounting can be an open section ring attached to a complété 
ring, allowing maximal flexion and providing two levels of 
fixation (see Fig. 54-39). 

In open tibial fractures, the foot may be included in the 
frame to prevent soff-tissue motion at the fracture. Pilon 
fractures also may require foot fixation for fracture stability. 
The foot frame is removed affer the soft tissues hâve healed, 
unless it is required for fracture stability. If the peroneal nerve 
or anterior or latéral compartment is injured, at least tempo- 
rary incorporation of the foot should be considered to prevent 
contracture. The foot may be included in a tibial lengthening 
or bone transport to prevent equinus. A stable foot mounting 
consists of two half-rings joined by plates threaded on one 
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Stable foot mounting consisting of two half- 
rings joined by plates. 


end (Fig. 54-41). These spécial plates prevent distortion of the 
foot frame when wires are tensioned. Half-rings of the same 
size used for the tibial frame usually are used for the foot 
frame. 

Swelling and dépendent edema create late changes in 
extremity dimensions and must be anticipated. More clear¬ 
ance is needed posteriorly for the lower extremity, and the 
thigh requires more room for swelling than the leg. 


ILIZAROV EXTERNAL FIXATION FOR 
TIBIAL SHAFT FRACTURES 


TECHNIQUE 54-13 


■ Place the patient on a radiolucent table extension, using 
the external fixator for traction and subséquent réduc¬ 
tion. Longitudinal traction reduces most fractures to 
within 10 to 15 degrees of anatomie alignment. In our 
expérience, the addition of hinges to the trauma frame 
has been unnecessary. Excessive or prolonged traction 
should be avoided to prevent neurologie or vascular 
injury. 

■ After preparing and draping the extremity, disconnect the 
ring connection bolts on one side of the preassembled 
frame and open the frame. 

■ Place the frame around the extremity, reassemble it with 
adéquate soft-tissue clearance, and align it with coupling 
bolts parallel to the crest of the tibia in the anteroposte- 
rior and latéral planes (Fig. 54-42). 

■ If used to treat the fracture shown in Figure 54-43A, hold 
the frame in this position with proximal and distal trans¬ 
verse reference wires placed parallel to the knee and 
ankle (Fig. 54-43B). As the wires are secured to the frame 
(Fig. 54-43C) and tension is applied, further correction 
of the fracture in the coronal plane is achieved (Fig. 
54-43D). 

■ Alternative^, suspend the frame with ordinary suction 
tubing placed around the extremity and secured to the 
frame with towel clips. Tilt eccentrically the proximal and 
distal rings until they are parallel to the knee and ankle 
joints. After secure fixation with at least two wires to the 




Frame reassembled around tibia and aligned 
parallel to crest of tibia in anteroposterior plane. SEE TECHNIQUE 
54-13. 


proximal and distal rings, bring these two rings parallel 
to their counterparts in the center of the frame for further 
fracture réduction. 

■ Use arched olive wires for final fracture réduction (Fig. 
54-43E). For final coronal plane correction of the residual 
displacement (Fig. 54-43F), place an olive wire in a trans¬ 
verse fashion (if safe) (Fig. 54-43G) and apply tension, 
without securing it tightly to the frame, to pull the frag¬ 
ment toward the tensioner. Use image intensification to 
ensure adéquate réduction. 

■ After adéquate correction is obtained in this plane, secure 
the wire to the frame on the olive side. If further correc¬ 
tion is needed in the sagittal plane, connect this olive wire 
in an arched fashion (Fig. 54-43H) and tension the wire 
to obtain final correction (Fig. 54-431 and J). Eliminate any 
residual distraction (Fig. 54-44). 

■ In rare cases, two olive wires inserted from opposite sides 
perpendicular to the fracture plane can effect réduction 
and apply compression to the fracture (Fig. 54-45). This 
pattern of wire placement may not always be safe, 
however. These fractures should be fixed with one or 
more lag screws followed by external fixator placement 
(Fig. 54-46). Preoperative axial CT scans help détermine 
the appropriate method of fixation. Interfragmentary 
screws or wires in the diaphyseal région usually should be 
avoided because they negate the axial flexibility of the 
llizarov external fixator, which ideally promotes secondary 
fracture healing. 

■ Handle skin and other soft tissues with care. In general, 
1.5-mm and 1.8-mm wires need no incision or drill 
sheath. If desired, use a sheath and incision for insertion 
of the larger 2-mm wires. Glove paper can facilitate 
grasping the wire close to the insertion site for increased 
control. 

■ Use a small skin incision for olive wires. Predrilling is not 
required for wire insertion. Use a low-speed power drill 





















FIGURE 


54-13. 


A-J, Fractures of tibial and fibular shafts treated with llizarov fixator. See text for steps in application. SEE TECHNIQUE 



FIGURE 


^ Insertion of two olive wires from opposite sides 


perpendicular to fracture plane. SEE TECHNIQUE 54-13. 
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Fixation with one or more lag screws and appli¬ 
cation of external fixator. SEE TECHNIQUE 54-13. 


9 with frequent pauses or a hand drill to drill the wires 
through bone. 

■ After determining the safe angle for the transfixation 
wires at a given level, stab the wire through the skin and 
muscle to bone. (Several references for safe transfixation 
using cross-sectional anatomy are available.) 

■ Use a low-speed drill to insert the wire across both corti- 
ces of the bone. When the wire emerges from the far 
cortex, tap it through the remaining soft tissues to reduce 
the risk of neurovascular injury. Avoid undue pressure or 
tension on the pin-skin interface. 

■ Attach the wires to the rings without bending them to 
meet the frame; this may require small spacers to build 
the connecting bolts off the frame. 


I COMPLICATIONS 

With careful détermination of safe zones by level of fixation, 
acute neurovascular injury with transfixation wires is rare. In 
the immédiate postoperative period, an unusually painful 
wire should be suspected of passing through a larger nerve 
and should be removed. Late neurovascular injury is exceed- 
ingly rare, unless bone transport or relative motion of frag¬ 
ments exists, and usually occurs during a reconstructive 
procedure rather than during simple fracture immobilization. 
Flexion contractures of the knee and ankle occur less fre- 
quently with fracture treatment than with lengthening and 
can be prevented by active exercises and weight bearing in 
the frame. Pin irritation is common, although serious pin 
track infection is unusual. Wire-skin interfaces should be 
cleaned daily with soap and water. After wounds hâve healed, 
showers are encouraged and swimming in chlorinated pools 




A f Impingement of skin on frame. B f Thin card- 
board used to prevent pressure necrosis. 


is allowed with a clear water rinse afterward. Gentle pressure 
dressings prevent pin and skin motion. A loose wire must be 
suspected at the first signs of pain and inflammation. Suspect 
wires should be retensioned. Generalized cellulitis should be 
managed by assessment of ail pin sites and administration of 
oral antibiotics until it résolves. Pin track infection that fails 
to respond to these measures should be treated by wire 
exchange. 

Patients with head injuries may hâve excessive dépendent 
edema because they rarely are moved enough to change the 
dependency or to help lymphatic pumping. If skin impinges 
on the frame toward the end of treatment (Fig. 54-47A), thin 
cardboard can be slotted to accommodate any wires and 
slipped between the skin and the frame to prevent pressure 
necrosis (Fig. 54-47B). If skin impinges on the frame early in 
the treatment, the frame must be modified. When problems 
exist at short-arc segments of several rings, the frame may be 
shiffed toward the impingement by reattaching ail wire fixa¬ 
tion bolts in new holes away from the impingement. If the 
skin impinges on a single ring, that ring can be modified by 
introducing two short plates between the ends of the half- 
rings to create an ellipse with its major axis toward the 
impingement. Alternatively, a saw can be used to remove a 
segment of a ring if sufficient stability remains. Major prob¬ 
lems with circumferential impingement at several levels can 
be solved by constructing a larger frame around the first 
frame. The rings of this larger frame are positioned at exactly 
the same levels. Curled wire ends are straightened, and the 
wires are attached to the outer frame at both ends. Finally, 
wire fixation bolts on the smaller frame are loosened and the 
smaller frame is disassembled. Cannulated wire fixation bolts 
from the smaller frame may be taped against the new frame. 
This modification can be made without loosening wires or 
losing réduction. 

■ TREATMENT OF DELAYED UNION 
OR NONUNION 

Delayed union after unreamed nailing can be treated by nail 
exchange or by removal of the nail and insertion of a larger 
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nail using a reamed technique. This technique is indicated for 
delayed unions in fractures with small (8 mm) or loose 
implants, axially unstable fractures, and perimetaphyseal 
fractures. The technique is unsuccessful in fractures with 
bone loss of more than one third to one half of the cortical 
circumference and may precipitate infection in type IIIB 
open fractures. Percutaneous bone graffing, the time-tested 
method for delayed union and nonunion of the tibia, is used 
most frequently for type IIIB open fractures and fractures 
with significant bone loss and affer other methods hâve failed. 
Other methods for treatment of delayed union are external 
bone stimulation and historically dynamization of the nail to 
allow axial impaction of the fracture and to stimulate healing, 
provided that the fibula has not healed. Loss of réduction has 
been reported to occur in 16% of proximal and distal frac¬ 
tures affer dynamization. 

■ FIXATION OF THE FIBULA FOR 
TIBIAL FRACTURE 

Internai fixation of the fibula is unnecessary in treating fibular 
shaff fractures but may be useful in stabilizing other struc¬ 
tures. Fixation of a fibular fracture by a plate and screws or 
by an intramedullary nail inserted through the latéral malleo- 
lus partially stabilizes comminuted fractures of the distal 
tibial shaff or metaphysis when damage of the soft tissues or 
contamination of the wound makes internai fixation of the 
tibia inadvisable. Furthermore, internai fixation of the fibula 
may be considered as an adjuvant in very distal tibial frac¬ 
tures treated with intramedullary fixation to prevent valgus 
deformity. 

DEFORMITIES OF THE FOOT AND TOES 
AFTER TIBIAL FRACTURE 

McKeever described a checkrein deformity of the great toe 
that can occur affer fracture of the distal third of the tibia. 
The flexor hallucis longus muscle adhères to callus at the 
fracture, with its tendon forming a bowstring between this 
point and the site of insertion of the tendon into the great toe. 
When the ankle is dorsiflexed, the great toe is sharply flexed, 
but when the ankle is plantarflexed, the interphalangeal joint 
extends completely. The pressure of the plantar surface of the 
great toe against the sole of the shoe on dorsiflexion of 
the ankle produces a painful callus. If it is impossible to free 
the muscle in the distal third of the leg affer the fracture has 
united, the tendon is lengthened in the foot. 

Clawfoot or cavus deformity has been reported affer frac¬ 
tures of the tibial shaff and are believed to be the resuit of 
fibrous contracture of the muscles of the deep compartment 
from muscle trauma and ischemia in the deep posterior com¬ 
partment of the leg. This deformity may be misinterpreted as 
an inward malrotation of the tibial fracture. 

TIBIAL PLATEAU FRACTURE 

Proximal tibial articular fractures caused by high-energy 
mechanisms may be associated with neurologie and vascular 
injury, compartment syndrome, deep vein thrombosis, con¬ 
tusion, crush injury to the soft tissues, or open wounds. 
Tscherne and Lobenhoffer emphasized the importance of dis- 
tinguishing between the “pure” plateau fracture pattern and 
the fracture-dislocation pattern. In their review of 190 


proximal tibial articular fractures, 67% of meniscal injuries 
occurred in plateau fracture patterns, whereas 96% of cruciate 
injuries and 85% of médial collateral ligament injuries 
occurred in fracture-dislocation patterns. Peroneal nerve 
injury was twice as common in fracture-dislocation patterns. 
These authors also introduced the term complex knee trauma 
to describe injuries associated with significant damage to two 
or more of the following compartments: the soff-tissue enve- 
lope of the knee, the ligamentous stabilizers, and the bony 
structures of the distal fémur and proximal tibia. Complex 
fractures involving the fémoral and tibial articular surfaces 
had a 25% incidence of vascular injury and 25% incidence of 
compartment syndrome. In 19 complex fractures with severe 
soff-tissue injury, vascular injury occurred in 31%, compart¬ 
ment syndrome in 31%, and peroneal nerve injury in 23%. 
Accurate détermination of fracture pattern and soff-tissue 
injury is necessary when developing a treatment plan. 

Proximal tibial articular fractures can be caused by motor 
vehicle accidents or bumper strike injuries; however, sports 
injuries, falls, and other less violent trauma frequently 
produce them, especially in elderly patients with osteopenia. 
Schulak and Gunn related the frequency of the type of frac¬ 
ture produced and the frequency of collateral ligament injury 
to the type and mechanism of forces applied to the knee (Fig. 
54-48). Considering the “pure” fracture patterns, ligamentous 
injuries occur more frequently in minimally displaced, local 
compression, and split compression fractures, and it is wise 
to obtain stress radiographs of the knee to evaluate these 
structures. 

The classification of intraarticular proximal tibial frac¬ 
tures originally proposed by Hohl and later modified by 
Moore and Hohl is commonly used to describe tibial plateau 
fractures (Fig. 54-49). The classification distinguishes between 
five primary fracture patterns and five fracture-dislocation 
patterns, with fracture-dislocations occurring one seventh as 
frequently as fractures. Tibial plateau fracture patterns 
according to Hohl and Moore include type 1, minimally dis¬ 
placed; type 2, local compression; type 3, split compression; 
type 4, total condyle; and type 5, bicondylar. (Fracture- 
dislocation patterns are described in a later section.) Hohl 
observed that this classification may be an intermediate 
step in the évolution of a classification that séparâtes the 
myriad ligamentous and soff-tissue injuries that, along with 
the bony injury, détermine outcome. Our involvement with 
a level I trauma center has shown several fractures that defy 
conventional classification and treatment methods. These 
extremely high-energy fractures, frequently open, usually 
include bicondylar comminution and extensive shaff com- 
minution with dissociation of the metaphysis and the diaphy- 
sis as in Schatzker type VI. The Schatzker classification closely 
corresponds to the fracture patterns of Hohl and Moore with 
the addition of type VI, metaphyseal-diaphyseal dissociation. 
Schatzker, McBroom, and Bruce, in a review of 94 tibial con- 
dylar fractures, proposed the following classification and 
treatment methods when the fracture is significantly dis¬ 
placed or when significant joint instability is présent. 

FRACTURE CLASSIFICATION 

Fracture patterns as classified by Schatzker: 

Type I—pure cleavage (Fig. 54-50A). A typical wedge-shaped 

uncomminuted fragment is split off and displaced later- 

ally and downward. This fracture is common in younger 
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FIGURE 


Relationship of force to tibial condylar fractures. Tibial collateral ligament injuries commonly occur in split and mixed 


fractures of latéral plateau. In mixed fractures, fibula is often fractured. In total dépréssion fractures, proximal fibular fracture or 
proximal tibiofibular diastasis occurs. 
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FIGURE 


Classification of tibial plateau fractures as described by Hohl and Moore: type 1, minimally displaced; type 2, local 


compression; type 3, split compression; type 4, total condyle; and type 5, bicondylar. 




























2 


© PART XV FRACTURES AND DISLOCATIONS IN ADULTS 




JjJ A, Type I, pure cleavage fracture. B f Type II, cleavage combined with dépréssion. Réduction requires élévation of 
fragments with bone grafting of résultant hole in metaphysis. Latéral wedge is lagged on latéral cortex, protected with buttress plate. 
C, Type III, pure central dépréssion. There is no latéral wedge. Dépréssion also can be anterior or posterior or involve whole plateau. 
After élévation of dépréssion and bone grafting, latéral cortex is best protected with buttress plate. D, Type IV. Médial condyle is split 
off as wedge (type A) as illustrated, or it can be crumbled and depressed (type B), which is characteristic of older patients with osteo- 
porosis (not illustrated). E, Type V. Note continuity of metaphysis and diaphysis. In internai fixation, both sides must be protected with 
buttress plates. F, Type VI. Essence of this fracture is fracture line that dissociâtes metaphysis from diaphysis. Fracture pattern of condyles 
varies, and ail types can occur. If both condyles are involved, proximal tibia should be buttressed on both sides. 


patients without osteoporotic bone. If displaced, it can be 
fixed with two transverse cancellous screws. 

Type II—cleavage combined with dépréssion (Fig. 54-50B). A 
latéral wedge is split off, but in addition the articular 
surface is depressed down into the metaphysis. This tends 
to occur in older individuals, and, if the dépréssion is 
more than 5 to 8 mm or instability is présent, most should 
be treated by open réduction, élévation of the depressed 
plateau “en mass.” Then bone grafting of the metaphysis, 
fixation of the fracture with cancellous screws, and but¬ 
tress plating of the latéral cortex are performed. 

Type III—pure central dépréssion (Fig. 54-50C). The articu¬ 
lar surface is driven into the plateau. The latéral cortex is 
intact. These tend to occur in osteoporotic bone. If the 
dépréssion is severe, or if instability can be shown on 
stress, the articular fragments should be elevated and 
bone graffed and the reduced articular injury is sup- 
ported with subchondral raffing fixation, with or without 
plate augmentation. 


Type IV—fractures of médial condyle (Fig. 54-50D). These 
may be split off as a single wedge or may be comminuted 
and depressed. The tibial spines offen are involved. These 
fractures tend to angulate into varus and should be 
treated by open réduction and fixation with a médial but¬ 
tress plate and screws. 

Type V—bicondylar fractures (Fig. 54-50E). Both tibial pla- 
teaus are split off. The distinguishing feature is that the 
metaphysis and diaphysis retain continuity. Both condyles 
can be fixed with buttress plates and cancellous screws. 
Avoid stabilizing condyles with large bulky implants. In a 
review of their expérience with tibial plateau fractures, 
Moore, Patzakis, and Harvey found 296 bicondylar frac¬ 
tures in a study group of 988 plateau fractures. Of these 
bicondylar fractures, 95 were treated by ORIF and only 11 
required médial and latéral plating. Nine (82%) of the 
fractures treated with médial and latéral plating under- 
went dehiscence or became infected. In addition, 23% 
of type V bicondylar fractures became infected. The less 
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involved condyle can be stabilized with a small antiglide 
plate placed at the apex of the fracture with minimal soft- 
tissue dissection, our preferred method. 

Type VI—plateau fracture with dissociation of metaphysis 
and diaphysis (Fig. 54-50F). A transverse or oblique frac¬ 
ture of the proximal tibia is présent in addition to a frac¬ 
ture of one or both tibial condyles and articular surfaces. 
The dissociation of the diaphysis and metaphysis makes 
this fracture unsuitable for treatment in traction, and 
most should be treated with buttress plates and cancel- 
lous screws, one on either side if both condyles are frac- 
tured. Pin and wire fixators also hâve been advocated for 
fixation of these difficult fractures. 

FRACTURE-DISLOCATION CLASSIFICATION 

The fracture-dislocation patterns classified by Hohl and 
Moore (Fig. 54-51), in addition to occurring with a higher 
incidence of associated ligamentous injuries, occur with more 
frequent meniscal injuries, which usually cannot be repaired, 
and a much higher incidence of neurovascular injury, increas- 
ing from 2% for type I to 50% for type V, with an overall 
average of 15%, approximately that of classic dislocation of 
the knee. 

Type I—coronal split fracture. These fractures account for 37% 
of tibial plateau fracture-dislocations. The fracture involves 
the médial side, is apparent on the latéral view, and has a 
fracture line running at 45 degrees to the médial plateau in 
an oblique coronal-transverse plane. The fracture may 
extend to the latéral side, and avulsion fractures of the 
fibular styloid, insertion of the cruciates, and Gerdys 
tubercle are common. Half of these fracture-dislocations 
are stable on stress views, and although they conceivably 
could be managed in a cast in extension or traction with 
limited range of motion, we frequently use closed réduc¬ 
tion and percutaneous screw fixation to improve réduc¬ 
tion and allow early range of motion in a cast brace; 
protected weight bearing is continued for 8 to 10 weeks. If 
open réduction is required, the fragment usually reduces 
in extension and can be fixed with interfragmentary 
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screws. Associated ligamentous injuries can be repaired 
along with the invariable capsular disruption. 

Type II—entire condyle fracture. This fracture-dislocation 
may involve the médial or latéral plateau and is distin- 
guished from the type IV fracture by a fracture line 
extending into the opposite compartment beneath the 
intercondylar eminence (Fig. 54-52). The opposite col¬ 
lateral ligament is involved in half of fractures, resulting 
in fracture or dislocation of the proximal fibula. This type 
constitutes 25% of ail fracture-dislocations, and 12% 
resuit in neurovascular injuries. Stress testing is necessary 
to détermine occult ligament injury. Stable fractures can 
be managed by cast bracing, frequent follow-up, and 
delayed weight bearing. Unstable or poorly reduced frac¬ 
tures can be fixed with interfragmentary screws after 
closed or open réduction and repair of any ligament 
injury, cast bracing, and delayed weight bearing. 

Type III—rim avulsion fracture. Constituting 16% of fracture- 
dislocations, this type involves almost exclusively the 
latéral plateau, with avulsion fragments of the capsular 
attachment, Gerdys tubercle, or the plateau. Disruption 
of either or both cruciate ligaments is common. Although 
meniscal injury is rare, neurovascular injuries occur in 
30% of fractures and nearly ail type III fractures are 
unstable. A latéral approach allows screw fixation of the 
articular rim and repair of avulsed iliotibial band and 
collateral ligaments. Cruciate ligament repair or augmen¬ 
tation may be necessary. 

Type IV—rim compression fracture. This injury accounts for 
12% of ail fracture-dislocations. It is almost always unsta¬ 
ble. The opposite collateral ligament complex and usually 
(75% of patients) the cruciate ligaments are avulsed or 
torn, allowing the tibia to sublux to the extent that the 
fémoral condyle compresses a portion of the anterior, 
posterior, or “middle” articular rim. Stable injuries can be 
treated by casting until the ligaments heal. If surgery is 
necessary, a parapatellar approach allows debridement of 
small fragments, élévation and stabilization of larger frag¬ 
ments, and repair of cruciate and opposite collateral 
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Hohl and Moore classification of proximal tibial fracture-dislocations. (Redrawn from Hohl M, Moore TM: Articular frac¬ 
tures of the proximal tibia. In Evarts CM, editor: Surgery of the musculoskeletal System, ed 2, New York, 1990, Churchill Livingstone.) 
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FIGURE 


Type II fracture-dislocation of tibial plateau fixed with plate and screws. 


ligaments. Postoperative mobilization is largely dictated 
by the nature of the ligamentous injury and repair. 

Type V—four-part fracture. Constituting 10% of ail fracture- 
dislocations, this injury is nearly always unstable. Neuro- 
vascular injury occurs in 50% of fractures; the popliteal 
artery and the peroneal nerve are injured in more than 
one third. Both collateral ligament complexes are dis- 
rupted with the bicondylar fracture, and the stabilization 
provided by the cruciates is lost because the intercondylar 
eminence is a separate fragment. Although a bicondylar 
approach has been recommended, others hâve been more 
cautious, recommending plating of the more commi- 
nuted plateau and lag screw fixation of the more intact 
condyle. Realizing the high incidence of infection and 
dehiscence with bicondylar plating and the extensive 
exposure necessary, a method of latéral plateau plating 
with temporary médial external fixation was described by 
Mast. We hâve used limited open réduction and percuta- 
neous fixation with neutral external fixation by pin fix- 
ators in a delta configuration or an Ilizarov external 
fixator. As with Schatzker type V bicondylar fractures, 
extreme care must be taken with soft tissues. Motion is 
not allowed until the skin has healed. Weight bearing is 
delayed according to the method of fixation; with Ilizarov 
fixation, early weight bearing is allowed to tolérance. 

EVALUATION 

A thorough history should be obtained, including détermina¬ 
tion of the mechanism of injury and the patients overall 


medical status, âge, and functional and économie demands. 
A detailed physical examination is necessary to detect con¬ 
comitant ligamentous injuries, neurovascular injuries, com- 
partment syndrome, additional fractures, and other injuries. 
Compartmental pressures should be measured with an accu- 
rate method if clinical suspicion of compartment syndrome 
exists in patients unable to provide a reliable clinical exami¬ 
nation. Ankle-brachial indices should be obtained, and an 
arteriogram should be obtained in fractures with suspected 
vascular injury. Patients with obvious vascular injuries should 
be taken promptly to the operating room for vascular explo¬ 
ration and revascularization. Provisional stabilization with 
external fixation may be required. 

Anteroposterior, latéral, and oblique radiographs and CT 
scans are necessary to evaluate these fractures. Assessment of 
the degree and the size of depressed articular fragments may 
be possible only with CT. Offen the classification of the frac¬ 
ture made from standard radiographs is changed to another 
type after the CT scans are evaluated. The upper tibial articu¬ 
lar surface normally is inclined posteriorly 10 to 15 degrees, 
and an anteroposterior radiograph with the beam angled cau- 
dally 10 to 15 degrees provides better views of the tibial pla- 
teaus. Stress radiographs for collateral ligament injury hâve 
been mentioned previously. Colletti, Greenberg, and Terk 
analyzed MRI findings in 29 tibial plateau fractures and 
found tibial collateral injuries in 55%, latéral meniscal tears 
in 45%, fibular collateral ligament injuries in 34%, anterior 
cruciate ligament injuries in 41%, posterior cruciate ligament 
injuries in 28%, and médial meniscal tears in 21%. This study 





CHAPTER 54 FRACTURES OF THE LOWER EXTREMITY 


showed the spectrum of soft-tissue injury associated with 
tibial plateau fractures; however, MRI is not routinely indi- 
cated. Mustonen et al. demonstrated a 42% incidence of 
abnormal meniscal findings on MRI in patients who sus- 
tained tibial plateau fractures, and 88% of patients with 
meniscal tears had unstable injuries. The exact rôle of MRI in 
evaluating patients with tibial plateau fractures is still evolv- 
ing. MRI is probably most appropriate in the évaluation of 
fracture-dislocation patterns when there is a high suspicion 
for injury to the associated soft-tissue stabilizers. Radio¬ 
graphie predictors for fractures with an increased incidence 
of compartment syndrome include tibial widening and 
fémoral displacement. 

Ruffolo et al. recently reported complication rates after 
ORIF of bicondylar injuries treated through dual incisions. 
Nonunion and deep infection occurred commonly after 
staged open réduction and internai fixation of high-energy 
tibial plateau fractures. Open fractures and open fasciotomy 
wounds at the time of internai fixation are associated 
with higher infection rates, 43.8% and 50.0%, respectively. 
Ahearn et al. noted poor patient-reported outcome measures 
after complex bicondylar tibial plateau fractures and similar 
clinical and radiographie outcomes with internai fixation and 
Taylor Spatial Frame. 

Whatever the injury, the damage to the joint usually is 
more extensive than the radiographs indicate. The bony 
attachments of one or both cruciate ligaments may be avulsed 
and lie as free fragments in the joint. Comminuted fragments 
of the articular surface often lie at angles to their normal 
plane and may be upside down. The meniscus often is torn at 
its periphery, and a part or ail of it may lie between the com¬ 
minuted fragments. 

TREATMENT 

Goals of treatment of proximal tibial articular fractures 
include restoration of articular congruity, axial alignment, 
joint stability, and functional motion. If operative treatment 
is chosen, fixation must be stable enough to allow early 
motion and the technique should minimize wound complica¬ 
tions. Surgical treatment is usually recommended for frac¬ 
tures associated with instability, ligamentous injury, and 
significant articular displacement; open fractures; and frac¬ 
tures associated with compartment syndrome. One must 
draw the distinction between ligamentous instability and 
osseous instability. After the articular surfaces of a joint hâve 
been fractured, joint function usually is proportionate to the 
accuracy of réduction. For displaced fractures, most authors 
point out that the most significant factor influencing long- 
term results, and hence treatment approach, is the degree of 
displacement and dépréssion. 

The degree of acceptable articular displacement is contro- 
versial. S orne authors recommend surgical réduction for an 
articular stepoff of more than 2 mm, whereas others advocate 
surgical réduction for 5 mm or more of joint dépréssion or 
displacement of more than 5 degrees axial alignment. Still 
others hâve reported similar clinical results with operative 
and nonoperative treatment of fractures with 8 mm of déprés¬ 
sion. Most authors agréé that if dépréssion or displacement 
exceeds 10 mm, surgery to elevate and restore the joint 
surface is indicated. If the dépréssion is less than 5 mm in 
stable fractures, nonoperative treatment consisting of early 
motion in a hinged knee brace and delayed weight bearing 


usually is satisfactory. If the dépréssion is 5 to 8 mm, the 
decision for nonoperative or operative treatment dépends to 
a great degree on the patients âge, activity demands on the 
knee, and coronal plane stability. If a patient is elderly and 
sedentary, nonoperative treatment usually is suitable. If a 
patient is young or active, attempts at surgical reconstruction 
of the joint surface are justified. 

Long-term follow-up studies hâve shown that posttrau- 
matic arthritis is associated with residual instability or axial 
malalignment and not the degree of articular dépréssion. 
Instability is another indication for operative treatment. Insta¬ 
bility may re suit from ligamentous disruption, osseous déprés¬ 
sion of the articular surface, or translational displacement of a 
fracture fragment. Ligament injuries occur in 10% to 33% of 
tibial plateau fractures. The major indication for surgery is not 
the measure of dépréssion of the fragment or articular surface 
but the presence of varus or valgus instability of 10 degrees or 
more with the knee flexed less than 20 degrees. 

Treatment methods proposed for fractures of the tibial 
condyles include extensile exposure with arthrotomy and 
reconstruction of the joint surface with plate and screw fixa¬ 
tion (Fig. 54-53); arthroscopy or limited arthrotomy and per- 
cutaneous screw fixation or external fixation with pin or wire 
fixators; closed manipulation and casting, especially with a 
cast brace; and traction with early motion. Newer plating 
techniques are capable of fixation with less iatrogénie soft- 
tissue élévation and employ minimally invasive approaches. 
If more than one incision is used, a large soft-tissue bridge is 
left between them. No method can be used routinely for ail 
fractures, and each patient must be evaluated individually. 
Extensive surgery on a severely comminuted fracture may 
resuit in less than optimal internai fixation and a need for 
postoperative immobilization, often resulting in the joint 
being neither stable nor freely movable. 

In undisplaced fractures, after the integrity of the collat¬ 
eral ligaments is established, treatment should consist of a few 
days of splinting followed by early active knee motion. Weight 
bearing should be delayed until fracture healing is évident, 
generally at 8 to 10 weeks. Eighty-nine percent good results 
hâve been reported in fractures treated with closed réduction 
and cast bracing with little corrélation between the late radio¬ 
graphie appearance and the functional resuit. Réduction and 
alignment were lost most often in médial condylar and bicon¬ 
dylar fractures. 

Sarmiento et al. found that often the condition of the 
fibula, whether fractured or intact, détermines the angular 
behavior of these fractures under weight bearing and func¬ 
tional conditions. Isolated fractures of the latéral condyle 
with an intact fibula did not collapse further because of the 
support of the fibula. Conversely, fractures of the latéral 
condyle with associated fibular fractures had a tendency to 
collapse into valgus because of the loss of fibular support. 
Fractures of both condyles did not collapse further or angu- 
late when the proximal fibula was fractured and displaced. If 
the fibula was intact, however, the médial condyle usually 
collapsed, creating a varus deformity. 

Latéral split fractures can be reduced open or percutané - 
ously using traction and réduction forceps under arthroscopic 
or fluoroscopie control. If the displaced rim of the condyle 
cannot be reduced into a supporting position under the 
fémoral condyle using closed manipulation, open réduction is 
required. Arthroscopic évaluation of ail Schatzker type I 


2 


PART XV FRACTURES AND DISLOCATIONS IN ADULTS 



Latéral split dépréssion tibial plateau fractures can be managed with anatomie réduction of articular injury and 
subchondral rafting screws to support articular élévation. Latéral condyle supported with a buttress plate construct. Subchondral rafter 
screws can be coupled with plate for latéral peripheral rim comminution to act as washer. 


fractures that are treated operatively has been recommended 
to ensure that the latéral meniscus is not trapped within the 
fracture site. Many latéral split fractures can be stabilized 
adequately by percutaneously placed large cancellous screws. 
If the latéral condylar fracture is associated with a fibular head 
fracture, a latéral buttress plate provides additional stability. 

Depressed articular segments cannot be reduced by liga- 
mentotaxis alone and require élévation through a cortical 
window, bone graffing, and fixation with either subchondral 
screws or a buttress plate. Patil et al. reported biomechanical 
data suggesting that four 3.5-mm screws were superior to two 
6.5-mm screws in axial compression. Traditionally, the réduc¬ 
tion has been observed through an arthrotomy and sub- 
meniscal incision; however, investigators hâve successfully 
used fluoroscopie or arthroscopically assisted réduction, 
bone graff or bone graff substitute, and percutaneous screw 
fixation to treat tibial plateau fractures with articular déprés¬ 
sion (Schatzker type II and type III). Displaced fractures of 
the médial condyle (Schatzker type IV) offen are quite unsta- 
ble and generally are best treated with open réduction and 
fixation with a médial buttress plate, which is biomechani- 
cally the most sound. 

The treatment of severe or “complex” tibial plateau frac¬ 
tures can be quite difficult. Severe or complex tibial plateau 
fractures include bicondylar fractures (Schatzker type V), 
tibial plateau fractures with metaphyseal-diaphyseal discon- 
tinuity (Schatzker type VI), and fractures with open wounds, 
severe closed soff-tissue abrasions, contusions or crush inju¬ 
ries (Tscherne type II or III), compartment syndrome, or 
vascular injury. Closed methods of treatment with traction or 


cast bracing usually are unsuccessful in maintaining articular 
réduction and axial alignment. Traditional methods of open 
réduction and plating require extensive exposure, which may 
compromise soft tissue further and devascularize bone frag¬ 
ments, leading to infection. 

Attempts hâve been made to reduce the incidence of 
complications in these fractures by using less extensile expo- 
sures and indirect réduction techniques and by supplement- 
ing latéral buttress plate fixation with a small antiglide plate 
rather than a second bulky médial buttress plate. Mills and 
Nork suggested that dual plating could be achieved with 
minimal soff-tissue dissection by using a more anterior skin 
incision and limiting subperiosteal dissection to fracture 
margins and to the area of anticipated plate application. The 
use of small fragment (3.5-mm screws) AO/ASIF T-plates has 
been reported for fixation of tibial plateau fractures. Ana¬ 
tomie or nearly anatomie réductions were obtained in 86.7% 
without infections or soff-tissue complications. The smaller 
diameter and increased malleability of the small fragment 
T-plate is thought to hâve provided better buttressing of the 
osteochondral fragments than the larger precontoured AO/ 
ASIF T-plates and L-plates (6.5-mm screws). 

Others hâve obtained good results without infection in 
grade II and grade III open complex (Schatzker types V and 
VI) tibial plateau fractures treated by experienced surgeons 
with a standard protocol of thorough debridement, immédi¬ 
ate rigid internai fixation, and delayed cio sure at 5 days. 
Tscherne and Lobenhoffer recommended temporarily span- 
ning the knee with an external fixator in patients with severe 
soff-tissue injury. Internai fixation can be done affer swelling 
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FIGURE 


A f CT scan of open fracture of tibial plateau. B and C f Fixation with hybrid external fixator. D f After fixator removal. 


has decreased, much akin to the current strategies for man¬ 
agement of pilon injuries. 

External fixation using either half-pin fixators or ring and 
wire fixators also has been advocated as definitive fixation for 
complex tibial plateau fractures. Cannulated screws can be 
used as accessory fixation of the articular surface. An external 
fixator placed below the knee can maintain articular réduc¬ 
tion and axial alignment and allow early motion (Fig. 54-54). 
Minimal soff-tissue dissection is required for application of 
an external fixator, which theoretically should reduce wound 
complications. 

Not ail fractures reduce with ligamentotaxis alone, and a 
limited open réduction sometimes is necessary with bone 
graffing. One potential disadvantage of external fixation is the 
risk of pin site infection. Pin site infections usually are minor 
and can be treated with oral antibiotics. Septic arthritis has 
been reported to develop, however, as a resuit of infection 
around periarticular pins and wires. Anatomie studies hâve 
shown that pins or wires placed within 14 mm of the knee 
joint may be intracapsular. To prevent septic arthritis, intra- 
capsular placement of pins and wires should be avoided. 

Clinical studies hâve shown that ring and wire fixation is 
an acceptable method of treatment for complex tibial plateau 
fractures (87% to 88% good or excellent results with 6.5% to 
12% superficial infections). A four-wire construct has been 
shown to provide stability comparable to that obtained with 
dual plating. 

We frequently use ring and wire fixation for the treatment 
of complex tibial plateau fractures (Fig. 54-55). In 57 patients 
with Schatzker type VI tibial plateau fractures treated with 
Ilizarov fixation, four fractures became infected (7%), includ- 
ing two with septic arthritis. Twenty-two fractures (38%) were 
open. In 45 fractures (84%) with acceptable réductions, knee 
range of motion averaged 115 degrees. In nine patients (16%) 
with poor réductions, knee motion averaged 79 degrees. 

Monolateral half-pin external fixation placed below the 
knee is another technique that has been used to treat complex 


tibial plateau fractures. Accessory cancellous screws are used 
to maintain the articular réduction. This is technically easier 
for surgeons unfamiliar with ring and wire fixation tech¬ 
niques; however, half-pins may not achieve as secure fixation 
as small tensioned wires in comminuted metaphyseal bone. 

Occasionally, a tibial plateau fracture is so comminuted 
or the soff-tissue injury so severe that accurate réduction and 
stable fixation are impossible in the acute setting. In this situ¬ 
ation, the knee can be spanned by a half-pin external fixator 
as temporary or definitive fixation. This technique allows the 
patient to be mobilized while maintaining axial alignment of 
the limb. Immobilization of the knee for 6 weeks does not 
seem to affect adversely the ultimate knee range of motion. 

■ FRACTURE OF THE LATERAL CONDYLE 

An understanding of the mechanism producing fractures of 
the latéral tibial condyle is necessary for intelligent treatment. 
This fracture usually is produced by a valgus strain on the 
knee, with the ligaments and muscles on the médial side 
resisting séparation of the tibial and fémoral condyles. The 
latéral fémoral condyle is driven downward into the weight- 
bearing surface of the latéral tibial condyle, depressing the 
central portion of the articular surface into the cancellous 
metaphysis well below its normal level. In addition, the latéral 
margin of the articular surface of the tibia bursts laterally and 
one or more fractures extend longitudinally down into the 
metaphysis of the tibia, producing a latéral fragment. This 
fragment usually is fairly large and, when seen from the 
latéral side, offen is triangular with the base of the triangle 
proximal. Usually the fragment is held at joint level by the 
intact fibula. Less offen, the latéral condyle fractures the fibula 
at its neck and may be displaced as one large fragment with 
only slight central dépréssion and comminution. 

Open treatment of tibial plateau fractures is made easier 
by the use of the AO large distractor. For latéral plateau frac¬ 
tures, one bicortical pin is inserted just anterior to the latéral 
fémoral épicondyle, parallel to the joint. The second pin is 
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FIGURE 


A and B f Fracture of tibial plateau. C f Stabilization with llizarov circular external fixator. D f After fixator removal. 


inserted into the latéral tibial cortex, distal to the site of pro- 
posed fixation, in the midcoronal plane, perpendicular to the 
tibia. As the distractor is lengthened, much of the réduction 
is attained by ligamentotaxis. The use of this device also 
permits improved intraarticular visualization for réduction. 
Because the fémoral pin is located near the center of rotation 
of the fémoral condyle, the fracture is minimally disturbed by 
flexion and extension of the knee in attempts to locate the 
fracture fines and fix the plateau. 


OPEN REDUCTION AND FIXATION OF 
A LATERAL TIBIAL PLATEAU 
FRACTURE 


TECHNIQUE 54-14 


■ The procedure is typically done under tourniquet control. 

■ For fractures of the latéral condyle, make a straight or 
slightly curvilinear antérolatéral incision, starting 3 to 
5 cm above the joint line proximally and extending distally 
below the inferior margin of the fracture site from just 
anterior to the latéral fémoral épicondyle to Gerdy's 
tubercle. This incision provides good exposure while 
avoiding skin complications. 

■ Make the fascial incision in line with the skin incision. Do 
not undermine soft-tissue flaps more than necessary. 
Reflect the iliotibial band from its insertion on Gerdy's 
tubercle both anteriorly and posteriorly. Gain intraarticu¬ 
lar exposure by incising the coronary or inframeniscotibial 
ligament by submeniscal arthrotomy and retract the 
meniscus superiorly after placement of nonabsorbable 
meniscocapsular tagging sutures. 

■ Inspect and débridé or repair any meniscal tears to pré¬ 
serve as much of the menisci as possible. 



Periosteal elevator or similar instrument is 
introduced below level of depressed tibial plateau fragment. 
With careful and gentle upward pressure, articular fragments are 
elevated. SEE TECHNIQUE 54-14. 


■ To expose the longitudinal fracture of the latéral condyle, 
elevate the origin of the extensor muscles from the 
antérolatéral aspect of the condyle in an extraperiosteal 
fashion. Reflect the muscle origin laterally until the frac¬ 
ture line is exposed. 

■ Retract the latéral fragment to gain access to the central 
part of the tibial condyle. This latéral fragment often 
hinges open like a book, exposing the depressed articular 
surface and cancellous bone of the central dépréssion. 

■ Alternative^, make a cortical window below the area of 
dépréssion to allow réduction of this fragment. This 
approach generally requires less soft-tissue dissection 
than hinging open the latéral condylar fragment. 

■ Insert a periosteal elevator or osteotome well beneath the 
depressed articularfragments, and by slow and meticulous 
pressure elevate the articular fragments and compressed 
cancellous bone in one large mass (Fig. 54-56). Take as 
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much cancellous bone as possible. This produces a large 
cavity in the metaphysis that must be filled with bone graft 
or substitute. Unless this is done, redisplacement and set- 
tling can occur. Various types of grafts hâve been pro- 
posed, from transverse cortical supports to full-thickness 
iliac grafts. We prefer injectable bone substitutes, such as 
calcium phosphate bone cements, for metaphyseal sub- 
chondral defect management after élévation of depressed 
articular segments, although this can be problematic in the 
rare circumstance that infection occurs. 

■The standard latéral approach gives only a limited view 
of the postérolatéral plateau and provides no access to 
the posterior wall of the latéral tibial plateau. Certain 
fractures located in the postérolatéral plateau require a 
more extensile approach. In this situation, the fascial inci¬ 
sion follows the insertion of the extensor muscles and 
continues over the subcapital fibula. The entire layer is 
stripped distally as required. Expose the peroneal nerve 
and eut the fibular neck with an oscillating saw. This 
allows retraction of the upper segment to the back or 
rotation of the fibular head upward, exposing the pos¬ 
térolatéral plateau and the latéral and posterior flare of 
the proximal tibia. 

■ If displacement of the peripheral rim is slight and central 
dépréssion of the condyle is the main deformity, remove 
an anterior cortical window with its proximal edge distal 
to the articular surface. 

■ Insert a curved bone tamp through the cortical window 
or fracture line into the cancellous subchondral bone, and 
elevate to the normal level the depressed fragments of 
the articular surface as seen through the submeniscal 
arthrotomy. As the fragments are elevated and reduced, 
temporarily fix them with multiple small Kirschner wires. 
Stabilize with subchondral raft screw fixation. The Kirsch¬ 
ner wires can be advanced through the soft-tissue enve- 
lope medially and then extracted from the médial side 
until flush with the latéral cortex. 

■ Apply a buttress plate to the antérolatéral proximal tibia. 
Precontoured periarticular plates designed for tibial 
plateau fractures are readily available, typically in either a 
3.5- or 4.5-mm dimension. Depending on the fit of the 
implant, one may choose to place separate raft screws 
before affixing the plate to ensure subchondral support 
of newly elevated articular segments. Typically, for simple 
latéral condylar fractures alone, nonlocking 3.5-mm 
implants are sufficient. 

■ Augment the defect with cancellous bone or bone graft 
substitute. 

■ The meniscocapsular tagging sutures can then be incor- 
porated in the repair, either through the plate or the 
iliotibial band. 

POSTOPERATIVE CARE. The knee is placed into a 
removable knee immobilizer. At 1 to 2 days postopera- 
tively, physical therapy is initiated with quadriceps exer¬ 
cises and gentle active-assisted exercises are begun, or a 
passive motion machine can be used. Crutch walking is 
begun, but no weight bearing is permitted for 10 to 12 
weeks. 


Recent data hâve been reported supporting the use of struc¬ 
tural allograft to reduce the risk of articular subsidence with 
satisfactory clinical outcomes. 

■ LIGAMENT INJURY WITH 
CONDYLAR FRACTURE 

Collateral and cruciate ligament injuries occurring with tibial 
condylar fractures are much more common than previously 
realized and, if untreated, may be responsible for instability 
and a poor late resuit, despite a well-healed condylar fracture. 
An increased incidence of posttraumatic arthritis has been 
found after tibial plateau fractures with concomitant ligamen- 
tous injury. Ligamentous injuries hâve been reported in 4% 
to 33% of tibial plateau fractures and 60% of fracture- 
dislocations. The médial collateral ligament is most com- 
monly injured, usually with undisplaced or local dépréssion 
fractures of the latéral tibial condyle. Stress radiographs are 
helpful in making this diagnosis. In a prospective study of 30 
tibial plateau fractures undergoing operative repair, Bennett 
and Browner reported a 56% incidence of additional soft- 
tissue injury; 20% of fractures were associated with meniscal 
tears, 20% had médial collateral ligament injury, 10% had 
anterior cruciate ligament injury, 3% had latéral collateral 
ligament injury, and 3% had peroneal nerve injury. Médial 
collateral ligament injury occurred most often with Schatzker 
type II fractures, whereas meniscal injury occurred most 
often with Schatzker type IV fractures. 

Preoperative and postoperative stress examination of the 
knee is recommended to detect ligamentous injury. Residual 
laxity after anatomie réduction of the tibial plateau indicates 
ligamentous injury. Delamarter, Hohl, and Hopp pointed 
out the poor prognosis of cruciate injury occurring with 
tibial plateau fractures and the frequency of significant resid¬ 
ual laxity. If the intercondylar eminences of the tibia are 
fractured and displaced, these should be replaced and 
secured at the time of open réduction of the condyle. Fixa¬ 
tion can be done with sutures passed through bony tunnels 
or with a small fragment screw if the eminence fragment is 
large enough. Midsubstance tears of the anterior cruciate 
ligament should be reconstructed later if significant laxity 
remains after fracture healing. Acute midsubstance tears 
of the médial collateral ligament usually heal satisfactorily 
with nonoperative treatment. Because the increased surgical 
exposure necessary to repair the ligament and postoperative 
immobilization that is required can lead to increased knee 
stiffness, acute repair of the médial collateral ligament is 
infrequently indicated. Collateral ligament injuries should 
be protected with a hinged knee brace. If the médial col¬ 
lateral ligament is repaired, a separate médial incision is 
required as described for the repair of the médial collateral 
ligament. When the ligament has been repaired and the 
condylar fracture fixed, the knee is immobilized with the 
knee flexed 45 degrees. Although early motion after fixation 
of tibial condylar fractures is désirable, motion must be 
delayed if repair of an acute collateral ligament injury 
also is involved. We hâve found that use of a long leg cast 
maintained for 2 weeks until the sutures are removed, 
followed by a fémoral cast brace with an extension stop that 
allows flexion but prevents fu.ll extension, is an effective 
compromise in postoperative care. The cast brace is worn 
for 4 weeks. When the cast is removed, active exercises are 
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■ ARTHROSCOPICALLY ASSISTED REDUCTION 
AND FIXATION OF TIBIAL PLATEAU 
FRACTURES 

Arthroscopic techniques require minimal soft-tissue dissec¬ 
tion, afford excellent exposure of the articular surface, and 
can be used to diagnose and treat concomitant meniscal injury. 

Buchko and Johnson described an arthroscopic technique 
in which the affected extremity is placed in a thigh holder, a 
tourniquet is inflated, and an antérolatéral arthroscopic portai 
is placed approximately 2 cm above the joint line to enable 
the surgeon to look downward on the tibial plateau. A com¬ 
plété diagnostic assessment is performed. A low-pressure 
arthroscopic pump can be used but is not mandatory, although 
it improves exposure and facilitâtes joint lavage. If the pump 
is used for extracapsular fractures, the metaphyseal portion 
of the fracture site should be exposed to prevent extravasation 
of irrigation fluid into the soft tissues. This incision can be 
used later to create a bony window for réduction and bone 
grafting. Schatzker type III fractures usually are intraarticular, 
and extravasation is less of a concern. The joint should be 
thoroughly lavaged to evacuate the hemarthrosis and remove 
loose bony and chondral fragments. When the diagnostic 
évaluation has been completed, the réduction can be per¬ 
formed with the pump off or as a dry arthroscopic technique. 
If the latéral meniscus is entrapped in the fracture site, it can 
be lifted out with a hook. Meniscal tears usually can be 
repaired and should be treated accordingly. 

Depressed fragments can be elevated through a small 
cortical window. The depressed fragment can be localized by 
using an anterior cruciate ligament tibial guide to place a 
Kirschner wire into the displaced fragment. The fragment can 


be elevated using a cannulated impactor. The réduction can 
be evaluated accurately through the arthroscope, and the 
resulting defect can be filled with autogenous bone graft or 
appropriate bone graft substitute. Fixation is achieved with 
percutaneously placed 3.5-mm cortical screws. Because but- 
tress plating may be necessary in patients with osteoporotic 
bone, arthroscopically assisted réduction is less suitable for 
this patient population. Small clinical sériés using arthroscop¬ 
ically assisted réduction and fixation techniques in predomi- 
nantly Schatzker type I, type II, and type III tibial plateau 
fractures hâve shown good or excellent results in 80% to 
100% of patients. 

■ FRACTURE OF THE MEDIAL CONDYLE 

If open réduction, élévation, and internai fixation of the 
médial tibial condyle is required, a technique similar to that 
previously described for the latéral tibial condyle is done. The 
fracture can be approached through a straight anterior, 
anteromedial, or posteromedial incision. For split compres¬ 
sion and total dépréssion fractures of the médial tibial 
condyle, in addition to elevating the depressed fragment and 
packing bone beneath it, a médial buttressing plate should be 
applied. This can be bent to an accurate contour to fit the 
tibial metaphysis and the tibial condyle, and the fracture can 
be secured with cancellous or unicortical locking screws in 
the proximal portion of the plate and standard cortical screws 
in the distal portion (Fig. 54-57). More complex fractures of 
the médial plateau may require a more extensile exposure. 
Alternatively, for isolated médial injuries with joint impac¬ 
tion, an anterior parapatellar approach can be used to permit 
visualization of the articular réduction. 



A, Médial tibial plateau fracture-dislocation injury. B f Réduction and stabilization of displaced médial tibial condyle 
through posteromedial approach allowing buttress plate fixation. 
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POSTEROMEDIAL EXPOSURE 


TECHNIQUE 54-15 


■Critically evaluate the preoperative imaging and the 
patient's soft-tissue envelope to ensure satisfactory 
edema resolution before proceeding. 

■ The location of the distal extent of the médial condyle on 
CT aids in determining the idéal location for the surgical 
incision. 

■ The goal of internai fixation application should be a stable 
buttress construct. To achieve this goal, internai fixation 
should be positioned over the apex of the fracture 
distally. 

■ Most médial and posteromedial condyle fractures can be 
fixed through a posteromedial surgical approach, other- 
wise a posterior approach should be considered. 

■ Mark the proposed skin incision with surgical indelible ink 
just posterior and parallel to the posteromedial tibial 
border. 

■ Divide the skin and subcutaneous tissues sharply and 
mobilize the inferior border or the pes anserinus tendons, 
and then use the interval created with the médial head 
of the gastrocnemius. 

■ At times, mobilization of the superior border of the pes 
anserinus tendons may be necessary for fracture 
fixation. 

■ Perform réduction and internai fixation using a 3.5-mm 
small fragment plate centered over the apex of the distal 
fracture extension. This approach may be used in con- 
junction with latéral condylar fixation through an antéro¬ 
latéral approach to treat bicondylar injuries. 

■ The incision may be placed farther anteriorly if the frac¬ 
ture pattern dictâtes. Although infrequently necessary, 
extensile médial approaches hâve been advocated 
through anterior midline incisions for médial condyle frac¬ 
tures of the proximal tibia. 


■ COMMINUTED PROXIMAL FRACTURES 

In the past, anatomie réduction through extensive exposures 
and rigid fixation with multiple large fragment plates hâve 
been advocated for the treatment of bicondylar tibial plateau 
fractures. The unacceptable incidence of wound and infec- 
tious complications offen associated with these techniques 
has led to the development of alternative treatment strategies. 
Currently accepted techniques include indirect réduction, 
less extensive surgical exposures, buttress plate fixation of the 
most comminuted condyle, and fixation of the less involved 
condyle with smaller implants, such as cannulated screws, 
and antiglide plates. Ring and wire fixators with or without 
limited open réduction are also being used to treat these dif- 
ficult fractures. Preoperative CT scans are essential in plan¬ 
ning a strategy for treatment. ORIF is delayed for 7 to 10 days 
(sometimes longer) until edema and soft-tissue injury hâve 
subsided. If surgery is delayed, temporary uniplanar external 
fixation spanning the knee is a valuable technique for both 
skeletal and soft-tissue stabilization until definitive fixation 


OPEN REDUCTION AND INTERNAL 
FIXATION OF BICONDYLAR INJURIES 

The surgical approach to complex tibial plateau fractures 
must be individualized on the basis of particular fracture 
configuration. The following is a general approach appli¬ 
cable to many of these fractures. 


TECHNIQUE 54-16 


■ Place the patient supine on the fluoroscopie table. 

■ Based on imaging studies, as well as careful preoperative 
planning, mark the proposed surgical incisions, both 
medially and laterally, which aids in confirming that a 
sufficient soft-tissue bridge will be présent to minimize 
the potential for soft-tissue complications. 

■Typically, the posteromedial approach is performed as 
described earlier. This permits réduction and stabilization 
of the médial condylar segment of the injury, thus effec¬ 
tive^ converting the injury to a unicondylar fracture. Small 
fragment plates (3.5-mm; one-third tubular, reconstruc¬ 
tion, or T-plates) are commonly used. Fortunately, médial 
condylar impaction is rare. Médial condylar fixation can 
be applied as a true antiglide buttress plate, without 
proximal screw fixation, particularly when comminution 
is absent. When apical comminution is présent, proximal 
fixation may be necessary to maintain réduction. We hâve 
found temporary unicortical locking screws to be of 
benefit. This technique prevents longer screws from inter- 
fering with the latéral réduction. Once the latéral réduction 
and fixation are complété, these unicortical screws can be 
exchanged for longer implants if necessary. 

■ Expose the latéral condylar component as described earlier, 
through an antérolatéral approach, with meticulous soft- 
tissue handling as also described earlier. Correct articular 
comminution or dépréssion and any meniscal pathologie 
process and stabilize the fracture provisionally. Large peri- 
articular clamps often are used to effect compression 
between the médial and latéral condyles. Subchondral 
rafting screws can then be positioned. The ability to use 
these screws is somewhat dépendent on the "fit" of the 
latéral plate, given the variable proximal tibial anatomy. If 
the plate seems to fit more distally, then proceed with 
placement of subchondral rafting interfragmentary lag 
screws independent of the plate. Otherwise, the proximal- 
most screws of the plate can serve this function. 

■ Perform definitive antérolatéral fixation with a precon- 
toured proximal tibial plate, whose proximal fixation 
allows capture of the médial condylar segment. 

■ Any residual cancellous void from élévation of articular 
dépréssion can then be treated as previously described. 

POSTOPERATIVE CARE. Closed suction drains are 
placed medially. Following drain removal, active and active- 
assisted exercises, including controlled passive motion, are 
instituted. Weight bearing is not permitted for 10 to 12 
weeks postoperatively. Any associated soft-tissue issues 
may delay initiation of aggressive motion, as do certain 
fracture patterns such as those involving the tibial tubercle. 


can occur. 
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CIRCULAR EXTERNAL FIXATION 


TECHNIQUE 54-17 


(WATSON) 

■ Position the patient on a fracture table or radiolucent 
operating table. 

■ Apply calcaneal or distal tibial pin traction. Ensure that 
sufficient clearance exists around the limb for placement 
of appropriately sized circular rings. Fixator rings should 
allow 1.5 cm of clearance over the anterior crest of the 
tibia and 3 to 4 cm of clearance around the posterior calf. 

■ When the patient is positioned, apply traction and obtain 
réduction using ligamentotaxis. 

■ Achieve further closed manipulation by using large réduc¬ 
tion forceps. 

■ If any articular dépréssion is not reduced by ligamento¬ 
taxis alone, use a limited approach through a CT-directed 
incision to ensure minimal soft-tissue dissection and 
réduction of the articular surface (Fig. 54-58A). 

■ Perform bone grafting. 

■ After réduction of the condyles, use olive wires (1.8-mm 
Kirschner wires with a 4-mm bead located eccentrically on 
the wire) to achieve interfragmentary compression of the 


A 





A f Elévation of depressed plateau. B f Placement 
of opposing olive wires and cannulated screw after bone graft¬ 
ing. SEE TECHNIQUE 54-17. 


condylar surface (Fig. 54-58B). Place counteropposed olive 
wires through the fragments, coming from opposite sides 
of the major condylar fracture lines to maintain condylar 
réduction. Cannulated screws can be substituted for olive 
wires if fragments are not extensively comminuted. Use 
fluoroscopy for placement and direction of the periarticu- 
lar olive wires and for tensioning of the wires. Three or 
four olive wires usually are required for stabilization of the 
condylar and metaphyseal fragments. 

■ Open the frame by removing the anterior connecting 
bolts of each ring and place the frame over the leg. 

■ Reattach the anterior connecting bolts. 

■ Temporarily place the proximal ring below the level of 
condylar involvement. After condylar réduction, it is slid 
proximally on the threaded rods to the level of the fibular 
head, and eventually ail the proximal wires are attached 
to this fixation ring. Position the middle ring just distal to 
any shaft fracture component and place the distal ring 
at the level of the ankle joint. If extensive shaft comminu- 
tion is présent, apply an additional ring to the midportion 
of the shaft to complété a four-ring frame. Attach the 
proximal ring to the proximal wires, taking care that the 
proximal ring is parallel to the joint. Pass a distal transfix- 
ion wire at the level of the distal tibia and parallel to the 
ankle joint. When this wire is attached and tensioned to 
the distal ring, ensure appropriate alignment of the 
mechanical axis by forcing the proximal and distal rings 
to become parallel to each other; the joints also are 
parallel. 

■ It also is possible to use the fibular head as a buttress 
plate. By placing an olive wire through the fibular head 
obliquely into the latéral condyle and tensioning this olive 
wire, the fibular head is compressed onto the latéral 
condyle. 

POSTOPERATIVE CARE. Weight bearing is delayed for 
10 to 12 weeks to allow ail intraarticular fracture lines 
and bone grafts to consolidate, and progressive weight 
bearing is instituted. When radiographie consolidation 
has occurred, the external fixation frame can be removed. 
The patient is placed in a hinged knee brace to aid in 
réhabilitation. 


PATELLA 

Fractures of the patella constitute almost 1% of ail skeletal 
injuries, resulting from either direct or indirect trauma. The 
anterior subeutaneous location of the patella makes it vulnér¬ 
able to direct trauma, such as the knee striking the dashboard 
of a motor vehicle or from a fall on the anterior knee. These 
injuries offen are comminuted or displaced and may include 
chondral injury to the distal fémur or patella. Fractures 
caused by indirect mechanisms resuit from a violent contrac¬ 
tion of the quadriceps with the knee flexed. These fractures 
usually are transverse and may be associated with tears of the 
médial and latéral retinacular expansions. Most patellar frac¬ 
tures are caused by a combination of direct and indirect 
forces. The most significant effects of fracture of the patella 
are loss of continuity of the extensor mechanism of the knee 
and potential incongruity of the patellofemoral articulation. 
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FIGURE 


Classification of patellar fractures. (Redrawn 


from Wiss DA, Watson JT, Johnson EE: Fractures of the knee. In Rock- 


wood CA Jr, Green DP, Bucholz RW, et al, editors: Rockwood and Green's 
fractures in adults, ed 4, Philadelphia, 1996, Lippincott-Raven.) 


Fractures of the patella can be classified as undisplaced 
or displaced and subclassified further according to fracture 
configuration (Fig. 54-59). Transverse fractures usually 
involve the central third of the patella but can involve the 
proximal (apical) or distal (basal) pôles. A variable amount 
of comminution of the pôles may be présent. Most fractures 
in reported sériés are transverse. Vertical fractures usually 
involve the middle and latéral thirds of the patella. If only 
the médial or latéral edge of the patella is affected, the frac¬ 
ture is called marginal. Vertical fractures are seen best on 
axial radiographs of the patella; displacement and retinacular 
disruption rarely occur in vertical fractures. Another 
common fracture pattern is the comminuted or stellate patel¬ 
lar fracture, which is associated with a variable amount of 
displacement. 

Patellar fractures generally are associated with a hemar- 
throsis and localized tenderness. In fractures that are dis¬ 
placed or hâve concomitant retinacular tears, a palpable 
defect may be présent. Inability of the patient to extend the 
affected knee actively usually indicates a disruption of the 
extensor mechanism and a torn retinaculum, which require 
surgical treatment. Occasionally, if active knee extension is 
limited by pain, the hemarthrosis can be aspirated under 
stérile conditions and followed by intraarticular injection of 
local anesthetic. In patients without significant impairment 
of the extensor mechanism, active knee extension should be 
restored. An open wound in the vicinity of a patellar fracture 
may be a sign of an open fracture, which requires urgent 
surgical treatment. If uncertainty exists as to whether the 
open wound communicates with the joint, the saline load test 
can be used. This test may not be 100% reliable in open frac¬ 
tures with very small traumatic arthrotomies. 

Patellar fractures should be radiographically evaluated 
with anteroposterior, latéral, and axial (Merchant) views. 
Transverse fractures usually are best seen on a latéral view, 
whereas vertical fractures, osteochondral fractures, and artic- 
ular incongruity are best evaluated on axial views. A compari- 
son view of the opposite knee sometimes is necessary to 


differentiate an acute fracture from a bipartite patella, which 
is a failure of fusion of the superolateral portion of the patella 
and usually is bilateral. 

TREATMENT 

The initial treatment of acute patellar fractures should consist 
of splinting the extremity in extension or slight flexion and 
applying ice to the knee. To prevent soff-tissue damage, the 
ice should not be applied directly to the skin. Closed fractures 
with minimal displacement, minimal articular incongruity, 
and an intact extensor retinaculum can be successfully treated 
nonoperatively. Nonoperative treatment consists of immobi- 
lizing the knee in extension in a cylinder cast or orthosis from 
ankle to groin for 4 to 6 weeks, with weight bearing allowed 
as tolerated. Bostrôm considered 3 to 4 mm of fragment sépa¬ 
ration and 2 to 3 mm of articular incongruity to be acceptable 
for nonoperative treatment; if either séparation or articular 
incongruity is greater, operative treatment is indicated. In his 
long-term follow-up study, fractures treated nonoperatively 
had the best overall results. In a 30-year follow-up study of 
40 patients, Edwards, Johnell, and Redlund-Johnell found 
that two thirds of patients with more than 2 mm of diastasis 
or 1 mm of incongruity had complaints and reduced quadri- 
ceps strength. 

Fractures associated with retinacular tears, open frac¬ 
tures, and fractures with more than 2 to 3 mm of displace¬ 
ment or incongruity are best treated operatively. The goal is 
restoration of articular congruity and repair of the extensor 
mechanism with fixation secure enough to allow early motion. 
When the skin is normal, the operation should be performed 
as soon as is practical. Delay retards convalescence and to 
some extent unfavorably affects the resuit. If contusion or 
lacération of the skin is présent, it usually is best to perform 
the indicated operation immediately on admission to the hos¬ 
pital or very soon thereafter. When lacérations or abrasions 
become superficially infected, surgery must be delayed 7 to 
10 days until the danger of contaminating the operative 
wound is minimal. 

Opinions differ as to the optimal treatment of patellar 
fractures. Accepted methods include a variety of wiring tech¬ 
niques, screw fixation, partial patellectomy, and total patel- 
lectomy. Open fractures of the patella are a surgical urgency 
and should be treated with immédiate debridement and irri¬ 
gation. Early soff-tissue coverage (within 5 days) should 
reduce the incidence of infection. The same surgical tech¬ 
niques used to treat closed patellar fractures can be used 
successfully for open fractures. Two sériés reported 77% good 
or excellent results affer operative treatment of open patellar 
fractures. In open fractures, soff-tissue stripping should be 
kept to the minimum necessary to stabilize the fracture ade- 
quately. Torchia and Lewellen discouraged the use of cerclage 
wires in open fractures because of the potential adverse 
effects on vascularity. 

Wiring techniques are used most often for transverse 
fractures. They also can be used in comminuted fractures if 
the fragments are large enough to lag together with screws, 
converting it to a transverse fracture. Many different wiring 
techniques hâve been described, including cerclage wiring, 
alone or in combination; tension band wiring, alone or 
modified with longitudinal Kirschner wires or screws; Mag- 
nusson wiring; and Lotke longitudinal anterior band wiring 
(Fig. 54-60). 
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Types of patellar fixation. A f Modified tension band. B f Lotke longitudinal anterior band (LAB) wiring. C f Magnusson 
wiring. SEE TECHNIQUE 54-20. 


In experimental studies, the most secure fixation was 
obtained with modified tension band wiring. This is espe- 
cially useful in ostéopénie and comminuted fractures. Weber 
et al. recommended anchoring the fixation wiring directly in 
bone rather than threading it through the soft tissue around 
the patella if early motion is to be initiated. Also, a second 
tension band wire through tendon has been shown to provide 
improved fixation. 

Two screws alone provide adéquate fixation in fractures 
with good bone stock; however, displacement of fragments is 
slightly greater with screws alone without tension band 
wiring. Carpenter et al., in a cadaver study, found that spéci¬ 
mens fixed with the tension band through cannulated screws 
failed at the highest load. 

Berg described fixation of displaced transverse patellar 
fractures with figure-of-eight wiring through parallel can¬ 
nulated compression screws in 10 patients, seven of whom 
obtained excellent or good results. Suggested advantages of 
this technique included a low-profile construct that caused 
less implant irritation of local soff-tissue structures, the pos- 
sibility of early restricted motion, and its use as a salvage 
method affer failure of traditional tension band wiring (three 
patients). We currently prefer a tension band modified with 
Kirschner wires or screws for transverse fractures with large 
fragments. If comminution is présent, a cerclage wire can be 
added. The results of tension band wiring techniques gener- 
ally are good (81% good results; Lotke and Ecker), although 
results were not as good in the sériés reported by Smith et al: 
22% of 51 fractures treated with tension band fixation and 
early motion displaced more than 2 mm. The authors cited 
noncompliance and technical errors as reasons for displace¬ 
ment. Braided polyester and braided cable hâve been used 
and seem to provide fixation similar to stainless Steel wire. 

Arthroscopically assisted percutaneous screw fixation 
also has been described for fixation of displaced transverse 
patellar fractures with good results. If the amount of com¬ 
minution and the articular damage preclude salvage of the 
entire patella, partial or total patellectomy may be indicated. 
Although Brooke proposed in 1937 that the patella is not a 
functional organ, later studies by Haxton (1945) and Kaufer 
(1971) refuted this claim. Haxton studied patients with and 
without patellae and showed that the power of extension of 
the knee increases as the joint extends; that is, the power of 
extension is greater with the knee at 30 degrees of flexion than 
at 60, 90, or 120 degrees. Kaufer compared intact and patel- 
lectomized cadaver knees and found that 15% to 30% more 
quadriceps force was required to fully extend patellectomized 


knees than intact knees. The effect of patellectomy was elimi- 
nated by élévation of the tibial tubercle 1.5 cm. Because 
extension is the most important function of the knee, it must 
be concluded that patellectomy definitely impairs the effi- 
ciency of the quadriceps mechanism. This may not be enough 
to interfère with ordinary activities, and we hâve not found 
tibial tubercle élévation affer patellectomy to be necessary. 
Peeples and Margo found that 15% of 49 patients with patel¬ 
lectomies had an extensor lag, and 50% reported weakness 
that affected stair climbing. In two separate sériés with long- 
term follow-up, Jakobsen et al. and Edwards et al. reported 
réduction in quadriceps strength of 33% and 44%, respec- 
tively, after patellectomy. Marya, Bhan, and Dove compared 
anterior tension band fixation with patellectomy and found 
80% excellent results affer osteosynthesis compared with 50% 
excellent results affer patellectomy. 

In an effort to maintain the length of the patella and allow 
earlier motion, techniques hâve been developed to preserve 
rather than excise the inferior pôle of the patella in commi¬ 
nuted fractures. Yang and Byun reported good functional 
results and no hardware failure, infections, delayed unions, 
or nonunions in 25 patients treated with a separate vertical 
wiring technique for comminuted fractures of the inferior 
pôle of the patella. The vertical wire technique also proved to 
be stronger than a partial patellectomy and pull-out sutures 
in biomechanical testing on cadavers. Matejcic et al. described 
the use of a basket plate for fixation of comminuted inferior 
pôle patellar fractures. In 51 patients, results were excellent 
in 30, good in 16, and satisfactory in five. There were no poor 
results. We hâve no expérience with these techniques. 

Because of the objections to patellectomy, we try to save 
ail of the patella or at least the proximal or distal third if 
practical. If the distal or proximal pôle of the patella is com¬ 
minuted, the small fragments are removed but the largest 
fragment is preserved. When comminution is extensive and 
reconstruction of the articular surface is impossible, complété 
patellectomy is performed. Despite the frequent occurrence 
of quadriceps weakness and atrophy, good or excellent results 
are noted affer patellectomy in 78% of patients at long-term 
follow-up. A recent comparison of ORIF with partial patel¬ 
lectomy for patellar fractures found persistent functional 
impairment and equal range of motion, functional scores, 
and complication rates between the two modalities. 

When partial patellectomy is chosen, as much of the 
patella as possible should be salvaged. Larger pièces can be 
secured together with interfragmentary screws to increase the 
size of the patellar remnant. The comminuted fragments are 
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removed, and the extensor mechanism is reattached to the 
patella through drill holes. The size of the patellar fragment 
worth salvaging is controversial. Marder et al. measured 
patellofemoral contact areas and patellofemoral pressures in 
cadaver knees before and after partial patellectomy. They 
found marked alterations in patellofemoral contact area in 
specimens after 60% patellectomy with a contact area less 
than 50% of Controls. Saltzman et al. found that the area of 
the salvaged fragment averaged 11.8 cm 2 and that only one 
specimen was less than 4.1 cm 2 . At an average 8-year 
follow-up, 78% of patients had good or excellent results, 
range of motion averaged 94% of normal, and average strength 
was 85% of normal. Patellofemoral arthritis developed in 
53%. The size of the retained fragment did not cor relate with 
the resuit. Hung et al. found that 95% of patients regained full 
strength, 92% had more than 120 degrees of knee flexion, and 
14% reported pain, but the size of the retained fragment was 
not noted. 

The proper site of insertion of the patellar tendon into the 
patellar remnant after partial patellectomy also has been con¬ 
troversial. Reinserting the patellar tendon anteriorly on the 
patella has been shown to cause excessive tilting of the lower 
pôle of the patella toward the fémoral articular surface and 
lead to patellofemoral arthritis. Saltzman et al. recommended 
reattachment of the patellar tendon near the articular edge of 
the patella. However, Marder et al. found that posterior 
attachment of the patellar tendon near the articular surface 
caused tilting of the proximal pôle of the patella toward the 
fémoral articular surface and that anterior reattachment of 
the patellar tendon restored a more normal pattern of patel¬ 
lofemoral contact. Zhao et al. reported satisfactory results in 
21 patients in whom the patellar tendon was reattached to the 
anterior cortex. In a cadaver model, the forces required to 
extend the knee were significantly higher when the patellar 
tendon was reattached near the articular surface, but forces 
were increased when the tendon was reattached to the ante¬ 
rior cortex. 

Whatever site of reattachment is chosen, intraoperative 
radiographs should be evaluated carefully to ensure that the 
extensor mechanism is not excessively shortened and that 
the remaining patella is not tilted. Günal et al. compared the 
results of simple patellectomy (16 patients) with the results 
of patellectomy with advancement of the vastus medialis 
obliquus (12 patients). At a minimum 3-year follow-up, 
results were significantly better in patients with vastus media¬ 
lis obliquus advancement. 

Open réduction and external fixation using superior and 
inferior pins placed transversely, adjacent to the proximal and 
distal pôles, and connected externally to compressive clamps 
has been used successfully to treat transverse and commi- 
nuted fractures. Liang and Wu recommended saving ail 
major fragments, beginning motion at 2 weeks, and removing 
external fixation at 4 weeks. Others hâve advocated applica¬ 
tion of circular external fixation under arthroscopic control 
and plating techniques. We hâve no expérience with these 
methods. 

Lazaro et al. reported a sériés of 36 patients. They dem- 
onstrated 37% removal of implants, patella baja in 57%, and 
anterior knee pain in 80% during activities of daily living. 
Improvement was noted over the first 6 months; however, 
functional impairments persisted at 1-year follow-up, noting 
déficits in strength, power, and endurance. Bonnaig et al. 


reported 73 patients with functional outcome data at 1 year, 
noting that functional impairment persisted at 1-year 
minimum follow-up, and ORIF scored similarly to partial 
patellectomy for range of motion, functional scores, and com¬ 
plications. Lazaro et al. reported outcomes after operative 
fixation of complété articular patellar fractures. Functional 
impairment was noted with a decrease in extensor mecha¬ 
nism strength, power, and endurance. In this sériés, 37% 
underwent removal of symptomatic hardware, and 80% had 
anterior knee pain during activities of daily living. LeBrun 
et al. also noted persistent symptoms at a mean of 6.5-year 
follow-up. Removal of symptomatic hardware occurred in 
52%. 


COMMON APPROACH AND 
TECHNIQUE FOR PATELLAR 
FRACTURES 


TECHNIQUE 54-18 


■ Make a longitudinal midline longitudinal incision, our 
preference. Alternative^, a transverse curved incision can 
be made approximately 12.5 cm long with the apex of 
the curve on the distal fragment, which gives enough 
exposure for réduction of the fracture and repair of the 
ruptured extensor expansion and synovium. If an area of 
skin is severely contused, attempt to avoid it or elect to 
excise a small area because skin closure produces no 
significant difficulty. 

■ Reflect the skin and subcutaneous tissue proximally and 
distally to expose the entire anterior surface of the patella 
and the quadriceps and patellar tendons. If the fracture 
fragments are significantly separated, tears in the exten¬ 
sor expansion are presumed, and these must be carefully 
explored medially and laterally. 

■ Remove ail small, detached fragments of bone and 
inspect the interior of the joint and especially the patel¬ 
lofemoral groove for an osteochondral fracture. 

■ Thoroughly irrigate the interior of the joint to remove 
blood clots and small particles of bone. 

■ Anatomically reduce the fracture fragments using large 
towel clips or appropriate bone-holding forceps and fix 
the fragments internally by the method preferred by the 
surgeon. Inspect the articular surface after fixation to 
ensure that the réduction is anatomie. 

■ Carefully repair with interrupted sutures the synovium, 
ruptured capsule, and extensor mechanism from their 
outer ends toward the midline of the joint. 


CIRCUMFERENTIAL WIRE LOOP 
FIXATION 

Circumferential wire loop fixation was formerly the most 
popular technique. With the loop threaded through the 
soft tissues around the patella, rigid fixation is not achieved, 
so a delay of 3 to 4 weeks in starting knee motion is neces- 
sary if this technique is used. It has largely been replaced 
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by more rigid fixation techniques to permit early motion of 
the joint, although it can be used in conjunction with other 
techniques for fixation of comminuted fractures. We will 
frequently use a variation of this technique for augmenta¬ 
tion of a repair with nonabsorbable suture. 


TECHNIQUE 54-19 


(MARTIN) 

■ Begin threading a No. 18 stainless Steel wire at the super- 
olateral border of the patella, passing it transversely 
immediately next to the superior pôle of the patella 
through the quadriceps tendon. 

■ Pass the wire through the tissue using a large Gallie 
needle, or thread it through a large Intracath needle 
inserted with the sharp point exiting at the site where the 
next suture is desired. 

■ Fit the No. 18 wire into the sharp end of the Intracath 
needle, and as the needle is withdrawn, pass the No. 18 
wire along its path within the needle. This usually is easier 
than using the large Gallie needle because of the stiffness 
of the No. 18 wire. 

■ Pass the médial end of the wire in a similar manner along 
the médial border of both fragments midway between 
the anterior and posterior surfaces. 

■ Pass the médial end of the wire transversely through the 
patellar tendon from the médial to the latéral side around 
the distal border of the patella and then proximally along 
the latéral side of the patella to the superolateral border. 
The wire must be placed close to the patella, especially 
above and below; if it is inserted through the tendons 
away from the fragments, fixation is insecure because the 
wire cuts through the soft tissues when under tension 
and allows séparation of the fragments. Centering the 
wire midway between the anterior and posterior surfaces 
keeps the fracture line from opening anteriorly or poste- 
riorly as the circumferential wire is tightened. 

■Approximate the fragments and hold them in position 
with a towel clip or bone-holding forceps; draw both 
ends of the wire until they are tight and twist them 
together. 

■ Confirm the position of the fragments, especially the 
relationship of the articular surfaces, by radiographs of 
the knee in the anteroposterior and the latéral planes and 
by direct inspection and palpation before the capsular 
tears are repaired. 

■ Cut off the redundant wire and depress the twisted ends 
into the quadriceps tendon. 

■ Repair the capsular tears with interrupted suture. 

■ A pretwisted wire that is tightened by twists at two points 
opposite each other supplies more even pressure and 
fixation across the fracture site. Placing the first twist in 
the wire before beginning its insertion allows for this 
extra site for tightening. 

POSTOPERATIVE CARE. A posterior splint from groin 
to ankle provides sufficient immobilization during the 
early postoperative period. The patient is encouraged to 
perform quadriceps-setting exercises and within a few 
days should be lifting the leg off the bed. At 10 to 14 
days, the sutures are removed and a cylinder cast or knee 


immobilizer is applied with the knee in extension. The 
patient is allowed to be ambulatory, using crutches when 
active muscular control of the leg has been obtained. In 
transverse fractures, the immobilization can be removed 
at 3 weeks and gentle active and active-assisted exercises 
are begun. As muscle power returns, the crutches are 
discarded, usually at 6 to 8 weeks. After fracture union, 
the wire should be removed in most instances; if not, it 
eventually may break, become painful, and be difficult to 
remove. The twisted ends usually can be located through 
a small stab incision under local anesthésia; the wire is 
cut near the ends and is withdrawn with little difficulty. 
We hâve used heavy synthetic sutures instead of wire, 
but these are not as satisfactory as wire; they tend to be 
slightly elastic and fail to fix the fragments as securely. In 
addition, a chronic prepatellar bursitis occasionally devel- 
ops, possibly from an allergie reaction to the synthetic 
material. 


TENSION BAND WIRING FIXATION 

The AO group has used and recommended a tension 
band wiring principle for fixation of fractures of the 
patella. By proper placement of the wires, the distracting 
or shear forces tending to separate the fragments are 
converted into compressive forces across the fracture site 
(see Fig. 54-60), resulting in earlier union and allowing 
immédiate motion and exercise of the knee. Generally, 
two sets of wire are used. One is passed transversely 
through the insertion of the quadriceps tendon immedi¬ 
ately adjacent to the bone of the superior pôle and then 
passed anteriorly over the superficial surface of the 
patella and in a similar way through the insertion of the 
patellar tendon. This wire is tightened until the fracture 
is slightly overcorrected or opened on the articular 
surface. The second wire is passed through transverse 
holes drilled in the superior and inferior pôles of the 
anterior patellar surface and tightened. 

The capsular tears are repaired in the usual manner. 
The knee is immobilized in flexion, and early active flexion 
produces compressive forces to keep the edges of the 
articular surface of the patella compressed together. Early 
active flexion exercises are essential for the tension band 
principle to work. Schauwecker described a similar tech¬ 
nique in which the wire is crossed in a figure-of-eight over 
the anterior surface of the patella (Fig. 54-61). Supplémen¬ 
tai lag screws or Kirschner wires can be used to increase 
fixation in comminuted fractures (Fig. 54-62). Our prefer- 
ence is to use cannulated screws with a figure-of-eight 
tension band wire for those fractures that can be anatomi- 
cally reduced. 


TECHNIQUE 54-20 


■ Approach the patellar fracture in the usual fashion. 

■ Carefully clean the fracture surfaces of blood clôt and 
small fragments. 

■ Explore the extent of the retinacular tears and inspect the 
trochlear groove of the fémur for damage. 
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■ Thoroughly lavage the joint. 

■ If the major proximal and distal fragments are large, 
reduce them accurately, with spécial attention to restor- 
ing a smooth articular surface. 

■ With the fracture reduced and held firmly with clamps, 
drill two 2-mm Kirschner wires from inferior to superior 
through each fragment. Place these wires about 5 mm 
deep to the anterior surface of the patella along lines 
dividing the patella into médial, central, and latéral thirds. 
Insert the wires as parallel as possible. In some cases, it 
is easier to insert the wires through the fracture site into 
the proximal fragment in a rétrogradé manner before 
réduction. This is made easier by tilting the fracture ante- 
riorly about 90 degrees. 

■ Withdraw the wires until they are flush with the fracture 
site, accurately reduce the fracture and hold it with 
clamps, and drive the wires through the distal fragment. 
Leave the ends of the wires long, protruding beyond the 
patella and quadriceps tendon attachments to the inferior 
and superior fragments. 

■ Pass a strand of 18-gauge wire transversely through the 
quadriceps tendon attachment, as close to the bone as 
possible, deep to the protruding Kirschner wires, over the 
anterior surface of the reduced patella, transversely 
through the patellar tendon attachment on the inferior 
fragment and deep to the protruding Kirschner wires, and 
back over the anterior patellar surface; tighten it at the 
upper end. Alternative^, place the wire in a figure-of- 
eight fashion. 



FIGURE 


Schauwecker technique of tension band wiring 


of patella. SEE TECHNIQUE 54-20. 


■ Check the réduction by palpating the undersurface of the 
patella with the knee extended. If necessary, make a small 
longitudinal incision in the retinaculum to allow insertion 
of the finger. 

■ Bend the upper ends of the two Kirschner wires acutely 
anteriorly and eut them short. 

■ When they are eut, rotate the Kirschner wires 180 degrees; 
with an impactor, embed the bent ends into the superior 
margin of the patella posterior to the wire loops. Cut the 
protruding ends of the Kirschner wires short inferiorly. 

■ Repair the retinacular tears with multiple interrupted 
sutures. 

■ Alternative^, 4.0-mm partially threaded cannulated 
screws can be used instead of Kirschner wires (Fig. 54-63). 
Minifragment lag screws also can be placed horizontally 
to join comminuted fracture fragments, converting a 
comminuted fracture to a transverse fracture pattern. A 
modified anterior tension band technique can be used. If 
the anterior cortex is split from the articular surface in the 
coronal plane, the fragment often can be secured with 
the anterior tension band wire. If this is unsuccessful, the 
fragment can be excised. As with ail patellar repairs, a 
gravity flexion test is performed intraoperatively to déter¬ 
mine stability, and range of motion can be initiated early 
in the postoperative course. 

POSTOPERATIVE CARE. The limb is placed in extension 
in a posterior plaster splint or removable knee brace. The 
patient is allowed to ambulate while bearing weight as 
tolerated on the first postoperative day. Isométrie and 
stiff-leg exercises are encouraged, beginning on the first 
postoperative day. The extent of active motion permitted 
in the immédiate postoperative period is determined 
intraoperatively based on the fracture repair stability. 
Active range-of-motion exercises can be performed when 
the wound has healed, at 2 to 3 weeks. Progressive résis¬ 
tance exercises can be begun and the brace discontinued 
at 6 to 8 weeks if healing is évident on radiograph. Unre- 
stricted activity can be resumed when full quadriceps 
strength has returned, at 18 to 24 weeks. In patients with 
less stable fixation or extensive retinacular tears, active 
motion should be delayed until fracture healing has 
occurred. Initiating range-of-motion exercises by the sixth 
postoperative week is désirable but not always possible. 
A controlled motion knee brace can be used, allowing full 
extension and flexion to the degree permitted by the fixa¬ 
tion as determined intraoperatively. 




A-C, Schauwecker method of compression wiring of patella using supplémentai screws for comminuted fracture (C). 
Comminuted fragments (A) are transformed with screws into bifragmental fracture (B). SEE TECHNIQUE 54-20. 
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A and B, Displaced transverse fracture of patella fixed with tension band wires using two anterior wire loops and 
two longitudinally directed screws. SEE TECHNIQUE 54-20. 


If fixation is lost and the fragments separate 3 to 
4 mm, or 2 to 3 mm of articular incongruity is présent, 
révision surgery may be required. If the réduction improves 
with the knee in full extension, the patient can be treated 
by 6 weeks of splinting or casting with the knee in full 
extension. If the réduction does not improve, révision 
fixation or partial patellectomy should be considered. 
Hardware can be removed after healing of the fracture if 
it causes symptoms. 


COMMINUTED PATELLAR FRACTURES 

Often, only the distal pôle of the patella is fragmented, leaving 
a substantial and relatively normal proximal fragment. This 
fragment is an important part of the extensor mechanism and 
should be preserved. The details of suture of the patellar 
tendon to the fragment should be observed carefully to 
prevent a tilt of the fragment, which can cause érosion of the 
trochlear groove. 


PARTIAL PATELLECTOMY 


TECHNIQUE 54-21 


■ Expose the fracture as previously described. If at least one 
third of the proximal third of the patella is intact, preserve 
it. 


Clear the joint of loose fragments of bone and carti¬ 
lage. Trim away the edges of the capsule and tendon. 
Excise the comminuted fragments. Small flecks of bone 
can be left within the patellar tendon to make anchor- 
age easier. 

Trim the articular edge of the proximal fragment and 
smooth it with a rasp. 

Beginning on the fracture surface of the proximal 
fragment just anterior to the articular cartilage, use a 
2-mm Kirschner wire or 2.5-mm drill bit to drill three 
parallel holes in a proximal direction (one hole in the 
center and one each in the médial and latéral 
thirds). Alternative^, we routinely use a Beathe pin to 
create the bone tunnels and pass the suture 
simultaneously. 

Weave two heavy nonabsorbable sutures through the 
patellar tendon, one through the médial and one through 
the latéral half of the tendon (Fig. 54-64). Use a suture 
passer to pass the free proximal ends of the sutures 
through the holes in the patella. Place one suture end 
each through the médial and latéral holes and two 
through the central hole. 

With the knee slightly hyperextended, tie the sutures 
securely over the superior pôle of the patella. The patellar 
tendon should evaginate and lie against the raw fractured 
surface of the patellar remnant near the articular surface. 
This prevents tilting of the fragment and contact of the 
raw surface with the fémur. 

Occasionally, the proximal pôle of the patella is commi¬ 
nuted, leaving a single distal fragment consisting of half 
or more of the bone. This fragment, provided that it 
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Partial patellectomy (see text). A f Retained fragment is approximated to tendon with large, nonabsorbable sutures. 
B, Drill holes are oriented to reattach tendon close to articular surface. C f Quadriceps expansions are completely repaired. SEE TECHNIQUE 
54-21. 


contains a smooth articular surface, also should be pre- 
served by applying the principles outlined in the tech¬ 
nique just described. Much of the lower pôle at its inferior 
limits is uncovered by articular cartilage. 


PARTIAL PATELLECTOMY USING 
FIGURE-OF-EIGHT LOAD-SHARING 
WIRE OR CABLE 

Because of the powerful forces generated by the quadri¬ 
ceps mechanism, protection of the repair often is neces- 
sary. This can be accomplished by a figure-of-eight, 
load-sharing wire or cable, as described by Perry et al. The 
cable protects the patellar tendon repair by transmitting 
tensile loads directly from the quadriceps tendon or proxi¬ 
mal pôle of the patella to the tibial tubercle. This technique 
also can be used to protect tenuous internai fixation of 
patellar fractures, and it allows more aggressive réhabilita¬ 
tion. We will frequently augment an extensor mechanism 
repair with a nonabsorbable suture in this fashion, thus 
facilitating earlier range of motion. 


TECHNIQUE 54-22 


(PERRY ET AL.) 

■ After internai fixation or partial patellectomy with exten¬ 
sor mechanism repair has been done, drill a 2-mm hole 
transversely across the proximal pôle of the patella and 
drill a second hole transversely across the tibial tubercle. 

■ Hyperextend the knee to relax the patellar tendon. 

■ Pass a heavy braided suture or a 16-gauge stainless Steel 
wire through each of the two drill holes (Fig. 54-65). 
Alternative^, pass the wire or cable through the quadri¬ 
ceps insertion adjacent to the patella proximally, rather 
than through the proximal pôle of the patella. 

■ Cross the sutures or wires anterior to the patellar tendon 
and tighten and crimp them to each other to form a 



I After réduction and internai fixation of patellar 
fracture, two cables are inserted through transverse holes drilled 
in tibial tubercle and proximal pôle of patella; they are crossed 
anteriorly to patellar ligament to form figure-of-eight and are 
crimped to each other. SEE TECHNIQUE 54-22. 


figure-of-eight. As the wires are tightened, the patella 
tracks distally; the patellar tendon should be completely 
lax during this step. Avoid patella baja. 

■ Gently flex the knee to 90 degrees to confirm that dis¬ 
placement of the fracture does not occur. It is important 
to cross the wires anteriorly over the patellar tendon; 
otherwise, flexion of the knee causes the wire to displace 
posteriorly, which prevents it from sharing the load across 
the fracture site. The wire can be removed as an outpa- 
tient procedure in about 3 months or after healing of the 
fracture has occurred. 
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TOTAL PATELLECTOMY 

In fractures in which comminution is so severe that no 
sizable fragments are salvageable, a total patellectomy may 
be indicated. 


TECHNIQUE 54-23 


■ Excise ail the fragments, preserving as much of the patel- 
lar and quadriceps tendons as possible. 

■Clear the joint of bone chips and débris by thorough 
irrigation. 

■ Place a heavy, nonabsorbable suture with a grasping tech¬ 
nique through the margins of the patellar and quadriceps 
tendons and through the médial and latéral capsular 
expansions in a purse-string manner. 

■ Pull the suture taut and evaginate the tendon ends com- 
pletely outside the joint. When the suture has been tight- 
ened until it makes a circle about 2 mm in diameter, tie 
it securely. 

■ Although small, this rosette of tendon may give the 
appearance of a small patella. Use supplémentai inter- 
rupted sutures to repair the capsular rupture and to 
appose the quadriceps and patellar tendon ends further. 
The purse-string suture shortens the quadriceps mecha- 
nism and helps prevent extensor lag, which is common 
after patellectomy. 

■A quadriceps tie-down technique can be used if insuffi- 
cient tendon is available to suture the quadriceps and 
patellar tendons primarily. One such technique is an 
inverted V-plasty of the quadriceps tendon described by 
Shorbe and Dobson. 


OSTEOCHONDRAL 
KNEE FRACTURE 

The Army Air Force conducted a survey of approximately 186 
patients with loose bodies in the knee. In 21 of these, the loose 
bodies were the resuit of osteochondral fractures of either the 
fémur or the patella. Rosenberg found osteochondral frac¬ 
tures of the latéral fémoral condyle to be more common in 
adolescent boys and suggested that they offen were caused by 
dislocation of the patella, which shears off a fragment of the 
condyle in much the same way as osteochondral fractures of 
the patella are produced. Osteochondral fractures of the 
fémoral condyles also can be caused by a direct blow or twist- 
ing movement on a weight-bearing flexed knee. 

According to Milgram, the mechanism of injury to the 
patella is as follows. The patella is momentarily subluxated 
over the latéral condyle with enough force to score the articu- 
lar surfaces of the patella and the fémur. The médial border 
of the patella is caught against the prominent edge of the 
fémoral condyle. As the quadriceps muscle snaps the patella 
back into place, the edge of the fémoral condyle shears an 
osteochondral fragment from the inferior and médial edge of 
the patella. A similar mechanism with forced internai rota¬ 
tion of the fémur against the tibia has been described, result- 
ing in dislocation of the patella and fracture of the latéral 
fémoral condyle. 


Osteochondral fractures of the knee occur most com- 
monly in adolescents and young adults, offen with a history 
of patellar dislocation or a twisting injury to the knee associ- 
ated with a painful snap. A hemarthrosis is présent in acute 
injuries, and médial tenderness indicative of a médial reti- 
nacular tear is common. Osteochondral fractures of the 
patella are estimated to occur in 5% of acute patellar disloca¬ 
tions in adolescents. Prompt diagnosis and treatment of 
osteochondral fractures of the knee are necessary to obtain 
optimal results. Some patients report locking or a sensation 
of a loose body within the knee joint. In others, the diagnosis 
is more subtle. A high index of suspicion must be maintained 
for these injuries in adolescents or young adults seeking treat¬ 
ment for an acute hemarthrosis of the knee. High-quality 
anteroposterior, latéral, skyline, tunnel, and oblique radio - 
graphs should be obtained if an osteochondral fracture is 
suspected. 

Undisplaced osteochondral fractures in children offen 
can be treated successfully with conservative methods (see 
Chapter 36). Displaced osteochondral fractures should be 
treated operatively. Surgery should be performed promptly to 
prevent further damage to the joint. Frequently, fragments are 
so small that technically fixing them back into their bed is 
impossible; these should be excised. Larger fragments should 
be replaced in their beds and stabilized. Surgical treatment of 
adolescents with osteochondral fractures as a resuit of acute 
patellar dislocation should include médial soff-tissue repair 
to improve patellar alignment. 

A variety of fixation methods hâve been advocated for 
osteochondral fractures of the knee, including métal pins, 
allograff cortical bone pins, Herbert screws (Zimmer, Warsaw, 
IN), Acutrak conical screws (Acumed, Beaverton, OR), 
absorbable sutures, and absorbable rods. The fixation device 
must not protrude through the articular surface into the joint 
or severe damage may resuit. Métal pins usually require 
removal after fracture healing because of their tendency to 
migrate. Investigation of résorbable fixation devices has pro¬ 
duced clinical and experimental evidence that résorbable 
polydioxanone rods provide satisfactory fixation of osteo¬ 
chondral fractures. Pritsch et al. proposed absorbable suture 
fixation of osteochondral fractures of the patella that consist 
of large chondral fragments attached to thin slivers of bone. 
The fragment is reduced in its bed, and three holes are drilled 
with a small Kirschner wire through the fragment and the 
patella in a triangular pattern. Three Vicryl (Ethicon, Johnson 
& Johnson, Somerville, NJ) sutures are placed so that each 
suture passes through two holes and each hole contains two 
strands of suture material. The free ends of the sutures are 
tied over the anterior border of the patella. Postoperative care 
for surgically fixed osteochondral fractures consists of 3 to 6 
weeks of immobilization and 6 to 12 weeks of protected 
weight bearing, depending on the adequacy of fixation and 
the location of the fracture. 

Taitsman et al. reported two osteochondral fractures of 
the postérolatéral fémoral condyles successfully treated with 
ORIF with screws. CT is helpful in determining the size and 
location of the fragment and its site of origin. An anterome- 
dial incision is made to retrieve the fragment and repair the 
médial retinaculum. A second incision is made posterolater- 
ally extending from the latéral épicondyle of the fémur to the 
fibular neck. The peroneal nerve is identified, and the fascia 
is incised between the biceps tendon anteriorly and the 
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A f Anatomy and surgical exposure. B and C f Intraoperative posteroanterior and latéral radiographs. (From Taitsman 
LA, Frank JB, Mills WJ, et al: Osteochondral fracture of the distal latéral fémoral condyle: a report of two cases, J Orthop Trauma 20:358, 2006.) 


peroneal nerve posteriorly. A longitudinal capsulotomy is 
made from the meniscal attachment to the proximal capsular 
reflection. The fragment is reduced and provisionally fixed 
with Kirschner wires. Two 2.0-mm or 2.4-mm screws are 
used to stabilize the fragments definitively, and the screw 
heads are countersunk 2 to 3 mm. Postoperatively, range of 
motion is allowed on the first postoperative day. Touch-down 
weight bearing only is allowed for the first 12 weeks. The 
authors recommended internai fixation of osteochondral 
fragments involving the weight-bearing surface of the fémoral 
condyle that hâve sufhcient bone attached to allow healing 
(Fig. 54-66). 

If the diagnosis and surgery are delayed, the edges of the 
fragment and the defect become rounded, and exact fitting is 
impossible. The fragment should be excised, the cancellous 
bed where the fragment originated should be smoothed, and 
any detached or frayed edges of cartilage should be excised 
sharply and vertically, rather than beveled or shaved down. 
If the area involved is small and does not involve a 


weight-bearing surface, little, if any, disability usually results 
from removal of the fragment. 

DISTAL FEMUR 

Supracondylar and intercondylar fractures of the distal fémur 
historically hâve been difficult to treat. These fractures offen 
are unstable and comminuted and tend to hâve a bimodal 
distribution, occurring in elderly or younger multiple-injured 
patients. Because of the proximity of these fractures to the 
knee joint, regaining full knee motion and function may be 
difficult. The incidences of malunion, nonunion, and infec¬ 
tion are relatively high in many reported sériés. In older 
patients, treatment may be complicated by previous joint 
arthroplasty. 

The classification of distal fémoral fractures described by 
Müller et al. and expanded in the AO/OTA classification is 
useful in determining treatment and prognosis. It is based on 
the location and pattern of the fracture and considers ail 
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Classification of fractures of distal fémur described by Muller et al. (Redrawn from Müller ME, Nazarian J, Koch P, Schatzker 
J: The comprehensive classification of fractures of long bones, Berlin, 1990, Springer-Verlag.) 


fractures within the transepicondylar width of the knee (Fig. 
54-67). Type A fractures involve the distal shaff only with 
varying degrees of comminution. Type B fractures are con- 
dylar fractures; type B1 is a sagittal split of the latéral condyle, 
type B2 is a sagittal split of the médial condyle, and type B3 
is a coronal plane fracture. Type C fractures are T-condylar 
and Y-condylar fractures; type Cl fractures hâve no com¬ 
minution, type C2 fractures hâve a comminuted shaff fracture 
with two principal articular fragments, and type C3 fractures 
hâve intraarticular comminution. 

In the 1960s, nonoperative treatment methods, such as 
traction and cast bracing, produced better results than opéra¬ 
tive treatment because of the lack of adéquate internai fixa¬ 
tion devices. With the development of improved internai 
fixation devices by the AO group, treatment recommenda¬ 
tions began to change and operative treatment produced 
better results than nonoperative treatment, especially for 
intercondylar and extraarticular fractures. Intraarticular frac¬ 
tures had more unsatisfactory results overall, and the results 
of operative and nonoperative treatment were equal. 

Advances in implant technology, technical execution of 
surgical fixation, réhabilitation, and surgeon understanding 


hâve largely contributed to the shiff toward operative inter¬ 
vention for these injuries. Operative treatment is recom- 
mended for ail fractures of the distal fémur in the appropriate 
patient, with the exception of simple, nondisplaced fractures. 
Early mobilization of the knee is important in obtaining a 
good resuit. 

PLATE AND SCREW FIXATION 

The blade plate designed by the AO group in Switzerland was 
one of the first plate-and-screw devices to gain wide accep¬ 
tance for treatment of fractures of the distal fémur. Although 
it provides stable fixation of most fractures (Fig. 54-68), the 
technique is technically demanding; early problems included 
infection and inadéquate fixation in osteoporotic bone and 
refracture affer plate removal. 

As expérience with AO plating techniques increased and 
the use of perioperative antibiotics became routine, the results 
reported with these devices improved. In 1989, Siliski, 
Mahring, and Hofer reported good or excellent results in 81% 
of fractures, with infection occurring in 7.7%, unintentional 
shortening in 7.6%, and malalignment in 5.8%. Results were 
better in type Cl fractures (92% good or excellent results) 











CHAPTER 54 FRACTURES OF THE LOWER EXTREMITY 



Patient with displaced comminuted supracon- 
dylar fracture of fémur internally fixed with AO supracondylar 
blade plate and multiple screws. 


than in type C2 and type C3 fractures (77% good or excellent 
results). 

More biologie techniques of plating hâve been advocated 
using indirect réduction techniques, minimal soff-tissue 
stripping, and gentle retraction. Fémoral distractors or exter- 
nal fixators are used to regain length and alignment of the 
fracture, and metaphyseal comminution is left in situ with no 
attempt made to reduce comminuted fragments anatomically. 
Because the soft tissues are left relatively undisturbed, bone 
grafting is less often necessary (see also Video 54-1). 

DYNAMIC CONDYLAR SCREW FIXATION 

A less technically demanding alternative to the blade plate is 
the dynamic condylar screw (Fig. 54-69). The blade plate 
requires accurate insertion in three planes simultaneously, 
whereas the dynamic condylar screw allows freedom in the 
flexion-extension plane. A minimum of 4 cm of uncommi- 
nuted bone in the fémoral condyles above the intercondylar 
notch is necessary for successful fixation. The main disadvan- 
tage of the dynamic condylar screw is that insertion of the 
condylar lag screw requires removal of a large amount of 
bone, which makes révision surgery, should it be necessary, 
more difficult. Reported results of distal fémoral fractures 
treated with the dynamic condylar screw were similar to 
results obtained with blade plates with 87% excellent or sat- 
isfactory results. Nonunion occurred in 0% to 5.7%, infection 
in 0% to 5.3%, and malunion in 5.3% to 11%. Bone grafting 
was used in about one third of the fractures. In one study, ail 
poor results occurred in elderly, ostéopénie patients with 
comminuted intraarticular fractures. This technique may be 
unsuitable for patients with osteoporosis. 

Blade plates and condylar screws are unsuitable for use 
in fractures with less than 3 to 4 cm of intact fémoral condy¬ 
lar bone and in fractures with a large amount of articular 
comminution. For these fractures, the condylar buttress plate 
is the most commonly used implant. The multiple holes in 
the distal end of the plate allow multiple screws to be directed 
into comminuted fragments. Fractures with a comminuted 
médial buttress, segmentai bone loss, or very low transcon- 
dylar fractures may angulate into varus because of movement 



Fixation of médial condylar fracture with 
dynamic condylar screw. 


at the screw-plate interface. Devices developed to lock the 
screws into the plate increase the stability of the construct to 
prevent varus deformation. Some authors hâve used methyl 
méthacrylate to improve screw purchase in ostéopénie bone. 
Traditionally, if médial instability is présent after application 
of a latéral buttress plate, the addition of a médial plate is 
recommended. An inverted large fragment T-plate inserted 
through a separate médial subvastus incision, double plating 
with bone grafting, and a locked dual plating technique ail 
hâve been recommended. Bolhofner et al. advocated percu- 
taneous plating. They treated 57 supracondylar fémoral frac¬ 
tures with open réduction and plating using indirect methods, 
and ail fractures healed. Using the Schatzker scoring method, 
they reported good results in 84% but admitted that surgical 
skill was a factor. We agréé that this is a good technique for 
bridging a highly comminuted fracture. 

Condylar plates with screws that are locked to the plate 
hâve been used (Fig. 54-70). These plates provide stability 
similar to the dynamic condylar screw and mitigate the varus 
angulation that can occur with a médial fémoral defect. This 
fixation may eliminate the need for a médial fémoral plate. 

The less invasive stabilization System (LISS) plate, which 
uses locked screws and percutaneous fixation, was developed 
to circumvent the problems with previous fixation methods. 
The biomechanical properties of this fixation device hâve been 
compared with the properties of the dynamic condylar screw 
and condylar buttress plate. The LISS allowed higher elastic 
deformation than the other Systems, placing it between rigid 
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A f Comminuted fracture of distal fémur with intraarticular extension. B and C f Open réduction and internai fixation 
through latéral parapatellar arthrotomy to view anatomie réduction of articular component, and submuscular plate is then positioned 
percutaneously. 
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fixation and intramedullary nailing. Our expérience with this 
method has been satisfactory, but our implant preference is 
for locking condylar plating Systems. Locking implants with 
polyaxial capability also are available, which provide utility 
for certain fractures, particularly periprosthetic injuries. 

INTRAMEDULLARY NAILING 

Intramedullary nailing has received increased attention for 
the treatment of distal fémoral fractures. These devices obtain 
more “biologie” fixation than plates because they are load- 
sharing, rather than load-sparing, implants. They offer greater 
soft-tissue préservation, and bone grafting is required less 
often. The major disadvantage of nail fixation is that it pro- 
vides less rigid stabilization of distal fémoral fractures than 
plate fixation in biomechanical testing. Hardware failure has 
been reported in 15% of distal-third fémoral fractures treated 
with antegrade interlocking nailing using slotted designs. The 
incidence of hardware failure increases if the fracture is 
within 5 cm of the most proximal screw hole. It has been 
suggested that hardware failure can be prevented by driving 
the nail to subchondral bone, delaying full weight bearing, 
and increasing the wall thickness of the nail. By using these 
principles, intramedullary nailing has been used successfully 
to treat fractures of the distal fémur. 

Tornetta and Tiburzi used antegrade interlocked intra¬ 
medullary nailing and found that when nailing was performed 
with the patient in the latéral decubitus position, the weight of 
the leg caused valgus angulation. When the patient was supine, 
however, the pull of the gastroenemius muscles caused poste- 
rior angulation. They suggested inserting smooth Steinmann 
pins in the distal fémur, médial and latéral to the patella, to 
manipulate the fragment and maintain proper alignment. 
Leung et al. advocated the use of a traction pin placed anteri- 
orly in the distal fémur to prevent posterior angulation when 
the supine position is used. Overall, excellent or good results 
hâve been reported in 95% after antegrade nailing. 

We use static locked intramedullary nailing for most AO 
type A fractures and many type Cl and type C2 fractures 
within 4 to 5 cm of the intercondylar notch. Type Cl and type 
C2 fractures with nondisplaced intercondylar splits can be 
converted to type A patterns with percutaneous screw fixa¬ 
tion of the condyles, usually with 5.5- or 6.5-mm cannulated 
screws. Displaced intercondylar fractures can be reduced 
through an anterior parapatellar incision and stabilized by 
screws placed anteriorly and posteriorly to the expected path 
of the nail. Closed interlocking nailing can be performed. The 
diameter of the nail should fill the isthmus of the fémoral 
canal. An undersized nail may allow angulation at the frac¬ 
ture site, leading to malunion. The length of the distal locking 
screws should be checked using oblique fluoroscopie images. 
Screws that are too long may irritate soft tissue on the médial 
aspect of the knee and impede knee motion. 

We evaluated the results of 57 supracondylar and inter¬ 
condylar fractures of the fémur treated with antegrade inter¬ 
locking nailing at our institution. These included eight AO 
type A2,13 type A3, eight type Cl, 25 type C2, and three type 
C3 fractures; 44% of the fractures were open. Ail fractures 
united, and 3.5% required bone graft. Malunion occurred in 
7% of fractures, and two type IIIB open fractures (3.5%) 
became infected. One nail (1.7%) failed but did not require 
reoperation. Range of motion averaged 115 degrees. Poor 
results occurred in ail three AO type C3 fractures, one caused 


by infection and two by malreduction of unrecognized 
coronal fracture fines. 

If nailing is considered for treatment of an intercondylar 
fémoral fracture, preoperative radiographs must be scruti- 
nized carefully for the presence of coronal fracture fines. AO 
type C3 fractures generally are best treated with plating tech¬ 
niques, whereas rétrogradé nailing probably is préférable 
for distal fémoral fractures with extensive shaft extension. 
Krettek et al. recommended anteroposterior médial and 
latéral blocking screws to increase the primary stability of 
these fractures. 

Rétrogradé fémoral nails inserted through the intercon¬ 
dylar notch hâve become a popular method of treating supra¬ 
condylar fractures. Similar to antegrade nails, these nails hâve 
the theoretical advantages of being load-sharing devices, 
requiring little soft-tissue dissection and infrequently needing 
bone grafting. Rétrogradé nailing of distal fémoral fractures 
is préférable to antegrade nailing in the vast majority of situ¬ 
ations. Rétrogradé nailing is technically easier than antegrade 
nailing in obese patients. Distal fémoral fractures below hip 
implants or above total knee implants with an open notch 
design also can be treated effectively with rétrogradé nailing. 
Rétrogradé nailing also can be used to stabilize distal fémoral 
fractures associated with ipsilateral hip fractures, allowing the 
hip fracture to be stabilized with a separate device. 

In mechanical testing comparing antegrade nailing with 
rétrogradé nailing in fémoral shaft fractures with and without 
bony contact, no différence was found in the nails when used 
for stable fracture configurations, but in unstable fracture 
configurations, the nail size (larger), not the method of inser¬ 
tion, determined stability. 

Reports of rétrogradé supracondylar nailing hâve shown 
acceptable results (90% to 100% union; knee range of motion 
100 to 116 degrees). Reported complications hâve included 
infection in 0% to 4%; malunion in 0% to 8%; hardware 
failure in 4% to 10%; nail fracture in 0% to 8%; and nail 
impingement on the patella in 0% to 12%, which can be 
avoided by properly countersinking the nail. Flexible intra¬ 
medullary implants, such as the Zickel supracondylar device, 
Ender rods, and Rush rods, also hâve been used with some 
success to treat distal fémoral fractures; however, since the 
development of more rigid plate and screw devices and inter¬ 
locking intramedullary nails, the indications for their use are 
limited. We hâve used flexible intramedullary devices most 
often in elderly patients with minimally comminuted supra¬ 
condylar fractures. However, newer implant designs with 
minimally invasive insertion techniques hâve antiquated the 
use of flexible devices. 

EXTERNAL FIXATION 

External fixation can be used as either temporary or definitive 
fixation in severe open distal fémoral fractures, especially 
fractures associated with vascular injury. If the fracture has a 
significant intercondylar component, the knee should be 
spanned by the external fixator. Because of the potential for 
pin track infection and knee stiffness, this technique should 
be reserved for the most severe open fractures. We use this 
technique to provide local traction while allowing mobility 
for patients with multiple trauma. This technique also allows 
better CT évaluation of the distal fémoral fracture. Conver¬ 
sion to internai fixation must be done within 14 days before 
pin track infection incidence increases. Early conversion 
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from a spanning external fixator to an intramedullary nail is 
safe in patients with multiple injuries. 

If a patient is placed in a spanning external fixator and is 
not medically ready for intramedullary nailing within the 
time frame of safety, the fixator can be converted to a small 
wire fixator or hybrid fixator; this method is reserved for 
salvage in severe injuries. It is associated with a 1% to 10% 
infection rate and significant knee stiffness. Alternatively, a 
period of skeletal traction can be instituted during a pin site 
holiday in préparation for definitive intramedullary fixation 
if the initial fixator has been in place longer than 14 days. 

CONDYLAR FRACTURES OF THE FEMUR 
■ UNICONDYLAR FRACTURES OF THE FEMUR 

Unicondylar fractures (AO type B) occur less frequently than 
supracondylar or intercondylar fémoral fractures. Concomi¬ 
tant injuries to the ipsilateral extremity are présent in about 
one third of patients. Careful radiographie évaluation, includ- 
ing anteroposterior, latéral, tangential patellar, and tunnel 
views, is necessary to diagnose accurately associated injuries 
to the knee and coronal fractures of the posterior condyle 
(AO type B3 or Hoffa fractures). A CT scan occasionally is 
necessary to describe the fracture more accurately. Nondis- 
placed fractures can be treated nonoperatively but must be 
followed closely for loss of réduction. Displaced unicondylar 
fractures require surgical fixation to prevent the complica¬ 
tions of axial malalignment, posttraumatic arthritis, knee 
stiffness, and instability frequently reported affer nonopera- 
tive treatment. Some minimally displaced fractures can be 
treated with percutaneous réduction and fixation, but open 
réduction usually is necessary to obtain an anatomie articular 
reconstruction. Cancellous lag screws or a small fragment 
buttress plate provide sufficient fixation to allow movement 
affer a few days. In patients with osteoporotic bone, a buttress 
plate may be necessary to prevent cephalad migration of the 
condyle. Ostermann et al. reported excellent results in 83% 
of patients at 6 months follow-up with ORIF of unicondylar 
fractures of the fémur. Ail fractures with less than excellent 
results were in patients with associated injuries. 


FRACTURE FIXATION OF THE 
MEDIAL CONDYLE 

If only one condyle is fractured, the operation is relatively 
simple, and because the shaft is not involved, internai fixa¬ 
tion usually is secure enough to allow movement early in 
the postoperative course. Often condylar fractures can be 
reduced with traction on a fracture table or flat-topped 
radiolucent table and provisionally maintained with various 
periarticular clamps. The fracture can then be secured with 
a percutaneous lag screw, a conical, headless compression 
screw, or placement of a buttress plate. However, we 
recommend open réduction to ensure anatomie articular 
reconstruction. 


TECHNIQUE 54-24 


■ On the anteromedial aspect of the knee, begin a longi¬ 
tudinal incision 10 cm proximal to the joint line and 


extend it distally to below the level of the joint. Incise the 
capsule and synovium at the joint level in line with the 
skin incision, and extend the incision proximally along 
the latéral edge of the vastus medialis muscle at its junc- 
tion with the quadriceps tendon. Extend this incision 
proximally enough to expose the médial fémoral condyle, 
the pâte I lofe moral groove, and the intercondylar area. 

■ Expose the loose condylar fragments—either the entire 
condyle or only a portion. 

■ Insert a Steinmann pin into the large fragment so that it 
can be used as a lever during réduction. 

■ Clear the joint of ail débris and loose bone chips by thor- 
ough irrigation and reduce the fracture under direct vision 
using the pin or screw as a lever. A periarticular réduction 
clamp can be inserted percutaneously on the latéral 
fémoral condyle to effect interfragmentary compression 
after articular réduction. 

■ One may insert multiple Kirschner wires across the frac¬ 
ture fragments into the intact latéral fémoral condyle for 
provisional fixation. 

■ Place two cancellous screws perpendicular to the fracture 
site to fix the médial fémoral condylar fragment to the 
intact latéral fémoral condyle (Fig. 54-71). The size of the 
implant dépends on the fragment size but can range from 
3.5- to 6.5-mm screws. If the bone is osteoporotic, a 
washer under the head of the screw or pin prevents the 
head from sinking through the cortex. 

■ Remove the multiple Kirschner wires used for temporary 
fixation, and confirm the réduction with radiographs 
made in two planes. Ensure that the ends of the pins or 
cancellous screws penetrate the latéral fémoral cortex 
because osteoporotic bone within the condyle does not 
afford good purchase. The lag screw effect of the pins or 
cancellous screws should produce good fixation and 
interfragmentary compression. 



Fracture of médial condyle fixed with 6.5-mm 
cancellous screws. SEE TECHNIQUE 54-24. 
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■ In some patients with osteoporotic bone, fixation with 
screws alone may be inadéquate; therefore, a buttress 
plate is contoured to fit the médial condyle. 

■ An alternative to cannulated screw fixation is the use of 
small fragment fixation, in which interfragmentary com¬ 
pression can be achieved with 3.5-mm interfragmentary 
screws and further stabilized with the addition of a small 
fragment buttress plate, which is our preference in most 
cases. 

■ Whichever internai fixation construct is selected, the key 
principle remains anatomie articular réduction. 

POSTOPERATIVE CARE. The patient is placed in a 
removable long-leg splint or a bulky soft dressing with 
light compression wrap and knee immobilizer. Continu¬ 
ons passive motion can be initiated immediately after 
surgery if desired. Gentle active and active-assisted exer¬ 
cises are begun when swelling subsides. Ambulation with 
a walker or crutches is started on postoperative day 2 or 
3, allowing only touch-down weight bearing. Range-of- 
motion exercises and quadriceps and hamstring exercises 
are increased gradually. If the fracture is healing satisfac- 
torily, partial weight bearing can be allowed at 8 to 10 
weeks. By 12 to 14 weeks, the patient usually has gradu¬ 
ally progressed to full weight bearing. The residual dis- 
ability after isolated fractures of the médial fémoral 
condyle usually is minor, and good range of motion can 
be regained when réduction and fixation are satisfactory 
and joint motion is begun early. 


FRACTURE FIXATION OF THE 
POSTERIOR PART OF THE MEDIAL 
CONDYLE 

If the posterior part of the médial fémoral condyle is 
sheared off, ORIF with lag screws is recommended. 
Although this fracture looks harmless on the radiographs, 
it may produce a marked disability. Initially undisplaced 
fractures frequently displace if treated conservatively. As 
seen on the latéral view, the loose fragment consists of 
approximately the posterior half of the condyle. The frag¬ 
ment has minimal soft-tissue attachments and may be 
devoid of blood supply. Almost its entire surface is covered 
with articular cartilage. The amount of displacement may 
be minimal. If the fragment is not reduced properly, rough- 
ening of the articular surface and osteonecrosis occur. 
Ordinarily, the fragment should not be removed because 
it is an important part of the articular surface when the 
knee is flexed at 90 degrees. Treatment consists of fixation 
of the fracture in proper position. 


TECHNIQUE 54-25 


■Adéquate exposure can require anteromedial and pos- 
teromedial incisions. Anatomie réduction of the articular 
surface is of paramount importance. 

■ Replace the posterior portion of the médial fémoral 
condyle using a posteromedial Henderson incision (see 


Chapter 1) and fix it temporarily with multiple Kirschner 
wires. 

■ Depending on the size of the fragment, insert two 
3.5-mm or 4.5-mm appropriately countersunk interfrag¬ 
mentary lag screws from the anterior to posterior. We also 
hâve used cannulated differential thread headless com¬ 
pression screw fixation. Place the screws médial to the 
patellofemoral articulation, if possible, and direct them 
perpendicular to the fracture site. 

■ Countersink ail screws that are placed through the articu¬ 
lar surface. Inspect to see that the screw does not pen- 
etrate the articular surface posteriorly. 

■ Remove the transfixing Kirschner wires. Occasionally, a 
portion of the médial head of the gastroenemius may 
require reflection for adéquate exposure. 

■ After the screws hâve been inserted, check the réduction 
and position of the screw by radiographs and close the 
wound. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that recommended after fixation of the médial fémoral 
condyle (see Technique 54-24). 


I FRACTURE OF THE LATERAL CONDYLE 

For exposure of the latéral condyle of the fémur, see Tech¬ 
nique 54-24. The technique is similar to that used in treating 
fractures of the médial fémoral condyle (Fig. 54-72). 

■ INTERCONDYLAR FRACTURES OF THE FEMUR 

ORIF of comminuted intercondylar and supracondylar frac¬ 
tures of the fémur demands expérience and surgical skill. A 
complété set of instruments and familiarity with their use are 
required for this method of fixation. Strict adhérence to basic 
principles and technique is required to prevent unsatisfactory 
results. ORIF of these difficult fractures is justified only if (1) 
the joint surfaces can be restored anatomically, (2) fixation is 
sufficiently rigid that external immobilization is not required, 
(3) rigidity of fixation is sufficient to allow early and active 
motion of the knee joint, and (4) the skin and soft tissues are 
satisfactory for a major operation. 

Historically, insertion of a 95-degree condylar blade plate 
is technically difficult and unforgiving. The broad surface area 
of the plate provides excellent fixation and résistance to 
bending and torsional forces. If the blade is inserted correctly 
into the condyles, anatomie alignment of the fémur can be 
obtained by fixing the plate to the shaft of the fémur. If the 
blade is inserted incorrectly, malalignment occurs. Difficulty 
in application and design advancements hâve largely elimi- 
nated the use of blade plates and dynamic condylar screws as 
first-line fixation devices. Evolution of fracture fixation 
devices for the distal fémur has led to most extramedullary 
implants being condylar plates with the capability for locking 
screws, at times polyaxial, and typically with some form of 
targeting instrumentation that has allowed for considerably 
less soft-tissue dissection. Refer to earlier éditions of this text 
for detailed techniques on distal fémoral blade plate or 
dynamic condylar screw implant insertion. 

Fracture morphology will dictate the required surgical 
approach for appropriate réduction and fracture stabilization. 
The need for significant proximal extensile exposure is rare, 
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A and B f Latéral fémoral condyle fracture with component of coronal shear fracture of posterior latéral fémoral 
condyle. C and D f After ORIF with small fragment fixation. Note anteroposterior interfragmentary lag screws for stabilization of pos¬ 
terior fémoral condyle coronal fracture. 
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particularly with modem targeting instrumentation. Supra- 
condylar fractures or simple intercondylar fractures often can 
be treated through direct latéral surgical approaches distally. 
Those with more extensive articular involvement necessitate 
direct exposure to ensure anatomie réduction. This is most 
frequently accomplished through an anterior approach with 
latéral parapatellar arthrotomy. In fracture-spécifie cases, a 
small accessory médial incision may be required for fracture 
manipulation or screw placement. Most frequently, we use 
the distal aspect of the approach described next (swashbuck- 
ler approach) or a more latéral parapatellar approach for 
those in need of anatomie réduction of comminuted articular 
injuries. The most distal extent of the approach is necessary 
for direct articular réduction and implant insertion. Care 
should be taken to avoid dissection or manipulation of the 
metaphyseal région in an effort to retain the fracture biology 
and lessen the chance for healing difficulties. 

To provide better exposure of the distal articular surface 
of the fémur, Starr, Jones, and Reinert used a modified ante¬ 
rior approach they called the swashbuckler approach. Cited 
advantages to this approach, in addition to improved expo¬ 
sure, are sparing of the quadriceps muscle bellies and a surgi¬ 
cal scar that does not interfère with subséquent total knee 
arthroplasty. 


SWASHBUCKLER APPROACH TO THE 
DISTAL FEMUR 


TECHNIQUE 54-26 


(STARR ET AL.) 

■ Place the patient supine, preferably on a radiolucent 
table. 

■ Use a stérile tourniquet only if necessary to avoid médial 
retraction of the quadriceps. 

■ Place a roll or triangle under the knee. Make a midline 
incision from above the fracture laterally to across the 
patella (Fig. 54-73A). 


■ Extend the incision directly down to the fascia of the 
quadriceps. Incise the quadriceps fascia in line with 
the skin incision. Sharply dissect the quadriceps fascia 
off the vastus lateralis muscle laterally to its inclusion with 
the iliotibial band. 

■ Retract the iliotibial band and fascia laterally, continuing 
the dissection down to the linea aspera. 

■ Incise the latéral parapatellar retinaculum, separating it 
from the vastus lateralis (Fig. 54-73B). 

■ Make a latéral parapatellar arthrotomy to expose the 
fémoral condyles. 

■ Place a retractor under the vastus lateralis and medialis, 
exposing the distal fémur and displacing the patella medi- 
ally (Fig. 54-73C). 

■ Ligate the perforating vessels and elevate the vastus late¬ 
ralis, exposing the entire distal fémur. 

■ Proceed with the internai fixation as needed. 

■Close the wound by suturing the fascia back in place. 


I LOCKING CONDYLAR PLATE FIXATION 

Locking condylar plate fixation is indicated for intraarticular 
and extraarticular condylar fractures, bridging of highly com¬ 
minuted distal fémoral fractures, and treatment of distal 
fémoral malunions. Current implants offer the stability of 
fixed angle devices with the ability to be placed in a biologi- 
cally appropriate manner and therefore are our current choice 
for most AO/OTA Type A and C fractures requiring plate 
osteosynthesis. 

Authors hâve attempted to identify factors contributing 
to nonunion and failures in these difficult fractures. Obesity, 
open fractures, infection, and stainless Steel implants hâve 
been identified as risk factors for development of nonunion. 
Ricci et al. evaluated risk factors for reoperation. In their 
sériés, 19% required reoperation to achieve union. Diabètes 
and open fracture were independent risk factors for deep 
infection and delayed union. Factors associated with implant 
failure included open fractures, smoking, increased body 
mass index, and shorter plate length. Barei et al. evaluated 
their sériés of open distal fémoral fracture. They concluded 



Quadriceps 

tendon 

Vastus 
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Latéral 
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Swashbuckler technique. A f Fascia overlying quadriceps is incised longitudinally and lifted laterally off underlying 
muscle. B f Farther laterally, fascia over quadriceps becomes confluent with iliotibial band. Latéral parapatellar arthrotomy is performed. 
Proximally, arthrotomy incision is made between vastus lateralis muscle and latéral retinaculum of knee. C f Proximal release of vastus 
lateralis fibers from latéral intermuscular septum allows further mobilization of quadriceps. Perforating vessels can be controlled with 
cautery. SEE TECHNIQUE 54-26. 
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that despite metaphyseal bone loss, locking plates obviate the 
need for routine bone grafting of some open distal fémoral 
fractures. Fractures demonstrating posterior cortical contact 
were strongly correlated with primary union. Because of the 
inconsistent callus these injuries exhibit through commi- 
nuted metaphyseal régions, alterations of the fixation strategy 
hâve been proposed. There is a growing body of literature 
evaluating dynamic locking or far cortical locking as a method 
to increase micromotion on the latéral cortex to increase the 
callus response. Results hâve been promising. 


SUBMUSCULAR MINIMALLY INVASIVE 
LOCKING CONDYLAR PLATE 
APPLICATION 


TECHNIQUE 54-27 


■ Position the patient supine on a radiolucent table. Place 
a well-padded bump under the ipsilateral hip to maintain 
the fémur in neutral rotation. Préparé and drape the limb 
in normal fashion. Position the limb on a stérile bump or 
triangular bolster. Contralatéral rotation films can be 
helpful to gauge rotation réduction and for intraoperative 
referencing. 

■ Expose the distal fémur as previously described (see 
Technique 54-26). Typically, only the distal extent of the 
approach is necessary with latéral parapatellar arthrotomy 
for articular réduction. Alternative^, a direct latéral 
approach may be used in extraarticular fractures or those 
with simple articular components (Fig. 54-74). 

■ Reduce the condylar fragments with Kirschner wires and 
réduction forceps. 

■ Place the condylar plate guide on the latéral cortex to 
détermine the proper position for the placement of inter- 
fragmentary lag screws to maintain the condylar réduc¬ 
tion without interfering with the plate. 

■ Using anatomie landmarks and C-arm imaging, place 
the plate in a submuscular fashion on the reconstructed 
condyles with or without attempting to reduce the 
proximal fragments, and insert a 2.5-mm guidewire 
through the wire guide central hole parallel to the fem- 
orotibial joint line. Obtain an image to confirm place¬ 
ment parallel to the joint line. For this portion of the 
procedure, wire placement is critical because it "sets" 
the distal position of the plate in the coronal plane. 
Nonparallel positioning of this initial reference wire can 
inadvertently induce a varus or valgus coronal plane 
malalignment. Beware of anatomie variances, such as a 
hypoplastic latéral condyle, which can make reconstruc¬ 
tion and implant positioning quite difficult. Close scru- 
tiny of contralatéral knee films can facilitate identification 
of anatomie nuances when preoperative templating is 
performed. 

■ On the latéral fluoroscopie plane, confirm that the distal 
positioning of the plate parallels the posterior cortex of 
the distal fémur to ensure appropriate coronal plane 
flexion and extension. Once appropriate positioning is 
noted, place additional guidewires through the locking 
guides to secure the plate on the distal segment. 



Minimally invasive plate insertion for fixation 
of supracondylar or intercondylar distal fémoral fractures using 
spécially designed outriggers for targeting proximal fixation. This 
permits accurate fixation while minimizing further biologie insult 
to comminuted metaphyseal zones. Note proximal tibial traction 
pin and bow used for greater control of axial length and rota- 
tional alignment. SEE TECHNIQUE 54-27. 


■ Longitudinal traction can be applied and the targeting 
instrumentation used to permit placement of a provi- 
sional guidewire in the most proximal hole of the plate 
chosen. It is critical that the length and rotational réduc¬ 
tion be noted before this step. Additionally, in particularly 
comminuted fractures of the distal fémoral metaphysis, a 
single proximal wire may not provide sufficient length 
maintenance alone. 

■ Once the length and rotational alignment are "set," place 
a small bolster under the metaphyseal portion of the 
fracture to détermine flexion and extension. 

■ Many periarticular plates do not fit every patient's 
anatomy, and consequently there can be variable offset 
of the plate from the fémoral shaft. As a resuit, failure to 
recognize this can induce varus or valgus malalignment 
when threaded réduction instrumentation or nonlocking 
cortical screws are used to seat the plate on bone. When 
offset is identified, the plate should be applied as an 
"internal-external fixator," with locking screw fixation to 
maintain anatomie coronal plane réduction. The réduc¬ 
tion is more important than plate to bone contact. 

■ Locking screws can be inserted in any order, but it usually 
is best to insert the 7.3-mm central screw first, followed 
by the surrounding 5.0-mm cannulated screws in the 
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distal segment. Proximal fixation is achieved with place¬ 
ment of 4.5-mm cortical screws or 5.0-mm locking corti¬ 
cal screws through the targeting instrumentation. A 
minimum of eight cortices should be used proximally. 

■ Take care when placing proximal fixation into the shaft. 
Consider filling the most proximal hole in the construct 
with a unicortical locking screw or a bicortical nonlocking 
screw to minimize stress riser formation. 

■ Ideally, long plate constructs with well-spaced fixation is 
sought. Locking screw fixation in close proximity to meta- 
physeal comminution can resuit in a very rigid construct 
that may contribute to inconsistent callus formation and 
should be avoided if possible. 

■ Securely tighten ail screws again before wound closure. 

■ Perform fascial and skin closure in the standard fashion. 

POSTOPERATIVE CARE. Early passive motion with 
some active motion is begun as tolerated. Focus also is 
placed on passive extension exercises to minimize con¬ 
tracture formation. Weight bearing is avoided for 10 to 
12 weeks. Active and passive range of motion should be 
encouraged during this time. 


I LESS INVASIVE STABILIZATION SYSTEM 

The technique for use of the LISS System is in many respects 
very similar to application of the locking condylar plate in a 
minimally invasive fashion (Fig. 54-75). One can refer to the 
previous technique. However, several key différences should 
be mentioned. The LISS System is constructed of titanium 
and, therefore, its modulus of elasticity is different than many 
available locking condylar plating Systems and permits more 
fLexibility. Whereas the design of many locking condylar 
plates allows for plate réduction techniques, the LISS relies 
on the réduction being achieved before implant positioning. 
Furthermore, it truly is an “internal-external fixator,” and 
therefore fixation with locking screws near and far from the 
fracture provides the greatest stability. This is better tolerated 
with the LISS as compared with locking condylar plates 
because of the increased fLexibility in LISS. In addition, the 
screw fixation is solely unicortical. 


DOUBLE PLATE FIXATION 

Very low distal fémoral fractures with extensive articular 
and metaphyseal comminution may not be stabilized ade- 
quately by latéral plating alone. Application of an addi- 
tional médial plate may be necessary. A separate médial 
incision is preferred to reduce the amount of soft-tissue 
stripping required for plate application. 


TECHNIQUE 54-28 


(CHAPMAN AND HENLEY) 

■ After latéral fixation, assess whether the fracture stabiliza¬ 
tion is sufficient to permit early functional range of 
motion. If not, proceed with application of médial fixation 
through a separate longitudinal médial approach. 


■ Alternative^, very distal fractures may require an acces- 
sory médial approach for réduction purposes in addition 
to latéral intervention and before definitive fixation. 

■ Make an anteromedial incision from the anterior margin 
of the pes anserinus, following the adductor canal 
(Fig. 54-76A). The deep dissection follows the subvastus 
(Southern) approach. Incise the fascial envelope sur- 
rounding the vastus medialis along the posterior margin 
of the muscle. 

■ Use blunt dissection to elevate the muscle off the perios- 
teum and the intermuscular septum from the adductor 
tubercle to the intact proximal fémoral shaft. 

■ Distally, sharply incise the 2- to 3-cm wide tendinous 
insertion of the vastus medialis into the médial capsule. 

■ Expose the joint through a médial parapatellar arthrot- 
omy. This approach does not require formai dissection of 
the superficial fémoral artery because the artery is 
retracted posteriorly with the sartorius muscle. 

■ Protect the descending genicular artery and saphenous 
nerve by bluntly dissecting the posterior margin of the 
vastus medialis and retracting the artery and nerve ante- 
riorly. Leave the superficial and deep fibers of the médial 
collateral ligament attached to the fémoral condyle. 

■ If a posterior médial condylar fragment is présent, make 
an additional arthrotomy just posterior to the médial 
collateral ligament to allow access to this portion of 
the articular surface. Flexion of the knee and posterior 
retraction of the sartorius and adductor longus make this 
easier. 

■ Inspect the médial compartment, including the meniscus 
and remove any loose fragments from the joint. 

■ Continue posterior exposure until the intact médial 
fémoral shaft is visible, minimizing soft-tissue stripping 
during dissection and retraction. 

■ Reduce and provisionally stabilize each of the fémoral 
condyles as described for application of a locking condy¬ 
lar plate and reduce and fix the médial and latéral fémoral 
condyles to each other, incorporating any intercalary 
fragments. 

■ Use Kirschner wires, pointed réduction tenaculums, or 
large periarticular clamps for temporary stabilization. 

■ Reduce the reconstructed distal articular block and provi¬ 
sionally fix it to the fémoral shaft. Position a latéral plate 
and temporarily fix it to the distal fémur. 

■ When réduction is satisfactory, secure it with two to four 
proximal and distal screws inserted with image intensifi¬ 
cation guidance. 

■ Bend the médial buttress plate to match exactly the 
contour of the médial fémur. We prefer small fragment 
fixation typically. 

■ Place the transverse portion of the plate distally so that 
the screw holes allow placement of screws into the ante¬ 
rior and posterior portions of the fémoral condyles. The 
anterior screw should permit bicondylar-transcondylar 
fixation (Fig. 54-76B). 

■ For the proximal end of the médial plate, use at least four 
cortices of fixation (Fig. 54-77). 

■ After screws are placed, consider filling bone defects with 
autologous cancellous grafts in closed injuries. Otherwise, 
antibiotic cernent spacers may be advisable in open inju¬ 
ries and in préparation for future grafting. Repair the 
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Less invasive stabilization System (LISS) plate technique. A f Letters are used to identify distal plate holes; numbers 
are used to identify diaphyseal plate holes. B f Latéral incision. C f In complex intraarticular fracture, latéral parapatellar approach is 
necessary. D, Insertion guide has tendency to tilt toward floor. When positioned properly on latéral condyle, insertion guide is internally 
rotated approximately 10 degrees to fémoral shaft. Plate position is adjusted if necessary. E f Kirschner wire inserted through stabiliza¬ 
tion boit. (Redrawn from Less Invasive Stabilization Technique (LISS): technique guide, Paoli, PA, 2001, Synthes.) 
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A 


B 


Médial 


Double plating of distal fémoral fracture. A f Subvastus (Southern) approach (see text). B f Application of large frag¬ 
ment T-plate. SEE TECHNIQUE 54-28. 



A f Highly comminuted distal fémoral fracture in pedestrian struck by a high-speed vehicle. Note very low fracture 
involvement of médial fémoral condyle. Latéral based constructs would not typically provide adéquate fixation into this fragment. B f 
Small fragment fixation of médial fémoral condyle through subvastus approach, as adjuvant to more typical lateral-based fixation 
construct. SEE TECHNIQUE 54-28. 


S arthrotomy and close the médial approach in routine 
fashion. 

POSTOPERATIVE CARE. Postoperative care is the same 
as after that for locking condylar plate fixation, with ini- 
tiating motion based on stability of fracture repair. 


■ SUPRACONDYLAR FRACTURES OF 
THE FEMUR 

Most supracondylar fractures of the fémur can be treated with 
interlocking intramedullary nailing or plate-and-screw 
devices. Even those with simple intraarticular fracture com- 
ponents often can be treated with intramedullary nail fixa¬ 
tion. Distal screw configurations vary and are often the 
déterminants in whether a supracondylar fémoral fracture 
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can be adequately stabilized with an intramedullary device. 
In patients who are poor operative risks, nonoperative treat- 
ment with acute skeletal traction followed by cast bracing is 
an option. Historically, flexible intramedullary implants with 
supplémentai bracing hâve been used in some low-demand 
elderly patients; however, current minimally invasive nailing 
and plating techniques hâve the advantages of minimizing 
surgical trauma and providing stable fixation, which typically 
requires no adjuvant bracing. Refer to techniques for rétro¬ 
gradé intramedullary nail fixation and minimally invasive 
locking condylar plate insertion. 

SHAFT OF THE FEMUR 

Fractures of the shaff of the fémur are among the most 
common fractures encountered in orthopaedic practice. 
Because the fémur is the largest bone of the body and one of 
the principal load-bearing bones in the lower extremity, frac¬ 
tures can cause prolonged morbidity and extensive disability 
unless treatment is appropriate. Fractures of the fémoral shaft 
often are the resuit of high-energy trauma and may be associ- 
ated with multiple System injuries. Several techniques are 
now available for their treatment, and the orthopaedic 
surgeon must be aware of the advantages, disadvantages, and 
limitations of each to select the proper treatment for each 
patient. The type and location of the fracture, the degree of 
comminution, the âge of the patient, the patients social and 
économie demands, and other factors may influence the 
method of treatment. Possible treatment methods for frac¬ 
tures of the fémoral shaft include the following: 

■ Closed réduction and spica cast immobilization 

■ Skeletal traction 

■ Fémoral cast bracing 

■ External fixation 

■ Internai fixation 

■ Intramedullary nailing with open or closed technique 

■ Antegrade interlocking intramedullary nailing with or 
without reaming 

■ Rétrogradé interlocking intramedullary nailing 

■ Plate fixation 

Locked intramedullary nailing is currently considered to be 
the treatment of choice for most fémoral shaft fractures. 
Regardless of the treatment method chosen, the following 
principles are agreed on: (1) restoration of alignment, rota¬ 
tion, and length, (2) préservation of the blood supply to aid 
union and prevent infection, and (3) réhabilitation of the 
extremity and the patient. 

TRACTION AND CAST IMMOBILIZATION 

Skeletal traction methods most often are a preliminary phase 
to other definitive methods of fémoral shaft fracture manage¬ 
ment, for instance, before plating or closed intramedullary 
nailing. Rarely are balanced skeletal or roller traction methods 
used as definitive treatment in adults. These are mentioned 
for historical sake only. The length of confinement to bed, 
with its potential for complications, and the économie con¬ 
séquences of several weeks or months in the hospital make 
this an impractical method when used alone. 

EXTERNAL FIXATION 

Although we recommend immédiate debridement, irriga¬ 
tion, and interlocking intramedullary nailing for most open 


fémoral shaft fractures, half-pin fixators hâve proved effec¬ 
tive, especially for massively contaminated fractures and frac¬ 
tures requiring rapid stabilization for vascular repair. 
Infections hâve occurred in some of our patients after nailing 
of fractures previously treated with external fixation, as has 
been reported by other authors. After wound coverage, early 
conversion (2 weeks) of external fixation to intramedullary 
fixation may decrease the incidence of infection. Temporary 
rapid external fixation of fémoral fractures can be used in 
unstable, severely injured polytraumatized patients, espe¬ 
cially if further blood loss is a major concern. External fixa¬ 
tion can be maintained until union, but this is rare. Most 
commonly, a uniplanar external fixator is applied anteriorly 
or anterolaterally in polytraumatized patients or in patients 
with massive contaminated wounds as a means of temporary 
skeletal stabilization for later definitive management. For 
diaphyseal fractures, the knee joint rarely is immobilized; 
however, more distal fractures of the supracondylar or inter- 
condylar variety most frequently require fixation to the tibia. 

FIXATION WITH PLATES AND SCREWS 

Since the 1960s, the AO surgeons in Switzerland hâve used 
either intramedullary fixation or compression plate fixation 
for almost ail fémoral shaft fractures. Their methods hâve 
many proponents. The most accurate réduction of commi- 
nuted fractures of the fémoral shaft can be obtained with 
interfragmentary compression and plate and screw fixation. 
This treatment allows early motion and good function, but 
the risk of infection (2% to 5%), failure of fixation (6% to 
10%), and delayed union (up to 19%) hâve been reported at 
unacceptable levels. Magerl et al. noted that complications 
were more common if the objective of surgery (i.e., rigid 
internai fixation with interfragmentary compression) was not 
achieved. If this objective was achieved successfully, compli¬ 
cations were few. 

Rüedi and Lüscher and others hâve recommended the 
routine application of a bone graff medially in ail commi- 
nuted fractures fixed with AO plates or if rigid fixation is not 
obtained. Plating of fémoral shaft fractures requires expéri¬ 
ence and judgment. Misuse of this method produces more 
poor results than any other. 

Excellent results hâve been obtained with plating of com- 
minuted shaft fractures without médial bone grafting when 
indirect réduction of intermediate fragments, préservation of 
soft-tissue attachments to bone especially medially, and final 
compression hâve been obtained. Fémoral plating in patients 
with blunt polytrauma has been recommended, especially 
patients with ipsilateral fémoral neck and shaft fractures, 
arterial injuries, or unstable spinal injuries. The technique 
involves indirect réduction, postérolatéral plate application, 
and médial bone graff. Riemer et al. reported their results of 
stainless Steel fémoral plating in 141 fractures caused by blunt 
trauma, one third of which were open. Average time to union 
was 18 weeks, and 99% of patients regained fu.ll extension and 
at least 130 degrees of knee flexion. Ten fractures (7%) had 
implant failure (seven plates, three screws) associated with 
delayed union, and one persistent nonunion occurred. One 
deep infection (2%) occurred in a type IIIC open fracture, but 
no deep infections occurred in closed fractures. 

Plating does not require the fracture table or fluoroscopie 
image intensifier that is necessary for closed fémoral nailing. 
Plating préserves the endosteal blood supply; however, the 
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Polytraumatized patient with extensive pulmo- 
nary injuries and fémoral diaphyseal fracture treated with ORIF 
using large fragment compression plating. 


cortex underlying the plate is devitalized. Low-contact 
dynamic compression plates with scalloped recesses permit 
less iatrogénie insult to the periosteal blood supply (Fig. 
54-78). 

Seligson et al. reviewed the results of fémoral plating in 
15 patients with multiple trauma. They noted a reduced post- 
operative morbidity from adult respiratory distress syndrome 
after plating from that reported after intramedullary nailing. 
Complications of fracture healing were significantly greater 
(30%) after plating, however, than after intramedullary nailing 
( 12 %). 



Fémoral shaft fracture stabilized with plate and 
interfragmentary screws. 


If plate and screw fixation is indicated, we prefer the 
4.5-mm dynamic compression plate. In general, the broad 
plate should be used with approximately eight cortices (four 
holes) of screw purchase on either side of a transverse fracture 
(Fig. 54-79). If plates and screws are used for internai fixation 
of fémoral shaft fractures, weight bearing and unprotected 
ambulation usually are not possible as soon as after intramed¬ 
ullary nailing. 

A latéral approach (see Chapter 1) is used for fractures of 
the fémoral shaft when plates and screws are used for fixation. 
It is essential that the plate be sufficiently long so that four or 
preferably five screws are proximal and distal to the limits of 
the fracture. Cancellous screws at the distal end of the fémur 
improve purchase, especially if the bone is osteoporotic. 
Plates can be removed 2 to 3 years after injury, provided that 
union is complété; however, plate removal is not routinely 
necessary. Cortical bone beneath a rigid AO plate remodels 
more like cancellous bone. For the cortex to return to its 
normal strength and structure, stress has to be gradually 
reapplied after removal of the plate. When two plates at 90 
degrees to each other hâve been used, both plates should not 
be removed at the same time because the bone is doubly 










2 


PART XV FRACTURES AND DISLOCATIONS IN ADULTS 

weak, and thus refracture is likely. The second plate can be 
removed 6 months after the first. The bone should be pro- 
tected from excessive stress for at least 6 weeks after plate 
removal. 


PLATE AND SCREW FIXATION OF 
FEMORAL SHAFT FRACTURES 


TECHNIQUE 54-29 


■ Place the patient supine on a radiolucent table if fluoros- 
copy is planned for the procedure. 

■ Place a well-padded bump under the ipsilateral hip. 

■ Préparé the entire leg, including the iliac crest and groin. 

■ Incise the skin, subcutaneous tissue, and fascia lata 
through a latéral approach. 

■ Incise the vastus fascia and elevate the vastus lateralis 
muscle anteriorly off of the intermuscular septum, which 
can be readily accomplished with an elevator. 

■ Perforating vessels run perpendicular to the shaft of the 
fémur approximately every 3 cm. Identify and ligate the 
perforating vessels before transection. Small or medium 
vascular clips are useful at this stage of the exposure. 
Cauterization alone often is inadéquate because rétrac¬ 
tion can cause disruption of the clôt. 

■ Use only rakes as retractors and avoid retractors placed 
medially because this may injure the soft-tissue attach- 
ments of fracture fragments and theoretically increase the 
risk for difficulties with healing. 

■ Elevate only a minimal amount of periosteum to view the 
fracture réduction. Care should be taken to expose the 
latéral fémur in an extraperiosteal fashion and only 
enough to permit implant placement. 

■ Overlap the fracture ends and displace them into varus 
to allow a direct view of the medullary canal 

■ Débridé the fracture ends of frayed soft tissue that is 
impaled on sharp bone edges and irrigate. 

■ Hold the bones with a thin Verbrugge-type, bone-holding 
forceps that will leave a minimum biologie "footprint." If 
the instrument has to be repositioned, remove and 
replace it to avoid stripping of the periosteum. 

■ Bring the médial edges of the main fragments into 
contact with the fracture still in varus and, by levering 
against the médial bone, reduce the fracture. 

■ Apply a plate to the fiat postérolatéral surface. 

■ First insert two fully threaded nonlocking cortical screws 
adjacent to the fracture and then insert the most proximal 
and distal screws into the plate, followed by the remain- 
ing screws. Insert these in standard AO compression 
plating technique. Alternative^, locking screw fixation 
may be placed in constructs that are bridging commi- 
nuted segments or osteoporotic femora. 

■ Riemer et al. attempted to obtain 10 cortices above and 
below the fracture. The only butterfly fragments that 
were replaced are the fragments necessary to détermine 
anatomie length, axis, and rotation. They did not attempt 
to reduce the médial cortex perfectly. 

■ According to Riemer et al., if stainless Steel dynamic com¬ 
pression plates are used, bone grafting from the latéral 


proximal tibial metaphysis is necessary to prevent hard¬ 
ware failure and nonunion. Although, at our institution 
compression plate fixation of fémoral shaft fractures is 
rare, we hâve not required médial bone grafting if indirect 
réduction maneuvers are employed. 

■ Do not repair the vastus lateralis; lay it back in place over 
suction drains. 

■ Repair the fascia lata with either a running or an inter- 
rupted absorbable suture. 

■ Perform subcutaneous and skin closure in the standard 
fashion. 

POSTOPERATIVE CARE. Patients are allowed to sit on 
the day of surgery. Drains are left in place for 24 to 48 
hours. Routine postoperative antibiotic prophylaxis is 
administered for 24 hours whether fractures are open 
or closed. Patients are allowed touch-down weight 
bearing and are encouraged to perform passive and 
active range-of-motion exercises of the knee. Strengthen- 
ing exercises are delayed until acute postoperative symp- 
toms improve and because excessive force may be applied 
to the plate-bone or screw-bone interface. When fracture 
union is progressing radiographically, partial weight 
bearing for 1 month is allowed and aggressive strength- 
ening exercises are begun. Unrestricted weight bearing is 
then permitted. 


INTRAMEDULLARY FIXATION 

Internai fixation of fractures of the fémoral shaft became 
popular after World War II, when open intramedullary nailing 
was introduced. In a young adult patient with an uncommi- 
nuted fracture through the narrowest portion of the medul¬ 
lary canal, an intramedullary nail, barring complications, 
provides the ultimate treatment for fémoral shaft fractures. 
Successful intramedullary nailing results in a short hospital 
stay, a rapid return of motion in ail joints, prompt return to 
walking, and a relatively short total disability time. Fractures 
in the proximal or distal thirds of the shaft or fractures with 
severe comminution are suitable, however, for this form of 
internai fixation. Infection or nonunion occurring after open 
unlocked intramedullary nailing can be a serious complica¬ 
tion. In most fémoral nonunions that developed after open 
intramedullary nailing at this clinic, either the fracture was 
unsuitable for intramedullary fixation or the technique of 
nailing was poor. 

Although Küntscher introduced closed intramedullary 
nailing in the 1940s, it did not gain popularity in North 
America until the 1970s. With improvements in technique 
and especially the availability of image intensifiers, closed 
nailings hâve replaced the open technique. Although closed 
methods reduced the risk of infection, problems with severely 
comminuted fractures and those in the proximal and distal 
thirds remained for unlocked nails. Historical improvements 
in design hâve expanded the indications for nailing of proxi¬ 
mal and distal fractures, for example, in interlocking intra¬ 
medullary nails and cephalomedullary nails, which provide 
length and control. We recommend that ail ipsilateral knees 
be examined with the patient under anesthésia after fracture 
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fixation because knee ligament injuries frequently occur with 
fémoral fractures. 

A variety of intramedullary devices are available to the 
orthopaedic surgeon charged with care of the fractured 
fémur. The most commonly used today are interlocking intra¬ 
medullary nails, through which transverse or oblique trans- 
fixing screws can be inserted to control the major proximal 
and distal fragments providing length and rotational stability. 
The nail can be inserted in either an antegrade or rétrogradé 
fashion. 

Historically, plating of fémoral fractures has had higher 
rates of infection and nonunion than closed intramedullary 
nailing. Because there was some concern that interlocking 
nails might prove to be “nonunion machines,” an effort was 
made to treat as few fractures as possible with static locking 
(screws placed proximal and distal to the fracture). The 
Winquist-Hansen classification of comminution (Fig. 54-80) 
was routinely used to détermine whether static locking was 
necessary. Winquist and Hansen classified fractures into the 
following categories: (1) type I fracture, a comminuted frac¬ 
ture in which a small piece of bone has broken off, not affect- 
ing fracture stability; (2) type II fracture, in which at least 50% 
contact of the abutting cortices remains to prevent shortening 


and help control rotation, and in which sufficient proximal 
and distal cortical contact of the nail is possible to prevent 
translation and shortening; (3) type III comminuted fracture, 
which has less than 50% cortical contact or in which purchase 
of the nail would be poor in either the proximal or the distal 
fragment, allowing rotation, translation, and shortening; and 
(4) type IV comminuted fracture, in which the circumferen- 
tial buttress of bone has been lost and no fixed contact exists 
between the major proximal and distal fragments to prevent 
shortening. 

The optimal time for intramedullary nailing of closed and 
open fractures has been an area of controversy particularly in 
the presence of multisystem trauma; however, current data 
support early (within 24 hours) nailing for most fémoral frac¬ 
tures. Authors hâve demonstrated significant decreases in 
patient morbidity, with stabilization of fémoral fractures 
within 24 hours compared with delayed fixation affer 48 
hours, especially in patients with multiple injuries. Another 
sériés suggested that delayed fémoral fixation beyond 12 
hours in polytrauma patients can resuit in mortality réduc¬ 
tion of approximately 50%. Pape et al. suggested that immédi¬ 
ate reamed fémoral nailing may precipitate adult respiratory 
distress syndrome in patients with blunt thoracic trauma. In 












FIGURE 


Winquist-Hansen classification of comminution (see text). (Redrawn from Winquist RA, Hansen RT, Clawson DK: Closed 


intramedullary nailing of fémoral fractures: a report of five hundred and twenty cases, J Bone Joint Surg 66A:529, 1984.) 
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follow-up clinical studies, patients were subclassified to assess 
the risk for complications after reamed fémoral nailing. Those 
identified as “borderline” patients, or those with multiple 
injuries who were at risk for complications after early reamed 
intramedullary fémoral nailing, were found to hâve a higher 
incidence of pulmonary complications with early definitive 
intervention. The authors advocated that in the presence of 
multiple injuries, the preoperative condition should be con- 
sidered when deciding on treatment modalities for fémoral 
shaft fractures to minimize complications. 

Other studies hâve not confirmed the findings of Pape 
et al. Controversy remains regarding the impact of reamed 
intramedullary nail fixation of fémoral fractures in patients 
with multisystem trauma. The current consensus seems to be 
that immédiate fixation of fémoral fractures with reamed 
intramedullary nailing do es not increase the risk of clinically 
significant pulmonary complications in most patients. 
However, those who are identified as being “borderline” or at 
very high risk for complications may be best served with an 
approach using “damage control orthopaedics” to provide 
necessary stabilization while minimizing early surgical insult. 
At our institution, most fémoral shaft fractures that can be 
treated with intramedullary nail fixation are treated with early 
total care. Patients identified to be at risk, primarily based on 
concomitant multisystem injuries and physiologie parame- 
ters, are temporized with either external fixation or skeletal 
traction, both of which hâve been demonstrated to be effi¬ 
cient as early measures. 

Winquist and others hâve shown that élévation in intra¬ 
medullary pressures and thermal damage caused by reaming 
can be decreased by using sharp reamers with deep cutting 
flûtes and narrow shaffs and by using minimal force during 
reamer insertion. In addition to causing marrow emboliza¬ 
tion, reaming also damages the endosteum and decreases the 
torsion strength of the fémoral fragments. 

Because of the possible effects of medullary reaming, 
unreamed nailing has received increased attention. Inter- 
locked intramedullary nailing without reaming requires 
smaller implants capable of not only sustaining the loads of 
weight bearing but also withstanding the prolonged healing 
time generally required for severe open fractures. Russell- 
Taylor Delta nails (Smith and Nephew, Memphis, TN) hâve 
functioned well in this situation. Wieck et al. reviewed our 
first 100 delta fémoral nailings of acute fractures in 93 patients, 
35 of which were open, including ail grades. In a population 
that formerly would hâve been treated with nails averaging 
13.5 mm in diameter, 62 10-mm nails and 38 11-mm nails 
were used. No infections developed in the 100 fractures. One 
screw broke in a patient with a delayed union, and thus 
renailing was required before union. One other delayed union 
also required renailing before union. 

Studies hâve found similar results between reamed and 
unreamed nailing with no différences in operative time, 
transfusion requirements, or pulmonary complications. 
Although there was no overall différence in time to union, 
delayed unions hâve been reported more offen after unreamed 
than reamed nailing. When distal fractures were analyzed 
separately, fractures with reamed nailing were found to heal 
more quickly. Tornetta and Tiburzi concluded that there was 
no advantage to unreamed nail insertion. In contrast to the 
tibia, the fémur is surrounded by vascular soft tissue and 
infection of fémoral fractures is less of a concern. 


Although the incidence of infection with open nailing of 
closed fractures is nearly 10% in some sériés, the incidence 
in closed nailing of closed fractures generally is less than 1%. 
The incidence of infection after closed reamed nailing of open 
fémoral fractures is 2% to 5%. In the past, delayed nailing was 
recommended to prevent infection; however, more recent 
reports indicate that immédiate nailing of open fémoral frac¬ 
tures does not signfficantly increase the risk of infection, 
although Brumback et al. noted an increase in infections in 
type IIIB fractures. 

In our early use of locked intramedullary nails, we fol- 
lowed the recommendations of Winquist and Chapman for 
segmentally comminuted fractures and attempted to delay 
definitive intramedullary fixation for 2 to 3 weeks until soft 
tissues had theoretically stabilized and the granulation tissue 
around the fracture would serve as a better récipient bed for 
reaming. In our first 100 fractures treated with the Russell- 
Taylor nail (1985-1986), including 23 open fractures of ail 
grades, we were forced to intervene earlier, however, to 
prevent further détérioration of patients with multiple inju¬ 
ries, and the average delay to nailing of open fractures was 
only 8.4 days. Two of the three infections after nailing of open 
fémoral fractures in our sériés occurred in patients with per¬ 
sistent initial wounds (20 and 24 days after injury) who had 
delayed reamed nailing. In our first 125 open fémoral frac¬ 
tures treated with the Russell-Taylor nail, with immédiate or 
delayed fixation, with or without reaming, the overall infec¬ 
tion rate was 4%. 

Currently, we strive to operatively treat ail open fractures 
within 8 hours of injury. Open fémoral fractures are treated 
with initiating immédiate intravenous antibiotic coverage 
depending on the wound type, followed by urgent debride- 
ment and irrigation. The fémur is stabilized with a statically 
locked reamed intramedullary nail. The isthmus diameter is 
approximated radiographically as part of preoperative tem- 
plating. The traumatic wound is closed, if surgically clean, 
over closed suction drains in lower-grade open injuries. 
Massive open wounds or those that are grossly contaminated 
are leff open or covered with vacuum-assisted wound closure 
dressings. Repeat debridements are performed every 24 to 48 
hours, depending on the characteristics of the wound envi¬ 
ronment, until delayed primary closure can be safely obtained. 
Otherwise, we aim to obtain wound closure by 2 to 7 days 
using skin grafting or, rarely, flap coverage. 

We also hâve found locked intramedullary nailing to be 
a safe and effective treatment for fémoral fractures with vas¬ 
cular injury. Although Connolly and King showed that repair 
of the popliteal artery can withstand 18 kg of traction, we 
prefer to fix the fémoral fracture at the time of vascular repair 
if possible because little additional surgical exposure is 
required for closed nailing. Early fixation allows the benefits 
of early mobilization. We also hâve found that intramedullary 
nailing is easier to perform early because usually less traction 
is required and the fragments are easier to reduce. In a review 
of fémoral fractures with vascular injuries treated at our insti¬ 
tution between 1986 and 1994, 17 fractures treated with 
either immédiate or delayed intramedullary nailing ail were 
successfully salvaged. Gunshot wounds caused most injuries, 
and only one fracture was nailed before vascular repair. A 
patient with a fémoral fracture and suspected vascular injury 
ideally should be taken to the operating room for arteriogra- 
phy after sufficient imaging to accurately assess the fracture 
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morphology for preoperative planning purposes, and, of 
course, to identify any other limb or life-threatening injuries. 
Time is critical in these injuries. Close coordination with the 
general trauma and vascular surgical services is a prerequi- 
site, and rapid external fixation can be applied to provide a 
stable skeletal environment for vascular repair. Alternatively, 
a temporary vascular shunt can be placed while skeletal fixa¬ 
tion is performed, which thus permits vascular repair without 
the potential impédance that an external fixator may impose. 
In our expérience, an antérolatéral external fixator orienta¬ 
tion is preferred because it does not interfère with médial 
access and does not place pin tracks in line with any potential 
latéral approach or interlocking incisions. 

Rétrogradé intramedullary nailing has been advocated 
for patients with morbid obesity, ipsilateral fémoral neck and 
shaft fractures, ipsilateral fémoral and tibial fractures (float- 
ing knee injuries), pregnancy, and multiple trauma. Current 
techniques recommend using a portai in the intercondylar 
notch. Rétrogradé and antegrade fémoral nailing in fémoral 
shaft fractures hâve been compared. Healing, delayed union, 
and malunion were nearly identical in both groups. Patients 
in the antegrade group reported more hip pain (9%) at 
follow-up, and patients in the rétrogradé group reported 
more knee pain (36%). Rétrogradé nailing also is a viable 
option for open fémoral fractures. The incidence of associated 
knee sepsis was 1.1% in a sériés by O’Toole et al. 

Closed nailing of acute fémoral fractures using either a 
fémoral distractor or manual traction without a fracture table 
has been advocated. We continue to use a fracture table rou- 
tinely. The newer facture tables allow total body imaging 
without moving the patient, decreasing the risk to the patient 
and minimizing setup time. 

We recommend early static locked nailing, with reaming, 
of open and closed fémoral fractures as soon as possible. Rela¬ 
tive contraindications to nailing include the presence of previ- 
ously inserted fixation device, preexisting deformity, massive 
contaminated open wounds, or borderline patient parameters. 
Absolute but correctable contraindications to fémoral nailing 
are hypovolemia, hypothermia, and coagulopathy. 

Most fémoral shaft fractures at our institution are treated 
with the patient supine on a fracture table. Latéral positioning 
typically is reserved for proximal subtrochanteric fractures 
for which latéral positioning is much more conducive to frac¬ 
ture réduction as opposed to the supine position. Distal inter¬ 
locking is performed using a freehand “perfect circle” 
technique. This technique can be performed rapidly; we rou- 
tinely use two locking screws distally, primarily in commi- 
nuted fractures that require not only rotational but also length 
stability. Grover and Wiss et al. found no différence when one 
or two screws were used for locking. We believe, however, 
that weight bearing can potentially begin earlier when two 
distal locking screws are used rather than one. 

We do not routinely perform dynamization for those 
fractures that demonstrate healing difficulties. For delayed 
union at 6 to 8 months in Winquist-Hansen grade 3 or grade 
4 comminuted fractures, we prefer bone grafting in situ or 
closed reamed exchange nailing. Small and moderate bone 
defects usually fill in spontaneously. 

■ OPEN INTRAMEDULLARY NAILING 

Open intramedullary nailing of the fémur involves inserting 
the nail after exposing the fracture. It is mentioned primarily 


for historical purposes. The primary indication is in the treat- 
ment of nonunions or fractures requiring intramedullary 
fixation in the face of an existing internai fixation device. The 
benefits and complication profile of closed nailing techniques 
hâve far surpassed open nailing for primary treatment of 
fémoral shaft fractures. Briefly, the techniques of open and 
closed nailing are detailed for comparison purposes. The 
advantages of the open method include the following: 

1. Less expensive equipment is required than is needed for 
closed nailing. 

2. No spécial fracture table or operating table is required. 

3. No image intensifier is required. 

4. No period of preliminary traction is required to distract 
the fracture. 

5. Absolute anatomie réduction is easier to obtain than 
with closed techniques. 

6. Direct observation of the bone may identify undisplaced 
and undetected comminution not noted 
radiographically. 

7. Précisé interdigitation of the fracture fragments 
improves rotational stability. 

8. In segmentai fractures, the middle segment can be sta- 
bilized, preventing the torquing and twisting associated 
with closed réduction and medullary reaming. 

9. In nonunions, opening of the medullary canals of the 
sclerotic bone is easier. 

10. Rotational malalignment is rare after open réduction. 
The disadvantages of the open method compared with closed 
intramedullary nailing include the following: 

1. Skin scars must be considered. 

2. Fracture hematoma, which is important in fracture 
healing, is evacuated. 

3. Bone shavings created by reaming the medullary canal 
often are lost. 

4. Infection rate is increased. 

5. Rate of union is decreased. 

6. If a locking nail is used, locking is difficult without image 
intensification. 

I PREOPERATIVE PLANNING 

After deciding that the fracture is suitable for intramedullary 
nailing, careful planning before surgery is necessary. There is 
no corrélation between the length of the bone and size or 
contour of its canal. Young athlètes with strong bones usually 
hâve a small medullary canal at the isthmus where the thick 
cortices encroach on the canal. In contrast, elderly patients 
usually hâve large canals; even a 15-mm nail may not be large 
enough. In an average patient, the smallest diameter of the 
canal is in the distal part of the proximal third of the shaft. 
The canal gradually enlarges proximally and distally. Frac¬ 
tures through an expanded part of the canal are less securely 
fixed by a standard intramedullary nail than fractures through 
the narrowest part. 

The proper length of the nail should be determined pre- 
operatively; this is best done by radiography to ensure the 
appropriate array of sizes are available intraoperatively. Even 
with this information, the proper diameter of the nail is best 
determined at the time of surgery because of inhérent mea- 
surement errors that may be présent in electronic imaging 
software if no calibration tool is used. Regardless of its diam¬ 
eter, the canal in an adult should be prepared to 1.0 to 1.5 mm 
greater in diameter than the anticipated nail diameter. 
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Insertion instrumentation for closed nailing procedures 
is commonplace, with the general concepts being standard. 
Different manufacturers may hâve a variety of features per- 
mitting, for example, variable interlocking options. Therefore, 
familiarity with the available implant Systems translates 
directly into the surgeons understanding of their utility in 
spécial or unexpected circumstances intraoperatively. Ensur- 
ing the availability and presence of the implants and instru¬ 
mentation is one of the most important preoperative planning 
steps for a successful procedure. 

One must also consider the advantages and disadvan- 
tages of the use of a fracture table in treating these injuries. 
McFerran and Johnson reported that fémoral nailing without 
a fracture table is advantageous in several situations. Fracture 
tables can be time consuming to set up, continuous traction 
generated by a fracture table can lead to postoperative nerve 
palsies, and fracture tables pose difficulties for other sur¬ 
geons who may need to operate on associated injuries. Their 
primary indications for this technique were an ipsilateral 
acetabular or vertical shear pelvic fracture, associated unsta- 
ble spinal injuries, and bilateral extremity injuries. McFerran 
and Johnson initially excluded obese or very muscular 
patients, very small or skeletally immature patients, and 
patients with ipsilateral neck and shaff fractures; however, 
as they gained expérience, only patients with ipsilateral neck 
and shaff fractures and fractures more than 24 hours old 
were excluded. 

McFerran and Johnson recommended preoperative 
scanograms of the uninvolved fémur in the emergency 
department to evaluate length. Because of their success in 
performing fémoral nailings with a fémoral distractor, their 
technique evolved to fémoral nailing without a fracture table 
using manual traction only. This technique saves the time that 
is necessary to place the fémoral distractor. A skilled assistant 
is necessary to perform this technique. Réduction of uncom- 
minuted fractures can be difhcult. Réduction of comminuted 
fractures is easier, but it is more difhcult to judge length and 
rotation. Karpos, McFerran, and Johnson reported 32 fémoral 
nailings performed without a fracture table using manual 
traction only. They reported no complications and found this 
technique to be safe, simple, and effective. 

There has been debate as to the idéal entry portai for 
antegrade closed fémoral nailing. Stannard et al. reported 
their prospective randomized comparison of piriformis fossa 
and greater trochanteric starting portais. There was no différ¬ 
ence in hip function at 1-year follow-up. Intraoperative 
parameters favored a trochanteric entry portai, primarily less 
operative and less fluoroscopy time. 

In our institution, most acute fractures are treated with 
the use of a fracture table for antegrade intramedullary nailing 
procedures through a trochanteric entry portai. Latéral piri¬ 
formis entry tends to be reserved for select subtrochanteric 
fémoral fractures where trochanteric entry can potentiate 
deformity of the proximal segment. We hâve not found the 
added time of patient positioning or table setup to be exces¬ 
sive and hâve found the ease of imaging to outweigh the 
disadvantages of the table. 

■ CLOSED INTRAMEDULLARY NAILING 

The nailing of shaff fractures of long bones without exposure 
of the fracture site was first advocated by Küntscher in 1940 
and has emerged as the mainstay of treatment for most 


fémoral fractures in the United States and worldwide. Several 
large sériés concluded that the rate of fracture healing, return 
to weight bearing, return to activities, and hip and knee func¬ 
tion are excellent affer closed intramedullary nail fixation. 

Closed nailing is an exacting technique. A full set of nails, 
reamers, extractors, and related equipment and an image 
intensifier must be available. Also, a radiolucent flat- 
topped or suitable radiolucent fracture table that permits 
unencumbered rotation of the image intensifier for fracture 
visualization is a prerequisite. Preoperative radiographs of the 
uninjured fémur can be used to estimate proper nail diameter, 
expected amount of reaming, and final nail length for severely 
comminuted fractures. Radiographie templates are available 
for preoperative planning. Proper length must be attained 
with traction before closed antegrade intramedullary nailing. 
The nail length should permit the proximal end to lie flush 
with the tip of the greater trochanter and the distal end to lie 
between the proximal pôle of the patella and the distal fémoral 
epiphyseal scar. 

■ ANTEGRADE FEMORAL NAILING (TRIGEN) 

The TRIGEN (Smith & Nephew, Memphis, TN) is a third- 
generation nail System for the treatment of ail lower extremity 
long-bone fractures that can be treated with intramedullary 
nailing. This System allows the use of a nail in the standard 
interlocking mode or in a reconstruction mode with 130- 
degree angle, dual-screw fixation and can be used from the 
subcapital portion of the fémoral neck to 4 cm from the 
fémoral notch. The nail is made of 6AL4V titanium with a 
spécial coating to minimize bone attachment to the métal. 
The nails are color-coded for the proper side. They are sup- 
plied in 10-mm, 11.5-mm, and 13-mm diameters. The proxi¬ 
mal 7 cm of the 10-mm and 11.5-mm nail is expanded to 
13 mm to provide the extra strength for proximal screw fixa¬ 
tion. Fully threaded, self-drilling, and tapping, 5-mm bone 
screws are used for proximal and distal locking to allow bicor- 
tical fixation and to reduce the possibility of the screws 
backing out. We recommend static locking (proximally and 
distally) for ail fémoral fractures. Nails of 8.5-mm diameter 
are available in the System but differ in their starting portai, 
locking geometry, and interlocking screw size. They are indi- 
cated for fractures in adolescents and at times for adults with 
very small intramedullary canals, which cannot accommo- 
date a larger size. If the medullary canal is large enough, the 
nails can be inserted without reaming. The indications and 
contraindications are the same for this nail as for the other 
antegrade fémoral nails. The surgical technique, while spé¬ 
cifie to this implant, is applicable to most modem nail Systems 
currently available. 


ANTEGRADE FEMORAL NAILING 


TECHNIQUE 54-30 


PATIENT POSITIONING AND PREPARATION 

■ Based on preoperative templating and surgical plan, 
décidé on a radiolucent flat-topped or fracture table 
and patient position. We prefer the use of a fracture 
table. 



CHAPTER 54 FRACTURES OF THE LOWER EXTREMITY ^ 


3 


■ We hâve used the latéral and supine positions extensively, 
and each has its relative indications (Fig. 54-81). The 
supine position is more universal. It provides easier access 
for the anesthesiologist, especially in severely injured 
patients. The circulating and scrub nurses and the radio¬ 
graphie technicians also are more comfortable with the 
patient in this position. It is most useful for bilateral 
fémoral fractures, fractures of the distal third of the 
fémur, and fémoral fractures with contralatéral acetabular 
fractures. Gaining the correct entry portai to the proximal 
fémur usually is only somewhat more difficult with the 
patient supine, primarily in obese patients. 

■ If the patient is supine, adduct the trunk and affected 
extremity. Flex the affected hip 15 to 30 degrees. 

■ Apply traction through a skeletal pin or to the foot with 
a well-padded traction boot. A well-padded périnéal post 
is positioned, and the uninjured extremity is placed in a 
well-padded traction boot. The legs are positioned in a 
scissor configuration. 


■ Estimate correct rotational alignment with respect to the 
normal antéversion of the hip as determined with the 
image intensifier. This can be accomplished by taking 
fluoroscopie views of the uninjured knee and hip at the 
same rotation of the image intensifier and saving these 
for later reference. Therefore, comparable anteroposte- 
rior fluoroscopie views of the injured limb, both knee and 
hip, can then allow for rotational correction based on the 
profile of the lesser trochanter. Similarly, the angle différ¬ 
ence between a radiographie true latéral of the knee and 
hip will represent hip antéversion. 

■ Rotate the foot and distal fragment of the fémur to match 
the proximal fragment by observing the image C-arm. By 
taking successive views with the C-arm, it is possible to 
obtain a latéral view of the proximal fémur in which the 
fémoral neck and shaft are parallel but offset about 1 cm. 
The angle of the C-arm necessary to obtain this "true 
latéral" usually can be read directly off the C-arm. Taking 
into account the normal fémoral antéversion of 15 to 20 



FIGURE 


TECHNIQUE 54-30. 


Russell-Taylor interlocking nail technique. A f Patient in supine position. B f Patient in latéral decubitus position. SEE 
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9 degrees, it is possible to détermine exactly the angle at 
which to place the foot. For example, if the fémoral neck 
and shaft were superimposed when the C-arm was angled 
40 degrees from the horizontal, assuming a fémoral ante- 
version of 20 degrees, it would be necessary to externally 
rotate the foot 20 degrees to match proximal and distal 
fragments. 

■ If the patient is in the latéral decubitus position with the 
périnéal post, ensure that most of the trunk weight is on 
the trochanteric rest of the unaffected hip. 

■ Place the fractured side in 15 to 30 degrees of hip flexion. 
The normal side is in neutral to slight hip extension. Use 
the image intensifier to view the entire fémur in the 
anteroposterior and latéral projections from the knee to 
the hip. 

■ Préparé the patient in the standard manner. Drape the 
buttocks and latéral thigh to the popliteal crease. Cover 
the image intensifier arm with a stérile isolation drape. 

PREPARATION OF FEMUR 

■ Make a short oblique skin incision starting 2 to 3 cm from 
the proximal tip of the greater trochanter and continue 
it proximally and medially. A longer incision may be neces¬ 
sary in obese patients. 

■ Incise the fascia of the gluteus maximus in line with its 
fibers. 

■ Identify the subfascial plane of the gluteus maximus and 
palpate the piriformis fossa or trochanteric portai. 

■ Advance the threaded tip guidewire to the approximate 
level of the piriformis fossa. If a trochanteric antegrade 
technique is used, the entry point is along the médial 
slope of the greater trochanter (Fig. 54-82). 

■ Image the trochanteric région to adjust the position of 
the guidewire such that the trajectory will permit place¬ 
ment into the center of the medullary canal distally. 
■Check the pin position with anteroposterior and latéral 
imaging. If the pin is not central in the fémoral canal, but 
appropriate on one image plane, then the soft-tissue 


guide with multiple-pin "honeycomb" insert may be 
used. This device permits fine tuning of the starting 
guidewire to the proper position by the addition of a 
second pin. 

■ When the pin is properly placed, advance it to below the 
lesser trochanter. 

PROXIMAL ENTRY PORTAL PREPARATION 

■ Remove the honeycomb insert, leaving the guidewire and 
the entry portai tool in the wound. If the insert was not 
needed, place the soft-tissue sleeve before creating the 
entry portai to protect the abductor muscular insertion. 

■ Place the entry reamer assembly, consisting of a 14-mm 
channel reamer, entry reamer connector, and entry reamer 
(Fig. 54-83), into the entry portai tool and over the 
guidewire. 

■ Ream the assembly into the fémur until it bottoms out 
on the entry portai tool. 

■ Check the position of the reamer during the insertion 
with anteroposterior and latéral imaging. 

■ Remove the entry reamer and guidewire, leaving the 
entry portai tube and the channel reamer in place. 

■ Alternative^, the channel reamer may not be used. The 
cannulated entry reamer may be positioned over the start¬ 
ing guidewire. For simple diaphyseal fractures the channel 
reamer generally is not necessary. The device's advantages 
become clearly évident with more proximal fractures as a 
means of externally controlling the characteristic defor- 
mity often seen in subtrochanteric fracture patterns. 

REDUCTION AND GUIDEWIRE INSERTION 

■ Place the réduction tool consisting of the reducer and a 
T-handle into the channel reamer and connector in the 
fémur (Fig. 54-84). 

■ Advance the réduction tool to the fracture site. Use the 
tool to manipulate the proximal fragment and engage the 



Trochanteric starting portai for antegrade 
intramedullary nailing procedures of fémur. SEE TECHNIQUE 54-30. 


Insertion of the channel reamer into proximal 
fémoral metaphysis for creating a starting portai for antegrade 
nailing. SEE TECHNIQUE 54-30. 
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Antegrade fémoral nailing. When reducer is in medullary canal and has captured distal fragment, ball-tipped guide 
rod is inserted through it with use of gripper into distal fémur in région of old epiphyseal scar. (Redrawn from Fémoral antegrade nailing: 
technique manual, Memphis, TN, 2001, Smith & Nephew Richards) SEE TECHNIQUE 54-30. 


distal fragment with the tool's tip. Alternative^, if the 
intramedullary réduction tool is not used, percutaneous 
unicortical réduction "joysticks" can be employed for 
facilitating réduction or external réduction devices also 
are available. 

■ When the distal fragment is reached and engaged, 
advance the 3.0-mm ball-tipped guidewire across the 
fracture. Use the vice grip device to advance the guide¬ 
wire (see Fig. 54-84). 

■ Confirm the réduction and position of the guidewire with 
anteroposterior and latéral images at multiple levels. The 


goal should be concentric central placement of the wire 
distally to the level of the epiphyseal scar (Fig. 54-85). 

■ Remove the réduction tool with the T-handle if used. 

CANAL PREPARATION 

■ Remove the reducer and ream the canal sequentially at 
0.5-mm intervals until there is moderate "chatter" or 
until the reaming exceeds the selected nail diameter by 
1.0 to 1.5 mm. The channel reamer must be removed for 
reamers larger than 12.5 mm (Fig. 54-86). An obturator 
is used to prevent inadvertent removal of the ball-tipped 
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Intramedullary bead-tipped guidewire inserted 
concentrically to distal fémur at level of distal fémoral physeal 
scar or midportion of patella. SEE TECHNIQUE 54-30. 



FIGURE 


Reaming of fémoral canal over 3.2-mm guide 


rod. SEE TECHNIQUE 54-30. 


wire from the proper position within the distal segment 
of the fémur. This must be done during withdrawal of the 
reamer with each pass. If the wire is withdrawn, reposi¬ 
tion and confirm the location on fluoroscopy before 
further reaming. 

■ Confirm the proper nail length by positioning the guide¬ 
wire at the point of desired distal position, usually 
between the superior pôle of the patella and the level of 
the distal epiphyseal scar on the anteroposterior image. 

■ The proper nail length can be determined by either of 
several methods. 

■ Using the guidewire method, with the distal end of the 
rod between the proximal pôle of the patella and the 
distal fémoral epiphyseal scar, overlap a second guide rod 
on the portion of the réduction guide rod extending 
proximally from the fémoral entry portai. The différence 
in length of the two guidewires is the desired length of 
the nail. 

■ Alternative^, most nail Systems now supply cannulated 
depth gauges designed to be placed over the 3.0-mm 
wire, permitting length détermination. This is the pre- 
ferred method. 

■ Insert the ruler over the guidewire and place it at the level 
of the fémoral insertion. 

■ Check this with the anteroposterior image. Read the 
measurement off the measurement device. 


NAIL INSERTION 

■ Attach the drill guide assembly to the selected nail. 

■ Remove the entry portai tube and channel reamer, leaving 
the guidewire in place. 

■ Place the nail into the fémur and advance it manually. The 
nail may require gentle impaction to fully seat. 

■ If there is significant résistance, remove the nail and ream 
the canal 0.5 mm larger. 

■Seat the nail completely as confirmed on multiplanar 
image intensification. 

INTERLOCKING OF NAIL 

■ For proximal and distal interlocking, use the 5-mm locking 
screws. Depending on the chosen implant's configura¬ 
tion, proximal and distal locking options may vary. Stan¬ 
dard static locking with this implant is from the greater 
trochanter directed obliquely to the lesser trochanter. 

■ Place the gold drill sleeve into the proximal guide and 
dimple the skin. 

■ Make a stab wound at that point and spread the tissue 
to the bone. 

■ Insert the gold drill sleeve with the silver inner liner and 
use the long pilot drill to go to the inner cortex but not 
through it. 

■ Measure the length on the calibrated drill bit at the silver 
guide top. Then penetrate the far cortex. Remove the drill 
and silver sleeve. 

■ Insert the screw of the proper length and advance it 
manually until seated. 

■Check the position with an anteroposterior image. 

■ Evaluate that satisfactory length and rotational alignment 
has been restored before proceeding with distal 
interlocking. 

FREEHAND TECHNIQUE FOR DISTAL TARGETING 

■ Place the image intensifier in the latéral position and scan 
the distal fémoral metaphysis. A true latéral image should 
be sought. This is confirmed with visualization of the 
distal interlocking screw holes appearing as perfect, clear 
circles. If the holes appear oblong or to hâve double 
density, then the proper image has not been obtained. 
Note that this represents a true latéral image of the nail 
and not necessarily the distal fémur. 

■ When the holes are completely circular, center a ring 
forceps or the tip of a scalpel over the chosen interlocking 
hole on the latéral side of the leg. Make a longitudinal 
stab incision through the skin, subcutaneous tissue, and 
iliotibial band centered over the interlocking hole in the 
nail. 

■ Place a trocar-tip drill bit over the screw hole, angled 
approximately 45 degrees to permit viewing under fluo¬ 
roscopy (Fig. 54-87). Make appropriate adjustments until 
the tip is centered over the desired hole; each adjustment 
should be accompanied by a fluoroscopie image until the 
proper position is obtained. 

■ Bring the drill parallel and in line with the fluoroscopie 
beam. Take care to maintain constant pressure to avoid 
movement of the drill tip. 

■ Penetrate the latéral cortex. Remove the drill bit from the 
driver and confirm on the latéral image the drill bit placed 
within the interlocking hole. If it is not, make appropriate 
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Freehand technique. A f Awl is placed over prox¬ 
imal screw hole with its handle angled 45 degrees. B-D f Awl is 
adjusted under image intensification until point is centered in 
screw hole and then is swung perpendicular to axis of bone (C) 
and driven to latéral side of rod (D). SEE TECHNIQUE 54-30. 


adjustments in alignment. Then reattach the driver and 
penetrate the médial cortex. 

■ Calibrated drill bits are used for this portion of the pro¬ 
cedure and it greatly increases the ease of determining 
screw length. Alternative^, a standard depth gauge can 
be used. Place the appropriate length interlocking boit by 
hand, confirming satisfactory purchase. 

■ Repeat if additional distal interlocking screws are desired. 

■ Anteroposterior and latéral imaging should confirm 
appropriate screw position and length. 

■ Irrigate and close the wounds in a standard layered 
fashion. 

FINAL EVALUATION 

■ Before leaving the operative suite, several key éléments 
must be evaluated. 


■ First, if the nail has been locked in standard fashion, 
evaluate the fémoral neck with multiplanar fluoroscopie 
imaging to ensure that no occult fémoral neck fracture is 
identified. 

■ Next, confirm the length and rotational réductions and 
compare with the uninjured limb to ensure symmetry. 

■ Evaluate the thigh compartments, and if clinical 
concern exists, then obtain objective compartment 
measurements. 

■ Examine the ligaments of the ipsilateral knee. 

■A postoperative anteroposterior pelvis radiograph with 
both hips internally rotated provides the optimal profile 
view of the fémoral neck as a further check for occult 
fémoral neck fractures and should be obtained and 
reviewed before anesthésia is discontinued. 

POSTOPERATIVE CARE. Weight bearing dépends on 
the stability of the fracture fixation. Weight bearing to 
tolérance is allowed immediately regardless of the nail 
size if satisfactory cortical contact is achieved. In the rare 
circumstance that an adolescent nail is used in an adult, 
protected weight bearing should be initiated until early 
radiographie healing is noted. Touch down or partial 
weight bearing is allowed in comminuted injuries. Hip 
and knee range of motion are encouraged. Quadriceps- 
setting and straight-leg raising exercises are begun before 
hospital discharge. Hip abduction exercises are begun 
after wound healing. Weight bearing is progressed as 
callus formation occurs. Ambulatory aids such as crutches 
or a walker are used for the first 6 weeks. Hip and knee 
range-of-motion and strengthening exercises are recom- 
mended during this time. Unassisted ambulation is per- 
mitted as strength recovery and radiographie healing 
progress. 


■ RETROGRADE NAILING OF THE FEMUR 

Rétrogradé fémoral nailing may be bénéficiai in the following 
clinical situations: (1) obese patients, in whom it is difficult 
to obtain an antegrade entry portai; (2) patients with ipsilat¬ 
eral fémoral neck and shaff fractures to allow the use of sepa- 
rate fixation devices for the shaff and neck fractures; (3) 
patients with floating knee injuries to allow fixation of the 
fémoral and tibial fractures through the same anterior longi¬ 
tudinal incision; (4) multiply-injured trauma patients to 
decrease operative time by not using a fracture table, which 
allows multiple injuries to be treated by preparing and draping 
simultaneously; and (5) prégnant patients, such that intraop¬ 
erative fluoroscopy is minimized around the pelvis. An inter- 
condylar portai is favored for insertion. It is important to 
remember that rétrogradé nailing is more reliable in control- 
ling distal shaff fractures, whereas antegrade nailing provides 
better control of proximal shaff fractures. Satisfactory results 
were reported by Moed and Watson and Herscovici and 
Whiteman in early trials of this technique and hâve been 
reported in more recent sériés. Supracondylar fractures hâve 
lower union rates (80% to 84%) with this technique than 
fémoral shaff fractures (85% to 100%). Rétrogradé nailing of 
the fémur is not without frequent complications, however, 
including knee pain (13% to 60%) and secondary surgery 
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(12% to 35%). The infection rate is acceptable (0% to 14%). 
Varus-valgus malunion, common with the initial extraarticu- 
lar entry site (12% to 29%), is less common with the current 
intercondylar entry site. 

Nonetheless, rétrogradé intramedullary nail stabilization 
provides significant benefits in certain clinical circumstances 
and has an acceptable risk profile compared with antegrade 
procedures. 


RETROGRADE FEMORAL NAILING 


TECHNIQUE 54-31 


■ Place the patient on a radiolucent flattop operating room 
table. A small bolster can be positioned under the ipsilat- 
eral hip to prevent external rotation of the proximal 
fémur. Surgical préparation and draping must include the 
hip girdle and lower flank. 

■ Position the leg over a stérile bump or triangle. Tibial 
traction may be used and affixed to the traction bow 
holder. Alternative^, a tibial traction pin and traction bow 
can be used as a "handle" for more exacting control of 
the distal segment when manual traction is used. 

■ Make an incision through the latéral parapatellar, médial 
parapatellar, or transpatellar tendon based on surgeon 
preference. The retropatellar fat pad must be incised and 
an arthrotomy performed. Insert a 3.2-mm guidewire into 
the intercondylar notch. Position the pin directed centrally 
into the medullary canal on anteroposterior imaging. 
Confirm its position and trajectory on latéral imaging; the 
pin placement should be in line with the medullary canal 
at the anterior extent of Blumensaat's line (Fig. 54-88). 

■ Advance the guidewire into the distal fémoral metaphy- 
sis. Place the soft-tissue protection sleeve over the guide¬ 
wire for protection of the articular surfaces and patellar 
tendon. 

■ Similar to the antegrade technique, a multiple-pin "hon- 
eycomb" insert can aid in perfecting the guidepin place¬ 
ment. If this is used, remove the honeycomb insert and 
place the cannulated entry reamer over the initial 
guidewire. 

■ Advance into the fémur until the reamer is within the 
distal fémur, taking spécial care to maintain the soft- 
tissue protection sleeve in place to avoid iatrogénie 
intraarticular injury. (Do not use the channel reamer and 
entry reamer connector for this procedure.) 

■ Take care to ensure appropriate trajectory of the pin in 
the distal segment, particularly with fractures involving 
the distal fémoral metaphysis. Otherwise, coronal and 
sagittal plane malalignments can resuit secondary to nail- 
canal mismatch. Blocking screws may be indicated to 
maintain alignment. 

■ Remove the reamer and guidewire and insert a 3-mm 
bead-tipped guidewire into the distal fragment. 

■ Reduce the fracture and advance the guidewire into the 
proximal segment to the level of the lesser trochanter. A 
cannulated réduction tool or external devices, such as a 
large distractor, can be used for réduction maneuvers in 
combination with axial traction. Small bumps or bolsters 



Rétrogradé fémoral nailing (see text). A f 
Anteroposterior view of guide pin being passed 10 cm into med¬ 
ullary canal through intercondylar notch. B f On latéral view, med¬ 
ullary canal tapers distally (arrows) to form V; guide pin is placed 
at apex of canal. (From Herscovici D, Whiteman KW: Rétrogradé 
nailing of the fémur using an intercondylar approach, Clin Orthop Relat 
Res 332:98, 1996.) SEE TECHNIQUE 54-31. 


can be placed along the posterior surface of the thigh as 
determined by fluoroscopy to aid in sagittal plane 
réduction. 

■ Préparé the medullary canal by introducing cannulated 
reamers over the guidewire to a diameter 1.0 to 1.5 mm 
larger than the nail to be used. 

■ Recheck the position of the guidewire to confirm its posi¬ 
tion at the lesser trochanter. 

■ Apply traction to the leg to ensure proper length. Measure 
for the appropriate length of the nail with a ruler placed 
over the guidewire. Check to ensure the ruler is counter- 
sunk. This is most easily performed on the latéral image 
plane. 

■ Remove the entry portai tool and insert the nail attached 
to the targeting guide, seating it to the level of the lesser 
trochanter (Fig. 54-89). 

■ Maintain traction on the leg to avoid shortening. 

■ Check the latéral image to ensure the nail is properly 
inset. 
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Nail is seated at level of distal trochanter. (From 
Herscovici D, Whiteman KW: Rétrogradé nailing of the fémur using an 
intercondylar approach, Clin Orthop Relat Res 332:98, 1996.) SEETECH¬ 
NIQUE 54-31. 


■ When the nail is at the proper level, remove the 
guidewire. 

■ Proceed with distal locking of the nail using the 
guide. 

■ Insert the drill sleeve and trocar through the targeting 
guide and dimple the skin. 

■ Make a stab wound at the site and enlarge the hole with 
blunt dissection to bone. 

■ Reinsert the drill guide to bone. Advance the drill until 
the far cortex is encountered and read the measurement 
off the drill bit calibrations for length approximation. 
Complété the pénétration of the cortex. 

■ Insert the screw by hand until fully seated. 

■ Check the length and position of the screws with antero- 
posterior and latéral imaging. 

■ Repeat this procedure until the desired number of inter- 
locking screws hâve been positioned. 

■ Recheck the alignment and length of the fémur using a 
Bovie cord from the anterior superior iliac crest, middle 
of the fémoral head, middle of the knee, and middle of 
the tibial plafond. Check the latéral réduction. 

■ When the final réduction and length are acceptable, 
move to the proximal locking hole, which should be 
placed in the anteroposterior plane at the level of the 
lesser trochanter to avoid nerve and vessel injury. Identify 
the hole by the perfect circle technique. 

■ Using the image intensifier, localize the interlocking holes 
proximally because this will assist in placement of the 
incision. Make a longitudinal skin incision, sharply divid- 
ing the subcutaneous tissue and deep fascia, and bluntly 
dissect to bone. Avoid damage to the branches of the 
fémoral nerve. 

■ Drill into the fémur when the position is acceptable by 
the perfect circle technique. 

■ Use the same technique to détermine the screw length 
as described previously. 

■ Place the interlocking screw using the captured 
screwd river. 



■ Recheck the alignment and réduction with multiple 
anteroposterior and latéral views. 

■ Image the hip in full fluoroscopie mode with internai and 
external rotation and push-pull to check for an occult 
fémoral neck fracture. 

■ Close the wounds in a standard layered fashion and apply 
a dressing. 

■ Perform the same sériés of checks as described for ante- 
grade nail procedures. 

POSTOPERATIVE CARE. Postoperative réhabilitation 
dépends on the stability of fixation, and the fracture 
pattern and must be individualized for each patient. Ail 
patients are initially placed in a knee immobilizer. Patients 
with stable fixation can be started on a continuous 
passive motion program in the first 24 to 48 hours after 
surgery. Fractures with less secure fixation may require 
hinged bracing. Initial weight bearing dépends on frac¬ 
ture stability after fixation. Patients with intercondylar 
fractures or supracondylar fractures require protected 
weight bearing until radiographie progression permits 
advancement of weight bearing (usually between 10 and 
12 weeks). 


■ ERRORS AND COMPLICATIONS OF 
INTRAMEDULLARY FIXATION 

Given the correct indications for intramedullary nailing, the 
necessary equipment and assistance, and adéquate training, 
the following are the most common difficulties in interlock¬ 
ing nailing. Although locked fémoral nailing generally is 
considered to yield good functional results, many patients 
report symptoms related to their fracture and fixation more 
than 1 year after injury. In a study by Benirschke et al., pain 
related to changes in weather occurred in 37%, difficulty 
with walking or standing occurred in 39%, and 9% had to 
change or modify their previous jobs. In a study by Bain 
et al., at 2 years after injury, trochanteric pain was reported 
in 40%, thigh pain in 10%, limping in 13%, and walking and 
climbing difficulty in 10%. A significant decrease in hip 
abductor strength also was noted. The presence of hétéro¬ 
topie ossification, fémoral shortening, or proximal nail 
prominence did not correlate with this loss of abductor 
strength. It was hypothesized that postoperative abductor 
weakness was caused by injury to the gluteus médius and 
minimus muscles or to the superior gluteal nerve during 
portai création or by inadéquate postoperative réhabilitation. 
These researchers suggested retracting the gluteus médius 
and minimus anteriorly when exposing the nail insertion 
site to prevent injury to these muscles and their nerve supply. 
Patients should be counseled about their expected postopera¬ 
tive recovery. 

I PATIENT POSITIONING AND TRACTION 

Fémoral nailing in the supine position using a fracture table 
is the most commonly reported technique in more recent 
sériés. In this technique, the hip is adducted to improve access 
to the piriformis fossa or trochanteric entry portai and intra- 
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operative traction is used. Hip adduction has been found 
to increase pressure on the pudendal nerve, resulting 
in pudendal nerve palsy. Traction should be minimized to 
avoid this complication. Use of a well-padded périnéal post 
and minimizing operative and traction time hâve been 
recommended. 

We recommend the following technique modifications to 
limit intraoperative hip adduction and traction when using a 
fracture table. The patient is placed on the fracture table, and 
traction is applied with the hip in neutral position to confirm 
the ability to reduce the fracture. Traction is released during 
préparation and draping of the extremity and during création 
of the entry portai. The hip is adducted to gain access to the 
nail insertion site but is brought back to neutral position 
when the entry portai has been created. Traction is reapplied 
for fracture réduction. 

We hâve identified two patterns of injury in which exces¬ 
sive traction may be required for fracture réduction, leading 
to a higher incidence of pudendal and peroneal nerve palsies: 
segmentai fémoral fractures and floating knee injuries (which 
necessitate antegrade fémoral nailing). Because of the soft- 
tissue stripping that often occurs with segmentai fémoral 
fractures, the segmentai fragment may not reduce with the 
application of even large amounts of traction. In these rare 
cases, we prefer a limited open réduction or percutaneous 
joystick manipulation to the use of excessive traction. For 
floating knee injuries, we prefer to nail the fémur first, apply- 
ing traction through a pin inserted in either the distal fémur 
or the proximal tibia, flexing the knee, and supporting the 
tibial fracture with a splint to reduce tension on the peroneal 
nerve. 

Early nailings are technically easier than delayed nailings. 
Less traction force is required, and fragment réduction is 
easier. If nailing is delayed more than 12 hours, the fémur 
should be stabilized with traction, which can facilitate length 
maintenance in anticipation of definitive fixation. 

Carlson et al. reported compartment syndrome or pero¬ 
neal nerve palsy in untreated but injured legs as a resuit of 
élévation in a calf-supporting, well-leg holder. We recom¬ 
mend placing the unoperated leg, regardless of injury, in the 
extended supine position on the fracture table. 

I ERRORS IN NAIL INSERTION 

We recommend the supine position for many reasons. True 
latéral views of the hip and proximal fémur are easily obtained, 
and it is impérative that the starting portai be directly in line 
with the center of the shaft on both views. This usually is in 
the piriformis fossa close to the médial wall of the greater 
trochanter, sometimes slightly within the greater trochanter. 
Determining the correct starting portai is worth extra time 
and effort. An eccentric portai can cause comminution and 
loss of fixation. Fémoral neck fractures also hâve been 
reported to occur affer reamer removal and improper use of 
an awl. 

If difficulty exists in passage of the reamer guidewire, 
several techniques can be employed. A cannulated intramed- 
ullary réduction tool can be invaluable in effecting a difficult 
réduction in a closed manner. If one is not available, the 
proximal segment may be reamed to accommodate a 
small intramedullary nail that can then be placed in lieu of 
a réduction tool to accomplish the same goal. The proximal 
fragment usually must be extended and, depending on 


the level of the fracture with respect to the périnéal 
post, either adducted or abducted. The containment of the 
guidewire must be confirmed on orthogonal views. If a 
guidewire is inadvertently partially withdrawn with the 
reamer, its position should be immediately checked on an 
anteroposterior view; if correctly located, it can be inserted 
to the epiphyseal scar. If the guidewire is reinserted affer 
partial withdrawal without checking its level of retreat on 
an anteroposterior view, it is necessary to confirm its position 
on anteroposterior and latéral views. The passage of the nail 
across the fracture must be seen on orthogonal views to 
prevent impingement on the cortex. 

Complications of reaming are eliminated by the unreamed 
technique. Closed section nails can be driven over the initial 
guidewire. Short distal fragments should be supported as the 
nail is being driven to prevent extension at the fracture. The 
guidewire must enter the distal fragment well centered and 
must stay centered to the intercondylar notch for very short 
distal fragments to prevent varus or valgus malalignment. Ail 
fractures should be locked statically (proximal and distal 
screws), and blocking screws may be indicated to provide an 
artificial “cortex” for containment of nails when metaphyseal 
canal-nail mismatch exists. 

A nail that is larger than the medullary canal may become 
firmly incarcerated and resist ail efforts to drive it farther or 
to extract it. To remove the nail, a small incision is made later- 
ally at the level of incarcération, two 5- to 6-mm holes are 
drilled in the latéral cortex 3 to 4 cm apart, and they are con- 
nected with an osteotome or sagittal saw. The nail can be 
withdrawn. If the starting portai is correct, a smaller nail 
should be used or the constricting section of the canal should 
be reamed to a larger diameter. Careful preoperative templat- 
ing and canal préparation should virtually eliminate the com¬ 
plication of nail incarcération. 

I BENT OR BROKEN NAILS 

The fémoral nails in common use today hâve a smooth, 
bullet-shaped leading tip to make insertion easier and are 
slightly bowed anteriorly. This preformed anterior bow 
should be directed anteriorly when the nail is inserted. 
Improper sélection (inserting a “right” nail in a left fémur) 
results in improper alignment of the proximal interlocking 
screw hole. 

A bent nail usually indicates an injudicious act on the 
part of the patient or a nail that was too small (Fig. 54-90). 
The diamond-shaped nail bends more readily than the clo- 
verleaf nail. A bent nail is not an indication for manipulation; 
it only succeeds in further weakening the nail. Instead, the 
bent nail should be removed and a new one should be 
inserted. When bending of the nail has occurred, it is wishful 
thinking to expect that union will occur before further 
bending or breaking of the nail, a far more complicated situ¬ 
ation. Just before a bent nail is extracted, the leg should be 
manipulated into as nearly normal alignment as possible. A 
broken nail almost always can be extracted through the 
buttock incision, using an assortment of extraction hooks to 
engage the distal tip and deliver both halves. If a hook is 
unsuccessful, the proximal half is removed by its normal 
driver extractor. Next, a ball-tip guidewire is placed through 
the distal half of the nail and jammed into position with 
other guidewires. The initial guidewire is withdrawn with 
the distal segment of nail. 
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EXTRACTION OF AN UNBROKEN 
ANTEGRADE FEMORAL NAIL 


TECHNIQUE 54-32 


■ Place the patient in the straight latéral position using a 
beanbag or other positioning device on a radiolucent 
operating table. 

■ Préparé the entire leg 7 latéral buttock, and torso to the 
ribs. Drape the leg to allow full hip and knee motion for 
positioning. 

■ Flex the hip to almost 90 degrees. 

■ Remove the proximal and distal locking screws in the 
standard fashion. 

■ Lay a guidewire on the thigh and obtain a fluoroscopie 
image of the proximal hip. Adjust the wire to coincide 
with the fémoral nail on the latéral view. Draw a line 
along the wire, extending it onto the buttock. Externally 
rotate the thigh and, using fluoroscopie imaging, mark a 
line in a similar fashion to détermine the anteroposterior 
nail position. The intersection of the two lines indicates 
the site of the incision for placement of the extractor. The 
incision may be different than what was used initially to 
insert the device, particularly if it was originally placed 
with the patient supine. 

■ If hétérotopie bone is to be removed, the incision will 
need to be made larger. 


■ Insert a 3.2-mm guidewire along the scissors until it 
touches the nail. 

■Adjust the guide pin until it advances into the nail. 

■ Obtain anteroposterior and latéral images of the hip to 
confirm placement of the guidewire into the nail. 

■ Insert the cone-shaped fémoral extractor on the extrac¬ 
tion bar into the wound over the guide pin. Screw the 
extractor into the nail. If there is overgrown bone, use a 
soft-tissue protection sleeve and place a cannulated entry 
reamer over the guidewire to remove the osseous cap 
before insertion of the nail extractor. The first pass may 
not engage the nail fully, but it removes much of the 
interposed soft tissue. 

■ Reinsert the extractor over the guide pin or wire and 
tighten it onto the nail with force sufficient to require the 
use of the wrenches. 

■ Use the slotted mallet to hammer the nail out. Irrigate 
and close the wound in the standard fashion. 


EXTRACTION OF A BROKEN FEMORAL 
ANTEGRADE NAIL 


TECHNIQUE 54-33 


■ Position the patient as described previously. 

■ Remove ail locking screws. 

■Approach the proximal fémur as described previously 
with the long 3.2-mm guide pin. 

■ Insert the pin into the nail. 

■ Remove the hétérotopie bone with curets or a reamer. 

■ Remove the guide pin, and insert a hooked guidewire and 
advance it to the tip of the broken nail. 

■ Wedge the hooked guidewire with multiple smaller 
guidewires. This should align the broken ends to make 
the broken nail more like one piece and avoid catching 
the sides of the fémur. Manipulation of the fémur may 
be necessary if deformity is présent to allow for "linear" 
removal. 

■Grasp the multiple guidewires with locking (vice-grip) 
pliers attached to a universal sliding extractor. 

■ Carefully extract the nail with gentle mallet blows. If 
unsuccessful, an open approach may be necessary. 


I INFECTIONS 

A deep infection after either open or closed intramedullary 
fixation is a serious complication. The literature reports infec¬ 
tion rates of 1.5% to 10% after open réduction and intramed¬ 
ullary fixation; after closed réduction and nailing, most 
authors report less than a 1% deep infection rate. This in and 
of itself is justification for mastering the closed nailing 
technique. 

If a deep infection occurs after intramedullary nailing, 
the involved site (usually the fracture site) should be surgi- 
cally opened and widely drained. Ail devitalized tissue, small 
bone fragments, granulation tissue, and hematoma should 
be removed, and the surgical site may require multiple 
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debridements, depending on the virulence of the organism. 
The intramedullary nail may be left in place, however, if it is 
providing fixation because removal of the nail usually results 
in an infected nonunion. At times, infections that are difficult 
to control may require early deep hardware removal and tem- 
porary antibiotic cernent nail insertion before definitive fixa¬ 
tion in an effort to eradicate the infection. Cultures should be 
obtained, and appropriate antibiotics should be begun. We 
usually give the patient intravenous antibiotics for 6 weeks 
after this surgery. The patient is then given an oral suppressive 
antibiotic, often until union if the hardware is retained. The 
patients progress is monitored by repeated measuring of 
érythrocyte sédimentation rate and C-reactive protein. 

The infection usually remains localized to the fracture 
site, and although drainage may continue indefinitely and a 
medullary sequestrum may form, the nail should be left in 
place if possible. Involucrum and callus form despite infec¬ 
tion if the fixation remains fairly rigid. The nail should not be 
removed until the healing is strong enough to support the 
fracture. At this time, a sequestrectomy is performed and the 
nail is removed. Rarely, infection extends from one end of 
the medullary canal to the other and may follow the nailing 
of an open fracture of the fémur. This complication is serious 
and usually results in drainage for a long time, with exacerba¬ 
tions and remissions. The nail is left in place despite the 
infection until the fracture unités, provided that fixation is 
reasonably firm. 

If the fracture is infected and the nail is broken or provid¬ 
ing little stability, it can be removed at the time of the open 
drainage procedure and a larger nail can be inserted or an 
external fixator applied. With either choice, the fragments 
must be immobilized; the wound may be left open, and an 
appropriate antibiotic regimen is begun. 

In our expérience, infection occurs after closed nailing 
of closed fractures in about 0.5% of patients. Of the fémoral 
fractures we treat, 25% are open and infection occurs after 


closed nailing of open fractures in 2% to 3% of patients. 
To date, in more than 2500 fémoral nailings, ail infections 
were controlled with debridement and antibiotics during 
fracture healing. After healing of the fracture, the nails were 
removed and the medullary canals underwent debridement 
and irrigation. No evidence of infection returned after nail 
removal. 

INTRAMEDULLARY FIXATION IN 
PATHOLOGIC FRACTURES 

For pathologie fractures resulting from metastatic tumors, 
intramedullary fixation is usually rigid enough to allow the 
patient to be up and about in relative comfort for the remain- 
ing months of life. If the metastatic deposit is discovered 
before fracture, closed prophylactic intramedullary nailing is 
justified if a pathologie fracture is impending. If a fracture 
occurs through a large metastatic tumor, a large intramedul¬ 
lary nail supplemented by methyl méthacrylate may afford 
good fixation. Union may even occur. The theoretical disad- 
vantage that the passage of an intramedullary nail through 
the tumor may dislodge tumor cells and accelerate metastatic 
spread does not justify condemnation of the method. In these 
fractures, because the bone is often severely osteoporotic, 
fixation usually is more secure after intramedullary nailing 
than after the application of plates and screws. Local radiation 
therapy can be given after nailing without ill effect. 

Grundy reported 63 fractures of the fémur in patients 
with Paget disease. The most common site of fracture was the 
subtrochanteric area, with the upper shaft the next most 
common (Fig. 54-91). He recommended treatment of shaft 
fractures with traction followed by cast immobilization. In 
subtrochanteric fractures, he suggested using a short intra¬ 
medullary nail, pointing out that there is usually bowing and 
that a long nail would become incarcerated or would eut out 
because of the deformity. The short nail fixation did allow 
the fractures to heal and prevented the progressive varus 



A and B f Fémoral fracture in a patient with Paget disease was fixed with double plates. C and D f Fracture occurred 
below plates; plates were removed, and fémur was stabilized with intramedullary nail. 
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A, Polytraumatized patient with left fémoral diaphyseal fracture and associated femoroacetabular dislocation. Also 
note concomitant complex pelvic ring and left-sided acetabular injury. B f Proximal fémur was reduced using percutaneous positioned 
Schanz pin at time of the patient's exploratory laparotomy. Pin was then incorporated into uniplanar external fixator for temporary 
stabilization of fémoral fracture secondary to patient's overall condition on présentation. 


deformity that tends to resuit with nonoperative treatment of 
subtrochanteric fractures in Paget disease. 

Metastatic lésions frequently are in the subtrochanteric 
région and may be multicentric. They are slow to heal because 
of bone loss, tumor extension, and radiation therapy. There- 
fore intramedullary implants are well suited for treatment of 
pathologie processes because it allows immédiate weight 
bearing. Furthermore, modem cephalomedullary nails 
provide rigid fixation of the entire fémur from the fémoral 
neck to the intercondylar notch and rotation and length are 
maintained by the proximal and distal locking screws. In a 
multicenter prospective study, 25 metastatic fémoral lésions 
in 22 patients were treated with the Russell-Taylor recon¬ 
struction nail. Pathologie fractures had occurred in 15 fémurs, 
and 10 had impending pathologie fractures. Twenty-four of 
the 25 lésions produced incapacitating pain, and pain relief 
was évident immediately after surgery in ail. At an average 
1-year follow-up, fixation had not been lost in any patient, 
and of the 22 patients, 16 were still alive. 

FRACTURE OF THE FEMORAL SHAFT WITH 
DISLOCATION OF THE HIP 

It was previously believed that the same mechanism that pro¬ 
duces a fracture of the neck of the fémur with a fracture of 
the shaff also may produce a dislocated hip. In cadavers, Helal 
and Skevis could produce the combination of dislocation of 
the hip and fracture of the shaff only by two separate forces. 
According to them, the hip is dislocated by a force applied in 
line with the shaff while the knee and hip are flexed 90 degrees 
and the hip is adducted; the fémoral shaff is fractured by 
another force applied to the latéral aspect of the thigh. The 
fact that in this injury the shaff fracture usually is transverse 
supports their findings. They noted that in 50% of ail such 
injuries reported in the literature, the dislocation of the hip 
was unrecognized initially. Adduction of the proximal frag¬ 
ment as seen in the radiographs of the fémur is strong 


evidence that the hip is dislocated; Helal and Skevis noted 
that in 85% of the fractures of the fémoral shaff without dis¬ 
location of the hip, the proximal fragment is abducted. This 
illustrâtes and supports the importance of a thorough system- 
atic radiographie évaluation in the setting of high-energy 
trauma to include at a minimum orthogonal imaging of joints 
adjacent to the anatomie area of primary injury. 

In this combined injury, the dislocation of the hip is an 
emergency and must be reduced promptly to prevent osteo- 
necrosis of the fémoral head (Fig. 54-92). We prefer to treat 
the fémoral shaff fracture definitively, in the same setting, if 
the patients condition permits early total care. Ingram and 
Turner reported a patient with bilateral injuries in whom a 
heavy Steinmann pin was inserted from anterior to posterior 
through the greater trochanter, a large traction bow was 
applied to the pin, and the dislocation was reduced by manip¬ 
ulation. Then the fémoral shaff fracture could be treated with 
internai fixation. In another method, the patient is taken 
promptly to the operating room and the shaff fracture, if suit- 
able, is stabilized by intramedullary fixation; the dislocation 
of the hip is disregarded until this part of the operation is 
finished. The dislocation is then reduced by manipulation; 
however, this clearly delays the time to réduction and there- 
fore other methods of closed réduction should be exhausted 
before using this method. 

FRACTURE OF THE FEMORAL SHAFT WITH 
FEMORAL HEAD PROSTHESIS 

Fractures of the shaff of the fémur after a total hip arthro- 
plasty or insertion of a fémoral head prosthesis are common. 
With trauma, forces concentrate on the fémoral shaff at or 
near the distal tip of a prosthesis and frequently resuit in a 
fracture at this level. These fractures can be classified into 
three types: type I, spiral fractures that begin proximal to the 
tip of the prosthesis so that the position of the fragments is 
maintained by the distal part of the stem; type II, fractures at 
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the level of the tip of the stem of the prosthesis; and type III, 
fractures below the tip of the stem of the prosthesis. Treat- 
ment dépends on the fracture morphology, stability, and 
patient parameters. 

Conservative measures may be possible for type II frac¬ 
tures, but replacing the previous prosthesis with one with a 
longer stem should be considered. Type III fractures can be 
treated conservatively or by ORIF using compression plating. 
Type III fractures occurring in the distal third of the fémur 
also can be treated with rétrogradé intramedullary nailing or 
percutaneous submuscular plate insertion. We hâve used 
fémoral plating with additional fémoral allograft strips and 
spécial plates that allow cerclage wiring for primary fixation 
of periprosthetic fractures below a fémoral stem. Care should 
be taken to avoid injury to the neurovascular structures 
medially and inferiorly. Dennis et al. compared biomechani- 
cal characteristics of two allograft struts and cerclage wire 
with plate fixation with screws distally and cerclage wires 
proximally (Ogden construct). They concluded that the 
“Ogden construct was more rigid than the allograft strut 
fixation.” 

Periprosthetic fractures above a total knee arthroplasty 
can be treated with a rétrogradé intramedullary nail, pro- 
vided that the fémoral component is an “open box” design of 
sufficient intercondylar width to permit placement. Knowl¬ 
edge of the manufacturer and make of the arthroplasty com- 
ponents is critical if intramedullary fixation is planned. If 
rétrogradé intramedullary nailing is impossible, however, a 
minimally invasive submuscular plate can be used if there is 
adéquate bone for distal screw fixation, and newer polyaxial 
designs may provide improved utility in this setting. If the 
fracture is too close to the bone-cement interface or clear 
component loosening is noted, révision arthroplasty with a 
stemmed prosthesis may be the only option. 
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As the number of hip fractures continues to increase in the 
United States (with an estimated 458,000 to 1,037,000 hip 
fractures per year by 2050 in patients 45 years old or older), 
orthopaedic surgeons will be called on to help deal with this 
impending public health crisis. Although most hip fractures 
occur in the gériatrie population, more and more young 
patients are surviving motor vehicle accidents and presenting 
with high-energy injuries about the hip. Hip fractures in these 
two populations can be very different, and an understanding 
of these différences will help détermine the appropriate treat¬ 
ment to restore the patient to his or her preinjury functional 
status. 

FEMORAL NECK FRACTURES 

Fractures of the neck of the fémur occur predominantly in the 
elderly, typically resuit from low-energy falls, and may be 
associated with osteoporosis. Fractures of the fémoral neck in 
the young are a very different injury and are treated in very 
different ways. Fémoral neck fractures in young patients typi¬ 
cally are the resuit of a high-energy mechanism, and associated 
injuries are common. Most fractures of the fémoral neck are 
intracapsular and may compromise the tenuous blood supply 
to the fémoral head (Fig. 55-1). Basicervical fémoral neck 
fractures are extracapsular fémoral neck fractures and offen 
are considered with intertrochanteric fémoral fractures. 

CLASSIFICATION 

Fémoral neck fractures can be classified by the location of the 
fracture line (subcapital, transcervical, or basicervical [Fig. 
55-2]), the Garden classification, or Pauwels classification. 
The Garden classification (Fig. 55-3) is the most commonly 
used classification System and is based on the degree of 
displacement: 

Stage I: incomplète fracture line (valgus impacted) 

Stage II: complété fracture line; nondisplaced 


Stage III: complété fracture line; partially displaced 
Stage IV: complété fracture line; completely displaced 
Stages III and IV can be differentiated radiographically by 
carefully scrutinizing the trabecular patterns of the fémoral 
head and acetabulum. Stage III fémoral neck fractures main- 
tain contact between the fémoral neck and fémoral head, and 
the trabecular patterns between the head and acetabulum are 
no longer aligned. Stage IV fractures do not maintain contact 
between the fémoral neck and fémoral head, and the trabecu¬ 
lar patterns between the head and acetabulum hâve realigned. 
Interobserver reliability between stages is low; however, most 
surgeons are able to differentiate between nondisplaced 
fémoral neck fractures (stages I and II) and displaced fémoral 
neck fractures (stages III and IV). A shortcoming of the 
Garden classification is that angulation and displacement in 
the sagittal plane are not considered. 

The Pauwels classification (Fig. 55-4) was initially 
described in 1935 in the German literature and was thought 
to describe the major forces présent at the fracture site. The 
classification has been misquoted in the literature over the 
years, causing some confusion, but the basic premise remains: 
increasing verticality of the fémoral neck fracture line is 
associated with increased presence of shear at the fracture 
site. The classification is based on the angle the fracture line 
makes in reference to the horizontal. The fracture line in a 
Pauwels type I fracture is between 0 and 30 degrees in refer¬ 
ence to the horizontal, type II is between 30 and 50 degrees, 
and type III is more than 50 degrees (Fig. 55-5). More recently, 
Collinge et al. reported significant comminution in 96% of 
fémoral neck fractures with high Pauwel angles. The Pauwel 
classification is relevant because optimal treatment probably 
varies with the Pauwels angle. 

DIAGNOSIS 

The diagnosis of a fémoral neck fracture is based on history, 
physical examination, and radiographs. Most patients with 
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FIGURE 


Blood supply to the fémoral head. 



FIGURE 


Classification of fémoral neck fractures by loca¬ 


tion: subcapital, transcervical, basicervical. 


fémoral neck fractures give a history of a traumatic event, 
with the exception of patients who hâve stress fractures of the 
fémoral neck. Also, many young patients with high-energy 
fémoral neck fractures hâve associated injuries, including 
head injuries, and may not be able to give a history The index 
of suspicion for a fémoral neck fracture must be extremely 
high because the conséquences of a missed fémoral neck 
fracture can be disastrous. The physical examination typically 
reveals an extremity that is shortened and externally rotated. 
Standard anteroposterior pelvic and cross-table latéral views 
of the hip are necessary, and a traction internai rotation view 
often is helpful. The entire fémur should be imaged. MRI has 
become the imaging study of choice to evaluate occult fémoral 
neck fractures. CT scans to evaluate fémoral neck fractures, 





Stage I 


Garden 


fractures. 



classification of fémoral 


neck 


often available as part of the CT scan of the chest, abdomen, 
and pelvis, can yield useful information including degree of 
comminution. 

TREATMENT 

A satisfactory réduction is paramount in minimizing the 
complications associated with treatment of fémoral neck 
fractures, including nonunion and osteonecrosis. A closed 
réduction can be attempted in every patient for whom inter¬ 
nai fixation is planned. The Whitman technique involves 
applying traction to the abducted, extended, externally 
rotated hip with subséquent internai rotation. Réduction 
attempts should not be forceful and should not be repeated 
more than two or three times. Once réduction has been 
attempted, the angulation and alignment must be critically 
evaluated. The Garden alignment index (Fig. 55-6) can be 
used to evaluate fémoral neck angulation and alignment. The 
trabecular alignment pattern (Fig. 55-7) is evaluated with 
both anteroposterior and latéral radiographs or fluoroscopy. 
On the anteroposterior image, the angle between the médial 
shaff and the central axis of the médial compressive trabeculae 
should measure between 160 and 180 degrees. An angle of 
less than 160 degrees indicates varus, whereas an angle of 
more than 180 degrees indicates excessive valgus. On the 
latéral image, angulation should be approximately 180 degrees 
and déviation of more than 20 degrees indicates excessive 
antéversion or rétroversion. Interestingly, Liporace et al. 
reported a high percentage of rétroversion of the fémoral 
neck (approximately 20% of Caucasians in their sériés), and 
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FIGURE 


Pauwels classification of fémoral neck fractures. 



FIGURE 


Radiograph (A), CT scans (B and C), and clinical photograph (D) of high Pauwels angle fémoral neck fracture. 
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FIGURE 


Garden alignment index. 



Anteroposterior radiograph shows angle 
between médial trabecular stream in fémoral head and médial 
cortex of fémoral shaft. (From Garden RS: Réduction and fixation of 
subcapital fractures of the fémur, Orthop Clin North Am 5:683, 1974.) 


this relatively high frequency of rétroversion must be consid¬ 
érée! in the care of not just fémoral neck fractures but other 
fractures of the proximal fémur and fémoral shaft. Lowell 
et al. described the radiographie or fluoroscopie appearance 
of an anatomically reduced fémoral neck as “shallow-S- or 
reverse-S-shaped curves” (Fig. 55-8); these “curves” may be 


more useful than the Garden alignment index for intraopera¬ 
tive évaluation of alignment. 

■ OPERATIVE TREATMENT 

Most fémoral neck fractures require operative treatment. 
Possible exceptions include stress fractures on the compres¬ 
sion side of the fémoral neck and fémoral neck fractures in 
patients who are nonambulatory and comfortable or are too 
infirm for operative treatment. 

I IMPLANT CHOICE 

The choice of implant and operation is largely dépendent on 
the patients physiologie âge. Patients with displaced fémoral 
neck fractures who are older are b est treated with hemiar- 
throplasty or total hip arthroplasty (THA). Younger patients 
are treated with internai fixation. With hemiarthroplasty, 
controversy exists to some degree over the use of cemented 
or cementless stems, as well as unipolar or bipolar prostheses. 
Data from several studies indicate that many community 
ambulators may be better treated with THA than with hemi¬ 
arthroplasty. A major concern with THA for fémoral neck 
fracture is dislocation, which has led to an increased interest 
in using an anterior or antérolatéral approach (see Chapter 1, 
Techniques 1-60 and 1-62) when THA is done for treatment 
of a fémoral neck fracture. 


FIXATION OF FEMORAL 
NECK FRACTURE WITH 
CANNULATED SCREWS 


TECHNIQUE 55-1 


■ Place the patient supine on a fracture table. Attempt 
closed réduction with the Whitman or other réduction 
technique. We typically scissor the lower extremities 
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A f Concave outline of fémoral neck meets convex outline of fémoral head in "S" or reversed-"S" curve superiorly, 
inferiorly, anteriorly, and posteriorly. B f Failure of restoration of these "S" signs is indicative of nonanatomic alignment. (Redrawn from 
Lowell JD: Results and complications of fémoral neck fractures, Clin Orthop Relat Res 152:162, 1980.) 




For fixation of fémoral neck fractures, three partially threaded screws can be inserted in an inverted triangle configu¬ 
ration (A and B). Four screws can be placed in a diamond configuration when significant comminution is présent (C). (Redrawn from 
Tornetta P: Trauma Instructional Course Lectures, Rosemont, American Academy of Orthopaedic Surgeons, 2006.) SEE TECHNIQUE 55-1. 


(unaffected hip extended relative to the injured side), but 
a well-leg holder also can be used. 

■ We typically use three partially threaded screws (6.5, 
7.0, or 7.3 mm) in an inverted triangle configuration 

(Fig. 55-9A and B). 

■ Use fluoroscopy in both planes to localize placement of 
the inferocentral wire. Make a skin incision extending 2 
to 3 cm proximally. Split the fascia in line with the skin 
incision and use a Cobb elevator to gently split the fibers 
of the vastus lateralis muscle longitudinally. 

■ Place the inferocentral wire in perfect position on both 
views. Placing a guidewire along the anterior fémoral 
neck can be helpful in determining appropriate antéver¬ 
sion. Make sure not to begin below the lesser trochanter 
and to continue proximally along the calcar. 

■ Once the first guide pin is in place, use a parallel guide 
to place the posterosuperior and then anterosuperior pins 
to obtain posterior and anterior cortical support in the 
fémoral neck. Advance the threaded guide pins just short 


of the articular surface. Be very careful not to violate the 
articular surface. 

■ To détermine appropriate screw length, measure the 
length of the guide pin and subtract 5 mm. Self-drilling, 
self-tapping screws generally are used, but sometimes 
predrilling of the outer cortex is necessary in patients with 
dense bone. Washers are used where space permits. 

■ A fourth screw (diamond configuration) may be necessary 
in patients with significant posterior comminution 
(Fig. 55-9C). 


Extrême care must be taken in the placement of guide pins 
because inaccurate passage of the pins (multiple attempts or 
attempts below the level of the lesser trochanter) has been 
associated with subtrochanteric fémoral fractures. In a bio- 
mechanical model, screw configuration was shown to influ¬ 
ence the occurrence of subtrochanteric fémoral fracture. 
Fractures in a fémoral neck model were fixed with an 
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apex-distal screw or apex-proximal screw configuration. 
Those fixed with an apex-distal configuration exhibited a 
greater load to failure (before subtrochanteric fémoral frac¬ 
ture) than those fixed with an apex-proximal configuration. 
The concern of subtrochanteric fémoral fracture, as well as 
the increased possibility of nonunion, was reported in a 
recent clinical study as well. Washers are used whenever pos¬ 
sible because their use has been suggested to reduce the risk 
of failure, possibly because of increased compressive forces 
generated when washers are used. 

Cannulated screw fixation can be done only affer satisfac- 
tory réduction has been obtained. If satisfactory closed 
réduction cannot be obtained, open réduction, or arthroplasty 
in an elderly patient, is indicated. An inadéquate closed 
réduction must not be accepted. An open réduction can 
be done through either a Watson Jones approach (see Tech¬ 
nique 1-63) or a modified Smith-Petersen approach (see 
Technique 55-2). Subcapital or transcervical fémoral neck 
fractures can be better seen and more easily reduced through 
a modified Smith-Petersen approach; however, this approach 
does require a second incision for placement of fixation. 


OPEN REDUCTION AND 
INTERNAL FIXATION 


TECHNIQUE 55-2 


(MODIFIED SMITH-PETERSEN) 

■ Position the patient supine on a flat-topped or fracture 
table. A fracture table makes latéral fluoroscopy easier. 

■ Make a longitudinal incision beginning at the anterior 
superior iliac spine and extending approximately 10 cm 
distally toward the latéral aspect of the patella. 


■ Incise the fascia of the tensor fascia latae and develop the 
interval between the tensor fascia latae and the sartorius 
muscle. Cauterize ascending branches of the latéral 
fémoral circumflex artery as they are encountered. 

■ Identify and tag the direct head of the rectus femoris and 
then release it off the anterior inferior iliac spine. 

■ Reflect the indirect head of the rectus femoris muscle 
from the capsule, along with the iliocapsularis muscle if 
présent. 

■ Perform a capsulotomy in the shape of a T, inverted-T, or 
H. We most often use a T-shaped capsulotomy. The vas- 
cular anatomy of the proximal fémur must be considered, 
and portions of the capsulotomy must be carefully 
extended (e.g., if a capsulotomy in the shape of an 
inverted T or H is made, posterior extension of the trans¬ 
verse limb at the base of the fémoral neck should be 
avoided to prevent injury to the blood supply to the 
fémoral head). 

■ Place a 5.0-mm Schanz pin in the proximal fémoral 
diaphysis to control the distal segment and place a 
T-handle on the Schanz pin to aid in manipulation. 

■ Insert two 2.0-mm threaded Kirschner wires into the head 
segment and use them as joysticks to reduce the fracture. 
We also hâve used a réduction clamp (Farabeuf) to gain 
compression across the fracture of the fémoral neck, as 
described by Molnar and Routt (Fig. 55-10). 

■ Once satisfactory réduction is confirmed both visually and 
radiographically, insert cannulated screws (see Technique 
55-1) or a compression hip screw with a derotational 
screw. 

POSTOPERATIVE CARE. Patients with high-energy 
fémoral neck fractures are kept at touch-down 
(weight of leg) weight bearing for 10 to 12 weeks. Older 
patients are allowed protected weight bearing with a 



FIGURE 


Réduction (Farabeuf) clamp can be used to gain compression across fémoral neck fracture. A, Displaced fracture. 


B, Reduced fracture. SEE TECHNIQUE 55-2. 
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walker if their balance and other medical comorbidities 
allow. Patients who cannot safely ambulate are encour- 
aged to mobilize to a chair to minimize pulmonary 
complications. 


Controversy exists about the best method of fixation for 
displaced subcapital and transcervical fémoral neck fractures, 
and there are strong advocates of both cannulated screws 
(Fig. 55-11) and compression hip screws. Biomechanical 
studies suggest that a compression hip screw coupled with 
a derotational screw (Fig. 55-12) is stronger than three can¬ 
nulated screws in the treatment of unstable basicervical 
fémoral neck fractures. A rétrospective clinical study com- 
paring fixation devices for Pauwels type III fémoral neck 
fractures found no definitive evidence indicating the optimal 
fixation device. There was a higher nonunion rate with can¬ 
nulated screws than with fixed angle devices (dynamic hip 
screw, cephalomedullary nail, dynamic condylar screw); 
however, this différence was not statistically significant. 
Biomechanical data suggest that a proximal fémoral locking 
plate may be superior to both cannulated screws and a 
compression hip screw in a Pauwels type III fémoral neck 
model, but clinical studies hâve not been encouraging. 
Berkes et al. reported a high incidence of catastrophic failure 
with proximal fémoral locking plates. A different design of 
plate has shown improved results compared with cannulated 
screws; this design allows some controlled shortening. We 
typically reserve use of proximal fémoral locking plates for 
fractures with significant fémoral neck comminution (Figs. 
55-13 and 55-14). Another option for high Pauwels angle 
fémoral neck fractures that is supported by biomechanical 


data is the addition of a trochanteric lag screw; however, 
large clinical sériés specifically using this technique are 
lacking. 

The technique for placement of a compression hip screw 
is described in the section on inter trochanteric fémoral 
fractures (see Technique 55-4). Care must be taken with 
placement of a large diameter lag screw in patients with 



Cannulated screw fixation of displaced fémoral 
neck fracture after open réduction. 



Displaced fémoral neck fracture (A), in this case ipsilateral to fémoral shaft fracture, fixed with compression hip screw 
and derotational screw (B). 
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Axial CT scan of fémoral neck fracture with 
significant posterior fémoral neck comminution. 


nonosteoporotic bone, and considération should be given to 
routinely using a tap as well as placing a derotational screw. 

The importance of fémoral neck length in influencing 
functional outcome has been emphasized in several reports. 
Zlowodzki et al. rétrospectively evaluated the effect of 
fémoral neck shortening (Fig. 55-15) on functional outcome 
in 70 patients from four institutions with healed fémoral 
neck fractures, 64% of which were nondisplaced intracapsu- 
lar fractures. Ail patients were treated with screw fixation, 
and 69 of 70 had acceptable réductions according to the 
Garden alignment index. Interestingly, 46 (66%) of the 70 
patients healed with shortening of more than 5 mm and 27 
(30%) had more than 5 degrees of varus. The primary 
outcome measure, the SF-36 physical functioning score, 
correlated with the degree of fémoral neck shortening, sug- 
gesting that fémoral neck shortening negatively impacts 
functional outcome. 

Boraiah et al. reported treatment of 54 intracapsular 
fémoral neck fractures with anatomie réduction, intraopera¬ 
tive compression, and length-stable implants. Various open 
réduction techniques were used depending on fracture 
pattern and physiologie âge. Intraoperative compression was 
achieved before placement of a dynamic hip screw (or 
dynamic helical hip screw) and fully threaded screws. The 
overall union rate was 94%, with an average shortening of the 
fémoral neck of 1.7 mm. The average 36-Item Short Form 
Health Survey (SF-36) physical functioning score was 42, and 
the Harris Hip Score was 87. The Bodily Pain subscore of the 
SF-36 correlated with the “abductor lever arm” (distance from 
the center of the fémoral head to a tangential line along the 
greater trochanter). Patients with greater différences in the 
abductor lever arm between the fractured and unaffected 
sides had lower Bodily Pain subscores. Sériés from other 
centers supporting this technique are currently lacking in the 


literature, and at least one study reported high complication 
rates. 

Only slight changes in technique are necessary to stabilize 
fémoral neck fractures at length. Obviously, the réduction is 
paramount. Using length-stable implants in fractures that are 
not well reduced likely will resuit in frequent nonunions. 
Potentially, the goals of union and maintenance of fémoral 
neck length can both be achieved. Closed réduction of dis- 
placed fractures can be attempted, followed by open réduction 
through either a Smith-Petersen or Watson-Jones approach if 
closed réduction fails to obtain an anatomie réduction. In 
older patients and fractures with less displacement, more 
limited open réductions can be done with the use of ball- 
spike pushers, Cobb elevators, and Kirschner wires to obtain 
anatomie réductions. After réduction has been obtained, 
partially threaded cannulated screws can be placed for com¬ 
pression across the fracture site. Once adéquate compression 
is achieved, the cannulated screws are replaced one by one 
with fully threaded screws with washers. If a compression hip 
screw is to be used, such as for a high Pauwels angle fémoral 
neck fracture, a guide pin is placed perpendicular to the 
fracture line, and a partially threaded cannulated screw is 
inserted, followed by the compression hip screw. The partially 
threaded screw is then changed to a fully threaded screw (Fig. 
55-16). Two fully threaded screws also can be used. As previ- 
ously noted, large sériés demonstrating the effectiveness of 
these techniques are lacking in the literature. 


OUTCOMES AND COMPLICATIONS 

■ FAILURE OF FIXATION 

Internai fixation may fail because of many factors, including 
inadéquate réduction, poor implant sélection or position, 
nonunion, osteonecrosis, and infection. Determining the 
cause of fixation failure is extremely important in planning 
révision surgery. In young patients, early récognition of 
inadéquate réduction or poor implant sélection or position 
can be treated with révision open réduction and internai fixa¬ 
tion (Fig. 55-17) and fémoral neck nonunions or malunions 
can be treated with valgus intertrochanteric osteotomy. 
Fémoral neck nonunion, malunion, and osteonecrosis in 
elderly patients can be treated with THA. Infection after the 
treatment of fémoral neck fractures can be quite problematic. 
The goal is to suppress the infection with debridement and 
culture-spécifie antibiotics, maintaining the hardware until 
union at which time it is removed. Hardware failure with 
infection requires hardware removal and possibly resection 
arthroplasty. 

■ NONUNION AND OSTEONECROSIS 

Nonunion (Fig. 55-18) and osteonecrosis (Fig. 55-19) are 
two major problems that lead to révision surgery after treat¬ 
ment of intracapsular fémoral neck fractures. In a meta- 
analysis of 18 studies involving younger patients (âges 15 to 
50 years) with fémoral neck fractures, the overall incidence 
of osteonecrosis was 23% and the incidence of nonunion was 
9%. The 564 patients in these studies included those with 
both displaced and nondisplaced intracapsular fémoral neck 
fractures. In a sériés of 73 fémoral neck fractures in patients 
between the âges of 15 and 50 years treated at a single institu¬ 
tion, Haidukewych et al. found an overall frequency of 
osteonecrosis of 23% and nonunion of 8%. Osteonecrosis 
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Preoperative radiograph (A) and axial (B) and coronal (C) CT scans of a fémoral neck fracture with posterior fémoral 
neck comminution with extension into the greater trochanter. D, United fracture after fixation. 


developed in 27% of displaced fractures and 14% of nondis- 
placed fractures. Thirteen patients (18%) had conversion to 
arthroplasty; 11 of these arthroplasties were done purely for 
osteonecrosis. Initial fracture displacement and the quality of 
réduction were found to affect results. In another sériés 
including 62 Pauwels type III fémoral neck fractures, osteo¬ 
necrosis developed in 11% and nonunion in 16%. The 
average âge of patients in this sériés was 42 years (range 19 
to 64 years). The higher nonunion rate in this study is likely 
as a resuit of the difficulty of treating higher Pauwels angle 
fémoral neck fractures. 

Osteonecrosis continues to be a problem after fémoral 
neck fractures, even nondisplaced fractures. In fact, higher 


intracapsular pressures hâve been demonstrated with non¬ 
displaced fémoral neck fractures than with displaced frac¬ 
tures. Routine capsulotomy is controversial. Capsulotomy 
probably is most effective in Garden types I and II fractures 
in which the capsule may not be torn or completely torn 
and tamponade may be a major cause in the development 
of osteonecrosis. We usually perform capsulotomies in 
young patients with nondisplaced fémoral neck fractures 
and only occasionally do so in the gériatrie population. 
Although there is no conclusive study proving that capsu¬ 
lotomy decreases the frequency of osteonecrosis, it can be 
done quickly and safely and may reduce the risk of 
osteonecrosis. 
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Significant fémoral neck shortening after treatment of minimally displaced fémoral neck fracture with partially 
threaded cannulated screws. A f Intraoperative fluoroscopie anteroposterior view. B, Anteroposterior radiograph revealing significant 
fémoral neck shortening. 



In an attempt to minimize fémoral neck shortening, partially threaded screw used for compression is changed to 
fully threaded screw. A f Radiograph at time of injury. B and C f After operative réduction and fixation. 
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Malreduction of fémoral neck fracture resulting in varus (A) and apex posterior (B) deformity. C and D f After révision 
open réduction and internai fixation. 


FLUOROSCOPICALLY GUIDED 
CAPSULOTOMY OF THE HIP 


TECHNIQUE 55-3 


■ After fixation of the fémoral neck fracture, préparé a no. 
10 scalpel blade by placing an approximately 2-cm strip 
of loban around the blade/handle junction (Fig. 55-19) to 
decrease the likelihood of dissociation of the blade from 
handle within the body. 


■ Through the latéral incision made for fixation with can- 
nulated screws, compression hip screw, or proximal 
fémoral locking plate, using tactile feel and fluoroscopie 
guidance, advance the scalpel along the anterior fémoral 
neck with the blade directed inferiorly. 

■ Once the fémoral head is encountered, rotate the blade 
90 degrees and withdraw the scalpel with a posterior 
directed force to complété the capsulotomy. 


Christa et al. showed in a cadaver sériés that fluoroscopi- 
cally guided capsulotomy is safe and effective at decreasing 
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Nonunion of fémoral neck fracture. Anteroposterior radiograph (A) and CT scan (B). C f Union after fixation with a 
blade plate. (Courtesy of David Templeman, MD, Minneapolis, MN.) 



FIGURE 


CT scan (C). 


Osteonecrosis after treatment of fémoral neck fracture. Anteroposterior radiograph (A) f axial CT scan (B) f and coronal 


intracapsular pressure. Dissections of the cadavers after cap- 
sulotomy found that the average distances from the fémoral 
artery and lateralmost branch of the fémoral nerve were 40.3 
and 19.5 mm, respectively. The minimal distances in indi- 
vidual cadavers were 36 mm from the fémoral artery and 
15 mm from the lateralmost branch of the fémoral nerve. 


Intracapsular pressure was substantially decreased after 
capsulotomy. 

A meta-analysis of 106 reports of displaced fémoral neck 
fractures in older patients (65 years or older) reported overall 
rates of osteonecrosis and nonunion of 16% and 33%, respec¬ 
tively. The rate of reoperation within 2 years ranged from 20% 
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FIGURE 55-21 


arthroplasty. 


Anteroposterior (A) and latéral (B) radiographs show displaced left fémoral neck fracture. C f After total hip 


to 36% after internai fixation, which was higher than after 
hemiarthroplasty. 

ARTHROPLASTY 

The decision to proceed with fixation or arthroplasty dépends 
on fracture characteristics and physiologie patient âge. Dis¬ 
placed fémoral neck fractures in younger patients (<65 years 
of âge) should be treated with anatomie réduction and stable 
internai fixation. Displaced fémoral neck fractures in older 
patients should be treated with arthroplasty. A high-quality 
meta-analysis that included nine randomized trials showed 
that arthroplasty substantially reduced the risk of révision 
surgery compared with internai fixation in the treatment of 
displaced fémoral neck fractures in patients aged 65 years 
or older. Arthroplasty, however, was associated with greater 
blood loss, longer operative time, and more frequent infec¬ 
tions. Hudson et al. found a higher rate of reoperation after 
internai fixation than after hemiarthroplasty in patients older 
than 80 years but did not find a différence in reoperation rates 
in patients between 65 and 80 years of âge. In a randomized 
trial, Rogmark et al. compared internai fixation and arthro¬ 
plasty for treatment of displaced fémoral neck fractures in 
ambulatory patients aged 70 years or older. Failure, defined as 
early fracture displacement, nonunion, osteonecrosis with 
collapse, or infection, occurred in 43% of patients treated with 
internai fixation and in 6 % of those treated with arthroplasty 
at 2 years. A more recent follow-up study of the same cohort 
of patients at 10 years revealed that these results were stable 
over time: at no point in time did patients with successful 
internai fixation display better outcomes in regard to hip pain 
or mobility than did patients with successful arthroplasty. 

Once the decision has been made to proceed with arthro¬ 
plasty, several controversial issues still need to be considered: 
type of arthroplasty (hemiarthroplasty or THA), unipolar or 
bipolar (if hemiarthroplasty has been chosen), cemented or 
uncemented fémoral stem, and surgical approach. The debate 
over whether total hip arthroplasty is superior to hemiarthro¬ 


plasty (Fig. 55-20) for displaced fémoral neck fractures 
in active, physiologically older patients has intensified over 
the past few years. Historically, THA was rarely done for 
displaced fémoral neck fractures. More recent studies, 
however, hâve identified several potential benefits of THA 
over hemiarthroplasty, including superior functional outcome 
scores, decreased pain, improved ambulation, and lower 
reoperation rates. A disadvantage of THA appears to be a 
slightly higher dislocation rate. A change in approach (direct 
anterior) may alleviate some of the dislocation concerns with 
THA. In community ambulators with a longer than 5-year life 
expectancy, THA may be the better choice. Those with a short 
life expectancy or significant cognitive impairment are better 
served with hemiarthroplasty. 

INTERTROCHANTERIC 
FEMORAL FRACTURES 

CLASSIFICATION 

Many classifications of peritrochanteric and intertrochanteric 
fémoral fractures hâve been proposed over the years. Boyd 
and Griffin initially described four types of peritrochanteric 
fémoral fractures in 1949 (Fig. 55-21): 

Type 1: Fractures that extend along the intertrochanteric 
line 

Type 2: Comminuted fractures with the main fracture line 
along the intertrochanteric line but with multiple second- 
ary fracture lines (may include coronal fracture line seen 
on latéral view) 

Type 3: Fractures that extend to or are distal to the lesser 
trochanter 

Type 4: Fractures of the trochanteric région and proximal 
shaft with fractures in at least two planes 
Probably the most useful classification of intertrochan¬ 
teric fémoral fractures is the AO/OTA classification (Fig. 
55-22): 
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Boyd and Griffin classification of trochanteric 


fractures. 


31 Al: Fractures are not comminuted (single fracture line 
extending medially). 

31A2: Fractures hâve increasing comminution (separate 
lesser trochanteric fragment). 

31 A3: Fractures include reverse obliquity, transverse, or 
subtrochanteric extension patterns. 

Each group contains subgroups to further describe the char- 
acteristics of each fracture. The AO/OTA classification has 
been very useful in evaluating the results of treatment of 
inter trochanteric fémoral fractures and allowing comparisons 
among reports in the literature. 

TREATMENT 

Nonoperative treatment of intertrochanteric fémoral frac¬ 
tures is rare but may still hâve a rôle in nonambulatory 
patients in whom adéquate pain control can be achieved 
without surgery. Internai fixation is appropriate for most 
intertrochanteric fémoral fractures. Optimal fixation is based 
on the stability of the fracture. The mainstay of treatment of 
intertrochanteric fémoral fractures is fixation with a screw- 
side plate device (Fig. 55-23) or intramedullary device 
(Fig. 55-24). 

■ TREATMENT WITH SCREW-SIDE 
PLATE DEVICES 

Compression or dynamic hip screws are a good option for the 
treatment of stable intertrochanteric fémoral fractures (AO/ 
OTA 31 Al and many 31A2 fractures). The implant cost is less 
with screw-side plate devices than with intramedullary nails, 
and the technique of placement of a hip screw device is 


AO classification of trochanteric fractures. 
Group Al, simple two-part fracture; group A2, fracture extends 
over two or more levels of médial cortex; group A3, fracture 
extends through latéral cortex of fémur distal to vastus ridge. 

(Redrawn from Müller ME, Nazarian S, Koch P, et al: The comprehensive 
classification of fractures of long bones, Berlin, Springer-Verlag, 1990.) 


familiar to most experienced orthopaedic surgeons; however, 
orthopaedic surgeons who hâve completed their training 
within the past 10 years may not be as familiar with the 
procedure. 


COMPRESSION HIP SCREW 
FIXATION OF INTERTROCHANTERIC 
FEMORAL FRACTURES 


TECHNIQUE 55-4 


PATIENT POSITIONING 

■ Place the patient on a fracture table with a périnéal 
post. 

■ Either place the foot of the contralatéral lower extremity 
in a boot and scissor the leg (unaffected hip extended 
relative to the injured side) (Fig. 55-25) or use a well-leg 
holder. 

■ Place the affected extremity into a boot after the réduc¬ 
tion maneuver has been carried out (see later). We typi- 
cally place the affected extremity in 20 to 30 degrees of 
hip flexion. 
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FIGURE 55-2- 


Fixation of intertrochanteric fracture with Gamma nail. A f Preoperative radiograph. B f After fixation. 
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fixation 

55-4. 


of 


'Scissor" position for compression hip screw 
intertrochanteric fémoral fracture. SEE TECHNIQUE 


Position the fluoroscopy unit on the contralatéral side or 
between the patient's legs depending on the position of 
the uninjured leg. Adéquate fluoroscopy must be attain- 
able before proceeding. 

REDUCTION 

■ Réduction of the affected extremity is typically done with 
traction and internai rotation. The typical sagittal plane 
deformity, posterior sag, may require correction with an 
anterior applied force to the posterior distal fragment 
before completing the réduction with traction and inter¬ 
nai rotation. 

■ Once the closed réduction attempt has been completed, 
place the affected leg in the boot and obtain fluoroscopy 
views in the sagittal and coronal planes. Make any 
necessary adjustments by increasing or decreasing trac¬ 
tion or altering abduction/adduction and internal/external 
rotation. Carefully scrutinize the fluoroscopie images to 
avoid the most common malalignments: varus deformity, 
posterior sag, and excessive internai rotation. 

■ The fracture mechanism (low-energy and high-energy) 
should hâve already been noted, because standard 
réduction maneuvers are not likely to be successful with 
high-energy intertrochanteric fémoral fractures (Fig. 
55-26) and limited open réduction or more formai open 
réduction through a Watson-Jones approach probably 
will likely be required. 

EXPOSURE 

■ Begin the incision at the vastus ridge and carry it distally. 
Continue dissection through the iliotibial band and split 
the fascia of the vastus lateralis longitudinally. 

■ Elevate the vastus lateralis anteriorly off the latéral inter- 
muscular septum while coagulating branches of the 
profunda femoris artery as they are encountered. 

■ Complété the exposure by sharply incising the origin of 
the vastus lateralis to allow retraction and subséquent 
plate placement. 


STABILIZATION 

■ Insert a guide pin through the angled guide into the 
center-center position within the fémoral head (Fig. 
55-27A). A guide pin can be placed anteriorly along the 
fémoral neck to approximate the antéversion. Insert the 
guide pin to approximately 5 mm from the articular 
surface and measure (Fig. 55-27B). 

■ Set a triple reamer 5 mm less than the above measure- 
ment and ream (Fig. 55-27C). Be sure not to advance the 
guide pin into the pelvis when reaming. A tap may need 
to be used in patients with good bone quality (Fig. 
55-27D). 

■ Select a lag screw that is the same length as the measure- 
ment from the triple reamer. If significant shortening is 
expected or desired, choose a lag screw that is 5 mm 
shorter than the measurement from the triple reamer. 
Ensure that the lag screw is sufficiently covered by not 
placing a lag screw any shorter than 5 mm less than the 
measurement from the triple reamer. 

■ Using the insertion wrench, insert the lag screw with the 
plate to the appropriate depth (Fig. 55-27E). Realize that 
180 degrees of rotation of the lag screw results in 1.5 mm 
of lag screw advancement. When advancement is com¬ 
pleted, the handle of the insertion wrench must be per- 
pendicular to the axis of the fémur and not the axis of 
the floor. 

■ Advance the side plate onto the latéral aspect of the 
fémur. Use a tamp to fully seat the plate onto the lag 
screw (Fig. 55-27F). Unscrew the lag screw retaining rod 
and remove the insertion wrench and then the guide 
pin. 

■ Secure the plate to bone with a screw or a plate clamp 
(Fig. 55-27G). Place two to three bicortical screws in total 
in the shaft, typically through a two-hole to four-hole 
plate (Fig. 55-27H). If a screw is used to reduce the plate 
to the bone, the initial screw may need to be changed 
because of excessive length. 

■ Release traction and insert a compression screw if desired 
(Fig. 55-271); alternative^, apply manual compression. 
Obtain fluoroscopie images to evaluate réduction and 
hardware placement. 

POSTOPERATIVE CARE. Patients with intertrochanteric 
fémoral fractures treated with a compression hip screw 
are allowed to bear weight as tolerated in most circum- 
stances because this device is used in more stable fracture 
patterns. 

Proper placement of the lag screw is important in 
reducing the incidence of implant failure (eut out). The 
tip-apex distance (Fig. 55-28) is calculated from the sum 
of the distances between the tip of the lag screw to the 
apex of the fémoral head on both the anteroposterior 
and latéral views. As the tip-apex distance increases 
above 25 mm the risk of failure increases exponentially 
(Fig. 55-29). 


Integrity of the latéral wall of the trochanter is another con¬ 
sidération when treating intertrochanteric fémoral fractures 
with a compression hip screw device. In a sériés of intertro¬ 
chanteric fémoral fractures treated with compression hip 
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FIGURE 


TECHNIQUE 55-4. 


High-energy intertrochanteric fracture. A f Preoperative radiograph. B and C f Intraoperative fluoroscopie views. SEE 


screws, 22% of patients with a fractured latéral wall (A3 
fractures or iatrogénie fractures in Al and A2 fractures) 
required a second operation within 6 months; 74% of the 
latéral wall fractures occurred intraoperatively (Al and A2 
fractures). Interestingly, only 3% of patients with Al.l, Al.2, 
Al.3, and A2.1 fractures had intraoperative fractures of the 
latéral wall, whereas 31% of patients with A2.2 and A2.3 
fractures had such fractures. In another study evaluating 
factors associated with failure in the treatment of stable 
(31 Al) intertrochanteric fémoral fractures with compression 
hip screws, Im and Chung identified iatrogénie latéral wall 
comminution as the most significant predictor of excessive 
displacement and suggested using a trochanteric stabilizing 
plate (Fig. 55-30) or proceeding with a different fixation 
device (intramedullary nail) if iatrogénie comminution is 
identified intraoperatively. These studies suggest caution in 


using a compression hip screw for fractures more complex 
than A2.1 and that the latéral wall must be carefully evaluated 
when a compression hip screw is considered for more stable 
fracture patterns. 

Another device purported to decrease the risk of latéral 
wall fracture is the Gottfried plate (percutaneous compres¬ 
sion plate), which is fixed with two screws placed percutane- 
ously into the fémoral neck and head. The two screws 
provide intraoperative compression but also allow dynamic 
compression as the patient ambulates. The first published 
results of this plate included 97 intertrochanteric fémoral 
fractures (21 Al, 18 A2.1, and 58 A2.2 fractures) in which 
few complications were reported. Two randomized trials 
hâve compared the percutaneous compression plate with the 
compression hip screw; both reported decreased intraopera¬ 
tive blood loss, and one reported decreased operative time 
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FIGURE 55-2 


^ Fixation of intertrochanteric fracture with compression hip screw. (Modified from Baumgaertner MR: Compression hip 
screw plates: technique manual, Memphis, Smith & Nephew, 2000.) SEE TECHNIQUE 55-4. 
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Calculation of tip-apex distance (TAD). Dis¬ 
tances from tip of implant to apex of fémoral head on antero- 
posterior (left) and latéral (right) views are summed (X AP + X Lat ). 
TAD of less than 25 mm should be achieved. (Redrawn from Powell 
J, Dirschl DR: Fractures of the proximal fémur. In Baumgaertner MR, 
Tornetta P, editors: OKU Trauma 3, Rosemont, American Academy of 
Orthopaedic Surgeons, 2005; and Lindskog DM, Baumgaertner MR: 
Unstable intertrochanteric hip fractures in the elderly, J Am Acad Orthop 
Surg 12:179, 2004.) 



0 10 20 30 40 50 60 70 


Increasing TAD 


FIGURE 55-2 


_ B Tip-apex distance graph. (Redrawn from 

Baumgaertner MR, Curtin SL, Lindskog DM, Keggi JM: The value of the 
tip-apex distance in predicting failure of fixation of peritrochanteric 
fractures of the hip, J Bone Joint Surg 77A:1058, 1995.) 


as well. At 6 weeks, patients treated with the percutaneous 
compression plate had significantly less pain and could bear 
significantly more weight on the injured extremity than 
those treated with a compression screw device. They also 
had less pain with activity at ail time points, but this différ¬ 
ence was significant only at 3 months. Other potential 
benefits of the percutaneous compression plate include a 
lower risk of latéral wall fracture and improved rotational 
stability. More recently, some authors hâve reported satisfac- 
tory results using the Gottfried plate in more unstable 31 A3 
fractures; however large clinical sériés are not yet available. 
We hâve no expérience with this technique. 

■ TREATMENT WITH INTRAMEDULLARY NAILS 

Unstable intertrochanteric fémoral fractures (A3 and probably 
some A2 fractures) are best treated with an intramedullary 
implant. For some time, second-generation cephalomedul- 
lary devices such as the Gamma nail and intramedullary hip 
screw (IMHS) hâve been used with success. The theoretical 



jjj Trochanteric stabilizing plate can be used as 
adjunct to compression hip screw and side-plate fixation. (Redrawn 
from Synthes [USA]: Trochanter stabilization plate for DHS: technique 
guide, Paoli, Synthes, 2000.) 


benefits of intramedullary nails over side-plate devices include 
improved biomechanics (shortened lever arm), decreased 
blood loss, smaller incisions, and decreased fémoral neck 
shortening. The largest meta-analysis comparing intramedul¬ 
lary nails with side-plate devices from the Cochrane database 
concluded that side plates are superior to intramedullary nails 
in the treatment of intertrochanteric fémoral fractures. This 
meta-analysis, however, included older versions of cephalo- 
medullary nails, which had problems with fracture at the 
distal tip of the nail. Although this complication does still 
occur, it is much less frequent with newer nail designs. 


INTRAMEDULLARY NAILING 
OF INTERTROCHANTERIC 
FEMORAL FRACTURES 


TECHNIQUE 55-5 


PATIENT POSITIONING 

■ Patient positioning is similar to that described in Technique 
55-4. We generally prefer to place the patient supine, but 
the latéral position may be bénéficiai with certain fracture 
patterns and with morbidly obese patients. 

■ Place the patient on a fracture table with a périnéal 
post. 

■ Place the contralatéral lower extremity in a boot and 
scissor the leg (hip extended relative to contralatéral side). 

■ Place the affected extremity into a boot after the réduc¬ 
tion maneuver has been carried out. We typically place 
the affected extremity in 20 to 30 degrees of hip flexion. 

■ Adduct the patient's torso and secure the ipsilateral arm 
over the patient's chest. 
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FIGURE 


^ Modifiée! media! trochanteric portai. SEE TECH¬ 


NIQUE 55-5. 


■ Position the fluoroscopy unit on the contralatéral 
side. Adéquate fluoroscopy must be attainable before 
proceeding. 

REDUCTION 

■ Reduce the fracture as described in Technique 55-4. 

ENTRY PORTAL 

■ For fixation of intertrochanteric fémoral fractures, as well 
as many other fractures of the fémur, we use a modified 
médial trochanteric portai (Fig. 55-31). The médial tro¬ 
chanteric portai is located on the médial aspect of the 
greater trochanter along the trochanteric ridge on the 
anteroposterior view and in line with the fémoral shaft 
on the latéral view. A cadaver study found no damage to 
the gluteus médius tendon with this portai, which may 
be associated with less abductor weakness than the 
standard trochanteric portai. 

■ Make an approximately 3-cm incision, beginning 3 cm 
proximal to the tip of the greater trochanter and extend- 
ing proximally (this incision may need to be extended 
depending on the body habitus of the patient). 

■ Incise the aponeurosis of the gluteus maximus. 

■ Localize a guide pin on the médial aspect of the greater 
trochanter (modified médial trochanteric portai). Insert 
the guide pin 2 to 3 cm distally into the proximal frag¬ 
ment (Fig. 55-32A). At this point use fluoroscopy to assess 
the guide pin placement in both planes. Make any cor¬ 
rections of the guide pin with a two-pin technique and a 
honeycomb type guide. We believe that the use of a 
two-pin technique saves significant fluoroscopie time in 
the operating room. 

■ Use the proximal reamer to ream over the guide pin to a 
depth just below the level of the lesser trochanter (Fig. 
55-32B). Correct any malreduction before reaming. 


■ Place the ball-tip guide pin down the shaft of the fémur 
to the physeal scar and measure the guide pin to déter¬ 
mine the appropriate length of the intramedullary nail. 

■ We typically use a 10-mm diameter nail for intertrochan¬ 
teric fémoral fractures. We believe there is no significant 
benefit to placing a larger diameter nail in most situations 
and that placing a larger nail may increase the risk of 
anterior cortical perforation. 

■ Ream to a diameter 1.5 mm larger than the diameter of 
the intramedullary nail. Pay careful attention to the 
anterior bow of the fémur and, if necessary, ream 2 mm 
larger than the nail diameter. 

■ After selecting the appropriate length and diameter of 
the nail, assemble the nail and drill guide (Fig. 55-32C). 

■ Insert the nail with the guide facing anteriorly to use 
the bow of the nail to make insertion easier. Rotate 
the guide laterally after the nail has been inserted 
approximately halfway down the intramedullary canal. 
During nail placement, evaluate its placement with 
latéral fluoroscopically to avoid anterior cortical 
perforation. 

■ Insert the nail to a depth that allows center-center posi- 
tioning in the fémoral head with the lag screw. Remove 
the ball-tipped guide pin. 

■ Evaluate version of the nail on the latéral fluoroscopie 
view; version is correct when the nail, guide, and fémoral 
neck and head are ail aligned. 

■ Make a small incision laterally through the skin and fascia 
and place the appropriate drill sleeve into the latéral 
aspect of the fémur. 

■ Advance a guide pin to within 5 mm of subchondral bone 
(Fig. 55-32D). Confirm appropriate center-center position 
in the fémoral head. 

■ Measure for the length of the lag screw (Fig. 55-32E). 

■ Ream for lag screw (Fig. 55-32F). 

■ Use a tap if the patient does not hâve osteoporotic bone. 

■ Insert the lag screw (Fig. 55-32G). Use a centering sleeve 
insertion device to insert centering sleeve (Fig. 55-32H). 
After releasing traction, place the desired amount of 
compression using the compression screw (Fig. 55-321). 

■ Place distal interlocking screws as desired. 

POSTOPERATIVE CARE. Patients with intertrochanteric 
fémoral fractures treated with an intramedullary device 
are allowed to bear weight as tolerated in most circum- 
stances; however, this device may be used in more 
unstable fracture patterns and occasionally weight- 
bearing status needs to be modified based on these 
fracture patterns. 


■ PLATE FIXATION COMPARED WITH 
INTRAMEDULLARY NAIL FIXATION 

The decision to use a compression hip screw or an intramed¬ 
ullary nail is multifactorial and is based on surgeon training 
and preference, cost, and patient and fracture characteristics. 
Proponents of intramedullary nail fixation argue that less 
shortening occurs with an intramedullary nail than with a 
compression hip screw (Fig. 55-33). In a more recent study, 
minimal shortening (mean 5.9 mm) was found at union in 
a sériés of intertrochanteric fémoral fractures considered 
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Fixation of intertrochanteric fracture with intramedullary hip screw. A f Localization of guide pin on médial aspect 
of greater trochanter and insertion 2 to 3 cm into proximal fragment. B, Use of entry reamer to ream to level of lesser trochanter. 
C f Assembly of nail and drill guide. D f Advancement of guide pin within 5 mm of subchondral bone. E f Measurement for length of 
lag screw. Continued 
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F f Reaming for placement of lag screw (reamer set 5 mm less than measurement of guide pin). G f Insertion of 
lag screw followed by centering sleeve (H). I f Insertion of compression screw after release of traction. (Modified from Albert JS: Compression 
hip screw nails: technique manual, Memphis, Smith & Nephew, 2000.) SEE TECHNIQUE 55-5. 


“stable” and treated with a compression hip screw; similar 
shortening (5.3 mm) was found in “unstable” fractures treated 
with intramedullary nailing. The purpose of the study was not 
to compare shortening in stable and unstable fractures treated 
with different devices but to show that experienced surgeons 
can identify stable intertrochanteric fémoral fractures and 
that these stable intertrochanteric fémoral fractures can be 
treated with a compression hip screw with minimal shorten¬ 
ing. In fémoral neck fractures, a corrélation has been identi- 
fied between fémoral neck length (shortening) and decreased 
functional outcome, and the same corrélation may exist with 
intertrochanteric fémoral fractures. Although more shorten¬ 
ing does occur with the use of compression hip screws, the 
amount of shortening that is functionally relevant has not 
been well defined. 

There is some evidence in the literature that the functional 
outcomes in patients with certain fracture types may be 


influenced by the choice of implant. In a randomized trial by 
Utrilla et al., there was no overall différence in functional 
outcomes in patients 65 years of âge or older with an inter¬ 
trochanteric fémoral fracture treated with either a Gamma 
nail or a compression hip screw; however, when patients with 
unstable fracture patterns were analyzed, those with an 
intramedullary nail had better walking ability at 12 months 
than those treated with a compression hip screw. Pajarinen 
et al. compared outcomes of proximal fémoral nailing with 
compression hip screw fixation in the treatment of AO/OTA 
31A fractures. At 4 months after surgery a much larger per- 
centage of patients (76%) treated with intramedullary nail 
fixation had returned to their preinjury walking ability than 
patients treated with compression hip screws (54%). The 
mean shortening of the fémoral neck also was much less in 
patients treated with intramedullary nail fixation (1.3 mm) 
than in those with compression hip screws (6.1 mm). 
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Significant shortening (malunion) after treat- 
ment of intertrochanteric fracture with compression hip screw. 


A newer intramedullary device (InterTAN) (Fig. 55-34) 
uses two integrated proximal interlocking screws that allow 
linear intraoperative compression. The nails geometry and 
integrated proximal interlocking at least theoretically improve 
rotational stability in the proximal segment. The first sériés 
of patients treated with this nail, reported by Ruecker et al., 
included 100 patients (32 AO/OTA Al-1 fractures, 54 A2.1-3 
fractures, and 14 reverse obliquity fractures), with 48 patients 
available for follow-up at 1 year. No malunions or nonunions 
occurred, 73% of fractures had no postoperative shortening, 
27% had shortening of less than 5 mm, and 58% of patients 
had returned to their prefracture functional status at 1-year 
follow-up. Although there were no fémoral fractures reported 
in this study, fracture distal to the tip of the nail has been 
reported by others, primarily with the use of short nails. 
Theoretical benefits of this device are promising, and we hâve 
used it for unstable intertrochanteric fémoral fractures with 
good results. Matre et al. reported a large randomized trial 
comparing the InterTAN nail (Smith & Nephew, Memphis 
TN) to the sliding hip screw. Unfortunately, the patient group 
was very heterogeneous and 42% of fractures were stable 
OTA-AO 31 Al fractures. Only 20% of fractures were unstable 
OTA-AO 31 A3 fractures. A trochanteric buttress plate was 
used for ail A3 fractures and “considered” for Al and A2 
fractures with osteoporotic bone. Outcomes were similar 
between the two groups with a small, questionably clinically 
significant, benefit in pain with early mobilization in patients 
treated with the InterTAN. According to the authors, the 
addition of the trochanteric buttress plate did not prevent 
excessive medialization, which was associated with postop¬ 
erative pain. 



FIGURE 55-3 


^ InterTAN device uses two integrated proximal interlocking screws that allow linear compression intraoperatively. 
A f Preoperative radiograph. B f After fixation. 
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INTRAMEDULLARY NAILING OF 
INTERTROCHANTERIC FEMORAL 
FRACTURES WITH INTEGRATED 
PROXIMAL INTERLOCKING 
SCREWS (INTERTAN) 


TECHNIQUE 55-6 


■ Patient positioning, réduction, and establishment of the 
entry portai are as described for intramedullary nailing of 
intertrochanteric fémoral fractures (see Technique 55-5). 

■ Once the guide pin has been localized under fluoros- 
copy, introduce the 12.5-mm entry reamer/16-mm 
channel reamer combination through the soft-tissue 
guide (entry portai tube) over the guide pin. Insert the 
channel reamer to the level of the lesser trochanter 
(positive stop on the entry portai tube) (Fig. 55-35A). 
We usually use a long InterTAN and remove the entry 
reamer and guide pin at this time, leaving the channel 
reamer in place. 

■ Introduce the ball-tipped guide pin or the reducer and 
then the guide pin and advance it to the level of the 
physeal scar. 

■ Measure for the length of the intramedullary nail. 

■ If necessary, ream sequentially to a diameter 1.5 mm 
larger than the nail to be used (Fig. 55-35B). We typically 
use a 10-mm diameter nail for intertrochanteric fémoral 
fractures and ream sequentially to 11.5 mm. 

■ Assemble the nail and advance it into the fémur. As with 
ail antegrade fémoral nails inserted through a trochanteric 
or modified trochanteric portai, place the nail with the 
guide facing anteriorly to use the bow of the nail to make 
insertion easier (Fig. 55-35C). Rotate the guide laterally 
after the nail has been inserted approximately halfway 
down the intramedullary canal. Monitor insertion of the 
nail with latéral fluoroscopy to avoid anterior cortical 
perforation. 

■ Before seating the nail completely, evaluate antéversion 
with latéral fluoroscopy and rotate the nail to make sure 
that the wire within the insertion handle transects the nail 
and fémoral head/neck. 

■ Confirm appropriate nail depth with the alignment arm 
and fluoroscopy in the anteroposterior plane. 

■ Remove the ball-tipped guide pin. 

■ Make a small incision laterally through the skin and fascia 
and place the appropriate drill sleeve on the latéral aspect 
of the fémur (Fig. 55-35D). 

■ Place two integrated proximal interlocking screws. Use 
the 4.0-mm drill to create a pilot hole for the 3.2-mm 
guide pin and place the guide pin in the center-center 
position within the fémoral head and to within 5 mm of 
subchondral bone (Fig. 55-35E). Measure for the length 
of the lag screw, subtracting 5 to 10 mm from the length 
of the pin depending on the amount of compression 
desired. 

■ Use the 7.0-mm compression screw starter drill and then 
the 7.0-mm compression screw drill inferior to the guide 
pin to drill for the derotational bar and subséquent 


compression screw (Fig. 55-35F), and place the derotation 
bar. 

■ Use the 10.5-mm drill to drill over the 3.2-mm guide pin 
(Fig. 55-35G) and insert the appropriate-length lag screw 
(Fig. 55-35H). 

■ Remove the derotation bar and insert the integrated 
compression screw (Fig. 55-351). Relax traction before 
completely compressing the fracture. 

■ Remove drill guide handle and place set screw proximally 
if desired. 

■ Insert a distal screw or screws for dynamic or static locking 
if desired. 

POSTOPERATIVE CARE. Patients with intertrochanteric 
fémoral fractures treated with an InterTAN device are 
allowed to bear weight as tolerated in most circumstances; 
however, this device may be used in more unstable 
fracture patterns, and occasionally weight bearing needs 
to be modified based on the fracture patterns. 


Regardless of implant selected, malrotation appears to be 
frequent with intertrochanteric fémoral fractures. Rama- 
noudjame et al. found malrotation of more than 15 degrees 
in 16 (40%) of 40 fractures on postoperative CT scans; 14 of 
these were excessively internally rotated. The classic studies 
by May and Bannister hâve shown that neutral rotation or 
internai rotation is most offen necessary for appropriate 
réduction; however, external rotation may be necessary if the 
greater trochanter is not part of the distal segment. Although 
some malrotation, particularly in younger patients with 
fémoral shaft fractures, may be fairly well compensated, 
similar compensation may not occur in gériatrie patients. 
Interestingly, rétroversion of the proximal fémur has been 
found to be fairly common in the general population, présent 
in up to 21% of Caucasian males; rétroversion of more than 
10 degrees was found in approximately 6% of African Ameri- 
cans. The method of calculating the version of the uninjured 
side initially described by Tornetta for fémoral shaft fractures 
also can be used for intertrochanteric fémoral fractures. The 
version of the contralatéral, uninjured side is calculated by 
obtaining a true latéral image of the hip and knee. The différ¬ 
ence between the values at the hip and knee is the version. 
This value can then be used as a template for the injured side. 
The only real drawback to this method is time, adding 
approximately 15 minutes to the procedure. This method 
therefore may not be idéal for the sickest of patients for whom 
operating room time should be minimized. 


SUBTROCHANTERIC 
FEMORAL FRACTURES 

Fractures occurring in the area between the lesser trochanter 
and the isthmus of the fémoral canal are considered subtro¬ 
chanteric fractures. These fractures also hâve been described 
as those occurring within the first 5 cm distal to the lesser 
trochanter. Initially described by Boyd and Griffin as a variant 
of peritrochanteric fémoral fractures with a high incidence of 
unsatisfactory results, treatment of these fractures continues 
to be a challenge. 





Fixation of intertrochanteric fracture with InterTAN. A f Insertion of entry reamer/channel reamer to level of lesser 
trochanter. B, Sequential reaming through channel reamer. C f Placement of nail beginning with guide facing anteriorly. D f Insertion of 
drill sleeve through small incision. E f Placement of guide-pin in center-center position in fémoral head. F, Drilling for derotational bar 
and subséquent compression screw. G f Drilling for lag screw with derotational bar in place. H, Insertion of lag screw. I f Insertion of 
integrated compression screw. (Modified from Ruecker AH, Russell TA, Sanders RW, Tornetta P: TRIGEN InterTAN: surgical technique, Memphis, 
Smith & Nephew, 2006.) SEE TECHNIQUE 55-6. 
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FIGURE 


Russell-Taylor classification of subtrochanteric 


fémoral fractures. 


CLASSIFICATION 

Many classifications hâve been described since that of Boyd and 
Grifiin in 1949, but none has been proven to be superior to any 
other. We continue to use the Russell-Taylor classification (Fig. 
55-36), which considers the integrity of the lesser trochanter 
and extension of fracture lines into the piriformis fossa. 

Type I: Fractures do not extend into the piriformis fossa. 

IA: Lesser trochanter is intact. 

IB: Lesser trochanter is not intact. 

Type II: Fractures extend into the piriformis fossa. 

IIA: Lesser trochanter is intact. 

IIB: Lesser trochanter is not intact. 

This classification is descriptive and still guides treatment, 
albeit to a lesser degree than it once may hâve because of 
advances in intramedullary nailing implants and techniques. 
Reverse obliquity fractures offen are considered Russell-Taylor 
IB subtrochanteric fémoral fractures based on their behavior. 

TREATMENT 

The mainstay of treatment for subtrochanteric fémoral frac¬ 
tures is intramedullary nailing. Evidence exists that intra¬ 
medullary implants are superior to extramedullary implants 
in the treatment of most fractures in this difhcult région. 
Certainly, there are circumstances in which blade plates and 
proximal fémoral locking plates are useful, and we use both 
of these devices. 

■ INTRAMEDULLARY NAILING 

Understanding the deforming forces (Fig. 55-37) is extremely 
important in avoiding the typical malalignments and mal¬ 
unions associated with subtrochanteric fémoral fractures. The 



FIGURE 55-3 


fémoral fracture. 


Deforming forces acting on subtrochanteric 


proximal fragment is affected by the pull of the abductors, 
external rotators, and iliopsoas. The distal fragment is affected 
by the pull of the adductors. The results of these muscle 
insertions include abduction, external rotation, and flexion of 
the proximal fragment and medialization of the distal frag¬ 
ment. More proximal subtrochanteric fémoral fractures are 
influenced to a much greater degree by these deforming forces 
than subtrochanteric fémoral fractures that occur farther 
from the lesser trochanter. The overall pull of the quadriceps 
and hamstrings results in shortening of the extremity. The 
integrity of the lesser trochanter also affects deforming forces, 
and subtrochanteric fémoral fractures that involve the lesser 
trochanter may not be affected by the iliopsoas and therefore 
expérience less flexion and external rotation. 

The choice of positioning also can be influenced by the 
characteristics of the fracture. Intramedullary nailing of 
subtrochanteric fémoral fractures can be done with the 
patient in a supine or latéral position. We prefer the supine 
position with a modified médial trochanteric portai for most 
subtrochanteric fémoral fractures, and we reserve the latéral 
position for obese patients and some more complex fracture 
patterns. We typically use a fracture table, but a free-hand 
technique also can be effective if an adéquate number of 
assistants are available. We typically use a nailing System that 
allows standard proximal interlocking as well as locking 
in reconstruction mode (two cephalomedullary screws). 
Russell-Taylor IB, IIA, and IIB fractures are proximally locked 
in reconstruction mode. Russell-Taylor IA fractures can be 
locked in standard or reconstruction mode (Fig. 55-38); 
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FIGURE 55-3 


^ Subtrochanteric fémoral fracture treated with antegrade nail proximally locked in reconstruction mode. A f Preopera- 
tive radiograph. B and C f After fixation with intramedullary nail. 
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"Trajectory control" (see text). Establishment of précisé entry portai (A) and protection of portai by reaming through 
channel (B). (Modified from Ruecker AH, Russell TA, Sanders RW, Tornetta P: TRIGEN InterTAN: surgical technique, Memphis, Smith & Nephew, 
2006 .) 


however, for IA fractures doser to the lesser trochanter we 
tend to proximally interlock the nail in reconstruction mode. 
Patients without adéquate bone stock in the fémoral head 
may be treated with a Gamma nail type device (Gamma nail, 
intramedullary hip screw) or InterTAN. 

We also advocate “trajectory control” (Fig. 55-39) in the 
treatment of subtrochanteric fémoral fractures. Trajectory 
control involves précisé establishment of the proximal nail 
portai under fluoroscopie guidance (see Fig. 55-39A), obtain- 
ing anterior and latéral cortical support, and reaming through 
a channel (Channel Reamer, Smith 8c Nephew, Memphis, 
TN) (see Fig 55-39B), which we believe results in less eccen- 
tric reaming and less malalignment. A rétrospective study 
revealed much less malalignment after the concept of “trajec¬ 
tory control” was implemented and a channel reamer was 
used routinely in the treatment of subtrochanteric fémoral 
fractures. 


trochanter), the profile of the lesser trochanter relative to 
the knee can be compared with the contralatéral side. 
This method has been shown to be fairly sensitive in 
detecting rotational abnormalities. A side-to-side différ¬ 
ence of 20% in the size of the lesser trochanter correlates 
to approximately 15 degrees of rotational différence. 

■ After making an incision (Fig. 55-40B), place a guide pin 
on the proximal fémur in a position to proceed with a 
modified médial trochanteric portai (or piriformis fossa 
portai) and insert the guide pin (Fig. 55-40C). If localiza- 
tion of the guide pin is difficult because of abduction, 
flexion, and external rotation of the proximal fragment, 
enlarge the proposed latéral incision for placement of 
reconstruction screws and introduce a large bone-holding 
forceps to correct the proximal segment deformity and 
simplify guide pin placement. 

■ If a piriformis nail is used, the guide pin must be "cheated" 
approximately 5 mm anteriorly on the latéral view to 
allow placement of the two cephalomedullary screws. 

■Correct the typical deformities of the proximal segment 
and hold them corrected before reaming the proximal 
segment. Correct any residual abduction and flexion 
with a combination of bail spike pusher and elevator 
(Fig. 55-41). Alternative^, place a clamp through the 
same incision that will be used for insertion of the cepha¬ 
lomedullary screws. If instability persists after clamp 
removal, a cerclage wire can be used to hold the deformi¬ 
ties corrected (Fig. 55-42). 

■ Use the combination entry reamer/channel reamer (Fig. 
55-40D) to ream the proximal fémur (Fig. 55-40E), avoid- 
ing eccentric reaming. 

■ Use the réduction tool (Fig. 55-40F) to aid with fracture 
réduction (Fig. 44-40G). 


INTRAMEDULLARY NAILING IN 
RECONSTRUCTION MODE 


TECHNIQUE 55-7 


■ Place the patient supine (or latéral) on a fracture table, 
with the injured extremity in traction through a skeletal 
traction pin or boot and the hip flexed 30 to 40 degrees 

(Fig. 55-40A). 

■ Use fluoroscopy to détermine appropriate version. This 
détermination can be made by the Tornetta method 
described earlier. Alternative^, if the fracture does 
not involve the lesser trochanter (distal to the lesser 
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Fixation of subtrochanteric fracture with antegrade intramedullary nail locked in reconstruction mode. A f Patient 
placed supine (or latéral) on fracture table. B f Small incision beginning approximately 3 cm proximal to greater trochanter and extended 
proximally. C f Establishment of précisé entry portai (médial trochanteric portai or piriformis fossa portai, depending on nail selected). 
D f Introduction of combination entry reamer/channel reamer and (E) proximal reaming. F, Réduction tool used to reduce fracture (G). 
H, Insertion of ball-tipped guide rod across fracture. Continued 
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■aMUHaEEgfilBffBft l f Measurement for length of nail. J, Reaming of fémoral shaft sequentially through the channel reamer. 
K f Placement of intramedullary nail and locking proximally in reconstruction mode. SEE TECHNIQUE 55-7. 


9 " Insert the ball-tipped guide rod across fracture (Fig. 
55-40H). 

■ Measure for length of the intramedullary nail (Fig. 55-401). 
■ Ream the fémoral shaft sequentially through the channel 
reamer (Fig. 55-40J). 

■ Place the appropriate-size intramedullary nail and lock it 
proximally in reconstruction mode (Fig. 55-40K). 

■ Drill a hole for the most distal of the cephalomedul- 
lary screws first, just above the calcar. Leave the drill 
bit in place while drilling for the second screw and 
also leave this drill bit in place. Place the distal screw 
first and then the more proximal screw, placing both 
screws in the center of the fémoral head on the 
latéral view. 

■ Lock the nail distally with a free-hand technique (see 
Technique 54-30). 

■ Check rotation for any external or internai rotational 
malalignments. Move the hip through a range of motion 
at 90 degrees of flexion and compare this range of 
motion to the contralatéral side. A significant side-to-side 
différence can be corrected by removing the distal inter- 
locking screws, correcting the rotation, and then relocking 
the nail. 

See also Video 55-1. 

POSTOPERATIVE CARE. Patients with subtrochanteric 
fémoral fractures treated with an intramedullary device 
typically are allowed touch-down weight bearing for the 
first 6 weeks and advanced based on healing as shown 
on follow-up radiographs. 


A common error in nailing of subtrochanteric fémoral frac¬ 
tures is a latéral starting portai, which will lead to varus 
malalignment (Fig. 55-43). Proponents of piriformis entry 
nails argue that there is less likelihood of a latéral starting 
portai with a piriformis entry nail and theoretically less varus 
malalignment. Clear evidence does not exist that nailing of 
subtrochanteric fémoral fractures with a piriformis entry nail 
results in less varus malalignment than does the use of a 
modified médial trochanteric portai. If a suboptimal portai is 
made, it can be corrected by placing a small plate within the 
reamed latéral track and re-reaming a more médial portai 
(Fig. 55-44) or by using the original portai and adding an 
anterior-to-posterior blocking screw to correct the malaligned 
latéral to médial trajectory (Fig. 55-45). 

■ PLATE FIXATION 

Although most RT-IIA and RT-IIB fractures can be treated 
with intramedullary nailing, the procedure can be more 
technically difficult. Some subtrochanteric fémoral fractures 
with proximal extension that compromises the integrity of the 
starting portai are best treated with a proximal fémoral locking 
plate (Fig. 55-46). Some early clinical reports hâve questioned 
the effectiveness of one manufacturées proximal fémoral 
locking plate because of frequent early failures; however, more 
recent biomechanical data comparing proximal fémoral 
locking plates to blade plates are promising. Placement of a 
proximal fémoral locking plate may be technically easier than 
placement of a blade plate. A proximal fémoral locking plate 
can be placed with either a percutaneous or open technique 
based on fracture characteristics. A blade plate can be placed 
using direct or indirect réduction techniques; however, per¬ 
cutaneous placement is not an option. A blade plate can be 
very useful in révision situations. 
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Use of elevator and bail spike pusher for correction of residual deformity of proximal segment. A f Preoperative 
deformity. B f Intraoperative latéral fluoroscopie image without réduction aids. Intraoperative anteroposterior (C) and latéral (D) fluo¬ 
roscopie images showing elevator and bail spike pusher used to correct sagittal and coronal plane deformities. E f After réduction. 

(Courtesy of Richard Kyle, MD, Minneapolis, MN.) SEE TECHNIQUE 55-7. 



PART XV FRACTURES AND DISLOCATIONS IN ADULTS 



Use of cerclage wire to hold correction of proximal segment deformity. Preoperative (A) and postoperative 
(B) radiographs. (Courtesy of William Albers, MD, Memphis, TN.) SEE TECHNIQUE 55-7. 



Varus malalignment with implant failure result- 
ing from latéral starting point. 



To correct suboptimal portai, a small plate can 
be placed in reamed latéral track and more médial portai estab- 
lished. (Redrawn from Gardner MJ, Henley HB: Harborview illustrated 
tips and tricks in fracture surgery, Philadelphia, Lippincott Williams and 
Wilkins, 2010.) 
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Malalignment from suboptimal portai can be 
corrected by addition of anterior-to-posterior blocking screw. 


FIXATION OF SUBTROCHANTERIC 
FEMORAL FRACTURE WITH A 
PROXIMAL FEMORAL LOCKING PLATE 


TECHNIQUE 55-8 


■ Position the patient supine on a fracture table as described 
in Technique 55-7. 

■ If the lesser trochanter on the affected side is intact, 
obtain a fluoroscopie anteroposterior view of the contra¬ 
latéral hip with the patella facing directly anteriorly 
toward the ceiling (this position can be confirmed with a 
true anteroposterior view of the knee). Save this image 
to the fluoroscopy machine to allow later referencing of 
the contour of the lesser trochanter (Fig. 55-47). 

■ Make a latéral approach to the proximal fémur (see 
Technique 1-59). 

■ Split the fascia lata in line with the skin incision. Split the 
fascia of the vastus lateralis and elevate the muscle off 
the intermuscular septum. Release the origin of the vastus 
lateralis from the trochanteric ridge. 

■ Based on preoperative imaging, choose bridge plating 
or direct réduction with interfragmentary fixation and 
neutralization plating. We typically use a bridge plating 
technique and rely on preoperative templating of the 
contralatéral side for assessing length. 

■ Once appropriate alignment has been achieved, introduce 
the plate through the proximal wound to the level that 


allows placement of a guide pin just proximal to calcar 
(Fig. 55-48A). We generally use a long plate that allows 
placement of four or five well-spaced screws (low screw 
density). 

■ Pin the plate in place proximally and distally with provi- 
sional pins (Fig. 55-48B). A cortical screw can be placed 
to reduce the plate to bone as necessary. 

■ Place the locking screw just above the calcar (Fig. 55-48C) 
and then place a cortical screw distal to the fracture into 
the shaft and reduce the shaft to the plate, paying par- 
ticular attention to the fracture alignment. 

■ Because of concerns about creating a significant stress 
riser at the end of the plate, we tend to avoid a bicortical 
locking screw and prefer either a bicortical nonlocking 
screw or a unicortical locking screw. If a bicortical non¬ 
locking screw is to be used, it should be placed before 
placement of any locking screws in the shaft. Also, if a 
bicortical nonlocking screw and outrigger are used 
together, the outrigger should be set at least one hole 
shorter than the length of the plate. 

■ Fill the plate proximally with as many locking screws as 
possible based on the individual patient's anatomy. If an 
initial proximal cortical screw was placed, change it to a 
locking screw. 

■ At this point, evaluate rotation. If the lesser trochanter is 
intact, rotate the foot to face the patella directly anteri¬ 
orly. Compare the contour of the lesser trochanter to the 
other side using the fluoroscopie image obtained at the 
beginning of the procedure. Careful évaluation of rota¬ 
tion is important because the typically externally rotated 
proximal segment may hâve been internally rotated at 
least to a degree with réduction of the fracture and plate 
placement. 

■ Place two or three additional screws in the shaft to 
complété the final construct (Fig. 55-48D). The decision 
to use locking or nonlocking shaft screws is influenced by 
the patient's bone quality. 

■ After ail screws are placed, close the incision in standard 
fashion. 

■ Clinically evaluate length and rotation before the patient 
is awakened from anesthésia. 

POSTOPERATIVE CARE. Touch-down weight bearing is 
allowed for the first 6 weeks and is advanced based on 
evidence of healing on follow-up radiographs. 


FIXATION OF SUBTROCHANTERIC 
FEMORAL FRACTURE WITH A 
BLADE PLATE 


TECHNIQUE 55-9 


■ Preoperative planning for the placement of a blade plate 
is extremely important. Even with computerized radio¬ 
graphs, we use printed radiographs to create an accurate 
template. 
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Proximal fémoral locking plate fixation of subtrochanteric fémoral fracture with proximal extension. A f Preoperative 
radiograph. B f Preoperative axial CT scan shows extension proximally into piriformis fossa. C and D f After fixation with locking plate. 
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Rotation can be assessed by comparison of contour of affected lesser trochanter to that of contralatéral hip. A f The 
contour of the lesser trochanter from the contralatéral uninjured side with the patella oriented anteriorly. B f The contour of the lesser 
trochanter from the injured side should match the uninjured side after correct rotation has been restored. C f The contour of the lesser 
trochanter is diminished as the proximal fragment is internally rotated relative to the distal fragment. This indicates an overall external 
rotation deformity of the extremity. D f The contour of the lesser trochanter is enlarged as the proximal fragment is externally rotated 
relative to the distal fragment. This indicates an overall internai rotation deformity of the extremity. (Redrawn from Krettek C: Fractures 
of the distal fémur. In Browner BD, Jupiter JB, Levine AM, et al, editors: Skeletal trauma, 4 th ed. Philadelphia, Elsevier, 2009.) SEE TECHNIQUE 55-7. 



Fixation of subtrochanteric fracture with proximal fémoral locking plate (see text). A f Plate is introduced through 
proximal wound and advanced distally to the level that allows placement of guide pin just proximal to calcar and in the center of the 
fémoral head on the latéral view. B f Plate is pinned in place proximally and distally once placement has been optimized. C f Locking 
screw is placed just proximal to calcar. D f Final construct after placement of proximal and distal screws. (Modified from Peri-Loc locked 
plating System: surgical technique, Memphis, Smith & Nephew, 2011.) SEE TECHNIQUE 55-8. 
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■ Position the patient supine on a fracture table as described 
in Technique 55-7. Make a similar latéral exposure as used 
for placement of proximal fémoral locking plate (Tech¬ 
nique 55-8), but extend incision significantly farther dis- 
tally, making the incision as long as the anticipated plate 
length. 

■ Insert a Kirschner wire into the latéral aspect of the 
proximal fémur at a 95-degree angle relative to the shaft 
and based on preoperative templating. Evaluate the posi¬ 
tion of the Kirschner wire and antéversion of the hip in 
both planes on a latéral fluoroscopie view. Some Systems 
hâve guides available that simplify préparation for chisel 
seating. 

■ Use a 3.2-mm drill bit to préparé an entrance for the 
chisel just distal to the Kirschner wire into the latéral 
cortex. 

■ Advance the chisel into the latéral aspect of the fémur 
and into the fémoral neck using the Kirschner wire as a 
guide. Make sure the chisel is continually oriented to the 
alignment of the proximal fragment with disregard for 
the orientation of the distal fragment. 

■ Withdraw the chisel every 10 to 15 mm to avoid incarcer- 
ating the seating chisel. Advance the chisel to the appropri- 
ate depth determined from preoperative templating. 

■ Introduce the blade plate. 

■ Once fully seated, use the plate to reduce the fracture. 
Bone-holding forceps can be used to provisionally reduce 
the plate to the bone distally while screws are inserted. 
Insert an eccentrically placed screw first. If compression 
provided by this screw is insufficient, an articulating 
tensioner can be used. 

■ Evaluate rotation as described with fixation with a proxi¬ 
mal fémoral locking plate (see Technique 55-8). Any 
rotational abnormality can be corrected by removing the 
distal screws, correcting the rotational abnormality, and 
reinserting the screws. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for that after fixation with a proximal fémoral locking 
plate (see Technique 55-9). 


HIP DISLOCATIONS AND 
FEMORAL HEAD FRACTURES 

Hip dislocations and fémoral head fractures typically are 
the resuit of a high-energy mechanism. The most common 
mechanism of injury is a motor vehicle accident. In addition 
to the hip dislocation or hip dislocation with associated 
fémoral head fracture, an associated ipsilateral knee patho¬ 
logie process is quite common. One study noted an 89% 
incidence of an ipsilateral knee pathologie process on MRI 
évaluation. A high index of suspicion is necessary to avoid 
missing knee injuries and injuries to other areas of the body. 
Associated systemic injuries hâve been documented in 40% 
to 75% of patients. Sciatic nerve injuries also are common 
with posterior hip dislocations and hâve been documented in 
10% to 15% of patients. 

The clinical présentation of the injured limb can give 
important information regarding the likely type and direction 


of hip dislocation. Most hip dislocations are posterior, and 
the position of the injured extremity is shortened, internally 
rotated, and adducted. Anterior dislocations are much more 
rare (<10%) and présent as a shortened and externally rotated 
limb. A rare type of fracture-dislocation includes a pure hip 
dislocation with a fémoral head fracture, and this injury 
pattern présents uniquely as slight hip and knee flexion and 
neutral hip rotation (Fig. 55-49). Mehta and Routt described 
this injury pattern and warned about the conséquences of 
attempted closed réduction. 

The évaluation of a patient with suspected hip dislocation 
should be expedited, beginning with an immédiate anteropos- 
terior pelvic radiograph before any attempt at réduction. The 
size of the fémoral head and the projection of the lesser tro¬ 
chanter compared with the contralatéral side yield important 
information about the direction of the dislocation. With a 
posterior dislocation, the fémoral head typically appears 
smaller and the lesser trochanter may not be seen because of 
internai rotation ofthe extremity (Fig. 55-50). With an anterior 
dislocation, the fémoral head typically appears larger and the 
lesser trochanter may be seen in its entirety because of external 
rotation of the extremity. Loss of concentricity of the fémoral 
head with the acetabulum also is seen with dislocation. 

A pure hip dislocation should be reduced as soon as 
possible to minimize the risk of osteonecrosis. There has been 
some discussion as to the location (emergency department or 
operating room) where réductions should take place; this 
decision should be based on the resources of individual 
hospitals. The risk of osteonecrosis clearly increases with 
increasing time to réduction of the dislocation. Osteonecrosis 
may complicate 1% to 22% of posterior hip dislocations. 
Multiple attempts at closed réduction should be avoided to 
minimize the risk of iatrogénie damage to the fémoral head. 
Repeat plain films and a CT scan of the pelvis should be 
obtained after closed réduction. Intraarticular fragments 
from either the posterior wall or fémoral head that resuit in 
an incongruous réduction are an indication for surgical treat- 
ment. Patients with incongruous hip joints secondary to 
intraarticular fragments (Fig. 55-51) after closed réduction 
are placed in distal fémoral skeletal traction. The size and 
location of intraarticular fragments are evaluated on CT scan 
(Fig. 55-52). Patients are then treated on an emergent or 
urgent basis depending on the size of the fragment and the 
patients condition. 

REDUCTION MANEUVERS FOR POSTERIOR 
HIP DISLOCATION 

Many closed réduction maneuvers hâve been described, 
including the East Baltimore lift and the Allis, Bigelow, and 
Stimson maneuvers. The East Baltimore lift (Fig. 55-53) is 
convenient for the surgeon and is extremely effective. The 
surgeon performing the réduction maneuver stands on the 
side of the patients affected extremity. The patients hip and 
knee are flexed to 90 degrees. The surgeons more cephalad 
arm is passed beneath the patients proximal calf and placed 
on an assistants shoulder. The assistant reciprocates by 
placing his or her hand on the surgeons shoulder for stability. 
The surgeons more caudad arm is used to control the patients 
ankle and rotate the extremity if necessary. A second assistant 
stabilizes the pelvis. The surgeon and first assistant then stand 
(extending at the hips and knees), resulting in an anterior- 
directed force to reduce the dislocation. 
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Pure hip dislocation with concomitant fémoral head fracture. A and B f Characteristic extremity posture. C f Preopera- 
tive radiograph. Preoperative axial (D and E) and coronal (F) CT scans. G f Anteroposterior pelvic radiograph shows union. 
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FIGURE 


Posterior hip dislocation. 


The Allis maneuver (Fig. 55-54) can be done with one less 
assistant than the East Baltimore lift. The patient is positioned 
supine, an assistant stabilizes the pelvis, and the surgeon 
applies traction in the direction opposite the deformity. While 
traction is being applied, the hip is flexed to 90 degrees and 
the extremity is internally and externally rotated as necessary 
to achieve réduction. 

The Bigelow maneuver (Fig. 55-55) requires the same 
number of individuals as the Allis maneuver. The patient is 
again positioned supine, and an assistant stabilizes the pelvis. 
The surgeon places one arm beneath the patients proximal 
calf and grasps the ankle with his or her other arm. The 
surgeon applies traction in the direction opposite the defor¬ 
mity and then flexes the hip to 90 degrees. Traction is 
maintained at 90 degrees of flexion, keeping the extremity 
adducted and internally rotated. The fémoral head is then 
levered into the acetabulum with a combination of abduction, 
external rotation, and extension of the hip. 

The Stimson maneuver (Fig. 55-56) is not very practical 
because the patient must be placed prone with the aftected 
extremity off the end of the table. 



Incongruous joint after closed réduction as a resuit of intraarticular fragments. A f Pre-reduction radiograph. 
B, Radiograph after réduction. Axial (C) and coronal (D) CT scans after réduction. 
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FIGURE 


Subtle incongruity on a plain radiograph (A) can be further evaluated on CT scan (B). 



East Baltimore lift for réduction of posterior hip 


dislocation. 


If réduction cannot be obtained by closed methods with 
adéquate sédation, an immédiate CT scan is ordered to 
détermine the presence of any block to réduction. One addi- 
tional closed réduction attempt can be made in the operating 
room with the patient under general anesthésia, proceeding 
with open réduction if necessary. 

REDUCTION MANEUVER FOR ANTERIOR 
HIP DISLOCATION 

Anterior hip dislocations typically can be reduced with lon¬ 
gitudinal traction, laterally directed force on the thigh, and 
offen internai rotation to complété the réduction. If closed 
réduction fails, the Smith-Petersen approach is used for open 
réduction. 




FIGURE 


55-5 


Allis 


dislocation. 


réduction 


maneuver for posterior hip 
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FIGURE 


dislocation. 


OPEN REDUCTION OF POSTERIOR 
HIP DISLOCATION THROUGH A 
POSTERIOR APPROACH 


TECHNIQUE 55-10 


■ Place the patient in the latéral position with the hip 
extended and the knee flexed to relieve tension on the 
sciatic nerve. Consider the use of traction if there is an 
intraarticular fragment. 

■ Make a standard Kocher-Langenbeck approach to the hip 
(see Technique 1-74). 

■ Identify the sciatic nerve, which can be difficult because 
of the altered anatomy. Attempt to locate the nerve on 
the posterior aspect of the quadratus femoris muscle. 

■To avoid further potential insult to the blood supply of 
the fémoral head, do not release the quadratus femoris 
from the fémur; release the piriformis and obturator 
tendons at least 15 mm from their respective insertions, 
and make any necessary capsulotomy extension off the 
acetabular rim. 

■ Remove any impediments to réduction in the acetabulum, 
including osteochondral fragments or labrum. 



dislocation. 


■ Guide the fémoral head back into the acetabulum while 
protecting the sciatic nerve. 

POSTOPERATIVE CARE. After réduction of pure hip 
dislocations, weight bearing is allowed as tolerated on 
crutches, with progression as pain allows. Patients with 
posterior hip dislocations are instructed in posterior hip 
précautions and follow these for at least 6 weeks. Patients 
are followed closely for the first 2 years because, if 
osteonecrosis is going to develop, it likely will présent 
within this time frame. 


Associated posterior wall fractures are common with poste¬ 
rior hip dislocations; their treatment is described in Chapter 
56. Fémoral head fractures occur in association with 5% to 
15% of hip dislocations. The most frequently used classifica¬ 
tion System of fémoral head fractures is the Pipkin classifica¬ 
tion (Fig. 55-57): 

Type I: Fémoral head fracture caudad to fovea 
Type II: Fémoral head fracture cephalad to fovea 
Type III: Fémoral head fracture (caudad or cephalad to fovea, 
Pipkin I or II) with fémoral neck fracture 
Type IV: Fémoral head fracture (Pipkin I, II, or III) with 
acetabular fracture 

Similar to pure hip dislocations, réduction of a hip dislocation 
with an associated fémoral head fracture (Pipkin types I and 
II) should be performed immediately. After réduction, CT 
should be used to assess the size, location, and réduction of 
the fémoral head fragment. Most would argue that large 
Pipkin type I fémoral head fragments, especially with frag¬ 
ment displacement, should be rigidly fixed. With larger 
fémoral head fragments, the likelihood of instability increases. 
More controversy exists over smaller fémoral head fragments. 
Some recommend acute excision, whereas others believe the 
fragment can be treated nonoperatively. Assessment of réduc¬ 
tion with CT is essential. Any Pipkin type II fracture that is 
not anatomically reduced should be treated surgically. Réduc¬ 
tion and fixation can be accomplished through an anterior 
(Smith-Petersen) or posterior (Kocher-Langenbeck) approach 
or a posterior approach with surgical dislocation. We typi- 
cally use a Smith-Petersen approach for Pipkin type I and II 










CHAPTER 55 FRACTURES AND DISLOCATIONS OF THE HIP 



FIGURE 55-5 


^ Pipkin classification of posterior dislocation of 
hip with fémoral head fracture. A f Type I: fémoral head fracture 
caudad to fovea capitis. B f Type II: fémoral head fracture cephalad 
to fovea capitis. C f Type III: type I or II fracture with associated 
fémoral neck fracture. D f Type IV: type I, II, or II fracture with 
associated acetabular fracture. 


fémoral head fractures, and the fractures usually are fixed 
with countersunk 2.7-mm or 3.5-mm cortical screws or head- 
less compression screws. 

Pipkin type III fractures are rare, and data to guide 
management of these injuries are lacking. In young patients, 
we usually proceed with open réduction and internai fixation. 
Older patients are treated with arthroplasty. 

Pipkin type IV fractures most commonly consist of a 
fémoral head fracture with a posterior wall acetabular frac¬ 
ture. This combination may be best treated with surgical 
dislocation (Fig. 55-58). Treatment generally is dictated by 
the acetabular fracture. A multicenter study evaluating the 
complications associated with surgical hip dislocation con- 
cluded that the procedure is safe with a low incidence of 
complications. Of 334 hips treated with surgical hip disloca¬ 
tion for various hip pathologie processes, none developed 
osteonecrosis. The rate of trochanteric nonunion was 1.8%. 
Although the number of hips in this sériés is large, only one 
patient had surgical dislocation for trauma. Osteonecrosis 
also has not been reported as a complication in a sériés in 
which this approach was used for treatment of fémoral head 
fractures or for joint debridement and treatment of acetabular 
fractures. The technique for surgical dislocation of the hip 
(Ganz) is described in Chapter 6 (see Technique 6-1). Surgi¬ 
cal dislocation allows excellent visualization for open réduc¬ 
tion and internai fixation of large fémoral head fragments or 
debridement or excision of small fémoral head fragments. 

Hip dislocations with associated fémoral head fractures 
are managed with touch-down weight bearing for 12 weeks. 


An exception to this management is a patient with fémoral 
head excision, who is allowed to bear weight as tolerated on 
crutches. Patients also are instructed on hip précautions and 
are told to follow these for at least the first 6 weeks affer 
surgery. 

Closed réduction of a posterior hip dislocation can be 
complicated by the presence of an ipsilateral fémoral neck or 
fémoral shaff fracture. An anteroposterior view of the pelvis 
must be obtained and reviewed before any réduction attempt 
because attempts at closed réduction of a posterior hip dislo¬ 
cation with an associated fémoral neck fracture may resuit in 
displacement or further displacement of the fémoral neck 
fracture and further injury to the vessels supplying the 
fémoral head. Physiologically older patients with this injury 
should be treated with arthroplasty. Younger patients should 
be treated with open réduction of the fémoral neck fracture 
if displaced and then with réduction of the hip dislocation. 
We do not attempt closed réduction of dislocated hips with 
associated fémoral neck fractures unless the neck fracture is 
nondisplaced and can be provisionally stabilized with guide - 
wires. Dislocated hips with fémoral shaff fractures are treated 
differently, and an attempt at closed réduction should be 
made. If difficulty is encountered, the patient is taken to the 
operating room and a Schanz pin in the proximal aspect of 
the fémoral shaff is used to aid réduction. 


FRACTURES OF THE IPSILATERAL 
FEMORAL NECK AND SHAFT 

Ipsilateral fémoral neck fractures occur in association with 
fémoral shaff fractures between 1% and 9% of the time. 
Timing of the diagnosis of the fémoral neck fracture has a 
dramatic impact on outcomes, and late diagnosis of concomi¬ 
tant fémoral neck fractures can hâve disastrous complications. 
Radiographs must be carefully scrutinized to avoid missing 
an associated fémoral neck fracture. The évaluation of fémoral 
fractures includes anteroposterior and latéral views of the 
fémur, as well as an anteroposterior view of the pelvis and 
latéral view of the affected hip. Because a high-quality latéral 
image of the affected hip can be difficult to obtain in a patient 
with a fémoral fracture, a pelvic CT scan is obtained on every 
patient who has a fémoral fracture caused by blunt trauma. 
The pelvic CT scan should include coronal and sagittal 
reconstructed images in addition to the standard axial images. 

If the fémoral neck fracture is diagnosed preoperatively, 
its treatment is the priority, followed by treatment of the 
fémoral shaff. If the fémoral neck is displaced, open réduction 
is done through a Smith-Petersen or Watson-Jones approach 
and stabilization is obtained with either cannulated screws or 
a compression hip screw (Fig. 55-59). If the fémoral neck is 
nondisplaced, it also can be stabilized with either cannulated 
screws or a compression hip screw. As previously noted in the 
section on fémoral neck fractures, réduction and fixation are 
done with the patient on a fracture table to allow the highest 
quality latéral imaging. A nondisplaced fémoral neck fracture 
with an associated fémoral shaff fracture can be treated with a 
single device (antegrade reconstruction nail), but this is tech- 
nically difficult and the potential complications are greater. 

To avoid missing associated fémoral neck fractures, live 
fluoroscopie images are obtained affer placement of an intra- 
medullary nail and a standard anteroposterior view of the 
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FIGURE 55-5 


Surgical dislocation of the hip for treatment of Pipkin IV fracture (open 
wall acetabular fracture and debridement of infrafoveal fémoral head fracture). A f Injury 
(C) and coronal (D) CT scans after réduction. E f Postoperative pelvic radiograph. 


réduction and internai fixation of posterior 
pelvic radiograph. B f After réduction. Axial 
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FIGURE 


radiographs. 


Fixation of ipsilateral fémoral neck and shaft fractures. A f Preoperative radiograph. B and C f Postoperative 


pelvis with the extremities in internai rotation is obtained in 
the operating room with the patient under anesthésia. Even 
with this protocol it is possible to miss a fémoral neck frac¬ 
ture, and repeat imaging of the hip is indicated if the patient 
has any complaints of hip pain. 

If a fémoral neck fracture is diagnosed affer placement of 
an intramedullary nail (Fig. 55-60), treatment is based on the 
amount of displacement and the nail System that has been 
used. If the fémoral neck fracture has not been diagnosed 
until this point, the fracture is likely nondisplaced or mini- 
mally displaced. If the fracture is nondisplaced and the nail 
System has a reconstruction option, the standard proximal 
interlocking screw can be removed and two cephalomedul- 
lary screws placed. Offen the nail position must be adjusted 
cephalad or caudad to allow placement of the two cephalom- 
edullary screws. If this adjustment is necessary, two guide 
pins are placed across the fémoral neck to avoid displacement 


of the fracture. If the nailing System does not allow a recon¬ 
struction option, cannulated screws can be placed around the 
intramedullary nail. 

Ostrum et al. reported 92 proximal fémoral fractures (68 
of which were fémoral neck fractures) with associated ipsilat¬ 
eral fémoral shaft fractures. Only 15 of the fémoral neck 
fractures were transcervical or subcapital, and overall only 
39% of the 92 proximal fémoral fractures were displaced. Ail 
fractures were treated with either a sliding hip screw or can¬ 
nulated screws. Nonunion occurred in two (3%) of 68 fémoral 
neck fractures, and 8 (8%) of 92 fémoral shaft fractures 
developed delayed unions or nonunions that required sec- 
ondary intervention. No différences were detected between 
the two fixation devices. 

Patients with ipsilateral fémoral neck and shaft fractures 
are allowed only touch-down weight bearing for the first 10 
to 12 weeks after surgery. 
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jjjj Ipsilateral fémoral neck fracture discovered intraoperatively after placement of intramedullary nail. A f Preoperative 
radiograph. B, Intraoperative fluoroscopie view after placement of intramedullary nail. C f Intraoperative fluoroscopie view after range 
of motion of hip under live fluoroscopy. D f Intraoperative fluoroscopie view after removal of standard proximal interlocking screw and 
placement of reconstruction screws. 
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ACETABULAR FRACTURES 

The treatment of acetabular fractures is a complex area of 
orthopaedics that is being continually refined. It involves a 
definite learning curve, probably best documented in a report 
by Matta and Merritt of the first 100 acetabular fractures 
treated operatively by Matta. Grouping the surgical réduc¬ 
tions chronologically in groups of 20 clearly showed that 
expérience improved the ability to avoid unsatisfactory 
réductions and to perform anatomie réductions (Fig. 56-1). 
Kebaish, Roy, and Rennie demonstrated this same concept by 
comparing the réductions obtained by experienced pelvic 
trauma surgeons with those obtained by less experienced 
surgeons, who had a much lower rate of anatomie réduction 
(Fig. 56-2). 

INITIAL TREATMENT 

Acetabular fractures generally are caused by high-energy 
trauma, and associated injuries are frequent. Management of 
the entire patient should follow accepted Advanced Trauma 
Life Support (ATLS) protocol, with orthopaedic treatment of 
the acetabular fracture appropriately integrated into the treat¬ 
ment plan. In general, operative treatment of an acetabular 
fracture should not be performed as an emergency except 
when it is part of open fracture management or is performed 
for a fracture associated with an irreducible dislocation of the 
hip. In the latter case, urgent open réduction of the hip dis¬ 
location followed by treatment of the associated fracture is 
required to decrease the risk of complications of osteonecrosis 
and ongoing cartilaginous damage to the fémoral head. 

Closed réduction of hip dislocations should be performed 
with sédation in the emergency department or with general 
anesthésia and fluoroscopy. The patient then can be placed in 
skeletal traction if necessary to maintain réduction and pos- 
sibly slight distraction of the hip while the other acute injuries 
are treated and radiographie studies of the pelvis are obtained. 
Admittedly, not ail patients with acetabular fractures require 
skeletal traction if the hip is stable with the patients legs in 
an abduction wedge pillow. We evaluate if the fémoral head 
articular cartilage will tend to undergo further damage from 


displaced intraarticular fractures, typically transverse compo- 
nents of fractures, or if the fracture will allow the hip to 
dislocate or displace significantly. If any of these conditions 
exist, the patient is placed in skeletal traction of 20 to 35 
pounds while they are in the resuscitation area. We prefer the 
use of distal fémoral traction pins to facilitate knee flexion 
during subséquent surgery if traction is used. 

Historically, central fracture-dislocation of the hip was 
used to describe any acetabular fracture with médial sublux¬ 
ation of the fémoral head. Although this terminology has 
been replaced with more descriptive fracture classification 
Systems, a true central fracture-dislocation with the fémoral 
head completely dislocated medially into the pelvis is an 
unusual injury that requires urgent treatment (Fig. 56-3). The 
fémoral head can be locked between the fracture fragments, 
making réduction extremely difficult. Closed réduction with 
general anesthésia and fluoroscopie assistance should be 
attempted. After réduction, the fémoral head is extremely 
unstable and will easily redisplace into the pelvis if skeletal 
traction is not maintained. 

If closed réduction of a hip dislocation associated with an 
acetabular fracture is unsuccessful, the immédiate treatment 
of the hip dépends on the expérience of the surgeon. A rapid 
CT scan of the pelvis with 3-mm cuts can demonstrate the 
obstruction to réduction of the hip dislocation and the ace¬ 
tabular fracture pattern, which will allow formulation of an 
operative plan for open réduction and internai fixation 
(ORIF) (Fig. 56-4). Marecek and Routt hâve described a 
percutaneous fluoroscopie technique for displacing intraar¬ 
ticular fragments blocking concentric hip réduction after 
closed réduction allowing further planning and resuscitation 
of the patient. If indicated, transfer to a facility capable of 
managing such injuries should be done promptly. 

ANATOMY 

The acetabulum can be described as an incomplète hemi- 
spherical socket with an inverted horseshoe-shaped articular 
surface surrounding the nonarticular cotyloid fossa. This 
articular socket is composed of and supported by two columns 
of bone, described by Letournel and Judet as an inverted Y 
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A, Percentage of anatomie réductions per group of 20 for first 100 cases. B f Number of unsatisfactory réductions of 
displaced acetabular fractures per group of 20 for Matta's first 100 surgical cases. (From Matta JM, Merritt PO: Displaced acetabular fractures, 
Clin Orthop Relat Res 230:83, 1988.) 
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□ Less experienced surgeon 



Anatomie Mild Moderate Severe 


Quality of réduction of acetabular fractures 
obtained by experienced pelvic trauma surgeons compared with 
surgeons with less expérience. Mild incongruency is defined as up 
to 4 mm of fracture displacement; moderate incongruency, as 4 
to 10 mm; and severe incongruency, as more than 10 mm. (From 
Kebaish AS, Roy A, Rennie W: Displaced acetabular fractures: long-term 
follow-up, J Trauma 31:1539, 1991.) 


(Fig. 56-5). The anterior column is composed of the anterior 
half of the iliac crest, the iliac spines, the anterior half of the 
acetabulum, and the pubis. The posterior column is the 
ischium, the ischial spine, the posterior half of the acetabu¬ 
lum, and the dense bone forming the sciatic notch. The 
shorter posterior column ends at its intersection with the 
anterior column at the top of the sciatic notch. The column 
concept is used in classification of these fractures and is 
central to the discussion of fracture patterns, operative 
approaches, and internai fixation. 

The dôme, or roof, of the acetabulum is the weight- 
bearing portion of the articular surface that supports the 
fémoral head (Fig. 56-6). Anatomie restoration of the dôme 
with concentric réduction of the fémoral head beneath this 
dôme is the goal of both operative and nonoperative treat- 
ment. The quadrilatéral surface is the fiat plate of bone 
forming the latéral border of the true pelvic cavity and thus 
lying adjacent to the médial wall of the acetabulum (Fig. 



Transverse acetabular fracture with true central 
fracture-dislocation; intrapelvic fémoral head can become locked 
between superior and inferior fracture fragments. 


56-7). The iliopectineal eminence is the prominence in the 
anterior column that lies directly over the fémoral head. Both 
the quadrilatéral surface and the iliopectineal eminence are 
thin and adjacent to the fémoral head, limiting the types of 
fixation that can be used in these régions. 

The neurovascular structures passing through the pelvis 
are at risk during the original injury and subséquent treat- 
ment, and the various surgical approaches are designed 
around these structures. The sciatic nerve exiting the greater 
sciatic notch inferior to the piriformis muscle frequently is 
injured with posterior fracture-dislocations of the hip and 
fractures with posterior displacement (Fig. 56-8). The func- 
tioning of both the tibial and common peroneal components 
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FIGURE 


Anteroposterior pelvic radiograph (A) and CT scan (B) of irreducible hip dislocation with posterior wall acetabular 


fracture. Posterior wall fragment is incarcerated, blocking réduction. 



FIGURE 


) Two-column concept of Letournel and Judet 


used in classification of acetabular fractures (see text). 



FIGURE 


Superior dôme of acetabulum. 
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Sciatic nerve 


A f lliopectineal eminence overlies dôme of 
acetabulum. B f Quadrilatéral surface lies adjacent to médial wall 
of acetabulum. 


Piriformis divides greater sciatic notch and is 
key to this région. Sciatic nerve is shown leaving pelvis below this 
muscle; superior gluteal artery, vein, and nerve are above it. 
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FIGURE 


Arterial and venous anastomosis between 


external iliac and obturator Systems. In this example, connection 
originates from inferior epigastric vessels and passes over superior 


ramus. 


of the sciatic nerve must be carefully documented in the 
emergency department and after subséquent interventions 
(including réduction of a hip dislocation and changes in trac¬ 
tion). The sciatic nerve has frequent variation in its relation- 
ship to the piriformis muscle as it exits the sciatic notch, with 
common séparation of tibial and peroneal branches at this 
level. The superior gluteal artery and nerve exit the greater 
sciatic notch at its most superior aspect and can be tethered 
to the bone at this level by variable fascial attachments. 
Fractures that enter the superior portion of the greater sciatic 
notch can be associated with significant hemorrhage, possibly 
requiring angiography with embolization of the superior 
gluteal artery Before performance of the extensile approaches 
that rely on a superior gluteal artery-based vascular pedicle, 
preoperative angiographie confirmation of its patency has 
been recommended. Knowledge of the intrapelvic relation- 
ships of the lumbosacral trunk, common and external iliac 
vessels, and inferior epigastric vessels as well as of the obtura¬ 
tor artery and nerve becomes crucial as retractors, réduction 
forceps, drills, and screws are used. One particularly note- 
worthy anatomie relationship is the occasional large anasto¬ 
mosis between the external iliac artery or inferior epigastric 
artery and the obturator artery known as the corona mortis 
(Fig. 56-9). Failure to ligate this vascular connection during 
the ilioinguinal or Stoppa approach can lead to significant 
hemorrhage that is difhcult to control as the external iliac 
vessels are mobilized. 

RADIOGRAPHIC EVALUATION 

The acetabulum is evaluated radiographically with an antero- 
posterior pelvic view as well as with the 45-degree oblique 
views of the pelvis described by Judet and Letournel, com- 
monly called Judet views. In the iliac oblique view, the 
radiographie beam is roughly perpendicular to the iliac wing. 



JJ Landmarks of standard anteroposterior radio- 
graph of hip. 1, lliopectineal line beginning at greater sciatic 
notch of ilium and extending down to pubic tubercle. 2, llioischial 
line formed by posterior four fifths of quadrilatéral surface of 
ilium. 3, Radiographie teardrop composed laterally of most infe¬ 
rior and anterior portion of acetabulum and medially of anterior 
fiat part of quadrilatéral surface of iliac bone. 4, Roof of acetabu¬ 
lum. 5, Edge of anterior lip of acetabulum. 6, Edge of posterior 
lip of acetabulum. 


In the obturator oblique view, the radiographie beam is 
roughly perpendicular to the obturator foramen. Inclusion of 
the opposite hip in the radiographie field on the anteropos¬ 
terior and Judet views is essential for évaluation of symmetric 
contours that may hâve slight individual variations and to 
détermine the width of the normal articular cartilage in each 
view. The médial clear space between the fémoral head and 
the radiographie teardrop in the injured and uninjured hip s 
should be compared on the anteroposterior view as an indica¬ 
tion of fémoral head subluxation. 

The radiographie landmarks seen on each view are 
depicted in Figures 56-10 and 56-11. Fractures that traverse 
the anterior column disrupt the iliopectineal line, whereas 
fractures that traverse the posterior column disrupt the 
ilioischial line. Each fracture pattern in the classification of 
Letournel and Judet has typical radiographie characteristics 
with respect to the disruption or intaetness of the radio¬ 
graphie landmarks, as shown for a posterior column fracture 
in Figure 56-12. Evaluation of the various fracture patterns 
from the standard radiographs requires an understanding of 
the three-dimensional implications of the status of each of the 
radiographie landmarks as well as a three-dimensional grasp 
of pelvic bony anatomy and the possible variations of fracture 
lines within a given fracture pattern. In the operating room, 
the three standard views can be obtained with fluoroscopy. 
The restoration of the radiographie landmarks is a guide 
to the adequacy of fracture réduction. Borrelli et al. described 
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FIGURE 


Judet views of the hip. A f Obturator oblique view. B f lliac oblique view. 


the use of Judet view radiographs generated from CT data 
that they found to be as good as or better than conventional 
radiographs in identifying fracture characteristics and 
classification. 

The anatomie dôme is a three-dimensional structure 
composed of subchondral bone and its overlying cartilage 
that articulâtes with the weight-bearing portion of the fémoral 
head. Multiple studies hâve concluded that the single most 
important factor affecting long-term outcome in both opera- 
tively and nonoperatively treated acetabular fractures is 
maintenance of a concentric réduction of the fémoral head 
beneath an intact or anatomically reconstructed dôme. The 
dôme, or roof, can be seen on the anteroposterior and Judet 
views of the pelvis, but the subchondral bone shown on each 
of these views is only 2 to 3 mm wide and represents only 
that small portion of the actual articular weight-bearing 
surface that is tangential to the x-ray beam. Matta et al. 
developed a System for roughly quantifying the acetabular 
dôme affer fracture, which they called the “roof arc” measure- 
ments. These measurements involve détermination of how 
much of the roof remains intact on each of the three standard 
radiographie views: anteroposterior, obturator oblique, and 
iliac oblique. The médial roof arc is measured on the antero¬ 
posterior view by drawing a vertical line through the roof of 
the acetabulum to its géométrie center. A second line is then 
drawn through the point where the fracture line intersects the 
roof of the acetabulum and again to the géométrie center of 
the acetabulum. The angle thus formed represents the médial 
roof arc (Fig. 56-13 A). The anterior and posterior roof arcs 


are similarly determined on the obturator oblique and iliac 
oblique views, respectively (see Fig. 56-13B and C). Although 
these are rough quantitations, they are useful in the assess- 
ment of fractures of the posterior or anterior column, 
transverse fractures, T-type fractures, and associated anterior 
column and posterior hemitransverse fractures; they hâve 
limited usefulness for évaluation of both-column fractures 
and fractures involving the posterior wall. According to Matta 
et al., if any of the roof arc measurements in a displaced 
fracture are less than 45 degrees, operative treatment should 
be considered. 

CT is invaluable in the treatment of acetabular fractures. 
Axial cuts should be taken with thin (3-mm) intervals and 
corresponding slice thicknesses. The entire pelvis generally 
is included to avoid missing a portion of the fracture, and 
comparison to the opposite hip is performed routinely. The 
surgeon should learn to move from image to image, following 
the fracture fines and envisioning the obliquities and dis- 
placements of the fracture fines shown. A plastic pelvic 
model is helpful in learning this technique and later for 
drawing more complex fractures directly on the model. In 
general, the transverse fracture fines and fractures of the 
anterior and posterior walls are in the sagittal plane, parallel- 
ing the quadrilatéral surface when they are viewed on axial 
CT images (Figs. 56-14 and 56-15). Anterior and posterior 
column fractures usually extend through the quadrilatéral 
surface and into the obturator foramen with a more coronal 
orientation; variant fracture types, however, may not follow 
these generalities. 
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Fracture of posterior column of acetabulum. A f Anteroposterior view shows intact iliopectineal line, with disrupted 
ilioischial line. B f lliac oblique (Judet) view shows disrupted posterior column and intact anterior wall. C, Obturator oblique (Judet) view 
shows intact anterior column in profile. 



FIGURE 


"Roof arc" measurement, as described by Matta et al. A, Médial roof arc is measured on anteroposterior view. 


B f Anterior roof arc is measured on 45-degree angle obturator oblique view. C f Posterior roof arc is measured on 45-degree angle iliac 


oblique view. 
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Wall and transverse fractures 



Orientation of fracture lines through acetabu- 
lum as seen on CT scan. 



A f Anterior column fracture with typical frac¬ 
ture orientation. B f Posterior wall fracture. 


Some authors hâve suggested that axial CT images over- 
estimate the extent of comminution of acetabular fractures; 
however, in reality, only existing fracture lines are shown on 
the images. For example, in transverse fractures, moving 
proximally on successive cuts, small fragments of the anterior 
and posterior walls enlarge to coalesce through the roof, 
becoming the axial cross section of the ilium. What may 


appear to be separate anterior and posterior wall fracture 
fragments on more inferior cuts is in reality the distal extent 
of a single proximal fragment. An oblique fracture line divides 
the acetabulum, so the more inferior CT cuts appear to hâve 
three fragments when in reality there are only two. By study- 
ing the individual fragments on multiple successive cuts, the 
entire fracture can be appreciated, giving a true mental three- 
dimensional picture. High-resolution coronal and sagittal 
reconstructions of the fracture are helpful in the preoperative 
évaluation of complex fractures by delineating fractures that 
lie directly in the plane of a given axial CT image. 

CT scans can give the same information about the ace¬ 
tabular dôme as the roof arc measurements on the anteropos- 
terior and oblique radiographs. Axial CT scans showing the 
superior 10 mm of the acetabular roof to be intact hâve been 
shown to correspond to radiographie roof arc measurements 
of 45 degrees. Fracture of the cotyloid fossa does not appear 
to jeopardize stability of the fémoral head under the dôme if 
the fossa extends to within 10 mm of the apex of the roof and 
the articular surface is intact. 

Three-dimensional CT reconstructions (Fig. 56-16) of a 
fracture are readily fabricated with modem CT software and 
can be projected in many different views with subtraction of 
the fémoral head that show unique features of the various 
fracture patterns. These images can be extremely helpful with 
complicated fractures; however, we generally rely more on 
axial CT scans with coronal and sagittal reconstructions cor- 
related with the standard three plain radiographie views. 

CLASSIFICATION 

The classification of acetabular fractures described by Letour- 
nel and Judet (Fig. 56-17) is the commonly used classification 
System. In this System, acetabular fractures are divided into 
two basic groups: simple fracture types and the more complex 
associated fracture types. Simple fracture types are isolated 
fractures of one wall or column along with transverse 
fractures; this type includes fractures of the posterior wall, 
posterior column, anterior wall, or anterior column and 
transverse fractures. Associated fracture types hâve more 
complex fracture geometries and include T-type fractures, 
combined fractures of the posterior column and wall, com- 
bined transverse and posterior wall fractures, anterior column 
fractures with a posterior hemitransverse fracture, and both- 
column fractures. 

Although several of the associated fracture types involve 
both columns ofthe acetabulum, the désignation both-column 
fracture in this classification dénotés that none of the articular 
fracture fragments of the acetabulum maintain bony continu- 
ity with the axial skeleton: a fracture line divides the ilium, 
so the sacroiliac joint is not connected to any articular 
segment. The spur sign, shown on the obturator oblique view, 
is pathognomonic of a both-column fracture. It represents the 
remaining portion of the ilium still attached to the sacrum 
and is seen projected latéral to the medially displaced acetabu¬ 
lum (Fig. 56-18). 

TREATMENT 

With longer follow-up of operatively treated acetabular 
fractures it has become clear that fractures with even small 
residual incongruencies of the critical portion of the acetabu¬ 
lum lead to long-term arthritis more offen than do similar 
fractures with more anatomie réductions. On the basis of this 
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FIGURE 


A to C f Three-dimensional CT reconstruction of both-column fracture. 



Letournel and Judet classification of acetabular fractures. A f Posterior wall fracture. B f Posterior column fracture. 
C f Anterior wall fracture. D f Anterior column fracture. E f Transverse fracture. F, Posterior column and posterior wall fracture. 
G f Transverse and posterior wall fracture. H, T-shaped fracture. I f Anterior column and posterior hemitransverse fracture. J, Complété 
both-column fracture. 


information, the indications for ORIF of acetabular fractures 
hâve become more inclusive. 

■ INDICATIONS FOR NONOPERATIVE 
TREATMENT 

I NONDISPLACED AND MINIMALLY 
DISPLACED FRACTURES 

Fractures that traverse the weight-bearing dôme but are dis- 
placed less than 2 mm can be treated with non-weight bearing 
for 6 to 12 weeks, depending on the fracture characteristics. 
Radiographs should be obtained immediately affer the patient 
is first mobilized and periodically thereafter to ensure that no 


displacement has occurred. Occasionally this requires a repeat 
CT scan to assess maintenance of réduction. 

I FRACTURES WITH SIGNIFICANT DISPLACEMENT 
BUT IN WHICH THE REGION OF THE JOINT 
INVOLVED IS JUDGED TO BE UNIMPORTANT 
PROGNOSTICALLY 

This détermination is made with the roof arc measurements 
at 45 degrees for each roof arc: médial, anterior, and posterior 
(see Fig. 56-13). Vrahas, Widding, and Thomas questioned 
whether the 45-degree value is the most appropriate for each 
roof arc. In a study of cadaver hips, they proposed acceptable 
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FIGURE 


acetabulum. 


sign in both-column fracture of 


roof arc measurements as 25 degrees for the anterior roof arc, 
45 degrees for the médial roof arc, and 70 degrees for the 
posterior roof arc. As a rough guide, they recommended 
ORIF of displaced fractures exiting the posterior column 
above the upper border of the ischial spine, as well as of 
fractures exiting the anterior column through the iliac wing. 

Displaced fractures through the weight-bearing dôme 
should be treated with ORIF, regardless of how they may 
“appear to reduce in traction”. These fractures hâve a tendency 
to displace, leading to inferior results. In the modem era, 
virtually no fractures are treated definitively by traction to 
maintain a réduction involving the acetabular dôme. 

Posterior wall fractures associated with posterior fracture- 
dislocations of the hip require separate considération and are 
evaluated after closed réduction. Larger posterior wall frag¬ 
ments lead to posterior hip instability and require fixation. 
Case studies hâve shown that posterior wall fractures involv¬ 
ing more than 40% to 50% of the posterior wall consistently 
lead to posterior hip instability. Any patient for whom non- 
operative treatment of a small posterior wall fracture is being 
considered should hâve a clinical évaluation of hip stability 
with flexion to 90 degrees with the patient under general 
anesthésia. This approach was reaffirmed in a study by Reagan 
and Moed using examination under anesthésia as described 
below for fractures involving less than 50% of the posterior 
wall. 

Tornetta obtained fluoroscopie stress views of 41 hips 
with acetabular fractures for which ORIF was not indicated 
by roof arc measurements or by posterior wall size on CT scan 
images. He either sedated or anesthetized patients and stressed 
their fractures in the direction of the deforming force for each 
fracture pattern while fluoroscopically viewing the fractures 
on ail three standard radiographie views. He found that three 
of these hips subluxated on stress views without frank instabil¬ 
ity noted clinically, and these fractures underwent ORIF. 
These hips would hâve passed the traditional clinical test of 
stability by flexing the hip to 90 degrees. The same preference 
for dynamic fluoroscopie stress testing has been stated by 
other authors when comparing CT criteria for stability in 
posterior wall fractures to fluoroscopie examination under 


anesthésia. We hâve adopted this technique of performing 
stress views under fluoroscopy when patients are considered 
for nonoperative treatment of smaller posterior wall fractures. 
We view the pelvis in the obturator oblique view, flexing the 
hip to 90 degrees with enough posteriorly directed pressure 
to rock the pelvis. Spot fluoroscopie views obtained during 
performance of this maneuver are scrutinized to assess sub¬ 
luxation (Fig. 56-19). Stable hips are treated in a similar way 
to pure dislocations of the hip, with mobilization on crutches 
with range of motion restrictions and progressive weight 
bearing during approximately 2 weeks. Following this assess- 
ment technique, Grimshaw and Moed reported the radio¬ 
graphie outcome of 15 nonoperatively treated patients with 
small posterior wall fractures that were stable with examina¬ 
tion under anesthésia. At a minimum of 2 years postinjury, 
none of the patients showed incongruence or joint space 
narrowing. 

I SECONDARY CONGRUENCE IN DISPLACED 
BOTH-COLUMN FRACTURES 

A both-column fracture, by définition, has ail its fragments 
free to move independent of the remaining ilium attached to 
the axial skeleton. Occasionally, comminuted both-column 
fracture fragments assume a position of articular “secondary 
congruence” around the fémoral head, even though the 
fémoral head is displaced medially and there may be gaps 
between the fracture fragments (Fig. 56-20). The concept of 
secondary congruence was described by Letournel, and 
closed treatment of these fractures has yielded reasonable and 
occasionally exceptional results. The concept applies only to 
spécifie both-column fractures where ail of the articular frag¬ 
ments are free to conform around the displaced fémoral head 
and cannot be applied to other fracture types. 

I MEDICAL CONTRAINDICATIONS TO SURGERY 

In patients with multiple trauma, medical contraindications 
from multisystem injury are common, even in previously 
healthy patients. Although early fracture fixation and mobi¬ 
lization are basic tenets of multitrauma treatment protocols, 
complex fractures may require long operative procedures 
with significant blood loss. On occasion, the severity of the 
medical condition mandates that operative intervention be 
delayed. If deemed needed, the articular cartilage of the hip 
should be protected during these delays with the patient in 
skeletal traction. On occasion, severe head trauma with a 
tenuous, evolving spectrum of injury may preclude a surgical 
procedure. However, a head injury in itself is not necessarily 
a contraindication to surgery. The eventual neurologie 
outcome frequently cannot be reliably assessed in the immé¬ 
diate postinjury period, when acetabular ORIF can most 
reliably be performed. 

Percutaneous fluoroscopie screw fixation has been rec¬ 
ommended for suitable fractures in severely injured patients, 
in patients with significant medical comorbidities and by 
some authors for patients over the âge of 60. In our practice, 
although not a substitute for formai ORIF, it is considered in 
selected patients to allow mobilization (Fig. 56-21). Gary 
et al., reported the use of percutaneous screw fixation in 
acetabular fractures in patients 60 years of âge and older 
assessed 6.8 years after the index surgery. In 43 patients, 30% 
had been converted to total hip arthroplasty. They found that 
in the patients who retained their native hips, their short 
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A f CT of minimally displaced left posterior wall. 
B f Obturator oblique view obtained fluoroscopically with no 
stress applied shows concentric réduction. C f Same view with 
posterior stress applied demonstrates hip subluxation. Open 
réduction and internai fixation was performed. 


musculoskeletal functional assessment was similar to two 
sériés of formai ORIF in this âge group and that the Harris 
Hip Scores in those patients converted to total hip replace¬ 
ment were similar to those reported for acute total hip 
replacement for acetabular fracture. 


I LOCAL SOFT-TISSUE PROBLEMS, SUCH AS 
INFECTION, WOUNDS, AND SOFT-TISSUE LESIONS 
FROM BLUNTTRAUMA 

An open wound in the anticipated surgical field is a contra- 
indication, as is systemic infection. The Morel-Lavallée lésion 
is a localized area of subcutaneous fat necrosis over the latéral 
aspect of the hip caused by the same trauma that causes the 
acetabular fracture (see Chapter 53). The size and extent of 
this lésion are variable, and operating through it has been 
associated with a higher rate of postoperative infection, with 
as high as 12% infection rates being reported with repeated 
postoperative wound debridement, packing, and healing 
by secondary intention. Alternatively, some fractures can 
be treated through anterior approaches, thus avoiding the 
affected area. The presence of a significant Morel-Lavallée 
lésion can be suspected by hypermobility of the skin and 
subcutaneous tissue in the affected area from the shear-type 
séparation of the subcutaneous tissue from the underlying 
fascia lata. Tseng and Tornetta described a percutaneous 
technique for debriding Morel-Lavallée lésions through 
smaller 2-inch incisions with no infections at 6-month 
follow-up in 19 patients (see Technique 53-1). 

The presence of a suprapubic cathéter generally is consid- 
ered a contraindication to acetabular ORIF by the ilioinguinal 
and Stoppa approaches. Bacterial colonization of the cathéter 
has been anecdotally reported to increase the rate of infec¬ 
tion. The best method of avoiding this situation is to discuss 
with the urologist the possibility of avoiding suprapubic 
drainage of the bladder with possible primary repair of the 
bladder rupture and Foley cathéter drainage. We generally 
delay surgery through the ilioinguinal approach until a 
bladder rupture or repair has sealed, and occasionally we 
delay surgery to allow a previous suprapubic cathéter track to 
seal before proceeding. 

I ELDERLY PATIENTS WITH OSTEOPOROTIC 
BONE IN WHOM OPEN REDUCTION MAY 
NOT BE FEASIBLE 

A report of ORIF in a sériés of patients older than 60 years 
questioned this indication for nonoperative treatment because 
only one fracture lost its réduction because of fixation failure 
and complications were similar to those in younger patients. 
In another group of patients with an average âge of 71 years, 
only 60% had good or excellent radiographie results at 3-year 
follow-up. Superior médial impaction of the dôme, or the 
“gull sign,” particularly correlated with a poor outcome (Fig. 
56-22). In our practice, some comminuted and impacted 
fractures in elderly, ostéopénie patients are not treated by 
standard ORIF. The options for these patients include mobi- 
lization without fixation, percutaneous fixation with mobili- 
zation, and primary total hip arthroplasty. Although each 
fracture and patient is unique with different considérations, 
we avoid prolonged traction. 

■ INDICATIONS FOR OPERATIVE TREATMENT 
I FRACTURE CHARACTERISTICS 

An acetabular fracture with 2 mm or more of displacement 
in the dôme of the acetabulum as defined by any roof arc 
measurements of less than 45 degrees is an indication for 
operative intervention, as is any subluxation of the fémoral 
head from a displaced acetabular fracture noted on any of the 
three standard radiographie views. Also, operative treatment 
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JjJ A and B, Right hip displays comminuted both- 
column acetabular fracture with secondary congruence. Left hip 
has T-shaped fracture with médial dôme impaction. C f Three years 
after open réduction and internai fixation of the right T-type 
fracture, the patient developed posttraumatic arthritis that 
required total hip arthroplasty, while the left hip with a both- 
column fracture with secondary congruence treated nonopera- 
tively remained minimally symptomatic. 



FIGURE 


Total hip arthroplasty after percutaneous fixation of acetabular fracture in elderly patient. 
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"Gull sign" on this transverse fracture indicates 
impaction of médial portion of weight-bearing dôme. 


should be considered for posterior wall fractures with more 
than 50% involvement of the articular surface of the posterior 
wall or subluxation of the hip on fluoroscopie examination 
under anesthésia for fractures involving less than 50% of the 
posterior wall as described earlier. 

I INCARCERATED FRAGMENTS IN THE 
ACETABULUM AFTER CLOSED REDUCTION 
OFA HIP DISLOCATION 

Small avulsed fragments of the ligamentum teres that stay 
sequestered in the cotyloid fossa and do not affect the congru- 
ency of the hip probably do not require excision. Fragments 
noted on CT to be lodged between the articular surfaces of 
the fémoral head and the acetabulum warrant excision. Fluo¬ 
roscopie and arthroscopic techniques of fragment removal 
hâve been described. 

I PREVENTION OF NONUNION AND RETENTION 
OF SUFFICIENT BONE STOCK FOR LATER 
RECONSTRUCTIVE SURGERY 

This last indication for ORIF is largely outdated and should 
be applied only in cases of extreme deformity because 
total hip arthroplasty affer failed ORIF of an acetabular frac¬ 
ture may be more difficult than hip arthroplasty affer nonop- 
erative management. Scarring from previous surgeries, 
implants, and hétérotopie bone can complicate such second- 
ary reconstruction. We occasionally use percutaneous fixation 
in older patients with comminuted fractures destined for 
posttraumatic arthritis. We use this technique to mobilize 
these patients, using limited column fixation to prevent gross 
displacement of the fracture. Affer fracture healing, conver¬ 
sion to total hip arthroplasty can be done if the patients 
symptoms warrant (Fig. 56-22). Primary total hip arthroplasty 
has been advocated in older patients who hâve fractures with 
a poor prognosis. We hâve used this technique in appropriate 
patients who hâve fractures that can be adequately stabilized 


to provide immédiate stability of the acetabular shell. This 
topic is covered in more detail later (see Total Hip Arthroplasty 
as Treatment of Acetabular Fracture). 

■ TIMING OF SURGERY 

Acetabular fractures associated with irreducible hip disloca¬ 
tion, open fracture, vascular compromise, or worsening 
neurologie déficit are ail situations that require urgent surgi- 
cal intervention. In most circumstances, acetabular fracture 
surgery should be done only affer the patient is medically 
optimized and the surgeon has studied the fracture in detail 
with adéquate preoperative planning and assembly of an 
experienced surgical team. There is a general belief that delay- 
ing surgery for 2 to 3 days may resuit in less bleeding at the 
time of surgery. This belief has been called in question by 
Dailey and Archdeacon, who studied patients with posterior 
wall fractures treated through the Kocher-Langenbeck 
approach and associated both-column and anterior column/ 
posterior hemitransverse fractures treated through anterior 
intrapelvic approaches with surgery either before 48 hours or 
affer 48 hours postinjury. They found no différence in blood 
loss or operative times in the two groups. A related study by 
Furey, Karp, and O’Toole found no increased blood loss in 
posterior wall fractures treated with ORIF within 24 hours of 
injury but stated that their findings should not be generalized 
to other more complex fracture patterns. 

Ideally, ORIF of acetabular fractures should be performed 
within 5 to 7 days of injury. Anatomie réduction becomes 
more difficult affer that time because hematoma organiza- 
tion, soft-tissue contracture, and subséquent early callus 
formation hinder the process of fracture réduction, especially 
if more limited exposures are used. Madhu et al. found a 
decreased ability to attain anatomie réductions in associated 
fracture patterns affer 5 days and in elementary patterns affer 
15 days. Affer a delay of more than 3 weeks, an extensile 
exposure may be necessary to obtain operative réduction of 
fractures that could otherwise be treated through more 
limited exposures. 

■ CHOICE OF SURGICAL APPROACH 

If surgical stabilization is indicated, detailed évaluation of the 
fracture configuration and classification is necessary to plan 
the operative approach. Some fracture patterns are routinely 
reduced through an anterior ilioinguinal or Stoppa approach, 
whereas the posterior Kocher-Langenbeck approach is more 
appropriate for others. Prone positioning of the patient may 
aid the réduction of some acetabular fractures treated through 
the Kocher-Langenbeck approach by not allowing the weight 
of the leg to displace the fracture. With transverse fractures, 
the choice of an anterior or posterior approach is determined 
by which exposure allows access to the side of the fracture 
with maximal displacement. Osteotomy of the trochanter also 
can aid exposure of transverse fractures or supraacetabular 
extension of fractures of the posterior column and wall. This 
osteotomy does not seem to affect the vascularity of the 
fémoral head and has a high rate of union. Siebenrock et al. 
described the “trochanteric flip” osteotomy, leaving the vastus 
lateralis attached to the trochanteric fragment. This osteotomy 
also has been combined with surgical dislocation of the 
fémoral head in the treatment of selected fractures and has 
been described for acetabular fractures associated with Pipkin 
fractures of the fémoral head. 
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More complicated fractures may require one of the 
extensile approaches, such as the extended iliofemoral 
approach described by Letournel and Judet, the triradiate 
approach of Mears and Rubash, or the T-approach described 
by Reinert et al. These approaches are rarely used because of 
the morbidity of these extensive dissections. If an extensile 
exposure is used, confirmation of the patency of the superior 
gluteal artery with angiography has been recommended 
because this may be the only vascular pedicle supplying the 
abductor muscles. This recommendation was based primarily 
on clinical observation of patients with extensile exposures as 
well as concerns about the collateral circulation of the abduc¬ 
tor muscle mass and was further supported by cadaver 
studies. This recommendation is not universally accepted and 
was not supported by a canine study with ligation of the 
superior gluteal artery followed by various surgical approaches 
showing ischemia yet no frank necrosis with extensile 
approaches. Caution is still recommended in considering the 
use of an extensile approach with a suspected superior gluteal 
artery injury. 

To prevent complications of extensile exposures, limited 
exposures and indirect réduction techniques hâve been rec¬ 
ommended, as hâve combined anterior and posterior 
approaches for some fractures. The anterior and posterior 
approaches can be made either sequentially or simultane- 
ously, with the patient in a “floppy latéral” position. When 
performing sequential anterior and posterior approaches, 
care must be taken to avoid placing implants into the portion 
of the fracture that will be addressed by the opposite approach. 
The “floppy latéral” position with simultaneous anterior and 
posterior exposures avoids this problem, yet visibility through 
the anterior approach can be compromised as a resuit of the 
patient not being truly supine. 

The modified Stoppa approach uses a Pfannenstiel skin 
incision with a vertical split in the rectus abdominis though 
the linea alba. The rectus on the involved side is elevated off 
the superior surface of the pubis and any anastomoses 
between the obturator vessels and the external iliac or inferior 
epigastric vessels (the corona mortis) are ligated to expose the 
internai surface of the anterior column and the quadrilatéral 
surface. It can be used for many fractures previously treated 
through the ilioinguinal approach. The use of the Stoppa 
approach with the latéral window of the ilioinguinal approach 
has been promoted as a way of avoiding the dissection of the 
middle window of the ilioinguinal approach and thus expo¬ 
sure of the fémoral vein, artery, nerve, and lymphatics. 
Combining the complété ilioinguinal and Stoppa approaches 
can be useful to improve access and fixation of the quadrilat¬ 
éral surface with comminuted anterior fracture patterns. 
Modifications of the ilioinguinal approach to allow access to 
the latéral aspect of the iliac wing also hâve been described. 


symphysis and ending 2 cm to 3 cm inferior to the 
umbilicus (Fig. 56-23A). 

■ Divide the subcutaneous tissues in line with the skin 
incision to expose the fascia overlying both rectus muscles 
of the abdomen. 

■ Incise the rectus fascia longitudinally along the linea alba 
and gently retract both bellies of the rectus abdominis 
muscle laterally (Fig. 56-23B). 

■ Identify the fascia between the heads of the rectus 
muscle. In almost ail patients, this fascia has been dis- 
rupted by the injury, and the resulting defect can be used 
as a starting point for blunt dissection. 

■ In the proximal part of the incision, take care not to incise 
the peritoneum. The entire approach should stay in the 
preperitoneal space. 

■ Loosely pack a wet sponge in the retropubic space to 
protect the urinary bladder (Fig. 56-23C). 

■ The médial part of the rectus muscle can be partly 
detached from the upper and anterior part of the sym¬ 
physis if necessary. 

■ Sharply dissect the thick periosteum from the superior 
pubic bone to allow deeper blunt dissection. At the 
beginning, dissection should be enlarged also on the 
anterior part of the symphysis (Fig. 56-23D). 

■ Identify the upper border of the superior pubic ramus 
(pectin pubis) and carry the dissection laterally along the 
pelvic brim. Detach the iliopectineal fascia from the pelvic 
brim. 

■ Dissecting carefully along the médial surface of the 
superior ramus, identify the corona mortis vessels and 
ligate (or clip) them as necessary (Fig. 56-23E). 

■ Continue dissection of the periosteum farther laterally, 
following the upper border of the superior pubic bone to 
the direction of the pelvic brim, exposing the beginning 
of the iliopectineal eminence. 

■ Dissect the beginning of the iliopectineal arch from the 
bone to allow élévation of the femora vessels and nerve 
(Fig. 56-23F). 

■ Continue the dissection subperiosteally more laterally, 
following the upper border of the pelvic brim. At this 
point the entire internai surface of the superior pubic 
ramus has been exposed adequately for plate fixation. 

■ At this level, the obturator neurovascular bundle crosses 
the quadrilatéral surface and, in some cases, it should be 
mobilized. Use a spatula or malléable retractor to protect 
the obturator neurovascular bundle and pelvic floor. 

■ With a Cobb elevator, elevate the periosteum and obtura¬ 
tor internus to expose the quadrilatéral surface (Fig. 
56-23G). 

■ Place on Hohmann retractor in the middle part of the 
superior pubic ramus and another curved Hohmann 
retractor on the posterior top of the acetabulum on the 
iliac part of the pelvic brim. Take great care not to injure 
the external iliac vein, which may be close proximity to 
the elevators (Fig. 56-23H). 


Traditionally, most surgeons hâve preferred to use skeletal 
traction on a radiolucent fracture table for most fractures. 
Increasingly, some surgeons prefer to drape the limb free to 
allow positioning of the limb to facilitate exposure. In this 


STOPPA APPROACH 


TECHNIQUE 56-1 


(AO FOUNDATION) 

■ Usually, a Pfannenstiel incision is used. As an alternative, 
make a midline skin incision, starting 1 cm inferior to the 
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FIGURE 


Stoppa approach for open réduction and internai fixation of acetabular fracture. A, Incision. B, Retraction of rectus 


abdominis muscle. C, Wet sponge packed into retropubic space to protect the urinary bladder. D, Dissection of periosteum from the 


superior pubic bone. (From AO Surgery Reference, www.aosurgery.org. Copyright by AO Spine International, Switzerland.) 


case, intermittent traction can be applied by a scrubbed 
assistant when required. The standard operative approaches 
are described in Chapter 1. 

■ SPECIFIC FRACTURE PATTERNS 

Detailed surgical recommendations and techniques for ace¬ 
tabular fracture stabilization are too numerous to be included 
here, and the reader is referred to the standard texts of 
Letournel and Judet, Tile et al., and Helfet and Kellam. Spe- 
cialized pelvic equipment, implants, and facilities are required 
for optimal treatment of these fractures, including a radiolu- 
cent fracture table, a full array of screw sizes and lengths (up 
to 110 mm), and reconstruction plates that can be contoured 
in three dimensions as required by the convoluted configura¬ 
tion of the bony pelvis (Fig. 56-24). Pelvic clamps developed 
by the AO/ASIF group for réduction of fracture fragments are 
especially helpful. Treatment strategies for spécifie fractures 
are shown in Figure 56-25. 


I POSTERIOR WALL FRACTURES 

The most common fracture treated by the average orthopae- 
dist is the posterior wall fracture. These fractures are treated 
through a Kocher-Langenbeck approach (see Technique 
1-74) with the patient positioned either prone or in the latéral 
decubitus position on a fracture table or with the leg free. To 
avoid osteonecrosis of the posterior wall, the posterior wall 
fragments must not be detached from the posterior capsule 
during exposure. If the fracture extends superiorly into the 
dôme, a trochanteric osteotomy can be performed to allow 
additional exposure. It is uncommon to need this additional 
exposure. A trochanteric flip osteotomy, leaving the vastus 
lateralis muscle attached to the trochanteric fragment in addi¬ 
tion to the gluteus médius, can also be used. The trochanteric 
fragment can be displaced anteriorly to expose the supraac- 
etabular surface of the ilium. The hip is distracted to clear any 
incarcerated fragments before réduction of the wall frag¬ 
ments. A close inspection is made for marginal impaction of 
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FIGURE 




E, Identification of the corona mortis vessels. F, Dissection of the iliopectineal arch from the bone. G, Elévation 


of the periosteum and obturator internus to expose the quadrilatéral surface. H, Placement of Hohmann retractors to expose acetabu- 


lum. (Redrawn from AO Foundation, Davos Platz, Switzerland.) SEE TECHNIQUE 56-1. 
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articular fragments into the intact posterior column. Impacted 
segments are elevated and bone grafted. We frequently use 
the technique described by Giannoudis, Tzioupis, and Moed 
for two-level reconstruction of comminuted posterior wall 
fractures with marginal fragments secured by subchondral 
miniscrews (Fig 56-26). After réduction of the wall fragments, 
provisional fixation with Kirschner wires can be used while 
definitive fixation is performed with lag screws and a con- 
toured reconstruction plate placed from the ischium, over the 
retroacetabular surface onto the latéral ilium (Fig. 56-27). 

The use of spring plates has been advocated to improve 
stability in comminuted fractures. These can be made out of 
one-third tubular plates by cutting or breaking the plate 
through the last screw hole and bending down the remaining 
end as tines, which are used to capture bone fragments that 
cannot be easily fixed with screws. Premade spring plates are 
also available. The spring plate is slightly overcontoured so 
that when the reconstruction plate is applied over the spring 
plate the captured fragments are held firmly in position. This 
technique is useful in fractures with multiple fragments and 
fractures that extend close to the acetabular rim (Fig. 56-28). 

Other techniques for the fixation of posterior wall frac¬ 
tures include the use of locking reconstruction plates with 
unicortical locking screws in the posterior wall to allow 
positioning of the plate doser to the acetabular rim without 


penetrating the articular surface of the wall. Another reported 
technique is the use of cervical H-shaped plates to substitute 
for comminuted posterior wall cortical bone while support- 
ing underlying articular fragments that hâve been reduced. 

Although a posterior wall fracture is the easiest fracture 
pattern to reduce, the reported long-term results after this 
fracture hâve varied. Osteonecrosis of the fémoral head as a 
resuit of associated hip dislocation, marginal impaction, 
multiple fracture fragments, and osteochondral injuries of the 
fémoral head ail adversely affect the outcome of these frac¬ 
tures. Intraarticular screw placement must be avoided. 
Intraoperative fluoroscopy in multiple views should be used 
to ensure that ail screws are extraarticular. 

I POSTERIOR COLUMN FRACTURES 

Posterior column fractures are relatively uncommon and, if 
significantly displaced, require ORIF (Fig. 56-29). Traumatic 
injury to the sciatic nerve is relatively more common com- 
pared with other fracture patterns. The Kocher-Langenbeck 
approach is used routinely. Rotational deformity in addition 
to displacement must be corrected by placement of a Schanz 
screw in the ischium to control rotation while the fracture is 
reduced with a small Jungbluth réduction clamp. Typical fixa¬ 
tion is with a lag screw combined with a contoured recon¬ 
struction plate along the posterior column. 



FIGURE 


Specialized instruments and implants for treatment of acetabular fractures. 


A f Multifragmented posterior wall fracture with intraarticular comminution. B f Posterior column fracture with lag 
screw reaching anterior column. C f Transverse fracture with lag screw reaching anterior column. D f Associated transverse and posterior 
wall fracture. E f Associated T-type acetabular fracture. Lag screws are inserted into both anterior and posterior columns. F f Anterior 
column fracture. Several lag screws are placed between inner and outer tables of innominate bone. G f Associated anterior column and 
posterior hemitransverse fracture. Screws inserted from pelvic brim must reach distal to fracture line and engage in posterior column. 
H, Both-column fracture operated on through ilioinguinal approach. Screws inserted from pelvic brim reach posterior column. 
I f Both-column fracture. Internai fixation is performed through extended iliofemoral approach. Two very long screws are inserted into 
anterior column and reach superior pubic ramus. 
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FIGURE 


3 Two-level reconstruction of comminuted posterior wall fracture. 


I ANTERIOR WALL AND ANTERIOR 
COLUMN FRACTURES 

Isolated anterior wall fractures are uncommon and sometimes 
associated with anterior hip dislocation. Fractures requiring 
surgery are fixed through an ilioinguinal, Stoppa, or iliofemo- 
ral approach. Anterior column fractures are approached 
similarly, with fixation by a contoured plate along the pelvic 
brim (Fig. 56-30). At the level of the iliopectineal eminence, 
the médial wall of the acetabulum is thin, and screws gener- 
ally should not be placed in this région. Anterior column 
fractures that exit higher through the iliac wing require fixa¬ 
tion along the iliac crest as well. Kazemi and Archdeacon hâve 
advocated percutaneous fixation of select anterior column 
fractures with immédiate weight bearing with excellent 
radiographie outcomes in 19 of 22 patients followed more 
than one year. 


I TRANSVERSE FRACTURES 

These fractures, although apparently simple, présent a 
spectrum of difhculty. Sélection of the appropriate approach 
is crucial because fractures with primarily anterior displace¬ 
ment can be difficult to reduce through a posterior approach. 
Transtectal fractures, or fractures that occur through the 
dôme above the cotyloid fossa, hâve the worst prognosis, and 
accurate réduction is essential. Juxtatectal fractures, those 
that occur at the junction of the cotyloid fossa with the 
articular surface, also usually require réduction, whereas 
infratectal fractures frequently can occasionally be treated 
nonoperatively if roof arc measurements are appropriate with 
no subluxation of the fémoral head. 

Réduction most offen is through a posterior approach 
with the patient positioned prone. If the patient is placed in 
the latéral decubitus position, the weight of the leg tends to 
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3.5-mm pelvic reconstruction plate. spring plate and associated contoured pelvic reconstruction plate. 



grade I 


A f Posterior column fracture of acetabulum. B f Postoperative radiograph showing definitive fixation and also Brooker 
hétérotopie ossification. 


displace the ischiopubic fragment medially. Collinge, Arch- 
deacon, and Sagi studied patients with transverse fractures 
treated either in the latéral or prone positions and found that 
using Mattas radiographie criteria for réduction, prone 
positioned patients had anatomie réductions in 61% (< 2 mm 
of residual fracture displacement) whereas in lateral- 
positioned patients 42% were graded as anatomie. 

Typically, we use a small Jungbluth clamp on the posterior 
column to reduce the fracture while rotation is controlled by 


a Schanz screw in the ischium. Alternately, a short angled 
clamp or tenaculum (Weber) clamp can be placed through 
the sciatic notch to control the anterior réduction. Care must 
be taken to not place pressure on the sciatic nerve with clamps 
placed through the sciatic notch. The intraarticular réduction 
can be assessed directly by distracting the limb in traction 
and by palpating the réduction of the quadrilatéral surface 
through the greater sciatic notch. Anterior column fixation is 
usually achieved first with a lag screw placed with fluoroscopie 
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JjJ Fixation of low anterior column fracture with 
contoured plate along pelvic brim. Note associated fémoral shaft 
fracture fixed with locked intramedullary nail. 


guidance. Care must be taken with placement of the anterior 
lag screw because of the proximity of the iliac vessels. Poste - 
rior fixation typically is with a contoured plate along the 
posterior column preceded by a lag screw if the fracture 
orientation is appropriate. 

From the ilioinguinal approach, réduction is usually 
accomplished by using plate réduction along the anterior 
column to close the fracture gap; a large spiked réduction 
clamp placed on the quadrilatéral surface and the latéral 
surface of the ilium in the région of the anterior inferior spine 
Controls médial displacement and rotation of the caudal frag¬ 
ment. Typical fixation is a contoured plate along the pelvic 
brim with lag screws directed down the posterior column 
(Fig. 56-31). On occasion, combined approaches are neces- 
sary for more complex transverse fractures. 

I POSTERIOR COLUMN FRACTURE WITH 
ASSOCIATED POSTERIOR WALL FRACTURE 

A Kocher-Langenbeck approach is used, rarely with a tro- 
chanteric osteotomy. The column fracture is reduced first, 
and a short reconstruction plate is placed posteriorly along 
the posterior edge of the column. A separate plate is used for 
the wall fragment. When the wall fragment is small or com- 
minuted, spring plates can be used instead of a separate wall 
plate (Fig. 56-32). 



FIGURE 


Transverse acetabular fracture with primarily anterior displacement fixed from anterior ilioinguinal approach. 
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Posterior column and posterior wall acetabular 
fracture fixed with two plates. First plate reconstructs posterior 
column, and second reconstruction plate (supplémentai spring 
plate) fixes posterior wall fragments. 


1 TRANSVERSE FRACTURE WITH ASSOCIATED 
POSTERIOR WALL FRACTURE 

This common fracture usually is treated through the Kocher- 
Langenbeck approach with the patient prone. Prone position- 
ing prevents the weight of the leg from displacing the fracture, 
as in the latéral position. The intraarticular portion of the 
transverse fracture can be seen through the defect created by 
the retraction of the posterior wall fragment. Care must be 
taken not to injure the sciatic nerve when a réduction clamp 
is being placed through the greater sciatic notch to reduce the 
transverse component of this fracture. Rotational control of 
the distal segment is accomplished by placing a Schanz pin 
in the ischium. Typically, the transverse component is fixed 
with lag screws into the anterior column and the posterior 
wall is plated, thus further stabilizing the posterior portion of 
the transverse fracture (Fig. 56-33). 

ï T-TYPE FRACTURES 

T-type fractures span a range of severity requiring different 
réduction and fixation methods. These fractures usually 
can be treated through a Kocher-Langenbeck approach with 
the patient prone. The anterior column fracture line can be 
reduced through the sciatic notch affer réduction of the 
posterior column portion or reduced first with displacement 
of the posterior column, facilitating clamp placement. The 
anterior column is fixed with screws placed down the anterior 
column from a position above the acetabulum using fluoro¬ 
scopie guidance; the posterior column portion can be fixed 
with a lag screw and a reconstruction plate. These fractures 
can occasionally be treated through an ilioinguinal approach 
with a contoured plate placed along the pelvic brim and lag 
screws extending into the posterior column. If both the 
anterior and posterior components of the fracture are 


significantly displaced, combined approaches may be required 
to obtain a réduction. On occasion, with T-type fractures as 
well as other associated fracture types, a separate médial 
fragment is présent. If it is proximal enough to affect stability, 
a Stoppa approach can be used to place a plate along the 
quadrilatéral surface (Fig. 56-34). 

I ANTERIOR COLUMN-POSTERIOR 
HEMITRANSVERSE FRACTURES 

These fractures frequently hâve minimal displacement of the 
hemitransverse component and can be treated through the 
ilioinguinal or Stoppa combined with the latéral window of 
the ilioinguinal approach with typical fixation of the anterior 
column fracture and separate lag screws from the iliac fossa 
adjacent to the pelvic brim extending down the posterior 
column. Fractures with significant posterior displacement or 
intraarticular comminution with or without impaction may 
require combined approaches. 

I BOTH-COLUMN FRACTURES 

By définition, both-column fractures hâve no articular seg¬ 
ments of the acetabulum in continuity with the axial skeleton. 
They hâve varying degrees of comminution and can be 
extremely complex and difficult to treat. Many both-column 
fractures can be treated through an anterior ilioinguinal 
approach (Fig. 56-35), but a posterior or extensile exposure 
is required for involvement of the sacroiliac joint, a significant 
posterior wall fracture, or intraarticular comminution that 
requires réduction under direct vision. In general, réduction 
is begun from the most proximal portion of the fracture and 
proceeds toward the joint. Each small fragment must be 
anatomically reduced because small malreductions in the 
ilium above the fracture become magnified at the level of the 
joint. Combined anterior and posterior approaches are advo- 
cated by most over extensile expo sures to limit the morbidity 
associated with extensile approaches. Fixation is as varied as 
the fracture patterns and the approaches used. 

POSTOPERATIVE CARE 

Postoperatively, closed suction drainage is used, antibiotic 
therapy is continued for 24 hours, and passive motion of the 
hip is begun. Touch-down ambulation with crutches is pro- 
gressed as tolerated, depending on other injuries. This 
minimal weight-bearing status is continued for approximately 
8 weeks in patients with simple fractures and for 12 weeks in 
most others. Réhabilitation of the abductor muscle group is 
essential affer the Kocher-Langenbeck and extensile expo- 
sures. Prophylaxis for deep vein thrombosis and hétérotopie 
ossification is performed as discussed in Outcome and 
Complications. 

OUTCOME AND COMPLICATIONS 

Reported overall mortality rates affer acetabular fractures 
range from 0% to 2.5%. In Letournels classic sériés, the 
mortality in patients older than 60 years was 5.7%. A review 
of data from the National Trauma Data Bank involving 
8736 patients with acetabular fractures indicated an overall 
in-hospital mortality of 1.5%, whereas a meta-analysis of the 
literature found a mortality rate of 3%. 

Letournel s sériés of 940 patients with acetabular fractures 
remains the largest published in the literature. Of 569 patients 
who had ORIF within 21 days of injury, 17% of those observed 





PART XV FRACTURES AND DISLOCATIONS IN ADULTS 



FIGURE 


teric osteotomy. 


Transverse posterior wall acetabular fracture fixed through Kocher-Langenbeck approach with additional trochan- 


for at least 1 year had posttraumatic arthritis. After perfect 
réduction of 418 fractures, the rate of posttraumatic arthritis 
was 10.2%; and after imperfect réduction of 151 fractures, it 
was 35.7%. Both-column and transverse posterior wall frac¬ 
tures had worse results than did other associated fracture 
types, primarily because of imperfect réduction. Posterior 
wall fractures, although reduced nearly perfectly in 98%, 
resulted in posttraumatic arthritis in 17%. A study by Tannast, 
Najibi, and Matta reported a single-surgeon 26-year expéri¬ 
ence with a cumulative 20-year hip survivorship of 79% after 
ORIF. Independent négative predictors were nonanatomic 
fracture réduction, an âge of more than 40 years, anterior hip 
dislocation, postoperative incongruence of the acetabular 
roof, involvement of the posterior acetabular wall, acetabular 
impaction, a fémoral head cartilage lésion, initial displace¬ 
ment of the articular surface of > 20 mm, and use of the 
extended iliofemoral approach. A meta-analysis of multiple 
studies found an overall incidence of osteoarthritis of 27% in 
1211 patients, with incidences of 13% with satisfactory réduc¬ 
tion (<2 mm) and 43% with unsatisfactory réduction. Morbid 
obesity (body mass index [BMI] > 40) has been described as 
an impediment to attaining satisfactory réduction by a 
number of authors. 

One reason for the development of posttraumatic arthritis 
in some patients with anatomie réductions on plain radio- 


graphs is the lack of sensitivity of plain radiographs to detect 
small incongruencies in the réduction. Moed et al. showed 
that although anatomie réductions were obtained in 97% of 
posterior wall fractures, 16% had incongruity of 2 mm or 
more when measured by CT. Others also hâve found CT to 
be more sensitive in showing postoperative gaps and step-offs 
in the réductions obtained in various fracture patterns and 
hâve recommended that postoperative CT be considered for 
assessment of operative réduction in complex fractures. Jas- 
kolka et al. found that, in five complex acetabular fractures 
requiring reoperation for malreduction, plain films displayed 
the malreduction in only one patient while postoperative CT 
identified the malreduction in ail. 

Osteonecrosis occurs more frequently after fractures 
associated with posterior dislocation. Letournels reported 
rate of osteonecrosis after posterior dislocation was 7.5%. For 
other fractures in his sériés, osteonecrosis occurred in 1.6%. 
A meta-analysis reported an overall incidence of osteonecro¬ 
sis of 5.6% in 2010 patients; the incidence was 9% in those 
with posterior dislocation and 5% in those without a posterior 
dislocation. Osteonecrosis is radiographically apparent within 
2 years of injury in most patients. Osteonecrosis of the pos¬ 
terior wall can be caused by the injury or by excessive fracture 
site exposure because the only vascular supply of these frag¬ 
ments is through the injured posterior capsule of the hip. 
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A and B f Anterior column fracture with quadrilatéral surface comminution treated through an ilioinguinal approach 
with the Stoppa interval used to stabilize the quadrilatéral surface (C and D). SEE TECHNIQUE 56-1. 


Infections are reported to occur in 1% to 5% of patients 
and may destroy the hip joint. Certain factors are thought to 
increase the risk of infection, including higher Injury Severity 
Score, longer intensive care unit (ICU) stays, larger amount 
of packed red blood cells transfused, longer operative time, 
larger estimated operative blood loss, higher BMI, more fre¬ 
quent performance of combined approach, embolization of 
internai iliac arteries, infection of the urinary tract injury, and 
a Morel-Lavallée lésion. Obesity has been shown to increase 
the rate of multiple complications, including infection. 
Studies hâve shown that patients with a BMI of more than 40 
hâve a five times increased risk of infection with acetabular 
surgery, as well as more frequent overall wound healing 
complications (46% vs. 12% for patients with indices < 40). 
The use of an incisional wound vac has been advocated for 
primary closure of acetabular fracture wounds in obese 
patients. Reddix et al. reduced the postoperative deep infec¬ 
tion rate from 6.06% to 1.27% by use of an incisional wound 
vac in a majority of patients over a 10-year period. 

Sciatic nerve palsies as a resuit of the initial injury occur 
in 10% to 15% of patients with acetabular fractures. Sciatic 
nerve injury as a resuit of surgery occurs in 2% to 6% of 
patients and is more often associated with posterior fracture 
patterns treated through the Kocher-Langenbeck and 


extensile exposures. Some authors hâve proposed intraopera¬ 
tive monitoring of somatosensory evoked potentials as a 
means of decreasing the incidence of intraoperative sciatic 
nerve injury, especially with posterior approaches. Other 
authors, however, hâve found that with expérience their rates 
of iatrogénie nerve injury without monitoring were similar to 
the levels quoted in studies recommending routine monitor¬ 
ing; they did not recommend intraoperative nerve monitor¬ 
ing and questioned the usefulness of routine monitoring 
when the operating surgeon is sufhciently experienced. A poil 
of 181 members of the Orthopaedic Trauma Association who 
commonly perform acetabular surgery found that only 15% 
routinely used nerve monitoring during acetabular surgery 

In a report of 14 patients with sciatic nerve injuries, the 
peroneal component of the sciatic nerve was more often 
involved than the tibial component and the tibial component 
had a greater chance of recovery; complété peroneal palsies 
had the worst prognosis. Functional recovery has been shown 
in approximately 65% of patients, and function may improve 
up to 3 years after injury. 

Hétérotopie ossification occurs after most extensile 
approaches, with moderate-to-severe hétérotopie ossification 
occurring in 14% to 50% of patients when no prophylaxis is 
used; it occurs after the Kocher-Langenbeck approach in 
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A to F f Both-column acetabular fracture treated through ilioinguinal approach with indirect réduction of acetabulum 
and fixation placed on internai surfaces of pelvis. 
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approximately 25% of patients in whom no prophylaxis is 
used (Fig. 56-36). Hétérotopie ossification is rare after the 
ilioinguinal approach unless the external surface of the ilium 
is stripped. The effectiveness and choice of prophylactic 
measures to prevent hétérotopie ossification remain contro- 
versial. Multiple authors hâve found indomethacin to be 
effective in decreasing significant hétérotopie ossification 
after acetabular fracture surgery, although this has been 
called into question by others who found indomethacin to be 
ineffective in their prospective sériés. Of concern, Sagi et al. 
reported a 62% incidence of nonunion in operatively treated 
acetabular fractures treated with 6 weeks of indomethacin 
primarily involving the posterior wall component of fractures. 
Low-dose irradiation has been shown to be effective in 
decreasing the incidence of significant hétérotopie ossifica¬ 
tion, and an additive effect has been noted when used with 
indomethacin. The long-term effect and safety of radiation in 
younger patients is a concern that is frequently voiced. 

For patients treated with the Kocher-Langenbeck 
approach with significant muscular injury or the rare exten- 
sile approach, we use indomethacin 25 mg three times a day 
for 3 to 6 weeks or celecoxib 200 mg a day for 6 weeks or 
occasionally radiation therapy with a one-time dose of 700 
cGy in patients in whom nonsteroidal antiinflammatory 
drugs (NSAIDs) are contraindicated. We débridé devitalized 
gluteus minimus muscle as advocated by Rath et al. 

Thromboembolie complications can be devastating; the 
reported risk of pulmonary embolism ranges from 2% to 6%. 
Deep vein thrombosis has been reported to occur in 8% to 
61% of patients with acetabular fractures; however, this 
dépends on the method used to detect the thrombosis. 
Venous Doppler ultrasound examination may underestimate 
the presence of significant dots because of the inability of 
ultrasound to detect intrapelvic vein thrombosis reliably in 
comparison to more invasive venographic studies. 

Some investigators hâve shown magnetic résonance 
venography (MRV) to be more sensitive than venography in 
detecting dots within the intrapelvic veins and contralatéral 
extremity, detecting asymptomatic deep vein thrombosis in 
34% of patients, 49% of which were above the level of the 



Brooker grade IV hétérotopie ossification 
occurred despite postoperative irradiation. 


inguinal ligament. Other authors, however, found that MRV 
and contrast-enhanced CT both had high false-positive rates 
for detecting deep vein thrombosis when correlated with 
sélective venography and recommended that if either 
contrast-enhanced CT or MRV is used as a screening test for 
asymptomatic deep vein thrombosis, correlating sélective 
venography should be used before opting for aggressive 
prophylactic treatments such as inferior vena cava filters. 
Slobogean et al. performed a meta-analysis of the available 
literature involving recommendations for thromboembolie 
prophylaxis in patients with pelvic and acetabular fractures 
and could not identify adéquate evidence to support one 
regimen over another. 

Our current protocol involves the use of subeutaneous 
heparin or enoxaparin as well as intermittent compression 
boots while patients are awaiting surgery. We obtain a preop- 
erative screening duplex Doppler scan in any patient in whom 
the injury is more than 4 days old and in patients who hâve 
not received prophylaxis. We use Greenfield vena cava filters 
in preoperative patients with confirmed deep vein thrombosis 
(DVT) on duplex scans or pulmonary embolism and also 
rarely use them in other high-risk groups. Identified high-risk 
groups include patients older than 60 years, patients with 
contraindications to anticoagulation, and patients in whom 
morbid obesity, malignant disease, or a history of prior DVT 
is a factor. Postoperatively, anticoagulation with enoxaparin 
followed by warfarin or enoxaparin alone is continued for 6 
to 12 weeks unless it is medically contraindicated, followed 
by aspirin 325 mg twice a day until adequately mobilized. 

ACUTE TOTAL HIP ARTHROPLASTY AS 
TREATMENT OF ACETABULAR FRACTURE 

Total hip arthroplasty has been used in older patients for 
treatment of some acetabular fractures with extremely poor 
prognoses. Indications tend to be additive and include 
intraarticular comminution, full-thickness abrasive loss of 
the articular cartilage, impaction of the fémoral head, impac¬ 
tion of the acetabular dôme, associated fémoral neck fracture, 
and préexistent arthritis. Fractures can be fixed with percu- 
taneous screws, plates, or cables, and fixation is augmented 
with multiple screw fixation of the ingrowth cup. We hâve 
used this technique for salvage of hip function in older 
individuals with similar indications. A multihole cup alone 
does not reliably lead to a stable ingrown cup with fracture 
healing. 

One concern with this technique is that the cementless 
acetabular component could fail to be incorporated adequately 
in the healing acetabular bed. In their sériés of 57 patients, 
Mears and Velyvis found that the acetabular shells would 
routinely subside an average of 3 mm medially and 2 mm 
vertically during fracture healing and then typically stabilize. 
They emphasized the avoidance of extensile approaches to 
minimize the risk of infection. Central to their technique was 
the use of 2.0-mm cables used in a figure-of-eight configura¬ 
tion over the quadrilatéral surface and percutaneous screws 
to fix complex anterior column components. They also 
described using the fémoral head as autograff for posterior 
wall defects larger than 40%. Herscovici et al. reported a 
smaller sériés with standard principles of operative réduction 
and internai fixation of acetabular fractures with immédiate 
total hip replacement. They reported hétérotopie ossification 
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in 4 of 22 cases and 5 révisions for osteolysis, as well as 
multiple dislocations. Other authors hâve described use of an 
acetabular reconstruction ring for fractures with extreme 
comminution (Fig. 56-37A and B). 

Although we hâve rarely used the figure-of-eight cable 
technique (Fig. 56-38A to C), we hâve frequently used a 
fémoral head autograft to reconstruct comminuted posterior 
walls in older patients when performing acute total hip 
arthroplasty, with or without transverse fracture components, 
using the technique as outlined below. We hâve adhered to 
the principle of establishing rigid bony fixation, even if not 
perfectly anatomie, before implantation of a total hip acetabu¬ 
lar component, not relying on the screw fixation through the 
cup to contribute significantly to fracture fixation. 


■ Préparé the fémoral head autograft with a female reamer 
removing the articular cartilage. 

■ Gently préparé the posterior wall defect with an acetabu¬ 
lar reamer 1 or 2 mm smaller than the fémoral head 
reamer while protecting the sciatic nerve with a blunt 
Cobra retractor (Fig. 56-39B). Use approximately two 
thirds of the fémoral head with the neck attached to fill 
the defect and provisionally fix it in position with Kirschner 
wires placed through the fémoral neck still attached to 
the fémoral head autograft (Fig. 56-39C). 

■ Place a contoured reconstruction plate along the posterior 
column over the autograft with screws traversing the 
graft while stabilizing the posterior column (Fig. 56-39D). 

■ Use a burr to remove the fémoral neck and roughly shape 
the internai contour of the graft. 

■ Complété the préparation with acetabular reamers, 
taking care notto remove subchondral bone (Fig. 56-39E), 
and place a porous ingrowth cup with multiple screw 
fixation using fluoroscopy to insure optimal component 
positioning in approximately 40 degrees of abduction and 
20 degrees of antéversion. When cup size allows, we use 
a 36 mm fémoral head and occasionally a posterior lipped 
liner to minimize posterior dislocation risk as the posterior 
capsule is routinely compromised (Fig. 56-39F and G). 

POSTOPERATIVE CARE. Weight-bearing is limited for 
8 to 12 weeks. Routine anticoagulation is used for DVT 
prophylaxis and low-dose radiation is occasionally used 
for hétérotopie ossification prophylaxis. 


Beaulé, Griffin, and Matta described acute total hip replace¬ 
ment through an anterior Levine approach (similar to Smith- 
Peterson approach) for fractures involving primarily the 
anterior wall and anterior column, sometimes with a posterior 
hemitransverse component. They described this technique 
using a fracture table, but it can also be done on a standard 
operating table with proper positioning to allow hip extension 


FIXATION OF COMMINUTED 
POSTERIOR WALL FRACTURE 
WITH OR WITHOUT A TRANSVERSE 
COMPONENT 


TECHNIQUE 56-2 


■ Position the patient latéral on a flattop radiolucent table 
using a beanbag or radiolucent positioners. 

■Approach the hip through a standard postérolatéral hip 
approach with excision of small comminuted fragments 
of the posterior wall. 

■ Cut the fémoral neck at the appropriate level and carefully 
remove the fémoral head for later use as a bone graft. 

■ Tag the piriformis and obturator internus separately for 
easy identification of both greater and lesser sciatic 
notches and the sciatic nerve. 

■ With the fémoral head removed, a transverse fracture can 
be readily reduced and stabilized either with a lag screw 
placed just anterior to the sciatic notch directly anterome- 
dially or with a percutaneous anterior column screw placed 
through the gluteus maximus under fluoroscopie control. 



FIGURE 


A, Comminuted T-type acetabular fracture treated with a reconstruction ring and primary hip replacement (B and C). 






CHAPTER 56 FRACTURES OF ACETABULUM AND PELVIS 



FIGURE 


Velyvis (C). 


A and B, Comminuted T-type acetabular fracture treated with the figure-8 cable technique described by Mears and 


during fémoral component préparation, as described by 
Keggi, Huo and Zatorski. The acetabular réduction and fixa¬ 
tion are done through the same exposure as the total hip 
replacement. The exposure is extended proximally along the 
internai iliac fossa for fixation of the anterior column. 


ANTERIOR APPROACH FOR TOTAL HIP 
ARTHROPLASTY FOR FRACTURES 
INVOLVING PRIMARILY THE 
ANTERIOR WALL AND COLUMN 


TECHNIQUE 56-3 


(BEAULÉ ETAL) 

■ Place the patient supine on a ProFX fracture table (Ortho¬ 
pédie Systems, Inc., Union City, CA) 

■ After proper preparing and draping of the pelvis and 
fémoral shaft, make a skin incision from the iliac crest, 
curving it laterally distal to the anterior superior iliac spine, 
and continuing distally over the tensor fascia lata muscle 
to a point 5 cm distal to the level of the symphysis 
(Fig. 56-40A). 


■ Carefully release the abdominal muscles from the iliac 
crest with electrocautery and strip them from the inner 
pelvic wall with a periosteal elevator. 

■ Release the sartorius and direct head of the rectus with 
electrocautery. 

■ Place a laparotomy sponge in the inner pelvis and com¬ 
plété the exposure distally by incising the anterior margin 
of the tensor muscle fascia. This fascia consists of two 
layers, one of which contains the latéral fémoral cutane- 
ous nerve surrounded by a thin layer of fat. The posterior 
branch of this nerve is always sacrificed, which leaves an 
area of hypothesia. 

■ Separate the tensor muscle from the rectus femoris. It is 
important to incise the tensor muscle fascia where it is 
almost translucent, because going too far medially may 
lead to loss of the dissection plane. 

■ Retract the tensor muscle laterally and identify the rectus 
femoris within the sagittal plane when cutting through 
its overlying fascial layer. 

■ Release the reflected head of the rectus and the posterior 
third of the direct head. 

■ The next fascial layer lies in the coronal plane and is 
posterior to the rectus femoris, which is retracted medi¬ 
ally. Cut this layer, carefully avoiding the ascending branch 
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A, MRI of T-type acetabular fracture. B, The 
posterior wall defect is carefully contoured with a reamer while 
the sciatic nerve is protected. C, Approximately two thirds of the 
fémoral head is pinned into the defect through the attached 
fémoral neck. D, The fémoral head autograft is stabilized with a 
reconstruction plate. E, A burr and acetabular reamers are used 
to contour the graft, reconstructing the bony acetabulum. F, The 
assembled total hip. G, At 1-year follow-up. SEE TECHNIQUE 56-2. 
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JJ Total hip replacement through an anterior 
Levine approach for anterior wall/column acetabular fractures. 
A, Incision. B, Elévation of abdominal musculature with release 
of sartorius and direct head of rectus femoris. C, After réduction 
and internai fixation of the anterior column, the acetabular cavity 
is prepared. (Redrawn from Beaulé PE, Griffin DB, Matta JM: Levine 
anterior approach for total hip replacement for the treatment for an 
acute acetabular fracture, J Orthop Trauma 18:623, 2004.) SEE 
TECHNIQUE 56-3. 


of the latéral circumflex artery that is subsequently iso- 
lated and ligated. 

■ Divide the fascia between the rectus femoris to access the 
plane between the tendon of the gluteus minimus and 
the hip joint capsule. Then release the dense aponeurosis 
of Letournel to expose the neurovascular bundle to the 
vastus lateralis and intermedius. 

■ Place a blunt Hohmann retractor under the sheath of the 
psoas tendon to gain full access to the capsule. 

■The uppermost fibers of the vastus intermedius muscle 
and portion of the iliocapsularis muscle take origin from 
the capsule anteriorly and medially. Skive these off with 
a scalpel and reflect them distally and medially. 

■ If the dissection is complété at this point, the entire 
superior, anterior, and inferior portions of the capsule 
should be visible from the iliac origin to the fémoral 
insertion. 


■ Pass a blunt Hohmann retractor laterally and a sharp 
Hohmann retractor onto the anterior rim of the acetabu- 
lum (Fig. 56-40B) and excise the anterior capsule with a 
T-shaped incision. 

■ Make the fémoral neck osteotomy before attempting 
fracture réduction. 

■ Because the anterior column fracture extends to the iliac 
crest and usually is externally rotated in relation to the 
pelvis, begin the réduction at the iliac crest to accurately 
reduce the fracture fragment. 

■ The other main component of the fracture is the impacted 
articular surface, usually located posterior-superior-medial 
in the acetabular fossa. 

■ Reduce the anterior wall/column fracture first and fix it 
with a plate such as a 108-mm or 88-mm of radius pre- 
curved plate. Apply the plate proximally along the internai 
iliac fossa latéral to the sacroiliac joint and secure it with 
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S screws. Distally, the plate lies over the pectineal eminence 
and, by being undercontoured, applies compression on 
the anterior wall/column by leaving the most distal hole 
empty (Fig. 56-40C). 

■ Once the acetabular fracture has been accurately reduced 
and fixed, préparé the acetabular cavity for implantation 
of the socket. Do not elevate the impacted articular 
surface; remove the cartilage, ligamentum teres, and fat 
pad with curets and use reamers to préparé only the 
acetabular rim. 

■ Place morselized bone graft from the fémoral head or 
acetabular reamings into the acetabular cavity to com- 
pensate for areas that were not elevated. 

■ Begin reaming with a size close to the actual implant size, 
with a final goal of 2 mm of under-reaming. 

■ Impact the socket in the appropriate amount of abduc¬ 
tion and antéversion. Supplémentai screw fixation is used 
to ensure initial socket stability. 

■ Begin implantation of the fémoral component by extend- 
ing, externally rotating, and adducting the leg using the 
fracture table. 

■ Cernent the fémoral component using a third-generation 
cementing technique (Fig. 56-41) and verify leg lengths 
with fluoroscopy: the lesser trochanter is placed at the 
same level at the most distal aspect of the ischial tuberos- 
ity in relation to the nonoperated limb with both legs in 
neutral abduction-adduction. 

■ Close the fascial layers sequentially, carefully over-sewing 
the proximal abdominal closure. A double closure should 
be used for reattachment of the abdominal muscles 
because this is a high-stress area. 

■ Place two %-inch Hemovacs (Zimmer, Warsaw, IN), one in 
the pelvis and one in the subcutaneous tissues. 

POSTOPERATIVE CARE. Physical therapy is begun on 
the first postoperative day and patients stand with assis¬ 
tance. Patients are instructed to limit their weight-bearing 
to 30 pounds for 8 weeks while standing. No dislocation 
précautions are imposed. Patients are discharged when 
they are independent with transfers. 


TOTAL HIP ARTHROPLASTY FOR 
POSTTRAUMATIC ARTHRITIS 

Total hip arthroplasty for posttraumatic arthritis after acetab¬ 
ular fracture (Fig. 56-42) has been found to require longer 
operative times with greater blood loss and transfusion 
requirement compared with total hip arthroplasty for degen- 
erative arthritis. Each of these findings was greater in patients 
who had open réduction and internai fixation of their 
acetabular fractures compared with patients who had initial 
nonoperative treatment of their fractures. In general, it is 
recommended that only implants that interfère with the 
placement of the total hip replacement be removed, because 
posterior column plates in particular can be imbedded in 
dense scar that can be adhèrent to the sciatic nerve. Screws 
that protrude into the bony socket can be removed or recessed 
with a métal cutting burr from within the socket. Preopera- 
tively, it is prudent to obtain screening tests such as C-reactive 
protein (CRP) and érythrocyte sédimentation rate (ESR), 



Anterior column fracture with significant 
articular impaction. B, Two years after réduction and internai 
fixation of the acetabular fracture with simultaneous total hip 
arthroplasty. (From Beaulé PE, Griffin DB, Matta JM: Levine anterior 
approach for total hip replacement for the treatment for an acute 
acetabular fracture, J Orthop Trauma 18:623, 2004.) SEE TECHNIQUE 
56-3. 


particularly if there is any history of postoperative drainage 
or infection after the initial fracture treatment. Intraoperative 
frozen section at the time of total hip replacement also has 
been recommended if there is any suspicion of infection. If 
acute inflammation is evidenced by greater than five white 
blood cells per high-powered field on microscopie review, 
debridement with implant removal and placement of a 
PROSTALAC antibiotic spacer (DePuy, Warsaw, IN) is 
prudent, with an extended course of intravenous antibiotics 
before implantation of total hip components. 

The reported 10-year survivorship of these hips with 
modem ingrowth sockets is 97%, correlating well with a 6% 
radiographie 10-year loosening rate reported later in a similar 
study. For patients with compromised acetabular bone stock, 
Yuan, Lewallen, and Hanssen reported no révision for 
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Posttraumatic arthritis after acetabular fracture. B, After fracture réduction and fixation and total hip 


arthroplasty. 


loosening at a minimum 5-year follow-up with the use of 
highly porous tantalum acetabular components. It is our 
practice to use highly porous acetabular components for most 
total hip replacements in patients with previous open réduc¬ 
tion and internai fixation of the acetabulum. 

PELVIC FRACTURES 

Fractures of the adult pelvis, exclusive of the acetabulum, 
generally are either stable fractures resulting from low-energy 
trauma, such as falls in elderly patients, or fractures caused 
by high-energy trauma that resuit in significant morbidity 
and mortality. As is true of fractures of other bones, low- 
energy trauma to the pelvis generally produces stable fractures 
that can be treated symptomatically with crutch- or walker- 
assisted ambulation and that can be expected to heal unevent- 
fully in most patients. High-energy pelvic fractures often are 
managed operatively, with the treatment method determined 
by the degree of pelvic stability remaining after the injury. The 
focus here is on these high-energy injuries, their management 
in both the resuscitative and reconstructive phases, and their 
potential complications. 

High-energy pelvic fractures resuit most commonly 
from motor vehicle accidents, falls, motorcycle accidents, 
automobile-pedestrian encounters, and industrial crush 
injuries. The potential complications of high-energy pelvic 
fractures include injuries to the major vessels and nerves of 
the pelvis (Fig. 56-43) and the major viscera, such as the 
intestines, the bladder, and the urethra. Degloving injuries to 
the surrounding soft tissues, both open and closed, also may 
accompany these fractures and complicate their treatment. 
Reported mortality from severe pelvic fracture ranges from 
10% to as high as 50% in some earlier sériés of open pelvic 
fractures. Risk factors for increased mortality include the 
patients âge and injury severity score, associated head or 
viscéral injury, blood loss, hypotension, coagulopathy, and 
unstable or open pelvic fractures. Early mortality most com¬ 
monly results from hemorrhage or closed-head injury; late 
mortality occurs from sepsis or multiple System organ failure. 

INITIAL MANAGEMENT 

The acute management of a patient with a pelvic fracture and 
unrelenting hemorrhage remains a challenge to the 


orthopaedic surgeon. A multidisciplinary approach with 
orthopaedic surgeons, general surgeons, and anesthesiolo- 
gists is critical to optimizing outcomes. The initial trauma 
workup, including CT of the chest and abdomen, supraum- 
bilical peritoneal lavage, and abdominal ultrasound, must 
rule out other sources of bleeding. On récognition of an 
unstable pelvic ring injury, we routinely apply a circumferen- 
tial pelvic binder (Fig. 56-44). First described in the literature 
by Routt et al., the technique encompasses wrapping a bed 
sheet (or commercially available binder) around the pelvis 
and greater trochanters. After circumferential tightening, the 
sheet is clamped. Binding, like external fixation, theoretically 
reduces pelvic volume, stabilizes raw fracture surfaces, and 
encourages tamponade. We prefer circumferential pelvic 
binding to external fixation in the acute resuscitation stage 
because it is simple and quick. Croce et al. demonstrated a 
decreased need for transfusions when a pelvic orthotic device 
was used to apply circumferential pressure in patients with 
unstable, complex pelvic fractures, but Ghaemmaghami et al. 
did not find that pelvic binders reduced hemorrhage or 
mortality associated with pelvic fractures. One study noted 
inaccurate placement, above the level of the greater trochan¬ 
ters, to be associated with inadéquate fracture réduction. A 
more recent biomechanical cadaver study found that place¬ 
ment of the binder over the greater trochanter resulted in less 
motion in ail tested planes during bed transfer, log rolling, 
and élévation of the head of the patient s bed. Although pelvic 
circumferential compression devices are clinically effective 
for early fracture réduction, the development of pressure 
sores and complications of associated soft-tissue injury hâve 
been reported. 

Once in the controlled environment of the operating 
room, an external fixator can be applied to maintain stability 
of the pelvis while allowing access to the abdomen and 
perineum. A réduction in transfusion requirements has been 
reported in patients with unstable pelvic fractures who were 
treated with immédiate external fixation compared with 
those who did not undergo immédiate fixation. Injuries 
with significant posterior displacement may benefit from a 
C-clamp type of external fixator, ideally applied in the operat¬ 
ing room when the situation allows (see Technique 56-7). 

The patient with a pelvic ring injury, persistent hypoten¬ 
sion after circumferential pelvic binding, and no other source 
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FIGURE 


Internai iliac plexus of arteries and veins. 



FIGURE 


A, Initial anteroposterior radiograph of open-book pelvic fracture. B f After application of pelvic binder (C). 
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of bleeding should be considered for arteriography. Hemor- 
rhage frequently results from fracture surfaces and small 
vessels in the retroperitoneum. Only 5% to 10% of patients 
with pelvic fractures bleed from arterial sources identified by 
angiography and are treated with embolization. Higher rates 
of arterial bleeding in the gériatrie population hâve been 
noted by Henry et al. An algorithm by O’Brien and Dickson 
(Fig. 56-45) has been proposed; however, the authors recom- 
mended that each institution develop its own protocol, 
depending on resources and facilities. A recent study demon- 
strated the institutional problems with angioembolization: 
patients who were admitted on nights or weekends had long 
waiting times to the procedure, with a résultant increase in 
mortality. In addition, angioembolization is not without 
complications. Matityahu et al. found that bilateral or non- 
discriminate pelvic angioembolism was associated with 
significant complications (11%), including gluteal muscle 
necrosis, surgical wound breakdown, and deep infection. 
Favorable results hâve been reported with rétropéritonéal 
packing and external fixation. This technique is popular in 
Europe and has been used in some centers in the United 
States. Although the technique and algorithm are intriguing, 
their use requires further investigation in the United States 
where the implémentation of trauma care is very different. 

Open pelvic fractures are extremely difficult injuries to 
manage, with reported mortality rates of up to 50%. If the 
rétropéritonéal space is open, no tamponade effect occurs to 
prevent excessive bleeding. Sepsis caused by fecal contamina¬ 
tion is a major cause of mortality with this injury, and 
immédiate diverting colostomy is indicated in patients with 
périnéal wounds. Faringer et al. anatomically classified open 
pelvic wounds into zones and recommended sélective fecal 
diversion for patients with open wounds involving the rectum 
or anus, soff-tissue wounds close to the anus, or large avulsion 
flaps with associated ischémie pelvic tissue (Fig. 56-46). 

Routine vaginal and rectal examinations should be per- 
formed in patients with open pelvic fractures because fracture 
fragments can penetrate these structures, with devastating 
conséquences if timely and appropriate debridement is not 
performed. External fixation can minimize fracture motion 
and further soff-tissue injury. 

ANATOMY 

The pelvis is composed anteriorly of the ring of the pubic and 
ischial rami connected with the symphysis pubis. A fibrocar- 
tilaginous dise séparâtes the two pubic bodies. Posteriorly, the 
sacrum and the two innominate bones are joined at the sac- 
roiliac joint by the interosseous sacroiliac ligaments, the 
anterior and posterior sacroiliac ligaments, the sacrotuberous 
ligaments, the sacrospinous ligaments, and the associated 
iliolumbar ligaments (Fig. 56-47A). This ligamentous complex 
provides stability to the posterior sacroiliac complex because 
the sacroiliac joint itself has no inhérent bony stability. Tile 
has compared this relationship of the posterior pelvic liga¬ 
mentous and bony structures to a suspension bridge with the 
sacrum suspended between the two posterior superior iliac 
spines (Fig. 56-47B). 

Pelvic stability is determined by ligamentous structures 
in various planes. The primary restraints to external rotation 
of the hemipelvis are the ligaments of the symphysis, the 
sacrospinous ligament, and the anterior sacroiliac ligament. 
Rotation in the sagittal plane is resisted by the sacrotuberous 


ligament. Vertical displacement of the hemipelvis is controlled 
by ail the mentioned ligamentous structures, but if other liga¬ 
ments are absent it may be controlled by intact interosseous 
sacroiliac and posterior sacroiliac ligaments along with 
the iliolumbar ligament. Frequently, a rotationally unstable 
hemipelvis may remain vertically stable because of these 
intact ligamentous structures. This has significant implica¬ 
tions in classification, prognosis, and treatment. 

CLASSIFICATION 

Bucholz, in a classic study of 150 consecutive victims of fatal 
motor vehicle accidents, found pelvic fractures in 31%. He 
separated them into three groups: group I had displaced 
anterior ring injuries with minimally displaced, stable sacral 
fractures or incomplète tearing of the anterior sacroiliac liga¬ 
ment; group II had anterior injuries associated with a rota- 
tional opening of the sacroiliac joint with disruption of only 
the anterior sacroiliac ligaments, sparing the posterosuperior 
sacroiliac ligament complex; and group III had complété 
disruption of the anterior and posterior hemipelvis. 

Pennal et al. developed a mechanistic classification in 
which pelvic fractures are described as anteroposterior com¬ 
pression injuries, latéral compression injuries, or vertical shear 
injuries. Tile modified the Pennal System to make it an alpha- 
numeric System involving three groups based on the concept 
of pelvic stability (Box 56-1): A, stable; B, rotationally unstable 
but vertically stable; and C, rotationally and vertically unstable. 
This classification is widely used in the current literature. 

Type A (stable) fractures are further divided into three 
groups. Type Al fractures do not involve the pelvic ring, such 
as avulsion fractures of the iliac spines or the ischial tuberos- 
ity and isolated fractures of the iliac wing. Type A2 fractures 
are stable fractures of the pelvic ring with minimal displace¬ 
ment, such as commonly resuit from low-energy falls in 
elderly patients. Type A3 fractures are transverse lésions of 
the sacrum and coccyx; these are considered spinal injuries 
rather than pelvic ring disruptions. 

Type B fractures are rotationally unstable. Type B1 frac¬ 
tures include “open book” fractures or anterior compression 
injuries in which the anterior pelvis opens through a diastasis 
of the symphysis or through a fracture of the anterior pelvic 
ring (Fig. 56-48 A). The posterior sacroiliac and interosseous 
ligaments remain intact. Tile described stages of this injury. 
In the first stage, the symphysis séparation is less than 2.5 cm 
and the sacrospinous ligament remains intact. In the second 
stage, the diastasis is more than 2.5 cm with rupture of the 
sacrospinous ligament and the anterior sacroiliac ligament. 
In the third stage, the lésions are bilateral, creating a B3 
injury. Type B2-1 fractures are latéral compression injuries 
with ipsilateral fractures (Fig. 56-48B); type B2-2 fractures 
hâve a latéral compression component but the fractures are 
contralatéral—a “bucket handle” injury. The ligamentous 
structures generally are not disrupted by the internai rotation 
of the hemipelvis. 

Type C fractures (Fig. 56-48C) are unstable both rota¬ 
tionally and vertically. These include vertical shear injuries 
and anterior compression injuries with disruption of the 
posterior ligamentous complex. Type Cl fractures include 
unilatéral fractures of the anterior and posterior complex, 
subdivided by the location of the posterior fracture. Type C2 
fractures include bilateral injuries with one hemipelvis verti¬ 
cally stable and the other unstable. Type C3 fractures are 
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Initial évaluation and management of patient with pelvic ring fracture. Protocols should be individualized according 
to resources and facilities. (From O'Brien PJ, Dickson KF: Pelvic fractures: évaluation and acute management. In Tornetta P III, Baumgaertner M, 


editors: Orthopaedic knowledge update, trauma 3, Rosemont, American Academy of Orthopaedic Surgeons, 2005.) 


bilateral fractures that are both vertically and rotationally 
unstable. Tiles classification of pelvic ring fractures relates 
directly to the type of treatment indicated and the prognosis 
of the injury. 

Young and Burgess proposed a different modification of 
the original Pennal classification, adding a new category for 
combined mechanical injuries (Table 56-1). The classification 
also is mechanistic, with the main energy vectors being 
anteroposterior compression, latéral compression, and verti¬ 
cal shear. One of the original conclusions of their work was 
that pelvic classification could be used to predict other mor- 
bidities in a polytraumatized patient. However, the System fits 
nicely with the concepts of rotational and vertical stability 


described by Tile. The AP I (anteroposterior compression 
type I) and LC I (latéral compression type I) fractures are 
rotationally and vertically stable (Tile A). The AP II (Fig. 
56-49) and LC II (Fig. 56-50) fractures are rotationally 
unstable but vertically stable (Tile B). The AP III (Fig. 56-51) 
and offen the LC III (Fig. 56-52) fractures are both rotation¬ 
ally and vertically unstable (Tile C). In a subséquent sériés, 
latéral compression injuries were the most common injury 
pattern, accounting for 41% of the patients, foliowed by 
anteroposterior compression injuries (26%), acetabular frac¬ 
tures (18%), combined mechanism injuries (10%), and verti¬ 
cal shear injuries (5%). Hypovolémie shock and large blood 

Text continued on page 2904 






















































Classification of Pelvic Ring Lésions 


Lithotomy 



Type A: Stable (Posterior Arch Intact) 

Al Avulsion injury 

A2 lliac wing or anterior arch fracture caused by a direct 
blow 

A3 Transverse sacrococcygeal fracture 

Type B: Partially Stable (Incomplète Disruption 
of Posterior Arch) 

B1 Open book injury (external rotation) 

B2 Latéral compression injury (internai rotation) 

B2-1 Ipsilateral anterior and posterior injuries 
B2-2 Contralatéral (bucket-handle) injuries 
B3 Bilateral 


Anterior position 


Posterior position 


Three zones of injury that guide decisions 
regarding need for colostomy in open pelvic fractures, according 
to Faringer et al. Zone I injuries often require colostomy, whereas 
diversion is rarely required for zone III wounds. Zone II injuries 
are diverted selectively, with wounds into subcutaneous fat of 
anterior groin or médial thigh possibly requiring colostomy. (From 
Faringer PD, Mullins RJ, Feliciano PD, et al: Sélective fecal diversion in 
complex open pelvic fractures from blunt trauma, Arch Surg 129:958, 
1994.) 


Type C: Unstable (Complété Disruption of 
Posterior Arch) 

Cl Unilatéral 

C1 -1 lliac fracture 

Cl-2 Sacroiliac fracture-dislocation 

Cl-3 Sacral fracture 

C2 Bilateral, with one side type B, one side type C 
C3 Bilateral 

From Tile M: Acute pelvic fractures, part I: Causation and classification, J Am 
Assoc Orthop Surg 4:143, 1996. 
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A, Major posterior stabilizing structures of pelvic ring (posterior and sagittal views). B, Tile compared relationship of 
posterior pelvic ligamentous and bony structures to suspension bridge, with sacrum suspended between two posterior superior iliac 
spines. (From Tile M: Acute pelvic fractures, part I. Causation and classification, J Am Assoc Orthop Surg 4:143, 1996.) 
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Interosseous 

sacroiliac 

ligaments 



Tile classification of pelvic fractures based on forces acting on pelvis. A f Type B1: External rotation or anteroposterior 
compression through left fémur (arrows) disrupts symphysis, pelvis, and anterior sacroiliac ligament until ilium impinges against pos- 
terior aspect of sacrum. If force stops at this level, partial stability of pelvis is maintained by interosseous sacroiliac ligaments. B, Type 
B2-1 : Latéral compression (internai rotation) force implodes hemipelvis. Rami may fracture anteriorly, and posterior impaction of sacrum 
may occur, with some disruption of posterior structures, but partial stability is maintained by intact pelvic floor and compression of 
sacrum. C, Type C: Shearing (translational) force disrupts symphysis, pelvic floor, and posterior structures, rendering hemipelvis com- 
pletely unstable. (From Tile M: Acute pelvic fractures, part I. Causation and classification, J Am Assoc Orthop Surg 4:143, 1996.) 


_ TABLE 56-1 _ M 

Relationship of Classification Systems for Pelvic Ring Fractures 



BUCHOLZ 

TILE 

OTA/AO 

YOUNG-BURGESS 

LETOURNEL 

DENIS 

STABLE PELVIC RING 

1 

Al, B2 

61 A, 

61B2 

Anterior-posterior compression 1 
Latéral compression 1 

Combined mechanical injury* 

* 

* 

PARTIAL INSTABILITY 

II 

B1 

61B2 

Anterior-posterior compression II 
Latéral compression II 

Combined mechanical injury* 

Latéral compression III 

* 

* 

COMPLETE INSTABILITY 

III 

C 

61C 

Anterior-posterior compression III 
Latéral compression III 

Vertical shear 

Combined mechanical injury* 

* 

* 


*Can be associated with ail types of instability. 

From Oison SA, Burgess A: Classification and initial management of patients with unstable pelvic ring injuries, Instr Course Lect 54:383, 2005. 
OTA!AO, Orthopaedic Trauma Association/Arbeitsgemeinschaft für Osteosynthesefragen. 
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Young and Burgess anteroposterior type II (AP II) pelvic ring 
A and B f Preoperative views. C to E f Postoperative anteroposterior, inlet, and 


injury with pubic diastasis treated with anterior fixation, 
outlet views. 
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JjJ Young and Burgess latéral compression type II (LC II) pelvic ring injury with posterior crescent fracture. A to D f Pre- 
operative anteroposterior, oblique, inlet, and outlet views, respectively. E, Preoperative CT scan. F and G, After open réduction and 
internai fixation with 3.5-mm reconstruction plate with two lag screws in between iliac cortical tables. 
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Young and Burgess anteroposterior type III (AP III) pelvic ring injury with pubic diastasis and bilateral pubic rami 
fractures. A-C f Preoperative anteroposterior, inlet, and outlet views, respectively. D, Preoperative CT scan. E-G, Postoperative antero¬ 
posterior, inlet, and outlet views, respectively. 
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Young and Burgess latéral compression type III (LC III) injury with marked displacement of the right pubic ramus. 
Treatment was with open réduction and internai fixation (ORIF) of left sacroiliac joint and ORIF of pubic symphysis and right pubic 
ramus fractures. A-C f Preoperative anteroposterior, inlet, and outlet views, respectively. D f Preoperative CT scan. E to G f Postoperative 
anteroposterior, inlet, and outlet views, respectively. 


requirements were more common in patients with vertically 
unstable AP III injuries than in those with vertically stable 
anteroposterior compression or latéral compression injuries. 
In the sériés by Young and Burgess, patients with the most 
severe latéral compression injuries (type III) had no associ- 
ated head injuries, whereas those with less severe latéral 
compression injuries had head injury rates similar to those 
for patients with other pelvic injury patterns. We find this 
classification useful in describing and communicating pelvic 
ring injuries. 


Sacral fractures hâve been classified separately by several 
authors. Currently, the classification used most often is that 
proposed by Denis, Davis, and Comfort (Fig. 56-53): type I 
fractures occur latéral to the neural foramina through the 
sacral ala; type II fractures are transforaminal; type III frac¬ 
tures occur médial or central to the neural foramina. Trans¬ 
verse fractures of the sacrum are classified as type III injuries 
because they involve the spinal canal and often are H or U 
shaped (so-called jumper s fracture because of their associa¬ 
tion with falls from heights). These fractures may hâve 
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Denis classification of sacral fractures, in which 
three zones of injury are differentiated: zone I, sacral ala; zone 
II, foraminal région; and zone III, spinal canal. Most médial frac¬ 
ture extension is used to classify injury. (From Denis F, Davis S, 
Comfort T: Sacral fractures: an important problem—rétrospective analy¬ 
sis of 236 cases, Clin Orthop Relat Res 227:67, 1988.) 


significatif translation noted on the latéral sacral radiograph. 
Because these type III fractures can be easily missed on 
standard radiographs and axial CT scans, a latéral sacral 
radiograph and/or sagittal CT reconstruction of the pelvis 
must be carefully scrutinized. 

RADIOGRAPHIC EVALUATION 

The standard radiographie projections required for évalua¬ 
tion of pelvic fractures are an anteroposterior view of the 
pelvis and 40-degree caudal inlet and 40-degree cephalad 
outlet views described by Pennal et al. (Fig. 56-54). The inlet 
view shows rotational deformity or anteroposterior displace¬ 
ment of the hemipelvis. The outlet view shows vertical dis¬ 
placement of the hemipelvis, sacral fractures, and widening 
or fracture of the anterior pelvis. 

CT, an essential part of the évaluation of any significant 
pelvic injury, allows évaluation of the posterior portion of the 
pelvic ring that may be poorly seen on standard radiographs. 
Before the widespread use of CT, many pelvic fractures were 
assumed to be purely anterior injuries, although isolated 
anterior lésions actually are rare. CT also can disclose mini- 
mally displaced fracture fines that enter the acetabulum and 
possibly affect the treatment plan. 

Several radiographie signs should be sought as indica¬ 
tions of fracture stability. Widening of the symphysis of more 
than 2.5 cm has been correlated with rupture of the sacrospi- 
nous ligament and a rotationally unstable pelvis. Avulsion 
fractures of the latéral sacrum and ischial spine also are signs 
of rotational instability. Widening of the anterior pelvis causes 
rupture of the anterior sacroiliac ligament, making the sacro- 
iliac joint appear widened on the anteroposterior view. 
However, as shown by axial CT images, the posterior liga¬ 
ments of the sacroiliac joint may remain intact, maintaining 
the vertical stability of the pelvis (Fig. 56-55). The posterior 
iliac offset, as described by Tonne et al., can also be used to 
predict pelvic instability. Impacted fractures of the anterior 
cortex of the sacrum are common with latéral compression 



A, Forty-degree caudal inlet view of pelvis. 
B, Forty-degree cephalad outlet view of pelvis. 


injuries and generally are stable, but a sacral fracture with a 
gap usually indicates vertical instability. In their review of 
latéral compression fractures treated nonoperatively, Bruce 
et al. found that over half (68%) of complété sacral fracture 
with bilateral rami fractures displaced, while no incomplète 
sacral fractures with an ipsilateral rami fracture displaced. 
Protected weight bearing and close monitoring are essential 
in this patient population. 

Vertical instability usually is defined as 1 cm or more of 
cephalad migration of one hemipelvis. In some pelvic inju¬ 
ries, vertical instability is apparent, but if vertical stability is 
questionable, stress testing can be bénéficiai. When pelvic 
stability is questioned, évaluation under anesthésia may be 
helpful. Internai and external rotation of the pelvis may 
demonstrate rotational instability. Sagi et al. described a 
stress examination of the pelvic ring using intraoperative 
dynamic fluoroscopy in which internai and external rotation 
and push-pull maneuvers were applied to both extremities. 
Using this method, they identified instability in half of 
pelvic ring fractures presumed to be stable AP-I injuries. 
Suzuki et al. reported using measurement of the symphyseal 
diastasis on stress radiographs to differentiate between AP-I 
and AP-II injuries. Under radiographie control, the exam¬ 
iner pushes up on one extremity while pulling down on the 
other. This maneuver is then reversed, again under radio¬ 
graphie control, and the maximal displacement between the 
two films is determined. If more than 1 cm of cephalad 
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A, Tile type B1 pelvic injury with diastasis of 
symphysis and anterior widening of sacroiliac joint. B f CT scan 
shows that posterior sacroiliac joint ligaments are intact. 



Pelvic Damage Control 


Closed réduction of the pelvis at admission 
External fixation 

Wrapping pelvis with sheets with inner rotation and slight 
flexion of knees 
External fixator 
Pelvic C-clamp 

Pneumatic antishock garment 
Control of hemorrhage 
Pelvic packing 
Angiography 
Control of contamination 

Repair of genitourinary and rectal injuries 
Debridement of necrotic tissue in the case of open injury 


From Ertel WK: General assessment and management of the polytrauma patient. 
In Tile M, Helfet DL, Kellam JF, editors: Fractures of the pelvis and acetabulum, 
3 rd ed, Philadelphia, Lippincott Williams & Wilkins, 2003. 


that allows abdominal access is desired; however, many varia¬ 
tions of pelvic external fixators are available. Vertically 
unstable fractures usually also are treated with ipsilateral 
distal fémoral skeletal traction until definitive internai fixa¬ 
tion can be done. Supraacetabular pin placement for pelvic 
external fixation uses a starting point at the anterior inferior 
iliac spine. Insertion of these pins requires fluoroscopie guid¬ 
ance and an understanding of the pelvic anatomy. The main 
advantage is an excellent pin purchase in the pelvis; a disad- 
vantage is limited hip flexion in some patients. We frequently 
use this construct when the abdominal protubérance is 
significant. 


displacement is possible with this test, the fracture is verti¬ 
cally unstable. This test should be done one time only, with 
permanent films obtained for accurate measurement of 
cephalad migration. Push-pull testing should not be done in 
acutely injured patients with ongoing hémodynamie insta- 
bility or in zone II or zone III sacral fractures in which 
potential neurologie injury could occur. As the surgeon 
gains expérience in pelvic injuries, the need for the push- 
pull test decreases. 

TREATMENT 

■ INITIAL TREATMENT (BOX 56-2) 

I EXTERNAL FIXATION 

Anterior pelvic external fixation is a versatile treatment 
option that can be used in the acute phase of treatment to 
provide temporary pelvic stability and allow access to the 
abdomen and perineum. It also can be used as definitive fixa¬ 
tion in some patients or as an adjunct to internai fixation in 
others. Fractures that involve the iliac wing, the acetabulum, 
or both usually are contraindications to pelvic external fixa¬ 
tion. Ideally, two 5-mm pins are placed in between the iliac 
cortical tables and placement is confirmed on fluoroscopy. 
When a fixator is applied to a severely injured patient in the 
emergency department, we use three pins in each iliac wing 
to ensure accurate pin placement. A simple modular frame 


EXTERNAL FIXATION 


TECHNIQUE 56-4 


■ Place the patient supine on a radiolucent table. 

■ Attempt to attain and maintain réduction with traction 
or pelvic binders placed distally before placement of the 
external fixator. 

■ Palpate the iliac wing 2 cm to 4 cm proximal to the 
anterior superior iliac spine. This is the widening of bone 
that allows pin insertion. 

■ Make an incision perpendicular to the iliac wing. 

■ Place a guidewire along the inner table to provide orienta¬ 
tion of the pelvic slope. 

■ Drill along the inner third of the iliac wing. 

■ There is significant overlay laterally, and a latéral starting 
point may exit the pelvis. 

■ After drilling a starting point manually, place the 5-mm 
pin between the tables by use of sensory feedback to 
keep the pin within the iliac cortical tables. Aim toward 
the hip joint to use the column of bone above the ace¬ 
tabulum (Fig. 56-56). 

■ Place a second pin in a converging pattern. 

■ Confirm pin placement with fluoroscopy. 
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Pin placement in hemipelvis in relation to body. 

(From Poka A, Libby EP: Indications and techniques for external fixation 
of the pelvis, Clin Orthop Relat Res 329:54, 1996.) SEE TECHNIQUE 
56-4. 


■ Connect the pin clusters and crossbars. 

■ If a réduction is needed, compress the pelvis at the iliac 
wings or greater trochanter, then tighten the external 
fixator. 

■ In vertically unstable fractures, traction should be used 
until definitive fracture fixation. 


SUPRAACETABULAR 
EXTERNAL FIXATION 


TECHNIQUE 56-5 


■ Palpate and mark the external iliac puise. 

■ Palpate the anterior superior iliac spine. The incision will 
be in direct line with the anterior superior iliac spine 
distally 2 cm to 3 cm; confirm the proximal-distal starting 
point on a fluoroscopie iliac oblique view (Fig. 56-57). 

■ Gently spread the soft tissues, aiming 20 to 30 degrees 
medially. 

■ Confirm the anterior inferior iliac spine starting point 
fluoroscopically on an iliac oblique view. If the pin is on 
the apex of the anterior inferior iliac spine on an iliac 
oblique view, then the mediolateral starting point is 
correct. 

■ With use of self-tapping pins, drill 2 cm to 3 cm, taking 
care not to slide medially or laterally. 

■ Confirm pin placement on the iliac oblique and obturator 
oblique and obturator outlet views. 

■ Advance the pin just to the sciatic notch, which is the 
area of dense bone. Confirm this on iliac and obturator 
oblique views. 

■ Connect the pins to the crossbar. 

POSTOPERATIVE CARE. If it is used for the definitive 
treatment of the pelvic fracture, the frame is left in place 
for 8 to 12 weeks, depending on the fracture type and 
réduction. Pin site care must be meticulous, with peroxide 
swabs used twice daily to clean away the crusted 


transudate that often forms. The dressing around the pin 
site should apply some compression to the skin to mini- 
mize motion around the pins. If a pin becomes infected 
and loose, it should be replaced and the original pin site 
should be curetted. 


ANTERIOR SUBCUTANEOUS 
INTERNAL FIXATION 

The original description of anterior subeutaneous internai 
fixation was by Kuttner et al. in the German literature in 
2009. Vaidya et al. described the modified method and 
introduced the name "INFIX" in the English literature in 
2012. The technique uses U.S. Food and Drug Administra¬ 
tion (FDA)-approved devices for spinal surgery, which are 
placed in the lower abdominal area through small incisions 
and span the fractured anterior pelvic ring by interconnect¬ 
ing the left and right hemipelvis, an "off-label" use. Sub¬ 
eutaneous internai fixators for anterior pelvic ring injuries 
provide the advantages of external fixation while avoiding 
some of the disadvantages. Cited advantages include 
minimal soft-tissue dissection, decreased blood loss and 
postoperative pain, rigid fixation, and increased patient 
comfort. The low-profile construct allows earlier sitting and 
mobilization. The biggest disadvantage of subeutaneous 
internai fixation is that a second operation is required for 
implant removal. 

Cole et al. suggested indications for the use of INFIX 
that include unstable injuries of the anterior pelvic ring in 
morbidly obese patients, patients with severe soft-tissue 
injuries, patients who require prolonged stay in the ICU to 
reduce the risk of infection and facilitate nursing care, 
patients with concomitant injuries that may require prone 
positioning for operative procedures (e.g., spinal fractures), 
and patients with coagulopathy. 

Although there are few clinical reports available, early 
results are favorable, with healing at an average of 3 
months after surgery with no significant loss of fixation. 
Vaidya et al. reported a sériés of 24 patients with rotational 
or vertically unstable pelvic fractures treated with INFIX. Ail 
fractures healed without significant loss of réduction; there 
were no infections, delayed unions, or nonunions. Vaidya 
et al. cautioned that surgeons who are not familiar with 
pedicle screws, rod contouring, and compression or distrac¬ 
tion maneuvers should refrain from using this technique 
until they hâve received some training. 

Several complications hâve been noted with the use of 
INFIX, most frequently latéral fémoral cutaneous neura- 
praxia (30%), which is temporary in most patients, and 
hétérotopie ossification (35%), which is asymptomatic in 
almost ail patients. Reported rates of infection (0% to 
12%) and aseptie loosening (0% to 19%) are low. 


TECHNIQUE 56-6 


(VAIDYA ET AL.) 

■ Position the patient supine on a radiolucent table. Préparé 
and drape the skin from above the umbilicus to the 
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FIGURE 


U Starting point for supraacetabular external fixa¬ 


tion. SEE TECHNIQUE 56-5. 


9 proximal thigh. Préparé the lower extremity into the field 
to facilitate réduction techniques. 

■ If posterior instability is présent, address it first using the 
standard techniques of iliosacral réduction and screw 
placement or posterior plating. 

■ Use fluoroscopie imaging to identify the starting point of 
the pedicle screw. 

■ Make a 2- to 3-cm longitudinal incision centered over the 
anterior interior iliac spine in line with the groin crease 

(Fig. 56-58A). 

■ With blunt dissection through the soft tissues, develop 
the interval between the sartorius and tensor fascia lata 
muscles to gain access to the anterior inferior iliac spine 
(Fig. 56-58B). 

■ Chose a starting point for the supra-acetabular pin just 
proximal to the insertion of the rectus femoris tendon. 

■ Place small-fragment Hohmann retractors on either side 
of the iliac bone at this point. Take care to avoid injury to 
the latéral fémoral cutaneous nerve and violation of the 
hip joint capsule. 

■ Once the appropriate starting point is identified, open the 
cortex with a starting pedicle awl (Fig. 56-58C). 

■ Use a pedicle finder to establish a corridor between the 
inner and outer cortices of the ilium, taking care not to 
penetrate the iliac table. A drill bit can be used instead 
of the pedicle finder. 

■ Measure the depth of the hole and select a screw that 
will sit 15 to 40 mm proud. The height of the screw above 
the bone dépends on the size of the patient. Ideally, the 
screw head sits at the level of the sartorius muscle or 
slightly superficial. In some morbidly obese patients, this 
could be 30 to 40 mm above the bone. It is important 


not to sink the screw below this point because it could 
lead to compression of the underlying structures by the 
bar once it is attached. 

■ Insert a 7- or 8-mm diameter pedicle screw. The length 
of the screw may vary from 75 to 110 mm, depending 
on the body habitus of the patient, with at least 60 mm 
of the screw being intraosseous and 15 to 50 mm outside 
the bone. 

■ Precontour a 6-mm titanium rod with an anterior bow 
(Fig. 56-58D). The curve of the rod is determined by laying 
it fiat on the belly between the two pedicle screws; this 
area is convex in most individuals. Contour the rod so that 
it lies above the skin (Fig. 56-58E). 

■Cut the rod to the appropriate length, which should be 
5 cm longer than the distance between the two pedicle 
screws. 

■ Tunnel the rod subcutaneously from one screw to the 
other, just under the skin and above the sartorius muscle 
(Fig. 56-58F). The superior border of the "bikini" area 
(formed by the groin creases on the sides and superiorly 
by a fold of abdominal tissue) marks the path for the 
subeutaneous rod. 

■ Position the rod with the bow anterior to avoid potential 
compressive complications to the genitourinary or neuro- 
vascular structures. 

■ Connect the rod to both pedicle screws and apply com¬ 
pression with the use of C-rings (DePuy Synthes Spine, 
Raynham, MA) and compressor tools to close the pelvis 
anteriorly (Fig. 56-59). 

■Once appropriate compression is achieved, tighten the 
pedicle screw caps. 

■ Trim any excess rod length with a rod cutter. 

■ Confirm suitable réduction and implant position with 
fluoroscopie anteroposterior, inlet, and outlet views 

(Fig. 56-60). 

POSTOPERATIVE CARE. Toe-touch weight bearing is 
allowed on the side of the posterior injury and weight 
bearing as tolerated on the side without a posterior injury. 
Patients with bilateral posterior pelvic injuries remain 
non-weight bearing. Weight bearing is begun at 8 to 
12 weeks, depending on radiographs, patient comfort, 
and surgeon preference, and is advanced as tolerated. 
Implants generally are removed between 3 and 6 months 
after surgery. 


I PELVIC CLAMPS 

Because in vertically unstable fractures an anteriorly applied 
external fixator does not control motion in the posterior 
sacroiliac complex, two pelvic clamps hâve been developed to 
help control the posterior pelvis in the resuscitation phase: 
the Ganz C-clamp (Fig. 56-61) and the pelvic stabilizer 
developed by Browner et al. These devices use large, percuta- 
neously placed pins over the région of the sacroiliac joint 
posteriorly. We believe that an iliac wing fracture close to the 
sacroiliac joint is a contraindication to the use of this device, 
and we use it only as a temporary stabilizing device that 
should be removed within 5 days if possible. 









Anterior subcutaneous internai fixator. A, Skin incision. B, Blunt dissection of soft tissue. C, Starting pedicle awl. 
D, Rod bender in use while rod is held with a rod holder. E, Contoured rod. F, Rod being tunneled subcutaneously. (From Vaidya R, Colen 
R, Vigdorchik J, et al: Treatment of unstable pelvic ring injuries with an internai anterior fixator and posterior fixation: initial clinical sériés, J Orthop 
Trauma 26:1, 2012.) SEE TECHNIQUE 56-6. 


PELVIC CLAMPS 


TECHNIQUE 56-7 


(GANZ ET AL.) 

■ With the patient supine, palpate the posterior superior iliac 
spine and draw an imaginary line between it and the anterior 
superior iliac spine. Insert the nail on this line 3 to 4 finger- 
breadths antérolatéral to the posterior superior iliac spine 
(Fig. 56-62A). Do not make the entry point too distal to 
avoid endangering the gluteal vessels or the sciatic nerve. 


■ Make a generous stab wound over each entry point, 
insert the Steinmann pins and make sure the side arm 
can slide freely (Fig. 56-62B). 

■ Advance the pins until bone is contacted and then use a 
hammer to drive the pins approximately 1 cm into the 
bone (Fig. 56-62C). 

■ Slide the two side arms medially toward one another until 
the ends of the threaded bolts, sliding over the pins, corne 
into contact with the bone. 

■ Drive the threaded bolts inward with a wrench to apply 
compression to the unstable hemipelvis. This closes the 
diastasis and stabilizes the posterior pelvic ring (Fig. 56-62D). 






A, C-ring and compression device. B, Pedicle screw and C-ring in a Sawbones model. (From Vaidya R, Colen R, Vigdorchik 
J, et al: Treatment of unstable pelvic ring injuries with an internai anterior fixator and posterior fixation: initial clinical sériés, J Orthop Trauma 26:1, 
2012 ) SEE TECHNIQUE 56-6. 
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9 " Correct cranial displacement of the hemipelvis by placing 
traction on the ipsilateral leg before applying compression. 
■ Correct dorsal displacement by manual traction using the 
T-handle applied to a Schanz pin placed in the anterior 
superior iliac spine. Carry out other necessary manipula¬ 
tions in a similar manner. 

■ Check the réduction maneuvers radiographically, or if 
other procedures are necessary immediately, obtain a 
radiograph as soon as possible. 

■ The device can be applied in an oblique configuration by 
placing the Steinmann pin on the side of the stable 



provisional stabilization of pelvic fractures. 


hemipelvis in the anterior superior iliac spine. When the 
boit is tightened, one component of the force vector on 
the unstable side is directed anteriorly, which helps reduce 
a posteriorly displaced hemipelvis. 

■ Once the clamp is in place, additional diagnostic or thera- 
peutic procedures can be performed. If a laparotomy is 
required, rotate the crossbar around the fixed axis of the 
Steinmann pins away from the abdomen so that it lies 
distally on the thighs. If a procedure on the proximal 
fémur is required, rotate the crossbar cephalad so that it 
rests on the abdomen (Fig. 56-62E). 

■ Leave the clamp in place until definitive internai fixation 
can be performed. Once the posterior fracture has been 
exposed and réduction clamps or pins are in place, remove 
the C-clamp. 

■ If hemorrhage is not controlled after application of the 
anterior external fixator or pelvic clamp, angiographie évalu¬ 
ation is indicated. In approximately 10% of patients, a major 
arterial injury can be identified and treated by embolization. 
Also consider rétropéritonéal packing, as described by 
Osborn et al., to control bleeding in these patients. 







Application of Ganz fixator (see text). A f Nail insertion site. B f Stein¬ 
mann pins are inserted, and free sliding of side arm is ensured. C f Pins are driven 
approximately 1 cm into bone. D f Driving threaded bolts inward applies compression 
to close diastasis and stabilize posterior pelvic ring. E f Crossbar can be rotated to allow 
laparotomy or access to proximal fémur. (Courtesy of R. Ganz, MD.) SEE TECHNIQUE 56-7. 
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PART XV FRACTURES AND DISLOCATIONS IN ADULTS 

■ RECONSTRUCTIVE PHASE 
1 NATURAL HISTORY AND RATIONALE 
FOR TREATMENT 

Historically, the management of pelvic ring injuries was 
focused on the early stage of care by identification and stabi¬ 
lization of unstable injury patterns that were associated with 
high mortality because of rétropéritonéal hemorrhage and 
viscéral injuries. 

Following early resuscitation, skeletal traction was the 
definitive treatment option for survivors with unstable pos- 
terior ring injuries. Prognosis was mixed in this group of 
patients: 52% incidence of back pain, 38% incidence of pelvic 
tilt and sitting imbalance, and 32% incidence of limp as a 
resuit of leg-length discrepancy. The risk factors for develop- 
ing disability as a resuit of chronic back pain, malunion, 
nonunion, and genitourinary and neurologie dysfunction 
were unclear but common. A number of studies sought to 
define the risk factors for disability to direct care. Most 
observed that pain and disability were more common with 
residual posterior ring displacement of more than 10 mm. 
Although bony posterior ring injuries had an excellent prog¬ 
nosis if they healed in less than 10 mm of displacement, 
nonanatomic réduction of the sacroiliac joint was tolerated 
poorly. Most authors noted that, with the exception of rare 
injury patterns, anterior ring disruption rarely resulted in 
residual pain and dysfunction 

Stable, nondisplaced pelvic fractures (Tile type A, Young 
and Burgess types LC I and AP I) do not require operative 
stabilization and can be adequately managed with early 
mobilization and analgésies. A report by Sembler Soles et al. 
confirmed that immédiate weight bearing, tempered by 
patient comfort, is safe for minimally displaced (< 10 mm) 
LC sacral fractures: 117 (99%) of 118 patients healed with 
minimal additional displacement. Historical studies describ- 
ing the nonoperative treatment of displaced pelvic fractures 
(Tile types B and C) with traction or a pelvic sling hâve shown 
disappointing results, especially in patients with displaced 
sacral fractures and sacroiliac dislocations. In most reports of 
these injuries, nearly half of patients had moderate to severe 
pain affer nonoperative treatment. 

The significant morbidity associated with nonoperative 
treatment of displaced, unstable pelvic fractures has led to a 
more aggressive operative approach. The question of when 
operative fixation of LC-1 fractures is indicated, however, 
remains controversial. A survey of 111 members of the 
Orthopaedic Trauma Association (OTA) found that only 33% 
of cases showed substantial agreement. Operative réduction 
and stabilization hâve been advocated for rotationally unstable 
but vertically stable (Tile type B, Young and Burgess type AP 
II; see Figs. 56-48 and 56-49) fractures with a pubic symphysis 
diastasis of more than 2.5 cm, pubic rami fractures with more 
than 2 cm displacement, or other rotationally unstable pelvic 
injuries with significant limb-length discrepancy of more 
than 1.5 cm or unacceptable pelvic rotational deformity. 
Operative treatment of rotationally unstable pelvic fractures 
can be accomplished by an anterior external fixator used for 
definitive treatment or ORIF with anterior plating. Rétro¬ 
gradé pubic ramus screws placed percutaneously or with an 
open technique also hâve been described for anterior fixation, 
but a 15% rate of loss of réduction has been reported with 
these, especially in elderly patients and with screws placed in 
a rétrogradé fashion. 


External fixation has been widely described for the 
definitive treatment of Tile type B (Young and Burgess 
type AP II) injuries, with normal function maintained in 
patients in whom an adéquate réduction (<1 cm displace¬ 
ment) is obtained. This method may be especially useful in 
patients with associated genitourinary or gastrointestinal 
injuries with significant contamination or other soff-tissue 
problems that might preclude anterior ORIF. The mainstay of 
treatment for types APC-II or APC-III injuries is ORIF of the 
pubic symphysis when the clinical situation allows. 

Tornetta, Dickson, and Matta reported no pain or pain 
only with strenuous activity in 96% of their patients after 
anterior internai fixation of rotationally unstable but verti¬ 
cally stable fractures. They advocated the use of a single 
four-hole or six-hole 3.5-mm reconstruction plate; two-hole 
plates hâve demonstrated high failure rates. In contrast to 
many other authors, Matta did not cite a suprapubic cathéter 
as a contraindication to anterior internai fixation of pelvic 
fractures and advocated early primary repair of bladder 
injuries to prevent contamination of the pelvic fracture 
hematoma. He reported no infections in seven patients with 
suprapubic cathéters and anterior pelvic internai fixation. Tile 
advocated double plating of the symphysis in type C injuries 
when posterior fixation is contraindicated by soft-tissue 
problems. Locked plating has not been shown to be bénéficiai 
in pubic symphysis plating. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF THE PUBIC SYMPHYSIS 


TECHNIQUE 56-8 


■ Position the patient supine on a radiolucent table. 

■ Maintain the legs in internai rotation to aid in réductions 

(Fig. 56-63A). 

■ Drape the area distal to the pubic tubercles. 

■Use a Pfannenstiel incision (see Technique 1-81). 

■ Incise the rectus longitudinally at the décussation of the 
fibers. Do not transect the rectus heads. 

■ Use a malléable retractor in the space of Retzius to protect 
the bladder (Fig. 56-63B). 

■ Place narrow sharp Hohmann retractors underneath the 
rectus and over the pubis to expose the pubic symphysis 
(Fig. 56-63C and D). 

■ Place a Weber pointed réduction clamp anteriorly onto 
the body of the pubis for réduction (Fig. 56-63E and F). 

■ In fractures with cephalad displacement of the hemipelvis, 
apply traction. In more severe cases, use pelvic réduction 
forceps by placing a 4.5-mm screw anteriorly on each side 
of the symphysis. Use of a plate and nut on the displaced 
side will allow full mechanical advantage without the risk 
of screw pull-out (Fig. 56-63G). 

■ After satisfactory réduction, place a six-hole curved 3-mm 
reconstruction plate on the superior surface of the sym¬ 
physis (Fig. 56-63H). 

■ Eccentrically drill to yield a small amount of 
compression. 

■ Confirm réduction and fixation with fluoroscopy. 

■ For type C injuries for which posterior fixation is not 
possible, apply a double plate. 
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FIGURE 


Anterior internai fixation of pelvic fracture (see text). A f Patient positioning. B, Retractor placed. 

Continued 


■ Place a closed suction drain in the space of Retzius. 

■ In cases of pubic rami fractures in which a Pfannenstiel 
approach is not sufficient for ORIF, use a modified Stoppa 
or ilioinguinal approach. 


Tile type C (Young and Burgess types AP III, LC III, 
vertical shear; see Figs. 56-51 and 56-53) pelvic injuries 
require posterior fixation to regain vertical stability. External 
fixation alone is not recommended as definitive treatment 
of vertically unstable pelvic fractures because the posterior 
instability cannot be controlled by this treatment method. In 
Kellams sériés, after adéquate réduction of type C fractures, 
only 50% of patients were pain free with no job or lifestyle 
changes. After inadéquate réduction of type C injuries, only 
33% of patients returned to their previous occupations. For 
type C fractures that involve the sacroiliac joint, Kellam 
recommended anatomie réduction of the posterior injury and 
internai fixation with fusion of the sacroiliac joint. Mullis and 
Sagi noted poorer outcomes in those with pure sacroiliac 
dislocations that were malreduced than in those with ana¬ 
tomie réductions. 

Some authors, however, are skeptical that anatomie 
réduction of type C injuries has a considérable effect on 
patient outcome. A comparison of results in 80 patients with 
pelvic fractures, of which 61% were treated with external fixa¬ 
tion and 39% were treated nonoperatively, found similar rates 
of return to previous occupation for Tile types A, B, and C 
injuries (75% to 81%). The average residual vertical hemipel- 
vis displacement in type C injuries was 21 mm. The number 
of patients who perceived pain as the worst sequela of their 
injury was similar among the three groups, regardless of 
treatment. 

For Tile type C fractures (rotationally and vertically 
unstable), the anterior ring can be fixed with either an exter¬ 
nal fixator or an anterior plate as described before. Posterior 
treatment generally is determined by the portion of the 
posterior ring disrupted. For sacral fractures and sacroiliac 
joint disruptions, image intensifier-directed screw fixation 
from the ilium posteriorly into the sacral body (Fig. 56-64) 


has been recommended. This technique risks damage to the 
L5 and SI nerve roots and iliac vessels anterior to the body 
of the sacrum and to the sacral nerve roots within its bony 
confines, and it requires excellent radiographie technique and 
a thorough understanding of the three-dimensional anatomy 
of the pelvis. Because neurologie injury occurs with 30% of 
transforaminal sacral fractures (Denis zone II fractures), 
some authors advocate ORIF of such fractures with décom¬ 
pression of the involved neural foramina. Transiliac rod fixa¬ 
tion has been reported by several authors for sacral 
disruptions, although there is a risk of neurologie injury with 
compression of the sacrum (Fig. 56-65). Tension band plating 
also can be used between the two posterior iliac crests (Fig. 
56-66). Anterior plating of the sacroiliac joint can be done 
through an anterior rétropéritonéal approach, which allows 
direct observation of the joint (Fig. 56-67). For iliac wing 
fractures, open réduction and pelvic reconstruction plate 
fixation techniques, as well as lag screw fixation through the 
pelvic tables, are used. For fracture-dislocations of the sacro¬ 
iliac joint (the so-called crescent fracture; Young and Burgess 
type LC II), the fracture can be reduced and fixed anteriorly 
or posteriorly, with or without implants transfixing the sac¬ 
roiliac joint. 

Iliosacral screw posterior fixation of Tile type C fractures 
after open posterior réduction of sacral fractures, fracture- 
dislocations of the sacroiliac joint, and pure sacroiliac joint 
dislocations was reported to allow two thirds of patients to 
return to their preinjury occupations. Associated neurologie 
injuries compromised the final resuit in 35% of patients. 
Réduction of the posterior injury to within 10 mm appears 
to be adéquate for functional results, but residual displace¬ 
ment could lead to arthritic changes at longer follow-up. 

Good results also hâve been reported with percutaneous 
iliosacral screw fixation in type C fractures; however, obtain- 
ing closed réduction of pure sacroiliac joint dislocations may 
be difficult and open réduction of the sacroiliac joint may be 
necessary before percutaneous screw placement. In a group 
of patients with vertically unstable pelvic fractures treated 
with percutaneously placed iliac sacral screws, Griffm et al. 
showed a high rate of failure (13%) in vertical shear fractures 
through the sacrum. Starr and Reinert developed a réduction 
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EBHD C and D, Type II symphysis diastasis is reduced with Weber clamp placed anterior to rectus muscle. E and F, 
Points of clamp are placed at same level on pubic body so that with closure, any sagittal plane rotation of symphysis is reduced. G and 
H, Views from inside and outside pelvis show positioning of Jungbluth clamp with gliding hole and anchoring plate. SEE TECHNIQUE 


56-8. 
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frame that allows directed forces to be applied to aid in réduc¬ 
tion (Fig. 56-68). 

Transsacral-transiliac fixation allows the use of longer 
screws with the added advantage of attaining the contralatéral 
cortices of the sacrum and ilium for improved fixation. 
Transsacral-transiliac fixation should be considered for 
unstable sacral fractures where typically placed sacroiliac 
screws would not provide sufhcient fixation in the distal 
segment and for unstable pure sacroiliac dislocations affer a 
sacroiliac screw has been placed to aid in terminal réduction 
of the joint. The second screw can then be transsacral- 
transiliac to improve the overall fixation of the construct. 
Technical différences between sacroiliac and transsacral- 
transiliac screws are mainly in the trajectory needed. Sacro¬ 
iliac screws are most offen placed perpendicular to the 
sacroiliac joint, whereas transsacral-transiliac screws must 
traverse the entire sacrum without neural compromise and 
are thus placed in a trajectory parallel to the foramen and 
parallel to the anterior vertébral cortex (Fig. 56-69). 



FIGURE 


lliosacral screw fixation for sacroiliac or sacral 


fracture. 
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Whatever fixation method is chosen, the surgeon must 
be familiar with the variations of upper sacral anatomy and 
fluoroscopie imaging, including the latéral sacral view, must 
be excellent. Graves and Routt recorded the sagittal plane tilt 
of the fluoroscope from the vertical required to obtain idéal 
inlet and outlet views during placement of iliosacral screws 
(Fig. 56-70). The average degree of tilt required to obtain the 
idéal inlet view was 25 degrees, and for the idéal outlet view 
it was 42 degrees. 




Transiliac rod fixation of sacral fractures. 
A f Large Steinmann pin (8 to 10 mm) is drilled from outer aspect 
of one ilium through opposite ilium. B f Second rod is inserted 
approximately 1.5 cm distal and parallel to first. 



FIGURE 


A and B f Tension band plating. 
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FIGURE 


^ A and B f Anterior plating of sacroiliac joint. 



FIGURE 


Starr and Reinert réduction device (see text). 


INTERNAL FIXATION: POSTERIOR 
SCREW FIXATION OF SACRAL 
FRACTURES AND SACROILIAC 
DISLOCATIONS (PRONE) 


TECHNIQUE 56-9 


(MATTAAND SAUCEDO) 

■ Position the patient prone on a long radiolucent board to 
allow anteroposterior, caudal, and cephalad projections 
with an image intensifier (Fig. 56-71). 



Y-shaped sacral fracture stabilized percutane- 
ously with two transsacral-transiliac screws. (Courtesy of Dr. ML 
"Chip" Routt, Jr, University of Texas Health Science Center at Houston, 
Houston, Texas.) 


■ Use a standard posterior vertical incision, 2 cm latéral to 
the posterior superior iliac spine for sacroiliac dislocations, 
fracture-dislocations, or sacral fractures. 

■ Create a full-thickness flap off the gluteus fascia to the 
midline. 

■ Reflect the posterior portion of the gluteal muscles from 
the posterior iliac wing and the gluteus maximus origin 
from the sacrum (Fig. 56-72A and B). 

■Expose the greater sciatic notch to evaluate réduction. 
For sacral fractures, elevate the multifidus muscles to 
expose the fracture of the posterior sacral lamina 
(Fig. 56-72C). 

■ For sacroiliac dislocations, place pointed réduction forceps 
from the sacrum to the iliac wing for réduction. Use 
palpation through the greater sciatic notch as well as 
direct observation to evaluate the réduction. 

■ Under image intensifier control, insert screws perpendicu- 
lar to the iliac wing across the sacroiliac joint into the 
sacral ala, directing the screws toward the SI vertébral 
body. Carefully target the drill bit and screws by multiple 
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anteroposterior, caudal, and cephalad image intensifier 
projections. 

■ For sacral fractures, perform réduction in the same manner, 
checking the réduction with palpation through the greater 
sciatic notch and observation of the posterior sacral lamina. 



Outlet view 


Inlet view 


Patient positioning and average angular tilts 
from perpendicular to achieve idéal inlet and outlet views. 

(Redrawn from Graves ML, Routt MLC Jr: lliosacral screw placement: 
are uniplanar changes realistic based on standard fluoroscopie imaging? 
J Trauma 71:204, 2011.) 


■ Insert one or two screws into the SI vertébral body 
placed from the latéral surface of the iliac wing. If 
necessary, apply a 3.5-mm reconstruction plate across 
the posterior sacrum from ilium to ilium as a tension 
band (see Fig. 56-66) just above the greater sciatic 
notch. 

■ Suture the gluteal fascia to the sacral spine. 

■Close the wounds in the standard manner over suction 
drains. 


I PERCUTANEOUS ILIOSACRAL SCREW FIXATION 
OF SACROILIAC DISRUPTIONS AND SACRAL 
FRACTURES (SUPINE) 

Routt et al. described this technique, reported its outcome 
and complications, and studied the anatomie and radio¬ 
graphie variations of upper sacral morphologie features that 
affect surgical technique. Their sériés of articles is essential 
reading for the trauma surgeon endeavoring to perform this 
technique. They emphasize the fact that the normal sacral ala 
has an inclined anterosuperior surface, the sacral alar slope, 
that extends from proximal-posterior to distal-anterior (Fig. 
56-73). Anterior to the sacral ala in this région run the L5 
nerve root and the iliac vessels. The cortex of the alar slope 
forms the anterior boundary of the “safe zone” for passage of 
iliosacral screws into the body of SI. The posterior boundary 
of the safe zone is formed by the foramen of the SI nerve root. 

The sacral alar slope can be estimated on a true latéral 
fluoroscopie view of the sacrum by identifying the iliac corti¬ 
cal density (ICD), which demarcates the anterior cortical 



Posterior screw fixation of sacral fractures and sacroiliac dislocations—patient positioning. Anteroposterior, caudal, 
and cephalad image intensifier projections show drill bit and screw position. (Redrawn from Matta JM, Saucedo T: Internai fixation of pelvic 
ring fractures, Clin Orthop Relat Res 242:83, 1989; original by Zilbert.) SEE TECHNIQUE 56-9. 
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FIGURE 


A to C f Posterior screw fixation. SEE TECHNIQUE 56-9. 


thickening of the iliac portion of the sacroiliac joint (Fig. 
56-74). The inclination of the alar slope can be more acute in 
patients with sacral dysplasia, narrowing the safe zone for 
screw passage. Routt et al. detected sacral dysplasia in 28 of 
80 patients with pelvic fractures evaluated by inlet or outlet 
and true latéral images. In 94% of nondysplastic upper sacral 
segments, the ICD coincided with the alar slope as seen on 
the preoperative CT scan. This makes it a useful radiographie 
landmark for determining the anterior border of the safe zone 
(Fig. 56-75). However, 6% of nondysplastic sacral alae dis- 
played an anterior concavity or recession when viewed in the 
axial plane, projecting the ICD anterior to the alar slope on 
the true latéral view. Preoperative CT was useful to détermine 
the dimensions of the safe zone and to identify recessed sacral 
alae (Fig. 56-76). A recessed sacral ala allows for “in-out-in” 
screws that can injure the L5 nerve root (Fig. 56-77). Routt 
et al. emphasized that the posterior pelvis must be accurately 
reduced to allow superimposition of the greater sciatic 
notches and both ICDs on the true latéral image. With this 
as a necessary criterion for screw passage, using the ICD as 
the anterior marker for the safe zone and being aware of 
anterior sacral recession, no screw placement errors were 
noted in 51 consecutive patients. Screws used to fix sacroiliac 
joint disruptions are placed perpendicular to the joint, 


whereas screws used to fix sacral fractures are placed more 
transversely to allow passage of the screw into the contra¬ 
latéral ala. 

A thorough évaluation of upper sacral morphologie fea- 
tures must be done to ensure that a safe corridor exists for 
placement of an iliosacral screw. A dysplastic sacrum can 
hâve an atypical sacral alar slope as well as a small corridor, 
thus placing neural structures at risk (Fig. 56-78). 


PERCUTANEOUS ILIOSACRAL SCREW 
FIXATION OF SACROILIAC 
DISRUPTIONS AND SACRAL 
FRACTURES (SUPINE) 


TECHNIQUE 56-10 


■ Position the patient supine on a radiolucent table. Place 
a soft support underneath the lumbosacral spine to 
elevate the patient from the table. 
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CT scan confirms narrow safe zone (solid 
arrows) resulting from dysplastic upper sacral segment. Anterior 
articular surfaces of sacroiliac articulations are noted to be planar 
bilaterally. Undulating "tongue-in-groove" portions are situated 
posteriorly. ICD is noted bilaterally (open arrows). (From Chip M, 
Chip L Jr, Simonian PT, et al: Radiographie récognition of the sacral alar 
slope for optimal placement of iliosacral screws: a cadaveric and clinical 
study, J Orthop Trauma 10:171, 1996.) 


Alar slope and locations of fifth lumbar and 
intraosseous first sacral nerve roots and their relationships with 
ala. 



FIGURE 


lliac cortical density (ICD) can be identified on latéral radiograph (A) and CT scan (B) for estimation of sacral alar 


slope. 
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Recessed sacral ala (solid arrows) relative to 
dense iliac bone adjacent to sacroiliac joint—iliac cortical density 
(ICD) (open arrow). CT scan best shows these uncommon situa¬ 
tions. Nerve roots can be seen surrounded by fat within these 
recessed alae, especially on uninjured right side of patient. (From 
Routt MLC Jr, Simonian PT, Agnew SG, et al: Radiographie récognition 
of the sacral alar slope for optimal placement of iliosacral screws: a 
cadaver and clinical study, J Orthop Trauma 10:171, 1996.) 



views. ICD, 


Variable structure of upper sacrum on outlet 
Iliac cortical density. 



Screws inserted without use of latéral sacral image and ICD. Screws appear to be intraosseous on inlet (A) and outlet 
(B) pelvic radiographs, yet postoperative CT scan (C) shows that cephalad anterior no. 2 iliosacral screw on patient's left side is extraos- 
seous. Left L5 nerve root was injured. (From Routt MLC Jr, Simonian PT, Agnew SG, et al: Radiographie récognition of the sacral alar slope for 
optimal placement of iliosacral screws: a cadaver and clinical study, J Orthop Trauma 10:171, 1996.) 
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9 " Place the C-arm fluoroscopy unit opposite the injured 
hemipelvis. 

■ Obtain anteroposterior, inlet, outlet, and latéral sacral 
views to ensure adéquate visualization. The position of 
the inlet and outlet are noted to facilitate changing views 
throughout the case (Fig. 56-79A and B). 

■ Reduce the posterior pelvis first. Aids for réduction include 
traction, Schanz screws in the iliac wings, anterior external 
fixation frame, and prior anterior pelvic internai fixation. 
■ On the latéral sacral fluoroscopie view, identify the ante¬ 
rior and posterior portais of the first sacral segment. The 
exact starting point dépends on the number of screws 
planned and the type of injury: sacral fractures require a 
transverse screw, whereas sacroiliac dislocations travel 
posteroinferior to anterior proximal (and require a screw 
perpendicular to the sacroiliac joint). 

■ Mark the starting point on the skin and make a 1 -cm stab 
incision. 

■ Advance a cannulated guide into the ilium (Fig. 56-79C 
and D). 

■ On the latéral view, place the tip of the guide on the idéal 
starting spot and impact it into place with a mallet to 
prevent slipping (Fig. 56-79E). 

■ With use of biplanar imagery (inlet and outlet views), 
adjust the trajectory of the guide to safely enter the first 
sacral segment (Fig. 56-79F and G). 

■ Advance the guidewire, confirming safe passage on both 
the inlet and outlet views (Fig. 56-79H to J). 

■Check the latéral sacral view to ensure that the pin is 
within the sacral body. 

■ Measure the screw length. 

■ Drill over the guidewire (Fig. 56-79K). 

■ Advance the screw over the guidewire; check position on 
the inlet and outlet views (Fig. 55-79L and M). 

■ Confirm screw position on anteroposterior, inlet, and 
outlet views (Fig. 56-79N to P). 


ANTERIOR APPROACH AND 
STABILIZATION OF THE 
SACROILIAC JOINT 

Simpson et al. described an anterior fixation technique that 
initially used Staples but now uses dynamic compression 


plates, reconstruction plates, or four-hole plates. They 
emphasized the proximity of the L5 nerve root to the 
sacroiliac joint during the exposure. Subséquent cadaver 
studies hâve shown that the L4 nerve root and lumbo- 
sacral trunk are actually doser to the sacroiliac joint, 
particularly in its inferior third, and must be carefully 
protected. 


TECHNIQUE 56-11 


(SIMPSON ETAL) 

■ Place the patient supine and make the upper half of a 
Smith-Petersen incision along the anterior iliac crest (Fig. 
56-80A). Extend the incision to the most superior portion 
of the crest anteriorly and to the anterior inferior iliac 
spine inferiorly. 

■ Subperiosteally, dissect the iliacus muscle and medially 
retract it and the abdominal contents to expose the 
sacroiliac joint. Take care not to injure the L5 nerve root 
lying 2 cm to 3 cm médial to the joint. 

■ Anchor two sharp-tipped Hohmann retractors into the 
sacral ala to retract the abdominal contents medially. Use 
careful, intermittent retraction to avoid ilioinguinal or 
lumbosacral nerve root neuralgias. 

■ Once the sacroiliac joint has been exposed through ret- 
rofascial dissection, manipulate the hemipelvis with a 
heavy bone clamp applied to the iliac crest while an 
assistant manipulâtes the leg. Distal traction on the leg 
and internai rotation of the hemipelvis usually are required 
for réduction. 

■ Do not débridé the cartilaginous surfaces of the joint. 

■ After réduction, fix the sacral ala to the ilium with two- or 
three-hole dynamic compression plates and 4.5-mm 
screws (Fig. 56-80B). 

■ Close the soft tissues over drains. 

POSTOPERATIVE CARE. When the patient's comfort 
allows, ambulation is begun with crutches or a walker 
with touch-down weight bearing on the affected side. 

Iliac wing fractures can be approached through a 
similar rétropéritonéal approach. Réduction is performed 
with pointed réduction forceps, and fixation is obtained 
by a 3.5-mm reconstruction plate and standard lag screw 
technique (see Fig. 56-52). 
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FIGURE 


l ltftêiifc A to P, lliosacral screw fixation. (SEE TEXT AND TECHNIQUE 53-6.) 
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jjjj Anterior approach and stabilization of sacroiliac joint. A f Incision for anterior approach. B f After réduction, sacral 
ala is fixed to ilium with two 2-hole dynamic compression plates. SEE TECHNIQUE 56-11. 
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Trauma to the upper extremity often présents a difficult 
challenge for orthopaedic surgeons; whether the problem 
encountered is a fracture, fracture with dislocation, or 
severe injury to the soft tissues or neurovascular éléments. 
The ultimate functional results after injuries in the upper 
extremity often dépend as much on the status of the sur- 
rounding soft tissues as on the status of the bone. A fracture 
to the lower extremity may heal with contracture, some loss 
of motion of the adjacent joints, and other soft-tissue com¬ 
promise yet still yield a good functional resuit, whereas in 
the upper extremity severe functional impairment often 
results if fracture healing is accompanied by these sequelae, 
even though the bone itself has healed satisfactorily. This 
chapter discusses the surgical management of fractures and 
fracture-dislocations in the upper extremity and shoulder 
girdle. Surgeons also must remain continually attentive to 
soft-tissue injuries. 

CLAVICLE 

The clavicle is one of the most frequently fractured bones in 
the body, the fracture most often resulting from a direct blow 
or a fall on an outstretched arm. Most clavicular fractures 


heal uneventfully without serious conséquences with nonop- 
erative treatment. Historically, the resulting bony promi- 
nences hâve been believed to be préférable to an unsightly 
scar from open réduction and internai fixation (ORIF). Treat¬ 
ment guidelines were based on Neer and Rowe’s two large 
sériés that showed nonunion rates of less than 1% in conser- 
vatively managed fractures compared with nearly 4% in 
operatively treated fractures. These results established the 
concept that union rates and function were excellent with 
conservative treatment of clavicular fractures and were better 
than those after operative treatment. More recent studies hâve 
questioned union rates, functional recovery, and the morbid- 
ity of malunions after conservative treatment. A prospective 
observational study of 868 patients with clavicular fractures 
treated nonoperatively found a nonunion rate of 6.2%. Risk 
factors identified were advanced âge, female sex, 100% dis¬ 
placement (lack of cortical contact), and presence of com- 
minution. A meta-analysis including 2144 fractures showed 
a nonunion rate of 15% for displaced clavicular fractures 
treated nonoperatively, whereas the nonunion rate for ORIF 
was only 2% (Table 57-1). Thus, there appears to be a sub- 
group of patients—those with displaced fractures—who do 
not do as well as previously thought. 
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TABLE 57-1 


Results of Nonoperative and Operative Treatment 
of Acute Midshaft Clavicular Fractures 

TREATMENT % OF NONUNIONS 

DISPLACED AND NONDISPLACED FRACTURES 


Nonoperative (1145 fractures) 

5.9% 

Plating (635 fractures) 

2.5% 

Intramedullary pinning (364 fractures) 

1.6% 

AN fractures (2144) 

4.2% 

DISPLACED FRACTURES 

Nonoperative (159 fractures) 

15% 

Plating (460 fractures) 

2.2% 

Intramedullary pinning (152 fractures) 

2.0% 

AN displaced fractures (771) 

4.8% 


(Data from Zlowodzki M, Zelle BA, Cole PA, et al: Treatment of acute midshaft 
clavicle fractures: systematic review of 2144 fractures. On behalf of the Evidence- 
Based Orthopaedic Trauma Working Group, J Orthop Trauma 19:504, 2005.) 


These concerns led the Canadian Orthopaedic Trauma 
Society to initiate a multicenter prospective randomized trial 
to compare nonoperative treatment and plate fixation of dis- 
placed clavicular fractures. They concluded that operative 
treatment resulted in improved functional outcomes and 
lower rates of malunion and nonunion. Complications 
occurred in 23 (37%) of 62 patients treated operatively, com- 
pared with 31 (63%) of 49 treated nonoperatively (Table 57-2). 

TREATMENT OPTIONS 

Most clavicular fractures still are treated closed. Treatment, 
however, should not be an “ail or nothing” approach, but 
should be aimed at providing optimal outcomes for individual 
patients and injuries. Recent reports in the literature hâve 
helped to more accurately predict complications affer dis- 
placed fractures and to allow a frank discussion with the 
patient to choose the appropriate form of treatment. 

Nonoperative treatment consists of the use of a sling for 
comfort. We rarely use figure-of-eight splinting because of 
patient discomfort and the lack of proven benefit. Operative 
management usually consists of ORIF with plates and screws 
or intramedullary nail fixation. External fixation has been 
described but rarely is necessary except in unique situations. 
The relative indications for operative treatment are shown in 
Box 57-1. 

■ PLATE AND SCREW FIXATION 

Plating techniques continue to evolve. Newer precontoured 
plates allow more accurate fitting while maintaining strength; 
however, complications hâve been reported with 3.5-mm 
reconstruction plates, which allow easy contouring but may 
be too weak to maintain réduction. Currently, the most com- 
monly used technique is superior placement of the plate (Fig. 
57-1), but when the fracture configuration allows we prefer 
anteroinferior plate placement because of the safe screw tra- 
jectory and less hardware irritation (Fig. 57-2). Regardless of 
the plate placement technique used, meticulous attention is 
mandatory to preserve the periosteum and avoid injury to the 
subclavian vessels and lungs; lag screw fixation should be 
used when possible. 


TABLE 57-2 


Complications and Outcomes After Operative and 
Nonoperative Treatment of Clavicular Fractures 


OPERATIVE 

NONOPERATIVE 


TREATMENT 

TREATMENT 


(n = 62) 

(n = 49) 

COMPLICATION/ADVERSE EVENT 

Nonunion 

2 

7 

Malunion requiring further 
treatment 

0 

9 

Wound infection/dehiscence 

3 

0 

Hardware irritation requiring 
removal 

5 

0 

Complex régional pain 
syndrome 

0 

1 

Surgery for impending open 
fracture 

0 

2 

Transient brachial plexus 
symptoms 

8 

7 

Abnormality of AC or SC joint 

2 

3 

Early mechanical failure 

1 

0 

Other 

2 

2 

TOTAL 

23 (37%) 

31 (63%) 

APPEARANCE OF SHOULDER 

"Droopy" shoulder 

0 

10 

Bump and/or asymmetry 

0 

22 

Scar 

3 

0 

Sensitive and/or painful 
fracture site 

9 

10 

Hardware irritation and/or 
prominence 

11 

0 

Incisional numbness 

18 

0 

Satisfaction with appearance 

52 (84%) 

26 (53%) 

Functional results 


Constant and Disabilities of the Arm, Shoulder and Hand scores approximately 
10 points better in operative group at ail time points (6,12, 24, and 52 weeks). 
(Data from Canadian Orthopaedic Trauma Society: Nonoperative treatment 
compared with plate fixation of displaced midshaft clavicular fractures: a multi¬ 
center, randomized clinical trial, J Bone Joint Surg 89A:1, 2007.) 

AC, Acromioclavicular; SC, sternoclavicular. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF CLAVICULAR 
FRACTURES 


TECHNIQUE 57-1 


(COLLINGE ETAL., MODIFIED) 

ANTEROINFERIOR PLATE AND SCREW FIXATION 

■ Place the patient supine with a large bump placed 
between the scapulae, allowing the injured shoulder 
girdle to fall posteriorly, which helps to restore length and 
increase exposure of the clavicle. 
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Relative Indications for Primary Fixation of Midshaft Clavicular Fractures 


Fracture-Specific 

■ Displacement > 2 cm 

■ Shortening > 2 cm 

■ Increasing comminution (>3 fragments) 

■ Segmentai fractures 

■ Open fractures 

■ Impending open fractures with soft-tissue compromise 

■ Obvious clinical deformity (usually associated with displace¬ 
ment and shortening) 

■ Scapular malposition and winging at initial examination 


Associated Injuries 

■ Vascular injury requiring repair 

■ Progressive neurologie déficit 

■ Ipsilateral upper extremity injuries/fractures 

■ Multiple ipsilateral upper rib fractures 

■ "Floating shoulder" 

■ Bilateral clavicular fractures 

Patient Factors 

■ Polytrauma with requirement for early upper extremity 
weight bearing/arm use 

■ Patient motivation for rapid return of function (e.g. 7 elite 
sports or self-employed professional) 


From McKee MD: Clavicle fractures. In Bucholz RW, Fleckman JD, Court-Brown CM,Tornetta P 3rd, editors: Rockwood and Green's fractures in adults, 7th ed, Philadelphia 
Lippincott Williams & Wilkins, 2010. 



FIGURE 


Clavicular fracture (A) fixed with superior plate (B). 



FIGURE 


Clavicular fracture (A) fixed with anteroinferior plate (B). 
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Open réduction and internai fixation of clavicular fracture. A f Incision. B, Plate prebent to match normal clavicular 
anatomy. C f Screw placement posteriorly and superiorly. Acr, acromion; SN, sternal notch. SEE TECHNIQUE 57-1. 


9 " Make an incision centered over the fracture from the 
sternal notch to the anterior edge of the acromion 

(Fig. 57-3A). 

■ Release the latéral platysma and identify the supraclavicu- 
lar nerve traversing the anterior aspect of the clavicle. 

■ Incise the clavipectoral fascia along its attachment to the 
anterior clavicle and carefully elevate it inferiorly. 

■ Dissect first along the médial fragment, which usually has 
flexed up away from the vital infraclavicular structures. 
For acute fractures, only minimal soft-tissue dissection is 
needed. 

■ Reduce the fracture and hold it with bone clamps. 

■ Use a lag screw if possible for provisional fixation; as an 
alternative, consider using a mini-fragment screw as pro¬ 
visional fixation to allow perfect contouring of the plate. 

■ Contour a 3.5-mm plate to fit along the anteroinferior edge 
of the clavicle. Typically, an eight-hole plate fits well when 
contoured into an S-shape as viewed on edge (Fig. 57-3B). 
■ Aim the screws for plate fixation posteriorly and superiorly 
(Fig. 57-3C). If an oblique fracture is présent, a lag screw 
can be placed either through the plate or directly into the 
bone at roughly a 90-degree angle to the fracture line. 

SUPERIOR FIXATION 

■ For superior fixation, contour the plate to fit the superior 
edge of the clavicle (Fig. 57-1). Insert the screws from 
superior to inferior, taking care to avoid injury to the 
neurovascular structures. 

See a/so Video 57-1. 

POSTOPERATIVE CARE. The operated extremity is 
placed in a sling for comfort. Pendulum and Codman 
exercises are taught, and the patient is encouraged to use 
the arm but to avoid heavy lifting, pushing, or pulling. 
Full return of activities is allowed when fracture healing 
is présent, usually at 2 to 3 months. 


■ INTRAMEDULLARY FIXATION 

Intramedullary nailing of clavicular fractures has been done 
for over 50 years, with a variety of devices, including Rock- 
wood pins, Kirschner wires, Küntscher nails, and Rush nails 
(Fig. 57-4). Suggested advantages of intramedullary fixation 
include small skin incision, less periosteal stripping, and rela¬ 
tive stability to allow callus formation, but frequent complica¬ 
tions such as intrathoracic migration, pin breakage, and 
damage to underlying structures hâve limited the use of this 
technique. A biomechanical study comparing fixation of 
clavicular ostéotomies with 3.5-mm compression plates and 
3.8- or 4.5-mm intramedullary pins also showed that plated 
constructs were superior in resisting displacement. More 
recently, titanium elastic intramedullary nails hâve been used, 
with good results reported in a number of studies. However, 
reported complication rates hâve ranged from 9% to 78% 
with these devices, mainly médial or latéral migration and 
perforations. Frigg et al. reported a réduction in complica¬ 
tions from 60% to 17% with the use of an end cap, converting 
to open réduction affer two failed attempts at closed réduc¬ 
tion, using careful manual passage of the nail, obtaining 
intraoperative oblique radiographs to rule out latéral perfora¬ 
tion, and limiting postoperative range of motion to 90 degrees 
for 6 weeks. 


INTRAMEDULLARY FIXATION WITH A 
HEADED, DISTALLY THREADED PIN 
(ROCKWOOD CLAVICLE PIN) 


TECHNIQUE 57-2 


■ Place the patient in a semi-sitting position on a radiolu- 
cent table with an image intensifier on the ipsilateral side. 
By rotating the image 45 degrees caudal and cephalad, 
orthogonal views of the clavicle can be obtained. 
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FIGURE 


Clavicular fracture (A) treated with intramedullary fixation (B). 


■ Make a 2- to 3-cm incision over the postérolatéral corner 
of the clavicle 2 to 3 cm médial to the acromioclavicular 
joint. Little subcutaneous fat is in this région, so take care 
to prevent injury to the underlying platysma muscle. 

■ Use scissors to free the platysma muscle from the overly- 
ing skin; split its fibers in line with the muscle. Take care 
to prevent injury to the middle branch of the supracla- 
vicular nerve, which usually is found directly beneath the 
platysma muscle near the midclavicle. Identify and retract 
the nerve. 

■ Use a towel clip to elevate the proximal end of the médial 
clavicle through the incision (Fig. 57-5A). 

■ Taking care not to penetrate the anterior cortex, attach 
the appropriate-sized drill to the ratchet T-handle and drill 
the medullary canal (Fig. 57-5B). 

■ Remove the drill from the médial fragment, attach the 
appropriate-sized tap to the T-handle, and tap the medul¬ 
lary canal to the anterior cortex (Fig. 57-5C). Flandtapping 
is recommended, especially for small patients and smaller- 
diameter clavicle pins. 

■ Elevate the latéral fragment through the incision; exter- 
nally rotating the arm and shoulder helps improve 
exposure. 

■Attach the same-sized drill used in the médial fragment 
to the ratchet T-handle and drill the medullary canal 

(Fig. 57-5D). 

■ Under C-arm guidance, pass the drill out through the 
postérolatéral cortex of the clavicle (Fig. 57-5E). The drill 
position should be posterior and médial to the acromio¬ 
clavicular joint, around the level of the coracoid. Allow 
the drill to exit no higher than the equator of the pos¬ 
térolatéral clavicle. 

■ Remove the drill from the latéral fragment, attach the 
appropriate-sized tap to the T-handle, and tap the medul¬ 
lary canal so that the large threads are advanced fully into 
the canal (Fig. 57-5F). If the tap is a tight fit, consider 
redrilling with the next larger drill size. Again, hand 
tapping is recommended. 

■ While holding the distal fragment with a bone clamp, 
remove the nuts from the pin assembly and pass the 


trocar end of the pin into the medullary canal of the distal 
fragment. The pin should exit through the previously 
drilled hole in the postérolatéral cortex. 

■ Once the pin exits the clavicle, its tip can be felt subcu- 
taneously. Make a small incision over the palpable tip and 
spread the subcutaneous tissue with a hemostat (Fig. 
57-5G). Place the tip of the hemostat under the tip of the 
clavicle pin to facilitate its passage through the incision. 
Then drill the pin out laterally until the large, médial 
threads start to engage the cortex. 

■ Attach the Jacobs chuck and T-handle to the end 
of the pin protruding laterally (take care not to place the 
chuck over the machined threads, both latéral and 
médial) and carefully retract the pin into the latéral frag¬ 
ment (Fig. 57-5H). Ensure that the pin is inserted 
correctly. 

■ Reduce the fracture and pass the pin into the médial 
fragment. Advance the pin until ail médial threads are 
across the fracture site. Because the weight of the arm 
usually pulls the arm down, lifting the shoulder will facili¬ 
tate pin passage into the médial fragment. 

■ Place the médial nut on the pin, followed by the 
smaller latéral nut. Cold weld the two nuts together by 
grasping the médial nut with a needle driver or needle- 
nose pliers and tightening the latéral nut against the 
médial nut with the latéral nut wrench. Use the 
T-handle and wrench on the latéral nut to medially 
advance the pin down into the médial fragment until it 
contacts the anterior cortex. Confirm position with 
fluoroscopy. 

■ Break the cold weld between the nuts by grasping the 
médial nut with a needle driver or pliers and quickly 
turning the latéral nut counterclockwise with the inser¬ 
tion wrench. Advance the médial nut until it against the 
latéral cortex of the clavicle. Tighten the latéral nut until 
it engages the médial nut (Fig. 57-51). 

■ Use the médial wrench to back out the pin 1 cm or more 
to expose the nuts from the soft tissue. Ensure that the 
clavicle threads are still engaged in the cortical bone of 
the médial fragment. 
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Intramedullary fixation of clavicular fracture. A f Elévation of proximal end of médial clavicle. B f Drilling of medullary 
canal. C f Tapping of medullary canal. D f Drilling of medullary canal. E f Passage of drill out through postérolatéral cortex. F f Tapping of 
medullary canal. 


9 " Use a side-cutting pin cutter to eut the pin as close to the 
latéral nut as possible. Readvance the clavicle pin using 
the latéral nut wrench. 

POSTOPERATIVE CARE. The arm is placed in a standard 
sling for comfort, and gentle pendulum exercises are 
allowed. At 10 to 14 days, sutures are removed and, if 
healing is seen on radiographs, the sling is discontinued; 


unrestricted range-of-motion exercises, but no strength- 
ening, resisted exercises, or sports activities, are allowed. 
If radiographs at 6 weeks show union, resisted and 
strengthening activities are begun. Contact sports (e.g., 
football, hockey) should be avoided for 12 weeks after 
surgery. If the fracture is healed at 12 weeks, the pin can 
be removed. 
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G, Incision over tip of intramedullary pin. H, Retraction of pin into latéral fragment. I f Final position of 
intramedullary pin. (Redrawn from Lippert S: Rockwood clavicle pin surgical technique, Warsaw IN, DePuy.) SEE TECHNIQUE 57-2. 


LATERAL CLAVICULAR FRACTURES 

Neer described five types of latéral clavicular fractures (Table 
57-3 and Fig. 57-6). Types I and II are latéral to the coracoac- 
romial ligaments and are inherently stable. Type II fractures 
occur just médial to the coracoacromial ligaments (type lia) 
or occur with rupture of the ligaments (type Ilb). The trape- 
zius can be a deforming force and cause displacement of type 
II fractures. Treatment is still controversial, with good results 
reported with both operative and nonoperative treatment, 
even with malunions. The challenge is to obtain secure fixa¬ 
tion in the latéral segments. Strategies include plating over to 
the acromion to gain greater fixation, supplementing fixation 
with sutures from the clavicle to the coracoid (Fig. 57-7), and 
using subacromial hook-plates (Figs. 57-8 and 57-9). High 
rates of union (95% or higher) and good shoulder function 
hâve been reported with the use of hook-plates, but patient 
discomfort and acromial osteolysis generally require plate 
removal as soon as union occurs. 


FRACTURES AROUND THE 
SHOULDER 

FRACTURES OF THE SCAPULA 

Fractures of the scapula account for 3% to 5% of ail fractures 
about the shoulder, are most offen caused by high-energy 
trauma, and are frequently associated with multiple trauma 
(approximately 90% of patients with scapular fractures hâve 
associated injuries). Treatment of scapular fractures has tra- 
ditionally been described as “benign neglect” and, like cla¬ 
vicular fractures, most scapular fractures do well with 
conservative management. Although outcomes are generally 
good, not ail scapular fractures heal uneventfully and there 
has been a resurgence of interest in determining which 
patients would benefit from operative treatment. In their 
systematic review of the literature concerning scapular frac¬ 
tures, Zlowodzki et al. found that of the total 520 fractures 
reported, 82% had good-to-excellent functional results. 
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Type I Type lia 

Intact ligaments hold Conoid and trapezoid ligaments 

fragments in place are on distal segment; proximal 

segment, with no ligamentous 
attachments, is displaced 



Type Mb 

Conoid ligament ruptured, 
trapezoid ligament remains 
attached to distal segment; 
proximal fragment is displaced 


FIGURE 


Neer classification of latéral clavicular fractures. 


TABLE 57-3 


Neer Classification of Latéral Clavicular Fractures 

TYPE 

DESCRIPTION 

1 Coracoclavicular ligaments intact, attached to 

médial segment 

II 

Coracoclavicular ligaments detached from 
médial segment, but trapezoid intact to distal 
segment 

lia 

Both conoid and trapezoid attached to distal 
segment 

Mb 

Conoid is torn 

III 

Intraarticular extension into acromioclavicular 
joint 


TABLE 57-4 


Results of Operative and Nonoperative Treatment 
of Scapular Fractures 

FRACTURE TYPE 

OPERATIVE: 

EXCELLENT/GOOD 

NONOPERATIVE: 

EXCELLENT/GOOD 

Glenoid only 

82% (45/55) 

67% (6/9) 

Neck with or without 
other associated 
scapular fractures 
(excluding glenoid) 

92% (23/25) 

79% (110/140) 

Acromion and/or 
coracoid (with/ 
without associated 
scapular fractures) 

88% (7/8) 

77% (80/104) 

Body only (including 

100% (2/2) 

86% (6/7) 


spine) 



Supplémentai suture fixation from clavicle to 
coracoid over the acromion for latéral clavicular fracture. 


(Data from Zlowodzki M, Bhandari M, Zelle BA, et al: Treatment of scapula 
fractures: systematic review of 520 fractures in 22 case sériés, J Orthop Trauma 
20:230, 2006.) 


Almost ail scapular body fractures were treated nonopera- 
tively, with 86% good-to-excellent results; scapular neck and 
isolated glenoid fractures were most often treated operatively 
(83%), with good-to-excellent results in 76% and 82%, 
respectively. Although the numbers of spécifie fractures were 
small, the overall results affer operative treatment were better 
than those affer nonoperative treatment in ail types (Table 
57-4). Lantry et al. also reported a systematic review of opera¬ 
tive treatment of scapular fractures in which good-to-excellent 
functional results were found in approximately 85% of 
patients. In contrast, in their comparison of 31 displaced 
scapular fractures treated operatively to 31 treated nonopera- 
tively (matched by âge, occupation, and sex), Jones and 
Sietsema found that ail fractures healed with no différences 
in return to work, pain, or complications. Dienstknecht et al. 
reported that a meta-analysis of the literature indicated that 
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FIGURE 


A f Clavicular fracture fixed with hook plate (B). 



FIGURE 


^ Healed clavicular fracture after plate removal. 


operatively treated scapular fractures had better radiographie 
results and more pain-free results, whereas nonoperatively 
treated patients had significantly better range of motion. 
Although the literature is still lacking in sufficient evidence 
to formulate concrète treatment guidelines, these two reviews 
emphasize that most scapular fractures do well, but criteria 
for deciding which fractures are at risk for poor outcomes are 
still evolving. 

■ TREATMENT OPTIONS 

Almost ail scapular body and neck fractures are still 
treated nonoperatively. We immobilize the shoulder for 2 
to 3 weeks and begin an active-assisted range-of-motion 
protocol when pain permits. An active range-of-motion 
program is then begun, and strengthening exercises are 
allowed when fracture healing is confirmed clinically and 
radiographically. 

The mobility of the shoulder is prédictive of function in 
many patients with a scapular fracture; however, there is still 
a small group of patients in whom ORIF probably is indicated. 


The goal of treatment is to preserve shoulder function by 
avoiding malalignment, arthrosis, scapulothoracic dyskinesis, 
and impingement pain. 

■ GLENOID FRACTURES 

Glenoid fractures should be treated as ail other intraarticular 
fractures and reduced and stabilized when significant 
(>4 mm) displacement exists through the articular surface 
that leads to joint subluxation or incongruency. Anavian et al. 
reported that, of 33 patients with complex and displaced 
intraarticular glenoid fractures, 87% were pain free and 90% 
returned to preinjury levels of work or activity after operative 
treatment. The operative approach of choice is the Judet or 
modified Judet (see Technique 1-94). Additional anterior 
approaches occasionally are needed. 

■ SCAPULAR BODY OR NECK FRACTURES 

Fractures of the scapular body or neck that are so signifi¬ 
cantly displaced that malunion and pain are of concern 
should be considered for operative treatment. Medialization 
of the glenoid has been questioned by Zuckerman et al., 
who recommended évaluation of lateralization of the scapu¬ 
lar border. CT évaluation also found that in patients with 
glenoid neck fractures, pure médial translation of the 
glenoid relative to the axial skeleton was rare; instead, there 
was typically a component of shortening of the scapular 
width combined with lateralization of the scapular body. 
Treatment decisions should be based on the amount of dis¬ 
placement. Some authors use the glenopolar angle as a crite- 
rion for determining treatment. This angle is formed by a 
line drawn from the inferior pôle of the glenoid fossa up to 
the superior pôle and a second line drawn from the superior 
pôle of the glenoid fossa down through the inferiormost 
angle of the scapular body (Fig. 57-10). The normal gleno¬ 
polar angle ranges from 30 to 45 degrees. Anavian et al. 
suggested that three-dimensional CT is more reliable than 
plain radiography in the évaluation of extraarticular scapu¬ 
lar fracture displacement. 

Cole et al. listed several criteria for operative treatment 
of scapular fractures: 

■ A 2-cm latéral border offset (lateralization) 

■ Forty-five degrees of scapular body angulation, as mea- 
sured on a scapular-Y view 
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jjj Normal (A) and abnormal (B) glenopolar angle. Angle is measured between line connecting most cranial with most 
caudal point of glenoid cavity (a) and line connecting most cranial point of glenoid cavity with most caudal point of scapular body (b). 
Normal glenopolar angle ranges from 30 to 45 degrees. 


■ Glenopolar angle of 22 degrees or less 

■ Scapular body fracture with injury to the clavicle or 
clavicle-acromion complex. 

These decision-making criteria hâve not yet been shown to 
produce improved outcomes; the surgeons skill level and 
patient issues should contribute to the decision for operative 
treatment. We generally favor conservative treatment, but this 
is an active treatment decision and not “benign neglect.” 

PROXIMAL HUMERAL FRACTURES 

Use adéquate radiograms to understand the traumatic lésion, 
he careful denying older patients effective treatment, use a safe 
and simple surgical approach, know the options for internai 
fixation, recognize the value ofprosthetic replacement, avoid 
technical pitfalls, and thoughtfully supervise the postoperative 
patient care. 

R.H. Cofield (1988) 

Cofields summary of treatment of proximal humerai 
fractures is an indication of the difficulty of treating these 
injuries—from first évaluation to final outcome. Much con- 
troversy and confusion still exist, and no single treatment 
protocol or algorithm has been proved to be universally effec¬ 
tive. As indicated by Cofield, areas still in question include 
radiographie diagnosis, operative or nonoperative treatment, 
considération of patient âge in treatment decision making, 
surgical approach, fracture fixation or hemiarthroplasty, type 
of internai fixation, and réhabilitation protocol. Numerous 
authors hâve suggested that nonoperative treatment may be 
préférable for two-, three-, and four-part proximal humerai 
fractures in elderly patients, but pain and loss of function 
hâve been reported in high percentages of patients after this 
treatment approach. Several more recent reports, however, 
hâve indicated that the functional results of operative 
treatment are not significantly better than the results of 
nonoperative treatment in elderly patients, although radio- 
graph results may be superior. Court-Brown et al. reported 


good or excellent results in 81% of impacted valgus fractures 
in elderly patients treated nonoperatively, and in a compari- 
son of operative and nonoperative treatment of displaced 
two-part fractures, these authors found similar results in the 
two treatment groups. In one of the largest studies to date 
(PROFHER), with 231 patients, the authors were unable to 
show superiority of operative or nonoperative treatment 
using the Oxford Shoulder Score as the primary outcome. In 
a study of the géographie incidence and treatment variation 
of common fractures in elderly patients, Sporer et al. found 
large variations in the percentage of proximal humerai frac¬ 
tures treated operatively, ranging from 6.4% to 60%; in eight 
régions of the United States, at least 40% were treated opera¬ 
tively, whereas in 35 régions, fewer than 20% were treated 
operatively. The fact that 10 different fixation techniques were 
evaluated for a single fracture type (fractures of the surgical 
neck of the humérus) is further indication of the complexity 
of treating proximal humerai fractures. Interestingly, one 
study showed a higher rate of operative treatment of proximal 
humerai fractures among upper extremity surgeons compared 
with trauma surgeons. 

■ CLASSIFICATION 

The most commonly used classification System for proximal 
humerai fractures is that of Neer (Fig. 57-11). Although 
limited reliability, reproducibility among observers, and 
consistency by the same observer at different times hâve been 
cited as limitations of the Neer System, it remains useful in 
guiding treatment. Classification is based on the four-part 
anatomy of the proximal humérus: the humerai head, the 
lesser and greater tuberosities, and the proximal humerai 
shaft. The criterion for displacement is greater than 1 cm of 
séparation of a part or angulation of 45 degrees. Displaced 
three-part and four-part fractures markedly alter the articular 
congruity of the glenohumeral joint and hâve the highest 
likelihood of disrupting the major blood supply to the proxi¬ 
mal humérus (Fig. 57-12). Osteonecrosis is most likely after 
displaced four-part fractures. 
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Neer's terminology of four-segment classification of displaced fractures and fracture-dislocations relates pattern of 
displacement (two-part, three-part, or four-part) and key segment displaced. In each two-part pattern, segment named is one displaced. 
Two-part surgical neck fractures are impacted (A), unimpacted (B), and comminuted (C). AN three-part patterns hâve displacement of 
shaft segment, and displaced tuberosity identifies type of three-part fracture. In four-part pattern, ail segments are displaced. Fracture- 
dislocations are identified by anterior or posterior position of articular segment. Large articular surface defects require separate 
récognition. 



^ Blood supply of proximal humérus. 


■ RADIOGRAPHIC EVALUATION 

An anteroposterior view of the shoulder in the plane of the 
scapula, a latéral view of the scapula (Y view) (Fig. 57-13), 
and a supine axillary view (Fig. 57-14) are necessary in ail 
patients initially to evaluate a proximal humerai fracture. If 
the amount of displacement of the humerai head or tuberos¬ 
ity fragments is unclear on radiographs, an axial CT scan with 
2-mm sections is indicated (Fig. 57-15). 

■ NONOPERATIVE TREATMENT 

Nonoperative treatment can obtain a functional, painless 
extremity in most proximal humerai fractures. The range of 
motion of the shoulder joint accommodâtes moderate angular 
deformity without significant functional loss. Neer described 
acceptable angulation as less than 45 degrees and less than 


FIGURE 
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A 




A and B f Spécial radiographie view perpendicular to plane of scapula to show glenohumeral joint in profile (A) and 
parallel to plane of scapula to show anterior and posterior displacement (B). 




FIGURE 


^ CT scan of humerai head-splitting fracture. 


Method of obtaining axiMary view of glenohu¬ 
meral joint. This exposure can be obtained with patient prone, 
supine, or standing. Minimal abduction of injured arm is required 
to détermine anteroposterior relationships. 


1 cm of displacement. Although these criteria are not abso- 
lute, they do provide a guide. An elderly, infirm patient can 
tolerate functional loss better than a young, active patient. 
The first step in treatment decision-making is to détermine if 
displacement (<66%) and angulation (varus is poorly toler- 
ated) are acceptable for a particular patient; the second is to 
détermine if the humerai head and shaft move as a unit. If 
both of these conditions are présent, the fracture is stable and 
in an acceptable position. A sling is used for comfort, and a 
physical therapy regimen with pendulum exercises is started, 


usually within 1 week. If the humerai head and shaft do not 
move as a unit, physical therapy can be delayed for 2 to 4 
weeks in patients who are poor surgical candidates because 
of âge, low functional demands, or comorbidities that pre- 
clude participation in réhabilitation. In young, active patients, 
early operative fixation should be considered. Generally, the 
longer the period of immobilization, the longer the period of 
therapy, and the greater the disability. A randomized con- 
trolled trial involving 74 patients with impacted proximal 
humerai fractures found that early (within 72 hours of injury) 
passive mobilization was safe and more effective in restoring 
function than conventional immobilization (3 weeks) fol- 
lowed by physical therapy. Another study, however, pointed 
out that fracture settling continues to occur with conservative 
treatment. 
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■ OPERATIVE TREATMENT 

The decision that operative treatment is appropriate is com- 
plicated by the numerous and varied techniques described for 
fixation of proximal humerai fractures. Generally, fracture 
displacement is used as the indicator of stability. The goal is 
restoration of proximal humerai anatomy with stable fixation 
that allows early functional range of motion. Chronic 
malunions and nonunions that are subsequently treated 
surgically are associated with poor outcomes. Consequently, 
it is impérative to recreate the normal proximal humerai 
anatomy with respect to tuberosity réduction and the head- 
neck relationship. Indications for operative treatment include 
displaced two-part surgical neck fractures, displaced (>5 mm) 
greater tuberosity fractures, displaced three-part fractures, 
and displaced four-part fractures in young patients. The type 
of fixation (transosseous suture fixation, percutaneous 
pinning, intramedullary nailing, or plate fixation) used 
dépends on the patients âge, activity level, and bone quality; 
the fracture type and associated fractures; and the surgeons 
technical ability (Table 57-5). Age alone has been shown to 
be both prédictive of failure and to hâve no association with 
failure. In their sériés of 154 fractures with proximal humerai 
fractures treated with plating, Boesmueller et al. found that 
the risk of screw cut-out was four times higher in patients 
over the âge of 60 years and the overall risk for complications 
was three times higher than in younger patients. 

Before surgery is considered, it is important to détermine 
if the blood supply and bone quality are adéquate. The Hertel 
radiographie criteria for perfusion of the humerai head (Fig. 
57-16) can be used to predict ischemia: metaphyseal exten¬ 
sion of the humerai head of less than 8 mm and médial hinge 
disruption of more than 2 mm are prédictive of ischemia. The 


combination of metaphyseal extension of the humerai head, 
médial hinge disruption of more than 2 mm, and an anatomie 
neck fracture pattern has a 97% positive prédictive value for 
humerai head ischemia. According to the AO/ASIF classifica¬ 
tion System, extraarticular type A fractures hâve an intact 
vascular supply, whereas type B fractures hâve a possible 
injury to the vascular supply and type C articular fractures 
hâve a high probability of osteonecrosis. The cortical thick- 
ness of the humerai diaphysis has been suggested to 
be a reliable and reproducible predictor of bone minerai 
density and the success of internai fixation. The combined 
cortical thickness is the average of the médial and latéral 
cortical thickness at two levels (Fig. 57-17). Generally, a corti¬ 
cal thickness of less than 4 mm precludes internai fixation 
because adéquate screw purchase cannot be obtained; sling 
immobilization, transosseous suture, or hemiarthroplasty 
may be better options. 

Transosseous suture fixation techniques are well defined 
in the orthopaedic literature. Park et al. reported 78% excel¬ 
lent results in patients with two-part and three-part proximal 
humerai fractures treated with suture fixation. The use of 
strong nonabsorbable suture provides the advantage of incor- 
porating the rotator euff insertion to increase fixation in 
patients with poor bone quality (Fig. 57-18). The level of 
soff-tissue dissection is not extensive, and relatively low rates 
of osteonecrosis hâve been reported with this technique. 
Concerns include the ability of the patient to move the 
shoulder joint and loss of réduction secondary to a nonrigid 
construct. More recently, Dimakopoulos et al. reported good 
results in 188 displaced proximal humerai fractures treated 
with transosseous fixation (Fig. 57-19). Tfiey suggested as 
advantages of this technique less surgical soft-tissue 


TABLE 57-5 


Advantages and Disadvantages of Techniques Used to Treat Displaced Fractures of the 

Proximal Humérus 

TECHNIQUE 

ADVANTAGES 

DISADVANTAGES 

Nonoperative treatment 

Function as good as operative treatment for 
many fractures 

Low risk of infection and other operative 
complications 

Malunion inévitable: 

■ Cuff dysfunction/stiffness more likely 

■ Later salvage surgery more difficult 

Risk of nonunion increased 

Minimally invasive 
techniques 

Reduced injury to soft-tissue envelope 

Lower risk of infection 

Steep learning curve 

Risk of axiMary nerve/vascular injury 

Less stable fixation 

Intramedullary nailing 

More stable fixation technique in 
osteoporotic bone 

Minimal dissection required for insertion 

Rotator cuff dysfunction after anterograde 
insertion 

Poor results in multipart fractures 

High rate of late implant removal 

Open réduction and 
plate fixation 

Anatomie fracture réduction possible 

■ Improved functional outcome 

■ Later révision easier 

Most stable fixation in multipart fractures 

■ Rigid implants 

■ Adjuvant bone grafting possible 

Open surgical approach required: 

■ Increased risk of infection 

■ Increased risk of osteonecrosis 

Hemiarthroplasty 

Risk of nonunion, osteonecrosis, symptomatic 
malunion avoided 

Low reoperation rate 

Poor functional outcome 

Late arthroplasty complications difficult to 
treat in elderly patients 

(From Robinson CM: Proximal humérus fractures. In Bucholz RW, Heckman JD, Court-Brown CM, Tornetta P 3rd, editors: Rockwood and Green's fracture in adults, ed 
7, Philadelphia, Lippincott Williams & Wilkins, 2010.) 
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Médial hinge 
(displaced) 


Hertel radiographie criteria for perfusion of humerai head. A f Metaphyseal extension of humerai 
9 mm. B f Metaphyseal extension of humerai head less than 8 mm. C f Undisplaced médial hinge. D f Médial hinge 
2-mm displacement. 


head greater than 
with greater than 



Two levels used to measure cortical thickness of humerai diaphysis. Level 1, most proximal aspect of humerai diaphysis, 
is at level in which endosteal borders of médial and latéral cortices are parallel. Level 2 is 20 mm distal to level 1. Examples of patients 
with low bone minerai density (A) and high bone minerai density (B). (From Tingart MS, Apprelexa M, von Stechow D, et al: The cortical 
thickness of the proximal humerai diaphysis predicts bone minerai density of the proximal humérus, J Bone Joint Surg 85B:611, 2003. Copyright 
British Editorial Society of Bone and Joint Surgery.) 
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Transosseous nonabsorbable sutures incorporate rotator cuff 
to increase fixation and help control tuberosity fragments. 




Transosseous fixation of displaced proximal 
humerai fracture. A f Sutures placed through drill holes in médial and 
latéral aspects of humerai diaphysis (HD). Black arrows (just below 
HD) indicate drill holes in diaphysis. GT, Greater tuberosity; LT, lesser 
tuberosity; HH, humerai head. B f Just before tying of knots there is 
adéquate réduction and balance of involved rotator cuff tendons. 
Fracture site has been closed, and both tuberosities hâve been placed 
below articular margin of humerai head. Note cruciate configuration 
of sutures. C f Final suture configuration. (From Dimakopoulos P, Pana- 
gopoulos A, Kasimatis G: Transosseous suture fixation of proximal humerai 
fractures: surgical technique, J Bone Joint Surg 91A[Suppl 2, pt 1]:8, 2009.) 
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ÿjj Placement of percutaneous pins for fracture 
fixation. Two are passed through latéral aspect of shaft, just 
above deltoid insertion (a), and one is placed through anterior 
cortex (b); if greater tuberosity is fractured and displaced, two 
pins are inserted rétrogradé (c) to reduce and repair this fracture 
component. 



Two-part proximal humerai fracture stabilized 
with percutaneous pins. 


dissection, a low rate of humerai head osteonecrosis, fixation 
sufficient to allow early passive joint motion, and the avoid- 
ance of bulky and expensive implants. 

Percutaneous pinning has the advantage of avoiding 
further damage to the soft-tissue envelope and the blood 
supply to the humerai head (Figs. 57-20 and 57-21). It also 
is a relatively inexpensive technique, and several sériés hâve 
reported good results in two-part, three-part, and valgus- 
impacted four-part fractures. The procedure is technically 
challenging and requires a satisfactory closed réduction, 
adéquate bone stock, minimal comminution (particularly of 
the tuberosities), an intact médial calcar, and a compilant 
patient. In their sériés of 74 older patients (average âge, 71 
years), Calvo et al. demonstrated that réduction was associ- 
ated with satisfactory outcome. However, if satisfactory 
closed réduction cannot be obtained, another form of réduc¬ 
tion and fixation should be used. Loss of fixation, pin track 
infections, and axillary nerve injuries are common complica¬ 
tions. Terminally threaded Schanz pins and bicortical pins 
inserted from the greater tuberosity to the médial humerai 
shaft add stability to the overall construct. Percutaneous 
pinning is contraindicated for fractures with metaphyseal 
comminution. 

Intramedullary mailing (see Technique 57-3) provides 
more stable fixation than percutaneous pinning, although less 
than locked plate fixation. The Polarus nail (Accumed, Port- 
land, OR) has been shown to provide more biomechanical 
stability than pin fixation, and good clinical outcomes hâve 
been reported with this device. Newer nail designs with 
polyaxial screws hâve more stability than earlier designs, and 
the addition of polyethylene bushings may increase stability 


and prevent screw back-out (Fig. 57-22). Insertion of an 
intramedullary nail into the proximal humérus violâtes the 
rotator cuff, which can lead to postoperative shoulder pain. 
The advantages of the technique include préservation of the 
soft tissues and the theoretical biomechanical properties of 
intramedullary nails. A comminuted latéral cortex fracture or 
fractures involving the tuberosities may be a contraindication 
to intramedullary nailing. A recent randomized controlled 
trial demonstrated that complications were fewer with a 
straight nail design compared with a curvilinear design. 

Plate-and-screw constructs provide the most stable fixa¬ 
tion of the three fixation methods (Fig. 57-23). Locked 
plates add stability, especially in osteoporotic bone. An open 
réduction and rigid fixation allow accurate réduction and 
stabilization of the tuberosities, which is important because 
malunion of the tuberosities is poorly tolerated and is asso- 
ciated with poor outcomes in posttraumatic reconstructive 
shoulder arthroplasty. A recent prospective randomized trial 
by Zhu et al. found that at 1-year follow-up patients treated 
with locking plates had better outcomes than those treated 
with locked intramedullary nailing, but at 3-year follow-up 
outcomes were equal. The locking nail group had a signifi- 
cantly lower complication rate (4%) than the locking 
plate group (13%). Konrad et al. also reported similar out¬ 
comes in three-part proximal humerai fractures treated with 
intramedullary nailing (58 fractures) or plate fixation (153 
fractures). 

Historically, plate fixation of the proximal humérus has 
been fraught with complications, with malunion and non- 
union caused by poor fixation in the humerai head (Fig. 
57-24). In addition, extensive soft-tissue dissection increases 
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Fixation of segmentai proximal humerai frac¬ 
ture with locked intramedullary nail. 



Micro-CT study of cancellous trabecular bone in 
humerai head shows marked porosity in greater tuberosity région 
and densest bone just underneath humerai head. (From Meyer DC, 
Fucentese SF, Koller B, et al: Association of osteopenia of the humerai 
head with full-thickness rotator cuff tears, J Shoulder Elbow Surg 
13:333, 2004.) 



A f Displaced two-part surgical neck fracture with extension between greater and lesser tuberosities. B and C f After 
locking plate fixation. Note screw in inferior head because of médial comminution. 
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the possibility of osteonecrosis of the humerai head, leading 
to a painful and functionally limited shoulder joint. The 
development of locked proximal humerai plates was expected 
to improve treatment of these complex injuries greatly. The 
advantage of ORIF with a locked plate is an ability to reduce 
the fracture fragments into an anatomie position and stabilize 
them rigidly to allow early motion. Numerous outcome 
studies are now available because the locked proximal 
humerai plate has been widely used for more than 10 years; 
however, as was pointed out in a Cochrane review, there is 
little level I or II evidence. A recent randomized controlled 
trial comparing locked plating with conservative treatment of 
three-part and four-part fractures in elderly patients found 
no différence in outcomes at 1-year follow-up. Despite the 
lack of a large body of supporting literature, the locked 
proximal humerai plate is considered by most fracture sur¬ 
geons to be a great improvement in the management of 
proximal humerai fractures, and it has become the implant 
of choice for these fractures. 

Much attention has been focused on the médial side of 
the metaphyseal injury. Gardner et al. called attention to 
this by documenting the importance of the inferior screw 
behaving as a médial calcar substitution. Biomechanical 
studies hâve confirmed this importance, and Jung et al. 
confirmed it clinically by identifying médial comminution 
and insufficient médial support (no cortical or screw 
support) as independent risk factors for loss of réduction in 
17 (7%) of 252 proximal humerai fractures. As an alterna¬ 
tive to médial calcar screws, fracture site impaction adds 
stability by impacting the humerai head onto the humerai 
shaff. As modified by Torchia, valgus impaction osteotomy 
(Fig. 57-25A to D) appears promising, although no large 
sériés hâve been reported. In a biomechanical study, Weeks 
et al. found that fracture impaction increased the ability of 
the locking plate to withstand répétitive varus loading and 
was biomechanically superior to locking plate fixation alone. 
Gardner et al. described the use of a fibular strut graft to 
provide médial column support. Although promising, the 
technique also is demanding, and further randomized trials 
are needed to confirm its efficacy. 

Some issues with open réduction and locked plating 
include the extensive exposure required for plate application 
that carries a risk of damage to neurovascular structures, 
especially the ascending branch of the latéral circumflex 
artery. The complication and reoperation rates do remain 
high with this technique. Screw perforation through the 
humerai head is the most frequently reported complication. 
Perforation can occur as cutout from fracture settlement or 
from poor initial technique. Calcium phosphate cernent 
augmentation has been shown to decrease this complication. 
Other complications include arthrofibrosis, impingement, 
malunion, nonunion, osteonecrosis, infection, and hardware 
failure. Poor outcomes are associated with initial varus dis¬ 
placement of three- and four-part fractures. 

In an attempt to decrease complications with plate 
fixation, Gardner et al. used an antérolatéral acromial 
(Mackenzie) approach in which the axillary nerve is identi- 
fied and protected, anterior dissection near the critical blood 
supply is avoided, substantial muscle retraction is minimized, 
and the latéral plating zone is directly accessed (see Technique 
57-5). Laflamme et al. reported no axillary nerve injuries and 
no loss of réduction in fractures treated with percutaneous 


humerai plating through two minimal incisions (a latéral 
deltoid split and a more distal shaft incision). As our 
understanding of the anatomy of the proximal humérus and 
our instruments improve, less invasive techniques appear 
promising. 

I FIXATION OF SPECIFIC FRACTURE TYPES 

Two-part greater tuberosity fractures hâve historically been 
treated operatively when displacement is greater than 
1 cm; however, Rath et al. reported satisfactory outcomes 
affer nonoperative treatment of 69 fractures with less 
than 3 mm of displacement. Many authors hâve suggested 
that the shoulder has little tolérance for displacement of 
the tuberosities and hâve advocated operative treatment 
for displacement of more than 5 mm because of func- 
tional loss and complications secondary to impingement. 
Usually these fractures are stabilized with transosseous 
sutures (Fig. 57-26; see also Fig. 57-18) or occasionally 
with screws in larger fragments. The rotator interval also 
must be repaired. 

Two-part surgical neck fractures with displacement do poorly 
with nonoperative treatment. Closed réduction and 
percutaneous pinning hâve been reported to be success- 
ful in fractures that are reducible and are not comminuted. 
Complications such as loss of fixation, pin migration, 
infection, and malunion hâve made rigid intramedullary 
nailing our preferred technique, however, for fractures 
that can be reduced closed and for segmentai fractures 
(see Fig. 57-22). The violation of the rotator euff is offset 
by the advantages of decreased soff-tissue violation and 
decreased blood loss compared with ORIF. Widely dis- 
placed fractures, fractures with comminution, and irre- 
ducible fractures are stabilized with a locked-plate 
construct (see Fig. 57-23). Improved proximal fixation of 
these Systems has increased stability so that immédiate 
postoperative range of motion is allowed. For extremely 
ostéopénie patients, Banco et al. described a “parachute” 
technique, which included a valgus impaction osteotomy 
and tension-band fixation incorporating transosseous 
sutures (Fig. 57-27). Union was obtained in ail 14 elderly 
patients, and patient satisfaction and function were 
excellent. 

Three-part proximal humerai fractures in elderly patients with 
ostéopénie bone may require hemiarthroplasty, but for 
most of these fractures plate fixation is the preferred 
procedure. Realignment of the head and shaft, combined 
with réduction of the tuberosity, gives the best chance for 
a good outcome. The rigid fixation provided by locking 
plates allows early range of motion, one of the goals of 
operative treatment. 

Four-part proximal humerai fractures treated nonoperatively 
generally hâve poor outcomes; however, poor bone 
quality makes fixation difficult, and the vascular insult to 
the articular surface increases the risk of osteonecrosis of 
the humerai head. Osteonecrosis alone does not lead to 
a poor outcome if the anatomie relationships of the 
humerai head, tuberosities, and shaft are reestablished. 
Wijgman et al. reported osteonecrosis in 22 (37%) of 60 
patients with three-part and four-part proximal humerai 
fractures treated with T-plates or cerclage wires, but 17 of 
the 22 patients had good or excellent functional out¬ 
comes. In young, active patients, open réduction and 
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Fixation of proximal humerai fracture after valgus impaction osteotomy. A, A long Steinmann pin is placed from the 
shaft into the head segment. B, Traction sutures are tensioned and tied to the pin. Tensioning the sutures pulls the head segment out 
of varus. C, Latéral view of proximal humérus after provisional fixation; note that position of pin and sutures allows unobstructed 
access for definitive fixation with a precontoured locking plate (D). (Redrawn from Torchia ME: Technical tips for fixation of proximal humerai 
fractures in elderly patients, Instr Course Lect 59:553, 2010, with permission from the Mayo Foundation of Medical Education and Research, 
Rochester, MN.) 


plate fixation usually are successful if soft-tissue stripping 
is kept to a minimum to avoid further damage to the 
humerai head blood supply. Rigid fixation with locking 
plates currently is our procedure of choice for four-part 
proximal humerai fractures in young, active patients. 
Initial varus displacement has been shown to be associ- 
ated with poor outcomes, as hâve varus malreductions. 
Successful closed réduction and percutaneous pinning 
hâve been reported, but we hâve no expérience with this 
technique for four-part fractures. Hemiarthroplasty (see 
Chapter 12) is a viable option in elderly patients with low 
functional demands. 


INTRAMEDULLARY NAILING OF A 
PROXIMAL HUMERAL FRACTURE 


TECHNIQUE 57-3 


■ Position the patient on a radiolucent table with the thorax 
"bumped" 30 to 40 degrees. Place the image intensifier 
unit on the opposite side of the table from the surgeon; 
rolling the unit back allows an adéquate anteroposterior 
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FIGURE 


A to C f Greater tuberosity fracture reduced and repaired with transosseous sutures. 



Parachute technique using valgus impaction 
osteotomy and tension-band fixation incorporating transosseous 
sutures. 
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Placement of image intensifier for intramedullary nailing of proximal humerai fracture (A and C). Rolling unit back 
(A) allows anteroposterior view (B), whereas rolling it forward (C) allows latéral view (D) of shoulder and humérus. SEE TECHNIQUES 
57-3 AND 57-4. 


view (Fig. 57-28A and B), and rolling it forward allows an 
adéquate latéral view of the shoulder and humérus (Fig. 
57-28C and D). 

■ Make an incision diagonally from the antérolatéral corner 
of the acromion, splitting the deltoid in line with its fibers 
in the raphe between the anterior and middle thirds of 
the deltoid (Fig. 57-29). To protect the axillary nerve, 
avoid splitting the deltoid more than 5 cm distal to the 
acromion. 

■ Under direct observation, incise the rotator cuff 
in line with its fibers. Use full-thickness sutures to 
protect the cuff from damage during reaming of the 
humerai canal. 

■ Use a threaded pin as a "joystick" in the posterior humerai 
head to derotate the head into a reduced position (Fig. 
57-30A and B). 

■ Place the initial guidewire posterior to the biceps tendon 
and advance it under fluoroscopie guidance into the 
appropriate position as shown on anteroposterior and 
latéral views (Fig. 57-30C). 


■ Carefully advance the proximal reamer, protecting the 
rotator cuff. 

■ Use the réduction device to reduce the fracture and pass 
the bead-tipped guidewire. 

■ With sequentially larger reamers, ream the humérus to 
the predetermined diameter, usually 1.0 to 1.5 mm larger 
than the nail diameter. 

■ When reaming is completed, pass the nail down the 
humerai canal, avoiding distraction of the fracture (Fig. 
57-31); ensure that the nail is below the articular surface 
of the humerai head. 

■ With the use of the outrigger device, insert the proximal 
locking bolts (Fig. 57-30D). Carefully spread the soft 
tissues to avoid injury to the axillary nerve. 

■ Repair the rotator cuff with full-thickness sutures under 
direct observation (Fig. 57-32). 

■ Confirm réduction and screw placement and length on 
anteroposterior and latéral fluoroscopy images. 

■ Early réhabilitation is begun with active-assisted range-of- 
motion exercises. 
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Entry portai for intramedullary nailing of proximal humerai fracture. A f Diagonal incision from antérolatéral corner 
of acromion splits deltoid in line with its fibers in raphe between anterior and middle thirds. B f Location of incision. C f Establishment 
of portai. SEE TECHNIQUE 57-3. 



Intramedullary nailing of proximal humerai fracture. A f Two-part surgical neck fracture. B f Threaded pin used as 
"joystick" to reduce fracture. C f Placement of initial guidewire. D f After nail insertion and placement of locking screws. SEE TECHNIQUES 


57-3 AND 57-4. 
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Antegrade insertion of humerai nail for fixa¬ 
tion of proximal humerai fracture. SEE TECHNIQUE 57-3. 



FIGURE 


U Repair of rotator cuff after nail insertion. SEE 


TECHNIQUE 57-3. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF PROXIMAL HUMERAL 
FRACTURES 


TECHNIQUE 57-4 


■ Position the patient on a radiolucent table with a beanbag 
"bump" holding the shoulder and thorax 30 to 40 
degrees off the table. Place the C-arm on the opposite 
side of the table from the surgeon; rolling the unit back 
allows an adéquate anteroposterior view (see Fig. 57-28A 
and B), and rolling it forward allows an adéquate latéral 
view of the shoulder and humérus (see Fig. 57-28C and 
D). 

■ Make a deltopectoral approach (see Chapter 1) to the 
proximal humérus. 

■ Release the anterior portion of the deltoid to expose the 
fracture site. 



Open réduction and internai fixation of proxi¬ 
mal humerai shaft fracture. Sutures placed in rotator cuff can be 
used to assist réduction of tuberosities. SEE TECHNIQUE 57-4. 


■ If necessary, use a threaded pin as a joystick in the pos- 
terior humerai head to derotate the head into a reduced 
position (see Fig. 57-30). Sutures placed through the 
rotator cuff tendon (supraspinatus) also can be helpful for 
mobilization (see Fig. 57-18). 

■ For three-part or four-part fractures, place sutures into 
the rotator cuff tendons attached to the displaced tuber- 
osity to aid in réduction (Fig. 57-33). 

■ For simpler fracture patterns, reduce the fracture and 
provisionally fix it with Kirschner wires; confirm réduction 
with fluoroscopy. If médial comminution is présent, check 
to ensure that a varus malreduction has not occurred. 

■ Place the plate onto the greater tuberosity, posterior to the 
biceps tendon, and provisionally fix it in place with Kirsch¬ 
ner wires; confirm correct plate position with fluoroscopy. 
A plate placed too far proximally may cause impingement, 
and a plate placed too close to the biceps tendon may 
damage the anterior humerai circumflex artery. 

■ Place two locking screws through the plate holes into the 
humerai head segment and one or two screws into the 
shaft. Confirm subchondral placement of the proximal 
screws and the quality of the réduction with fluoroscopy; 
this is easier with the fluoroscopy unit on the opposite 
side of the table from the surgeon. 

■ When accurate réduction is confirmed, insert remaining 
screws under direct fluoroscopie guidance. 

■ For fractures with médial comminution, fix the plate to 
the proximal segment with screws and reduce the shaft 
segment to the plate. This helps avoid varus malposition, 
which is associated with higher failure rates. Screw fixa¬ 
tion into the inferomedial humerai head also adds stability 
for fractures with médial comminution (Fig. 57-23B). 

■ In three-part or four-part fractures, sutures inserted into 
the supraspinatus and subscapularis tendons aid in con- 
trolling the fracture fragments (see Fig. 57-33). 
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Open réduction and internai fixation of proximal humerai shaft fracture (see text). A and B f Sutures used for réduction 
and fixation of tuberosity fragments. SEE TECHNIQUE 57-4. 


■ Reduce the tuberosities to the articular surface and to 
each other with pins or sutures or both (Fig. 57-34); 
Observation or palpation through the rotator interval may 
aid in réduction of the lesser tuberosity to the humerai 
head. Often there is a small segment of articular surface 
with the lesser tuberosity that is a key to réduction. Fluo- 
roscopy is helpful during difficult proximal humerai 
reconstruction. 

■ Fix the plate in the same manner as for a two-part frac¬ 
ture. Rotator cuff sutures can be incorporated into the 
plate for added stability. 

■ Confirm réduction and screw placement on anteroposte- 
rior and latéral fluoroscopy images. 

POSTOPERATIVE CARE. An early réhabilitation program 
is begun with active-assisted range-of-motion exercises. 


ANTEROLATERAL ACROMIAL 
APPROACH FOR INTERNAL FIXATION 
OF PROXIMAL HUMERAL FRACTURE 


TECHNIQUE 57-5 


(GARDNER ET AL; MACKENZIE) 

■ Position the patient in either the beach chair or supine 
semilateral position. 

■ Make a 10-cm skin incision from the palpable antérolat¬ 
éral edge of the acromion distally in line with the fibers 
of the deltoid. 

■ Identify the deltoid fascia and anterior deltoid raphe 
between the anterior middle heads of the deltoid (Fig. 
57-35A) and split the raphe in line with its fibers for several 
centimeters. For maximal exposure, split the deltoid up to 
the margin of the acromion but do not split it distally more 
than 5 cm from its origin to avoid damage to the axillary 
nerve. To prevent damage to the axillary nerve from too 
distal dissection, place a stay suture at the inferior border 
of the deltoid raphe. 


■ If the nerve is in proximity to a fracture line, gently explore 
it. If it is tethered or incarcerated in the fracture, gently 
free it. 

■ Reduce the fracture fragments with indirect réduction 
techniques, working within the tuberosity fracture lines if 
présent. If extension of the subdeltoid interval anteriorly is 
necessary, take care to handle the soft tissues carefully. 

■ With the fracture reduced and the axillary nerve protected, 
slide the plate from proximal to distal under the axillary 
nerve to a level where the axillary nerve overlies the junc- 
tion of the head and shaft of the plate (Fig. 57-35B). While 
positioning the plate, be sure to stay on the "bare spot" 
on the latéral cortex posterior to the bicipital groove (Fig. 
57-35C) to avoid the humerai head penetrating vessels. 

■ Secure the plate to the humerai shaft through the lower 
soft-tissue window distal to the axillary nerve. 

■ After thorough irrigation, close the raphe and deltoid 
fascial layers with absorbable suture. Place a suction drain 
and close the subcutaneous tissue in layers. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that done after Technique 57-4. 


■ COMPLICATIONS 

The most common complication of proximal humerai frac¬ 
tures is loss of motion (stiffness). Early physical therapy is 
associated with improved motion, but many patients do not 
recover full motion even with early physical therapy Impinge- 
ment from high-riding tuberosities or subacromial scarring 
also can limit motion. Nonunion also is fairly common, but 
nonunion rates hâve been decreasing with the use of new 
technologies such as locking plates and improved intramedul- 
lary nails. Malunion can resuit from unstable or delayed 
fracture fixation, patient factors, and poor surgical technique. 
In older patients with limited functional demands, malunion 
generally is well tolerated, but it may be debilitating in younger 
patients because of poor shoulder function, impingement, 
or rotator cuff tears. Osteonecrosis is relatively uncommon 
after nondisplaced or unoperated two-part and three-part 
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FIGURE 


Internai fixation of proximal humerai fracture through antérolatéral acromial approach. A f Raphe between anterior 


and middle head of deltoid is developed. B f With axillary nerve protected, plate is slid deep to nerve. C f "Bare spot" on latéral humérus 


posterior to bicipital groove; plate position here avoids humerai head penetrating vessels. (From Gardner MJ, Voos JE, Wanich T, et al. 
Vascular implications of minimally invasive plating of proximal humérus fractures. J Orthop Trauma 2006;20:602-607.) SEE TECHNIQUE 57-5. 


fractures; functional outcome is improved if the proximal 
humerai anatomy has been restored. The presence of osteone- 
crosis does not always resuit in a poor outcome; osteonecrosis 
may be évident radiographically but cause minimal symp- 
toms. Because late hemiarthroplasty has poorer results than 
early hemiarthroplasty, it is important to be sure that ORIF 
can adequately stabilize four-part fractures and restore 
humerai anatomy before this option is chosen. 


FRACTURES OF THE 
HUMERAL SHAFT 

Fractures of the humerai shaff account for roughly 3% of ail 
fractures; most can be treated nonoperatively. Charnley 
stated, “It is perhaps the easiest of the major long bones to 
treat by conservative methodsThe range of motion afforded 
by the shoulder and elbow joints, coupled with a tolérance for 
small amounts of shortening, allow radiographie imperfec¬ 
tions that cause minimal functional déficit and are well toler- 
ated by the patient. Historically, methods of conservative 
treatment hâve included skeletal traction, abduction casting 
and splinting, Velpeau dressing, and hanging arm cast, each 
with its own advantages and disadvantages. 

Functional bracing has essentially replaced ail other 
conservative methods and has become the “gold standard” for 
nonoperative treatment because of its ease of application, 
adjustability, allowance of shoulder and elbow motion, rela- 
tively low cost, and reproducible results. Initially popularized 


by Sarmiento in 1977, the functional brace Works on the 
principles of the hydraulic effect of the brace, active contrac¬ 
tion of the muscles, and bénéficiai effect of gravity. Union 
rates of 90% to 100% hâve been reported with this technique. 
We currently use a coaptation splint or hanging arm cast for 
the first 7 to 10 days to allow pain to subside and then convert 
to a prefabricated functional brace. The use of a sling is dis- 
couraged to avoid varus and internai rotation deformities. 
Pendulum exercises are started early, and use of the extremity 
is encouraged as tolerated, avoiding active shoulder abduc¬ 
tion. The brace is worn until the patient is pain free and there 
is radiographie evidence of union. Skin macération is a 
concern, so daily hygiene is stressed. Morbid obesity may 
increase the risk of varus deformities; however, these defor¬ 
mities are more of a cosmetic issue than a functional issue 
and offen are not évident in an obese arm. 

A nonrandomized study by Jawa et al. compared out- 
comes in 21 distal-third diaphyseal fractures treated with 
functional bracing to those of 19 treated with plate-and-screw 
fixation. Operative treatment resulted in more predictable 
alignment and faster healing but was associated with more 
complications, such as iatrogénie nerve injury, loss of fixa¬ 
tion, and infection. Plate-and-screw fixation was done in two 
patients initially treated with bracing because of concerns 
about alignment. Complications associated with bracing 
included skin breakdown and malunion. The advantages, 
disadvantages, and risks of both nonoperative and operative 
treatment should be discussed with the patient before a deci¬ 
sion is made. 
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We reserve the use of a hanging arm cast for patients in 
whom compliance or finances preclude the use of a functional 
brace. Guidelines for acceptable réduction include less than 
3 cm of shortening, angulation of less than 20 degrees, and 
rotation of less than 30 degrees. In a sériés of 32 patients with 
humerai shaff fractures treated nonoperatively, Shields et al. 
found that residual angular deformity ranging from 0 to 18 
degrees in the sagittal plane and from 2 to 27 degrees in the 
coronal plane had no corrélation with patient-reported 
outcomes. 

INDICATIONS FOR OPERATIVE TREATMENT 

The choice of operative treatment for a humerai shaff fracture 
dépends on multiple factors. McKee divided the indications 
for operative treatment into three categories: (1) fracture 
indications, (2) associated injuries, and (3) patient indications 
(Box 57-2). Some indications are more absolute than others. 
Failure of conservative treatment, pathologie fracture, dis- 
placed intraarticular extension, vascular injury, and brachial 
plexus injury almost always require surgery. Other condi¬ 
tions, such as minimally displaced segmentai fractures and 
obesity, are only relative indications. Our most common 
indication for operative treatment is early mobilization of 
patients with polytrauma. Treatment decisions must take ail 



Indications for Primary Operative Treatment of 
Humerai Shaft Fractures 


Fracture Indications 

■ Failure to obtain and maintain adéquate closed 
réduction 

Shortening > 3 cm 
Rotation > 30 degrees 
Angulation > 20 degrees 

■ Segmentai fracture 

■ Pathologie fracture 

■ Intraarticular extension (shoulder joint, elbow joint) 

Associated Injuries 

■ Open wound 

■ Vascular injury 

■ Brachial plexus injury 

■ Ipsilateral forearm fracture 

■ Ipsilateral shoulder or elbow fracture 

■ Bilateral humerai fractures 

■ Lower extremity fracture requiring upper extremity weight 
bearing 

■ Burns 

■ High-velocity gunshot injury 

■ Chronic associated joint stiffness of elbow or shoulder 

Patient Indications 

■ Multiple injuries, polytrauma 

■ Head injury (Glasgow Coma Scale score = 8) 

■ Chest trauma 

■ Poor patient tolérance, compliance 

■ Unfavorable body habitus (morbid obesity, large breasts) 

From McKee MD: Fractures of the shaft of the humérus. In Bucholz RW, Fleckman 
JD, Court-Brown CM, editors: Rockwood and Green's fractures in adults, ed 6, 
Philadelphia, Lippincott Williams & Wilkins, 2006. 


factors into considération, tailoring the treatment to the 
spécifie patient. 

The goal of operative treatment of humerai shaff fractures 
is to reestablish length, alignment, and rotation with stable 
fixation that allows early motion and ideally early weight 
bearing on the fractured extremity. Options for fixation 
include plate osteosynthesis, intramedullary nailing, and 
external fixation. External fixation generally is reserved for 
high-energy gunshot wounds, fractures with significant soff- 
tissue injuries, and fractures with massive contamination. 
Suzuki et al. suggested that immédiate external fixation with 
planned conversion to plate fixation within 2 weeks is a safe 
and effective strategy for treatment of humerai shaff fractures 
in selected patients with multiple injuries or severe soff-tissue 
injuries that preclude early plate fixation; however, two of 
their 17 patients, both with open fractures, developed deep 
infections affer conversion from external fixation to plating. 

PLATE OSTEOSYNTHESIS 

Plate osteosynthesis remains the gold standard of fixation for 
humerai shaff fractures. Plating can be used for fractures with 
proximal and distal extension and for open fractures. It pro- 
vides enough stability to allow early upper extremity weight 
bearing in polytrauma patients and produces minimal shoul¬ 
der or elbow morbidity, as shown by Tingstad et al. Numerous 
reports in the literature cite high union rates, low complication 
rates, and rapid return to function affer plate fixation of 
humerai shaff fractures. Five large sériés (Foster et al., McKee 
et al., Vander Griend et al., Bell et al., and Tingstad et al.) 
including 361 fractures had an average union rate of 96.7%. 

A prospective, randomized comparison of plate fixation 
and intramedullary nail fixation of humerai shaff fractures 
found no significant différences in the function of the shoul¬ 
der and elbow, but shoulder impingement occurred more 
often with intramedullary nailing, and a second surgical 
procedure was required in more patients with intramedullary 
nails than with a plate. Another study comparing antegrade 
intramedullary nailing with plating found that although 
patients had slightly more shoulder pain affer intramedullary 
nailing than affer plating, there was no différence in shoulder 
joint function except for flexion, which was better in patients 
with plating. A meta-analysis of the literature that included 
155 patients found that reoperation and shoulder impinge¬ 
ment were significantly more common affer intramedullary 
nailing than affer compression plating. In their updated meta- 
analysis, Heineman et al. concluded that the data were insuf- 
ficient to show superiority of either technique. 

■ IMPLANT CHOICE 

The most commonly used plate for fixation of humerai shaff 
fractures is the broad, 4.5-mm, limited-contact dynamic 
compression plate (Fig. 57-36); occasionally, a narrow, 3.5-mm 
or 4.5-mm, limited-contact dynamic compression plate is 
used for smaller bones. The distal metaphyseal-diaphyseal 
transition zone may require dual 3.5-mm, limited-contact 
dynamic compression plates (Fig. 57-37) or newer plates 
designed specifically for the metaphysis. For spiral or oblique 
fractures, the idéal construct consists of a lag screw with a 
neutralization plate, whereas transverse fractures are ideally 
suited for a compression plating technique. In these fractures, 
attaining provisional réduction with a lag screw, Kirschner 
wire, or mini-fragment plate (Eglseder technique) allows 
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Anterior plating of humerai shaft fracture with 
limited-contact dynamic compression plate in neutralization 
mode with lag screw. 


direct observation of the réduction and a relatively simple 
plate application on the reduced humerai shaft (Fig. 57-38); 
we believe this also limits periosteal stripping by clamps. 

Comminuted fractures may require a bridge plating 
technique. Anatomie réduction of each fracture fragment is 
unnecessary. Attaining correct alignment, rotation, and 
length without disrupting the soft-tissue attachments to the 
comminuted fragments often leads to successful healing. 
Livani et al. reported 15 patients with bridge plating done 
through two small incisions proximal and distal to the frac¬ 
ture; ail fractures united within 12 weeks except for a grade 
III open fracture with an associated brachial plexus injury. 

In patients with poor bone quality, longer implants should 
be used to improve stability (Fig. 57-39). Locking plates and 
screw augmentation with methyl méthacrylate hâve been 
reported to add more stability to the construct. Generally, at 
least eight cortices (four screws) above and below the fracture 
are necessary to avoid screw pullout. The length of the plate 
is as important as the number of screws. More screws and 
longer plates for a greater working length of the implant may 
be needed for instability caused by poor bone quality or 
fracture comminution. We reserve the use of locking screws 
for poor bone quality and short segments. 

As minimally invasive plate osteosynthesis has become 
popular in other long bones, its use for humerai shaft fractures 
has been suggested; however, risk of injury to the radial nerve 
has been a concern. A cadaver study determined that with 
minimally invasive plate osteosynthesis the plate is 2 to 
4.9 mm (average 3.2 mm) from the radial nerve. Pronation 
of the forearm moves the radial nerve doser to the plate by 
3 mm. This technique has not been proved in any large sériés 
of patients, and we hâve no expérience with it. 



Dual plating of distal metaphyseal-diaphyseal 
humerai shaft fracture. 


■ APPROACH 

Numerous approaches can be used for plate fixation of the 
humérus. Fractures of the middle or proximal third usually are 
best approached through an antérolatéral approach (brachialis- 
splitting approach). A posterior approach (triceps-splitting or 
modified posterior approach) is best for fractures that are 
midshaft or extend into the distal third of the humérus (Fig. 
57-40). Gerwin, Hotchkiss, and Weiland described a modified 
posterior approach in which the triceps is reflected medially 
off the latéral intermuscular septum (see Technique 57-6). This 
approach exposes an average 10 cm more of the humerai shaft 
than the standard posterior approach. Less frequently, a direct 
latéral or anteromedial approach may be appropriate. 

■ POSTOPERATIVE CARE 

Postoperatively, range of motion of the shoulder and elbow is 
begun within the first week and weight bearing usually is 
allowed if fixation is stable. A biomechanical study found that 
both large (4.5-mm) and small (3.5-mm) plate constructs 
would expérience plastic deformation during bilateral crutch 
weight bearing in patients weighing 50 kg (-110 pounds) or 
more. The large construct was not predicted to fail with loads 
of 90 kg (almost 200 pounds) or less, whereas the small frag¬ 
ment construct was predicted to fail in patients weighing 
70 kg (approximately 150 pounds) or more. 

■ COMPLICATIONS 

The most frequently reported complication after plate fixation 
of humerai shaft fractures is radial nerve palsy. When using 
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FIGURE 


plating. 


FIGURE 



A f Displaced humerai shaft fracture. B f After fixation with mini-fragment plate (Eglseder technique) and compression 



A f Segmentai shaft fracture with extension into proximal humérus. B and C f Long plate used to obtain secure 


fixation. 
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B, After plate 
approach. 


A f Fracture of distal third of humerai shaft. 
fixation through posterior triceps-splitting 


pierces the septum (Fig. 57-41C). This usually is at the 
level of the tourniquet. Release the tourniquet. 

■ Identify the radial nerve. 

■ Dissect the triceps muscle proximally off the intermuscular 
septum. 

■ Free the radial nerve proximally, distally, anteriorly, 
and posteriorly, including incision of the latéral intermus¬ 
cular septum for 3 cm to allow mobilization of the nerve 

(Fig. 57-41D). 

■ Incise the triceps off the periosteum to expose the 
humérus; preserve as much of the periosteum as 
possible. 

■ Proximally, reflect the posterior border of the deltoid 
anteriorly if needed for exposure. 

■ Place a single bone clamp in the proximal and distal 
fragments, far away from the fracture, to control the 
fragments and reflect the triceps (Fig. 57-41E). Avoid 
circumferential stripping of the soft tissues with the clamp. 

■ After debridement of the fracture site, insert a lag screw 
for provisional fixation (Fig. 57-41 F). Alternative^, for 
transverse fractures where lag screw fixation is difficult, 
a compression plating technique can be used, or a mini¬ 
fragment plate (Eglseder technique) can be used for 
provisional fixation, followed by plate fixation. 

■ Perform large-fragment plating in neutralization, com¬ 
pression, or bridge-plating mode (Fig. 57-41 G). 

■ Confirm alignment of the humérus and réduction of the 
fragments with fluoroscopy. 

■ Perform routine skin closure over a drain. 


an antérolatéral (brachialis-splitting) approach, it is essential 
to ensure that the nerve is not under the implant during plate 
application to avoid iatrogénie radial nerve injury. Posteriorly, 
soft-tissue tethers on the radial nerve can lead to iatrogénie 
injury in posterior approaches. This can be remedied by 
adéquate soft-tissue release off the radial nerve. Infection is 
reported to occur after 1% to 2% of closed humerai fractures 
and 5% of open fractures. Refractures occur in approximately 
1% of patients. Nonunion of humerai shaft fractures is infre¬ 
quent. Treatment of nonunion is discussed in Chapter 59. 


INTRAMEDULLARY FIXATION 

The success of intramedullary nailing in the lower extremities 
led to an initial enthusiasm for intramedullary nailing of the 
humerai shaft. Although there are many reports in the litera- 
ture of good results with nailing techniques, problems with 
insertion site morbidity and union rates hâve dampened the 
original enthusiasm for this mode of treatment. Shoulder 
pain has been reported after antegrade intramedullary nailing 
in 16% to 37% of patients in more recent studies, and Bhan- 
dari et al. found that reoperation and shoulder impingement 
were significantly more common after intramedullary nailing 
than after plate fixation. Confounding variables, such as flex¬ 
ible or rigid nails; antegrade or rétrogradé insertion; and 
latéral, antérolatéral, or extraarticular portai for antegrade 
insertion, make conclusions difficult to interpret. A large 
well-controlled trial is needed. 

Early flexible nails, such as Rush and Enders, provided 
little axial or rotational stability and required additional 
forms of stabilization (cerclage wiring or prolonged immobi- 
lization) in comminuted or unstable fractures (Fig. 57-42). 
Even with additional stabilization, the resulting construct 
generally was not stable enough to allow early motion or 
weight bearing in multiply injured patients with concomitant 
lower extremity injuries. The development of locking nails 
improved stability and rotational control, but results still did 
not reach the successful outcomes obtained in lower extrem¬ 
ity fractures. Because nail sizes were limited, reaming was 
required for insertion of most locked nails, and fracture 
distraction was a problem, especially in small medullary 


OPEN REDUCTION AND INTERNAL 
FIXATION OF THE HUMERAL SHAFT 
THROUGH A MODIFIED POSTERIOR 
APPROACH (TRICEPS-REFLECTING) 


TECHNIQUE 57-6 


■ Place the patient in a latéral decubitus position. 

■ Use a wide proximal préparation and drape to allow for 
the use of a stérile tourniquet. 

■ Make an incision from the tourniquet to the tip of the 
olecranon in line with the humérus (Fig. 57-41A). 

■ Carry dissection down to the triceps fascia, incise the 
fascia, and carry the dissection laterally to the intermus¬ 
cular septum (Fig. 57-41 B). 

■ Identify the lower latéral brachial cutaneous nerve and 
follow it proximally where it meets the radial nerve as it 








Open réduction and internai fixation of humerai shaft fracture through modified (triceps-reflecting) posterior 
approach. A f Incision. B f Incision of fascia to expose intramuscular septum. C f Identification of latéral brachial cutaneous nerve. 
D f Mobilization of radial nerve. E f Bone clamp used to control fragments. F f After debridement, fixation with lag screw. G f After plate 
application. SEE TECHNIQUE 57-6. 























CHAPTER 57 FRACTURES OF THE SHOULDER, ARM, AND FOREARM 



Humerai shaft fracture treated by closed intra- 
medullary nailing with multiple flexible intramedullary (Ender) 
nails. 


canals. Newer nails corne in smaller sizes (7, 8, or 9 mm) to 
fit smaller bones and can be inserted with or without reaming. 

An antegrade approach is most commonly used for 
intramedullary nail fixation of humerai shaft fractures in 
adults. The spécifie portai placement is controversial, however. 
Traditionally, a midacromial latéral incision was used, which 
tends to place the nail through the posterior humerai head. 
In addition, the incision through the rotator euff is not in line 
with the fibers of the tendon (see Fig. 57-29). An antérolatéral 
starting portai is in line with the humerai medullary canal, 
and the incision is in line with the fibers of the rotator euff. 
Several authors hâve postulated that shoulder pain after 
antegrade nailing is caused by the transverse incision through 
the rotator euff. Alternatives to antegrade humerai nailing 
(e.g., plate osteosynthesis) should be considered in patients 
who hâve preexisting shoulder pathology or who require 
upper extremity weight bearing for ambulation (paraplégie or 
amputee patients). 

Because of the frequency of shoulder pain after antegrade 
insertion, rétrogradé insertion has been advocated to avoid 
this complication; however, rétrogradé insertion has been 
associated with distal humerai fracture propagation. The tra- 
ditional starting point for rétrogradé humerai nailing is in the 
midline, 2 cm above the olecranon fossa. More recently, inser¬ 
tion through the superior aspect of the olecranon fossa has 
been recommended. Proposed advantages of the olecranon 
fossa site include an increase in the effective working length of 


the distal fracture segment and straight alignment with the 
medullary canal; however, biomechanical studies hâve shown 
less résistance to torque and a réduction in load-to-failure 
with this approach compared with the more superior portai. 

Although flexible humerai nails hâve been successful in 
obtaining fracture union, insertion site morbidity and their 
suitability for only the most stable fracture patterns hâve 
limited their use. A cadaver study found that the axillary 
nerve is at significant risk during insertion of the interlocking 
and tension screws of a titanium flexible humerai nail; blunt 
dissection through the deltoid, direct observation of the 
humerai cortex, and use of a soft-tissue sleeve during predrill- 
ing and placement of the screws can help prevent this 
complication. 

Newer self-locking expandable nails are reported to be 
easier to insert, while providing bending and torsional stiff- 
ness equal to that of locked nails. Few clinical studies are 
available to allow évaluation of these nails. Franck et al. 
described the use of an expandable nail (Fixion; Disc-o-Tech, 
Herzliya, Israël) for fixation of 25 unstable humerai shaft 
fractures in elderly patients with osteoporotic bone; ail frac¬ 
tures healed without complications. Stannard et al. used a 
flexible locking nail (Synthes, Paoli, PA) inserted through an 
extraarticular antegrade or rétrogradé portai for fixation of 
42 humerai shaft fractures, with healing in 39; 86% had full 
range of motion, and 90% had no pain. Five complications 
occurred in four patients: two nonunions, two hardware 
failures, and one wound infection. Ail complications occurred 
in patients whose fractures were fixed with 7.5-mm nails, and 
the authors recommended that flexible nails should be used 
with caution in medullary canals with a diameter of 8 mm or 
less. The technique is technically demanding. 

Currently, we prefer rigid, locked nails inserted through 
an antegrade approach when intramedullary nailing is indi- 
cated, such as for segmentai fractures (see Fig. 57-22), for 
proximal-to-middle third junction fractures, for pathologie 
fractures, for fractures with poor soft-tissue coverage, for 
fractures in obese patients, and for fractures in certain patients 
with polytrauma (Fig. 57-43A to C). We use an antérolatéral 
incision with direct inspection and repair of the rotator euff. 
Iatrogénie radial nerve injury has been reported, and care 
must be taken during fracture réduction, reaming, nail inser¬ 
tion, and locking screw placement. Intramedullary nailing is 
contraindicated in patients with very narrow medullary canals. 


ANTEGRADE INTRAMEDULLARY 
NAILING OF HUMERAL 
SHAFT FRACTURES 


TECHNIQUE 57-7 


■ Carefully evaluate preoperative radiographs (Fig. 57-43D) 
to ensure that the diaphyseal diameter is adéquate to 
accommodate the intramedullary nail; if the diameter is 
too small, plate fixation is indicated. 

■ Position the patient on a radiolucent table with the thorax 
"bumped" 30 to 40 degrees. Place the image intensifier 
unit on the opposite side of the table from the surgeon 
(see Fig. 57-28); rolling the unit back allows an adéquate 
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Intramedullary nailing of humerai shaft fracture (see text). A f Segmentai shaft fracture in patient with multiple 
trauma. B and C f After fixation with intramedullary nail. D f Transverse shaft fracture. E and F, Réduction device is used to reduce fracture. 
G f Reaming is done to 1.0 to 1.5 mm larger than nail diameter. 
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FIGURE 




with fluoroscopy. (D to 


H f Outrigger device is used for insertion of proximal locking bolts. I f Réduction and screw placement confirmed 

courtesy of Thomas A. Russell, MD, Memphis, TN.) SEE TECHNIQUE 57-7. 


5-cm incision anteriorly to expose the biceps musculature; 
bluntly split the muscle to avoid iatrogénie damage to the 
brachial artery. 

■ Repair the rotator euff with full-thickness sutures. 

■ Confirm réduction and screw length on anteroposterior 
and latéral fluoroscopy images (Fig. 57-431). 

■ Begin an early réhabilitation program with active-assisted 
range-of-motion exercises. 


anteroposterior view, and rolling it forward allows an 
adéquate latéral view of the shoulder and humérus. 

■ Make an incision diagonally from the antérolatéral corner 
of the acromion, splitting the deltoid in line with its fibers 
in the raphe between the anterior and middle thirds of 
the deltoid (see Fig. 57-29). To protect the axillary nerve, 
avoid splitting the deltoid more than 5 cm distal to the 
acromion. 

■ Under direct observation, incise the rotator euff in line 
with its fibers (see Fig. 57-29). Use full-thickness sutures 
to protect the euff from damage during reaming of the 
humerai canal. 

■ Place the initial guidewire posterior to the biceps tendon 
and advance it under fluoroscopie guidance into the 
appropriate position as shown on anteroposterior and 
latéral views (see Fig. 57-28). 

■ Carefully advance the proximal reamer, protecting the 
rotator euff. 

■ Use the réduction device to reduce the fracture and pass 
the bead-tipped guidewire (Fig. 57-43E and F). With 
sequentially larger reamers, ream the humérus to the 
predetermined diameter, usually 1.0 to 1.5 mm larger 
than the nail diameter (Fig. 57-43G). With fractures of 
the middle third of the shaft, a small incision can be made 
at the fracture site to ensure manually that the radial 
nerve is not entrapped in the fracture before réduction 
and reaming. 

■ When reaming is complété, pass the nail downthe humerai 
canal, avoiding distraction of the fracture; ensure that the 
nail is below the articular surface of the humerai head. 

■ With the use of the outrigger device, insert the proximal 
locking bolts (Fig. 57-43H). Carefully spread the soft 
tissues to avoid injury to the axillary nerve. 

■ Place the distal interlocking screws in an anterior-to- 
posterior direction to avoid the radial nerve. Make a 4- to 


FRACTURES OF THE HUMERAL SHAFT 
WITH RADIAL NERVE PALSY 

The radial nerve is the nerve most frequently injured with 
fractures of the humerai shaft because of its spiral course 
across the back of the midshaft of the bone and its relatively 
fixed position in the distal arm as it pénétrâtes the latéral 
intermuscular septum anteriorly (Fig. 57-44). Usually the 
radial nerve injury is a neurapraxia, with recovery rates of 
100% in low-energy injuries and up to 71% in high-energy 
open injuries; Bumbasirevic et al. reported recovery in 94% 
of 16 open fractures. Although it is possible for the nerve to 
be severed by the sharp edge of a bone fragment, this rarely 
occurs. We treat the fractured humerai shaft in the usual 
nonoperative manner, support the wrist and fingers with a 
dynamic splint, and reserve exploration of the nerve for 
instances when function has not returned in 3 to 4 months 
and the fracture has healed. Because the nerve usually is only 
bruised or stretched, function can be expected to return 
spontaneously. Routine exploration of the nerve would 
subject many patients to an unnecessary operation and might 
increase the frequency of complications. Early exploration 
and repair of a severed nerve hâve not been proved to produce 
any better results than repair at a later date. 










PART XV FRACTURES AND DISLOCATIONS IN ADULTS 


Humérus 
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posterior 
compartment 
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intermuscular 
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view 
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anterior 
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Entrapment of radial nerve between fragments 
in spiral fracture of distal third of humérus. A f Nerve is least 
mobile as it passes through latéral intermuscular septum in distal 
third of arm. B f Oblique fracture is typically angulated laterally, 
and distal fragment is displaced proximally. Radial nerve, fixed to 
proximal fragment by latéral intermuscular septum, is trapped 
between fragments when closed réduction is attempted. 


If radial nerve palsy occurs with an open fracture of the 
humerai shaft, the nerve should be explored at the time of the 
irrigation and debridement of the wound. If it is found intact, 
only watchful waiting is required while the fracture heals. 
Early exploration is required if evidence suggests that the 
radial nerve is impaled on a bone fragment or is caught 
between the fragments. Advances in ultrasonography hâve 
been useful in diagnosing entrapped and lacerated radial 
nerves. If this diagnostic tool proved to be reproducible in 
large numbers of patients, the indications for nerve explora¬ 
tion would be more specifically defined. 

In patients with radial nerve palsy for whom operative 
treatment of a humerai shaft fracture is indicated, the nerve 
should be explored at the time of fracture fixation. Shao et al. 
reviewed 21 scientific articles that included 4517 humerai 
shaft fractures and found an overall prevalence of radial nerve 
palsy of almost 12% (n = 532). Radial nerve palsy was most 
frequent with fractures of the middle and middle-distal 
humerai shaft and was more common with transverse and 
spiral fractures than with oblique or comminuted fractures. 
Overall, recovery occurred in 88%. Complété transection of 
the radial nerve usually occurs with open fractures of the 
humérus and requires nerve repair or grafting; most nerve 
palsies that occur with a closed fracture recover without 
treatment. Based on their review, Shao et al. developed an 
algorithm for the treatment of radial nerve palsy associated 
with humerai shaft fractures (Fig. 57-45). 


PERIPROSTHETIC HUMERAL SHAFT 
FRACTURES 

Periprosthetic humerai shaft fractures after shoulder or elbow 
arthroplasty are rare but can be difficult to treat. Poor bone 
stock from osteoporosis, osteomalacia, or rheumatoid arthri- 
tis is the major contributing factor, and a variety of fracture 
patterns can resuit from low-energy direct blows, minor 
twisting injuries, “same level” falls, or intraoperative technical 
errors. Fractures around humerai arthroplasties may occur at 
the tuberosity level, the metaphysis, or the upper diaphysis 
around the stem or distal to the stem tip. Fractures around 
the humerai component of total elbow arthroplasties also can 
occur at any level from the médial or latéral column to proxi¬ 
mal to the stem tip. 

Stable postoperative fractures without component loosen- 
ing can be treated conservatively with immobilization. Stable 
fractures with component loosening require révision imme- 
diately or after fracture healing if still painful. Unstable frac¬ 
tures with or without component loosening require operative 
fixation with or without component révision. If révision is 
necessary, the general principles of révision arthroplasty 
should be followed (see Chapter 12). Bone quality détermines 
the need for supplémentai allograff, strut grafts, methyl 
méthacrylate cernent, or autogenous bone grafts. Most patients 
requiring either hemiarthroplasty or total shoulder arthro¬ 
plasty or elbow arthroplasty hâve age-related osteoporosis. 

When treating unstable periprosthetic humerai shaft 
fractures with well-fixed components, we hâve found the 
following guidelines helpful as outlined by Cameron and 
Iannotti: (1) displaced tuberosity fractures should be repaired 
with wire or heavy suture, and associated rotator cuff tears 
should be treated; and (2) unstable diaphyseal fractures 
around or below the prosthesis require ORIF. Cerclage wire 
or limited screw fixation is unsatisfactory. A heavy plate with 
proximal cerclage wires and distal screws is preferred. At least 
four proximal cables and four distal screws, engaging eight 
cortices, are necessary. We recommend using 2-mm cables 
instead of the usual 1.6-mm cables. An anatomie réduction 
is necessary for union, and bone grafting the fracture site 
should be considered. 

When poor bone quality is présent, fixation can be supple- 
mented with methyl méthacrylate cernent. Cernent should be 
kept out of the fracture site. If severe osteopenia is présent, 
we recommend adding a full-thickness cortical allograff strut 
applied with additional cables 90 degrees to the plate-cable- 
screw construct. Autograff bone should be applied to the 
fracture site. We do not believe that a well-fixed, good func- 
tional shoulder or elbow arthroplasty should be revised to a 
long-stem implant just to repair a postoperative shaft fracture. 
Results with révision shoulder and elbow arthroplasty are not 
as satisfactory as primary arthroplasty. Instead, we believe 
every effort should be made to achieve primary fracture 
union. 

Intraoperative fractures during shoulder arthroplasty can 
be avoided by careful attention to detail and respect for 
ostéopénie bone. Intraoperative fractures should be repaired 
at the time of surgery by internai fixation or révision to a 
longer stem implant. 

The general treatment principles of periprosthetic 
humerai fractures around the humerai component of total 
elbow arthroplasties are as just outlined. Fractures of the 
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Treatment algorithm for radial nerve palsy associated with humerai shaft fracture. EMG, Electromyogram; NAP, nerve 
axonal physiology; NCV, nerve conduction velocity. (From Shao YC, Harwood P, Grotz MR, et al: Radial nerve palsy associated with fractures 
of the shaft of the humérus: a systematic review, J Bone Joint Surg 87B:1647, 2005.) 


médial or latéral column with a firmly seated implant can be 
treated with immobilization. Union of a column fracture is 
unnecessary for a good functional outcome. 

DISTAL HUMERAL FRACTURES 

Fractures of the distal humérus remain a challenging problem 
despite advances in technique and implants. These injuries 
offen involve articular comminution, and many occur in 
older patients with osteoporotic bone. Joint function offen is 
compromised because of stiffness, pain, and weakness. Rarely 
is a “normal” elbow the outcome after these fractures, but 
outcomes hâve been improved with advances in implant 
technology, surgical approaches, and réhabilitation protocols, 
with good to excellent results reported in approximately 87% 
of patients. Most distal humerai fractures in adults must be 
treated operatively, in contrast to fractures of the proximal 
humérus or humerai shaft. Nonoperative treatment with the 
“bag of bones” technique may be reasonable in an elderly 
patient with significant medical comorbidities. Desloges et al. 
reported good to excellent subjective outcomes with this 
technique in 13 of 19 low-demand elderly patients. 

Both open réduction and internai fixation and total elbow 
arthroplasty hâve been reported to obtain good outcomes in 
lower-demand patients. In their meta-analysis, Githens et al. 
found that total elbow arthroplasty and open réduction and 
internai fixation produced similar functional scores, although 


there was an insignifiant trend toward more complications 
and reoperations after open réduction. The many variables 
that must be considered in choosing treatment include frac¬ 
ture patterns, comminution, bone quality, surgeon expérience 
(with total elbow arthroplasty and/or open réduction and 
internai fixation), underlying arthrosis, and patient comor¬ 
bidities, making it impérative to individualize treatment 
according to patient and fracture characteristics. 

The complexity of distal humerai fractures in adults is 
reflected in the attempts at classifying the variety of injuries 
possible in this location. The AO/OTA classification, if ail 
subgroup classifications are used, defines 61 types, although 
the three kinds of articular involvement are the most com- 
monly used désignations: A, extraarticular; B, partially articu¬ 
lar; and C, completely articular. A more recent classification 
System suggested by Jupiter and Mehne is simpler: it describes 
only 25 types. This classification System is based on the “two- 
column” and “tie-arch” concepts of elbow stability. Mehne 
and Matta described complex bicolumnar distal humerai 
fractures according to the configuration formed by the frac¬ 
ture lines (Fig. 57-46): high or low T-fractures, Y-fractures, 
H-fractures, and médial and latéral L-fractures. We generally 
prefer to use the Jupiter classification System because it has 
been useful for preoperative planning. 

The goal of treatment is anatomie restoration of the joint 
surface with stable internai fixation that allows early motion. 
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Technical Objectives for Fixation of Distal 
Humerai Fractures 


■ Every screw should pass through a plate. 

■ Each screw should engage a fragment on the opposite 
side that is also fixed to a plate. 

■ As many screws as possible should be placed in the distal 
fragments. 

■ Each screw should be as long as possible. 

■ Each screw should engage as many articular fragments as 
possible. 

■ Plates should be applied such that compression is achieved 
at the supracondylar level for both columns. 

■ Plates used must be strong enough and stiff enough to 
resist breaking or bending before union occurs at the 
supracondylar level. 

From Sanchez-Sotelo J, Torchia ME, O'Driscoll SW: Principle-based internai fixa¬ 
tion of distal humérus fractures, Tech Hand Upper Extremity Surg 5:179, 2001. 




A to F f Mehne and Matta classification of distal 


humerai fractures. 


Latéral or médial column fractures (AO/OTA type B) (Fig. 
57-47) usually can be reduced through a direct approach and 
fixed with simple buttress plating. Intraarticular fractures 
(AO/OTA type C) vary greatly. Generally, the lower the 
transverse component, the more difficult is attaining stable 
fixation. Likewise, the greater the comminution, the more 
difficult is attaining an anatomie réduction. 

A variety of approaches hâve been described for réduc¬ 
tion and fixation of distal humerai fractures (Table 57-6). 
Most commonly, a posterior approach with an olecranon 
osteotomy has been used (see Technique 57-8), but concerns 
about healing and symptomatic implants hâve led to more 
frequent use of a triceps-reflecting (Bryan-Morrey [Fig. 
57-48] or triceps-reflecting anconeus pedicle [Fig. 57-49]) 
approach, as advocated by Bryan and Morrey and O’Driscoll, 
or a triceps-splitting (Campbell [Fig. 57-50]) approach, as 
advocated by McKee et al. The best fracture exposure is 
provided by an olecranon osteotomy approach. As more 
familiarity is gained with fracture patterns and réduction 
techniques, a triceps-reflecting or triceps-splitting approach 
may be selected to reduce complications. With ail posterior 
approaches, the ulnar nerve must be carefully dissected 
without excessive stripping and can be transposed anterior to 
the médial épicondyle at the end of the procedure. More 


recent reports hâve questioned the benefit of nerve transposi¬ 
tion, noting that the frequency of ulnar neuritis in patients 
with ulnar nerve transposition was almost four times that in 
patients without transposition. Wiggers et al. found ulnar 
neuropathy in 17 (16%) of 107 patients, 16 of whom had 
columnar fractures. Only one patient with a capitellar or 
trochlear fracture developed ulnar neuropathy. These authors 
suggested that it was not the ulnar nerve transposition alone 
that placed the ulnar nerve at risk, but rather it was the 
additional handling of the ulnar nerve during réduction of a 
columnar fracture and application of a médial plate. 

The standard plating technique calls for plates to be 
placed at orthogonal angles (90-90 plating) (Fig. 57-51). 
Studies hâve shown that direct médial and latéral plating is 
biomechanically Sound (Fig. 57-52), and clinical reports hâve 
confirmed stable fixation and high rates of union with parallel 
(180-degree) plating. Sanchez-Sotelo et al. listed several 
principles for distal humerai fracture fixation that we hâve 
incorporated into our treatment protocol (Box 57-3). Small 
osteochondral fragments can be fixed with headless screws, 
countersunk mini-fragment screws, or absorbable screws 
(Fig. 57-53). 

Reconstruction of the distal humérus can be done 
according to two strategies: (1) réduction and fixation of the 
articular surfaces followed by attachment to the humerai 
shaff; or (2) réduction and fixation of the médial or latéral 
condyle to the shaff, then reconstruction of the articular 
surface (advantageous when the articular surface is commi- 
nuted), followed by réduction and fixation of the contralatéral 
condyle. Care must be taken not to narrow the trochlea with 
a lag screw when there is bone loss because this would not 
allow the arm to sit properly. Because the area for screws is 
limited in the distal segment, provisional fixation can be used 
at the joint, with definitive fixation screws passing through 
the plate to ensure that the screws in the distal segment 
contribute to the overall stability of the construct (see Fig. 
57-53). Newer plates that are precontoured or 3.5-mm com¬ 
pression plates are préférable to one-third tubular and 3.5-mm 
reconstruction plates because of fatigue failure in the latter 
group in fractures with metaphyseal comminution. For 






CHAPTER 57 FRACTURES OF THE SHOULDER, ARM, AND FOREARM ^ 


>63 



FIGURE 


A and B f Isolated latéral condylar fracture fixed with lag screw and minifragment buttress plate. 



FIGURE 


A and B f Plate application through triceps-reflecting approach. 


low-type fractures, additional mini-fragment plates may 
provide added fixation (see Fig. 57-53). Locking plates hâve 
been shown to provide added stability and may allow earlier 
réhabilitation. Poly-axial screws hâve been demonstrated to 
hâve a biomechanical advantage over locking screws in poor 
bone stock. 

If the goal of stable fixation that allows early motion is 
met, réhabilitation can begin within 3 days of surgery. Waddell 
et al. showed that disabling stiffness develops if the elbow is 
immobilized for more than 3 weeks. Supervised physical 


therapy sessions are scheduled three times a week, along with 
a daily home exercise program. Dynamic flexion and exten¬ 
sion splinting is prescribed when early motion goals are not 
obtained. 

Union rates for distal humerai fractures hâve improved 
significantly over the years. The most frequent complication 
is stiffness, which offen requires a second procedure. McKee 
et al. reported an average motion arc of 108 degrees, 74% 
strength compared with the opposite side, and a mean DASH 
(Disability of the Arm, Shoulder, and Hand) score of 20 (0 = 
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TABLE 57-6 


Surgical Approaches Used for Treatment of Fractures of the Distal Humérus 


SURGICAL APPROACH 

INDICATIONS 

CONTRAINDICATIONS 

ADVANTAGES 

DISADVANTAGES 

POSTERIOR 

Olecranon 

osteotomy 

Triceps-splitting 

ORIF for fractures 
involving columns 
and articular 
surface 

ORIF/TER for 
fractures involving 
columns and 
articular surface 

TER 

Previous olecranon 
osteotomy approach 
Patients at increased 
risk for healing 
problems 

Good access to 
posterior articular 
surfaces for 
reconstruction 

Avoids 

complications 
associated with 
olecranon 
osteotomy 

Nonunion and failure 
of fixation of 
osteotomy 

Poor anterior access to 
capitellum 

Poor access to articular 
surface for internai 
fixation 

Risk of triceps 
detachment 


Triceps-reflecting 

Triceps-detaching 

Fractures requiring 
TER 

ORIF/TER for 
fractures involving 
columns and 
articular surface 

ORIF 

Previous olecranon 
osteotomy approach 
Patients at risk for 
healing problems 
Previous olecranon 
osteotomy approach 
Patients at risk for 
healing problems 

Avoids 

complications 
associated with 
olecranon 
osteotomy 

Avoids 

complications 
associated with 
olecranon 
osteotomy 

Risk of triceps 
detachment 

Poor access to articular 
surfaces for internai 
fixation 

Risk of triceps 
detachment 

MEDIAL 


Médial epicondylar 
fractures 

Médial column 
fractures 



Latéral column 
inaccessible 


Koher 

Latéral column 
fractures 

Latéral epicondylar 
fractures 

Capitellar fractures 

Suspected more 
complex articular 
surface fracture 

Radial nerve 
protected 

Médial column 
inaccessible 

LATERAL 

Koeber 




Risk of injury to radial 
nerve 

Médial column 
inaccessible 


Jupiter 

Complex articular 
surface fractures 

Significant 
involvement of the 
columns 


Médial column 
inaccessible 

ANTERIOR 

Henry 

Vascular injury 

Requirement for plate 
fixation of columns or 
articular surface 
reconstruction 

Good access to 
brachial artery 

Limited access to 
columns 


(Modified from Robinson CM: Fractures of the distal humérus. In Bucholz RW, Fleckman JD, Court-Brown CM, editors: Rockwood and Green's fractures in adults, ed 
6, Philadelphia, Lippincott Williams & Wilkins, 2006.) 

ORIF, Open réduction and internai fixation; TER, total elbow replacement. 


perfect and 100 = complété disability) in 25 patients at an 
average 3 years after médial and latéral plate fixation of 
intraarticular distal humerai fractures. Other complications 
include ulnar neuropathy, posttraumatic arthritis, osteone- 
crosis, and symptomatic hardware (see Fig. 57-51). Wound 
complications are more frequent with open fractures and 
fractures in which a plate was used for olecranon fixation. It 
has been estimated that one in eight patients with operative 
fixation of a distal humerai fracture eventually requires a 
second procedure. Many complications can be avoided by the 
appropriate choice of procedure and meticulous attention to 
technical details. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF THE DISTAL HUMERUS 
WITH OLECRANON OSTEOTOMY 


TECHNIQUE 57-8 


■ Position the patient in the latéral decubitus position. A 
prone or supine position also can be used. An advantage 
of the supine position is improved anterior exposure of the 
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Triceps-reflecting anconeus pedicle approach. A f Modified Kocher latéral approach is combined with médial triceps- 
reflecting approach. B, Access to distal humérus is similar to that provided by olecranon osteotomy. 



Triceps-splitting approach to distal humérus. A f Triceps split. B f Split extended to transcutaneous border of ulna. (From 
Frankle MA: Triceps split technique for total elbow arthroplasty, Tech Shoulder Elbow Surg 3:23, 2002.) 
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A f Supracondylar fracture with intraarticular extension. B, Fixation with 90-90 locked plates through olecranon 
osteotomy approach. C f After removal of symptomatic hardware. 



A f Distal humerai fracture with intraarticular 
extension. B f After direct médial and latéral plate fixation. 


joint, which is helpful with very low fractures and fractures 
with anterior comminution. Fixation of the fracture with 
extension into the shaft can be difficult to reduce with the 
patient supine. When the supine position is chosen, we 
use an arm holder (Elbow LOC, Symmetry Medical Inc., 
Warsaw, IN) to assist with arm positioning (Fig. 57-54). 

■ Préparé and drape the entire forequarter to allow place¬ 
ment of a stérile tourniquet on the proximal arm. 

■ Make a midline incision, with or without a curve over the 
tip of the olecranon, and develop full-thickness flaps 
medially and laterally. 

■ Dissect the ulnar nerve free from the médial edge of 
the triceps and from the médial épicondyle. Preserve 
the vascular structures that supply the ulnar nerve 

(Fig. 57-55A). 

■ Laterally, dissect the triceps off the latéral intermuscular 
septum. Incise the interval between the triceps and 
anconeus muscles to expose the joint. Alternative^, pre¬ 
serve the anconeus innervation by using the interval 
between the anconeus and the extensor carpi radialis 
brevis and elevating the anconeus with the triceps. 

■ Ensure that the médial and latéral olecranon articular 
surface can be seen. 

■ Predrill the holes for olecranon fixation before making the 
osteotomy. We routinely use plate fixation. 

■ Make a distally oriented chevron osteotomy with an oscil- 
lating saw directed toward the sulcus of the articular 
surface of the olecranon (Fig. 57-55B). Use an osteotome 
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A f Fixation of small osteochondral fragment with absorbable screw. B f Very distal intercondylar fracture fixed with 
headless screws and minifragment buttress plating through olecranon osteotomy approach. 



Arm holder (Elbow LOC, Symmetry Medical, 
Warsaw, IN) helps with arm positioning during surgery. SEE 


TECHNIQUE 57-8. 


to complété the osteotomy carefully. If the osteotomy 
is forcefully wedged open with the ostéotomie, a large 
cartilaginous flap can be created inadvertently. 

■ Raise the triceps with the proximal olecranon and direct 
the triceps musculature off the humérus, preserving the 
periosteum (Fig. 57-55C). 

■ Débridé the fracture edges to clean surfaces. 

■ Use threaded Kirschner wires as joysticks to manipulate 
the médial and latéral condyles. 

■ If the articular fracture is simple, reduce the fracture with 
the joysticks and a Weber clamp and insert Kirschner 
wires for provisional fixation (Fig. 57-56A). 

■ Plate the column with the better key to réduction first, 
then the opposite column (Fig. 57-56B). 

■ If the articular fracture is complex and either the médial 
or latéral condyle has a good key to réduction with the 
shaft, reduce the condyle to the shaft. A countersunk 
mini-fragment (2-mm or 2.4-mm) lag screw can be used 
for provisional fixation because its low profile does not 
interfère with plate positioning. Alternative^, a plate can 
be placed along the column with provisional unicortical 
screws distally. 

■Reconstruct the articular surface "around the dock," 
provisionally fix the reconstructed fragments, and reduce 
the remaining condyle to the shaft and apply plate 
fixation. 

■ Use headless screws, mini-fragment screws, or absorb¬ 
able screws for fixation of articular comminution (see Fig. 
57-56B). 

■ Either 90-90 or médial and latéral plates are acceptable 

(Fig. 57-56C). 

■ Evaluate every screw to ensure that it does not cross the 
articular surface. 














Triceps 


Ulnar n. 


Olecranon 

Chevron 

Ulna 



Olecranon 


Trochlea 


Ulna 


Olecranon osteotomy approach. A f Olecranon osteotomy is marked in shape of shallow V or chevron. B f Thin-blade 
oscillating saw is used to start osteotomy. C f Osteotomized proximal olecranon fragment is elevated proximally; ulnar nerve is isolated, 
mobilized, and protected. SEE TECHNIQUE 57-8. 




Open réduction and inter¬ 
nai fixation of distal humérus through olecra¬ 
non osteotomy approach. A f Threaded 
Kirschner wires used as joysticks for fracture 
réduction. B f After plate application. C f After 
plate fixation of olecranon osteotomy. SEE 


TECHNIQUE 57-8. 
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3 " Repair the olecranon osteotomy, consider transposing the 
ulnar nerve, and close the incision in layers over closed 
suction drainage. 

POSTOPERATIVE CARE. The elbow is splinted in 
extension. The drain is removed 2 days after surgery, and 
range of motion is begun 3 days after surgery. No bracing 
is used. 


FRACTURES, DISLOCATIONS, 

AND FRACTURE-DISLOCATIONS 
OF THE ELBOW 

FRACTURES OF THE RADIAL HEAD 

Radial head fractures can occur in isolation or as part of a 
more complex elbow dislocation (see “terrible triad” section, 
later) or Essex-Lopresti injury. When confirmed that the 
fracture is in isolation, the goal of treatment is a pain-free, 
stable arc of motion in flexion-extension and pronation- 
supination. The Mason classification System is widely used 
to describe these fractures (Fig. 57-57). Most radial head 
fractures are treated conservatively (Mason types I and II). 
Nonunion and fracture displacement are rare. Stiffness, 
however, can be a complication. If the patient has no block 
to range of motion, a sling and immédiate use (as pain allows) 
predictably yields good results. Lindenhovius et al. reported 
that results of operative treatment at long-term (22-year) 
follow-up demonstrated no appréciable advantage over 
the reported long-term results of nonoperative treatment. 
Of 49 patients with Mason type II fractures (2 to 5 mm of 
displacement), Akesson et al. reported that 80% were pain 
free and had ranges of motion similar to the noninjured 
extremity after primary nonoperative treatment. Those with 
poor results improved with delayed radial head resection. 
More recently, Duckworth et al. reported excellent results 


Type I 



with nonoperative treatment of 100 Mason types I and II 
fractures. Overall elbow stability must be confirmed before 
treating Mason type III fractures conservatively; careful 
évaluation may reveal a Mason type IV fracture. Critical to 
making the decision about operative treatment is determin- 
ing that (1) the injury is isolated and not part of a complex 
dislocation and (2) there is no block to flexion-extension or 
pronation-supination. 

■ OPERATIVE TREATMENT 

Displaced Mason types II and III fractures that are part of an 
elbow dislocation pattern (Mason type IV) or hâve a limita¬ 
tion to motion require operative treatment. 

I TREATMENT OF MASON TYPE II FRACTURES 

ORIF is the usual form of treatment for these injuries when 
surgery is indicated. The use of mini-fragment screws, with 
or without a buttress plate placed in the “safe zone” (area of 
radial head that does not articulate with the ulna [Fig. 
57-58]), has had good results. Also partial resection of the 
radial head has been shown to provide satisfactory results. If 
the remaining articular surface is small, resection with radial 
head replacement is necessary as a primary stabilizer of the 
elbow in a complex fracture-dislocation. If the elbow is 
stable, resection without replacement has shown good 
results. 

I TREATMENT OF MASON TYPE III FRACTURES 

These fractures often are part of a more severe injury and may 
occur with elbow dislocation and other injuries about the 
elbow. They are less frequently appropriate for ORIF than are 
type II fractures. Radial head resection may be a good option 
for isolated fractures in elderly patients, but it has been 
associated with variable results in younger patients. Undiag- 
nosed concomitant injuries likely play a rôle in long-term 
outcome. Long-term arthrosis, valgus elbow instability, and 
longitudinal forearm instability hâve led many to avoid radial 
resection in younger patients. In one group of five patients, 
however, satisfactory results were reported at 16- to 21-year 


Type II 



FIGURE 


Mason classification of radial head and neck fractures. 
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"Safe zone" (area of radial head that does not 
articulate with ulna) for placement of fixation. SEE TECHNIQUE 57-9. 


follow-up, and Faldini et al. described good results in 36 of 
42 patients an average of 18 years affer radial head excision. 
Before resection of the radial head, elbow and forearm insta- 
bility must be ruled out. 

ORIF can be done with good results in selected patients; 
Ikeda et al. reported greater strength and better function in 
15 patients with ORIF than in 13 patients with radial head 
resection for Mason type III fractures. The idéal fracture for 
ORIF has three or fewer fragments, each of which is large 
enough to accept a screw for fixation, with minimal metaphy- 
seal bone loss. Otherwise, excision or replacement should be 
considered. Prosthetic replacement with metallic implants 
has provided good results at short-term follow-up. Sun, 
Duan, and Li, in a meta-analysis that included 138 patients 
with open réduction and internai fixation and 181 with radial 
head arthroplasty, found a significantly higher satisfaction 
rate, better elbow scores, shorter operation time, and lower 
incidence of nonunion at short- and medium-term follow-up 
in those with prosthetic replacement. The surgical technique 
can be challenging, with the main complication being over- 
stuffing of the radiocapitellar joint leading to érosion, pain, 
and decreased motion (see Chapter 12). The primary advan- 
tage of prosthetic replacement is maintenance of the radio- 
capitellar relationship for elbow stability and longitudinal 
radioulnar stability. 


OPEN REDUCTION AND 
INTERNAL FIXATION OF RADIAL 
HEAD FRACTURE 


TECHNIQUE 57-9 


■ Expose the radial head and neck with a Kocher or Kaplan 
approach (see Chapter 1). 

■ Take care to preserve the latéral collateral ligament. In 
"terrible triad" injuries, the ligament will be reattached 
at the end of the procedure. 

MASON TYPE II FRACTURE 

■ Reduce the partial fracture, taking care not to disrupt the 
periosteum; tamps, dental picks, or Freer elevators can be 
used as needed. 

■ Stabilize the réduction with one or two small screws (Fig. 
57-59A). Occasionally, a buttress plate can be useful if 
the apex of the fracture is comminuted and a large defect 
remains under the articular segment. 

■ If reliable fixation cannot be obtained (as with fracture- 
dislocations), consider radial head replacement. 

MASON TYPE III FRACTURES 

■ If needed for improved exposure, release the origin of the 
latéral collateral ligament; this will be repaired at the end 
of the procedure. 

■ Reduce and provisionally fix the articular surface with 
Kirschner wires. Occasionally, removing the fragments 
and assembling them on the back table may facilitate 
réduction. 

■ Protect the posterior interosseous nerve by pronating the 
forearm. 

■Apply a small plate along the latéral surface of the 
proximal radius with the wrist in neutral (safe zone) 
(see Fig. 57-58) and secure it with lag screws as needed 
(Fig. 57-59B through D). 

■ Bone graft the defect if needed. 

■ Check pronation and supination of the forearm. 

POSTOPERATIVE CARE. The arm is placed in a molded 
posterior plaster splint at 90 degrees. At 3 to 7 days, the 
splint is removed and the arm is supported in a sling. At 
about that time, active and active-assisted exercises are 
begun. The patient should discontinue the sling at 3 
weeks, gradually increasing the exercises as tolerated. 
Forceful manipulation of the elbow is never permitted. 


FRACTURES OF THE CORONOID 

Coronoid fractures occur in 10% to 15% of elbow disloca¬ 
tions. They historically were classified into three types, as 
described by Regan and Morrey: type I, fracture of the 
intraarticular tip of the coronoid (no long-term instability); 
type II, fracture involving half or less of the coronoid (may 
significantly affect ulnohumeral stability); and type III, frac¬ 
ture involving more than half of the coronoid process (offen 
associated with posterior instability) (Fig. 57-60). More 
recently, the classification System developed by O’Driscoll 
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Open réduction and internai fixation of radial head fractures. A f Mason type 
screws. B to D f Mason type III fracture stabilized with plate and screws. SEE TECHNIQUE 57-9. 


fracture stabilized with two small 



^ Classification of fractures of coronoid process. 


et al. (Table 57-7 and Fig. 57-61) has been shown to more 
reliably predict associated injuries and guide treatment deci¬ 
sions (Fig. 57-62). 

Because a coronoid fracture fragment may appear small 
on a latéral radiograph or may be confused with a radial 
fracture, CT is recommended when a coronoid fracture is 
suspected. 

Displaced coronoid fractures should be reduced and 
stabilized with fixation. Careful assessment is mandatory to 
ensure that the coronoid fracture is not part of a more serious 
injury (see later section on “terrible triad” injuries). Sutures 
can be used for fixation of small coronoid fracture fragments 
(Fig. 57-63 A) and lag screws can be used for larger fragments 
(Fig. 57-63B). In a cadaver study, Huh et al. demonstrated 
more extensive exposure of the anteromedial coronoid and 
proximal ulna with a flexor carpi ulnaris-splitting approach 
compared with an over-the-top approach. A distinct type of 
coronoid fracture, fracture of the anteromedial facet (Fig. 
57-64), occurs from a varus force to the elbow and, if lefT 
untreated, can resuit in posteromedial rotary instability. 
Repair of the latéral collateral ligament and ORIF of the coro¬ 
noid are recommended (Fig. 57-65). 


FIGURE 
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TABLE 57-7 


Coronoid Fracture Classification (O'Driscoll et al.) 

FRACTURE 

SUBTYPE 

DESCRIPTION 

Type 1: Tip 

1 

<2 mm coronoid bony height 
(i.e., flake fracture) 


2 

>2 mm coronoid height 

Type II: 
Anteromedial 

1 

Anteromedial rim 


2 

Anteromedial rim + tip 


3 

Anteromedial rim + sublime 
tubercle (± tip) 

Type III: Basal 

1 

Coronoid body and base 


2 

Transolecranon basal coronoid 
fracture 



Classification of coronoid fracture based on 
fragmentation pattern (O'Driscoll et al.). A f Type 1, transverse 
fracture at tip of coronoid process. B f Type 2, fracture of antero- 
medial facet of coronoid process. C f Type 3, fracture of the base 
of coronoid process. 



tion internai fixation; LCL, latéral collateral ligament. (From Manidakis N, Sperelakis I, Hackney R, Kontakis G: Fractures of the ulnar coronoid 
process, Injury 43:989, 2012.) 
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A f Small coronoid fracture fragments can be 
fixed with sutures. B f Lag screws can be used for larger 
fragments. 



Plate fixation of anteromedial coronoid frac¬ 
ture. (From Steinmann SP: Coronoid process fractures, J Am Acad 
Orthop Surg 16:519, 2008.) 



Three-dimensional CT scan of anteromedial 
coronoid fracture; arrow indicates fracture fragment. (From 
Steinmann SP: Coronoid process fractures, J Am Acad Orthop Surg 
16:519, 2008.) 


SIMPLE ELBOW DISLOCATIONS 

Simple elbow dislocations are dislocations of the ulnohumeral 
radiocapitellar joints. They are termed “simple” because there 
is no associated fracture. Treatment is almost always conser¬ 
vative, with a closed réduction after a thorough neurovascular 
examination. The propensity to redislocate is evaluated after 
réduction and noted. Radiographs should confirm a concen¬ 
tre réduction. Initially the elbow is splinted in 90 degrees of 
flexion, and range of motion is begun at 5 to 10 days after 
injury if the elbow is stable after réduction. More unstable 
injuries may require splinting for up to 2 or 3 weeks with a 
protected range-of-motion program. In their sériés of nearly 
5000 simple elbow dislocations, Modi et al. found that 2.3% 
required stabilization surgery at a médian of 1 month and 
1.2% required soft-tissue release at a médian of 9 months after 
injury. 

FRACTURE-DISLOCATIONS OF THE ELBOW 

Fracture-dislocations of the elbow usually resuit from a fall 
on the outstretched hand with a shearing component to the 
injury, and fractures of the radial head, radial neck, or coro¬ 
noid process, or combinations of these, occur as the proximal 
ulnar-radial complex is driven posteriorly. Valgus-directed 
stress can resuit in avulsion of the médial épicondyle, which 
is much more common in adolescents. The médial collateral 
ligament and latéral collateral ligamentous complex are 
invariably torn. 
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Posterior fracture-dislocations of the elbow in adults 
usually are treated surgically because the fracture and liga- 
mentous components of the injury make most of these dislo¬ 
cations unstable. Fracture of the coronoid process or radial 
head or both can render the elbow significantly unstable after 
réduction (Fig. 57-66). Untreated injury to the collateral liga- 
mentous complex and médial collateral ligament after repair 
of the osseous component of the injury can leave residual 
instability. Lengthy immobilization greatly increases stiffness, 
and open réduction and stable fixation should be done to 
allow early motion. 



Fracture-dislocation of elbow. A f Posterior 
fracture-dislocation with irréparable radial head and neck frac¬ 
tures. Type II coronoid fracture is not apparent. This patient's 
injuries were bilateral and almost identical. B f One elbow has 
redislocated in posterior splint at 90 degrees of elbow flexion. 
Large radial head fragment and coronoid fracture are readily 
apparent. Coronoid fracture had to be repaired to provide stabil- 
ity before radial head could be excised. (From Crenshaw AH: Adult 
fractures and complex joint injuries of the elbow. In Stanley D, Kay NRM, 
editors: Surgery of the elbow: practical and scientific aspects, London, 
Arnold, 1998.) 


■ TREATMENT 

Closed réduction should be done as soon as possible. Radio- 
graphs offen are necessary after réduction to define the 
osseous injury completely. Three-dimensional CT may be 
necessary to identify ail of the components of this injury. The 
elbow should be carefully moved through a flexion-extension 
arc of motion. Subluxation or impending dislocation at 30 
degrees or more from full extension indicates instability, and 
surgical stabilization is required. In the rare situation of a 
stable, concentric réduction, the patient can be started on 
early active exercises at 2 to 3 weeks, with close foliow-up; if 
subluxation or spontaneous redislocation occurs, the elbow 
is surgically stabilized. 

"TERRIBLE TRIAD" INJURIES 
OF THE ELBOW 

Originally described by Hotchkiss, the “terrible triad” consists 
of an elbow dislocation in conjunction with fractures of the 
radial head and coronoid. Historically, poor outcomes led to 
the désignation of this combination of injuries as “terrible.” 
The essential lésion is disruption of the latéral collateral liga¬ 
ment with progression to the médial structures (Fig. 57-67). 
The latéral collateral ligament injury occurs as an avulsion of 
its origin, along with a variable amount of common extensor 
musculature, from the latéral distal humérus, leaving the 
typical bare-spot appearance of the distal humérus (see Fig. 
57-68B). The injuries to the radial head and coronoid vary in 
fragment size and complexity. 

Early studies reporting elbow dislocations and fracture- 
dislocations indicated that triad injuries hâve uniformly poor 
outcomes, with Ring et al. reporting fair and poor results in 
four of their eight patients. However, excellent or good results 
were reported in 70% of 105 patients in four studies (Pugh 
et al., Egol et al., Forthman et al., and Lindenhovius et al.). 
McKee et al. reported good-to-excellent results in 78% of 36 
“terrible triad” injuries treated with a standardized surgical 
protocol (Box 57-4), and Lindenhovius et al. reported good- 
to-excellent results in 15 (83%) of 18 patients. More recent 



Principles of Operative Treatment of "Terrible 
Triad" Fracture-Dislocations of the Elbow 


■ Restore coronoid stability through fracture fixation (type II 
or III) or through anterior capsular repair (type I). 

■ Restore radial head stability through fracture fixation or 
replacement with a métal prosthesis. 

■ Restore latéral stability through repair of the latéral col¬ 
lateral ligament complex and associated so-called second- 
ary constraints such as the common extensor origin and/ 
or the postérolatéral capsule. 

■ Repair the médial collateral ligament in patients with 
residual posterior instability. 

■ Apply a hinged external fixator when conventional repair 
does not establish sufficient joint stability to allow early 
motion. 

From Pugh DMW, Wild LM, Schemitsch EH, et al: Standard surgical protocol to 
treat elbow dislocations with radial head and coronoid fractures, J Bone Joint 
Surg 86A:1122, 2004. 
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A f "Terrible triad" elbow injury. There is char- 
acteristic stripping of latéral collateral ligament complex from 
distal humérus. Portion of common extensor origin/lateral liga¬ 
ment complex is hanging down from bare latéral condyle. Coro- 
noid fragment is trapped in joint (arrowhead). Defect in radial 
head can be seen behind coronoid fragment. B and C f Radio¬ 
graphie images of "terrible triad" injury. D f After radial head 
resection, instability was still présent. E f After coronoid suture 
repair, minor subluxation was still présent. F, Stability was 
obtained with repair of coronoid and latéral collateral ligament. 
(A f From Pugh DM, Wild LM, Schemitsch EH, et al: Standard surgical 
protocol to treat elbow dislocations with radial head and coronoid 
fractures, J Bone Joint Surg 86A:1122, 2004.) 
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Treatment of "terrible triad" elbow injury. A f Latéral approach. B, Anterior capsule captured by nonabsorbable 
sutures and secured through drill holes in fracture bed of coronoid. C f Réduction and fixation with two countersunk screws. D f Avulsed 
latéral ligamentous complex repaired to latéral condyle. (From McKee MD, Pugh DM, Wild LM, et al: Standard surgical protocol to treat elbow 
dislocations with radial head and coronoid fractures, J Bone Joint Surg 87A(Suppl 1,Pt 1):22, 2005.) SEE TECHNIQUE 57-10. 


reports by Fitzgibbons et al. and Gupta et al. continue to 
confirm excellent results after these injuries. 

■ TREATMENT 

A number of surgical approaches to the elbow hâve been 
described, and the best approach for treatment of “terrible 
triad” injuries remains controversial. The choice of approach 
dépends primarily fracture pattern, type of instability, soft- 
tissue injury, and surgeon expérience. A direct latéral approach 
or a midline incision with subcutaneous flaps to the Kocher 
interval usually is used; the latter allows a second interval 
medially if necessary. The fixation strategy usually is from 
deep to superficial as seen from the latéral approach (coronoid 
to anterior capsule to radial head to latéral collateral ligament 
to common extensor origin). Regardless of the approach 
selected, every effort should be made to operate through the 
traumatized planes and minimize surgical dissection. 

Coronoid fixation dépends on the size of the fragment. 
Small tip avulsions usually are reduced and fixed with sutures 
through holes drilled in the posterior olecranon. This effec- 
tively anchors the anterior capsule to the coronoid. Larger 
fragments are stabilized with lag screws from the posterior 


olecranon. Coronoid fixation is more easily observed when 
the radial head injury nécessitâtes excision and replacement. 
The need for coronoid fixation has been questioned lately, 
first in a biomechanical study by Beingessner et al. and then 
in a clinical study by Papatheodorou et al. who noted excel¬ 
lent outcomes without coronoid fixation in triad injuries in 
which (1) the radial head was repaired or replaced, (2) the 
latéral ulnar collateral ligament was repaired, and (3) intra¬ 
operative fluoroscopie confirmed a concentric stable elbow. 

Management of the radial head fracture is determined by 
the ability to obtain a réduction and whether the quality of 
the bone allows the réduction to be maintained. If the fracture 
cannot be reduced and stabilized adequately, replacement 
with a métal prosthesis is indicated. Although this decision is 
made early in the treatment process, we generally place the 
radial head prosthesis after fixation of the coronoid fracture 
because removal of the radial head provides good exposure 
of the coronoid fragment. 

After coronoid and radial head stabilization or replace¬ 
ment, the latéral collateral ligament is reattached to its origin, 
as is the common extensor origin. Reestablishment of the 
soft-tissue restraints adds greatly to the overall stability in the 
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elbow joint. If residual instability exists after fracture fixation 
and collateral ligament repair, a hinged external fixator can 
be used to maintain stability. As alternatives, a ring fixator or 
crossed Kirschner wires can be used for stability 


STABILIZATION OF "TERRIBLE TRI AD" 
ELBOW FRACTURE-DISLOCATION 


TECHNIQUE 57-10 


(MCKEE ETAL) 

■ Place the patient supine with the arm on a hand table 
and make a direct latéral approach to the elbow (Fig. 
57-68A). Alternative^, if a posterior approach is chosen, 
place the patient in the latéral position with the affected 
side up and arm lying over a bolster, draped free. This 
position also is used if placement of a hinged external 
fixator or a separate médial approach is anticipated. 

■ Identify the "bare spot" left by stripping of the latéral 
collateral ligament complex from the postérolatéral aspect 
of the latéral condyle. Take care to work through any 
soft-tissue disruption created by the trauma (with proxi¬ 
mal and distal surgical extension as required), preserving 
intact structures as much as possible. 

■ Tag the detached latéral ligament complex for repair. Also 
tag the common extensor origin if it is disrupted. 

■ Inspect the coronoid to détermine fracture pattern and 
severity; view of the coronoid is enhanced by removing 
an irreparably damaged radial head (which occurs in 60% 
of these injuries). 

■ If a large fragment (type II or III coronoid fracture) is 
found, reduce it and place one or two small-fragment 
(3.0- or 3.5-mm) lag screws from the posterior surface of 
the ulna. Insert a guidewire from the dorsal surface of the 
ulna and check its exit point from the coronoid process 
visually; reduce the fragment under direct vision. 

■ Larger coronoid fragments can be fixed with plates 
designed specifically for the coronoid (Fig. 57-69), but this 
requires a direct médial approach to the coronoid. 

■ For comminuted fractures, attempt to fix the largest frag¬ 
ment possible (typically the articular portion) to restore 



FIGURE 


^ Plate fixation of coronoid process. SEE TECH¬ 


NIQUE 57-10. 


the anterior buttress of the coronoid and prevent poste¬ 
rior subluxation of the elbow joint. 

■ Type I coronoid fracture fragments are too small to be fixed 
with screws. Repair them by placing lasso-type sutures 
around the fragment and the attached anterior capsule 
and tying the sutures to the base of the coronoid through 
drill holes made with an eyed Kirschner wire (Fig. 57-68B). 

■ Evaluate the radial fracture. If there are one or two frag¬ 
ments, reduce them and hold the réduction with small 
réduction forceps while inserting small Kirschner wires for 
temporary fixation. Insert small fragment screws (e.g., 
Herbert screws) and countersink them below the articular 
surface (Fig. 57-68C). 

■ If fracture comminution (three or more fragments), 
impaction, cartilage damage, or an associated radial neck 
fracture indicates that a stable anatomie réduction is not 
feasible, excise the radial head. 

■ Insert the trial components from a métal modular radial 
prosthesis and move the elbow through a range of 
motion to détermine the size that best restores joint 
stability, then insert the definitive components. 

■ Once fracture fixation is completed, repair the detached 
latéral ligament complex with nonabsorbable sutures 
placed either through drill holes in the bone or with 
suture anchors (Fig. 57-68D). 

■ Before closure, examine the elbow for stability and 
confirm concentric réduction with no observed posterior 
or postérolatéral subluxation or dislocation through an 
arc of flexion-extension from 20 to 130 degrees. 

■ If residual posterior or postérolatéral instability is évident, 
check the quality of the réduction and fixation of the 
coronoid fracture and radial head and placement of the 
latéral ligament repair sutures. If these appear satisfac- 
tory, options are to repair any disrupted médial structures 
(médial collateral ligament and flexor pronator mass) or 
apply a hinged external fixator. 

■ Close the skin and subeutaneous tissue in standard 
fashion and apply a well-padded posterior splint with the 
elbow in the most stable position, typically 90 degrees of 
flexion and full pronation. 

POSTOPERATIVE CARE. The splint is left in place for 1 
to 10 days, depending on the stability obtained and 
other associated injuries. In most patients, range-of- 
motion exercises are started on the first postoperative 
day. Active and active-assisted exercises are allowed for 
recruitment of muscle groups that act as dynamic stabi- 
lizers (flexor-pronator mass and common extensor 
origin). Full forearm rotation is allowed with the elbow 
flexed 90 degrees. Unrestricted shoulder and wrist exer¬ 
cises are encouraged. Typically, patients should avoid the 
terminal 30 degrees of extension (the most unstable 
position) for 4 weeks. 


■ COMPLICATIONS 

Complications of elbow fracture-dislocations include infec¬ 
tion, synostosis, arthrofibrosis, symptomatic hardware, and 
residual instability Anatomie réduction of intraarticular 
fractures is necessary to prevent arthritic changes. Loss of 
extension to some degree is expected. 
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Ectopic calcification is relatively common, including 
calcium déposition in the collateral ligaments and capsule; 
most reports indicate an occurrence of less than 20%. Shukla 
et al., however, found a 43% rate of hétérotopie ossification 
in operatively treated fracture-dislocations, with about half 
of these requiring surgical intervention, and Foruria et al. 
reported that in 20% of 130 elbows hétérotopie ossification 
was associated with clinically relevant motion déficits. 

Hétérotopie ossification can cause almost complété anky- 
losis of the elbow if severe enough (Fig. 57-70). It is common 
affer fracture-dislocations and can be seen on radiographs 3 
to 4 weeks affer injury. Its severity seems to be associated with 
the magnitude of the injury and the length of immobilization, 
as well as to a longer time to surgical treatment. 



/®p Extensive hétérotopie ossification 
fracture-dislocation of elbow and radial head excision. 


after 


RADIAL HEAD AND NECK FRACTURES 
ASSOCIATED WITH ELBOW DISLOCATION 

Treatment of radial head and neck fractures associated with 
elbow dislocations is controversial. The radial head, similar 
to the coronoid process, is an important stabilizer of the 
elbow joint. ORIF of radial head fractures is préférable to 
excision if the radial head is salvageable. If the radial head 
cannot be preserved, use of a metallic radial head implant 
affer excision of the radial head is controversial but should be 
used in most “terrible triad” injuries if instability is still 
présent affer the médial and latéral collateral ligaments and 
flexor-pronator mass hâve been repaired. Complications 
include loosening and révision. Watters et al. reported good 
short-term results with radial head replacement. The goal of 
surgical intervention is a stable elbow, and, if necessary, ail 
structures should be repaired to achieve this. 

FRACTURES AND FRACTURE- 
DISLOCATIONS OF THE OLECRANON 
■ FRACTURES 

Fractures of the olecranon can be caused either by direct 
trauma, such as falling on the tip of the elbow, or by indirect 
trauma, such as falling on a partially flexed elbow with indi¬ 
rect forces generated by the triceps muscle avulsing the 
olecranon. These fractures were classified by Schatzker based 
on fracture pattern and mechanical considérations as to the 
type of internai fixation required for repair (Fig. 57-71). 

The goal of treatment of olecranon fractures is restoration 
of function without pain. With displaced fractures, loss of 
active extension is common. Anatomie réduction and stable 
internai fixation are vital for both function and prévention of 
arthrosis. Implémentation of an early range-of-motion 
program will decrease the chances of posttraumatic arthrofi- 
brosis making stable internai fixation that will tolerate motion 
mandatory. Nondisplaced or minimally displaced fractures 
with maintenance of active extension can be treated nonop- 
eratively. The elbow is splinted in 90 degrees of flexion for 3 
to 4 weeks, followed by gentle passive motion with progres¬ 
sion to active-assisted and then active motion. 

Complications stem from the subeutaneous border of the 
olecranon in the form of wound complications and symptom- 
atic hardware. In addition, the distraction forces across the 



FIGURE 


Q Schatzker classification of olecranon fractures. 
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fracture from flexion or active extension may contribute to 
nonunion. 

Most olecranon fractures are displaced and require 
surgery. As in ail surgically treated fractures, an appropriate 
preoperative évaluation and plan are necessary. The correct 
treatment must be chosen for each fracture to ensure a suc- 
cessful outcome. Critical to management is récognition of 
concurrent elbow injuries and dislocations. 

1 TREATMENT 

Excision of the olecranon and triceps advancement are not 
often necessary because réduction and internai fixation 
usually are achievable. Excision of the proximal fragment 
with suture fixation of the triceps into the distal olecranon 
has been reported to be successful in low-demand and infirm 
patients, patients with severe nonreconstructable proximal 
comminution, or for révision after failed fixation. Recent 
biomechanical data suggest that posterior rather than anterior 
attachment of the triceps on the olecranon leads to greater 
triceps strength. 

The tension band wiring technique has been purported 
to create compression at the articular end of an olecranon 
fracture when the dorsal cortex is tensioned under flexion of 
the elbow; however, biomechanical studies hâve not been able 
to demonstrate the conversion of tensile forces to compres¬ 
sion forces. Tension band wiring has been proved to be a 
useful technique in simple transverse olecranon fractures 
without comminution. It is contraindicated in fractures that 
are oblique, comminuted, or distal to the sigmoid notch. The 
procedure is fraught with complications, most commonly 
symptomatic hardware that requires removal, which is 
required in up to 80% of patients in some reports. Poorer 
outcomes hâve been noted in patients with elbow instability 
and fractures of the coronoid and radial head. 

Kirschner wires hâve historically been used to anchor the 
tension band. Risks of this technique include injury to the 
neurovascular structures in the forearm. Use of an intramed- 
ullary screw in conjunction with the tension band has been 
recommended, and transcortical rather than intramedullary 
placement of the Kirschner wires has been reported to 
increase stability and decrease complications. 

We infrequently use the tension band technique for dis¬ 
placed olecranon fractures because of the high complication 
and reoperation rates compared with other techniques. Its 
main advantages are low cost and minimal space occupation 
in patients with poor soft tissues. 

Plate fixation has the advantage of maintaining fixation 
in fractures with comminution, distal fractures, and complex 
fracture-dislocations. Typically used in neutralization mode, 
the plating technique allows lag screw fixation of the olecra¬ 
non and/or coronoid to anatomically reconstruct the proximal 
ulna (Figs. 57-72 to 57-74). The plate then provides the overall 
stability needed to obtain union and initiate an early range - 
of-motion program to promote maximal function. 

The most frequently cited disadvantage of plate fixation 
has been symptomatic hardware problems. More recent 
reports, however, réfuté this. Newer precontoured plates are 
lower in profile, provide more screw options for the proximal 
segment, hâve locking screw capabilities, and can contain a 
bend to match the proximal ulnar anatomy for extended 
fractures (Fig. 57-75). These plates hâve produced favorable 
results in up to 80% of patients, and biomechanical testing 



FIGURE 


^ Olecranon fracture-dislocation. 



found that they provide significantly greater compression 
than tension bands in the treatment of transverse olecranon 
fractures. Reconstruction plates and one-third tubular plates 
hâve been used with some success, but we do not recommend 
them. Wound complications are the biggest concern with 
plate fixation because the proximal ulna has a compromised 
soft-tissue envelope in addition to being placed in tension 
with elbow flexion. 

■ FRACTURE-DISLOCATIONS 

Olecranon fracture-dislocations typically occur as anterior or 
posterior dislocations. In anterior dislocation the distal 
humérus implodes through the olecranon (transolecranon 
fracture-dislocation). There is an ulnohumeral dislocation, 
whereas the proximal radioulnar joint is preserved, as are the 
collateral ligaments. Varying in complexity, comminution can 
be extensive and the coronoid can be involved. We routinely 
treat these injuries with anatomie reconstruction of the 
articular surface and plate fixation. The coronoid is reduced 
and stabilized with lag screws, followed by articular réduction 
with provisional fixation and/or lag screw fixation and 
then plate fixation spanning the entire injury (Figs. 57-76 
and 57-77). 

Posterior dislocations are ulnohumeral and radioulnar 
and can be considered variants of Bado type II Monteggia 
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fractures, including those with complex instability patterns 
(Fig. 57-78). 



Fixation of olecranon fracture-dislocation with 
lag screw and plate. 


fracture-dislocations. Coronoid fractures, radial head frac¬ 
tures, and latéral collateral ligament injuries are common, 
and these injuries are similar to “terrible triad” injuries. These 
challenging injuries require accurate diagnosis, an under- 
standing of the multiple injuries présent, and a sound treat- 
ment plan for a successful outcome. Beingessner et al. 
reported good outcomes in 16 patients with a fragment- 
specific surgical protocol: (1) repair or replacement of the 
radial head; (2) réduction of the ulnar shaft, including the 
anterior oblique cortical fragment if présent; (3) réduction 
and stabilization of the coronoid process with either screws 
or transosseous sutures; (4) réduction and fixation of the 
olecranon process to the ulnar shaft and definitive fixation of 
the ulnar shaft component; (5) repair of osseous ulnar inser¬ 
tion of the médial collateral ligament and/or latéral collateral 
ligament; and (6) repair of the humerai origin of the latéral 
collateral ligament. 

I INTRAMEDULLARY MAILING 

There has been a recent interest in the use of intramedullary 
nails for the treatment of olecranon fractures. Rodriquez and 
Eglseder described a technique in which an intramedullary 
screw is combined with a low-profile mini-fragment plate on 
the periphery. Their results were similar to those reported 
after fixation with 3.5-mm limited-contact dynamic compres¬ 
sion plates. Nijs et al. used an olecranon osteotomy nail 
(OleON, Synthes, West Chester, PA) in 21 patients with good 
results. Edwards et al reported the use of a multiplanar 
locking intramedullary nail (OlecraNail, Mylad Orthopaedic 
Solutions, McLean, VA) for treatment of proximal olecranon 


OPEN REDUCTION AND INTERNAL 
FIXATION OF OLECRANON FRACTURE 


TECHNIQUE 57-11 


■ Position the patient supine or in the latéral decubitus 
position. 

■ Make a posterior skin incision from the tip of the olecra¬ 
non to an adéquate distance distally to secure fixation. 

■ Dissect out and protect the ulnar nerve if necessary in 
more complex injuries. 

■ Carefully débridé the fracture edges, making sure to 
preserve the periosteum and soft-tissue attachments to 
comminuted fragments. 

SIMPLE FRACTURES 

■ Inspect the articular surface and reduce the fracture with 
pointed tenaculums (Fig. 57-79A). 

■ Insert Kirschner wire provisional fixation, out of the plane 
where the plate will sit; consider lag screw fixation if 
possible (Fig. 57-79B). 

■ Position the plate (ideally precontoured for the olecranon) 
over the proximal fragment on top of the triceps 
insertion. 

■ Place the proximal screw in intramedullary fashion to 
cross the fracture site if possible. 

■ Use an adéquate number of screws proximally and 
distally. 

■ Confirm réduction and screw passage with fluoroscopy. 

■ Close the wound in layers and splint the elbow in exten¬ 
sion with an anterior plaster slab. 

COMMINUTED OR COMPLEX FRACTURES 

■ Sequentially reduce and stabilize with small lag screws 
one fracture fragment at a time. If a large anterior oblique 
fragment is présent, stabilize it to the shaft. This will help 
stabilize the elbow joint and facilitate sequential 
réduction. 

■ Where use of lag screws is not possible, use provisional 
Kirschner wires. 

■ Reduce impacted subchondral segments and stabilize 
them with Kirschner wires, with or without supporting 
bone graft. 

■ Reduce the proximal segment and provisionally fix it with 
Kirschner wires. 

■ Apply the plate. If fixation is questionable because of the 
size or quality of the bone, consider using locked screws. 

■ Confirm réductions and screw placement on 
fluoroscopy. 

■ Close the wound in layers and apply a splint with the 
elbow in extension. 

POSTOPERATIVE CARE. The splint is worn for 2 to 5 
days; if the elbow is stable, protected range-of-motion 
exercises are begun and advanced as tolerated. 
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FIGURE 


^ A f Olecranon fracture-dislocation, B and C f Fixation with low-profile plate. 
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FRACTURES OF THE RADIAL HEAD OR 
NECK WITH DISLOCATION OF THE DISTAL 
RADIOULNAR JOINT (ESSEX-LOPRESTI 
FRACTURE-DISLOCATION) 

A hard fall on the outstretched hand can resuit in a fracture 
of the radial head or neck, disruption of the distal radioulnar 
joint, and tearing of the interosseous membrane for a consid¬ 
érable distance proximally (Fig. 57-80). The tethering effect 
of the proximal radial-oriented fibers of the interosseous 
membrane is lost; if the radial head is resected, rapid proximal 
migration of the radius can occur, resulting in wrist pain from 
ulnar carpal impingement and elbow pain from radiocapitel- 
lar impingement. Disruption of the distal radioulnar joint 
must be recognized early, before radial migration occurs. 
When migration has occurred, late reconstruction often is 
unsatisfactory (Fig. 57-81). Pain in the distal radioulnar joint 
with a displaced fracture of the radial head or neck should 
alert the surgeon to the possibility of this injury combination. 
ORIF of the proximal radial fracture and pinning of the distal 




FIGURE 


^ A-C f Fixation with lag screws and plate spanning entire injury. 
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A and B, Fracture-dislocation of elbow. C and D, Fixation with multiplanar locking intramedullary nail. 
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Open réduction and internai fixation of olecra- 
non fracture. A f Réduction with bone tenaculum. B f Kirschner 
wires for provisional fixation. SEE TECHNIQUE 57-11. 



M Essex-Lopresti fracture-dislocation (see text). 


radioulnar joint should be performed; the pin is left in place 
for 6 weeks. Edwards and Jupiter advised replacement of the 
radial head if the radial head fracture cannot be repaired. 
Pinning of the distal radioulnar joint is still needed to allow 
healing of the interosseous membrane. 

FRACTURES OF THE PROXIMAL 
THIRD OF THE ULNA WITH DISLOCATION 
OF THE RADIAL HEAD (MONTEGGIA 
FRACTURE-DISLOCATION) 

The combination of injuries known as a Monteggia fracture- 
dislocation is an often treacherous condition to treat. Accord- 
ing to Watson-Jones, “No fracture présents so many problems, 
no injury is beset with greater difficulty, no treatment is 
characterized by more general failure.” This combination of 
fracture of the ulna with dislocation of the proximal end of 
the radius with or without fracture of the radius usually can 
be treated conservatively in children but routinely requires 
open réduction in adults. 

Bado suggested classification into four types (Fig. 57-82): 
type 1, fracture of the middle or proximal third of the ulna 
with anterior dislocation of the radial head and characteristic 
apex anterior angulation of the ulna; type 2, fracture of the 
middle or proximal third of the ulna (the apex usually is 
posteriorly angulated) with posterior dislocation of the radial 
head and often a fracture of the radial head; type 3, fracture 
of the ulna just distal to the coronoid process with latéral 
dislocation of the radial head; and type 4, fracture of the 
proximal or middle third of the ulna, anterior dislocation of 
the radial head, and fracture of the proximal third of the 
radius below the bicipital tuberosity. In ail sériés, type 1 far 
exceeds ail others in frequency, although childrens injuries 
are included in most sériés. Several mechanisms of injury 
probably exist, including direct blows to the ulnar aspect of 
the forearm and a fall with hyperpronation or hyperexten¬ 
sion, with the strong supinating force of the biceps pulling 
the radial head anteriorly as the fracture of the ulna is pro- 
duced by the compression forces of the fall. 

Historically, treatment of this injury, especially of the 
dislocation of the radial head, has been controversial. Early 
reports stated that ail Monteggia fracture-dislocations could 
be treated nonoperatively, whereas later investigations deter- 
mined that the best results were obtained when open réduc¬ 
tion of the radial head with repair or reconstruction of the 
annular ligament was done with internai fixation of the ulna. 
A report by Boyd and Boals of 159 Monteggia-type injuries 
recommended rigid internai fixation of the fractured ulna 
with either a compression plate or a medullary nail and closed 
réduction of the radial head. Good results in approximately 
80% of patients were reported with this treatment protocol. 
A better understanding of the injury and an awareness of the 
necessity of treating associated pathologie processes hâve led 
to better outcomes. Ring and Jupiter reported 83% good and 
excellent results with open réduction and stable fixation. Poor 
results are most frequent in Bado type 2 fractures, which are 
more complex injuries with elbow dislocations and fractures 
of the coronoid and radial head and greater soft-tissue 
compromise. 

Monteggia fracture-dislocations with associated radial 
head fracture can pose a difficult problem. Reynders et al. 
recognized early resection of the radial head as contributing 
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A to D, Essex-Lopresti fracture-dislocation, 
radial head prosthesis restored radial length. 


E f After external fixation, radial shortening is évident. F, Révision with 
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to delayed union or nonunion of the ulnar fracture by allow- 
ing increased angular forces on the ulnar fracture fixation. 
Tfiey recommended that radial head fractures be repaired, 
replaced with an implant, or left in place until union of the 
ulnar fracture. Ring and Jupiter recommended radial head 
replacement for comminuted radial head fractures. 

Although closed treatment is usual in children, Monteg- 
gia injuries in adults require surgical intervention. Anatomie 
ORIF of the ulna with stable fixation almost always (90%) 
allows closed réduction of the radial head dislocation. Con- 
tinued radiocapitellar instability most frequently is caused by 
malreduction of the ulna. Comminution of the ulnar fracture 
can make anatomie réduction difficult. An apex-dorsal mal¬ 
reduction can force the radial head posteriorly. Jupiter and 
Kellam recommended a dorsal plate in this situation. We also 
hâve noted that with more proximal fractures, plate contour- 
ing must match the proximal ulnar bow. A straight (uncon- 
toured) plate will malreduce the fracture and prevent the 
radial head from remaining reduced. 

When continued radial head subluxation or dislocation 
persists despite anatomie réduction of the ulnar fracture, the 
radio capitellar joint must be exposed and inspected. Often 
capsule and soft tissue (even the posterior interosseous nerve) 
is interposed and must be removed. The radio capitellar joint 
can be exposed by extending the approach to a Boyd- 
Thompson approach or using a Kocher approach (see Chapter 
1). Reconstruction of the annular ligament rarely is necessary. 
We routinely use 3.5-mm limited-contact dynamic compres¬ 
sion plates for ulnar fixation. If comminution is présent, we 
attempt to reduce and fix the fracture with small-diameter 
screws in ail fragments possible, with the goal of obtaining 
an anatomie réduction that will produce a stable radiocapitel- 
lar joint. For more proximal injuries, we find that precon- 
toured olecranon plates facilitate stable fixation. A thorough 
fluoroscopie évaluation of the radio capitellar joint is critical 


after ulnar fixation. Any subluxation noted should prompt 
réévaluation of the ulnar réduction or considération of explo¬ 
ration of the radiocapitellar joint for tissue interposition. 

Complications of Monteggia fractures include arthrofi- 
brosis, synostosis, nonunion, malunion, infection, and neu¬ 
rologie injury. In 20 patients with Monteggia variant injuries, 
Egol et al. found that nine had fair or poor outcomes at 2-year 
foliow-up; overall, 7 had hétérotopie ossification, 14 had arthritic 
changes on radiographs, and 8 had required révision surgery. 


FRACTURES OF THE SHAFTS OF 
THE RADIUS AND ULNA 

The relationship between the radius and ulna in the forearm 
is critical for function, especially pronation and supination. 
This relationship is so critical that the forearm has been called 
a “functional joint.” Malunited fractures can impair this 
functional joint, with resulting impairment of pronation and 
supination. It is important to reestablish length, alignment, 
and rotation for the forearm to maintain its dynamic 
function. 

Operative treatment is indicated for almost ail both-bone 
forearm fractures in adults. The goal is to reestablish the ana¬ 
tomie relationship between the radius and ulna with rigid fixa¬ 
tion. There is almost no rôle for closed treatment except in the 
most infirm patients, and, although intramedullary nailing of 
the forearm has its indications, the most common form of 
stabilization is plate-and-screw fixation. Andersons landmark 
report in 1975 from this clinic reported excellent or satisfac- 
tory results in 86% of patients, with union rates of 98% and 
96% of the radius and ulna, respectively. Chapman et al. 
reported similar results with 3.5-mm plates. These and other 
reports in the literature establish that ORIF of the radius and 
ulna predictably leads to bony union and good results. 
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We routinely use plate fixation for both-bone forearm 
fractures in adults (Fig. 57-83). The volar approach of Henry 
(see Chapter 1) is used in ail but the most proximal fractures 
of the radius, in which a dorsal Thompson approach is used. 
Limited-contact dynamic compression 3.5-mm plates are 
most commonly used. If a butterfly fragment is présent, lag 
screw fixation (with 2.4- or 2.7-mm screws) is used to obtain 
anatomie réduction, followed by application of a neutraliza- 
tion plate. For transverse or short oblique fractures, a com¬ 
pression plating technique is used. For distal ulnar fractures 
or proximal radial fractures where a 3.5-mm plate may be too 
large, 2.7-mm plates and locking screws can be used to lower 
the profile of the fixation while providing rigid stabilization. 

Open fractures with relatively minimal contamination 
are treated with thorough debridement, irrigation, and 
immédiate ORIF. With grossly contaminated injuries, after 
thorough debridement and irrigation, splinting or temporary 
external fixation is used, with repeat debridement and irriga¬ 
tion followed by ORIF if the appearance of the tissue bed is 
satisfactory. The use of antibiotic-impregnated polymethyl- 
methacrylate beads is considered for grossly contaminated 
fractures. If the soft-tissue wounds preclude the use of inter¬ 
nai fixation, intramedullary nails are used to minimize the 
zone of injury and expo sure to metallic implants. 

Isolated ulnar fractures can pose a treatment dilemma in 
deciding between operative and nonoperative treatment. 
Although most heal uneventfully without surgery, Coulibaly 
et al. recommended operative treatment of proximal-third 
fractures because of progressive displacement; they also rec¬ 
ommended surgery if 50% displacement and more than 8 
degrees of angulation were présent, as both are markers of 
stability. 


Historically, intramedullary nailing of forearm fractures 
has had poor outcomes with earlier devices such as Kirschner 
wires and Rush rods. The Sage nail addressed the issue of 
radial bow, allowing improved motion and a decreasing the 
rate of nonunion. The ForeSight nail (Smith and Nephew, 
Memphis, TN), an interlocking nail that can be contoured to 
recreate the radial bow, has had satisfactory results in many 
studies. Despite the satisfactory outcomes with modem 
intramedullary nailing, the outcomes of open réduction and 
plate fixation remain superior. We reserve the use of intra¬ 
medullary nails for injuries in which the soft-tissue envelope 
is so traumatized that safe plate application is not possible. 
The risks of decreased range of motion and decreased union 
rates are offset by the risk to limb salvage. Often, an intra¬ 
medullary nail can be used for one bone (usually the ulna) 
with plate fixation of the other (usually the radius) to limit 
soft-tissue complications. We also use this technique for 
segmentai ulnar fractures. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF BOTH-BONE FOREARM 
FRACTURES 


TECHNIQUE 57-12 


■ After évaluation of the radiographs, plan the sequence 
of fixation: 

If anatomie réduction is possible, begin with fixation of 
the radius. 
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9 If both fractures are extensively comminuted, begin with 
fixation of the radius. 

If the radius is comminuted and the ulnar fracture is 
simpler, reduce and stabilize the ulna first. 

■ For most fractures, make a volar Henry approach to the 
distal radius (Fig. 57-84A). If a fracture requires fixation 
proximal to the biceps tuberosity, make a dorsal Thomp¬ 
son approach (see Technique 1-112). 

■ Preserve the periosteum along the proximal and distal 
segments (Fig. 57-84B, C). 

■ Débridé the fracture edges of hematoma and 
débris. 


Assess the necessity for lengthening; options for attaining 
length include Chemical paralysis, distraction using a 
screw in the radial shaft and a lamina spreader, and 
soft-tissue releases if the fracture has been in a shortened 
position for an extended period of time. 

For transverse fractures, apply a 3.5-mm limited-contact 
compression plate. If there is a butterfly fragment, stabi¬ 
lize it with 2.0- or 2.4-mm lag screws before plate 
application (Figs. 57-85 and 57-86). 

For oblique fractures, reduce the fracture and stabilize it 
with a 2.0-, 2.4-, or 2.7-mm lag screw, followed by a 
3.5-mm limited-contact neutralization plate. 



Superficial branch 
of radial nerve 

Periosteal incision 


Brachioradialis 


i 


B 



-Supinator 

-Radius 

Biceps tendon 


Radial artery 


Pronator teres 


Flexor carpi radialis 



Open réduction and internai fixation of both-bone forearm fractures. A f Volar approach. B and C f Deep dissection. 
D and E f Approach to ulna. SEE TECHNIQUE 57-12. 
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■ For extensively comminuted fractures, use a bridge plate 
at the appropriate length. If the span of the plate is longer 
than 6 or 7 holes, adding a latéral contour to the plate 
will help match the radial bow. 

■ After fixation of the radial fracture, approach the ulna 
through the interval between the flexor carpi ulnaris and 
the extensor carpi ulnaris (Fig. 57-84D, E). The plating 
strategies used for the radius are applicable to the ulnar 
fracture. We attempt to avoid direct ulnar placement of 
the plate because of prominent hardware irritation. 

■ The volar or distal aspect of the ulna is chosen for dissec¬ 
tion based on which aspect of the ulna has more traumatic 
dissection. Take care to preserve the periosteum. 

■ After both the radius and ulna are stabilized, confirm 
adéquate réduction and fixation with fluoroscopy 
(Fig. 57-87). 

■ Close the wounds in standard fashion. 

See also Video 57-2. 

POSTOPERATIVE CARE. Typically, only a soft dressing is 
necessary. Splinting is used if the elbow or wrist joint is 
involved or if fixation is questionable. Range-of-motion 
exercises are begun 3 to 7 days after surgery; heavy lifting 
is avoided until fracture healing is évident. 


FIGURE 


Both-bone forearm fracture. SEE TECHNIQUE 


57-12. 




Fixation of both-bone forearm fracture with 
lag screws and plate. SEE TECHNIQUE 57-12. 


Réduction and plate placement confirmed on 
fluoroscopy. SEE TECHNIQUE 57-12. 
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FRACTURES OF THE DISTAL THIRD OF THE 
RADIUS WITH DISLOCATION OF THE 
DISTAL RADIOULNAR JOINT (GALEAZZI 
FRACTURE-DISLOCATION) 

The combination of fracture of the distal or middle third of 
the shaft of the radius and dislocation of the distal radioulnar 
joint was called “the fracture of necessity” by Campbell. 
Similar to Monteggia fracture-dislocations, Galeazzi fracture- 
dislocations often go unrecognized. Isolated fractures of the 
radial shaft are rare; more often there is some involvement of 
the distal radioulnar joint. Dislocation of the distal radioulnar 
joint at the time of injury should be suspected with a displaced 
fracture of the distal third of the shaft of the radius. Radio¬ 
graphie findings that suggest a distal radioulnar joint injury 
include (1) fracture at the base of the ulnar styloid; (2) widen- 
ing of the distal radioulnar joint on the anteroposterior view; 
(3) dislocation of the ulna relative to the radius on a true 
latéral view of the wrist; and (4) more than 5 mm of shorten- 
ing of the radius relative to the ulna when compared with the 
contralatéral wrist. Galeazzi fracture-dislocations hâve been 
classified based on the direction of radial displacement 
(Fig. 57-88). 

Treatment with closed réduction and cast immobilization 
has a high rate of unsatisfactory results. Open réduction of 
the radial shaft fracture through an anterior Henry approach 
(see Technique 1-114) and internai fixation with a 3.5-mm 
AO dynamic compression plate is the treatment of choice in 
adults (Figs. 57-89 and 57-90). Rigid anatomie fixation of the 
radial shaft fracture generally reduces the distal radioulnar 
joint dislocation. The forearm should then be splinted in the 
position of greatest stability, usually supination, for 6 weeks, 
although recent reports hâve indicated that immobilization 
in neutral for 2 weeks is just as effective. If this joint is still 
unstable, it should be temporarily transfixed with two Kirsch - 
ner wires (four cortices to allow for removal in case of break- 
age) with the forearm in supination (Fig. 57-91). The 
Kirschner wires are removed after 6 weeks, and active forearm 
rotation is begun. Alternatively, the ulnar styloid can be fixed 
or the soft tissue of the triangular fibrocartilage complex can 


be repaired (Fig. 57-92). The radial shaft fracture usually is 
too distal to allow fixation with an intramedullary device. An 
irreducible distal radioulnar joint usually indicates soft-tissue 
interposition and requires open treatment. In a 7-year 
follow-up of 40 patients with distal radioulnar joint instability 
after radial shaft fracture fixation, Korompilias et al. found 
that instability was significantly more frequent with type I 
fractures than with type II or III fractures. Tftey suggested 
that the location of the radial fracture can serve as a predictor 
of instability after fracture fixation. 

FRACTURES OF THE DISTAL 
RADIUS 

. . . will at some remote period again enjoy perfect freedom in ail 

ofits motions and be completely exempt from pain . 

Abraham Colles, 1814 

The management of distal radial fractures has changed sig¬ 
nificantly since Colles proclamation in 1814. Although distal 
radial fractures account for up to 20% of ail fractures treated 
in emergency departments, many are not “completely exempt 
from pain” after treatment. More than 1000 peer-reviewed 
studies hâve been published on the subject, yet there is no 
consensus on which treatment is superior or firm guidelines 
for treatment decisions. Many confounding variables exist, ail 
of which are somewhat controversial: the level to which the 
anatomy is restored, the quality of the bone, the emergence 
of new techniques and devices, the expérience and ability of 
the surgeon, and outcomes in older populations. 

The desire for anatomie restoration of the distal radial 
joint often is the rationale for operative treatment. Many 
studies hâve associated as little as 1 mm of incongruity of the 
articular surface with worse outcomes, whereas other reports 
hâve found no association between radiographie arthrosis 
and outcomes. Complicating matters further is the fact of a 
bimodal distribution of patients: do the young and the elderly 
fare differently? Multiple reports indicate that older, low- 
demand patients tend to tolerate incongruity, deformity, and 



Classification of Galeazzi fracture based on direction of radial displacement. A f Type I, apex volar, fractures are caused 
by axial loading of forearm in supination, which results in dorsal displacement of radius and volar dislocation of distal ulna. B f Type II, 
apex dorsal, fractures are caused by axial loading of forearm in pronation, resulting in anterior displacement of radius and dorsal disloca¬ 
tion of distal ulna. 
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A f Galeazzi fracture-dislocation. B and C f After fixation with 3.5-mm AO dynamic compression plate and screws. 
Temporary stabilization of distal radioulnar joint with transverse Kirschner wire was unnecessary. 



JïJ Treatment algorithm for Galeazzi fractures in adults. ORIF, Open réduction internai fixation; DRUJ, distal radioulnar 
joint; TFCC, triangular fibrocartilage complex. 
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A and B f Galeazzi fracture-dislocation. C and D f 
Fixation of radius with dynamic compression plate; fixation of 
distal radioulnar joint with Kirschner wires. 


malunion well; however, Madhok et al. noted that in elderly 
patients treated nonoperatively 26% reported functional 
impairment. Essentially, we know that elderly patients will 
tolerate more displacement (and closed treatment) than 
younger patients, but some still hâve poor outcomes. What is 
unknown is who would benefit from operative anatomie 



Open réduction and internai fixation of ulnar 
styloid fracture with lag screw (A), pins (B), and tension band 
technique (C). (Adapted from Katolik U, Trumble T: Distal radioulnar 
joint dysfunction, J Am Soc Surg Hand 5:8, 2005.) 


restoration. High-demand patients represent only a small 
percentage in most sériés and, although most patients do 
well, restoration of the distal radial anatomy is believed to be 
essential to minimize the complications of arthrosis and 
functional impairment in these patients. 

Bone quality also is a confounding variable in trying to 
détermine the best treatment for a particular patient. Bone 
quality is directly related to the ability to obtain and maintain 
réduction. In patients with poor bone quality, low-energy 
trauma may produce significant displacement and communi- 
tion, indicating that osteoporosis should be included in 
classification Systems for distal radial fractures. 

One constant in the recent literature is that the spécifie 
technique is not as important as attaining anatomie réduc¬ 
tion. Both clinical outcome and biomechanical studies dem- 
onstrate that maintenance of palmar tilt (normally 11 
degrees), of ulnar variance (normally -2 mm), and of radial 
height (normally 12 mm) is the most important factor in 
obtaining good results. Numerous techniques are available 
(e.g., closed réduction and percutaneous pinning, external 
fixation, dorsal plating, volar locked plating, intramedullary 
nailing), each with its spécifie complications and learning 
curve (Table 57-8). 

Because of the unanswered questions concerning the 
treatment of distal radial fractures in a heterogeneous group 
of patients, treatment must be individualized for each patient 
based on expectations, demand level, âge, bone quality, 
fracture characteristics, and surgeon expérience and ability. 

CLASSIFICATION 

More than 20 classification Systems hâve been proposed for 
distal radial fractures. As with most fracture classifications, 
the intraobserver and interobserver agreement rates usually 
are only moderate at best. These classifications can, however, 
help in understanding the fracture and conceptualizing 
some of the challenges in treatment. Gartland and Werley s 
System emphasized metaphyseal comminution, intraarticular 
extension, and fragment displacement. Frykman added 
involvement of the radioulnar and radiocarpal joints to 
assessment of intraarticular and extraarticular involvement, 
and Melone evaluated the four major fracture components. 
Fernandez based his classification System on mechanism of 
injury (Table 57-9). 
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TABLE 57-8 


Radiographie Criteria for Acceptable Réduction of Distal Radial Fracture 

CRITERION 

NORMAL 

ACCEPTABLE 

Ulnar variance (radial length) ±2 mm comparing level of lunate facet 

to ulnar head 

No more than 2 mm of shortening 
relative to ulnar head 

Radial height 

12 mm 

???? 

Palmar (latéral) tilt 

11 degrees of volar tilt 

Neutral 

Radial inclination 

20 degrees as measured from lunate 
facet to radial styloid 

No less than 10 degrees 

Intraarticular step or gap None 

Less than 2 mm of either 




' TABLE 57-9 



Classification of Distal Radial Fractures 

GARTLAND AND WERLEY (1951) 

Group 1 

Simple Colles fracture 


Group 2 

Comminuted Colles fracture, undisplaced intraarticular fragment 


Group 3 

Comminuted Colles fracture, displaced intraarticular fragment 


FRYKMAN (1967) 

Group 1 

Extraarticular without fracture of the distal ulna 


Group 2 

Extraarticular with fracture of the distal ulna 


Group 3 

Intraarticular involving the radiocarpal joint without fracture of the distal ulna 

Group 4 

Intraarticular involving the radiocarpal joint with fracture of the distal ulna 

Group 5 

Intraarticular involving the distal radioulnar joint without fracture of the distal ulna 

Group 6 

Intraarticular involving the distal radioulnar joint with fracture of the distal ulna 

Group 7 

Intraarticular involving both radiocarpal and distal radioulnar joints without fracture of the distal ulna 

Group 8 

Intraarticular involving both radiocarpal and distal radioulnar joints with fracture of the distal ulna 

MELONE (1986) 

Type 1 

Undisplaced, minimal comminution, stable 


Type 2 

Unstable, displacement of médial complex, moderate-to-severe comminution 

Type 3 

Displacement of médial complex as a unit plus an anterior spike 


Type 4 

Wide séparation or rotation of the dorsal fragment and palmar fragment rotation 

FERNANDEZ (1987) 

Type 1 

Bending : One cortex of the metaphysis fails because of tensile stress; opposite cortex with some 
comminution 

Type 2 

Shearing: Fracture of the joint surface 


Type 3 

Compression: Fracture of the joint surface with impaction of subchondral and metaphyseal bone, 
intraarticular comminution 

Type 4 

Avulsion: Fracture of the ligament attachments of the ulnar and radial styloid process, radiocarpal 
fracture-dislocation 

Type 5 

Combination: High-velocity injuries 


COONEY (1990) UNIVERSAL CLASSIFICATION 

Type 1 

Extraarticular, undisplaced 


Type 2 

Extraarticular, displaced 


Type 3 

Intraarticular, undisplaced 


Type 4 

Intraarticular, displaced 


MODIFIED AO 

Type A 

Extraarticular 


Type B 

Partial articular 

Bl-radial styloid fracture 

B2-dorsal rim fracture 

B3-volar rim fracture 

B4-die-punch fracture 


Type C 

Complété articular 
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ASSESSMENT OF STABILITY 

Most distal radial fractures are treated with immobilization 
after closed réduction; unfortunately, many of these fractures 
lose réduction or the initial réduction was not acceptable 
and outcomes are poor. LaFontaine et al. identified five 
factors indicative of instability: (1) initial dorsal angulation 
of more than 20 degrees (volar tilt); (2) dorsal metaphyseal 
comminution; (3) intraarticular involvement; (4) an associ- 
ated ulnar fracture; and (5) patient âge older than 60 years. 
Other suggested indicators of instability include volar tilt, 
dorsal angulation, comminution, and initial shortening. 
Goldwyn et al. suggested that traction radiographs can aid 
in treatment decision-making. There are no definitive crite- 
ria or guidelines to guide treatment decision making, and a 
number of factors must be considered in developing a treat¬ 
ment plan, including initial injury characteristics, alignment 
after réduction, patient âge, bone quality, patient demand, 
and expected outcome. If closed treatment is chosen for a 
fracture with questionable stability, close monitoring is 
advised. It is important to note any change in the réduction 
over a sériés of radiographs that indicate instability or dis¬ 
placement and to change treatment when necessary. Frac¬ 
tures that are considered to be potentially unstable should 
be evaluated with serial radiographs until fracture healing 
results in stability. 

TREATMENT OPTIONS 
■ CLOSED TREATMENT 

Stable fractures can be successfully treated with closed 
réduction and immobilization, initially with a splint fol- 
lowed by a cast, and weekly radiographie évaluation for 3 
weeks. Significant changes in radial length, palmar tilt, or 
radial inclination should prompt considération of operative 
treatment. In infirm and low-demand patients, closed treat¬ 
ment offen is appropriate even with factors that are indica¬ 
tions for operative treatment in more active patients. In a 
prospective randomized trial comparing nonoperative treat¬ 
ment with volar locking plate fixation in 73 patients aged 65 
years or older, Arora et al. found no différences in range of 
motion or level of pain at 1-year follow-up; although grip 
strength was better in those treated operatively, anatomie 
reconstruction did not improve patients ability to perform 
daily living activities. Egol et al. also found that minor limi¬ 
tations in wrist range of motion and diminished grip 
strength after nonoperative treatment did not limit func- 
tional recovery in 90 patients older than the âge of 65 years. 
In their systematic review and meta-analysis, Chen et al. 
determined that although operative management resulted in 
better radiographie outcomes and grip strength, there was 
no significant différence in pain, function, or range of 
motion, and major complications were significantly more 
frequent in those treated operatively. 

I PERCUTANEOUS PINNING 

Percutaneous pinning after closed réduction is useful for 
distal radial fractures with metaphyseal instability or simpler 
intraarticular displacement. An anatomie réduction must be 
obtained first, and then stability is provided by the Kirsch- 
ner wires. Usually the first pins are placed from the radial 
styloid across to the médial radial metaphysis and diaphysis. 


We generally use at least two pins and confirm adéquate 
réduction on anteroposterior and latéral views. The lunate 
facet can then pinned into position if needed. Intrafocal 
pins (Kapanji technique) can be added to provide a dorsal 
buttress. A number of studies hâve reported success with 
this technique. Glickel et al. reported good long-term out¬ 
comes with closed réduction and percutaneous pinning of 
ail but the most complex injuries. Three recent randomized 
controlled trials comparing volar locking plates and closed 
réduction with percutaneous pinning of distal radial frac¬ 
tures failed to show an advantage to the use of volar locking 
plates. 

Percutaneous pinning tends to work better when placed 
in subchondral bone where bone quality and density usually 
are better. Splint or cast immobilization usually is necessary 
after percutaneous pinning. Some complications related to 
the technique of percutaneous pinning include tendon teth- 
ering, injury, or rupture, pin migration, nerve injury, and pin 
site infections. 


CLOSED REDUCTION AND 
PERCUTANEOUS PINNING OF DISTAL 
RADIAL FRACTURE 


TECHNIQUE 57-13 


(GLICKEL ETAL) 

■After stérile préparation and draping, place the thumb 
and index fingers in finger traps for longitudinal traction 
(typically 10 1b). Manipulate and reduce the fracture 

(Fig. 57-93A). 

■ Evaluate the réduction fluoroscopically; if adéquate, 
proceed with percutaneous pinning. If the réduction is 
not anatomie, or if there is severe comminution, alterna¬ 
tive techniques such as ORIF may be indicated. 

■ Make a 1.5-cm incision longitudinally, beginning at the 
radial styloid and proceeding distally (Fig. 57-93B). 

■ Identify the branches of the superficial radial nerve, 
mobilize them with blunt dissection, and retract them. 

■ Identify the first extensor compartment and place two 
1.6-mm (0.062-in) Kirschner wires in succession from the 
radial styloid across the fracture site to engage the ulnar 
cortex of the radius proximal to the fracture. Place these 
wires either dorsal or volar to the first extensor compart¬ 
ment, depending on fracture pattern and anatomie 
variations. 

■ Place one 1.6-mm Kirschner wire percutaneously 90 
degrees orthogonally to these wires, starting at the dorsal 
rim of the distal radius just distal to the Lister tubercle. 
Confirm the correct starting point with fluoroscopy and 
drive the wire in a proximal and volar direction across the 
fracture site to engage the volar cortex of the radius 
proximal to the fracture (Fig. 57-93C). 

■ If there is marked dorsal comminution, a second dorsal 
pin can be placed either into the dorsal rim of the distal 
radius or used as an intrafocal pin. If there is marked 
radial comminution and prereduction radial translation, 
an additional buttress pin can be placed into the radial 
aspect of the fracture and driven into the proximal ulnar 
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Closed réduction and percutaneous fixation of distal radial fractures. A f Fracture réduction. Suspension from finger 
allows disimpaction of the fracture, followed by pressure applied with thumb over distal fragment. B f Longitudinal incision. C f Percu¬ 
taneous pinning confirmed fluoroscopically. D f Crossed pin configuration. (From Wolfe SW: Distal radius fractures. In Wolfe SW, Hotchkiss 
RN, Pederson WC, Kozin SH, editors: Green's operative hand surgery, ed 6. Philadelphia, Elsevier, 2011.) SEE TECHNIQUES 57-13 AND 57-14. 


cortex of the radius. A crossed-pin configuration, in which 
the pins are placed from the distal ulnar radial cortex and 
passed to engage the intact cortex radially, also may be 
helpful (Fig. 57-93D). 

■ Place additional wires as necessary to secure additional 
fracture fragments. 

■ Bend and eut the wires, leaving them superficial to the 
skin. Close the radial styloid incision with interrupted 
absorbable sutures. Apply a sugar-tong splint. 

POSTOPERATIVE CARE. The splint is worn for 2 weeks 
to control rotation and minimize irritation at the pin sites, 
and then a soft arm cast is applied. The cast and pins are 
removed at between 5 and 6 weeks depending on the 
fracture pattern, the patient's âge and bone quality, and 
the extent of healing seen on radiographs. When healing 
is confirmed by lack of tenderness over the fracture and 
radiographie evidence of bridging callus across the frac¬ 
ture, supervised hand therapy is begun, including wound 


care and 1 to 2 weeks of splinting. As edema and pain 
decrease, soft-tissue and joint mobilization protocols are 
instituted and active and active-assisted range-of-motion 
exercises are begun. Functional use and activities are 
strongly encouraged by 8 to 10 weeks after surgery. 


I EXTERNAL FIXATION 

External fixation can be useful as primary or adjunctive treat- 
ment in certain distal radial fractures. The external fixator 
neutralizes the axial load placed on the distal radius by physi¬ 
ologie activity of the forearm musculature. It can be placed 
in a bridging or nonbridging (does not cross the wrist joint) 
technique, with or without supplémentai stabilization. Linear 
traction typically does not fully restore volar tilt; however, 
neutral tilt is acceptable, and Wei et al. reported good results 
with external fixation when satisfactory réduction is obtained. 
Because external fixation alone can allow shortening and 
loss of réduction over time, supplémentai fixation with 
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A f Two 3-mm half-pins introduced into base or second metacarpal and two into distal radius. BR, brachioradialis; 
ECRB, extensor carpi radialis brevis; ECRL, extensor carpi radialis longus. B f Single-bar frame for external fixation of distal radial fracture. 

(From Wolfe SW: Distal radius fractures. In Wolfe SW, Hotchkiss RN, Pederson WC, Kozin SH, editors: Green's operative hand surgery, ed 6. Phila¬ 
delphia, Elsevier, 2011.) SEE TECHNIQUE 57-14. 


percutaneous Kirschner wires is often used. The fixator is 
then used to neutralize the Kirschner wires. We rarely apply 
definitive external fixation without the use of supplémentai 
Kirschner wires. The addition of a graff also can be useful 
with external fixation. 

External fixation has been reported by several authors to 
obtain good results in distal radial fractures. In a compari- 
son to cast treatment in 46 patients 65 years of âge or older, 
Aktekin et al. found that wrist extension, ulnar déviation, 
palmar tilt, and radial height were better in those treated 
with external fixation. In a similar comparison to ORIF, 
better grip strength and range of motion, as well as fewer 
malunions, were found with internai fixation. A meta- 
analysis of comparative clinical trials concluded that ORIF 
yields significantly better functional outcomes, forearm 
supination, and restoration of volar tilt while external fixa¬ 
tion results in better grip strength and wrist flexion. The 
quality of the réduction appears to be the determining factor 
in outcome. Two studies comparing volar locking plates to 
external fixation by Grewal et al. and Williksen et al. did not 
show conclusively that volar locking plates obtained superior 
results. 

Nonbridging external fixation consists of a distal pin 
cluster inserted into the distal fragment without Crossing the 
wrist joint. McQueen has reported extensively on this tech¬ 
nique for fractures that demonstrate enough distal bone to 
accept the external fixator pins. In extraarticular fractures, 
the results hâve been excellent. Despite the number of reports 
of its successful use, external fixation has not become an often 
used technique for distal radial fracture fixation. 

Tfiere are a variety of spanning and nonspanning external 
fixation devices available, and the techniques of application 
differ slightly according to the spécifie device chosen. 


EXTERNAL FIXATION OF FRACTURE 
OF THE DISTAL RADIUS 


TECHNIQUE 57-14 


SPANNING EXTERNAL FIXATION 

■ With the use of brachial block or general anesthésia, 
préparé and drape the upper extremity and apply a 
tourniquet to the arm. Reduce the fracture manually 
or with the aid of stérile finger traps or traction device 
(see Fig. 57-93A). 

■ Make a 2- to 3-cm incision over the dorsoradial aspect of 
the index metacarpal base and use blunt dissection with 
scissors to expose the metacarpal. Take care to preserve 
and reflect the branches of the dorsal radial sensory 
nerve. 

■ Place a soft-tissue protector on the metacarpal and insert 
3-mm self-tapping half-pins at a 30- to 45-degree angle 
dorsal to the frontal plane of the hand and forearm. 
Confirm pin position and length with fluoroscopy. 

■ Make a 4-cm skin incision 8 to 10 cm proximal to the 
wrist joint and just dorsal to the midline. 

■ With blunt dissection, expose the superficial branches of 
the latéral antebrachial cutaneous nerve and the radial 
sensory nerve, the latter of which exits in the midforearm 
from the investing fascia between the brachioradialis and 
extensor carpi radialis longus (Fig. 57-94A). 

■ Insert two 3-mm half-pins, 1.5 cm apart, through a soft- 
tissue protector between the radial wrist extensors at a 
30-degree angle dorsal to the frontal plane of the forearm 
(Fig. 57-94B). The pins should just perforate the médial 
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cortex of the radius. Confirm pin position and length with 
fluoroscopy. 

■ Irrigate and close both incisions with 4-0 nylon sutures. 

■ Apply the selected external fixation trame according to 
the manufacturées instructions. For relatively stable 
fractures and when using Kirschner wires for augmenta¬ 
tion of the fixation, a simple single-bar trame usually is 
sufficient (Fig. 57-95); more complex fixators allow inde- 
pendent palmar carpal translation to adjust volar tilt. 

NONSPANNING EXTERNAL FIXATION 

■ If nonspanning external fixation is chosen for a minimally 
comminuted extraarticular or simple articular fracture in 
a patient with good bone stock, insert the proximal pins 
as described earlier. 

■ Insert the distal pins into the distal fragment. Place a 
radial-sided pin through a small dorsal radial incision 
between the wrist extensors in the radial hait of the distal 
fragment. Direct the pin dorsal palmar, parallel to the 
joint surface in the sagittal plane. 

■ Insert a second pin in the ulnar aspect of the distal frag¬ 
ment through a limited incision between the fourth and 
fifth extensor compartments. Also direct this pin dorsal 
palmar, but aim it slightly obliquely from the ulnar to 
radial side to engage the palmar ulnar cortex of the distal 
fragment. 

■ Use the distal pins as "joysticks" to reduce the fracture 
and restore volar tilt. 

■ Assemble the pins with separate clamps and rods to 
create a triangular frame. 


AUGMENTED EXTERNAL FIXATION 

■ For ail but minimally comminuted extraarticular fractures, 
augmentation of the external fixation is recommended to 
provide additional support to individual fracture frag¬ 
ments and increase stability. 

■ For unstable fractures without depressed articular frag¬ 
ments, introduce 0.045- or 0.0625-inch Kirschner wires 
into the fracture fragments; a crossed configuration can 
be used to increase stability (Fig. 57-96A and B). Drive 
one or two pins through the radial styloid fragment and 
one through the dorsal ulnar fragment into the radial 
shaft to produce maximal stability. Pins should pierce the 
ulnar cortex of the radius but not penetrate into the ulnar 
shaft. 

■Cut off the pins 1 cm external to the skin margin and 
bend them at an acute angle. 

■ Apply the external fixator according to manufacturer's 
instructions (Fig. 57-96C and D). Some fixators hâve 
components to accommodate the Kirschner wires. 

POSTOPERATIVE CARE. The wrist remains immobilized 
in a supinated position with a sugar-tong splint for 10 
days until pain and swelling hâve subsided. This promûtes 
stability of the distal radioulnar joint and facilitâtes 
resumption of full supination. The external fixator frame 
usually is removed at 6 weeks; any supplémentai pins are 
kept in place for 8 weeks. Active and passive finger 
motion is begun as soon as the anesthésia wears off and 
is encouraged the entire time the frame is in place. 
Supination and pronation of the forearm are begun at 



FIGURE 


A f Fracture of distal radius. B f External fixation with supplémentai percutaneous Kirschner wire fixation. SEE TECH¬ 


NIQUE 57-14. 
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A and B f Crossed-pin augmentation with external fixation (C and D) of distal radial fracture. (From Wolfe SW: Distal 
radius fractures. In Wolfe SW, Hotchkiss RN, Pederson WC, Kozin SH, editors: Green's operative hand surgery, ed 6. Philadelphia, Elsevier, 2011.) 

SEE TECHNIQUE 57-14. 


9 the first postoperative visit. Supervised hand therapy is 
recommended for patients who are unwilling or unable 
to mobilize their fingers and forearm independently. 


■ OPEN REDUCTION AND PLATE FIXATION 
I DORSAL PLATING 

Most distal radial fractures resuit in an apex-volar angulation 
with dorsal cortical comminution. First-generation dorsal 


plate designs were a logical solution but were fraught with 
complications secondary to tendon dysfunction and rupture, 
which prompted a move to fixed-angle volar plating tech¬ 
niques after the development of angle-stable screws. There is 
still a rôle for dorsal plating, and newer lower-profile designs 
may decrease complications. In certain situations, such as 
dorsal die-punch fractures or fractures with displaced dorsal 
lunate facet fragments, a dorsal approach with a low-profile 
fragment-spécifie plate appears to work well. At this time, 
most of our dorsal plating is done with a fragment-spécifie 
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technique, often in conjunction with other forms of 
fixation. 

iVOLAR PLATING 

The popularity of locked volar distal radial plate fixation 
continues to prompt development of new devices. Capo et al. 
demonstrated the biomechanical superiority of volar plating 
over dorsal and radioulnar dual-column plating, and several 
clinical studies hâve reported better functional results with 
volar plating than with dorsal plating, external fixation, 
and percutaneous pinning; however, a complication rate of 
approximately 15% also has been reported with volar plating, 
primarily problems with tendon ruptures and tenosynovitis 
from prominent screws. Screw pénétration of the radiocarpal 
joint occurred in 11 of 40 patients described by Knight et al. 
A low-profile volar plate produced no tendon ruptures in 95 
patients reported by Soong et al. Précisé volar plate place¬ 
ment on the metaphyseal area of the distal radius may lessen 
the problems of flexor tendon irritation and eventual rupture 
(Fig. 57-97). In their sériés of 122 patients with distal radial 
fractures treated with volar locking plates, Roh et al. identi- 
fied an increase in âge and a decrease in bone minerai density 
as important risk factors for delayed functional recovery up 
to 12 months affer surgery; fracture severity and high-energy 
trauma were associated with decreased functional outcomes 
up to 6 months affer surgery. Wadsten et al., in a multicenter 
cohort study, showed that volar and dorsal comminution 
predicted later displacement. Volar comminution was the 
strongest predictor of displacement. 


VOLAR PLATE FIXATION OF 
FRACTURE OF THE DISTAL RADIUS 


TECHNIQUE 57-15 


(CHUNG) 

■ Make an 8-cm incision over the forearm between the 
radial artery and the flexor carpi radialis. Extension of the 
incision distally at the wrist crease in a V-shape may 
provide wider exposure of the fracture and help prevent 
scar contracture. The distal incision does not need to cross 
into the palm (Fig. 57-98A). 

■ Carry the incision to the sheath of the flexor carpi radialis 
(Fig. 57-98B). Open the sheath and incise the forearm 
deep fascia to expose the flexor pollicis longus. 

■ Place an index finger into the wound and gently sweep 
the flexor pollicis longus ulnarly. Partially detach the flexor 
pollicis longus muscle belly from the radius to gain full 
exposure of the pronator quadratus (Fig. 57-98C). 

■ Make an L-shaped incision over the radial styloid 
along the radial border of the radius to expose the 
pronator quadratus and use a Freer elevator to elevate 
it from the radius (Fig. 57-98D). The entire fracture 
line across the distal radius is now fully exposed 
(Fig. 57-98E). 

■ Insert a Freer elevator or small osteotome into the fracture 
line to serve as a lever to reduce the fracture. Insert the 



FIGURE 


^ A to C f Volar plate fixation of distal radial fracture. 
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Volar plate fixation of distal radial fracture. A f Skin incision. B f Incision carried to flexor carpi radialis sheath. C f Flexor 
pollicis longus muscle belly is partially detached from radius to expose pronator quadratus. D f Freer elevator is used to elevate pronator 
quadratus from radius. E f Fracture line is exposed. F, Volar plate positioned, insertion of first screw. 
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G f Insertion of second screw after release of distal traction on fingers. H, Remaining proximal screws are placed. 
I f Pronator quadratus sutured to edge of brachioradialis. SEE TECHNIQUE 57-15. 


S elevator or osteotome across the fracture line ail the way 
to the dorsal cortex to allow disimpaction and réduction 
of the distal fragment. Apply finger pressure to the dorsal 
cortex to reduce the dorsal fragments. 

■ With a displaced radial styloid fracture, the brachioradialis 
may prevent réduction by pulling on the radial styloid. To 
relieve the deforming force, the brachioradialis can be 
transacted or detached from the distal radius. 

■ If necessary, use a Kirschner wire to temporarily fix the 
distal fragment to the proximal fragment. This usually is 
not necessary because distal traction should maintain 
réduction while the volar plate is placed. 

■ Disimpact and reduce the fracture through capsuloliga- 
mentotaxis achieved by an assistant for through finger 
traction. After successful fracture réduction, position the 
volar plate under fluoroscopie guidance and insert a 
screw into the oblong or gliding hole first to allow 
proximal-distal adjustment (Fig. 57-98F). Use a 2.5-mm 
drill bit to drill into the center of the oblong hole and 
insert a self-tapping 3.5-mm screw. 

■ Confirm proper placement of the volar plate with mini-C- 
arm fluoroscopy. If necessary, shift the plate proximally or 
distally to provide the best placement for the distal screws. 
■ Use a 2.0-mm drill bit to drill the distal holes. Measure 
the holes for screw length and insert smooth locking 
screws. Use a screw that is 2 mm shorter than the mea- 
sured length to avoid having a prominent distal screw 
perforate the dorsal cortex; typically, 20- to 22-mm screws 
are optimal, except for screws directed into the radial 


styloid, which are significantly shorter. Threaded screws 
may gain better bone dorsally; however, pegs may be 
sufficient when bone quality is poor. 

■ Once the first screw is inserted, distal traction on the 
fingers can be released because the fracture usually is 
appropriately reduced and fixed (Fig. 57-98G). 

■ Because of the fixed-angle design, the screws may perfo¬ 
rate into the radiocarpal joint if the plate is placed too far 
distally. Obtain fluoroscopie views tangential to the sub- 
chondral bone in both the coronal and sagittal planes to 
assess for intraarticular pénétration. Adjust the plate or 
screws, or both as indicated. 

■ After placement of the distal screws, place the remaining 
proximal screws (Fig. 57-98H). 

■ Reattach the pronator quadratus with braided absorbable 
sutures. Note that the pronator will not be able to cover 
the entire plate; the distal portion should be covered 
when possible to reduce flexor tendon-plate contact. For 
better purchase, the pronator quadratus can be sutured 
to the edge of the brachioradialis (Fig. 57-981). 

■ If the ulnar styloid is fractured and displaced, making the 
distal radioulnar joint unstable, fix the styloid with one or 
two percutaneous Kirschner wires (Fig. 57-99). A volar 
approach may be helpful to obtain ulnar styloid réduc¬ 
tion. Smaller fragments usually do not require surgical 
management; however, if the distal radioulnar joint is 
unstable after fixation of the radial fracture, styloid frag¬ 
ments can be excised and the peripheral rim of the trian- 
gular fibrocartilage complex anchored to the ulnar styloid 
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FIGURE 


A to C f Distal radial fracture. 


9 base with nonabsorbable braided suture through drill 
holes or a bone anchor. 

■ Close the wound in layers and apply a splint. 

POSTOPERATIVE CARE. At 1 week, the sutures are 
removed and active wrist motion is begun when there is 
confidence in fracture stability. A removable Orthoplast 
(Northcoast Medical, Gilroy, CA) splint is worn for 6 
weeks. Most patients are given a home therapy program, 
but elderly patients may require twice-a-week supervised 
home therapy. Brehmer and Husband found in a prospec¬ 
tive, randomized, controlled study that an accelerated 
réhabilitation protocol, which emphasizes motion imme- 
diately postoperatively and initiâtes strengthening at 2 
weeks after volar open réduction and internai fixation, 
results in an earlier return to function than a standard 
réhabilitation protocol. 


DISTRACTION PLATE FIXATION 

As an alternative to external fixation of highly comminuted 
fractures of the distal radius, Burke and Singer described 
the use of a distraction plate as an internai fixator. The plate 
is applied to the dorsal surface of the hand, wrist, and distal 
forearm using three small incisions. External fixation pin site 
problems are avoided, and the plate can remain in place 
as long as necessary for union. Secondary bone grafting 


procedures also are done more easily without an overlying 
external fixator. Ruch et al. reported good-to-excellent 
outcomes in 90% of 22 patients using this technique, and 
Richard et al. reported good results in 33 patients over the 
âge of 60 years. 


TECHNIQUE 57-16 


(BURKE AND SINGER AS MODIFIED BY RUCH ET AL.) 

■ Make a 4-cm longitudinal incision over the dorsal aspect 
of the long finger metacarpal shaft. Expose the bone by 
retracting the long finger extensor tendon. 

■ Make a second 4-cm dorsal incision at least 4 cm above 
the comminuted segment of the radius and expose the 
bone. 

■ Make a third 2-cm dorsal incision over the Lister tubercle, 
exposing the extensor pollicis longus tendon. 

■ Pass a 12- to 16-hole, 3.5-mm plate from the distal inci¬ 
sion in a proximal direction using the plane between the 
extensor tendons (fourth dorsal compartment) and the 
joint capsule and periosteum. Mobilize the extensor 
tendons if necessary. 

■ Secure the plate to the long finger metacarpal shaft with 
three bicortical 3.5-mm screws. 

■ Under fluoroscopie guidance, apply distal traction to 
obtain normal radial length. With the hand in 60 degrees 
of supination, secure the plate to the radius with a bone 
clamp. 

■ Confirm that full rotation of the forearm is possible and 
then secure the plate with three bicortical 3- to 5-mm 
screws (Fig. 57-100). 
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IUSU1Ü3 D and E f Réduction and placement of Kirschner wires for provisional fixation. F and G f Plate application. 

H and l f Plate in place after removal of Kirschner wires. SEE TECHNIQUE 57-15 
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A to C f Distraction plate internai fixator. 

(From Ruch DS, Ginn TA, Yang CC, et al: Use of a distraction plate for 
distal radial fractures with metaphyseal and diaphyseal comminution, J 
Bone Joint Surg 87A:945, 2005.) SEE TECHNIQUE 57-16. 


9 " Reduce and fix diaphyseal fragments to the shaft with 
interfragmentary screws if possible. 

■ Elevate the lunate fossa through the middle incision. 

■ Insert a 3.5-mm screw through the plate and under the 
elevated lunate fossa to serve as a buttress. 

■ Percutaneously pin other fragments to stabilize the articu- 
lar surface using Kirschner wires. 

■ Place bone graft into the defects through the middle inci¬ 
sion using autograft, allograft, or bone graft substitute. 

■ Assess the stability of the distal radioulnar joint. If it is 
unstable, immobilize the wrist in a sugar-tong splint. 

POSTOPERATIVE CARE. Finger and other joint upper 
extremity exercises are begun immediately. If a splint was 
applied, it should be removed at 3 weeks. Percutaneous 
Kirschner wires should be removed at 6 weeks. Activities 
of daily living are allowed, but lifting should be restricted 
to 5 Ib. When union is achieved, the distraction plate is 
removed and range-of-motion exercises are begun. 


I FRAGMENT-SPECIFIC OPEN REDUCTION AND 
INTERNAL FIXATION OF COMMINUTED DISTAL 
RADIAL FRACTURES 

Recognizing the pitfalls of Kirschner wire fixation and plate 
and screw fixation when used alone for repair of comminuted 
intraarticular distal radial fractures, Medoff developed a wrist 
fixation System that combines both methods for stable recon¬ 
struction of the distal radius. Five potential fracture fragments 
are possible, especially in ostéopénie bone: radial column, 
dorsal cortical wall, dorsal ulnar split, volar rim, and the 
central intraarticular fragment (Fig. 57-101). Radial styloid 
Kirschner wire fixation does not prevent settling or radial 
driff of the distal radial fracture fragments (Fig. 57-102). Thin 
metaphyseal cortical bone, especially in ostéopénie bone, 




Dorsal wall 


N 

Radial 
Volar rim column 


Intraarticular 


Dorsal 
ulnar split 


Radial column 

Intraarticular 


Dorsal wall 


FIGURE 


radial fracture éléments. 


does not hold screws well, and conventional plates cannot be 
applied easily on the dorsal aspect of the distal radius because 
of plate thickness, potential irritation, and eventual rupture 
of the dorsal wrist tendons. 

The addition of a small buttress plate to a radial styloid 
pin prevents collapse and radial migration of the distal radius 
(Fig. 57-103). The radial styloid pin now has two fixation 
points—the first through the distal end of the plate and the 
second through the intact médial radial cortex. 

The dorsal ulnar fragment is stabilized with an ulnar 
pin-plate of a similar design. This pin-plate maintains the 
length of the ulnar column and réduction of the distal radio¬ 
ulnar joint (Fig. 57-104). Wire-form implants are used to 
stabilize the dorsal cortical wall, the intraarticular fragment, 
and any structural bone graft used to support the articular 
fragment. Three different wire-form implants are used, 
depending on the fracture fragments présent (Fig. 57-105). 
The volar rim-lunate facet fragment is secured with a low- 
profile buttress plate similar to that used for repair of volar 
Barton fractures (Fig. 57-106). 

Medoff reported 20 good-to-excellent results in 21 
patients with intraarticular comminuted distal radial frac¬ 
tures treated with the TriMed System (TriMed Inc., Valencia, 
CA). We hâve had similar good results (Fig. 57-107). 

COMPLICATIONS 

The type and frequency of complications of the distal radius 
vary greatly among reported sériés. In their literature review, 
McKay et al. found overall complication rates ranging from 
6% to 80% and rates of posttraumatic arthritis that ranged 
from 7% to 65% (Table 57-10). Jupiter and Fernandez iden- 
tified malunion with an intraarticular or extraarticular 
deformity as the most frequent complication. The reported 
incidence of distal radial malunion is approximately 17%. It 
is more common affer nonoperative than operative treat- 
ment. The most common deformity affer extraarticular 
distal radial fracture is shortening, rotation of the distal 
fragment, loss of volar tilt, and loss of ulnar inclination. 
Ostéotomies and other operative procedures for the treat- 
ment of wrist problems affer distal radial fracture are dis- 
cussed in Chapter 69. 

Other less frequently reported complications include 
nonunion, hardware complications, tendon rupture or scar- 
ring, and neurologie injuries. Nonunion of distal radial 
fractures is uncommon, occurring in less than 1% of patients, 
and is more frequent affer operative treatment than 
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A f Transstyloid Kirschner wire has only single point of fixation. Minor bending of wire or angulation at site of 
purchase may resuit in significant loss of position of radial column fracture. B f By adding second point of constraint, pin-plate greatly 
enhances Kirschner wire fixation. In addition, pin-plate adds buttress to radial column fragment. 




Radial pin-plate provides transstyloid Kirsch¬ 
ner wires with two-point fixation, enhancing stability. Plate adds 
radial buttress to radial column and helps resist dorsal torque on 
radial column fracture. (Redrawn from Dr. R. Medoff.) 


([JP Ulnar pin-plate. Application of ulnar pin- 
plate for stabilization of dorsal ulnar split fragment. By proper 
contouring, plate can close gaps in sagittal plane. 



Jj3 A, Small fragment clamp. Dorsal cortical wall fragment stabilized by small fragment clamp that provides pinch-type 
grip with extraosseous and endosteal wire form. B, Buttress pin. Intraarticular fragments are stabilized by providing peripheral cortical 
reconstruction around fragment and adding endosteal buttress, as shown here. C, Small fragment clamp/buttress pin combines function 
of small fragment clamp and buttress pin into single device to provide simultaneously stabilization of dorsal wall fragment and 
intraarticular component. 























PART XV FRACTURES AND DISLOCATIONS IN ADULTS 



L-plate provides volar buttress to volar rim of 
lunate facet, yet allows fixation to subcutaneous radial side of 
proximal fragment. 


TABLE 57-10 "‘a, .T"^ 

Complications After Fracture of Distal Radius 


COMPLICATION 

INCIDENCE (%) 

NO. OF STUDIES 

Arthritis/arthrosis 

7%-6 5% 

4 

Loss of motion 

0 %-31 % 

10 

Hardware complications 

1.4%-2 6% 

14 

Nerve compression/ 
neuritis 

0%-17% 

11 

Osteomyelitis 

4%-9% 

2 

Dupuytren contracture 

2%-9% 

4 

Persistent pain/pain 
syndromes (CRPS) 

0.3%-8% 

11 

Tendon (rupture, lag, 
trigger, tenosynovitis) 

0%-5% 

3 

Delayed union/nonunion 

0.7%-4% 

4 

Radioulnar (synostosis, 
disturbance) 

0%-1.3% 

2 


Data from McKay SC, MacDermid JC, Roth JH, Richards RS: Assessment of 
complications of distal radius fractures and development of a complication 
checklist, J Hand Surg 26A:916, 2001. 

*Number of studies from which frequencies were determined to calculate 
incidence. 

CRPS, Complex régional pain syndrome. 


nonoperative treatment. Factors suggested to prédisposé to 
nonunion include open comminuted fractures, infections, 
pathologie lésions, soft-tissue interposition, inadéquate fixa¬ 
tion, excessive distraction with an external fixator, and a 
concomitant fracture of the distal ulna. 

Tendon complications are most frequent after locked 
volar plating when the plate is placed too distal or off the 
bone or when screws that are too long are used, resulting in 


impingement on the traversing flexor tendons. Prominence 
of the volar plate at the watershed line, where the flexor 
tendons lie closest to the bone and plate, also has been 
implicated as a cause of flexor tendon rupture from abra¬ 
sion. Flexor tendon ruptures hâve been reported in up to 
12% of patients with locked volar plating. In a sériés of 96 
distal radial fractures treated with volar plating, complica¬ 
tions were identified in 23%; the frequency of complications 
decreased with increased surgeon expérience. A systematic 
literature review of unstable distal radial fractures in elderly 
patients (60 years or older) identified rupture or adhesion of 
the flexor pollicis longus tendon, extensor pollicis longus, or 
both as the most common major complication requiring 
surgery after volar locked plating. In a comparison of 
younger (20 to 40 years of âge) and older (60 years or older) 
patients treated with volar locking plates, Chung et al. found 
no increase in complication rates in older patients. Hanel 
et al. reported 16 complications (12%) in 144 fractures 
treated with dorsal distraction plates, noting that patients 
whose plates were left in place for longer than 16 weeks had 
an overall complication rate of 21%, compared with a com¬ 
plication rate of 8.5% in those plates that were removed 
earlier. Rhee et al. listed several measures to avoid tendon 
injuries, including placement of volar plates proximal to the 
watershed line, cio sure of the pronator quadratus over a 
volar plate, and use of shorter unicortical screws or smooth 
pegs with volar plates. A dorsal tangential view of the wrist 
is helpful to detect screw pénétration to the dorsal cortex 
during volar plating. 

Compartment syndrome associated with distal radial 
fractures is rare, occurring in approximately 1% of patients, 
primarily younger patients with high-energy injuries. 
Complex régional pain syndrome (CRPS) occurs most com- 
monly in elderly patients and those with psychological or 
psychiatrie conditions and has been reported in 8% to 35% 
of patients with distal radial fractures. A randomized, con- 
trolled, multicenter study involving 416 patients with 427 
distal radial fractures determined that vitamin C (500 mg 
daily) can reduce the prevalence of CRPS, and this was listed 
as having “adéquate evidence to support a moderately strong 
endorsement” in the recent AAOS clinical practice guidelines 
for distal radial fractures. 

The médian nerve is the most frequently injured (0% to 
17%), followed by the radial and ulnar nerves, primarily 
because of its close proximity to the fracture and its confine¬ 
ment within the carpal canal. Mild carpal tunnel syndromes 
occur in up to 20% of patients, but most résolve without 
treatment. Acute carpal tunnel syndrome requiring immédi¬ 
ate release is most likely after high-energy, severely commi¬ 
nuted fractures. Late médian neuropathy may be associated 
with malunion, residual palmar displacement, nerve impinge¬ 
ment by callus formation, or prolonged immobilization with 
the wrist in flexion and ulnar déviation. Injury to the radial 
and ulnar nerves is less common (0% to 10%). Immobiliza¬ 
tion with the wrist in excessive flexion (more than 20 degrees) 
and ulnar déviation should be avoided because this increases 
carpal tunnel pressure. 

Regardless of the management strategy chosen for 
distal radial fractures, complications can occur even when 
appropriate care is delivered. The sequelae of spécifie compli¬ 
cations may be lessened by prompt and problem-spécifie 
intervention. 
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FIGURE 


A and B f Distal radial fracture. C and D f Fragment-specific fixation. 
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MALUNITED FRACTURES 

A. Paige Whittle 



FOOT 3018 

Phalanges of the toes 
Metatarsals 3018 

Tarsals 3019 

Talus 3019 

Malunion of the talar neck 3019 

Malunion of the talar body 3020 

Calcaneus 3020 

ANKLE 3027 

Arthrodesis for malunited fractures 
oftheankle 3031 

LEG 3031 

Shafts of the tibia and fibula 3031 

Condyles of the tibia 3037 

Inverted-Y fractures of the tibial 
condyles 3039 

Fracture of the intercondylar 
eminence of the tibia 3039 

PATELLA 3040 

FEMUR AND HIP 3040 

Condyles of the fémur 3040 

Latéral fémoral condyle 3040 

Médial fémoral condyle 3040 

Both fémoral condyles 3040 

Supracondylar fémur 3041 

Fémoral shaft 3041 

Fémoral malunion in children 3045 


Trochanteric région of the fémur 3047 
Subtrochanteric osteotomy for 
coxa vara and rotational 
deformities 3047 

Cervicotrochanteric région of the 
fémur 3047 

PELVIS 3048 

Three-stage reconstruction for 
pelvic malunions 3048 

SCAPULA 3049 

CLAVICLE 3051 

Midshaft malunions of the clavicle 3051 
HUMERUS 3055 

Evaluation 3056 

Treatment 3056 

Anatomie neck 3058 

Surgical neck 3058 

Proximal third 3058 

Middle third 3058 

Distal humérus 3058 

FOREARM 3059 

Proximal third of the radius 
and ulna 3059 

Radial head 3059 

Radial neck 3059 

Olecranon 3059 


Proximal third of the ulna with 
anterior dislocation of the radial 


head (Monteggia fracture) 3060 

Synostosis between the radius 
and the ulna 3060 

Shafts of the radius and ulna 
in adults 3061 

Forearm malunions with distal 
radioulnar joint instability 3063 

Shaft of the ulna 3064 

DISTAL RADIUS 3064 

Clinical évaluation 3065 

Radiographie évaluation 3065 

Operative treatment 3066 

Extraarticular malunion with dorsal 
angulation 3067 

Osteotomy and grafting of the 
radius 3067 

Extraarticular malunion with volar 
angulation 3069 

Intraarticular malunions 3073 

Salvage procedures 3074 

Distal radioulnar joint incongruity 
and arthrosis 3075 

CARPUS 3078 

HAND 3078 


A malunited fracture is one that has healed with the frag¬ 
ments in a nonanatomic position. Whether the deformity is 
unsightly or not it can impair function in several ways: (1) an 
abnormal joint surface can cause irregular weight transfer 
and arthritis of the joint, especially in the lower extremities; 
(2) rotation or angulation of the fragments can interfère with 
proper balance or gait in the lower extremities or positioning 
of the upper extremities; (3) overriding of fragments or bone 
loss can resuit in perceptible shortening; and (4) the move- 
ments of neighboring joints can be blocked. Malunions, by 
strict définition, commonly are the rule in the closed treat¬ 
ment of fractures; however, they frequently are compatible 
with function. A malunited fracture becomes surgically sig- 
nificant only when it impairs function. 

Malunions generally are caused by either inaccurate 
réduction or ineffective immobilization during healing. Most 
malunions could be prevented by skillful treatment of fresh 
fractures; however, malunion sometimes occurs despite the 
most expert treatment. Malunion may develop in patients 


with multiple injuries in whom treatment of more life- 
threatening injuries takes precedence. Especially in patients 
with head injuries, displacement can occur later and resuit in 
deformity and disability affer the patient regains mobility. 

When treating malunions, the following facts must be 
considered. Of the four characteristics that détermine the 
acceptability of fracture réduction, the first in importance is 
alignment, the second is rotation, the third is restoration of 
normal length, and the fourth and least important is the 
actual position of the fragments. A slight deformity can be 
seriously disabling when a malunion involves a joint or is 
near one. If malunion causes only slight disability, function 
sometimes cannot be improved enough to justify surgery; 
however, a rotational deformity can be so disabling that 
surgery is required. Deformity of axial alignment in children 
younger than 9 years old may correct spontaneously with 
growth, especially if it is near a joint and in the plane of its 
motion. An offset in an epiphysis usually also corrects itself 
spontaneously in a child if the physis has not been injured. 
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Ries and O'Neill method for determining bony deformity from anteroposterior and latéral radiographs. A f Tibial 
fracture angulated in plane between anteroposterior (AP) and latéral (IAT) planes. B f Angles formed by tibial fracture. CAD is the angle 
shown on anteroposterior view, CAB is the angle shown on latéral view, and CAE is the angle in the true plane (T) of deformity. (Redrawn 
from Ries M, O'Neill D: A method to détermine the true angulation of long bone deformity, Clin Orthop Relat Res 218:191, 1987.) 


Analysis of the deformity should take into considération 
that most deformities can be resolved into one plane with 
regard to anteroposterior and vams or valgus deformity Ries 
and O’Neill developed a trigonométrie analysis of deformity 
and designed a graph to détermine the true maximal defor¬ 
mity on the basis of the true anteroposterior and latéral radio¬ 
graphie views (Fig. 58-1). Other trigonométrie analyses of 
angulation ostéotomies also hâve been reported. 

The objective of surgery for malunion is to restore func- 
tion. Although improving the appearance of the part may be 
equally important to the patient, surgery rarely is justified 
for cosmetic reasons alone. Operative treatment of malunion 
of most fractures should not be considered until 6 to 12 
months affer the fracture has occurred. In intraarticular frac¬ 
tures, surgery may be required sooner if satisfactory function 
is to be restored. When considering surgery, the degree of 
osteoporosis and soff-tissue atrophy must be evaluated and 
a decision must be made whether early surgery would be 
préférable to active réhabilitation of the part followed by the 
surgery. Corrective surgery at the site of malunion is not 
always feasible. In some instances, a compensatory proce¬ 
dure may be necessary to restore function; in others, pain 
may be the prédominant symptom and may require fusion 
of a joint. 

Ilizarov pioneered work on intercalary limb régénération 
with the use of circular external fixation techniques and 
various hinged constructs. These developments make possi¬ 
ble the simultaneous restoration of alignment, rotation, and 
length. These techniques require a thorough understanding 


of frame design and construction, intensive patient counsel- 
ing, and intensive physical therapy. Impressive results hâve 
been reported in some of the most challenging situations, 
especially infected nonunions and bone loss problems. Cir¬ 
cular fixation techniques hâve a definite rôle in malunion 
surgery for the restoration of length and when previous infec¬ 
tion has made conventional open réduction techniques inap- 
propriate. Detailed instruction and expérience with these 
techniques are necessary, however, before they can be used 
for reconstruction of complex malunions. 

FOOT 

PHALANGES OF THE TOES 

Malunion of fractures of the phalanges of the toes rarely 
causes enough disability to justify surgery. A deformity that 
causes pain can be corrected easily, however, through a latéral 
or dorsal incision that does not injure the tendons. Osteot- 
omy and alignment of the fragments may be sufficient. For 
complété correction, however, wide resection may be 
required; this can be done with impunity because skillful 
movements of the toes are not needed. 

METATARSALS 

If malunion of the neck or shaft of a metatarsal is disabling, 
the fragments almost always are angulated toward the plantar 
surface of the foot, producing an osseous mass on the sole; if 
the fracture was severely comminuted, the mass may simulate 
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a tumor. Surgery should not aim to restore perfect apposition 
and alignment but only to correct angulation so that weight 
bearing does not cause painful pressure on the sole of the 
foot. 


CORRECTION OF METATARSAL 
ANGULATION 


TECHNIQUE 58-1 


■ Make an incision on the dorsum of the forefoot parallel 
with the shaft of the affected bones; often one skin inci¬ 
sion provides access to two bones. 

■ Expose the old fractures and divide them with a small 
osteotome. In some instances, a wedge of bone must 
be removed to permit élévation of the fragments but 
resection must not be extensive enough to resuit in 
nonunion. 

■ Raise the fragments into a slightly overcorrected position 
by pressing from below and forcibly flexing the toes. 

■ Fix the fragments with an intramedullary pin as described 
for fresh fractures (see Chapter 88.) 

POSTOPERATIVE CARE. A cast is applied from the tibial 
tuberosity to the toes; the bottom of the cast should be 
well molded to maintain the overcorrected position. At 3 
weeks, any intramedullary pin or pins and the cast are 
removed and a walking boot cast is applied; a felt pad is 
inserted beneath the fractures to hold the toes in plan- 
tarflexion. At 6 weeks, the cast is replaced by a sturdy 
shoe fitted with an arch support and metatarsal pad. 


TARSALS 

Malunion of the tarsals except the talus and calcaneus can be 
discussed together. Because most fractures in this région are 
caused by violent trauma, several bones may be involved and 
perhaps severely comminuted and one or more of the tarsal 
joints may be dislocated. The distal fragment or fragments 
usually are displaced dorsalward, and sometimes the bones 
overlap slightly; in these instances, the distal fragment pro- 
duces a prominence on the dorsum of the foot and the proxi¬ 
mal fragment beneath forms a mass on the sole. Occasionally, 
latéral movements of the foot can be preserved to some extent 
by osteotomy through the old fracture and réduction of the 
fragments. Even when resection of the articular surfaces is 
unnecessary, however, latéral movements usually are lost. 
Partial or total resection and arthrodesis of one or more of 
the tarsal joints frequently are required, not only to correct 
the position of the bones but also to relieve pain and prevent 
traumatic arthritis. Because latéral movements often are 
already partially or completely lost, arthrodesis that entirely 
éliminâtes latéral motion does not add much to the disability, 
especially in young people. When the subtalar joint is not 
involved, its motion should be preserved by fusing only the 
midtarsal joints. 

Unless deformity and pain are severe, operations for mal¬ 
union in this area are not advisable until weight bearing has 
been tried for 6 to 12 months. 


CORRECTION OF TARSAL MALUNION 


TECHNIQUE 58-2 


■ Make an incision either latéral to the extensor tendons 
on the dorsum of the foot or middorsally in line with the 
third metatarsal; reflect the periosteum and expose the 
old fracture. 

■ If the injury is only a few months old, divide the bones 
with an osteotome at the fracture; if the fragments 
overlap excessively, remove a small section from each. 

■ Using a bone skid or periosteal elevator, lever the frag¬ 
ments into position. 

■ The réduction usually is stable; if desired, however, bone 
Staples or crossed Kirschner wires can be used to maintain 
apposition. 

■ If malunion has been présent for several months or years, 
the tarsus may be completely fused and the old fracture 
line may be invisible; in these instances, osteotomize the 
bones without regard to joints or to the possible site of 
the old fracture. If the deformity is severe, réduction is 
impossible without wide resection of the bones. 

■ If the malunion has caused tenosynovitis of the extensor 
tendons and dorsal contracture of the toes, the deformi- 
ties can be corrected later by an operation for claw toes 
(see Chapter 86). 

POSTOPERATIVE CARE. With the foot at a right angle 
to the leg, a plaster cast is applied from the toes to just 
below the knee. After 1 week, radiographs are made 
through the cast to confirm the position. At 2 weeks, the 
cast and sutures are removed, the foot is inspected, and, 
if necessary, any residual deformity is corrected with the 
patient under general anesthésia. A short leg cast is 
applied and is worn for 1 month. Impressions for arch 
supports are made, and a walking boot cast is applied; 
the cast is well molded beneath the metatarsal necks and 
the longitudinal arch and is worn for 4 weeks. The cast 
is removed, and the patient is instructed in foot and toe 
exercises; the arch supports are worn for 4 to 6 months. 


TALUS 

Malunion of a fracture of the talus is always seriously dis- 
abling. The neck, body, or both may be involved in the mal¬ 
union and can produce an irregularity of the ankle joint or 
the subtalar or talonavicular joint. 

■ MALUNION OF THE TALAR NECK 

Malunited fractures of the neck of the talus are analogous to 
intracapsular fractures of the neck of the fémur in that they 
often impair circulation and can cause degeneration or even 
osteonecrosis of the talar head or body and conséquent irreg¬ 
ularity of one or more of the articular surfaces. Union may 
occur with the distal fragment in rotation or in latéral or 
médial déviation, producing a varus or valgus deformity; 
usually the deformity is one of valgus, with the talar head 
deviated medially and dorsally. Treatment of varus malunion 
of the talar neck has been limited to triple arthrodesis, with 
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unpredictable results. Shortening of the latéral column or 
lengthening of the médial column to correct forefoot rotation 
also has been suggested. A talar neck osteotomy at the apex 
of the deformity with a rhomboid-shaped autogenous tricor¬ 
tical iliac crest bone graft impacted into the osteotomy to 
maintain correction can be performed; however, care must be 
taken to preserve the extraosseous blood supply to the talus 
to prevent osteonecrosis. When the body of the talus is avas- 
cular, treatment is as described in Chapter 84. A triple arthro- 
desis with resection of suitable wedges of bone may be 
necessary to correct heel inversion and forefoot varus (see 
Chapter 84). 

A malunited fracture of the base of the neck or of the 
anterior part of the body, with dorsal displacement of the 
distal fragment, may painfully block the ankle joint anteri- 
orly. Excision of the protruding part of the bone may restore 
ankle motion, although traumatic arthritis may develop even- 
tually. If symptoms of traumatic arthritis are incapacitating, 
ankle arthrodesis is indicated. 

■ MALUNION OF THE TALAR BODY 

Fractures of the body of the talus, although rare, often unité 
in malposition. Disability is extreme when the fracture 
involves the subtalar or ankle joint or both. 

Arthrodesis or talectomy is the preferred treatment. If an 
articular surface of the talus is grossly distorted, and the bone 
is viable and is not infected, arthrodesis is the procedure of 
choice. When the superior and inferior articular surfaces of 
the talus are irregular, posterior arthrodesis of the ankle (see 
Chapter 11), including the subtalar joint, is préférable. When 
the body is nonviable, calcaneotibial arthrodesis (see Chapter 
88) is indicated because motion in the midtarsal joints can be 
preserved. 

Traumatic arthritis may be limited to the ankle joint or 
to the subtalar joint. In these instances, ankle arthrodesis (see 
Chapter 11) or subtalar fusion may be indicated. Good results 
hâve foliowed subtalar fusion without arthrodesis of the mid¬ 
tarsal joints. 

Occasionally, a malunited comminuted fracture of the 
body or neck of the talus can be treated by pantalar arthrod¬ 
esis. Pantalar and calcaneotibial arthrodèses are difficult and 
extensive operations. 

For open fractures complicated by infection and draining 
sinuses and séquestration of the talus, talectomy has been 
recommended in the past. The technique of excision of the 
talus is similar to that described for tuberculosis of this bone 
(see Chapter 23). To preserve limb length, we hâve used 
Ilizarov circular fixation techniques and bone segment trans¬ 
port after corticotomy of the distal tibia to facilitate calcaneo¬ 
tibial arthrodesis, especially after loss of the talar body from 
open fractures or sepsis. This technique requires a compliant 
patient, radical debridement of the infected bone, and appro- 
priate antibiotic therapy. 

CALCANEUS 

Pain and disability often persist after fractures of the calcaneus 
even though the original injury was treated skillfully; this is 
especially likely if the patients occupation requires walking 
over rough ground. Deformities associated with nonoperative 
management of calcaneal fractures include heel widening, 
subtalar incongruity, loss of calcaneal height (decreased 
Bôhler angle), and varus alignment. Heel widening can lead 


to subfibular impingement and dysfunction of the peroneal 
tendons. Decreased calcaneal height results in a more hori- 
zontally oriented talus, which causes anterior tibiotalar 
impingement, decreased dorsiflexion, and decreased push-off 
strength. Impaired calcaneal cuboid motion can occur from 
overhang of the antérolatéral calcaneal wall. Varus deformity 
leads to excessive stress on the latéral foot, whereas subtalar 
incongruity causes posttraumatic arthrosis. 

Because pain after calcaneal fractures may improve for 1 
to 2 years after injury, surgical treatment usually is deferred 
as long as the patient is making progress in réhabilitation. If 
a patients function fails to progress during this time, however, 
surgical intervention is warranted. Preoperative évaluation 
should include analysis of the location of the pain. Latéral 
pain usually is caused by latéral wall impingement or pero¬ 
neal tendinitis, whereas more circumferential pain likely is 
caused by subtalar arthrosis. Anterior ankle pain may be 
caused by impingement. Posterior ankle pain may be caused 
by a posterior calcaneal bone spike behind the facet. An injec¬ 
tion of 1% lidocaine into the subtalar joint may be helpful in 
difterentiating the origin of the pain. Operative treatment 
may consist of osteotomy, arthrodesis, or resection of a prom- 
inence of the calcaneus laterally to free the peroneal tendons, 
or a combination of these techniques. A laterally based 
opening wedge osteotomy for extraarticular malunited frac¬ 
tures has been reported with good results for patients with a 
symptomatic heel valgus before the onset of subtalar arthritis. 
If arthrodesis is considered, having the patient wear a limited 
motion, double upright brace or prefabricated walking boot 
for 8 weeks can be useful in predicting the success of the 
procedure. 

Although smoking is not an absoluté contraindication 
to surgical management, smoking increases the incidence 
of nonunion after subtalar arthrodesis and the likelihood 
of wound complications. Smokers should be encouraged 
to quit preoperatively and be counseled about potential 
complications. 

Radiographie évaluation includes standard latéral and 
latéral weight-bearing radiographs and views of the calca¬ 
neus. A Broden view can provide information about the sub¬ 
talar joint; however, a CT scan most accurately shows 
alignment and subtalar congruity. CT scans are obtained in 
the transverse and coronal planes. 

Stephens and Sanders used CT to identify three types of 
calcaneal malunions (Fig. 58-2) and to develop treatment 
guidelines (Table 58-1). Using these guidelines in 26 mal¬ 
unions, they obtained 18 excellent, five good, and three fair 
results. Although outcomes deteriorated as the complexity of 
the malunions increased, significant clinical improvement 
was obtained in even the most severe deformities. In a 
follow-up study, Clare et al. reported that the extensile latéral 
approach allowed adéquate décompression of the peroneal 
tendons, bone block arthrodesis, and calcaneal osteotomy ail 
through the same incision, which is not possible with other 
proposed approaches (Gallie, Ollier). Ninety-three percent of 
the arthrodèses united, ail feet were plantigrade, and 93% 
were in neutral or valgus alignment. Twenty-four percent had 
delayed healing, but only one deep infection occurred, and 
no free-tissue transfers were necessary. A nonsignificant 
trend toward increased nonunion and wound problems was 
noted in smokers, and mild residual pain was présent in 64% 
of patients, usually latéral in location. There were no implant 
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Three types of calcaneal malunions: /, large 
latéral wall exostosis, no subtalar arthritis; II, large latéral wall 
exostosis, significant subtalar arthritis; and III, latéral exostosis, 
significant subtalar arthritis, calcaneal body malalignment of 
more than 10 degrees of hindfoot varus. 


_ TABLE 58-1 _ 

Guidelines for Treatment of Calcaneal Malunions 


Type I Latéral exostectomy through extensile L-shaped 
latéral incision 

Type II Latéral exostectomy plus subtalar arthrodesis 
using resected exostosis as graft 
Type III Latéral exostectomy plus subtalar arthrodesis 
plus calcaneal osteotomy 


Adapted from Stephens HM, Sanders R: Calcaneal malunions: results of prognos- 
tic computed tomography classification System, Foot Ankle Int 17:395,1996. 


failures, which the authors attributed to using large (7.3 or 
8.0 mm) titanium screws placed with a lag technique. 

Flemister et al. found that outcomes were similar regard- 
less of the reconstructive procedure—latéral calcaneal closing 
wedge osteotomy, bone block arthrodesis, in situ fusion—but 
malunion and nonunion were more frequent after bone block 
procedures (15%) than after in situ fusions (5%). They recom- 
mended in situ fusion, unless anterior ankle impingement 
requires a more complicated bone block fusion. 

If the subtalar joint alone is involved, enough bone is 
resected to correct the weight-bearing alignment and the 
joint is arthrodesed. If the midtarsal joints also are involved, 
a triple arthrodesis (subtalar, talonavicular, and calcaneocu- 
boid) is advisable. Romash described a reconstructive oste¬ 
otomy of the calcaneus with subtalar arthrodesis for malunited 
calcaneal fractures with satisfactory results. According to 
him, the reconstructive osteotomy, which re-creates the 
primary fracture, allows repositioning of the tuberosity to 
narrow the heel, alleviates impingement, and returns height 
to the heel; the subtalar arthrodesis alleviates the symptoms 
of posttraumatic arthritis. Good or excellent results also hâve 
been reported with subtalar distraction realignment arthrod¬ 
esis using latéral décompression, médial subtalar capsulot- 
omy, and distraction and realignment of the subtalar joint 
with a tapered wedge bone graft (Fig. 58-3). The latéral 
approach has several advantages over the Gallie-type postéro¬ 
latéral approach, including less soft-tissue dissection, good 
view of the subtalar joint, easier access to the médial subtalar 



Subtalar distraction realignment arthrodesis 
for calcaneal malunions. A, Subtalar distraction with lamina 
spreader. B, Subtalar distraction arthrodesis with anterior wedge 
bone graft and cannulated screw. 


capsule and sustentaculum tali, and decreased risk of damage 
to the sural nerve. 

Several bone block fusion techniques to restore heel 
height and improve talar inclination hâve been described 
with union rates of 80% to 100% with no varus malunions. 
However, one study reported good results in only seven of 
14 patients, and another study reported varus malunions of 
the arthrodesis in four of 15 patients. Trnka et al. reported 
29 complications after subtalar bone block arthrodesis. Four 
of the five nonunions in their sériés were in patients in 
whom allografts were used, and they cautioned against 
allograft use. Bone block fusion rather than in situ fusion 
has been recommended for patients with loss of heel height; 
however, satisfactory results hâve been reported even with 
loss of heel height using subtalar arthrodesis without inter- 
positional bone grafting. Distraction arthrodesis should be 
considered only for patients with less than 10 degrees of 
ankle dorsiflexion and disabling pain. For a severe crushing 
fracture of the calcaneus, either fresh or malunited, triple 
arthrodesis has been recommended because there is not 
only dérangement of the subtalar joint but also a sublux¬ 
ation of the calcaneocuboid and talonavicular joints caused 
by dépréssion of the sustentaculum tali. With subtalar fusion 
alone, the head and neck of the talus are left projecting 
forward without support and form a constant lever in weight 
bearing that interfères with fusion. According to Conn, 
triple arthrodesis is préférable to subtalar fusion because the 
talonavicular, calcaneocuboid, and subtalar joints hâve a 
reciprocal action and because triple arthrodesis does not 
add to the disability since little midtarsal motion remains 
after the original injury. Others, however, believe that triple 
arthrodesis has no advantage in most patients with calcaneal 
malunions. We believe that unless the midtarsal joints are 
involved, arthrodesis should be limited to the subtalar joint; 
motion in the midtarsal joints may increase with activity 
and should be preserved. 
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Bone graft 
removed from 
anteromedial 
surface of tibia 


D 




FIGURE 


Gallie subtalar fusion for malunited fracture of calcaneus. A f Line of skin incision. B and C f Mortise removed from 


subtalar joint, extending from posterior surface to transverse sinus. D-G, Tibial grafts inserted to fill mortise. 


POSTERIOR SUBTALAR ARTHRODESIS 

Gallie advised arthrodesis of the subtalar joint from the 
posterior aspect because the procedure is simpler than the 
one usually employed (Fig. 58-4); however, it does not 
allow correction of varus or valgus position of the calcaneus 
or of any other deformity of the foot. According to Gallie, 
a mild valgus position of the heel usually can be disre- 
garded. His operation is not suitable if the primary defor¬ 
mity is one of varus because excessive weight would be 
borne on the head of the fifth metatarsal and cause a 
painful callus. 


TECHNIQUE 58-3 


(GALLIE) 

■ With the patient prone, make a longitudinal incision 
along the latéral border of the Achilles tendon for 6 to 
8 cm and incise transversely the posterior capsule of the 
ankle and of the subtalar joint. 


■ Locate the subtalar joint by médial and latéral motions of 
the calcaneus. 

■ Probe the subtalar joint to détermine its general 
direction and eut a mortise in the calcaneus and talus 
approximately 1.3 cm wide, 0.6 cm deep, and as far dis- 
tally as the sinus tarsi. 

■ Flex the knee and remove a graft 6.2 cm long x 1.3 cm 
wide from the anteromedial surface of the proximal 
tibia. Divide the graft into two parts and bevel one end 
of each. 

■ Pack cancellous bone into the depth of the mortise. With 
their cortical surfaces apposed, drive the two grafts into 
the mortise. If the grafts are of the proper size, their 
cancellous surfaces press snugly against the latéral walls 
of the mortise. Strips of cancellous bone from the ilium 
probably are préférable to the tibial grafts used by Gallie; 
they are packed tightly into the cavity. 

■ Close only the subeutaneous and skin layers over a 
suction drain. 

■ Apply a bulky dressing followed by a short leg cast. 
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A and B, Distraction arthrodesis. (From Robinson JF, Murphy GA: Arthrodesis as salvage for calcaneal malunions, Foot Ankle 
Clin 7:107, 2002.) SEE TECHNIQUE 58-4. 


DISTRACTION ARTHRODESIS 


TECHNIQUE 58-4 


(CARR ET AL.) 

■ Place the patient in the latéral decubitus position with the 
affected side up. Préparé and drape the posterior iliac 
crest. 

■ Under tourniquet control, make a longitudinal postéro¬ 
latéral Gallie-type approach to the subtalar joint. There 
should be no horizontal extension of this incision to avoid 
undue tension on the wound. 

■ Expose the latéral calcaneal wall subperiosteally and 
excise it to a more normal width (latéral wall décompres¬ 
sion). This step should ensure peroneal and fibular 
décompression. 

■ Identify the subtalar joint and apply a fémoral distractor 
with half-pins in the médial subcutaneous tibia and 
médial calcaneus. The médial application helps to correct 
hindfoot varus. 

■Apply distraction and dénudé the posterior subtalar joint 
to subchondral bone. Use a lamina spreader to aid in 
subtalar joint exposure. 

■ Correct any heel varus or valgus by manipulation. 

■ Obtain intraoperative radiographs to ensure correction of 
the latéral talocalcaneal angle (normally 25 to 45 degrees). 
A weight-bearing view of the opposite foot obtained 
preoperatively is helpful in confirming a normal talocal¬ 
caneal angle. 

■ Measure the subtalar joint gap and harvest an appropri- 
ately sized tricortical posterior iliac crest bone graft. A 


block 2.5 cm in height may be required for severe defor- 
mity. Two separate pièces may be required to fill the gap 
completely and help prevent late collapse into varus or 
valgus. 

■ After inserting the graft, release the distraction forces. 

■ Insert two fully threaded, 6.5-mm AO cancellous screws 
through stab incisions in the heel to fix the calcaneus and 
the talus firmly. Two screws provide rigid fixation and help 
prevent rotatory movements around the axis of subtalar 
motion. Fully threaded screws are used to help prevent 
late collapse (Fig. 58-5). 

■Obtain final radiographs to confirm position before 
wound closure. 

POSTOPERATIVE CARE. The drain is removed at 24 
hours. The foot is elevated for 72 hours, and the cast is 
not bivalved if the neurovascular status remains satisfac- 
tory. Crutch walking without weight bearing is allowed. 
At 2 weeks, the cast and sutures are removed and a well- 
molded short leg nonwalking cast is applied and worn 4 
weeks. Active toe exercises are encouraged during this 
time. During the first 6 weeks, if patient compliance 
concerning weight bearing is questionable, a long leg 
cast with the knee bent is applied. At 6 weeks, a short 
leg walking cast is applied and weight bearing to tolér¬ 
ance is allowed. Radiographs of the arthrodesis are 
obtained at 6 and 12 weeks. Usually a leather lace-up 
shoe with a rigid shank can be worn after 12 weeks, in 
conjunction with a leather lace-up ankle corset to control 
edema for another 4 to 6 weeks. The patient should be 
informed preoperatively that swelling around the hind¬ 
foot may persist for 6 to 9 months after surgery. 
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Peroneal tenogram in acute fracture of calca- 
neus. Peroneal sheaths fail to fill with contrast medium opposite 
latérally displaced fragment of calcaneus. (Courtesy Daiji Kashiwagi, 
MD.) 


RESECTION OF LATERAL 
PROMINENCE OF CALCANEUS 

According to Kashiwagi, pain in malunited fractures of the 
calcaneus sometimes is caused by changes around the 
peroneal tendons. The tendons may be buried in callus, 
caught by bony fragments, affected by adhesions, or dis¬ 
placed superiorly by a bony prominence. Kashiwagi recom- 
mended peroneal tomography to show changes around 
the tendons and their sheaths (Fig. 58-6). If pain is caused 
by such changes, he advised freeing the tendons and 
sheaths, resecting the bony prominence laterally, and, if 
necessary, subtalar arthrodesis. 


TECHNIQUE 58-5 


(KASHIWAGI, MODIFIED) 

■ Make a Kocher incision, but extend its distal half one 
fingerbreadth superior to the sole of the foot and end it 
at the base of the fifth metatarsal. 

■ Identify the peroneus longus and brevis tendons, and, 
without opening their sheaths, deepen the incisions to 
the latéral surface of the calcaneus 0.6 cm inferior to the 
peroneus longus tendon. Extend the dissection superiorly 
next to the bone and deep to the tendons, separating the 
peroneal retinaculum from the bone. 

■ Retract the tendons superiorly over the tip of the latéral 
malleolus. Free the origin of the extensor digiti brevis 
from the calcaneus and retract it superiorly also. The 
latéral surface of the calcaneus is exposed, including the 
latéral aspect of the subtalar and calcaneocuboid joints. 

■ With a wide osteotome, make a sagittal osteotomy 
through the calcaneus extending from the calcaneocu¬ 
boid joint anteriorly to the tuberosity of the bone poste- 
riorly and from the subtalar joint superiorly to the plantar 
surface inferiorly. 


■ Discard the bone resected. The latéral side of the calca¬ 
neus should now consist of a vertical wall, ail excessive 
bone latéral to the subtalar joint and inferior to the latéral 
malleolus having been removed. 

■The latéral aspects of the subtalar and calcaneocuboid 
joints are now exposed; if necessary, arthrodèse these 
joints. 

■ Replace the peroneal tendons and sheaths inferior to the 
latéral malleolus and suture the peroneal retinaculum to 
the plantar fascia. 

■ Close the wound. 

■ With the knee flexed 30 degrees, apply a long leg cast. 

POSTOPERATIVE CARE. At 10 to 14 days, the cast and 
sutures are removed. If the operation includes an arthro¬ 
desis, a short leg walking cast is applied and the postop- 
erative care is the same as for triple arthrodesis (see 
Chapter 84). 


CORRECTION OF CALCANEAL 
MALUNION THROUGH EXTENSILE 
LATERAL APPROACH 


TECHNIQUE 58-6 


(CLARE ETAL) 

■ Place the patient in the latéral decubitus position on a 
beanbag, with the normal leg down and in front of the 
injured extremity. 

■ Place a thigh tourniquet. Préparé and drape the leg and 
exsanguinate the extremity with the use of an Esmarch 
bandage. Inflate the tourniquet to 350 mm Fig. 

■ Make a latéral extensile incision over the calcaneus and 
raise a full-thickness subperiosteal flap. The vertical limb 
of the incision should be just anterior to the Achilles 
tendon and posterior to the sural nerve, allowing the 
nerve to be elevated with the full-thickness flap posteri- 
orly. Avoid violation of the nerve at the terminal portion 
of the horizontal limb of the incision. 

■ Place three 1.6-mm Kirschner wires, one in the distal 
fibula, one in the talar neck, and the third in the cuboid, 
for retraction of the peroneal tendons and the subperios¬ 
teal flap. 

■ Carefully free the latéral wall of the calcaneus of ail adja¬ 
cent soft tissue as far distally as the calcaneocuboid artic¬ 
ulation. In ail three types of calcaneal malunions, the 
latéral wall exostosis must be resected. 

■ Place a Flohmann retractor on the plantar aspect of the 
calcaneus and one on the anterior process of the calca¬ 
neus, and perform an exostectomy using a thin-bladed 
AO osteotomy saw (Synthes USA, Paoli, Pa.). Starting 
posterior, angle the saw blade slightly medially relative to 
the longitudinal axis of the calcaneus, leaving more resid- 
ual bone plantarly and providing décompression of the 
area of impingement in the subfibular région (Fig. 58-7A). 
Do not violate the talofibular joint. 
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Extensile latéral approach to calcaneus. A f Excision 
of latéral wall exostosis. B f En bloc removal of latéral wall exostosis. 
C f CT scan showing excised latéral wall used as autograft bone block. 
D, Completion of Dwyer-type calcaneal osteotomy for type III calcaneal 
malunion with severe varus malalignment of hindfoot. (From Clare MP, 
Lee WE, Sanders R: Intermediate to long-term results of a treatment protocol 
for calcaneal fracture malunions, J Bone Joint Surg 87A:963, 2005.) SEE 
TECHNIQUE 58-6. 


■ Continue the exostectomy to the level of the calcaneo- 
cuboid joint because the residual overhang of the latéral 
wall often results in an osseous block to motion of this 
joint. Remove the overhang and the latéral fourth of the 
distal aspect of the calcaneus because articulation of 
this latéral portion with the cuboid is almost always 
arthritic. 

■ Complété the exostectomy distally with an osteotome to 
avoid saw blade damage to the cuboid and remove the 


fragment en bloc (Fig. 58-7B). The excised latéral wall 
fragment should be maintained as a single fragment, if 
possible, for later use as a bone block autograft in type 
Il and type III malunions. 

■ In type II and type III calcaneal malunions, attention is 
directed to the subtalar joint. If it is arthritic, perform a 
subtalar arthrodesis. Place a lamina spreader within the 
joint and débridé the remaining articular surface using a 
sharp periosteal elevator or osteotome. 
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9 " Préparé the inferior talar and superior calcaneal osseous 
surfaces with a 2.5-mm drill bit, creating multiple 
perforations within the subchondral bone for vascular 
ingrowth. 

■ With the lamina spreader fully expanded within the sub- 
talar joint posteriorly, verify by fluoroscopy how much 
height needs to be obtained. The talar head should align 
anatomically with the navicular, indicating restoration of 
the médial column, the normal angle of talar déclination, 
and the talocalcaneal angle. 

■ When alignment is confirmed radiographically, measure 
the dimensions of the defect with a ruler, allowing the 
autograft bone block to be contoured to match the 
defect. If the joint is excessively tight medially, place 
lamina spreaders in the sinus tarsi and the posterior facet 
of the subtalar joint. A fémoral distractor placed medially 
is not used because it is cumbersome and not as effective 
as direct intraarticular distraction. Avoid incising the 
deltoid ligament from inside the subtalar joint because 
this renders the joint unstable and overdistraction of the 
graft may resuit. 

■ Place the previously excised latéral wall fragment within 
the joint as an autograft bone block (Fig. 58-7C). This 
bone can be folded over on itself to obtain more height 
if needed, but it should fill the subtalar joint because the 
height of the latéral calcaneus (and the graft) usually is 
equal to the width of the posterior facet. Additional 
cancellous allograft chips may be placed in the debrided 
sinus tarsi to assist fusion. 

■ If a subtalar arthrodesis alone is needed (type II malunion), 
place fixation at this point. With the subtalar joint held 
in neutral to slight valgus alignment, place two terminally 
threaded 3.2-mm guide pins percutaneously from the 
posterior plantar edge of the calcaneus, and advance 
across the subtalar joint perpendicular to the plane of the 
posterior facet and into the talar dôme. Angle the guide 
pin in a divergent fashion into the talar dôme for increased 
stability. Avoid placing a pin in the latéral aspect of the 
ankle joint. 

■ Obtain fluoroscopie anteroposterior and mortise images 
of the ankle and obtain an axial radiograph of the calca¬ 
neus to verify correct pin placement and hindfoot 
alignment. 

■ If more stable fixation is required, place a third guide pin 
from the plantar margin of the anterior process of the 
calcaneus into the distal aspect of the talar neck and head 
for more stable fixation. Avoid violating the talonavicular 
joint. 

■ Place large fragment, partially threaded (7.3 or 8 mm) 
cannulated screws in lag mode for definitive fixation. 

■ In patients with a type III malunion, correction of axial 
malalignment also is necessary. Because rotation of the 
midfoot in the coronal plane around an anteroposterior 
axis (pronation-supination) would not correct a malposi- 
tioned calcaneal tuberosity healed in varus or valgus, a 
calcaneal osteotomy is performed before placement of 
the fixation for subtalar arthrodesis. For varus malalign¬ 
ment, perform a Dwyer latéral closing wedge osteotomy 
posterior to the posterior facet (Fig. 58-7D). Use a médial 
displacement calcaneal osteotomy with rotation for 
valgus malalignment. 


■ When the osteotomy is completed, insert the guide pins 
in the manner described earlier. In this way, the osteot¬ 
omy and the fusion can be compressed simultaneously. If 
bone is removed during the closing wedge osteotomy, it 
can be used as graft material as well. 

■ Remove the Kirschner wires and examine the tendons for 
dislocation. In many ankles with obvious preoperative 
tendon subluxation, removal of the exostosis allows the 
tendons to fall back behind the fibula and no further 
treatment is needed. The peroneal tendon sheath should 
be entered distally with a Freer elevator, however, to 
evaluate sheath stenosis proximally. 

■ If stenosis is found, incise the sheath over a length of 2 
to 3 cm along the undersurface of the subperiosteal flap 
so that a tenolysis can be performed. 

■ If a peroneal tendon dislocation is identified, reconstruct 
the superior peroneal retinaculum through a small sepa- 
rate incision in the flap. 

■ Place a deep drain exiting at the proximal tip of the verti¬ 
cal limb of the incision and close the subperiosteal flap 
in a layered fashion. 

■ Pass interrupted 0 Vicryl sutures in the deep layers of the 
subperiosteal flap, angling such that the flap is advanced 
to the apex of the incision. 

■ Clamp the sutures until ail deep sutures hâve been placed. 
When completed, hand-tie the sutures sequentially, start- 
ing at the proximal and distal ends and working toward 
the apex of the incision. 

■ Close the subcuticular layer in a similar fashion with inter¬ 
rupted 2-0 Vicryl. Close the skin with 3-0 nylon suture, 
starting at the ends and progressing toward the apex. If 
height restoration prevents wound closure, the vertical 
limb of the incision can be extended proximally to allow 
the flap to shift and rotate downward, with the proximal 
wound being left open to granulate. 

POSTOPERATIVE CARE. Patients with type I malunions 
are kept non-weight bearing until the incision has healed, 
and physical therapy with early range-of-motion activities 
and gait training with full weight bearing is initiated 
thereafter, usually by 3 weeks. Patients with type II and 
type III malunions are kept non-weight bearing with the 
leg in a cast for 12 weeks (with cast changes every 4 to 
6 weeks). This is followed by progression of weight 
bearing and the initiation of physical therapy after radio¬ 
graphie evidence of union of the subtalar fusion mass is 
confirmed. 


CORRECTION OF VALGUS 
MALUNION OF EXTRAARTICULAR 
CALCANEAL FRACTURE 

For malunited extraarticular fractures, Aly described a lat- 
erally based opening wedge osteotomy for symptomatic 
valgus calcaneal deformity in 34 patients. He obtained 
good or excellent results in 91% and poor results in 9% 
at a mean follow-up of 56.2 months. The mean AOFAS 
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hindfoot and ankle score improved from 57 preopera- 
tively to 90 postoperatively. In the patients with poor 
results, bilateral fractures and subtalar arthritis contrib- 
uted to their gait abnormality and restricted hindfoot 
motion. 


TECHNIQUE 58-7 


(ALY) 

■ Approach the calcaneus though an oblique latéral inci¬ 
sion. Protect and retract the superficial branches of the 
peroneal nerve. 

■ Identify the sustentaculum tali by probing over the 
dorsum of the exposed calcaneus. 

■ Shave the latéral border of the widened calcaneus. Incise 
the periosteum in line with the planned osteotomy, start- 
ing laterally approximately 2.5 cm proximal to the calca- 
neocuboid joint in the interval between the middle and 
posterior facets of the subtalar joint. 

■ Make a latéral to médial oblique osteotomy. The osteot¬ 
omy line should be made slightly oblique from proximal- 
lateral to distal-medial. The required depth of the 
osteotomy should be estimated from the preoperative 
calcaneal axial radiographs. 

■ Open the osteotomy with a large osteotome. Preserve the 
periosteum of the médial calcaneus to prevent médial 
displacement of the posterior fragment. 

■ Take a suitable tricortical bone graft from the posterior 
iliac crest and place it into the osteotomy site and add 
the bone shavings. 

■ Through a posterior approach, place one cannulated 
screw through the long axis of the calcaneus. 

POSTOPERATIVE CARE. Postoperatively, the patient is 
kept non-weight bearing in a cast for 6 weeks and then 
placed in a walking cast for an additional 6 weeks. There- 
after, the patient may wear normal shoes. 


ANKLE 

Occasionally, malunion occurs after the most accurate réduc¬ 
tion of closed ankle fractures or more commonly after “stable” 
injuries that displace with widening of the mortise because of 
syndesmotic disruption. Malunion also can develop if fixa¬ 
tion of the fibula is inadéquate and the fibula is allowed to 
shorten and rotate. Disability from a malunited ankle fracture 
can be so extreme that relief can be obtained only by surgery. 
Even a minor varus or valgus deformity of the joint produces 
an abnormal weight-bearing alignment and posttraumatic 
arthritis. Although one cadaver study suggested that factors 
other than the magnitude of normal contact stresses are of 
greater importance in the pathogenesis of posttraumatic 
arthritis, another cadaver study found that 2 mm or more of 
shortening or latéral displacement and 5 degrees or more of 
external rotation increase contact pressures significantly in 
the postérolatéral and midlateral quadrants of the talar dôme, 
and a corresponding decrease in the contact pressures was 
noted in the médial quadrants of the talar dôme. Anatomie 
réduction of pronation-lateral rotation fractures of the latéral 



A and B f Malunion of bimalleolar ankle frac¬ 
ture fixed with interfragmentary screws in elderly patient. C and 
D f Révision fixation with one-third tubular buttress plate and 
hydroxyapatite grafting of médial malleolus and tension band 
fixation of latéral malleolus. 


malleolus was recommended to diminish the risk of post¬ 
traumatic arthritis. 

Ostéotomies to correct uncomplicated deformities caused 
by recently malunited fractures of the ankle usually are satis- 
factory, but displacement of the talus within the ankle mortise 
for more than 3 months may resuit in pathologie changes in 
the articular cartilage, with a diminished potential for satis- 
factory outcome with osteotomy. Some authors, however, 
hâve reported improvement in patients with adéquate surgery 
after displacement of more than 3 months. Nevertheless, ail 
agréé that when the deformity has been of short duration and 
has been corrected with minimal trauma to the articular sur¬ 
faces, good function usually can be obtained if the normal 
weight-bearing alignment of the lower extremity and the 
normal relationships between the articular surfaces of the 
tibia, the fibula, and the talus are restored (Fig. 58-8). Dis¬ 
placement and residual tilt of the talus hâve been associated 
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with poor results, as hâve inaccurate réduction and poor sur- 
gical technique. 

Ostéotomies hâve been less successful in treating bimal- 
leolar malunions associated with moderate-to-severe arthri- 
tis. An osteotomy can restore weight-bearing alignment of 
the ankle, but pain and swelling can persist because of arthritic 
détérioration. Some authors recommend realignment osté¬ 
otomies as the initial treatment of ail symptomatic ankle mal¬ 
unions, regardless of the âge of the patient, time from initial 
injury, severity of malunion, or presence of arthritic changes. 
However, although arthritis is not a contraindication to oste¬ 
otomy, chondral damage has been found to be indicative of a 
poor resuit. Ankle arthrodesis or ankle arthroplasty should 
be considered in patients with severe arthritic changes and 
severely impaired function or in patients who remain signifi- 
cantly symptomatic affer osteotomy. It is important to remem- 
ber that walking on rough ground is difficult affer arthrodesis, 
especially if the subtalar joint is secondarily fibrosed or anky- 
losed. Complications as high as 30% hâve been reported affer 
ankle arthrodesis, including nonunion and malunion. 

Paley et al. treated malunion affer ankle arthrodesis with 
Ilizarov reconstruction. They concluded that the Ilizarov 
apparatus can simultaneous treat the foot deformity, length 
discrepancy, and infection, achieving a solid union and plan¬ 
tigrade foot. However, 20 major complications that required 
surgery occurred during treatment and seven occurred affer 
frame removal, four of which required additional surgery. 

There are three requirements for the anatomie restoration 
of the ankle joint: (1) a perfectly équidistant and parallel joint 
space; (2) a fibular spike in its normal position pointing 
exactly to the level of the distal tibial subchondral bone, indi- 
cating that the length of the fibula is correct; and (3) a normal 
contour at the latéral part of the articular surface of the talus 
in continuity as an unbroken curve to the recess of the distal 
fibula where the peroneal tendons lie. 

Up to 78% good results hâve been reported with fibular 
osteotomy and lengthening for ankle malunion. The criteria 
for osteotomy include radiographie confirmation of mal¬ 
union (Fig. 58-9), a demonstrable joint space on anteropos- 
terior and mortise views, and remaining articular cartilage 



CT scan of occult malunion. Right ankle (left) is 
normal; left ankle (right) shows widening of distal tibiofibular 
joint, indicating fibular shortening and external rotation of 
latéral malleolus. (From Yablon IG, Leach RE: Reconstruction of mal- 
un ited fractures of the latéral malleolus, J Bone Joint Surg 71A:521, 
1989.) 


covering the tibial plafond and the talus. Contraindications 
include ankylosis, loss of bone stock, and severe degenerative 
arthritis. 

Operations to correct malunited ankle fractures are (1) 
osteotomy of the fractured fibula or médial malleolus or both 
with restoration of fibular length and internai fixation of the 
ostéotomies, (2) supramalleolar osteotomy whenonly realign¬ 
ment of the lower extremity is required, and (3) arthrodesis 
of the ankle with or without supramalleolar osteotomy. 
Although a variety of malunions can occur, the procedures 
described here can be modified to treat most malunions. 


OSTEOTOMY FOR 
BIMALLEOLAR FRACTURE 


TECHNIQUE 58-8 


■ Make a longitudinal latéral incision over the old fibular 
fracture, curving slightly anteriorly at its distal end. 

■ With an osteotome or oscillating saw, make either a 
transverse or an oblique osteotomy of the fibula at the 
area of the old fracture. 

■ Excise scar tissue between the fibula and tibia to allow 
correct positioning of the fibula in the notch. Length and 
rotation of the fibula can be restored with the technique 
described by Weber. 

■ Attach a five-hole or six-hole, 3.5-mm dynamic compres¬ 
sion plate to the distal fibular fragment with two screws 
(Fig. 58-1 OA). Before plate application, make a small 
recess in the distal fibula so that the plate is not promi¬ 
nent. Place the plate slightly posterior on the distal frag¬ 
ment to allow internai rotation of the fragment. Correct 
the rotation of the distal fragment by internally rotating 
it 10 degrees. 

■Attach the articulated tensioning device from an AO 
small fragment System to the proximal end of the plate 
(Fig. 58-10B). Apply distraction until the distal fibula is 
reduced anatomically to its articulations with the tibia and 
talus. 

■ Confirm the réduction with radiographs or fluoroscopy. 

■ If a transverse osteotomy has been made, fill the gap 
created by distraction with a small wafer of corticocancel- 
lous bone from the médial tibial metaphysis above the 
médial malleolus (Fig. 58-1 OC). 

■ Change the AO tensioning device to the compression 
mode and apply compression to the osteotomy site. 
Attach the plate to the proximal fibula using three 3.5-mm 
cortical screws. Yablon and Leach recommended the 
addition of a syndesmosis screw if the interosseous mem¬ 
brane is detached during the fibular dissection. In very 
distal fractures, it may be necessary to stabilize the fibula 
with transfixing Kirschner wires. 

■ Alternative^, Ward et al. described the use of the small 
AO distractor to restore fibular length and rotation. 
Expose the fibula, resect scar tissue, and osteotomize the 
fibula as previously described. 

■ Insert two 2.5-mm partially threaded pins in the 
anterior distal fibular fragment in 10 degrees of external 
rotation. 
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HP Technique of fibular lengthening (see text). A f Five-hole plate is secured to fibula with two distal screws, and oste- 
otomy is made. B f Lengthening is obtained with distraction device. C f Corticocancellous graft from tibia is placed in osteotomy, and 
compression is applied; remaining screws are inserted to attach plate to fibula. SEE TECHNIQUE 58-8. 


■ Correct rotation of the distal fragment and insert two 
2.5-mm pins into the proximal fibula in the same plane. 

■ Attach the small AO distractor and distract the fibula until 
it is anatomically aligned. 

■ Fill the gap with bone graft and apply compression with 
the distractor. 

■Apply a one-third tubular plate to stabilize the fibula. 


CORRECTION OF DIASTASIS OF THE 
TIBIA AND FIBULA 

Operations for diastasis of the tibia and fibula should allow 
a shift of the talus medially and repositioning of the latéral 
malleolus. Yablon and Leach reported that a more extensive 
dissection usually is necessary to restore anatomie align- 
ment in fibular malunion associated with latéral shift of the 
talus. 


TECHNIQUE 58-9 


■ Make a fibular osteotomy and rotate it distally 180 
degrees to allow removal of an adéquate amount of scar 
from the area of syndesmosis. 

■ Make a second incision over the anterior aspect of the 
médial malleolus and excise scar tissue between the 
médial malleolus and talus. 

■ Reduce the talus and place a Steinmann pin from the tibia 
into the talus to hold the réduction temporarily while the 
fibula is reduced and plated, as described for bimalleolar 
malunions. 

■ If the médial malleolus also has united in a poor position, 
make a second longitudinal incision just proximal to its 


base and drive an osteotome from above through four 
fifths of the diameter of the médial malleolus distally and 
laterally. Make this osteotomy through the médial part of 
the tibia just above the old fracture to obtain a broader 
bony surface. Refracture the bone by forcefully adducting 
the foot. 

■ Stabilize the médial malleolus with parallel small fragment 
lag screws and Kirschner wires as necessary. 

■ If a gap has been created by réduction of the médial 
malleolus, insert bone graft to prevent future collapse. 
Use a small fragment one-third tubular plate as a buttress 
if necessary. 

■Obtain intraoperative radiographs to confirm anatomie 
réduction of the ankle. 

POSTOPERATIVE CARE. A cast is applied over padding 
from the tibial tuberosity to the toes with the foot in 
neutral position. The cast is changed in 2 weeks, the 
sutures are removed, and a cast is reapplied and worn for 
10 to 12 weeks. If stable fixation is obtained in a compli- 
ant patient, a removable cast brace that does not allow 
rotation can be substituted to allow controlled physical 
therapy. An ankle brace with a médial T-strap and an arch 
support may be necessary for an additional 10 to 12 
weeks and can be worn for 3 to 6 months after difficult 
reconstructions. Physical therapy should be used to 
restore the soft tissues and encourage strengthening of 
the bone. 


SUPRAMALLEOLAR OSTEOTOMY 

Occasionally, a malunion of the distal tibia and fibula 
occurs in which the normal tibiotalar relationships 
are retained but the ankle is in valgus or varus. A 
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Supramalleolar osteotomy. A f Dôme osteotomy 
is created 1.0 to 1.5 cm proximal to ankle joint. Threaded pins are 
inserted parallel to ankle and knee joint lines. B, Osteotomy is 
completed, and pins are brought parallel to correct varus or 
valgus deformity. SEE TECHNIQUE 58-10. 


9 supramalleolar osteotomy is recommended for this mal¬ 
union. Opening wedge, closing wedge, or dôme ostéoto¬ 
mies can be used. Because dôme ostéotomies do not 
sacrifice length to gain correction of the deformity, they 
may be preferred in malunions associated with shorten- 
ing. Dôme ostéotomies are more effective, however, in 
correcting deformity in the frontal (varus-valgus) plane 
than in the sagittal (flexion-extension) plane. A properly 
positioned wedge osteotomy can be used to correct mul- 
tiplanar deformities. Closing wedge ostéotomies provide 
broad bony surfaces for healing but cause some shorten- 
ing of the extremity. Opening wedge ostéotomies main- 
tain length, but bone grafting is required to fill the gap 
created. The llizarov method of graduai deformity correc¬ 
tion with distraction osteogenesis also can be used. 


TECHNIQUE 58-10 


■ To create a dôme osteotomy, expose the distal tibia through 
an antérolatéral Henry approach (see Chapter 1). 

■ Use a 3.2-mm drill bit to create a sériés of holes in the 
distal tibial metaphysis in the shape of an arc, convex 
superiorly. The médial and latéral edges of the arc should 
be 1.0 to 1.5 cm proximal to the ankle joint, and the 
height of the arc should be 1.0 to 1.5 cm (Fig. 58-1 IA). 

■ Through the same incision or a separate latéral incision, 
expose the fibula and make an osteotomy at the same 
level as the tibial osteotomy. If the fracture has healed in 


varus, resect 1 to 3 cm of the fibula to correct the defor¬ 
mity. If the fracture has healed in valgus, make an oblique 
osteotomy of the fibula. Use an oscillating saw to connect 
the holes drilled anteriorly, medially, and laterally in the 
tibia. 

■ With fluoroscopie control, insert a 4- or 5-mm threaded 
pin transversely from médial to latéral into the distal tibial 
fragment parallel to the joint line. Keep the pin out of 
the joint, the osteotomy site, and the neurovascular 
bundle. 

■ Insert a second 4-mm or 5-mm bicortical threaded pin 6 
to 10 cm proximal to the osteotomy and parallel to the 
knee joint. 

■ With an osteotome, complété the tibial osteotomy 
through the posterior cortex. Correct varus or valgus 
deformity by making the pins parallel (Fig. 58-1 IB). 

■ If complété réduction is not obtained, it may be necessary 
to resect more of the fibula or to release more soft tissue, 
including the interosseous membrane. 

■ When the réduction is acceptable, connect the pins 
with an external fixator bar and apply compression. Addi- 
tional external fixation pins can be placed in the tibia and 
talus. 

■ Alternative^, if the soft-tissue coverage is adéquate, sta- 
bilize the osteotomy with a 3.5-mm dynamic compression 
plate and remove the two external fixation pins. The 
fibula also can be stabilized with a one-third tubular 
plate if desired. Bone grafting is left to the surgeon's 
discrétion. 

■An opening or closing wedge osteotomy can be made in 
thefollowing manner. Through a latéral longitudinal inci¬ 
sion, expose and osteotomize the fibula as previously 
described to correct either varus or valgus deformity. 

■ Through the same incision, expose the latéral surface 
of the tibia 1.3 cm proximal to the joint line and drive a 
wide osteotome transversely almost through the bone; 
carry out a manual osteoclasis. Insert cancellous iliac 
bone, or use a wedge-shaped graft taken from the shaft 
of the tibia into the latéral side of the osteotomy to pack 
it open. 

■ Stabilize the osteotomy with an external fixator applied 
in the standard fashion with pins through the tibia and 
talus. 

■ If the fractures hâve healed in varus position, a closing 
wedge osteotomy of the tibia can be made in a similar 
fashion or internai fixation with a plate and screws can 
be used in conjunction with autogenous iliac bone grafts. 

■Close the wound in layers and apply a bulky dressing if 
an external fixator has been used. 

■ If not, apply a cast from the tibial tuberosity to the toes. 

POSTOPERATIVE CARE. If casting was used, the cast 
and the sutures are removed at 2 weeks and then a new 
cast is reapplied. Weight bearing is not permitted for 6 
weeks. If external fixation was used, it is removed at 6 to 
8 weeks, and a short leg walking cast is applied. Weight 
bearing is progressed as tolerated, and the cast is removed 
when the ostéotomies hâve healed (12 to 16 weeks after 
surgery). Réhabilitation of the lower extremity is begun 
by physical therapy. 
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A f Malunion of bimalleolar ankle fracture with 
preexisting malunion of distal tibia. B f Correction of malunion 
was achieved; however, arthritis developed, causing pain and 
disability. C and D f Tibiotalar arthrodesis was performed using 
compression clamps. Ankle is now painless and stable. 


ARTHRODESIS FOR MALUNITED 
FRACTURES OF THE ANKLE 

Arthrodesis is indicated as a primary procedure in the fol- 
lowing types of malunited fractures of the ankle: 

1. Malunited bimalleolar fractures, with or without signifi- 
cant deformity, in which radiographs show definite trau- 
matic arthritic changes to be the cause of persistent pain 
and disability (Fig. 58-12) 

2. Malunited trimalleolar fractures of long duration with 
posterior and proximal dislocation of the talus 

3. Malunited fractures in which the deformity cannot be 
completely corrected by conservative reconstruction or 
in which such extensive surgery is required for correction 
that arthritic changes in the ankle are inévitable 

When malalignment is marked, it should always be corrected 
by osteotomy at the time of arthrodesis; otherwise, a foot 
strain can be severely disabling later. This additional proce¬ 
dure does not materially complicate the operation or delay 


recovery. See Chapter 11 for techniques of arthrodesis of the 
ankle. 


LEG 

SHAFTS OF THE TIBIA AND FIBULA 

In malunions of the shafts of the tibia and fibula, the degree 
of deformity that requires surgery is not clearly defined. It is 
widely believed that angular deformities of the tibial shaft 
cause alterations in the contact pressures of the knee and 
ankle joints and prédisposé them to the development of 
osteoarthritis. Clinical sériés with long-term follow-up hâve 
not always supported this hypothesis, however. One study 
found that the ankle joint is more affected than the knee and 
that the location of the fracture is significant. Poorer func- 
tional ankle scores were correlated with the degree of 
malalignment and the proximity of the deformity to the ankle 
joint. Varus deformities were more poorly tolerated than were 
valgus deformities. A later study found just the opposite, that 
symptoms at the knee were correlated with arthritic changes, 
whereas symptoms at the ankle were not. In addition, no 
relationship was shown between the location of the fracture 
and development of osteoarthritis of the knee or ankle. Rota- 
tional deformity also was not associated with arthritic 
changes. 

Milner et al. determined that fracture malunion did not 
cause a higher incidence of ankle and subtalar arthritis ipsi- 
lateral to the fracture. There was a trend toward a higher 
prevalence of médial compartment osteoarthritis of the knee 
in patients with varus malalignment of the limb, and shorten- 
ing of 10 mm or more correlated with subjective complaints 
of knee pain. Although osteoarthritis occurred more fre- 
quently on the side of the fracture, factors other than malalign¬ 
ment were believed to contribute more to the development of 
osteoarthritis. 

The degree of acceptable deformity noted by various 
authors is extremely variable. Surgery has been recommended 
for valgus deformity of more than 12 degrees, varus deformity 
of more than 6 degrees, external rotation deformity of more 
than 15 degrees, or internai rotation deformity of more than 
10 degrees. Shortening of 2 cm or less usually is well tolerated 
with shoe modifications, but more than 2.5 cm of shortening 
can cause significant disability. 

When surgery is considered for correction of a tibial mal¬ 
union, the degree of the deformity, the patients symptoms, 
the condition of the injured extremity, and the functional 
demands of the patient ail must be taken into account. Dis¬ 
ability from malunion of the tibial shaft is produced mainly 
by rotational deformity, latéral and posterior bowing, and 
usually some degree of shortening. Often a resulting contrac¬ 
ture of the Achilles tendon causes an equinus deformity of 
the foot. Symptoms may include ankle, knee, or back pain; 
gait disturbances; and a cosmetically unacceptable deformity. 
The limb must be evaluated for a history of neurologie 
or vascular injury, adequacy of soft-tissue coverage, and 
presence of infection. With a history of vascular injury, 
preoperative arteriograms can be helpful in determining the 
operative approach. If soft tissues in the area of the planned 
operative site are poor, a simultaneous rotation or vascular- 
ized free tissue transfer flap may be necessary to promote 
bone healing and prevent wound complications. In a patient 
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with a previous infection, preoperative indium-labeled white 
blood cell scans, gallium scans, or technetium scans can help 
to détermine the activity of the infection. It is generally désir¬ 
able to treat the infection before osteotomy for malunion. 
Equinus contractures should be corrected by lengthening the 
Achilles tendon. 

When planning an osteotomy, the amount of angular and 
rotational deformity, leg-length discrepancy, and translation 
must be determined. Simple opening wedge, closing wedge, 
or dome-shaped ostéotomies can be used to correct relatively 
small degrees of malunion; however, closing wedge ostéoto¬ 
mies can create additional shortening and opening wedge 
ostéotomies often require bone graffing. Oblique ostéotomies 
can be used to correct multiplanar deformities. These osté¬ 
otomies provide broad surface areas for healing, and length¬ 
ening can be obtained by sliding the osteotomy distally. 
Angular deformities in the frontal (varus-valgus) and sagittal 
(flexion-extension) planes can be resolved into a uniplanar 
deformity in an oblique plane (Fig. 58-13). The degree of 
maximal deformity is greater than the angular measurements 
on either anteroposterior or latéral radiographs. The plane of 
maximal deformity can be found by rotating the leg under 
fluoroscopy until the maximal degree of deformity is seen. A 
radiograph taken at 90 degrees to this plane should show no 
deformity. The oblique osteotomy should be made perpen- 
dicular to the plane of maximal deformity. Rotational defor¬ 
mity can be evaluated with CT or clinically by measuring the 
intermalleolar angle. Preoperative planning should include 
drawings of the injured and uninjured extremities, the site 
and configuration of the planned osteotomy, and the type of 
internai fixation device to be used. To prevent neurologie 
complications, somatosensory evoked potentials should be 
used during correction of a severe deformity, especially if 
lengthening is involved. Although the osteotomy usually is 
performed at the site of the old fracture, a supramalleolar 
osteotomy (see Technique 58-10) may be préférable if the 
previous fracture has been slow to heal, is covered with poor 
soft tissue, or contains extremely dense sclerotic bone. Russell 
et al. described a clamshell osteotomy for treatment of 
complex nonunions of the tibial or fémoral diaphysis and 
noted that it is especially helpful in malunions that hâve a 
long malaligned segment. 

Satisfactory alignment after osteotomy is difficult to 
maintain without some type of internai fixation, such as a 
compression plate or intramedullary nail or external fixation. 
If an intramedullary nail is used, the medullary canal must 
be opened at both ends of the old fracture, and any gaps 
created by the osteotomy should be filled with cancellous 
bone. Reamed, locked intramedullary nailing has been rec- 
ommended for stabilization of ostéotomies made to correct 
tibial malunions. We prefer to use statically locked nails to 
increase the stability of the osteotomy. The limited incisions 
used for the osteotomy are closed after opening of the medul¬ 
lary canals in both fragments and passing of the reaming 
guidewire but before reaming and nail insertion. Static 
locking can be converted to dynamic locking in several weeks 
if needed to promote healing. If a large amount of soft-tissue 
stripping is necessary to correct the deformity, fixation 
methods other than intramedullary nailing are préférable 
because intramedullary reaming often devascularizes the 
exposed bone segment further. A history of previous external 
fixation, especially if associated with pin track infection, also 




A and B f Varus malunion of distal tibia. C f Oste- 
otomy of tibia and fibula with réduction maintained by external 
fixator. D and E f Tibial union obtained with normal alignment; 
asymptomatic nonunion of fibular osteotomy persists. 


is a relative contraindication to intramedullary nailing 
because of an increased risk of infection. 

Oblique tibial ostéotomies stabilized with dynamic com¬ 
pression plates and lag screws hâve been advocated for the 
treatment of multiplanar tibial deformities with good results 
(Fig. 58-14). Sanders étal, recommended this technique for 
tibial shaff deformities that require less than 2.5 cm of length¬ 
ening. Contraindications to this procedure include inadéquate 
soft-tissue coverage and active infection. The inability to restore 
full length, delayed union, plate failure, infection, vascular 
injury, and wound dehiscence are possible complications. 

Ostéotomies for infected tibial malunions and malunions 
associated with a poor soft-tissue envelope may be best 
treated by the Ilizarov technique of corticotomy and graduai 
correction of deformity with a ring and wire fixator to correct 
tibial malunions. This technique is described in Chapter 54. 
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A, Multiplane osteotomy of 
tibia for diaphyseal malunion. B f Severe defor- 
mity: 45 degrees of varus, 50 degrees of anterior 
bowing, 15 degrees of internai rotation, 1.4 cm 
of shortening, and distal tibiofibular synostosis. 
C-E, After osteotomy, correction of deformity. 
Latéral view shows minimal overcorrection in sag¬ 
ittal plane. (From Johnson EE: Multiplane correctional 
osteotomy of the tibia for diaphyseal malunion, Clin 
Orthop Relat Res 215:223, 1987.) 


OBLIQUE TIBIAL OSTEOTOMY 


TECHNIQUE 58-11 


(SANDERS ETAL) 

■ Place a tourniquet on the proximal part of the thigh. 
Préparé and drape both legs so that they can be com- 
pared after correction. 


If axial lengthening is planned, place électrodes for mea- 
surement of somatosensory evoked potentials. 

Under fluoroscopie control, insert a 6-mm Schanz pin in 
the proximal tibial metaphysis absolutely parallel to the 
proximal tibial articular surface (Fig. 58-15A). Similarly, 
place a 6-mm Schanz pin in the distal tibial metaphysis 
absolutely parallel to the tibial plafond. 

If lengthening is planned, or if the fibula interfères 
with correction of the tibia, make an oblique fibular 
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Rotational 
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Angular correction 

C achieved: tighten nut 
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Oblique osteotomy for tibial malunion (see text). A f Anterior and latéral views showing placement of Schanz pins 
parallel to planes of proximal and distal joints and to site of proposed osteotomy. B f Anterior view (left) after fémoral distractor has 
been applied; rotational joint (a) is left open to allow latéral angular correction. Oblique osteotomy (b) is made to correct varus angu¬ 
lation and procurvatum; axial correction occurs as nut (c) is turned to lengthen distractor. Latéral view (right). Markings on distractor 
indicate angular correction has not been obtained. C f After angular correction is obtained, rotational joint is locked and further length- 
ening of distractor results in pure axial lengthening. Markings (right) now indicate that angular correction has been obtained. 
D f Anterior and latéral views after correction; lag screw has been inserted perpendicular to osteotomy. 
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ia[cll|;< * ECTClgffgfc E f Final resuit with neutralization plate 
in place. (From Sanders R, Anglen JO, Mark JB: Oblique osteotomy for 
the correction of tibial malunion, J Bone Joint Surg 77A:240, 1995.) 

SEE TECHNIQUE 58-11. 


osteotomy, ideally at the level of the proposed site of the 
tibial osteotomy. 

■ Exsanguinate the leg with a pressure bandage, inflate the 
tourniquet to 300 mm Hg (39.99 kPa), and remove the 
pressure bandage. 

■ Make a standard anterior extensile incision to expose the 
tibia. 

■ Identify the area of malunion and subperiosteally dissect 
ail soft tissue from the area. Place Hohmann retractors to 
protect the neurovascular structures. 

■ Sculpt the bone to remove excess callus while the tibia is 
still intact; save the bone that is removed to be used later 
as a local graft. 

■ Place a fémoral distractor (Synthes USA, Paoli, PA) on the 
Schanz pins, with the universal joint locked, leaving the 
rotational joint open (Fig. 58-15B). Make the tibial oste¬ 
otomy with a single eut perpendicular to the plane of 
maximal deformity (see Fig. 58-15B). If lengthening is not 
needed, hold the saw at an angle of 30 to 45 degrees in 
the coronal plane to allow enough bone on either side of 
the eut to overlap and be lagged together. 

■ If more lengthening is needed, the exact amount, in mil- 
limeters, to be obtained from axial lengthening already 
has been determined by preoperative planning. Obtain 
this length by decreasing the angle between the osteot¬ 
omy and the axis of the tibia in the coronal plane so that 
the bones can slide apart lengthwise at the eut while 
remaining in contact. The angle of the eut in the coronal 
plane is determined preoperatively and is marked on the 


bone with a marking pen and angle templates from the 
angled blade plate instrument set (Synthes USA, Paoli, 
PA). Rotate the saw to this angle in the coronal plane and 
make the tibial eut accordingly. Cuts made at angles of 
less than 20 degrees to the coronal axis are impossible to 
perform. 

■ As the fémoral distractor is lengthened, the lengthening 
translates into angular correction. Leaving the rotational 
joint open (see Fig. 58-15B) allows simultaneous correc¬ 
tion of the multiplanar deformity by rotating the two 
tibial segments around an axis perpendicular to the eut 
surface. Continue this correction until the two Schanz 
pins are parallel (Fig. 58-15C). 

■ If the eut is not perfect, additional bone can be shaved 
from the eut surfaces to correct alignment. 

■ If axial lengthening is not required, place a lag screw 
perpendicular to the eut surface and tighten it. If axial 
lengthening is required, use a clamp (bone réduction 
forceps with pointed tips) to hold the two eut surfaces 
together until the angular correction has been obtained 
and then lock the rotational joint of the distractor. Addi¬ 
tional lengthening of the distractor now lengthens the 
tibia axially. Gently loosen the bone clamp, but hold it in 
place to allow sliding in the axial plane while preventing 
translation and loss of angular correction. If somatosen- 
sory evoked potentials change before axial lengthening is 
completed, stop the lengthening and reverse it until the 
potentials return to baseline. 

■ When lengthening is completed, tighten the clamp, lock 
the distractor joints, and obtain anteroposterior and 
latéral radiographs. Superimpose these radiographs on 
the preoperative drawings and on the radiograph of the 
normal leg and make modifications as needed. 

■ When the alignment and length are satisfactory, place 
a lag screw perpendicularly across the osteotomy 
(Fig. 58-15D). 

■ Contour a narrow 4.5-mm dynamic compression plate 
and place it as a neutralization plate (Fig. 58-15E). 

■ Shave the bone and place the bone shavings as grafts 
around the osteotomy as needed. 

■ If an equinus contracture developed as the bone was 
lengthened, perform a Z-lengthening of the Achilles 
tendon. 

■ Remove the distractor, close the wound over a drain, and 
apply a bulky dressing and a below-knee posterior splint. 

POSTOPERATIVE CARE. Range of motion of 0 to 90 
degrees is begun immediately after surgery in a continu¬ 
ons passive motion machine. The patient is allowed out of 
bed on the first postoperative day. The drain is removed 
when less than 10 mL of drainage occurs in an 8-hour 
period, usually by the second day after surgery. The dress¬ 
ing is removed at 3 days, and if the wound appears satis¬ 
factory, a below-knee non-weight-bearing fiberglass cast 
is applied and touch-down weight bearing is allowed. 
The sutures are removed at 10 to 14 days, and the cast 
is changed. At 10 to 12 weeks, the cast is removed and 
a removable tibial brace is fitted. If bridging trabeculae 
across the osteotomy are visible on anteroposterior and 
latéral radiographs, partial weight bearing is allowed and 
is progressed astolerated. Gait-training, range-of-motion, 
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9 and strengthening exercises are begun. At the end of 
16 weeks, if the tibial osteotomy seems to be healed 
clinically and radiographically, the brace is discontinued 
and activities of daily living and full weight bearing are 
encouraged. The patient is examined every 6 months 
for 2 years. The plate is removed if requested by the 
patient because of pain but not before 12 months after 
surgery. 


CLAMSHELL OSTEOTOMY 

Russell et al. described a clamshell osteotomy in ten 
patients for treatment of complex diaphyseal malunions, in 
which the malunited segment is transected perpendicular 
to the normal diaphysis proximally and distally and the 
transected segment is wedged open by osteotomy much 
like opening a clamshell. An intramedullary rod is used to 
anatomically align the proximal and distal segments of the 
diaphysis. Contraindications for this technique include an 
unsuitable soft-tissue sleeve for open exposure, a metaphy- 
seal malunion, intramedullary osteomyelitis, absent medul- 
lary canal, morbid obesity, open physes, and lengthening 
of the tibia by more than 3 cm. We hâve not used this 
technique. 


TECHNIQUE 58-12 


(RUSSELL ET AL.) 

■ Position the patient supine with both lower extremities 
included in the operative field. A tourniquet is not used. 

■ Make a latéral incision along the fibular shaft at the 
planned level of the proximal transverse component of 
the tibial osteotomy. Perform a fibular oblique osteotomy 
to obtain complété freedom in repositioning the tibia 
after the osteotomy. 

■ Use a transpatellar or médial parapatellar tendon entrance 
to the previously defined safe zone for the tibial rod start- 
ing point. Take care to ensure an appropriate entrance 
angle into the proximal tibial segment. Open the proximal 
tibial segment with a threaded wire over which an 
opening reamer is passed. No attempt is made to ream 
the proximal tibia at this time. 

■To expose the osteotomy site, make a longitudinal inci¬ 
sion over the anterior compartment one fingerbreadth 
latéral to the tibial crest along the proposed longitudinal 
osteotomy site. 

■ Translate the anterior compartment musculature posteri- 
orly to allow for an extraperiosteal exposure of the latéral 
aspect of the malunited segment. Only the antérolatéral 
portion of the tibia is exposed. 

■ With radiographie guidance, localize the positions of the 
proximal and distal transverse ostéotomies and place a 
Kirschner wire perpendicular to the anatomie axis to 
guide the ostéotomies. 

■ Create the clamshell component of the osteotomy paral- 
lel to the médial tibial face, beginning just posterior to 
the antérolatéral subeutaneous prominence of the tibia 
and aiming in a posteromedial direction (Fig. 58-16). 



Clamshell osteotomy as described by Russell 
et al. Plane of longitudinal portion of the clamshell osteotomy 
for tibia. Plane is approximately parallel to médial face of tibia. 

SEE TECHNIQUE 58-12. 


■ Use a 3.5-mm drill bit to create the path for the longitu¬ 
dinal osteotomy with the goal of creating a bicortical 
uniform plane of stress risers (Fig. 58-1 7). Only osteotomy 
of the near cortex is accomplished with an osteotome 
using the drill holes as a guide. Use a sagittal saw to 
create the transverse proximal and distal ostéotomies. 

■ Split the far cortex of the osteotomized segment parallel 
to the médial face with the use of an osteotome and 
laminar spreader. Separate the longitudinal osteotomy of 
the intercalary segment with a laminar spreader; the pos¬ 
terior cortex is hinged on the periosteal sleeve. If the 
posteromedial cortex does not open easily, then use an 
osteotome to eut the posteromedial cortex and then the 
laminar spreader to open the osteotomy. 

■ Place the limb over a radiolucent triangle and pass the 
guidewire from the proximal tibial segment through 
the osteotomized segment into the distal segment with 
the aid of fluoroscopie guidance. Measure the length 
of the guidewire. Make sure the entrance angle and the 
ending point in the distal segment are in the center of 
the tibia on both the anteroposterior and latéral fluoro¬ 
scopie images. 

■ Before reaming, the anterior muscular compartment is 
allowed to drape over the cortex to preserve the bone 
fragments produced by subséquent reaming at the oste¬ 
otomy sites. Ream the proximal and distal segments 
until cortical chatter is noted. The reaming should resuit 
in a deposit of bone fragments at the osteotomy gap 
sites. 

■ Push the reamer through the clamshell segment to protect 
the neurovascular structures and to avoid binding against 
the osteotomized fragments. Continue reaming in 
0.5-mm incréments until cortical chatter is obtained. A 
tibial rod measuring 1 mm less in diameter than the final 
reamer is selected. 

■ Pass the rod and accomplish proximal interlocking. 
Remove the jig from the proximal aspect of the tibial nail 
and remove the limb from the triangle and place it fiat 
on the operating table. 

■The sagittal and coronal plane corrections hâve been 
accomplished at this point and only length and rotation 
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Clamshell osteotomy as described by Russell et al. A f Anteroposterior standing radiograph of lower extremity, 
showing shortened tibia with medially translated distal tibial segment and varus malunion at inferior end of intercalary segment. 
B f Latéral radiograph demonstrating marked deformity of tibia highlighted by marked posterior translation and apex posterior angula¬ 
tion at superior end of intercalary segment. C f Tibial clamshell osteotomy with soft tissues included. Antérolatéral muscular sleeve is 
being retracted posteriorly, exposing latéral aspect of tibia. Osteotomy is initiated 3 to 5 cm posterior to antérolatéral tibial prominence 
and angled posteromedially and parallel to subcutaneous surface of tibia. D f Surgical exposure for tibial osteotomy. Antérolatéral 
muscular envelope retracted posteriorly. Transverse ostéotomies are denoted by blue Unes , and circles represent drill holes. (Reproduced 
from Russell GV, Graves ML, Archdeacon MT, et al: The clamshell osteotomy: a new technique to correct complex diaphyseal malunions: surgical 
technique, J Bone Joint Surg 92A[Suppl 1 pt 2]:158, 2010.) SEE TECHNIQUE 58-12. 


need to be corrected (Fig. 58-18). Hâve an assistant apply 
manual traction or use a fémoral distractor or an external 
fixator to correct length and rotation. Place the distal 
interlocking bolts with the use of fluoroscopie guidance. 

■ Retract the anterior compartment posteriorly from the 
latéral part of the tibia to inspect the osteotomy site. Fill 
the gaps with the bone fragments left from reaming. For 
gaps of more than 1 cm, demineralized bone matrix or 
autogenous bone graft can be used. Make sure that there 
is no space left between the osteotomy fragments and 
the intact proximal or distal parts of the tibia. 

■ Loosely approximate the fascia over the anterior compart¬ 
ment. However, if there is concern that excessive swelling 
may cause a compartment syndrome, do not close the 
anterior compartment. 

■Close the extensile approach with the use of Allgôwer 
modification of the Donati technique with careful soft- 
tissue handling. 

POSTOPERATIVE CARE. Monitor the patient for signs 
of compartment syndrome. Intravenous cephazolin is 


administered for 24 hours postoperatively. The patient 
may begin touch-toe weight bearing on the first postop- 
erative day using crutches. Russell et al. recommended 
prophylactic heparin until the patient is discharged from 
the hospital. Weight bearing is advanced as the osteot¬ 
omy healing progresses with full weight bearing allowed 
by 12 weeks (Fig. 58-19). 


CONDYLES OF THE TIBIA 

If a fracture of a tibial condyle heals with moderate-to-severe 
displacement, the change in position of its weight-bearing 
surface produces an increase in the joint space, a relaxation 
of some of the knee ligaments, a valgus or varus weight- 
bearing alignment, and frequently some rotational deformity. 
Any such displacement must be corrected if a severe disability 
from traumatic arthritis is to be avoided. The procedure of 
choice for this type of malunion varies with the kind of 
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A f Deformity correction in coronal plane. B, Sagittal plane. (Reproduced from Russell GV, Graves ML, Archdeacon MT, 
et al: The clamshell osteotomy: a new technique to correct complex diaphyseal malunions: surgical technique, J Bone Joint Surg 92A[Suppl 1 pt 
2]:1 58, 2010 ) SEE TECHNIQUE 58-12. 



Anteroposterior (A) and latéral (B) radiographs 
1 year after surgery, demonstrating healed osteotomy with res- 
toration of tibial length and alignment. (Reproduced from Russell 
GV, Graves ML, Archdeacon MT, et al: The clamshell osteotomy: a new 
technique to correct complex diaphyseal malunions: surgical technique, 
J Bone Joint Surg 92A[Suppl 1 pt 2]: 158, 2010.) SEE TECHNIQUE 58-12. 


fracture and the exact source of the disability. Before surgery, 
the latéral instability might seem to indicate that a ligament 
should be repaired; yet after correction of the bony deformity, 
the joint usually is stable. 

If the disability is caused mainly by axial malalignment 
after dépréssion of a condyle, the weight-bearing surfaces of 
the tibia usually do not need to be disturbed. Rather, a trans¬ 
verse subcondylar osteotomy combined with the insertion of 
a graft and internai fixation is indicated; this procedure is 
especially appropriate when the patient is of middle âge, the 
malunion is of long duration, and the latéral displacement is 
not severe. In other instances, an oblique osteotomy through 
the old fracture is possible; the depressed condyle is elevated 
and fixed with a buttress plate and screws, and the defect is 
filled with bone graffs. This procedure is applicable to young 
patients after a fairly recent fracture. Sometimes the defor¬ 
mity of the condyle and the degeneration of the articular 
cartilage are so severe that reconstruction is impractical; an 
arthrodesis or arthroplasty is then usually indicated. 


SUBCONDYLAR OSTEOTOMY AND 
WEDGE GRAFT FOR MALUNION OF 
LATERAL CONDYLE 


TECHNIQUE 58-13 


■ Begin an incision over the antérolatéral aspect of the knee 
2.5 cm proximal to the joint and extend it distally parallel 
with the shaft of the tibia for 7.5 cm. 

■ Make an inverted-L-shaped incision across the latéral 
condyle and down the crest of the tibia; detach the origin 
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of the extensor muscles and dissect the muscles subperi- 
osteally from the bone. 

■ Completely divide the bone by a transverse osteotomy at 
a point immediately distal to the tibial tuberosity. 

■ Using a broad osteotome as a lever, tilt the upper frag¬ 
ment proximally and angulate the distal shaft medially; 
the normal transverse plane of the tibial condyles and the 
normal alignment of the extremity are largely restored. 

■ Fill the wedge-shaped or cuneiform space created by the 
osteotomy with bone grafts. Make an anterior incision 
7.5 cm long and 5 cm distal to the first incision and 
expose the shaft of the tibia; remove a free cortical graft 
to serve as a wedge (usually 1.9 cm wide and about 
3.8 cm long). Set the graft on edge and, using an inlay, 
drive it tightly into the space beneath the latéral condyle. 
Insert around this graft cancellous bone from the opening 
in the tibia and a few shavings from the surface of the 
bone. No undue latéral motion should be possible after 
the procedure. A full-thickness iliac graft provides more 
stability, but removal of such a graft increases the com- 
plexity of the operation. 

■ Stabilize the osteotomy as for a fresh fracture with a 
T-plate as a buttress. 

■ Confirm the réduction with intraoperative radiographs. 

■ A similar procedure can be used for malunited fractures 
of the médial condyle. 

■ If the weight-bearing surface was comminuted at the 
time of fracture, élévation of only the depressed frag¬ 
ments produces a refracture through its articular surface 
and the fragments can be difficult to hold in position; 
even attempts to pry them into position usually lead only 
to crushing rather than to correction of the deformity. 

POSTOPERATIVE CARE. The knee is held in extension 
and immobilized in a cast from the toes to the groin. At 
2 weeks, the cast is removed and radiographs are 
obtained. If satisfactory stability of the osteotomy is 
obtained by internai fixation, range-of-motion exercises 
are begun. A cast brace can be worn if further protection 
is needed until the osteotomy has united. Union may be 
solid at 8 weeks, but direct weight bearing should not 
yet be allowed, lest the dépréssion recur. Walking is per- 
mitted with crutches, and weight bearing is increased as 
tolerated, but the crutches must not be discarded for 1 
month. Weight bearing and undue strain must be pre- 
vented until union of the grafted area is absolutely solid. 


OSTEOTOMY AND INTERNAL 
FIXATION OF THE LATERAL CONDYLE. 


TECHNIQUE 58-14 


■ Expose the operative field as just described except that 
the incision must extend proximally far enough to expose 
the knee joint. 

■ Examine the latéral meniscus, and if it is torn, treat it as 
described in Chapter 45. 


■ Dissect ail scar tissue from between the tibia and the 
condylar fragment and dénudé their surfaces as far dis- 
tally as possible. 

■ Refracture the fragment at its base by inserting an osteo¬ 
tome in a proximal and médial direction. 

■ Sever the soft-tissue attachments only at the line of frac¬ 
ture or as necessary to mobilize the fragment. 

■ Drill a Knowles pin or Schanz screw into the fragment to 
use first as a lever to aid in réduction. 

■ Drill a Kirschner wire into the fragment across the fracture 
and into the opposite tibial condyle. 

■ Fix the fracture using AO techniques as for a fresh 
fracture. 

■ Fill any residual defect with cancellous bone. Because in 
this type of fracture some bone substance is lost, perfect 
apposition and contour cannot be restored. 

■ A similar procedure can be used for the médial 
condyle. 

POSTOPERATIVE CARE. With the knee extended, a 
plaster cast is applied from the toes to the groin. If satis¬ 
factory stability has been achieved at 2 weeks, the cast is 
removed and a cast brace is substituted to begin con- 
trolled range-of-motion exercises. Walking also is permit- 
ted with crutches and a cast brace. If consolidation of 
bone is sufficient 12 weeks after surgery, the crutches and 
cast brace can be discarded. 


■ INVERTED-Y FRACTURES OF THE 
TIBIAL CONDYLES 

Malunited Y-shaped fractures or malunited fractures of both 
condyles are approached from both sides and are corrected 
by the method of osteotomy and internai fixation for mal¬ 
union of a single condyle described previously. The operation 
is extensive and usually should be chosen only as a prelimi- 
nary procedure to restore the contour of the condyles for a 
future arthroplasty. Practical function rarely can be expected, 
unless the deformity is corrected within a few months after 
injury; even then, osteoporosis may make replacement of the 
fragments difficult. 

■ FRACTURE OF THE INTERCONDYLAR 
EMINENCE OF THE TIBIA 

Malunion of displaced fractures of the intercondylar emi- 
nence of the tibia can severely restrict knee extension 
because of impingement of the malunited fragment on the 
fémoral intercondylar notch. Arthroscopic or open removal 
of the fragment, debridement, and open anatomie réduction 
and fixation hâve been recommended for treatment of this 
malunion. In patients with functionally stable anterior cru- 
ciate ligaments, arthroscopic notchplasty, in which the 
fémoral notch is enlarged with a power burr until it can 
accommodate the prominent intercondylar eminence and 
allow full knee extension, can be performed. Panni et al. 
recommended as sparing a notchplasty as possible to achieve 
full extension. Arthroscopic notchplasty is described in 
Chapter 51. 
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PATELLA 

The symptoms of a malunited fracture of the patella are 
similar to those of advanced chondromalacia. Disability 
is proportionate to the amount of irregularity of the 
articular surface of the patella and of the roughening of the 
contiguous surface of the fémur. For even a relatively recent 
malunion, patellectomy usually is the procedure of choice 
(see Chapter 54). 


FEMUR AND HIP 

CONDYLES OF THE FEMUR 

Malunion of one or both fémoral condyles, as of the tibial 
condyles, distorts the articular surface of the knee; frequently, 
however, it produces a much more severe disability than does 
one of a tibial condyle. Malunion of the latéral fémoral 
condyle can produce external rotation, flexion, and valgus 
deformities of the knee; malunion of the médial condyle pro- 
duces internai rotation, flexion, and varus deformities. 

■ LATERAL FEMORAL CONDYLE 


OPEN REDUCTION AND 
INTERNAL FIXATION 


TECHNIQUE 58-15 


■ Approach the joint through a latéral incision beginning 
10 cm proximal to the knee and extending distally to 
2.5 cm distal and slightly anterior to the head of the 
fibula. 

■ Incise the iliotibial band, but avoid the peroneal nerve that 
passes over the head of the fibula. 

■ Incise the vastus lateralis muscle and retract it anteriorly 
to expose the old fracture. 

■Open the capsule and synovial membrane so that the 
interior of the joint can be seen during réduction of the 
fracture. 

■ Divide the bone as near the plane of the old fracture as 
possible, but protect the peroneal nerve. 

■ Grasp the condyle with bone-holding forceps and place 
it in its normal position; drill two Kirschner wires through 
the fragment into the médial condyle, the wires Crossing 
each other at an angle of 30 degrees. The wires should 
protrude through the opposite cortex. 

■ Make two-plane radiographs to verify the position of the 
wires and of the fragment, then fix the fragment with 
AO cancellous screws. 

■ To expose a malunited fracture of the posterior part of 
the latéral condyle, use the same latéral incision but carry 
the dissection posteriorly. 

■ Expose the biceps tendon and peroneal nerve and retract 
them laterally and posteriorly. 

■ Incise the postérolatéral part of the capsule and expose 
the malunited fragment. The fragment always is displaced 
proximally and usually can be refractured from above 
downward. 


■ After the fragment is freed, place it in position with a 
towel clip and fix it securely with two AO cancellous 
screws. If fixation is not sufficiently rigid, a buttress plate 
can be added. 

■Close the incision in routine fashion and apply a 
plaster cast from the toes to the groin with the knee in 
extension. 

POSTOPERATIVE CARE. At 2 weeks, the cast is 
removed, a cast brace is applied, and active and passive 
exercises and physical therapy are begun; if fixation is 
firm, exercises can be done with overhead pulleys. An 
elevated shoe is fitted on the opposite side, and walking 
with crutches is permitted; however, weight bearing 
is not allowed until union is complété, usually at 8 
weeks or more after surgery. Free motion of the knee in 
the brace is allowed at 10 to 12 weeks. The réduction 
can be partially lost unless every précaution is taken to 
preserve it. 


■ MEDIAL FEMORAL CONDYLE 

Malunion of fractures of the médial fémoral condyle can be 
corrected by the same procedure described for malunion of 
the latéral condyle. The exposure is as described previously. 
When the distal fémoral physis is involved in a child, growth 
of the distal fémur can be disturbed. 

■ BOTH FEMORAL CONDYLES 

Malunion of fractures of both condyles with marked displace¬ 
ment rarely should be corrected by open réduction of each 
condyle as just described, unless it is of short duration and is 
in a young patient. When there is a varus or valgus deformity, 
the extremity should be realigned by an osteotomy through 
the metaphysis. When the contour of the joint is irregular 
enough to impair function and cause pain (Figs. 58-20 and 
58-21), arthroplasty or arthrodesis may be indicated (see 
Chapters 7 and 8). 



Malunited comminuted fracture of both con¬ 
dyles of fémur 1 year after injury. Knee motion was markedly 
limited and painful. 
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Same patient as in Fig. 58-20, 3.5 months after 
compression arthrodesis. Knee is painless. 


SUPRACONDYLAR FEMUR 

Supracondylar fémoral malunions are infrequently reported. 
If a malunion is associated with an angular deformity of the 
médial condyle and shortening, treatment may become chal- 
lenging. Wu described a one-stage surgery using antegrade 
intramedullary nailing in 19 patients with supracondylar 
fémoral fracture malunion associated with varus deformity 
and shortening of the médial condyle. Sixteen fractures 
healed without additional surgery at a médian period of 4.5 
months. Complications included nonunion in one patient 
and deep infection in one patient. No malunions or neuro- 
vascular injuries occurred, and the amount of lengthening 
obtained was 2.0 to 3.5 cm. 

FEMORAL SHAFT 

Malunions of fémoral shaft fractures are much less common 
with the increased popularity of interlocking intramedullary 
nailing procedures. Malunions after closed treatment are the 
rule, but become significant only if they resuit in shortening 
of more than 2.5 cm, are angulated more than 10 degrees, or 
are internally or externally rotated to the point that the knee 
cannot be aligned with forward motion during gait. Although 
many authors define rotational malunion as 10 degrees or 
more of axial malalignment, many of these do not produce 
symptoms (0% in < 10 degrees; 12% in 10 to 15 degrees; and 
up to 38% in > 15 degrees). 

Malunions of the fémur can cause disturbances in gait 
and posture, which can cause abnormal stresses on the knee 
and spine. Whether fémoral shaft fracture malunion leads to 
the development of knee osteoarthritis has not been well 
established. Phillips et al., in a study of 62 patients with 
fémoral shaft fractures, found no significant association 
between malunion, the WOMAC scores, and the presence of 
clinical or radiographie osteoarthritis at 22 years follow-up. 
When corrective surgery is planned, the patients overall 
medical condition, functional demands, and severity of 
symptoms should be considered. The extent of angular 
deformity and shortening, degree of bony consolidation, and 


condition of the neurovascular structures and soft tissues 
also must be determined. Preoperative évaluation should 
include long, weight-bearing radiographs of the involved and 
uninvolved extremities for comparison. Fémoral ostéotomies 
in adults, especially ostéotomies that involve acute lengthen¬ 
ing, are associated with numerous complications, including 
infection, nerve palsies, hardware failure, and nonunion. 
Detailed preoperative planning is essential to select the 
optimal operative procedure and to avoid complications. 
Cancellous bone grafting usually is necessary to improve 
healing. 

Malunions of the fémoral shaft from the lesser trochanter 
to within 5 cm of the intercondylar notch of the fémur at the 
knee can be treated by several methods. In adults with aseptie 
malunions and good soft tissues, osteotomy, fixation with an 
interlocking intramedullary nail, and autogenous iliac bone 
grafting resuit in a high percentage of unions and offer the 
advantage of early mobilization with weight bearing without 
the need for external immobilization (Fig. 58-22). This 
approach requires sophisticated instrumentation, image 
intensification equipment, an appropriate fracture table, and 
skill in the use of interlocking intramedullary nails. In chil- 
dren, for whom nonoperative treatment of fémoral fractures 
is the standard of care, osteotomy combined with traction and 
casting can yield satisfactory results. The fémur can be divided 
through the plane of the malunion with a reciprocating or 
oscillating saw, or the plane of malunion can be outlined with 
holes drilled close together and division of the bone com- 
pleted with a small chisel. For patients who do not fulfill the 
aforementioned criteria, the options are open réduction and 
internai fixation with broad dynamic compression plates and 
screws with autogenous iliac bone grafting or external fixa¬ 
tion with the Ilizarov technique. 

Malunions of the fémoral shaft with angulation and 
rotation but with end-to-end apposition of the fragments 
often are the resuit of bearing weight before union has 
become completely solid (Fig. 58-23). If the malunion is of 
short duration and has occurred after nonoperative treat¬ 
ment, it can be broken up manually, and the overlapping 
and angulation can be corrected by skeletal traction or grad- 
uated distraction with an external fixation assembly; in 
these instances, care must be taken not to produce paralysis 
of the sciatic nerve or one of its branches with the traction. 
Most malunions of the fémoral shaft that require surgery 
should be fixed internally at the time of such surgery and 
should be grafted when securing apposition has required 
extensive periosteal stripping. 

For malunion of the proximal third of the fémoral shaft, 
especially of the subtrochanteric région, a cephalomedullary 
interlocking nail (reconstruction nail), a conventional inter¬ 
locking nail, or compression hip screws suitable for fixing a 
subtrochanteric fracture can be used (Fig. 58-24). Distal 
fémoral malunions also can be stabilized with a conventional 
interlocking intramedullary nail, a dynamic condylar com¬ 
pression plate, or a blade plate. 

Various ostéotomies can be used depending on the defor¬ 
mity. Opening or closing wedge ostéotomies can be used for 
axial corrections and transverse osteotomy to correct rota¬ 
tional deformity. A one-stage fémoral lengthening using a 
Z-step osteotomy stabilized with an intramedullary nail has 
been reported (Fig. 58-25) with good results in selected 
patients. The defects were filled with corticocancellous bone. 
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A f Rotational malunion of fémur 
fémoral derotational osteotomy and locked nailing. 


after unlocked intramedullary nailing. B f Correction of malunion with proximal 
C f Healed osteotomy. 


Reported complications hâve included fémoral nerve palsies, 
infection, nonunion, and loss of length. Extensive scarring 
and a history of infection, nerve injury, or previous bone graff 
are considered contraindications to this procedure. The suc- 
cessful use of oblique osteotomy with intramedullary nailing 
and autogenous bone graffing also has been reported as has 
oblique osteotomy using plate osteosynthesis and autogenous 
bone graffing. Complications with the use of plates included 
infection; persistent deformity; plate avulsion, loosening, or 
fracture; and nonunion. Chiodo et al. used an oblique oste¬ 
otomy combined with closing wedges to correct coronal, 
transverse, and sagittal plane deformities in six fémoral mal¬ 
unions. Ail six fémurs had varus (average 22 degrees) and 


antecurvatum (average 23 degrees) deformities, and two had 
internai rotation deformities (10 degrees and 15 degrees). Ail 
that had at least 10 degrees of varus had médial knee pain. 
Limb-length discrepancy averaged 1.8 cm. Fixation was per- 
formed with 4.5-mm lag screws and 4.5-mm plates in five 
malunions and a 95-degree blade plate in one. Ail patients 
improved clinically, and ail ostéotomies healed. Average post- 
operative limb-length discrepancy was within 0.5 cm, and 
axial limb alignment was within 10 degrees of the contralat¬ 
éral side. The authors stated that plate fixation of fémoral 
ostéotomies for malunion may be preferred in cases in which 
the fémoral canal is distorted or the fracture is in the distal 
part of the fémur. 
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A f Distal fémoral fracture with 30-degree varus malunion. B, External fixation was used to correct deformity before 
plating. C f After osteotomy and plating. 



A and B f Malunion of subtrochanteric fracture with severe internai rotational deformity. C and D f Corrective oste¬ 
otomy, implant removal, and fixation with proximal interlocking Grosse-Kempf medullary nail. 


Any operation for a malunited fémoral fracture in an 
adult is easier with the patient on a fracture table. The affected 
extremity should be draped into the stérile field, and the 
footpiece should be covered with stérile drapes. Although the 
old fracture can be seen clearly in the radiographs, the ends 
of the fragments may be covered with so much callus that 
even after extensive stripping of soft tissues the exact plane of 
fracture can be difficult to recognize at surgery. To aid in 


identifying the fracture and in placing the osteotomy prop- 
erly, a Kirschner wire or small pin can be drilled through the 
bone in what appears to be the plane of fracture, and the rela¬ 
tive positions of the wire and the fracture are checked by 
radiographs or image intensifier. Alternatively, the thickened 
part of the bone can be divided by a long oblique osteotomy, 
producing a larger area for apposition of the fragments after 
length and alignment hâve been restored. 
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One-stage fémoral lengthening: reaming, Z-shaped osteotomy, lengthening, static locked medullary nailing, trans¬ 
verse screws, and bone grafts. 


Occasionally, internai fixation devices are fractured and 
deformed when the patient expériences a new injury. Tins 
situation frequently is difficult because the deformed internai 
fixation device must be removed first before the new fracture 
can be definitively fixed. If not corrected acutely, malalign- 
ments can cause pain and joint deformity. 


OSTEOTOMY FOR FEMORAL 
MALUNION 


TECHNIQUE 58-16 


■ After determining preoperatively the site of osteotomy, 
expose the area of malunion through an appropriate 
antérolatéral or latéral incision (see Chapter 1). 

■ Incise the periosteum longitudinally for a distance of 6 to 
8 cm if interlocking nail techniques are to be used over 
the area of maximal deformity. 

■ Divide the bone transversely with a reciprocating motor 
saw, or, if préférable, drill several holes transversely 
through the bone and divide it in the plane of the holes 
with an osteotome to form broad, even surfaces for 
maximal apposition. Drilling the holes not only ensures 
that the osteotomy is transverse but also, because the 
fémur is often exceedingly dense, saves time and decreases 
the effort required of the surgeon. 

■ Correct the deformity by manual force. 

■Open the medullary canal of both fragments. 

■ In adults, the réduction is unstable, especially in the proxi¬ 
mal half of the fémur, and end-to-end apposition and 


proper alignment of the fragments can be maintained 
with certainty only by internai fixation. Use an interlock¬ 
ing intramedullary nail within the levels ordinarily indi- 
cated for intramedullary nailing of fresh fractures of the 
fémoral shaft (see Chapter 54). 

■ Alternative^, the fragments can be fixed with a compres¬ 
sion plate. With either type of fixation, cancellous grafts 
should be placed at the osteotomy. 


For a severe deformity of long duration, an operation in two 
stages may be necessary. In the first stage, union is broken up 
in an oblique plane by osteotomy; length is restored after 
surgery by skeletal traction or by external fixation distraction. 
In the second stage, satisfactory apposition and alignment are 
obtained, the fragments are fixed internally with an intramed¬ 
ullary nail or a large compression plate, and bone grafts are 
placed around the osteotomy medially and posteriorly. 

When alignment is satisfactory but overlapping is exces¬ 
sive, expérience and mature judgment are required to déter¬ 
mine which malunions should be treated surgically, but the 
following general principles usually can be applied. In young 
children, overlapping that results in final shortening of more 
than 3.8 cm usually should be corrected. In young adults, 
surgery usually is indicated when the overlap is more than 
3.8 cm, but the operation is difficult, union may be delayed 
after surgery, and impairment of function of the knee and of 
the vascular and nerve supplies of the extremity is possible. 
When osteoporosis is marked, the patient should bear weight 
before surgery until it has at least partially disappeared and 
pain and swelling hâve ceased. 
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■ FEMORAL MALUNION IN CHILDREN 

Angular deformity has been reported to occur in 40% of 
children with fémoral shaft fractures, although it usually 
remodels with growth. In children younger than 13 years, 
malunion of 25 degrees in any plane remodels enough to give 
normal alignment of joint surfaces. If significant angular 
deformity is présent after fracture union, corrective osteot- 
omy should be delayed for at least 1 year, unless the deformity 
is severe enough to impair function. The idéal osteotomy 
corrects the deformity at the site of fracture. In juvénile 
patients, metaphyseal osteotomy of the proximal or distal 
fémur may be préférable, however. In adolescents with mid- 
shaft deformities, diaphyseal osteotomy and fixation with an 
interlocking intramedullary nail are préférable. Although 
rotational deformity does not remodel significantly, it usually 
is well tolerated and rarely requires treatment. 

Complications of fémoral shaft fractures in children, 
including malunion, are discussed in Chapter 36. Ostéoto¬ 
mies for correction of varus and valgus deformities and leg- 
length discrepancy are described in Chapter 29 and 36. 


■ Incise the periosteum and strip it from the latéral, ante- 
rior, and posterior surfaces of the proximal fragment. 

■ Use a reciprocating motor saw to separate the fragments 
through the plane of union, or, if desired, outline the 
plane of union with a motor-driven drill and divide the 
bone with a narrow osteotome by connecting the holes. 
With either method of osteotomy, proceed cautiously to 
avoid injuring important nerves and vessels on the médial 
side of the fémur. If union is far advanced, an oblique 
osteotomy can be made without regard to the plane of 
fracture. 

■ Resect 0.6 to 1.3 cm of bone from each fragment with 
a saw. This resection is made for several reasons: (1) the 
ends of the fragments usually are sclerotic and should be 
resected back to comparatively normal bone; (2) the sur¬ 
faces formed permit more stable and accurate apposition; 
and (3) apposing the fragments is less difficult and récur¬ 
rence of deformity is less likely when the malunion has 
been of long duration and the soft tissues otherwise 
would be under too much tension. 

■Apposing and firmly interlocking the fragments may be 
possible; apply a plate for fixation. If the deformity is 
severe, apposing the fragments may be impossible 
without too much stripping of soft tissues and without 
resection of too much bone from the ends of the frag¬ 
ments. In this instance, external fixation may be préfér¬ 
able. In older children and adolescents, an intramedullary 
nail usually is preferred for fixation. 


If adéquate radiography or equipment for interlocking 
intramedullary nailing techniques or internai fixation is 
unavailable or cannot be used, older techniques can provide 
good results (Fig. 58-26). Malunions of the fémoral shaft 
with angulation but little, if any, rotation can be treated by 


OSTEOTOMY FOR FEMORAL 
MALUNION IN CHILDREN 


TECHNIQUE 58-17 


■ Expose the malunion through an appropriate latéral or 
antérolatéral incision (see Chapter 1). 

■ Inspect the old fracture carefully and compare it with the 
radiograph so that the osteotomy can be placed as near 
to the fracture as possible. Usually the proximal fragment 
is located latéral and anterior to the distal one, and it can 
be identified easily if the malunion is of only 6 to 12 
months' duration. 



A f Malunited fracture of fémur with overlapping of fragments in 11-year-old boy. B f Five months after open réduc¬ 
tion, insertion of Kirschner wire through distal fémur and application of spica cast incorporating wire. Length of limb and function of 
knee were regained. 
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osteotomy and osteoclasis. Ferguson et al. described a two- 
stage osteotomy that can be used in the fémur, tibia (Fig. 
58-27), or other long bone. A rectangular segment consist- 
ing of one half the width of the bone is removed from the 
concave side of the deformity; this segment is eut into small 
chips and is packed back into the defect. About 3 weeks 
later, the osteotomy is completed on the convex side of the 
deformity by removing a wedge opposite the middle of the 
first defect. The second stage is not done until sufficient 
callus has formed at the first defect; if necessary, additional 
graffs are placed over the first defect before the osteotomy is 
completed. 

Moore described a method of correcting deformity of a 
long bone (including malunited fractures) in which about 
three fourths of the circumference of the bone is divided with 
an osteotome at the level of maximal deformity; the rest of 
the bone is broken by manual osteoclasis (Fig. 58-28). Irwin 
used a similar method for trochanteric osteotomy that also 
can be used for joints ankylosed in a position of deformity, 
genu valgum or varum, coxa vara, cubitus varus, and other 
deformities. 

Malunions that occur in patients with fibrous dysplasia 
are complicated by poor fixation with plates and screws in 
the pathologie bone. We hâve found that reconstruction 
with an intramedullary nail is helpful in this situation 
because it effectively splints the entire fémur, avoiding 
delayed angulation and stress fractures at the ends of the 
implant. 



Ferguson, Thompson, and King two-stage oste¬ 
otomy. A, Segment of bone resected from médial half of tibia 
(blue Unes) and eut into chips for grafting. B, Grafts placed in 
defect to complété first stage. Second stage is delayed until suf¬ 
ficient callus has formed across defect. Varus deformity is cor- 
rected by resecting wedge of bone latérally (blue Unes). 
C, Deformity has been corrected, and union is solid. 




Excised 
wedge 
of bone 
reduced to 
chips and 
returned to* 
defect 


Periosteum 

carefully 

approximated 


Moore osteotomy-osteoclasis. A, 1, Wedge has been resected from normal bone distal to malunion, leaving cortex 
on concave side of deformity intact; proximal eut is perpendicular to long axis of proximal fragment, and distal eut is perpendicular to 
that of distal fragment. 2, Grafts hâve become Consolidated with early callus. 3, Deformity has been corrected by manual osteoclasis. 

B, Detail of technique. Wedge of bone is removed and is eut into chips that are placed back into defect; periosteum is carefully sutured. 

C, At 3 to 4 weeks after surgery, section of cast is removed and deformity is corrected manually. Cast is repaired with plaster. 
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TROCHANTERIC REGION OF THE FEMUR 

Varus malunion is the most common deformity after inter- 
trochanteric fracture and leads to limb shortening; abductor 
muscle imbalance; limp; and hip, back, and knee pain. Mal- 
united fractures in the trochanteric région can be divided into 
two types: (1) malunions with internai or external rotation, 
coxa vara, and shortening of about 2.5 cm and (2) malunions 
with internai or external rotation, severe coxa vara, and short¬ 
ening of 5 cm or more. In malunions of the first type, rotation 
and coxa vara are corrected by a subtrochanteric osteotomy 
and no attempt is made to reduce the shortening other than 
by angulating the bone at the osteotomy. Malunions of the 
second type are treated by a procedure similar to that 
described subsequently for malunited cervicotrochanteric 
fractures with extreme overriding. 

Bartonicek et al. reported their results with a valgus inter- 
trochanteric osteotomy by removal of a latéral wedge, latéral 
displacement of the fémoral shaft, and fixation with a 120- 
degree blade plate. Fourteen of 15 ostéotomies healed 
uneventfully, and there were no infections, osteonecrosis, or 
osteoarthritis at an average follow-up of 5.5 years. Ail patients 
were satisfied with the resuit, and Harris hip scores improved 
from an average of 73 preoperatively to 92 postoperatively. 
Indications for surgery were greater than 2 cm of shortening, 
a limp, gluteal muscle imbalance, and pain in the hip and 
lumbar spine. 

■ SUBTROCHANTERIC OSTEOTOMY FOR COXA 
VARA AND ROTATIONAL DEFORMITIES 

The routine technique for this procedure, useful in treating 
many conditions, is described in Chapter 30. Variations are 
described under the discussions of compensatory trochan¬ 
teric osteotomy for malunited slipped proximal fémoral 
epiphysis (see Chapter 36) and congénital coxa vara (see 
Chapter 9). 

CERVICOTROCHANTERIC REGION 
OF THE FEMUR 

Cervicotrochanteric fractures occur at the junction of the 
trochanter and fémoral neck. Posteriorly, the fracture is 
always outside the capsule of the hip because the posterior 
part of the capsule does not cover the distal third of the 
neck; anteriorly, the fracture can be just inside the capsule 
or can extend a short distance within it. Unless fractures in 
this région are treated properly, malunion is inévitable; 
usually coxa vara of 90 degrees, external rotation of the 
distal fragment, and about 5 cm of shortening are the defor- 
mities. In children, the shortening may be slight at the time 
of union but increases with growth and ultimately may be 
7.5 cm, even though the physis is not affected; this increase 
in discrepancy seems to be caused by the partial disability 
of the extremity that results in insufficient stimulation 
of the physes by normal activity. After the deformity has 
been corrected, maintaining the position is especially diffi- 
cult in children; the likelihood of maintaining satisfactory 
alignment and securing normal function is much more 
favorable in young adults. In the elderly, subtrochanteric 
osteotomy alone (see Chapter 22) is used to correct the 
deformity; even though length is only partially restored, 
function is improved. 


CORRECTION OF 

CERVICOTROCHANTERIC MALUNION 


TECHNIQUE 58-18 


■ Expose the malunion, the trochanters, and the proximal 
5 cm of the fémoral shaft through a curved latéral inci¬ 
sion between the tensor fasciae latae and gluteus médius 
muscles (see Chapter 1). 

■ Because of the external rotation, the fractured surface of 
the greater trochanter faces anteromedially. A wedge- 
shaped space with its base anterior is présent between 
the fragments and usually is filled with fibrous tissue. 
Excise this fibrous tissue down to normal bone and divide 
the osseous union posteriorly with an osteotome. 

■Appose the bone surfaces and correct the deformity by 
abducting and internally rotating the distal fragment 
while marked traction is applied to the leg. 

■Tenotomize the adductors (see Chapter 33) if necessary 
to obtain enough abduction of the distal fragment. 

■ Apply traction through the fracture table or a fémoral 
distractor and confirm réduction of the neck-shaft angle 
with image intensification or anteroposterior radiographs 
of the hip. 

■ If the normal angle between the shaft and the neck has 
been restored, fix the fracture with a compression screw 
or some other type of nail by a technique similar to that 
described for trochanteric fractures (see Chapter 55). For 
children, a pédiatrie compression hip screw (see Chapter 
36) is préférable because it is much easier to insert into 
the hard bone of the fémoral neck and head. The capital 
fémoral physis should be avoided if possible. 

POSTOPERATIVE CARE. If complété correction has 
been secured, and the fracture was fixed internally in a 
child, a cast should be applied and worn for at least 8 
weeks; even with the most carefui treatment after surgery, 
decrease in the angle between the neck and fémoral shaft 
is fairly common even after union seems to be solid. In 
children, the results of this operation usually are disap- 
pointing because only moderate improvement in position 
may be secured; efficient treatment of fresh cervicotro¬ 
chanteric fractures is crucial. In young adults, function is 
much improved but rarely, if ever, is the angle between 
the neck and shaft or the length of the limb restored 
completely. 


Fractures of the fémoral head occur infrequently, and 
malunion has rarely been reported. Yoon et al. described 
three fémoral head malunions after posterior hip disloca¬ 
tion with Pipkin type I fracture of the fémoral head that 
had been treated with closed réduction and traction. Symp- 
toms included limp and limited hip motion. Ail patients 
were treated with resection of the protruding bony promi- 
nence inferiorly followed by immédiate full weight bearing 
and range-of-motion exercises. Results were excellent 
in ail patients, with nearly full range of motion achieved 
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postoperatively without pain. The authors stated that mal¬ 
union should be suspected in patients with limited hip 
motion after fémoral head fractures. Sontich and Cannada 
reported a fémoral head avulsion fracture (Pipkin type I) that 
was malunited to the acetabulum. An excellent resuit was 
obtained after surgical debridement. 

PELVIS 

Usually, malunions of the pelvis in which correction is justi- 
fied are those involving the acetabulum. Others include pelvic 
tilt fractures that cause érosion into the perineum from a 
displaced fracture of the superior pubic ramus and severely 
shortened and internally rotated pelvic malunions. 

Even with modem methods of treatment, malunion of 
fractures of the acetabulum with central dislocation of the 
fémoral head still occurs; also, traumatic arthritis usually 
develops after comminuted fractures of the acetabulum. The 
treatment of either of these conditions varies with the severity 
of the injury, the deformity, the disability, and the âge of the 
patient. When hip motion is limited and painful, and the 
patients occupation requires prolonged standing or walking, 
arthrodesis (see Chapter 5) is the treatment of choice; when 
the patients occupation is sedentary, total hip arthroplasty 
may be indicated (see Chapter 3). The treatment of fractures 
of the acetabular rim with dislocation of the hip is similar to 
that described in Chapter 56. 

The following éléments should be considered before 
attempting acetabular reconstruction: (1) the location and 
condition of the different segments of the acetabular articular 
surface and of the bony columns supporting them, (2) the 
amount of wear of the fémoral head, (3) the degree of osteo- 
arthritis, and (4) the existence of osteonecrosis. This type of 
surgery should be attempted only by surgeons experienced 
in the surgical treatment of acute acetabular and pelvic 
fractures. 

A pelvic nonunion does not always cause pain, but pain 
occurs frequently with severe malunions, most commonly 
from malunion of the sacroiliac complex. Symptoms also can 
be caused by an internai rotational deformity or leg-length 
discrepancy. Impingement on the bladder by a displaced 
superior pubic ramus can cause urinary frequency. 

In addition to pelvic osteotomy and fixation, several 
operations for leg-length equalization exist. For severe short- 
ening and internai rotation, a two-stage correction, with a 
period of skeletal traction after the osteotomy to minimize 
neurologie complications has been reported. For chronic sac¬ 
roiliac pain not relieved by conservative treatment, arthro¬ 
desis is the treatment of choice. 

Late correction of pelvic deformity is more difficult, less 
successful, and associated with a higher incidence of compli¬ 
cations than management of acute pelvic fractures. Initial 
réduction and stabilization of pelvic injuries is of utmost 
importance to prevent malunion and nonunion. 

Indications for surgical treatment of pelvic malunions 
include pain, instability, sitting imbalance, limb shortening, 
and vaginal wall impingement. Cosmetic deformities second- 
ary to limb shortening and malrotation also may be présent. 
Cranial displacement of the hemipelvis of 1 cm or more 
may lead to leg-length discrepancy, sitting imbalance, a char- 
acteristic cosmetic deformity, and sacral prominence that 
can cause pain while sitting or lying supine. Patients with 


leg-length discrepancy but no other symptoms related to the 
pelvis can be treated with standard methods of limb-length 
equalization (see Chapter 29). 

Patient sélection is important. Patients must hâve realistic 
expectations, accept known risks (loss of réduction, nerve or 
vascular injury, persistent nonunion, and significant blood 
loss), and be compilant with 3 to 5 months of restricted 
weight bearing. Anatomie réduction of the pelvic deformity 
frequently is impossible. Posterior pelvic pain usually is 
caused by nonunion, instability, or malreduction, and correc¬ 
tion of these problems provides pain relief in most patients. 
Posterior pelvic pain of uncertain etiology or pain caused by 
old neurologie injury is less likely to be improved by surgery. 
Posterior pelvic pain also may be caused by concomitant 
lumbar injuries, which should be evaluated if présent. In a 
study of 437 malunions, Kanakaris et al. reported that treat¬ 
ment in most patients is effective, with union rates averaging 
86%, pain relief 93%, and patient satisfaction 79%. However, 
the return to a preinjury level of activity was reported in 
only 50%. 

Pelvic malunions are assessed radiographically with 
anteroposterior, 45-degree internai and external oblique, and 
40-degree caudal and cephalad views. A pelvic CT scan also 
should be obtained, and three-dimensional CT reconstruc¬ 
tion is helpful if it is available. Right and leff single-leg stand¬ 
ing anteroposterior pelvic radiographs are useful for detecting 
instability. Limb shortening is evaluated on the anteroposte¬ 
rior pelvic views by comparing the cranial displacement of 
the acetabular roof with the contralatéral side. A line perpen- 
dicular to the midline of the sacrum is used to make the 
comparative measurements. Radiographie évaluation pro- 
vides information about the extent of fracture union and the 
nature of the deformity. Deformities offen are complex and 
involve multiple planes. 

Operative correction of pelvic deformity is difficult and 
should be undertaken only by surgeons experienced in pelvic 
surgery. Each pelvic malunion is unique and requires indi- 
vidualized plans and techniques for operative réduction and 
stabilization. 

Nonunions without significant deformity can be treated 
with a one-stage or two-stage procedure with risks similar to 
those of acute fracture surgery. A three-stage procedure is 
recommended for malunited or malaligned fractures to 
provide the maximal amount of deformity correction. Ante- 
rior structures are approached with the patient supine, 
whereas posterior deformities are corrected with the patient 
prone. 

THREE-STAGE RECONSTRUCTION 
FOR PELVIC MALUNIONS 

Patients are placed on a radiolucent operating table, and fluo- 
roscopy is used to guide osteotomy, réduction, and fixation. 
A Judet traction table is useful in some cases. 

In the first stage, the deformed anterior pelvic structures 
are osteotomized and anterior nonunions are mobilized. The 
patient is repositioned prone for the second stage. Posterior 
pelvic deformities are osteotomized or mobilized, the pelvis 
is reduced, and posterior structures are internally fixed. 
Wounds are closed between each stage. In the third stage, the 
patient is returned to a supine position, the initial wound is 
reopened, the anterior réduction is completed, and internai 
fixation is applied. The procedure also can be done in the 
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opposite order: (1) mobilizing the posterior pelvis first; (2) 
mobilizing, reducing, and internally fixing the anterior pelvis; 
and (3) completion of réduction and fixation of the posterior 
pelvis. Ostéotomies should be made at the old injury sites 
when possible. Correction of cranial displacement is made 
easier by dividing the attachment of the sacrospinous and 
sacrotuberous ligaments to the sacrum. External fixators can 
be used intraoperatively to aid in réduction. Anterior struc¬ 
tures are stabilized by plate fixation, and plates or large ilio- 
sacral screws or both are used for posterior fixation. Old 
deformities offen are résistant to correction and may require 
stronger fixation than is commonly used in acute fractures to 
prevent loss of réduction. 

In one study, 36 of 37 patients had stable unions of the 
pelvic ring. The overall incidence of complications was 19% 
(persistent nonunion, loss of réduction, neurologie injury, 
vascular injury, and persistent pain), and no infections were 
reported. Rousseau et al. reported a prone-supine, two-stage 
procedure in eight patients with 10-months follow-up. The 
surgery consisted of opening the sacroiliac joint and cutting 
the sacrotuberous and sacrospinous ligaments through a pos¬ 
terior approach; in a second stage, the pubic symphysis and 
the anterior aspect of the sacroiliac joint were released 
through an ilioinguinal approach to achieve réduction and 
then osteosynthesis of the pubic symphysis and sacroiliac 
joint, including b one graff harvesting and graffing. Anatomie 
réduction was achieved in six of eight patients. In the two 
patients without anatomie réduction, mechanical problems 
from leg-length inequality persisted. Complications included 
one bladder injury, one nosocomial infection in the postop- 
erative period, three motor déficits with footdrop, and a pos¬ 
sible nonunion. 

SCAPULA 

With few exceptions, fractures of the scapular body and neck 
continue to be treated nonoperatively. In a review of 520 
scapular fractures by Zlowodzki et al., 82% had good or 
excellent functional results. Although most patients do well, 
there recently has been increased interest in identifying which 
fractures are likely to develop a symptomatic malunion. 
Parameters that hâve been evaluated include the degree of 
médial and latéral displacement of the glenoid on the antero- 
posterior radiograph, angulation of the scapular body as mea- 
sured on the scapular Y radiograph, and the glenopolar angle 
as measured on the anteroposterior scapular view (normal 30 
to 45 degrees). The degree of angular deformity and displace¬ 
ment causing functional impairment has not been precisely 
defined. 

In an analysis of 113 scapular fractures, Ada and Miller 
noted subacromial pain, decreased range of motion, and 
weakness with overhead activities in patients with displaced 
scapular neck fractures. They recommended surgical réduc¬ 
tion and stabilization of scapular fractures, with more than 
9 mm of glenoid medialization, or 40 degrees of angulation. 
Romero et al. reported that patients with fractures having 
significant rotational deformity of the glenoid neck (quanti- 
fied as a glenopolar angle of less than 20 degrees) had poor 
functional results. Operative criteria developed by Cole et al. 
include médial and latéral displacement of 2 cm or more, 
scapular body angulation of 45 degrees, and glenopolar angle 
of 22 degrees or less. Despite these recommendations, there 
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are currently no studies confirming the superiority of opera¬ 
tive treatment in this subset of scapular fractures. 

There hâve been a few reports describing surgical man¬ 
agement of symptomatic scapular malunions. Moreover, 
favorable outcomes hâve been achieved. Success dépends on 
appropriate patient sélection and the surgeons familiarity 
with the anatomy and surgical techniques. Cole et al. evalu¬ 
ated the functional outcome in five patients with extraarticu- 
lar malunions of the scapular neck or body treated with 
osteotomy, réduction, plate osteosynthesis, and bone graff 
performed through a posterior Judet approach. One ipsilat- 
eral clavicular malunion also was repaired. Preoperatively, ail 
patients complained of chronic pain, decreased range of 
motion, weakness, and unsatisfactory cosmetic deformity 
of the involved shoulder. Ail patients had marked deformity 
of the scapula on radiographs. None were able to perform 
their usual occupation. Radiographie deformity was a mean 
of 3.0 cm (range 1.7 cm to 4.2 cm) of médial or latéral dis¬ 
placement, 25 degrees of angulation (range 10 to 40 degrees) 
on scapular Y view, and a glenopolar angle of 25 degrees 
(range 19 to 29 degrees). Preoperative évaluation included a 
true anteroposterior scapular radiograph, scapular Y, and 
axillary latéral views, anteroposterior radiograph of the unin- 
volved shoulder, and CT scan with 3D reconstruction. The 
mean time from injury to surgery was 15 months (range 8 
to 41 months). There were no intraoperative complications. 

The mean estimated blood loss was 569 ml (range 350 to 
1125 ml). The mean follow-up was 39 months (range 18 
to 101 months). Ail ostéotomies united. Ail patients were 
pain free and highly satisfied with the resuit. Four of the five 
returned to their preinjury occupation and activities. Patients 
had statistically significant increases in forward flexion and 
abduction shoulder range of motion, and improved Disabili- 
ties of the Arm, Shoulder and Hand (DASH) and short form 
(SF)-36 scores. One patient developed asymptomatic hétéro¬ 
topie ossification. 


OSTEOTOMY AND REORIENTATION 
OF SCAPULAR NECK 


TECHNIQUE 58-19 


(COLE ETAL) 

■ Place the patient in the latéral decubitus position, leaning 
slightly prone on a beanbag. Position the arm on an arm 
board abducted and in 90 degrees forward flexion. 
Préparé the shoulder, neck, and posterior hemithorax 
allowing access and manipulation of the shoulder. 

■ Through a posterior Judet approach, elevate the infra- 
spinatus and teres minor muscles off the vertébral 
scapular border and retract the neurovascular pedicle 
that courses through the spinoglenoid notch. Take 
care to protect these structures. Using a large Deaver 
and Hohmann retractor, expose the scapular neck and 
body taking care not to damage the nerve or vessel 
(Fig. 58-29A). 

■ Carry out ostéotomies along the original fracture pattern 
with a sagittal saw or an osteotome through multiple drill 
holes. Remove any ectopic bone encountered and store 
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Cole osteotomy and reorientation of scapular neck. A f Posterior Judet approach and surgical exposure of scapular 
nonunion. Note scapular deformity (solid arrow). Dashed arrow shows neurovascular bundle at spinoglenoid notch. B f Small external 
fixator used to maintain desired réduction at latéral border of scapula. Solid arrow shows superomedial angle. C f After corrective 
osteotomy and anatomie réduction, a 3.5-mm dynamic compression plate and a 2.7-mm reconstruction plate with conventional or 
locking screws are used for fixation. Solid arrow points out superomedial angle and dashed arrow the spinoglenoid notch. D f Thirty- 
two month postoperative anteroposterior radiograph showing complété scapular healing in anatomie alignment with no evidence of 
hardware loosening. (From Cole PA, Talbot M, Schroder LK, Anavian J: Extra-articular malunions of the scapula: a comparison of functional outcome 
before and after reconstruction, J Orthop Trauma 25:649, 201 1.)(SEE TECHNIQUE 58-19). 


in saline solution for later use as bone graft. Use a laminar 
spreader to complété the ostéotomies. 

■ Once the primary fracture patterns are recreated, further 
débridé the osteotomy sites to better delineate the true 
fracture lines, thereby allowing anatomie realignment of 
the fragments. Reduce the fragments by placing a 4-cm 
Schanz pin into the glenoid neck and another in the 
latéral border distal to the osteotomy. A small external 
fixator with the aid of multiple réduction clamps may be 
necessary to obtain anatomie alignment and compression 
at the fracture sites (Fig. 58-29B). 

■ Apply a 3.5-mm dynamic compression plate spanning the 
osteotomy site at the inferior glenoid neck or latéral 
border and fix with conventional or locking screws. Sup¬ 
plément this latéral fixation by applying a second 2.7-mm 
reconstruction plate at the angle formed by the médial 


extent of the acromial spine and the médial border (Fig. 
58-29C) and secure with conventional or locking screws. 
If the fracture extends down into the inferior angle of the 
scapular body, an additional reconstruction plate may be 
necessary. 

■ Mix the ectopic bone extracted from the malunion site 
during the ostéotomies with other autogenous bone and 
with 20 to 30 mL platelet-rich plasma. Use this to fill large 
defects in the scapula. 

■Close the wound over a suction drain. Manipulate the 
shoulder to break apart longstanding adhesions and scar 
tissue. 

POSTOPERATIVE CARE. Patients are placed in a sling 
for comfort. Early physical therapy is initiated after the 
first postoperative visit, with passive and active-assisted 
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range-of-motion exercises for a period of 1 month fol- 
lowed by active range-of-motion and répétition exercises 
for 1 month. Résistance and strengthening exercises with 
3- to 5-lb weights are begun at 2 months, and ail restric¬ 
tions can be removed at 3 months (Fig. 58-29D). 


CLAVICLE 

Most fractures of the clavicle are treated nonoperatively and 
frequently heal with some degree of deformity. It is generally 
believed that clavicular malunions are tolerated well in most 
patients and cause no significant functional limitations. In 
some patients, however, malunion of the clavicle is painful or 
results in functional déficits. Shortening of 15 mm or more has 
been shown to cause discomfort and dysfunction of the shoul- 
der girdle, and 20 mm of shortening after closed treatment of 
displaced middle-third clavicular fractures has been associated 
with poor results. A cadaver study showed that shortening 
combined with caudal displacement leads to functional déficits 
in abduction, particularly overhead motion. A vector model 
was devised to calculate the position of the glenoid fossa in 
relation to the position of the clavicle, which could be used for 
planning open réduction and fixation. Symptoms include rapid 
fatigability, thoracic outlet syndrome, difficulty wearing over- 
the-shoulder straps, weakness, pain, and cosmetic deformity of 
a droopy, “driven-in,” or ptotic shoulder. The malunions that 
usually are disabling are malunions of the médial or latéral third 
of the bone. Angular deformity and shortening can alter the 
position of the glenoid fossa, which may affect glenohumeral 
mobility and scapular rotation. 

In some patients with thoracic outlet syndrome after cla¬ 
vicular malunion, excising the bony prominence that is com- 
pressing the brachial plexus relieves symptoms. 

Several investigators hâve recommended osteotomy and 
plate fixation for symptomatic clavicular nonunions. McKee 
et al. reported 15 patients with malunions of the clavicle after 
nonoperative management who actively sought treatment for 
persistent complaints. Indications for surgery were chronic 
pain, weakness, and thoracic outlet syndrome not responsive 
to conservative management for at least 1 year after injury. 
No ostéotomies were performed for cosmesis alone. Preop- 
erative shortening averaged 2.9 cm (range 1.6 to 4.0 cm). 
Functional scores improved in ail patients. In 12 patients with 
preoperative pain and weakness, symptoms resolved in eight 
and improved in four patients. In 11 patients with preopera¬ 
tive neurologie complaints, symptoms resolved in seven, 
improved in three, and were unchanged in one. Of 13 patients 
who regarded the cosmetic appearance of their shoulder as 
unacceptable preoperatively, 12 were satisfied with postop- 
erative cosmesis. There was one hypertrophie scar. Complica¬ 
tions included one loss of fixation that resulted in nonunion. 
There were no cases of infections, neurovascular injury, or 
wound breakdowns. Two plates were removed electively. 
Overall, 14 of 15 patients were satisfied after surgery. No 
intercalary bone grafts were used in this sériés. The authors’ 
current radiographie criteria for osteotomy and plating for 
symptomatic clavicular malunions include malunions with 
substantial shortening (<1 cm, usually 2 to 3 cm), angular 
deformity greater than 30 degrees, or translation greater 
than 1 cm. Contraindications include inadéquate soff-tissue 


coverage, active infection, asymptomatic malunion, noncom- 
pliant patient, or severely ostéopénie or pathologie bone. 
Patients with associated nonunion of the clavicle also require 
bone graffing. Other authors also hâve reported osteotomy 
and plating of clavicular nonunions with good functional and 
cosmetic results. The osteotomy corrects scapular winging 
secondary to médial and forward displacement of the shoul¬ 
der. Rosenberg et al. noted that although a solid union is 
obtained after réduction and plating with bone grafting, 
patients can remain functionally impaired. Only six of their 
13 patients returned to their previous professional and recre- 
ational activities. Smekal et al. described corrective osteot¬ 
omy in symptomatic clavicular malunions using an elastic 
stable intramedullary nail with good cosmetic and functional 
outcomes in five patients. For fractures of the latéral third of 
the clavicle with rupture of the coracoclavicular ligaments, a 
procedure similar to that described for acromioclavicular dis¬ 
locations is indicated (see Chapter 60). 

MIDSHAFT MALUNIONS OF THE CLAVICLE 


OSTEOTOMY AND PLATE FIXATION 


TECHNIQUE 58-20 


■ Détermine the amount of length to be gained clinically 
and radiographically preoperatively. If the clinical shorten¬ 
ing is substantially greater than the observed radiographie 
shortening, an intercalary bone graft may be required to 
compensate for the absolute bone loss. 

■ Place the patient in a "beach chair" semisitting position, 
with a small pad behind the shoulder blade and the 
involved upper extremity tucked into the side. Drape the 
opposite iliac crest if desired. 

■ Administer general anesthésia. 

■ Make an oblique incision along the superior surface of 
the clavicle (Fig. 58-30A). 

■ Raise the skin and subeutaneous tissue as a flap and 
identify the underlying myofascia. This layer is raised as 
contiguous flaps and is preserved so that later a two- 
layered closure can be achieved over the plate (Fig. 
58-30B and C). 

■ Identify the malunion site and plan the corrective oste¬ 
otomy (Fig. 58-30D). It is possible to identify the mal- 
united position of the proximal and distal fragments in 
most patients. In some patients, a correction must be 
performed with an oblique sliding osteotomy through an 
extensively remodeled malunion. 

■ Use a combination of osteotomes and a microsagittal saw 
cooled continually with irrigation throughout the cutting 
to re-create the original fracture line (Fig. 58-30E and F). 

■ Hold the proximal and distal fragments with réduction 
forceps and realign the clavicle (Fig. 58-30G). As little 
soft-tissue dissection as possible should be used to allow 
correct repositioning and apposition of the proximal and 
distal fragments. 

■ Reestablish the medullary canal with a 3.5-mm drill bit in 
each fragment. If absolute bone loss has occurred, a bone 
graft can be used. 
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A-M f Osteotomy and plate fixation of malunited clavicular fractures. See text. (From McKee MD, Wild LM, Schemitsch 
EH: Midshaft malunions of the clavicle: surgical technique, J Bone Joint Surg 86A:37, 2005.) SEE TECHNIQUE 58-20. 
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A f Midshaft clavicular malunion with significant shortening. B, Clavicular length and alignment restored after oste- 
otomy, plating, and bone grafting. SEE TECHNIQUE 58-20. 


9 " Make a small notch with the saw in each fragment before 
the osteotomy to make it possible to measure the degree 
of lengthening achieved. 

■ Rotate the distal fragment anteriorly so that its fiat supe- 
rior surfaces face anteriorly rather than superiorly. 

■ Correct the malrotation by redirecting the fiat superior 
surface of the distal fragment superiorly, creating similar 
clavicular surfaces on both sides of the osteotomy. Avoid 
the underlying neural and vascular structures and make 
no attempt to explore or decompress the brachial plexus. 
■ After approximation of the proximal and distal fragments, 
temporarily fix the osteotomy site with a 2-mm Kirschner wire. 
■ Apply a 3.5-mm limited contact dynamic compression 
plate with a minimum of six holes (range, six to 10 holes) 
(Fig. 58-30H and I). 

■ Contour this plate to the S-shaped clavicle. Use of ana¬ 
tomie plates contoured to fit the clavicle saves time 
because extensive intraoperative contouring is not 
required and their low-profile anatomie shape minimizes 
prominence especially medially, whereas a straight plate 
tends to project anteriorly. Because the osteotomy is typi- 
cally transverse, apply the plate in the compression mode 
to maximize compression. 

■ Smooth the bone ends with a rongeur and pack mor- 
selized callus around the osteotomy site (Fig. 58-30J). 

■ Close the wound in layers with the use of No. 1 absorb¬ 
able sutures for the myofascia, No. 2-0 absorbable sutures 
for the subeutaneous tissue, and clips or a subcuticular 
stitch for the skin (Fig. 58-30K and L). Place the arm in a 
conventional sling postoperatively. 

POSTOPERATIVE CARE. The patient begins pendulum 
exercises immediately postoperatively and active-assisted 
motion at 2 weeks. At 4 weeks, if radiographs show no loss 
of réduction (Fig. 58-30M), full active and passive motion is 
initiated and the patient is weaned from the sling. Résistive 
and strengthening activées are allowed when radiographs 
reveal union, typically at 6 to 8 weeks (Fig. 58-31). 


OSTEOTOMY AND ELASTIC 
INTRAMEDULLARY NAILING OF 
MIDSHAFT CLAVICULAR FRACTURE 


TECHNIQUE 58-21 


(SMEKAL ETAL) 

■ Place the patient in a slightly upright "beach chair" posi¬ 
tion and administer general anesthésia. 

■ With the involved limb draped freely, palpate the hump 
at the malunion site and make an oblique incision of 5 cm 
length above the Langer skin lines. 

■ Incise the periosteum sharply and separate the deltotra- 
pezial muscle attachment subperiosteally as an intact 
layer. Expose the deformity over a distance of 5 cm. 

■ Détermine the osteotomy plane under fluoroscopie 
control (Fig. 58-32A). Using a fine-bladed saw, perform 
the osteotomy, separating the two main original fracture 
fragments. 

■ Hold the proximal and distal fracture fragments with 
réduction clamps and reopen the medullary canal on 
both sides with a 2.7-mm drill under fluoroscopie guid¬ 
ance. Make a small skin incision (1-2 cm) above the 
sternal end of the clavicle. Open the anterior cortex with 
a 2.7-mm drill and insert a 2.5-mm nail (TEN, Synthes, 
West Ch ester, PA). 

■ The distal fragment is always caudal and malrotated with 
the superior surface facing anteriorly. Realign the clavicle 
by lifting and derotating the distal fragment. Freshen the 
osseous surfaces and insert the nail into the latéral frag¬ 
ment under fluoroscopie control (Fig. 58-32B). This pre- 
vents perforation of the cortex of the distal fragment. 

■ Cut the inserted nail back to the médial insertion point 
as short as possible to prevent médial skin irritation. 
Smooth the bone ends with a rongeur and suture the 
periosteal layers. 
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A, Détermination of osteotomy plane using fluoroscopy. B f Insertion of nail under fluoroscopie control. (Reproduced 
from Smekal V, Demi C, Kamelger F, et al: Corrective osteotomy in symptomatic midshaft clavicular malunion using elastic stable intramedullary 
nails, Arch Orthop Trauma Surg 130:681, 2010.) SEE TECHNIQUE 58-21. 


HUMERUS 

Malunion of a fracture of the proximal humérus can resuit 
from inadéquate operative réduction, loss of operative réduc¬ 
tion, or nonoperative treatment of a displaced fracture. Dis- 
ruption of the normal anatomie relationships between the 
tuberosities, the humerai head, and the humerai shaff can 
limit the range of motion and decrease the strength of the 
shoulder. Bony abnormalities can include displacement of the 
tuberosity, articular surface incongruity, and malalignment of 
an articular segment, offen in combination. Soff-tissue patho¬ 
logie findings may include capsular contracture, tears of the 
rotator euff, and neurologie injury. 

Each of the structures that may be involved in a proximal 
humerai fracture—the humerai head and articular fragment, 
the greater and lesser tuberosities, and the humerai shaff— 
has its own tendinous insertions that pull a free fracture frag¬ 
ment in a predictable direction, resulting in a characteristic 
deformity. Two-part fractures of the surgical neck may heal 
in varus and anterior angulation. The humerai shaff displaces 
anteromedially because of the pull of the pectoralis major, 
and the proximal fragment is abducted by the rotator euff. If 
the deformity is great enough, loss of forward flexion and 
abduction may be significant. With two-part fractures that 
involve the greater tuberosity, the tuberosity may be displaced 
posteriorly and superiorly because of the forces exerted by the 
supraspinatus, teres minor, and infraspinatus muscles. A mal¬ 
union of this type of fracture can cause limitation of abduc¬ 
tion and external rotation and may lead to subacromial 
impingement. Two-part fractures of the lesser tuberosity may 
displace medially owing to the pull of the subscapularis. 
Function usually is not significantly impaired, but in some 
patients the fragment can impinge on the coracoid, limiting 


internai rotation or élévation. In three-part fractures with 
displacement of the greater tuberosity and surgical neck, the 
head fragment is internally rotated by the action of the sub¬ 
scapularis inserting on the intact lesser tuberosity. The shaff 
displaces anteromedially, and the greater tuberosity displaces 
posterosuperiorly. Malunions of this kind can cause severe 
impairment because of the loss of abduction and rotation. 
Three-part fractures that involve the lesser tuberosity and 
surgical neck are characterized by external rotation and 
abduction of the articular segment because of the pull of the 
rotator euff muscles on the intact greater tuberosity. A mal¬ 
union in this position causes pain and severe limitation of 
motion, especially internai rotation. Malunions of three-part 
fractures are difficult to treat because they can be complicated 
by contractures of the deforming muscles, subluxation, post- 
traumatic arthritis, or osteonecrosis. Malunions of four-part 
fractures and fracture-dislocations are especially difficult 
because of the frequent presence of articular incongruity, 
muscular contractions, adhesions, osteonecrosis, and, some- 
times, neurologie injury. 

Currently, there is no universally accepted classification 
of proximal humerai malunions. Beredjiklian et al. described 
a classification System in which malunions were categorized 
based on the osseous and soff-tissue abnormalities: type I, 
malposition of the greater or lesser tuberosity of more than 
1 cm; type II, intraarticular incongruity or step-off of the 
articular surface of more than 5 mm; and type III, rotational 
malalignment of the articular segment by more than 45 
degrees in the coronal, sagittal, or axial plane. Soft-tissue 
abnormalities were categorized as soff-tissue contracture, 
rotator euff tear, and impingement. In their 39 patients, only 
eight (21%) had malunions without any associated soff-tissue 
abnormality. 
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EVALUATION 

A thorough history and careful physical examination are 
essential in the évaluation of a patient with a proximal 
humerai malunion. Determining the mechanism, associated 
injuries, and treatment of the initial fracture is important, 
especially the type of hardware that was used so that appro- 
priate equipment for hardware removal is available. Range - 
of-motion évaluation, especially passive range of motion, 
can indicate the presence and severity of soff-tissue contrac¬ 
tures. Active and passive ranges of motion are measured in 
ail planes of movement. Potential causes of decreased range 
of motion include capsular contracture, extracapsular con¬ 
tracture, impingement, pain, and rotator cuff tears. Limited 
passive range of motion often indicates a soff-tissue contrac¬ 
ture. External rotation should be checked with the arm at 
the side and at 90 degrees of abduction. A classic, but not 
pathognomonic, sign of malunion of the greater tuberosity 
is absence of external rotation with the arm maximally 
abducted. The integrity of the infraspinatus, teres minor, 
and supraspinatus should be determined by évaluation of 
external rotation strength, the Gerber lift-off test, and 
opposed abduction at 90 degrees. Instability is evaluated by 
provocative maneuvers, such as the drawer or shift test, load 
test, anterior appréhension test, posterior stress test, and 
sulcus test (see Chapter 46 for a detailed description of sta- 
bility évaluation). Instability may be elicited by these pro¬ 
vocative tests; however, in most patients, stiffness limits 
their effectiveness. 

The exact nature of a soff-tissue pathologie process is 
difficult to détermine clinically. Intraoperative assessment of 
the soft tissues is mandatory if surgery is chosen. Because 
many patients with proximal humerai malunions hâve neu¬ 
rologie déficits, function of the axillary, suprascapular, and 
musculocutaneous nerves should be documented preopera- 
tively. Electromyography and nerve conduction studies may 
be helpful to détermine the pattern of nerve injury and the 
likelihood of recovery of nerve function. 

Radiographie studies should include anteroposterior, 
latéral, axillary, and Y-scapular views; supplémentai internai 
and external rotational anteroposterior views can provide 
additional information. CT can help détermine the three- 
dimensional spatial relationships between the malunited 
tuberosities, head, and shaft fragments, and because it pro¬ 
vides a clear image of the glenohumeral articular surface, CT 
can help evaluate articular congruity. MRI can provide infor¬ 
mation about the integrity of the rotator cuff and the presence 
of early osteonecrosis of the humerai head. 

TREATMENT 

Nonoperative management of proximal humerai malunions 
may be indicated for patients with low activity levels and 
minimal pain who are able to remain independent with 
limited use of a single upper extremity and for patients with 
medical conditions that would make surgery too risky or that 
would prohibit postoperative réhabilitation. 

The indications for surgical correction of proximal 
humerai malunions are severe pain or loss of function or both 
that hâve not responded to nonoperative treatment consisting 
of physical therapy, nonsteroidal antiinflammatory drugs, 
and corticosteroid injections. The patient also must be 
deemed to be an operative candidate on the basis of overall 
health and functional demands. 


Operative procedures for the treatment of proximal 
humerai malunions include (1) acromioplasty, ostéotomies of 
the tuberosities or surgical neck, and soff-tissue reconstruc¬ 
tion if the blood supply to the humerai head is maintained 
and the articular surface is preserved; (2) hemiarthroplasty 
or total shoulder arthroplasty if there is extensive damage to 
the articular surface or osteonecrosis of the humerai head; 
and (3) arthrodesis, rarely, if a severe neurologie déficit or 
previous infection is présent. If pain and impingement are the 
primary complaints, and loss of motion is minimal, Siegel 
and Dines recommended excision of bony prominences and 
lysis of adhesions. Beredjiklian et al. found that a delay in the 
operative treatment of proximal humerai malunions had a 
négative effect on outcome. In their study, 16 (84%) of 19 
patients who were treated less than 1 year affer injury had 
satisfactory outcomes compared with 11 (55%) of 20 who 
were treated more than 1 year affer injury. These authors also 
emphasized the necessity of adéquate treatment of ail osseous 
and soft tissue abnormalities. 

Beredjeklian et al. stated that acromioplasty is indicated 
for greater tuberosity fractures with 1.0 to 1.5 cm of displace¬ 
ment. In their sériés, two such greater tuberosity malunions 
were treated with arthroscopie acromioplasty. Martinez et al. 
reported arthro scopie acromioplasty, detachment of rotator 
cuff, tuberoplasty of the greater tuberosity, and repair of the 
rotator cuff in eight patients with malunion of the greater 
tuberosity. Two patients reached full activity level, five 
had only slight functional restriction, and one had mild limi¬ 
tation in activities of daily living. Arthroscopy also can be 
helpful in assessing intraarticular and soff-tissue abnormali¬ 
ties and in treating capsular contractures and subacromial or 
subcoracoid impingement. One case of arthroscopic débride - 
ment has been described for a malunited lesser tuberosity 
that caused a bony block to rotation. 

Beredjiklian et al. recommended osteotomy and réduc¬ 
tion of the tuberosity for greater tuberosity fractures with 
more than 1.5 cm of displacement. Treatment of malunion of 
two-part greater tuberosity fractures is similar to that of acute 
fractures. Open réduction and internai fixation through an 
anterosuperior approach with the patient in a modified 
“beach chair” position has been described. 

Some three-part and most four-part and humerai head- 
splitting malunions are treated best by arthroplasty, as are 
malunions with severe articular damage, avascular necrosis, 
or arthritic changes. The choice between hemiarthroplasty 
and total shoulder arthroplasty is based on the integrity of the 
rotator cuff and the condition of the glenoid articular surface 
(see Chapter 12). Prosthetic replacement for proximal humerai 
malunions seems to hâve less satisfactory results than arthro¬ 
plasty done for acute fracture or glenohumeral arthritis. Dis- 
torted bony and soff-tissue anatomy makes arthroplasty 
particularly demanding in this situation. Although pain relief 
has been reported in 75% to 85% of patients with late recon¬ 
struction, functional outcome generally is less favorable 
because of long-standing stiffness. The rôle of reverse total 
shoulder arthroplasty for the treatment of proximal humerai 
malunions is unclear. Arthrodesis is recommended in patients 
with infection or severe neurologie déficit. 

Antuna et al. reported the long-term results of 50 shoul¬ 
der arthroplasties (either total shoulder or hemiarthroplasty) 
performed for humerai malunions causing moderate to 
severe pain and functional impairment. Indications for 
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arthroplasty included articular step-off, osteonecrosis, and 
secondary degenerative arthritis. Thirty-five of the 50 patients 
had nonoperative treatment of their fracture initially. Addi- 
tional procedures included acromioplasty, trimming of the 
greater tuberosity, distal clavicular excision, biceps tenodesis, 
Z-lengthening of the pectoralis major, transfer of the pecto- 
ralis minor to the lesser tuberosity, and osteotomy of the 
tuberosities for exposure or implant placement. 

Significant pain relief was achieved in most patients, 
although 11 had moderate-to-severe pain postoperatively. 
Pain relief was less complété in patients who had previous 
operative treatment, patients with osteonecrosis, and patients 
who had an arthroplasty within 2 years of the initial injury. 
Active élévation and internai and external rotation were sig- 
nificantly improved. Patients who required tuberosity oste¬ 
otomy and patients who had operative treatment of the initial 
fracture had poorer motion. In those who had greater tuber¬ 
osity osteotomy, nonunion, malunion, or résorption occurred 
in 41%. Ail patients with nonunion or résorption had poor 
results. Overall, 50% had excellent or satisfactory results by 
Neers criteria. Complications included anterior instability, 
partial brachial plexus palsy, and intraoperative humerai frac¬ 
ture complicated by deep infection. 

Antuna et al. stressed that concomitant soft-tissue abnor- 
malities must be treated. Contractures limiting motion 
require capsular release from the humerai neck or glenoid 
rim. Rotator cuff injuries should be repaired when necessary. 
Acromioplasty should be performed if superior displacement 
of the greater tuberosity leads to impingement. They agreed 
with Neer that malposition of the humerai component is 
sometimes acceptable to avoid osteotomy. They reported no 
increase in loosening of the humerai component with slight 
varus or valgus position. If the greater tuberosity is displaced 
more than 1.5 cm, it is often necessary to reposition it. When 
ostéotomies are performed, a tuberosity fragment large 
enough to accommodate reattachment with heavy nonab- 
sorbable sutures is necessary to facilitate osseous healing. 
Results were comparable to cases without tuberosity ostéoto¬ 
mies when bony union occurred. 

Mansat et al. and Boileau et al. reported similar results 
for arthroplasty in the treatment of sequelae of proximal 
humerai fractures. In Mansat et al.s sériés of 28 patients, 85% 
had slight or no pain and 64% had satisfactory results by 
Neer s criteria. Ail three patients with greater tuberosity osté¬ 
otomies had unsatisfactory results. Results were better in 
patients with an intact rotator cuff and in those with acromial- 
humeral distances of greater than 8 mm. In the study of 
Boileau et al., 42% of 71 patients had good and excellent 
results and 27% had complications (four diaphyseal fractures, 
one metaphyseal fracture, two deep infections, one reopera¬ 
tion for acromioplasty, and one failure of fixation of the 
greater tuberosity). No patient who had a greater tuberosity 
osteotomy had greater than 90 degrees of active élévation. The 
authors believed that devascularization of the greater tuber¬ 
osity led to nonunion, migration, and résorption and thus to 
subséquent poor results. 

There is little in the literature regarding the treatment of 
varus malunions of two-part surgical neck fractures of the 
proximal humérus. In varus deformities, the subacromial 
space is decreased as the greater tuberosity becomes doser to 
the coracoacromial arch. The lever arm of the supraspinatus 
tendon and the sliding surface of the humerai head and the 


glenoid are likewise decreased. These anatomie changes can 
cause impairment of active forward flexion and abduction 
and pain from impingement. Such functional limitations may 
be unacceptable to young patients or active older patients. 
Some investigators recommend release of soft-tissue contrac¬ 
tures and removal of bony prominences for less severe defor¬ 
mities. Benegas et al. and others described a closing wedge 
valgus osteotomy for the treatment of varus malunions of the 
proximal humérus. In Benegas et al.s sériés, proximal humerai 
angles ranged from 98 to 107 degrees (normal, 130 to 140 
degrees). The osteotomy is performed through a deltopec- 
toral approach and stabilized with a T-shaped plate and 
4.5-mm screws. Contraindications to this procedure are 
massive rotator cuff tears; significant arthritic changes, 
including avascular necrosis; multiple angular deformities; 
infection; and nerve injury involving the shoulder girdle. 
Benegas et al. reported their results in five patients with an 
average âge of 53 years (range 25 to 73 years). Ail ostéotomies 
united, range of motion, flexion strength, and function 
improved in ail patients, and ail patients were satisfied with 
the results. There were no neurologie injuries. Two patients 
had mild pain, and one manual laborer was unable to return 
to previous employment. One patient had postoperative 
bleeding from the surgical site requiring reexploration, and 
two patients subsequently had hardware removal because of 
impingement-related pain. 



Calculation of bone wedge osteotomy. (Repro- 
duced from Benegas E, Filho AZ, Filho AAF, et al: Surgical treatment of 
varus malunion of the proximal humérus with valgus osteotomy: J 
Shoulder Elbow Surg 16:55, 2007.) SEE TECHNIQUE 58-22. 
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CLOSING WEDGE VALGUS 
OSTEOTOMY FOR VARUS MALUNION 
OF PROXIMAL HUMERUS 


TECHNIQUE 58-22 


(BENEGAS ETAL, MODIFIED) 

■ Preoperatively obtain external rotation anteroposterior 
radiographs of both shoulders to détermine the length of 
the base of the bone wedge to be removed (Fig. 58-33). 

■ Place the patient in the "beach chair" position with a 
sand bag between the scapula and spine. 

■ Make an incision over the antérolatéral aspect of the 
shoulder beginning at the latéral third of the clavicle and 
extending distally 10 cm in line with the anterior border 
of the deltoid muscle. 

■ Separate the deltoid and pectoralis major muscles while 
protecting the cephalic vein. 

■ If exposure is insufficient, divide the attachment of the 
deltoid to the clavicle and turn the muscle latérally. 

■ Remove excess callus from the bone. 

■ Expose the area immediately below the greater tuberosity, 
which will be the latéral base of the closing wedge oste- 
otomy. Divide the bone using an osteotome and remove 
a wedge of the previously calculated size with the apex 
at the médial surgical neck. Use a bone skid to lever the 
fragments into normal position. 

■ Stabilize the osteotomy with a T-shaped plate and 
4.5-mm screws. Benegas et al. recommended a locking 
compression plate System. A proximal humerai locking 
plate as described in Chapter 57 provides more optimal 
fixation. 

■ Perform an acromioplasty if necessary to treat persistent 
impingement. 

POSTOPERATIVE CARE. A shoulder abduction brace 
may be applied if needed to counteract muscle spasm. If 
stability is satisfactory, a sling and swathe can be used 
instead. Codman range-of-motion exercises can be 
started between 2 and 8 days. Active range of motion is 
allowed as fracture consolidation occurs, usually at 6 
weeks postoperatively. Protection with the abduction 
brace or a sling between exercise sessions is continued 
for 2 more weeks. 


ANATOMIC NECK 

Malunions of the anatomie neck of the humérus with severe, 
painful traumatic arthritis should be treated by shoulder 
arthrodesis (see Chapter 13), by prosthetic humerai head 
replacement or total shoulder arthroplasty (see Chapter 12), 
or by acromioplasty (see Chapter 46). Severe fractures of the 
shoulder offen resuit in limitation of motion, especially in 
elderly patients, but this alone rarely is a sufficient reason for 
surgery. 

SURGICAL NECK 

Considérable deformity in the région of the surgical neck may 
be compatible with satisfactory function, but if the distal 


fragment is markedly displaced anteriorly, disability can be 
severe enough to require surgery. 

PROXIMAL THIRD 

In malunions of the proximal third of the humerai shaft, the 
bone usually is angulated medially and either anteriorly or 
posteriorly; the médial angulation makes it impossible to 
touch the elbow to the chest. Shoulder motion usually is 
limited in abduction and external rotation. 


CORRECTION OF PROXIMAL THIRD 
HUMERAL MALUNION 


TECHNIQUE 58-23 


■ Expose the fracture through an antérolatéral incision 
7.5 cm long centered over the apex of the angulation. 

■ Extensive stripping of the periosteum is unnecessary. 

■ Divide the bone with an osteotome or reciprocating 
motor saw through the apex of the angulation and 
correct the deformity. 

■ Fix the fragments with a 4.5-mm compression plate. A 
proximal humerai locking plate may provide more optimal 
fixation. 

■ Place cancellous grafts around the osteotomy. 

POSTOPERATIVE CARE. The extremity is immobilized 
on an abduction humerai brace or sling. Shoulder and 
elbow range of motion are initiated in the first postopera- 
tive week. 


MIDDLE THIRD 

Unless angulation is severe, malunion of the middle third of 
the humerai shaft rarely requires correction because shorten- 
ing, rotation deformity, and angulation of this bone impair 
function less than when the fémur is similarly affected. The 
same principles are used in correcting this malunion as in 
malunions of other long bones: the deformity is corrected by 
osteotomy, and a compression plate is applied; and because 
the fragments otherwise offen fail to unité, cancellous grafts 
are placed around the osteotomy (or, if desired, an onlay bone 
graff can be used). 

DISTAL HUMERUS 

Malunions of the distal humérus can develop aff er the follow- 
ing fractures: (1) supracondylar fractures (more common in 
children), (2) T-fractures of the condyles, (3) fractures of the 
distal condylar articular surface, and (4) fractures of the con¬ 
dyles. Although cubitus varus deformity has long been con- 
sidered merely a cosmetic deformity, more recent reports 
hâve associated it with ulnar nerve dislocation, ulnar neu- 
ropathy, snapping of the médial head of the triceps, second- 
ary distal humerai or latéral condylar fracture, osteonecrosis 
of the distal humerai epiphysis, joint ganglia, and even 
osteoarthritis. 

Cubitus varus deformity affer childhood elbow fracture 
has been linked to elbow instability in adulthood (up to 51 
years later in one study). O’Driscoll et al. reported that latéral 
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elbow pain typically occurred before symptoms of instability. 
Physical findings included obvious cubitus varus, tenderness 
over the latéral collateral ligament complex and the common 
extensor tendon, and a prominent tendon of the médial head 
of the triceps. Signs of postérolatéral rotatory instability 
included a positive postérolatéral rotatory appréhension test 
and positive latéral pivot shift and postérolatéral rotatory 
drawer signs. Several patients also had dislocation (snapping) 
of a portion of the médial head of the triceps and the ulnar 
nerve and ulnar neuropathy. With cubitus varus, the mechan- 
ical axis, the olecranon, and triceps line of pull are ail dis- 
placed medially. The répétitive external rotation torque on the 
ulna that results can stretch the latéral collateral ligament 
complex and lead to postérolatéral rotatory instability. The 
abnormal mechanics of the elbow also may prédisposé the 
elbow to injury during a fall. 

Surgical treatment may consist of reconstruction of the 
latéral collateral ligament and osteotomy, ligament recon¬ 
struction alone, osteotomy alone, or total elbow arthroplasty. 
For a severe deformity (>15 degrees) and high functional 
demands, O’Driscoll et al. recommended osteotomy com- 
bined with ligament reconstruction. 

FOREARM 

PROXIMAL THIRD OF THE RADIUS 
AND ULNA 

Malunions of the proximal third of the radius and ulna can 
be classified as follows: (1) malunions of the radial head, 
(2) malunions of the radial neck, (3) malunions of the olec¬ 
ranon, (4) malunions of the proximal third of the ulna with 
anterior dislocation of the proximal radius (Monteggia frac¬ 
ture), and (5) malunions with synostosis between the radius 
and ulna. 

■ RADIAL HEAD 

Malunion of the radial head with only mild deformity may 
not be disabling. If symptoms are caused by a small abnormal 
prominence of bone, resecting the prominence may relieve 
them. Severe deformity can cause pain and limit pronation 
and supination; occasionally, it also can limit flexion or exten¬ 
sion of the elbow. It should be treated by excising the radial 
head as described for fresh fractures (see Chapter 57). Ail 
loose fragments of bone, any excess bone, the scar tissue, the 
periosteum, and the remnants of the annular ligament should 
be excised carefully to help prevent the formation of new 
bone in the région. Use of the extremity is begun gradually 
as soon as the wound has healed. 

In a few patients, excising the radial head results in com¬ 
plété restoration of function; the resuit frequently is disap- 
pointing, however, and the patient should be informed in 
advance of this possibility. Reported complications of radial 
excision include loss of grip strength, wrist pain, distal radial 
ulnar joint instability, and valgus instability of the elbow. 
Rosenblatt et al. reported five intraarticular ostéotomies of 
the head of the radius in patients with symptomatic healed 
displaced articular fractures. The average Mayo Elbow Per¬ 
formance Index Score improved significantly from 74 before 
to 88 affer osteotomy, with four patients having a good or 
excellent resuit. Prosthetic radial head replacement should be 
considered for patients with radial head malunions associated 
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with distal radioulnar joint pain or instability or laxity of the 
médial collateral complex of the elbow (see Chapter 12). 

■ RADIAL NECK 

Most radial neck fractures can be treated successfully with 
nonoperative methods; however, symptomatic malunions 
occasionally occur. A malunited radial neck fracture can 
cause pain, crepitance, elbow laxity, limitation of elbow 
flexion and extension, and limitation of forearm pronation 
and supination. It is désirable to maintain radial length and 
restore the congruity of the radiocapitellar articulation if the 
articular cartilage remains in good condition because of the 
potential for adverse sequelae after radial head excision. Cor¬ 
rective osteotomy of the radial neck should be considered for 
symptomatic malunions. 


CORRECTION OF RADIAL 
NECK MALUNION 


TECHNIQUE 58-24 


(INHOFE AND MONEIM, MODIFIED) 

■ Expose the proximal radius and radiocapitellar joint 
through a postérolatéral approach (see Chapter 1). 

■ Débridé the joint of inflamed synovium. Inspect the artic¬ 
ular cartilage of the capitellum and proximal radius. 

■ If the extent of arthritic changes does not preclude a good 
resuit, make an osteotomy in the proximal radius approxi- 
mately 1.5 cm from the articular surface using a small 
motorized oscillating saw, while protecting the soft tissues. 

■ Alternative^, an osteotome can be used to divide the 
bone. 

■ Realign the proximal radius, restoring the congruity of the 
radiocapitellar joint, and fix the osteotomy with two 
Herbert screws directed from proximal to distal. Kirschner 
wires or minifragment lag screws (2 or 2.7 mm) are alter¬ 
native methods of fixation. If hardware is placed through 
the articular surface of the proximal radius, recess the 
screw head below the surface of the cartilage. 

■ Place bone graft at the osteotomy site. Bone graft can be 
obtained from the latéral épicondyle of the humérus. 

■ Repair the annular ligament and latéral collateral liga¬ 
ment at the time of wound closure. 

POSTOPERATIVE CARE. The elbow is immobilized in 
midflexion and midsupination for 2 weeks, after which a 
removable splint or functional orthosis is applied and 
progressive active range-of-motion exercises are begun. 
External support can be discontinued when healing of the 
osteotomy is secure. 


■ OLECRANON 

In malunion of the olecranon, osteotomy and realignment of 
the fragments should not be attempted because the operation 
almost always increases the disability, but function of the 
elbow can be improved considerably by excising the deformed 
part of the bone. It has been repeatedly shown that a large 
part of the olecranon can be excised without causing much 
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A f Malunited fracture of shaft of ulna and dislocation of proximal radius (Monteggia fracture). B, Four months after 
removal of medullary nail, osteotomy of ulna, and application of compression plate; radial head was excised, fragmented, and used 
for grafting ulna. Motion of elbow and forearm is excellent. SEE TECHNIQUE 58-25. 


disability of the elbow. The part that can be excised is deter- 
mined as follows. A latéral radiograph of the elbow is made 
with the joint flexed to 90 degrees. A line is drawn through 
the center of the longitudinal axis of the humérus and across 
the joint. At least 0.3 cm of olecranon should project poste - 
rior to this line; this much of the olecranon is enough to 
prevent anterior subluxation of the proximal ulna. The rest of 
the olecranon can be excised, and the triceps muscle is reat- 
tached accurately and firmly to the proximal ulna. 

■ PROXIMAL THIRD OF THE ULNA WITH 
ANTERIOR DISLOCATION OF THE RADIAL 
HEAD (MONTEGGIA FRACTURE) 

If a Monteggia fracture unités in poor position, the deformity 
often is so disabling that almost any reconstruction is worth 
a trial. At 1 year or more after injury, the joint will hâve 
become so damaged that it may be impossible to restore 
elbow function to near normal. 


of the bone with double-action bone cutting forceps 
while rotating the radial shaft, and smooth the end of 
the bone with a small rongeur. 

■ Make a second incision 7.5 cm long over the posterior 
aspect of the ulna and divide the bone as near the old 
fracture as possible. 

■ Align the fragments properly and fix them with a com¬ 
pression plate (Fig. 58-34); place autogenous cancellous 
bone around the osteotomy. 

■ Apply a long arm cast with the elbow at 90 degrees and 
the forearm in neutral rotation. 

POSTOPERATIVE CARE. A cast is worn until union is 
solid, usually at about 12 weeks, and active exercises are 
then begun. We hâve had satisfactory results in children 
with malunited Monteggia fractures treated by osteot¬ 
omy of the ulna, réduction of the radial head, and fixation 
with Kirschner wires to maintain the réduction until the 
bone and soft tissues hâve healed. 


■ SYNOSTOSIS BETWEEN THE RADIUS AND 
THE ULNA 

Synostosis between the radius and the ulna may develop at 
the proximal radioulnar joint after severely comminuted frac¬ 
tures in this région. Jupiter and Ring classified proximal 
radioulnar synostosis into three types: A, synostosis at or 
distal to the bicipital tuberosity; B, synostosis involving the 
radial head and the proximal radioulnar joint; and C, synos¬ 
tosis contiguous with bone extending across the elbow to the 
distal aspect of the humérus. In their 17 patients (18 synos¬ 
toses), operative resection of the synostosis gave good results 
in 16 patients (17 limbs). The only récurrence of synostosis 
was in a patient with a closed head injury. They found that 
the ultimate range of motion was not affected by any of the 
variables generally cited as contributing factors—size and 


OSTEOTOMY AND FIXATION OF 
MONTEGGIA FRACTURE MALUNION 


TECHNIQUE 58-25 


■ Expose the radial head and the malunion of the ulna 
through a single incision (see Chapter 1), or make two 
incisions as follows. 

■ Make a postérolatéral incision (see Chapter 1) 5 cm long, 
and free the dislocated radial head from ail of its 
attachments. 

■ Divide the neck of the radius just proximal to the bicipital 
tuberosity. 

■ Drill several holes transversely through the bone at the 
level of the anticipated osteotomy, complété the division 
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location of the synostosis, severity of initial trauma, use of a 
free nonvascularized fat graft, and especially time between 
injury and excision. Excision 6 to 12 months after initial 
injury did not increase the risk of récurrence, and although 
not statistically significant, patients with earlier resections 
had better motion than patients treated later. 

Although historically a delay in operative treatment for 6 
to 12 months after injury has been recommended, Jupiter and 
Ring suggested that early resection is préférable because of its 
potential ability to limit the degree of soft-tissue contracture 
and the overall period of severe disability. No adjunctive 
radiotherapy or nonsteroidal antiinflammatory drugs were 
used in their patients, and they questioned the need for these 
prophylactic measures and the necessity of using interposi- 
tional fat to prevent récurrence. Other authors also hâve 
observed better results with fewer complications after early 
excision of the synostosis mass with or without interposition 
material. 

Although the most common and most direct treatment 
of proximal radioulnar synostosis is resection of the synosto¬ 
sis, création of a pseudarthrosis of the radius distal to the 
synostosis has been used to restore forearm rotation. 
Kamineni et al. reported that resection of a 1-cm thick section 
of the proximal part of the radial shaft provided a safe and 
reliable method of improving forearm rotation in six of their 
seven patients. At almost 7-year follow-up, forearm rotation 
had improved from an average fixed pronation of 5 degrees 
to an average arc of motion of 98 degrees and re-ankylosis 
had occurred in only one patient, who also was the only 
patient in whom resection was done proximal to the bicipital 
tuberosity. Kamineni et al. noted that the single technical 
factor that seemed to influence results positively was the 
application of bone wax at the resection site. They recom¬ 
mended this procedure as a simple, safe alternative to synos¬ 
tosis resection in patients who hâve a proximal radioulnar 
synostosis that (1) is too extensive to allow a safe and discrète 
resection, (2) involves the articular surface, and (3) is associ- 
ated with an anatomie deformity. They also emphasized that 
this technique should not be considered an alternative to 
removal of the synostosis when it is technically possible to 
excise a discrète bridge of bone. 


RESECTION OF PROXIMAL PART OF 
RADIAL SHAFT 


TECHNIQUE 58-26 


(KAMINENI ETAL) 

■ With the patient supine and under general anesthésia, 
apply and inflate a tourniquet. 

■ Bring the affected arm across the patient's chest and hâve 
an assistant stabilize it in this position. 

■ Make a Kocher approach to the proximal radius (see 
Chapter 1). 

■ When the interval between the anconeus and the exten- 
sor carpi ulnaris is entered, direct the dissection toward 
the ulnar shaft and the synostosis; follow the synostosis 
to its distal margin by elevating the supinator from the 
radius. 


■ With a power saw, resect a 1-cm section of the radial 
shaft either proximal or distal to the bicipital tuberosity 
as dictated by the extent of the synostosis. 

■ Examine the range of motion of the forearm and, if 
needed, gently manipulate the forearm. 

■ Cover the transected bone ends with bone wax and 
bridge the interval between bone ends with absorbable 
gelatin sponge (Gelfoam; Upjohn, Kalamazoo, Ml). 

■ Release the tourniquet, secure hemostasis, and close the 
exposure in layers over a single suction drain. 

POSTOPERATIVE CARE. Continuous passive motion 
therapy can be used for 48 hours after surgery if desired. 
The postoperative réhabilitation program used by 
Kamineni et al. involves a two-component splint to 
achieve static pronation-supination splinting. The first 
component spans from the arm to the forearm, and the 
second component consists of an inner shell that wraps 
the distal part of the forearm and wrist like a gauntlet. A 
Velcro strap is used to rotate the forearm and wrist alter¬ 
native^ to the maximal attainable amounts of pronation 
and supination. For the first 3 weeks, the program pro- 
ceeds as follows: full supination at night, active and 
passive motion for 1 hour on rising in the morning, full 
pronation until noon, removal of the splint for 1 hour at 
lunch, full supination until dinner, removal of the splint 
for 1 hour at dinner, full pronation during the evening, 
and removal of the splint for 1 hour until bedtime. After 
3 weeks, the periods in which the splint is not worn are 
progressive^ increased. Patients are evaluated every 3 
weeks, and the program is modified as needed. If motion 
is not maximal at 3 months, the splint is worn at night in 
the position in which it is most needed until no further 
progress is being made. The spécifie regimen varies from 
patient to patient. 


SHAFTS OF THE RADIUS AND ULNA 
IN ADULTS 

Malunion of both-bone fractures of the forearm occasionally 
causes functional déficits severe enough to warrant surgical 
correction. Malrotation, angulation with encroachment on 
the interosseous space between the radius and ulna, and loss 
of the radial bow ail hâve been associated with loss of motion 
and compromised functional outcomes. Malunited forearm 
fractures may lead to disturbances of the distal radioulnar 
joint, and arthritis of the proximal radioulnar joint has been 
reported after long-standing (>20 years) malunions. 

Cadaver studies hâve shown insignificant réduction in 
forearm rotation with a 10-degree angular deformity, whereas 
a 20-degree angulation has been shown to resuit in loss of 
pronation and supination. With 15 degrees of total deformity, 
forearm motion was reduced by more than 27% except in 
distal-third fractures. Failure to restore the proper magnitude 
and location of the radial bow has been correlated with 
reduced forearm rotation and grip strength. 

The decision to operate on a forearm malunion should 
be based on an individuals functional limitations and phys- 
ical demands, rather than on the degree of radiographie 
deformity. Indications for surgery are loss of motion, distal 
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A f Malunion of shaft of radius and nonunion of shaft of ulna. B, Solid union and normal alignment 6 months after 
osteotomy of radius, fixation of both bones by compression plates, and application of iliac grafts. 


radioulnar joint instability, and unacceptable cosmetic 
appearance. Restoring proper skeletal alignment in the 
forearm may not improve functional déficits caused by soft- 
tissue injury or prolonged immobilization; these factors also 
must be considered. In addition, the patient should be aware 
of potential complications, such as delayed union and non- 
union, infection, loss of motion, radial nerve paresthesias, 
wrist pain, and instability of the distal radioulnar joint. Mal¬ 
unions are corrected by ostéotomies of one or both bones of 
the forearm, correction of the deformity in ail planes, com¬ 
pression plating, and bone graffing (Fig. 58-35). Operative 
treatment of forearm malunions is more likely to improve 
forearm motion significantly if done within the first year 
after injury. After 1 year, the soft-tissue contractures and 
scarring may limit the amount of motion that can be 
obtained. 

Trousdale and Linscheid retrospectively reviewed the 
results of osteotomy and plating in 27 patients with forearm 
malunions treated at the Mayo Clinic over a 15-year period. 
Most of the initial injuries occurred from falls during child- 
hood and adolescence and originally were treated by closed 
methods. The average âge at the time of correction of the 
deformity was 19 years. Of these 27 patients, 19 patients 
sustained fractures of both bones of the forearm, and eight 
patients sustained isolated fractures of the radius. Twenty 
patients had corrective ostéotomies of the radius, two patients 
had corrective ostéotomies of the ulna, and five patients 
required corrective ostéotomies of the radius and ulna. Indi¬ 
cations for surgery included loss of motion, instability of the 
distal radioulnar joint, and cosmesis. No information about 
the magnitude of the deformities was reported. 

Patients treated for loss of motion within 12 months of 
the original injury gained an average of 79 degrees of rotation 
(range 20 to 160 degrees), and those treated more than 12 
months after injury gained an average of only 30 degrees 
additional rotation (range, 25 to 95 degrees). The results of 


the patients treated for distal radioulnar joint instability are 
discussed later in this chapter. Complications occurred in 
48% of patients treated more than 1 year after surgery and 
included loss of motion (three patients), hétérotopie ossifica¬ 
tion along the interosseous membrane (one patient), delayed 
union (one patient), subluxation of the ulnar head (one 
patient), and refracture after plate removal (one patient). 
Complications in the group treated earlier were mild wrist 
pain (two patients), a single postoperative infection, and a 
retained drain. Nagy et al. reported 17 patients who were 
operated on for symptomatic malunion. They found improve - 
ment in range of motion in ail patients, but the overall 
improvement range was much better in patients with a supi¬ 
nation déficit than a pronation déficit. 


OSTEOTOMY AND PLATING FOR 
FOREARM MALUNION 


TECHNIQUE 58-27 


(TROUSDALE AND LINSCHEID, MODIFIED) 

■ Preoperatively, record the amount of forearm pronation 
and supination and elbow flexion and extension. 

■ Evaluate the stability of the distal and proximal radioulnar 
joints by manual stress palmarly and dorsally. 

■ Obtain full-length anteroposterior, latéral, and pronation 
and supination radiographs of the involved forearm and 
the contralatéral forearm for comparison. 

■ Assess the relative lengths of the radius and ulna and 
identify the site and magnitude of the deformity. 

■ CT with both forearms in maximal pronation and supina¬ 
tion is useful for evaluating rotational deformities. Cross- 
sectional cuts proximal and distal to the fracture are 
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compared with the uninjured side. The proximal fragment 
usually is supinated relative to the distal fragment because 
of the insertion of the supinator and biceps proximally 
and the insertion of the pronator teres and pronator 
quadratus distally. 

■ Détermine whether one or both bones of the forearm are 
significantly malaligned. If only one bone is malunited, 
osteotomy of only the involved bone is done. 

■ If both bones are malaligned, osteotomy, realignment, 
and stabilization of the more severely deformed bone are 
done first. If the radius is more severely malaligned than 
the ulna and realignment of the radius produces smooth 
forearm rotation with passive manipulation, the ulna does 
not require osteotomy. If both bones are equally 
malaligned, it is préférable to osteotomize and correct the 
ulna first to establish proper forearm alignment and then 
osteotomize the radius to conform to the ulna. In some 
patients, osteotomy of both bones may be required to 
allow proper realignment of the forearm. 

■Expose the radius through a 10- to 15-cm longitudinal 
anterior Henry approach (see Chapter 1) centered over 
the malunion site. 

■Expose the ulna (if necessary) through a 10- to 15-cm 
longitudinal subcutaneous approach between the exten- 
sor carpi ulnaris and flexor carpi ulnaris. Minimize dissec¬ 
tion in the interosseous space between the radius and 
ulna to decrease the risk of hétérotopie ossification and 
synostosis. 

■ Détermine the type of osteotomy required to restore 
alignment in ail three planes. If the deformity is in one 
plane, a uniplanar osteotomy is sufficient. If the deformity 
is complex as determined on preoperative radiographs, a 
multiplanar osteotomy is necessary. 

■ Make the osteotomy according to preoperative plans at 
the apex of the deformity by dividing the bone with a 
small motorized oscillating saw. 

■ Alternative^, the plane of the osteotomy can be outlined 
with drill holes and the bone can be divided with an 
osteotome. Use a drill or hand reamer to reestablish the 
medullary canal in both fragments if this can be accom- 
plished without excessive soft-tissue stripping. 

■ After the osteotomy is made, correct rotation and angula¬ 
tion and clamp a plate to each fragment. 

■Assess the réduction clinically and radiographically and 
make adjustments as necessary. 

■ Additional contouring of the plate often is necessary, 
especially to restore the radial bow. A 3.5-mm dynamic 
compression plate long enough to provide six cortices of 
fixation proximal and distal to the osteotomy is preferred. 
If there is a short proximal radial fragment, it may be 
impossible to obtain more than four cortices of fixation 
without risking injury to the radial nerve. 

■ After alignment of the bone and contouring of the plate 
are satisfactory, provisionally fix the plate to the bone with 
screws on both sides of the osteotomy. 

■ Reassess the réduction radiographically and evaluate 
flexion and extension of the elbow and pronation and 
supination of the forearm to ensure that correction of the 
malunion has improved passive range of motion. 

■ If alignment seems satisfactory and significant motion has 
been restored, place the remaining screws through the 


plate, ideally with at least six cortices of fixation proximal 
and distal to the osteotomy. 

■ If the ulna has been osteotomized and realigned first, but 
the radius remains significantly deformed, restricting 
motion, correct radial alignment with the same procedure 
as described for the ulna. Sometimes ostéotomies of both 
bones are required before either can be realigned 
properly. 

■ After realignment, close bony apposition at the osteot¬ 
omy is not always possible. Place autogenous cancellous 
bone grafts in any bone gaps and in patients with any 
risk factors for delayed union or nonunion. 

POSTOPERATIVE CARE. A posterior splint is applied 
after surgery. The splint usually is removed in 3 or 4 days 
if fixation is secure, and active and active-assisted range- 
of-motion exercises of the hand, wrist, forearm, elbow, 
and shoulder are begun as tolerated. In some patients, 
temporary use of a removable orthosis is required. Normal 
activities can be resumed after healing of the ostéotomies 
is solid (usually 4 months); plates are not routinely 
removed in adults. 


■ FOREARM MALUNIONS WITH DISTAL 
RADIOULNAR JOINT INSTABILITY 

Malunions of fractures of the radial shaff or both bones of the 
forearm can cause instability in the distal radioulnar joint. 
This problem occurs most frequently with fractures located 
in the distal third of the forearm. A corrective osteotomy of 
the deformed bone is sometimes ail that is necessary to 
restore stability to the distal radioulnar joint. In other cases, 
capsular imbrication and temporary transfixion of the distal 
radioulnar joint may be required. 

Trousdale and Linscheid treated six patients with forearm 
malunions and associated instability of the distal radioulnar 
joint. In three patients, stability of the distal radioulnar joint 
was obtained by osteotomy and plating of the bony deformity 
alone, and the other three patients required additional recon¬ 
struction of the distal radioulnar joint. A stable wrist was 
obtained in five of the six patients, but four lost some forearm 
motion (range 25-degree loss to 25-degree gain). Three 
patients had complications: one, mild instability of the ulna; 
one, mild wrist pain; and one, pain in the radial nerve 
distribution. 


CORRECTION OF FOREARM 
MALUNION WITH DISTAL 
RADIOULNAR JOINT INSTABILITY 


TECHNIQUE 58-28 


(TROUSDALE AND LINSCHEID, MODIFIED) 

■ Preoperative planning, osteotomy, realignment, and fixa¬ 
tion of the malaligned forearm bones are done as 
described in Technique 58-27. 

■After the plate is applied, evaluate the stability of the 
distal radioulnar joint using palmar and dorsal stress of 
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9 the ulna. If instability is présent, imbricate the palmar 
capsule of the distal radioulnar joint with 3-0 or 4-0 
nonabsorbable sutures placed in a horizontal mattress 
fashion to shorten and tighten this structure. 

■ With the forearm supinated, stabilize the distal radioulnar 
joint with one or two 0.062-inch Kirschner wires inserted 
through the ulna and radius just proximal to the distal 
radioulnar joint. 

POSTOPERATIVE CARE. After skin closure, an above- 
elbow splint is applied with the forearm in supination. 
Sutures are removed at approximately 2 weeks, and a 
second above-elbow cast or splint is applied with the 
forearm in supination. At 6 weeks, the cast or splint is 
removed, Kirschner wires are removed if they hâve been 
used, and range-of-motion exercises are begun. 


DRILL OSTEOCLASIS 

Blackburn et al. reported good results using drill osteoclasis 
in 10 of 12 patients, and they recommended this as an 
alternative to open osteotomy in children. They cited as 
advantages the lack of a second operation to remove the 
plate and screws and the élimination of the possibility of 
refracture through screw holes. 


TECHNIQUE 58-29 


(BLACKBURN ETAL) 

■ After administration of a general anesthetic, préparé and 
drape the extremity. 

■ Make a 0.5-cm stab incision at the site of the 
malunion. 

■ Insert a 3.2-mm drill guide to the bone and drill several 
holes in the radius; repeat the same steps for the ulna. 

■ Perform a manual osteoclasis. 

■ Apply a long arm, above-elbow cast. 

POSTOPERATIVE CARE. The cast is worn for 3 to 6 
weeks. The progress of union is monitored radiographi- 
cally at weekly intervals until callus is seen. The cast is 
removed when union is apparent clinically and 
radiographically. 


■ SHAFT OF THE ULNA 

An operation for malunion of the ulna alone rarely is neces- 
sary; if it is necessary, the principles described for malunion 
of the radial shaff can be followed. 

DISTAL RADIUS 

Despite improvements in treatment since the early 1980s, 
malunion remains a common cause of residual disability after 
distal radial fractures. Modem investigators hâve not con- 
firmed Colles observation in 1814 that the deformity will 
persist, but that the wrist eventually will “enjoy perfect 
freedom in ail its motions and be completely exempt from 


pain.” Not ail distal radial malunions are symptomatic, espe- 
cially malunions in elderly patients with low functional 
demands. In such patients, no further treatment is indicated. 
Posttraumatic wrist deformities in younger, active patients 
may be sufficiently disabling, however, to warrant surgical 
correction. In one study malunion was found to be associated 
with higher arm-related disability regardless of âge. 

Fracture characteristics and initial treatment contribute 
to the development of a malunion. Malunion can be caused 
by failure to achieve or maintain an accurate réduction or by 
inadéquate duration or type of immobilization. Réduction is 
most difhcult to obtain and maintain in fractures with marked 
comminution (especially fractures involving the articular 
surface), severe osteoporosis, or disruption of the distal 
radioulnar ligaments. Age also may be a factor in the develop¬ 
ment of malunion. In a study of 200 patients comparing distal 
radial fractures in patients at different âges, Hollevoet found 
that older patients had more malunions. The mean âge of 
patients with malunions was 60 years, whereas the mean âge 
of patients without malunions was 51 years. Efforts hâve been 
made to reduce the incidence of malunion by refining the 
indications and techniques for surgical management of acute 
distal radial fractures (see Chapter 57). 

Malunions of the distal radius may be associated with 
extraarticular deformities, intraarticular malalignment, distal 
radioulnar joint incongruity or instability, or a combination 
of these features. Extraarticular deformities include shorten- 
ing and excessive dorsal or volar tilt of the distal radial articu¬ 
lar surface. Radiographie measurement of alignment of an 
intact distal radius shows an average of 22 to 23 degrees of 
radial inclination, 11 to 12 mm of radial height, 11 to 12 
degrees of volar tilt, and ± 2 mm of ulnar variance. 

No absolute radiographie criteria define a significant 
distal radial malunion; however, several investigators hâve 
identified parameters that are likely to be associated with a 
poor functional outcome, including intraarticular incongru¬ 
ity in the radiocarpal joint of more than 2 mm, a 1- to 2-mm 
step-off at the distal radioulnar joint, dorsal angulation of 
more than 20 degrees and radial inclination of less than 10 
degrees, and the loss of sagittal tilt of 20 to 30 degrees. More 
than 10 degrees of dorsal tilt leads to decreased wrist flexion, 
and 6 mm of radial shortening causes dysfunction of the 
distal radioulnar joint. Fernandez observed that fractures 
with more than 25 or 30 degrees of angulation in the frontal 
or sagittal plane or 6 mm or more of radial shortening were 
likely to become symptomatic. He also noted that patients 
with constitutional joint laxity may develop midcarpal insta¬ 
bility with a dorsal tilt of only 10 to 15 degrees. One study 
reported significant changes to distal radioulnar joint 
mechanics as well as ligament lengthening with malunion of 
the distal radius, which may contribute to the dysfunction 
associated with these injuries. 

Laboratory studies showed that 20 to 30 degrees of dorsal 
tilt altered the force distribution across the radiocarpal joint, 
and this degree of deformity should be considered a 
prearthritic condition. Based on clinical and laboratory 
studies, Graham developed radiographie criteria for the 
acceptable healing of distal radial fractures (Table 58-2). 
These criteria should be used only as guidelines because of 
individual variations in preinjury anatomy and because some 
patients tolerate a greater degree of deformity than others. 
Significant articular incongruity and radial shortening are 
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r TABLE 58-2 

Radiographie Criteria for Acceptable Healing 
of Distal Radial Fractures 

CRITERION 

ACCEPTABLE MEASUREMENT 

Radioulnar length 

Radial shortening of <5 mm at 
distal radioulnar joint compared 
with contralatéral wrist 

Radial inclination 

Inclination on posteroanterior film 
>15 degrees 

Radial tilt 

Sagittal tilt on latéral projection 
between 15-degree dorsal tilt and 
20-degree volar tilt 

Articular incongruity 

Incongruity of intraarticular 
fracture <2 mm at radiocarpal 
joint 


Modified from Graham TJ: Surgical correction of malunited fractures of the distal 
radius, J Am Acad Orthop Surg 5:270,1997. 


Normal 



Malunion 



A f Normal radiocarpal and intercarpal align- 
ment in sagittal plane. B f Dorsal tilting of radius may produce 
carpal collapse pattern similar to that in dorsal intercalated 
segment instability but without interosseous ligament disruption 
or secondary midcarpal instability. (From Graham TJ: Surgical correc¬ 
tion of malunited fractures of the distal radius, J Am Acad Orthop Surg 
5:270, 1997.) 


more consistently correlated with the development of symp- 
toms than are other measurements. 

CLINICAL EVALUATION 

Pain, stiffness, weakness, and cosmetic deformity are common 
complaints in patients with distal radial malunions. Pain may 
be localized to the radiocarpal joint or distal radioulnar joint 
or both. Carpal instability patterns causing midcarpal pain 
may occur after dorsally tilted malunions (Fig. 58-36) (dorsal 
intercalated segment instability patterns) or die-punch frac¬ 
tures of the lunate facet (Fig. 58-37) (volar intercalated 
segment instability patterns). Decreased wrist flexion is 
typical of dorsally tilted malunions, and extension is limited 
with volarly tilted malunions. Loss of radial inclination can 



Die-punch fracture of lunate facet may produce 
volarly tilted malunion similar to volar intercalated segment 
instability. 


cause impaired ulnar déviation. Malunited Smith fractures 
and incongruity at the distal radioulnar joint lead to decreased 
pronation and supination, with supination affected more. 
Grip strength is impaired because of a combination of pain 
and altered wrist mechanics. Symptoms of médian nerve 
compression may resuit from a dorsally tilted malunion that 
increases pressure within the carpal tunnel. Attritional rup¬ 
tures of extensor tendons (most commonly the extensor pol- 
licis longus) and, less frequently, of flexor tendons also hâve 
been reported. 

Evaluation of distal radial malunions should include a 
detailed history and physical examination. The site of the pain 
(radiocarpal joint, distal radioulnar joint, midcarpal joint), 
intensity of the pain, and precipitating factors ail should be 
noted. Mechanical symptoms should be distinguished from 
dystrophie pain. Range of motion in flexion, extension, radial 
and ulnar déviation, and pronation and supination should be 
measured. The stability of the distal radioulnar joint is 
assessed. Grip strength measurements of the affected and the 
uninjured wrists are helpful to détermine the degree of weak¬ 
ness and can be used to assess functional recovery after 
surgery. The integrity of the soft tissues and degree of scar 
formation also should be noted. 

RADIOGRAPHIC EVALUATION 

Plain anteroposterior and latéral radiographs of both wrists 
in neutral rotation are obtained to détermine the nature and 
degree of deformity, to detect carpal subluxation and instabil¬ 
ity patterns, and to evaluate the quality of the bone. The 
uninjured wrist can be used as a template for surgical recon¬ 
struction if an osteotomy is chosen. The degree of correction 
necessary in the sagittal, coronal, and axial planes and the size 
and shape of the bone graff necessary to obtain the desired 
correction can be determined. 

CT is helpful to evaluate the potential for congruity of the 
distal radioulnar joint (axial views) and the condition of the 
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_ TABLE 58-3 

Guidelines for Treatment of Distal Radioulnar Joint (DRUJ) in Radial Malunions 


RADIUS PARAMETERS 
INDICATED 

RADIOULNAR LENGTH 

DRUJ REDUCIBLE BY 
RADIAL OSTEOTOMY 

POTENTIAL FOR 

DRUJ CONGRUITY 

RECONSTRUCTION 

Unacceptable 

Unacceptable 

Yes 

Yes 

DRO 

Acceptable 

Unacceptable 

Yes 

Yes 

US 

Unacceptable 

Unacceptable 

No 

Yes 

DRO plus US or two-stage 
reconstruction 

Unacceptable 

Unacceptable 

No 

No 

DRO plus DRUJ ablation 


Modified from Graham TJ: Surgical correction of malunited fractures of the distal radius, J Am Acad Orthop Surg 5:270,1997. 
DRO, Distal radial osteotomy; US, ulnar shortening. 


articular surface. Malunions of the ulnar styloid also are well 
delineated by CT. MRI or arthrography can be used to evalu- 
ate the integrity of the triangular fibrocartilage complex and 
intercarpal ligaments. 

OPERATIVE TREATMENT 

Indications for surgical intervention in a distal radial mal¬ 
union include pain and functional déficits severe enough to 
interfère significantly with daily activities. Deformity of the 
distal radius, distal radioulnar joint, or both, or arthrosis of 
the radiocarpal joint or distal radioulnar joint also should be 
identified on radiographie studies. Operative treatment 
seldom is indicated for minimally symptomatic patients 
despite radiographie or cosmetic deformity. One possible 
exception is a young, active patient (<40 years old) with a 
deformity that is likely to become symptomatic with time 
(articular step-off of > 2 mm, carpal instability, >20 to 30 
degrees of dorsal angulation, incongruent distal radioulnar 
joint). Surgery is contraindicated in patients with active reflex 
sympathetic dystrophy syndrome. 

Reflex sympathetic dystrophy syndrome, also known as 
complex régional pain syndrome, is a distressing complica¬ 
tion that often occurs affer fractures around the wrist. In its 
early stages, this condition is characterized by extreme swell- 
ing of the soft tissues, exquisite tenderness to pressure, and 
pain on motion. Later, definite circulatory changes occur in 
the soft tissues and bone; the skin gradually becomes purplish 
and cold and perspires excessively. Even later, the joints of the 
fingers and wrist become increasingly stiff; even the shoulder 
and elbow can be affected secondarily from voluntary immo- 
bilization of the extremity in one position. Radiographs may 
show mottled décalcification or osteoporosis of the bones in 
late stages, but 30% of patients hâve no radiographie abnor- 
malities. Three-phase delayed image bone scanning has been 
reported to be helpful in the diagnosis of reflex sympathetic 
dystrophy syndrome. Kozin et al. suggested that an abnormal 
bone scan in any of the three phases correlated with reflex 
sympathetic dystrophy syndrome, whereas Mackinnon and 
Hôlder indicated that only abnormalities in the third phase 
(regular bone scan) correlated with it. Reflex sympathetic 
dystrophy syndrome must be treated before surgery for mal¬ 
union. No treatment is entirely satisfactory; treatment con- 
sisting of minimal immobilization with active and passive 
exercises, sympathetic blocks, and occupational and physical 
therapy seems to be as effective as any other treatment. Until 
symptoms and findings are relatively static or definite 
improvement is apparent, surgery usually should be delayed. 


Procedures used to treat malunions of the distal radius 
fall into three general categories: (1) procedures that correct 
the deformity of the distal radius (intraarticular and extraar- 
ticular ostéotomies), (2) procedures that treat the pathologie 
process of the distal radioulnar joint (ulnar shortening, 
hemiresection arthroplasty, Sauvé-Kapandji procedure, 
Darrach resection of the distal ulna), and (3) salvage proce¬ 
dures (limited or total wrist arthrodesis, arthroplasty, proxi¬ 
mal row carpectomy). These procedures can be used alone or 
in combination, depending on the spécifie deformity, func¬ 
tional demands, and degree of arthritic changes présent in a 
particular patient (Table 58-3). 

Distal radial osteotomy and bone graffing are most often 
indicated in young, active patients with a significant radial 
deformity, good bone quality, good soft tissues, and minimal 
arthritic changes. Distal radial osteotomy alone often corrects 
distal radioulnar joint incongruence. In patients with remain - 
ing incongruity, an ulnar shortening osteotomy also is indi¬ 
cated. Lengthening of the distal radius more than 6 mm 
usually is impossible with distal radial osteotomy alone, and 
a concomitant ulnar shortening osteotomy is often needed in 
patients with more than 6 mm of radial shortening. If the 
distal radioulnar joint is arthritic or irreducible, a Bowers 
hemiresection arthroplasty or Sauvé-Kapandji distal radioul¬ 
nar arthrodesis with pseudarthrosis should be done. Long- 
term results affer osteotomy hâve shown that wrist alignment 
is maintained; however, some instability or symptomatic 
wrist arthritis may occur. 

An ulnar shortening osteotomy alone can be used to 
correct incongruence of the distal radioulnar joint if the 
radial deformity is minor. Resection of the distal ulna is 
another relatively simple technique that is useful in providing 
pain relief and improving motion in many patients with distal 
radial malunions. The technique is technically easier than 
radial osteotomy and bone graffing and does not hâve the 
danger of nonunion or récurrence of deformity. The distal 
radial deformity is not corrected, however, and radiocarpal 
symptoms may persist. Other potential complications include 
instability of the distal ulna and loss of grip strength. 

The primary indications for resection of the distal ulna 
are malunions in older patients with a significant ulnar vari¬ 
ance, arthritis of the distal radioulnar joint, or as a salvage 
procedure affer failed reconstruction of the distal radioulnar 
joint. Salvage procedures (wrist fusions) are indicated for 
symptomatic fractures with marked intraarticular comminu- 
tion or severe radiocarpal or intercarpal degenerative changes 
for which conservative treatment has failed. 
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Carpal tunnel release sometimes is indicated either alone 
or in combination with other procedures. Dorsally displaced 
malunions decrease the space within the carpal tunnel, which 
can impair the excursion of the flexor tendons of the fingers 
or compress the médian nerve. Division of the deep trans¬ 
verse carpal ligament in this situation improves function in 
the hand and wrist. 

Several types of fixation methods hâve been evaluated in 
the literature with comparable results. Fixed-angle volar 
plating with bone grafting provides stable fixation after cor¬ 
rective osteotomy and allows early mobilization. Tarng et al. 
used a 2.4-mm locking palmar plate without autologous bone 
grafting and noted that there was sufficient stability without 
the need for cast immobilization. Range of motion of the 
wrist was restored early. Intramedullary nailing has been 
reported to reliably correct deformity and produce good 
functional outcomes. A benefit of using an intramedullary 
nail is its percutaneous insertion, minimizing soft-tissue irri¬ 
tation. Distraction osteogenesis with the use of external fixa¬ 
tion is an alternative to plating and has the benefit of not 
requiring plate removal and a second surgical procedure. 
Lubahn et al. reported that 17 of 20 patients healed unevent- 
fully with this technique. Complications hâve included pin 
track infection and extensor pollicis longus rupture. Sammer 
et al., in a prospective study of five patients, found that 
although distraction osteogenesis was useful in improving the 
anatomy and function in distal radial malunions that required 
correction in multiple planes, a substantial amount of resid- 
ual impairment remained in ail domains of the Michigan 
Hand Outcomes Questionnaire, including activities of daily 
living; function cannot be expected to return to baseline. 

The use of bone graft also has been an area of study in 
the literature. Ozer et al. found no significant différences in 
clinical or statistical outcomes between patients who had 
locked volar plating without bone grafting and those who had 
locked volar plating with allograft bone. Abramo et al. used 
bone graft substitute with a buttress pin and plate System and 
reported minor loss of correction. They thought that a more 
rigid fixation System might be necessary with this type of 
bone graft substitute. Other authors hâve investigated whether 
précisé preoperative planning of the size and shape of the 
corticocancellous bone graft restores alignment better than 
other grafting techniques, but they found no différences. 
Viegas described a modification that would minimize or 
eliminate the need for bone grafting. The technique uses a 
volar and dorsal approach for an angled step-cut osteotomy, 
release of the extensor retinaculum, and volar plating. The 
dorsally extruded fracture fragments are mobilized and used 
as a dorsal strut graft to span the opening wedge osteotomy. 
Obert et al. used a costal cartilage graft harvested from 
the eighth rib to be placed in the epiphyseal-metaphyseal 
defect. Although costal cartilage grafts hâve been used in 
maxillofacial surgery, this was the first report of their use in 
intraarticular malunion. They reported results comparable to 
other grafts. 

EXTRAARTICULAR MALUNION WITH 
DORSAL ANGULATION 
■ OSTEOTOMY AND GRAFTING OF THE RADIUS 

Osteotomy and grafting most commonly are indicated for 
malunited Colles fractures in patients younger than 45 years 


old. Age should not be used as an absolute criterion, however. 
Older patients with good bone quality and high functional 
demands also may be considered for an osteotomy. Fernan¬ 
dez obtained satisfactory results with an opening wedge 
metaphyseal osteotomy combined with reinsertion of a graft 
and internai fixation with a plate and screws when no degen- 
erative changes were présent in the radiocarpal and intercar- 
pal joints and when the preoperative range of motion of the 
wrist was adéquate. Some patients benefited from the addi¬ 
tion of a Bowers arthroplasty to the radial osteotomy. The 
évaluation and treatment of distal radioulnar joint incongru- 
ity are discussed in more detail in the section on distal radio¬ 
ulnar joint arthrosis. Watson and Castle reported success 
with an osteotomy technique using a trapezoidal graft 
obtained from the dorsal radius (Fig. 58-38). Contraindica- 
tions to radial osteotomy include active reflex sympathetic 
dystrophy, acceptable function despite deformity, poor soft- 
tissue envelope, severe osteopenia, and advanced radiocarpal 
or intercarpal arthritis. 

The rôle of timing of osteotomy for distal radial mal¬ 
unions has received attention more recently. It is well recog- 
nized that some patients regain adéquate function despite 
residual deformity. Traditionally, osteotomy has not been 
done unless a patient has persistent pain and functional 
limitations after fracture healing and réhabilitation. Delay- 
ing corrective surgery until a patient is proved to be symp- 
tomatic may adversely affect the overall resuit. Prolonged 
angular deformity and shortening can produce altered 
loading of the articular surface, maladaptation of the soft 
tissues (capsule, ligaments), and dysfunction of the distal 
radioulnar joint. One comparison study showed no différ¬ 
ences in outcomes between an early treatment group and a 
late treatment group; however, the overall time of disability 
was significantly shorter in the early group and the proce¬ 
dures were technically easier. 

Fracture fines were more easily identified, congruity of 
the distal radioulnar joint was more easily restored, and soft- 
tissue contractures were easier to correct. Although early 
intervention may lead to unnecessary surgery in some 
patients, early reconstruction of distal radial malunions 
should be considered in young patients with high functional 
demands who hâve unfavorable radiographie parameters. 

Wada et al. reviewed opening and closing wedge osteot¬ 
omy techniques in 42 patients with extraarticular distal radial 
malunions and found that radial closing wedge osteotomy 
and ulnar shortening without bone grafting produced better 
results in terms of restoration of ulnar variance, the extension- 
flexion arc of wrist motion, and the Mayo wrist score, although 
complications were similar to those observed with opening 
wedge osteotomy. 

Flinkkilà et al. did not recommend performing distal 
radial osteotomy for treatment of malunion in patients with 
mild symptoms. They examined their results in 45 patients 
with an average foliow-up of 5.7 years and found that restora¬ 
tion of normal anatomy did not correlate with subjectively 
good results. Most patients received a dorsal opening wedge 
osteotomy and iliac crest bone graft stabilized with a plate. 
Good or satisfactory results were achieved in 33 of 45 patients. 
Seven patients had grade 2 osteoarthritis preoperatively. 
The distal radioulnar joint was not treated at the initial 
surgery. Overall, 12 patients required 19 additional surgeries; 
six were for distal radioulnar joint instability, and four were 
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Trapézoïdal osteotomy of distal radius. A f Preoperative posteroanterior view with decreased radial inclination; oste¬ 
otomy and trapézoïdal graft site are outlined. B f Postoperative posteroanterior view shows normal radial tilt and single "caging" pin. 
C f Abnormal dorsal tilt of radial articular surface reverses ail loads across carpals and does not tolerate loading in active patients. 
D f Postoperative latéral view shows restoration of 11 degrees of palmar tilt before insertion of graft. 


for osteoarthritis. Loss of supination and ulnar déviation cor- 
related with an unsatisfactory resuit. 


OPENING WEDGE METAPHYSEAL 
OSTEOTOMY WITH BONE GRAFTING 
AND INTERNAL FIXATION WITH 
PLATE AND SCREWS 


TECHNIQUE 58-30 


(FERNANDEZ) 

■ For a malunited Colles fracture, make a straight distal 
radial incision parallel to the long axis of the radius, 
beginning 2 cm distal to the Lister tubercle and extending 
8 cm proximally into the forearm. 

■ Expose the radius between the extensor carpi radialis 
brevis and extensor digitorum communis after mobilizing 
and protecting the extensor pollicis longus tendon. Sub- 
periosteally, expose the radius to allow adéquate seating 
of the buttress plate. 

■ Mark the site of osteotomy approximately 2.5 cm proximal 
to the wrist joint with an osteotome (Fig. 58-39A and B). 


■ Insert a Kirschner wire 4 cm proximal to the osteotomy 
site and perpendicular to the long axis of the radius. 

■ Insert a second Kirschner wire into the distal portion of 
the radius so that the angle subtended by it and the first 
Kirschner wire is equal to the angle of deformity in the 
sagittal plane. 

■ Confirm that the eut in the sagittal plane is parallel to the 
joint surface. 

■ Make the osteotomy and open it dorsally until the two 
Kirschner wires are parallel to restore the normal volar tilt 
of 5 to 10 degrees to the distal radial articular surface. 
Restoration of radial length is accomplished by opening 
the osteotomy on the radial side until the gap corre¬ 
sponds to the distance measured on the preoperative 
drawing (Fig. 58-39B to D). 

■ Stabilize the fragments with an oblique Kirschner wire. 

■ Obtain a bone graft from the ilium and trim it to fit the 
dorsal radial bone defect. Insert the bone graft and tamp 
it into place. Any pronation or supination of the distal 
fragment should be corrected before introducing the 
graft by rotating it around the long axis of the radius. 

■ Contour a small T-plate to fit the radius perfectly and 
stabilize it with two screws in each fragment (Fig. 58-39D 
and E). This should offer enough stability to allow motion 
soon after surgery. 





















Fernandez technique of osteotomy and grafting of distal radius. A and B f Site of osteotomy is marked. C f Osteotomy 
is opened dorsally, and graft is prepared. D and E f Graft is inserted and plate applied. SEE TECHNIQUE 58-30. 


■ If the fixation is unstable, increase the number of screws 
in each fragment or add an additional oblique lag screw 
in the radial styloid across the osteotomy and into the 
cortex of the proximal radial fragment. 

■ If the distal radioulnar joint is arthritic, a Bowers arthro- 
plasty is added using a graft from the extensor carpi 
ulnaris (Fig. 58-40); if it is not arthritic but remains incon¬ 
gruent, an ulnar shortening osteotomy is done (see Tech¬ 
nique 58-37). 

■ Close the wound in layers and apply a sugar-tong splint. 

POSTOPERATIVE CARE. The wrist is immobilized in a 
volar plaster splint until the soft tissues heal. At 2 weeks, 
range-of-motion exercises are begun under the supervi¬ 
sion of a physical therapist. No lifting work is allowed 
until the osteotomy has healed radiographically. 


EXTRAARTICULAR MALUNION WITH 
VOLAR ANGULATION 

Fractures of the distal radius that unité with excessive volar 
inclination (Smith fractures) are less common than dorsally 
displaced malunions. Frequent sequelae of these malunions 
include decreased grip strength, decreased wrist extension, 
and cosmetic deformity owing to increased volar inclination, 
decreased radioulnar inclination, and the résultant ulnar 
déviation of the wrist. In addition, radial shortening and the 
characteristic pronation of the distal fragment cause incon¬ 
gruence and instability of the distal radioulnar joint. As a 
resuit, forearm rotation (especially supination) is limited and 
the distal ulna may impinge on the ulnar portion of the 
carpus. These deformities can cause pain and eventually 
arthrosis of the radiocarpal and particularly the distal radio¬ 
ulnar joint. Most researchers reported that volarly angulated 
malunions that were symptomatic initially were treated either 
nonoperatively or with internai fixation. 



Bowers arthroplasty with "anchovy" interposi¬ 
tion of extensor carpi ulnaris. SEE TECHNIQUE 58-30. 


Volar opening wedge osteotomy of the distal radius, with 
bone grafting and plating for symptomatic malunited Smith 
fractures has been advocated. The procedure is similar to the 
dorsal osteotomy described by Fernandez for dorsally angu¬ 
lated fractures. Additional procedures on the ulnar side of the 
wrist sometimes are necessary to correct distal radioulnar 
joint dysfunction. Indications for osteotomy are pain or func- 
tional déficits, rather than the extent of the deformity. Goals 
of the procedure are to reduce pain, improve motion, and 
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correct deformity. Contraindications to the procedure are the 
same as the contraindications for the dorsal osteotomy. Shea 
et al. reported 72% satisfactory results with this technique at 
short-term follow-up with improvement in radiographie 
parameters, wrist extension, forearm supination, and grip 
strength. Persistent pain in the distal radioulnar joint and 
restricted motion were noted in 6%. 


VOLAR OSTEOTOMY 


TECHNIQUE 58-31 


(SHEA ETAL) 

■ Obtain anteroposterior and latéral radiographs of the 
contralatéral wrist to détermine normal degrees of radio¬ 
ulnar and volar inclination. The goals are to restore the 
articular alignment of the distal radius to within 5 degrees 
of that on the contralatéral side in the frontal and sagittal 
planes and to restore the articular congruity of the distal 
radioulnar joint. 

■ Plan the osteotomy so that it is transverse in the frontal 
plane and oblique in the sagittal plane. Locate the oste¬ 
otomy as close as possible to the apex of the deformity. 
The shape of the corticocancellous graft is trapézoïdal in 
the frontal plane and wider on the radial side to restore 
radioulnar inclination (Fig. 58-41 A). The planned graft is 
triangular in the sagittal plane with the apex placed 
dorsally. 

■ Position the patient supine. 

■ Préparé and drape the involved arm and contralatéral iliac 
crest after general endotrachéal anesthésia has been 
induced. 

■ Use a volar approach between the tendon of the flexor 
carpi radialis and the radial artery, using the distal extent 
of the Henry approach (see Chapter 1). 

■ Use a pneumatic tourniquet to reduce bleeding. 

■ Elevate the pronator quadratus from the radial aspect of 
the distal radius and protect surrounding soft tissue with 
small Hohmann retractors. 

■ Drill a smooth 0.062- or 0.045-inch Kirschner wire into 
the radial shaft proximal to the site of the osteotomy and 
perpendicular to the long axis of the radius (Fig. 58-41 B). 
Control the degree of planned correction in the sagittal 
plane by drilling a 0.062-inch Kirschner wire into the 
distal fragment in the predetermined angle of the defor¬ 
mity. Use these wires to help evaluate the correction of 
the deformity after the osteotomy. 

■ Use a small external fixator frame with one pin placed in 
the radial diaphysis to maintain the corrected alignment 
before placement of the bone graft, plate, and screws 
(Fig. 58-41 C). 

■Create the osteotomy with a sagittal saw, preferably at 
the site of the original fracture. 

■ Wedge open the osteotomy with a small lamina 
spreader clamp (Fig. 58-41 D). Preserve the dorsal perios- 
teum. This type of osteotomy corrects 10 mm of radial 
shortening. 

■ If lengthening of more than 10 mm is necessary, perform 
a Z-lengthening of the brachioradialis tendon and 


transect the dorsal periosteal sleeve. In this situation, the 
graft needed is trapézoïdal in the frontal and sagittal 
planes. The resulting construct is less stable than if the 
dorsal periosteum is left intact. 

■ Obtain and contour the corticocancellous iliac crest graft 
with the dimensions determined according to the preop- 
erative plan. 

■ Insertthe graft and stabilize the osteotomy with a 3.5-mm 
angled T-shaped plate (Fig. 58-41 E). 

■ The pronation deformity of the distal radial fragment 
tends to be corrected when the fiat surface of the plate 
used to the secure the osteotomy is applied to the volar 
aspect of the radius. 

■Assess the distal radioulnar joint réduction. 

■ Perform an ulnar shortening osteotomy if normal ulnar 
variance cannot be restored with the distal radial oste¬ 
otomy and interposition of corticocancellous iliac crest 
graft. 

■ Perform an arthroplasty of the distal radioulnar joint if 
there is residual articular incongruity of that joint despite 
a more normal alignment and length of the distal radial 
fragment or if there is residual loss of passive rotation of 
the forearm intraoperatively after stable fixation of the 
osteotomy. 

POSTOPERATIVE CARE. The wrist is supported with a 
volar splint for 2 weeks, unless lengthening of 10 mm 
or more is necessary, in which case a below-elbow cast 
is worn for 6 weeks. Exercises and activities of daily 
living are encouraged after the external support has 
been removed. Activities against résistance and manual 
labor are not permitted until union has been confirmed 
radiographically, rarely before 8 weeks. The plate and 
screws are removed only if requested by the patient. 


INTRAMEDULLARY FIXATION 

llyas et al. reported a technique of intramedullary fixation 
after corrective ostéotomies for treatment of extraarticular 
distal radial malunions. The implant (MIC RO N AIL; Wright 
Medical, Memphis, TN) (Fig. 58-42) is low profile and sits 
completely within the medullary canal of the distal radius. 
Unlike a locking plate that can be used for réduction, the 
distal radius requires réduction before insertion of the 
intramedullary nail. Three interlocking nails are placed 
through the distal implant in a divergent pattern. Two 
2.7-mm bicortical interlocking screws are placed in a 
dorsal to volar direction, locking in the length and rota¬ 
tion. The indication for this procedure includes a distal 
radial deformity of more than 15 degrees radial inclina¬ 
tion, 4 mm loss of radial length, 4 mm ulnar variance, 
and 15 degrees dorsal or 20 degrees volar latéral tilt. The 
intramedullary nail should not be used in intraarticular 
fractures or in patients with active infections, llyas et al. 
used this fixation in more than 10 patients without any 
soft-tissue or hardware complications. We hâve not used 
this technology. 
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Volar osteotomy for malunited distal radial fracture (see text). A f Preoperative planning. B, Kirschner wire drilled 
into radial shaft proximal to osteotomy site. C f Small external fixator used to maintain corrected alignment. D f Osteotomy wedged 
open with lamina spreader. E f lliac graft inserted and osteotomy stabilized with T-plate. (From Fernandez DL: Malunion of the distal radius: 
current approach to management, Instr Course Lect 42:99, 1993.) SEE TECHNIQUE 58-31. 


TECHNIQUE 58-32 


■ Préparé the arm in a standard fashion. Use a hand table, 
tourniquet, and image intensifier. 

■ Make a 3-cm dorsal longitudinal incision extending from 
Lister's tubercle proximally to over the radial shaft. Carry 
sharp dissection through the skin only. Perform blunt dis¬ 
section to the level of the extensor retinaculum. Identify 
and release the extensor pollicis longus tendon and 


transpose it radially. Develop the interval between the 
pollicis longus tendon and the extensor digitorum com- 
munis, exposing the malunion site. Débridé the overlying 
hypertrophied tissue. 

■ Perform the osteotomy at the malunion site using an 
oscillating saw or osteotome. For dorsally malunited frac¬ 
tures, use an osteotome to free the distal radius and 
hinge the dorsally malunited fracture on the intact volar 
cortex with a laminar spreader. If the cortex is not intact 
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A f Intramedullary nail implant. B, In vivo. (Reproduced from llyas AM, Reish MW, Beg TM, Thoder JJ: Treatment of distal 
radius malunions with an intramedullary nail, Tech Hand Up Extr Surg 13:30, 2009.) 


or if there is shortening of the distal radius with overlap 
of the volar cortices, take the osteotomy through both 
the dorsal and volar cortices circumferentially. Maximize 
mobilization of the distal radial fragment and release the 
surrounding soft tissue, in particular the brachioradialis. 

■ After the distal radial fragment is freed, restore the radial 
length, radial inclination, and latéral tilt. Fix the provi- 
sional réduction with a 0.062-inch Kirschner wire placed 
dorsally along the ulnar column and then assess réduc¬ 
tion. Volar tilt cannot be further corrected with the intra¬ 
medullary nail so it must be corrected and provisionally 
fixed before insertion of the nail. After insertion of the 
intramedullary nail, further height and inclination can be 
obtained. 

■ For nail insertion, make a 3-cm incision over the radial 
styloid, and with blunt dissection develop the interval 
between the first and second dorsal compartments. Iden- 
tify and protect the branches of the radial sensory nerves. 
Place an additional 0.062-in Kirschner wire into the radial 
styloid in the bare spot between the first and second 
dorsal compartments. Place a cannulated reamer over the 
Kirschner wire. Do not violate the articular surface of the 
radiocarpal joint or distal radial ulnar joint. Enter the distal 
radius with a starting awl and a broach and sequentially 
ream with the osteotomy held reduced. 

■ When selecting the actual implant, downsizing the nail 
proximally allows for further manipulation and réduction 
of the radius. Attach the implant to the aiming jig and 
place it into the broached path through the radial styloid. 
Place three divergent locking screws through the aiming 
jig directed into the subchondral bone of the distal radius. 
Remain subchondral to optimize purchase and avoid 


pénétration of the articular surface or injury to the super- 
ficial radial sensory nerve. 

■ If necessary, the final position can be optimized by manip¬ 
ulation through the handle of the aiming jig that is still 
attached to the intramedullary nail within the distal radial 
fragment. 

■ Place bone graft into the dorsal defect. 

■ Place the proximal locking screws using the locking jig 
over the dorsum of the distal radius through the first 
incision, fixing the position of the osteotomy. 

■ Close the wound in the standard fashion and apply a 
plaster volar splint with the metacarpophalangeal joints 
and fingers left free. 

POSTOPERATIVE CARE. The splint is left in place for 10 
to 14 days. The sutures are removed, and a removable 
splint is applied. Gentle range of motion is started. 


EXTERNAL FIXATION 

Plate and screw fixation of distal radial malunions may be 
complicated by prominent hardware, late extensor tendon 
rupture, and need for subséquent hardware removal. To 
avoid these potential complications, Melendez advocated 
a technique of opening wedge osteotomy, bone grafting, 
and external fixation for symptomatic extraarticular distal 
radial malunions. The external fixator used does not span 
the wrist and allows early motion. Melendez reported his 
results in seven patients, ail of whom had significant 
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radiographie deformities and pain associated with lifting or 
axial loading of the wrist and forearm rotation. A Darrach 
procedure also was done in two patients with radial short- 
ening of 8 mm. Ail ostéotomies healed at an average 7.5 
weeks. Pain was reduced, mobility was increased, and 
radiographie parameters were significantly improved in ail 
patients. Postoperative motion was an average of 88% of 
that of the contralatéral wrist. Five complications occurred 
in three patients. Two patients with pin site infections were 
treated with local irrigation and cephalosporin. One patient 
developed a wound dehiscence at the distal pin site that 
required early fixator removal at 5 weeks and cast place¬ 
ment. One patient required remanipulation of the osteot- 
omy, and one patient developed a transient radial nerve 
paresthesia. Contraindications to this technique include 
osteoporosis, more than 8 mm of radial shortening, intraar- 
ticular malunions, and malunions associated with radiocar- 
pal or midcarpal arthritis. 


TECHNIQUE 58-33 


(MELENDEZ) 

■ Approach the wrist through a longitudinal radial 
incision. 

■ Incise the retinaculum over the first dorsal compartment 
and retract the tendons dorsally. 

■ Insert small guiding needles into the subeutaneous tissue 
to help view the direction in which the pins should be 
drilled. Use an image intensifier to guide pin placement. 
Drill the first pin into the distal radius in a radial-to-ulnar 
direction, parallel to the articular surface, starting in the 
groove of the first dorsal compartment. Insert the second 
pin dorsal to the tendons of the first dorsal compartment, 
aiming radially to ulnarly and paralleling the articular 
surface. The extensor tendons of the first dorsal compart¬ 
ment and sensory branch of the radial nerve lie between 
the two pins. 

■ Open the osteotomy site using traction or a lamina 
spreader. 

■ Using the Orthofix (Orthofix SRL, Verona, Italy) minifixator 
as a template, insert the two proximal pins into the proxi¬ 
mal radius. 

■ Adjust the position of the osteotomy using the bail joint 
and distraction mechanism. 

■ Use image intensification to ensure proper position. 

■ Harvest a block of corticocancellous iliac crest bone graft, 
fashion it to fit the osteotomy gap, and place it into the 
osteotomy site. 

■Close the skin. Make relaxing incisions around the pin 
sites. 

■ Apply a removable wrist splint. 

POSTOPERATIVE CARE. Active finger motion is encour- 
aged, and pin site care instructions are given. Patients are 
seen weekly for the first 2 weeks. After suture removal, 
active range of motion of the wrist is encouraged. A 
removable wrist splint is used between exercise sessions. 
After 2 weeks, patients are evaluated clinically and radio- 
graphically until the osteotomy has healed and the exter- 
nal fixator is removed in the office. 


Shin and Jones reported using provisional stabiliza¬ 
tion of the osteotomy with the Agee-Wristjack external 
fixation device (Hand Biomechanics Laboratory, Sacra- 
mento, CA) to facilitate plate application with minimal 
interférence from the distal pins. They cite several ben- 
efits over other small external fixation devices in that its 
gear mechanism confers stable distraction of the distal 
radius and facilitâtes positioning of the distal fragment. 
Bone graft can be shaped to precisely fit the defect. The 
fixator also can be maintained after surgery to supplément 
internai fixation. 

INTRAARTICULAR MALUNIONS 

Intraarticular malunions of the distal radius frequently lead 
to functional disability. Intraarticular incongruity of 2 mm or 
more was associated with poor results and a likelihood of 
posttraumatic arthritis. It is préférable to prevent malunions 
through aggressive initial management of intraarticular distal 
radial fractures. Surgical treatment of intraarticular distal 
radial malunions can be broadly grouped into procedures 
aimed at preventing posttraumatic arthritis (intraarticular 
ostéotomies) and salvage procedures (limited carpal arthrod- 
esis, total wrist arthrodesis, proximal row carpectomy, wrist 
denervation, and wrist arthroplasty). 

Intraarticular ostéotomies are indicated in young, active 
patients with high functional demands, more than 2 mm of 
articular step-off, and no evidence of posttraumatic arthritis. 
An additional indication is volar or dorsal subluxation of the 
radiocarpal joint. Because these procedures are technically 
demanding, they are recommended only for malunions with 
simple intraarticular fracture patterns, such as radial styloid 
fractures, Barton fractures, and dorsal die-punch fractures. 
Contraindications to intraarticular osteotomy include 
advanced osteoarthritis, massive articular comminution, 
poor bone quality, low functional demands, poor soff-tissue 
coverage, and reflex sympathetic dystrophy. 

Preoperative évaluation should include tomography or 
CT with 1-mm cuts to characterize the malunion more pre¬ 
cisely. Three-dimensional reconstruction, when available, 
also can be useful. If the condition of the articular cartilage 
is uncertain, wrist arthroscopy can be done. Optimally, 
intraarticular ostéotomies are done within 6 weeks after 
injury, when fracture fines are more easily identified. With 
large articular step-offs, arthritis may develop within the first 
year, and the wrist may become unsalvageable if osteotomy is 
delayed too long. Intraarticular malunions frequently are 
associated with other pathologie conditions (extraarticular 
malunions, distal radioulnar joint dysfunction, scapholunate 
ligament injury), which also should be treated at the time of 
surgery. 

There are few reports in the literature concerning the 
results of intraarticular osteotomy for intraarticular distal 
radial malunions, and long-term outcome is uncertain. Two 
and 3-year outcomes in small sériés report good or excellent 
results in most patients. Ruch et al. noted that early intraar¬ 
ticular osteotomy significantly improved grip strength and 
range of motion of the wrist. Marx and Axelrod reported 
excellent results in one patient and good results in three 
patients, and ail were satisfied with the resuit. 

In a multicenter study, Ring et al. reported 23 intraarticu¬ 
lar distal radial malunions treated with corrective osteotomy, 
with an average follow-up of 38 months. The indication in 14 
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■ Provisionally stabilize the osteotomy with Kirschner wires. 

■ Use lag screws or a dorsal buttress plate for definitive 
fixation. The small 2.0- and 2.7-mm plate designs may be 
useful. 

■ If the osteotomy créâtes a large metaphyseal defect, fill 
the void with autogenous iliac crest bone graft. 

■ Extraarticular malunions, if présent, are corrected before 
definitive fixation. If scapholunate instability is présent, 
treat it with a ligament repair if the injury is recent or a 
reconstructive procedure if the injury is old (see Chapter 
69). Any pathologie process in the distal radioulnar joint 
that is not corrected by the radial osteotomy alone 
requires further treatment. 

POSTOPERATIVE CARE. A light volar plaster splint is 
worn until suture removal. A removable plastic volar splint 
is worn for 6 weeks. Range of motion of the hand and 
wrist are encouraged immediately postoperatively. Stren- 
uous activities are avoided until solid union (usually at 
least 3 months). 


patients was dorsal or volar subluxation of the radiocarpal 
joint, and 17 patients had at least 2 mm of articular incongru¬ 
ité Six patients had combined intraarticular and extraarticu¬ 
lar malunions. Malunions were corrected an average of 6 
months after the initial injury. Fixation was performed with 
screws alone in seven patients, Kirschner wire fixation alone 
in two patients, and plate and screw fixation in 14 patients. 
Seventeen patients required autogenous bone graffing. Ail 
ostéotomies healed with an average postoperative incongru¬ 
ité °f 0.4 mm, and there was no osteonecrosis. Six patients 
had grade I arthrosis preoperatively, and 10 had postoperative 
arthrosis (eight grade I, two grade II). Dorsal implants were 
removed in seven patients, whereas no volar implants were 
removed. Five patients required other procedures at a later 
date (one partial wrist arthrodesis, three procedures for distal 
radioulnar joint dysfunction, and one tendon transfer for 
extensor pollicis longus rupture). Using the Fernandez and 
the Gartland and Werley criteria, 83% had good or excellent 
results. Grip strength averaged 83% of the opposite side, 
flexion averaged 56 degrees, and extension averaged 56 
degrees. The authors asserted that this procedure cannot 
restore a normal wrist but can improve wrist function and 
delay arthritis in a healthy active patient. 


OSTEOTOMY FOR INTRAARTICULAR 
MALUNION 


TECHNIQUE 58-34 


(MARX AND AXELROD) 

■ If the articular malunion is located dorsally, approach the 
distal radius through a longitudinal incision between 
the third and fourth extensor compartments. Continue 
the dissection through the third compartment and 
reflect the extensor tendons ulnarly without violating the 
fourth compartment. Continue the exposure distally into 
the dorsal wrist capsule. 

■ Expose the distal radial articular surface with a T-shaped 
incision. If the intraarticular malunion is located volarly 
(malunited volar Barton fracture), approach the distal 
radius through a palmar incision in the interval between 
the flexor carpi radialis and the radial artery. The articular 
surface is seen through the fracture site, preserving the 
volar radiocarpal ligaments. 

■ Use a dull instrument to distinguish between hyaline car¬ 
tilage and fibrocartilage; fibrocartilage feels softer. 

■Carefully remove the fibrocartilage to appreciate the 
articular step. 

■ Identify the metaphyseal scar to re-create the primary 
extraarticular fracture. 

■ Pass two or three small (0.062-inch) Kirschner wires along 
the plane of the fracture, beginning at the extraarticular 
component and exiting within the joint to ensure that the 
correct plane is identified. 

■ Confirm Kirschner wire placement radiographically. 

■ Make the osteotomy through the old fracture site into 
the joint using a 3- or 4-mm wide osteotome. Monitor 
réduction with direct vision and radiographs. Intraopera¬ 
tive fluoroscopy is useful. 


■ SALVAGE PROCEDURES 

Symptomatic comminuted intraarticular fractures and distal 
radial malunions that develop posttraumatic arthritis should 
be treated with salvage procedures. The treatment chosen 
dépends on the severity of pain and functional limitations 
and the functional demands of the patient. Denervation of 
the wrist has been recommended as a palliative procedure in 
patients with low physical demands who hâve persistent pain 
despite conservative treatment (splinting, antiinflammatory 
médications). 

Total wrist arthrodesis is the treatment of choice in young 
patients with strenuous physical demands who hâve advanced 
arthritic changes in the radiocarpal and midcarpal joints of 
the dominant hand. A stable, painless wrist can be achieved; 
however, motion is sacrificed. Because of discrepancy in 
length between the radius and ulna, or because of traumatic 
arthritis in the distal radioulnar joint, the distal ulna usually 
should be resected at the time of arthrodesis. Total wrist 
arthrodesis can be used as a salvage procedure when other 
surgical treatment options hâve failed. This technique is 
described in Chapter 69. 

If posttraumatic arthritis is limited to the radiocarpal 
joint, and the midcarpal joints are spared, a partial wrist 
arthrodesis may be effective. Pain is reduced, stability is 
improved, and some wrist motion is retained through the 
midcarpal joints. If the entire radiocarpal joint is involved, a 
radio scapholunate fusion is preferred. If arthritis is isolated 
to the lunate facet after a die-punch type of injury, a 
radiolunate arthrodesis can be done. This more limited 
arthrodesis préserves more motion than a total wrist or 
radio scapholunate fusion but has narrow indications. Saffar 
reported the results of radiolunate fusion in 11 patients with 
high functional demands. Arthritis was limited to the lunate 
facet, and no patient had degenerative changes in the midcar¬ 
pal joints. Pain was reduced in ail patients, and grip strength 
improved from an average of 45% of the uninjured wrist 
preoperatively to 57% postoperatively. Motion was preserved, 
with patients achieving an average of 33 degrees of flexion, 
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39 degrees of extension, 17 degrees of radial déviation, and 
29 degrees of ulnar déviation. Nonunion was reported in one 
patient; eight patients returned to their preinjury occupation, 
and two patients returned to lighter work. Long-term results 
are unknown; however, no progression of degenerative arthri- 
tis was seen at an average follow-up of 28.5 months. 


RADIOLUNATE ARTHRODESIS 


TECHNIQUE 58-35 


(SAFFAR) 

■ Approach the wrist through a dorsal incision. Assess the 
status of the cartilage, especially over the head of the 
capitate. 

■ Excise the remaining articular cartilage from the lunate 
fossa and proximal lunate. 

■ Apply manual distraction to regain normal carpal height 
and allow the scaphoid to return to its normal 
alignment. 

■ Harvest a corticocancellous graft from the iliac crest. 

■ Create a trough in the dorsomedial aspect of the distal 
radius and in the dorsal lunate. 

■ Interpose the corticocancellous graft to restore the normal 
carpal height and disimpact the carpus from the radius. 
The dorsal aspect of the graft must be at the level of 
the dorsal radius to avoid impeding the glide of the 
extensor tendons. Pack surplus cancellous bone between 
the radius and lunate. Alternative^, a graft can be fash- 
ioned from the distal radius and slid distally to cover the 
lunate. 

■ Stabilize the graft with two screws, one through the graft 
and the palmar surface of the radius and the other 
through the graft and the palmar aspect of the lunate. 
Alternative^, a plate or Staples can be used. Kirschner 
wire fixation alone is not recommended. 

■ Perform additional procedures as necessary to treat distal 
radioulnar joint pathologie processes. 

POSTOPERATIVE CARE. A volar splint is applied and is 
replaced after 4 days with a cast. Cast immobilization is 
maintained until union occurs. Progressive range-of- 
motion and strengthening exercises are done daily for the 
next 2 months. 


Proximal row carpectomy is a motion-preserving proce¬ 
dure that has limited indications for salvage of distal radial 
malunions. Tins procedure is contraindicated in patients with 
a step-off between the scaphoid and lunate fossae and in 
patients with destruction of the articular cartilage of the 
lunate facet. In the unusual case in which the cartilage of the 
proximal capitate and the lunate facet are intact and degen¬ 
erative arthritis is limited to the radial side of the wrist, proxi¬ 
mal row carpectomy is an option; this procedure is described 
in Chapter 69. Total wrist arthroplasty also can be used as a 
salvage procedure for symptomatic distal radial malunions 
but is preferably restricted to patients without heavy func- 
tional demands. This procedure is described in Chapter 69. 


CHAPTER 58 MALUNITED FRACTURES ^ 

DISTAL RADIOULNAR JOINT INCONGRUITY 
AND ARTHROSIS 

Positive ulnar variance or protrusion of the ulna distal to its 
normal articulation with the ulnar notch of the radius and 
conséquent impingement on the carpus can be caused by 
numerous conditions; three of the most common are mal- 
united Colles fracture, malunion or nonunion of the radius, 
and cessation or abnormality of growth of the distal radius. 

This discrepancy in length can be treated in one of three ways: 

(1) the length of the radius can be restored, (2) the ulna can 
be shortened, or (3) the distal ulna can be resected either 
partially (hemiresection arthroplasty) or entirely (Darrach 
procedure). 

Dysfunction of the distal radioulnar joint is a frequent 
source of persistent complaints after distal radial malunions. 
Characteristic symptoms include pain, decreased forearm 
rotation, decreased grip strength, and instability. Symptoms 
can be caused by malunion of fractures into the sigmoid 
notch, injuries to the triangular fibrocartilage complex, and 
palmarly displaced malunions of ulnar styloid fractures. In 
addition, studies hâve shown that significant extraarticular 
deformities of the distal radius adversely affect distal radio¬ 
ulnar joint function. 

Radioulnar arthrosis has been found to be more common 
than radiocarpal arthrosis. Approximately 70% of the patients 
who developed radioulnar arthritis require surgical interven¬ 
tion. Détérioration of the distal radioulnar joint is believed to 
be caused by shortening and angular deformities of the distal 
radius. In a cadaver study, radial shortening produced the 
most profound changes, decreased radial inclination and 
dorsal tilt led to moderate changes, and dorsal displacement 
caused minimal changes in joint kinematics. Only 6 mm of 
radial shortening has been shown to cause distal radioulnar 
joint dysfunction. A biomechanical analysis showed that 
increasing ulnar variance by 2.5 mm dramatically increases 
the load borne by the distal ulna. Indications for surgical cor¬ 
rection and preoperative évaluation are discussed in the 
earlier section on Colles fracture malunion. 

Surgical procedures to correct distal radioulnar joint dys¬ 
function can be grouped into two major categories: proce¬ 
dures that preserve the distal radioulnar joint and procedures 
that ablate it. Joint-preserving procedures afford a more ana¬ 
tomie reconstruction and better préservation of joint kine¬ 
matics. Many investigators hâve recommended préservation 
of the distal radioulnar joint when the joint can be congru- 
ously reduced and arthritic changes are minimal. Joint- 
preserving procedures consist of radial and ulnar ostéotomies 
alone or in combination. An ulnar shortening osteotomy 
alone is indicated if the radial deformity is not severe 
(<10 degrees of abnormal angulation in the frontal and sagit¬ 
tal planes), there is unacceptable positive ulnar variance, and 
the distal radioulnar joint is reducible. In addition to restor- 
ing joint congruity and unloading the ulnar side of the wrist, 
ulnar shortening tightens the triangular fibrocartilage 
complex and stabilizes the distal ulna. 

If the radial deformity is unacceptable, a distal radial 
osteotomy alone frequently realigns the distal radioulnar 
joint, especially if radial shortening is 6 mm or less. If a posi¬ 
tive ulnar variance remains after distal radial osteotomy, an 
ulnar shortening procedure can be done as well. If pain in the 
distal radioulnar joint persists after joint-preserving proce¬ 
dures, an ablative procedure can be done at a later date. 
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Ulnar shortening also may be indicated after distal radial 
growth arrest. If the discrepancy in length is the resuit of 
abnormality or cessation of growth of the distal radial physis, 
the ulna is relatively lengthened and may impinge on the 
carpus (Fig. 58-43). The stability provided by the distal ulna 
should be preserved, especially in growing children. Instead 
of resecting the distal ulna with its physis, a segment of the 
ulnar shaff can be resected, shortening the ulna enough to 
allow its head to articulate with the ulnar notch of the radius. 
If prévention of further growth of the distal ulna is désirable, 
the resection may include the distal ulnar physis. Usually a 
segment is removed about 2.5 cm proximal to the head of the 



A f Disproportion in length of radius and ulna 
secondary to injury of distal radial physis. B f After resection of 
distal end of ulna. Unless child is approaching end of growth 
period, Milch cuff resection would be préférable. 


ulna and long enough to correct the discrepancy in length of 
the two bones. 


ULNAR SHORTENING OSTEOTOMY 


TECHNIQUE 58-36 


(MILCH) 

■ Expose the distal ulna through a médial incision 6.3 to 
7.5 cm long. 

■ With a Gigli saw 7 resect a segment of bone long enough 
to correct the discrepancy (Fig. 58-44). 

■Appose and align the fragments properly and fix them 
with a wire loop (in adults especially, fixation is more 
secure if the bone is step-cut and the fragments are fixed 
with a screw). 

POSTOPERATIVE CARE. A long arm cast is applied and 
is worn for 6 to 8 weeks. Union is then usually solid and 
active exercises can be started. 


Ablative procedures are indicated if arthritis of the distal 
radioulnar joint is advanced or if the joint cannot be reduced 
by distal radial or ulnar ostéotomies. This can be done alone 
or in combination with distal radial ostéotomies. There are 
three types of ablative procedures: complété ablation of the 
distal ulna (Darrach procedure), partial resection of the distal 
ulna (Bowers and Watson arthroplasties), and distal radioul¬ 
nar joint fusion with proximal ulnar pseudarthrosis (Sauvé- 
Kapandji procedure). 



Milch cuff resection of ulna. A f Shaded area indicates bone to be resected. B f Ends of ulna apposed, correcting dis¬ 
proportion in length of radius and ulna. C f More stable fixation secured by step-cut procedure and fixation with one screw. SEE TECH¬ 


NIQUE 58-36. 
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RESECTION OF THE DISTAL ULNA 

Distal ulnar resection was recommended in the past to 
treat most painful conditions involving the distal radioul- 
nar joint. The distal ulna was first resected by Darrach at 
the suggestion of Dwight in 1910. The operation origi- 
nally was done for an old dislocation of the distal ulna 
associated with a fracture of the distal radius. Since then, 
it has been used alone or in combination with other pro¬ 
cedures for several conditions. Darrach noted that after 
resection, new bone within the sutured periosteal enve- 
lope usually formed to some extent, varying from a mild 
excrescence on the distal end of the ulna to almost com¬ 
plété osseous union with the styloid process, but the 
head of the ulna never re-formed. Rotary motions of the 
forearm usually are restored, and pain is relieved within a 
few weeks after surgery. 

The Darrach procedure also may be useful for some 
malunions and nonunions of the radial shaft with distal 
radioulnar joint incongruity. In nonunions of the radius or 
malunions with overlapping of the fragments without 
fracture of the ulna, radial shortening produces a dérange¬ 
ment of the articular surfaces of the distal radioulnar 
joint. If shortening is marked, the joint can become dislo- 
cated secondarily. If the malunion or nonunion is of long 
duration, the soft tissues may hâve contracted so much 
that the length of the radius cannot be restored at 
surgery, even after the fragments hâve been thoroughly 
mobilized. Rather than attempting to bridge the defect 
and restore the length of the radius, resecting the distal 
ulna (see earlier) and grafting the shortened radius with 
the two fragments in apposition may be the best 
alternative. 

The Darrach procedure also has disadvantages. Resec¬ 
tion of the distal ulna results in loss of the ulnar support 
of the carpus and alters axial loading characteristics of the 
wrist. Peterson and Adams and others hâve noted that 
decreased grip strength, pain, and instability of the ulnar 
stump (usually caused by excessive resection) ail are poten- 
tial complications. Coulet et al. found that ulnar resection 
after distal osteotomy of the radius was limited in correct- 
ing the deformity and increasing mobility and grip strength. 
After resection, pain caused by ulnar tilt of the wrist from 
instability of the distal ulnar stump was noted; cartilage 
damage and ulnar déviation (more than 5 mm) also were 
noted. 

If the ulna has been resected at a level proximal to the 
pronator quadratus, the distal ulna may subluxate dorsally 
on pronation and cause pain and disability; if 
the disability warrants surgery, a tendon graft can be 
looped around the ulna and the tendon of the flexor carpi 
ulnaris (Bunnell). The tendon graft is joined to 
itself by a removable running suture of stainless Steel wire 
(Fig. 58-45). The flexor carpi ulnaris holds the ulna 
anteriorly. 

The Darrach procedure is most commonly recom¬ 
mended for symptomatic distal radioulnar joint problems 
in patients who are elderly, are debilitated, or hâve 
low functional demands. The Darrach procedure also is 
used to salvage other failed distal radioulnar joint 
procedures. 



Running 

removable 

wire 


Button 


graft 


FIGURE 


Bunnell technique for restoring stability of 


distal ulna after too much bone has been resected (see text). 


TECHNIQUE 58-37 


(DARRACH) 

■ Expose the distal ulna through a médial longitudinal inci¬ 
sion (see Chapter 1). 

■ Incise the periosteum longitudinally and reflect it 
from the distal ulna with care to avoid otherwise 
perforating it (Fig. 58-46A). 

■ About 2.5 cm proximal to its distal end, drill holes trans- 
versely through the ulna and complété the division of the 
bone with bone-biting forceps (Fig. 58-46B and C). Lift 
the distal fragment outside the wound. 

■ Divide the capsule of the joint close to the articular car¬ 
tilage; divide the styloid at its base and leave it attached 
to the ulnar collateral ligament (Fig. 58-46D). 

■ Reef and plicate the periosteal envelope and ligament to 
stabilize the end of the bone (Fig. 58-46E). 

POSTOPERATIVE CARE. No immobilization is neces- 
sary. Active exercises are allowed the day after surgery. 


Partial distal ulnar resection arthroplasties are preferred 
for patients with distal radioulnar joint arthritis associated 
with distal radial malunions and often are done at the same 
time as distal radial ostéotomies. Partial resection arthroplas¬ 
ties hâve the advantage of preserving the ulnocarpal liga¬ 
ments and the triangular fibrocartilage complex. If there is 
positive ulnar variance, however, additional shortening pro¬ 
cedures of the styloid or shaft must be done to avoid ulnocar¬ 
pal impingement. Hemiresection procedures should be 
avoided in patients with an incompetent triangular fibrocar- 
tilage complex or global forearm axis instability (Essex- 
Lopresti injury). The Bowers arthroplasty is described in 
Chapter 69. 

The Sauvé-Kapandji distal radioulnar arthrodesis with 
more proximal ulnar pseudarthrosis allows restoration of 
forearm rotation while reducing pain at the distal radioulnar 
joint. The ulnar carpal ligaments and ulnar bony support of 
the carpus are preserved. This technique is recommended for 
patients with fixed radioulnar joint subluxation and concomi¬ 
tant joint destruction associated with intraarticular fractures 
of the distal radius. The Sauvé-Kapandji procedure is 
described in Chapter 69. 
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C 




Darrach resection of distal ulna. Except for 
good reason, no more than 2.5 cm of bone should be resected 
(see text). SEE TECHNIQUE 58-37. 


In some patients, dorsal dislocation of the distal radioul- 
nar joint is associated with a malunion of an ulnar styloid 
fracture. Tins type of malunion has been reported in associa¬ 
tion with Galeazzi, Colles, and Smith fractures of the distal 
radius. The triangular fibrocartilage complex inserts on the 
proximal half of the ulnar styloid and is a major stabilizer of 
the distal radioulnar joint. Displaced fractures of the base of 
the ulnar styloid may resuit in dislocation of the joint. Patients 
présent with ulnar-sided wrist pain, decreased forearm rota¬ 
tion, and decreased grip strength. CT scans show a dorsal 
dislocation of the distal radioulnar joint and palmar displace¬ 
ment of the ulnar styloid fragment. The ulnar styloid usually 
is displaced proximally as well. In such cases, Nakamura et al. 
recommended osteotomy of the ulnar styloid to allow réduc¬ 
tion of the distal radioulnar joint. An ulnar incision is made, 
and an osteotomy is done at the base of the malunited ulnar 
styloid. The styloid fragment is translocated ulnarly and sta- 
bilized with a tension band and two 0.062-inch Kirschner 
wires. Ulnar shortening also is done if necessary to reduce 
the joint or correct positive ulnar variance. Postoperatively, a 
long arm cast is worn for 2 weeks and a short arm cast is worn 
for 6 weeks. In their sériés of four patients, the distal radio¬ 
ulnar joint was reduced in three but subluxation persisted in 
one; wrist function was improved in ail four. 

CARPUS 

For malunited fractures of the carpal bones, surgery is not 
justified merely to restore alignment. There is usually either 
nonunion or dislocation. In some instances, fusion of the 
wrist (see Chapter 69) or excision of one or more of the 
carpals (see Chapter 69) may be indicated. 

HAND 

Malunited fractures of the hand are discussed in Chapter 67. 
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Approximately 2 million long bone fractures are treated in 
the United States each year. Of this number, about 100,000 
resuit in nonunion. Nonunions can be very problematic not 
only to the patient but also to society in general. Patients with 
nonunions hâve significant disability, and the associated cost 
of treatment is burdensome on the patient and society 
Brinker reported a significant physical (Fig. 59-1) and 
mental disability associated with tibial nonunions. Although 
patients undergoing successful treatment of nonunions can 
expérience significant improvement, they offen lag behind 
population-based norms for functional outcome scores. 
Antonova et al. found the médian total cost of care for a tibial 
nonunion to be more than twice the cost associated with a 
tibial fracture that goes on to uneventful union. In addition, 
the duration of opioid use in patients who had a nonunion 
was twice that of those who did not hâve a nonunion (5.4 
compared with 2.8 months). 

Although orthopaedic surgeons may lead the charge in 
the treatment of nonunion, coordinated involvement of mul¬ 
tiple personnel offen is necessary, including an infectious 
disease physician, plastic surgeon, endocrinologist, internist, 
physical and occupational therapist, and psychiatrist or other 
mental health professional. Treatment of nonunions offen is 
complex, but it also offers great reward because many of these 
patients hâve been significantly disabled for a prolonged 
period of time. 


A quote from Sir John Charnley still holds true: “The best 
treatment for nonunions is prévention.” 

DEFINITIONS 

DELAYED UNION 

The définition of delayed union is arbitrary. Delayed union 
occurs when a fracture has not healed in the time frame that 
would be expected. The time frame for healing varies for dif¬ 
ferent locations around the body and also is different based 
on the degree of associated soff-tissue injury. For example, 
the elapsed time frame for delayed union of a closed tibial 
shaff fracture would be different from that for delayed union 
of a type IIIB open tibial shaff fracture. Generally, the time 
frame for delayed union is between 3 and 6 months. Delayed 
union can be thought of as a precursor to nonunion. In appro- 
priate circumstances, intervention for delayed union can 
prevent a nonunion. Intervention can include correction of 
metabolic or endocrine abnormalities; stabilization with a 
cast or brace; bone stimulation, with pulsed ultrasound, elec- 
trical (or electromagnetic) stimulation, or extracorporeal 
shock wave therapy; or surgical intervention. The consé¬ 
quences to the patient of prolonged convalescence must 
always be considered when treating both delayed union and 
nonunion. 
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Significant disability associated with tibial nonunions. Mean Short Form (SF)-12 Physical Component Summary Scores 
according to diagnosis. Striped bar, tibial nonunions; solid white bar, mean across noninstitutionalized U.S. population; medical condi¬ 
tions above dashed line associated with significantly (p < 0.05) better physical health than tibial shaft nonunions. (From Brinker MR, 
Hanus BD, Sen M, O'Connor DP: The devastating effects of tibial nonunion on health-related quality of life, J Bone Joint Surg 95A:2170, 2013.) 


Most surgeries performed on delayed unions correct 
issues associated with poor technique during the index pro¬ 
cedure. An open réduction may be necessary to reduce widely 
displaced fracture fragments and remove interposed tissue. If 
surgery is in a location not prone to nonunion and the patient 
is a good host, then the surgeon can proceed with standard 
techniques for acute fracture fixation, and bone graffing may 
not be necessary If surgery is in an area prone to nonunion 
or the patient is a poor host, then bone graffing should be at 
least considered. The method of stabilization also affects the 
surgeons decision to bone graff. Bone graffing is much more 
likely to be used if delayed union is being treated with plate 
osteosynthesis than with an intramedullary nail or external 
fixator. 

NONUNION 

Similar to delayed union , the diagnosis of nonunion is also 
arbitrary. The United States Food and Drug Administration 
defines nonunion as “established when a minimum of 9 
months has elapsed since injury and the fracture shows no 
visible progressive signs of healing for 3 months.” This défini¬ 
tion fails to include many fractures that hâve no chance of 
proceeding to union. The définition of nonunion from Brinker 


is probably more appropriate: “A fracture that, in the opinion 
of the treating physician, has no possibility of healing without 
further intervention.” Generally speaking, the diagnosis of 
nonunion should not be made until clinical or radiographie 
evidence is noted that healing has ceased or that union is 
highly unlikely. The time frame for nonunion differs by loca¬ 
tion and by the degree of associated soff-tissue injury. A 
fémoral neck fracture that has not united and displays implant 
failure at 3 months may appropriately be considered a non- 
union, whereas a Gustilo and Anderson type 3B open tibial 
fracture that has received appropriate surgical treatment may 
not be considered a nonunion affer this same 3-month time 
frame. However, waiting 9 months to intervene on many frac¬ 
tures that hâve not united may resuit in prolonged morbidity, 
inability to return to work, narcotic dependence, and emo- 
tional impairment. 


ETIOLOGY AND 
PATHOPHYSIOLOGY 

Without an understanding of normal fracture healing, 
the ability to successfully treat nonunions is compromised. 
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Fractures treated nonoperatively and those treated with intra- 
medullary nails, bridge plates, and many external fixators rely 
upon secondary bone healing. Relative stability is provided 
by these devices when attempting to obtain secondary bone 
healing. These fractures heal with callus formation and pro- 
gress through stages: (1) inflammatory stage, (2) soft callus 
stage, (3) hard callus stage, and (4) remodeling phase. Inter- 
fragmentary motion is typically between 0.2 and 1 mm. Frac¬ 
tures fixed rigidly with plates rely on primary bone healing. 
Absolute stability is necessary; interfragmentary motion is 
less than 0.15mm, strain less than 2%, and fracture gaps less 
than 0.1mm. Healing is similar to the remodeling phase of 
secondary bone healing, with osteoclasts converting woven 
bone to lamellar bone. In many cases of plate fixation, frac¬ 
ture gaps are larger than 0.1 mm and primary bone healing 
does not occur. In this situation, a third type of healing 
occurs, gap healing. With gap healing, the strain is still less 
than 2%; however, gaps up to 1 mm are tolerated. 

There are many suspected étiologies for nonunions, 
and most nonunions likely hâve multiple étiologies. These 
étiologies are both biologie and mechanical. Biologie étiolo¬ 
gies can be divided into local and systemic. Local biologie 
étiologies include injury factors such as excessive soff-tissue 
stripping, bone loss, vascular injury, irradiated bone, and 
infection. Excessive soft-tissue stripping can also be the 
resuit of surgery. Systemic biologie étiologies include âge, 
chronic diseases (diabètes mellitus, chronic anémia), meta- 
bolic or endocrine abnormalities, malnutrition, médications 
(steroids, antiinflammatory, antiepileptic médications), and 
smoking (Table 59-1). Mechanical étiologies (Table 59-2) of 
nonunion include malreduction (malposition, malalign- 
ment, distraction) and inappropriate stabilization (“too little,” 
or insufficient fixation; “too much” or “too rigid” fixation), 
inappropriate implant choice, inappropriate implant posi¬ 
tion, or technical error. 

Brinker et al. specifically evaluated metabolic and endo¬ 
crine abnormalities in a large sériés of nonunions that were 
not thought to hâve a mechanical etiology. Five percent of 
patients (37 of 883) were referred to an endocrinologist. 
Eighty-four percent (31 of 37) were diagnosed with a meta- 
bolic or endocrine abnormality. Sixty-eight percent (25 of 37) 


_ TABLE 59-1 _ 

Biologie Etiologies of Nonunion 


Local Excessive soft-tissue stripping (from injury or 
surgeon) 

Bone loss 
Vascular injury 
Radiation 
Infection 
Systemic Age 

Chronic diseases 
Diabètes mellitus 
Chronic anémia 

Metabolic or endocrine abnormalities (vitamin 
D deficiency) 

Malnutrition 

Médications (steroids, NSAIDs, antiepileptics) 
Smoking 

NSAIDs, Nonsteroidal antiinflammatory drugs. 


of patients were found to hâve a vitamin D deficiency. Other 
abnormalities included calcium imbalances, hypogonadism, 
and thyroid or parathyroid disorders. 

The use of tobacco has been implicated in the develop¬ 
ment of nonunions and delayed union. Smokers hâve 
decreased oxygen levels in the cutaneous and subeutaneous 
tissues, which leads to poor wound healing. Nicotine also has 
been associated with decreased vascularity at fracture sites. 
Although approximately 50% of smokers return to their habit, 
it is best for healing of bone and soft tissue if they can abstain 
while being treated for their nonunion. Nonsteroidal antiin¬ 
flammatory drugs (NSAIDs) hâve been found to decrease 
fracture healing in multiple animal studies. The literature is 
still confhcting concerning the influence of NSAIDs on frac¬ 
ture healing in humans. Several studies hâve found delayed 
healing in human subjects who were taking NSAIDs, whereas 
other studies réfuté the hypothesis that NSAIDs delay frac¬ 
ture healing. We suggest that patients with a delayed union 
or nonunion abstain from using NSAIDs or steroids, if pos¬ 
sible, during their nonunion treatment. 

GENERAL TREATMENT 
OF NONUNIONS 

PREOPERATIVE WORKUP 

The workup for nonunion includes history, physical examina¬ 
tion, radiographie examination, and laboratory évaluation. 
The history should include previous treatment, time frame of 
previous treatment, documented infection, signs and symp- 
toms consistent with current or previous infection, and prés¬ 
ence or absence of pain. The physical examination should 
include a detailed neurovascular examination and assessment 
for presence or absence of tenderness at the fracture site, 
deformity, malrotation, leg-length discrepancy, joint range of 
motion, compensatory contractures, erythema, and drainage. 
The radiographie examination begins with plain films. 
Oblique plain films can be useful in evaluating progression 
of long bones toward union, particularly around the distal 
tibia. CT scan may be indicated in certain situations. CT scan 
is highly sensitive for nonunion but does lack specificity. MRI 
and nuclear imaging may be useful in certain situations. The 
usefulness of nuclear imaging in diagnosing infection preop- 
eratively, however, has recently been questioned. The goals of 
imaging include assessing union, monitoring progression 
toward union, determining etiology for delayed union or 
nonunion, evaluating integrity of implants, and checking for 
signs of infection. 


_ TABLE 59-2 

Mechanical Etiologies of Nonunion 


Malreduction Malposition 

Malalignment 
Distraction 

Inappropriate Too little or insufficient fixation 

stabilization Too much or too rigid fixation 

Inappropriate implant choice 
Inappropriate implant position 
Technical error(s) 
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TABLE 59-3 


Predicted Probability of Confirming Infection 

Using White Blood Cells, Erythrocyte 
Sédimentation Rate, and C-Reactive Protein. 

NUMBER OF POSITIVE TESTS 

PREDICTED PROBABILITY OF 

UNDER CONSIDERATION 

INFECTION (%) 

0 

19.6 

1 

18.8 

2 

56.0 

3 

100.0 

From Stucken C, Olszewski DC, Creevy WR, et al: Preoperative diagnosis of infec¬ 

tion in patients with nonunion, J Bone Joint Surg 95A:1409, 2013. 


i 

Predicted Probability of Excluding Infection Using 

White Blood Cells, Erythrocyte Sédimentation 

Rate, and C-Reactive Protein. 

NUMBER OF NEGATIVE TESTS 

PREDICTED PROBABILITY OF NO 

UNDER CONSIDERATION* 

INFECTION (%) 

0 

0 

1 

48.0 

2 

76.4 

3 

81.6 


From Stucken C, Olszewski DC, Creevy WR, et al: Preoperative diagnosis of infec¬ 
tion in patients with nonunion, J Bone Joint Surg 95A:1409, 2013. 


The laboratory évaluation begins with a complété blood 
count (CBC) with differential, érythrocyte sédimentation rate 
(ESR), C-reactive protein (CRP), and 25-hydroxy vitamin D. 
Other laboratory values may be indicated in certain situa¬ 
tions. When using CBC (white blood cells [WBCs]), ESR, and 
CRP to assess for infection, the positive prédictive value when 
ail three values are positive is 100% (Table 59-3). The négative 
prédictive value when ail three laboratory values are négative 
is 81.6% (Table 59-4). A nonunion work sheet as suggested 
by Brinker can be helpful in organizing ail of the important 
data necessary before treatment of a nonunion (Fig. 59-2). 

CONSIDERATIONS BEFORE SURGERY 

Metabolic and nutritional factors should be optimized. 
Attempts should be made to optimize 25-hydroxy vitamin D 
levels before proceeding with nonunion surgery. Patients 
should be encouraged to discontinue tobacco and NS AID 
use. 

■ STATUS OF SOFT TISSUES AND 
NEUROVASCULAR STRUCTURES 

The condition of the soft tissues surrounding a nonunion 
must be considered in treatment planning. Significant soff- 
tissue scarring, especially on the concave side of a deformity, 
may resuit in skin necrosis requiring aggressive correction. 
Scarring also may limit some treatment options or require 


treatment of the nonunion with concomitant free-tissue 
transfer. Soft-tissue contractures must be considered if treat¬ 
ment of the nonunion would resuit in lengthening of the 
extremity. 

In patients with historiés of vascular injuries or patients 
with weak or absent peripheral puises, an arteriogram may 
be indicated to evaluate vascular status. A significant vascular 
abnormality may limit treatment methods and fracture 
healing. Vascular abnormalities should be corrected if 
possible. 

Any nerve déficit should be carefully considered. In 
patients with long-standing significant deformity, Ilizarov or 
Taylor Spatial Frame treatment may be most appropriate for 
graduai deformity correction or lengthening of the nonunion. 
When the nerves are so damaged that sensation and motor 
function in a lower extremity are permanently lost, amputa¬ 
tion usually is the more practical choice. 

■ STATUS OF BONES 

The status of the bones, especially at the nonunion, dépends 
on the type and duration of the fracture and the method of 
any previous treatment. Nonunions are classified based on 
location, presence or absence of infection, and etiology: 

■ Epiphyseal, metaphyseal, or diaphyseal 

■ Septic or aseptie 

■ Hypertrophie, oligotrophic, or atrophie (Fig. 59-3) 

■ Pseudarthrosis 

Septic nonunions are much more difficult to treat than aseptie 
nonunions. Hypertrophie nonunions (Fig. 59-4) hâve adé¬ 
quate vascularity, display abundant callus, and lack stability. 
Oligotrophic nonunions usually hâve adéquate vascularity, 
display little or no callus, and offen are associated with mal- 
reduction (distraction). Atrophie nonunions (Fig. 59-5) lack 
adéquate vascularity and display no callus. Synovial pseudar¬ 
throsis (Fig. 59-6) involves sealed medullary canals with an 
associated pseudomembrane containing fluid; radiographie 
appearance is variable; and technetium bone scan reveals a 
“cold cleff” between areas of increased activity. Classification 
of nonunions has historically guided treatment and is there- 
fore important to understand. 

Many options are available for treatment of nonunions, 
including invasive and noninvasive modalities. Noninvasive 
interventions include casting or bracing, low-intensity pulsed 
ultrasound, electric or electromagnetic stimulation, and 
extracorporeal shock wave therapy. Invasive interventions 
include bone graffing (or bone graffing alternatives) and sta¬ 
bilization. Stabilization can take many forms but primarily 
involves plating, intramedullary nailing, or external fixation. 
To treat nonunions most effectively, a surgeon should hâve 
some expérience with ail forms of surgical stabilization. 

Offen a nonunion may be treated with several different 
interventions. The patient should be involved in the discus¬ 
sion because potential risks and benefits vary among treat - 
ments. When selecting treatment, thought should be given to 
future interventions that may be necessary if the fracture does 
not unité. Operations for nonunions are relatively invasive 
and should be undertaken only affer nonunion has been 
shown clinically and radiographically or when union is 
extremely unlikely or impossible without a change in current 
treatment. 

The requirements for successful nonunion treatment are 
biomechanical stability and a biologie vitality of the bone. 
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GENERAL INFORMATION 

Patient name:_ Age:_ Gender:_ 

Referring Physician:_ Height:_ Weight:_ 

Injury (description):_ 

Date of Injury:_ Pain (0 to 10 VAS): 

Occupation:_ Was injury Work Related?: Y N 

PAST HISTORY 

Initial Fracture Treatment (Date):_ 

Total # of Surgeries for Nonunion:_ 

Surgery #1 (Date):_ 

Surgery #2 (Date):_ 

Surgery #3 (Date):_ 

Surgery #4 (Date):_ 

Surgery #5 (Date):_ 

Surgery #6 (Date):_ 

(Use backside of this sheet for other prior surgeries) 

Use of Electromagnetic or Ultrasound Stimulation? 

Cigarette Smoking # of packs per day_ # of years smoking_ 

History of Infection? (include culture results)_ 

History of Soft-Tissue Problems?_ 

Medical Conditions:_ 

Médications:_ 

NSAID Use:_ 

Narcotic Use:_ 

Allergies:_ 

PHYSICAL EXAMINATION 

General:_ 

Extremity: 

Nonunion: _Stiff _Lax 

Adjacent Joints (RCM, compensatory deformities):_ 

Soft Tissues (defects, drainage):_ 

Neurovascular Exam:_ 

RADIOLOGIC EXAMINATION 

Comments_ 

OTHER PERTINENT INFORMATION _ 


NONUNION TYPE 

_Hypertrophie 

_Oligotrophic 

_Atrophie 

_Infected 

_Synovial Pseudoarthrosis 


Nonunion work sheet. (From Brinker MR: Nonunions: évaluation and treatment. In Browner BD, Jupiter JB, Levine AM, et al, 
editors: Skeletal trauma: basic science, management, and reconstruction, ed 4, Philadelphia, 2009, Saunders.) 
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These requirements can be obtained through réduction of 
fragments, bone grafting, and stabilization of the fragments. 
Many techniques or combinations of techniques meet these 
requirements, and some general guidelines apply to ail 
techniques. 

REDUCTION AND PREPARATION OF 
NONUNIONS 

Malreduction (malposition, malalignment, distraction) of 
bone fragments (Fig. 59-7) can be responsible for nonunion. 
Malreduction can be particularly problematic in fractures 
that are rigidly fixed. The same réduction that would be con- 
sidered satisfactory if stabilized by an intramedullary nail or 
circular fine wire external fixator may be unsatisfactory if 
stabilized rigidly with a plate. When malreduction is consid- 
ered at least part of the etiology of the nonunion, réduction 



must be improved with the surgical intervention chosen. 
Depending on the mobility of the nonunion, the method of 
stabilization, and the decision regarding bone grafting, réduc¬ 
tion may be performed open or closed. When an open réduc¬ 
tion is performed to adequately reduce and stabilize fracture 
fragments, interposed fibrous tissue is removed by necessity. 
In contrast, when fracture fragments are satisfactorily aligned 
and without a gap, aggressive removal of intervening fibrous 



Types of nonunions. A f Hypertrophie. B, Oligo- 
trophic. C f Atrophie. 


Atrophie nonunion of ulna after treatment 
with internai fixation. 



FIGURE 


A and B f Hypertrophie humerai nonunion. 
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FIGURE 


A and B f Synovial pseudoarthrosis of the humérus. 



Treatment of humerai nonunion with plating. A and B f Radiographs of humerai nonunion after intramedullary 
nailing. C and D f After treatment of humerai nonunion with nail removal, plating, and bone grafting. 


tissue may be undesirable. Minimizing further insult to peri- 
osteum, callus, and fibrous tissue around the major fragments 
may preserve vascularity and stability. A bridging cancellous 
graft placed after meticulous préparation of the proximal and 
distal fracture fragments (decorticating, petaling, fish scaling, 
or drilling) should lead to union of the fracture. When réduc¬ 
tion is necessary to improve alignment, fragments are mobi- 
lized while preserving as much soft-tissue attachments as 
possible; medullary canals are debrided of fibrous tissue and 
reestablished to aid in medullary osteogenesis; rounded frac¬ 
ture ends are resected to maximize bone contact. 


DECORTICATION 


TECHNIQUE 59-1 


■ Incise the periosteum longitudinally approximately 4 cm 
proximal and distal to the nonunion site. 

■ Using a sharp osteotome, elevate "scales" of bone with 
care to keep them attached to overlying periosteum 
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FIGURE 


décortication. B f 


Décortication and grafting. A f Method of 
Insertion of autogenous cancellous graft (see 


text). SEE TECHNIQUE 59-1. 


9 (Fig 59-8A). Homan retractors are useful to retract the 
osteoperiosteal layer as décortication continues. 

■ Decorticate over approximately two thirds of the bone 
circumference, but avoid décortication directly under the 
area of anticipated plate placement. 


BONE GRAFTING 

Bone grafting has been a staple of nonunion treatment for 
many years and is still used in most atrophie nonunions and 
many oligotrophic nonunions. Bone grafting is reserved for 
rare cases of hypertrophie nonunions because these usually 
do not need a biologie stimulus. Numerous techniques hâve 
been described throughout the years. Many, now mainly 


historical techniques, such as Boyds dual onlay graft, Nicolls 
cancellous insert graft, and Gills massive sliding graft, hâve 
been illustrated in previous éditions of this book. 

Autogenous cancellous bone grafting remains a mainstay 
of nonunion treatment. Unfortunately, autogenous cancellous 
bone grafts are limited in quantity and can be associated with 
significant donor site morbidity. The osteoconductive, osteo- 
inductive, and ostéogénie properties of autogenous cancel¬ 
lous bone make it idéal for nonstructural grafting; it remains 
the standard against which other alternatives are compared. 
Autogenous cancellous grafts are obtained most frequently 
from the ilium (anterior or posterior iliac crest), proximal 
tibia, or distal fémur. Allogenic bone for grafting can be used 
when the source of fresh autogenous bone is inadéquate or 
inaccessible but usually serves as a graft extender. Clinical 
and experimental data show that the ostéogénie properties of 
allogenic bone are inferior to the ostéogénie properties of 
autogenous bone. When mixed with autogenous bone or 
perhaps even host bone marrow aspirate, cancellous allograft 
can be used in nonstructural applications with excellent 
results. Techniques of autogenous cancellous harvest are out- 
lined in Chapter 1. 

A more recent technique involves obtaining autogenous 
graft from the intramedullary canals of long bones (fémur 
and tibia). The reamer-irrigator-aspirator (RIA, Synthes, 
Paoli, PA) has been found to obtain large quantities of graft 
that qualitatively compares favorably to iliac crest autograft. 
The advantages and risks of the RIA technique are described 
in Chapter 53. 

For structural applications, autologous cortical grafts, 
except from the fibula, are now rarely used because of donor 
site morbidity. Autologous tricortical iliac crest grafts can be 
used to fill defects in the forearm and clavicle. Autologous 
vascularized and nonvascularized (Fig. 59-9; Technique 
59-2) fibular grafts are options for large defects in the upper 
extremity, particularly of the radius and ulna. Donor site 
morbidity is a considération when obtaining an autogenous 
fibular graft. In adults, nonvascularized fibular grafts do not 
sufficiently hypertrophy, and vascularized fibular grafts do 
not hypertrophy quickly enough to be useful in lower 
extremity osseous defects. Distraction osteogenesis is there- 
fore a better option in treating lower extremity osseous 
defects. Frozen or freeze-dried cortical allografts provide 
structural strength, but their ostéogénie properties are 
limited. Newer techniques, such as nonirradiated terminal 
sterilization and genetic screening, hâve made allogenic 
grafts stronger and safer. 


FIBULAR AUTOGRAFT 


TECHNIQUE 59-2 


■ Through an appropriate incision, expose the ends of the 
proximal and distal fragments, resect ail sclerotic or nonvi- 
able bone, and square the ends with a rongeur. 

■ With a drill or a curet, ream out the medullary canals of 
both the fragments. 

■ Apply traction to the extremity and détermine the maximal 
length that can be restored. 
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Avascular fibular autograft. Bridging of bone 
defect with whole fibular autograft or whole fibular transplant. 
A f Defect in radius was caused by shotgun wound. B and C f Ten 
months after defect was spanned by whole fibular autograft, 
patient had 25% range of motion in wrist, 50% pronation and 
supination, and 80% use of fingers. SEE TECHNIQUE 59-2. 


■ Harvest a fibular autograft long enough to bridge the full 
defect and to overlap the fragments of the host bone far 
enough to permit stable fixation. 

■ Step-cut the transplant at both ends. Make its intact 
middle part the exact size of the defect to be bridged. 
Preserve the step-cut pièces from each end. 

■ With an osteotome, flatten the fragments of the host bone 
to receive the step-cut ends of the fibular autograft. 

■ Fit the fibular autograft into the defect and fix it to both 
fragments with screws. 

■ Utilize remaining bone preserved from the step-cutting 
and place around the junctions of the fibular autograft 
and host bone; alternative^, cancellous autograft can be 
harvested and placed at the junctions (Fig. 59-8B). 

■ It may be impossible to apply one end of the fibula as a 
step-cut onlay because one host fragment is too short; 
the fibular autograft can then be inserted into the medul- 
lary canal at this end and applied as an onlay at the other. 

■Consider protecting the fibular autograft by adding a 
small fragment plate to neutralize the construct while the 
graft incorporâtes. 

POSTOPERATIVECARE. Thepostoperativecareissimilar 
to that after routine grafting, but more time is necessary 
for complété revascularization of the transplant. Although 
the ends of the fragments may be united with the trans¬ 
plant, strength is not restored until the entire graft has 
been revascularized. Consequently, support must be con- 
tinued for an extended time to prevent a fracture of the 
fibula; preferably, a removable support or one with joints 
that allow active and passive motions is used. 


INTRAMEDULLARY FIBULAR STRUT 
ALLOGRAFT (HUMERUS) 

Intramedullary fibular strut allografts hâve been used 
successfully in the humérus (Fig. 59-10). Intramedullary 
strut allografts hâve the benefit of less soft-tissue dissection 
associated with insertion than extramedullary strut 
allografts. 


TECHNIQUE 59-3 


(WILLIS ETAL) 

■ Choose an approach to the humérus that makes the most 
sense based on the location of fracture or previous 
intervention. 

■ Expose and mobilize the nonunion site. 

■ Débridé devitalized bone and perform shortening as nec¬ 
essary to optimize bone contact. 

■ Open the medullary canal both proximally and distally 
using rongeurs, curettes, and increasing diameter drill bits. 

■ Fashion a fibular allograft with a high-speed bur. 

■ The length of the allograft should be at least 2-4 times 
the diameter of the humérus at the nonunion site. 

■ Place the allograft on one end of humérus. The graft 
should be able to move freely and is placed initially almost 
entirely in one fragment. 

■ Provisionally reduce the humérus. Using a bone clamp 
move the allograft across the nonunion site into the other 
fragment. 

■ Stabilize the nonunion beginning on one side with a 
large fragment plate: dynamic compression plate (DCP), 
limited contact dynamic compression plate (LC-DCP), or 
locking compression plate (LCP). 

■ Compress across the nonunion site using an articulating 
tensioning device or Verbrugge forceps if space allows. 

■ A minimum of one screw on each side of the nonunion 
should be placed through the allograft. 

■ Complété the construct by placing additional screws. 


CERAMICS 

Ceramics (hydroxyapatite, calcium phosphate, calcium 
sulfate, or some combination) hâve osteoconductive proper- 
ties and avoid problems with donor site morbidity. Their rôle 
in treatment of nonunions is not completely defined, but they 
probably are best used as debvery devices (antibiotics) or 
bone graft extenders. 

STABILIZATION OF FRAGMENTS 

Satisfactory stabilization of fracture fragments is impérative 
to achieve successful results in the treatment of nonunions. 
One must carefully analyze the potential mechanical étiolo¬ 
gies related to the nonunion and make sure that prior mis- 
takes are not repeated. Adéquate stabilization can be obtained 
with plating, intramedullary nails, or external fixation. 

■ PLATING 

Plating (Fig. 59-11) in the treatment of nonunions, as in acute 
fractures, should provide sufficient stability for fracture 
healing. The plating technique and choice of plate dépend on 
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JjJ Intramedullary fibular strut allograft. A and B, Radiographs of humerai nonunion after conservative treatment. 
and D, After treatment with fibular strut allograft and plating. SEE TECHNIQUE 59-3. 



Plating in treatment of nonunion. A f Humerai nonunion after conservative treatment. B and C f Radiographs dem- 
onstrating union of humérus after plating and bone grafting. D and E f After implant removal. 
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Intramedullary nailing in treatment of nonunion. A f Radiograph of tibial nonunion after intramedullary nailing. 
B f Union of tibia after exchange intramedullary nailing. 


the type of nonunion, the condition of the soft tissues and 
bone, the size and position of the bone fragments, and the 
size of the bony defect. Plating without bone grafting usually 
is adéquate for hypertrophie nonunions if the bone is not 
osteoporotic and the fragments are large enough for secure 
screw fixation. Plating typically is performed with a compres¬ 
sion technique, but it may be performed with a neutralization 
technique if lag screws were successfully placed across the 
nonunion. Bridge plating or wave plating also can be used. 

■ INTRAMEDULLARY NAILING 

Intramedullary nailing is very useful in nonunions of long 
bones, such as the tibia or fémur (Fig. 59-12). However, intra¬ 
medullary nailing, particularly exchange nailing, is not the 
best option for humerai nonunion. If alignment is acceptable 
or closed réduction can be obtained, the procedure can be 
performed without opening the fracture site. Bone grafting 
usually is not required. If necessary, long bone intramedullary 
reaming can generate a large amount of corticocancellous 
graft material that can be easily harvested with a reamer- 
irrigation-aspirator System with little increased morbidity. 
When an open technique is required, usually only limited 
exposure and dissection are required. Early weight bearing is 
possible, and the effects of prolonged non-weight bearing 
may be minimized. A relative contraindication for intramed¬ 
ullary nailing is current infection; however, intramedullary 
nailing can be successful for infected nonunions once the 
infection has been eradicated. 

■ EXTERNAL FIXATION 

Fine wire circular fixation, such as the Ilizarov fixator, is a 
labor-intensive, but very effective, tool in the treatment of 
nonunions. It is especially useful in nonunions associated 
with infection, osseous defects, and deformity. The Taylor 
Spatial Frame (TSF) is a more contemporary fine wire 


circular fixator that relies on computer software to assist in 
deformity correction (Fig. 59-13). An advantage of external 
fixation is that it is relatively noninvasive and does not disturb 
soft tissues surrounding the nonunion. Other advantages are 
its ability to correct deformity and provide stable fixation. 
Similar to intramedullary nailing, early weight bearing is pos¬ 
sible, and the effects of prolonged non-weight bearing may 
be minimized. 

ARTHROPLASTY 

Advances in arthroplasty techniques in the treatment of 
degenerative conditions hâve led to many of these techniques 
being used in some patients with a nonunion. Arthroplasty 
is an option for certain nonunions of the proximal (Fig. 
59-14) and distal humérus and the proximal and distal fémur 
that may not be best served with plating, intramedullary 
nailing, or external fixation. Fixation in these areas may be 
limited by osteoporosis or short segments. Infection would 
obviously need to be eradicated before an attempt at arthro¬ 
plasty is made. A benefit to arthroplasty is potential early 
weight bearing, which may help in the patients overall func- 
tional recovery. 

AMPUTATION 

The function of a limb with a properly fitted prosthesis after 
amputation often is better than a painful extremity with 
limited usefulness. Amputation should not be viewed as a 
failure of treatment. An amputation should be considered a 
reconstructive procedure (Fig. 59-15). Amputation typically 
is the most reliable nonunion surgery. To proceed with ampu¬ 
tation or further intervention in an attempt to obtain union 
is always a decision that involves the patient. The patient 
should be encouraged to speak with as many individuals 
experienced in traumatic reconstruction as possible. Every 
alternative should be explored and explained to the patient 




External fixation in treatment of nonunion. A f Clinical photo illustrating deformity and compromised soft tissues 
associated with tibial nonunion. B and C f Radiographs of tibial nonunion after initial fixation and subséquent tibial plate removal. 
D f After remaining implants removal and placement of circular fixator. E f Union after treatment with circular fixator. 
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Arthroplasty in treatment of nonunion. A and B f Radiographs of proximal humerai nonunion. C f Computed tomog- 
raphy of proximal humerai nonunion. D f After treatment with reverse total shoulder arthroplasty. 


for his or her final decision. The patient also must consider 
many factors not immediately surgical in nature, such as the 
length of hospitalization and the économie hardships involved 
in the alternatives. 

The surgeon is likely to recommend amputation under 
the following circumstances: 

1. When a reconstruction has failed 

2. When a proposed plan of reconstruction would likely 
resuit in less satisfactory function than amputation and a 
properly fitted prosthesis 

3. When the danger of major operations outweighs the 
anticipated benefit 

4. When the damaged part, such as a finger, cannot be well 
enough restored to prevent its interfering with the func¬ 
tion of the extremity as a whole 

5. When reconstruction is impossible 


LOW-INTENSITY ULTRASOUND 

Xavier and Duarte in Brazil first reported the successful use 
of low-intensity ultrasound (30 mW/cm 2 ) to heal nonunions 
in humans in 1983. Before their report, several studies sug- 
gested that the stimulation of bone ends by ultrasound in 
animais would accelerate or enhance bone healing. Some 
studies showed increases in cellular activity at osteotomy sites 
and increases in mineralization of the bone and metabolic 
activity. It has been theorized that ultrasound stimulation 
promotes bone healing because it stimulâtes the genes 
involved in inflammation and bone régénération. Another 
theory suggests that ultrasound increases blood flow through 
dilation of capillaries and enhancement of angiogenesis, 
increasing the flow of nutrients to the fracture site. Some 
studies hâve suggested that chondrocyte stimulation is 
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Amputation in treatment of nonunion. A f Clinical photo showing gross purulence associated with infected distal 
fémoral nonunion. B and C f Radiographs of distal fémoral nonunion. D f Clinical photo during above-knee amputation. 


enhanced by ultrasound, which leads to an increase in 
enchondral bone formation. The overall success rate in the 
United States has been reported to be between 70% to 93% 
for nonunions and delayed unions. Ultrasound does not seem 
too burdensome on the patient because the device is used 20 
minutes once a day. Ultrasound seems to be a reasonable, 
noninvasive treatment for fractures in which healing is 
delayed or at risk for nonunion. 

ELECTRICAL AND ELECTROMAGNETIC 
STIMULATION 

Improvements in electrical and electromagnetic bone growth 
stimulators continue to progress. External electrical stimula¬ 
tion is especially advantageous in infected nonunion manage¬ 
ment or when surgical intervention is contraindicated. At 
least three electrical and electromagnetic methods are avail- 
able for the treatment of nonunions. These methods are either 


invasive, requiring the implantation of électrodes, or semi- 
invasive, requiring the percutaneous application of multiple 
électrodes. Devices that use inductive coupling differ in their 
configuration; some try to recreate the Helmholtz configura¬ 
tion, and others use a U-shaped coil. U-shaped coils with 
inductive coupling used for 3 or more hours per day hâve 
been successful in healing nonunions of long and short bones, 
open or closed fractures, long-standing nonunions, infected 
nonunions, and nonunions with fracture gaps up to 1 cm. 
Several electrical and electromagnetic waveforms, including 
direct current application, square-wave generators, and other 
unusual waveforms, also hâve proved to be of benefit. In 
delayed union or nonunion of the tibia, square wave signais 
hâve been shown to be bénéficiai; however, the prolonged 
immobilization required poses problems with réhabilitation. 
DeHaas et al. recommended that tibial nonunions with a gap 
between fragments (pseudarthroses) be treated with bone 
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grafting and internai fixation before electrical stimulation. 
They also recommended that infected fractures be debrided 
before electrical stimulation. 

EXTRACORPOREAL SHOCK 
WAVE THERAPY 

Extracorporeal shock wave therapy remains popular in 
Europe and is being used more widely in the United States. 
Although there appear to be more contraindications with 
this method of fracture augmentation compared with ultra- 
sound and electrical and electromagnetic stimulation, the 
efficacy in treatment of nonunions has been reported to be 
above 75%. 


FACTORS COMPLICATING 
NONUNION 

Nonunions may be complicated by infection, deformity, 
shortening, and segmentai bone loss. 

INFECTION 

Considérable judgment is required to treat infected non- 
unions. Classically, two entirely different approaches of treat¬ 
ment hâve been employed most offen for this difficult 
problem. The first is the conventional , or classic , method used 
for many décades. The second is the active method. One or 
the other of these methods can be performed wholly or in 
part, depending on the circumstances in a given patient and 
the judgment of the surgeon. The two are described separately 
here, but the surgeon offen uses parts of each in a single 
patient. The Ilizarov method is another method of treating 
infected nonunions that has similarities to the conventional 
and the active methods. The status of bone involvement 
(medullary, superficial, localized, and diffuse) and host com- 
petency help the surgeon to décidé on the potential healing 
of infected bone. The gold standard for diagnosis of infection 
has been multiple direct cultures of the fracture site (not the 
skin or sinus tract). A recent report, however, has questioned 
the sensitivity of cultures in the diagnosis of infection in 
nonunion treatment. The diagnosis of infection is discussed 
more in Chapter 20. 

■ CONVENTIONAL TREATMENT 

The objectives of the conventional method are to convert an 
infected and draining nonunion into one that has not 
drained for several months and to promote healing of the 
nonunion by bone grafting. This method of treatment offen 
requires a prolonged period of time and many potential 
operations. Debridement is performed with removal of ail 
foreign, infected, or devitalized materials to provide a vascu- 
lar bed. Providing some element of stabilization is consid- 
ered at this point with appropriate coverage provided by the 
plastic surgery team. Infections can be controlled more 
easily when robust, highly vascular, soft tissue is used to 
cover the fracture, especially with infected nonunions of the 
tibia. External fixation may initially be most appropriate. 
Antibiotics are used parenterally and are based on intraop¬ 
erative cultures. Bone grafting is deferred until the soft 
tissues hâve completely healed and become stabilized. In 
some patients, the fracture may unité and bone grafting 
becomes unnecessary. 


When the clinical signs of infection hâve subsided, the 
skin over the bone is good, and nonunion persists, bone graft- 
ing is considered. There may never be a perfect time to graft 
the nonunion because whether an infection has been com¬ 
pletely eradicated or is merely quiescent cannot be deter- 
mined for sure, but a time must be selected or conventional 
treatment abandoned. The character and duration of the 
infection, the time of the last drainage, and the general condi¬ 
tion of the extremity ail must be considered. 

When an infection has been active chiefly in the soft 
tissues or around séquestra, the risk of reactivating it by 
surgery is much less than when it has involved the cortex and 
medullary canal. When the infection has been prolonged and 
destructive, ail the surrounding structures are presumed to 
hâve been deeply penetrated, and a dormant infection is 
likely. Bacteria can lie dormant for years, only to become 
active again after surgery or some other trauma. This danger 
is inhérent in the treatment of infected nonunions and must 
be accepted. The use of antibiotics before and after surgery 
has reduced the danger because they can offen control an 
infection within the limits of a vascular area, but they cannot 
be expected to sterilize an avascular area that they cannot 
penetrate. Reconstructive operations usually should be 
delayed until at least 6 months after ail signs of infection hâve 
disappeared. 

Controlling infection before attempting bone grafting 
always has been a Sound clinical principle in the conventional 
treatment of nonunions. There are exceptions to this princi¬ 
ple, however, especially in the tibia. Successful bone grafting 
in tibial nonunions even in the presence of draining sinuses 
has been reported. In séquestration or gross infection, the 
bone is saucerized through an anterior approach, the incision 
is closed or the wound is covered, and the infection is treated 
with antibiotics. 

In treating the tibial nonunion itself, the anterior aspect 
of the tibia is avoided because the draining sinuses and 
poor skin usually are located here. The tibia is traditionally 
approached posterolaterally. The posterior aspect of the tibia 
(or the tibia and fibula) is decorticated proximal and distal to 
the nonunion. The entire area is grafted with autogenous 
cancellous iliac crest. The nonunion itself is not exposed; it is 
hoped that the grafted area will not communicate directly 
with the infected area. 

■ ACTIVE TREATMENT 

The objective of the active method is to obtain bony union 
early and shorten the period of convalescence and preserve 
motion in the adjacent joints. Judet and Patel and Weber and 
Cech described this method, and much of the following is 
taken from their reports. 

The first step is restoration of bony continuity. This takes 
absolute priority over treatment of the infection. The non- 
union is exposed through the old scar and sinuses. The ends 
of the fragments are decorticated subperiosteally, forming 
many small osteoperiosteal fragments; any graffs that 
become detached are discarded. Next, ail devitalized and 
infected bone and soft tissues are removed. Then the frag¬ 
ments are aligned and stabilized, usually by an external fixa¬ 
tion device. Compression is applied across the nonunion if 
possible. Autogenous cancellous bone graffs can be inserted. 
Internai fixation with a plate is used only when drainage has 
already ceased, and then the approach is away from the area 
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of old drainage, or when no other method of fixation is pos¬ 
sible and the infection is mild. When the fracture already 
has been firmly fixed with a plate or intramedullary nail, the 
fixation is not disturbed, and the operation is done as 
described except décortication is omitted when an intra¬ 
medullary nail has been used. The wound is then closed, 
and systemic antibiotics are administered based on intraop¬ 
erative cultures. 

If necessary for union, a second décortication with or 
without the addition of autogenous cancellous graft is per- 
formed. After the nonunion has healed, any residual séques¬ 
tra are removed, and split-thickness skin grafts are applied to 
any remaining defect in the skin. Satisfactory results hâve 
been reported with this method of treatment with or without 
cancellous grafts, with success rates ranging from 83% to 
98%. 

■ POLYMETHYL METHACRYLATE 
ANTIBIOTIC BEADS 

Antibiotic-impregnated polymethyl méthacrylate (PMMA) 
beads can be used to treat infected nonunions. Thonse and 
Conway found that Palacos (Zimmer, Warsaw, IN) cernent 
was superior in elution to Simplex (Stryker, Mahwah, NJ). 
Heat-stable antibiotics, such as tobramycin and gentamicin, 
can be mixed with PMMA and used locally to achieve 200 
times the antibiotic concentration achieved with intravenous 
administration. The use of antibiotic-impregnated PMMA 
beads in conjunction with debridement in the management 
of infected nonunions was shown in one study to be more 
effective in treatment than parentéral antibiotics. Placement 
of a PMMA spacer is another option that has the ability to 
provide some stability in an osseous defect situation. The 
body s reaction to PMMA beads or a spacer leaves a bioactive 
membrane, Masquelet membrane (Fig. 59-16). The use of can¬ 
cellous bone graft to deliver antibiotics to infected nonunion 
sites has been described in a limited number of patients with 
satisfactory results; however, the optimal ratio of antibiotic to 
cancellous is not known. 



Masquelet technique. Clinical photo showing 
membrane formed around polymethyl méthacrylate spacer. 


DEFORMITY, SHORTENING, AND 
SEGMENTAL BONE LOSS 
■ ILIZAROV METHOD 

According to Ilizarov, to eliminate infection and obtain 
union, vascularity must be increased. Three basic modes of 
application exist for the Ilizarov frame: (1) monofocal, 
(2) bifocal, and (3) trifocal (Box 59-1). The Ilizarov frame 
allows multiple modes of treatment, including compression, 
distraction, lengthening, and bone transport. In the Ilizarov 
approach, vascularity is increased by corticotomy and appli¬ 
cation of a circular external fixator. Although infected non- 
unions frequently hâve been successfully treated without 
debridement, some authors recommend open debridement 
to remove necrotic and infected segments, followed by bone 
transport into the région and soft-tissue coverage. One study 
advocated segmentai excision of the nonunion site followed 
by distraction osteogenesis. Catagni recommended compres¬ 
sion for hypertrophie nonunions with minimal infection and 
no sequestered bone to increase formation of repair callus 
and vascularity. Monofocal compression also can be used for 
infected hypertrophie nonunions with deformity. For atro¬ 
phie nonunions with diffuse infection or sequestered bone, 
open resection of the infected segment is performed and 
bifocal compression is used. If skin quality is poor, the bone 
is stabilized with the external fixator after resection of necrotic 
bone. When skin conditions improve and the infection has 
regressed, corticotomy is performed and bifocal compression 
(Fig. 59-17) is applied. 

Combinations of several of the methods described for 
infection can be used for treatment of the separate compo- 
nents of a complex nonunion, but the Ilizarov method allows 
simultaneous treatment of ail components, including angular, 
rotary, and translational deformities; shortening; and seg¬ 
mentai bone loss. Although dramatic results can be obtained, 
this method is technically demanding and requires thorough 
training and expérience. It is recommended that only sur¬ 
geons knowledgeable in its biologie basis and the techniques 
required for its safe, effective application use this method. 

Deformities of 10 or 15 degrees can be corrected imme- 
diately by frame application; larger deformities should be 
corrected gradually. Hypertrophie nonunions can be treated 



Modes of Treatment With Circular External 
Fixation 


Monofocal 

■ Compression 

■ Sequential distraction-compression 

■ Distraction 

■ Sequential compression-distraction 

Bifocal 

■ Compression-distraction lengthening 

■ Distraction-compression transport (bone transport) 

Trifocal 

■ Various combinations 
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Bifocal treatment with llizarov fixator after 
debridement of necrotic bone and corticotomy. 


by graduai correction of the deformity, followed by compres¬ 
sion. Atrophie nonunions with shortening can be treated by 
compression at the nonunion accompanied by a corticotomy 
in the metaphyseal région of the same bone and graduai 
lengthening through the corticotomy. llizarov showed marked 
hyper vas cularity of the limb and bone after corticotomy and 
graduai distraction. Conceivably, the corticotomy provides 
some of the same biologie benefits as a bone graft Nonunions 
with segmentai bone loss can be treated by corticotomy and 
graduai transport of a fragment. The leading edge of this 
transported fragment frequently requires bone grafting at the 
time of arrivai to the principal fragment. Depending on the 
size of the defect and the anticipated time to docking, bone 
grafting can be performed at the time of frame application or 
just before docking. 

The sequence of correction of complex deformities, 
including shortening, rotation, angulation, translation, or a 
combination of one or more, varies, but generally length must 
be reestablished before other deformities can be corrected. It 
sometimes is difficult to evaluate malrotation when major 
angulation and translation deformities are présent, and its 
correction may be best left until last. If rotation is corrected 
last, the frame must be mounted carefully, with the bone 
centered within the frame; otherwise, translation of one bone 
fragment would occur during final rotation and would require 
an additional step of translation to reestablish full apposition. 
Some complex deformities can be resolved with a simple 
hinge, and some simple deformities can be best treated with 
more complex constructs. The maximal velocity of bone or 
soft-tissue élongation is approximately 1 mm every 24 hours. 
During the correction of a complex deformity, the structures 
being lengthened most may change during the treatment and 
the structure at greatest risk during any phase of treatment 
must be appreciated and monitored. 

The llizarov frame can be constructed to provide com¬ 
pression or distraction or both, and careful preoperative 
évaluation of deformities allows assembly of the proper frame 
before surgery. True anteroposterior and latéral views of the 
limb are necessary. The importance of these orthogonal views 
cannot be overemphasized because these films are used to 
characterize completely the plane and extent of angulation 
and translational deformities and, along with preoperative 
sizing of the limb, to détermine correct ring diameter to allow 


frame construction before surgery. First, the plane and the 
extent of deformity in this plane are determined. Next, the 
type of hinge or linkage frame necessary to correct the defor¬ 
mity (e.g., opening wedge or distraction hinge) is determined. 
Finally, the exact locations of the hinges or linkages are 
determined. 

■ TAYLOR SPACIAL FRAME METHOD 

The more contemporary Taylor Spatial Frame (Smith & 
Nephew, Memphis, TN) fine wire external fixator has simpli- 
fied deformity correction through utilization of a computer 
program. The computer program and Virtual hinge assists 
with determining the exact position of wires or pins, hinges, 
and linkages in the correction of complex deformities. Struts 
can be manipulated daily by patients until deformity is cor¬ 
rected. This fixator is especially useful in treating hypertro¬ 
phie nonunions and nonunions associated with infection, 
soft-tissue compromise, bone loss, and leg-length discrep- 
ancy. Several authors hâve reported its successful use in 
infected and noninfected nonunions. Application of the 
spatial frame is described in Chapter 53. 

■ CORTICOTOMY 

To lengthen a bone, a spécial type of percutaneous osteotomy, 
or corticotomy, is required (Fig. 59-18). Paley et al. described 
an effective method of corticotomy in which a 5-mm osteo- 
tome is used to eut the médial and latéral cortices, extending 
subperiosteally into the posteromedial and postérolatéral 
corners. The osteotome is turned 90 degrees to wedge open 
the incomplète osteotomy and to crack the remaining poste - 
rior cortex. This maneuver is repeated with the osteotome in 
the posteromedial and postérolatéral cortices. The fixator 
rings above and below can be rotated to complété the osteo- 
clasis. The corticotomy préserves the soft tissue inside and 
outside the bone (the periosteal and endosteal circulation). 
On a radiograph, the corticotomy should appear as a nondis- 
placed osteotomy. 


NONUNION OF SPECIFIC BONES 

TIBIA 

The tibia is the most common bone to proceed to nonunion. 
Nonunions are estimated to occur after 2% to 15% of ail tibial 
fractures. The development of a tibial nonunion is closely 
related to the type and severity of the injury, but other factors 
may play a rôle, such as degree of fracture comminution, 
open fracture, degree of soft-tissue injury, medical comor- 
bidities, and patient lifestyle (tobacco use, nutritional status, 
médications). Subséquent complications, such as infection or 
compartment syndrome, also may affect healing of the frac¬ 
ture. Infection rates as high as 24% hâve been reported in 
open tibial fractures. 

■ MEDIAL MALLEOLUS 

A fracture of the médial malleolus occasionally fails to unité, 
usually after closed treatment. Surgery may be indicated for 
the few nonunions in which other serious complications of 
the fracture, such as traumatic arthritis, are not seen on radio- 
graphs and if the injury is less than 2 years old. The technique 
usually includes excision of the nonunion, application of 
autogenous bone grafts, and internai fixation of the malleolar 
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Corticotomy (Paley). A f Skin incision of 1.5 cm with periosteal élévation. B, Osteotome is twisted transversely to eut 
groove in anterior cortex only. C f Anterior groove is eut to, but not through, medullary cavity. D, Periosteum is elevated laterally, and 
latéral cortex is eut with 5-mm osteotome to and through postérolatéral corner. E f Anteromedial periosteum is elevated, and médial 
cortex is eut. F, Osteotome is twisted 90 degrees in posteromedial cortex to crack it and is inserted in postérolatéral cortex and twisted. 
G, Osteoclasis is completed by gentle controlled external rotation of fixator rings. 


fragment. When the nonunion is painful, it can be surgically 
managed in the following ways. When the bone adjacent to 
the nonunion is sclerotic or has been absorbed, and the proxi¬ 
mal part of the malleolus is large enough to preserve the ankle 
mortise, resecting the ununited distal fragment is préférable 
to bone grafting (Fig. 59-19). When the fragment is larger, 
bone grafting and stabilization usually are indicated. Bicorti- 
cal lag screws probably are indicated; they hâve been shown 
to be more stable and less likely to be associated with 
nonunion. 


RESECTION OFTHE DISTAL FRAGMENT 
OF THE MEDIAL MALLEOLUS 


TECHNIQUE 59-4 


■ Make a médial longitudinal incision 5 cm long over the 
malleolus and divide the periosteum and deltoid ligament 
in line with the skin incision. 
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Resection of médial malleolus. A f Persistent 
nonunion of médial malleolus. B f Seven years after resection of 
médial malleolus. Ankle is stable, although mild arthritic changes 
are becoming évident. This is maximal amount of médial malleo¬ 
lus that can be removed if stability of ankle is to be preserved. 


■ By sharp and blunt subperiosteal dissection, but without 
cutting the periosteum in a transverse direction or cutting 
the posterior tibial tendon, remove the distal fragment of 
the malleolus. 

■ Close the wound. 

POSTOPERATIVE CARE. Weight bearing in a three- 
dimensional boot or ankle corset can be started in 3 
weeks. 


SLIDING GRAFT 


TECHNIQUE 59-5 


■ Expose the nonunion through an anteromedial curved 
incision 10 cm long. 

■ Reflect the periosteum anteriorly and posteriorly and 
remove the fibrous tissue from the nonunion; freshen the 
ends of the fragments, but remove no bone from their 
deeper edges; with a curet, carefully hollow out the distal 
fragment. 

■ Beginning at the nonunion and using a motor saw, 
remove a graft about 4 cm long and 1 cm wide from the 
proximal fragment. 

■ Displace the graft distally across the nonunion into the 
distal fragment; hold this fragment in its normal position, 
and transfix the fragments and the graft with a screw 

(Fig. 59-20). 

■ Check the position of the graft, the screw, and the frag¬ 
ments with radiographs. 

■ Place cancellous chips around the graft and close the 
wound. 

POSTOPERATIVE CARE. A cast is applied from the toes 
to just distal to the knee. At 2 weeks, the sutures are 



jjj Nonunion of médial 
sliding graft. SEE TECHNIQUE 59-5. 


malleolus treated by 


removed and a walking cast is applied. Partial weight 
bearing is allowed during the next 2 weeks, and full 
weight bearing is allowed thereafter. The cast is discarded 
when radiographs show that the nonunion has healed, 
usually at 8 to 10 weeks. 


BONE GRAFT OF MEDIAL 
MALLEOLAR NONUNION 


TECHNIQUE 59-6 


(BANKS) 

■ Expose the nonunion through a médial longitudinal inci¬ 
sion (Fig. 59-21). The incision should be long enough to 
obtain graft. Préparé the nonunion site and place the 
hardware. 

■ Débridé the nonunion surfaces by removing devitalized 
bone. A wedge-shaped defect with its apex at the 
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Square of 
bone removed 
from tibia 



FIGURE 


Technique for grafting nonunion of médial malleolus. SEE TECHNIQUE 59-6. 


articular surface of the ankle may be created; avoid 
damage to the articular surface. 

■ Restore the fragment to its anatomie position and provi- 
sionally stabilize with a réduction clamp. 

■ Make a window in the tibial metaphysis at the proximal 
end of the wound by removing a square piece of cortex. 
Alternative^, a round trephine can be used to access the 
tibial metaphysis. 

■ Fill the defect at the nonunion with cancellous bone 
obtained through the square or round window. 

■ Stabilize the médial malleolus with 3.5-mm cortical 
screws. Screws should be bicortical and can be placed in 
lag fashion if they are not used as position screws, if the 
defect is not excessively large, and when ovecompression 
is not a concern. 

■ Replace the piece of cortex and close the wound. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for the sliding graft. 


■ TIBIAL SHAFT 

Many treatment methods hâve been highly successful in 
obtaining union of tibial shaft nonunions. Because the tibia 
is a weight-bearing bone and its length and alignment are 
important to function of the knee and ankle, simply obtaining 
union may not resuit in a satisfactorily functioning extremity. 
Plating, intramedullary nails, and external fixation can ail be 
successful if chosen for the appropriate situation. 


The technique selected dépends on many variables, 
including whether the nonunion is hypervascular or avascu- 
lar, and whether or not the alignment of the fragments is 
satisfactory. For nonunions with bony defects, infection, or 
deformity, an extensive procedure may be necessary. In hyper¬ 
trophie nonunions, the bone ends hâve the capacity to unité. 
In this situation, fixation with a compression plate, intramed¬ 
ullary nail, or external fixator usually is ail that is necessary. 
Bone grafting usually is not necessary for hypertrophie non- 
unions. Bone grafting is considered in hypertrophie non- 
unions if an open approach is being performed for réduction 
or stabilization (plating), a defect exists, or the patient is a 
poor host (has several risk factors for nonunion). In atrophie 
nonunions, fixation is supplemented by décortication of the 
bone ends and bone grafting. In récalcitrant cases of tibial 
nonunion, debate still exists on optimal treatment. 

I ROLE OF THE FIBULA IN TIBIAL 
NONUNION TREATMENT 

In ail tibial nonunions, the fibula must be considered. When 
the fibula and the tibia are fractured, the fibula almost always 
heals first and may become a load-sharing structure that 
decreases axial loading across the tibia. When it is not frac¬ 
tured, the fibula may prevent close apposition of tibial frag¬ 
ments and prevent full axial loading of the tibia. Partial 
fibulectomy has been described in the past to promote union. 
We almost never perform fibulectomy in isolation, but it is 
important to evaluate the fibula, particularly in patients with 
tibial nonunions for which dynamization or exchange nailing 
is being considered. 
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Posterior tibial muscle 



Postérolatéral bone grafting. Tibia and fibula 
hâve been approached posterolaterally. Posterior aspect of tibia 
(or tibia and fibula) is decorticated and grafted with autogenous 
iliac bone (not shown). 


The surgical technique is simple, and complications are 
rare. The full-thickness segment removed from the fibula 
should be approximately 2.5 cm long; removal of a smaller 
segment may allow healing of the fibula before the tibia 
unités. 


POSTEROLATERAL BONE GRAFTING 

Postérolatéral bone grafting (Fig. 59-22) has most often 
been recommended for tibial fractures with infection or 
extensive bone loss. Reported rates of union after this 
procedure range from 80% to 97%, with an average time 
to union of 5 to 7 months. The main advantage of pos¬ 
térolatéral grafting is that it is a single, nondestructive 
procedure with a high degree of success. 


TECHNIQUE 59-7 


■ With the patient prone and a tourniquet inflated, make 
a longitudinal incision 1 to 2 cm posterior to the fibula 
and parallel to it. The length of the incision is determined 
by the amount of exposure required; expose 4 to 5 cm 
of bone above and below the nonunion. 

■ Divide the subcutaneous tissue and identify the deep 
fascial plane between the gastrocnemius-soleus muscle 
group and the peroneal muscles. 

■ Reflect the fibular origins of the flexor hallucis longus and 
soleus subperiosteally and reflect the origin of the poste¬ 
rior tibial muscle from the interosseous membrane. 

■ Expose the tibia by dissecting the remainder of the pos¬ 
terior tibial origin and the flexor hallucis longus from the 
fibula. 

■ Retract the posterior tibial artery and vein medially in the 
muscle mass, but do not expose them. Do not disturb the 
fibrous union or penetrate the interosseous membrane. 


■ With an osteotome, decorticate the tibia proximal and 
distal to the nonunion site. 

■ Next decorticate the médial side of the fibula. 

■ Obtain and place autogenous cancellous graft over the 
bone surfaces and interosseous membrane. 

■ Confirm graft placement with a radiograph made with 
the leg in 30 degrees of internai rotation. 

■ Loosely reapproximate the deep fascia over the muscle 
with a few interrupted sutures to hold the graft in place 
and close the skin in a routine manner. Apply a compres¬ 
sion dressing. 

POSTOPERATIVE CARE. The dressing is removed when 
swelling subsides, usually within 3 days. Weight bearing 
dépends on the stability of the nonunion and the fixation 
in place. For most patients weight bearing is initially 
restricted and advanced with signs of consolidation. 


ANTERIOR CENTRAL BONE GRAFTING 

Ryzewicz et al. reported a rétrospective review of 24 
patients who had central bone grafting using the interval 
between the anterior compartment (extensor digitorum) 
and the latéral compartment (peroneals), creating a synos- 
tosis between the fibula and tibia. Fracture union occurred 
in 23 of 24 patients, and this approach was found to 
promote faster healing and require fewer operations than 
the postérolatéral approach. Anterior central bone grafting 
(Fig. 59-23) may be a good alternative based on prior 
incisions and when soft tissues preclude a postérolatéral 
approach. 


TECHNIQUE 59-8 


■ Place the patient supine. Préparé the extremity and the 
ipsilateral iliac crest and apply a tourniquet. 

■ Make an incision just anterior to the fibula and develop 
the plane between the peroneal tendon and extensor 
digitorum. Take care to avoid the superficial peroneal 
nerve. 

■ Bluntly elevate the anterior compartment off the inter- 
muscular septum. 

■ Elevate the periosteum of the tibia anteriorly as the tibia 
is decorticated proximally and distally to the nonunion 
site. 

■ Continue the décortication posteriorly, detaching the 
interosseous membrane and elevating it as one layer with 
the periosteum from the tibia. 

■ Decorticate the médial aspect of the fibula. 

■ Leave the nonunion site undisturbed unless sequestrum 
or synovial pseudoarthrosis is présent or alignment needs 
to be corrected. 

■ Place autogenous cancellous graft in this "central space." 

POSTOPERATIVE CARE. Postoperative care is the same 
as for postérolatéral bone grafting. 
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Cancellous autograft 
has been placed in the 
central space, anterior 
to the interosseous 
membrane 


Central bone grafting. Cross-section through 
the mid-tibia, showing interval for approach and fibular décorti¬ 
cation. Osteoperiosteal flap has been raised posteriorly off latéral 
aspect of the tibia, and the interosseous membrane is detached 
from the fibula, creating central space for graft placement. 
(Redrawn from Ryzewicz M, Morgan SJ, Lindford E, et al: Central bone 
graft for nonunion of fractures of the tibia. A rétrospective sériés. J Bone 
Joint Surg 91B:522, 2009. Copyright British Editorial Society of Bone 
and Joint Surgery.). 


PERCUTANEOUS BONE 
MARROW INJECTION 

The use of bone marrow in treating a variety of diseases 
has led to its considération in the treatment of nonunions. 
Percutaneous bone marrow injection is a simpler method 
of performing autologous bone grafting with less morbid- 
ity than standard techniques. It is not, however, a substitute 
for adéquate stabilization of the fracture. Casting, bracing, 
plating, intramedullary nailing, or external fixation should 
be used if needed for stability. An 80% union rate has been 
reported using marrow injections. This technique has been 
shown to be the most effective in the treatment of delayed 
union to prevent the development of nonunion. Kettunen 
et al. found percutaneous bone marrow grafting to be as 
effective as open techniques, with many advantages over 
open procedures, including decreased donor site morbidity 
and decreased cost. 

Hernigou et al. reported that hematopoietic stem cells 
are pluripotent and are able to differentiate; however, the 
number of pluripotent cells is decreased in patients who 
smoke or use alcohol or steroids. Spinning down the donor 
sample will increase the number of pluripotent cells (located 
in the buffy coat). They hâve demonstrated that success is 
dépendent on the number (concentration) of stem cells 
available for injection. 


Brinker et al. reported a sériés of distal tibial metadi- 
aphyseal delayed unions or nonunions initially treated with 
plate fixation. Of the fractures treated with unprocessed 
bone marrow grafting, 9 of 11 healed. The rôle of Process¬ 
ing the marrow is still not completely defined because Pro¬ 
cessing typically adds expense to the procedure. 


TECHNIQUE 59-9 


(CONNOLLY ETAL., BRINKER ETAL) 

■ Aspiration and injection usually are performed with the 
patient under general anesthésia. 

■ Place the patient prone on the operating table (also may 
be performed supine with harvest from the anterior iliac 
crest). 

■ Make a small (2-3 mm) incision over the crest and insert 
a marrow aspiration needle (11-16 gauge) into multiple 
areas of the posterior iliac crest. 

■Obtain a minimum of 40 mL up to 150 mL of marrow. 
Marrow should be harvested in small (<5 mL) aliquots. 

■ To avoid clotting, use a heparinized syringe. 

■ Under image intensification, localize placement of an 
18-gauge needle; first use a needle to create microtrauma 
at the nonunion site; then inject marrow into the site of 
nonunion or delayed union. The bone or muscle junction 
also can be injected as this area tends to be well 
vascularized. 


■ INTERNAL FIXATION 

The advantages of internai fixation are its ability to correct 
deformity and to promote healing of a nonunion. The use of 
internai fixation and the device used dépend on the amount 
of deformity to be corrected, the size of the fracture gap, the 
presence of infection, and the vascularity of the fragments. 

Closed reamed intramedullary nailing is the procedure of 
choice for tibial nonunions. Appropriate locking, static or 
dynamic or none, continues to be debated, as does the rôle of 
an associated fibular osteotomy or fibulectomy. If performed 
closed, the periosteal blood supply is increased, and reaming 
may add graft to the endosteal surface and stimulate union. 
Caution should be exercised if external fixation was initially 
used for a significant length of time. An increased risk of 
infection after the use of external fixation pins longer than 2 
weeks has been reported with reamed intramedullary nailing. 
One also should consider other treatment options if the frac¬ 
ture was previously infected or use methods (antibiotic rod) 
to eradicate the infection before proceeding with intramedul¬ 
lary nailing. Closed intramedullary nailing is best reserved 
for treatment of closed fractures treated by casting and in 
which the medullary canals are still in close proximity. Oth- 
erwise, in the case of a bayonet alignment, open réduction of 
the fracture is necessary. Reamed nailing can be used in most 
diaphyseal nonunions with high union rates. The technique 
of reamed intramedullary nailing is covered in Chapter 53. 
When using intramedullary nailing for nonunions, a pseud- 
arthrosis chisel should be available. 

Tibial fractures that do not unité after initial intramedul¬ 
lary nailing may be treated successfully with exchange 
intramedullary nailing. Swanson et al. reported a 98% union 
rate with exchange intramedullary nailing for aseptie tibial 
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Fibulectomy with exchange intramedullary nailing. A f Anteroposterior radiograph of a nonunion 64 months after 
tibial fracture and 26 months after exchange nailing. Distal interlocking screws are broken, and fibula has significant bowing (arrow). 
B f Axial loading was sufficient to break the screws. The bowed fibula may hâve provided a distraction force similar to force a bowed 
pôle provides to lift a pôle vaulter, which may hâve contributed to failure of the fracture to heal. C f Six months after exchange nailing 
and partial fibulectomy the patient had a solid bony union. Arrows indicate that partial fibulectomy removed the distraction force, 
allowing compression across the construct. (From Swanson EA, Garrard EC, O'Connor DP, Brinker MR: Results of a systematic approach to 
exchange nailing for the treatment of aseptie tibial nonunions, J Orthop Trauma 29:28, 2015.) 


nonunions that had at least 50% cortical apposition. Ail types 
of aseptie nonunions were included: atrophie (four) and oli- 
gotrophic (25). A fibulectomy was performed in four patients 
when the fibula was thought to be preventing maximal axial 
compression at the tibial nonunion site (Fig. 59-24). Four 
patients underwent subséquent dynamization. Union for the 
entire cohort occurred at a mean of 4.8 months. Endocrine 
or metabolic abnormalities were sought and treated per the 
senior author s protocol. 


■ Progressive^ ream the tibia in an attempt to place an 
intramedullary nail that is at least 2 mm larger than previ- 
ous nail. 

■ Ream 1 mm larger than the intramedullary nail to be 
placed. (Consider placing a different manufacturées intra¬ 
medullary nail to get novel interlocking options.) 

■ Lock the nail distally first. 

■ Compress across the nonunion site by either "backslap- 
ping" a distally locked nail or using the nail's internai 
compression device. 

■ In proximal or distal fractures, add additional interlocking 
screws in the short segment as the nail allows. Also con¬ 
sider placing blocking screws around the nail to increase 
stability in the short proximal or distal segment. 

POSTOPERATIVE CARE. Ankle and knee motion are 
allowed immediately after surgery. Ambulation is allowed, 
and full weight bearing is encouraged. 


I PLATE FIXATION 

Plate fixation, particularly applied to the tension (convex) side, 
may achieve healing through compression in tibial nonunions. 


TIBIAL EXCHANGE NAILING 


TECHNIQUE 59-10 


■ Position the patient supine. 

■ Remove the current intramedullary nail. 

■ Perform fibulectomy if indicated (if fibula appears to be 
experiencing axial stress and "bowing" is seen on preop- 
erative radiographs); remove approximately 2 cm of fibula. 

■ Correct any tibial deformity. 
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Satisfactory réduction is achieved, and the fracture is suffi- 
ciently exposed so that a bone graft can be added. Care should 
be taken, however, not to devascularize the tibia any more than 
necessary. Interfragmentary lag screw technique should be 
used when possible. The plate should be contoured to the bone, 
rather than excessively debriding bone and callus to allow 
placement of a straight plate. Infection and implant failure 
remain the largest risks associated with this technique, and it 
probably should not be performed in patients who hâve had 
infections. Locking plates or blade plates can be useful when 
the distal fragment is very small or osteoporotic. 

■ EXTERNAL FIXATION 

Because of the frequency of infection in tibial nonunions, 
external fixation is an attractive option. The application of an 
external fixator does not disturb the fracture site because it is 
applied percutaneously. External fixation allows correction of 
multiple deformities and bridging of large fracture gaps by 
bone transport techniques. Healing has been reported in 94% 
of nonunions with the use of dynamic axial external fixation, 
and high rates of union hâve been reported with the Ilizarov 
method, especially in complicated nonunions, and the Taylor 
Spatial Frame (Smith & Nephew, Memphis, TN) with bone 
graffing when necessary. 

CT is helpful to détermine if a tibial nonunion is présent. 
It is impérative to distinguish a delayed union, which may 
proceed to union without surgical intervention, from a non- 
union, which requires surgical intervention to achieve healing. 
CT allows excellent évaluation of fracture healing, even when 
implants are présent; however, it does hâve a low specificity 
(62%). The orthopaedic surgeon must keep in mind that even 
if the CT scan shows a nonunion, the fracture may be United. 
Sometimes this cannot be confirmed except by surgical explo¬ 
ration. Data from the Systolic Blood Pressure Intervention 
Trial (SPRINT) suggest that many tibial fractures proceed to 
union without intervention if given enough time. Investiga¬ 
tion continues into identifying factors that may predict non- 
union and allow appropriate early treatment. 

FIBULA 

■ LATERAL MALLEOLUS 

Nonunions of the latéral malleolus rarely require treatment. 
Nonunions without displacement usually are asymptomatic; 
some eventually heal spontaneously. Nonunion of the latéral 
malleolus in itself has not been found to cause traumatic 
arthritis or other abnormality and does not influence the final 
resuit in fractures of the ankle. 

■ FIBULAR SHAFT 

Nonunion of the fibula in adults is rare. Asymptomatic or 
low-demand patients can be treated with observation. 
However, symptomatic nonunions can be treated with inter¬ 
nai fixation and bone graffing or partial fibulectomy (2 to 
5 cm) centered over the nonunion site. A diagnostic injection 
of bupivacaine (Marcaine) under fluoroscopie guidance can 
be helpful in determining which patients will benefit from 
further intervention for their nonunion. 

PATELLA 

Nonunions of the patella are rare. When a fresh fracture is 
comminuted, excision of the fragments éliminâtes the 


possibility of nonunion; when it is not comminuted, internai 
fixation usually results in union. 

When the fragments of a nonunion are in good position, 
fibrous union may be compatible with satisfactory function; 
the severity of later arthritic changes is about proportional 
to the irregularity of the articular surface of the patella. When 
the fragments are separated, partial or complété excision of 
the patella, as for a fresh fracture, is indicated. 

FEMUR 

Fémoral nonunions are much less common than in past 
years. Since the use of modem intramedullary nailing tech¬ 
niques, healing rates now approach 99% with closed shaff 
fractures. Since acute fémoral fractures are almost exclusively 
treated operatively, nonunions of the fémur invariably hâve 
some implant in place. 

■ SUPRACONDYLAR AREA 

Although rates of union approach 99% with intramedullary 
nailing of closed fémoral shaff fractures, nonunion does con¬ 
tinue to be a problem with supracondylar fémoral fractures. 
When a nonunion occurs in the supracondylar area, union 
can be difficult to obtain. A short supracondylar fragment can 
be treated by one of the following methods. 

1. Plating (distal fémoral locking plate or blade plate). A 
médial plate may be added through a subvastus approach 
if significant comminution is présent. Bone graffing is 
used in atrophie or oligotrophic nonunions. 

2. Intramedullary nailing. Technology has increased our 
ability to obtain stable distal fixation with rétrogradé 
nails. Intramedullary nailing also can be used in combi¬ 
nation with plating. Bone graffing is used in atrophie or 
oligotrophic nonunions. 

3. Arthroplasty. Alternatively, total knee replacement with a 
tumor prosthesis (Fig. 59-25) can be considered. A 
potential advantage of arthroplasty is immédiate weight 
bearing. 

External fixation has a limited rôle in the treatment of supra¬ 
condylar fémoral nonunions. 

■ FEMORAL SHAFT 

Risk factors for fémoral nonunion affer intramedullary 
nailing are open fracture, delay in weight bearing, and tobacco 
use. The treatment of nonunion with a statically locked intra¬ 
medullary nail in place is either bone graffing in situ, dynam- 
ization of the nail by locking screw removal, or exchange 
nailing. Swanson et al. recently reported a 100% union rate 
with exchange nailing (Fig. 59-26) of aseptie fémoral non- 
unions. Seven of 50 fractures were atrophie. Ail exchange 
nails placed were at least 2 mm larger in diameter than the 
index nail. Six exchange nails were placed in the opposite 
direction (antegrade or rétrogradé) from the index procedure 
to increase stability in the smaller proximal or distal segment. 
Fourteen of 50 patients underwent dynamization, and endo¬ 
crine or metabolic abnormalities were sought and treated per 
the senior author s protocol. The average time to union was 7 
months. The technique for intramedullary nailing of fémoral 
shaff fractures can be found in Chapter 54. Some authors hâve 
reported that exchange intramedullary nailing may not be as 
effective in metaphyseal régions of the fémur. Another tech¬ 
nique that may be useful in the distal fémoral metaphysis or 
metadiaphysis is plating over an intramedullary nail (Fig. 
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Treatment of distal fémoral nonunion with arthroplasty. A and B f Radiographs of distal fémoral nonunion. C and D f 
After treatment with arthroplasty using a tumor prosthesis. 


59-27). This technique can be combined with bone grafting 
as appropriate. 

Historically, Judet and Patel reported excellent resuit of 
195 nonunions of the fémoral shaff treated with décortication 
and internai fixation with plates and screws or intramedullary 
nails. When possible, compression was applied across the 
nonunion. In only a few was the décortication unsatisfactory 
and, in these, iliac cancellous or tibial cortical graffs were 
added. Union failed after one operation in only nine (4.6%). 

Defects of the fémur can be treated by intramedullary 
nailing with autogenous bone grafting. Protected weight 
bearing is continued until the graff has incorporated suffi- 
ciently. Johnson and Urist reported excellent results with the 
use of a human bone morphogenetic protein and allograff for 
reconstruction of fémoral nonunions. Large gaps also can be 
treated with the Ilizarov external fixator and internai bone 
transport. This technique may be most advantageous after 
thorough debridement when a septic nonunion is présent. 

■ PERITROCHANTERIC AND 
SUBTROCHANTERIC REGION 

Nonunions of the subtrochanteric région typically are treated 
by intramedullary nailing or blade plating. The technique for 
intramedullary nailing of subtrochanteric nonunions can be 
found in Chapter 54. Alignment should be corrected as nec- 
essary. Bone grafting should be performed based on the 
nature of the nonunion. A blade plate (Fig. 59-28) also can 
be successful when used in this area along with bone grafting 
when indicated. 

■ FEMORAL NECK 

Unfortunately, nonunions of the fémoral neck still occur with 
an incidence of approximately 10% to 30%. Factors contribut- 
ing to nonunions of the fémoral neck include impaired vas- 
cularity, inaccurate réduction, and loss of fixation. CT with 
reconstructions can be helpful in the diagnosis of nonunion. 


The appropriate treatment dépends on several factors, 
including the physiologie âge of the patient, the viability of 
the fémoral head, the amount of résorption of the fémoral 
neck, and the duration of the nonunion. Most patients with 
fémoral nonunions are older than 60 years of âge and may be 
poor surgical candidates, and extreme osteoporosis decreases 
the efficiency of any internai fixation. In long-standing 
nonunions, muscle contractures may prevent adéquate 
lengthening and the acetabular cartilage may be severely 
damaged. 

Success has been reported with free vascularized fibular 
bone grafting in nonunions of fémoral neck fractures in 
patients younger than 50 years old. This technique is highly 
demanding, however, and is done only at a few select centers 
throughout the United States. 

In general, operations for nonunions of the fémoral neck 
can be grouped into three general classes: (1) valgus intertro- 
chanteric osteotomy, (2) prosthetic replacement (hemiarthro- 
plasty or total hip arthroplasty), and (3) arthrodesis. 

Some general guidelines are as follows: 

1. In adults younger than 60 years old, nonunions in which 
the fémoral head is viable can be treated by valgus inter- 
trochanteric osteotomy (Fig. 59-29). This technique cou¬ 
verts shear forces to compressive forces at the fracture 
site. 

2. In children and in adults younger than 21 years old, non- 
unions in which the fémoral head is not viable may be 
treated with an arthrodesis. In exceptional circumstances, 
a young adult may be treated with a prosthesis. 

3. In adults 21 to 60 years old, nonunions in which the 
fémoral head is not viable can be treated with arthro¬ 
plasty or arthrodesis, depending on the circumstances in 
the given patient and on the expérience and preference 
of the surgeon. Rarely is an arthrodesis indicated in 
patients older than 50 years of âge or in patients with a 
sedentary occupation. 
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Exchange intramedullary nailing of the fémur. A f 
breakage. C to E f Treatment with exchange nailing. 


Radiograph of fémoral nonunion. B f Distal interlocking screw 


4. In patients older than 60 years, nonunions, regardless of 
the viability of the fémoral head, usually are treated with 
a hemiarthroplasty or a total hip arthroplasty. 

I OSTEOTOMY 

Valgus intertrochanteric osteotomy is an angulation osteot- 
omy made through or just distal to the lesser trochanter. The 
mechanical advantage of an angulation osteotomy is that 
shear forces at the fracture are converted to compression 
forces, hopefully promoting an environment for union. A 
serious disadvantage is produced, however, if the fémoral 
neck and head are placed in an extreme valgus position. This 
position must be avoided if possible because it shortens the 
lever arm between the trochanter, on which the abductor 


muscles pull, and the head, which is the fulcrum. In 1935, 
Pauwels called attention to this mechanical problem. A valgus 
position must be used sometimes to obtain union of a non- 
united fracture of the fémoral neck or to hasten healing of a 
comminuted trochanteric fracture; however, it prédisposés to 
degenerative changes in a normal head and probably to 
osteonecrosis when the neck has been fractured. Addition- 
ally, decreased functional results because of a persistent limp 
in patients treated with a valgus osteotomy hâve been 
reported. 

Valgus intertrochanteric osteotomy is appropriate for 
nonunited fractures of the fémoral neck in which the head is 
viable and the neck is fairly well preserved in children and in 
adults until approximately 60 years of âge. The results of such 
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Treatment of fémoral metadiaphyseal nonunion with combination of nailing and plating. A and B f Radiographs of 
fémoral metadiaphyseal nonunion after rétrogradé intramedullary nailing. C and D f After treatment with combination of nailing, 
plating, and bone grafting. 


an osteotomy are about proportional to the mechanical and 
physiologie status of the nonunion before surgery. When the 
head is viable and union occurs, function usually approaches 
normal, but the more abnormal the bony structures, the more 
unfavorable the resuit. Many excellent or good results at 1 
year after surgery must be downgraded at 3 to 5 years because 
of progressive arthritic changes. Valgus intertrochanteric 
osteotomy is stabilized with a blade plate. Several reports hâve 
reported union rates of 86% to 88%. 

I PROSTHETIC REPLACEMENT 

The indications for prosthetic replacement for fémoral neck 
nonunions are still are not precisely defined. Usually a pros- 
thesis should be reserved for older patients; rarely should it 
be used in patients younger than 50 years old and then only 


for good reason. A prosthesis is now indicated more fre- 
quently for acute fractures (see Chapter 55) than for treat¬ 
ment of their complications. Prosthetic replacement can be 
used occasionally, however, in adults younger than 50 to 60 
years old after fracture of the fémoral neck, with or without 
union, in which the head is not viable, and an arthrodesis is 
undesirable. Hemiarthroplasty replacement is not indicated 
in arthritis of the hip, either traumatic or primary; rather, 
total hip arthroplasty (see Chapter 3) or arthrodesis (see 
Chapter 5) should be used. 

Complication rates are higher after treatment of acute 
fémoral neck fractures with arthroplasty. See Chapter 3 for 
the management of complications after hemiarthroplasty or 
total hip arthroplasty for fémoral neck and intertrochanteric 
fractures. 
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Treatment of reverse obliquity intertrochanteric fémoral fracture with blade plate. A f Radiograph of proximal fémoral 
nonunion. B, Computed tomography of proximal fémoral nonunion. C and D f Radiographs at union after valgus intertrochanteric 
osteotomy and fixation with blade plate. 


I ARTHRODESIS 

According to Gill, the advantages of an arthrodesis for non- 
union of the fémoral neck are freedom from pain, stability 
during weight bearing, and, consequently, a useful extremity. 
We sometimes recommend arthrodesis in adults younger 
than 50 years old whose work is heavy manual labor. Tech¬ 
niques of hip arthrodesis are described in Chapter 5. 

PELVIS AND ACETABULUM 

Nonunions and delayed unions of fractures of the pelvis do 
occur and require treatment. Pennal and Massiah classified 
nonunions into three main groups according to the direction 
of the forces that caused them: anteroposterior compression, 


latéral compression, and vertical shear. The signs and symp- 
toms included one or more of the following: pain, limp, insta- 
bility, and clinical deformity. Deformity is assessed with 
anteroposterior pelvic, inlet, and outlet views. 

CT of the pelvis can be helpful in diagnosing and planning 
surgery for a pelvic nonunion. In the sacroiliac area, Pennal 
and Massiah found that the fractures tended to be of the 
avascular type, and in the rami, the hypervascular type (Fig. 
59-30). Insufficient immobilization was thought to be the 
cause because the fragments were not adequately reduced or 
sufhciently stabilized. Twenty-four of their 42 patients were 
treated nonoperatively, and only five of these patients returned 
to the same job they had before their injury. Of the 16 patients 
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Nonunion of fémoral neck fracture. Anteroposterior radiograph (A) and computed tomography (B). C f Union after 
fixation with a blade plate. (Courtesy of David Templeman, MD, Minneapolis, MN.) 



Treatment of pelvic nonunion (hypertrophie nonunion of parasymphyseal fracture) with plating. A f Radiograph of 
pelvic (parasymphyseal) nonunion. B f After treatment with plating. 
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Treatment of clavicular nonunion with plating and bone grafting. A f Radiograph of clavicular nonunion. B, After 
treatment with plating and bone grafting. 


who had bone grafting and stabilization of the unstable pelvis, 
ail but one achieved solid bony union and returned to work, 
most returning to the job they had before injury. 

Mears and Velyvis reported 79% excellent results and 21% 
satisfactory results in patients with nonunion treated with bone 
grafting and realignment procedures. Patients with nonunions, 
unstable malalignment, and hétérotopie ossification had the 
poorest outcomes. We advocate open réduction and internai 
fixation with bone grafting for most pelvic nonunions. 

Acetabular nonunions are rare, usually occurring in 
widely displaced and unreduced acetabular fractures. Of 569 
acutely fixed acetabular fractures, Letournel and Judet 
reported only four nonunions. A nonunion of a displaced 
transverse pattern (transverse, transverse posterior wall, 
T-type) might make a subséquent reconstruction (total hip 
arthroplasty) extremely difficult. 

CLAVICLE 

Nonunion of clavicular fractures has been shown to be much 
more common than historically thought. Despite the latéral 
clavicular fracture being the most likely to become a non- 
union, it is the midshaft clavicular fracture that is the most 
common fracture site for nonunion because of its frequency. 
Precontoured and low-profile clavicular plates are now avail- 
able for the treatment of clavicular fractures. 

Only patients who hâve sufficient symptoms should be 
considered for an operation. Symptomatic nonunions of the 
middle third of the clavicle are treated by plating with con¬ 
sidération given to bone grafting (Fig. 59-31). Often, suffi¬ 
cient local bone is présent, and autogenous grafting from a 
distant donor site may not be necessary. 


■ Plate placement may be superior or anteroinferior. Both 
approaches hâve advantages and disadvantages, and 
there are advocates of both approaches. Use a precon¬ 
toured clavicular plate that allows at least six cortices of 
fixation on each side of fracture. Alternative^, a 3.5-mm 
dynamic compression can be used. Place local bone or 
autogenous cancellous bone graft around the nonunion 
and close the wound. 

POSTOPERATIVE CARE. A shoulder immobilizer is 
worn for 1 to 2 weeks. Gentle active and pendulum 
exercises are begun to maintain shoulder mobility. Weight 
bearing is initiated as the fracture consolidâtes. 


HUMERUS 

■ PROXIMAL THIRD 

Most often nonunions of the proximal humérus are two-part 
fractures at the surgical neck. Locking plates with the use of 
intramedullary allograft (hypertrophie and oligotrophic non- 
unions) and autograft (atrophie nonunions), especially in 
osteoporotic bone, hâve been useful. The locking plate is 
superior to traditional plates in that it is lower profile, dem- 
onstrates higher torsional strength and stiffness, and allows 
for multiple divergent proximal screw placements that provide 
better fixation in weak bone. Shoulder arthroplasty provides 
significant réduction in pain with improved motion but is less 
satisfying than when performed for primary arthritis. Reverse 
shoulder arthroplasty has also been used successfully as a 
salvage procedure in treatment of proximal humerai fracture 
nonunion in the low-demand elderly patient with a func- 
tional deltoid. 

■ HUMERAL SHAFT 

Nonunions occur in approximately 10% of patients with 
humerai shaft fractures regardless of the type of treatment. 
Nonunion is more common in the mid and proximal diaphy- 
sis, especially with a spiral or oblique fracture pattern. Gaps 
may resuit from distraction, overriding, soft-tissue interposi¬ 
tion, or loss of bone. Comminuted fractures may hâve a dis- 
rupted blood supply. The type of nonunion and the âge and 


PLATE FIXATION AND BONE 
GRAFTING OF THE CLAVICLE 


TECHNIQUE 59-11 


■ Make an incision parallel with and just distal to the clav¬ 
icle, incise the periosteum and decorticate the clavicle 
médial and latéral to the nonunion site. 
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comorbidities of the patient should be considered in treat- 
ment decisions. In most patients, operative treatment is indi- 
cated to correct deformity and regain function. However, in 
elderly patients with osteoporotic bone, diminished function 
because of a pseudoarthrosis may be préférable to the risks 
of open réduction and internai fixation. The use of a light- 
weight orthosis may allow enough function to avoid further 
treatment. 

Most humerai nonunions can be treated by open réduc¬ 
tion and compression plating with union rates well above 
90%. The use of a fibular allograff in the medullary canal may 
improve stability and enhance union. Exchange intramedul- 
lary nailing of humerai nonunions has not been as successful 
as in other areas of the body. If the fracture site is opened, 
adding bone graft is considered. Recent studies hâve sug- 
gested that autogenous cancellous bone grafting may not be 
routinely necessary in the treatment of humerai nonunion. 
Lin et al. reported a 100% union rate in 31 atrophie non- 
unions treated with plating and bone grafting with allograff. 
Hierholzer et al. reported a 97% union rate with plating and 
bone grafting with demineralized bone matrix in 32 atrophie 
nonunions. Willis et al. reported a 95% union rate with 
plating over an intramedullary strut allograff in 20 patients 
with atrophie nonunions. 

Treating a defect in the humerai shaff is easier than treat- 
ing defects in the lower extremity. Shortening through the 
defect usually is well tolerated, even shortening up to 3 cm. 
Shortening combined with bone grafting and appropriate sta¬ 
bilization often yields successful results. 

A longer defect can be bridged with a fibular transplant; 
the distal end of the transplant is applied to the condyle that 
has the longest remaining metaphyseal part, preferably the 
latéral one (this distal fragment should be large enough to 
engage two screws). The normal metaphyseal expansion is 
restored with iliac bone (Fig. 59-32). The Ilizarov method of 


internai bone transplant also can be used for humerai non- 
unions with bone loss and infection. 

■ DISTAL HUMERUS 

Poor initial fracture fixation is the major reason for nonunion 
in the supracondylar area. Many patients treated for distal 
humerai fracture nonunions can expect union; however, most 
will hâve residual morbidity. Those with nonunions extend- 
ing into the trochlea fare worse than others despite eventual 
union of the fracture. Internai fixation, bone grafting, release 
of joint contractures, and ulnar nerve transposition or neu- 
rolysis, if ulnar nerve symptoms are présent or motion about 
the elbow is expected to increase, are performed for most 
distal humerai nonunions. Bone healing takes precedence 
over motion when attempting to unité a nonunion. Restora- 
tion of motion can be treated affer union has been achieved 
with physical therapy, dynamic splints, and capsular releases 
as needed. Mitsunagase, Bryan, and Linscheid obtained 
union in 25 of 32 patients treated by open réduction, internai 
fixation, and bone grafting of the nonunion. Six patients 
required secondary procedures for repeat bone grafting or 
révision of the fixation device, seven were treated by total 
elbow arthroplasty, and two required reoperation for loose 
humerai components. Union of the fractures resulted in relief 
of pain and good functional motion of the elbow. Total elbow 
arthroplasty was considered only as a salvage procedure. For 
distal humerai nonunions, Sanders and Sackett recommended 
rigid internai fixation with a plate and screws and a bone 
graft. Beredjiklian et al. used a free vascularized bone graft in 
patients with segmentai bone loss in nonunions of the distal 
humérus when total elbow replacement would hâve a poor 
outcome, but they reserve this technique for younger patients 
with segmentai bone loss for which conventional fixation and 
bone grafting are inappropriate. Infected nonunions in this 
région may be treated with removal of retained implants, 



Treatment of humerai nonunion with avascular fibular autograft (whole fibular transplant). A f Large defect in distal 
metaphysis of humérus after open fracture. B and C f Twenty months after bridging of defect by avascular fibular autograft (whole 
fibular transplant). Cancellous bone was used to bridge expanded portion of metaphysis and shaft. 
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debridement of devascularized tissue, capsulectomy, ulnar 
nerve transposition or neurolysis, bone grafting when appro- 
priate, and application of a ring fixator. Total elbow replace¬ 
ment (linked) has the best outcome when the patient is older 
than 65 years, has previous arthritic changes, has compro- 
mised bone stock that cannot be internally fixed, has low 
demand on the arm, does not hâve infection, and has had 
only one previous operation. Limitations of arthroplasty 
include lifetime avoidance of répétitive lifting of 2 lb (0.9 kg) 
or more or one-time lifting of 10 lb (4.5 kg) or more. 

PROXIMAL THIRD OF THE ULNA WITH 
DISLOCATION OF THE RADIAL HEAD 

Long-standing nonunions of the proximal third of the ulna 
often are associated with dislocations of the radial head 
(Monteggia fracture). In these instances, no attempt is made 
to reduce the dislocation; instead, the radial head and as 
much of the neck as necessary are resected (see Chapter 58). 
The nonunion is stabilized with a compression plate or wave 
plate, and the nonunion is typically bone grafted. 

FOREARM BONES 
■ BOTH RADIUS AND ULNA 

Treatment of nonunions of forearm bones involves removing 
ail sclerotic and devascularized tissue, recannulating the 
medullary canals with a drill, and, if using a bone graft, decor- 
ticating or “fish scaling” the cortices opposite the interosseous 
membrane. The nonunions can be treated by compression 
plating or wave plating and cancellous grafting, with care to 
preserve the interosseous space. The fragments must be care- 
fully aligned and apposed in correct rotary relationship (<15 
degrees of total angulation), or pronation and supination will 
be limited. Récréation of the radial bow is essential for a good 
functional outcome. Limitation of rotation and pain in the 
distal radioulnar joint occurs if enough différence exists in 
the length of the two bones. 

Defects in the radial head or neck or the distal 5 cm of 
the ulna are treated by excising the fragment; these fragments 
are dispensable, and removing them is simpler than grafting. 
In some instances, prosthetic radial head replacement can be 
performed that can restore the function of the radial head, 
eliminate the nonunion, and provide résistance to proximal 
migration of the radius. 

When bony defects are présent in both bones, usually any 
sclerotic bone can be removed and the lengths of the bones 
can be equalized by resecting the ends of the fragments 
without too much shortening; plating with grafting is then 
sufficient. When this procedure would shorten the arm too 
much, each bone must be treated separately; sometimes the 
fragments of one bone can be freshened and apposed without 
too much shortening, and yet the other bone may require a 
graft to bridge a longer defect or the defect in both bones may 
be long enough to require bridging. Tricortical grafts can be 
used, however. Ring et al. reported good results with defects 
up to 6 cm (mean, 2.2 cm) using cancellous grafting and 
plating. When using bone graft, care must be taken to graft 
away from the other forearm bone to prevent iatrogénie syn- 
ostosis. Good results also hâve been reported in segmentai 
defects of the radius and ulna treated with free vascularized 
fibular grafts. 

Infected nonunions of the forearm, particularly with 
bone defects, can be more difficult to treat. They may be 


managed with debridement of ail devitalized tissue, place¬ 
ment of antibiotic beads or a spacer, and subséquent staged 
plating and bone grafting. Alternatively, bone transport may 
be considered. Zhang et al. reported a 100% union rate 
without récurrence of infection in 16 forearm nonunions 
with an average bone defect of 3.81 cm. The mean time to 
union was 6.19 months. 

■ RADIUS OR ULNA ALONE 

After fractures of both bones of the forearm when one bone 
fails to unité and the other unités in an unsatisfactory posi¬ 
tion, enough bone is resected from the area of the malunion 
to equalize the length of the bones; the bones are grafted as 
just described. 

When one bone unités in good alignment without short¬ 
ening or was not fractured, and the other fails to unité, any 
defect cannot be closed because of splinting by the intact 
bone. Bridging such a defect is préférable to shortening the 
normal bone and risking the possibility of a second non- 
union. Short defects can be bridged with a compression plate 
and the space between them filled with iliac bone. 

I NONUNITED COLLES FRACTURE 

When the distal fragment of a nonunited Colles fracture is 
fairly substantial, the technique for malunited Colles fracture 
(see Chapter 58) can be used; usually, however, the distal 
fragment is short and osteoporotic, and bone grafting and 
internai fixation with plating are indicated. Arthrodesis can 
be performed as a salvage procedure. 

■ PROXIMAL END OF ULNA 

Nonunions of the olecranon proximal to the middle of the 
trochlear notch are not difficult to treat. When there is strong 
fibrous union, the disability may be only slight, and in middle- 
aged or elderly patients surgery may not be justified. If the 
ununited fragment is less than 50% of the olecranon surface, 
it can be simply excised, and the distal insertion of the triceps 
tendon is reattached to the ulna as for some fresh fractures 
(see Chapter 57). Contoured plating with bone grafting pro¬ 
vides static compression and early elbow range of motion. 
Ring, Jupiter, and Gulotta reported excellent or good results 
in the proximal ulna after autogenous bone grafting and plate 
fixation and one fair resuit in a patient with a proximal radio¬ 
ulnar synostosis and severe ulnohumeral arthrosis. 

■ DISTAL END OF ULNA 

Nonunions of the distal 3.5 cm of the ulna can be treated by 
resection or by fixation with a 2.7-mm or 3.5-mm compres¬ 
sion plate with cancellous bone grafting. Occasionally, non- 
union of the distal third of the ulna results in a disability 
insufficient to warrant surgery. 
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Open techniques are rarely necessary for acute dislocations. 
Closed réduction with intravenous analgesia or sédation with 
general anesthésia should be attempted first for most uncom- 
plicated dislocations. If general anesthésia is necessary, oper- 
ating room personnel should préparé for the possibility of an 
open surgical procedure if closed réduction is unsuccessful. 
Excessive force should not be used in closed réduction 
because soft tissue or bone sometimes becomes interposed 
between the articular surfaces, making closed réduction 
impossible. Forceful manipulation under these conditions 
can resuit in fractures or additional articular trauma. The use 
of image intensification may aid in réduction and help prevent 
these complications. 

Acute dislocations should be reduced as soon as possible. 
If they are not reduced promptly, pathologie changes occur, 
especially around the hip. Immédiate réduction of an acute 
dislocation does not guarantee a satisfactory resuit, however, 
and the patient should be informed of this at the time of the 
initial évaluation and treatment. Damage to the articular car¬ 
tilage, joint capsule, ligaments, and vascularity of the bones 
can lead to posttraumatic arthritis. The patient also should be 
informed that ectopic ossification, posttraumatic arthritis, 
and osteonecrosis might develop in any joint affer open or 
closed réduction. 

These complications are usually caused by the immense 
forces that caused the dislocation. Occasionally neurovascu- 
lar structures are injured when a joint becomes dislocated, 
and complété physiologie block of the nerve or persistent 
neuritis results. Any nerve injury should be detected and 
carefully recorded on the patients chart before closed or open 
réduction is performed. The nerve may be stretched, con- 
tused, or ruptured. Stretching occurs most offen, and the 
nerve usually recovers spontaneously; no attempt should be 
made to explore it at the time of open réduction unless it is 
located in the immédiate field of operation. If signs of recov- 
ery do not appear affer a reasonable time, the nerve should 
be explored as described in Chapter 68. Arteriograms are 


needed in any extremity with markedly diminished or absent 
puises. 


INDICATIONS FOR OPEN 
REDUCTION 

Open réduction of an acute dislocation is usually indicated 
in the following circumstances: 

1. If anatomie, concentric réduction cannot be achieved by 
gentle, closed techniques with the patient under general 
anesthésia. Interposed soft tissues or osteochondral frag¬ 
ments may contribute to the irreducibility. 

2. If a stable réduction cannot be maintained. Articular 
fractures are offen unstable and must be reduced and 
fixed to ensure stability of the réduction. 

3. If careful évaluation before closed réduction reveals 
normal neurologie function and, affer réduction, a defi- 
nite, complété motor and sensory nerve déficit becomes 
évident. 

4. If circulatory impairment distal to the injury is well docu- 
mented before réduction and persists affer réduction. 
Further assessment of the circulation is essential and 
should include arteriography. 

5. If ischemia is persistent. Surgical exploration with appro- 
priate management of the vascular injury is indicated. 

ANKLE 

Dislocations of the ankle without fracture of either the médial 
or latéral malleolus or the anterior or posterior lip of the distal 
articular surface of the tibia are extremely rare. Usually, any 
dislocations that do occur are easily reduced by closed 
methods. Posterior dislocation of the fibula behind the tibia 
may contribute to difficulty with closed réduction and at 
times may require open réduction. Ruptures of the deltoid 
ligament, the anterior tibiotalar ligament, and the anterior 
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and posterior talofibular ligaments occur alone or in combi¬ 
nation. Controversy exists over acute ligamentous repair 
without evidence of fracture. Good-to-excellent results are 
possible without acute ligamentous repair; however, syndes- 
mosis and mortise widening should be treated operatively 
if présent. (For discussion of acute fractures of the ankle, 
see Chapter 54; of malunited fractures of the ankle, see 
Chapter 58; and of ruptures of the ligaments of the ankle, 
see Chapter 89.) 

PATELLA 

ACUTE DISLOCATIONS OF THE PATELLA 

Acute dislocations of the patella are usually managed by 
closed methods (Fig. 60-1). The patella is almost always dis- 
located laterally, and extension of the flexed knee with pres¬ 
sure applied to the latéral margin of the patella results in 
réduction. The limb is immobilized in a knee immobilizer 
until symptoms résolve, then motion and a Palumbo brace 
are encouraged for 3 to 6 weeks to promote the formation of 
strong collagen along the lines of stress. Radiographs should 
be evaluated carefully to ensure that no osteochondral frag¬ 
ments are displaced within the joint. If a hemarthrosis is 
présent, MRI is warranted to check for osteochondral frag¬ 
ments. One study demonstrated articular cartilage injury in 
94% of patients; 72% had an osteochondral or chondral frac¬ 
ture, and 23% had patellar microfractures. 

An MRI study by Balcarek et al. identified either a com¬ 
plété or partial tear of the médial patellofemoral ligament in 
most patients (98%) after an acute latéral patellar dislocation. 
The fémoral origin was most frequently affected (50%), fol- 
lowed by the midsubstance (10%), and patellofemoral origin 
(10%). More than one site of injury was found in 22%. In their 
subgroup analysis, patellar height and trochlear facet asym- 
metry were significantly different on MRI in patients with 
patellar or fémoral origin injury (or both) compared with 
patients in an age-matched control group, but no significant 
différences were noted in patients with solely a midsubstance 


injury. In addition, the tibial tuberosity-trochlear groove dis¬ 
tance in the patellar origin injury subgroup was significantly 
greater compared with the other subgroups (fémoral origin, 
patellar and fémoral origin, midsubstance, and control). 

Because the sites of injury of the médial patellofemoral 
ligament may differ, treating the spécifie pathology is critical. 
Whereas a direct repair may be adéquate for a lésion at the 
fémoral or patellar origin, it may not be for a combined tear. 
Furthermore, direct repair is satisfactory only if the ligament 
is otherwise intact. If ligament quality is poor, or there is a 
combined tear, a reconstruction may be more appropriate. 

Sufhcient evidence does not exist to advocate surgical 
intervention for primary patellar dislocations. After a second 
dislocation there is a much higher dislocation rate (49%), and 
surgical intervention may be considered. 

Good or excellent results hâve been reported in 75% of 
nonoperatively treated knees and 66% of operatively treated 
knees in one study. Récurrent dislocation occurred in 71% of 
nonoperatively treated knees and in 67% of operatively 
treated knees. Fifty-two percent of patients had their first 
redislocation within 2 years after the primary injury. The 
patient should be warned of the possibility of future épisodes 
of récurrent patellar subluxation or dislocation. 

In most patients, the long-term subjective and func- 
tional results after acute patellar dislocation are satisfactory. 
Initial operative repair of the médial structures combined 
with latéral release has not been shown to improve the long- 
term outcome, despite the very high rate of récurrent insta- 
bility. Routine repair of the torn médial stabilizing soft 
tissues in acute patellar dislocation is not recommended in 
children or adolescents. However, one study found only a 
31% success rate with nonoperative treatment in patients 
who were skeletally immature and had trochlear dysplasia. 
Therefore operative intervention may be indicated in certain 
populations. 

Arthroscopic techniques for the repair of the médial 
patellar retinaculum after acute patellar dislocations hâve 
been described, but we prefer the open method at our institu¬ 
tion if repair is indicated (Fig. 60-2). 



FIGURE 


Patellar dislocation. A f Anteroposterior view. B, Sunrise view. 
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OPEN REDUCTION AND REPAIR OF 
PATELLAR DISLOCATION 


TECHNIQUE 60-1 


■ Through a médial parapatellar incision, explore the tear 
in the médial patellar retinaculum. 

■ Irrigate and explore the knee joint. Remove or fix any 
loose osteochondral fragments and make a thorough 
search for any further loose fragments or intraarticular 
damage to the joint. 

■ Repair any disruption in the vastus medialis muscle belly 
or in the médial patellar retinaculum. 

■ Pay careful attention to that portion of the vastus medialis 
that originates in the région of the fémoral adductor 
tubercle. If thisorigin hasbeen disrupted and has retracted 


proximally, the angle of insertion of the vastus medialis 
muscle fibers into the patella is significantly changed. 
These fibers are vital to the prévention of récurrent latéral 
dislocation of the patella. 

■ A latéral release may be performed if indicated. 

■Close the wound in layers and apply a knee 
immobilizer. 

POSTOPERATIVE CARE. The limb is immobilized in a 
knee immobilizer for 10 to 14 days. Early range of motion 
is begun to prevent arthrofibrosis and to promote the 
formation of strong collagen along the lines of stress. A 
Palumbo-type brace is added at 2 weeks. Crutches are 
discontinued when control of the limb is regained and 
limping is no longer a problem. Quadriceps strengthening 
is continued for 3 to 4 months, and strength can be 
documented objectively. We allow return to full activity 
(sports) when quadriceps strength reaches 90% of the 
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S uninvolved side. Walking on crutches with weight bearing 
to tolérance is begun during the first week. The crutches 
are discontinued when full weight bearing can be toler- 
ated. Appropriate réhabilitation of the musculature of the 
extremity is essential. Stiff-legged résistance exercises 
with weights, followed by short-arc knee extension exer¬ 
cises, are recommended. A full range of motion of the 
knee against résistance during early réhabilitation places 
excessive forces on the pâte I lofe moral joint and should 
be avoided. 


GRAFTING OF THE MEDIAL PATELLAR 
RETINACULUM 


TECHNIQUE 60-2 


■ Préparé a semitendinosus autologous graft or allograft. 

■ Center the skin incision between the médial edge of the 
patella and adductor tubercle. 

■ Identify the extensor retinaculum. 

■ Make a small incision at the médial edge of the patella 
and just distal to the adductor tubercle. 

■ Using a hemostat, pass the graft through a tunnel 
between the capsule and retinaculum. 

■ Secure the graft to the fémur using suture, interférence 
screw, or a suture anchor. The attachment site for the 
médial patellofemoral ligament can be found radiograph- 
ically just anterior to the intersection of the posterior 
fémoral cortical line and Blumensaat's line on a latéral 
radiograph. 

■ After cycling the knee to ensure correct isometry, attach 
the graft to the patella with an interférence screw or 
suture anchor. 

■ Repair the retinaculum with figure-of-eight sutures. 

■ Close the wound in layers and apply a controlled-motion 
knee brace. 

POSTOPERATIVE CARE. The limb is immobilized in 30 
degrees of flexion for the first 2 weeks. Motion is gradu- 
ally increased under supervision, and the brace is locked 
in full extension for ambulation for 6 weeks. Otherwise, 
the réhabilitation protocol is the same as after repair. 



Intraarticular horizontal dislocation of patella. 
Quadriceps mechanism usually remains intact. (From Brady TA, 
Russell D: Interarticular horizontal dislocation of the patella: a case 
report, J Bone Joint Surg 47A:1393, 1965.) 


generally is required, along with repair of the extensor 
mechanism. 


OPEN REDUCTION AND REPAIR OF 
THE EXTENSOR MECHANISM 


TECHNIQUE 60-3 


■ Through a médial parapatellar incision, expose the dislo- 
cated patella, usually found in the intercondylar notch. 

■ Replace the patella into its bed in the quadriceps or patel- 
lar tendon and reattach it there with sutures. Placing the 
sutures through holes drilled in the patella may help 
secure the repair. 

■ Inspect the knee and remove any loose osteochondral or 
cartilaginous fragments. 

■ Close the wound in layers. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that for repair of acute latéral dislocation of the patella. 


INTRAARTICULAR DISLOCATIONS OF THE 
PATELLA 

Intraarticular dislocations of the patella are rare and are of 
two types. The most common type is a horizontal intraarticu¬ 
lar dislocation of the patella with detachment of the quadri¬ 
ceps tendon; the articular surface of the patella is directed 
toward the tibial articular surface (Fig. 60-3). In the other 
type, the patella also is dislocated horizontally, but its inferior 
pôle is detached from the patellar tendon and the articular 
surface faces proximally. These dislocations are frequently 
difficult to reduce by closed methods, and open réduction 


KNEE 

Dislocation of the knee has been considered a rare injury, but 
it seems to hâve increased in frequency over the years. It has 
been noted that the incidence might be higher than recog- 
nized because many knee dislocations are reduced at the 
scene of the injury without subséquent accurate reporting of 
this diagnosis (Fig. 60-4). 

Knee dislocations are designated as anterior, posterior, 
médial, latéral, or rotary, according to the displacement of the 
tibia in relation to the fémur. Rotary dislocations are desig¬ 
nated further as anteromedial, antérolatéral, posteromedial, 
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FIGURE 6C 


rior dislocation. 


Knee dislocation. A f Latéral dislocation. B f Ante- 


or postérolatéral. Knee dislocations are true orthopaedic 
emergencies. Reported sériés hâve emphasized the extensive 
ligamentous damage and potential for vascular complications 
associated with these injuries. Prompt évaluation and early 
repair of any vascular damage in the injured extremity is 
universally recommended. 

The incidence of vascular injuries in knee dislocations has 
been reported to range from 0% to 40%. Some centers use 
ankle-brachial indices to assess for vascular injury, but we 
recommend an arteriogram if the dislocation required réduc¬ 
tion. When there is doubt concerning an injury to the popli- 
teal artery, a thorough évaluation, including arteriography 
and early surgical exploration, is mandatory. Continuée! 
observation in anticipation of improvement offen leads to 
disaster. The amputation rate is approximately 11% if vascular 
repair is done within 6 hours, and this increases to 86% if 
repair is delayed beyond this time period. 

Nerve injuries occur in 16% to 43% of dislocations of the 
knee. The peroneal nerve is injured most offen, and the prog- 
nosis for return of function affer injury is guarded; perma¬ 
nent damage offen results. 

Knee dislocations can usually be reduced satisfactorily by 
closed methods. Affer réduction and in the absence of addi- 
tional complications, aspiration of the hemarthrosis using 
stérile technique and immobilizing the knee in full extension 
are satisfactory temporary treatments. The neurocirculatory 
status should be checked frequently for 5 to 7 days. A large 
transarticular pin can be placed through the intercondylar 
notch of the fémur into the intercondylar eminence of the 
tibia to provide immédiate stability for knees that redislocate 
in a splint or affer vascular repair (Fig. 60-5). Transarticular 
pins hâve been associated with pin track infection and break- 
age and should be used with caution. We hâve found a tran¬ 
sarticular pin to be useful when the posterior capsule is 
completely disrupted, preventing concentric réduction in full 
extension. The pin is leff in place for 4 to 6 weeks, and range 
of motion is begun. A knee-spanning external fixator can be 
used in open knee dislocations with extensive soff-tissue 
injury or in unstable knees affer vascular repair. When it is 
certain that the circulation is not impaired, treatment can be 
selected for repair of the injured ligaments, as discussed in 
Chapter 45. Closed réduction may be impossible, however, 
especially when the dislocation is postérolatéral. Blocking of 



Radiograph showing transarticular pins. 
A f Anteroposterior view. B f Latéral view. 


réduction by the interposition of the joint capsule and “but- 
tonholing” of the fémoral condyle medially through a tear in 
the capsule hâve been reported. A torn tibial collateral liga¬ 
ment or pes anserinus tendon also can block réduction. 
When an irreducible dislocation is encountered, open réduc¬ 
tion through a médial approach offen is necessary; however, 
the approach usually dépends on the type of dislocation. The 
entrapping and torn structures are released and repaired, and 
the postoperative care is the same as for ligamentous injuries 
(see Chapter 45). 

In complété knee dislocations, both cruciate ligaments 
usually are torn. In addition, the latéral or médial collateral 
ligament usually is completely disrupted. The decision to 
repair the ligaments surgically is affected by the presence of 
any other skeletal injuries, vascular déficits, or open wounds. 
If possible, the ligaments should be repaired or reconstructed 
early because early ligament repair has been shown to hâve 
more satisfactory long-term results than cast immobilization 
alone. If repair is impossible, however, such as in injuries 
requiring vascular repair or in injuries associated with large, 
open wounds, satisfactory results can be obtained by nonsur- 
gical management. A long leg splint is applied and worn for 
approximately 2 weeks. Range of motion in a brace is then 
initiated. Patients who are not selected for surgical repair 
because of âge, activity, or other coexistent pathology usually 
hâve stiffness rather than instability as a long-term problem. 

Several surgeons hâve advocated early repair of ail injured 
structures in order to obtain satisfactory outcomes. Only fair 
or poor results can be expected with nonoperative treatment. 
When open treatment is selected, the surgeon must be pre- 
pared to repair structures medially, laterally, anteriorly, and 
posteriorly as indicated. MRI can be a valuable tool in preop- 
erative planning. Techniques for repair and reconstruction of 
the ligaments are found in Chapters 45 and 51. 

Many dislocations resuit in avulsions, rather than mid- 
substance tears, of collateral or cruciate ligaments. This is 
particularly helpful in cruciate tears because primary repair 
of these structures is inferior to reconstruction, whereas 
replacement of avulsed bone and secure fixation can lead to 
acceptable results. Postérolatéral corner injuries are particu¬ 
larly worrisome and should be treated early (2 to 3 weeks) to 
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avoid having to perforai less rewarding reconstructive proce¬ 
dures that become necessary thereafter. 

After stabilization of the patient and diligent neurovascu- 
lar évaluation, we prefer to operate on these injuries within 
the first 3 weeks depending on which ligaments are involved, 
as discussed previously. Knees without postérolatéral corner 
involvement can be treated when range of motion of 0 to 90 
degrees is restored. 

PROXIMAL TIBIOFIBULAR JOINT 

Acute dislocation of the proximal tibiofibular joint is rare 
(Fig. 60-6). It is usually the resuit of a twisting trauma and 
may be seen in association with other injuries to the same 
extremity. Patients usually présent with pain and a promi- 
nence in the latéral aspect of the knee. Injuries of the proxi¬ 
mal tibiofibular joint frequently are overlooked. Patients with 
chronic dislocations or subluxation complain of popping and 
instability, which can be confused with a latéral meniscus 
injury. The proximal tibiofibular joint can be oblique or hori¬ 
zontal (Fig. 60-7). More motion is possible in horizontal 
joints, and the relative restriction of motion in oblique joints 
is presumably the reason why most injuries occur in them. 

Ogden classified tibiofibular subluxations and disloca¬ 
tions into four types (Fig. 60-8): subluxation and antérolat¬ 
éral, posteromedial, and superior dislocations. Keogh et al. 



A and B f Acute dislocation of proximal tibio¬ 
fibular joint. C and D f After closed réduction. Note change in 
position of fibular head in both views. (From Stewart MJ: Unusual 
athletic injuries, Instr Course Lect 17:377, 1960.) 


concluded after a cadaver study that the diagnosis of sus- 
pected dislocations of the proximal tibiofibular joint was best 
determined with an axial CT scan (Fig. 60-9). 

Subluxation of the proximal tibiofibular joint is a recur- 
ring problem and is associated with pain and generalized 
joint hypermobility. Rarely, peroneal nerve déficits are 
présent. If the symptoms fail to respond to cylinder cast 
immobilization, resection of the fibular head is recom- 
mended. Arthrodesis of the joint is discouraged because of 
its relationship to ankle motion and the potential for late, 
painful complaints referable to the ankle. 

Antérolatéral dislocations (see Fig. 60-6) were the most 
common proximal tibiofibular dislocations in Ogdens sériés. 
They usually were treated successfully by closed methods. 

Posteromedial proximal tibiofibular dislocations are rela- 
tively uncommon. These are difficult to reduce and are usually 
associated with disruptions of the tibiofibular capsular liga¬ 
ments and the latéral collateral ligament. When the disloca¬ 
tion is acute, open réduction is recommended with repair of 
the torn ligaments and lag screw fixation. 

Superior dislocation of the proximal tibiofibular joint is 
also rare and is frequently associated with a fracture of the 
fibula or proximal dislocation of the latéral malleolus. If open 
réduction is necessary, the leg is immobilized in a long leg 
cast after surgery to prevent ankle motion and motion at the 
proximal joint. Immobilization of the knee in slight flexion 
should also relax the pull of the biceps femoris on the fibular 
head. Crutches are used until the long cast is removed at 3 
weeks. A short leg walking cast is then applied. 

HIP 

The hip joint is inherently stable, and hip dislocations are 
generally produced by high-energy trauma. Often they are 
associated with multiple injuries to different organ Systems. 
Motor vehicle accidents remain the most common mecha- 
nism of hip dislocation, followed by falls from a height, 
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Ogden classification of disruptions of proximal tibiofibular joint. 



Axial CT scan of cadaver knee. A f Anatomie. B f Dislocated anteriorly. C f Dislocated posteriorly. (From Keogh P, Masterson 
E, Murphy B, et al: The rôle of radiography and computed tomography in the diagnosis of acute dislocation of the proximal tibiofibular joint, Br J 
Radiol 66:108, 1993.) 


industrial accidents, and, more rarely, sports such as football 
or wrestling. Posterior dislocations occur much more fre- 
quently than anterior dislocations and resuit from a posteri¬ 
orly directed force to the flexed knee with the hip also in a 
flexed position. Lesser degrees of hip flexion and increasing 
amounts of hip abduction with similarly applied force often 
resuit in an acetabular fracture. Anterior dislocations are 
caused by an abduction and external rotation force to the 
affected limb. 

Patients with an isolated posterior hip dislocation présent 
with hip flexion, adduction, internai rotation, and a short- 
ened extremity. Anterior dislocations cause the leg to be held 
in a position of abduction and external rotation. Although 
isolated hip dislocations are easily recognized, associated 


lower extremity injuries may distract the examining physi- 
cian from an ipsilateral hip dislocation or may alter the classic 
position of the dislocated hip. As in any orthopaedic injury, 
careful physical examination is crucial, with particular atten¬ 
tion paid to associated sciatic nerve or ipsilateral knee 
injuries. 

Radiographie assessment of patients with a hip disloca¬ 
tion should include an anteroposterior view of the pelvis 
before réduction and is repeated after réduction, along with 
a 45-degree oblique Judet view of the pelvis. CT of the pelvis 
with 3-mm cuts and bone Windows is also recommended 
after réduction to rule out associated fémoral head or acetab¬ 
ular fractures and incarcerated intraarticular fragments and 
to assess joint congruency. Patients with persistent pain or 
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mechanical symptoms with négative plain radiographs or 
computed tomography may benefit from further workup; a 
93% incidence of labral tears has been reported. Magnetic 
résonance imaging or arthrography has been shown to hâve 
an accuracy of 91% in one study; however, in that particular 
study, 15% of patients had loose bodies not detected on 
imaging. Arthroscopy is indicated as a diagnostic tool when 
imaging is equivocal. 

Hip dislocations are classified according to the position 
of the fémoral head in relation to the acetabulum and accord¬ 
ing to associated fractures of the acetabulum and proximal 
fémur. Posterior dislocations hâve been classified by Thomp¬ 
son and Epstein into five types: type I, with or without a 
minor fracture; type II, with a large single fracture of the 
posterior acetabular rim; type III, with a comminuted frac¬ 
ture of the rim of the acetabulum, with or without a major 
fragment; type IV, with fracture of the acetabular rim and 
floor; and type V, with fracture of the fémoral head. Types II 
through IV with significant associated acetabular fractures 
are discussed in Chapter 56, and fémoral head fractures are 
discussed in Chapter 55. 

Anterior dislocations hâve also been classified by Epstein 
as foliows: 

1. Pubic (superior) 

■ With no fracture (simple) 

■ With fracture of the head of the fémur 

■ With fracture of the acetabulum 

2. Obturator (inferior) (Fig. 60-10) 

■ With no fracture (simple) 

■ With fracture of the head of the fémur 

■ With fracture of the acetabulum 

The term central dislocation historically referred to a médial 
position of the fémoral head after a fracture involving the 
médial wall of the acetabulum of varying types. This subtype 
is not very descriptive and may be more accurately discussed 
in terms of the underlying acetabular fracture. 

A hip dislocation constitutes an orthopaedic emergency 
because delaying its réduction increases the risk of osteone- 
crosis of the fémoral head. Hougaard and Thomsen recom- 
mended réduction within 6 hours of the injury. They reported 
an osteonecrosis rate of 4.8% if réduction occurred within 6 
hours of injury compared with 53% if réduction was delayed 
for more than 6 hours after injury. When the initial trauma 



FIGURE 


Bilateral obturator dislocations of hip. 


survey has been made, and life-threatening injuries hâve been 
stabilized, the dislocated hip takes precedence over any other 
orthopaedic injury. Closed réduction of the hip should ini- 
tially be attempted in the emergency department under intra- 
venous sédation or general anesthésia, if readily available. If 
other injuries require emergency operative intervention, the 
initial hip réduction can be performed in the operating room. 

The following guidelines for treatment refer to hip dislo¬ 
cations without significant associated fémoral head or acetab¬ 
ular fractures (Thompson and Epstein type I). Several 
methods of closed réduction hâve been used successfully, ail 
of which generally consist of re-creating the injurious deform- 
ing force (for posterior dislocations—flexion, adduction, and 
internai rotation; for anterior dislocations—abduction and 
external rotation in extension). Traction in line with the 
affected fémur and small amounts of rotation and abduction 
and adduction complété the réduction. The Allis maneuver is 
performed for posterior dislocations as previously described 
with the patient supine, whereas the Stimson maneuver is 
similarly performed with the patient prone (Fig. 60-11). 
Other réduction techniques involve levering the affected limb 
at the ankle over a fulcrum (Figs. 60-12 and 60-13). Regard- 
less of the method chosen, only two or three attempts should 
be made at closed réduction. Multiple, increasingly forcible 
attempts at réduction could lead to an iatrogénie fémoral 
head, neck, or shaff fracture or cartilaginous injury to the 
fémoral head or acetabulum. 

Failed closed réduction of the hip can be caused by “but- 
tonholing” of the fémoral head through the capsule, inversion 
of the labrum, or interposition of the piriformis into the 
acetabulum. Incarcerated bone fragments from the fémoral 
head or acetabulum or displaced, unstable acetabular frac¬ 
tures that cannot completely contain the dislocated fémoral 
head can cause hip incongruity. If closed réduction fails, 
anteroposterior and Judet views and a CT scan of the pelvis 
should be obtained quickly to assess the interposed structure. 
If the hip is reduced incongruently, skeletal traction with the 
fémoral head slightly distracted is necessary to avoid further 
cartilaginous injury until surgery can be done. If the hip is 
irreducible by closed means, open réduction of the hip should 
be done immediately. Associated fémoral head or acetabular 
fractures can wait a few days for definitive treatment. 

The hip approach used is generally determined by the 
direction of the dislocation. Posterior dislocations are treated 
by the posterior Kocher-Langenbeck type of approach. Ante¬ 
rior dislocations can be reduced by the direct anterior 
approach of Smith-Petersen or by the antérolatéral or direct 
latéral approaches of Watson-Jones and Hardinge. The antéro¬ 
latéral and direct latéral approaches offer better access to the 
posterior capsule, if necessary, whereas the anterior approach 
may offer a better view of fémoral head fractures. 


OPEN REDUCTION OF HIP 
DISLOCATION 


TECHNIQUE 60-4 


■ Regardless of the direction of the dislocation, when the 
approach has been made, assess the capsule first. 
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Lefkowitz maneuver using physician's knee as 
a fulcrum for affected limb. Left hand levers the ipsilateral ankle 
and Controls rotation. 


■ If the fémoral head is buttonholed, extend the traumatic 
capsulotomy in a T-shaped fashion along the acetabular 
rim, carefully preserving the labrum, if possible. 

■ Inspect the joint for intervening capsule, labrum, pirifor- 
mis muscle, or bony fragments. 

■ If necessary, retract or distract the hip manually or with 
skeletal traction applied through a fracture table or 
fémoral distractor for better assessment of the joint. 

■ When the joint has been cleared of débris, reduce the hip 
joint by releasing the traction. 

■ Repair the capsule along with the labrum. 

■ Close the wound routinely for the chosen approach. 

POSTOPERATIVE CARE. Gait training is begun when 
the patient regains control of the affected limb. Some 
authors hâve advocated postoperative traction and pro- 
tected weight bearing to decrease the incidence of 
fémoral head collapse from osteonecrosis. The benefits 
of these measures hâve not been proven. Patients are 
advised to avoid putting the hip in the position of the 
dislocation, and hip abductor and flexor strengthening 




JŒP A f "East Baltimore lift" is shown with physician 
and assistante arms as fulcrum and ankle as lever. B f A second 
assistant stabilizes the pelvis. 


and gentle range-of-motion exercises are initiated. An 
abduction pillow is useful in the postoperative period in 
sedated and noncompliant patients with previous poste- 
rior dislocation. 


■ COMPLICATIONS 

Osteonecrosis has been reported to occur in 4% to 22% of hip 
dislocations without associated fémoral head or acetabular 
fracture (Fig. 60-14). Time to réduction plays a rôle in the 
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JJ Af Posterior dislocation of hip. B, Osteonecrosis 
of fémoral head 8 months after closed réduction. Note subchon- 
dral sclerosis, narrowed joint space, and fémoral head collapse. 


development of this complication because multiple studies 
hâve shown a direct corrélation between the time to réduc¬ 
tion and the prevalence of osteonecrosis. In the best of cir- 
cumstances, a percentage of patients develop avascular 
changes despite prompt réduction of a dislocated hip. Patients 
with posterior dislocations and multiple injuries are appar- 
ently at increased risk for the development of osteonecrosis. 
Most patients who develop osteonecrosis hâve symptoms 
within 2 years of injury, although late cases of osteonecrosis 
with radiographie changes delayed 5 years hâve been reported. 

Osteoarthritis is the most common complication after hip 
dislocation. Although a percentage results from osteonecro¬ 
sis, a significant number of patients develop osteoarthritic 
changes without radiographie signs of osteonecrosis. The 
radiographie distinction between these two entities can be 
difficult. Indentation fractures and transchondral fractures of 
the fémoral head larger than 4 mm hâve been associated with 
increased risk of osteoarthritis. 

Sciatic nerve palsy complicates simple posterior hip dis¬ 
location in 13% of patients. No neurologie sequelae hâve 
been reported after anterior hip dislocation. The peroneal 
portion of the sciatic nerve is more commonly affected than 
the tibial branch. The relationship of the peroneal distribu¬ 
tion to the piriformis muscle, tethering of the nerve at the 
sciatic notch and fibular neck, and the overall morphology 
of the peroneal division are possible explanations for its rel- 
atively increased risk. At least partial recovery of nerve 
function can be expected in approximately two thirds of 
patients. Significant controversy exists regarding the merits 
and timing of surgical exploration of the sciatic nerve after 
hip dislocation if closed réduction has been successfully 
performed and nerve function does not improve. Tornetta 
and Mostafavi recommended nerve exploration only if 
sciatic function was normal before réduction and deterio- 
rated after closed réduction of the hip. 

Récurrent instability occurs extremely rarely after hip 
dislocation without fracture and is caused by capsular or 
labral defects or capsular laxity. Capsular repair, labral 
repair, and bone block augmentation hâve been advocated 
for the surgical treatment of récurrent hip instability. Soft- 
tissue repair seems warranted initially with the addition of 
bony augmentation if acceptable stability cannot be shown 


intraoperatively after capsular or labral pathology has been 
treated. 

PUBIC SYMPHYSIS AND 
SACROILIAC JOINTS 

Dislocations involving the symphysis pubis and sacroiliac 
joints occur only with high-energy trauma. Considérable 
force is required to overcome the complex ligamentous struc¬ 
tures that provide stability to the adult pelvis. The relevant 
anatomy and appropriate diagnostic and treatment algo- 
rithms are included in Chapter 56. 

STERNOCLAVICULAR JOINT 

Traumatic dislocation of the sternoclavicular joint usually 
results from an indirect force on the anterior shoulder with 
the arm abducted. The most frequent of these injuries is the 
anterior dislocation in which the médial end of the clavicle is 
displaced anteriorly. Posterior or rétrosternal dislocations 
also occur. The sternoclavicular joint also can be dislocated 
congenitally and in developmental, degenerative, and inflam- 
matory processes. 

When traumatic dislocation is anterior, considérable pain 
and swelling and a prominent deformity over the dislocated 
joint occur. The anteriorly displaced clavicle may appear ele- 
vated in relation to the sternum or may remain depressed 
near the first rib, depending on the extent of ligamentous 
disruption. Acute anterior dislocations can usually be treated 
by nonoperative methods, but interposition of the joint 
capsule or the ligaments may cause the dislocation to be 
irreducible. If the joint remains dislocated, the médial end of 
the clavicle causes an unsightly prominence, but for sedentary 
patients, little disability is to be expected. 

Posterior dislocation of the sternoclavicular joint, as 
already mentioned, is less common. It can be a much more 
serious injury than the anterior dislocation, however, because 
the trachea, esophagus, thoracic duct, or large vessels in the 
mediastinum may be damaged by the posteriorly displaced 
médial end of the clavicle. The posteriorly displaced médial 
end of the clavicle can produce respiratory distress, venous 
congestion or arterial insufficiency, brachial plexus compres¬ 
sion, and myocardial conduction abnormalities. Occasion- 
ally, pressure on these structures makes the dislocation a true 
emergency. Whether the sternoclavicular joint subluxates or 
dislocates dépends on the extent of the injury to the capsular 
ligaments, the articular dise, the interclavicular ligament, 
and the costoclavicular (rhomboid) ligament. Rockwood 
stressed the importance and the frequency of injuries to the 
physis of the médial end of the clavicle that may appear to 
be a sternoclavicular dislocation in patients younger than 25 
years old. Groh et al. found that early récognition (<10 days) 
of posterior dislocations improves the probability of accom- 
plishing a closed réduction. When a closed réduction fails, 
they recommend open réduction. Closed and open réduc¬ 
tion both produced similar good or excellent results in 18 of 
21 patients. 

In addition to the physical examination and anteroposte- 
rior radiographs, tomograms and CT scans can be helpful in 
making a diagnosis. An apical lordotic view of the upper 
thorax centered over the sternum is usually diagnostic. In this 
view, the médial end of the clavicle is anterior or posterior to 
that of the normal clavicle on the opposite side. 
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For acute anterior sternoclavicular dislocations, Heinig 
recommended closed réduction after infiltrating the hema- 
toma with a local anesthetic. In this situation, a meticulous 
stérile technique must be used. With the patient supine and 
with a large sandbag between the scapulae, traction is applied 
to the affected extremity, and the arm is abducted and 
extended while pressure is applied downward over the dislo- 
cated end of the clavicle. When the dislocation is reduced, the 
joint may be unstable, and the decision must be made whether 
to accept a residual subluxation or perform an open réduc¬ 
tion and an internai fixation. In anterior dislocations, the 
deformity generally is accepted. If later instability is painful, 
ligament reconstruction (see Chapter 47) or resection of 
the médial end of the clavicle (see Chapter 61) may be 
indicated. 

If the sternoclavicular dislocation is posterior, the patient 
is placed supine with a large sandbag between the scapulae. 
Traction is applied to the affected extremity, and the arm is 
abducted and extended. The clavicle is grasped with the 
fingers or a stérile towel clip, and anterior traction is exerted 
to assist in réduction. If a towel clip is used, stérile préparation 
of the skin is carried out first. Buckerfield and Castle described 
a réduction maneuver consisting of traction on the affected 
arm with the shoulder in adduction while a posteriorly 
directed force is applied to the shoulder and distal clavicle. 
Most posterior dislocations are stable when reduced. After 
réduction, immobilization can be achieved with a figure-of- 
eight soft dressing, a commercially prepared clavicular strap, 
or a figure-of-eight plaster dressing for 4 weeks. Activities 
should be restricted for 6 weeks. If réduction of the posterior 
dislocation cannot be obtained by closed methods even with 
the patient under general anesthésia, open réduction is indi¬ 
cated because of the dangers of leaving the joint dislocated. 
Kennedy has recommended open réduction and ligament 
reconstruction because of the significant injury to the joint 
capsule, articular dise, and extraarticular ligaments. If open 
réduction is necessary, a surgeon with thoracic surgery expé¬ 
rience should be consulted. 

If open réduction is necessary, an attempt should be made 
to obtain stable fixation without the use of transarticular pins. 
Several deaths hâve been reported that resulted from the 
migration of Steinmann pins or Kirschner wires into the 
heart, pulmonary artery, innominate artery, or aorta. Occa- 
sionally, a whole pin migrâtes, or the pin breaks and parts of 
it may migrate. Reports suggest that the incidence of signifi¬ 
cant complications may approach 25% after sternoclavicular 
procedures. Waters et al. advocated suture stabilization of 
costoclavicular and sternoclavicular ligaments for unstable 
réductions. Such considérations imply that surgical treatment 
should be reserved for irreducible posterior sternoclavicular 
dislocations and for significantly symptomatic, old, unre- 
duced, or récurrent anterior sternoclavicular dislocations. If 
open réduction is required, the approach as described for old, 
unreduced (see Chapter 47) and récurrent (see Chapter 61) 
sternoclavicular dislocations can be modified. 


ACROMIOCLAVICULAR JOINT 

ETIOLOGY AND CLASSIFICATION 

Injuries to the acromioclavicular joint are usually the resuit 
of a force applied downward on the acromion. The most 



D ' s l° ca fi on °f clavicle often causes tears in cla¬ 
vicular attachments of deltoid and trapezius muscles. 


common mechanism of injury is a fall directly onto the dôme 
of the shoulder. The clavicle rests against the first rib, and the 
rib blocks further downward displacement of the clavicle. As 
a resuit, if the clavicle is not fractured, the acromioclavicular 
and coracoclavicular ligaments are ruptured. Injuries to the 
other structures in this area may include tears in the clavicu¬ 
lar attachments of the deltoid and trapezius muscles (Fig. 
60-15); fractures of the acromion, clavicle, and coracoid; dis- 
ruption of the acromioclavicular fibrocartilage; and fractures 
of the articular cartilage of the acromioclavicular joint. 

The severity of any superior or posterior displacement of 
the clavicle is determined by the severity of injury to the 
acromioclavicular and coraco clavicular ligaments, the acro¬ 
mioclavicular joint capsule, and the trapezius and deltoid 
muscles. In cadaver dissections, Rosenorn and Pedersen 
found that if the acromioclavicular ligament, the joint capsule, 
and these muscles were eut, proximal displacement of the 
clavicle ranged from 0.5 to 1.0 cm. More importantly, consid¬ 
érable anteroposterior instability was also présent when the 
acromioclavicular ligament and joint capsule were sectioned. 
If, in addition to these structures, the coracoclavicular liga¬ 
ments were also divided, the superior clavicular displacement 
ranged from 1.5 to 2.5 cm. Horn noted the clinical associa¬ 
tion of tears or avulsions of the deltoid and trapezius muscles 
with tears of the acromioclavicular and coracoclavicular 
ligaments. 

Although many surgeons still use three grades of severity 
of séparation, Rockwood and others subclassify these injuries 
further into types I through VI (Fig. 60-16). Type I injuries 
resuit from minor strains of the acromioclavicular ligament 
and joint capsule. The acromioclavicular joint is stable, and 
pain is minimal. Although radiographs initially may be néga¬ 
tive, periosteal calcification at the distal end of the clavicle 
may be apparent later. More significant forces cause type II, 
and the acromioclavicular ligament and the joint capsule are 
ruptured. The coracoclavicular ligaments remain intact. In 
this instance, the acromioclavicular joint is unstable. This 
instability, especially in the anteroposterior plane, causes 
deformity, and on radiographs, the latéral end of the clavicle 
may ride higher than the acromion, usually by less than 
the thickness of the clavicle even when stress is applied to the 
joint. Considérable pain and tenderness are présent over the 
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Type V Type VI 


jJjJÜJ Rockwood classification of acromioclavicular 
injuries. Type I: neither acromioclavicular nor coracoclavicular 
ligaments are disrupted. Type II: acromioclavicular ligament is 
disrupted, and coracoclavicular ligament is intact. Type III: both 
ligaments are disrupted. Type IV: ligaments are disrupted, and 
distal end of clavicle is displaced posteriorly into or through tra- 
pezius muscle. Type V: ligaments and muscle attachments are 
disrupted, and clavicle and acromion are widely separated. Type 
VI: ligaments are disrupted, and distal clavicle is dislocated infe- 
rior to coracoid process and posterior to biceps and coracobra- 
chialis tendons. 


acromioclavicular joint, but stress radiographs are necessary 
to assess the degree of instability after these injuries. Injuries 
that resuit from a force sufficient to rupture the acromiocla¬ 
vicular and coracoclavicular ligaments hâve been considered 
grade III injuries. 

Besides types I and II, Rockwood described types III, IV, 
V, and VI injuries. Type III injuries consist of disruption of 
the acromioclavicular and coracoclavicular ligaments and the 
distal clavicular attachment of the deltoid muscle. The distal 
clavicle is above the acromion by at least the thickness of the 
clavicle. Traditionally, this élévation of the clavicle has been 
attributed to the pull of the trapezius muscle; however, Rock¬ 
wood suggested that the scapula, including the glenohumeral 
joint, is depressed, rather than the clavicle being elevated, 
creating the gap between the clavicle and the acromion. In 
type IV injuries, the same structures are disrupted as in grade 


III injuries. The distal clavicle is displaced posteriorly into or 
through the trapezius muscle. In type V injuries, the distal 
attachments of the deltoid and trapezius to the clavicle are 
detached from the distal half of the clavicle. The acromiocla¬ 
vicular joint is displaced 100% to 300%, and a gross sépara¬ 
tion between the clavicle and the acromion is présent. Type 
VI injuries are rare and are caused by extreme abduction that 
tears the acromioclavicular and coracoclavicular ligaments. 
The distal clavicle is displaced under the coracoid and behind 
the conjoined tendons. 

MRI may play a rôle in the treatment of this injury. In 
one sériés, 30% of patients had a concomitant injury that 
needed surgical treatment at the time of acromioclavicular 
joint repair or reconstruction. 

CLINICAL FINDINGS 

In addition to the physical findings of pain, swelling, and an 
unstable acromioclavicular joint with a mobile distal clavicle, 
radiographs are helpful in assessing the degree of injury. If 
the acromioclavicular ligament has been torn, and the cora¬ 
coclavicular ligaments are intact, anteroposterior instability 
is the usual finding. Widening of the acromioclavicular joint 
is noted in the anteroposterior projection in these grade II 
injuries. Further instability in the acromioclavicular joint is 
detected by suspending 10 to 15 lb (4.5 to 6.8 kg) of weights 
to both of the patients wrists. If possible, the weights should 
be tied to the wrists to avoid having the patient hold them; 
this allows the upper extremity muscles to relax completely. 
With the patient standing erect, anteroposterior radiographs 
are made of each acromioclavicular joint, and the two sides 
are compared. In significant subluxations, the latéral end of 
the clavicle is displaced superiorly, or the scapula and arm are 
displaced inferiorly, more than one half the thickness of the 
clavicle. In dislocations, the distal clavicle is displaced a dis¬ 
tance that is equal to or more than its thickness (Fig. 60-17). 

TREATMENT 

Type I injuries are satisfactorily treated nonsurgically. This 
usually includes application of ice, use of mild analgésies, 
immobilization with a sling, early range-of-motion exercises, 
and reinstitution of activities when comfort permits. Most 
surgeons agréé that type II injuries should be treated similarly 
unless significant instability is observed. If the distal clavicle 
is displaced no more than one half of its thickness, strapping, 
splinting, or immobilization with a sling for 2 to 3 weeks is 
usually successful. Six weeks usually must pass, however, 
before heavy lifting or contact sports can be resumed. Treat¬ 
ment of type III injuries has become less controversial in 
recent years. Isokinetic testing after nonsurgical treatment of 
acromioclavicular dislocation has revealed that strength and 
endurance are comparable on the affected and uninjured 
sides. Most patients hâve no difficulty with activities of daily 
living, but athlètes occasionally report pain with contact 
sports and throwing. At this clinic, we generally treat ail type 
III acromioclavicular joint séparations nonoperatively ini- 
tially with late reconstruction if necessary. In types IV, V, and 
VI injuries, most authors agréé that the displacement of the 
acromioclavicular joint would be too great to accept and that 
open réduction and internai fixation are indicated. 

It has been suggested that conservative treatment 
fails chiefly because of the interposition of the articular 
dise, frayed capsular ligaments, and fragments of articular 
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Stress views of acromioclavicular dislocation. 
A f Without weights. B f With weights. 


cartilage between the acromion and the clavicle. The disad- 
vantages of nonsurgical treatment by strapping, bracing, or 
splinting techniques include: (1) skin pressure and ulcération, 
(2) récurrence of deformity, (3) necessity of wearing the sling 
or brace for 8 weeks, (4) poor patient coopération, (5) inter¬ 
férence with activities of daily living, (6) loss of shoulder and 
elbow motion (in older patients), (7) soff-tissue calcification, 
(8) late acromioclavicular arthritis, and (9) late muscle 
atrophy, weakness, and fatigue. The avoidance of a surgical 
procedure is a major advantage of closed methods, and, when 
successful, closed techniques usually resuit in a stable joint 
and satisfactory function in the shoulder. To prevent possible 
complications, however, close observation on a regular basis 
is necessary and complété patient coopération is essential. 

The difficulties and problems associated with surgical 
methods include: (1) infection, (2) anesthetic risk, (3) hema- 
toma formation, (4) scar formation, (5) récurrence of 
deformity, (6) métal breakage, migration, and loosening, 
(7) breakage or loosening of sutures, (8) érosion or fracture 
of the distal clavicle, (9) postoperative pain and limitation of 
motion, (10) second procedure required for removal of 
fixation, (11) late acromioclavicular arthritis, and (12) soff- 
tissue calcification (usually insignificant). Surgical treatment 


CHAPTER 60 ACUTE DISLOCATIONS ^ 

permits inspection of the injury to the joint and removal of 
any fracture fragments or other obstructions to réduction. It 
also permits an anatomie réduction and secure fixation that 
usually allows the resumption of shoulder motion earlier than 
is possible with closed techniques. 

Many different procedures hâve been devised for the sur¬ 
gical treatment of dislocations of the acromioclavicular joint. 
They can be divided into five major categories: (1) acromio¬ 
clavicular réduction and fixation; (2) acromioclavicular 
réduction, coracoclavicular ligament repair, and coracocla- 
vicular fixation; (3) a combination of the first two categories; 

(4) distal clavicle excision; and (5) muscle transfers. 

Acromioclavicular réduction and transarticular wire fixa¬ 
tion, usually with smooth or threaded Kirschner wires, has 
been used. Acromioclavicular réduction with acromiocla¬ 
vicular repair or reconstruction and coracoclavicular fixation 
with coracoclavicular ligament repair or reconstruction also 
has been reported. Coracoclavicular fixation with heavy non- 
absorbable suture and transfer of the coracoacromial liga¬ 
ment to the distal clavicle resulted in 89% satisfactory results 
in a study by Weinstein et al. These researchers also found 
that early repairs were more likely to hâve more satisfactory 
results than late reconstructions, and this was statistically 
significant. The superior acromioclavicular ligament can be 
repaired directly or can be reconstructed with the coracoac¬ 
romial ligament or free tendon graffs. The coracoclavicular 
ligaments can also be repaired directly when they are not too 
frayed; they hâve been reconstructed using fascia lata, free 
tendon graffs, the coracoacromial ligament, and transfer of 
the tendon of the long head of the biceps. 

Coracoclavicular fixation devices dépend on an intact 
coracoid process and hâve included single and double wire 
loops, screws, nonabsorbable sutures, metallic and bioab¬ 
sorbable suture anchors, and bone graffs. Coracoclavicular 
bone graffing créâtes an extraarticular acromioclavicular 
arthrodesis and reportedly results in no significant restriction 
of shoulder motion. We hâve had little expérience with this 
procedure. 

Resection of the latéral or distal end of the clavicle has 
been proposed for the treatment of acute and old acromio¬ 
clavicular dislocations. If the coracoclavicular ligaments are 
disrupted, they must be repaired or reconstructed; internai 
fixation is required, either across the acromioclavicular defect 
or between the coracoid and the clavicle. Dewar and Bar- 
rington described transfer of the coracoid to the clavicle to 
hold the latéral end of the bone in position. This technique 
can be combined with resection of the latéral end of the 
clavicle (see Chapter 47). 

Our preferred method for treating acromioclavicular 
joint dislocations is a technique described by Mazzocca et al. 

It is an anatomie reconstruction of both the conoid and trap- 
ezoid ligaments. This procedure alleviates concerns over 
implant migration, inadéquate acromioclavicular ligaments 
for repair, and nonanatomic positioning. Distal clavicular 
resection is performed routinely to correct altered acromio¬ 
clavicular joint biomechanics. Autologous semitendinosus 
graff is preferred, and the reconstruction is augmented pref- 
erably with suture tape. Biomechanical studies by Mazzocca 
et al. demonstrated superior fixation using this technique 
compared with pin fixation or repair. This technique also can 
be used for unstable distal clavicular fractures through appro- 
priate drill holes in the clavicle. 
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Any surgical procedure for acromioclavicular dislocation 
should fulfill three requirements: (1) the acromioclavicular 
joint must be exposed and debrided; (2) the coracoclavicular 
and acromioclavicular ligaments must be repaired or recon- 
structed; and (3) stable réduction of the acromioclavicular 
joint must be obtained. Procedures that accomplish these 
three goals, no matter how the joint is fixed, should produce 
acceptable results. 

Most of the procedures that reduce and fix the acromio¬ 
clavicular joint should be reserved for patients younger than 
45 years old. DePalmas anatomie dissections and studies 
suggest that early degenerative changes are developing in the 
acromioclavicular joint by the third decade and that signifi- 
cant changes are présent by the fourth decade. Although pro¬ 
cedures in which the distal clavicle is excised can be used 
satisfactorily in young patients, older patients with painful, 
disabling, old acromioclavicular dislocations with degenera¬ 
tive changes should especially be considered as candidates for 
such a procedure. Various arthroscopic techniques also hâve 
been described for acromioclavicular joint fixation, showing 
fair-to-good results at short-term follow-up. In one study the 
acromioclavicular joint was found to be unsatisfactory in 40% 
of patients as seen on postoperative radiographs. This tech¬ 
nique should be performed only by an experienced arthros- 
copist. We hâve limited expérience with the arthroscopic 
treatment of acromioclavicular joint injuries and prefer an 
open procedure. The treatment of old acromioclavicular dis¬ 
locations is discussed in Chapter 61. 


ANATOMIC RECONSTRUCTION 
OF THE CONOID AND TRAPEZOID 
LIGAMENTS 


TECHNIQUE 60-5 


(MAZZOCCA ETAL) 

■ Make a curvilinear incision 3.5 cm from the distal 
clavicle in the lines of Langer to the tip of the coracoid 
(Fig. 60-18A). 


■ Raise full-thickness flaps anteriorly and posteriorly on the 
clavicle, skeletonizing the clavicle. 

■ Resect the last 10 mm of the distal clavicle, beveling the 
inferior bone. 

■Dissect the coracoid posterior to the deltoid. Once the 
coracoid is exposed, create a tunnel under the coracoid 
with a right-angle clamp to ensure easy graft passage. 

■ Drill the first tunnel 45 mm from the distal clavicle (35 mm 
if distal clavicular resection has already been performed) 
using an appropriate Steel reamer. It should be positioned 
slightly posterior to re-create normal conoid position (Fig. 
60-18A). 

■ Drill the second tunnel 15 mm latéral to the first tunnel 
slightly anteriorly to re-create trapezoid position (Fig. 
60-18A). 

■ Pass the latéral limb of the graft with suture through the 
first (posterior) tunnel and cross it posteriorly so that it 
will ultimately be a figure-of-eight. Then feed the médial 
limb of the graft through the anterior tunnel. Do not cross 
the suture, but pass it directly so that it will be a circle 
(Fig. 60-18B). 

■ Secure the graft with a soft-tissue interférence screw in 
the posterior or anterior tunnel, bringing the suture up 
through the cannulated screw. 

■ With upper displacement of the scapulohumeral complex, 
slightly overreduce the acromioclavicular joint. After 
assessment of correct screw placement, place a second 
screw in the final bone tunnel. 

■ Confirm the réduction with C-arm Zanca view. Tie the 
suture (Fig. 60-19). 

■ Route the remaining latéral limb of the tendon graft and 
suture it to the acromion as in an acromioclavicular liga¬ 
ment reconstruction (Fig. 60-20). 

■ Close the deltotrapezial interval securely and close the 
skin with absorbable monofilament suture (Fig. 60-21). 

POSTOPERATIVE CARE. A brace is worn for 6 weeks, 
removed only for active-assisted and pendulum exercises. 
Strengthening begins at 12 weeks, and return to sports 
is in 6 months. 


35 mm 



FIGURE 


NIQUE 60-5. 


Mazzocca anatomie coracoclavicular reconstruction. A f Incision and tunnel placement. B, Graft passage. SEE TECH- 
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DISTAL CLAVICULAR EXCISION 


TECHNIQUE 60-6 


(STEWART) 

■ Expose the acromioclavicular joint, the latéral end of the 
clavicle, and the coracoid through an anterior curved 
incision. 

■ Incise the capsule and the superior acromioclavicular 
ligament in line with the clavicle to allow subperiosteal 
exposure of the clavicle and subséquent capsular and 
ligamentous repair. 

■ Resect subperiosteally the latéral 1 cm of the clavicle; use 
a bone-cutting forceps or an oscillating saw to osteoto- 
mize the bone obliquely in an inferolateral direction (Fig. 
60-22). 

■ Remove the superior subcutaneous edge of the remaining 
end of the bone with a file. 

■ Place mattress sutures in the ruptured coracoclavicular 
ligaments, but do not tie them. 


■ Insert two Kirschner wires the size of a guidewire about 
2 cm apart through the latéral border of the acromion so 
that they enter the middle of the articular facet of the 
acromion. To accomplish this more easily, pass the wires 
rétrogradé from the acromial articular surface through 
the acromion and out through the skin. 

■ While the latéral end of the clavicle is held in normal 
position, advance the wires into the clavicle for 2.5 to 
4.0 cm. As described for the modified Phemister tech¬ 
nique, check the position of the wires by radiographs, 
bend them, and eut them off beneath the skin. 

■ As an alternative, the method of coracoclavicular fixation 
described by Weaver and Dunn can be used (Fig. 60-23). 

■ Hold the clavicle in the reduced position relative to the 
acromion and coracoid. 

■ Apply traction to the coracoacromial ligament to déter¬ 
mine the proper length of ligament necessary to maintain 
the réduction. Excise the excess ligament and place a 
mattress suture of a No. 1 nonabsorbable material in the 
ligament, leaving the suture ends free. 



Mazzocca anatomie 
struction. Interférence screw fixation 


coracoclavicular recon- 
of graft to clavicle. SEE 


TECHNIQUE 60-5. 


Mazzocca anatomie 
struction. Final placement of grafts. SEE 


coracoclavicular 

TECHNIQUE 60-5. 


recon- 



FIGURE 


A f Grade V acromioclavicular dislocation. B f After Mazzoca anatomie reconstruction with Mumford procedure. 
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Stewart technique for acute dislocation of acromioclavicular joint. A f Soon after injury. B f Six weeks after surgery. 
C f Three months after surgery. SEE TECHNIQUE 60-6. 




FIGURE 6C 


A and B f Technique of Weaver and Dunn for acromioclavicular séparations. SEE TECHNIQUE 60-6. 


■ Drill two small holes in the superior cortex of the clavicle 
and pass a suture end through each (Fig. 60-23A). 

■ Hold the clavicle in the reduced position and pull on 
the suture to bring the coracoacromial ligament into the 
medullary canal of the clavicle (Fig. 60-23B). Tie the 
suture while the réduction is maintained. 

■ Repair the capsule and ligament of the acromioclavicular 
joint and tie the sutures previously placed in the coraco- 
clavicular ligaments. 

POSTOPERATIVE CARE. A sling is worn for 1 week 
while gentle active circumduction exercises are per- 
formed. At 2 weeks, the sutures are removed and the 
exercises are increased. Heavy lifting is avoided for at least 


4 weeks, and then normal activities can be resumed, but 
contact sports should be avoided for at least 8 weeks. 


SHOULDER 

Uncomplicated dislocations of the shoulder rarely require 
open réduction. Some acute anterior dislocations of the 
shoulder are irreducible because of interposition of the long 
head of the biceps tendon, greater tuberosity, or fracture frag¬ 
ments of the glenoid. Fracture-dislocations of the shoulder 
are discussed in Chapter 57. Rotator cuff tears that require 
repair hâve also been reported with shoulder dislocation (see 
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Chapter 46). The biomechanics and pathoanatomy seen with 
récurrent dislocations are discussed in Chapter 47. 

Récurrent instability in young patients has been reported 
in up to 90% of patients treated nonoperatively. Up to 12% 
récurrence has been reported in operatively treated shoul- 
ders. Arthroscopic stabilization has been recommended in 
active young patients with no history of subluxation or 
impingement who may otherwise hâve récurrent dislocations 
after acute traumatic dislocation. We currently favor initial 
nonoperative management for first-time dislocations but 
consider arthroscopic stabilization procedures an appropriate 
alternative in selected patients (see Chapter 52 for arthroscopic 
shoulder stabilization techniques). 

ELBOW 

The elbow is the second most commonly dislocated joint in 
adults. Approximately 20% of dislocations are associated with 
fractures. Acute dislocation of the elbow is almost always 
reducible by closed methods, and most are stable after réduc¬ 
tion. Open réduction may be required if fracture fragments 
in a fracture-dislocation block closed réduction. Late elbow 
instability and stiffness are rare after simple dislocations. 

Treatment principles of simple dislocations include 
réduction of the joint and early motion. One study found that 
patients with unstable elbow joints treated nonoperatively 
had fewer symptoms than patients treated with ligament 
repair. Unprotected flexion and extension exercises within 2 
weeks of dislocation hâve been recommended. Burra and 
Andrews recommended operative treatment when throwing 
movements are required by athlètes. 

DISLOCATION OF THE RADIAL HEAD 

If dislocation of the radial head occurs without dislocation of 
the humeroulnar joint, the radial head is almost always 
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displaced anteriorly and can be easily reduced manually. 
Because the annular ligament has been ruptured or displaced, 
the pull of the biceps muscle often causes the dislocation to 
recur, and unless the radial head remains reduced, it would 
limit flexion of the joint. Consequently, open réduction and 
repair or reconstruction of the annular ligament is indicated 
(1) when the dislocation recurs after closed réduction and 
immobilization of the elbow in more than 90 degrees of 
flexion; (2) when it has gone untreated for 2 to 4 weeks; or 
(3) when it is irreducible by closed means, usually because 
the radial head is trapped by interposed soft tissues. 
When the dislocation has gone untreated for more than 4 or 
5 weeks in an adult, the radial head should be excised (see 
Chapter 57). 


OPEN REDUCTION OF RADIAL HEAD 
DISLOCATION 


TECHNIQUE 60-7 


■ Make an incision over the posterior aspect of the radial 
head, expose the head and identify the annular ligament 

(Fig. 60-24). 

■ Reduce the dislocation and, if possible, repair the liga¬ 
ment and disrupted capsule with fine interrupted sutures. 

■ If repair is impossible, take a fascial graft 1.3 cm wide x 
10 cm long from the outer aspect of the thigh (or from 
the deep fascia on the dorsal aspect of the forearm, as 
described in Chapter 57). 

■ Expose the posterior surface of the ulna through a second 
incision 5.0 cm long and drill a hole transversely through 
the bone 1.3 cm distal to the level of the radial head. 



Dislocation of radial head. A f Annular ligament has been ruptured. Often, this ligament can be sutured satisfactorily. 
B, If necessary, annular ligament can be reconstructed with strip of fascia lata. Inset, Reconstruction has been completed. SEE 


TECHNIQUE 60-7. 
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9 " Pass the strip of fascia lata through this hole and around 
the radial neck and suture its ends together without 
tension, creating a new annular ligament. 

POSTOPERATIVE CARE. With the arm in a splint or a 
cast, the elbow is immobilized at 90 degrees of flexion 
with the forearm in neutral rotation for 2 to 3 weeks. 
Gentle active motion and especially réhabilitation of the 
muscles are begun. The elbow must not be manipulated, 
and motion must not be passively forced in any attempt 
to restore function. After motion and strength hâve 
been actively restored, the head may become slightly 
displaced, but, if so, it does not interfère significantly with 
function. 


■ DISLOCATION OF RADIAL HEAD AND 
FRACTURE OF PROXIMAL THIRD OF ULNA 
(MONTEGGIA FRACTURE) 

The treatment of a Monteggia fracture is described in Chap- 
ters 36 and 57. 

■ FRACTURE-DISLOCATION OF ELBOW WITH 
SEVERE DAMAGE OF SOFT STRUCTURES 

Complex elbow dislocations with associated fractures may 
require surgical intervention to obtain joint stability. This 
typically includes ligament or fracture repair. A fracture- 
dislocation of the adult elbow in which the soft structures 
hâve been severely damaged should not be treated by closed 
methods but by debridement and repair. This operation is 
occasionally indicated if the radial head and the coronoid 
process of the ulna hâve been fractured and severe damage 
to the soft tissues is évident. Large periarticular fractures 
hâve been shown to affect functional results adversely. A 
fractured coronoid process strongly suggests that the elbow 
had become at least partially dislocated at the time of the 
injury. At surgery, the brachialis muscle may be found to 
be torn, the anterior part of the capsule of the elbow joint to 
be avulsed, and either one or both collateral ligaments to be 
ruptured. If the injuries of the soft structures are repaired at 
the same time as the injuries to the bone, the return of func¬ 
tion can be hastened, the final range of motion can be 
improved, and the potential for myositis ossificans around 
the elbow can be reduced. This open réduction is only for 
fracture-dislocations of the elbow with severe damage (see 
Chapter 57 for ligament repair techniques). In a severe 
fracture-dislocation of the elbow, it is important to assess 
the integrity of the distal radioulnar joint. 

DISTAL RADIOULNAR JOINT 

An injury to the distal radioulnar joint can occur in associa¬ 
tion with almost any fracture of the forearm or as an isolated 
injury. A dislocation of this joint may be simple or complex. 
Failure to recognize a simple dislocation of the distal radio¬ 
ulnar joint associated with a fracture of the forearm may 
resuit in inappropriate or inadéquate immobilization of the 
joint after fixation of the fracture. Consequently, the injured 
triangular fibrocartilage complex may not heal, leading to 
récurrent postoperative instability. Failure to diagnose and 
treat a complex distal radioulnar joint dislocation can lead to 


chronic persistent subluxation or dislocation and to symp- 
tomatic osteoarthrosis. 

The chief function of the distal radioulnar joint is to sta- 
bilize the forearm during pronation and supination as the 
radius rotâtes on the distal end of the ulna. The distal ulna is 
completely covered by cartilage and articulâtes with the ulnar 
notch of the radius except on its ulnar side. The distal radio¬ 
ulnar joint is stabilized by the following structures: the ulnar 
collateral ligament, which is attached to the tip of the ulnar 
styloid and to the pisiform and triquetrum; the articular dise, 
which is attached to the base of the ulnar styloid and to the 
margin of the ulnar notch of the radius; the anterior and 
posterior radioulnar ligaments, which are parts of the joint 
capsule; and the pronator quadratus muscle, which spans the 
volar surface of the distal radius and ulna and the interosse- 
ous space. For the distal radioulnar joint to become dislo¬ 
cated, some or ail of these structures must be injured. 

A distal radioulnar dislocation can be dorsal or volar (Fig. 
60-25). If the dislocation is with the ulna in the dorsal posi¬ 
tion, réduction is usually accomplished by supination of the 
forearm with pressure on the distal ulna. If the dislocation is 
with the ulna in the volar position, pronation of the forearm 
is usually successful in reducing the dislocation. An excellent 
resuit can usually be expected if it is reduced early and immo¬ 
bilized for 1 month in plaster. If the dislocation is less than 2 
months old and cannot be reduced closed, open réduction 
with exposure and repair of the triangular fibrocartilage is 
advised. If the dislocation is reduced surgically after more 
than 2 months, considération should be given to excision of 
the distal ulna and distal ligament reconstruction. According 
to Milch, rupture of the distal radioulnar ligaments usually 
causes diastasis of the distal radioulnar joint. He stated that 
this séparation can be seen on radiographs and is a pathog- 
nomonic sign that the ligaments hâve been ruptured and 
should be repaired. Irreducible dislocations of the distal 
radioulnar joint hâve been described. In most patients, the 
extensor carpi ulnaris was entrapped in the joint and pre- 
vented closed réduction. A dorsal approach was used to free 
the extensor carpi ulnaris, and repair of the triangular fibro¬ 
cartilage or transosseous pinning was used to stabilize the 
joint. 

Rupture of the ligaments around the distal radioulnar 
joint without a fracture usually is considered to be only a 



Distal radioulnar dislocation. A f Ulnar dorsal 
dislocation is maintained by pull of pronator quadratus muscle, 
which prevents overlapping of bones. B f In ulnar volar dislocation, 
pull of pronator quadratus muscle produces overlapping of distal 
radius and ulna. 







CHAPTER 60 ACUTE DISLOCATIONS ^ 


35 





Bunnell technique to stabilize distal radioulnar joint. A f Skin incision. B f Annular ligament formed by looping small 
tendon graft around neck of ulna and attaching it to radius. C f Cross section of wrist showing method of attaching tendon graft to 
radius. D f Tenodesis of distal end of ulna, using split portion of flexor carpi ulnaris tendon. E f Detail of tenodesis. F, Final appearance 
after anchoring extensor carpi ulnaris tendon dorsally by separate tendon loop to prevent subluxation of tendon on flexion and prona¬ 
tion of wrist. 



Liebolt technique to stabilize distal radioulnar joint. A, Location of holes drilled in radius and ulna. B, Method of 
passing tendon. C, Appearance after joint has been stabilized. 


sprain, and the joint seldom is properly immobilized. The 
ligaments may not heal well, and, if not, the damage is rarely 
discovered before 6 to 8 weeks after injury. By this time, 
degenerative changes in the articular surfaces of the joint may 
hâve become so severe that restoring the normal radioulnar 
relationship would be undesirable. In these instances, resec¬ 
tion of the distal ulna (see Chapter 58) is usually indicated; 


reconstruction of the ligaments is indicated only rarely Oper¬ 
ations to reconstruct permanently damaged ligaments of the 
distal radioulnar joint cannot be successful unless the com- 
ponent bones are undeformed. 

Because operations to stabilize the distal radioulnar joint 
are so rarely indicated, the techniques for performing them 
are not described here. In Figures 60-26 and 60-27, two such 
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operations are shown, and the reader is referred to the origi¬ 
nal Works for details of the techniques. Acute dislocations of 
the wrist, the carpus, and the joints of the hand are discussed 
in Chapters 67 and 69. 
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Any dislocation should be reduced as soon as reasonably 
possible. While a joint is dislocated, the metabolism of its 
hyaline cartilage is disturbed and synovial fluid functions are 
impaired. Hyaline cartilage may begin to degenerate during 
this brief period, and irréversible changes rapidly occur. Con- 
sequently, when old unreduced dislocations are finally 
reduced, normal and painless joint motion and function 
should not be expected. 

When old unreduced dislocations are encountered, espe- 
cially in the elbow, hip, knee, or ankle, arthroplasty or arthro- 
desis may be necessary either at the time of réduction or 
shortly thereafter. The procedure selected dépends on indi- 
vidual considérations, such as the joint affected, the condition 
of the articular cartilage, any associated injuries, and the 
patients âge and occupation. Treatment options include 
réduction alone, réduction with arthroplasty, or arthrodesis. 

Réduction alone usually suffices for children and young 
adults. In older patients, réduction combined with arthro¬ 
plasty or arthrodesis may be a better course. In patients in 
whom the dislocation is not restricting daily activities and is 
not excessively painful, réduction may not be indicated, espe- 
cially in older patients. 

Most old unreduced dislocations require open réduction. 
However, there is no arbitrary time limit beyond which a dis¬ 
location cannot be reduced by closed means. Skeletal traction 
sometimes will reduce a joint that has been dislocated for 
several weeks. If 2 to 3 weeks hâve passed since the injury, 
manipulation should be done cautiously and gently. Osteopo- 
rosis from disuse rapidly weakens the bones affer a dislocation, 
and manipulative techniques may resuit in fractures. If open 
techniques are employed, similar care should be taken with use 
of instruments such as levers because articular surfaces may be 
further damaged. Excessive force thus should be avoided in 
both open and closed methods. Only the most common of old 
unreduced dislocations are discussed in this chapter. 

FOOT 

Old unreduced dislocations around the foot are discussed in 
Chapter 88. 


ANKLE 

An old unreduced dislocation of the ankle without a fracture 
is extremely rare. The type and severity of the dislocation 
almost always dépend on the type and treatment of any asso¬ 
ciated fractures. An anterior dislocation usually is compli- 
cated by a fracture of the anterior margin of the distal articular 
surface of the tibia. A posterior dislocation usually is compli- 
cated either by a fracture of the distal tibia, including its 
posterior margin and a part of the metaphysis, or by a trimai - 
leolar type fracture. A latéral dislocation is usually compli- 
cated by a latéral or bimalleolar fracture. The treatment of 
these injuries is further discussed in Chapter 89. 

PROXIMAL TIBIOFIBULAR JOINT 

Two types of proximal tibiofibular subluxations or disloca¬ 
tions hâve been described: idiopathic and posttraumatic. 
The idiopathic type occurs primarily in preadolescent or 
adolescent children and is more common in girls than in 
boys. It can also occur in patients in their late 40s and 50s 
with generalized laxity of ligaments. An idiopathic sublux¬ 
ation usually is treated nonoperatively. If the condition is 
symptomatic, initial treatment can be cast immobilization. 
Idiopathic subluxation in a young patient should probably 
not be treated surgically, because it appears to be a self- 
limited condition. Surgery may be indicated in older patients 
if subluxation becomes chronic and painful and does not 
respond to immobilization. 

Posttraumatic, chronic subluxation of the proximal fibula 
occurs affer injuries to the anterior and posterior capsular 
ligaments of the proximal tibiofibular joint and to the fibular 
collateral ligament of the knee, offen initially not fully appre- 
ciated. The ligamentous and capsular structures around the 
proximal tibiofibular joint are shown in Figure 61-1. 

An old dislocation of the proximal fibula may not be 
symptomatic enough to require treatment. When symptoms 
do occur, it may be as latéral knee pain, instability, arthritis, 
or as ankle pain. Problems may be minimal with normal 
activities but experienced as clunking or giving way with 
certain more strenuous activities. Peroneal nerve dysfunc- 
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Anatomyof proximal tibiofibular joint. (Redrawn 


from Halbrecht JL, Jackson DW: Récurrent dislocation of the proximal 
tibiofibular joint, Orthop Rev 20:957, 1991.) 


tion, particularly decreased foot sensation, can also be trou- 
blesome. If symptoms demand, treatment is indicated. 

Various treatment options exist. Because of the relative 
rarity of this problem, decisions on treatment may be ham- 
pered by lack of evidence from studies with large numbers or 
long-term follow-up. Closed réduction alone is not likely to 
be successful or helpful. Nonoperative treatment may be 
attempted using a supportive strap, an exercise program, and 
activity modification. However, when nonoperative treatment 
is inadéquate, surgery may be indicated. Most authors hâve 
thought that resection of the proximal fibula is the best option, 
although some hâve expressed réservations about using this 
procedure in children, adolescents, and some athlètes. 

Arthrodesis has been performed but is problematic. It has 
been shown that during dorsiflexion of the ankle the proxi¬ 
mal fibula rotâtes around its longitudinal axis. To accommo- 
date latéral plane rotation of the talus and the ankle joint, the 
fibula must rotate externally. 

Attempts at ligamentous reconstruction using biceps, and 
deep fascia or gracilis grafts hâve met with at least some early 
success, and temporary (3 to 6 months) screw fixation also 
has been described with good early results. 


LIGAMENTOUS RECONSTRUCTION 
FOR OLD UNREDUCED 
DISLOCATION OF THE PROXIMAL 
TIBIOFIBULAR JOINT 


TECHNIQUE 61-1 


■ See the technique for removal of a proximal fibular graft 
(see Technique 1-7). 

■ It is important when this technique is used that the latéral 
supporting structures of the knee joint be reconstructed. 
This is accomplished by preserving the proximal fibular 
styloid process with its attached ligaments for subséquent 
attachment to the tibia. 

■ The fibular dissection should be subperiosteal to prevent 
injury to the peroneal nerve. 


POSTOPERATIVE CARE. A long leg, bent-knee cast is 
applied and worn for 6 weeks. Treatment thereafter 
should be as described for acute injuries of the latéral 
knee ligaments in Chapter 45. 


KNEE 

Acute dislocation of the knee is usually a true emergency 
because of the possibility of vascular injury. Old unreduced 
dislocations of the knee are therefore rare. A useful range of 
motion is seldom restored after open réduction of such a dis¬ 
location. Even though at surgery the articular cartilage may 
look normal, adhesions usually develop between the articular 
surfaces (Fig. 61-2). Satisfactory results hâve been reported 
after open réduction as long as 4 months after dislocation, and 
there hâve been reports of successful graduai réduction of 
chronic dislocations using the Ilizarov device, the Taylor 
Spatial Frame, or similar circular and hinged external fixators. 
Some authors hâve followed this réduction with arthrodesis, 
while others hâve described arthroscopic ligamentous recon¬ 
struction after réduction as an alternative to an open proce¬ 
dure. In older patients with chronic dislocations, total knee 
arthroplasty (TKA) may be an option, but this has been 
reported in only a few patients. Because of récurrent disloca¬ 
tion after TKA with a nonconstrained implant, Chen and Chiu 
recommended a constraining implant in such situations. 


OPEN REDUCTION FOR OLD 
UNREDUCED DISLOCATION 
OF THE KNEE 


TECHNIQUE 61-2 


■ Use an anteromedial approach (see Chapter 1) to expose 
the knee joint. If the patella has been displaced either 
medially or laterally, make the skin incision to correspond 
with the normal anatomie location of the médial borders 
of the quadriceps tendon, patella, and patellar tendon. 

■ If necessary, dissect the soft structures subperiosteally from 
the posterior aspect of the fémur and tibia. Excise enough 
fibrous tissue to expose the articular surfaces completely. 

■ If the cartilage appears undamaged, reduce the disloca¬ 
tion. If the cartilage has been irreversibly damaged, 
proceed with arthrodesis of the knee (see Chapter 8) if 
this is the indicated procedure. 

■ If arthroplasty is indicated, it is often better to reduce the 
joint, proceed with the réhabilitation of the extremity, 
allow the contractures to résolve, and then follow with 
arthroplasty at a later time. If this course is chosen, immo- 
bilize the extremity in a long leg cast or brace until knee 
motion has started. 

POSTOPERATIVE CARE. If arthroplasty is planned, 
postoperative care is the same as that for acute disloca¬ 
tion of the knee (see Chapter 45). If arthrodesis has been 
performed at the time of open réduction, postoperative 
care is the same as for arthrodesis (see Chapter 8). 
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Seventeen-year-old girl with history of neurofibromatosis and 6-week history of acute knee dislocation and inability 
to walk. A and B f Anteroposterior and latéral radiographs of knee showing posteromedial (tibia) knee dislocation with médial disloca¬ 
tion of patella. C and D f Anteroposterior and latéral radiographs at time of open réduction and internai fixation with smooth Steinmann 
pin through quadriceps mechanism of fémur and tibia. E and F, Postoperative anteroposterior and latéral radiographs showing mild 
persistent latéral subluxation but good réduction of knee and patellar dislocations. 


If open réduction alone would require too much dissec¬ 
tion or if this procedure would damage important structures, 
an arthroplasty (see Chapter 7) or an arthrodesis (see Chapter 
8) is indicated. 

PATELLA 

Old unreduced dislocation of the patella affer trauma is rare 
and should be distinguished clinically from congénital dislo¬ 
cation. Congénital dislocation offen is not appreciated ini- 
tially because the normal patellar ossification does not occur 
until 3 years of âge. A high percentage of traumatic patellar 
dislocations (16%) are missed when associated knee disloca¬ 
tion is présent. Therefore it is important to maintain a high 
index of suspicion of possible patellar dislocation when 
médial structures hâve been severely damaged. 

The anatomie abnormalities found in posttraumatic dis¬ 
location differ from those found in the congénital type of 
dislocation. The congénital lésion is accompanied by a flexion 
contracture of the knee and incongruity of the patella and 


trochlea; these changes are part of the original pathologie 
process. In posttraumatic dislocation, an adaptive flattening 
of the patella occurs, and the knee contracture is a réactivé 
change. Treatment of congénital dislocation of the patella is 
discussed in Chapter 29. 

Old traumatic patellar dislocations may be treated by 
observation, patellar realignment, or patellectomy. Knee 
function can sometimes be satisfactory despite the old unre¬ 
duced dislocation of the patella. Observation is then the treat¬ 
ment of choice. If the dislocation is not of long duration, if 
degenerative changes of the patella are minimal or absent, and 
if the tibiofemoral joint is essentially normal, then open 
réduction may be helpful. In dislocations of long duration, 
usually traumatic arthritis will hâve developed, motion in the 
joint will be limited, and pain and disability will hâve resulted. 
If the patellar degenerative changes appear significant, patel- 
laplasty or patellectomy (see Chapter 45) may be indicated. 
We hâve had no expérience with patellar resurfacing or patel¬ 
lar prostheses for this condition. The long-term prognosis for 
useful function is guarded regardless of the procedure selected. 
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OPEN REDUCTION FOR OLD 
UNREDUCED DISLOCATION 
OF THE PATELLA 


TECHNIQUE 61-3 


■ Make a 7.5-cm longitudinal midline incision. 

■ Dissect laterally deep to the subcutaneous tissue. 

■ Incise the capsule and synovium parallel with the latéral 
border of the quadriceps tendon. 

■ Free the deep surfaces of the quadriceps tendon and of 
the patella and place these structures in their normal 
positions. 

■ Excise the redundant part of the capsule from the médial 
side of the knee and close the capsule on this side. 

■ It is important that the general alignment of the extensor 
mechanism be normal at the completion of the procedure 
to prevent redislocation of the patella laterally. The fibers 
of the vastus medialis muscle should be appropriately 
oriented to the patella. This may require reattachment of 
a portion of the vastus medialis muscle to the adductor 
tubercle of the fémur. 

■ Transfer the tibial tuberosity medially to realign the distal 
portion of the extensor mechanism if necessary (see 
Chapter 47). 

■ If the articular surface of the patella has degenerated, 
a patellectomy or a patellaplasty is necessary. Realign- 
ment of the extensor mechanism is just as important 
after patellectomy as it is after open réduction of the 
patella. 


HIP 

Old unreduced dislocations of the hip are relatively uncom- 
mon in adults. They are usually the resuit of a motor vehicle 
accident that also caused head injury, fracture of the ipsilat- 
eral fémur, or dislocation or fracture of the opposite hip, 
which drew attention away from the dislocation. 

In developing countries, unreduced traumatic disloca¬ 
tions are seen more frequently. The various treatment possi¬ 
bilités include closed réduction, open réduction, heavy 
traction and abduction, subtrochanteric osteotomy, Girdle- 
stone procedure, arthrodesis, endoprosthetic replacement, 
and total hip replacement. Like acute dislocations, unreduced 
dislocations can be classified as anterior or posterior. 

CHRONIC ANTERIOR DISLOCATIONS 

Traumatic anterior dislocation of the hip is a comparatively 
rare injury, and little has been written about old unreduced 
anterior dislocations of the hip. Trochanteric osteotomy has 
been reported to correct the deformity and improve body 
mechanics and balance. Although trochanteric osteotomy 
may give a stable hip, long-term results are not known. Sub¬ 
séquent salvage operations, such as total hip arthroplasty, 
may be more difhcult if the proximal fémoral anatomy is 
distorted. 


INTERTROCHANTERIC OSTEOTOMY 
FOR CHRONIC ANTERIOR 
DISLOCATION OF THE HIP 


TECHNIQUE 61-4 


(AGGARWALAND SINGH) 

■ The Gibson approach is used (see Technique 1-68). 

■ Divide the fémur along the line joining the greater and 
lesser trochanters. Then adduct, extend, and internally 
rotate the limb. 

POSTOPERATIVE CARE. The patient is kept in skin trac¬ 
tion for 6 weeks to prevent récurrence of the rotational 
deformity. The patient is allowed to walk with crutches 6 
weeks after surgery, and full weight bearing is allowed in 
3 to 4 months. Hamada recommended postoperative 
immobilization in a one and one-half plaster spica cast, 
which includes the normal leg down to the knee. With 
intertrochanteric osteotomy, early union usually is com¬ 
plété in 3 to 4 months. 


A modified Girdlestone arthroplasty has been described 
for treatment of unreduced anterior hip dislocations. The 
fémoral neck is exposed through an anterior Smith-Petersen 
approach (see Technique 1-60) or a Watson-Jones antérolat¬ 
éral approach (see Technique 1-63). A subcapital osteotomy is 
performed, attempting to leave as much of the fémoral neck 
as possible with the distal fragment. The fémoral head is then 
removed. By manipulating the leg, the eut fémoral neck is 
displaced upward into the acetabulum. Postoperative skeletal 
traction of 5 kg is maintained for 6 weeks. Gentle active hip 
flexion is started 10 days after surgery, and non-weight bearing 
with crutches is begun at 6 weeks. Graduai weight bearing is 
started at 3 months. Préservation of the fémoral neck makes 
subséquent total hip arthroplasty easier, and this modified 
subcapital displacement osteotomy for neglected anterior dis¬ 
location of the hip treated 6 months or more after dislocation 
in young patients can serve as a temporizing procedure until 
definitive total hip arthroplasty is performed later. 

CHRONIC POSTERIOR DISLOCATIONS 

Unreduced posterior dislocations of the hip are much more 
common than the anterior type. Two factors that hâve been 
reported to contribute to poor results in old posterior disloca¬ 
tions are fracture of the fémoral head or médial acetabular 
wall (Epstein types IV and V) and osteonecrosis, an unpre- 
dictable event that may not become apparent on plain radio- 
graphs for many months. Primary reconstructive procedures 
hâve been shown to give the best results. Although the viabil- 
ity of the fémoral head in old unreduced posterior disloca¬ 
tions should détermine treatment, use of bone scan or MRI 
to detect the vascularity of the fémoral head before beginning 
treatment is not mentioned in the literature. In young patients, 
if the fémoral head is thought to be viable, an effort should 
be made to save it. 

For a type I posterior hip dislocation (no fracture or only 
a minor fracture of the acetabular rim less than 12 weeks 
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from injury), with a viable fémoral head, closed réduction 
under general anesthésia is recommended. After 12 weeks, 
the acetabulum may fill with fibrous tissue, making a con- 
centric closed réduction impossible. If closed réduction fails, 
heavy traction and abduction should be considered. If the 
type I posterior hip dislocation with a viable fémoral head 
has been présent for more than 12 weeks, a concentric réduc¬ 
tion most offen cannot be obtained with closed réduction 
or heavy traction and abduction, and open réduction is 
indicated. 


TRACTION AND ABDUCTION 
FOR CHRONIC POSTERIOR 
HIP DISLOCATION 


TECHNIQUE 61-5 


(GUPTA AND SHRAVAT) 

■ Place a tibial traction pin in the région of the tibial tuber- 
cle and place the patient in 18 kg of skeletal traction. The 
patient is kept in traction and under sédation and muscle 
relaxation during this time. 

■ Obtain radiographs on alternate days. Usually by the fifth 
day the fémoral head should be at or below the level of 
the acetabulum. 

■ Gradually abduct the limb and reduce the traction 3.6 kg 
every fourth day. 

■ Once the fémoral head has been reduced into the ace¬ 
tabulum, maintain 7 kg of traction for the next 2 weeks. 

■ Remove the traction and begin non-weight-bearing exer¬ 
cises for the next 4 weeks. Weight bearing is not allowed 
for 3 months (Fig. 61-3). 


The success of the heavy traction technique dépends on 
achieving a concentric réduction. If the réduction is not con¬ 
centric, an open réduction to débridé any interposed soft 
tissue or bone fragments is necessary. 

For posterior hip dislocations with a viable fémoral head 
that are type II (large uncomminuted fracture of the posterior 
acetabular rim) or type III (comminuted fracture of the pos¬ 
terior acetabular rim), open réduction and internai fixation 
should be considered if the injury is less than 3 months old. 
If the head of the fémur is displaced superiorly, preoperative 
skeletal traction is necessary. With réduction thus accom- 
plished, it is necessary to fix the bone fragments internally to 
restore stability. 

Total hip arthroplasty is recommended for hips with pos¬ 
terior dislocations categorized as type IV (fracture of the 
acetabular rim and floor) or type V (fracture of the fémoral 
head with or without other fractures) that hâve been dislo- 
cated for more than 3 months. Because of osteonecrosis, poor 
results hâve been noted in these types of fracture-dislocations 
even in some patients who had réduction within 24 hours 
after injury. If the fémoral head is thought to be avascular on 
MRI or bone scan, a primary reconstructive procedure should 
be considered rather than open or closed réduction. In young 
patients, arthrodesis can be considered, although successful 
fusion may be difficult in the presence of osteonecrosis. As 
with any arthrodesis of the hip, the status of the ipsilateral 
knee, the contralatéral hip, and the lumbar spine must be 
considered. Subtrochanteric osteotomy has also been used for 
old unreduced dislocations of the hip in areas of the world 
where arthroplasty or endoprosthetic replacements are not 
readily available. This procedure may be indicated for patients 
who are relatively pain free and hâve a reasonable range of hip 
flexion but hâve joint contracture or limb-length inequality. 

The best results hâve been reported after total hip arthro¬ 
plasty. The main problem encountered with total hip arthro¬ 
plasty in this situation is the création of adéquate acetabular 



A f Anteroposterior radiograph of left hip in 27-year-old man, demonstrating posterior dislocation with myositis 
ossificans, 37 days after injury. B f Same hip on fifth day of traction. Head of fémur is partially below acetabulum. C f Same hip on day 
17 with reduced traction and extremity in abduction. (From Gupta RC, Shravat BP: Réduction of neglected traumatic dislocation of the hip by 
heavy traction, J Bone Joint Surg 59A:249, 1977.) SEE TECHNIQUE 61-5. 
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stock when the posterior acetabular lip is fractured or dis- 
placed. This is accomplished by open réduction and internai 
fixation of the fracture fragment or by use of the fémoral head 
as a bone graft (see Chapter 3). Ilyas and Rabbani reported 
successful one-stage total hip arthroplasty in 15 patients with 
chronic (over 6-month history) posterior dislocations; bulk 
fémoral head autografts were used in 13 patients. Their short- 
to mid-term results were quite satisfactory, especially consid- 
ering the complex nature of these particular arthroplasties. 
Ail patients had decreased pain and increased range of hip 
motion after surgery. 

STERNOCLAVICULAR JOINT 

Most authors believe that old unreduced anterior dislocations 
of the sternoclavicular joint usually cause minimal if any dis- 
ability, although reports of surgical intervention for this con¬ 
dition hâve indicated that untreated patients complain of 
weakness and fatigue of the arm during heavy use or athletic 
endeavors. Rarely, if ever, is surgical intervention required in 
this subset of patients. Surgery may, on occasion, be helpful 
in patients with underlying joint laxity. 

Several basic surgical procedures hâve been described for 
individuals who may require surgery. The use of fascia lata 
around the clavicle and first rib was described by Speed while 
others hâve used fascia lata between the clavicle and the 
sternum. The subclavius tendon also has been used to recon- 
struct the costcoclavicular ligaments, and reconstructions 
using semitendinosus, palmaris longus, or gracilis tendons 
hâve had good clinical outcomes. Bak and Fogh reported suc¬ 
cessful reconstruction of the sternoclavicular joint in 27 
patients with palmaris longus and gracilis tendon autografts. 
Quayle et al. described the use of an artificial ligament for 
reconstruction of the sternoclavicular joint and costoclavicu- 
lar ligaments; ail four of their young, active patients returned 
to full activity including compétitive sports. Some authors 
hâve used a threaded Steinmann pin across the sternocla¬ 
vicular joint, but migration of metallic fixation into the 
mediastinum can occur, often with disastrous conséquences. 
Subperiosteal dissection of the sternal origin of the sterno- 
cleidomastoid muscle extending inferiorly with a strip of peri- 
osteum also has been described. This tendoperiosteal strip is 
threaded subperiosteally under the médial end of the first rib, 
up behind the rib, and up through a hole drilled from superior 
to inferior in the clavicle. It is then sutured back on itself. 

Resection of the médial end of the clavicle has been rec- 
ommended, although upper extremity weakness has been 
reported after this procedure. It has been emphasized that if 
the médial end of the clavicle is to be removed because of 
degenerative changes, the surgeon should be careful not to 
damage the costoclavicular ligament. 

Rockwood recommended a nonoperative “skillful 
neglect” treatment, although he stated that sternoclavicular 
arthroplasty with resection of the médial clavicle is occasion- 
ally necessary, especially in patients in whom attempts to 
reduce and to stabilize the joint with suture, fascia, and 
tendons hâve failed. He resected 1 inch of the médial clavicle, 
debrided the intraarticular dise ligament, and stabilized the 
remaining clavicle to the first rib with a 3-mm cotton Dacron 
tape or a strip of fascia. He recommended detachment of the 
clavicular head of the sternocleidomastoid to temporarily 
resist the upward pull of the clavicle by this muscle. We agréé 


that surgery is rarely indicated primarily; however, if surgery 
is to be undertaken, we also recommend arthroplasty of the 
sternoclavicular joint. 


RESECTION OF THE MEDIAL 
END OF THE CLAVICLE FOR OLD 
STERNOCLAVICULAR JOINT 
DISLOCATION 


TECHNIQUE 61-6 


■ Expose the médial end of the clavicle subperiosteally 
through an incision approximately 6 cm long parallel to 
the bone. 

■ Free the médial end of the bone, grasp it with forceps, 
lift it anteriorly and superiorly, and clear it of soft-tissue 
attachments posteriorly. The costoclavicular ligaments are 
usually torn. 

■ If the ligaments are attached but stretched, remove only 
that part of the clavicle médial to these ligaments. 

■ If the ligaments are torn, resect about 2 cm of bone 

(Fig. 61-4). 

■ Bevel the anterosuperior corner of the remaining clavicle 
for cosmetic purposes. 

■ If instability is a problem, stabilize the clavicle to the first 
rib with a 3-mm cotton Dacron tape or a strip of fascia 
(Fig. 61-5). Detach the clavicular head of the sternocleido¬ 
mastoid; plicate and close the periosteum. 

POSTOPERATIVE CARE. The shoulder girdle is immo- 
bilized in a Velpeau-type dressing or shoulder immobilizer 
for 3 weeks. A progressive active range-of-motion exer¬ 
cise program is then begun. 


POSTERIOR DISLOCATIONS 

Posterior dislocation of the sternoclavicular joint is an 
uncommon problem that is seen much less frequently than 
anterior dislocations. In a chronic State, posterior dislocation 
can be symptomatic and cause other significant complica¬ 
tions involving the trachea, esophagus, or great vessels. Intra- 
thoracic injury and thoracic outlet syndrome hâve also been 
reported. Most common symptoms include dysphagia, 
dyspnea, or cough. In view of the potential complications 
associated with this injury, especially subclavian artery com¬ 
pression, open réduction of the dislocation is recommended. 
Preoperative évaluation should include CT of the affected 
area and possibly arteriography to plan a surgical approach. 
Consultation with a thoracic surgeon should also be consid- 
ered. If the réduction is unstable or cannot be achieved, the 
médial part of the clavicle can be resected. Except for some 
cosmetic defect, no functional disability has been noted from 
this procedure. 

ACROMIOCLAVICULAR JOINT 

The same classification can be used for both old unreduced 
and acute dislocations of the acromioclavicular joint. Surgical 
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Technique for resecting médial end of clavicle. 
A f Site of osteotomy is outlined with drill, and 2.5 cm of bone is 
then resected with osteotome. B, Periosteum is plicated and 
closed around remaining médial end of clavicle. (B redrawn from 
Eskola A, Vainionpâà S, Vastamàki M, et al: Operation for old sterno- 
clavicular dislocation, J Bone Joint Surg 71B:63, 1989.) SEE TECHNIQUE 
61-6 



FIGURE 


Stabilization of clavicle to first rib with fascial 


loops. SEE TECHNIQUE 61-6. 


treatment of AC joint dislocations has been performed since 
1861, and over 100 different surgical techniques hâve been 
described for acute and chronic dislocations. 

Resection of the distal end of the clavicle (Mumford pro¬ 
cedure) is indicated for symptomatic grade I or II unreduced 
dislocations in which the coracoclavicular ligaments are 
intact. With improvements in techniques and instrumenta¬ 
tion, arthroscopic distal clavicular resection has become 
more widely used, with results equal to or better than those 
of open techniques. Reported advantages of arthroscopic 
resection include improved cosmetic results, easier postop- 
erative réhabilitation, and faster return to function because 
of the préservation of the acromioclavicular joint ligaments 
and capsule and the deltotrapezial fascia. Most authors 
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recommend resection of only 0.5 to 1 cm of the distal clavicle 
with the arthroscopic technique. Persistent symptoms affer 
either open or arthroscopic distal clavicular resection may be 
caused by underresection, overresection leading to joint 
instability, stiffness, hétérotopie ossification, untreated con¬ 
comitant shoulder pathology, and infection; less common 
causes include distal clavicular fracture, reossification or 
fusion across the acromio clavicular joint, suprascapular neu- 
ropathy, and psychiatrie disorders. 

The Mumford procedure is not for acutely injured grade 
I or grade II acromioclavicular joints but rather for patients 
with chronic symptoms resulting from degenerative changes 
in the acromioclavicular joint. If this operation is performed 
in patients with more severe injuries in which the ligaments 
are torn, the clavicle will remain hypermobile and continue 
to irritate the soft tissues around the shoulder. Therefore in 
chronic dislocations of grades III, IV, and V, some type 
of reconstruction of the coracoclavicular ligaments is 
indicated. 


RESECTION OF THE LATERAL END OF 
THE CLAVICLE FOR CHRONIC 
ACROMIOCLAVICULAR JOINT 
DISLOCATION 


TECHNIQUE 61-7 


(MUMFORD; GURD) 

■ Expose the latéral end of the clavicle through a short 
curved incision. 

■By dissecting subperiosteally, free the latéral 2.5 cm of 
the clavicle of ail soft-tissue attachments and with bone- 
cutting rongeurs resect about 2.5 cm of the bone. 

■ Smooth the superior border of the remaining latéral end 
of the bone with a file to eliminate any sharp bony ridge 
beneath the skin. It is unnecessary to disturb the cartilagi- 
nous surface of the acromion. 

■ Plicate and suture the periosteum and soft tissues over 
the raw end of the clavicle. 

POSTOPERATIVE CARE. The shoulder is immobilized in 
a Velpeau dressing for 1 week, and then active use is 
encouraged. 


In chronic unreduced acromioclavicular dislocations of 
grades III, IV, and V, the coracoclavicular ligaments should 
be reconstructed. Neviaser described an operation in which 
the coracoacromial ligament is used to reconstruct the supe¬ 
rior acromioclavicular ligament. This method does not recon¬ 
struct the coracoclavicular ligaments, however, and therefore 
can be followed by redislocation. 

Neviaser used Kirschner wires for fixation of the acro¬ 
mioclavicular joint, but these wires hâve been thought to 
precipitate osteoarthritis and hâve been reported to cause 
severe complications from distant migration of the wire to the 
lung, spinal cord, or neck. With the wider range of better 
implants now available, Kirschner wires are rarely used. 
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RECONSTRUCTION OF THE SUPERIOR 
ACROMIOCLAVICULAR LIGAMENT 
FOR CHRONIC ACROMIOCLAVICULAR 
JOINT DISLOCATION 


TECHNIQUE 61-8 


(NEVIASER) 

■ Make a slightly curved incision that begins medially over 
the latéral half of the clavicle and ends laterally at the 
latéral border of the acromion. 

■ Strip the deltoid muscle from the latéral third of the 
clavicle. 

■ Expose the coracoacromial ligament and the dislocated 
acromioclavicular joint. Do not disturb the ruptured acro- 
mioclavicular and coracoclavicular ligaments or the articu- 
lar dise. 

■ Reduce the acromioclavicular joint and fix it by inserting 
a Kirschner wire 1.6 mm in diameter through the skin and 
acromion into the clavicle (Fig. 61-6). This maneuver may 
be simplified by rétrogradé insertion of the wire, first 
through the center of the acromial articular surface and 
then out through the skin. To prevent the wire from 
working loose, embed its médial tip in the cortex of the 
clavicle near the apex of its latéral curve. 

■ Free the médial end of the coracoacromial ligament by 
resecting from the latéral border of the coracoid a small 
piece of bone that includes its attachment. 

■ Turn the coracoacromial ligament over the superior 
surface of the acromion and fix it there with three absorb¬ 
able sutures passed through the soft tissues. Then bring 
the transferred ligament over the acromioclavicular joint 
to the superior surface of the clavicle and anchor it by 



Neviaser technique for repairing dislocations of 
acromioclavicular joint (see text). (Redrawn from Neviaser JS: Acro¬ 
mioclavicular dislocation treated by transference of the coraco-acromial 
ligament: a long-term follow-up in a sériés of 112 cases, Clin Orthop 
Relat Res 58:57, 1968.) SEE TECHNIQUE 61-8. 


roughening an area on the bone where the ligament is 
to be attached. 

■ Fix the ligament there with absorbable sutures passed 
through two holes drilled vertically into the bone. 

■ Pass a suture around the ligament and the clavicle and 
secure the small bone fragment and the new ligament in 
place. 

■ Suture the deltoid to the clavicle and close the wound. 

■ Cut off the Kirschner wire just beneath the skin and bend 
the end to prevent migration. 

■ Apply a modified Velpeau bandage. 

POSTOPERATIVE CARE. The wound is dressed, and the 
wire is inspected every week. Gentle passive motions of 
the shoulder are carried out weekly when the wound is 
dressed. At 5 weeks, the Kirschner wire is removed and 
normal activities are gradually resumed. Compétitive 
sports should be avoided for a minimum of 8 weeks. 


Another operation described for this injury is transfer 
of the end of the coracoid and its attached muscles to the 
clavicle to hold the latéral end of the bone in position. If the 
individual situation requires, it can be combined with resec¬ 
tion of the latéral end of the clavicle. This technique provides 
a dynamic réduction force on the distal clavicle but not a 
static one. 

In the classic Weaver and Dunn technique the coracoac¬ 
romial ligament is detached from the acromion and reat- 
tached to the remaining end of the distal clavicle. This 
procedure, usually combined with some kind of stabilizing 
fixation to protect the repair, has been an effective approach 
to reconstructing and repositioning the chronically dislo¬ 
cated distal clavicle. In the original report, however, the rate 
of incomplète réduction was 27%, and loss of réduction has 
been reported in other sériés, prompting a number of modi¬ 
fications to the original Weaver-Dunn technique, including 
those with autologous hamstring or semitendinosus tendon 
or synthetic ligament augmentation and the use of newer 
tendon fixation devices. Tauber et al. compared outcomes in 
12 patients treated with a modified Weaver-Dunn procedure 
to those in 12 patients treated with semitendinosus tendon 
graffs and found that the tendon graff results in significantly 
superior clinical and radiographie outcomes. 

Other reconstruction techniques (Figs. 61-7 through 
61-10) include anatomie “double-bundle” reconstruction 
using the coracoacromial ligament and conjoined tendon or 
double suture buttons, a nonanatomic “docking” technique in 
which the coracoacromial ligament is passed into an intra- 
medullary bone tunnel and tensioned before it is sutured in 
place through drill holes in the clavicle. Fauci et al. compared 
biologie graffs (semitendinosus) to synthetic ligaments in a 
prospective randomized comparative study of 40 chronic dis¬ 
locations. Those with biologie graffs had significantly better 
scores than those with synthetic ligaments. 

Rockwood described transfer of the coracoacromial liga¬ 
ment from the acromion to the clavicle while the clavicle is 
held reduced with a Bosworth screw. 
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TRANSFER OF THE CORACOACROMIAL 
LIGAMENT FOR CHRONIC 
ACROMIOCLAVICULAR JOINT 
DISLOCATION 


TECHNIQUE 61-9 


(ROCKWOOD) 

■ Make a skin incision over the distal clavicle along the lines 
of Langer around the shoulder (Fig. 61-1 IA). 

■ Expose the distal clavicle subperiosteally and resect about 
2.5 cm of bone (Fig. 61-1 IB). 


■ Drill and curet the medullary canal of the distal clavicle to 
receive the transferred coracoacromial ligament. 

■ Use a knife to remove the acromial attachment of the 
coracoacromial ligament from the acromion, or, if desired, 
remove a sliver of bone from the undersurface of the 
acromion along with the coracoacromial ligament. This 
provides bone-to-bone fixation at the distal clavicle rather 
than ligament-to-bone fixation. This also might provide 
slightly more length to the coracoacromial ligament if it 
alone is too short. Further lengthening the coracoacro¬ 
mial ligament can be obtained, if necessary, by detaching 
the anterior fasciculus of the ligament off the waist of 
the coracoid process. 



Single-bundle stabilization of the acromiocla- 
vicular joint. The oval subcoracoid button is connected to the 
supraclavicular round button by a FiberWire (Arthrex, Naples, FL), 
and the double-folded gracilis tendon is fixed within the clavicle 
by a tenodesis screw and held by a suture loop into the subcora¬ 
coid button. (From Tauber M, Valler D, Lichtenberg S, et al: Arthroscopic 
stabilization of chronic acromioclavicular joint dislocations: triple- versus 
single-bundle reconstruction, Am J Sports Med 44:482, 2015.) 



Anatomie double-bundle coracoclavicular 
reconstruction. The suture ends of the latéral half of the con- 
joined tendon hâve been passed through the conoid tubercle. 

(From Lee SK, Song DG, Choy WS: Anatomie double-bundle coracocla¬ 
vicular reconstruction in chronic acromioclavicular dislocation, Orthope- 
dics 38:e655, 2015.) 





A 


B 


C 




Double EndoButton acromioclavicular joint reconstruction. A, Continous loop and suture limbs threaded through the 
EndoButton (Smith and Nephew, Memphis, TN) before deployment. B f EndoButton is passed through the continuous suture loop that 
has been pulled up through the prepared holes in the coracoid and clavicle. The free sutures will be passed through the peripheral 
holes in the button to secure it. C f Final appearance of the construct with an auxiliary stitch replicating the course to the trapezoid liga¬ 
ment. (From Struhl S, Wolfson TS: Continuous loop double EndoButton reconstruction for acromioclavicular joint dislocation, Am J Sports Med 
43:2437, 2015.) 
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Acromioclavicular reconstruction with the docking technique. (From Millett PJ, Braun S, Gobezie R, Pacheco IH: Acro- 
mioclavicular joint reconstruction with coracoacromial ligament transfer using the docking technique, BMC Musculoskelet Dis 10:6, 2009.) 



FIGURE 


Q A-D f Rockwood technique for reconstruction in type III acromioclavicular dislocation (see text). SEE TECHNIQUE 61-9. 
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9 " Pass a heavy, nonabsorbable suture back and forth 
through the ligament so that the ends exit through the 
acromial end of the ligament (Fig. 61-1 IC). 

■ Drill two small holes into the superior cortex of the distal 
end of the clavicle, entering the medullary canal. Next, drill 
another hole through the distal clavicle directly above the 
base of the coracoid process. With the clavicle held in the 
corrected position, insert a drill bit through this hole and 
drill a hole through both cortices of the coracoid process. 
■ Pass the two ends of the suture in the coracoacromial 
ligament into the medullary canal of the clavicle and out 
through the holes in the superior cortex before inserting 
a lag screw. Then pass a lag screw (Bosworth screw) 
through the clavicle and into the coracoid and tighten it 
to hold the clavicle just above the coracoid. 

■ Tighten and tie the two ends of the suture in the cora¬ 
coacromial ligament as the ligament is fed into the med¬ 
ullary canal of the clavicle (Fig. 61-11D). 

POSTOPERATIVE CARE. After surgery, the patient is 
allowed to use the arm for everyday living activities but 
not for any heavy lifting, pushing, or pulling. At 12 weeks 
postoperatively, the lag screw is removed under local 
anesthésia. 


More recently, Boileau et al. reported similar reconstruc¬ 
tions performed primarily arthroscopically with good short - 
term results. 


ARTHROSCOPIC TRANSFER OF THE 
CORACOACROMIAL LIGAMENT FOR 
CHRONIC ACROMIOCLAVICULAR 
JOINT DISLOCATION 


TECHNIQUE 61-10 


(BOILEAU ETAL) 

■ With the patient in the beach-chair or latéral decubitus 
position, define the landmarks and create arthroscopic 
portais sequentially as indicated (Fig. 61-12). 

■ Detach the distal end of the coracoacromial ligament, 
with a wafer of bone, using a high-speed burr. 

■ Reduce the distal clavicle remnant and fix with an Endo- 
Button (Smith & Nephew, Andover, MA). 

■ Transfer the coracoacromial ligament to the resected 
end of the clavicle and fix with sutures to the EndoButton 
(Smith and Nephew, Memphis, TN) (Fig. 61-13). 

POSTOPERATIVE CARE. The arm is placed in a sling for 
3 to 4 weeks postoperatively. During this period, normal 
use of the elbow, wrist, and hand is encouraged. The 
sling is removed for pendulum exercises and bathing. 
Strengthening exercises are begun at 2 months, and the 
patient can return to contact sports at 3 to 6 months 
postoperatively. 


OP 



i 

v 


• • 

AL AM 


Five portais used for acromioclavicular joint 
reconstruction (P, posterior; L, latéral; AL, antérolatéral; AM, 
anteromedial; S, superior). (Modified from Boileau P et al: All- 
arthroscopic Weaver-Dunn-Chuinard procedure with double-button 
fixation for chronic acromioclavicular joint dislocation, Arthroscopy 
26:149, 2010 ) SEE TECHNIQUE 61-10 


SHOULDER 

Old unreduced dislocations of the shoulder usually occur in 
patients older than 50 years. The complaints are generally 
those of pain and limitation of motion. The pain usually is 
caused by attempts to move the shoulder beyond its restricted 
range. These old dislocations are most offen traumatic but 
hâve frequently been produced by a trivial injury as a resuit 
of the patient s increasing âge and weakness and degeneration 
of the soft tissue around the glenohumeral joint, such as the 
rotator cuff and subscapularis tendon. In younger patients, 
unreduced dislocations often occur in those with alcoholism, 
seizures, or multiple traumas. Many of these dislocations are 
complicated by fractures of the glenoid cavity, tuberosities, or 
other parts of the humérus. More than one third are compli¬ 
cated by neurologie déficits. Loss of motion is the chief clini- 
cal finding; abduction and internai rotation are restricted in 
old anterior dislocations, and abduction and external rotation 
are restricted in old posterior dislocations. 

Complété radiographie évaluation should include antero- 
posterior and axillary views of the shoulder. CT and three- 
dimensional CT techniques are helpful in evaluating the bony 
injuries and the extent of damage to the articular surface of 
the humerai head. The degree of damage to the articular 
surface is a major determining factor in the procedure 
selected (Fig. 61-14). 

These injuries produce pathologie conditions in both 
the soft tissue and the bone. After a few weeks, fibrous and 
capsular contractures occur across the base of the glenoid. 
The rotator cuff muscles also are contracted. The fibrosis can 
include other structures, such as the axillary artery and nerve. 
The natural anatomy is therefore offen markedly distorted. 
Neviaser has described a capsular “bowstringing” phenome- 
non. The capsule itself becomes adhèrent in the glenoid fossa, 
preventing closed réduction (Fig. 61-15). 

Bony pathologie change also is offen seen. In chronic 
anterior dislocations, a compression fracture occurs in the 
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Weaver-Dunn-Chuinard procedure with double 
button fixation. A f Coracoacromial ligament is harvested with 
bone block from tip of acromion and is rerouted in distal end of 
clavicle. Arthritic distal clavicle has been resected and socket 
drilled in its medullary canal. B f Bone-ligament transfer is pro- 
tected for time of bone healing by maintaining réduction with 
help of double-button (two titanium buttons connecting the 
clavicle and coracoid with four strands of suture). (Modified from 
Boileau P, et al: All-arthroscopic Weaver-Dunn-Chuinard procedure with 
double-button fixation for chronic acromioclavicular joint dislocation, 
Arthroscopy 26:149, 2010.) SEE TECHNIQUE 61-10. 


postérolatéral aspect of the humerai head, where it impinges 
against the anterior glenoid rim (Fig. 61-16). Because of the 
repeated efforts of the patient to achieve normal motion in 
the glenohumeral joint, this lésion offen is larger than the 
usual Hill-Sachs lésion seen in recurring anterior dislocations 
of the shoulder. There are also compression fractures of the 
apposing glenoid rim or sometimes a pseudoarticulation with 
the scapula (Fig. 61-17). In chronic posterior dislocations, a 
bony lésion similar to the Hill-Sachs lésion of recurring ante¬ 
rior dislocations is found. This is a compression fracture 
caused by impingement of the posterior rim of the glenoid 
on the anteromedial aspect of the humerai head (Fig. 61-18). 
These lésions are also usually large because of the patients 
continuai attempts to increase the range of motion of the 
affected joint. 

TREATMENT 

The treatment options for an old unreduced dislocation of the 
shoulder are no treatment, closed réduction (arthroscopic- 
assisted), open réduction, hemiarthroplasty, and total shoul¬ 
der replacement. Not ail patients with old unreduced 



CT scan showing extent of damage to articular 
surface of glenoid head. 





Relationships in unreduced dislocations of shoulder. A f Normal relationship of humerai head and glenoid cavity. 
B f In old anterior dislocation, adhesions of posterior capsule to glenoid surface develop. C, In old posterior dislocation, adhesions of 
anterior capsule to glenoid surface develop. (From Neviaser JS: Arthrography of the shoulder: the diagnosis and management of the lésions 
visualized, Springfield, III, 1975, Charles C. Thomas.) 
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Large wedge-shaped defect in postérolatéral 
aspect of humerai head in chronic anterior dislocation. (From 
Kirtland S, Resnick D, Sartoris D, et al: Chronic, unreduced dislocations 
of the glenohumeral joint: imaging strategy and pathologie corrélation, 
J Trauma 28:1622, 1988.) 




Posterior dislocation of shoulder. A f Anteropos- 
terior radiograph shows only subtle changes. B, Axillary latéral 
radiograph shows posterior dislocation of humerai head with 
posterior rim of glenoid caught in humerai head defect. 


unreduced anterior dislocation is held away from the body in 
external rotation, making it difficult to reach the face and 
impossible to reach the back. 


Pseudoarticulation (arrows) of humerai head 
with anterior aspect of glenoid cavity in chronic anterior disloca¬ 
tion of shoulder. A, Acromion; C, coracoid process. (From Kirtland 
S, Resnick D, Sartoris D, et al: Chronic, unreduced dislocations of the 
glenohumeral joint: imaging strategy and pathologie corrélation, J 
Trauma 28:1622, 1988.) 


dislocations of the shoulder require treatment. In some 
patients, although motion is limited and slightly uncomfort- 
able, the upper extremity remains functional. Also, if a patient 
is inactive and a poor risk for surgery, the option of nonop- 
erative treatment should be considered. Patients with poste¬ 
rior dislocations who were not treated hâve been shown to 
hâve better results than those with untreated anterior disloca¬ 
tions. In unreduced posterior dislocations, the arm rests at 
the side in internai rotation, allowing the patient to reach the 
face, head, and rear of the body The arm of a patient with an 


■ CLOSED REDUCTION 

As emphasized by many authors, manipulative réduction 
should not be undertaken before the patients âge, the degree 
of osteoporosis of the humérus, the vascular status, and the 
duration of the dislocation are ail carefully considered. The 
size of the humerai dépréssion defect also should be taken 
into account. A few cases of closed réduction of shoulders 
that hâve been dislocated for more than 6 to 8 weeks hâve 
been reported in the literature, but most agréé that attempts 
at closed réduction should be considered carefully affer 4 
weeks. Affer this time, the soff-tissue contractures, the fibrous 
tissue within the glenoid cavity, and the retracted rotator euff 
muscles usually make closed réduction impossible. 

In general, it may be unwise to attempt closed réduction 
for a shoulder with an impression defect involving more 
than 20% of the articular surface of the humerai head or for 
a shoulder that has been dislocated for more than 3 to 4 
weeks. If a closed réduction is attempted, it should be done 
with minimal traction, no leverage, and complété muscle 
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relaxation under general anesthésia. In elderly patients with 
arterial vascular disease, rupture of the axillary artery is pos¬ 
sible. If réduction is successful, the shoulder should be immo- 
bilized for 3 to 4 weeks. For posteriorly dislocated shoulders, 
we prefer to immobilize the arm posterior to the axis of the 
body. If the dislocation is anterior, the arm is immobilized 
anterior to the axis of the body (Fig. 61-19). Active and 
active-assisted range-of-motion and strengthening exercises 
should be initiated when the immobilization period is 
complété. 

■ OPEN REDUCTION 

Two obstacles are generally encountered with open réduc¬ 
tion. The first is difficulty in replacing the humerai head 
because of fibrosis, shortening of the muscle, contracture, 
bowstringing of the capsule across the glenoid cavity, defect 
of the articular surface in the humerai head at the point of 
impingement at the glenoid, and scar tissue in the glenoid 
fossa. The second obstacle is difficulty maintaining réduction 
because of instability. 

When an open réduction is performed, it is often neces- 
sary to prevent récurrent dislocations caused by the humerai 


head defect. This problem is generally encountered more 
often in old unreduced posterior dislocations than in anterior 
dislocations. Methods for treating this problem include filling 
the defect in the anterior part of the humerai head with the 
subscapularis tendon (Fig. 61-20A and B) and transplanting 
the subscapularis tendon with the lesser tuberosity attached 
(Fig. 61-20C). Elévation and bone grafting with an autograft 
or allograft also may be required. In general, these techniques 
can be used for defects of up to approximately 40% of the 
articular surface; for larger defects, the necessity of prosthetic 
replacement is more likely. 

Rockwood recommended a posterior approach for old 
unreduced posterior dislocations of the shoulder if the 
anteromedial humerai head defect is less than 15%. If the 
head defect is greater than 15%, an anterior reconstruction 
through an anterior approach is recommended. Superior and 
anteromedial approaches for open réduction of these poste¬ 
rior dislocations also hâve been advocated. 

El Shewy et al. treated chronic posterior dislocations 
(with head defects less than 25%) by réduction, and then 
posterior capsular shift (Fig. 61-21), with good pain relief and 
reasonable functional improvement. 



Rowe and Zarins method of immobilization after shoulder dislocations. A f After posterior dislocation, arm is pre- 
vented from moving anterior to coronal plane of body. B and C f After anterior dislocation, arm is prevented from moving posterior to 
coronal plane of body. (Redrawn from Rowe CR, Zarins B: Chronic unreduced dislocation of the shoulder, J Bone Joint Surg 64A:494, 1982.) 



JjJ Technique for treatment of old unreduced posterior dislocation of shoulder. A, Two holes are drilled transversely 
through area of anterior defect. B, Mattress suture in freed subscapularis tendon is passed through holes and tied securely, fixing 
tendon in defect. C, Neer alternative in which subscapularis tendon is freed by osteotomy of lesser tuberosity and tuberosity is fixed 
in anterior defect with screw. SEE TECHNIQUES 61-12 AND 61-13. 
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Open réduction and posterior capsular shift in old unreduced posterior shoulder dislocations. A f T-shaped incision of 
the posterior capsule. B f Upward shift of inferior flap with overlap by superior flap to reinforce the repair. (Modified from El Shewy MT 
et al: Open réduction and posterior capsular shift for cases of neglected unreduced posterior shoulder dislocation, Am J Sports Med 36:133, 2008.) 




Use of Swiss screw to maintain réduction of 
shoulder in old unreduced dislocation. (From NeviaserTJ: Old unre¬ 
duced dislocations of the shoulder, Orthop Clin North Am 11:287, 
1980.) 


Wilson and McKeever method of stabilizing 
shoulder joint with two Kirschner wires after réduction of poste¬ 
rior dislocation. (From DePalma AF: Surgery of the shoulder, Philadel¬ 
phia, JB Lippincott, 1950.) 


A humerai rotational osteotomy has been described for 
patients who hâve locked posterior shoulder dislocations and 
meet the following criteria: (1) healthy articular cartilage, (2) 
humerai head defect involving less than 40% of the articular 
surface, and (3) ability to participate in an active réhabilita¬ 
tion program. 

Internai fixation may be a helpful (or necessary) adjunct 
to open réduction. A Swiss screw (Fig. 61-22) or crossed 
Kirschner wires through the acromion into the humerai head 
(Fig. 61-23) hâve been described. Kirschner wire fixation also 
has been used in anterior dislocations with transfer of the 
coracoid to the glenoid. Akinci et al. reported 5 excellent, 4 
good, and 1 poor resuit with open réduction and Kirschner 
wire fixation of 10 old unreduced anterior shoulder disloca¬ 
tions. Some authors hâve found it unnecessary to transfix the 
shoulder joint at ail and hâve recommended simply support - 
ing the arm at the side in a position anterior to the coronal 
plane of the body for anterior dislocations and posterior to 
the coronal plane for posterior dislocations (see Fig. 61-19). 


ANTERIOR DISLOCATIONS 


OPEN REDUCTION OF CHRONIC 
ANTERIOR SHOULDER DISLOCATION 


TECHNIQUE 61-11 


(ROWE AND ZARINS) 

■ An anterior approach to the shoulder through the delto- 
pectoral interval is usually satisfactory. Make an incision 
extending from the latéral third of the clavicle inferiorly 
for 10 to 12.5 cm. 

■ Separate the deltoid and pectoralis major muscles and 
retract the short head of the biceps and the coracobra- 
chialis. Inferior to the coracoid, the humerai head may be 
seen or felt with a blunt instrument. 
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9 " Before trying to reduce the dislocation, open the capsule 
and completely divide the coracohumeral ligament and 
free the glenoid cavity of fibrous tissue. 

■ Release of the subscapularis muscle will be necessary in 
performing this step. Replace the humerai head gently 
into the glenoid cavity. Avoid using too much mechanical 
force with tools to prevent fracturing of the osteoporotic 
bone of the humerai head or glenoid. 

■ Stretch the soft tissues gently, manipulating the shoulder 
until motion of the joint is almost normal. 

■The capsule will be so contracted that it usually cannot 
be closed. Carefully repair the subscapularis muscle; 
remember that just inferior to this lies the axillary nerve 
(Fig. 61-24). 

POSTOPERATIVE CARE. If internai fixation is used, 
support the arm in the desired position in an abduction 
splint or in a spica cast; the internai fixation is removed 
at 3 to 4 weeks. If the technique of Rowe and Zarins is 



Posterior 


Axillary nerve 

Quadrangular 

space 

Radial nerve 


Long head 
of triceps 


Teres minor 


Te res major 


Axillary nerve — 

Quadrangular 

space — 

Radial nerve 



Posterior cord 
of brachial plexus 


— Subscapularis 


Teres major 


Anterior 


Relation of axillary nerve to subscapularis 
muscle, quadrangular space, and neck of humérus. With anterior 
dislocations, subscapularis is displaced forward, creating traction 
injury to axillary nerve. Nerve is entrapped and held above by 
brachial plexus and below where it wraps around behind neck of 
humérus. (Redrawn from Neer CS, Rockwood CA: Fractures and dislo¬ 
cations of the shoulder. In Rockwood CA, Green DP, editors: Fractures 
in adults, 2 nd ed, Philadelphia, Lippincott, 1984.) SEE TECHNIQUE 61-11. 


used (see Fig. 61-19), the arm supports are removed at 
about 3 weeks. At 3 to 4 weeks, gentle pendulum motion 
is begun. Active motion and passive motion of the shoul¬ 
der are soon begun and are continued within the ranges 
of comfort. The shoulder should probably be supported 
in a splint at night for several months until fairly strong, 
active abduction has been regained. 

Full function of the shoulder rarely is regained after 
this operation. Motion is often limited, especially in 
abduction and external rotation. The patient therefore 
should not expect full recovery, but some improvement 
in shoulder function should be expected. 


POSTERIOR DISLOCATIONS 


OPEN REDUCTION OF CHRONIC 
POSTERIOR SHOULDER DISLOCATION 
FROM A SUPERIOR APPROACH 


TECHNIQUE 61-12 


(ROWE AND ZARINS) 

■ The "utility" approach has been found to be superior for 
chronic posterior dislocations. Place the patient on the 
operating table on the contralatéral side. 

■ Make the skin incision as shown in Figure 61-25. 

■ Turn down the deltoid muscle together with a detached 
5-mm-wide piece of the acromion at the middle third of 
the muscle. When the bony rim of acromion is reat- 
tached, the deltoid will heal in its anatomie position and 
not displace distally. 



Leave bone 
attached to 
deltoid over 
end of 
acromion 


Skin incision for 
overall shoulder 
exposure turning 
down the deltoid 


Combined approach in which deltoid muscle is 
turned down to expose anterior and posterior aspects of shoul¬ 
der. Heavy dotted line shows skin incision. Light dotted line shows 
skin osteotomy of acromion leaving 5 mm of bone attached to 
deltoid muscle. (Redrawn from Rowe CR, Zarins B: Chronic unreduced 
dislocation of the shoulder, J Bone Joint Surg 64A:494, 1982.) SEE 
TECHNIQUE 61-12 
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■ Sharply separate from the clavicle and the spine of the 
scapula the anterior and posterior origins of the deltoid 
as far as necessary and then split the deltoid distally (as 
much as 5 cm) to allow complété anterior, posterior, and 
inferior exposure of the shoulder joint. Take care to avoid 
injury to the axillary nerve. The anatomie landmarks are 
easily obscured. The easiest landmark to locate is the long 
head of the biceps, which can be followed to the bicipital 
groove between the lesser and greater tuberosities. 

■ Incise and retract the rotator euff and remove the fibrous 
tissue from the glenoid cavity. As an alternative, strip the 
capsule from the glenoid face first and then proceed to 
lyse adhesions of the rotator euff from the anatomie neck 
of the humérus. 

■ With the contractures released, carefully separate the 
humerai head from the posterior rim of the glenoid. If 
the dislocation is old, the humerai head may be soft and 
easily injured unless the exposure is adéquate. 

■ Reduce the head of the humérus into the glenoid cavity. 

■ If the shoulder is unstable or a large anterior humerai 
head defect is présent, dissect the subscapularis tendon 
sharply from its insertion and transfer it to fill the defect 
or resect the lesser tuberosity with the attached sub¬ 
scapularis tendon and transfer it (see Fig. 61-20C). 

■ Internai fixation of the shoulder joint generally is not 
necessary if the arm is kept posterior to the coronal plane 
of the body with support after surgery (see Fig. 61-19). 

■ Suture the rotator euff tendons to the sites of their 
insertions. 

■ Reattach the rim of the acromion, which was removed by 
osteotomy, with sutures passed through three drill holes 
in the acromion. 

POSTOPERATIVE CARE. A support is applied to prevent 
motion of the arm anterior to the coronal plane of the 
body (see Fig. 61-19). The elbow is left free for flexion 
and extension, and the shoulder can be moved posteriorly 
into extension. If the arm remains posterior to the coronal 
plane, the humerai head should not dislocate posteriorly. 
The support is removed at 3 weeks, and gentle pendulum 
motion is then begun together with guided isométrie 
exercises and progressive use of the arm within the range 
of comfort. 


OPEN REDUCTION OF CHRONIC 
POSTERIOR SHOULDER 
DISLOCATION THROUGH AN 
ANTEROMEDIAL APPROACH 


TECHNIQUE 61-13 


(MCLAUGHLIN) 

■ Expose the shoulder through an anteromedial approach 
(see Chapter 1). 

■ Divide the subscapularis tendon transversely as close to 
its insertion as possible and retract it medially. 


■ Attempt to reduce the shoulder manually. If this attempt 
fails (and it usually does), insert a blunt periosteal elevator 
or bone skid between the humerai head and the rim of 
the glenoid cavity and gently lever them apart. As soon 
as the glenoid rim has become disengaged from the 
defect in the anterior part of the humerai head, réduction 
usually occurs. 

■ Thoroughly inspect the joint, including the humerai head 
and the defect. 

■ Curet the defect to bleeding bone and remove ail débris 
and fibrous tissue, beginning on the lesser tuberosity and 
emerging in the defect in the humerai head (see Fig. 
61 -2 OA). 

■ Drill two holes transversely through the bone and pass a 
mattress suture through these and the previously freed 
subscapularis tendon. 

■ Pull the tendon into the defect in the humerai head and 
tie the sutures securely (see Fig. 61-20B). 

■ Alternative^, resect the lesser tuberosity and its attached 
subscapularis tendon and fix it in the defect with a bone 
screw. This allows bone-to-bone healing rather than 
tendon-to-bone healing. Do not disturb the posterior part 
of the joint unless the réduction is unstable. 

■ Close the wound and immobilize the arm in a Velpeau 
dressing. 

■ When the réduction is not stable enough after anchoring 
of the subscapularis tendon into the defect, a structural 
graft can be used posteriorly along the rim of the glenoid 
cavity and neck of the scapula as a block to dislocation. 
Such grafting is performed through a posterior approach 
(see Chapter 1). The graft can be obtained from the 
posterior iliac crest or the posterior surface of the acro¬ 
mion. Use screws or threaded pins to fix the graft beneath 
the periosteum of the neck of the scapula posteriorly. 

POSTOPERATIVE CARE. A Velpeau dressing is applied 
and worn until the wound has healed. The sutures are 
removed in 2 weeks, and gentle, active, and pendulum 
range-of-motion exercises are begun. A shoulder immo- 
bilizer is worn at night for 6 weeks. Exercises are increased 
so that internai rotation and overhead exercises are 
underway by 4 to 6 weeks. 


DELTOPECTORAL APPROACH 
FOR CHRONIC POSTERIOR 
SHOULDER DISLOCATION 


TECHNIQUE 61-14 


(KEPPLER ETAL.) 

■ Place the patient supine. 

■ Expose the shoulder joint through an anterior deltopec- 
toral approach (Technique 1-79). 

■ Make a 10-cm incision in the deltopectoral groove. 

■ After minimal detachment of the deltoid muscle from the 
clavicle, make an L-shaped incision of the subscapularis 
tendon and the capsule. 
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Diagrammatic représentation of principle of 
rotational osteotomy in shoulder with locked posterior shoulder 
dislocation. (From Keppler P, Holz U, Thielemann FW, et al: Locked 
posterior dislocation of the shoulder: treatment using rotational oste- 
otomy of the humérus, J Orthop Trauma 8:286, 1994.) SEE TECHNIQUE 
61-14 


9 " Réduction of the dislocation may be difficult and should 
be performed by unhooking the humerai head from the 
glenoid. Remove any fibrous and granulation tissue filling 
the glenoid fossa to maintain réduction of the humerai 
head. 

■ After réduction, détermine the congruity of the joint and 
the range of motion necessary to prevent a redislocation. 
The shoulder usually will re-dislocate with internai rota¬ 
tion as the humerai head defect articulâtes with the 
glenoid. If insufficient internai rotation remains to allow 
activities of daily living, osteotomy is indicated. 

■ Perform a transverse osteotomy in the humerai surgical 
neck to allow internai rotation of the humerai shaft 
(Fig. 61-26). 

■ Fix the osteotomy with an angled blade plate. The stabi- 
lized osteotomy ensures that the humerai head defect is 
always anterior to the glenoid rim during normal motion 
(Fig. 61-27). After osteotomy fixation, the shoulder 
should hâve normal motion in ail planes except external 
rotation. 

■ If the humerai head defect is large (greater than 40%), 
rotational osteotomy is unlikely to restore articular con¬ 
gruity and stability. Hemiarthroplasty or total shoulder 
arthroplasty should be considered. 

POSTOPERATIVE CARE. Postoperatively, the arm is 
held in a shoulder immobilizer. After removal of the 
suction drain on the second postoperative day, physical 
therapy is started with isométrie exercises and gentle 
passive pendulum exercises. The patient should continue 
to wear the shoulder immobilizer at night. Guided passive 



Internally fixed humérus after transverse oste¬ 
otomy and internai rotation of humerai shaft. (From Keppler P, 
Holz U, Thielemann FW, et al: Locked posterior dislocation of the shoul¬ 
der: treatment using rotational osteotomy of the humérus, J Orthop 
Trauma 8:286, 1994.) SEE TECHNIQUE 61-14. 


exercises are begun 1 week after surgery, with a maximum 
of 90 degrees of flexion and abduction and with external 
rotation only to the neutral position. The shoulder immo¬ 
bilizer is discontinued as dictated by the patient's comfort. 
After 3 weeks, an active physical therapy program in ail 
planes is initiated. External rotation is not allowed up to 
the sixth postoperative week. Six to 8 weeks after surgery, 
if good range of motion and strength hâve returned, 
activities such as swimming and throwing can be allowed. 
The angled plate is not routinely removed. 


HEMIARTHROPLASTY 

For very old (longer than 6 months) dislocations or for large 
head defects (larger than 45% to 50%), most authors suggest 
proceeding directly to arthroplasty, using hemiarthroplasty if 
the glenoid is normal and if the dislocation is more than 6 
months old or the defect involves more than 45% of the 
articular surface as seen on the axillary radiograph or CT 
scan. Reducing the usual amount of rétroversion of the 
humerai component decreases the tendency of the head to 
sublux posteriorly in posterior dislocations. For a posterior 
shoulder dislocation that has been présent for more than 6 
months, the humerai component is placed in approximately 
neutral version. For a posterior shoulder dislocation that has 
been présent for less than 6 months, the component is placed 
in approximately 20 degrees of rétroversion. The technique of 
hemiarthroplasty of the shoulder is further described in 
Chapter 12. 

Occasionally, significant instability may persist even after 
arthroplasty requiring further soft-tissue reconstruction, 
such as posterior capsule augmentation using transplanted 
biceps tendon. 
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TOTAL SHOULDER ARTHROPLASTY 

Total shoulder replacement is recommended if the glenoid 
has been destroyed and the dislocation is more than 6 months 
old or the defect involves more than 45% of the articular 
surface. A bone graff also may be necessary if extensive 
érosion of the posterior margin of the glenoid fossa has 
occurred. Appropriate radiographs and CT scans can déter¬ 
mine whether such defects are présent before surgery. The 
usual amount of rétroversion of the humerai component 
must be reduced to lessen the tendency of the head to sublux 
posteriorly. The longer the dislocation has been présent, the 
more rétroversion must be reduced. Sahajpal and Zuckerman 
recommended decreasing the amount of rétroversion by 10 
to 15 degrees to provide a more stable construct. The correct 
amount of version can be determined by inserting trial com- 
ponents and testing the stability of the shoulder at the time 
of surgery, making adjustments if required. In addition, if 
necessary, the posterior part of the capsule can be plicated 
through the anterior approach affer the humerai head has 
been osteotomized and before the components are inserted. 
Similarly, a large redundant posterior pouch can be corrected 
by plication of the capsule. The technique of total shoulder 
arthroplasty is described in Chapter 12. 

ELBOW 

Old unreduced dislocations of the elbow are rare and are 
more offen seen in developing countries. Operative treatment 
for unreduced elbow dislocations has been reported mostly 
by surgeons practicing in the Middle East and Asia. Posterior 
dislocations are the most common; therefore, treatment for 
this alone is described. The arm generally is fixed in extension 
or in very slight flexion with minimal range of motion. Prona¬ 
tion and supination are limited. Pronation usually is more 
limited than supination because the biceps is under tension 
from angulation around the humerai condyles. The biceps 
then pulls the forearm into supination. 

Pathologie findings with old unreduced dislocations of 
the elbow hâve been described, including extensive myositis 
ossificans around the joints, especially in the brachialis and 
the triceps brachii muscles; marked shortening of the triceps 
muscle and médial and collateral ligaments; tightening of the 
ulnar nerve with attempts at flexion; ossification or dense 
fibrous thickening of the joint capsule; and extensive dense, 
fibrous tissue filling the olecranon and coronoid fossae and 
the space between the distal end of the humérus and the 
proximal ends of the radius and ulna. A “radial humerai 
horn” (Fig. 61-28), seen in old unreduced dislocations, is 
the resuit of the ossification of the hematoma found near the 
periosteum adhering to the capsule near the head of the 
radius. 

Treatment options for old unreduced posterior disloca¬ 
tions of the elbow include closed réduction, open réduction, 
excision arthroplasty, interposition or replacement arthro¬ 
plasty, and arthrodesis. 

Although the results of open réduction of the elbow, if 
undertaken within 3 months, are acceptable, a normal func- 
tioning elbow should not be expected. In children, however, 
if the dislocation is not congénital, open réduction is worth 
an attempt no matter how long it has been since the disloca¬ 
tion occurred because children regain useful ranges of flexion 
and extension. 



Anteroposterior radiograph showing latéral 
dislocation of the elbow and horn of ossification. (From Bruce C, 
Laing P, Dorgan J, et al: Unreduced dislocation of the elbow: case report 
and review of the literature, J Trauma 35:962, 1993.) 


CLOSED REDUCTION 

Most authors agréé that closed réduction of the elbow is vir- 
tually impossible after 3 weeks. By that time, soff-tissue con¬ 
tracture and localized osteoporosis are sufficient to make 
closed réduction hazardous; the bone may fracture or the 
articular surfaces may be damaged at the time of réduction. 
Fracture can occur even during the early period, so the 
manipulation must be done carefully and gently with the 
patient under general anesthésia for complété muscle 
relaxation. 

OPEN REDUCTION 

Although some authors hâve reported that patients regain 
useful range of flexion-extension of the elbow after open 
réduction for old posterior dislocations regardless of the âge 
of the patient and the duration of the unreduced dislocation, 
most report that the likelihood of restoring useful function 
by open réduction alone is inversely proportional to the 
length of time from injury to surgery. 

In performing open réduction, the shortened triceps 
muscle must be lengthened and the shortened médial and 
latéral collateral ligaments must be released. The fibrous 
tissue between the distal humérus and the ulna should be 
removed. The radial humerai horn, if présent, must be 
divided. It is wise to inspect and to decompress the ulnar 
nerve in ail patients in whom open réduction of the elbow is 
required, and the nerve should be transposed if necessary. 
After réduction, the elbow is frequently unstable. For stability, 
some authors use Kirschner wires or Steinmann pins, trans- 
fixing the olecranon and the humérus or transfixing the capi- 
tellum and radial head. Others prefer a hinged fixator, which, 
although more complex, allows earlier motion, theoretically 
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improving results. Others opt for ligament reconstruction 
with or without adjunctive fixation. Elbow arthroplasty may 
be the best choice for the most chronic or difficult cases. 
Good functional improvement has been reported in most 
patients with complété capsular and ligamentous release 
(including the collaterals) and a Speed “V-Y lengthening.” 

Jupiter and Ring described a stable and mobile joint after 
open réduction and hinged external fixation in five patients 
at an average of 11 weeks after the initial injury. They reat- 
tached the latéral soft tissues, including the origin of the 
latéral collateral ligament complex to the latéral épicondyle 
in three patients, but they made no attempt to reconstruct the 
ligaments, tendons, or bone and performed no tendon length¬ 
ening or transfer and no deepening of the ulnar groove. To 
mobilize the elbow initially, a passive worm gear was incor- 
porated into a hinged external fixation, and active mobiliza- 
tion was gradually introduced. The hinge was removed 5 
weeks after the procedure. 

Because of an approximately 30% récurrent dislocation 
rate after ligamentous repair alone, the use of a hinged fixator 
has been recommended to protect the repair, as well as to 
maintain joint réduction, permit motion, and enhance 
muscle-tendon stretching. The hinge usually is left in place 
for 8 weeks, during which time active and passive range of 
motion exercises are carried out (Figs. 61-29 and 61-30). Ivo 
et al. obtained good results in three patients with chronically 
unreduced complex elbow dislocations with a treatment pro¬ 
tocol that included in situ neurolysis of the ulnar nerve, dis¬ 
traction and réduction of the joint with a unilatéral hinged 
external fixator, and repair of the osseous stabilizers, without 



Late-discovered (6 weeks) médial elbow dislo¬ 
cation after open réduction with complété exposure of joint from 
médial side and hinged external fixation without ligament repair 
or reconstruction. (From Hotchkiss RN: Fractures and dislocations of 
the elbow. In Rockwood CA, Bucholz RW, Green DP, Heckman JD, 
[editors]: Rockwood and Green's fractures in adults, Philadelphia, 
Lippincott-Raven, 1996.) 


collateral ligament reconstruction. Ponti et al., however, 
warned that complications may be frequent with this tech¬ 
nique: of their seven patients, four developed at least one 
complications, and three required additional procedures. 
The création of an intraarticular “cruciate” ligament has been 
described to stabilize the joint and allow early flexion- 
extension exercises (Fig. 61-31). Most authors hâve found 
that lengthening of the triceps muscle is necessary to obtain 
réduction and use the V-Y technique described by Speed to 
lengthen the triceps muscle. 


OPEN REDUCTION AND V-Y 
LENGTHENING OF TRICEPS MUSCLES 
FOR CHRONIC ELBOW DISLOCATION 


TECHNIQUE 61-15 


(SPEED) 

■ Make an incision over the postérolatéral aspect of the 
elbow, beginning in the midline 10 cm proximal to the 
olecranon. Continue distally to just proximal to the tip of 
the olecranon, then slightly laterally over the latéral 
humerai condyle and the radial head and continue farther 
distally for 5 cm on the forearm. 

■ Undermine and retract the edges of the wound and 
expose the tendinous insertion or aponeurosis of the 
triceps muscle on the posterior aspect of the elbow (Fig. 
61-32A). 

■ Locate the ulnar nerve and dissect up from its bed along 
the groove in the médial humerai condyle and carefully 
retract it. 

■ Beginning proximally and using sharp dissection, reflect 
the aponeurosis of the triceps distally to form a flap of 
tissue attached to the olecranon. 

■ Beginning 7.5 cm proximal to the joint, make an incision 
in the midline of the arm through the fibers of the triceps 
muscle distally to the olecranon; then curve this deep 
incision around the latéral edge of the olecranon to the 
distal end of the skin incision. 

■ Subperiosteally, free ail muscle attachments from the 
distal humérus, both anteriorly and posteriorly (Fig. 
61-32B), and then release the attachments of the joint 
capsule and collateral ligaments around the condyles of 
the humérus. Some difficulty may be encountered in 
freeing the tissues around the médial condyle and along 
the anterior surface of the humérus just above the joint, 
but it is essential that they ail be loosened and the lower 
end of the humérus be completely mobilized (Fig. 
61-32C). 

■ There is often a great deal of callus on the posterior 
surface of the humérus and in the olecranon fossa as a 
resuit of the periosteum being elevated at the time of 
injury. Remove this callus along with any scar tissue. 

■ After completely freeing the distal humérus, expose the 
radial head and clear the trochlear notch of the ulna. 

■ Rotate the forearm and gently press on the anterior 
surface of the capitellum, bringing the radial head ante¬ 
riorly into its normal position. 
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ÿj Anterior (A) and latéral (B) views of représentative pin placements for old elbow dislocation. Placements may need 
to be modified on basis of patient's needs. (Redrawn from Hotchkiss RN: Compass elbow hinge surgical technique, Smith & Nephew, Memphis, 
2004.) 
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Reconstruction for old posterior dislocation of the elbow. A and B f Slot in trochlea and lines of drill holes A to D 
show course of tendon graft. C and D f Anteroposterior and latéral views of completed repair; note intact forearm flexor origin. (From 
Arafiles RP: Neglected posterior dislocation of the elbow: a reconstruction operation, J Bone Joint Surg 69B:199, 1987. Copyright British Editorial 
Society of Bone and Joint Surgery.) 



Speed technique of open réduction of old unreduced dislocation of elbow. A f Incision has been made, and ulnar 
nerve has been isolated. B f Triceps aponeurosis has been dissected free and reflected distally. Triceps muscle has been incised longitu¬ 
dinal^, and it and other muscles hâve been stripped subperiosteally from distal humérus. C, Latéral view of elbow to show extent of 
mobilization occasionally necessary before réduction becomes possible. D, Closure (see text). SEE TECHNIQUE 61-15. 


If the radial head cannot be reduced easily, dissect the 
soft tissues more widely instead of applying force that 
may injure the articular surfaces. 

■ After the radial head has been reduced, slip the coronoid 
process distally and then anteriorly over the trochlea and 
repeat the réduction. 

■Carry the joint through a full range of motion. If the 
elbow is unstable, as it usually is, transfix the olecranon 
to the humérus with one or two small Steinmann pins or 
Kirschner wires with the elbow at 90 degrees. 

■ Cut the pins off and bend the proximal portion of the pin 
to prevent migration. 


■ Suture the periosteum and the triceps over the posterior 
surface of the humérus and the fascia over the radial 
head and then suture the tongue of the triceps aponeu¬ 
rosis into its normal position or, more generally, at a 
slightly more distal level (Fig. 61-32D). 

■ Decompress the wound with a suction drain. 

POSTOPERATIVE CARE. The arm is immobilized in a 
posterior splint at 90 degrees. The drain is removed after 
24 hours. The pins are removed approximately 14 days 
after surgery. The splint is removed several times a day 
for gentle, active motion exercises. When a moderate 
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range of strong active motion has been regained, the 
splint may be discarded during the day but should be 
worn at night for 2 or 3 more months. If a dislocation 
has been présent for a long time, the best functional 
results can be obtained only by continuing exercises for 
a long time. Children usually regain motion more easily 
than adults do. 


ELBOW ARTHROPLASTY 

Most authors agréé that an adult elbow that has remained 
unreduced for longer than 3 to 6 months may require some 
type of elbow arthroplasty or perhaps arthrodesis. Distraction 
interpositional arthroplasty has been well described by mul¬ 
tiple authors. In cases of chronic dislocation with significant 
joint degeneration or incongruity in a patient too young for 
total elbow replacement (who déclinés arthrodesis), interpo¬ 
sitional arthroplasty using fascia lata or a similar graff may 
be the best choice. The technique for fascial arthroplasty is 
discussed in Chapter 12, the technique for total elbow replace¬ 
ment is discussed in Chapter 12, and the technique for elbow 
arthrodesis is described in Chapter 13. 

ANTERIOR DISLOCATION OF THE 
RADIAL HE AD 

An old anterior dislocation of the radial head in an adult is 
sometimes compatible with useful function of the elbow, but 
flexion is hindered, and the limb is usually weak. If the dis- 
ability is enough to justify surgery, the radial head should be 
excised (see Chapter 57). In a child, a dislocation may be 
congénital or may hâve occurred as an isolated injury or pos- 
sibly in conjunction with a fracture of the ulnar shaff (Mon- 
teggia fracture). It may also sometimes be compatible with 
useful function, but as the child continues to grow, the car- 
rying angle increases and the radial head becomes deformed. 
If the child is young and less than 1 year from dislocation, 
and it is not congénital, open réduction and reconstruction 
of the radial head and neck with or without an ulnar oste- 
otomy can be performed (see Chapter 36). 

Once growth is complété, if disability is severe enough, 
the radial head should be excised. 

Old unreduced wrist and finger dislocations are discussed 
in Chapter 67. 
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Peripheral nerve injuries are common. Despite numerous 
advances in microsurgical technique and interfascicular 
nerve graffing, many treatment principles obtained from 
World War II expériences as set forth in the cumulative works 
of Seddon and Woodhall are still applicable today. Current 
research focusing on pharmacologie agents, immune System 
modulation, enhancing factors, and entubulation chambers, 
although promising, hâve had little clinical application so far, 
and the results of nerve repair remain modest with only 50% 
of patients regaining useful function. 

In this chapter, the diagnosis and treatment of peripheral 
nerve injuries are described, with the details of surgical tech¬ 
nique and postoperative care included in the discussion of 
each nerve. For details of embryology, microscopie anatomy, 
and physiology, the reader is referred to other works. The 
appropriate reconstructive operations are described in other 
sections of this book, and cross references are provided. 


ANATOMY OF THE 
SPINAL NERVES 

Each segmentai spinal nerve is formed at or near its interver¬ 
tébral foramen by the union of its dorsal, or sensory, root with 
its ventral, or motor, root. In most of the thoracic segments, 
these mixed spinal nerves retain their autonomy and supply 
one intercostal dermatomal and myotomal segment. In virtu- 
ally ail other segments of the spinal axis, the spinal nerves 
join with other s to form a plexus that innervâtes a limb or a 
spécial body segment that no longer retains the primitive 
myomeric pattern. A total of 31 mixed spinal nerves leave 
their respective foramina on each side of the spine to inner- 
vate the homolateral trunk and extremities: eight cervical, 12 
thoracic, five lumbar, five sacral, and one coccygeal. 

COMPONENTS OF MIXED SPINAL NERVES 

A typical mixed spinal nerve has three distinct components: 
motor, sensory, and sympathetic (Fig. 62-1). 

■ MOTOR 

Several rootlets leave the antérolatéral sulcus of the spinal 
cord and unité to form each motor root. The fibers traversing 
these roots arise from the anterior horn cells and innervate 
the skeletal muscles. 
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FIGURE 


Components of mixed spinal nerve. 


■ SENSORY 

The sensory fibers arise from pain, thermal, tactile, and 
stretch receptors. Cell bodies for these fibers are located 
within the dorsal root ganglia with axons entering the pos¬ 
térolatéral sulcus of the cord via several rootlets. The fibers 
conveying joint or position sensibility and some tactile fibers 
turn cephalad in the dorsal columns and do not synapse 
before reaching the gracile and cuneate nuclei at the cervico- 
medullary junction. Pain and température fibers synapse in 
the substantia gelatinosa and cross to ascend in the dorsal 
spinothalamic tract. Tactile fibers enter, synapse, and cross to 
ascend in the ventral spinothalamic tract. 

■ SYMPATHETIC 

The sympathetic component of ail 31 mixed spinal nerves 
leaves the spinal cord along only 14 motor roots. The cells of 
origin are in the intermediolateral cell column that extends 
throughout the thoracic and upper lumbar cord segments. 
The fibers exit from the cord with the 12 thoracic and first 
two lumbar motor roots, enter the respective mixed spinal 
nerve, and promptly emerge from it as white rami. The white 
rami pass anteriorly to the corresponding sympathetic gan¬ 
glion. Synapse may occur within the ganglion with which the 
ramus is associated, and postganglionic fibers pass back to 
the mixed spinal nerve as a gray ramus. More offen, however, 
the fibers entering the ganglion via the white rami pass for 
variable distances up or down the paravertebral chain to 
synapse at higher or lower levels. The postganglionic fibers 
pass along gray rami to cervical, lower lumbar, or sacrococ- 
cygeal mixed spinal nerves having no white rami. Sweat 
glands, blood vessels, and erector pili are innervated also in 
a segmentai pattern. 

GROSS ANATOMY 

Mixed spinal nerves, having leff the intervertébral foramina, 
receive their sympathetic component and promptly branch 
into anterior and posterior primary rami. The posterior 
primary rami are directed posteriorly and supply the paraspi- 
nal musculature and the skin along the posterior aspect of the 
trunk, the neck, and the head. The upper three cervical pos¬ 
terior rami are larger than their corresponding anterior rami, 
supplying relatively large areas of the scalp posteriorly and 
the musculature around the craniocervical junction. With 
these exceptions, posterior primary rami are small, and the 
major part of each spinal nerve continues laterally in an ante¬ 
rior primary ramus to enter a plexus or to become an inter¬ 
costal nerve. 

Anterior primary rami of ail the cervical, the first tho¬ 
racic, and ail the lumbosacral nerves join in the formation of 
plexuses. Alteration of the metameric pattern results from the 
migration of dermatomes and myotomes into the limb buds. 
The upper four cervical anterior rami form the cervical 
plexus, and the lower four cervical and first thoracic anterior 
rami form the brachial plexus. The first three and a part of 
the fourth lumbar anterior rami form the lumbar plexus. The 
sacral anterior rami along with the fiffh lumbar and a part of 
the fourth join to form the lumbosacral plexus. The enlarge- 
ment and prolongation of the limb bud markedly alter the 
myotomal pattern, resulting in the union of some myotomes 
and the division or partial extended migration of others. The 
fibers of any one mixed spinal nerve may be distributed 
through several peripheral nerves. By the same token, any 
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FIGURE 


Dermatomal patterns. 


one peripheral nerve may contain fibers from several spinal 
nerves. 

The area of skin supplied by the fibers of a single spinal 
root is called a dermatome. Segmentai dermatomal patterns 
(Fig. 62-2) are well preserved in the thoracic région but not 
in the limbs. Migration of the limb buds accounts for the 
displacement of midcervical dermatomes along the latéral 
aspect of the arm and radial aspect of the forearm and of the 
lower cervical and upper thoracic dermatomes along the 
médial aspect of the arm and the ulnar aspect of the forearm. 
Lumbar and sacral dermatomal alignment along the various 
aspects of the lower extremity is similarly explained. The line 
separating the more rostral segmentai dermatomes from the 
more caudal ones is called the axial line and may be followed 
into the spinal axis. 

MICROSCOPIC ANATOMY 

Each nerve fiber, or axon, is a direct extension of a dorsal root 
ganglion cell (sensory), an anterior horn cell (motor), or a 
postganglionic sympathetic nerve cell, and it is either myelin- 
ated or unmyelinated. Sensory and motor nerves contain 
unmyelinated and myelinated fibers in a ratio of 4:1 (Fig. 
62-3). In the unmyelinated or sparsely myelinated fibers, 
several axons are wrapped by a single Schwann cell. In the 
more heavily myelinated fibers, the Schwann cell by rotation 
forms a multilaminated structure that encloses a myelin 
sheath around a single axon. The segment of myelinated 
nerve fiber enclosed by a single Schwann cell is referred to as 
an internode and varies in length from 0.1 to 1.8 mm, with 
the more heavily myelinated fibers having the longer inter- 
nodes. The point at which one Schwann cell ends and the next 
begins is relatively sparse in myelin and is called the nodal 
gap, or node of Ranvier (Fig. 62-4). The axon with its Schwann 
cell and myelin sheath is surrounded by a veil of délicate 
fibrous tissue called the endoneurium. Seen longitudinally, 
the endoneurium forms a tube encircling individually the 
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Microscopie anatomy of peripheral nerve. 


Schwann cell sheaths that cluster together to form a fascicle 
(or funicle as termed by Sunderland). Each fascicle or sepa- 
rate group of sheathed axons is surrounded by a denser layer 
of perineurium. The entire group of fascicles with their sur- 
rounding perineurium is encased as a mixed spinal or periph¬ 
eral nerve in a denser epineurium. The blood supply to the 
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Basic anatomy of myelinated nerve fiber. 


peripheral nerve enters through the mesoneurium, which is 
loose connective tissue extending from the epineurium to the 
surrounding tissues. There is an extrinsic (segmentai) and 
an intrinsic (longitudinal) blood supply to each nerve. The 
intrinsic blood supply that runs longitudinally within the 
epineurium, perineurium, and endoneurium is fairly exten¬ 
sive and allows surgical mobilization without complété 
devascularization over variable lengths of nerves. 


INTERNAL TOPOGRAPHY 
OF PERIPHERAL NERVES 

The internai topography or fascicular arrangement of the 
radial, médian, and ulnar nerves was described by Sunder- 
land in 1945 as a complex network of branching and inter- 
mingling fascicles that constantly change throughout the 
course of the nerve (Fig. 62-5). Studies hâve shown that 
although the fascicular arrangement is complex in the 
proximal aspect of a peripheral nerve, the distal fascicles 
can be dissected over long distances before merging 
occurs (Fig. 62-6). This characteristic is important to the 
surgeon when intraneural dissection is required for accurate 
neurorrhaphy. 


NEURONAL DEGENERATION 
AND REGENERATION 

Any part of a neuron detached from its nucléus degenerates 
and is destroyed by phagocytosis. This process of degenera- 
tion distal to a point of injury is called secondary, or 
Wallerian degeneration (Fig. 62-7). The reaction proximal to 
the point of detachment is called primary traumatic , or rét¬ 
rogradé degeneration. The time required for degeneration 
varies between sensory and motor segments and is related to 
the size and myelinization of the fiber. 

During the first 3 days affer injury, definite morphologie 
changes become apparent in the axon. Response to faradic 



FIGURE 


Internai topography of musculocutaneous 


nerve as depicted by Sunderland. 



Complexity of internai topography 
in more distal portions of nerve. 


diminishes 


stimulation can be obtained for periods of 18 to 72 hours. 
Affer 2 or 3 days, the distal segment becomes fragmented, 
and with subséquent fluid loss the fragments begin to shrink 
and to assume a more oval or globular appearance. A con¬ 
comitant fragmentation and shrinkage of the myelin sheath 
parallels the axonal degenerative change. By day 7, macro¬ 
phages hâve reached the area in greater numbers, and clear¬ 
ing of the axonal débris is virtually complété affer 15 to 30 
days. Schwann cell division by mitosis is évident by day 7, the 
cells increasing in number to fill the area previously filled by 
the axon and myelin sheath. 
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FIGURE 


Physiologie changes in régénération of peripheral motor nerve axon after division with sharp object. 


The primary rétrogradé degeneration proceeds for at least 
an internode or more, depending on the degree of proximal 
insult, and it is histologically identical to wallerian degenera¬ 
tion. The changes in the parent cell body vary to some degree 
with the type of cell and the nearness of the injury to the cell 
body The more proximal the site of injury, the more pro- 
nounced the changes. Chromatolysis with swelling of the 
cytoplasm and eccentric placement of the nucléus is com- 
monly évident. This reaction within the cell body is évident 
by day 7, and death or evidence of beginning recovery is 
apparent after 4 to 6 weeks. With recovery, the edema begins 
to subside, the nucléus migrâtes toward the center of the cell, 
and Nissl substance begins to reaccumulate. 

Distal to the point of injury or to the proximal extent of 
rétrogradé degeneration there is an endoneurial tube filled 
with Schwann cells to accept regenerating sprouts from the 
axonal stump. Axonal sprouting may occur within the first 24 
hours after injury. Ail axonal sprouts initially are unmyelin- 
ated whether they arise from a myelinated or an unmyelinated 
fiber. If the endoneurial tube with its contained Schwann cells 
has been uninterrupted by the injury, the sprouts may pass 
readily along their former courses, and after régénération the 
surviving cells innervate their previous end organs. If the 
injury has been severe enough to interrupt the endoneurial 
tube with its contained Schwann cells, however, sprouts that 
may number 100 from any one axonal stump may migrate 
aimlessly throughout the damaged area into the epineurial, 
perineurial, or adjacent régions to form a stump neuroma or 
neuroma in continuity. Other migrating axonal sprouts barred 
from their endoneurial tube by scar tissue might enter empty 
endoneurial tubes of other injured funiculi or, as shown by 


Cabaud et al., may regenerate through newly formed endo¬ 
neurial tubes only to terminate in myotomal or dermatomal 
areas other than their own. Axons regenerate as if they are 
influenced by certain neurotrophic substances contained 
within distal nerve tissue. Experimental work showed that in 
a primate model and through an inert silicone Y chamber, 
axons grow toward nerve tissue in preference to muscle or 
tendon. Some degree of end-organ specificity also exists in the 
experimental model, and there is a critical gap (2 mm) under 
which this neurotrophic effect does not exist. 

Lesser injuries without disruption of the endoneurial and 
Schwann cell sheaths are associated with excellent or accept¬ 
able anatomie régénération. Conversely, more extensive inju¬ 
ries with complété disruption of the entire nerve, with wide 
séparation of the ends of the nerve, and with the regenerating 
fibers obstructed by extensive scar tissue resuit in little or no 
return of function. 


CLASSIFICATION 
OF NERVE INJURIES 

The classification of nerve injuries proposed by Seddon in 
1943 was generally accepted but rarely used. He divided nerve 
injuries into three groups: 

1. Neurapraxia , designating minor contusion or compres¬ 
sion of a peripheral nerve with préservation of the axis- 
cylinder but with possibly minor edema or breakdown of 
a localized segment of myelin sheath. Transmission of 
impulses is physiologically interrupted for a time, but 
recovery is complété in a few days or weeks. 
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TABLE 62-1 


Classification of Nerve Injuries 

DEGREE OF INJURY 



HISTOPATHOLOGIC CHANGES 


TINEL SIGN 

SUNDERLAND SEDDON 

MYELIN 

AXON 

ENDONEURIUM 

PERINEURIUM EPINEURIUM 

PRESENT 

PROGRESSES DISTALLY 

1 Neurapraxia 

± 


- 


- 

- 

Il Axonotmesis 

+ 

+ 

- 


+ 

+ 

III 

+ 

+ 

+ 


+ 

+ 

IV 

+ 

+ 

+ 

+ 

+ 

- 

V Neurotmesis 

+ 

+ 

+ 

+ + 

+ 

- 


2. Axonotmesis, designating more significant injury with 
breakdown of the axon and distal Wallerian degeneration 
but with préservation of the Schwann cell and endoneu- 
rial tubes. Spontaneous régénération with good func- 
tional recovery can be expected. 

3. Neurotmesis, designating a more severe injury with 
complété anatomie severance of the nerve or extensive 
avulsing or crushing injury. The axon and the Schwann 
cell and endoneurial tubes are completely disrupted. The 
perineurium and epineurium also are disrupted to 
varying degrees. Segments of the latter two may bridge 
the gap if complété severance is not apparent. In this 
group, significant spontaneous recovery cannot be 
expected. 

A more useful classification was described by Sunderland in 
1951. This classification is more readily applicable clinically, 
with each degree of injury suggesting a greater anatomie 
disruption with its correspondingly altered prognosis. In 
this classification, peripheral nerve injuries are arranged 
in ascending order of severity from the first to the fifth 
degree. Anatomically, the various degrees represent injury to 
(1) myelin, (2) axon, (3) the endoneurial tube and its 
contents, (4) perineurium, and (5) the entire nerve trunk 
(Table 62-1). 

In first-degree injury ; conduction along the axon is physi- 
ologically interrupted at the site of injury but the axon is not 
disrupted. No Wallerian degeneration occurs, and recovery is 
spontaneous and usually complété within a few days or weeks. 
This injury coincides with the neurapraxia of Seddon. The 
loss of function varies. Usually, motor function is more pro- 
foundly affected than sensory function. Sensory modalities 
are affected in order of decreasing frequency as follows: pro- 
prioception, touch, température, and pain. Sympathetic fibers 
are the most résistant to this type of injury. If sensory modali¬ 
ties are markedly affected, paresthesias may be présent for 
several days. If they are disturbed at ail, sympathetic function 
offen returns promptly; the modalities of pain and tempéra¬ 
ture also are commonly preserved or return promptly. Pro- 
prioception and motor function usually are the last to return. 
Electrical excitability of the nerve distal to the site of injury 
is preserved. A characteristic of this injury is the simultané - 
ous return of motor function in the proximal and distal mus¬ 
culature; this would never occur in injuries with Wallerian 
degeneration in which the “motor march” is évident because 
of progressive régénération or reinnervation of the more 
proximal motor units earlier in the course of recovery. 
Because there is neither axonal damage nor régénération, no 
advancing Tinel sign is présent. In most instances, the final 
resuit is complété restoration of function. 


In second-degree injury, disruption of the axon is évident, 
with Wallerian degeneration distal to the point of injury and 
degeneration proximal for one or more nodal segments. The 
integrity of the endoneurial tube (Schwann cell basal lamina) 
is maintained, providing a perfect anatomie course for régén¬ 
ération. Any permanent déficit is related to the number of 
neural somas that die, such death being more common in 
injuries at the more proximal levels. Clinically, the neurologie 
déficit is complété with loss of motor, sensory, and sympa¬ 
thetic function. Motor reinnervation is accomplished in a 
progressive manner from proximal to distal in the order in 
which nerve branches leave the parent trunk. Commonly, an 
advancing Tinel sign can be followed along the course of the 
nerve usually at the rate of 1 inch per month, tracing the 
progression of régénération. Usually, good functional return 
is achieved. 

In third-degree injury, the axons and endoneurial tubes 
are disrupted but the perineurium is preserved. The resuit is 
disorganization resulting from disruption of the endoneurial 
tubes. Scar tissue within the endoneurium can obstruct 
certain tubes and divert sprouts to paths other than their own. 
Clinically, the neurologie loss is complété in most instances, 
and because of the additional time required for the régénérât - 
ing axon tips to penetrate the fibrous barrier, the duration of 
loss is more prolonged than in second-degree injury. Return- 
ing motor function is évident from proximal to distal, but 
with varying degrees of permanent motor or sensory déficit. 
As in a second-degree injury, an advancing Tinel sign usually 
is présent; however, complété return of neural function does 
not occur, distinguishing this from a second-degree injury. 

\n fourth-degree injury, the axon and endoneurium are 
disrupted but some of the epineurium and possibly some of 
the perineurium are preserved, so complété severance of the 
entire trunk does not occur. Rétrogradé degeneration is 
more severe affer this degree of injury, and the mortality 
among neuronal soma is higher, sometimes resulting in a 
significant réduction in the number of surviving axons. 
Essentially, nerve continuity is maintained only by scar 
tissue, preventing proximal axons from entering the distal 
endoneurial tubes. Axonal sprouts exit through defects in the 
perineurium and epineurium and wander about in the sur- 
rounding tissues. There is no advancing Tinel sign. Prognosis 
for significant return of useful function is uniformly poor 
without surgery. 

In fifth-degree injury, the nerve is completely transected, 
resulting in a variable distance between the neural stumps. 
These injuries occur only in open wounds and usually are 
identified at the time of early surgical exploration. The likeli- 
hood of any significant bridging by axonal sprouts is remote, 
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and the possibility of any significant return of function 
without appropriate surgery is equally remote. 

Sixth-degree (Mackinnon) or mixed injuries occur in 
which a nerve trunk is partially severed, and the remaining 
part of the trunk sustains fourth-degree, third-degree, 
second-degree, or rarely even first-degree injury. A neuroma 
in continuity is présent, and the recovery pattern is mixed 
depending on the degree of injury to each portion of the 
nerve. Surgical intervention to correct the fourth-degree and 
fiffh-degree components may sacrifice the function of lesser 
injured fascicles. 

EFFECTS OF PERIPHERAL 
NERVE INJURIES 

MOTOR 

When a peripheral nerve is severed at a given level, ail motor 
function of the nerve distal to that level is abolished. Ail 
muscles supplied by branches of the nerve distal to that level 
are paralyzed and become atonie. Significant changes on elec- 
tromyography (EMG) are not apparent for 8 to 14 days, at 
which time transient fibrillation potentials on needle inser¬ 
tion may become apparent. Spontaneous fibrillations may 
become évident after 2 to 4 weeks, coinciding with the onset 
of atrophie change within the muscle fibers. Atrophy of 
muscle bulk progresses rapidly to 50% to 70% at the end of 
about 2 months. Atrophy continues at a much slower rate, 
and the connective tissue component of the muscles increases. 
Striations and motor endplate configurations are retained for 
longer than 12 months, whereas the empty endoneurial tubes 
shrink to about one third their normal diameter. Complété 
disruption and replacement of muscle fibers may not become 
complété until after 3 years. 

Several methods are used to evaluate motor return after 
peripheral nerve injuries. They involve assessment of muscle 
strength against gravity and against graded résistance. The 
use of pinch meters and grip meters and évaluation of endur¬ 
ance, speed of movement, and individual muscle function 
helps to document the progress of motor return. The British 
Medical Research Council established the following System 
for assessing the return of muscle function after peripheral 
nerve injuries: MO, no contraction has returned; Ml, percep¬ 
tible contraction in proximal muscles has returned; M2, per¬ 
ceptible contraction in proximal and distal muscles has 
returned; M3, ail important muscles act against résistance; 
M4, ail synergistic and independent movements are possible; 
M5, recovery is complété (Table 62-2). 

SENSORY 

Sensory loss usually follows a definite anatomie pattern, 
although the factor of overlap from adjacent nerves may 
confuse inexperienced surgeons. After severance of a 
peripheral nerve, only a small area of complété sensory loss 
is found. This area is supplied exclusively by the severed 
nerve and is called the autonomous zone or isolated zone of 
supply for that nerve. A larger area of tactile and thermal 
anesthésia is readily delineated and corresponds more 
closely to the gross anatomie distribution of the nerve 
(Fig. 62-8); this larger area is known as the intermediate 
zone. When a nerve is intact, and the adjacent nerves are 
blocked or sectioned, an area of sensibility exceeds the gross 


_ TABLE 62-2 

Muscle Function Assessment After Peripheral 
Nerve Injuries 


MOTOR 

RECOVERY 

MO 

No contraction 

Ml 

Return of perceptible contraction in proximal 
muscles 

M2 

Return of perceptible contraction in proximal 
and distal muscles 

M3 

Return of function in proximal and distal 
muscles of such a degree that ail important 
muscles are sufficiently powerful to act against 
résistance 

M4 

Return of function as in stage 3; in addition, ail 
synergistic and independent movements are 
possible. 


M5 Complété recovery 


In the hand, proximal muscles are defined as extrinsic muscles and distal muscles 
are defined as intrinsic muscles. 

From Leffert RD: Brachial plexus. In Green DP, editor: Operative hand surgery, 
ed 2, New York, 1988, Churchill Livingstone. 


_ TABLE 62-3 MB 

Sensibility Recovery Sequence 


I Myelinated and unmyelinated fibers (restore 
perception of pain and température) 

Pseudomotor function 

II Touch perception 

Perception of 30 cycle per second (eps) of vibratory 
stimulus 

Perception of moving touch 
Perception of constant touch 
Perception of 256 eps vibratory stimulus 

As outlined by Dellon AL, Curtis RM, Edgerton MT: Evaluating recovery of sensa¬ 
tion in the hand following nerve injury, Johns Hopkins Med J 130:235,1972. 


anatomie distribution of the nerve; this area is known as the 
maximal zone. 

It has long been recognized that the autonomous zone 
becomes smaller during the first few days or weeks after 
injury, long before régénération is possible. Livingston sug- 
gested that this is caused by ingrowth of adjacent nerves, but 
resumption of or increase in function in anastomotic branches 
from adjacent nerves is a more plausible explanation. This 
decrease in the area of sensory loss might be interpreted by 
an inexperienced surgeon as evidence of régénération or of 
incomplète injury and might be responsible for needless delay 
in exploration of the nerve. 

In injury to the médian and ulnar nerves, one study 
found that pinprick was the first perception to return, fol- 
lowed by 30 cycles/s vibratory stimulus, and then moving 
touch. The perception of constant touch and the perception 
of a 256 cycles/s vibratory stimulus were the last to return 
(Table 62-3). These investigators inferred that the early return 
of pain perception resulted from the faster régénération of the 
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Cutaneous distribution of peripheral nerves. 


small-diameter pain fibers. The larger-diameter touch fibers 
regenerated more slowly. The return of moving touch percep¬ 
tion, mediated by quickly adapting fibers and Pacinian cor- 
puscles, before the return of constant touch, mediated by 
slowly adapting fibers and the Merkel dises, was explained by 
differential maturation of the respective receptors, rather 
than by the diameter of the fibers alone. The System of evalu- 
ating by moving touch, constant touch, vibratory stimulus, 
pinprick, and the Weber two-point discrimination was pro- 
posed as a method for screening patients to détermine spé¬ 
cifie exercises for rééducation of constant-touch perception. 
The évaluation of sensory return after peripheral nerve inju¬ 
ries is important regardless of the site of the injury. This is 
especially true in the upper extremity, where sensibility in the 
hand is extremely important. 

The clinical évaluation of sensory return also is done 
using other methods, such as pinprick appréciation and von 
Frey hairs. The British Medical Research Council established 
the following six-level grading scale for sensory return: SO, 
absence of sensibility in the autonomous area; SI, recovery of 
deep cutaneous pain within the autonomous area; S2, return 
of some superficial cutaneous pain and tactile sensibility 
within the autonomous area of the nerve; S3, return of super¬ 
ficial cutaneous pain and tactile sensibility throughout the 
autonomous area with disappearance of overreaction; S3+, 
some recovery of two-point discrimination within the auton¬ 
omous area; S4, complété recovery (Table 62-4). 

Two-point discrimination has been shown to directly 
correlate with return of hand function and object identifica¬ 
tion. The pick-up test (a timed test to measure fine and 


TABLE 62-4 


Sensation Assessment After Peripheral 

Nerve Injury 

SENSORY 

RECOVERY 

SO 

Absence of sensibility in autonomous area 

SI 

Recovery of deep cutaneous pain sensibility 
within autonomous area of the nerve 

S2 

Return of some degree of superficial 
cutaneous pain and tactile sensibility within 
autonomous area of the nerve 

S3 

Return of superficial cutaneous pain and 
tactile sensibility throughout autonomous 
area, with disappearance of any previous 
overresponse 

S3+ 

Return of sensibility as in stage 3; in addition, 
there is some recovery of two-point 
discrimination within autonomous area 

S4 

Complété recovery 


From Leffert RD: Brachial plexus. In Green DP, editor: Operative hand surgery, 
ed 2, New York, 1988, Churchill Livingstone. 


manual dexterity) and the triketohydrindene hydrate 
(ninhydrin) printing test also hâve been shown to be of use. 

REFLEX 

Complété severance of a peripheral nerve abolishes ail reflex 
activity transmitted by that nerve. This is true in severance of 
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the afferent or the efferent arc. Commonly, however, reflex 
activity is abolished in partial nerve injuries when neither arc 
is completely interrupted and is not a reliable guide to the 
severity of injury. 

AUTONOMIC 

Interruption of a peripheral nerve is followed by loss of sweat- 
ing and of pilomotor response and by vasomotor paralysis in 
the autonomous zone. The area of anhidrosis usually corre¬ 
sponds to, but may be slightly larger than, the sensory déficit. 
This area may be outlined easily by the starch-iodine test, 
by the ninhydrin printing test popularized by Aschan and 
Moberg, or by instruments for determining skin résistance 
(Richter dermometer). Another objective test described by 
O’Riain and by Leukens is the wrinkle test. When normal 
skin is immersed in water for a time, wrinkling occurs. 
Denervated skin does not wrinkle under these circumstances. 
As reinnervation occurs, wrinkling of the skin returns. If the 
injury is incomplète, and especially if it is associated with 
causalgia, sweating may be excessive and may involve areas 
beyond the intermediate zone of the nerve. Vasodilation 
occurs in complété lésions, and the area affected is at first 
warmer and pinker than the rest of the limb. After 2 to 3 
weeks, however, the affected area becomes colder than the 
adjacent normal areas and the skin may be pale, cyanotic, or 
mottled in an area often extending beyond the maximal zone 
of the injured nerve. Trophic changes occur commonly and 
are most évident in the hands and feet. The skin becomes thin 
and glistening and, when subjected to trauma that ordinarily 
does little harm, breaks down to form ulcers that heal slowly. 
The fingernails become distorted, are often ridged or brittle, 
and may be lost entirely. 

Osteoporosis often follows peripheral nerve injuries. It 
is more likely to be pronounced in incomplète lésions asso¬ 
ciated with pain. Incomplète lésions of the médian nerve 
seem to be associated more often with osteoporosis, with 
changes occurring in the distal phalanges of the thumb and 
index and long fingers. Partial ankylosis from fibrosis of the 
periarticular structures also may develop. These changes are 
similar to atrophy of disuse but are much more severe. 

COMPLEX REGIONAL PAIN SYNDROME 
(REFLEX SYMPATHETIC DYSTROPHY) 

Complex régional pain syndrome (CRPS) represents an 
assortment of symptoms including peripheral sensitization 
with allodynia, dysesthesia, hyperpathia, and a reduced tolér¬ 
ance for pain when using the affected area for basic function. 
The condition usually occurs after a traumatic injury or iat¬ 
rogénie insult. Classification of CRPS is based on the struc¬ 
tures injured. The International Association for the Study of 
Pain delineated two main categories of the syndrome, replac- 
ing traditional terms, and through efforts by their Taxonomy 
Committee (iasp-pain.org), they continue to update descrip¬ 
tions and terms. Although the attempt to simplify CRPS into 
types I and II is attractive, considérable overlap in pathology 
exists. CRPS I (formally reflex sympathetic dystrophy , RSD) 
theoretically represents patients who hâve had a musculosk- 
eletal injury without a defined neural injury. CRPS II (causal¬ 
gia) includes patients who fulfill the same criteria but who 
hâve evidence of a neural injury. In addition, there hâve been 
further efforts to define sympathetically mediated and 
nonsympathetic-mediated varieties. 


■ CLINICAL PRESENTATION 

The most évident présentation in CRPS is avoidance behavior 
and an altered recovery pattern when the patient tries to use 
the area of the body that has been injured. CRPS may occur 
after a fracture, crush injury, routine surgical procedure, or a 
minor innocuous appearing injury. Chemical or electrical 
burns, metabolic neuropathies (e.g., diabètes mellitus), or 
infections, such as postherpetic neuralgia, ail can contribute 
to this polymodal-mediated hyperpathia. A female prédispo¬ 
sition has been noted, and upper extremity involvement is 
most frequently seen. CRPS also has been associated with 
smoking. 

Early hallmark signs include a marked réduction in use 
or stimuli response of the affected area (e.g., an extremity) 
with sensitization and at times autonomie dysrégulation. The 
condition may be self-limiting, but if not identified and 
treated aggressively, it can progress with a réduction in use 
and permanent impairment. Patients identified early hâve a 
better prognostic outcome than those with a delayed diagno- 
sis. This must be tempered, however, because a prématuré 
diagnosis in an impressionable patient who becomes invested 
in literature on the topic may actually lead to a self-fulfilling 
prophecy. 

Harden et al. validated the Budapest criteria of CRPS to 
aid clinicians in identifying the signs and symptoms in four 
categories (Table 62-5). Although defined as types I and II, 
CRPS frequently exhibits with both musculoskeletal and 
neural injuries. Clinicians must be alert to disproportionate 
postoperative or posttraumatic clinical responses, such 
as allodynia, dysesthesia, hyperpathia, hyperalgesia, and 


_ TABLE 62-5 _^pgjgg PWWi 

Budapest Diagnostic Criteria for Complex 
Régional Pain Syndrome 


1 Continued pain disproportionate to any inciting event 

2 At least one symptom in three (clinical diagnostic 
criteria) or four (research diagnostic criteria) of the 
following: 

Sensory: hyperesthesia or allodynia 
Vasomotor: température asymmetry, skin color 
changes, or skin color asymmetry 
Sudomotor or edema: edema, changes or asymmetry 
in sweating 

Motor or trophic: decreased range of motion, motor 
dysfunction (weakness, tremor, or dystonia), or 
trophic changes (hair, nails, skin) 

3 One sign at time of diagnosis in two or more 
categories: 

Sensory: hyperalgesia (to pinprick) or allodynia (to 
light touch), deep somatic pressure, or joint 
movement. 

Vasomotor: température asymmetry, skin color change 
or asymmetry 

Sudomotor or edema: edema, changes or asymmetry 
in sweating 

Motor or trophic: decreased range of motion or 
motor dysfunction (weakness, tremor, or dystonia), 
or trophic changes (hair, nails, or skin) 

4 No other diagnosis better explains the signs and 
symptoms 




CHAPTER 62 PERIPHERAL NERVE INJURIES 


hypoesthesia. The patient s exaggerated response to a relatively 
common injury may tempt the clinician to discount this as a 
psychologie issue. However, disproportionate symptoms can 
be caused by an interruption of a nerve pathway, which results 
in abnormal firing of nociceptive mediators and dysfunction 
in neuromodulation within internuncial, ascending, and 
descending pathways in the spinal cord. There are différences 
in opinion as to whether certain psychologie traits prédisposé 
patients to CRPS or whether the psychologie factors are a 
sequela of the injury. In addition, secondary gain issues also 
must be considered and dealt with because, whether inten- 
tional or not, they inadvertently affect recovery. 

Sympathetically mediated cases may resuit in homeo- 
static dysrégulation of the autonomie nervous System, which 
clinically présents as edema, vasomotor effects, sudomotor 
dysfunction, température change, and color change, fre- 
quently occurring in the early phase. The affected area may 
be erythematous, swollen, and warm to touch with hyperhi- 
drosis. Suspected metabolic and inflammatory mediators 
further enhance the vicious circle with progressive periph- 
eral, and at times, central sensitization. Visual, emotional, 
and tactile stimuli may trigger impressive and disconcerting 
pain behavior. Even focal well-defined neural injuries may 
resuit in symptoms that are nondermatomal and nonsclero- 
tomal (maladaptive neuroplasticity) in présentation, chal- 
lenging one to consider the possibility of additional, more 
central cortical reprogramming, which is certainly concern- 
ing. This can progress to later phases with further alienation 
of the area and loss of volitional motion and trophic changes. 

The extremity may appear pale and cool to touch, with 
altered skin texture and hair distribution, reduced nail 
growth, abnormal posturing, contracture, and réduction in 
bone mass. Although described under the former taxonomy 
of RSD, Bonicas description of sequential clinical stages still 
serves as a good reference for surgeons (Table 62-6). 


Although certain features of CRPS can be quantified, no 
laboratory or biochemical testing is diagnostic. Patients 
exhibiting sympathetic dysrégulation may hâve alterations 
delineated through autonomie testing, quantitative sudomo¬ 
tor axonal reflex testing, thermography, and asymmetric tem¬ 
pérature measurements. The clinicians tactile température 
threshold différence may require upward of 5° F, although 
actual measurement is much more sensitive. Limb volume 
comparisons can be performed by submersion testing; 
however, such testing is frequently not readily available or 
practical. Reduced bone mass density may be suspected on 
standard radiographs with reduced bone density and periar- 
ticular reabsorption. The most sensitive radiographie study 
appears to be the triple phase bone scan. Changes seen on 
MRI hâve been described with noted muscle edema, intersti- 
tial edema, and hyperpermeability; however, it still is not very 
sensitive or spécifie. 

■ TREATMENT 

Although validation studies of treatment modalities for CRPS 
are still lacking despite the many thousands of patients 
treated, there is agreement that the best results are obtained 
with early diagnosis and an active function-oriented program 
that is multidisciplinary. Validation of a patients symptoms 
is important as is identification of possible secondary gain. 
Treatment strategies include pharmacologie, procédural, 
functional exercises, and psychologie évaluation. The treat¬ 
ment regimen is extremely time consuming and requires 
much patience and a coordination of efforts. Médication 
support generally includes antiinflammatory médication, 
analgésies (oral or topical), tricyclic antidepressants, sélective 
serotonin reuptake inhibitors, anticonvulsants, and other 
antidepressants. 

Interventional options include sélective peripheral neural 
blocks, trigger point injections, sympathetic blocks (single or 


TABLE 62-6 


Bonica Stages of Reflex Sympathetic Dystrophy 

STAGE 

ONSET 

SYMPTOMS 

DURATION 

Stage 1 

Dysfunction 

1-3 months 

Burning pain beyond dermatomes (follows thermatomes) 
Spasm and tendency for immobilization 

2-8 weeks 

Stage 2 Dystrophy 

3-7 months 

Vasoconstriction 

Unilatéral cold extremity 

Hair loss 

Tendency for weakness, tremor, and spasticity (flexed arm, 
extended legs) 

2-4 months 

Stage 3 Atrophy 

>7 months 

Smooth glossy edematous skin 

Pale or cyanotic skin 

Lymphedema 

Atrophy of distal muscles 

Spasm, dystonia, tremor 

>4 months 

Stage 4 

Several months 
to years 

Loss of job and spouse in rare advanced severe cases 
Unnecessary surgery 

Orthostatic hypotension 

Hypertension 

Heart attack 

Neurodermatitis 

Angiectasis 

Dépréssion, death caused by suicide 

A few months 
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indwelling), dorsal column stimulators, and rarely sympa¬ 
thectomies (chemical or surgical). Descriptions of préventive 
anesthetic approaches for patients undergoing surgery hâve 
been limited. Favorable responses in pédiatrie patients with 
high-intensity physical therapy regimens alone hâve been 
reported. Therapy should be directed not only to ail the joints 
of the involved extremity but also include more generalized 
movement patterns. Mirror-assisted movement patterns also 
may be incorporated. Some concern exists about overzealous 
therapy aggravating the condition; however, movement is 
paramount. For patients suspected of having sympathetic 
mediated pain, a sympathetic blockade may be helpful for 
information and treatment. Kleinert et al. and Lankford 
reported favorable results with sequential stellate ganglion 
blocks combined with physical therapy in patients with CRPS 
involving the upper extremity Pain relief and improved 
motion hâve been reported in 80% to 93% of patients with 
CRPS after sequential sympathetic blocks, although one study 
reported a 19% temporary response, and the patients required 
surgical sympathectomy. Poplawski, Wiley, and Murray 
reported 27 patients treated with intravenous régional blocks 
of lidocaine and corticosteroid followed by standard physical 
therapy They found that the most important factor in pre- 
dicting a favorable outcome was an interval between onset 
and treatment of less than 6 months. Intractable cases may 
require long-term analgésie pump implants for pain control. 


ETIOLOGY OF PERIPHERAL 
NERVE INJURIES 

Peripheral nerves can be injured by metabolic or collagen 
diseases; malignancies; endogenous or exogenous toxins; or 
thermal, chemical, or mechanical trauma. Only injuries 
caused by mechanical trauma are considered here. Every 
patient who has injured a limb or limb girdle should be evalu- 
ated for possible musculoskeletal, vascular, and peripheral 
nerve damage (Table 62-7). 

Gunshot wounds offen are complicated by peripheral 
nerve injury. Spontaneous recovery is expected in over 50%. 
The expected time to recovery after gunshot wounds is 3 to 
9 months, with high-velocity injuries taking longer than low- 
velocity injuries to heal. Neurapraxia and axonotmesis occur 
with equal frequency in gunshot wounds. 

Bone or joint injury is offen associated with peripheral 
nerve lésions. Primary injury of a peripheral nerve may resuit 
from the same trauma that injures a bone or joint; however, 
sometimes the neural injury is caused by displaced osseous 
fragments, by stretching, or by manipulation, rather than by 
the initial injuring force. Secondary injury results from 
involvement of the nerve by infection, scar, callus, or vascular 
complications. These complications include hematoma, arte- 
riovenous fistula, ischemia, or aneurysm. 

The radial nerve is most commonly injured. Of humerai 
shaff fractures, 14% are said to be complicated by injury of 
this nerve. Of radial nerve injuries, 33% are associated with 
fracture of the middle third of the humérus; 50%, with frac¬ 
ture of the distal third of the humérus; 7%, with supracondy- 
lar fracture of the humérus; and 7%, with dislocation of the 
radial head. 

The ulnar nerve is injured in about 30% of patients with 
combined skeletal and neural injury involving the upper 


_ TABLE 62-7 

Frequency of Spécifie Nerve Involvement 
Associated with Long Bone Fractures Based on 
300 Cases Reported by Spurling 


EXTREMITY 

BONE 

NERVE 

% 

Upper, 

Humérus 

Radial 

70 

74% 


Médian 

8 



Ulnar 

22 


Radius and/or ulna 

Radial 

35 



Médian 

24 



Ulnar 

41 

Lower, 

Fémur 

Complété sciatic 

60 

20% 


Tibial component 

20 



Peroneal 

20 



component 



Tibia and/or fibula 

Tibial 

7 



Peroneal 

70 



Both nerves 

23 


extremity. This injury is most commonly associated with frac¬ 
tures around the médial humerai épicondyle, but often it 
results from the formation of callus around the elbow. 

The médian nerve is injured in only about 15% of com¬ 
bined skeletal and neural injuries of the upper extremity. It is 
injured most commonly in dislocation of the elbow or sec- 
ondarily in the carpal tunnel after injury of the wrist or distal 
forearm. 

Axillary nerve stretch injuries occur in approximately 5% 
of shoulder dislocations. The peroneal nerve is injured most 
commonly at the fibular neck in fracture of the tibia and 
fibula or dislocation of the knee. 

Branches of the lumbosacral plexus are injured in less 
than 3% of pelvic fractures; this plexus is reportedly injured 
in 10% to 13% of posterior dislocations of the hip. The tibial 
nerve may be injured in fractures of the proximal tibia and 
injuries around the ankle. 

Peripheral nerve injuries should be carefully excluded in 
every patient with an acute extremity injury. Equal diligence 
should be applied in évaluation after surgery, manipulation, 
casting, and recovery from skeletal injury to detect secondary 
neural injury. 


CLINICAL DIAGNOSIS 
OF NERVE INJURIES 

Immediately after a severe injury to an extremity, récognition 
of a peripheral nerve injury is not always easy. Pain is often 
so severe that patient coopération is limited at best. The prés¬ 
ervation of life and limb is always the first objective. When 
possible, however, some simple tests should be conducted to 
detect injuries of major nerves of the extremity. In the upper 
extremity, loss of pain perception in the tip of the little finger 
indicates ulnar nerve injury. Loss of pain perception in the 
tip of the index finger indicates médian nerve injury, and 
inability to extend the thumb in the hitchhiker s sign usually 
indicates radial nerve injury, although the extensor tendons 
may be severed and render this test invalid. Similarly, in the 




CHAPTER 62 PERIPHERAL NERVE INJURIES 


lower extremity, loss of pain perception in the sole of the foot 
usually indicates sciatic or tibial nerve injury, whereas inabil- 
ity to extend the great toe or the foot indicates peroneal or 
sciatic nerve injury. As with the radial nerve, injury to the 
tendons or muscle bellies may render these tests useless. They 
may be carried out quickly, however, and usually serve as 
effective screening procedures. 

In evaluating peripheral nerve lésions, a précisé knowl¬ 
edge of the course of the nerve, of the level of origin of its 
motor branches, and of the muscles that these branches 
supply is essential. Knowledge of common anatomie varia¬ 
tions in nerve supply is extremely helpful. One must be famil- 
iar with the various zones of sensation and with the areas in 
which sweating may be diminished or absent and in which 
skin résistance may be increased. Evaluation of motor loss is 
crucial. This évaluation can be accurate only if one can palpate 
or see the tendon or muscle belly under considération. If one 
relies on analysis of movement alone as an indication of intact 
nerve supply, errors can be made because of substitution and 
trick movement. Opposition of the thumb to the little finger 
can be accomplished by many patients even though the nerve 
supply to the opponens pollicis is completely severed and the 
muscle is paralyzed. In addition, the wrist can be partially 
extended, even when the muscles supplied by the radial nerve 
are completely paralyzed, by simple flexion of the fingers, and 
the elbow can be forcefully flexed, even when the musculo- 
cutaneous nerve is completely severed and the biceps para¬ 
lyzed, by substitution of the brachioradialis. Palpation of the 
opponens pollicis, extensor tendons of the wrist, and biceps 
tendon or muscle prevents such déceptions. Some muscles 
cannot be tested by palpation or sight; these include the lum- 
bricals, the short adductor of the thumb, and the interossei 
except for the first dorsal. There are enough muscles supplied 
by each nerve that can be so tested as to allow an accurate 
diagnosis in most instances. The muscles that can be exam- 
ined accurately and easily are enumerated in the discussion 
of each nerve. A clinical assessment of the strength of the 
muscles is helpful. A scale recommended by Highet has been 
widely accepted. According to that scale, the following désig¬ 
nations are assigned: 0 for total paralysis, 1 for muscle flicker, 
2 for muscle contraction, 3 for muscle contraction against 
gravity, 4 for muscle contraction against gravity and résis¬ 
tance, and 5 for normal muscle contraction compared with 
the opposite side. 

DIAGNOSTIC TESTS 

■ IMAGING 

Although a well-performed physical examination by an expe- 
rienced examiner can usually provide sufficient information 
to accurately diagnose the presence or absence of a major 
nerve injury, further diagnostic studies are occasionally 
helpful, particularly in closed injuries in which the physical 
integrity of the nerve is in question. High-resolution ultra- 
sound and MRI can accurately assess the physical integrity of 
the nerve immédiately after injury and provide valuable 
information for surgical decision making. Intraneural and 
perineural injuries also can be identified with both of these 
techniques. 

■ ELECTRODIAGNOSTIC STUDIES 

The best and most accessible corrélative electrophysiologic 
confirmations of a peripheral neural injury are nerve 


conduction and electromyographic mapping assessments. 
The surgeon must hâve spécifie objectives when ordering 
these tests to obtain the most useful information for clinical 
management. The timeline in ordering the studies is also 
important because the changes after injury and recovery 
follow a well-described pattern. The presence, location, sever- 
ity, and possibly the prognosis of the neural insult can be 
determined from these studies, and information regarding 
the recovery pattern can be obtained when the study is done 
sequentially over time. Alternative electrophysiologic uses 
include dynamic electromyographic assessment when con- 
sidering optimal muscle transfer strategies, before tenotomy, 
or botulinum toxin injections in central and peripheral neu¬ 
ropathie conditions. Electrical stimulation can be used for 
optimal nerve localization when considering blocks or abla¬ 
tion procedures. Generally, both nerve conduction velocity 
studies and electromyography are ordered for routine neural 
injury assessments because the information gained is comple- 
mentary. Although full neuropathie changes are not observed 
in these studies for 2 or 3 weeks after injury, there may be 
instances in which early baseline studies should be done. 

I NERVE CONDUCTION VELOCITY 

Standard nerve conduction techniques include orthodromie 
motor and antidromic-orthodromie sensory studies and rétro¬ 
gradé studies (e.g., F wave study). F wave studies are especially 
useful for investigating peripheral nerve injuries that are more 
proximal and less accessible through other techniques. The 
suspected location of neural compromise is identified, and a 
protocol to electrically stimulate proximally, distally, and across 
the segment is formulated. Depending on whether it is an 
orthodromie or antidromic study, the evoked potential will be 
recorded at some defined point proximal and distal to the 
injury with a surface or needle electrode (Fig. 62-9 A). 

After a severe traumatic neural insult and Wallerian 
degeneration, there is a progressive structural dégradation 
and neurotransmitter compromise expressed by alteration in 
nerve conduction and evoked motor and sensory configura¬ 
tion. Immediately after injury, conduction proximal and 
distal to the insult usually elicits a normal response, although 
stimulation across the injured segment may vary, depending 
on the presence of axonal or myelin injury. As Wallerian 
degeneration ensues (within 5 to 10 days), there is a progres¬ 
sive réduction in the amplitude and alteration in the configu¬ 
ration of the evoked potentials (Fig. 62-9B). If the insult 
produces only a temporary physiologie block (e.g., neura- 
praxia), conductivity distal to the lésion remains preserved 
even after 10 days and a more favorable prognosis can be 
expected. Evoked sensory amplitude assessments and com- 
parisons also can assist in delineating further pathology. 

With a more severe injury, not only is a conduction block 
across the segment présent but a progressive décliné in ampli¬ 
tude is noted in evoked potentials when stimulating distal 
to the injury; sometimes there is complété absence of a 
response (e.g., axonotmesis). Eventually, electromyographic 
changes evolve. Over a period of months, repeat studies may 
be performed to follow neural recovery patterns depending 
on the case. 

I ELECTROMYOGRAPHY 

Manual muscle testing is routine with any musculoskeletal 
examination, but it is not sensitive for picking up more subtle 
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3 Diagram of electromyography tracing depict- 


ing normal insertion activity, which also may be présent immedi- 
ately after denervation. 


Positive sharp waves 




FIGURE 


Neural injury pattern. 


neuropathie pathology. Myotomal sampling of the involved 
extremity with needle pick-up électrodes (e.g., monopolar, 
concentric, single fiber) yields information regarding neuro¬ 
pathie injury and pathology It can distinguish a recent injury 
from a chronic condition that predated the injury (e.g., 
workers’ compensation or litigation). The basic monopolar 
needle electrode samples approximately eight muscle fibers, 
and by assessing different sites, fair représentation of specifi- 
cally innervated myotomal groups is possible. The muscle 
initially is observed at rest (insertional activity, approximately 
200 ms) and subsequently during volitional muscle recruit- 
ment. During the initial postinjury phase, needle sampling 
should be normal unless there has been a prior injury (Fig. 
62-10). Recruitment at this point may vary depending on 
injury pattern and effort. At 10 to 14 days after neural injury, 
abnormal spontaneous rest potentials evolve (positive sharp 
waves) appearing in denervated myotomes where axonal 
injury has occurred (Fig. 62-1 IA). Between 14 to 18 days, 
fibrillations appear (Fig. 62-11 B). Voluntary motor unit 
potentials, if présent, may hâve attenuated amplitudes reflect- 
ing axonal compromise. Abnormal denervation patterns can 


A f Diagram of electromyography (EMG) tracing 
showing positive sharp wave consistent with denervation 10 to 
14 days after injury. Rhythm is regular, amplitude is 100 to 400 jrV, 
duration is 5 to 150 ms, and rate is 2 to 40 Hz. B, Diagram of EMG 
tracing showing spontaneous denervation fibrillation potentials 
présent within 14 to 18 days after injury. Rhythm is regular, ampli¬ 
tude is 50 to 1000 |iV, duration is 0.5 to 2 ms, and rate is 2 to 
30 Hz. 


be correlated with established intraneural topographie refer- 
ence guides to assist in a clear anatomie mapping of the 
injury. Abnormal spontaneous rest potentials may last indefi- 
nitely until the muscle has become reinnervated or fibrotic. 

At approximately 3 months after injury, some peripheral 
neural sprouting occurs and the motor unit potential ampli¬ 
tude progressively increases; this is preceded at times by poly- 
phasic configuration potentials. Between 2 to 6 months after 
injury, larger than normal appearing potentials are estab¬ 
lished and remain so until the reinnervation is completed, at 
which time the motor unit potential configuration returns to 
a more normal-appearing pattern. Some surgeons monitor 
denervated myotomes over months (e.g., 3 months) before 
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exploration, depending on the nature of injury and clinical 
présentation. 

■ TINEL SIGN 

The Tinel sign is elicited by gentle percussion by a finger or 
percussion hammer along the course of an injured nerve. A 
transient tingling sensation should be felt by the patient in 
the distribution of the injured nerve rather than at the area 
percussed, and the sensation should persist for several 
seconds affer stimulation. It should be tested for in a distal- 
to-proximal direction. A positive Tinel sign is presumptive 
evidence that regenerating axonal sprouts that hâve not 
obtained complété myelinization are progressing along the 
endoneurial tube. With progressive régénération, the posi¬ 
tive response fades proximally, presumably because of pro¬ 
gressive myelinization along the more proximal part of the 
regenerated segment. Distal progression of the response 
along the course of the nerve in question can be measured, 
and some hâve used the rate of this progression to establish 
prognosis or suggest the need for exploration. A distally 
advancing Tinel sign should occur in Sunderland types 2 and 
3 nerve injuries. A Sunderland type 1 injury or neurapraxia 
should not show an advancing Tinel sign because wallerian 
degeneration and axonal régénération do not occur. A Sun¬ 
derland type 4 or type 5 injury would not show an advancing 
Tinel sign unless repaired. The presence of such a sign alone 
with its progressive distal migration is encouraging. Electro- 
diagnostic techniques for the évaluation of nerve-evoked 
potentials and EMG in the office and operating room provide 
sophisticated means for evaluating the progress of nerve 
régénération and for assessing neuromas in continuity. The 
work of Kline et al. in evaluating whole nerves and the 
reports of Terzis and of Williams and Terzis in assessing 
single fasciculi are recommended. A few regenerating sensory 
fibers can resuit in a positive Tinel sign; the presence of such 
a sign cannot be construed as absolute evidence that any 
motor fibers are regenerating or that significant sensory 
return is to be expected. Somatosensory evoked studies may 
be used as an adjunct including intraoperative monitoring 
for certain procedures (e.g., external fixation for limb 
lengthening). 

■ SWEAT TEST 

Sympathetic fibers within a peripheral nerve are résistant to 
mechanical trauma. The presence of sweating within the 
autonomous zone of an injured peripheral nerve reassures the 
examiner to a degree, suggesting that complété interruption 
of the nerve has not occurred. Préservation of sweating can 
be determined simply, as pointed out by Kahn, by observing 
beads of sweat through the +20 lens of an ophthalmoscope. 
The time-honored sweat test (iodine starch test) consists of 
dusting the extremity with quinizarin powder. Sweating is 
induced by various means. The powder remains dry and light 
gray throughout the denervated area and assumes a deep 
purple color throughout the area of normal sweating. The 
ninhydrin print test as recommended by Aschan and Moberg 
is another method of assessing sweat patterns in the hand. 

■ SKIN RESISTANCE TEST 

The skin résistance test is another method of evaluating 
autonomie interruption; in it a Richter dermometer is used. 
The autonomous zone with absence of sweating shows an 
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increased résistance to the passage of electrical current. The 
adjacent innervated areas hâve a normal résistance, and 
further decreased résistance in these areas can be elicited by 
high external températures that do not affect the denervated 
area. The area outlined by the Richter dermometer roughly 
approximates the autonomous zone of the nerve in 
question. 

■ ELECTRICAL STIMULATION 

Electrical stimulation through the intact skin has been used 
in one form or another by many investigators and clinicians 
for a long time. Faradic stimulation is offen of little value 
because normally innervated muscles may fail to respond to 
this current. Additionally, if response to faradic stimulation 
is still présent affer 3 weeks, the muscles in most instances are 
capable of voluntary contraction, and no additional informa¬ 
tion is obtained by the study. Galvanic stimulation is useful 
in determining chronaxy and the strength-duration curve. 
These déterminations frequently give early evidence of dener- 
vation affer nerve injury and are useful in following the évolu¬ 
tion of reinnervation, which is less readily assessed by other 
methods. 


GENERAL CONSIDERATIONS OF 
TREATMENT OF NERVE INJURIES 

As in any other injury, initial management of a patient with 
peripheral nerve damage should begin with careful assess- 
ment of the vital functions. When indicated, appropriate 
actions to prevent cardiopulmonary failure and shock should 
be taken and systemic antibiotics and tetanus prophylaxis 
should be provided. When the extent of any injury to the 
major viscera has been determined, and appropriate resusci- 
tative measures hâve been started, the injury to the peripheral 
nerve should be evaluated and the spécifie nerve déficit 
should be assessed carefully. 

An open wound in which a peripheral nerve has been 
injured should be cleansed and debrided thoroughly of any 
foreign material and necrotic tissue, using local, régional, or 
general anesthésia. If the wound is clean and sharply incised, 
if the condition of the patient is satisfactory, and if a repair 
can be done in a quiet and unhurried setting with adéquate 
personnel and equipment, immédiate primary repair of the 
nerve is preferred. If the general medical condition of the 
patient does not permit adéquate repair or if circumstances 
otherwise cause an undue delay, we prefer to perform the 
neurorrhaphy during the first 3 to 7 days affer injury; in this 
instance, the wound is sutured, dressed sterilely, and observed 
for evidence of sepsis. 

When open wounds are caused by blasting, abrading, or 
crushing agents, and when contamination with foreign mate¬ 
rial is severe, the wound is cleansed and debrided thoroughly, 
and a stérile dressing is applied. If the ends of the nerve can 
be identified, they are marked with sutures, such as prolene 
or stainless Steel, which can be easily identified later. In the 
absence of a significant nerve gap, loose end-to-end apposi¬ 
tion prevents retraction of the nerve segments and makes 
later repair easier. In the presence of a segmentai gap in the 
nerve, suturing the ends to the soft tissues prevents their 
retraction. Soft-tissue coverage of the wound consistent with 
the management of the injured part is carried out, and the 
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nerve is repaired at a later date when the soft tissues hâve 
healed and the extent of neuroma formation is évident, 
usually 3 to 6 weeks after injury. 

A closed injury in which a peripheral nerve has been 
damaged requires careful assessment of residual function 
and documentation of discrète déficits. After the initial pain 
has subsided, and the wound has healed, early active motion 
of ail joints of the involved extremity should be started. 
When necessary, gentle passive exercises that avoid disrupt- 
ing nerves and tendons may be instituted. Ail joints of the 
extremity must be kept supple, and soft-tissue contractures 
must be avoided. Exercises help keep the soft tissues of the 
extremity in a better physiologie State so that when the 
nerve has regenerated, réhabilitation is easier. The spécifie 
effects of electrical stimulation of muscles are unclear. 
Regardless of the details of the treatment program, the 
patient must become actively involved in it to prevent con¬ 
tractures and to strengthen muscles with intact innervation. 
Similarly, an extremity with a peripheral nerve injury should 
not be immobilized indefinitely. Dynamic and static splint- 
ing to support joints and to prevent contractures should be 
used intermittently. 

When closed fractures are complicated by peripheral 
nerve déficits, awaiting reinnervation seems reasonable, and 
early surgical exploration usually is avoided. Early ultrasound 
imaging of the involved nerve can détermine the extent of 
injury. The progress of return of function in the injured 
extremity is evaluated with periodic EMG, nerve conduction 
velocity studies, and frequent clinical évaluation. Conversely, 
if the nerve déficit follows manipulation or casting of a closed 
fracture in the absence of a prior nerve déficit, early explora¬ 
tion of the nerve is favored. 


FACTORS THAT INFLUENCE 
REGENERATION AFTER 
NEURORRHAPHY 

Few worthwhile reports hâve been published on the results 
of neurorrhaphy and the factors that influence them, first, 
because few investigators hâve had access to a large enough 
group of patients to make évaluations statistically significant 
and, second, because reports hâve only rarely been based on 
Sound criteria of régénération. Valuable reports hâve been 
compiled from studies of such injuries incurred in World War 
II and later conflicts. As a resuit of these studies, the influence 
of many factors on régénération after nerve suture is now 
better understood. 

Rarely should a fracture interfère with nerve repair. In 
the usual situation, a nerve may be explored if the fracture 
requires open réduction. In many open injuries the nature 
of the wound may be such that early repair of the nerve 
cannot be done satisfactorily. Every effort should be made 
by repeated debridement of necrotic material to promote 
rapid healing of any open wounds without sepsis. Nerves 
may be repaired successfully during a second debridement, 
followed by closure and healing. Associated vascular injury 
can adversely affect nerve régénération because of tissue 
ischemia. 

Several important factors that seem to influence nerve 
régénération are (1) the âge of the patient, (2) the gap between 
the nerve ends, (3) the delay between the time of injury and 


repair, (4) the level of injury, (5) the condition of the nerve 
ends, and (6) the expérience and techniques of the surgeon. 
The first five of these factors are discussed here. 

AGE 

Age undoubtedly influences the rate and degree of nerve 
régénération. Ail other factors being equal, neurorrhaphies 
are more successful in children than in adults and are more 
likely to fail in elderly patients; why this is true has not been 
completely explained, but it may relate to the potential for 
central adaptation to the peripheral nerve injury. We do not 
know precisely what results can be expected in either of the 
extremes of âge because practically ail significant studies hâve 
dealt with military personnel whose average âge was 18 to 30 
years. A close corrélation has been noted between âge and 
two-point discrimination obtained after médian and ulnar 
nerve repairs (30 mm at 20 to 40 years; 15 mm at 11 to 20 
years; 10 mm at <10 years). After digital nerve repair, however, 
the final two-point discrimination was not as closely related 
to âge. Another study found that a higher percentage of 
patients younger than 20 years at the time of repair had two- 
point discrimination of less than 6 mm than did patients 
older than 20. 

GAP BETWEEN NERVE ENDS 

The nature of the injury is the most important factor in deter- 
mining the defect remaining between the nerve ends after any 
neuromas and gliomas are resected. When a sharp instru¬ 
ment, such as a razor or knife, severs a nerve, damage is slight 
proximally and distally, and although the nerve ends inevita- 
bly do retract, the gap can usually be easily overcome. Con¬ 
versely, when a high-velocity missile severs a nerve, proximal 
and distal nerve damage is extensive. Ultimately, both ends 
must be widely resected to expose normal funiculi, producing 
a larger gap. The gap is increased farther if part of the nerve 
is carried away by a missile, as in shrapnel injuries. Methods 
of closing troublesome gaps include (1) nerve mobilization, 
(2) nerve transposition, (3) joint flexion, (4) nerve graffs, and 
(5) bone shortening. The greater the defect, the more dis- 
similar the funicular pattern of the two ends because of the 
constantly changing arrangement of fibers within the nerve 
as it progresses distally. This is particularly important in the 
more proximal portion of peripheral nerves. Agreement is 
widespread that excessive tension on a neurorrhaphy harms 
nerve régénération. Nerve graffing is advised if, after the 
nerve is mobilized, the gap cannot be closed by flexing the 
main joint of the limb 90 degrees. The observed upper limit 
of a gap beyond which results deteriorate is approximately 
2.5 cm. The observations of Kirklin, Murphey, and Berkson 
in 1949 that recovery is slightly better when the gap is rela- 
tively small remain valid. 

DELAY BETWEEN TIME OF INJURY 
AND REPAIR 

Delay of neurorrhaphy affects motor recovery more pro- 
foundly than sensory recovery, most likely because of the 
survival time of denervated striated muscle. There is signifi¬ 
cant loss of motor endplates and increased muscle fibrosis 
by 18 months after denervation; therefore nerve repair needs 
to be performed early enough to allow reinnervation of 
muscle before this occurs. Experimental studies hâve shown 
better axonal survival with early nerve repair. 
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As a rule of thumb, Orner suggested that about 1% of 
recoverable nerve function is lost for each week of delay affer 
3 weeks postinjury. The influence of delay on sensory return 
is unclear; in the Vétérans Administration study, little influ¬ 
ence could be found and useful sensation returned in a few 
patients when suture was performed 2 years affer injury. The 
critical limit of delay beyond which sensation does not return 
is unknown. 

Our practice is to perform neurorrhaphies in clean, sharp 
wounds immediately or during the first 3 to 7 days. In the 
presence of extensive soff-tissue contusion, lacération, crush- 
ing, or contamination in which the proximal and distal extent 
of the nerve injury is impossible to delineate, a delay of 3 to 
6 weeks is preferred. 

LEVEL OF INJURY 

The more proximal the injury, the more incomplète the 
overall return of motor and sensory function, especially in 
the more distal structures. Conditions are more favorable 
for recovery in the more proximal muscles because (1) the 
neurons that innervate the distal portions of the limb are 
more severely affected by rétrogradé changes affer proximal 
injury, (2) a greater proportion of the cross-sectional area of 
the nerve trunk is occupied by fibers to the proximal 
muscles, and (3) the potential for disorientation of regrow- 
ing axons and for axon loss during régénération is greater 
for the distal muscles than for the muscles more proximally 
situated affer a proximal injury. Except for parts of the bra¬ 
chial plexus, useful function at times returns regardless of 
the level of injury if the critical limit of delay has not passed. 

CONDITION OF NERVE ENDS 

The condition of the nerve ends at the time of neurorrhaphy 
is important. Meticulous handling of the nerve ends, asepsis, 
care with nerve mobilization, préservation of neural blood 
supply, avoidance of tension, and provision of a suitable bed 
with minimal scar ail exert favorable influences on nerve 
régénération. Distal stump shrinkage has been found to be 
maximal at about 4 months, leaving the distal fascicular 
cross-sectional area diminished to 30% to 40% of normal 
size. Intraneural plexus formation and fascicular dispersai 
make accurate fascicular alignment and appropriate axonal 
régénération more difflcult. A neurorrhaphy with a satisfac- 
tory external appearance is no guarantee of optimal internai 
fascicular alignment. Fascicular malalignment is a common 
finding. It is generally agreed that the nerve ends should be 
prepared in such a way that a satisfactory fascicular pattern 
is apparent in the proximal and distal stumps. No scar, 
foreign material, or necrotic tissue should be allowed to 
remain around the ends to interfère with axonal régénéra¬ 
tion. Sometimes resection of the nerve ends so that satisfac¬ 
tory fasciculi are exposed leaves a gap that cannot be closed 
by end-to-end repair. As noted previously, clinical and 
experimental evidence indicates that excessive tension on 
the neurorrhaphy at the time of repair and when an acutely 
flexed limb is mobilized later causes excessive intraneural 
fibrosis. These findings and the promising results achieved 
after the interfascicular nerve graffing technique advocated 
by Millesi and by Millesi, Meissl, and Berger suggest that 
such a technique is préférable to repair of nerves under too 
much tension or with limbs in acutely flexed or awkward 
positions. 


GENERAL CONSIDERATIONS 
FOR SURGERY 

INDICATIONS 

In the presence of a traumatic peripheral nerve déficit, explo¬ 
ration of the nerve is indicated as follows: 

1. When a sharp injury has obviously divided a nerve, early 
exploration is indicated for diagnostic, therapeutic, and 
prognostic purposes. Neurorrhaphy can be done at the 
time of exploration or can be delayed. 

2. When abrading, avulsing, or blasting wounds hâve ren- 
dered the condition of the nerve unknown, exploration 
is required for identification of the nerve injury and for 
marking the ends of the nerve with sutures for later 
repair. 

3. When a nerve déficit follows blunt or closed trauma and 
no clinical or electrical evidence of régénération has 
occurred after an appropriate time, exploration of the 
nerve is indicated. This also is true when a nerve déficit 
complicates a closed fracture. In this instance, it has been 
our practice to observe the patient for evidence of nerve 
régénération for an appropriate time, depending on the 
nerve and its level of muscle innervation. Then if régén¬ 
ération has not occurred, we favor exploration. In situa¬ 
tions in which a nerve has been intact before closed 
réduction and casting of a fracture, but a significant 
déficit is found immediately after, we explore the nerve 
as soon as feasible. 

4. When a nerve déficit follows a penetrating wound, such 
as that caused by a low-velocity gunshot, the part is 
observed for evidence of nerve régénération for an appro¬ 
priate time. If there is no evidence of régénération, explo¬ 
ration is indicated. 

Conversely, delay in exploration of a nerve injury is indicated 
if progressive régénération is evidenced by improvement in 
sensation, motor power, and electrodiagnostic tests and by 
progression of the Tinel sign. 

TIME OF SURGERY 

It has been the time-honored policy to advise primary suture 
when possible. This recommendation is logical when one 
considers what happens to the distal end of the nerve, motor 
endplates, sensory nerve ends, muscles, joints, and other 
tissues of the denervated extremity. The controversy concern- 
ing whether primary or secondary nerve repair is better is 
unresolved. Primary repair done in the first 6 to 8 hours or 
delayed primary repair done in the first 7 to 18 days is appro¬ 
priate when the injury is caused by a sharp object, the wound 
is clean, and there are no other major complicating injuries. 
Ideally, such repairs should be performed by an experienced 
surgeon in an institution where adéquate equipment and 
personnel are available. The development of magnification 
devices, new instruments, and new techniques and the modi¬ 
fication of a variety of small instruments for use in nerve 
surgery hâve improved the technique of early repair. Primary 
repair should shorten the time of denervation of the end 
organs, and fascicular alignment should be improved because 
minimal excision of the nerve ends is required. Regarding 
war wounds, however, primary sutures hâve compared unfa- 
vorably with early secondary suture. 

When the diagnosis of division of a peripheral nerve has 
been made, if conditions are suitable and repair is indicated, 
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one should not delay repair in anticipation of spontaneous 
régénération. Only if the patients life or limb is seriously 
endangered should the operation be long postponed. A frac¬ 
ture is not a contraindication for operation. Operation before 
the fracture becomes united may be advantageous for two 
reasons: (1) if bone shortening is necessary, resection of an 
ununited or partially united fracture is a much less formi¬ 
dable procedure than resection of a fully united bone; and 
(2) restriction of joint motion is minimal if the nerve is 
repaired soon affer the injury; later, motion would be more 
limited, perhaps so severely as to prevent flexing the joint 
enough to overcome a gap between the nerve ends. 

INSTRUMENTS AND EQUIPMENT 

A nerve stimulator should be available for ail peripheral nerve 
procedures; many satisfactory permanent and disposable 
ones are available commercially. A stimulator is indispensable 
in investigating partially severed nerves and neuromas in 
continuity and in locating and preserving nerve branches 
given off proximal to or at the lésion that are still functioning 
but are encased in scar tissue. Intraoperative recording of 
somatosensory evoked potentials and nerve action potentials 
is useful in surgical planning and assessing nerve lésions. 
These techniques require sensitive and sophisticated record¬ 
ing and monitoring equipment and trained technicians. (For 
details of these monitoring techniques, the reader is referred 
to the references at the end of this chapter.) 

Despite the technical difficultés involved in these 
methods, we hâve found intraoperative recording to be 
helpful when evaluating partial nerve lésions and neuromas 
in continuity. Instruments for handling and dissecting déli¬ 
cate tissues always are essential. Nerve surgery in the extremi- 
ties also is made easier by the use of a pneumatic tourniquet, 
suction apparatus, and bipolar electrocautery. Gelfoam and 
thrombin are useful for controlling the bleeding from the eut 
ends of nerves. For suture material, we prefer 8-0, 9-0, and 
10-0 monofilament nylon. The tensile strength, easy handling 
qualities, and minimal tissue reaction of nylon make it the 
most désirable suture material now available for neurorrha- 
phy. In our expérience, most epineurial repairs are best done 
with 8-0 or 9-0 nylon. For perineurial or epiperineurial repair, 
9-0 or 10-0 monofilament nylon is préférable. 

ANESTHESIA 

Peripheral nerve operations can be done with the patient 
under general, régional, or local anesthésia for the upper 
extremities or general, spinal, or local anesthésia for the lower 
extremities. Local anesthésia has the advantage of allowing 
évaluation of the passage of sensory impulses through the 
injured nerve. If évaluation is to be accurate, however, little if 
any anesthetic agent should be injected around the nerve, 
and, consequently, the procedure is painful. There is always 
the possibility that the agent would infiltrate the tissues 
around the nerve and interfère with motor response to stimu¬ 
lation. As a rule, we prefer general anesthésia for surgery in 
the upper extremities and neck and general or spinal anes¬ 
thésia for surgery in the lower extremities. 

PREPARATION AND DRAPING 

Before preparing and draping, the correct side and site are 
identified and the site is marked with an indelible surgical 
marking pen. Because the exact length of an incision can 


rarely be predicted, it is mandatory that the entire extremity 
and its environs be prepared. For an operation on the upper 
extremity, the axilla, shoulder, neck, and chest should be 
included in the field of préparation; for an operation on the 
lower extremity, the buttock and the area up to the iliac crest 
posteriorly should be included. In operative procedures 
involving the distal portions of nerves only, such as below the 
elbow or knee, a well-padded pneumatic tourniquet placed 
above the elbow or knee is used, limiting the stérile field. A 
stérile tourniquet also can be helpful for more proximal 
lésions. 

Affer préparation of the entire field, the proposed inci¬ 
sion is marked on the extremity and is crosshatched with 
washable ink before any of the landmarks are covered. It is a 
good policy to mark the incision along the course of the nerve 
in the entire prepared area. The extremity is encased in a 
stérile stockinette so that it can be moved freely over the 
stérile drapes. If it is désirable to watch the movement of the 
muscles in the hand when the nerve is stimulated, the hand 
can be left exposed and bare. 

TECHNIQUE OF NERVE REPAIR 

In no type of surgery is the incision more important. Every 
incision should extend well proximal and distal to the lésion 
and when possible should follow the course of the nerve. An 
incision should never cross the flexor creases of the skin at a 
right angle. Short incisions are probably the cause of more 
futile nerve operations than any other factor except surgeon 
inexpérience. One should never hesitate to extend an incision 
a great distance—even from the axilla to the wrist to over¬ 
come a large defect in the ulnar or médian nerve. 

It is essential that the injured nerve be exposed first proxi¬ 
mal to and then distal to the lésion before approaching the 
site of injury. Dissection and expo sure are made simpler, and 
there is less chance of damaging the nerve and any branches 
remaining in the scar. If one is confronted with a neuroma in 
continuity, the nerve should be stimulated proximal to and 
distal to the lésion and the response should be recorded. 
When a nerve is dissected from scar tissue, it should be stim¬ 
ulated repeatedly to locate any branches that still might be 
functioning. Before the nerve is mobilized completely, sutures 
are placed in the epineurium proximal to and distal to the 
lésion for orientation so that if neurorrhaphy is necessary 
the ends can be joined without rotation. Also, inspection of 
the external surface of the nerve may allow alignment of the 
longitudinal epineurial vessels; this, too, can aid in appropri- 
ate rotation of the nerve ends. 

Handling of the nerve during mobilization is made easier 
by the use of vessel loops. Any part of the nerve not being 
operated on at the moment should be covered with moist 
sponges. 

If the nerve has not been completely severed, or if a 
neuroma in continuity is présent, it can be difficult to décidé 
whether neurolysis, partial neurorrhaphy, or complété neu¬ 
rorrhaphy would be best. The surgeon may need to call on ail 
of the expérience at his or her command to arrive at the wisest 
decision. Stimulation proximal to the injury for motor 
response distal to it is essential. If local anesthésia is used, 
stimulation distal to the lésion may give an idea of whether a 
significant number of sensory fibers hâve escaped injury or 
hâve regenerated, but sensory response is far less reliable than 
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motor response. If a pneumatic tourniquet is used, it should 
be deflated to allow the muscles and nerves to recover from 
ischemia so that stimulation of the nerve to elicit motor 
response has more validity. Examination at the site of injury 
may assist in determining what course to pursue. The neuroma 
can be injected with saline solution, and if the solution passes 
up and down the nerve trunk with little difficulty, the neuroma 
probably should be left alone. This can be misleading, 
however, and unless both motor and sensory responses to 
stimulation are good, endoneurial exploration is advisable. 

ENDONEUROLYSIS 
(INTERNAL NEUROLYSIS) 

When an endoneurial exploration is undertaken, it should be 
borne in mind that neurolysis or partial or complété neuror- 
rhaphy may be necessary, and one should preserve intact as 
much of the epineurium and normal nerve as possible. The 
epineurium is incised longitudinally proximal to the lésion, 
beginning not more than 0.5 cm from the level of gross 
changes in the nerve as determined by palpation. The incision 
is not extended more proximal to this point unless necessary 
because the epineurium may become frayed; and if neuror- 
rhaphy becomes necessary, more of the nerve may hâve to be 
sacrificed. For the same reason, the distal end of the incision 
is limited. The flaps of epineurium on each side may be 
retracted laterally by nylon sutures and are undermined 
widely. The funiculi are separated if possible with a pointed 
or diamond-bladed knife, using sharp or blunt dissection as 
necessary. Spring-loaded microscissors also are helpful in this 
dissection. The surgeon constantly should be aware of the 
possibility of plexus formation between fascicles and protect 
these. Distinguishing between intraneural fibrosis and plexus 
formation is extremely difficult. If most of the fasciculi are 
intact and can be separated and traced through the neuroma, 
nothing further should be done. If stimulation fails to elicit a 
response, and few if any intact fasciculi can be found, resec¬ 
tion of the neuroma and neurorrhaphy are probably indi- 
cated. Use of magnifying loupes or the operating microscope 
is essential when performing intraneural dissection to avoid 
injury to intact nerve tissue (see Chapter 63). 

PARTIAL NEURORRHAPHY 

Partial severance of the larger nerves, such as the sciatic nerve 
and the cords and trunks of the brachial plexus, is common. 
In such an injury, partial neurorrhaphy is best. It is occasion- 
ally necessary and justifiable in smaller nerves but is never 
quite as satisfactory technically as is complété neurorrhaphy. 
The decision to perform partial neurorrhaphy is likewise often 
difficult. The decision should be made only after the most 
careful investigation of the lésion. If one half of the nerve, 
especially a large one, is disrupted, partial neurorrhaphy is 
advisable. If the motor response to stimulation is good, 
however, it would be unwise in some nerves, such as the pero- 
neal or ulnar, to risk injury of good motor funiculi in an 
attempt to restore sensation to a small area on the dorsum of 
the foot or to the little finger. If most of the fascicles in smaller 
nerves are severed, and if stimulation cannot show important 
function in the few that remain, complété neurorrhaphy prob¬ 
ably is better. Suture of a few fascicles usually is impractical. 

When the decision has been made to perform partial 
neurorrhaphy (Fig. 62-12), the incision is extended longitu¬ 
dinally in the epineurium proximally and distally several 





FIGURE 


Technique of partial neurorrhaphy. 


centimeters, as necessary. The intact funiculi are dissected out 
for the same distance. The ends of the injured part of the 
nerve are resected to normal tissue. At the eut ends, an end- 
to-end neurorrhaphy is performed. If the epineurium is inad¬ 
équate for placement of epineurial sutures, epiperineurial or 
perineurial (fascicular) sutures suffice. The proximal and 
distal dissection should be extensive enough to prevent 
kinking of the loop of intact nerve. 

NEURORRHAPHY AND NERVE GRAFTING 

When a nerve has been completely severed, and when condi¬ 
tions as already outlined are appropriate, neurorrhaphy after 
sufficient resection of the proximal and distal ends of the 
nerve is indicated. Sometimes a considérable gap or defect 
(actual loss of nerve tissue) remains after excision of any 
glioma and neuroma, and selecting a method for overcoming 
the gap is difficult. Extension of the incision proximally and 
distally can be helpful in permitting adéquate dissection for 
closure of the gap. In general, direct neurorrhaphy may be 
possible with fairly large gaps in the médian and ulnar nerves 
near the wrist and elbow after mobilization of proximal and 
distal segments, whereas gaps of 2 to 3 cm in the brachial 
plexus and radial, sciatic, and peroneal nerves and the médian 
nerve at the midforearm level may require nerve graffing. 
Regardless of the technique used, there is general agreement 
that nerve repair under excessive tension is detrimental to 
satisfactory régénération. It generally is recommended that if 
a single 8-0 nylon epineurial suture can maintain approxima¬ 
tion of the nerve ends, excessive tension is not présent. 

■ METHODS OF CLOSING GAPS BETWEEN 
NERVE ENDS 

There are several methods of closing gaps between nerve ends 
without appréciable damage to the nerve itself. The methods 
most often used are mobilization of the nerve ends and posi- 
tioning of the extremity. Other methods include nerve trans¬ 
plantation, bone resection, bulb suture, nerve graffing, and 
nerve Crossing (pedicle graffing). 
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I MOBILIZATION 

Most small gaps can be closed by mobilizing the nerve ends 
for a few centimeters proximal and distal to the point of 
injury. Mobilization of both nerve ends to some degree is 
required in ail peripheral neurorrhaphies. The exact amount 
of mobilization a peripheral nerve can tolerate before its 
regenerating potential is compromised is unknown; however, 
extensive dissection of a nerve from its surrounding tissues 
does disrupt the segmentai blood supply, causing subséquent 
ischemia and increased intraneural scarring. Mobilization 
has been shown to be more detrimental to the distal nerve 
segment. Nicholson and Seddon suggested that extensive 
mobilization adversely affects recovery affer médian nerve 
repairs in the forearm. Only 50% of patients had recovery to 
the M3 level or better if the gap was more than 2.6 cm and 
required extensive mobilization. Large gaps require extensive 
dissection of the nerve from its adjacent tissues for a relatively 
tension-free epineurial repair. Before subjecting a peripheral 
nerve to extensive dissection, the surgeon should hâve some 
idea of the maximal nerve gap over which mobilization may 
become a futile endeavor. The nerve gap is determined at the 
time of surgery with the extremity in the anatomie position 
and affer distal and proximal neuroma excision. Guidelines 
are extremely variable in the literature (2.5 to 9.0 cm, depend- 
ing on the location; Table 62-8). 

When mobilizing a peripheral nerve, care should be 
taken to avoid excessive stripping of the small vessels to the 
nerve. Motor and essential sensory branches should be care- 
fully protected. Gaps distal to the motor branches of a periph¬ 
eral nerve are closed more easily with mobilization. The 
branch of the radial nerve to the brachioradialis muscle com- 
monly prevents closure of a gap proximal to the point where 
this branch emerges from the nerve, but if the biceps brachii 
is functioning, this branch can be sacrificed without much 
loss of function. Excessive tension must be avoided at ail 
times. 

I POSITIONING OF EXTREMITY 

Relaxing nerves by flexing various joints and occasionally by 
other maneuvers, such as abducting, adducting, rotating, and 
elevating the extremity, is as important as mobilization in 
closing large gaps in nerves. Through use of both methods, 


_ TABLE 62-8 _ 

Critical Nerve Gap Distances (Values 
of Grantham) 


NERVE 

LOCATION 

DISTANCE (cm) 

UPPER EXTREMITY 

Radial 

Midarm 

8 

Médian (not transposed) 

Midforearm 

4.5-6.5 

Ulnar (not transposed) 

Midforearm 

3.2-5 

Posterior interosseous 

Forearm 

1 

LOWER EXTREMITY 

Sciatic 

Midthigh 

6-9 

Tibial 

Knee 

4.5-9 

Peroneal 

Knee 

6.4-8.1 


From Spinner M: Current concepts of nerve suture, Instr Course Lect 33:487,1984. 


long gaps can be closed in nearly ail of the peripheral nerves, 
and many unsatisfactory neurorrhaphies resuit from failure 
to make the most of their possibilities. When joints that are 
excessively flexed or awkwardly positioned are mobilized 
later, tension on the neurorrhaphy may be too great and may 
cause intraneural fibrosis that compromises axonal régénéra¬ 
tion. Consequently, a joint should never be flexed forcibly to 
obtain end-to-end suture. It is a reasonable policy to flex 
the knee and elbow no more than 90 degrees. Also, flexion of 
the wrist more than 40 degrees is probably unwise. Affer the 
wound has healed sufficiently, the joint can be extended about 
10 degrees per week until motion is regained. Flexing joints 
is most important in repairing gaps in the long nerves of the 
extremities. External rotation and abduction are helpful when 
repairing radial and axillary nerves, as in élévation of the 
shoulder girdle in brachial plexus injuries. Rarely, extension 
of a joint can be helpful, as in extension of the hip in sciatic 
injuries. Strong considération should be given to nerve graff- 
ing in preference to drastic positioning of the extremity to 
produce a tension-free neurorrhaphy. 

I TRANSPOSITION 

The anatomie course of some nerves can be changed to 
shorten the distance between severed ends. This is true espe- 
cially of the ulnar nerve at the elbow. The médian nerve also 
can be transposed anterior to the pronator teres if the lésion 
is distal to its branches to the long flexor muscles of the 
forearm, and the tibial nerve can be placed superficial to the 
soleus or gastroenemius in the leg if the lésion is distal to its 
branches to the calf muscles. Most surgeons recommend 
transposition of the proximal end of the radial nerve anterior 
to the humérus and deep to the biceps to obtain needed 
length. Considérable length can be gained in most patients 
by the simpler maneuver of externally rotating the arm, pro- 
vided that the mobilization has been carried into the axilla 
and that the branches of the radial nerve to the triceps muscle 
hâve been dissected well up the nerve. 

I BONE RESECTION 

In civilian injuries, bone resection almost never should be 
necessary to accomplish neurorrhaphy. Even in war wounds, 
it was rarely employed, and when it was used, it was usually 
because the joints of the extremity had become so stiff from 
immobilization caused by fracture or injudicious use of casts 
that limited flexion. Intact long bones and most bones in 
children rarely should be shortened to aid in nerve repair. 
Bone resection is of particular value in the upper arm for 
closing large gaps in the ulnar, radial, or médian nerves when 
the humérus already has been fractured. If early delayed 
suture is done in such patients before the fracture has healed, 
shortening the bone if necessary is not difficult. Affer the 
fracture has healed, however, osteotomy is more difhcult. It 
rarely is worthwhile to shorten the fémur in injuries of the 
sciatic nerve unless this bone already has been fractured; then 
shortening of the bone can be helpful. Both bones of the 
forearm or leg in the absence of a fracture should never be 
shortened. 

I NERVE GRAFTING 

Interfascicular nerve graffing as described by Seddon and 
later by Millesi is indicated when primary nerve repair cannot 
be done without excessive tension. In general, a nerve gap that 




CHAPTER 62 PERIPHERAL NERVE INJURIES 


is caused simply by elastic retraction usually can be overcome 
with local nerve mobilization, limited joint positioning, and 
primary repair. If the defect is caused in part by loss of nerve 
tissue, however, nerve grafting is our procedure of choice. 
Autogenous sural nerve is the preferred source of graff. Good 
results hâve been reported using an interfascicular nerve auto- 
graffing technique to close gaps without undue tension in 
injuries to the digital, médial, ulnar, and radial nerves. In the 
upper extremity especially, good results were achieved in 
repairing injuries to these nerves. Of 38 patients with médian 
nerve graffs, 82% achieved useful motor recovery (M3 or 
better) and ail but one regained protective sensibility. Of 39 
patients with ulnar nerve graffs, ail achieved useful motor 
recovery (M2+ or better) and 28% regained two-point dis¬ 
crimination. Of 13 patients with radial nerve graffs, 77% 
achieved an M4 or M5 level of function. Kallio and Vastamâki 
showed good or excellent results in 47 of 98 patients treated 
with interfascicular grafting for médian nerve injuries. 

I NERVE CROSSING (PEDICLE GRAFTING) 

Nerve-crossing operations in the extremities are rarely wise 
or possible. When a combined médian and ulnar lésion is so 
great that the gap cannot be closed in either nerve in any 
other way, the ulnar nerve can be sectioned again in the upper 
arm, creating a segment long enough to bridge the gap 
between the two ends of the médian nerve. The distal end of 
the médian nerve is sutured to the distal end of the free 
segment of the ulnar nerve to form a U-shaped neurorrhaphy. 
The vasa nervorum should be left intact. The ulnar nerve is 
partially transected proximally to allow for sufficient graff 
length. At a second operation 6 weeks later, the ulnar nerve 
is completely transected and sutured into the distal segment 
of the médian nerve. This procedure has been advised in situ¬ 
ations such as nerve injury caused by massive ischémie necro- 
sis of the forearm, but in light of current knowledge, other 
nerve grafting techniques seem more appropriate in these 
situations. 

I SOURCE OF NERVE FOR INTERFASCICULAR 
NERVE GRAFTING 

Selecting a cutaneous nerve for nerve grafting should be done 
with great care. The sural nerve is the most commonly used, 
and in most situations it is recommended. From each leg, 
40 cm of graff material can be obtained. The latéral ante- 
brachial cutaneous nerve for digital nerve graffs can be used 
so that another limb would not be involved in the surgical 
procedure. Anatomie studies hâve shown no significant dif¬ 
férence in fascicular area, area of the entire nerve bundle, and 
percentage of the nerve bundle occupied by the actual nerve 
fascicles. The latéral antebrachial cutaneous nerve is found 
most easily just latéral to the biceps tendon alongside the 
cephalic vein. Through a longitudinal incision, 20 cm of graff 
material can be obtained. The médial antebrachial cutaneous 
nerve, the terminal articular branch of the posterior interos- 
seous nerve, and the dorsal sensory branch of the ulnar nerve 
also hâve been used for digital nerve grafting. The médial 
antebrachial cutaneous nerve is found adjacent to the basilic 
vein. The posterior interosseous nerve is located at the wrist 
just ulnar to the extensor pollicis longus tendon lying on the 
interosseous membrane. The superficial radial nerve is an 
excellent source of graff material when used in grafting a high 
radial nerve lacération because the neurologie déficit that 


otherwise would be created already exists. It is not recom¬ 
mended as a routine source because its sensory contribution 
to the hand is significant, especially when the médian nerve 
is déficient. 

I NERVE ALLOGRAFTS 

The use of fresh nerve allograft can potentially allow func- 
tional recovery équivalent to autograft; however, it requires 
systemic immunosuppression. Tacrolimus (Prograf) inhibits 
activation of T-cell prolifération and is administered starting 
3 days preoperatively and continued for 18 months postop- 
eratively. Graffs are selected from ABO blood type- 
compatible individuals (cadaveric or living related donors) 
and stored at 4° C in University of Wisconsin solution for 7 
days before implantation. Rejection and increased vulnera- 
bility to opportunistic infection are potential complications. 
Acellularized nerve allograffs are now available with the 
advantage of decreased host rejection. These graffs maintain 
the physical structure of the epineurium, perineurium, and 
endoneurial tubes, which are rapidly revascularized and 
repopulated with host cells. They are available in diameters 
of 1 to 5 mm and in lengths up to 5 cm. A multicenter rét¬ 
rospective study involving 56 patients and 71 nerve repairs 
demonstrated functional recovery in 86% of procedures, 
with sensory recovery ranging from S3 to S4 and motor 
recovery from M3 to M5. The majority of graffs were used 
in common digital and digital nerves (48 of 71); however, 
they were also used in médian (10 of 71), ulnar (6 of 71), 
and radial nerves (2 of 71). The mean gap length was 23 ± 
12 mm (range, 5 to 50 mm). 

Evaluation of outcomes showed recovery in 89% of digital 
nerves, 75% of médian nerves, and 67% of ulnar nerves. 
Although autograft is superior, acellularized nerve allograft 
has the advantages of shortened surgical time, avoidance of 
additional surgical site morbidity, and relatively unlimited 
supply. 

I SYNTHETIC NERVE CONDUITS 

Synthetic conduits can be used to bridge neural gaps. Various 
conduit materials hâve been investigated including silicone, 
type I collagen, polyglactin, poly-L-lactic acid (PLLA), poly- 
glycolic acid (PGA), and polyvinyl alcohol (PVA) hydrogel. 
We hâve had no expérience with the use of synthetic conduits, 
but their use often is considered when there is the possibility 
of insuffreient autogenous nerve graff. Currently, these are 
recommended for reconstruction of smaller diameter sensory 
nerves with defects less than 3 cm. 

TECHNIQUES OF NEURORRHAPHY 

Fibrin dot, micropore tape, collagen tubulization techniques, 
adhesives, and many varieties of sutures and suture tech¬ 
niques hâve been proposed for neurorrhaphy. Neurorrhaphy 
by suture with nonreactive and nonabsorbable materials, 
such as stainless Steel and monofilament nylon, has the widest 
application and acceptance. Magnification, appropriate small 
instruments, and meticulous technique are essential. Experi¬ 
mental evidence is conflicting concerning the relative merits 
of epineurial and perineurial (fascicular) neurorrhaphy tech¬ 
niques. Clinical evidence to support the use of one technique 
over the other is meager and inconclusive. The technique 
selected by the individual surgeon dépends on training 
and expérience. Proponents of repair supplémentation with 
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autologous fibrin glue, or other commercially available “nerve 
glues,” cite less tendency for gapping at the repair site, fewer 
sutures required for the repair, and a possible barrier to 
invading scar tissue as advantages. None has been shown to 
increase the strength of the repair, and only one has been 
shown not to block axonal régénération when interposed 
between nerve ends. Our preference is epiperineurial repair 
at the periphery of the nerve combined with perineurial 
(fascicular) neurorrhaphy for large fascicles within the 
nerve. Sunderland pointed out that funicular (fascicular) 
repair cannot be done accurately in every instance because 
(1) funicular patterns at nerve ends match exactly only after 
clean transection, (2) the numbers of funiculi at nerve ends 
may not correspond, and (3) any discrepancies in funiculi 
within the nerve would require excessive intraneural suture 
material. He suggested that funicular repair might be practi- 
cal when (1) funicular groups are large enough to take sutures 
that maintain funicular apposition, (2) nerve ends show a 
funicular pattern that would prédisposé to wasteful régénéra¬ 
tion of axons if epineurial repair were done, and (3) each 
funicular group is composed of nerve fibers to a particular 
branch occupying a constant position at the nerve ends. The 
last arrangement can be seen in the médian and ulnar nerves 
at and above the wrist and the radial nerve at and just proxi¬ 
mal to the elbow. Sunderland recommended suturing groups 
of funiculi in such situations. 


EPINEURIAL NEURORRHAPHY 


TECHNIQUE 62-1 


■ After exposing and dissecting the ends of the nerves, 
détermine that any remaining gap can be closed by end- 
to-end repair without excessive tension. 

■ Resect the glioma and neuroma with a sharp razor blade 
or a diamond-bladed knife against a stérile wooden 
tongue depressor in a nerve miter box or with sharp nerve 
scissors. 

■ Make serial cuts about 1 mm apart in the end of the 
nerve until normal-appearing fasciculi are exposed; this is 
best determined by use of the operating microscope. If 
doubt remains concerning the amount of any remaining 
scar in the nerve end, frozen histologie sections of 
the nerve are helpful. Hâve permanent histologie 
sections made for later review to help in determining the 
prognosis. 

■ If the distal end contains glioma, or if more than one third 
of the proximal end consists of neuroma, carry out addi- 
tional trimming as required. 

■ Control excessive bleeding with thrombin or Gelfoam. 

■ If positioning of the extremity is required to relieve 
tension, use an assistant at this point. Sometimes a 
traction or sling suture of 7-0 or 8-0 nylon passed 
through the nerve may be required. Our preference in 
such a situation is the gentle placement of a straight 
stainless Steel Keith or Bunnell needle transversely 
through each of the nerve stumps with the nerve ends 
approximated, transfixing the nerve to the adjacent soft 
tissues. 




FIGURE 


Epineurial neurorrhaphy 


NIQUE 62-1. 


(see text). SEE TECH- 


■ Détermine appropriate rotational alignment by observing 
the orientation of surface vessels and the appearance and 
location of fasciculi within the nerve. Epineurial orienta¬ 
tion sutures placed 1 cm from each eut edge also are 
helpful. 

■ Place a piece of plastic or rubber glove material beneath 
the nerve for visual contrast and less cumbersome han- 
dling of sutures. For this repair, 8-0 or 9-0 monofilament 
nylon usually is sufficient. 

■ Place the first suture in the posterior or deep surface of 
the nerve in the epineurium and leave the suture long to 
make later rotation of the nerve easier. Place the next 
three sutures in the remaining three quadrants of the 
nerve and leave them long, too. 

■ Détermine as accurately as possible that no kinking or 
déviation of the fasciculi has occurred and place sufficient 
interrupted sutures of 8-0 or 9-0 nylon to produce a 
satisfactory neurorrhaphy (Fig. 62-13). 

■ Rotate the nerve with the quadrant sutures to ensure 
satisfactory posterior surface repair. A 5-0 stainless Steel 
suture can be placed 1 cm from each end of the repair 
in the epineurium to act as a radiographie marker to 
detect a rupture. (We rarely use this.) 

■ Before wound closure, remove the sling suture or Steel 
needles from the nerve ends and place the extremity 
through a limited range of motion to assess positional 
tension at the repair site. This helps to détermine the 
extent to which the extremity can be safely mobilized 
postoperatively. 
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FIGURE 


Perineurial (fascicular) neurorrhaphy (see text). 


SEE TECHNIQUE 62-2. 


PERINEURIAL (FASCICULAR) 
NEURORRHAPHY 


TECHNIQUE 62-2 


■ To perform perineurial (fascicular) neurorrhaphy, the 
surgeon must be proficient in the use of the operating 
microscope and must be able to handle the délicate 10-0 
suture with ease and speed. 

■ Expose the nerve injury and resect the ends of the nerve 
as described for epineurial neurorrhaphy (see Technique 
62-1). 

■ Place the nerve ends in proper rotation. 

■ Using magnification, attempt to identify corresponding 
groups of fasciculi in the proximal and distal nerve stumps. 
It is helpful at this point to diagram the arrangement of 
the fascicular groups on stérile paper from glove or suture 
packages. 

■ Transfix the nerve ends to the soft tissues with stainless 
Steel straight needles. 

■ Incise the epineurium longitudinally proximally and dis- 
tally to expose the fasciculi; approximate them individu- 
ally with interrupted 9-0 or 10-0 nylon sutures (Fig. 
62-14). Where the nerve is composed of multiple small 
fasciculi, approximate several fasciculi as a group. 

■ After the fasciculi hâve been matched and approximated, 
close the epineurium with interrupted nylon sutures, or if 
the neurorrhaphy is secure and there is no tension on the 
repair, omit the epineurial closure to decrease the amount 
of fibrosis after surgery. 


INTERFASCICULAR NERVE GRAFTING 


TECHNIQUE 62-3 


(MILLESI, MODIFIED) 

■ Keep the extremity in the extended position so that the 
graft is not under tension after surgery. 

■ Expose the nerve as for epineurial neurorrhaphy (see 
Technique 62-1). 

■ Beginning in normal-appearing tissue, dissect and expose 
the proximal and distal stumps. 

■ Incise the epineurium on the stumps in areas where the 
nerve appears normal. 

■ Excise a circumferential cuff of epineurium from each 
stump. 

■ Use the operating microscope to carry out intraneural 
dissection in the normal part of the nerve, working 
toward the neuroma and glioma in the proximal and 
distal ends. Attempt to identify large fasciculi and groups 
of smaller fasciculi. 

■ Ensure hemostasis by coagulating the smaller vascular 
branches with bipolar microcoagulating forceps. 

■ As intraneural fibrosis is encountered, transect each fas- 
ciculus or group of fasciculi individually at the level where 
the fibrosis begins. When this dissection has been com- 
pleted, the fasciculi and groups should be transected at 
different levels depending on the extent of scarring. Four 
to six fasciculi or fascicular groups, ail of different lengths, 
now should be présent in each end of the stump. 

■ Deflate the tourniquet and compress the wound with 
saline-moistened packs. 

■ Draw a sketch of each nerve stump and attempt to iden¬ 
tify the corresponding fasciculi and groups of fasciculi in 
each. The more proximal the lésion, the less well defined 
the fascicular groups. Use clinical judgment in matching 
the fasciculi and the fascicular groups in the ends of the 
stumps. 

■ By measuring the gaps remaining between the fasciculi 
and fascicular groups at each end of the nerve, estimate 
the length of nerve graft needed. Each major fasciculus 
or group requires a segment of graft; the graft should be 
10% to 15% longer than the combined gaps to be filled. 

■ Nerves that can be used as donors are the sural, the 
saphenous, the latéral cutaneous of the thigh, the latéral 
and médial cutaneous of the forearm, the posterior cuta¬ 
neous of the forearm, the superficial branch of the radial, 
the dorsal branch of the ulnar, and the intercostals (see 
Source of Nerve for Interfascicular Nerve Grafting). We 
prefer the sural nerve for most situations. A level for 
transection should be selected to allow the proximal end 
of the donor nerve to retract beneath fascia or muscles 
and avoid as much as possible the formation of a painful 
neuroma. 

■ If the sural nerve is to be used, expose it through a short 
transverse incision posterior to the latéral malleolus. 

■ Separate the nerve from the small saphenous vein that 
lies just anterior and superficial to it. 

■ Détermine the course of the nerve in the calf by applying 
traction to the nerve. 
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^ Interfascicular nerve grafting (see text). SEE 


TECHNIQUE 62-3. 


9 " Along the course of the nerve, make additional transverse 
incisions to allow further dissection. If long segments of 
nerve are to be harvested, a single longitudinal incision is 
used (Fig. 62-15). This minimizes the potential harm 
caused by traction on the donor nerve during a difficult 
dissection. Although scissors or nerve strippers can be 
used during this part of the procedure, exercise care to 
avoid injuring the nerve graft. 

■ Transect the nerve so that its proximal end retracts 
beneath the fascia in the proximal calf. 

■Close the incisions in the calf and keep the graft moist 
with saline during the rest of the operation. 

■ Dissect any excess fat from the ends of the graft and 
section the graft so that shorter grafts of appropriate 
lengths can be placed between the ends of corresponding 
fasciculi or fascicular groups. 

■ Using the operating microscope, place each graft between 
the corresponding fasciculi and secure the epineurium of 
each end to the perineurium of the fasciculus or fascicular 
group with a single suture of 10-0 monofilament nylon 

(Fig. 62-16). 

■ If the extremity has been positioned in extension and if 
the grafts are placed without tension, the single sutures 
are sufficient. To reinforce the repair site and minimize 
the need for sutures, fibrin glue can be used as described 
by Narakas by mixing equal parts of thrombin and 
fibrinogen. 

■ Obtain meticulous hemostasis and close the wound. 

Avoid suction drainage tubes. 

■ The same technique can be used for a nerve lésion in 
continuity or for repair of an unsuccessful primary 
neurorrhaphy. 

POSTOPERATIVE CARE. After neurorrhaphy or nerve 
grafting, the extremity is immobilized in a plaster splint or 
cast. A posterior molded plaster splint usually is satisfactory 


for the arm, unless the shoulder girdle must be immobi¬ 
lized; a Velpeau dressing reinforced with plaster is then 
essential. After neurorrhaphy in the lower extremity, a 
spica cast may be needed. The use of a long leg cast alone 
frequently results in séparation of the line of suture. 

The wound should not be dressed until the seventh to 
tenth day. The sutures are then removed. In removing the 
splint or cast, extreme care is necessary to avoid tension 
on the line of suture. 

Opinions differ widely as to when extension of the 
joints may be begun safely after end-to-end repairs. Our 
policy in the upper extremity is to retain the plaster splint 
for 4 weeks and then to replace it with a plastic splint 
that can be extended gradually over 2 to 3 weeks. In the 
lower extremity, especially when the peroneal or sciatic 
nerve has been sutured, we keep the patient in the spica 
cast for at least 6 weeks; apply a long leg brace that 
Controls extension of the knee; and allow 4 weeks or 
more, depending on the tension on the line of suture, for 
complété extension of the knee. Radiographs may be 
made monthly for the first 3 months to détermine the 
integrity of the line of suture. Physical therapy is essential 
to recovery of function of the extremity. 

After interfascicular grafting, the joints should be 
immobilized no longerthan 10 days. Millesi recommended 
immobilization of the extremity in the exact position it was 
in at surgery. This maintains the graft in its elongated 
position and minimizes the potential for later disruption. 
The plaster cast or splint is removed, and active exercises 
of ail joints are begun. The progress of régénération is 
determined by the advance of the Tinel sign. As this sign 
progresses along the graft, it may stop at the distal repair 
temporarily; however, it usually résumés progress eventu- 
ally. If the Tinel sign does not progress after 3 to 4 months, 
blockage at the distal line of suture is assumed and resec¬ 
tion of this area followed by repair is indicated. 
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RESULTS OF OPERATION 

The results of such procedures as neurolysis and partial 
neurorrhaphy cannot be determined accurately. We know, 
however, that neurorrhaphy is never followed by full return 
of motor and sensory function. Rarely, full return is 
approached after suture of the radial nerve and occasionally 
affer suture of the médian nerve in children. A useful degree 
of recovery offen occurs when the factors that influence 
recovery are favorable (see Factors that Influence Régénéra¬ 
tion After Neurorrhaphy). The degree of recovery varies 
from nerve to nerve and with the relative extent of damage 
to the motor and sensory components within each nerve. 
Recovery of function of the limb as a whole is not pro- 
portionate to neurologie recovery. A patient may recover 
fairly good neurologie function, but, because of other defects 
in the limb, overall functional recovery may be unsatisfac- 
tory. Because it is helpful to know what resuit can be 
expected after suture of any given nerve, a statement is made 
at the end of the discussion of each nerve when this infor¬ 
mation is available. 

CERVICAL PLEXUS 

The anterior primary rami of the first four cervical nerves 
unité to form the cervical plexus. Sensory fibers from the 
upper two or three segments course through the lesser 
occipital, greater auricular, and anterior cutaneous nerves of 
the neck. Sensory fibers from the lower two segments course 
through the supraclavicular nerves. Muscular branches join 
in the ansa hypoglossi to innervate the thyrohyoid, geniohy- 
oid, omohyoid, sternothyroid, and sternohyoid muscles. 
Branches from C3, C4, and C5 unité to form the phrenic 
nerve. Fibers arising from the latéral aspect of the anterior 
horns of the upper five cervical segments unité to form the 
spinal accessory nerve, which ascends into the cranial cavity 
through the foramen magnum. At that point the nerve is 
joined by its cranial part, which consists primarily of root- 
lets destined to pass with the vagus nerve. These rootlets 
diverge from the spinal accessory nerve after its exit from 
the jugular foramen and thereafter course with the vagus 
fibers. The spinal accessory nerve descends in the neck 
beneath the posterior belly of the digastric muscle, receiving 
branches from the anterior primary rami of C2, C3, and C4 
and branching to innervate the sternocleidomastoid. It then 
leaves the posterior aspect of this muscle and descends 
farther to innervate the superior third of the trapezius 
muscle. 

SPINAL ACCESSORY NERVE 

The spinal accessory nerve may be injured at any point along 
its course. Because of its superficial location in the posterior 
cervical triangle, it is especially susceptible to damage from 
penetrating injuries. It also may be injured during operations 
such as lymph node biopsy or radical neck dissection. Wood- 
hall gave an accurate description of the symptoms and find- 
ings that follow surgical injury to this nerve: the patient 
reports generalized weakness in the aftected shoulder girdle 
and arm, inability to abduct the shoulder more than 90 
degrees, and a sensory disturbance that may vary from a 
pulling sensation in the région of the scar to aching in the 
shoulder and arm. The aching may radiate to the médial 
margin of the scapula and down the arm to the Angers and is 
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sometimes incapacitating. The superior one third of the tra¬ 
pezius muscle on the aftected side always atrophies, the 
shoulder sags, and power to elevate it is weak. The scapula 
rotâtes distally and laterally and flares slightly; its inferior 
angle is doser to the midline than is its superior angle. This 
position is accentuated when the arm is abducted; the flaring 
of the inferior angle disappears when the arm is raised ante- 
riorly, in contrast to the usual deformity caused by paralysis 
of the serratus anterior. 

■ TREATMENT 

If the nerve has been injured by a low-velocity missile, 
and if no vascular or viscéral injuries require immédiate 
surgical exploration, simple observation for 3 to 4 weeks 
may be best. If after that time electrodiagnostic examination 
reveals denervation of the trapezius, however, and if 
clinical evidence of return of function is absent, exploration 
of the nerve is indicated. When injury to the nerve is 
detected during an operation, and when circumstances 
permit, primary repair should be attempted. When the 
injury is not appreciated during an operation, however, 
or when removal of a segment of the nerve is necessary as 
part of an operation for malignancy, attempts to repair the 
nerve or any reconstructive procedure should be delayed 2 
to 3 weeks to allow the initial wound to heal. When a 
segment of the nerve has been removed as part of an opera¬ 
tion for malignancy, the condition of the patient or later 
treatment such as irradiation may preclude additional pro¬ 
cedures. When the patients condition permits, when symp¬ 
toms warrant additional treatment, and when the gap 
created by segmentai resection of the nerve is too great to 
close by end-to-end suture, interfascicular graffing (see 
Technique 62-3) or tendon transfer is the remaining 
alternative. 

If the nerve is to be repaired, the approach described here 
allows satisfactory expo sure for suture or nerve graffing. 
When the initial wound has healed well, the incision is made 
across the middle of the posterior triangle, following the skin 
folds of the neck. The terminal part of the spinal accessory 
nerve emerges at the junction of the proximal and middle 
thirds of the sternocleidomastoid muscle and courses diago- 
nally distally and posteriorly to enter the latéral border of the 
trapezius muscle at the junction of its middle and distal 
thirds. The incision should be long enough to permit exact 
identification of the distal and proximal parts of the nerve. 
Care must be taken not to confuse the lesser occipital and 
greater auricular nerves with the spinal accessory. The proxi¬ 
mal part of the nerve should be stimulated. Contraction of 
the trapezius muscle indicates that the nerve has not been 
severed. The entire nerve is exposed in the posterior triangle. 

If scarring is extensive within or around the nerve, a neuroly¬ 
sis is performed. If the nerve has been divided, its ends should 
be mobilized and sectioned back to good funiculi. An end- 
to-end suture is performed under little or no tension. 
Awkward positioning of the head, neck, and shoulders in a 
cast to allow suturing of the nerve without tension should be 
avoided. Instead, interfascicular nerve graffing (Technique 
62-3) may be a satisfactory alternative. If the line of suture is 
not under tension, the shoulder should be immobilized in a 
Velpeau bandage for 3 to 4 weeks. Gentle active exercises are 
started, and normal daily activities are resumed 6 to 8 weeks 
after surgery. 
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■ RESULTS OF SUTURE OF THE SPINAL 
ACCESSORY NERVE 

No statistically significant information on the results of sutur- 
ing of the spinal accessory nerve is available. It has been 
suggested that neurolysis or repair when necessary may 
relieve symptoms and restore function. Good results may be 
expected because the spinal accessory nerve is purely a motor 
nerve. 


BRACHIAL PLEXUS 

The brachial plexus is formed by the union of the anterior 
rami of C5, C6, C7, C8, and Tl (Fig. 62-17); C5 usually 
receives some fibers from C4, and Tl usually receives fibers 
from T2. Shortly after leaving the intervertébral foramen, 
each root receives its sympathetic component via a gray 
ramus. The cervical roots receive their sympathetic compo- 
nents from one of the lower cervical sympathetic ganglia and 
the Tl root from its own sympathetic ganglion after contrib- 
uting a white ramus to it. 

The formation of the brachial plexus begins just distal to 
the scalene muscles. Here the C5 and C6 roots unité to form 
the upper trunk, the C7 root continues alone to form the 
middle trunk, and the C8 and Tl roots unité to form the 
lower trunk. The three trunks formed proceed inferolaterally 
behind the clavicle, and each divides into anterior and poste¬ 
rior divisions. The three posterior divisions unité to form the 
posterior cord, the anterior divisions of the upper and middle 
trunks unité to form the latéral cord, and the anterior division 
of the lower trunk continues alone to form the médial cord. 
These three cords embrace the axillary artery in the relation- 
ships that their names imply. 


Brachial plexus. 

The surgically important nerves arising from the brachial 
plexus are described as follows. The long thoracic nerve arises 
from C5, C6, and C7 immediately after they emerge from the 
intervertébral foramina. It traverses the neck posterior to the 
brachial plexus, continues distally along the latéral aspect of 
the thoracic wall, and innervâtes the serratus anterior muscle. 
The dorsal scapular nerve arises from the C5 root just latéral 
to its contribution to the long thoracic nerve. The dorsal 
scapular nerve also traverses the neck posterior to the bra¬ 
chial plexus; as it courses to the médial border of the scapula, 
it innervâtes the levator scapulae, the rhomboideus major, 
and the rhomboideus minor. These two are the only nerves 
that leave the roots before their union to form the trunks. 

The only surgically significant nerve to arise from a trunk 
is the suprascapular, which arises from the latéral aspect of 
the upper trunk well superior to the clavicle. This is the first 
important branch seen when the plexus is explored superior 
to the clavicle. This nerve proceeds distally, passing through 
the suprascapular notch beneath the superior transverse 
scapular ligament to the posterior aspect of the scapula, 
where it supplies the supraspinatus muscle and, after pro- 
ceeding around the latéral border of the scapular spine, sup¬ 
plies the infraspinatus muscle. No branches arise from the 
divisions of the plexus. 

The latéral pectoral nerve arises from the latéral cord, and 
the médial pectoral nerve arises from the médial cord. These 
two nerves descend, communicate by an anastomotic loop, 
and innervate the pectoralis major and minor. Innervation of 
the clavicular head of the pectoralis major is from the latéral 
pectoral nerve only, whereas the sternocostal head receives 
innervation from latéral and médial pectoral nerves. The 
musculocutaneous nerve is the only additional branch of the 
latéral cord. The remainder of this cord joins the médial cord 





CHAPTER 62 PERIPHERAL NERVE INJURIES 


to form the médian nerve. The médial brachial cutaneous and 
médial antebrachial cutaneous nerves arise from the médial 
cord, which divides into its two main branches—the ulnar 
nerve and its contribution to the médian nerve. 

The upper and lower subscapular nerves, which innervate 
the subscapularis and teres major muscles, arise from the 
posterior cord. The thoracodorsal nerve, which also arises 
from the posterior cord, passes distally between the two sub¬ 
scapular nerves to innervate the latissimus dorsi. The last 
branch of the posterior cord is the axillary nerve, which turns 
laterally to course around the surgical neck of the humérus; 
en route it innervâtes the teres minor, the deltoid, and the 
skin overlying the deltoid. The posterior cord continues dis¬ 
tally in the arm as the radial nerve. 

ETIOLOGY AND CLASSIFICATION 
OF BRACHIAL PLEXUS INJURIES 

In military combat, penetrating wounds cause most brachial 
plexus injuries. In civilian life, in addition to injuries related 
to birth, the plexus may be injured by missiles, stab wounds, 
traction applied to the plexus during falls, vehicular acci¬ 
dents, sports activities, and radiation. In most large sériés, 
motorcycle accidents are the most common cause. Narakas 
stated that 70% of traumatic brachial plexus injuries occur 
secondary to motor vehicle accidents, and, of these, 70% 
involve motorcycles or bicycles. Other severe bodily injuries 
occur in 80% of patients with brachial plexus trauma. Rupture 
of the axillary or subclavian artery occurs in 20% of patients. 
Common associated injuries include fractures of the proxi¬ 
mal humérus, the scapula, the ribs, the clavicle, and the trans¬ 
verse processes of the cervical vertebrae and dislocation of 
the shoulder, the acromioclavicular, and the sternoclavicular 
joints. Concomitant spinal cord injury is reported in 2% to 
5% of brachial plexus injuries. A torn rotator cuff also has 
been described in conjunction with brachial plexus injury. 
Many classifications of brachial plexus injuries exist, with 
the most familiar distinguishing between upper plexus inju¬ 
ries (Erb) and lower plexus injuries (Klumpke). Leffert clas- 
sified brachial plexus injuries according to mechanism and 
level of injury. Preganglionic or supraganglionic injuries 
occurring proximal to the neural foramen are those in which 
the neurons hâve been separated from the spinal cord. Post- 
ganglionic or infraganglionic injuries occur distal to the 
neural foramen, and the neurons remain connected to the 
spinal cord. 

DIAGNOSIS OF BRACHIAL 
PLEXUS INJURIES 

Upper plexus injury (Erb) involves the segments innervated 
by the C5 and C6 nerve roots with or without dysfunction of 
the C7 root. Typically, the limb is extended at the elbow, 
flaccid at the side of the trunk, and adducted and internally 
rotated. Abduction is impossible because of paralysis of the 
deltoid and supraspinatus muscles, and external rotation is 
impossible because of paralysis of the infraspinatus and teres 
minor muscles. Active flexion of the elbow is impossible 
because of paralysis of the biceps, brachialis, and brachiora- 
dialis muscles. Paralysis of the supinator muscle causes pro- 
nation deformity of the forearm and inability to supinate the 
forearm. Sensation is absent over the deltoid muscle and 
the latéral aspect of the forearm and hand. Injury in which 
the roots of the upper plexus are avulsed from the spinal cord 



Pantopaque myelogram showing pseudo- 
meningocele produced by avulsion of roots of C7 and C8; C5 and 
C6, which also were avulsed, did not fill. Tl still functions. 


always should be recognized because surgical repair is impos¬ 
sible. It can be diagnosed by finding segmentai motor and 
sensory déficits involving the C5 and C6 roots with paralysis 
of the serratus anterior, the levator scapulae, and the rhom- 
boids, indicating that the lésion of the nerve roots is médial 
to the emergence of the long thoracic and dorsal scapular 
nerves that supply these muscles. Long tract signs may or may 
not be présent, depending on whether the spinal cord has 
been damaged. The diagnosis offen is confirmed by showing 
denervation potentials in the segmentai paraspinous muscu¬ 
lature innervated by the posterior primary rami. Although 
myelography (Fig. 62-18) can be extremely helpful by showing 
a pseudomeningocele or complété absence of root shadows 
at the level of the avulsion, it may be inaccurate early affer 
injury because clotted blood may occlude the opening into 
the pseudomeningocele. A delay of 6 to 12 weeks is recom- 
mended before a myelogram is made. CT with enhancement 
has been found to greatly improve diagnostic accuracy (75% 
corrélation with intraoperative findings). CT myelography 
has a tendency to overestimate root avulsion and dye extrava¬ 
sation if used early affer injury, and this remains a problem; 
however, the development of a pseudomeningocele found 3 
to 4 weeks affer injury is highly suggestive of a root avulsion. 
The use of MRI in patients with traction injury to the brachial 
plexus has been reported and has become the preferred 
imaging technique. Currently, MRI and CT affer myelogra¬ 
phy are the mainstays of imaging brachial plexus injuries. 

The cutaneous axon reflexes hâve been found to be useful 
in differentiating preganglionic intraspinal lésions from post- 
ganglionic extraspinal lésions, although they indicate nothing 
regarding the severity of the lésion. These reflexes are elicited 
by placing a drop of histamine on the skin along the distribu¬ 
tion of the nerve being examined. Affer the skin is scratched 
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through the drop of histamine, a sequential response consist- 
ing of cutaneous vasodilation, wheal formation, and flare 
response normally is seen. If the nerve is interrupted proxi¬ 
mal to the ganglion, anesthésia exists along its cutaneous 
course but the normal axon response is seen. If the injury is 
distal to the ganglion, there is also anesthésia along the course 
of the nerve, and vasodilation and wheal formation are seen, 
but the flare response is absent; this négative axonal response 
suggests injury at a site where recovery might be possible affer 
repair. Techniques such as the cold vasodilation test and 
sensory nerve velocity studies may assist in differentiating the 
level of the injury. 

In upper plexus injuries when avulsion of the roots can 
be excluded, exploration is justified, and repair is sometimes 
possible. Of 134 brachial plexus injuries reviewed by 
Rorabeck and Harris, isolated injuries to the upper trunk had 
the best prognosis. 

Lower plexus injury (Klumpke) can be diagnosed by 
finding segmentai sensory and motor déficits involving C8 
and Tl with or without C7 dysfunction. Associated Horner 
syndrome should alert the examiner to the possibility of an 
avulsing injury of the lower plexus, and myelography and 
EMG may be necessary to exclude such an injury. In addition 
to penetrating wounds, many lower plexus injuries are caused 
by difhcult births, falling on an outstretched arm, or trauma 
from crutches. The primary dysfunction is apparent in the 
intrinsic musculature of the hand along with paralysis of 
the wrist and finger flexors. The sensory déficit is along the 
médial aspect of the arm, forearm, and hand. 

Injuries to the upper or lower trunks of the plexus produce 
essentially the same sensory and motor déficits as do injuries 
to their respective rami except for préservation of function of 
the long thoracic and dorsal scapular nerves in the upper 
trunks and absence of Horner syndrome in the lower trunks. 
Isolated injuries of the divisions of the plexus are extremely 
rare and usually are associated with or mistaken for injuries 
of the cords or trunks. 

Injuries of the cords produce fairly regular patterns of 
altered function. Injuries of the latéral cord cause motor and 
sensory déficits in the distribution of the musculocutaneous 
nerve (paralysis of the biceps), the latéral root of the médian 
nerve (paralysis of the flexor carpi radialis and pronator 
te res), and the latéral pectoral nerve (clavicular head of the 
pectoralis major). Glenohumeral subluxation may resuit. An 
aggressive program of réhabilitation of the remaining intact 
musculature may prevent this subluxation. Sensory déficit 
can be detected over the antérolatéral aspect of the forearm 
in the relatively small autonomous zone of the musculocuta- 
neous nerve. Injuries of the posterior cord cause motor and 
sensory déficits in the distribution of the following nerves: 
the subscapular (paralysis of the subscapularis and teres 
major), the thoracodorsal (paralysis of the latissimus dorsi), 
the axillary (paralysis of the deltoid and teres minor), and the 
radial (paralysis of extension of the elbow, wrist, and fingers). 
The disability consists mainly of inability to internally rotate 
the shoulder, elevate the limb, and extend the forearm and 
hand. Improvement in triceps function without deltoid recov¬ 
ery may suggest axillary nerve entrapment in the quadrangu- 
lar space. Sensory loss most often is apparent only in the 
autonomous zone of the axillary nerve overlying the deltoid 
muscle. Injuries of the médial cord produce the motor déficit 
of a combined ulnar and médian nerve lésion (except for the 


flexor carpi radialis and pronator teres) and extensive sensory 
loss along the médial aspect of the arm and hand. In one 
report, the combination of clinical examination, routine 
EMG, and paraspinal EMG was able to localize the site of the 
lésion in 80% of patients. 

Electrodiagnostic studies can be obtained as early as 3 to 
4 weeks affer injury to confirm the diagnosis, localize the 
lésion, and assist in determining the severity of axonal loss 
and completeness of the injury. Préservation of sensory nerve 
action potentials are indicative of preganglionic injury. Serial 
electrodiagnostic studies assist in identifying reinnervation 
and ongoing denervation. On serial electrodiagnostic studies, 
the presence of active motor units and decreasing fibrillation 
potentials are indicative of spontaneous recovery. 

TREATMENT OF BRACHIAL 
PLEXUS INJURIES 
■ INDICATIONS FOR SURGERY 

Injuries can be divided for purposes of treatment into two 
broad categories: open injuries and closed injuries. 

Open injuries usually are caused by sharp objects or mis¬ 
siles. When components of the plexus hâve been eut by sharp 
objects, when the patient is seen soon affer injury, and when 
the patients general condition permits, exploration and 
primary repair can be attempted. Usually, injuries to adjacent 
vessels or to the médiastinal or thoracic viscera must be 
treated first, however, and repair of the plexus injury must be 
delayed. In these situations, the plexus should be inspected 
and the injured parts marked with wire sutures to make later 
évaluation and treatment easier. A Silastic sheet can be used 
to separate the neural éléments from the vascular repair or 
graff at the initial operation to make the future dissection 
safer. When the patient is not seen soon affer injury but only 
affer the initial management, it is best to wait for healing of 
the wound and stabilization of any other injuries. During this 
waiting period, the extremity should be examined carefully 
and the neurologie déficits should be documented to déter¬ 
mine the level of injury and to détermine a baseline for later 
évaluation. EMG performed 3 to 4 weeks affer injury is also 
helpful in determining the level of the injury. Exploration of 
the plexus and neurorrhaphy, autogenous interfascicular 
nerve graffing, or neurolysis is indicated 3 to 6 weeks affer 
injury. Limited return of function has been noted in patients 
treated in this manner. This treatment is especially useful in 
periplexus scar formation with conduction block, in lacéra¬ 
tions sufficiently distal to allow repair or graffing, and in 
neuromas that could be resected, leaving sufhcient stumps for 
graffing or repair. A poor prognosis can be expected affer 
lower trunk injuries, but surgical exploration is advised for 
sharp injuries of the upper and middle trunks. 

Improvement has been reported in patients affer 
repair of complété and partial palsies and affer fascicular 
graffing; however, results affer nerve transfer hâve been 
disappointing. 

Neurotization has been shown to produce function in 
around a third of patients. 

When a low-velocity missile has caused an open injury, 
early exploration is not indicated unless injuries to adjacent 
vessels or viscera make immédiate treatment necessary. In 
these situations, the condition of the patient usually prevents 
extensive repair or graffing of the plexus. The injury should 
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be inspected, however, and its extent documented. These 
injuries often resuit in neurapraxia or lésions in continuity. 
Consequently, a period of observation is indicated because 
considérable function may return spontaneously. EMG 
should be obtained 3 to 4 weeks after injury to aid in 
determining the extent of denervation. Thereaffer, periodic 
examinations are indicated every 4 to 6 weeks. When such 
examinations during a reasonable period of time reveal the 
absence of recovery or that any recovery has halted, explora¬ 
tion and neurorrhaphy, grafting, or neurolysis may be bénéfi¬ 
ciai. The timing of exploration is difficult to détermine, but 4 
to 6 weeks is a reasonable period in which to expect some 
recovery. In high-velocity injuries involving the whole plexus, 
severe spasmodic pain and Horner syndrome are unfavorable 
prognostic signs. In one study, fewer than 10% of patients 
operated on after a gunshot wound were found to hâve a 
complété neurotmesis. Motor function recovered to a grade 
3 or better in over half the patients. Best results were obtained 
in upper trunk and latéral and posterior cord injuries. 

Closed injuries are most often caused by traction either 
with the arm forcibly abducted (causing lower plexus inju¬ 
ries) or with the arm adducted and the neck deviated to the 
opposite side (causing upper plexus injuries). Barnes divided 
these injuries into four groups as follows: (1) injuries at C5 
and C6; (2) injuries at C5, C6, and C7; (3) degenerative lésions 
of the entire plexus; and (4) injuries at C7, C8, and Tl (rare). 
He found that 11 of 14 patients with C5 and C6 lésions spon¬ 
taneously regained shoulder abduction and elbow flexion 
against gravity and some résistance. Eleven of 19 patients 
with C5, C6, and C7 lésions spontaneously regained shoulder 
abduction, elbow flexion, and finger and wrist extension 
against gravity and some résistance. Of 24 patients with 
degenerative lésions of the entire plexus, seven showed no 
recovery, 10 showed recovery of the C8 and Tl innervated 
muscles but no upper root recovery, and seven showed recov¬ 
ery of the C5 and C6 innervated muscles but no lower root 
recovery. Bonney also reported incomplète recovery from 
this type of whole-plexus injury in 24 patients and found no 
useful finger or wrist extensor function, although function of 
the trapezius, the rhomboids, and the serratus anterior 
muscles returned. Infraclavicular brachial plexus injuries are 
less common than supraclavicular injuries, and the prognosis 
is better; 85% of patients with infraclavicular injury improved 
in one study compared with 55% with supraclavicular injury. 
These injuries usually are associated with fractures or disloca¬ 
tions around the shoulder. Surgical treatment rarely is 
necessary. 

In treating closed injuries, EMG should be done at 3 
to 4 weeks as in open injuries. Observation and physical 
therapy should be continued, and at 6 to 8 weeks, additional 
studies, including myelography and axon reflex évaluation, 
can be done if return of function is not seen. Exploration is 
justified at 3 to 6 months after injury if function has not 
returned, if any return has ceased, or if the patient shows 
nonanatomic return of function with isolated lack of proxi¬ 
mal function in the presence of good distal nerve recovery 
and if there is evidence that the lésions are at the postgangli- 
onic level. 

■ SURGICAL GOALS 

The surgeon should hâve clear and reasonable surgical goals, 
which are, in order of priority, (1) restoration of elbow 
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flexion, (2) restoration of shoulder abduction, and (3) resto¬ 
ration of sensation to the médial border of the forearm and 
hand. Depending on the extent of injury, various surgical 
techniques may be required, including primary neurorrha¬ 
phy, neurolysis, nerve grafting, and neurotization. Direct 
intraoperative nerve stimulation and recording are required 
across damaged éléments; if nerve action potentials are 
obtained, simple neurolysis is indicated. If neural integrity is 
completely lost, or if no nerve action potentials are recorded 
across a damaged element, excision and nerve grafting is 
required. In root avulsions of the upper plexus (Fig. 62-19) 
in which no proximal neural stump is available for nerve 
grafting, neurotization between the intercostal nerves or 
flexor carpi ulnaris motor fascicles of the ulnar nerve and the 
musculocutaneous nerve to restore elbow flexion may be 
considered. Neurotization of the suprascapular nerve using 
the spinal accessory nerve and neurotization of the axillary 
nerve with fascicles of the radial nerve innervating the 
latéral, médial, or long head of the triceps can be used to 
restore shoulder abduction and external rotation. The prox- 
imity of the spinal accessory nerve to the suprascapular 
nerve allows nerve transfer without the need for intercalary 
nerve grafting. After brachial plexus repair and reconstruc¬ 
tion, 12 to 18 months is required to détermine the extent of 
neural régénération. If recovery is considered inadéquate, 
peripheral reconstruction should be considered. Tendon 
transfers around the shoulder that may be considered include 
trapezius-to-deltoid transfer as described by Saha to improve 
abduction (see Chapter 34) and latissimus dorsi transfer to 
improve external rotation as described by L’Episcopo (see 
Chapter 34). Shoulder arthrodesis is helpful if active scapu- 
lothoracic motion is preserved and has been shown to 
improve elbow flexion by preventing uncontrolled internai 
rotation of the shoulder. The shoulder should be fused in 
only 20 to 30 degrees of abduction because most of these 
patients rely heavily on arm-trunk préhension. Operations to 
restore elbow flexion include transfers of the latissimus dorsi, 
the pectoralis major, the triceps, the sternocleidomastoid, 
and the flexor-pronator mass (see Chapter 34). Marshall 
et al. reviewed 50 such transfers and found the latissimus 
dorsi and triceps transfers to be the most reliable. Restora¬ 
tion of elbow flexion is helpful to the patient even if the hand 
is functionless. 

Amputation rarely is performed. If the patient is 
certain that the dead weight of a functionless upper 
extremity is disabling, amputation and prosthetic fitting 
may be helpful. Amputation should never be performed for 
pain relief. 

■ COMPREHENSIVE APPROACH 
TO THE BRACHIAL PLEXUS 

The brachial plexus can be approached superior or inferior 
to the clavicle, depending on the site of injury. When a neu¬ 
rorrhaphy is to be done near or superior to the clavicle, 
osteotomy of this bone may be necessary. A nerve graff can 
be placed posterior to the clavicle without osteotomy, 
however. The approach described here exposes the entire 
plexus, and any appropriate part of it can be used to explore 
a part of the plexus. A transverse approach to the plexus is 
not recommended because it is not extensile and exposure is 
restricted. 
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Types of injuries sustained by roots of brachial plexus. (Spinal cord is viewed from posterior.) Left, Types of injuries 
and prognosis in each at postganglionic (infraganglionic) and preganglionic (supraganglionic) levels. Right, Myélographie appearances 
for various injuries. 1, Normal nerve root. 2, Injury in continuity distal to posterior root ganglion. AN axons degenerate; axon reflex 
tests are négative, and there is no nerve conduction. Some recovery is possible if regenerating axons can penetrate intraneural scar. 
3, Same as 2, but there has been disruption of nerve. Repair is impossible because of extensive intraneural damage; 2 and 3 are distin¬ 
guishable only by exploration in posterior triangle of neck. 4, Recent supraganglionic lésion. Nerve root has been torn out of cord, and 
there is intrathecal effusion that shows as filling defect on myelogram. Posterior root ganglion cell bodies are intact. Although their 
central connections degenerate (there is no way of showing this), their peripheral axons are intact, as can be shown by axon reflex 
tests and by nerve conduction. 5, Same as 4, but rent in dura mater has healed, and myélographie appearance is normal. 6, If rent in 
dura does not heal, saccular protrusion forms traumatic meningocele, easily visible on myelogram. Nerve root here is shown as having 
sustained extensive interstitial damage, sufficient to destroy posterior root ganglion cells. Axon reflex tests and nerve conduction would 
be négative, suggesting infraganglionic lésion except for myélographie démonstration of meningocele. 7, Rare distortion of spinal cord, 
a late conséquence of supraganglionic rupture of nerve root. 


APPROACH TO THE 
BRACHIAL PLEXUS 


TECHNIQUE 62-4 


■ Position the patient supine with a sandbag under the 
posterior chest. Préparé and drape the neck, thorax, 
upper extremity, and both lower extremities to be used 
as donor sites for nerve grafting. 

■ Begin the incision along the posterior border of the ster- 
nocleidomastoid muscle approximately 5 cm above the 
clavicle. Follow the border of the clavicle until the superior 
portion of the deltopectoral interval is reached. Continue 
distally along the deltopectoral interval. As the anterior 
axillary fold is crossed, continue the incision in a zigzag 
fashion to enter the axilla. Curve it posteriorly along the 


natural skin folds of the axilla to the midpoint of the 
médial aspect of the arm and curve it again distally, paral- 
lel with the neurovascular bundle (Fig. 62-20). 

Superior to the clavicle, deepen the incision through the 
subeutaneous tissue and the platysma. 

Ligate the external jugular vein, retract or divide the omo- 
hyoid muscle, and expose the deep fascia. The subclavian 
vein (Fig. 62-21) seldom is seen because it is several cen- 
timeters inferior to this région. 

Open the deep fascia transversely and clear away the 
exposed areolar tissue. 

By retracting or dividing the clavicular head of the sterno- 
cleidomastoid muscle, expose the scalenus anterior 
medially. It usually is necessary to divide and ligate the 
transverse cervical artery, which crosses the scalenus ante¬ 
rior superficial to the phrenic nerve. 

The phrenic nerve crosses this muscle from latéral to 
médial; identify and retract it medially. Ail the rami of the 
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FIGURE 


[iy Incision for approach to brachial plexus (see 


text). SEE TECHNIQUES 62-4, 62-11, AND 62-12. 
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FIGURE 


2 Exposure of brachial plexus with section of 


clavicle. SEE TECHNIQUE 62-4. 


brachial plexus should be visible as they emerge from 
deep to the latéral border of the scalenus anterior to form 
the upper, middle, and lower trunks of the plexus. 

■ If a fuller view of the rami is needed, divide the scalenus 
anterior transversely so that the subclavian artery is infe- 
rior to the point of division and the rami of the brachial 
plexus just superior to the point of division. 


■ To see or to mobilize the parts of the plexus that lie deep 
to or inferior to the clavicle, deepen the part of the inci¬ 
sion that crosses the junction of the latéral and middle 
thirds of the clavicle. 

■ Divide the fascia distally in the cleft identified by the 
cephalic vein between the pectoralis major and the 
deltoid muscle. 

■ Sever the tendon of the pectoralis major about 1 cm 
proximal to its insertion on the humérus, retract the 
muscle medially, identify the clavipectoral fascia, and 
incise it longitudinally. 

■ Divide the tendon of the pectoralis minor, mark it with a 
suture, and retract it. 

■ After exposing the clavicle from superiorly and inferiorly, 
divide it with a Gigli saw (if necessary, part of the bone 
can be resected later) and separate the divided ends. 

■ Before osteotomizing the clavicle, a plate can be 
contoured and used as a template for predrilling 
the clavicle to make osteosynthesis easier after nerve 
reconstruction. 

■ The clavicle is osteotomized only if absolutely necessary, 
and after supraclavicular and infraclavicular dissections 
hâve been completed. 

■ Sever the subclavius muscle and ligate and divide the 
cephalic vein. 

■ Incise longitudinally the deep fascia of the arm and that 
which encases the neurovascular bundle until the entire 
brachial plexus is visible. 

■ The relationships of the various parts of the brachial 
plexus to each other and to the vessels are described in 
standard texts on anatomy and are not discussed at 
length here. Some matters need spécial emphasis, 
however. 

■ When proceeding distally along the proximal part of the 
arm, one usually finds first the médial antebrachial cuta¬ 
neous nerve Crossing the large axillary vein. Do not 
mistake this nerve for the ulnar nerve. The ulnar nerve is 
nearby and is exposed easily by mobilizing and retracting 
the vein laterally. 

■ By retracting the same vein medially, the axillary artery is 
brought into view. Retracting this artery medially exposes 
the médian nerve well on the latéral aspect of the bundle; 
retracting laterally the axillary artery, axillary vein, and 
ulnar nerve, one can identify the radial nerve, which lies 
well posterior to ail other structures in the bundle. As the 
axillary artery is followed proximally, it is found to lie 
posterior to the point where the médian nerve is formed 
from branches of the médial and latéral cords. Proximal 
to that point and posterior to the pectoralis minor tendon, 
the axillary artery séparâtes the médial and latéral cords 
and lies directly anterior to the posterior cord. 

■ The point of emergence of the musculocutaneous nerve 
from the latéral cord varies; usually it is deep to the 
tendon of the pectoralis minor, but it may be much more 
distal. Sometimes several branches emerge from the 
latéral cord to form this nerve. The axillary nerve usually 
emerges from the posterior cord a little more proximally 
than does the musculocutaneous nerve from the latéral 
cord and winds posteriorly through the quadrangular 
space. 












PART XVI PERIPHERAL NERVE INJURIES 


■ METHODS OF CLOSING GAPS 

Extensive defects in the more proximal éléments of the bra¬ 
chial plexus—its nerve roots, trunks, and divisions—and 
defects on its latéral side are difficult to close because of the 
limitation of mobilization imposed by the various branches 
it gives off, including the suprascapular, the anterior tho- 
racic, the subscapular, and the axillary nerves. Currently, 
interfascicular nerve graffing using the sural nerve from one 
or both legs is the most common method used to close 
nerve gaps in brachial plexus reconstruction. This method 
allows earlier mobilization because tension at the site of 
repair is minimal. 

When an interfascicular graffing technique is used, a 
Velpeau bandage is applied for immobilization. Any drains 
leff in the wound are removed at 36 to 48 hours. The sutures 
are removed at 10 to 14 days, and the Velpeau dressing is 
removed at 3 to 4 weeks. Active pendulum exercises are 
started at 4 weeks, and gentle abduction exercises are started 
at 6 weeks. Significant return of function may require 3 to 5 
years. During this time, physical therapy to prevent contrac¬ 
tures of joints and muscles is essential. Vocational réhabilita¬ 
tion is equally important. Whether electrical stimulation of 
denervated muscles is bénéficiai is not known for certain. 

■ RESULTS OF TREATMENT 

As is true in ail peripheral nerve injuries, many variables 
influence the results affer injuries to the brachial plexus. Con- 
sequently, dogmatic statements concerning the prognosis 
affer the various injuries are difficult to prove. 

Some brachial plexus injuries, usually closed injuries, can 
be treated without surgery with the expectation of relatively 
good results. Brooks found that spontaneous recovery was 
good in lésions of the roots of C5 and C6 or of the upper 
trunk, fair in lésions of the posterior cord, and poor in lésions 
of C8 and Tl or the médial cord. The reported prognosis is 
good or fair in infraclavicular plexus injuries (79% to 98%). 
Upper plexus injuries hâve been shown to hâve better out- 
comes affer repair than lower plexus injuries. Advancements 
in nerve graffing techniques hâve improved the prognosis 
affer severe stretching injuries. Although good or fair results 
hâve been reported using intrafascicular autogenous graffs 
(44% to 75%), incomplète return of function has been 
reported in up to 50% of patients. Repair of brachial plexus 
injuries with graffs offers a chance for useful return of func¬ 
tion for lésions in the upper or middle trunk or in the cords 
posterior and inferior to the clavicle; at the origin of the 
nerves leaving the plexus; in the extraforaminal région with 
rupture of any two of C5, C6, or C7 spinal nerves, but with 
no more than one avulsion and without injury to C8 and Tl 
and the médian and ulnar nerves; and in the upper plexus 
with partial lésions, but without root avulsion when plexus 
repair is combined with tendon transfers to restore hand 
function. Upper trunk and latéral and posterior cord élé¬ 
ments fare better. Terzis et al. reported their results of bra¬ 
chial plexus reconstruction in 204 patients. The results were 
good or excellent in 75% of suprascapular nerve reconstruc¬ 
tions, 40% of deltoid reconstructions, 48% of biceps recon¬ 
structions, and 30% of triceps reconstructions. 

In some situations, particularly affer sharp lacérations, 
neurorrhaphy may be the treatment of choice. Usually, lésions 
of the C5 and C6 nerve roots, the upper trunk, and the latéral 
cord proximal to the origin of the musculocutaneous nerve 


can be treated with some success by neurorrhaphy, whereas 
lésions of other éléments of the brachial plexus do not respond 
as well. It is unusual for intrinsic muscle function of the hand 
to return when C8 and Tl roots hâve been repaired. This does 
not mean that useful function cannot be recovered when 
other éléments of the plexus are repaired in children or when 
such surgery is done early in young adults. Sharp lacérations 
of the brachial plexus are best repaired primarily. 

Neurolysis is indicated in some injuries of the plexus, 
particularly if neural éléments are found to be intact and able 
to conduct affer electrical stimulation at the time of explora¬ 
tion. In patients undergoing neurolysis only, it is difficult to 
détermine whether recovery was assisted by the neurolysis or 
was simply spontaneous. The results of this type of treatment 
hâve varied. Neurolysis may be bénéficiai in periplexus 
scarring. 

Extensive expérience with neurotization affer root avul¬ 
sion injuries has been reported in the literature. Nagano et al. 
reported that grade 3 or 4 elbow flexion was regained in 90% 
of children and 81.8% of adults younger than 40 years of âge 
affer neurotization between the intercostal nerves and the 
musculocutaneous nerve without the use of intervening 
nerve graffs. Narakas and Hentz reported restored elbow 
flexion in 50% of patients; however, only limited shoulder 
function and no useful finger function was obtained. This 
technique is used infrequently, but results in the literature 
suggest that it is a useful alternative in certain root avulsion 
injuries, especially if only one function needs restoration. 
Songcharoen reported 80% motor recovery of M3 or greater, 
with 60 degrees of shoulder abduction and 45 degrees of 
shoulder flexion in 577 patients with spinal accessory to 
suprascapular nerve transfers. Leechavengvongs reported 
excellent function in 5 of 7 patients affer neurotization of the 
axillary nerve with motor fascicles to the long head of the 
triceps. Mackinnon recommended transfer of the radial 
nerve branches to the médial head of the triceps, because it 
is longer than the branches to the latéral and long heads and 
does not require intramuscular dissection to achieve suffi- 
cient length. 

Donor nerves include the phrenic, spinal accessory, inter- 
costals, deep cervical motor branches, hypoglossal, and con¬ 
tralatéral C7 nerve root. The results of the surgical treatment 
of pain affer brachial plexus injuries hâve been unpredictable. 
We hâve had no expérience with the dorsal root entry zone 
lésion procedure as described by Nashold; however, it has met 
with some success. 

Oberlin described transferring flexor carpi ulnaris 
motor fascicles from the ulnar nerve to the musculocutane¬ 
ous nerve to restore elbow flexion in C5-6 avulsion injuries. 
Teoul reported 62% good results of MRC grade 4. More 
recently, Mackinnon introduced a double fascicular transfer 
using ulnar motor fascicles to the flexor carpi ulnaris and 
médian motor fascicles to the flexor carpi radialis to rein- 
nervate the biceps and brachialis muscles. In six patients, 
elbow flexion recovery was 4+/5 in four and 4/5 in two. Evi¬ 
dence of reinnervation was noted at a mean of 5.5 months 
affer surgery. Coulet et al. reported better results with trans¬ 
fer of fascicles of the ulnar nerve than with intercostal trans¬ 
fers. Pooled data from multiple published reports suggest 
the Oberlin procedure and nerve transfers are more success- 
ful than nerve graffing for restoring elbow flexion and 
shoulder abduction. 
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TRANSFER OF THE ULNAR NERVE 
FASCICLES TO NERVE OF THE 
BICEPS MUSCLE 


TECHNIQUE 62-5 


(OBERLIN ETAL) 

■ On the anterior aspect of the arm 4 cm distal to the 
humerai insertion of the pectoralis major tendon, outline 
on the skin the origin of the branch of the musculocuta- 
neous nerve to the biceps muscle (Fig. 62-22A). 

■ Incise the skin longitudinally 8 to 10 cm, straddling this 
point. Incise the fascia over the biceps and retract the 
muscle laterally (Fig. 62-22B). 


■ Identify the musculocutaneous nerve between the biceps 
and the coracobrachialis muscle. There are numerous 
variations of the origin and distribution of this nerve. 

■ Identify the ulnar nerve at the same level, using electrical 
stimulation to confirm identification. 

■ Under microscopie magnification, perform further dissec¬ 
tion and identify branches to the biceps muscle. Usually, 
the vascular pedicle does not interfère with dissection of 
the nerve because it has a more transverse orientation. 

■ Split the branch(es) from the musculocutaneous nerve 
to the biceps muscle proximally 2 cm and transect 
(Fig. 62-22C). 

■ Rotate the distal part medially toward the previously dis- 
sected ulnar nerve. 

■ Incise the epineurium of the ulnar nerve and select one 
or two fascicle(s) with an adéquate size. Use low-intensity 
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Transfer of ulnar nerve fascicles to nerve to biceps muscle. A f Skin incision. B f Approach to the musculocutaneous 
nerve. C f Microscopie dissection and nerve branching. Intraneural dissection and identification of motor fascicle by means of electrical 
stimulation. D f Repair completed. SEE TECHNIQUE 62-5. 
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electrical stimulation to distinguish precisely between 
sensory and motor fascicles. If a fascicle with the response 
in the extrinsic flexors is located, use this for transfer. 
(Often this fascicle is located anteriorly and medially 
within the ulnar nerve.) 

■Separate the chosen fascicle from the rest of the ulnar 
nerve over 2 cm and divide it distally. 

■ Turn the fascicle laterally and suture it to the nerve to the 
biceps (Fig. 62-22D) with 11-0 nylon without any tension 
at the repair site. Repair of the nerve is performed in front 
of the brachial vascular bundle. Add fibrin glue to the 
repair. 


DOUBLE FASCICULAR TRANSFER 
FROM ULNAR AND MEDIAN NERVES 
TO NERVE OF THE BRACHIALIS 
BRANCHES 


TECHNIQUE 62-6 


(MACKINNON AND COLBERT) 

■ With the patient supine and the arm abducted, make a 
skin incision in the central portion of the bicipital groove, 
carrying the dissection down to the interval between the 
triceps and biceps muscles. 

■ Identify the ulnar nerve médial to the brachial artery and 
identify the médian nerve on the latéral surface of the 
artery. 

■ Identify the musculocutaneous nerve on the deep médial 
surface of the biceps muscle by palpation. Perform electri¬ 
cal stimulation of the brachialis and biceps branches to 
confirm lack of motor function. 

■ Dissect the biceps and brachialis branches at their points 
of proximal séparation from the musculocutaneous nerve 
and then drape them medially toward the ulnar and 
médian nerves. 

■ Donor fascicle sélection is based on the proximity to the 
récipient nerves. Usually, the biceps branch is doser to the 
médian nerve and the brachialis to the ulnar nerve (Fig. 
62-23), but not always. Plan the location of neurolysis to 
allow tension-free coaptation with the respective récipi¬ 
ent nerves. As a rule-of-thumb, divide the donor nerve 
distally and the récipient nerve proximally. Use of a nerve 
stimulator can help identify redundant fascicles to the 
flexor carpi radialis and the flexor carpi ulnaris muscle. 
Alternative donors from the médian nerve are redundant 
fascicles to the flexor digitorum sublimis and palmaris 
longus. The motor group fascicles of the médian nerve 
are on the médial aspect of the nerve, and the motor 
groups of the ulnar nerve are in the latéral or central 
portion of the nerve. 

■ Take the elbow through range of motion to make sure 
the planned repair is tension free. After internai neuroly¬ 
sis, divide the isolated redundant fascicles at their distal 
most points and repair them to their respective biceps and 
brachialis récipients with 9-0 nylon suture (Fig. 62-23). 




Ulnar nerve 


Médian nerve 
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FCU fascicle 


Redundant 
FCR fascicle 


Double fascicular transfer for musculocutane¬ 
ous nerve. A f Redundant flexor carpi ulnaris fascicle from ulnar 
nerve is transferred to biceps branch. B f Redundant flexor carpi 
radialis fascicle from the médian nerve transferred to the brachia¬ 
lis branch. SEE TECHNIQUE 62-6. 


■ Place a drain and indwelling pain pump cathéter as 
needed and place the patient's arm in a shoulder immo- 
bilizer, allowing gentle intermittent elbow and shoulder 
range of motion. 

POSTOPERATIVE CARE. The shoulder immobilizer 
is removed at approximately 7 days, and shoulder 
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range-of-motion exercises are begun at 2 weeks. After 
return of the biceps and brachialis function, strengthen- 
ing and rééducation are begun. 


NEUROTIZATION OF THE 
SUPRASCAPULAR NERVE WITH 
THE SPINAL ACCESSORY NERVE 


TECHNIQUE 62-7 


(MACKINNON AND COLBERT) 

■ With the patient prone, identify the location of the distal 
accessory nerve and the suprascapular nerve at the 
suprascapular notch and mark the transverse incision 

(Fig. 62-24A). 


■ Make an incision and carry the dissection down to the 
trapezius muscle. 

■ Split the trapezius muscle along the transverse course of 
its fibers and identify the supraspinatus muscle below. 
Carry the dissection bluntly over the supraspinatus muscle 
to the superior border of the scapula. 

■ Identify the suprascapular notch by palpation. Expose the 
superior scapular ligament by blunt dissection with a 
"peanut" sponge, taking care not to injure the supra¬ 
scapular artery, which courses superiorly over the ligament 
(Fig. 62-24B). Protect the artery while dividing the ligament 
under direct vision, revealing the suprascapular nerve. 

■ Stimulate the suprascapular nerve to confirm lack of 
function. 

■ Carry the dissection of the nerve as far proximally or 
anteriorly as possible to facilitate a tension-free repair. 
Carry the subtrapezius dissection medially toward the 
accessory nerve. 

■ Use blunt dissection and a nerve stimulator at a deep level 
to the trapezius muscle, working in a longitudinal direc¬ 
tion to identify the nerve. 



A 




B 


C 


Spinal accessory nerve to suprascapular nerve transfer. A f Planned incision. B f Before nerve transfer. C f Nerve transfer 
for suprascapular nerve function. SEE TECHNIQUE 62-7. 
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■ Once the nerve is identified and confirmed intact by 
stimulation, dissect it as far distally or inferiorly as possi¬ 
ble. Adéquate dissection of both the suprascapular and 
accessory nerves allows transfer and tension-free repair 
without the need for a nerve graft. 

■ Divide the suprascapular nerve proximally and the acces¬ 
sory nerve distally. 

■ Suture the proximal end of the accessory nerve to the 
distal end of the suprascapular nerve with interrupted 9-0 
nylon under an operating microscope (Fig. 62-24C). 

POSTOPERATIVE CARE. The patient is placed in a 
shoulder immobilizer postoperatively to prevent abduc¬ 
tion but care is taken to allow intermittent elbow range 
of motion to prevent stiffness and ulnar nerve irritation. 
Shoulder range of motion is begun at 2 weeks, and 
strengthening and rééducation exercises are begun after 
return of spinatus muscle function. 


NEUROTIZATION OF THE AXILLARY 
NERVE WITH RADIAL NERVE 


TECHNIQUE 62-8 


(MACKINNON AND COLBERT) 

■ Place the patient prone. 

■ Make a longitudinal incision from a point overlying the 
quadrangular space at the posterior border of the deltoid 
muscle to the midposterior interval between the latéral 
and long heads of the triceps (Fig. 62-25A). Carry the 
dissection down to the level of the triceps and deltoid 
muscles. 

■ Open the triceps interval to expose the donor nerve 
running with the radial nerve on the posterior surface 
of the humérus and to facilitate identification of the 
quadrangular space, which transmits the axillary nerve 

(Fig. 62-25B). 

■ Retract the posterior border of the deltoid muscle supe- 
riorly. Often, the cutaneous branch of the axillary nerve 
courses deep to the deltoid muscle and dissection of the 
nerve proximally will help to identify the remainder of the 
axillary nerve. The transversely oriented tendinous portion 
of the teres major muscle, located deep to the long head 
of the triceps, is a key anatomie landmark. 

■ Locate the axillary nerve by blunt dissection superior to 
the teres major muscle and just superior to the posterior 
circumflex humerai vessels. 

■ Stimulate the axillary nerve to confirm lack of function. 

■ Identify the nerve branch to the médial head of the 
triceps, which is a distinct branch running adjacent to the 
radial nerve, by stimulation. 

■ Divide the branch at its most distal point and isolate it 
proximally to the inferior border of the teres major muscle. 

■ Sharply divide the proximal portion of the axillary nerve, 
including the component to the teres minor muscle. 

■ Repair the distal segment of the axillary nerve to the 
transferred proximal segment of the médial triceps nerve 


tension free under an operating microscope with inter¬ 
rupted 9-0 nylon suture (Fig. 62-25C). 

POSTOPERATIVE CARE. A shoulder immobilizer is 
placed postoperatively, allowing gentle intermittent 
elbow range of motion to prevent stiffness. Shoulder 
range-of-motion exercises are begun at 2 weeks, and 
strengthening and rééducation are begun after return of 
deltoid function. 


BRACHIAL PLEXUS COMPRESSION 
SYNDROME 

The neurovascular structures passing from the thorax may be 
compressed by the pectoralis minor at its coracoid attach- 
ment. This was first described by Wright in 1945 and referred 
to as the hyper abduction syndrome. The symptoms of aching 
pain in the arm and shoulder referred to the anterior chest 
and periscapular area may be reproduced by abduction of the 
arm or by pressure in the région of the coracoid process. 
Radiographs of the cervical spine, the chest, and the shoulder; 
angiography; and EMG may help in diagnosis. Conservative 
measures consisting of heat and postural exercises usually are 
effective in relieving symptoms, but occasionally surgical 
release of the pectoralis minor may be necessary for relief of 
persistent pain. 

SUPRASCAPULAR NERVE 

Arising from the upper trunk of the brachial plexus, the 
suprascapular nerve lies in the posterior triangle of the neck 
near the posterior belly of the omohyoid muscle. It courses 
across the posterior triangle, passing under the belly of the 
omohyoid muscle and the anterior border of the trapezius to 
the scapular notch. It traverses the scapular notch, passing 
below the superior transverse ligament (transverse scapular 
ligament), and enters the supraspinatus fossa, where it sends 
a motor branch to the supraspinatus muscle and an articular 
branch to the shoulder joint. It passes around the latéral 
border of the spine of the scapula (spinoglenoid notch) into 
the infraspinatus fossa, where it sends a muscular branch to 
the infraspinatus muscle with branches also to the shoulder 
joint and the scapula. The nerve may be injured by penetrat- 
ing trauma in the posterior triangle of the neck; by cancer 
surgery in the same area; by blunt or penetrating trauma in 
the supraclavicular région; by fractures of the superolateral 
portion of the scapula, especially involving the région of the 
suprascapular notch; by anterior dislocations of the shoulder 
joint; by entrapment in the suprascapular notch; and by 
space-occupying lésions, such as a ganglion at the spinogle¬ 
noid notch. 

■ EXAMINATION 

Pain in the shoulder and weakness of the shoulder girdle 
are common complaints. Atrophy of the supraspinatus and 
infraspinatus muscles may be seen if the nerve is injured at 
or proximal to the suprascapular notch. Atrophy of only 
the infraspinatus muscle suggests entrapment distal to the 
supraspinatus fossa, as may occur at the spinoglenoid notch. 
Electrodiagnostic studies are helpful in confirming the 
diagnosis. 
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Triceps to axillary nerve transfer. A f Planned incision. B f Before transfer. C f Nerve transfer for axillary nerve function. 


SEE TECHNIQUE 62-8. 


■ TREATMENT 


POSTERIOR APPROACH FOR DIVISION 
OF THE TRANSVERSE SCAPULAR 
LIGAMENT 


TECHNIQUE 62-9 


Figure 62-26 


(SWAFFORD AND LICHTMAN) 

■ With the patient prone, make an incision parallel to and 
about 3 cm superior to the scapular spine. 

■ Elevate the trapezius subperiosteally and expose the 
supraspinatus muscle. 


■ Identify the nerve by elevating the supraspinatus 
muscle and dissecting superior and inferior to the 
muscle. 

■ Identify the suprascapular notch and release the trans¬ 
verse ligament. 

■ It may be necessary to enlarge the notch with a rongeur 
if it is narrow. Smooth the edges of the notch if it is 
enlarged. 

■ If no definite entrapment is identified in the notch, follow 
the nerve around the spinoglenoid notch to exclude 
entrapment in that area, especially if only the infraspina- 
tus muscle is involved. 

■ Return of function after release varies. Reports 
regarding results after suture of this nerve are 
inconclusive. 
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FIGURE 


A f Posterior approach for division of transverse scapular ligament. B f Suprascapular artery is above and suprascapular 


nerve is beneath ligament. SEE TECHNIQUE 62-9. 


LONG THORACIC NERVE 

The serratus anterior muscle alone is occasionally paralyzed 
by injury to the long thoracic nerve. Such injuries may resuit 
from either sharp or blunt trauma or from traction when the 
head is forced acutely away from the shoulder or when the 
shoulder is depressed, as when carrying heavy weights. Other 
causes include exposure to cold, viral infections, and placing 
patients in the Trendelenburg position with shoulder braces 
that compress the supraclavicular areas. When the serratus 
anterior is paralyzed, the patient cannot fully flex the arm 
above the level of the shoulder anteriorly; active abduction 
also may be restricted. When the patient attempts to exert 
forward pushing movements with the hands, “winging” of the 
scapula occurs and its vertébral border and inferior angle 
become unduly prominent. 

When the nerve has been stretched rather than severed, 
it usually is enough to immobilize the shoulder girdle in 
extension with the arm against the chest. Contractures of the 
shoulder, elbow, and wrist should be avoided while awaiting 
recovery. According to Sunderland, the nerve may recover 
affer 3 to 12 months. Early décompression of the long tho¬ 
racic nerve has been recommended by Nath et al. Schippert 
et al. reported long thoracic nerve décompression through a 
supraclavicular approach for posttraumatic paralysis in six 
patients. Ail patients had decreased pain, disability, and scap¬ 
ular winging and improved shoulder range of motion. If 
paralysis persists, or if the nerve has been severed, the prog- 
nosis for recovery is poor and a reconstructive operation 
may be indicated (see also the discussion of muscle transfers 
and fascial transplants for paralysis of the scapular muscles 
in Chapter 34). There are no significant reports of results 


affer suture of the long thoracic nerve. For reconstructive 
operations for paralysis of the long thoracic nerve, see 
Chapter 34. 

AXILLARY NERVE 

The axillary nerve, composed of fibers from C5 and C6, is a 
branch of the posterior cord of the brachial plexus emerging 
inferior to the subscapular and thoracodorsal nerves at the 
level of the humerai head; it winds around the neck of the 
humérus, passing through the quadrangular space to supply 
the deltoid and teres minor muscles. Bail et al. described the 
anatomy of the axillary nerve, emphasizing a posterior 
branch that innervâtes the teres minor and the posterior 
deltoid and supplies the cutaneous innervation through the 
superolateral brachial cutaneous nerve. The cutaneous 
portion traversed the fascia 6.3 to 10.9 cm below the pos¬ 
térolatéral corner of the acromion along the médial border 
of the deltoid. The anterior branch continued in an antéro¬ 
latéral direction to supply most of the deltoid. In 5 of the 19 
specimens, the posterior deltoid received its sole innerva¬ 
tion from the anterior branch. This nerve commonly is 
injured by fractures or dislocations around the shoulder, 
penetrating wounds, and direct blows. It may be injured 
during a posterior approach to the shoulder and shoulder 
arthroscopy. The nerve most frequently is injured just proxi¬ 
mal to the quadrilatéral space. Rarely, compression of the 
axillary nerve or one of its major branches may occur in the 
quadrilatéral space and cause chronic pain and paresthesia 
aggravated by forward flexion or abduction and external 
rotation of the humérus. This is referred to as the quadrilat¬ 
éral space syndrome. 
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■ EXAMINATION 

Because a lésion of the axillary nerve sometimes does not 
cause anesthésia, the diagnosis must rest solely on the prés¬ 
ence or absence of function in the deltoid muscle. Usually, 
deltoid paralysis is detected easily by the inability to abduct 
the arm actively. It is well documented, however, that full 
abduction of the arm is possible in the presence of deltoid 
paralysis because of the action of the supraspinatus and 
because of rotation of the scapula. It is essential to observe 
and palpate the deltoid muscle for contraction during the 
examination. Electrical stimulation of the nerve in situ is 
accomplished easily by inserting the needles along the poste- 
rior border of the deltoid. In quadrilatéral space syndrome, 
there usually is no loss of sensation or strength and EMG may 
be normal. A subclavicular arteriogram may be indicated and 
is considered positive if posterior humerai circumflex artery 
occlusion occurs with less than 60 degrees of abduction. 

■ TREATMENT 


APPROACH TO THE AXILLARY NERVE 


TECHNIQUE 62-10 


■The patient should be placed in the latéral decubitus 
position to allow for anterior and posterior exposure and 
access to the sural nerve for grafting if necessary. 

■ If the wound is anterior, the axillary nerve is best exposed 
through the incision used for the more distal parts of the 
brachial plexus. Although occasionally it may be possible 
to expose the nerve in the axilla without detaching the 
pectoralis major tendon, dividing the insertion of this 
muscle greatly increases exposure. 

■ Externally rotate the arm so that the nerve can be fol- 
lowed into the quadrangular space. 

■ Release the coracobrachialis, short head of the biceps, 
and pectoralis minor off the coracoid. 

■ If the wound is posterior, the nerve can be exposed after 
it emerges from the quadrangular space through an inci¬ 
sion beginning about 5 cm proximal to the posterior 
axillary fold, extending distally, parallel to the posterior 
border of the deltoid, and ending at a point posterior to 
the deltoid tuberosity of the humérus. 

■ Separate the posterior border of the deltoid muscle from 
the infraspinatus, teres minor and major, and triceps 
muscles. 

■ Locate the nerve as it emerges from the quadrangular 
space; the branch to the teres minor often arises proximal 
to this point. At varying distances, sometimes 2.5 cm, 
after emerging from the space, the axillary nerve divides 
into anterior and posterior branches as described. 

■ If the nerve is injured in the quadrangular space, or if a 
long gap must be closed, anterior and posterior incisions 
are necessary. 


■ METHODS OF CLOSING GAPS 

Interfascicular nerve grafting is the preferred method for 
bridging gaps; however, a gap of 4 to 5 cm can be closed by 
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mobilizing the nerve and the posterior cord of the brachial 
plexus proximally to the clavicle and by stripping the nerve 
up the plexus for 3 to 4 cm. Rarely, other procedures used for 
mobilizing the brachial plexus, such as resecting part of the 
clavicle, may be indicated to gain more length. Positioning 
after surgery is the same as that for the brachial plexus. 

Interfascicular nerve grafting to close gaps in the axillary 
nerve is préférable to extensive brachial plexus mobilization 
or clavicular osteotomy. Because minimal tension is placed 
on the nerve graft, early motion is allowed. As nerve transfers 
become more popular, transfer of a portion of the radial 
nerve into the axillary nerve may be considered to restore 
deltoid function. 

■ RESULTS AFTER AXILLARY NERVE INJURY 

If the injury is a closed one, signs of return of function may 
not be observed for 3 to 12 months; however, most patients 
progress to full recovery (approximately 90%). 

■ TENDON AND MUSCLE TRANSFERS 
FOR PARALYSIS OF THE DELTOID 

Tendon and muscle transfers for paralysis of the deltoid are 
discussed in Chapter 34. 

MUSCULOCUTANEOUS NERVE 

The musculocutaneous nerve, composed of fibers from C5 
and C6, is a branch of the latéral cord of the brachial plexus. 

It most commonly is injured by penetrating injuries, but 
occasionally by anterior dislocation of the shoulder or frac¬ 
tures of the humerai neck. When this nerve is injured in the 
axilla, the injury often is in conjunction with injuries to other 
components of the brachial plexus. Complété division of the 
nerve may be overlooked because the sensory loss may be ill 
defined and flexion of the elbow by the brachioradialis may 
be strong enough to mask biceps paralysis. In these instances, 
it is essential to palpate the biceps while testing its function 
to identify spécifie muscle contractions. 

■ EXAMINATION 

The only muscle supplied by the musculocutaneous nerve 
that can be examined accurately is the biceps; the brachialis 
and the coracobrachialis are difficult to palpate. Sensory 
examination is of no great value because complété anesthésia 
is rare. Division of this nerve may cause less disability than 
that of any other major nerve in the body, and for this reason, 
especially in older patients, suture occasionally is not even 
indicated. 

■ TREATMENT 


APPROACH TO THE 
MUSCULOCUTANEOUS NERVE 


TECHNIQUE 62-11 


■ The incision is the same as for exposing the more distal parts 
of the brachial plexus (Fig. 62-20). If it is certain that no other 
nerves are involved, carry the incision in the proximal part 
of the arm about 2.5 cm anterior to that shown. 
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9 " Divide the tendon of the pectoralis major and identify the 
musculocutaneous nerve where it emerges from the 
latéral cord of the brachial plexus and before it pierces 
the coracobrachialis muscle. 

■ Follow the nerve through the coracobrachialis muscle 
and, as it passes into the arm, locate it in the plane 
between the biceps and brachialis muscles. 

■ The muscular branches of the nerve to the biceps are 
given off just after the nerve emerges from the coraco¬ 
brachialis muscle and those to the brachialis at or just 
proximal to the level of junction of the middle and distal 
thirds of the arm. Exposing the nerve distal to this point 
is unnecessary. 


■ METHODS OF CLOSING GAPS 

Gaps of 8 cm can be closed by mobilizing the latéral cord of 
the brachial plexus proximally into the neck and the muscu¬ 
locutaneous nerve distally to its muscular branches, by 
adducting the shoulder sharply, and by bringing the arm 
anteriorly across the chest as for relaxing the brachial plexus. 
Occasionally, the musculocutaneous nerve can be transposed 
so that it no longer pierces the coracobrachialis but runs 
across the axilla médial to this muscle between the biceps and 
brachialis muscles. As in repair of the brachial plexus, ail 
sutures may be inserted in the nerve ends and the wound is 
closed except at the site of neurorrhaphy before the sutures 
are tied. Interfascicular graffing also can be done if the gap is 
too wide to close by mobilization and limb positioning. 

■ RESULTS AFTER INJURY TO THE 
MUSCULOCUTANEOUS NERVE 

Signs of recovery of the musculocutaneous nerve may appear 
at 4 to 9 months after injury. Excellent results hâve been 
reported after repair by secondary suture or graffing. 

RADIAL NERVE 

The radial nerve, a continuation of the posterior cord of the 
brachial plexus, consists of fibers from C6, C7, and C8 and 
sometimes Tl. It is primarily a motor nerve that innervâtes 
the triceps; the supinators of the forearm; and the extensors 
of the wrist, fingers, and thumb. This nerve is injured most 
often by fractures of the humerai shaft. Gunshot wounds are 
the second most common cause of radial nerve injury. Other 
causes include lacérations of the arm and proximal forearm, 
injection injuries, and prolonged local pressure. 

Entrapment syndromes of the radial nerve may develop 
when the nerve or one of its branches is compressed at some 
point along its course. Compression of the radial nerve in 
the arm may be caused by the fibrous arch of the latéral 
head of the triceps muscle. The posterior interosseous 
nerve may be compressed by the fibrous arcade of Frohse, 
fracture-dislocations or dislocations of the elbow, fractures 
of the forearm, Volkmann ischémie contracture, neoplasms, 
enlarged bursae, aneurysms, or rheumatoid synovitis of the 
elbow. According to Spinner, posterior interosseous nerve 
entrapment is of two types. In one type, ail the muscles sup- 
plied by the nerve are completely paralyzed; these include the 
extensor digitorum communis, extensor indicis proprius, 


extensor digiti quinti, extensor carpi ulnaris, abductor pollicis 
longus, and extensor pollicis brevis. In the second type, only 
one or a few of these muscles are paralyzed. Entrapment of 
the posterior interosseous nerve can cause chronic and refrac- 
tory tennis elbow. Such entrapment is called radial tunnel 
syndrome and can occur at four potentially compressive ana¬ 
tomie structures: (1) the origin of the extensor carpi radialis 
brevis, (2) adhesions around the radial head, (3) the radial 
récurrent arterial fan, and (4) the arcade of Frohse as the 
posterior interosseous nerve enters the supinator. Occasion¬ 
ally, compression occurs at the distal border of the supinator 
as the nerve exits. Pain in the région of the radial nerve 
beneath the extensor mass at and just distal to the radial head, 
pain on résistance to supination of the forearm, and electro- 
diagnostic measures aid in differentiating this particular type 
of tennis elbow. When symptoms and signs of radial nerve 
entrapment in the arm develop only after muscular effort, 
spontaneous recovery can be anticipated. When entrapment 
is caused by other conditions, however, especially in the 
forearm, surgical exploration and décompression of the nerve 
(see Fig. 62-28) usually are bénéficiai. 

Compression of the superficial radial nerve causes pain 
in the forearm and sensory impairment on the dorsum of the 
thumb. The nerve may be caught in scar tissue at the wrist 
after surgery or trauma. Constricting jewelry also has been 
cited as a potential cause of entrapment here. 

After repair of the radial nerve, the prognosis for régén¬ 
ération is more favorable than for any other major nerve in 
the upper extremity, primarily because it is predominantly a 
motor nerve and secondarily because the muscles innervated 
by it are not involved in the finer movements of the fingers 
and hand. 

■ EXAMINATION 

The following muscles supplied by the radial nerve can be 
tested accurately because their bellies or tendons or both 
can be palpated: the triceps brachii, brachioradialis, exten¬ 
sor carpi radialis, extensor digitorum communis, extensor 
carpi ulnaris, abductor pollicis longus, and extensor pollicis 
longus. Injury to this nerve results in inability to extend the 
elbow or supinate the forearm and in a typical wristdrop. 
An inexperienced examiner often may be misled by the 
patients ability to extend the wrist merely by flexing the 
fingers. The examiner should be discriminating because 
analysis of movements often may resuit in error in evaluat- 
ing the function of a nerve. The triceps is not seriously 
affected by injuries of the nerve at the level of the middle of 
the humérus or distally. In injuries of the nerve at its bifur¬ 
cation into the deep and superficial branches, the brachiora¬ 
dialis and the extensor carpi radialis longus continue to 
function; the arm can be supinated, and the wrist can be 
extended. The nerve is especially susceptible to electrical 
stimulation in situ just proximal to the elbow; elsewhere this 
is difficult, and the results are uncertain. 

Sensory examination is relatively unimportant, even 
when the nerve is divided in the axilla, because usually there 
is no autonomous zone. When présent, the autonomous 
zone usually is over the first dorsal interosseous muscle, 
between the first and second metacarpals. It usually is too 
inconsistent to afford more than confirmatory evidence of 
complété interruption of the nerve proximal to its bifurca¬ 
tion at the elbow. 
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■ TREATMENT 


APPROACH TO THE RADIAL NERVE 


TECHNIQUE 62-12 


■ Expose the radial nerve in the axilla and proximal third of 
the arm by the usual incision for the distal part of the 
brachial plexus (see Fig. 62-20) and carry this incision 
distally in the arm a little more posteriorly than is neces- 
sary for exposing the ulnar and médian nerves. 

■ Incise the fascia over the neurovascular bundle and 
expose the bundle between the triceps posteriorly and 
the biceps, brachialis, and coracobrachialis anteriorly. 

■ Expose and retract laterally the more superficial structures 
of the bundle—the ulnar nerve, the brachial artery and 
vein, and the médian nerve—exposing the radial nerve 
and one or two of its branches, first to the long head and 
then to the médial head of the triceps. 

■Trace the nerve to the point where it winds around the 
humérus. 

■ To expose the nerve on the posterior and latéral aspects 
of the humerai shaft, begin the incision along the poste¬ 
rior border of the distal third of the deltoid between the 
deltoid and the long head of the triceps. Curve it distal- 
ward along the latéral aspect of the arm, curving at first 
anteriorly along the médial aspect of the brachioradialis 
and then, if necessary, laterally at the elbow across the 
belly of this muscle and the extensor carpi radialis longus. 
Finally, if the deep radial nerve is to be explored, carry the 
incision distally on the dorsum of the forearm along the 
radial side of the extensor digitorum communis. 

■ In the incision proximal to the elbow it is wise to expose 
the nerve at its most superficial position by incising the 
fascia between the brachialis and brachioradialis and to 
identify the nerve at this point by retracting the brachio¬ 
radialis laterally. The nerve can be exposed proximally by 
incising the fascia and retracting the latéral head of the 
triceps laterally to the point where the nerve winds 
around the humérus. This approach, with minor changes, 
is shown in Figure 62-27. 

■ The nerve can be carefully traced distally to the elbow; 5 
or 6 cm proximal to the elbow it sends branches to the 
brachioradialis and a little more distally to the extensor 
carpi radialis longus and brevis. At the elbow, the nerve 
divides into the superficial and deep radial (posterior 
interosseous) nerves. 

■The superficial radial nerve is entirely sensory but should 
be protected to avoid painful neuromas. The deep radial 
nerve often is injured, and such an injury is quite 
disabling. 

■ Expose this nerve through the distal part of the incision 
just described, beginning 8 to 10 cm proximal to the 
elbow and continuing to the middle of the dorsum of the 
forearm (Fig. 62-28). Follow the nerve beneath the bra¬ 
chioradialis into the supinator muscle. 

■ If the injury is at this point or is more distal, expose the 
nerve distal to the supinator by incising the fascia between 
the extensor carpi radialis longus and brevis and the 


extensor digitorum communis and by developing this 
plane of cleavage. 

■ After exposing the nerve, follow it proximally to the distal 
border of the supinator where numerous branches are 
given off. 

■ After identifying these branches, incise the superficial 
part of the supinator at a right angle to the direction of 
its fibers to complété the exposure of the entire deep 
radial nerve. 


■ METHODS OF CLOSING GAPS 

Interfascicular nerve grafting is the preferred method for 
bridging gaps, although extensive mobilization techniques 
hâve been described. In the axilla and in the proximal arm 
on the médial side proximal to the point of emergence of the 
branches to the triceps, closing a gap of more than 6 to 7 cm 
is difficult without sacrificing the branches to the triceps; this 
is hardly justifiable. Resecting the humérus rarely is feasible 
at this level. 

In the middle third of the arm, defects of 10 to 12 cm can 
be closed by mobilizing the nerve from the elbow to the 
clavicle and widely stripping the branches of the nerve, by 
flexing the elbow, by externally rotating and strongly adduct- 
ing the arm across the chest, and, if necessary, by sacrificing 
the branch to the brachioradialis (if the biceps is function- 
ing). Transposing the nerve beneath the biceps anterior to the 
humérus, advocated by most authors on this subject, adds 
variable length and occasionally is worthwhile. In one patient, 
Gore reported mobilization of a proximal branch of the radial 
nerve to the triceps to suture to the distal end of the nerve 
with good results. In the presence of a nonunited fracture of 
the humérus, 3 to 4 cm of the bone can be resected, but if the 
procedures just mentioned are used, resecting part of a 
normal humérus almost never should be necessary to repair 
the radial nerve. Before such extreme dissection and awkward 
positioning are attempted, serious considération should be 
given to interfascicular nerve grafting. 

■ RESULTS OF SUTURE OF THE RADIAL NERVE 

Only motor recovery is important in suture of the radial 
nerve. Among patients with sutures of this nerve, 89% obtain 
recovery of proximal muscles, 63% regain useful function of 
ail muscles supplied by the radial nerve, and 36% regain some 
fine control of the extensors of the fingers and thumb. When 
circumstances are most favorable, more than three fourths of 
these patients recover useful function of ail the muscles 
supplied by this nerve. Lee et al. reported good-to-excellent 
motor recovery in six patients with high radial nerve palsy 
treated with 9 to 11 cm of interfascicular nerve grafting and 
recommended nerve reconstruction before resorting to 
tendon transfers. In their study of 244 patients with radial 
nerve injuries, Pan et al. found better outcomes of finger and 
thumb extension with injuries occurring distal to the latéral 
épicondyle. Wrist extension recovered in at least 80% of the 
patients, regardless of the level of injury in relation to the 
humérus. Primary repair of transected radial nerves associ- 
ated with open humerai fractures is not recommended 
because of poor recovery. 
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Exposure of radial nerve in middle and distal thirds of arm. A f Skin incision begins at posterior margin of deltoid 
muscle and extends distally in midline and latérally and anteriorly. It ends at interval between brachioradialis and brachialis. B f Posterior 
skin flap has been dissected and retracted; deep fascia is incised in line with skin incision. Dotted line indicates incision in triceps muscle 
between long and latéral heads. C f Radial nerve and accompanying vascular bundle hâve been exposed by retraction of these two 
heads of triceps muscle. Radial nerve has been dissected to point at which it passes beneath latéral head of triceps muscle. D, Arm is 
externally rotated a few degrees. Interval between proximal end of brachioradialis and brachialis is to be dissected, exposing radial 
nerve along antérolatéral aspect of humérus. E f Dotted line indicates incision through which latéral head of triceps is mobilized from 
underlying bone, facilitating exposure of radial nerve deep to it. F, Exposure. SEE TECHNIQUE 62-12. 
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Exposure of posterior interosseous branch of radial nerve for repair or décompression in radial tunnel syndrome. 
A f Line of incision, forearm prone, elbow flexed. B, Nerve exposed. C f Diagram of course of nerve with arm in position A. D f Line of 


incision, elbow extended. SEE TECHNIQUE 62-12. 


■ CRITICAL LIMIT OF DELAY OF SUTURE 

Return of motor function should not be expected when 
suture has been delayed for more than 15 months. Zachary 
found that return of function in muscles innervated by the 
posterior interosseous nerve is unlikely if the delay is more 
than 9 months. 

ULNAR NERVE 

The ulnar nerve is composed of fibers from C8 and Tl coming 
from the médial cord of the brachial plexus. It may be divided 
at any point along its course by missile wounds or lacérations. 
When it is injured in the upper arm, other nerves or the 
brachial artery because of their proximity also may be injured. 
In the middle of the arm the ulnar nerve is relatively pro- 
tected, but in the distal arm and at the elbow it offen is injured 
by dislocations of the elbow and supracondylar and condylar 
fractures. An ulnar nerve déficit complicating a fracture or 
dislocation may be caused by the initial trauma, by repeated 
manipulations of the osseous injury, or by scar formation 
developing sometime affer injury. The nerve is injured most 
commonly in the distal forearm and wrist; in these locations 
it may be injured by gunshot wounds, lacérations, fractures, 
or dislocations. In civilian life, lacérations cause most of the 
injuries at the wrist. 

Traction on the nerve, subluxation or dislocation of the 
nerve, and entrapment syndromes also can cause ulnar nerve 
déficits that may require surgical treatment. Tardy ulnar 
nerve palsy may develop affer malunited fractures of the 
latéral humerai condyle in children, displaced fractures of the 
médial humerai épicondyle, dislocations of the elbow, and 
contusions of the nerve. In malunion of the latéral humerai 
condyle, cubitus valgus develops; in this deformity, the ulnar 


nerve is gradually stretched and can become incompletely 
paralyzed. Tardy ulnar nerve palsy may also develop in 
patients who hâve a shallow ulnar groove on the posterior 
aspect of the médial humerai épicondyle, hypoplasia of the 
humerai trochlea, or an inadéquate fibrous arch that normally 
keeps the nerve in the groove, resulting in récurrent sublux¬ 
ation or dislocation of the nerve. Récurrent subluxation or 
dislocation of the nerve has been found in 16.2% of 2000 
elbows. Subluxation is more common than dislocation, and 
the ulnar nerve is more likely to be injured repeatedly in 
subluxations. In most patients, flexion of the elbow aggra- 
vated the symptoms of pain and paresthesias. Cubitus varus 
deformities also may be associated with tardy ulnar nerve 
palsy. 

Entrapment or compression of the ulnar nerve may also 
occur at the supracondylar process of the humérus medially 
(also associated with médian nerve compression), at the 
arcade of Struthers near the médial intermuscular septum, 
between the heads of origin of the flexor carpi ulnaris, and at 
the wrist in the Guyon canal. In 1958, Feindel and Stratford 
coined the term cubital tunnel syndrome to describe a com¬ 
pression neuropathy of the ulnar nerve around the elbow 
with no antécédent trauma. As the ulnar nerve enters the 
cubital tunnel it is first bordered by the médial épicondyle 
anteriorly, then by the elbow joint laterally, and finally by the 
two heads of the flexor carpi ulnaris medially. In other areas, 
the nerve may be compressed by tight fascia or ligaments, 
neoplasms, rheumatoid synovitis, aneurysms, vascular 
thromboses, or anomalous muscles. 

Postoperative ulnar nerve palsy may resuit from direct 
pressure on the ulnar nerve at the elbow or prolonged flexion 
of the elbow during surgery. The ulnar nerve is especially 
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vulnérable to compression when the forearm is allowed to 
rest in pronation. Some patients may hâve a preexisting sub- 
clinical cubital tunnel syndrome that may prédisposé them to 
this complication. 

■ EXAMINATION 

Interruption of the ulnar nerve proximal to the elbow is fol- 
lowed by paralysis of the flexor carpi ulnaris, the flexor pro- 
fundus to the little and ring fingers, the lumbricals of the little 
and ring fingers, ail of the interossei, the adductor of the 
thumb, and ail of the short muscles of the little finger. Occa- 
sionally, when a nerve is completely divided at this level, the 
intrinsic muscles of the hand function normally because of 
anomalous innervation of these muscles by the médian nerve. 
In these instances, the fibers that supply the intrinsic muscles 
may be incorporated in the médian nerve down to the middle 
of the forearm where they leave the médian nerve to join the 
ulnar nerve (Martin-Gruber anastomosis). Complété division 
of the ulnar nerve at the wrist usually causes paralysis of ail 
ulnar-innervated intrinsic muscles, unless an anatomie varia¬ 
tion connects the médian and ulnar nerves in the palm 
(Riche-Cannieu anastomosis). Usually, when the nerve is 
divided at the wrist, only the opponens pollicis, the latéral or 
superficial head of the flexor pollicis brevis, and the latéral 
two lumbricals remain functional. 

In practice, only three muscles—the flexor carpi ulnaris, 
the abductor digiti quinti, and the first dorsal interosseous— 
can be tested accurately. The bellies or tendons (or both) of 
these muscles may be easily palpated or seen. The surgeon 
may be tempted to test other muscles by their well-known 
functions but would be misled by the occasional patient who, 
by substituting other muscles, can perform perfectly the 
actions of paralyzed muscles. 

Atrophy of the muscles supplied by the ulnar nerve and 
clawing of the little and ring fingers usually are confirmatory 
evidence of paralysis of the muscles supplied by this nerve. If 
the nerve has been injured proximal to the elbow, however, 
clawing of these two fingers may be absent because the flexor 
digitorum profundus to the ring and little fingers also is 
denervated. Electrical stimulation of the nerve in situ is easy 
at the elbow and wrist. 

The sensory examination usually is straightforward, 
although anatomie variations may cause confusing sensory 
findings. The surgeon need examine only the middle and 
distal phalanges of the little finger, which compose the auton- 
omous zone of the ulnar nerve (Fig. 62-29). Complété anes¬ 
thésia to pinpricks in this area strongly suggests total division 
of the nerve. If one is in doubt about the sensory examination, 
skin résistance studies or an iodine starch test is useful. 

In patients suspected of having cubital tunnel syndrome, 
a positive percussion test over the ulnar nerve at the level of 
the médial épicondyle and a positive elbow flexion test 
strongly suggest a significant compressive neuropathy. With 
the elbow fully flexed, the patient complains of numbness and 
tingling in the small and ring fingers, offen within 1 minute. 
A scratch collapse test also has been described by Mackinnon 
in which the examiner scratches the patient s skin lightly over 
the area of nerve compression while the patient performs 
resisted bilateral shoulder external rotation. A brief loss of 
muscle résistance will be elicited if the patient has allodynia 
from the compression neuropathy. Ochi et al. described an 
additional provocative test, the shoulder internai rotation 



FIGURE 


^ Autonomous sensory zone of ulnar nerve. 


test, that they found to be more sensitive than the elbow 
flexion test, with 80% of tested subjects having symptoms 
within 10 seconds of testing. To perform the test, the shoulder 
is held at 90 degrees of abduction and maximal internai rota¬ 
tion with the elbow at 90 degrees of flexion, the wrist at 
neutral, and the fingers fully extended. Nerve conduction 
studies are helpful and should show slowing in the ulnar 
nerve velocities across the elbow, although normal velocities 
may be maintained during early involvement. EMG may 
show fibrillations in the ulnar innervated intrinsic muscles. 

■ TREATMENT 


APPROACH TO THE ULNAR NERVE 


TECHNIQUE 62-13 


■ In the axilla, the ulnar nerve is exposed through the usual 
more distal brachial plexus incision. 

■ To expose the nerve in the upper arm, begin the incision 
over the tendon of the pectoralis major and curve it into 
the natural folds of the axilla and distally along the médial 
aspect of the upper arm. At a point 6 to 8 cm proximal 
to the elbow, curve the incision posteriorly slightly behind 
the médial épicondyle (Fig. 62-30). 

■ To expose the nerve in the forearm, continue the incision 
distally along the ulnar side of the volar aspect of the 
forearm to the proximal flexor crease of the wrist. 

■ In the axilla and upper arm, the nerve lies just médial to 
the brachial artery, usually beneath the brachial vein. At 
about the middle of the upper arm, the nerve leaves 
the neurovascular bundle, gradually courses posteriorly 
through the intermuscular septum superficial to the 
médial head of the triceps muscle, and enters the ulnar 
groove behind the médial humerai épicondyle. The médial 
antebrachial cutaneous nerve may be confused with the 
ulnar nerve. 

■ In the région of the ulnar groove, the ulnar nerve gives 
off no important branches, although there are articular 
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yp Skin incision for exploration of médian and 
ulnar nerves in upper arm. SEE TECHNIQUES 62-12 AND 62-19. 


branches to the elbow joint and one or two branches to 
the flexor carpi ulnaris. 

■ Muscular branches to the médial half of the flexor digi- 
torum profundus and additional branches to the flexor 
carpi ulnaris are given off distal to the groove. 

■ Trace the nerve into the forearm by freeing the flexor 
carpi ulnaris at its origin from the humerai épicondyle or 
by resecting the épicondyle. 

■ The nerve courses distally in the forearm on the flexor 
profundus on the radial side of the belly of the flexor carpi 
ulnaris. At the junction of the middle and proximal thirds 
of the forearm, the ulnar artery approaches the nerve 
from its latéral side and accompanies it into the hand. 
The dorsal cutaneous branch is given off 5 to 8 cm proxi¬ 
mal to the pisiform and winds deep to the tendon of the 
flexor carpi ulnaris to reach the dorsum of the wrist and 
hand. The main trunk of the ulnar nerve courses distally 
latéral to the tendon of the flexor carpi ulnaris. At the 
distal forearm the motor branch is located in the dorsoul- 
nar portion of the nerve as a single fascicular group 
making up about 30% of the nerve. At the distal aspect 
of the Guyon canal the ulnar nerve bifurcates into the 
superficial sensory and deep motor branches. The motor 
branch then passes deeply between the flexor and abduc- 
tor digiti minimi muscles and continues radially innervat- 
ing the intrinsics. 


■ METHODS OF CLOSING GAPS 

The ulnar nerve can be sutured at any point along its course. 
A gap in it probably can be closed more easily than in any 
other nerve, primarily because the nerve can be transposed 
to the antecubital fossa to gain length. If the lésion is distal 
to the muscular branches in the forearm, gaps of 12 to 15 cm 
can be closed by mobilization and transposition of the nerve, 
flexion of the wrist and elbow, intraneural dissection of the 
motor branches up the nerve, and sacrifice of the articular 
branches. Bunnell and Zachary reported that 13-cm gaps can 
be closed by elbow and wrist flexion and ulnar nerve trans¬ 
position. Choudhry et al. compared subcutaneous, intramus- 
cular, and submuscular transposition for gap réduction in a 
cadaver study and found that transposing the ulnar nerve 
reduced the repair gap required to cross the elbow regardless 
of transposition technique. When comparing individual tech¬ 
niques, however, they found that the greatest gap réduction 
was achieved by intramuscular transposition, followed by 
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submuscular and subcutaneous transposition. A maximal 
gap réduction of 25 mm (average, 23 mm) was achieved 
using intramuscular transposition with the elbow in 90 
degrees of flexion. Subcutaneous transposition actually 
increased the repair gap when the elbow was extended. 
Trumble and McCallister reported that a 2-cm gap in the 
forearm and a 4-cm gap at the elbow can be overcome by 
transposition. In a cadaver study, ulnar nerve transposition 
had no effect on closing nerve gaps in the distal forearm. In 
the proximal forearm, wrist and elbow flexion of more than 
45 degrees is necessary to reduce a nerve gap of more than 
11 mm after transposition. 

The nerve should be transposed only after the most pains- 
taking intraneural dissection of the branches to the flexor 
profundus and flexor carpi ulnaris. In our expérience, satis- 
factory results hâve been achieved by placing the nerve on the 
fascia of the flexor-pronator group beneath the thick layer of 
fat in this région. The fat is sutured to the fascia médial to the 
nerve to keep the nerve from slipping back posterior to the 
épicondyle. Alternatively, the nerve can be transposed anteri- 
orly deep to the flexor-pronator muscles by removing their 
origins from the médial épicondyle by dividing the flexor 
origin in its tendinous portion or by resecting and later reat- 
taching the médial épicondyle; when this technique is used, 
the ulnar nerve is transposed anteriorly to a location near the 
médian nerve. The médial intermuscular septum should be 
divided proximal to the elbow to allow flexion and extension 
of the joint without kinking or stretching the nerve. As an 
alternative to awkward positioning and extensive mobiliza¬ 
tion of the nerve, interfascicular nerve graffing should be 
considered and is our preferred technique. 

If transposing the nerve and flexing the wrist and elbow 
hâve been necessary, a molded posterior plaster splint from 
the axilla to the metacarpophalangeal joints is necessary. If 
the lésion is in the forearm, and the gap is closed by flexing 
the wrist alone, the wrist is immobilized in a posterior molded 
plaster splint from just distal to the elbow to the metacarpo¬ 
phalangeal joints. 

The sutures are removed at 7 to 10 days, and the splint is 
removed 4 weeks later. While wearing the splint, the patient 
should be encouraged to use the fingers and keep the meta¬ 
carpophalangeal joints supple. After the splint is removed, the 
elbow and wrist, if flexed, are gradually extended during a 
period of 2 to 3 weeks, depending on the tension on the line 
of suture, by means of an adjustable hinged brace. After the 
elbow and wrist can be extended, physical therapy is started 
to help in regaining full motion in the joints. Splints are rarely 
used after the limb can be extended. 

■ RESULTS OF SUTURE OF THE ULNAR NERVE 

Motor recovery is more important than sensory recovery. 
After suture of the ulnar nerve, about half of these patients 
can be expected to show return of function in the long flexors 
of the fingers and wrist and some useful function in the 
interossei and hypothenar intrinsic muscles. Only 5% of the 
patients may recover independent function of the interossei; 

78% may regain useful motor recovery under favorable cir- 
cumstances, and 16% may show independent finger motion. 
About half of patients can be expected to regain useful sensa¬ 
tion with return of sensitivity to touch and pain in the 
autonomous zone, but with persistence of overresponse; 30% 
regain touch and pain sensation without overresponse; under 
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favorable circumstances, this type of return may be obtained 
in half of these patients. 

Good return of motor power (M3) has been reported in 
50% to 90% of primary or secondary neurorrhaphies at the 
wrist. In a sériés of 26 ulnar nerve repairs performed within 
the Guyon canal, Kokkalis et al. reported restoration of good 
and excellent motor function in 25 (96%) with motor branch 
injury. Good and excellent sensory results were achieved in 15 
(83%) of 18 with sensory branch injury. Outcomes were sig- 
nificantly better for those who had early repair (less than 4 
weeks) than those who had repair 4 weeks after injury. There 
were no significant différences between outcomes after end- 
to-end repair or nerve grafting or between outcomes from 
repair of injuries in different zones. The authors concluded 
that early diagnosis and surgical treatment with careful dissec¬ 
tion of the ulnar nerve branches within the canal are important 
for successful outcomes. Adéquate exposure is required to 
repair the nerve in the Guyon canal. Nerve grafting at this level 
could give results similar to those of end-to-end repair. 

The poorest motor return reported was after repair of the 
ulnar nerve in the axilla. The reported return of motor power 
of M3 or better has been reported in 79.5% after interfascicu- 
lar grafting. 

■ CRITICAL LIMIT OF DELAY OF SUTURE 

Useful motor recovery of the ulnar nerve should not be 
expected if suture is delayed 9 months after injury in high 
lésions or 15 months in low lésions. Sensory recovery rarely 
occurs after 9 months in high lésions but has been reported 
to occur 31 months after injury in low lésions. Motor return 
cannot be expected after a delay of 29 months in lésions above 
the flexor carpi ulnaris and 18 months in lésions below the 
branches of the flexor digitorum profundus. Sensory return 
cannot be expected after a delay of 29 months in lésions above 
the flexor carpi ulnaris and 31 months below the flexor digi¬ 
torum profundus. 


■ NERVE RECONSTRUCTION 


NERVE TRANSFER FOR ULNAR NERVE 
RECONSTRUCTION 

In 1999, Mackinnon and Novak introduced a technique of 
transferring the distal portion of the anterior interosseous 
nerve into the motor branch of the ulnar nerve in an 
attempt to improve intrinsic return after ulnar nerve inju¬ 
ries. In 2002, Haase and Chung reported excellent return 
of intrinsic function in two patients using this technique. 


TECHNIQUE 62-14 


(MACKINNON AND NOVAK) 

■ Make an incision over the ulnar neurovascular bundle in 
the distal third of the forearm into the Guyon canal (Fig. 
62-31A and B). 

■ Identify the motor branch of the ulnar nerve in the palm as 
it curves around the pisiform and carefully neurolyze it proxi- 
mally to the level of the pronator quadratus (Fig. 62-3IC). 

■ Dissect the motor nerve supplying the pronator quadratus 
along the undersurface of the muscle and transect it at 
its terminal branching. 

■ Transect the ulnar motor fascicles with enough length to 
perform a tension-free coaptation with the pronator 
nerve (Fig. 62-31 D). 

■ Repair the nerve with 10-0 nylon suture using microscopie 
guidance. 

POSTOPERATIVE CARE. Postoperatively, no splinting is 
involved, allowing immédiate range of motion and intrin¬ 
sic stretching and strengthening exercises. 




Pronator quadratus 
muscle 


Ulnar 


nerve 




FIGURE 


Terminal motor branch of anterior interosseous nerve to pronator quadratus can be transferred to deep motor branch 


of ulnar nerve. A and B f Incision and surgical exposure. C and D, Nerve transfer. SEE TECHNIQUE 62-14. 
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■ TARDY ULNAR NERVE PALSY AND CUBITAL 
TUNNEL SYNDROME 

Treatment of refractory tardy ulnar nerve palsy may require 
removal of the nerve from its groove, neurolysis if necessary, 
and anterior transposition of the nerve to the flexor surface 
of the elbow. Conservative treatment for this syndrome 
should be attempted before surgical treatment. The severity 
of cubital tunnel syndrome was divided into three categories 
by McGowan and later revised by Dellon. Mild dysfunction 
implies intermittent paresthesias and subjective weakness; 
moderate dysfunction présents as intermittent paresthesias 
and measurable weakness; and severe dysfunction is charac- 
terized by persistent paresthesias and measurable weakness. 
In mild to moderate cases of cubital tunnel syndrome, patients 
are instructed to avoid prolonged elbow flexion in the work- 
place and are given elbow extension splints for sleeping. The 
splint should not be fitted with the forearm held in pronation 
because this may aggravate the symptoms. Towels or pillows 
secured around the elbow may limit elbow flexion adequately 
during sleep. Conservative treatment usually is attempted for 
3 months before surgical treatment is considered. Svernlov 
reported improvement in 89.5% of patients having mild 
to moderate cubital tunnel syndrome treated conservatively 
with elbow extension splinting, patient éducation, and activ- 
ity modification. Décompression is recommended for some 
moderate and severe cases. 

Before surgical treatment, careful preoperative évalua¬ 
tion and EMG are recommended. The surgical treatment 
of cubital tunnel syndrome includes simple décompression 
(either open or endoscopically), médial epicondylectomy, 
and anterior transposition of the ulnar nerve into a subcuta- 
neous, intramuscular, or submuscular bed. Taniguchi et al. 
reported good-to-excellent results in 14 of 17 patients 
treated with simple décompression through a small incision. 
Goldfarb et al. reported that only 7% of 56 patients had 
récurrent symptoms postoperatively. Most recently, prospec¬ 
tive randomized studies hâve shown that in situ décompres¬ 
sion of the ulnar nerve compares equally with anterior 
transposition. Good results of 45% to 93% hâve been 
reported affer médial epicondylectomy, although persistent 
médial elbow pain has been reported in up to 45% of 
patients 6 months after surgery. In comparing minimal 
médial epicondylectomy with partial médial epicondylec¬ 
tomy, Amako et al. found no différence in improvement and 
recommended the minimal epicondylectomy. Ulnar neu¬ 
ropathies treated by anterior nerve transposition and con¬ 
struction of a fasciodermal sling from the antebrachial fascia 
overlying the flexor pronator muscles based on the médial 
épicondyle hâve shown good results. 

No significant différences hâve been noted in the results 
after release of the cubital tunnel, subcutaneous anterior 
transposition, or submuscular anterior transposition. A 
study comparing the results of submuscular and subcutane¬ 
ous transpositions also found no significant différence in 
outcomes. The current trend is to perform a simple or in 
situ décompression, taking care to release any and ail con- 
stricting tissue and perform transpositions only in patients 
who hâve subluxation or develop récurrent symptoms. 
Révision surgery affer simple décompression is more 
common in patients with a previous elbow fracture or 
dislocation and in patients having surgery for mild 
symptoms. 


IN SITU DECOMPRESSION 
OF THE ULNAR NERVE 


TECHNIQUE 62-15 


■ With the elbow flexed and the arm abducted and exter- 
nally rotated, make a 3- to 5-cm incision along the course 
of the ulnar nerve between the médial épicondyle and 
the olecranon. 

■ Spread the subcutaneous tissues and develop the avascu- 
lar plane overlying the fascia. Take care to avoid damag- 
ing the médial antebrachial cutaneous nerve that lies 
along the fascia usually about 3 cm distal to the médial 
épicondyle. Use right-angle retractors to carefully elevate 
the subcutaneous tissue and undivide cutaneous nerves 
off the fascia. 

■ Identify the thickened fascia between the médial épicon¬ 
dyle and olecranon known as Osbourne's ligament, and 
incise the fascia overlying the ulnar nerve proximally for 
a distance of 8 to 9 cm and distally including the deep 
and superficial fascia between the two heads of the flexor 
carpi ulnaris. Leave the nerve undisturbed in its soft-tissue 
bed to avoid iatrogénie anterior subluxation. 

■ Reinspect carefully for any remaining areas of compres¬ 
sion. Flex the elbow and make certain that the nerve does 
not subluxate across the médial épicondyle. If subluxation 
occurs, a formai anterior transposition is recommended. 

■ Obtain careful hemostasis and close the incision. A soft 
dressing is applied, and immédiate elbow motion is 
allowed to prevent neural adhesions. 


I ENDOSCOPIC DECOMPRESSION 
OF THE ULNAR NERVE 

Endoscopie décompression of the ulnar nerve at the elbow 
was first described by Tsai in 1999 and has since grown in 
popularity. Results hâve been comparable to open in situ 
décompression. The advantages reported are a smaller skin 
incision with less soft-tissue dissection, perhaps resulting in 
less chance of incisional tenderness and damage to the médial 
antebrachial cutaneous nerve. A nonrandomized level III 
study reported a 60% (9 of 15) patient satisfaction rate with 
the open in situ décompression compared with a 79% (15 of 
19) rate in the endoscopie group. Dützmann et al. found no 
significant différences in long-term outcomes affer open and 
retractor-endoscopic in situ décompression of the ulnar 
nerve in cubital tunnel syndrome. The short-term results 
were significantly better with endoscopie surgery. 

We hâve had no expérience with this technique. 


ENDOSCOPIC CUBITAL 
TUNNEL RELEASE 


TECHNIQUE 62-16 


(COBB) 

■ Place the patient supine, with the shoulder abducted and 
externally rotated and the arm on an arm table. Place a 
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■ Place a 20-gauge angiocatheter through the skin and 
into the wound and close the wound with subcuticular 
absorbable sutures. Infiltrate 15 to 20 mL of 0.5% bupi- 
vacaine and epinephrine and then remove the angiocath¬ 
eter and apply a compressive dressing. 

POSTOPERATIVE CARE. Patients are instructed on 
gentle range of motion, with the expectation that full 
range of motion will be obtained within 5 to 7 days. They 
may debulk the dressing to facilitate full motion. 


tourniquet high on the brachium so as not to interfère 
with the surgical release. Elevate the arm off the table 
sufficiently to facilitate instrumentation of the cubital 
tunnel (Fig. 62-32A). 

■ After exsanguination and élévation of the tourniquet, 
make a 2-cm incision through the skin over the cubital 
tunnel, just posterior to the médial épicondyle. Carry 
the dissection down with scissors to the médial épicon¬ 
dyle, protecting the superficial nerves as they are encoun- 
tered. Avoid violating the deep fascia during the initial 
exposure. 

■ Identify the médial épicondyle. With blunt scissors, dissect 
directly down to the deep fascia then develop the space 
between the deep adipose tissue and deep fascia. Dissect 
the adipose tissue and superficial nerves off the deep 
fascia both proximally and distally over the course of the 
ulnar nerve. During this portion of the exposure do not 
develop multiple layers through the adipose tissue or 
expose the ulnar nerve. 

■ Identify the ulnar nerve by palpation directly posterior to 
the médial épicondyle and make an incision through the 
roof of the canal for exposure. The opening in the cubital 
tunnel should be sufficient to allow instrumentation to 
be placed without binding. If the anconeus epitrochlearis 
muscle is encountered, incise it directly over the cubital 
tunnel. 

■ Insert a spatula into the space between the ulnar nerve 
and the roof of the canal proximally and distally to confirm 
the course of the ulnar nerve and that adipose tissue 
and superficial nerves hâve been sufficiently elevated 

(Fig. 62-32B). 

■ Insert a cannula/trocar into the canal and advance it proxi¬ 
mally between the superficial ulnar nerve and the roof of 
the canal. The attached retractor slides on the external 
surface of the fascia, atraumatically elevating the super¬ 
ficial nerves (Fig. 62-32C). If résistance is encountered, 
remove the instrumentation and confirm that the super¬ 
ficial tissue is sufficiently elevated off the fascia. 

■ Once the cannula/trocar has been placed, remove the 
trocar and place the scope initially between the cannula 
and retractor to confirm that no superficial nerves are in 
the way. Place the scope into the cannula and turn it to 
view the inferior slots so the ulnar nerve can be identified 
throughout the entire course of the cannula (Fig. 62-32D). 

■After the nerve has been clearly identified, divide the 
fascia (roof of the canal) with the blade along the superior 
slot of the cannula (Fig. 62-32E and inset). Check for 
completeness of the release by pulling the cannula back 
on the scope. If the release cannot be confirmed in this 
manner, place a narrow retractor, exposing the nerve, and 
hold the endoscope under the retractor to view the nerve. 

■ Next, place the cannula/trocar into the canal and advance 
it distally using the same technique as just described. The 
flexor pronator mass, which can be seen through the supe¬ 
rior slot of the cannula, can be released; however, this is 
not necessary and results in unnecessary bleeding. 

■ Deflate the tourniquet and apply pressure. With the 
retractor in place, view the surgical field both proximally 
and distally with the endoscope to confirm complété 
release and hemostasis. Bipolar cautery can be used if 
necessary. 


MEDIAL EPICONDYLECTOMY 


TECHNIQUE 62-17 


■ Make an 8-cm skin incision along the course of the ulnar 
nerve centered over the posterior aspect of the médial 
épicondyle. 

■ Carry the incision to the deep fascia, carefully protecting 
the médial brachial and antebrachial cutaneous nerves 

(Fig. 62-33A). 

■ Expose the médial épicondyle subperiosteally, incising the 
common flexor-pronator origin but protecting the ulnar 
collateral ligament. 

■ Identify and retract the ulnar nerve posteriorly during 
exposure of the médial épicondyle, taking care to protect 
the mesoneurium. 

■ With an osteotome or rongeur, remove the entire médial 
épicondyle and a portion of the supracondylar ridge to 
release the insertion of the médial intermuscular septum 

(Fig. 62-33B). 

■ Expose and excise the médial intermuscular septum proxi¬ 
mally to the insertion of the coracobrachialis muscle, 
releasing the arcade of Struthers as a potential area of 
compression. 

■ Using a bone rasp, ensure that no bony ridges remain in 
the area of the osteotomy. 

■ Reattach the periosteum to the common flexor-pronator 
tendon to separate the raw cancellous surface from the 
ulnar nerve. 

■ Allow the ulnar nerve to seek its own position adjacent 
to the médial humerai condyle. 

■ Deflate the tourniquet to allow adéquate hemostasis before 
routine closure of the subcutaneous tissues and skin. 

POSTOPERATIVE CARE. The wound is protected in a 
soft bulky dressing, and early range of motion is allowed 
as tolerated. 


TRANSPOSITION OF THE ULNAR NERVE 


TECHNIQUE 62-18 


■ With the arm abducted and externally rotated, make 
an incision on the posteromedial surface of the elbow 
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FIGURE 


Endoscopie cubital tunnel release. A f Incision. B, Spatula used to open space between ulnar nerve and roof of canal 


(fascia). C f Trocar/cannula placed into the canal. Attached retractor slides on external surface of fascia elevating superficial nerves. 
D f Ulnar nerve seen through inferior slots of cannula. E f Roof of canal (fascia) is divided with blade along superior slot of the cannula. 


Inset shows arthroscopic view of ulnar nerve as fascia is being divided through superior slot. SEE TECHNIQUE 62-16. 
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Technique of médial epicondylectomy for treat- 
ment of cubital tunnel syndrome (see text). A f Ulnar nerve is 
protected, and common flexor pronator origin is elevated from 
médial épicondyle. B f Guide for plane of osteotomy is médial 
border of trochlea; sharp posterior edge of osteotomy must be 
smoothed and rounded. SEE TECHNIQUE 62-17. 


S beginning 7 cm proximal to the épicondyle, passing dis- 
tally anterior to the épicondyle, and proceeding farther 
distally in line with the course of the nerve (Fig. 62-34A). 
■ Reflect the anterior skin flap to expose the common 
origin of the flexor muscles. Avoid damaging the médial 
antebrachial cutaneous nerve. 

■ Identify the ulnar nerve in its groove posterior to the 
médial épicondyle and free it of soft tissues. Free the 
flexor carpi ulnaris from its humerai origin on the épicon¬ 
dyle to expose the nerve further. 

■ Identify its branches to the flexor profundus and flexor 
carpi ulnaris and carefully dissect them intraneurally up 
the nerve. 

■ Dissect any fibrous tissue or callus from the area adjacent 
to the groove and remove the nerve (Fig. 62-34B and C). 
■ Carry out a neurolysis or endoneurolysis as indicated if 
there is extensive scarring. 

■ Draw the nerve over the épicondyle to the anterior 
surface of the elbow and place it on the surface of the 
fascia of the flexor-pronator group beneath the thick fat 
in this région (Fig. 62-34D). 



Technique of transposing ulnar nerve for tardy 
ulnar nerve palsy. A f Skin incision. B and C f Exposing and freeing 
of nerve. It is freed from scar tissue posterior to médial épicondyle 
and from beneath tendinous arch between humerai and ulnar 
heads of flexor carpi ulnaris. D f Nerve has been transposed ante- 
riorly. SEE TECHNIQUE 62-18. 


■ Excise the médial intermuscular septum and any other 
tendinous bands that may constrict or otherwise injure 
the transposed nerve. Ensure that the intermuscular 
septum is excised as far proximally as the arcade of 
Struthers, where the ulnar nerve passes from the anterior 
to the posterior compartment. 

■ Place a few interrupted sutures through the fascia and 
subcutaneous fat médial to the nerve to keep the nerve 
from slipping back posterior to the épicondyle. 

■ The tourniquet should be deflated and hemostasis 
achieved before closure because postoperative hema- 
toma may be significant in this area. 

■ If an anterior submuscular transfer is preferred, place a 
hemostat beneath the superficial head of the pronator 
teres, the flexor carpi radialis, the palmaris longus, and 
the superficial head of the flexor carpi ulnaris, being 
certain not to include the médian nerve. 

■ Sharply divide the tendinous origin of the médial épicon¬ 
dyle and retract the flexor mass distally, carefully protect- 
ing the small motor branches from the médian and ulnar 
nerves (Fig. 62-35). 

■ After placing the ulnar nerve deep to the flexor mass, 
repair the tendinous origin to the médial épicondyle with 
a nonabsorbable suture. 

■ As an alternative, divide the médial épicondyle, transpose 
the ulnar nerve anterior to the elbow near the médian 
nerve, and reattach the épicondyle. 

POSTOPERATIVE CARE. The elbow is immobilized at a 
right angle for 3 weeks. Physical therapy is started and 
continued to prevent secondary changes in the muscles 
of the hand. Appropriate splinting is continued until suf- 
ficient function has returned to allow the patient to be 
free of the brace or splint. 
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Anterior submuscular transposition of ulnar 
nerve. SEETECHNIQUE 62-18. 


MEDIAN NERVE 

The médian nerve, formed by the junction of the latéral and 
médial cords of the brachial plexus in the axilla, is composed 
of fibers from C6, C7, C8, and Tl (Fig. 62-36). Médian nerve 
injuries often resuit in painful neuromas and causalgia. From 
the sensory standpoint they are more disabling than injuries 
of the ulnar nerve because they involve the digits used in fine 
volitional activity. 

Médian nerve injuries often are caused by lacérations, 
usually in the forearm or wrist. Sunderland pointed out that 
in the upper arm the nerve can be injured by relatively super- 
ficial lacérations, excessively tight tourniquets, and humerai 
fractures, and, when it is injured near the axilla, the ulnar and 
musculocutaneous nerves and the brachial artery also are 
commonly injured. In the arm, the médian nerve may be 
compressed by the ligament of Struthers. At the elbow, the 
nerve may be injured in supracondylar fractures and poste - 
rior dislocations of the elbow. Médian nerve déficits, as seen 
in the pronator syndrome, may resuit from compression of 
the nerve at the pronator teres, the lacertus fibrosus, or the 
fibrous flexor digitorum sublimis arch or from anomalies 
including a hypertrophie pronator teres, a high origin of the 
pronator teres, fibrous bands within the pronator teres, the 
médian nerve passing posterior to both heads of the pronator 
teres, or an accessory tendinous arch of the flexor carpi radia- 
lis arising from the ulna. The anterior interosseous nerve may 
be injured in fractures and lacérations or may be compressed 
or entrapped by any of the following: the tendinous origins 
of the flexor digitorum sublimis or the pronator teres, variant 
muscles such as the palmaris profundus and flexor carpi 
radialis brevis, accessory muscle slips and tendons from the 
flexor digitorum sublimis to the flexor pollicis longus, an 
accessory head of the flexor pollicis longus (Gantzer muscle), 
an aberrant radial artery, thrombosis of the ulnar collateral 
vessels, enlargement of the bicipital bursa, or a Volkmann 
ischémie contracture. For detailed discussions of these par- 
ticular nerve compressions, the reader is referred to the 
extensive reports by Spinner and to the references at the end 
of the chapter. 
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FIGURE 


^ Origin, course, and distribution of médian 


nerve. 


At the wrist, the médian nerve may be injured by frac¬ 
tures of the distal radius and by fractures and dislocations of 
the carpal bones. 

■ EXAMINATION 

The muscles of the forearm and hand supplied by the médian 
nerve that can be tested with relative accuracy are the prona¬ 
tor teres, flexor carpi radialis, flexor digitorum profundus 
(index), flexor pollicis longus, flexor digitorum sublimis, and 
abductor pollicis brevis. Substitution movements caused by 
action of intact muscles may cause confusion during the 
examination. The works of Sunderland provide an excellent 
review of these movements and the methods of recognizing 
and preventing them. Usually, if the forearm can be actively 
maintained in pronation against résistance, the pronator teres 
is intact. If the wrist can be actively maintained in flexion, 
and a contracting flexor carpi radialis is palpated, this muscle 
is intact. Similarly, if the interphalangeal joint of the thumb 
can be maintained in flexion against résistance with the wrist 
in the neutral position and the thumb adducted, the flexor 
pollicis longus is functioning. The flexor digitorum sublimis 
to each finger is examined separately, and the remaining 
fingers are held in full passive extension. Although opposition 
of the thumb can be difflcult to confirm, if the thumb can be 
actively maintained in palmar abduction and a contracting 
abductor pollicis brevis is palpated, this muscle is function¬ 
ing. The lumbricals cannot be discretely tested because they 
cannot be palpated and because their function may be con- 
fused with that of the interosseous muscles. 

When examining a patient with suspected pronator teres 
syndrome, three résistive tests hâve been found helpful: 
(1) production of symptoms with pronation of the forearm 
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against résistance with the elbow flexed and gradually 
extended localizes the lésion to the pronator teres, (2) inde- 
pendent flexion of the flexor sublimis of the long finger with 
reproduction of paresthesias or numbness in the radial three 
and a half Angers localizes the entrapment level at the fibrous 
arcade of the flexor sublimis, and (3) flexion-supination of 
the elbow against résistance shows the presence or absence of 
entrapment of the nerve by the lacertus fibrosus. To perform 
the pronator compression test, the examiner pushes with the 
thumb just proximal and latéral to the proximal edge of the 
pronator teres muscle. Pain and paresthesias in the médian 
nerve distribution within 30 seconds is considered a positive 
test. Other findings suggesting pronator teres syndrome 
include tenderness, firmness, or apparent enlargement of the 
pronator teres; a positive Tinel sign on percussion of the 
proximal muscle mass; variable weakness in the median- 
innervated extrinsics and intrinsics; and, occasionally, a 
dépréssion in the contour of the forearm superficial to the 
lacertus fibrosus. Nerve conduction studies often are found 
to be normal in pronator teres syndrome. 

The anterior interosseous syndrome can cause various 
signs and symptoms. Typically, the patient has pain in the 
proximal forearm lasting for several hours and is found to 
hâve weakness or paralysis of the flexor pollicis longus, the 
flexor digitorum profundus to the index and long Angers, 
and the pronator quadratus. When the patient attempts 
to pinch, active flexion of the distal phalanx of the index 
finger is impossible. Variations from these signs and symp¬ 
toms usually resuit from atypical patterns of innervation. If 
ail of the flexor digitorum profundus muscles are supplied 
by the anterior interosseous nerve, ail of these muscles are 
weak or paralyzed. Conversely, if innervation overlaps and 
the ulnar nerve supplies the flexor digitorum profundus 
to the long finger, this finger is spared. EMG, the Ninhy- 
drin print test, and clinical examination help to differen- 
tiate the syndromes. In well-established lésions, atrophy of 
the forearm flexor mass and of the thenar muscles may 
be seen. 

Variations in the sensory supply of the médian nerve also 
may be confusing, but usually the volar surface of the thumb, 
of the index and middle Angers, and of the radial half of the 
ring finger and the dorsal surfaces of the distal phalanges of 
the index and middle Angers are supplied by the médian 
nerve. The smallest autonomous zone of the médian nerve 
covers the dorsal and volar surfaces of the distal phalanges of 
the index and middle Angers (Fig. 62-37). The iodine starch 
test or ninhydrin print test may be helpful in diagnosis. Auto¬ 
nomie changes, such as anhidrosis, atrophy of the skin, and 
narrowing of the digits because of atrophy of the pulp, also 
are valuable signs of sensory déficit. 

■ TREATMENT 

Operative treatment may be indicated for most médian nerve 
lésions. Surgical exploration and décompression of the 
médian nerve for refractory pronator teres syndrome, as 
reported by Hartz et al. and by Johnson, Spinner, and 
Shrewsbury, has been successful in relieving symptoms in 
80% to 92% of patients. Some persistence of symptoms has 
been reported in 66% of patients. In patients who hâve symp¬ 
toms of carpal tunnel syndrome and pronator teres syn¬ 
drome, particular attention should be paid to the nerve 
conduction studies during preoperative planning. If the 




FIGURE 


^ Autonomous zone of médian nerve. 


nerve conduction test is positive for carpal tunnel syndrome, 
we agréé in recommending carpal tunnel release in anticipa¬ 
tion that the proximal symptoms will résolve. If the nerve 
conduction test is négative for carpal tunnel syndrome, we 
recommend proximal médian nerve exploration and proxi¬ 
mal décompression as the initial procedure of choice. For 
the anterior interosseous syndrome, Spinner recommended 
the following plan. If the onset of paralysis has been 
spontaneous, the initial treatment is nonoperative. Surgical 
exploration is indicated in the absence of clinical or EMG 
improvement after 12 weeks. If an anterior interosseous 
nerve injury is caused by a penetrating wound, primary 
repair is recommended. In irréparable injury to the nerve, 
tendon transfers are indicated (see Chapter 71). Carpal 
tunnel syndrome is discussed in Chapter 76. 


APPROACH TO THE MEDIAN NERVE 


TECHNIQUE 62-19 


■To expose the médian nerve, use the same approach as 
that for the ulnar nerve in the arm and at the elbow 
and avoid Crossing the folds of the antecubital fossa 
(see Fig. 62-30). 

■ To expose the médian nerve in the forearm, continue the 
incision from the médial épicondyle onto the volar aspect 
of the forearm and distally over the course of the nerve. 
In approaching the wrist, curve it toward the radial side 
(or if exploration of the médian and ulnar nerves is indi¬ 
cated, curve it toward the ulnar side). As the flexor creases 
of the wrist are reached, return the incision along one of 
them to the middle of the wrist. If the nerve is to be 
explored distal to the wrist, extend the incision down the 
thenar crease. 

■ Deepen the incision through the fascia along the course 
of the nerve. To accomplish this at the elbow, undermine 
the skin flap widely. 

■ In the arm, retract the brachial artery and vein medially 
to expose the nerve on the latéral aspect of the neuro- 
vascular bundle. 
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FIGURE 


Alternative method of exposing médian nerve 


throughout forearm (see text). SEE TECHNIQUE 62-19. 


■ At the junction of the middle and distal thirds of the arm, 
the nerve crosses to the médial side of the artery, usually 
coursing posteriorly, although occasionally anteriorly to it. 

■ The nerve enters the forearm beneath the lacertus fibro- 
sus médial to the artery, and then courses between the 
two heads of the pronator teres and continues distally in 
the forearm beneath the flexor sublimis, lying on the 
flexor profundus. Approaching the wrist, the nerve 
becomes more superficial, lies beneath the tendon of the 
flexor carpi radialis, and is easily found if approached 
between this tendon and that of the palmaris longus. 

■At the elbow, expose the nerve by incising the fibers of 
the lacertus fibrosus at its attachment to the fascia over 
the pronator-flexor group. 

■ Dissect the fascia radially from this group of muscles and 
incise it distally and radially along the proximal border of 
the pronator teres and then distally across this muscle and 
along the médial side of the flexor carpi radialis. The 
pronator teres may be widely mobilized and separated 
from the flexor carpi radialis, permitting easy exposure of 
the nerve and making closure easier later. 

■ Expose the nerve where it emerges from beneath the 
fibers of the flexor digitorum sublimis. Trace the nerve 
proximally by retracting the flexor carpi radialis laterally 
and the pronator proximally and by separating the fibers 
of the flexor digitorum sublimis. In this way, the nerve can 
be exposed over its entire course. 

■ As an alternative, eut the radial origin of the flexor 
digitorum sublimis in line with the nerve and sever the 
pronator teres by a Z-shaped incision near its insertion 
(Fig. 62-38). 

■ The médian nerve gives off no branches in the upper arm. 

■ The branches to the pronator teres and flexor carpi radia¬ 
lis emerge as the nerve courses beneath the lacertus 
fibrosus. Usually, two branches go to the pronator: one 


to the superficial head and one to the deep head. Also, 
several branches go to the flexor carpi radialis and pal- 
maris longus, one to the flexor sublimis, and one to the 
profundus. 

■ The anterior interosseous nerve emerges from the pos- 
teromedial side of the nerve after passing through the 
two heads of the pronator teres and supplies the flexor 
pollicis longus, the radial half of the flexor profundus, and 
the pronator quadratus. Farther distally, several more 
branches are given off to the flexor digitorum sublimis. 
No other significant branches are given off until the nerve 
enters the hand. 

■ When exposure of the anterior interosseous nerve deep 
to the pronator teres is required, or when anterior trans¬ 
position of the médian nerve is preferred, a method 
whereby the pronator teres insertion is released and is 
repaired by Z-plasty or a tongue-in-groove suture after 
the médian nerve has been transposed is suitable. 

■ In decompressing the médian nerve for pronator teres 
syndrome, explore and release ail points of potential 
compression. 

■ If a ligament of Struthers is encountered, excise it from 
its origin on the supracondylar process to its insertion on 
the médial épicondyle. 

■ Divide the lacertus fibrosus and trace the médian nerve 
through the two heads of the pronator teres. 

■ Release any intermuscular tendinous bands within or 
under the pronator and fascial constricting bands between 
the superficial and deep heads of the muscle. 

■ If necessary, divide the deep head of the pronator teres. 

■ Alternative^, the superficial head of the pronator teres 
can be excised from its radial insertion, although this 
rarely is necessary in our expérience. 

■ Retract the superficial head of the pronator teres anteri¬ 
orly, distally, and ulnarward to allow exploration of the 
nerve into the flexor digitorum sublimis. 

■ Divide the aponeurotic arch, which commonly is encoun¬ 
tered as the médian nerve enters the sublimis muscle. 

■ If the Gantzer muscle is encountered, resect any proximal 
fibrous bands that may be compressing the médian nerve. 


■ METHODS OF CLOSING GAPS 

Interfascicular nerve grafting is the preferred method for 
closing gaps; however, the following techniques may be 
helpful at times. Extensively mobilizing the nerve, stripping 
back its branches in the main trunk, and flexing the wrist and 
elbow can allow closure of a gap of 8 to 10 cm proximal and 
of 12 to 15 cm distal to the elbow. Transposing the nerve 
anterior to the pronator teres gains more length if the lésion 
is distal to this muscle. The ease with which the nerve can be 
transposed anteriorly dépends to some extent on the level at 
which the branches to the flexor-pronator group emerge. 
When they emerge distally, transposing the nerve is much 
more difficult than when they emerge more proximally. 
Transposition usually is necessary in large destructive wounds 
in the middle of the forearm. In these wounds, most of the 
branches to the flexor sublimis usually are destroyed and 
need not be considered. 

Transposition is accomplished by stripping the branches 
to the pronator teres, the flexor carpi radialis, the palmaris 
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longus, and the anterior interosseous nerve intraneurally 
from the main trunk well proximally in the upper forearm, 
then by mobilizing the distal end of the nerve ail the way to 
the wrist and beneath the transverse carpal ligament, and 
then by flexing the wrist and the elbow and suturing the 
nerve anterior to the flexor-pronator group. By transposi¬ 
tion, 2 or 3 cm may be gained in length, permitting neuror- 
rhaphy, which could not be carried out otherwise. If too 
much tension is placed on the nerve, the fascia and lacertus 
fibrosus must be closed deep to it, and the nerve is left sub- 
cutaneous ail the way to the wrist. Release of the deep head 
of the pronator teres and dissection and placement of the 
flexor carpi radialis deep to the médian nerve may make 
mobilization and transposition of the nerve to the subcuta- 
neous position easier. 

Postoperative care is as described earlier for the ulnar 
nerve (see Technique 62-18). 

■ RESULTS OF SUTURE OF THE MEDIAN NERVE 

Motor recovery is crucial affer médian nerve repair; however, 
the hand without médian nerve sensory supply is almost 
useless. Even with the best sensory recovery, the patient prob- 
ably will hâve difficulty with stereognosis. Under favorable 
circumstances, about half of the patients with médian nerve 
suture recover sensitivity to pain and touch and some degree 
of stereognosis. Under the same circumstances, about 90% of 
these patients recover a useful degree of motor function in 
the long flexors of the forearm. A much smaller number, 
perhaps one third, obtain useful recovery in the thenar 
muscles as well when the lésion is in the upper arm. In more 
distal lésions, about two thirds attain some useful motor 
recovery. Between 82% and 90% good and fair motor recov¬ 
ery has been reported and 97% sensory recovery affer repair 
or interfascicular graffing. 

■ CRITICAL LIMIT OF DELAY OF SUTURE 

Motor recovery in the intrinsic muscles of the hand do es not 
occur if suture is delayed 9 months in high lésions or 12 
months in low ones. Useful sensory recovery only rarely 
occurs affer 9 months in high lésions or 12 months in low 
ones, but it may occur when suture has been delayed 2 years. 
Zachary found that useful motor recovery cannot be expected 
affer delays of 9 months in lésions above the pronator teres 
or 32 months in lésions below the flexor pollicis longus. For 
sensory return in adults, the critical period of delay seemed 
to be 12 months in lésions above the pronator teres and 9 
months in lésions below the flexor pollicis longus. Sensory 
return in children is possible, however, affer longer delays. 
Inasmuch as sensory recovery is so important, a second oper¬ 
ation may be indicated if sensation does not return at the 
expected time because this is the only way that sensation can 
be regained. 

LUMBAR PLEXUS 

The lumbar plexus is formed by the junction of the anterior 
primary rami of Ll, L2, L3, and L4. White rami leave L1 and 
L2, less offen L3, and rarely L4. Ail nerves receive gray rami 
from the sympathetic chain. The L4 nerve makes a significant 
contribution to the formation of the sacral plexus, joining 
with the L5 anterior primary ramus to form the lumbosacral 
trunk (Fig. 62-39). The L4 nerve frequently is called the 
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FIGURE 


Simplified diagram of lumbosacral plexus. Con¬ 


tribution of Ll root is not shown. Lumbosacral trunk or cord is 


shown. 


nervus furcalis because of its contribution to the lumbar and 
sacral plexuses. 

The Ll anterior primary ramus extends laterally and 
divides into the iliohypogastric and ilioinguinal nerves. Its 
only branch leaves the nerve before this division and joins a 
fasciculus from the L2 nerve root to form the genitofemoral 
nerve. The L2, L3, and L4 roots divide into anterior and pos- 
terior divisions; the anterior divisions of ail join to form the 
obturator nerve, and the posterior divisions of ail join to form 
the fémoral nerve. Smaller segments of the posterior divisions 
of L2 and L3 unité to form the latéral fémoral cutaneous 
nerve. The lumbar nerve roots occasionally are injured by 
traction in fractures of the pelvis and dislocations of the sac- 
roiliac joints. Myelography, EMG, and careful physical exami¬ 
nation are helpful in evaluating these injuries. In contrast to 
cervical root avulsions, myélographie evidence of durai diver- 
ticula does not correlate well with avulsion of lumbar roots. 
Although repair of avulsed lumbar roots would seem futile, 
exploration may be helpful in prognosis. The plexus also may 
be injured by missile wounds. 

The iliohypogastric nerve supplies a small area of skin over 
the superolateral gluteal région and an area just superior to the 
pubic bones on the anterior abdominal wall (see Fig. 62-8). 
The ilioinguinal nerve supplies a segmentai strip of skin along 
the inguinal ligament overlying the symphysis pubis and the 
skin of the upper scrotum, the root and dorsal aspect of the 
pénis, and the médial aspect of the thigh. The genitofemoral 
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nerve traverses the inguinal canal and supplies the cremaster 
muscle and the skin of the scrotum and adjacent part of the 
thigh. From a surgical standpoint, these three nerves are sig- 
nificant because they may be injured in herniorrhaphy, re suit - 
ing in persistent neuralgic discomfort that may require surgery. 

The latéral fémoral cutaneous nerve is formed from the 
roots of L2 and L3. It courses to the région of the anterior 
superior iliac spine to exit between the latéral attachments of 
the inguinal ligament and the anterior superior iliac spine and 
the sartorius muscle. The nerve becomes superficial, pene- 
trating the fascia lata about 10 cm inferior to the inguinal 
ligament, and supplies the skin of the latéral aspect of the 
thigh. Compression of the nerve in the région of the anterior 
superior iliac spine by a tight-fitting brace or corset or injury 
to the nerve along its subcutaneous course offen results in 
hypesthesias and dysesthesias in the area of its cutaneous 
distribution. This condition, known as meralgia paresthetica, 
may develop spontaneously. It offen is associated with lumbar 
dise protrusion and impingement of the nerve, probably 
being the resuit of abnormal posture or persistent régional 
muscle spasm. In most instances, spontaneous recovery may 
be expected. Occasionally, symptoms are persistent, but rarely 
are they sufficiently severe to require décompression and neu- 
rolysis at the point of exit of the nerve beneath the inguinal 
ligament. 

The obturator nerve is formed by union of the anterior 
divisions of the L2, L3, and L4 roots. It descends through the 
pelvis posterior to the common iliac vessels and exits through 
the obturator foramen to enter the thigh. Its cutaneous 
branches supply the médial thigh and occasionally the médial 
aspect of the knee. Its motor component is divided into ante¬ 
rior and posterior divisions. The anterior division supplies the 
adductor longus, the gracilis, the adductor brevis, the pectin- 
eus, and through articular branches the hip joint. The poste¬ 
rior division supplies the obturator externus, the adductor 
magnus, occasionally the adductor brevis, and through artic¬ 
ular branches the knee joint. The obturator nerve may be 
compressed against the wall of the pelvis by a mass such as a 
tumor or a fétus. Because of its relationship to the pubis, it 
may be injured in pelvic fractures or in acutely flexed posi¬ 
tions of the hip by being compressed against the pubis. 
Because of its nearness to the sacroiliac and hip joints, when 
these joints are diseased or injured, the obturator nerve may 
be involved, too. Obturator neurectomy sometimes is bénéfi¬ 
ciai in relieving adductor spasm of the hip in spastic condi¬ 
tions that cause a scissoring of the lower extremities (see 
Chapter 33). In significant lésions of the obturator nerve, 
atrophy of the médial aspect of the thigh, sensory distur¬ 
bances of the distal médial surface of the thigh and the médial 
surface of the knee, and weakness or paralysis of adduction 
of the hip are common findings. 

FEMORAL NERVE 

The fémoral nerve is formed by union of the posterior divi¬ 
sions of the L2, L3, and L4 roots. It passes distally deep to the 
inguinal ligament, remaining latéral to the fémoral artery as 
it enters the thigh. Just distal to the inguinal ligament, it 
divides into anterior and posterior branches. The anterior 
branch divides into the intermediate cutaneous and médial 
cutaneous nerves to supply the anteromedial aspect of the 
thigh. The motor branches of this part supply the pectineus 
and sartorius. The posterior branch of the fémoral nerve gives 
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off the saphenous nerve, which as the largest cutaneous 
branch continues distally with the fémoral vessels in the sub- 
sartorial canal, pierces the fascia along the médial side of the 
knee to become subcutaneous, and supplies the skin on the 
anteromedial aspect of the leg distally to the médial malleolus 
and arch of the foot. The muscular parts of the posterior 
branch supply the rectus femoris, the vastus lateralis, the 
vastus medialis, and the vastus intermedius. 

The fémoral nerve is offen injured by penetrating wounds 
of the lower abdomen (the small intestine also may be injured 
at the same time). It also may be injured during an operation 
in this région. Because they are near each other, the iliac 
artery and fémoral nerve may be injured together. Concern 
over the hemorrhage and the fact that active extension of the 
knee rarely is lost despite complété division of the fémoral 
nerve cause injury to this nerve offen to be overlooked, as is 
injury to the musculocutaneous nerve. Fémoral neuropathies 
also may resuit from hematomas of the abdominal wall 
caused by hemophilia, anticoagulant therapy, or trauma. 
Branches of the fémoral nerve may be contused or stretched 
in pelvic fractures. During operations in which the patient is 
prone, care must be taken to avoid excessive compression of 
the nerve. 

■ EXAMINATION 

Atrophy of the anterior thigh muscles is obvious. The patient 
usually is able to extend the knee slightly against gravity and 
can stand and walk, especially on level surfaces, because the 
gastroenemius, the tensor fasciae latae, the gracilis, and the 
gluteus maximus aid in stabilizing the limb. The patient 
usually finds it difhcult to go up a hill or stairs. The autono- 
mous zone of supply usually consists of a small area just 
superior and médial to the patella; the anterior aspect of the 
thigh and the area supplied by the saphenous nerve show, at 
most, only varying degrees of hypesthesia. Electrical stimula¬ 
tion with needle électrodes inserted near the fémoral nerve 
is valuable in assessing its function. 

■ TREATMENT 


APPROACH TO THE FEMORAL NERVE 


TECHNIQUE 62-20 


■ Begin the incision 5 cm proximal to the anterior superior 
iliac spine and direct it diagonally and distally to the point 
where the fémoral nerve passes beneath the inguinal liga¬ 
ment. This point usually is 2.5 to 3.0 cm latéral to the 
fémoral artery, which usually is palpable. 

■ Direct the incision medially for about 2.5 cm to avoid 
Crossing the skin flexion creases at a right angle; continue 
it distally onto the anterior aspect of the thigh. 

■ Proximal to the inguinal ligament, deepen the incision 
through the fascia and the aponeurosis of the external 
oblique muscle. 

■ Open the transversalis fascia and retract the peritoneum 
medially to expose the iliac fascia. 

■ The fémoral nerve can be palpated beneath this thick 
fascia; split this fascia along the course of the nerve. 




PART XVI PERIPHERAL NERVE INJURIES 


9 «The nerve can be exposed proximally to the point where 
it emerges from beneath the latéral edge of the psoas 
muscle and distally to the point where it passes beneath 
the inguinal ligament. 

■ If necessary, divide the inguinal ligament to expose the 
nerve as it enters the thigh and at once begins to divide 
into its motor and sensory branches. 


■ METHODS OF CLOSING GAPS 

Gaps of 8 to 10 cm can be closed without too much difficulty. 
The nerve is mobilized proximally to the point where it 
emerges from the latéral border of the psoas muscle and 
distally by freeing the branches of the nerve in the proximal 
thigh. The hip is flexed acutely, and the nerve is sutured. The 
inguinal ligament is reconstructed, and the wound is closed 
like any lower abdominal incision. A hip spica cast is applied, 
with the hip acutely flexed. 

Postoperative care is as described for the sciatic nerve 
(see page 3219). 

■ RESULTS OF SUTURE 

OF THE FEMORAL NERVE 

No statistically significant information is available regarding 
graffing for defects in the fémoral nerve. 

SACRAL PLEXUS 

The sacral plexus is formed by the anterior primary rami of 
L5, SI, S2, and S3 (Fig. 62-39). The anterior primary ramus 
of L4 contributes a large branch that joins with L5 to form 
the lumbosacral trunk. A segment of S4 joins a segment of 
S3 to form the pudendal nerve, which is considered by some 
to be a part of the sacral plexus, by others to be a separate or 
pudendal plexus, and by still others to be the superior part of 
the tiny coccygeal plexus. The anterior primary rami con¬ 
verge and split into anterior and posterior divisions. The 
trunk formed by the posterior divisions gives off the superior 
and inferior gluteal nerves and proceeds toward the sciatic 
notch as the common peroneal part of the sciatic nerve. The 
trunk formed by the anterior divisions becomes the tibial part 
of the sciatic nerve and proceeds toward the notch. Smaller 
branches that rarely are of concern surgically are given off 
within the pelvis to the quadratus femoris, obturator internus, 
superior gemellus, and piriformis. Smaller branches of SI, S2, 
and S3 unité to form the posterior fémoral cutaneous nerve 
(posterior cutaneous nerve of the thigh). This is a relatively 
large nerve that leaves the sciatic notch médial to the sciatic 
trunk and lies just deep to the deep fascia as it courses distally 
in the middle of the thigh posteriorly, roughly overlying the 
sciatic trunk. It offen is called the small sciatic nerve. It inner¬ 
vâtes the skin of the entire posterior aspect of the thigh and 
the popliteal fossa. The superior gluteal nerve leaves the 
sciatic notch proximal to the piriformis and supplies the 
gluteus médius and gluteus minimus, which function as 
abductors and internai rotators of the hip. The inferior gluteal 
nerve leaves the sciatic notch with the sciatic nerve and sup¬ 
plies the gluteus maximus, an important extensor of the hip. 
Paralysis of this muscle results in difficulty in rising from a 
squatting or sitting position and in ascending steps or a slope. 
The sacral plexus may be compressed by pelvic neoplasms or 
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during labor and delivery, especially when forceps are used. 
Sacral fractures and sacroiliac dislocations also may be com- 
plicated by injuries of the sacral plexus. 

The sciatic nerve is composed of fibers from L4, L5, SI, 
S2, and S3 (Fig. 62-40). It leaves the pelvis through the sciatic 
notch, and at this level the large trunk is easily separated into 
its common peroneal part laterally and its tibial part medially. 
Frequently, along the médial side of the trunk a smaller 
segment, the nerve to the hamstrings, is visible and can be 
dissected from it easily. Here the sciatic nerve is the largest 
one in the body, its transverse diameter being 2.0 to 2.5 cm. 
It supplies the muscles of the entire leg and foot and the 
posterior part of the thigh and carries most of the sensory 
fibers from these same parts. It descends deep to the gluteus 
maximus to the level of the inferior gluteal fold, where it lies 
in the dépréssion between the ischial tuberosity and the 
greater trochanter. Distal to this level it follows a more super- 
ficial course to the distal third of the thigh, where it divides. 
While coursing through the posterior thigh, its upper part 
supplies articular branches to the hip joint. The nerve to the 
hamstrings, visible along the médial aspect of the trunk, 
sends branches medially to supply the adductor magnus, the 
semimembranosus, the semitendinosus, and the long head of 
the biceps femoris. A branch leaves the common peroneal 
part of the trunk laterally to supply the short head of the 
biceps femoris. Just proximal to the popliteal fossa, the sciatic 
nerve divides into its two large divisions: the common pero¬ 
neal nerve, which deviates laterally, and the larger tibial 
nerve, which continues distally in the midline of the limb. 
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SCIATIC NERVE 

The sciatic nerve is analogous in its importance in the lower 
extremity to the brachial plexus in the upper. Usually, it is 
injured by a gunshot wound to the thigh or buttock. Less 
often it is injured by posterior dislocation and fracture- 
dislocation of the hip, by intramuscular injection into the 
buttock, or during surgery around the hip joint. Sciatic nerve 
injury by wear débris from long-standing total hip replace¬ 
ments also has been described. When the nerve is injured in 
dislocations or fracture-dislocations of the hip, the peroneal 
half of the nerve is injured much more often than is the entire 
nerve. Compression caused by anatomie variations in the 
relationship of the nerve to the gluteal and piriformis muscles 
and to the sciatic notch may cause sciatic pain. In the thigh, 
the nerve usually is injured by penetrating wounds and frac¬ 
tures of the fémoral shaft. The semimembranosus and semi- 
tendinosus rarely are paralyzed by complété division of the 
proximal one third of the sciatic nerve as the resuit of a 
gunshot wound and rarely by a dislocation of the hip. 

■ EXAMINATION 

Of the muscles innervated by the sciatic nerve that can be 
tested accurately, those supplied by the tibial component 
include the hamstrings, the gastrocsoleus, the posterior tibial, 
and the long flexors of the toes; muscles supplied by the 
peroneal component include the anterior tibial and the long 
extensors of the toes (deep peroneal nerve) and the peroneus 
longus and the peroneus brevis (superficial peroneal nerve). 
Testing of the intrinsic muscles of the foot except the extensor 
digitorum brevis is impractical. An extremity in which the 
sciatic nerve has been divided may develop an equinus defor- 
mity of the foot, clawing of the toes, and atrophy of the 
muscles innervated by the nerve, depending on the level of 
the injury. Profound weakness of flexion of the knee, inability 
to dorsiflex the foot or extend the toes, inability to plantar- 
flex and evert the foot, and inability to flex the toes may be 
seen. When the peroneal part is involved, the sensory loss is 
primarily over the latéral aspect of the leg and dorsum of the 
foot. When the tibial nerve is involved, the sensory déficit is 
primarily over the plantar aspect of the foot. Anesthésia on 
the plantar surface may resuit in chronic ulcération. Auto¬ 
nomie disturbances and chronic pain may follow an injury to 
the sciatic or tibial nerve. The sciatic nerve is difhcult to 
stimulate in situ because it is so deeply located. Stimulation 
is significant only when it causes contraction or pain. EMG 
is helpful in evaluating this nerve. 

The autonomous zone of the sciatic nerve (Fig. 62-41) 
includes the area over the metatarsal heads and over the heel, 


the latéral and posterior aspects of the sole of the foot, the 
dorsum of the foot as far medially as the second metatarsal, 
and a narrow strip up the latéral aspect of the leg. The autono¬ 
mous zones of the branches of the sciatic nerve—the tibial 
(branching into the latéral and médial plantar), the common 
peroneal (branching into the superficial and deep peroneal), 
and the sural—are smaller and are described later. As in other 
nerves, the skin résistance test or iodine starch test is helpful. 

In multiple wounds, percussing along the course of the 
nerve to the point where tingling is most pronounced is a 
fairly accurate method of locating an injury. Exact knowledge 
of the point of emergence of the various nerve branches is 
helpful; however, if one attempts to locate an injury by this 
knowledge alone, one is more likely to err than when using 
percussion because a branch may be injured affer it emerges 
from the nerve. 

If an injury to a branch of the nerve has been caused by 
external compression, as occurs with a poorly fitted cast or 
with an unusual posture from Crossing the legs, the cause 
should be corrected. If compression has been of long dura¬ 
tion, exploration and neurolysis may be warranted, but the 
prognosis in these instances is extremely guarded. If a com¬ 
plété division of the sciatic nerve complicates a dislocation or 
fracture around the hip, exploration of the nerve assists in 
determining the extent of injury and whether repair is pos¬ 
sible. If complété division of the nerve complicates a fémoral 
shaft fracture or fracture-dislocation around the knee, explo¬ 
ration also is justified early when no signs of recovery are 
apparent. If a sciatic nerve lésion is caused by a penetrating 
injury, especially if the wound is proximal in the buttock, 
early exploration and repair may be worthwhile so that the 
distal structures are denervated for the shortest possible time. 

■ TREATMENT 


APPROACH TO THE SCIATIC NERVE 


TECHNIQUE 62-21 


■ The sciatic nerve can be exposed easily from its emer¬ 
gence from the sciatic notch to the point of its division 
into the tibial and peroneal nerves in the popliteal fossa. 

■ For injuries near the sciatic notch, begin the incision at 
the posterior superior iliac spine and carry it diagonally 
distally and laterally in the direction of the fibers of the 
gluteus maximus to a point about 2.5 cm médial to the 
greater trochanter (Fig. 62-42). Curve the incision medi¬ 
ally, distal to the gluteal fold, as far as the midpoint of 
the fold, and finally distalward along the posterior aspect 
of the thigh to a point 10 cm proximal to the skin creases 
of the popliteal fossa. 

■ Deepen the proximal part of the incision through 
the gluteal fascia and separate the fibers of the 
gluteus maximus muscle as far laterally as the greater 
trochanter. 

■ Incise the fascia of the thigh longitudinally to the gluteal 
fold and detach the insertion of the distal fibers of the 
gluteus maximus from the iliotibial band. The muscle with 
its nerve and blood supply can be reflected medially to 
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Q Autonomous zone of sciatic nerve. 
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9 expose the nerve as far proximally as the piriformis (Fig. 
62-43). 

■ Sacrifice the piriformis to expose the nerve as it emerges 
from the sciatic notch. 

■ If better exposure of the nerve within the sciatic notch is 
necessary, remove with a rongeur a part of the sacrum. 

■ When the injury to the nerve is more distal to the sciatic 
notch, make the incision over the buttock likewise more 
distal. 

■ When the injury is in the thigh, begin the incision at the 
gluteal fold and continue it distally along the posterior 



Skin incision for approach to proximal portion 
of sciatic nerve extends from posterior superior iliac spine to 
trochanter and is curved distally along posterior surface of thigh. 

SEE TECHNIQUE 62-21. 


aspect of the thigh, as just described, to a point 10 cm 
proximal to the knee. 

■Open the fascia longitudinally in line with the skin 
incision. 

■ Protect the posterior fémoral cutaneous nerve, which is 
just deep to the deep fascia. In the proximal thigh, iden- 
tify the biceps femoris, retract it medially, and identify the 
sciatic nerve in the depths of the wound. Distally trace 
the nerve beneath the biceps to its point of bifurcation. 

■ For more exposure (Mayfield), curve the distal end of the 
incision to the latéral aspect of the knee when the pero- 
neal nerve has been injured. 

■ Pass the incision distally along its course around the neck 
of the fibula. When the tibial nerve has been injured, pass 
the incision medially and then a few centimeters distally 
along the médial aspect of the leg. These incisions hâve 
two advantages. First, they do not cross the skin folds of 
the popliteal fossa; consequently, contractures and ulcer- 
ating scars are less likely. Second, closing the wound is 
easier with the knee flexed. 

■ When the lésion is located in the middle third of the 
thigh, a postérolatéral approach may be préférable. 


■ METHODS OF CLOSING GAPS 

Mobilizing the nerve extensively including its two divisions, 
flexing the knee, and hyperextending the hip allow closure of 
a gap of 15 cm. When the fémur has been fractured and the 
sciatic nerve divided, it is very important, even in the prés¬ 
ence of draining sinuses, to operate on the nerve before the 
fémur has United because, aside from the effect of time on the 
nerve ends and muscles, the knee may stiffen and it may be 
impossible to flex it enough to close large defects. Resecting 
a part of the fémur may be necessary to help close the gap. 
When a fracture is présent, such a resection may be justified 



Gluteus maximus muscle 
Gluteus médius muscle 

Inferior gluteal nerve 
and artery 

Fascia lata 
Piriformis muscle 
Gemellus superior muscle 
Obturator internus muscle 
Gemellus inferior muscle 
Greater trochanter 


Quadratus femoris muscle 

Deep fibers of divided 
gluteus maximus muscle 

Adductor magnus muscle 
Sciatic nerve 

Posterior fémoral 
cutaneous nerve 


FIGURE 


Surgical anatomy of sciatic nerve and related structures in buttock. SEE TECHNIQUE 62-21. 
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and can be done with ease. In the absence of a fémoral frac¬ 
ture, however, the bone should not be shortened. Instead, 
autogenous interfascicular nerve grafting may be a reasonable 
alternative, especially in young patients. 

Affer any neurorrhaphy of the sciatic nerve, the limb 
should be immobilized in a double spica cast extending from 
the nipple line to the toes on the affected side and to above 
the knee on the opposite. On the affected side, the knee is 
flexed and the hip is extended if necessary. The cast is win- 
dowed to allow removal of the sutures affer about 10 days. At 
6 weeks, the cast is removed and a long leg brace with an 
adjustable knee hinge is applied so that the knee can be 
extended gradually during the next 6 weeks. Physical therapy 
and exercises are used to restore function to joints and soft 
parts. Affer extension of the knee is complété, an appropriate 
brace is applied to compensate for paralysis of the leg. When 
autogenous grafting has been used in repair of the sciatic 
nerve, the application of a spica cast affer surgery is necessary 
but maintaining the hip and knee in awkward positions 
usually is unnecessary; in addition, the cast can be removed 
when the sutures are removed and motion of the joints can 
be started. 

■ RESULTS OF SUTURE OF THE SCIATIC NERVE 

According to Sunderland, the results of suture of the sciatic 
nerve are poor, especially in distally innervated muscles 
because of the extensive rétrogradé neuronal degeneration, 
intraneural intermixing of regenerating fibers with loss of 
fiber localization, and degenerative changes in the distal 
muscles that must remain denervated for a long time. Usually, 
significant recovery can be expected only in the proximally 
innervated muscles, especially the hamstring and calf muscles. 
If sensation returns, it usually is only of a protective nature. 
Delaria et al. reported 22 sciatic lésions treated surgically: 13 
required neurolysis only, whereas nine were treated with 
nerve graffs. Of the lésions treated by neurolysis, five were 
excellent (complété recovery of muscles), seven were good, 
and one was poor. Of the lésions treated by grafting, four were 
excellent, four were good, and one was poor. 

■ CRITICAL LIMIT OF DELAY OF SUTURE 

Zachary found that useful motor and sensory recovery is to 
be anticipated if the sciatic nerve injured high in the thigh or 
in the buttock is sutured before 12 to 15 months. 

COMMON, SUPERFICIAL, AND DEEP 
PERONEAL NERVES 

The common peroneal nerve, a division of the sciatic nerve, 
is composed of fibers from L4, L5, SI, and S2. It is injured 
more often than the tibial nerve even where it is part of the 
sciatic nerve and is injured by trauma around the knee includ- 
ing ruptures of the fibular collateral ligament, by fractures 
and dislocations of the head of the fibula, by casts, and even 
by Crossing the legs. Bony entrapment of the superficial pero¬ 
neal nerve affer fracture and entrapment by the margins of a 
deep fascial defect during exercise are other reported causes 
of injury. Release of compressing structures usually relieves 
the painful symptoms. 

The common peroneal nerve is smaller than the tibial 
nerve affer the two nerves separate near the proximal angle 
of the popliteal fossa. The former nerve deviates laterally in 
the popliteal fossa, arches around the posterior aspect of the 


Common peroneal ( 

n p r\/P_ 


Peroneus longus 
muscle 

Extensor digitorum 
longus muscle 

Peroneus brevis 
muscle 


Latéral cutaneous 
branch 


Extensor digitorum 
brevis muscle 


First dorsal 
interosseous muscle 



Deep peroneal nerve 

Superficial peroneal 
nerve 

Anterior tibial 
muscle 

Extensor hallucis 
longus muscle 


Peroneus tertius 
muscle 

Médial cutaneous 
branch 


Dorsal digital 
cutaneous nerve 


FIGURE 


Common, superficial, and deep peroneal 


nerves. 


fibular head, encircles the fibular neck, and divides into the 
superficial and deep peroneal nerves (Fig. 62-44). The 
common peroneal nerve itself is relatively short, having only 
two sensory branches and no motor branches. One sensory 
branch, the latéral sural cutaneous nerve, supplies the skin 
along the latéral aspect of the knee and the proximal third of 
the calf (Fig. 62-8). The other sensory branch, the peroneal 
anastomotic branch, joins the tibial anastomotic branch to 
form the sural nerve, which supplies the skin over the pos¬ 
térolatéral aspect of the calf and over the latéral malleolus, the 
latéral aspect of the foot, and the fourth and fifth toes. As 
already mentioned, at or just inferior to the fibular neck, the 
common peroneal nerve divides into its two branches, the 
superficial and deep peroneal nerves. 

The superficial peroneal nerve continues distally in the 
leg between the peroneus longus and extensor digitorum 
longus muscles and the intermuscular septum. Along this 
route, it gives off two motor branches, one each to the 
peroneus longus and peroneus brevis. It divides into two 
cutaneous branches that pierce the deep fascia and course 
distally to supply the skin on the anterior and latéral aspects 
of the leg and the dorsum of the foot, with the exception of 
a small wedge-shaped area in the web between the great and 
second toes. 

The deep peroneal nerve passes obliquely distally on the 
interosseous membrane beneath the extensor digitorum 
longus. Along this route, it gives off motor branches to the 
anterior tibial, the extensor digitorum longus, the extensor 
hallucis longus, the peroneus tertius, the extensor digitorum 
brevis, and the first dorsal interosseous. Its terminal branch 
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^ Autonomous zone of peroneal nerve. 


divides into digital cutaneous nerves that supply the web 
between the great and second toe, the latéral aspect of the 
dorsum of the great toe, and the médial aspect of the dorsum 
of the second toe. 

■ EXAMINATION 

The muscles supplied by the common peroneal nerve that can 
be tested accurately hâve been listed previously (see Sciatic 
Nerve). Typically, injury of the peroneal nerve results in foot- 
drop, which cannot be overcome or disguised by any supple- 
mentary or trick movement. The nerve may be stimulated 
easily in situ at the head of the fibula. The presence and extent 
of the autonomous zone of this nerve vary, but this zone may 
hâve value when présent (Fig. 62-45). 

■ TREATMENT 


APPROACH TO THE COMMON, 
SUPERFICIAL, AND DEEP 
PERONEAL NERVES 


TECHNIQUE 62-22 


■ The exposure of the peroneal nerve in the distal thigh and 
popliteal fossa has been described previously (see Tech¬ 
nique 62-21). 

■ If the nerve is injured at the head of the fibula or distal 
to it, begin the incision at any point proximal to the injury 
as required; at the head of the fibula, curve it anteriorly 
over the neck of the fibula and distally along the antéro¬ 
latéral aspect of the leg. 

■ Deepen it proximally through the fascia and identify the 
nerve on the médial side of the biceps tendon. 

■Trace the nerve distally as it curves around the neck of 
the fibula between the origin of the peroneus longus and 


the bone; just distal to this point, it divides into the deep 
and superficial peroneal nerves. The superficial nerve con¬ 
tinues distally in the leg between the peroneus longus 
and the extensor digitorum longus in the intermuscular 
septum. The deep nerve passes distally beneath the 
extensor digitorum longus, whose origin must be freed 
to expose completely this part of the nerve, from which 
numerous muscular branches arise; the nerve can be 
traced distally beneath the anterior tibial just latéral to 
the anterior tibial artery. 


■ METHODS OF CLOSING GAPS 

Autogenous interfascicular nerve graffing is the preferred 
technique for bridging gaps in the peroneal nerve, although 
mobilizing the nerve extensively and flexing the knee allows 
closure of a gap of 10 to 12 cm in the popliteal fossa. Distal 
to the neck of the fibula, length is hard to get. Even here, 
mobilizing the nerve in the thigh and the leg, stripping up 
branches in the leg, and flexing the knee allow closure of a 
considérable gap in either division of the common peroneal 
nerve. Wood noted that the ipsilateral sural nerve should be 
harvested for graffing only if sensory function is damaged 
and the sural nerve graff should be taken from the opposite 
leg if sensory function ipsilaterally is saved. 

Although large gaps can be closed, fines of suture in the 
peroneal nerve are much more likely to separate than are 
those in other peripheral nerves, even when it is still a part 
of the sciatic nerve, presumably because it is especially vul¬ 
nérable to stress between two bony points—the fibula and 
pelvis—between which no other soft-tissue structures effec- 
tively protect the nerve from tension. In most patients, immo- 
bilization in a hip spica cast for 6 weeks after surgery and 
graduai extension of the knee during the next 6 weeks prevent 
such catastrophes. A long leg cast is not enough; the line of 
suture offen séparâtes unless a spica cast is used. 

Postoperative care is as described for the sciatic nerve. If 
autogenous nerve graffing has been used, awkward position- 
ing and prolonged use of casts and braces may not be 
required. 

■ RESULTS OF SUTURE 

OF THE PERONEAL NERVE 

Motor recovery is far more important than sensory recovery 
because the autonomous zone on the dorsum of the foot is 
so small. Motor recovery is useful only if it enables the 
patient to dorsiflex the foot against gravity. Under the most 
favorable circumstances, that is, after a low lésion with a 
small gap between the nerve ends and with early suture, 
60% to 70% of patients reach this level of motor recovery. 
The percentage of success decreases as circumstances 
become less favorable, but does not reach the point that 
suture is not worthwhile unless surgery is delayed too long. 
A second operation to resuture the nerve after initial failure 
to obtain motor recovery rarely is indicated. In a 2014 
evidence-based structured review to assess the results of 
common peroneal nerve repair, George and Boyce con- 
cluded that common peroneal nerve repair was worthwhile 
in approximately half of ail cases. They suggested that the 
results of common peroneal nerve repair will be suboptimal 
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if surgery is performed more than 12 months after injury or 
if a graff of more than 12 cm is required. 

■ CRITICAL LIMIT OF DELAY OF SUTURE 

As mentioned above useful motor function in the peroneal 
nerve is not to be expected when suture has been delayed 12 
months after injury. 

■ TENDON TRANSFER FOR PERONEAL 
NERVE PARALYSIS 

Tendon transfer for peroneal nerve paralysis is discussed in 
Chapter 34. 

TIBIAL NERVE 

The tibial nerve, composed of fibers from L4, L5, SI, S2, and 
S3, is the larger and more important of the two divisions of 
the sciatic nerve. It begins in the distal third of the thigh just 
proximal to the popliteal fossa as the common peroneal nerve 
leaves the sciatic nerve to course laterally. It continues distally 
through the middle of the popliteal fossa and supplies 
branches to the plantaris, the soleus, the popliteus, and both 
heads of the gastrocnemius before passing beneath the arch 
of the soleus (Fig. 62-46). Also given off within the popliteal 
fossa is the tibial anastomotic branch, which joins the pero¬ 
neal anastomotic branch to form the sural nerve already 
described. Deep to the soleus, the tibial nerve courses straight 
distally on the posterior tibial. It supplies motor branches to 
the posterior tibial, flexor hallucis longus, and flexor digito- 
rum longus. In the distal calf, it gives off médial calcaneal 
branches to supply the skin on the médial aspect of the heel. 
The nerve passes beneath the laciniate ligament posterior and 
inferior to the médial malleolus and divides into the médial 
and latéral plantar nerves, which innervate the intrinsic 
muscles and the skin of the plantar surface of the foot much 
the same as the médian and ulnar nerves innervate the hand. 
Injuries to the tibial nerve are severely disabling because of 
the large sensory déficit on the plantar surface of the foot. 
Many such injuries are also associated with causalgia. The 
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Anatomy of tibial nerve in popliteal space and 


proximal third of leg (see text for discussion of exposure). 


effect of a complété tibial nerve lésion on the function of the 
foot is comparable in importance to that of combined médian 
and ulnar nerve lésions on function of the hand. 

In the popliteal fossa, the tibial nerve, although protected 
by a muscular covering, may be injured in dislocations of the 
knee. In these instances, vascular injuries also may be présent 
and careful évaluation is necessary. Deep to the soleus muscle, 
the tibial nerve most offen is injured by penetrating wounds. 
Suture of the nerve distal to the muscular branches may resuit 
in disabling plantar hyperesthesia. It is worthwhile, however, 
to attempt such repair, especially in children and young 
adults, to prevent or minimize trophic ulcération on the 
plantar surface of the foot. Although division of the sural 
nerve may resuit in a troublesome neuroma, it rarely causes 
a severe clinical problem. Compression of this nerve at the 
latéral aspect of the ankle has been described, resulting in 
pain, paresthesias, dysesthesias, and hypesthesias. Relief was 
achieved by excision of a ganglion or release of a posttrau- 
matic scar. On the médial side of the ankle, the tibial nerve 
may be compressed in the tarsal tunnel between the laciniate 
ligament and the médial surface of the talus distal to the 
médial malleolus. 

Tarsal tunnel syndrome is described in Chapter 86. 

■ EXAMINATION 

The muscles supplied by this nerve that can be accurately 
examined were described in the discussion of the sciatic 
nerve. The autonomous zone of the tibial nerve (including the 
médial sural cutaneous branch) varies but generally includes 
the sole of the foot (except the médial border of the instep), 
the latéral surface of the heel, and the plantar surface of the 
toes. Because the nerve is deep in the popliteal fossa, stimu- 
lating the nerve in this area is not always dependable and, 
consequently, EMG is indicated. The posterior tibial, flexor 
digitorum longus, and flexor hallucis longus are supplied by 
branches of the tibial nerve after the nerve passes deep to the 
arch of the soleus muscle. The flexor digitorum longus and 
flexor hallucis longus can be difficult to test, but the tendon 
of the flexor hallucis longus can be palpated posterior to the 
médial malleolus as it passes to cross the médial aspect of the 
plantar arch. Atrophy of the intrinsic muscles of the foot may 
allow palpation of the flexor digitorum longus tendons; 
otherwise, this muscle may not be palpable for testing. The 
autonomous zone of the tibial nerve as it passes deep to the 
soleus muscle is smaller than that of the nerve as it passes 
through the popliteal fossa because the sural nerve is excluded. 
Although EMG may be necessary for evaluating injury to the 
tibial nerve beneath the soleus, the nerve may be stimulated 
with relative ease at the posterior aspect of the médial 
malleolus. 

■ APPROACH TO THE TIBIAL NERVE 
IN THE POPLITEAL FOSSA 

The tibial nerve can be exposed in the popliteal fossa by the 
incision and the approach described for the sciatic nerve. As 
usual, Crossing the skin folds in the popliteal fossa should be 
avoided, and if necessary the skin incision can be extended 
along the médial side of the hamstring tendons and distally 
on the leg just posterior to the médial border of the tibia (Fig. 
62-47). Methods of closing gaps in this part of the nerve, 
immobilization, and care after surgery are the same as those 
described for the sciatic nerve. 
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A f Mayfield incision for exposure of nerves in 
popliteal space. B, Ulcération and contracture are likely from inci¬ 
sions across skin folds. 


APPROACH TO THE TIBIAL NERVE 
DEEP TO THE SOLEUS MUSCLE 


TECHNIQUE 62-23 


■ Explore the tibial nerve deep to the soleus muscle or in 
the distal third of the leg through a longitudinal incision 
beginning posterior to the subcutaneous part of the tibia 
on the médial side of the leg and continuing parallel to 
the tibia distally to the ankle. 

■ Deepen the incision through the superficial fascia, and 
identify and retract laterally the Achilles tendon. 

■ Expose the deep fascia through which the nerve and 
artery can be easily palpated. 

■ Open this fascia longitudinally, and identify the nerve 
latéral to the artery. Distally this part of the nerve can be 
easily mobilized to the ankle, but proximally it is quite 
deep beneath the soleus muscle on the posterior tibial 
between the flexor hallucis longus laterally and the flexor 
digitorum longus medially. 

■ Proximal to the middle of the leg, the origin of the soleus 
from the tibia interfères with exposure and must be sec- 
tioned and reflected laterally to expose the tibial nerve as 
it cornes under the arch of the soleus. Exposing and 
mobilizing the nerve require great care because of the 
many vessels with which it is intimately associated. 

■ Troublesome bleeding from these vessels can be mini- 
mized by using a pneumatic tourniquet and by wide 
exposure of the nerve in the distal two thirds of the leg. 


■ METHODS OF CLOSING GAPS 

Autogenous interfascicular graffing may prove to be a satis- 
factory alternative to awkward and sometimes disabling 


positioning when gaps are to be closed in the tibial nerve. 
Although the lésion itself can be fully exposed, a significant 
gap rarely can be closed by mobilizing this part of the nerve 
alone. Plantarflexing the foot to obtain length may lead to 
disabling equinus contracture of the ankle and is not recom- 
mended. Exposing and mobilizing the proximal part of the 
tibial nerve in the popliteal fossa or even farther proximally 
as already described are almost always necessary. By connect¬ 
ing the two incisions, the nerve can be exposed and mobilized 
from the thigh to the ankle. In addition, ail muscular branches 
must be stripped back intraneurally for several centimeters 
by careful dissection. Flexing the knee to 90 degrees allows 
closure of a gap of 10 to 12 cm. Occasionally, more length can 
be obtained by transposing the nerve between the soleus and 
the gastrocnemius or superficial to both of these muscles. 
This is especially applicable when the distal muscular branches 
to the flexor hallucis and flexor digitorum longus hâve been 
destroyed, although it can be done with these branches intact 
if they are dissected proximally to the popliteal fossa. Affer 
one is certain that the defect can be closed, but before the 
nerve is sutured, especially if tension on the line of suture is 
likely, the incision in the popliteal fossa should be closed 
because closing the fascia may reduce slightly the length 
regained. 

If the nerve has been transposed between the soleus and 
the gastrocnemius or superficial to both, the soleus also 
should be sutured to its origin before the nerve is sutured. If 
transposition has been unnecessary, the soleus is sutured affer 
neurorrhaphy. 

Postoperative care is as described for the sciatic nerve. 

■ RESULTS OF SUTURE OF THE TIBIAL NERVE 

Motor and sensory return is crucial. Even a slight return of 
pain sensation is valuable because an anesthetic foot tends to 
develop trophic lésions. 
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Microsurgery techniques are being applied to an expanding 
range of orthopaedic problems. Now the term super- 
microsurgery , coined by Koshima et al., is used to apply to the 
anastomosis of submillimeter vessels that is necessary in 
distal replants and perforator flaps. The discussion presented 
in this chapter includes microsurgical procedures appropriate 
for surgery of the hand, including the repair of small vessels 
and nerves; the transfer of composite tissue grafts using 
microvascular techniques in the upper and lower extremities; 
and our approach to the replantation of amputated parts. 

Microsurgery includes surgical procedures for structures 
so small that magnification by an operating microscope is 
required for their performance. Although many procedures 


can be performed using magnifying loupes of 5x, magnifica¬ 
tion of 16x to 40x is provided by the microscope and is 
essential when working with structures less than 2 mm in 
diameter. For dissection and exposure of the small nerves and 
vessels, magnification of 6x and lOx is used most often, and 
for microsurgical repair of vessels and nerves, magnification 
of 16x and 25x is used. For surgical procedures requiring an 
assistant who also must see the microsurgical field, a double 
binocular (diploscope) microscope is essential. A triploscope 
also is available for use with a second assistant or an observer. 
Additional ports are available for télévision, movie, and pho- 
tography. Electrical foot Controls help to adjust focus and 
magnification. 
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Regardless of their proficiency with the techniques of 
hand surgery, surgeons should not expect to master micro - 
surgery immediately. The acquisition of microsurgical tech¬ 
niques requires many hours of practice in the animal 
laboratory before sufficient skill is mastered to apply the tech¬ 
niques to a patient. Approximately 6 to 8 hours of daily prac¬ 
tice in the laboratory for 2 to 3 weeks are required. Thereaffer, 
regular clinical or laboratory practice is essential to maintain 
proficiency. S orne surgeons require longer training, and some 
are unable to master the technique even affer long hours of 
practice. Because many hours are frequently required for 
microsurgical procedures, the efficiency of the surgeon and 
the team is of prime considération in keeping operating time 
to a minimum. 

Factors that fatigue and lower the efficiency of the surgeon 
must be eliminated. Bracing the elbows on a stable platform, 
maintaining a posture that is comfortable, and minimizing 
tremor by obtaining adéquate rest and by avoiding caffeine 
just before surgery ail are helpful. Extraneous movements are 
amplified when viewed through the microscope and should 
be avoided. Surgeons must discipline themselves to maintain 
constant Visual contact with the operating field through the 
microscope and dépend on a practiced awareness of the loca¬ 
tion of their unseen hands and their relationship to the field 
and the microscope. 

A simplified approach to instrumentation is preferred. 
Two or three straight and curved jeweler’s forceps and micro- 
scissors are sufficient basic instruments for most microsurgi¬ 
cal procedures (Fig. 63-1). Modified jeweler’s forceps also are 
used as bipolar coagulation forceps for précisé coagulation of 
small vessels. 

Microvascular clamps of several designs are available. 
Clamps with a closing pressure of less than 30 g/mm 2 are 
préférable for small vessels. This pressure generally allows 
control of bleeding without damaging the vascular intima. 
Microirrigating cannulas and dilating probes are additional 
useful instruments. 

Fine suture material is available with diameters of 18 to 
35 jLlm swagged onto atraumatic needles with diameters of 50 
to 139 jLlm. Nylon sutures designated as 9-0, 10-0, 11-0, and 
12-0 are commercially available. 



Instruments for microsurgery including vessel 
and nerve repair: small ophthalmic irrigator, vascular clamp, 
microneedle holder, jeweler's forceps, and microscissors. 


Detailed discussions of microsurgical history, micro¬ 
scopes, microsurgical instruments, needles, sutures, training 
methods, and techniques are found in many of the references 
at the end of this chapter. 

MICROVASCULAR TECHNIQUES 


MICROVASCULAR ANASTOMOSIS 
(END-TO-END) 


TECHNIQUE 63-1 


■ Expose the selected vessel by careful dissection under 
magnification, using the operating microscope for dissec¬ 
tion of vessels less than 2 mm in diameter. 

■ Using jeweler's forceps and microscissors, carefully remove 
the loose connective tissue surrounding the vessel. 

■ Mobilize each end of the vessel proximally and distally to 
obtain adéquate length for anastomosis. 

■ Cauterize tethering side branches with bipolar electrocau- 
tery and continue mobilization until the vessel ends can 
be easily approximated with minimal or no tension. 

■ Place a contrasting colored rubber or plastic sheet behind 
the vessel to help make it easier to see. 

■ Frequently irrigate the operative field with heparinized 
lactated Ringer solution. 

■ Remove sufficient adventitia from the vessel ends to expose 
ail layers of the vessel wall. Adventitia can be removed by 
careful circumferential trimming or by applying traction to 
the adventitia and transecting it in a manner similar to 
circumcision (Fig. 63-2A and B). Magnification of 6x to 10x 
usually is sufficient for this dissection. 

■After the adventitia has been trimmed, continue to irri¬ 
gate the field intermittently with heparinized lactated 
Ringer solution. 

■ Inspect the vascular intima using magnification of 25x 
and 40x and resect the vessel wall until the eut ends 
appear normal. Appose the vessel ends with a clamp 
approximator. 

■ Use interrupted sutures to prevent vascular constriction 
and place each suture through the full thickness of the 
vessel wall (Fig. 63-2C to F). Chen et al. showed in a 
rabbit model that a continuous suture technique signifi- 
cantly reduced anastomosis time and obtained similar 
patency rates as an interrupted suture technique in arter- 
ies larger than 0.7 mm and veins larger than 1 mm; 
however, we hâve not incorporated this technique into 
our practice. 

■ Place the first two sutures approximately 120 degrees 
apart on the vessel's circumference. Leave the ends of 
these sutures long for use as traction sutures. 

■ Rotate the clamp approximators to expose the posterior 
vessel wall and place a stitch 120 degrees from the initial 
two stitches. 

■ Place additional stitches in the remaining spaces to com¬ 
plété the anastomosis (Fig. 63-2G and Fl). Arteries 1 mm 
in diameter usually require 5 to 8 stitches, and veins 
usually require 7 to 10 stitches. 
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Microvascular anastomosis, basic steps. A f Adventitial excision. Traction is applied to adventitia, and it is excised suf- 
ficiently to avoid intrusion into vascular lumen. B f Appearance of vessel end after adventitial excision. C f Placement of initial suture. 
Forceps can be used as counterpressor agents without internai damage. D f Needle is passed through full thickness of vessel wall some 
distance from eut edge that is slightly greater than thickness of vessel wall. E f Passage of needle through opposite end of vessel is 
accomplished at similar distance from eut edge. F, Forceps, used as counterpressor agents, assist in passage of needle through opposite 
end of vessel. G and H, After completion of initial sutures, vessel is stabilized, allowing completion of even anastomosis. SEE TECHNIQUE 
63 - 1 . 


■ Vessels can be dilated gently by inserting the tips of jew- 
eler's forceps or specially designed dilators. The walls of 
the vessels can be grasped gently, but avoid rough manip¬ 
ulation of the intima. To overcome vascular spasm, apply 
topical lidocaine or papaverine. 

■ After the completion of the vascular anastomosis, remove 
the clamp downstream from the anastomosis first, then 
remove the clamp that is upstream. 

■ Minimal bleeding between stitches is of no concern, but 
excessive bleeding should be rapidly controlled by reap¬ 
plication of clamps or inflation of a pneumatic tourniquet. 
Place additional stitches in the areas of leakage, remove 
the clamps again, and deflate the tourniquet. 

■ After bleeding from the suture line has stopped, assess 
the patency of the anastomosis by occluding a segment 
of vessel with forceps distal to the anastomosis. Gently 
strip blood from the segment from proximal to distal. 
Release the proximal clamp. Rapid filling of the emptied 
segment indicates a patent anastomosis. 

■The suture line should be even, and there should be no 
anastomotic stenosis, dilation proximally, or stenosis dis- 
tally. Small platelet clots around the anastomosis are to 
be expected, but avoid occlusion of the anastomosis by 
irrigating with heparinized solution or by gentle milking 
of the vessel. 


■ After the anastomosis, close the soft tissue over the 
vessels as soon as possible to avoid drying of the vessel 
wall. 


MICROVASCULAR END-TO-SIDE 
ANASTOMOSIS 


TECHNIQUE 63-2 


■ After dissecting and mobilizing the vessels as described 
in Technique 63-1, carefully excise a small longitudinal 
elliptical portion of the récipient vessel wall using micro- 
scissors (Fig. 63-3). 

■ Cut the end of the vessel that is to be attached to the 
récipient vessel at an angle of about 45 degrees. 

■ Begin the anastomosis by placing sutures at the proximal 
and distal ends of the ellipse. Leave the suture ends long for 
traction and complété the anastomosis by placing sutures 
evenly along the opening between the traction sutures. 

■ Release the occluding clamps or release the tourniquet 
and assess the patency and flow. 
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Microvascular end-to-side 
anastomosis. A f With microvascular scissors, 
small ellipse of vessel wall is excised between 
microvascular clips (upper left). Suitable fit of 
récipient vessel is achieved with oblique eut to 
match elliptical defect in vessel wall (upper 
right). Vessel also can be trimmed transversely to 
provide 90-degree anastomosis. B f Suture line 
begins with sutures placed at each end of open- 
ings. Suture ends are left long temporarily for 
traction. C f Suture line continues, placing inter- 
rupted stitches around anastomosis. D f Com- 
pleted end-to-side microvascular anastomosis. 
SEE TECHNIQUE 63-2. 


MICROVASCULAR VEIN GRAFTING 


TECHNIQUE 63-3 


■ When end-to-end vessel anastomosis cannot be per- 
formed without tension, bone shortening and vein graft- 
ing may be necessary (Fig. 63-4). Many sizes of veins are 
available on the dorsum of the hand, on the dorsal and 
volar aspects of the forearm, and on the dorsum of the 
foot, so the vein graft can roughly approximate the diam- 
eter of the récipient vessel. This helps avoid thrombosis 
as a resuit of turbulence. 

■ When vein grafts are harvested, cauterize small side 
branches with bipolar forceps well away from the main 
vein wall. 

■After the grafts hâve been removed, reverse them end 
for end for use as interposition grafts for arterial recon¬ 
struction; reversai is unnecessary when they are used for 
venous reconstruction. Reversai avoids obstruction of 
blood flow by the valves in these small veins. 

■ The technique for suture anastomosis of a vein graft is 
similar to that described for end-to-end repair. 

■ Gently perfuse the vein graft with heparinized Ringer 
solution and perform the proximal anastomosis. 

■ Release the occluding vascular clamps to confirm the flow 
through the graft. 

■ Reapply the clamps and perform the distal anastomosis. 

■ Release the clamps again to show flow across both 
anastomoses. 

■ Accommodate discrepancies in diameter by cutting the 
vessel ends obliquely or in a fish-mouth configuration. 




Microvascular vein graft. A, Vessel ends excised, 
leaving gap. Arrows show direction of flow in vessel. B, Vein graft 
harvested and reversed to allow flow through valves. Microvas¬ 
cular clips help stabilize and control vessels and graft. C, Micro¬ 
vascular clips in place; anastomoses hâve been completed. Valves 
in vein graft allow for proper direction of blood flow. SEE TECH¬ 


NIQUE 63-3. 
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Ridha, Morritt, and Wood spatulated end-to-end microvascular anastomosis. A f Longitudinal incision in smaller 
diameter vessel to increase luminal circumference to match that of opposing vessel. B f First suture being placed at apex of incision on 
smaller vessel. C f Completed anastomosis. 


■ As an alternative, the spatulated technique can also be 
used. Create a longitudinal incision in the smaller vessel, 
place the first suture in the apex of the slit, and complété 
the anastomosis (Fig. 63-5). 


MICROSURGICAL TREATMENT OF 
NERVE INJURIES 

Because anomalous innervations are sufhciently common to 
produce confusion when evaluating postoperative nerve 
régénération, detailed examination of the hand before surgery 
is important to détermine motor and sensory déficits. Many 
factors influence the resuit of peripheral neurorrhaphy, 
including the wounding agent, the extent of nerve injury, the 
presence of associated tissue injuries, the level of injury, the 
delay between injury and repair, the bone repair, the suture 
material, the suturing technique, the condition of the nerve 
ends at the time of repair, and especially the âge of the patient 
and the amount of tension at the suture anastomosis. 

Controversies regarding the advantages of epineurial 
versus perineurial (fascicular) repair and primary versus sec- 
ondary repair of injured nerves are unresolved. Based on the 
work, particularly of Sunderland, regarding the fascicular 
arrangements within the respective peripheral nerves, it 
seems reasonable to perform perineurial (fascicular) repairs 
on nerves having relatively few distinct fascicles. This would 
apply to the digital nerves, the médian and ulnar nerves at 
the wrist and distally, and possibly the radial nerve at the 
elbow. For other situations, the grouping of fascicles by epi¬ 
neurial sutures (grouped fascicular repair) is probably a 
better way of matching fascicles. Frequently, it is necessary to 
use a combination of epineurial, perineurial, and epiperineu- 
rial techniques to achieve a satisfactory repair. 

The best candidates for primary repair of severed nerves 
are patients who hâve sustained clean, sharp injuries, such as 
those caused by glass or sharp knives. If the patients general 
condition is stable and the soft-tissue and skeletal injuries are 
relatively well circumscribed and do not interfère with repair, 
if suitable instruments and assistants are available, and if the 
surgeon is suitably rested and prepared, repair can be under- 
taken on the day of injury. If conditions do not permit repair 
on the day of injury, sharply severed nerves can be repaired 


satisfactorily in the first week. If the soff-tissue or skeletal 
injury is extensive, and if there is any question regarding the 
extent of injury to the nerve, especially in crushing and avuls- 
ing injuries, it is best to repair the nerve later, usually after 
satisfactory soff-tissue healing has occurred. 

Whether neurorrhaphy is primary (<24 hours after 
injury), delayed primary (2 to 18 days), or secondary (>18 
days but <3 months), magnification is of great benefit. Mag- 
nifying loupes are sufficient for epineurial neurorrhaphies. 
When perineurial (fascicular) or epiperineurial neurorrha¬ 
phies are performed, and when interfascicular nerve grafting 
is done, the magnification provided by the operating micro¬ 
scope is essential. The application of microsurgical techniques 
to neurorrhaphy is discussed in the next section. 

PRIMARY NEURORRHAPHY 


EPINEURIAL NEURORRHAPHY 


TECHNIQUE 63-4 


■ After the nerve has been exposed proximally and distally 
with low magnification (6x) on the operating microscope 
or 3x to 5x magnifying loupes, use fine microsurgical 
scissors to dissect redundant areolar tissue from the epi- 
neurium proximally and distally. 

■ Gently trim the nerve ends to identify good neural tissue 
and to locate fascicles and groups of fascicles that are in 
similar locations in the proximal and distal stumps of the 
severed nerve. 

■ Using the internai arrangement of fascicles and small 
vessels on the surface of the epineurium, détermine the 
correct rotational alignment of each end of the nerve 

(Fig. 63-6A). 

■ When suturing nerves, use a small piece of blue or green 
plastic material behind the nerve to help improve 
contrast. 

■ Place a 9-0 monofilament nylon suture through the epi¬ 
neurium on the posterior surface of the nerve (Fig. 63-6B). 
Tie this stitch, or leave the ends untied as a means of 
approximating the nerve ends. 
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Epiperineural neurorrhaphy. A f Suture placed 
through epineurium, maintaining rotational alignment according 
to surface vessels and relative size and position of fascicles. 
B f Initial sutures left untied or tied and left long for traction. 
C f Neurorrhaphy completed with interrupted sutures circumfer- 
entially. SEE TECHNIQUE 63-4. 


Perineurial (fascicular) neurorrhaphy. A f Epi¬ 
neurium has been excised, and fascicles hâve been exposed. 
B, Suture passed through corresponding fascicles on either side 
of eut surface of nerve. C f Neurorrhaphy completed, usually with 
two 10-0 nylon sutures in each fascicle. SEE TECHNIQUE 63-5. 


■ Place sutures circumferentially around the eut surface, 
attempting to align appropriately corresponding fascicles 
without suturing them (Fig. 63-6C). Usually 9-0 nylon is 
required to complété such a repair, although 10-0 nylon 
can be used to supplément other sutures. A tension-free 
repair should be achieved with this technique. 


PERINEURIAL (FASCICULAR) 
NEURORRHAPHY 


TECHNIQUE 63-5 


■ Dissect the nerve proximally and distally, using low (6x) 
microscopie magnification or magnifying loupes (3x to 5x). 

■ With microsurgical scissors, remove redundant areolar 
tissue from the eut ends of the nerve. 

■ Remove the epineurium from the circumference of the 
eut ends of the nerve and the epineurium surrounding 
the groups of fascicles. 

■ Further dissection of fascicles is made easier when the 
operating microscope is used and a piece of blue or green 
plastic or balloon rubber is placed behind the nerve for 
contrast. 


■ Attempt to match corresponding groups of fascicles prox¬ 
imally and distally. 

■ Frequent irrigation of the operative field prevents drying 
of tissues and adhérence of the nerve tissue to the back- 
ground material. 

■ After the fascicles hâve been matched and ail epineurium 
has been excised, repair the nerve by suturing the ends 
of the fascicles together with at least two 10-0 sutures 
placed through the perineurium at 180 degrees to each 
other (Fig. 63-7). 


EPIPERINEURIAL NEURORRHAPHY 


TECHNIQUE 63-6 


■ Neurorrhaphy that includes the epineurium and perineu¬ 
rium is useful in aligning large groups of fascicles in larger 
nerves and may be easier when nerves hâve been incom- 
pletely transected. The epineurial sutures add strength to 
the repair. 

■ After the nerve has been exposed and redundant tissue 
has been excised, match the large groups of fascicles 
proximally and distally. 
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Epineurial-perineurial neurorrhaphy. A f Epi- 
neurium excised and retracted. Suture placed through epineu- 
rium near large fascicle at periphery of nerve and through 
perineurium of fascicle. B f Suture passed through perineurium of 
matching fascicle on opposite side of eut surface of nerve and 
then out through epineurium. C f Repair completed, after suturing 
other suitably matched fascicles. SEE TECHNIQUE 63-6. 


■ Repair individual fascicles or groups of fascicles in the 
central portion of the nerve using 10-0 nylon suture. 

■ Approximate the fascicles and the groups of fascicles that 
lie near the periphery of the nerve by placing 9-0 nylon 
through the epineurium and through the edge of the 
perineurium (Fig. 63-8). 

■ If needed, place Silastic drains so that they do not inter¬ 
fère with the nerve repair; close the wounds. 

POSTOPERATIVE CARE. Bandages consist of a nonad- 
herent, wide-mesh gauze adjacent to the wound, with 
soft gauze and cotton padding applied from fingers to 
elbow for nerve repairs in the hand and wrist. A plaster 
splint is applied, usually on the dorsum of the hand, wrist, 
and forearm, to immobilize the part. 

The initial postoperative splinting is maintained for 3 
weeks, during which time the patient is allowed minimal 
active movement of the finger joints within the limits of 
the splint. The wound is inspected, and sutures are 
removed in the first 7 to 14 days. After the first 3 weeks, 
the splint is changed. If the wrist has been flexed as for 
a médian nerve repair, it is gradually extended, first to 
neutral and then to slight extension over the next 3 or 4 
weeks to position the wrist gradually for effective finger 
and thumb movement. Four to 8 weeks after operation, 
removable plastic splints are used in reliable patients. 


Six to 12 weeks after surgery, careful attention should 
be paid to the avoidance of fixed contractures. The 
patient is encouraged to stretch the thumb web passively, 
and if a contracture seems to be developing, a removable 
thumb web splint is applied. In patients with intrinsic 
paralysis, passive stretching of the fingers may prevent 
metacarpophalangeal extension and proximal interpha- 
langeal flexion contractures. If these "claw" deformities 
are troublesome, a removable metacarpophalangeal 
extension blocking splint (lumbrical bar) is helpful. 

Eight to 12 weeks after surgery, progressive strength- 
ening exercises are begun. Clinical évaluations of motor 
and sensory return are made monthly. When the Tinel 
sign, appréciation of constant and moving touch, and 
vibratory perception hâve progressed, sensory rééduca¬ 
tion as advanced by Dellon, Curtis, and Edgerton is 
initiated. 


INTERFASCICULAR GRAFTING 

The secondary repair of nerve injuries is often made difficult 
by the presence of a gap between the ends of the nerve. 
Because of nerve retraction, approximation of the nerve ends 
is difficult to accomplish without tension. Experimental évi¬ 
dence suggests that tension on the nerve repair, with subsé¬ 
quent intraneural fibrosis, is one of the most detrimental 
factors affecting the outcome of the repair. To avoid tension 
at the suture line, Millesi developed a technique of graffing 
using multiple cutaneous nerve graff s that allow alignment of 
fascicles in the proximal and distal nerve stumps. This inter- 
fascicular nerve-graffing technique requires microsurgical 
expérience and practice; it has been used successfully to 
bridge gaps greater than 20 cm. 

Interfascicular nerve graffing is particularly applicable to 
three major problems: (1) the bridging of defects after seg¬ 
mentai nerve injury when a neurorrhaphy cannot be per- 
formed without tension; (2) the transfer of nerves, such as an 
intercostal nerve, to the distal brachial plexus; and (3) the 
innervation of free muscle grafts by nerve graff s and the con¬ 
nection of free neurovascular flaps to local nerves. Vascular- 
ized nerve grafts do not hâve wide clinical application because 
the results appear to be no better than those with a well- 
performed free graff. 


INTERFASCICULAR GRAFTING 


TECHNIQUE 63-7 


(MILLESI, MODIFIED) 

■ In the hand and forearm, dissect the injured nerve in a 
bloodless field achieved with a pneumatic tourniquet. Use 
appropriate skin incisions to allow extensive exposure of 
the proximal neuroma and the distal glioma on the injured 
nerves. 

■ Incise the epineurium proximal to the neuroma in normal- 
appearing tissue on the proximal stump, and in a similar 
fashion dissect proximally toward the scarred distal stump. 
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Neuroma dissection before nerve grafting. 
A f External appearance of neuroma. B f Neuroma and epineurium 
excised to expose fascicles of different lengths, depending on 
extent of involvement in scar. C f After dissection of scar, eut ends 
of nerve held with matching of corresponding fascicles. SEE TECH¬ 
NIQUE 63-7. 


■ Identify the major fascicle groups and follow them to the 
point at which they become obscured by scarring. There 
transect thin fascicle groups with sharp microscissors, and 
use a diamond knife for thicker fascicle groups. This 
results in a "step-cutting" of the fascicle groups. 

■ After the interfascicular dissection and fascicle group 
transections hâve been completed, individual fascicle 
groups of different lengths should protrude from the 
nerve stumps. If possible, expose the distal stump distally 
to the point where it divides into its final branches. Follow 
the fascicle groups proximally to the glioma end of 
the distal stump to identify the motor and sensory fibers 
(Fig. 63-9). 

■ When both ends of the nerve hâve been prepared and 
the exact length of nerve graft determined, deflate the 
tourniquet. 

■ Millesi stressed the importance of recognizing that most 
cross sections of peripheral nerves hâve one of four fas- 
cicular patterns: (1) monofascicular nerves, (2) oligofas- 
cicular nerves, (3) polyfascicular nerves with group 
arrangements, and (4) polyfascicular nerves without 
group arrangements (Fig. 63-10). 

■ Make a sketch of the ends of the two nerve stumps and 
their fascicular patterns. Attempt to identify the corre¬ 
sponding groups in the distal stump by size, number of 
fascicles, and arrangement of fascicular groups within the 
proximal stump. This is a clinical estimation. Over short 
distances, it is easier to identify corresponding fascicular 
groups. Because of fascicular plexus formation within the 
nerve, it may be difficult to identify corresponding fas¬ 
cicular groups in longer defects. 

■ Nerves that hâve been used as donors include the sural 
nerve, the saphenous nerve, the médial and latéral 



Polyfascicular with 
group arrangement 



Oligofascicular 



Polyfascicular without 
group arrangement 


FIGURE 


Intraneural fascicular patterns typically seen in 


peripheral nerves. SEE TECHNIQUE 63-7. 



Technique for harvesting sural nerve. A f Sural 
nerve postérolatéral to latéral malleolus, near lesser saphenous 
vein. B f Harvesting of nerve through single longitudinal incision 
facilitâtes removal of nerve with minimal trauma related to trac¬ 
tion and transection of branches. SEE TECHNIQUE 63-7. 


cutaneous nerves of the forearm, the superficial branch 
of the radial nerve, and the intercostal nerves. The sural 
nerve is used most commonly (Fig. 63-1 1). 

■ Expose and dissect the nerve graft in a bloodless 
field using a pneumatic tourniquet. After the dissection 
is complété, remove the tourniquet and obtain 
hemostasis. 

■ Keep the nerve graft moist with Ringer solution. 

■ Using a diamond knife, eut the nerve graft into sections 
10% to 15% longer than the defect, measured with the 
elbow and wrist extended. Prevent epineurial tissue from 
covering the ends of the graft by transecting the graft 
gently. Excise redundant epineurial and areolar tissue 
from the graft. 

























PART XVII MICROSURGERY 



Technique of interfascicular nerve grafting 
(Millesi). A f Neuroma excision and fascicular dissection completed. 
B f Nerve graft segments of appropriate length and size inter- 
posed in gap in nerve trunk. C f Nerve grafts sutured in place 
between ends of corresponding nerve fascicles. SEE TECHNIQUE 
63-7. 


■ Place the nerve grafts between the proximal and distal 
nerve stumps. Use the sketch of the fascicle groups to 
détermine where to attach the graft at each end. 

■ Obtain exact coaptation of the nerve graft to the corre¬ 
sponding fascicle groups and suture the nerve graft at 
each end with a single 10-0 monofilament nylon suture 
placed through the epineurium of the graft and the peri- 
neurium of one of the fascicles in the group or in the 
interfascicular connective tissue of the fascicular group 
(Fig. 63-12). 

■ With perfect coaptation of the graft to the stump ends, 
many additional sutures may not be required; however, if 
the grafts are not nicely coapted, rotate them around the 
first suture and add as few additional sutures as 
necessary. 

■ Close the skin carefully so that the graft is not displaced 
by shearing forces during wound closure. If closure is 
tight in the distal forearm, Millesi recommends making 
an ulnar midlateral incision to relax the suture line over 
the graft site and then skin grafting the midlateral defect. 

■ Avoid the use of suction drainage. Accomplish drainage 
by Silastic drains. 

■ Immobilize the extremity in a well-padded plaster splint 
in the exact position that was maintained throughout the 
procedure. 

POSTOPERATIVE CARE. The part is immobilized for 8 
to 10 days. Afterward the splint is removed, and free 
motion of joints is allowed. Hematomas are evacuated 
early in the postoperative period. Necrotic skin is debrided, 
and local flaps or free skin grafts are used to cover a nerve 


graft that may be exposed. Physical therapy with active 
and active-assisted range-of-motion exercises is instituted 
under supervision 2 weeks after nerve grafting. The prog- 
ress of régénération may be followed by observing the 
Tinel sign. When régénération progresses to a point 
roughly corresponding to the distal end of the graft and 
stops with no further progression for 3 to 4 months, block 
of the distal repair is assumed. The nerve graft should be 
explored, the distal suture line resected, and an end-to- 
end repair performed. 


REPLANTATION 

Since the first pioneering efforts in 1962, digits, hands, feet, 
and limbs hâve been successfully replanted by surgeons 
around the world, including Kleinert, Bunke, Urbaniak, 
Meyer, and Millesi. Atroshi and Rosberg reviewed épidémio¬ 
logie data from different countries and found that 85% to 95% 
of replantations occur in young men with a mean âge of 25 
to 30 years. In the studies that included children, 3% to 10% 
of patients were younger than 10 years of âge. The main 
mechanisms of injury reported in the sériés of replantations 
were guillotine (14% to 53%), crush (11% to 62%), and avul¬ 
sion (16% to 29%). A recent cohort study using the National 
Inpatient Sample of the Healthcare Cost and Utilization 
Project found 9407 patients who were treated for upper 
extremity amputation, 1361 of whom had replantation. The 
mean âge of patients who had replantation was 36 years 
(range, 0 to 86 years), and the mean âge of patients who did 
not hâve replantation was 44 years (range, 0 to 104 years). 
Hospital charges and length of stay were significantly higher 
for patients with replantations. Patients treated at teaching 
facilities were more likely to hâve replantation (19%, 1088 of 
5795 patients) than those at a nonteaching facility (7%, 252 
of 3386 patients). Large hospitals and urban hospitals were 
more likely to perform replantation. Payer status affected 
replantation rates, with fewer replants being performed in 
self-pay, Medicare, and Medicaid patients compared with 
other payer status. 

RESULTS 

Overall survival rates reported by U.S. and foreign surgeons 
vary from slightly better than 50% to 92% for replanted and 
revascularized parts. The success rate of digital replantations 
at two U.S. academie level I trauma centers recently was 
reported as 57% (69 of 135 digits). 

Major limb replantations hâve a reported survival rate of 
nearly 40% to 80% and better. Results of replantation of 
above-elbow amputations are mixed compared with those 
of below-elbow replantations. There is some variation in 
reported results, with limb survival ranging from 61% to 88% 
in above-elbow replantations and 36% to 90% for below- 
elbow replantations. 

Success of digital and limb replantations cannot be mea- 
sured by survival alone. In the final analysis, success is mea- 
sured better by the extent of return of useful function. 
Although it is of some value to compare the replanted part 
with the normal uninjured part, it is more meaningful to 
compare the replanted part with amputation or prosthetic 
function at the level in question. Insofar as function was 
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TABLE 63-1 


CHEN Criteria for Evaluation of Function after 
Extremity Replantation 

GRADE 

FUNCTION 

1 

Able to résumé original work; ROM > 60% of 
normal; complété or nearly complété recovery 
of sensibility; muscle power grade 4-5 

II 

Able to résumé some suitable work; ROM > 

40% of normal; nearly complété sensibility; 
muscle power grade 3 to 4 

III 

Able to carry out activities of daily living; ROM 
> 30% of normal; partial recovery of 
sensibility; muscle power grade 3 

IV 

Almost no usable function of survived limb 


From Chen CW, Qian YQ, Yu ZJ: Extremity replantation, World J Surg 2:513,1978. 
ROM, Range of motion. 


concerned in one study, good or excellent outcomes were 
achieved in 36% to 50% of replanted limbs compared with 
prosthetic limbs in which no good results were obtained. 
Others hâve suggested that similar functional results between 
the two can be expected. Most authors use different grading 
Systems based on factors such as ability to return to work, 
return of muscle function, range of motion, sensibility, ability 
to perform activities of daily living, and patient satisfaction. 
Chen et al. developed criteria for the évaluation of function 
that are idéal for assessing multisystem injury and are general 
enough to allow comparison of results within complex injury 
groups (Table 63-1). Several studies hâve reported successful 
return of function after replantation in 62% to 78% of patients. 
Jones, Schenck, and Chesney used a scoring System to evalu- 
ate patients who had undergone replantation compared with 
a group of patients who had amputations at similar levels. In 
their small group of patients, they found grip strength to be 
better in patients who had replanted thumbs or replanted 
multiple digits than in patients with amputations. Grip 
strength in patients with single-digit replantation was not 
significantly different, however, from patients with amputa¬ 
tions. Patients with replanted multiple digits had a small 
functional advantage over patients with amputations. Their 
study also reinforced the concept that amputated thumbs 
should be replanted if possible, although the type of amputa¬ 
tion is a significant factor in the survival of replanted digits. 
Only 12% of replanted digits survived in crushing or avulsion 
amputations in one study, and the survival rate was signifi¬ 
cantly better if the injury occurred proximal to the metacar- 
pophalangeal joint. In minimally damaged amputations, only 
the time between injury and surgery was significantly related 
to survival. Most patients who hâve had parts replanted are 
satisfied with the reattached part and would undergo replan¬ 
tation again; however, some were dissatisfied because of emo- 
tional stress, financial loss, and number of subséquent 
surgeries required. 

Although most workers are able to return to some form 
of work, our expérience suggests that the more proximal the 
injury, the less likely it is that the patient will be able to return 
to former employment in a reasonable time. 

Cold intolérance is experienced by almost ail replantation 
patients; however, it usually is not incapacitating. It may take 


2 years or more to improve if at ail, and patients may perceive 
modératé improvements because of change in habits. Most 
patients regain protective sensibility, but 2-point discrimina¬ 
tion, especially in more proximal injuries, is rarely less than 
10 mm. Fine tactile discrimination rarely returns. Most 
patients hâve some residual limitation of movement, espe¬ 
cially if a joint has been injured and if the flexor tendon injury 
in the hand lies between the metacarpophalangeal and proxi¬ 
mal interphalangeal joints. 

Functional results after major limb replantations vary 
with the âge of the patient, the level of the injury, and the 
mechanism of injury. Generally, the more distal the injury, 
the sharper the injuring mechanism, and the younger the 
patient, the better the outlook (96% excellent results in chil- 
dren). This seems to be largely the resuit of the dependence 
on nerve régénération for return of sensibility and motor 
function. The results of replantations are poorer if the ampu¬ 
tation is above the elbow, if the elbow joint is involved, or if 
the injury is through the muscular portion of the proximal 
forearm. Transmetacarpal amputations carry a poor progno- 
sis for replantation because of injury to the intrinsics. Func¬ 
tional outcomes at a mean of 4 years (range, 1 to 7 years) after 
replantations of radiocarpal amputations in six patients were 
reported by Patel et al. Total active motion of the hand was 
38% (range, 26% to 59%) and grip strength was 9% (range, 
0% to 18%) as compared with the contralatéral extremity. Tip 
and key pinch were not achieved. Mean two-point discrimi¬ 
nation was 10.6 mm (range, 8 to 12 mm). Ail outcome scores, 
including the Disabilities of Arm, Shoulder, and Hand score, 
showed moderate disability (mean, 76; range, 45 to 82). 

Despite the guarded outlook regarding more proximal 
amputations, some patients achieve useful function that is 
significantly better than that obtained with a prosthesis. 

REPLANTATION TEAM 

Replantation of amputated upper extremity parts should be 
done by surgeons who are trained in surgery of the hand and 
upper extremity. In addition, digital replantation requiring 
the use of the operating microscope should be done by sur¬ 
geons who hâve exhibited the ability to perform reliable 
microvascular anastomoses with a predictable patency rate of 
90% or better. 

Although replantation can be done by one surgeon with 
highly trained and motivated assistants, it is more désirable 
to use rotating teams of surgeons. During the microvascular 
portions of the procedure, at least one of the scrubbed sur¬ 
geons should be proficient at microvascular and microneural 
repairs. The replantation surgeons should be available on a 
rotating basis 24 hours a day except in unavoidable circum- 
stances. Assistants who are familiar with the sequence of 
events, instruments, and other equipment required for 
replantation procedures should be available. Finally, it is 
important that the hospital be able to support such an under- 
taking with surgical suites and an intensive care unit available 
around the clock and with nursing and anesthésia personnel 
to provide the essential care before, during, and after the 
procedure. 

GENERAL CONSIDERATIONS 

The function anticipated after replantation must be better 
than that with a prosthesis or an amputation, and the différ¬ 
ence must be worth the risk, time, and expense. The potential 
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for the replanted part to regain useful motion and sensibility 
must be assessed carefully before committing the patient to a 
long and difficult course of réhabilitation. The following 
factors generally are evaluated for replantation of an ampu- 
tated part: 

■ Age of patient 

■ Severity of injury 

■ Level of amputation 

■ Part amputated 

■ Interval between amputation and time of replantation 
(especially warm ischemia time) 

■ Multiple or bilateral amputations 

■ Segmentai injuries to the amputated part 

■ Patients general condition, including other major injuries 
or diseases 

■ Réhabilitation potential of patient (occupation and 
intelligence) 

■ Economie factors 

These considérations are expanded on in the discussions of 
indications and contraindications that follow. 

INDICATIONS AND CONTRAINDICATIONS 

Because the final decision regarding replantation rests with 
the patient and the surgeon, there are no absolute indications 
for replantation of an amputated part. The following discus¬ 
sion reflects our présent practice combined with the pub- 
lished recommendations of the previously noted authors. The 
factors discussed should be taken as relative guides based on 
current knowledge and expérience. 

■ AGE 

Replantations hâve been reported in patients a few weeks old 
and in patients older than 70 years. The young patient poses 
particular problems, especially regarding digital replanta¬ 
tions, because of the increased technical difficulty in micro- 
vascular anastomoses of their smaller digital vessels. 
Postoperative anxiety may contribute to vasospasm, and 
réhabilitation of children may be less predictable than réha¬ 
bilitation of adults. Nevertheless, satisfactory functional 
results hâve been reported, and most authors consider replan¬ 
tation over amputation of almost any part, including lower 
extremity parts, in children. The success rate of distal finger- 
tip replantations in children has been reported to be higher 
than in adults and may be undertaken by a skilled replant 
surgeon. Vessel size in children may be 0.5 mm, making it 
difficult to place a clamp on the distal segment, and either a 
volar venous anastomosis or controlled bleeding is necessary 
for venous outflow. 

The upper âge limit beyond which replantation should 
not be considered has not been clearly established. Poor nerve 
régénération and joint stiffness limit the functional outcome. 
Replantation above the elbow, through the elbow, or through 
the proximal forearm results in little promise for hand func- 
tion in the elderly; however, the elbow may be preserved in 
anticipation of a subséquent below-elbow amputation to 
allow more satisfactory prosthetic fitting. Because the poten¬ 
tial for return of sensibility and motion is better after replan¬ 
tation at and beyond the tendinous portion of the forearm, 
older patients may be considered as serious replantation can¬ 
didates if their injuries are more distal. Data from the Nation¬ 
wide Inpatient Sample over a 10-year period from 1998 to 
2007 revealed no différence in perioperative complications or 


mortality between patients younger than 65 years of âge and 
those older than 65 years of âge after replantation of fingers 
or thumbs. Age is not an absolute contraindication to very 
distal replantation. 

The patients physiologie status, the presence of other dis¬ 
eases, and general level of activity also should weigh heavily 
in the évaluation. 

■ SEVERITY OF INJURY 

The types of injuries that hâve the best outlook regarding 
survival and return of function after replantation include (1) 
clean, sharp “guillotine” amputations, (2) minimal local crush 
amputations, and (3) avulsion amputations with minimal 
proximal and distal vascular injury. Ideally, significant addi- 
tional injury to the limb should not be présent, especially of 
the vessels, proximally and distally. Crushed and avulsed 
vessels require debridement and the use of interpositional 
vein grafts as needed. Ring avulsion-degloving injuries may 
be revascularized and salvaged; however, if the skin has been 
completely degloved, or if the digit has been amputated, vein 
grafts may be required, and the outlook for useful function is 
extremely uncertain. Ring avulsion amputations through the 
joint usually are best treated by closure of the amputation. 
Injuries contaminated extensively with soil, especially from a 
barnyard, carry a high risk of significant infection and should 
be evaluated carefully before replantation. 

■ LEVEL OF INJURY AND PART AMPUTATED 

Replantation near the shoulder generally carries a poor prog- 
nosis regarding hand function because of unpredictable nerve 
régénération, muscle atrophy, and joint stiffness. Amputa¬ 
tions through the humérus, elbow, and proximal forearm 
hâve the potential for successful replantation and useful func¬ 
tion, especially in a young, healthy patient, and especially if 
the injury is clean and sharp. The patient should be young 
enough and motivated enough to be able to await nerve 
régénération sufficient for return of function. Replantation 
more distally, whether through the distal forearm, wrist, 
metacarpals, or digits, also should be seriously considered 
because generally the potential for sensory and motor return 
is good (Fig. 63-13). Replantation just above the elbow, 
through the elbow joint, or in the proximal forearm has a 
guarded prognosis in older patients because of questionable 
nerve régénération, limitation of elbow motion, and persis- 
tence of intrinsic muscle atrophy. Replantation for salvage of 
the elbow for later below-elbow prosthetic fitting may be 
feasible in selected patients. 

Thumb amputations at almost any level should be con¬ 
sidered for replantation despite nerve and tendon avulsion 
and joint involvement (Fig. 63-14). If the thumb can be revas¬ 
cularized, sensibility can be restored with nerve grafts or a 
neurovascular island pedicle transfer if needed, and motion 
can be achieved with tendon grafts or transfers. Replantation 
may not be successful after amputations caused by roping 
injuries with crush and avulsion components. Replantation 
of single and multiple digits distal to the flexor digitorum 
sublimis insertion should be expected to achieve satisfactory 
function (Fig. 63-15), but amputations at a more proximal 
level, especially through the proximal interphalangeal joint, 
usually resuit in poor function. They are usually stiff and tend 
to impair the overall function of the remaining digits by 
getting in the way. The amputated thumb is the exception to 


FIGURE 


^ A-D f Hand replantation (see text). 



FIGURE 


A and B f Thumb replantation (see text). 
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Multiple-digit replantation in 20-year-old man with saw injury. A and B, Multiple digits amputated distal to flexor 
sublimis insertion. C f Finger flexion and extension 7 months after replantation. D f Sensory return allows for useful finger function. 


this generalization. Although many patients do well without 
replantation of single-digit amputations, such a replantation 
may be worthwhile for some musicians, individuals with 
other spécial occupations, some children, and for other aes- 
thetic or social reasons. Replantation of a single digit also may 
be helpful if the remaining attached digits are severely 
damaged, especially with tendon and nerve injury over the 
proximal phalanx. If multiple digits hâve been amputated, 
replantation of at least two digits in the long and ring posi¬ 
tions provides a good combination of digits to use with the 
thumb for pinch and for power grip. Occasionally, amputa¬ 
tions through the distal phalanx may best be treated by 
replantation, and success with fingertip replantation has been 
reported. Hattori et al. believe that amputation proximal to 
the lunula is a relative indication for replantation. Except in 
some centers, these distal replantations are not performed 
because of the degree of difficulty in identifying and 


anastomosing suitable vessels, longer surgery time, longer 
time off from work, and higher costs. Indications for fingertip 
replantation remain controversial. 

In bilateral amputations, replantation on each side 
should provide better function than bilateral prostheses. If 
replantation is not suitable or possible because of extensive 
injuries on one side, the best side should be selected, and at 
times parts from one side may be attached to the opposite, 
more suitable stump. Although amputations through the 
joints impair the movement of those joints, a satisfactory 
limb can resuit through arthrodesis, excisional or fascial 
arthroplasty, or, in idéal circumstances, silicone implant 
arthroplasty. 

■ WARM ISCHEMIA (ANOXIC) TIME 

Because irréversible necrotic changes begin in muscle after 6 
hours of ischemia without cooling (at 20°C to 25°C), it is 
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préférable to begin the replantation of parts amputated proxi¬ 
mal to the palm within this time. With cooling (to 4° C), this 
time may be extended to 12 hours. For parts with no muscle 
(digits), the allowable warm ischemia time may be 8 hours or 
more. With cooling, this has been extended to longer than 30 
hours. Although replantation of parts containing small 
amounts of muscle, such as the hand, probably is less risky, 
larger parts such as the forearm and arm above the elbow 
probably should not be replanted if they cannot be revascu- 
larized 6 to 8 hours after amputation. The risk of rénal damage 
resulting from myoglobinuria, acidosis, and hyperkalemia is 
increased after the replantation of a part with significant 
amounts of necrotic muscle. The risk of infection also is 
greater, and the long-term outlook for a functional limb is 
poor. 

■ PREEXISTING DEFORMITY OR DISABILITY 

If the amputated part was already deformed or disabled 
because of some congénital or acquired disorder, satisfactory 
function is unlikely to be achieved by replantation. Condi¬ 
tions that would fit this situation include, but are not limited 
to, scar deformity and contracture caused by previous burns 
or mangling injury, significant residual déficits from spinal 
cord or peripheral nerve injuries, and deformities as a resuit 
of stroke. 

■ CONDITIONS THAT MIGHT PRECLUDE 
REPLANTATION 

In the same accident that causes the amputation of a part, 
patients at times sustain significant intracranial, thoracic, car- 
diovascular, or major intraabdominai viscéral injuries requir- 
ing lengthy lifesaving operations. In such circumstances, a 
major limb replantation may be impossible because of exces¬ 
sive ischemia time. Digits may be cooled to 4° C in a refrigera- 
tor and saved for replantation later if technically feasible and 
if the patients condition permits. 

Patients with preexisting diseases that typically affect 
peripheral blood vessels are probably poor replantation can¬ 
didates, especially if their vessels hâve an unsatisfactory 
appearance when inspected under the operating micro¬ 
scope. Patients with diabètes mellitus, rheumatoid arthritis, 
lupus erythematosus, other collagen vascular diseases, and 
significant atherosclerosis fit into this category. Severe 
chronic or uncompensated medical illnesses, such as coro- 
nary artery disease, myocardial infarction, peptic ulcer 
disease, malignant neoplasms, and chronic rénal or pulmo- 
nary disease, may increase the anesthetic risk enough to 
preclude replantation. 

Considérable judgment is required when assessing 
patients with psychiatrie illnesses who hâve amputated parts. 
If the amputation event is an act of self-inflicted mutilation 
or attempted suicide during a psychiatrie épisode that can be 
treated and stabilized, replantation carries considérable risk 
of failure. If the amputated part is a focus in the patients 
mental illness, it is likely that the part, if replanted, will be 
reinjured. If the amputation occurs as a true inadvertent acci¬ 
dent, especially in a patient whose mental illness is compen- 
sated, the outlook for replantation might be better. Valid 
psychiatrie évaluation of patients with amputated parts in an 
emergency department is extremely difficult. The inability of 
patients with profound psychiatrie illness to under stand their 
délicate postoperative condition and to cooperate with the 


difficult réhabilitation process further complicates their care 
as replant patients. 

MANAGEMENT AND TRANSPORTATION OF 
PATIENT AND PART 

At the scene of the injury and in the outlying hospital, the 
patients condition is of utmost importance. Major injuries 
other than the amputated part should take precedence, and 
the patients condition should be stabilized. Major stump 
bleeding should be controlled with pressure. No attempt 
should be made to clamp or ligate vessels. A pressure dressing 
should be applied for transporting the patient to an institu¬ 
tion with replantation capabilities. If bleeding is persistent, 
the temporary use of a pneumatic tourniquet or blood pres¬ 
sure euff is helpful. Elastic tourniquets should not be applied; 
they may be covered later with bandages and forgotten. 

As noted, cooling of the amputated part to about 4° C is 
important to prolong the viability of the part. After the part 
has been found, it can be rinsed gently with stérile saline, 
lactated Ringer, or other physiologie solutions so that excess 
contamination is removed. The part should be treated in one 
of two ways: (1) it may be wrapped with stérile gauze or other 
clean material, soaked in stérile lactated Ringer or saline, and 
placed in a plastic bag, which is then sealed, or (2) it may be 
immersed in a plastic bag containing a physiologie solution 
such as lactated Ringer or saline. The bag is placed on ice in 
an insulated container so that the part is not touching the ice 
to avoid freezing of the part. Dry ice should not be used; 
neither should the part be warmed. Nonphysiologic solutions 
such as alcohol and formaldéhyde should not be used on the 
amputated part. 

No attempt should be made to clamp, dissect, ligate, or 
cannulate vessels on the amputated part because this further 
damages vessels that may be essential to revascularization of 
the part. If the part has been incompletely severed, it should 
be handled gently. Care should be taken to correct any kinking 
of the soft tissues or rotation that might compromise mar¬ 
ginal arterial or venous flow. Stérile bandages moistened with 
a physiologie solution should be applied to the limb and the 
injured part and an ice pack applied to the latter. The limb 
should be supported with padded splints and a nonconstrict- 
ing wrapping for the trip to the hospital. 

When the patient is stable with an intravenous infusion 
in place, the patient along with the part can be transported. 
Although air transportation may be préférable for patients 
traveling great distances, especially in limb amputations, 
ground transportation is suitable if the patient can reach the 
replantation team in 2 to 3 hours and if the amputated parts 
are digits that hâve been appropriately cooled. The receiving 
institution and replantation team should be contacted and 
alerted that the patient is being sent. 

Finally, it is préférable for the patient and family to under- 
stand that the patient is being referred to another hospital and 
other surgeons who hâve the capability to reattach parts 
and who will evaluate the particular situation and make 
appropriate recommendations regarding treatment. This 
understanding helps to minimize unrealistic expectations of 
patients, family, and friends, who usually are quite distraught. 
In a 2010 report from one tertiary replant center, 65% of 
patients transported by air for possible replantation did not 
hâve replantation, with injury characteristic being the main 
contraindication. 
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PREOPERATIVE PREPARATION 

Some aspects of preoperative, intraoperative, and postopera- 
tive management vary slightly among institutions; however, 
general agreement has been reached on many of the basic 
principles regarding replantation. Having two teams to deal 
with replantation candidates from the time of their arrivai in 
the emergency department is most helpful. While one team 
évaluâtes and préparés the patient, the other team assesses the 
amputated part. 

Patient assessment and préparation should include (1) a 
history of the injury and medical history, including serious 
illnesses or previous injuries to the amputated part; (2) physi- 
cal examination, especially to exclude injuries to other major 
organ Systems; and (3) stabilization and resuscitation of the 
patient with the institution of an intravenous infusion, appro- 
priate antibiotics, and tetanus prophylaxis. Blood typing and 
crossmatching are done, and transfusions are given if needed. 
An indwelling urinary cathéter may be inserted in the emer¬ 
gency department or in the surgical suite. Radiographs of the 
amputated part, the amputation stump, the chest, and other 
areas as indicated should be obtained in the emergency 
department. The patient and family are advised of the nature 
of the injury, the uncertainties regarding survival of the part 
and return of function, the possible duration of the replanta¬ 
tion operation, the possibility of repeated operations, and the 
likelihood that the replanted part will never be normal. 


PREPARATION FOR REPLANTATION 


TECHNIQUE 63-8 


■ While the patient is being assessed and prepared, another 
surgeon on the replantation team takes the amputated 
part to the surgical suite to clean it and to evaluate the 
extent of injury. 

■ Clean the part and keep it cool by placing ice in a pan, 
covering the ice with a stérile plastic drape, and placing 
a stérile drape sheet over the plastic and ice. Place the 
part on the drape sheet for dissection under loupe or 
microscope magnification. 

■ Dissect the amputated part to allow exposure of the arter- 
ies, veins, nerves, tendons, joint capsule, periosteum, and 
other salvageable soft tissues. In digits, exposure usually 
is best achieved using midlateral incisions in the radial and 
ulnar aspects allowing reflection of dorsal and palmar 
flaps (Fig. 63-16). Although digital arteries and nerves are 
usually found with ease, locating satisfactory veins is 
more difficult. Careful, gentle, and meticulous dissection 
is required to locate these. 

■ Carefully preserve the small structures and use sutures of 
8-0 or 9-0 nylon to mark them so that they can be located 
easily for nerve repair and vascular anastomoses. 

■ Although multiple vein grafts can be used to provide 
tension-free anastomoses, it is our practice to shorten 
bone, usually in the part of the digit having the most 
bone to spare. In digits, this shortening rarely exceeds 
1 cm. 

■ Place internai fixation in the digit. We usually insert a 
longitudinal Kirschner wire combined with an obliquely 



Dissection of amputated digit. A f Incisions on 
radial and ulnar midline allow reflection of dorsal and palmar 
flaps. B, Structures to be repaired are carefully and gently dis- 
sected using microsurgical instruments and meticulous technique. 
NVB, Neurovascular bundle. SEE TECHNIQUE 63-8. 


Crossing Kirschner wire. Occasionally, interosseous wires 
are used near joints. Plates and screws usually are not 
needed. 

■ If the amputation has occurred through a joint, or if 
the extensor mechanism is irréparable, préparé for 
arthrodesis. 

■ If the amputation is clean and sharp, perfusing the digital 
arteries before anastomosis usually is unnecessary. 

■ If the part has been crushed or avulsed, evidence of distal 
injury may be seen in the form of ecchymoses along the 
vessels or abrasions and lacérations. In these situations, 
gently perfuse the digital artery and vascular tree using a 
small Silastic cathéter and heparinized Ringer solution or 
saline. If there is no return of the perfusate, or if it 
extravasates from distally injured vessels, blood flow is 
unlikely to be maintained after anastomosis. Perfusion for 
brief periods may be helpful in rinsing blood and métabo¬ 
lites from the vascular tree of amputated hands, fore- 
arms, and arms. 

■The approach to the structures of the amputated hand 
and more proximally amputated parts usually is made 
through generally accepted incisions that allow extensive 
exposure of the structures to be identified and repaired. 

■ While the amputated part is being dissected, the patient 
usually is given an axillary brachial plexus block with the 
long-acting local anesthetic bupivacaine. This provides 
satisfactory anesthésia for digital or hand replantation in 
most adults and older children. For proximal amputations, 
younger children, anxious patients, and prolonged surgery 
as in multiple digital or bilateral amputations, general 
anesthésia frequently is préférable. 

■ Pad the operating table well and apply a warming blanket 
to prevent body cooling during prolonged surgery. 
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FIGURE 


Bone management. A f In digits, shortening of 1 cm usually allows tension-free vessel anastomosis without excessively 


impairing hand function. B f Shortening of thumb proximal phalanx with oscillating saw in 2- to 3-mm incréments until satisfactory 
shortening is achieved. C f Bone fixation with longitudinal Kirschner wires usually is sufficient. 


■ Use a pneumatic tourniquet to provide a bloodless field 
for initial dissection of the stump and to control any 
subséquent significant bleeding. 

■ When the patient is comfortable, thoroughly cleanse the 
stump with an antiseptie solution, usually a povidone- 
iodine solution, and irrigate with normal saline. 

■ The stump is dissected by a hand surgeon who has micro- 
surgery training and expérience. 

■ Using gentle and meticulous technique, identify the arter- 
ies, veins, and nerves with magnifying loupes or the oper- 
ating microscope and tag them with sutures of 8-0 or 9-0 
nylon. 

■ Dissect tendons and hold them with 4-0 nylon sutures for 
later repair. 

■ Before initiating reattachment, free clots from the proxi¬ 
mal arterial stumps and open the stumps to allow free 
arterial flow. If no satisfactory flow can be achieved, 
additional dissection, vessel resection, and possibly vein 
grafting may be needed. 


ORDER OF REPAIR 

After ail structures hâve been thoroughly cleansed, debrided, 
and identified, repair is begun. As indicated in the discussion 
that follows, certain conditions or circumstances dictate a 
variation in the order of repair. The following is our usual 
order of repair of damaged structures. Discussions of digit, 
hand, and arm replantations are included. 

1. Shorten and internally fix bone. 

2. Repair extensor tendons. 

3. Repair flexor tendons (2 and 3 may be reversed, or flexor 
tendon repair may be delayed). 

4. Repair arteries. 

5. Repair nerves. 

6. Repair veins. 

7. Close or cover wound. 

If time permits, we often repair the veins immediately after 
extensor tendon repair. This minimizes repositioning of the 


hand and allows for venous anastomosis in a bloodless field. 
It also may minimize venous congestion. Also, if time permits, 
it is easier to repair the nerve just before repairing the artery. 

In distal thumb amputations, it may be easier to anasto¬ 
mose interpositional vein grafts to the terminal branch of the 
ulnar digital artery and largest vein before performing osteo- 
synthesis. The proximal anastomoses can be performed dor- 
sally and proximal to the area of injury. 

MANAGEMENT OF BONES AND JOINTS 

The periosteum is stripped minimally. Bone is shortened to 
permit tension-free vascular anastomoses and nerve repairs 
(Fig. 63-17A). Initial bone shortening reduces the size of the 
soff-tissue defect, allows maximal soff-tissue debridement, 
and changes crush injuries to guillotine injuries. If vein grafts 
are used, the need for bone shortening is minimized, but 
survival dépends on the patency of the two anastomoses of 
the graft, rather than one. Additional time is required to 
harvest the vein and to perform the anastomoses. Vein graft- 
ing may be necessary, however, if the amputation has occurred 
near an undamaged joint. 

Shortening of an amputated thumb should be kept to a 
minimum (Fig. 63-17B). We hâve found that shortening of a 
digit much more than 1 to 1.5 cm at times impairs the func¬ 
tion of the digit. Amputations damaging digital joints usually 
are treated by primary arthrodesis (Fig. 63-18C), but joint 
motion can be preserved by the insertion of a Silastic implant. 
This method probably is best reserved as a primary procedure 
for amputations that are sharp and clean and when occupa- 
tional requirements are best satisfied by having mobile joints. 

Bone fixation in digits and metacarpals usually is achieved 
by using two parallel medullary axial Kirschner wires or a 
single axial Kirschner wire supplemented by an oblique 
Kirschner wire to control rotation (Fig. 63-18A; see Fig. 
63-17C). Wires should be placed to allow joint motion, if 
possible. Occasionally, when the amputation is near an 
undamaged joint, wire loops through drill holes are used (Fig. 
63-18B). Care must be taken to maintain axial alignment and 
rotational control, especially when dealing with multiple 
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Bone fixation. A f Fixation usually is achieved 
with two parallel Kirschner wires (1) or single Kirschner wire 
supplemented with oblique wire (2). B f Wire loop fixation suit- 
able for amputation near undamaged joint. C f Primary arthrod- 
esis with crossed wires for amputation through irreparably 
damaged joint. D f Interosseous wires. 


digital amputations. We hâve not found it necessary to use 
plates and screws for digital or metacarpal fixation during 
replantation. This is an acceptable but often time-consuming 
technique. Periosteal suture with 4-0 or 5-0 absorbable suture 
may be done after bone fixation. Whitney et al. evaluated 
clinical results after use of single and crossed Kirschner wires 
and intraosseous wires with and without Kirschner wire 
support (Fig. 63-18D). Although initial results showed similar 
early angulation deformities in ail groups, intraosseous wires 
were found to hâve the lowest nonunion and complication 
rates. 

Management of the skeleton in more proximal amputa¬ 
tions is more varied and requires more skill in the handling 
of medullary fixation devices, bone plates, and screws than in 
distal amputations. If the amputation level is through the 
carpus, shortening may be achieved and motion preserved by 
excision of carpal bones and temporary fixation with trans- 
articular Steinmann pins. Amputations through the forearm 
and arm usually are shortened 2 to 5 cm to allow tension-free 
vessel anastomoses and nerve repairs. 

For amputations through the forearm, generally accepted 
principles of internai fixation are applied; however, time con- 
straints frequently dictate modifications. Distal radial 
metaphyseal amputations usually are fixed with Steinmann 
pins; plates and screws are used less often. We hâve also used 
intraosseous wiring occasionally with success. Amputations 


more proximally are fixed with plates and screws on both 
bones, intramedullary fixation with Rush rods or Steinmann 
pins in both bones, or combinations, such as a plate and 
screws for the radius and intramedullary fixation for the ulna. 
Medullary screws combined with wire loops are used for 
olecranon amputations. If the elbow joint is comminuted, an 
attempt is made to salvage sufficient bone to allow subséquent 
elbow arthroplasty. Amputations through the humérus are 
usually fixed with plates and screws; however, fracture con¬ 
figuration and time considérations may require interfrag- 
mentary Steinmann pins or intramedullary rods. 

TRANSPOSITION OF DIGITS 

Because of extensive damage to amputated parts or to the 
amputation stump, anatomie restoration of digits is some- 
times impossible. In these situations, a functioning part may 
be restored by moving digits from their original anatomie 
position to a more suitable position. In bilateral digital ampu¬ 
tations, parts from one hand may be better replanted to the 
opposite hand. Priority should be given to restoration of the 
thumb position with provision for a digit in the index or long 
position for pinch. Considération also should be given to 
providing long, ring, and little digits for cup restoration. 
When digital transposition is considered in bilateral amputa¬ 
tions, the dominant hand is given priority if possible. 

TENDON REPAIR 

During replantation, damaged structures are usually repaired 
in a serial fashion from the skeletal plane to more superficial 
planes. This may delay repair of vessels in the sequence so 
that deeper structures can be repaired without jeopardizing 
vascular anastomoses. 

■ FLEXOR TENDONS 

If the amputating injury involves crushing or avulsion of the 
part, and if the amputation is through the digits proximal to 
the flexor digitorum sublimis insertion or if tendon substance 
has been lost, flexor tendons usually are not repaired primar- 
ily. Delayed tendon graffing is planned in these circum- 
stances. At times, silicone rods may be inserted at the time of 
replantation in anticipation of two-stage tendon graffing. The 
condition of the wound, extent of contamination, and poten- 
tial for infection should be considered before silicone rod 
placement. 

A flexor tendon injured distal to the flexor sublimis inser¬ 
tion near the distal interphalangeal joint is reattached with a 
pull-out wire. In injuries over the middle phalanx, the distal 
tendon stump is tenodesed to bone or tendon sheath. 

If the flexor tendons hâve been sharply severed, both 
tendons are usually repaired primarily in injuries at the proxi¬ 
mal phalanx or more proximally. Waikakul et al. found that 
repair of the proximal flexor digitorum profundus to the 
distal flexor digitorum superficialis resulted in a better overall 
arc of motion than did repair of both tendons in zone 2 
amputation and expedited this portion of the replantation. 
Our usual tenorrhaphy involves a modified Kessler technique 
with 4-0 polyester fiber (Mersilene) sutures (see Chapter 66). 
The technique of first placing separate sutures in each end of 
the tendon allows nerve and vessel repair and subséquent 
tying of the sutures as advocated by Urbaniak. This helps 
prevent obstruction of the repair of vessels and nerves by the 
flexed finger. Similar configurations or mattress double 
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right-angle sutures are used more proximally at the wrist and 
in the distal forearm. When technically feasible, the digital 
flexor sheath is repaired with 5-0 or 6-0 nonabsorbable 
sutures, usually nylon. If the flexor tendons hâve been injured 
at the myotendinous junction, the tendon is reattached in a 
fish-mouth configuration with mattress sutures to the muscle 
belly. 

■ EXTENSOR TENDONS 

Extensor tendons are repaired using nonabsorbable 4-0 
sutures. Injuries to the extensor tendons between the meta- 
carpophalangeal joint and the wrist extensor retinaculum are 
usually repaired with mattress sutures. Extensor tendons 
injured at the extensor retinaculum usually require excision 
of a portion of the retinaculum to aid in repair and subsé¬ 
quent tendon gliding. A mattress stitch usually suffices at this 
level and more proximally at the myotendinous junction. This 
injury at the myotendinous level is repaired with insertion of 
the tendon into the muscle belly in a fish-mouth configura¬ 
tion, reinforced with mattress sutures. 

VESSEL REPAIR 

Identifying the volar digital arteries is usually easier than 
finding suitable veins for anastomosis. The arteries lie just 
dorsal to the volar digital nerves. Although both digital arter¬ 
ies can usually be identified with ease, hypoplastic vessels on 
the radial side of the index finger and the radial side of the 
thumb hâve been common in our expérience. In the thumb, 
the princeps pollicis artery can provide sufficient blood flow 
from the dorsum if no palmar arteries are suitable for repair. 

■ ORDER OF VESSEL REPAIR 

Surgeons preferences differ regarding the order in which the 
vessels should be repaired. The approach may vary depending 
on the location of the amputation. In the digits, our practice 
is to repair the arteries first. This allows assessment of ade- 
quacy of flow across the anastomosis and through the digit 
before proceeding with the replantation. If veins are repaired 
first, one has to await arterial anastomosis to détermine 
whether or not blood will flow through the digit and across 
the venous anastomosis. Performing arterial repair first also 
allows the dorsal veins to fill, aiding in the identification of 
hard-to-find veins. In fingertip amputations, identification of 
a central artery arising from the distal transverse palmar arch 
formed by the radial and ulnar digital arteries may be 
required. It is located in the midline of the pulp just volar to 
the distal phalanx and is about 0.85 mm. The dorsal terminal 
vein can be identified in the midline distal to the distal 
interphalangeal joint and is formed by a confluence of veins 
from the nail wall. It is approximately 1 mm in diameter at 
the level of the distal interphalangeal joint. Koshima et al. 
reported a useful technique of delayed venous repair for distal 
replantations. They allowed venous engorgement to occur 
affer arterial repair and returned the patient to the operating 
room the following day for venous anastomosis of dilated 
veins. 

If the amputation has occurred through the palm, wrist, 
forearm, or more proximally, and if the limb can be safely 
revascularized, sometimes blood loss can be minimized if two 
or three large veins can be repaired before the arterial repair. 
This rarely should be done if the ischemia time is 6 hours or 
more. If considérable time has passed affer amputation, 
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repairing the artery first shortens the ischemia period and 
minimizes the risk from revascularization of a part contain- 
ing dying muscle. Carotid endarterectomy shunts and ven- 
triculoperitoneal shunts can be used to make arterial 
connections if the ischemia time is 6 hours or more. Release 
of excessive amounts of potassium, lactic acid, and myoglobin 
should be avoided. If the artery is repaired first in such cir- 
cumstances, venous repair should follow as soon as possible 
to avoid excessive blood loss. In such a situation, the use of a 
pneumatic tourniquet helps to control bleeding. 

Large and small parts may benefit from perfusion of the 
artery, using a small, soft Silastic cathéter and heparinized 
lactated Ringer solution. Crushed small parts and large, 
muscle-containing parts may hâve a better chance for sur- 
vival if they are perfused gently with a heparinized solution. 
Gentle dilation and irrigation of the eut ends of the vessels 
help to clear the field of thrombogenic material. 


VESSEL REPAIR IN REPLANTATION 


TECHNIQUE 63-9 


■ After the arteries hâve been identified and marked with 
a small suture, dissect the veins from the dorsal skin flap. 
Three or four suitable veins usually are found on the 
dorsum of the digit between the metacarpophalangeal 
joint and the midportion of the middle phalanx. Distal to 
this point, only one or two suitable veins may be présent. 
Although volar veins can be seen, they are frequently less 
than 1 mm in diameter and may not be suitable for 
anastomosis. Mark the veins with small sutures and 
proceed to préparé the vessels for anastomosis. 

■ Dissection of the vessels in the palm, on the dorsum of 
the hand, and in the forearm is less tedious than in the 
digits because of the larger vessel size. This dissection 
frequently requires a midpalmar incision paralleling the 
skin creases and curved or zigzag incisions on the dorsum 
of the hand and forearm. 

■ After ail the arteries and veins hâve been identified and 
marked with sutures, mobilize them by dissecting them 
free from the surrounding tissues using gentle and metic- 
ulous technique. Transect small side branches and tribu- 
taries using ligatures, métal clips, or bipolar electrocautery, 
depending on the size of the branch being sacrificed. This 
mobilization aids in a tension-free anastomosis. 

■ When the vessels hâve been mobilized, the size of the 
gap between the vessel ends détermines whether the 
anastomoses can be accomplished without additional 
bone shortening or the use of an interpositional vein 
graft. 

■ Free the vessel of any adventitia that may be causing 
constriction and excise the adventitia from the eut ends 
of the vessels. 

■ Irrigate the vessel with heparinized saline, 100 U/mL. 

■ Use magnification, including the operating microscope, 
to détermine the extent of vessel wall injury. If evidence 
of thrombosis in the wall is found or if the intima has 
been damaged, excise the damaged segment. If an avul¬ 
sion seems to hâve caused the intima to be pulled out of 
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Vessel shifting. A f Dorsal veins mobilized to provide additional distal veins for proximal anastomosis. B f Arteries 
mobilized to allow shifting of artery from intact digit to vascularize thumb (1) and within same digit to vascularize distal amputated 
part (2). SEE TECHNIQUE 63-9. 


9 the vessel ("telescoped"), excise that portion of the vessel 
as well. Extensive avulsing or crushing injuries may cause 
vessel wall injury sufficient to preclude a successful 
anastomosis. 

■ After the vessel préparation has been completed, anasto¬ 
mose the vessels in the order noted previously. Attempt 
to repair both digital arteries and as many veins as pos¬ 
sible, preferably two veins per artery. Use the small vessel- 
approximating clips on the digital vessels. Similar clips are 
available for the larger vessels. Keep in mind the length 
of time these clips are in place, especially on small (1 mm) 
vessels; time elapsed should be kept to a minimum, pref¬ 
erably less than 30 minutes. 

■ After the vascular clips are released, bathe the vessel in 
lidocaine or bupivacaine to minimize spasm. 

■ For digital vessels, use 10-0 or 11 -0 monofilament sutures. 
In the hand, wrist, and distal forearm, 7-0 to 9-0 sutures 
are suitable, whereas vascular injuries near the elbow and 
more proximally require larger sutures, in the 6-0 and 7-0 
range. Most digital arteries require 6 to 8 sutures; digital 
veins require 8 to 10 and sometimes more. Expect a small 
amount of blood leakage; this usually stops in a few 
minutes. 

■ If spasm is encountered, apply warm saline, topical lido¬ 
caine, papaverine, reserpine, and magnésium sulfate to 
relieve the spasm. Although intraoperative and postop- 
erative systemic heparinization has been widely used, we 
hâve used low-molecular-weight dextran and aspirin for 
anticoagulation. 

■ At times, the arteries and veins are so damaged that no 
satisfactory proximal vessel is available to suture to the 
distal vessel or vessel debridement would leave a gap too 
large to correct by simple end-to-end repair. Techniques 


such as interpositional grafting with arterial segments 
and reversed segments of vein, vein harvesting and shift¬ 
ing in the injured digit, and transposition of arterial and 
venous pedicles from adjacent, uninjured digits may help 
to salvage an otherwise nonviable digit (Fig. 63-19). Vein 
grafts usually are harvested from unsalvageable ampu¬ 
tated parts, the dorsum of the hand or forearm, and the 
foot. In some situations, a single vein graft anastomosed 
to a single digital artery proximally may be attached to 
two digital arteries distally, using side-to-end anastomo¬ 
ses or a Y configuration of the graft. When vein grafts 
are used, care should be taken to maintain the proper 
(reversed) flow direction so that flow is not obstructed by 
venous valves. The harvested vein grafts should hâve 
approximately the same diameter as the récipient vessel. 


NERVE REPAIR FOR REPLANTATION 


TECHNIQUE 63-10 


■ With the dorsal and palmar skin flaps retracted, locate 
the digital nerves in the palmar flap, superficial to the 
digital arteries. Usually the nerves can be repaired easily 
after the arterial anastomoses. 

■ Gently dissect the nerves free of the surrounding connec¬ 
tive tissue and mobilize them so that they can be repaired 
without excessive tension. Occasionally, it may be neces- 
sary to transect small side branches for sufficient mobili- 
zation of a nerve. 
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■ When the proximal and distal ends of the nerve hâve 
been mobilized, inspect them using the operating micro¬ 
scope or magnifying loupes and trim 3 to 5 mm of nerve 
from each end. 

■ If the injury has been sharp, the nerves usually are repaired 
primarily. Use two to four epineurial stitches of 9-0 or 
10-0 monofilament suture material to align carefully and 
approximate the fascicles. 

■ For more proximal injuries, dissect the respective nerve 
trunks using standard palmar incisions, paralleling the 
skin creases in the palm and extending proximally up the 
forearm. In a nerve trunk in the palm, at the wrist, and 
more proximally, use a "group fascicular" or peripheral 
fascicular stitch. 

■ If the amputated part has been avulsed, or if significant 
crushing makes the extent of intraneural injury unclear, 
several techniques may be useful. 

■ Trim the nerve ends proximally and distally so that normal- 
appearing nerve can be identified. Insert a nerve graft and 
secure it with microsuture techniques. Nerve grafts can 
be harvested from unreplantable amputated parts, the 
latéral antebrachial cutaneous nerve, and the sural nerve. 
Because of the additional operating time required for 
nerve grafting and the uncertainty regarding the extent 
of intraneural injury, we generally do not include primary 
nerve grafting in the replantation procedure. Instead, 
suture the ends of the avulsed or crushed nerve together 
with an 8-0 mattress suture, anticipating later nerve 
exploration, debridement, repair, or grafting. 

■ As an alternative, if the nerve ends cannot be brought 
together, secure them to the adjacent soft tissues so that 
they can be easily identified and mobilized later for nerve 
grafting. 

■ After ail structures hâve been repaired, close the skin 
primarily if the procedure has been completed promptly, 
if no excessive swelling is présent, and if the skin edges 
can be approximated without tension. 

■ In the digits and more proximal sites, some areas can be 
left open to heal by secondary intention or to be covered 
with skin grafts. Nerves, vessels, bone, joints, and tendons 
should not be exposed if the wounds are left open. 

■ Satisfactory alternatives include closure with Z-plasties; 
local rotation of skin; remote, two-stage pedicle flaps; 
single-stage transfer of composite tissue (free flaps); and 
split-thickness skin grafts. In our expérience, primary 
remote pedicle flaps and free flaps hâve not been needed. 
A combination of skin flap rotation, split-thickness skin 
graft, and leaving the wound partially open has been 
satisfactory. 

■ Apply medicated petrolatum gauze to the skin wounds 
and use a bulky dressing to cover the dorsal and palmar 
surfaces. Fluffed cotton or synthetic material provides a 
soft and gently conforming dressing. Moisten the padding 
with physiologie saline or lactated Ringer solution to 
allow blood to be absorbed into the bandage more 
readily and to permit the bandage to conform more easily 
to the contours of the part. Avoid localized pressure at 
ail times. 

POSTOPERATIVE CARE. The part is adequately padded, 
and a plaster splint is applied to the palmar surface to 


support the fingers, hand, and wrist. Excessive tightness 
or constriction is avoided when securing the bandage. 
The fingertips and small areas of skin are left exposed for 
évaluation of the circulation. During the first week, the 
bandage is moistened with physiologie solutions every 8 
hours to prevent dried blood from forming circumferen- 
tial crusts that might hâve a constricting effect. Although 
early and frequent dressing changes may be necessary for 
the assessment of the circulation or to détermine the 
source and extent of any bleeding, our policy has been 
to delay the initial dressing change for at least 1 week in 
uncomplicated replantations. This decreases the risk of 
disturbing the fragile vascular anastomoses and lessens 
the chance of stimulating vascular spasm. 

The replanted part usually is positioned with the 
hand at heart level as long as the appearance of the 
part is satisfactory. If the replanted part appears con- 
gested and cyanotic because of venous obstruction, 
élévation on several pillows may be helpful. If the part 
becomes pale because of arterial insufficiency, déprés¬ 
sion of the part below the level of the heart may be 
required to enhance arterial flow. Depending on the 
extent of the injury, the patient usually is kept at bed 
rest for the first 3 to 7 days. 

Ma intain ing a warm room, prohibiting smoking by the 
patient and visitors, and advising abstinence from 
caffeine-containing beverages are measures that help to 
prevent vasospasm in the early postoperative period. 
Vasospasm related to pain and emotional distress may be 
prevented or minimized through the use of appropriate 
narcotic analgésies and sédative médications such as 
chlorpromazine (25 mg four times daily). 

Nerve blocks are bénéficiai in the postoperative period 
for the prévention of vasospasm. If small Silastic cathéters 
are left adjacent to the médian and ulnar nerves, 4 to 
5 mL of bupivacaine 0.25% injected every 6 to 8 hours 
may be sufficient. Stellate ganglion sympathetic blocks or 
axillary brachial plexus blocks with bupivacaine are carried 
out once or twice daily in situations in which it is neces¬ 
sary to control vasospasm. 

Various anticoagulants alone or in combination hâve 
been administered by different surgeons. Fleparin, low- 
molecular-weight dextran, aspirin, dipyridamole, and 
sodium warfarin (Coumadin) hâve been most popular. 
Heparin has been advocated in injuries thought to be at 
high risk for thrombosis, especially in replantations with 
extensive crushing or avulsing injuries, replantations 
showing poor flow from the eut ends of vessels before 
anastomosis, replantations with poor or equivocal flow 
across completed anastomoses, and replantations done 
in small children. It has been our practice to use dextran, 
500 mL every 24 hours (10 mlVkg/d in children) for 3 
days, combined with aspirin, 300 mg twice daily for 5 to 
7 days. Antibiotics are administered routinely for 1 week 
after surgery. 


MANAGEMENT OF CIRCULATORY 
COMPROMISE AFTER REPLANTATION 

If the replanted part shows signs of inadéquate circulation, 
prompt évaluation and management of the problem might 
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■ Similar problems may be encountered in the distal arter- 
ies. If good arterial trunks cannot be found, search for 
other arteries to substitute. Repair any vein graft as 
needed. Assess the arterial flow and perfusion distally and 
the appearance of the part. 

■ Inspect ail venous anastomoses to assess patency. If 
flow cannot be restored despite ail efforts, consider 
reamputation. 

■ If on initial inspection ail arterial anastomoses are patent 
and none seem to hâve spasm, torsion, pressure, or 
thrombosis proximally or distally, attention should be 
directed to the veins. 

■ If ail venous anastomoses are patent, the veins proximal 
and distal to the anastomoses should be inspected to 
exclude compression, torsion, and thrombosis. If areas of 
thrombosis are found, excise those segments and repair 
the vessel end-to-end or interpose vein grafts. If the 
venous anastomoses are found to be obstructed by 
thrombi, excise and repair them end-to-end or with vein 
grafts. 

■ Evaluate arterial and venous flow and the appearance of 
the part. If ail available and suitable veins hâve been 
located, repaired, or grafted, and satisfactory flow cannot 
be restored, consider reamputation. 

■ For digital injuries, techniques such as pulp incisions and 
wedge excision of the nail to allow venous oozing may 
allow sufficient flow to persist long enough for a digit to 
survive. In such patients, the hemoglobin and hematocrit 
should be monitored closely so that blood volume loss 
can be corrected promptly. 
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allow salvage of a part that otherwise would be lost. Mechani- 
cal monitors of skin température, oxygen tension, hydrogen 
and fluorescein dilution, and other factors (see Monitoring 
Techniques affer Microvascular Surgery later in this chapter) 
in many instances are sufficiently sensitive to detect signffi- 
cant changes in blood flow before clinically apparent ischémie 
changes develop. If the part is cool and has developed the 
pallor and loss of turgor consistent with arterial insufficiency, 
or if it is cyanotic, congested, and turgid consistent with 
venous obstruction, several measures can be helpful in reliev- 
ing the problem before the patient is taken to the operating 
room for exploration. 

The room should be comfortably warm, and the patient 
should hâve sufficient analgésie médication and be suffi¬ 
ciently sedated to minimize emotional distress. As noted pre- 
viously, the part should be elevated well above the level of the 
heart to enhance venous drainage. Medical-grade leeches 
(Hirudo medicinalis) are effective in relieving venous conges¬ 
tion; however, they may be a source of infection and should 
not be used in the presence of nonviable tissue. If arterial 
insufficiency is suspected, placing the part in a dépendent 
position may be bénéficiai. Splints and dressings are loosened 
or removed to ensure that nothing is causing direct pressure 
on the vessels and that nothing is constricting the limb. Using 
gentle digital pressure, the arteries are lightly “milked” from 
proximal to distal and the veins are “milked” from distal to 
proximal. 

In distal injuries, if Silastic cathéters hâve been leff adja¬ 
cent to the médian or ulnar nerves, 4 to 5 mL of 0.25% bupi- 
vacaine is injected. Stellate ganglion sympathetic blocks and 
brachial plexus blocks also hâve been useful, especially in 
patients with troublesome vessel spasm. Although it is not 
part of our usual routine, many surgeons with extensive expé¬ 
rience find it useful to administer heparin intravenously as a 
bolus of 3000 to 5000 U when attempting to salvage a failing 
replanted part. 

If the replanted part does not respond to these measures, 
the surgeon must décidé, based on knowledge of the injury 
and expérience, whether returning to the operating room to 
explore the vessels is worthwhile. This decision should be 
made promptly when definite signs of impaired circulation 
are évident. Reoperation is more likely to be successful if done 
within 4 to 6 hours of the development of signs of ischemia. 


REOPERATION 


TECHNIQUE 63-11 


■ Although the clinical signs may indicate whether the 
problem is arterial or venous, when the decision to reop- 
erate is made, ail anastomoses are evaluated. 

■ Inspect the arterial anastomoses to détermine patency. 

■ If one or more arterial anastomoses are not patent, excise 
the anastomoses, ensure that there is adéquate "spurt- 
ing" flow proximally, and repair the vessels. 

■ If proximal flow is inadéquate, or the proximal artery 
appears excessively damaged, dissect more proximally, 
find good arteries, and interpose a reversed segment of 
vein graft. 


COMPLICATIONS 

Although circulatory compromise related to the vessel repairs 
is the most pressing complication affer replantation, other 
complications that occur in the early postreplantation period 
include bleeding, skin necrosis, ischemia caused by muscle 
compartment swelling, and infection. Excessive bleeding may 
be from vessels that hâve not been cauterized, or it may be 
caused by anticoagulant therapy. Significant skin necrosis 
usually occurs affer closure of skin that initially appears viable 
but later undergoes necrotic changes resulting from the mag¬ 
nitude of the injury sustained at the initial traumatic amputa¬ 
tion. Additional debridement and secondary closure with 
local flaps or skin grafts may be required. Significant sepsis is 
rare affer replantation and usually is managed satisfactorily 
with appropriate systemic antibiotics, wound debridement, 
and drainage as needed. Although ischemia may be caused 
by excessive muscle compartment pressure, this usually 
occurs in major limb replantations and can be treated with 
appropriate fasciotomies in the arm, forearm, and hand. 
These early complications may require wound inspection and 
dressing changes with the patient under anesthésia in the first 
week affer replantation. 

Later complications, such as nonunion and malunion of 
bones, tendon adhérence, joint stiffness, and delay in return 
of nerve function, usually can be managed with the usual 
techniques appropriate to these problems. In nonunion and 
malunion, bone grafts and internai fixation may be required. 
Tendon adhesions with loss of excursion may require 
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tenolysis and, in some situations, tendon grafting as one-stage 
or two-stage procedures. Stiff joints may require capsulotomy, 
or if sufficient damage has occurred, interposition arthro- 
plasty may salvage motion in selected patients. If a primary 
neurorrhaphy fails to show return of function in a reasonable 
length of time, or if the nerves are not repaired as part of the 
original replantation, reexploration and repair or interposi- 
tional nerve grafting may be necessary. The nature and timing 
of spécifie reconstructive procedures dépend on the indi- 
vidual patients problems and needs and the judgment and 
expérience of the surgeon. 

REHABILITATION 

The spécifie réhabilitation program for each patient dépends 
on many factors, especially the patient s needs and motivation 
and the extent of injury to the part. Generally, no attempt is 
made to begin significant movement of bone, joint, or tendon 
for the first 3 weeks after replantation. Then, depending on 
the extent of injury, most replantation patients are treated in 
a manner similar to most patients with combined tendon, 
bone, and nerve injuries. After the first 3 weeks, most patients 
are encouraged to participate in a graduated program of 
active, active-assisted, and protected passive stretching and 
range-of-motion exercises supplemented by appropriate 
dynamic and static bracing and splinting. 

MONITORING TECHNIQUES AFTER 
MICROVASCULAR SURGERY 

After microvascular procedures such as replantation and free 
composite tissue transfer, a reliable monitoring System should 
be established for the replanted or transferred tissue. Although 
the clinical détermination of the color, capillary refill, tem¬ 
pérature, and turgor is easily made, there is room for error 
because of the subjective nature of these factors, especially 
color and température. This, combined with the possibility 
that considérable ischémie injury may occur before clear 
clinical signs are présent, has led to the development and use 
of a variety of mechanical monitoring devices and techniques, 
including ultrasonic and laser Doppler probes, plethysmog- 
raphy, skin température probes, transcutaneous oxygen 
tension measurements, hydrogen washout techniques, and 
skin fluorescence measurements. 

The Doppler probe and plethysmographic techniques are 
reasonably accurate indicators of arterial flow; however, they 
are not as accurate when venous flow is to be assessed. 
Although the transcutaneous oxygen tension détermination, 
the hydrogen washout method, and the skin fluorescence 
measurement ail hâve been found to be useful and sensitive 
assays of changes in the micro circulation, the use of skin 
température monitoring probes is presently a simple and reli¬ 
able adjunct to the clinical évaluations. With separate tem¬ 
pérature probes attached to the revascularized tissue, adjacent 
normal tissue, and the dressing, relative and absolute changes 
in the température can be monitored constantly. A decrease 
in the température of the replanted digit to less than 30° C or 
a decrease of more than 2° C or 3° C less than the normal 
digit is considered a sign of circulatory compromise. 

Transcutaneous oxygen measurements show changes in 
oxygen tension several hours before the onset of clinical signs 
of ischemia and before température changes occur. This and 
other techniques hold promise for the development of moni¬ 
toring techniques with increasing sensitivity. 


REVASCULARIZATION 

Partial amputation or devitalization of tissues from serious 
vascular interruption can occur without complété detach- 
ment of the part. Some of these parts with impaired circula¬ 
tion ultimately may survive, but there may be persistent 
ischemia that later causes disabling cold intolérance and 
atrophy or contracture of the intrinsic muscles of the hand. 
Digits with impaired circulation show extremely slow return 
of the normal pink color after blanching by pressure. The 
management of these hand injuries is essentially the same as 
for replantation; however, a longer interval from the time of 
the accident to the anastomosis of the vessels may be toler- 
ated, and the procedure can be done by one team. The same 
postoperative routine is carried out as described previously. 
When radial and ulnar arteries are severed at the wrist, 
usually at least one should be repaired. If viability of the hand 
is questionable, both the radial and the ulnar arteries should 
be repaired. 

SPECIAL TECHNIQUES 

For distal fingertip amputations in which microvascular anas¬ 
tomosis is impossible, Brent described the “pocket technique.” 
This technique involves debriding and deepithelializing the 
amputated part, reattaching it as a composite graft, and 
burying it in a contralatéral chest wall subeutaneous pocket 
for 3 weeks. It is then removed, and the viable tip skin is 
grafted. Lee et al. used this technique with an abdominal 
pocket. Muneuchi et al. reported poor results with this tech¬ 
nique in seven fingers and did not recommend it for injuries 
at or proximal to the lunula. To avoid shoulder and elbow 
stiffness, Arata et al. modified this procedure by using the 
ipsilateral palm as the pocket site. In their 16 patients, com¬ 
plété survival was seen in 13, with the remaining three 
showing partial necrosis. 


POCKET TECHNIQUE FOR 
MICROVASCULAR ANASTOMOSIS 


TECHNIQUE 63-12 


(ARATA ET AL.) 

FIRST OPERATION 

■ With the use of wrist or upper arm block anesthésia and 
a pneumatic tourniquet applied to the upper arm, wash 
the amputated part and the amputation stump with 
normal saline and remove the nail. 

■ Reduce fractured bone segments and stabilize them with 
Kirschner wires, cutting the wire as short as possible. 

■ Reattach the amputated part to the amputation stump 
without vascular anastomosis. 

■ After reattaching the amputated part to the digit, use a 
scalpel to deepithelialize the amputed part to the mid- 
dermal layer. 

■ Make a 2-cm transverse incision in the ipsilateral palm 
and bluntly undermine the subeutaneous layer to form a 
pocket. 
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■ Insert the reattached part into the pocket and suture the 
finger to the palmar skin 2 mm proximal to the reat¬ 
tached level to prevent the inserted digit from pulling out 
of the pocket. 

■Apply a light compressive gauze dressing without 
splinting. 

SECOND OPERATION 

■ Sixteen to 20 days after the first operation, carefully 
remove the replanted part from the palmar pocket and 
suture the palmar skin. 

■ Change the dressing to a wet dressing and encourage 
active exercise of the injured finger. 

■At approximately 2 weeks after the second operation, 
epithelialization should be complété and the replanted 
part gradually gains stability. 

Another technique described for replanting distal fin- 
gertip amputations involves anastomosing a volar radial 
vein to the proximal digital artery to create an arteriove- 
nous anastomosis. Venous drainage is accomplished by a 
transverse tip incision. Yabe et al. reported four fingertip 
replantations; three survived, and one developed partial 
necrosis. 


SINGLE-STAGE TISSUE TRANSFER 
(FREE FLAPS) 

Before the development of microvascular techniques, remote 
pedicle flaps were used to cover major soft-tissue defects. In 
1946, Shaw and Payne reported their extensive expérience 
with tubed pedicle flaps based on the superficial epigastric 
and superficial circumflex arterial circulations. Based on that 
report, their analysis of the deltopectoral flap of Bakamjian, 
and their own expérience with the groin pedicle flap, 
McGregor and Morgan explained the différences between 
random pattern and axial pattern flaps. The random pattern 
flap relies on no spécifie established pattern of circulation. A 
length-to-width ratio of greater than 2:1 increases the risk of 
failure of a random flap. An axial pattern flap relies on a defi- 
nite and usually consistent arterial supply centered on one or 
more arteries. There are no rigid length-to-width ratio 
requirements for axial pattern flaps. These flaps generally are 
considered to be cutaneous or myocutaneous, depending on 
the pattern of their arterial circulation. Cutaneous flaps rely 
on a constant circulation from a single artery passing through 
the underlying subeutaneous tissue, supplying the overlying 
skin through the dermal-subdermal vessels. The myocutane¬ 
ous flap receives its cutaneous arterial supply from deep 
vessels that perforate the muscle and fascia to reach the skin 
(Fig. 63-20). Perforator flaps, first described by Koshima and 
Soeda, are skin or subeutaneous tissue flaps that are based on 
a single vascular tributary and its cutaneous perforator 
vessels. The intervening fascia or muscle is not elevated with 
the flap, thus allowing for less donor-site morbidity and better 
récipient-site contouring without a longer and more tedious 
dissection. Common perforator flaps include the deep infe- 
rior epigastric artery perforator flap, antérolatéral thigh flap, 
thoracodorsal artery perforator flaps, and superior-inferior 
gluteal artery perforator flaps. 


Although various workers hâve described many free flaps 
from a variety of donor sites and with many different uses, 
this section discusses the flaps with proven application to 
reconstructive surgery in the extremities. 

INDICATIONS AND ADVANTAGES 

The traditional indications for pedicle flaps are similar to the 
indications for free flaps; however, their versatility increases 
the number of problems that can be dealt with by using free 
flaps. Each case must be considered individually. In most situ¬ 
ations, the use of a free flap implies that using a more tradi¬ 
tional random or axial pattern flap would be impossible or 
inappropriate. Current indications for free flaps include, but 
are not limited to, the following: 

1. Secondary and, in some situations, primary coverage of 
extensive skin and soft-tissue loss with exposure of essen- 
tial structures (e.g., blood vessel, nerve, tendon, bone, 
and joint) 

2. Coverage of a soft-tissue bed unsatisfactory for later 
reconstructive procedures (e.g., scar, chronic draining 
ulcers, and chronic osteomyelitis that prevent tendon 
grafts, tendon transfers, nerve repairs or nerve grafts, 
bone stabilization, and bone grafting) 

3. Replacement of unstable area scars after burns, irradia¬ 
tion, radical surgery for cancer, and scar contracture 

4. Coverage situations for which a suitable random or axial 
pattern flap is unavailable 

5. Coverage situations in which immobilization of the 
extremities for prolonged periods in awkward positions 
is undesirable or impossible 

6. Restoration of spécifie tissue to satisfy a functional need 
(e.g., sensation in the hand or the plantar surface of the 
foot, digital reconstruction in the hand, replacement of 
major skeletal muscle loss in the forearm, replacement for 
bone loss in the upper and lower extremities, replacement 
of lost or destroyed joints in the fingers, replacement of 
functioning epiphyses in the hand and forearm, and cor¬ 
rection of congénital and developmental deformities 
including radial clubhand and congénital pseudarthrosis 
of the tibia) 

The advantages free flaps seem to hâve over more traditional 
techniques include the following: 

1. They usually are done as single-stage procedures. 

2. The choice of a donor site usually is not as restrictive. 

3. There usually is more versatility regarding the matching 
of the color, texture, thickness, and hair distribution of 
the donor area with the récipient area. 

4. In many situations, the donor site can be closed primarily, 
without resorting to skin grafts. 

5. Most donor sites are left with an acceptable appearance. 

6. Well-vascularized tissue with a permanent blood supply 
can replace ischémie or avascular tissue. 

7. When indicated, a vascularized bone graft, functioning 
joints, epiphyses, and skeletal muscle can be electively 
included in the composite graft used to reconstruct a limb. 

8. Prolonged immobilization in awkward positions is not 
required, allowing the patient more freedom in daily 
activities. 

9. Joints adjacent to the récipient area are mobilized earlier 
than after conventional techniques, preventing joint stiff- 
ness and contractures. 

10. Hospital stays usually are shortened. 
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FIGURE 


Arterial supply to axial pattern flaps. A f Cutaneous flap, relying on single artery supplying dermal and subdermal 


vessels. B f Myocutaneous flap, relying on deep musculocutaneous arteries perforating muscle and fascia to overlying skin. 


CONTRAINDICATIONS AND 
DISADVANTAGES 

Although absolute contraindications to the use of free flaps 
are few, the surgeon should hâve réservations regarding their 
use in the following situations: 

1. The surgeon has neither microsurgical training nor 
microsurgical expérience. 

2. Institutional support for a reconstructive microsurgical 
program is insufficient. 

3. No suitable récipient vessels are available in the area 
requiring coverage or tissue reconstruction. 

4. Previous trauma or irradiation to the récipient area may 
hâve damaged the vessels sufficiently to preclude their 
use. 

5. If only one major artery to the foot or the hand is présent, 
the use of it as the récipient vessel for a free flap may 
jeopardize the viability of the foot or hand, even though 
an end-to-side anastomosis is used. 

6. Age alone may not constitute a contraindication; however, 
if major systemic illnesses create a major anesthetic risk 
for the patient, an alternative method of treatment should 
be considered. 

7. If systemic illnesses, such as atherosclerosis, vasculitis, or 
other lésions, hâve caused damage to the vascular System, 
microvascular procedures, although not certain to fail, 
are more likely to fail than are those done when the 
vessels are not diseased. 

8. If previous operative procedures hâve been done in the 
donor area, the donor vessels may hâve been damaged, 
precluding the use of that spécifie donor site. 

9. Obesity makes dissection of vascular pedicles difficult or 
impossible. Bulky, obese flaps are awkward to manipulate 
and difficult to place without causing tension, torsion, or 
disruption of anastomoses. The fat at times causes 


obstruction of a clear view of the vascular pedicles, pre- 
venting the performance of satisfactory anastomoses. 

The disadvantages of free tissue transfer include the 
following: 

1. The initial operation usually is longer than are operations 
for conventional flaps. Free flap procedures take 4 to 10 
hours, depending largely on the flap selected and the 
expérience of the surgical team. 

2. The operations may be difficult and tedious. 

3. Two teams of surgeons usually are required. 

4. If vascular thrombosis occurs, the risk of complété loss 
of the free flap is considérable. 

5. Reportedly, the overall risk of free flap failure compared 
with conventional techniques is greater. A 10% to 30% 
failure rate for free flaps is cited by Sharzer et al. In addition, 
the reoperation rate affer free flap transfers may be 25%. 

6. Postoperative vascular complications, which usually 
occur in the first 24 hours, may be seen 10 days affer the 
procedure. 

SELECTION OF FREE FLAPS 

Numerous free flaps hâve been described. The sélection of 
one spécifie flap over another is influenced by many factors. 
Spécifie tissue requirements at the récipient site are impor¬ 
tant: Is full-thickness coverage needed? Would a skin graff or 
conventional flap suffice? Is a free flap really needed? Is the 
need only for simple coverage? How thick and how large 
should the coverage be? Is skin sensibility, bone, joint, nerve, 
or functioning muscle needed? In general, free skin flaps are 
selected rather than free muscle flaps when dead space is 
minimal and skin and subcutaneous tissue must be matched 
to restore cutaneous sensibility. 

The condition and availability of donor and récipient 
vessels are important considérations in the détermination of 
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which flap would be best in a given situation. Generally, the 
simplest procedure should be chosen that would fulfill the 
tissue requirements of a spécifie récipient area. The flap 
should be designed so that if it fails, a satisfactory salvage 
procedure is possible. In most situations, a major factor in 
flap sélection is likely to be the expérience of the individual 
surgeon using spécifie flaps. 

Single-stage transfers of composite tissue grafts (free 
flaps) are discussed here as they apply to repair and recon¬ 
struction of traumatic, infectious, neoplastic, congénital, and 
developmental problems in the upper and lower limbs. The 
simplest procedures, including local and remote pedicle flaps, 
should be considered first. In circumstances precluding more 
traditional techniques, microsurgical procedures should be 
considered, and in some situations, priority should be given 
to the use of free flaps. 

■ UPPER EXTREMITY 

In the upper extremity, free tissue transfer has proved to be 
useful in the simple coverage of soff-tissue defects, the resto- 
ration of sensibility, the reconstruction of bony defects, the 
replacement of nonfunctioning skeletal muscle units, and 
thumb and digital reconstruction by toe transfers. The trans¬ 
fers of vascularized toe joints to finger joints and toe and 
fibular physes to digital and forearm physes show promise in 
the management of additional difficult reconstructive prob¬ 
lems in the upper extremity. 

Currently, free flaps used most offen in the upper extrem¬ 
ity include the groin cutaneous flap and the dorsalis pedis 
cutaneous flap for soff-tissue coverage. The dorsalis pedis flap 
has an added advantage of having nerve supply through the 
deep and superficial peroneal nerves that can be used in 
restoring sensibility to the hand. For large defects with con¬ 
sidérable dead space, especially around the elbow, free muscle 
transfers, including the latissimus dorsi, serratus anterior, and 
rectus abdominis, are helpful. The gracilis, latissimus dorsi, 
and pectoralis major muscles hâve been used to restore skel¬ 
etal muscle function to the forearm. Ail or portions of the 
great, second, and third toes hâve been used successfully for 
thumb and finger reconstruction. Vascularized bone grafts 
using rib, iliac crest, and fibula hâve been used for bone 
reconstruction in the upper limb and hand. 

Most soff-tissue defects in the upper extremity can be 
treated with direct closure, skin grafts, local flaps, or distant 
pedicled flaps, and these remain the procedures of choice if 
they are technically possible. Immédiate free flap coverage 
can be performed in the upper extremity. Radical initial 
debridement of ail nonviable and potentially nonviable tissue 
and an experienced and well-staffed microvascular team are 
necessary for this approach. 

■ LOWER EXTREMITY 

In the lower extremity, requirements for soff-tissue coverage 
in the management of osteomyelitis hâve been satisfied by 
using the latissimus dorsi muscle, the serratus anterior 
muscle, the rectus abdominis muscle, the gracilis muscle, the 
tensor fasciae latae muscle, the free groin cutaneous flap, and 
the scapular cutaneous flap. The dorsalis pedis cutaneous flap 
also has been used as a neurovascular cutaneous flap to 
provide sensibility to the plantar surface of the foot. Although 
the rib and iliac crest hâve been used to reconstruct bony 
defects in the lower extremity, the curvature and relative 


weakness of these bones limit their usefulness. The vascular¬ 
ized fibula has been applied successfully to a variety of bony 
problems in the lower extremity, including defects caused by 
tumor surgery, trauma, and congénital anomalies, such as 
congénital pseudarthrosis of the tibia. Although the vascular¬ 
ized fibula has been used in the treatment of osteonecrosis of 
the fémoral head, the results are inconclusive to date because 
long-term results in significant numbers of patients hâve not 
been accumulated. 

Several authors hâve discussed the use of free flaps in the 
management of posttraumatic chronic osteomyelitis. Myocu- 
taneous flaps seem to be more résistant to infection than 
random pattern flaps. Some preliminary reports using micro- 
vascular skin and myocutaneous flaps in the treatment of 
osteomyelitis were optimistic, although others were not. 
Major complications, flap failure, and récurrent infections 
hâve been reported. Gordon and Chiu in a study of 14 infected 
tibial nonunions concluded that free muscle transfer alone 
was effective in managing infected nonunions without seg¬ 
mentai bone loss. For small defects (<3 cm), they recom- 
mended a postérolatéral bone graff affer successful free flap 
coverage. Segmentai defects of the fibula and tibia were best 
treated with a subséquent free fibular transfer. 

For large soff-tissue defects (>15 cm), the latissimus dorsi 
is the preferred muscle flap. For smaller distal lower extremity 
defects affer procedures such as sequestrectomy for osteomy¬ 
elitis, muscle flaps such as the gracilis, serratus anterior, or 
rectus abdominis may be préférable. 

PREOPERATIVE REQUIREMENTS 

Proficiency in microvascular techniques and familiarity with 
the vascular anatomy of the various free flaps acquired 
through cadaver dissection are necessary. 

The candidate for a free flap must be evaluated before 
surgery. The patient should be healthy enough to tolerate a 
potentially lengthy procedure. Surgical debridement of ail 
unhealthy tissue should be completed before free flap cover¬ 
age, and the patient should hâve demonstrably normal donor 
and récipient vasculature out of the zone of injury. The ade- 
quacy of vessels can be estimated by clinical palpation of 
peripheral puises, the Allen test in the hand, and the use of 
the ultrasonic Doppler probe. These methods are considered 
inadéquate by some surgeons who favor preoperative angiog- 
raphy, especially in a traumatized extremity, to help assess the 
condition of the récipient vessels. However, preoperative 
angiography may cause damage to the récipient vasculature, 
and at times surgical exposure is the only way to assess the 
vessels. Venography may help détermine the adequacy of the 
deep venous System if the superficial System is incompetent. 
Although it may be difficult to assess the vasculature with 
angiography, if there are any questions regarding the donor 
site, angiography may be helpful. 

Before the operation, the patient is informed of the risks, 
hazards, and potential problems involved in such procedures. 
In addition, laboratory studies, including assessment of 
bleeding and clotting factors, and adéquate blood replace¬ 
ment arrangements should be made. 

GENERAL PLAN OF PROCEDURE 

Excessively cold températures are avoided in the operating 
room. The patient is placed on a heating and cooling blanket. 
Body température is monitored with rectal or esophageal 
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probes. If the planned procedure is expected to last several 
hours, an indwelling urinary cathéter is inserted. After the 
induction of the anesthetic, the patient is positioned appro- 
priately to permit access to the récipient and the donor sites. 
Bony prominences and neurovascular structures are padded 
to avoid excessive pressure. The récipient defect is mapped by 
measuring it and drawing it out on the patient, and the 
mapped defect is superimposed on the donor area so that the 
donor area can be determined to fit when transferred. The 
general courses of the donor and récipient vessels are identi- 
fied by palpation and with a Doppler probe, and the courses 
are marked with a skin marker. In the extremities, a pneu- 
matic tourniquet is used to maintain a bloodless field during 
most of the dissection. After major structures hâve been iden- 
tified, the tourniquet is intermittently inflated and deflated as 
needed. 

Two teams usually are necessary for free tissue transfers, 
especially for larger transfers. One team préparés the récipi¬ 
ent area by debriding scar and ail necrotic tissue, including 
bone. Ail récipient vessels are exposed to détermine that arte- 
rial and venous pedicles of appropriate lengths are available. 
If venous grafts seem to be needed, they should be harvested 
before the delivery of the donor tissue to minimize the isch- 
emia time of the tissue. Care is taken in this dissection to 
avoid stripping the vessel clean because this may cause refrac- 
tory vessel spasm, precluding the planned tissue transfer. In 
the extremities, if the circulation to the limb dépends on a 
single artery, the decision must be made regarding the use of 
the artery through an end-to-end or an end-to-side anasto- 
mosis, or whether the artery should be used at ail. If nerve or 
tendon repairs are planned, those structures are identified as 
well. 

While one team is working on the récipient area, a second 
team dissects the donor area, usually using the identified 
course of the donor artery as the axis for the outlined flap of 
tissue. The approach to the free flap usually begins at the 
vascular pedicle. If suitable arteries and veins are identified, 
the dissection of the flap proceeds. If no satisfactory vessels 
are found on the first side of the body to be dissected, the 
opposite side may be explored if patient positioning and pre- 
operative planning permit. 

After the flap has been elevated, it is left attached to its 
vascular pedicle until the récipient site has been completely 
prepared and it is certain that the récipient vessels are capable 
of supplying sufficient circulation to the donor tissue through 
the pedicle to maintain its viability. When it is certain that 
préparation of the récipient area and the récipient vessels has 
been completed, and that the donor vascular pedicle is long 
enough, the pedicle is transected. The artery usually is 
clamped and transected first to allow time for venous drain¬ 
age to occur. The veins are clamped next and transected. The 
flap is now ready for attachment to the récipient site. The 
donor team delivers the flap to the récipient team. While 
the flap is being attached to the récipient area, the donor team 
closes the donor site wound. Although this usually can be 
done by direct approximation of the wound edges, at times 
split-thickness skin grafts may be required. 

The récipient team loosely attaches the flap to the récipi¬ 
ent site with sutures placed at widely spaced intervals around 
its periphery, sufficient to hold the flap in place to prevent 
shear on the vessels and disruption of anastomoses. The flap 
is positioned so that the vessel anastomoses can be done 


conveniently. Perfusion of the flap with various solutions 
usually is not required. 

The sterilely draped operating microscope is brought into 
the surgical field, and attention is turned to dissecting the 
perivascular adventitia and soft tissue away from the vessels. 
This dissection is done gently to avoid undue trauma to the 
vessel walls. Microvascular anastomoses are carried out first 
on the artery and next on the veins. It sometimes is helpful 
to keep the microvascular clips on the artery until at least one 
venous anastomosis is completed so that the flap does not 
become congested by the arterial inflow while the veins are 
being sutured. Because of potential injury to the vessel wall, 
the clip should not be left attached too long. 

Anastomoses should be done on as many vessels as are 
available and suitable. At the time of the anastomoses, anti¬ 
coagulation therapy may be started; heparin or low-molecular- 
weight dextran can be used. Patency is assessed by removing 
the vascular clips from the artery and the vein. If the flap is 
being perfused through the anastomoses, the patency test of 
the artery shows flow across the repair, and the emptying 
veins rapidly fill. A pink, warm flap, with rapid capillary refill 
and no demonstrable venous congestion is a good indicator 
of satisfactory perfusion in most situations. Other indicators 
of satisfactory flow include bleeding from the skin edges of 
the flap and rapid, bright red bleeding from small stab wounds 
made in the margins of the flap. 

If flow into the flap is questionable, a Doppler probe can 
be used to detect flow, although this may not be reliable. 
Similarly, patients may be given intravenous fluorescein, and 
the flap can be assessed for fluorescent perfusion using an 
ultraviolet light. If arterial spasm occurs, it can be relieved at 
times by using topical papaverine or lidocaine. Stellate sym- 
pathetic ganglion blocks may be helpful if problems caused 
by vessel spasm continue in the upper extremity. 

When satisfactory arterial and venous flow has been 
established, attention can be turned to additional reconstruc¬ 
tive procedures, such as bone, tendon, or nerve grafts and 
tendon transfers, if circumstances permit. If the situation 
does not permit these more extensive procedures, they should 
be delayed until another time. The margins of the flap are next 
sutured in place. Ideally, the vessels should be covered by the 
skin of the transplanted flap or the local skin in the récipient 
area. Split-thickness skin grafts may be required to cover 
exposed areas not completely covered by the free flap. To 
allow easier inspection of the flap after surgery, we do not 
routinely cover free muscle transfers with a split-thickness 
skin graff during the initial procedure. Care is taken to avoid 
excessive tension so that the vessels are not occluded by the 
pressure of overlying skin or muscle. If needed, a small 
suction drain may be left beneath the flap well away from the 
vascular anastomoses to avoid their disruption on removal of 
the drain. 

When the dressing is applied, whether in the upper or 
lower limb, care should be taken to avoid excessive pressure 
on the flap or constriction of the limb proximal to the flap. 
Our practice is to apply a wide-mesh petrolatum gauze to the 
wound edges and over skin grafts. This is covered with a loose 
bandage of gauze. Next, cotton cast padding is evenly applied 
to allow the application of a plaster splint to support the hand 
and wrist, or the foot and ankle, depending on the spécifie 
situation. Although the manner in which a patient awakens 
from the anesthetic is difficult to control predictably, every 
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effort should be made to avoid violent straining, shivering, 
and flailing about, which sometimes accompany this stage of 
the procedure. 

GENERAL POSTOPERATIVE CARE 

Placing the patient in an intensive care unit should ensure 
regular monitoring of vital signs and the vascularity of the 
flap. If the patient has medical illnesses that require spécial 
monitoring techniques, the intensive care setting is probably 
the safest place. After an uncomplicated operation, if the 
nurses and house staff are familiar with administering this 
type of postoperative care, the patient may be cared for safely 
in a hospital room. The room is kept warm; excessive cooling 
is avoided to prevent cold-induced vasospasm. The room is 
kept quiet, and visitors are kept to a minimum to prevent 
emotional upsets that might lead to vasospasm. Cigarette 
smoking by the patient and visitors is prohibited to avoid 
nicotine-induced vasospasm. Cold drinks and those contain- 
ing caffeine also are avoided. 

Médications usually include antibiotics, sédatives, anal¬ 
gésies, and different combinations of anticoagulant médica¬ 
tions. Anticoagulation routines vary, depending on the 
preference of the individual surgeon. In some patients, no 
significant anticoagulant médication is given. Some experi- 
enced surgeons use heparin routinely. Others use low- 
molecular-weight dextran, and our current practice is to give 
dextran, 500 mL, every 24 hours for at least 3 days. In addi¬ 
tion, aspirin usually is added in doses of 300 mg twice daily. 

The involved part usually is kept at the level of the heart 
or slightly elevated to avoid venous congestion. If the flap 
seems to be ischémie, the part can be lowered to improve 
arterial flow. If the flap becomes congested, the part is ele¬ 
vated well above the level of the heart to improve drainage. If 
the flap appears to be in jeopardy, a great deal of time should 
not be spent in carrying out these maneuvers because reex¬ 
ploration is likely to be required, and valuable time may be 
lost awaiting improvement. 

The circulation of the flap can be monitored satisfactorily 
using a variety of techniques. Regardless of the techniques 
used, regular clinical évaluations by the surgical and nursing 
staff are essential. 

MONITORING 

Currently available monitoring techniques include ultra- 
sound and laser Doppler scanning, digital plethysmography, 
radioisotope clearance assays, fluorescein perfusion monitor¬ 
ing, transcutaneous oxygen tension monitoring, and photo- 
plethysmography. Continuous température monitoring is 
widely used and currently seems to be the simplest method 
for assessing température of replanted digits and vascularized 
free flaps. The use of three température probes is required. 
One is placed on the replanted digit or hand, a second is 
placed on an adjacent or an opposite digit, and a third is 
placed on the bandage for monitoring the ambient tempéra¬ 
ture. The normal digital température ranges from 30° C to 35° 
C. Replanted digits should hâve températures within 2° C to 
3° C of the control digit. If the température of the replanted 
digit decreases to less than 30° C, thrombosis on the arterial 
or venous side is likely, and reexploration of the replanted 
part or free flap should be considered. 

If sufficient clinical signs of ischemia accompany the indi¬ 
cations of ischemia by any mechanical monitoring device, the 


patient should be returned to the surgical suite for explora¬ 
tion of the anastomoses. If the flap is pale without capillary 
refill or is cyanotic and congested, if bright red bleeding is 
absent when the flap is punctured with a No. 11 blade, or if 
a deep purple ooze occurs, the flap is in jeopardy, and reex¬ 
ploration is indicated. 

If arterial thrombosis is identified, the arterial anasto- 
mosis and at least one venous anastomosis should be 
excised. This excision allows assessment of perfusion of the 
flap after the arterial anastomosis is repeated. If venous 
thrombosis is the problem, excising the venous anastomosis 
is helpful to allow free bleeding from the flap for several 
minutes to détermine satisfactory flap perfusion and adé¬ 
quate back bleeding from the flap before repeating the 
venous repair. If vessel torsion or tension is found to hâve 
caused thrombosis over a segment of the vessel, interposi- 
tional vein grafting may be required to salvage the flap. The 
wounds are bandaged as noted previously, and the postop¬ 
erative routine is resumed. 

Mobilization of the part is resumed, commensurate with 
the part receiving the tissue transfer. If a simple soft-tissue 
cover has been provided, the parts can be mobilized as soon 
as wound healing and edema permit. If vascularized bone or 
functioning muscle has been transferred, mobilization 
dépends on the requirements of these procedures. If a free 
muscle transfer has been performed, the patient routinely is 
returned to the operating room at 2 to 3 days for any neces- 
sary further debridement and split-thickness skin grafting of 
the flap. The spécifie routines used are discussed in the fol- 
lowing sections covering the spécifie free tissue transfer 
procedures. 

FREE GROIN FLAP 

The iliofemoral (groin) pedicle flap, popularized by McGregor 
and Jackson, has been applied extensively for repair and 
reconstruction in the upper extremity. Since the report in 
1973 by Daniel and Taylor describing its successful use as a 
free flap, many surgeons hâve found it useful for coverage 
problems encountered in reconstruction of the head, neck, 
and trunk and in the upper and lower extremities. Although 
it has been used for the hand, it is particularly suited to cover¬ 
age problems around the elbow. The free groin flap also has 
been bénéficiai for coverage of the exposed tibia and for prob¬ 
lems in the foot, especially over the heel. In some situations 
requiring a bone graft, the underlying iliac crest may be 
included with the groin flap, using the superficial circumflex 
iliac artery or the deep circumflex iliac artery. 

Advantages ascribed to the free groin flap include its 
potentially large size, its location in an area with sparse hair 
distribution, minimal donor site morbidity, its multiple arte¬ 
rial and venous Systems, the potential for incorporating bone 
with the overlying skin, and its proven applications as a tra- 
ditional pedicle flap before the development of microvascular 
surgical techniques. Disadvantages include its potential 
excessive thickness in obese patients, problems with color 
matching, its usually short vascular pedicle, difficulty in dis¬ 
section of the vessels, its lack of satisfactory innervation, and 
the likelihood that previous surgical procedures in the ingui¬ 
nal région might hâve damaged the essential vessels. Primar- 
ily because of its short and unpredictable vascular pedicle, the 
groin flap has lost some of its initial popularity as a free tissue 
transfer. 
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FIGURE 


2 Vascular anatomy of groin flap. Variations iden¬ 


tifiée! in arterial pedicle supplying ilioinguinal région. FA, Fémoral 
artery; IL, ilioinguinal ligament; SCIA, superficial circumflex iliac 
artery; SIEA, superficial inferior epigastric artery. 


■ VASCULAR ANATOMY 

The iliofemoral flap, as usually described, receives its princi¬ 
pal arterial supply from the superficial circumflex iliac artery, 
branching from the fémoral artery Anatomie studies reveal 
variations in the arterial supply, with the superficial inferior 
epigastric artery contributing significantly at times (Fig. 
63-21). Taylor and Daniel found the origin of the superficial 
circumflex iliac and the superficial inferior epigastric arteries 
to hâve one of three patterns (Fig. 63-22). In 48% of their 
specimens, there was a common origin of the superficial cir¬ 
cumflex iliac and the superficial inferior epigastric arteries. 
In 35% there was a large superficial circumflex iliac artery and 
absent superficial inferior epigastric artery. Separate origins 
were found for both arteries in 17%. The arteries arose from 
vessels other than the fémoral artery at times, and the rela- 
tionships were symmetric in about one third of the speci¬ 
mens. The diameters of the vessels were 1.1 to 1.4 mm. 

The superficial circumflex iliac artery passes from its 
origin superficial to the fémoral nerve, remaining subfascial 
until it reaches the latéral border of the sartorius, where it 
passes through the deep fascia into the subeutaneous tissue, 
supplying the dermal-subdermal plexus latéral to the anterior 
superior iliac spine. The flap is drained through the relatively 
constant superficial inferior epigastric and the variable super¬ 
ficial circumflex iliac veins. These veins may enter the fémoral 
vein separately, usually on its anterior surface. They also may 
be found to join at the saphenous bulb. The vascular axis 
of the superficial circumflex iliac artery begins about 5 cm 



Interrelated origins of superficial circumflex 
liac (C) and superficial inferior epigastric (E) arteries from fémoral 
artery (FA) or another parent artery (P). 1, Common origin; 2, 
compensatory superficial circumflex iliac with absent superficial 
inferior epigastric; 3, separate origins; 4, origin from parent vessel 
other than fémoral artery. 


inferior to the inguinal ligament and generally is oriented 
parallel to the inguinal ligament toward the anterior superior 
iliac spine and the inferior angle of the scapula. 

When a groin flap is being designed, this general align- 
ment should be kept in mind. If the iliac crest is to be included 
in the flap, it may be supplied sufficiently by the overlying 
skin and superficial circulation; however, Taylor, Townsend, 
and Corlett hâve shown the importance of the osseous circu¬ 
lation from the deep circumflex iliac vessels. The dissection 
of these vessels is accomplished through the inguinal région. 


DISSECTION FOR FREE GROIN FLAP 


TECHNIQUE 63-13 


■ Position the patient supine with a generous rolled towel 
or sandbag beneath the ipsilateral buttock. 

■ Préparé and drape the skin to allow surgical access to the 
inferior costal margin superiorly, the pubic tubercle medi- 
ally, the circumferential thigh and knee distally, and the 
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FIGURE 


Groin flap dissection. Sartorius fascia has been 


dissected up with cutaneous flap protecting superficial circumflex 


iliac artery and vein. SEE TECHNIQUE 63-13. 


Anatomy of groin flap. Flap outline is centered 
on axis of superficial circumflex iliac vessels perforating sartorius 
fascia near latéral border of sartorius muscle. SEE TECHNIQUE 
63-13. 


S flank posteriorly. Having the thigh within the surgical field 
allows easy abduction and external rotation during 
pedicle exposure and flexion for donor site closure. 

■ Before beginning the dissection of the vessels, use the 
Doppler probe to identify and outline the course of the 
superficial circumflex iliac artery. Using paper, plastic 
sheeting, or other suitable material, outline the récipient 
defect and place the pattern in the inguinal région, gen- 
erally paralleling the inguinal ligament and lying along the 
course of the superficial circumflex iliac artery (Fig. 63-23). 
Groin flaps 30 cm x 20 cm can be harvested; however, 
the portion of the flap that is latéral to the anterior supe¬ 
rior iliac spine is a random pattern flap, and its length-to- 
base width ratio must be 1.5 to 1 or less. 

■ Begin the approach to the vessels from the médial or the 
latéral end of the flap. Daniel and Taylor and Harii and 
Ohmori favored beginning the dissection at the latéral 
end of the flap, fearing damage to the artery, failure to 
identify the vessels, and interférence with use of the flap 
as a pedicle flap should microvascular transfer be impos¬ 
sible. O'Brien et al. recommended beginning the dissec¬ 
tion at the médial end so that the suitability of the arterial 
trunk can be determined. Jackson also pointed out that 
four situations might make the vascular trunk unsuitable 
for microvascular transfer: (1) the presence of multiple 


small veins unsuitable for anastomosis; (2) a single small 
vein; (3) several arteries, none large enough for anasto¬ 
mosis; and (4) one extremely narrow artery. 

■ Generally, we favor starting on the médial end of the flap 
to assess the vessels. If care is taken and the vessels are 
unsuitable for anastomosis, a pedicle flap still can be 
fashioned if the area to be covered is in the upper extrem- 
ity. Both approaches are described here because some 
situations may make the use of one technique better than 
the other. In either case, the landmarks to keep in mind 
are the pubic tubercle, the anterior superior iliac spine, 
the inguinal ligament, and the pulsation of the fémoral 
artery. 

■ When beginning the dissection medially, make a longitu¬ 
dinal incision over the fémoral artery, centered about 
5 cm inferior to the inguinal ligament. Use gentle sharp 
and blunt dissection and stay to the médial side of the 
fémoral artery, watching carefully for the superficial cir¬ 
cumflex iliac artery to arise from the médial or anterior 
aspect of the fémoral artery (Fig. 63-24). 

■ Identify the veins and dissect them gently as well. 

■ Follow the superficial circumflex iliac artery as it passes 
laterally. Include the fascia overlying the sartorius until the 
artery can be seen to pass through the fascia into the 
subcutaneous fat near the latéral border of the sartorius. 
Before reaching that point, incise the outline of the flap 
on the skin as needed to permit identification of the 
vessels and the muscular landmarks. 

■ After the vascular pedicle has been dissected and suit¬ 
able arteries and veins hâve been identified, the entire 
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skin flap can be incised and elevated. The vessels are 
not transected until préparation of the récipient area is 
completed and suitable récipient vessels hâve been iden- 
tified. If the vessels are unsatisfactory for a microvascu- 
lar transfer and if the récipient area is on the upper 
extremity, a pedicle flap still can be fashioned with the 
dissected flap. 

■ When the dissection is begun from the latéral end of the 
flap, a pattern matching the récipient area also is outlined 
over the inguinal région. As noted, the axis of the flap is 
centered about 5 cm inferior to the inguinal ligament. 
The margins of the flap, as outlined, are incised, leaving 
a médial skin bridge intact. 

■ Dissect from latéral to médial, carrying the deep fascia 
with the flap as the latéral border of the sartorius is 
crossed. 

■After the vessels are reached and identified, follow the 
superficial circumflex iliac artery across the fémoral tri¬ 
angle superficial to the iliacus and the fémoral nerve to 
the fémoral artery. 

■ Locate the superficial inferior epigastric vein on the ante- 
rior aspect of the fémoral vein in the same area. 

■ Evaluate the size of the vessels. If spasm is apparent, apply 
topical papaverine or lidocaine to relieve it. 

■ If the vessels are satisfactory, the médial skin bridge can 
be transected; however, the vessels should not be sec- 
tioned until the récipient area is prepared for the skin 
transfer. If the vessels are unsuitable for microvascular 
anastomosis, the flap can be used as a pedicle flap if the 
defect is in the upper extremity. 

■ If the defect to be covered is in the lower extremity and 
the vessels are unsuitable for anastomosis, another donor 
site must be selected or the procedure must be aban- 
doned, regardless of which approach is used for the 
vessels. 

■ After the groin flap has been isolated on its vessels and 
the récipient site has been prepared, transect the artery 
first to allow additional venous drainage, and then tran¬ 
sect the veins. 

■ Apply suture tags to the vessels to avoid losing them if 
they retract into the subcutaneous tissue. 

■ Place the free flap into the récipient defect, oriented so 
that the flap vessels match the récipient vessels. 

■ Place several anchoring sutures in the margins of the flap 
to avoid its being dislodged while the anastomoses are 
being performed. 

■ Suture the artery and the veins as promptly as possible to 
avoid venous congestion in the flap. 

■ While one team is working on the vessels, the other team 
closes the groin donor defect. This usually can be done 
by side-to-side direct closure of the wound. Tension on 
the wound is minimized by undermining the skin margins 
and by flexing the hip to allow closure of the wound. 

POSTOPERATIVE CARE. The general care of the patient 
is essentially the same as that already outlined. The 
circulation to the flap is monitored, and the hip is main- 
tained in a flexed posture for 5 to 7 days, at which time 
graduai extension is begun and continued for another 7 
to 10 days. 


ANTEROLATERAL THIGH FLAP 

This fasciocutaneous flap was first described by Song et al. for 
reconstruction of burn contractures affecting the head and 
neck, and it has been described in hand reconstruction. The 
flap has been found to be reliable, with no failures in seven 
patients. Advantages of this flap include its potential size 
(<800 cm 2 ), its long vascular pedicle (<15 cm), and its use as 
a possible flow-through flap to revascularize a digit. It also is 
potentially sensate through the latéral fémoral cutaneous 
nerve, as reported by Maamoon in his description of its use 
to cover weight-bearing areas of the foot. The flap tends to be 
thick, although using it as a fascial flap with skin graffing 
obviâtes this problem. Dissection may be difhcult if the per- 
forators pass through the vastus lateralis. Kimata et al. found 
in 74 patients that perforators were absent in 4 (5.4%), and 
musculocutaneous perforators were présent in 81.9%. This 
flap is considered unsuitable for use in obese patients, par- 
ticularly women, and in men with extremely hairy thighs. 

■ VASCULAR ANATOMY 

The free antérolatéral thigh flap is based off the descending 
branch of the latéral circumflex fémoral artery. The descend¬ 
ing branch passes between the rectus femoris and the vastus 
lateralis and has an internai diameter of greater than 3 mm. 
After supplying the major branch to the rectus femoris, it 
provides perforators to the skin that pass through the inter- 
muscular septum or through the anterior 4 cm of the vastus 
lateralis. The largest perforator reaches the deep fascia at a 
point 2 cm latéral and 2 cm distal to the midpoint of a line 
drawn between the anterior superior iliac spine and the 
superolateral border of the patella. Venous drainage is through 
one or two venae comitantes accompanying the descending 
branch of the latéral circumflex fémoral artery. The descend¬ 
ing branch of the latéral circumflex fémoral artery is accom- 
panied by motor nerve branches to the vastus lateralis, which 
should be preserved during the dissection. 


DISSECTION FOR ANTEROLATERAL 
THIGH FLAP 


TECHNIQUE 63-14 


(JAVAID AND CORMACK) 

FLAP PLANNING 

■ Before surgery, detect the location of the perforators with 
a Doppler probe using an 8-MHz transducer and mark 
them on the skin. 

■ At surgery, détermine the defect and expose the potential 
récipient site artery and vein. 

■ Join the site for the anastomoses to the defect with 
a suitable incision. Avoid tunneling under intact skin 
bridges where the vascular pedicles may be compressed 
when the skin tightens secondary to postoperative 
swelling. 

■Create a paper pattern that covers the defect and the 
anastomosis site to détermine if the flap and its vascular 
pedicle is going to be of a "tadpole" or "mushroom" 
configuration. 
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Skin marking of antérolatéral thigh flap. Flap 
élévation is accomplished with use of Esmarch tourniquet secured 
to Steinmann pin in anterior superior iliac spine. SEE TECHNIQUE 
63-14. 


9 " Place the paper pattern on the thigh in the appropriate 
position relative to the principal perforator and the pedicle 
to achieve the right configuration. 

FLAP ELEVATION 

■ With the patient supine, apply a stérile Esmarch tourni¬ 
quet secured to a Steinmann pin in the anterior superior 
iliac spine (Fig. 63-25). Begin flap élévation at its médial 
edge where skin and deep fascia are incised. 

■ The latéral cutaneous nerve of the thigh is encountered 
in its downward course from the anterior superior iliac 
spine and can be dissected free of the anterior margin of 
the flap or included if a neurosensory flap is planned. 

■ Continue the élévation to expose the intermuscular 
septum between the rectus femoris and vastus lateralis, 
which is explored for the descending branch. 

■ Continue exploration until the septocutaneous perfora- 
tors or the muscle-perforating vessels from the descend¬ 
ing branch of the latéral circumflex fémoral vessels can 
be seen. Ligate and divide any branches to muscle that 
are not passing through to supply the skin. 

■ If accessory septocutaneous perforators are found arising 
above and below the main perforator, two or more can 
be preserved to increase the vascular connecting points 
between the flap and its pedicle in larger flaps. 


■ If no septocutaneous perforators are présent, carefully 
dissect out perforators from the anterior part of the 
vastus lateralis as they pass through on their way to the 
skin. 

■ When the vascular supply to the flap is ensured, incise 
the posterior and distal parts of the flap. 

■ Remove the Esmarch tourniquet and develop the pedicle 
farther proximally with a skin incision if a "tadpole" flap 
configuration is required. Do not carry the dissection of 
the pedicle above the point where the arterial branch to 
the rectus femoris arises and its venous drainage joins 
because this is the sole supply to the rectus femoris and 
must not be compromised. At about this level, the venae 
comitantes of the descending branch may unité to form 
a single vein before joining with veins from the rectus 
femoris. 

■ Usually the skin defect on the thigh cannot be closed 
directly, partly because the harvest of some of the deep 
fascia allows the muscle to bulge and hinder closure. 
Advance the skin edges and suture them to the muscle 
to reduce the overall size of the defect and cover the 
remaining area with a meshed split-thickness skin graft 
taken from the médial aspect of the same thigh 


SCAPULAR AND PARASCAPULAR FLAP 

Cutaneous flaps based on the circumflex scapular arterial 
System include the cutaneous scapular flap and the cutane¬ 
ous parascapular flap. The scapular flap is considered a ver¬ 
satile cutaneous flap that can cover a defect measuring 10 x 
16 cm. Functional donor site morbidity is not appréciable. 
The skin is thin and hairless, although the hilum may be 
fairly bulky. The pedicle is long and constant, with a length 
of 4 to 9 cm. 

The scapular flap can be elevated and dissected quickly 
and is suitable for small areas of skin loss. Its disadvantages 
include its lack of a cutaneous nerve as an innervated flap and 
the tendency for the donor site scar to spread, limiting its 
usefulness in women. 

■ VASCULAR ANATOMY 

The cutaneous scapular flap receives its circulation through 
the transverse cutaneous branch of the circumflex scapular 
artery and accompanying veins. The circumflex scapular 
artery is a major branch of the subscapular artery, and the 
branches of the circumflex scapular artery hâve several ter¬ 
minal branches (Fig. 63-26). The more superior branches 
supply portions of the supraspinatus and infraspinatus 
muscles. An inferior or infrascapular branch supplies the 
muscles and skin to the inferior angle of the scapula. A 
descending branch divides into the cutaneous parascapular 
artery, which continues inferiorly along the border of the 
latissimus dorsi muscle and a transverse branch, the cutane¬ 
ous scapular artery. 

The cutaneous scapular artery passes through the trian- 
gular space formed by the teres minor superiorly, the teres 
major inferiorly, and the long head of the triceps laterally. 
Two veins accompany the circumflex scapular artery. 
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FIGURE 


Cutaneous scapular artery and two accompanying veins exit through triangular space and supply skin superficial to 


inferior two thirds of scapula. Scapular flap is designated by dotted Unes. SEE TECHNIQUE 63-15. 


DISSECTION FOR SCAPULAR AND 
PARASCAPULAR FLAP 


TECHNIQUE 63-15 


(GILBERT; URBANIAK ETAL) 

■ Place the patient prone or in the latéral decubitus position 
on an axillary pad, allowing mobility of the chest so that 
the patient can be turned prone if needed. If the flap is 
to be used for upper extremity coverage, the contralatéral 
shoulder serves as the donor. In situations in which the 
posterior tibial artery is the récipient vessel, the contralat¬ 
éral shoulder should serve as the donor site. If the anterior 
tibial-dorsalis pedis System is to be used, the donor site 
is the ipsilateral scapular area. 

■ Drape the arm free so that it can be moved through a 
full range of motion, especially adduction and abduction, 
to allow dissection of the vascular pedicle. 

■ Place the patient's arm at his or her side and make an 
outline of the flap in a transversely oriented direction 
centered over the scapula. Urbaniak et al. pointed out the 
usefulness of the "rule of twos" in outlining the scapular 
flap (Fig. 63-27). The médial border extends to within 
2 cm of the vertébral spinous processes. The latéral 
border extends to within 2 cm superior to the posterior 
axillary crease. The inferior border extends to within 2 cm 
superior to the inferior angle of the scapula, and the 
superior border extends to within 2 cm inferior to the 
spine of the scapula. 



"Rule of twos" is helpful in outlining scapular 
flap. Médial border may extend 2 cm latéral to the spinous pro¬ 
cesses and latéral border 2 cm superior to posterior axillary 
crease. Inferior border may extend 2 cm superior to inferior edge 
of scapula and superior border 2 cm inferior to spine of scapula. 


SEE TECHNIQUE 63-15. 
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9 « Make a skin incision and elevate the flap, beginning on 
the médial border approximately 2 cm latéral to the ver¬ 
tébral spinous processes. 

■ Incise the latéral, superior, and inferior borders of the flap. 

Use loupe magnification to aid in the dissection. 

■ Retract the deltoid muscle superiorly and identify the 
teres minor, the long head of the triceps, and the teres 
major forming the triangular space. 

■ Retract the long head of the triceps latérally, the teres 
minor superiorly, and the teres major inferiorly. 

■ Expose the circumflex scapular artery and its venae comi- 
tantes by dissecting along the inferior border of the teres 
minor in the interval superficial to the fascia of the teres 
minor (see Fig. 63-26). 

■ After the flap has been completely excised and mobilized 
so that it is attached only to its vascular pedicle, déter¬ 
mine that the récipient site is prepared, dissect the pedicle 
proximally, and section the vessels, cauterizing and ligat- 
ing or applying a hemoclip to the central stump and 
microvascular clips to the flap pedicle. 

■Close the donor site by mobilizing the skin edges and 
inserting drains as needed. 

■ Nassif et al. described a parascapular flap, receiving its 
vascular supply through the cutaneous parascapular 
artery, a branch of the circumflex scapular artery. The 
orientation of this flap is more vertical, and it parallels the 
anterior margin of the latissimus dorsi muscle. The reader 
is referred to the references for the details of this flap. 


LATERAL ARM FLAP 

The latéral arm flap is a fascial or fasciocutaneous flap based 
on the posterior radial collateral artery, which is a direct 
continuation of the profunda brachii. Its maximal dimension 
is limited (10 cm x 15 cm); however, it has the advantage of 
supplying a relatively thin flap that can be reinnervated 
through the posterior cutaneous nerve of the arm. Also, it can 
be harvested from the same side as the injured forearm or 
hand, eliminating multiple surgical sites. If harvested as a 
fascial flap, it may provide thin pliable coverage for hand and 
finger defects. The chief disadvantages are the relatively short 
(2 to 6 cm) pedicle and variable vessel diameter (1 to 3 mm). 
Flap bulkiness may be an issue; however, this is outweighed 
by the versatility of the latéral arm flap. In reviewing the 
outcome of 123 latéral arm free flaps, Graham et al. thought 
that this flap is best limited to male patients in whom primary 
closure of the donor site is possible. 

■ VASCULAR ANATOMY 

The profunda brachii artery courses along the spiral groove 
of the humérus and passes through the latéral intermuscular 
septum just distal to the deltoid insertion. At this point, it 
branches into a smaller anterior radial collateral artery and a 
larger posterior radial collateral artery (Fig. 63-28). The ante¬ 
rior radial collateral artery accompanies the radial nerve and 
courses anterior to the brachioradialis. The posterior radial 
collateral artery courses posterior to the brachioradialis along 
the latéral intermuscular septum, giving off small cutaneous 
branches that supply the latéral arm flap. It eventually anas¬ 
tomoses with the interosseous récurrent artery around the 



FIGURE 


Vascular anatomy of latéral arm flap. 


latéral épicondyle. The posterior radial collateral artery is 
accompanied by the posterior cutaneous nerve of the arm, 
which innervâtes the distal skin of the flap, and the posterior 
cutaneous nerve of the forearm and two large venae comitan- 
tes, each approximately 2 mm in diameter. 


DISSECTION FOR LATERAL ARM FLAP 


TECHNIQUE 63-16 


■ Préparé and drape free the entire upper extremity up to 
the axilla with the patient in the supine position. Apply a 
stérile tourniquet if available to provide a bloodless field. 
It is easier to carry out the dissection with the arm resting 
on the chest with the elbow in flexion. 

■ Center the flap over the latéral intermuscular septum, 
which courses from the deltoid insertion to the latéral 
épicondyle (Fig. 63-29A). 
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FIGURE 


A, Outline of latéral arm flap centered over latéral intermuscular septum (dotted line). B f Initial posterior incision 


and élévation of flap deep to triceps fascia showing cutaneous branches of posterior radial collateral artery within latéral intermuscular 
septum. C f Exposure of vascular pedicle. D f Flap elevated on its pedicle with posterior cutaneous nerves to arm and forearm. SEE TECH¬ 


NIQUE 63-16. 
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9 " Incise the posterior margin of the flap through the fascia 
overlying the triceps muscle. 

■ Carry the dissection anteriorly between the triceps and its 
fascia until the latéral intermuscular fascia is encountered. 
Identify the cutaneous branches of the posterior radial 
collateral artery within the septum (Fig. 63-29B). 

■ Bluntly separate the septum from the triceps to its full 
depth and note the course of the posterior radial collat¬ 
eral artery within the septum. 

■ Continue the dissection proximally along the vascular 
pedicle between the triceps and deltoid (Fig. 63-29C). 

■ Identify and protectthe radial nerve. Identify the posterior 
cutaneous nerve of the arm, which enters the skin 
flap proximally and superficial to the triceps fascia. This 
may be divided proximally and used for sensory 
reinnervation. 

■ Incise the anterior margin of the flap and elevate it with 
the underlying fascia off the brachialis and brachioradialis 
posteriorly to the latéral intermuscular septum. 

■ Ligate and divide the posterior radial collateral artery and 
venae comitantes, which extend distal to the flap margins 
(Fig. 63-29D). 

■ Proximally, divide the anterior radial collateral artery, and 
when adéquate pedicle length has been gained, divide 
the profunda brachii and its venae comitantes. The pos¬ 
terior cutaneous nerve to the forearm usually is included 
within the flap, although it can be preserved. 

■ Close the wound primarily over suction drains if the flap 
width is less than 6 cm, or skin graft it if necessary. 


MUSCLE AND 
MUSCULOCUTANEOUS 
FREE FLAPS 

Muscle and musculocutaneous free flaps are useful in two 
ways. They hâve been widely applied for coverage of soff- 
tissue defects in the upper and lower extremities and in the 
reconstruction of contour in soft-tissue defects in the head, 
neck, and trunk. Their second major area of usefulness is in 
the transfer of functioning neuromuscular units to replace 
paralyzed muscular units in the face and extremities. Muscle 
flaps tend to atrophy with time, diminishing in bulk, and 
donor site functional déficits usually are insignificant. Unless 
restoration of local sensibility is required, a muscle flap usually 
is préférable to a cutaneous flap for free tissue transfer. 

LATISSIMUS DORSI TRANSFER 

Building on the 1896 reports of Tansini, who used the latis- 
simus dorsi muscle pedicle flap for breast reconstruction, and 
on the extensive use of the latissimus dorsi as a muscle pedicle 
flap for trunk and head and neck reconstruction, Baudet 
et al., Harii et al., and Maxwell et al. showed the successful 
transfer of the latissimus dorsi muscle as a free flap. This 
myocutaneous free flap has been used extensively for soft- 
tissue coverage problems because of its large size and long, 
reliable pedicle of adéquate vessel diameter. 

■ VASCULAR ANATOMY 

Arising from the thoracolumbar fascia, the iliac crest, and the 
lower three ribs, the latissimus dorsi muscle covers most of 



FIGURE 


[iP Latissimus dorsi vascular supply. Thoracodorsal 


branch of subscapular artery with venae comitantes enters muscle 
on its deep surface 8 to 12 cm from humerai insertion. Thora¬ 


codorsal nerve (not shown) accompanies artery. 


the lower portion of the posterior trunk and passes laterally 
to insert on the inferior portion of the bicipital groove of the 
humérus. The principal vascular supply to the latissimus dorsi 
is through the thoracodorsal branch of the subscapular artery 
with its venae comitantes. The thoracodorsal artery courses 
just deep to the anterior margin of the latissimus dorsi and 
enters the muscle on its deep surface 8 to 12 cm from the 
insertion (Fig. 63-30). 

If the thoracodorsal artery is taken below the circumflex 
scapular branch, it has a diameter of 1.5 to 3 mm. Secondary 
vascular pedicles enter the muscle medially from the perfo- 
rating branches of the lumbar and posterior intercostal arter- 
ies. The thoracodorsal nerve follows the artery and has two 
to three fascicles with a diameter of about 2 mm. Ail of the 
muscle with most of its overlying skin can be transferred with 
the thoracodorsal neurovascular bundle. Skin flaps of varying 
sizes may be oriented over the muscle as needed. 


DISSECTION FOR LATISSIMUS DORSI 
TRANSFER 


TECHNIQUE 63-17 


■ Place the patient in the latéral decubitus position, main- 
taining this position with sandbags and kidney rests. 
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A f Latissimus dorsi musculocutaneous flap design (dotted line). Note skin flap along anterior inferior portion of 
muscle. B f Latissimus dorsi muscle flap incision is parallel and 3 cm posterior to anterior edge of muscle. C f Latissimus dorsi flap isola¬ 
tion. Distal and posteromedial portions hâve been released to allow for cephalad dissection of vascular pedicle. Anterior arterial branch 
to underlying serratus anterior is divided. D f Division of circumflex scapular artery allows dissection up to subscapular artery origin of 
axillary artery. SEE TECHNIQUE 63-17. 


■ Préparé and drape the patient, leaving the entire shoulder 
and thorax exposed anteriorly and posteriorly. Drape the 
entire upper extremity free so that it can be easily moved 
about. 

■ Draw a line along the anterior margin of the latissimus 
dorsi muscle from the anterior margin of the posterior 
axillary fold to the midportion of the iliac crest. 

■ Although most of the skin overlying the latissimus dorsi 
muscle can be transplanted, it usually is not required for 
upper extremity reconstruction. If an island of skin is to 
be taken for upper extremity coverage, it may be best 


designed over the anteroinferior aspect of the muscle 
(Fig. 63-31 A). This allows direct closure of the donor site. 
If the flap is to be removed for coverage of larger defects 
(as in the lower extremity), larger skin islands may be 
outlined (10 to 12 cm wide) or the muscle may be 
removed without its overlying skin and split-thickness skin 
grafts may be applied to the muscle belly after the flap 
has been attached to the récipient site. 

■ Make a curved incision, extending from the axilla, follow- 
ing the anterior margin, and include the outline of the 
skin flap. 
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9 « Identify the dorsal surface of the latissimus dorsi to avoid 
dissection of skin from the muscle. 

■ If only a muscle flap is to be harvested, make the incision 
along a line 3 cm posterior to the anterior margin of the 
latissimus dorsi (Fig. 63-31 B). 

■ Separate the latissimus dorsi anteriorly from the serratus 
anterior muscle. Separate the anterior margin of the 
muscle from the posterior iliac crest distal to the skin 
island. 

■ Retract the muscle posteriorly and dissect deep to the 
muscle medially toward the spine. Ligate or cauterize 
perforating vessels entering the muscle medially. With the 
anterior margin and the distal attachments mobilized, the 
muscle can be manipulated freely to allow dissection of 
the neurovascular pedicle. Palpate the vascular pedicle 
proximally near the insertion and 1 to 2 cm from the 
anterior margin. Dissect carefully when mobilizing the 
pedicle. 

■ Using the bipolar cautery, cauterize branches perforating 
the chest wall musculature from the latissimus dorsi. 

■ Identify and preserve the long thoracic nerve to the ser¬ 
ratus anterior deep and anterior to the thoracodorsal 
pedicle. Identify the nerve to the latissimus dorsi, accom- 
panying the thoracodorsal pedicle. 

■ Dissect the pedicle proximal to the branch to the serratus 
anterior muscle to obtain a pedicle length of 8 to 12 cm 
(Fig. 63-31C). Unless the serratus is to be included in the 
muscle transfer, clamp and divide the anterior branch to 
the serratus anterior. 

■ If maximal pedicle length is required, dissect proximally, 
ligating and dividing the circumflex scapular branch, to 
include the entire subscapular artery as it arises off the 
axillary artery (Fig. 63-31D). 

■ After dissecting the neurovascular pedicle, proceed with 
the dissection medially and superiorly, releasing the proxi¬ 
mal attachments of the muscle to the chest wall. 

■ Détermine the amount of muscle required at the récipient 
site (arm or leg) and excise the médial margin of the skin 
flap down to the muscle. 

■ Suture the margins of the skin flap dermis to the fascia 
to avoid shear. 

■ Release the tendon at its insertion and section the neu¬ 
rovascular pedicle only when the récipient site has been 
completely prepared. 

■ If a functioning muscle is required, détermine the maximal 
functional length, as noted in the discussion of transfer 
of functioning muscle to forearm (see later section on 
Functioning Neuromuscular Transfers). 

■ Transfer the muscle to the récipient site and close the 
donor site. A split-thickness skin graft may be required at 
the donor site, depending on the size of skin flap removed. 
Suction drainage is useful to avoid the development of a 
seroma or hematoma in the donor site. 

■Shoulder mobilization can be begun on the day after 
surgery. 


SERRATUS ANTERIOR FLAP 

The first published report of the serratus anterior free flap was 
by Takayanagi and Tsukie in 1982. A musculocutaneous flap 
using the lower three muscular digitations, based on the 



FIGURE 


^ Vascular anatomy of serratus anterior muscle. 


thoracodorsal artery, was used to cover two lower extremity 
defects. Three major advantages of this flap noted by Brody 
et al. were (1) low donor site morbidity, (2) easy divisibility 
of the three separate slips for contouring, and (3) durability 
and adhesion that provide a stable resurfacing for grasp. This 
is a relatively thin muscle with a long vascular pedicle, and it 
can be harvested through a relatively short midaxillary inci¬ 
sion. Removal of the lower three to four digitations has not 
been found to cause winging of the scapula, provided that the 
proximal portion of the long thoracic nerve is not injured. 

■ VASCULAR ANATOMY 

The serratus anterior originates from the first nine ribs to 
insert on the médial border of the scapula. The lower three 
to four digitations are primarily vascularized by a consistently 
présent anterior branch of the thoracodorsal artery (Fig. 
63-32). The upper six digitations receive their blood supply 
primarily from the latéral thoracic artery. The long thoracic 
nerve, which courses superficially along the serratus anterior 
and just anterior to the vascular pedicle, provides innervation 
to ail digitations. A 15-cm vascular pedicle can be achieved 
by preserving the subscapular artery (2 to 3 mm in diameter) 
within the pedicle. 


DISSECTION FOR SERRATUS 
ANTERIOR FLAP 


TECHNIQUE 63-18 


■ Position the patient in the latéral decubitus position. 

■ Préparé and drape the entire upper extremity along with 
the hemithorax. 
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63-18. 


A f Skin incision for serratus anterior free flap. B f Dissection and isolation of serratus anterior free flap. SEE TECHNIQUE 


■ Make a linear incision along the midaxillary line centered 
over the sixth through tenth ribs (Fig. 63-33A). Deepen 
the incision anterior to the leading edge of the latissimus 
dorsi until the loose areolar tissue covering the serratus 
is encountered. 

■ Widely abduct the arm and, using careful blunt dissec¬ 
tion, identify the thoracodorsal artery just beneath the 
latissimus dorsi muscle and its anterior branch to the ser¬ 
ratus anterior (Fig. 63-33B). Just distal to the takeoff of 
this anterior branch, ligate and divide the thoracodorsal 
artery. 

■ Identify the thoracodorsal nerve by direct exposure or by 
using a nerve stimulator and carefully preserve it as the 
dissection is carried proximal along the thoracodorsal 
artery and vein. 

■ Trace the anterior branch distally to the point at which it 
enters the lower three to four digitations of the serratus 
anterior. 

■ Identify and protect the long thoracic nerve proximal to 
this point. 

■ Elevate the lower three to four digitations off the underly- 
ing ribs and intercostal muscles. Section the scapular 
insertion of this portion of muscle. 

■ Verify that the muscle is well perfused by its vascular 
pedicle and divide the pedicle. 

■ Take care to achieve meticulous hemostasis and close the 
wound over suction drainage. 


PECTORALIS MAJOR TRANSFER 

The pectoralis major muscle rarely is used for free muscle 
transfer because of its short pedicle and fairly visible donor 
site morbidity. It is more commonly used as a pedicled muscle 


flap for head and neck reconstruction or to restore elbow 
flexion. It has been used occasionally as a free innervated 
functioning muscle transfer to restore finger flexion. Remov- 
ing only the sternal head of the pectoralis major causes 
minimal functional déficits. 

■ VASCULAR ANATOMY 

The pectoralis major muscle, a humerai internai rotator and 
adductor, has two major components. The superior (clavicu- 
lar) component arises along the médial one half of the clavi- 
cle, extending inferiorly and laterally to the latéral margin of 
the bicipital groove. The inferior (sternocostal) component 
arises along the anterior surface of the sternum, the costal 
cartilage of ribs two through six, and the external oblique 
muscle aponeurosis. It passes laterally, inserting on the 
humérus deep to the clavicular portion of the muscle. 

The pectoralis major receives its major blood supply 
through the pectoral branch of the thoracoacromial artery 
(Fig. 63-34). The pectoral artery gives off its superior branch 
to the clavicular portion of the pectoralis major and its infe¬ 
rior branch to the sternal head. This inferior branch serves as 
the vascular pedicle for transfer of the sternal head. These two 
branches are constant and are présent in 100% of dissections, 
according to Manktelow et al. The sternal portion also may 
be supplied by two less constant arteries, one a branch of the 
pectoral artery (présent in 40% of dissections) and the other 
a branch of the latéral thoracic artery. 

The principal arteries and the accompanying veins are of 
sufficient size to permit anastomosis. According to Mathes 
and Nahai, the dominant vascular pedicle is approximately 
4 cm long with a diameter of 2.5 mm. Manktelow has 
observed five to six nerves to the sternocostal portion. These 
are usually monofascicular branches and pass to the pectora¬ 
lis major from above and below the pectoralis minor and 
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FIGURE 


Vascular supply to pectoralis major. Muscle receives its major blood supply through pectoral branch of thoracoacro¬ 


mial artery. Sternocostal portion receives five to six monofascicular nerves as well. 


through the substance of that muscle. Each nerve has a defi- 
nite area of supply with little overlap. 


DISSECTION FOR PECTORALIS 
MAJOR TRANSFER 


TECHNIQUE 63-19 


(MANKTELOW; IKUTA) 

■ Préparé and drape the chest wall and arm to allow free 
movement of the arm. 

■ The donor muscle usually is selected from the same side 
as the récipient forearm. 

■ Outline an ellipse of skin on the chest wall over the 
muscle mass to be removed, parallel to the inferior margin 
of the muscle and superior to the nipple. 

■ Make an incision extending from the shoulder, curving 
inferiorly toward the sternum and toward the rectus 
abdominis insertion. 

■ Incise the outlined skin to be removed down to the fascia. 

■ Suture the dermis to the pectoral fascia to prevent shear. 

■ Remove the rectus fascia in continuity with the pectoral 
fascia to allow full muscle insertion attachment. 

■ Elevate and mobilize the remaining skin over the muscle. 

■ Identify the neurovascular pedicle by one of two 
approaches: 

■ Elevate the lower margin of the muscle, exposing the 
deep surface, and identify the major branch of the 


inferior pectoral artery and its venae comitantes. Before 
encountering the vascular pedicle, identify the latéral 
and inferior nerves. Dissect carefully; these nerves are 
easily injured. 

■ Alternative^, using a second approach, separate the 
sternal from the clavicular parts of the pectoralis major 
and identify the neurovascular pedicles. 

■ After the muscle has been dissected medially to laterally 
and the neurovascular pedicle has been carefully dis¬ 
sected, détermine that the récipient area is ready. 

■Section the insertion of the pectoralis major from the 
humérus. 

■ If using the muscle as an innervated free muscle transfer, 
reverse it in the forearm so that the origin becomes the 
insertion to allow easier attachment of the neurovascular 
pedicle to the récipient vessels and nerves (Fig. 63-35). 

■One team closes the donor site over suction drainage 
tubes, while the other team attaches the muscle to the 
appropriate tendons and complétés the microneurovas- 
cular repairs. (See discussion of general technique for 
transfer of functioning muscle to forearm.) 


TENSOR FASCIAE LATAE MUSCLE FLAP 

Although its fascial surface may not adhéré to a récipient site, 
the tensor fasciae latae muscle can be used for coverage of 
soft-tissue defects in the upper or lower extremity, as a sensory 
innervated flap, as a functioning neuromuscular unit, and as 
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Scheme of transfer of pectoralis major muscle. Ipsilateral muscle is rotated to allow nerve and vessel repairs on deep 
surface. Inset, Perineurial (fascicular) neurorrhaphy. SEE TECHNIQUE 63-19. 


an osteomusculocutaneous flap incorporating a portion of 
the bone of the iliac crest. Its function as an innervated flexor 
substitute is limited because of its limited excursion; however, 
it has potential as an extensor replacement. A 10 x 30-cm skin 
flap centered over the midaxis of the muscle may be harvested 
with the underlying muscle. 

■ VASCULAR ANATOMY 

The tensor fasciae latae originates from the anterior portion 
of the iliac crest and inserts into the fascia lata of the thigh. 
It has a single major arterial supply, the transverse branch of 
the latéral fémoral circumflex artery from the profunda 
femoris artery. The vascular pedicle enters at the midpoint 
of the muscle approximately 10 cm inferior to the iliac 
crest. The arterial supply lies deep to the rectus femoris 
muscle and gives branches to the rectus femoris, the vastus 
lateralis, and gluteus minimus muscles (see Fig. 63-36B). 
The venous drainage is through the two venae comitantes 
that accompany the arterial pedicle. A vascular pedicle 6 to 
8 cm long can be dissected. The vessels hâve diameters of 2 
to 2.5 mm. 

The tensor fasciae latae receives its motor innervation 
through a branch of the superior gluteal nerve, which enters 
the muscle proximal to the vascular pedicle. The skin area of 
the muscle is located on the latéral thigh between lines 
extending from the anterior superior iliac spine and the 
latéral fémoral condyle anteriorly and the greater trochanter 
posteriorly; it extends from the iliac crest to the knee. This 
skin receives its sensory innervation through the cutaneous 
branch of the T12 nerve and the latéral fémoral cutaneous 
nerve. The branch of the T12 nerve enters the région in the 
subcutaneous tissue near the posterosuperior aspect of the 
flap, and the latéral fémoral cutaneous nerve enters the médial 
portion of the flap in the subcutaneous tissue 8 to 10 cm distal 
to the anterior superior iliac spine. 


DISSECTION FOR TENSOR FASCIAE 
LATAE MUSCLE FLAP 


TECHNIQUE 63-20 


■ Outline on the proximal latéral thigh the area of skin 
required by the récipient area. The midaxis of the muscle 
flap and a musculocutaneous flap is along a line drawn 
from a point 3 cm posterior to the anterior superior iliac 
spine to the head of the fibula (Fig. 63-36A). 

■ Mark the location of the anticipated entrance of the vas¬ 
cular pedicle approximately 10 cm inferior to the anterior 
superior iliac spine. This point usually is located along a line 
drawn transversely and laterally from the pubic tubercle. 

■ If the transfer is to be a neurosensory, osteomusculocu¬ 
taneous, or functional free flap, identify the areas of 
the latéral fémoral cutaneous nerve anteromedially, the 
sensory branch of the Tl 2 nerve posterolaterally, the 
anticipated location of the motor branch, and any 
required bone before making the skin incision. 

■ Plan the flap so that the required neurovascular repairs 
and bone placement if used can be located appropriately 
in the récipient site. 

■ Incise the anterior margin of the flap through the subcu¬ 
taneous tissue and the underlying fascia lata (Fig. 63-36B). 

■ If sensory nerves are to be incorporated in the transfer, 
dissect and identify them at this point. The latéral fémoral 
cutaneous nerve enters the flap 5 to 10 cm inferior to the 
anterior superior iliac spine. Identify the nerve in the 
subcutaneous tissue, dissect it proximally, and divide it, 
providing sufficient nerve for nerve repair before identifi¬ 
cation of the vascular pedicle. 
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FIGURE 


A, Landmarks and skin incision for tensor fasciae latae muscle or musculocutaneous flap. Note vascular pedicle at 


level of pubic tubercle. B f Dissection initially is carried out anteriorly and medially to identify transverse branch of latéral fémoral cir¬ 
cumflex artery deep to rectus femoris muscle. C f Isolation of vascular pedicle. D f Posterior dissection between tensor and gluteus 
maximus. E f Elévation of tensor flap from distal to proximal. SEE TECHNIQUE 63-20. 


■ Continue the dissection anteriorly and medially deep to 
the fascia until the interval between the tensor and rectus 
femoris is encountered (Fig. 63-36C). This interval is 
usually obvious. 

■ Use blunt dissection to locate the transverse branches of 
the latéral fémoral circumflex vessels deep to the rectus 
femoris. 

■ Identify the descending branch that courses distally into 
the vastus lateralis and ligate it. 

■Trace the latéral fémoral circumflex artery with its two 
venae comitantes medially beneath the rectus femoris to 


its origin off the profunda femoris. Take care not to injure 
the fémoral nerve during this portion of the dissection. 

■ After the vascular pedicle has been clearly delineated, 
incise the posterior margin of the skin flap. 

■ Suture the margins of the skin flap to the muscle superiorly 
and to the fascia lata distally to avoid shear on the flap. 

■ Deepen the dissection through the interval between the 
gluteus maximus and the tensor and continue medially 
until the vascular pedicle is encountered (Fig. 63-36D). 
Protect the vascular pedicle with a retractor during this 
portion of the dissection. 
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■ Section the tensor fasciae latae distally and develop the 
flap in a cephalad direction (Fig. 63-36E). 

■ Elevate proximally the superior margin of the flap and 
incise and divide the proximal muscle superior to the 
entrance of the vascular pedicle. 

■ If bone is to be included, carry the dissection more proxi¬ 
mally after incision and élévation of the superior skin to 
the level of the iliac crest. 

■ Using an ostéotomie, include the tensor fasciae latae with 
the underlying iliac crest. 

■ Leave the vascular pedicle intact until the récipient site 
is completely prepared and then section the vessels for 
transfer. 

■ Close the wound over large suction drains. 

■ Hip and knee motion and weight-bearing ambulation can 
be started on the first postoperative day as allowed by 
the récipient site. 


GRACILIS MUSCLE TRANSFER 

The gracilis can be used as a free muscle or a musculocutane- 
ous flap. Because it is fairly small with a long, narrow contour, 
it has only limited use for soft-tissue coverage, but is suitable 
for a free innervated functioning muscle transfer. Its vascular 
pedicle is short and based on a terminal branch of the médial 
fémoral circumflex artery, which has a diameter of 1 to 2 mm. 
It is conveniently harvested with the patient in the supine 
position and has minimal donor site morbidity. 

■ VASCULAR ANATOMY 

Arising from the anterior body and the inferior ramus of the 
pubis and the ischium, the gracilis muscle passes distally in 
the médial thigh posterior to the adductor longus and sarto- 
rius muscles, inserting on the médial aspect of the proximal 
tibia posterior and deep to the sartorius tendon and anterior 
to the semitendinosus muscle insertion. Its innervation 
cornes from a branch of the anterior division of the obturator 
nerve, which has two to four fascicles entering the muscle 6 
to 10 cm from the origin. 

The obturator nerve accompanies the dominant vascular 
pedicle, the médial fémoral circumflex artery, and its venae 
comitantes arising from the profunda femoris artery and 
vein, 8 to 12 cm from the muscle origin (Fig. 63-37). A vas¬ 
cular pedicle can be obtained 4 to 6 cm long with a vessel 
diameter of 1 to 2 mm. Two minor vascular pedicles, branches 
of the superficial fémoral artery, are located distally and may 
be sacrificed. No significant functional loss can be seen after 
removal of the gracilis muscle. 


DISSECTION FOR GRACILIS 
MUSCLE TRANSFER 


TECHNIQUE 63-21 


■ Préparé and drape the entire lower extremity, exposing 
the groin, thigh, and knee so that the limb can be easily 
moved about. Abduct and externally rotate the hip and 
flex the knee to allow access to the médial side of the 
thigh from the groin to the knee. 
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Gracilis muscle neurovascular pedicle. Major 
vascular pedicle to gracilis muscle enters in proximal third of 
muscle and includes a branch of médial fémoral circumflex artery 
and tributary of fémoral vein and anterior branch of obturator 
nerve. 


■ Draw a straight line between the origin of the adductor 
longus and the tibial tuberosity. The gracilis muscle should 
lie posterior to such a line (Fig. 63-38). 

■ To remove a cutaneous flap with the muscle, center the 
outlined flap over the proximal muscle because skin flaps 
in the distal portion hâve been found by Manktelow to 
be unreliable. 

■ After outlining the skin flap, make the skin incision along 
the line marked. 

■ Incise down to the gracilis muscle and suture the dermis 
at the margins to the underlying muscle. 

■ Dissect anterior to the gracilis muscle, separating the 
adductor longus muscle from the gracilis and retracting 
the adductor longus anteriorly. The neurovascular struc¬ 
tures now can be seen entering the deep surface of the 
gracilis muscle. 

■ Ligate or cauterize the vascular side branches to allow the 
development of a long pedicle. 

■ Dissect the gracilis muscle free posteriorly and mobilize it 
proximally and distally by blunt digital dissection. 

■ Ligate or cauterize the lesser vascular pedicles as they are 
encountered distally on the deep surface of the muscle. 

■ If the muscle is to be transferred as a functioning muscu- 
lar unit, détermine its physiologie length by placing 
marking sutures as indicated in the transfer of functioning 
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Gracilis muscle dissection. Gracilis muscle lies 
posterior to line drawn between adductor origin and tibial tuber- 
osity. SEE TECHNIQUE 63-21. 


9 muscle to forearm (see later section on Functioning Neu- 
romuscular Transfers). 

■ Make a short incision in the distal thigh, identify the 
gracilis tendon by blunt dissection, and section the tendon 
distally after determining the needed length. 

■To avoid displacement of the muscle, suture it loosely in 
situ, leaving it attached to the remaining pedicle and 
origin until the forearm is prepared. 

■Section the origin and the neurovascular pedicle and 
deliver the muscle unit to the récipient site. 


RECTUS ABDOMINIS TRANSFER 

The free rectus abdominis muscle flap was first described by 
Pennington, Lai, and Pelly in 1980 and since that time has 
gained increasing popularity primarily because of its large 
and consistent vascular pedicle based on the deep inferior 
epigastric artery and ease of dissection. It is easily dissected 
with the patient supine, and herniation is not a problem if the 
posterior rectus sheath is leff intact and the anterior rectus 
sheath is repaired. There are few or no functional déficits 
caused by its use. Prior herniorrhaphy and transverse abdom¬ 
inal scars preclude its use. It also can be harvested as a mus- 
culocutaneous flap using as much overlying skin as would 
allow primary cio sure. 

■ VASCULAR ANATOMY 

Each rectus abdominis muscle takes its origin along the pubic 
crest and inserts into the costal cartilages of the fiffh, sixth, 
and seventh ribs (Fig. 63-39). The costal cartilages are fairly 
close together in this région, and the muscle insertion is prac- 
tically horizontal. The muscle is fairly rectangular, measuring 
7 to 10 cm wide X 30 cm long. It is enclosed within the rectus 
sheath. The anterior wall of the rectus sheath is complété 
throughout its length; however, the posterior wall is complété 
distally only as far as the arcuate line located halfway between 
the umbilicus and the pubis, at which point it is composed of 
transversalis and subserous fascia only. The muscle is divided 
into four or five transverse sections by tendinous intersec¬ 
tions. One occurs at the level of the umbilicus and another at 
the inferior end of the xiphoid process; a third occurs at a 
point équidistant between these two, and another can occur 
between the umbilicus and the pubis. The deep inferior epi¬ 
gastric artery arises from the external iliac artery. It is 3 to 
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^ Anatomy of rectus abdominis muscle and its 


4 mm in diameter at its origin and is accompanied by two 
venae comitantes. It arises just deep to the inguinal canal, 
pierces the transversalis fascia, and enters the rectus sheath 
latéral and inferior to the arcuate line. It enters the rectus 
abdominis muscle along its deep surface, courses superiorly, 
and ramifies with branches from the superior epigastric 
artery. The muscle receives segmentai innervation from the 
seventh through twelffh intercostal nerves. 


DISSECTION FOR RECTUS 
ABDOMINIS TRANSFER 


TECHNIQUE 63-22 


■ Position the patient supine and préparé and drape the 
entire abdomen from the costal margins above to the 
pubic tubercle below. 

■ Make a longitudinal paramedian incision from just below 
the costal margin to 3 to 4 cm proximal to the pubic 
tubercle (Fig. 63-40A). 

■ Deepen the incision through the anterior portion of the 
rectus sheath. Dissect the underlying rectus muscle from 
the rectus sheath primarily with blunt dissection. 

■ In the areas of the anterior transverse inscriptions, use 
sharp dissection to divide the inscriptions off the overlying 
anterior rectus sheath, being careful not to incise into the 
muscle itself. 

■ Clamp and cauterize the multiple perforating fasciocuta- 
neous vessels as encountered. 

■ Retract the muscle medially and using blunt scissor dis¬ 
section to identify the vascular pedicle located latéral and 
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A f Paramedian incision for harvesting rectus abdominis muscle. B f Rectus abdominis muscle flap isolation. Muscle is 
retracted medially, and inferior epigastric artery is seen entering posterior aspect of muscle within inferior latéral portion of sheath. 


SEE TECHNIQUE 63-22. 


deep to the rectus in the inferior portion of the sheath 
(Fig. 63-40B). The pedicle enters the rectus muscle 
approximately at the junction of its middle and distal 
thirds. 

■Trace the inferior epigastric artery and its venae comitan- 
tes laterally and inferiorly to their origin on the external 
iliac vessels. 

■ Section the muscle proximally and distally, protecting the 
vascular pedicle. Observe that the muscle is being ade- 
quately perfused throughout its length by the inferior 
epigastric vessels only. 

■ When the récipient bed is ready, ligate and divide the 
pedicle near its origin. 

■ Carefully inspect the posterior rectus sheath, and if it has 
been violated, repair it with a strong nonabsorbable 
suture to prevent herniation. 

■ Close the anterior rectus sheath with 3-0 nonabsorbable 
sutures over suction drainage. 

■ Complété the subcutaneous and skin closure in layers. 


FUNCTIONING NEUROMUSCULAR 
TRANSFERS 

Tamai et al., in 1970, first showed in a canine model that a 
functioning neuromuscular unit could be transplanted using 
microvascular anastomoses and nerve repairs at the récipient 
site. Functioning free muscle transfers can be used for replace¬ 
ment of the flexor and extensor compartments of the forearm, 


the muscles of facial expression, and the muscles in the exten¬ 
sor compartment of the leg. 

Muscles that hâve been found useful for this procedure 
include the pectoralis major, latissimus dorsi, gracilis, rectus 
femoris, extensor digitorum brevis of the toes, and serratus 
anterior. The semitendinosus, tensor fasciae latae, and bra- 
chioradialis also can be used for functioning muscle transfers. 
The sélection of a given muscle dépends on the strength and 
excursion of the donor muscle, the skin coverage require- 
ments, the motor nerve availability, and the location of the 
ends of the flexor tendons. The advantage of this procedure 
is the restoration of a functional déficit by transferring a 
viable muscle under voluntary control with little functional 
loss affer transfer. The disadvantages include (1) the loss of a 
functioning muscle, (2) the long reinnervation time, (3) the 
requirement for microvascular skill, and (4) the length of the 
procedure. 

If a simpler procedure, such as a tendon transfer, sufhces 
to restore the desired function, it should be used in preference 
to a free muscle transfer. A high level of patient motivation is 
essential for these procedures to succeed. 

The following should be considered in preoperative éval¬ 
uation and planning: The needs and the neurovascular 
anatomy of the récipient site should be assessed carefully. A 
single, undamaged motor nerve should be available in the 
récipient area to supply the muscle transplant. In the forearm, 
médian nerve branches to the flexor digitorum sublimis or 
the anterior interosseous nerves hâve been used most offen. 
The status of récipient nerves should be evaluated carefully 
by history and physical examination, electromyography, and 
an exploratory surgical procedure if needed. Arteriography is 
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indicated to assess récipient vessels and in some situations the 
donor vessels. The muscle to be transferred should be similar 
in size, strength, and excursion to the muscle to be replaced. 

If a large muscle is required, the latissimus dorsi or pec- 
toralis major muscle is preferred. If a small muscle is needed, 
the gracilis, serratus anterior, or extensor digitorum brevis 
may suffice. The muscle and the neurovascular pedicle should 
be easily accessible. The joints in the récipient extremity 
should be supple with a functional range of motion available 
in the elbow, wrist, and fingers. Stable proximal joints with 
balanced muscles should be présent. Good skin covering the 
récipient site is required. If necessary, a skin island may be 
carried with the transferred muscle in most situations. 


TRANSFER OF FUNCTIONING MUSCLE 

The reader is referred to previous sections for details of 
harvesting a particular donor muscle. Before this procedure 
is begun, préparations should be made for appropriate 
monitoring of vital signs and body température, appropri¬ 
ate padding of bony prominences, a heating blanket, and 
an indwelling urinary cathéter. Two surgical teams permit 
a more efficient and prompt completion of the procedure 
and usually are essential. 


TECHNIQUE 63-23 


FOREARM PREPARATION 

■ Détermine the general location of the récipient arteries 
and nerves, based on previous surgical procedures on the 
forearm, preoperative clinical examination, electromyog- 
raphy, and angiography. 

■ Fashion a paper template to assist in locating the neuro¬ 
vascular pedicle (Fig. 63-41). This also helps to détermine 
the area of needed skin coverage. 

■ Use a pneumatic tourniquet to allow rapid initial dissec¬ 
tion. Inflate and deflate the tourniquet as needed after 
the initial dissection. 

■ Usually an extensive curved or a zigzag incision is required 
for adéquate exposure. 

■ Plan to use the radial or ulnar artery or a suitable large 
branch as a récipient vessel. 

■ On the flexor aspect, plan to expose the ulnar, médian, 
and anterior interosseous nerves as needed. On the 
extensor surface, plan to use branches of the radial 
nerve. 

■ If extensive scarring is présent, carefully dissect from 
normal, uninjured areas into the scarred areas to avoid 
injury to the récipient vessels and nerves. 

■ Exposure of the anterior interosseous nerve and artery 
may require section of the pronator teres in a Z configura¬ 
tion, allowing for later repair. 

■ For venous drainage, use the venae comitantes of the 
arteries selected or superficial veins in the area. 

■ Expose the tendons of the flexor digitorum profundus, 
and mobilize them by dissecting them free from sur- 
rounding scar to ensure satisfactory gliding. 

■ Identify the flexor tendons distally for flap attachment 
and plan to expose the médial épicondyle and surround- 
ing fascia for flexor replacement attachment. 



Médian Basilic 

nerve vein 


FIGURE 


Free transfer, functioning muscle. Paper tem¬ 


plate assists in preoperative planning of skin coverage require- 
ments, musculotendinous attachments, and neurovascular repairs. 
NVB, neurovascular bundle. SEE TECHNIQUE 63-23. 


■ Expose the latéral épicondyle and the extensor origin for 
extensor replacement attachment. 

■ Plan to cover the distal flexor tendon repair with a local 
skin flap or with skin on the transplanted muscle. 

■ Cover the proximal belly of the transplanted muscle with 
a skin graft if needed. 

■ Before anastomosis, détermine that the récipient artery 
shows free pulsatile flow. 

TRANSFER OF FUNCTIONING MUSCLE TO 
FOREARM (MANKTELOW) 

■ After dissecting the donor muscle, leave it attached to its 
major vascular pedicle and at the origin and insertion until 
the récipient area in the forearm has been completely 
prepared. Détermine that the récipient vessels are suitable 
for anastomosis and that ail is ready for transfer to mini- 
mize the muscle ischemia time. 

■ The following method, as suggested by Manktelow, is 
helpful in determining the proper tension for attachment 
of the transferred muscle, especially if the extensor mus¬ 
culature is not intact. Position the extremity so that the 
muscle is fitted to its maximal physiologie length. For the 
latissimus dorsi and the pectoralis major, this would be 
maximal humerai abduction. For the gracilis, this would 
be with the knee fully extended (Fig. 63-42). 

■ With the arm in the appropriate position, place suture 
markers on the surface of the muscle at 5-cm intervals. 
After transfer and revascularization, this length can be 
restored by stretching the muscle from its new origin to 
its new insertion, reestablishing the 5-cm interval between 
the suture markers. 

■ When the length déterminations hâve been made, detach 
the muscle from its origin and insertion, and carefully 
section the arteries, veins, and nerves. 

■ Immediately transfer the muscle to the arm in the best 
position for ease of neurovascular repair and attachment 
proximally and distally. This may require reversing the 
ends of the muscle so that the origin becomes the 
insertion. 

■ On the flexor surface, attach the origin to the médial 
épicondyle and surrounding fascia. 
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Free transfer, functioning muscle. A, Gracilis 
transfer. Pretransfer muscle length is determined by placing métal 
clips 5 cm apart in muscle. B f Transferred muscle attached proxi- 
mally. Pretransfer length is restored with traction on muscle suf- 
ficientto restore 5-cm interval between métal clips. SEETECHNIQUE 
63-23. 




■ On the extensor surface, attach the origin to the latéral 
épicondyle, fascia, and periosteum. 

■ Loosely suture the muscle in place to prevent its displace¬ 
ment during the neurovascular repairs. 

■ While the muscle is being attached by one team, the 
other team closes the donor site. 

■ Position the transferred muscle so that the arterial and 
venous anastomoses can be carried out easily (Fig. 63-43). 
Position the vascular repairs so that the nerve repairs are 
as close to the muscle as possible. This should shorten 
the period of muscle denervation. Manktelow reported a 
distance of 2 to 3 cm in most of his patients. 

■ Blood loss can be decreased by repairing one or more 
large veins before repairing the arteries; however, as long 
as the ischemia time is minimized, the order of repair is 
not critical. After completing the vascular repairs, connect 
the nerves with careful fascicular repair (see Primary Neu- 
rorrhaphy, earlier) using 10-0 or 11-0 nylon suture. 

■ Restore the predetermined 5-cm intervals on the muscle 
belly by pulling the transferred muscle out to length, and 
mark on the récipient tendons the appropriate locations 
for repair. 

■ Weave the flexor digitorum profundus tendons into the 
transplanted tendons as marked. 

■ Before attaching the récipient tendons to the donor flap, 
secure the récipient tendons to each other with a side- 
to-side suture. If the transferred muscle has no tendon, 
attach the récipient tendons by sewing them into the 
muscle and securing them with mattress sutures. 

■ Cover the distal musculotendinous repair with a local skin 
flap or skin carried with the transferred muscle. Split- 
thickness skin grafts can be used to cover the muscles 
proxi ma lly. 


Free transfer, functioning muscle. A, Scheme of 
transfer of functioning gracilis muscle from right thigh, reversed 
to match for neurovascular repairs in left forearm. If ipsilateral 
gracilis muscle is used, reversai is unnecessary. B, Transfer is com- 
pleted; muscle is attached to fascia and periosteum proximally 
and interwoven with flexor tendons distally. SEE TECHNIQUE 63-23. 


■ Close the wounds loosely to avoid constriction of vessels 
and apply plaster splints with the wrist and fingers mod- 
erately flexed to relieve tension on the muscle and tendon 
repairs. 

POSTOPERATIVE CARE. Maintain the systemic circula¬ 
tion with good peripheral perfusion, ensuring adéquate 
hydration. A postoperative anticoagulation routine may 
be followed, depending on the training, expérience, and 
preference of the surgeon. 

Gentle passive stretching exercises are begun 3 weeks 
after the operation and are continued until a full range 
of motion is achieved. As reinnervation occurs, usually at 
2 to 4 months, active finger flexion is begun. Usually 
by 6 to 12 months, daily exercises include active résistive 
exercises. Various physical therapy techniques to increase 
the strength and range of motion are used throughout 
the course. Muscle strength stabilizes 2 to 3 years 
after the transplantation. 


FREE VASCULARIZED BONE 
TRANSPLANT 

Ostrup and Fredrickson and Doi et al. were the first to report 
their experimental success using microvascular techniques to 
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FIGURE 


Vascularized bone grafts. Three sites considered best sources of vascularized bone, with blood supply shown. A f Fibula 


with peroneal vessels is preferred for long bone defects. B f Rib site with intercostal vessels. C f Iliac crest with deep circumflex iliac vessels 
shown. Sites depicted in B and C are preferred for shorter bone defects and mandibular reconstruction. 


transfer ribs as bone grafts to the mandible of dogs. Their 
work showed that vascularized bone grafts remained viable, 
based on their medullary and periosteal circulation, and 
healed without undergoing “creeping substitution.” 

Taylor, Miller, and Ham, in 1975, were the first to report 
a clinical case of a free vascularized bone graft to reconstruct 
a large defect in a tibia in which conventional bone grafting 
techniques had failed. This technique is applicable to a variety 
of orthopaedic problems, including long bone defects after 
trauma, irradiation, and excision for tumor, congénital 
pseudarthrosis of the tibia, and congénital and acquired bony 
defects of the upper extremity. It also has been used as a 
concomitant vascular bone graft in a spine fusion for scolio- 
sis. More recently, free vascularized grafts from the médial 
fémoral condyle harvested as either thin periosteal or corti- 
coperiosteal grafts hâve proven useful in treatment of non- 
unions of the ulna, metacarpals, clavicle, tibia, humérus, 
mandible, and scaphoid. 

As outlined by Taylor, the free vascularized bone graft 
(fibula) has the following advantages: 

1. It is accomplished in a one-stage procedure. 

2. The graft can be “doweled” into the tibia proximally and 
distally for stability during anastomoses. 

3. Tubular bone is stronger than an onlay cortical bone 
graft. 

4. Bleeding bone with endosteal and periosteal circulation 
is transferred to the récipient site. 

5. If the anastomoses fail, the fibula can function as a tradi- 
tional cortical bone graft. 

The disadvantages cited include the following: 

1. A long operation is required, limiting its application pri- 
marily to younger patients. 


2. The procedure should be done electively. 

3. Morbidity is created at the donor site, which may cause 
problems at the knee and ankle. 

4. The patency of the anastomosis cannot be easily assessed. 

5. A major vessel is sacrificed in the donor and the récipient 
limb. 

The iliac crest, rib, and fibula currently are considered the best 
sources for vascularized bone grafts (Fig. 63-44). For most 
orthopaedic reconstructive procedures, the fibula is the pre¬ 
ferred donor bone if its circulation has not been injured. The 
fibula has the following qualities: 

1. It is a straight cortical bone. 

2. A graft about 26 cm long can be harvested from an adult. 

3. Muscle, an articular surface proximally, and, in a child, a 
proximal physis are available. 

4. The vascular pedicle consists of the peroneal artery (1.5 
to 2.5 mm in diameter) and its two venae comitantes (2 
to 3 mm in diameter) and may be 1 to 5 cm in length. 

5. The dissection is superficial and straightforward. 

6. Complications are minimal, especially if the peroneal 
nerve and tibial vessels are protected. 

7. Usually, overlying skin and nerve are unavailable. 

8. It is useful for long bone defects. 

The characteristics of the iliac crest graft include the 
following: 

1. It is a curved and corticocancellous bone. 

2. A length of 8 to 10 cm can be used. 

3. Its vascular pedicle consists of the superficial circumflex 
iliac artery (0.5 to 3 mm in diameter) or the deep circum¬ 
flex iliac artery and the superficial inferior epigastric 
veins (1.5 to 3 mm in diameter), and it is 1 to 5 cm in 
length. 
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4. If the superficial vessels are used, the dissection is super- 
ficial. If the deep vessels are chosen, the dissection is deep 
and tedious. 

5. Overlying skin and cutaneous nerves are available. 

6. Muscle, articular surface, and physes are unavailable. 

7. Complications include abdominal wall hernia and neu¬ 
romas in the cutaneous nerve stump. 

8. It can be used as a composite bone and skin graff in the 
extremities and for mandibular reconstruction. 

The rib as a free vascularized graft has the following 
characteristics: 

1. It is a curved, membranous, flexible bone. 

2. A length of 30 cm can be obtained. 

3. Its vascular pedicle includes the posterior intercostal 
artery (1.5 to 2 mm in diameter) and single intercostal 
vein (1.2 to 2.5 mm in diameter) and may be 3 to 5 cm 
in length. 

4. The dissection is deep and difflcult, and tube thoracot- 
omy may be required. 

5. Complications may include pneumothorax. 

6. The nerve, overlying skin, muscle, and an articular surface 
are available. 

7. A physis is unavailable. 

8. It is most applicable to mandibular reconstruction and to 
extremity injuries requiring composite skin and bone. 

INDICATIONS 

The transfer of a vascularized bone graft is indicated when 
traditional bone graffing techniques cannot be done, espe- 
cially if soff-tissue coverage is inadéquate. It also may be 
useful when traditional bone graffing techniques hâve failed. 
Its use for treatment of congénital pseudarthrosis of the tibia 
also has been reported, and it also is used for bony recon¬ 
struction affer excision for tumors or conditions such as 
fibrous dysplasia. 

PREOPERATIVE PLANNING 

A bone graft donor site should be selected based on the needs 
of the récipient site. For a segmentai defect or bone gap of 
6 cm or less, traditional bone graffing techniques may suffice. 
For a defect 6 to 10 cm, the iliac crest or fibula may be appro- 
priate. For a defect greater than 10 cm, a fibula is préférable 
as a vascularized bone graft. 

Angiography of the donor and récipient limbs should be 
performed to permit planning and to obtain information 
regarding anomalous vascularity or vascular injury. The tech¬ 
nique recommended by Taylor is to superimpose the image 
of the fibula with its vascular pedicle from the donor leg 
angiogram on the récipient leg radiograph. This permits plan¬ 
ning for the placement of the anastomoses and an estimation 
of vessel size and bone needs. The procedure can be rehearsed 
in the anatomy dissecting room to enhance operative skills. 

FREE VASCULARIZED FIBULAR TRANSFER 

The fibula is the most common bone used for free vascular¬ 
ized osseous transfers. Its length and linear contour make it 
the preferred donor for long bone reconstruction. The fact 
that it is a strong cortical bone allows it to be rigidly fixed 
with plates and screws. It can be dissected rapidly under 
tourniquet control and is considered a fairly expendable 
bone. Its pedicle, consisting of the peroneal artery (1.5 to 
3 mm) and its venae comitantes, is 6 to 8 cm long. The 


nutrient artery enters the bone in the middle third. About 
26 cm of bone can be harvested. It can be elevated as a bone- 
muscle complex by incorporating the flexor hallucis longus 
or the soleus or as a bone-skin complex by incorporating the 
overlying skin. Two techniques for harvesting the fibula are 
described, one a posterior approach and the other a latéral. 
We prefer the latéral approach because it is much quicker and 
easier. 


POSTERIOR APPROACH FOR 
HARVESTING FIBULAR GRAFT 


TECHNIQUE 63-24 


(TAYLOR) 

■ After administration of épidural or general anesthésia, 
place the patient prone and following the usual prépara¬ 
tions, including insertion of an indwelling urinary cathé¬ 
ter, abduct the legs onto separate tables. Two surgical 
teams operate simultaneously. Use pneumatic tourni¬ 
quets to maintain a bloodless field. 

■ Start the incision in the popliteal fossa of the donor leg 
and extend it obliquely laterally toward the fibula and 
distally along the course of this bone. 

■ Make an incision between the soleus and peroneal 
muscles and extend this deep dissection medially into the 
popliteal fossa. 

■ Reflect skin flaps to expose the underlying muscle. 

■ Identify the latéral popliteal nerve and preserve its tibial 
and peroneal branches. 

■ Preserve the proximal peroneal and extensor muscle 
attachments to the tibia and the head of the fibula. 

■ Identify the anterior tibial vessels. 

■ Preserve a 5- to 10-mm sleeve of muscle on the latéral 
and anterior aspects of the fibula. 

■ Begin the posteromedial dissection posteriorly, detaching 
the latéral head of the gastrocnemius and the plantaris 
muscle from the fémur and retracting the popliteal vessels 
and médial popliteal nerve medially. 

■ Divide the soleus muscle 1 to 2 cm parallel to the fibula 
and the posterior tibial vessels and follow the popliteal 
and posterior tibial vessels to the origin of the peroneal 
vessels. 

■Trace the peroneal vessels to the origin of the flexor hal¬ 
lucis longus muscle distally and ligate the several large 
muscle branches to the soleus during this dissection. 

■ Using sharp dissection, carefully divide the flexor hallucis 
longus muscle along the course of the peroneal artery, 
leaving a 1-cm sleeve of muscle on the fibula. 

■ Divide the fibula proximally and distally at levels deter- 
mined by the length required for the récipient bone. 

■ Preserve the proximal peroneal muscle attachment and 
the tibial collateral ligament for knee stability. Preserve 
the distal 25% of the fibula to retain ankle stability. In 
children, secure the distal fibula to the tibia with a trans¬ 
verse screw, taking care to avoid tilting the fibula. 

■ Beginning distally, divide the interosseous membrane and 
the posterior tibial muscle parallel to the fibula to isolate 
the fibula entirely on its vascular pedicle. 
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9 " Remove the periosteum from the proximal and distal 1 to 
3 cm of the fibula to allow insertion of the fibula into the 
récipient bone. 

■ Release the tourniquet to permit hemostasis and to déter¬ 
mine that the circulation to the fibula is adéquate. 

■ Transect the vascular pedicle carefully and deliver the 
bone graft to the récipient site when it is completely 
prepared. 

■ Resection techniques are discussed subsequently. 

■ Close the donor defect over suction drainage tubes as 
needed. 

POSTOPERATIVE CARE. The postoperative care is the 
same as that described for the latéral approach described 
next. 


LATERAL APPROACH FOR 
HARVESTING FIBULAR GRAFT 


TECHNIQUE 63-25 


(GILBERT; TAMAl ET AL; WEILAND) 

■ Place the patient supine with the donor extremity flexed 
at the hip and the knee and the foot internally rotated 
slightly. Place a large sandbag under the ipsilateral 
buttock. During the initial portion of the dissection, use 
a pneumatic tourniquet to maintain a bloodless field. 

■ Make an incision centered on the fibula along the latéral 
aspect of the leg, extending from the neck of the fibula 
distally toward the ankle (Fig. 63-45A). 

■ Incise the skin and subcutaneous tissue to the superficial 
fascia over the interval between the peroneus longus and 
the soleus muscles. 

■ Incise the aponeurosis and dissect longitudinally posterior 
to the peroneus longus muscle and anterior to the soleus 
muscle (Fig. 63-45B). 

■ Identify the peroneus longus tendon in the distal part of 
the incision for orientation (Fig. 63-45C). 

■ Incise the fascia along the interval between the soleus 
muscle posteriorly and the peroneus longus muscle 
laterally. 

■ Elevate the soleus muscle in the distal portion of the 
wound with blunt dissection and proceed proximally until 
the origin of the soleus muscle on the proximal fibula is 
encountered. 

■ At this point, identify the peroneal vessels lying just deep 
to the soleus and nearly in contact with the fibula. 

■ When the pedicle has been identified, sharply incise the 
fibular origin of the soleus (Fig. 63-45D) to allow adé¬ 
quate posterior retraction of the soleus for later pedicle 
dissection. 

■ Identify the interval between the peroneal muscles and the 
flexor hallucis longus in the distal portion of the leg by 
observing the thin line of adipose tissue just posterior to 
the peroneals. The flexor hallucis longus is posterior to the 
peroneals, deep to the soleus covering the postérolatéral 
surface of the fibula. The peroneal vessels course within 
the flexor hallucis muscle and are protected. 


■ Retract the peroneal muscles anteriorly and sharply dissect 
them off the fibula in an extraperiosteal fashion (Fig. 
63-45E). During this portion of the dissection, carefully 
identify and protect the superficial peroneal nerve in the 
proximal part of the wound where it is closely applied to 
the fibula and can be seen coursing distally within the 
peroneal muscles. The peroneal vessels are well protected 
posteriorly by the flexor hallucis longus. 

■ Continue the dissection anteriorly along the fibula and, 
as the anterior intermuscular septum is encountered, 
incise it close to the fibula. 

■ Elevate the anterior compartment in a similar extraperi¬ 
osteal fashion as far as it can be exposed, protecting the 
anterior tibial artery and deep peroneal nerve (Fig. 
63-45F). 

■ Place a Gigli saw around the fibula where the proximal 
osteotomy is to be made. This should be within the proxi¬ 
mal third of the fibula to be certain that the nutrient 
artery is included within the harvested segment. In placing 
the Gigli saw, retract the peroneal vessels posteriorly and 
the superficial and deep peroneal nerves with the anterior 
tibial vessels anteriorly. 

■ Bluntly develop an extraperiosteal plane closely around 
the fibula where the distal osteotomy is to be made. 

■ Osteotomize the fibula using a Gigli saw, protecting the 
surrounding soft tissues. Sharply elevate the flexor hal¬ 
lucis longus off the fibula for a distance of 1 cm proximal 
and distal to the distal osteotomy site. Retract the fibula 
anteriorly and the flexor hallucis longus posteriorly to 
identify the peroneal vessels coursing close to the fibula. 
In the distal part of the leg, the peroneal vessels may hâve 
perforated the interosseous membrane to continue ante¬ 
riorly. After identifying the peroneal vessels, ligate and 
divide them. 

■ Grasp the fibula with a bone clamp and externally rotate 
it to allow exposure and sharp release of any remaining 
anterior compartment muscles from it. 

■ Apply gentle latéral traction to the fibula and incise the 
interosseous membrane close to it from distal to proxi¬ 
mal (Fig. 63-45G). Take care not to avulse the fibula 
from the peroneal vessel during this portion of the 
dissection. 

■ From anteriorly, release the posterior tibial muscle from 
the fibula while directly observing the peroneal vessels 
(Fig. 63-45H). Small muscular branches from the peroneal 
artery to the posterior tibial muscle should be clipped or 
cauterized with the bipolar cautery. 

■ Release the flexor hallucis longus from the fibula, leaving 
a thin layer of muscle adjacent to the peroneal vessels 
(Fig. 63-451). 

■At this point, the fibular graft is completely isolated on 
its vascular pedicle and should exhibit some bleeding on 
tourniquet release. We routinely allow the bone to be 
perfused at this point to minimize ischémie time. The 
peroneal artery and venae comitantes may be divided at 
their origin from the posterior tibial vessels. 

■ Obtain hemostasis. Loosely suture the flexor hallucis 
longus to the interosseous membrane and close the sub¬ 
cutaneous tissue and skin in layers over a suction drain. 
Do not attempt to close the fascia for risk of postopera¬ 
tive compartment syndrome. 
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bone required 


A 


Deep peroneal nerve 

Extensor hallucis longus 

Extensor digitorum longus 

Superficial peroneal nerve 

Peroneus longus 
and brevis 

Latéral compartment 

Plane of dissection 

Flexor hallucis longus 

Posterior compartment 


B 



Anterior tibial muscle 

Anterior tibial 
artery and vein 

Posterior tibial muscle 

Flexor digitorum 
longus 

Posterior tibial 
artery and vein 

Soleus 

Tibial nerve 

Gastrocnemius 

Short saphenous 
vein 


Peroneus 


Peroneus 


Peroneus 




muscle 


Peroneus Peroneus 
Fibula longus muscle brevis muscle 



Flexor hallucis 
longus muscle 


Peroneal artery and 
veins just deep to 
soleus attachment 
to fibula 


- Latéral head of 
gastrocnemius 
muscle 


Soleus 

muscle 


D 


Peroneus 
longus muscle 


Peroneus 
brevis muscle 



vessels muscle longus muscle 


Anterior 
tibial vessels 
Deep peroneal 
nerve 


Peroneus longus 
muscle 



Peroneus 

brevis 

muscle 

Cut surface 

of latéral 

intermuscular 

septum 



Soleus Peroneal Flexor hallucis 

F muscle vessels longus muscle 


A f Vascularized free fibular transfer. Skin incision. B, Cross-sectional view of leg with planned course of dissection 
around fibula. C f Interval between soleus and peroneal muscles defined and developed. D f Peroneal vessels identified just distal and 
deep to fibular origin of soleus muscle in proximal part of dissection. Soleus origin released with scissor dissection. E f Anterior fibular 
dissection, releasing peroneal muscles in extraperiosteal fashion, protecting peroneal nerve proximally. F, Anterior dissection continues 
through anterior intermuscular septum, releasing anterior muscles off fibula and protecting deep peroneal nerve and anterior tibial 
vessels. Continued 
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Retracted latéral and anterior 
compartment muscles 



Peroneal Soleus Flexor hallucis 
G vessels muscle longus muscle 


Sectioned edge 
of interosseous 
membrane 


Retracted latéral and anterior 
compartment muscles 


Flexor hallucis 
longus muscle 



H 


Proximal peroneal 
artery and vein 


Soleus 

muscle 


Ligated ends of 
peroneal vessels 


Detached posterior 
tibial muscle 

Posterior tibial 
vessels 


Posterior tibial 
muscle 



Peroneal 

vessels 

L interosseous 
membrane stump 


-Remnant of flexor 
hallucis longus 
muscle on mobilized 
fibular segment 


Peroneal vessels 
(ligated) 

Flexor hallucis 
longus muscle 


■aniumEglEHiffigl G f Distal and proximal ostéotomies hâve been completed using Gigli saw. Peroneal vessels are seen ligated 
distally. Fibula is externally rotated for incision of intermuscular septum close to fibula. H, Posterior tibial muscle is released from fibula. 
I f Completed dissection after release of flexor hallucis longus, leaving thin layer of muscle to protect peroneal vessels. SEE TECHNIQUE 
63 - 25 . 


■ When harvested, fix the graft rigidly to the récipient bone, 
preferably by doweling each end of it into the medullary 
canal of the récipient bone and applying supplémentai 
plates and screws. The method of fixation dépends on 
récipient site factors. Give careful considération to pedicle 
length and positioning in relation to the donor artery and 
vein before fixation. After fixation is complété, proceed 
with arterial and venous anastomoses. 

POSTOPERATIVE CARE. Immobilization should be 
applied according to the level of the bone graft. If the 
graft has been placed below the knee, a long leg cast 
with the knee flexed to prevent weight bearing should 
be worn for 3 to 5 months. A bone scan usually is 


obtained within the first week to evaluate perfusion of 
the graft. Union of the graft to the récipient bone should 
be determined by radiographie and clinical évaluation, 
and full weight bearing may be permitted when the graft 
begins to show signs of hypertrophy, which may require 
15 months or more. Supplémentai conventional bone 
grafting may be required. If the graft has been applied 
for knee fusion or to the fémur, or the patient is a small 
child, a long leg cast with a pelvic band or a spica cast 
may be required to immobilize the part sufficiently to 
permit healing. When healing is progressing and the bone 
is hypertrophying, an orthosis may be fitted and is worn 
until the limb is strong enough to support weight bearing. 
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Because of the risk of a valgus deformity of the ankle after 
removal of the fibular shaft in children with significant 
remaining growth, a distal tibiofibular fusion is recom- 
mended in this âge group. 


DISTAL TIBIOFIBULAR FUSION TO 
PREVENT PROGRESSIVE VALGUS 
DEFORMITY 


TECHNIQUE 63-26 


■ After harvest of the fibular graft as just described, 
decorticate a 2- to 3-cm area of the adjacent surfaces 
of the tibia and fibula above the distal metaphysis. 

■ Place a 3-cm segment of the harvested fibula or of the 
remaining fibula between the tibia and fibula and insert 
two cortical screws across the fibula and the graft and 
into the tibia using AO lag techniques (Fig. 63-46). 

POSTOPERATIVE CARE. A long leg, bent-knee, non- 
weight-bearing cast is worn for 6 weeks, followed by a 
patellar tendon-bearing cast for an additional 6 weeks. 


The bone of the iliac crest receives its blood supply 
through the cutaneous distribution of the superficial circum- 
flex iliac artery, the muscular attachments of the tensor fasciae 
latae muscle, and, as shown by Taylor, Townsend, and Corlett, 
the deep circumflex iliac System that provides an optimal 
blood supply (see Fig. 63-44C). 


FREE ILIAC CREST BONE GRAFT 


TECHNIQUE 63-27 


(TAYLOR, TOWNSEND, AND CORLETT; DANIEL; WEILAND 
ET AL.) 

■ With two surgical teams working, place the patient 
supine and administer a general anesthetic. 

■ Identify by palpation the fémoral vessels and, using a 
Doppler probe, outline the course of the superficial circum¬ 
flex iliac artery paralleling the inguinal ligament toward the 
iliac crest. If the superficial circumflex iliac System with 
overlying skin as an osteocutaneous flap is to be used, 
outline the skin flap and the course of the vessels. 

■ Make a vertical incision over the vessels medially and 
dissect and identify the superficial circumflex iliac artery 
and the inferior epigastric vein. 

■ Carry the dissection laterally from inferior to superior, 
incising the fascia at the point of vessel pénétration near 
the latéral border of the sartorius muscle. 

■ Continue to elevate the skin flap superficial to the fascia 
as the dissection proceeds laterally and maintain the 
attachments of the skin and soft tissue to the iliac crest 
while this dissection is proceeding. 



FIGURE 


Fibular donor site management in children 


should include distal tibiofibular fusion to prevent progressive 
valgus deformity. SEE TECHNIQUE 63-26. 


■ When the flap has been elevated and the vessels hâve 
been identified and protected, osteotomize the iliac crest, 
obtaining sufficient bone for the planned reconstruction. 

■ Transfer the bone graft to the récipient site after the 
vessels hâve been transected. 

■To use the deep circumflex iliac artery and vein, the dis¬ 
section proceeds in a similar fashion. Identify the super¬ 
ficial circumflex iliac artery and vein and the inferior 
epigastric vein and proceed superior to the inguinal liga¬ 
ment, continuing the skin incision to allow exposure par¬ 
alleling the inguinal ligament. 

■ Identify the deep circumflex iliac artery and vein as they 
arise from the external iliac artery and vein. 

■ Incise transversely the external oblique, internai oblique, 
and transversus abdominis muscles. 

■ Use blunt dissection to expose the preperitoneal fascia 
and expose the posterior aspect of the inner table of the 
iliac crest with its attached iliacus muscle. 

■ The deep circumflex iliac artery courses approximately 
2.5 cm inferior to the iliac crest on its internai margin in 
a tunnel along the transversus abdominis and iliacus 
fasciae. Avoid injury to the spermatic cord, the vascular 
structures, and the genitofemoral branch of the fémoral 
nerve. 

■ Outline the flap based on the deep circumflex artery and 
perform the osteotomy beginning on the latéral surface 
of the iliac crest and using an oscillating saw or an ostéo¬ 
tomie. Preserve the overlying skin or subcutaneous tissue 
and its attachment to the iliac crest to avoid injury to the 
nutrient vessels supplying the skin. 
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9 «The curvature of the ilium prevents the harvesting of 
grafts much longer than 10 to 12 cm. Osteotomy of the 
graft helps to straighten the curve. 

■ On the inner table of the iliac crest, retain the covering 
of the iliacus muscle to preserve the nutrient blood supply 
of the bone. 

■ The donor site can be closed primarily by flexing 
the hip. 

■ Place the bone graft in the récipient site. Fixation of the 
iliac crest graft into the récipient site may be more difficult 
than fixation of the fibula. Because the iliac graft is short, 
fixation by insetting or doweling may compromise length. 
Fixation also can be achieved using an external fixation 
device or a combination of fixation devices with screws. 
Difficulty may be encountered in attaching a plate to an 
iliac crest graft. 

POSTOPERATIVE CARE. Postoperative care is similar to 
that described for the fibular graft (see Technique 63-25). 


Descending 
genicular artery 


Adductor magnus 
tendon 

Superiomedial 
genicular artery 

Médial collateral 
ligament 



FIGURE 


^ Arterial anatomy médial fémoral condyle. 


FREE VASCULARIZED MEDIAL FEMORAL 
CONDYLE FLAP 

The use of free vascularized periosteal and corticoperiosteal 
bone from the médial fémoral condyle was first described by 
Sakai in 1991. Fuchs et al. described its use extensively in 
treatment of nonunions of the clavicle and scaphoid. The flap 
is based off the descending genicular artery, the superior 
médial genicular artery, or both. The descending genicular 
artery branches off the superficial fémoral artery about 13 cm 
above the knee, just proximal to the adductor hiatus, and 
divides into two or three of the following branches: the osteo- 
articular branch, the muscular branch, and the saphenous 
branch. The descending genicular artery is présent in about 
90% of specimens. The osteoarticular branch arises about 
11 cm above the knee lying just deep or latéral to the adduc¬ 
tor magnus tendon along the posterior aspect of the médial 
intermuscular septum. The superior genicular artery is con- 
sistently présent arising from the popliteal artery 5 cm above 
the knee to anastomose with the osteoarticular branch of the 
descending genicular artery and is dominant in 11% of speci¬ 
mens (Fig. 63-47). 


HARVESTING OF MEDIAL FEMORAL 
CONDYLE CORTICOPERIOSTEAL 
FREE FLAP 


TECHNIQUE 63-28 


Figure 63-48 


■ Make a longitudinal incision in the distal médial thigh 
overlying the adductor magnus and sartorius muscles. 
Retract the adductor magnus anteriorly and the sartorius 
posteriorly to expose the descending genicular vessels 
and the superior genicular vessels. Note the arcade of 
vessels formed by these two vessels over the médial 
fémoral condyle. 



FIGURE 


Flap elevated from médial fémoral condyle. SEE 


TECHNIQUE 63-28. 


■ Outline the proposed corticoperiosteal flap to include this 
network of vessels, taking care to preserve the médial 
collateral ligament. Limit the graft proximally at the 
metaphyseal diaphyseal junction. 

■ Elevate the periosteum with the underlying corticocancel- 
lous bone to the extent needed by the récipient site. A 5 
x 7-cm graft is the maximal size. 

■ Dissect the descending genicular vascular pedicle proxi¬ 
mally, ligating and dividing the saphenous and mus¬ 
cular branches, to its origin off the superficial fémoral 
vessels in Flunter's canal. A 1 - to 2-mm diameter vascular 
pedicle measuring approximately 7 cm in length may be 
obtained. 

■ Ligate and divide the superior genicular vessels unless 
they are to be used as a vascular pedicle as well. 
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HARVESTING COMPOSITE RIB GRAFTS 

Two types of vascularized rib grafts are used clinically. One 
is the posterior rib graft, which includes medullary and peri- 
osteal circulation (see Fig. 63-44B), and the other is a pos¬ 
térolatéral (segmentai) rib graft, which is supplied solely by 
periosteal vessels. The viability of these two types of grafts is 
similar. 

Sélective arteriography is necessary to assess the location 
of the arteria radiculomedullaris magna (artery of Adamkie- 
wicz), which usually arises from the dorsal branch of the 
lower intercostal or upper lumbar arteries, usually on the left 
side. It is important to establish the location of this artery to 
détermine that it does not originate from a chosen intercostal 
artery. Ostrup recommended the use of the ninth rib (left or 
right) as the primary donor site for microvascular free rib 
grafts. 


■ Divide and ligate the dorsal (spinal) branch of the inter¬ 
costal artery at a distance from the main arterial stem. 

■ Close the chest in layers and insert a chest tube. 

■ Fix the graft in the récipient site and secure its ends, 
usually with wire loops. Microvascular anastomoses for 
composite rib grafts are especially demanding because 
the wall of the artery is thin and inelastic compared with 
other arteries. A single vein must be anastomosed care- 
fully as well. 

■ Although the rib grafts can be used to replace congénital 
or acquired defects in a long bone such as the tibia, 
humérus, radius, and ulna, its most appropriate applica¬ 
tion seems to be in mandibular repair, including replace¬ 
ment of the mandible, replacement of the mandible and 
oral mucosa with rib and pleura, and full replacement of 
the oral lining with pleura, the mandible with rib, and the 
cheek skin with chest skin in a composite graft. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for fibular transplants, although fibular transplants 
may require considerably longer to incorporate, heal, and 
hypertrophy. 


COMPOSITE FREE TISSUE 
TRANSFERS FROM THE FOOT 

The neurovascular supply to the structures of the foot makes 
it an unusually versatile donor site for many problems, espe¬ 
cially in the foot and hand (Fig. 63-49). This section includes 
a discussion of the neurovascular anatomy of the foot as it 
pertains to the spécifie structures that are used most often as 
free tissue transfers. Also included are the advantages, disad- 
vantages, various applications, and discussions of the various 
foot flaps, including dorsalis pedis, first web, pulp, “wrap- 
around,” bone and joint, epiphyseal, great toe, and second and 
third toe transfers. 

NEUROVASCULAR ANATOMY 

Standard anatomie textbooks describe the dorsalis pedis 
artery as a continuation of the anterior tibial artery that 
passes deep to the inferior extensor retinaculum. As the dor¬ 
salis pedis artery passes anterior to the ankle joint, it lies 
between the tendons of the extensor hallucis longus medially 
and the extensor digitorum longus laterally. Single accompa- 
nying veins lie on either side of the artery. The deep peroneal 
nerve lies immediately latéral to the artery. Passing over the 
tarsal bones, the dorsalis pedis artery gives off the médial and 
latéral tarsal arteries, and in the région of the bases of the 
metatarsals arises the arcuate artery, which passes laterally. 
The second, third, and fourth dorsal metatarsal arteries arise 
from the arcuate artery and descend to the dorsal surfaces of 
the respective dorsal interosseous muscles (Fig. 63-50). 

The first dorsal metatarsal artery is the continuation of 
the dorsalis pedis artery. It runs distally, usually on the dorsal 
surface of the first dorsal interosseous muscle, and supplies 
branches to the dorsal skin, the first and second metatarsals, 
and the interosseous muscles. Near the first web space 
between the first and second toes, the first dorsal metatarsal 
artery divides into at least two branches, one passing deep to 


COMPOSITE RIB GRAFT HARVEST 


TECHNIQUE 63-29 


(OSTRUP) 

■ With two surgical teams working simultaneously and the 
patient under general anesthésia in a latéral position to 
allow access to the entire course of the rib, make a skin 
incision directly over the middle of the ninth rib, begin- 
ning near the dorsal midline and following the line of the 
rib laterally and inferiorly. 

■ Continue the dissection through the superficial fascia and 
the latissimus dorsi and erector spinae muscles, develop- 
ing a plane beneath the muscles to expose the rib and 
surrounding interspaces. 

■ Divide the serratus posterior and inferior and intercostal 
muscles near the upper margin of the rib. Open the 
pleura carefully along the same line. 

■Section the muscles and the pleura in the intercostal 
space below the rib near the upper border of the rib 
below. The tissues of the interspace are included in the 
composite rib graft, ensuring the integrity of the vascular 
System. 

■ Measure the required length of the graft and section the 
rib laterally after isolation and ligation of the posterior 
intercostal vessels at the distal end of the graft. 

■ Mobilize the rib and expose the intercostal vessels medi¬ 
ally through the transparent pleura from the origin to the 
point where they disappear behind the subcostal muscle. 

■ Dissect the vascular stalks from the overlying pleura using 
blunt dissection; apply hemostats to the vessels near their 
origin. 

■ Section the vascular pedicle after applying microvascular 
clamps to the graft side and after ligating the central side 
of the vascular pedicle. Deliver the vascular pedicle 
beneath the sympathetic trunk. 

■Section the intercostal nerve near the artery. 

■ Maintaining constant awareness of the vascular pedicle, 
divide the remaining médial attachment of the rib graft. 

■ Disarticulate the rib at the costovertebral joint by cutting 
through the ligaments of the head and neck and the 
intercostal muscles. 
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Foot as versatile donor source for free tissue transfers. A f Sural nerve graft. B f Extensor digitorum brevis muscle flap. 
C, First and second toe free tissue transfer. D f First web space free neurovascular flap. E f Dorsalis pedis cutaneous or cutaneous neuro- 
vascular free tissue flap. AN these procedures require microsurgical techniques, a, Artery; v, vein; n, nerve; t, tendon. 


the tendon of the extensor hallucis longus, supplying the 
médial side of the great toe, and the other dividing to supply 
the adjacent sides of the great and second toes. 

The deep plantar, or communicating, artery leaves the 
dorsalis pedis artery at the base of the first metatarsal and 
passes toward the plantar surface of the foot between the 
heads of the first dorsal interosseous muscle. It communicates 
with the latéral plantar artery and complétés the plantar arte- 
rial arch. The deep plantar artery also supplies a branch to the 
médial side of the great toe. The first plantar metatarsal artery 
is the continuation of the deep plantar artery, which passes 
distally in the first interosseous space, divides, and supplies 


the adjacent sides of the great and second toes from the 
plantar side. 

Important anatomie variations hâve been noted, however. 
The first dorsal metatarsal artery may lie superficial to or just 
within the substance of the first dorsal interosseous muscle 
in 78% to 88% of feet or may lie plantar to the first metatarsal 
(12% to 22%; Fig. 63-51). Variations include first metatarsal 
arteries lying plantar to the first metatarsal, absent first dorsal 
metatarsal arteries, and absent first dorsal and plantar meta¬ 
tarsal arteries (Fig. 63-52). Although the diameter of the dor¬ 
salis pedis artery may range from 1.8 to 3 mm, the artery also 
may be hypoplastic and narrow. 
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Dorsalis pedis 
artery 


Arcuate artery 


Communicating 
artery 
First plantar 
metatarsal artery 


First dorsal 
metatarsal artery 


FIGURE 


^ Arterial anatomy to great toe. 



One scheme reported of variations in vascular 
supply to great toe. DDA, Dorsal digital artery; DPA, dorsalis pedis 
artery; FDMA, first dorsal metatarsal artery; FPMA, first plantar 
metatarsal artery; PDA, plantar digital artery; TML, transverse 
metatarsal ligament. 


The venous drainage from the dorsum of the toes and 
foot flows into the dorsal venous arches, feeding the greater 
and lesser saphenous Systems (Fig. 63-53). Additional venous 
drainage occurs through the veins accompanying the dorsalis 
pedis artery. 

The dorsal surfaces of the toes and foot receive sensory 
innervation through the superficial peroneal nerve branches; 
the first web is innervated by the deep peroneal nerve, and 
the plantar surface is innervated by the digital branches of the 
médial plantar nerve (Fig. 63-54). Ail these nerves can be 
used to supply innervated flaps. 

DORSALIS PEDIS FLAP 

The advantages of the dorsalis pedis free tissue transfer are 
that it has a large-caliber arteriovenous pedicle, a long pedicle 
can be obtained, it can be innervated, it is a thin flap, bone 
may be included, the donor site may be relatively inconspicu- 
ous affer adéquate healing, and in some patients a large (10 
x 10 cm) flap can be obtained. Disadvantages include a tech- 
nically difficult and tedious dissection, the possibility of a 


painful and hypertrophie donor site scar, the frequently 
restricted size (7 x 7 cm or smaller), the inability to use the 
flap if the posterior tibial artery is absent or is not patent, and 
the inability to use the flap if the dorsalis pedis artery is not 
présent or is not patent. The dorsalis pedis free flap is useful 
for coverage problems in the palm, the thumb web space, and 
the foot, especially in areas requiring protective sensation. 

Because of the potential for variation in the vascularity of 
the foot, it is helpful to assess the dorsalis pedis artery with a 
Doppler probe and with arteriography of the donor foot 
obtained in two planes to show any variation that might pre- 
clude doing the procedure. If the flap is to be transferred to 
an area of a foot or hand that has been badly damaged, arte¬ 
riography of the récipient area also is indicated to allow évalu¬ 
ation of those vessels. Separate teams of surgeons are needed 
to dissect the donor and récipient sites. 


DORSALIS PEDIS FREE 
TISSUE TRANSFER 


TECHNIQUE 63-30 


■ When the course of the dorsalis pedis artery has been 
determined, outline it with a skin-marking pencil. Déter¬ 
mine the pattern of the dorsal veins by holding the foot 
in a dépendent position to allow the veins to fill. Also 
outline the veins with a skin marker. 

■ Mark the margins of the flap based on the requirements 
of the récipient area (Fig. 63-55). Generally, the flap 
should neither extend more proximally than the extensor 
retinaculum nor extend more distally than about 2 cm 
distal to the palpable dorsalis pedis puise or about the 
level of the metatarsophalangeal joints. Limiting the 
médial border to the extensor hallucis longus tendon and 
the latéral border to the fifth toe extensor digitorum 
longus tendon créâtes small flaps but usually prevents 
problems with the donor site scar caused by denuding 
the médial side of the foot. 

■ Exsanguinate the limb by wrapping, inflate the pneumatic 
tourniquet, and begin the dissection on the médial side 
of the outlined flap. The dissection must be kept super¬ 
ficial to the extensor paratenon so that a satisfactory bed 
will be left for a split-thickness skin graft. 

■ Continue to dissect to the extensor hallucis longus tendon 
and divide the deep fascia over it. 

■ Dissect down to the periosteum overlying the first meta¬ 
tarsal and identify the dorsalis pedis artery with its veins 
and the deep peroneal nerve. If the flap is to be inner¬ 
vated, the branches of the superficial peroneal nerve are 
identified, transected proximally, and kept superficial to 
the plane of dissection while the flap is elevated. 

■ Continue the dissection laterally and distally to identify 
the beginning of the first dorsal metatarsal artery, the 
deep plantar (communicating) artery, and the arcuate 
artery. When the deep plantar artery has been identified, 
ligate and transect it. 

■ If bone is to be taken, at this point remove a portion 
or ail of the second metatarsal and keep it with the 
flap. 
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Type IA Type IB 




Type MA 



Type III 


Type IIB 




Anatomie variances of first metatarsal artery. A, Artery; DPA, dorsalis pedis artery; FDI muscle, first dorsal interosseous 
muscle; FDMA, first dorsal metatarsal artery; FPMA, first plantar metatarsal artery; IML, intermetatarsal ligament; LDDA (great), latéral 
dorsal digital artery to great toe; LPA, latéral plantar artery; LPDA (great), latéral plantar digital artery to great toe; MDDA (second), 
médial dorsal digital artery to second toe; MPDA (second), médial plantar digital artery to second toe. 


9 «Continue to dissect distally, staying superficial to the 
paratenon without exposing tendon. 

■ Elevate and transect the extensor hallucis brevis tendon. 
Although the extensor hallucis brevis tendon is carried 
with the flap by some surgeons, it is sometimes useful to 
leave this muscle on the foot to assist in coverage of the 
tendon and bone. 

■ As the dissection is continued distally, keep the first dorsal 
metatarsal artery superficial to the plane of dissection and 


incise the margins of the flap to allow the flap to be 
elevated. 

■ When the distal limit of the flap has been developed, 
ligate and divide the distal arterial branches to the 
toes. 

■ Divide the distal skin margins of the flap and the proximal 
margins near the extensor retinaculum. 

■ If a long vascular pedicle is required, divide the extensor 
retinaculum in a Z-shaped fashion and dissect the dorsalis 
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Venous drainage of foot. Tributaries to greater 
and lesser saphenous venous System used to drain dorsalis pedis 
and toe free flaps. 


Dorsalis pedis flap dissection. Donor site usually 
requires skin grafting. SEE TECHNIQUE 63-30. 



Cutaneous innervation of foot. A f Dorsal 
sensory supply of foot and toes. B f Plantar sensory supply of foot 
and toes. 


pedis and anterior tibial arteries, dividing the small side 
branches. 

■ Temporarily place a small vessel clip on the dorsalis pedis 
artery to ensure that the tibial artery is sufficient to vas- 
cularize the foot. 

■ Repair the extensor retinaculum. 

■ Détermine that the dissection of the récipient site has 
been completed by the récipient site team; ligate and 
divide the dorsalis pedis artery, deliver the flap to the 


récipient site, and begin closure of the donor defect with 
a split-thickness skin graft. 

■ Place the flap in the récipient area, suture the distal 
margins so that the flap is not displaced while the vessels 
and nerves are being sutured, and complété the vascular 
anastomoses, usually repairing the arteries first, followed 
by the veins. 

■Apply topical 2% lidocaine or papaverine to minimize 
vascular spasm. 

■ Suture nerves as needed and close the wounds. 

POSTOPERATIVE CARE. Appropriate bandages and 
splints are applied to the récipient area so that constric- 
tion is avoided and to allow examination of a portion of 
the flap. The general postoperative routine outlined previ- 
ously usually is followed. A compression bandage is left 
on the donor foot, and the foot is kept elevated for 7 to 
10 days to allow sufficient healing of the skin graft. An 
elastic wrap or elastic stocking is worn for 3 to 6 months 
to minimize donor site scar hypertrophy and instability. 

Activity is determined by the part that has received the 
reconstruction. In the hand, when the skin has healed 
and when sensation is returning, progressive réhabilita¬ 
tion of the hand can begin. In the foot or lower extremity, 
when healing has occurred and edema is resolving, a 
gradually progressive program of walking is followed, 
beginning with no weight bearing and prolonged éléva¬ 
tion and progressing to full weight bearing to tolérance. 
If an innervated flap has been transferred to the foot, 
maximal participation in activities must await the return 
of sensation, and the foot should be protected with cush- 
ioned shoe inserts. 
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FIRST WEB SPACE, PULP, AND HEMIPULP 
NEUROVASCULAR FREE FLAPS 

The neurovascular supply to the web space between the great 
and second toes makes that area of the foot suitable for trans¬ 
fer to areas of the hand requiring restoration of sensibility, 
particularly the thumb. Based on their detailed anatomie 
studies of this région, Gilbert et al., in 1975, reported the first 
successful first web free tissue transfer. The advantages of 
using the first web and pulp donor area include the 
following: 

1. The first web has a good potential for restoration of func- 
tional sensibility; the 2-point discrimination on the toe 
pulps ranges from 10 to 18 mm. 

2. The pulp skin is glabrous, closely approximating the 
digital skin. 

3. The first web has a reliable blood supply. 

4. The relatively large area available permits resurfacing the 
thumb, especially with the wraparound flap. 

5. Larger areas may be covered by incorporating a dorsalis 
pedis flap with the first web space. 

6. When successfully covered with a split-thickness skin 
graff, there is minimal donor site morbidity. 

The disadvantages are few and primarily involve the need 
to hâve a two-team approach to the procedures and the 
risks of vascular thromboses with loss of the entire flap. 
Delayed healing or failure of the skin graff to take in the 
donor site also can be troublesome. Limited usefulness from 
pain and hypersensitivity and cold intolérance hâve been 
reported. 

May et al. found that the distal communicating artery, the 
terminal continuation of the first dorsal metatarsal artery, has 
three patterns of communication with the plantar digital arte- 
rial System (Fig. 63-56): (1) a distal communicating artery 
joining at the bifurcation of the first plantar metatarsal artery, 
(2) a distal communicating artery joining with the second 
plantar digital artery, and (3) a distal communicating artery 
joining with the second plantar digital artery. The dorsal 



FDMA 



Variations in circulation to first web space. 
Three patterns of communication between distal communicating 
artery (DCA) and plantar digital arterial System hâve been identi- 
fied. DDA, Dorsal digital artery; FDMA, first dorsal metatarsal 
artery; FPMA, first plantar metatarsal artery; PDA, plantar digital 
artery; TML, transverse metatarsal ligament. 


portion of the first web also is supplied by the first and second 
dorsal digital arterial branches of the first dorsal metatarsal 
artery. Tfiese relationships and the possibility of other varia¬ 
tions should be kept in mind when the dissections are done 
for these flaps. 

As noted, the innervation of the adjacent sides of the 
great and second toes is supplied by three nerves. The most 
important innervation to the latéral side of the great toe pulp 
and the médial side of the second toe pulp is through the 
plantar digital branches of the common digital nerve to the 
first web space. The proper digital branches usually are about 
1 to 1.5 mm in diameter and can be dissected separately into 
the common digital nerve to give sufficient length to allow 
repair of the proper digital nerves of the thumb or finger in 
question. Two branches of the deep peroneal nerve enter the 
web space dorsally and supply the dorsal surfaces of the adja¬ 
cent sides of the great and second toes. These branches also 
can be used to innervate a free web space flap. The superficial 
peroneal nerve terminal branches are extremely small and 
terminate too far to the dorsum to innervate the first web or 
pulp flaps. 


NEUROVASCULAR FREE FLAP 
TRANSFER FIRST WEB SPACE 


TECHNIQUE 63-31 


■ As with the dorsalis pedis flap, the arterial supply to the 
foot is assessed preoperatively with a Doppler probe and 
arteriography in two planes. If the first dorsal metatarsal 
artery is hypoplastic or absent, it may be necessary to use 
the first plantar metatarsal artery as the major arterial 
supply to the flap. 

■ On the skin, mark the course of the artery as determined 
by palpation of the puise and the use of a Doppler probe. 
Identify the venous pattern by allowing the foot to hang 
over the edge of the operating table so that the veins fill; 
mark the course of the veins. 

■ Détermine the amount of skin required by measuring the 
récipient area on the thumb or finger. Flaps measuring 6 
x 10 cm to 8 x 12 cm can be obtained from the first web. 
If large amounts of skin are required, the dorsalis pedis 
skin flap may be included with the first web skin; this 
should be considered when planning the dissection. 

■ Outline the flap in the first web with a skin marker. 

■ Exsanguinate the limb by wrapping and inflate the pneu- 
matic tourniquet. 

■ Begin the dissection over the artery with a curved or 
zigzag incision on the dorsum of the foot between the 
first and second metatarsals. 

■ With careful and meticulous dissection, identify the dor¬ 
salis pedis artery, follow it to the deep plantar branch, 
ligate and divide the deep plantar branch, and follow the 
first dorsal metatarsal artery distally. 

■ Elevate and divide the extensor hallucis brevis tendon to 
allow exposure of the artery. Include the deep peroneal 
nerve with the arterial pedicle. 

■As the dissection proceeds distally, elevate the skin flaps 
medially and laterally to identify the venous drainage. 
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Usually, large veins can be found in the dorsum of the 
first web space, communicating with the large tributaries 
to the greater saphenous System on the médial side of 
the dorsum of the foot. 

■ If the first dorsal metatarsal artery is absent or hypoplas- 
tic, make a longitudinal plantar incision between the first 
and second metatarsals, communicating with the outline 
of the skin flap. 

■ Identify the plantar digital arteries, which can be found 
dorsal to their respective proper digital nerves. The plantar 
digital arteries and nerves can be dissected proximally so 
that the first plantar metatarsal artery and the common 
plantar digital nerve can be identified. Usually if the first 
dorsal metatarsal artery is hypoplastic, the first plantar 
metatarsal artery has a diameter large enough to allow 
anastomosis. Dorsal and plantar dissections should expose 
arteries, veins, and nerves for long enough to avoid the 
need for interpositional grafting. 

■ After developing the neurovascular pedicles, elevate the 
first web skin, maintaining a plane of dissection deep to 
the plane of the vessels and nerves so that they are carried 
with the skin without devascularizing it. 

■ While the donor site is being dissected, the hand récipient 
site is dissected and a split-thickness skin graft for the 
web space closure is obtained by the récipient site team. 

■ To harvest a pulp or hemipulp flap from the great or 
second toe (Fig. 63-57), outline the small amount of skin 
required for the récipient digit. 

■ The vascular dissection is identical to the web dissection 
until it approaches the web. At the first web, if the great 
toe is to be the donor, dissect the digital arterial and 
venous branches so that those to the latéral side of the 
great toe are carried with the flap. 

■ Handle the digital nerve branches in a similar manner by 
dissecting the plantar digital nerves proximally and sepa- 
rating the nerve to the latéral side of the great toe from 
the common digital nerve. 




Scheme for pulp free flap. A f Flap outlined and 
toe dissection begun for skin flap. B f Flap separated from toe with 
digital arteries, venae comitantes, and nerves. SEE TECHNIQUE 
63-31. 


■ If the second toe is to be the donor, dissect the nerves 
and vessels so that they are carried with the skin and pulp 
on the médial side of the second toe. 

■ If the récipient site is to be the thumb, carefully dissect 
and preserve the palmar digital nerves, the branches of 
the superficial radial nerve, the princeps pollicis artery, and 
dorsal digital and hand veins. If a finger is to receive the 
web or pulp flap, identify and mobilize the proper digital 
arteries, digital nerves, and dorsal veins for anastomosis. 

■ While one team closes the donor defect with a skin graft, 
the other team loosely sutures the web, pulp, or hemipulp 
flap into the récipient defect. In the thumb, suture of the 
first dorsal metatarsal or plantar metatarsal arteries is 
done at the princeps pollicis or radial artery at the wrist 
by end-to-end or end-to-side anastomoses. 

■ Perform the venous repairs on the dorsum of the hand, 
anastomosing the saphenous System branches to the 
cephalic venous System. 

■ Suture plantar digital nerves to the palmar digital nerves 
on the palm side and the deep peroneal and superficial 
radial branches on the dorsum. In the fingers, suture the 
first dorsal metatarsal and the common or proper digital 
arteries. 

■ Suture the dorsal digital veins and the saphenous tributar¬ 
ies and the proper digital nerves to the plantar digital 
nerves. 

POSTOPERATIVE CARE. Postoperative care after first 
web, pulp, and hemipulp flaps is essentially the same as 
that for dorsalis pedis flaps (see Technique 63-30). The 
part is bandaged, splinted, immobilized, and monitored 
for the first 5 to 7 days. The routine is as described in the 
section on postoperative care. Because these flaps are 
transferred for restoration of sensibility as much as for 
coverage, it is essential that the patient protect the part 
from cutting, burning, and blistering until sensory return 
has begun. 


GREAT TOE WRAPAROUND FLAP 

In 1980, Morrison et al. described their expériences with a 
free vascularized composite tissue transfer from the great toe 
to wrap around a traditional, nonvascularized autogenous 
iliac crest bone graft for thumb reconstruction. This flap, 
which includes the toenail and the dorsal, latéral, and plantar 
skin of the great toe, is considered to be a good reconstructive 
procedure for the thumb amputated at or distal to the meta- 
carpophalangeal joint. The advantages attributed to this flap 
include (1) restoration of length, overall size, sensibility, 
movement, and thumb cosmesis; (2) reliable neurovascular 
supply; (3) the need for only a single-stage procedure; 

(4) préservation of foot skeleton; (5) minimal to no gait dis¬ 
turbance; and (6) minimal donor site morbidity. Disadvan- 
tages include (1) need for a two-team approach, (2) potential 
loss of entire flap because of thrombosis, (3) potential for 
bone graft résorption, (4) loss of interphalangeal motion, 

(5) potential for significant donor site morbidity should the 
skin graft fail or if dissection is carried too far proximally, and 

(6) inability of use in young children because of the impos- 
sibility of estimating appropriate length. Although usually 
this option is reserved for reconstruction of thumbs with 










PART XVII MICROSURGERY 


amputations distal to the metacarpophalangeal joint, ampu¬ 
tation of the thumb proximal to the metacarpophalangeal 
joint is not an absolute contraindication for the wraparound 
free flap reconstruction. 

As with most microvascular operations on the foot, the 
adequacy of the first dorsal metatarsal artery should be 
assessed by arteriography in two planes, Doppler probe, and 
clinical palpation. In feet without a first dorsal metatarsal 
artery, plantar dissection may be required to gain access to 
the first plantar metatarsal artery. If the récipient hand has 
been extensively damaged, arteriography of the hand also 
may be needed. Preoperative measurements are made of the 
length and circumference of the normal thumb. The toe on 
the same side as the injured thumb is used to allow suture of 
the latéral plantar nerve to the ulnar digital nerve. Two surgi- 
cal teams are used to hasten the procedure. One team dissects 
the foot, while the other dissects the hand and obtains the 
iliac crest bone graff. 


GREAT TOE WRAPAROUND 
FLAP TRANSFER 


TECHNIQUE 63-32 


(MORRISON ETAL; URBANIAK ETAL; STEICHEN) 

FOOT DISSECTION 

■ Outline the skin flap so that the entire great toe is 
degloved with the exception of a strip on the médial side 
and distal end of the toe (Fig. 63-58). The distal end of 
this strip should extend nearly to the latéral corner of the 
tip of the toenail. The width of this strip is determined by 
the amount of skin required to match the size of the 
normal thumb. A strip about 1 cm wide usually is left. 

■ The flap should not extend much proximal to the base of 
the great toe. Leave sufficient skin in the web space to 
aid in closure. 

■ Mark the course of the first dorsal metatarsal artery. By 
lowering the foot and using a venous tourniquet, outline 
the engorged dorsal veins on the foot. 

■ Make a longitudinal incision between the first and second 
metatarsals. 

■ Identify the dorsalis pedis artery. 

■ Dissect distally to the first dorsal metatarsal artery. 

■ If the first dorsal metatarsal artery is volar, or if the plantar 
digital artery is dominant to the great toe, make a plantar 
incision into the first web space. Locate the latéral plantar 
artery in the first web and dissect proximally through a 
longitudinal incision. 

■ Ligate vascular branches to the second toe, but preserve 
ail branches to the flap. 

■ Follow the deep peroneal nerve latéral to the artery into the 
toe flap and divide the nerve proximally, securing a length 
appropriate to the requirements of the récipient site. 

■ Dissect the dorsal veins to the toe flap. 

■ Cauterize the side branches to obtain as much length as 
possible for the arterial and venous pedicles. 

■ If the plantar metatarsal artery is used, a vein graft may 
be required because of insufficient length. 



Wraparound flap. Skin flap is outlined to 
deglove entire great toe except thin strip extending to latéral 
corner of toenail. Width of strip (usually 1 cm) is determined by 
amount of skin needed for thumb. SEE TECHNIQUE 63-32. 


■ When the neurovascular pedicle has been dissected, 
make a transverse incision at the base of the toe but avoid 
damaging the veins draining the flap. 

■ Elevate the toe flap, open it, and identify the latéral 
plantar neurovascular bundle. 

■ Mobilize the neurovascular bundle and keep it intact with 
the flap. 

■ Dissect and identify the médial neurovascular bundle and 
keep it intact with the médial strip of skin. 

■Separate the toe flap beneath the nail by gentle, sharp 
subperiosteal élévation beneath the nail plate. Avoid 
injury to the germinative layer of the nail. 

■ Remove with the flap about 1 cm of the distal tuft of the 
distal phalanx beneath the nail. 

■Save the paratenon over the extensor hallucis longus to 
receive the split-thickness skin graft. 

■ Elevate the plantar surface of the flap, leaving the sub- 
cutaneous fat over the plantar surface of the toe. Avoid 
injury to the circulation to the médial skin strip. 

■ Dissect the latéral plantar digital nerve from the common 
digital nerve at an appropriate level. 

■ Unless the latéral plantar digital artery is to be the donor 
artery, coagulate and divide it. 

■ At this point, the flap should be free except for the vas¬ 
cular pedicle consisting of the dorsal digital branches of 
the first dorsal metatarsal artery and the venous tributar- 
ies to the saphenous System (Fig. 63-59). 

■ Release the tourniquet and confirm that the flap will be 
vascularized by the arteriovenous pedicle. It may take 30 
to 60 minutes for the flap to turn pink. Bathing the 
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Bone tip 
with flap 

Distal third of 
distal phalanx 


(Nerves not shown) 


Dorsalis pedis 
artery 

Saphenous vein 


FIGURE 


^ Wraparound flap. Dissection is complété with 


vascular pedicle intact. Nerves are not shown. Note tip of distal 


phalanx with flap. SEE TECHNIQUE 63-32. 


vessels in warm saline and lidocaine may help relieve 
vascular spasm. 

■ When the flap turns pink, ensure that the hand prépara¬ 
tion is complété, apply microvascular clips to the vessels, 
and ligate or apply a small hemoclip to the vessels before 
sectioning them (Fig. 63-60). 

■ Carefully apply a split-thickness skin graft to the great toe 
while the flap is being applied to the hand. Removal of 
1 cm of the distal phalanx allows the rotation of the 
médial skin flap over the tip of the toe. Apply the split- 
thickness skin graft to the plantar, dorsal, and latéral 
surfaces of great toe. Stent the graft as needed. Although 
advocated by Morrison et al., a cross toe flap usually is 
not needed to complété the great toe closure. 

HAND DISSECTION 

■ The team responsible for the préparation of the hand also 
must obtain a corticocancellous iliac crest bone graft and 
sculpt it to the approximate length and thickness of the 
normal contralatéral thumb. The tip of the normal thumb 
when adducted cornes to within about 1 cm of the index 
proximal interphalangeal joint. 

■ On the hand, two areas require préparation (Fig. 63-61): 
the dorsoradial aspect just distal to the anatomie snuffbox 
and the amputation stump itself. 

■ With the pneumatic tourniquet inflated, make a longitu¬ 
dinal incision in the web space between the first and 
second metacarpals. 

■ Dissect and mobilize two or more dorsal hand veins. 

■ Between the first dorsal interosseous and the adductor 
pollicis muscles, identify and mobilize the princeps pollicis 
(first palmar metacarpal) artery. 


Artery 



Distal third of 
A distal phalanx 


Nerve 


Vein 


Wraparound flap. A f Dissection complété after 
section of nerve and vessels. Distal portion of distal phalanx 
remains with flap. B f Diagram of scheme for "skewering" distal 
end of distal phalanx, then iliac bone graft with Kirschner wire, 
allowing soft tissue to be "wrapped around" bone graft. SEE 
TECHNIQUE 63-32. 


■ Identify the superficial radial nerve. 

■ Mobilize the arterial pedicle by dissecting it proximally to 
the level of the proposed anastomosis near the base of 
the thumb at the carpometacarpal or metacarpophalan- 
geal joints. 

■ Dissect the thumb stump through a straight incision 
across its tip extending from midradial to midulnar, allow¬ 
ing the élévation of dorsal and volar subperiosteal flaps 
for about 1 cm. 

■ Expose and dissect the ulnar digital neuroma, and when 
the flap is ready for attachment, excise the neuroma. 

■ Excise any scar in the bone end and freshen the end to 
receive the iliac crest bone graft. 

■ Create a recess in the base of the proximal phalanx or the 
thumb metacarpal so that the bone graft may be placed 
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FIGURE 


Wraparound flap hand dissection. A f Thumb stump exposed and dissected with midlateral incisions. Dorsum of first 


web space is dissected to locate cephalic vein and radial artery and branches. B f Scheme for attaching iliac bone graft to bone and soft 
tissue with Kirschner wire to allow nerve and vessel repairs. C f Iliac bone graft with soft tissue in place for "wraparound." Length of 


reconstructed thumb allows tip to corne within about 1 cm of proximal interphalangeal joint of index finger. SEE TECHNIQUE 63-32. 


S into the recess and fixed there with Kirschner wires, 
screws, or small fragment plates and screws (Fig. 63-62). 
■ Ensure that the flap is perfused by its arterial pedicle. 

■ Transect the arteriovenous pedicle and mark the artery, 
veins, and nerves with sutures. 

■ Wrap the flap around the bone graft so that the latéral 
side of the flap is applied to the ulnar side of the bone 
graft. If the bone graft is too large, it should be trimmed 
as needed. 

■ Loosely suture the flap in place to align the nail in a dorsal 
orientation with the neurovascular pedicle in the first web 
of the hand. 

■ Using magnification, suture the ulnar digital nerve of the 
thumb to the latéral plantar digital nerve of the flap with 
9-0 or 10-0 nylon. 

■ Suture the princeps pollicis (first palmar metacarpal) 
artery to the first dorsal metatarsal artery of the flap. 

■ Establish arterial flow and suture the dorsal veins. 

■ Suture the deep peroneal nerve to the branch of the 
superficial radial nerve. 

■ Place drains beneath the flap as needed, taking care to 
avoid placing a drain near the arteriovenous or nerve 
repairs. Apply a nonconstricting bandage to the hand and 
thumb, leaving sufficient surface exposed to allow for 
monitoring clinically and with devices. 

POSTOPERATIVE CARE. Aspirin (300 mg/d) and 
dextran (500 mL7d) are continued for the first 5 to 7 days. 



Fixation of iliac bone block. A f For amputation 
distal to metacarpophalangeal joint, iliac bone block is fixed par- 
allel to long axis of proximal phalanx. B f For amputation at or 
proximal to metacarpophalangeal joint, iliac bone block is fixed 
in 30 degrees of flexion and 45 degrees of internai rotation. These 
positions allow opposition of reconstructed thumb to other 
fingers. K-wire, Kirschner wire. SEE TECHNIQUE 63-32. 
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Some surgeons also give dipyridamole (Persantine, 50 mg 
twice daily). Heparin generally is not used. The donor foot 
and the hand are kept elevated for the first week. The 
skin color, turgor, and capillary refill are monitored. Skin 
température monitoring is an added measure. The 
patient's room température is kept at greater than 24° C 
(74° F). Appropriate hydration is maintained, and smoking 
by the patient and anyone entering the room is prohib- 
ited. The bandages and splints are changed after 7 to 10 
days unless needed sooner. Active motion of the thumb 
is begun with protection after 3 weeks. When the foot 
wound has healed, progressive protected weight bearing 
is started, and the patient is allowed to increase activities 
gradually to tolérance. Shoe inserts to protect the great 
toe usually are not required. 


THUMB AND FINGER 
RECONSTRUCTION 

SINGLE-STAGE TRANSFER OF THE 
GREAT TOE 

In 1967, Cobbett reported the first single-stage toe-to-hand 
transfer in a human, and at 30-year follow-up this patient was 
gainfully employed as a timber checker, suggesting that favor¬ 
able long-term results can be achieved. 

Further advancements and refinements of the transfer of 
the great toe to the hand and the use of the second and third 
toes for thumb and finger reconstruction hâve been made, 
and the clinical usefulness of great toe transfer for thumb 
reconstruction and second toe or second-third toe combina¬ 
tions for finger and thumb reconstruction has been con- 
firmed. Protective sensibility is regained, and pinch strength 
has been reported to be 40% to 80% of that on the opposite 
side. Almost ail patients are pleased with the appearance of 
the reconstructed digit. 

Biomechanical évaluations suggest that no significant 
limitation of ambulatory activities results from loss of the 
great toe. Significant donor site morbidity in the form of 
delayed healing of skin graffed areas and residual hypertro¬ 
phie scarring on the dorsum of the foot has been reported, 
however. These problems can be minimized by careful atten¬ 
tion to the details of dissection, closure of the donor defect, 
and the postoperative routine. 

■ INDICATIONS 

Transfer of the great toe to the hand may be indicated to 
reconstruct the thumb after amputations from the level of the 
metacarpal base to the interphalangeal joint. This procedure 
may be indicated most often in hands with multiple injuries 
and multiple amputations because it provides an opposable 
thumb for the remaining digits. Toe-to-hand transfer is rec- 
ommended for reconstruction of a thumb lost at or near the 
metacarpophalangeal joint when no adjacent digits are avail- 
able for pollicization. Others believe that posttraumatic 
thumb loss, including loss of the entire first metacarpal, is 
better treated by pollicization or second toe transfer, because 
of impairment in ambulation caused by loss of the first 
metatarsal. 


Before such a major reconstructive effort is begun, con¬ 
sidération should be given to the patients âge, motivation, 
occupation, and preferences regarding the donor site. The 
great toe is usually preferred as a donor for thumb recon¬ 
struction because the remaining toes usually are thinner and 
shorter than the thumb. 

■ PREOPERATIVE PLANNING 

As with other foot flaps, preoperative évaluation should 
include a thorough évaluation of the circulation to the foot, 
including clinical évaluation of the puises, the use of the 
Doppler probe, and arteriography of the foot in two planes. 
In addition, arteriography of the hand should be done if there 
is any doubt regarding the status of potential récipient vessels. 
These procedures also help to document the adequacy of the 
posterior tibial arterial supply. 

Although the ipsilateral great toe usually is used, if the 
médial skin of the foot will be needed for coverage on the 
reconstructed thumb, the contralatéral great toe should be 
considered at times. Buncke found that clay models of the toe 
placed in the thumb position are helpful in making decisions 
regarding toe sélection and the amount of skin required. If 
the great toe has an unacceptable size discrepancy, then the 
trimmed toe transfer as described by Wei et al. can be used. 
This technique has the advantage of the wrap-around tech¬ 
nique in matching thumb size while also allowing interpha¬ 
langeal joint motion. 

The soff-tissue requirements of the récipient area may be 
satisfied by traditional coverage techniques such as skin graff s 
or pedicle flaps before the thumb reconstruction or at the 
time of thumb reconstruction by incorporating a dorsal foot 
flap with the great toe transfer. Generally, it is préférable to 
allow for split-thickness skin graffing to be done on the récip¬ 
ient hand, rather than the donor foot because of the unpre- 
dictable results, especially on the dorsum of the foot. 


SINGLE-STAGE GREAT TOE TRANSFER 


TECHNIQUE 63-33 


(BUNCKE, MODIFIED) 

■ Position the patient so that the donor foot and the récipi¬ 
ent hand are easily accessible. 

■ Provide a padded operating table with a heating and 
cooling blanket and esophageal or rectal température 
probes. 

■ Monitor urinary output with an indwelling urinary 
cathéter. 

■ Two surgical teams are required: one for the hand, the 
other for the foot. 

■ Using skin-marking pendis, outline incisions on the hand 
and foot, providing adéquate soft-tissue coverage for 
both areas. 

FOOT DISSECTION 

■ Based on the Doppler findings, outline the course of the 
dorsalis pedis artery. Allow the veins to fill by holding the 
foot in a dépendent position over the edge of the operat¬ 
ing table. The large superficial veins on the dorsum of the 
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foot should be easily seen. The tributaries to the greater 
saphenous System can be located on the médial side of 
the first metatarsal. Outline the veins before exsanguinat- 
ing the limb for tourniquet inflation. 

■ Exsanguinate the limb by wrapping or élévation and 
inflate the pneumatic tourniquet. 

■ Use straight, curved, or zigzag dorsal incisions to identify 
and preserve the dorsal veins and the dorsalis pedis artery 
and its distal continuation, the first dorsal metatarsal 
artery. 

■If preoperative évaluation reveals the first metatarsal 
artery to be dorsal, proceed from proximal to distal, care- 
fully protecting the artery. Ligate or clip the side branches. 

■ If the dominant artery has been shown to be plantar, 
dissect from the first web space proximally, extending a 
longitudinal plantar incision just latéral to the weight- 
bearing area of the plantar surface over the first metatar¬ 
sal head. 

■ Dissect proximally to obtain a sufficient length of artery. 
At times, dividing the transverse metatarsal ligament is 
necessary to mobilize a plantar metatarsal artery. 

■ If the location of the dominant vessel is in doubt, begin 
the dissection in the first web space and dissect proxi¬ 
mally. In the first web space, ligate the artery to the 
second toe and mobilize the first metatarsal artery proxi¬ 
mally until it is determined whether it can be dissected 
from the dorsal or plantar aspect. Do not transect the 
proximal vessel attachments until vascularization through 
the arteriovenous pedicle to the great toe is ensured and 
until the hand dissection has been completed. 

■ Follow the dorsal artery to the extensor hallucis brevis, 
divide the extensor hallucis brevis, elevate it, and expose 
the deep peroneal nerve latéral to the dorsalis pedis 
artery. Preserve the deep peroneal nerve for suture to a 
récipient nerve in the thumb area. 

■ Follow the first metatarsal artery to the first web, leaving 
ail branches attached to the great toe, and ligate or cau- 
terize the branches to the second toe. 

■ Dissect and mobilize the superficial veins so that a long 
venous pedicle can be developed. 

■ In the first web, dissect the plantar digital nerve on the 
latéral side of the great toe and separate it from the 
digital nerve to the second toe by carefully dissecting 
proximally into the common digital nerve. 

■ Similarly, dissect the plantar digital nerve on the médial 
side of the great toe and mobilize it as far proximally as 
possible. Attempt to preserve both digital nerves. 

■ Obtain as much length as possible, depending on the 
requirements of the récipient thumb area. Occasionally, 
nerve grafts may be required. 

■ Détermine the approximate tendon length requirements 
in the hand. 

■Section the extensor hallucis longus tendon near the 
extensor retinaculum or more proximally through the 
same incision used for the vessel dissection. 

■ Make a transverse incision in the middle or proximal 
portion of the plantar surface of the foot to obtain adé¬ 
quate length of the flexor hallucis longus tendon. 

■ Dissect bluntly to locate the tendon and separate it from 
its connections to the flexor digitorum longus tendons in 
the foot. These attachments to other tendons make it 


extremely difficult to release the flexor hallucis longus 
tendon through an incision at the ankle. 

■ Separate the toe at the metatarsophalangeal joint. If an 
attempt is to be made to reconstruct the new metacar- 
pophalangeal joint, the joint capsule may be taken with 
the toe. 

■ The plantar aspect of the metatarsal head should be 
preserved; however, the dorsal portion of the first meta¬ 
tarsal may be taken with the toe if an oblique osteotomy 
is made from the dorsal surface proximally to the plantar 
surface distally. 

■ Leave the vascular pedicle attached until the hand dissec¬ 
tion has been completed and sufficient circulation to the 
toe is ensured. 

■ Release the tourniquet and achieve hemostasis in the 
foot. 

■After separating the toe from the foot, close the foot 
incisions over small thin drains if needed. 

■ The skin flaps should be fashioned to allow side-to-side 
closure of the foot incision, leaving only small areas, if 
any, for skin grafting. 

■ After closure of the foot, apply a bulky, nonconstricting 
compression bandage. 

HAND DISSECTION 

■ Two incisions usually are required for the hand dissection. 
Outline a curved incision in the dorsoradial aspect of the 
base of the thumb and a palmar incision along the thenar 
crease over the carpal tunnel and proximally into the 
distal forearm. 

■ Exsanguinate the limb by élévation or with an elastic 
wrap. Inflate the pneumatic tourniquet before beginning 
the dissection. 

■ Make a curved dorsal incision near the anatomie snuff- 
box, extending to the tip of the bony remnant of the 
thumb. 

■ Identify and mobilize the tendons of the extensor pollicis 
longus, extensor pollicis brevis, and abductor pollicis 
longus; the cephalic vein and its tributaries; the radial 
artery and its distal first metacarpal (princeps pollicis) 
extension; and the superficial radial nerve and its branches. 

■ Elevate skin flaps to expose the thumb remnant. 

■ Make a palmar incision parallel to the thenar crease, 
extending proximally and obliquely across the wrist flexion 
crease. 

■ Identify and expose branches of the digital nerves to the 
thumb, the flexor hallucis longus tendon, the adductor 
pollicis and abductor pollicis brevis tendons if available, 
and the palmar digital arteries if they are suitable for 
suture. 

■ Deflate the tourniquet and achieve satisfactory hemosta¬ 
sis. The remainder of the procedure can be done without 
inflating the tourniquet, or the tourniquet can be used 
intermittently to minimize blood loss and to aid in the 
completion of the anastomoses and neurorrhaphies. 

■ Achieve bony apposition of the transferred toe by making 
a hollow recess in the base of the proximal phalanx of 
the toe so that the thumb metacarpal or phalangeal 
remnant may be remodeled and inserted into the recess 
in the phalanx. Supplément this with additional internai 
fixation in the form of Kirschner wires as needed. 


CHAPTER 63 MICROSURGERY 



Transfer of great toe to thumb. Scheme sug- 
gested by May for reconstruction of available tendon attach- 
ments. AbH, Abductor hallucis; AbPB, abductor pollicis brevis; 
ADD, adductor hallucis; EHB, extensor hallucis brevis; EHL, exten- 
sor hallucis longus; EPB, extensor pollicis brevis; EPL, extensor 
pollicis longus; FHL, flexor hallucis longus; FPL, flexor pollicis 
longus. SEE TECHNIQUE 63-33. 


■ Repair flexor and extensor tendons to balance forces on 
the transferred toe as much as possible. May et al. sug- 
gested a scheme for reconstruction of the available 
tendon attachments (Fig. 63-63). 

■ Ensure satisfactory flow through the récipient radial 
arterial branches and perform anastomoses between the 
dorsalis pedis artery and the first metacarpal or radial 
artery. 

■ Begin intravenous infusion of low-molecular-weight 
dextran (or heparin, depending on preference) after the 
arterial anastomosis has been completed. 

■ Anastomose the saphenous venous System to the cephalic 
System. Usually one arterial and one venous anastomosis 
are sufficient. 

■ Suture the latéral plantar digital nerve from the toe to the 
ulnar digital nerve of the thumb and the médial plantar 
digital nerve to the radial digital nerve. If it is available, 
the superficial radial nerve branches may be sutured to 
the deep peroneal nerve branches. 

■ Loosely close the wounds and drain them as needed with 
small, thin rubber drains. 

■ Apply skin grafts as needed. 

■ Applya bulky, nonconstricting, noncompressing bandage, 
supporting the thumb, hand, and wrist with a plaster 
splint. 

POSTOPERATIVE CARE. The preferred postoperative 
anticoagulant therapy is continued. Low-molecular- 


weight dextran or heparin for 3 to 5 days has been rec- 
ommended by various authors. The patient is kept quiet 
with the hand and foot elevated. Clinical observations 
and any available mechanical devices are used to monitor 
the circulation. Urinary output and sérum hemoglobin 
and hematocrit déterminations are monitored for the first 
3 to 5 days until they hâve stabilized satisfactorily. Donor 
site morbidity may be minimized by preventing walking 
on the involved foot for 2 to 4 weeks. Initially the foot is 
kept wrapped with an elastic bandage. After removal of 
the sutures, an elastic support stocking helps to reduce 
edema. If one foot remains unaffected, the patient may 
attempt to walk using a walker or crutches; however, care 
must be taken to avoid injuring the reconstructed thumb. 
If possible, bandage changes are delayed for 5 to 7 days. 
The thumb is protected for 3 to 4 weeks, and then gentle 
protected active motion is begun, graduating to more 
aggressive activities at 10 to 12 weeks. Most strenuous 
activities are delayed until there is evidence of sensory 
return. 


TRIMMED-TOE TRANSFER 

This modification was developed to solve the problem of 
an overly large digit after great-toe-to-hand transfer. 


TECHNIQUE 63-34 


(WEI ET AL.) 

■ Before surgery, obtain correct measurements, including 
the circumference of the normal thumb at the nail 
éponychium, the widest point at the interphalangeal 
joint, and the middle of the proximal phalanx. Carry the 
width measurement of the thumbnail over to the great 
toenail, placing the excess medially. From this point on 
the toenail, draw a longitudinal line proximally from the 
éponychium to the base of the proximal phalanx for refer- 
ence. At this reference line, transpose the thumb mea¬ 
surements to their corresponding points on the great toe, 
with an additional 2 to 3 mm added to each measure¬ 
ment to ensure a tension-free closure. 

■ Taper the residual médial skin strip (the différence between 
the toe and thumb circumferences) to a point around the 
tip of the toe 2 mm below the nail to facilitate skin 
closure. The proximal incision line is determined by the 
level of thumb amputation. 

DONOR SITE DISSECTION 

■ Perform donor-site dissection under standard tourniquet 
control. 

■ Vascular identification and tendon and nerve dissection 
are as described in Technique 63-33 

■ Incise and elevate the médial skin strip from distal to 
proximal and deepen the incision to the periosteum at 
the tip of the distal phalanx with minimal violation of the 
fibrous pulp septae. Continue the dissection plane proxi¬ 
mally over the periosteum, médial collateral ligament, and 
joint capsule. 
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■ Protect the médial neurovascular bundle retaining it in the 
harvested great toe. 

■ Dorsally, make a longitudinal incision in the periosteum, 
médial collateral ligament, and joint capsule. Elevate 
these tissues subperiosteally (hemicircumferential joint 
flap) to the midplantar surfaces of both the proximal and 
distal phalanges. 

■ Using an oscillating saw, perform a longitudinal osteot- 
omy, removing 4- to 6-mm of width from the médial joint 



prominence and 2- to 4-mm of the phalangeal shafts. 
Rasp the osteotomy edges for a smooth contour. 

■ Drape the hemicircumferential flap, including the perios¬ 
teum, médial collateral ligament, and joint capsule, over 
the raw bony surfaces and secure it with interrupted 
sutures after trimming. 

■ After approximating the médial skin incision, select the 
amputation level, leaving the donor great toe attached 
only by its vascular pedicle (Fig. 63-64). 



D 



Wei et al. trimmed great toe harvest. A f Elévation of médial skin strip. B f Elévation of inferiorly based hemicircum¬ 
ferential joint flap. C f Longitudinal osteotomy of phalanges and joint. D f Repair of hemicircumferential joint flap. E, Closure of wound 
before transfer. SEE TECHNIQUE 63-34. 





RECIPIENT SITE PREPARATION 

■ A second team usually préparés the récipient site simul- 
taneous to the donor site dissection. 

■ For proper seating of the transferred great toe 7 skin inci¬ 
sions must be carefully planned and executed as well as 
possible joint arthrodesis or reconstruction, depending on 
the amputation level. 

■ Perform transfer of the trimmed toe as described in Tech¬ 
nique 63-33. 

■ Close the donor site primarily, using the proximal portion 
of the remaining médial skin strip to assist in tension-free 
closure if needed. 

POSTOPERATIVE CARE. Postoperative care is the same 
as after Technique 63-33. 


SECOND AND THIRD TOE 
TRANSPLANTATION 

Although great toe transplantation, the wraparound proce¬ 
dure, and other more traditional procedures are useful for 
thumb reconstruction, a hand with the loss of the thumb and 
multiple digits or the hand with only the thumb intact is 
significantly impaired and requires more than thumb recon¬ 
struction alone. Transplant of multiple toes has been useful 
for hand reconstruction when more than one digit is lost. The 
second toe from one foot, second toes from both feet, or the 
second and third toes from one foot can be used as digits to 
restore opposition to the thumb. The latter can be used as a 
single neurovascular transplant. Leung classified patients 
with thumb loss into four categories suitable for second toe 
transplantation, preferring the second toe over the great toe 
(Fig. 63-65). 

Gordon et al. evaluated a sériés of 16 patients who had 
38 digits reconstructed with double toe transplantation from 
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opposite feet. When one or two digits remained on the hand, 
toe transplantation improved function and appearance, while 
providing a broader and stronger surface for pinch and grip. 
They found the range of motion to be functional, and hand 
function was significantly improved. Postoperative foot mor- 
bidity was minimal when a strict non-weight-bearing routine 
was followed. When sequential double toe transplantation 
procedures were compared with simultaneous double toe 
transplantation, these authors found an overall shortening of 
the operating time and the hospital stay after simultaneous 
double toe transplantation. Overall cost decreased if two toes, 
usually from separate feet, were transplanted to the hand 
simultaneously. The risk of impaired walking is lower if single 
toes are removed from each foot compared with the removal 
of two toes with portions of the metatarsals. 

■ PREOPERATIVE PREPARATION 

As with ail foot transplant procedures, the location of the 
arteries to the toes to be transplanted needs to be determined. 
Also, the adequacy of the remaining circulation to the foot 
needs to be determined using arteriography in two planes, in 
addition to the clinical assessment and the Doppler probe 
observations. The needs of the récipient hand should be eval¬ 
uated to help décidé which toes to use in spécifie locations. 
Buncke recommended clay models of the digits applied to the 
hand. Alternatively, plaster models created from alginate 
impressions of patients toes can be used. The toe selected 
may be restricted by acquired posttraumatic or postural 
deformities, such as scarring and hammertoes, or by congéni¬ 
tal anomalies and poor vascularization. 

If a single toe is to be transplanted, two surgical teams are 
required, whereas if two toes are to be transplanted from 
separate feet, three teams are required; two to remove the toes 
and one to work on the hand. 

Position the patient on a well-padded operating table 
with a heating and cooling blanket placed beneath so that 
both feet and the affected hand are easily accessible. Monitor 



Type I 


Type I 


Type I 


Type IV 


Leung's classification of thumb loss, useful when considering different types of thumb reconstructive microsurgical 


procedures. 





PART XVII MICROSURGERY 


the body température with an esophageal or rectal ther- 
mometer and urinary output with an indwelling urinary 
cathéter. 


SECOND OR THIRD TOE 
TRANSPLANTATION 


TECHNIQUE 63-35 


FOOT DISSECTION 

■ Outline the skin flaps on the foot, depending on the 
requirements for skin coverage in the hand (Fig. 63-66). 

■ If the reconstruction is to be done at or distal to the 
thumb metacarpophalangeal joint, usually no additional 
skin is required. If the level of reconstruction is at the 
carpometacarpal level, or if the thumb ray is totally lost, 
a skin flap from the dorsum of the foot may be incorpo- 
rated with the toe to be transplanted. If the toe or toes 
are to be used for finger reconstruction, usually additional 
skin flaps are not required because the toe is placed on 
top of the récipient finger or between existing fingers so 
that adjacent skin might suffice. 

■ Allow the dorsal veins to fill by hanging the foot over the 
edge of the table and outline with a skin pencil the tribu- 
taries of the greater and lesser saphenous venous Systems. 

■ With an elastic wrap or élévation, exsanguinate the leg 
and inflate the pneumatic tourniquet. 

■ Elevate the skin flaps on the dorsum of the foot initially 
to identify and mobilize the saphenous tributaries. 

■ Carefully dissect and develop the venous pedicle. 


■ Locate the superficial peroneal nerve and include its 
branches with the toe. 

■ Transect the extensor digitorum longus and extensor digi- 
torum brevis tendons proximally near the ankle through 
the same incision used to dissect the vessels. 

■ Identify the dorsalis pedis artery and mobilize it, leaving 
intact its branches passing laterally toward the second 
metatarsal. Divide the branches to the great toe at the 
first web space. 

■ The circulation to the second or to the second and third 
toes is supplied through the dorsalis pedis and first dorsal 
metatarsal arteries or through the communicating artery 
to the plantar metatarsal arteries and then to the plantar 
digital arteries. Use a plantar incision to identify and 
dissect the plantar digital nerves, the flexor digitorum 
longus and brevis tendons, the plantar digital arteries, 
and the distal portions of the plantar metatarsal 
arteries. 

■ Although dissection of the plantar structures is possible 
through the dorsal incision, a metatarsal osteotomy is 
required to allow exposure of the plantar structures, 
making the dorsal approach to the plantar structures 
more difficult. 

■ If the thumb or digital reconstruction is to be done at the 
metacarpophalangeal joint or more distally, remove the 
toe at the metatarsophalangeal joint. 

■ If the level is more proximal, the distal metatarsal may be 
osteotomized at an appropriate length to meet the needs 
in the hand. 

■ Complété the dissection. 

■ Leave the vascular pedicles intact until the hand is ready 
to receive the transplanted digit. 
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Second toe transplantation. A f Incisions outlined for removal of second toe. Dorsal foot incision allows access to 
neurovascular structures. B, Plantar incision for toe removal. C f Dorsal foot flap outlined if hand requires additional skin. SEE TECHNIQUE 
63 - 35 . 
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■ Deflate the tourniquet to ensure perfusion of the toes by 
the arterial pedicle. 

■ Use small vascular clamps to occlude the dorsalis pedis 
arterial System and the plantar metatarsal arteries to 
détermine which arteries provide the best flow to the 
toes. 

■ When the hand is ready for the toes, ligate the arteries 
and veins and section the vessels. 

■ Close the foot wounds over small, thin drains as needed. 

■ Apply a bulky, nonconstricting compression bandage to 
the foot. 

HAND DISSECTION 

■ If the thumb is to be reconstructed, at least two incisions 
are required, as described for the great toe and wrap- 
around procedures. Outline the skin incisions to be 
made. 

■ Exsanguinate the upper limb and inflate the pneumatic 
tourniquet. 

■ Make a curved dorsal incision extending from the ana¬ 
tomie snuffbox to the remnant of the thumb to expose 
the dorsal veins, the extensor tendons, the radial artery 
and its first metacarpal branch, and the branches of the 
superficial radial nerve. 

■ After making a palmar incision parallel with the thenar 
crease, dissect the digital nerves, the flexor pollicis longus 
tendon, and any available arterial branches. 

■ If the toe is to be transplanted to a finger distal to the 
metacarpophalangeal joint, develop dorsal and palmar 
skin flaps, exposing the dorsal digital veins, the extensor 
digitorum communis tendon, the volar digital arteries and 
nerves, and the flexor tendons. 

■ If the toe is to be transplanted with a portion of the 
metatarsal to replace a portion of lost metacarpal at or 
proximal to the metacarpophalangeal joint, make a dorsal 
curved incision to expose the dorsal venous tributaries on 
the hand, the extensor tendons, and the bony remnant 
of the metacarpal. 

■On the palmar surface, make an incision Crossing the 
palmar creases obliquely to expose the common digital 
arteries, the common and proper digital nerves, and the 
flexor tendons. 

■ Deflate the tourniquet and achieve adéquate hemostasis. 

■ When the hand dissection has been completed and the 
hand prepared, ligate and transect the vessels to the toe 
or toes to be transplanted, close the foot wound as 
described previously, and begin the attachment of the 
toes to the thumb or digital position. 

■ Bone fixation with longitudinal Kirschner wires is easiest; 
however, combinations of Kirschner wires with wire 
sutures or small plates and screws also are satisfactory. 

■ Join the flexor and extensor tendons in the palm or near 
the wrist. 

■ The arterial anastomoses usually connect the dorsalis 
pedis of the first dorsal metatarsal artery to the radial or 
first metacarpal artery, although the plantar metatarsal 
arteries or plantar digital arteries to the toes may be 
anastomosed to the digital arteries of the fingers. It is 
important to show forceful pulsatile flow from the eut 
end of the récipient artery before arterial anastomoses 
are begun. 


■ When the arterial anastomoses hâve been completed, 
return bleeding through the dorsal veins should be 
unequivocal. 

■ Suture the plantar digital nerves of the toes to the digital 
nerves of the fingers or thumb and, where available, 
suture dorsal cutaneous branches of the radial or ulnar 
nerves to the branches of the superficial or deep peroneal 
nerves that may accompany the transplanted toe or toes. 

■Close the skin loosely, using small, thin rubber drains if 
needed. 

■Supplémentai skin grafting may be necessary as well 

(Fig. 63-67). 

■ Apply a bulky, nonconstricting bandage incorporating a 
plaster splint on the palmar side. 

POSTOPERATIVE CARE. The hand and foot are kept 
elevated. No smoking is allowed by patients or visitors. 
The room should be kept warm, and the patient should 
be sufficiently sedated so as to avoid emotional outbursts. 
A compression dressing is worn on the foot for 2 or more 
weeks, followed by an elastic stocking for 2 to 4 months 
to control edema. The circulation to the transplanted digit 
or digits is monitored closely for the first 1 to 3 days, and 
the patient is returned to the surgical suite for exploration 
of the anastomoses if evidence of circulatory compromise 
develops. The hand is immobilized for 3 to 4 weeks, fol¬ 
lowed by a graduated program of active mobilization of 
the transplanted digit. To minimize the morbidity associ- 
ated with second toe removal, with second and third toe 
removal, or with the removal of second toes from each 
foot, the foot should be elevated for at least 2 weeks. If 
both feet hâve been donors, Gordon et al. hâve stressed 
the importance of using a wheelchair for an additional 2 
weeks, at which time protected walking is begun with 
crutches or a walker until the patient can walk easily with 
minimal or no pain. Full use of the transplanted digit or 
digits is delayed until satisfactory motion and useful sen¬ 
sation return. 


VASCULARIZED FREE 
FLAPS CONTAINING JOINTS 
AND EPIPHYSES 

The clinical expériences of many surgeons suggest that whole 
joints, transplanted on a vascular pedicle, survive and func- 
tion without détérioration. This procedure holds promise, 
especially in the area of allograff transplantation. 

Clinical reports by Weiland et al. and Wray et al. suggest 
that growth continues after the vascularized transfer of 
physes. The careful experimental work of Brown et al. shows 
that long-term survival and useful growth can occur after free 
vascularized physeal transplantation. In their report of a 
small sériés, Singer et al. concluded that a vascularized trans¬ 
fer of the toe metatarsophalangeal joint to the finger meta¬ 
carpophalangeal joint can provide painless, functional, stable 
motion with nearly normal growth potential. Transfers of the 
toe proximal interphalangeal joint to the finger proximal 
interphalangeal joint hâve not been as rewarding because of 
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A f Amputated thumb and index finger after explosion injury. B f Delayed reconstruction with second toe to thumb 
free transfer and skin grafting. C f Useful pinch and acceptable appearance 6 months after surgery. D f Active interphalangeal joint 
extension. SEE TECHNIQUE 63-35. 


the difficulty in regaining motion and maintaining growth 
potential. Foo, Malata, and Kay reported that in three free 
joint transfers and one double joint transfer the joints were 
stable and maintained their growth potential, but range of 
motion of the proximal interphalangeal joint was limited to 
30 degrees. Although this type of transplantation shows 
promise as a way of solving several difficult pédiatrie surgical 
problems, these authors cautioned that many questions 
remain unanswered and require research before the proce¬ 
dure can be widely applied to children. 


VASCULARIZED NERVE GRAFTS 

Taylor investigated the problem of nerve graff survival when 
a large nerve graff is required, the récipient bed is poor, and 
distant transfer of a thick nerve trunk is required. In his 
animal work, he transferred a donor nerve with its main arte- 
rial and venous Systems to a récipient site, reestablishing cir¬ 
culation by microvascular techniques. Based on his 
experimental work, he found that vascularized nerve graff s 
regain “excellent” microcirculation throughout their length, 
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they are more densely packed with axons, and the axonal 
régénération rate is about twice that seen in the control cable 
grafts. Clinically, he used 26-cm vascularized radial nerve 
grafts to repair nerve gaps in the médian nerves of two 
patients after Volkmann ischémie necrosis. In a third patient, 
a 12-cm defect in the médian nerve was repaired with a radial 
nerve graft. A fourth patient had a 20-cm defect in the médian 
and ulnar nerves repaired after a high-voltage electrical 
injury. In this patient, a 30-cm segment of the médian and 
ulnar nerves from an arm stump was used. Taylor s finding 
that the innervation of revascularized nerve grafts occurred 
at the rate of 3.2 to 6 cm per month justifies cautious opti- 
mism. The difficulty in obtaining a suitable, well-vascularized, 
expendable donor and the theoretical disadvantage of possi¬ 
ble microvascular thrombosis converting a large graft into a 
trunk type of graft make this procedure rarely applicable. 
Taylor recommended that this procedure be restricted to 
younger patients in whom conventional nerve grafting tech¬ 
niques are difficult or impossible. 
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The hand is the most complex and versatile structure in the 
human body. Formed of 27 bones, the hand and wrist require 
more than 30 muscles and a vast web of ligaments and tendons 
to move them into the myriad postures required for the 
countless tasks the hand performs every day. The complexity 
of hand function is reflected by the large amount of brain 
space dedicated to it. Injury to or dysfunction of any element 
of hand function can cause significant disability. Because of 
the importance of the hand to every aspect of life, it is essen- 
tial for the surgeon to make the correct diagnosis and perform 
the appropriate and needed procedures, avoiding both under- 
treatment and overtreatment. 


PREOPERATIVE PLANNING 
AND PREPARATION 

A carefully taken history and detailed physical examination 
of the involved part are frequently sufficient to détermine the 
appropriate diagnosis. Routine anteroposterior, latéral, and 
oblique radiographie hand and wrist views may be supple- 
mented with additional spécial views of the wrist, thumb 
base, and fiffh carpometacarpal joint. MRI and CT can 
provide sufficient additional information to clarify some 
bone and soff-tissue problems in the hand and wrist. Radio¬ 
nuclide bone scanning may show areas of bone involvement 
before they can be seen on plain radiographs. Electrodiag¬ 
nostic studies (electromyography and nerve conduction 
velocities) may localize areas of nerve compression and 
reveal other conditions (e.g., peripheral neuropathy). In 
patients with suspected but undiagnosed systemic illnesses, 
such as the inflammatory arthritides, assessment by appro¬ 
priate medical specialists is helpful in determining appropri¬ 
ate nonoperative management. Patients who are taking 
warfarin, corticosteroids or other antiinflammatory médica¬ 
tions, immunosuppressive drugs, aspirin, herbal and com- 
plementary préparations, and médications for diabètes may 
require modification of dosage or discontinuation of the 
médications during the immédiate preoperative and intraop¬ 
erative periods. 


Most important is that the patient and surgeon hâve real- 
istic expectations regarding the operative outcome before the 
procedure is performed. The patient should understand the 
options; the alternatives to surgery; the expected outcome 
with and without surgical treatment; the potential risks, 
hazards, and benefits of the surgery; the nature and location 
of the incisions; the potential need for incisions to be made 
on other parts of the body for the harvesting of graffs; and 
the possible use of internai fixation, drains, and other types 
of implants. The patient should understand the nature of 
immobilization affer surgery, including the use of splints and 
casts, and he or she should understand that recovery and 
réhabilitation might be prolonged, especially affer major 
reconstructive procedures. 

As part of the preoperative préparation, patients are 
instructed to keep their hands clean for several days before 
surgery and to avoid skin injury to minimize the potential for 
infection. From currently available information, an infection 
rate of 0.5% to 3.0% might be expected. If the patient has 
evidence of cuts or skin or remote infections, the operation 
may best be delayed. If the fingernails are long or dirty, they 
should be trimmed and cleaned to remove potential sources 
of bacterial contamination, and excessive hair in the incision 
area should be removed before scrubbing the operative 
extremity. 

PERIOPERATIVE ANTIBIOTICS 

Although surgical site infections are rare affer hand surgery, 
postoperative infection can be a disastrous complication in 
the hand, causing impairment of hand function, delaying 
réhabilitation and return to work. Severe infection may 
require multiple surgical procedures and resuit in permanent 
damage to the hand. The routine use of perioperative antibi¬ 
otics for many orthopaedic procedures in the hand remains 
questionable. In two recent large sériés (one rétrospective 
study involving 8850 patients and one prospective, random- 
ized study involving 1340 patients) there was no significant 
différence in the frequency of infection in patients who 
received perioperative antibiotics and those who did not. The 
prospective study also found no différence between elective 
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and emergency surgery, between operations lasting 2 hours 
and those lasting longer, or between “clean” and “crush/dirty” 
wounds. Even in “high-risk” patients (smokers, those with 
diabètes mellitus, and those with longer operative procedure 
times) in the rétrospective study, prophylactic antibiotics did 
not reduce the frequency of surgical site infection. The 
authors of both studies concluded that antibiotic prophylaxis 
should not be routinely administered for surgery of the hand. 

ARRANGEMENT AND ROUTINE IN THE 
OPERATING ROOM 

Because surgical results dépend considerably on the skill, 
judgment, and précisé work of the surgeon, intraoperative 
distractions should be kept to a minimum. Disorganization, 
fatigue, and uncertainty diminish the efficiency of the operat- 
ing team. It is important for the surgeon to establish a stan¬ 
dard routine that is followed regularly. Each assistant can then 
dépend on this routine. The activities of the assistants in fol- 
lowing this routine should not be disrupted by the surgeon 
with irregular, unexpected, or inconsistent demands. A stan¬ 
dard routine makes it possible for assistants to know what is 
expected of them at each step in the operation and allows 
them to perform without hésitation, delay, or wasted motion. 

The operating room should always be pleasant. If a local 
anesthetic is being used and the patient is awake, loud or 
inappropriate noises or bursts of conversation may alarm the 
patient and should be avoided. Sometimes music of the 
patients choosing is comforting. 

If the surgical procedure is being arranged with the oper¬ 
ating room staff, it is helpful to make requests regarding 
spécial needs for the case under considération. Making 
advance arrangements for instruments, sutures, operating 
microscope, spécial implants, additional assistants, and other 
items enhances the efficiency of the operating team on the 
day of the procedure. Radiology support, including the use 
of C-arm fluoroscopy, should be arranged beforehand as well. 

Five “be” attitudes on the part of the surgeon can increase 
efficiency in the operating room: (1) be punctual—if possible, 
be early; (2) be available—being présent signifies to the surgi¬ 
cal team that you are member of the team; (3) be predictable— 
the less variation in the operating room routine, the more 
efficient it becomes; (4) be progressive—go from simple to 
complex; and (5) be gracious—it costs nothing, but buys a lot 
of goodwill. 

The operating surgeon usually sits on a firm, comfortable, 
and stable stool and occasionally stands for some procedures. 
When sitting, the surgeons knees are almost level with the 
hips and the feet rest fiat on the floor without strain. The 
working surface of the operating hand table should be at 
elbow height to provide a comfortable support for the fore- 
arms. When the light is directed perpendicular to the sur¬ 
geons view, it shines directly on the operative field, and 
shadows are avoided. 

Seated opposite the surgeon, the assistant should view the 
operative field from 8 to 10 cm higher than the surgeon to 
allow a clear line of vision without having to b end forward 
and obstruct the surgeons view. Although mechanical hand 
holders are available, they are not as good as a motivated and 
well-trained assistant. It is especially helpful for the assistant 
to be familiar with each procedure. Usually, the primary duty 
of the assistant is to hold the patient s hand stable, secure, and 
motionless, retracting the fingers to provide the surgeon with 


the best access to the operative field (Figs. 64-1 and 64-2). 
Using a mechanical holder such as a lead hand is better with 
untrained assistants. 

The hand operating table should be stable and immobile. 
Space should be sufficient for the patients hand and for 
resting the elbows and forearms of the surgeon and assistant, 
minimizing muscle fatigue. For most procedures, the surgeon 
should sit on the axillary side of the involved extremity, allow- 
ing the anatomy of either hand to be seen in the same relative 
position. Some procedures on the dorsum of the hand and 
wrist may be performed more easily from the cephalic side. 
If the surgeon changes sides, keep in mind the change in 
routine to avoid anatomie disorientation. 

The tray holding the basic instruments is offen placed on 
a shelf extending from the operating table, level with the 
working surface. The instruments always should be arranged 
in the same order (Fig. 64-3). This arrangement allows the 
surgeon to save time by routinely reaching for instruments 
from the basic tray. With practice, this can be done without 
the surgeon looking at the instruments. 

Using an instrument pan or designated “hands-free” 
zone, the surgeon discards an instrument affer using it, and 
the surgery technician returns it to its place on the tray. 
The discarded knife, tissue forceps, and dissecting scissors 
that are used constantly are not retrieved by the nurse unless 
requested by the surgeon. Spécial instruments should be 
readily available on another large table so that they can be 
handed quickly to the surgeon on request. Additional knife 



Assistant holds patient's hand firm and motion¬ 
less and exposes operative field for midlateral digital incision. 



Idéal position for assistant to stabilize patient's 
hand as surgeon makes zigzag incision. 
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Basic instruments for any surgical procedure on 
hand. Octagonal knife handle is préférable to fiat handle because 
knife is more commonly held by précision pinch in hand surgery. 
Instruments shown are knife handle, small rat-tooth forceps, dis- 
secting scissors, small hemostats, ruler, marking pencil, double- 
hook Lovejoy retractors, and probe. 


blades and spécial sutures and needles also should be imme- 
diately available. 

CHOICE OF ANESTHESIA 

Drugs used for local and régional anesthésia should become 
effective within a few minutes after injection, should cause 
minimal local irritation, and should hâve low systemic toxic- 
ity. Lidocaine seems to fulfill these requirements. Mepiva- 
caine (Carbocaine) is longer acting but may be slower in 
onset. Many surgeons prefer bupivacaine (Marcaine) because 
it is effective for 8 hours or longer. It can be used for axillary 
brachial block to avoid the use of a general anesthetic. Each 
of these agents has a toxicity level based on milligrams per 
kilogram of body weight, and this should be calculated before 
administration (Table 64-1). 

Unsatisfactory anesthésia for hand and upper extremity 
operations prevents the surgeon from accomplishing his or 
her goals and is likely to compromise the surgical resuit. For 
accurate and précisé work, the part must be motionless, the 
procedure should be completely painless, and the patient 
should be comfortable. Ail anesthetic techniques carry some 
risks, and the sélection of the technique dépends on the needs 
of the patient and the preferences of the surgeon and anes- 
thesiologist. The sélection should be part of the preoperative 
planning. 

At times, general anesthésia is preferred. Factors that 
favor the use of this type of anesthésia include extensive and 
prolonged hand and upper extremity operations, perfor¬ 
mance of procedures on other parts of the body (chest or 
abdomen or harvesting of various tissue graffs), extensive 


T TABLE 64-1 

à 

Maximal Doses of Local Anesthetics for Brachial 
Plexus Blocks 

ANESTHETIC 

MAXIMAL RECOMMENDED DOSE 

Bupivacaine 

2.5 mg/kg 

Bupivacaine with 
epinephrine 

3.0 mg/kg 

Levobupivacaine 

2.0 mg/kg 

Levobupivacaine with 
epinephrine 

3.0 mg/kg 

Ropivacaine 

2.0 mg/kg 

Ropivacaine with 
epinephrine 

3.0 mg/kg 


These amounts should be used as a guideline only; practitioners should use their 
clinical judgment when administering local anesthetics. 

Modified from Bruce BG, Green A, Blaine TA, Wesner LV: Brachial plexus blocks 
for upper extremity orthopaedic surgery, J AAOS 20:38, 2012. 

operations in young children, the presence of infection in a 
région that would preclude injecting a local anesthetic agent, 
and the preference of a particularly uneasy or anxious patient. 

Régional anesthésia has many advantages in hand and 
upper extremity surgery. Satisfactory régional anesthésia can 
be achieved for emergency procedures performed on patients 
with a full stomach; in these situations and in elective opera¬ 
tions, a régional anesthetic blocks vasoconstrictive afferent 
impulses from the surgical wound and avoids some of the 
unpleasant postoperative complications of general anesthésia. 
Outpatient surgery can be performed safely using régional 
anesthetic blocks, which reduce the need for postoperative 
nursing care. A régional anesthetic may allow operations to 
be done on the hand and upper extremity in patients with 
unstable cardiac or severe pulmonary or rénal problems that 
would create an increased risk with general anesthésia. 

Régional anesthésia is less satisfactory in children or 
extremely nervous, anxious, or uncooperative adults. It 
should be avoided in patients with documented, true allergies 
to local anesthetic agents and in patients taking anticoagu¬ 
lants. A régional anesthetic agent may be difficult to admin- 
ister in patients with contractures or involvement of joints 
that limit positioning of the limb for satisfactory blocks and 
in patients whose veins or blood pressure élévation do not 
allow the use of the intravenous technique. Care should be 
taken when administering régional anesthetic agents to avoid 
complications such as overdosage, intravascular injection 
(when doing nerve blocks), pneumothorax (when doing 
supraclavicular brachial plexus blocks), and the dissémina¬ 
tion of infection. 

For operations on the hand and upper extremity, four 
methods of régional anesthésia are in widespread use: (1) 
brachial plexus blocks using the interscalene, axillary, or 
supraclavicular approach; (2) intravenous régional blocks; (3) 
peripheral nerve blocks distal to the axilla, including blocks 
of the médian, radial, ulnar, and digital nerves; and (4) local 
infiltration of anesthetic agents, including the wide-awake, 
local anesthésia, no tourniquet (WALANT) technique. It is 
helpful to hâve the patient satisfactorily sedated before 
surgery. In many situations, especially in elective surgery, 
simple nerve blocks at the wrist or fingers require little 
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premedication. The use of régional anesthésia requires that 
sufficient time be allowed in the immédiate period before 
surgery for préparation of the patient, for the administration 
of the régional anesthetic agents, and for the anesthetic to 
become effective before the skin incision is made. 

BRACHIAL PLEXUS BLOCKS 

The traditional approaches for administering anesthésia to 
the major components of the brachial plexus include the axil- 
lary, interscalene, and supraclavicular and infraclavicular 
routes (Fig. 64-4). The axillary and interscalene approaches 
we use most commonly probably are safer than the supracla¬ 
vicular route, which carries the risk of a low incidence (1% 
to 5%) of pneumothorax. Infraclavicular and supraclavicular 
blocks are more commonly done now with ultrasound guid¬ 
ance. The interscalene block covers the supraclavicular nerves 
emanating from the third and fourth cervical roots and is 
idéal for shoulder surgery. Interscalene blocks can also be 


used for elbow surgery. Supraclavicular blocks are useful for 
surgery in the upper arm distal to the shoulder, whereas 
infraclavicular blocks can provide régional anesthésia for 
surgery of the elbow, forearm, wrist, and hand. An axillary 
block provides anesthésia similar to that of an infraclavicular 
block. Access to the axillary space requires the patient to 
abduct the arm 90 degrees, which may be difficult for those 
with trauma or contractures. Needle placement for brachial 
plexus blocks was traditionally based on anatomie landmarks 
and nerve localization with a nerve stimulator, but more 
recent approaches use an ultrasound approach. A meta- 
analysis of 13 studies comparing neurostimulation with 
ultrasound-guided blocks found that ultrasound-guided 
blocks were more likely to be successful, took less time, had 
a faster onset, and decreased the risk of vascular puncture. A 
study of the multiple-injection technique for axillary block 
showed that ultrasound guidance resulted in fewer needle 
passes, a shorter time to onset of anesthésia, and less 


Anterior Posterior 


Anterior Posterior 




Anterior Posterior 


Anterior Posterior 




Distribution of brachial plexus blocks. A f Interscalene. B, Supraclavicular. C f Infraclavicular axillary, single injection. 
D f Axillary, multiple injections and high humerai block. (Redrawn from Chelly JE, editor: Peripheral nerve block, ed 3, Philadelphia, 2008, Lip¬ 
pincott Williams & Wilkins.) 
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procedure-related pain than nerve stimulation techniques. 
Limitations of ultrasound include availability, a limited plane 
of view, and highly operator-dependent image quality. 

Short- and long-acting local anesthetic agents can be 
used for brachial plexus blocks. The dose dépends on the 
agent used, the technique used, and the preference of the 
administering physician. Although the amount of anesthetic 
used is not standardized, maximal amounts hâve been recom- 
mended (see Table 64-1). 

Complications of brachial plexus blocks are few (<1%). 
Reported systemic complications include cardiac arrest, respi- 
ratory failure, and seizures. Peripheral nerve injury can be 
caused by mechanical trauma from needles or cathéters, drug 
neurotoxicity, ischemia, compression, or stretch, but perma¬ 
nent neurologie sequelae occur in less than 1% of patients. 
Pneumothorax is most common with supraclavicular blocks 
(as high as 6%) but has been reported with interscalene and 
infraclavicular blocks. Ultrasound-guided technique has been 
suggested to reduce the risk of pneumothorax: a prospective 
study found no clinically apparent pneumothoraces in 510 
patients who had ultrasound-guided supraclavicular blocks. 

Contraindications to axillary brachial plexus block 
include infection in the axilla, axillary lymphadenopathy, and 
malignancy. 

Dysesthesias and “brachialgia” may persist affer brachial 
plexus blocks, and the patient should understand this before 
the block. It also might create difficulty in patients who 
require fine manipulation of the hands in their occupation. 

INTRAVENOUS REGIONAL ANESTHESIA 

The intravenous régional anesthésia technique using a double 
tourniquet (Bier) is useful, especially for procedures of rela- 
tively short duration (60 to 90 minutes). A specially designed 
double tourniquet is used. The patient should be satisfactorily 
premedicated, and intravenous infusion should be in place in 
the contralatéral arm. The usual anesthetic agent is lidocaine. 
In most situations, 30 to 60 mL of 0.5% lidocaine provides 
sufficient and safe anesthésia. The dosage used should take 
the patients âge and body weight into considération. Satisfac- 
tory anesthésia can be obtained in a short time. The tourni¬ 
quet is left inflated for a minimum of 30 minutes affer 
injection of the anesthetic agent into the extremity. In the 
usual situation, the limb is exsanguinated; the proximal tour¬ 
niquet is inflated to a level 100 mm Hg greater than the sys- 
tolic pressure (usually 250 to 300 mm Hg); and, using stérile 
technique, the anesthesiologist intravenously introduces the 
previously determined volume of anesthetic agent (Fig. 64-5). 
As the more proximal tourniquet becomes uncomfortable, 
the distal tourniquet is inflated and the proximal tourniquet 
is deflated. Reported reactions during intravenous régional 
anesthésia include cardiac arrhythmias (bradycardia and 
cardiac arrest), unconsciousness, vertigo, and nystagmus. 

The use of a forearm tourniquet for intravenous régional 
anesthésia has been suggested, with reported advantages of 
safety, préservation of hand motor function, lower anesthetic 
dose, and reduced risk of complications. 

PERIPHERAL NERVE BLOCKS 

The médian, radial, and ulnar nerves can be blocked at the 
wrist. These blocks are extremely helpful for brief procedures 
(Fig. 64-6). A tourniquet may not be required or may be used 
only for a short period (usually <30 minutes). It is essential 



Continuous intravenous régional anesthésia 
with forearm (A) and upper arm (B) tourniquet (see text). (A from 
anesthesiologynews.com; B from University of Pittsburgh Nurse 
Anesthésia Program Régional Anesthésia Website [www.pitt.edu/ 
-régional/].) 


to know the location of the respective nerves before attempt- 
ing régional blocks. Blocks at the wrist can be especially 
useful for procedures such as tenolyses and capsulotomies 
because motion of the fingers can be observed during surgery. 
The patient can be kept comfortable, and a tourniquet can be 
used longer than 30 minutes if the patient is adequately 
sedated. 


DIGITAL NERVE BLOCKS 

Digital nerve blocks provide excellent anesthésia for proce¬ 
dures on the fingers (Fig. 64-7). Usually, perineural injection 
around the digital nerves proximal to the finger web spaces 
is a safer technique than injection of the nerves at the base of 
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Technique of peripheral 
nerve blocks. A f Ulnar nerve, superficial 
branch. B, Médian nerve. C f Superficial radial 
nerve. 




FIGURE 


Digital nerve blocks (see text). 
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For procedures that require anesthésia from midmiddle phalanx distally (e.g., nail bed régions and distal interpha- 
langeal joint distributions and fusions) digital anesthésia can be easily achieved by single volar injection technique. A f Just proximal to 
palmar digital crease, through pinched skin 3 to 5 mL of local anesthetic is injected superficial to flexor sheath. B, Anesthésia achieved 
(colored area) from block of proper and dorsal sensory digital nerve branches. Note, if more proximal anesthésia is needed, additional 
block can be given at metacarpophalangeal joint dorsally as shown. 



Rubber glove tourniquet (see text). (From Henley 
J, Brewer JD: Newer hemostatic agents used in the practice of derma¬ 
tologie surgery. Dermatol Res Pract. 2013; 2013:270289. Epub 2013 
Aug 7.) 


the fingers. Because ischemia may develop after injection of 
an anesthetic agent in a circle around the base of the finger, 
this technique should be avoided. Digital blocks using a 
transthecal (flexor sheath) approach hâve shown no advan- 
tage compared with the traditional digital block technique 
(Fig. 64-8), but may be tolerated better because it is a single 
injection rather than two separate injections. We rarely use 
epinephrine in the local anesthetic agent in the digits, 
although it can be used safely. 

If hemostasis is required, traditionally a Penrose drain or 
a French rubber cathéter applied around the finger has pro- 
vided satisfactory and safe ischemia. Commercially available 
finger tourniquets and the finger of a rubber glove eut to 
allow it to be rolled onto the finger as a tourniquet also are 
effective tools (Fig. 64-9). Pressures achieved beneath these 
tourniquets cannot be determined accurately; caution is 
advised. At times, especially in the elderly and patients with 
vascular disorders in the fingers (e.g., Raynaud disease, 


atherosclerosis, diabètes), vascular insufficiency may develop 
in the digit, and care should be taken when using digital 
tourniquets in these patients (Fig. 64-10). If a rubber glove is 
used, spécial attention is essential to ensure it is removed at 
the end of the procedure: there are reports of catastrophic 
conséquences after such a tourniquet was leff on a digit. 

LOCAL INFILTRATION 

Local infiltration of an anesthetic agent may be used for more 
proximal conditions that do not require deep, extensive dis¬ 
section. This method is satisfactory for trigger digit release, 
small scar révision, and excision of benign masses from the 
skin and subeutaneous tissues of the forearm, hand, and 
fingers. Recently, there has been a move away from the tradi¬ 
tional tourniquet and sédation protocol to the WALANT 
approach for outpatient hand and wrist surgery. Suggested 
benefits of the WALANT approach include (1) increased 
patient comfort and convenience, (2) decreased operative time 
for minor procedures such as carpal tunnel and trigger finger 
releases, (3) significant cost réductions, and (4) ability to see 
sutured tendons, and bones and joints with fracture fixation, 
during a full range of active movement, which can improve 
functional outcomes. The WALANT approach can be used for 
a variety of outpatient hand and wrist procedures, with the 
location of injection and the volume of anesthetic agent differ- 
ing between them (Table 64-2). Although the technique is not 
appropriate for ail patients, it can be used in most patients who 
can hâve dental procedures without sédation. 


PREPARATION AND DRAPING 
FOR ELECTIVE SURGERY 

Regardless of the procedure, the method of preparing and 
draping the upper extremity and hand should be the same. 
This helps to standardize the routine and allows movement 
about the operative field while minimizing the risk of bacte- 
rial contamination. The préparation of other areas for graff 
donor sites varies depending on the requirements of the pro¬ 
cedure. If skin, tendon, bone, nerve, or other graffs are 
required, the patient should be positioned to allow easy 
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TABLE 64-2 


Typical Volumes Used for Common Operations 

OPERATION 

TYPICAL VOLUME OF 1% 
LIDOCAINE WITH 1:100,000 
EPINEPHRINE AND 8.4% 
BICARBONATE (MIXED 

10 mL:1mL) 

LOCATION OF INJECTION 

Carpal tunnel 

20 mL 

10 mL between ulnar and médian nerves (5 mm 
proximal to wrist crease and 5 mm ulnar to médian 
nerve); another 10 mL under incision 

Trigger finger 

4 mL 

Subcutaneously beneath the center of the incision 

Finger sensory block (SIMPLE) 

2 mL 

Volar middle of proximal phalanx just past palmar- 
finger crease 

Finger soft-tissue lésions or other 
surgery when finger base tourniquet 
is not désirable and finger 
epinephrine is used for hemostasis 

5 mL volar distributed 
among 5 phalanges, 4 mL 
dorsal split between 2 
phalanges 

2 mL volar and 2 mL dorsal subcutaneous midline 
fat, in both proximal and middle phalanges. Distal 
phalanx gets only 1 mL midline volar, just past the 

DIP crease 

PIP arthrodesis 

8 mL total, 4 mL volar (2 in 
each phalanx) and 4 mL 
dorsal (2 in each phalanx) 

2 mL midvolar and another 2 mL middorsal of both 
proximal and middle phalanges 

Thumb MCP arthrodesis and 
collateral ligament tears of the MCP 
joint 

15 mL 

2 mL on each of volar and dorsal aspects of 
proximal phalanx and the rest ail around the 
metacarpal head 

Dupuytren contracture or zone II 
flexor tendon repair 

15 m L/ray 

10 mL (or more) in the palm; 2 mL in the proximal 
and middle phalanges and 1 mL in the distal 
phalanx (if required) 

Trapeziectomy or Bennett fracture 

40 mL 

Radial side of the hand under the skin and ail 
around the joint, including the médian nerve. If LRTI 
is performed, decrease concentration to 0.5% 
lidocaine with 1:200,000 epinephrine, and also 
inject ail around where FCR or APL will be dissected 

Metacarpal fractures 

40 mL 

AN around the metacarpal where dissection or 

K-wires will occur 


Modified from Lalonde DH, Wong A: Dosage of local anesthésia in wide awake hand surgery, J Hand Surg 38:2025, 2013. 

APL, abductor pollicis longus; DIP, distal interphalangeal joint; FCR, flexor carpi radialis; LRTI, ligament reconstruction and tendon interposition; MCP, metacarpopha- 
langeal joint; PIP, proximal interphalangeal joint; SIMPLE, single subcutaneous injection in the middle of the proximal phalanx with lidocaine and epinephrine. 


access to the spécifie areas. Care should be taken to pad and 
protect neurovascular structures. The electrocautery ground- 
ing pads should be attached in a safe and secure manner. 
Usually, the hand and forearm are scrubbed before the time 
of the surgery. The hair is removed with electric clippers 
from the areas where skin incisions will be made on the 
hand, forearm, and elsewhere as needed; this often is done 
before the patient is transported to the operating room. A 
well-padded tourniquet is applied to the arm or the forearm, 
depending on the surgeons preference; however, it is not 
inflated until ail préparations hâve been completed (unless a 
Bier block is being used). Affer the patient has been satisfac- 
torily anesthetized, the hand and forearm are scrubbed by an 
assistant with an antiseptie solution of choice. Iodophor 
soaps and skin préparation solutions and combinations of 
chlorhexidine and alcohol hâve been found to be effective 
(Table 64-3). The surgeon scrubs his or her own hands. 
Wetting the padding beneath the tourniquet with the anti¬ 
septie solutions should be avoided to minimize skin reac¬ 
tions. A waterproof sheet is placed on the well-padded hand 


surgery table, followed by a stérile drape-sheet. Combina¬ 
tions of stérile towels and sheets are applied, leaving exposed 
the upper extremity and hand and other areas that may 
require access during the operation. The gloves used in prép¬ 
aration of the surgical field are removed, and the surgeon 
dons a gown and gloves and sits down, usually on the axil- 
lary side of the forearm. The operating lights are adjusted, 
and the skin incisions are outlined. 

TOURNIQUET 

A bloodless field is essential for accurate dissection to avoid 
damaging small vital structures. The inhérent dangers of 
tourniquet use are ischemia and its complications, including 
muscle contracture and nerve paralysis. Because the pressure 
can be monitored and controlled more reliably with a pneu- 
matic tourniquet, complications are believed to be less likely 
with this type than with an elastic or rubber bandage tourni¬ 
quet. Regardless of the tourniquet used, temporary or 
permanent disproportionate or prolonged edema, stiffness, 
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Broad-based finger tourniquet can be eut from Esmarch wrap, which usually accompanies upper extremity packages. 
A, Long and short strips 2.5 cm wide are eut from opposite sides of Esmarch bandage. B f Short strip is loosely applied across finger 
base and is held in place with curved hemostat. Longer strip is used to exsanguinate finger. C f Tension is applied to short section, and 
hemostat is applied close to dorsal skin with the two limbs of short Esmarch section fully opposed. 


diminished sensibility, and weakness or paralysis may resuit. 
Based on animal studies, Pedowitz et al. emphasized that bio- 
chemical, biomechanical, microvascular, and cellular mecha- 
nisms combine to produce significant neuromuscular injury 
from the use of tourniquets even at clinically allowable pres¬ 
sures and durations. 

When operations are performed with the patient under 
local anesthésia and last less than 30 minutes, an elastic 
(Martin) bandage provides sufficient hemostasis and may be 
used safely. Wrapping of the bandage is begun at the finger- 
tips and proceeds proximally on the forearm. It is applied in 
layers that overlap less than 5 to 6 mm. When the midforearm 
is reached, four or five layers of the elastic are overlapped. 
Wrinkles are avoided. The pressure is increased with each 
layer so that only moderate stretching is needed. The bandage 
is unwrapped, beginning distally, from the hand up to the 
midforearm. The overlapped layers in the midforearm are leff 
in place until the operation is finished. For some procedures 
done with local infiltration or wrist block anesthésia, a pneu- 
matic tourniquet can be used, rather than an elastic wrap 
tourniquet. The tourniquet can be applied above or just below 
the elbow and leff inflated 30 minutes without extreme 
discomfort. 

Although the tourniquet is generally applied to the 
upper arm, several reports hâve indicated that forearm tour¬ 
niquets are safe and reliable. The use of a forearm tourniquet 
with régional blocks has been reported to allow the dosage 
of local anesthetic to be decreased to almost half of that 
required with an upper arm tourniquet, and the frequency 


and severity of tourniquet pain hâve been reported to be less 
with a forearm tourniquet (procedures of 25 minutes or less 
or distal to the wrist with régional block). Both a longer 
duration of sensory block and prolonged postoperative anal- 
gesia hâve been described with the use of a forearm 
tourniquet. 

The usual procedure for tourniquet application involves 
first the application of several layers of Webril (Kendall 
Medical Company, Mansfield, MA) wrapped smoothly 
around the middle of the upper arm near the axilla. The 
tourniquet is usually applied by the surgeon, an experienced 
assistant, or the anesthesiologist. Wrinkles are avoided 
because their presence may cause blisters, pinching of the 
skin, and necrosis. The limb is exsanguinated by élévation for 
2 to 5 minutes or by wrapping with a Martin elastic bandage 
about 10 cm wide beginning at the fingertips and proceeding 
to just distal to the tourniquet. With automatic tourniquets, 
inflation is usually rapid enough to avoid trapping excessive 
blood in the arm during inflation. Wrapping of the limb 
should be avoided in patients with infections in the limb or 
in whom malignant tumors are suspected. Instead, to allow 
venous drainage, the limb is elevated for 5 to 10 minutes. The 
tourniquet inflation pressure generally should not exceed 
100 mm Hg systolic blood pressure for adults and children. 
The wider euffs minimize focal compression of nerves beneath 
the euff; however, smaller euffs are required for children. 
When the tourniquet has been released, it and the underlying 
cotton wrapping should be removed immediately to avoid 
venous congestion. 
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__ TABLE 64-3 

Antiseptie Solutions 


Alcohol 

Good immédiate skin disinfectant, but 
dries quickly and has less long-term 
effect 

95% alcohol better than 75% because 
of dilution by moist skin 

Hexachlorophene 

Forms a film that retains 

(pHisoHex) 

bacteriostatic properties 

Easily washed off 

Requires multiple applications to be 
effective 

May be toxic in infants 

Effective against gram-positive 
organisms; less effective against 
gram-negative organisms 

lodine 

Side effects 

Alcoholic (tincture) 

Frequent skin irritation (can be 
lessened by adding iodine) 

Aqueous (Lugol's 
solution) 

True allergie reactions 

lodophors 

(povidone-iodine 

[Betadine]) 

Advantages over iodine 

lodine and 

Slower release of iodine 

polyvinyl 

Fewer skin reactions 

pyrrolidine or 

Effective against gram-negative and 

povidone 

gram-positive organisms 

Chlorhexidine 

Some studies hâve shown it superior 

(Hibiclens) 70% 

to Betadine and pHisoHex 

alcoholic solution 

Repeated washings may hâve a 
cumulative effect 


Adapted from Green DP: General principles. In Wolfe SW, Hotchkiss RN, Pederson 
WC, Kozin SH, editors: Green's operative hand surgery, ed 6. Philadelphia, 2011, 
Elsevier. 


Improvements in design hâve resulted in the develop¬ 
ment of “automatic” pneumatic tourniquets that allow the 
setting of pressures within a safe range and for spécifie periods 
of time. Alarms notify the surgeon and anesthesiologist when 
the preset time has passed. Pneumatic tourniquets are avail- 
able in several widths with Velcro strap fasteners. There is no 
absoluté rule as to how long a tourniquet can remain safely 
inflated on the arm. The reports of most authors suggest that 
the “recovery time” or revascularization time between periods 
of tourniquet inflation is related to the length of time the 
tourniquet has been inflated (Table 64-4). In practice, the 
usual limit is considered to be 1.0 to 1.5 hours. If this limit is 
exceeded, the risk of paralysis may be increased. Usually, if 
the operation lasts longer than 1.5 hours, the tourniquet is 
released for at least 15 minutes and the limb is elevated with 
minimal compression applied to the incisions with stérile 
dressings. The limb is again exsanguinated with an elastic 
wrap, and the tourniquet is reinflated. 

INSTRUMENTS 

For the accurate work required in hand surgery, instruments 
with small points are necessary; the handles, however, should 


be large enough to allow a firm, secure grip. The four basic 
instruments are the knife, the small forceps, the dissecting 
scissors, and the mosquito hemostat (Fig. 64-3). The knife 
blade should be firmly attached to the handle and changed 
when necessary. The knife should be used for most dissection, 
to avoid tearing through the tissues with a blunt instrument. 
The forceps should be carefully checked before surgery for 
cleanliness and précision of closure. The scissors should hâve 
sharp double points, preferably curved, to dissect neurovas- 
cular bundles. Instruments used for fine surgery on soft 
tissues are shown in Figures 64-11 to 64-14. 

A mosquito hemostat or small forceps is preferred for 
clamping vessels because they cause minimal tissue damage. 
Vessels should be clamped as seen, even when a tourniquet 
is used. An electric cautery, especially of the bipolar type, is 
helpful. Retractors should be of the small single-hook or 
double-hook type and should hâve handles long enough to 
keep the assistant s hands out of the surgeons working area. 
Small self-retaining retractors are also useful in certain 
situations. 

For drilling holes in bone, small Steel twist drill points 
provided in most surgical drill sets are satisfactory. Drill bits 
and small, sharp-pointed Kirschner wires may be required. 
Air-powered or battery-powered drills allow précisé place¬ 
ment of drill holes and wires. Needle holders with narrow 
noses and smooth jaws are used for tying fine suture material. 
Numerous varieties of braided and nonbraided sutures are 
available to meet the procedures requirements. Most sutures 
are available with swaged, straight, or curved needles. 

BASIC SKIN TECHNIQUE 

INCISIONS 

As long as certain principles are observed, skin incisions can 
be made anywhere on the hand (Figs. 64-15 and 64-16). Inci¬ 
sions within deep creases should be avoided. Here subeutane- 
ous fat is sparse, and moisture tends to accumulate, macerating 
the skin edges. An incision should be long enough to expose 
the deep structures without excessive stretching of the skin 
edges; greater exposure is possible if the skin and subeutane- 
ous fat are dissected from the underlying fascia. Incision 
placement applies only to the skin surface; entries into deeper 
structures are made according to their anatomy and may be 
opposite in direction to those made in the skin. For example, 
the skin incision over the radial surface of the wrist for de 
Quervain stenosing tenosynovitis may be transverse, yet the 
underlying incision in the sténosed sheath is longitudinal. 

Generally, shorter incisions may suffice on the dorsum of 
the hand because here the skin is more mobile. A straight or 
lazy-S longitudinal incision on the middorsum of the wrist 
allows structures to be exposed from the extreme radial side 
to the extreme ulnar side of the wrist. 

Parallel or nearly parallel incisions that are too close 
together or too long should be avoided because healing may 
be slow or skin necrosis may occur caused by impairment of 
the blood supply. Sears that adhéré to the underlying struc¬ 
tures, especially bone, should be avoided if possible. The 
offset incision is helpful: the first incision is carried through 
the skin and subeutaneous fat, and after a flap is undermined 
on one side, the deep approach is made through the fascia 
and muscle parallel with but offset from the skin incision. 
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__ TABLE 64-4 ^ 

Tourniquet Time and Revascularization 


TOURNIQUET 


PH 


Po 2 (mm Hg) 

Pco 2 (mm Hg) 

TIME 

NO. PATIENTS 

RANGE 

MEAN 

RANGE 

MEAN 

RANGE 

MEAN 

Preinflation 


7.38-7.42 

7.4 

40-50 

45 

35-40 

38 

0.5 hr 

50 

7.29-7.35 

7.31 

22-27 

24 

45-53 

50 

1 hr 

40 

7.15-7.22 

7.19 

19-22 

20 

60-66 

62 

1.5 hr 

26 

7.02-7.10 

7.04 

6-16 

10 

80-88 

85 

2 hr 

12 

6.88-6.96 

6.9 

0-6 

4 

92-110 

104 


From Wilgis EFS: Observations on the effect of tourniquet ischemia, J Bone Joint Surg 53A:1343,1971. 



Instruments for small bone surgery include 
osteotomes, bone cutter, rongeur, awl, small curet, and small 
hammer. 



Instruments useful in microvascular and digital 
nerve surgery include small irrigation bulb, microvascular clamp, 
microneedle holder, pickups, and scissors of assorted lengths. 



Certain dental instruments are often useful for 
dissection of ligaments and bone. Retractors of numerous designs 
hâve been used in hand surgery, but modified tonsil prong (left) 
has proved to be most useful. 



Magnifying glasses for fine surgery on soft 
tissues. It is possible to achieve magnification of 6x with magni- 
fication lens on glasses frame. The magnification lens becomes 
too heavy for mounting, however, if more than 6x magnification 
is needed. 
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Correct skin incisions in hand: A, Midlateral incision in finger. B , Incision for draining félon. C, Midlateral incision in 
thumb. D, Incision to expose central slip of extensor tendon. E, Inverted-V incision for arthrodesis of distal interphalangeal joint. 
F f Incision to expose metacarpal shaft. G, Incision to expose palmar fascia distally. H, Incision to expose structures in middle of palm. 
/, L-shaped incision of base of finger. J, Short transverse incision to expose flexor tendon sheath. K , S-shaped incision in base of finger. 
L, Incision to expose proximal end of flexor tendon sheath of thumb. M, Incision to expose structures in thenar eminence. N, Extensive 
palmar and wrist incision. O, Incisions in dorsum of wrist. P, Transverse incision in volar surface of wrist. Q, Incision in base of thumb. 
R, Alternative incision to drain a félon. 


Joint motions are approximately perpendicular to the 
long axis of skin creases, and incisions should not cross a 
crease at or near a right angle because the resulting scar con¬ 
tracture may limit motion. Although true elsewhere in the 
body, this principle is more important when dealing with the 
hand, especially the fingers, because the development of con¬ 
tractures results in significant impairment of function. 

■ FINGER INCISIONS 

The midlateral finger incision allows the neurovascular 
bundle to be carried volarward with the volar flap of the inci¬ 
sion, or the dissection can be carried superficial to the neu¬ 
rovascular bundle. If the dissection is taken superficial to the 
neurovascular bundle, care must be taken to avoid making 
the skin flaps too thin. 


MIDLATERAL FINGER INCISION 


TECHNIQUE 64-1 


■ To carry the neurovascular bundle volarward, begin the 
incision on the midlateral aspect of the finger at the level 
of the proximal finger crease and carry it distally to the 


proximal interphalangeal joint just dorsal to the flexor skin 
crease; continue it distally along the middle phalanx, 
dorsal to the distal flexor skin crease, and proceed toward 
the latéral edge of the fingernail (Fig. 64-17). Because 
flexor skin creases extend slightly over halfway around the 
finger, the incision is slightly postérolatéral. 

■ Develop the dorsal flap a little to aid in closure of the 
incision. 

■ The radial sides of the index and middle fingers and the 
ulnar side of the little finger should be preserved when 
possible, especially dorsal branches of the digital nerves 

(Fig. 64-18). 

■ Develop the volar flap by continuing into the subcutane- 
ous fat over the proximal and middle phalanges, but, 
because fat is scanty over the proximal interphalangeal 
joint, be careful not to enter it by mistake. 

■ Immediately after incising the fat, carry the dissection 
volarward deep to the neurovascular bundle and expose 
the tendon sheath. The sheath can be incised, or the 
neurovascular bundle can be exposed by further dissec¬ 
tion (Fig. 64-19). The opposite neurovascular bundle 
also can be exposed because of its antérolatéral 
position. 

■ For the second basic midlateral incision, the skin flap is 
developed superficial to the neurovascular bundle. 
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Additional correct skin incisions in hand: A, 
Z-plasty incision often used in Dupuytren contracture (McGregor). 
B and C, Zigzag incisions for Dupuytren contracture or exposure 
of flexor tendon sheath. D, Volar flap incision. E, Incision to 
expose structures in volar side of thumb and thenar area. F f Inci¬ 
sion in distal palm for trigger finger or other affections of proxi¬ 
mal tendon sheath. G, Incision to form flap over hypothenar area. 
H , Incision to expose structures in middle of palm; it may be 
extended proximally into wrist. /, Short transverse incision in volar 
surface of wrist. J, Short transverse incision to release trigger 
thumb. K, Digital palmar oblique incision. 


■ Make the same midlateral skin incision, but just distal to 
the distal flexor skin crease, and carrythe incision obliquely 
into the pulp of the finger. 

■ As the volar skin flap is developed through the subcutane- 
ous fat, carefully isolate the neurovascular bundle; it can 
best be found at the middle of the middle phalanx. 

■ Expose the bundle by dissecting the fat from its volar 
surface, and expose the flexor tendon sheath. 

■ If necessary, the skin flap can be developed further by 
dissecting into the depths of the pulp distally, being 
careful not to disturb the nerves and arteries, and by 
extending the incision into the palm proximally. 


Using the principles just outlined and illustrated, many other 
extensile exposures of the finger are possible. The popular 
volar zigzag finger incision (Fig. 64-16B and C) does not 
require mobilizing either neurovascular bundle and directly 
exposes the volar surface of the flexor tendon sheath. When 


Branches of palmar Dorsal Dorsal digital nerve 

proper digital artery digital artery (of radial nerve) 



FIGURE 


^ Midlateral skin incision in finger extending 


from metacarpophalangeal joint to latéral edge of nail. To avoid 
flexor skin creases, it is placed slightly postérolatéral. SEE 


TECHNIQUE 64-1. 



Midlateral approach especially to expose flexor 
tendon sheath. On radial sides of index and middle fingers and 
on ulnar side of little finger is dorsal branch of digital nerve that 
should be preserved if possible. Volar flap containing neurovas¬ 
cular bundle has been developed and reflected. Window has 
been eut in sheath to show relationships of flexor tendons. SEE 
TECHNIQUE 64-1. 



Extensor tendon 
Digital fascia 
Plane of approach 

Digital artery 
Digital nerve 

Tendon sheath 

Flexor digitorum 
profundus tendon 


Flexor digitorum 
superficialis tendon 


Cross section of finger to show midlateral 
approach when used to expose flexor tendons. SEE TECHNIQUE 64-1. 


used on a contracted skin surface, however, it tends to 
straighten out and resuit in a more linear scar than is désir¬ 
able; here multiple Z-plasty incisions are more satisfactory. In 
either type of incision, the neurovascular bundles must be 
protected. 

The volar midline oblique incision (Fig. 64-16K) is useful 
for a variety of procedures and often can be used instead of 
a volar zigzag incision. It generally is safe and easily closed. 
In the approach to the flexor sheath, the incision crosses the 
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flexion creases obliquely in the midline of the finger between 
the neurovascular bundles. 

■ THUMB INCISIONS 

Midlateral incisions described for the Angers also are suitable 
for the thumb; the radial side is more accessible, and an inci¬ 
sion here can be extended by curving its proximal end at the 
midmetacarpal area and creating a flap on the palmar surface 
of the thumb (Fig. 64-15C). Care should be taken to avoid 
the dorsal branch of the superficial radial nerve to the radial 
side of the thumb. This incision can be used for tendon graffs 
without an additional palmar incision because the flap can be 
developed sufflciently to expose most of the flexor surface of 
the thumb. Fat is scanty on the latéral aspects of the thumb 
interphalangeal joint, and the volar plate may be opened by 
mistake when seeking the flexor tendon sheath. When a 
transverse incision for trigger thumb is made at the level of 
the metacarpophalangeal joint, the two digital nerves of the 
thumb, located to either side of the flexor tendon as in the 
Angers, must be carefully avoided (Fig. 64-15L). 

■ PALMAR INCISIONS 

As a rule, distal palmar incisions are transverse; in the proxi¬ 
mal palm, they tend to be more longitudinal, with the distal 
end curving radially and paralleling the closest major skin 
crease. An incision of any desired length can be made across 
the palm, provided that the underlying digital nerves and 
other vital structures are protected. Affer the skin and under¬ 
lying fat hâve been incised, the latter is dissected from the 
palmar fascia and is carried with the skin flaps. It may be 
désirable, although tedious, to preserve small vessels perfo- 
rating the palmar fascia if wide undermining of the skin 
flaps is necessary; otherwise, most of the vital structures are 
deep to the palmar fascia. In the distal palm, structures lying 
between the metacarpal heads are not protected by the 
palmar fascia. Affer the skin flaps hâve been retracted, the 
fascia can be incised in any direction necessary for ample 
exposure; excision of the fascia may be désirable. The 
tendons and, parallel to them, the neurovascular bundles can 
then be seen. The superficial volar vascular arch should be 
protected when deeper exposure is required. Incisions in the 
more proximal palm should parallel the thenar crease; 
however, when extended proximal to the wrist, they should 
not cross the flexor wrist creases at a right angle. The most 
important structure in the thenar area is the récurrent 
branch (motor) of the médian nerve, which should be 
exposed and protected if its exact location is in doubt. In 
addition, care should be taken to avoid injury to the palmar 
cutaneous branches of the médian and ulnar nerves. Ana¬ 
tomie studies hâve shown that there is no single longitudinal 
incision in the proximal palm that completely avoids the 
palmar cutaneous branches of the médian and ulnar nerves 
(Figs. 64-20 and 64-21). 

BASIC SKIN CLOSURE TECHNIQUES 

Early closure of hand wounds may lessen the chance of infec¬ 
tion and excessive scarring, which may destroy the gliding 
mechanism essential to hand movements. Immédiate cover- 
age is impérative when bone, cartilage, or tendon is exposed 
because of desiccation of these underlying structures. When- 
ever possible, direct skin suture without tension is the best 
method of closure. On the dorsum of the hand or wrist, this 
is sometimes possible even affer considérable loss of the 


mobile skin by extending the wrist to relieve tension; care 
should be taken, however, to not hyperextend the metacar¬ 
pophalangeal joints (Fig. 64-22). When a large defect here is 
closed in this manner, flexion of the wrist and Angers is 
limited, and replacement of skin by graff ing may be necessary 
later. The advantages of primary closure by direct suture are 
jeopardized unless each suture is accurately and patiently 
placed because not only the epidermis but also each plane of 
tissue should meet its corresponding plane. In the digits, 
palm, and dorsum of the hand, subeutaneous sutures are 
almost never necessary. Placing too few sutures or placing 
them too close to the skin edges jeopardizes satisfactory 
wound closure: the underlying tissues heal poorly, the skin 
edges tend to separate between the sutures, and necrosis 
occurs around the sutures (Fig. 64-23). The apical stitch is 
extremely useful for suturing a sharp angle in a lacération 
or in an elective flap because it holds effectively without 
embarrassing the circulation at the apex (Fig. 64-24). Some¬ 
times a “dog ear” of redundant tissue is left affer closure of a 
wound with uneven edges. This “dog ear” can be excised one 
side at a time affer splitting it down the middle to create two 
triangles; each triangle is then excised at its base. The line of 
excision of one side is used to mark the line of excision of the 
other. Another method of excising a “dog ear” is shown in 
Figure 64-25. 

When closure without excessive tension by direct suture 
is impossible, some type of skin graff may be chosen without 
prolonged delay, usually within about 5 days. The types of 
skin graffs most frequently used are described in Chapter 65. 
Sometimes leaving palmar wounds open is advantageous, 
such as in Dupuytren disease or other long-standing contrac¬ 
tures. Transverse wounds, even gaps as large as 2 to 3 cm, 
appear to heal uneventfully in 6 to 8 weeks. This open palmar 
technique allows egress of fluid, perhaps reducing swelling 
and infection rates. In similar fashion, even palmar digital 
and proximal interphalangeal skin gaps can heal by second- 
ary intention (Chapter 65). 

■ Z-PLASTY 

Z-plasty is an application of the transposition type of local 
flap whereby suitably constructed skin flaps are brought from 
adjacent areas to release a contracture. Typically, Z-plasty 
produces a gain in length along the central limb, which 
undergoes a change in orientation. Its primary use is in the 
release of a long, narrow contracture surrounded by tissue 
mobile enough to allow some shiffing and manipulation 
without the danger of necrosis from impaired blood supply. 
Z-plasty should not be used in attempting to close a wide 
fusiform defect, nor should it be used in the primary closure 
of a wound, unless the wound consists only of a lacération 
similar to a surgical incision. 


Z-PLASTY 


TECHNIQUE 64-2 


Figure 64-26 


■ Make the central limb of the Z along the line of the con¬ 
tracture to be released (Fig. 64-27). 

■ Make the other two limbs of the Z equal in length to that 
of the central limb; the angle between each limb and the 
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Cutaneous innervation of palm. A f Palmar cutaneous branch of médian nerve, présent in 100% of specimens. 
B f Palmar cutaneous branch of ulnar nerve, présent in 16% of specimens. C f Nerve of Henle, présent in 40%. D, Transverse palmar 
cutaneous branches of ulnar nerve, présent in 96%. E, Cutaneous nerves at risk for being transected by traditional incision used for 
carpal tunnel surgery. 


central limb must be equal to each other and should be 
about 60 degrees or less. An increase in this angle would 
not allow transposition of the flap without severe tension; 
a decrease makes the Z less effective in releasing tension 
and impairs the blood supply to each flap. 

■ Handle the points of the flaps with care because they are 
most likely to undergo necrosis; suture each point with 
an apical stitch. 

■ Multiple Z-plasties (Figs. 64-28 and 64-29) can be used 
when a scar is too long to allow correction with one 
Z-plasty and when the scars resulting from the flap rota¬ 
tion would be in more désirable positions. 


McGregor modified the standard multiple Z-plasty for use in 
the fixed palmar skin of the hand and fingers (Fig. 64-16 A). 
The length of its limbs may vary, making adjoining flaps 
larger or smaller as desired; however, the length of the limbs 
of each individual Z must be equal. The oblique limbs are 


curved to broaden the tips of the flaps, increasing their blood 
supply. A three-flap arrangement of skin can be useful for 
relieving web contractures in the second, third, or fourth 
webs (Fig. 64-30). 

CARE AFTER SURGERY 

Care affer surgery must be managed so that tissues are allowed 
to heal and functions of the affected part are restored as 
rapidly as possible. Care begins with the application of the 
dressing. The routine dressing is applied as follows. A closely 
woven patch of nonadherent gauze (Xeroform or Adaptic) is 
placed over each incision. Granulation tissue cannot grow 
through this material and cause it to adhéré; the gauze also 
prevents the wound from becoming macerated. Affer the 
hand has been positioned properly, sponges that hâve been 
moistened in saline or glycerin solution can be placed care- 
fully around it. Moist sponges conform to the contours of the 
hand more accurately and distribute pressure more evenly 
than do dry ones. They also promote absorption of blood. A 
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Distribution of subbranches of palmar cutane- 
ous branches of médian (PCBm) and ulnar (PCBu) nerves. Du, 
Distance from origin of palmar cutaneous branch of ulnar nerve 
to thenar crease (mean 23 mm); Dm, distance from terminal end 
of most ulnar subbranch of palmar cutaneous branch of médian 
nerve to thenar crease (mean 12 mm); Dr, distance from terminal 
end of most radial subbranch of palmar cutaneous branch of 
médian nerve to thenar crease (mean 5 mm). 





Il l l i1 i i h 



A f Skin closed by insufficient number of sutures 
placed too superficially and too close to skin edges. B f Skin closed 
by sufficient number of sutures placed more deeply and well 
away from skin edges. C f Horizontal mattress suturing spreads 
tension along the wound edge. 



Apical stitch is useful for suturing a sharp angle 
in lacération or in elective flap. 



Small defects of skin and subcutaneous tissue 
on dorsum of hand or wrist can be closed after wrist has been 
extended to relieve tension. This closure may require grafting 
later to permit wrist flexion while making a fist. 


Method of excising "dog ear." A f Fold of skin 
is caught at its apex by hook. B f Fold is retracted to one side, and 
skin is incised along base of fold on opposite side; point X forms 
apex of flap. C f Skin is unfolded, and resulting flap is excised. 
D, Skin closure has been completed. 
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roll of cotton or synthetic sheet padding is wrapped around 
the hand and forearm. Finally, an appropriate splint, of plaster 
or fiberglass, is applied and is held in position with a roll of 
2-inch or 3-inch gauze bandage. Immediately before the tour¬ 
niquet is removed, the hand is kept constantly elevated to 
prevent edema and hemorrhage after surgery. Splints and 
bandages on children tend to slip distally but can be con- 
trolled effectively by applying a long-arm splint or cast and a 
tube of stockinette that encloses the entire extremity. Adults 
responsible for childrens postoperative care should be com¬ 
petent in evaluating the vascular status of the fingers and 
hand. 

Elévation should be maintained for at least 48 hours; this 
can be done by positioning the hand on a pillow resting on 
the chest, with a sling that positions the hand higher than the 
elbow (Fig. 64-31 A), by light overhead suspension that éle¬ 
vâtes the hand and forearm while the elbow rests on the bed, 
or by using a preformed rubber sponge block (Fig. 64-31 B). 


Less angle 
impractical 



Greater angle 
difficult to 
transpose 


Angle size 30° 45° 60° 


Increase 
in length 



Angles permissible in performing Z-plasties. 
Angle that central limb of Z makes with each of the other two 
limbs should be 45 to 60 degrees. When angle is less than 45 
degrees, blood supply to flap is impaired; when angle is more 
than 60 degrees, flaps cannot be transposed without severe 
tension. SEE TECHNIQUE 64-2. 


A simple solution is to use two pillows pinned together over 
two rolled towels (Fig. 64-32). 

Body activity increases edema of the hand, and merely 
supporting it in a sling while the patient is ambulatory is not 
effective. Fingers not splinted should be exercised. The shoul- 
der is likely to become stiff, especially in older patients, and 
should be abducted and elevated toward the head several 
times daily. 

Although sutures usually are removed 10 to 14 days after 
surgery, they may not require removal until the splint is dis- 
carded, sometimes even at 3 or 4 weeks. Complété redressing 
of wounds may be unnecessary unless hematoma or infection 
is suspected. In these instances, the dressing should be opened 
as needed and the splint should be reapplied. Even when no 
complications are suspected, wound inspection at about 7 
days may allow timely management of unexpected infection 
or skin necrosis. 

Active use of the hand is the most effective way to rees- 
tablish motion after surgery. Physical therapy and occupa- 
tional therapy techniques, protocols, and modalities are 
helpful in educating the patient to reintegrate the hand and 
upper extremity into vocational, recreational, and other activ¬ 
ités of daily living. Hand therapy has been of immeasurable 
importance in assisting patients in their recovery. Often the 
best therapy is the patients usual work; if possible, patients 
should be offered the opportunity to return to work as part 
of the treatment, even if on a limited basis. The return to the 
activities of daily living and work also seems to hâve a bénéfi¬ 
ciai psychologie effect. 

Applying excessive heat to the hand and forced passive 
manipulation of joints by the patient, therapist, or surgeon 
usually are contraindicated. The patient, therapist, and 
surgeon should function as a well-integrated team, planning 
and organizing the patients course of treatment, with sched- 
uled progress évaluations. In most settings, the surgeon 
should take the lead in planning, prescribing, and monitoring 
the therapy program. The patient should not be forced into 
therapeutic interventions that are markedly painful. Causes 
of pain should be determined, internai splinting should be 
incorporated when indicated, and timelines and therapeutic 
endpoints should be outlined. 




Simple Z-plasty to release long, narrow contracture. 1, Central limb of Z is made along line of contracture, and other 
two limbs are to be made where shown. 2, Incisions are made, and flaps are shifted. 3, Flaps are sutured in their new positions. Note 
apical stitches at A and B. SEE TECHNIQUE 64-2. 
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Four-flap Z-plasties are useful in reducing first web contractures secondary to narrow linear scar and with normal 
elastic surrounding tissue. A f Outline of flaps. B f Flaps are rotated. Inset Flaps are sutured in place. SEE TECHNIQUE 64-2. 









PART XVIII THE HAND 



JP To correct linear contracture of second, third, or fourth web caused only by narrow scar, dorsal flap may be fashioned 
using technique shown. A, Web contracture. B, Flaps are outlined. C, Flaps are rotated in place. Inset, Flaps are sutured. 



Postoperative élévation can be maintained 
with a sling that keeps the hand higher than the elbow (A) or 
with a preformed rubber sponge block (B). 


SPLINTING 

Splinting serves several purposes: (1) to immobilize ail or 
part of the hand in a position that promotes healing and 
prevents deformity; (2) to correct an existing deformity and 
promote function in that part; and (3) to supply power to 
compensate for weakness, especially in muscles affected by 
peripheral nerve palsy. Splints may function to prevent 
motion (static splints) or to assist motion (dynamic splints). 

Immobilizing splints are used most frequently after an 
operation for a limited time only or intermittently to ensure 
correct position of joints and to relax muscles; they also are 
used to prevent further deformity, as in an arthritic hand. The 
splint should permit unaffected parts to function as normally 
as possible. They should be comfortable and light. Care 
should be taken so that the splint does not cause excessive 
skin pressure, especially over joints, because pressure sores 
may develop and interfère with the therapy program, delaying 
the patients progress. An orthotist or therapist should be 
available for making technical adjustments requiring spécial 
skills, but the patient should be able to apply the splint, 
remove it, and make minor adjustments. Useful splints are 
illustrated in Figures 64-33 to 64-40. The patient should thor- 
oughly understand the reason for splint wear and should be 
educated about its value. As treatment progresses, faithful use 
can be determined by observing the patients skill in applying 
and removing the splint. 
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To maintain élévation of the 
hand while sleeping, use two 
standard sized pillows, six or 
eight large safety pins, and 
two rolled up bath towels 


The forearm is placed 
between the bath towels 
inside the two pillows 





The patient will be able 
to sleep on his or her back 
or side, hugging the pillows 


A simple method of hand élévation uses two pillows, two rolled towels, and several safety pins. (Redrawn from Green DP: 
General principles. In Wolfe SW, Hotchkiss RN, Pederson WC, Kozin SH, editors: Green's operative hand surgery, ed 6. Philadelphia, 2011, Elsevier.) 




Splint is comfortable and has very low profile, 
which encourages wearing while recovery is progressing in 
median-ulnar nerve palsies. It permits pinch and some grasping 
while maintaining metacarpophalangeal joints in slight flexion. 
It blocks metacarpophalangeal joint extension and prevents 
clawing. 



Splint for low médian nerve palsy dynamically 
holds thumb in abduction, extension, and opposition, preventing 
adduction contracture of thumb. Splint is light and compact. 
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Splint for ulnar nerve palsy dynamically forces 
metacarpophalangeal joints of ring and little fingers into 
flexion. Part of palm is covered by rubber bands, which is a 
disadvantage. 


Splint for ulnar nerve palsy prevents hyperex¬ 
tension deformity of metacarpophalangeal joints of ring and 
little fingers. It also conforms to shape of transverse metacarpal 
arch and has no attachments that hinder function of hand. 



Flexor glove dynamically forces fingers into 
flexion, exerting continuous force on proximal interphalangeal 
and metacarpophalangeal joints. Sometimes it also flexes wrist 
when proximal eyelets are too far proximal, and, when désirable, 
it may be applied over volar wrist splint. 


Splint for high radial nerve palsy dynamically 
splints digits in extension. 



easily adjustable in length and support soft-tissue or fracture 
healing. 
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The hand and fingers are the body parts most often injured 
in the workplace. In the United States, annually, more than 1 
million emergency department visits are caused by work- 
related hand trauma. For an acutely injured hand, restoration 
of function is the goal of treatment. It is necessary to prevent 
infection, salvage injured parts, and promote primary healing. 
Although nerves and tendons may be repaired in the primary 
phase of care, their management is secondary in importance 
to thorough cleansing and debridement, correct stabilization 
of fractures and dislocations, and wound cio sure or coverage 
with skin grafts or skin flaps. Through patient history taking 
and careful physical examination, the surgeon must person- 
ally appraise the injury to décidé which primary procedures 
can be done safely and which secondary procedures may be 
necessary later. 

HISTORY 

The history should provide the following information accu- 
rately and concisely: (1) the exact time of injury (to détermine 
the interval before treatment), (2) the first aid measures given 
and by whom and where, (3) the nature, amount, and time of 
receiving any médication, (4) the exact mechanism of injury 
(to détermine the amount of crushing, contamination, and 
blood loss), (5) the nature, time, and amount of food and 
liquid taken by the patient (information necessary for sélec¬ 
tion of the anesthetic), and (6) the patients âge, occupation, 
place of employment, handedness, and general health status. 
The time since injury is important to détermine because 
immédiate, urgent surgery is required for severely contami- 
nated wounds, wounds in which infection of a deep space 
is suspected, wounds with vascular injuries that cause 


hemorrhage or compromise perfusion, high-pressure inju¬ 
ries, and wounds for which amputation or replantation may 
be needed. 

EXAMINATION 

The évaluations to be performed before wound inspection are 
(1) radiographs of the hand to check for injuries to bone and 
for foreign objects, (2) vascular and neurologie function, and 
(3) motor function of the hand, including examination of 
possible tendon injury (see Chapter 66). These examinations 
can provide 90% of the information needed to détermine 
appropriate treatment. In addition, it reduces anxiety in the 
patient if the wound can be covered most of the time. Once 
that has been accomplished, the wound is examined for size, 
depth, and location; zone of additional injury; sepsis or con¬ 
tamination; and what procedures will be necessary. Tech¬ 
niques for detailed évaluation of tendon and nerve injuries 
are described in Chapters 66 and 68 respectively, and évalu¬ 
ation of fractures and dislocations is described in Chapter 67. 

Antibiotics, sédation, blood transfusions, tetanus pro- 
phylaxis, and other measures are provided as indicated (Table 
65-1). Before sédatives or narcotics are given, the patient 
should be advised as to the extent of the injuries, the general 
plan of treatment, and the prognosis, especially with regard 
to any possible amputation. The patient also should be fore- 
warned when skin grafts or distant skin flaps are anticipated 
(Fig. 65-1). 

ANESTHESIA 

A digital block, régional block, or general anesthetic may 
be selected, depending on the patients âge and general 
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TABLE 65-1 


Antibiotic Prophylaxis for Hand Injuries 

CUNICAL SITUATION 

ANTIBIOTIC PROPHYLAXIS 

Low-risk, traumatic injuries (clean wounds 
with easily demarcated borders, no 
devitalized tissue) 

None 

Injuries in immunocompromised patients 
(e.g., patient with human 
immunodeficiency virus infection, diabètes) 

Gram-positive cocci coverage 

Wounds with devitalized tissue 

Gram-positive cocci coverage if wound tendon or joint space is 
contaminated* 

Animal and human bites (other than 
superficial abrasions) 

First-generation cephalosporin. In patients with bites that may contain 
Pasteurella multocida or Eikenella corrodens, consider penicillin or 
amoxicillin-clavulanate potassium (Augmentin). In immunocompromised 
patients, consider erythromycin or amoxicillin-clavulanate. In patients with 
sepsis and pétéchial rash, consider intravenous ciprofloxacin (Cipro) and 
clindamycin (Cleocin).t 

Puncture wounds 

Case-by-case decision 


*lf the wound is contaminated, debridement is required. 
tPatients with sepsis or pétéchial rash should be hospitalized. 

Adapted from Daniels JM II, Zook EG, Lynch JM: Hand and wrist injuries, part II: emergent évaluation. Am Fam Physician 69:1949, 2004. 



location, and size. STSG, split-thickness skin graft; FTSG, full-thickness skin graft. (From: Christoforou D, Alaia M, Craig-Scott S: Microsurgical 
management of acute traumatic injuries of the hand and fingers, Bull Hosp Jt Dis 71:6, 2013.) 
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condition, the severity of the injury, other injuries, the inter- 
val since the last ingestion of food or drink, and whether or 
not a distant flap will be necessary (see Chapter 64 for more 
details). 

TOURNIQUET 

A tourniquet is necessary while the wound is being cleansed 
and inspected and while the deep structures are being 
repaired. When the viability of an area of skin is questionable 
because of a crushing or avulsing injury, a tourniquet should 
be used as briefly as possible. For a large wound with frac¬ 
tures, élévation of the hand for 2 minutes is better than wrap- 
ping it with an elastic (Martin) bandage before inflation of 
the tourniquet. This prevents further crushing and displace¬ 
ment of fracture fragments (for more information on the 
tourniquet, see Chapter 64). 

CLEANSING AND DRAPING OF HAND 

Affer the patient or the part is anesthetized and the tourni¬ 
quet is applied, the first aid dressing is removed and the 
wound is thoroughly irrigated with normal saline solution, 
generally through a pulsating lavage apparatus to provide a 
stream with enough force to loosen small foreign particles 
and to remove large hematomas. Antiseptics generally are not 
used in the wound because of potential tissue toxicity. Small 
bleeding vessels, which sometimes are more easily seen under 
saline solution, are clamped with mosquito hemostats and 
cauterized. Small flaps and tags of devitalized fat and fascia 
seen floating in the solution can be removed at their bases. 
Nerve ends are not debrided. Ragged skin edges may be 
trimmed, but complété excision of the edges of the wound 
usually is unnecessary in the hand. 

As the deeper parts of the wound are cleaned, they are 
carefully searched for foreign materials, especially if there is 
suspicion that they contain broken glass, wood, or pièces of 
glove or when the wound has been caused by a gunshot. 
Cleaning should not be hurried; it must be thorough to 
help prevent infection. Primary healing without infection is 
necessary to limit the scar and to allow additional early 
reconstruction, if needed. When cleaning is complété, 
ail instruments, gloves, and drapes used during this process 
are discarded and the hand is redraped (see Chapter 64 
for the details of draping and of the routine in the operating 
room). 

Affer a diligent effort has been made to convert the con- 
taminated wound into a clean one in the operating room, the 
wound is reexamined. The circulatory status of the skin is 
assessed with the usual observations of color and capillary 
refill in the digit and bleeding of the skin affer needle or 
scalpel puncture and with a Doppler probe for the larger 
vessels in the hand and upper extremity. 

The tissues in the depths of the wound, including exposed 
bones, tendons, vessels, and nerves, are assessed in an orderly, 
anatomie manner to avoid error; the skin also is examined 
carefully. Only affer an accurate assessment of the damage 
can correct decisions be made as to which structures can be 
repaired primarily. Bones and joints are inspected to assess 
bone loss, the extent of periosteal stripping, and fracture sta- 
bility. This évaluation allows estimation of potential bone 
healing and the advisability of early joint motion affer inter¬ 
nai fixation of fractures. Conclusions drawn from the first 
examination may be wrong, so suspected tendon and nerve 


injury should be confirmed by direct inspection. Usually, the 
damage has been underestimated. 

Evaluating the skin damage is most important because 
primary wound closure dépends on skin viability. Frequently, 
some skin appears to be lost when actually it has only 
retracted; this is especially true of L-shaped wounds on the 
dorsum of the hand. When skin is crushed or flaps of skin are 
avulsed, the possibility of necrosis must be seriously consid- 
ered. Releasing the tourniquet may be necessary for accurate 
évaluation. A valuable sign that skin is viable is a prompt pink 
blush (about 6 seconds) affer release of the tourniquet. The 
extent of bleeding from the skin edges, the color of the skin 
immediately affer compression, and the amount of under- 
mining of the skin edges must be observed. Necrosis, infec¬ 
tion, and scarring can occur if flaps of doubtful viability are 
retained. The extent of skin loss from the injury itself and 
affer surgical excision of nonviable flaps must be evaluated, 
and plans must be made for complété coverage. Passive finger 
motion offen delivers severed tendons into the wound. Small 
hematomas seen within synovial sheaths may be indications 
of further tendon injury. 

CONSIDERATIONS FOR 
AMPUTATION 

Considérations for amputation are discussed in Chapter 19. 

ORDER OF TISSUE REPAIR 

Setting priorities for repair of injured structures is important. 
Affer the wound is cleaned, the bony architecture must be 
reestablished immediately if possible (see Chapter 67) or 
within a few days affer the wound becomes clean; otherwise, 
the soft tissues contract, making bone repair difficult or 
impossible without soft-tissue grafting. Although definitive 
closure may not be possible, the bony architecture should be 
reestablished. Stabilize the thumb for opposition, the index 
and long fingers for pinch and manipulation, and the ring and 
small fingers for grasp. It is préférable to close the wound 
within the first 5 days. If the injury and wound conditions 
permit, tendons and nerves should be repaired at the time of 
primary or secondary skin closure. While awaiting repair, 
nerves contract, especially in the fingers and palm. Consid¬ 
ération should be given to tagging the nerve ends with a small 
suture to the soft tissues of the palm. If repairs of nerves and 
tendons are delayed, repair or reconstructions may be done 
later. (See Chapters 66 and 68 for additional discussions of 
nerve and tendon repair and reconstruction.) 

ARTERIAL INJURIES 

Generally, the best treatment of major upper extremity arte- 
rial injury (subclavian, axillary, brachial) includes immédiate 
diagnosis, emergent angiography, and surgical exploration 
and repair. The best management of injuries to the radial or 
ulnar arteries in the forearm and wrist is controversial. If the 
palmar arterial arches are complété, hand survival and func- 
tion are possible if one or both arteries are transected. Prob- 
lems with pain, cold intolérance, and weakness may occur 
later. Unrepaired single artery injuries generally cause insig- 
nificant changes in hand circulation, but combined arterial 
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and nerve injury can resuit in disabling symptoms of pain and 
cold intolérance. At 10-year follow-up, cold sensitivity that 
limited activity was reported by 78 % of 97 people with various 
hand injuries, although most reported a low degree of dis- 
ability. In about 20% of patients, either the radial artery or 
the ulnar artery do es not hâve a connection with the super- 
ficial palmar arterial arch. Puise volume measurements and 
digital oximetry are helpful in assessing adequacy of circula¬ 
tion to the hand and digits. 

Several options are available for treatment of radial and 
ulnar arterial injuries, alone or in combination. If an injury 
involves only one artery in a young person without nerve 
injury and with the intact artery providing adéquate circula¬ 
tion, ligation remains a satisfactory option. In younger and 
older patients with inadéquate circulation through the intact 
artery, especially if a nerve injury is présent, repair of the 
injured artery is préférable. If both arteries are transected, 
repair of both arteries should be performed, especially in 
older patients and in patients with concomitant nerve injury. 
In a sériés of 28 patients with upper extremity arterial injuries 
treated at an urban trauma center, most (22) were treated 
with primary repair or ligation; six required saphenous vein 
bypasses, and two required endovascular procedures. The 
overall limb salvage rate was 96% (successful repair in 27 of 
28 patients). 

Injuries to the palmar arterial arch and the digital arteries 
require exploration and repair if circulatory impairment 
threatens digital viability. Microvascular techniques usually 
are required for these injuries. (See Chapter 63 for a discus¬ 
sion of microsurgery and Chapter 76 for a discussion of ulnar 
tunnel syndrome.) 

A 15-year study of upper extremity arterial injuries that 
involved 167 patients with 189 arterial injuries identified the 
brachial artery as the most frequently injured vessel (55%). 
Risk factors for limb loss were early graft failure, compart- 
ment syndrome, associated skeletal and brachial plexus 
damage, and a military mechanism of injury. Some studies 
also hâve reported worse functional outcomes in arterial inju¬ 
ries caused by blunt trauma than by penetrating trauma. 


CONSIDERATIONS FOR 
SKIN CLOSURE 

Soff-tissue coverage may be the most important step in the 
treatment of acute hand injuries because it plays such a large 
part in determining how ail other repaired and reconstructed 
structures heal and ultimately function. Although early defin¬ 
itive closure is désirable, this is not always possible, especially 
with severe crush injuries and contaminated wounds. Because 
swelling causes wounds to enlarge and skin to contract, 
closure becomes progressively more difficult. The use of 
rubber bands or surgical “vessels loops” can help bring the 
wound edges doser together without creating ischemia or 
increasing the risk of compartment syndrome. The use of 
négative pressure therapy, such as with a vacuum-assisted 
closure device, may allow the wound to granulate so that a 
simpler coverage method can be used. Négative pressure 
therapy should not be used for long periods, however, because 
it may compromise the gliding motion of muscles and tendons. 

The traditional “reconstructive ladder” generally follows 
a progression from simple (primary closure, healing by 



Basic Principles of Soft-Tissue Reconstruction 


■ Further injury to the upper extremity must be prevented. 

■ Aggressive debridement of ail necrotic and nonviable 
tissue, including bone, is essential. 

■ Bone stability must be achieved. 

■ Acute coverage should begin with the simplest technique 
needed to cover the wound. 

■ Secondary reconstructions that will be needed should be 
considered at the time of soft-tissue coverage and primary 
reconstruction. 

■ Composite soft tissue reconstruction should be considered 
when there is soft-tissue loss. 

■ Amputation may be better than limb salvage. 

Modified from Wolf JM, Athwal GS, Shin AY, Dennison DG: Acute trauma to the 
upper extremity: what to do and when to do it. J Am Acad Orthop Surg 91:1240, 
2009. 


secondary intention) to more complex coverage methods 
(skin grafting, flap coverage). Wolf et al. outlined several 
basic principles of soft-tissue reconstruction in acute hand 
injuries (Box 65-1). 

Primary skin closure is désirable and usually can be done 
in ail sharply incised, clean wounds. The purpose of primary 
skin closure is to obtain early healing and to prevent infec¬ 
tion, granulation tissue, edema, and excessive scar produc¬ 
tion. Misjudgment may lead to delayed healing as a resuit of 
hematoma, swelling, and infection, any of which may require 
reopening the wound for drainage or additional debridement. 
Certain wounds should never be closed primarily, including 
severely contaminated or crush wounds caused by farm 
machinery, human bites, tornado missiles, and augers. High- 
velocity missile wounds, other combat wounds, and wounds 
contaminated with animal or human feces or fertilizer also 
should not be closed primarily. 

When in doubt, the wound should be leff open affer 
careful debridement using an anesthetic. Within 24 to 48 
hours, the wound should be reinspected, and if it is suffi- 
ciently clean, it can be closed by direct suture or by skin graft. 
If possible, a wound should be closed within about 5 days of 
injury. Generally, a wound should not be leff open to granu¬ 
late and heal by secondary intention, unless it cannot be made 
sufficiently clean to allow skin grafting or closure. Closure of 
some wounds may be facilitated with the use a vacuum- 
assisted closure System to reduce the size of the wound and 
close dead space. An experienced microsurgical team is 
essential to the success of this method of managing severe 
hand injuries. The ability to take a “second look” at the wound, 
additional assessment of limb viability, more précisé opéra¬ 
tive planning, and better control over scheduling of the pro¬ 
cedure hâve been cited as advantages to a delayed approach. 

METHODS AND INDICATIONS FOR 
SKIN CLOSURE 

DIRECT SUTURE 

Unless the wound is severely contaminated or crushed, con¬ 
sidération should be given to primary closure of every wound 
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of the hand (except those mentioned previously) because 
healing by primary intention is the desired resuit. Treatment 
of some lacérations without suturing may be satisfactory in 
certain patients. Most clean lacérations without tendon or 
nerve involvement can be closed by simple direct suture of 
the skin and splinted. Usually the subcutaneous tissue is not 
sutured separately, but care should be taken to avoid inver¬ 
sion of the skin edges. Careful hemostasis is necessary. 
Closure is easier when ail viable skin edges hâve been pre- 
served during the initial cleansing. A skin defect on the dorsal 
surface of the hand can be converted to a transverse elliptical 
one and closed in a transverse line. Because of the mobility 
of the dorsal hand skin, this type of closure is possible here 
and is made easier when the wrist is extended. 

Because sutures are by définition “foreign bodies,” they 
may generate an inflammatory response, interfère with 
wound healing, and increase the risk of infection; the number 
and diameter of sutures used for wound closure should be 
kept to the minimum necessary. 

SKIN GRAFTS 

Skin grafts obtained from the patient (autograffs) are either 
split-thickness or full-thickness. Wounds with distally 
attached flaps may hâve enough skin for primary closure but 
not enough venous drainage for the skin to survive. This 
déficient drainage causes engorgement and venous distention 
and finally thrombosis and necrosis; the color of the flap 
changes from a deep blue to purple and then to black. The 
rétrogradé flap is offen the resuit of a crushing or tearing 
injury, and the nature of this injury jeopardizes the survival 
of the flap further. Such a flap on the dorsal surface of the 
hand or forearm is less likely to survive than one on the palm 
(Fig. 65-2). If doubt exists, the skin should be excised and 
replaced with a split graff (see Technique 65-1). 

If skin is lost and no deep structures (nerves, tendons, 
joints, or cortical bone) hâve been exposed, it should be 
replaced immediately with a split-thickness graff or occasion- 
ally with a full-thickness graff. Other types of skin grafts that 
may hâve applications in the injured hand include allografts 
from other human donors and xenografts from other species 
(e.g., porcine skin). Both are used for temporary coverage 


while a capillary bed develops. Although an allograft may 
revascularize, rejection occurs, and it is replaced with an 
autograft. 

SKIN FLAPS 

When a skin defect leaves deep structures exposed, a split- 
thickness or full-thickness skin graff is insufflcient coverage 
for nerves, tendons, and cortical bone. These structures do 
not readily support a skin graff and require good blood supply 
to survive. A skin flap is necessary to provide subcutaneous 
tissue for coverage and for sufflcient vascularity. The nomen¬ 
clature of flaps dépends on the location, blood supply, and 
technique of transfer. By location, a flap may be termed local 
or distant. The blood supply détermines whether the flap is 
random or axial Random flaps receive their circulation 
through the subdermal or subcutaneous plexus of vessels and 
do not hâve a named artery supplying them. Axial pattern 
flaps receive their circulation from a named artery. Axial flaps 
also are subdivided by the major tissue of the flap into cutane- 
ous , musculocutaneous, and fasciocutaneous flaps. The tech¬ 
nique of transfer of a flap détermines whether it is a pedicled 
flap to be transferred in two stages or a free flap , which is 
transferred in a single step, with vascular anastomoses. 

COVERAGE OF SPECIFIC AREAS 
WITH FLAPS 

Fingertip injuries with only skin loss less than 1 cm square 
usually can be treated satisfactorily with healing by secondary 
intention. If the defect is larger without exposed bone, a full- 
thickness skin graff provides good coverage and the potential 
for return of some sensation. Hassanpour et al. described the 
use of a purse-string suture in conjunction with conventional 
flap coverage of 41 fingertip amputations to restore nail and 
finger contour and improve the aesthetic and functional 
results (Fig. 65-3). They reported only one poor functional 
resuit; cosmetic results were excellent or good in ail nine 
female patients and in 26 of the 32 male patients. The use of 
local, rotational, advancement, and neurovascular island flaps 
for amputations and injuries of the fingertip and thumb is 
discussed in Chapter 63. 




Flap attached distally on dorsum of hand (A) is 
less likely to survive than is similar one on palm (B). 





Purse-string suture attachment of flap for 
finger amputation. A f Design and dissection of flap. B f Advance¬ 
ment of flap to cover defect without tension. C f Two ends of 
continuous v-string suture are pulled until desired curve of 
fingertip is achieved. (Redrawn from Hassanpour SE, Hosseini SN, 
Abdolzadeh M: Purse-string suture as a complementary technique 
with conventional flaps in repairing fingertip amputation. Tech Hand Up 
Extrem Surg 15:94, 2011.) 
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A large skin defect on the dorsum of a finger that exposes 
tendons not covered with paratenon should be covered with 
a flap. Frequently, a double local flap can be constructed by 
rotating a proximally based local flap on one side and a dis- 
tally based local flap on the other side of the defect to cover 
the exposed tendon. The donor defects are covered with split 
grafts. For more proximal dorsal injuries, local rotational 
flaps from the same finger are insufficient and a reverse cross 
finger flap from the dorsum of an adjacent finger may be 
used. A “flag” flap, which is an axial flap, may be used for 
proximal palmar and dorsal digital defects (see Fig. 65-21). If 
multiple Angers are involved, or if a larger area needs to be 
covered, a subpectoral flap may be appropriate. Thick subcu- 
taneous fat, as is found on the lower abdomen, is not pre- 
ferred on a flap, especially on the finger. 

Skin defects on the volar surface of a finger that expose 
tendons may be covered with a cross finger flap. The flap is 
raised from the dorsal surface of an adjacent finger and 
extends from the midline of one of its latéral surfaces to that 
of the other; the flap is a little wider than the defect it is to 
cover. Although such a flap from the dorsal surface of one 
finger can be used to cover a defect on the volar surface of 
another, the reverse is never indicated. Skin defects on the 
palm or dorsum of the hand that expose vital structures can 
be covered with a local flap, a flap from an adjacent unsal- 
vageable finger, a flap from the opposite forearm or upper 
arm, an axial pattern flap from the same forearm or hand, a 
flap from the abdomen, or a free flap, depending on the size 
of the defect and the presence and location of any associated 
injuries. Although cross arm and cross forearm flaps provide 
good skin, immobilizing both upper extremities is a disad- 
vantage. In suitable situations, an arterialized axial flap from 
the same forearm allows comfortable positioning of the upper 
limb. An abdominal flap from the same side also permits 
comfortable positioning of the arm. To ensure survival of the 
random pattern flap (because it must be applied immedi- 
ately), its base should be as wide as its length. The length-to- 
width ratio may exceed 3:1 with axial pattern flaps such as 
the groin pedicle flap. The donor area and the raw part of the 
flap that does not make contact with the defect should be 
covered with split-thickness skin grafts. A local rotation flap 
is unlikely to survive, however, if undermining of the skin is 
extensive, especially if the skin is already crushed or contused 
from the injury. A filleted injured finger makes an excellent 


pedicle graft when this technique is applicable (Fig. 65-4). In 
some situations, free tissue transfer by microvascular tech¬ 
nique provides the best coverage (see Chapter 63). 

More recently, the use of “artificial skin” or skin substitutes 
has been reported for initial coverage of severe hand wounds, 
burns, and contracture release procedures. Although these 
products are not substitutes for adéquate surgical debridement 
and standard coverage strategies such as grafts and flaps, they 
may be useful in selected patients. The product most fre¬ 
quently reported in the hand literature is a bilayer dermal 
régénération template (Integra; Integra LifeSciences Corp., 
Plainsboro, NJ). The dermal layer is made of bovine type I 
collagen, and the epidermal layer is made of silicone. Weigert 
et al. reported the use of Integra for management of 15 severe 
traumatic hand wounds with bone, joint, or tendon exposure; 
split-thickness grafting was done at an average of 26 days after 
injury. In 13 of the 15 hands, a durable, functional, and aes- 
thetic coverage was obtained with this technique. Advantages 
of the skin substitutes include potentially less need for local 
rotational or free-flap coverage, ease of use, and immédiate 
availability in large quantities and different sizes. Disadvan- 
tages include its high cost, the learning curve for use, and a 
higher risk of seroma or hematoma formation. 

MANAGEMENT OF DONOR AREA 

Several acceptable methods are used for treating the donor 
area. In one, the donor area is dressed with one layer of finely 
woven nylon or silk gauze. If the dressing prevents drying, 
the donor area tends to become macerated and secondary 
infection and necrosis may occur; this area itself may require 
skin grafting later. Otherwise the part is left uncovered, and 
drying of the area is encouraged. In another technique, a 
synthetic adhesive film is placed over the donor site. Sérum 
and blood accumulate daily for 1 to 2 days, and the film is 
changed. After 7 to 10 days, this can be removed and the area 
is left open, usually with satisfactory healing. Bed sheets 
should be kept off the donor site with a bed cradle support. 

GRAFTS AND FLAPS 

FREE GRAFTS 

When free skin grafts are to be obtained, remember that “the 
thinner the graft, the better the take”; however, when the graft 
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is expected to be permanent, “the thicker the graft, the better 
the functionA thick graft is better able to withstand friction 
and constant use than a thin one and contracts only about 
10%; a thin graft may contract 50% to 75%. The sooner the 
graft can be applied, the better. As long as there is no sepsis, 
it is not necessary to wait for granulation to begin before skin 
grafting. Sepsis can be identified with swabs for culture or 
with wound biopsy for a quantitative colony count. For the 
graft to survive, it must reestablish its nutrition before death 
of its entire thickness occurs; great care is needed in operative 
technique and in aftercare to ensure that it remains undis- 
turbed and in direct contact with the récipient area during 
healing. This takes careful planning, especially in children. 
The graft cannot survive if a hematoma séparâtes it from the 
underlying vascular bed; rarely, it may survive a gross infec¬ 
tion. For primary coverage of acute wounds, free skin grafts 
usually are of thin or medium thickness. They usually do not 
survive on bare cortical bone, bare tendon, or bare cartilage. 
Except for fingertip injuries, full-thickness free skin grafts are 
used infrequently on the hand. Such grafts or thick split grafts 
can be used, however, for the palmar surface because it con- 
tains elastic tissue, and in growing children these contract less 
and tend to accommodate growth. Because the survival of a 
full-thickness graft is so uncertain, it is best used only in élec¬ 
tive surgery for skin coverage in the palm; it should be used 
rarely in acute injuries, with the possible exception of the 
fingertips. 

SPLIT-THICKNESS SKIN GRAFTS 

Frequently, only a small or postage stamp graft is needed, 
and it can be obtained within the same operative field from 
the forearm; however, taking a graft from this area can be 
undesirable because it leaves a slight scar. The hypothenar 
area of the palm can be used to obtain satisfactory split- 
thickness skin grafts, especially for skin loss on the finger¬ 
tips. More suitable donor areas for these and larger grafts 
are the anterior and latéral aspects of the thigh and the 
médial aspect of the arm just inferior to the axilla. In some 
older women, skin is available inferior to a pendulous breast 
without leaving a readily visible scar. Split-thickness skin 
grafts vary in thickness from 0.008 inch in infants to 0.015 
inch in adults. In elderly individuals and children, the lower 
abdominal wall or buttock skin is used if the graft is more 
than 0.010 inch. 

■ OBTAINING SKIN GRAFTS WITH 
A DERMATOME 

Electrically powered dermatomes are not difficult to assemble 
and use; even an inexperienced operator can eut consistently 
good grafts 7.5 cm wide. Skin glue is not required, but light 
lubrication of the skin with minerai oil or petrolatum is 
helpful. Bony prominences are not satisfactory donor sites 
with these dermatomes. The Reese drum dermatome does 
require skin glue and must be operated with précision, but it 
is excellent for cutting grafts more than 7.5 cm wide. Usually 
it Controls the thickness of the grafts more accurately. The 
following suggestions are offered about this dermatome: (1) 
stretch the rubber tape tightly on the drum, (2) wait at least 
3 minutes for the glue to dry before applying the dermatome 
to the skin, (3) rotate the drum slowly, and lift up gently while 
cutting the graft, and (4) keep the blade from slipping around 


the drum to avoid being struck on the palmar side of the 
wrist. When using a dermatome, eut the graft larger than the 
récipient area. 


APPLYING SPLIT-THICKNESS 
GRAFTS 

The récipient area for a split-thickness graft must hâve a 
vascular bed and be free of active bleeding and gross infec¬ 
tion. If the récipient area is unsuitable, préparation may 
require several days of enzymatic debridement, multiple 
dressing changes, and surgical debridement to remove 
dead and infected material. Applying mesh to the graft is 
helpful if a large area is to be covered. It also allows the 
free drainage of sérum and blood from beneath the graft 
(see Fig. 65-5B). 


TECHNIQUE 65-1 


■ Place the graft on the récipient area without trimming or 
excessive handling. 

■ The graft border may be attached with sutures or skin 
Staples to secure it in its new position. 

■ Trim the redundant edge (Fig. 65-5A). 

■ When suturing the graft in place, it is much easier to 
insert a small curved needle first through the graft and 
then through the skin around the récipient area than to 
do the reverse. 

■ Apply a stent dressing, or a finely meshed nonadherent 
gauze (Xeroform or Adaptic), and hold in place with a 
bulky dressing secured by circumferential conforming 
gauze (Fig. 65-5B and C). If necessary, cover with a thin 
layer of plaster for splinting. 

POSTOPERATIVE CARE. The dressing usually is changed 
after 5 to 7 days; any necrotic graft is removed, and a 
fresh dressing is applied (Fig. 65-5D). When an area of 
necrosis is large, regrafting may be necessary. When 
necrosis is anticipated, or when another procedure is 
planned in which a split-thickness graft is to be used, a 
graft larger than needed initially may be eut and refriger- 
ated at 0°C to 5°C in lactated Ringer solution or in a 
saline solution to which penicillin has been added; then 
it can be used at any time up to 21 days. 


FREE FULL-THICKNESS GRAFTS 

When a full-thickness graft is used, the récipient area must 
be free of infection and hemostasis must be complété. Pre- 
ferred donor areas include the groin or the médial aspect of 
the arm, where the skin is thin and where the defect created 
by removing the graft may be closed by undermining and 
suturing the skin edges (Fig. 65-6). Sometimes an associated 
injury makes a detached piece of skin and underlying fat 
available; in this instance, the skin can be stabilized on a 
dermatome drum and a full-thickness graft can be excised 
from the fat. 
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C 




Technique of applying split-thickness graft. A f Graft has been sutured over defect, and redundant edges of graft are 
being trimmed. B, Sheet of finely meshed gauze and pack of moist cotton or gauze hâve been placed over graft. C f Sutures hâve been 
tied over pack. D, Necrotic edges of graft are being trimmed away after graft has healed. SEE TECHNIQUE 65-1. 


APPLYING FULL-THICKNESS GRAFTS 


TECHNIQUE 65-2 


■ Make a pattern on stérile tape or gauze of the area to be 
covered. Using this pattern, outline the anticipated graft 
on the donor area with methylene blue or a skin marker. 
It should be slightly larger than the pattern to allow for 
the necessary margin in suturing and for shrinkage. 

■ Remove the graft with a sharp knife by dissection between 
the fat and the skin; do not take any fat with the graft. 

■ Suture it in place and excise the redundant edges. 
■Apply a stent dressing and support the hand with a 

plaster splint for at least 7 to 10 days before redressing. 
At that time, dark blisters of the superficial layer of the 
graft may be seen, but this usually does not indicate deep 
necrosis. 


SKIN FLAPS 

Skin grafts usually do not “take” on exposed bone, cartilage, 
or tendon. The scarring beneath a skin graft interfères with 
function in areas where a flexible and mobile bed is needed 
for tendon and joint motion. Skin flaps are used in such areas 
where a layer of subcutaneous tissue is required. Flap cover- 
age can be used in the primary closure of a hand wound 
or in a secondary procedure to replace scars, skin of poor 
quality, or necrotic skin. It can be obtained locally or from a 
distant part. If the area to be covered is small, a local flap may 
be indicated (Fig. 65-7) or a Z-plasty may sufhce (Figs. 65-8 
to 65-10). 

LOCAL FLAPS 

Local flaps may be designated as advancement, rotation, 
translation, and transposition types. Use of an advancement 
flap involves mobilizing a small flap of skin to cover an adja¬ 
cent defect without using a skin graft for the donor defect. 



Sites from which to obtain full-thickness skin 
grafts. Groin or médial aspect of arm is préférable (see text). 


These are used to cover fingertip amputations. Rotation flaps 
are raised on a curved radius with undermining of the flap 
and closed under modest tension without a skin-grafted 
donor defect (Fig. 65-7 A). Translation flaps usually are rect- 
angular and are used to close an adjacent defect. The flap is 
moved around a pedicle base and is closed without tension. 
Translation flaps require a skin graft for the donor site (Fig. 
65-11). Transposition flaps usually are moved across an adja¬ 
cent area of normal skin to close an adjacent defect without 
tension. Skin grafting at the donor site is necessary (Fig. 
65-12). Based on cadaver dissections and injection studies, 
skin flaps based on the anastomoses between the palmar 
digital artery and the dorsal metacarpal artery hâve been used 
to cover the volar surface of an adjacent finger (Fig. 65-13), 
a reverse adipofascial flap has been successful for finger 
amputations at the level of the nail fold (lunula to proximal 
nail matrix) (Fig. 65-14), and “excellent” results were reported 
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in 40 patients with a more proximally based adipofascial 
“turnover flap” for coverage of the dorsum of the distal and 
middle phalanges (Fig. 65-15). Tins flap is based on dorsal 
branches of the digital arteries, providing pedicle lengths of 
10 mm proximal or distal to the proximal interphalangeal 
joint. The advantages of a local flap over one from a distant 



Primary 

defect 



lines 


Pivot 

point 


A 


Rotation flap 





C 


Transposition flap 


A-C f Principles of three types of local flaps. In 
each type, defect to be covered is converted into triangular one. 
Flap may be rotated (A) or transposed (C) or both (B). B f Back-cut 
in combined flap decreases tension on flap but also decreases 
blood supply to flap; defect created by this back-cut is closed as 
shown. C f Defect created by transposing flap must be covered 
with split-thickness graft. 


part are that the involved hand is not tied to the distant donor 
and in many instances finger motions may continue. If the 
defect is too large to be covered with a local flap, an axial 
arterialized pedicle flap from the forearm, a distant flap from 
the abdomen, or a free tissue transfer (see Chapter 63) is 
indicated. 

■ LOCAL FLAPS IN FINGERS 

Figure 65-7 illustrâtes the principles of three types of local 
flaps. In the Angers, either they are random pedicle flaps, 
receiving their circulation through the base of a skin pedicle, 
or they can be designed with circulation through the proper 
digital artery or one of its branches (Fig. 65-16). Local flaps 
used in the Angers usually are of the simple transposition 
type. This type covers vital structures but leaves a defect that 
must be covered with a split-thickness graft (Fig. 65-12). A 
common error in designing a local flap is to make it too short. 
The fixed point of pivot from which the advancement is made 
is at the border of the base that is opposite the defect. If the 
corresponding border of the flap is not long enough, tension 
occurs when the flap is sutured in its new bed. 

Skin to be used for a local flap should not be damaged 
because necrosis may occur. Developing a local skin flap 
requires undermining and minimal tension on the flap. 



Angles permissible in performing Z-plasties. 
Angles that central limb of Z make with each of other two limbs 
should be between 45 and 60 degrees. When angles are less than 
45 degrees, blood supply to flap is impaired; when they are more 
than 60 degrees, flaps cannot be transposed without severe 
tension. 



Simple Z-plasty to release a long, narrow contracture. 1, Central limb of Z is to be made along line of contracture, 
and other two limbs are to be made where shown. 2, Incisions hâve been made, and flaps are being shifted. 3, Flaps hâve been sutured 
in their new positions. Note spécial stitches at A and B. 
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jjj Multiple Z-plasties to release scar too long to 
be released by single Z-plasty. 



Translation flap raised from skin in continuity 
with area of skin loss. Donor area is covered by graft. 

(Redrawn from Tubiana R, editor: The hand, vol 2, Philadelphia, 1985, 
Saunders.) 




Simple transposition type of local flap. A f Deep 
structures on antérolatéral aspect of finger are exposed and must 
be covered by local flap; flap has been outlined. B, Flap has been 
transposed, and defect created on postérolatéral aspect of finger 
has been covered by split-thickness graft. Note radius (broken 
Unes) of arc (arrow) of transposition. 



Vascular basis of dorsal digital and metacarpal skin flaps. A f Extended dorsal phalangeal island skin flap on dorsal 
aspect of proximal and middle phalanges. B f Boomerang flap on dorsal aspect of proximal phalanx (subcutaneous vascular pedicle of 
flap indicated by dashed Unes). C, Reverse dorsal metacarpal artery island flap based on vascular anastomoses between dorsal cutane- 
ous branches of palmar digital artery and dorsal digital branches of dorsal metacarpal artery. Arrows show direction of blood flow. 
Palmar digital artery (a); dorsal perforating branch of palmar metacarpal arteries from deep palmar arch (b); dorsal digital artery (c); 
dorsal cutaneous branches of palmar digital artery (d). 
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Reverse adipofascial flap. A f Z incision. B f Instead of Z incision, a quadrangular incision is marked on dorsum of finger 
as alternative, leaving 5 mm as basis of flap just proximal to germinal matrix, a = defect + germinal matrix; flap length = a + 5 mm to 
cover the basis. C, Skin flaps are raised, leaving paratenon intact, and adipofascial flap is raised from proximal to distal until marked 
basis is reached. D, Adipofascial flap is turned over to defect, and skin flaps are sutured to remain open above base of flap. Split- 
thickness skin graft (SSG) is ready to be applied. (Redrawn from Laoulakos DH, Tsetsonis CH, Michail AA, et al: The dorsal reverse adipofascial 
flap for fingertip reconstruction. Plast Reconstr Surg 112:121, 2003.) 



Turnover flap. A, Arterial flap: H-shaped incision of donor site. B, Skin deepidermization. C, Adipofascial flap trans- 
posed over defect. D, Final aspect. Skin graft in place. (Redrawn from Braga-Silva J, Kuyven CR, Albertoni W, et al: The adipofascial turn-over 
flap for coverage of the dorsum of the finger: a modified surgical technique. J Hand Surg 29A:1038, 2004.) 


■ LOCAL FLAPS FROM THE DORSUM 
OF THE HAND 

Local flaps used over the dorsum of the hand may be of any 
of the types previously listed. The inclusion of the fascia in a 
random fasciocutaneous flap is helpful in this area, and 
various vascularized flaps can be developed on the basis of 
the first dorsal metacarpal artery (Fig. 65-17). In addition, the 
abductor digiti quinti and the palmaris brevis can be mobi- 
lized as pedicled muscle flaps to cover adjacent areas. 

A variety of local flaps can be used in the hand and 
fingers. They include local rotation flaps from the dorsum of 
the hand to fill defects in the web spaces (Fig. 65-18), cross 
finger flaps (Figs. 65-19 and 65-20), thenar flaps, and other 


transposition flaps, such as the “flag” flap (Fig. 65-21). A 
better understanding of the circulation to the dorsoulnar side 
of the hand and thumb has led to the development of a dor¬ 
soulnar thumb flap (Figs. 65-22 and 65-23). 

■ CROSS FINGER FLAPS 

Cross finger flaps (Fig. 65-19) are useful for covering a defect 
of the skin and other soft tissues on the volar surface of the 
finger when tendons and neurovascular structures are 
exposed and a small amount of subcutaneous fat is needed. 
They also are useful for some amputations of the thumb (see 
Chapter 19). These grafts are best avoided in patients older 
than 50 years, in patients with hands with arthritic changes 
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Design of various flaps in 
first web space. A f Proximally based flaps: 
based on first dorsal metacarpal artery and 
branches. Island flap pedicle includes first 
dorsal metacarpal artery and its branches, 
first dorsal interosseous fascia, subcutane- 
ous tissue and veins, and radial nerve 
branches and accompanying artery. B f Dis- 
tally based flap: based on one of the distal 
perforators (arrows). C, Double flap from 
web space: fascial flap based on first dorsal 
metacarpal artery (marked in drawing by 
hook) and cutaneous flap based on artery 
accompanying radial nerve (green line). 





Transposition flap. Dorsal flap to cover thumb web space. (Redrawn from 
Tubiana R, ed: The hand, vol 2, Philadelphia, 1985, Saunders.) 
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Cross finger flap. A f Laterally based pedicle flap has been raised from middle finger and has been applied to distal 
pad of index. B and C f Cross sections of two fingers show how cross finger flap has been applied and how raw surfaces of donor finger 
and of bridge between two fingers hâve been covered with split-thickness skin graft (see text). 



FIGURE 65-2 


^ A and B f Volar angulated fingertip injury with loss of pulp pad and bone exposed treated with cross-finger flap from 
dorsum of adjacent finger. C and D f Results. (From Netscher D, Murphy K, Fiore N: Hand surgery. In Townsend CM, Beauchamp RD, Evers BM, 
Mattox KL, editors: Sabiston textbook of surgery, ed 19. Philadelphia, 2012, Elsevier.) 
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"Flag flap." A f Skin can be moved over distance to palmar surface or to neighboring digit. B, "Flag staff" contains 
pedicle consisting of dorsal vein, dorsal branch of digital artery, and dorsal branch of digital nerve. 



1 cm 


Distal limit 
of dissection 



/Médian 


cm 


Dorsoulnar flap harvested from inner side of 
thumb metacarpophalangeal area reaches distal area of thumb. 

(Redrawn from Brunelli F, Vigasio A, Valenti P: Arterial anatomy and 
clinical application of the dorsoulnar flap of the thumb. J Hand Surg 
24A:803, 1999.) 


Dorsal arterial supply to thumb showing ulnar 
dorsal collateral artery (1) and its anastomosis with ulnar palmar 
digital artery at neck of first phalanx (2) and with arcade at 
proximal nail fold (3). Topographie position of essential struc¬ 
tures: distance between dorsal arcade of proximal nail fold and 
cuticle of nail is 0.7 cm, distance between palmar anastomosis 
and cuticle of nail is 2.3 cm, distance between médian axis of 
thumb and ulnar dorsal collateral artery (1) at level of neck of 
first phalanx is 1 cm, and distance between médian axis of thumb 
and ulnar dorsal collateral nerve (4) at level of head of first meta- 
carpal bone is 1.4 cm. (Redrawn from Brunelli F, Vigasio A, Valenti P: 
Arterial anatomy and clinical application of the dorsoulnar flap of the 
thumb. J Hand Surg 24A:803, 1999.) 
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Dorsal flap for 
volar surface of 
adjacent finger 


Dissection 




Skin graft 
lines raw surface 
of pedicle by 
suture to finger 



Sutures left 
long to tie over 
stent on graft 


FIGURE 


Technique of applying cross finger flap, using skin from dorsum of two phalanges. SEE TECHNIQUE 65-3. 


or a tendency to finger stiffness for some other reason, and 
in patients with local infection. 


APPLYING CROSS FINGER FLAPS 


TECHNIQUE 65-3 


■ Excise the edges of the defect so that it is rectangular, 
with its longer sides parallel to the long axis of the finger 
but not Crossing skin creases. 

■ Measure its dimensions, placing the injured finger against 
the donor finger to détermine where to locate the base 
of the proposed flap. 

■ Cut the flap from the donor finger through the skin and 
subcutaneous tissues, leaving its base attached to the side 
adjacent to the récipient finger (Fig. 65-24). 

■ Make the flap 4 to 6 mm wider than the defect and 
long enough to cover the defect (allowing for normal 
skin contraction) and to provide a bridge between the 
fingers. 

■ If necessary, the flap may be raised from one midlateral 
line of the donor finger to the other, but be careful to 
avoid incising the volar surface of the donor finger. 

■ When raising the flap, make the incisions through the 
subcutaneous tissue but not through the peritenon of the 
extensor expansion (Fig. 65-25). 

■ If possible, avoid using skin distal to the distal interpha- 
langeal joint so as not to injure the nail bed. The skin over 
the dorsal surface of the proximal interphalangeal joint 
also should be avoided unless needed for width. If neces¬ 
sary, the base of the flap can be freed further by cutting 
the oblique fibers of the deep tissue that attaches the 
skin to the extensor tendon and periosteum along the 
side of the finger. Handle the flap with small hooks to 
prevent crushing and necrosis. 

■ Release the tourniquet and obtain absolute hemostasis. 

■ Reinflate the tourniquet. 

■Cut a thick split graft (0.018 inch) from the forearm or 
thigh, and suture it to the donor area and to the under- 
surface of the bridge. 



Periosteum 


Midlateral 

line 

Oblique 
fascial bands 


Peritenon 

Extensor 
tendon 
expansion 


Volar nerve 
and artery 


Details of raising cross finger flap. A f Incision 
has been carried to, but not through, peritenon of extensor 
expansion; note oblique fascial bands. B, Incision has been con- 
tinued to sever oblique fascial bands but avoids damage to volar 
digital artery and nerve. SEE TECHNIQUE 65-3. 


■ Apply the flap to the récipient area and suture it in place 
with the finest suture (5-0 or 6-0 nylon); the entire récipi¬ 
ent area should be in contact with the flap. 

■ Leave the sutures long at the edges of the free split graft 
and fashion a stent dressing. 

■ Avoid excessive tension on sutures transverse to the long 
axis of the finger to avoid vascular compromise. 

■Cover the suture line with nonadhering gauze, place 
moist cotton pledgets around the graft, and apply gauze 
wrapping. 
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9 "To ensure immobility of the récipient finger, place an 
oblique Kirschner wire through the interphalangeal joint. 
■ A volar splint of plaster or fiberglass also can be used if 
additional support is needed. 

POSTOPERATIVE CARE. The flap can be detached after 
12 to 14 days. The skin margins of the récipient finger 
should be trimmed so that the junction of the normal skin 
with the graft is at a midlateral position on the finger. 
Motion of both fingers can be started the day after the 
flap is detached. 


This technique can be altered so that the base of the flap is 
proximal rather than latéral; such a flap is useful for covering 
a defect near the tip of an adjacent finger or thumb (Fig. 
65-20). Rotation of the flap is necessary, and care should be 
taken to prevent strangulation at the base and necrosis. 
Rotated flaps that are based proximally can be used to cover 
defects on the same finger (Fig. 65-12). 

FOREARM FLAPS FOR HAND COVERAGE 

Two arterialized pedicle flaps from the forearm (the radial 
forearm flap and the posterior interosseous flap) hâve been 
found useful for covering defects in the hand. Each has a 
consistently reliable arterial supply. However, variations in 
forearm vascular anatomy, especially in the posterior interos¬ 
seous artery, may preclude use of these flaps. 

■ RADIAL FOREARM FLAP 

The radial artery supplies blood to the distal, palmar, and 
latéral forearm skin (an area approximately 16 cm x 8 cm). 
The flap territory is supplied through a branch of the radial 
artery arising about 7 cm from the radial styloid (Fig. 65-26). 
The radial forearm flap, which is innervated by branches of 
the musculocutaneous nerve, is thin and can be used as an 
osteocutaneous flap with a portion of the radius, a fasciocu- 
taneous flap on the pedicle, or a free tissue transfer. As a 
pedicle flap, it can be mobilized to cover many parts of the 
hand (Fig. 65-27). Some surgeons find the donor defect and 
the sacrifice of the radial artery objectionable. If the flap is 
used as a fascial flap, the skin can be closed with minimal 
scarring and the flap can be covered with a skin graft. A pre- 
operative Allen test is required to assess the adequacy of ulnar 
arterial flow. If the status of the ulnar artery cannot be deter- 



Outline of radial forearm flap centered on 


radial artery. 


mined, arteriography should give a definitive picture of 
hand circulation. The general technique by Foucher et al. is 
described; however, every detail of dissection and application 
is not provided, so a review of the vascular and neural 
anatomy is recommended (Fig. 65-28). 



FIGURE 


Flap can be used to cover dorsum of hand. 



Venae comitantes 
of radial artery 


A, Schematic représentation of cutaneous 
branches of radial artery (1 = anterior récurrent radial artery, 2 = 
cutaneous branch of superficial radial artery, 3 = cutaneous 
branch of deep radial artery, 4 = dorsal branch to the wrist, 5 = 
palmar branch to the wrist, 6 = branch to the scaphoid, 7 = distal 
radial artery). B, Reversed forearm flap showing venae comitantes 
and cephalic vein. 
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APPLYING A RADIAL 
FOREARM GRAFT 


TECHNIQUE 65-4 


(FOUCHER ETAL) 

■After préparation of the wound to be covered, if it is 
suitable to receive the flap, proceed with flap design. 

■ Design a flap centered over the radial artery. The largest 
flaps obtained by Foucher et al. were 16 cm long x 9 cm 
wide. 

■ Expose the radial artery at the proximal and distal borders 
of the flap. 

■ Ligate the radial artery proximal to the flap. 

■ At the proximal border of the flap, identify, dissect, and 
preserve the musculocutaneous nerve. 

■ Incise the anterior (médial) border, extending beyond the 
forearm midline if needed. 

■ Progressively raise the médial two thirds of the flap 
(médial to the radial artery), leaving the périmysium 
intact. Ensure that the radial artery and veins are taken 
as a single block from the radial groove. 

■ On reaching the distal end of the pedicle, dissect the 
latéral border of the flap laterally and medially. 

■ Leave the cephalic vein and the superficial radial nerve 
intact. 

■ Dissect from proximal to distal to mobilize the flap; avoid 
damage to the venae comitantes. If necessary, lengthen 
the pedicle by dissecting to the angle between the first 
and second metacarpals. 

■ Delicately dissect the vessels from the abductor pollicis 
longus, extensor pollicis brevis, and extensor pollicis 
longus, opening the retinacular sheaths to allow passage 
of the flap beneath the tendons. 

■ Obtain hemostasis with bipolar electrocoagulation of the 
numerous small vessels. On completion, a pedicle of 
about 8 cm is obtained, which allows rotation to many 
parts of the hand. 

■ Proceed with other requirements of the spécifie injury. 


POSTOPERATIVE CARE. Flap circulation should be 
monitored for at least 24 hours. If flap viability is uncer- 
tain, the flap should be monitored until it is safe to allow 
the patient to return home. Sutures that appear too tight 
are removed. Causes of vasospasm (smoking, cold drinks, 
an excessively cold environment, emotional upsets) should 
be avoided. Skin sutures are removed in 10 to 14 days, 
and réhabilitation appropriate for the spécifie injury is 
begun. 


■ POSTERIOR INTEROSSEOUS FLAP 

The posterior interosseous artery, usually a branch of the 
common interosseous artery, supplies a skin flap territory on 
the dorsal surface of the forearm. In the distal forearm, the 
posterior interosseous artery joins the anterior interosseous 
artery at the distal part of the interosseous space. Over its 
course, the posterior artery gives four to six cutaneous 
branches, passing through the septum between the extensor 
digiti minimi and extensor carpi ulnaris muscles, supplying 
an area of skin in about the middle third of the dorsum of the 
forearm (Fig. 65-29). Flap islands 1.5 cm x 4 cm to 9 cm x 
11 cm were obtained by Büchler and Frey. Using the “rétro¬ 
gradé” flap, an arc of rotation up to 19 cm centered over the 
distal radioulnar joint allowed coverage of sites as far distal 
as the dorsum of the proximal interphalangeal joint. Ana¬ 
tomie variation may preclude development of the flap as 
planned. If anatomie variation interfères with the pedicle, 
three options hâve been suggested to improve reliability of 
the flap: (1) performing additional venous anastomosis if 
venous congestion is encountered after insetting the flap, (2) 
changing the flap to a free flap if anatomie variation prevents 
the élévation of a distally based flap owing to compromise of 
the nerve branches, and (3) raising the flap with a wide base, 
incorporating branches of the anterior and posterior interos¬ 
seous arteries in patients with possible peripheral vascular 
disease. Preoperative évaluation should include considération 
of injury at the wrist, location of the defect on the distal finger, 
the need for sensation, the presence of peripheral arterial 
disease, and the presence of injury on the volar forearm with 
damage to the anterior interosseous artery. The technique of 



FIGURE 65-2 


^ A, Anatomy of interosseous arteries. Common interosseous artery (1) divides into anterior interosseous artery (2), 
running volar to interosseous membrane, and posterior interosseous artery (3). Distally, anterior interosseous artery approaches poste¬ 
rior compartment of forearm (2) and gives branches to dorsal aspect of wrist and forearm that anastomose with cutaneous branches 
of posterior interosseous artery (4). Area of skin on dorsal aspect of forearm irrigated by posterior interosseous artery (5). B f Transverse 
section at middle third of forearm where posterior interosseous artery runs immediately beneath superficial fascia of dorsal aspect of 
forearm. 1, Anterior interosseous artery; 2, extensor carpi ulnaris muscle; 3, extensor digiti minimi muscle; 4, posterior interosseous 
artery between muscles 2 and 3, with some branches perforating superficial fascia to reach skin; 5, posterior interosseous nerve. R, 
Radius; U, ulna. 
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Zancolli and Angrigiani, with recommendations by Chen 
et al., is described next. Because every detail of dissection and 
application is not provided, review of the vascular anatomy 
with an alternative plan in mind is recommended. 


APPLYING A POSTERIOR 
INTEROSSEOUS FLAP 

In dissecting the posterior interosseous flap, observe the 
following recommendations of Chen étal.: (1) dissect a 
cutaneous vein proximal for venous anastomosis; (2) note 
variations in size, location, and relationship to nerves of the 
posterior interosseous artery; and (3) observe for venous 
congestion after flap inset. 


TECHNIQUE 65-5 


(ZANCOLLI AND ANGRIGIANI; CHEN ETAL) 

■ After the wound to be covered has been prepared and is 
suitable to receive the flap, proceed with flap design. On 
the dorsal (posterior) surface of the forearm, draw a line 
between the latéral épicondyle and the distal radioulnar 
joint along the course of the posterior interosseous artery 
(Fig. 65-30). Design a flap that is centered on this line 
and preserve the cutaneous branches. 

■ Mark point A 2 cm proximal to the ulnar styloid that 
represents the distal anastomosis between the anterior 
and posterior interosseous arteries and the rotation point 
of the flap pedicle. From point A, measure to the most 
distal point to be covered on the hand, point B. Transfer 
this length back proximally along the longitudinal line to 
a new point, C. Measure the length of the cutaneous 
defect to be covered, and transfer that length along the 
line X-X1 from the proximal point distally to a new point. 
Distance C-D is the flap length, and distance A-B is the 
length of the vascular pedicle. The width of the flap is 
determined by measuring the width of the defect to be 
covered and transferring that shape along the X-X1 line 
between points C and D. 

■ Begin the skin incision at the distal point of anastomosis 
between the interosseous arteries. Incise only the skin 
proximally along the radial (latéral) side of the flap; do 
not include the fascia in the flap. 

■ Dissect the flap medially toward line X-X1, observing the 
cutaneous branches, dissecting and protecting them. 
Open the fascia longitudinally over the extensor digiti 
minimi and the extensor carpi ulnaris muscles. 



FIGURE 65-3 


^ Technique to correct contracture of first web 
space (see text). (Redrawn from Zancolli EA, Angrigiani C: Posterior 
interosseous island forearm flap. J Fland Surg 13B: 130, 1988.) 


■ Use gentle blunt dissection between these two muscles 
to expose the posterior interosseous artery with its venae 
comitantes. 

■ Preserve the posterior interosseous nerve. 

■ Electrocauterize the muscular branches of the artery. 

■Section the posterior interosseous artery proximally near 

its origin near the distal edge of the supinator muscle. 

■ Open the ulnar (médial) side of the flap with a skin inci¬ 
sion along the ulnar border of the flap. 

■ Gently elevate the flap distally to the distal anastomosis 
with the anterior interosseous artery. 

■ Gently dissect the vascular pedicle as far distally as pos¬ 
sible to gain more length. 

■ Arrange the flap appropriately to cover the récipient 
wound. 

■ Proceed with the other requirements of the spécifie injury. 

■ If the donor skin defect does not exceed 3 to 4 cm in 
width, close it primarily; otherwise, cover it with skin 
graft. 

POSTOPERATIVE CARE. Flap circulation should be 
monitored closely for at least 24 hours. If flap viability is 
uncertain, the flap should be monitored until it is safe to 
allow the patient to return home. Sutures that appear to 
be too tight and that may compromise flap circulation are 
removed. Potential causes of vasospasm (smoking, cold 
drinks, excessively cold room, emotional upsets) should 
be avoided. Skin sutures are removed in about 10 days. 
Réhabilitation appropriate for the spécifie injury is then 
begun. 


ABDOMINAL FLAPS 

In addition to the flaps previously discussed, the size of the 
defect and the thickness of the flap required may make it 
necessary to use a remote pedicle flap from the abdominal 
région. Traditionally, flaps from the abdomen hâve been used 
as tubed pedicle flaps or as direct flaps. The tubed pedicle 
technique requires the formation of a bipedicle tube and 6 
weeks of maturation followed by detachment of one end of 
the tube to be applied to the hand, followed by another 3 to 
6 weeks before the flap is completely detached and “inset” 
into the defect. The direct abdominal flaps typically are 
limited in their length-to-width ratio because of the random 
circulation. It rarely is safe to use such a flap with a length- 
to-width ratio that varies significantly from 1:1. A better 
understanding of the skin circulation has led to the develop¬ 
ment and use of axial pattern flaps that hâve a defined 
arteriovenous supply. Axial pattern flaps allow a safe length- 
to-width ratio of at least 3:1, the possibility of covering either 
the dorsal or palmar surface, and a sufficiently long pedicle 
to allow arm and hand movement. Because such flaps usually 
do not require a delay in detachment of one end, they are 
useful for coverage of acute hand injuries. Microvascular sur- 
gical coverage options using free flaps are discussed in 
Chapter 63. 

■ RANDOM PATTERN ABDOMINAL 
PEDICLE FLAPS 

A random pattern abdominal flap to be applied to the hand 
should hâve its base either distal, toward the superficial 
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Example of abdominal flaps (see text for details 
regarding length and width of flaps). Lower abdominal flap may 
be made narrower in relation to its length if it contains superficial 
circumflex iliac artery and vein (lower right) or superficial epigas- 
tric artery and vein. 


epigastric vessels, usually on the same side as the affected 
hand, or proximal, above the umbilicus toward the thoraco- 
epigastric vessels, usually on the opposite side (Fig. 65-31). 
The flaps above the umbilicus should not be used in a 
patient with a “barrel chest” associated with chronic lung 
disease. Abdominal flaps obtained from areas above the 
umbilicus usually avoid the fat “storage areas.” If the flap is 
obtained from the infraumbilical area, the récipient graffed 
area usually increases in bulk because the infraumbilical area 
skin adds fat. 


APPLYING A RANDOM PATTERN 
ABDOMINAL PEDICLE FLAP 


TECHNIQUE 65-6 


■ On stérile paper, make a pattern of the defect and outline 
it on the abdomen; outline the flap, making it sufficiently 
larger than the pattern to allow for normal skin contrac¬ 
tion and for the pedicle "bridge" between the abdomen 
and the defect. As a rule, the flap should be rectangular 
to avoid a circular outline when the flap is attached to 
the hand. Avoid making the flap too thick. If possible, 
follow the principes of appropriate hand incisions 
(see Chapter 64) to avoid tension lines and excessive 
scarring. 

■ Using sharp dissection, raise the skin flap of the desired 
size and thickness (Figs. 65-32 and 65-33). 

■ Maintain hemostasis and handle the fat carefully to avoid 
necrosis. 

■ To close the donor site defect, widely undermine the skin 
margins and suture them together or apply a split- 
thickness skin graft, or both. 



Dissection of skin and subcutaneous fat. A, Epi- 
dermis; B, dermis; C, subdermal plexus of vessels; D, superficial 
fascia; E, arteries perforating muscularis and deep fascia to join 
subdermal plexus of vessels. (From Kelleher JC, Sullivan JG, Baibak 
GJ, et al: Use of a tailored abdominal pedicle flap for surgical recon¬ 
struction of the hand. J Bone Joint Surg 52A:1552, 1970.) SEE TECH¬ 
NIQUE 65-6. 



Cross-section of abdominal pedicle flap being 
raised. A, Epidermis and dermis; B, superficial fascia of abdomen; 
C, deep fascia of abdomen; D, muscularis. Dotted line indicates 
extent of defatting of portion of pedicle to be applied to hand. 
Base or stem should retain sufficient fat to retain its shape to 
prevent kinking. (From Kelleher JC, Sullivan JG, Baibak GJ, et al: Use 
of a tailored abdominal pedicle flap for surgical reconstruction of the 
hand. J Bone Joint Surg 52A:1552, 1970.) SEE TECHNIQUE 65-6. 


■ With a split skin graft, cover the part of the raw, exposed 
undersurface of the flap pedicle that does not cover the 
hand defect. Slightly undermine the edges of the defect 
on the hand and apply the flap over the entire defect. 
Suture the edges of the flap to the edges of the defect, 
and suture the free edge of the split graft to the edge of 
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9 the defect nearest to the base of the pedicle, covering ail 
raw surfaces. 

■ Place strips of nonadhering gauze (Xeroform or Adaptic) 
over the suture line and a dry dressing on the flap; be 
careful to prevent kinking, tension, and rotation at its 
base. 

■ Using flannel cloth reinforced with plaster or wide adhe- 
sive tape, apply a bandage around the trunk and shoulder 
supporting the hand. The flap should be easily accessible 
for inspection through the dressing. 

■ When marked pronation or supination of the forearm is 
necessary to prevent tension on the flap, a heavy trans¬ 
verse Steinmann pin through the radius and ulna just 
proximal to the wrist is helpful in maintaining this 
position. 

POSTOPERATIVE CARE. The flap should be inspected 
almost hourly during the first 48 hours for circulatory 
compromise produced by tension or torsion or for the 
development of a hematoma. Sutures that appear to 
be too tight should be removed because the pressure 
they apply on the flap may be sufficient to produce 
ischemia. 


If an area becomes necrotic, it should be excised and covered 
with a split skin graft. Gross infection from necrosis or hema¬ 
toma usually results in failure. The area should be redressed 
frequently to avoid offensive odor and reduce the chance of 
infection. Usually the flap can be detached safely affer 3 
weeks. In children, the flap usually can be detached affer 2 
weeks. 

■ AXIAL PATTERN FLAPS 

Of the three axial pattern pedicle flaps that hâve been 
used offen for hand coverage (deltopectoral, groin, and 
hypogastric), the groin and hypogastric flaps hâve been 
found to be the most useful. Other axial pattern flaps that 
hâve been transferred as vascularized free flaps are discussed 
in Chapter 63. 


GROIN PEDICLE FLAP 

Before the 1973 description by Daniel and Taylor of its 
successful use as a free flap, the iliofemoral (groin) flap, 
popularized by McGregor, was widely used in reparative 
and reconstructive surgery of the upper extremity. Advan- 
tages of the groin flap include (1) its location in an area 
sparse in hair, (2) minimal donor site morbidity, (3) multiple 
arteriovenous supply, (4) potential for incorporating bone 
with the overlying skin flap even when used as a pedicle 
flap, and (5) potentially large size. Disadvantages include 
(1) problems with color matching, (2) possibility of damage 
to vessels from previous inguinal surgery, and (3) thickness 
of the flap in obese patients. 

The groin pedicle flap usually receives its arterial supply 
from the superficial circumflex iliac branch of the fémoral 
artery. Its venous drainage is through the superficial 
inferior epigastric and superficial circumflex iliac veins. For 


a discussion of variations in the vasculature, especially as 
they pertain to the use of a free flap, see Chapter 63. 


TECHNIQUE 65-7 


■ Position the patient supine or turned slightly away from 
the affected side with sandbags or bolsters beneath the 
scapula and pelvis on the side of the flap to allow free 
access to the flank if a large flap is required. 

■ To help détermine the central axis of the flap, identify and 
locate the course of the superficial circumflex iliac artery 
using a Doppler probe, usually about 2.5 cm distal and 
parallel to the inguinal ligament. 

■ After skin préparation and draping, use a suitable mate- 
rial, such as stérile paper or plastic sheeting, to outline 
the récipient defect with allowances for skin contraction. 
Place the pattern in the inguinal région, parallel with the 
inguinal ligament, along the course of the superficial 
circumflex iliac artery (Fig. 65-34). 

■ Although unusual, a groin flap 20 cm x 30 cm has been 
elevated in some situations. The usual dimensions fall 
within a width of about 10 cm and a length extending 
about 5 cm postérolatéral to the anterior superior iliac 
spine. Landmarks to remember and refer to include 
the (1) pubic tubercle, (2) anterior superior iliac spine, 
(3) inguinal ligament, and (4) pulsation of the fémoral 
artery. 

■ Incise the skin along the outline of the pattern, tapering 
the margins of the flap to a narrower pedicle of skin 
overlying the vessels that lie about 2.5 cm distal to the 
inguinal ligament near the médial border of the 
sartorius. 

■ Incise the skin and subcutaneous tissue down to the deep 
fascia and continue to elevate the flap in this plane. 

■ While dissecting along the superior margin of the flap, 
identify, ligate, or cauterize and divide the superficial 
epigastric vessels to ensure that the superficial circumflex 
iliac vessels are kept within the flap. 

■Approach the latéral border of the sartorius with care 
because these vessels penetrate the sartorius fascia near 
this point. 

■ At the latéral margin of the sartorius, incise the fascia and 
carefully elevate it to the médial border. 

■ At the médial border of the sartorius, the superficial cir¬ 
cumflex iliac artery usually has a deep branch. Dissection 
of the flap médial to the médial border of the sartorius 
requires division of this branch and might place the trunk 
of the artery at risk. Usually a sufficient skin flap can be 
elevated without extending the dissection médial to the 
sartorius. 

■ Dissect and handle the flap gently, maintaining hemosta- 
sis throughout the procedure. 

■ When élévation of the flap is complété, détermine the 
best hand and forearm position for attachment of the 
flap. Détermine also the amount of the flap required to 
cover the hand defect and manage the intervening 
pedicle bridge of skin by forming a tube in the pedicle or 
by applying a split skin graft to the raw, exposed area on 
the pedicle. If forming a tube causes excessive pressure 
on the pedicle vessels, a split skin graft provides safer 
coverage of this exposed tissue. 
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FIGURE 


Groin pedicle flap. SEE TECHNIQUE 65-7. 


Any necrotic areas are promptly excised, and hematomas 
are evacuated. Bandages are changed, and the wound is 
cleaned frequently to decrease any unpleasant odor. 
Usually the flap can be detached at 3 to 4 weeks. If there 
is any doubt concerning the axial artery or vascularity of 
the flap, or if the pedicle bridge is to be used to cover 
the defect, the remainder of the flap is not detached for 
another 1 to 2 weeks. This helps minimize the risk of 
necrosis of portions of the flap. 


■ While preparing the récipient area on the hand or forearm, 
cover the raw deep surface of the flap with moist gauze 
to prevent drying. Usually, groin flaps hâve a pale appear- 
ance after élévation. If there is any doubt regarding the 
axial arterial integrity after flap élévation, it may be neces- 
sary to replace the flap in its donor area, allowing a delay 
of 10 to 14 days. 

■ After the récipient area has been prepared, elevate the 
skin at the margin of the defect to allow easier insetting 
of the flap. 

■ After élévation of small to medium-sized flaps, close the 
donor site by mobilizing the skin margins, flexing the hip, 
and closing the subcutaneous and skin layers. 

■ Close the donor site before attaching the flap to the hand 
defect. 

■ Securely attach the flap skin to the skin margins of the 
récipient hand defect with a nonstrangulating suture 
technique. 

■ Apply a nonadherent gauze (e.g., Adaptic or Xeroform) 
to the suture lines and pad the axilla with absorbent 
padding to avoid macération of the axillary skin. 

■ With the help of assistants, elevate the patient's torso 
using a board or similar device to support the back while 
the shoulder, arm, and forearm are included in a circum- 
ferential flannel wrapping, incorporating the torso and 
affected extremity. 

■ Secure the cloth wrap by wrapping over it with adhesive 
tape. 

■ Create a small window in the bandage to allow inspection 
of the flap. Take care at ail times while moving or assisting 
the patient not to pull the arm away from the body. 

POSTOPERATIVE CARE. The flap is protected by avoid- 
ing pulling on the affected arm. The flap is inspected and 
its circulatory status is evaluated hourly for the first 48 
hours. If excessive tension, pedicle torsion, or hematoma 
becomes évident, the limb is repositioned, the bandage 
is changed, or sutures are removed to relieve ischemia. 


HYPOGASTRIC (SUPERFICIAL 
EPIGASTRIC) FLAP 

Since its initial description by Shaw and Payne, wide appli¬ 
cation has been found for the hypogastric flap, and it has 
proved extremely useful for coverage of the hand and 
forearm. Its arteriovenous pedicle consists of the superficial 
epigastric artery and vein (Fig. 65-35). The axis of the flap 
usually is oriented in a superolateral direction, with the 
base near the inguinal ligament centered at about the 
midpoint of the ligament. Flaps measuring 18 cm long x 
7 cm wide hâve been used. Its advantages and disadvan- 
tages are similar to those described for the groin pedicle 
flap (see earlier). Usually a bone graft cannot be incorpo- 
rated into the skin flap. During preoperative planning, it is 
important to examine the abdomen on the affected side 
for the presence of previous surgical or traumatic scars that 
might hâve damaged the arterial supply. 


TECHNIQUE 65-8 


■ Position the patient and elevate the affected side with a 
sandbag as needed. After skin préparation and draping, 
use a suitable material, such as stérile paper, to outline 
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the récipient defect, making allowances for skin 
contraction. 

■ Place the pattern over the distribution of the superficial 
epigastric artery, arranging the base of the flap along the 
inguinal ligament. Arrange the axis of the flap so that it 
extends superiorly and slightly laterally from the inguinal 
ligament and is centered at about the midpoint of the 
ligament. Avoid exceeding a length-to-width ratio of 
more than 3:1. 

■ Make the skin incisions along the skin markings of the 
pattern outline, with two parallel incisions extending 
superiorly and tapering toward the superiormost extreme 
of the flap. The distal extent of the dissection should not 
extend inferior to the inguinal ligament. 

■ Extend the skin incision through the subcutaneous tissue 
so that the plane of dissection is at the level of the Scarpa 
fascia. 

■ Elevate the flap inferiorly to the level of the inguinal liga¬ 
ment and cover the deep subcutaneous tissues with 
moistened gauze. 

■ Préparé the récipient site on the hand and mobilize and 
elevate the skin at the margins of the defect on the hand 
to allow ease of attachment of the flap to the hand. 

■Close or skin graft the donor site before attaching the 
flap to the hand defect. 

■After the élévation of small to medium-sized flaps, the 
donor site usually can be closed by mobilizing the skin 
margins and closing the subcutaneous and skin layers. 

■ Attach the flap skin to the skin margins of the récipient 
hand defect with a nonstrangulating suture technique. 

■ Apply a nonadherent gauze (e.g., Adaptic or Xeroform) 
to the suture lines. 

■ With the help of an assistant, lift the patient's torso 
and support it with a board or similar device while the 
shoulder, arm, and forearm are incorporated in a circum- 
ferential flannel wrap around the torso and affected 
extremity. 


■ Wrap over the cloth wrap with wide adhesive tape to 
secure the dressing. 

■ Arrange the bandage so that the flap can be inspected. 

■ Take care while moving the patient so that the flap is not 
disrupted by pulling on the arm. 

POSTOPERATIVE CARE. Postoperative care is similar to 
that for the groin pedicle flap procedure. Pulling on the 
affected arm or shoulder should be avoided to prevent 
disruption of the suture line. The flap should be inspected 
hourly for the first 48 hours to evaluate its appearance 
and circulatory status. If there are any signs of excessive 
tension, pedicle kinking, or hematoma formation, the 
limb should be repositioned, the bandage changed, 
sutures removed, and other necessary corrections made 
to avoid or correct ischémie changes. Necrotic tissue is 
excised promptly, and hematomas are evacuated. The 
wound is cleaned and the bandage is changed frequently 
to minimize drainage and odor. The flap may be detached 
safely at 3 to 4 weeks. If the vascular status of the flap 
is doubtful, or if the pedicle bridge is required to cover 
more of the hand defect, the axial artery is divided, or 
the pedicle is partially divided, and the remainder of the 
flap is inset into the defect 1 to 2 weeks later. 


FILLETED GRAFTS 

A filleted graft is a flap of tissue fashioned from a nearby part, 
usually a finger, from which the bone has been removed but 
in which one or more neurovascular bundles hâve been 
retained. In the hand, such a graft is indicated only when deep 
tissues, such as tendons, nerves, and joints, are exposed and 
when a nearby damaged finger is to be sacrificed because it 
is not salvageable. A filleted graft is never used at the expense 
of a salvageable, useful part. 

A filleted graft is especially convenient when other inju¬ 
ries more proximal in the same extremity would interfère 
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with positioning the hand to receive a flap from a distant part. 
The advantages of this graft are that (1) it can be applied in a 
one-stage procedure at the time of injury and is obtained 
from within the same surgical field as the injured part; (2) its 
survival is almost ensured because one or more of its neuro- 
vascular bundles are preserved; (3) its skin is similar to that 
which is to be replaced; (4) it is not attached to a distant part, 
and consequently affer surgery the hand may be splinted in 
the position of function and elevated; and (5) it provides an 
adéquate thumb web when the index finger is the donor. 


APPLYING A FILLETED GRAFT 


TECHNIQUE 65-9 


■ Because the main vessels course anterolaterally through 
the digit, it is easier to fashion a flap with its base anterior 
and cover a defect on the dorsum of the hand than vice 
versa (see Fig. 65-4). 

■ Make a midline dorsal incision along the full length of the 
finger and skirt it around the nail distally. Deepen the 
dissection to the extensor tendon. 

■ Remove this tendon, the underlying bone, and the flexor 
tendons and their sheath, but preserve the fat in which 
the neurovascular bundles are located; take care to avoid 
damaging these bundles. 

■ Spread the flap created and place it on the donor area. 
If it is too wide, trim its edges, or if it is too long, excise 
its end; in the latter instance, ligate the digital vessels and 
resect the digital nerves far enough proximally to prevent 
their being caught in the scar. 

■ Suture the flap in place so that it lies fiat; avoid strangu- 
lating its base, and trim only slightly any "dog ears" that 
may be produced at the margins of the base to preserve 
the blood supply of the flap. 

POSTOPERATIVE CARE. Flap circulation should be 
monitored closely for at least 24 hours. If flap viability is 
uncertain, the flap should be monitored until it is safe for 
the patient to return home. The hand should be elevated 
to avoid excessive edema. Potential causes of vasospasm 
(smoking, cold drinks, excessively cold room, emotional 
upsets) should be avoided. Skin sutures are removed in 
10 to 14 days. When flap healing is progressing satisfac- 
torily, réhabilitation appropriate for the spécifie injury is 
begun. 


SKIN COVERAGE 

GRANULATING AREAS 

A granulating area on the hand rarely should be left to heal 
with a scar. If a hand has not been covered completely with 
skin during the treatment of an acute injury, a split-thickness 
graft should be applied as soon as the surface is clean enough 
to support it. Even if the entire granulating surface is not 
clean, any portion that is clean enough should be covered. 
Exposed tendons, joints, or cortical bone should be covered 
with flap grafts (see previously). 


SCARS 

A scar is a poor substitute for skin; it is nonelastic, and its 
sensation is abnormal. The absence of elasticity restricts the 
motion of otherwise unobstructed underlying joints and 
interfères with the nutrition of adjacent parts. Often the scar 
adhères to joints, tendons, and ligaments, further limiting 
motion. A scar contracts during healing and does not stretch 
later. Attempts to stretch a scar may be bénéficiai only in that 
normal surrounding skin is stretched. When a linear scar is 
left spanning a joint, the intermittent stretching from active 
motion causes it to hypertrophy. Forced passive stretching 
causes any scar to rupture and fissure, only to heal and 
become thicker. A scar not only lacks normal sensation but 
also may become painful when it adhères to nerve endings. 

Sears cannot be entirely eliminated because the process 
of healing dépends on the production of scar tissue. A scar 
can be replaced partially, however, by tissue of better quality, 
and the direction or location of its lines can be changed so 
that they interfère less with function. A scar may be treated 
surgically (1) to eliminate deformity, (2) to restore joint 
motion, (3) to provide better skin coverage for vulnérable 
parts or to permit operation on deeper structures such as 
tendons or nerves, (4) to relieve pain, and (5) occasionally to 
improve the appearance of the hand. Sometimes the excision 
of normal skin is necessary in moving the lines of the scar to 
a more désirable location. 

If possible, a scar should not be replaced until it has 
matured, usually affer a minimum of 3 months. It should be 
treated earlier, however, when it severely limits joint motion. 
When a metacarpophalangeal joint is held in extension or a 
proximal interphalangeal joint is held in flexion, a severe 
secondary contracture develops in the joint unless the offend- 
ing scar is treated as soon as possible without awaiting its 
maturation. For the purposes of treatment, scars may be clas- 
sified as linear scars and area scars; either type may be volar 
or dorsal and may or may not involve the deep structures. 

■ METHODS OF CORRECTING LINEAR SCARS 

Disabling linear scars usually resuit from surgical incisions or 
traumatic lacérations that cross flexor creases. When such a 
scar on a finger is narrow and is surrounded by normal tissue 
(Fig. 65-36), it can be released by a Z-plasty (see Chapter 64), 
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FIGURE 65-3 


^ Area scar (A) has been replaced by full-thickness 
skin graft (B) that is larger than scar. 




FIGURE 65-3 


^ Area scar on palm (A) has been replaced by 
graft (B) with margins that follow rules that guide location and 
direction of hand incisions. 


but a scar more than 2 mm wide on the volar surface is dif- 
ficult to correct in this way because the skin here is less 
mobile than that on the dorsal surface. In some instances, the 
scar must be replaced by a full-thickness free graft (see Tech¬ 
nique 65-2), a cross finger flap (see Technique 65-3), or a local 
flap (Fig. 65-7). On the palm, a linear scar may represent loss 
of skin substance, and, in this instance, a free, split-thickness 
graft or a full-thickness graft is indicated; correcting a scar 
contracture here by Z-plasty is difficult. On the dorsum of the 
hand, most disabling linear scars may be corrected by Z-plasty. 

■ METHODS OF CORRECTING AREA SCARS 

An area scar represents an initial skin loss greater than the 
area of the final scar because it has contracted during healing; 
it always must be replaced by a graft that is larger than the 
scar (Fig. 65-37). Because the skin for any graft should be as 
similar to the lost skin as possible, a local flap (Fig. 65-7) or 
cross finger flap (see Technique 65-3) is préférable only if a 
small area is lost. If the area is large, if bare bone or tendon 
is left after excision of the scar, or if a reconstructive proce¬ 
dure is planned, a distant (“remote”) flap, or vascularized free 
flap, containing skin and subcutaneous fat is necessary. 
Deeper parts of the scar may be excised when the flap is 
applied, but tendons or nerves must not be repaired until 
later. The tendons or nerves are exposed through an incision 
along the edge of the flap and not through it. 

An area scar on the dorsum of the hand involving only 
the skin may be replaced by a medium or thick split graft of 
carefully planned size. The normal adult hand has about 5 cm 
of extra skin longitudinally on the dorsum to allow flexion of 
the wrist and fingers and about 2.5 cm of extra skin trans- 
versely to allow development of the metacarpal arch when 
making a fist. A graft here must allow for some of this extra 
skin and for previous shrinkage of the scar and later shrink- 
age of the graft and must be placed while the hand is in the 
position of function; otherwise, it would be much too tight. 
Burm et al. found that the greatest amount of skin could be 
graffed to the dorsum of the hand with the hand in the “fist” 
position and that the anatomie position allowed for more skin 
than the “safe” position. In most clinical situations, however, 


interphalangeal flexion contracture is possible if the fingers 
are held flexed too long. 

For an area scar on the palm, similar skin cannot be used 
because it is found only on the sole of the foot (palmar skin 
withstands friction and shock and is more sensitive than 
dorsal skin). If the scar is superficial, a split-thickness graft 
can be used (see Chapter 63). If deep vulnérable structures 
are involved, a full-thickness graft is préférable (see Chapter 
63), although it is harder to handle, is less likely to survive, 
and must be limited in size by the fact that it leaves a defect 
in the donor area that must be closed by suture after its edges 
are undermined. 

For an insensitive large area scar on the radial side of an 
otherwise normal index finger or on the area of pinch of the 
thumb, a neurovascular island graft may be indicated (see 
Chapter 63). When a graft is applied to the hand, the rules 
that guide the location and direction of hand incisions (see 
Chapter 64) must be followed carefully because the graft heals 
to the normal skin with a linear scar (Fig. 65-38). 
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FLEXOR TENDONS 

A basic knowledge of the anatomy of the flexor tendons, 
especially in the forearm, wrist, and hand, is assumed, as is 
an understanding of the essential biomechanical aspects of 
flexor digitorum profundus and sublimis function in the 
fingers. Tendon nutrition is believed to dérivé from two basic 
sources: (1) the synovial fluid produced within the tenosyno- 
vial sheath and (2) the blood supply provided through longi¬ 
tudinal vessels in the paratenon, intraosseous vessels at the 
tendon insertion, and vincular circulation (Fig. 66-1). An 
ischémie area is présent in the flexor digitorum superficialis 
beneath the A2 pulley at the proximal phalanx. Two zones of 
ischemia are présent in the flexor digitorum profundus— 
beneath the A2 pulley and beneath the A4 pulley. Tendon 
healing is believed to occur through the activity of extrinsic 
and intrinsic mechanisms, occurring in three phases: inflam- 
matory (48 to 72 hours), fibroblastic (5 days to 4 weeks), and 
remodeling (4 weeks to about 3.5 months). The extrinsic 
mechanism occurs through the activity of peripheral fibro- 
blasts and seems to be the dominant mechanism contributing 
to the formation of scar and adhesions. Intrinsic healing 
seems to occur through the activity of the fibroblasts derived 
from the tendon. 

Although tendon adhesions occur and are associated 
with tendon injury and healing, they are not believed to be 
essential to the tendon repair process itself. Experimentally, 
it has been shown that tendon injury alone is insufficient to 


produce adhesions, whereas tendon injury with injury to the 
synovial sheath combined with immobilization leads to 
extensive adhesions. Techniques to prevent adhesion forma¬ 
tion include the use of physical barriers and Chemical agents. 
None has proved reliable in the clinical setting. Cytokine 
manipulation, gene therapy, and mesenchymal stem cell 
thérapies are other areas of promising research into methods 
of controlling the formation of adhesions. Experiments 
suggest that cyclic tension applied to healing tendons stimu¬ 
lâtes the intrinsic healing response more than does the lack 
of tension. Findings such as these hâve led to the development 
of postoperative mobilization techniques to diminish the 
formation of adhesions and enhance the end resuit. To 
provide tendon repairs of sufficient strength to permit passive 
and active motion réhabilitation, researchers hâve produced 
a considérable amount of information regarding suture mate¬ 
rial, size, and core and peripheral suturing techniques, 
described subsequently in this chapter. 

EXAMINATION 

Evaluation of a patient with an injured hand involves the 
usual assessments of the patients general condition and the 
possibility of other injuries, including the use of radiographs 
to exclude fractures. Careful examination of the neurovascu- 
lar status of the hand précédés the évaluation of tendon 
function. Even when gross deformity is absent, the posture of 
the hand offen provides dues as to which flexor tendons are 
severed (Fig. 66-2). Traditionally, the “finger points the way” 
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toward the injured structures. Errors are always possible 
when examining for flexor tendon injuries. Movements of the 
injured hand by the patient or the examiner can cause suffi- 
cient pain to limit motion and cause confusion. This is seen 
also when examining the hand affer nerve injuries. 



DIPJ 


Distal 
transverse 
digital artery 

Intermediate 
transverse 
digital artery 

Proximal 
transverse 
digital artery 


Branch to 
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Common 

digital 

artery 
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A4 

PIPJ 

C2 
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Vascular supply to flexor tendons is by four 
transverse communicating branches of digital arteries. DIPJ, Distal 
interphalangeal joint; FDP, flexor digitorum profundus; FDS, 
flexor digitorum sublimis; MPJ, metacarpophalangeal joint; PIPJ, 
proximal interphalangeal joint; VBP, vinculum breve profundus; 
VBS, vinculum breve superficialis; VLP, vinculum longum profun¬ 
dus; VLS, vinculum longum superficialis. 
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When both flexor tendons of a finger are severed, the 
finger lies in an unnatural position of hyperextension, espe- 
cially compared with uninjured fingers. Flexor tendon injuries 
can be tentatively confirmed by several passive maneuvers. 
Passive extension of the wrist does not produce the normal 
“tenodesis” flexion of the fingers. If the wrist is flexed, even 
greater unopposed extension of the affected finger is pro- 
duced. Gentle compression of the forearm muscle mass at 
times shows concomitant flexion of the joints of the unin- 
volved fingers, whereas the injured finger does not show this 
flexion, indicating séparation of the tendon ends. Gently 
pressing the fingertip of each digit reveals loss of normal 
tension in the injured finger. 

Tendon function is evaluated with voluntary active move¬ 
ments of the finger, usually directed by the examiner. This 
examination is unreliable and probably worthless, however, 
when evaluating an excited, uncooperative child or an 
anxious, uncooperative, or intoxicated adult. Demonstrating 
the maneuvers requested using the examiner s hand or the 
patients uninjured hand before evaluating the injured hand 
can be helpful. If the wound is distal to the wrist, the injured 
finger should be stabilized to obtain spécifie joint movements. 
With the proximal interphalangeal joint stabilized, the flexor 
digitorum profundus is presumed severed if the distal inter¬ 
phalangeal joint cannot be actively flexed (Fig. 66-3). If 
neither the proximal nor the distal interphalangeal joint can 
be actively flexed with the metacarpophalangeal joint stabi¬ 
lized, both flexor tendons probably are severed. 

The method used to show the transection of a flexor 
digitorum superficialis tendon with an intact flexor profun¬ 
dus tendon involves maintaining the adjacent fingers in 
complété extension, anchoring the profundus tendon in the 
extended position, and removing its influence from the 
proximal interphalangeal joint. When a flexor superficialis 
tendon has been severed, and the two adjacent fingers are 
held in maximal extension, flexion of the interphalangeal 
joint usually is impossible (Fig. 66-4). The exception to this 
évaluation is the resuit of the independent function of the 



A f If long finger remains extended when hand is at rest, flexor tendons hâve been severed. B, This finger becomes 
normally flexed after profundus tendon or profundus tendon and sublimis hâve been repaired. 
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If distal interphalangeal joint can be actively 
flexed while proximal interphalangeal joint is stabilized, profun- 
dus tendon has not been severed. 



If proximal interphalangeal joint can be actively 
flexed while adjacent fingers are held completely extended, 
sublimis tendon has not been severed (see text). 


index finger flexor digitorum profundus; a technique advo- 
cated by Lister is helpful in evaluating an isolated injury to 
this tendon. In this examination, the patient is requested to 
pinch and pull a sheet of paper with each hand, using the 
index fingers and thumbs. In the intact finger, this function 
is accomplished by the flexor superficialis with the flexor 
digitorum profundus relaxed, allowing hyperextension of the 
distal interphalangeal joint so that maximal pulp contact 
occurs with the paper. If the flexor superficialis is injured, the 
distal interphalangeal joint hyperflexes and the proximal 
interphalangeal joint assumes an extended position. 

In the thumb, to check the integrity of the flexor pollicis 
longus tendon, the metacarpophalangeal joint of the thumb 
is stabilized. If the flexor pollicis longus tendon is divided, 
flexion at the interphalangeal joint is absent. 

If a wound is located at the level of the wrist, the joints 
of a finger can be actively flexed even though the tendons to 
that finger are severed. This is the resuit of intercommunica¬ 
tion of the flexor profundus tendons at the wrist, particularly 
in the little and ring fingers. 

Sometimes a definitive diagnosis of flexor tendon tran- 
section may be impossible. These maneuvers do not detect a 
partially divided tendon. A partially divided tendon usually 


is functional; however, finger motion can be limited by pain, 
and the examination indicates tendon injury without allow¬ 
ing a definite diagnosis of tendon transection. Ultrasound 
and MRI may be helpful but are not always needed. When a 
definite diagnosis of tendon injury cannot be made, surgical 
exploration usually is indicated. 

BASIC TENDON TECHNIQUES 

The purpose of tendon suture is to approximate the ends of 
a tendon or to fasten one end of a tendon to adjoining tendons 
or to bone and to hold this position during healing. When 
tendons are being sutured, handling should be gentle and 
délicate, causing as little reaction and scarring as possible. 
Pinching and grasping of the uninjured surfaces should be 
avoided because this can contribute to the formation of adhe¬ 
sions. Strickland stressed six characteristics of an idéal tendon 
repair: (1) easy placement of sutures in the tendon, (2) secure 
suture knots, (3) smooth juncture of tendon ends, (4) minimal 
gapping at the repair site, (5) minimal interférence with 
tendon vascularity, and (6) sufficient strength throughout 
healing to permit application of early motion stress to the 
tendon. In general, studies hâve shown that four, six, and 
eight core sutures with epitendinous repair best accomplish 
the objectives of achieving a predictable clinical outcome of 
near idéal functional restoration. 

■ SUTURE MATERIAL 

A variety of satisfactory suture materials are available for 
tendon repair. Although monofilament stainless Steel has the 
highest tensile strength, it is difficult to handle, tends to pull 
through the tendon, and makes a large knot. Although it can 
be used satisfactorily in the distal forearm, its disadvantages 
limit its use in the fingers. Most absorbable sutures, including 
catgut and the polyglycolic acid group (Dexon, Vicryl), 
become weak too early affer surgery to be effective in tendon 
repair. Synthetic sutures of the caprolactam family (Supramid) 
and nylon maintain their résistance to disrupting forces longer 
than polypropylene (Prolene) and polyester suture. Polydioxa- 
none (PDS) has been shown to be as strong as polypropylene. 
A comparison of polyglycolide-trimethylene carbonate 
(Maxon) and polydioxanone found that the polydioxanone 
repairs maintained better strength over 28 days. Monofila¬ 
ment nylon permitted earlier gap formation and failure of the 
repair compared with braided polyester. In a biomechanical 
study, braided polyethylene and braided stainless Steel wire 
were most suitable mechanically. Braided polyester was inter- 
mediate, and monofilament sutures of nylon and polypropyl¬ 
ene were least satisfactory. In clinical situations, most surgeons 
find that the braided polyester sutures (Ticron, Fiberwire, 
Mersilene) provide sufficient résistance to disrupting forces 
and gap formation, handle easily, and hâve satisfactory knot 
characteristics; consequently, these sutures are widely used. 

A 4-0 suture is estimated to be 66% stronger than a 5-0 
suture, and a 3-0 suture 52% stronger than a 4-0 suture. Based 
on cadaver experiments, the use of a 3-0 suture results in a 
two-fold to three-fold increase in fatigue strength and a 3-0 
suture in a two-strand or four-strand configuration is recom- 
mended if an early active motion program is used. In most 
situations, a 3-0 suture may be useful to repair tendons in the 
forearm, palm, and larger digits, whereas a 4-0 suture may 
handle better in smaller digits. Epitendinous repair usually is 
done with 5-0 or 6-0 monofilament suture (Prolene). 
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Several newer devices and technologies appear promis- 
ing. In a cadaver biomechanical analysis, an intratendinous, 
crimped, single-strand, multifilament stainless Steel device 
(Teno Fix; Ortheon Medical, Winter Park, FL) compared 
favorably with four-strand cruciate repairs. A multicenter, 
randomized, and blinded clinical trial compared the stain¬ 
less Steel tendon repair device with a control group of four- 
strand cruciate suture repairs. The intratendinous device 
group had a lower rupture rate (0 vs. 18% in the Controls) 
and compared favorably in other outcome measures, such as 
grip and pinch strength and DASH (disability, arm, shoul- 
der, hand) scores. More clinical reports are needed using 
this device, the motion-stable wire suture of Towfigh, and 


the shape memory alloy suture to détermine their place in 
the management of flexor tendon injuries. The use of 
the neodymium: yttrium-aluminum-garnet laser does not 
seem to weld tendons, according to a study in chickens. 
More recently, a knotless barbed suture has been found to 
be as strong as a four-strand configuration for epitendinous 
repair. 

■ SUTURE CONFIGURATIONS 

In the process of seeking the strongest intratendinous suture 
arrangement to allow early passive and active motion, numer- 
ous suture configurations at the repair site hâve been devel- 
oped and studied (Fig. 66-5). 



Bunnell stitch 





Tsuge stitch 




Kessler grasping stitch 



Double grasping 1 suture 



Double loop 




Double grasping 2 sutures 



Interlock stitch 



Indiana 4-strand repair 
with running lock suture 



Single-cross locked 



Four-strand cruciate 
cross-stitch locked 



Single-cross grasping 6-strand 





6-strand three suture pairs 



8-strand repair 


FIGURE 


^ Techniques for end-to-end flexor tendon repair. 
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A f Crisscross stitch. B f Mason-Allen (Chicago) 
stitch. C f Modifiée! Kessler stitch with single knot at repair. 


An abundance of research has shown that four-strand, 
six-strand, and eight-strand core sutures create stronger 
repairs, reduce the possibility of gap formation, and permit 
greater active forces to be applied to the repaired tendons, 
allowing earlier active motion than the traditional two-strand 
core sutures (Fig. 66-6). A recent global survey of clinical 
practices by Tang et al. confirms the efficacy of multistrand 
(four to eight) 3-0 or 4-0 core sutures with 6-0 epitendinous 
sutures. A human cadaver comparison of the Kessler, modi- 
fied Kessler, Savage, Lee, augmented Becker, and Tsuge core 
suture methods by Zobitz et al. found no différence in 
maximal failure force or force to produce a 1.5-mm gap. 
Continuing the interest in multiple-strand modifications, 
such as those of Savage (six strands) (Fig. 66-7) and Lee (four 
strands) (Fig. 66-8), the grasp of a “cross stitch” (Fig. 66-9) of 
6-0 braided polyester was found to be 117% stronger than a 
modified Kessler core suture with a conventional epitendi¬ 
nous repair. 

The locked cruciate, the modified double Tsuge, and the 
modified Becker repairs hâve been shown to provide sufhcient 
strength to support an early active motion réhabilitation 
program. The Tang and cruciate repairs (Fig. 66-10) hâve 
shown better tensile strength and elastic properties compared 
with the Silfverskiôld, Robertson, and modified Kessler 
repairs. 

A cadaver study found that the cruciate four-strand 
suture technique provided stronger résistance to gap forma¬ 
tion and had greater ultimate tensile strength than the Kessler, 
Strickland, or Savage techniques. When the Kessler, Strick- 
land, and modified Becker techniques were compared, only 
the Becker repair was strong enough to tolerate forces esti- 
mated for an active motion réhabilitation plan. The Strickland 
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Multiple-strand modification by Savage. 
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Four-strand technique (Lee). Two knots are 
made within repair site. 


3-5 mm 



Two basic versions of cross-stitch. A f Suturing 
starts on far side of repair and proceeds toward operator. Simple 
overlap of each preceding grasp by approximately 50% automati- 
cally produces weave pattern without need for spécial needle 
passages. Symmetric placement of grasps (used here for clarity) 
is unnecessary in actual practice. Grasp size, overlap, and distance 
to tendon edge can be adapted to needs as suturing progresses. 
B, Suturing starts on near side of repair; overlapping is 
unnecessary. 
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Robertson 


Running 


Tendon suture techniques. (See text.) (Redrawn 
from Tang JB, Gu YT, Rice K, et al: Evaluation of four methods of flexor 
tendon repair for postoperative active mobilization, Plast Reconstr Surg 
107:742, 2001.) 




A, Standard Kessler core stitch is inserted using 
a round-bodied needle. Suture is tied with knot between eut 
ends. B f Second suture is inserted at right angles to first, again 
using round-bodied needle. C f Needle is passed along tendon, 
across junction, and out of tendon. If needle is too short, it can 
be brought out at junction and then passed in again. D, Rest of 
suture is inserted. E, Suture is tied under carefully judged tension 
to match first, with knot on outside of tendon. F, Repair is com- 
pleted with epitendinous suture. 


repair had less tendency to gap. In a group of canine tendons, 
the Becker repair was associated with greater friction between 
the tendon and sheath than the modified Kessler repair. A 
four-strand adaptation of the Kessler repair was found to be 
significantly stronger than the modified Kessler technique 
(Fig. 66-11). It is a straightforward modification that might 
be done with more ease in areas of the flexor sheath where 
access to the tendon is limited. Such techniques allow satis- 
factory purchase on the tendon so that satisfactory tensile 
strength is maintained during the early healing phase. Early 
active motion réhabilitation programs may hâve a bénéficiai 
effect on tendon healing and may reduce adhesion formation 
significantly. 



Flexor tendon with segmentai vascular System, 
each segment supplied by one dorsal vinculum vessel. Tendon is 
eut within one segmentally vascularized portion (top). Shadowed 
area (middle) indicates area devascularized by transection of 
tendon. Intratendinous sutures contribute further to impaired 
microcirculation in tendon ends (bottom). 


Intratendinous crisscross suture techniques (Bunnell, 
Kleinert modification of Bunnell) tend to jeopardize the 
intratendinous circulation (Fig. 66-12). Although placement 
of sutures in the volar half of the tendon has been recom- 
mended to avoid injury to the circulation, experimental work 
showed that the mean strength of repairs sutured in the 
dorsal half of the tendon was 58.3% greater than that in 
the volar half. Locking the sutures as they pass through the 
tendons traps bundles of the tendon fibers, preventing 
the suture from pulling out of the tendon and increasing the 
résistance to gap formation. These techniques hâve been 
shown to be dependable in the fingers. No suture material or 
technique can be relied on to maintain tendon repairs with 
unlimited active movement in the early postoperative period. 
Most investigators report that the strength of the tendon 
repair diminishes considerably in the first 10 days. Thereafter, 
the strength of the repair gradually increases, so that by the 
end of 10 to 12 weeks considérable active forces can be applied 
in the réhabilitation program. 

Continuous epitendinous sutures, placed circumferen- 
tially around the repair site, decrease the bulk of the repair 
site, minimizing the risk of triggering. This addition also 
enhances the strength of the core suture repair, supports 50% 
of the load to failure, and resists gap formation. In biome- 
chanical tests of human cadaver tendons, the epitenon-first 
technique (Fig. 66-13) was found to be 22% stronger than the 
modified Kessler technique. A comparison of four circumfer- 
ential techniques without core sutures in sheep tendons 
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A f Epitenon-first technique. After placement of 
running epitendinous suture, core suture is placed within tendon. 
B f Completion of epitenon-first suture. Final knot is buried within 
tendon. 


4-5 mm 





FIGURE 


^ Interlocking horizontal mattress suture. 


found that the interlocking horizontal mattress suture had the 
highest load to failure, greatest résistance to gap formation, 
and highest stiffness and was believed to be best overall (Fig. 
66-14). Peripheral sutures placed 2 mm from the repair site 
provide a stronger repair than placement of the sutures 1 mm 
from the repair site. 

To minimize compression and bulking of the repair site, 
most techniques advocate the placement of temporary or 
permanent partial epitendinous sutures to secure the tendon 
ends before placement of core sutures. The partial epitendi¬ 
nous repair can then be completed or removed if a cross-stitch 
type of epitendinous repair is preferred. Alternatively, a 
tendon approximator or hypodermic needles can be used to 
stabilize the tendon ends in apposition so that the core suture 
is not used to approximate the ends. 

I END-TO-END SUTURE TECHNIQUES 


MODIFIED KESSLER-TAJIMA SUTURE 

A modification of the Kessler and Tajima techniques incor¬ 
porâtes several advantages of each. Separate pièces of 
suture are used so that the tendon ends can be passed 
within the flexor sheath, using the free ends of the suture 
as traction sutures. The knots are tied within the tendon. 
The sutures are locked with each exit from the tendon. 



Simplified four-strand repair in which basic 
two-strand core suture is supplemented by horizontal mattress 
suture and running-lock stitch. A, Tajima core sutures in place. 
Back wall (dorsal) running-lock peripheral epitendinous stitch in 
progress. B, Back wall suturing completed. C, Mattress core suture 
added in palmar tendon gap. D, AN core sutures tied. E f Comple¬ 
tion of running-lock peripheral epitendinous suture. F, Repair 
completed. SEE TECHNIQUE 66-1. 


TECHNIQUE 66-1 


(STRICKLAND, 1995) 

■ Use separate sutures introduced into each tendon end. 

■ Introduce a suture into one eut surface of the tendon, 
staying along the volar portion of the tendon, and exit 5 
to 10 mm from the eut edge. 

■ Grasp approximately 25% of the diameter of the tendon 
with passage of the needle and lock the suture on the 
side of the tendon with a knot. 

■ Pass the suture transversely behind this locked knot across 
the tendon and onto the tendon surface and lock the 
suture again. 

■ Pass the suture into the tendon behind the second knot 
and exit on the eut surface. 

■ Repeat this process on the opposite side of the eut 
tendon, locking the suture with each exit and maintaining 
the suture repair on the volar third of the eut surface of 
the tendon. 

■ Tie the knots within the tendon. 

■ Add a running-lock dorsal epitendinous suture of 5-0 or 
6-0 nylon. 

■ On completion of the back wall suture, add a horizontal 
mattress suture of 4-0 braided polyester to the core 
suture configuration. 

■ Tie ail knots of the core sutures. 

■Complété the palmar (volar) running-lock peripheral 
epitendinous suture (Fig. 66-15). 
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FLEXOR TENDON REPAIR USING 
SIX-STRAND REPAIR (ADELAÏDE 
TECHNIQUE) 


TECHNIQUE 66-2 


(SAVAGE) 

■ The tendon repair comprises three grasping stitches in 
each tendon end and six strands of 4-0 Ethibond suture. 

■ To make the grasping stitch (see Fig. 66-7), insert the 
needle into the tendon end and bring it out at A, reinsert 
at B, bring it opposite D, reinsert at C, bring it out oppo¬ 
site of C, reinsert at D, bring it out at B, reinsert at E, and 
finally bring out of the tendon end. 

■As a practical point, grip the tendon end with a toothed 
forceps while inserting the suture, putting a small bundle 
of tendon fibers in tension where the grasping stitch is 
made. The number of grasping stitches is based on the 
size of the tendons. 

■ Insert six such grasping stitches, each about 1 to 1.5 mm 
in diameter and about 5 to 10 mm from the tendon end, 
sequentially around the tendon, avoiding the vincular 
area (see Fig. 66-7B). 


FOUR- OR SIX- STRAND REPAIR 


TECHNIQUE 66-3 


(CHUNG, MODIFIED TSUGE) 

■ Insert the needle laterally into the proximal tendon end on 
the volar surface within 1 cm from the intended repair site. 

■ Run the strand longitudinally across the repair site and take 
it out 1 cm past the repair site at the distal tendon end. 

■ Pass the needle transversely in the distal part, taking the 
strand across the loop, and reinsert it into the distal 
tendon end; cross the repair site at the dorsal surface and 
exit at the proximal end dorsally. Then reintroduce the 
suture transversely to make a loop. 

■ Tie a knot at this site. 

■ Perform the same suture passage as just described but on 
the opposite side of the tendon (Fig. 66-16). 

■ To complété the repair use a peripheral 6-0 monofilament 
running polypropylene suture (see Fig. 66-13). 


MULTIPLE LOOPED SUTURE 
TENDON REPAIR 


TECHNIQUE 66-4 


(TANG ET AL.) 

■ Place one thread of 4-0 or 5-0 looped nylon in the center 
of the palmar half of the tendon. Pass it farther through 



FIGURE 


Modified Tsuge suture technique. SEE TECH¬ 


NIQUE 66-3 


to avoid placing knots at the same level on the tendon 
surface. 

■ Place one thread in each of the two respective sides of 
the dorsal half of the tendon. 

■ Place these suture threads to form the tips of a triangle 
in cross section of the tendon. The knots on the tendon 
surface are arranged in a triangular fashion (see Fig. 
66 - 10 ). 

■ Make the knots as described for the modified Tsuge 
technique. 

■ Place epitendinous stitches with 6-0 nylon at the four 
cardinal points to smooth the ends of the tendon. 


SIX-STRAND DOUBLE-LOOP 
SUTURE REPAIR 


TECHNIQUE 66-5 


(LIM ANDTSAI) 

■ Place core sutures as shown in Figure 66-17 to minimize 
tendon constriction. 

■ Holding the tendon parts slightly overlapped, superficially 
stitch the tendon 1.25 cm from the proximal end, trans¬ 
verse to the length of the tendon fibers. 

■ Lock the stitch by passing the needle through the loop 
suture and tighten with firm pressure to remove slack and 
increase résistance to gapping. 

■ Insert the needle close to the locked suture, taking a 
deeper, longitudinal bite of the médial volar quadrant 
tendon, running parallel to the tendon fibers and exiting 
the eut end. 

■ Reinsert the needle into the facing eut end of the distal 
tendon and exit 1 cm from the tendon end. 

■ Place a similar locking suture 1.25 cm from the distal eut 
end of the latéral volar quadrant of the tendon into the 
proximal eut end, and surface 1 cm from the end. Avoid 
inserting the needle too far from the locking suture 
because this leads to tendon bunching. 

■ Approximate the posterior wall of the tendon with 6-0 
Prolene running epitenon sutures. Posterior running 
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Cross section of a flexor tendon of right digit 
with placement of core sutures (double-loop 6-strand repair): (1) 
placement of first loop suture from proximal to distal in médial 
volar quadrant; (2) second loop suture from distal to proximal in 
latéral volar quadrant; (3) rerouting of both loop sutures to meet 
at repair site in midportion of tendon. (Redrawn from Gill RS, Lim 
BH, Shatford RA, et al: A comparative analysis of the six-strand double- 
loop flexor tendon repair and three other techniques: a human cadaveric 
study, J Hand Surg 24A:1315, 1999). SEE TECHNIQUE 66-5 


S epitenon sutures help to correct the position of the 
tendon ends and control tension. 

■ Lock the ends of the two core sutures by taking a trans¬ 
verse bite and passing the needle through the loop. 

■ Insert the needles close to the second set of locked 
sutures, and surface through the tendon ends. 

■ Divide the loop suture, leaving the proximal loop ends 
longer than the distal loop ends, to make the four suture 
ends easier to identify. 

■ Tie the suture ends intratendinously. Four square throws 
provide a sturdy knot. Take care that ail six strands are 
under the same tension, otherwise the benefit of using 
multiple strands is reduced (Fig. 66-5). 

■Smooth the anterior walls of the tendon ends with a 
simple running epitenon suture (see Fig. 66-13). 


EIGHT-STRAND REPAIR 


TECHNIQUE 66-6 


(WINTERS AND GELBERMAN) 

■ Insert the needle into the tendon at the repair site and 
extend it through the postérolatéral quadrant, exiting 
1 cm from the eut tendon edge. 

■ Working counterclockwise, insert the needle just distal to 
its previous exit point to anchor the tendon transversely. 

■Complété the first postérolatéral rectangle by paralleling 
the first suture pass with the tendon edge. 

■ Carry out the procedure in the same way in the opposite 
tendon stump, completing a dorsal rectangle. 

■ Advance the needle into the palmar half of the tendon and 
duplicate the previous steps, with the needle finally exiting 
the repair site opposite and palmar to the initial entry site. 



Double right-angle suture with single monofila¬ 
ment or multifilament wire suture threaded on curved needle. 


■ Place tension on the double-stranded suture to allow 
apposition of the tendon. 

■ Tie a four-throw surgeon's knot at the repair site (see 
Fig. 66-5). 

■ Use a 6-0 nylon epitendinous running suture to invaginate 
the free ends of the tendon (see Fig. 66-13). 


I DOUBLE RIGHT-ANGLED SUTURE 

To suture the severed ends of a tendon together without 
shortening, a double right-angled stitch can be used. This 
suture technique is useful proximal to the palm. Although the 
apposition of the tendon ends is not as neat as after the other 
end-to-end suture techniques described, the method is easier 
and is used more often when several tendons hâve been 
severed in the distal forearm and proximal palm (Fig. 66-18). 

I FISH-MOUTH END-TO-END SUTURE (PULVERTAFT) 

A tendon of small diameter can be sutured to one of large 
diameter by the method shown in Figure 66-19. This method 
commonly is used to suture tendons of unequal size. 


END-TO-SIDE REPAIR 

End-to-side repair frequently is used in tendon transfers 
when one motor must activate several tendons. 


TECHNIQUE 66-7 


■ Pierce the récipient tendon through the center with a no. 
11 Bard-Parker knife blade and grasp the blade on the 
opposite side with a straight hemostat (Fig. 66-20). 

■ Withdraw the blade, carrying the hemostat with it; with 
the latter, gently grasp the end of the tendon to be 
transferred and bring it through the slit. 

■ Repeat this technique with any adjacent tendons, 
placing the slits so that the transferred tendon 
approaches the récipient tendon at an acute angle to its 
line of pull. 
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Pulvertaft technique of suturing tendon of small diameter to one of larger diameter. A f Smaller tendon is brought 
through larger tendon and anchored with one or two sutures after tension is adjusted. B, Tendon is brought through more proximal 
hole and is anchored again with one or two sutures after tension is adjusted. C f After excess is eut flush with larger tendon, exit hole 
can be closed with one or two sutures. D, Excess of larger tendon is trimmed as shown to permit central location of smaller tendon. 
This so-called fish mouth is closed with sutures. 



Steps in technique of end-to-side anastomosis. End of tendon has been buried (6). Sutures are appropriately placed 
to fasten tendons together. SEE TECHNIQUE 66-7. 


■Suture the tendon at each passage with a vertical mat- 
tress stitch. 

■ Bury the end of the transferred tendon in the last tendon 
pierced. 


ROLL STITCH 

The roll stitch is especially useful for suturing extensor 
tendons over or near the metacarpophalangeal joints. 


TECHNIQUE 66-8 


■ Use a 4-0 monofilament wire or 4-0 monofilament nylon 
threaded on a small, curved needle (Fig. 66-21). 

■ Pass the suture through the skin just médial or latéral to 
the divided tendon and through the proximal segment of 
the tendon near its margin from superficial to deep and 
then through the deep surface of the distal segment, to 
emerge on its superficial surface. 

■ Pass it proximally and through the opposite margin of the 
proximal segment and bring it out through the skin on 
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9 the opposite side of the tendon from which it was 
introduced. 

■ Ensure that the suture slides easily in the skin and tendon. 
At about 4 weeks, the suture can be removed by pulling 
on one of its ends. 


1 TENDON-TO-BONE ATTACHMENT 

The attachment of tendon to bone (usually distal phalanx) for 
repair or grafting frequently requires a pull-out technique. 
Several methods hâve been described (Figs. 66-22 to 66-24). 
Tendon-to-tendon repair of graffs may be préférable in chil- 
dren to avoid physeal injury. For tendon-to-bone repairs, the 
core suture techniques used most offen hâve included the 
Kessler and a modification of the Bunnell crisscross suture 
(Fig. 66-25) in which the pull-out wire is looped over a 
straight needle that is passed transversely through the tendon 



Roll stitch using 4-0 wire or 4-0 monofilament 
nylon is especially useful in suturing lacerated extensor tendon 
over or near head of metacarpal. SEE TECHNIQUE 66-8. 


approximately 10 mm from the eut end. This leaves the pull- 
out wire attached to a loop of the suture proximally in the 
tendon to be passed into the bone distally (Fig. 66-26). 


PULL-OUT TECHNIQUE FOR TENDON 
ATTACHMENT 


TECHNIQUE 66-9 


■ The modified Bunnell crisscross suture is accomplished with 
at least one Crossing of the sutures within the tendon. 

■ Bring the needle out through the eut end of the tendon 
and pass it through the tunnel in the bone and out the 
opposite side of the bone and the skin. 

■ Pass the needle through felt and a button and tie it over 
the button. 

■ Pass the pull-out wire rétrogradé out through the skin 
with a needle. 

■ At 3 to 4 weeks, to remove the wire, eut the button from 
the wire suture and pull the pull-out wire rétrogradé 
(proximally) to remove it. The crisscross intratendinous 
suture may bind and is sometimes difficult to remove; 
another disadvantage is the rétrogradé traction on the 
tendon, which has been attached to bone. This can 
increase the risk of séparation of the tendon from the 
bone. 



FIGURE 


^ Tendon-to-tendon suture. 





Bunnell (1940) 




Tubiana (1969) 


FIGURE 


Tendon-to-bone attachment. 
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Pulvertaft (1965) 





Wilson et al (1985) 
Tendon attachment through finger flap. 



One method of attaching tendon to bone. 
A f Small area of cortex is raised with osteotome. B f Hole is drilled 
through bone with Kirschner wire in drill. C f Bunnell crisscross 
stitch is placed in end of tendon, and wire suture is drawn through 
hole in bone. D f End of tendon is drawn against bone. 



FIGURE 


A-K, End-to-end suture of tendon using Bunnell crisscross stitch (see text). 
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Zone I injury. Profundus tendon is advanced 
and reinserted into distal phalanx using pull-out wire suture and 
tie-over button. SEE TECHNIQUE 66-9. 


9 " Using another technique, place the suture in a single loop 
within the tendon by passing the needle from the eut 
surface into the tendon and out of the tendon, across the 
surface of the tendon, and back through the tendon to 
the eut surface (Fig. 66-27). 

■ Pass the loop of suture into the tunnel in the bone and 
secure it over a piece of felt and a button in the fashion 
previously described. At the time of suture removal, eut 
one side of the suture and remove in an antegrade 
fashion, minimizing the risk of disrupting the bony 
attachment. As an alternative to passing the tendon 
through bone, the suture can be brought around small 
bones, such as the distal phalanx. 

■To attach a tendon to bone, use a small osteotome or 
dental chisel to roughen the site of insertion or to raise 
a small area of cortex to accept the tendon (see Fig. 
66-26). If several tendon ends are to be fixed to bone, 
they are best inserted into a large hole drilled in the bone. 
■ After an area of cortex has been elevated or a large hole 
made, perforate the bone with a small Kirschner wire in 
a power drill. 

■ Using the first needle as described for the end-to-end 
suture, run the suture diagonally two or three times 
through the end of the tendon. 

■ Loop a pull-out wire over the second needle and complété 
the crisscross diagonal suture. 

■ Using the needles, pass the two ends of the suture 
through the bone and snug the tendon against it. If the 
bone is large enough, and if space is available, suture 
anchors may be used to attach the distal end of the 
tendon to bone. 

■To avoid injuring the nail bed, which may occur if a 
pull-out suture is passed through drill holes in the nail 
bed, pass the suture closely along the palmar surface of 
the distal phalanx and out the distal end of the digit, just 
palmar to the tip of the fingernail, and then through the 
felt and button, as for the usual pull-out technique. Injury 
to the nail bed also may be avoided if the suture passage 
is made distal to the lunula of the nail bed. 




Suture anchor tendon attachment. Volar 
(A) and latéral (B) views showing avulsed flexor digitorum pro¬ 
fundus tendon and surgical exposure. C f Volar and cross-sectional 
views showing suture anchor placement in the distal phalanx and 
suture technique. 


I SUTURE ANCHOR TENDON ATTACHMENT 

The use of a suture anchor has been shown to be as effective 
as a pull-out wire or suture but without the potential compli¬ 
cations with the fingernail that can occur with the pull-out 
technique. Two suture anchors are placed in the distal phalanx 
from distal-volar to proximal-dorsal so that they gain pur- 
chase in the thickest portion of the distal phalanx to provide 
the greatest pull-out strength (Fig. 66-28). 

TIMING OF FLEXOR TENDON REPAIR 

If a wound is caused by a sharp object such as a knife and is 
reasonably clean, some tendons of the hand can be repaired 
at the time of primary wound closure. Usually, a primary 
tendon repair is done within the first 12 hours of injury. This 
can be extended to within 24 hours of injury in rare situa¬ 
tions. A so-called delayed primary repair is one that is done 
within 24 hours to approximately 10 days. After 10 to 14 days, 
the repair is considered to be secondary; and after about 4 
weeks, the secondary repair is a “late” secondary repair. 

Primary repair can be performed in patients who hâve a 
clean wound with either a tendon injury or a tendon injury 
combined with a neurovascular bundle injury or a fracture if 
it can be fixed and stabilized satisfactorily. If this is impossible, 
a secondary repair should be considered. A secondary repair 
is indicated if the tendon injury is associated with complicat- 
ing factors that could compromise the end resuit. These 
factors include extensive crushing with bony comminution 
near the level of tendon injury, severe neurovascular injury, 
severe joint injury, and skin loss requiring a coverage proce¬ 
dure, such as skin grafting or flap coverage. 

■ PARTIAL FLEXOR TENDON LACERATIONS 

After partial tendon lacérations, complications reported by 
many authors include rupture, triggering, and tendon entrap- 
ment. Experimental work suggests that a partially lacerated 
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tendon retains varying amounts of its strength. A tendon with 
a 60% lacération can retain 50% or more of its strength and 
a tendon with a 90% lacération can retain only slightly more 
than 25% of its strength. Studies in human cadaver tendons 
found that the loads required to rupture 50% and 75% tendon 
lacérations were higher than the physiologie loads measured 
during normal active motion. In canine flexor tendons with 
lacérations of 30% and 70% of the cross-sectional area, with 
and without repair, no significant différences were seen in the 
structural properties of the repaired versus the unrepaired 
tendons, suggesting that partial lacérations of 70% of the 
cross-sectional area could be treated without repair. Excellent 
results were reported in 14 of 15 patients treated conserva- 
tively with “greater than half the width” partial lacérations of 
flexor tendons in zone II. Considering these findings, a rea- 
sonable clinical approach to managing the major problems 
related to partial tendon lacérations would be as follows. 

If a tendon is lacerated 60% or more it is treated the same 
as a complété transection. A core suture is placed in the 
tendon, and the surface of the tendon is sutured with a con- 
tinuous 6-0 nylon suture. The flexor sheath is repaired when 
possible. Postoperative management of a 60% or greater 
tendon lacération is the same as for a complété transection, 
with immobilization, early controlled passive motion, and 
restoration of forceful activities at 10 to 12 weeks. 

If the lacération is less than 60%, the injury is evaluated 
for the risk of triggering. If triggering is seen, the flap of 
tendon is smoothly debrided and the flexor sheath is repaired 
to help avoid entrapment or triggering of the flap in the defect 
in the flexor sheath. Postoperatively, the part is protected with 
dorsal block splinting for 6 to 8 weeks and more forceful 
activities are resumed gradually affer approximately 8 weeks. 

PRIMARY FLEXOR TENDON REPAIR 

Certain anatomie différences in the flexor surface of the hand 
influence the method and outcome of tendon repair. These 
différences allow the division of the flexor surface into five 
zones (Fig. 66-29). Zone I extends from just distal to the 
insertion of the sublimis tendon to the site of insertion of the 
profundus tendon. Zone II is in the critical area of pulleys 
(Bunnells “no maris land”) between the distal palmar crease 
and the insertion of the sublimis tendon. Zone III comprises 
the area of the lumbrical origin between the distal margin of 
the transverse carpal ligament and the beginning of the criti¬ 
cal area of pulleys or first anulus. Zone IV is the zone covered 
by the transverse carpal ligament. Zone V is the zone proxi¬ 
mal to the transverse carpal ligament and includes the 
forearm. 

As a rule, ail flexor tendons should be repaired at what- 
ever level they are severed. Because of the vincular System of 
the profundus tendon, when both hâve been severed, some 
surgeons believe the results are better when both are repaired 
than when the profundus tendon alone is repaired. If possible, 
especially with sharp injuries, it is better to stabilize fractures 
and suture digital nerves and tendons initially than to delay 
and perform a secondary procedure for tendon repair. If 
performed later, it may be necessary to do a tendon graff. 
Repairing the flexor sheath over the tendon repair is contro- 
versial. If the area of tendon repair appears to catch on the 
sheath, and if the sheath can be repaired easily, repair is 
appropriate. If the sheath cannot be repaired, a circumferen- 
tial epitendinous suture with a ‘Tunnel” opening of the sheath 



FIGURE 


^ Flexor zones of hand. Designated zones on 


flexor surface of hand are helpful because treatment of tendon 


injuries may vary according to level of severance. 



JJ This anatomie diagram of various parts of 
flexor sheath is helpful in understanding gliding of tendon. 
Maintenance of second anulus (A2) and fourth anulus (A4) is 
essential to retain appropriate angle of approach and prevent 
"bowstringing" of flexor tendons or tendon graft. 


along one side is helpful. It is essential, however, that at least 
the A2 and A4 annular pulley areas of the flexor sheath be 
preserved; otherwise, tendon bowstringing and flexion defor- 
mity of the finger can develop and excursion of the tendon 
becomes impaired (Figs. 66-30 and 66-31). 

■ ZONE I 

The flexor digitorum profundus tendon can be repaired pri- 
marily by direct suture to its distal stump or by advancement 
and direct insertion into the distal phalanx when the distance 
is 1 cm or less. Extrême care should be exercised when 
advancing a flexor profundus tendon. The 1-cm rule regard- 
ing advancement includes the amount of tendon that is 
excised, the “kinking” or bunching up that may occur, and 
the length of tendon inserted into bone. Excessive trimming 
and advancement of the tendon can resuit in a finger that is 
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Synovial sheath 



Diagram of 
(there are two) and anulus. 


relationship of synovial layers 


held in a flexed position compared with other fingers (the 
finger “cascade”)- Although the finger may function reason- 
ably well, uneven tension can be applied to the common 
muscle belly of the flexor profundus tendons and can lead to 
limited flexion of the remaining profundus tendons (the 
“quadriga effect” described by Verdan). In such a situation, 
lengthening of the tendon at the wrist should be considered 
or, if excessive shortening has occurred, tendon graffing may 
be considered. 

A pull-out wire technique can be used to attach the 
proximal tendon end to its distal stump (see Fig. 66-27) or 
directly to the bone affer advancement (see Fig. 66-26). When 
the diagnosis of interruption of this tendon is delayed, and 
the tendon has retracted into the palm, its vinculum has been 
disrupted and a decision must be made regarding repair. 
Three types of flexor tendon ruptures hâve been described, 
depending on the level to which the tendon has retracted. In 
type 1, the tendon is found retracted into the palm. If it is 
within 7 to 10 days of the injury, the tendon should be 
threaded back into the finger and reattached with a pull-out 
wire into the distal phalanx. In type 2 ruptures, the tendon 
has retracted to the level of the proximal interphalangeal 
joint. At times, despite the passage of a few months, these 
tendons can be reattached as well. In type 3, the tendon has 
retracted only to the level of the distal interphalangeal joint 
and usually has a bony fragment attached to it. These also 
usually can be treated by reattachment. Although satisfactory 
function can be achieved, limitation of distal interphalangeal 
joint motion is to be expected, regardless of the level of 
rupture. 

Old, untreated injuries to the flexor profundus in zone I 
can be treated by tendon graffing, tenodesis, or arthrodesis 
of the distal joint, depending on the finger involved and the 
âge and needs of the patient. Flexor tendon graffing in such 
situations in the presence of an intact and functioning subli- 
mis tendon has been recommended for the index and long 
fingers in spécifie situations. 

Ail authors recommend careful patient sélection: highly 
motivated patients between 10 and 21 years old may be 
considered candidates for graffing. The flexor profundus of 
the ring finger can be graffed affer tendon injuries in zone I 
for spécifie needs (e.g., skilled technicians, musicians). 
Because of the risk of damaging the intact flexor sublimis and 
the additional potential complications of flexor tendon graff¬ 
ing, patients who are older, who hâve joint stiffness, who are 
noncompliant, or who do not understand the difhculty in 


achieving a successful resuit should not be considered for 
flexor tendon graffing. Some authors pass the tendon graff 
around the sublimis tendon. Two-stage tendon graffing also 
has been advocated. 

■ ZONE II 

Primary repair of flexor tendons in the fibroosseous sheath 
(Bunnells “no maris land”), which was controversial until the 
major contributions of Verdan and of Kleinert, is now widely 
accepted. If repair is done under satisfactory conditions by an 
experienced surgeon, satisfactory function can be expected 
in 80% or more of patients. Generally, the results of flexor 
tendon repair are better in younger patients than in patients 
older than 40 years of âge. The results of primary flexor 
tendon repair also are better than secondary repair or staged 
reconstruction with a graff. Here especially, the primary 
surgeon has the greatest influence on the final resuit. To make 
the decision and perform a primary repair, a surgeon should 
be sufficiently skilled to perform a tendon graff or tenolysis 
later if the primary repair fails. 

Primary repairs at this level frequently fail because of 
adhesions in the area of the pulleys. Exacting wound care is 
crucial. If the timing of tendon repair is in doubt, the wound 
should be cleaned and the repair made later by an experienced 
surgeon. 

Technical concerns during the repair procedure include 
the management of lacérations of the profundus and sublimis 
tendons, the appropriate orientation of the profundus with 
the sublimis slips, the attachment of the sublimis slips in the 
thin fiat area, the management of the flexor sheath, including 
the annular thickening (pulleys), the postoperative manage¬ 
ment, and the timing and technique for tenolysis. Most sur¬ 
geons recommend repair of the flexor profundus and sublimis 
tendons in zone II. Most of the annular pulley component of 
the fibroosseous sheath, especially the A2 and A4 pulleys, 
should be preserved (Figs. 66-30 and 66-31). For the most 
part, repair of defects in the sheath is recommended as well. 
Care should be taken when the flexor sublimis has been 
injured in the area just proximal to the proximal interphalan¬ 
geal joint and distally where the orientation of the proximal 
and distal portions of the tendon can be misinterpreted and 
repairs may be incorrectly done with the sublimis slips mal- 
rotated (Fig. 66-32). A report in the recent literature noted 
that a portion of the A2 pulley can be incised to improve 
tendon gliding, and ail of A2 may be incised if the remainder 
of the sheath and pulleys is intact. Care also should be taken 
to deliver the flexor profundus tendon through the split 
portion of the flexor sublimis when the profundus tendon has 
retracted proximally (Fig. 66-33). 

As indicated previously, many suture configurations hâve 
been advocated. In zone II, a core suture with four or more 
strands, locking components, and buried knots is usually 
preferred. The educational and clinical expérience of the 
surgeon and the particular demands of each case may allow 
the use of other appropriate techniques. Traditionally, it has 
been recommended that the intratendinous configuration of 
the core sutures should remain in the volar third of the tendon 
to avoid impairment of the intratendinous circulation. Placing 
sutures in the dorsal half of the tendon was found to provide 
a mean strength to the repair that was 58% greater than for 
sutures placed in the volar half of the tendon. A running, 
circumferential 5-0 or 6-0 nylon is used by most surgeons to 
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Flexor digitorum sublimis spiral. Flexor digito- 
rum sublimis séparâtes just distal to level of metacarpophalangeal 
joint with finger in extension. It winds around profundus tendon 
to chiasma of Camper, where it decussates to insert in middle 
phalanx. Superficial portion of proximal sublimis tendon becomes 
deep at level of chiasma of Camper. If lacération is sustained in 
sublimis at midpoint of this spiral arrangement of both slips, 
proximal and distal ends rotate through 90 degrees, but in dif¬ 
ferent directions. An unwary surgeon would be presented with 
two ends that do match, that appear to lie in good relationship, 
and that can be so sutured. If this is done, channel for profundus 
tendon is obliterated. If error is not noted and corrected, effect 
would be to block excursion of tendon and eliminate satisfactory 
motion. 



Separated position of two tendon ends in distal 
palm after flexor tendon interruption and proximal retraction. 
Correctly position profundus in sublimis hiatus before passing 
tendons distally into digit. Reestablish anatomie relationship of 
profundus and sublimis tendon stumps so that they can be cor¬ 
rectly repaired to corresponding distal tendon stumps. In some 
cases, profundus must be passed back through hiatus created by 
sublimis slips to lie palmar to Camper chiasma and to re-create 
position of tendons at level of tendon lacération. 
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complété a smooth repair and to minimize adhesion forma¬ 
tion to the sheath and “triggering” on the sheath. A peripheral 
suture increases the strength of the repair, and a four-strand 
core suture combined with a peripheral suture allows a 
postoperative routine of light active flexion with the wrist 
extended, leading to better function and fewer complications. 

The choice of suture material dépends on the expérience and 
preference of the individual surgeon; however, most authors 
prefer a synthetic braided suture, usually of polyester material 
(Mersilene, Tycron, Tevdek, Fiberwire), whereas others hâve 
had success with monofilament nylon and wire suture. 
Usually 3-0 or 4-0 sutures are required. Generally, a pull-out 
suture technique is unnecessary in zone IL The postoperative 
management is paramount, as discussed subsequently (see 
“Primary Suture of Flexor Tendons”). 

Tenolysis may be required in an estimated 18% to 25% of 
patients after flexor tendon repair. Usually, tenolysis is con- 
sidered when the patient has reached a plateau in postopera¬ 
tive réhabilitation and when ail wounds are supple and flexible 
and the skin is soft with minimal or no induration around 
the scars. Fracture and joint injuries should be healed, and 
there should be no or minimal residual joint contractures. A 
near-normal passive range of motion is preferred. Normal 
sensation is preferred; however, if digital nerves hâve been 
repaired, progress toward return of sensation should be 
observed. For these criteria to be met usually requires 5 to 6 
months after the tendon repair. Three months is considered 
to be the earliest time for flexor tenolysis, assuming no 
improvement in motion in the previous 1 to 2 months. Flexor 
tenolysis is a technically demanding procedure and should be 
undertaken by someone who has training and expérience in 
this type of surgery. Function in the finger can be improved 
by 50% by tenolysis (see also “Flexor Tendon Injuries in 
Children”). 

■ ZONE III 

At zone III, the muscle bellies of the lumbricals and the 
tendons frequently are interrupted. Additional incisions often 
are needed to expose this area further. Ail tendons can be 
repaired primarily if wound conditions are satisfactory or if 
repair is delayed only a few days. If conditions permit, primary 
repair of sharply severed nerves is crucial because delaying 
the repair even a few weeks results in significant gaps between 
the nerve ends. If wound conditions preclude tendon and 
nerve repair, the ends of the tendons and nerves are sutured 
to adjacent fascia to prevent undue retraction. Lumbrical 
muscle bellies usually are not sutured because this can 
increase the tension of these muscles and resuit in a “lumbri¬ 
cal plus” finger (paradoxie proximal interphalangeal exten¬ 
sion on attempted active finger flexion). 

■ ZONE IV 

Ail tendons and nerves in zone IV can be repaired primarily 
when wound conditions are satisfactory; however, for expo- 
sure it may be necessary to release partially or completely the 
transverse carpal ligament. Should complété release be neces¬ 
sary, the wrist should not be placed in flexion past neutral 
position, but the fingers should be brought into slightly more 
flexion than usual to permit relaxation of the musculotendi- 
nous units. Flexion of the wrist beyond neutral may permit 
subluxation of the repaired tendons out of their normal bed 
and then bowstringing them just under the sutured skin. 
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When it is technically possible to accomplish tendon repair 
and retain part of the transverse carpal ligament, this problem 
is eliminated. Alternatively, the transverse carpal ligament 
can be released in a Z-lengthening configuration, allowing its 
repair after tendon repair and providing a pulley for the 
tendons. The flexor digitorum profundus tendons at this level 
may not be distinctly separated, and frequent interdigitations 
may be présent. 

■ ZONE V 

Because zone V is proximal to the transverse carpal ligament, 
tendon gliding after repair usually is better here than in more 
distal zones. Ail tendons and nerves lacerated in this area 
should be repaired primarily when wound conditions are 
satisfactory, as advised earlier. The chief difficulty of repair 
here usually is one of exposure, which requires a proximal 
extension and possibly a distal extension of the typical trans¬ 
verse lacération. Blood clots within the tenosynovium usually 
serve as dues to locating severed tendons. At this level, the 
profundus tendons are not completely separated into indi- 
vidual tendon units. The sublimis tendons usually are dis¬ 
tinctly separated, their muscle bellies extend more distally, 
and the severed ends usually are more easily matched. If the 
necessary expertise is unavailable, primary repair can be 
delayed and the wound cleaned. Results are not likely to be 
compromised by a brief delay of several days. At this level, 
excision of some of the tenosynovial covering is necessary to 
identify and remove the hematoma; however, a total synovec- 
tomy usually is not indicated. An isolated lacération of the 
palmaris longus tendon does not absolutely require repair. 

■ DELAYED REPAIR OF ACUTE INJURIES 

Delayed repair in any zone may be necessary in the presence 
of severe wound contamination, crushing or avulsing injuries, 
soft-tissue loss, multiple comminuted fractures, or lack of 
available surgical skill. Delayed repairs of tendons are reason- 
able also if other injuries require immédiate surgery. In such 
circumstances, a patients condition might not permit defini¬ 
tive management of tendons and nerves, and it is appropriate 
to clean the limb as well as possible and loosely close the 
wound or leave it open but covered with a stérile bandage and 
splint. Plans should be made for definitive management of the 
wound and injured structures. Undue complications usually 
are not encountered if the repair of tendons is delayed for 2 
to 3 days as long as the wound has been thoroughly cleaned. 
Prolonged delay may permit unacceptable retraction of 
tendons and nerves, especially in zones III, IV, and V. If it 
seems that definitive management of the tendons and nerves 
may be delayed, an attempt should be made to secure the ends 
of the tendons and nerves to the adjacent soft tissues to 
prevent retraction before achieving satisfactory wound 
closure. 

■ PRIMARY SUTURE OF FLEXOR TENDONS 

The préparations and techniques for primary and delayed 
primary suture of flexor tendons vary from zone to zone. The 
techniques are discussed according to the requirements of 
each zone. Generally, further exposure of the tendon to be 
sutured may be necessary. Additional incisions (Fig. 66-34) 
should be made without Crossing flexion creases at a right 
angle. Usually, less exposure is needed distally than proxi- 
mally because the distal segment of the tendon may be 



Exposures for primary suture of tendons. Solid 
Unes indicate examples of skin lacérations, and broken Unes show 
direction in which they can be enlarged to obtain additional 
exposure (see text). 


delivered into the wound by flexing the distal joints. Also, the 
distal segment is not subject to retraction by muscle, as are 
the proximal segments. Regardless of the zone in which the 
tendon is injured, careful attention should be given to the 
anatomie location of the respective tendons and their rela- 
tionships to each other and other structures. Meticulous, 
gentle, and atraumatic technique should be used in the han- 
dling of the tendons. Each tendon is delivered by grasping it 
with a small-tipped forceps with teeth. Crushing of the eut 
surface of the tendon with instruments such as Allis forceps, 
Kocher clamps, and hemostats should be avoided. Although 
the tip of the tendon can be held with a small hemostat, the 
crushed portion should be excised before the suture is tied. 
Sometimes this can shorten the tendon needlessly. Suturing 
techniques should be exact so that the tendon ends are held 
together accurately and distraction, gap formation, and 
exposure of raw surfaces at the junction are avoided. 


REPAIR IN ZONES I AND II 


TECHNIQUE 66-10 


ZONE I 

■ When the flexor profundus tendon has been injured in 
zone I at or near its insertion, approach the distal end of 
the finger by extending the lacération with an oblique 
incision into the central portion of the pulp or through a 
midradial or midulnar incision. 

■ Avoid injury to the terminal branches of the digital nerve, 
and avoid devascularizing any skin flaps that are elevated. 
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FIGURE 


A f Incision outlined on digit and palm. B, Exposure of flexor tendon sheath after flap élévation. C f Closed incision. 


SEE TECHNIQUE 66-10. 


Usually the insertion of the flexor profundus is easily seen. 
At times, the proximal stump of the tendon will hâve 
retracted very minimally. 

■ Extend the incision proximally, using a volar zigzag 
(Bruner), midradial, midulnar, or midline oblique incision 
(Fig. 66-35A). Avoid injury to the neurovascular bundles. 

■ Elevate the skin flap by going either dorsal or volar to the 
neurovascular bundle. 

■ Expose the fibroosseous flexor sheath (Fig. 66-35B). If the 
proximal end of the tendon can be seen, attempt to 
deliver it into the wound by grasping it with a small 
forceps, such as an Adson or a finer tissue forceps. If the 
tendon has retracted more proximally, extend the incision 
as needed, in a midradial or a midulnar incision or by 
extending the skin incision in a volar zigzag or midline 
oblique incision, avoiding injury to the neurovascular 
bundle. 

■ Open the thin cruciform portion of the sheath to assist 
in delivering the tendon. Open the sheath by an L-shaped 
incision or with a trapdoor with a Z-plasty arrangement 
to allow easier closure if needed. 

■ If the tendon has retracted, place a grasping suture in its 
end, using one of the techniques previously described. 
When opening the flexor sheath over the middle phalanx, 
it is important to preserve the A4 pulley. If the flexor 
tendon cannot be maintained in such a way that it can 
be repaired easily, insert a small-gauge (25-gauge or 
26-gauge) hypodermic needle, Keith needle, or Bunnell 
needle through the skin, through the tendon, and out 
the skin on the opposite side of the finger as a temporary 
tendon rétention device. These needles are removed 
when the tendon repair has been accomplished. 

■ Although a pull-out wire of the Bunnell type can be 
attached in such an arrangement, it is not always 


necessary, especially if the antegrade pull-out wire tech¬ 
nique is used as opposed to the Bunnell rétrogradé 
pull-out technique (see Figs. 66-26 and 66-27). 

■ Using straight needles, pass the suture out through the 
distal pulp of the finger, usually exiting just palmar to the 
hyponychium. 

■ As an alternative, the proximal end of the tendon can be 
attached distally, using a pull-out technique in which a 
tunnel is drilled in bone and the needles are passed 
through the tunnel and out through the fingernail or 
around the distal phalanx. Regardless of the suture mate- 
rial selected, 4-0 suture is usually used. 

■ After ascertaining satisfactory rotation and attachment of 
the tendon, close the wound with fine 4-0 or 5-0 mono¬ 
filament nylon sutures (Fig. 66-35C). 

ZONE II 

■ In zone II, the wound usually must be extended with 
proximal and distal incisions (Fig. 66-36). Regardless of 
which approach is used, carefully reflect the skin flaps and 
avoid injury to neurovascular structures during the 
dissection. 

■ If digital nerves hâve been transected, gently dissect them 
and delay their repair until after the tendons are repaired 
to avoid disruption. 

■ Expose the flexor sheath in the area of injury and suffi- 
ciently proximal and distal to allow location of the tendon 
ends. As indicated previously, the distal tendon end 
usually can be identified easily with passive flexion of the 
distal interphalangeal joint. Avoid injury to the sheath, 
particularly the A2 and A4 pulleys. 

■ If opening of the flexor sheath is required, this is best done 
in the filamentous cruciate areas of the sheath. Small 
openings in the sheath can be made in the distal tendon 
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Strickland technique of flexor tendon repair in zone II. A f Knife lacération through zone II with digit in full flexion. 
B f Level of flexor tendon retraction of same finger after digital extension. C f Green Unes depict radial and ulnar incisions to allow wide 
exposure of flexor tendon System. D f Flexor tendon System of involved finger after reflection of skin flaps. In this case, lacération has 
occurred through Cl cruciate pulley area. Note proximal and distal position of severed flexor tendon stumps resulting from flexed 
attitude of finger at time of injury. Green Unes indicate latéral incisions in cruciate-synovial portions of sheath, which are used to 
provide exposure for tendon repair. E, Reflection of small triangular flaps at cruciate-synovial sheath allows distal flexor tendon stumps 
to be delivered into wound by passive flexion of distal interphalangeal joint. Profundus and sublimis stumps are retrieved proximal to 
Al pulley, using small cathéter or infant feeding gastrostomy tube. F, Proximal flexor tendon stumps are maintained at repair site by 
means of transversely placed small-gauge hypodermic needle, followed by repair of flexor digitorum sublimis slips. G, Completed repair 
of both tendons with distal interphalangeal joint in full flexion. H, Extension of distal interphalangeal joint delivers repair under intact 
distal flexor tendon sheath. Repair of cruciate (Cl)-synovial pulley has been completed. I, Wound repair at conclusion of procedure. 


insertion, C2 and C3, and Cl areas where the sheath is 
filamentous (see Fig. 66-30). These openings can be made 
in several configurations. An L-shaped opening allows 
ease of closure and facilitâtes passage of the tendon 
through the sheath (Lister). If several days hâve passed, 
and the tendon sheaths are contracting, opening the 
sheath with a Z-lengthening configuration helps to allow 
partial closure of the sheath in difficult situations. 

■ Deliver the flexor tendon into the finger by milking the 
forearm, hand, and wrist and flexing the wrist and fingers 
to allow the proximal end to be delivered if possible. If it 


cannot be delivered easily, a transverse incision at the 
distal palmar crease may be necessary to locate the 
tendon in the palm. 

When the proximal end of the tendon has been identi- 
fied, place a core suture using the definitive suture 
material in a locking fashion so that the suture material 
can be used for traction in passing the suture through the 
sheath. 

In a fresh, acute injury, passage of the tendon usually is 
not difficult. After several days, tendon edema and 
sheath contracture may require additional techniques. 
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The proximal end of the tendon can be passed easily 
through the sheath and between the slips of the sublimis 
using a piece of pédiatrie feeding tubing or plastic intra- 
venous connecting tubing, as recommended by Lister. 

■ Deliver the tubing into the flexor sheath between the slips 
of the sublimis. 

■ Pass the suture into the tubing. Clamp the tubing with 
the suture within it and "lead" the flexor tendon through 
the sheath following the plastic tubing and suture. 

■ As an alternative method, fashion a 20- or 22-gauge wire 
into a loop, and pass it proximally in the sheath to use as 
a snare for the suture, which is delivered through the 
sheath followed by the tendon. The tendon also can be 
sutured to tubing of various types and delivered following 
the tubing through the sheath as well. 

■ When the proximal end of the tendon has been delivered 
to the area of repair, secure it in the sheath using a 
transverse 25- or 26-gauge hypodermic needle for tem- 
porary fixation with little or no long-term harmful effects. 
This is used as a temporary stabilizing device. 

■ Stabilize the distal end of the tendon in a similar way. 

■ Introduce the core suture, using a four-strand to eight- 
strand method. Care should be taken at this point to 
ensure that the profundus tendon is not malrotated. 
Reference to the vincular attachment and the relationship 
to the sublimis is helpful in this regard. 

■ Tie the knots and complété the tendon repair with cir- 
cumferential 5-0 or 6-0 nylon inverting suture or cross- 
stitch (see Fig. 66-14) to minimize exposure of the eut 
surface of the tendon. 

■ If the flexor sublimis has been transected just proximal to 
the proximal interphalangeal joint, take care regarding 
the arrangement of its slips of the sublimis and the 
so-called flexor digitorum sublimis "spiral" (see Fig. 
66-32). The flexor digitorum sublimis winds around the 
profundus tendon after it divides at the metacarpopha- 
langeal joint. It inserts into the volar surface of the middle 
phalanx after decussating. This allows the superficial 
portion of the sublimis tendon to become deep in the 
chiasma of Camper. A lacération in this area allows the 
proximal and distal ends of the sublimis tendons to rotate 
90 degrees in opposite directions. The tendon lies in 
apparently satisfactory alignment; however, if it is sutured 
in this alignment, it causes binding of the flexor profundus 
tendon. 

■ An additional technical problem can be encountered if the 
flexor sublimis tendon has been transected more distally, 
near the proximal interphalangeal joint or its insertion. 
Here the tendon is quite thin, and it is difficult to achieve 
satisfactory placement of core sutures. Try to place a locked 
core suture in the tendon because a simple repair with 5-0 
or 6-0 nylon would be insufficient to prevent rupture. Use 
small suture anchors to repair the sublimis if the bone and 
working space permit secure insertion. 

■ Sometimes it can be extremely difficult technically to 
accomplish a flexor sublimis repair. Although most sur¬ 
geons recommend against sublimis excision, if in the 
surgeon's judgment sublimis repair cannot be satisfacto- 
rily accomplished, or such repair would compromise 
profundus function, excise the sublimis tendon in the 
area. 


■ Usually the sublimis tendon is repaired before the profun¬ 
dus tendon. Tie the knots; use the circumferential 6-0 
nylon sutures as needed; and repair the sheath, condi¬ 
tions permitting, with 5-0 or 6-0 nylon. 

■ Close the wound with interrupted 5-0 nylon and remove 
the temporary retaining needle. 

■ Avoid hyperextension of the finger and immobilize the 
hand in a padded compression dressing with the fingers 
and the thumb immobilized with a dorsal splint. 

■ Splint the wrist in 45 to 50 degrees of flexion; splint the 
fingers in flexion at the metacarpophalangeal joints to 50 
to 60 degrees, with the proximal and distal interphalan¬ 
geal joints extended. 

■ If one or more pulleys are damaged and cannot be 
repaired, they should be reconstructed at the time of 
primary tendon repair to avoid bowstringing and restric¬ 
tion of motion. 

■ The flexor sheath/pulley reconstruction can be protected 
with orthotic thermoplastic rings during postoperative 
réhabilitation of the flexor tendon and while the patient 
is regaining motion (see discussion of staged tendon 
reconstruction later). 


REPAIR IN ZONES III, IV, AND V 


TECHNIQUE 66-11 


ZONE III 

■ In zone III, the area between the distal edge of the 
transverse carpal ligament and the proximal portion of 
the Al pulley, perform flexor tendon repair in a manner 
similar to zone II repair. Incisions that extend the wound 
proximally and distally may be required. Avoid Crossing 
flexion creases at right angles. Also avoid injuring neuro- 
vascular structures and devascularizing the skin flaps. 

■ Achieve proper orientation of the tendon before repair. 
At times, if tendons hâve retracted into the carpal tunnel 
or more proximally, partial release of the transverse carpal 
ligament may be required to deliver them distally into the 
palm. 

■ Although the flexor sheath is not involved in the palm, 
use careful technique in the placement of sutures; it 
probably is best to use an intratendinous core suture in 
the palm to avoid exposure of the suture material to 
adjacent structures. Satisfactory healing and functional 
results can be expected after repair of the tendons in the 
palm. 

■Apply a compressive, bulky dressing and immobilize the 
thumb, fingers, and wrist. Immobilize the wrist at 
about 45 degrees of flexion, with the fingers at about 
50 to 60 degrees of flexion and the interphalangeal joints 
extended. 

ZONE IV 

■ In zone IV, the area of the carpal tunnel, an injury directly 
to the base of the palm usually also involves the médian 
nerve. If a lacération occurs just proximal to the wrist 
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flexion crease, flexor tendon injury, especially with the 
fingers flexed, in zone IV should be suspected. 

■ Extend the lacération distally into the palm and proximally 
into the forearm, taking care to cross flexion creases 
obliquely. If the lacération occurs beneath the transverse 
carpal ligament, partial or complété release of the trans¬ 
verse carpal ligament may be required. 

■ Preserve, if possible, a portion of the transverse carpal 
ligament to avoid bowstringing postoperatively. 

■ If it cannot be preserved, release it in a Z-lengthening 
configuration so that it can be repaired and help minimize 
the risk of postoperative bowstringing. 

■ Repair the flexor profundus and sublimis tendons in the 
carpal tunnel; probably the best suture configuration is 
an intratendinous one with a locking core suture to hold 
the tendons with minimal exposure of eut surface and 
suture material. 

■ In the carpal tunnel, ensure proper orientation and loca¬ 
tion of the individual tendons. The usual arrangement of 
the flexor sublimis tendons in the carpal tunnel, with the 
middle and ring finger tendons superficial to the index 
and small finger tendons, is helpful to recall in this situ¬ 
ation. Partial tenosynovectomy may be required to dimin- 
ish the bulky and edematous tissue that may follow the 
repair. 

■ Close the skin with 4-0 nylon and apply the bandage and 
dorsal splint to maintain the wrist in approximately 45 
degrees of flexion. 

■ If the transverse carpal ligament has been completely 
released and repair is impossible, bring the wrist nearly 
to neutral and flex the fingers more acutely to 
diminish pressure on the volar skin and to minimize 
bowstringing. 

■ If the transverse carpal ligament is partially intact or has 
been repaired, immobilize the wrist in about 45 degrees 
of flexion, with the fingers in 50 to 60 degrees of flexion 
at the metacarpophalangeal joints and the interphalan- 
geal joints in full extension. 

ZONE V 

■ In zone V, the volar forearm proximal to the transverse 
carpal ligament, multiple tendons, nerves, and vessels 
frequently are injured by major lacérations, often from 
broken glass or in violent altercations with knives. In this 
area, it is important to identify the tendons accurately. 

■ Because of their common muscle origin, when the subli¬ 
mis and profundus tendons are divided, particularly at the 
wrist, they can be delivered into the wound as a group 
by finding and pulling distally on one tendon. 

■ Properly match the tendon ends by careful attention to 
their location and level in the wound, their relation to 
neighboring structures, their diameters, the shape of their 
cross sections, and the angle of the cuts through each 
tendon. Although it is not a disgrâce to open an anatomy 
book in the operating room to be certain of anatomie 
relationships, it is inexcusable to sew the médian nerve 
to the flexor pollicis longus, the palmaris longus, or some 
other tendon. 

■ The proximal and distal ends of the médian nerve usually 
can be identified easily in their appropriate anatomie 
location and from their more yellowish color and the 


presence of a volar midline vessel and the nerve fascicles, 
which usually can be identified in the médian nerve's 
severed ends. 

■ Although 4-0 sutures usually are used in the palm and 
more distally, 3-0 nylon may be sufficient for suturing 
tendons in the distal forearm. Repairs done in the distal 
forearm do not absolutely require an intratendinous 
repair. A double right-angled or mattress suture may be 
satisfactory in the forearm. 

■ Repair nerves and vessels if needed after the tendon 
repairs in the forearm, working from the repair of deep 
structures to more superficial structures. 

■ Close the wounds with 4-0 nylon and immobilize the limb 
with the wrist flexed approximately 45 degrees and the 
metacarpophalangeal joints flexed 50 to 60 degrees with 
the interphalangeal joints in full extension. 

POSTOPERATIVE CARE. Excellent results can be 
achieved using either of two postoperative mobilization 
techniques. In one (Kleinert), active finger extension is 
used with passive flexion achieved using a rubber band 
attached to the fingernail and at the wrist (Fig. 66-37). 
This subsequently has been modified with a roller in the 
palm to alter the line of force of the rubber band. The 
second technique (Duran) involves a controlled passive 
motion technique with dorsal blocking of the fingers (Fig. 
66-38). The margin of safety with early passive motion 
réhabilitation is increased if the tendon repairs hâve been 
done with the stronger multistrand techniques (four or 
more). Multistrand repairs are used if an early active 
motion program is considered. Children younger than 
approximately 10 years old and noncompliant patients 
cannot be entrusted with understanding and following 
the complexities of either of these techniques, and a more 
conservative postoperative management routine should 
be selected, depending on the judgment of the surgeon 
and the therapist. 


Although some patients may be allowed to remove a splint in 
the first week after surgery, we hâve found it safer to leave the 
nonremovable postoperative dorsal splint in place. Passive 
flexion and extension of the proximal and distal interphalan¬ 
geal joints is demonstrated in the first postoperative day. The 
wrist usually is positioned in 20 to 45 degrees of flexion with 
the metacarpophalangeal joints in 50 to 70 degrees of flexion 
and interphalangeal joints left in the neutral position. Before 
closure of the wound, the amount of passive movement of the 
fingertip required to create a 3- to 5-mm excursion of the 
tendon is determined (Fig. 66-39). This amount of movement 
is started the day after surgery. A removable splint can be used 
3 days after surgery in some compliant patients (Fig. 66-40). 
The patient is instructed in an exercise program, including 
eight répétitions of proximal and distal interphalangeal and 
composite passive flexion and extension of the joints twice 
daily. A “place and hold” exercise may be added for compliant 
patients if a strong multistrand repair has been done. This is 
continued for at least 3 to 4 weeks, at which time a removable 
splint can be applied. 

The controlled active motion program requires the attach- 
ment of a suture through the tip of the fingernail or a garment 
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A f After primary flexor tendon repair or flexor tendon graft, wrist and hand are held in posterior plaster splint. 
Additionally, involved finger is held in flexion by elastic band attached at wrist level and at fingernail by wire through nail or glued-on 
garment hook. This permits active finger extension and protected passive flexion. B f Immédiate controlled mobilization of repaired 
flexor tendon is achieved with extension block splint and proper rubber band traction, allowing proximal interphalangeal joint exten¬ 
sion against traction and flexion of 40 to 60 degrees. At 3 to 8 weeks, rubber band is attached to elastic bandage cuff at wrist. After 
removal of rubber band traction, night splinting can be used at 6 to 8 weeks if necessary. SEE TECHNIQUE 66-11. 



A, Splint with dynamic flexion for Kleinert protocol. Note minimal distal interphalangeal joint flexion and relatively 
severe proximal interphalangeal joint flexion in resting position. B, Dorsal protective splint for modified Duran protocol. Note that 
fingers are held in interphalangeal joint extension when at rest. (From Pettengill KM: The évolution of early mobilization of the repaired flexor 
tendon, J Hand Ther 18:157, 2005.) SEE TECHNIQUE 66-11. 


hook glued to the nail allowing the attachment of an elastic 
band (see Fig. 66-37A). A dorsal splint holds the wrist in 20 
to 30 degrees of flexion and the metacarpophalangeal joints 
at 40 to 60 degrees. The interphalangeal joints are splinted in 
extension. The rubber band is passed beneath a roller or a 
safety pin in the palm and is secured to another safety pin at 
the level of the distal forearm (see Fig. 66-37B). The safety pin 
maintains the finger in flexion of 40 to 60 degrees at the 
proximal interphalangeal joint with no tension on the rubber 
band. The rubber band should allow full extension of the 


proximal interphalangeal joint against the traction of the 
rubber band. With this form of controlled mobilization, it is 
believed that the flexor tendon repair is not stretched and the 
movement that is allowed can enhance healing. Beginning on 
the first day after surgery, active extension exercises within the 
limitations of the splint are encouraged. If the patient does not 
seem able to understand and cooperate with this technique, it 
should be abandoned in the first week. 

After 3 weeks, the dorsal splint is removed and a wrist 
band with a hook for the rubber band is used for an additional 
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A f Diagram of controlled passive motion exercise. Metacarpophalangeal joint should remain in normal balanced 
position. Extension of distal interphalangeal joint is sufficient to move anastomosis 3 to 5 mm. Only distal interphalangeal joint moves 
during this exercise. B f Note distal migration of anastomosis of flexor digitorum profundus tendon away from that of flexor digitorum 
sublimis tendon. C f When middle phalanx is extended, both anastomoses glide distally. Only proximal interphalangeal joint moves 
during this exercise. D f Anastomoses are moved away from fixed structures that may hâve been injured. Elastic traction returns finger 
to original position. 


3 weeks. The patient actively extends the digit against the 
résistance of the rubber band. No passive extension or active 
flexion is permitted. The wrist band splint is discontinued at 
6 to 8 weeks, and dynamic extension splinting is used to 
prevent contractures of the proximal interphalangeal joint. At 
8 to 10 weeks, strengthening exercises are permitted, and the 
patient progresses to using the hand normally at 10 to 12 
weeks affer the repair. 

FLEXOR TENDON INJURIES IN CHILDREN 

Management of injured flexor tendons in children younger 
than 10 years old is difficult and demanding. The same prin¬ 
cipes previously outlined apply to the management of flexor 
tendon injuries in a young patient. 

The diagnosis of tendon and associated injuries may be 
more difficult in children because examination is less reliable 
as a resuit of their anxiety. Because of the extremely small 
tolérances between the flexor sheath and flexor tendons, 
even more attention to the use of meticulous technique is 
required. Finer sutures, such as 5-0, may be required for 
repair of the tendons because of their small size; 6-0 and 7-0 
sutures may be required for the circumferential repair of the 


surface of the tendon. Because of the inability of very young 
children to cooperate with a postoperative réhabilitation 
program, their immobilization affer surgery usually is more 
extensive and prolonged, frequently requiring the use of 
long arm casts until 28 days from repair. Several studies hâve 
found that the postoperative regimen has little effect on the 
outcome of tendon repair in children. Total active motion 
appears to correlate best with âge at the time of injury, with 
children older than 10 years at the time of injury regaining 
the most motion (82%) compared with children 4 to 10 years 
of âge (77%) and children younger than âge 4 years (54%). 
In a report by Sikora et al., 40 of 47 patients with an average 
âge of 8 years achieved 100% motion of their fingers affer 
4 weeks of immobilization postoperatively. The retraining 
and réhabilitation of very young children are unpredictable, 
leading some surgeons to delay flexor tendon surgery in 
infants to a later âge of 3 to 4 years to allow for better techni- 
cal repair and to increase the chances of postoperative 
coopération. The results affer flexor tenolysis tend to be 
better the older the child. Should tendon graffing be required 
in tendon reconstruction, the sources of tendon graffs also 
are limited. 
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Passive flexion of interphalangeal joints, which 
is done several times each day for 4 to 5 weeks. Duran and Houser 
popularized early passive motion after tendon repair. 


FLEXOR TENDON RUPTURES 

Although rupture of flexor tendons is not as common as that 
of extensor tendons, it does occur and offen is not diagnosed. 
The most common tendon to be avulsed in athlètes is the 
flexor digitorum profundus at its insertion in the ring finger. 
It can produce a small bony avulsion or articular fracture seen 
on a radiograph. MRI can help to define tendon rupture. 
Traumatic rupture usually occurs at the insertion of the 
tendon. Frequently, a patients initial complaint is that of a 
mass in the palm without awareness of any loss of finger 
function. The flexor tendons most frequently ruptured are the 
profundus tendons and more rarely the sublimis tendons or 
the flexor pollicis longus. These ruptures occur most often in 
men in their twenties and thirties, and about 20% may be 
associated with synovitis. Intratendinous rupture of the flexor 
profundus can occur in individuals involved in activities 
requiring forceful flexion against résistance. 

■ TREATMENT 

Direct repair, tendon graffing, or tendon transfer has been 
recommended for the treatment of these injuries. Factors 


found to influence the treatment and outcome are (1) the 
length of time between injury and treatment, (2) the extent 
to which the tendon retracts, (3) the blood supply to the 
avulsed tendon, and (4) the presence of bony fragments 
seen on a radiograph. These factors allow the classification 
of these injuries into three types. In type 1, the tendon 
retracts completely into the palm and is held there by the 
lumbrical origin. In type 2, the tendon retracts to the level 
of the proximal interphalangeal joint with a long vinculum 
intact, presumably maintaining blood supply. In type 3, 
usually a bony fragment is involved. The fragment may be 
comminuted or noncomminuted and may be nonarticular 
or intraarticular. 

For type 1 injuries, reinsertion into the distal phalanx is 
recommended if the injury is detected within 7 to 10 days. 
After this period, the distal end of the tendon likely has 
become kinked and softened, prohibiting delivery into the 
finger and attachment to the distal phalanx. A midlateral or 
volar oblique incision usually is used. The sheath is opened 
through a transverse incision distal to the A2 pulley. Absence 
of the tendon end in this area indicates retraction into the 
palm. A transverse incision near the distal palmar crease 
exposes the flexor sheath proximal to the Al pulley and 
allows location of the tendon end, which can be delivered by 
a variety of techniques using sutures, the rétrogradé passage 
of pédiatrie feeding tubing or intravenous tubing, or wire 
loops to allow antegrade passage of the tendon without 
additional injury to the tendon sheath. The tendon is attached 
to the distal phalanx with a pull-out wire, preferably of the 
antegrade type rather than the traditional rétrogradé Bunnell 
pull-out wire (see Fig. 66-27). This is left in place for 3 to 4 
weeks, during which time the limb is immobilized in a dorsal 
splint with the wrist in flexion, the metacarpophalangeal joint 
in 70 to 80 degrees of flexion, and the interphalangeal joints 
in extension. The pull-out wire is removed at 3 to 4 weeks. If 
a type 1 injury is seen late, considération should be given to 
flexor tendon graffing in a young, cooperative patient for the 
index, long, or ring finger, or, as alternatives, tenodesis or 
arthrodesis should be considered, depending on the needs 
and activities of the patient. 

Type 2 injuries with the tendon retracted to the level of 
the proximal interphalangeal joint can be repaired at a later 
time than injuries in which the tendon is retracted into the 
palm, because the circulation is thought to be maintained. 
Some of these avulsions hâve been satisfactorily repaired 
several months after injury. 

Type 3 injuries with an avulsion fracture close to the level 
of the distal interphalangeal joint also can be treated by 
fracture fixation at a later time because of the préservation of 
the circulation. Early passive motion is encouraged with the 
finger immobilized, and if a pull-out wire technique is used, 
the aforementioned postoperative treatment is followed. A 
word of caution with types 2 and 3 injuries, however: the 
tendon can be avulsed from the bony fragments and are then 
treated as type 1 injuries. 

In many patients seen late, regardless of the level of 
retraction, if satisfactory reattachment is impossible, consid¬ 
ération should be given to arthrodesis or tenodesis. A select 
group of motivated patients in the 10- to 20-year âge range 
may achieve satisfactory function after flexor tendon grafts 
through the intact sublimis tendon in the index and long 
(middle) fingers. 
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■ POSTREPAIR RUPTURE 

If flexor tendon rupture after a primary repair is detected 
promptly, satisfactory results can be achieved if the finger is 
explored and the ruptured tendon is located and repaired. If 
détection of the rupture is delayed, end-to-end repair rarely 
is possible and tendon graff reconstruction may be required. 
The flexor tendon can rupture after tenolysis. In these situa¬ 
tions, judgment is required in making the decision regarding 
exploration and repair versus tendon grafting. If the tendon 
has ruptured in a densely scarred area, satisfactory function 
after reexploration and repair is unlikely and considération 
should be given to delayed tendon grafting. When a rupture 
of the flexor pollicis longus tendon is seen early, the tendon 
can be reattached to the distal phalanx; when seen late, a 
tendon graft may be necessary because of muscle shortening 
and tendon degeneration (see Technique 66-16). 

REPAIR OF FLEXOR TENDON OF THUMB 

The thumb also can be arbitrarily divided into zones accord- 
ing to the spécifie anatomie structures in the zone that influ¬ 
ence the type of repair that is chosen for the flexor pollicis 
longus. Zone I includes the area at the interphalangeal joint 
and the insertion of the flexor pollicis longus. Zone II includes 
the fibroosseous sheath extending just proximal to the meta- 
carpal head and the metacarpophalangeal joint. Zone III 
includes the area of the metacarpal beneath the thenar 
muscles. Zone IV corresponds to the carpal tunnel, and zone 
V corresponds to the distal forearm just proximal to the wrist 
(Fig. 66-41). 

Urbaniak proposed an organized System of selecting 
repair methods for the flexor pollicis longus depending on 
the location of the injury and the timing of repair (Table 
66-1). Supporting the recommendations for direct repair of 
zone II injuries, the results after end-to-end repair within the 
flexor digital sheath hâve been reported to be as good as those 
after delayed tendon reconstruction. 

To locate the flexor pollicis longus, volar zigzag incisions 
over the thumb and linear incisions in the région of the 
thenar eminence and at the wrist may be required (see Fig. 
66-34). An early mobilization routine can be used after flexor 
pollicis longus repair similar to routines used for finger 
flexors. Postoperative immobilization includes splinting with 
the wrist flexed 30 to 45 degrees and the metacarpophalangeal 
and interphalangeal joints slightly extended. The splint is left 
intact for about 3 weeks, and a removable splint is applied for 
an additional 3 weeks to protect the wrist and finger against 


excessive hyperextension. Active flexion is begun at about 3 
weeks, and passive extension and more vigorous activities can 
begin at 8 to 12 weeks. 

■ ZONE I 

When the long flexor tendon of the thumb is divided in zone 
I within 1 cm of its insertion, it can be sutured primarily to 
the distal stump or advanced and sutured directly into the 
bone. Some of the flexor sheath may require division. When 
this tendon is transected more proximally than 1 cm from its 
insertion, further advancement becomes necessary and 
lengthening of the tendon by Z-plasty just proximal to the 
wrist should be done. This tendon is unique in that it can be 
advanced without disturbing its blood supply because it does 
not hâve a vinculum. Tendon advancement rather than 
tendon grafting has been recommended because paratendi- 
nous adhesions are not as likely to form after advancement. 

■ ZONE II 

In zone II, the critical pulley area at the thumb metacarpo¬ 
phalangeal joint, a portion of the pulley can be excised to 



Anatomie zones of flexor pollicis longus that 
influence type of repair. 


_ TABLE 66-1 _'p. • T.V ÆpVT?/ VTP. S’PP 

Methods of Repairing the Flexor Pollicis Longus Based on the Zone of Injury and Timing of Repair 


ZONE 

SHARP CUT 

TENDON LOSS 

MINIMAL SCAR 

SEVERE SCAR 

1 

Direct 

Advancement 

Advancement (or direct) 

Advancement 

II 

Direct 

Advancement and lengthening 

Advancement and 
lengthening 

Advancement and 
lengthening 

III 

Direct 

Advancement and lengthening 

Advancement and 
lengthening 

Advancement and 
lengthening 

IV 

Direct 

Free tendon graft 

Free tendon graft 

Two-stage free tendon graft 

V 

Direct 

Tendon transfer (or bridge graft) 

Direct 

Tendon transfer 


(From Urbaniak JR: Repair of the flexor pollicis longus, Hand Clin 1:74,1985.) 
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lessen the possibility of adhérence to the pulley of the site of 
the tendon suture. Primary repair is unpredictable, however, 
and a later graft might be the better choice, unless the surgeon 
is experienced in tendon repair. Advancement of the tendon 
distally to be sutured to a stump that is shortened to lie distal 
to the metacarpophalangeal pulley has the advantage of 
moving the repair site from beneath the area of a pulley. 
Lengthening of the tendon at the wrist by Z-plasty also may 
be required for this procedure. Urbaniak recommended an 
end-weave repair at the site of lengthening just proximal to 
the wrist. 

■ ZONE III 

In zone III, with a lacération of the flexor pollicis longus 
tendon, the proximal end frequently retracts to near the wrist 
level. Usually the proximal end can be retrieved easily with 
atraumatic grasping of the tendon end in the sheath. If the 
tendon end cannot be retrieved easily, persistent grasping and 
probing should be avoided, and the tendon can be located 
through a separate incision at the wrist, between the radial 
artery and the flexor carpi radialis. Primary repairs in this 
zone can be performed when the two ends are retrieved and 
apposed by flexing the wrist and the distal joint of the thumb. 
When retrieval of the proximal tendon requires an additional 
incision at the wrist, the tendon should be carefully rethreaded 
through its normal route. This can be done by inserting a 
22-gauge wire loop, a suture passer, or a tendon carrier 
through the sheath from the distal end, delivering a suture 
attached to the tendon, and threading it through from proxi¬ 
mal to distal. 

■ ZONE IV 

In zone IV, the tendon rarely is eut because it is protected in 
part by a shelf of the radiocarpal bones. There is no contra- 
indication to repair at this level as long as the repair technique 
is atraumatic and the two ends are recoverable. The création 
of a lump of suture material sufficient to cause médian nerve 
compression within the closed space of the carpal tunnel 
should be avoided. 

■ ZONE V 

In zone V, primary repair of the flexor pollicis longus tendon 
is indicated. Usually the location of the tendon ends and 
end-to-end repair are not difficult. 

SECONDARY REPAIR AND 
RECONSTRUCTION OF FLEXOR TENDONS 

If flexor tendons cannot be repaired within the first 10 to 14 
days (delayed primary repair), the repair is considered to be 
secondary. Affer 1 month, delivery of the flexor tendon 
through the fibroosseous sheath and the pulleys is extremely 
difficult, and in those circumstances, in the absence of exten¬ 
sive scarring and destruction of the tendon sheath, traditional 
single-stage flexor tendon graffing can be done. In the prés¬ 
ence of extensive disturbance of the flexor sheath and pulleys, 
joint contractures, and nerve injury, two-stage tendon graff¬ 
ing should be considered. 

Generally, tendons can be repaired secondarily by direct 
suture at the site of division, by tendon graft, or by tendon 
transfer. Before tendons are secondarily repaired, certain 
requirements must be met, as follows: (1) wound erythema 
and swelling should be minimal; (2) skin coverage must be 


adéquate; (3) the tissues through which the tendon is expected 
to glide must be relatively free of scar; (4) the alignment of 
bones must be satisfactory, and any fractures must be healed 
or fixed securely; (5) joints must hâve a useful range of passive 
motion; and (6) sensation in the involved digit must be 
undamaged or restored, or it should be possible to repair 
damaged nerves directly or with nerve graffs at the time of 
tendon repair. Secondary repair of tendons also may be 
delayed for reconstruction of the flexor pulleys, especially the 
critical A2 and A4 pulleys. During these reconstructions, a 
silicone rubber temporary prosthesis (Hunter and Salisbury) 
is useful to maintain the lumen of the tendon sheath while 
the grafted pulleys are healing. This is followed later by the 
insertion of the flexor tendon graft. 

■ FLEXOR TENDONS OF FINGERS 
I ZONE I (DISTAL HALF OF FINGER) 

If the profundus tendon has been lacerated or avulsed, it is 
best reattached within a few days, before it retracts into the 
palm and before avulsion of the vinculum occurs. If treated 
early, an avulsed or lacerated profundus tendon can be 
advanced no more than 1 cm and reattached as discussed 
under primary repair (see discussion of flexor tendon 
rupture). Affer a few days, the tendon end swells, and it 
becomes difficult or impossible to thread the tendon through 
the bifurcation of the sublimis. Rethreading the swollen 
profundus also can jeopardize proximal interphalangeal joint 
movement. Profundus function can be restored by a tendon 
graft, but only when indicated. Flexor tendon graffing through 
the intact sublimis tendons is unpredictable, and preoperative 
discussions should allow the patient to hâve a clear under- 
standing of the uncertainties. Occupational requirements, 
such as those found in the playing of stringed musical instru¬ 
ments and work done by technicians, artisans, and artists, 
also are important when considering the need for flexor 
tendon graffing through an intact flexor sublimis. 

As noted previously, flexor tendon graffing through an 
intact sublimis has been recommended for the index and long 
fingers for children and young adults, and rarely in the ring 
and little fingers. 

I ZONE II (CRITICAL AREA OF PULLEYS) 

When the sublimis tendon alone has been divided in the 
critical area of pulleys, secondary repair is unnecessary 
because the profundus tendon provides satisfactory function, 
and profundus function can be jeopardized by attempts at 
repair of the flexor sublimis. Hyperextension deformities of 
the proximal interphalangeal joint occasionally occur affer 
the lacération of a sublimis tendon in a very flexible hand. 
This can be treated with techniques such as tenodesis. 

When the profundus tendon alone has been divided in 
zone II, the sublimis tendon provides ample flexion of the 
proximal interphalangeal joint. In the “delayed primary” 
period (10 to 14 days), meticulous repair of the flexor pro¬ 
fundus can resuit in satisfactory function. During the “late 
secondary” period (4 weeks), it is doubtful that a direct repair 
would be successful. Under these circumstances, considér¬ 
ation should be given to distal tenodesis or distal joint 
arthrodesis, depending on the needs of the patient. Unless the 
distal joint is extremely hyperextensible and “flail,” rarely is 
extensive surgical treatment for this problem necessary. 
Tenodesis or arthrodesis may be necessary in the index or 
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Long-standing flexor tendon interruptions in 
palm may require short segmentai graft or "minigraft" to avoid 
excessive tension. 


long finger but rarely in other digits. When both tendons hâve 
been divided, and if conditions do not permit primary or 
delayed primary repair of the tendons, flexor function can be 
restored with a single-stage tendon graft when ail prerequi¬ 
sses are met in the Angers (healed and stable wound, flexible 
joints, and good or improving sensibility). 

I ZONES III, IV, AND V (FOREARM AND PALM) 

Flexor tendons in the forearm and palm can be repaired 3 or 
4 weeks after injury by direct suture because flexing the wrist 
usually accommodâtes the gap sufflciently to overcome 
muscle retraction. After 4 or 5 weeks, the muscles become 
tightly contracted and a graft is necessary at times to bring 
the tendon ends together. This may be in the form of a short 
segmentai graft between the tendon ends (Fig. 66-42). When 
tendons hâve been destroyed, profundus tendons take prior- 
ity, and attaching available proximal sublimis tendons to 
distal profundus tendons may provide satisfactory function. 
The tendons can be attached with a mattress suture or with a 
strong multiple-strand technique, using 4-0 nonabsorbable 
suture or monofilament wire, especially in the distal forearm. 


PROFUNDUS ADVANCEMENT 


TECHNIQUE 66-12 


(WAGNER) 

■ Make a volar oblique, zigzag, or midlateral incision over 
the profundus insertion. Incise the tendon sheath at the 
C4 pulley area and retract it, preserving the annular 
pulleys. Usually the proximal end of the profundus has 
retracted into the palm. This can be determined by 
making another opening in the sheath distal to the A2 



FIGURE 


^ Wagner technique of profundus advancement. 


SEE TECHNIQUE 66-12. 


pulley. If the tendon cannot be seen, it probably is in the 
palm. 

■ Make a transverse incision near the distal palmar crease 
to recover it. 

■ Carefully thread the tendon through the bifurcation of 
the sublimis and into the distal end of the finger; if this 
cannot be done accurately and with assurance that 
the relation of the sublimis to the profundus is normal, 
the following two choices are available: (1) abandon the 
procedure because profundus and sublimis function may 
be impaired, or (2) make a volar oblique incision over the 
proximal phalanx, open a portion of the A2 pulley, and 
deliver the profundus tendon under direct vision. 

■ Resect the distal segment of the profundus at a level just 
proximal to the distal interphalangeal joint, and split its 
distal stump in a transverse plane (Fig. 66-43). Take no 
more than 1 cm of tendon. 

■ With a Bunnell rétrogradé pull-out wire suture or an 
antegrade pull-out wire (see Figs. 66-26 and 66-27), fix 
the distal end of the proximal segment of tendon into the 
split profundus stump and tie the suture at the end of 
the finger through a button. 

■ Do not disturb the capsular attachment of the profundus 
stump because it protects the volar plate and helps to 
ensure a gliding surface and mobile joint. 

■ Repair any divided digital nerves at this time. 

■ Close the wound and apply a dorsal splint with the wrist 
in 45 degrees of flexion, the metacarpophalangeal joints 
in 60 to 70 degrees of flexion, and the interphalangeal 
joints in full extension. 

POSTOPERATIVE CARE. See the discussion of postop- 
erative care for primary repair. Remove the pull-out suture 
approximately 28 days postoperatively. 


RECONSTRUCTION OF FINGER 
FLEXORS: SINGLE-STAGE 
TENDON GRAFT 

When the sublimis and profundus tendons hâve been 
divided in the critical area of the pulleys, flexor tendon 
grafting may be indicated if a delay in treatment has 
occurred, if there is segmentai loss of tendon, if a gap 
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cannot be closed because of myocontracture, or if other 
conditions exist that may lead the surgeon to select tendon 
grafting. The following requirements should be met before 
a tendon graft is done: (1) the skin is pliable; (2) any 
wounds are well healed; (3) edema has subsided; (4) the 
joints allow a full passive range of motion; and (5) sensa¬ 
tion in the finger is normal or at least one digital nerve is 
intact (one divided digital nerve can be sutured at the time 
of grafting if the other nerve is intact). The A2 and A4 
pulley Systems also should be intact; otherwise, these 
should be reconstructed in a separate staged procedure 
before tendon grafting (see later discussion of technique 
for pulley reconstruction). Age is a strong prognostic factor. 
Results are best in patients 10 to 30 years old, and the 
worst results occur in the very young and in patients older 
than 50 years. 


TECHNIQUE 66-13 


■ Make a zigzag or volar oblique incision on the volar 
aspect of the finger to expose the underlying flexor 
sheath up to the proximal finger crease, or make a volar 
oblique or midlateral incision (see Fig. 66-34); carefully 
avoid entering the proximal interphalangeal joint, which 
has thin subcutaneous fat laterally. Avoid injuring the 
neurovascular bundles, and make the flaps wide and thick 
enough to prevent necrosis. 

■ Expose the flexor sheath and preserve as much of the 
unscarred sheath as possible. 

■ Excise no more than absolutely necessary of the A2 and 
A4 pulley Systems; complété excision of either may resuit 
in limited excursion of the grafted tendon. 

■ Free the scarred sublimis and profundus tendons and 
carefully preserve ail of the volar plate of the proximal 
and distal interphalangeal joints. In the patient with 
hyperextensible joints, tenodesis of the sublimis helps 
prevent a swan-neck deformity. 

■ Divide both tendons at their insertions and bring them 
out through a transverse palmar incision made over the 
midbelly of the lumbrical muscles. 

■ Use a small chisel to raise a flap of bone just distal to the 
distal interphalangeal joint on the volar surface of the 
distal phalanx for later insertion of the profundus tendon 
graft (see Fig. 66-26). 

■ Under this bone flap, drill a small hole with a Kirschner 
wire large enough to accommodate two 4-0 monofila¬ 
ment wire sutures. 

■ Pass the sutures in the graft out through the nail (Fig. 
66-44), or if there is concern about nail deformity, pass 
the sutures out through the distal end of the distal 
phalanx or through the distal tendon insertion and out 
the tip of the finger in the hyponychium. 

■ As an alternative to using a pull-out suture for distal 
insertion, suture the proximal end of the tendon into a 
split in the remaining distal tendon stump (see Fig. 66-43) 
if the stump is large enough to receive and hold a suture. 
With children, this method avoids the need for later 
removal of the pull-out suture. 

■ Through the proximal palmar incision, divide the sublimis 
tendon as far proximally as possible and discard it; retain 
the profundus tendon for attachment to the graft. 




Repair of finger flexor tendons by tendon 
graft. Graft has been sutured in place. Proximal and distal pulleys 
hâve been narrowed. SEE TECHNIQUE 66-13. 


■ In 10% to 15% of individuals, the palmaris longus tendon 
is absent, but when présent, it can be taken from the 
same forearm and used as the graft. 

■ Expose the palmaris longus tendon through a transverse 
incision just proximal to its insertion at the wrist and 
through another in the upper forearm. 

■ Dissect the tendon at its musculotendinous junction 
proximally and detach it distally after dissecting out the 
various portions of its insertion; draw the tendon out 
through the proximal forearm incision. 

■ Place a monofilament 4-0 pull-out wire suture in the distal 
end of the palmaris longus tendon before dividing it 
proximally. As an alternative, use a 4-0 or 3-0 nylon 
suture. Arrange the pull-out wire in the rétrogradé Bunnell 
technique or use a single-loop antegrade pull-out wire. 
This suture is much more easily placed when the proximal 
end of the tendon has been stabilized. 

■ Thread the pull-out wire through the hole in the distal 
phalanx. Pass the needles in the suture through stérile felt 
and tie the distal ends of the suture. The distal attach¬ 
ment can be reinforced with an absorbable mattress 
suture. 

■ Bring the palmaris longus tendon proximally through the 
intact tendon sheath and into the palm by wetting the 
tendon and passing it with a suture passer, or use a 
22-gauge wire loop to pass the tendon proximally. 

■ A careful attempt must be made to attach the tendon to 
the graft under appropriate tension. 

■ Place the wrist in neutral and the finger in full extension 
and place tension on the musculotendinous junction 
proximally and on the graft attached to the finger 
distally. 

■ At the point where the tendon and graft are to be joined, 
mark the junction with a methylene blue pen. 




33 


0 PART XVIII THE HAND 


9 " Adjust the tension so that when the wrist is in extension, 
the finger is automatically brought into about the same 
amount or slightly more flexion as the adjoining digits. 
The amount of flexion should increase in the ulnar digits. 
■The best method used to suture the proximal junction is 
the fish-mouth "weave" insertion described by Pulvertaft 
(see Fig. 66-19), which makes it easier to adjust the 
tension. Do not suture the lumbrical muscle to the tendon 
junction because this tends to increase tension in the 
lumbrical muscle, contributing to the "lumbrical plus" 
finger. 

■ Attach the tendon ends and close the palmar and digital 
wounds without subcutaneous sutures. 

■ Insert a drain in the proximal palmar wound if needed, 
especially if the tourniquet is to be deflated after a splint 
has been applied. 

■ Place the wrist in 40 to 45 degrees of flexion with the 
metacarpophalangeal joints in 60 degrees of flexion and 
the interphalangeal joint in full extension. The wrist 
should not be placed in forced flexion because this can 
increase postoperative pain and put pressure on the 
médian nerve. 

■ Cover the wounds with a layer of nonadhesive material 
and a moist, molded dressing. 

■ Apply a posterior short arm splint to hold the wrist in 
flexion. In children, a long arm cast is applied to keep the 
dressing from shifting distally. 

■ It is crucial to prevent a postoperative hematoma. Release 
the tourniquet before wound closure and keep manual 
pressure on the wound for 5 minutes. Ascertain hemo- 
stasis using electrocautery. 

■ As an alternative, ascertain hemostasis, close the wound 
and apply a moist, conforming dressing to the volar 
aspect of the finger with the wrist held in flexion by a 
posterior splint; elevate the hand, deflate the tourniquet, 
and maintain pressure on the palmar surface of the hand 
while the patient is awakening from anesthésia. 

POSTOPERATIVE CARE. The hand is elevated for the 
first 24 to 48 hours. Drains are removed after about 24 
hours or when drainage subsides. Postoperative manage¬ 
ment and réhabilitation dépend on the philosophy, 
expérience, and preferences of the surgeon and therapist. 
Satisfactory results hâve been reported with the use of an 
early postoperative mobilization technique. Other sur¬ 
geons are more conservative, basing their réhabilitation 
program on the concept that the avascular tendon graft 
must revascularize and go through a weakened phase 
before beginning any significant motion. If a controlled 
passive motion réhabilitation program is pursued, the 
patient should be evaluated carefully for his or her ability 
to comply and should be closely supervised several times 
weekly for at least 4 weeks. No active flexion, overexten- 
sion, or passive hyperextension should be permitted. The 
pull-out suture is removed approximately 28 days after 
surgery. Protected motion is continued for at least 4 more 
weeks (total of 8 weeks). Strengthening is begun at 8 
weeks after the tendon graft; however, normal forceful 
activity is not permitted before 12 to 14 weeks (see dis¬ 
cussion of postoperative care for primary repair). 


■ DONOR TENDONS FOR GRAFTING 

Donor tendons for grafting, in order of preference, are the 
palmaris longus, the plantaris, and the long extensors of the 
toes. In rare cases, the index extensor digitorum communis, 
the extensor indicis proprius, and the flexor digitorum subli- 
mis are used. 

I PALMARIS LONGUS 

The palmaris longus is the tendon of choice because it fulfills 
the requirements of length, diameter, and availability without 
producing a deformity. The presence of this tendon should be 
determined before any grafting procedure; its presence can 
be exhibited by having the patient appose the tips of the 
thumb and little finger while flexing the wrist (Fig. 66-45). 
The tendon is reported to be présent in one arm in 85% of 
individuals and in both arms in 70%. The tendon is fiat, is 
surrounded by paratenon, and is long enough for a graft 
about 15 cm long. The tendon is excised as follows. A short 
transverse incision is made directly over the tendon just 
proximal to the flexion crease of the wrist. The tendon is 
grasped at its end with a hemostat, and traction is applied so 
that it can be palpated easily in a proximal direction. A second 
transverse incision is made over the tendon at the junction of 
the middle and proximal thirds of the forearm. The tendon is 
identified and divided, and the segment to be used as a graft 
is withdrawn. Should paratenon be desired, a long curved 
incision over the forearm is necessary; this method is much 
more disabling, and, as an alternative, a tendon stripper 
similar to that devised for the plantaris tendon (Fig. 66-46) 
can be used. Occasionally, there is a double palmaris longus 
tendon, or it can hâve multiple insertions or an associated 
aberrant muscle. Any of these would make it difficult to 
withdraw it from only two transverse incisions. 

I PLANTARIS TENDON 

The plantaris tendon is equally satisfactory for a graft as the 
palmaris tendon, has the advantage of being almost twice as 
long (enough to provide two grafts), but is not as accessible 
(Figs. 66-47 and 66-48). It reportedly is présent in 93% of 
individuals. The tendon is anteromedial to the Achilles 



Method of showing presence of palmaris 
longus tendon (see text). 
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Method of removing plantaris tendon for 
grafting (see text). A f Plantaris tendon is separated from Achilles 
tendon. B f Brand tendon stripper. 


tendon proximal to the heel and can be obtained for grafting 
as follows. A small, médial, longitudinal incision is made just 
anterior to the insertion of the Achilles tendon. The tendon 
is identified as a slip distinctly separate from the Achilles 
tendon (see Fig. 66-46). The tendon is divided near its inser¬ 
tion and threaded through the loop of a tendon stripper made 
for this purpose. The knee is kept in fu.ll extension. The distal 
end of the tendon is clamped with a hemostat and held taut 
while the stripper is passed up the leg until the résistance of 
the gastrocsoleus fascia is encountered; this résistance is 
overcome with additional force on the stripper. The stripper 
is advanced proximally for about 25 cm, where résistance is 
again met as the loop of the stripper meets the belly of the 
muscle. The loop of the stripper is palpated through the skin, 
and a longitudinal incision 5 cm long is made over it. The 
gastrocnemius muscle belly is freed from around the plantaris 
tendon, and the tendon is divided under direct vision and 
withdrawn. If a tendon stripper is unavailable, the tendon is 
removed through multiple short transverse incisions. 

I LONG EXTENSORS OF TOES 

Tendons of the long extensors of the toes are not as désirable 
as the palmaris longus or the plantaris tendons because there 
are many attachments between them, especially as the cruci- 
ate ligament is approached proximally. Every toe except the 
little toe has an extensor brevis tendon to dorsiflex it after 
excision of the long extensor tendon. The extensor hallucis 
longus is much larger than the other extensors, and the 


extensor of the second toe is much more intimately related to 
the dorsalis pedis artery. The extensor of the third toe is 
probably easiest to remove and use. Multiple short transverse 
incisions are made over the tendon, and the tendon is removed 
by elevating the skin proximal to each incision and dissecting 
to a more proximal level. Another incision is made at this 
point, and the procedure is repeated. The divided end of the 
tendon is extracted through each successive incision and 
removed through the proximal incision (Fig. 66-49A). A 
tendon can be removed much more easily through a long 
curved incision along the course of the tendon (Fig. 66-49B), 
but such an incision temporarily prevents weight bearing and 
results in an unsightly scar. 

I EXTENSOR INDICIS PROPRIUS, EXTENSOR 
DIGITORUM COMMUNIS OF INDEX 

The extensor tendons to the fingers rarely are used as tendon 
grafts. The extensor indicis proprius tendon usually is long 
enough for a single flexor tendon graft but rarely is used. It is 
divided distally at its insertion into the ulnar side of the 
extensor hood through a small transverse incision and proxi¬ 
mally just proximal to the extensor retinaculum through a 
short longitudinal incision. The distal end of the proximal 
segment of tendon is sutured to the extensor digitorum com- 
munis to help maintain independent extension of the index 
finger. If the extensor digitorum communis to the index 
finger is selected, it is divided in a similar fashion through a 
small transverse incision over the proximal portion of the 
extensor hood, repairing the distal remnant to the extensor 
indicis proprius tendon. It is released as well through a short 
longitudinal incision over the extensor retinaculum proximal 
to the wrist. 

I FLEXOR DIGITORUM SUBLIMIS 

A flexor digitorum sublimis tendon should not be excised 
simply as a graft, but at times one is available when removed 
in conjunction with an amputation or flexor tendon grafting. 
The tendon usually is too thick, so its central part can undergo 
necrosis when it is used as a graft, producing a local reaction 
that causes adhesions. The tendon can be split longitudinally 
to make it thinner, but this leaves a raw surface where adhe¬ 
sions are even more likely to develop. 

■ COMPLICATIONS 
I "LUMBRICAL PLUS" FINGER 

The “lumbrical plus” finger develops when the pull of the 
profundus musculotendinous unit is applied through the 
lumbrical muscle, rather than through a flexor tendon graft 
distal to the lumbrical muscle origin. The pull of the profun¬ 
dus muscle, applied through the lumbrical muscle, créâtes 
extension of the proximal and distal interphalangeal joints. 
This usually occurs if the tension on a tendon graft is not 
appropriately set and the graft is relatively too “long” (Figs. 
66-50 and 66-51). The condition also may be seen when 
amputations hâve occurred through the middle phalanx after 
avulsion of the insertion of the flexor digitorum profundus 
or division of the flexor profundus tendon. The long finger 
seems to be most commonly involved. Usually, with gentle 
flexion effort, the patient can nearly make a fist with the 
grafted finger; however, when forceful flexion is attempted, 
the interphalangeal joints extend with “paradoxie extension.” 
According to Parkes, the test for the “lumbrical plus” finger 
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^ Methods of obtaining long extensor tendon of 


toe for grafting (see text). A f Long extensor tendon of second toe 
is removed through four short transverse incisions. B f Same 


tendon is removed through one long longitudinal incision. 




























CHAPTER 66 FLEXORAND EXTENSOR TENDON INJURIES 



"Lumbrical plus" finger. In this patient, tendon graft that is too long has been inserted. A, Gentle flexion results in 
coordinated flexion of grafted ring finger and adjacent small finger. B, Powerful flexion of hand results in good flexion of small digit 
but paradoxie extension of interphalangeal joints of grafted ring finger against examiner's digit. 



Conditions that cause "lumbrical plus" finger. 
A, Severance of flexor digitorum profundus (FDP) (produces para¬ 
doxie extension). B, Avulsion of FDP. C, Overly long flexor tendon 
graft. D f Amputation through middle phalanx. 


is to show first that the patient has full passive flexion of ail 
joints of the finger. In strong gripping or active flexion of ail 
Angers, flexion is incomplète and partial extension of the 
interphalangeal joints occurs. The treatment of this condition 
consists of transection of the involved lumbrical tendon 
through a longitudinal incision in the web space to the radial 
side of the involved finger, usually after use of a local 


anesthetic. If the tendon otherwise functions satisfactorily, 
this should cure the problem. 

I "QUADRIGA" EFFECT 

If the tension on the tendon graft is set too tightly, when the 
patient attempts to flex the Angers, the grafted finger flexes 
and reaches the palm before the remaining Angers. This 
blocks full excursion of the proximal flexor musculotendi- 
nous units and reduces the ability to flex the uninjured digits, 
usually occurring in the long, ring, and little Angers. This 
limitation of excursion also can occur if the flexor digitorum 
sublimis spiral is not corrected in the repair of any injury 
to the flexor profundus and sublimis, with improper repair 
of an oblique lacération allowing triggering or blocking of 
motion to occur and blocking of tendon motion because of 
eversion of the tendon repair. This has been emphasized by 
Verdan and elucidated further by Lister. 

■ RECONSTRUCTION OF FLEXOR 
TENDON PULLEYS 

Injury to the important annular thickenings of the fibroosse- 
ous sheath (especially the A2 and A4 pulleys) may hâve 
occurred at the time of tendon injury, or they may hâve been 
destroyed during previous surgical procedures, either at the 
time of a primary repair or subsequently during tenolysis. 
When reconstructive procedures, including tenolyses and 
single-stage and two-stage graft reconstructions, are attempted 
without reconstruction of the pulleys, the resuit usually is 
unsatisfactory. Without pulleys, the angle of approach of the 
tendon to its insertion is altered, retinacular restraints are 
damaged, a flexion contracture frequently develops at the 
proximal interphalangeal joint, bowstringing of palmar skin 
occurs, and tendon excursion is lost. If the finger is left 
without the function of the A2 and A4 pulleys, it cannot 
function satisfactorily after tenolysis, and tendon graft recon¬ 
struction fails. Reconstruction of the A2 and A4 pulley 
Systems is indicated when insufficient pulley remnants are left 
after tenolysis and as part of a single-stage or two-stage 
tendon graft reconstruction. In the involved digit, ail fractures 
and joint injuries should be healed, neurovascular defects 
should be minimal or improving, and there should be good 
soft-tissue coverage with minimal scarring. 
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B 


A f Stage 1. Distal implant juncture; suture to profundus stump. B, Distal implant juncture; métal endplate implant 
model with screw fixation to distal phalanx. SEE TECHNIQUE 66-14. 


In two situations, flexor tenolysis and single-stage flexor 
tendon grafting, the pulley reconstruction can be jeopardized 
at the time that motion is begun. Usually this problem can be 
overcome in the postoperative period using rings, taped 
bands, or thermoplastic rings, as recommended by Strickland 
et al., to protect the pulley reconstruction. 

Use of the pulley reconstruction in the two-stage tendon 
graft reconstruction allows the grafted material to heal satis- 
factorily so that by the time of the second stage of the tendon 
grafting procedure the pulley reconstruction has sufficiently 
healed. The results usually are better in young adults and 
adolescents because younger individuals are less likely to 
develop joint stiffness. Donor grafts for pulley reconstruction 
include a flexor sublimis tendon that is sacrificed and split 
longitudinally; portions of the extensor retinaculum at the 
wrist or ankle, as advocated by Lister; sublimis tendon; fascia 
lata in rare situations; and the palmaris longus if it is not 
needed for flexor tendon grafting (see earlier section ct Donor 
Tendons for Grafting”). 


RECONSTRUCTION OF FLEXOR 
TENDON PULLEYS 


TECHNIQUE 66-14 


■ Make a zigzag (see Fig. 64-16B and C), midlateral (see 
Fig. 64-17C), or volar oblique (see Fig. 64-16D) incision 
exposing the area of the flexor tendons. Make the expo- 
sure wide enough to show ail of the flexor pulley System. 

■ Excise the scarred tendons and surrounding scar tissue. 
Retain any part of the sheath that is not scarred, however, 


especially in the area of the distal joint and the Al pulley 
System in the palm. 

■ Bring the tendons out through an additional palmar inci¬ 
sion and complété their excision. 

■ If a two-stage tendon reconstruction is planned, insert a 
Silastic rod (Hunter) of appropriate size and attach it 
distally either to the remaining profundus tendon stump 
or to the bone by a small screw (Fig. 66-52), as described 
for the two-stage Flunter rod technique. 

■ Place the rod proximally at the forearm or palmar level in 
a scar-free area away from the profundus tendon. 

■ Leave the profundus tendon attached to the lumbrical 
muscle to maintain its length. 

■ Several techniques are available for pulley reconstruction. 
If a tendon graft is to be used for a pulley substitute, use 
a thin strip measuring at least 6 cm in length and 0.25 cm 
in width. If the original fibroosseous rim of the flexor 
sheath is satisfactory, weave the tendon through this rim 
and secure it with mattress sutures. Weave the strip over 
the silicone rod beginning at about the A2 pulley level 
(Fig. 66-53). 

■ The A2 and A4 pulleys can be reconstructed individually 
in this method. If the fibroosseous rim is insufficient, pass 
the tendon graft around the phalanx and suture it to itself 
with several mattress sutures. 

■ Over the proximal phalanx (A2 pulley reconstruction), 
pass the tendon over the silicone rod and around 
the proximal phalanx deep to the extensor tendon. Over 
the middle phalanx (A4 pulley reconstruction), pass the 
tendon around the middle phalanx superficial to the 
extensor tendon and suture it to itself. In each case, 
the circling pulley reconstruction is rotated so that the 
suture portion is to the side of the finger. 
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FIGURE 


^ Reconstruction of flexor tendon pulleys. SEE 


TECHNIQUE 66-14. 


■ In another technique, advocated by Lister, extensor reti- 
naculum from the wrist can be harvested and used as an 
encircling pulley reconstruction as well (Fig. 66-54). Pass 
a piece of thread around the finger to estimate the 
amount of length of the tendon graft material that would 
be required for the pulley reconstruction. 

■ Avoid reconstructing the pulley over the proximal inter- 
phalangeal joint because this can restrict motion. 

■ When pulley reconstruction is done concomitant with 
flexor tenolysis, plan to incorporate an orthotic protection 
(ring) in the réhabilitation period. 

■Close the wound loosely and support the hand with a 
dorsal splint. 

POSTOPERATIVE CARE. If pulley reconstruction is part 
of the first stage of a two-stage tendon reconstruction, 
passive motion of the finger joints usually is started at 7 
to 10 days. The patient is instructed in passive finger 
exercises. Strapping to adjacent fingers can be helpful. 
For tenolysis, active motion is begun in the first 72 hours 
and the therapy program progresses gradually. For staged 
tendon reconstruction, 3 months may be required to 
allow for healing and restoration of flexibility and sheath 
reconstitution before the second stage. 



A f Reconstructive tissue is passed around phalanx and tendon deep to extensor tendon over proximal phalanx and 
superficial to it over middle. B and C f Graft is sutured securely because suture represents only weak point in this reconstruction. 
Overlapped repair is rotated around to side of digit, creating strong pulley with synovial gliding surface on its inner aspect. D and E f 
Intervening Windows should be reconstructed with synovial tissue from dorsum of foot adjacent to retinaculum. SEE TECHNIQUE 66-14. 
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■ RECONSTRUCTION OF FINGER FLEXORS BY 
TWO-STAGE TENDON GRAFT 

For patients with excessive scarring, joint stiffness, and pos¬ 
sible nerve injury, a two-stage procedure for tendon repair 
may be indicated. A patient who has a severely contracted, 
scarred digit, especially if neurovascular insufficiency is sig¬ 
nifiant, may be a candidate for an arthrodesis or even 
amputation as reasonable alternatives to staged tendon recon¬ 
struction. The patient should understand the extensive 
réhabilitation and effort involved in recovery aff er a minimum 
of least two operations that would be required for such a 


tendon reconstruction. The first stage consists of excising 
the tendon and scar from the flexor tendon bed and preserv- 
ing or reconstructing the flexor pulley System. A Dacron- 
impregnated silicone rod is inserted to maintain the tunnel 
in the area of the excised tendons until passive motion and 
sensitivity hâve been restored to the digit. The rod is attached 
distally to bone or a tendon stump. It is passed proximally 
into the distal forearm to a level about 5 cm proximal to the 
wrist crease to allow proximal extension of the sheath into 
the forearm. The second stage consists of removal of the rod 
and insertion of a tendon graff (Fig. 66-55). 



Passive gliding technique using Hunter tendon prosthesis. Stage 2: Removal of prosthesis and insertion of tendon 
graft. A f Graft has been sutured to proximal end of prosthesis and pulled distally through new tendon bed. Note mesentery-like 
attachment of new sheath visible in forearm. B f Distal anastomosis. Bunnell pull-out suture in distal end of tendon graft. C f Distal 
anastomosis. Complété Bunnell suture with button over fingernail. Reinforcing sutures are usually placed through stump of profundus 
tendon. D f Proximal anastomosis. Measuring excursion of tendon graft and selecting motor. If procedure is done with local anesthésia 
(see text), true amplitude of active muscle contraction can be measured. E f Proximal anastomosis graft is threaded through tendon 
motor muscle two or three times for added strength. F, Proximal anastomosis. Stump is "fish-mouthed" after method of Pulvertaft, 
tension is adjusted, and one suture is inserted as shown. Further adjustment of tension can be accomplished simply by removing and 
shortening or lengthening as necessary. G f Proximal anastomosis. After appropriate tension has been selected, anastomosis is completed. 
H, Proximal anastomosis. Technique when graft is anastomosed to common profundus tendon. SEE TECHNIQUE 66-16. 
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STAGE 1: EXCISION OF TENDON AND 
SCAR AND RECONSTRUCTION OF 
FLEXOR PULLEY 


TECHNIQUE 66-15 


■ Make a zigzag (see Fig. 64-16B and C) or midlateral (see 
Fig. 64-17) incision to expose the entire flexor sheath 
area. If scars are présent, it is best to follow them with 
the incision to avoid ischemia in skin flaps. 

■ Expose the palm either by a continuation of the zigzag 
incision or through an additional incision at the level of 
the Al pulley. 

■ Excise the profundus and sublimis tendons, but retain a 
stump of the profundus tendon 1 cm long at the distal 
phalanx. 

■ If pulley reconstruction is planned, preserve the insertion 
of the sublimis to reinforce the pulleys. Save excised 
tendon as graft material for pulley reconstruction. Retain 
only the unscarred portions of the flexor pulley System, 
but some portions of the A2 and A4 pulleys are the 
minimum required. 

■ Extend the dissection into the palm; if the lumbrical 
muscle is scarred and contracted, excise it. 

■ Transect the profundus tendon at the level of the 
lumbrical. 

■ Select a Dacron silicone rod of appropriate size and rinse 
it in saline to remove lint. Usually a smaller rod is selected 
to provide a snug fit in the sheath. 

■ Insert the rod into the palm and continue blunt dissection 
proximally so that the rod extends above the wrist level. 
Excision of the entire sublimis tendon may be necessary 
to make room for the rod at the wrist. 

■ Attach the rod distally beneath the stump of the profun¬ 
dus with 3-0 monofilament Steel wire or nylon reinforced 
with two 4-0 nonabsorbable sutures through the Dacron 
portion of the rod. 

■ As an alternative, secure the rod to the distal phalanx with 
a screw. 

■ After seating the prosthesis, passively flex the fingers to 
observe any tendency toward buckling. Traction on the 
prosthesis détermines the need for possible further modi¬ 
fication of the pulley System, either by excising more scar 
tissue or by reconstructing a defective area in the System, 
especially at the A2 and A4 levels. 

■ Repair digital nerves as needed and close the wound after 
obtaining satisfactory hemostasis. 

■ Apply a bulky compressive dressing and a dorsal splint 
with the wrist at about 35 degrees of flexion, the meta- 
carpophalangeal joints at 60 to 70 degrees of flexion, and 
the interphalangeal joints extended. 

POSTOPERATIVE CARE. After closing the wound, the 
hand is supported by a splint and gentle passive motion 
of the finger joints is started at 7 to 10 days. The hand 
should be examined regularly for synovitis or buckling of 
the rod. If buckling is seen, external rings are worn on 
the fingers to support the implant. If synovitis develops, 
prompt and complété immobilization usually is sufficient 


for resolution. The second stage is done when the finger 
is soft, supple, and well healed with mobile joints. The 
earliest time for the second stage is about 8 weeks, but 
3 months usually is required, depending on the patient's 
needs and the surgeon's judgment. 


STAGE 2: ROD REMOVAL AND 
TENDON GRAFT INSERTION 


TECHNIQUE 66-16 


■ Using appropriate anesthésia, open the previous incision 
to expose the flexor sheath over the distal portion of the 
middle phalanx near the distal joint and make another 
incision proximally in the palm or the forearm. 

■ Select a donortendon, depending on the planned proximal 
attachment. A palmaris longus probably would suffice for 
a single tendon with a proximal attachment in the palm. 
Longer tendons would be required for attachments from 
the forearm to the finger. The plantaris or the extensor 
digitorum longus tendon to the three central toes makes 
a sufficiently long tendon graft. Motor tendons usually 
selected include the profundus mass for the long, ring, and 
little fingers. If suitable, the profundus to the index is used 
for the index finger. The sublimis muscles also can be used 
for motors for the tendon grafts. For thumb flexor tendon 
reconstruction, the flexor pollicis longus or the sublimis 
muscles can be used. In certain selected situations, the 
sublimis to the ring finger can be used as motor and 
tendon without the need for a free tendon graft. 

■ While the tendon grafts are being harvested, deflate the 
tourniquet and cover the wounds with stérile bandages 
and compress. 

■After the tendon grafts hâve been harvested, exsangui- 
nate the limb and reinflate the tourniquet. 

■ Suture the flexor graft to the proximal end of the implant 
and pull the implant distally through the sheath, trailing 
the tendon graft with it (Fig. 66-55A). 

■ Separate the implant from the tendon graft and discard 
the implant. 

■ Use a pull-out technique to secure the distal attachment 
of the tendon graft to the distal phalanx (Fig. 66-55B and 
C) or the distal end of the flexor tendon, as previously 
described (see Fig. 66-43). 

■ If the palm is not involved with scarring, a short graft can 
be used and the proximal attachment is made to the 
profundus tendon at the lumbrical origin with a Pulvertaft 
fish-mouth weave (Fig. 66-55F and G). If the profundus 
is unsatisfactory, an adjacent sublimis can be used as a 
motor in the palm. 

■ If the profundus tendons of the long, ring, and little 
fingers are chosen for common motors, use an interweav- 
ing technique for the proximal attachment. 

■ In some circumstances, the proximal attachment is in the 
forearm. 

■ In the forearm, select the appropriate motor muscle and 
obtain the length of the flexor tendon graft by allowing 
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the dorsum of the hand and wrist to lie fiat on the operat- 
ing table. 

■ Inspect the "cascade of the fingers" (Schneider) with 
each finger more flexed than the finger to its radial side. 

■ Pass the tendon graft in an interweave method without 
being sutured and apply traction to the graft until the 
finger shows its proper position relative to its adjacent 
fingers (Fig. 66-55D); place a mattress suture through the 
motor tendon and the tendon graft. 

■ After testing passive movement with wrist flexion and 
extension, place the hand on the table and observe the 
finger as it assumes its position in relation to the adjacent 
fingers. If the position is satisfactory, complété the attach- 
ment of the graft with a Pulvertaft weave with mattress 
sutures (Fig. 66-55E to H). 

■ Deflate the tourniquet, obtain satisfactory hemostasis, 
and close the wound using drains as needed. 

■Apply a bulky compression dressing with a short arm 
dorsal splint and maintain the wrist in about 35 
degrees of flexion, the metacarpophalangeal joints in 
70 degrees of flexion, and the interphalangeal joints in 
full extension. 

POSTOPERATIVE CARE. An early protected motion 
program generally is recommended. A more conservative 
approach can be used if there is concern about rupture 
and disruption at the tendon attachments. If an early 
protected motion program is initiated, it usually begins 3 
days after the operation. If a rubber band attachment to 
the fingernail is used as a part of the passive component 
of the protected motion routine, the therapist and the 
surgeon should closely supervise the program to avoid 
proximal and distal interphalangeal joint contractures. 
The pull-out suture is removed at 4 weeks. In a compilant 
patient, the dorsal splint is removed at 4 weeks also and 
the rubber band is attached to a wrist cuff to provide 
additional protection for 1 to 2 more weeks. Blocking 
exercises are begun at 4 to 5 weeks. Static splints are 
used to help avoid récurrence of flexion contractures 
présent before stage 1. Dynamic and static splints are 
added as needed, possibly by 4 to 5 weeks in patients 
with poor pull-through. In patients with satisfactory 
motion, dynamic and static splints can be added at 6 to 
8 weeks. Fleavy résistance should be avoided early in the 
program. 

For patients who cannot be closely supervised by the 
surgeon or therapist, a safer routine would involve splint- 
ing of the hand without the rubber band traction for 
approximately 3 weeks after surgery and initiation of 
finger mobilization after that time. At about 3 weeks, an 
active and passive range-of-motion exercise routine can 
be started, with blocking and more active exercises begun 
at 4 weeks. Protection against hyperextension should be 
maintained for 6 to 7 weeks after surgery, and heavy 
résistance should not be forced for 9 to 12 weeks. 


■ LONG FLEXOR OF THUMB 

The flexor pollicis longus tendon can be repaired secondarily 
by direct suture at any level within the thumb if the two ends 
can be approximated without excessive tension. Within the 


first few weeks after injury, tension of the muscle from con¬ 
tracture can be overcome by flexing the wrist. Avoid repair of 
the flexor pollicis longus at the proximal pulley, opposite the 
metacarpophalangeal joint, because the suture line is likely to 
adhéré to the pulley. This repair can be accomplished by 
tendon advancement or tendon advancement with lengthen- 
ing at the wrist, as described earlier (see Primary Flexor 
Tendon Repair). Another alternative in difficult situations is 
tendon transfer of the ring finger flexor sublimis to substitute 
for flexor pollicis longus function. Urbaniak recommended 
that this tendon transfer be reserved for patients who hâve 
lost function of the flexor pollicis longus muscle belly because 
of anterior interosseous nerve injury, loss of blood supply, or 
muscle damage. As a last resort, the thumb interphalangeal 
joint can be stabilized by arthrodesis (see Chapter 73) or 
tenodesis (see Technique 66-22). 


FLEXOR TENDON GRAFT 


TECHNIQUE 66-17 


■ Make an incision on the radial side of the thumb from a 
point near the base of the nail to near the middle of the 
metacarpal and angle it toward the palm to end near the 
middle of the thenar eminence. 

■ Elevate the skin and subcutaneous tissue as a flap with 
its base toward the palm; carefully dissect the branch of 
the radial nerve and its corresponding vessel, and retract 
them with this flap. 

■ Dissect the digital neurovascular bundle, which lies well 
toward the anterior aspect of the thumb. 

■ Identify the pulley and open the tendon sheath and the 
pulley sufficiently to insert the tendon graft, but leave a 
segment of the pulley at least 1 cm wide intact over the 
metacarpophalangeal joint to prevent bowstringing of 
the tendon. 

■ Also leave intact the oblique pulley at the proximal and 
middle thirds of the proximal phalanx. 

■ Free the flexor tendon, but do not enter the interphalan¬ 
geal joint or damage its volar plate. 

■ Make a transverse incision 2.5 cm long proximal to the 
flexor crease of the wrist and identify the flexor pollicis 
longus tendon and withdraw it; if possible, tag the distal 
end of the tendon with a suture before withdrawing it, 
and use this suture as a guide in threading the graft into 
the thumb. 

■ Obtain a tendon graft from an appropriate site, usually 
the palmaris longus or toe extensor digitorum longus 
tendons. 

■ Anchor the graft at the point of insertion of the original 
tendon as described for a flexor tendon graft of a 
finger. 

■ Use the end-weave technique to suture the proximal end 
of the graft to the distal end of the flexor pollicis longus 
tendon at a level proximal to the wrist so that the juncture 
does not enter the carpal tunnel or encroach on the 
médian nerve when the thumb and wrist are extended. 

■ The graft should be under enough tension to flex slightly 
the interphalangeal joint of the thumb when the wrist is 
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in the neutral position. Test the tension on the graft by 
placing one mattress suture through the end weave. 

■ With the wrist in maximal extension, full flexion of the 
thumb is produced. With the wrist in maximal passive 
flexion, full extension of the thumb should be 
produced. 

■ When the tension is satisfactory, the additional mattress 
sutures are placed to secure the juncture. 

■ As an alternative method, the proximal end of the graft 
can be sutured to the tendon opposite the middle of the 
thumb metacarpal; this requires only one incision and 
helps avoid potential médian nerve complications. 

■ Close the wound with 5-0 nylon or a similar suture 
without subcutaneous sutures. Apply a dorsal splint to 
the wrist, hand, and thumb with the wrist in 45 degrees 
of flexion and the interphalangeal joint of the thumb in 
extension. 

POSTOPERATIVE CARE. At 4 weeks, the pull-out suture 
is removed, and active motion is begun. Splint protection 
against hyperextension is continued for 7 to 8 weeks. At 
7 weeks, active flexion can be increased to approach 
heavy résistance by 9 to 10 weeks. 


TWO-STAGE FLEXOR TENDON GRAFT 
FOR FLEXOR POLLICIS LONGUS 

In the unusual situation in which there is extensive disrup- 
tion of the flexor pollicis longus in its course from the carpal 
tunnel distally in its passage beneath the thenar muscles 
to the thumb and the tendon insertion and, especially if 
there are associated joint contractures and pulley recon¬ 
struction is required, staged tendon grafting using the sili¬ 
cone rod technique (Hunter) is appropriate. 


TECHNIQUE 66-18 


(HUNTER) 

■ The incision and approach to the thumb are similar to 
those described for the single-stage flexor tendon graft. 
After the pulley has been reconstructed, and the silicone 
rod has been placed beneath the pulley reconstruction 
and secured distally in a manner similar to that described 
for the silicone rod technique in the finger, suture the 
distal end of the silicone rod to the stump of flexor 
tendon with wire and nonabsorbable sutures. 

■ Pass the rod proximally through the course of the flexor 
pollicis longus beneath the thenar muscles and further 
proximally through the carpal tunnel into the distal 
forearm adjacent to the flexor pollicis longus tendon. 

■ After wound closure, apply a dorsal splint to maintain the 
wrist in slight flexion and to provide an increased length 
for the sheath of the flexor pollicis longus. 

■ Passive motion is begun, and after satisfactory wound 
healing and motion hâve been achieved, the second 
stage is done, usually 2 to 3 months after the first stage. 

■ Harvest a free tendon graft of sufficient length, usually 
the plantaris or extensor digitorum longus from a toe. 


■ Make limited incisions in the distal attachment of the 
thumb and proximally at the wrist for passing the tendon 
graft attached to the rod. 

■ Attach the graft to the proximal end of the rod and pull 
it distally through the sheath. 

■ Remove the rod and discard. Complété the distal attach¬ 
ment with a pull-out technique similar to a single-stage 
tendon graft. The proximal attachment is accomplished 
with an end weave (Pulvertaft) using mattress sutures, 
and the tension is set in a manner similar to that described 
in the single-stage graft technique for the flexor pollicis 
longus (see Technique 66-17). 

POSTOPERATIVE CARE. Postoperative care after two- 
stage tendon grafting is similar to that for the single-stage 
grafting technique. 


TRANSFER OF RING FINGER 
FLEXOR SUBLIMIS TO FLEXOR 
POLLICIS LONGUS 


TECHNIQUE 66-19 


■ Expose the flexor pollicis longus insertion through a 
midlateral or volar zigzag incision. Avoid injury to neuro- 
vascular structures and the annular thickenings of the 
flexor sheath of the thumb. Open only enough of the 
sheath to identify the flexor pollicis longus tendon inser¬ 
tion, and leave it attached to its insertion. 

■ Make a transverse palmar incision at the level of the 
proximal flexion crease of the ring finger. 

■ Acutely flex the metacarpophalangeal and proximal 
interphalangeal joints of the ring finger to allow harvest- 
ing the greatest length of the tendon. 

■ Transect the flexor sublimis tendon and close the palmar 
incision with continuous 4-0 nylon sutures. 

■ Make a longitudinal incision at the wrist to the radial side 
of the distal forearm. Identify the transected flexor subli¬ 
mis tendon to the ring finger and deliver it into the 
proximal wrist incision. 

■ Identify the proximal end of the transected flexor pollicis 
longus tendon, either at the wrist incision or by using 
a palmar incision over the thenar eminence (see 
Chapter 64). 

■ If the flexor pollicis longus tendon is mobile in its sheath, 
the distal end of the sublimis tendon can be attached to 
the flexor pollicis longus, and then the tendon can be 
delivered by applying traction to the distal end of the 
flexor pollicis longus tendon from its insertion. If this is 
the case, detach the flexor pollicis longus from its inser¬ 
tion, deliver the sublimis tendon distally, and attach it 
with a pull-out technique using the rétrogradé Bunnell 
technique or the antegrade pull-out technique. 

■ If the flexor pollicis longus cannot be moved easily in its 
sheath, dissect and mobilize the tendon and excise it as 
required by the scarred conditions in the palm and thumb; 
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use a 22-gauge wire loop to pass rétrogradé down the 
course of the flexor pollicis longus to deliver the sublimis 
tendon distally through the palm and into the thumb for 
its insertion. 

■ Obtain adéquate hemostasis and close the wound in a 
routine manner using 4-0 or 5-0 monofilament nylon 
sutures. 

■Apply a compressive dressing and a dorsal short arm 
splint that immobilizes the wrist in 25 to 30 degrees of 
flexion, allowing the thumb metacarpophalangeal and 
interphalangeal joints to be in extension or only slight 
flexion. Drains usually are unnecessary. 

POSTOPERATIVE CARE. Any drains are removed at 
approximately 24 hours or when drainage has ceased. 
Although an early postoperative mobilization program 
can be undertaken, it is usually unnecessary. The sutures 
are removed at 10 to 14 days. The pull-out suture is 
removed at 4 weeks. The initial splint is left in place for 
approximately 4 weeks, and then gentle active motion is 
begun. The thumb is protected with an additional remov- 
able dorsal splint for another 3 to 4 weeks, and motion 
exercises are increased. Forceful résistance activities are 
not undertaken for 10 to 12 weeks. 


■ FLEXOR TENOLYSIS AFTER REPAIR 
AND GRAFTING 

In addition to the complications that can occur after any 
surgical procedure, tendon repair and grafting can be com- 
plicated by the adhérence of the tendon to the sheath and its 
lack of gliding and conséquent loss of motion. Tenolysis 
should not be considered until it can be documented that the 
patient has not made significant progress over several months 
while cooperating with an organized progressive therapy 
program. Usually at least 3 months should hâve passed since 
the initial surgical procedure, and in some situations 4 to 6 
months may be required to make an accurate assessment of 
the patients progress. In addition to documenting a lack of 
progression in the physical therapy program and motion at 
the distal and proximal interphalangeal joints, the following 
requirements should hâve been met: (1) ail soft tissue and 
skin scars should be soft, pliable, and flexible and should be 
healed; (2) fractures and joint injuries should hâve healed; (3) 
the passive range of motion in the digital joints should be as 
near normal as possible; (4) the sensibility, under idéal cir- 
cumstances, should be normal or there should be demon- 
strable recovery of nerve function after nerve repair; and (5) 
the patient should be showing progression with strengthen- 
ing exercises and should realistically understand the expecta¬ 
tions after such a procedure; the patient also should 
understand that at the time of the procedure, if the extent of 
scar and adhesion is excessive, the first stage of a two-stage 
flexor tendon graft procedure would be a likely option. The 
patient also should understand that if tenolysis is successful, 
the risk of tendon rupture after tenolysis can be 10% or 
greater. After a failed graft, a fresh tendon graft should be 
used instead of a tenolysis. 


FLEXOR TENOLYSIS AFTER REPAIR 
AND GRAFTING 


TECHNIQUE 66-20 


■ Make the incision through the existing skin scar. When 
elevating the skin flaps, avoid injury to neurovascular 
structures and the annular portions of the fibroosseous 
sheath. 

■ Using great care, dissect the scar tissue from the tendon. 
Sometimes the tendon and fibroosseous sheath are 
indistinguishable. Similarly, the tendon sometimes adhères 
to the phalanx, particularly in areas of healed fracture 
callus. 

■ Use sharp dissection and periosteal elevators to free the 
flexor tendon from the adhèrent periosteum and fibroos¬ 
seous sheath. 

■ After determining that the tendon has been completely 
released in the digit, make an incision in the distal 
forearm, identify the appropriate flexor tendon, and show 
with traction on the proximal tendon that the finger can 
be moved through a nearly normal full range of motion. 

■ If a régional or local block anesthetic is used for the 
tenolysis, the patient can voluntarily show the amount of 
motion in the finger. If it can be shown that the annular 
pulleys are not présent, or if the remaining pulleys are 
insufficient for proper finger function, perform pulley 
reconstruction at the time of tenolysis. 

■ If the flexor tendon cannot be salvaged because of 
extensive injury, insert a silicone rod (Hunter) beneath any 
pulley reconstruction as the first stage of a two-stage 
flexor tendon graft reconstruction. 

■ If the flexor tendon graft has ruptured or cannot be sal¬ 
vaged, insert a silicone rod as the first stage of a two- 
stage flexor tendon graft. 

■ If flexion contractures are présent at the proximal and 
distal interphalangeal joints, releasethese by capsulotomy, 
usually by release of the proximal extensions of the 
palmar plate. 

■ Usually corticosteroids are not instilled. 

■ Sometimes, especially with comminuted fractures in 
which irregular bony surfaces are exposed, silicone sheet- 
ing has been interposed between the tendon and the 
bone and removed later after satisfactory motion has 
been established. 

POSTOPERATIVE CARE. A compression dressing is 
applied, usually with the fingers in mild flexion. Postop¬ 
erative réhabilitation is begun with active motion on the 
first day after surgery. Indwelling cathéters for pain 
control with local anesthetics rarely are used, although 
they can be helpful in controlling immédiate postopera¬ 
tive pain. 


■ ADHERENCE OF TENDONS 

When a tendon completely adhères to bone, spécifie active 
movements of one or more joints distal to the area of adhér¬ 
ence are lost. Spécifie passive movements also are limited 
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because the adhèrent tendon acts as a checkrein. When a 
profundus tendon is stuck to the shaft of the proximal 
phalanx, the two distal finger joints cannot be flexed actively 
by this tendon; however, the proximal interphalangeal joint 
can be actively flexed by the sublimis tendon. The metacar- 
pophalangeal joint also can be actively flexed by the profundus 
and sublimis tendons, along with the intrinsics. Adhérence of 
the profundus tendon to the shaft of the proximal phalanx 
also checks full passive or active extension of the two distal 
finger joints. Active extension of the distal interphalangeal 
joint can be increased by passive flexion of the proximal 
interphalangeal joint; likewise, active extension of the proxi¬ 
mal interphalangeal joint can be increased by passive flexion 
of the distal interphalangeal joint. Extension of the wrist can 
initiate flexion of the metacarpophalangeal joint through the 
adhèrent tendon. 

I ADHERENCE OF A TENDON TO A FRACTURE SITE 

The adhérence of a tendon to a fracture site usually is associ- 
ated with (1) volar angulation of a phalangeal fracture after 
poor réduction, (2) external pressure against the tendon, 
forcing it against the fracture during healing, (3) crush inju¬ 
ries, or (4) lacération of the tendon sheath. A sublimis tendon 
usually adhères to the proximal phalanx, causing a flexion 
contracture of the proximal interphalangeal joint; a profun¬ 
dus tendon usually adhères to the middle phalanx, causing a 
flexion contracture of the distal interphalangeal joint. An 
extensor tendon usually adhères to the metacarpal shaft or 
proximal phalanx. Surgery may be indicated when the tendon 
fails to loosen by active exercise, as determined by measure- 
ments of motion of adjacent joints. 


FREEING OF ADHERENT TENDON 


TECHNIQUE 66-21 


(HOWARD) 

■ Make a longitudinal incision parallel to the latéral margin 
of the involved metacarpal and away from any previous 
scar. 

■ Free the tendon from the bone and smooth the bone with 
a rasp or osteotome. 

■ Remove ail scar tissue from the tendon. 

■ Place a Silastic sheet over the bone and anchor it with 
sutures at its corners (Fig. 66-56). 

■ Immobilize the part for 5 days and then begin voluntary 
motion. Improvement can be expected up to 1 year 
postoperatively. 


TENODESIS 

Tenodesis is useful when the profundus has been damaged, 
flexor tendon grafting is impossible, and the fingertip is 
more useful functionally when partially flexed and stabilized 
than when extended; this usually is true of the index finger 
(Fig. 66-57) and for other fingers in certain occupations as 
well. The operation is possible only when the distal stump 




Extensor 

mechanism 

retracted 


Adhesions 


Silastic 

sheet 


FIGURE 


^ Howard technique to free adhèrent extensor 


tendon. SEE TECHNIQUE 66-21. 




Tenodesis for irréparable damage to profundus 
tendon. A f Before tenodesis, distal interphalangeal joint is 
unstable and hyperextends during pinch. B, After tenodesis, joint 
is stable and remains partially flexed during pinch. 


of the profundus tendon is long enough to anchor proximal 
to the distal interphalangeal joint. 


TECHNIQUE 66-22 


■ Make a midlateral incision (see Fig. 64-17) or volar oblique 
incision and identify the stump of the tendon. 

■ Flex the distal interphalangeal joint 30 degrees and note 
the length of profundus tendon required for tenodesis. 

■ Insert a Bunnell pull-out wire suture in the tendon and 
excise any redundant tendon (Fig. 66-58). 
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Technique of tenodesis (see text). Kirschner 
wire is eut off beneath skin at points indicated by arrows. SEE 

TECHNIQUE 66-22. 


■ With the joint in the desired position, insert a Kirschner 
wire obliquely across it and eut off the wire beneath the 
skin. 

■ At the level of intended tenodesis, roughen the bone of 
the middle phalanx with a dental chisel and then drill two 
small holes through it from anterior to posterior. 

■ On the palmar cortex, connect the holes and make a 
small cortical window with a small curet. 

■ With straight needles, thread the ends of the wires 
through the holes, leading the tendon into the cortical 
opening and through the dorsum of the finger, and tie 
them through a button over the middle phalanx. A pull- 
out technique using the Bunnell rétrogradé or the ante- 
grade technique usually is required. 

■ Bring the Bunnell pull-out wire through the volar surface 
of the finger. 

■ Close the wound with 5-0 nylon. 

■Apply a bandage. Although external splinting usually is 
unnecessary, a small splint is good protection from post- 
operative bumping and pain. 

POSTOPERATIVE CARE. The splint and sutures are 
removed at 10 to 14 days. The pull-out wire suture is 
removed at 4 weeks, and the Kirschner wire is removed 
at 5 or 6 weeks. Active motion of uninvolved fingers is 
encouraged. Heavy résistance activities are not begun for 
6 to 8 weeks. 


EXTENSOR TENDONS 

ANATOMY 

As traditionally described, the extensor tendons pass from 
the forearm onto the dorsum of the hand through the six 
compartments beneath the extensor retinaculum. From the 
radial (latéral) side to the ulnar (médial) side of the retinacu¬ 
lum, the compartments contain the following numbers of 
tendons: two, two, one, five, one, and one. The first compart- 
ment contains the extensor pollicis brevis and the abductor 
pollicis longus; the second, the extensors carpi radialis longus 
and brevis; the third, the extensor pollicis longus; the fourth, 
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Most common pattern of extensor tendons on 
dorsum of hand: single extensor indicis proprius tendon, which 
inserts ulnar to extensor digitorum communis of index; single 
extensor digitorum communis of index; single extensor digitorum 
communis long; double extensor digitorum communis ring; 
absent extensor digitorum communis small; and double extensor 
digiti quinti with double insertion. 


the four tendons of the extensor digitorum communis plus 
the extensor indicis proprius; the fiffh, the extensor digiti 
quinti; and the sixth, the extensor carpi ulnaris. In a cadaver 
study, the anatomie patterns of the extensors to the fingers 
were further defined (Fig. 66-59). The most common patterns 
included a single extensor indicis proprius inserting to 
the ulnar side of the index extensor digitorum communis, 
a single extensor digitorum communis to the index finger, a 
single extensor digitorum communis to the long finger, a 
double extensor digitorum communis to the ring finger, an 
absent extensor digitorum communis to the small finger, and 
a double extensor digiti quinti with double insertions. 

Anatomie variations in the extensor tendons are common. 
In the first dorsal compartment, septation occurs in 20% to 
60% of specimens. The abductor pollicis longus may hâve 
multiple slips in 56% to 98% of dissections. Common varia¬ 
tions in the extensors to the fingers include a double extensor 
indicis proprius, double or triple extensor digitorum com¬ 
munis to the long finger, single or triple extensor digitorum 
communis to the ring finger, and single or double extensor 
digitorum communis to the small finger. Variations in the 
juncturae tendinum hâve been classified into three major 
types (Fig. 66-60). 

EXAMINATION 

An extensor tendon (Fig. 66-61) is presumed to be divided 
between the proximal and distal interphalangeal joints when 
active extension of the distal interphalangeal joint is lost. 
Initially, a gross mallet finger deformity may be absent 
because the surrounding capsule and other soft tissues hâve 
not yet been stretched by the strong flexor digitorum profun- 
dus. The division of the central slip of an extensor tendon 
between the metacarpophalangeal and proximal interphalan¬ 
geal joints results in loss of extension of the proximal inter¬ 
phalangeal joint only after the latéral bands subluxate 
anteriorly. Because the metacarpophalangeal and distal inter¬ 
phalangeal joints may be actively extended, this lésion is 
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Juncturae tendinum. A f Type 1 (thin filamentous type) between extensor digitorum communis (EDC) tendons of long 
(EDC m) and index (EDC i) fingers; juncturae did not connect to extensor indicis proprius (EIP) tendon. Numbers on right indicate 
incidence of type 1 juncturae in second and third intermetacarpal spaces. There were no type 1 juncturae présent in any other spaces. 
B f Type 2 (thicker) juncturae between EDC tendons of ring (EDC r) and long (EDC m) fingers. Incidences of type 2 juncturae in third 
and fourth intermetacarpal spaces are shown on right; they were not présent in any other spaces. C f Type 3 (subtype y), in which 
Y-shaped tendon and juncturae appear as split tendon inserting into two adjacent digits, between EDC tendons of ring (EDC r) and 
long (EDC m) fingers. Incidences of type 3y juncturae in third and fourth intermetacarpal spaces are shown on right; they were not 
présent in any other spaces. D f Type 3 (subtype r), more oblique R-shaped juncturae between EDC to ring finger (EDC r) and most radial 
of three extensor digitorum quinti (EDQ) tendons to small finger. Most frequent orientation and incidences of type 3r juncturae in 
third and fourth intermetacarpal spaces are shown on right; they were not présent in any other spaces. 


easily overlooked during the initial examination. When the 
entire extensor expansion, including the latéral bands, is 
divided at this level, extension of the joints distal to the 
wound is lost; such a lésion is unlikely, however, because the 
expansion covers a convex surface of bone, which usually 
blocks the injuring object before the division is complété. 
When the extensor tendon is divided just proximal to the 
metacarpophalangeal joint, the two distal finger joints can be 
extended by the latéral bands and their connecting transverse 
fibers, but extension of the metacarpophalangeal joint is 
incomplète. Partial or complété extension of the finger may 
be possible when a single extensor tendon is divided at the 
wrist because of the presence of accessory communicating 
tendons (juncturae tendinum), as shown in Figure 66-60. 

When checking the long extensor tendon of the thumb, 
the examiner must stabilize the metacarpophalangeal joint 
and must test carefully for active extension of the interpha- 
langeal joint and active rétropulsion of the thumb toward the 
dorsum of the hand. Division of this tendon often is 


overlooked because an intact short thumb extensor can 
actively extend the thumb as a unit. Although the short 
thumb extensor cannot extend the interphalangeal joint 
alone, the thumb intrinsic muscles assist with interphalangeal 
extension in some patients. 

EXTENSOR TENDON REPAIR 

To emphasize the different anatomie relationships of the 
extensor tendons and their attachments, the extensor surface 
of the hand has been divided into eight zones (Fig. 66-62). 
Even-numbered zones are over bones; odd-numbered zones 
are over joints; the forearm area of extensor muscle bellies is 
considered as a ninth zone. The acute (primary) and chronic 
(delayed, secondary) management of the extensor tendon 
injuries within each zone are discussed together. Similarly, 
extensor tendon ruptures, excluding ruptures in rheumatoid 
arthritis, are discussed within their individual zones. For 
additional discussion of extensor tendon ruptures, see 
Chapter 73. 
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Anatomy of the extensor apparatus of the 
fingers. A f Dorsal. B f Latéral. 1, interosseous muscle; 2, extensor 
digitorum communis tendon; 3, lumbrical muscle; 4, flexor tendon 
sheath; 5, sagittal bands; 6, transverse metacarpal ligament; 7, 
interosseous hood; 8, interosseous hood, oblique fibers; 9, exten¬ 
sor latéral band; 10, extensor middle band; 11, interosseous 
middle band; 12, interosseous latéral band; 13, oblique retinacu- 
lar ligament; 14, central extensor tendon; 15, spiral fibers; 16, 
transverse retinacular ligament; 17, latéral extensor tendon; 18, 
triangular lamina; 19, terminal extensor tendon. 



Indications for surgery of extensor tendon lac¬ 
érations vary according to level of pathologie condition; various 
zones hâve been designated. 



FIGURE 


Stack splint. 


■ ZONE I 

Zone I is at the level of the distal interphalangeal joint. Mallet 
finger deformities usually resuit from closed avulsion of the 
insertion of the tendon, sometimes with a small bone frag¬ 
ment, and can be treated by splinting alone (see the subséquent 
discussion of mallet finger). An open transection of the central 
slip insertion at the distal phalanx usually is repaired with a 
roll stitch (see Fig. 66-21), or a dermotenodermal suture, and 
protected with a small transarticular Kirschner wire. 

I EXTENSOR TENDON RUPTURE 

For a closed extensor tendon rupture from its insertion into 
the distal phalanx, the treatment usually is nonsurgical. The 
distal interphalangeal joint is constantly held in hyperexten¬ 
sion on a splint (Fig. 66-63) for 6 to 8 weeks and at night only 
for 2 to 4 additional weeks; this allows the tendon to heal, 
prevents stretching when the splint is removed, and usually 
provides a satisfactory resuit. The last degrees of extreme 
flexion of the distal joint may be lost; however, the flexion 
posture of the joint usually is corrected. Splint treatment 
within 2 weeks of injury has been found to be as effective as 
splinting more than 4 weeks affer injury. This treatment can 
be successful in some patients 3 months affer injury (see 
discussion of treatment of chronic mallet finger subsequently). 
High patient satisfaction was reported at an average of 5 years 
affer splint treatment of mallet deformities, with and without 
fracture. Osteoarthritic changes, seen in 48%, were usually 
associated with fractures. For a discussion of mallet finger 
deformities caused by fractures of the distal phalanx, see 
Chapter 67. 

Mallet finger deformities in children may be caused by 
traumatic séparation of the epiphysis (Fig. 66-64). These 
deformities can be readily recognized with radiographs. Early 
détection usually allows straightforward réduction with 
hyperextension of the distal interphalangeal joint. The finger 
is splinted for 3 to 4 weeks, and healing is rapid compared 
with injury of the extensor tendon itself. Growth disturbance 
is possible but rare. 

ï ACUTE TRANSECTION OF EXTENSOR TENDON 

Treatment of an open injury of the extensor tendon insertion 
requires repair of the tendon. Extension of the skin lacération 
proximally may be required to grasp the tendon and mobilize 
it to its insertion, where a roll suture (see Fig. 66-21) or 
dermotenodermal suture usually is sufhcient to hold the 
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A f Displacement of epiphysis of distal phalanx 
can cause digit to assume mallet finger posture. B f Hyperexten¬ 
sion of phalanx usually affords satisfactory réduction of displaced 
epiphysis. 


■ Resect sufficient scar or tendon to allow closure of the 
gap with the finger in maximal extension. 

■To support and protect the repair, immobilize the joint 
with a transarticular 0.045-inch Kirschner wire. 

■ Repair the extensor tendon with 4-0 monofilament 
nylon or 4-0 monofilament wire as a pull-out roll stitch 
(see Fig. 66-21). No additional sutures are required. 

■ Close the skin with interrupted 5-0 nylon. As an alterna¬ 
tive, use 4-0 nylon as a dermotenodermal suture. 

■ Maintain the finger in extension and apply a compressive 
dressing. Support the finger with a volar splint for post- 
operative comfort and to avoid reinjury in the recovery 
period. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days, and the distal joint is maintained in extension, 
with the Kirschner wire protected by a small métal splint, 
for 4 weeks. The Kirschner wire is removed after 4 to 6 
weeks, and the repair is protected with a splint for 8 
weeks. Normal activities are progressively resumed. 


insertion for healing. The repair can be protected with a 
transarticular Kirschner wire. The wound is closed, and the 
finger is temporarily splinted for comfort and to avoid addi¬ 
tional trauma. The suture is removed after approximately 3 
weeks, the Kirschner wire is removed at approximately 4 
weeks, and the finger is splinted for an additional 4 weeks to 
protect the repair. Progressive motion exercises are begun 
and continued until maximal function has been achieved. 


CHRONIC MALLET FINGER 
(SECONDARY REPAIR) 


TECHNIQUE 66-24 


(FOWLER) 

■ Make a midlateral finger incision (see Fig. 64-17) from 
just distal to the proximal interphalangeal joint to a point 
level with the middle of the proximal phalanx. 

■ Open the deep tissues until the edge of the latéral band 
of the extensor hood is located. 

■ Elevate this edge with a small hook and, with the finger 
in extension, continue elevating the expansion until the 
deep surface of the central slip is exposed at the proximal 
interphalangeal joint. 

■ Elevate the entire extensor hood from the proximal 
phalanx. 

■ Using the point of a no. 11 Bard-Parker knife blade and 
beginning on the deep surface of the central slip, free 
the insertion of the central slip from the proximal edge of 
the middle phalanx (Fig. 66-65). Releasing this central slip 
allows the entire extensor mechanism to displace proxi- 
mally; the tension increases on the distal end and is 
transmitted to the avulsed tendon where the tendon has 
become too long after healing to the distal phalanx by scar. 

■ Close the wound with interrupted 5-0 nylon suture, apply 
a compressive dressing, and protect the finger with a 
splint for postoperative comfort. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days, and the splint is maintained with the proximal 
interphalangeal joint in no more than 30 degrees of 
flexion and the distal joint in extension. Prévention of 
acute flexion of the proximal interphalangeal joint pre- 
vents the capsule of the joint from being torn after release 
of the central slip. The splint is removed at 3 weeks, and 


CHRONIC MALLET FINGER 
(SECONDARY REPAIR) 

A mallet finger caused by avulsion of the extensor tendon 
from the distal phalanx can be satisfactorily treated by 
splinting 12 weeks after injury, as described for an acute 
injury. Prolonged splinting and splinting longer than 12 
weeks may be successful; the duration of splinting may be 
limited by the patient's tolérance of the splinting. After 12 
weeks, if the distal phalanx droops severely, but passive 
extension in the distal interphalangeal joint still is satisfac¬ 
tory, surgery may be indicated, depending on the patient's 
needs. 


TECHNIQUE 66-23 


■ Make a small V-shaped or U-shaped incision, convex 
distally, with the tip no doser than 5 mm proximal to the 
nail base on the dorsum of the finger. Avoid injury to the 
germinal matrix of the nail. 

■ Develop the flap gently in the plane between the tendon 
and the subcutaneous fat. Elevate the flap proximally to 
expose the extensor tendon with its intervening scar. 

■ Attempt to identify the junction of the normal tendon 
with the scar and sever the tendon transversely proximal 
to the joint, leaving the insertion of the tendon into 
bone. 
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Tenotomy of central slip (Fowler procedure) to 
correct mallet finger; this results in proximal retraction of exten- 
sor apparatus. SEE TECHNIQUE 66-24. 


S another splint is applied to immobilize the distal interpha- 
langeal joint. The distal interphalangeal joint is held in 
extension for 4 additional weeks on a small métal splint, 
allowing full motion of the proximal interphalangeal and 
metacarpophalangeal joints. 




I CORRECTION OF AN OLD MALLET FINGER 
DEFORMITY BY TENDON TRANSFER OR 
TENDON GRAFT 

The technique used to correct hyperextension locking defor- 
mity in the proximal interphalangeal joint by transfer ring a 
latéral band of the extensor mechanism also can be used to 
correct an old mallet finger deformity when passive motion 
is satisfactory and any arthritic changes in the distal joint are 
no worse than moderate (Fig. 66-66). Successful treatment of 
posttraumatic mallet deformities has been reported with 
reconstruction of the oblique retinacular ligament with a 
palmaris tendon graff passed from the distal phalanx proxi- 
mally along the path of the oblique retinacular ligament, 
spiraling volar to the flexor tendon sheath between the neu- 
rovascular bundle and the flexor sheath, across to the opposite 
side of the proximal phalanx volar to the proximal interpha¬ 
langeal joint and secured to the base of the proximal phalanx 
through a drill hole using a pull-out technique (the spiral 
oblique retinacular ligament). 


TENDON TRANSFER FOR 
CORRECTION OF OLD MALLET 
FINGER DEFORMITY 


TECHNIQUE 66-25 


(MILFORD) 

■ Make a latéral incision on the least scarred side of the 
digit and expose the extensor mechanism and the flexor 
sheath (Fig. 66-66A). 

■ Detach one latéral band just beyond the metacarpopha¬ 
langeal joint of the finger and dissect it loose entirely to 
its insertion distally (Fig. 66-66B). 


Technique of correcting récurrent hyperexten¬ 
sion and locking of proximal interphalangeal joint. A f Latéral 
view of extensor hood and flexor tendon sheath. B f One latéral 
band of hood has been detached proximally. C f Detached band 
has been threaded through small pulley made in flexor tendon 
sheath opposite proximal interphalangeal joint and has been 
sutured to hood under enough tension to create slight flexion 
contracture of joint. SEE TECHNIQUE 66-25. 


■ Make a small pulley by opening the flexor tendon sheath 
with two parallel incisions opposite the proximal interpha¬ 
langeal joint. 

■ Pass the latéral band of tendon slip from distal to proximal 
through the pulley, bringing the end to be sutured to the 
extensor hood a bit dorsal to its original position on 
the latéral side of the extensor mechanism (Fig. 66-66C). 

■ Correct tension on this transfer is essential and holds the 
proximal interphalangeal joint slightly flexed while the 
distal joint is fully extended. 

■ Protect this repair with a transarticular 0.045-inch Kirsch- 
ner wire obliquely placed across the proximal interphalan¬ 
geal joint. 

■ Close the wound with interrupted 5-0 nylon suture and 
apply a conforming, compressing dressing, supporting the 
finger, hand, and wrist with a volar plaster splint over adé¬ 
quate padding for postoperative comfort and protection. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days. At 4 weeks, the transarticular Kirschner wire is 
removed. Between exercise periods the finger is protected 
with a volar removable splint, which should be worn at night 
and during the day except for exercise periods. Wearing of 
this splint can be discontinued after about 8 weeks, and 
graduai improvement in motion may progress. 
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TENDON GRAFT FOR CORRECTION OF 
OLD MALLET FINGER DEFORMITY 


TECHNIQUE 66-26 


■ Make a dorsal angular incision exposing the distal phalanx 
and short midradial and midulnar incisions to approach 
the radial side of the proximal interphalangeal joint and 
the ulnar aspect of the proximal phalanx (Fig. 66-67). 

■ Make a vertical hole in the distal phalanx between the 
extensor tendon insertion and the nail germinal matrix 
using a small, sharp gouge. 

■ Use a hemostat for gentle blunt dissection proximally 
along the radial side of the middle phalanx following the 
latéral band, passing dorsal to the Cleland ligament to 
the proximal interphalangeal joint, and create a tunnel 
that spirals to the palmar surface between the neurovas- 
cular bundles and the volar surface of the flexor sheath, 
exiting through the ulnar incision at the base of the 
proximal phalanx. 

■ Make a transverse hole through the base of the proximal 
phalanx volar to the latéral band, passing from the ulnar 
side to the radial side. 

■ Harvest a palmaris or plantaris tendon graft (Fig. 66-46). 

■ Use a 22-gauge or smaller stainless Steel wire placed 
through the holes in the bone and along the tunnel that 
spirals from the distal phalanx along the radial side and 


Latéral band 



Volar plate 




Palmaris longus tenodesis for oblique retinacu- 
lar ligament reconstruction for swan-neck deformity, called the 
spiral oblique retinacular ligament. Pathologie condition of swan- 
neck deformity involves hyperextension of proximal interphalan¬ 
geal joint with extensor lag at distal joint, combined with laxity 
of volar plate. Palmaris longus can be used to provide tenodesis 
to correct imbalance at both joints. SEE TECHNIQUE 66-26. 


volar to the flexor sheath to guide the tendon graft into 
its appropriate position. 

■Apply longitudinal tension to the proximal end of the 
graft and demonstrate that the distal and the proximal 
interphalangeal joints will be extended. 

■ Secure the distal bony attachment of the tendon to the 
distal phalanx using an antegrade pull-out wire technique 
over a felt-and-button gently applied to the pulp of the 
distal phalanx. Set the tension on the graft by adjusting 
it with the proximal and the distal interphalangeal joints 
at neutral extension, and secure the proximal free ends 
of the tendon graft with a button-over-felt applied to the 
radial side over the base of the proximal phalanx. With 
these attachments, passive extension of the proximal 
interphalangeal joint should show full passive extension 
of the distal interphalangeal joint with a tenodesis effect. 

■ Take care in adjusting the tension on the tendon graft to 
avoid excessive pull, which can cause proximal interpha¬ 
langeal joint flexion and distal interphalangeal joint 
extension, or a boutonnière posture. If necessary, transfix 
the proximal interphalangeal joint in extension with a 
0.045-inch Kirschner wire to protect the tenodesis. 

■ Immobilize the hand with the wrist slightly extended, the 
metacarpophalangeal joint flexed, and the proximal and 
distal interphalangeal joints fully extended. 

■ Apply a well-padded volar plaster splint for postoperative 
comfort and protection. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days. At about 4 weeks, Kirschner wires are 
removed, and the affected digit is protected with a dorsal 
splint that holds the proximal interphalangeal joint in 20 
degrees of flexion and the distal interphalangeal joint at 
neutral. The pull-out wires are removed at approximately 
3 weeks. Active-assisted flexion exercises are begun after 
removal of the Kirschner wires (approximately 4 weeks), 
and hyperextension is avoided beyond a position of about 
20 degrees of flexion. From 6 to 10 weeks after surgery, 
the protective splint gradually is extended 5 to 10 degrees. 
Stretching of the proximal interphalangeal joint beyond 
5 to 10 degrees of flexion should be avoided. 


■ ZONE II 

Zone II is the area over the middle phalanx. The fiat tendon 
in this area may limit the suture configuration. Latéral tendons 
lacerated proximal to the insertion can be sutured with a 
figure-of-eight mattress stitch or a roll stitch (see Fig. 66-21). 
The Kleinert modification of the Bunnell suture (Fig. 66-68) 
and the modified Kessler sutures are stronger than a figure- 
of-eight or mattress suture for repair of extensor tendons in 



FIGURE 


Kleinert modification of Bunnell crisscross 


suture technique. 
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A and B f Dorsolateral and latéral views of extensor mechanism. C f Anterior dislocation of proximal interphalangeal 
joint with rupture of middle slip, avulsed collateral ligament, and partial tear of distal fibers of transverse retinacular ligament. Latéral 


band is displaced anteriorly. 


zone II. A continuons suture reinforced with a Silfverskiôld 
cross stitch (see Fig. 66-9) provides a strong repair as well. 

■ ZONE III 

Zone III is the area of the proximal interphalangeal joint. 

I RUPTURE OR ACUTE TRANSECTION 
OF THE CENTRAL SLIP OF THE EXTENSOR 
EXPANSION (BOUTONNIERE DEFORMITY) 

Rupture or lacération of the central slip of the extensor expan¬ 
sion at or near its insertion results in loss of active extension 
of the proximal interphalangeal joint and consequently per¬ 
sistent flexion of the joint. If lefît untreated, the collateral liga¬ 
ments and volar plate of the proximal interphalangeal joint 
become contracted. The latéral bands of the extensor expan¬ 
sion subluxate volarward and are held there by the transverse 
retinacular ligaments, which also become contracted. This 
results in an established boutonnière deformity. The latéral 
bands, because they lie volar to the transverse axis of rotation 
of the proximal interphalangeal joint, act as flexors of the 
joint. The contracted oblique retinacular ligaments and the 
latéral bands force the distal interphalangeal joint into hyper¬ 
extension, which may be increased by any attempt to extend 
the proximal interphalangeal joint passively. 

Buttonholing also can be caused by traumatic rotation of 
a digit at the proximal interphalangeal joint while partially 
flexed. Rotation can cause a condyle of the proximal phalanx 
to protrude through the capsule and disrupt the triangular 
ligament area between the latéral band and the central tendon. 
This condylar herniation can cause a volar subluxation of 
the latéral band. A rupture of the extensor mechanism 
occurs, but the central tendon may not separate completely. 
The collateral ligament may be partially disrupted, and there 
may be an accompanying dislocation of the proximal inter¬ 
phalangeal joint. Affer such an injury, the proximal interpha¬ 
langeal joint cannot be fully extended because of hemorrhage 
and swelling. The joint remains in its flexed position, and the 


subluxated latéral band contracts, allowing the transverse 
retinacular ligament also to contract, securely holding 
the subluxated latéral band. With anterior dislocation of the 
proximal interphalangeal joint, complété rupture of the 
central slip and latéral ligament may occur (Fig. 66-69). 

Boutonnière deformities that are diagnosed early in 
closed wounds before fixed contractures occur can be treated 
conservatively. If the patient can show some active extension 
of the proximal interphalangeal joint, this suggests that an 
incompletely ruptured central slip may be présent. Conserva¬ 
tive treatment consists of splinting the proximal interphalan¬ 
geal joint in full extension while permitting the distal 
interphalangeal joint to be actively flexed. Excessive pressure 
leading to skin necrosis over the proximal interphalangeal 
joint area should be avoided. Extension should be maintained 
around the clock for 4 to 6 weeks and continued nightly for 
several more weeks. When a boutonnière deformity is trau¬ 
matic, and the diagnosis of complété rupture, transection, or 
lacération of the central slip can be made, it should be exposed 
surgically and repaired. 


REPAIR OF CENTRAL SLIP OF THE 
EXTENSOR EXPANSION CAUSING 
BOUTONNIERE DEFORMITY 


TECHNIQUE 66-27 


■ Expose the extensor mechanism dorsally with a lazy-S or 
bayonet incision. 

■ Place the proximal interphalangeal joint in full extension 
and hold it in this position with a 0.045-inch Kirschner 
wire inserted obliquely across the joint. 

■ Repair the disruption of the central slip with a roll stitch 
of 4-0 monofilament nylon or wire. If there is sufficient 
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tendon, use a core suture, supplemented with a Silfver- 
skiôld cross stitch (see Fig. 66-9). If there is an insufficient 
insertion, a suture anchor may provide satisfactory attach- 
ment of the central slip to the middle phalanx. 

■Close the wound and apply a volar splint over a gently 
compressing dressing. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days, the transarticular wire is removed at 3 to 4 
weeks, and graduai protected flexion is allowed. A volar 
splint is worn to protect the repair for an additional 4 
weeks except for exercise. Evans reported better results 
in patients who began a program of early "short arc" 
exercises 2 to 11 days after central slip repair compared 
with patients who had 3 to 6 weeks of continuous 
postoperative immobilization. This technique may be 


considered in patients who do not require transarticular 
wire stabilization and whose injuries and compliance 
permit. 


ICHRONIC BOUTONNIERE DEFORMITY 
(SECONDARY REPAIR AND RECONSTRUCTION) 

In neglected, undiagnosed, or chronic boutonnière deformity, 
the central slip of extensor expansion has retracted and the 
latéral bands loosen and subluxate volarward after their 
dorsal transverse retaining fibers hâve stretched additionally. 
This subluxation allows the proximal interphalangeal joint to 
flex, the latéral bands become contracted, and a fixed flexion 
contracture of the proximal interphalangeal joint with 
hyperextension of the distal interphalangeal joint occurs 
(Fig. 66-70 A). Before any surgical procedure, splinting and 
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Littler technique for repair of old boutonnière deformity. A f Typical deformity with flexion of proximal interphalan¬ 
geal joint and extension of distal interphalangeal joint. Latéral bands hâve subluxated volarward. B f Dorsal curved longitudinal incision 
is made. C f Insertions of latéral bands are completely freed except for radialmost fibers of radial latéral band. D and E f Latéral bands 
are shifted dorsally and proximally and are sutured together and to soft tissues over proximal third of middle phalanx and to central 
tendon. F f Proximal interphalangeal joint (PIP) is fixed in full extension by Kirschner wire. G f After repair, proximal interphalangeal joint 
is extended by extensor hood and distal interphalangeal joint by preserved lumbrical muscle and oblique retinacular ligament. SEE 
TECHNIQUE 66-28. 
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DIP 


PIP 


Latéral band 

Central tendon 



A 



Extensor tenotomy for supple boutonnière 
deformity. A and B f Latéral bands are released distal to insertion 
of central slips. The resulting latéral proximal migration of exten¬ 
sor mechanism reduces tension at distal interphalangeal joint 
(DIP) and increases extensor tension at proximal interphalangeal 
joint (PIP). 




Severed extensor mechanism over proximal 
interphalangeal joint (above); rétrogradé flap of central slip has 
been elevated. After suture of severed central slip and latéral 
bands, rétrogradé flap is brought over juncture as batten. 


stretching should be done to relieve contractures of the 
proximal and distal interphalangeal joints. Reconstruction 
after rupture or lacération of the central slip of the extensor 
expansion is difficult and requires a précisé and extensive 
procedure to restore the function of the damaged central slip 
and to release the associated contractures. For the bouton¬ 
nière deformity with a flexible proximal interphalangeal joint, 
the Fowler/Dolphin tenotomy of latéral bands distal to the 
central slip insertion may restore proximal interphalangeal 
joint extension and allow distal interphalangeal joint flexion 
(Fig. 66-71). A variety of techniques hâve been described for 
reconstructing the extensor mechanism, including the central 
slip flap of Snow (Fig. 66-72), the latéral band flaps of Aiache 
(Fig. 66-73), the latéral band relocation of Matev, and the 



Injury to middle slip. Latéral bands are freed, 
and oblique and transverse retinacular ligaments are elevated 
from middle phalanx (left). Each latéral band isslit longitudinally 
into two parts (center). Médial halves of latéral bands are sutured 
together and to capsule in midline (right). 


dorsal shiff of the latéral bands of Littler, described here. 
Tendon graffs may be necessary if there is a significant seg¬ 
mentai defect in the extensor mechanism. If the joint has 
significant arthrosis, proximal interphalangeal joint arthro- 
desis or arthroplasty may be considered. 


RECONSTRUCTION OF THE EXTENSOR 
MECHANISM FOR CHRONIC 
BOUTONNIERE DEFORMITY 


TECHNIQUE 66-28 


(LITTLER, MODIFIED) 

■ Make a dorsal curved incision centered over the proximal 
interphalangeal joint (Fig. 66-70B), exposing the latéral 
bands. 

■ Using the point of a probe, dissect deep to each transverse 
retinacular ligament from its origin near the volar plate 
to its insertion on the border of the latéral band. 

■ Using small scissors, divide each transverse retinacular 
ligament near its midportion. 

■ Free the insertions of the latéral band so that they can be 
replaced dorsally. 

■ On the radial side, separate with sharp dissection, leaving 
intact the radial fibers of the latéral band representing the 
contribution of the lumbrical muscles and the oblique 
retinacular ligament. 

■ This should preserve active extension of the distal inter¬ 
phalangeal joint. 

■ At this point, the insertions of the latéral band should be 
completely free except for the radialmost fibers of the 
radial latéral band (Fig. 66-70C). 

■ Shift the bands dorsally and proximally and suture them 
to the soft tissue and periosteum over the proximal third 
of the middle phalanx (Fig. 66-70D and E). 
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■ Suture them to the attenuated central tendon with the 
proximal interphalangeal joint held in full extension. 

■ Support the repair with a transarticular 0.045-inch Kirsch- 
ner wire obliquely placed across the joint (Fig. 66-70F). 

■ Leave the divided transverse retinacular ligaments 
unsutured. 

■ Close the wound with 5-0 interrupted monofilament 
nylon suture. 

■ Use a volar splint for immédiate postoperative protection 
and comfort. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days. At 3 to 4 weeks the transarticular Kirschner 
wire is removed, and protected motion is allowed. A 
volar splint is used on the finger to protect the proximal 
interphalangeal joint, allowing distal interphalangeal 
flexion for another 4 weeks. This splint is worn during the 
day and night and is removed for exercise three to four 
times daily. 


■ ZONE IV 

Zone IV includes the area over the proximal phalanx. Lacéra¬ 
tions over the proximal phalanx may cause an incomplète 
injury to the tendon because of the broad tendon covering 
the phalanx. If full active proximal interphalangeal joint 
extension is présent, closed treatment with splinting may 
suffice. If proximal interphalangeal joint extension is limited, 
exploration of the wound is needed to détermine the extent 
of injury. A core stitch of the modified Bunnell configuration 
of Kleinert or the modified Kessler stitch, reinforced with a 
cross stitch (see Fig. 66-9), provides a strong repair and does 
not shorten the tendon, according to Newport et al. Postop¬ 
erative extension splinting is maintained for 6 to 8 weeks, and 
a “short arc” range-of-motion réhabilitation program may be 
started. 

■ ZONE V 

Zone V includes the area at the metacarpophalangeal joint. 
For a clean lacération, repair of the tendon with a core suture 
reinforced with a cross stitch is indicated. If the tendon injury 
occurs as the resuit of a tooth injury, repair of the tendon is 
delayed until it is clear that there are no septic complications, 
or until the infection is controlled. 

I TRAUMATIC DISLOCATION OF THE 
EXTENSOR TENDON AT THE 
METACARPOPHALANGEAL JOINT 

Traumatic dislocation of the extensor tendon toward the 
ulnar aspect of the metacarpophalangeal joint occurs most 
commonly in the long finger. The dislocation usually occurs 
as a resuit of a tear in the proximal radial portion of the 
shroud ligament (sagittal bands) and the more proximal 
fascia as the finger is suddenly extended against a force, as in 
a flicking or thumping motion. Ulnar side disruption with 
radial displacement of the tendon is rare. More violent 
mechanisms may cause collateral ligament and joint surface 
injury. If seen within the first few days, this dislocation can 
be treated effectively with splinting of the metacarpophalan¬ 
geal joint and wrist in extension for 3 to 4 weeks, foliowed by 
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3 to 4 weeks of removable splinting or buddy taping to the 
adjacent finger on the radial side in the case of ulnar displace¬ 
ment. If the condition goes undetected and becomes chronic, 
a repair using a section of the central fibers of the extensor 
mechanism at the metacarpophalangeal joint can be success- 
ful. Rayan and Murray described three clinical types of sagit¬ 
tal band injuries (Fig. 66-74): type I injuries show no extensor 
instability, type II injuries are injuries with extensor tendon 
subluxation, and type III injuries hâve extensor tendon 
dislocation. In their sériés of 28 nonrheumatoid patients, 
those treated within 3 weeks of injury achieved satisfactory 
results with nonoperative splinting. Patients with more 
severe or chronic involvement frequently required operative 
treatment. 


REPAIR OF TRAUMATIC DISLOCATION 
OF THE EXTENSOR TENDON 


TECHNIQUE 66-29 


■ Use of an intravenous régional block or local infiltration 
anesthetic allows the patient to attempt active extension 
of the finger before wound closure to ensure that the 
extensor tendon remains centralized. 

■ Make a curved incision on the radial side of the metacar¬ 
pophalangeal joint to expose the joint and the subluxating 
extensor tendon. 

■ Release the ulnar sagittal band if it is contracted. 

■ Direct repair of the radial sagittal band may be possible, 
although it may require reinforcement. 

■ Several methods can be used to recentralize the extensor 
tendon. In one method, create a loop by removing a 5-cm 
latéral margin of the central tendon at this level, leaving 
the distal insertion of this segment attached. 

■ Pass the proximal segment through a small window made 
with vertical incisions in the capsule and through the 
superficial portion of the joint capsule, and suture the 
proximal end to the extensor tendon. In some patients, 
the extensor tendon can be found "shucked" from the 
dorsum of the sagittal band. In these patients, the tendon 
can be reattached to its bed with three or four 4-0 
nonabsorbable sutures. 

■ Otherwise, fashion a narrow slip (3- to 4-mm) of the 
sagittal band vertical fibers by making vertical parallel 
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A f Cross section of metacarpal head in which ulnar subluxation of extensor tendon is shown. B f Ulnar-based loop 


formed from extensor tendon passed in distal-to-proximal direction around radial collateral ligament and sutured to extensor tendon. 
MP, Metacarpophalangeal. SEE TECHNIQUE 66-29. 


9 incisions from dorsal to palmar on the radial side to create 
a strip about 8 mm long, based dorsally. 

■ Pass this slip dorsally through a narrow slit in the extensor 
tendon and suture the slip back on itself with two or three 
4-0 nonabsorbable sutures. 

■The technique of Carroll étal, includes release of the 
ulnar sagittal band and élévation of a distally based 
tendon strip from the ulnar side of the extensor digitorum 
communis. 

■ Make the strip long enough to pass beneath the radial 
side of the extensor digitorum communis, dorsal to the 
joint, deep to the radial collateral ligament, and dorsally 
again to suture it to the extensor digitorum communis 
tendon dorsally (Fig. 66-75). 

■Adjustment of the tension is essential to maintain the 
central alignment of the subluxating extensor tendon and 
to allow flexion of the metacarpophalangeal joint. 

■ Close the wound and apply a splint to maintain the finger 
in radial déviation to prevent ulnar déviation. 

POSTOPERATIVE CARE. The sutures are removed after 
10 to 14 days, and the splint is maintained with the 
metacarpophalangeal joint extended for 4 weeks. A 
removable splint is applied to block metacarpophalangeal 
joint flexion, leaving the proximal interphalangeal free to 
move. Graduai improvement of motion is allowed, and 
the finger is taped to the adjacent radial-side finger to 
protect the repair. Protected motion and splinting is 
maintained for about 8 weeks, and a graduai increase in 
activities is allowed thereafter. Casting may be required 
for 4 weeks to maintain extension of the metacarpopha¬ 
langeal joint in uncooperative or noncompliant patients 
or patients with limited ability to understand or in a poor 
social situation. 


■ ZONE VI 

Zone VI is the area of the metacarpals of the fingers. Wounds 
should be explored in patients who cannot hyperextend 
the metacarpophalangeal joint even though weak active 


extension may be présent. Intact adjacent tendons pulling 
through the juncturae tendinum and the presence of intact 
proprius tendons to the index and small fingers may conceal 
a complété transection of extensor tendons in zone VI. 
Adéquate exposure is required to retrieve tendons that may 
retract proximally. The size and diameter of the tendons over 
the metacarpals permits the use of a 3-0 or 4-0 core suture 
with an epitendinous suture. Considering the studies of 
extensor tendon repair techniques, either the Becker repair 
or the Kleinert modification of the Bunnell repair should 
provide sufficient résistance to gap formation, while permit- 
ting metacarpophalangeal and proximal interphalangeal joint 
motion. Postoperatively, continuous dynamic splinting or 
static followed by dynamic splinting is used for 6 to 8 weeks. 

■ ZONE VII 

Zone VII is the area of the wrist under the dorsal carpal liga¬ 
ment (extensor retinaculum). At this level, the tendons hâve 
mesotenon. They are retained by the dorsal carpal ligament, 
which acts as a pulley, and are ensheathed in fibroosseous 
canals similar to the digital flexor sheath. More extensive 
incisions and dissection may be required to retrieve lacerated 
tendons because they tend to retract proximally into the 
forearm. Primary repair of extensor tendons here can be done 
with a 3-0 or 4-0 core suture, supplemented with a circum- 
ferential epitendinous suture. Access to the tendons may 
require élévation of the extensor retinaculum. A straightfor- 
ward removal of the proximal or distal portion of the reti¬ 
naculum may allow sufficient exposure of the tendons for 
repair, while preserving sufficient retinaculum to avoid bow- 
stringing of the tendons. Using another method, the extensor 
retinaculum is opened with a Z-lengthening incision, which 
allows repair of the retinaculum over the tendon repairs. 
Splinting the wrist after repair in a position of moderate 
extension instead of full extension helps to limit the bowstring 
effect. Tendons repaired in this zone may become stuck in 
their canals as they heal. 

■ ZONE VIII 

Zone VIII is the area of the distal forearm, proximal to the 
extensor retinaculum (dorsal carpal ligament). In this zone, 
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many extensor tendons are covered by their respective 
muscles. Careful dissection is required to identify the proxi¬ 
mal portion of the muscle belly, which is appropriate for 
attachment of the tendon. The tendinous portion of the 
musculotendinous unit can be sutured to the muscle belly 
with a carefully placed 3-0 mattress or figure-of-eight suture 
to minimize the tendency of sutures to eut out or pull through 
the muscle. A volar splint is applied from the elbow to the 
proximal interphalangeal joints to maintain the wrist in full 
extension postoperatively. This permits maximal relaxation of 
the musculotendinous unit because it is difficult to maintain 
muscle-to-muscle repair by any suture technique. 

■ ZONE IX 

Lacérations of the extensor muscle bellies in the proximal 
forearm (zone IX of Doyle) may hâve associated vessel and 
nerve injuries. If treated early, the muscle bellies usually 
require several mattress or figure-of-eight sutures to hold the 
muscle together. If difficulty is encountered with suturing 
techniques, tendon graff s can be used in a weaving technique 
through the muscle belly from one side of the lacération to 
the other. The wrist is held in appropriate extension and the 
metacarpophalangeal joints in about 30 degrees of flexion 
with the proximal interphalangeal joints left free. This splint 
or some similar protection is needed for about 6 weeks. 

SECONDARY REPAIR OF 
EXTENSOR TENDONS 

An extensor tendon usually can be repaired secondarily by 
direct suture at the level of the metacarpophalangeal joint or 
on the dorsum of the hand. Affer 4 to 6 weeks, when the 
proximal segment has retracted or when a segment of tendon 
has been destroyed, the options for treatment include transfer 
of the extensor indicis proprius tendon to the distal segment, 
side-to-side suture of the distal segment to an intact adjoining 
extensor tendon, or segmentai tendon graff. For severe inju¬ 
ries in which whole segments of tendon hâve been lost, 
tendon graffing may be necessary. If multiple tendons hâve 
been abraded, or avulsed, or if the muscle has been dener- 
vated and has become fibrotic and scarred, transferring a 
suitable muscle, such as the flexor carpi ulnaris or flexor carpi 
radialis, with attachment to the distal segment can provide 
satisfactory function. An interposition graff may be required 
in such situations as well (see section on technique of tendon 
transfers). 

EXTENSORS OF THE THUMB 

■ ZONES Tl AND Tll 

Zone TI includes the thumb interphalangeal joint; zone TU 
includes the proximal phalanx. Closed injuries to the exten¬ 
sor pollicis longus in these zones may be treated with pro- 
longed splinting for 8 or more weeks, as for mallet finger 
injuries in the fingers. Associated fractures of the distal 
phalanx involving 50% or more of the joint or fractures with 
distal fragment subluxation usually require réduction and 
internai fixation. 

When an extensor pollicis longus tendon has been 
divided at the interphalangeal joint, its proximal segment 
does not retract appreciably because the adductor pollicis, 
abductor pollicis brevis, and extensor pollicis brevis insert 
into the extensor expansion; consequently, the tendon can be 
repaired primarily or secondarily without graffing or tendon 
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transfer. A 4-0 core suture, supplemented with an epitendi- 
nous cross stitch, usually is sufficient. Transarticular pinning 
of the interphalangeal joint for 4 weeks permits active motion 
of the metacarpophalangeal joint. Splinting is maintained for 
another 4 weeks affer pin removal. Active motion is begun 
affer the total period of splinting. 

■ ZONES TIN AND TIV 

Zone TIII is at the metacarpophalangeal joint; zone TIV is 
over the thumb metacarpal. Injuries to the extensor pollicis 
brevis in these zones usually are repaired. When the tendon 
has been divided at the metacarpophalangeal joint or more 
proximally, its proximal segment retracts rapidly. By 1 month 
affer injury, a fixed contracture of the muscle usually has 
developed. The contracture offen can be overcome by rerout- 
ing the tendon from around the Lister tubercle and placing it 
in a straight line; when this maneuver does not provide 
enough length, the extensor indicis proprius tendon can be 
transferred, and in this instance only one suture line is neces¬ 
sary instead of the two a graff would require. 

■ ZONE TV 

Zone TV includes the third extensor compartment and the 
area of the first dorsal compartment. The extensor pollicis 
longus, extensor pollicis brevis, and abductor pollicis longus 
tendons may be injured in this zone. The superficial radial 
nerve also is at risk for injury. Tendons injured in the first 
dorsal compartment usually are mobilized from that com¬ 
partment to minimize adhesion formation. Repairs to ail 
injured tendons are done with 3-0 or 4-0 core sutures supple¬ 
mented with a circumferential epitendinous suture. 

When the tendon is divided at a level far enough proximal 
for the distal end of the palmaris longus tendon to reach the 
end of its distal segment, this tendon can be transferred 
instead of the extensor indicis proprius. A graff is necessary 
to bridge a long defect when a tendon transfer is either 
impossible or undesirable. If a graff is selected, it should be 
rerouted from around the Lister tubercle to avoid adhesion 
and abrasion of the graff. 

A splint is applied with the wrist in near full extension 
and the thumb extended and abducted. The splint should 
begin distal to the elbow but extend to the thumb tip and to 
the distal palmar crease. This immobilizes the thumb but 
releases the movement of the fingers. The splint should be 
maintained for 4 weeks, and then the thumb is gradually 
permitted to move, with the wrist splinted in extension for 
another 4 weeks. Due to noncompliance or an inability to 
understand, some patients may require casting for 4 weeks 
postoperatively. 
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Although general management principles apply to the hand, 
functional impairment may follow seemingly minor trauma 
from résultant secondary sensory loss, motion restriction, 
and weakness. When treating fractures, anatomie and radio¬ 
graphie perfection does not always lead to normal function 
and early and accurate détection of soff-tissue injuries may 
require more specialized and urgent treatment. Often, it is 
better to accept a less than anatomie fracture position and 
strive to obtain good function through proper splinting 
and early motion. In general, a closed approach to the man¬ 
agement of hand fractures and dislocations is preferred to 
operation; when surgery is required, the least complicated 
procedure to accomplish the desired functional resuit should 
be chosen. With few exceptions, prolonged immobilization 
(>3 weeks) is not indicated in treating hand injuries. Because 
clinical fracture union often précédés radiographie evidence 
of union by many weeks, early motion can be encouraged 
when clinical stability is ensured. 

Angulation and lack of fracture apposition frequently are 
much more obvious on radiographs than on clinical examina¬ 
tion. Fracture rotation may become clinically obvious only 
after a composite fist is attempted and demonstrates finger 
override or déviation (Fig. 67-1). Observing the plane of the 
fingernails (Fig. 67-2) at the time of réduction or fixation 
helps to détermine rotation; passively flexing ail fingers fully 
at the metacarpophalangeal, proximal interphalangeal, and 


distal interphalangeal joints at one time also helps to verify 
the appropriate fracture rotation after fracture réduction or 
internai fixation. When closed réduction methods are used 
for rotationally unstable fractures, taping the injured finger 
to an uninjured finger may help correct or prevent rotational 
change. In this instance, we prefer not to use gauze or cast 
padding between the fingers and sometimes use the tape as a 
derotation device (Fig. 67-3). 

The small finger has a normal tendency to overlap the 
ring finger. This becomes most apparent when the small 
finger can be only partially flexed while the ring finger is fully 
flexed. This “normal” overlap is permitted by the rotation 
allowable at the fifth carpometacarpal joint and the fact that 
each fingertip points to the scaphoid tuberosity when flexed 
individually. Only when full composite small finger flexion is 
possible in conjunction with the ring finger can proper 
rotational alignment be ascertained. When small finger 
fracture healing has been achieved, passive external rotation 
seldom is possible and further internai rotation is accentu- 
ated. Anteroposterior and latéral radiographs are necessary 
to détermine the fragment positions before and after réduc¬ 
tion. Splay latéral views of the digits in varying amounts of 
flexion to prevent phalangeal override may at b est show only 
one digit in a true latéral projection. Oblique views often are 
helpful in assessing réduction of articular fractures. True 
latéral views of the ring and small finger metacarpals can be 
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obtained with the hand in 10 degrees of supination and the 
index and middle fingers in 10 degrees of pronation. Latéral 
tomograms or CT scans in the sagittal plane occasionally are 
necessary to evaluate displacement when a splint is applied. 
Even when the fracture is being reduced under direct vision, 




Malrotation of metacarpal or phalangeal frac¬ 
ture must be corrected. A f Normally, ail fingers point toward 
région of scaphoid when fist is made. B f Malrotation at fracture 
causes affected finger to deviate. 


radiographs can prevent errors in alignment and can reveal 
small fragments of bone not seen before réduction. Shaff 
fractures are best evaluated by multiple images with the bone 
parallel to the film or image source, and articular fractures 
may require views projecting the joint surfaces perpendicular 
to the radiation beam. 


PRINCIPLES OF TREATMENT 

For most metacarpal and phalangeal fractures, closed 
manipulation, proper splinting, and protected motion gener- 
ally produce good functional results. There are exceptions, 



Observing plane of fingernails helps in detect- 
ing malrotation at fracture; compare with opposite hand. A f 
Normal alignment of fingernails. B f Alignment of fingernails with 
malrotation of ring finger. 



A, Simulation of a typical rotational deformity caused by a fracture of the fifth digit. (B through D) Shows external 
rotation réduction maneuver combined with a buddy finger taping technique to hold the réduction. (E and F) Demonstrate a second 
strip of tape placed distal to the proximal interphalangeal joint in a similar fashion. 
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however, when operative treatment, usually open réduction 
and internai fixation or closed manipulation and percutane- 
ous pinning, may provide superior results. Percutaneous 
pinning should be attempted before edema oblitérâtes exter- 
nal landmarks. If necessary, the extremity can be elevated for 
24 to 48 hours before réduction and pinning. Fracture fixa¬ 
tion, especially by open means, is preferably performed when 
the soft-tissue envelope is not markedly swollen; sometimes 
a delay in fixation of 7 to 10 days is warranted. Some form of 
fixation is most offen indicated in the following instances: 
(1) when a displaced fracture involves a significant portion of 
the articular surface (exact réduction is necessary to restore 
joint motion); (2) when a fracture is part of a major ligamen- 
tous or tendinous avulsion; (3) when a fracture is so severely 
displaced that interposition of tendons or other soft tissue 
prevents realignment by manipulation; (4) when multiple 
fractures are involved, and the hand cannot be held in the 
position of function without internai fixation; and (5) when 
a fracture is open (internai fixation allows wound care after 
surgery without loss of réduction). 

Severely comminuted closed fractures usually should not 
be opened because internai fixation of multiple fragments 
may be impossible. Limited percutaneous pinning occasion- 
ally is indicated. 

Dislocations can be managed by manipulation and early 
function. Many are self-reduced, and functional motion 
through “buddy taping” to an adjacent finger generally pro- 
vides a good resuit. It is important, however, to examine for 
associated ligamentous injury or tendon avulsion. Surgery is 
required most offen for the following conditions: 

■ Unstable thumb or finger carpometacarpal joint 
dislocations 

■ Thumb metacarpophalangeal joint injuries with complété 
ulnar collateral ligament rupture 

■ Dislocations in which a tendon is trapped, preventing 
manipulative réduction 

■ Chronic undiagnosed dislocations 

■ “Buttonhole” dislocations 

OPEN FRACTURES AND DISLOCATIONS 

Open fractures and dislocations require wound debridement 
and irrigation and then réduction. If an open dislocation is 
self-reduced and a contaminant is suspected, redislocation 
and wound cleansing should be done. Finger motion should 
begin as soon as soft-tissue healing and fracture and joint 
stability permit. Fixation should permit wound inspection or 
dressing changes without loss of fracture alignment. 

Severely traumatized hands commonly are accompanied 
by soft-tissue defects, and additional incisions are usually 
unnecessary to access the fracture. Fractures should be fixed 
under direct vision or percutaneously, and segmentai defects 
of tubular bones may be held to length by wire spacers or rods 
to prevent collapse while the wound is healing (Fig. 67-4). 
Massive trauma to the hand may require extensive recon¬ 
structive efforts to restore bony integrity (Fig. 67-5). 

Judgment is required to détermine whether the wound is 
sufhciently clean to permit primary closure or whether it 
should be leff open for repeat debridement and irrigation. 
Loose skin-edge approximation is recommended because soft- 
tissue edema over the next 48 hours will further increase 
tension on the traumatized tissues and possibly compromise 
otherwise viable flaps. At 48 hours, the wound can be 


reevaluated in the operating room and plans made at that 
time for closure. The goal is to close the wound within the 
first 4 to 5 days before granulation tissues form and contrac¬ 
tures develop. Exposed tendons without their paratenon or 
sheath soon nécrosé without appropriate coverage (see 
Chapter 65 for a discussion of methods of and indications for 
skin closure). We no longer routinely culture acute open hand 
injuries in the emergency department. Thorough irrigation 
and debridement usually are adéquate for primary fracture 
treatment. Routine use of antibiotics for fresh injuries prob- 
ably is not necessary; however, when essential tissue has 
borderline viability and contamination remains after irriga¬ 
tion and debridement, antibiotic use is justified. 

BASIC FRACTURE TECHNIQUES 

Physician judgment is required to select suitable internai and 
external fracture fixation implants. Plating of small tubular 
bones, especially of the phalanges, can cause skin sloughs, 
tendon adhérence or ruptures, joint contractures, and other 
complications. External fixation pins can impinge on tendons 
or ligaments and interfère with motion. Even with percutane¬ 
ous pinning, nerves may be damaged by pins or tendons or 
ligaments may be tethered. 

Rarely is more fixation needed than that afforded by 
external splinting, Kirschner wires, and minifragment screws. 
Certain fracture patterns may make the addition of tension 
band wiring or 90/90 wiring of tubular bones useful 
(Fig. 67-6). Unstable, long, oblique, or spiral fractures may 
be best treated with interfragmentary screw fixation alone 
(Fig. 67-7). 

The same instruments used in handling the soft tissues 
can be used to manipulate the bones; a straight Kocher clamp 
or towel clip is usually sufficient to reduce provisionally a 
metacarpal shaft fracture and a hemostat for smaller bone 
fractures before fracture fixation. Kirschner wires sharpened 
on both ends permit antegrade and rétrogradé drilling when 
necessary. A small hand-held power driver or a battery-driven 
drill without a cumbersome air supply line aids in accurate 
drilling and placement of the Kirschner wires. A trocar- 
pointed wire has greater initial holding power than either a 
diamond or diagonally eut wire; in addition, initial bone 
engagement and placement at an acute angle are easier with 
a trocar-pointed wire. A slow insertion speed is recom¬ 
mended. The Kirschner wire should project as short a distance 
as possible to prevent pin bending during insertion. After 
insertion, the wires may be eut off fiat and the ends left 
protruding or worked well beneath the skin; end-cutting wire 
cutters are useful for this. Kirschner wires usually can be 
removed under local anesthésia, using a pointed extractor 
with grooved, corrugated, and parallel jaws. A diamond or 
Carbide-tipped needle holder is useful for gripping and 
removing small Kirschner wires. 

Regardless of the method chosen for fracture fixation, the 
fractured bone ends should be in close approximation or 
apposition to promote healing. One oblique Kirschner wire 
usually is préférable to two crossed wires because one alone 
would allow some impaction at the fracture, whereas two may 
tend to hold the fragments apart. Sometimes a second wire is 
needed, however, to control rotation. When possible, the 
fractured finger should be flexed fully at the metacarpopha¬ 
langeal, proximal interphalangeal, and distal interphalangeal 
joints and compared with the adjacent uninjured finger or 



3 


PART XVIII THE HAND 



A and B f Comminuted middle finger metacarpal shaft fracture with intercalary bone loss from a self-inflicted handgun 
injury in a 17-year-old boy. C and D f Clinical appearance of hand before debridement. 


fingers before definitive rotational control is achieved, espe- 
cially if there are doubts regarding correct fracture rotational 
alignment. 

THUMB 

Thumb stability is essential for most hand functions. Offset 
intraarticular fractures or persistent subluxation or disloca¬ 
tion can cause limitation of motion, pain, and weakness of 
pinch and of grip. Secondary metacarpophalangeal hyperex¬ 
tension deformities can follow thumb basal joint dorsal dis¬ 
placement and severely weaken pinch and grip strength. 


Thus, reestablishing stability and congruency to the thumb 
trapeziometacarpal joint is critical to thumb and hand 
function. 

BENNETT FRACTURE 

In 1882, Bennett, an Irish surgeon, described an intraarticular 
fracture through the base of the first metacarpal in which 
the shaft is laterally dislocated by the unopposed pull of the 
abductor pollicis longus (Fig. 67-8). The médial projection 
of the thumb metacarpal base on which the volar oblique 
ligament attaches remains in place. Réduction by traction is 
easy but is difficult to maintain. The use of a cast that 
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FIGURE 




Kirschner wire. 


E and F f Surgical debridement of devitalized second and third dorsal interossei. G and H f Fixation with a large 


maintains réduction by pressure on the base of the metacarpal 
also is often unsatisfactory because immobilization is incom¬ 
plète and vérification of alignment by radiographs through 
the overlying cast is difficult. Too much pressure causes skin 
necrosis, and too little allows loss of réduction. Some con- 
troversy surrounds the acceptable limits of displacement. 
Articular incongruity of 1 to 3 mm seems to be well tolerated, 
provided that union and joint stability are achieved. The 
technique of closed pinning described by Wagner (Figs. 67-9 
and 67-10) is preferred, but should réduction be unsatisfac¬ 
tory, open réduction is indicated. Long-term patient-reported 
outcomes following displaced Bennett fractures treated by 
closed réduction and Kirschner wire fixation show excellent 
functional results according to Middleton et al. At a mean 
follow-up of 11.5 years the 62 patients in this study had a 


high level of patient satisfaction and none required a révision 
or salvage procedure. 


CLOSED PINNING 


TECHNIQUE 67-1 

j see Figs. 67-8 to 67-10 


(WAGNER) 

■ Maintaining fracture réduction by manual traction and 
pressure, drill a 0.045- or 0.062-inch Kirschner wire into 
the base of the metacarpal across the joint and into the 
trapezium. 
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A and B f Open fractures of right hand with loss of distal end of middle phalanx and 
amputation. C and D f Proximal phalanx of painful and stiff small finger was used as structural graft to 
middle finger. 


painful small finger partial 
restore articular column of 



middle phalangeal fractures in multiple-digit replantation. Com- fracture with shortening and malrotation in young woman 
bination intramedullary Kirschner wire rod and wiring in index treated with lag screw technique, 
finger and intraosseous wiring alone in middle finger with good 
rotational control. 
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9 " Check the réduction by radiographs; if it is accurate, eut 
the wire near the skin. 

■ Apply a forearm cast, holding the wrist in extension and 
the thumb in abduction; leave the thumb interphalangeal 
joint free. 

■ Sometimes more than one Kirschner wire is required, and 
the wire may engage carpal bones other than the trape- 
zium for adéquate fixation. Fixation merely to the volar 
oblique fragment may be insufficient to prevent loss of 
fracture réduction. 



FIGURE 


In Bennett fracture, first metacarpal shaft is 


displaced by divergent pull of the adductor pollicis and abductor 
pollicis longus muscles. 


OPEN REDUCTION 


TECHNIQUE 67-2 


(WAGNER) 

■ Begin a curved incision on the dorsoradial aspect of 
the first metacarpal and curve it volarward at the wrist 
crease. Carefully protect the sensory branches Crossing 
this area. 

■To expose the fracture, partially strip the soft tissue from 
the proximal end of the metacarpal shaft and open the 
carpometacarpal joint. 

■ Align the articular surface of the larger fragment with 
that of the smaller fragment and under direct vision drill 



Wagner technique of closed pinning of Bennett 


fracture (see text). 



Bennett fracture. A, Young man with 6-week-old Bennett fracture and accompanying dorsal trapezial rim fracture. 
B, Results of fixation after callus excision and fracture fragment réduction. 
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Comminuted Bennett fracture treated by open 
réduction. Two Kirschner wires were necessary to keep articular 
fragments reduced. SEE TECHNIQUE 67-2. 


9 a wire across the joint fracture site to maintain the 
réduction. 

■ Often, fixation by a single wire is insecure, and additional 
wires are added to the provisional, smaller-caliber Kirsch¬ 
ner wires (Fig. 67-1 1). 

■ As an alternative, fixation can be achieved with a 2.0- or 
2.7-mm screw. 

■ After closing the wound, apply a forearm cast. 

POSTOPERATIVE CARE. The cast is removed for wound 
inspection at 2 to 3 weeks but is replaced and worn until 
4 weeks after surgery. Wires can be removed, but immo- 
bilization may be necessary for 2 to 4 more weeks. If 
screw fixation is used, active range of motion and inter¬ 
mittent splinting can be initiated at 10 to 14 days in a 
compilant patient with sure fixation. 


■ COMPLICATIONS 

Malunion with persistent subluxation may progress to painful 
carpometacarpal joint arthritis. Réduction should not be 
attempted after 6 weeks. For a malunion that is recognized 
before degenerative changes are noted, an intraarticular 
osteotomy through an extended Wagner approach may be 
warranted (Fig. 67-12). When degenerative arthritis has 
developed, arthrodesis or arthroplasty is advised. 


CORRECTIVE OSTEOTOMY 


TECHNIQUE 67-3 


■ Make a 2- to 3-cm curved incision along the subcutane- 
ous border of the thumb metacarpal base between the 
glabrous and non-glabrous skin. Protect ail cutaneous 
nerves in the area (Fig. 67-13). 


■ Sharply elevate the thenar muscles and reflect them 
anteriorly and distally without detaching the abductor 
pollicis longus. A capsulotomy between the abductor 
pollicis longus (APL) and metacarpal beak is made to assess 
the malunion and the degree of arthrosis (see Fig. 67-12C). 

■ Assess the articular surface gap and offset and détermine 
the segment of bone to be removed to restore articular 
congruity. Curets, dental picks, and fine osteotomes are 
most suitable for disengaging the fragments. Working 
from distal to proximal, the periosteum and the excess 
callus can be stripped off of the bone. Gentle supination 
of the thumb allows careful séparation of the volar lip 
with the callus attached as one piece and préservation of 
the capsular attachment to the volar fragment. 

■ Within the malunion site, freshen the opposing bone 
surfaces, excising fibrous tissue, callus, and joint débris. 
The articular components can then be repositioned and 
fixed temporarily with small-caliber Kirschner wires. 
Definitive fixation can be achieved with larger-caliber 
wires to supplément the provisional fixation, interfrag- 
mentary screw(s), or tension band fixation (Fig. 67-14). 


ROLANDO FRACTURE (COMMINUTED 
FIRST METACARPAL BASE) AND OTHER 
FRACTURES INVOLVING THE FIRST 
CARPOMETACARPAL JOINT 

In 1910, Rolando described a Y-shaped fracture involving the 
thumb metacarpal base that usually does not resuit in diaphy- 
seal displacement as in a Bennett fracture. We hâve found that 
in most Rolando-type fractures the joint surface fragments 
can be reasonably well fixed with the use of small wires placed 
directly under the subchondral bone and supplemented with 
a larger transarticular and occasionally transmetacarpal 
pinning (Fig. 67-15). Because of the likelihood of posttrau- 
matic arthritis after these fractures or after intraarticular 
trapezial fractures, accurate réduction is important. Many 
fractures can be reduced by traction and held by open or 
closed pinning. Open réduction and fixation with a minifrag¬ 
ment T-plate may be plausible if the articular fragments are 
of sufftcient size. 

The combination of tension band wiring and an external 
fixator can resuit in an acceptable réduction. The external 
fixator is used to align the comminuted fragments and to 
restore length, and tension band wiring provides stability 
(Fig. 67-16). If the fracture is stable, the external fixator may 
be removed; if not, the fixator should remain in place for 8 
weeks. 

Severely comminuted fractures may require a combina¬ 
tion of external fixation, limited internai fixation, and 
bone graffing. This technique showed good results despite 
persistent joint irregularities. Although the quality of 
réduction does not correlate with the late occurrence of 
symptoms and osteoarthritic changes, it is recommended 
that the joint articulation be restored to as close to normal 
as possible. 
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Flexor pollicis 
brevis 

(superior head) 

Abductor pollicis 
brevis 

Sensory branch 
of radial nerve 


Flexor carpi 
radialis 




A, Extended Wagner incision. Thenar incision between glabrous and nonglabrous skin, extended ulnarly across wrist 
crease to radial side of flexor carpi radialis tendon. B, Thenar musculature. Note sensory branch identification and protection before 
exposing the abductor pollicis brevis and flexor pollicis brevis muscles. C f Reflection of the thenar muscles from the abductor pollicis 
longus insertion. The volar capsule is sharply elevated away from the trapeziometacarpal joint, leaving intact the ligamentous attach- 
ments to the metacarpal beak. D f Malunited Bennett fracture. E f After fixation of fracture malunion. The extended Wagner approach 
allowed osteotomy and fixation under direct vision. 
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A, Bennett fracture malunion. B, Réduction 
of the fracture with temporary Kirschner wire fixation (1). 
C, Second Kirschner wire (2), wire loop (3), and bone graft to fill 
the defect. D f Temporary Kirschner wire Crossing the trapezio- 
metacarpal joint to prevent subluxation (4). (Redrawn from 
Mahmoud M, El Shafie S, Menorca RMG, Elfar JC: Management of 
neglected Bennett fracture in manual laborers by tension fixation, 
J Hand Surg Am 39:1728, 2014.) SEE TECHNIQUE 67-3. 



B 


D 
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Rolando fracture. A f Male construction worker with comminuted fracture of base of thumb. B f Réduction required 
open approach with initial articular segment réduction with 0.035-inch Kirschner wires, followed by metacarpal-trapezial pinning with 
0.062-inch Kirschner wire. 


OPEN REDUCTION AND INTERNAL 
FIXATION 


TECHNIQUE 67-4 


(FOSTER AND HASTINGS) 

■ Make a palmar radial incision similar to the approach to 
a Bennett fracture (see Technique 67-2). Extend the radial 
end of the incision distally along the diaphyseal portion 
of the thumb metacarpal. Protect sensory branches of the 
radial nerve to prevent the development of a painful 
neuroma. 

■ Reduce the two large basilar fragments (Fig. 67-17A 
and B) and provisionally fix them with a Kirschner wire 
(Fig. 67-17C). 

■ Use a small T-plate or L-plate that accepts 2.7-mm screws 
on the thumb metacarpal. 

■ Place the transverse portion of the T-plate on the basilar 
fragments of the metacarpal (Fig. 67-17D). 

■ The previously placed Kirschner wire should slide through 
one of the two holes in the transverse portion of the 
plate. If it does not, place a second Kirschner wire in line 
with one of the two holes of the transverse portion of 
the plate and remove the first wire. 

■ With a 2-mm drill bit, drill through the free hole in the 
transverse portion of the plate and through the dorsal 
and palmar fragments (Fig. 67-17E). 

■ Tap the hole with a 2.7-mm tap. 

■ Overdrill the hole in the dorsal fragment using a 2.7-mm 
drill bit for a lag screw effect. 


■ Insert a 2.7-mm cortical screw of appropriate length to 
compress the palmar articular fragment against the dorsal 
articular fragment (Fig. 67-1 7F). 

■ Repeat the same technique with the second proximal 
plate hole. 

■ The exact fracture pattern may vary and require use of a 
lag screw separate from the plate holes or two screws 
placed off center through the two proximal plate holes 
to compress the articular fragments together. 

■ Reduce the metacarpal to the stabilized intraarticular 
fragments and attach to the long portion of the T-plate 
or L-plate with 2.7-mm screws (Fig. 67-17G). 

■ Close the incision appropriately and apply a soft compres¬ 
sive dressing and thumb spica splint. 

POSTOPERATIVE CARE. Active range-of-motion exer¬ 
cises are begun within 5 to 7 days. 


OPEN REDUCTION AND INTERNAL 
FIXATION 


TECHNIQUE 67-5 


(BUCHLER ET AL.) 

■ Place the AO mini external fixator between the thumb 
and index metacarpals in a quadrilatéral frame 
configuration. 
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Rolando fracture (A) treated by external fixa¬ 
tion distractor (B) and tension band wiring (C). Distractor was left 
in place for 8 weeks because fracture was unstable; excellent car- 
pometacarpal and metacarpophalangeal function was obtained. 

(Courtesy of Robert Belsole, MD, and Thomas Greene, MD.) 


9 " Perform open réduction through a radial palmar approach, 
elevating the thenar musculature from its carpal origin 
for exposure of the thumb carpometacarpal joint 

(Fig. 67-18A). 

■ With the external fixator in slight distraction, gently 
elevate and align the displaced, depressed osteochondral 
joint fragments, using the opposite joint surface as a 
template for réduction (Fig. 67-18B). 

■ Depending on the fracture configuration, fix with an 
interfragmentary screw, Kirschner wires, or a combination 
of bot h. 


■ Loosen the external fixation and adjust to a position 
where the flexion deformity of the thumb metacarpal 
distal to the fracture is eliminated. Usually this créâtes a 
larger defect of bone substance on the volar aspect of 
the proximal metaphyseal-diaphyseal junction that may 
require bone grafting to minimize subséquent settling of 
the fracture. 

POSTOPERATIVE CARE. External fixation is left in place 
for an average of 6 weeks (range, 5 to 12 weeks) until 
fracture stability is adéquate. Interval radiographs should 
be obtained to assess the healing process. After the 
fixator has been removed, active and passive range-of- 
motion exercises are begun. A removable thumb spica 
splint is worn for an additional 6 to 12 weeks. 


THUMB CARPOMETACARPAL JOINT 
DISLOCATION 

Dislocation of the thumb carpometacarpal joint is a rare 
injury, and ail those reported hâve been dorsal dislocations. 
Based on cadaver studies, the dorsoradial ligament and the 
volar oblique ligament are the most important ligaments in 
preventing dislocation. When this injury occurs without 
fracture and is recognized early, the dislocation should be 
reduced and the joint immobilized for 4 to 6 weeks to prevent 
récurrence. Careful assessment of joint stability immediately 
after réduction is advised. Dislocations reduced on the day of 
injury may be stable immediately after réduction, and cast 
immobilization can be sufficient to maintain réduction and 
prevent long-term instability. Open réduction and pinning 
with repair of the dorsoradial ligament is necessary to ensure 
better joint stability if the joint is unstable after réduction. 
Immobilization for 6 weeks is indicated after the repair. If 
réduction is delayed beyond 3 weeks, ligament reconstruction 
is advised. 

In idiopathic or traumatic récurrent thumb carpometa¬ 
carpal joint dislocation or subluxation, intermetacarpal liga¬ 
ment reconstruction may be indicated. The operation is most 
helpful when the joint is unstable and painful, and when 
degeneration of its articular surfaces is minimal. This proce¬ 
dure should not be done solely to relieve symptoms or sub- 
luxations of this joint from osteoarthritis. 


LIGAMENT RECONSTRUCTION FOR 
RECURRENT DISLOCATION 


TECHNIQUE 67-6 


(EATON AND LITTLER) 

■ Make a dorsoradial incision along the proximal half of the 
first metacarpal and curve its proximal end ulnarward 
around the base of the thenar eminence parallel with the 
distal flexor crease of the wrist. 

■ Expose the carpometacarpal joint of the thumb sub- 
periosteally and the volar aspect of the trapezium 
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Technique of open réduction and internai fixation of T-type Rolando fracture with miniplate and screws. A f Fracture. 
B f Réduction and traction. C f Provisional fixation with Kirschner wire. D f Positioning of plate. E f Offset drilling of two proximal holes. 
F, Tightening of two proximal screws compresses proximal fragments. G f Fixing rest of metacarpal to proximal fragments. SEE TECHNIQUE 


67-4. 



Buchler technique. A f Palmar radial approach to carpometacarpal joint of thumb. B f Use of articular surface of tra- 
pezium as template and bone grafting technique. SEE TECHNIQUE 67-5. 
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S extraperiosteally. Isolate the distal part of the flexor carpi 
radialis tendon from its position on the ulnar aspect of 
the trapezial crest. 

■ In the distal forearm, expose the same tendon through a 
longitudinal incision, and split from its radial side a strip 
of tendon 6 cm long; free the strip proximally, continue 
the split distally, and leave the strip attached to the base 
of the second metacarpal (Fig. 67-19). 

■ Before proceeding further, reduce the first metacarpal on 
the trapezium and pass a Kirschner wire through this joint 
while holding it in appropriate orientation. Care should 
be taken in placing the wire so as not to interfère with 
the site where the transverse hole will be drilled through 
the first metacarpal and through which the tendon 
transfer eventually will pass. 

■ Reroute the tendon strip previously raised from behind 
the ridge of the trapezium and pass it directly from the 
base of the second metacarpal to that of the first 
metacarpal. 

■ Drill a hole transversely through the base of the first 
metacarpal ulnar to the extensor pollicis brevis tendon 
and emerging extraarticularly from the volar beak région 
of the thumb metacarpal base. 

■ Pass the strip of tendon through this hole, loop it back 
deep to the abductor pollicis longus tendon, draw it tight, 
and suture it to the periosteum near its exit or the abduc¬ 
tor pollicis longus bony insertion, which serves as an 
excellent suture site. 

■ Loop the tendon strip around the flexor carpi radialis 
near its insertion and suture it to the base of the first 
metacarpal. 

POSTOPERATIVE CARE. The thumb is immobilized for 
4 to 6 weeks in extension and abduction. A home exercise 
program is initiated with interval splint wear for 4 to 6 
weeks. A formalized therapy program is sometimes 
required to regain unprotected use 3 to 6 months after 
surgery. 


THUMB METACARPOPHALANGEAL 
FRACTURES AND DISLOCATIONS 

Fractures around the thumb metacarpophalangeal joint 
usually involve the ulnar margins of the proximal phalanx 
from ulnar collateral ligament avulsion injuries. When 



Volar and radial ligament reconstruction with 
strip from tendon of flexor carpi radialis, which is left attached 
at its insertion at base of second metacarpal. Course of tendon 
strip créâtes reinforcement of volar, dorsal, and radial aspects of 
joint. SEE TECHNIQUE 67-6. 


the fragment is small and displaced less than 2 to 3 mm, 
the injury does not require surgery. Biplanar films should 
always be taken before evaluating joint stability. Displaced 
fractures of this sort are treated similarly to ulnar collateral 
ligament injuries. Impaction fractures with less than 20 
degrees of dorsal angulation or joint séparation less than 
2 mm offen can be treated nonoperatively. Angulated 
and displaced fractures probably are best treated operatively 
(Fig. 67-20). 

Dislocation of any of the metacarpophalangeal joints is 
possible from hyperextension injuries, but dorsal dislocation 
of the thumb metacarpophalangeal joint is the most common 
type of metacarpophalangeal dislocation injury (Fig. 67-21). 
These injuries are classified as simple (reducible using closed 
technique) or complex (irreducible with closed technique). 
Simple dislocations manifest with hyperextension deformity 
at the metacarpophalangeal joint, whereas complex disloca¬ 
tions show more parallelism between the proximal phalanx 
and the metacarpal. The volar plate, sesamoids, or flexor 
tendon may become entrapped, preventing réduction. Early 
closed réduction may be easy, provided that the thumb is 
maintained in adduction to relax its intrinsic muscles. In one 
method, minimal if any tension is used, the metacarpopha¬ 
langeal joint is hyperextended, and the examiner uses his or 
her thumb to push forward the proximal end of the proximal 
phalanx over the end of the metacarpal head. This tends to 
diminish the buttonhole effect on the metacarpal neck that 
traction accentuâtes. Flexing the thumb interphalangeal joint 
also can help to relax the flexor pollicis longus. After réduc¬ 
tion, the collateral ligaments should be checked for stability. 
Rarely is collateral instability found with pure dorsal disloca¬ 
tions. The thumb should be immobilized in 20 degrees of 
flexion for 4 weeks. If this method is unsuccessful, repeated 
attempts are contraindicated; open réduction should be done 
to disengage the metacarpal head from a buttonhole slit in 
the volar capsule and the flexor pollicis brevis muscle. A 
volar-radial or a dorsal approach can be used. In 1876, Fara- 
beuf recommended a dorsal surgical approach for irreducible 
dislocations of the thumb metacarpophalangeal joint. The 
dorsal approach provides access to the dorsally displaced 
volar plate, which is the main obstacle to réduction and is 
tethered tightly over the metacarpal head and neck. The volar 
plate, a fibrocartilaginous structure similar in appearance to 
articular cartilage, is divided longitudinally so that it slips 
around the metacarpal head and permits réduction of the 
proximal phalangeal base. Motion is started within a few days 
of surgery. 


OPEN REDUCTION—VOLAR 
APPROACH 


TECHNIQUE 67-7 


■ Make an incision to expose the volar aspects of the 
metacarpophalangeal joint, exposing the metacarpal 
head articular surface. 

■ The proximal phalangeal base lies on the dorsal aspect of 
the metacarpal head and neck, and the metacarpal head 
protrudes through the anterior capsule. 
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A and B f Comminuted displaced fracture of base of thumb proximal phalanx in young man. C f Exposure of dorsal 
joint through extensor pollicis longus and extensor pollicis brevis interval. D f Direct joint inspection permits anatomie réduction. 
E and F f Fracture fixation with simple Kirschner wires. G and H f Wires capped outside skin for easy removal 4 weeks after surgery. 


■ Disengage the flexor pollicis brevis muscle, releasing the 
metacarpal head. 

■ Flex the thumb and push the head through the capsular 
rent to complété the réduction. 

■ With the joint in 20 degrees of flexion, secure it with a 
Kirschner wire. 

■ In the rare event that the volar plate is found to be 
detached from the proximal phalanx, surgical repair is 
justified. 

POSTOPERATIVE CARE. The thumb is held in 20 
degrees of flexion by a plaster splint. After 4 weeks, the 
splint and Kirschner wire are removed and active motion 
is begun. 


Palmar dislocation of the thumb proximal phalanx is rare, but 
sometimes it can be irreducible if the metacarpal head is 
trapped between the extensor pollicis longus and extensor 
pollicis brevis tendons. Réduction is achieved by opening the 
dorsal aponeurosis and relocating the extensor tendon. 

THUMB METACARPOPHALANGEAL JOINT 
ULNAR COLLATERAL LIGAMENT RUPTURE 

Injury to the thumb metacarpophalangeal joint ulnar collat¬ 
eral ligament is commonly referred to as gamekeeper thumb 
or skier s thumb , although the original “gamekeeper” descrip¬ 
tion (Campbell, 1955) referred to an attritional ulnar collateral 
ligament injury. Snow skiing accidents and falls on an out- 
stretched hand with forceful radial and palmar abduction of 
the thumb are the usual causes. Changes in ski pôle design 
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hâve not been shown to reduce the incidence of this injury. 
Patients commonly report pain, swelling, and ecchymosis 
around the metacarpophalangeal joint. Tenderness is greatest 
over the ulnar aspect of the joint but often is not localized. 
Differentiating between an incomplète and complété ulnar 
collateral ligament rupture is necessary because incomplète 
ruptures are treated nonoperatively and complété ruptures 
usually require surgery. Stener described the anatomie 
pathology found in 39 complété ruptures of the ulnar col¬ 
lateral ligament of the thumb. In 25 of the 39 patients, he 
found the adductor aponeurosis interposed between the 



Dislocation of metacarpophalangeal joint of 
thumb. Metacarpal head has penetrated joint capsule; if traction 
were applied to thumb, metacarpal neck would be caught by 
capsule and réduction would be impossible. Traction should not 
be applied; rather, metacarpal should be adducted and dislocated 
joint should be hyperextended, while proximal end of proximal 
phalanx is pushed against and over metacarpal head with inter- 
phalangeal joint flexed to reduce tension on flexor pollicis longus. 


ruptured ulnar collateral ligament and its site of insertion on 
the base of the proximal phalanx. On clinical examination, a 
prominent lump can be palpated that represents the ulnar 
collateral ligament being proximally and superficially dis- 
placed by the adductor aponeurosis. Pathologie rotation of 
the thumb also may be évident. If leff uncorrected, this lésion 
prevents proper healing and leads to chronic instability and 
subséquent arthrosis. Other injuries associated with tears of 
the ulnar collateral ligament include avulsion fractures, dorsal 
capsular tears, and volar plate tears. The following protocol is 
recommended to differentiate between complété and incom¬ 
plète tears. 

Plain radiographs should be obtained. A minimally dis- 
placed (<2 mm) avulsion fracture signifies a complété avul¬ 
sion without a Stener lésion. This fracture usually heals with 
casting. To prevent the development of a Stener lésion, 
the joint should not be stressed. If a Salter-Harris type I or 
type II fracture is présent in a child, stress films are 
contraindicated. 

After plain radiographs hâve been reviewed, anteropos- 
terior stress radiographs may be obtained of both thumbs for 
comparison purposes. A local anesthetic may be necessary. 
The surgeon may stress the joint while obtaining the radio¬ 
graphs, but this may be awkward, especially when the surgeon 
wears lead gloves. It may be easier to tape the tips of both 
thumbs together and hâve the patient actively abduct both 
thumbs over a roll of tape placed as a fulcrum between 
the thumb metacarpophalangeal joints while the anteropos- 
terior radiograph is taken. As an alternative, both thumbs can 
be held together at the interphalangeal joint level with a 
rubber band, and an image can be obtained while the patient 
tries to separate the hands (Fig. 67-22). An injured thumb 
that shows more than 30 degrees of instability compared with 
the uninjured side indicates a complété rupture. Ultrasonog- 
raphy, arthrography, and MRI also hâve been used success- 
fully to distinguish complété from incomplète tears (Fig. 
67-23). Incomplète ruptures of the ulnar collateral ligament 
of the thumb are common and require only proper protection 
for restoration of function, although pain and swelling may 
persist for several months. A thumb spica cast or functional 
brace is recommended for 4 to 6 weeks. 



A f Rubber band is used to oppose interphalangeal joints while patient actively tries to separate hands. B f Image 
showing significant differential laxity. 
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FIGURE 


MRI appearance of Stener lésion. 



Mean locations of origin and insertion of 
proper ulnar collateral ligament of thumb metacarpophalangeal 
joint. (Redrawn from Bean CHG, Tencer AF, Trumble TE: The effect of 
thumb metacarpophalangeal ulnar collateral ligament attachment site 
on joint range of motion: an in vitro study, J Hand Surg 24A:283, 1999.) 


Ulnar collateral ligament 



Complété rupture of ulnar collateral ligament 
of metacarpophalangeal joint of thumb. A f Ligament is ruptured 
distally and is folded back so that its distal end points proximally. 
B f Adductor aponeurosis has been divided, exposing ligament 
and joint. 


Acute complété rupture of the ulnar collateral ligament 
should be surgically repaired (Fig. 67-24). If the diagnosis 
is delayed for 1 month or longer, fibrosis makes ligament 
identification and repair more difficult, although repair can 
be done by dissecting out the ligament from within the 
fibrotic mass and reattaching it appropriately (Fig. 67-25). 
The detached tendinous insertion of the adductor muscle 
can be advanced and reattached to furnish a dynamic 
reinforcement. If the repair is done several months after the 
injury, a graff can be used to replace the ligament. The graff 
can be boxlike with a strip of fascia or palmaris longus 
tendon passed through the proximal and distal attachments 
of the ligament, or the extensor pollicis brevis tendon, either 
split or in total, can be threaded through bone and attached 
by pull-out sutures to reconstruct the ligament. Arthrodesis 
of the metacarpophalangeal joint may be indicated when 
arthritic changes within the joint or global joint instability 
is présent. 


REPAIR BY SUTURE 


TECHNIQUE 67-8 


■ Make a slightly curved dorsoulnar longitudinal incision 
based radially or a bayonet-shaped incision with the 
transverse segment at the joint level over the metacarpo¬ 
phalangeal joint. 

■ Protect the superficial radial nerve terminal branches, 
which innervate the latéral margins of the thumb pulp. 
Identify them as they pass distally on each side at the 
dorsolateral aspect of the metacarpophalangeal joint 
deep to the subcutaneous fat. The nerve branches usually 
are retracted dorsally but can be retracted volarly as well, 
depending on the nerve branch location. 

■ If a Stener lésion is présent, the ulnar collateral ligament 
can be seen with its distal hémorrhagie end flipped up in 
the subcutaneous tissue just proximal to the adductor 
aponeurosis. 

■ Incise the adductor aponeurosis expansion longitudinally 
and separate the thin tendinous sheets from the underly- 
ing capsule. 

■ Identify the ulnar collateral ligament and establish its 
failure site, often an avulsion from the volar ulnar proximal 
phalanx base. If the ulnar collateral ligament has been 
detached from the proximal phalanx, it can be reinserted 
with a suture, suture anchor, or pull-out wire. When the 
ligament disruption is associated with a significant avul¬ 
sion bone fragment, fixation with a small-caliber Kirschner 
wire or even a minifragment screw is possible. In most 
cases, before the repair, a Kirschner wire is placed across 
the metacarpophalangeal joint to hold it in approximately 
20 degrees of flexion. 

■ To insert a pull-out wire, use a Kirschner wire and drill 
through the proximal end of the proximal phalanx 
(Fig. 67-26). 
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Repair of acute rupture of ulnar collateral liga¬ 
ment of metacarpophalangeal joint of thumb. Note: button often 
is replaced by direct suture or suture anchor fixation to proximal 
phalangeal base. SEE TECHNIQUE 67-8. 


9 " Place a Bunnell pull-out suture through the avulsed end 
of the ligament, pass the ends of the suture through the 
phalanx, and, while holding the joint in slight flexion, tie 
them over a padded button on the radial side. 

■ Pass the twisted pull-out wire loop through the skin near 
the incision before closure. 

■ The same technique is used when a small bone fragment 
is avulsed by the ligament if the tear is complété and the 
bone fragment is displaced. If the operating surgeon 
prefers not to use a Bunnell pull-out wire or if one is 
unavailable, the following technique is recommended. 

■ After identifying the site of avulsion, drill two holes begin- 
ning on the ulnar base and exiting on the radial base of 
the proximal phalanx using a 0.035-inch Kirschner wire. 
■ Place a 3-0 Mersilene grasping suture into the ligament 
and pass it through the drill holes. 

■ With adéquate dorsal exposure, tie this suture directly 
over the radial aspect of the proximal phalanx for perma¬ 
nent placement. 

■ With either technique, the metacarpophalangeal joint 
should be transfixed with a Kirschner wire in slight flexion 
and neutral adduction. 

■ Repair the dorsal capsule and volar plate to strengthen 
the repair further. 

■ Repair the dorsal aponeurosis. 

■ Splint the thumb, maintaining the first web space. 

POSTOPERATIVE CARE. A removable thumb spica 
brace or splint is worn for 3 to 4 weeks for comfort 
between range-of-motion and strengthening exercises. 
The pull-out wire and Kirschner wire are removed at 4 to 
6 weeks. Tension band wiring although technically 
demanding and not part of our routine management may 
preclude the use of a pull-out wire. 


■ CHRONIC ULNAR COLLATERAL LIGAMENT 
RECONSTRUCTION 

Procedures designed to restore range of motion and stability 
for chronic ulnar collateral ligament injuries are numerous. 
Stability at long-term follow-up has been associated with 
“anatomie repairs” in which the graft is directed to reconstruct 
both proper and accessory ulnar collateral ligament limbs. 
We favor more anatomie type repairs such as those described 
by Glickel et al., Jobe, and others. Tendon anchor Systems 
such as suture anchors and tenodesis screws are preferred by 
some for early construct stability; however, the adjunct pro- 
visional metacarpophalangeal joint stabilization in 20 degrees 
of flexion with Kirschner wires probably is sufficient during 
the graft incorporation period. A palmaris longus graft is 
preferred; if the palmaris longus is absent, common alterna¬ 
tive autogenous sources include a portion of the flexor carpi 
radialis or a toe extensor tendon. 


ANATOMIC GRAFT 
RECONSTRUCTIONS 


TECHNIQUE 67-9 


(GLICKEL) 

■ Expose the thumb metacarpophalangeal joint through a 
mid-axial or lazy-S incision centered over the joint line, 
taking care to isolate and protect the radial nerve dorsal 
sensory branch (Fig. 67-27A). 

■ Save the extensor mechanism sagittal band fibers. Release 
the extensor mechanism oblique fibers from the extensor 
pollicis longus longitudinally and vertically from the sagit¬ 
tal band proximally. This leaves a triangular section of the 
extensor mechanism to reflect palmarward. 

■ Retract the sagittal band proximally exposing the proximal 
phalanx base and metacarpophalangeal joint. Excise the 
fibrotic ulnar collateral ligament stumps. Evaluate the 
joint and note if significant degenerative changes pre¬ 
clude reconstruction. 

■ Make gouge holes in the proximal phalanx, first in the 
palmar aspect (7-o'clock position) and a second more 
dorsally (11 -o'clock position) just distal to the joint surface 
(Fig. 67-27B). Connect these, preserving the bone bridge. 

■ Make a hole in the metacarpal head ligament fossa 
ulnarly and direct this hole across the metacarpal head 
radially and more proximally. Make a 5-mm incision over 
this site for tendon passage. 

■ Harvest a tendon graft and pass this through the proximal 
phalangeal base holes with either a stainless Steel wire or 
small curved needle. Place a Kirschner wire through the 
metacarpal head so as not to obstruct the metacarpal 
head tunnel. Pass the two tendon graft limbs under the 
sagittal band and through the metacarpal neck to exit 
radially (Fig. 67-27C). Take tension off the graft by slightly 
overcorrecting the réduction and reduce the palmar 
subluxation if présent. 

■ Once the correct tension has been established, secure 
the graft either over a button or a cathéter tip (Fig. 
67-27D and E). Alternately, the graft can be secured with 
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Ulnar collateral ligament reconstruction described by Glickel et al. A f Incision. B, Two gouge holes made on ulnar 
side of proximal phalangeal base and one across the metacarpal neck. C-E f Passage and fixation of the tendon graft. (Redrawn from 
Glickel SZ, Malerich M, Pearce SM, Littler JW: Ligament replacement for chronic instability of the ulnar collateral ligament of the metacarpophalangeal 
joint of the thumb, J Hand Surg 18A:930, 1993.) SEE TECHNIQUE 67-9. 


either a screw or anchor or sutured to bone. Carefully drive 
the Kirschner wire across the joint, redirecting it if there is 
any question of graft engagement. Close the triangular 
oblique extensor expansion flap and skin in routinefashion. 

POSTOPERATIVE CARE. The reconstruction is protected 
for 5 weeks in a thumb spica cast after which the Kirsch¬ 
ner wire is removed and therapy is begun. 


JOBE FOUR-LIMB RECONSTRUCTION 


TECHNIQUE 67-10 


■ Expose the ulnar side of the thumb metacarpophalangeal 
joint as described in Technique 67-9 with the usual 
superficial sensory nerve protection. 

■Separate the capsular tissue and excise the old ulnar 
collateral ligament from its origin and insertion 
attachments. 


■ Identify the planned sites of the two pairs of holes accord- 
ing to normal anatomie positions (Fig. 67-28A) for normal 
metacarpophalangeal joint anatomy. The distal holes 
correspond to the proper and accessory ulnar collateral 
ligament phalangeal attachments. Make these two pha¬ 
langeal holes 2.75 mm in diameter and leave a bone 
bridge of 3 to 4 mm between them (Fig. 67-28B). Care¬ 
fully channel these together with a small curved curet or 
other appropriate instrument. 

■ Make two 3-mm holes in the metacarpal head, the most 
distal hole in the ulnar collateral ligament fossa and 
another approximately 5 mm more proximally (see Fig. 
67-28A and B). Communicate these, protecting the bone 
bridge. Pass the tendon graft (palmaris longus or équiva¬ 
lent) through the phalangeal holes and pass the two limbs 
through the ulnar collateral ligament fossa hole and 
subsequently out the more proximal hole (Fig. 67-28C). 

■ Assess joint réduction and adjust tension on the two free 
limbs. Fold the limbs distally and use nonabsorbable 
sutures to secure the construct (Fig. 67-28D and E). 

■ A biotenodesis screw also can be used to secure the two 
limbs in the ulnar collateral ligament fossa (Fig. 67-29). 
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Jobe four-limb reconstruction of the ulnar collateral ligament. A and B f Position of metacarpal and phalangeal holes 
for passage of tendon graft. C f Passage of the graft. D and E f Final position of graft fixed with sutures. SEE TECHNIQUE 67-10. 


9 For screw fixation, make only one hole in the fossa and 
continue it across the metacarpal head. Grasp the two 
limbs of the free graft and pass them through the hole 
in the metacarpal head that has been reamed for the 
appropriate tenodesis screw. Adjust tension on the free 
suture ends; and once appropriate joint réduction and 
tension are achieved, advance the tenodesis screw into 
the metacarpal head. Excise the tendon ends and/or 
suture emerging from the radial side of the metacarpal 
head. If necessary, protect the construct with a Kirschner 
wire transfixing the joint in 20 degrees of flexion. 

■ Close the extensor expansion and wound in routine 
fashion and apply a thumb spica splint. 

POSTOPERATIVE CARE. The reconstruction is protected 
for 4 to 6 weeks, after which the Kirschner wire and splint 
are removed and joint motion exercises are initiated. 


RADIAL COLLATERAL LIGAMENT INJURIES 

Although radial collateral ligament injuries occur less fre- 
quently than ulnar collateral ligament injuries, improper 
treatment can lead to chronic painful instabilities, especially 
during activities requiring “push off.” No lésions comparable 



FIGURE 


Fixation of graft with biotenodesis screw. SEE 


TECHNIQUE 67-10. 


to that described by Stener exist; if proper protection is 
provided, adéquate healing of the ligament should occur. 
Incomplète tears and tears not associated with volar or rota- 
tional subluxation can be treated in a cast for 4 to 6 weeks. 
Complété tears, particularly if rotational and with volar 
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subluxation after casting, should be treated with direct liga¬ 
ment repair. Chronic instability should be treated with open 
repair, radial collateral ligament reefing, supplémentai pal- 
maris longus tendon graft, or advancement of the abductor 
pollicis brevis. 

FINGER METACARPALS 

CARPOMETACARPAL 

FRACTURE-DISLOCATIONS 

Fracture-dislocation of the metacarpal bases often is not 
recognized because of swelling and metacarpal overlap on 
latéral plain films. The fifth metacarpal base is most com- 
monly dorsally displaced, and concomitant fourth meta¬ 
carpal base involvement is frequent; however, ail four 
metacarpals may be dislocated dorsally or volarly. A true 
latéral radiograph is needed for accurate diagnosis because 
swelling can obscure the deformity (Fig. 67-30). The loss 
of parallel joint surfaces at the carpometacarpal articula¬ 
tions in a posteroanterior radiograph is indicative of this 
injury (Fig. 67-31). Sometimes a CT scan is bénéficiai to 
détermine the extent of joint surface involvement and to 
guide appropriate intervention. When the injury is seen 
early, manual réduction is easy, but Kirschner wire fixation 
usually is necessary to prevent redislocation. Open réduc¬ 
tion and pinning are useful in patients in whom closed 
réduction is unsuccessful. Excellent long-term results can 
be achieved with open réduction and internai fixation 
because better réduction can be obtained and transfixing 
of the tendons and nerves avoided. When seen late, the 
injury requires open réduction, and sometimes the proxi¬ 
mal end of the metacarpal must be resected and the 
carpometacarpal joint treated by either fusion or interpo¬ 
sition arthroplasty. 

INTRAARTICULAR FRACTURE OF THE FIFTH 
METACARPAL BASE 

Bora and Didizian called attention to a potentially disabling 
intraarticular fracture at the base of the fifth metacarpal (Fig. 
67-32). If the injury is not reduced properly, a malunion may 
resuit in weakness of grip and a painful joint. The joint con- 
sists of the fifth metacarpal base articulating with the hamate 
and the adjoining fourth metacarpal. The extensor carpi 
ulnaris tendon attaches proximally to the fifth metacarpal 
dorsal base. The joint permits approximately 30 degrees of 
normal flexion and extension, and the rotation necessary in 
grasp and palmar cupping. This displaced intraarticular 
fracture might be compared with a Bennett fracture because 
the pull of the extensor carpi ulnaris has a great tendency to 
displace the metacarpal shaft proximally, similar to the thumb 
metacarpal displacement in a Bennett fracture by the abduc¬ 
tor pollicis longus. In addition to the routine anteroposterior 
and latéral views, a radiograph should be made with 30 
degrees of pronation to give a better view of the articular 
surface for accurate diagnosis. This fracture often can be 
reduced by traction and percutaneous pinning and is then 
protected by a cast. Fractures that are not recognized early 
and are healing in a displaced position may benefit from 
correction osteotomy of the malunion or resection arthro¬ 
plasty (Fig. 67-33) or fusion. 


FINGER METACARPOPHALANGEAL 
DISLOCATIONS 

Metacarpophalangeal dislocations are less common than 
interphalangeal dislocations. They occur most often in the 
index finger, and Kaplans original description clearly indi- 
cates the pathoanatomy (Fig. 67-34). The fibrocartilaginous 
plate avulses from its weakest attachment, the volar aspect of 
the second metacarpal neck. The flexor tendons and the 
pretendinous band are displaced ulnarly and the lumbrical 
radially to the metacarpal head. The fibrocartilaginous plate 
is displaced dorsally over the metacarpal head, where it 
becomes wedged between the base of the proximal phalanx 
and the metacarpal head. The latéral collateral ligaments, 
which are now abnormally displaced, lock the phalanx in the 
abnormal dorsal position. Distally, the natatory ligament is 
situated dorsal to the metacarpal head with the volar plate; 
proximally, the superficial transverse ligament extends across 
the metacarpal neck volarly. The dislocated metacarpal head 
lies between the natatory ligament and the superficial trans¬ 
verse ligament of the palmar fascia. The flexor tendons and 
pretendinous bands are on one side, and the lumbrical muscle 
is on the other. 

When the dislocation is incomplète, réduction by 
manipulation is easy. When complété, with the head of the 
metacarpal displaced volarward and the base of the phalanx 
dorsalward, open réduction often is required. The major 
obstruction preventing réduction of the metacarpophalangeal 
joint is the displaced volar fibrocartilaginous plate lying 
dorsal to the metacarpal head. Sometimes, however, manipu¬ 
lation alone can be successful; 50% can be reduced by closed 
means. The joint is hyperextended, the proximal phalangeal 
articular surface is forced firmly against the metacarpal neck, 
and while this force is maintained the joint is flexed. Some¬ 
times this maneuver traps the displaced fibrocartilaginous 
plate and carries it to its normal position anterior to the 
metacarpal head. 


OPEN REDUCTION 


TECHNIQUE 67-11 


(KAPLAN) 

■ Begin an incision in the thenar crease at the radial base 
of the index finger and continue it into the proximal 
palmar crease and divide ail the constricting bands. 

■ Make the first incision to free the constriction of the 
cartilaginous plate (Fig. 67-34). 

■ Incise the free edge of the torn ligament to the junction 
of the periosteum with the proximal phalanx. The incision 
must penetrate the entire thickness of the plate. Division 
of the plate alone is insufficient, however. 

■ Divide completely the transverse fibers of the taut nata¬ 
tory ligament and make another longitudinal incision 
through the transverse fibers of the superficial transverse 
metacarpal ligament. 

■ This third incision, which should extend to the ulnar side 
of the first lumbrical muscle, releases the constriction 
below the metacarpal head. 
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•JjJ A to C f Small finger carpometacarpal fracture-subluxation in a 34-year-old man. D to F, Ring and small finger carpo- 
metacarpal joints were reduced closed and stabilized with two 0.045-inch Kirschner wires. 
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Dislocation of fourth and fifth carpometacarpal joints. A f Clinical appearance of hand before réduction. Note dor- 
soulnar hand swelling consistent with injury. B f Posteroanterior view. C f Latéral view. D f Oblique view. E and F f Traction was adéquate 
to reduce, and splint was satisfactory to maintain réductions. 


S «The proximal phalangeal base should return to its normal 
place over the metacarpal head. This permits the immédi¬ 
ate replacement of the second metacarpal head in line 
with the other metacarpal heads, following which the 
flexor tendons, the volar plate, and the nerves and vessels 
are restored to their normal positions. 

■ Close the wound in a routine manner and immobilize the 
finger in functional position for about 1 week. 


OPEN REDUCTION—DORSAL 
APPROACH 

Becton et al. suggested that the dorsal approach has 
several advantages over the volar approach. The dorsal 
approach provides full exposure of the fibrocartilaginous 
volar plate, which is the structure blocking réduction. The 
digital nerves are not as likely to be eut, and should there 
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9 be an occult fracture of the metacarpal head, this can be 
reduced and fixed more easily. 


TECHNIQUE 67-12 


(BECTON ETAL) 

■ Over the metacarpophalangeal joint, make a 4-cm midline 
incision, splitting longitudinally the underlying extensor 
tendon and joint capsule as well. The fibrocartilaginous 
plate may be difficult to identify because it is the same 
color as the articular cartilage and its torn margin may 
not be visible. 

■ Make a small incision to ensure that the tissue is the 
volar plate; complété the longitudinal incision 

(Fig. 67-35). 



■ Flex the wrist volarward to release the tension on the 
flexor tendons; place traction on the finger and flex the 
metacarpophalangeal joint, reducing the dislocation. 

■ Observe to see if any free cartilage is missing from the 
metacarpal head; this may be lodged in the joint. 

■ Suture the extensor tendon and skin. 



Flexor tendons 
of index finger 

Natatory 

ligament 

Metacarpal head 

Digital nerve 

Lumbrical muscle 

Digital artery 

perficial transverse 
ligament 


Lumbrical muscle 
Natatory ligament 

Superficial transverse 
ligament 

Flexor tendons and 
pretendinous band 


Unstable fracture of base of fifth metacarpal 
may permit proximal displacement of shaft similar to Bennett 
fracture (see text). 


Kaplan open réduction of dislocation of second 
metacarpophalangeal joint. Inset, Diagram of four structures that 
surround and constrict metacarpal head. SEE TECHNIQUE 67-11. 



A, This malunited fracture of base of fifth metacarpal was painful. B f Resection arthroplasty is preferred over oste- 
otomy. Tendon of extensor carpi ulnaris must be reattached. 
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Dorsal surgical approach to dislocated metacar- 
pophalangeal joint. Volar plate caught over dorsal area of 
metacarpal head is incised longitudinally, and réduction is easily 
achieved. (Redrawn from Becton JL, Christian JD Jr, Goodwin HN, et al: 
A simplified technique for treating the complex dislocation of the index 
metacarpophalangeal joint, J Bone Joint Surg 57A:698, 1975.) SEE 
TECHNIQUE 67-12. 


POSTOPERATIVE CARE. Begin early metacarpophalan¬ 
geal joint flexion exercises, and protect the metacarpo¬ 
phalangeal joint from hyperextension with a splint for 
3 weeks. 


METACARPAL SHAFT OR NECK FRACTURES 

Metacarpal shaft fractures usually are treated by closed 
methods, but when several metacarpals are fractured, and 
there is open soft-tissue trauma, internai fixation is indicated. 
Correct rotational alignment is the most important factor in 
réduction (Fig. 67-36). Transverse midshaft fractures with 
significant apex dorsal angulation can be fixed with intramed- 
ullary wires, and certain oblique fractures can be fixed with 
interfragmentary screws. 


OPEN REDUCTION AND FIXATION OF 
METACARPAL SHAFT FRACTURE 


TECHNIQUE 67-13 


■ Introduce a Kirschner wire at the fracture site and drill it 
out through the skin at the metacarpal base; while 


drilling, force a bow in the wire convex toward the palm 
and hold the wrist in flexion so that the wire emerges on 
the dorsum of the wrist. 

■ Reduce the fracture and drill the wire in the opposite 
direction into the distal fragment, stopping just proximal 
to the metacarpophalangeal joint. 

■ Cut off the proximal end under the skin (Fig. 67-37). 

■ Apply a splint holding the wrist in extension. 

■ A fracture of the metacarpal neck can be treated similarly 
if open réduction is necessary. 


PERCUTANEOUS PINNING OF 
METACARPAL SHAFT FRACTURE 


TECHNIQUE 67-14 


■ With the metacarpophalangeal joint acutely flexed, 
introduce a 0.062-inch Kirschner wire into the metacarpal 
head and drill it to the level of the fracture. By manual 
pressure and manipulation of the wire and with the aid 
of an image intensifier, reduce the fracture and drill the 
wire out the dorsum of the wrist as described in Technique 
67-13. 

■ Withdraw the wire until the distal tip is just proximal to 
the metacarpophalangeal joint. 


Oblique metacarpal shaft fractures that are twice the length 
of the shaft diameter can be treated with interfragmentary 
screw fixation (see Fig. 67-7). The advantages of such fixation 
include less periosteal stripping and reduced hardware 
prominence. Fracture site protection is advised for 6 weeks. 
Radiographie evidence of healing usually is lacking because 
of the anatomie fracture réduction. 

Short oblique or transverse fractures with unacceptable 
angulation or displacement can be stabilized with plate-and- 
screw fixation or aligned by intramedullary fixation using a 
0.062-inch Kirschner wire (Fig. 67-38). Image intensification 
is required for correctly establishing the entry portai in the 
middle of the metacarpal base and for ensuring that the wire 
crosses the fracture and enters the distal canal. 


PERCUTANEOUS PINNING OF A 
METACARPAL SHAFT FRACTURE 


TECHNIQUE 67-15 


■ Use general or régional block anesthésia. 

■ Use a fluoroscopie image to find the middle of the meta¬ 
carpal base proximally and dorsally and mark the area 
with a skin pen (Fig. 67-39A). 

■ Make a 0.5-cm longitudinal incision beginning 1.0 to 
1.5 cm proximal to this mark. 
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A to C f Fifth metacarpal neck fracture with 80-degree apex dorsal angulation and rotational deformity. D to F f After 
réduction to acceptable angulation, single pin was used to allow buddy taping to ring finger to ensure correct rotational alignment. 
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A 




B 



FIGURE 


A and B f Open réduction and medullary fixation of fracture of metacarpal shaft and neck. SEE TECHNIQUE 67-13. 



FIGURE 


A and B f Fracture of fourth metacarpal. C and D f Intramedullary fixation with Kirschner wire. 
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Percutaneous pinning of metacarpal shaft fracture. A f Skin marking to indicate middle of metacarpal base as 
determined with fluoroscopy. B, Incision proximal to metacarpal base. C f Fluoroscopie view shows correct entry position of intramedul- 
lary wire. SEE TECHNIQUE 67-15. 


■ Spread bluntly down through the soft tissues to the base 
of the fractured metacarpal. 

■ Use as a trocar a pair of iris scissors to make an entry 
portai in the proximal metacarpal base in line with the 
long metacarpal axis (Fig. 67-39B). 

■Cut the pointed end from a 0.062-inch Kirschner wire 
and gently curve the end of the wire to assist in gaining 
entry into the medullary canal. 

■ Use fluoroscopy to ensure intramedullary containment of 
the wire, especially across the fracture site (Fig. 67-39C). 

■ If the wire is not easily passed across the fracture site, 
make a limited open incision to reduce the fracture. 


■ After the fracture is reduced, tamp the curved portion of 
the Kirschner wire into the metacarpal head, cut the wire 
squarely, and bury it below the skin away from sensory 
nerves and extensor tendons. 

POSTOPERATIVE CARE. A hand-based splint is applied, 
and buddy taping is used for fracture rotational control 
if needed. The sutures are removed at 10 to 14 days, and 
a removable hand-based splint is applied. The Kirschner 
wire is removed at 6 to 8 weeks depending on clinical 
and radiographie healing. 
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METACARPAL HEAD FRACTURES 

Intraarticular metacarpal head fractures, especially of the 
fourth and fifth metacarpals, often are caused by the patient 
striking an opponents teeth in a fistfight. Compound injuries 
are almost always caused by human bites (see section on 
human bite treatment in Chapter 78 for wound care and 
appropriate antibiotics). Many intraarticular metacarpal head 
fractures require open réduction and internai fixation, par- 
ticularly if the articular surface is incongruous. These can be 
fixed with Kirschner wires. Occasionally, these fractures 
resuit in osteonecrosis of the displaced fragment (Fig. 67-40). 

Although screws and plates hâve limited application in 
acute metacarpal fractures, the surgeon should be familiar 
with the techniques and equipment available to make a proper 
judgment in treatment of the individual patient. Complica¬ 
tions of this method of treatment hâve been reported to be 
42%. 



jïj A f Radiograph of hand of 20-year-old man who 
sustained horizontally directed fracture of fourth metacarpal 
head with palmar fragment displaced proximally. B f Fracture was 
reduced and held in place with Kirschner wires. C f At 4 months, 
radiographs showed early osteonecrosis of metacarpal head. 
D f At 2 1/2 years, radiographs showed some remodeling but defi- 
nite incongruities of metacarpal head. (From McElfresh EC, Dobyns 
JH: Intra-articular metacarpal head fractures, J Hand Surg 8A:383, 
1983.) 


OPEN REDUCTION AND PLATE 
FIXATION 

The indications for plate fixation of the metacarpals are (1) 
multiple fractures with gross displacement or additional 
soft-tissue injury, (2) displaced diaphyseal transverse, short 
oblique, or short spiral fractures (Fig. 67-41), (3) commi- 
nuted intraarticular and periarticular fractures, (4) commi- 
nuted fractures with shortening or malrotation or both, 
and (5) fractures with substance loss or segmentai defects. 


TECHNIQUE 67-16 


■ Plate fixation requires réduction, provisional stabilization 
by Kirschner wires or réduction clamps, and plate 
application. 

■ Expose the fracture surfaces sufficiently to allow anatomie 
réduction. 

■ Provisional fixation with réduction forceps is more difficult 
in the central metacarpals than the more accessible 
border index and small metacarpals. Because in most 
instances, réduction forceps currently available are inad¬ 
équate for clamping the plate to bone proximally and 
distally for provisional fixation, hâve an assistant hold the 
réduction and contour chosen plate to the metacarpal 
dorsum. 

■ For transverse fractures when an adéquate palmar cortical 
buttress is restored, apply the plate as a dorsal tension 
band plate. 

■ Use a 2.7-mm dynamic compression plate across the 
fracture. In stable fractures, use a less bulky one-fourth 
tubular plate and eccentric placement of the screws for 
compression. Tighten both screws terminally using the 
force of three digits on the screwdriver. 

■ To function as a tension band, contour the plate exactly 
to or slightly beyond the dorsal metacarpal bow to 
restore the anterior cortical buttress. Without anterior 
buttressing, the plate bends and fatigues. When an 
anterior buttress is properly restored, the plate is protected 
from bending stress and is subjected mainly to tensile 
stress. 

■ Stabilize short oblique and spiral fractures by an interfrag- 
mentary screw followed by a dorsal plate to neutralize 
rotational stresses. 

■ When a T-shaped plate or oblique L-plate is used, apply 
the side arm or arms first because a rotational deformity 
can occur as the screws in the side arm or arms draw the 
underlying bone fragment up to the plate. 

■ For intraarticular fractures, lag the two articular frag¬ 
ments together with a screw separate from the plate and 
placed perpendicular to the fracture site. 

■ Alternative^, eccentrically place the two screws in the T 
or L portion of the plate away from the fracture to 
compress the two fragments on terminal screw 
tightening. 

■ With distal metaphyseal metacarpal fractures, dorsal 
plating may interfère with the extensor mechanism. To 
avoid the interférence, use a 2-mm condylar plate, applied 
dorsoradially and dorsoulnarly through the dorsal tubercle 
of origin of the collateral ligament. 
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A f Displaced, closed fractures of metaphyseal shafts of right middle, ring, and small digits and comminuted intraar- 
ticular fracture of head and distal metaphysis of index finger. B f Tubular plate fixation of index, middle, ring, and small metacarpals. 

(From Hastings H II: Unstable metacarpal and phalangeal fractures treatment with screws and plates, Clin Orthop Relat Res 214:37, 1987.) 


9 " Plate fixation for metacarpal fractures should include 
screw purchase in at least four cortices distal and proximal 
to the fracture. The choice of plates must be tailored to 
the individual situation. Stabilize short oblique or spiral 
fractures requiring neutralization plating with a one- 
fourth tubular plate and 2.7-mm dynamic compression 
plate or a one-third tubular plate. Such a strut plate 
requires protection from loading and early bone 
grafting. 


OPEN REDUCTION AND SCREW 
FIXATION 

Screw fixation alone may be indicated in long oblique 
or spiral fractures and displaced intraarticular fractures 
(Fig. 67-42). The screw size and number will vary according 
to the fracture pattern. Not ail metacarpal fractures shafts 
can accept even 2-mm screws; thus, smaller screws may 
adequately suit some fracture needs. 


TECHNIQUE 67-17 


■ Fracture réduction follows local debridement of hema- 
toma and soft tissue. 

■ Limit periosteal stripping to 1 or 2 mm, only enough to 
ensure anatomie réduction. 

■ Use réduction forceps or Kirschner wires for temporary 
fixation. 

■ Plan screw placement according to the fracture anatomy. 

■ For compressive forces, which act to deform and shorten 
the metacarpals, place a screw at 90 degrees to the 


bone's long axis. For torsional stress, place screws at 90 
degrees to the fracture. The best compromise for résis¬ 
tance against axial and torsional loading is a screw that 
bisects the angle between a line 90 degrees to the frac¬ 
ture and 90 degrees to the bone's long axis. 

■ Check that screw placement near the fracture spikes is 
accurate to ensure bicortical purchase. 

■ The 2-mm screws are useful for shaft fractures, and the 
2.7-mm screws are better for metaphyseal fractures. 

■ Countersink the screw head to allow for better load 
distribution and reduce screw head prominence. 

■ Interfragment gliding hole screws compress fracture 
surfaces together and convert the screws' torsional load 
to an axial load. Some metacarpal head fractures can be 
fixed with a single screw; fractures of the metaphysis and 
diaphysis require a minimum of two screws. Stable fixa¬ 
tion by screws alone is possible for fractures with a length 
twice the bone diameter and fixed with two or more 
screws. 


■ MINICONDYLAR PLATE FIXATION 

Minicondylar plates sometimes are useful for metacarpal and 
phalangeal periarticular injuries. Indications may include 
(1) acute fractures associated with partial or complété flexor 
tendon disruption treated with primary tenorrhaphy and 
early motion, partial or complété extensor tendon injuries 
that are functionally competent or repaired so as to with- 
stand early tensile loading, and periarticular injuries in 
which the risk of joint stiffness is great because of the severity 
and location of associated soft-tissue injury, (2) replantation 
of digits, (3) metaphyseal ostéotomies of phalanges or 
metacarpals, especially in conjunction with capsulotomy or 
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A to C f Three-part displaced intraarticular fracture of proximal phalanx in 27-year-old man. D to F, After open 
réduction and fixation with minifragment screws. Note that small screw heads do not interfère with collateral ligament function. SEE 


TECHNIQUE 67-17. 
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tenolysis, (4) digit reconstruction (ostéoplastie, pedicle graff, 
free composite tissue transfer) with need for stable skeletal 
fixation, and (5) arthrodesis. The three contraindications are 
(1) use in the vicinity of open physes, (2) joint fragments 
narrower than 6 mm for the 2-mm plate or 5 mm for the 
1.5-mm plate, and (3) condylar blade and screw intraarticu- 
lar insertion, with the exception of the dorsal recess of the 
metacarpal head. 

■ WIRING TECHNIQUES 

Various wire configurations including tension band, 90-90, 
and cerclage may be used as sole methods of or suppléments 
to fracture fixation. Although cerclage techniques may theo- 
retically resuit in osteonecrosis, we hâve found this adjunct 
to be useful on occasion (Fig. 67-43). 

PHALANGES 

FRACTURE OF THE MIDDLE OR PROXIMAL 
PHALANX 

A direct blow on the dorsum of the fingers often is the cause 
of middle and proximal phalangeal fractures. Angulation is 
toward the palm, and the fingers may assume a claw position 
(Fig. 67-44). When multiple or open, these fractures should 
be stabilized surgically. Tfiey can be approached through a 
longitudinal dorsolateral incision or, for a proximal phalan¬ 
geal fracture, through one placed dorsally over the phalanx. 
The latter incision extends from the metacarpophalangeal to 
the proximal interphalangeal joint in an S curve. 


OPEN REDUCTION 


TECHNIQUE 67-18 


(PRATT) 

■ Expose the extensor tendon and incise it longitudinally in 
its center; retract it to each side to expose the fracture 
site (Fig. 67-45A and B). 

■ Drill a Kirschner wire into the distal fragment under direct 
vision; and after reducing the fracture, drill it rétrogradé 

(Fig. 67-45C and D). 

■ Correct any rotational deformity, although some shorten- 
ing may be acceptable. 

■ Repair the extensor tendon. 

■ Support the finger in the position of function and the 
wrist in extension. 

■Sometimes an unstable oblique fracture of a middle or 
proximal phalanx can be treated by closed réduction and 
percutaneous pinning with a Kirschner wire inserted 
across the fracture. The Kirschner wire should be inserted 
midlaterally to avoid injury to the extensor hood and the 
flexor tendon (Fig. 67-46). 

POSTOPERATIVE CARE. The finger is splinted for 2 to 
3 weeks, allowing protected early range of motion. The 
wire is removed in 3 to 4 weeks. 


Belsky and Eaton described a useful technique for pinning 
multiple proximal phalangeal fractures. The fractured phalanx 
is held reduced with the metacarpophalangeal joint flexed to 
90 degrees, while a single Kirschner wire is drilled from the 
dorsal aspect of the metacarpal head across the metacarpo¬ 
phalangeal joint and along the medullary canal to cross the 
fracture (Fig. 67-47). The wire should not cross the proximal 
interphalangeal joint and should be leff exposed proximally 
to allow removal at 3 to 4 weeks. Some proximal phalangeal 
base intraarticular fractures may require open réduction and 
internai fixation. When restoration of near-anatomie joint 
surface articulation is necessary and early motion désirable, 
screw fixation may be préférable (Fig. 67-48). 

Open or severely comminuted phalangeal fractures, 
especially of the proximal phalanx, may be unsuitable for 
internai fixation using traditional methods. In such cases, 
external fixation using a mini external fixator may be 
appropriate. 

PROXIMAL INTERPHALANGEAL JOINT 
FRACTURE-DISLOCATION 

A proximal interphalangeal joint fracture-dislocation as a 
rule results in an unstable dorsal displacement of the middle 
phalanx caused by disruption of the attachment of the volar 
fibrocartilaginous plate. If a large, single volar fragment 
involving more than 50% of the joint surface is présent, open 
réduction and internai fixation can be done with one or more 
Kirschner wires, minifragment screws, minifragment volar 
plate, or a wire loop pull-out. If the fragment or fragments 
include less than 40% of the articular surface active motion 
of the proximal interphalangeal joint while maintaining the 
finger in an extension block splint may give satisfactory 
results, especially in cases without gross displacement. In 
proximal interphalangeal fracture-dislocations that hâve a 
comminuted surface of the middle phalanx of greater than 
40%, instability usually persists because the collateral liga¬ 
ments are attached to the volar fragment. Surgical interven¬ 
tion usually is required such cases, which may involve closed 
réduction and transarticulator Kirschner wire placement, 
percutaneous fragment réduction and dorsal block pinning, 
static or dynamic external fixation, volar plate arthroplasty, 
and hemi-hamate osteoarticular autograffs. 

Extension block pinning is a simple technique for man¬ 
aging dorsal proximal interphalangeal (PIP) joint fracture- 
subluxations and appears to be an attractive alternative to 
more complex techniques. A sériés of 12 patients with up to 
75% articular involvement of the middle phalangeal base 
were treated by Bear et al., who reported an average 
84 degrees motion and low pain scores at 3-year follow-up 
(Fig. 67-49). Similar range of PIP motion was found by 
Maalla et al. in 22 patients, 16 patients of whom had normal 
joint contours. In a smaller sériés of patients, Vitale et al. 
reported favorable outcomes when a percutaneous wire was 
used for fracture réduction in conjunction with a dorsal 
block pin. 

Préservation of the proximal phalanx articular surface 
is necessary for most joint préservation or reconstructive 
procedures. Even in old, healed, displaced fractures cases 
treated up to 2 years after injury, Eaton and Malerich 
reported volar plate arthroplasty being successfully employed 
(Fig. 67-50). 






A and B f Middle and ring metacarpal shaft fractures in 75-year-old woman with shortening and obliquity suitable 
for interfragmentary fixation. C and D f Postoperative radiographs show anatomie réduction. Note that sagittal bending moment of 
ring metacarpal shaft fracture was offset by supplémentai 24-gauge cerclage wire fixation. 



Full flexion of metacarpophalangeal joint is required 
to relax deforming forces and maintain réduction. 








A 




Monofilament 

wire 


Closure 


Kirschner 

wire 


D 


FIGURE 


For rare phalangeal shaft fractures that require open réduction, Pratt's technique is useful. SEE TECHNIQUE 67-18. 



A, Crush injury to small finger resulting in 
middle phalangeal fracture. B and C f Fracture was inherently 
unstable and required stabilization. D and E f Pratt technique 
of crossed Kirschner wire fixation provided good alignment 
and stability. 
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Belsky-Eaton pinning. A f Markedly unstable proximal phalangeal fracture treated by percutaneous pinning (B) across 
metacarpophalangeal joint. Metacarpophalangeal joint should be flexed at least 60 to 70 degrees, and proximal interphalangeal joint 
is not crossed. 
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An alternative treatment involves reconstruction of the 
middle phalanx volar lip by autogenous osteoarticular graft 
When dorsal subluxation of the proximal interphalangeal 
joint persists with 30 degrees of proximal interphalangeal 
joint flexion, an autogenous hemi-hamate osteoarticular graft 
has been recommended. A size-matched segment of the distal 



A and B f Comminuted intraarticular fracture in 
middle finger proximal phalanx base of avid tennis player treated 
by screw fixation. 


hamate articular surface is carefully shaped to match the 
contour of the middle phalanx (Fig. 67-51). We hâve found 
this technique useful, and in selected patients the need to 
protect the repair with provisional pinning appears unneces- 
sary because intraoperatively dramatic stability is achieved. 
Successful outcomes are dépendent on accurate graft fashion- 
ing to “cup” to the proximal phalangeal head. Suboptimal 
results will be obtained when the graft is placed flatly and 
récurrent dorsal subluxation ensues. Some indications for 
this procedure include delayed présentations of proximal 
interphalangeal joint dorsal fracture subluxations with middle 
phalanx volar lip fractures exceeding 50% of the articular 
surface, failed volar plate arthroplasty, and failed dynamic 
traction or extension block splinting. 


HEMI-HAMATE AUTOGRAFT 


TECHNIQUE 67-19 


(WILLIAMS ETAL) 

■ Expose the proximal interphalangeal joint through a volar 
V-shaped incision (apex radial or ulnar) from the palmar 
digital crease to the distal interphalangeal joint flexion 
crease. 

■ Protect the neurovascular bundles and open the flexor 
sheath between the A2 and A4 pulleys. Retract the flexor 
tendons to the side by releasing them from the accessory 
collateral ligaments. 

■ Excise any bone fragments from the volar plate and 
retract the volar plate proximally. This exposes the middle 



A, Preoperative and (B f C f D) follow-up latéral radiographs of a patient treated with extension-block pinning. Initial 
images show V sign, indicative of instability. Remodeling of the proximal interphalangeal joint surface was consistently noted, as can 
be seen here (D) at 5-year follow-up. (From Bear DM, Weichbrodt MT, Huang C, et al: Unstable dorsal proximal interphalangeal fracture- 
dislocations treated with extension-block pinning, Am J Orthop (Belle Mead NJ) 44:122, 2015. 
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A f Radiograph 1 year after fracture-dislocation. Patient had pain and only 20 degrees of motion. B f Radiograph 14 
months after arthroplasty. Note smooth, congruous articular arc. C f Active extension 14 months after arthroplasty of proximal inter- 
phalangeal joint. D, Active flexion 14 months after arthroplasty of proximal interphalangeal joint. E, Schéma of volar plate advance- 
ment. (A-D from Eaton RG, Malerich MM: Volar plate arthroplasty for the proximal interphalangeal joint: a ten-year review, J Hand Surg 5A:260, 
1980.) 


phalangeal fracture site and the proximal phalangeal 
head. 

■ Release the collateral ligaments, leaving a small portion 
attached to the middle phalangeal base to facilitate volar 
plate reattachment during closure. "Shotgun" the proxi¬ 
mal interphalangeal joint by hyperextension and remove 
remaining bone fragments (Fig. 67-52A). 

■ Préparé the middle phalangeal base with a rongeur and 
oscillating saw, taking care to remove bone necessary for 
the graft. Take spécial care not to remove much dorsal 
bone to prevent fracture. Measure the defect with 
calipers. 

■ Under fluoroscopie guidance, make a 3-cm incision 
transversely at the ring and small finger carpometacarpal 
bases. 

■ Make a capsulotomy and locate the distal surface of the 
hamate. Mark the desired graft centered on the distal 
hamate articular ridge. The graft should be slightly larger 
than the defect to allow further contouring. 


■ Make the axial hamate eut (Fig. 67-52B, line A) and sagit¬ 
tal hamate eut (Fig. 67-52B, lines B and C) with an 
osteotome or sagittal saw. 

■The coronal eut can be made with a curved osteotome 
and is facilitated by removing a small notch of bone 
proximal to the axial eut (Fig. 67-52B, line A). Make sure 
not to make the eut too oblique because the graft must 
be contoured to cup the proximal phalangeal head. 

■ Contour the graft and place it into the defect and, if 
necessary, place bone graft under the distal end of the 
graft to make it cup shaped. 

■ Provisionally fix the graft with a 0.9-mm Kirchner wire in 
the graft center and fix the graft in place with 1.0- to 
1,5-mm volar to dorsal screws. A third screw can be used 
if the graft is large enough in the provisional pin fixation 
site. 

■ Reduce the joint and assess the réduction fluoroscopically. 
Note that the hamate articular cartilage is thicker than 
that of the proximal phalangeal base and an apparent 
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A f Persistent dorsal proximal interphalangeal joint subluxation with nonreconstructible middle phalangeal volar lip 
fracture. B f Volar exposure of middle phalangeal base and geometrical préparation of defect for graft. C f Fluoroscopie view of distal 
hamate donor site. D f Fixation of graft with two minifragment screws to replicate the middle phalangeal base concavity. E f Concentric 
joint without collapse or dorsal subluxation at 2 years after surgery. SEE TECHNIQUE 67-20. 
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A 



Fractured and 
comminuted 
phalangeal base 


Middle phalanx 



Volar view 
of PIP joint 


B 



4th MC 


5th MC 


Dorsal 

view 


Hemi-hamate autograft for unstable proximal interphalangeal fracture-dislocation. A f "Shotgunned" proximal 
interphalangeal joint showing exposure of fracture and intact articular cartilage at base of middle phalanx. B f Prepared base of middle 
phalanx and corresponding donor site on hamate. SEE TECHNIQUE 67-19. 


9 radiographie step-off should not be worrisome as long as 
the visual réduction is satisfactory. 

■Contour the graft distally to contour with the middle 
phalangeal cortex. Reattach the volar plate to the collateral 
ligament stumps. The reflected flexor sheath may be 
interposed between the flexor tendons and the volar plate. 
■ Deflate the tourniquet, obtain hemostasis, and apply a 
dorsal splint to block the proximal interphalangeal joint 
in 20 degrees of flexion. 

POSTOPERATIVE CARE. One week after surgery, range- 
of-motion exercises are begun, edema control measures 
are instituted, and a figure-of-eight splint is applied with a 
15-degree extension block to provide latéral stability. 


Some fractures around the proximal interphalangeal joint 
resuit in poor outcomes despite achievement of a concentric 
réduction (Fig. 67-53). Persistent swelling, limited motion, 
and intrinsic imbalance commonly accompany comminuted 
fractures of the middle phalangeal base regardless of the 
method of open réduction. 

■ CLOSED REDUCTION AND EXTENSION BLOCK 
SPLINTING 

Marked comminution of the middle phalangeal shaft may be 
treated better by traction than by internai devices. These more 
complex injuries are not suited to open réduction techniques, 
and maintaining the undisturbed soft tissues around the 
fracture fragments seems to allow faster healing (Fig. 67-54). 
Numerous commercially available devices can be used to 
support the fracture, but few allow early motion at the proxi¬ 
mal interphalangeal and distal interphalangeal joints. 


After closed réduction, a malléable métal dorsal splint 
can be incorporated in a forearm gauntlet plaster cast so that 
the involved finger is maintained in flexion at the proximal 
interphalangeal joint and the metacarpophalangeal joint (Fig. 
67-55). Because instability occurs when the proximal inter¬ 
phalangeal joint is extended, the angle at which it occurs can 
be determined before application of the plaster. The proximal 
interphalangeal joint is blocked in flexion 15 degrees short 
of this demonstrated position of instability. The proximal 
phalanx should be held securely against the dorsal splint to 
avoid extension at the proximal interphalangeal joint caused 
by further flexion of the metacarpophalangeal joint. Immédi¬ 
ate flexion motion of the proximal interphalangeal joint is 
permitted. Full extension is not permitted for 6 to 12 weeks; 
however, an increased amount of extension may be permitted 
each week, and the patient is encouraged to increase flexion. 


OPEN REDUCTION 


TECHNIQUE 67-20 


(EATON AND MALERICH) 

■ Make a volar incision using an elongated V with the flap 
based radially. 

■ Excise the flexor tendon sheath from the proximal phalanx 
sufficiently to allow the tendons to be retracted to one 
side to view the entire joint. 

■ Hyperextend the joint to identify the fracture in fresh 
injuries. 

■ The volar plate is still attached to the bone fragments of 
the middle phalanx. Detach the accessory collateral liga¬ 
ment from both sides, freeing the volar plate. 
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Proximal interphalangeal joint fracture-dislocation in 15-year-old softball player. Anterior (A), latéral (B), and oblique 
(C) views of markedly comminuted and unstable proximal interphalangeal joint fracture-dislocation. D and E f Réduction was obtained 
through volar approach. Persistent joint enlargement and limited motion resulted despite dorsal capsulectomy and aggressive physical 
therapy. 
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A-D External fixation frame composed of 0.045-inch Kirschner wires and portions of disposable neurotip tube. Early 
motion is possible because axis pin passes through proximal head center. 


Continued 
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FIGURE 




E and F, Clinical resuit 10 weeks after surgery. 



Extension-block splinting. (Redrawn from McEI- 
fresh EC, Dobyns JH, O'Brien ET: Management of fracture-dislocation 
of the proximal interphalangeal joints by extension-block splinting, 
J Bone Joint Surg 54A:1705, 1972.) 


to avoid an angular deformity when attaching the volar 
plate. 

■The passive proximal interphalangeal joint motion should 
be 110 degrees, so as to easily touch the distal palmar 
crease with the fingertip. If passive motion is not 110 
degrees, perform a dorsal capsular release and then 
attach the volar plate as described earlier. 

POSTOPERATIVE CARE. The splint is worn for 2 weeks, 
after which the Kirschner wire is removed and active 
guarded flexion is started with a dorsal block splint. At 5 
weeks, full extension should be accomplished; and if not, 
a dynamic splint should be used. The pull-out wires can 
be removed at 3 weeks. 


■ Detach the bone fragments by sharp dissection at the 
distal margin of the volar plate. In acute injuries, the 
collateral ligaments and joint capsule need not be 
incised. 

■ Drill two small holes at the extreme margin of a trough 
created at the middle phalanx by the bone déficit. 

■ Place the pull-out wire through each corner of the volar 
plate and through the drill holes to emerge dorsally. 

■ Place traction on these wires to snug the volar plate into 
the articular defect, effectively resurfacing the joint. 

■ Maintain réduction by flexing the joint no more than 35 
degrees (Fig. 67-51 E). 

■ Check congruity of réduction with a radiograph and 
insert a Kirschner wire across the joint to maintain 
réduction. 

■ Place the hand and finger in a splint. 

MALUNITED FRACTURES 

■ In old injuries in which the fractures hâve malunited, 
divide the volar plate as far distally as possible. It may be 
necessary to excise both collateral ligaments. 

■Create a transverse trough at the proximal edge of the 
middle phalanx and extend it completely across the bone 


■ DYNAMIC EXTERNAL SPLINT REDUCTION 

Several different methods are commonly used to achieve réduc¬ 
tion of proximal interphalangeal joint fracture-subluxations. 
These techniques rely on coupling distraction and volarly 
directed forces across the joint. Common to most of these 
devices is achieving distraction force through pins placed 
through the rotation axes of the proximal and distal interpha¬ 
langeal joints. The method by which the volarly directed forces 
are achieved differs according to the chosen technique. 


DYNAMIC DISTRACTION EXTERNAL 
FIXATION 


TECHNIQUE 67-21 


(RULAND ETAL) 

■ Under fluoroscopie guidance, attempt a closed réduction; 
make limited open incisions to achieve concentric réduc¬ 
tion when necessary. 
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■ Place a 0.045-inch Kirschner wire through the proximal 
phalangeal head rotational axis center. Bend the ends of 
this wire along the longitudinal axis of the digit and rotate 
it dorsally for placement of the second pin. 

■ Place the second pin at the distal metadiaphyseal junction 
of the middle phalanx parallel to the distal interphalangeal 
joint. Place the third wire in the middle third of the middle 
phalanx, distal to the fracture site along the axis created 
by the first two wires (Fig. 67-56A). 

■ Rotate the first wire over the third wire (fulcrum) and 
under the second wire, thus providing a dorsally directed 
force on the proximal phalangeal head and a palmarly 
directed force on the middle phalangeal base (Fig. 
67-56B). 

■ Fashion the free ends of the first wire into upward hooks 
and those of the second wire into downward hooks (Fig. 
67-56C and D). Apply dental rubber bands (two usually 
are sufficient) between the hooks to serve as in-line trac¬ 
tion across the proximal interphalangeal joint. 

■ Intraoperatively hâve the patient flex and extend the 
finger under fluoroscopie guidance. If concentric réduc¬ 
tion is not présent, apply a third rubber band. 

■ Note: If a pilon fracture is présent, the use of a fulcrum 
wire is not necessary and may cause fracture angulation. 
In these cases the third wire is merely used for frame 
control. 

POSTOPERATIVE CARE. Immédiate supervised range- 
of-motion exercises are begun, and weekly radiographs 
are made to evaluate the réduction and maintenance of 
the joint space. If the joint space exceeds that of the 
adjacent fingers, the rubber bands are reduced in number. 
At 6 weeks or when there is sign of radiographie union, 
the fixator is removed. Use of antibiotics is recommended 
when pin sites are of concern. 


DYNAMIC INTRADIGITAL 
EXTERNAL FIXATION 


TECHNIQUE 67-22 


■ Drive two parallel 0.045-inch Kirschner wires through the 
centers of the proximal and middle phalangeal heads. 

■ Bend the proximal phalangeal wire at 90 degrees on 
either side of the finger toward the distal pin. Then bend 
it again backward beginning about 1.0 cm distal to the 
distal pin and then again forward to engage the distal 
pin. 

■ Adjust the traction force by merely altering the angle of 
the wire engagement distally (Fig. 67-57). 

■ When necessary, make midlateral incisions to assist in 
fracture réduction. 


INTERPHALANGEAL DISLOCATIONS 

Most interphalangeal dislocations are dorsal and usually are 
reduced immediately by the patient or a bystander. The col¬ 
lateral ligaments usually are not ruptured and provide adéquate 
stability for early protected range of motion affer closed 
réduction. If one or both of the collateral ligaments are 
completely ruptured in a young adult, and the joint is unstable, 
the ligaments should be repaired, especially if the rupture is 
on the radial side of the index finger. If the joint remains 
unstable with persistent dorsal subluxation, the joint may be 
pinned in 20 degrees of flexion for 2 to 3 weeks. Alternatively, 
a pin can be used merely as a dorsal block, permitting flexion 
exercises of the joint early. 



Dynamic distraction external fixation. A f Application of Kirschner wires. B f Level-assisted réduction of fracture- 
dislocation. C and D f Assembled fixator. (From Ruland RT, Flogan CJ, Cannon DL, Slade JF: Use of dynamic distraction external fixation for 
unstable fracture-dislocations of the proximal interphalangeal joint, J Fland Surg 33A:19, 2008.) SEE TECHNIQUE 67-21. 





















FIGURE 


A f Proximal interphalangeal joint fracture-subluxation. B and C f Dynamic external fixation. SEE TECHNIQUE 67-22. 
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Irreducible dislocation of proximal interphalangeal joint. Collateral ligament has been torn, and latéral band of 
extensor hood has been trapped within joint. A f Dorsal view. B f Latéral view. 


In contrast to dorsal dislocations, volar proximal inter¬ 
phalangeal joint dislocations often cannot be reduced with 
closed techniques. Entrapment of the latéral band around the 
head of the proximal phalanx may block réduction, and open 
réduction may be necessary. Nonconcentric réduction affer a 


closed réduction, usually caused by soft tissue or bony inter¬ 
position, also requires open réduction (Figs. 67-58 and 
67-59). 

Unstable joints that are the resuit of acute trauma or 
reconstructive efforts can be managed with numerous small 
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Volar dislocation of middle finger proximal interphalangeal joint. A f Injury suggestive of central slip injury. B f Proximal 
phalangeal radial condyle buttonholed through extensor mechanism with latéral band trapped volarly. C f Latéral band reduced. D and 
E, Despite acute anatomie repair and good flexion, extensor lag of 20 degrees persisted. 


dynamic external fixators. These devices allow early motion 
while maintaining réduction of the joint. 

■ UNSTABLE PROXIMAL INTERPHALANGEAL 
JOINT SECONDARY TO CHRONIC COLLATERAL 
LIGAMENT RUPTURE 

In rare instances, the proximal interphalangeal joint may be 
grossly unstable laterally. A tendon graft can be used to 
replace the collateral ligament (Fig. 67-60). 


TENDON GRAFT TO REPLACE 
RUPTURED COLLATERAL LIGAMENT 


TECHNIQUE 67-23 


■ Make a midlateral incision over the proximal interphalan¬ 
geal joint on the side of the collateral ligament insufficiency. 
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jjjj A f Chronically unstable proximal interphalan- 
geal joint permitted tilting and produced pain on pinch. B, 
Alignment by segmentai graft from palmaris longus tendon 
attached through bone. 


9 " Incise the transverse retinacular ligament and reflect the 
extensor mechanism dorsally. 

■ Excise any scar tissue from around the origin and insertion 
of the cord fibers. 

■ Drill a hole completely through the bone on each side of 
the joint (Fig. 67-61). 

■ Obtain the necessary graft material, such as the palmaris 
longus tendon. 

■ Tie a 4-0 suture or 34-gauge wire loop around each end 
of the graft and bring one end out through one of the 
holes on the side opposite the injury. 

■ Pass the other end of the graft across the joint and 
through the hole in the other bone in the appropriate 
direction. 

■ Pass each wire loop on the ends of the graft through a 
piece of felt and then through separate holes in a single 
button. 

■ Pull the graft snug and tie the two wires together over 
the button. 

■ Additionally, an accessory collateral ligament may be 
created if necessary. Section a portion of the tendon 
sheath on the side opposite the defect; maintain its inser¬ 
tion into the bone on the side of the involved collateral 
ligament, and fold this fascia-like sheath over the grafted 
tendon. Suture it to the graft with the finger in extension. 
Transfix the joint with an oblique Kirschner wire. 

POSTOPERATIVE CARE. At 3 weeks, the Kirschner wire 
is removed and motion is begun. The button and wire 
loop are removed at 4 to 6 weeks. 



A and B f Reconstruction of collateral ligament 
of proximal interphalangeal joint with tendon graft. SEE TECH¬ 
NIQUE 67-23. 


■ UNDIAGNOSED INTERPHALANGEAL 
DISLOCATIONS 

Failure to diagnose interphalangeal dislocations is rare but 
does occur because swelling soon obscures the landmarks 
that make early diagnosis easy. If the dislocation is not diag- 
nosed within the first week, joint cartilage may be eroded by 
pressure from the articular edge of the dislocated phalanx; 
open réduction is then usually necessary (Figs. 67-62 and 
67-63). 


OPEN REDUCTION AND FIXATION 
WITH A KIRSCHNER WIRE 


TECHNIQUE 67-24 


■ Make a midlateral incision at the level of the affected 
interphalangeal joint. 

■ Expose the joint, remove the granulation tissue and the 
remaining hematoma, and reduce the joint under direct 
vision. 

■ Often, the volar plate lies between the joint surfaces and 
both collateral ligaments must be excised. 

■ Hold the joint with an oblique Kirschner wire and place 
the finger in a splint. 

■ If at surgery the joint is found to be completely destroyed, 
it should be arthrodesed. 

POSTOPERATIVE CARE. In 2 weeks, the wire can be 
removed, and active motion is begun. 
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■ DISTAL PHALANGEAL FRACTURES 

Distal phalangeal fractures caused by crushing injuries 
usually are comminuted and require only splinting. Treat- 
ment is primarily directed at managing the associated soft- 
tissue injuries, such as nail bed lacérations. When a circular 
wound is présent that nearly amputâtes the fmgertip, a 
Kirschner wire or a 22-gauge hypodermic needle is valuable 
in supporting the bone while the soft tissues heal (Fig. 67-64). 
Prolonged tenderness and hypoesthesia of the fmgertip after 
the fracture are common for many months. 

■ MALLET FINGER 

Disruption of the terminal extensor tendon frequently results 
in a distal interphalangeal joint extension lag and is 



Radiographs of interphalangeal dislocation in 
child. Injury had gone undiagnosed for 1 month because defor- 
mity appeared slight externally. After open réduction, flexion of 
30 degrees was eventually possible. 


commonly referred to as a baseball or malletfinger deformity. 
Full passive distal interphalangeal joint extension usually 
remains, and proximal interphalangeal joint hyperextension 
may develop because of secondary volar plate laxity from 
proximal migration of the extensor apparatus resulting in a 
swan neck deformity. The usual cause is a forceful blow to the 
tip of the finger causing sudden flexion; however, a hyperex¬ 
tension injury with fracture of the dorsal lip of the distal 
phalanx also may manifest as mallet deformity. Although 
closed injuries are more common, open injuries caused by 
lacérations and crush abrasions also occur. Approximately 
40% of mallet fingers resuit from minor injuries. Mallet 
fingers are classified into four types according to associated 
soff-tissue injuries and the fracture pattern: 

Type 1: Closed or blunt trauma with loss of tendon continuity 
with or without a small avulsion fracture 
Type 2: Lacération at or proximal to the distal interphalangeal 
joint with loss of tendon continuity 
Type 3: Deep abrasion with loss of skin, subcutaneous cover, 
and tendon substance 

Type 4:4A , transphyseal fracture in children; 4B , hyperflexion 
injury with fracture of articular surface of 20% to 50%; 
4C, hyperextension injury with fracture of the articular 
surface usually greater than 50% with early or late volar 
subluxation of the distal phalanx 
Type 1 mallet fingers are the most common. Differentiating 
small avulsion type 1 fractures from the larger type 4 fractures 
is important because the subluxation or dislocation présent 
in type 4 fractures détermines treatment. 

Treatment for type 1 mallet fingers usually consists of 
continuous distal interphalangeal joint extension splinting 
with a molded polythene (Stack) or aluminum splint for 6 to 
8 weeks (Fig. 67-65). Night splinting usually is recommended 
for an additional 2 to 6 weeks. Volar or dorsal splints can be 
used, but care must be taken when applying them to prevent 
skin macération and ulcération. Hyperextension of the distal 
interphalangeal joint should be avoided because it causes skin 
blanching, which possibly contributes to skin breakdown. 
Although open type 2 injuries can be treated with closed 
réduction after appropriate wound care, splint management 



Undiagnosed interphalangeal dislocation in adult complicated by infected wound. Bone has been eroded. At 6 weeks 
after injury, infection had been controlled, and joint was arthrodesed. 
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A and B f Displaced and angulated distal phalangeal fracture associated with nail bed lacération in 22-year-old college 
student. C and D f After bone fixation, which permitted subséquent realignment and repair of nail bed. 



A, Acute type 1 mallet finger with secondary 
achieving full extension of distal interphalangeal joint. 


'swanning" of proximal interphalangeal joint. B, Aluminum splint 


can be difficult. Direct repair of the extensor tendon can be 
done by tendon suture repair and Kirschner wire fixation of 
the distal interphalangeal joint in full extension. 

Type 3 mallet fingers require soft-tissue coverage and 
pinning of the distal interphalangeal joint and possible 
primary arthrodesis. Pédiatrie mallet fingers or Seymour 
fractures should be treated with closed réduction and splint- 
ing of the distal interphalangeal joint in neutral or slight 
extension for 4 weeks. These fractures frequently are open 
fractures, as evidenced by fairly continuous bleeding around 
the nail base. The nail offen is displaced out of the proximal 


eponychial fold and rests dorsally on the skin. After an 
adéquate digital block (single injection at the palmar digital 
crease), the wound should be cleaned and irrigated by gently 
flexing the distal fragment. The nail is placed beneath the 
eponychial fold, and a splint and dressing are applied. Dis¬ 
placed Salter-Harris type III fractures are reduced closed 
with mild extension of the distal phalanx. Open réduction 
and Kirschner wire fixation of the epiphyseal fragment is 
indicated if closed réduction cannot be obtained. Treatment 
of type 4B and type 4C mallet fingers is controversial. Opéra¬ 
tive treatment is associated with numerous complications, 
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A f Type 4 mallet finger in high school basketball player. B f Results of pull-out wire and pin fixation of distal inter- 
phalangeal joint just before pin removal at 4 weeks. C f Pull-out wire left in until 6 weeks after surgery. 


including infection, nail deformity, tender pulp scars, and 
loss of réduction and fixation. Nonoperative treatment by 
extension splinting is recommended by some for ail mallet 
fractures, including the hyperextension type with subluxation 
of the distal phalanx. Joint congruity may not affect end 
results. For fractures involving more than one third of the 
articular surface and associated subluxation and dislocation, 
open réduction using a pull-out wire and transarticular 
Kirschner wire in extension is advised (Fig. 67-66). Painful 
chronic mallet fingers resulting from fracture-dislocation are 
probably better treated with distal interphalangeal joint 
arthrodesis. 


OPEN REDUCTION AND FIXATION 
WITH A PULL-OUT WIRE AND 
TRANSARTICULAR KIRSCHNER WIRE 


TECHNIQUE 67-25 


(DOYLE) 

■ Expose the joint through a zigzag dorsal incision 
(Fig. 67-67A). 
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Réduction and fixation for mallet fracture. 
A f Joint is exposed through dorsal zigzag incision. B f Kirschner 
wire is drilled longitudinally through distal phalanx. C f Joint is 
reduced, Kirschner wire is driven proximally across joint, and 
fracture fragment is reduced. If fracture fragment cannot be 
maintained in proper position, pull-out suture is passed through 
fragment and distal phalanx and tied over padded button. (From 
Green DP, editor: Operative hand surgery, 3rd ed, New York, Churchill 
Livingstone, 1993; redrawn after Elizabeth Roselius.) SEE TECHNIQUE 
67-25. 


9 " Pass a 0.035-inch Kirschner wire longitudinally through 
the distal phalanx (Fig. 67-67B). 

■ Reduce the joint and manipulate the fracture fragment 
into place. 

■ Pass the Kirschner wire across the joint, holding it in full 
extension. 

■ Obtain radiographs in two planes to verify réduction. 

■ If the fracture fragment cannot be maintained in close 
apposition to the major fragment, use a pull-out suture 
to hold it in position (Fig. 67-67C). 

■ After closure, apply a splint to protect the transarticular 
Kirschner wire. 

POSTOPERATIVE CARE. The splint and Kirschner wire 
are removed at 6 weeks, and range-of-motion exercises 
are begun. 


INTRAARTICULAR FRACTURES 

Intraarticular fractures with a single fragment involving one 
third or more of the joint surface and that are accompanied 
by subluxation or dislocation require réduction and fixation 
with a suture or a Kirschner wire (see section on 


fracture-dislocation of the proximal interphalangeal joint). 
Closed réduction is sometimes accomplished by flexing the 
finger and apposing the larger fragment to the smaller; the 
joint is transfixed with a Kirschner wire. Another closed 
method is three-point skeletal traction using a vertical trac¬ 
tion ring. Open réduction usually is preferred, however. A 
Kirschner wire is drilled into the smaller fragment, the frac¬ 
ture is reduced, and the wire is brought out through the larger 
fragment. The drill is attached to the opposite end of the wire 
and used to extract it until its tip is just beneath the articular 
cartilage of the smaller fragment. Motion usually can be 
started at 2 weeks, and the wire can be removed at 4 weeks. 
As an alternative, a small AO screw (1.5 or 2 mm) can be used 
to fix an articular fragment, provided that the fragments 
width is three times the diameter of the screw being used. 

Impaction fractures with comminution may require 
supplémentai b one graffing in addition to internai fixation 
after careful surgical élévation of the depressed articular frag¬ 
ments. Intraarticular fractures include avulsion fractures at 
the insertions of tendons and ligaments. The fragments 
usually are displaced widely by the pull of the tendon or liga¬ 
ment and should be reduced and fixed internally to restore 
tendon or ligament function and joint integrity (Fig. 67-68). 
When the fragment is small (less than one fourth of the joint 
surface), treatment is directed toward the soff-tissue avulsion 
and may consist of open réduction and splinting or splinting 
alone in the position of function. 

Hemicondylar fractures produced by latéral stress 
(usually at the proximal interphalangeal joint) require inter¬ 
nai fixation if displaced. Open réduction offen is necessary, 
but closed réduction and percutaneous pinning (Fig. 67-69) 
can be attempted. 

The outcome after intraarticular fractures of the inter¬ 
phalangeal joints of the hand dépends on the patients âge, 
location of injury, degree of comminution, associated soff- 
tissue injuries, accuracy of réduction, and postoperative 
management. At long-term follow-up, pain usually dimin- 
ishes and motion improves with time. According to O’Rourke, 
Gaur, and Barton, only 27% of their patients were pain free 
at early follow-up, but 66% reported no discomfort after 11 
years. A graduai improvement in motion was observed, but 
only 60% regained a normal range of motion; 17% showed 
radiographie evidence of posttraumatic arthritis; however, 
radiographie findings did not correlate with pain. 

COMPLICATIONS OF 
HAND FRACTURES 

Complications of fractures include malunion, nonunion, 
adhesion of tendons to the fracture site, infection (see Chapter 
78), and limitation of joint motion. If multiple tissues must 
be reconstructed, the repair of bones and joints is third in the 
order of priority. If good skin coverage is absent, repair fails; 
and if the hand is insensitive, repair is futile. Bone and joint 
reconstruction procedures are indicated only after good skin 
coverage can be obtained and when at least protective sensa¬ 
tion is présent or is fortheoming. 

MALUNION 

If fractures of one or more bones of the hand unité in poor 
position, the resulting disturbance of muscle balance causes 
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FIGURE 


A and B f Condylar fracture fixed with Kirschner wires. 



A, Displaced, unstable condylar fracture usually 
requires open réduction and fixation. B f Manipulation of fracture 
using intact collateral ligament may permit insertion of Kirschner 
wire to hold réduction. C f Two wires may be necessary to avoid 
rotation of reduced fragment. 


weakness of grasp and pinch, especially if the metacarpals 
and proximal phalanges are involved. The kinesthetic sense 
also seems to be disturbed. Rotational malalignment and 
angulation can cause notable hand deformity, which usually 
is accentuated when a composite fist is made. 

Not every malunited fracture requires intervention. The 
function of the fingers and the hand, not the radiographie 
appearance, détermines whether treatment is necessary. 111- 
advised treatment usually fails to improve function and 
sometimes makes it worse. Minor malunion deformities 
usually should be accepted when motion of the surrounding 
joints is satisfactory because treatment by osteotomy can lead 
not only to nonunion but also to difficulty in reestablishing 


satisfactory joint motion. This is especially true in patients 
beyond middle âge. 

Most malunited fractures of the metacarpal neck should 
not be treated, particularly fractures of the neck of the fiffh 
metacarpal. Flexion deformities of 40 degrees or more can 
easily be accepted with good function. When the fiffh meta¬ 
carpal head is displaced volarward, the carpometacarpal joint 
allows dorsal displacement of the distal end of the bone so 
that the palm can yield when a hard object is grasped; this 
also is true to a lesser extent of the ring finger. For the second 
and third metacarpals, however, there is little or no motion 
in the carpometacarpal joints; and when the metacarpal head 
is displaced volarward, pain with firm grasp may occur. 
When a metacarpal head is markedly displaced, metacarpo- 
phalangeal joint hyperextension and secondary collateral 
ligament contracture offen occur; a capsulotomy and an 
osteotomy may be necessary. 

Certain malunions can be treated with corrective oste¬ 
otomy (Fig. 67-70). When articular cartilage loss results in 
angular deformity, subluxation, dislocation, impending joint 
destruction, or pain, osteoarticular graffs may be useful 
(Fig. 67-71). 


CORRECTION OF METACARPAL 
NECK MALUNION 


TECHNIQUE 67-26 


■ Make a longitudinal dorsal incision just proximal and 
latéral to the metacarpal head; expose the extensor hood, 








3 


PART XVIII THE HAND 


9 and free it on one side of the metacarpal neck with a 
sharp knife. 

■ Dissect the interosseous muscle from the latéral side of 
the neck and the extensor tendon and expansion from its 
dorsum as necessary for sufficient exposure. 

■ If the callus is hard, drill across the old fracture site 
transversely; otherwise, eut across it with an osteotome. 



A 



HP A f Malunited fracture of base of middle phalanx 
with splaying of volar and dorsal articular surfaces. B, After 
wedge resection of bone, volar and dorsal fragments were held 
securely with cerclage wire fixation. 


■ Drill the medullary canal proximally and distally so that it 
accepts a medullary cortical bone peg a little larger than 
a matchstick. The peg can be obtained from the proximal 
ulna or proximal tibia. 

■ Insert it proximally into the medullary canal of the shaft 
and cap it with the metacarpal head. 

■ Carefully check rotational alignment, and impact the 
fragments. 

■ Pack cancellous bone chips around their juncture as 
needed. If the osteotomy is unstable despite the bone 
peg, insert a Kirschner wire across the osteotomy site (Fig. 
67-72). 

■ Examine the metacarpophalangeal joint for passive 
flexion; when the collateral ligaments are contracted and 
allow little or no motion, capsulotomy may be 
indicated. 

■ Suture the latéral expansion of the extensor hood in place 
with fine suture. 

■ Hold the metacarpophalangeal joint in 60 to 70 degrees 
of flexion and apply a protective splint. 

POSTOPERATIVE CARE. A dorsal splint is worn for 2 
weeks to maintain the metacarpophalangeal joints in 70 
degrees of flexion, allowing some flexion of the interpha- 
langeal joints. Sutures are removed at 2 weeks, and a 
lighter splint is applied that prevents extension of the 
metacarpophalangeal joint but allows flexion and exten¬ 
sion of the interphalangeal joints. This splint is worn an 
additional 1 or 2 weeks. 


Malunion of a metacarpal shaft or of a phalanx also can be 
treated with a medullary cortical bone peg; the peg must be 
shaped carefully to fit snugly (Fig. 67-73). Figures 67-74 and 
67-75 illustrate malunited phalangeal fractures treated by 
osteotomy and fixation with Kirschner wires. 



A and B, Destruction of middle phalanx ulnar base of golfer's ring finger resulted in ulnar déviation and pain. C and 
D, Osteoarticular graft fashioned from ipsilateral distal radius resulted in satisfactory correction of deformity. 









Malunited fracture of fifth metacarpal neck treated by open réduction and fixation with one Kirschner wire inserted 
obliquely. This rarely is necessary because normal motion of fifth carpometacarpal joint permits tolérance of 40 degrees of angulation 
at fracture site. SEE TECHNIQUE 67-26. 



A f Malunited phalangeal fracture. B, Resuit is 
satisfactory after treatment by osteotomy and fixation with 
medullary bone peg. 



A f Malunited phalangeal fracture in which 
fragments are severely displaced. B f After treatment by osteotomy 
and fixation with Kirschner wire. 
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Malrotation of a proximal phalanx at any level should be 
treated by osteotomy at the base of the phalanx when possible. 
The base of the phalanx heals well and is eut with less diffi- 
culty than the hard cortical bone in the middle third. It is 
important to make an orientation mark on each side of the 
proposed osteotomy line so that these reference points can be 
used to détermine the amount of change during the 
procedure. 



A f Malunited phalangeal fracture with rota- 
tional deformity. B, After treatment by osteotomy through proxi¬ 
mal end of bone and fixation with two Kirschner wires. Healing 
usually is more rapid after osteotomy at this level than after one 
at old fracture. 


NONUNION 

Nonunion in the phalanges is caused most offen by distrac¬ 
tion of the fragments by traction; other causes are infection, 
lack of fixation resulting in motion, and gaps between bone 
ends from bone loss. If the nonunion is associated with nerve 
and tendon injuries that severely impair function, amputation 
must be considered; this is true especially if only one finger 
is involved. Nonunions of comminuted fractures of the distal 
phalangeal tuff usually require no treatment; the fragments 
commonly unité or finally are absorbed. 

Nonunions of transverse distal phalangeal fractures may 
require surgical treatment to obtain union when they are 
painful. The différentiation between pain from the nonunion 
and pain from scar tissue around nerve endings is important 
because the nail plate usually provides sufficient protection. 
Latéral bending stress on the nonunion site should cause pain 
from a symptomatic nonunion. Simple tapping of the finger 
tuff when the nerve endings are tightly bound with dense scar 
tissue should cause pain similar to that of a neuroma. 

Metacarpal nonunion is produced most offen by bone 
loss. For a nonunion in which no bone substance is lost, the 
technique of repair is the same as that just described for 
malunion. For a nonunion in which bone substance is lost, 
an interpositional corticocancellous bone graff, allograff, or 
synthetic bone graff substitute combined with plating usually 
is recommended. As an alternative, Littler s method can be 
used, provided that bony stability is achieved with the corti¬ 
cocancellous graff alone (Fig. 67-76). 


CORRECTION OF NONUNION OF THE 
METACARPALS 

The success of bone grafting metacarpal defects dépends 
on soft-tissue and bony factors. First, the dorsum of the 



FIGURE 


PP A f Metacarpal nonunion in which bone substance has been lost. B f After grafting by Littler technique. 
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hand must be well covered by skin and subcutaneous 
tissue, even if local or remote flaps, such as an abdominal 
pedicle flap, are required (see Chapter 65). Second, the fine 
details of what Bunnell called "bone carpentry" must be 
exact. 


TECHNIQUE 67-27 


(LITTLER) 

■ Expose the defective metacarpal with a longitudinal or 
curved dorsal incision, depending on the location of exist- 
ing scars. 

■ Dissect ail scar tissue from the extensor tendons, but 
preserve the paratenon intact. 

■ Dissect the fibrous tissue en bloc from between the frag¬ 
ments so that traction can restore normal finger length. 

■ Usually the proximal fragment must be sacrificed as far 
as its base; resect it with an osteotome at an angle of 30 
degrees (Fig. 67-77), making a recess in the bone. 

■Cut the end of the distal fragment transversely with a 
saw or rongeur and open the medullary canal to receive 
the doweled end of the graft. 

■ With traction on the finger, measure the defect between 
the fragments and take from the tibia (or other suitable 
site) a graft at least 1.3 cm longer than the defect. 

■ Fashion a dowel at one end of the graft and cut the other 
end obliquely at 30 degrees. Insert the doweled end into 
the medullary canal of the distal fragment and press the 
proximal end into the prepared metacarpal or carpal 
recess. Compression of the graft between the two frag¬ 
ments holds it in place. 

■ If necessary, stabilize the graft by passing one or more 
Kirschner wires through it and into adjacent, uninvolved 
metacarpals. 

■ Close the periosteal sheath, if présent, and the soft tissues 
over the graft with fine sutures. 

POSTOPERATIVE CARE. With the hand in the position 
of function, a plaster cast or splint is applied that extends 
to the proximal interphalangeal joints. This cast is imme- 
diately split to allow for postoperative swelling. On about 




Littler technique for grafting metacarpal non- 
union in which bone substance has been lost. SEE TECHNIQUE 
67 - 27 . 


the 12th day a new cast is applied that immobilizes only 
the grafted metacarpal and the proximal phalanx; it is left 
in place for 2 months. 

Administration of prophylactic antibiotics just before 
or during surgery should be considered. An antibiotic 
should be given for several days after surgery because the 
injury producing the bone defect is frequently open. The 
région is potentially infected even though the original 
wound has healed. 


CONTRACTURE 

If joint motion is limited because of secondary collateral liga¬ 
ment contracture, capsulotomy may be indicated. 


METACARPOPHALANGEAL JOINT 
CAPSULOTOMY 

When metacarpophalangeal joint motion is 60 degrees, 
capsulotomy is contraindicated because only 60 to 70 
degrees of motion usually can be expected after surgery 
even if the soft tissues around the joint are normal. 


TECHNIQUE 67-28 


■ Make a longitudinal incision 2.5 cm long over the affected 
joint. If a single joint is affected, make an incision over 
the joint. 

■ If two adjacent joints are affected, make either two inci¬ 
sions or one incision between the metacarpophalangeal 
joints. If multiple metacarpophalangeal joint contractures 
exist, longitudinal incisions between the metacarpopha¬ 
langeal joints provide access to adjacent joints. Second 
and fourth web space dorsal longitudinal incisions can be 
used to release ail four metacarpophalangeal joints if 
necessary. 

■ At a point 0.5 cm from the extensor tendon, incise the 
extensor hood on the dorsolateral and dorsomedial 
aspects of the joint. Alternately, if the common extensor 
tendon is well centered over the metacarpophalangeal 
joint, a longitudinal incision through the center of the 
tendon will allow closure of better tissue and maintain 
the integrity of the less substantive sagittal band tissue. 
The index and small finger exposures may be either 
through the common or proper extensor tendons, which- 
ever appears to hâve more robust tendon structure. 

■ Retract the extensor hood and intrinsic tendons palmar- 
ward and expose the underlying dorsal capsule and col¬ 
lateral ligaments. 

■ Enter the joint by making a longitudinal incision centered 
over and through the joint capsule to expose the meta¬ 
carpal head and proximal phalangeal base articular sur¬ 
faces. Transect and remove the dorsal joint capsule and 
excise portions of the collateral ligaments from each side 
of the joint to gain passive flexion. 

■ Note that the collateral ligaments are merely specialized 
portions of joint capsule and often are not clearly distin- 
guishable from the joint capsule, especially when the joint 
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has been previously traumatized. Sequentially excise por¬ 
tions of these ligaments to gain passive flexion, taking 
spécial care not to destabilize the joint. Moreover, passive 
metacarpophalangeal joint flexion can be achieved only 
if there is no extrinsic extensor tightness or proximal 
tendon adhesions. Evaluation and management of the 
extensor tendon tightness are prerequisites for satisfac- 
tory joint release. 

■ Flex the joint passively. 

■ Keep the joint surfaces in full contact and check that the 
proximal phalanx base remains seated on the metacarpal 
head during flexion and glides smoothly. Sometimes the 
volar pouch is scarred, and during attempted passive 
flexion the posterior joint opens from volar proximal 
phalanx lip impingement. 

■ If the volar plate is adhèrent, strip it from the anterior part 
of the metacarpal head with a probe or elevator. Release 
additional capsule and collateral ligament attachments to 
gain full passive flexion. Do not destabilize the joint, 
especially the radial side of the index finger. 

■ When satisfactory passive metacarpophalangeal joint 
motion is achieved, approximate the extensor tendon and 
close the skin edges. Do not close the dorsal capsule; 
often the dorsal capsule is thickened and contracted and 
its excision along with portions of the collateral ligaments 
has been done previously to achieve full passive flexion 
and maintain collateral ligament stability. 

■ Intraoperatively, inject a long-acting local anesthetic to 
help reduce postoperative pain. 

■Apply a bandage incorporating a dorsal blocking splint, 
holding the wrist extended 15 to 20 degrees with the 
metacarpophalangeal joints in full flexion. Occasionally, it 
is necessary to pin the metacarpophalangeal joints in the 
achieved degree of passive flexion for several days to a 
week. 

POSTOPERATIVE CARE. Active flexion exercises of the 
metacarpophalangeal and interphalangeal joints are 
started immediately. If pins hâve been used, they are 
removed in 3 to 7 days and daily supervised therapy is 
initiated. Continuous passive motion devices may be 
bénéficiai. Dynamic "knuckle-bender" splinting is used 
later to help mobilize the joint. These joint releases we 
prefer to do early in the week because supervised daily 
physical therapy is bénéficiai early in the postoperative 
recovery process. 


PROXIMAL INTERPHALANGEAL JOINT 
CAPSULOTOMY 

Proximal interphalangeal joint capsulotomy is indicated 
only when the surrounding tissues are yielding, the joint 
surface integrity has been maintained, and extensor tendon 
adhesions, dorsal capsular tightness, and collateral liga¬ 
ments are considered the chief offenders to motion limita¬ 
tion. The following is a list of causes of limited motion in 
this joint, as outlined by Curtis. 

Flexion may be limited by the following conditions: 


■ Contracture of skin on the dorsum of the finger 

■ Contracture of long extensor muscle or adhérence of 
tendon 

■ Contracture of interosseous muscle or adhérence of 
tendon 

■ Contracture of capsular ligament, especially the collat¬ 
eral ligament 

■ Bony block or exostosis 

Extension may be blocked by the following 
conditions: 

■ Scarring of skin on the volar surface of the digit 

■ Contracture of the superficial fascia in the digit 

■ Contracture of the flexor tendon sheath within the digit 

■ Contracture of flexor muscle or adhérence of tendon 

■ Contracture of the volar plate of the capsular 
ligament 

■ Adhérence of the collateral ligament with the finger in 
the flexed position 

■ Bony block or exostosis 

These causes ail must be considered and, except for 
those involving the collateral ligaments, carefully eliminated 
before capsulotomy. Ideally, capsulotomy is performed with 
the patient awake and sedated so that he or she can move 
the fingers and the surgeon can observe any improvement 
in motion during surgery. In this instance, proper sédation 
and a régional block at the wrist or a more distal level are 
used. Moreover, when a proximal interphalangeal joint is 
stiff and volar structures are concomitantly suspected of 
limiting motion either actively (such as flexor tendon adhe¬ 
sions or otherwise) or passively, the surgery should be 
staged such that the passive flexion is achieved first before 
proceeding to the second-stage flexor surface procedure(s). 


TECHNIQUE 67-29 


(CURTIS) 

■ Approach the interphalangeal joint through a midlateral 
or a curved dorsal incision. On one side, deepen the 
incision through the subcutaneous tissue to expose the 
transverse retinacular ligament (Fig. 67-78A and B). 

■ Expose the collateral ligament by approaching the joint 
from the base of the middle phalanx and elevating the 
transverse retinacula ligament; preserve this ligament for 
repair after capsulotomy. 

■Starting at its distal attachment, excise en bloc as much 
of the collateral ligament as possible (Fig. 67-78C). Repeat 
the procedure on the opposite side of the joint. 

■ When the contracture is of long duration, the volar 
synovial pouch may hâve been obliterated; if so, restore 
it with a small curved elevator or by forcing the phalan- 
geal base into flexion. 

■ When the interosseous muscle is contracted, lengthen its 
tendon by tenotomy and suture (Fig. 67-78D and E). If 
necessary, free the extensor tendon over the dorsum of 
the finger through the same approach. 

■ Satisfactory passive motion must be exhibited during 
surgery because no further active flexion motion can be 
anticipated after surgery. It also is important that the 
flexor tendons not be adhèrent in the palm. This can be 
shown by having the patient actively attempt to flex the 
finger. Flexor tendon adhesion at the forearm, wrist, 
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A-E f Curtis technique for capsulotomy of proximal interphalangeal joint. (Redrawn from Curtis RM: Management of the 
stiff hand. In The practice of hand surgery, Oxford, Blackwell, 1981.) SEE TECHNIQUE 67-29. 


palm, or finger can compromise active motion. When a 
flexor tenolysis in the finger is necessary to regain active 
flexion, it should be staged 10 to 12 weeks later, provided 
that adéquate passive motion has been maintained. 

■ Close the wound. Apply a dressing and palmar and dorsal 
splints to keep the wrist extended, the metacarpophalan- 
geal joints flexed, and the interphalangeal joints extended. 

POSTOPERATIVE CARE. Motion is begun immediately 
under supervision. The joint is splinted alternately in 
flexion and extension. Splinting is continued until the 
range of motion obtained at surgery is possible. Splinting 
may be necessary at least part of the time for 3 or 4 
months. 


Sometimes, the capsulectomy recommended by Curtis is 
insufficient to allow full extension of the joint. Watson, Light, 
and Johnson emphasized the importance of the “check” liga¬ 
ments in maintaining persistent flexion deformities of the 
proximal interphalangeal joint. These are normal structures 
consisting of fibers from the dorsal portion of the flexor 
sheath and reflections of the accessory ligament inserting in 
the latéral margins of the volar plate. These ligaments, desig- 
nated “checkreins” by Watson et al., extend from thick attach- 
ments along the proximal edge of the volar plate and then 
diverge to insert separately along the volar-lateral periosteum 
of the proximal phalanx. These ligamentous structures may 
be significant in restricting proximal interphalangeal joint 
extension, and some authors hâve recommended that their 


resection should be part of ail middle joint releases. Careful 
attention to the vascular anatomy of the volar plate is neces¬ 
sary to avoid injury to the vascularity of the tendons. 


PROXIMAL INTERPHALANGEAL JOINT 
CAPSULOTOMY 


TECHNIQUE 67-30 


(WATSON ETAL) 

■ With the patient under suitable anesthésia, and with the 
pneumatic tourniquet inflated, approach the volar aspect 
of the proximal interphalangeal joint through a midlateral 
or volar incision. If the flexion deformity is severe and of 
long standing, a longitudinal incision converted to a 
Z-plasty may be helpful. If a midlateral incision is selected, 
a second incision on the opposite side of the joint fre- 
quently is required. 

■ Dissect the subcutaneous tissue, preserving the cutane- 
ous sensory nerves. Isolate the flexor sheath and tendon, 
and resect portions of the flexor sheath that contribute 
to the flexion contracture. If possible, avoid injury to the 
important annular portions of the flexor sheath. 

■ Using magnification, identify the vessels to the flexor 
tendons and retract them to avoid injury. 

■ Identify the proximal edge of the volar plate and bluntly 
dissect the checkreins (Fig. 67-79A). 

■ Sharply excise the checkrein ligaments on both sides, 
avoiding injury to the volar plate (Fig. 67-79B and C). 
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A-C f Technique of Watson et al. for capsulotomy of proximal interphalangeal joint. (Redrawn from Watson JK, Light 
TR, Johnson TR: Checkrein resection for flexion contracture of the middle joint, J Hand Surg 4A:67, 1979.) SEE TECHNIQUE 67-30. 


■ Extend the joint fully with a moderate amount of pressure 
to disrupt intraarticular adhesions and allow full passive 
extension. 

■ If the deformity tends to recur in a "springy" fashion, fix 
the joint in extension with a transarticular Kirschner wire. 
If pressure is excessive with the joint in full extension, 
avoid pinning of the joint and rely on splints for mainte¬ 
nance of joint extension. 

■ Obtain satisfactory hemostasis and close the wound in a 
routine manner. 

■Apply a bulky dressing and splints to maintain the wrist 
in extension, the metacarpophalangeal joints in flexion, 
and the interphalangeal joints in full extension. 

POSTOPERATIVE CARE. The hand is immobilized in the 
bulky dressing and splint for 3 to 7 days. A light dressing 
is then applied, and active joint movement is begun. 
Subsequently, dynamic splints are used for at least 1 hour 
of maximal tension while the patient is awake, with less 
tension throughout the night if tolerated. At times, 
palmar and dorsal plaster splints may be necessary for 2 
to 3 days at a time to keep the joint in full extension. The 
sutures are removed at 12 to 14 days, and splinting is 
begun. Watson et al. recommended a screw-tension 
three-point splint with tension increased every 3 to 5 
minutes for 1 hour before the patient retires for the night 
and then it is left in place overnight. Care should be taken 
when using such a splint because pressure necrosis of the 
skin over the dorsum of the joint may occur. Night splint¬ 
ing is continued until full extension is obtained. Dynamic 
splinting may be required for 4 months. 
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This chapter includes the essentials of treatment of nerve 
injuries in the digits, palm, and wrist. Although many of the 
principles discussed here can be applied to injuries in the 
forearm and arm, more detailed discussions of more proximal 
nerve injuries can be found in Chapter 62 on peripheral nerve 
injuries. Nerve entrapments and compression neuropathies 
also are discussed in detail in Chapter 62. Reconstructive 
procedures including tendon transfers are discussed in 
Chapter 34, and an expansion of the discussion of microsur- 
gical technique can be found in Chapter 63. 

EVALUATION 

PREOPERATIVE ASSESSMENT 

At times, it is difficult to evaluate the extent of nerve injury 
in the hand. Factors that interfère with the examination of the 
nerves in the hand include other injuries that may be life 
threatening or limb threatening, patient intoxication, anxiety 
or lack of coopération of the patient, and injury in a child. 
These factors and others, including an extensive injury to the 
hand, may cause nerve injuries to be overlooked during the 
initial or preliminary examination. If the conditions are not 
satisfactory for a thorough examination during the initial 
évaluation, the hand should be reexamined within a reason- 
able period to détermine the extent of nerve and other injuries 
sustained. An injury to the digital nerves frequently is over¬ 
looked; however, if a flexor tendon function déficit is présent 
after a finger lacération, at least one digital nerve probably has 
been injured as well. A high index of suspicion is necessary 
in the évaluation of patients with hand injuries. At least four 
areas of considération are important when evaluating a 
patient with an injury to a nerve in the hand: (1) type of 
injury, (2) sensibility évaluation, (3) motor function, and (4) 
sudomotor function (sweating). 


■ TYPE OF INJURY 

Nerve injuries seen in a civilian practice commonly are 
caused by one of several mechanisms, including direct trauma 
(blow to the limb, fracture, missile wound), lacération, trac¬ 
tion or stretching, and entrapment or compression. To 
détermine the type of treatment and to arrive at tentative 
prognostic projections, it is helpful to recall the classification 
of nerve injuries according to Seddon and Sunderland (Table 
68-1). Common injuries such as bumping the “funny bone” 
(ulnar nerve at the elbow) fall easily into the category of 
neurapraxia (type I injuries), and lacérations are classified as 
neurotmesis (type V injuries); however, closed injuries with 
partial nerve déficits are not as easily classified, and the 
prognosis may not be as well defined. The extent to which the 
nature of the injuring agent détermines primary and second- 
ary repair is discussed in this chapter under their respective 
headings. Additional discussion of extent of injury may be 
found in Chapter 62. 

■ SENSIBILITY EVALUATION 

When evaluating the injured hand for sensibility, in addition 
to an awareness of the classic sensory distribution of the 
médian, radial, and ulnar nerves (Fig. 68-1), it is helpful to 
recall the autonomous sensory distributions of the médian, 
radial, and ulnar nerves in the volar pulp of the index finger, 
the volar pulp of the little finger, and the thumb-index web 
space. If the injury is a lacération, and the nerve has been 
transected, the examination usually is more definitive than in 
closed injuries or in lacérations in which the depth may not 
be fully known. Even if a wound is to be explored to déter¬ 
mine the extent of the nerve injury, it is helpful to document 
the clinical déficit before surgical exploration. Careful évalu¬ 
ation, especially in the presence of a closed injury, defines the 
initial déficit, allowing for assessment of progress if observa¬ 
tion of the injury is elected rather than exploration of the 
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_ TABLE 68-1 _ 

Classification of Nerve Injury 


SUNDERLAND 

SEDDON (DEGREES) 

Neurapraxia I 
Axonotmesis II 

III VI (combination of any 

IV of Sunderland l-V) 
Neurotmesis V 


(From MacKinnon SF f Dellon AL: Surgery of the peripheral nerve, New York, 
Thieme, 1988. 


Dorsal 


Palmar 



for sensory function 


Distribution of major nerves innervating hand 


nerve. Closed partial rupture of a common digital nerve in 
the palm requiring MRI and surgical exploration for diagno- 
sis was described. The customary methods used to evaluate 
damaged sensory nerves include the use of a sharp pin to 
assess pain, a cotton-tipped applicator or a finger eraser to 
assess light touch, and the tips of a paper clip or commercially 
prepared tool to assess two-point discrimination. Normal 
two-point discrimination usually is 6 mm or less. If the nerve 
is transected, a patient would not feel light touch, would not 
appreciate the pin as a sharp stimulus, and would be unable 
to discriminate between one and two points. Patients with 
closed injuries or partial injuries to nerves may show spotty 
appréciation of light touch and pain and hâve markedly 
widened two-point discrimination (Fig. 68-2). 

■ MOTOR FUNCTION 

Although the function in the hand served by the underlying 
médian nerve includes the proximally innervated pronator 
teres, flexor carpi radialis, palmaris longus, flexor digitorum 
sublimis, index and middle flexor digitorum profundus, 
flexor pollicis longus, and pronator quadratus, the usual 
médian-innervated muscles of concern in the hand include 
the lumbricals to the index and long fingers, the opponens 
pollicis, the abductor pollicis brevis, and the superficial 
portion of the flexor pollicis brevis. The single médian nerve - 
mediated motor function that usually is checked is apposition 


Zone 

numbers 



FIGURE 


Two-point discrimination of hand sensibility, 


palmar surface. Dorsal surface averages 7 mm distally to 12 mm 


proximally. 


of the tip of the thumb to the pulp of the ring or little finger 
with palpation of active contraction of the abductor pollicis 
brevis muscle belly to supplément the visual inspection. 
Anatomie variations that cause cross-innervation of the 
muscles usually innervated by the médian nerve should be 
kept in mind. 

The muscles proximally innervated by the ulnar nerve 
include the flexor carpi ulnaris and flexor digitorum profun¬ 
dus tendons to the ring and little fingers. In the hand, the 
ulnar-innervated muscles of interest include the flexor pol¬ 
licis brevis, adductor pollicis, abductor digiti minimi, flexor 
digiti minimi, opponens digiti minimi, and ail the interosse- 
ous muscles. When testing for motor function of the ulnar 
nerve in the hand, the usual motions mediated by the ulnar 
intrinsic muscles include active abduction of the middle 
finger from the ulnar to the radial side with the palm resting 
on a fiat surface. This motion should be observed carefully to 
exclude the functions of the long flexor tendons, which tend 
to converge the digits and confuse accurate interprétation of 
the function of the volar interosseous muscles, and the long 
extensor tendons, which tend to diverge the fingers and 
confuse accurate interprétation of the dorsal interosseous 
muscles. Additionally, thumb adduction usually is tested by 
having the patient maintain a piece of paper tightly in the 
thumb-index web, squeezing the paper between the thumb 
interphalangeal joint and the base of the index finger proxi¬ 
mal phalanx. If the adductor is weak or paralyzed, the patient 
is unable to hold the piece of paper against résistance. The 
function of the abductor digiti minimi also may be tested by 
having the patient abduct the little finger against résistance 
and by palpating the muscle belly of the abductor digiti 
minimi (Fig. 68-3). Although clawing of the little and ring 
fingers may not be seen at the time of an acute injury, it is 
présent sometimes, and careful observation of the hand 
should reveal this finding. The first dorsal interosseous muscle 
may receive an anomalous innervation from the médian 
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Testing of function of abductor digiti minimi. 
Patient abducts little finger against résistance while muscle belly 
is palpated. 


nerve in about 10% of hands. The posterior interosseous or 
superficial branches of the radial nerve also may supply the 
first dorsal and the second and third dorsal interosseous 
muscles in some hands. 

Proximal muscles innervated by the radial nerve include 
the triceps, brachioradialis, supinator, and anconeus. The 
radially innervated muscles having influence on the hand 
include the extensor carpi radialis longus and brevis, the 
extensor carpi ulnaris, the extensor digitorum communis, 
the extensor indicis proprius, the extensor digiti minimi, the 
abductor pollicis longus, the extensor pollicis longus, and the 
extensor pollicis brevis. The motions that can be examined 
and that are mediated by the radial nerve in the hand and 
wrist include wrist dorsiflexion and radial and ulnar dévia¬ 
tion and thumb abduction and extension. Metacarpophalan- 
geal extension, mediated by the radial nerve, should be 
evaluated carefully so that the examiner is not confused by 
extension of the proximal and distal interphalangeal joints of 
the fingers, controlled by the intrinsic muscles. 

■ SUDOMOTOR FUNCTION 

Usually a denervated area shows no sweating within about 30 
minutes affer a nerve injury. It is helpful to compare the 
normal and suspected injured areas by palpation with a dry 
fingertip. 

POSTOPERATIVE ASSESSMENT 

In evaluating the progress of peripheral nerve injury and 
repair sensibility testing, motor testing, subjective évaluation, 
and sudomotor function are important. 




FIGURE 


^ Two-point discrimination testing. SEE TECH¬ 


NIQUE 68-1. 


■ SENSIBILITY EVALUATION 

The basic minimum tests recommended for sensibility évalu¬ 
ation are stationary two-point discrimination and moving 
two-point discrimination. 


TWO-POINT AND MOVING TWO- 
POINT DISCRIMINATION TESTING 


TECHNIQUE 68-1 


■ The hand should be warrn, and the instrument should be 
at room température. 

■ Rest the hand on a fiat surface, palm up. 

■ Apply a blunt, two-pointed caliper or paper clip distally 
over the distal pulp in the longitudinal axis on the radial 
or ulnar side (Fig. 68-4). The pressure applied should be 
just slightly less than blanching pressure. Test each area 
three times. Start at a width of 10 mm and gradually 
decrease the distance. 

■ Perform the moving two-point discrimination test in a 
similar fashion. Apply the caliper in an axial direction and 
move it from proximal to distal along the digital pad. Two 
of three correct answers are considered proof of percep¬ 
tion with either test. 


■ MOTOR FUNCTION 

Three basic tests are recommended for motor function: grip 
strength, key pinch, and tip pinch strength. The squeeze grip 
dynamometer should be used, and the results should be 
recorded at ail five positions with three successive déter¬ 
minations. This reflects the overall integrated function of the 
hand, in addition to areas of extrinsic and intrinsic muscle 
déficits. 

Pinch strength is measured using a pinch dynamometer. 
Applying the thumb tip to the radial aspect of the middle 
phalanx of the index finger measures key pinch. Three suc¬ 
cessive déterminations should be made, and the opposite 
hand should be measured as well. Pinching with the index 
tip to the ulnar side of the tip of the thumb allows measure- 
ment of tip pinch values. Three measurements should 
be made. 

■ SUBJECTIVE EVALUATION 

Subjective évaluation refers to the patients évaluation of 
current status and includes symptoms such as the presence 
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of pain, cold intolérance, dysesthesias, and functional 
disabilities. 

■ SUDOMOTOR FUNCTION 

The loss of sweating is an indicator of nerve disruption and 
loss of sympathetic function. Sweating may return without a 
return of two-point discrimination; however, usually it returns 
with the return of two-point discrimination. A statement rela¬ 
tive to sweating should be included in the évaluation. 

NERVE REGENERATION 

Affer a nerve injury, the response in the proximal éléments 
of the peripheral nerve includes an increased rate of metabolic 
activity and prolifération from the nerve cell bodies distally, 
resulting in the sprouting of axonal processes at the injury 
site within the first 1 to 3 weeks. The response distally consists 
of the éléments of Wallerian degeneration, including disrup¬ 
tion of the myelin sheath and phagocytosis, and préparation 
of the distal segment to receive the regenerating éléments of 
the proximal axons. A more detailed discussion of this 
response is presented in Chapter 62. 

Usually, affer repair of a sensory nerve (digital, pure 
sensory, mixed motor, and sensory), the area of anesthésia 
decreases in size as régénération progresses and the quality 
of sensation changes. In 2 to 3 months, the entire area sup- 
plied by the nerve may become paresthetic. It then becomes 
hyperesthetic to light touch or cold. Firm pressure usually is 
less painful. With time and the use of various physical and 
occupational therapy techniques, the hyperesthesia résolves. 
Patients usually hâve less objectionable sensation affer the 
period of hyperesthesia. 

With progression of régénération, the quality of sensation 
improves significantly within the first 1.5 to 2 years with 
additional graduai improvement thereafter. Fully normal 
sensation with appréciation of functional two-point discrimi¬ 
nation rarely is expected in adults. Although the functional 
resuit affer digital nerve régénération usually is better than 
that seen for injuries to nerves more proximally and to mixed 
motor and sensory nerves (e.g., the ulnar nerve), âge seems 
to hâve an influence on the final functional resuit affer 
peripheral nerve repair. A fully functional hand with minimal 
loss of power can be expected in children affer epineurial 
repair. Studies suggest that patients younger than âge 20 can 
be expected to hâve a better prognosis for return of functional 
two-point discrimination than can older patients. Patients 
younger than âge 40 hâve been shown to hâve better sensibil- 
ity recovery than patients older than âge 40. Although excep¬ 
tions may be encountered, it is rare for patients older than 
âge 50 to regain more than protective sensation. 

In considering the repair of multiple digital nerves in an 
injured hand, the location of the injured nerves should be 
considered. Although it is general practice to repair ail digital 
nerves, the most important areas of sensory innervation of 
the digits include the ulnar side of the thumb, the radial side 
of the index and middle fingers, and the ulnar side of the 
little finger. These areas are important for pinch and for 
ulnar border contact of the hand. These nerves should be 
given priority if there are limiting factors, such as prolonged 
operative time in a patient with multiple injuries, multiple 
soft-tissue problems on the various fingers, or segmentai 
nerve loss. 


PRIMARY AND DELAYED 
PRIMARY NERVE REPAIR 

TIMING OF REPAIR 

The controversy regarding the timing of nerve repairs in 
general is unresolved. The terms applied to the timing of the 
nerve repair include primary repair (immediately affer injury, 
or within 6 to 12 hours), delayed primary repair (usually 
within the first 2 to 2.5 weeks), and secondary repair (affer 2.5 
to 3 weeks). Advocates of primary repair are supported by 
experimental work, which suggests that the results may be 
better affer primary repair. Authors advocating a delay in 
repair are supported by the clinical observations affer nerve 
injuries that occurred during wars. Generally, however, the 
longer the delay in repair, the poorer the return of motor 
function that can be expected. The reinnervation of dener- 
vated muscle may occur 12 months later; however, affer that 
period, irréversible changes occur in the muscle cells and 
there is little hope of recovery of motor function affer rein¬ 
nervation. The return of sensation has been observed when 
nerve repair has been performed 2 years affer injury. Satisfac- 
tory return of function can occur affer nerve repair performed 
within 3 months of injury. Delay in nerve repair assumes the 
following: (1) muscle atrophy occurs, (2) contraction in the 
endoneural tubules of the distal segment progresses, (3) 
retraction of the nerve ends may occur, (4) joint contractures 
may develop, (5) a second operation is involved, and (6) 
intraneural alignment of fascicles may be more difficult. 
Additional factors to consider in the timing of peripheral 
nerve repairs include the condition of the patient and the 
State of preparedness of the surgeon and the institution, 
including the availability of instruments and personnel to 
allow a satisfactory primary repair. 

Regardless of the timing of repair, tension should be 
avoided at the site of nerve repair. Nerve graff s accomplished 
without tension heal and function better than nerve repairs 
performed with tension, despite the need for régénération to 
occur across two suture lines with a nerve graff. 

INDICATIONS 

In general, a nerve repair can be done immediately affer 
injury or within the first 2 to 2.5 weeks in the presence of a 
clean, sharp injury. A delay of 2 to 2.5 weeks can be caused 
by a variety of factors, including the condition of the patient 
and the availability of appropriate personnel, including a 
surgeon to treat the wound. We repair injured nerves, if the 
wound is clean and sharp, either on the day of injury or in 
the first 5 to 7 days. 

SECONDARY NERVE REPAIR 

INDICATIONS 

Several conditions should influence the surgeon to delay the 
repair of injured peripheral nerves, including (1) the existence 
of extensive soff-tissue injury and loss with extensive trauma 
to the nerve, (2) the presence of extensive wound contamina¬ 
tion, (3) the presence of multiple limb injuries requiring 
aggressive and expeditious management in preference to the 
nerve injury, (4) the existence of extensive crush injury, (5) 
the presence of an extensive traction injury, and (6) a nerve 
injury that has been treated by another surgeon, in which the 
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extent and nature of the nerve repair are unknown to the 
second treating surgeon. 

If multiple tissue injuries hâve occurred, especially in the 
presence of soft-tissue loss, the nerve repair is secondary and 
is indicated only after good skin coverage has been obtained. 
After satisfactory and complété healing of ail wounds and the 
establishment of satisfactory nutrition to the skin and other 
tissues of the hand, common and proper digital nerves usually 
can be sutured as a secondary procedure 3 weeks or more 
after injury. Although most reports suggest that the results 
after secondary repair are similar to, if not better than, the 
results after primary repair, the best results seem to occur if 
repairs are done within the first 3 months of injury. The 
reports of patients treated after World War II suggest that 
useful sensation can occur after repairs 2 years after injury. 
This is not the normal expectation, however. Return of motor 
function after excessive delay is even more unpredictable. 

With a severe soft-tissue injury, skin coverage is a priority. 
The extent of intraneural injury is unknown. It is best to wait 
3 to 6 weeks to allow clear démarcation of intraneural scar to 
hâve a better chance at more précisé nerve apposition at the 
time of repair. 

An extensively contaminated wound may require a delay 
in nerve repair because infection may supervene and delay 
not only definitive treatment of the nerve but also wound 
cio sure itself. Although initial debridement may remove 
significant wound contamination and allow delayed primary 
repair, if wound contamination and necrotic material persist, 
additional debridements of necessity interpose a delay until 
definitive nerve repair later. 

Multiple limb injuries may create priorities of wound 
cleansing, bone stabilization, vascular repair, and soft-tissue 
coverage. Segmentai injury to nerves also might dictate sec¬ 
ondary repair. Crush and traction injuries cause intraneural 
damage that cannot be assessed accurately at the time of 
primary wound évaluation. When the nerve has sustained 
extensive intraneural or extensive segmentai intraneural 
injury or loss because of crush or traction, it is best to wait 3 
to 6 weeks to allow clear démarcation between scar and 
normal nerve to become established. If the extent of intra¬ 
neural injury is unclear, or if extensive segmentai loss of nerve 
requires grafting, primary repair should not be done and 
secondary repair or nerve reconstruction by graft should be 
considered. 

A spécial situation occurs when the patients initial and 
primary care hâve been accomplished by another surgeon. 
Frequently, one do es not know the extent of the initial injury 
and has no awareness of the nature of the repair. At times, it 
may be necessary to consider exploration of the nerve, pos- 
sibly considering secondary repair. Exploration of the nerve 
may reveal that secondary repair is unnecessary. The explora¬ 
tion of a nerve injury in such a situation may help ensure that 
a skillful nerve repair has been done, which is one important 
déterminant of outcome. 


SUTURING OF NERVES 

For additional discussion of surgical techniques, see Chapter 
62 on peripheral nerve injuries and Chapter 63 on microsur- 
gery. Generally, the principles that apply to the suture of other 
peripheral nerves also apply to suturing of the peripheral 
nerves of the hand. Important considérations include (1) 
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FIGURE 


Typical intraneural fascicular patterns in periph¬ 


eral nerves. 


mixed versus pure motor or sensory nerves, (2) internai 
arrangement of the nerves, (3) incisions to be used, (4) 
amount of mobilization and limb positioning required for 
tension-free apposition, (5) suture materials to be used, (6) 
nature of the suture arrangement, (7) magnification, and (8) 
postoperative management. 

Careful technique is crucial to provide the best restora- 
tion and repair of the anatomy. The internai arrangement of 
the nerve in the palm and digits usually is oligofascicular as 
described by Millesi (Fig. 68-5). In the médian and ulnar 
nerves at the wrist, an intraneural polyfascicular or group 
arrangement is found. The outlook is better after repair of 
common digital and proper digital nerves because of their 
internai arrangement, their pure sensory function, and the 
short distance from the injury to the end organ. 

Incisions to expose the nerve and mobilize the nerve 
proximally and distally should be made in accordance with 
proven principles of skin incisions in the palm. They should 
not cross flexion creases at right angles, skin flaps should not 
be devascularized, and additional neurovascular injury 
should not be created in extending the skin incisions. The 
exact extent to which a nerve can be mobilized without creat- 
ing ischemia is unknown. Generally, within the digits, palm, 
and wrist, extensive mobilization of the nerve from its sur- 
rounding tissues is insufficient to cause harm. Magnification 
is extremely helpful to permit the most précisé and accurate 
restoration of the anatomy. In the palm and fingers, the 
magnification achieved by 2.5x to 4.5X magnifying loupes 
usually is sufficient to allow accurate repair. More proximally, 
magnification achieved with an operating microscope is more 
helpful in allowing satisfactory anatomie repair. The operat¬ 
ing microscope also may be extremely helpful in repair of the 
terminal branches of the proper digital nerves distal to the 
distal flexion crease of the finger. Suture materials reflect the 
amount of tension to be applied to the nerve repair. Generally, 
in the forearm, wrist, and hand, 8-0 and 9-0 monofilament 
nylon sutures are used. Usually in the palm and digits, a repair 
using a pure perineurial neurorrhaphy (fascicular) (Fig. 68-6) 
or a combination epiperineurial-perineurial neurorrhaphy 
(Fig. 68-7) is sufficient for satisfactory anatomie repair. 
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Perineurial (fascicular) neurorrhaphy. A f Epi- 
neurium has been excised and fascicles exposed. B f Suture passed 
through corresponding fascicles on either side of eut surface of 
nerve. C f Neurorrhaphy completed, usually with two 10-0 nylon 
sutures in each fascicle. 





Epineurial-perineurial neurorrhaphy. A f Epi- 
neurium has been excised and retracted. Suture has been placed 
through epineurium, near large fascicle at periphery of nerve, 
and then through perineurium of fascicle. B, Suture passed 
through epineurium of matching fascicle on opposite side of eut 
surface of nerve, and then out through epineurium. C, Repair 
completed, after suturing other suitably matched fascicles. 


NERVE GRAFTS 

INDICATIONS 

At times, as a resuit of extensive destruction, a segmentai 
nerve defect is created that cannot be overcome through 
nerve mobilization, joint flexing, or rerouting of a nerve. A 
principal indication for nerve graffing in the hand is the 
bridging of defects after segmentai nerve injury if a tension- 
free neurorrhaphy cannot be accomplished. Less commonly 
seen indications include nerve grafts to innervate free vascu- 
larized muscle grafts and to innervate free neurovascular 
island flaps. 

Before performing a nerve graft, other techniques 
for closing the small gaps between nerve endings should 
be considered because they frequently solve the problem 
of closing small gaps in nerves. These techniques include 
mobilization of the nerve ends over a distance of a 
few centimeters proximally and distally, positioning of 
the joints near the nerve injury in less-than-awkward 
positions, and transposing or changing the course of nerve 
endings. 

SOURCES OF NERVE GRAFTS 

Donor nerves for nerve grafts in the upper extremities include 
the sural nerve; latéral antebrachial cutaneous and médial 
antebrachial cutaneous nerves; anterior and posterior inter- 
osseous nerves; digital nerves from an amputated finger; and 
a segment of a severed nerve from the opposite, but less criti- 
cal, side of a single digit to repair the digital nerve on the 
opposite side. (For example, for lacérations of both nerves of 
the long finger requiring graffing, the ulnar digital nerve can 
be used to graft the radial digital nerve gap.) An anatomie 
study determined that the sural nerve best matches the 
common digital nerve. The latéral antebrachial cutaneous 
nerve best matches the digital nerve proximal to the level of 
the distal trifurcation. The posterior interosseous nerve, the 
anterior interosseous nerve, and the médial antebrachial 
cutaneous nerve best match the digital nerve distal to the 
trifurcation. 

ALTERNATIVE NERVE GRAFT MATERIAL 

Alternatives to autogenous nerve graft are available, and 
their use avoids sacrificing donor site sensation and saves 
surgical time. Options include silicone tubes for digital 
nerve gaps of 5 mm or less, polyglycolic acid conduits and 
polycaprolactone conduits for gaps less than 3 cm, and 
decellularized nerve allograft for gaps up to 5 cm. Vein 
conduits with or without intraluminal muscle also hâve 
been successfully used. In a randomized prospective study, 
Weber et al. found no significant différences among patients 
treated with primary repair, standard nerve graffing, or 
polyglycolic acid conduits; however, in patients with defects 
smaller than 4 mm, the results were better in the conduit 
repair group. Bertleff et al. reported their results using 
absorbable poly(DL-lactide-e-caprolactone) conduits (Neu¬ 
rolac nerve guide, Polyganics B.V., Groningen, The Nether- 
lands) in digital nerve repairs and found that these conduits 
dissolve more slowly than the polyglycolic acid conduits and 
are transparent. Their results indicated that nerve gaps of 
2 cm could be treated with this material. Decellularized 
nerve grafts are available in lengths up to 5 cm and are 
useful in restoring sensation. 
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POLYGLYCOLIC ACID AND DIGITAL 
NERVE REPAIR 


TECHNIQUE 68-2 


(WEBER ET AL.) 

■ Before nerve repair, trim the ends back to the level at 
which there was no intraneural hemorrhage for the 
primary cases and no interfascicular scarring for the sec- 
ondary cases. 

■ Measure the distance or gap length between the two 
nerve ends at rest. 

■ Insert the tube as described by Mackinnon and Dellon. 

■ Pull the proximal end of the nerve into the conduit with 
an 8-0 nylon suture, such that 5 mm of the nerve lies 
within the tube (Fig. 68-8). 

■ Because blood clots are an impediment to axonal régén¬ 
ération, fill the tube with a solution containing 1000 U 
of heparin per 100 mL of normal saline. 

■ Insert the distal end of the nerve into the conduit using 
the same technique. 

■ Leave a minimum space of 5 mm between nerve ends 
even in cases in which there is only a 0- to 4-mm nerve 
tissue déficit. 

■ Inject additional heparinized saline into the tube to fill any 
remaining space. 

■ Repair any concomitant injuries to bone or tendon and 
reconstruct any vascular interruptions. 

■ Close the soft tissue using whatever tissue necessary and 
splint the hand and finger as appropriate for the overall 
hand surgery. 

POSTOPERATIVE CARE. Oral antibiotics should be 
given during the first week after surgery. Sensory 




Weber et al. conduit repair technique. Minimal 
distance between nerve stumps is 5 mm, even in instances in 
which ends can be coapted without tension. (Redrawn from Weber 
RA, Breidenach WC, Brown RE, et al: A randomized prospective study 
of polyglycolic acid conduits for digital nerve reconstruction in humans, 
Plast Reconstr Surg 106:1036, 2000.) SEE TECHNIQUE 68-2. 


rééducation should be started 6 weeks after surgery. 
Exercises that focus on localization and pressure versus 
movement are done 5 to 10 minutes twice a day until 
sensation to the fingertip is recovered. Thereafter, late- 
phase sensory rééducation is begun, which consists of 
tactile discrimination between grades of sandpaper, tex- 
tured cloth, and small objects. 


TENSION-FREE NERVE GRAFT 

The experimental and clinical observations in reports of 
Millesi and of Millesi and Meissl suggest that a nerve 
repaired with a tension-free nerve graft has a better prog- 
nosis than end-to-end nerve repair done under excessive 
tension. In general, we hâve had satisfactory results with 
nerve grafts, particularly regarding sensory return, using 
the technique of Millesi. It is a technique that requires 
microsurgical expérience. Nerve gaps of greater than 20 cm 
hâve been bridged using this technique. 


TECHNIQUE 68-3 


(MILLESI, MODIFIED) 

■ In the digits, hand, and distal forearm, use a pneumatic 
tourniquet to allow dissection of the injured nerve in a 
bloodless field. 

■ Make appropriate extensile skin incisions to locate and 
expose the distal glioma and the proximal neuroma on 
the injured nerve. 

■ Open the epineurium proximal to the neuroma in 
near-normal tissue on the proximal stump, and in the 
distal segment dissect proxi ma llytoward the scarred distal 
stump. 

■ At the wrist and in the distal forearm, identify the major 
fascicle groups within the nerve and, using sharp dissec¬ 
tion with microscissors or a diamond knife for thicker scar, 
transect the fascicle groups so that a step-cut results 
(Fig. 68-9A and B). Such fascicular dissection is unneces- 
sary in the common and proper digital nerves because of 
their pure sensory and oligofascicular nature. In a poly- 
fascicular nerve, such as the médian and ulnar nerves at 
the wrist, individual fascicle groups of different lengths 
protrude from the nerve stump after completion of the 
interfascicular dissection. 

■ Carry out similar dissection on the proximal and distal 
stumps. In a polyfascicular nerve, it is helpful to sketch 
the ends of the two nerve stumps with their fascicular 
patterns to allow matching of the respective fascicles, 
depending on the size, number of fascicles, and their 
arrangement within the proximal and distal stumps 
of the nerve (Fig. 68-9C). This clinical estimation is easier 
over short distances and more difficult over longer 
defects. 

■ Select a donor site that is appropriate for the size of the 
nerve and the gap to be filled. Generally, for common 
and proper digital nerves, the antebrachial cutaneous 
nerves are satisfactory. If a great deal of nerve tissue is 
required, the sural nerve is best in our expérience. 
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FIGURE 


A to C f Step-cut technique of Millesi. SEE TECH¬ 


NIQUE 68-3. 


MANAGEMENT OF SPECIFIC 
NERVE INJURIES 

DIGITAL NERVES 

Distal to the wrist, the digital nerves are the most frequently 
severed. It is important to repair the digital nerves, particu- 
larly the thumb ulnar digital nerve; the radial digital nerve to 
the index, long, ring, and little fingers; and the ulnar digital 
nerve to the little finger. Knowledge of the anatomy of the 
cutaneous sensory branches of the nerves on the dorsum of 
the hand allows repair of these nerves as well. 

Digital nerves can be repaired distal to the distal volar 
flexion crease of the fingers in the région of the terminal 
branches of the nerves. If digital nerves are repaired second- 
arily, the suture line should lie in a well-vascularized bed 
free of scar. Before secondary repair, the proximal end of the 
nerve offen can be located by passing a firm object, such as a 
paper clip, gently distally along the course of the nerve. On 
reaching the terminal neuroma, the patient indicates exquisite 
tenderness. 


SUTURE OF DIGITAL NERVES 


■ After the nerve graft has been harvested, place it between 
the proximal and distal nerve stumps. 

■ In the polyfascicular nerves, such as the médian and ulnar 
nerves at the wrist, attempt to use the sketch of the 
fascicle groups to allow appropriate placement of the 
graft. 

■ When coaptation of the graft has been achieved, suture 
the graft with 10-0 monofilament nylon through the 
epineurium of the graft and the perineurium of one of 
the fascicles in the group or in the interfascicular connec¬ 
tive tissue. Multiple sutures may not be required with 
satisfactory coaptation of the graft to the nerve stump 
ends. 

■ Insert Silastic drains as needed. Avoid the use of suction 
drainage. 

■Close the skin so that the graft is not displaced during 
wound closure by shearing forces. 

■ Immobilize the extremity in a padded dorsal splint in as 
near an anatomie position as possible. 

POSTOPERATIVE CARE. The part is immobilized for 
about 10 days, the splint is removed, and free movement 
of the joints is allowed. Hematomas that develop early in 
the postoperative period are removed, unsatisfactory or 
necrotic skin is debrided, and local flaps or skin grafts are 
used to cover a nerve graft that may hâve become 
exposed as a resuit of wound necrosis. At about 2 weeks, 
physical therapy is begun with supervised active and 
active-assisted range-of-motion exercises. The progress of 
régénération is followed using the Tinel sign. If the Tinel 
sign stops with no further progression for 3 to 4 months 
at the distal end of the graft, the nerve graft should be 
explored with resection of the distal suture line and 
another end-to-end repair. 


TECHNIQUE 68-4 


■ The digital nerves lie to the radial and ulnar sides of the 
volar aspect of the finger and can be exposed through 
the same midradial or midulnar incision when 
necessary. 

■ Begin proximally and dissect a normal segment of the 
nerve from its investing fascia (part of the Cleland liga¬ 
ment) (Fig. 68-10); proceed distally to the scar at the site 
of injury. 

■ Begin distal to the site of injury and dissect proximally to 
the scar. 

■ With scissors or a diamond knife, remove the neuroma 
from the proximal end of the nerve and the glioma from 
the distal end. Use loupe magnification for dissection and 
repair. 

■ Always suture divided tendons before suturing any nerve 
to avoid disrupting the délicate repair. 

■ Approximate the nerve ends without tension; flex the 
finger joints minimally if necessary. If a large gap requires 
extreme flexion, consider a nerve graft. 

■ Use an 8-0 or 9-0 monofilament nylon suture on an 
atraumatic curved needle (Fig. 68-11). 

■Use 10-0 or 11-0 nylon to repair the terminal branches 
distal to the distal interphalangeal joint. If necessary, the 
nerve ends can be held in place temporarily by passing 
the smallest straight Bunnell needle transversely through 
them into the adjoining soft tissue to avoid tension while 
the sutures are placed and tied. 

■ Pass a suture through the epineurium of the nerve about 
1 mm from its edge and again in a similar mannerthrough 
the epineurium of the other end of the nerve; tie the knot 
with at least five loops to prevent its slipping or untying. 

■ Place a second suture on the exact opposite side of the 
nerve. Leave these first two sutures long so that they can 
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Basic anatomy of peripheral nerves. SEE TECHNIQUE 68-4. 



Basic suture technique for lacération of periph¬ 
eral nerves should resuit in no tension at suture line, and each 
small fascicle should be aligned to match opposing, mirror image. 

SEE TECHNIQUE 68-4. 


9 be used as traction sutures to rotate the nerve 180 
degrees, making accessible ail of its surfaces. 

■ Place a total of four sutures. 

■ After the repair, slowly extend the joints and observe the 
suture line for tension; note the optimal position of the 
joints for this purpose and maintain it by splinting after 
closure. 

POSTOPERATIVE CARE. After 3 weeks, the finger 
joints are allowed graduai active extension beyond the 
optimal position noted at surgery. If the defect in the 
nerve is large, active extension cannot be permitted 
before 4 weeks and a proximal interphalangeal (PIP) joint 
flexion contracture is likely to resuit. In this circumstance, 
it is best to perform a nerve graft and allow early digital 
motion. Immédiate flexion exercises may be allowed 
within an extension block splint that prevents tension on 


the repair site. Although the suture line must be pro- 
tected, active finger motion must be started as soon as 
possible to avoid stiffness and neural adhesions. The 
différence in sensibility recovery between patients who 
had immobilization and those who were allowed early 
protected motion has not been found to be significant. 
Likewise, no différence in clinical outcomes after digital 
nerve repair has been found between those who were 
and those who were not splinted postoperatively. 


While major nerves are regenerating after repair, the hand 
may assume an unnatural posture because of changes in 
muscle balance. Even when the nerve lésion is proximal to 
the wrist, the hand suffers most and may incur fixed contrac¬ 
tures before nerve function returns. Proper splinting (see 
Chapter 64) is necessary to prevent contractures during this 
period. The patient should be warned that until sensation 
returns, the anesthetic skin can become infected after even 
minor trauma or can be burned, frostbitten, eut, or blistered 
by friction unless properly protected. The patient should be 
instructed to inspect the insensitive areas routinely and to 
avoid friction and extremes of heat and cold. 

■ NERVE TRANSFERS TO RESTORE 
DIGITAL SENSATION 

Nerve transfers can be used to restore critical and noncritical 
sensation in the hand. Its rôle at our facility is limited to high 
nerve lésions when significant recovery is unlikely. Nerve 
defects in the hand are routinely repaired with grafting to 
avoid sacrifice of intact sensibility. The common digital nerve 
to the fourth web space arising from the ulnar nerve can be 
transferred end-to-end into the common digital nerve to the 
first web space for an irréparable médian nerve injury. The 
superficial radial and dorsal cutaneous branch of the ulnar 
nerve can be transferred to common or proper digital nerves. 
Digital nerve defects located between the PIP flexion crease 
and its takeoff from the common digital nerve can be recon- 
structed using a dorsal digital branch transfer from the 
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■ For nerve gaps in zone 2, use the dorsal branch of the 
proper digital nerve of an adjacent digit as the donor 
nerve. 

■ In zone 2, the distal nerve stump includes the proper 
digital nerve and the dorsal sensory branch. To obtain a 
better size match, separate the dorsal branch by splitting 
the nerve distally from the fascicles (Fig. 68-13B). Retain 
the remaining distal nerve stump that innervâtes the pulp 
and retain the volar aspect of the digit and suture it with 
the donor nerve. 

■ Perform neurorrhaphy with 10-0 nylon in an end-to-end 
fashion with the aid of the operating microscope. 

■ Cover the remaining proximal nerve stump of the proper 
digital nerve with normal soft tissue or bury it into the 
interosseous muscle to prevent neuroma irritation. 

POSTOPERATIVE CARE. The injured finger is kept in an 
extension block splint with the interphalangeal joints in 
full extension and the metacarpophalangeal joint in 70 
degrees of flexion for 3 weeks. 


Anatomie zone System of the proper digital 
nerve (PDN) defects. Zone 1, the origin of the dorsal branch of 
the PDN to the proximal interphalangeal joint; zone 2, the origin 
of the dorsal branch to the common digital nerve (CDN) bifurca¬ 
tion. (Redrawn from Chen C, Tang P, Zhang X: Finger sensory recon¬ 
struction with transfer of the proper digital nerve dorsal branch, J Hand 
Surg Am 38:82, 2013.) 


ULNAR NERVE AT THE WRIST 

If the ulnar artery and the tendon of the flexor carpi ulnaris 
are severed at the wrist, the ulnar nerve usually is severed, 
too. At this level, it is motor and sensory, and proper 
rotational alignment of the ends is important at the time of 
suture. 


involved or adjacent digit (Fig. 68-12). Chen et al. reported 
their expérience with this technique in 17 patients and found 
it to be useful and superior to sural nerve graffing. 


TRANSFER OF THE PROPER DIGITAL 
NERVE DORSAL BRANCH 


TECHNIQUE 68-5 


(CHEN ETAL) 

■ With the use of an axillary block, tourniquet control, and 
operating microscope, détermine the site and size of the 
proper digital nerve defect. 

■ For nerve gaps in zone 1, use the uninjured dorsal branch 
of the other proper digital nerve of the same digit as a 
donor nerve (Fig. 68-13A). 

■ Dissect the donor nerve and isolate it to its full extent as 
it courses to the PIP joint line. 

■ Isolate the distal end of the proper digital nerve in prépa¬ 
ration for neurorrhaphy. 

■ Transect the dorsal branch, allowing enough length to 
reach the distal nerve end. To obtain maximal length of 
the donor nerve, the dorsal branch can be transected as 
far distally as the PIP joint. 


REPAIR OF THE ULNAR NERVE 


TECHNIQUE 68-6 


■ With a pneumatic tourniquet inflated, make proximal and 
distal extensile skin incisions. Expose the proximal and 
distal segments of the nerve, but do not yet remove them 
from their normal beds. 

■ With a suture through the epineurium, mark exactly the 
most anterior aspect of each segment some distance from 
the scarred area. 

■ Free each segment from the surrounding soft tissues. Use 
loupe magnification for dissection and the operating 
microscope for repair. 

■ With microscissors or a diamond knife, make clean 
transverse cuts and excise the neuroma from the 
proximal segment and the glioma from the distal 
segment. 

■ Inspect each eut end for a pattern of large and small 
bundles. By matching these patterns and using the two 
epineurial sutures just described, proper rotational align¬ 
ment should be possible. 

■ When further length is needed for suture without tension, 
dissect and mobilize the nerve more proximally or, if 
necessary, transplant it anteriorly from behind the médial 
épicondyle of the humérus. 
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B 




A, Proper digital nerve defect involving zone 2. B, Donor nerve is harvested from the dorsal branch of the proper 
digital nerve of the adjacent digit. To achieve a good size match of the donor nerve, the dorsal branch ( arrowhead) is separated from 
the stump of the distal nerve and the remaining nerve stump is sutured with the donor nerve. (Redrawn from Chen C, Tang P, Zhang X: 
Finger sensory reconstruction with transfer of the proper digital nerve dorsal branch, J Hand Surg Am 38:82, 2013.) SEE TECHNIQUE 68-5. 


■ Extensive freeing of a nerve may damage its blood supply. 
When advancing the nerve distally, do not divide its 
branches to the muscles in the proximal forearm. 

■ Careful intraneural dissection of the branches may allow 
mobilization of the nerve. Flex the elbow as necessary to 
avoid tension, but avoid excessive flexion of the elbow. 

■ Use the operating microscope to help align major groups 
of fascicles. Although four-quadrant traction sutures may 
be sufficient, it is sometimes easier to start with the deep 
surface and close the eut surface like a book, using a 
combination of 8-0 or 9-0 nylon epiperineurial and 10-0 
perineurial (fascicular) suture to complété the repair. 


■ When the ulnar nerve is severed near but just distal to its 
division into its volar (palmar) superficial sensory branch 
and its deep motor branch, identify the two small proxi¬ 
mal segments and dissect them apart in a proximal 
direction for ease of mobilization; suture each branch 
separately. 


DEEP BRANCH OF THE ULNAR NERVE 

Boyes noted the feasibility of repairing the important deep 
branch of the ulnar nerve, which supplies the intrinsic muscles 
of the hand not supplied by the médian nerve: the médial two 
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lumbricals, ail interossei, the hypothenar muscles, and the 
adductor pollicis. These are among the muscles most respon- 
sible for the quick and skillful movements of the fingers. 
Many tendon transfers hâve been devised to restore motor 
function lost by interruption of the ulnar nerve, but, if pos¬ 
sible, direct repair of the nerve is désirable. 


REPAIR OF THE DEEP BRANCH OF 
THE ULNAR NERVE 


TECHNIQUE 68-7 


(BOYES, MODIFIED) 

■ Use loupe magnification for dissection and the operating 
microscope for repair. 

■ Expose the nerve from its origin as a branch of the main 
trunk at the wrist to its midpalmar part through a curved 
incision distal and parallel to the thenar crease; extend it 
over the hook of the hamate to the flexion crease of 
the wrist; proceed proximally and medially, Crossing the 
crease obliquely; and proceed to the ulnar aspect of the 
distal forearm. 

■ Reflect the skin, divide the palmaris brevis muscle at its 
insertion, and reflect it ulnarward so as not to disturb its 
nerve supply. 

■ Retract the ulnar vessels toward the thumb and divide the 
origins of the abductor digiti quinti, flexor digiti quinti, 
and opponens digiti quinti muscles. Retract the tendons 
of the flexor digitorum. 

■ The course of the nerve is now exposed from the pisiform 
to the midpalm (Fig. 68-14A). If necessary, the nerve can 
be exposed farther distally by extending the incision to 
the index metacarpal and by retracting the flexor tendons 
with the lumbrical muscles. If these are displaced ulnar¬ 
ward, the nerve can be identified and followed where it 
passes through the transverse fibers of the adductor 
pollicis. 

■ When the nerve has been divided by a sharp instrument, 
gently free it proximally and distally to the point of 
damage. This usually allows enough length for suture 
without tension. 

■ If a gap exists as a resuit of gunshot wounds or other 
severe injuries in which nerve substance has been 
lost, consider a nerve graft or reroute the nerve 
(Fig. 68-14C and D). 

■ Dissect its motor component from the trunk well into the 
distal forearm. Divide the volar carpal ligament and free 
from the ulnar side of the carpus the ulnar bursa that 
lines the carpal tunnel; displace the proximal end of the 
nerve into the tunnel. 

■ Bring the proximal end to the midpalm by flexing the 
wrist. In some instances, when branches to the hypothe¬ 
nar muscles are still intact, gentle dissection and mobiliza- 
tion of the bundles allow branches to be saved and yet 
permit the nerve to be rerouted. 

■ Use microscissors or a diamond knife to freshen the ends 
of the nerve (Fig. 68-14B). 

■ Repair the nerve using an epiperineurial or combination 
of epiperineurial and perineurial repairs with 8-0 or 9-0 


nylon externally and 10-0 nylon within the nerves as 
needed. 

■ Suture the volar carpal ligament, replace the insertion of 
the palmaris brevis, and close the wound. 

■ According to Boyes, the results are proportional to the 
accuracy of the approximation and inversely proportional 
to the scarring and fibrosis. Régénération occurs in an 
orderly way; the recovery of nerve function can be tested 
by noting voluntary activity of the first dorsal interosseous 
muscle (Fig. 68-15). 


DORSAL BRANCH OF THE ULNAR NERVE 

The dorsal branch of the ulnar nerve is large enough at the 
wrist and just distal to it to be repaired similar to a digital 
nerve. It crosses the ulnar styloid superficially, although it 
may hâve branched from the trunk 5 cm or more proximal 
to the wrist. If extra length is needed to appose the ends, it 
may be made to branch from the main trunk more proximally 
by intraneural dissection and is then routed more directly to 
the dorsum of the hand. The wrist should be held in extension 
for 3 to 4 weeks affer surgery, following which graduai pro- 
tected motion is begun, and a progressive exercise program 
is followed. 

MEDIAN NERVE AT THE WRIST 

Division of the médian nerve at the wrist is not unusual, and 
the vital sensory function of the hand dépends on its success- 
ful repair. It is important to emphasize the following: (1) the 
neuroma must be carefully excised from the proximal end, 
and the glioma must be excised from the distal end; (2) sur- 
rounding scar must be excised to provide a vascular bed; (3) 
the repair must be accurate, with the ends in proper rotation, 
for the nerve contains motor and sensory fibers; and (4) 
tension on the repair must be avoided. 

The following points are helpful. A vessel usually lies on 
the anterior surface of the médian nerve parallel with its long 
axis; this vessel may be helpful in securing proper rotational 
alignment, or it may be obliterated by scar when the repair is 
late. An epineurial suture in each segment as described for 
the ulnar nerve at the wrist (see Technique 68-5) may aid in 
obtaining proper rotation. Tension can be reduced by dissect- 
ing and mobilizing the nerve proximally in the forearm and 
by flexing the wrist and elbow. 


REPAIR OF THE MEDIAN NERVE 


TECHNIQUE 68-8 


■ Expose the médian nerve at the wrist using a palmar 
incision parallel to the thenar crease, extending proximally 
and Crossing the wrist flexion crease obliquely and medi¬ 
ally. Extend the incision proximal to the nerve transection 
in the volar midline of the forearm. 

■ Use magnifying loupes and the operating microscope as 
needed for dissection and repair. 

■Use 8-0, 9-0, and 10-0 nylon on an atraumatic curved 
needle to place epiperineurial and perineurial (fascicular) 
sutures as needed to complété the repair. 
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Boyes technique of repairing deep branch of ulnar nerve. A f Main trunk and deep branch of ulnar nerve hâve been 
exposed, and volar carpal ligament has been divided. B f Ends of deep branch hâve been freshened. C f Deep branch has been split 
intraneurally into distal forearm. D f Deep branch has been rerouted through carpal tunnel, and its ends hâve been sutured. SEE 

TECHNIQUE 68-7. 
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Rate of recovery of voluntary function of first 
dorsal interosseous muscle after repair of deep branch of ulnar 
nerve in 10 patients. (Modified from Boyd JH: Repair of the motor 
branch of the ulnar nerve in the palm, J Bone Joint Surg 37A:920, 
1955 ) SEE TECHNIQUE 68-7. 


■ When a flexor tendon and the médian nerve are sutured 
secondarily, release of the transverse carpal ligament may 
be needed to help prevent scar adhesions. 


MEDIAN NERVE IN THE PALM 

If the médian nerve is divided where it branches in the 
palm, it occasionally can be repaired with a bundle suture 
(Fig. 68-16). This suture gathers the several branches of the 
nerve into a single trunk so that it can be sutured to the 
proximal segment of the nerve. 

Every effort should be made to repair the récurrent 
branch of the médian nerve. It may be difficult to find because 
of surrounding fascia and scar tissue, but when it is seen it 
can be identified readily by its yellow fibers running trans- 
versely toward the base of the thumb. This branch usually 
projects from the main trunk radially and superficially, 
passing just over the distal margin of the transverse carpal 
ligament. It courses slightly posteriorly and laterally to 
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FIGURE 


Bundle suture for segmentai gap (see text). 


innervate the thenar muscles. Several important anatomie 
variations exist, so this récurrent branch may be represented 
by two branches instead of one; it may corne off the ulnar side 
of the trunk, and it may perforate the distal portion of the 
transverse carpal ligament. It is repaired with the technique 
described for digital nerves (see Technique 68-4); the prog- 
nosis is good if careful attention is given to anatomie detail. 
If the médian nerve cannot be repaired, a neurovascular 
island free graft may be indicated. 

SUPERFICIAL RADIAL NERVE 

Disability affer interruption of the superficial radial nerve at 
the wrist is less than that affer interruption of sensory nerves 
on the volar surface of the hand; there is anesthésia over a 
variable area on the dorsum of the thumb and index finger. 
Sometimes the ulnar side of the area of pinch of the thumb 
receives its major innervation from this nerve. Neuromas 
caught in dorsal scars are particularly painful because they 
are stimulated not only by direct touch but also by stretching 
of the surrounding skin, nerve, and scar when the wrist and 
fingers are flexed. 

Unless there is some unusual reason for repairing the 
nerve or one of its branches, it should be resected proximal 
to its site of severance to permit it to lie in an area of minimal 
scar. It is so common to hâve a painful and, at times, disabling 
neuroma affer repair that the small area of lost sensibility is 
a small disability in comparison. 


REPAIR OF THE SUPERFICIAL 
RADIAL NERVE 


TECHNIQUE 68-9 


■The suture technique is as described for digital nerves. 
Locate the nerve proximally and dissect it distally to the 
scar; a consistent anatomie landmark proximally is the exit 
of the nerve from beneath the tendon of the brachiora- 
dialis muscle, usually about 5 cm proximal to its insertion 
into the radial styloid. 


■ Locate the nerve distally and dissect it proximally toward 
the scar. At the base of the thumb, the nerve usually 
already has divided into two major branches; each is larger 
than a digital nerve and when severed can be repaired (for 
the technique of suture, see Technique 68-4). 

■ If the wrist must be extended to appose the nerve ends, 
it should be maintained in this position for 4 or 5 weeks 
to prevent tension on the repair. 

■ If the distal branch or branches cannot be found, release 
the nerve proximally from the scar to relieve pain; resect 
some of it if necessary. 


TRAUMATIC NEUROMAS 

The treatment of traumatic neuromas is discussed in 
Chapter 77. 

NEUROVASCULAR ISLAND GRAFTS 

Any digit deprived of sensibility is selectively and uncon- 
sciously avoided during use of the hand. Restoration of sen¬ 
sibility to a selected area of a given digit by transfer of a 
neurovascular island graff is useful at times. In permanent 
nerve damage, sensibility can be restored to critical areas, 
especially on the thumb or index finger. Transfer of a neuro¬ 
vascular island graff is essential to innervate an ostéoplastie 
reconstruction of the thumb (see Chapter 19). Sensibility in 
the graff is never normal affer transfer, however. In graffs 
critically examined at some time affer surgery, sensibility 
usually is abnormal in ail. More than half of patients hâve 
persistently hyperesthetic skin. Ail patients lack précisé 
sensory reorientation. Although it need not be normal for a 
good functional resuit, reorientation seems to improve with 
time and with use of the part. 

Transfer of a neurovascular island graff may be indicated 
to treat permanent sensory déficits on the radial side of an 
otherwise normal index finger or on the area of pinch on the 
distal ulnar aspect of the thumb. Before the decision for 
surgery is made, the following factors must be considered: (1) 
the dominance of the involved hand, (2) the presence of any 
scarring in the palm through which an incision must be made 
for channeling of the neurovascular bundle, (3) the status of 
the ipsilateral ulnar nerve, (4) the condition of the opposite 
hand, (5) the âge of the patient, and (6) the expérience of the 
surgeon. 

Early descriptions of the operation suggested transfer of 
skin from just the ulnar side of the distal phalanx of the ring 
finger. Expérience has shown, however, that most of the skin 
from an entire side of the donor finger should be included in 
the transfer. This larger transfer increases the area of sensitive 
skin on the récipient digit and causes no wider sensory loss 
on the donor digit; usually the larger free graff required to 
cover the donor area is of little conséquence. 

In the usual case, death of the transferred neurovascular 
island pedicle graff is unlikely, but even temporary impair- 
ment of the circulation can cause permanent sensory déficit 
in the graff and a partial failure of the operation. In handling 
the neurovascular bundle, several points in technique must 
be emphasized: (1) the bundle, including ail veins, should be 
dissected from proximally to distally so that any anomalies of 
the vessels can be treated properly; (2) the bundle should 
not be completely freed from the surrounding fatty tissue, 
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Technique of transferring neurovascular island graft. A f Palmar incision has been made, neurovascular island graft 
has been excised from ulnar surface of ring finger and its bundle has been freed proximally, and insensitive skin has been excised from 
palmar surface of thumb (see text). B f Alternative technique in which neurovascular island graft includes adjacent surfaces of ring and 
little fingers, and area covered by it is larger as shown. SEE TECHNIQUE 68-10. 


especially at the base of the finger, but should be transferred 
along with some attached tissue; and (3) the bundle should 
be channeled through an incision large enough to show the 
entire bundle to prevent kinking, twisting, or stretching of the 
nerve or vessels. 

This procedure can be altered as necessary to meet other 
given requirements. In complété médian nerve paralysis, if 
sensibility on the ulnar edge of the thumb pulp is reasonably 
good as a resuit of overlap of innervation from the radial nerve, 
transfer of the island graft to the radial side of the proximal 
and middle phalanges of the index finger may be désirable. 
This area of the finger is used especially in strong pinch. 


NEUROVASCULAR ISLAND GRAFT 
TRANSFER 


TECHNIQUE 68-10 


■ Using a skin pencil, accurately outline the area of sensory 
déficit on the thumb and préparé to remove skin from a 
similar area on the ulnar side of the ring finger. Alterna¬ 
tive donor sites include the radial side of the little finger 
or, in the absence of médian nerve damage, the ulnar 
side of the middle finger. 

■ If the entire palmar surface of the thumb is insensitive, 
outline on the ring finger the maximal donor area for 
transfer. Shape the donor area to include most of the 
ulnar side of the finger, with darts to near the midline on 
the palmar and dorsal surfaces between the finger joints. 
The area outlined includes skin supplied by the dorsal 
branch of the proper digital nerve and is shaped to 


prevent tension on the resulting scars during finger 
movements. 

Exsanguinate the limb by wrapping or élévation and 
inflate a pneumatic tourniquet on the arm. 

Beginning proximally near the base of the palm, make a 
zigzag incision distally to the fourth web (Fig. 68-17). 
Identify and dissect free, along with some surrounding 
tissue, the common volar digital artery and nerve to the 
ring and little fingers and the proper digital artery and 
nerve to the ulnar side of the ring finger. Loupe magnifi- 
cation is helpful in this dissection. 

Ligate and divide the proper digital artery to the radial 
side of the little finger. 

Carefully dissect and split proximally from the common 
volar digital nerve the proper digital nerve to the ulnar 
side of the ring finger. 

Continue the dissection distally and excise, with this 
attached neurovascular bundle, the previously outlined area 
of skin from the ulnar side of the ring finger; do not damage 
the artery, and preserve as many veins as possible. 

Use the bipolar cautery and divide any small branches of 
the artery as necessary. 

Free the composite graft and carry the island graft across 
the palm to the récipient area on the thumb; ensure 
that the neurovascular bundle is long enough to permit 
the transfer without causing tension on the bundle. The 
island graft should cover most of the pulp area on the 
palmar aspect of the thumb and should extend to 
the ulnar aspect of the digit, but not to the distal edge 
of the nail. 

Beginning at the proximal end of the original incision and 
proceeding to the thumb, make a second zigzag incision 
across the palm conforming to the skin creases. 
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■ Excise from the thumb the previously outlined area of 
skin, and if large enough, save it to be used later as a 
free skin graft on the donor finger. 

■ Suture the island graft in place on the thumb. 

■Carefully check the entire neurovascular bundle for 

stretching, kinking, or twisting, and close the palmar 
incisions. 

■ Cover the donor area of the finger with a full-thickness 
graft from the récipient thumb, free of fat, or with a thick 
split graft obtained elsewhere; cover this graft with a 
stent dressing. 

■ Release the tourniquet, and hold the wrist in slight flexion 
and the thumb in the best position to eliminate tension 
on the transferred bundle. Carefully observe the island 
graft for evidence of return of circulation. Vascular spasm 
can cause ischemia of the graft for a few minutes. The 
graft eventually should become pink; if it does not, check 
the positions of the wrist and thumb again and, if neces- 
sary, reopen part of the palmar incision and explore the 
transferred neurovascular bundle for kinking. 

POSTOPERATIVE CARE. A bulky dressing and a dorsal 
plaster splint are applied, holding the wrist, thumb, and 
fingers in flexion. The hand is elevated constantly for 4 
or 5 days after surgery. After suture removal at 10 to 14 
days, gentle, protected motion exercises are begun. Use 
of the splint can be discontinued at 3 to 4 weeks, 
depending on the needs of the thumb and donor finger. 
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This chapter includes a discussion of anatomie, biomechani- 
cal, and kinematic aspects of wrist function and diagnostic 
methods, treatment options, and procedures for various wrist 
conditions. A considérable body of information on the wrist 
has developed in recent years. No attempt is made to résolve 
ail controversies or to define narrowly the place of new pro¬ 
cedures or technologies. 

ANATOMY 

The wrist is the anatomie région between the forearm and the 
hand. For the purposes of this discussion, the wrist includes 
the distal radioulnar, radiocarpal, and ulnocarpal joints and 
the eight carpal bones and their proximal and distal articula¬ 
tions and attached ligaments. 

The eight carpal bones include the scaphoid, lunate, tri- 
quetrum, and pisiform in the proximal row and the trapezium, 
trapezoid, capitate, and hamate in the distal row (Fig. 69-1). 
They vary in size from the smallest, the pisiform and trapezoid, 
to the largest, the capitate, and in the amount of articular 
cartilage allowing for articulation, with one bone by the 
pisiform (the triquetrum) to seven bones by the capitate. 
Viegas emphasized the considérable variation found in the 


fourth carpometacarpal articulation and in the scaphotrape- 
ziotrapezoid, capitolunate, and hamatolunate articulations. 
Awareness of these variations may lead to better understand- 
ing of the normal kinematics of the wrist and the various 
injury patterns that are encountered. 

The radiocarpal joints are formed by the articulation of 
the distal radius with the scaphoid and lunate through their 
respective concave facets on the distal radius and the trique¬ 
trum on the triangular fibrocartilage. The distal concave 
articular surfaces of the proximal carpal row form the mid¬ 
carpal articulations with the distal row. The distal row articu¬ 
lâtes with the metacarpals, allowing mobility in the thumb, 
stability in the index and long finger metacarpals, and 
increased mobility in the ring and little finger metacarpals. 

The distal ulnar convexity articulâtes at the lesser sigmoid 
notch of the distal radius. The sigmoid notch articular surface 
accommodâtes the ulnar head through two thirds of its arc. 
There is about a 20-degree inclination of the distal ulna at its 
articulation with the radius. The ulnar styloid lies dorsal to 
the ulnar head and extends distally. The triangular fibrocar¬ 
tilage attaches to the base of the ulnar styloid and séparâtes 
the hyaline cartilage-covered ulnar head from the styloid 
(Fig. 69-2). 
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Radiocarpal joint. C, Capitate; H, hamate; L, 
lunate; P, pisiform; R, radius; 5, scaphoid; Td, trapezoid; Tm, tra- 
pezium; Tq, triquetrum; U, ulna. 



Components of triangular fibrocartilage 
complex. AD, Articular dise; MH, meniscus homologue; RUL, 
dorsal and volar radioulnar ligaments; UCL, ulnar collateral liga¬ 
ment. Other structures shown are metacarpal bones (1, 2, 3, 4, 
and 5), carpal bones (C, capitate; H, hamate; L, lunate; 5, scaphoid; 
Td, trapezoid; Tm, trapezium; Tq, triquetrum), radius (R), and 
ulna (U). 


The chondroligamentous supports attaching the distal 
radius and ulnar side of the carpus to the distal ulna are 
designated as the triangular fibrocartilage complex (TFCC). 
Attaching to the ulnar margin of the lunate fossa of the radius, 
these supports include the ulnar collateral ligament, the 
dorsal and volar radioulnar ligaments, the articular dise, the 


Wrist from palmar perspective. Bones: C, capi¬ 
tate; H, hamate; L, lunate; P, pisiform; R, radius; S, scaphoid; Td, 
trapezoid; Tm, trapezium; Tq, triquetrum; U, ulna. Arteries: AIA, 
Anterior interosseous artery; RA, radial artery. Ligaments: CH, 
Capitohamate; LRL, long radiolunate; PRU, palmar radioulnar 
ligament; RSC, radioscaphocapitate; SC, scaphocapitate; SRL, 
short radiolunate; STT, scaphotrapeziotrapezoid; TZC, trapezo- 
capitate; TC, triquetrocapitate; TH, triquetrohamate; TT, trapezio- 
trapezoid; UC, ulnocapitate; UL, ulnolunate; UT, ulnotriquetral. 


meniscal homologue, the extensor carpi ulnaris sheath, and 
the ulnolunate and ulnotriquetral ligament. Additional liga¬ 
ments are found in two locations: (1) between the carpal 
bones (interosseous intrinsic ligaments) connecting the 
carpal bones in the proximal and distal carpal rows and (2) 
extending from the radius and ulna distally across the carpal 
rows (extrinsic ligaments). The interosseous ligaments include 
the scapholunate and lunotriquetral interosseous ligaments 
connecting the proximal carpal row and the ligaments con¬ 
necting the trapezium to the trapezoid, the trapezoid to the 
capitate, and the capitate to the hamate in the distal carpal 
row. The extrinsic or Crossing ligaments include the radial 
collateral ligament from the radial styloid to the scaphoid 
waist, the ulnar collateral ligament from the base of the ulnar 
styloid attaching to the pisiform, and the transverse carpal 
ligament. The volar extrinsic or Crossing ligaments also 
include the radioscaphocapitate ligament, the radiolunotri- 
quetral ligament, and the radio scapholunate ligament on the 
radial side and the ulnolunate and ulnotriquetral components 
of the TFCC on the ulnar side. On the palmar side of 
the carpus, between the radiolunotriquetral ligament and the 
radioscaphocapitate ligament, is a relatively thin area, the 
space of Poirer, overlying the palmar surface of the lunate 
(Fig. 69-3). 

Dorsally, the identifiable extrinsic ligaments include the 
dorsal radiocarpal and the dorsal intercarpal ligaments. The 
trapezoidal dorsal radiocarpal ligament attaches along 
the dorsal radial articular margin of the lunate fossa, from 
the Lister tubercle to the lesser sigmoid notch. It spans the 
lunotriquetral joint and inserts on the dorsal surface of the 
triquetrum. Tfiere are four types of dorsal radiocarpal liga¬ 
ments (Fig. 69-4). The dorsal intercarpal ligament, which is 
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Type I 


Type II 




Type III 



Type IV 


Four types of dorsal radiocarpal ligaments. C, 
capitate; H, hamate; L, lunate; R, radius; S, scaphoid; Td, trapezoid; 
Tm, trapezium; Tq, triquetrum; U f ulna. 



Type A Type B 



Type C 


Three types of dorsal intercarpal ligament. C, 
capitate; H, hamate; L f lunate; R, radius; S, scaphoid; Td, trapezoid; 
Tm, trapezium; Tq, triquetrum; U, ulna. 


attached to the distal, dorsal surface of the triquetrum, passes 
across the midcarpal joint to attach to the dorsal surfaces of 
the scaphoid waist and the trapezoid. The dorsal intercarpal 
ligaments hâve variations in thickness and attachments (Fig. 
69-5). The laminated structure of the dorsal intercarpal liga¬ 
ment allows for changing shape with wrist movement (Fig. 
69-6). 

CIRCULATION 

The terminal branches of the radial, ulnar, and anterior 
interosseous arteries provide extraosseous blood supply to 
the carpus through three dorsal and three palmar transverse 
arterial arches with longitudinal connections (Fig. 69-7). The 
dorsal arches are (1) the dorsal radiocarpal at the radiocarpal 
joint, supplying the lunate and triquetrum; (2) the dorsal 
intercarpal (the largest) between the proximal and distal 
carpal rows, supplying the distal carpal row and, through 
anastomoses with the radiocarpal arch, the lunate and trique¬ 
trum; and (3) the basal metacarpal arch at the base of the 
metacarpals (the most variable) to supply the distal carpal 
row. The palmar arches are (1) the palmar radiocarpal at the 
level of the radiocarpal joint to the palmar surfaces of 
the lunate and triquetrum, (2) the intercarpal arch between 
the proximal and distal carpal rows, which is the most vari¬ 
able and does not contribute to nutrient vessels in the carpus, 
and (3) the deep palmar arch at the level of the metacarpal 
bases, which is consistent and communicates with the dorsal 
basal metacarpal arch and the palmar metacarpal arteries. 
Additional descriptions of the intraosseous circulation of 
certain carpal bones (especially the scaphoid, lunate, and 


CH C Te Td 



Wrist from dorsal perspective. Bones: C, capi¬ 
tate; H, hamate; L, lunate; R, radius; S, scaphoid; T, triquetrum; 
Td, trapezoid; Tm, trapezium; U, ulna. Ligaments: CH, Capitoham- 
ate; D/C, dorsal intercarpal; DRC, dorsal radiocarpal; DRMA, dorsal 
radial metaphyseal; DRU, dorsal radioulnar; LT, lunotriquetral; SL, 
scapholunate; Te, trapezocapitate; TH, triquetrohamate; TT, 
trapeziotrapezoid. 
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A f Arterial supply of dorsum of wrist. R, radial 
artery; U f ulnar artery; 1, dorsal branch of anterior interosseous 
artery; 2, dorsal radiocarpal arch; 3, branch to dorsal ridge of 
scaphoid; 4, dorsal intercarpal arch; 5, basal metacarpal arch; 6, 
médial branch of ulnar artery. B f Arterial supply of palmar aspect 
of wrist. R, radial artery; U, ulnar artery; 1, palmar branch of 
anterior interosseous artery; 2, palmar radiocarpal arch; 3, palmar 
intercarpal arch; 4, deep palmar arch; 5, superficial palmar arch; 
6, radial récurrent artery; 7, ulnar récurrent artery; 8, médial 
branch, ulnar artery; 9, branch off ulnar artery contributing to 
dorsal intercarpal arch. C f Arterial supply of latéral aspect of wrist. 
R, radial artery; 1, superficial palmar artery; 2, palmar radiocarpal 
arch; 3, dorsal radiocarpal arch; 4, branch to scaphoid tubercle 
and trapezium; 5, artery to dorsal ridge of scaphoid; 6, dorsal 
intercarpal arch; 7, branch to latéral trapezium and thumb 
metacarpal. 


capitate) are found with the discussions of afflictions of those 
bones and in the references listed at the end of the chapter. 

BIOMECHANICS AND KINEMATICS 

The stability of the wrist during motion and interrelated 
motions dépends on capsuloligamentous integrity and 
contact surface contours of the carpal bones. The center of 
rotation for most wrist motions generally is considered to be 
located in the proximal capitate. During flexion and exten¬ 
sion, most motion occurs at the radiocarpal joint, with some 
occurring through the midcarpal area. Using ultrafast CT in 
vivo kinematic studies, the radiocarpal and midcarpal joints 
were found to contribute equally to wrist flexion and the 
midcarpal joint contributed more to extension. During 
radial-to-ulnar déviation, the proximal carpal row rotâtes 
dorsally and the proximal row translocates or shiffs radially 
at the midcarpal and radiocarpal joints, with motion occur¬ 
ring at the radiocarpal and intercarpal joints. During ulnar- 
to-radial déviation, the proximal carpal row tends toward 
palmar rotation, with most of the motion occurring in the 


intercarpal joints. The proximal carpal row is considered to 
be an intercalated segment in the forearm-to-hand connec¬ 
tion, with the scaphoid functioning to stabilize the wrist. 

For purposes of understanding the ways in which forces 
are transmitted and motions and positions of the carpal 
bones are controlled by ligaments and contact surface con¬ 
tours, the concept of a wrist consisting of three columns was 
popularized by Novarro: the central (force-bearing) column, 
the radial column, and the ulnar (control) column. The 
central column includes the distal articular surface of the 
radius, the lunate, and the capitate, and some would add 
the proximal two thirds of the scaphoid, the trapezoid, 
and the articulations with the second and third metacarpal 
bases. The radial column includes the radius, the scaphoid, 
the trapezium, the trapezoid, and the thumb carpometacar- 
pal joint. The ulnar column includes the triangular fibrocar- 
tilage (articular dise), the hamate, the triquetrum, and the 
articulations of the carpometacarpal joints of the ring and 
little fingers. Taleisnik proposed that the central column 
includes the entire distal row and the lunate. According to 
his concept, the scaphoid is included as the latéral column 
and the triquetrum as a rotary médial column (Fig. 69-8A). 
Lichtman proposed a ring concept of wrist kinematics (Fig. 
69-8B). According to this concept, the interosseous ligaments 
stabilize the semirigid proximal and distal carpal rows. 
Limited mobility occurs between the scaphotrapezial joints 
and the triquetrohamate joints. Bone or ligament disruption 
of the ring créâtes instability deformities, with the lunate 
tilting either dorsally (dorsal intercalated segmentai instabil¬ 
ity) or toward the volar aspect (volar intercalated segmentai 
instability). 

Studies of transmission of forces suggest that the distal 
carpal row may bear more than 10 times the force applied to 
the fingertips. About 55% to 60% of the load on the distal row 
is transmitted through the capitate, scaphoid, and lunate. At 
the radiocarpal level, the load on the radioscaphoid joint 
varies from 50% to 56%; on the radiolunate joint, 29% to 30%; 
and on the ulnolunate joint, 10% to 21%. 


DIAGNOSIS OF WRIST 
CONDITIONS 

HISTORY 

The usual historical information is documented, including 
âge, hand dominance, occupation, hobbies, date of injury or 
onset of symptoms, corrélation of symptoms with activities 
and modifying factors (e.g., médications, cold, heat), and 
previous injury or surgery. Current work status and the 
existence of various legal concerns (e.g., lawsuits, workers 
compensation, or disability daims) are helpful in assessing 
the overall situation. 

When obtaining the history of traumatic conditions, the 
mechanism of injury frequently is unknown. The various 
carpal injuries represent a spectrum of injury. The extent of 
injury dépends on (1) loading in three dimensions, (2) 
duration and amount of forces, (3) hand position at impact, 
and (4) mechanical properties of the ligaments and bones. 
A pattern can be seen in which carpal dislocations resuit 
from ulnar déviation and intercarpal supination, and scaph¬ 
oid fractures resuit from wrist extension with the dorsal 
articular margin of the radius serving as a fulcrum (Fig. 
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A f Taleisnik's concept of central (flexion-extension) column involves entire distal row and lunate: scaphoid (S) is latéral 
(mobile) column, and triquetrum (Tq) is rotary médial column. B, Lichtman's ring concept of carpal kinematics: proximal and distal rows 
are semirigid posts stabilized by interosseous ligaments; normal controlled mobility occurs at scaphotrapezial and triquetrohamate 
joints. Any break in ring, either bony or ligamentous (arrows), can produce dorsal intercalated segmentai instability or volar intercalated 
segmentai instability deformity. 



FIGURE 


A, Stages of perilunar instability. B, Volar ligamentous injury in stage II. C, Volar ligamentous injury in stage III. D, 


Remaining volar ligament attachments to lunate in stage IV. 


69-9). Flexion and pronation injuries, conversely, may con- 
tribute more to ligament injuries on the ulnar side of the 
wrist, especially the lunotriquetral ligament. It is important 
to be able to document swelling, bruising, local areas of pain, 
point tenderness, and sensations of grating, popping, and 
crunching. 

For long-standing problems, it is important to correlate 
the problem with the factors that cause worsening or 
improvement. The relationship to work and recreational 
activities; the presence and location of swelling and aching 
with mechanical symptoms, such as clicking, popping, snap- 
ping, and grating; and the response to treatment are impor¬ 
tant. Other joint involvement and the possible presence of 
various arthritides in the patient or family members also 
should be considered. 


PHYSICAL EXAMINATION 

A careful, detailed examination is conducted with the forearm 
and hand supported whether the examination is done imme- 
diately affer injury or for chronic problems. In addition to the 
usual assessment of motor, sensory, and circulatory integrity, 
it is important to try to correlate the patient s complaints with 
the underlying muscles, tendons, tendon sheaths, bones, 
joints, ligaments, and capsules. Sears, bruises, and other skin 
findings and the ranges of active and passive motion should 
be documented and compared with the uninjured side. 

The underlying anatomy can be correlated with easily 
identified and palpable bony structures, including the radial 
styloid, Lister tubercle, ulnar styloid, pisiform, and scaphoid 
tuberosity. Differentiate overlying superficial tenosynovitis, 
such as that seen in the first dorsal compartment (de 
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FIGURE 


Imaging of painful wrist. 


Quervain), from conditions related to deeper structures or 
problems related to ligamentous and bony structures (e.g., 
thumb carpometacarpal arthritis; tenosynovitis in the exten- 
sor compartiments, the flexor carpi radialis tunnel, and the 
carpal tunnel; masses such as ganglions; and underlying 
compression neuropathies of the radial, médian, and ulnar 
nerves in their respective areas of compression). 

RADIOGRAPHIC TECHNIQUES 

Affer the history and physical examination, radiographie 
évaluation is helpful in determining the diagnosis, prognosis, 
and management of wrist problems. Gilula et al. proposed a 
useful algorithm detailing one approach to the radiographie 
assessment of a painful wrist (Fig. 69-10). MRI should be 
added for évaluation of the triangular fibrocartilage; the distal 
radioulnar joint (DRUJ); and vascularity of the various carpal 
bones, extrinsic ligaments, joint surfaces, and surrounding 
soft tissues to confirm clinical suspicion and correlate with 
physician examination findings. A high rate of false-positive 
findings on MR images of normal subjects has been noted in 
recent studies. A dedicated wrist coil provides enhanced reso¬ 
lution of wrist structures. 

Various radiographie techniques useful in evaluating a 
painful wrist include the following: 

1. Routine radiographie sériés consisting of four views 

■ Posteroanterior 

■ Latéral 

■ Oblique 

■ Ulnar-deviated posteroanterior scaphoid view 


2. Spot views of the carpal bones for detail (carpal 
tunnel view) (Fig. 69-11) 

3. Fluoroscopie spot views of the wrist (Fig. 69-12) 

4. Sériés of views for instability 

■ Anteroposterior clenched fist 

■ Posteroanterior in neutral, radial, and ulnar 
déviation 

■ Latéral in neutral and fu.ll flexion and extension 

■ Semipronated oblique 30 degrees from the 
posteroanterior 

■ Semisupinated oblique 30 degrees from the latéral 

5. Diagnostic ultrasound 

6. Cine or video fluoroscopy 

7. Bone scanning 

8. Arthrography of the wrist (triple injection when 
indicated) (Fig. 69-13) 

9. CT 

10. MRI 

Other radiographie techniques relevant to spécifie prob¬ 
lems are discussed later. 

OTHER DIAGNOSTIC TECHNIQUES 

Other clinical methods for determining the spécifie anatomie 
location of a problem include (1) differential local anesthetic 
injection, (2) wrist arthroscopy, and (3) various other opéra¬ 
tive procedures. If the spécifie structure causing the pain 
cannot be precisely identified (e.g., extensor carpi ulnaris 
versus underlying ulnocarpal joint), it is sometimes useful to 
inject a small amount (<3 mL) of local anesthetic into the 
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most likely site. This helps in the localization of the pain. 
Stérile technique is used, and the patient is always advised of 
the benefits and risks. 


ARTHROSCOPY OF THE WRIST 

From a mostly diagnostic tool, wrist arthroscopy has devel- 
oped into an effective therapeutic tool, useful for the treat- 
ment of a variety of wrist disorders from arthritis to acute 
fractures. It has produced new arthroscopic classifications of 
disorders such as Kienbôck disease, TFCC injuries, and 
interosseous ligament tears that can help guide treatment. 
Arthroscopic assessment of intercarpal ligament injuries and 
instability is considered by many the “gold standard” for 
évaluation of these conditions, as well as for examination of 
patients who hâve wrist pain of unknown origin. 

INDICATIONS 

Indications for wrist arthroscopy include the évaluation of 
ligamentous injuries, examination of joint articular surfaces, 
removal of loose bodies, biopsy of synovium, irrigation and 
debridement of joints, and confirmation and supplémenta¬ 
tion of wrist arthrography. Arthroscopy has been found to be 
more accurate than arthrography in identifying the location 
and size of triangular fibrocartilage and interosseous ligament 
injuries and more accurate than triple-injection cinearthrog- 
raphy in detecting tears of the scapholunate and lunotriquetral 
ligaments and the triangular fibrocartilage. 



Carpal tunnel view shows avulsion fracture of 
hamate hook (arrow) and trapezium (arrowheads). 


Wrist arthroscopy has been found to be useful in diag- 
nosing and treating wrist cartilage lésions, synovitis, triangu¬ 
lar fibrocartilage complex disorders, and scapholunate and 
lunotriquetral ligament injuries. Debridement of osteochon- 
dritic lésions; réduction and fixation of carpal fractures, distal 
radial intraarticular fractures, and perilunate injuries; distal 
ulnar resection; and dorsal ganglion excision can be added to 
the growing list of indications for wrist arthroscopy (Box 
69-1). 



Arthroscopic Procedures of the Wrist 


Triangular Fibrocartilage Complex 

Repair 

Debridement 

Carpal Instability 

Debridement of scapholunate interosseous ligament/ 
lunotriquetral interosseous ligament 
Scapholunate/lunotriquetral percutaneous pinning 

Wrist Fractures 

Distal radial fractures 
Scaphoid fractures 

Chondral Lésions 

Dorsal ganglion excision 

Bone Excision Procedures 

Radial styloidectomy 

Excision of distal ulna 

Partial resection (wafer procedure) 

Proximal row carpectomy 
Excision of proximal pôle of scaphoid 
Lunate excision for Kienbôck disease 
Loose body removal 

Miscellaneous 

Synovectomy 

Intraarticular adhesion release 
Lavage of septic wrist 


(From Gupta R, Bozentka DJ, Osterman AL: Wrist arthroscopy: principles and 
clinical applications, J Am Acad Orthop Surg 9:200, 2001.) 



A f Posteroanterior view of capitate shows no definite abnormality. B f On angled view, cystic defect with fracture is 
seen in capitate waist (arrows). 
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Fluoroscopie spots during arthrogram. A f Needle in place, start of contrast injection. B, End of contrast injection, at 
point of slight patient discomfort; contrast material is confined to radiocarpal joint. C, With ulnar déviation, contrast material passes 
into midcarpal joint between lunate and triquetrum (arrowheads), indicating lunotriquetral ligament tear. D, On follow-up overhead 
view, contrast material fills midcarpal joints, including scapholunate joint from its distal aspect, making it difficult to see whether 
scapholunate or lunotriquetral ligament is torn. Small defect (arrowheads) between contrast material in scapholunate space and 
radiocarpal space indicates intact scapholunate ligament. 


Complication rates for wrist arthroscopy vary from 1.2% 
to 5.2%. A systematic analysis of the literature identified a 
4.7% complication rate in 895 procedures reported in 11 
studies. Complications of wrist arthroscopy can be divided 
into four categories: 

1. Complications related to traction and arm position— 
skin injury, joint stiffness, and peripheral nerve injury 

2. Portai and instrument insertion complications— 
injury to cutaneous nerves, vascular structures, flexor 
and extensor tendons, ligaments, and articular 
cartilage 

3. Procedure-related complications—forearm compart- 
ment syndrome caused by fluid extravasation during 
fracture treatment, injury of the dorsal sensory 
branch of the ulnar nerve during arthroscopie repair 
of the triangular fibrocartilage, and injury to sensory 
nerves during insertion of Kirschner wires 


4. General arthroscopic complications (equipment 
failure and infection) 

A knowledge of wrist anatomy, the use of correct tech¬ 
nique, and an understanding of the equipment and its use 
may help to avoid significant complications. This section 
covers the basics of diagnostic wrist arthroscopy. The use of 
arthroscopy in the treatment of various wrist conditions is 
included in the discussions of spécifie conditions. 

EQUIPMENT 

Equipment for wrist arthroscopy includes the following: 
Arthroscope 

Diameter: 2.5 to 3 mm best for routine use; 1.7 to 4 mm 
optional 

Length: 50 to 60 mm 
Lens-offset angle: 30 to 70 degrees 
Effective light source 




3 


PART XVIII THE HAND 



High-définition (HD) video caméra system/imaging console 
Liquid crystal display (LCD) or light-emitting diode (LED) 
video monitor 

Image capture system/digital video recorder 
Irrigation System: gravity feed usually satisfactory; pumps 
(mechanical and manual) allow better irrigation and use 
of suction and cutting tools 
18-gauge needles 
Stérile tubing 

Limb-positioning attachments 
Ceiling hook or overhead pôle and pulley 
Robotic devices, convenient and easily adjustable (trac¬ 
tion “tower”) 

Fingertraps 

Forearm and wrist stabilizers 
Traction weights: 4 to 7 lb 
Scalpel blades 
Arthroscopy instruments 
Radiofrequency probes 

Basket forceps: 2 to 3 mm in diameter, 40 to 60 mm long 
Cutting tools 

Four-jaw, shallow probe: 40 mm long, 1.5 to 2.0 mm in 
diameter 

Grasping forceps with thin jaws: straight and curved 
Resector: full radius and 2 to 3 mm in diameter usually 
best 

Power source 

POSITIONING AND PREPARATION OF 
THE PATIENT 

Wrist arthroscopy can be done with the patient under régional 
block anesthésia or general anesthésia. If multiple procedures 
are to be done, or if the patient is uncomfortable, a general 
anesthetic usually is best. The use of a pneumatic arm tour¬ 
niquet is optional but may be helpful when treating an 
intraarticular fracture. With the patient supine and the shoul- 
der abducted on a hand table, arthroscopy can be done with 
the elbow flexed and the hand pointing toward the ceiling. 
Extension of the elbow (horizontal position) to allow prona¬ 
tion of the forearm may facilitate the treatment of intraarticu¬ 
lar fractures. 


PATIENT POSITIONING FOR WRIST 
ARTHROSCOPY 


TECHNIQUE 69-1 


■ With the patient under a suitable anesthetic, suspend the 
hand from the traction beam with stérile fingertraps and 
rope through an overhead pulley to use traction to move 
weight out and away from the operative field (Fig. 69-14). 
An arthroscopy tower can be used in the place of over¬ 
head traction. Include the thumb, index, and long fingers 
in the fingertraps. 

■ Maintain the elbow in 80 to 90 degrees of flexion. Flex 
the wrist about 20 degrees. 

■ If a tourniquet is to be used, exsanguinate the limb and 
inflate the tourniquet. 



Overhead boom 
Shaver power 
Video caméra 
Pump 
llluminator 


Monitor 


a 


>i Forearm 
Je stabilizer 


Counterweight —zZl 


Positioning of patient and equipment for wrist 
arthroscopy. CDR, Compact dise recorder. SEE TECHNIQUE 69-1. 


■ Stabilize the forearm by securing it to a mechanical well- 
padded forearm clamp. 

■Apply 4 to 10 lb of traction weight through the finger¬ 
traps for distraction of the wrist. 


GENERAL PRINCIPLES 

The usual arthroscopic portais are located between the exten- 
sor compartments of the wrist (Fig. 69-15). The portais are 
numbered according to the compartments on either side of 
the portai (Fig. 69-16). There are 11 dorsal portais, 9 for 
radiocarpal and intercarpal access and 2 for the DRUJ. An 
additional volar portai can be made latéral to the flexor carpi 
radialis tendon at the proximal wrist flexion crease. Slutsky 
described success using a volar ulnar approach between the 
flexor tendons and the ulnar neurovascular bundle and flexor 
carpi ulnar is. Portais most often used for évaluation of the 
radiocarpal and ulnocarpal joints are portai 3-4 (between the 
third and fourth extensor dorsal compartments) and portai 
4-5 (between the fourth and fifth compartments). The mid- 
carpal joint radial portai lies to the radial side of the third 
metacarpal axis proximal to the capitate in a soft dépréssion 
between the capitate and scaphoid. It is in line with Lister 
tubercle (Fig. 69-17) at the scaphocapitate and scapholunate 
joint. The midcarpal ulnar portai is about 1 cm distal to 
the 4-5 portai, aligned with the fourth metacarpal, at the 
lunotriquetral-capitate-hamate joint. A portai between the 
fifth and sixth compartments, the 6R portai, is located on 
the dorsoradial aspect of the extensor carpi ulnaris tendon. 
The 6U portai is located to the ulnar side of the extensor carpi 
ulnaris tendon. The triangular fibrocartilage and the ulnolu- 
nate, ulnotriquetral, and lunotriquetral ligaments can be seen 
from the 6R portai. The scapholunate interosseous ligament, 
a potential origin for a dorsal ganglion, also can be seen from 
this portai. 

In addition to the frequently used 3-4 and 6 portais, other 
portais allow inspection of other parts of the wrist. Portai 4-5 
permits better inspection of the TFCC and the ulnocarpal 
ligament on the palmar side. Portai 2-3 allows inspection of 
the radial palmar ligaments. A probe placed through portai 
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A f Standard radiocarpal portais. B f Standard midcarpal portais. STT, Scaphotrapeziotrapezoid; TH, triquetrohamate. 

(From Gupta R, Bozentka DJ, Osterman AL: Wrist arthroscopy: principles and clinical applications, J Am Acad Orthop Surg 9:200, 2001.) 



Portai 

3-4 


Radius 


Ulna 


Portai 

2-3 


Portai 

1-2 


Portai 

4-5 


Portai 6R 


FIGURE 


Cross section of wrist at level of distal radius 


showing compartments and portais used for examination of 


radiocarpal and ulnocarpal joints. 



FIGURE 


yj Midcarpal radial and ulnar arthroscopic portais 


on radial side (proximal to capitate "soft spot") and ulnar side 


(1 cm distal to 4-5 portai) of the third metacarpal. 


1 can help to evaluate the articular surface of the distal radius. 
Use of needles, such as 20-gauge and 22-gauge hypodermic 
needles, in the various portais before placement of the probe 
or other instruments helps détermine which portai would 
work best. Portais for the DRUJ are located just proximal and 
distal to the ulnar head. The posterior interosseous nerve is 
at risk when the proximal portai is used, whereas the trian- 
gular fibrocartilage may be injured by instruments entering 
the distal portai. The use of a blunt trocar helps avoid injury 
to the joint surface when inserting the arthroscope sheath. 

Although larger arthroscopes provide better fields of 
vision, they usually are too large and difficult to manipulate. 
If continuous inflow irrigation is used, an efficient drainage 
System also must be used to avoid fluid extravasation and 
complications in the forearm. Pumps with automatic moni- 
toring of pressure and flow also help to avoid such complica¬ 
tions. Continuous fluid infusion and positioning the 
arthroscope with the caméra end toward the ceiling helps 
avoid air bubble accumulation. The use of a probe for trian¬ 
gulation is helpful in examining the ligaments and cartilage 
surfaces. To see in the joint satisfactorily, joint distraction 
should be maintained with weight to allow distention with 
saline and frequent irrigation. 


RADIOCARPAL EXAMINATION 


TECHNIQUE 69-2 


■ Identify and mark the skin at the sites of the arthroscopic 
portais to be used. Mark the distal radial joint margin and 
the location of Lister tubercle (Fig. 69-18A). 

■ Distend the radiocarpal joint by locating the portai 
between the third and fourth extensor compartments just 
distal to the extensor pollicis longus and Lister tubercle. 
Insert an 18-gauge needle into this portai, inclining the 






















3 


PART XVIII THE HAND 




A f Radial and ulnar styloid are marked, and distal radius and ulna are outlined. B f Twenty-gauge needle with bevel 
parallel to extensor tendons is inserted through 3-4 portai. C f Blunt trocar is removed and arthroscope inserted. D f 6U portai is 
established slightly ulnar to extensor carpi ulnaris tendon. SEE TECHNIQUE 69-2. 


9 needle from dorsal-distal to palmar-proximal 12 to 15 
degrees to follow the normal distal radial joint palmar tilt 
(Fig. 69-18B). Distend the joint with 5 to 10 mL of normal 
saline. 

■ Remove the needle, incise the skin over the portai, 
use a small hemostat to dissect gently down to 
and through the capsule, insert a cannula and blunt 
obturator, and establish inflow irrigation through the 
arthroscope. 

■ As an alternative, a continuous inflow System can be 
established through the ulnocarpal joint through portai 6 
to the ulnar side of the extensor carpi ulnaris. Avoid the 
dorsal sensory branch of the ulnar nerve. 

■ Outflow can occur through the arthroscope or with 
gravity drainage through a tube. An irrigation pump that 
maintains constant pressure and flow may be helpful. 
Avoid extravasation. 

■ Introduce the arthroscope into the radiocarpal joint at 
portai 3 through a small skin incision. 

■ Use a small hemostat to dissect bluntly and spread the 
subcutaneous soft tissues to retract the extensor pollicis 
longus tendon to the radial side. 

■ Use the hemostat or a no. 11 blade to open the dorsal 
capsule. Avoid tendon injury. 

■ Insert the arthroscope with a proximal palmar inclination 
to accommodate the palmar tilt of the distal radius. 

■ Incline the arthroscope so that the proximal end is toward 
the ceiling to help remove air bubbles. 

■ At this point, identify the palmar capsule of the wrist and 
the distal radial articular concavity. 

■ Insert a probe through portai 4-5 through a skin incision 
or between the extensor digiti quinti and the extensor 
carpi ulnaris (6R portai). This portai can be used as an 
inflow or outflow portai during radiocarpal examination 


or as a portai for the arthroscope during ulnocarpal 
examination. 

■ Follow an organized pattern of identifying structures 
within the wrist. Direct the arthroscope toward the distal 
end of the radius, follow it along the scaphoid and lunate 
fossae, and examine them. Move the arthroscope in the 
radial direction to identify the distal radius and the proxi¬ 
mal margin of the scaphoid. Note the scapholunate 
articulation, which is a small crease between the scaphoid 
and lunate with intimate blending of the ligament with 
the articular cartilage. 

■ Extend the wrist to expose the dorsal surfaces of the 
scaphoid and lunate and flex the wrist to examine the 
palmar surfaces of these bones. Identify the palmar carpal 
ligaments (Fig. 69-19). 

■ The radioscapholunate and radiotriquetral ligaments can 
be identified, as can the radiocapitate ligament (Fig. 
69-20). Use a probe to stress the ligaments and evaluate 
their integrity. 

■ Move the arthroscope to the 4-5 or 6R portai and 
exchange the inflow or outflow cannula to the 3-4 portai 
for examination of the ulnar aspect of the joint and the 
TFCC. 

■ With a probe, palpate the TFCC to détermine its integrity, 
especially its attachment to the ulnar margin of the 
radius. 

■ Moving toward the ulnar side of the wrist, identify the 
ulnocarpal ligaments and the proximal articular surface of 
the triquetrum. 

■ Insert a probe in portai 4 or 5 to evaluate the palmar 
carpal ligaments and the scapholunate and lunotriquetral 
interosseous ligaments. It may be necessary to move the 
probe into a more radial portai to examine the TFCC. 
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MIDCARPAL EXAMINATION 


TECHNIQUE 69-3 


■ The portai for entry into the radial side of the midcarpal 
joint is located about 1 cm distal to the 3-4 portai for 
radiocarpal examination. It is located to the radial side of 
the third metacarpal and proximal to the soft area 
between the scaphoid and capitate. 

■ Insert an 18-gauge needle into this portai and distend the 
joint with 5 to 7 mL of saline, incise the skin over this area, 
dissect bluntly to the capsule, and insert a cannula and 
obturator, permitting inflow through the arthroscope. 

■ The ulnar midcarpal portai is located in the center of the 
axis of the fourth metacarpal and proximal to the 



Ligaments of radiocarpal joint: 1, radioscapho- 
capitate; 2, radioscapholunate; 3, radiolunotriquetral; 4, ulnotri- 
quetral; 5, ulnolunate; 6, triangular fibrocartilage. SEE TECHNIQUE 
69-2. 


capitohamate joint. Enter this joint with an 18-gauge 
needle, distend the joint, and verify the position of the 
needle by direct vision of the needle with the arthroscope 
remaining in the radial midcarpal portai to the radial side 
of the extensor tendons. 

■The scaphocapitate and capitohamate joints can be 
examined through these portais. The scaphotrapezial- 
trapezoid joint also can be examined through the midcar¬ 
pal radial portai. 

■ Place the arthroscope through a skin incision into this 
portai to view the capitate distally and the scaphoid 
proxi ma lly. 

■ Moving the arthroscope toward the radial side along 
the scaphocapitate joint, examine the scaphotrapezial- 
trapezoid joint. 

■ Moving in an ulnar direction along the scaphocapitate 
joint, examine the scapholunate, lunotriquetral, and capi¬ 
tohamate joints. Traction and manipulation of the wrist 
allow better inspection of these joints. 

■After the examination and operative procedures hâve 
been completed, détermine that no loose objects are left 
within the joint and remove the arthroscope, instruments, 
and drainage tubing. 

■ Remove the tourniquet, obtain hemostasis, and close the 
portai incisions with Staples or skin sutures. Infiltration of 
the joint with a local anesthetic agent helps minimize 
postoperative pain. Apply a bulky hand dressing with a 
splint. 


DISTAL RADIOULNAR EXAMINATION 


TECHNIQUE 69-4 


■ Distend the DRUJ by inserting an 18- or 20-gauge needle 
into the joint just latéral and dorsal to the ulnar head and 
inject a small amount of normal saline. The joint is best 



FIGURE 69-2 


^ A f Normal arthroscopic appearance of radioscapholunate (RSL) and scapholunate interosseous (asterisks) ligament. 
B, Normal appearance of radioscaphocapitate (RSC) and long radiolunate (LRL) ligaments. R, Radius; S, scaphoid. (From Slutsky D: Wrist 
arthroscopy. In Wolfe SW, editor: Green's operative hand surgery, 6 th ed, Philadelphia, Elsevier, 2011.) SEE TECHNIQUE 69-2. 
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S located by palpation of the distal radioulnar area with the 
forearm supinated. 

■ Proximal and distal radioulnar portais hâve been described 
by Whipple. The proximal portai is safer because it pré¬ 
sents less risk to the articular cartilage of the ulnar head 
and to the triangular fibrocartilage. 

■ To establish the proximal portai, incise the dorsal skin just 
proximal to the dorsal prominence of the ulnar head, 
centered between the distal ulna and the médial (ulnar) 
side of the radius. 

■ Bluntly dissect with a hemostat to avoid injury to the 
extensor carpi ulnaris tendon and the dorsal sensory 
branch of the ulnar nerve. 

■ Enter the joint with the hemostat. 

■ Pass the arthroscopic cannula with a blunt obturator from 
proximal to distal. 

■ Remove the obturator and insert the arthroscope to 
détermine entry into the joint. 

■ Establish a working portai 5 to 10 mm distal to the 
proximal radioulnar portai by making a small skin incision 
and bluntly dissecting to pass an 18-gauge needle. Use 
the arthroscope to ensure that the needle is in the joint. 
This portai can be used as needed for the insertion of 
instruments such as forceps and shavers. 

■ To establish the DRUJ portai, make an incision over the 
fifth and sixth extensor compartments, dissecting to enter 
the joint just proximal to the triangular fibrocartilage, 
between the fibrocartilage and the ulnar head. As noted 
previously, the proximal portai allows safer inspection of 
the lesser sigmoid notch, the ulnar head, and the proximal 
surface of the triangular fibrocartilage. 

■After thorough arthroscopic examination, remove the 
arthroscope, instruments, and cannulas. 

■ Suture the wounds and apply a compressing bandage 
and supporting splint. 

POSTOPERATIVE CARE. Depending on the nature of 
the procedure, the splint is removed and mobilization is 
begun in the first 7 to 10 days after arthroscopy. After 
fracture réduction and ligament repairs, immobilization 
and réhabilitation may be prolonged. 

Arthroscopic procedures for spécifie conditions are 
described in the sections discussing those conditions. 


FRACTURES AND DISLOCATIONS 
OF THE CARPAL BONES, 
INCLUDING KIENBÔCK DISEASE 

The diagnosis of fractures and dislocations of the carpal 
bones can be difficult for several reasons. The outlines of the 
eight bones are superimposed in most radiographie views. 
Even in the anteroposterior view, at least one bone overlies 
another. Ail views must be interpreted with an understanding 
of the normal bone contours, the relationships between the 
bones, and the changing relationships during the various arcs 
of wrist motion. 

Because of the difficulty in recognizing fractures in acute 
injuries, fractures in this région may not be seen at initial 
examination. Articular damage and ligament injuries are 


even more difficult to evaluate. The latter may permit abnor¬ 
mal rotations and subluxations of the various bones. Spécial 
radiographie techniques are helpful. Scaphoid fracture dis¬ 
placement may be more readily detected and distinct with 
three-dimensional CT than with plain CT. Even though 
spécial techniques are used, establishing a précisé diagnosis 
can be difficult. Often prognosis is uncertain because of the 
peculiarities of the blood supply of these bones, especially of 
the scaphoid and lunate. Compared with plain radiographs, 
CT scans, and the surgeons operative impression in the 
assessment of scaphoid nonunions, MRI was more accurate 
than the other techniques in predicting the vascularity of 
scaphoid nonunions. 

FRACTURES OF THE SCAPHOID 

Fracture of the carpal scaphoid bone is the most common 
fracture of the carpus, and frequently diagnosis is delayed. A 
delay in diagnosis and treatment of this fracture may alter the 
prognosis for union. A wrist sprain that is sufficiently severe 
to require radiographie examination initially should be 
treated as a possible fracture of the scaphoid, and radiographs 
should be repeated in 2 weeks even though initial radiographs 
may be négative. 

■ ETIOLOGY 

This fracture has been reported in individuals ranging from 
10 to 70 years old, although it is most common in young men. 
It is caused by a fall on the outstretched palm, resulting in 
severe hyperextension and slight radial déviation of the wrist. 
The scaphoid usually fractures in tension with the wrist 
extended, concentrating the load on the radial-palmar side. 
The proximal pôle locks in the scaphoid fossa of the radius, 
and the distal pôle moves excessively dorsal (Fig. 69-21). Of 
scaphoid fractures, 60% to 80% occur at the scaphoid waist 
or midportion. Seventeen percent of patients hâve other 
fractures of the carpus and forearm, including transscaphoid 
perilunar dislocations, fractures of the trapezium, Bennett 
fractures, fractures of the radial head, dislocations of the 
lunate, and fractures at the distal end of the radius. When 
other injuries of carpal bones require open réduction, the 
fractured scaphoid also should be reduced accurately. 

■ ANATOMY AND BLOOD SUPPLY OF THE 
SCAPHOID BONE 

The unique anatomy of the scaphoid prédisposés fracture of 
this carpal bone to delayed union or nonunion and to dis- 
ability of the wrist. Because it articulâtes with the distal radius 
and with four of the remaining seven carpal bones, the 
scaphoid moves with nearly ail carpal motions, especially 
volar flexion. Any alteration of its articular surface through 
fracture, dislocation, or subluxation or any alteration of its 
stability by ligamentous rupture can cause severe secondary 
changes throughout the entire carpus. 

The blood supply of the scaphoid is precarious. Only 67% 
of scaphoid bones hâve arterial foramina throughout their 
length, including the distal, middle, and proximal thirds. Of 
the remaining bones, 13% hâve blood supply predominantly 
in the distal third and 20% hâve most of the arterial foramina 
in the waist area of the bone with no more than a single 
foramen near the proximal third. One third of scaphoid 
fractures occurring in the proximal third may be without 
adéquate blood supply. This seems to be borne out clinically; 
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Représentation of potential load-carrying 
structures involved in proximal carpal articulation as described by 
Weber and Chao. Four ligamentous components (cb, ed, ih, kj) 
potentially transmit tensile loads when wrist is in strong dorsiflex- 
ion. Dorsal ligamentous structures eliminated from analysis 
because in dorsiflexion structures would be lax. Articular surface 
between radius and scaphoid and between radius and lunate 
potentially transmit compressive forces Ff and Fg. These forces 
are related to fixed coordinate System (XYZ) and to vector repré¬ 
sentation of applied load (P), cb, radiocollateral ligament complex; 
ed, radiocapitate ligament; Ff, radioscaphoid contact force; Fg, 
radiolunate contact force; ih, radiolunate ligament; kj, ulnar 
capsular ligament; XYZ, cartesian coordinate System. 


the prevalence of osteonecrosis can be 35% in fractures at this 
level. Fractures in the proximal pôle can be expected to take 
longer to heal and usually hâve higher rates of nonunion. 

Vessels enter the scaphoid from the radial artery latero- 
volarly, dorsally, and distally. The laterovolar and dorsal 
Systems share in the blood supply to the proximal two thirds 
of the scaphoid. Vascularity of the proximal pôle and 70% to 
80% of the interosseous circulation are provided through 
branches of the radial artery, entering through the dorsal 


Scaphoid nonunion associated with the location 
of fracture and amount of displacement 

Location 

Number of 
fractures 

Percentage of 
union 

-Distal third 

2 

100 

-Middle third 

56 

80 

— Proximal third 

32 

64 

Displacement 

-Stable 

Number of 
fractures 

Percentage of 
union 

48 

85 

Unstable 

42 

65 


FIGURE 


^ Union of scaphoid after bone grafting is influ- 


enced significantly by location of fracture and amount of 


displacement. 


ridge. In the distal tuberosity région, 20% to 30% of the bone 
receives its blood supply from volar branches of the radial 
artery. 

■ DIAGNOSIS AND TREATMENT 

Treatment of scaphoid fractures is determined by displace¬ 
ment and stability of the fracture. Scaphoid fractures are 
generally classified as either undisplaced and stable or dis- 
placed and unstable (Fig. 69-22). Although this classification 
remains useful, fractures of the tuberosity, the distal articular 
surface, and the proximal pôle may require spécial manage¬ 
ment decisions. For nondisplaced fractures, radiographie 
diagnosis can be difficult initially. A posteroanterior plain 
radiograph with the wrist slightly extended in ulnar déviation 
is helpful. Although repeating radiographs after 2 weeks of 
immobilization in a cast is a time-honored method for évalu¬ 
ation of a suspected nondisplaced scaphoid fracture, the 
technetium bone scan, MRI, and CT (in the sagittal plane 
of the scaphoid) provide diagnostic information sooner. 
Although bone scan has been considered the most sensitive 
study, Gaebler et al. reported 100% sensitivity and specificity 
using MRI to diagnose “occult” scaphoid fractures at an 
average of 2.8 days after injury (Fig. 69-23 A). MRI, especially 
with gadolinium enhancement, also is useful in assessing the 
vascularity of a fractured scaphoid (Fig. 69-23B). Some recent 
reports hâve suggested that an MRI or CT scan should be 
obtained early so that patient downtime is decreased and 
productivity is increased. 

I NONDISPLACED, STABLE SCAPHOID FRACTURES 

Nonoperative treatment usually is successful for acute non¬ 
displaced, stable fractures through the scaphoid waist and 
in the distal pôle without other bony or ligamentous injury 
and for scaphoid fractures in children. The prognosis is 
better if the fracture is diagnosed early. Controversies con¬ 
tinue regarding the position of the wrist, the proximal and 
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MRI is useful for diagnosis of "occult" scaphoid fractures (A) and for évaluation of vascularity of fractured scaphoid 

(B). (From Segalman KA, Graham TJ: Scaphoid proximal pôle fractures and nonunions, J Am Soc Surg Hand 4:233, 2004.) 


distal length of the cast, and elbow and thumb immobiliza- 
tion. There are clinical and experimental data to support 
most aspects of the controverses. Although some studies 
hâve found the incidence of nonunion to be no greater in 
patients treated by a removable short arm thumb spica cast 
than in patients treated by a long arm thumb spica cast, 
others hâve found that the time to union was earlier in 
patients treated initially for 6 weeks in a long arm thumb 
spica cast. A meta-analysis of randomized controlled trials 
of nonoperative treatment that involved below-elbow and 
above-elbow casting, casting with or without the thumb 
included, and casting with the wrist in 20 degrees of flexion 
to 20 degrees of extension found no significant différences 
in union rate, pain, grip strength, time to union, or osteo- 
necrosis for the various nonoperative treatment methods. In 
an experimental scaphoid fracture model, displacement of 
more than 3 mm occurred between fracture fragments 
during pronation and supination with the forearm in a short 
arm thumb spica cast. 

We use a forearm cast from just below the elbow proxi- 
mally to the base of the thumbnail and the proximal palmar 
crease distally (thumb spica) with the wrist in slight radial 
déviation and in neutral flexion. The thumb is maintained in 
a functional position, and the fingers are free to move from 
the metacarpophalangeal joints distally. Using nonoperative 
casting techniques, the expected rate of union is 90% to 95% 
within 10 to 12 weeks. During this time, the fracture is 
observed radiographically for healing. If collapse or angula¬ 
tion of the fractured fragments occurs, surgical treatment 
usually is required. 

Fractures at and distal to the scaphoid waist are expected 
to heal sooner than fractures in the proximal pôle. If the 


diagnosis is delayed, or the fracture is in the proximal third, 
the prognosis is less favorable, and an initial long arm thumb 
spica cast for 6 weeks may be justified. If the diagnosis of 
an undisplaced fracture of the scaphoid has been delayed 
for several weeks, treatment usually begins with cast immo- 
bilization. Mack et al., reviewing scaphoid fractures diag- 
nosed 1 to 6 months affer injury, found that stable 
middle-third scaphoid fractures healed with cast immobili- 
zation but required an average of 19 weeks to heal, compared 
with a similar group of acute fractures that healed in an 
average of 10 weeks. As is reflected in the subséquent discus¬ 
sion of surgical treatment, there is a well-established trend 
toward earlier operative fixation of nondisplaced fractures. 
Surgery may be considered if new healing activity is not 
évident and if union is not apparent affer a trial of cast 
immobilization for about 20 weeks. 

Because of the potential for joint stiffness, muscle atrophy, 
or the inability to use the hand during and affer prolonged 
immobilization, spécial nonoperative or operative treatment 
may be considered in certain patients (e.g., young laborers or 
athlètes). Operative techniques, including percutaneous 
fixation with cannulated screws, are used with increasing 
frequency. Prospective, randomized studies comparing per¬ 
cutaneous screw fixation with cast immobilization showed 
that patients in the screw fixation groups were able to regain 
movement and return to most activities earlier than patients 
in the casted groups. No harmful effects on fracture healing 
were seen. In a prospective randomized study of nondisplaced 
scaphoid waist fractures, there were no nonunions in the 44 
patients treated with Herbert screw fixation without postop- 
erative immobilization but 10 nonunions were présent at 12 
weeks in the 44 treated with cast immobilization. Several 
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studies hâve reported healing of ail fractures treated with 
“limited access,” percutaneous, and arthroscopic percutane- 
ous fixation. Advantages of this technique, according to its 
proponents, include less risk to neurovascular structures and 
intercarpal ligaments, earlier bone healing, and earlier return 
to activities. Patients considering such treatment should 
understand that acute, nondisplaced scaphoid fractures hâve 
a high probability of healing with cast treatment and that 
complex and demanding surgical procedures may hâve 
complications. 

For some athlètes, the use of padded casts during com¬ 
pétition may be considered. The advantages and disadvantages 
of various treatment modifications should be considered in 
each patient. 

I DISPLACED, UNSTABLE SCAPHOID FRACTURES 

A different course of treatment is required for a displaced, 
unstable fracture in which the fragments are offset more than 
1 mm in the anteroposterior or oblique view, or lunocapitate 
angulation is greater than 15 degrees, or the scapholunate 
angulation is greater than 45 degrees in the latéral view (range 
30 to 60 degrees). Other criteria for evaluating displacement 
include a latéral intrascaphoid angle greater than 45 degrees, 
an anteroposterior intrascaphoid angle less than 35 degrees 
(Amadio et al.), and a height-to-length ratio of 0.65 or greater 
(Bain et al.). Because the range of lunocapitate and scapholu¬ 
nate angulation can vary, comparison views of the opposite 
wrist can be helpful. Réduction can be attempted initially by 
longitudinal traction and slight radial compression of the 
carpus. If the réduction attempt is successful, percutaneous 
fixation with a cannulated screw or pins and application of a 
thumb spica cast may suffice. Otherwise, open réduction and 
internai fixation may be required. 

For a displaced or unstable recent fracture of the scaph¬ 
oid, the best method of fixation dépends on the surgeons 
expérience and the equipment available. In some fractures, 
adéquate internai fixation can be obtained with Kirschner 
wires. The AO cannulated screw, the Herbert differential 
pitch bone screw, and other more recently designed headless 
screws hâve been used to advantage in displaced and unstable 
scaphoid fractures. According to a cadaver comparison study, 
the AO screw, the Acutrak screw, and the Herbert-Whipple 
screw showed better résistance to cyclical bending load than 
the noncannulated Herbert screw. In a comparison study of 
patients with scaphoid fractures, one treated with AO can¬ 
nulated screws and the other with Herbert-Whipple cannu¬ 
lated screws, the union rate was 100% in both groups. 
Cannulated bone screws are useful because the screw can be 
placed accurately over a guide pin with video fluoroscopie 
control. Cited advantages of screw fixation are that it (1) 
reduces the time of external immobilization, (2) provides 
relatively strong internai fixation, and (3) produces compres¬ 
sion at the fracture site. In addition, because the headless 
screw remains below the bone surface, removal is usually 
unnecessary. These screws can be used with a bone graff to 
correct scaphoid angulation. 

Regardless of the fixation device used, preoperative 
review and practice of the details of the procedure for the 
planned fixation are necessary. Careful intraoperative atten¬ 
tion to the details of the procedure, the achievement of as 
near an anatomie réduction as possible, and précisé place¬ 
ment of the fixation device are of utmost importance. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF ACUTE DISPLACED 
FRACTURES OF THE SCAPHOID— 
VOLAR APPROACH 


TECHNIQUE 69-5 


■ With the patient supine and under suitable anesthésia, 
préparé the hand and wrist and one iliac crest and inflate 
a pneumatic tourniquet. 

■ The volar approach usually gives the best exposure for 
scaphoid fractures at and distal to the waist. Make a 
longitudinal skin incision over the palmar surface of the 
wrist, beginning 3 to 4 cm proximal to the wrist flexion 
crease over the flexor carpi radialis. 

■ Extend the incision distally to the wrist flexion crease and 
curve it radially toward the scaphotrapezial and trapezio- 
metacarpal joints. 

■ Protect terminal branches of the palmar cutaneous branch 
of the médian nerve and the superficial radial nerves. 

■ Reflect skin flaps at the level of the forearm fascia. 

■Open the sheath of the flexor carpi radialis, retract the 

tendon radially, and open the deep surface of its sheath. 

■ Expose the palmar capsule of the joint over the radioscaph- 
oid joint. 

■ Extend the wrist in ulnar déviation and open the capsule 
in the longitudinal axis of the scaphoid bone, obliquely 
extending the incision toward the scaphotrapezial joint. 

■ With sharp dissection, expose the fracture, incise the long 
radiolunate and radioscaphocapitate ligaments, preserv- 
ing each leaf of these capsuloligamentous structures for 
later repair. Inspect the fracture to détermine the need 
for bone grafting. 

■ If comminution is absent or minimal, réduction and fixa¬ 
tion suffice. If comminution is extensive, especially on the 
palmar surface, with a tendency to flexion of the scaphoid 
at the fracture, obtain an iliac crest bone graft. (Tech¬ 
niques 69-14 through 69-17 and Fig. 69-40.) 

■ Kirschner wires placed in the distal and proximal pôles as 
toggle levers ("joysticks") help to manipulate the 
fragments. 

■ Reduce the fracture and fix it with Kirschner wires or a 
screw technique (e.g., cannulated screws), avoiding rota¬ 
tion or angulation. If a cannulated device is used, ensure 
that the guidewire is centered in the proximal and distal 
pôles. Image intensification with C-arm fluoroscopy is 
helpful for this step. 

■ For fractures through the waist and in the distal pôle, 
insert the fixation device through a distal entry point. 
Create the distal entry point by opening the scaphotra¬ 
pezial joint with a longitudinal capsular incision. 

■ Remove a portion of the trapezium with a rongeur to 
allow placement of the guidewire from distal to proximal 
to better place the wire in a more center-center 
position. 

■ Insert the screw until the trailing end (head) is flush with 
subchondral bone, countersunk beneath the articular 
cartilage. 
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9 " Placement of Kirschner wires down the long axis of the 
scaphoid is made easier by gentle radial déviation of the 
wrist, aligning the scaphoid vertically. With the wrist in 
this position, direct the wires almost dorsally into the 
scaphoid. 

■After stable réduction and fixation are obtained, check 
the position and alignment of the réduction and the 
placement of the internai fixation with image intensifica¬ 
tion or radiographs. 

■ Deflate the tourniquet and obtain hemostasis. 

■ Insert a drain if needed, and close the wrist capsule with 
nonabsorbable sutures or long-lasting absorbable sutures. 
■ Close the skin and apply a dressing that includes either a 
thumb spica splint or a thumb spica cast. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF ACUTE DISPLACED 
FRACTURES OF THE SCAPHOID— 
DORSAL APPROACH 


TECHNIQUE 69-6 


■ For noncomminuted fractures in the proximal pôle of the 
scaphoid, exposure of the fracture site and placement of 
internai fixation can be done through a dorsal approach. 

■ Make a dorsal transverse incision 5 to 10 mm distal to 
the radiocarpal joint (Fig. 69-24). Protect the sensory 
branches of the radial and ulnar nerves. Preserve, cauter- 
ize, or ligate and divide dorsal veins. 

■ Extend the skin incision from the radial styloid to the ulnar 
styloid. 

■ Make parallel incisions in the extensor retinaculum on 
each side of the extensor digitorum communis tendons. 
Protect the extensor tendons, especially the extensor 



FIGURE 69-2 


^ Dorsal approach to wrist. Transverse incision of 
skin. Radial-based capsular flap between dorsal radiotriquetral 
and dorsal intercarpal ligaments (enlargement shows proximal 
one third fracture of scaphoid). SEE TECHNIQUE 69-6. 


pollicis longus tendon as it exits the third dorsal retinacula 
compartment. Connect the parallel incisions proximally to 
create a flap to allow access to the dorsal wrist capsule. 

■ Pass a loop of Penrose drain around the extensor tendons, 
and retract them ulnarly. 

■ Open the dorsal capsule by creating a radially based flap, 
incising along the dorsal intercarpal ligament and the 
dorsal radiotriquetral ligament. 

■ Retract the capsular flap radially and expose the fracture. 

■ Insert a Kirschner wire into the proximal fragment parallel 
to the central axis of the scaphoid. Use this wire as a 
toggle lever ("joystick") to manipulate the proximal frag¬ 
ment into a reduced position. 

■ When the fracture is reduced, pass the first wire across 
the fracture for temporary interfragmentary fixation. 
Insert an additional Kirschner wire, or screw fixation, as 
the fracture configuration permits. 

■ If a cannulated screw is used, center the guidewire in the 
proximal and distal pôles, monitoring this placement with 
C-arm fluoroscopy. 

■ Détermine the appropriate length of the screw to be 
used. Drill and tap the bone, according to the device 
being used, and insert the screw of appropriate length. 
Ensure that the guidewire or screw fixation is placed in 
the center of the long axis of the proximal and distal pôles 
of the scaphoid, using C-arm fluoroscopy. Either leave the 
initial Kirschner wire as supplémentai fixation, or remove 
it if screw fixation has been selected. 

■ Close the capsular flap and repair the retinacula flap. 

■ Close the skin and apply a thumb spica cast or splint. 

See also Video 69-1. 

POSTOPERATIVE CARE. The sutures are removed, and 
the splint or cast is changed at 2 weeks. Some authors 
advocate transitioning directly to a removable splint once 
sutures are removed, whereas others recommend an 
additional 2 to 4 weeks of short arm thumb spica cast 
immobilization. As healing progresses as shown by radio¬ 
graphie examination, a short arm thumb spica brace is 
worn until bone healing is ensured. If healing cannot be 
determined with certainty, CT or MRI can be helpful to 
evaluate for bridging trabeculae. Finger, thumb, and 
shoulder motion is encouraged throughout convales¬ 
cence, and, after cast removal, wrist motion and elbow 
motion are increased gradually, followed by strengthen- 
ing exercises. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF ACUTE DISPLACED 
FRACTURES OF THE SCAPHOID— 
VOLAR APPROACH 


TECHNIQUE 69-7 


■ Make a straight incision in the distal forearm between the 
distal portion of the flexor carpi radialis and the radial 
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artery. Carry the incision across the distal wrist crease 
using a hockey-stick incision that angles toward the base 
of the thumb (Fig. 69-25A). 

■ Retract the flexor carpi radialis tendon ulnarly and the 
radial artery radially. 

■ Enter the wrist capsule through a longitudinal incision 
from the volar lip of the radius to the proximal tubercle 



of the trapezium (Fig. 69-25B). Carefully divide the 
capsule and intracapsular ligament and reflect them 
sharply off the scaphoid with a scalpel. Take care to 
preserve the capsule because it contains the radioscaph- 
oid capitate ligament and will be repaired at the end of 
the procedure. 

■ Expose the entire volar scaphoid. Reduce the fracture 
with manipulation or joysticks and insert Kirschner wires 
for provisional fixation. 

■ If bone grafting is required for volar comminution or a 
subacute fracture, harvest grafts from the volar radius 
beneath the pronator quadratus by extending the incision 
an additional 2 to 3 cm. 

■ Open the scaphotrapezial joint and place a central guide 
wire in préparation for final fixation (Fig. 69-25C). If 
necessary, excise a small amount of the proximal trape¬ 
zium with a rongeur to clear an unobstructed path for 
the implant. 

■ Obtain rigid internai fixation with the implant of choice 
(see Technique 69-6). 

POSTOPERATIVE CARE. Postoperative care is as 
described for Technique 69-6. 



Scaphoid 

tubercle 


Long radiolunate 
ligament 



Thenar 

muscles 


A, "Hockey stick" incision for volar approach 
for open réduction and internai fixation of acute displaced 
scaphoid fractures. B, Longitudinal capsular incision. C, Approach 
to scaphotrapezial joint for placement of guide wire. SEE TECH¬ 


NIQUE 69-7 


PERCUTANEOUS FIXATION OF 
SCAPHOID FRACTURES 


TECHNIQUE 69-8 


(SLADE ET AL.) 

■Slade et al. recommended the following equipment for 
this technique: (1) headless cannulated compression 
screw (standard Acutrak screw), (2) minifluoroscopy unit, 
(3) Kirschner wires, and (4) equipment for small joint 
arthroscopy. 

■ If arthroscopy is to be used to check the fracture réduc¬ 
tion and to place internai fixation, hâve the operating 
room prepared for wrist arthroscopy. 

■ Position the patient supine, with the upper extremity 
extended. 

■ After the induction of appropriate anesthésia and stérile 
préparation and draping procedures, flex the elbow 90 
degrees. 

■ Use a C-arm fluoroscopie unit or mini C-arm fluoroscope 
to evaluate the fracture position and alignment and to 
détermine if there are other bone or ligament injuries. 

■ Use a skin marking pen to indicate the best surface loca¬ 
tion for a dorsal skin incision and entry of the guidewire, 
drills, and screw. 

■ "Target" the scaphoid by locating the central axis of the 
scaphoid on the posteroanterior view of the reduced 
scaphoid (Fig. 69-26A). 

■ Gently pronate and flex the wrist until the proximal and 
distal pôles of the scaphoid are aligned and confirmed 
with fluoroscopy. When the pôles are aligned, the scaph¬ 
oid has a "ring" appearance on the fluoroscopie monitor 
(Fig. 69-26B and C). The center of the "ring" circle is the 
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Percutaneous fixation of scaphoid fracture. A f Central axis of scaphoid is located on posteroanterior view. B f Wrist 
is pronated until scaphoid pôles are aligned. C f Wrist is flexed until scaphoid has "ring" appearance on fluoroscopy. (From Slade JF III, 
Gutow AP, Geissler WB: Percutaneous internai fixation of scaphoid fractures via an arthroscopically assisted dorsal approach, J Bone Joint Surg 
84A[Suppl 2]:21, 2002.) SEE TECHNIQUE 69-8. 


central axis of the scaphoid, the best location for screw 
placement (Fig. 69-27). 

■ For ease of insertion, make a skin incision at the previ- 
ously marked location to allow blunt dissection to the 
capsule of the wrist joint. 

■ With a double-point 0.045-inch (1.14-mm) Kirschner wire 
in a powered wire driver, insert the wire starting in the 
proximal pôle of the scaphoid under fluoroscopie control. 

■ If there is uncertainty about wire placement, make the 
previously mentioned incision distal and médial (ulnar) to 
the Lister tubercle, opening the dorsal wrist capsule 
latéral (radial) to the scapholunate interval, exposing the 
proximal pôle of the scaphoid. 

■ Pass the guidewire from dorsally down the central axis of 
the scaphoid and out through the trapezium (Fig. 69-28A 
and B). Use a 12-gauge angiocatheter to assist with 


positioning of the guidewire. Keep the wrist flexed to 
avoid bending the guidewire. 

■ Advance the wire through the distal pôle out the palmar 
surface. Check the position of the wire with the 
fluoroscope. 

■ Reverse the wire driver to pull the wire far enough distally 
to allow the dorsal, trailing end of the wire to clear the 
radiocarpal joint dorsally and to allow full wrist 
extension. 

■ With C-arm fluoroscopy, confirm scaphoid fracture align- 
ment and correct positioning of the guidewire (Fig. 
69-28C). 

■ If a correct path cannot be created with the 0.045-inch 
wire, use a 0.062-inch (1.57-mm) wire to create the 
correct path. Exchange the larger wire for the 0.045-inch 
wire before drilling the scaphoid. 
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FIGURE 69-2 


^ Percutaneous fixation of scaphoid fracture. 
Guidewire in central axis of scaphoid for placement of screw. 

(From Slade JF III, Gutow AP, Geissler WB: Percutaneous internai fixation 
of scaphoid fractures via an arthroscopically assisted dorsal approach, J 
Bone Joint Surg 84A[Suppl 2]:21, 2002.) SEE TECHNIQUE 69-8. 


■ Check for wire position and fracture alignment with the 
fluoroscope. If the fracture réduction is unsatisfactory, 
and for displaced fractures, place a 0.062-inch Kirschner 
wire into each fracture fragment, perpendicular to the 
axis of the scaphoid, as toggle levers ("joysticks") to 
manipulate the fracture fragments (Fig. 69-29). If needed, 
place the proximal lever wire in the lunate. 

■ With the wire driver on the distal end of the guidewire, 
withdraw the wire distally across the fracture site, leaving 
the wire in the central axis of the distal fragment. 

■ Align the fracture fragments with the "joysticks." 

■ Pass the guidewire from distal to proximal across the 
fracture site to hold the réduction. 

■ If needed for stability and rotational control, insert 
another 0.045-inch wire, entering the proximal pôle of 
the scaphoid, from dorsal to palmar, parallel to the first 
guidewire to control rotation. Leave the wire levers and 
the antirotational wire in place during screw insertion. 

■ Confirm the réduction and wire placement with 
fluoroscopy. 

■ If the fracture is difficult to reduce, percutaneously insert 
a small curved hemostat to assist with the réduction. 

■ If the fracture cannot be reduced, or if the guidewire 
cannot be properly placed, abandon the percutaneous 
technique and open the fracture, using either the volar 
or the dorsal approach (see Techniques 69-5 and 69-6). 

■ Détermine the scaphoid length using two wires. To 
détermine the scaphoid length, adjust the guidewire 
position so that the distal end is against the distal cortex 
of the scaphoid. Place a second wire of the same length 
as the guidewire parallel to the guidewire so the tip of 
the second wire is against the cortex of the proximal 
scaphoid pôle. The différence in length is the length of 
the scaphoid (Fig. 69-30). 


■ To allow for countersinking the screw fully within the 
scaphoid, select a screw length that is 4 mm shorter than 
the scaphoid length. 

■ Détermine dorsal or palmar insertion of the screw 
depending on the fracture location. For fractures of the 
proximal pôle, insert the screw dorsally. For fractures of 
the waist, insert the screw from either the dorsal or the 
volar side. For fractures of the distal pôle, insert the screw 
from the volar side. 

■ Drill the screw channel 2 mm short of the opposite 
scaphoid cortex, using a cannulated hand drill, always 
avoiding contact with the opposite cortex (Fig. 69-31). 

■ Check the position and depth of the drill with 
fluoroscopy. 

■ Use a standard Acutrak screw, 4 mm shorter than the 
scaphoid length. Advance the screw, monitoring with 
fluoroscopy, until the screw is within 1 to 2 mm of the 
opposite cortex (Fig. 69-32A). 

■ Verify fracture réduction and screw placement with final 
fluoroscopie images (Fig. 69-32B and C). 

■ If ligament injury or other carpal injuries are suspected, 
add arthroscopic examination to the fracture 
management. 

■ Apply longitudinal traction through the fingers. 

■ Locate the midcarpal and radiocarpal portais with 
fluoroscopy. 

■ Insert the arthroscope into the radial midcarpal portai to 
inspect the fracture réduction. 

■ Remove clôt and synovium with the full radius shaver. 

■ Examine the scapholunate and lunototriquetral 
ligaments. 

■ Inspect the proximal pôle through the 3-4 portai to 
confirm countersinking of the screw into the proximal 
pôle. 

■ If ligament tears are encountered, treat them with 
debridement, intercarpal pinning, or open dorsal liga¬ 
ment repair. 

POSTOPERATIVE CARE (MODIFIED). Apply a postop- 
erative splint, depending on the extent of soft-tissue 
injury. If no ligament injury is présent, apply a thumb spica 
splint. If there is ligament injury, apply a sugar-tong 
thumb spica splint of the Munster type, extending above 
the elbow. For fracture management, remove skin sutures 
at about 2 weeks and change the splint to a short arm 
thumb spica cast. Remove any remaining pins at 6 to 8 
weeks. Continue with casting or removable thumb spica 
splinting until radiographie healing has occurred, chang- 
ing the cast monthly. CT and MRI can help in determining 
if bridging trabeculae are présent. After healing has 
occurred, begin a therapist-supervised réhabilitation 
program. 


I NONUNION OF SCAPHOID FRACTURES 

Nonunion of scaphoid fractures is influenced by delayed 
diagnosis, gross displacement, associated injuries of the 
carpus, and impaired blood supply. Of these fractures, an 
estimated 40% are undiagnosed at the time of the original 
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Percutaneous fixation of scaphoid fracture. A and B f Guidewire is placed at base of proximal pôle of scaphoid (A) 
and driven along central axis (B). C f Wrist is extended, and fracture alignment and guidewire position are confirmed with fluoroscopy. 

(From Slade JF III, Gutow AP, Geissler WB: Percutaneous internai fixation of scaphoid fractures via an arthroscopically assisted dorsal approach, J 
Bone Joint Surg 84A[Suppl 2]:21, 2002.) SEE TECHNIQUE 69-8. 


injury. Displaced scaphoid fractures hâve been suggested to 
hâve a nonunion rate of 92%. The incidence of osteonecrosis 
is approximately 30% to 40%, occurring most frequently in 
fractures of the proximal third. 

Cystic changes in the scaphoid and the adjoining bones 
followed by osteonecrosis can occur after untreated fractures, 
but this is not an absolute indication for surgery. Nonunion 
is expected more often if the scaphoid fracture is untreated 
for 4 or more weeks. Delayed treatment can resuit in a non- 
union rate of 88%. 

Treatment options for nonunions of proximal pôle frac¬ 
tures dépend on the blood supply to the proximal pôle and 
the size of the fragments. Nonunions involving the proximal 
third or more can be treated with nonvascularized bone graffs 
if circulation is satisfactory as determined by preoperative 


gadolinium-enhanced MRI and by intraoperative assessment 
of bone bleeding. Vascularized bone graffs are indicated when 
circulation to the proximal pôle is poor. For very small, 
avascular, ununited fragments, the proximal pôle can be 
excised. 

Electrical and ultrasound stimulation methods hâve been 
found to be of variable effectiveness for the treatment of 
scaphoid nonunions. Reports suggest that bone graffing 
should be considered a better option than pulsed electromag- 
netic field treatment of scaphoid nonunions. There is no 
conclusive information at this time to recommend the use of 
low-intensity ultrasound for scaphoid nonunions. More 
information is needed to define further the place of these 
technologies in the treatment of nonunions and acute 
fractures. 
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FIGURE 69-2 


^ Percutaneous fixation of scaphoid fracture. 
Fracture réduction with two 0.062-inch Kirschner wires used as 
"joysticks" to manipulate fracture fragments. (From Slade JF III, 
Gutow AP, Geissler WB: Percutaneous internai fixation of scaphoid 
fractures via an arthroscopically assisted dorsal approach, J Bone Joint 
Surg 84A[Suppl 2]:21, 2002.) SEE TECHNIQUE 69-8. 



FIGURE 69-3 


_ ^ Percutaneous fixation of scaphoid fracture. 

Scaphoid length is determined. (From Slade JF III, Gutow AP, Geissler 
WB: Percutaneous internai fixation of scaphoid fractures via an 
arthroscopically assisted dorsal approach, J Bone Joint Surg 84A[Suppl 
2]:21, 2002 ) SEE TECHNIQUE 69-8. 


Many nonunions of the scaphoid hâve minimal symp- 
toms and can be tolerated well by patients with sedentary 
occupations. Patients should be informed that some degen- 
erative arthritis of the wrist probably is inévitable, but this 
can take years to develop, depending on the amount of 



Percutaneous fixation of scaphoid fracture. 
Screw channel is created with cannulated hand drill and con- 
firmed with fluoroscopy. (From Slade JF III, Gutow AP, Geissler WB: 
Percutaneous internai fixation of scaphoid fractures via an arthroscopi¬ 
cally assisted dorsal approach, J Bone Joint Surg 84A[Suppl 2]:21,2002.) 
SEE TECHNIQUE 69-8. 


chronic stress applied and the activity of the wrist. Radio¬ 
graphie findings of arthritis usually seen with scaphoid 
nonunion include radioscaphoid narrowing, capitolunate 
narrowing, cyst formation, and pronounced dorsal interca- 
lated segment instability. This is the so-called scaphoid 
nonunion advanced collapse pattern (Fig. 69-33). The radio- 
lunate joint usually is spared in early stages but may show 
degenerative changes as the arthritis becomes more diffuse. 
Jupiter et al. observed that ununited fractures of the scaphoid 
fall into three groups, depending on the extent of arthrosis: 
established nonunions without arthrosis, nonunions with 
radiocarpal arthrosis, and nonunions with advanced radio- 
carpal and intercarpal arthrosis. Although bone healing is 
needed for nonunions without arthrosis, additional proce¬ 
dures, including salvage operations, may be required for 
patients with more extensive arthrosis. Some nondisplaced 
scaphoid nonunions may heal affer rigid internai fixation 
without bone graffing. Knoll and Trumble proposed a 
scheme for scaphoid nonunion treatment, including the 
considération of osteonecrosis (Fig. 69-34). In old fractures 
with arthritis, symptoms can be decreased by excision of the 
radial styloid just proximal to the fracture in middle-third 
fractures; however, other reconstructive surgery, especially 
for severe arthritic degeneration, may be indicated, and 
proximal row carpectomy or arthrodesis of the wrist joint 
may prove to be more dependable. The following operations 
can be useful for nonunions of the scaphoid: (1) traditional 
bone graffing, (2) vascularized bone graffing, (3) excision of 
the proximal fragment, the distal fragment, and, occasionally, 
the entire scaphoid, (4) radial styloidectomy, (5) proximal 
row carpectomy, and (6) partial or total arthrodesis of the 
wrist. 
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Percutaneous fixation of scaphoid fracture. A f Joysticks and antiglide wires are maintained during drilling and dorsal 
implantation of screw. B and C f Fluoroscopy confirms placement of headless compression screw. (From Slade JF III, Gutow AP, Geissler WB: 
Percutaneous internai fixation of scaphoid fractures via an arthroscopically assisted dorsal approach, J Bone Joint Surg 84A[Suppl 2]:21, 2002.) SEE 

TECHNIQUE 69-8. 


Preiser disease (osteonecrosis of the scaphoid) usually 
manifests as wrist pain. Plain radiographs, MRI, and CT 
may help in assessing the circulation to the scaphoid and 
the extent of fragmentation. If symptoms and disability are 
not relieved with nonoperative methods, revascularization 
techniques similar to those used for Kienbôck disease 
may preserve the scaphoid architecture. If there is signifi- 
cant scaphoid collapse or radioscaphoid arthrosis, scaphoid 
excision combined with capitate-lunate-triquetrum- 
hamate fusion or with proximal row carpectomy may be 
required. 


STYLOIDECTOMY 

Styloidectomy alone probably is of little value in treating 
nonunions of the scaphoid. If arthritic changes involve only 
the scaphoid fossa of the radiocarpal joint, however, sty¬ 
loidectomy is indicated in conjunction with any grafting of 
the scaphoid or excision of its ulnar fragment. 

In older patients in whom radioscaphoid arthritis pré¬ 
dominâtes, and the proximal fragment is not loose, styloid¬ 
ectomy alone can provide pain relief. Stewart emphasized 
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the importance of removing adéquate radial styloid when 
styloidectomy is performed. The distal articular surface of 
the radius has two concave surfaces, one articulating with 
the scaphoid and the other articulating with the lunate, 
separated by a small ridge of bone. Stewart recommended 
resecting enough of the styloid to remove the entire articu¬ 
lation with the scaphoid. To avoid ulnar translocation of 
the carpus, it is important to preserve the palmar radiocar- 
pal ligaments when such a generous styloidectomy is done. 


TECHNIQUE 69-9 


(STEWART) 

■ Make a bayonet-shaped incision along the radial aspect 
of the wrist as follows. Begin distally over the dorsum of 



Stages of scaphoid nonunion advanced col- 
lapse. Stage I, arthritis at radial styloid. Stage II, scaphoid fossa 
arthritis. Stage III, capitolunate arthritis. Stage IV, diffuse arthritis 
of carpus. 


the first metacarpal and proceed proximally to the ana¬ 
tomie snuffbox, dorsally along the extensor crease of the 
wrist, and proximally along the dorsoradial aspect of the 
distal radius. 

■ Expose and carefully protect the radial artery and the 
sensory branches of the radial nerve, which lie in the 
subeutaneous tissue. Incise the joint capsule and expose 
the radial styloid subperiosteally. 

■ Careful subperiosteal dissection on the dorsal and palmar 
surfaces helps to avoid excessive disruption of the volar 
radiocarpal ligaments. 

■ Locate the ridge on the radius that séparâtes the articular 
fossa for the lunate from that for the scaphoid. 

■ With a sharp, thin osteotome or a thin oscillating saw 
blade, make the osteotomy eut perpendicular to the long 
axis of the radius, with its ulnar border at the ridge just 
located. 

■ Remove the resected styloid. 

■ Move the wrist through a full range of motion under 
direct vision to ensure that the irregular surfaces of the 
scaphoid do not impinge on the remaining radius. 

■ Reattach the reflected dorsal and palmar capsuloligamen- 
tous flaps with sutures through drill holes in the distal 
radius, or use suture anchors. 

■ Repair the retinaculum. 

■Close the wound in layers and apply an anterior splint 
from the palm to the elbow. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days. At 3 weeks, the splint is removed and active 
exercises are begun. A removable splint should be pro- 
vided for the patient to wear until satisfactory function is 
restored to the hand and wrist. 


I EXCISION OF THE PROXIMAL FRAGMENT 

Excising both fragments of the scaphoid as the only procedure 
is unwise; although the immédiate resuit may be satisfactory, 
eventual dérangement of the wrist is likely. Soto-Hall and 
Haldeman reported graduai migration of the capitate into the 
space previously occupied by the scaphoid, although dis- 
ability was not apparent for 5 to 7 years. If excision of both 
fragments is considered, it is préférable to add some other 



FIGURE 69-3- 


(osteonecrosis). 


Algorithm for treatment of scaphoid nonunion developed by Knoll and Trumble. AVN, Avascular necrosis 








































35i 


^ PART XVIII THE HAND 

procedure to stabilize the capitolunate joint (e.g., capitolunate 
or capital-lunate-triquetral-hamate fusions). 

When indicated, excising the proximal scaphoid frag¬ 
ment usually is satisfactory; the loss of one fourth or less of 
the scaphoid usually causes minimal impairment of wrist 
motion. Because postoperative immobilization is brief, func- 
tion usually returns rapidly. Strength in the wrist usually is 
decreased to some extent. The following are indications for 
excising the proximal fragment of a scaphoid nonunion: 

1. The fragment is one fourth or less of the scaphoid. 
Regardless of its viability, graffing of such a small frag¬ 
ment frequently fails. 

2. The fragment is one fourth or less of the scaphoid and is 
sclerotic, comminuted, or severely displaced. The com- 
minuted fragments usually should be excised early to 
prevent arthritic changes; a severely displaced fragment 
also should be excised early if it cannot be accurately 
replaced by manipulation. In the past, Silastic implants 
hâve been used to act as “space fillers.” Because of the 
possibility of silicone synovitis, we prefer to leave the 
space empty or we use a folded or rolled tendon graff to 
fill the defect. 

3. The fragment is one fourth or less of the scaphoid, and 
graffing has failed. If a nonviable proximal fragment 
consists of more than one fourth of the scaphoid, some 
other treatment is préférable to excision alone. 

4. Arthritic changes are présent in the région of the radial 
styloid. Styloidectomy is indicated in conjunction with 
excision of the proximal fragment. 


■ As an alternative, remove the proximal pôle with a 
rongeur. 

■ If it seems that there is sufficient laxity in the wrist to 
allow the capitate to migrate into the defect left by 
proximal pôle excision, proceed to a scaphocapitate 
fusion (see Technique 69-50). 

■ Close the capsular flap and repair the retinaculum with 
absorbable sutures. 

■Close the skin and apply an anterior splint, extending 
from the palm to the elbow. 

POSTOPERATIVE CARE. The wrist is immobilized in the 
postoperative splint for 2 weeks. Sutures are removed at 
10 to 14 days. A removable splint is used while the 
patient transitions to a program of active exercises, which 
is continued until satisfactory function is restored. If a 
limited intercarpal arthrodesis has been done, the post¬ 
operative care is the same as that described after Tech¬ 
nique 69-50. 


I EXCISION OF THE DISTAL SCAPHOID 

Satisfactory results hâve been reported with distal scaphoid 
resection for the treatment of scaphoid nonunions with 
radio scaphoid arthritis treated with distal scaphoid resection. 
If capitolunate arthritis is présent, an additional procedure 
(e.g., limited intercarpal arthrodesis) should be added to 
distal scaphoid excision. The technique and the postoperative 
care are similar to those described earlier for proximal pôle 
excision. 

I PROXIMAL ROW CARPECTOMY 

Proximal row carpectomy is used as a reconstructive proce¬ 
dure for posttraumatic degenerative conditions in the wrist, 
especially conditions involving the scaphoid and lunate. 
Reports support its use as an alternative to arthrodesis. 
Reports comparing proximal row carpectomy with limited 
intercarpal fusion confirmed that satisfactory relief of pain 
and préservation of motion and strength can be achieved. It 
is considered to be a satisfactory procedure in patients who 
hâve limited requirements, desire some wrist mobility, and 
accept the possibility of minimal persistent pain (Fig. 69-35). 
If a proximal row carpectomy fails to meet the patient s needs, 
arthrodesis remains an option. Manual laborers usually are 
better candidates for a wrist arthrodesis. 

When proximal row carpectomy is done for degenerative 
changes, healthy articular surfaces should be présent in the 
lunate fossa of the radius and the proximal articular surface 
of the capitate to allow for satisfactory articulation between 
these surfaces. Arthrosis at the capitolunate joint does not 
absolutely contraindicate proximal row carpectomy because 
the proximal pôle of the capitate can be excised and covered 
with a dorsal capsular flap with satisfactory function. If sig- 
nificant degenerative changes on these articular surfaces can 
be seen radiographically or by direct vision at the time of 
procedure, considération should be given to an alternative 
procedure, such as arthrodesis. Primary proximal row car¬ 
pectomy can be useful in treating severe open carpal fracture- 
dislocations characterized by significant disruption of the 
bony architecture, comminuted fractures of the scaphoid and 


EXCISION OF THE PROXIMAL 
FRAGMENT 


TECHNIQUE 69-10 


■ At the level of the styloid process of the radius, make a 
transverse skin incision 5 cm long on the dorsoradial 
aspect of the wrist, centered over the scaphoid. 

■ Protect the superficial radial nerve and its terminal 
branches. 

■ Release the radial side of the extensor retinaculum with 
a longitudinal incision along the radial border of the first 
dorsal compartment. 

■ Reflect the flap medially toward the second and third 
compartments. 

■ Protect and retract the tendons of the thumb abductors 
in a palmar direction and the tendon of the extensor 
pollicis longus in a dorsal and ulnar direction. 

■Create a radially based triangular flap of dorsal capsule, 
incising along the distal border of the dorsal radiotriqu- 
etral and dorsal intercarpal ligaments to expose the 
scaphoid. 

■ To avoid excising a normal carpal bone, place a 
Kirschner wire in the proximal fragment of the scaphoid 
and identify the fragment in an anteroposterior 
radiograph. 

■ Grasp the fragment to be excised with a towel clip, apply 
traction, and remove the fragment by dividing its soft- 
tissue attachments. 
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A f Long-standing scaphoid nonunion with arthritis, osteonecrosis, collapse of proximal pôle, and settling of capitate 
into proximal row. B, After proximal row carpectomy with radial styloidectomy. 


lunate, and disruption of the blood supply to the lunate and 
scaphoid. 

Excision of the triquetrum, lunate, and entire scaphoid 
usually is recommended. The distal pôle of the scaphoid at its 
articulation with the trapezium can be left, however, to 
provide a more stable base for the thumb. If the distal scaph¬ 
oid pôle is left, radial styloidectomy should be done to avoid 
impingement of the distal scaphoid pôle and trapezium on 
the radial styloid. When a radial styloidectomy is done during 
proximal row carpectomy, care should be taken to avoid 
injury to the volar radiocapitate ligament. Excision of the 
pisiform is unnecessary because of its location in the flexor 
carpi ulnaris tendon as a sesamoid. The bones usually are 
removed piecemeal; threaded Kirschner wires or screws used 
as “joysticks” or handles are helpful to lever the bone out at 
the wrist. 


PROXIMAL ROW CARPECTOMY 


TECHNIQUE 69-11 


■ Make a transverse incision on the dorsum of the wrist 5 
to 10 mm distal to the radiocarpal joint and extending 
from the dorsal aspect of the ulnar styloid to the radial 
styloid. 

■ Deepen the incision to the extensor retinaculum, preserv- 
ing the sensory branches of the radial and ulnar 
nerves. 

■ Ligate and divide the superficial veins. 

■ Divide the retinaculum longitudinally on the radial and on 
the ulnar sides of the extensor digitorum communis 
tendons; avoid damaging the extensor pollicis longus 
tendon as it crosses the wound diagonally. 


■ Expose the dorsum of the proximal row of carpal bones 
through two longitudinal incisions in the capsule; one in 
the interval between the extensor digitorum communis 
tendons and the extensor carpi ulnaris and one between 
the extensor carpi radialis brevis tendon and the extensor 
digitorum communis. 

■ If the capitate articular surface shows érosion, fashion a 
capsular flap, based distally, by connecting the parallel 
capsular incisions with a transverse incision, proximally, 
near the dorsum of the distal radial articular surface. 
(Because the extensor pollicis longus tendon crosses this 
area diagonally, it can be retracted medially or laterally as 
necessary.) 

■ Expose the lunate by elevating the capsule of the wrist 
beneath the extensor digitorum communis tendons; 
insert a threaded pin into the lunate, apply traction to the 
bone through the pin, and excise the bone by dividing its 
capsular attachments with sharp pointed scissors. A 
small, angled cleft palate blade also is helpful. 

■ Carefully fragment the lunate with a small bone 
cutter, osteotome, or saw to facilitate removal (Fig. 
69-36A). 

■ Insert the pin into the triquetrum and excise it in a similar 
manner (Fig. 69-36B). (The lunate and triquetrum are 
excised first to provide more space for the more difficult 
excision of the scaphoid.) 

■ Through the more radial of the two incisions in the 
capsule, excise the ulnar fragment of the scaphoid first 
in the manner just described and then the radial frag¬ 
ment, but dissect close to this fragment to avoid injuring 
the radial artery. 

■ Align the capitate with the lunate fossa. Use a Steinmann 
pin to stabilize the capitate if needed. If the palmar 
radiocapitate ligament is preserved, this may be 
unnecessary. 
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FIGURE 69-3 


^ Proximal row carpectomy through dorsal approach. A and B f Exposure and morcellation of scaphoid and lunate 
between second and fourth dorsal compartments. C and D f Exposure of triquetrum between fourth and fifth extensor compartments 
for triquetrum excision. ECRL, Extensor carpi radialis longus; ECRB, extensor carpi radialis brevis; EDC, extensor digitorum communis; 
EIC, extensor indicis communis; EDQP, extensor digiti quinti proprius; EDL, extensor pollicis longus. (From Calandruccio JH: Proximal row 
carpectomy, J Am Soc Surg Hand 1:112, 2001.) SEE TECHNIQUE 69-11. 


■ Obtain hemostasis or drain the wound as needed and 
close the wound in layers. 

■Apply a sugar-tong splint with the hand and wrist in a 
functional position. 

POSTOPERATIVE CARE. The wrist is immobilized in 
slight extension and with the hand in the functional posi¬ 
tion in a plaster sugar-tong splint for 2 or 3 weeks. If a 
Steinmann pin has been used, it is removed at about 4 
weeks. Active motion of the digits is encouraged soon 
after surgery and is continued throughout the convales¬ 
cence. When the soft tissues hâve healed, active motion 
of the wrist is increased gradually. Active exercises to 
strengthen grip are of utmost importance. 


PROXIMAL ROW CARPECTOMY 


TECHNIQUE 69-12 


(NEVIASER) 

■ Make a dorsal oblique or straight dorsal longitudinal 
incision. 

■ Preserve the extensor retinaculum by reflecting it 
laterally. 

■ Make a T-shaped incision in the dorsal capsule, and 
dissect it from the proximal carpal row, including the 
scaphoid, the lunate, and the triquetrum. 
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■ Excise these bones piecemeal, but leave a thin shell of 
cortical bone adhèrent to the palmar capsule if 
necessary. 

■ Avoid injuring the proximal articular surface of the capi- 
tate and allow it to settle into the lunate fossa. 

■ If the trapezium abuts the radial styloid and prevents 
radial déviation, perform a radial styloidectomy. Cut the 
styloid transversely to remove the radial edge of the 
lunate fossa. 

■ Repair the dorsal capsule. 

■ After closure of the skin, immobilize the wrist in slight 
extension. 

POSTOPERATIVE CARE. Immobilization is continued 
for 3 weeks, and then progressive exercises are begun. 
The wrist is supported with splints for another 3 weeks. 


ARTHROSCOPIC PROXIMAL ROW 
CARPECTOMY 


TECHNIQUE 69-13 


(WEISS ETAL.) 

■ Carry out routine radiocarpal and midcarpal arthroscopic 
examinations (see Techniques 69-2 and 69-3), using the 
3-4, 4-5, 6R, 6U, midcarpal radial, and midcarpal ulnar 
portais as needed. 

■ Introduce a small joint arthroscopic burr or shaver into 
the midcarpal joint through the midcarpal radial portai, 
with the scope in the midcarpal ulnar portai for viewing. 

■ Use the burr or shaver to decorticate the médial corner 
of the scaphoid at the midcarpal scapholunate joint. Take 
care not to injure the articular cartilage of the head of 
the capitate. 

■ Once an adéquate portion of the corner of the scaphoid 
is removed, slightly enlarge the midcarpal radial portai 
with careful dissection, and introduce a 4.0-mm hooded 
burr into the midcarpal joint. Again, take care not to 
injure the articular cartilage of the head of the capitate. 

■ Remove the scaphoid from ulnar to radial and distal to 
proximal (Fig. 69-37A) through the scaphotrapezial 
trapezoid (STT) portai while viewing through the midcar¬ 
pal radial portai. 

■ After scaphoid excision, place the arthroscope in the STT 
or midcarpal radial portai and a burr in an enlarged 
midcarpal radial or midcarpal ulnar portai and sequentially 
remove the lunate (distal to proximal) and triquetrum 
(distal to proximal) (Fig. 69-37B). 

■ Under arthroscopic vision, use a fine synovial rongeur to 
remove tiny fragments of bone or cartilage that remain 
adhèrent to the capsule. 

■ Confirm complété proximal row carpectomy with 
fluoroscopy. 

■ Release traction and use arthroscopy and fluoroscopy to 
confirm seating of the head of the capitate in the lunate 
fossa (Fig. 69-37C). 


■ If sufficient radiocarpal impaction is observed with radial 
déviation of the wrist, perform arthroscopic radial styloid¬ 
ectomy with the burr in the 1 -2 portai and the arthroscope 
in the 3-4 portai. 

POSTOPERATIVE CARE. A bulky dressing and volar 
splint are applied, and immédiate finger range of motion 
is allowed. Two days after surgery, the bandage is removed 
and a removable volar splint is applied for comfort. Early 
active and passive range of motion of the wrist and 
fingers is encouraged, and return to activity is allowed 
within the limits of comfort. Formai physical therapy is 
prescribed on an individual basis as needed. 


GRAFTING OPERATIONS 

Cancellous bone grafting for scaphoid nonunion, as first 
described by Matti and modified by Russe, has proved to 
be a reliable procedure, producing bony union in 80% to 
97% of patients. This technique is most useful for ununited 
fractures that do not hâve associated shortening or 
angulation. 


TECHNIQUE 69-14 


(MATTI-RUSSE) 

■ With the patient supine and under general anesthésia, 
préparé the injured limb and préparé one iliac crest for 
possible bone graft harvest. 

■ Under pneumatic tourniquet control, make a longitudinal 
incision 3 to 4 cm long on the volar aspect of the wrist 
slightly to the radial side of the flexor carpi radialis tendon. 

■ Protect the palmar cutaneous branch of the médian nerve 
and the terminal branches of the superficial radial nerve. 

■ Retract the flexor carpi radialis tendon ulnarward. Incise 
the wrist capsule, reflecting the radiocarpal ligaments as 
médial and latéral flaps to be repaired. 

■ Identify the scaphoid bone and expose the nonunion. It 
can be seen more clearly with dorsiflexion and ulnar 
déviation of the wrist. 

■ Freshen the sclerotic bone ends with a small gouge and 
form a cavity that extends well into each adjacent frag¬ 
ment. The cavity can be formed with a high-speed burr; 
however, thermal bone injury can occur. As an alternative, 
outline a rectangular trough with drill holes and connect 
the holes with a thin osteotome or a powered thin saw 
blade (Linscheid and Weber). 

■ From the iliac crest, obtain a piece of cancellous bone and 
shape it into a large lozenge-shaped peg to fit into the 
preformed cavity and stabilize the two fragments (Fig. 
69-38). If a rectangular trough has been formed, shape 
the bone graft to fit the cancellous portion into the 
trough. 

■ Place multiple small bone chips around the peg. Use 
intraoperative C-arm fluoroscopy to verify filling of the 
cavity. 

■ Although the fragments can be stabilized by the cortico- 
cancellous bone graft, stability can be improved with a 
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FIGURE 69-3 


^ Arthroscopic proximal row carpectomy (see text). 
row has been excised. C f After release of traction. (From Weiss ND, 

36A 577, 2011 ) SEE TECHNIQUE 69-13. 


A f Initial removal of distal ulnar pôle of scaphoid. B, Entire proximal 

Molina RA, Gwin S: Arthroscopic proximal row carpectomy, J Hand Surg 


Kirschner wire inserted from distal to proximal across the 
fracture. Leave the wire either just beneath the skin or 
protruding from the palmar skin. 

■ After removing the tourniquet, suture the capsule and 
close the skin. 

■ Apply a sugar-tong splint with a thumb spica extension, 
from above the elbow to the palm with the wrist in 
neutral position. 

POSTOPERATIVE CARE. The sutures are removed at 8 
to 10 days, and a new cast is applied. If a Kirschner wire 
is used, it is removed at 4 to 6 weeks. For 12 to 16 weeks, 


the patient is checked every 1 to 2 weeks and the cast is 
replaced when necessary. 


I MALPOSITIONED NONUNION OF SCAPHOID 
FRACTURES ("HUMPBACK" DEFORMITY) 

Established nonunions of scaphoid fractures can be seen in 
preoperative radiographs to hâve résorption or comminution, 
with resulting shortening and angulation, with its convexity 
dorsal and radial (“humpback” deformity). Preoperative 
CT in the sagittal and coronal planes shows this deformity 
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(Fig. 69-39). The deformity includes extension of the proximal 
pôle of the scaphoid, resulting extension of the lunate, and a 
form of dorsal intercalated instability pattern seen on latéral 
plain radiographs. Fisk emphasized that interposition bone 
graffing allows restoration of length and correction of 
malalignment. Amadio et al. and Cooney et al. proposed 
anterior wedge graffing for angulation resulting in a scaph- 
olunate angle of more than 60 degrees or an intrascaphoid 
angle of more than 45 degrees. Modifications proposed 
by Fernandez emphasized careful preoperative planning, 



comparison radiographs of the uninjured side, the use of a 
bone graff fitted to the defect, and Kirschner wire fixation. 
Tomaino et al. treated persistent lunate extension affer inter¬ 
position graffing of the scaphoid by radiolunate pinning to 
stabilize the lunate in a neutral position before correcting the 
scaphoid “humpback” deformity. The cannulated Herbert- 
Whipple screw was found to be effective fixation. According 
to Manske, McCarthy, and Strecker, the double-threaded 
Fîerbert screw was most effective in nonunions with evidence 
of osteonecrosis, nonunions involving the proximal third, or 
nonunions having had previous failed bone graff s. Stark et al. 
recommended Kirschner wire fixation with an iliac bone graff 
for ail nonunions because judging stability with bone graffing 
alone was difficult, and because the technique was technically 
easy and added little to the operating time. They achieved 
union in 97% of 151 old ununited fractures of the scaphoid. 
More recently, the use of two headless microscrews combined 
with bone graffing was reported to obtain a 100% union rate 
in 19 patients with scaphoid nonunions. Combining volar 
wedge graffing with Herbert screw fixation in 26 scaphoid 
nonunions, Daly et al. reported a union rate of 95%. Of the 
five methods he had used, Barton reported a 74% union rate, 
his best results, using the “wedge” graff and the Herbert 
screw. The meta-analysis of 1121 articles reported by Merrell, 
Wolfe, and Slade included 36 eligible reports indicating that 
graffing with screw fixation produced better healing rates 
(94% union) than Kirschner wires and wedge graffing (74%). 
Vascularized graffs provided a better union rate (88%) than 
wedge graffing and screw fixation (47%) in cases with osteo¬ 
necrosis of the proximal pôle. 



A, For sagittal plane images, forearm is held pronated and hand lies fiat on table. Forearm crosses gantry at angle 
of approximately 45 degrees (roughly in line with abducted thumb metacarpal). B, Scout images are obtained to confirm appropriate 
orientation and to ensure that entire scaphoid is imaged. Sections are obtained at 1-mm intervals. C f Images obtained in sagittal plane 
are best for measuring intrascaphoid angle. D f For coronal plane images, forearm is in neutral rotation. E, Scout images show alignment 
of wrist through gantry of scanner. F, Interprétation of images obtained in coronal plane is straightforward. (Copyright 1999 by Jesse B. 
Jupiter, MD.) 
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GRAFTING OPERATIONS 


TECHNIQUE 69-15 


(FERNANDEZ) 

■ Preoperatively, calculate the amount of resection, size of 
graft, and angular deformity on tracing paper by using 
the radiographie findings of the uninjured wrist as a guide 

(Fig. 69-40). 

■ Approach the scaphoid between the flexor carpi radialis 
and the radial artery according to the classic Russe 
procedure. 

■ Incise the palmar capsule of the wrist longitudinally in line 
with the skin incision and extend it to the scaphoid 
tubercle for exposure of the nonunion, the proximal and 
distal fragments, and the scapholunate junction. 

■ Using an oscillating saw, carry out resection according to 
the preoperative plan. 

■ If signs of osteonecrosis of the proximal fragment are 
apparent, place multiple 1-mm drill holes within the 
sclerotic cancellous bone. 





20 


25 




Preoperative planning. Top f Tracing of unin¬ 
jured wrist and measurement of scaphoid length and scapholu¬ 
nate (SL) angle. Middle, Calculation of size of resection area and 
form of graft. Bottom, Definitive diagram of operation. SEE 


TECHNIQUE 69-15. 


■ Correct the flexion deformity and shortening by distract- 
ing the osteotomy site on the palmar-radial aspect with 
two small bone hooks or a spreader clamp. As this is 
done, hâve an assistant simultaneously correct the dorsal 
rotation of the lunate by pushing the palmar pôle toward 
the radius with a fine bone spike. 

■ Shape the corticocancellous graft from the iliac crest to fit 
the defect. If considérable lengthening is necessary, the 
graft would need to be trapézoïdal to bridge the defect 
that appears on the dorsal aspect of the navicular (see Fig. 
69-40). Orient the graft so that its cortical part is palmar. 

■ After insertion of the graft, shape the protruding edges 
flush with the proximal and distal fragments. 

■ Use image intensification to control correction of lunate 
rotation. 

■ Fix the scaphoid with two or three 1.2-mm Kirschner 
wires, which are power driven percutaneously into the 
palmar aspect of the distal fragment across the graft into 
the dorsal aspect of the proximal fragment (Fig. 69-37). 
Use image intensification to ensure correct placement of 
the internai fixation material. 

■ Carefully close the palmar capsule and eut the Kirschner 
wires short, 3 mm below the palmar skin of the thenar 
area. 

POSTOPERATIVE CARE. A palmar plaster splint that 
includes the thumb is applied for 2 weeks, at which time 
the sutures are removed. The wrist and thumb are immo- 
bilized in a short navicular cast for 6 weeks. Immobiliza- 
tion is discontinued after 8 weeks, and a palmar 
thermoplastic removable splint is applied with which the 
patient can perform active exercises of the wrist three 
times a day for 15 minutes. CT scans of the navicular are 
obtained at 10 weeks, and if bony union is confirmed, 
the internai fixation material is removed through a small 
incision under local anesthésia. 


GRAFTING OPERATIONS 


TECHNIQUE 69-16 


(TOMAINO ETAL) 

■ With the patient supine and under appropriate anesthé¬ 
sia, and after préparation of the skin and one iliac crest, 
exsanguinate the limb with an elastic wrap and inflate 
the pneumatic tourniquet. 

■ Make a palmar skin incision between the flexor carpi 
radialis and the radial artery, extending from about 2 cm 
proximal to the radial styloid to about 1 cm distal to the 
scaphoid tuberosity. 

■ Incise the palmar capsule and radioscaphocapitate liga¬ 
ment longitudinally in line with the skin incision. Extend 
the incision distally, exposing the proximal trapezium and 
the scaphotrapezial joint. 

■ Correct lunate extension by maximally flexing the wrist 
joint to derotate the extended lunate (Fig. 69-41 A). 

■ Fix the lunate in the flexed position by percutaneously 
passing a 1.1-mm (0.045-inch) Kirschner wire through 
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A f Lunate extension (dorsal intercalated segment instability deformity) accompanies scaphoid nonunion with hump- 
back deformity because of carpal collapse. B, With wrist extension, radiolunate joint is pinned and scaphoid opens at nonunion site. 
Microsagittal saw is used to smooth ends of bone at nonunion. C, Tricortical iliac crest graft is harvested. D f Graft is pinned in place 
before insertion of Herbert-Whipple screw. Lunate transfixion pin is removed before screw placement to facilitate accurate imaging of 
scaphoid and guidewire. (Redrawn from Tomaino MM, King J, Pizillo M: Correction of lunate malalignment when bone grafting scaphoid nonunion 
with humpback deformity: rationale and results of a technique revisited, J Hand Surg 25A:322, 2000.) SEE TECHNIQUE 69-16. 



A, Latéral radiograph of wrist with scaphoid nonunion and humpback deformity shows lunate extension because of 
collapse. B, Posteroanterior radiograph shows Kirschner wire that has been placed percutaneously through radial side of radius into 
lunate after correcting lunate extension. C, Normal radiolunate angle has been restored. (From Tomaino MM, King J, Pizillo M: Correction 
of lunate malalignment when bone grafting scaphoid nonunion with humpback deformity: rationale and results of a technique revisited, J Hand 
Surg 25A:322, 2000.) SEE TECHNIQUE 69-16. 


the radius from its latéral surface into the lunate fossa of 
the articular surface of the radius (Figs. 69-41A and 
69-42A and B). 

■ Protect the superficial radial nerve during the wire 
passage. 

■ Use the C-arm fluoroscope to obtain a latéral image to 
ensure neutral alignment of the lunate (Fig. 69-42C). 

■ Supinate the forearm and maximally extend the wrist to 
open up the scaphoid nonunion site (Fig. 69-41 B). 


■ Using a microsagittal saw or rongeur, resect the nonunion 
to viable bleeding bone proximally and distally. 

■ Measure the gap in the scaphoid (length, width, and 
depth) to détermine the dimensions of the wedge graft. 

■ Distally, notch the trapezium with a rongeur to allow for 
placement of a cannulated screw (Herbert-Whipple). 

■ Obtain a tricortical corticocancellous graft from the iliac 
crest using a microsagittal saw, irrigating with saline to 
avoid thermal bone injury (Fig. 69-41 C). 
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■ Sculpt the graft to fit the defect. 

■ Gently impact the graft into place with the inner (cancel- 
lous) surface facing the capitate (Fig. 69-41D). Avoid 
prominence of the graft on the dorsal and ulnar 
surfaces. 

■ Pass a single 1.1-mm (0.045-inch) Kirschner wire eccentri- 
cally down the long scaphoid axis to hold the scaphoid 
and graft in place. 

■ Remove the radiolunate wire to allow movement of the 
wrist to obtain satisfactory images of guidewire 
placement. 

■ Using C-arm fluoroscopie images, place the guidewire for 
the Herbert-Whipple screw. Ascertain with the fluoro¬ 
scopie images that the guidewire is centrally placed. 

■ Insert a screw of appropriate length. Anticipate that it 
might be necessary to reduce the screw length 4 to 6 mm 
from the length obtained from the guidewire. 

■ Using the fluoroscope, ascertain central placement of the 
guidewire and screw. 

■ Use a small burr to remove prominent graft on the radial 
and volar surfaces. 

■ Assess wrist flexion and extension and radial and ulnar 
déviation to ensure that the graft is not impinging on the 
distal radius. If there is impingement, perform a limited 
radial styloidectomy. 

■ Repair the palmar capsule, the radioscaphocapitate liga¬ 
ment, and the sheath of the flexor carpi radialis. 

■ Deflate the pneumatic tourniquet, obtain hemostasis, 
and close the skin. 

■ Apply a short arm thumb spica splint. 

POSTOPERATIVE CARE. The splint and sutures are 
removed at 2 weeks. A removable short arm thumb spica 
splint is provided. Activities are limited until bone union 
has occurred, usually at 10 to 12 weeks. For noncompli- 
ant patients, the wrist is immobilized in a thumb spica 
cast. 


GRAFTING OPERATIONS 


TECHNIQUE 69-17 


(STARK ET AL.) 

■ Expose the scaphoid through a straight or zigzag volar 
incision. 

■ After the wrist capsule is incised longitudinally and the 
wrist is dorsiflexed, both parts of the scaphoid and the 
articular surface of the radius can be seen readily. 

■ Remove a small, rectangular window of bone from the 
volar aspect of the distal fragment immediately adjacent 
to the fracture. Through this opening, clear fragments of 
fibrous tissue and dead bone using a low-speed power 
burr or curet. 

■ Fashion a large cavity in the proximal and distal parts of 
the scaphoid. 

■ Use a Chandler retractor to protect the articular cartilage 
of the radioscaphoid joint (Fig. 69-43A). It also helps to 
correct angulation, malrotation, and displacement of the 
fragments. 

■ The volar part of the cortex of the scaphoid often is 
déficient, and this deficiency permits an exaggerated 
volar tilt of the distal fragment, creating the "humpback" 
deformity of the scaphoid. 

■ Realignment and réduction of the fracture and restora- 
tion of the bone to the proper length are difficult parts 
of the procedure. Intraoperative radiographs usually are 
necessary. 

■ Transfix the scaphoid with two 0.035-inch (0.9-mm) 
Kirschner wires by inserting them through the distal frag¬ 
ment into the proximal one; protect the articular cartilages 
of the scaphoid and radius with the retractor. Observe 
correct placement of the wires through the volar window. 

■ Pack cancellous bone from the ilium into the cavity (Fig. 
69-43B). 




Technique for scaphoid nonunion (Stark et al.). A f Excavation of scaphoid and placement of Kirschner wires; Chandler 
retractor is used to protect articular cartilage of radioscaphoid joint. B f Cortical graft is inserted into cavity. C f Kirschner wire is inserted 
to stabilize bone graft. SEE TECHNIQUE 69-17. 
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■ The wires can be inserted after packing the cavity with 
bone, but it is easier to verify their location before insert- 
ing the graft. 

■ Often a cortical bone graft can be fashioned to fit snugly 
into the volar window; stabilize it with one additional 
0.028-inch (0.7-mm) Kirschner wire (Fig. 69-43C). 

■ Cut the wires off beneath the skin. 

■ Approximate the capsule with absorbable sutures, close 
the skin, and immobilize the extremity in a long arm 
thumb spica splint with the forearm in supination, the 
wrist in neutral, and the thumb in abduction. 

POSTOPERATIVE CARE. The sutures are removed at 2 
weeks, and a long arm thumb spica cast is applied and 
is worn for 6 additional weeks. The Kirschner wires are 
removed after the fracture has united. When immobiliza- 
tion is discontinued, patients are permitted to use the 
wrist and hand for light activities, but strenuous and 
forceful activity is discouraged for an additional 2 months. 



FIGURE 


Pronator quadratus pedicle bone graft for 


scaphoid nonunion. Graft f il Is excavated site of nonunion and is 


fixed with Kirschner wires. SEE TECHNIQUE 69-18. 


VASCULARIZED BONE GRAFTS 

The use of vascularized bone grafts has proved to be an 
effective method for treating scaphoid nonunions, espe- 
cially nonunions with an avascular proximal pôle and those 
that hâve failed to heal after previous procedures. Since 
Braun's 1983 report of success with a pronator quadratus 
pedicle graft from the distal radius, other sources of pedicle 
flaps from the distal radius and ulna and the metacarpals 
hâve been described, including an iliac crest free flap with 
microvascular techniques, a vascularized bone graft from 
the distal dorsolateral radius, and pedicle bone grafts based 
on the 1,2 intercompartmental supraretinacular artery. 
Although vascularized pedicle grafts are useful for promot- 
ing healing, the presence of established radiocarpal 
arthrosis may compromise the functional outcome. 


TECHNIQUE 69-18 


(KAWAI AND YAMAMOTO) 

■ Make a volar zigzag incision over the scaphoid tuberosity 
and the distal radius to expose the site of nonunion. 

■ Divide the radioscaphocapitate ligament complex, but 
retain it for later repair to the muscle pedicle. 

■ Excise the sclerotic bone ends and freshen them with a 
power burr to form an oval cavity 10 to 20 mm long and 
parallel to the axis of the scaphoid. 

■ Identify the pronator quadratus and outline a block of 
bone graft 15 to 20 mm long at its distal insertion on the 
distal radius close to the abductor pollicis longus tendon 
(Fig. 69-44). Outline the margin of the graft with Kirsch¬ 
ner wire holes to facilitate séparation with a fine 
osteotome. 

■ Ensure that the pronator quadratus is not detached from 
the harvested bone graft; dissect the muscle toward the 
ulna to secure a pedicle 20 mm thick. The anterior inter- 
osseous vessels need not be identified. 

■ If the muscle is too tight to allow easy transfer of the 
pedicled bone, dissect the ulnar origin of the pronator 


quadratus subperiosteally from the ulna through an 
additional incision over the distal ulna. 

■ Align the proximal and distal scaphoid segments carefully 
as a traction force is applied to the thumb. This maneuver 
corrects any intercalated segment instability and allows 
the grafted bone to be inserted snugly into the cavity in 
the scaphoid. 

■ Fix the proximal and distal scaphoid segments and the 
graft with two 0.045-inch (1.16-mm) Kirschner wires 
introduced at the scaphoid tuberosity. Do not cross the 
radiocarpal joint with a Kirschner wire. 

■ Close the skin and apply a long arm thumb spica cast. 

POSTOPERATIVE CARE. The long arm thumb spica cast 
is worn for 1 month, followed by the wearing of a short 
arm thumb spica cast for another month. At 2 months, 
union is evaluated with radiographs and, in case of doubt, 
tomograms. The wrist is braced in a functional position 
for another 1 to 2 months, and then active exercises are 
begun. When stable bony union is certain, the Kirschner 
wires are removed, usually about 4 months after surgery. 


VASCULARIZED BONE GRAFTS 


TECHNIQUE 69-19 


(ZAIDEMBERG ETAL) 

■ Place the patient supine on the operating table with the 
hand pronated on the hand table. Préparé the arm to use 
the pneumatic tourniquet. 

■ After skin préparation, draping, limb exsanguination, and 
tourniquet inflation, with the forearm pronated, make an 
oblique skin incision on the dorsoradial side of the wrist, 
centered on the radiocarpal joint. Avoid injury to the 
branches of the superficial radial nerve. 
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9 " Incise the extensor retinaculum of the first dorsal extensor 
compartment. 

■ Retract the extensor pollicis brevis and the abductor pol- 
licis longus in a palmar direction. 

■ Retract the wrist and finger extensors toward the ulna. 

■ On the distal radial periosteum, identify the longitudinal 
course of the ascending irrigating branch of the radial 
artery (Fig. 69-45A). Design a bone graft with the longi¬ 
tudinal vessel as its center. 

■ Identify and protect the branches of the superficial branch 
of the radial nerve (Fig. 69-45B). 

■ Expose the scaphoid nonunion and freshen the sclerotic 
bone ends with curets or a power burr. 

■ Reduce the fracture. A Kirschner wire used as a "joystick" 
can be helpful. 

■ If the fracture cannot be reduced, approach the scaphoid 
through a second, palmar incision over the distal flexor 
carpi radialis, retracting its tendon and entering the wrist 
through the volar capsule. 

■ Make a 15- to 20-mm long trough in the scaphoid parallel 
to its long axis. 

■ Use narrow osteotomes or a small gouge to harvest 
a bone graft from the distal radius, beneath the 


periosteal vessel (Fig. 69-45C). Avoid comminution of 
the cortex and injury to the vessel. Make the bone 
graft about the size of the defect in the scaphoid 
and transpose it to the defect in the scaphoid 
(Fig. 69-45D). 

■ Stabilize the bone graft with Kirschner wires. 

■ Obtain additional cancellous bone from the same radial 
donor site, if needed. 

■ Deflate the tourniquet, ensure hemostasis, and close the 
capsule; avoid strangulating the vessel. 

■Close the skin and apply a bulky bandage supported by 
a long arm thumb spica cast. 

POSTOPERATIVE CARE. The sutures are removed at 2 
weeks, and the long arm thumb spica cast is worn for 1 
month. At 1 month, a short arm thumb spica cast is 
applied and is worn for at least 2 weeks. At 6 weeks, 
bone union is evaluated with plain radiographs. Immobi- 
lization is continued until union is seen on plain radio¬ 
graphs or évaluation with tomograms is obtained as 
needed. Wrist motion and forearm réhabilitation are 
begun when union is established. 



Pedicled vascularized bone graft for scaphoid nonunion. A f Incision (solid green line) exposes scaphoid and bone 
graft donor site. Subcutaneous tissues are raised from extensor retinaculum, and 1,2 intercompartmental supraretinacular artery (ICSRA) 
is identified. R, radius; RA, radial artery; S, scaphoid. B f Branches (I, II, III) of superficial branch of the radial nerve (SBRN) are identified 
and protected. Dashed Unes indicate incisions of first and second extensor compartments. C f With graft levered out, tourniquet is 
deflated, and vascularity of graft is checked. D f Graft is gently press-fit into scaphoid nonunion site. Supplémentai fixation with Kirschner 
wires or placement of scaphoid screws can be done at this time. (Redrawn from Shin AY, Bishop AT: Pedicled vascularized bone grafts for 
disorders of the carpus: nonunion and Kienbôck's disease, J Am Acad Orthop Surg 10:210, 2002. Adapted with permission from the Mayo Founda¬ 
tion, Rochester, MN.) SEE TECHNIQUE 69-19. 
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I ARTHRODESIS OF THE WRIST 

Arthrodesis should be considered a salvage procedure for old 
ununited or malunited fractures of the scaphoid with associ- 
ated radiocarpal traumatic arthritis. Wrist arthrodesis is 
discussed later in this chapter. 


WRIST DENERVATION 

Wrist denervation has been described for the treatment of 
chronic wrist pain with a variety of étiologies. Good results 
hâve been reported in 12% to 95% of patients after total 
wrist denervation. To avoid multiple incisions and extensive 
dissection, partial neurectomies hâve been used, but their 
results hâve been inconsistent. Berger described denerva¬ 
tion of the anterior and posterior interosseous nerve 
through a single dorsal incision, and Weinstein and Berger 
reported improvement in 76% of patients with chronic 
wrist pain after this procedure. 


TECHNIQUE 69-20 


■ Make a longitudinal 3- to 4-cm dorsal incision centered 
between the radius and ulna, just proximal to the proximal 
edge of the distal radioulnar joint (Fig. 69-46A). 

■ Expose the floor of the fourth compartment and the 
posterior interosseous nerve; remove a 1 cm portion of 
the posterior interosseous nerve (Fig. 69-46B). 

■ Incise the interosseous membrane, identify the distal 
sensory portion of the anterior interosseous nerve, and 
remove a 1-cm section (Fig. 69-46C). 

■ Close the skin and apply a bulky hand dressing with a 
volar plaster splint. 

POSTOPERATIVE CARE. A short arm cast is worn for 3 
weeks, and sutures are removed between 10 and 14 
days. At the end of 3 weeks of immobilization, a range- 
of-motion and strengthening protocol is initiated. 


NAVICULOCAPITATE FRACTURE 
SYNDROME AND CAPITATE FRACTURES 

Although naviculocapitate fracture syndrome is rare, it 
should be considered among the associated injuries that 
can occur with a fracture of the scaphoid. Axial compres¬ 
sion of a dorsiflexed wrist forces further dorsiflexion, and 
after the scaphoid fractures, the dorsal lip of the radius 
forcefully impacts the head of the capitate, causing it to 
fracture. As the wrist continues into further dorsiflexion, 
after the scaphoid and the capitate are fractured, the 
capitate head rotâtes 90 degrees. The hand, when returned 
to neutral position, brings the proximal fragment of the 
capitate into 180 degrees of rotation (Fig. 69-47). This 
injury can be associated with dorsal perilunate dislocation 
(Fig. 69-89B) or fractures of the distal end of the radius. 
Open réduction is necessary to derotate the capitate frag¬ 
ment. S orne surgeons hâve excised this fragment, but 
others hâve replaced it, reduced the scaphoid and capitate 
fractures, and maintained them with internai fixation or 






Wrist denervation. A, Incision. B, Removal of 
1-cm section of posterior interosseous nerve. C, Removal of 1-cm 
section of anterior interosseous nerve. AIA, anterior interosseous 
artery; AlAp, posterior division of the anterior interosseous artery; 
AIN , anterior interosseous nerve; DRUJ, distal radioulnar joint; 
IOM, interosseous membrane; PIN, posterior interosseous nerve, 
PQ, pronator quadratus. (Redrawn from Flofmeister EP, Moran SL, 
Shin AY: Anterior and posterior interosseous neurectomy for the treat¬ 
ment of chronic dynamic instability of the wrist, Fland 1:63, 2006.) SEE 


TECHNIQUE 69-20. 
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Mechanism of carpal fractures from falls on outstretched hand with wrist going into marked dorsiflexion. A f Wrist 
in marked dorsiflexion. Capitate is at 90-degree angle to radius. B, Scaphoid fractures as resuit of increased dorsiflexion at midcarpal 
joint. C f Dorsal lip of radius strikes capitate, causing it to fracture. D f Proximal fragment of capitate is rotated 90 degrees. E, Return of 
wrist to neutral position. Proximal fragment of capitate is now rotated 180 degrees. 


cast immobilization. Osteonecrosis of the capitate may 
follow such injuries. If sufficiently symptomatic, osteone¬ 
crosis of the capitate can be treated with excisional- 
interposition arthroplasty or midcarpal or capitate-hamate 
arthrodesis. Isolated fractures of the capitate are unusual. 
Nondisplaced fractures of the body of the capitate are 
treated nonoperatively. Displaced fractures, especially 
fractures involving the joint, usually require open réduc¬ 
tion and internai fixation with Kirschner wires or 
screws. 

FRACTURES OF OTHER CARPAL BONES 

Putman and Meyer tabulated the types of fractures of 
carpal bones other than the scaphoid, the most common 
treatment methods, associated injuries, and treatment tips 
(Table 69-1). 

FRACTURE OF THE HAMATE 

Fractures of the hamate can involve the hamulus or hook, the 
body, and various articular surfaces. Fractures of the hook 
can be treated with casting, open réduction, or excision of the 
hook. Fractures of the body usually are treated with casting, 
unless displacement is significant. Articular fractures require 


open réduction and internai fixation if displacement of the 
articular surface is 1 mm or more. 

A fracture of the hook of the hamate is sometimes dif- 
ficult to show. Pain is elicited at the heel of the hand with 
firm grasp and with pressure against the bony prominence 
just latéral and slightly distal to the pisiform. A carpal 
tunnel view (Fig. 69-48A) or salute view (90-degree 
orthogonal from carpal tunnel view) may show the fracture, 
but some are better shown by CT (Fig. 69-48B). When 
using the latter technique, placing the patients hands 
together in the praying position makes the diagnosis easier 
because the view of both wrists rules out congénital varia¬ 
tion of the hamate, which usually is bilateral. Occasionally, 
the body of the hamate is fractured, but this rarely requires 
surgery. 

A stress fracture may develop in the hook of the hamate 
with some répétitive activities, such as golf. Initial diagnosis 
can be difficult. Transient ulnar nerve motor palsy can be 
caused by an undiagnosed stress fracture of the hook of the 
hamate. In most instances, unless the diagnosis is delayed, 
union is likely after immobilization, but excision of the frag¬ 
ment may be necessary for nonunion, persistent pain, or 
ulnar nerve palsy. 
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Patterns of Carpal Fractures—cont'd 
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Carpal tunnel view (A) and CT scan (B) of 
patient with fracture of hook of hamate. Patient injured his left 
hand on full-swing foui bail. (From Egawa M, Asai T: Fracture of the 
hook of the hamate: report of six cases and the suitability of computer- 
ized tomography, J Hand Surg 8A:393, 1983.) 


EXCISION OR REDUCTION AND 
FIXATION OF THE HOOK OF THE 
HAMATE 


TECHNIQUE 69-21 


■ With the patient supine and under appropriate anesthé¬ 
sia, préparé the skin and exsanguinate the limb with a 
pneumatic tourniquet. 

■ Make an incision parallel to the thenar crease, extending 
distally into the palm and proximally, obliquely, and medi- 
ally across the wrist flexion crease to expose the hook of 
the hamate at the médial distal margin of the carpal 
tunnel. Incise the palmar fascia longitudinally, exposing 
the underlying transverse carpal ligament over the carpal 
tunnel. For excision of the hook, it is not necessary to 
open the carpal tunnel. 

■ Palpate the hook of the hamate with the tip of an 
instrument. 

■ Incise the ligament and periosteal cover over the tip of 
the hook. 

■ Expose the hooksubperiosteally, "shucking" thesoft-tissue 
covering of the hook until the fracture line can be seen. 



Carpal tunnel view showing flexor carpi radialis 
cradled by palmar ridge of trapezium. Inset shows type I fracture 
at base of volar ridge of trapezium (direct loading) and type II 
fracture at tip (avulsion). 


■ Grasp the tip of the hook with a Kocher clamp and 
mobilize the fracture site. Fibrosis at the base of an 
ununited hamate hook may make it difficult to move. 
Incise the fibrous attachments at the nonunion at the 
base of the hook. 

■ Avoid injury to the ulnar nerve as it passes from médial 
to distal and laterally around the hook. 

■ Remove the hook and smooth any rough surfaces at the 
base with a rongeur. 

■ If possible, cover the exposed fracture site with ligament 
and periosteal flaps. 

■ After release of the tourniquet, ensure hemostasis is 
obtained and close the skin with fine nonabsorbable 
sutures. 

■ If open réduction and internai fixation is selected, 
approach the hook of the hamate as described for exci¬ 
sion. In this case, release of the transverse carpal ligament 
can make the fracture site easier to see. 


TRAPEZIUM AND TRAPEZOID FRACTURES 

Fractures of the trapezium and trapezoid are rare and may be 
comminuted when seen in conjunction with radial fracture- 
dislocations and other carpal bone fractures. These fractures 
usually can be seen radiographically on the carpal tunnel 
view of the wrist and with CT. Fractures typically occur 
through the body or the trapezial ridge. Fractures through 
the body may be seen with fracture-dislocation of the trape- 
ziometacarpal joint. Palmer classified trapezial ridge fractures 
into two types: type I is a fracture of the base of the ridge, and 
it may heal when treated by immobilization in plaster (Figs. 
69-49 and 69-50); type II is an avulsion at the tip of the ridge, 
and it usually fails to heal when immobilized. 
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FIGURE 69-5 


^ A f Carpal tunnel view shows fracture of base of palmar ridge of trapezium (arrows). This is designated as type I 
greater multiangular ridge fracture. B f Type II fracture of tip of palmar ridge of trapezium (arrow) caused by fall on dorsiflexed wrist. 

(From Palmer AK: Trapezial ridge fractures, J Hand Surg 6A:561, 1981.) 



A f Latéral tomogram of wrist, showing typical anterior pôle fracture. B, Lunate shows no further collapse 12 months 
after ulnar lengthening, and early healing is suggested. (From Armistead RB, Linscheid RL, Dobyns JH, et al: Ulnar lengthening in the treatment 
of Kienbôck's disease, J Bone Joint Surg 64A:170, 1982. By permission of Mayo Foundation.) 


Displaced trapezial fractures require open réduction. 
Fractures of the body can be exposed through a J-shaped 
incision along the dorsum of the thumb metacarpal, curving 
medially at the wrist flexion crease. Ununited fragments of 
the trapezial ridge can be excised using the proximal limb of 
the J-shaped incision or through a longitudinal incision in 
the thenar crease, as when approaching the carpal tunnel. 
Care should be taken to avoid injury to the palmar cutaneous 
branch of the médian nerve. 

The trapezoid is fractured least often of the carpal bones 
and usually is injured at the time of other carpometacarpal 
injuries, especially injuries to the index metacarpal. Displaced 
fractures usually require réduction and fixation. 

FRACTURES OF THE LUNATE AND 
KIENBÔCK DISEASE 

Fractures of the lunate can be difhcult to detect on plain 
radiography. CT or MRI may be required to see the fracture 
(Fig. 69-51). Fractures of the lunate may be nondisplaced; 


displaced with large fragments; avulsed, especially the dorsal 
pôle; or comminuted. Nondisplaced and nondisplaced com- 
minuted fractures can be treated with cast immobilization. 
Fractures with more than 1 mm offset and avulsion fractures 
usually require open réduction. Internai fixation techniques 
vary depending on the requirements of the individual situa¬ 
tion and may include Kirschner wires, small cannulated 
screws, and suture anchors. Trauma to the lunate may be 
sufficient to damage the circulation, leading to osteonecrosis 
of the lunate. Gelberman et al. described three patterns of 
vessels entering the lunate (Fig. 69-52). The lunates believed 
to be most at risk for osteonecrosis are those with a single 
vessel or one surface exposed to the blood supply, represent- 
ing about 20% of lunates. 

Kienbôck disease is a painful disorder of the wrist of 
unknown cause in which radiographs eventually show osteo¬ 
necrosis of the carpal lunate. It occurs more frequently 
between the âges of 15 and 40 years and in the dominant wrist 
of men engaged in manual labor. Armistead et al., using CT, 
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showed occult fractures of the lunate in some patients (Fig. 
69-53 A). If untreated, the disease usually results in fragmen¬ 
tation of the lunate, collapse with shortening of the carpus 
(Fig. 69-53B), and secondary arthritic changes throughout 
the proximal carpal area. Symptoms can develop 18 months 
before radiographs show evidence of the disease. MRI can 
be helpful in the diagnosis of early avascular changes in 
the lunate. Corrélation of the patients clinical and plain 
radiographie findings with MRI helps to differentiate 
Kienbôck disease from ulnar impaction (see later section 
“Ulnar Impaction-Abutment and Distal Radioulnar Joint 
Arthritis”). 

The staging classification of Kienbôck disease proposed 
by Lichtman et al., based on radiographs and MRI, has been 
useful when planning treatment (Fig. 69-54 and Table 69-2). 
More recently, Bain and Beggs classified Kienbôck disease 
based on arthroscopie détermination of the functional status 
of the involved articular surfaces (Table 69-3 and Fig. 69-55). 

Because the natural course of Kienbôck disease is unpre- 
dictable, the treatment of established Kienbôck disease cannot 
be rigidly prescribed. Immobilization in a cast has been rec- 
ommended if the disease is considered to be quite early (stage 
I or II, before sclerosis, fragmentation, or collapse occurs). 
Such management includes casting of the wrist for several 
weeks, if warranted, followed by repeated radiographs in 
search of occult fracture or avascular changes of the lunate or 
other disorders that become apparent later, including 





FIGURE 69-5 


^ Three patterns of vessels entering lunate. Pat¬ 
terns with single vessel or one surface exposed to blood supply 
(approximately 20%) are believed to be most at risk for 
osteonecrosis. 
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previously undiagnosed fractures of the carpal scaphoid. This 
treatment generally may be difficult for patients to accept 
because it requires 4 months or more of immobilization with 
an uncertain outcome. Reports regarding nonoperative treat¬ 
ment are difficult to evaluate because staging at the time of 
diagnosis offen is unspecified. 



A f Common fracture pattern in Kienbôck 
disease is so-called anterior pôle type, isolating anterior pôle of 
lunate from remaining portion of bone. Distraction of fracture 
caused by compressive force exerted by capitate diminishes likeli- 
hood of fracture healing. This detail usually is invisible on routine 
radiographs because radial styloid process is superimposed on 
fracture gap. As dorsal portion of lunate collapses further, ante¬ 
rior pôle may be extruded volarly. B, Ratio of height of carpus to 
length of third metacarpal is reduced in this patient with Kien¬ 
bôck disease. This ratio in normal wrists has been reported to be 
0.54+0.03, and significantly reduced ratios indicate overall carpal 
collapse. (From Armistead RB, Linscheid RL, Dobyns JH, et al: Ulnar 
lengthening in the treatment of Kienbôck's disease, J Bone Joint Surg 
64A:170, 1982. By permission of Mayo Foundation.) 


TABLE 69-2 


Lichtman Classification and Treatment Recommendations 

STAGE 

DESCRIPTION 

TREATMENT 

1 

No visible changes on radiograph; 
changes seen on MRI 

Immobilization and NSAIDs. If no improvement, treat as stage II. 

II 

Sclerosis of lunate 

Joint leveling procedure: radial shortening or ulnar lengthening patients 

NIA 

Fragmentation of lunate 

who are ulnar négative 

Radial wedge osteotomy or STT fusion in patients who are ulnar neutral 
Distal radial core décompression to create local vascular healing response 
Revascularization procedures promising but long-term results not available 

INB 

Fixed rotation of scaphoid 

Proximal row carpectomy or STT fusion; must treat internai collapse pattern 

IV 

Degeneration of adjacent 
intercarpal joints 

Wrist fusion, proximal row carpectomy, or limited intercarpal fusion; must 
remove arthritic part of joint 


DISI, Dorsal intercalated segmentai instability; MRI, magnetic résonance imaging; NSAIDs, nonsteroidal anti-inflammatory drugs; STT, scaphoid, trapezoid, 
trapezium. 
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Stage NIA 




Stage IV 


Stage IIIB 


FIGURE 69-5 


^ Staging of Kienbôck disease according to Lichtman classification System (see Table 69-2). (From Allan CH, Joshi A, Licht- 
man DM: Kienbôck's disease: diagnosis and treatment, J Am Acad Orthop Surg 9:128, 2001.) 
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r TABLE 69-3 

Bain and Begg Classification of Kienbôck Disease 

GRADE 

DESCRIPTION 

RECOMMENDED TREATMENT 

0 

AN articular surfaces are functional. 

Extra-articular procedure; radial shortening osteotomy 
for négative ulnar variance; capitate shortening 
procedure for neutral or positive ulnar variance; 
revascularization procedure 

1 

One non-functional articular surface, typically the 
proximal articular surface of the lunate. 

Proximal row carpectomy or radioscapholunate fusion 

2 

Two non-functional articular surfaces. Grade 2A: proximal 
lunate and lunate facet of the radius. Grade 2B: proximal 
articular surface of the lunate, distal articular surface of 
the lunate. 

2A: Radioscapholunate fusion 

2B: Proximal row carpectomy 

3 

Three non-functional articular surfaces: lunate facet of 
the radius, proximal and distal articular surfaces of the 
lunate; capitate is preserved. 

Hemiarthroplasty, total wrist fusion or arthroplasty 

4 

AN four articular surfaces are non-functional. 

Total wrist fusion or arthroplasty 


(Modified from Bain Gl, Begg M: Arthroscopic assessment and classification of Kienbock's disease, Tech Hand Up Extrem Surg 10:8, 2006.) 



Bain and Begg classification of Kienbôck disease based on the number of nonfunctional articular surfaces (see also 
Table 69-3). (Redrawn from Bain Gl, Begg M: Arthroscopic assessment and classification of Kienbôck disease, Tech Hand Up Extrem Surg 10:8, 
2006.) 


Hultén described a condition known as the ulna-minus 
variant. He found in 78% of patients with Kienbôck disease 
that the ulna was shorter than the radius at their distal articu¬ 
lation (Persson). This was true in only 23% of normal wrists. 
In no patient with Kienbôck disease was the ulna longer than 
the radius at the distal articulation, but 16% of the control 
group had a so-called ulna-plus variant. 

Numerous surgical procedures hâve been described for 
Kienbôck disease. Joint “leveling” procedures include ulnar 
lengthening and radial shortening and usually are indicated 
for Lichtman stage I through IIIA Kienbôck disease, with 
an ulnar-minus variation and without degenerative changes 
in the radiolunate or capitolunate joints. Wedge ostéotomies 
hâve been used to decrease the load on the lunate by 
decreasing the radioulnar inclination of the distal radius. 


Capitate shortening, with and without capitate-hamate 
fusion, has also been used to decrease the load on the 
lunate. Lunate revascularization using a variety of pedicled 
bone graffs has been effective in preserving the lunate 
architecture. These revascularization procedures usually 
require protection of the lunate with pinning of the scapho- 
capitate or scaphotrapeziotrapezoid joint or with an external 
fixator. Excision of the lunate can give short-term relief. 
Prosthetic lunate replacement also may provide relief. 
Limited intercarpal fusions can prevent proximal carpal 
migration affer lunate excision and can help decrease pres¬ 
sure on lunate prostheses. When secondary arthritic changes 
hâve developed throughout the wrist (stage IV), treatment 
usually is proximal carpal row resection or wrist 
arthrodesis. 
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■ JOINT LEVELING PROCEDURES 

Persson, in 1945, reported a sériés of patients in whom he 
lengthened the ulna for Kienbôck disease. Axelsson and 
Moberg observed these patients for several years. They found 
16 patients who had been operated on some 20 years previ- 
ously, and ail but one had been able to continue with manual 
labor after the operation. Even in one who had pain, the 
disease process seemed to hâve been halted. Subsequently, 
Armistead et al. performed the ulnar lengthening operation 
for Kienbôck disease, reporting 20 cases in 1982. Three 
nonunions required a second plating and bone graffing; 18 of 
the 20 patients had pain relief. 

To minimize the chance of ulnar nonunion and the need 
for an iliac crest bone graft and implant removal, radial 
shortening osteotomy is the preferred joint leveling procedure 
for many surgeons. Shortening of the radius consists of 
making a transverse osteotomy about 3 inches (7.6 cm) 
proximal to the distal articular surface, shortening the radius 
by 2 mm, and fixing the bone with a compression plate. 

I CAPITATE SHORTENING 

Capitate shortening was first described by Almquist, who 
reported an 83% lunate revascularization rate. This technique, 
combined with capitate-hamate fusion and carpometacarpal 
fusion of the distal capsule, has been used to unload the 
lunate. Afshar described partial revascularization of the 
lunate at an average of approximately 5 months in 9 patients; 
he considered this the beginning of the revascularization 
process. 


CAPITATE SHORTENING WITH 
CAPITATE-HAMATE FUSION 


TECHNIQUE 69-22 


■ Make a dorsal incision from the base of the third meta- 
carpal to the Lister tubercle. 

■ Release the fifth dorsal compartment and retract the 
extensor digiti quinti tendon. 

■ Retract the fourth dorsal compartment radially and open 
the dorsal capsule. Take care not to elevate the fourth 
compartment and disrupt vascular supply. 

■ Incise the capitate-hamate joint from proximal to distal 
and identify the waist of the capitate; this level should 
correspond to the distal pôle of the scaphoid. 

■ Use a sharp, thin osteotome to make the osteotomy to 
avoid disruption of the volar capsule blood supply. 

■ Carefully insert a small, curved elevator into the capitolu- 
nate joint, avoiding injury to the articular surface. Use the 
elevator to compress the capitate head against the distal 
segment and use two crossed 0.062-inch Kirschner wires 
to stabilize the osteotomy. 

■ If capitate-hamate fusion is to be performed, remove ail 
subchondral bone at the capitate-hamate interface. 
Harvest bone from the osteotomy or from a separate 
distal radial graft site and pack it into the space. 

■ Place Kirschner wires or headless cannulated screws 
percutaneously from the hamate into each of the capitate 
fragments. 


■ If the tip of the hamate becomes prominent proximally, 
preventing the unloading effect of the capitate-shortening 
osteotomy, remove the tip of the hamate to correct this 
problem. 

■ Alternative^, perform the osteotomy across both the 
capitate and the hamate, reduce it, and secure it with 
Kirschner wires or buried headless screws inserted from 
proximal to distal. 

POSTOPERATIVE CARE. Cast immobilization is contin- 
ued for 6 weeks, followed by splinting. Range-of-motion 
and strengthening exercises are begun when fusion is 
seen on radiographs. 


■ OSTEOTOMIES OF THE DISTAL RADIUS 

For patients with stage II or III Kienbôck disease and ulnar- 
neutral wrists, a radial closing wedge osteotomy has been 
proposed to shift pressure from the lunate by decreasing the 
radioulnar inclination. Reports verify that this technique can 
be effective in relieving symptoms. Closing wedge osteotomy 
has been reported to be useful in patients with stage IIIB and 
IV changes, but there is not universal agreement regarding 
the effects of such ostéotomies. A biomechanical analysis of 
radial closing wedge ostéotomies showed that force on the 
lunocapitate joint was decreased (23%), as were the forces on 
the radiolunate (10%) and ulnolunate (36%) joints, whereas 
another biomechanical évaluation showed that latéral opening 
or médial closing radial wedge ostéotomies unloaded the 
radial lunate fossa. Similarly, another biomechanical analysis 
showed a decrease in lunate cortical strain with the radial 
opening wedge osteotomy and an increase with the radial 
closing wedge osteotomy. 

■ CORE DECOMPRESSION 

In 2001, Illarramendi et al. introduced the concept of meta- 
physeal core décompression of the radius and ulna as a less 
invasive treatment option for Kienbôck disease. Décompres¬ 
sion involved curettage of the distal radius and ulna through 
a small cortical window. The authors developed the procedure 
after noting spontaneous resolution of Kienbôck disease after 
a nondisplaced distal radial fracture and credited the healing 
response after décompression to the response of the local 
vascular environment after trauma. A biomechanical study 
by Sherman et al. found that core décompression of the radius 
did not alter the load on the radiolunate fossa and postulated 
that the observed clinical effect of the procedure may be more 
a resuit of increased vascularity into the région of the lunate 
than a resuit of biomechanical unloading as obtained by 
joint-leveling procedures. Cited advantages of metaphyseal 
core décompression include simplicity of the procedure, no 
invasion of the wrist joint, and no need for any form of 
internai fixation. In a later report, Illarramendi et al. indicated 
that décompression of the radius alone did not affect out- 
comes. Currently, there hâve been no studies other than those 
of the technique developers to confirm its benefits; they 
reported satisfactory results in 43 (90%) of 48 patients and 
no complications. Believing that it could decrease the intraos- 
seous pressure in the lunate as occurs with décompression for 
fémoral head osteonecrosis, Mehrpour et al. performed 
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lunate core décompression in 20 patients, 18 of whom had 
good results. Bain et al. described an arthroscopic-assisted 
technique of lunate core décompression in two patients. 


RADIAL DECOMPRESSION FOR 
TREATMENT OF KIENBÔCK DISEASE 


TECHNIQUE 69-23 


(ILLARRAMENDI AND DE CARLI) 

■ With the patient supine and the hand and arm resting on 
a hand table, apply and inflate a pneumatic tourniquet. 

■ Approach the radius through a 3- to 4-cm longitudinal 
incision along the radial border of the distal metaphysis, 
beginning 1 cm proximal to the radial styloid. 

■ Identify and protect the radial nerve branches. 

■ Separate the extensors with blunt dissection. 

■ Incise the periosteum and elevate it widely to expose the 
bone and to simulate a reactive healing response. 

■ With osteotomes or a small bone saw, make a window 
approximately 2.0 x 0.5 cm beginning 2.0 cm proximal 
to the radial styloid (Fig. 69-56A). 

■ Through this window, curet and impact the cancellous 
bone of the distal metaphysis without removing bone. 
Impacting of the cancellous bone should take place only 
in the metaphysis, without compromising the cortex of 
the opposite side of the radius. 




FIGURE 69-5 


Core décompression for treatment of Kienbôck 
disease. A f Cortical window. B f Cancellous bone impaction into 
metaphysis. (Redrawn from lllarramendi AA, De Carli P: Radius décom¬ 
pression for treatment of Kienbôck disease, Tech Hand Up Extrem Surg 
7:110, 2003.) SEE TECHNIQUE 69-23. 


■ Either break the removed bone cortex into 5-mm 2 frag¬ 
ments or maintain it as a single piece and leave it impacted 
in the metaphysis (Fig. 69-56B). 

■ Leave the periosteum open and close the skin in routine 
fashion. 

POSTOPERATIVE CARE. The arm is immobilized in a 
below-elbow cast for 2 weeks, with free active range of 
motion encouraged. Strenuous activities are avoided for 
3 months. 


■ LUNATE REVASCULARIZATION PROCEDURES 

Transplantation of an arteriovenous pedicle into normal and 
avascular bone has been shown to resuit in the formation of 
new bone. Other sources of vascularized graffs include the 
distal radius based on the pronator quadratus, the pisiform 
as a pedicle graff, and various other graffs from the distal 
radius, second metacarpal, and pisiform. A fourth and fifth 
extensor compartment artery graff from the distal radius also 
has been used for revascularizing the lunate (Fig. 69-57). 
Restoration of the lunate architecture and revascularization 
are reported to occur in 60% to 95% of lunates treated with 
revascularization techniques. These procedures also are effec¬ 
tive in relieving pain and improving function in approximately 
90% of patients. Most reports reflect that the promising early 
radiographie changes may not persist over time, and in many 
patients there is further détérioration in radiographie and 
clinical results. 

■ PROSTHETIC LUNATE REPLACEMENT 

Replacement of the lunate with a hand-carved silicone 
rubber spacer has been recommended if there is no signifi- 
cant alteration in the shape of the bone (Fig. 69-58), and a 
previously molded, lunate-shaped silicone block has been 
used, followed by careful repair of the capsule to avoid 
dislocation of the block. This ligamentous and capsular 
reconstruction is crucial and has been emphasized by many 
authors. 

Troublesome complications of the silicone lunate pros- 
thesis, including silicone synovitis and foreign body cysts, are 
more likely to occur if the implant is oversized or malposi- 
tioned, if carpal instability is présent, or if motion or occupa- 
tional stress of the wrist is excessive. Because of this possibility, 
some surgeons hâve abandoned or limited this technique and 
hâve suggested intercarpal fusion (scaphoid-capitate, capitate- 
hamate, or hamate-triquetrum). These procedures are 
described later in this chapter. 

Simple excision of the lunate, although controversial, has 
been shown to produce satisfactory results with continued 
pain relief at an average foliow-up of 12 years. In 18 patients, 
the carpus rearranged itself with proximal migration of the 
capitate, triquetrum, and palmar-flexed scaphoid, but a good 
range of motion was preserved and degenerative changes 
were less than anticipated. The procedure is not recommended 
for individuals who do heavy work. 
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FIGURE 69-5 


^ Pedicled vascularized bone graft of Kienbôck disease. A f Anterior interosseous artery is ligated proximal to fourth 
and fifth extensor compartment arteries, and graft is elevated. After verifying blood flow, graft is shaped to fit dorsal opening to 
lunate. B f Cancellous bone is packed into lunate. Bone graft is inserted with pedicle placed vertically and cortical surface oriented 
proximal-distal. (From Shin AY, Bishop AT: Pedicled vascularized bone grafts for disorders of the carpus: nonunion and Kienbôck's disease, J Am 
Acad Orthop Surg 10:210, 2002.) 



FIGURE 69-5 


Three kinematic indices: center of rotation, 
carpal height (L2), and carpal-ulnar distance (L3). L1, length of 
third metacarpal. Carpal height ratio is L2/L1, and carpal-to-ulnar 
distance ratio is L3/L1. 


RADIAL SHORTENING 


TECHNIQUE 69-24 


■ With the patient supine and under satisfactory anesthésia 
and after limb exsanguination and tourniquet inflation, 


make an incision on the palmar aspect of the distal 
forearm extending distally to the wrist flexion crease. 

■ To protect the radial artery, incise the superficial surface 
of the sheath of the flexor carpi radialis. Retract the flexor 
carpi radialis radiolaterally and incise the dorsal surface of 
the sheath of the flexor carpi radialis. Carefully retract the 
radial artery laterally and identify the radial insertion of 
the pronator quadratus. 

■ Dissect proximally and identify the flexor pollicis longus. 

■ Elevate the pronator quadratus and flexor pollicis longus 
subperiosteally proximally so that the distal diaphysis and 
metaphyseal-diaphyseal junction of the radius can be 
easily identified. 

■ Based on preoperative radiographs and the amount of 
ulnar-minus variation, make an osteotomy in the 
metaphyseal-diaphyseal junction of the radius. A diaphy- 
seal osteotomy, as recommended by Almquist and Burns, 
usually is required to allow enough length on the distal 
segment to place two or three screws. Placement of a 
plate in the metaphyseal-diaphyseal junction might be 
more difficult because of the palmar flare of the radial 
metaphysis, even though healing might be more 
predictable. 

■ Make the osteotomy proximal enough to allow place¬ 
ment of three screws in the distal fragment. 

■ Measure preoperative radiographs for the amount of 
shortening required. 

■ Fix the distal two screws to the distal radial fragment 
before osteotomy. 

■ Remove the plate and screws, perform the osteotomy 
with a thin-bladed oscillating saw, and shorten the radius 
by the appropriate amount, usually 2 to 3 mm. 

■ Reattach the plate to the distal fragment with screws. 

■ Before placing the proximal screws, compress the oste¬ 
otomy and hold it with réduction forceps. 
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■ Obtain C-arm fluoroscopie images to check radioulnar 
length. 

■ Fix the radius with a compression plate technique, deflate 
the tourniquet, obtain satisfactory hemostasis, and drain 
the wound if needed. 

■ Replace the pronator quadratus over the plate and close 
the subeutaneous tissues and skin, leaving the forearm 
fascia open to minimize the chances of compartment 
syndrome. 

■ Immobilize the forearm in a sugar-tong splint. 

POSTOPERATIVE CARE. The drain is removed after 1 
or 2 days. Finger motion and wrist motion are encour- 
aged. The sugar-tong splint is removed after approximately 
10 days to allow inspection of the wound, and the sutures 
are removed at 10 to 14 days. A solid forearm cast is 
applied extending above the elbow, or a solid sugar-tong 
splint is used for 4 weeks. The cast is removed to evaluate 
the osteotomy with radiographs, and cast immobilization 
above the elbow is continued for another 4 weeks. 
After 8 to 10 weeks, additional casting dépends on the 
radiographie appearance of the osteotomy. Exercise and 
light use of the hand are encouraged throughout 
convalescence. 


DISTAL RADIOULNAR AND 
ULNOCARPAL JOINT INJURIES 

ANATOMY 

The structures causing pain on the ulnar side of the wrist 
include the DRU} and the distal ulnocarpal joint and the liga- 
mentous and cartilaginous structures attaching the distal 
ulna to the distal radius and ulnar side of the carpus, known 
as the TFCC of Werner and Palmer. The TFCC includes the 
dorsal and volar radioulnar ligaments, ulnar collateral liga¬ 
ment, meniscal homologue, articular dise, and extensor carpi 
ulnaris sheath. It begins on the ulnar side of the lunate fossa 
of the radius and attaches ulnarward to the head of the ulna 
and the ulnar styloid at its base. It is subsequently joined by 
the ulnar collateral ligament, and its distal insertion is the 
triquetrum, hamate, and base of the fiffh metacarpal. Articu¬ 
lar surface contact in the shallow sigmoid notch accounts for 
about 20% of DRUJ stability and allows dorsopalmar transla¬ 
tion of about 1 cm with the forearm in neutral position. 
During forearm rotation, the ulnar head at its articulation 
with the sigmoid notch appears to move from dorsal and 
distal in full pronation to proximal and palmar in full supina¬ 
tion. Additional DRU} stability is provided through the dorsal 
and palmar margins and their attachments to the radioulnar 
ligaments. The extensor carpi ulnaris sheath and part of the 
distal radioulnar ligaments attach to the ulnar styloid, which 
extends 2 to 6 mm distal to the ulnar head. Most of the distal 
radioulnar ligaments and the ulnocapitate ligament attach to 
the fovea at the base of the ulnar styloid. The articular dise 
has attachments to the distal radioulnar ligaments and passes 
from the distal margin of the sigmoid notch to the fovea at 
the base of the ulnar styloid. The thickness of the articular 
dise has an inverse relationship to the amount of ulnar vari¬ 
ance. Palmer et al. cited cadaver studies showing that loads 


applied to the distal radiocarpal and ulnocarpal joints are 
distributed about 80% to the distal radius and 20% to the 
ulna. 

DIAGNOSIS AND TREATMENT 

When evaluating patients with painful wrists, it is important 
to try to localize the anatomie source of pain. History, physical 
examination, radiography, arthrography, and, in the case of 
the DRUJ, CT are especially helpful. To assess radioulnar 
variance, a “neutral position” plain posteroanterior view is 
obtained with the shoulder abducted 90 degrees, the elbow 
flexed 90 degrees, the wrist in neutral flexion-extension and 
radioulnar déviation, and the forearm and hand fiat on the 
cassette. A satisfactory latéral projection is obtained with the 
arm by the side, the elbow flexed 90 degrees, and the wrist in 
a neutral position. Arthrographic findings of TFCC perfora¬ 
tion do not correlate with clinical findings. Patients with 
normal wrist radiographs, normal arthrogram, and inconclu¬ 
sive physical findings tend to do well without further invasive 
treatment. CT may clarify fractures of the sigmoid notch and 
is helpful in assessing DRUJ instability. Bone scanning pro- 
vides minimal information about the DRUJ. Improvements 
in imaging techniques hâve increased the usefulness of MRI 
in the évaluation of the DRUJ, especially tears of the TFCC. 
Arthroscopy allows accurate diagnosis of readily seen lésions 
such as lésions in the central portion of the fibrocartilaginous 
dise and carpal bone osteocartilaginous lésions. Some periph- 
eral ligament and cartilage damage may be more difficult to 
show. In some patients, although pain complaints may persist, 
conservative management usually is best until a clear indica¬ 
tion for invasive treatment is established. 

DRUJ conditions hâve been categorized as acute and 
chronic problems. Acute conditions include fractures of the 
ulnar head, styloid, radius, and carpal bones and dislocations 
or subluxations involving the DRUJ, carpal bones, and the 
TFCC and extensor carpi ulnaris subluxation. Chronic condi¬ 
tions include bony nonunions and malunions and incongrui- 
ties of the wrist joint, including subluxation and dislocation 
of the DRUJ, the ulnocarpal région, the various carpal bones, 
and the TFCC, and localized arthritis of the pisotriquetral, 
lunotriquetral, and radioulnar joints and extensor carpi 
ulnaris subluxation related to arthritis. Procedures helpful in 
managing these problems include arthroscopie debridement 
and repair, limited ulnar head excision, ulnar shortening, and 
ulnar pseudarthrosis with distal radioulnar arthrodesis and 
distal ulnar excision (Darrach). 

■ LESIONS OF THE TRIANGULAR 

FIBROCARTILAGE COMPLEX, INCLUDING 
TRAUMATIC DISTAL RADIOULNAR JOINT 
INSTABILITY 

I PHYSICAL EXAMINATION 

Patients with a TFCC injury usually report a fall or some 
other trauma to the wrist that resulted in ulnar-sided wrist 
pain and mechanical symptoms (e.g., clicking) that improve 
with rest and worsen with activity, as well as weakness of 
grasp. High-demand athlètes, such as tennis players or gym- 
nasts, also are at risk of TFCC injuries. Physical examination 
may find painful grinding or clicking of the wrist with a range 
of motion. Ulnar déviation of the wrist with the forearm in 
neutral produces ulnar wrist pain and occasional clicking. A 
painful click may be elicited by having the patient clench and 
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ulnarly deviate the wrist and then repeatedly pronate and 
supinate the wrist. In contrast, patients with scapholunate 
instability usually hâve pain and clicking when the clenched 
fist is moved from ulnar to radial déviation. The ulnar impac¬ 
tion test —wrist hyperextension and ulnar déviation with 
axial compression—also will elicit pain. The “press test” is 
another useful provocative test: the seated patient is asked to 
push the body weight up off a chair using the affected wrist, 
creating an axial ulnar load. If this reproduces the patients 
pain, the test is considered positive; however, this is not 
highly spécifie and may indicate DRU} instability or ulnar 
impaction. With the wrist in pronation, an unstable distal 
ulna may translate dorsally and can be manually reduced with 
dorsal thumb pressure (“piano key test”). Tenderness and 
pain identified when external pressure is applied to the area 
of the fovea (fovea sign) is indicative of an ulnocarpal liga¬ 
ment lésion. TFCC instability also is suggested by excessive 
motion with the “shuck test” —with the radial aspect of the 
wrist stabilized, anteroposterior stress is applied to the ulnar 
side of the wrist. 

I RADIOGRAPHIC EVALUATION 

Anteroposterior and latéral views of the wrist and a pronated 
grip view should be obtained to détermine ulnar variance. 
Whereas MRI has a sensitivity and specificity for TFCC tears 
approaching 100%, many asymptomatic wrists hâve positive 
MRI findings. CT arthrography is highly sensitive for detect- 
ing central TFCC tears but is not accurate for detecting 
peripheral tears. Some recommend proceeding directly to 
wrist arthroscopy for évaluation of the TFCC if the clinical 
examination and plain radiographs are suggestive of a TFCC 
lésion. 

SARTHROSCOPIC EVALUATION 

Arthroscopic examination of the DRU} and the radiocarpal 
joint allows évaluation of the proximal and distal components 
of the TFCC, respectively. With the arthroscope in the stan¬ 
dard 3-4 portai (see Fig. 69-15), a probe inserted through the 
6R (or 4-5) portai is used to test the resilience of the TFCC 
by applying a compressive load (trampoline test) (Fig. 
69-59 A). A lack of normal resilience indicates a tear of the 
TFCC. The hook test is performed with a probe inserted 
through the 6R portai into the prestyloid recess and used to 
attempt to pull the TFCC in multiple directions (Fig. 69-59B). 
The TFCC can be displaced toward the center of the radio¬ 
carpal joint only when the proximal component is torn or 
avulsed from the fovea. According to Atzei and Luchetti, with 
an isolated distal TFCC tear the trampoline test is positive 
and the hook test is négative. With proximal tears or complété 
tears, both tests are positive. 

I CLASSIFICATION 

Palmer divided TFCC lésions into traumatic (class 1) and 
degenerative (class 2) groups, further subdividing the groups 
according to the location and severity of the changes encoun- 
tered (Box 69-2). Lésions in class 1 may be caused by injuries 
to the DRU} secondary to forced pronation or supination. 
Class 1 lésions also are likely to occur with distal radial 
fractures, especially if there is significant shortening of the 
radius. In most injuries, other structures supporting the 
DRU} (lunotriquetral and ulnar lunotriquetral ligaments, 
extensor carpi ulnaris subsheath, and interosseous 



Abnormalities of the Triangular Fibrocartilage 
Complex 


Class 1: Traumatic 

A. Central perforation 

B. Ulnar avulsion 

With distal ulnar fracture 
Without distal ulnar fracture 

C. Distal avulsion 

D. Radial avulsion 

With sigmoid notch fracture 
Without sigmoid notch fracture 

Class 2: Degenerative (Ulnocarpal Abutment 
Syndrome) 

A. TFCC wear 

B. TFCC wear 

+ Lunate and/or ulnar chondromalacia 

C. TFCC perforation 

+ Lunate and/or ulnar chondromalacia 

D. TFCC perforation 

+ Lunate and/or ulnar chondromalacia 
+ Lunotriquetral ligament perforation 

E. TFCC perforation 

+ Lunate and/or ulnar chondromalacia 
+ Lunotriquetral ligament perforation 
+ Ulnocarpal arthritis 

(From Palmer AK, Werner FW: Triangular fibrocartilage of the wrist: anatomy and 
function, J Hand Surg 6A:153,1981.) 

TFCC, Triangular fibrocartilage complex. 


membrane) remain intact. Disruption of these structures is 
more likely with more severe injuries. Persistent instability is 
unusual if the fracture is reduced and heals satisfactorily. 
Younger patients with distal radial fractures and TFCC tears 
may be more likely to hâve significant late DRU} instability. 
Other associated injuries that may contribute to DRU} insta¬ 
bility include displaced ulnar styloid fractures, fractures of 
the sigmoid notch, ulnar head fractures, and Galeazzi 
fracture-dislocations of the distal radius. Closed, nonopera- 
tive treatment, when possible, usually results in a stable 
DRUJ. If significant instability is présent, early treatment may 
include pinning of the DRUJ combined with the appropriate 
management of the associated fractures. DRU} instability 
associated with a comminuted fracture-dislocation of the 
radial head (Essex-Lopresti) may be extremely difficult to 
manage. If DRU} instability persists, the procedures described 
may be appropriate. If chronic instability develops, DRU} 
ligament reconstruction may be necessary. 

Currently, management of class IA TFCC (central perfo¬ 
ration) lésions includes nonoperative measures initially. If 
significant symptoms persist, arthroscopic debridement may 
provide relief. For class IB lésions (avulsion from the ulna, 
with or without ulnar styloid fracture), immobilization for 6 
weeks followed by réhabilitation may be sufficient. There is a 
tendency for more severe peripheral tears to be associated 
with late instability in a younger population. If symptoms 
persist, and if there is DRUJ instability, arthroscopic repair 
using either an inside-out or an outside-in technique may 
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Resilience of triangular fibrocartilage complex (TFCC) is tested by applying compressive load (trampoline test) (A) 
and by attempting to pull TFCC in multiple directions (hook test) (B). (A from Carlsen BT, Rizzo M, Moran SL: Soft-tissue injuries associated 
with distal radius fractures, Oper Tech Orthop 19:107, 2009; B from Atzei A: New trends in arthroscopic management of type 1-B TFCC injuries 
with DRUJ instability, J Hand Surg Eur Vol 34:582, 2009.) SEE TECHNIQUE 69-26. 


produce satisfactory relief of pain and improvement of grip 
strength and wrist motion. For class IC lésions (distal avul¬ 
sion of ulnocarpal ligaments), which resuit in a volar ulnar 
“sag” of the carpus, late open or arthroscopic repair may 
relieve symptoms of pain and instability Class 1D lésions 
(avulsions of the TFCC from the radius, with or without 
sigmoid notch fracture) may occur with fractures of the 
distal radius and ulna. If the ligament injury is unstable after 
réduction of the associated fracture, or if the notch fracture 
requires further treatment, detachment of the ligament from 


the radius can be repaired with open or arthroscopic 
techniques. 

Class 2 degenerative lésions may be asymptomatic. In a 
cadaver study of wrist interosseous ligament and triangular 
fibrocartilage articular dise disruptions in specimens averag- 
ing 75 years of âge, 60% had triangular fibrocartilage articular 
dise disruptions. The most common lésions were linear 
defects at the radial attachment of the dise and central oval 
defects. Sixty-four percent of specimens with triangular 
fibrocartilage lésions had no arthrosis. 
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Palmer classified degenerative changes in the triangular 
fibrocartilage, lunate, triquetrum, lunotriquetral ligament, 
and ulnocarpal joints according to extent and severity (class 
2A-E). These lésions usually are included in the “ulnar impac¬ 
tion syndrome” or “ulnar abutment syndrome.” Triangular 
fibrocartilage perforation related to ulnar impaction may 
occur in 73% of ulnar-positive and ulnar-neutral wrists; it is 
unusual in ulnar-négative wrists (17%) according to cadaver 
studies by Palmer and Werner. The thinner articular dise in 
the ulnar-positive wrist may make it more susceptible to wear 
changes. Injuries to the distal radial physis, radial shortening 
after fracture of the distal radius, and shortening after radial 
head and elbow injuries (Essex-Lopresti) are acquired causes 
of ulnar-positive changes that may contribute to ulnar impac¬ 
tion symptoms. Symptoms of ulnar impaction include ulnar- 
sided wrist pain that is worsened by ulnar déviation with 
pronation and supination. Swelling and restriction of motion 
may be présent. Physical findings also include pain on passive 
ulnar déviation and passive dépréssion of the ulnar head with 
the wrist stabilized. Infiltration of a local anesthetic may help 
locate the source of the pain. Radiographie techniques men- 
tioned previously assist in showing ulnar-positive relation- 
ships and ulnolunate changes. Surgical treatment may be 
considered when splinting, médications, and injections hâve 
failed. Unloading of the ulnocarpal joint may be accomplished 
with open or arthroscopic intraarticular procedures and 
extraarticular procedures such as ulnar shortening. 

I TREATMENT OF TRAUMATIC LESIONS OF THE 
TRIANGULAR FIBROCARTILAGE COMPLEX 
(PALMER CLASS 1) 

Class 1A lésions are traumatic central tears of the TFCC with 
no instability. Initial treatment is nonoperative for about 4 
weeks. Persistent pain may be relieved by arthroscopic 
debridement of the flap portion of the tear. No more than two 
thirds of the central dise should be excised, and 2 mm of the 
TFCC peripheral rim should be preserved to avoid instability 
of the DRUJ. Preoperative évaluation should indicate the 
presence of an ulnar-positive variation. With an ulnar-positive 
wrist, the possible presence of degenerative changes in the 
ulnocarpal joint should be considered; these can be treated 
with arthroscopic “wafer” resection of the ulnar head (see 
Technique 69-38) or ulnar shortening osteotomy (see Tech¬ 
nique 69-34). 


ARTHROSCOPIC DEBRIDEMENT OF 
TRIANGULAR FIBROCARTILAGE 
TEARS 


TECHNIQUE 69-25 


■ Follow the procedures for patient préparation; anesthetic 
management; and radiocarpal, ulnocarpal, and midcarpal 
examination outlined in Techniques 69-1 through 69-4. 

■ Inflate a pneumatic tourniquet as needed, especially 
when shaving or burring bone or soft tissue. 

■ Repeat the clinical examination for crepitus, "clicks," 
extensor carpi ulnaris tendon abnormalities, and DRUJ 
instability. 


■ Through the 3-4 portai, examine the radiocarpal and 
ulnocarpal joints. 

■ Use the 6R and 6U portais for further ulnocarpal 
examination. 

■ Examine the midcarpal joints. 

■After the midcarpal examination, insert an 18-gauge 
needle to find the best working portais. 

■ Use the 6R portai for insertion of a full-radius suction 
shaver (2 to 3 mm). Débridé synovium as needed to allow 
inspection of the joint. 

■ Use a probe to assess the central portion of the TFCC and 
the surrounding structures. Inspect and probe the ulnar 
lunotriquetral and the dorsal and palmar radioulnar 
ligaments. 

■ Use the full-radius shaver, suction punches, or small 
blades to excise only the flap portion of the tear. Trim the 
margin of the tear carefully, leaving the peripheral 2 mm 
of the rim of the TFCC. 

■ Close the portai sites with 4-0 or 5-0 nylon suture. 

■ Apply a volar, short arm splint. 

POSTOPERATIVE CARE. Sutures are removed at 10 to 
14 days, and protected range-of-motion exercises are 
begun. Splint wear is continued for 4 weeks, depending 
on symptoms. Strenuous pronation-supination and grasp- 
ing activities should be avoided during the first 4 weeks. 
Therapist-supervised réhabilitation is added as needed. 


Class IB lésions are traumatic detachments of the TFCC from 
the ulna, with or without ulnar styloid fracture. The deeper 
fibers of the radioulnar ligaments attach to the fovea at the 
base of the ulnar styloid. Fractures through the base may 
indicate more significant detachment of the TFCC than 
fractures at the tip of the styloid. If the ulnar styloid is frac- 
tured, open réduction and internai fixation of the fracture or 
excision of a small fragment is the usual treatment. Open 
repair of the TFCC injury is done at the time of ulnar styloid 
fixation. Significant injury to the extensor carpi ulnaris sheath 
also may occur with traumatic TFCC injuries. Extensor carpi 
ulnaris tendon subluxation may be a preoperative indicator 
of such an additional injury. If such a combination is encoun- 
tered, arthroscopic repair of the triangular fibrocartilage and 


open extensor carpi ulnaris sheath reconstruction may be 
necessary. 


ARTHROSCOPIC REPAIR OF CLASS IB 
TRIANGULAR FIBROCARTILAGE 
COMPLEX TEARS FROM THE ULNA 


TECHNIQUE 69-26 


■ Follow the procedures for patient préparation; anesthetic 
management; and radiocarpal, ulnocarpal, and midcarpal 
examination outlined in Techniques 69-1 through 69-4. 

■ Inflate a pneumatic tourniquet as needed, especially 
when shaving or burring bone or soft tissue. 
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■ After the usual examination of the wrist joints, evaluate 
the TFCC from the 3-4 portai. Remove any synovium that 
obstructs the view. Examine the dorsal and palmar radio- 
ulnar ligaments; the ulnar lunotriquetral ligaments; the 
lunate, triquetral, and, if visible, ulnar articular surfaces; 
and the ulnar foveal attachment of the triangular 
fibrocartilage. 

■ Place a probe through the 6R or 6U portai to assess the 
tautness of the triangular fibrocartilage (see Fig. 69-59A). 
The normal triangular fibrocartilage has a tension resem- 
bling a trampoline. Loss of the normal tension may 
indicate an ulnar-side peripheral tear. 

■ Identify the location of the peripheral tear and carefully 
trim the margins with the full-radius shaver. 

■ Gain access to the dorsal capsule with an incision along 
the dorsoradial aspect of the extensor carpi ulnaris 
tendon. Make the skin incision long enough to make a 
1 cm or longer incision in the superficial portion of the 
extensor carpi ulnaris sheath dorsoradially. Avoid injury to 
the dorsal sensory branch of the ulnar nerve. Retract the 
extensor carpi ulnaris tendon medially. 

■ Use an "outside-in" approach and pass two needles 
through the dorsal capsule and, under arthroscopic 
control, into the meniscus of the triangular fibrocartilage 
on the opposite side of the tear. 

■ Pass a 2-0 or 3-0 absorbable polydioxanone suture (PDS, 
Ethicon) through one needle. 

■ Pass a loop of nylon or wire suture through the other 
needle and position the suture protruding from the first 
needle so that it can be retrieved with the loop from the 
second needle. 

■ Remove the needles and tie the suture ends over the 
capsule, apposing the torn surface of the meniscus to the 
capsule in a horizontal mattress configuration. Use more 
than one suture, as needed. 

■ If the tear appears to be from the volar aspect of the joint, 
retract the extensor carpi ulnaris tendon dorsally and 
laterally to allow access to the volar capsule of the DRUJ 
and pass the needles from the volar capsule. 

■ If there is concern about the strength of the repair or 
patient compliance, stabilize the DRUJ with a Steinmann 
pin from the ulna into the radius, proximal to the sigmoid 
notch with the forearm in neutral rotation. 

■ Close the skin and apply an above-elbow cast. 

POSTOPERATIVE CARE. Sutures are removed at 10 to 
14 days, and the cast is changed. The pin is removed, and 
the cast is changed again at 4 weeks after surgery. The 
cast is removed after a total of 6 weeks, and a removable 
splint is applied. A therapist-supervised réhabilitation 
program is begun at 6 weeks. Forceful pronation- 
supination and grasping should be avoided for 10 to 12 
weeks. 


Nakamura et al. described an arthroscopic technique for 
repair of foveal detachment of the TFCC using transosseous 
sutures. They recommended this technique for complété or 
partial ulnar disruption of the TFCC at the fovea in wrists 
with an ulnar neutral or minus variance; in wrists with a 
positive ulnar variance, shear stress between the ulnar head 



jgj Arthroscopic repair of foveal detachment of 
triangular fibrocartilage complex (TFCC). (From Nakamura T, Sato 
K, Okazaki M, et al: Repair of foveal detachment of the triangular 
fibrocartilage complex: open and arthroscopic transosseous techniques, 
Hand Clin 27:281, 2011.) SEE TECHNIQUE 69-27. 


and the suture site of the TFCC may rupture the sutures. The 
concept of this repair is based on the anatomie characteristics 
of the TFCC. A line drawn between a point on the ulnar 
cortex of the ulnar shaff 15 mm proximal to the tip of the 
ulnar styloid and the ulnar half of the triangular fibrocartilage 
passes through the foveal insertion (Fig. 69-60). Sutures 
placed into this area can attach the TFCC to the fovea with 
an outside-in pull-out technique. 


ARTHROSCOPIC TRANSOSSEOUS 
REPAIR OF FOVEAL DETACHMENT OF 
THE TFCC 


TECHNIQUE 69-27 


■ After confirming a foveal detachment with arthroscopic 
examination (see Technique 69-25), insert the target 
device (Nakashima Medical, Okayama, Japan) through 
the 4-5 or 6R portai. 

■ Make a 1-cm longitudinal incision on the ulnar side of 
the ulnar cortex, 15 mm proximal to the tip of the ulnar 
styloid, and elevate the periosteum. 

■ With the small spike of the target device set on the 
ulnar half of the triangular fibrocartilage, use a 1.2- 
mm Kirschner wire to drill holes from the ulnar cortex 
of the ulna to the ulnar half of the triangular 
fibrocartilage. 

■ With a 21-gauge needle, pass a looped nylon 4-0 suture 
through one tunnel from the outside and then through 
the other tunnel (Fig. 69-60). 
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■ Retrieve both sutures through the 4-5 or 6R portai with 
blunt mosquito forceps. Thread two nonabsorbable 3-0 
polyester sutures through the looped sutures and intro- 
duce them into the radiocarpal joint. 

■ Place proximal traction on the looped sutures to pull the 
polyester sutures through the TFCC and out the ulnar 
cortex of the ulna, advancing the TFCC to the fovea (Fig. 
69-60). 


OPEN REPAIR OF CLASS IB INJURY 


TECHNIQUE 69-28 


■ After induction of an appropriate anesthetic, with the 
patient supine and the extremity on a hand table, exsan- 
guinate the limb with an elastic wrap, and inflate a 
well-padded pneumatic tourniquet as needed, especially 
when shaving or burring bone or soft tissue. 

■ Make a longitudinal skin incision between the extensor 
digiti quinti (fifth extensor compartment) and the exten¬ 
sor carpi ulnaris (sixth extensor compartment). Center the 
incision on the ulnar head and extend the incision for 5 
to 6 cm. 

■ Open the fifth extensor compartment and retract the 
extensor digiti quinti tendon. 

■ Through the floor of the fifth compartment, open the 
DRUJ with an angular capsular incision beginning proxi¬ 
mal to the ulnar head, extending distally to the level of 
the attachment of the dorsal radioulnar ligament. Preserve 
the radial attachment of this ligament. 

■ At the proximal margin of the dorsal radioulnar ligament, 
turn the incision transversely and medially, toward the 
sixth extensor compartment, stopping at the latéral 
(radial) border of the sixth compartment. 

■ Elevate this right-angled capsular flap to expose the 
proximal surface of the triangular fibrocartilage, ulnar 
neck, and head. 

■ Remove remnants of an ununited ulnar styloid, if présent. 

■ Débridé the fovea and assess the triangular fibrocartilage 
for contracture and friability. 

■ If réparable, open the DRUJ with a second, transverse 
incision along the distal border of the dorsal radioulnar 
ligament, preserving this ligament attachment. 

■ Use a 0.045-inch Kirschner wire or drill of similar size 
(1.25 mm) to drill three side-by-side tunnels in a trans¬ 
verse row, from the dorsomedial ulnar neck to the fovea. 
The center tunnel shares passage of half of each of two 
sutures to be passed. 

■ Use small, round, noncutting needles to pass two 2-0 
monofilament, absorbable sutures from distal to proximal, 
in a horizontal mattress in the peripheral, foveal attach¬ 
ment area of the triangular fibrocartilage. 

■ Use straight needles, 20-gauge wire loops, or a small 
suture passer to pass the sutures from the fovea area, out 
through the tunnels, with the center tunnel sharing ends 
of each of the two sutures. 

■ With the forearm in neutral rotation and the DRUJ 
reduced, tie the suture ends over the ulnar neck. 


■ Close the joint capsule, using extensor retinaculum, as 
needed, for augmentation of the closure to avoid exces¬ 
sive tension. Close the retinaculum deep to the extensor 
digiti quinti. 

■To support the repair, especially in a patient of uncertain 
compliance, pin the ulna to the radius proximal to the 
sigmoid notch with a Steinmann pin of suitable size. 

■ Position the forearm rotation according to the instability. 
If the ulna has been unstable dorsally, slightly supinate 
the forearm. If the instability has been volar, slightly 
pronate the forearm. Avoid extreme rotation to avoid 
tension on the repair. 

■ Close the skin. 

■Apply a bivalved long arm cast or long arm posterior 
splint. 

POSTOPERATIVE CARE. Sutures are removed at 2 
weeks, and the splint is changed to a long arm cast. The 
radioulnar pin is removed at 4 weeks, and another long 
arm cast is applied. The long arm cast is removed at 6 
weeks after the operation. A short arm cast is worn for 
another 3 to 4 weeks, followed by a removable short arm 
splint for another 3 to 4 weeks. A therapist-supervised 
réhabilitation program is begun after removal of the short 
arm cast. Forceful rotational and grasping activities should 
be avoided until comfortable, satisfactory motion and 
strength hâve been achieved. 


OPEN REPAIR OF CLASS IC INJURY 

Class IC lésions represent disruptions of the ulnocarpal 
ligaments in the substance of the ligaments or from the 
distal lunate and triquetral insertions. Associated injuries 
include lunotriquetral and class IB tears. Class IC injuries 
can be difficult to diagnose, may heal satisfactorily, and 
usually are treated without surgery unless significant 
instability develops. Carpal supination with a "sagging" of 
the ulnar side of the carpus is a helpful sign of instability. 


TECHNIQUE 69-29 


(CULP, OSTERMAN, AND KAUFMANN, MODIFIED) 

■ Follow the procedures for patient préparation; anesthetic 
management; and radiocarpal, ulnocarpal, and midcarpal 
examination outlined in Techniques 69-1 through 69-4. 

■ Use a pneumatic tourniquet as needed, especially when 
shaving or burring bone or soft tissue. 

■ If arthroscopic examination reveals clear exposure of the 
pisotriquetral joint, significant disruption of the ulnocarpal 
ligaments is likely. If the ligaments appear réparable, 
make a 1-cm or larger incision, distal to the ulnar head 
and volar to the extensor carpi ulnaris tendon. Avoid 
injury to the dorsal sensory branch of the ulnar nerve and 
the ulnar nerve and artery. 

■ Pass two needles through the volar capsule and, under 
arthroscopic control, through the ulnocarpal ligaments. 

■ Pass a 2-0 or 3-0 absorbable polydioxanone suture 
through one needle into the joint. 
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■ Pass a nylon or wire suture loop through the second 
needle. 

■ Position the first needle so that the suture can be captured 
by the loop in the second needle. 

■ Remove the needles, retrieve the suture ends, and tie the 
ends over the capsule, creating a horizontal mattress 
suture through the ligament and out through the capsule. 

■ If a class IB lésion is présent, or if there is dorsoulnar 
laxity, secure the triangular fibrocartilage to the dorsoul¬ 
nar capsule as described for class IB injuries. 

■ For large defects, use an open technique; approach the 
ulnocarpal joint from the volar side, imbricate the ulno- 
carpal ligaments, and augment with a distally based strip 
of flexor carpi ulnaris secured to the dorsum of the 
ulnocarpal capsule. 

■ Close the wound and apply an above-elbow cast. 

POSTOPERATIVE CARE. The sutures are removed, and 
the cast is changed at 10 to 14 days. An above-elbow 
cast is worn for 4 weeks and is then changed to a short 
arm cast for another 3 to 4 weeks, followed by a remov- 
able splint for 2 to 4 weeks. A therapist-supervised 
réhabilitation program is begun at 6 to 8 weeks. 


ARTHROSCOPIC REPAIR OF 
CLASS 1D INJURY 

Class 1D injuries are tears of the triangular fibrocartilage 
from the radius at the distal end of the sigmoid notch. The 
tear usually is oriented in the anteroposterior direction, may 
involve dorsal and palmar radioulnar ligaments, and fre- 
quently is associated with distal radial fractures with exten¬ 
sion into the sigmoid notch. Satisfactory réduction of the 
radial fracture may resuit in healing with a stable DRUJ. 
Open or arthroscopic repair may be required if there is 
instability after fracture réduction. Displaced fragments of 
the sigmoid notch may contribute to instability and require 
open repair. Ulnar shortening or recession at the time of 
triangular fibrocartilage repair improves results in patients 
with an ulna-positive variation and in patients with a 
chronic, retracted triangular fibrocartilage. Arthroscopic 
repair of the triangular fibrocartilage in patients with ulna- 
plus variation should be used with caution because the 
triangular fibrocartilage may be too thin to repair. If the 
triangular fibrocartilage is retracted morethan 5 mm, open 
reconstruction of the triangular fibrocartilage, using a flap 
of the extensor retinaculum placed between the ulna and 
triquetrum and sutured to the radius and palmar and dorsal 
wrist capsule, may be more appropriate. 


TECHNIQUE 69-30 


(SAGERMAN AND SHORT; TRUMBLE ET AL; JANTEA 
ET AL., MODIFIED) 

■ Follow the procedures for patient préparation; 
anesthetic management; and radiocarpal, ulnocarpal, 
and midcarpal examination outlined in Techniques 69-1 
through 69-4. 


■ Inflate a tourniquet as needed, especially when shaving 
or burring to bleeding bone or soft tissue. 

■ Place the arthroscope in the 3-4 portai and a probe in the 
6R portai to inspect and clarify the tear of the triangular 
fibrocartilage from the margin of the sigmoid notch of 
the radius. 

■ Through the 6R portai, remove synovium with the full- 
radius shaver as needed. 

■ Insert a motorized burr or the shaver through the 6R 
porta and débridé the distal rim of the sigmoid notch 
down to bleeding bone (Fig. 69-61 A). 

■ If they are intact, avoid injury to the dorsal and palmar 
radioulnar ligaments. 

■ Détermine the best location for the insertion of sutures 
using a 20-gauge hypodermic needle placed through the 
ulnar side of the wrist proximal to the triquetrum. Through 
the arthroscope, probe the triangular fibrocartilage to 
estimate the best location for drilling for placement of 
the sutures. 

■ Make a small skin incision between the flexor carpi ulnaris 
and flexor carpi radialis tendon sheaths to avoid injury to 
the dorsal cutaneous branch of the ulnar nerve and the 
ulnar nerve and artery. 

■ Using the power drill and entering the 6R or 6U portai, 
use a 0.045-inch (1.2-mm) Kirschner wire to make two 
parallel channels in the distal radius, beginning side-by- 
side at the distal margin of the sigmoid notch and passing 
from the ulnar to radial direction (Fig. 69-61 B). This allows 
the use of one suture. If two sutures are planned, three 
channels are required. 

■ After passing one wire, leave it in place and pass the 
second wire. Aim the wires to exit the radius in the distal 
metaphysis, between the first and second extensor 
compartments. 

■ Make a 1- to 2-cm skin incision at the exit point of 
the wires and with blunt dissection expose the exit 
sites of the wires. Protect the superficial radial nerve and 
the tendons of the first and second extensor 
compartments. 

■ Remove the wires one at a time. 

■ Pass the sutures in one of the following ways. 

■ After drilling the channels, use long meniscal repair 
needles, passed through an arthroscopic cannula from 
the ulnar side, through the triangular fibrocartilage, and 
then through the radius, from ulnar to radial, and out the 
latéral (radial) side of the radius, tying the knots on the 
radius, after arthroscopic évaluation of satisfactory 
tension on the repair (Fig. 69-61C and D). 

■ Pass an 18-gauge spinal needle through the first channel 
from radial (latéral) to ulnar (médial). Leave the obturator 
(trocar) in the needle. Remove the obturator after needle 
passage. After the needle has been passed through the 
radius and the proximal undersurface of the free margin 
of the triangular fibrocartilage, insert a 2-0 or 0 polydioxa- 
none suture into the needle and pass the suture through 
the free margin of the triangular fibrocartilage under 
arthroscopic control. Leave the first needle in place. Pass 
another 18-gauge spinal needle through the second 
channel and through the proximal undersurface of the 
free margin of the triangular fibrocartilage, adjacent to 
the suture. Remove the obturator from the needle. Pass 
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Arthroscopic repair of class 1D injury of triangular fibrocartilage complex. A f Edge of sigmoid notch is abraded with 
motorized burr. B, Holes are drilled through radius with Kirschner wire. C f Sutures are placed into triangular fibrocartilage complex 
through drill holes with long meniscal repair needles. D f Sutures are tied on surface of radius. (Redrawn from Sagerman SD, Short W: 
Arthroscopic repair of radial-sided triangular fibrocartilage complex tears, Arthroscopy 12:339, 1996.) SEE TECHNIQUE 69-30. 


9 a wire loop through the second needle to retrieve the end 
of the suture from the first needle. Withdraw the suture 
from the second needle. Apply tension to the suture ends 
and détermine the tension of the triangular fibrocartilage 
against the distal radius. If the tension is satisfactory, tie 
the suture knot on the radial (latéral) surface of the 
radius. If the tension and apposition are unsatisfactory, 
another set of sutures might be needed, requiring another 
drilled channel. If possible, it is helpful to détermine the 
need for the second suture before suture passage. 

■ Trumble étal, described the following suture passage 
technique. 

■ Insert a straight 12-French suction cannula through the 
6R or 6U portai. 

■ Pass 2-0 Maxon (Davis and Geck) meniscal repair sutures 
through the cannula and through the triangular fibro¬ 
cartilage, drilling the suture needles through the radius 
at the distal margin of the sigmoid notch, from the ulnar 
to the radial direction (Fig. 69-62). If the radius is pre- 
drilled, the needle passage is facilitated and drilling the 
needles might not be required. 

■ Tie the sutures over the radius. 

■ Jantea et al. described another option for suture passage. 
A combination drill guide-tissue protector jig is used for 
pin placement and more précisé location of the channels 
drilled for suture passage (Fig. 69-63). 

■ Insert the first 1.2-mm Kirschner wire from the ulnar 
side of the wrist, entering between the extensor carpi 
ulnaris and the flexor carpi ulnaris. 



needle existing 
between 1 st and 2nd 
dorsal compartment 
tendons 


Passage of sutures through cannula in ulnar 
aspect of wrist between flexor carpi ulnaris and extensor carpi 
ulnaris just proximal to triquetrum. (Redrawn from Division of Fland 
and Microvascular Surgery, University of Washington, School of Medi- 
cine, Seattle, WA.) SEE TECHNIQUE 69-30. 
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Use of combination drill guide-tissue protector 
jig for pin placement and précisé location of channels for suture 
passage. H, Hamate; T, triquetrum. (From Jantea CL, Baltzer A, 
Rüther W: Arthroscopic repair of radial-sided lésions of the fibrocartilage 
complex, Hand Clin 11:31, 1995.) SEE TECHNIQUE 69-30. 


■ Through the arthroscope, verify that this wire marks the 
insertion of the triangular fibrocartilage at the distal end 
of the sigmoid notch. 

■ Slide one barrel of the guide over the first wire and place 
the guide over the dorsum of the wrist so that the 
second barrel is against the distal radial metaphysis 
between the first and second extensor compartments. 

■ Make a small skin incision over this area, to dissect 
bluntly down to the radial cortex between the first and 
second extensor compartments. 

■ Protect the superficial radial nerve, radial artery, and 
abductor pollicis longus, extensor pollicis longus, and 
extensor pollicis brevis tendons. 

■ Insert the second 1,2-mm Kirschner wire into the barrel 
of the guide and drill this second wire across the radius. 
This wire should be seen through the arthroscope to 
penetrate the ulnar side of the radius at the distal end 
of the sigmoid notch, at the end of the first pin. 

■ Withdraw the first pin in the drill guide barrel sufficiently 
to move it to an adjacent site on the triangular fibro¬ 
cartilage for drilling of another channel for another 
wire. 

■ Pass another wire into the drill guide barrel and drill the 
wire from the radial side of the radius, across the radius, 
to exit at the distal margin of the sigmoid notch adjacent 
to the exit site of the previous channel. 

■ Remove the Kirschner wires and the drill guide. 

■ After predrilling, keep the obturator (trocar) in an 
18-gauge spinal needle and insert the 18-gauge spinal 
needle through the first channel in the radius from the 
radial side toward the ulna, exiting at the triangular 
fibrocartilage insertion and passing through the proxi¬ 
mal undersurface of the triangular fibrocartilage. 

■ Pass another 18-gauge spinal needle through the 
adjacent, parallel channel in the radius. 

■ Exit through the second opening at the distal end of the 
sigmoid notch. 


■ Pass this needle through the proximal undersurface of 
the triangular fibrocartilage. 

■ Remove the obturators (trocars) of the spinal needles. 

■ Ensure that the needles remain protruding through the 
triangular fibrocartilage. 

■ Pass a 2-0 or 0 polydioxanone suture through one 
needle and out through the triangular fibrocartilage. 

■ Pass a wire loop through the second spinal needle and 
through the triangular fibrocartilage. 

■ Position the end of the first needle and the suture end 
to facilitate passing the suture end through the loop. 

■Carefully remove the spinal needles. 

■ Retrieve the suture ends and tie them over the radius 
between the first and second extensor compartments. 

■ Verify that there is satisfactory tension on the triangular 
fibrocartilage against the distal end of the sigmoid notch. 

■ Use a 0.062-inch (2-mm) Kirschner wire to pin the ulna 
to the radius from ulnar (médial) to radial (latéral) in 
midposition. 

■Close the arthroscopic portais and incisions as needed. 

■ Apply a long arm cast. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days, and the cast is changed. The radioulnar pin 
is removed at 6 to 8 weeks. The forearm and wrist are 
supported with a removable splint for another month. 
Active motion and a therapist-supervised réhabilitation 
program are begun. Strenuous, forceful grasping and 
rotational activities should be avoided until motion and 
strength hâve returned. 


OPEN REPAIR OF CLASS 1D INJURIES 


TECHNIQUE 69-31 


(COONEY ETAL) 

■ With the patient supine and under an appropriate anes- 
thetic, apply a well-padded pneumatic tourniquet to the 
upper arm. Extend the extremity on the hand table. After 
stérile skin préparation and draping, exsanguinate the 
limb and inflate the pneumatic tourniquet. 

■ Make a straight, dorsoulnar skin incision between the 
fourth and fifth extensor compartments. Make the inci¬ 
sion long enough to gain access to the DRUJ and the 
ulnocarpal joint, usually 8 to 10 cm. 

■ Open the extensor retinaculum in a Z-shaped configura¬ 
tion to allow use of the flaps for retinacula repair or tri¬ 
angular fibrocartilage reconstruction. 

■ Retract the extensor carpi ulnaris tendon laterally 
(radially). 

■ Incise the radioulnar joint capsule longitudinally, begin- 
ning proximal to the DRUJ, extending to the dorsal 
radioulnar ligament, and then turn the incision medially 
(ulnarward) along the proximal edge of the dorsal radio¬ 
ulnar ligament to make an L-shaped capsular flap. 

■ Beginning just distal to the dorsal radioulnar ligament, 
extend the capsular incision transversely to expose the 
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S ulnocarpal joint, the lunate fossa, the lunate, the trique- 
trum, the ulnar lunotriquetral ligament complex, and the 
triangular fibrocartilage. 

■ Use small periosteal elevators and probes to détermine 
the extent of triangular fibrocartilage damage. 

■ Detach the dorsal radioulnar ligament from the dorsal 
surface of the distal radius. 

■ Reflect the periosteum from the distal radius just proximal 
to the lunate fossa to expose the dorsoulnar cortex of the 
distal radius (Fig. 69-64A). 

■ Inspect the triangular fibrocartilage and radiocarpal joint 
for other injuries. 

■ Use a 1,2-mm Kirschner wire or drill point of similar size 
to drill a line of four holes, side-by-side, from the dorsal 
surface of the distal radius from dorsoradial to palmar- 
ulnar, with the wire or drill point exiting at the distal 
margin of the sigmoid notch, at the ulnar (médial) border 
of the lunate fossa. 

■ Débridé the distal margin of the sigmoid notch and the 
torn margin with a rongeur or powered burr to bleeding 
bone. 


Periosteum 

reflected 




Sutures in 
radioulnar 
ligament 


Open repair of class 1D injuries of triangular 
fibrocartilage complex (TFCC). A f Approach to TFCC, reflection of 
dorsal radioulnar ligament and periosteum over lunate fossa. B, 
Suture placement into TFCC through holes drilled in dorsoulnar 
aspect of distal radius; sutures are directed in palmar and ulnar 
direction to exit at edge of lunate fossa and sigmoid notch. Hori¬ 
zontal mattress sutures are placed in TFCC. (Redrawn from Cooney 
WP, Linscheid RL, Dobyns JH: Triangular fibrocartilage tears, J Hand Surg 
19A:143, 1994. Copyright of the Mayo Clinic.) SEE TECHNIQUE 69-31. 


■ Insert a small lamina spreader to improve exposure. If 
satisfactory exposure of the triangular fibrocartilage 
cannot be achieved, especially with an ulnar-positive 
variation, osteotomy of the ulna, with recession and plate 
fixation, is recommended by Cooney et al. 

■Use 2-0 or 3-0 polyglactin 910 (Vicryl) suture or a 
polydioxanone suture on a small, round needle to place 
horizontal mattress sutures in the triangular fibrocartilage, 
passing the suture from the proximal undersurface to the 
distal surface of the triangular fibrocartilage (Fig. 69-64B). 

■ Remove the small needles. Pass a straight needle, without 
suture, reversed into the drill holes to retrieve the ends 
of the pairs of suture. Other satisfactory methods of 
suture retrieval include the use of a wire loop or a suture 
passer. 

■ Flex the elbow and maintain the forearm in neutral to 
slight supination to reduce the DRUJ. 

■ Stabilize the DRUJ by placing a 0.045-inch, 0.062-inch, 
or 2-mm Kirschner wire from the ulna into the radius, 
proximal to the sigmoid notch. 

■ Tighten the repair sutures and tie the knots on the dorsal 
surface of the distal radius, just proximal to the lunate 
fossa. 

■ Reattach the dorsal edge of the triangular fibrocartilage 
(dorsal radioulnar ligament) to the dorsoulnar distal 
radius, suturing it to the reflected flap of periosteum with 
3-0 or larger absorbable suture. 

■ If the dorsal radioulnar ligament is attenuated, reinforce 
it with a flap of the extensor retinaculum, based at the 
dorsoradial margin of the extensor carpi ulnaris sheath. 

■ Close the ulnocarpal joint capsule, extensor retinaculum, 
and skin in layers. 

■ Apply a long arm cast. 

POSTOPERATIVE CARE. The cast is changed and skin 
sutures and pin sites are checked at about 2 weeks. The 
radioulnar pins are removed between 4 and 6 weeks. The 
long arm cast is worn 8 weeks from the time of repair. 
At 8 weeks, a long arm thermoplastic splint is applied and 
a therapist-supervised réhabilitation program is begun, 
starting with gentle, active forearm pronation-supination 
exercises. The long arm splint is worn for an additional 6 
weeks. A strengthening program is begun as motion 
improves, usually about 10 weeks from the time of repair. 
Return to work and sports is delayed until grip strength 
is about 80% of the uninjured extremity. 


■ CHRONIC INSTABILITY OF THE DISTAL 
RADIOULNAR JOINT 

Symptomatic chronic instability of the DRUJ may occur after 
isolated trauma to the DRUJ, after fractures of the distal 
radius and ulna, after unsuccessful attempts to repair the 
TFCC, and in inflammatory arthritis. Cadaver studies hâve 
shown that angulation of radial fractures with volar convexity 
of more than 20 or 30 degrees contributes to DRUJ incongru- 
ity. Radial shortening disturbs radioulnar kinematics, and 
more than 5 mm of radial shortening implies significant 
damage to the TFCC. A clinical study of 166 distal radial 
fractures by May et al. suggested that displaced fractures 
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through the base of the ulnar styloid may contribute to DRUJ 
instability. Most acute injuries, with appropriate treatment, 
resuit in a stable DRUJ. Patients with symptomatic DRUJ 
instability usually hâve symptoms related to dorsal displace¬ 
ment of the distal ulna. 

PROCEDURES TO STABILIZE THE DISTAL 
RADIOULNAR JOINT 

DRUJ instability related to malunited distal radial fractures 
can be treated with distal radial osteotomy and bone graffing 
to correct shortening and angulation. Ununited, displaced 
ulnar styloid fractures can be treated with open réduction and 
internai fixation. 

Many soft-tissue techniques hâve been proposed to stabi- 
lize the DRUJ and the unstable distal ulna. Bowers emphasized 
the importance of repairing or reconstructing the TFCC. Late 
repair of the TFCC may be possible. If the TFCC cannot be 
repaired, but the articular surfaces are in good condition, and 
the sigmoid notch is competent, reconstruction of the liga¬ 
ments around the DRUJ may stabilize the joint satisfactorily. 
Adams identified three categories of soft-tissue reconstruc¬ 
tion for chronic DRUJ instability: (1) distal ulnar tenodesis, 
with the extensor carpi ulnaris or flexor carpi ulnaris tendon, 
(2) ulnocarpal tether, and (3) radioulnar tether. Although the 
ulnocarpal techniques described by Hui and Linscheid and by 
Boyes and Bunnell may be effective, a cadaver study by Gupta 
et al. suggested that the ulnocarpal ligaments may not require 
reconstruction in ail patients with DRUJ instability. The dif- 
ficulty of restoring the smooth carpal articulation, a flexible 
rotational radioulnar tether, an ulnocarpal suspension from 
the radius, an ulnocarpal cushion, and an ulnar shaff to the 
ulnar carpal connection is recognized. Many complex radio¬ 
ulnar tethering procedures proximal to the radioulnar joint 
hâve been described. Hermansdorfer and Kleinman found 
reattachment of the TFCC effective for minimal subluxation. 
The reports of Bach et al. and of Scheker et al. suggested that 
tenodesis augmentation of TFCC repair with extensor carpi 
ulnaris (Bach) or tendon graft reconstruction through radio¬ 
ulnar drill holes (Scheker) helped to stabilize the DRUJ. 
Adams emphasized the importance of reconstruction of the 
distal radioulnar ligaments to restore DRUJ stability and to 
preserve DRUJ motion. In patients with posttraumatic DRUJ 
instability, Adams and Berger found that anatomie recon¬ 
struction of the distal radioulnar ligaments restored stability, 
preserved motion, and relieved pain in 12 of 14 patients. 


ANATOMIC RECONSTRUCTION OF 
THE DISTAL RADIOULNAR 
LIGAMENTS 


TECHNIQUE 69-32 


(ADAMS AND BERGER) 

■ Before induction of the anesthetic, détermine if a palmaris 
longus tendon is présent on either upper extremity. 
Préparé the extremities accordingly. If a palmaris longus 
is unavailable, consider harvesting a tendon graft from 
another location or using an allograft tendon. 


■ With the patient supine and under the appropriate 
anesthetic, apply a well-padded tourniquet to the upper 
arm, préparé the skin, and apply drapes with the arm 
positioned on the hand table. 

■ Make a longitudinal 4-cm incision between the fifth and 
sixth extensor compartments. Begin the incision at the 
level of the ulnar styloid and extend it proximally. 

■ Open the fifth compartment except for the distal reti- 
naculum over the ulnocarpal joint. 

■ Retract the extensor digiti quinti tendon laterally 
(radially). 

■Open the DRUJ capsule with an L-shaped incision. Make 
the capsular incision extending longitudinally along the 
dorsal rim of the sigmoid notch, then transversely, proxi¬ 
mal and parallel to the normal location of the dorsal 
radioulnar ligament. 

■ Retract the capsular flap proximally and medially 
(ulnarward) to expose the articular surface of the 
DRUJ and the proximal surface of the TFCC remnant 

(Fig. 69-65A). 

■ Détermine whether the TFCC can be repaired. If the TFCC 
cannot be repaired or used to stabilize the DRUJ, proceed 
with reconstruction of the radioulnar ligaments. 

■ Débridé granulation tissue from the fovea of the ulnar 
head. Leave any functioning remnants of the TFCC, 
including the palmar radioulnar and ulnocarpal ligaments, 
if they are intact. 

■ Débridé a central tear in the triangular fibrocartilage dise 
to make the edges smooth. 

■ Leave the extensor carpi ulnaris sheath intact during the 
procedure. Do not open the extensor carpi ulnaris sheath 
or dissect the sheath from the ulnar groove during this 
procedure. 

■ If an ulnar styloid nonunion is encountered, remove the 
styloid fragment with sharp, subperiosteal dissection. 

■ Harvest a palmaris longus tendon graft from the same 
side, if présent. Use a 1- to 2-cm transverse incision at 
the wrist flexion crease to identify the palmaris longus 
tendon and mobilize it with blunt dissection. Protect the 
médian nerve. Leave the palmaris attached distally. 

■ In the mid-to-proximal forearm, make another 1- to 2-cm 
longitudinal incision over the palmaris longus musculo- 
tendinous junction and transect the tendon in the proxi¬ 
mal incision. Avoid injury to the médian nerve. 

■ Deliver the tendon in the distal incision, transect the 
tendon distally, and place the graft in a safe location. 
Close the donor incisions. 

■ Préparé the site for the tunnel in the radius by elevating 
the periosteum from the dorsal radius at the margin of 
the sigmoid notch. 

■ Using C-arm fluoroscopy, drive a guidewire for a 2- to 
4-mm cannulated drill through the radius from dorsal to 
palmar, beginning far enough proximal to the lunate 
fossa and latéral (radial) to the articular surface of the 
sigmoid notch that a tunnel about 5 mm in diameter can 
be created without fracturing into the lunate fossa or the 
sigmoid notch. 

■ Use posteroanterior and latéral fluoroscopy to confirm 
that the guidewire is safely and accurately placed without 
passing completely through the palmar cortex (Fig. 
69-65B). 
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Anatomie reconstruction of distal radioulnar ligaments. A f Retraction of capsular flap to expose articular surface of 
distal radioulnar joint and proximal surface of triangular fibrocartilage complex. B f Position of guidewire for creating radial tunnel. C f 
Location of radial and ulnar tunnels. D f Position of guidewire for creating tunnel through ulnar head and neck (radial tunnel also can 
be seen). E f Deep exposure and location of bone tunnels for tendon graft. F f Tendon graft passed through bone tunnels and volar 
capsule of distal radioulnar joint. G f Completed passage of tendon graft. (A f C f E f F f G f redrawn from and B and D from Adams BD, Berger 
RA: An anatomie reconstruction of the distal radioulnar ligaments for posttraumatic distal radioulnar joint instability, J Hand Surg 27A:243, 2002.) 


SEE TECHNIQUE 69-32. 
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■ Use a cannulated 2- or 3-mm drill to create a pilot tunnel. 
Progressively enlarge the radial tunnel with noncannu- 
lated drill bits sufficiently to allow passage of the tendon 
graft (Fig. 69-65C). 

■ If radial osteotomy is planned to correct a malunion at 
the time of radioulnar ligament reconstruction, make the 
radial tunnel before doing the osteotomy to facilitate the 
drilling of the tunnel. If a radial malunion is présent, avoid 
pénétration of the lunate fossa by making the tunnel so 
that it is parallel to the malaligned lunate fossa as deter- 
mined on fluoroscopy. 

■ Make an obliquely directed tunnel in the distal ulna from 
the fovea to the ulnar neck. Use the same guidewire, 
cannulated drill, and noncannulated drill sequence as that 
used in making the tunnel in the radius. 

■ Expose the fovea at the base of the ulnar styloid by flexing 
the wrist and retracting the TFCC remnants distally. 

■ Insert the guidewire through the fovea and direct it to 
exit the ulnar neck medially and just palmar to the exten- 
sor carpi ulnaris (Fig. 69-65D). To avoid fracture of the 
ulnar neck and injury to the carpus, place the 2- or 3-mm 
cannulated drill over the guidewire from the médial ulnar 
neck cortex so that reaming is done from the superficial 
ulnar neck in a rétrogradé direction toward the fovea. 

■ Carefully enlarge the tunnel in the ulna with noncannu¬ 
lated drill bits, to make an opening large enough for 
passage of both limbs of the graft (Fig. 69-65C and E). 

■ Make a 3-cm longitudinal incision on the volar side of the 
wrist, between the ulnar neurovascular bundle and the 
flexor tendons to the fingers. Begin the incision at the 
proximal wrist flexion crease. 

■ Retract the ulnar neurovascular bundle medially (ulnar) 
and the finger flexors laterally (radial) to expose the area 
of the palmar opening of the tunnel. 

■ Pass a suture retriever through the tunnel from dorsal to 
palmar. Pull one end of the tendon graft from the palmar 
side to the dorsum with the suture retriever. 

■ Pass a straight hemostat from dorsal to palmar over the 
ulnar head and proximal to any TFCC remnant. Push the 
straight hemostat through the palmar DRUJ capsule. 
Grasp the palmar end of the graft and pull it into the 
ulnocarpal joint, proximal to the TFCC remnant. Avoid 
catching tendons and the neurovascular bundle as the 
palmar end of the graft is delivered from palmar to dorsal 
and out the dorsal incision. 

■ Use the suture retriever to pull both limbs of the graft 
proximally through the tunnel in the distal ulna, passing 
the grafts from the fovea distally to the cortex of the ulnar 
neck proximally. 

■ At the ulnar neck, pass a hemostat from the interosseous 
space, radial to ulnar under the extensor carpi ulnaris 
sheath, dorsal to the ulna. Grasp one limb of the graft 
with this hemostat and deliver it dorsal to the ulna, 
beneath the extensor carpi ulnaris sheath, into the dorsal 
incision. 

■ Pass a medium-sized right-angle clamp (Kantrowicz) from 
the dorsal incision, between the radius and ulna, around 
the neck of the ulna, deep to the flexor carpi ulnaris, to 
the palmar médial (ulnar) side of the neck of the ulna to 
retrieve the other limb of the tendon graft. Pass this limb 
of the tendon graft around the ulnar neck from palmar 


to dorsal, avoiding the ulnar neurovascular bundle and 
flexor tendons. 

■ Deliver this limb of the tendon graft into the dorsal inci¬ 
sion. Both limbs of the tendon graft are now in the dorsal 
incision and should lie at the ulnar neck. 

■ Place the forearm in neutral rotation. 

■ Pull both limbs of the tendon graft taut and manually 
compress the DRUJ. Place a "half-hitch" in the two limbs 
of the graft at the ulnar neck. Maintain maximal tension 
on the graft and suture the limbs of the graft together 
at the half-hitch with 3-0 nonabsorbable sutures (Fig. 
69-65F and G). 

■ Close the dorsal DRUJ capsule and extensor retinaculum 
in layers with 3-0 sutures. Leave the extensor digiti quinti 
in the subcutaneous tissue over the DRUJ. Close the 
palmar skin in layers. 

■ If there is concern about the durability of the repair or 
patient compliance, pin the ulna to the radius with a pin 
of sufficient size to stabilize the DRUJ and to minimize 
the chance of pin breakage. To avoid fracture through the 
ulnar tunnel, place the pin at least 2 cm proximal to the 
ulnar tunnel. In anticipation of possible pin breakage, 
advance the pin through the latéral radial cortex and 
through the skin on the latéral (radial) side, and eut the 
point of the pin off beneath the skin. Cut the trailing shaft 
of the pin beneath the skin on the médial (ulnar) side of 
the forearm. 

■ Apply a long arm cast with the forearm in neutral rotation 
to control rotation sufficiently and protect the repair. 

POSTOPERATIVE CARE. If nonabsorbable skin closure 
is used, the sutures or Staples are removed and the cast 
is changed at 10 to 14 days. If the pin causes irritation 
of the superficial radial nerve, it can be backed out 
enough to relieve the irritation. The long arm cast is worn 
for 6 weeks. The pin is removed at 6 weeks. A well- 
molded, ulnar-gutter wrist splint is applied to prevent 
extreme forearm rotation and wrist déviation; this splint 
is worn for another 4 weeks. During the 4 weeks of 
removable splinting, active wrist motion, gentle hand 
strengthening, and active forearm rotation are begun but 
passive motion exercises are avoided. Supination and 
pronation may be regained gradually over 4 to 6 months. 
If grip strength and wrist motion hâve recovered, most 
activities are permitted after 4 months, but heavy lifting 
and impact loading should be avoided for 6 months. 


RECONSTRUCTION OF THE DORSAL 
LIGAMENT OF THE TRIANGULAR 
FIBROCARTILAGE COMPLEX 


TECHNIQUE 69-33 


(SCHEKER ETAL) 

■ With a proximal tourniquet inflated and the forearm in 
pronation, make an angled incision in the skin overlying 
the junction between the fourth and fifth extensor 
compartments. 
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9 " Open the deep fascia between the extensor digitorum 
and extensor carpi radialis brevis tendons proximal to the 
extensor retinaculum. 

■ Retract the musculotendinous units, exposing the dor- 
soulnar aspect of the distal radius, just distal to the 
extensor pollicis brevis. 

■ Perform a small capsulotomy between the fourth and 
fifth compartiments, exposing the dorsal corner of the 
sigmoid notch (Fig. 69-66). 

■ Use a heavy Kirschner wire to drill a tunnel in the distal 
radius, starting from the dorsal lip of the sigmoid notch 
and proceeding in a proximal, radial, and palmar direction 
into the medullary cavity (Fig. 69-66, a-a 1 ). 

■ Make a second tunnel in the metaphysis of the radius, 
starting about 3 cm proximal and radial to the lip of the 
sigmoid notch and proceeding in a distal radial and 
palmar direction to meet the previous tunnel in the 
medullary cavity (Fig. 69-66, b-a 1 ). This créâtes an angu- 
lated tunnel in the distal radius, which is enlarged with a 
hand drill using a 3-mm drill bit (Fig. 69-66, a-a } -b). 

■ Make two more unicortical holes, measuring 3.0 to 
3.5 mm in diameter in the radial metaphysis at 1-cm 
intervals each (Fig. 69-66, c and d). Connect these two 
holes within the medulla with a large tendon hook and 
smooth the tunnel to facilitate passage of the tendon 
graft. 

■ Approach the radial aspect of the distal ulna between the 
fifth and sixth compartment muscles and retract the soft 
tissues. 

■Open the capsule at the level of the ulnar styloid just 
radial to the tendon of the extensor carpi ulnaris. 

■ Use a heavy Kirschner wire to make a tunnel from the 
fovea within the medulla to the dorsoradial side of the 
ulnar cortex (Fig. 69-66, e and f). Enlarge this tunnel with 
a 3-mm drill. 

■ Make two more drill holes 1 cm apart along the distal 
ulna and connect to form a tunnel within the medullary 
canal (Fig. 69-66, g and h). 

■ Use small angulated mosquito forceps to pass a loop of 
"O" wire into the radial capsulotomy, through the DRUJ, 



Scheker technique. Two tunnels each are made 
in radius and ulna. See text for description. (From the Christine M. 
Kleinert Institute for Fland and Microsurgery, Inc.) SEE TECHNIQUE 


69-33. 


and out of the ulnar capsulotomy. Draw a palmaris longus 
tendon graft through using the wire loop (Fig. 69-67A). 

■ Using the wire loop technique, pull the radial end of the 
tendon graft into hole a and out of hole b. Pull the ulnar 
end of the tendon graft into hole e and out of hole f( Fig. 
69-67B). Route this tendon end into the medulla of the 
ulna through hole g and out through hole h (Fig. 69-67C). 

■ Suture the ulnar end of the tendon to itself with 3-0 
braided Ticron suture (Fig. 69-67D). Attach the ulnar side 
first because when the hand is supinated the ulnar tunnel 
rotâtes toward the volar aspect and disappears from view. 
Using a similar technique, pull the radial end of the 
tendon graft into hole c and out of hole d (Fig. 69-67E). 

■ Place the forearm in full supination (Fig. 69-67F). Apply 
tension to the radial end of the tendon graft and assess 
the stability of the DRUJ in pronation and supination. 
Tighten the radial end of the tendon in supination and 
suture to itself (Fig. 69-67G). During wound closure, 
maintain the forearm in supination. 

POSTOPERATIVE CARE. The forearm is immobilized in 
neutral rotation in a long arm cast for 3 weeks. At that 
time, the sutures are removed and a new cast is applied 
with the forearm in 20 to 30 degrees of pronation for an 
additional 3 weeks. Active range-of-motion exercises 
begin at 6 weeks, followed by passive motion at 10 
weeks. 


■ ULNAR IMPACTION-ABUTMENT AND DISTAL 
RADIOULNAR JOINT ARTHRITIS 

Symptoms of ulnar wrist pain aggravated by ulnar déviation 
with forearm rotation may be caused by ulnocarpal impac¬ 
tion. Ulnocarpal loads may be increased by 42% for a positive 
ulnar variation of 2.5 mm and 65% with a 45-degree dorsal 
tilt of the distal radius. Patients with acquired or developmen- 
tal ulnar-positive variation may develop degenerative changes 
in the triangular fibrocartilage, ulnar head, articular surfaces 
of the lunate and triquetrum, and lunotriquetral interosseous 
ligament. 

Ulnocarpal abutment/impaction should be differentiated 
from ulnostyloid abutment/impaction. Patients with ulnosty- 
loid abutment expérience pain with ulnar déviation and 
forearm supination, whereas those with ulnocarpal abutment 
expérience pain with ulnar déviation and forearm pronation 
or with the forearm in a neutral position. An old styloid 
nonunion is a frequent cause. Operative management of 
ulnostyloid impaction is styloidectomy, and for ulnocarpal 
impaction, arthroscopic TFCC debridement and ulnar wafer 
resection are indicated. 

Positive ulnar variation may be a normal finding or may 
be part of a developmental abnormality such as Madelung 
deformity (see Chapter 79). Shortening of the radius affer 
fracture, radial head fracture-dislocation with interosseous 
membrane injury (Essex-Lopresti), and traumatic growth 
arrest of the distal radius are causes of acquired ulnar-positive 
variation. Physical findings may include ulnocarpal pain 
aggravated by passive ulnar déviation. Passive dorsal transla¬ 
tion of the ulnar side of the carpus by pushing dorsally against 
the palmar surface of the pisiform while stabilizing the distal 
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Scheker technique. A f Tendon graft is drawn through capsulotomies. B f Ends of tendon graft inserted into loops of 
wire emerging from tunnels in ulnar fovea and dorsal lip of sigmoid notch of radius. C f Tendon graft is drawn through two distal 
tunnels. D f Ulnar end of tendon graft is threaded through second tunnel and sutured to itself. E f Tendon graft is pulled between middle 
and distal hole in metaphysis of radius to ensure that full tension has been applied between fovea and sigmoid notch. F f With tension 
applied to radial end of tendon graft while forearm is supinated, joint stability is tested through full range of motion. G f On radial 
side, graft is sutured to itself with forearm in supination, completing reconstruction of dorsal ligament. (From the Christine M. Kleinert 
Institute for Hand and Microsurgery, Inc.) SEE TECHNIQUE 69-33. 


ulna also may produce pain. Arthritis in the DRU} and 
pisotriquetral joints may coexist and produce similar symp- 
toms and findings. 

Routine, neutral rotation radiographs may show ulnar- 
positive variation without stress. Tomaino reported that the 
pronated grip view showed an average increased ulnar- 
positive variation of 2.5 mm, suggesting that dynamic changes 
may contribute to symptoms in a patient with indefinite static 
radiographs. Radiographie findings, in addition to an ulnar- 
positive variation, include cystic changes in the lunate and 
ulnar head. DRUJ arthritis also may be shown by DRUJ nar- 
rowing and osteophyte formation. 

Operative treatment may be needed if there is no 
improvement in symptoms with activity modification, splint- 
ing, oral médications, and injections of corticosteroids. 
Arthroscopic joint debridement, open or arthroscopic distal 
ulnar resection, and ulnar shortening osteotomy may be 
effective in reducing symptoms of ulnocarpal impaction- 
abutment, especially if there is no DRU} arthritis. For an 
ulnar-neutral to slightly positive wrist, arthroscopic joint 
debridement may sufhce. Pain may persist if there is signifi- 
cant ulnar-positive change. For ulnar-positive variation 
caused by radial shortening after fracture, open or arthroscopic 
distal ulnar resection provides satisfactory results without 


risks of nonunion and implant complications. Ulnar shorten¬ 
ing osteotomy also restores joint congruity, and a high rate of 
bone healing is expected with current fixation techniques. 

Arthritic changes in the DRUJ may be attributed to 
osteoarthritis, posttraumatic changes secondary to fractures 
or instability, and rheumatoid arthritis. Operative treatment 
options for arthritis of the DRUJ include excisional or implant 
arthroplasty and modified arthrodesis. No single procedure 
is always successful. Salvage procedures for a painful distal 
ulnar stump affer resection include tethering procedures, 
excision of much of the ulna, and radioulnar fusion to create 
a “one-bone” forearm. 


ULNAR SHORTENING OSTEOTOMY 


TECHNIQUE 69-34 


(CHUN AND PALMER) 

■ Preoperative planning includes estimation of ulnar-positive 
variation radiographically. Plan to achieve a final ulnar 
variation of 0 or -1 mm. 












35 


^ PART XVIII THE HAND 


9 "After the induction of satisfactory anesthésia, with the 
patient supine and the extremity on a hand table, apply 
a well-padded tourniquet to the upper arm, préparé the 
skin, and arrange the drapes. Exsanguinate the limb and 
inflate the tourniquet as needed. Use intraoperative 
C-arm fluoroscopy to verify satisfactory shortening of the 
ulna and placement of plate and screws. 

■ Beginning at the ulnar neck, make a longitudinal incision 
on the ulnar (médial) side of the distal forearm, over the 
subcutaneous surface of the ulna, long enough to allow 
for completion of the osteotomy, manipulation of the 
fragments, and placement of a six-hole plate. Protect the 
dorsal sensory branch of the ulnar nerve. 

■ Open the fascia between the flexor carpi ulnaris and the 
extensor carpi ulnaris. 

■ Expose the dorsum of the ulna subperiosteally. Avoid 
wide stripping of the periosteum distally. 

■ Align a six-hole, 3.5-mm dynamic compression plate on 
the dorsum of the distal ulna so that the distal end is at 
about the ulnar neck, just proximal to the sigmoid notch. 
Contour the plate to fit the ulna and secure it to the 
dorsum of the ulna with a plate clamp. 

■ Insert the two distal screws in the plate. 

■ Locate an osteotomy site at the middle of the plate. At 
the osteotomy site, use an electric cautery to make a 
longitudinal mark on the ulna for rotational orientation. 
Loosen the distal screw and remove the second screw. 
Hinging on the distal screw, swing the plate out of the 
way (Fig. 69-68A). 

■ Use the oscillating saw to make an oblique osteotomy 
through 70% of the ulna (Fig. 69-68B). Osteotomize the 
ulna from the médial (ulnar) side from proximal-medial, 
to distal-lateral. Make the osteotomy sufficiently oblique 
that a screw would fit across the osteotomy. Measure the 
thickness of the bone to be removed. 

■ Place a free saw blade in the first eut. Make a second eut 
parallel to the first eut (Fig. 69-68B). 

■ Remove the resected bone and reduce the ulnar 
osteotomy. 

■ Rotate the plate into position over the ulna, tighten the 
first screw, and replace and tighten the second screw. 
Secure the plate to the proximal fragment with a bone 
clamp. Use fluoroscopy to assess the ulnar length. Secure 
the plate to the ulna by inserting the remaining screws, 
using a dynamic compression technique. 

■ Place a separate, independent, interfragmentary screw at 
90 degrees to the plate (Fig. 69-68C). 

■Apply a short arm cast. 

POSTOPERATIVE CARE. The cast is changed and 
sutures are removed at about 2 weeks. The cast is worn 
for at least 4 weeks. Range-of-motion exercises are begun 
at 4 weeks. The limb is maintained in a removable splint, 
and strenuous activities are limited until bone healing has 
been achieved (Fig. 69-69). 



Ulnar shortening osteotomy. A f Six-hole 3.5-mm 
AO plate is placed on dorsal surface of ulna, and two most distal 
screws are inserted. Longitudinal mark is made with electrocau- 
tery for rotational orientation. B f Oscillating saw is used to make 
oblique osteotomy through 70% of ulna. C f Plate is secured to 
ulna with dynamic compression technique. SEE TECHNIQUE 69-34. 
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Ulnar shortening osteotomy. A f Wrist of 16-year-old male wrestler with bilateral ulnar wrist pain and positive ulnar 
variance of 2 mm. B f Four weeks after surgery, wrist is in ulnar neutral variance and osteotomy is healed. (From Chun S, Palmer AK: The 
ulnar impaction syndrome: follow-up of ulnar shortening osteotomy, J Hand Surg 18A:46, 1993.) SEE TECHNIQUE 69-34. 


LIMITED ULNAR HEAD EXCISION: 
HEMIRESECTION INTERPOSITION 
ARTHROPLASTY 

The TFCC provides (1) a stable radioulnar connection, (2) 
a stable ulnocarpal connection, (3) a mechanism for trans- 
mitting forces from the hand, (4) a suspensory ligament 
function for the ulnar side of the carpus from the radius, 
and (5) an extended dividing surface for the proximal row 
across the distal end of the forearm bones. A DRUJ arthro- 
plasty involving partial ulnar head resection was developed 
by Bowers to maintain the triangular fibrocartilage func¬ 
tion. This technique is indicated for (1) unreconstructable 
fractures of the ulnar head, (2) ulnocarpal impingement 
syndrome with incongruity of the DRUJ, (3) rheumatoid 
arthritis involving the DRUJ, (4) posttraumatic arthritis and 
osteoarthritis of the DRUJ, and (5) chronic painful triangular 
fibrocartilage tear. The procedure is contraindicated if there 
is no reconstructable TFCC. Without the TFCC, the hemire- 
section interposition technique is not believed to hâve a 
significant advantage over ulnar shortening techniques. 


TECHNIQUE 69-35 


(BOWERS) 

■ Begin the incision 5 to 7 cm proximal to the ulnocarpal 
joint on the dorsal aspect of the distal ulna. Extend the 


incision distally and at the level of the ulnocarpal joint 
curve or angle palmarward for 1 to 2 cm. 

■ Carefully protect the cutaneous nerves to the skin in the 
area and expose the extensor retinaculum and the distal 
ulnocarpal area to the fascia. 

■ Elevate retinacular flaps, raising a proximal flap based 
laterally and a distal flap based medially. Develop these 
flaps for exposure and for tissue for extensor carpi ulnaris 
stabilization or triangular fibrocartilage augmentation. 
Otherwise, reattach the flaps, use them for coverage of 
the arthroplasty, or excise them. 

■ If the extensor carpi ulnaris is stable, reflect it laterally 
with subperiosteal dissection to expose the distal ulna. 

■ If the extensor carpi ulnaris is unstable, mobilize it distally 
to its insertion on the fifth metacarpal. Use the proximal 
flap to fashion a sling, pass it around the extensor carpi 
ulnaris, and suture it to the fourth extensor compartment 
(Fig. 69-70). 

■ After the retinacular flaps hâve been elevated, detach the 
radioulnar joint capsule distally, laterally (radially), and 
proximally and reflect it medially (ulnarward) to expose 
the articular surface. 

■ Remove the synovium, ulnar head articular surface, and 
subchondral bone with osteotomes and rongeurs. 

■ Remove osteophytes around the sigmoid notch and 
remove ail subchondral bone of the ulnar head. Leave the 
styloid axis and ulnar shaft resembling a tapering, 1-cm 
dowel (Fig. 69-71). 
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ggp Stabilization of extensor carpi ulnaris with reti- 
nacular sling. Flap is based on fibrous wall between compartments 
four and five. SEE TECHNIQUE 69-35. 



Bowers technique of hemiresection arthro- 
plasty. A f Because ulna is too long, it impinges on stylocarpal liga¬ 
ment. B and C f This problem can be corrected by interposition (B) 
or shortening (C). SEE TECHNIQUE 69-35. 


9 " Inspect the triangular fibrocartilage carefully. Central 
perforation repairs are unnecessary. 

■ With the wrist in ulnar déviation, compress and rotate the 
radial and ulnar shafts. If there is ulnocarpal abutment or 
impingement, consider ulnar shortening. If it cannot be 
determined preoperatively or during surgery, fill the 
radioulnar space with a bail of tendon or muscle and 
stabilize the tendon to dorsal and volar capsules with 
sutures. Use tendon from the palmaris longus, extensor 
carpi ulnaris, or flexor carpi ulnaris. This interposition 


helps prevent radioulnar shaft approximation and stylo¬ 
carpal impingement. 

■Close the wound by first replacing the extensor carpi 
ulnaris compartment, or use a retinacular flap. If shorten¬ 
ing is not required, close the wound and apply a short 
arm bulky dressing with dorsal and palmar splints. If ulnar 
shortening has been done, use a sugar-tong splint to 
control rotation. 

POSTOPERATIVE CARE. The splint and sutures are 
removed at 2 weeks. A wrist splint is worn for an addi- 
tional 2 weeks, and finger motion is encouraged. If ulnar 
shortening was done, a short arm cast is worn for another 
2 weeks and then a short arm wrist splint is worn until 
healing is complété. If shortening was done in the ulnar 
shaft, a splint or cast is worn for 8 to 12 weeks. 


ULNAR SHORTENING PROCEDURES 

Numerous ulnar shortening procedures hâve been described, 
including the Darrach resection of the distal ulna (see Chapter 
58), the “matched resection” (Watson et al.), the “wafer resec¬ 
tion” (Feldon et al.), and a combined distal radioulnar 
ankylosis (Baldwin) with formation of a pseudarthrosis of the 
distal ulna (Sauvé-Kapandji and Lauenstein). 


"MATCHED" DISTAL 
ULNAR RESECTION 

Watson et al. described matched ulnar arthroplasty for 
treating patients with distal radioulnar problems caused by 
rheumatoid arthritis and trauma. Resection of the distal 
ulna matches the distal radius, allows full supination and 
pronation without impingement, and permits the distal 
ulna to adhéré to the ulnar "sling" mechanism. 


TECHNIQUE 69-36 


(WATSON ETAL) 

■ Place the patient supine on the operating table. After 
limb exsanguination and tourniquet application, préparé 
and drape the hand and forearm. Fully pronate the 
forearm on the hand table. 

■ Incise the skin dorsally in a transverse straight line or in a 
zigzag about 2.5 cm proximal to the distal end of the 
ulna. 

■ Open the proximal edge of the extensor retinaculum. 

■ Use rongeurs to resect the distal ulna in a long, sloping 
shape over 5 to 6 cm so that the distal ulna resembles an 
eccentrically sharpened pencil (Fig. 69-72). 

■ Supinate the forearm and palpate between the radius and 
ulna to ensure parallel matching surfaces. 

■ Usually, resect the ulnar styloid, leaving the distal 
ulnar tip at or just proximal to the articular surface of the 
radius. 

■ Leave the deep fascia of the extensor carpi ulnaris sheath 
attached to the periosteum of the ulna because this helps 
stabilize the ulna during healing. Do not interpose soft 
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Matched distal ulnar resection. Ulna is resected 
5 to 6 cm and shaped to match contour of radius through full 
supination and pronation. Distal resected ulna should be at level 
of radial articular surface. Large cancellous surface adhères to 
ulnar sling mechanism. SEE TECHNIQUE 69-36. 


tissues because the distal ulna would adhéré to the ulnar 
sling mechanism. 

■ If the ulna abuts against the articular sulcus in the distal 
radius, remove a sufficient amount of this part of the 
radius to allow free movement. 

■ Confirm free forearm rotation. 

■ Deflate the tourniquet, obtain adéquate hemostasis, and 
close the skin. 

■ Apply a bulky hand dressing, supported with a splint. 

POSTOPERATIVE CARE. After about 7 days, the splint 
is removed and a course of réhabilitation is directed at 
achieving full mobilization is begun. Sutures are removed 
at 10 to 14 days. Most activities can be resumed in 4 to 
6 weeks, although it may take longer to return to activi¬ 
ties requiring heavy labor and some activities may be 
permanently restricted. 


"WAFER" DISTAL ULNAR RESECTION 

Partial ("wafer") excision of the distal ulna has been 
described for patients with symptomatic tears of the TFCC 
or ulnar impaction syndrome or both and has been found 
to provide pain relief and restoration of function equal or 
superiortothoseobtained with ulnar shortening osteotomy. 
Enough of the ulna can be removed arthroscopically to 
unload the ulnocarpal joint, and combined arthroscopic 
TFCC debridement and wafer resection of the distal ulna 
provides pain relief in patients who had TFCC tears and 
ulnar-positive variation. The procedure préserves the ulnar 
styloid process and attached ligaments. It is not indicated 





4 mm of ulna is resected to decompress triangular fibrocartilage 
complex (TFCC), lunate, and triquetrum; styloid process and liga¬ 
ment insertions are preserved. B f In left wrist, probe passes 
through TFCC tear, which can be seen easily after wafer resection. 
C, Sagittal view of ulnocarpal junction, showing triquetrum on 
right and distal ulna on left. Triangular fibrocartilage, which 
appears as vertical structure between these two bones, is sutured 
to dorsal capsule with row of sutures to suspend TFCC under 
normal tension. SEE TECHNIQUE 69-37. 


for distal radioulnar instability, distal radioulnar degenera- 
tive arthritis, or carpal instability. 


TECHNIQUE 69-37 


(FELDON, TERRONO, AND BELSKY) 

■ Place the patient supine on the operating table. Apply a 
pneumatic tourniquet and préparé and drape the forearm 
and hand. Pronate the forearm on the hand table and 
approach the DRUJ as described for the Bowers procedure 
(see Technique 69-35). 

■ Make a dorsal skin incision extending 5 to 7 cm proximal 
to the distal ulnocarpal joint. Protect the dorsal sensory 
branch of the ulnar nerve. Leave the extensor carpi ulnaris 
sheath intact. 

■ Make a U-shaped incision in the DRUJ capsule, leaving 
the capsule attached to the radius. 

■ Expose the DRUJ, the TFCC, and the proximal articular 
surfaces of the lunate and triquetrum. Inspect the exposed 
structures to détermine the extent of damage. 

■ Using a narrow osteotome or a small rongeur, remove the 
distal 2 to 4 mm of the ulnar head, including articular 
cartilage and subchondral bone (Fig. 69-73). 

■ Preserve the ulnar styloid and triangular fibrocartilage 
attachments and the articular cartilage of the ulna at its 
articulation with the sigmoid notch of the radius. 
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9 " Débridé flap tears and abrasions of the proximal surface 
of the triangular fibrocartilage. 

■ Deflate the tourniquet and ensure hemostasis. 

■ Close the capsule carefully, suspending the dorsal edge 
of the TFCC with a row of interrupted sutures. Tightly 
close the capsule of the DRUJ. 

■ Close the extensor retinaculum and the skin. 

■Apply a bulky compression dressing, supported by a 
sugar-tong splint, extending above the elbow and holding 
the forearm in midsupination to relax the capsule. 

POSTOPERATIVE CARE. The skin sutures are removed 
at 10 to 14 days; the supination splint is worn for 3 
weeks. Gentle motion exercises are begun after 3 weeks, 
and progression to normal use and activities is encour- 
aged after 6 weeks. Maximal recovery should not be 
expected for 3 to 6 months. 


COMBINED ARTHROSCOPIC "WAFER" 
DISTAL ULNAR RESECTION AND 
TRIANGULAR FIBROCARTILAGE 
COMPLEX DEBRIDEMENT 


TECHNIQUE 69-38 


(TOMAINO AND WEISER) 

■After patient préparation and arthroscopic examination 
as outlined in Techniques 69-1 through 69-3, maintain 
traction of 4.5 to 5.5 kg (10 to 12 Ib) through fingertraps 
on the index and middle fingers. 

■ Distend the wrist with 5 to 10 mL of stérile saline 
solution. 

■ Insert a 2.7-mm arthroscope through the 3-4 portai. 
Obtain outflow through an 18-gauge needle in the 
radiostyloid-scaphoid joint. 

■ Use the 6R and the 4-5 portais for scapholunate debride- 
ment. Débridé scapholunate or lunotriquetral tears with 
a motorized shaver. 

■ Excise enough of the triangular fibrocartilage central dise 
to expose the ulnar head. Avoid injury to the dorsal and 
volar radioulnar ligaments and their attachment to the 
base of the ulnar styloid (Fig. 69-74A and B). 

■ Through the 6R portai, insert a 2-mm burr to remove the 
cartilage of the ulnar head and subchondral bone. Begin 
on the radial side of the ulnar head and remove the radial 
portion of the ulnar head the width of the 2-mm burr 
beneath the margin of the sigmoid notch at the médial 
(ulnar) edge of the lunate fossa of the radius. 

■ Move the burr more medially, toward the base of the 
ulnar styloid, carefully removing the ulnar head. 

■ Place the burr beneath the triangular fibrocartilage to 
allow removal of the ulnar head proximal to (beneath) the 
triangular fibrocartilage to the base of the ulnar styloid. 

■ Passively pronate the forearm to expose the portion of 
the ulnar head that is most prominent in pronation. 
Monitor the position of instruments and the location of 
the bone removal with C-arm fluoroscopy. 



Combined arthroscopic "wafer" distal ulnar 
resection and triangular fibrocartilage complex (TFCC) debride- 
ment. A f Central perforation of TFCC (arrow). B f After excision of 
central dise, wafer resection of 2 mm of ulnar head is done 
(arrow). C, After completion of TFCC debridement and wafer 
resection. (From Tomaino MM, Weiser RW: Combined arthroscopic 
debridement and wafer resection of the distal ulna with triangular 
fibrocartilage complex tears and positive variance, J Fland Surg 
26A: 1047, 2001.) SEE TECHNIQUE 69-38. 
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■ Move the arthroscope to the 6R portai to ensure that the 
ulnar recession is done to a level about 2 mm proximal 
to the margin of the lunate fossa of the radius, from 
dorsal to palmar with the wrist in neutral rotation (Fig. 
69-74C). 

■ Use the tip of a 2-mm arthroscopic probe to evaluate the 
extent of bone removal. Usually, remove no more than 4 
mm of bone. Check the amount of bone removal with 
C-arm fluoroscopy. 

■ Close the skin with 5-0 nonabsorbable suture. 

■ Apply a compressive dressing and short arm wrist splint. 

POSTOPERATIVE CARE. The sutures and wrist splint 
are removed at about 2 weeks. A removable wrist splint 
is applied, and motion exercises and a therapist-supervised 
program of réhabilitation are begun. 


DISTAL RADIOULNAR ARTHRODESIS 
WITH DISTAL ULNAR 
PSEUDARTHROSIS (BALDWIN; SAUVÉ- 
KAPANDJI; LAUENSTEIN) 

Sauvé and Kapandji and Goncalves found that fusion of 
the DRUJ combined with the intentional formation of a 
distal ulnar pseudarthrosis was effective in resolving a 
variety of problems at the DRUJ. This technique has been 
used successfully to salvage painful wrists caused by previ- 
ous surgery, traumatic arthritis, and rheumatoid arthritis. It 
is effective in providing ulnar-side support to the wrist with 
extensive distal radioulnar destruction from rheumatoid 
arthritis. Although a stable DRUJ with ulnocarpal support 
is achieved, the potential for an unstable proximal ulna 
remains, leaving few satisfactory solutions for a symptom- 
atic unstable proximal ulnar stump. To reduce the potential 
for painful instability of the proximal ulnar stump, Lamey 
and Fernandez modified the technique. They used a distally 
based slip of flexor carpi ulnaris as a tenodesis through drill 
holes in the distal end of the proximal ulnar segment, 
placing the pronator quadratus in the osteotomy ("non- 
union") site and suturing it to the sheath of the extensor 
carpi ulnaris (Fig. 69-75). Johnson and Ruby et al. reported 
that attaching the ulnar portion of the pronator quadratus 
through a drill hole in the proximal ulna was effective. In 
addition to the development of a painful pseudarthrosis, 
ankylosis or healing of the pseudarthrosis can occur, 
defeating the purpose of the procedure. 


TECHNIQUE 69-39 


(SANDERS ETAL; VINCENT ET AL; LAMEY AND 
FERNANDEZ) 

■ Position the patient supine on the operating table; apply 
a well-padded tourniquet; extend the arm on the hand 
table; préparé the skin; and apply drapes to expose the 
elbow, forearm, and hand. Exsanguinate the limb with an 
elastic wrap and inflate a pneumatic tourniquet. 

■ The location of the incision may vary slightly if the patient 
has rheumatoid arthritis with extensor tenosynovitis. For 


A 



Pronator 

quadratus 



Distal radioulnar arthrodesis with distal ulnar 
pseudarthrosis (modified Sauvé-Kapandji procedure). A f Posterior 
view of wrist with two screws fixing ulnar head to sigmoid notch; 
after resection, gap, which measures 10 mm, is filled with prona¬ 
tor quadratus. B f Latéral view of wrist showing stabilization of 
proximal ulnar segment with distally based slip of flexor carpi 
ulnaris tendon (FCU). Nonunion gap is filled with pronator qua¬ 
dratus, which is sutured to tendon sheath of extensor carpi ulnaris 
muscle (ECU). (From Lamey DM, Fernandez DL: Results of the modified 
Sauvé-Kapandji procedure in the treatment of chronic posttraumatic 
dérangement of the distal radioulnar joint, J Bone Joint Surg 80A: 1758, 
1998.) 


rheumatoid patients, make a dorsal longitudinal incision 
to allow extensor tenosynovectomy and repair, grafting, 
or tendon transfers for ruptured tendons. 

■ For nonrheumatoid patients, make a dorsoulnar incision 
centered over the ulnar head. Avoid injury to the dorsal 
sensory branch of the ulnar nerve. 

■ Identify the interval between the extensor carpi ulnaris 
and the extensor digiti minimi. 

■ Open the extensor retinaculum, forming a proximal flap 
based laterally (radially) and a distal flap based medially 
(ulnarward). Use these flaps later to reinforce the extensor 
retinaculum and the capsule, or they can be discarded. 

■ Decorticate the radial and ulnar articular surfaces of the 
DRUJ with narrow osteotomes and a narrow rongeur. 

■ Temporarily stabilize the DRUJ with a 0.045-inch Kirschner 
wire. 

■ Just proximal to the ulnar neck and proximal to the DRUJ, 
make an ulnar osteotomy with an oscillating saw. 

■ For patients with neutral or négative ulnar variance, 
remove a 15-mm segment of ulna with its surrounding 
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Sauvé-Kapandji procedure. Distal radioulnar 
arthrodesis and création of pseudarthrosis in distal ulna. SEE 

TECHNIQUE 69-39. 


S periosteum. For patients with positive ulnar variance, 
remove a larger segment of ulna to allow radioulnar 
arthrodesis at neutral variance and to allow removal of 
sufficient bone to allow pain-free rotation, a 15-mm gap, 
and stabilization by the pronator quadratus. 

■ Remove the temporary fixation from the DRUJ, and 
obtain permanent fixation with a 3.5-mm bone screw, 
using a "lag" technique (Fig. 69-76). Use a washer if 
needed in poor-quality bone, or use Kirschner wires for 
permanent fixation. 

■ Use bone from the excised segment of ulna to graft the 
arthrodesis. 

■ Drill holes in the proximal ulnar stump to secure the 
pronator quadratus from the excised ulnar segment to 
the proximal segment for stabilization. 

■ To include the modifications of Lamey and Fernandez, 
perform the following: 

■ Remove a 10-mm segment of the distal ulna or sufficient 
ulna to create a neutral ulnar variance, with a sufficient 
gap in the bone to create a nonunion. 

■ Remove ail bone débris. 

■ To be able to resect the bone more distally, leaving a 
smaller head-neck segment, use a 3.5-mm cortical 
screw as the lag screw through the ulnar head into the 
sigmoid notch and a 2.7-mm cortical screw for the more 
proximal screw. 

■ Create a slip of the flexor carpi ulnaris, leaving it 
attached distally to the pisiform. Make the slip about 
one half the width of the tendon and 8 to 10 cm long. 
■ Drill a 4.0- to 4.5-mm hole in the volar cortex of the 
proximal segment of the ulna, about 1 cm proximal to 
the osteotomy site. Drill the hole obliquely from distal 
to proximal, through the medullary canal from dorsal to 
volar. 

■ Pass the flexor carpi ulnaris tendon slip through the drill 
hole in the distal end of the proximal ulnar segment 
from outside the bone, into the bone, and out the distal 
end of the osteotomy site. 


■ With the forearm in neutral rotation and the wrist in 
neutral flexion-extension, suture the tendon loop to 
itself with nonabsorbable suture (see Fig. 69-75B). 

■ Mobilize the pronator quadratus muscle from the distal 
segment of the ulna, pull it into the gap between the 
ulnar segments, and suture it to the volar aspect of the 
sheath of the extensor carpi ulnaris. 

■ Use the retinacula flaps to stabilize the extensor carpi 
ulnaris, especially in patients with rheumatoid arthritis, 
and to reinforce the capsule. 

■ Deflate the pneumatic tourniquet, ensure hemostasis, 
and close the skin. 

■ Apply a bulky compression dressing, supported by an 
above-elbow or below-elbow splint or cast. If a patient 
with rheumatoid arthritis has had other procedures, such 
as a tendon transfer, more immobilization may be 
required. 

POSTOPERATIVE CARE. The skin sutures are removed 
at 10 to 14 days, and the splint or cast immobilization is 
continued for about 4 weeks. The wrist is protected with 
a removable splint for comfort for another 3 to 4 weeks 
or until healing of the arthrodesis has stabilized. The hand 
and forearm are gradually rehabilitated with motion and 
strengthening exercises. 


■ PROCEDURES TO STABILIZE THE UNSTABLE 
PROXIMAL ULNAR SEGMENT AFTER DISTAL 
ULNAR EXCISION 

Instability of the proximal ulna after distal ulnar excision can 
cause discomfort and a feeling of weakness with grasp and 
forearm rotation. Various structures, in various combina¬ 
tions, hâve been used to stabilize the distal end of the proximal 
ulnar segment, including a volar, distally based capsular flap 
attached to the ulna proximally; alignment of the extensor 
carpi ulnaris dorsally beneath a retinacular flap; a slip of the 
extensor carpi ulnaris tendon, based proximally or distally, 
passed through drill holes in the ulna or wrapped around the 
ulna; the pronator quadratus as a combination interposition- 
stabilizer; a slip of flexor carpi ulnaris tendon, usually distally 
based and passed through drill holes in the ulna, and a 
combination of extensor carpi ulnaris tenodesis and dorsal 
transfer of the pronator quadratus (Fig. 69-77). Breen and 
Jupiter described a technique that incorporated three compo- 
nents of previously described procedures. They included a 
distally based slip of the flexor carpi ulnaris tendon, a proxi¬ 
mally based slip of the extensor carpi ulnaris tendon, and 
dorsal stabilization of the extensor carpi ulnaris with a reti¬ 
nacular flap. 

Laboratory analysis of two ulnar head prosthetic designs 
by Masaoka et al. suggested that a satisfactory prosthesis 
maintains “near-normal” DRUJ mechanics compared with 
distal ulnar excision. Reports suggest that distal ulnar implant 
arthroplasty may be an effective solution to failed distal ulnar 
excision (Darrach). The expériences of more patients with 
long-term outcome studies will help clarify the proper use of 
the evolving technology of distal ulnar prosthetic implants. 
Silicone ulnar head implants hâve not been found to be 
durable enough for use in active patients applying significant 
forces to the ulnocarpal and radioulnar joints. 
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Reconstructive salvage technique after failed Darrach procedure. A f Pronator quadratus (white arrows), held by 
hemostats, is mobilized free from its palmar-medial insertion on ulna in préparation for interosseous transfer to dorsomedial aspect 
of ulna. B f Hole is drilled approximately 1.5 cm proximal to distal end of ulna, through which harvested half of extensor carpi ulnaris 
(ECU) (asterisk) is passed in préparation for longitudinal tenodesis. C f Half of ECU prepared for longitudinal tenodesis of distal ulna 
(DU); free end is reflected distally and anchored to itself under appropriate tension before pronator quadratus transposition. D, Dia- 
grammatic représentation of components of salvage reconstruction. ECU longitudinal tenodesis retards radioulnar impingement, and 
pronator quadratus transfer retards dorsal translation. Temporary percutaneous pinning of distal radioulnar joint allows complété 
soft-tissue healing; by 6 weeks, stability can be maintained independently of hardware. (A-C from Kleinman WB: Salvage procedures for 
the distal end of the ulna: there is no magic, Am J Orthop 38:172, 2009; D redrawn from Kleinman WB, Greenberg JA: Salvage of the failed Darrach 
procedure, J Hand Surg 20A:951, 1995.) SEE TECHNIQUE 69-40. 


TENODESIS OF THE EXTENSOR CARPI 
ULNARIS AND TRANSFER OF THE 
PRONATOR QUADRATUS 


TECHNIQUE 69-40 


(KLEINMAN AND GREENBERG) 

■ With the patient supine, apply a well-padded tourniquet, 
préparé the skin, and apply drapes to the hand and arm 
on the hand table. Sit on the cephalad side of the hand 
table and pronate the patient's forearm for ease of access 
to the ulnar side of the forearm and wrist. Exsanguinate 
the extremity, and inflate the tourniquet. 


■ Make a curvilinear dorsoulnar skin incision at the wrist 
level. Extend the incision proximally along the distal ulnar 
shaft; avoid injury to the dorsal sensory branches of the 
ulnar nerve. Approach the ulna between the extensor 
carpi ulnaris and the flexor carpi ulnaris. 

■ Identify and expose the distal end of the previous Darrach 
resection of the distal ulna. 

■ Contour the distal end of the ulna with a burr or rongeur 
as needed. 

■ Dissect the pronator quadratus free from its palmar- 
medial attachment tothe ulna (Fig. 69-77A). Mobilize the 
pronator quadratus radially with its ulnar border tendon 
to allow its passage from palmar to dorsal through the 
interosseous space to the dorsomedial aspect of the ulna 
(Fig. 69-77B). 
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9 " Use a side-cutting power burr to ream the ulnar medullary 
canal for later intramedullary passage of the extensor 
carpi ulnaris tendon. 

■ Make an exit hole for the tendon 1.5 cm proximal to the 
end of the ulna. 

■ Dissect the extensor carpi ulnaris tendon from the mus- 
culotendinous junction distally to 7 but not into, the sixth 
dorsal compartment. Split the tendon longitudinally, 
detaching half from the muscle and leaving the fifth 
metacarpal attachment and the sixth dorsal compartment 
intact (Fig. 69-77C). 

■ Pass the distally based half of the extensor carpi ulnaris 
tendon through the cortical drill hole in the ulna. 

■ Use a lamina spreader to maintain the interosseous space 
between the radius and the ulna. 

■ Flex the elbow to 90 degrees with the forearm in neutral 
rotation and the fingers pointing toward the ceiling. 

■ Pass two divergent 0.062-inch Kirschner wires percutane- 
ously through the médial border of the ulna into the 
radius. Place the wires in divergent directions to prevent 
postoperative migration of the radius and ulna; place 
them proximal to the proximal margin of the pronator 
quadratus to allow pronator quadratus transfer. 

■ Pass the pronator quadratus dorsally between the forearm 
bones and anchor it to the médial periosteum of the 
ulna. 

■ Position the hand and forearm in 10 degrees of ulnar 
déviation and tighten the extensor carpi ulnaris tendon 
to support the radioulnar interosseous space. 

■ Deflate the tourniquet, ensure hemostasis, and close the 
skin. 

■ Apply a bulky dressing, supported by a long arm splint. 

POSTOPERATIVE CARE. The postoperative dressing 
and skin sutures are removed at 2 weeks. A long arm cast 
is applied and is worn for 4 weeks. The Kirschner wires 
are removed at 6 weeks, and réhabilitation exercises are 
begun with active, active-assisted, and passive wrist and 
elbow range of motion. Splinting is continued as needed 
for comfort until satisfactory motion and strength hâve 
been regained. 


COMBINATION TENODESIS OF THE 
FLEXOR CARPI ULNARIS AND THE 
EXTENSOR CARPI ULNARIS 


TECHNIQUE 69-41 


(JUPITER AND BREEN, MODIFIED) 

■ With the patient supine, after anesthetic induction, with 
the upper extremity on a hand table, apply a well-padded 
tourniquet, préparé the skin, and arrange drapes to 
expose the limb distal to the tourniquet. Exsanguinate the 
limb and inflate the tourniquet. 

■ Use two incisions, one dorsal and the other palmar (Fig. 
69-78A and B). Make a 10-cm, dorsal, S-shaped incision, 
beginning over the carpus, distal to the wrist extension 



A f Dorsal skin incision. B f Palmar skin incision. 
C f Extensor carpi ulnaris (ECU) stabilized by sling created from 
retinaculum. SEE TECHNIQUE 69-41. 


crease, and extending proximally over the ulna. Carefully 
avoid the dorsal sensory branches of the ulnar nerve. 

■ Expose the extensor retinaculum and make a Z-shaped 
incision in the retinaculum, preserving a retinacula flap to 
create a stabilizing sling for the extensor carpi ulnaris 
tendon (Fig. 69-78C). 

■ If the ulnar head is présent and a distal ulnar excision is 
planned, expose the distal ulna subperiosteally or 
extraperiosteally. 

■ Protect the flexor carpi ulnaris and the extensor carpi 
ulnaris with retractors. 

■ Perform a transverse osteotomy of the ulna at the neck 
or just proximal to the level of the sigmoid notch. 
Depending on the size of the patient, the length of the 
ulna to be excised is 1.5 to 2.0 cm. 

■ Mark the ulna with an osteotome and proceed with the 
osteotomy in either of two ways. In the first, use an 
oscillating saw with a small blade to eut the ulna at about 
the neck. In the second, drill a transverse line of holes 
through the ulnar neck and complété the osteotomy with 
a bone-cutting forceps. 

■ Expose the extensor carpi ulnaris and create a proximally 
based slip of the tendon 9 to 10 cm long (Fig. 69-79). 

■ Supinate the hand, and, beginning at the pisiform, make 
a 10-cm curved incision, extending proximally along the 
palmar and ulnar side of the forearm (Fig. 69-78B). 

■ Protect the ulnar neurovascular bundle and expose the 
flexor carpi ulnaris. Leaving it distally based and attached 
to the pisiform, create a tendon slip of the flexor carpi 
ulnaris 8 to 10 cm long. 

■ Starting 1.5 to 2.0 cm proximal to the eut end of the ulna, 
use a 1/4-inch (6 to 7 mm) drill point to make a transverse 
tunnel from the dorsal cortex of the ulna, passing through 
the medullary canal and out the volar cortex, slanting 
slightly from proximal-dorsal to distal-palmar. 

■ Starting at the distal, eut end of the ulna, make another 
tunnel, drilling proximally, up the medullary canal of the 
ulna to connect with the first, transverse tunnel (Fig. 
69-79). 

■ Use a suture passer or 20-gauge wire loop to pass the 
flexor carpi ulnaris slip into the medullary canal tunnel, 
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Divide Proximally 

longitudinally based 



Combination tenodesis of flexor carpi ulnaris (FCU) and extensor carpi ulnaris (ECU). Passage of ECU through holes 
drilled in medullary canal of ulna. (Redrawn from Breen TF, Jupiter JB: Extensor carpi ulnaris and flexor carpi ulnaris tenodesis of the unstable 
distal ulna, J Hand Surg 14A:612, 1989.) SEE TECHNIQUE 69-41. 






Combination tenodesis of flexor carpi ulnaris 
(FCU) and extensor carpi ulnaris (ECU). A and B f Completion of 
weave and suturing of ECU and FCU tendons. SEE TECHNIQUE 
69-41. 


jjjj Combination tenodesis of flexor carpi ulnaris 
(FCU) and extensor carpi ulnaris (ECU). A and B, Tendons threaded 
through tunnel for start of tenodesis weave. (Redrawn from Breen 
TF, Jupiter JB: Extensor carpi ulnaris and flexor carpi ulnaris tenodesis of 
the unstable distal ulna, J Hand Surg 14A:612, 1989.) SEE TECHNIQUE 
69-41. 


from the distal, eut end of the ulna and out through the 
dorsal tunnel. 

■ In a similar way, pass the extensor carpi ulnaris slip 
through the dorsopalmar tunnel, entering dorsally and 
passing the slip out the palmar side of the ulna (Fig. 
69-80A and B). 


■ Supinate the forearm. Pull both of the tendon slips taught 
and suture them to each other with nonabsorbable suture 
(Fig. 69-81). 

■ Stabilize the extensor carpi ulnaris dorsally with the loop 
of extensor retinaculum (Fig. 69-78C). 

■Close the incisions and apply a long arm cast or splint 
with the elbow flexed to 90 degrees and the forearm 
supinated. 

POSTOPERATIVE CARE. If removable sutures or Staples 
hâve been used, they are removed at 10 to 14 days and 
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9 the long arm cast or splint is changed. Immobilization is 
continued for 6 weeks after the operation. A program of 
therapist-supervised réhabilitation is begun, advancing 
through a program of range-of-motion and strengthen- 
ing exercises to unrestricted activity. 


ARTHRODESIS OF THE WRIST 

Fusion of the wrist is done most often for ununited or mal- 
united fractures of the carpal scaphoid with associated 
radiocarpal traumatic arthritis and for severely comminuted 
fractures of the distal end of the radius. It also is useful for 
rheumatoid arthritis, for positioning the wrist after Volkmann 
ischémie paralysis, for stabilization of the wrist in poliomy- 
elitis and cérébral palsy of the spastic type, and for tubercu- 
losis. The wrist should be fused in a position that would not 
be fatiguing and that would allow maximal grasping strength 
in the hand. This usually is 10 to 20 degrees of extension, with 
the long axis of the third metacarpal shaft aligned with the 
long axis of the radial shaft. Clinically, it is determined by the 
position that the wrist normally assumes with the fist strongly 
clenched. 

In patients with arthritis limited to the radiocarpal joint, 
without midcarpal involvement, proximal row fusion 
(radioscapholunate) was successful in relieving pain in 29 of 
31 patients reported by Bach et al. For patients with ulnar 
translation of the carpus resulting from rheumatoid arthritis, 
radiolunate fusion has been found to be an effective method 
to prevent further translation. 

Of the many techniques that hâve been described, most 
include the use of a bone graft. In some, the graff bridges from 
the radius to the proximal carpal bones, but in others it 
extends distally to the base of the third metacarpal. The car- 
pometacarpal joints may be preserved, retaining a small 
amount of “wrist” motion. Haddad and Riordan recom- 
mended, however, that the second and third carpometacarpal 
joints always be included in the fusion to prevent develop¬ 
ment of painful motion in them. The disease of the wrist 
frequently extends into these joints, making a complété fusion 
necessary. 

Because the distal radial physis does not close until 
approximately 17 years of âge, care should be taken not to 
damage it in patients younger than 17. After partial destruc¬ 
tion of the physis by disease or trauma, however, the remain - 
ing part can be excised to prevent unequal growth. Fusion of 
the wrist in children is difficult to secure because of the 
amount of cartilage in the joint. If possible, operation should 
be postponed until the patient is 10 to 12 years old. 

In addition to many other useful procedures for rheuma¬ 
toid arthritis of the upper extremity, Smith-Petersen reported 
a method of fusing the wrist suggested by the exposure of the 
wrist after resection of the distal end of the ulna. This tech¬ 
nique should not be used unless there is disease or dérange¬ 
ment of the DRUJ because the procedure uses the distal ulna 
as a bone graft inserted between the radius and the carpus. It 
has the disadvantage of allowing limited access to the radio¬ 
carpal joint. 

Although pseudarthrosis rates for wrist fusions generally 
range from 8% to 29%, the addition of a plate and screws, as 
in the AO/ASIF technique (Heim and Pfeiffer), yields fusion 
rates from 93% to 100%. Modification of the plate (Weiss and 
Hastings) minimizes the need for plate removal. 


Haddad and Riordan described a technique of arthrodesis 
of the wrist through a radial or latéral approach. It has the 
following advantages: the DRUJ is not entered, the extensor 
tendons to the digits are not disturbed, and, because dorsal 
thickening is avoided, the appearance of the wrist is not 
altered. These authors reported only one failure in 24 wrists 
using this technique. 


ARTHRODESIS OF THE WRIST 


TECHNIQUE 69-42 


(HADDAD AND RIORDAN) 

■ Begin a J-shaped skin incision 2.5 to 3.8 cm proximal to 
the radial styloid on the midlateral aspect of the forearm, 
extend it distally across the styloid, and curve it dorsally 
to end at the base of the second metacarpal. 

■ Mobilize and retract the superficial branch of the radial 
nerve. Identify the interval between the first and second 
dorsal compartments and incise the dorsal carpal liga¬ 
ment in this interval, leaving it attached to the volar 
aspect of the radius. 

■ Mobilize subperiosteally and retract the abductor pollicis 
longus, extensor pollicis brevis, and wrist and finger 
extensors. 

■ Divide the extensor carpi radialis longus tendon just 
proximal to its insertion on the base of the second meta¬ 
carpal, leaving a stump distally so that it can be sutured 
later. 

■ Remove the capsule from the radiocarpal, the intercarpal, 
and the second carpometacarpal joints. 

■ Locate the dorsal branch of the radial artery and ligate 
and divide its dorsal branch to the dorsal carpal arch. 

■ Dénudé the radiocarpal joint of articular cartilage and 
subchondral bone. 

■ Using an oscillating saw and osteotomes, obtain from the 
inner table of the iliac crest a graft about 3.8 cm long x 
2.5 cm wide. 

■ With the wrist in 15 degrees of dorsiflexion, eut a slot, 
using an oscillating saw, in the distal end of the radius, 
the carpal bones, and the bases of the second and third 
metacarpals. Do not eut through the médial cortex of the 
radius and enter the DRUJ. Place the graft in the prepared 
bed (Fig. 69-82). 

■ If the wrist is unstable, insert a smooth Kirschner wire 
obliquely or longitudinally to engage the base of the 
second metacarpal and the distal radius; eut off the wire 
under the skin at the palm (remove it 6 to 8 weeks later). 

■ Close the dorsal carpal ligament deep to the abductor 
pollicis longus and extensor pollicis brevis. 

■ Suture the extensor carpi radialis longus tendon and close 
the wound. 

■ Apply a sugar-tong splint. 

POSTOPERATIVE CARE. The bandage is changed and 
the sutures are removed at 10 to 14 days. A solid sugar- 
tong cast is applied and is worn for another 4 weeks; a 
short arm cast is worn until healing is évident clinically 
and radiographically. Exercises are encouraged through- 
out the healing phase. 
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Haddad and Riordan arthrodesis of wrist. 
A f Radial view showing slot eut in distal radius, carpal bones, and 
bases of second and third metacarpals. B, Dorsal view showing 
shape of graft and its final position (broken line) in slot. SEE 

TECHNIQUE 69-42. 


The compression plate technique has proved bénéficiai in 
providing excellent internai fixation and eliminating the need 
for prolonged immobilization. In their review of complica¬ 
tions affer AO/ASIF wrist arthrodesis, Zachary and Stern 
stressed the importance of preoperative clinical and radio¬ 
graphie évaluation of the DRUJ to minimize postoperative 
radioulnar and ulnocarpal complications. The fusion tech¬ 
niques with a standard plate and with a specially contoured 
wrist fusion plate are described. 


COMPRESSION PLATE TECHNIQUE 


TECHNIQUE 69-43 


■ Between the third and fourth compartments, make a 
10- to 15-cm longitudinal dorsal incision centered over 
the radiocarpal joint. 

■ Expose the extensor tendons with their retinaculum, 
retracting the finger extensors medially. 

■ Open the wrist capsule with an H-shaped incision to 
expose the radiocarpal and intercarpal joints. 

■ Dénudé the radiocarpal and intercarpal joint surfaces of 
cartilage and subchondral bone and fill the gaps with 
cancellous iliac bone. 

■ Place a 3.5-mm cortex lag screwthrough the radial styloid 
into the capitate to pull the carpus against the radial 
styloid to avoid impingement of the DRUJ. 

■ Inlay a fiat rectangular corticocancellous graft from the 
ilium into a prepared bed between the metacarpal bases 
and the distal radius. 

■ Place a seven-hole or eight-hole, 3.5-mm dynamic com¬ 
pression plate over the graft. 


Arthrodesis of wrist with lag screw and dynamic 
compression plate fixation. SEE TECHNIQUE 69-43. 


■ Compress the radiocarpal joint with one screw in the 
capitate and one screw proximal to the bone graft in the 
radius. 

■ Attach the plate to the third metacarpal (or occasionally 
the second metacarpal) with two or three screws and to 
the radius with three or four screws (Fig. 69-83). 

■Close the wound over drains as needed and apply a 
compression dressing, supported by a sugar-tong splint. 

POSTOPERATIVE CARE. The hand is kept elevated, and 
finger motion is encouraged from the first postoperative 
day. The bandage is changed, and the splint and sutures 
are removed at 10 to 14 days. Above-elbow immobiliza¬ 
tion is continued for 4 to 6 weeks; a short arm cast is 
applied and is worn until healing is évident clinically and 
radiographically. Plate removal is optional, depending on 
the patient. 


ARTHRODESIS OF THE WRIST 


TECHNIQUE 69-44 


(WEISS AND HASTINGS) 

■ Make a 10- to 15-cm dorsal longitudinal incision centered 
over the radiocarpal joint. Incise the subeutaneous 
tissues sharply, protecting sensory nerves. Incise the 
extensor retinaculum between the third and fourth 
extensor compartments. Expose the distal radius and the 
dorsum of the carpus and long finger metacarpal 
subperiosteally. 

■ Use an osteotome to remove Lister tubercle from the 
distal radius and to decorticate the dorsal fourth of the 
scaphoid, lunate, capitate, and long finger carpometacar- 
pal joint (Fig. 69-84). Do not include the ulnar midcarpal 
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Bone grafts 


bone graft site 


Wrist fusion with bone grafting and plate fixation. A f Rigid fusion column through carpus to metacarpal must 
coïncide with plate placement. AN joints spanned directly by plate should be fused; adjacent joints can be fused if desired. B and C f 
Placement of 3.5-mm dynamic compression plate; note local distal radial bone graft portai (arrow) and thickness of plate distally. 
D f Dorsal cartilage is denuded, and plate is applied from distal to proximal, spanning local radial bone graft augmentation. (From Weiss 
APC, Hastings H II: Wrist arthrodesis for traumatic conditions: a study of plate and local bone graft application, J Hand Surg 20A:50, 1995.) SEE 
TECHNIQUE 69-44. 


9 joints and the second (index) carpometacarpal joints 
unless they hâve arthritic changes. 

■ Use a large (6-mm cup) curet to obtain bone from the 
distal radius slightly to the latéral (radial) side of Lister 
tubercle. 

■ Use a contoured dynamic compression plate to stabilize 
the long finger metacarpal-carpal-radius together. Select 
a plate of sufficient length so that six bone cortices are 
included in the distal metacarpal, six bone cortices are 
included in the distal radius, and one or two cancellous 


lag screws in the midportion fit into selected carpal 
bones, such as the capitate. 

■ After placement of the plate, secure the distal screws to 
the metacarpal first. 

■ Pack the cancellous bone graft from the distal radius into 
the denuded bone surfaces. 

■ Fix the plate to the distal radius, and use a 
cancellous screw to fix the plate to the capitate. Unless 
the DRUJ is symptomatic, do not include it in the 
procedure. 
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■ Use intraoperative radiographs to ensure that the plate 
holds the wrist in 10 to 15 degrees of extension. 

■ Deflate the tourniquet, ensure hemostasis, and place 
drains as needed. 

■ Close the capsule over the plate with interrupted sutures, 
close the extensor retinaculum, and close the skin. 

■ Apply a bulky compressive dressing, supported by a short 
arm splint. 

POSTOPERATIVE CARE. With the hand elevated, 
finger, elbow, and shoulder motion is begun immediately. 
The splint and skin sutures are removed at 2 weeks, and 
a molded plastic splint is applied to be worn at ail times 
except during bathing and exercising. In a noncompliant 
patient, a short arm cast is more reliable immobilization 
for another month. Hand therapy is begun at 2 weeks. 
Protective immobilization is discontinued when bone 
union is shown radiographically, usually at 6 to 8 weeks. 


CARPAL LIGAMENT INJURIES AND 
INSTABILITY PATTERNS 

Describing posttraumatic loss of alignment of the carpal 
bones, Linscheid et al. grouped carpal instabilities into four 
types: (1) dorsiflexion instability, (2) palmar-flexion instabil¬ 
ity, (3) ulnar translocation, and (4) dorsal subluxation. 
Instability in the carpus is considered static if the radiographie 
intercarpal relationships do not change with motion and 
dynamic if the intercarpal relationships change with manipu¬ 
lation and motion. Linscheid et al. stressed radiographie 
évaluation of the proximal carpal row in the latéral projection 
in which the radius, lunate, capitate, and third metacarpal 
should hâve collinear axes within an approximately 15-degree 
tolérance. On this projection, the wrist-collapse patterns 
include (1) patterns in which the distal articular surface of 
the lunate is tilted to face dorsally, known as dorsal interca- 
lated segment instability, and (2) patterns in which the distal 
articular surface of the lunate faces toward the palm, known 
as volar intercalated segment instability. In addition, Lin¬ 
scheid et al. advocated the concept of dissociative and non- 
dissociative instabilities in the wrist. Dissociative carpal 
instabilities are those in which there is disruption of the 
intrinsic interosseous ligaments between the bones of the 
proximal carpal row. Nondissociative instabilities are those in 
which the extrinsic radiocarpal ligaments may be disrupted, 
with intact intrinsic ligaments between the carpal bones. 

INSTABILITY CLASSIFICATION 

A number of classifications of carpal instability hâve been 
suggested, based on anatomie, mechanical, and kinematic 
aspects of carpal instability. The classification System devel- 
oped by Dobyns and Cooney is shown in Table 69-4. 

PROGRESSIVE PERILUNAR INSTABILITY 

Mayfield, Johnson, and Kilcoyne described four stages of 
progressive disruption of ligament attachments and anatomie 
relationships to the lunate resulting from forced wrist hyper¬ 
extension (see Fig. 69-9). Stage I represents scapholunate 
failure; stage II, capitolunate failure; stage III, triquetrolunate 


failure; and stage IV, dorsal radiocarpal ligament failure, 
allowing lunate dislocation. 

ROTARY SUBLUXATION OF THE SCAPHOID 

Injuries to the dorsal and volar portions of the scapholunate 
interosseous ligament (Fig. 69-85), the long radiolunate liga¬ 
ment, and the radioscaphocapitate ligament (Fig. 69-3) allow 
the proximal pôle of the scaphoid to rotate dorsally. The 
scaphoid assumes a more vertical orientation, and eventually 
the scaphoid séparâtes from the lunate (scapholunate disso¬ 
ciation). Watson and Black observed that rotary subluxation 
of the scaphoid may manifest in four types: (1) dynamic, (2) 
static, (3) with degenerative arthritis, and (4) secondary to a 
condition such as Kienbock osteochondrosis. Although a 
patient may not recall the spécifie injury, a fall on the extended 
wrist is the usual cause. The severity of the initial injury may 
not be appreciated, leading to the mistaken diagnosis of an 
uncomplicated wrist sprain. Other causes include fracture- 
dislocations of the wrist, rheumatoid arthritis, and degenera¬ 
tive changes in the ligaments. Typically, patients report pain 
with activity followed by aching. On examination, pain and 
tenderness are présent along the dorsal radiocarpal articula¬ 
tion at the scapholunate area. Edema may be présent with 
limitation of motion, particularly in flexion. The following 
maneuvers are considered to be helpful in evaluating rotary 
instability of the scaphoid. Watson and Black described a 
“scaphoid test,” in which the examiner places four fingers on 
the dorsum of the radius with the thumb on the scaphoid 
tuberosity, using the right hand for the right wrist and the leff 
hand for the leff wrist. Ulnar déviation of the wrist aligns the 
scaphoid with the long axis of the forearm. Applying thumb 
pressure to the scaphoid tuberosity, the wrist is returned to 
radial déviation, maintaining the thumb pressure on the 
scaphoid tuberosity. If the scaphoid is sufficiently unstable, 
the proximal pôle is driven dorsally, and pain results. 

Watson also found the “catch-up clunk” to be helpful in 
evaluating rotary instability of the scaphoid. As the wrist 
under load progresses from radial déviation to ulnar dévia¬ 
tion, the scaphoid normally moves smoothly into extension, 
aligning with the forearm axis. If scaphoid rotary subluxation 
is présent, the lunate remains in a volar-flexed and dorsal 
position until sufficient pressure is applied, so that it suddenly 
shiffs from the volar-flexed position and “catches up” with the 
scaphoid with a “clunking” sensation. Although dynamic 
rotary subluxation of the scaphoid usually cannot be shown 
radiographically, the diagnosis of static rotary subluxation of 
the scaphoid can be made on an anteroposterior radiographie 
view when a gap of more than 2 mm is noted between the 
scaphoid and the lunate bones. This gap is seen to increase 
with an anteroposterior view taken with the fist clenched. 
Other findings on the anteroposterior view include apparent 
shortening of the scaphoid and the so-called cortical ring 
appearance of the axial projection of the scaphoid. 

A séparation of 2 mm at the scapholunate articulation is 
not always symptomatic. The affected wrist should be com- 
pared with the opposite normal wrist. The latéral view of the 
wrist shows the more vertical orientation of the rotated 
scaphoid. The normal scapholunate angle is 30 to 80 degrees 
(mean 47 degrees), and the normal capitolunate angle is less 
than 20 degrees (Fig. 69-86 A). The scaphoid rotation leads to 
the development of dorsal intercalated segment instability, in 
which the scapholunate angle is more than 60 degrees and the 
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_ TABLE 69-4 B-UUU WOT 

Classification of Carpal Instability 


TYPE, SITE, NAME RADIOGRAPHIC PATTERN 


I. CID (CARPAL INSTABILITY—DISSOCATIVE) 


1.1 Proximal carpal row CID 

a. Unstable scaphoid fracture DISI 

b. Scapholunate dissociation DISI 

c. Lunotriquetral dissociation VISI 

1.2 Distal carpal row CID 

a. Axial radial disruption RT or PT 

b. Axial ulnar disruption UT or PT 


c. Combined axial radial and axial ulnar disruption 

I. 3 Combined proximal and distal CID 

II. CIND (CARPAL INSTABILITY—NONDISSOCIATIVE) 

2.1 Radiocarpal CIND 

a. Palmar ligament rupture 

b. Dorsal ligament rupture 

c. After "radial malunion," Madelung deformity, scaphoid malunion, 
lunate malunion (see "Adaptive carpus") 

2.2 Midcarpal CIND 

a. Ulnar midcarpal instability from palmar ligament damage 

b. Radial midcarpal instability from palmar ligament damage 

c. Combined ulnar and radial midcarpal instability, palmar ligament 

d. Midcarpal instability from dorsal ligament damage 

2.3 Combined radiocarpal-midcarpal CIND 

a. Capitolunate instability pattern 

b. Disruption of radial and central ligaments 

III. CIC (CARPAL INSTABILITY COMBINED OR COMPLEX—DISSOCIATIVE AND NONDISSOCIATIVE) 

a. Perilunate with radiocarpal instability DISI and UT 

b. Perilunate with axial instability AxUI and UT 

c. Radiocarpal with axial instability AxRI and UT 

d. Scapholunate dissociation with ulnar translation DISI and UT 

IV. "ADAPTIVE CARPUS" 


DISI, UT of entire proximal carpal row 
UT with increased scapholunate space 
PT (actually is a combined carpal instability) 
VISI, DT 


VISI 

VISI 

VISI 

DISI 

VISI, DISI, alternating 

UT with or without VISI or DISI 


a. Malposition of carpus with distal radial malunion 

b. Malposition of carpus with scaphoid nonunion 

c. Malposition of carpus with lunate malunion 

d. Malposition of carpus with Madelung deformity 


DISI or DT 
DISI 

DISI or VISI 
UT, DISI, PT 


From Dobyns JH, Cooney JP: Classification of carpal instability. In Cooney WP, Linscheid RL, Dobyns JH, editors:The wrist, St. Louis, Mosby, 1998. 

AxRI, Axial radial instability; AxUI, axial ulnar instability; DISI, dorsal intercalated segment instability; DT, dorsal translation; PT, proximal translation; RT, radial transla¬ 
tion; UT, ulnar translation; VISI, volar intercalated segment instability. 


capitolunate angle is more than 20 degrees (Fig. 69-86B). 
Occasionally, the capitate migrâtes proximally into the gap 
created by the séparation of the scaphoid and lunate, espe- 
cially when an axial force is exerted on the capitate, as when 
making a fist. Degenerative arthritic changes may eventually 
develop. Closed treatment of acute rotary subluxation of the 
scaphoid consists of attempting réduction by placing the wrist 
in neutral flexion and a few degrees of ulnar déviation. Per- 
cutaneous pinning can be done with one 0.045-inch (1.16- 
mm) Kirschner wire placed through the scaphoid into the 
capitate and a second placed through the scaphoid into the 


lunate. If closed réduction is unsuccessful, arthroscopic 
réduction and percutaneous pin fixation can be attempted; 
however, open réduction through a dorsal approach with 
closure of the scapholunate gap, Kirschner wire internai fixa¬ 
tion of the lunate to the scaphoid, and ligament repair usually 
are indicated. Management of an old rotary subluxation of 
the scaphoid may require reconstruction of the scapholunate 
interosseous ligament with a segment of the extensor carpi 
radialis brevis tendon plus Kirschner wire fixation after the 
graff has been passed through the scaphoid into the adjoining 
lunate. Insufficient expérience with this procedure has been 
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Ulnocapitate 

ligament 

Ulnotriquetral 

ligament 

Ulnolunate 

ligament 

Short radiolunate 
ligament 

Palmar radioulnar 
ligament 



Capitotrapezoid 

ligament 

Scaphocapitate 

ligament 


Scaphotrapezium 

trapezoid 

ligament 

Radioscaphocapitate 

ligament 

Long radiolunate 
ligament 

Radioscapholunate 

ligament 


Interosseous wrist ligaments and palmar radiocarpal ligaments. Key ligaments are radioscaphocapitate, long and 
short radiolunate, and ulnar carpal ligaments (ulnolunate, ulnotriquetral, and ulnocapitate ligaments). C, Capitate; H, hamate; /, first 
metacarpal, L, lunate; P, pisiform; R, radius; S, scaphoid; Td, trapezoid; Tm, trapezium; U, ulna; V, fifth metacarpal. (From Mayo 
Foundation.) 



A, Normal scapholunate and capitolunate 
angles. B, Dorsal intercalated segmentai instability (DISI) defor- 
mity of wrist. Concave surface of lunate points dorsally, scapholu¬ 
nate angle is greater than 80 degrees, and capitolunate angle is 
greater than 20 degrees. C, Volar intercalated segmentai instabil¬ 
ity (VISI) deformity of wrist. Concave surface of lunate points 
palmarly, and scapholunate angle is less than 30 degrees. 


reported in the literature to provide data for comparing 
results with nontreatment. 

ANTERIOR DISLOCATION OF THE LUNATE 

The most common carpal dislocation is anterior dislocation 
of the lunate. On a latéral radiographie view of the normal 
wrist, the half-moon-shaped profile of the lunate articulâtes 
with the cup of the distal radius proximally and with the 
rounded proximal capitate distally. On an anteroposterior 
view, the normal rectangular profile of the lunate when dis- 
located becomes triangular because of its tilt. An anteriorly 
dislocated lunate can cause acute compression of the médian 
nerve (Fig. 69-87A), which if prolonged can resuit in a per¬ 
manent palsy. If a patients condition permits, and if swelling 
is not excessive, the lunate bone should be reduced promptly. 
Because an open release of the transverse carpal ligament may 
be required, every effort should be made to reduce and 
control the swelling to permit wound closure. When the 
injury is treated early, manipulative réduction usually is pos¬ 
sible and immobilization for 3 weeks with the wrist in slight 
flexion is required. When treated affer 3 weeks, the injury can 
be difhcult to reduce by manipulation, and open réduction 
may be necessary. A dorsal approach has been recommended 
to clean out the space to receive the lunate, whereas a palmar 
approach has been recommended to decompress the médian 
nerve as the lunate is reduced. At times, a combined dorsal 
and palmar approach may be required. When the lunate 
cannot be reduced by open réduction, a reconstructive pro¬ 
cedure, such as proximal row carpectomy or arthrodesis, may 
be necessary. 
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FIGURE 69-8 


^ Anterior dislocation of lunate and perilunar 
dislocation of carpus. A f Anterior dislocation of lunate (L). 
B f Dorsal perilunar dislocation of carpus (C). III Met, third meta- 
carpal; R, radius. 


PALMAR TRANSSCAPHOID 
PERILUNAR DISLOCATIONS 

Palmar transscaphoid perilunar dislocations are extremely 
rare and usually resuit from a fall on the dorsum of the flexed 
wrist. This is directly opposite to the mechanism that pro¬ 
duces a dorsal perilunar dislocation (Fig. 69-87B). 

DORSAL TRANSSCAPHOID 
PERILUNAR DISLOCATIONS 

Similar to the isolated scaphoid fracture, diagnosis of this 
injury may be overlooked and delayed. It can be associated 
with other injuries of the upper extremity. Early réduction by 
closed manipulation is best. When accurate réduction of the 
scaphoid fracture is not obtained, open réduction, internai 
fixation, and, when indicated, bone graffing may be 
necessary. 

Closed réduction may be possible 3 weeks affer injury. 
Many of these injuries later require open réduction and 
internai fixation with Kirschner wires for stability. Although 
Boyes reported successful open réduction 6 weeks after 
injury, affer 2 months, open réduction may not be possible. 
Proximal row carpectomy or arthrodesis of the wrist may 
be indicated. 

TRIQUETROLUNATE AND 
MIDCARPAL INSTABILITIES 

Axial loading of a hyperextended pronated wrist contributes 
to injury of the ligamentous supports of the triquetrolunate 
and midcarpal joints. Disruption of the triquetrolunate, 
dorsal intercarpal, and radiotriquetral ligaments leads to 
laxity on the ulnar side of the wrist. Patients with triquetrolu¬ 
nate instability usually report pain on the ulnar aspect of the 
wrist, with or without an associated wrist click in radial and 
ulnar déviation. Usually a traumatic event can be described. 
The physical examination usually reveals tenderness over the 
ulnar aspect of the wrist in the région of the triquetrolunate 
joint, and a click usually can be reproduced in radial and 
ulnar déviation. Ballottement of the lunotriquetral joint can 
help in diagnosing this instability. The lunate is stabilized with 


the thumb and index finger of one hand, and an attempt is 
made to displace the triquetrum and pisiform dorsally and 
palmarward with the opposite hand. Usually, excessive laxity, 
pain, and crepitance constitute a positive test. If the triquetro¬ 
lunate injury is a tear or sprain, the usual static radiographs 
are normal. If there is triquetrolunate dissociation, the trique¬ 
trum may be displaced proximally on the anteroposterior 
view. This displacement may be exaggerated with ulnar dévia¬ 
tion, creating overlapping of the lunate and triquetrum. 
Although arthrography can be helpful in evaluating tri¬ 
quetrolunate ligament injuries, arthroscopic examination 
usually is diagnostic. 

Lichtman et al. believed palmar instability in the midcar¬ 
pal région (capitolunate) to be a manifestation of laxity of the 
ulnar arm of the arcuate ligament. This laxity allows the 
proximal carpal row to develop a palmar-flexed position 
(volar intercalated segment instability). Defects in the dorsal 
intercarpal and radiotriquetral ligaments may contribute to 
static malpositioning. Most patients hâve the sensation of a 
painful “clunk” with ulnar déviation and pronation of the 
wrist. A palmar sag can be identified at the level of the mid¬ 
carpal joint on physical examination. The clunk can be 
reproduced by passively moving the hand from the relaxed 
neutral position into ulnar déviation. As the wrist reaches its 
extreme of ulnar déviation, a palpable sensation, or a “clunk,” 
is noted. At this time, the volar sag is corrected. The radio¬ 
graphie examination usually reveals volar intercalated seg¬ 
mentai instability. With the wrist in neutral position and 
unsupported, the scapholunate angle decreases to less than 
30 degrees in the latéral projection (Fig. 69-86C). Video fluo- 
roscopy or cineradiography can be helpful in assessing wrist 
instability. 

OTHER INSTABILITY PATTERNS 

Other instability patterns hâve been described and may 
require treatment, including dorsal instability patterns related 
to malunited fractures of the distal radius or lax ligaments 
(nondissociative), capitolunate instability patterns (“CLIP” 
wrist), volar instability related to laxity in the triquetrohamate 
ligament, ulnar translocation of the carpus resulting from 
severe traumatic or inflammatory (rheumatoid) disruption of 
the dorsal and volar radiocarpal ligaments, scapholunate 
advanced collapse (SLAC), and scaphoid nonunion advanced 
collapse. Triquetrohamate instability usually is associated 
with other significant ligament injuries in the wrist. Ulnar 
translocation of the carpus, usually seen in patients with 
rheumatoid arthritis, also may be présent after major liga¬ 
ment disruptions in the wrist. The SLAC pattern usually is 
seen after conditions that lead to rotary subluxation of the 
scaphoid, resulting in loss of cartilage and degenerative 
changes in the radio scaphoid and capitolunate joints with 
sparing of the radiolunate joint. 

TREATMENT OPTIONS FOR WRIST 
LIGAMENT INJURIES AND INSTABILITY 

For acute wrist ligament injuries, options include closed or 
arthroscopically controlled manipulation and percutaneous 
pinning. If closed methods are unsuccessful, open repair or 
reconstruction of ligaments may be required. For instability 
problems that are seen later and hâve no significant arthrosis, 
ligament reconstruction, capsular imbrication, and limited 
intercarpal arthrodesis are considered. Dorsal capsulodesis 
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can be added to limit scaphoid flexion. If there is fixed defor- 
mity, arthrosis, pain, or interférence with function, excisional 
arthroplasty (e.g., proximal row carpectomy), limited inter- 
carpal arthrodesis, and wrist fusion can preserve function 
and relieve pain. Geissler et al. proposed a classification of 
carpal instabilities and treatment options, based on 
arthroscopic findings (Table 69-5). 


LIGAMENT REPAIR 

Ligament repairs can be made if closed réduction of rotary 
subluxation of the scaphoid and other carpal instability 
patterns cannot be accomplished satisfactorily. For primary 
rotary subluxation of the scaphoid and other carpal insta¬ 
bilities seen acutely, closed manipulation and pinning may 
be successful; however, because of the positioning required 
to reduce and pin the subluxation or dislocation, approxi¬ 
mation of the ligaments may be difficult. For rotary sublux¬ 
ation of the scaphoid, Taleisnik suggested that the scaphoid 
be reduced with the wrist in dorsiflexion and that the 
scaphoid be pinned to the capitate and lunate with three 
0.045-inch (1.16-mm) Kirschner wires. After the scaphoid 
has been stabilized, the wrist is flexed, allowing approxima¬ 
tion of the volar wrist ligaments. 


TECHNIQUE 69-45 


■ If open réduction is required, make a longitudinal incision 
dorsally, to the médial (ulnar) side of Lister tubercle. On 
the palmar aspect, make the incision parallel to the thenar 
crease and extend it proximally to cross the volar wrist 
crease obliquely medially. 

■ Expose the radiovolar aspect of the wrist by retracting the 
digital flexor tendons to see the volar wrist capsule. 

■ Carefully incise the volar radioscaphocapitate and 
radiolunate ligaments to allow repair at the time of 
closure. 

■ Expose the dorsum of the wrist through a longitudinal 
skin incision centered over the finger extensors. Avoid 
injury to branches of the superficial radial nerve, the radial 
artery on the dorsal aspect, and the médian nerve and 
flexor tendons through the palmar approach. 


■ Open the distal half of the extensor retinaculum, raising 
a retinacular flap based on the ulnar or the radial side of 
the fourth extensor compartment. 

■ Retract the finger extensors ulnarward and the extensor 
pollicis longus radially. Wide exposure of the dorsum of 
the carpal bones can be attained by raising a radially 
based capsular flap, using an incision that follows the 
dorsal radial articular margin proximally, the dorsal radio- 
carpal ligament medially, and the dorsal intercarpal liga¬ 
ment distally (Fig. 69-88). 

■ Reduce the scapholunate disruption and fix it with three 
0.045-inch (1.16-mm) Kirschner wires directed from the 
scaphoid into the lunate and capitate. 

■ Although frequently difficult, attempt to repair the dorsal 
scapholunate interosseous ligament. This is easier if a 
small osteochondral fragment of bone has been avulsed. 
At times, such a fragment can be stabilized with small 
Kirschner wires, very small suture anchors, or sutures 
placed through holes drilled in the scaphoid. 

■Close the wound and immobilize the limb in a long arm 
thumb spica cast with mild palmar flexion and neutral 
forearm rotation. 

POSTOPERATIVE CARE. Remove the sutures in 10 to 
14 days, and change the cast. After about 6 weeks, 
remove the long arm cast and apply a short arm cast for 
another 3 to 4 weeks. At the end of 8 to 10 weeks, 
remove ail Kirschner wires and begin range-of-motion 
exercises followed by progressive strengthening 
exercises. 


LIGAMENT RECONSTRUCTION 

Ligament reconstruction can be accomplished with free 
tendon grafts or tenodesis using prolonged slips of wrist 
flexors and extensors. Complications make ligament recon¬ 
struction satisfactory for some patients but unpredictable 
for others. Tendons, used as substitute ligaments, may 
stretch and become lax. Bone tunnels for passage of 
tendon slips may lead to fracture and possibly avascular 
changes. Taleisnik pointed out that satisfactory results hâve 


r TABLE 69-5 

Classification of Carpal Instability j 

GRADE 

DESCRIPTION 

TREATMENT 

1 

Atténuation or hemorrhage of interosseous ligament as seen from radiocarpal space. No 
incongruency of carpal alignment in midcarpal space. 

Immobilization in 

cast 

II 

Atténuation or hemorrhage of interosseous ligament as seen from radiocarpal space. 
Incongruency or step-off seen in midcarpal space. Slight gap (less than width of probe) 
may be présent between carpal bones. 

Arthroscopic pinning 

III 

Incongruency or step-off of carpal alignment as seen from radiocarpal and midcarpal 
space. Probe may be passed through gap between carpal bones. 

Arthroscopic pinning 
or open repair 

IV 

Incongruency or step-off of carpal alignment as seen from radiocarpal and midcarpal 
space. Gross instability with manipulation. A 2.7-mm arthroscope may be passed 
through gap between carpal bones. 

Open repair 


(From Geissler WB, Freeland AE, Weiss A-P, et al: Techniques of wrist arthroscopy, Instr Course Lect 49:225, 2000.) 
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Alternative capsular incision, radially based between dorsal intercarpal ligament and dorsal radiotriquetral ligament. 
C, capitate; D/C, dorsal intercarpal ligament; DRC, dorsal radiocarpal ligament; H, hamate; L, lunate; LT, Lister tubercle; 5, scaphoid; T, 
triquetrum. SEE TECHNIQUE 69-45. 


been achieved; however, the procedures are technically 
demanding, patient satisfaction is unpredictable, and the 
tightness required to maintain apposition of the bones 
limits eventual wrist motion. Palmer, Dobyns, and Linscheid 
reported satisfactory results using a distally attached slip of 
the flexor carpi radialis tendon (Fig. 69-89). They recom- 
mended that ligament reconstruction be reserved for 
patients whose ligament ruptures cannot be maintained 
with closed réduction or patients who hâve their diagnosis 
made after about 1 month. Ligament reconstruction is not 
indicated in patients with associated degenerative joint 
disease for whom other procedures, such as radial styloid- 
ectomy, wrist arthrodesis, or wrist arthroplasty, should be 
considered. Ail patients can expect to hâve a loss of wrist 
motion after most of the procedures described and advo- 
cated for these problems. Almquist et al. achieved success 
in 36 patients with chronic scapholunate séparation, using 
a four-bone ligament weave reconstruction incorporating 
the extensor carpi radialis brevis tendon (Fig. 69-90). With 
an average follow-up of 4.8 years, 86 patients returned to 
preinjury activities. Criteria for this procedure include 
complété scapholunate séparation (no intact ligaments, 
widely separated, freely movable scapholunate joint) and 
no sign of arthrosis. Brunelli and Brunelli stabilized rotary 
subluxation of the scaphoid with a distally based slip of the 
flexor carpi radialis, achieving satisfactory results in 13 
patients (Figs. 69-91 and 69-92). 


TECHNIQUE 69-46 


(PALMER, DOBYNS, AND LINSCHEID) 

■ After induction of anesthésia, proper application of the 
tourniquet, and préparation and draping of the arm with 
the patient supine, approach the wrist through dorsal and 
palmar incisions, allowing sufficient exposure to identify 
the scapholunate articulations on the palmar and dorsal 
surfaces (Fig. 69-89A and B). 

■ Dorsally, the interval between the wrist extensors and the 
finger extensors usually is satisfactory, although tendons 
might require retraction radially or ulnarward for expo¬ 
sure. On the palmar surface, approaching the radiovolar 
wrist capsule through the flexor carpi radialis sheath or 


to the ulnar side of the flexor carpi radialis, retract the 
flexor carpi radialis radially and enter the capsule at the 
scapholunate interval. 

■ Carefully incise the volar radioscaphocapitate and radiolu- 
nate ligaments to allow repair with capsular closure. 

■ Holding the scapholunate interval reduced with Kirschner 
wires as toggle levers, carefully drill holes in the scaphoid 
and lunate for tendon passage; avoid fracturing through 
the cortical surfaces between the scaphoid and lunate 
(Fig. 69-89B and C). Start with small drill points and 
enlarge the holes gradually with larger drill points and 
eu rets. 

■ Longitudinally incise the flexor carpi radialis and split a 
tendon slip 2 to 4 mm wide from the musculotendinous 
junction proximally to distally, leaving the distal 
insertion. 

■ Pass the flexor carpi radialis tendon slip first through the 
lunate from palmar to dorsal (Fig. 69-89C). 

■ With the wrist reduced, stabilize the lunate with a 0.062- 
inch (1.59-mm) Kirschner wire drilled from proximally 
through the radial metaphysis into the lunate through the 
distal radial articular surface (Fig. 69-89C). Secure the 
Kirschner wire stabilization after the tendon graft has 
been passed. 

■ Using wire loops and sutures, pass the tendon slip from 
dorsal to palmar through the scaphoid drill hole (Fig. 
69-89D). Try to overreduce the carpal bones in their align- 
ment with each other and with the radius. 

■ Stabilize the scaphoid with a 0.062-inch Kirschner wire 
through the radial metaphysis into the scaphoid (Fig. 
69-89E). 

■ Drill a hole in the distal radius at the level of the 
radioscapholunate ligament and pass the tendon from 
palmar to dorsal from within the joint on the palmar 
surface to extraarticular on the dorsal surface (Fig. 
69-89F). Suture the flexor carpi radialis back to itself 
dorsally. 

■ An alternative technique described by Palmer, Dobyns, 
and Linscheid involves passing the flexor carpi radialis 
tendon slip dorsally through the scaphoid initially, then 
palmarward through the lunate from dorsal to palmar, 
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Scaphoid —r 


Radiocapitate 

ligament 

Radioscaphoid- 
lunate ligament 

Flexor carpi 
radialis muscle 
and tendon 



Capitate 


Lunate 


Capitate 


Scaphoid 


Radius 


Radius 



Lunate 

Interosseous 
ligament 
(torn) 
Radioscaphoid- 
lunate ligament 
(torn) 



Latéral 


Dorsal 



/1 y 


Flexor 
carpi radialis 
tendon, split —f. 



Lunate passage 






Volar 


Radial passage 


Repair of scapholunate dissociation as described by Palmer, Dobyns, and Linscheid. A f Radial view of wrist showing 
position of flexor carpi radialis muscle-tendon unit. B f Dorsal view of wrist with overhang of radius eut away shows tear of radioscaph- 
olunate ligament and séparation of scaphoid and lunate. C f Both views show tunnels in scaphoid and lunate for tendon passage; first, 
or lunate, passage (volar to dorsal) of flexor carpi radialis tendon graft slip, and first Kirschner wire stabilization of lunate to radius, 
done after tendon graft is passed. D f Second, or scaphoid, passage (dorsal to volar) of flexor carpi radialis tendon graft. E f Carpals 
aligned in slightly overreduced position with each other and with radius. Position of scaphoid had been stabilized by Kirschner wire 
through radius into scaphoid and capitate. F f Volar and latéral views of wrist showing third, or radial, passage (volar and intraarticular 
to volar and extraarticular) of tendon graft, which is sutured to itself. SEE TECHNIQUE 69-46. 
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FIGURE 69-9 


^ A f Four-bone ligamentous repair. Half of extensor carpi radialis brevis is used for new ligament. Holes are drilled 
from dorsal to palmar on nonarticular surfaces of capitate, lunate, scaphoid, and radius. B f Scapholunate dissociation reduced by 
22-gauge wire loop, which is sole internai fixation. SEE TECHNIQUE 69-47. 




Stabilization of rotary subluxation of scaphoid (latéral view). A f Rotary subluxation of scaphoid. B f Prepared flexor 
carpi radialis tendon slip ready to be passed through tunnel made in distal pôle of scaphoid, parallel to its distal articular surface. 
C f Flexor carpi radialis tendon slip is passed through tunnel, pulled dorsally to reduce rotary subluxation, and sutured to fibrous éléments 
of lunate ligament and radius. SEE TECHNIQUE 69-48. 


and then through a drill hole in the distal radius, and 
suturing the flexor carpi radialis slip to itself near its 
insertion. 

■ Apply a long arm thumb spica cast. 

POSTOPERATIVE CARE. The sutures are removed at 10 
days to 2 weeks. The cast is changed and left in place for 
6 weeks, and then the cast is changed to a short arm 
cast, which is worn for an additional 4 weeks. The pins 
are removed at 8 to 10 weeks, and range-of-motion and 
strengthening exercises are begun. 


LIGAMENT RECONSTRUCTION 


TECHNIQUE 69-47 


(ALMQUIST ET AL.) 

■ With the patient supine on the operating table, the 
forearm resting on the hand table, and a tourniquet in 
place, make a straight dorsal longitudinal incision over 
the fourth dorsal compartment. 
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Stabilization of rotary subluxation of scaphoid 
(sagittal view). A f Incision and reflection of capsuloligamentous 
tissues between scaphoid and lunate to expose dissociation (star) 
and remove interarticular dorsal scartissue. B, After réduction of 
scaphoid, flexor carpi radialis slip is sutured to dorsoulnar edge 
of radius and capsule is sutured back in place. SEE TECHNIQUE 
69-48. 


■ Reflect the extensor retinaculum radially from the fifth 
dorsal compartment to the third dorsal compartment. 
Leave the retinaculum attached radially. 

■ Divide the end of the posterior interosseous nerve proxi¬ 
mal to the wrist joint. 

■Open the wrist capsule longitudinally, exposing the 
scaphoid, lunate, and capitate. 

■ Make a palmar incision parallel to the thenar crease, 
extending proximally in a zigzag several centimeters 
proximal to the wrist flexion crease. 

■ Drill small holes from dorsal to palmar in the proximal 
neck of the capitate, the nonarticular surface of the 
lunate, and the nonarticular proximal pôle of the scaph¬ 
oid, 5 to 7 mm from the proximal articular surface. 

■ Penetrate the palmar capsule without stripping it. Reduce 
the rotary subluxation of the scaphoid before passing the 
drill through the palmar capsule. 

■ To avoid uncertainty in placing the drill hole, use a Kirsch- 
ner wire as a guide. Enlarge the small drill holes to about 
3.5 mm with a larger drill, burr, or curet. Make the holes 
large enough to accommodate the tendon without strip¬ 
ping or shredding. 

■ Extend the dorsal incision proximally along the course of 
the radial wrist extensor tendons. 

■ Split the extensor carpi radialis brevis tendon in half by 
cutting into the musculotendinous junction and stripping 
it distally to its insertion (Fig. 69-90A). If the musculoten¬ 
dinous junction is too far distal, use the extensor carpi 
radialis longus tendon. 

■ Pass a locking zigzag suture in the distal end of the 
tendon, leaving suture ends freely extending from the 
tendon end. 

■ Pass a 22-gauge stainless Steel wire through the holes in 
the scaphoid and lunate. Use a wire tightener to tighten 
the wire loop dorsally, reducing the scaphoid rotation, 
and securing the scaphoid and lunate firmly together. 

■ Use another loop of 22-gauge wire as a tendon passer, 
first passing the loop from palmar to dorsal through the 


hole in the capitate to retrieve the suture in the extensor 
carpi radialis brevis tendon. 

■ Using the wire loop, pass the tendon from dorsal to 
palmar, through the capitate and out through the palmar 
capsule in the carpal canal. 

■ Thread the tendon through the palmar surface of the 
lunate, out dorsally, and over to the scaphoid, passing 
dorsally through the scaphoid and exiting the palmar 
surface of the scaphoid, outside the capsule without 
stripping the capsule. 

■ Expose the palmar surface of the radius to the ulnar side 
of the exit hole of the scaphoid to tether the proximal 
pôle of the scaphoid in the ulnar direction. 

■ Drill a hole in the radius from the palmar surface, exiting 
in the fourth dorsal compartment. Enlarge the hole suf- 
ficiently to allow free passage of the tendon. 

■ Pass the tendon from palmar to dorsal and pull the 
tendon as taut as possible through the radial hole. Suture 
the tendon dorsally to the periosteum, the capsule, or 
both and to the palmar capsule with nonabsorbable 
sutures (Fig. 69-90B). 

■ Close the dorsal capsule and retinaculum and then the 
skin. 

■ Apply a nonadherent dressing and a long arm splint. 

POSTOPERATIVE CARE. The long arm splint and 
sutures are removed after 7 to 10 days. A long arm cast 
is applied and worn for an additional 7 weeks. At about 
8 weeks, the cast is removed and a removable long arm 
plaster splint is applied and is worn at ail times except 
while exercising. Range-of-motion exercises are begun 
after cast removal. At 12 weeks, a short arm splint is 
applied. Résistive exercises are begun at 16 weeks and 
are progressed to strengthening exercises. 


Taleisnik and Linscheid described another simplified palmar 
repair technique, using the flexor carpi radialis. This proce¬ 
dure requires dorsal and palmar incisions; tunnels made in 
the scaphoid, lunate, and distal radius; and the passage of a 
distally based, longitudinally split slip of the flexor carpi 
radialis (Fig. 69-93). 


LIGAMENT RECONSTRUCTION 


TECHNIQUE 69-48 


(BRUNELLI AND BRUNELLI) 

■ With the patient supine, the arm on a hand table, and 
the tourniquet appropriately padded, placed, and inflated, 
make a straight longitudinal, 4-cm dorsal incision. Section 
and reflect the extensor retinaculum. 

■ Enter the wrist joint through a longitudinal capsular inci¬ 
sion between the extensor carpi radialis brevis and the 
extensor pollicis longus tendons. 

■ Incise the capsuloligamentous structures between the 
scaphoid and lunate. Remove scar between the scaphoid 
and lunate, sparing the articular cartilage. 
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A f Ligamentous augmentation. Some laxity of 
scaphotrapezial joint is apparent. Strip of extensor carpi radialis 
longus can be passed through drill hole that is directed through 
tuberosity. B, Tendon is pulled through hole and passed into joint 
capsule over scaphoid waist. C f Tendon is passed through dorsal 
aspect of lunotriquetral ligament after producing hole with 
tendon passer. D f This is looped under itself and passed distally 
into hole in capitate. Scaphoid and lunate are reduced and fixed. 
Tendon can be pulled taut and sutured to itself. Line of pull tends 
to depress proximal pôle of scaphoid, elevate distal pôle correct- 
ing rotatory subluxation, and rotate lunotriquetral joint into 
flexion. If ligamentous repair between scaphoid and lunate is not 
possible, drill hole can be made directly through scaphoid and 
lunate in oblique directions so that hole perforâtes midportion 
of their contiguous articular surfaces. Wire loop using 20-gauge 
wire passed through parallel dorsal palmar holes in scaphoid and 
lunate provides internai suture that gives measure of security for 
repairs of this type. 


9 " Identify the scaphotrapeziotrapezoid joint distal to the 
scaphoid. Excise capsular scar or thickening in this area 
to allow réduction of the scaphoid. 

■ Make a palmar skin incision over the flexor carpi radialis 
tendon. Avoid injury to the radial artery, médian nerve, 
and palmar cutaneous branch of the médian nerve by 
entering the wrist through the flexor carpi radialis sheath. 
Remove scar between the scaphoid and lunate so that 
the interval between the bones can be seen clearly from 
dorsal to palmar. 

■ Incise the flexor carpi radialis sheath to the trapezium and 
trapezoid, preserving its deep insertion. Préparé the flexor 
carpi radialis tendon by splitting it longitudinally, leaving 
a 7-cm tendon slip attached to the palmar base of the 
second metacarpal. 

■ Drill a small hole in the distal pôle of the scaphoid parallel 
to its distal articular surface. Enlarge the hole to about 
2.5 mm in diameter. 

■ Pass the flexor carpi radialis tendon slip from palmar to 
dorsal through the prepared tunnel. Pull the tendon slip 
dorsally, reducing the scaphoid and correcting the proxi¬ 
mal pôle subluxation and the scapholunate dissociation 

(Figs. 69-91 and 69-92). 

■ Temporarily fix the scaphoid, using a Kirschner wire 
through the distal scaphoid into the capitate. 

■ Suture the tendon slip to the fibrous remnant of the 
lunate ligament and to the fibrous tissue at the dorsoulnar 
margin of the radius. 

■Close the capsular incision and the skin. 

■ Apply a nonadherent dressing and a sugar-tong splint. 

POSTOPERATIVE CARE. The splint is removed in 7 to 
10 days for wound inspection and suture removal. A solid 
sugar-tong cast is applied and is worn for 4 weeks. At 4 
weeks, the cast and Kirschner wire are removed. Active 
mobilization of the wrist is begun, using a short arm 
plastic splint. Résistive exercises are begun at 8 or 9 weeks 
and are progressed with strengthening at 10 to 12 weeks. 


For lunate stabilization in patients with triquetrolunate 
instability (static volar intercalated segmentai instability col- 
lapse patterns and dynamic dorsal intercalated segmentai 
instability collapse patterns), in whom the instability of the 
lunate contributes to médial carpal instability, Taleisnik rec- 
ommended use of the latéral half of the flexor carpi ulnaris 
in a strip left attached distally and threaded from the palm 
through to the dorsal aspect of the lunate and secured to the 
dorsal surface of the distal radius (Fig. 69-94A). For dynamic 
dorsal intercalated segmentai instability deformities, the 
médial half of the extensor carpi radialis brevis is left attached 
distally, threaded through the lunate from dorsal to palmar, 
and anchored under the pronator quadratus on the anterior 
surface of the distal radius (Fig. 69-94B). 

■ CAPSULODESIS 

Blatt found capsulodesis useful for two conditions causing 
impairment of wrist function-scapholunate dissociation and 
the caput ulnae syndrome caused by DRUJ incongruity. Blatt 
found it particularly useful in patients with symptomatic 
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Extensor carpi 



FIGURE 69-9 


Tenodesis and capsulodesis techniques for volar intercalated segmentai instability (VISI) (A) and dorsal intercalated 
segmentai instability (DISI) (B) (see text). 


dynamic instability and a static deformity and applied it to ail 
patients with reducible scapholunate dissociations. 


DORSAL CAPSULODESIS 


TECHNIQUE 69-49 


(BLATTWITH BERGER MODIFICATION) 

■ Before the operative procedure, thoroughly evaluate 
the radiographs to détermine the nature and extent of 
the scapholunate dissociation and rotary subluxation of 
the scaphoid. Blatt stated, "a single criterion for this 
procedure is the ability to anatomically reduce the scaph¬ 
oid at the time of surgery." 

■ After achieving satisfactory anesthésia and appropriate 
skin préparation and draping of the extremity and with 
the well-padded tourniquet inflated, make a longitudinal 
dorsoradial incision. 

■ Retract the wrist and finger extensors laterally (wrist) and 
medially (finger). 

■ Make a longitudinal incision through the capsule near the 
axis of the scaphoid. Expose the full length of the 
scaphoid. 

■ Preserve a 1-cm wide flap of dorsal wrist capsule and 
develop it from the ulnar side of the capsular incision 
(Fig. 69-95A). This flap is released distally, and the proxi¬ 
mal origin on the dorsum of the distal radius is left 
attached. 

■ Inspect the interosseous and dorsal scapholunate liga¬ 
ments to ascertain their rupture and irreparability. 

■ Reduce the scaphoid with thumb pressure on the scaph¬ 
oid tubercle on the palm side, bring the wrist into slight 
ulnar déviation, and transfix the scaphoid with 0.045-inch 
(1.16-mm) Kirschner wires placed from the distal pôle of 
the scaphoid into the capitate and base of the third 
metacarpal. 



Ligament inserted 



Dorsal capsulodesis (Blatt). A f Proximal-based 
ligamentous flap is developed from dorsal wrist capsule. Notch 
for ligament insertion is created in dorsal cortex of distal scaphoid 
pôle. B, Scaphoid has been derotated, and ligament has been 
inserted with pull-out wire suture. SEE TECHNIQUE 69-49. 


■ Make a notch in the dorsum of the distal pôle of the 
scaphoid proximal to the distal articular surface and distal 
to the midaxis of rotation of the scaphoid with a narrow 
osteotome or small rongeur. 

■ Trim the dorsal capsuloligamentous flap to attach into the 
distal pôle of the scaphoid with a 4-0 stainless Steel 
pull-out wire suture. Pass this wire suture through fine 
drill holes to the volar tubercle of the scaphoid and tie it 
at the level of the skin over felt and a button (Fig. 69-95B). 

■ Deflate the tourniquet, obtain hemostasis, and close the 
skin. 
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FIGURE 69-9 


A, Dorsal capsulodesis in which dorsal intercar- 
pal ligament (DIC) is detached (50%) from dorsal aspect of trique- 
trum (T) and dissected radially to distal scaphoid (S), where it is 
firmly attached; then with scaphoid extended to neutral position, 
dorsal intercarpal ligament is sutured to dorsal rim of distal radius 
(R), either through bone or to origin of dorsal radiocarpal liga¬ 
ment. L, Lunate; Tel, trapezoid; U, ulna. B, Latéral view shows 
scaphoid extension position achieved with dorsal capsulodesis 
using DIC. SEE TECHNIQUE 69-49. 


3 " A variation in technique described by Berger can be used 
instead of that just described. Detach the proximal half 
of the dorsal intercarpal ligament, incising down the 
length of the ligament. Leave the latéral (scaphoid) inser¬ 
tion attached, and detach the médial (triquetral) end of 
the ligament. Reduce the scaphoid into an extended 
position and suture the free, triquetral end of the liga¬ 
ment to the dorsal rim of the distal radius. Make this 
attachment to bone or to the dorsal radiocarpal ligament 
(Fig. 69-96). Apply a thumb spica cast. 

POSTOPERATIVE CARE. The cast is changed at 10 to 
14 days. Sutures are removed, and another cast is applied 
and is left in place for an additional 6 weeks. After 2 
months, the cast is removed, as is the pull-out wire. 
Kirschner wires are left in place. A removable splint is 
provided, and progressive range-of-motion exercises are 
started. The Kirschner wires are removed 3 months 
postoperatively, and range of motion progresses with no 
forceful stress activities permitted for about 4 months. 


■ LIMITED WRIST ARTHRODESIS 

Limited wrist arthrodesis has been used in various forms for 
rotary subluxation of the scaphoid since the 1950s. In 1967, 
Peterson and Lipscomb described successful fusion of the 
scaphoid, trapezium, and trapezoid. Subsequently, Watson 
and Hempton found the triscaphe arthrodesis to be an effec¬ 
tive procedure to resist the forces of movement, tending 
to keep the scaphoid in a perpendicular position relative to 
the forearm. Kleinman carefully reviewed the results of 
scaphotrapezial-trapezoid fusion for rotary subluxation of 
the scaphoid and found the carpal mechanics to be disturbed 


by loss of the carpal shiff relationship of the scaphoid and 
lunate. Between 70% and 75% of the dorsiflexion-palmar 
flexion motion was preserved. In 41 cases reviewed, 11 
patients had major surgical complications. The development 
of postoperative arthrosis, on rétrospective review, seemed to 
be related to imperfect réduction of the scaphoid. This pro¬ 
cedure achieved pain relief and preserved a functional arc of 
motion. Other limited wrist arthrodèses hâve been reported 
on an anecdotal basis and include fusions of the capitate and 
lunate; scaphoid, lunate, and capitate; capitate, hamate, lunate, 
and triquetrum; and radio scaphoid and radiolunate 
arthrodèses. 

I INDICATIONS FOR TRISCAPHE ARTHRODESIS 

Watson initially considered three indications for triscaphe 
arthrodesis: (1) degenerative arthritis of the scaphotrapezial- 
trapezoid joint with normal thumb carpometacarpal joint, (2) 
radial hand dislocations, and (3) rotary subluxation of the 
scaphoid. Subsequently, he added the existence of the dorsal 
intercalated segmentai instability pattern with disruption of 
the volar ligaments tethering the lunate, allowing the scaphoid 
to assume a static rotary instability. He also advocated this 
arthrodesis for résistant scaphoid nonunions, combining the 
triscaphe arthrodesis with bone graffs. Kleinman considered 
the clinical indications to be pain at the end arcs of motion, 
especially in radial déviation; weakness caused by instability 
of the proximal carpal row at the scapholunate joint; and loss 
of motion secondary to pain. Radiographie criteria included 
a scapholunate diastasis more than 2 mm; scaphoid angle of 
greater than 60 degrees on the true latéral view of the wrist; 
and foreshortening of the scaphoid seen on the anteroposte- 
rior view, in which the inferior margin of the distal scaphoid 
pôle to the proximal pôle at the radioscaphoid joint is short- 
ened to less than 7 mm. 

I CONTRAINDICATIONS FOR 
TRISCAPHE ARTHRODESIS 

Scaphotrapezial-trapezoid arthrodesis probably is contrain- 
dicated in patients with radioscaphoid arthritis or early 
phases of degenerative changes in the wrist progressing to 
scapholunate advanced collapse. 


SCAPHOTRAPEZIAL-TRAPEZOID 

FUSION 


TECHNIQUE 69-50 


(WATSON) 

■ After satisfactory induction of anesthésia, préparé the 
hand, wrist, and forearm and apply drapes in the routine 
manner. 

■ Make a transverse incision in the skin on the dorsum of 
the wrist over the area of fusion. 

■ Retract the branches of the superficial radial nerve and 
the veins. 

■Open the extensor retinaculum along the tendon of the 
extensor pollicis longus. 

■ Approach the wrist between the tendons of the extensor 
carpi radialis longus and the extensor carpi radialis brevis, 
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or, as recommended by Kleinman, expose the wrist 
capsule between the first and second dorsal tendon 
compartments, exposing the adjacent surfaces of the 
scaphotrapezial-trapezoid joint and retracting the radial 
artery. 

■ Open the scaphotrapezial-trapezoid joint and open the 
capsule of the wrist to expose the proximal articular 
surface of the scaphoid. Triscaphe arthrodesis is contra- 
indicated in the presence of significant radioscaphoid 
arthritis. If this is found, SLAC wrist reconstruction should 
be done. Observe the following principes as recom¬ 
mended by Watson: (1) Careful planning is essential; (2) 
The minimum necessary joints should be fused; (3) 
Packed, cancellous bone graft arthrodesis with sufficient 
graft should be used; (4) The external dimensions of the 
fused unit must equal the external dimensions of the 
same bones in their normal State; and (5) Only the joints 
to be fused should be pinned. 

■ Careful attention to the réduction of the scaphoid is 
required to avoid fixing the scaphoid in an excessively 
longitudinal or dorsiflexed position. Kleinman recom¬ 
mended introducing a curved instrument palmar to the 
distal neck of the rotated scaphoid and dorsiflexing the 
distal pôle with it. This allows réduction of the scaphoid 
to its anatomie position with the proximal pôle secured 
in the scaphoid fossa of the radius. 

■ Insert 0.045-inch Kirschner wires through the scaphoid 
into the carpus to maintain this réduction and correlate 
the réduction by inspecting the reduced dorsal surface of 
the proximal pôle of the scaphoid and the dorsal aspect 
of the lunate. The longitudinal axis attitude of the scaph¬ 
oid should be 30 degrees or more to avoid excessive 
longitudinal orientation of the scaphoid and subséquent 
radioscaphoid impingement. 

■ Remove the articular surfaces of the trapezium, trapezoid, 
and scaphoid to cancellous bone. Kleinman's modifica¬ 
tion of removing only the dorsal two thirds of the articular 
surfaces allows préservation of the carpal height, main- 
taining the contact surfaces of the palmar one third. 

■ Obtain anteroposterior and latéral radiographs to confirm 
acceptable réduction of the scaphoid and closure of the 
preoperative scapholunate diastasis. 

■ Usually three 0.045-inch Kirschner wires are used to 
secure the scaphoid, trapezium, and trapezoid (Fig. 
69-97A). Two pins pass from the trapezoid toward the 
scaphoid, and one pin passes across the trapezium- 
trapezoid joint. Remove ail hyaline cartilage and subehon- 
dral bone. 

■ Bone graft can be obtained from the distal radius or from 
the iliac crest. If the distal radius is selected, retract the 
skin proximally, or use a second proximal transverse inci¬ 
sion over the distal radial metaphysis, exposing the radius 
between the extensor carpi radialis longus and the exten- 
sor pollicis brevis. Incise the periosteum, and elevate it 
between these compartments, exposing the fiat area of 
cortical bone in the distal dorsoradial metaphysis. The use 
of small gouges allows the removal of corticocancellous 
bone, and the remaining cancellous bone can be har- 
vested with curets. Control bleeding, close the donor site 
wound, and pack the cancellous bone into the defect left 
in the scaphotrapezial-trapezoid joint (Fig. 69-97B). 



B 



FIGURE 69-9 


^ Limited wrist (triscaphe) arthrodesis. A f Articu¬ 
lar surfaces hâve been removed, and three pins hâve been 
"preset" in rétrogradé fashion. B f Cancellous bone grafts hâve 
been packed between bones, external shape of triscaphoid unit 
is maintained, and pins are driven across arthrodesis sites. SEE 
TECHNIQUE 69-50. 


■ Watson recommended placing pins by passing 0.045-inch 
Kirschner wires rétrogradé out through the raw bony 
surfaces. After the scaphoid, trapezium, and trapezoid 
are positioned for fusion, the pins are drilled across the 
fusion site in an antegrade direction. To maintain the 
proper position of the scaphoid with the proximal pôle 
depressed into the radial articular surface, the distal pôle 
is elevated, as noted previously, and two pins can be used 
to secure the scaphoid to the capitate for temporary 
maintenance of réduction. Avoid passing the pins from 
the intercarpal arthrodesis into the radius or ulna. Ascer- 
tain that the spaces between the bones hâve been 
thoroughly packed with bone graft and that the external 
dimensions of the fusion unit are the same as the external 
dimensions of bones in the normal wrist. 

■ As an addition to the technique, a cortical bone graft can 
be used to bridge the fusion site on the dorsal surface; 
this requires mortise fitting or notching into position. Pins 
are driven across the surfaces previously prepared. Check 
wrist motion to ensure that no pins obstruct radiocarpal 
motion, and eut the pins off just beneath the skin. 

■ Deflate the tourniquet, obtain hemostasis, insert drains 
as needed, and close the wound. 
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■ Apply a bulky compression dressing with a long arm 
plaster splint. 

POSTOPERATIVE CARE. The compression dressing is 
left in place for 7 to 10 days. After this time, the bandage 
is changed, the sutures are removed, and a long arm cast 
is applied. Watson recommended volar extension of the 
cast to support the index and long fingers in the intrinsic- 
plus position; however, Kleinman did not find this to be 
necessary, substituting a thumb spica cast at the time of 
suture removal. The second cast is left in place for another 
4 to 6 weeks. Kirschner wires are removed at 6 to 8 
weeks, using radiographs to détermine healing. After 
about 8 weeks, either a short arm cast or a short arm 
splint can be applied for 1 or 2 more weeks, depending 
on the radiographs and the patient's compliance. When 
satisfactory healing has occurred, the hand and wrist are 
fully mobilized with graduai progression. Although 
motion usually is limited initially, it should increase within 
the first year after surgery. The patient is observed closely 
to avoid stiffness or dystrophie complications, and inter¬ 
vention with physical therapy is instituted immediately if 
problems such as a shoulder-hand syndrome develop. 


■ OTHER LIMITED WRIST ARTHRODESES 

Arthrodesis of the scaphoid, capitate, and lunate; capitate, 
hamate, lunate, and triquetrum; hamate and triquetrum; 
radius to lunate; and radius to scaphoid can be done in a 
manner similar to that described previously. McAuliffe et al. 
found complications in 36 of 50 patients treated with a variety 
of limited intercarpal fusions. Nonunion was the most fre¬ 
quent problem. Fortin and Louis reported complications in 
11 of 14 patients after scaphoid-trapezium-trapezoid arthrod¬ 
esis. Among the significant problems were radiocarpal 
arthrosis, trapeziometacarpal arthrosis, and nonunion. 
Included here are techniques for scaphocapitate arthrodesis 
(Sennwald and Ufenast), scaphocapitolunate arthrodesis 
(Rotman et al.), and lunotriquetral arthrodesis (Kirschen- 
baum et al., Nelson et al.). 


SCAPHOCAPITATE ARTHRODESIS 


TECHNIQUE 69-51 


(SENNWALD AND UFENAST) 

■ With the patient supine, the hand on the hand table, and 
the tourniquet inflated, make a straight dorsal longitudi¬ 
nal incision over the wrist. Incise and reflect the extensor 
retinaculum. Retract the fourth compartment extensor 
tendons. 

■ Make a longitudinal incision in the dorsal wrist capsule, 
dissecting distally and radially to identify the scaphocapi- 
tate joint. 

■ Remove the articular cartilage between the scaphoid and 
capitate with an awl and a rongeur. 

■ Remove a corticocancellous bone graft from the distal 
dorsoradial metaphysis. Mobilize the skin to allow 


exposure of the dorsoradial aspect of the radius to harvest 
the bone graft from the radius between the first and 
second extensor compartments. 

■ Place the bone graft in the space between the scaphoid 
and the capitate. 

■ Use two lag screws to secure the scaphocapitate arthrod¬ 
esis with the radioscaphoid angle at about 50 degrees. 
Obtain radiographs to ascertain satisfactory bone and 
screw position. 

■ Close the dorsal capsule and the extensor retinaculum 
and the skin. 

■Apply a nonadherent dressing and a short arm cast. 

POSTOPERATIVE CARE. The cast and sutures are 
removed at 2 weeks. A new short arm cast is applied and 
is worn for 8 weeks. After cast removal, a removable 
protective splint is worn for another 2 weeks. A gradu- 
ated exercise program is begun. 


SCAPHOCAPITOLUNATE 

ARTHRODESIS 


TECHNIQUE 69-52 


(ROTMAN ET AL.) 

■ With the patient supine and the hand on the hand 
table, inflate the tourniquet after elastic wrap limb 
exsanguination. 

■ Make an oblique dorsal wrist incision, extending from the 
ulnar aspect of the distal radius to the distal pôle of the 
scaphoid (Fig. 69-98A). 

■ Expose the wrist capsule in the interval between the third 
and fourth extensor compartments. Open the wrist 
capsule with an inverted-T-shaped incision. 

■ Expose the adjoining articular surfaces of the scaphoid, 
capitate, and lunate (Fig. 69-98B). Remove the articular 
cartilage and subchondral bone from the adjoining articu¬ 
lar surfaces with rongeurs and curets. Preserve the 
architecture of the articular spaces and fill them with 
cancellous bone graft taken from the distal radius or the 
iliac crest (Fig. 69-98C). 

■ Reduce any instability pattern that may be présent. 

■ Place four or five intercarpal Kirschner wires in a triangular 
configuration to fix the arthrodesis (Fig. 69-98D). Place 
no wires across the radiocarpal joint. Cut off ail wires 
beneath the skin. 

■ Obtain radiographs to ascertain satisfactory position of 
the bones and the internai fixation. 

■ Close the wrist capsule and the skin and apply a nonad¬ 
herent dressing and a long arm thumb spica cast. 

POSTOPERATIVE CARE. The cast and skin sutures are 
removed in 2 weeks. A new long arm thumb spica cast 
is applied and is worn for 4 weeks. At 4 weeks, a short 
arm thumb spica cast is applied and worn until there is 
radiographie evidence of bone union (4 to 6 weeks). A 
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FIGURE 69-9 


Scaphocapitolunate arthrodesis. A f Skin incision (line) extending from ulnar aspect of distal radius to distal pôle of 
scaphoid. B f Scaphocapitolunate articulation exposed between third and fourth dorsal compartments. Retractors on capsule opened in 
inverted-T fashion. C f Scaphocapitolunate articulation filled with cancellous bone graft after décortication to cancellous bone. D f Fixa¬ 
tion with Kirschner wires; note triangular configuration. SEE TECHNIQUE 69-52. 


removable molded plastic thumb spica splint is applied, 
and gentle motion exercises are begun, followed by 
strengthening exercises. The Kirschner wires are removed 
at about 3 months. 


LUNOTRIQUETRAL ARTHRODESIS 


TECHNIQUE 69-53 


(KIRSCHENBAUM ETAL; NELSON ETAL) 

■ With the patient supine and the hand on the hand table, 
after elastic wrap exsanguination of the limb, inflate the 
pneumatic tourniquet. 

■ Make a dorsal transverse or a curved longitudinal incision 
in the région of the lunotriquetral joint. 

■ Incise and reflect the extensor retinaculum between the 
fourth and fifth extensor compartments. 

■ Enter the wrist capsule through a longitudinal incision 
and identify the lunotriquetral joint. 

■ Use a rongeur and curets to remove the articular cartilage 
and subchondral bone down to cancellous bone on each 
side of the joint. Leave the most palmar portion of the 


joint intact to maintain joint alignment and to hold the 
graft in place (Fig. 69-99A). 

■ Obtain cancellous bone graft from the distal radius or the 
iliac crest if the distal radius has been used as a bone graft 
donor previously. 

■ Use multiple Kirschner wires for lunotriquetral fixation 
(Fig. 69-99B). Tightly pack the cancellous bone graft into 
the lunotriquetral space (Fig. 69-99C). A Herbert screw 
or other lag screw can be used for fixation. If a screw is 
to be used, make another incision over the ulnar margin 
of the triquetrum to allow placement of the screw. 

■ After fixation and packing of the bone graft, obtain 
radiographs to ascertain satisfactory position of the bone 
and fixation. 

■ Close the capsule, retinaculum, and skin. 

■ Apply a nonadherent dressing and a short arm volar 
splint. 

POSTOPERATIVE CARE. The skin sutures are removed 
about 2 weeks after surgery. Protective splinting is con- 
tinued for about 12 weeks. Protected motion exercises 
are allowed at about 8 weeks. The Kirschner wires are 
removed after union is shown radiographically, usually at 
8 to 12 weeks. Strengthening exercises are begun at 
about 3 months after operation. Sports and heavy lifting 
should be avoided for at least 4 months. 





















PART XVIII THE HAND 




FIGURE 69-9 


Lunotriquetral arthrodesis. A f Décortication of both surfaces of lunotriquetral joint. B f Kirschner wire fixation of 
lunotriquetral joint. C f Bone graft packed into lunotriquetral space. SEE TECHNIQUE 69-53. 


1 TRIQUETROHAMATE ARTHRODESIS 

Arthrodesis of the triquetrohamate joint can be accomplished 
through the same incision used for the lunotriquetral 
arthrodesis described earlier. Décortication of the articular 
surfaces, bone graffing and Kirschner wire fixation tech¬ 
niques, and postoperative care are similar to those used for 
other intercarpal arthrodèses. 

OSTEOARTHRITIS OF THE WRIST 

Degenerative arthritis developing in the wrist (SLAC wrist) 
frequently seems to be related to instability around the 


scaphoid. The instability usually is a posttraumatic change, 
although primary degenerative changes are seen. The end 
resuit is a wrist with narrowing of the radioscaphoid joint, 
widening of the scapholunate gap, narrowing of the capitolu- 
nate joint, and remarkable préservation of the radiolunate 
joint (Fig. 69-100). The surgical treatment of this problem 
involves limited intercarpal arthrodesis of the capitohamate 
and triquetrolunate joints or wrist arthrodesis. Reports suggest 
that motion-preserving procedures, such as wrist neurectomy, 
proximal row carpectomy, or capitate-hamate-triquetrum- 
lunate (four corner) fusion with scaphoid excision, are satis- 
factory methods for dealing with this troublesome problem. 
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Stage I 


Stage II 


Stage III 


) Scapholunate advanced collapse wrist stages I, II, and III. In stage I, changes are limited to radial styloid. In stage I 
scaphoid fossa is involved. In stage III, capitolunate joint is additionally narrowed and sclerotic. 
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ANEURYSM, THROMBOSIS, AND 
EMBOLISM IN RADIAL, ULNAR, 
AND DIGITAL ARTERIES 

Through the continuation of the radial artery into the hand 
as the deep palmar arch and the ulnar artery as the superficial 
palmar arch, circulation to the hand is usually sufficient to 
allow the digits to remain viable despite most disease and 
injury. The superficial arch is complété in almost 80% of 
hands and incomplète in about 20%. The deep arch is com¬ 
plété in about 98% of hands. The radial artery usually provides 
most of the flow to three or more digits in 57% of hands, 
whereas the ulnar artery provides flow to three or more digits 
in almost 22%. Flow provided from both arteries equally is 
provided in almost 22%. 

Ischémie problems in the hand can resuit from an aneu- 
rysm, thrombosis, or embolism in the radial, ulnar, or digital 
arteries. Arterial occlusive ischemia is associated with trauma 
from direct blows, instrumentation of the vascular tree for 
angiography, vascular access procedures, and systemic ill- 
nesses, such as atherosclerosis and various collagen vascular 
diseases. 

Symptoms of ischemia, pain, sensory changes, skin dis¬ 
coloration, ulcération, and necrosis can be aggravated by 
smoking, activity, and expo sure to cold. Physical findings 
include hand or digital pallor or cyanosis, skin ulcération, 
necrosis distal to areas of occlusion, sensory and possibly 
motor changes of affected nerves, coolness to palpation, 
tenderness over an aneurysmal or thrombotic mass, a pal¬ 
pable thrill through an aneurysm, and lack of flow through 
the affected artery, which is shown by the Allen test (Figs. 
70-1 and 70-2). Because of spasms in the distal vessels, this 
condition can be confused with other conditions, such as 
Raynaud disease. Plain radiographs, Doppler flow assess- 
ment, ultrasonography, puise volume recordings, segmentai 
arterial measurement, skin température measurement, radio¬ 
nuclide scanning, magnetic résonance angiography, and 
contrast angiography are helpful diagnostic measures. Angi¬ 
ography provides definitive information about the location 
and extent of the principal lésion and the presence of other 
circulatory problems in the upper extremity. 


Although aneurysms may hâve atherosclerotic, mycotic, 
metabolic, and congénital origins, aneurysms seen in the 
hand and wrist usually are the resuit of trauma. Blunt trauma 
can cause true and false aneurysms (see Fig. 76-12), whereas 
penetrating trauma usually causes false aneurysms to form. 
Preoperative and intraoperative évaluations of the anatomy 
of the palmar vascular arch and of the quality of distal circula¬ 
tion are important when deciding between aneurysm excision 
alone and aneurysm excision with end-to-end repair and 
reversed vein graft arterial reconstruction. If the palmar arte¬ 
rial arch is complété, and distal circulation is adéquate, as 
determined by pink distal skin color affer release of the 
tourniquet or by puise volume recordings showing a digital- 
brachial index of more than 0.7, repair or reconstruction 
usually is unnecessary. Conversely, if the palmar arterial arch 
is incomplète, or if the distal circulation is inadéquate, the 
artery should be repaired or reconstructed with a reversed 
segmentai vein graft (Fig. 70-3). 

Although usually related to occupational or recreational 
trauma, arterial thrombosis in the wrist, palm, and fingers 
also can resuit from arterial cannulation in the forearm. The 
ulnar artery is the vessel most commonly affected by trauma- 
related thrombosis, probably because of a relative lack of 
protection at the wrist and its exposure to repeated forceful 
impacts, such as when the ulnar side of the wrist is used as a 
hammer. Sometimes the pain is severe, and sensibility is lost 
over the distribution of the ulnar nerve in the hand. Tender¬ 
ness is présent over the artery, and occasionally a feeling of 
fullness is described in the wrist and hand. Although the 
Allen test (see Figs. 70-1 and 70-2) is helpful in diagnosing 
thrombosis, arteriography is diagnostic. 

Treatment options include exploration of the artery and 
resection of the entire thrombotic mass, arterial reconstruc¬ 
tion with artery or vein graffs, local and régional sympa- 
thectomy, and palliation with medical and psychological 
methods. The history, physical examination, and Allen test 
détermine the initial diagnosis. If the Allen test is positive, 
thermography, température probes, Doppler studies, and 
puise volume recordings are used to confirm the diagnosis. 
If a stellate ganglion or brachial block relieves symptoms, 
treatment is observation. A stellate or brachial block may 


3576 



CHAPTER 70 SPECIAL HAND DISORDERS 



jj Allen test for patency of radial and ulnar arteries. A f Patient elevates hand and makes fist while examiner occludes 
radial and ulnar arteries. B f Patient extends fingers, and blanching of hand is seen. C f Radial artery alone is released, and color of hand 
returns to normal. D f In thrombosis of ulnar artery, test is positive (hand remains blanched) when this artery alone is released. 



Allen test applied to digital arteries. A, Exam¬ 
iner occludes both digital arteries, and patient flexes finger. 
B, Patient extends finger, and blanching of finger is seen. C, When 
either artery is patent and it alone is released, color of finger 
returns to normal. D, When either artery is thrombosed and it 
alone is released, finger remains blanched. (From Ashbell TS, Kutz 
JE, Kleinert HE: The digital Allen test, Plast Reconstr Surg 39:311, 1967.) 


relieve vasospasm in acute thrombosis threatening digital 
survival. If symptoms are not relieved, arteriography is 
done, and, at the same time, intraarterial médications 
(reserpine or tolazoline) usually are given. Arteriography 
establishes the diagnosis, identifies the extent of the throm¬ 
bosis and vascular disease, and détermines the probable 
success of surgery. Symptomatic treatment is indicated if 
vascular disease is generalized. If symptoms diminish after 
arteriography, the patient can be observed. Surgery is indi¬ 
cated if symptoms persist and if digital survival is in ques¬ 
tion. After the thrombosed segment has been resected, the 
proximal end is clamped and the tourniquet is released. If 
backflow is good and puise volume recordings of the ulnar 
digits are normal, the vessel is ligated, and the wound is 
closed. If backflow is poor, with no pulsatile flow on digital 
plethysmography, vein graffing should be considered. Con- 
traindications to vein grafting include erythrocytosis, patient 
refusai to modify the environment, and patient refusai to 
discontinue smoking. If vein grafting is indicated, the entire 
thrombosed segment should be resected until normal intima 
is seen with the operating microscope. A reversed vein 
graft harvested from the forearm is inserted (see Fig. 70-3). 
Vein grafting is contraindicated if there is inadéquate 
peripheral “runoff” on the arteriogram. Persistent symptoms 
after surgery can be controlled conservatively by cessation of 
smoking, biofeedback techniques, and intermittent adminis¬ 
tration of intraarterial médications; sympathectomy can be 
used as a last resort. 

The thrombosed mass may extend proximally in the 
forearm but rarely distally across the palmar arch to involve 
the more distal vessels; in the latter instance, complété resec¬ 
tion may be impossible. Adéquate resection relieves the 
spasm of the distal vessels, and symptoms usually improve; 
the circulation in the hand dépends entirely on the radial 
artery, which usually is sufficient. 

In rare cases, thrombosis of a patent médian artery may 
cause pain of médian nerve compression within the carpal 
tunnel. It should be considered in the diagnosis when acute 
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pain in the hand is limited to the distribution of the médian 
nerve. 

Arterial lacérations in the wrist and hand are discussed 
in Chapters 63 and 65. Arterial emboli in the upper extremity 
account for 15% to 20% of ail emboli. About 70% of emboli 
in the upper extremity are believed to be of cardiac origin 
(e.g., through atrial fibrillation or as postmyocardial infarc- 
tion mural thrombi); the remainder are related to the subcla- 
vian artery. Usually, acute arterial embolism is signaled by 
pallor, cold sensation, ischémie pain, paresthesia, occasional 
paralysis, and loss of palpable or Doppler-sensed puises. 



Remove 
thrombosed 
segment of 
artery 


Resection of thrombosed segment and replace¬ 
ment with reversed vein graft. (Redrawn from Koman LA, Urbaniak 
JR: Thrombosis of ulnar artery at the wrist. In American Academy of 
Orthopaedic Surgeons: Symposium on microsurgery: practical use in 
orthopaedics, St. Louis, Mosby, 1979.) 


Treatment includes intravenous administration of heparin, 
Fogarty cathéter embolectomy, and warfarin (Coumadin) 
therapy. If the embolus significantly obstructs flow and cannot 
be removed, intraarterial administration of streptokinase has 
been effective if given within 36 hours of thrombosis and if 
not contraindicated. Newer thrombolytic agents, such as 
reteplase, may prove effective in the management of this 
problem. 

THERMAL BURNS 

Evaluation of patients with multiple burns proceeds as for 
patients with multiple acute injuries (see Chapter 65). Life- 
threatening injuries and extensive body burns take precedence 
over hand burns. Assessment for inhalation injury is essential 
because mortality from burns with associated inhalation 
injury approaches 35%, whereas mortality from burns without 
inhalation injury is only approximately 2%. Other measures 
essential to early management include taking appropriate 
radiographs, establishing intravenous lines, administering 
tetanus prophylaxis and antibiotics, preparing for blood 
transfusion, and conducting a careful physical examination. 
Preserving viable tissue, preventing infection, controlling 
fibrosis, and avoiding deforming contractures also take high 
priority in the management of a burn injury in the hand. 

Although the initial examination may be difficult because 
of pain and other injuries, an estimation of burn depth is 
necessary (i.e., superficial, deep, full thickness, joint or tendon 
involvement) (Fig. 70-4). The judgment of the treating 
surgeon usually détermines the estimation of burn depth. 
Other methods used for détermination of burn depth range 
from wound biopsy to MRI. Although most techniques hâve 
limitations, noncontact laser Doppler imaging was found to 
be an accurate method to predict burn depth. Superficial 
burns (first degree) produce no blisters; although they are 
erythematous, capillary refill is good, sensation is intact, and 
the dermis is unharmed. Partial-thickness burns (second 
degree) are subdivided, depending on the extent of dermal 
injury, into superficial and deep. In superficial partial- 
thickness burns, some of the dermis is leff intact, blisters may 
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2j2V Classification of burns by anatomie depth. (From Baux S: Thermal and Chemical burns. In Tubiana R, editor: The hand, vol 
3, Philadelphia, Saunders, 1988.) 
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form, and capillary refill and sensation usually are présent. 
Deep partial-thickness burns usually involve the entire 
dermis. Capillary refill may not be présent, sensation usually 
is not intact, and thrombosed veins may be seen. In deep 
burns (third and fourth degree) with dermal and subcutane- 
ous necrosis, the skin appears leathery, brown to black, and 
no circulation or sensation to the skin is présent. The most 
important détermination is the adequacy of distal circulation, 
especially if the burn has a circumferential component. 
Interdisciplinary involvement is necessary and may include 
a burn team, pédiatrie surgeon, plastic surgeon, and hand 
therapist. 

Circulation of the upper extremity is considered adéquate 
if the hand and fingers hâve rapid capillary refill and are pink, 
warm, and soft, and if pulsatile flow can be shown in the 
palmar and digital vessels with a Doppler probe. If the burn 
has a circumferential component with decreased distal perfu¬ 
sion (pale hand and fingers; decreased capillary refill; firm, 
cool hand and fingers; diminished flow shown by Doppler 
probe), immédiate escharotomy should be considered. Intra- 
compartmental pressures also should be measured, and if 
these are elevated, fasciotomies may be required. While per¬ 
fusion is being assessed, the patient should receive adéquate 
hydration with appropriate intravenous fluid replacement 
and monitoring of urinary output. 


The depth of the burn, infection, and early management 
are major déterminants of the functional and cosmetic 
outcome of hand burns. Other important factors are the 
location of the burn, the patients âge, and the patients com¬ 
pliance with a réhabilitation program. There is agreement 
regarding the management of superficial hand burns and 
full-thickness and deeper burns. Superficial burns, if pro- 
tected from additional injury and infection, should heal 
within 14 to 21 days with no significant impairment of hand 
function or cosmesis. Outpatient treatment usually is appro¬ 
priate for these injuries. For partial-thickness burns (deep 
dermal, superficial full thickness), two approaches are advo- 
cated: (1) a “wait-and-see” method, with conservative treat¬ 
ment consisting of hydrotherapy, topical chemotherapy, and 
physiotherapy, and (2) an “operative” approach (in the first 3 
to 5 days, as soon as practical), with tangential or full- 
thickness burn excision and early skin graffing (Fig. 70-5). 
Advocates of conservative treatment believe that with close 
follow-up and good patient coopération patients who are 
treated with topical antimicrobiais (silver nitrate, silver sul- 
fadiazine, mafenide acetate, povidone-iodine), hydrotherapy, 
and an organized réhabilitation program may achieve 
long-term functional and cosmetic results similar to patients 
who undergo early surgical treatment. The risks and dis- 
comfort of the surgical route are avoided. Falcone and 



Af Biobrane glove (Smith and Nephew, New Zealand) fitted to superficially burned hand. B to D f Excellent cosmetic 
and functional resuit after spontaneous healing. (From Germann G, Weigel G: The burned hand. In Wolfe SW, editor: Green's operative hand 
surgery, ed 6, Philadelphia, Elsevier, 2011.) 
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£29 Algorithm for treatment of burned hand. TBSA, Total body surface area; PCN, penicillin; CIRC, circulation; ROM, range 
of motion; CPM, continuous passive motion. (From Falcone PA, Edstrom LE: Decision making in the acute thermal hand burn: an algorithm for 
treatment, Hand Clin 6:233, 1990.) 


Edstrom proposed an algorithm for management of hand 
burns that allows flexibility for appropriate, timely treat¬ 
ment, depending on burn depth and apparent wound 
healing (Fig. 70-6). 

Proponents of surgical treatment of partial-thickness 
hand burns cite as advantages (1) accurate détermination of 
burn depth early in treatment, (2) earlier physiologie healing 
achieved by definitive debridement, closure, and skin graft- 
ing, (3) early and quicker réhabilitation, and (4) avoidance of 
excessive scarring and contractures associated with the 
“failed” conservative method. Tangential excision with skin 
grafting and full-thickness excision with skin grafting are two 
techniques used for treatment of partial-thickness hand 
burns. The advent of vacuum-assisted closure (VAC), with 
and without the use of skin substitutes, has made early surgi¬ 
cal intervention a better choice. 

The spécial characteristics of the soft tissues in the 
hand allow for what might be considered a combined 
approach to partial-thickness burns of the hand. Dorsal 
burns may benefit from early excision (within 14 days) 
allowing for protective coverage and early mobilization of 
the superficial extensor tendon mechanism and interpha- 
langeal joints where extension contractures can be devastat- 
ing to hand function. On the flexor surface, the flexor 
mechanism and joints are deeper and relatively better pro- 
tected and may tolerate a delay of 3 weeks better than the 
dorsal structures. 

For deep full-thickness burns (third and fourth degree), 
primary full-thickness excision of the burn wound with 


skin grafting is the appropriate treatment (Fig. 70-7). For 
palmar hand burns, plantar glabrous skin grafts hâve been 
shown to offer reliable coverage in pédiatrie patients. When 
tendons, nerves, vessels, ligaments, bones, and joints are 
damaged by thermal injury, measures in addition to burn 
wound excision and split skin grafting may be required. Sta¬ 
bilization of bones and joints with Kirschner wires, arthro- 
desis of destroyed joints, local and remote pedicled skin 
flaps, and free tissue transfers may be needed to preserve 
a viable, functioning hand. (For additional information, 
see Chapter 67 for fractures, Chapter 73 for arthrodesis, 
Chapter 65 for flaps, and Chapter 63 for microvascular 
flaps.) 

The inelastic nature of full-thickness, circumferentially 
burned skin créâtes a tourniquet effect as edema increases 
in the burned extremity. Perfusion to subeutaneous struc¬ 
tures may be diminished by the increase in pressure. Inci¬ 
sion through the eschar (escharotomy) helps to relieve 
pressure and preserve threatened tissues. Compartment 
syndromes that develop after deep burns may be prevented 
with fasciotomy. 

An organized plan of réhabilitation is important to the 
success of the treatment of the burned hand. The focus of 
réhabilitation in the early acute stage is wound care, edema 
control, and préservation of motion. After closure of the burn 
wound, a program including static and dynamic splinting, 
active and passive range-of-motion exercises, and control of 
scar and edema is pursued. S car contractures may severely 
limit hand function, so réhabilitation should be aimed at 
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2JP A f Tangential excision of deep partial-thickness 
burn on dorsum of hand. B f Sheet graft transplantation to excised 
areas. C f Short-term postoperative resuit. (From Germann G, Weigel 
G: The burned hand. In Wolfe SW, editor: Green's operative hand 
surgery, ed 6, Philadelphia, Elsevier, 2011.) 


ESCHAROTOMY 


TECHNIQUE 70-1 


(SHERIDAN ETAL) 

■ Préparé the patient preoperatively for blood transfusion. 

■ With the patient supine, usually under general anesthésia 
and with the upper extremity extended on the hand table, 
thoroughly clean the extremity with an antiseptie and 
drape it. 

■ Make médial and latéral midaxial longitudinal incisions 
through the eschar using an electrocautery cutting 
current. At the elbow, make the médial incision anterior 
to the médial épicondyle to avoid the ulnar nerve. Stop 
the incisions at the metacarpophalangeal joints. 

■ If muscle compartments are tense, or if intracompartmen- 
tal pressures are elevated, perform fasciotomies on the 
forearm and hand compartments (see Chapters 74 and 
75). 

■ Evaluate the adequacy of distal perfusion (skin color, 
warmth, and pulsatile flow in the hand and digits with 
the Doppler probe). If finger perfusion is unsatisfactory, 
perform digital escharotomies on the involved fingers, 
using pinpoint electrocautery along only the ulnar sides 
of the digits from the distal phalanges to the finger web 
spaces. 

■ Make a longitudinal incision between the digital neuro- 
vascular bundles and the extensor tendons. 

■ Make the incision for thumb escharotomy along the 
radial side of the thumb from the distal phalanx to the 
base of the thumb, avoiding the digital neurovascular 
bundle. 

■ Additional dorsal longitudinal intermetacarpal incisions 
between the index-middle and the ring-little metacarpals 
allow access for release of the interosseous fascia, if 
needed. 

■ Obtain meticulous hemostasis with electrocautery. 

■ Use a Doppler probe to assess distal flow. 

■ Apply a nonadhering, medicated gauze and a bulky, 
nonconstricting dressing. 

POSTOPERATIVE CARE. The limb is elevated, and cir¬ 
culation is monitored. Finger movement is encouraged. 
Treatment after escharotomy dépends on the extent and 
depth of the burn. If the burn is extensive and deep 
enough to require escharotomy, additional debridement 
and skin graft coverage may be required. 


prévention. Puri et al. recommended the preoperative use of 
splints in certain patients with thermal burn contractures. 
The réhabilitation plan dépends on the needs of the individual 
patient and requires the participation of hand therapists, 
occupational and physical therapists, and physical medicine 
consultants. Many patients with severe and disfiguring burns 
require the emotional support of psychiatrie and psychologie 
consultants. 


TANGENTIAL EXCISION 

Tangential excision allows removal of dead tissue, while 
preserving viable deep dermis and superficial subeutaneous i 
tissue. Tangential excision and grafting usually are done in y 
the first 3 to 5 days after the burn injury occurs. à 
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TECHNIQUE 70-2 


(RUOSSO, WEXLER, BRCIC, MODIFIED) 

■ After inducing general anesthésia, place the patient 
supine and support the upper limb on the hand table. 
Apply a well-padded pneumatic tourniquet. Thoroughly 
clean the limb with antiseptie soap solution, with atten¬ 
tion to the nails and removal of blebs and loose surface 
débris. The tourniquet can be used intermittently to 
control bleeding and to allow inspection for bleeding 
during the excision. 

■Suspend the hand to an overhead pulley if needed for 
excision of the forearm and arm wounds. Usually this is 
unnecessary for hand excision. 

■ Exsanguinate the limb and inflate the tourniquet. 

■ Using a guarded knife or a dermatome, shave the burned 
areas tangentially in layers about 0.010-inch thick until 
punctate bleeding is encountered when the tourniquet is 
deflated. Shave the dermal and subeutaneous tissues 
containing venous thrombosis until healthy, bleeding 
tissue is encountered. 

■ Deflate the tourniquet and obtain hemostasis by 
electrocautery. 

■Apply topical thrombin and cover the hand with warm, 
saline-soaked sponges. 

■ If satisfactory hemostasis has been achieved and if there 
are no areas of questionable viability, apply a split- 
thickness skin graft as a sheet or meshed and unopened. 

■ Place darts in skin folds at the interdigital webs and in 
the thumb-index web. 

■ Suture or staple the graft in place. 

■Apply a dressing of nonadherent gauze covered with 
a synthetic compress (Acrilan) soaked in saline or 
glycerin. 

■ Support the hand in a fiberglass or plaster splint with the 
wrist extended, the metacarpophalangeal joints flexed, 
the interphalangeal joints slightly flexed, and the thumb 
in palmar abduction. 

■ If excessive bloody oozing occurs, or if tissue viability is 
uncertain, apply a saline-moistened dressing or a biologie 
dressing (Biobrane, heterograft, allograft), and support 
the hand with a splint. Repeat the process in 24 to 48 
hours. 

POSTOPERATIVE CARE. The hand is elevated, and the 
patient is encouraged to begin active isométrie exercises 
the first postoperative day. The wound is inspected at 3 
to 4 days and at 7 to 10 days. If the graft is healthy in 7 
to 10 days, hand therapy is begun, including gentle 
bathing of the hand, elastic compression, static and 
dynamic splinting, and active and assisted exercises. 
Sutures are removed in 10 to 14 days. Large areas of graft 
necrosis may require regrafting. Small areas may be left 
and treated with topical antimicrobiais (silver sulfadiazine, 
mafenide acetate) until covered with epithelium. Splinting 
and therapy may require many months to reach a satisfac¬ 
tory functional end point. 


FULL-THICKNESS EXCISION 

Full-thickness excision involves excision of the entire layer 
of necrotic tissue superficial to the dorsal veins and exten- 
sor tenosynovium dorsally and superficial to the flexor 
tenosynovium and digital neurovascular bundles on the 
palmar surface. 


TECHNIQUE 70-3 


■ Position and préparé the patient as for tangential exci¬ 
sion. Inflate the pneumatic tourniquet just before exci¬ 
sion, and deflate it when the excision is completed. 
Cleanse the limb, including the nails, with antiseptie 
soap. 

■ With the limb supported on a hand table, identify the 
boundaries of the burn wound to be excised. Mark the 
boundaries of burn excision with a skin pencil, making a 
pattern that conforms to the skin creases, avoiding 
tension lines at the skin-graft and graft-graft junctures. 
Extend the excision pattern into the finger and thumb- 
index webs to prevent finger scar syndactyly and thumb- 
index web contracture. 

■ Exsanguinate the limb with an elastic wrap and inflate 
the pneumatic tourniquet. 

■ Incise through the marked borders of the burn wound 
into the subeutaneous tissues. Identify and dissect in an 
edematous plane superficial to the dorsal veins and 
extensor tenosynovium dorsally and superficial to the 
flexor tenosynovium and digital neurovascular bundles on 
the palmar surface. 

■ After ail necrotic skin has been removed, apply topical 
thrombin to the wound and wrap the hand in warm, 
saline-moistened gauze sponges. 

■ Deflate the tourniquet and remove it from the arm to 
prevent a venous tourniquet effect. 

■ Maintain the hand under compression and élévation for 
a sufficient time to achieve hemostasis or to minimize 
significant bleeding—usually 10 to 15 minutes or longer. 

■ Remove the wrap and obtain hemostasis with 
electrocautery. 

■ If satisfactory hemostasis can be achieved, position the 
metacarpophalangeal joints in flexion with transarticular 
Kirschner wires, if necessary, for dorsal burns and apply 
a sheet of split-thickness skin graft or mesh the graft (1:1 
or 1 :1.5) and apply it unopened to the dorsum of the 
hand. Suture the graft with interrupted 5-0 chromic gut 
suture or with small skin Staples. 

■ If the burn is on the palmar surface, the metacarpopha¬ 
langeal joints can be splinted in extension to avoid flexion 
contractures. 

■Apply a nonadhering gauze pad covered with a soft 
compression bandage of synthetic material (Acrilan). 

■ Support the hand with a plaster or fiberglass splint or, if 
conditions permit, a previously fabricated thermoplastic 
splint with the wrist extended, the metacarpophalangeal 
joints flexed (dorsal burn), the interphalangeal joints 
slightly flexed, and the thumb in palmar abduction. 

■ If the bleeding cannot be satisfactorily controlled, wrap 
the wound with a saline-moistened dressing or biologie 
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dressing (Biobrane, heterograft, allograft) and return in 
24 to 48 hours to apply a graft. 

POSTOPERATIVE CARE. The extremity is elevated for 
the first 3 to 5 days. In 2 to 3 days, if necessary, the outer 
bandage is removed in the operating room to inspect the 
graft and remove any fluid collections. For small areas on 
the hand, the dressing can be changed in the patient's 
room. For large areas on the hand and forearm, sédation 
or an anesthetic frequently is required. Although the graft 
can be left open and exposed, it frequently is helpful to 
apply a light bandage of nonadhering gauze covered with 
gauze wrap to protect the graft from bumping and abra¬ 
sion. Staples or Kirschner wires are removed in 10 to 14 
days. After 7 days, or when the graft seems to be satisfac- 
tory, a hand therapy program is begun that includes 
gentle washing of the hand, dynamic and static splinting, 
elastic compression, and active and active-assisted exer¬ 
cises. Large areas of graft necrosis may require regrafting. 
Small areas can be treated with topical antimicrobiais 
(silver sulfadiazine, mafenide acetate) until covered with 
epithelium. Splinting and therapy require many months 
to reach a satisfactory functional end point. 


ELECTRICAL BURNS 

Electrical burns frequently involve the upper extremity. The 
dominant hand frequently is injured, and 50% of these inju¬ 
ries resuit in amputation. Tissue damage can resuit from a 
combination of thermal, electrical, and metabolic cellular 
factors. The extent of injury is determined by the character- 
istics of the injuring current, including the voltage, amperage, 
and résistance of the tissues; the duration of contact with 
the current; and the patients susceptibility to it (Fig. 70-8). 
Although the skin damage caused by electrical injury may be 
the most impressive presenting finding, significant deep 
injury may be présent as determined by the route the electri¬ 
cal current takes through the body. Electrical injuries may 
involve the central and peripheral nervous Systems, the car- 
diopulmonary and peripheral vasculature, the musculoskel- 
etal System, the kidneys, and the skin. Initial management is 
directed at resuscitation. Appropriate diagnostic measures 
include radiographs of potential fractures and dislocations; 
electrocardiogram; and sérum chemistries to assess électro¬ 
lytes and liver, rénal, cardiac, and skeletal muscle injury. 
Urine myoglobin levels and arterial blood gases are measured 
as well. The extent of injury to ail Systems should be evalu- 
ated, ensuring satisfactory hydration and urinary output, 
because patients with electrical burns may require more fluid 
resuscitation than might be calculated based on the injury to 
the total body surface area. Urinary output of 50 to 100 mL/ 
hr is préférable. Recognizing, stabilizing, and reversing the 
effects of cardiac injury and the nephrotoxic effects of myo- 
globinuria and hemoglobinuria also are important. Because 
of the potential for hemorrhage from damaged vessels, a 
tourniquet should be kept near the patients bedside. 

In electrical burns of the hand and upper extremity, the 
initial évaluation should include a thorough examination 
of the entire body for skin and neuromuscular injury. 



N, 

Dielectric breakdown 
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Nk. 


Electrical contact. Various damaging forces 
involved in high-energy electrical shock. With voltages greater 
than 1000 volts, electrical contact (arc mediated) précédés 
mechanical contact. High surface températures at contact points 
produce deep burns. Current passage through extremity leads to 
electrical breakdown of muscle and nerve membranes. Prolonged 
contacts of several seconds resuit in substantial deep tissue 
burning. High-energy arcs produce shock waves that can cause 
blunt trauma. (From Danielson JR, Capelli-Schellpfeffer M, Lee RC: 
Upper extremity electrical injury, Hand Clin 16:225, 2000.) 


Evaluation of circulation includes examination of skin color 
and warmth, palpation of peripheral puises, and flow assess- 
ment with a Doppler probe. Skin burns may be the resuit of 
contact, flame, flash, or electrical arcing, or ail of these may 
be factors. Contact burns hâve a central charred area sur- 
rounded by erythema. Flash and flame burns are thermal 
injuries, having the appearance of other thermal burns. 
Arcing burns usually are seen in the axilla, the antecubital 
fossa, and the distal forearm. There is no corrélation between 
the size of the skin injury and the actual extent of injury. 

Muscle injury is assessed clinically using the usual 
methods of palpation and évaluation of active motion and 
measurement of tissue compartment pressures. Extensive 
muscle damage may be undetectable in a clinical examina¬ 
tion, and myoglobinuria may be a due as to the extent of 
muscle injury. Other techniques that hâve been studied 
include technetium-99m pyrophosphate scanning, arteriog- 
raphy, and a xénon-133 washout technique. Deep injury also 
may be shown with gadolinium-enhanced MRI. 

Patients with relatively minor electrical injuries may not 
require surgical treatment. For the management of more 
severe electrical injuries of the upper extremity, two methods 
are advocated. One method is immédiate escharotomy, fasci- 
otomy, and debridement of necrotic tissue, followed by repeat 
debridement until the wound is suitable for cio sure with skin 
graffs, remote flaps, or free tissue transfer. Décompression of 
peripheral nerves, including the médian nerve at the carpal 
tunnel, is included in this initial procedure. Because tissue 
necrosis may not be clearly détectable for 24 to 48 hours after 
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229 A ' Electrical burn contracture of first webspace. B, After release and resurfacing with a free latéral arm flap. (From 
Fufa DT, Chuang SS, Yang JY: Postburn contractures of the hand, J Hand Surg Am 39:1869, 2014.) 


injury, some prefer a second approach in which décompres¬ 
sion procedures are delayed unless decreased perfusion or 
increasing compartmental pressures are clearly évident. The 
extent and severity of the injury may make amputation inévi¬ 
table. Mann et al. reported an amputation rate of 45% in 
patients who had décompression within 24 hours and a rate 
of 10% in patients undergoing delayed décompression and 
debridement. Management of severe injuries should proceed 
in a progressive manner. Décompression by escharotomy and 
fasciotomy, when indicated, should be performed, followed 
by thorough debridement of necrotic tissue, usually in a serial 
fashion, and coverage by means of skin grafting, a remote flap 
technique, or free tissue transfer. After a course of healing and 
réhabilitation, patients with electrical burns may require 
additional reconstructive procedures (Fig. 70-9). 

RADIATION BURNS 

In radiation burns or dermatitis caused by overexposure to 
roentgen rays, the skin becomes pale, dry, atrophie, and 
wrinkled, and scattered kératoses develop; the fingernails 
split longitudinally. Within weeks of exposure, itching, ery- 
thema, and blistering may be seen; later, painful ulcers may 
develop. The skin can become increasingly painful, and 
eventually narcotics may be indicated. Multiple squamous 
cell carcinomas may develop and cause ulcération. Such 
burns hâve caused physicians and other medical professionals 
to lose digits. These burns, typically on the dorsum of the 
Angers of the left hand, presumably are caused in the medical 
profession by holding roentgen cassettes or using the fluoro- 
scope without protection. When breakdown of tissue, pain, 
or malignant change make resurfacing the hand necessary, 
the damaged skin is excised and split-thickness grafts are 
applied simultaneously. The area of excision should be 


generous, including even questionably involved skin; usually 
ail dorsal skin from the wrist distally should be replaced. 
Malignant changes in the hand may require amputation. 

CHEMICAL BURNS 

Chemical burns to the hand usually resuit from spills, splash- 
ing, and immersion. Most Chemical burns to the hand are 
superficial, requiring only first aid management, and the 
prognosis is good. It is important to remember, however, that 
certain Chemicals carry a risk of systemic toxicity and even 
death. Circumferential burns of the hand are unusual. Sulfu- 
ric acid and alkali account for most Chemical injuries. Acid 
burns usually progress until damaged tissue neutralizes the 
acid or the acid is neutralized by lavage or a neutralization 
treatment. Injury caused by alkaline substances may progress 
for long periods, resulting in extensive and deep liquéfaction 
necrosis. Jelenko and Reilly and Garner reviewed the Chemi¬ 
cals that burn and their recommended emergency treatment 
(Fig. 70-10). Prolonged water lavage is best for most Chemical 
burns. It should be started at the scene of injury and should 
last 20 to 30 minutes to bring the skin pH to near neutral. 
Lavage for longer periods of time may be necessary for severe 
acid burns and for alkali burns. Chemical injury from some 
agents requires spécifie management (Table 70-1). Exposure 
of elemental lithium, potassium, and sodium to water causes 
ignition. Initial management includes minerai oil application, 
followed by water irrigation of particles remaining in the skin. 
Hydrofluoric acid results in continuing tissue damage because 
of the fluoride ion, which combines with calcium and mag¬ 
nésium in the tissues. After initial water irrigation, application 
of a 2.5% calcium gluconate gel may be sufficient. If pain is 
not relieved promptly, injection of 10% calcium gluconate or 
magnésium sulfate deep to the lésions may be bénéficiai. For 
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_ TABLE 70-1 

Common Chemicals 


COMMERCIAL 

TYPES 

CHEMICAL 

COMPOUND 

TREATMENT 

Batteries 

Sulfuric acid, Li 2+ 

Water irrigation 

Toilet bowl 
cleaners 

HS0 4 HCl (muriatic 
acid) 

Water irrigation 

Pool cleaners 

HCl 

Magnésium 
oxide, soaps 

Rust removers 

HFI (H7F1), 
chromic acid 

Water irrigation, 
calcium/ 
magnésium 
(Ca 2+ Mg 2+ ) slurry 

Petroleum 

solvents 

Organics 

Dilute soaps, 
water irrigation 

Bleach 

Sodium 

hypochlorite 

Water irrigation 

Drain uncloggers, 
oven cleaners 

Lye (sodium 
hypochlorite), 

NaOH 

Water irrigation 

Tile cleaners* 

Ammonium 
chloride (alkali) 

Water irrigation 

Cernent 

Lye 

Water irrigation 


*Brand-name companies make multiple products—some acid, some alkali. It is 
not enough to hâve patients tell you what brand-name Chemical they came into 
contact with; the exact product name must be known to treat an injury 
adequately. 

(From Reilly DA, Garner WL: Management of Chemical injuries to the upper 
extremity, Hand Clin 16:215, 2000.) 


Critical pathway for treatment of Chemical 
burn injury. (From Reilly DA, Garner WL: Management of Chemical 
injuries to the upper extremity, Hand Clin 16:215, 2000.) 


persistent pain, considération is given to intraarterial injec¬ 
tion of calcium. Because phénol is not water soluble, removal 
with glycerol or polyethylene glycol has been recommended. 
White phosphorus particles may continue to smoke as long 
as they are exposed to air. Initial irrigation with a solution of 
1% to 3% copper sulfate blackens the phosphorus particles so 
that they can be removed under water in a water bath. If the 
phosphorus is not irrigated first with copper sulfate, it may 
ignite on contact with water. Significant Chemical burns seen 
late may require hospitalization and monitoring of the hand 
and digital circulation with Doppler probes and digital oxim- 
etry. If circulatory compromise results from a circumferential 
burn, décompression is indicated. Deeper Chemical burns 
may require debridement and closure with skin graff s, pedicle 
flaps, or free tissue transfer. Recovery usually is prompt if 
surgical treatment is combined with a hand therapy réhabili¬ 
tation program. 

FROSTBITE 

Frostbite injuries to the hands and feet account for about 90% 
of frostbite cases. Frostbite tissue damage seems to arise from 
direct cell death owing to freezing and anoxia caused early 


by vascular constriction and later by vascular thrombosis. 
Research by Heggers and Robson found élévation of throm- 
boxane and prostaglandin métabolites in frostbite blister 
fluid. In order of increasing degrees of damage, the following 
conditions develop: erythema, edema, vésiculation, necrosis 
of the skin, necrosis of deeper soft tissue, and necrosis of bone 
(Fig. 70-11). The traditional categorization of frostbite into 
four degrees has not been as useful in determining results of 
treatment as has the désignation of the injuries as superficial 
and deep (Box 70-1). 

Regardless of the depth of injury, the initial treatment of 
frostbite is the same. In the field, there should be no attempt 
at rewarming because of the risk of refreezing and conse- 
quently more injury. Splinting the part and support of the 
patient with prompt transfer to a hospital is recommended. 
The immédiate basic care of frostbite, whether the tissue is 
blistered or discolored, is warming in a water bath and clean- 
ing, followed by minimal debridement and watchful waiting 
for necrosis. A widely accepted treatment protocol has been 
developed to include later management (Fig. 70-12). Rewarm¬ 
ing is done gradually. The patient is placed in a tub or 
Whirlpool bath with the température at about 38° C. The bath 
température is slowly increased to about 40° C. The goal is to 
bring the skin température to normal in 15 to 20 minutes. 
Care is taken to support the circulation with intravenous 
infusions and to minimize systemic acidosis, which may 
occur. Sodium bicarbonate should be given as needed. Affer 
warming, the hand should be washed daily. A Hubbard tank 
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Frostbite injuries. A and B, Superficial (first and second degree frostbite). C, Deep frostbite 3 weeks after injury. (From 
Hutchison RL: Frostbite of the hand, J Hand Surg Am 39:1863, 2014.) 



Classification of Cold Injury According 
to Severity 


Superficial 

First Degree 

Partial skin freezing 
Erythema, edema, and hyperemia 
No blisters or necrosis 

Occasional skin desquamation (5-10 days later) 

Second Degree 

Full-thickness skin freezing 
Erythema and substantial edema 
Vesicles with clear fluid 

Blisters that desquamate and form blackened eschar 

Deep 

Third Degree 

Full-thickness skin and subcutaneous tissue freezing 
Violaceous/hemorrhagic blisters 
Skin necrosis 
Blue-gray discoloration 

Fourth Degree 

Full-thickness skin, subcutaneous tissue, muscle, tendon, 
and bone 
Freezing 
Little edema 

Initially mottled, deep red or cyanotic 
Eventually dry, black and mummified 

(From McAdams TR, Swenson DR, Miler RA: Frostbite: an orthopédie perspective, 
Am J Orthop 28:23,1999.) 


usually is satisfactory for washing. Blisters are debrided if they 
rupture spontaneously, become too tight and uncomfortable, 
or become infected; otherwise, they should not be disturbed. 
Active motion should be encouraged, and frequent washings 
should be continued. Amputation should be delayed until 
there is definite démarcation; this may require several 
weeks or a few months. Radiographie techniques, including 
technetium-99m-labeled methylene diphosphonate bone 
scanning, MRI, and magnetic résonance angiography, can be 
helpful in identifying démarcation of tissue necrosis. Splint- 
ing and an organized program of hand therapy may be needed 
to assist in fully rehabilitating the patient. In contrast to 
thermal burns, there is no place for early excision and graff ing 
in the treatment of frostbite. If there is extensive tissue loss, 
coverage may require skin graffs, pedicle skin flaps, and free 
tissue transfer. 

Physeal arrest has been described in several children with 
severe frostbite (Fig. 70-13); the index and little fingers were 
involved more frequently than the middle and ring fingers, 
and the thumb was involved least of ail. Disturbance in 
growth develops gradually. Later in life, procedures may be 
needed to correct angular deformities; these should be 
delayed as long as possible to obtain maximal growth. 

INJECTION INJURIES 

High-pressure injection injuries can be devastating, frequently 
resulting in functional loss or amputation. The main détermi¬ 
nants of outcome are location of the injection, pressure of 
injection, the material injected, and the time to surgical 
debridement. Fluids that hâve been accidentally injected into 
the hand through high-pressure guns include lubricating 
grease, diesel fuel, brake fluid, dry cleaning solvents, insecti¬ 
cides, paint, turpentine, cernent, molten métal, and plastics. 
Oil-based substances are particularly hazardous. Paints hâve 
been found to be more toxic than grease, and oil-based paints 
are more damaging than latex paints. Dry cleaning solvents 
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FIGURE 


Treating frostbite injuries of upper extremity. After initial resuscitation and rewarming, clinical assessment of injury 


severity is made. Triple-phase bone scan is performed in deep injuries at 48 hours and repeated 72 hours later if no flow is seen in 
delayed images. Vascularized tissue transfer is performed if patient is candidate for salvage. (From Su CW, Lohman R, Gottlieb LJ: Frostbite 
of the upper extremity, Hand Clin 16:235, 2000.) 


(hydrocarbons, methoxypropanol, and dichlorofluoroethane) 
may cause tissue necrosis owing to local toxicity, at times 
resulting in amputation of the digit. 

The nozzle pressure in paint guns may reach 5000 psi. 
Paint gun injuries usually are caused by wiping the jet opening 
of a high-pressure gun with the index fingertip. The stream 
of paint strikes the part with such pressure that it pénétrâtes 
the skin and spreads widely throughout the underlying fascial 
planes and tendon sheaths. The resulting distention of tissues 
and the inflammatory reaction cause marked ischemia of 
tissue; tissue necrosis, fever, and leukocytosis follow. Immédi¬ 
ate incision and drainage of the injured part, with the patient 
under general anesthésia, are recommended to relieve pres¬ 
sure and to remove as much of the foreign material as pos¬ 
sible; delay in such treatment can resuit in loss of the part. 
Amputation rates reported for injection injuries range from 
16% to 49%. Higher amputation rates hâve been associated 
with organic and caustic materials. 

Grease gun injuries (Fig. 70-14), similar to paint gun 
injuries, are caused by pénétration of the tissues by grease or 
diesel fuel under high pressure. The grease or fuel balloons 
the soft tissues and follows the planes of least résistance; it 
causes ischemia and Chemical irritation, but the inflamma¬ 
tion is not as severe as that caused by paint. Treatment consists 
of relieving ischemia by décompression and, if possible, 


preventing infection; the distended tissues are opened imme- 
diately through bold incisions that follow the principles given 
for placing hand incisions (see Chapter 64), and the foreign 
material is evacuated. The incisions are closed loosely, if at ail; 
antibiotics are administered, and the hand is immobilized 
and elevated. 

SHOTGUN INJURIES 

Shotgun injuries are low-velocity missile wounds, are multiple, 
and offen are contaminated by such foreign material as cloth- 
ing and wadding from the shotgun shell. The wadding usually 
is made of paper or plastic and represents a dangerous foreign 
body contaminating the wound. In the upper extremity, such 
injuries usually occur at close range and the clustered shots 
cause destruction of multiple tissues; offen the skin surround- 
ing the wound is burned by powder (Fig. 70-15). 

The wound should be thoroughly debrided of foreign 
material, devitalized muscle, fat, and skin. Nerves, although 
damaged, should not be excised. Removing every piece of 
shot is unnecessary, but attempts should be made to remove 
any that are lodged within joints. Pellets lying just beneath 
the skin offen erode it, are painful, and require removal later. 
Ail free osseous fragments should be removed, and any seg¬ 
mentai defects in bones should be bridged by Kirschner wires 
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*3 EF Deformities of fingers in 12-year-old girl caused 
by frostbite incurred at âge 2 years. Note destruction of epiphyses 
of middle and distal phalanges of ail fingers and deformity of 
epiphysis of proximal phalanx of little finger. Osseous changes in 
right hand were similar. (From Bigelow DR, Ritchie GW: The effects 
of frostbite in childhood, J Bone Joint Surg 45B:122, 1963.) 


to prevent collapse of the bony architecture. External fixation 
may be required to maintain skeletal alignment if there are 
large bone defects. When the patients condition permits and 
when joints, nerves, and tendons are exposed, the wound can 
be closed primarily or with skin grafts. A remote pedicle flap 
or free tissue transfer may be necessary. A filleted finger is 
useful. The wound can be left open for a few days but should 
not be allowed to fill in slowly by granulation tissue and heal 
spontaneously. A healed, stable wound is necessary before 
any reconstructive surgery is possible. 

WRINGER INJURIES 

The term wringer injury was first used by MacCollum in 
1938 to designate a crushing injury of the upper extremity 
caused by its passage between the rollers of the wringer on 
an electric washing machine. Similar injuries continue to 
occur in industrial workers. Early examination may reveal 
only abrasions or tears of the skin or occasionally a fracture. 
This first examination often is misleading, however, because 
severe swelling caused by hemorrhage and edema may occur 
hours later. If the injury is severe, the skin and deep tissues 
are burned by the rollers, often at one level where the extrem¬ 
ity is blocked from entering farther between the rollers, 
usually at the base of the thumb, the antecubital fossa, or the 
axilla. Some of the skin avulsion may be caused by the patients 
vigorous attempts to free the limb while the rollers are still in 
motion. These injuries typically include bursting of the skin 


at the thumb web, with the thenar muscles protruding 
through the opening. Hospitalization usually is required. The 
limb is cleaned with soap and water, and any open wounds 
are debrided and closed loosely or left open for delayed 
cio sure or skin grafting. A pressure dressing that includes the 
entire hand is applied immediately, with care taken to distrib¬ 
ue the pressure evenly. First, the area is covered by finely 
woven, nonadherent gauze, and fiat gauze pads are applied; 
next, large masses of cotton and an elastic bandage are rolled 
on evenly. The extremity is elevated and is kept so throughout 
treatment. At 24 hours, the dressing is removed; the wound 
then is inspected for blisters, hematomas, and necrosis and 
the dressing is reapplied. This is repeated every 24 hours until 
the injury becomes stabilized. If necessary, any devitalized 
tissue is excised, and the wound is closed appropriately. 

EXTRAVASATION INJURIES 

Extravasation of numerous intravenously administered médi¬ 
cations can cause deep necrosis and morbidity. Problems 
related to the extravasation of chemotherapeutic agents and 
radiographie contrast materials hâve been reported frequently 
in recent years. Effects of some extravasated substances may 
be minimal, whereas others may cause extensive tissue necro¬ 
sis. These substances may be grouped into vesicants and 
irritants. Vesicants may cause full-thickness tissue death, 
pain, and redness. Irritants cause pain without an inflamma- 
tory component. 

With an incidence of 0.5% to 6% or more, extravasation 
of chemotherapeutic agents is a leading cause of tissue injury. 
Causative agents include doxorubicin, bleomycin, nitrogen 
mustards, bacille Calmette-Guérin, and 5-fluorouracil. 
Lésions caused by their extravasation range from deep tissue 
necrosis to perivenous hyperpigmentation. Postextravasation 
necrosis is determined by several factors, including the agent 
extravasated, the extravasation site, the host response, the 
delay in récognition and treatment, and the type of treatment 
administered. Box 70-2 lists risk factors involved in extrava¬ 
sation injuries. Pathophysiologic mechanisms of injury sec- 
ondary to extravasation include ischémie necrosis, cell 
toxicity, mechanical compression, osmotic damage, and 
bacterial prolifération beneath an eschar. In a report of 
doxorubicin extravasation injuries, Linder et al. found that 
factors causing extravasation included infusion under pres¬ 
sure, failure to release a proximal tourniquet, use of inadéquate 
veins, thrombosis of proximal veins, spasm at previous veni- 
puncture sites, active thrombophlebitis, and veins with mul¬ 
tiple holes near the infusion site. 

Most authors recommend immédiate treatment. There is 
no universal agreement on pharmacologie treatment. Reported 
antidotes include hydrocortisone, hyaluronidase, propranolol, 
sodium bicarbonate, isoproterenol, topical dimethyl sulfoxide, 
vitamin E, and heat packs. Clinical studies support early 
debridement, drainage, irrigation, repeat debridement, and 
delayed closure as methods that consistently yield the best 
results. Ultraviolet light has been found to be useful in locating 
and removing fluorescent doxorubicin-containing tissue. 
Affer removing the extravasated fluid, intravenous fluorescein 
can be injected to détermine the démarcation between viable 
and nonviable tissue for debridement. A comparison ofvarious 
antidotes with early surgical treatment in rats found early 
surgical debridement most effective in decreasing the size of 
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A f Site of high-pressure injection of unknown substance. Patient complained of pain and numbness of digit and 
palm. B, Extensive debridement was done through modified Brunner incision. C f Two days after surgery, compartment syndrome 
necessitated fasciotomies. Repeated debridements of devitalized tissue were required, including amputation of left index finger. D and 
E f Hand function at 7 months after injury. 


vesicant ulcers and speeding the healing of ulcers. In treating 
phenytoin extravasation in the hand, élévation and splinting 
with a compression dressing was effective in the absence of 
cellulitis, abscess, skin loss, or compartment pressure éléva¬ 
tion. For treatment of upper extremity injuries from médica¬ 
tions, the best results hâve been obtained with immédiate 
discontinuation of the intravenous line, élévation of the part, 
avoidance of antidotes, late debridement and coverage, and 
incorporation of a réhabilitation program early in the recovery. 
Healing without soft-tissue injury has been reported in 86% to 
96% of patients with the use of liposuction and saline flush to 
remove extravasated material, preserving the overlying skin. 
Although extravasation of radiographie contrast materials 
probably occurs more often than literature reports suggest, 
skin necrosis as a complication has been reported in 0.5% of 


radiographie contrast studies. Local inflammation may be the 
only response to extravasation of small amounts of contrast 
solutions. Large extravasations can resuit in skin necrosis, 
producing painful ulcers that are slow to heal. Loth and Jones 
reported that early surgical debridement, wound lavage, and 
delayed closure produced “excellent” functional and cosmetic 
results. Their management of patients with these injuries was 
determined by the amount of solution extravasated. Radio- 
graphs were used to estimate the volume and extent of extrava¬ 
sation. Insignificant extravasations (<5 mL) were treated with 
élévation in warm compressive dressings. Significant extrava¬ 
sations (>20 mL) were treated with emergency surgical 
drainage and wound lavage, preferably within 6 hours of 
extravasation. Intraoperative radiographs were used to ensure 
complété removal of contrast solution. When tissue necrosis 
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Close range gunshot injury shows tattooing from gunpowder (A) and exit wound (B). (From Eardley WGP, Stewart MPM: 
Early management of ballistic hand trauma, J Am Acad Orthop Surg 18:118, 2010.) 


was found, closure was delayed 3 to 5 days. Treatment of 
extravasation of 5 to 20 mL was based on the clinical présenta¬ 
tion; severe soft-tissue reaction, swelling, and pain were indi¬ 
cations for surgery. 

FOCAL DYSTONIA OF THE HAND 

Idiopathic focal hand dystonia is characterized by muscle 
cramps that accompany execution of spécifie tasks. These 
task-spécifie dystonias involving the hand are referred to as 
writer s cramp, keyboarder s cramp, occupational hand cramp, 
musicians cramp, or golfer s “yip.” Although there are cases 
reported after musculoskeletal injury or paravertebral or 
central nerve injury, most are believed to involve dysfunction 
in intégration or circuitry of the basal ganglia, sensory thala¬ 
mus, and the somatosensory and sensorimotor cortices. A 
thorough history and physical examination will help differ- 
entiate focal dystonia from other diagnoses such as peripheral 
neuropathy, radiculopathy, plexopathy, thoracic outlet syn¬ 
drome, répétitive overuse injury, focal seizures, médication 
effects, and psychogenic movement disorders. This condition 
often is treated with injection of botulinum toxin, but this is 
not a cure and merely targets the symptoms. Because this is 
a neurologie problem, sensorimotor retraining and proprio- 
ceptive activities generally are recommended. 


PSYCHOFLEXED AND 
PSYCHOEXTENDED HANDS 
(DYSFUNCTIONAL POSTURES) 

At least two typical postures of the hand are associated with 
psychiatrie disorders. One is the psychoflexed hand (Fig. 
70-16), in which the ulnar three digits are severely flexed and 



2J2E9 Psychoflexed hands. Patient had flexion con¬ 
tractures of ulnar three fingers of both hands with palmar 
macération. 


contracted, often causing macération in the palm. It is almost 
uncorrectable permanently. It interfères with the hygiene of 
the hand and may cause an offensive odor. In addition, sec- 
ondary infection can occur from pressure of the fingernails 
in the palm. There is no prédilection for the minor or domi¬ 
nant hand. The psychoflexed hand should be differentiated 
carefully from such disorders as Dupuytren contracture, 
arthrogryposis multiplex congenita, and certain spastic hand 
deformities that occur secondary to stroke or cérébral palsy. 
An experienced surgeon usually can distinguish these condi¬ 
tions easily. In the “clenched fist” syndrome (Fig. 70-17), the 
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Risk Factors in Extravasation Injuries 


Patient Factors 

■ Increased âge associated with greater likelihood of sus- 
taining injury because of: 

Fragile skin and vessels 

Low muscle to subcutaneous tissue mass 

Inability to report pain at infusion site 

■ Vascular compromise associated with reduced tolérance to 
injury 

■ Peripheral neuropathy associated with inability to detect 
pain upon extravasation 

Mechanism of Injection and Infusion Site 

■ Use of power injectors instead of plastic cannulae 

■ Periarticular infusion sites more prone to injury because of 
movement 

■ Cannulae placed near tendons or nerves increases risk for 
severe complications 

■ Multiple previous venous punctures along a vein compro¬ 
mises venous wall 

Type of Injected Drug 

■ Volume and concentration of drug injected 

■ Cytotoxicity 

Vesicant (DNA binding and non-DNA binding) 

Exfoliant 

Irritant 

Inflammatory 

Neutral 

■ Extrêmes of pH (agents with pH values over 5.5-8.5 are 
particularly harmful) 

■ Osmolality (hypertonie solutions cause tissue damage by 
cell implosion; hypotonie solutions cause tissue damage 
by cell explosion) 

Glucose (>10%) 

Sodium bicarbonate (>1.8%) 

Potassium/sodium chloride, calcium gluconate, magné¬ 
sium sulphate, 

Mannitol infusions 

Parentéral nutrition préparations (650 mOsm/L) 

Ionie, high osmolarity radiologie contrast media 

■ Vasoconstrictor agents 
Adrénaline 
Noradrenaline 

(Derived from: Goutos I, Cogswell LK, Giele H: Extravasation injuries: a review, J 
Hand Surg EurVol 39E:808, 2014.) 

entire fist is clenched but the ulnar three digits are more 
predominantly involved. 

The second posture is the psychoextended hand. It is 
similar to the psychoflexed hand except that the ulnar three 
digits are held in rigid hyperextension at the proximal inter- 
phalangeal joints and in flexion at the metacarpophalangeal 
joints. This seems to permit a partially functioning hand con- 
sisting of a pinch mechanism preserved between the thumb 
and index finger. The index finger metacarpophalangeal joint 
is held in flexion, but active flexion and extension are preserved 
at the proximal interphalangeal joint, permitting opposition 
to the thumb pulp. Sometimes these patients permit passive 


extension at the metacarpophalangeal joint and passive flexion 
at the proximal interphalangeal joint, but after release the 
posture quickly recurs. Increased hyperextension is eventually 
possible at the proximal interphalangeal joints by persistent 
stretching. These patients rarely are distressed by their prob- 
lems and rarely demand treatment to correct the posture. They 
may permit surgery to be performed, however. The surgeon 
must be aware, nonetheless, that almost nothing is of lasting 
help, including casting, amputation of fingertips, or fixation of 
joints with Kirschner wires. Psychiatrie management should 
be the initial treatment. 

FACTITIOUS HAND SYNDROMES 

Factitious lymphedema, Secretan syndrome, factitious 
ulcérations, subcutaneous emphysema, wound manipulation, 
pachydermodactyly, self-mutilation, and self-induced nail 
dystrophies may be encountered by physicians in ail fields 
and occasionally are referred to an orthopaedic specialist. It 
is important to recognize the warning signs that the patient 
may be causing the presenting illness through a careful 
history and physical examination. 

Grunert et al. identified three types of factitious hand 
syndromes, depending on the physical présentation: (1) self- 
mutilation and wound mutilation, (2) edema, and (3) finger 
and hand deformities. These patients had two distinct psy¬ 
chologie diagnoses: factitious disorder with physical symp- 
toms and conversion disorder. Of two personality profiles 
identified with the Minnesota Multiphasic Personality Inven- 
tory, the emotionally dépendent group responded to behav¬ 
ioral treatment, whereas the angry, hostile, and self-mutilating 
patients had the poorest response to treatment. 

Self-induced injury should be suspected when there is a 
history of prolonged edema, lack of wound healing, or a 
deformity without a plausible explanation. Further suspicion 
should be aroused when the patient gives a history of having 
seen several competent physicians who were unable to estab- 
lish an organic diagnosis after multiple diagnostic procedures. 
Casting the edematous part or wound may be of diagnostic 
value if the cast is worn long enough for a wound to heal or 
for edema to résolve. Reappearance of the wound or edema 
after the cast has been removed helps to establish the diagno¬ 
sis. Most of these patients do not wear the cast long enough 
to make a différence (Fig. 70-18). 

Secretan disease was described in 1901 as an edematous 
process over the dorsal metacarpal area. It also has been 
called peritendinous fibrosis and factitious lymphedema. 
Although the cause is contro ver sial, it has been considered to 
be as a resuit of self-inflicted injury for the purpose of second- 
ary gain or as a conversion reaction. Conservative, nonopera- 
tive care and psychiatrie counseling generally are the best 
treatments for these patients. 

Always inspect the entire extremity for evidence of some 
type of constricting band proximally. The edema varies in 
severity depending on the length of time and the frequency 
with which and how recently the limb has been constricted. 
The constriction usually is applied when the individual is 
alone. As with any patient, it is important to rule out an 
organic, anatomie basis for the complaint; however, surgery 
is rarely bénéficiai in these patients. Psychologie assistance 
should be obtained early in the course of évaluation and 
management. 
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jj|p Clenched fist syndrome. Dorsal (A) and volar (B) aspects of hand with clenched fist syndrome in 28-year-old woman 
with history of multiple hospital admissions for headaches and arm pain. (From Birman MV, Lee DH: Factitious disorders of the upper extremity, 
J Am Acad Orthop Surg 20:78, 2012.) 



A f A 22-year-old man developed lésions that would not heal after trivial trauma at work. They regressed under cast 
immobilization (B) but reappeared after cast removal. They were presumed to be cigarette burns. (From Louis DS, Kasdan ML: Factitious 
disorders. In Wolfe SW, editor: Green's operative hand surgery, ed 6, Philadelphia, Elsevier, 2011.) 


liliiiiliitltl 

ANEURYSM, THROMBOSIS, AND EMBOLISM 

Brzezinski M, Luisetti T, London MJ: Radial artery cannulation: a compré¬ 
hensive review of recent anatomie and physiologie investigations, Anesth 
Analg 109:1763, 2009. 

Esposito G, Marone EM, De Dominicis D, et al: Hand and wrist arterial 
aneurysms, Ann Vase Surg 20:512, 2006. 

Larsen BT, Edwards WD, Jensen MH, et al: Surgical pathology of hypothenar 
hammer syndrome with new pathogenetic insights: a 25-year institu- 
tional expérience with clinical and pathologie review of 67 cases, Am J 
Surg Pathol 37:1700, 2013. 

Pasha AK, Elder MD, Malik UE, et al: Symptomatic radial artery thrombosis 
successfully treated with endovascular approach via fémoral access route, 
Cardiovasc Revasc Med 15:357, 2014. 

Ritz M, Mahendru S, Smyth M, et al: Dynamic arteries of the hand, Surg 
Radiol Anat 31:279, 2009. 

THERMAL BURNS 

Askari M, Cohen MJ, Grossman PH, Kulber DA: The use of acellular dermal 
matrix in release of burn contracture in the hand, Plast Reconstr Surg 
127:1593, 2011. 

Birchenough SA, Gampper TJ, Morgan RF: Spécial considérations in the 
management of pédiatrie upper extremity and hand burns, / Craniofac 
Surg 19:933, 2008. 

Chew BK, Chew DY, Kirkpatrick JJ, Watson SB: The free thin DIEP flap in 
microsurgical reconstruction of severe hand contractures following burn 
injury, / Plast Reconstr Aesthet Surg 61:1266, 2008. 


Choi M, Armstrong MB, Panthaki Z J: Pédiatrie hand burns: thermal, electri- 
cal, Chemical, / Craniofac Surg 20:1045, 2009. 

Coffey MJ, Thirkannad SM: Glove-gauze regimen for the management of 
hand burns, Tech Hand Up Extrem Surg 13:4, 2009. 

Cowan AC, Stegink-Jansen CW: Réhabilitation of hand burn injuries: current 
updates, Injury 44:391, 2013. 

Davami B, Pourkhameneh G: Correction of severe postburn claw hand, Tech 
Hand Up Extrem Surg 15:260, 2011. 

Feldmann ME, Evans J, O SJ: Early management of the burned pédiatrie 
hand, / Craniofac Surg 19:942, 2008. 

Friel MT, Duquette SP, Ranganath B, et al: The use of glabrous skin graffs in 
the treatment of pédiatrie palmar hand burns, Ann Plast Surg 75:153, 
2015. 

Fufa DT, Chuang SS, Yang JY: Postburn contractures of the hand, / Hand 
Surg Am 39:1869, 2014. 

Fufa DT, Chuang SS, Yang JY: Prévention and surgical management of 
postburn contractures of the hand, Curr Rev Musculoskelet Med 7:53, 
2014. 

Karanas YL, Buntic RF: Microsurgical reconstruction of the burned hand, 
Hand Clin 25:551, 2009. 

Kowalske K: Outcome assessment after hand burns, Hand Clin 25:557, 2009. 

Kreymerman PA, Andres LA, Lucas HD, et al: Reconstruction of the burned 
hand, Plast Reconstr Surg 127:752, 2011. 

Liodaki E, Kisch T, Mauss KL, et al: Management of pédiatrie hand burns, 
Pediatr Surg Int 31:397, 2015. 

Lou RB, Hickerson WL: The use of skin substitutes in hand burns, Hand Clin 
25:497, 2009. 

McKee DM: Acute management of burn injuries to the hand and upper 
extremity, J Hand Surg Am 35:1542, 2010. 











0^: 

ÉjfïÏÏU; 

i ï “ 

5 ; ftj ? a ^pbell-ç 

■ " OPERATIVE S 

n 5 : orthopaeoics 


2017 


•pSÿ_J6J 

www.ketabpezeshki.com 

Campbell's 

Operative Orthopaedics 


M. üy ««• 

wii t«n 
ihCuti 


v 



,>b 

tijl <jm*J 

Jv w ♦♦V wJ 

JU w£i fwtoj lo Ü 






CHAPTER 70 SPECIAL HAND DISORDERS 


McKee DM: Reconstructive options of burn injuries to the hand and upper 
extremity, / Hand Surg Am 36:922, 2011. 

Pan BS, Vu AT, Yakuboff KP: Management of the acutely burned hand, 
J Hand Surg Am 40:1477, 2015. 

Parcells AL, Karcich J, Granick MS, Marano MA: The use of fêtai bovine 
dermal scaffold (primatrix) in the management of full-thickness hand 
burns, Eplasty 14:336, 2014. 

Park YS, Lee JW, Huh GY, et al: Algorithm for primary full-thickness skin 
grafting in pédiatrie hand burns, Arch Plast Surg 39:483, 2012. 

Pradier JP, Oberlin C, Bey E: Acute deep hand burns covered by a pocket 
flap-graft: long-term outcome based on nine cases, / Burns Wounds 6:el, 

2007. 

Puri V, Khare N, Venkateshwaran N, et al: Serial splintage: preoperative 
treatment of upper limb contracture, Burns 39(6): 1096, 2013. 

Richards WT, Vergara E, Dealaly DG, et al: Acute surgical management of 
hand burns, / Hand Surg Am 39:2075, 2014. 

Schneider JC, Holavanahalli R, Helm P, et al: Contractures in burn 
injury, part II: investigating joints of the hand, / Burn Care Res 29:606, 

2008. 

Shafer DM, Sherman CE, Moral SL: Hydrosurgical tangential excision of 
partial-thickness hand burns, Plast Reconstr Surg 122:96e, 2008. 

Sterline J, Gibran NS, Klein MB: Acute management of hand burns, Hand 
Clin 25:453, 2009. 

Weinand C: The Vacuum-Assisted Closure (VAC) device for hastened attach- 
ment of a superficial inferior-epigastric flap to third-degree burns on 
hand and Angers, / Burn Care Res 30:362, 2009. 

Williams N, Stiller K, Greenwood J, et al: Physical and quality of life out- 
comes of patients with isolated hand burns—a prospective audit, / Burn 
Care Res 33:188, 2012. 

Yoon SW, Rebecca AM, Smith AA, et al: Reverse second dorsal metacarpal 
artery flap for reconstruction of fourth-degree burn wounds of the hand, 
/ Burn Care Res 28:521, 2007. 

ELECTRICAL BURNS 

Hasegawa H, Okazaki M, Sasaki K: Restoration of thumb abduction damaged 
by electrical burn using the free dorsalis pedis flap with the extensor 
hallucis brevis tendon, / Reconstr Microsurg 22:33, 2006. 

Jeevaratnam JA, Nikkhah D, Nugent NF, Blackburn AV: The médial sural 
artery perforator flap and its application in electrical injury to the hand, 
/ Plast Reconstr Aesthet Surg 67:1591, 2014. 

Jiang H, Li QF, Gu B, et al: Reconstruction of advanced-stage electrical hand 
injury in a one-stage procedure using a prefabricated médial latéral crural 
composite flap, Ann Plast Surg 60:626, 2008. 

Karunadasa KP, Beneragama TS, Dissanayake DA, Perera D: Dorsal meta¬ 
carpal artery flap for resurfacing of fourth-degree electrical burns of 
Angers, / Burn Care Res 31:674, 2010. 

Lee GK, Suh KJ, Kang IW, et al: MR imaging findings of high-voltage electri¬ 
cal burns in the upper extremities: corrélation with angiographie find¬ 
ings, Acta Radiol 52:198, 2011. 

Mazzetto-Betti KC, Amancio AC, Farina JA Jr, et al: High-voltage electrical 
burn injuries: functional upper extremity assessment, Burns 35:707,2009. 

Ofer N, Baumeister S, Megerie K, et al: Current concepts of microvascular 
reconstruction for limb salvage in electrical burn injuries, / Plast Reconstr 
Aesthet Surg 60:724, 2007. 

Sauerbier M, Ofer N, Germann G, Baumeister S: Microvascular reconstruc¬ 
tion in burn and electrical burn injuries of the severely traumatized 
upper extremity, Plast Reconstr Surg 119:605, 2007. 

CHEMICAL BURNS 

Frank M, Schmucker U, Nowotny T, et al: Not ail that glistens is gold: 
civilian white phosphorus burn injuries, Am J Emerg Med 26(974):e3, 
2008. 

Morritt AN, Banche SE, Ralston D, Stephenson AJ: Coal ash poultice: an 
unusual cause of a Chemical burn, / Burn Care Res 30:1046, 2009. 

Robinson EP, Chhabra AB: Hand Chemical burns, / Hand Surg Am 40:604, 
2015. 

Sever C, Ulkur E, Uygur F, Celikoz B: Hand burn caused by Fréon gas, Burns 
34:1210, 2008. 


FROSTBITE 

Bruen KJ, Gowski WF: Treatment of digital frostbite: current concepts, 
J Hand Surg Am 34A:553, 2009. 

Chandran GJ, Chung B, Lalonde J, Lalonde DH: The hypothermie effect of 
a distal volar forearm nerve block: a possible treatment of acute digital 
frostbite injuries? Plast Reconstr Surg 126:946, 2010. 

Grasu BL, Jones CM, Murphy MS: Use of diagnostic modalities for assessing 
upper extremity vascular pathology, Hand Clin 31:1, 2015. 

Hutchison RL: Frostbite of the hand, / Hand Surg Am 39:1863, 2014. 

Imray C, Grieve A, Dhillon S, et al: Cold damage to the extremities: frostbite 
and non-freezing cold injuries, Postgrad Med J 85:481, 2009. 

Kiss TL: Critical care for frostbite, Crit Care Nurs Clin North Am 24:581, 
2012 . 

Kloeters O, Ryssel H, Suda AJ, Lehnhardt M: Severe frostbite injury in 
a 19-year-old patient requiring amputation of both distal forearms 
and lower legs due to delayed rescue: a need for advanced accident 
collision notification Systems? Arch Orthop Trauma Surg 131:875, 
2011. 

Knobloch K, Ipaktchi R, Rennekampff HO, Vogt PM: Hand and facial burns 
related to liquefied petroleum gas (LPG) refuelling and cigarette 
smoking—an underestimated risk? Burns 36:el40, 2010. 

Sever C, Kulachi Y, Acar A, Duman H: Frostbite injury of hand caused by 
liquid hélium: a case report, Eplasty 10:e35, 2010. 

Sever C, Kulachi Y, Acar A, Karabacak E: Unusual hand frostbite caused by 
réfrigérant liquids and gases, Ulus Travma Acil Cerrahi Derg 16:433, 
2010 . 

Su CW, Lohman R, Gottlieb LJ: Frostbite of the upper extremity, Hand Clin 
16:235, 2000. 

Wisler JW, Wisler JR, Coffey R, Miller SF: The diversity of wound présenta¬ 
tion associated with Fréon contact frostbite injury, / Burn Care Res 
31:809, 2010. 

INJECTION INJURIES 

Amsdell SL, Hammert WC: High-pressure injection injuries in the hand: 
current treatment concepts, Plast Reconstr Surg 132:586e, 2013. 

Bekler H, Gokce A, Beyzadeoglu T, Parmaksizoglu F: The surgical treatment 
and outcomes of high-pressure injection injuries of the hand, / Hand Surg 
Eur Vol 32:394, 2007. 

Gonzalez R, Kasdan ML: High pressure injection injuries of the hand, Clin 
Occup Environ Med 5:407, 2006. 

Rosenwasser MP, Wei DH: High-pressure injection injuries to the hand, 
/ Am Acad Orthop Surg 22:38, 2014. 

Verhoeven N, Hierner R: High-pressure injection injury of the hand: an often 
underestimated trauma: case report with study of the literature, Strategies 
Trauma Limb Reconstr 3:27, 2008. 

Wieder A, Lapid O, Plakht Y, Sagi A: Long-term follow-up of high-pressure 
injection injuries to the hand, Plast Reconstr Surg 117:186, 2006. 

SHOTGUN INJURIES AND GUNSHOT 

Al-Qattan MM: Air gun pellet injuries of the hand, / Hand Surg Am 31B:178, 
2006. 

Eardley WG, Stewart MP: Early management of ballistic hand trauma, / Am 
Acad Orthop Surg 18:118, 2010. 

Keskin M, Beydes T, Tosun Z, Savaci N: Close range gunshot injuries of the 
hand with the “mole gun”, / Trauma 67:139, 2009. 

WRINGER INJURIES 

Dahlin LB, Ljunberg E, Esserlind AL: Injuries of the hand and forearm in 
young children caused by steam roller presses in laundries, Scand J Plast 
Reconstr Surg Hand Surg 42:43, 2008. 

Sever C, Külahci Y, Noyan N, Acar A: Thermal crush injury of the hand 
caused by roller type ironing press machine, Acta Orthop Traumatol Turc 
44:496, 2010. 

EXTRAVASATION INJURIES 

Breguet R, Terraz S, Righini M, Didier D: Acute hand ischemia affer unin- 
tentional intraarterial injection of drugs: is cathéter-directed thromboly- 
sis useful? J Vase Interv Radiol 25:963, 2014. 


359' 


J PART XVIII THE HAND 


Di Costanzo G, Loquercio G, Marcacci G, et al: use of allogeneic platelet gel 
in the management of chemotherapy extravasation injuries: a case report, 
Onco Targets Ther 8:401, 2015. 

Goutos I, Cogswell LK, Giele H: Extravasation injuries: a review, / Hand Surg 
Eur Vol 39:808, 2014. 

Hahn JC, Safritz ZB: Chemotherapy extravasation injuries, / Hand Surg Am 
37:360, 2012. 

Hannon MG, Lee SK: Extravasation injuries, / Hand Surg Am 36A:2060, 
2011. 

Selek H, Ozer H, Aygencel G, Turanli S: Compartment syndrome in the hand 
due to extravasation of contrast material, Arch Orthop Trauma Surg 
127:425, 2007. 

PSYCHOLOGICAL CONDITIONS 

Altenmüller E, Jabusch HC: Focal hand dystonia in musicians: phenomenol- 
ogy, etiology, and psychological trigger factors, / Hand Ther 22:144,2009. 

Birman MV, Lee DH: Factitious disorders of the upper extremity, / Am Acad 
Orthop Surg 20:78, 2012. 

Byl NN: Diagnosis and management of focal hand dystonia in a rheumatol- 
ogy practice, Curr Opin Rheumatol 24:222, 2012. 

Eldridge MP, Grunert BK, Matloub HS: Streamlined classification of psycho- 
pathological hand disorders: a literature review, Hand (N Y) 3:118, 2008. 

Goldman B, Brininger TL, Antczak A: Clinical relevance of neuromuscular 
findings and abnormal movement patterns: a comparison between focal 
hand dystonia and upper extremity entrapment neuropathies, / Hand 
Ther 22:115, 2009. 

Grob M, Papadopulos NA, Zimmermann A, et al: The psychological impact 
of severe hand injury, / Hand Surg Eur Vol 33:358, 2008. 


Lin PT, Hallet M: The pathophysiology of focal hand dystonia, / Hand Ther 
22:109, 2009. 

Lungu C, Karp BI, Alter K, et al: Long-term follow-up of botulinum toxin 
therapy for focal hand dystonia: outcome at 10 years or more, Mov Disord 
26:750, 2011. 

Opsteegh L, Reinders-Messelink HA, Groothoff JW, et al: Symptoms of acute 
posttraumatic stress disorder in patients with acute hand injuries, / Hand 
Surg Am 35A:961, 2010. 

Potter P: Task spécifie focal hand dystonia: understanding the enigma and 
current concepts, Work 41:61, 2012. 

Prodoehl J, MacKinnon CD, Comella CL, Corcos DM: Strength déficits in 
primary focal hand dystonia, Mov Disord 21:18, 2006. 

Torres-Russotto D, Perimutter JS: Focal dystonias of the hand and upper 
extremity, / Hand Surg Am 33A:1657, 2008. 

Weis T, Boeckstyns ME: The clenched fist syndrome: a présentation of eight 
cases and an analysis of the medicolegal aspects in Denmark, / Hand Surg 
Eur Vol 34:374, 2009. 

Williams AE, Newman JT, Ozer K, et al: Posttraumatic stress disorder and 
dépréssion negatively impact general health status after hand injury, 
/ Hand Surg Am 34A:515, 2009. 

Zeineh LL, Wilhelmi BJ, Seidenstricker L: The clenched fist syndrome 
revisited, Plast Reconstr Surg 121:149e, 2008. 

The complété list of references is avaïlahle online at expertconsult 

.inkling.com. 



CHAPTER 70 SPECIAL HAND DISORDERS çv£ 


1 


SUPPLEMENTAL REFERENCES 


ANEURYSM, THROMBOSIS, AND EMBOLISM 

Allen EV: Thromboangiitis obliterans: methods of diagnosis of chronic 
occlusive arterial lésions distal to the wrist with illustrative cases, Am J 
Med Sci 178:237, 1929. 

Ashbell T, Koonce OE, Clinard NE: The digital Allen test, Plast Reconstr Surg 
39:411, 1967. 

Aulicino PL, Hutton PMJ, DuPuy TE: True palmar aneurysms: a case report 
and literature review, / Hand Surg Am 7:613, 1982. 

Benitez PR, Newell MA: Vascular trauma in drug abuse: patterns of injury, 
Ann Vase Surg 1:175, 1986. 

Berrettoni BA, Seitz WH: Mycotic aneurysm in a digital artery: case report 
and literature review, / Hand Surg Am 15A:305, 1990. 

Coulon M, Goffette P, Dondelinger RF: Local thrombolytic infusion in arte¬ 
rial ischemia of the upper limb: mid-term results, Cardiovasc Intervent 
Radiol 17:81, 1994. 

Earnshaw JJ, Cosgrove C, Wilkins DC, et al: Acute limb ischaemia: the place 
of intravenous streptokinase, Br J Surg 77:1136, 1990. 

Ettien JT, Allen JT, Vargas C: Hypothenar hammer syndrome, South Med J 
74:479, 1981. 

Fisher MM, Smart AG: Nifedipine in ulnar artery occlusion, Angiology 
35:320, 1984. 

Freiman S, Marom L, Ofer A, et al: Multiple sequential posttraumatic 
pseudoaneurysms following high-energy injuries: case report and review 
of the literature, / Orthop Trauma 16:520, 2002. 

Green DP: True and false aneurysms in the hand, / Bone Joint Surg 55A:120, 
1973. 

Ho PK, Weiland AJ, McClinton MA, et al: Aneurysms of the upper extremity, 
/ Hand Surg Am 12A:39, 1987. 

Isenberg JS: Spontaneous exercise-induced thrombosis of the radial artery: 
a case report and literature review, Ann Plast Surg 44:79, 2000. 

Jelalian C, Mehrhof A, Cohen IK, et al: Streptokinase in the treatment of 
acute arterial occlusion of the hand, / Hand Surg Am 10A:534, 1985. 

Koman LA, Urbaniak JR: Thrombosis of ulnar artery at the wrist. In Ameri¬ 
can Academy of Orthopaedic Surgeons, editor: Symposium on microsur- 
gery: practical use in orthopaedics , St. Louis, 1979, Mosby. 

Koman LA, Urbaniak JR: Ulnar artery insufficiency: a guide to treatment, 
/ Hand Surg Am 6A:16, 1981. 

Komorowska-Timek E, Teruya TH, Abou-Zamzam AM Jr, et al: Treatment 
of radial and ulnar artery pseudoaneurysms using percutaneous throm- 
bin injection, / Hand Surg Am 29A:936, 2004. 

Lee KL, Miller JG, Laitung G: Hand ischaemia following radial artery can- 
nulation, / Hand Surg Am 20B:493, 1995. 

Lorea P, Schuind F: False aneurysm appearing as delayed ulnar nerve 
palsy affer “minor” penetrating trauma in the forearm, / Trauma 51:144, 
2001 . 

McClinton MA: Tumors and aneurysms of the upper extremity, Hand Clin 
9:151, 1993. 

Melhoff TL, Wood MB: Ulnar artery thrombosis and the rôle of interposi- 
tional vein graffing: patency with microsurgical technique, / Hand Surg 
Am 16A:274, 1991. 

Murphy RX Jr, Korngold JM, Jaffe JW, et al: Bilateral radial artery pseudoa¬ 
neurysms associated with bilateral ulnar artery atresia: a case report, 
/ Hand Surg Am 25A:565, 2000. 

Ouriel K, Katzen B, Mewissen M, et al: Reteplase in the treatment of periph- 
eral arterial and venous occlusions: a pilot study, J Vase Interv Radiol 
11:849, 2000. 

Péris MD, Tomaino MM: Ulnar artery thrombosis: évaluation and indica¬ 
tions for operative treatment and surgical technique, Am J Orthop 25:685, 
1996. 

Pomahac B, Hagan R, Blazar P, et al: Spontaneous thrombosis of the radial 
artery at the wrist level, Plast Reconstr Surg 114:943, 2004. 

Porubsky GL, Brown SI, Urbaniak JR: Ulnar artery thrombosis: a sports- 
related injury, Am J Sports Med 14:170, 1986. 

Rainer C, Dabernig J, Gardetto A, et al: Compression of the ulnar nerve 
caused by an aneurysm of the ulnar artery in an HIV-positive patient, 
Plast Reconstr Surg 11:533, 2002. 


Reid DB, Reid AW, Cuschieri RJ, et al: Early expérience with intra-arterial 
thrombolytic therapy for peripheral arterial occlusion, Scott Med J 36:7, 
1991. 

Ruch DS, Aldridge M, Holden M, et al: Arterial reconstruction for radial 
artery occlusion, / Hand Surg Am 25A:282, 2000. 

Schiller W, Garren RL, Bay RC, et al: Laser Doppler évaluation of burned 
hands predicts need for surgical graffing, / Trauma 43:35, 1997. 

Strauch B, Melone C, McClain SA, et al: True aneurysms of the digital artery: 
case report, / Hand Surg Am 29A:54, 2004. 

Stricker SJ, Burkhalter WE, Ouellette AE: Single-vessel forearm arterial 
repairs: patency rates using nuclear angiography, Orthopedics 12:963, 

1989. 

Suzuki K, Takahashi S, Hakagawa T: False aneurysm in a digital artery, 
J Hand Surg Am 5A:402, 1980. 

Tomaino MM: Digital arterial occlusion in scleroderma: is there a rôle for 
digital arterial reconstruction? / Hand Surg Am 25B:611, 2000. 

Vohra R, Lieberman DP: Arterial emboli to the arm, J R Coll Surg Edinb 
36:83, 1991. 

Wang ED, Li Z, Goldstein RY, et al: Venous aneurysms of the wrist, / Hand 
Surg Am 26B:951, 2001. 

Widlus DM, Venbrux AC, Benenati JF, et al: Fibrinolytic therapy for upper- 
extremity arterial occlusions, Radiology 175:393, 1990. 

Zimmerman NB: Occlusive vascular disorders of the upper extremity, Hand 
Clin 9:139, 1993. 

THERMAL BURNS 

Barillo DJ, Harvey KD, Hobbs CL, et al: Prospective outcome analysis of a 
protocol for the surgical and rehabilitative management of burns to the 
hands, Plast Reconstr Surg 100:1442, 1997. 

Baux S: Thermal and Chemical burns. In Tubiana R, editor: The hand (vol 3), 
Philadelphia, 1988, Saunders. 

Belliappa PP, McCabe SJ: The burned hand, Hand Clin 9:313, 1993. 

Bondoc CC, Quinby WC, Burke JF: Primary surgical management of the 
deeply burned hand in children, / Pediatr Surg 11:355, 1976. 

Bondoc CC, Quinby WC, Siebert S, et al: Management of acute thermal hand 
injuries. In Tubiana R, editor: The hand (vol 3), Philadelphia, 1988, WB 
Saunders. 

Brcic A: Primary tangential excision for hand burns, Hand Clin 6:211, 

1990. 

Carlotto R: The burned hand: optimizing long-term outcomes with a stan- 
dardized approach to acute and subacute care, Clin Plast Surg 32:515, 
2005. 

Falcone PA, Edstrom LE: Decision making in the acute thermal hand burn: 
an algorithm for treatment, Clin Orthop Relat Res 6:233, 1990. 

Fraulin FO, Illmayer SJ, Tredget EE: Assessment of cosmetic and functional 
results of conservative versus surgical management of facial burns, / Burn 
Care Rehabil 17:19, 1996. 

Frist W, Ackroyd F, Burke J, et al: Long-term functional results of sélective 
treatment of hand burns, Am J Surg 149:516, 1985. 

Gant TD: The early enzymatic debridement and graffing of deep dermal 
burns to the hand, Plast Reconstr Surg 66:185, 1980. 

Goodwin CW, Maguire MS, McManus WR, et al: Prospective study of burn 
wound excision of the hands, / Trauma 23:510, 1983. 

Harrison DH, Parkhous N: Expérience with upper extremity burns: the 
Mount Vernon expérience, Hand Clin 6:191, 1990. 

Heimbach D, Engrav L, Grube B, et al: Burn depth: a review, World J Surg 
16:10, 1992. 

Hunt JL, Sato RM: Early excision of full-thickness hand and digit burns, 
factors affecting morbidity, J Trauma 22:414, 1982. 

Jostkleigrewe F, Brandt KA, Flechsig G, et al: Treatment of partial-thickness 
burns of the hand with the preshaped, semipermeable Procel burn cover: 
results of a multicentre study in the burn centres of Berlin, Duisburg, and 
Munich, Burns 21:297, 1995. 

Leonard LG, Munster AM, Su CT: Adjunctive use of intravenous fluorescein 
in tangential excision of burns of the hand, Plast Reconstr Surg 66:30, 
1980. 

Logsetty S, Heimbach DM: Modem techniques for wound cover âge of the 
thermally injured upper extremity, Hand Clin 16:205, 2000. 



PART XVIII THE HAND 



Madden JW, Enna CD: Management of acute thermal injuries to the upper 
extremity, / Hand Surg Am 8A:785, 1983. 

Molnar JA, Simpson JL, Voignier DM, et al: Management of an acute thermal 
injury with subatmospheric pressure, J Burns Wounds 4:e5, 2005. 

Riordan CL, McDonough M, Davidson JM, et al: Non-contact laser Doppler 
imaging in burn depth analysis of the extremities, / Burri Care Rehabil 
24:177, 2003. 

Ruosso M, Wexler MR: Burns of the upper limb: medical and surgical treat- 
ment. In Tubiana R, editor: The hand (vol 3), Philadelphia, 1988, 
Saunders. 

Salisbury RE, Wright P: Evaluation of early excision of dorsal burns of the 
hand, Plast Reconstr Surg 69:670, 1982. 

Sheridan RL, Baryza MJ, Pessina MA, et al: Acute hand burns in children: 
management and long-term outcome based on a 10-year expérience with 
698 burned hands, Ann Surg 229:558, 1999. 

Sheridan RL, Hurley J, Smith MA, et al: The acutely burned hand: manage¬ 
ment and outcome based on the 10-year expérience with 1047 acute hand 
burns, J Trauma 38:406, 1995. 

Stefanacci HA, Vandevender DK, Gamelli RL: The use of free tissue transfers 
in acute thermal and electrical extremity injuries, / Trauma 55:707,2003. 

Takeuchi M, Nozaki M, Sasaki K, et al: Microsurgical reconstruction of the 
thermally injured upper extremity, Hand Clin 16:261, 2000. 

Tilley W, McMahon S, Shukalak B: Réhabilitation of the burned upper 
extremity, Hand Clin 16:303, 2000. 

Tredget EE: Management of the acutely burned upper extremity, Hand Clin 
16:187, 2000. 

Tredget EE, Shankowsky HA, Taerum TV, et al: The rôle of inhalation injury 
in burn trauma: a Canadian expérience, Ann Surg 212:720, 1990. 

Wong L, Spence RJ: Escharotomy and fasciotomy of the burned upper 
extremity, Hand Clin 16:165, 2000. 

ELECTRICAL BURNS 

Achauer B, Applebaum R, Vander-Kam VM: Electrical burn injury to the 
upper extremity, Br J Plast Surg 47:331, 1994. 

Baumiester S, Kôller M, Dragu A, et al: Principles of microvascular recon- 
truction in burn and electrical burn injuries, Burns 31:92, 2005. 

Belliappa PP, McCabe SJ: The burned hand, Hand Clin 9:313, 1993. 

Chang Z, Shen Z, Sun Y, et al: Early repair treatment of electrical burns and 
recovery of tendons and nerves: report of 194 operations, Ann N Y Acad 
Sci 888:327, 1999. 

Chick LR, Lister GD, Sowder L: Early free-flap coverage of electrical and 
thermal burns, Plast Reconstr Surg 91:754, 1993. 

Chung KC, Tong L: Use of three free flaps based on a single vascular pedicle 
for complex hand reconstruction in an electrical burn injury: a case 
report, / Hand Surg Am 26A:956, 2001. 

Colic M, Ristic L, Jovanovic M: Emergency treatment and early fluid resus¬ 
citation following electrical injuries, Acta Chir Plast 38:137, 1996. 

dAmato TA, Kaplan IB, Britt LD: High-voltage electrical injury: a rôle for 
mandatory exploration of deep muscle compartments, / Natl Med Assoc 
86:535, 1994. 

Danielson JR, Capelli-Schellpfeffer M, Lee RC: Upper extremity electrical 
injury, Hand Clin 16:225, 2000. 

Fackler ML, Burkhalter WE: Hand and forearm injuries from penetrating 
projectiles, / Hand Surg Am 17A:971, 1992. 

Koumbourlis AC: Electrical injuries, Crit Care Med 30:S424, 2002. 

Mann R, Gibran N, Engrav L, et al: Is immédiate décompression of high 
voltage electrical injuries to the upper extremity always necessary? 
/ Trauma 40:584, 1996. 

Matthews KL II, Aarsvold JN, Mintzer RA, et al: Radiotracers for imaging 
electroporation, Ann N Y Acad Sci 888:285, 1999. 

Tredget EE, Shankowsky HA, Tilley WA: Electrical injuries in Canadian burn 
care: identification of unsolved problems, Ann N Y Acad Sci 888:75,1999. 

Zachary LM, Lee RC, Gottlieb LJ: Evolving clinical and scientific concepts 
of upper extremity electrical trauma, Hand Clin 6:243, 1990. 

RADIATION BURNS 

Caldwell EH, McCormack RM: Acute radiation injury of the hands: report 
of a case with a twenty-one year follow-up, / Hand Surg Am 5A:568,1980. 


Dufourmentel C, Beres C: Radiation dermatitis of the hand. In Tubiana R, 
editor: The hand (vol 3), Philadelphia, 1988, Saunders. 

CHEMICAL BURNS 

Anderson WJ, Anderson JR: Hydrofluoric acid burns of the hand: mecha- 
nism of injury and treatment, / Hand Surg Am 13A:52, 1988. 

Andrews K, Mowlavi A, Milner SM: The treatment of alkaline burns of the 
skin by neutralization, Plast Reconstr Surg 111:1918, 2003. 

Bentivegna PE, Deane LM: Chemical burns of the upper extremity, Hand 
Clin 6:253, 1990. 

Chick LR, Borah G: Calcium carbonate gel therapy for hydrofluoric acid 
burns of the hand, Plast Reconstr Surg 86:935, 1990. 

Jelenko C III: Chemicals that “burn”, / Trauma 14:64, 1974. 

Reilly DA, Garner WL: Management of Chemical injuries to the upper 
extremity, Hand Clin 16:215, 2000. 

Walker FW, Weinstein MA: Circumferential finger burn from dimethyl 
sulfoxide (DMSO), J Hand Surg Am 8A:330, 1983. 

FROSTBITE 

Barker JR, Haws MJ, Brown RE, et al: Magnetic résonance imaging of severe 
frostbite injuries, Ann Plast Surg 38:275, 1997. 

Bigelow DR, Ritchie GW: The effects of frostbite in childhood, / Bone Joint 
Surg 45B:122, 1963. 

Boswick JA: Cold injuries in the adult patient. In Tubiana R, editor: The hand 
(vol 3), Philadelphia, 1988, Saunders. 

Cauchy E, Marsigny B, Allamel G, et al: The value of technetium 99 scintig- 
raphy in the prognosis of amputation in severe frostbite injuries of the 
extremities: a rétrospective study of 92 severe frostbite injuries, J Hand 
Surg Am 25A:969, 2000. 

Greenwald D, Cooper B, Gottlieb L: An algorithm for early aggressive treat¬ 
ment of frostbite with limb salvage directed by triple-phase scanning, 
Plast Reconstr Surg 102:1069, 1998. 

Harris RW: Cold injuries in children. In Tubiana R, editor: The hand (vol 3), 
Philadelphia, 1988, Saunders. 

Heggers JP, Ko F, Robson MC, et al: Evaluation of burn blister fluid, Plast 
Reconstr Surg 65:798, 1980. 

Heggers JP, Loy GL, Robson MC, et al: Histologie démonstration of 
prostaglandins and thromboxanes in burned tissue, / Surg Res 28:110, 
1980. 

McAdams TR, Swenson DR, Miller RA: Frostbite: an orthopédie perspective, 
Am J Orthop 28:23, 1999. 

McCauley RL, Hing DN, Robson MC, et al: Frostbite injuries: rational 
approach based on the pathophysiology, / Trauma 23:143, 1983. 

Murphy JV, Banwell PE, Roberts AHN, et al: Frostbite: pathogenesis and 
treatment, / Trauma 48:171, 2000. 

Robson MC, Heggers JP: Evaluation of hand frostbite blister fluid as a due 
to pathogenesis, / Hand Surg Am 6A:43, 1981. 

Su CW, Lohman R, Gottlieb LJ: Frostbite of the upper extremity, Hand Clin 
16:235, 2000. 

INJECTION INJURIES 

Barr ST, Wittenborn W, Nguyen D, et al: High-pressure cernent injection 
injury of the hand: a case report, / Hand Surg Am 27A:347, 2002. 

Buchman MT: Upper extremity injection of household insecticide: a report 
of five cases, / Hand Surg Am 25A:764, 2000. 

del Pinal F, Herrero F, Jado E, et al: Acute thumb ischemia secondary to 
high-pressure injection injury: salvage by emergency décompression, 
radial debridement, and free hallux hemipulp transfer, / Trauma 50:571, 
2001 . 

Gutowski KA, Chu J, Choi M, et al: High-pressure hand injection injuries 
caused by dry cleaning solvents: case reports, review of the literature, and 
treatment guidelines, Plast Reconstr Surg 111:174, 2003. 

Hristodoulou L, Melikyan EY, Woodbridge S, et al: Functional outcome of 
high-pressure injection injuries of the hand, / Trauma 50:717, 2001. 

Luber KT, Rehm JP, Freeland AE: High-pressure injection injuries of the 
hand, Orthopedics 28:129, 2005. 

Milford LW, DAlonzo RT: Injection injuries of the hand. In Tubiana R, 
editor: The hand (vol 3), Philadelphia, 1988, Saunders. 


O’Neill AC, Ismael TS, McCann J, Regan PJ: Fish vaccine injection injuries 
of the hand, Br J Plast Surg 58:547, 2005. 

Pinto MR, Turkula-Pinto LD, Cooney WP, et al: High-pressure injection 
injuries of the hand: review of 25 patients managed by open wound 
technique, J Hand Surg Am 18A:125, 1993. 

Ramos H, Posch JL, Lie KK: High-pressure injection injuries of the hand, 
Plast Reconstr Surg 45:221, 1970. 

Schnall SB, Mirzayan R: High-pressure injection injuries to the hand, Hand 
Clin 15:245, 1999. 

Stark HH, Ashworth CR, Boyes JH: Paint-gun injuries of the hand, / Bone 
Joint Surg 49A:637, 1967. 

Tanzer RC: Grease-gun type injuries of the hand, Surg Clin North Am 
43:1277, 1963. 

SHOTGUN INJURIES AND GUNSHOT 

Bartlett CS: Clinical update: gunshot wound ballistics, Clin Orthop Relat Res 
408:28, 2003. 

Chappell JE, Mitra A, Weinberger J, et al: Gunshot wounds to the hand: 
management and économie impact, Ann Plast Surg 42:418, 1999. 

Gonzalez MH, McKay W, Hall RF: Low-velocity gunshot wounds of the 
metacarpal: treatment by early stable fixation and bone grafting, / Hand 
Surg Am 18A:267, 1993. 

Kleinert HE, Williams DJ: Blast injuries of the hand, / Trauma 2:10, 
1962. 

Wilson RH: Gunshots to the hand and upper extremity, Clin Orthop Relat 
Res 408:133, 2003. 

WRINGER INJURIES 

Allen JE, Beck AR, Jewett TC Jr: Wringer injuries in children, Arch Surg 
97:194, 1968. 

Brown H: Closed crush injuries of the hand and forearm, Orthop Clin North 
Am 2:253, 1970. 

Carriquiry CE, Arganaraz D: Dough sheeter injuries to the upper limb: 
severity grading and patterns of injury, / Trauma 58:318, 2005. 

Iritani RI, Siler VE: Wringer injuries of the upper extremity, Surg Gynecol 
Obstet 1 13:677, 1961. 

Lynn HB, Reed RC: Wringer injuries, JAMA 174:500, 1960. 

MacCollum DW: Wringer arm: report of 26 cases, N Engl J Med 218:549, 
1938. 

Moseley T, Hardman WW Jr: Treatment of wringer injuries in children, 
South Med J 58:1372, 1965. 

Sanguinetti MV: Reconstructive surgery of roller injuries of the hand, / Hand 
Surg Am 2A:134, 1977. 

EXTRAVASATION INJURIES 

Ayre-Smith G: Tissue necrosis following extravasation of contrast material, 
/ Can Assoc Radiol 33:104, 1982. 

Blair WF, Kilpatrick WC Jr, Saiki JH, et al: Extravasation of chemotherapeu- 
tic agents, Clin Orthop Relat Res 151:228, 1980. 

Burd DAR, Santis G, Milward TM: Severe extravasation injury: an avoidable 
iatrogénie disaster? BMJ 290:1579, 1985. 

Ceddi C, Hierner R, Berger A: Plastic surgical management in tissue extrava¬ 
sation of cytotoxic agents in the upper extremity, Eur J Med Res 6:309, 
2001 . 


Cohen FJ, Manganaro J, Bezozo RC: Identification of involved tissue during 
surgical treatment of doxorubicin-induced extravasation necrosis, 
J Hand Surg Am 8A:43, 1983. 

Disa JJ, Chang RR, Mucci SJ, et al: Prévention of Adriamycin-induced full- 
thickness skin loss using hyaluronidase infiltration, Plast Reconstr Surg 
101:370, 1998. 

Evan A, Green R, Schuchter L: Cutaneous toxicities in cancer therapy, Curr 
Opin Oncol 14:212, 2002. 

Fleming A, Butler B, Gault D: Surgical management affer doxorubicin and 
epirubicin extravasation, / Hand Surg Am 24B:390, 1999. 

Gault DT: Extravasation injuries, Br J Plast Surg 46:91, 1993. 

Hagan HJ III, Hastings H: Extravasation of phenytoin in the hand, / Hand 
Surg Am 13A:942, 1988. 

Leung PC, Cheng CY: Extensive local necrosis following the intravenous use 
of x-ray contrast medium in the upper extremity, Br J Radiol 53:361, 
1980. 

Linder RM, Upton J, Osteen R: Management of extensive doxorubicin 
hydrochloride extravasation injuries, / Hand Surg Am 8A:32, 1983. 

Loth TS, Eversmann WW Jr: Treatment methods for extravasations of che- 
motherapeutic agents: a comparative study, / Hand Surg Am 11 A:388, 
1986. 

Loth TS, Jones DEC: Extravasations of radiographie contrast material in the 
upper extremity, / Hand Surg Am 13A:395, 1988. 

Seyfer AE: Upper extremity injuries due to médications, / Hand Surg Am 
12A:744, 1987. 

Seyfer AE, Solimando DA: Toxic lésions of the hand associated with chemo- 
therapy, / Hand Surg Am 8A:39, 1983. 

Stein DA, Lee S, Raskin KB: Compartment syndrome of the hand caused by 
computed tomography contrast infiltration, Orthopedics 26:333, 2003. 

PSYCHOLOGICAL CONDITIONS 

Al-Qattan MM: Factitious disorders of the upper limb in Saudi Arabia, 
/ Hand Surg Am 26B:414, 2001. 

Frykman G, Wood VE, Miller EB: The psychoflexed hand, Clin Orthop Relat 
Res 174:153, 1983. 

Gordon NS: Focal dystonia, with spécial reference to writer’s cramp, Int J 
Clin Pract 59:1088, 2005. 

Gustafsson M, Amilon A, Ahlstrom G: Trauma-related distress and mood 
disorders in the early stage of an acute traumatic hand injury, / Hand 
Surg Am 28B:332, 2003. 

Grunert BK, Hargarten SW, Matloub HS, et al: Prédictive value of psycho- 
logical screening in acute hand injuries, / Hand Surg Am 17A:196, 1992. 

Grunert BK, Sanger JR, Matloub HS, et al: Classification System for factitious 
hand syndromes with implications for treatment, / Hand Surg Am 
16A:1027, 1991. 

Louis DS: Recognizable dysfunction syndromes, Hand Clin 9:213, 1993. 

Louis DS, Lam MK, Greene TL: The upper extremity and psychiatrie illness, 
J Hand Surg Am 10A:687, 1985. 

Moretta DN, Cooley RD Jr: Secretans disease: a unique case report and lit- 
erature review, Am J Orthop 31:524, 2002. 

Simmons BP, Vasile RG: The clenched fist syndrome, / Hand Surg Am 5A:420, 
1980. 

Spiegel D, Chase RA: The treatment of contractures of the hand using self- 
hypnosis, / Hand Surg Am 5A:428, 1980. 


■ CHAPTER 71 

PARALYTIC HAND 

Benjamin M. Mauck 


PRINCIPLES OF TENDON 


Restoration of abduction of the 


Combined high médian and ulnar 


TRANSFER 

3597 

index finger 

3609 

nerve palsy (above the elbow) 

3623 

Planning tendon transfer 

3597 

RESTORATION OF 


SEVERE PARALYSIS 


Evaluating muscles for tendon 


INTRINSIC FUNCTION 


FROM DAMAGE TO THE 


transfer 

3597 

OF THE FINGERS 

3610 

CERVICAL SPINAL CORD 


Timing of tendon transfer 

3597 

PERIPHERAL NERVE 


OR OTHER CAUSES 

3623 

Technical considérations for tendon 


PALSIES 

3617 

Tetraplegia 

3623 

transfer 

3597 

Radial nerve palsy 

3617 

Classification 

3624 

RESTORATION OF PINCH 

3598 

Low ulnar nerve palsy 

3621 

Principles of management 

3624 

Restoration of thumb opposition 

3598 

High ulnar nerve palsy 

3622 

Elbow extension 

3625 

Correction of thumb deformity 

3598 

Low médian nerve palsy 

3622 

Forearm pronation 

3629 

Tendon transfers to restore 


High médian nerve palsy 

3622 

Wrist extension 

3629 

opposition 

3599 

Combined low médian and ulnar 


Key pinch 

3629 

Restoration of adduction of the 


nerve palsy (at the wrist) 

3622 



thumb 

3605 






Sensation, mobility, and strength are required for the highly 
adaptive functions of pinch, grasp, and hook. Positional 
changes and délicate movements also are made possible by 
the many joints of the 29 hand, wrist, and forearm bones and 
by the 50 muscles that act as motors and stabilizers. To be 
purposeful, motion must be controlled, and joints crossed by 
moving tendons must be stabilized by balanced antagonistic 
muscles. An outstanding example of this stabilization is 
maintenance of wrist extension by its extensors, which 
prevent the wrist from being flexed by the strong finger 
flexors when a fist is made. The wrist extensor antagonists, 
the wrist flexors, also contribute to stabilization of the wrist 
in this position. 

The normal upper extremity can rhythmically position 
the hand through various concerted extrinsic and intrinsic 
phasic muscle activity. Muscle activities are controlled at the 
unconscious and conscious level and become patterned by 
répétition. Some patterns of muscle group movement act in 
such endless coordinated répétition that they are said to be 
synergistic or working together (Fig. 71-1). The wrist exten¬ 
sors, finger flexors, and digital adductors act together with 
ease and are synergistic; similarly, the wrist flexors, finger 
extensors, and digital abductors are synergistic. Beginning 
with the wrist flexed and the Angers extended and abducted, 
the wrist can be extended and the fingers can be flexed, and 
then the original position can be resumed with ease. With the 
wrist and fingers extended, however, flexing the wrist and 
fingers and then resuming the original position involves 
slower, more awkward movements that must be directed 
consciously. In treating muscle imbalance, the first choice for 
transfer should be tendons whose muscles are normally 
synergistic with the weakened or paralyzed ones. 

When a major hand muscle is paralyzed, hand balance 
is disrupted and its antagonist muscle contracts unopposed 
and may eventually allow fixed contractures to develop. 


Contractures may increase the stability of the hand, but at 
the same time they usually increase its disability. A 
common imbalance resulting in predictable contractures 
follows a low ulnar nerve paralysis leading to a clawhand 
deformity (Fig. 71-2). Paralysis of the intrinsic metacarpo- 
phalangeal joint flexors and intrinsic interphalangeal joint 
extensors (interossei and lumbricals) leads to unopposed 
metacarpophalangeal joint extension and interphalangeal 
joint flexion by the extrinsic digital extensors and flexors. 
The interphalangeal joints remain flexed even though a 
strong extensor force is exerted at the metacarpophalangeal 
joints; without stabilization of the metacarpophalangeal 
joints in a neutral or slightly flexed position by the intrin- 
sics, the long extensors cannot extend the interphalangeal 
joints. Finally, the wrist is pulled into flexion by the strong 
finger flexors; this causes a tenodesing effect on the long 
finger extensors that hyperextends the metacarpophalangeal 
joints farther. 

In addition to these finger deformities, the thumb is 
adducted by its long extensor because this muscle is unop¬ 
posed by the intrinsic muscles of opposition and abduction. 
This adducted position is accompanied by extension of the 
carpometacarpal joint, which increases tension on the long 
thumb flexor tendon that crosses the volar side of the joint. 
The interphalangeal joint is flexed because the flexor pollicis 
longus is unopposed by the paralyzed intrinsic interphalan¬ 
geal joint extensors (abductor pollicis brevis and adductor 
pollicis muscles). 

The hand position just described is known as the intrinsic 
minus or clawhand deformity. Whether the loss of intrinsic 
function is caused by disease or trauma, the results of dynamic 
muscle imbalance are the same. Sensation in clawhand varies 
according to the cause of imbalance. In poliomyelitis, sensa¬ 
tion is normal; in peripheral nerve lésions, sensory déficits 
dépend on the nerve lésion and level; in Hansen disease, 
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FIGURE 


Synergistic muscle movement of hand (see text). 



Clawing of hand caused by paralysis of intrinsic muscles. A f Long finger extensors cannot extend interphalangeal 
joints because metacarpophalangeal joints are hyperextended. B, Long finger extensors can extend interphalangeal joints because 
hyperextension of metacarpophalangeal joints has been prevented. 










CHAPTER 71 PARALYTIC HAND 


sensation is absent, sometimes in a glovelike distribution; and 
in syringomyelia, sensation is partly absent. 

Muscle spasticity also can disrupt hand balance, and 
muscle tension may not be controlled and balanced effectively 
by the opposing normal muscles. Such a situation is some¬ 
times seen in cases of cérébral palsy, and it can cause over- 
stretching of muscles and dislocation of joints. 


PRINCIPLES OF 
TENDON TRANSFER 

Tendon transfers are useful in restoring hand and upper 
extremity functions. Some basic principles must be followed 
if transfers are to be successful and if an increase in imbalance 
and deformity is to be avoided. Affer these principles are 
discussed, some spécifie tendon transfers are suggested for 
patterns of functional loss. 

PLANNING TENDON TRANSFER 

Regardless of the cause of the imbalance (traumatic, con¬ 
génital, infectious, or vascular) the extremity must be evalu- 
ated in terms of function lost, function retained, and 
function possible through reconstruction. Muscles to be 
transferred must be expendable and hâve sufficient strength 
and appropriate amplitude of excursion. Moreover, the 
muscle should be synergistic, hâve appropriate alignment, 
and perform one function. Sometimes it is helpful to list in 
one column functions that are needed and in an opposite 
column the muscles available for transfer. Transfers can be 
planned with more ease and accuracy by matching these 
columns. 

■ EVALUATING MUSCLES FOR 
TENDON TRANSFER 

The two most important points in considering a muscle for 
transfer are its expendability and its strength. Restoring one 
major function, such as finger extension, is contraindicated if 
done at the expense of another major function, such as finger 
flexion. The strength of a muscle is graded from 0 to 5 as 
folio ws: 

0, zéro—no contraction 

1, trace—palpable contraction only 

2, poor—moves joint but not against gravity 

3, fair—moves joint against gravity 

4, good—moves joint against gravity and résistance 

5, normal—normal strength 

A muscle usually loses strength by one grade when transferred 
and should be good or normal if the transfer is to be satisfac- 
tory. In addition to expendability and strength, the synergy 
and the amplitude of excursion of its tendon should be con- 
sidered. Réhabilitation of a muscle whose tendon has been 
transferred is less difficult when the transfer is synergistic 
(e.g., a wrist flexor transfer to restore finger extension). The 
amplitude of excursion of the tendon should be sufficient for 
satisfactory function, although it may not be as great as that 
of the tendon or tendons it is to replace. The brachioradialis, 
an expendable muscle for transfer, is capable of pulling its 
tendon through only a short excursion, but sometimes it can 
be useful, if not idéal, as a transfer to the long thumb flexor 
because even limited flexion of the interphalangeal joint of 
the thumb is useful. 


The excursion of the brachioradialis can be increased by 
dissecting its tendon proximally and freeing ail of its fascial 
attachments. The muscle is not useful as a transfer for finger 
flexion because its excursion cannot be increased enough. 

■ TIMING OF TENDON TRANSFER 

The transfer of tendons is the final step in réhabilitation of 
the hand. It should not be done until scar tissue has been 
satisfactorily replaced because transferred tendons must be 
surrounded by fat to prevent them from adhering to raw 
bone or subeutaneous scar; consequently, a flap graff con- 
taining fat is necessary to replace scar. A satisfactory range of 
passive joint motion is also necessary before the transfer; 
proper splinting or ligamentous release is done as needed. 
Stiffness or contracture of joints cannot be corrected by 
tendon transfers alone; if left uncorrected, stiffness or con¬ 
tracture prevents a transferred tendon from moving at the 
proper time affer surgery, so the tendon becomes perma- 
nently adhèrent to the surrounding tissues. Malalignment of 
bone must be corrected by osteotomy, and any necessary 
bone graffing must be accomplished before transfer. Neces¬ 
sary operations to restore any loss of sensibility should also 
précédé tendon transfer. 

In poliomyelitis, some recovery of muscle power can be 
expected until 18 months affer the acute stage of the 
disease, and consequently this much time must pass before 
an accurate évaluation is possible; any further recovery 
cannot be expected to improve muscle strength more than 
one grade, if at ail. During this waiting period, parts must 
be splinted properly to improve available muscle function 
and to prevent fixed deformity. In congénital anomalies, the 
relative muscle strength does not change. In syringomyelia, 
weakness may increase even affer transfer. Peripheral nerve 
injuries must be considered individually; in division of the 
radial nerve at the midhumerus, transfers for finger and 
thumb extension and for thumb abduction should be 
delayed for 6 months or longer affer neurorrhaphy. Certain 
nerve transfers also may be useful to restore function either 
alone or concomitantly with tendon transfers (see Chapter 
62). Early transfer to restore wrist extension should be con¬ 
sidered an internai splint for the wrist and immediately 
improves the function of the hand, and transfer of the pro- 
nator teres to the extensor carpi radialis brevis is recom- 
mended. In high médian nerve lésions, some function 
should return in the most proximal muscles in 4 months (3 
months in low médian nerve lésions); if it has not, the 
nerve should be explored, or tendon transfers should be 
considered. 

TECHNICAL CONSIDERATIONS FOR 
TENDON TRANSFER 

Although the strength of a muscle is evaluated clinically 
before surgery, its color at the time of tendon transfer provides 
a further check. A muscle suitable for transfer is dark pink or 
red, indicating satisfactory nutrition and the presence of 
normal muscle fibers. A weak or paralyzed muscle is pale 
pink and is smaller than normal, and its amplitude of excur¬ 
sion (Table 71-1) is less than normal when tested at surgery; 
such a muscle is unsuitable for transfer (Fig. 71-3). Muscles 
that do not contract with a stimulus (pinch or electrocautery) 
are probably nonfunctional and should not be chosen as 
active donor muscles. 
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r TABLE 71-1 ^ 

Amplitude of Excursion | 

TENDONS 

AMPLITUDE (mm) 

Wrist tendons 

33 

Flexor profundus 

70 

Flexor sublimis 

64 

Extensor digitorum communis 

50 

Flexor pollicis longus 

52 

Extensor pollicis longus 

58 

Extensor pollicis brevis 

28 

Abductor pollicis longus 

28 


(From Curtis RM: Fundamental principles of tendon transfer, Orthop Clin North 
Am 2:231, 1974.) 


A muscle that has been detached from its insertion some 
time before transfer will hâve developed a contracture, and 
consequently its tendon should be anchored under more 
tension than usual because it will stretch and regain some of 
its excursion. A muscle and its tendon should not make an 
acute angle between the origin of the muscle and the new 
attachment of the tendon—the straighter the muscle, the 
more efficient its action. If an acute angle is necessary, a 
pulley must be created, but efficiency of the muscle is dimin- 
ished by friction at the pulley. In freeing a muscle for trans- 
fer, care must be taken to avoid stretching or otherwise 
damaging the neurovascular bundle, which usually enters 
the proximal third of the muscle belly. A transferred tendon 
cannot be expected to glide properly when it crosses raw 
bone, passes through fascia without a sufficient opening, or 
is buried within scarred tissue; with a few exceptions, trans¬ 
ferred tendons should be passed subcutaneously. Should it 
be necessary to split a transferred tendon and anchor it to 
two or more separate points, the muscle acts primarily on 
the slip of tendon under greatest tension; great care must 
be taken to equalize tension on the slips at the time of 
attachment. 

The more distal to a given joint a tendon is anchored, the 
more power the muscle can exert across the joint, but also the 
more excursion is required of the tendon to provide normal 
motion. The greater the angle of approach of a tendon to 
bone, the greater the force the muscle can exert on the bone 
and across the joint. Most muscles lie almost parallel to the 
bones whose joints they act on, and few approach a bone at 
close to a right angle; the pronator quadratus and the supina- 
tor are notable exceptions. 

RESTORATION OF PINCH 

RESTORATION OF THUMB OPPOSITION 

Thumb opposition is necessary for pinch. Frequently, opposi¬ 
tion is either partially or totally lost in poliomyelitis or médian 
nerve palsy. Opposition dépends primarily on function of the 
thumb intrinsic muscles, especially the abductor pollicis 
brevis. Extrinsic muscles also are necessary to stabilize 
dynamically the thumb metacarpophalangeal and interpha- 
langeal joints, or these joints must be stabilized by arthrodesis 
or tenodesis. At the same time, the thumb carpometacarpal 


joint must be freely movable, unrestricted by contracture of 
the joint capsule or other structures of the thumb web. 

Thumb opposition is a complex motion made by coordi¬ 
nation of (1) abduction of the thumb from the palmar 
surface of the index finger, (2) flexion of the metacarpopha¬ 
langeal joint, (3) internai rotation or pronation, (4) radial 
déviation of the proximal phalanx, and (5) thumb motion 
toward the fingers (see Fig. 71-13). Although opposition is 
the resuit of coordinated function of ail of the long and short 
muscles that act on the thumb, the abductor pollicis brevis is 
the most important single muscle that participâtes in this 
complex movement; it rotâtes internally and abducts the 
thumb away from the index metacarpal, internally rotâtes 
and abducts the proximal phalanx of the thumb on its meta¬ 
carpal, and assists the extensor pollicis longus in extending 
the interphalangeal joint of the thumb. For these reasons, in 
restoring opposition by tendon transfer, the transferred 
tendon can be inserted into the tendon of the abductor pol¬ 
licis brevis. 

■ CORRECTION OF THUMB DEFORMITY 

To restore thumb function properly, deformities or disabilities 
of the digit other than those corrected by the operation 
designed primarily to restore opposition frequently must be 
corrected either before or during such surgery. As a substitute 
for opposition, adduction of the thumb by the long thumb 
extensor may hâve become a habit; in these instances, adduc¬ 
tion and extension of the thumb occur as a single function in 
which the flexed tip of the thumb is brought against the base 
of the proximal phalanx of the index finger by the pull of the 
long thumb extensor toward Lister s tubercle. Pinch occurs at 
the base of a finger instead of at its tip, and to pick up an 
object, the point of contact between the thumb and the finger 
must be rotated downward; this is accomplished by pronating 
the wrist, elevating the elbow, and abducting the shoulder. As 
the substitution patterns become more firmly established 
after paralysis of the intrinsic muscles of the thumb, the long 
thumb extensor tendon, acting as an adductor, gradually 
migrâtes into the web space between the thumb and index 
finger. 

Any fixed adduction and external rotational deformity of 
the thumb must be corrected; this usually can be accom¬ 
plished by dividing the fascia in the web space between the 
index and thumb metacarpals and by subperiosteal stripping 
of the ulnar side of the first metacarpal. If the deformity is 
severe, a Z-plasty of the web also may be required (see section 
on restoration of adduction of the thumb); if the deformity is 
so severe that it cannot be corrected by rotational osteotomy 
and release of the web space, arthrodesis of the first carpo¬ 
metacarpal joint may be indicated. A tendon transfer for 
opposition still may be useful after such an arthrodesis 
because the more proximal joints may allow some motion. If 
mobility is more désirable than stability, however, excising the 
trapezium may release the soft tissues enough to make 
arthrodesis unnecessary. 

Tendon transfers to the long thumb flexor, long thumb 
extensor, or long thumb abductor may be necessary to 
stabilize the thumb dynamically if the transfer to restore 
opposition is to function satisfactorily. Arthrodesis of the 
metacarpophalangeal joint of the thumb may be necessary if 
available muscle power is insufficient to stabilize it dynami¬ 
cally, or if the joint is made unstable by relaxation of its 
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Natural length 



Pronator teres 
1.2 


Brachioradialis 

1.9 


Abductor pollicis 
longus 
0.1 

Flexor pollicis 
longus 
1.2 


B 



Flexor carpi 
radialis 
0.8 


Palmaris 

longus 

0.1 


Flexor carpi 
ulnaris 
2.0 


Flexor 

digitorum 

profundus 

4.5 


Extensor carpi 
ulnaris 

1.1 


Extensor 

digitorum 

communis 

1.7 



Extensor carpi 
radialis longus 

1.1 


Extensor carpi 
radialis brevis 
0.9 


Abductor 
pollicis longus 
0.1 



digitorum pollicis 

profundus longus 

C 70 mm 50 mm 


33 mm 
wrist 

extensors 
and flexors 
33 mm 


Power of muscle transfer. A f Working capacity of muscle. W = F x d, where F (force) = absolute muscle power, 3.65 
xcm 2 of physiologie cross section, and d (distance) ^amplitude or displacement. B, Working capacity of muscle in mkg (meter-kilograms). 
C f Muscle amplitude in millimeters. (Redrawn from Curtis RM: Fundamental principes of tendon transfer, Orthop Clin North Am 2:231, 1974.) 


ligaments or capsule. (Arthrodesis of this joint also may be 
indicated after tendon transfer to restore opposition when the 
tendon has been anchored in an incorrect location and 
hyperextends or hyperflexes the joint.) The joint is arthrod- 
esed in 15 degrees of flexion and slight internai rotation. 
Arthrodesis of the thumb interphalangeal joint is indicated 
occasionally for a fixed flexion contracture; it is arthrodesed 
in 20 degrees of flexion. 


■ TENDON TRANSFERS TO RESTORE 
OPPOSITION 

Elongated pinch is necessary to pick out objects from within 
a container, but this is difficult to obtain in the paralytic hand 
and new transfers are still are being devised. Common to ail 
techniques is the sélection of one extrinsic, expendable, 
healthy muscle-tendon unit motor and its transfer to a suit- 
able point and angle to pull the thumb into opposition. The 
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direction in which the transferred tendon approaches the 
thumb usually has been from the ulnar side of the wrist or 
palm; sometimes the tendon has been brought around a 
pulley to provide this direction. A pulley often is needed, and 
some authors prefer a static pulley created by making a loop 
at the distal end of the flexor carpi ulnaris tendon, whereas 
others prefer a dynamic pulley formed by looping the transfer 
around this tendon. 

A proper muscle for a motor is selected after carefully 
evaluating the strength of available units. The ring finger 
flexor digitorum sublimis usually is the muscle of choice and 
often is used if it is strong enough to function as the transfer 
and if its associated flexor digitorum profundus is strong 
enough alone to flex the finger satisfactorily; the second 
choice is the sublimis to the middle finger. If the preferred 
flexor tendons of the digits are unsuitable for transfer, the 
extensor indicis proprius is an acceptable alternative. Ail 
other muscles require tendon grafting to reach the point of 
attachment on the thumb. The extensor carpi ulnaris is the 
next choice followed by the palmaris longus or extensor carpi 
radialis longus. A wrist extensor should be transferred, 
however, only if the other wrist extensors are strong and hâve 
not been or will not be transferred elsewhere. 


TRANSFER OF THE SUBLIMIS TENDON 


TECHNIQUE 71-1 


(RIORDAN) 

•Expose the ring finger sublimis tendon through an ulnar 
midlateral incision overthe proximal interphalangeal joint 
and divide the tendon at the level of the joint or just 
proximal to it. 

• Divide the chiasm, separating the two slips of tendon at 
the level of the joint so that they pass around the pro¬ 
fundus and can be withdrawn easily at the wrist. 

•Expose the flexor carpi ulnaris tendon through an 
L-shaped incision that proximally extends along the flexor 
carpi ulnaris tendon and distally turns radialward parallel 
to the flexor creases of the wrist. To make a pulley, 
eut halfway through the flexor carpi ulnaris tendon at 
a point approximately 6.0 cm proximal to the pisiform 
(Fig. 71-4). 

•Strip the radial half of the tendon distally almost to the 
pisiform and create a loop large enough for the sublimis 
tendon to pass through easily; carry the radial segment 
of the flexor carpi ulnaris through a split in the remaining 
half of the tendon, loop it back, and suture it to the 
remaining half. 

• Make a wide C-shaped incision on the thumb as follows: 
Begin on the thumb dorsum just proximal to the inter¬ 
phalangeal joint and proceed proximally and volarward 
around to the radial aspect of the thumb. At a point just 
proximal to the metacarpophalangeal joint, curve the 
incision dorsalward in line with the major skin creases of 
the thenar eminence. On the dorsoradial aspect of the 
thumb, preserve the fine sensory nerve from the superfi- 
cial branch of the radial nerve. Expose and define the 
extensor pollicis longus tendon over the proximal phalanx, 



FIGURE 


Riordan transfer to restore opposition (see 


text). SEE TECHNIQUE 71-1. 


the extensor aponeurosis over the metacarpophalangeal 
joint, and the abductor pollicis brevis tendon. 

• At the wrist, identify the ring finger sublimis tendon and 
withdraw it into the forearm incision. Pass the tendon 
through the loop fashioned from the flexor carpi ulnaris. 

• With a small hemostat or preferably a tendon carrier, pass 
the tendon subcutaneously across the thenar eminence 
in line with the fibers of the abductor pollicis brevis. 

• Make a small tunnel for insertion of the transfer by bur- 
rowing between two small parallel incisions in the abduc¬ 
tor pollicis brevis tendon. 

• Split the end of the sublimis tendon for approximately 2.5 
cm, or more if necessary, and pass one half of it through 
the tunnel. 

• Separate the extensor aponeurosis from the thumb proxi¬ 
mal phalanx periosteum, make a small incision in it 6 mm 
distal to the first tunnel, and pass the same strip of 
sublimis through it. Bring the slip out from beneath the 
aponeurosis through a small longitudinal slit in the long 
extensor tendon about 3 mm proximal to the interpha¬ 
langeal joint. 

• Détermine the proper tension for the transfer. Grasp the 
two slips of sublimis with small hemostats and cross 
them. With the thumb in full opposition and the wrist in 
a straight line, place the two overlapping slips of sublimis 
under some tension. Releasing the thumb and passively 
flexing the wrist should completely relax the transfer so 
that the thumb can be brought into full extension and 
abduction; extending the wrist 45 degrees should place 
enough tension on the transfer to bring the thumb into 
complété opposition and the tip of the thumb into 
complété extension. 

• If the tension is insufficient, increase it and repeat the 
test. 
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• When the correct tension has been determined, suture 
the slips of sublimis together with the eut ends buried 
(Fig. 71-4). 

• Anchor the transfer and the tendon of the abductor 
pollicis brevis to the joint capsule with a single nylon or 
wire suture so that the transfer passes over the middle of 
the metacarpal head; this prevents later displacement of 
the tendon toward the palmar aspect of the joint during 
opposition. 

• Close the wound with nonabsorbable sutures and immo- 
bilize the hand in a pressure dressing and a dorsal plaster 
splint as follows: place the wrist in 30 degrees of flexion, 
the fingers in the functional position, and the thumb in 
full opposition with the distal phalanx extended; place a 
few layers of gauze between the individual fingers to 
prevent macération of the skin. 

See also Video 71-1. 

POSTOPERATIVE CARE. At 4 weeks, the dressing and 
splint are removed and active motion is begun, but the 
thumb is supported with an opponens splint for an 
additional 6 weeks. Many patients can oppose the thumb 
as soon as the splint is removed. When the ring finger 
sublimis has been used for the transfer, as in the Riordan 
technique, training in its use can be facilitated by asking 
the patient to place the tip of the thumb against the ring 
finger; this maneuver produces flexion of the ring finger 
and an automatic attempt to oppose the thumb with the 
transferred sublimis. In patients with weak quadriceps 
muscles who habitually rise from a sitting position by 
pushing up with the flattened hands or in patients who 
use crutches, the transfer must be protected for 3 months 
or longer or it will be overstretched and cease to 
function. 


TRANSFER OF THE SUBLIMIS TENDON 


TECHNIQUE 71-2 


(BRAND) 

•Expose and divide the ring finger sublimis tendon and 
make the incision over the thumb as just described in the 
Riordan technique. 

• Withdraw the sublimis tendon through a small transverse 
incision about 5 cm proximal to the flexor crease of the 
wrist. 

• Make a small longitudinal incision just to the radial side 
of and about 6 mm distal to the pisiform. Deepen this 
incision until the quality of fat changes from the fibrous 
superficial type to a soft, loose, free type that bulges into 
the wound. This change in the fat marks the entry into a 
tunnel that runs proximally and contains a branch of the 
ulnar nerve. 

• In this loose fat, make a tunnel in the proximal direction 
to the forearm incision, grasp the end of the sublimis 
tendon, and pull it through into the palmar incision. The 


tunnel is superficial to the hook of the hamate, and the 
fibrous septa in the fat compose the pulley. 

• Pass the tendon to the thumb metacarpophalangeal joint 
and attach it proximal and distal to the joint after splitting 
its end; attach the proximal slip of the tendon to the ulnar 
side of the joint and the distal slip to the tendons of the 
abductor pollicis brevis and the extensor pollicis longus 
(Fig. 71 -5). This dual insertion of the tendon may prevent 
the tendon from shifting in position as it crosses the 
metacarpophalangeal joint. (If an unsplit tendon shifts 
dorsally over the metacarpophalangeal joint, it is likely to 
hyperextend the joint; if it shifts anteriorly from the radial 
side of the joint, it is likely to flex the joint.) 

POSTOPERATIVE CARE. Postoperative care is similar 
to that described after the Riordan technique (see Tech¬ 
nique 71-1). 


If the ring or long finger sublimis is unsuitable for trans- 
fer, the extensor indicis proprius can be rerouted around the 
ulnar aspect of the wrist to provide opposition, as described 
by Burkhalter et al. (see Technique 71-3). For high médian 
nerve palsy or brachial plexus paralysis, a technique described 
by Groves and Goldner (see Technique 71-4) employing the 
flexor carpi ulnaris as a motor for a transferred sublimis 
tendon unit can be used. 



Brand transfer to restore opposition. (Redrawn 
from White WL: Restoration of function and balance of the wrist 
and hand by tendon transfers, Surg Clin North Am 40:427, 1960.) SEE 


TECHNIQUE 71-2. 
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TRANSFER OF THE EXTENSOR INDICIS 
PROPRIUS 


TECHNIQUE 71-3 


(BURKHALTER ET AL.) 

• Through a short, curved incision on the radial side of the 
dorsum of the index metacarpophalangeal joint, identify 
the extensor indicis proprius tendon. 

• Divide its insertion and a small portion of the extensor 
hood by sharp dissection and repair the hood with inter- 
rupted suture (Fig. 71-6A). 

• If necessary, make a short incision over the midportion 
of the dorsum of the hand to withdraw the extensor 
tendon. 

• Make a longitudinal incision about 2 cm long proximal to 
the wrist crease on the ulnar aspect of the forearm, and 
through it extract the tendon (Fig. 71-6B). 

•Cut the fascia as necessary to reroute the muscle. 

• Make another small incision in the area of the pisiform 
bone and pass through it the tendon unit, creating a 
graduai curve from the dorsum of the forearm to this 
point. From the pisiform area, pass the tendon unit 
subcutaneously to the tendinous portion of the abductor 
pollicis brevis just proximal to the metacarpophalangeal 
joint (Fig. 71-7A). 

• Make another incision over the palmar side of the radial 
aspect of the metacarpophalangeal joint to expose the 
site of attachment. 



A, Tendon of the extensor indices proprius (EIP) 
has been severed from extensor hood, and hood is carefully 
repaired. B f Through incision on ulnar aspect of forearm, wide 
fascial excision is carried out, and EIP muscle is transposed super- 
ficial to extensor carpi ulnaris through subcutaneous tissue. 
(Redrawn from Burkhalter WE, Christensen RJ, Brown P: Extensor 
indicis proprius opponensplasty, J Bone Joint Surg 55A:725, 1973.) SEE 
TECHNIUQE 71-3. 



B 



A f Tendon of extensor indicis proprius (EIP) is brought out in area of pisiform and passed again subcutaneously across 
palm to thumb. B f Method of attachment to thumb using abductor pollicis brevis tendon, metacarpophalangeal joint capsule, and 
extensor pollicis longus tendon over proximal phalanx. (Redrawn from Burkhalter WE, Christensen RJ, Brown P: Extensor indicis proprius 
opponensplasty, J Bone Joint Surg 55A:725, 1973.) SEE TECHNIQUE 71-3. 
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•At this distal insertion, employ the technique of Riordan 
by splitting the tendon, or simply pass it into the tendi- 
nous portion of the abductor pollicis brevis and suture it 
with several interrupted sutures (Fig. 71-7B). 

• Suture the tendon under maximal tension with the thumb 
in full abduction but with the wrist in only slight volar 
flexion. 

POSTOPERATIVE CARE. Postoperative care consists of 
maintaining the wrist in flexion with a splint for a 
minimum of 4 weeks. 


TRANSFER OF THE FLEXOR CARPI 
ULNARIS COMBINED WITH THE 
SUBLIMIS TENDON 


TECHNIQUE 71-4 


(GROVESAND GOLDNER) 

• Make volar and ulnar incisions at the wrist as shown in 
Figure 71-8A to C. The volar incision exposes the flexor 
sublimis tendon to the ring finger and the flexor carpi 
ulnaris, and the ulnar incision exposes the extensor carpi 
ulnaris. 

• Divide the ring finger sublimis tendon insertion from the 
middle phalanx and bring it out at the wrist. 

•Sever the flexor carpi ulnaris tendon, leaving a distal 
segment of this tendon sufficiently long to bring around 
the extensor carpi ulnaris tendon to create a pulley. 

• Pass the sublimis tendon through this pulley and continue 
it subcutaneously to the proximal end of the proximal 
phalanx of the thumb. Insert one split portion of this 
tendon into the bone with a pull-out wire and another 
into the bone by direct attachment (Fig. 71-8D). 

•Suture the proximal functioning segment of the flexor 
carpi ulnaris and its tendon into the sublimis tendon unit 
under sufficient tension that dorsiflexion of the wrist 
provides full thumb opposition (Fig. 71-8E). 


TRANSFER OF THE PALMARIS 
LONGUS TENDON TO ENHANCE 
OPPOSITION OF THE THUMB 

Transfer of the palmaris longus tendon to enhance opposi¬ 
tion of the thumb has been recommended if the abductor 
pollicis brevis has weakened and atrophied from a partial 
médian nerve palsy, which may accompany severe carpal 
tunnel syndrome. An advantage of the operation is its close 
proximity to the médian nerve, which may require repair or 
release that can be done at the same time without much 
additional surgery. It does not produce true opposition but 
rather elevates the thumb toward the flexed and abducted 
position. Presence of a palmaris longus must be confirmed 
before this procedure. This transfer is not a viable option 
for hiqh médian nerve palsies. 


TECHNIQUE 71-5 


(CAMITZ) 

• Make a curved incision parallel to the base of the 
thenar crease and extend it proximally 4 cm up the 
forearm. 

•Isolate the palmaris longus tendon in the distal 
forearm and preserve its insertion on the deep palmar 
fascia. 

•Dissect the palmar fascia fibers in continuity with the 
palmaris longus tendon to obtain a strip of fascia long 
enough to reach the distal part of the abductor pollicis 
brevis tendon. 

•Pass the lengthened tendon into a small skin incision 
made over the thumb metacarpal and suture it to the 
tendon of the abductor pollicis brevis under appropriate 
tension with the thumb in full opposition and the wrist 
in neutral position. 


MUSCLE TRANSFER (ABDUCTOR 
DIGITI QUINTI) TO RESTORE 
OPPOSITION 

If other motors are unavailable or must be transferred 
elsewhere, the abductor digiti quinti muscle can be trans¬ 
ferred as described by Littler and Cooley. Because its mass 
and excursion are similar to those of the abductor pollicis 
brevis, this muscle is an excellent substitute for it. Cos- 
metically, the transfer is helpful because it fills the space 
left by the wasted thenar muscles. It does not require a 
pulley. 


TECHNIQUE 71-6 


(LITTLER AND COOLEY) 

• Make a curved palmar incision along the radial 
border of the abductor digiti quinti muscle belly 
extending from the proximal side of the pisiform 
proximally to the ulnar border of the little finger distally 

(Fig. 71-9A). 

• Free both tendinous insertions of the muscle, one from 
the extensor expansion and the other from the base of 
the proximal phalanx. 

• Lift the muscle from its fascial compartment and carefully 
expose its neurovascular bundle. Isolate the bundle, 
taking care not to damage the veins. 

• Free the origin of the muscle from the pisiform, but retain 
the origin on the flexor carpi ulnaris tendon; now the 
muscle can be mobilized enough for its insertion to reach 
the thumb (Fig. 71-9B). 

• Make a curved incision on the radial border of the thenar 
eminence and create across the palm a subcutaneous 
pocket to receive the transfer. 

• Fold the abductor digiti quinti muscle over about 170 
degrees (like a page of a book) and pass it subcutaneously 
to the thumb (Fig. 71-9C). 
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A f Two incisions made at wrist. B f Through volar incision, flexor sublimis tendon to ring finger and flexor carpi ulnaris 
tendon are exposed. Through ulnar incision, extensor carpi ulnaris is exposed. Flexor carpi ulnaris tendon is divided 4 cm from its 
insertion, and free end of distal segment is sutured to extensor carpi ulnaris. Flexor digitorum sublimis tendon to ring finger is exposed 
through transverse incision at proximal flexor crease of finger, and its two slips are divided. C, Tendon of flexor digitorum sublimis to 
ring finger is drawn proximally through volar incision at wrist, threaded through pulley, and passed through subcutaneous tissue to 
metacarpophalangeal joint of thumb. D, Two slips of transferred tendon are secured to base of proximal phalanx. Hole is made through 
proximal phalanx in ulnar-to-radial direction and is enlarged on ulnar side to accept loop of one tendon slip, which is secured with 
pull-out suture. E, After transfer has been secured to thumb phalanx, tension is adjusted (see text), and proximal segment of flexor 
carpi ulnaris tendon is sutured to transferred tendon. (Redrawn from Graves RJ, Goldner JL: Restoration of strong opposition after median-nerve 
or brachial plexus paralysis, J Bone Joint Surg 57A:112, 1975.) SEE TECHNIQUE 71-4. 
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riexor carpi 
ulnaris tendon 

Pisiform 


Abductor digiti 
quinti muscle 



Littler transfer of abductor digiti quinti to restore opposition. A f Two skin incisions. Intervening skin (shaded area) 
is undermined, creating pocket to receive transfer. B, Anatomy of abductor digiti quinti. Neurovascular bundle is located proximally 
on deep surface of muscle. Muscle inserts on proximal phalanx (1) and extensor tendon (2) of little finger. C f Origin of muscle is freed 
from pisiform but not from flexor carpi ulnaris tendon. Muscle is folded over about 170 degrees and is passed subcutaneously to thenar 
area, and its two tendons of insertion (1 and 2) are sutured to abductor pollicis brevis tendon. (Modified from Littler JW, Cooley SGE: 
Opposition of the thumb and its restoration by abductor digiti quinti transfer, J Bone Joint Surg 45A:1389, 1963.) SEE TECHNIQUE 71-6. 


•Suture its tendons of insertion to the abductor pollicis 
brevis insertion. Throughout the procedure, avoid com¬ 
pression of and undue tension on the muscle and its 
neurovascular pedicle. 

• Apply a carefully formed light compression dressing and 
a volar plaster splint to hold the thumb in abduction and 
the wrist in slight flexion. 


RESTORATION OF ADDUCTION OF 
THE THUMB 

Strong pinch requires both thumb opposition and adduction. 
Opposition is the refined, unique movement that positions 
the thumb so that its tip can oppose the finger tips throughout 
their flexion arcs. Once the tips are opposed, especially that 
of the thumb and index finger, thumb adduction force is 
necessary for performing work activities. If the adductor 
pollicis is paralyzed, as in ulnar nerve palsy, firm index and 
middle finger pinch is impossible, and the thumb cannot be 
brought across the palm for pinch with the ring and little 
fingers. The flexor pollicis longus can provide some adduc¬ 
tion power when the thumb is held in slight adduction so that 
the muscle flexes the digit through an arc parallel to the plane 
of the palm. Eventually, the interphalangeal joint of the thumb 
becomes hyperflexed as the flexor pollicis longus attempts to 
produce pulp pinch (Froment sign) and the metacarpopha- 
langeal joint becomes hyperextended secondary to unbal- 
anced extensor forces (Jeanne sign) (Fig. 71-10). 



FIGURE 


Jeanne sign (see text). 
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Several transfers hâve been devised to restore adduction. 
If adduction alone is absent, the brachioradialis or one of 
the radial wrist extensors can be lengthened by a graft, 
transferred palmarward through the third interosseous 
space, and carried across the palm to the tendon of the 
adductor pollicis. Such a transfer provides adduction only 
and this in the direction normally provided by the adductor 
pollicis. It is most often indicated in ulnar nerve palsy 
because in this instance restoring thumb abduction is 
unnecessary; however, it should be combined with some 
procedure to restore index finger abduction. If adduction 
and opposition of the thumb are absent, unless some other 
provision is made to restore adduction, a single tendon 
transfer to restore opposition should hâve its pulley located 
not near the pisiform, but more distally so that some adduc¬ 
tion also is restored. One technique meeting this require- 
ment is the Royle-Thompson transfer in which the ring 
finger flexor digitorum sublimis is carried across the palm 
and anchored to the adductor pollicis tendon and the 


transverse carpal ligament serves as a pulley. To restore 
abduction of the index finger and adduction of the thumb, 
the sublimis tendon can be split and one slip anchored to 
the tendon of the adductor pollicis and the other to the 
insertion of the first dorsal interosseous. 

Opposition is only partially restored by Royle-Thompson 
transfer, and thumb metacarpophalangeal abduction and 
pronation remain limited. An alternative adductorplasty to 
correct these deficiencies was described by Brand in which 
the ring finger sublimis is used as a motor (Fig. 71-11). It 
traverses the palm superficially and is inserted on the radial 
aspect of the thumb. The sublimis is sectioned at the proximal 
phalanx through a short incision and is brought out at the 
midpalm just ulnar to the thenar crease. This tendon is passed 
through the natural openings of the fascia between the ring 
and long fingers at the distal third of the palm. It is passed 
subcutaneously to be inserted radial and distal to the meta¬ 
carpophalangeal joint, which prônâtes the thumb and restores 
adduction power. 




FIGURE 


Brand transfer (see text). 
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TRANSFER OF THE BRACHIORADIALIS 
OR RADIAL WRIST EXTENSOR TO 
RESTORE THUMB ADDUCTION 


TECHNIQUE 71-7 


(BOYES) 

•Detach the brachioradialis tendon at its radial styloid 
insertion and carefully free the tendon proximally of ail 
fascial attachments to increase its excursion. 

• Anchor a tendon graft (plantaris or palmaris longus) to 
the adductor tubercle of the thumb by a pull-out wire, or 
suture the graft to the tendon of insertion of the adductor 
pollicis. 

•Pass the graft along the adductor muscle belly and 
through the third interosseous space to the dorsum of 
the hand (Fig. 71-12). 

• Pass it subcutaneously in a proximal and radial direction 
and suture it to the end of the brachioradialis tendon. If 
a radial wrist extensor is used, pass the tendon graft deep 
to the extensor digitorum communis tendons and attach 
it to the wrist extensor. The tension should be set maxi- 
mally with the thumb in radial and palmar abduction and 
the wrist in neutral position. 

• Apply a plaster splint while holding the thumb in adduc¬ 
tion and the wrist in extension. 

POSTOPERATIVE CARE. At 4 weeks, the splint is 
removed and active exercises are begun with a removable 
protective forearm-based thumb spica preventing thumb 
hyperextension for the next 2 weeks. 



Boyes transfer of brachioradialis or radial wrist 
extensor to restore thumb adduction (see text). SEE TECHNIQUE 71-7. 


TRANSFER OF THE EXTENSOR CARPI 
RADIALIS BREVIS TENDON TO 
RESTORE THUMB ADDUCTION 

Smith described transfer of the extensor carpi radialis brevis 
tendon to provide strong thumb adduction. To extend the 
tendon, he used a tendon graft and passed it through the 
second interosseous space. On average, pinch was reported 
to hâve doubled in strength after the transfer (Figs. 71-13 
and 71-14). 


TECHNIQUE 71-8 


(SMITH) 

• Make two dorsal transverse incisions over the extensor 
carpi radialis brevis tendon proximal to its insertion (Fig. 
71-14A). 

• Divide the tendon near its insertion on the third metacar- 
pal base and withdraw it through the incision proximal 
to the dorsal retinaculum (Fig. 71-14B). 

• Make a third incision between the second and third 
metacarpals and remove a window of tissue from the 
paralyzed interosseous muscles. 

• Make a longitudinal incision on the ulnar side of the 
metacarpophalangeal joint of the thumb. 

• With a curved hemostat, tunnel deep to the adductor 
pollicis muscle and through the window in the second 
interosseous space. Secure an appropriate tendon graft 
(usually the palmaris longus tendon). 

• Draw the graft through the tunnel from the thumb to the 
dorsum of the hand (Fig. 71-14C) and suture it to the 
tendon of the adductor pollicis (Fig. 71-14D). 

• Pass the proximal end of the graft subcutaneously to the 
most proximal incision (Fig. 71-14E) and suture it to the 
extensor carpi radialis brevis tendon, taking up ail slack 
but with no tension so that the thumb lies just palmar to 
the index finger with the wrist in neutral position (Fig. 
71 -14F). 


Adduction 



Adduction and abduction of thumb are in 
plane perpendicular to palm. Flexion and extension of thumb are 
in palmar plane. Pronation and supination are rotation of thumb 
around its longitudinal axis. Opposition is complex of abduction, 
flexion, and pronation of first metacarpal (and flexion and abduc¬ 
tion of proximal phalanx and extension of distal phalanx). 
(Redrawn from Smith RJ: Extensor carpi radialis brevis tendon transfer 
for thumb abduction: a study of power pinch, J Fland Surg 8A:4, 1983.) 
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B radialis longus 


C 



Tendon graft routed 
betweenadductor pollicis 
and 1 st interosseous 



D retinaculum 




Smith transfer of extensor carpi radialis brevis tendon. A f Usual incisions {A and B) for detaching and withdrawing 
extensor carpi radialis brevis, channeling tendon graft through second interspace (C), and attaching graft to tendon of adductor pollicis 
(D). B, Extensor carpi radialis brevis is transected distally and withdrawn proximal to dorsal retinacular ligament ("sheath"). C, Tendon 
graft (palmaris longus or plantaris) is passed deep to adductor pollicis and between second and third metacarpals. D f Tendon graft is 
sutured to adductor tendon. E, Proximal end of tendon graft is passed subcutaneously to proximal incision. F, Tendon graft sutured 
proximally to extensor carpi radialis brevis with thumb adducted and wrist at 0 degrees of extension. Extensor carpi radialis brevis is 
at resting length. Graft is made slightly longer if thenars are paralyzed. (Redrawn from Smith RJ: Extensor carpi radialis brevis tendon transfer 
for thumb abduction: a study of power pinch, J Hand Surg 8A:4, 1983.) SEE TECHNIQUE 71-8. 
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9 * * Dorsiflex the wrist and note that the thumb is pulled into 
adduction. Flex the wrist and note that the thumb lies 
firmly against the palm. 

POSTOPERATIVE CARE. The hand is immobilized in 
plaster with the thumb in neutral position and the wrist 
in 40 degrees of dorsiflexion. The plaster is removed in 4 
weeks, and active motion is encouraged. 


ROYLE-THOMPSON TRANSFER 
(MODIFIED) 


TECHNIQUE 71-9 


• Make a midlateral incision over the ulnar aspect of the 
ring finger and free the insertion of the flexor digitorum 
sublimis tendon (Fig. 71-15). 

• Bring the tendon out of the palm through a short trans¬ 
verse incision and split it into two slips. 

• Make a curved incision on the dorsoradial aspect of the 
thumb as described earlier for the Riordan transfer (see 
Technique 71-1). Tunnel the slips of the sublimis tendon 
radially into this incision. 

•Suture one slip to the extensor pollicis longus tendon 
distal to the metacarpophalangeal joint; tunnel the other 
slip dorsally over the metacarpal, and suture it on the 
ulnar side of the thumb to the tendon of insertion of the 
adductor pollicis. 

•Close the wounds and apply a forearm-based thumb 
splint holding the thumb in adduction and the wrist in 
moderate flexion. 

POSTOPERATIVE CARE. At 4 weeks, the splint is 
removed and active exercises are begun with a removable 
protective forearm-based thumb spica preventing thumb 
hyperextension for the next 2 weeks. 


RESTORATION OF ABDUCTION OF THE 
INDEX FINGER 

The index finger is against which the thumb is brought most 
frequently in pinch. Strong index finger-thumb pinch relies 
on stability of the index finger metacarpophalangeal joint. 
Abduction of the index finger also is especially useful in such 
activities as playing a piano or using a typewriter or keyboard. 
In poliomyelitis, abduction of the index finger is lost so fre¬ 
quently that its restoration is considered here separately from 
that of the intrinsic functions of the other fingers. 

A transfer to restore index finger abduction is a substitute 
chiefly for the first dorsal interosseous muscle and, therefore, 
the transferred tendon is attached to the first dorsal interos¬ 
seous tendon insertion, which is primarily on the radial base 
of the index proximal phalanx. The tendons most frequently 
transferred are those of the extensor indicis proprius, exten¬ 
sor pollicis brevis, and palmaris longus; any of these when 
transferred abducts the index finger but does not stabilize it 
for strong pinch. A sublimis tendon also has been used, but 
this generally is contraindicated unless the hand is otherwise 



Modified Royle-Thompson transfer to restore 
thumb adduction (see text). SEE TECHNIQUE 71-9. 


strong. If thumb opposition also must be restored, the subli¬ 
mis to the ring finger offen is used for this transfer (see 
Techniques 71-1 and 71-2). 


TRANSFER OF THE EXTENSOR INDICIS 
PROPRIUS TENDON 


TECHNIQUE 71-10 


• Begin a curved incision at the midlateral point on the 
radial side of the index finger proximal phalanx; carry it 
proximally over the radial aspect of the metacarpopha¬ 
langeal joint, and curve it dorsally to end at the middle 
of the index metacarpal. 

• To add length to the extensor indicis proprius tendon, 
elevate a small flap of the dorsal expansion over the 
metacarpophalangeal joint where it is attached to the 
insertion of the tendon. 

• Withdraw the tendon proximally, free it throughout the 
wound, and close the defect in the expansion. 

•Pass the tendon radially in a gentle curve, roughen the 
tendon of the first dorsal interosseous muscle, and 
securely suture the transferred tendon. 

• If fusion of the thumb metacarpophalangeal joint is neces- 
sary (global thumb metacarpophalangeal instability or 
degenerative disease), the extensor pollicis brevis tendon 
can be transferred to the first dorsal interosseous. 
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TRANSFER OF A SLIP OF THE 
ABDUCTOR POLLICIS LONGUS 
TENDON 

Neviaser, Wilson, and Gardner suggested transfer of a slip 
of the abductor pollicis longus tendon to replace the first 
dorsal interosseous muscle. In most patients, the abductor 
pollicis longus tendon consists of two or more slips; only 
20% or fewer hâve a single tendon. The normal insertions 
are the thumb metacarpal base, trapezium, and abductor 
pollicis brevis thenar fascia. One of these extra slips is used 
in this transfer. 


TECHNIQUE 71-11 


(NEVIASER, WILSON, AND GARDNER) 

• Make a transverse incision near the insertion of the 
abductor pollicis longus. 

• Identify the slips of the abductor tendon at the level of 
the radial styloid and note their insertions. Avoid the 
branches of the superficial radial nerve. Apply traction to 
each of the slips to détermine which insert on the meta¬ 
carpal and which insert elsewhere. Select a slip that does 
not insert on the metacarpal and divide it at its insertion 
(Fig. 71-16A). 

• Make a second incision over the radial side of the meta- 
carpophalangeal joint of the index finger and identify the 
tendon of the first dorsal interosseous muscle (Fig. 
71-16B). 

• Make a subcutaneous tunnel from the radial styloid to 
the base of the index finger. 

•Obtain a tendon graft from the palmaris longus or else¬ 
where and weave it into the first dorsal interosseous 
tendon distal to the metacarpophalangeal joint (Fig. 
71-16C). 

• Pass the graft subcutaneously into the area of the radial 
styloid without disturbing the first dorsal compartment. 

• At the level of the radial styloid, with the index finger and 
the wrist in neutral position, suture the graft to the 
selected slip of the abductor pollicis longus. The tension 
should not be so tight as to overabduct the resting index 
finger posture. 

POSTOPERATIVE CARE. The wrist is immobilized for 3 
to 4 weeks, and then active exercise is begun. 


RESTORATION OF INTRINSIC 
FUNCTION OF THE FINGERS 

Loss of intrinsic muscle function of the fingers may resuit 
from paralytic disease or low médian and ulnar nerve lésions; 
low lésions of these nerves cause sélective paralysis of the 
intrinsic muscles but spare the long extrinsics to act unop- 
posed and produce a clawhand. The mechanics of develop¬ 
ment of this deformity are discussed at the beginning of this 
chapter. 

Loss of intrinsic muscle power may cause hyperextension 
of the metacarpophalangeal joints in a mobile hand; however, 
this deformity usually is not the primary or most disabling 


aspect of this paralysis. It has been shown that with intrinsic 
paralysis, grasp is diminished 50% or more because of the 
lack of power of flexion at the metacarpophalangeal joints. In 
addition, there is asynchronous movement in flexion of the 
fingers themselves. The roll-up maneuver of the fingers in 
the intrinsically paralyzed hand shows this characteristic. The 
interphalangeal joints must flex first, followed next by the 
metacarpophalangeal joints and ultimately by full flexion of 
the fingers. In-phase flexion of the metacarpophalangeal 
joints is lost with the loss of intrinsic muscle power; the hand 
is unable to grasp a large object (Fig. 71-17). As previously 
mentioned, it also lacks power of grasp because metacarpo¬ 
phalangeal flexion dépends entirely on the long flexors in the 
absence of intrinsics. Power of pinch also is diminished in 
addition to the effects of paralysis of the thenar muscles 
because the collateral ligaments of the metacarpophalangeal 
joints of the fingers are lax in extension and the stabilizing 
intrinsic musculature that would ordinarily give latéral stabil- 
ity is paralyzed. Divergence of the fingers is automatic with 
extension produced by the long extensor tendons, and as a 
resuit of the alignment of the finger flexors, convergence of 
the tips on grasping is automatic. To stabilize the fingers in 
extension at the metacarpophalangeal joint, especially for the 
résistance of the index finger to the pinch pressure of the 
thumb, the intrinsics are essential. 

Many procedures hâve been devised to block hyperexten¬ 
sion of the metacarpophalangeal joints, but stabilizing these 
joints at a selected position and permitting controlled dévia¬ 
tion from side to side requires functioning intrinsic muscles. 
The restoration of grasping power should be sought if suitable 
muscles are available for the reconstruction, but this dépends 
on individual circumstances. 

In this section, detailed knowledge of the anatomy and 
function of the intrinsic muscles is assumed and is not 
reviewed. The interosseous and lumbrical muscles flex the 
metacarpophalangeal joints and extend the interphalangeal 
joints of the fingers, but the long finger extensors are capable 
of extending the interphalangeal joints if the metacarpopha¬ 
langeal joints are stabilized and cannot hyperextend (see Fig. 
71-2). This principle (that the long finger extensors can 
extend interphalangeal joints, provided that hyperextension 
of the metacarpophalangeal joints is prevented) is the basis 
for many of the operations for intrinsic paralysis. The meta¬ 
carpophalangeal joints can be stabilized by capsuloplasty 
(Zancolli), tenodesis (Riordan), bone block (Mikhail), 
arthrodesis, or tendon transfers that actively extend the 
interphalangeal joints and flex the metacarpophalangeal 
joints. The proper operation for a given hand dépends on the 
muscles available for transfer, the amount of passive motion 
présent in the finger and wrist joints, and the opinion and 
expérience of the surgeon. Transfers to replace intrinsic func¬ 
tion of the fingers are the most variable, complicated, and 
surgically difîicult procedures. Several different transfers hâve 
been devised, but no one procedure predictably compensâtes 
for the deformities that follow intrinsic paralysis. 

Bunnell, in a modification of an earlier technique, 
detached the sublimis tendon from each finger, split it, and 
passed one slip to each side of the extensor aponeurosis of 
each finger by way of the lumbrical canals, removing the 
powerful flexor of the proximal interphalangeal joints and 
converting it into an extensor of the same joints. However, 
this transfer offen is too strong and pulls the proximal 
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A, Accessory slip inserting into trapezium is detached distal to retinaculum. Functional slip, inserting into metacarpal, 
is preserved. B f Subcutaneous tunnel is created from radial styloid to insertion of first dorsal interosseous. C and D, Tendon graft is 
woven into tendon of first dorsal interosseous and sutured to accessory slip. (Redrawn from Neviaser RJ, Wilson JN, Gardner MM: Abductor 
pollicis longus transfer for replacement of first dorsal interosseus, J Hand Surg 5A:53, 1980.) SEE TECHNIQUE 71-11. 



FIGURE 


large objects. 


Intrinsic paralysis results in failure to grasp 


interphalangeal joints into extension, producing an intrinsic- 
plus deformity, several months to many years after the 
transfer. A modification of this procedure in which only one 
sublimis is transferred to ail fingers may be useful; however, 
setting and maintaining proper tension in this method are 
difficult (Fig. 71-18). 

Flexing the wrist in an attempt to extend the interphalan¬ 
geal joints often becomes a necessary habit after intrinsic 
paralysis. Its objective is to create a tenodesing effect on the 
long extensor tendons. If this flexion is too marked, the 



Modification of Bunnell transfer to restore 
intrinsic function of fingers (see text). SEE TECHNIQUE 71-12. 
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Clamp threading graft 
through interosseous 
space volar to transverse 
metacarpal ligament 


Graft tacked to side 
of extensor mechanism 


FIGURE 


Any tendons transferred from dorsum of hand 


to restore intrinsic function of fingers must pass to volar side of 


deep transverse metacarpal ligament. 


Bunnell transfer is rendered ineffective, but if the intrinsics 
are weak but not paralyzed, the transfer may be useful if the 
wrist extensors are strong enough to prevent flexion of the 
wrist. When flexing the wrist is a chronic habit and a wrist 
flexor can be spared, Riordan transferred the flexor carpi 
radialis (see Fig. 71-25). 

Fowler split the extensor proprius tendons of the index 
and little fingers to form four slips and attached one each to 
the extensor aponeuroses on the radial side of the index and 
middle fingers and on the ulnar side of the ring and little 
fingers. In a later modification, the tendons are split as 
described but the slips are passed to the volar side of the 
deep transverse metacarpal ligament and are attached to the 
radial side of the extensor aponeurosis of each finger (Figs. 
71-19 and 71-20). This is a more efficient transfer and has the 
advantage of a tenodesing effect when the wrist is flexed. The 
ends of the tendon slips must be advanced about 2.5 cm to 
reach their destinations on the extensor aponeuroses, 
however, and are under considérable tension; sometimes an 
intrinsic overpull or intrinsic-plus deformity develops. This 
excessive tension may be avoided as follows. The detached 
end of the extensor indicis proprius tendon is split into two 
slips, passed volar to the deep transverse metacarpal liga¬ 
ment, and attached to the radial side of the ring and little 
fingers. One end of a free tendon graft is attached to the 
musculotendinous junction of the extensor indicis proprius, 
and the other end is split into two slips that are passed dis- 
tally in a similar manner and attached to the radial side 
of the middle and index fingers. Riordan further modified 
this procedure by attaching the tendon graft to the freed 
insertion of the palmaris longus tendon instead of to the 
musculotendinous junction of the extensor indicis proprius 
(Fig. 71-21). 



FIGURE 


^ Fowler transfer to restore intrinsic function of 


fingers (see text). SEE TECHNIQUE 71-14. 



Riordan transfer to restore intrinsic function of 
fingers (see text). SEE TECHNIQUE 71-14. 


Brand devised a technique using the extensor carpi radia¬ 
lis brevis tendon lengthened by a free graft from the plantaris 
tendon (Fig. 71-22); the distal end of the graft is split into four 
slips, or tails, and each tail is passed to the volar side of the 
deep transverse metacarpal ligament and is attached on the 
radial side of each proximal phalanx to the extensor aponeu¬ 
rosis except in the index finger, where it is attached on the 
ulnar side. In his opinion, index finger pinch can be secured 
more firmly when the finger is in adduction rather than in 
abduction (Fig. 71-23). Brand advised transferring the exten¬ 
sor carpi radialis longus or brevis to the volar side of the 
forearm and extending it by a four-tailed graft through 
the carpal tunnel and the lumbrical canals and finally to the 
extensor aponeuroses as before (Fig. 71-24). This transfer 














CHAPTER 71 PARALYTIC HAND m 


3 



Brand transfer of extensor carpi radialis brevis 
tendon prolonged with free graft to restore intrinsic function of 
fingers (see text). 



When firm pinch would be more useful than 
abduction of index finger, transferred tendon is attached to ulnar 
latéral band of extensor hood rather than to insertion of first 
dorsal interosseous muscle. During pinch, index finger is in adduc¬ 
tion, rather than in abduction. (Redrawn from White WL: Restoration 
of function and balance of the wrist and hand by tendon transfers, Surg 
Clin North Am 40:427, 1960.) 



Four-tailed plantaris 
tendon graft sutured 
to tendon of flexor 
carpi radialis muscle 



Riordan transfer to restore intrinsic function of 


fingers (see text). 



Brand transfer of extensor carpi radialis longus 
or brevis, first to volar side of forearm and then, after prolonga¬ 
tion with free graft, to extensor aponeuroses to restore intrinsic 
function of fingers (see text). 


Zancolli capsulodesis for intrinsic paralysis (see 
text). SEE TECHNIQUE 71-15. 


crowds the carpal tunnel and may cause symptoms of médian 
nerve compression should the nerve be functioning. For 
severe clawing of the hand with wrist flexion, Riordan advised 
freeing the insertion of the flexor carpi radialis and transfer- 
ring it to the dorsum of the wrist; here it is prolonged with a 
four-tailed graft, each tail of which is passed volar to the deep 


transverse metacarpal ligament and is attached to the radial 
sides of the extensor aponeuroses (Fig. 71-25). 

The procedures just described require that muscles strong 
enough for transfer be available. If they are not, a Zancolli 
capsuloplasty or a tenodesing procedure to stabilize the 
metacarpophalangeal joints may be indicated (Fig. 71-26). 
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Graft tacked to 
extensor mechanism 



FIGURE 


Fowler tenodesis for intrinsic paralysis (see 


text). SEE TECHNIQUE 71-16. 


Riordan devised a tenodesing procedure in which the exten¬ 
sor carpi radialis brevis and extensor carpi ulnaris tendons 
are each eut halfway through at about the level of the junction 
of the middle and distal thirds of the forearm; one half of each 
tendon is stripped distally and is left attached at its insertion 
on a metacarpal base. Each strand of tendon is split into two 
strips, forming four slips; each slip is passed through an 
interosseous space and along the volar side of the deep 
transverse metacarpal ligament to a finger and is attached to 
the radial side of its extensor aponeurosis. The disadvantage 
of this tenodesis is that it cannot be activated by wrist motion 
as can the Fowler tenodesis. Fowler used a free tendon graft 
attached to the fingers as in the Riordan technique but 
anchored proximally in the area of the dorsal carpal ligament 
proximal to the wrist. When the wrist is flexed, the tenodesis 
is activated (Fig. 71-27). 

If the finger flexors and the wrist flexors and extensors 
are strong, and if there is no habituai wrist flexion, the opera¬ 
tion of choice to restore finger intrinsic function is the modi- 
fied Bunnell procedure, in which the flexor digitorum sublimis 
of the ring finger is transferred (see Fig. 71-18). If flexing the 
wrist is habituai, or there is a flexion contracture of the joint 
and if a wrist flexor can be spared, the Riordan recommended 
transfer of the flexor carpi radialis to the dorsum of the wrist 
prolonged by tendon graffs (see Fig. 71-25); however, at least 
one strong wrist flexor should remain aff er the transfer. If the 
wrist extensors are strong, and the flexors are weak, the Brand 
transfer of the extensor carpi radialis longus volarward and 
prolonged by a free graft through the carpal tunnel (see Fig. 
71-24) may be indicated. The Brand transfer of the extensor 
carpi radialis brevis prolonged by a free graft carried between 
the metacarpals and attached to the extensor aponeuroses 
(see Fig. 71-22) may be complicated by difhculty in rééduca¬ 
tion. If a flexor digitorum sublimis or a wrist flexor or exten¬ 
sor is unavailable for transfer or cannot be spared, the extensor 


A2 



FDS 


Flexor digitorum sublimis (FDS) inserted into 
strip of annular ligament (A2) at middle of proximal phalanx. 

(Redrawn from slide supplied by Brooks. In Riordan DC: Tendon transfers 
in hand surgery, J Hand Surg 8:748, 1983.) 


proprius tendons of the index and little fingers can be trans¬ 
ferred by the Fowler technique (see Figs. 71-19 and 71-20), 
or the Riordan modification of the Fowler technique in which 
the palmaris longus tendon is one of the transfers (see Fig. 
71-21) can be used. If no muscle is available for transfer, and 
if the joints are supple, the Zancolli capsulodesis of the 
metacarpophalangeal joints (see Fig. 71-26), a Fowler teno¬ 
desis (see Fig. 71-27), or a Riordan tenodesis may be 
indicated. 

The tendency to overload the extensor mechanism by 
routine attachment of transferred tendons to the latéral bands 
has been noted; this means that the désirable flexor power to 
the metacarpophalangeal joints is not obtained; Brooks and 
Jones suggested attaching the transfers to the flexor tendon 
sheath (Fig. 71-28) and, depending on the intact extensor 
power, extending the proximal interphalangeal joints with the 
metacarpophalangeal joints stabilized. Likewise, Burkhalter 
and others suggested a bony attachment of the transferred 
tendon to the midportion of the proximal phalanx to provide 
leverage for flexion at the metacarpophalangeal joint and a 
better restoration of grip (see Fig. 71-33). We hâve found, 
however, the Zancolli tendon insertion into the flexor sheath 
to be much less time-consuming than insertion into bone. It 
also éliminâtes the tendency for hyperextension of the proxi¬ 
mal interphalangeal joint, as occurs sometimes when the 
tendon is inserted into the extensor mechanism. 


TRANSFER OF THE FLEXOR 
DIGITORUM SUBLIMIS OF THE 
RING FINGER 


TECHNIQUE 71-12 


(BUNNELL, MODIFIED) 

• Transfer either the ring or the long finger sublimis tendon. 
Make a midlateral incision about 4.0 cm long on the 
radial side of the selected finger, beginning at the mid- 
shaft of the proximal phalanx and extending distally to 
beyond the proximal interphalangeal joint. 

• Deepen the incision to the flexor tendon sheath, open 
the sheath laterally, and identify and divide the sublimis 
tendon at the level of the proximal interphalangeal joint. 
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• Separate the two slips of the tendon so that the tendon 
can be withdrawn into the palm. 

• Make a transverse incision about 4.0 cm long at the level 
of the proximal palmar crease. Identify the sublimis 
tendon, withdraw itthrough the palmar incision, and split 
it into four equal tails. 

• Make a longitudinal incision about 2.5 cm long on the 
radial side (and slightly dorsal) of the proximal phalanx of 
each finger except the donor finger and identify the 
extensor aponeuroses. 

• With a narrow instrument, a wire loop, or a tendon 
carrier, pass each tail of tendon through the lumbrical 
canal of a finger and over the oblique fibers of the exten¬ 
sor aponeurosis to its dorsum (see Fig. 71-18). Passage 
through the lumbrical canals should be easy; if any 
obstruction is met, redirect the instrument. 

• With the metacarpophalangeal joint at 80 or 90 degrees 
of flexion, the interphalangeal joints at neutral, and the 
wrist at 30 degrees of flexion, suture each tail to the 
aponeurosis under some tension with interrupted sutures 
and bury its end. Usually 2.5 cm or more of redundant 
tendon must be excised. 

•Close the incisions and immobilize the hand with the 
wrist in neutral position, the metacarpophalangeal joints 
in flexion, and the interphalangeal joints in extension. 

• Brooks recommended attaching each transfer to the 
flexor pulley at the level of the proximal phalanx, prevent- 
ing the development of hyperextension deformities of the 
proximal interphalangeal joints. 

POSTOPERATIVE CARE. At 3 weeks, the cast is removed 
and each finger is splinted with a plaster or plastic gutter 
splint in a neutral position. Movement of the metacarpo¬ 
phalangeal joints and resisted active extension of the 
wrist are encouraged. The finger splints are removed and 
are reapplied daily until rééducation is complété. 


TRANSFER OF THE EXTENSOR CARPI 
RADIALIS LONGUS OR BREVIS 
TENDON 


TECHNIQUE 71-13 


(BRAND) 

• Divide the distal end of the extensor carpi radialis brevis 
tendon of the radius through a short dorsal transverse 
incision. 

• Make a second incision 9.0 cm proximal to the first, 
withdraw the tendon through it, and place the tendon 
on a wet towel. Remove a plantaris tendon for a graft, 
and divide it in half or double it on itself to make two 
grafts. Split open the end of the motor tendon along the 
natural plane of cleavage, spread it out, and suture the 
graft to it. 

• Introduce a tendon-tunneling forceps at the first incision, 
pass it subcutaneously to the second, grasp the ends of 
the tendon grafts, and pull them under intact skin. 


• Split the end of each graft into two parts to form a total 
of four slips, or tails. 

• Make a longitudinal dorsoulnar incision over the proximal 
phalanx of the index finger and dorsoradial incisions over 
the proximal phalanx of the long, ring, and little fingers. 

• Identify the lumbrical tendon and latéral band of the 
extensor aponeurosis in each finger, tunnel from this 
point on each finger through the palm and appropriate 
interosseous space, grasp a strand of tendon graft, and 
withdraw it into the finger. Tunnel to the volar side of the 
deep transverse metacarpal ligament and then between 
the appropriate metacarpal shafts. 

• When ail tendon grafts are in position, suture them one 
by one under equal tension to the dorsal expansion latéral 
band of each finger—first the index, then the little, and 
finally the intermediate ones (Fig. 71-29). The transfers 
should be relaxed completely when the wrist is extended 
45 degrees, the metacarpophalangeal joints are flexed 70 
degrees, and the interphalangeal joints are in neutral. 
Close the wounds and apply a light plaster cast. 

• As an alternative method, use the extensor carpi radialis 
longus tendon. Through a dorsal transverse incision, free 
its insertion and withdraw it through a second incision at 
the middle of the forearm. Make an incision on the 
anterior aspect of the forearm 7.5 cm proximal to the 
wrist, tunnel from the anterior incision deep to the bra- 
chioradialis to the proximal incision, and draw the tendon 
into the anterior incision. Suture the grafts to the motor 
tendon as described previously. Through a midpalmar 
incision, pass it through the carpal tunnel into the forearm 
and draw the grafts into the palm, leaving the tendon 
junctions proximal to the carpal tunnel. Pass each strand 
of the graft separately to its finger destination. 

POSTOPERATIVE CARE. Postoperative care is as de¬ 
scribed for the modified Bunnell technique (see Technique 
71-12). 


TRANSFER OF THE EXTENSOR INDICIS 
PROPRIUS AND EXTENSOR DIGITI 
QUINTI PROPRIUS 


TECHNIQUE 71-14 


(FOWLER) 

• In this transfer, the extensor indicis proprius and the 
extensor digiti quinti proprius are used as motors (see Fig. 
71-20). 

• Make a dorsal incision over the radial aspect of the index 
finger metacarpophalangeal joint and identify the exten¬ 
sor indicis proprius tendon, which should be deep and 
ulnar to the common extensor tendon. 

• Dissect the tendon from the extensor aponeurosis, 
obtaining as much length as possible by excising a part 
of the aponeurosis with it; otherwise, the tendon could 
be too tight after transfer. 
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A, One slip of tendon graft is sutured to appropriate latéral band of each finger. B f First, one slip of graft is sutured 
to ulnar latéral band of index finger (1), and then one each to radial latéral band of little (2), long (3), and ring (4) fingers in that 
order. C and D, Method of weaving slip of graft into latéral band. E f Wrist is immobilized in 45 degrees of dorsiflexion, and metacar- 
pophalangeal joints are immobilized in 70 degrees of flexion. (Redrawn from White WL: Restoration of function and balance of the wrist and 
hand by tendon transfers, Surg Clin North Am 40:427, 1960). SEE TECHNIQUE 71-13. 


•Suture the residual defect in the aponeurosis. 

•Split the extensor indicis proprius into two equal parts, 
pass each volar to the deep transverse metacarpal liga¬ 
ment, and attach one each to the extensor aponeurosis 
on the radial side of the index and middle fingers, as in 
the Bunnell technique. 

• Make a dorsal incision over the little finger, identify the 
extensor digiti quinti proprius tendon, and free its inser¬ 
tion; split this tendon also into two equal parts, pass each 
volar to the deep transverse metacarpal ligament, and 
attach one each to the radial side of the ring and little 
fingers. Ensure that this tendon is not too tight. 

• The Riordan modification of this operation (see Fig. 
71-21) does not use the extensor digiti quinti proprius. 

POSTOPERATIVE CARE. Postoperative care is as 
described for after the modified Bunnell technique. 


CAPSULODESIS 


TECHNIQUE 71-15 


(ZANCOLLI) 

• Make a transverse incision in the palm at the level of the 
distal crease. Undermine widely the skin and fat and 
expose the flexor tendon sheaths, taking care to protect 
the neurovascular bundles. 

•Over each metacarpophalangeal joint, make a longitudi¬ 
nal incision in the paratendinous fascia and tendon sheath 
and expose the flexor tendons. 

•Carefully retract the tendons and expose the underlying 
metacarpophalangeal joint (Fig. 71-26). 

• Resect an elliptical segment of the volar fibrocartilaginous 
plate, including the vertical septum and its deep origin. 
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Resect enough tissue to produce a 10- to 30-degree 
flexion contracture when the plate is closed. Alternative^, 
the volar plate can be imbricated or its proximal attach- 
ment advanced proximally and secured with a bone 
anchor. 

• Close the volar plates with nonabsorbable sutures placed 
laterally in its thickest part, this being at the insertion of 
the accessory collateral ligaments. If desired, insert tran- 
sarticular Kirschner wires to maintain the metacarpopha- 
langeal joint positions. 

• Close the wound and apply a dorsal plaster splint, holding 
the metacarpophalangeal joints in flexion and the wrist 
in extension. 

POSTOPERATIVE CARE. Movements of the interpha- 
langeal joints are continued after surgery. At 3 weeks, the 
cast and any Kirschner wires are removed and metacar¬ 
pophalangeal joint exercises are begun. 


TENODESIS 


TECHNIQUE 71-16 


(FOWLER) 

• In this operation, a tendon graft is substituted for the 
finger intrinsics; the graft is activated by wrist flexion (Fig. 
71-27). 

• Obtain a tendon graft twice as long as the distance from 
the dorsum of the wrist to the proximal interphalangeal 
joints. 

• Make a transverse incision on the dorsum of the wrist 
and expose the wrist extensor retinaculum. 

• Pass the graft through the retinaculum just distal to its 
proximal edge. 

•Split each end of the graft into two equal slips and 
transfer each slip to a finger, as in the Fowler transfer 
previously described. 

•Suture the graft under proper tension so that when the 
wrist is flexed, force is exerted on the extensor mechanism 
to extend the interphalangeal joints without hyperflexing 
the metacarpophalangeal joints. 


PERIPHERAL NERVE PALSIES 

RADIAL NERVE PALSY 

Radial nerve injuries rarely occur at sites other than the 
humerai shaft or the proximal third of the dorsoradial 
forearm. Injuries to the radial nerve at this high level typically 
do not affect triceps function, and elbow extension is pre- 
served; however, predictable motor paralysis results in loss of 
wrist extension, thumb extension and abduction, and finger 
metacarpophalangeal joint extension. Wrist extension is 
necessary for proper flexor tendon tensioning, and grasp is 
profoundly reduced and represents a significant functional 
déficit after high radial nerve paralysis. More distal nerve 


injuries resuit in a low radial nerve palsy characterized by 
préservation of wrist extension; however, loss of thumb 
extension and abduction and finger metacarpophalangeal 
joint extension prevents appropriate grasp posture, and 
awkwardness and clumsiness of the hand is striking. 

Observation is indicated in most nerve palsies associated 
with closed humerai fractures because return of normal func¬ 
tion can be anticipated at 3 to 6 months after fracture. Early 
surgical exploration for the Holstein-Lewis fracture pattern 
(spiral fracture of the middle-distal third junction) may not 
be indicated. A sériés of patients with this pattern were noted 
to hâve fu.ll recovery regardless of surgical intervention. 
Indications for open réduction and fixation of acute closed 
humerai fractures should rely more on factors other than the 
status of the radial nerve. The timing for nerve exploration in 
closed injuries varies. Surgical exploration in the absence of 
nerve recovery or advancing Tinel sign may be indicated at 3 
months after injury. Although the results of nerve repair seem 
to be better when done before rather than after 6 months, 
nerve exploration should accompany management of open 
humerai fractures and lacérations associated with nerve 
déficit. Radial nerve neurorrhaphy should be performed 
when possible; outcomes theoretically are favorable because 
the nerve is largely motor and the distances between the sites 
of injury and reinnervation are short. When a nerve repair is 
performed, and suitable recovery is anticipated, tendon 
transfers generally should be delayed for 6 months. Burkhal- 
ter outlined three indications, however, for early tendon 
transfer: (1) to act as a substitute during regrowth of the 
nerve, avoiding use of external splints, (2) to act as a helper 
as reinnervation proceeds, and (3) to intervene when the 
results of the nerve repair are considered poor or the nerve 
is irréparable. Burkhalter contended that transfer of the 
pronator teres to establish wrist extension early créâtes no 
disability and that the transferred unit still functions as a 
forearm pronator. Radial nerve injuries in the proximal third 
of the forearm resuit in low radial nerve palsy in which finger 
metacarpophalangeal joint extension and thumb extension 
and radial abduction are lost. Procedures for low radial nerve 
palsy are derived from the more common procedures used 
for high radial nerve palsy. The synergistic wrist flexors, long 
finger flexors, palmaris longus, and pronator teres commonly 
are used for transfer, and numerous combinations of these 
transfers hâve been described. 

Despite numerous tendon transfer variations for radial 
nerve paralysis, several tendon transfer combinations are 
commonly used. One strong wrist flexor should be retained 
to prevent wrist hyperextension. Scuderi modified Starr’s 
transfer of the palmaris longus to the extensor pollicis longus 
to provide thumb extension and abduction. Most surgeons 
prefer the flexor carpi radialis over the flexor carpi ulnaris to 
establish metacarpophalangeal joint extension. The flexor 
carpi ulnaris is the major wrist flexor and the only remaining 
ulnar deviator of the wrist because the extensor carpi ulnaris 
is lost in high and low radial nerve paralyses. In addition, the 
normal wrist motion is from dorsoradial extension to volar- 
ulnar flexion as in a dart-throwing motion. Elimination of 
this balancing force may accentuate hand radial déviation and 
disturb the more normal wrist flexion-extension arc. The 
wrist position for power grip also is one of ulnar déviation, 
and sacrificing the flexor carpi ulnaris may compromise 
grip strength. In patients in whom significant wrist radial 
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déviation exists before tendon transfer, use of the flexor carpi 
ulnaris is contraindicated. Moreover, the flexor carpi ulnaris 
has muscular attachments ail along the ulnar shaft, requires 
a long incision, and, when transferred around the subcutane- 
ous border of the ulna, is conspicuous and may be objection- 
able in forearms with little subcutaneous coverage. This 
minor cosmetic problem, however, can be eliminated by 
resection of the flexor carpi ulnaris muscle distally. In the 
absence of significant wrist radial déviation, however, the 
flexor carpi ulnaris transfer to the extensor digitorum com- 
munis is acceptable for achieving digital extension. 

To achieve full and independent thumb and digital exten¬ 
sion, Boyes devised transfers using the flexor digitorum 
sublimis tendons of the middle and ring Angers. These trans¬ 
fers are more technically difficult, and adhesions may occur 
in the interosseous space through which the sublimis tendons 
are placed. His transfers include (1) pronator teres to extensor 
carpi radialis longus and extensor carpi radialis brevis, (2) 
flexor carpi radialis to extensor pollicis brevis and abductor 
pollicis longus, (3) middle flexor digitorum sublimis to exten¬ 
sor digitorum communis, and (4) ring flexor digitorum 
sublimis to extensor pollicis longus and extensor indicis 
proprius. 

Brand suggested removing the insertion of the extensor 
carpi radialis longus and transferring it to a point between 
the extensor carpi radialis brevis and extensor carpi ulnaris 
to avoid radial déviation on extension of the wrist. Most 
surgeons attempt to balance the wrist and decrease the likeli- 
hood of radial déviation by transfer of the pronator teres into 
the more centrally located extensor carpi radialis brevis, 
rather than the extensor carpi radialis longus or extensor 
carpi radialis longus and brevis unit. 

Ail procedures are done under general or axillary block 
anesthésia with the patient supine. Ail transfers are done at 
the same surgery, usually as outpatient procedures. A high 
arm tourniquet is used, and the hand, forearm, and elbow 
région are prepared for stérile draping. The most commonly 
performed sériés of transfers are described in Technique 
71-17. In patients in whom the palmaris longus is not avail- 
able for transfer, the sublimis of the long or ring finger gener- 
ally is used (Table 71-2). 


TABLE 71-2 


Tendon Transfers for Radial Nerve Palsy 


Restoration 

Restoration of 

Restoration of 

Tendon 

of Wrist 

Thumb 

Finger 

Transfer 

Extension 

Extension 

Extension 

Brand 

PT to ECRB 

PL to EPL 

FCR to EDC 

Jones 

PT to ECRB 

PL to EPL 

FCR to EDC 

Boyes 

superficialis 

PT to ECRB 

FDS of ring 
finger to EPL 

FDS of long 
finger to EDC 


From Seiler JG, Desai MJ, Payne SH: Tendon transfers for radial, médian, and ulnar 
nerve palsy, J Am Acad Orthop Surg 21:675, 2013. 

ECRB, Extensor carpi radialis brevis; EDC, extensor digitorum communis; EPL, 
extensor pollicis longus; FCR, flexor carpi radialis; FDS, flexor digitorum superfi- 
cialis; PL, palmaris longus; PT, pronator teres. 


TRANSFER OF PRONATOR TERES 
TO EXTENSOR CARPI RADIALIS 
BREVIS, FLEXOR CARPI RADIALIS 
TO EXTENSOR DIGITORUM 
COMMUNIS, AND PALMARIS 
LONGUS TO EXTENSOR POLLICIS 
LONGUS 


TECHNIQUE 71-17 


Figure 71-30 


• Make a gently curved incision in the middle third of the 
dorsal forearm to expose the extensor pollicis longus and 
common extensor tendons and extensor indicis proprius 
proximal to the extensor retinaculum (Fig. 71-30A). Flex 
the fingers fully and hold the wrist in extension. Sequen- 
tially secure the extensor digitorum communis and exten¬ 
sor indicis proprius tendons together under equal tension 
proximal to the extensor retinaculum using 2.0 nonab- 
sorbable braided sutures such that the suture site does 
not impinge on the extensor retinaculum proximal edge, 
thus limiting finger flexion with the wrist flexed. 

• Place the wrist in neutral and evaluate synchronous 
metacarpophalangeal joint extension by placing traction 
on the extensor digitorum communis and extensor indicis 
proprius tendon composite. Additional extensor tendon 
balancing may need to be done by adjusting tension with 
additional mattress sutures between the individual 
tendons. Inclusion of the small finger proprius tendon 
may be necessary. 

• Make a gently curved volar incision, extending from the 
junction of the proximal-middle third of the forearm to 
4 cm proximal to the distal wrist flexion crease to expose 
the pronator teres, flexor carpi radialis, and palmaris 
longus musculotendinous units (Fig. 71-30B). 

•Locate the interval between the brachioradialis and pro¬ 
nator teres and trace the pronator teres to its insertion. 
Sharply free the pronator teres from the radial shaft and 
remove as much periosteal extension as possible in con- 
tinuity with the pronator teres tendinous insertion. 

•Trace the flexor carpi radialis distally, and with the wrist 
flexed transect it at the distal wrist crease level. 

• Verify the presence of the palmaris longus and trace its 
tendon distally, dividing it at the distal wrist flexion crease. 

• Elevate and dissect these three motor units of their fascial 
attachments proximally to position them in line with their 
intended insertions. 

• Transect the extensor pollicis longus at its musculotendi¬ 
nous junction and make a 2-cm incision dorsally just 
proximal to the thumb metacarpophalangeal joint. 
Release fascial attachments as necessary to deliver the 
extensor pollicis longus to this wound. 

• Make another 2-cm transverse incision in the distal wrist 
flexion crease at the base of the thenar eminence. Make 
a tunnel to pass the extensor pollicis longus volar and 
radial to the thumb carpometacarpal joint so that the 
rerouted extensor pollicis longus will provide interphalan- 
geal joint extension and palmar abduction. 
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Volar 

A 






Extensor pollicis 
longus tendon 


Palmaris longus 


E 


F 


ijjj Transfer of pronator teres (PT) to extensor carpi radialis brevis (ECRB), transfer of flexor carpi radialis (FCR) to extensor 
digitorum communis (EDC), and transfer of palmaris longus (PL) to rerouted extensor pollicis longus (EPL). A and B f Volar and dorsal 
incisions used in combination of transfers. Note short transverse incisions over thumb metacarpal joint dorsally and wrist volarly used in 
rerouting EPL. C f FCR transfer to EDC. FCR motor tendon attachment at 45-degree angle into récipient tendon. D f Transfer of PT into more 
centralized ECRB. PT insertion is harvested with 2- to 3-cm periosteal extension strip. E and F, Transfer of PL to rerouted EPL. By rerouting 
EPL out of its third extensor compartment, combination of thumb abduction and extension can be achieved. SEE TECHNIQUE 71-17. 
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• Likewise, tunnel the extensor pollicis longus tendon to 
the volar wound. Free extensor pollicis longus passage 
and effortless excursion is achieved by releasing again any 
fascial attachments (see Fig. 71-30E). Assess the desired 
thumb radial abduction and interphalangeal joint exten¬ 
sion by placing traction on the free rerouted extensor 
pollicis longus tendon in line with the palmaris longus 
toward the médial épicondyle. Wrap the tendon in a 
moist 4 x 4-inch sponge. 

• Develop subcutaneous tunnels from proximal volar to 
distal dorsal, keeping a straight line approach to the 
destined tendon attachment sites for the pronator teres 
and flexor carpi radialis motors. Route the tendons dor- 
sally around the radial shaft to avoid compressing the 
radial artery or superficial sensory nerves. 

• Place the flexor carpi radialis tendon through the extensor 
digitorum communis and extensor indicis proprius tendon 
composite in a proximal radial to distal ulnar direction 
(Fig. 71-30C). Adjust the tension so that with full passive 
wrist flexion the metacarpophalangeal joints extend fully, 
and with full wrist extension the fingers can be passively 
flexed. A Pulvertaft-type weave is impossible; however, 
multiple horizontal mattress sutures should be used to 
anchor the flexor carpi radialis tendon to each individual 
tendon in the extensor digitorum communis and extensor 
indicis proprius composite. 

• Weave the pronator teres tendon and its periosteal slip 
through the extensor carpi radialis brevis tendon (Fig. 
71-30D). The pronator teres and extensor carpi radialis 
brevis tendons can be joined by several passages of the 
pronator teres tendon and its periosteal extension through 
the récipient extensor carpi radialis brevis tendon. Using 
multiple 2-0 braided nonabsorbable sutures in horizontal 
mattress fashion, secure the tendon weave with the wrist 
held in 40 degrees of extension with the pronator teres 
under near-maximal tension. 

• Weave and suture together the extensor pollicis longus 
and palmaris longus tendons (Fig. 71-30E and F). Place 
traction on the tendon in line with the palmaris longus 
and check for the desired thumb palmar abduction and 
interphalangeal joint extension. The tension should be 
such as to permit passive flexion of the thumb across the 
palm with the wrist in neutral position. 

• Achieve hemostasis after tourniquet déflation and close 
the wounds in routine fashion. 

• When the flexor carpi ulnaris instead of the flexor carpi 
radialis is used for digital extension, a volar forearm inci¬ 
sion should extend to the distal wrist flexion crease. The 
flexor carpi ulnaris tendon is detached near the pisiform. 
The procedure is analogous to that described for the 
flexor carpi radialis motor except for the details concern- 
ing proximal dissection of the flexor carpi ulnaris muscle 
and passing the tendon around the ulnar shaft. The flexor 
carpi ulnaris is muscular throughout, and in thin arms 
removal of the middle and distal muscle portion may 
make this motor less visible. 

POSTOPERATIVE CARE. Although the sutures can be 
removed 10 to 14 days postoperatively, the wrist is kept 
in 40 degrees of extension, the metacarpophalangeal 
joints in full extension, and the thumb radially abducted 


and extended for 3 weeks. Supervised physical therapy is 
begun at this time. A removable custom-molded splint 
keeping the wrist, fingers, and thumb in the postopera- 
tive position is worn at night and between therapy ses¬ 
sions for approximately 3 months postoperatively. 


TRANSFER OF PRONATOR TERES 
TO EXTENSOR CARPI RADIALIS 
LONGUS AND EXTENSOR CARPI 
RADIALIS BREVIS, FLEXOR CARPI 
RADIALIS TO EXTENSOR POLLICIS 
BREVIS AND ABDUCTOR POLLICIS 
LONGUS, FLEXOR DIGITORUM 
SUBLIMIS MIDDLE TO EXTENSOR 
DIGITORUM COMMUNIS, AND 
FLEXOR DIGITORUM SUBLIMIS 
RING TO EXTENSOR POLLICIS 
LONGUS AND EXTENSOR INDICIS 
PROPRIUS 


TECHNIQUE 71-18 


(BOYES) 

• Make a long longitudinal incision on the volar side of the 
radial aspect of the forearm and free the insertion of the 
pronator teres with its strip of periosteum. 

• Perforate the extensor carpi radialis longus and brevis 
tendons and pass the insertion of the pronator teres 
through these tendons. 

•Expose the middle and ring finger sublimis tendons 
through a single incision in the distal palm over the 
metacarpal heads or through separate incisions at their 
insertions on the middle phalanges; divide each so that 
the free end of its distal segment lies within its sheath. 
Withdraw the proximal segments of the tendons through 
the forearm incision. 

• Make a dorsal transverse incision on the wrist, extending 
from the radial styloid toward the ulnar styloid and 
curving it proximally. Expose the common digital exten- 
sors proximal to the dorsal carpal ligament, and incise the 
deep fascia. 

• Make a 2-cm opening in the interosseous membrane at 
the proximal edge of the pronator quadratus muscle. Pass 
the sublimis of the middle finger between the profundus 
muscle mass and the flexor pollicis longus muscle mass 
and through the interosseous membrane. Attach the 
donor tendon to the common digital extensors. 

• Make another opening in the interosseous membrane. 
Pass the sublimis of the ring finger to the ulnar side of the 
profundus muscle mass and through the opening and 
attach it to the extensor pollicis longus and extensor indicis 
proprius. The sublimis tendons of the long and ring fingers 
must be separated proximally and not crossed over to 
prevent a scissors-type compression of the médian nerve. 
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• Divide the flexor carpi radialis at the wrist and suture it 
to the extensor pollicis brevis and abductor pollicis longus 
at this level. 

• Before the transferred tendons are sutured in place, 
remove the tourniquet and check the interosseous artery 
for bleeding. 

POSTOPERATIVE CARE. Immobilization should be 
implemented for 6 weeks. Usually a cast is maintained on 
the arm for 4 weeks, followed by a spring-loaded exten¬ 
sion splint for the wrist and fingers for another week. 
During the cast immobilization, the metacarpophalangeal 
joints should not be completely extended but should be 
held in about 40 degrees of flexion. The wrist should be 
fully extended, however, with the thumb in abduction 
and extension. The interphalangeal joints of the fingers 
should be in "comfortable" flexion. 


LOW ULNAR NERVE PALSY 

The functional déficits caused by low ulnar nerve palsy are 
weakness of pinch resulting from paralysis of the adductor 
pollicis and first dorsal interosseous, weakness of grip pro- 
duced by paralysis of most of the finger intrinsics, and 
sometimes clawing of the ring and little fingers associated 
with paralysis of ail of their intrinsics. 

Paralysis of the adductor pollicis results in a major func¬ 
tional loss that should be restored if possible by appropriate 
tendon transfer (see section on restoration of adduction of 
the thumb). Normal tightness of the metacarpophalangeal 
joints of the ring and little fingers may limit clawing of these 
fingers and enable the long extensors to extend their inter¬ 
phalangeal joints; in this instance, no treatment is indicated 
for clawing but weakness of grip is still présent. If clawing of 
these fingers is troublesome, however, function of their 
intrinsics should be restored by transferring the extensor 
indicis proprius tendon; it is split into two slips, passed volar 
to the deep transverse metacarpal ligament, and attached to 
the radial side of the extensor aponeurosis of each finger as 
in the Riordan transfer (see Fig. 71-21). Other dynamic 
transfers, such as that of Bunnell (see Technique 71-12) or 
Brand (see Technique 71-13), may be useful. As an alternative 
to tendon transfer, clawing of the ring and little fingers can 
be corrected by Zancolli capsulodesis. The utility of the 
Zancolli capsulodesis can be confirmed by performing Bou- 
riers test (Fig. 71-31). This is done by preventing metacarpo¬ 
phalangeal joint hyperextension. If the extensors can extend 
the proximal interphalangeal joints with the metacarpopha¬ 
langeal joints flexed to or less than 40 degrees, a static proce¬ 
dure may be ail that is required. However, if a proximal 
interphalangeal joint extensor is not présent, a dynamic 
procedure may yield a better resuit (see Technique 71-13). 
According to Hastings and McCollam, this technique is very 
successful in correcting claw deformity and increasing syn- 
chronous movement of the ring and small fingers; however, 
improvement in grip strength should not be expected with 
the Zancolli lasso procedure. 

For low ulnar nerve palsy, Orner suggested the following 
procedure be done in one stage (Fig. 71-32). The metacarpo¬ 
phalangeal joint of the thumb is arthrodesed. The insertion 
of the flexor digitorum sublimis of the ring finger is freed, 



FIGURE 


Bouvier's test. 



Single transfer of flexor digitorum sublimis 
tendon is used to correct clawing and to strengthen thumb-index 
pinch in isolated ulnar nerve palsy. APB, Adductor pollicis brevis; 
DI, dorsal interossei; VI, volar interossei. (Redrawn from Orner GE 
Jr: Tendon transfers in combined nerve lésions, Orthop Clin North Am 
5:377, 1974.) 


and the tendon is split into two slips. One slip is carried across 
the palm parallel to the fibers of the adductor pollicis and is 
anchored to the insertion of that muscle. The other slip is split 
into two tails; one is carried through the appropriate lumbri- 
cal canal and is anchored to the radial side of the extensor 
aponeurosis of the ring finger, and the other is transferred in 
a similar manner to the little finger. Instead of the procedure 
just described, Orner sometimes transferred the brachioradia- 
lis tendon, prolonged with a free graff, through the third 
interosseous space to restore adduction of the thumb (see 
section on restoration of adduction of the thumb); to restore 
abduction of the index finger, he freed the radial half of the 
insertion of the extensor indicis proprius, split the tendon, 
and anchored the freed half of the tendon to the insertion of 
the first dorsal interosseous. 
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transferred because the profundus of this finger is paralyzed. 
Flexion of the distal interphalangeal joints of the ring and 
little fingers can be restored by suturing the profundus 
tendons of these fingers to that of the long finger. If further 
power is needed, transfer of the extensor carpi radialis longus 
into the profundus tendons of the long, ring, and little fingers 
also can be done. The innervation of the profundus of the 
long finger may be totally ulnar at times and frequently only 
partially ulnar. 

LOW MEDIAN NERVE PALSY 

The important functional déficits caused by low médian 
nerve palsy are loss of opposition of the thumb and loss of 
sensibility over the sensory distribution of the nerve; paralysis 
of the two radial lumbrical muscles is of little conséquence 
when the ulnar nerve is intact. Restoration of thumb opposi¬ 
tion is discussed in the section on restoration of thumb 
opposition. Restoration of sensibility by a neurovascular 
island graff is discussed in Chapter 68. 


A f Burkhalter modification of Stiles-Bunnell 
transfer increases distance of moment arm with increased flexion 
of metacarpophalangeal joint. Force applied distally varies with 
square of distance. B f With intermetacarpal route for this transfer, 
moment arm also increases with increasing flexion of metacarpo¬ 
phalangeal joint. (Redrawn from Burkhalter WE: Restoration of power 
grip in ulnar nerve paralysis, Orthop Clin North Am 2:289, 1974.) 


Burkhalter suggested several tendon transfers and noted 
that insertion directly into the proximal phalanx diaphysis of 
the involved fingers resulted in a more secure attachment and 
has the advantage of a greater lever arm beyond the metacar¬ 
pophalangeal joint. For motors, he used the brachioradialis 
or the extensor carpi radialis longus extended by free graffs, 
both of which are brought dorsally and passed through the 
intermetacarpal area volar to the transverse metacarpal liga¬ 
ment and then attached to bone (Fig. 71-33). Burkhalter also 
used the same bony attachment in transferring a split sublimis 
of the ring finger as a modification of the Stiles-Bunnell 
transfer. In addition, there should be a transfer to provide 
adduction of the thumb. 

Brown suggested several transfers for thumb adduction. 
One uses the ring finger sublimis brought deep to the finger 
flexors, and another uses the extensor indicis proprius 
brought into the palm around the third metacarpal and then 
transversely across the palm, paralleling the paralyzed 
adductor muscle, to attach to the metacarpophalangeal joint 
area of the thumb. Occasionally, arthrodesis of the distal 
thumb joint is advised to increase the power of pinch; this is 
accompanied sometimes by advancing the pulley at the 
metacarpophalangeal joint by sectioning it proximally to 
provide a greater angle of approach of the flexor pollicis 
longus. 

HIGH ULNAR NERVE PALSY 

The functional déficits caused by high ulnar nerve palsy are 
the same as those described for low ulnar nerve palsy except 
that functions of the flexor digitorum profundus of the ring 
and little fingers and of the flexor carpi ulnar is also are lost. 
The transfers described for low ulnar nerve palsy can be used 
except that the sublimis of the ring finger must not be 


HIGH MEDIAN NERVE PALSY 

The important functional déficits caused by high médian 
nerve palsy are loss of pronation of the forearm, flexion of the 
wrist, flexion of the index and long fingers, flexion of the 
thumb, opposition of the thumb, and médian nerve 
sensation. 

Function can be restored partially as follows. The para¬ 
lyzed ulnar-innervated ring and small finger flexor digitorum 
profundus can be attached by side-to-side suture without 
sectioning of any of the nonparalyzed médian nerve- 
innervated index and long finger flexor digitorum profundus 
tendons (Fig. 71-34). In addition, greater power can be 
achieved by transferring the extensor carpi radialis longus 
into the profundus tendons of the index and middle fingers. 
Thumb flexion can be restored by brachioradialis transfer to 
the long thumb flexor at the wrist level. Other options for 
restoration of the interphalangeal joint flexion include exten¬ 
sor carpi radialis longus transfer or extensor carpi ulnaris 
transfer to the flexor pollicis longus. Thumb opposition can 
be restored by using the extensor indicis proprius as a transfer, 
bringing it around the ulnar side of the wrist so that construc¬ 
tion of a pulley is not needed (see Technique 71-3). The res¬ 
toration of sensibility by a neurovascular island graff is 
discussed in Chapter 68. 

COMBINED LOW MEDIAN AND ULNAR 
NERVE PALSY (AT THE WRIST) 

Combined médian and ulnar nerve lésions at the wrist resuit 
in complété anesthésia of the palm and loss of function of ail 
intrinsics of the fingers and the thumb (see the introduction 
to this section). If these lésions are not treated, skin and joint 
contractures develop and a fixed clawhand results. 

Despite the palmar anesthésia, it is possible to restore 
some useful function affer this severe paralysis. The success 
of treatment dépends on several factors. Offen the flexor 
tendons hâve been severely injured by the same trauma that 
caused the paralysis; in this event, the condition of the 
tendons is important in planning transfers. In Hansen disease, 
the paralysis is not accompanied by tendon injury but some¬ 
times by deformity of the skin, fingernails, and bone. For 
tendon transfers to be successful, any contracture of the skin 
or joints must be corrected first because the transfers alone 
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Deep flexor tendons 
of fingers 


Deep flexor tendons 
of fingers 


In high médian nerve palsy, distal segments of 
profundus tendons of index and middle fingers are tightened and 
tendons are sutured to profundus tendons of ring and little 
fingers (see text). This tendon mass can be strengthened further 
by transfer of extensor carpi radialis longus to insert as additional 
motor. (Redrawn from Orner GE Jr: Evaluation and reconstruction of 
the forearm and hand after acute traumatic peripheral nerve injuries, 
J Bone Joint Surg 50A:1454, 1968.) 


cannot accomplish this. Passive extension of the interphalan- 
geal joints and flexion of the metacarpophalangeal joints 
must be possible. An attempt is made to mobilize the joints 
by splinting; if this fails, arthrodesis of the proximal interpha- 
langeal joints must be considered. Any thumb web contrac¬ 
ture, which is frequent after combined médian and ulnar 
nerve palsy, also must be corrected (see the section on resto- 
ration of adduction of the thumb). 

Function of the finger intrinsics can be restored by the 
Brand transfer, in which the extensor carpi radialis brevis is 
extended by tendon graft (see Technique 71-13). Opposition 
of the thumb can be restored by the Riordan transfer (see 
Technique 71-1), unless the sublimis tendon of the ring finger 
or the palmaris longus tendon has been injured by direct 
trauma. 

For clawing, Brown suggested a transfer of the extensor 
carpi radialis longus tendon extended by a four-tailed graft 
to restore metacarpophalangeal flexion as Brand described. 
For thumb adduction, he suggested using the extensor indicis 
proprius tendon passed through the third intermetacarpal 
space and over the paralyzed adductor muscle and attached 
to the adductor tendon insertion at the metacarpophalangeal 
joint of the thumb. 

Thumb adduction also can be restored by transferring the 
ring flexor digitorum sublimis through the distal palmar 
fascia, using the vertical septum as a pulley, and passing it 


across the palm superficial to the fascia and attaching it to the 
radial side of the metacarpophalangeal joint of the thumb. 
Orner suggested several possibilities. To restore digital 
balance, he used the middle finger flexor digitorum sublimis 
tendon split into four tails or the extensor carpi radialis 
longus tendon extended by a graft. The other two possibilities 
are the extensor indicis proprius tendon or the extensor digiti 
quinti proprius tendon, each split into two tails and attached 
to the second and third digits and fourth and fifth digits. For 
thumb adduction, the middle flexor digitorum sublimis 
tendon or the extensor carpi radialis longus tendon is brought 
through the third intermetacarpal space and extended by a 
graft to attach to the thumb adductor area. For opposition, 
he suggested using the extensor carpi ulnaris tendon extended 
by the extensor pollicis brevis tendon or a graft from the 
palmaris longus. Fusion also is suggested for increasing sta- 
bility of the thumb. 

COMBINED HIGH MEDIAN AND ULNAR 
NERVE PALSY (ABOVE THE ELBOW) 

In combined high médian and ulnar nerve palsy, the entire 
hand is anesthetic except for the dorsal surface, and the only 
muscles available for transfer are muscles innervated by the 
radial nerve—the brachioradialis, the extensor carpi radialis 
brevis, the extensor carpi radialis longus, the extensor carpi 
ulnaris, and the extensor indicis proprius. Recommended 
treatment of this palsy includes arthrodesis of the thumb 
metacarpophalangeal joint; Zancolli capsulodesis of the 
metacarpophalangeal joints of ail fingers (see Technique 
71-15) and release of the flexor tendon sheaths at the same 
time; transfer of the extensor carpi radialis longus around the 
radial side of the wrist to the flexor digitorum profundus; 
transfer of the brachioradialis to the flexor pollicis longus; 
and transfer of the extensor carpi ulnaris, extended with a 
free graft, around the ulnar border of the forearm to the 
extensor pollicis brevis. Amputating the index finger and its 
metacarpal and folding the radially innervated dorsal flap 
into the palm has been suggested. 

SEVERE PARALYSIS FROM 
DAMAGE TO THE CERVICAL 
SPINAL CORD OR OTHER CAUSES 

TETRAPLEGIA 

Improved acute management and subséquent long-term care 
of victims of motor vehicle accidents and sports injuries hâve 
placed increased emphasis on réhabilitation of patients with 
tetraplegia. Most patients who survive cervical spinal cord 
injuries are young men with 25 to 30 years of life remaining, 
and nearly two thirds of survivors of cervical cord level injury 
hâve C6 root level function remaining. Subjectively, most 
patients consider their lives considerably improved by upper 
limb surgery. Three fourths of young tétraplégie patients 
consider the use of the hands and upper extremities to be the 
function that they would like most to be restored. This is 
considered by these patients to be more important than use 
of the legs, bladder or bowel function, and use and feeling of 
their sexual organs. Long-term follow-up after surgery in 
tétraplégie patients has demonstrated high overall satisfac¬ 
tion and positive impact on ability to perform activities of 
daily living and increased level of independence. 
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■ CLASSIFICATION 

A useful classification scheme for tetraplegia takes into 
account sensory and motor level function (Table 71-3). The 
sensory afferent is designated either O (ocular) or Cu (cutané - 
ous) depending on whether visual eue or at least 10-mm 
two-point discrimination is preserved. The motor groupings 
fall into 10 categories (0 through 9) depending on the lowest 
level of grade 4 or better motor function remaining according 
to the Medical Research Council grading scale. An additional 
group (X) is added to accommodate patients who do not fit 
into any of the 10 categories. This classification System helps 
to tailor surgical management and outcomes assessment. The 
motor examination would seem to follow a predictable root 
level pattern (Fig. 71-35), but this offen is not true. Asym¬ 
metrical upper extremity involvement and skip lésions occur 
in sensory and motor function. 

■ PRINCIPLES OF MANAGEMENT 

Careful analysis of the motor and sensory status is necessary 
to détermine which surgical procedure is warranted, if any. 
Same-level cervical spine injuries may yield varied physical 
findings, and different procedures may be indicated in 
the upper extremities of an individual. Many patients are 
extremely hésitant to hâve any surgical procedure done for 
fear of losing what little function remains. The examiner not 
only must check for muscle function and grade its power but 
also should observe the patient in his or her daily activities 
and try to détermine what additional function would best 
promote greater independence. If there is no muscle power, 
not even a flicker, immediately affer injury and again nothing 
in 1 month, no function can be expected from this muscle. As 
a rule, however, surgery is begun affer months of observation, 
usually affer 1 year or longer. In partial or incomplète quad- 
riplegia, spasticity usually becomes a considération because it 
may jeopardize the end results of surgery. The better hand 
should be operated on first because réhabilitation is easier. 

Cutaneous sensation is measured by the two-point dis¬ 
crimination test with a paper clip (Moberg). If sensibility is 


_ TABLE 71-3 n |1 l l 

International Classification for Surgery of the 
Hand in Tetraplegia 


SENSIBILITY 

0 OR CU 
GROUP* * 

MOTOR 

CHARACTERISTICS 

DESCRIPTION/FUNCTION 

0 

No muscle below 

Elbow flexion and 


elbow suitable 
for transfer 

forearm supination 

1 

BR 


2 

ECRL 

Extension of the 
wrist (weak or 
strong) 

3 + 

ECRB 

Extension of the 
wrist 

4 

PT 

Wrist extension and 
forearm pronation 

5 

FCR 

Flexion of the wrist 

6 

Finger extensors 

Extrinsic extension of 
the fingers (partial or 
complété) 

7 

Thumb extensor 

Extrinsic extension of 
the thumb 

8 

Partial digital 

Extrinsic flexion of 


flexors 

the fingers (weak) 

9 

Lacks only 

Extrinsic flexion of 


intrinsic 

the fingers 

X 

Exceptions 



Edinburgh, 1978; modified, Giens, France, 1984. 

*0, ocular; Cu, cutaneous. 

+ lt is impossible to détermine strength of ECRB without surgical exposure. 
(From McDowell CL, Moberg EA, Flouse JH: The second international conférence 
on surgical réhabilitation of the upper limb in tetraplegia (quadriplegia), J Hand 
Surg 11 A:604, 1986.) 

BR, Brachioradialis; ECRB, extensor carpi radialis brevis; ECRL, extensor carpi 
radialis longus; FCR, flexor carpi radialis; PT, pronator teres. 


Spinal cord 
segment 

Deltoid 

Biceps 

Brachio¬ 

radialis 

ECRL 

ECRB 

Pronator 

Flexor 

carpi- 

radialis 

Triceps 

Finger 

extensor 

Thumb 

extensor 

Finger 

flexor 

Intrinsics 

C5 
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FIGURE 


Normal spinal segmentai level of muscles of upper limb. Shaded areas indicate main segmentai muscle supply. ECRB, 


Extensor carpi radialis brevis; ECRL, extensor carpi radialis longus. (Modified from Lamb DW: The paralysed hand: the hand and upper limb, 


vol 2, Edinburgh, Churchill Livingstone, 1987.) 
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not présent, visual feedback is necessary for extremity control. 
In such an instance, only one upper extremity should undergo 
surgery. 

After injury, it is essential to maintain mobility of the 
finger, wrist, elbow, and shoulder joints because contractures 
frequently develop, especially with spasticity. Elbow flexion, 
supination, and metacarpophalangeal extension contractures 
should be prevented through appropriate therapeutic tech¬ 
niques. Passive motion exercises and upper extremity splint- 
ing are necessary preoperative measures in the postinjury 
period. Murphy and Chuinard developed a helpful protocol 
for the management of tetraplegia; they described acute, 
subacute, and reconstructive phases (Box 71-1). 

McDowell, Moberg, and House summarized additional 
principles regarding surgical management in tetraplegia as 
folio ws: 



Protocol for Management of Tetraplegia 


Acute Phase 

■ The spine is stabilized to preserve the remaining neurologi- 
cal function and to allow early mobilization. 

■ Associated body System problems are managed. 

■ Associated upper extremity injuries are managed 
aggressively. 

■ An occupational therapy program is begun to prevent joint 
contracture and to maintain joint mobility. 

Subacute Phase 

■ An aggressive réhabilitation program is begun. 

■ An occupational therapy maintenance program is 
instituted. 

■ Associated problems (e.g., decubitus ulcers, bladder) are 
treated. 

■ Psychologie problems are resolved. 

■ A serial examination is performed by the reconstructive 
surgeon at 3-month intervals; neurologie recovery is 
allowed to plateau. 

Reconstructîve Phase: Upper Extremity 

Reconstruction 

■ The patient is stable and psychologically well adjusted, and 
the neurologie recovery has plateaued. Generally, allow at 
least 12 months after injury. 

■ Reconstruction is begun on the side with the most intact 
function. 

■ If the sides are equal in function, reconstruction is begun 
on the dominant extremity. 

■ If cutaneous sensibility is absent (only ocular sensibility is 
présent), reconstruction is limited to only one extremity to 
allow for visual control. 

■ The treatment plan is kept simple. 

■ Restoration of active elbow extension by the Moberg 
deltoid-to-triceps technique précédés other upper extrem¬ 
ity reconstruction. 

■ Key grip is restored. 

■ The reconstruction plan is modified to fit the individual's 
needs. 

(Modified from Murphy CP, Chuinard RG: Management of the upper extremity 
in traumatic tetraplegia, Hand Clin 4:201,1988.) 


1. Neurologie recovery should hâve ceased and at least 
12 months should hâve passed before surgical 
reconstruction. 

2. Uncontrolled spasticity of a muscle, despite good strength, 
precludes its use in transfer. 

3. Painful paresthesias in a hand prohibit that hand from 
being reconstructed. 

4. Wrist mobility and the natural tenodesis effect should be 
maintained. 

For most authors, the goal of treatment usually has been to 
obtain key grip or key pinch. Key pinch posture provides a 
stronger, broader gripping surface, is cosmetically préférable, 
and is more easily achieved than the “chuckjaw,” or three- 
fingered, pinch. Grasping with ail Angers is désirable, but this 
cannot be accomplished without availability of more muscles. 
The surgical objective in tetraplegia is not to provide complex 
function through complex surgery. A simple surgical proce¬ 
dure for a given function should be planned whenever pos¬ 
sible to provide some degree of freedom in patients who are 
severely handicapped. 

Reconstructive surgery in tetraplegia can be simply a 
composite of methods necessary to provide control of a joint 
or a sériés of joints. Insufflcient motor units around a joint 
often require arthrodesis of the joint, especially of the thumb 
carpometacarpal, metacarpophalangeal, and interphalangeal 
joints. Static and dynamic tenodeses (e.g., Moberg flexor 
pollicis longus tenodesis to the distal radius in group 1 tet¬ 
raplegia) are versatile, frequently used procedures. For lower- 
level tetraplegia, a variety of tendon transfers are available, 
often supplemented by arthrodèses and tenodeses. Continued 
interest in tetraplegia has led to refinements in older tech¬ 
niques and new concepts as well. 

Despite a slightly different approach to tendon transfers 
in patients with spinal cord injuries compared with patients 
with peripheral nerve injuries, the basic checklist of prereq- 
uisites for surgery must not be overlooked (Box 71-2). In 
addition, efforts to restore sensation should follow tendon 
transfers because cortical interprétation of sensation (local- 
ization and stereognosis) seems to be enhanced by movement 
of the part. 

High-level tetraplegia without available motors for trans¬ 
fer has prompted the use of implanted electrical stimulation. 
Intact neuromuscular units lacking cortical efferent control 
are stimulated by impulses directed along the intact neural 
pathways. Combinations of stimuli to different neuromuscu¬ 
lar units allow for programming of concerted activity. 

■ ELBOW EXTENSION 

Elbow extension is lost in approximately 70% of tetraplegics. 
Regaining elbow extension should be the function achieved 
first or in conjunction with other procedures. Elbow exten¬ 
sion is crucial for overhead activities, weight shiffing, and 
transfers. Several surgical techniques hâve been described for 
triceps substitution in patients with grade 3 or less muscle 
power. 

The posterior deltoid-to-triceps transfer as described 
by Moberg has historically been the most commonly 
performed procedure to establish elbow extension. The 
Moberg procedure often incorporâtes a graft, usually autolo- 
gous, and requires a long period of immobilization. Excellent 
results hâve been reported after such a transfer using the 
anterior tibial tendon as a donor. Direct deltoid-to-triceps 
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Patient Evaluation and Muscle Sélection 
Guidelines for Tendon Transfers 


Prerequisite Checks for Transfers 

Sensibility 

Stability 

Bone 

Neurologie 
Psychologie 
Soft tissue 
Site adequacy 

Adeguate soft-tissue bed 
Supple joints 

Muscle Sélection 

Strength 

Tendon fraction 
Mass fraction 
Excursion 
Alignment 
Synergy 
Integrity 
Expendability 
Staging 
Réhabilitation 


transfer—simple attachment of the deltoid to the triceps 
aponeurosis—also has been recommended. 

Transfer of the distal biceps to triceps tendon is a viable 
option if no elbow flexion contracture is présent. Active 
supination and brachialis function are prerequisites to biceps- 
to-triceps transfer. In a prospective randomized study, Mul- 
caheyetal. demonstratedsuperiorresultswithbiceps-to-triceps 
transfers compared with transfer of the posterior deltoid. 
Further investigation has shown satisfactory restoration of 
elbow function in a larger patient cohort. Hutchinson et al. 
also confirmed that the biceps achieves phasic reversai affer 
transfer. 


DISTAL BICEPS-TO-TRICEPS 
TRANSFER 


TECHNIQUE 71-19 


• Make a 3-cm anterior transverse incision across the 
antecubital fossa (Fig. 71-36A) and a 7-cm longitudinal 
incision along the médial intermuscular septum (Fig. 
71-36B). 

• Mobilize or ligate large antecubital veins. 

• Identify the musculocutaneous nerve just latéral to the 
biceps tendon and carefully protect it throughout the 
procedure (Fig. 71-36C). 

• While protecting underlying neurovascular structures, 
incise the lacertus fibrosis. 

• Perform blunt dissection carefully along the biceps tendon 
to its insertion into the radial tuberosity with the elbow 
in flexion and the forearm in supination (Fig. 71-36D). 


• Release the biceps tendon from its attachment and place 
a large nonabsorbable grasping suture through the 
tendon. 

• Through the previously performed médial incision, release 
the intermuscular septum and identify the ulnar nerve 

(Fig. 71-36E). 

•Take care to carefully release the biceps tendon and 
muscle from surrounding fascial attachments to enhance 
excursion and line of pull. 

• Continue the dissection until adéquate excursion for 
transfer of the biceps to the olecranon is achieved. 

• Make a third 7-cm posterior incision over the distal third 
of the triceps and carry it around the olecranon. 

• Sharply split the triceps over the tip of the olecranon (Fig. 
71-36F). 

• Préparé the olecranon by placing a unicortical hole into 
the intramedullary canal and sequentially enlarge it to 
accommodate the distal biceps tendon (Fig. 71-36G). 

• Transfer the biceps tendon from the anterior incision to 
the médial incision, superficial to the ulnar nerve into the 
posterior incision (Fig. 71-36H). 

•Pass the biceps tendon obliquely through the médial 
portion of the triceps into the previously placed split in 
the triceps tendon (Fig. 71-361). 

• Drill two small holes into the opposite posterior cortex of 
the olecranon (i.e., inside-out technique) (Fig. 71-36J). 

• With the elbow in full extension, dock the distal biceps 
into the unicortical hole in the olecranon and secure the 
sutures over the bone tunnel (an interférence screw can 
also be used) (Fig. 71-36K). 

• Subsequently augment the transfer with additional non¬ 
absorbable sutures. 

• After appropriate hemostasis and wound closure, apply a 
long arm splint incorporating the wrist with the elbow in 
full extension. 

POSTOPERATIVE CARE. The elbow is maintained in full 
extension for 4 weeks, after which time the patient is 
fitted with a fabricated nighttime extension brace. For 
daytime use, a controlled motion brace is used with a 
flexion block at 15 degrees. The brace is adjusted weekly 
to allow for additional flexion in 15-degree incréments. 
Therapy is initiated with functional activities of daily living 


Biceps-to-triceps transfer. A f Transverse incision 
across antecubital fossa. B f Longitudinal incision along médial 
intermuscular septum. C f Musculocutaneous nerve adjacent to 
biceps tendon. D f Elbow flexion and forearm supination to facili- 
tate dissection of biceps tendon to insertion. E, Ulnar nerve 
identified through a médial incision. F f Triceps split over tip of 
olecranon and a self-retaining retractor between the incised 
tendon. G f Unicortical hole drilled from tip of olecranon to pos¬ 
terior or postérolatéral cortex. H f Biceps tendon passed from 
anterior incision to médial incision. I f Biceps tendon passed 
obliquely through médial portion of triceps tendon using a 
tendon braider. J f Two small holes are drilled through opposite 
posterior cortex through the unicortical hole to accept the suture 
passer. K f Elbow extended and biceps tendon advanced into 
unicortical tunnel. SEE TECHNIQUE 71-19. 
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incorporated as elbow flexion increases. The controlled 
motion brace is discontinued when 90 degrees of elbow 
flexion is achieved without extension lag. Nighttime 
bracing is maintained for 12 weeks postoperatively, and 
strengthening is initiated at 3 months. 


POSTERIOR DELTOID-TO-TRICEPS 
TRANSFER 


TECHNIQUE 71-20 


(MOBERG, MODIFIED) 

• Place the patient in the latéral decubitus position and 
make a 10- to 13-cm incision along the posterior border 
of the deltoid muscle down to the insertion of the muscle. 
Raise flaps over the fascia of the deltoid and identify its 
humerai insertion. 

• Using a periosteal elevator and sharp dissection, elevate 
the posterior third to half of the tendon with a strip of 
the periosteal insertion (Fig. 71-37A). 

• Place this portion of the deltoid under slight tension and 
gently split the muscle fibers in a distal-to-proximal direc¬ 
tion, taking care to palpate and inspect for the axillary 
nerve and posterior circumflex humerai vessels entering 
the muscle on its deep surface posteriorly. End the 


proximal dissection when this level is identified. The 
triceps generally is atrophied, and the posterior deltoid 
edge is easily palpable. 

• Through a separate curved longitudinal incision, expose 
the distal triceps and its insertion on the olecranon distal 
to the musculotendinous junction. If there is adéquate 
overlap of the tendinous portions of the deltoid insertion 
and the proximal portion of the triceps, the transfer can 
be accomplished without an interposition graft (Hentz et 
al.). If the overlap does not provide adéquate weave fixa¬ 
tion, however, a free tendon graft may be necessary (Fig. 
71-37B). Moberg used great toe extensors, Lacey et al. 
used the anterior tibial tendon, and Hentz et al. used 
fascia lata; use of other graft sources also has been 
reported (Fig. 71-37C). 

•Adjust the tension of the attachment so that full elbow 
flexion can be passively obtained. Stainless Steel sutures 
may be placed on either side of the transfer site to 
radiographically follow the integrity of the attachment. 

POSTOPERATIVE CARE. The arm is splinted in 0 to 30 
degrees of elbow flexion with the arm adducted. At 4 to 
6 weeks, the elbow is gradually flexed at a rate of 10 to 
15 degrees per week. Active and active-assisted range-of- 
motion exercises are then begun, with a progressive range 
of motion. The elbow is maintained in an elbow extension 
splint at night for 3 months. The patient should refrain 
from wheelchair push-ups and transfers for 3 months. 



Deltoid-to-triceps transfer (Moberg). A f Posterior border of muscle belly is isolated, preserving as much of tendinous 
insertion as possible. B f Tendon grafts are laced into distal end of posterior deltoid muscle belly and triceps aponeurosis. C f Fascia lata 
can be used, as is done here, instead of tendon grafts. Direct insertion into olecranon through bone tunnel also can be done with 
either type of graft. SEE TECHNIQUE 71-20. 
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■ FOREARM PRONATION 

Patients with group 3 function (transférable brachioradialis, 
extensor carpi radialis longus and brevis) or lower lack active 
forearm pronation. Résultant fixed or dynamic supination 
deformities prohibit the hand from being placed in a position 
necessary for a variety of functions. This deformity should be 
corrected before réhabilitation of the hand. Rerouting the 
biceps tendon around the latéral aspect of the proximal radius 
converts the biceps muscle into a pronator. Zancolli also 
recommended release of the interosseous membrane when 
the supination deformities are fixed (Fig. 71-38). 

■ WRIST EXTENSION 

In group 1 patients (transférable brachioradialis only), wrist 
extension can be accomplished by transferring the brachio¬ 
radialis into the extensor carpi radialis brevis tendon. Transfer 
into the extensor carpi radialis longus produces more radial 
déviation. Transfer into the extensor carpi ulnaris is not 
advised because this muscle acts as a wrist extensor only 
when the wrist is in supination. Elbow extension must be 
présent or reconstructed to stabilize the elbow against the 
significant flexion moment of the brachioradialis, or the 
transfer power would be reduced significantly. Procedures for 
wrist extension commonly are combined with other proce¬ 
dures, such as elbow extension and tenodesis procedures for 
key pinch. Only when the brachioradialis muscle has grade 4 
power can it be transferred to provide wrist extension. The 
power of the brachioradialis can be graded by palpation over 
the muscle mass against resisted elbow flexion with the 
forearm in neutral. 


TRANSFER OF THE BRACHIORADIALIS 
TO THE EXTENSOR CARPI RADIALIS 
BREVIS 


TECHNIQUE 71-21 


• Make a longitudinal incision 8 to 10 cm long dorsally 
along the radial aspect of the forearm. 

•Carefully identify the dorsal sensory branch of the radial 
nerve and protect it during the mobilization of the bra¬ 
chioradialis. Proximal mobilization of the brachioradialis 
enhances the excursion and is safe because the nerve 
supply is proximal. 

• Identify the extensor carpi radialis brevis tendon insertion 
into the third metacarpal base and pass the tendon of 
the brachioradialis through this tendon several times. 

• Place tension on the tendon and temporarily suture it to 
check for full wrist flexion without undue tension or laxity 
of the transferred unit (Fig. 71-39). Suture the brachiora¬ 
dialis into place using nonabsorbable braided suture. 

POSTOPERATIVE CARE. A plaster splint is worn for 4 
weeks, and then active range-of-motion exercises are 
begun. Splinting is continued between exercises and at 
night for 8 to 12 months. 



Rerouting of distal end of biceps and release of 
interosseous membrane for fixed supination deformity. (Redrawn 
from Zancolli EA: Structural and dynamic bases of hand surgery, Phila¬ 
delphia, Lippincott, 1978.) 



Restoration of wrist extension and key pinch 
when brachioradialis is only remaining functioning muscle unit, 
as recommended by Moberg. SEE TECHNIQUE 71-21. 


■ KEY PINCH 

Key, or latéral, pinch is more désirable and easier to achieve 
than chuckjaw pinch (three-fingered palmar pinch). Key 
pinch should be restored in ail tétraplégie patients who hâve 
grade 4 or better wrist extensor motor power; at least 75% of 
ail tétraplégie patients may be candidates for a key pinch 
procedure. Other prerequisites for the transfer include suffi- 
cient sensibility and thumb mobility. If ocular input is relied 
on, only one hand should be restored; however, if two-point 
discrimination is less than 12 to 15 mm, both hands should 
be reconstructed. 

If no motors are expendable for active transfer, several 
well-designed tenodeses are available for accomplishing key 
pinch. The Moberg key grip procedure is the precursor of and 
the simplest of ail thumb flexion tenodesis procedures. The 
flexor pollicis longus tendon is tenodesed to the distal radius 
so that on wrist extension the volar pulp of the thumb strongly 
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Modification of Moberg operation to create 
"simple hand grip" (see text). FPL, Flexor pollicis longus. SEE 

TECHNIQUE 71-22. 


contacts the radial side of the index finger. Tins may require 
stabilization procedures of the thumb interphalangeal and 
metacarpophalangeal joints. Moberg released the Al pulley 
to increase the torque at the metacarpophalangeal joint by the 
subluxed flexor pollicis longus tendon. 

Brand modified the Moberg key grip procedure by leaving 
the Al pulley of the thumb metacarpophalangeal joint intact 
and routing the tendon across the palm, beneath the flexor 
tendons, and through the Guyon canal before tenodesing it 
to the distal radius. The line of pull is better with this tech¬ 
nique, and bowstringing of the tendon is prevented (Fig. 
71-40). Bruner described a “winch” tenodesis for thumb 
flexion based on préservation of active forearm supination. 
The flexor pollicis longus tendon is routed around the distal 
ulna and is anchored to its dorsal aspect through a drill hole. 
During supination, the anchored tendon flexes the thumb 
(Fig. 71-41). 


MOBERG KEY GRIP TENODESIS 


TECHNIQUE 71-22 


• Expose the musculotendinous junction of the flexor pol¬ 
licis longus through a volar approach and divide the 
tendon at this level. Expose the distal end of the radius 
by subperiosteal dissection of the pronator quadratus in 
a radial-to-ulnar direction. 

• Drill two holes in the volar cortex of the distal radius 
transverse to its longitudinal axis. The holes should be 
large enough to allow passage of the free flexor pollicis 
longus tendon. 

• Connect the drill holes with a curved curet or power burr. 
Carefully round the edges of the cortical bone to prevent 
tendon attrition. 



Flexor 

pollicis 

longus 


FIGURE 


^ Bruner "winch" operation: temporary arthrod- 


esis of interphalangeal joint and tenodesis of flexor pollicis longus 
against dorsal aspect of ulna. (Redrawn from Ejeskàr A: Upper limb 


surgical réhabilitation in high-level tetraplegia, Hand Clin 4:585, 1988.) 


• Make a 2-cm incision over the Al pulley and, after pro- 
tecting the digital nerves, release the pulley. 

• Deliver the flexor pollicis longus tendon into the wound. 
Stabilize the thumb interphalangeal joint in neutral posi¬ 
tion with a Kirschner wire (see Fig. 71-40). 

• Make a 6-cm dorsal longitudinal incision centered over 
the thumb metacarpophalangeal joint. Open the hood of 
the dorsal apparatus in the line of the skin incision. After 
subperiosteal exposure, make several pairs of holes in 
the dorsal cortex of the thumb metacarpal. Tenodese the 
dorsal hood with sutures passed through them with the 
metacarpophalangeal joint in approximately 20 degrees 
of flexion. 

• Adjust tension so that during full passive wrist extension 
the thumb firmly contacts the side of the index finger. 
When the proper tension has been obtained, secure the 
flexor pollicis longus tendon with multiple interrupted, 
nonabsorbable sutures. 

POSTOPERATIVE CARE. The transfer is protected with 
a splint for 4 weeks in neutral position with the thumb 
tip under the index finger middle phalanx. Splint protec¬ 
tion is continued for 8 more weeks. When transfer of the 
brachioradialis to the extensor carpi radialis brevis is 
combined with this procedure, the wrist is kept in slight 
extension to lessen the tension on the active transfer. 
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Retained active wrist extension, as in group 2 or better 
patients, provides active transfer potential for thumb flexion 
and perhaps grasp. Increased pinch force of about 4 pounds 
has been reported, roughly équivalent to that obtained with 
the D or rance prosthetic hook, as well as excellent excursion 
of the brachioradialis muscle, strength, and voluntary activa¬ 
tion. An electromyographic study demonstrated that the 
brachioradialis muscle assumes the electrical synchrony of 
the paralyzed flexor pollicis longus after transfer. In normal 
subjects, the brachioradialis is electrically silent during latéral 
pinch and the triceps and flexor pollicis longus hâve syner- 
gistic activity. Patients who had a posterior deltoid-to-triceps 
transfer, in addition to brachioradialis-to-flexor pollicis 
longus transfer, showed a pattern of synergistic electrical 
activity similar to that of normal subjects with similar tasks 
of thumb flexion and elbow extension. If wrist extensor 
torque is good (>10 foot-lb), the brachioradialis transfer for 
thumb flexion is preferred; if wrist torque is less, wrist exten¬ 
sion should be augmented by the brachioradialis and thumb 
flexion should be augmented by tenodesis. 

House et al. reported a one-stage key pinch and release 
procedure in 18 patients (21 hands) with an average follow-up 
of 42 months. This procedure included carpometacarpal joint 
fusion, extensor pollicis longus tenodesis to the distal radius, 
and transfer of the brachioradialis to the flexor pollicis longus. 
Key pinch, which was nonmeasurable before surgery, 
increased to 3.3 kg and improved the activities of daily living 
(Fig. 71-42). 

Patients in groups 4 and 5 constitute a large percentage 
of patients undergoing reconstructive efforts, and systematic 
programs hâve been developed to treat these patients. The 
two most popular reconstructions are the House two-stage 
procedure and the Zancolli two-step procedure. These proce¬ 
dures aim to restore grasp, key pinch, and release. They differ 


in that the Zancolli technique actively restores finger exten¬ 
sion and the House procedure adds an adduction-opposition 
transfer to the thumb. 


TWO-STAGE RECONSTRUCTION 
TO RESTORE DIGITAL FLEXION 
AND KEY PINCH 

House et al. described a two-stage procedure for recon¬ 
struction of digital flexion and key pinch in patients who 
hâve at least strong wrist extension and a functioning 
pronator teres (group 4 or better function). The procedure 
is divided into flexor and extensor phases; the extensor 
phase is performed first. Digital flexion is accomplished by 
transferring the extensor carpi radialis longus to the flexor 
digitorum profundus. Adduction and opposition of the 
thumb are obtained by transfer of the brachioradialis to the 
thumb where the flexor digitorum sublimis of the ring 
finger is used as an in situ graft. Key pinch and grasp 
strength can be enhanced by an active transfer into the 
flexor pollicis longus using the pronator teres, the extensor 
or flexor carpi ulnaris, or the brachioradialis. The release 
phase of the reconstruction consists of intrinsic and extrinsic 
extensor tenodeses; however, if sufficient motors are avail- 
able, active extension of the thumb and fingers is possible. 
The thumb carpometacarpal joint is stabilized by either 
fusion of that joint or tenodesis of the abductor pollicis 
longus. 

House and Shannon compared the results of two 
modifications of this reconstruction. The procedures dif- 
fered in the method of thumb control, intrinsic balance, 
and whether active extension was used. Qualitative différ¬ 
ences between the two methods indicated that thumb 



One-stage key pinch and release procedure (dorsal and latéral views). Thumb is prepositioned for latéral pinch by 
arthrodesis of trapezium-first metacarpophalangeal joint in 20 to 25 degrees of extension, 40 to 45 degrees of abduction, and slight 
pronation. Extensor pollicis longus (EPL) is fixed to Lister tubercle of distal radius by tenodesis. Brachioradialis (BR) or extensor carpi 
radialis longus (ECRL) is mobilized into proximal forearm and transferred to flexor pollicis longus distally. (Redrawn from House JH, 
Comadoll J, Dahl AL: One-stage key pinch and release with thumb carpometacarpal fusion in tetraplegia, J Hand Surg 17A:530, 1992.) 
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carpometacarpal fusion allowed the hand better fine motor 
control, whereas the thumb adduction-opposition method 
afforded the ability to grasp larger objects. Both methods 
achieved good grasp and latéral pinch. Thumb adduction- 
opposition transfer produced slightly greater latéral pinch, 
and the thumb carpometacarpal arthrodesis provided 
slightly stronger grasp. Patients were pleased with having 
each hand reconstructed differently because they were able 
to use them for different tasks. 


TECHNIQUE 71-23 


STAGE 1—EXTENSOR PHASE 

• Make an 8-cm incision along the dorsal aspect of the 
distal forearm beginning just distal to the Lister tubercle. 
Curve the incision gently to the radial side of the forearm 
if an active transfer is chosen; otherwise, make a straight 
incision for the tenodesis. 

•Carefully protect the dorsal sensory branch of the radial 
nerve emerging beneath the brachioradialis radially and 
identify the extensor pollicis longus tendon ulnar and 
distal to the tubercle of Lister and the tendons of the 
extensor digitorum communis in the fourth dorsal 
compartment. 

• Perform an extensor tenodesis by anchoring the tendons 
of the abductor pollicis longus, the extensor pollicis 
longus, and the extensor digitorum communis to the 
dorsum of the distal radius through two well-rounded 
holes. The holes should be several centimeters proximal 
to the radiocarpal joint for the extensor digitorum com¬ 
munis tendons and 2 cm proximal for the abductor pollicis 
longus and extensor pollicis longus tendons. Make tunnels 
into the proximal radius with a curet to accommodate the 
free ends of the tendons to be tenodesed. 

• Make two suture holes proximal to the previously pre- 
pared holes with a 0.035-inch Kirschner wire (Fig. 
71-43 A). Remove the abductor pollicis longus and exten¬ 
sor pollicis longus tendons from the first dorsal compart¬ 
ment, and transpose them ulnarward. 

• Suture the extensordigitorum communistendonstogether 
under tension so that retraction of the single sutured 
tendon permits synchronous extension of the fingers. 

• Likewise, suture the abductor pollicis longus and extensor 
pollicis longus tendons together to form a single tendon 
unit to be fixed to the distal radius. 

• With the wrist in approximately 40 degrees of flexion, 
place tension on the proximal end of the divided extensor 
digitorum communis tendon so that the metacarpopha- 
langeal joints are in full extension. Weave a heavy non- 
absorbable suture into the tendon and deliver the free 
suture ends through the suture holes. Pull the sutures 
firmly and check the tenodesis; full metacarpophalangeal 
extension should be achieved when the wrist is flexed to 
40 degrees, and full passive flexion of the fingers should 
be obtained when the wrist is extended 40 degrees. 

• In the same fashion, fix the rerouted abductor pollicis 
longus and extensor pollicis longus tendons so that with 
40 degrees of wrist flexion the thumb interphalangeal 
joint is extended to 0 degrees and the thumb metacarpal 
is in the plane of the hand and radially abducted 30 to 
40 degrees. 



pollicis 



House two-stage technique for reconstruction 
of digital flexion and key pinch. A f Stage 1 (extensor phase). 
B, Stage 2 (flexor phase). (Redrawn from Plouse JH, Comadoll J, Dahl 
AL: One-stage key pinch and release with thumb carpometacarpal 
fusion in tetraplegia, J Hand Surg 17A:530, 1992.) SEE TECHNIQUE 
71-23. 


• After checking the tenodesis, ensure that with wrist 
extension the thumb has acceptable passive motion for 
the second stage of the transfer. 

• Intrinsic tenodesis can be achieved by transfer into either 
the A2 pulley or the dorsal apparatus. House et al. 
described a procedure in which a free tendon graft is 
sutured into the central slip and latéral tendon of the 
extensor apparatus and is taken through the lumbrical 
canals and around the dorsum of the metacarpal necks 
of the index and middle fingers. This forms in effect an 
"oblique retinacular ligament" so that when the proximal 
interphalangeal joint is flexed there is concomitant meta¬ 
carpophalangeal flexion. It also prevents metacarpopha¬ 
langeal hyperextension (Fig. 71-43B). 

POSTOPERATIVE CARE. The wrist is held in 40 to 45 
degrees of extension, the thumb and the metacarpopha¬ 
langeal joints in 40 degrees of flexion, and the interpha¬ 
langeal joints in extension for 4 weeks; then active and 
passive motion is begun. If a thumb carpometacarpal 
joint arthrodesis was performed, the thumb is protected 
until fusion is obtained. 


TECHNIQUE 71-24 


STAGE 2—FLEXOR PHASE 

• The flexor phase of reconstruction (Fig. 71-44) is per¬ 
formed 2 to 6 months after the extensor phase. Access 
to the extensor carpi radialis longus and pronator teres 
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Flexor digitorum 
profundus muscle 


Pronator 
teres muscle 


FIGURE 


House two-stage technique for reconstruction 


of digital flexion and key pinch-stage 2 (flexor phase). Extensor 
carpi radialis longus is transferred to flexor digitorum profundus, 
and pronator teres is transferred to flexor pollicis longus. SEE 


TECHNIQUE 71-24. 


for transfer into the flexor digitorum profundus and flexor 
pollicis longus requires three incisions. 

• Make a volar longitudinal incision extending from the 
proximal wrist flexion crease just radial to the flexor carpi 
radialis tendon to the midshaft of the radius. Isolate the 
flexor pollicis longus, the pronator teres, and the flexor 
digitorum profundus tendons proximal to their musculo- 
tendinous junctions. 

• Divide the extensor carpi radialis longus at its insertion 
into the base of the second metacarpal through a short 
transverse incision. Withdraw this tendon proximal to 
the abductor pollicis longus tendon in the midthird of the 
forearm using the proximal limb of the incision from the 
extensor phase of the reconstruction. 

• Free the extensor carpi radialis longus tendon from its 
attachments so that free excursion is possible. 

• Remove the pronator teres tendon from the shaft of the 
radius with a strip of its periosteal attachment. 

• Weave the transfers together with the pronator teres to 
the flexor pollicis longus and the extensor carpi radialis 
longus to the flexor digitorum profundus. 

•Adjust tension so that the thumb rests against the side 
of the index finger when the wrist is in 30 degrees of 
extension. The extensor carpi radialis longus-flexor digi¬ 
torum profundus tension should allow reasonable syn- 
chronous finger flexion when the wrist is in 40 degrees 
of extension. 

• The brachioradialis can be used as an opponens adduc- 
torplasty if it was not used in the extensor phase. This 
procedure is essentially the same as the Royle-Thompson 
transfer (see Technique 71-9). 


• Harvest the ring finger sublimis tendon as for the Zancolli 
lasso procedure (Fig. 71-48). Bring the sublimis tendon 
out through a small incision at the distal-ulnar margin of 
the transverse carpal ligament. 

• Tunnel the flexor digitorum sublimis tendon with its two 
slips across the palm to the metacarpophalangeal région 
of the thumb. Suture one slip into the extensor pollicis 
longus distal to the metacarpophalangeal joint and the 
other into the adductor tendon. Weave the free end of 
the brachioradialis into the intact ring flexor digitorum 
sublimis so that when the wrist is in neutral position, the 
thumb rests against the side of the index finger. 

POSTOPERATIVE CARE. The wrist is immobilized in 25 
degrees of extension; the metacarpophalangeal joints, in 
flexion; and the interphalangeal joints, in extension. At 3 
weeks, active and passive range-of-motion exercises and 
muscle rééducation are begun. The transfers should be 
protected for 3 months. 


ZANCOLLI RECONSTRUCTION 

Zancolli described a two-step technique for reconstruction 
in patients with C6 level function. The first step provides 
finger and thumb extension, and the second provides 
grasp. An accessory radial wrist extensor should be sought 
in the first step of the reconstruction because it may be 
helpful in the second step. In the first step, the thumb is 
stabilized by arthrodesis of the carpometacarpal joint or 
capsuloplasty of the metacarpophalangeal joint. The bra¬ 
chioradialis is transferred to the extensor digitorum 
communis and extensor pollicis longus. If the metacarpo¬ 
phalangeal joints tend to hyperextend, this is corrected by 
the Zancolli lasso procedure (see Fig. 71-48). If the flexor 
carpi radialis is nonfunctioning, the pronator teres is trans¬ 
ferred to obtain wrist flexion. 


TECHNIQUE 71-25 


FIRST STEP 

• Fuse the carpometacarpal joint in 45 degrees of palmar 
abduction and 20 degrees of radial abduction. Fix the 
fusion with two crossed Kirschner wires and with a third 
wire fix the relationship between the first and second 
metacarpals (Fig. 71-45B). 

• If the metacarpophalangeal joint hyperextends, perform 
a volar plate capsuloplasty by suturing the volar plate and 
its radial sesamoid to the neck of the metacarpal (Fig. 
71-45C). 

• Transfer the brachioradialis into the extensor pollicis 
longus and extensor digitorum communis through a long 
curved radial incision (Fig. 71-45A). Adhesions at the 
graft site can be minimized by excising a portion of the 
proximal aspect of the dorsal carpal ligament and by 
placing the sutures as far proximal as possible. 

• Keep the elbow at 60 degrees of flexion and use slightly 
more tension on the extensor digitorum communis than 
on the extensor pollicis longus (Fig. 71-46). The tension 
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FIGURE 


Zancolli two-step technique for reconstruction in patients with C6 level function (see text). A f Incisions required. 


B f Thumb fusion is fixed with three Kirschner wires. C f For hyperextension, volar plate capsuloplasty is performed. (Redrawn from Zancolli 
EA: Surgery for the quadriplegic hand with active, strong wrist extension preserved: a study of 97 cases, Clin Orthop Relat Res 112:101, 1975.) SEE 


TECHNIQUE 71-25. 



at this stage, but it is often combined with the second 
step. 

POSTOPERATIVE CARE. The hand and elbow are 
immobilized for 4 weeks, after which the thumb fusion 
is protected with a splint for another 4 weeks. Muscle 
rééducation is begun by encouraging active metacarpo- 
phalangeal extension by elbow flexion. Passive finger 
flexion is necessary to prevent extension contractures. 
Figure 71-45 

Four to six months after the first step, the hand is 
ready for the second step of the reconstruction. This step 
provides finger flexion and active thumb flexion. 


More tension is applied to extensor digitorum 
communis than to extensor pollicis longus because elbow exten¬ 
sion reduces tension on extensor digitorum communis. (Redrawn 
from Zancolli EA: Surgery for the quadriplegic hand with active, strong 
wrist extension preserved: a study of 97 cases, Clin Orthop Relat Res 
112:101, 1975.) SEE TECHNIQUE 71-25. 


S is correct when full passive finger flexion can be obtained 
with maximal wrist extension and the elbow at 60 degrees 
of flexion. Passive wrist flexion should fully extend the 
metacarpophalangeal joints and the interphalangeal joint 
of the thumb. The intrinsic tenodesis can be performed 


TECHNIQUE 71-26 


SECOND STEP 

• Transfer the extensor carpi radialis longus into the flexor 
digitorum profundus with slightly more tension applied 
to the more ulnar digits. The details are the same as in 
the House reconstruction (see Technique 71-23). 

• The flexor pollicis longus can be activated by one of 
several methods. Zancolli's choice is the supernumerary 
radial wrist extensor (extensor carpi radialis tertius), which 
should be sought in the first step of the reconstruction. 
This is a synergistic transfer and allows independent 
control of thumb flexion (Fig. 71-47 A). 
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Extensor carpi radialis brevis 



A f When both radial wrist extensors are active, extensor carpi radialis longus can be used to help provide finger 
flexion; thumb flexion may benefit from transfer of active extensor carpi radialis tertius when présent (see text). B, Key pinch is obtained 
with wrist extension by active extensor carpi radialis brevis with tenodesis to flexor pollicis longus. To achieve correct tension, with 
wrist in complété passive extension, flexor pollicis longus tendon is sutured to extensor carpi radialis when pinching is produced. C, 
With passive wrist flexion, pinch is released. (Redrawn from Zancolli EA: Surgery for the quadriplegic hand with active, strong wrist extension 
preserved: a study of 97 cases, Clin Orthop Relat Res 112:101, 1975.) SEE TECHNIQUE 71-26. 



Zancolli lasso operation. Sublimis tendon is eut distally and turned proximally and sutured to itself and to Al ligament 
with tension to prevent hyperextension of metacarpophalangeal joint. (Redrawn from Ejeskar A: Upper limb surgical réhabilitation in high-level 
tetraplegia, Hand Clin 4:585, 1988.) SEE TECHNIQUE 71-26. 


• If this muscle is absent, side-to-side suturing of the exten¬ 
sor carpi radialis brevis with the flexor pollicis longus can 
be done. Thumb flexion occurs with wrist extension, and, 
conversely, thumb extension occurs with wrist flexion (Fig. 
71-47B and C). Tension is set so that with complété 
passive wrist extension the thumb firmly rests against the 
index finger. 

• A third option is passive tenodesis to the volar aspect of 
the distal radius, as in the Moberg key grip technique (see 

Technique 71-22). 

• The Zancolli lasso procedure for intrinsic tenodesis can 
be added at this step. Tenodese the paralyzed sublimis 


tendons through a transverse incision in the palm just 
proximal to the metacarpophalangeal joint flexion 
crease. Expose the flexor digitorum sublimis tendons 
and the Al and proximal A2 pulleys. Retract the flexor 
digitorum sublimis tendons into the wound with the 
proximal interphalangeal joints in maximal flexion and 
divide them as far distally as possible. Take the two slips 
of each sublimis tendon out through the distal margins 
of the Al pulleys and suture them back to themselves 
(Fig. 71-48). Adjust tension so that with the wrist in 40 
degrees of flexion the metacarpophalangeal joints 
extend to 0 degrees. 
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r TABLE 71-4 

Summary of Surgical Reconstruction Options in Tetraplegia According to the International Classification 
Scheme 

GROUP 

LOWEST MUSCLE GRADE 4 OR BETTER 
BELOW ELBOW 

SURGICAL RECONSTRUCTION OPTIONS 

0 

0 

Elbow extension (Moberg) 

1 

BR 

Elbow extension; key grip 

2 

ECRL 

Elbow extension, key grip 

3 

ECRB 

Zancolli two-stage 

Key grip 

BR-thumb adductor 

ECRL-FDP 

4 

Pronator teres 

Zancolli two-stage 

5 

Flexor carpi radialis 

Zancolli two-stage 

6 

Finger extensors 

Modified House (suture EPL to EDC side-to-side for thumb extension) 

7 

Thumb extensor 

House two-stage 

8 

Partial finger flexors 

Zancolli two-stage 

9 

Lacks only intrinsic 

Opponens transfer 

X 

Exceptions 



(Modified from Lamb DW: The paralysed hand: the hand and upper limb, vol 2, Edinburgh, Churchill Livingstone, 1987.) 

BR, Brachioradialis; ECRB, extensor carpi radialis brevis; ECRL, extensor carpi radialis longus; EDC, extensor digitorum communis; EPL, extensor pollicis longus; FDP, 
flexor digitorum profundus. 


POSTOPERATIVE CARE. The arm is immobilized for 4 
weeks in a long arm splint, as in step 1, but with the wrist 
in neutral, the thumb between the index and middle 
fingers, and the fingers gently flexed. Active and passive 
exercises are begun with muscle rééducation. The trans¬ 
fers are protected from heavy use for 3 months. 


Surgery in tétraplégie patients in higher groups is easier 
because more function is retained. The previously outlined 
procedures can be incorporated into the management of 
these patients. Table 71-4 summarizes the classification 
scheme, with the surgical procedures of choice according to 
McDowell et al. S orne patients do not fall neatly into groups 
0 through 9 and a surgical plan must be tailored for them. 
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Cérébral palsy is a nonprogressive, nonhereditary encepha- 
lopathy that occurs in the prénatal or périnatal period and 
is characterized by altered motor, sensory, and, often, intel- 
lectual function. It occurs in the industrialized world with 
an approximate annual frequency of two per 1000 live births. 
It can be classified as pyramidal, which includes spastic 
hemiplegia, diplegia, paraplegia, and quadriplegia, or as 
extrapyramidal, which includes athetoid and ataxie patterns. 
A mixed variety also occurs with spasticity and athetosis (see 
Chapter 33). Hand function is impaired to some extent in 
ail types except possibly spastic paraplegia, with the most 
common deformities being shoulder adduction, internai 
rotation, elbow flexion, forearm pronation, wrist and finger 
flexion, thumb-in-palm, and swan-neck deformities (Fig. 
72-1). Many surgical procedures hâve been performed in an 
attempt to correct these deformities. Earlier results were 
unpredictable and disappointing, primarily because of inap- 
propriate patient sélection. The extensive works of Green, 
Goldner, Swanson, Zancolli et al., and Hoffer et al. hâve 
proved certain principles in the évaluation and management 
of the cérébral palsied hand. 

PATIENT EVALUATION 

Careful, repeated évaluations, often over a considérable 
length of time, are required before surgery can be advised or 
discouraged. Important information includes any birth or 
périnatal medical problems, achievement of developmental 
milestones, and especially the degree with which the child has 
previously used the hand. If the hand is completely ignored 
by the child, it is doubtful that function would be restored or 
improved with surgery. The early development of handedness 
may be especially helpful because it is uncommon before the 
âge of 3 years and may represent some degree of particular 
weakness or incoordination in the less preferred extremity. 
The particular cérébral lésion should be identified and char¬ 
acterized as pyramidal with associated spasticity or extrapy¬ 
ramidal because children with athetoid patterns are not 
surgical candidates. The persistence of any infantile postural 
reflexes should be documented. Deformities should be clas¬ 
sified as static contractures (deformities that do not correct 
with compensatory positioning of muscle or joint) or dynamic 
deformities that are spastic and slowly correctable. Most 
children show dynamic deformities early in life; if leff 


untreated, these deformities may progress to static 
contractures. 

Muscle examination should détermine the degree of 
spasticity, strength, and coordination of each major muscle, 
with spécial attention given to the child’s ability to pinch, 
grasp, and release objects. The patient also should hâve suf- 
ficient proximal control of the extremity to place the hand 
voluntarily on top of the head and then on the opposite knee 
within 5 to 10 seconds. If a child does not show this degree 
of control, it is doubtful that he or she would use the extrem¬ 
ity enough to justify reconstruction. 

The sensibility pattern of the hand should be determined. 
Although most patients hâve intact epicritic sensation (the 
ability to discern pinprick, heat, and cold), about half hâve 
impaired sensibility, with diminished two-point discrimina¬ 
tion, stereognosis, and proprioception. Because sensibility in 
the hand is so important in determining the prognosis affer 
surgery, its status should be evaluated as accurately as possible 
before surgery. An indication may be gained by observing 
whether the hand is used or ignored; unless motor coordina¬ 
tion is extremely poor, an ignored hand probably indicates 
the absence of sensibility. Further évaluation requires com¬ 
munication with the child, and this usually is impossible 
before 4 years of âge. A cursory examination can be done 
by asking a blindfolded child to differentiate between a sphere 
and a cube or to indicate the position of the hand when 
the palm has been placed by the examiner facing upward 
or downward. A more detailed examination testing récogni¬ 
tion of blunt and sharp points, of familiar objects such as 
coins, and of différences in température also is valuable. 
Examination of the contralatéral extremity has been shown 
to be an important part of patient évaluation. Dexterity of the 
contralatéral extremity also can be affected in patients with 
hemiplegia and may require intervention to improve overall 
function. 

Further évaluation using dynamic electromyography may 
be helpful in determining which muscles are in phase with 
the function to be augmented and allow for appropriate 
donor muscle sélection. Affer évaluation, the childs function 
and deformity can be described according to several available 
classification Systems, including the House functional classi¬ 
fication and the Manual Ability Classification System (MACS) 
(Tables 72-1 and 72-2). Neuromuscular blocking agents, such 
as 1% lidocaine, 0.25% bupivacaine, and 45% éthanol, are 
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TABLE 72-1 


Functional Classification of House et al. 

LEVEL 

CATEGORY 

DESCRIPTION 

0 

Does not use 

Does not use 

1 

Poor passive assist 

Uses as stabilizing weight only 

2 

Fair passive assist 

Can hold object placed in hand 

3 

Good passive assist 

Can hold object and stabilize it for use by other hand 

4 

Poor active assist 

Can actively grasp object and hold it weakly 

5 

Fair active use 

Can actively grasp object and stabilize it well 

6 

Good active assist 

Can actively grasp object and manipulate it 

7 

Spontaneous use, partial 

Can perform bimanual activities and occasionally uses 
the hand spontaneously 

8 

Spontaneous use, complété 

Uses hand completely independently without 
reference to the other hand 


From Van Heest AE, House JH, Cariello C: Upper extremity surgical treatment of cérébral palsy, J Hand Surg 24A:323,1999. 


_ TABLE 72-2 

Summary of Manual Ability Classification System 


MACS LEVEL 

DESCRIPTION 

1 

Handles most objects easily and successfully 

II 

Flandles most objects with somewhat 
reduced quality or speed of achievement 

III 

Handles objects with difficulty; needs help 
to préparé or modify activities 

IV 

Handles a limited sélection of easily 
managed objects in adapted situations 

V 

Does not handle objects and has severely 
limited ability to perform even simple 
actions 


From Arner M, Eliasson AC, Nicklasson S, et al: Hand function in cérébral palsy: 
report of 367 children in a population-based longitudinal health care program, 
J Hand Surg 33A:1337, 2008. 



Typical upper extremity deformities in cérébral 
palsy: elbow flexion, forearm pronation, and wrist and finger 
flexion. 


helpful in assessing weaker muscle groups without the over- 
bearing effect of antagonist muscles and can assist in predict- 
ing surgical outcome after tendon lengthening or tenotomy. 

NONOPERATIVE MANAGEMENT 

Traditionally, early splinting has been used to prevent fixed 
contractures of the muscles and joints; however, many sur¬ 
geons hâve now abandoned this method because fixed con¬ 
tractures rarely occur in young children and because during 
sleep the upper extremity often is relaxed and supple, obviat- 
ing the need for night splinting. Daytime splinting is cumber- 
some and often is rejected by an active child. If splinting 
is necessary, a well-formed splint without pressure points 
should hold the wrist in as much extension as tolerated with 
the finger s in almost complété extension and the thumb out 
of the palm (Fig. 72-2). A functional orthosis that provides 
wrist extension and thumb abduction has been found to 
improve measured hand function. 

Hand therapy, although rarely successful in training a 
child to relax spastic muscles, strengthens weakened muscles 



FIGURE 


Splint for spastic hand. 


and Controls exaggerated reflexes. Therapy also is invaluable 
in providing support to the patient and family in dealing with 
the disorder, in evaluating patients for surgical procedures, 
and in postoperative recovery of functional activities. 

Electrical stimulation aimed at strengthening nonspastic 
but weak extensor compartment muscles may hâve a rôle in 
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nonoperative management. Previous reports hâve yielded 
conflicting results. Improvement has been reported with 
electrical stimulation and dynamic splinting; however, a 
lifelong application of the program is necessary. 

Interest in the use of botulinum type A toxin in the 
treatment of cérébral palsy has increased. Decreasing spastic- 
ity should help to improve control of movement patterns 
through a combination of lengthening muscle groups, 
improving posture, and strengthening antagonistic muscles. 
Several studies hâve shown promising short-term results. 
In a randomized, double-blind, placebo-controlled study, 
Koman et al. demonstrated that children receiving multiple 
botulinum toxin A (BoNT-A) injection developed significant 
short-term improvements in upper extremity function 
without complications. Long-term follow-up studies need 
to be conducted, however, to détermine if there is any long- 
term functional improvement or any possible résistance or 
allergie complications. Dramatic improvement has been 
shown but results are temporary (6 to 9 months). The most 
common reasons for failure are fixed joint contractures, 
absence of sélective motor control in antagonist muscles, 


sensory impairment, and learned nonuse. In a smaller ran¬ 
domized, controlled study, patients treated with BoNT- 
A injections in combination with occupational therapy 
showed improved function when compared with occupa¬ 
tional therapy alone. 

OPERATIVE MANAGEMENT 

GOALS 

The goals of operative treatment in a child with cérébral palsy 
should be spécifie and should be aimed at providing useful 
grasp and release and acceptable hygiene (Fig. 72-3). Some- 
times improving the appearance of the hand by correcting an 
unsightly contracture may be a modest goal as well. Fine 
manipulation rarely is improved by surgery, and normal hand 
function is an unrealistic goal. Grasp and release are possible 
only in children who hâve at least sufficient sensibility to 
allow an awareness of the extremity. Stereognosis has been 
shown to improve with postoperative gains in motor function 
and functional use of the upper extremity. Undercorrection 



A to C f Preoperative flexion and pronation contracture. Thumb-in-palm deformity and weak wrist extension. D f After 
fractional lengthening, flexor carpi ulnaris-to-extensor carpi radialis longus transfer, and thumb-in-palm reconstruction, wrist extension 
and pinch are possible. 
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rather than overcorrection of the deformity or dysfunction is 
always preferred. 

PRINCIPLES 

The idéal candidate for surgery is a spastic hémiplégie who is 
cooperative, intelligent, motivated to participate with postop- 
erative réhabilitation protocol, and who has a pattern of grasp 
and release so functional that the hand is already useful to 
some extent; the hand should be reasonably sensitive, and the 
patient should be between 5 and 25 years old. In contrast, a 
poor candidate for surgery is a patient who is severely retarded 
mentally and who has definite athetosis in the extremity, a 
hand that has developed joint contractures and is insensitive, 
a wrist that passively cannot be brought to neutral, and fingers 
that cannot be extended even when the wrist is flexed. Chil- 
dren with spastic diplegia rarely hâve sufficient upper extrem¬ 
ity spasticity to warrant surgery, and children with spastic 
quadriplegia or total body involvement hâve too little volun- 
tary control to benefit from surgery aimed at improving grasp 
and release; however, they may benefit from surgery that 
improves hygiene. 

Surgical options include myotomy, tenotomy, tendon 
lengthening, tendon transfer, tenodesis, capsulotomy, exci- 
sional arthroplasty, and arthrodesis. Tendon lengthening 
requires no particular compliance and can be performed in 
spastic and athetoid patients. It weakens the muscle and 
diminishes its excursion and stretch reflex, which subse- 
quently diminishes spasticity, allowing antagonistic muscles 
to influence function to a greater extent. Tendon transfers 
require some postoperative compliance, should be synergis- 
tic, cannot overcome fixed deformity, and are not reliable in 
athetoid patients. Arthrodesis is useful in stabilizing the 
thumb metacarpophalangeal joint during reconstruction of a 
thumb-in-palm deformity and in correcting fixed flexion 
deformities of the wrist when sacrifice of its “windlass” effect 
is believed justifiable. 

As to when the various types of operations may be indi- 
cated, myotomies are likely to be effective at the earliest âge, 
tendon transfers later, and arthrodèses even later. Soff-tissue 
operations to correct flexion deformity of the wrist and pro- 
nation deformity of the forearm are probably indicated earli¬ 
est. As a rule, indicated surgery usually is carried out at 4 to 
8 years of âge and ideally before significant contractures 
develop. 

One study found that patients who had poor voluntary 
motor control had less improvement affer surgery than 
patients with fair-to-good voluntary control. This was the 
only prédiction of outcome affer surgical intervention. 

PRONATION CONTRACTURE OF THE 
FOREARM 

Pronation deformity of the forearm is common and disabling 
in children with cérébral palsy and is caused by spasticity of 
the pronator teres and, at times, of the pronator quadratus. It 
can be aggravated by lengthening of the biceps tendon for 
elbow flexion contracture, and it can be improved by simple 
tenotomy of the insertion of the pronator teres. If the patient 
lacks supination just short of neutral and the pronator is 
contracted and fires out of phase with supination, then a 
simple pronator teres tenotomy is idéal. A pronation contrac¬ 
ture also may be aggravated by a contracted biceps 


aponeurosis, and division of this structure may improve 
supination. Supination also can be improved by transfer of 
the flexor carpi ulnaris around the ulnar side of the forearm 
during augmentation of the extensor digitorum communis or 
the extensor carpi radialis brevis. However, overcorrection 
with supination contracture can occur postoperatively if the 
procedure is combined with a pronator teres release or trans¬ 
fer. Sakellarides et al. devised an operation principally to 
correct pronation contracture of the forearm. According to 
them, transferring the pronator teres tendon produces better 
correction than any other transfer. This method corrects one 
deforming force while providing a force for supination. The 
tendon is released, rerouted around the radius, and inserted 
into the bone. In their sériés of 22 patients so treated, 82% 
gained an average of 46 degrees of active supination. Bunata 
found similar improvement in 31 patients, with the average 
active supination improving 65 degrees and the average 
dynamic positioning changing from 26 degrees to 7 degrees. 
The indication for surgery was a pronation positioning of 25 
degrees or greater because this prevented the child from 
grasping a cup full of water. Ozkan et al. described a brachio- 
radialis rerouting procedure in combination with a pronator 
teres and quadratus release in a small sériés of patients with 
an average gain of 81 degrees of supination and no overcor¬ 
rection. Gschwind and Tonkin classified pronation deformi¬ 
ties into four groups to help guide surgical recommendations 
(Table 72-3). One should also note that transfer of the flexor 
carpi ulnaris to extensor carpi radialis will add to the supina¬ 
tion moment and should be taken into considération when 
contemplating pronator teres release versus rerouting. 


_ TABLE 72-3 M ‘*4 

Gschwind Classification of Pronation Deformities 
as a Guide to Surgical Recommendations 


CLASSIFICATION 

(GROUP) 

PRONATION 

DEFORMITY 

SURGICAL 

RECOMMENDATION 

1 

Active supination 
beyond neutral 

No spécifie surgery 

2 

Active supination 
to or less than 
neutral 

Pronator quadratus 
release with or 
without a flexor 
aponeurotic 
release 

3 

No active 
supination, yet 
free passive 
supination 

Pronator teres 

rerouting 

procedure 

4 

No active 
supination and 
only limited 
passive 
supination 

Pronator quadratus 
release and a 
flexor aponeurotic 
release* 


*lf after release no active supination is possible, a pronator teres rerouting may 
be added. Gschwind et al. caution against performing a pronator teres transfer 
at the same time as a pronator quadratus release because an undesirable supina¬ 
tion deformity may ensue. 
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TRANSFER OF THE PRONATOR TERES 


TECHNIQUE 72-1 


■ Make a zigzag, curvilinear, or straight longitudinal incision 
over the anterior and radial aspects of the midforearm 
centered over the insertion of the pronator teres (Fig. 
72-4A). 

■ Protect the latéral cutaneous nerve of the forearm and 
the superficial radial nerve. 

■ Identify and develop the interval between the brachiora- 
dialis and extensor carpi radialis longus. 

■ Identify the oblique fibers that insert into bone at the 
musculotendinous insertion of the pronator teres (Fig. 
72-4B). Use sharp dissection to detach the insertion of 
the pronator teres, along with an attached strip of peri- 
osteum (Fig. 72-4C). Mobilize the muscle extraperioste- 
ally, well proximal in the forearm. 

■ Free the interosseous membrane from the radius as far 
as necessary to gain maximal passive supination. 

■ Pass a right-angle clamp from the dorsolateral aspect of 
the radius through the interosseous membrane and use 
it to transfer the pronator teres through the interosseous 
membrane in a volar-to-dorsolateral direction. 

■At the same level as the previous muscle insertion, drill 
an anchoring hole on the antérolatéral aspect of the 
radial cortex (Fig. 72-4D). Drill a smaller hole through the 
posteromedial part of the radius using a 1.6-mm Kirsch- 
ner wire. Enlarge the hole in the antérolatéral cortex to 
2.8 mm. 

■ Pass a suture with the tendon attached through the two 
holes from antérolatéral to posteromedial (Fig. 72-4E). In 
this manner, the tendon is introduced into the larger 
hole and is secured (Fig. 72-4F and G). Apply further stay 
sutures through the tendon as indicated. 

■ FHold the forearm in approximately 45 degrees of supina¬ 
tion and snug the tendon up to hold this position. Allow 
the brachioradialis to fall into place and close the 
incision. 

■Apply a long arm cast, maintaining the elbow in 45 
degrees of flexion and the forearm in 60 degrees of 
supination. Elevate the arm immediately after surgery. 

POSTOPERATIVE CARE. The sutures are removed at 2 
weeks, and a new long arm cast that maintains forearm 
supination is applied and is worn for another 4 weeks. 
Supination splinting at night is continued for 6 months. 


BRACHIORADIALIS REROUTING 


TECHNIQUE 72-2 


(OZKAN ET AL.) 

■ Make a longitudinal incision on the radial aspect of 
the forearm to provide access to the brachioradialis, 
pronator teres, and pronator quadratus muscles. If 


additional procedures, such as flexor tendon lengthening, 
are also being performed, make a curvilinear incision on 
the palmar surface of the forearm. 

■ Develop the skin flaps and retract. 

■ Using monopolar diathermy, release the pronator quadra¬ 
tus muscle from its radial attachment by cutting through 
its muscle belly. 

■ Isolate the pronator teres tendon and divide in a Z fashion 
for lengthening. 

■ Suture the tendon ends with the forearm in neutral posi¬ 
tion and without any tension within the tendon. It is 
crucial not to overlengthen this tendon so as to preserve 
pronator function and prevent supination deformity. 

■ Identify the superficial branch of the radial nerve and 
artery and retract in the distal forearm. 

■ Préparé the brachioradialis tendon and muscle for trans¬ 
fer, preserving its distal attachment. It is important 
that the muscle is completely freed from ail its fascial 
attachments because otherwise muscle excursion will be 
insufficient. 

■ Preserving the neurovascular structures of the muscle, the 
brachioradialis tendon is divided with a long Z-plasty to 
provide sufficient tendon length for rerouting (Fig. 72-5A). 

■ Pass the distal tendon end of the brachioradialis through 
a window created in the interosseous space volar to 
dorsal ulnar to radial direction just proximal to the prona¬ 
tor quadratus muscle (Fig. 72-5B). 

■ Retract the radial artery and pass the tendon deep to this 
to avoid compression. 

■ Suture the proximal and distal tendons to each other with 
a Pulvertaft weave with the elbow at 90 degrees of 
flexion. 

■ Keep the forearm in neutral during reattachment without 
any tension on the tendon ends. 

■Close the skin with absorbable sutures and apply an 
above-elbow plaster cast with the elbow in 90 degrees 
flexion and the forearm in neutral. Cast the wrist and 
fingers as necessary if additional procedures hâve been 
performed. 

POSTOPERATIVE CARE. The hand is elevated for 48 
hours. Peripheral circulation should be closely monitored. 
The cast is worn for 4 weeks, after which time it is 
replaced with a splint that can be removed periodically 
for physical therapy. The splint is discontinued during the 
day after another 8 weeks but is applied at night for 4 
weeks. Subsequently, the patient is encouraged to use 
the extremity in activities of daily living. 


FLEXION DEFORMITIES OF THE WRIST 
AND FINGERS 

The most frequent deformities in the upper extremity in 
spastic paralysis are those of flexion of the wrist and fingers. 
These deformities usually are accompanied by pronation of 
the forearm, flexion of the elbow, and the thumb-in-palm 
deformity. Zancolli et al. classified spastic flexion deformities 
of the wrist and hand into three patterns (Table 72-4): 
Pattern 1 . The fingers can be actively extended with the wrist 
in less than 20 degrees of flexion. This is a fairly mild 
deformity in which grasp and release are possible. 
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Médial 






Transfer of pronator teres for pronation contracture of forearm. A f Incision along radial aspect of forearm centered 
over insertion of pronator teres. B, Exposure of pronator teres insertion on radius. C f Elévation of pronator teres insertion with strip 
of periosteum from radius. D f Anchoring hole drilled in antérolatéral part of radial cortex, with smaller hole drilled through postero- 
medial part. E-G, Pronator teres tendon rerouted posteriorly through interosseous membrane, passed from latéral to médial through 
hole drilled in radius, and sutured. SEE TECHNIQUE 72-1. 
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Ozkan brachioradialis rerouting technique. 
A f The tendon is eut in a Z fashion. B, The distal tendon is passed 
between the radius and ulna in a dorsal to palmar direction 
and is sutured back to the proximal brachioradialis tendon. SEE 

TECHNIQUE 72-2. 


TABLE 72-4 


Classification of Flexion Deformities of Wrist and 
Fingers 

CLASSIFICATION 


(GROUP) 

DEFORMITY 

1 

Active finger extension with <20 degrees 
of wrist flexion 

2 

Active finger extension with >20 degrees 
of wrist flexion 

2a 

Active wrist extension with fingers 
flexed 

2b 

No active wrist extension with fingers 
flexed 

3 

Wrist and finger extension absent even 
with full wrist flexion 


From Van Heest AE: Surgical management of wrist and finger deformity, Hand 
Clin 19:657, 2003. 


Extension of the wrist is impossible with the fingers in 
full extension. Considération may be given to flexor carpi 
ulnaris tenotomy combined with lengthening of the 
finger flexors, preferably by tenotomy at the musculoten- 
dinous junction, allowing for sélective fractional length¬ 
ening as required. A flexor slide also can be selected. 

Pattern 2. Active finger extension is possible only with the 
wrist in more than 20 degrees of flexion. This pattern is 
divided further into two subgroups. In pattern 2a, the 
patient has voluntary wrist extension with the fingers in 
flexion, indicating that the wrist extensors are active and 
the finger flexors are not severely spastic. In pattern 2b, 
the patient is unable to extend the wrist with the fingers 
in flexion, indicating that the wrist extensors are para- 
lyzed and require augmentation to improve function. In 
pattern 2, lengthening of the finger flexors, combined 
with a tendon transfer to augment finger or wrist 



Fractional lengthening of flexor carpi radialis 
muscle and finger flexors. SEE TECHNIQUE 72-3. 


extension, should be considered. The classic transfer is of 
the flexor carpi ulnaris to the extensor carpi radialis 
brevis, which improves supination, wrist extension, and 
finger flexion (grasp). If weakness in finger extension 
(release) is considérable, transfer into the extensor digi- 
torum communis is preferred. Preoperative electromyog- 
raphy may be useful to détermine in which phase the 
donor muscle is active: grasp or release. Another alterna¬ 
tive is to fractionally lengthen the flexor carpi ulnaris and 
flexor carpi radialis and transfer the extensor carpi ulnaris 
into the extensor carpi radialis brevis to improve wrist 
extension power. 

Pattern 3. The patient has severe flexion deformities and is 
unable to extend the fingers or wrist actively even when 
starting from a position of maximal flexion. Hand sensi- 
bility usually is poor. Surgery would not improve function 
but may improve hygiene. Tenotomy of the wrist flexors 
and sublimis-to-profundus transfers as described by 
Braun and Vice may be considered. Wrist arthrodesis and 
carpectomy may improve appearance in these severe 
deformities. 


FRACTIONAL LENGTHENING OF THE 
FLEXOR CARPI RADIALIS MUSCLE 
AND FINGER FLEXORS 


TECHNIQUE 72-3 


■ Begin a curved volar incision over the forearm about 3 
cm proximal to the volar wrist crease and continue it 
proximally for 6 cm. 

■ Identify the flexor carpi radialis muscle and follow it 
proximally to the musculotendinous junction and farther 
proximally until the muscle belly is identified. The distal 
portion of the muscle belly is surrounded by an aponeu- 
rosis that thickens distally and forms the tendon of the 
muscle. 

■ Lengthen the muscle-tendon unit and leave it in continu- 
ity by making transverse cuts in the aponeurosis proximal 
to the musculotendinous junction. Completely identify 
the muscle circumferentially and make a transverse eut 
through the aponeurosis but not through the muscle (Fig. 
72-6). Divide the aponeurosis transversely and do not 
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leave any of the tendon intact; otherwise, the muscle- 
tendon unit does not lengthen. 

■ After the eut in the aponeurosis is made, place the wrist 
in dorsiflexion. The transverse eut in the aponeurosis 
widens as the muscle lengthens, but the entire muscle- 
tendon unit remains intact. A second eut for recession 
can be made if necessary. 

■ Other musculotendinous units may be contracted in addi¬ 
tion to the flexor carpi radialis muscle. Frequently, the 
palmaris longus muscle also is spastic and contracted and 
may require lengthening in the same manner. 

■ Through this same incision, the finger flexors can be 
lengthened in a similar manner. First lengthen the flexor 
digitorum sublimis muscles and then the flexor digitorum 
profundus if they contribute to the contracture. 

POSTOPERATIVE CARE. A palmar (volar) short arm 
splint with the wrist in neutral position or slightly extended 
is worn for 3 to 4 weeks. Then mobilization of the wrist 
is begun, and a removable splint is used for protection. 
A volar short arm night splint is used for an additional 4 
to 6 months. 


RELEASE OF THE FLEXOR-PRONATOR 
ORIGIN 

Release of the flexor-pronator origin may improve appear- 
ance and function of a hand with severe flexion deformities 
of the wrist and fingers. It is not indicated in hands that 
can be corrected passively but assume a flexed position 
during grasp; for these, less extensive operations, such as 
transfer of the flexor carpi ulnaris to a wrist extensor, are 
more useful. Release of the flexor-pronator origin was first 
described by Page in 1923 and later by Inglis and Cooper 
and by Williams and Haddad. Ezaki recommends a flexor- 
pronator slide if more than 45 degrees of wrist flexion is 
required to extend the fingers. 


TECHNIQUE 72-4 


(INGLIS AND COOPER) 

■ Make an incision over the anterior part of the médial 
épicondyle of the humérus beginning 5 cm proximal to 
the épicondyle and continuing distally to the midpoint of 
the forearm over the ulna (Fig. 72-7A). The médial ante- 
brachial cutaneous nerve often is seen in the distal part 
of the incision, and the médial brachial cutaneous nerve 
can be seen posterior to the médial part of the 
épicondyle. 

■ Identify the ulnar nerve proximal to the épicondyle, 
dissect and elevate it from its groove behind the épicon¬ 
dyle, and carefully free it distally (Fig. 72-7B). Identify, 
free, and protect the branches of the ulnar nerve to the 
flexor carpi ulnaris and to the two ulnar heads of the 
flexor digitorum profundus. 

■ To release the origins of the flexor carpi ulnaris and flexor 
digitorum profundus, begin distally at about the middle 
of the ulna and elevate both muscles from the bone at 



Flexor slide (Inglis and Cooper). A f Incision on 
médial aspect of volar side of arm, beginning approximately 5 cm 
proximal to médial épicondyle and continuing distally to midpoint 
of forearm over ulna. B f Ulnar nerve is identified, protected, and 
released from cubital tunnel. Tendinous origins of muscles on 
médial épicondyle are eut, and flexor carpi ulnaris and flexor 
digitorum profundus muscles are completely released from 
médial épicondyle and ulna. C f Lacertus fibrosus is divided, along 
with any remaining portions of flexor muscle origin, and ulnar 
nerve is transposed anteriorly. SEE TECHNIQUE 72-4. 


the subeutaneous border; the interosseous membrane is 
seen around the volar surface of the bone. Continue 
proximally along the ulna as far as the ulnar groove at 
the épicondyle. During this dissection, the interosseous 
membrane and the fascia of the brachialis muscle are 
seen in the depths of the wound. 

■ Replace the ulnar nerve in its groove and divide the entire 
flexor-pronator muscle mass at its origin from the médial 
part of the épicondyle. At this point, the médian nerve 
can be seen as it passes through the pronator teres. 

■ Continue the dissection anteriorly over the flexor aspect 
of the elbow, dividing the lacertus fibrosus (Fig. 72-7C) 
and any remaining parts of the flexor muscle origin. 

■ If a flexion contracture of the elbow persists, incise the 
fascia of the brachialis muscle. Then transplant the ulnar 
nerve anterior to the épicondyle. Now the muscle mass 
has been displaced 3 to 4 cm distal to its original 
location. 
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■ Close the wound and apply a cast or plaster splints to 
hold the forearm in supination and the wrist and fingers 
in neutral positions. 

POSTOPERATIVE CARE. At 3 weeks, the cast or splints 
and the sutures are removed. An extension hand splint is 
applied, which is worn constantly for 3 months and then 
only at night for 3 more months or, in children, until 
growth is complété. 


EXTENSIVE RELEASE OF THE FLEXOR 
PRONATOR ORIGIN 

Williams and Haddad recommended a similar but more 
extensive release of the flexor-pronator origin than that just 
described. It frees completely the origins of the flexor mass 
almost to the wrist. 


TECHNIQUE 72-5 


(WILLIAMS AND HADDAD) 

■ Make an incision over the médial aspect of the arm 
and forearm anterior to the médial épicondyle of the 
humérus, beginning 5 cm proximal to the elbow and 
extending distally to about 5 cm proximal to the wrist 

(Fig. 72-8A). 

■ Protecting the médial antebrachial cutaneous nerve and 
the basilic vein, anteriorly dissect a flap of skin and sub- 
cutaneous tissue to expose the lacertus fibrosus and the 
antecubital fossa (Fig. 72-8B). Expose the ulnar nerve as 
it passes between the two heads of origin of the flexor 
carpi ulnaris. 

■ Avoiding the ulnar collateral ligament and capsule of the 
elbow joint, divide the common tendon of origin of the 
superficial group of muscles just distal to the épicondyle 

(Fig. 72-8C). 

■ Protecting the médian nerve and its motor branches to 
the superficial group of muscles, free the ulnar origin 
of the pronator teres. Extend the dissection along the 
latéral border of the pronator teres to its insertion on the 
radius, but avoid injuring the radial artery. At this level, 
divide the aponeurotic radial origin of the flexor digitorum 
sublimis. 

■ Retract anteriorly the ulnar nerve and the stump of the 
common flexor tendon and free the origin of the flexor 
carpi ulnaris from the médial border of the olecranon. 
During this dissection, ligate and divide the posterior 
ulnar récurrent artery. Avoiding the periosteum of the 
ulna, release the aponeurotic origin of the flexor carpi 
ulnaris and flexor digitorum profundus from the ulna 
throughout its entire length (Fig. 72-8D). 

■ Identify the common interosseous artery, its volar branch, 
and the anterior interosseous nerve, and release from the 
volar aspect of the ulna and adjacent interosseous mem¬ 
brane the origin of the flexor digitorum profundus as far 
distally as the pronator quadratus (Fig. 72-8E). 


■ Release from the radius the origin of the flexor digitorum 
profundus to the index finger. 

■ Release from the médial side of the coronoid process the 
remaining origin of the flexor digitorum sublimis proximal 
to the common interosseous artery (Fig. 72-8F). 

■ Extend the wrist and fingers and identify and release any 
remaining tight bands. If there is any tension on the ulnar 
nerve, transplant it anteriorly into the brachialis (Fig. 
72-8G); and if any elbow contracture persists, divide the 
brachialis tendon. 

■ If necessary, divide or lengthen the tendon of the flexor 
pollicis longus through a separate incision proximal to the 
wrist. 

■ Splint the extremity with the wrist and fingers extended 
and the elbow flexed. 

POSTOPERATIVE CARE. At 3 weeks, the splint and 
sutures are removed and another splint is applied that 
keeps the wrist and fingers extended and the thumb 
abducted. This splint is worn for 3 months except when 
it is removed for exercises of the wrist and fingers. It is 
then worn only at night for 6 weeks. Both occupational 
and physical therapy are continued as necessary. 


TRANSFER OF THE FLEXOR CARPI 
ULNARIS 

Transfer of the flexor carpi ulnaris dorsally to a radial wrist 
extensor removes a deforming force that pulls the hand 
into ulnar déviation and flexion and provides a force that 
promûtes supination of the forearm and extension of the 
wrist. For this operation to be effective there must be active 
finger extension, passive flexibility of the hand, wrist, and 
forearm, and a favorable diagnostic profile. Any fixed 
deformity should be corrected before surgery by successive 
casts or by any operations as indicated. If active supination 
is possible before surgery, the muscle can be carried 
through the interosseous membrane instead of around the 
ulnar side of the forearm and can be prevented from acting 
as a supinator. This procedure should not be performed in 
conjunction with a release or lengthening of the flexor 
carpi radialis because it may cause a hyperextension defor¬ 
mity of the wrist. A wrist flexion deformity may be accom- 
panied by a primary weakness of the finger extensors; a 
child is able to release objects only by flexing the wrist. In 
this situation, a transfer of the flexor carpi ulnaris to the 
wrist extensors only strengthens grasp, making it even 
more difficult for the child to release objects. Flexor carpi 
ulnaris transfer to the extensor digitorum communis has 
been recommended if electromyography shows activity of 
the flexor carpi ulnaris during the release phase, especially 
if finger extension is weak. Wolf et al. improved function 
and cosmesis, with an average final wrist resting position 
of 9 degrees extension with transfer of the flexor carpi 
ulnaris to the extensor carpi radialis longus. Some authors 
hâve reported late extension deformity in patients younger 
than 13 years in whom tendon transfer was performed. 
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Williams and Haddad technique for releasing flexor-pronator origin. A f Incision. B f Structures anteriorly and medially 
at elbow hâve been exposed (see text). C f Lacertus fibrosus has been divided, origin of superficial flexors has been released from médial 
épicondyle, and origin of flexor digitorum sublimis has been released from radius (see text). D, Origin of flexor carpi ulnaris has 
been released from olecranon, and common origin of flexor carpi ulnaris and flexor digitorum profundus has been released from ulna 
(see text). E f Origin of flexor digitorum profundus has been released from volar aspect of ulna and interosseous membrane (see text). 
F, Origin of flexor digitorum profundus to index finger has been released from radius, and remaining origin of flexor digitorum sublimis 
has been released from coronoid process (see text). G, Ulnar nerve has been transplanted anteriorly into brachialis muscle (see text). 
SEE TECHNIQUE 72-5. 
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TECHNIQUE 72-6 


(GREEN AND BANKS) 

■ Make an anterior longitudinal incision (Fig. 72-9A) 
extending from the flexor crease of the wrist proximally 
for about 3 cm to expose the insertion of the flexor carpi 
ulnaris on the pisiform bone. 

■ Detach the tendon from the bone and dissect it proximally 
(Fig. 72-9B). 

■ The attachment of the muscle to the ulna often extends 
almost the full length of the tendon; free it by sharp 
dissection from the ulna, leaving the periosteum in place. 
The ulnar nerve now may be seen in a sheath posterior 
to the tendon. 

■ Introduce a nylon suture into the distal end of the tendon 
and, by pulling on it gently, outline the course of the 
muscle proximally. 

■ Beginning about 5 cm distal to the médial épicondyle of 
the humérus, make a second incision 7 to 10 cm long 
over the belly of the muscle. Define the latéral margin of 
the muscle and make an incision there through the deep 
fascia to expose this margin and the deep surface of the 
muscle. 


■ When the muscle belly has been defined, dissect it from 
its origin on the deep surface of the deep fascia and from 
the ulna distally. 

■ Pull the tendon into the proximal incision and free the 
muscle further until it passes straight from its origin across 
the border of the ulna to the dorsal aspect of the wrist. 
Locate and preserve branches of the ulnar nerve to the 
muscle because they limit the dissection proximally. 

■ At a suitable level at the médial margin of the ulna, excise 
the intermuscular septum separating the volar and dorsal 
compartments of the forearm for 4 to 5 cm and expose 
the dorsal compartment. 

■ Starting just proximal to the transverse skin crease on the 
dorsum of the wrist and extending proximally, make a 
third incision (Fig. 72-9C) about 3 cm long over the exten- 
sor carpi radialis brevis and longus tendons and expose 
these tendons. 

■ Choose the extensor carpi radialis brevis or longus tendon 
for insertion of the transferred tendon; the extensor carpi 
radialis brevis gives a more central action in extension of 
the wrist, whereas the extensor carpi radialis longus gives 
a better pull for supination of the forearm and radial 
déviation of the wrist. 



Transfer of flexor carpi ulnaris. A f Anterior longitudinal incision over flexor carpi ulnaris. This may be divided into 
two separate incisions as described in the text. B f Flexor carpi ulnaris tendon is detached from pisiform insertion, and muscle is dissected 
proximally off ulna. C f Small longitudinal incision on dorsum of wrist over extensor carpi radialis brevis just proximal to first extensor 
compartment. D, Flexor carpi ulnaris tendon is passed subcutaneously around ulnar border of forearm using a tendon passer. E f But- 
tonhole is made in extensor carpi radialis brevis tendon. F, Flexor carpi ulnaris is passed through buttonhole and sutured to itself under 
appropriate tension. SEE TECHNIQUE 72-6. 
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■ Using a tendon passer (Fig. 72-9D), direct the free end of 
the flexor carpi ulnaris from the proximal incision into the 
dorsal compartment along the path of the extensor 
tendons to the chosen extensor radialis tendon. 

■ Make a buttonhole (Fig. 72-9E) in the chosen tendon and 
pass through it the flexor carpi ulnaris tendon; suture the 
flexor carpi ulnaris tendon (Fig. 72-9F)there under tension 
with the forearm in full supination and the wrist in at 
least 45 degrees of extension. Manske prefers to tension 
the transfer by placing the wrist in slight flexion (15 
degrees) to avoid a hyperextension deformity. We hâve 
not encountered this complication, provided that the 
flexor carpi radialis is not overlengthened. 

■ If the flexor carpi ulnaris is to be transferred into the 
extensor digitorum communis tendons, suture it under 
tension, so that when the wrist is in the neutral position 
the metacarpophalangeal joints are hyperextended. 

■ Close the wounds and apply a cast extending from near 
the axilla to the tips of the fingers, holding the wrist in 
extension, the forearm in supination, the fingers in almost 
complété extension, and the thumb in abduction and 
opposition. 

POSTOPERATIVE CARE. The sutures are removed at 2 
weeks, and a new cast is applied and worn for 4 weeks. 
Hand therapy is begun at 6 weeks after surgery. Night 
splints are used intermittently for several months as 
necessary to keep the hand in a corrected position. 


WRIST ARTHRODESIS 

Wrist arthrodesis is useful in a patient with a severe wrist 
flexion contracture and a nonfunctional hand. It is used 
primarily to control position and improve hygiene in a hand 
with poor motor control and sensibility. A proximal row 
carpectomy is typically incorporated with the fusion to 
improve the flexion contracture and to provide a bone 
graft. Because the epiphysis of the distal radius is damaged, 
fusion must be delayed until the patient is at least 12 years 
old. The wrist ideally should be fused in neutral flexion and 
ulnar déviation; however, a mild degree of flexion is well 
tolerated. 


TECHNIQUE 72-7 


■ After lengthening or releasing the flexor tendons as 
necessary, make a dorsal longitudinal incision over the 
wrist. 

■ Excise the proximal carpal row as necessary to achieve 
correction. Dénudé ail remaining cartilage from the 
radiocarpal and intercarpal joints and from the second 
and third carpometacarpal joints. 

■ Use corticocancellous portions of the excised carpal bones 
or iliac crest grafts to supplément the fusion. 

■ Transfix the carpus with two Steinmann pins measuring 
7/64 to 9/64 of an inch (Fig. 72-10). 




FIGURE 


^ Wrist arthrodesis using two Steinmann pins. 


SEE TECHNIQUE 72-7. 


■ Apply a long arm cast with the elbow at 90 degrees 
of flexion and the forearm in neutral pronation and 
supination. If the finger flexors hâve been lengthened, 
extend the cast to include the fingers in the extended 
position. 

POSTOPERATIVE CARE. At 4 weeks, the long arm cast 
can be converted to a short arm cast and finger flexion 
and extension are encouraged. The wrist is protected until 
fusion is apparent, usually at 10 to 12 weeks. The pins 
may be removed when the arthrodesis is solid. 


CARPECTOMY 

Orner and Capen reported proximal row carpectomies to 
improve appearance in eight patients with cérébral palsy. 
At the same time, transfers of the flexor carpi ulnaris 
tendon around the ulna to the extensor carpi radialis brevis 
were done to strengthen wrist extension and increase 
supination. Orner and Capen warn that this does not 
improve function. Ail their patients were older than 11 
years of âge. They emphasized prolonged postoperative 
splinting because the procedure increases the relative 
length of ail flexor muscle-tendon units that cross the wrist 
and increases wrist extension and forearm supination; they 
further emphasized that only the proximal half of the carpal 
scaphoid is taken. 
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TECHNIQUE 72-8 


(OMERANDCAPEN) 

■ Make a longitudinal incision over the dorsum of the wrist. 
Identify the distal edge of the dorsal carpal ligament and 
retract the common digital extensor tendons ulnarward. 
Make a T-shaped incision in the dorsal capsule to expose 
the carpal bones. 

■ Excise the lunate and the proximal half of the scaphoid. 
Leave the distal half of the scaphoid with its capsular 
attachments. 

■ Excise the triquetrum, but leave the pisiform bone. 

■ Make a longitudinal incision over the volar aspect of the 
wrist, beginning at the pisiform and extending proximally 
over the flexor carpi ulnaris tendon. 

■ Protect the neurovascular bundle and free the flexor carpi 
ulnaris from the intermuscular septum. 

■ Divide the muscle near its insertion and pass its tendon 
through a window in the interosseous membrane. (If 
more supination is needed, pass the transfer around the 
ulna.) 

■ Insert the flexor carpi ulnaris into the extensor carpi radia- 
lis brevis and anchor it with nonabsorbable monofilament 
sutures. 

■ Place the wrist in maximal passive dorsiflexion and imbri- 
cate the dorsal capsule of the wrist. 

POSTOPERATIVE CARE. The arm is placed in a bulky 
dressing and a volar plaster splint that holds the fingers 
and wrist in extension. On or about postoperative day 5, 
a circular long arm cast is applied, holding the elbow 
flexed, the forearm supinated, and the wrist and fingers 
extended. This position is maintained for 6 weeks. Then 
a circular short arm cast, incorporating outriggers for 
extension of the fingers, is applied. Splinting is continued 
for 4 months and subsequently used only at night for an 
indefinite time. 


THUMB-IN-PALM DEFORMITY 

The second most frequent and important deformity of the 
hand in cérébral palsy is the thumb-in-palm, adducted 
thumb, or clutched thumb deformity This deformity blocks 
entry of objects into the palm and prevents the thumb from 
assisting fingers in grasp or pinch. Contributing to thumb-in- 
palm deformity are spasticity of the flexor pollicis longus, 
flexor pollicis brevis, adductor pollicis, and first dorsal inter¬ 
osseous and weakness of the extensor pollicis longus, extensor 
pollicis brevis, and abductor pollicis longus muscles. Spastic¬ 
ity in the extensor pollicis longus muscle also may contribute 
to an adduction deformity of the thumb during the release 
phase (Fig. 72-11). In 1981, House, Gwathney, and Fidler 
classified thumb-in-palm deformities into four major types 
based on the clinical appearance of the thumb. A type I 
deformity consists of a simple metacarpal adduction contrac¬ 
ture and is the most common pattern. A type II deformity 
consists of a metacarpal adduction contracture combined 
with a metacarpophalangeal flexion deformity. A type III 
deformity consists of a metacarpal adduction contracture 
combined with a metacarpophalangeal hyperextension 



First dorsal 
interosseous 

Adductor pollicis 

Flexor pollicis 
longus 

Flexor pollicis 
brevis 

Abductor pollicis 
brevis 


FIGURE 


Adducted thumb position in cérébral palsy is 


resuit of forces exerted by powerful muscles. 


deformity or instability; this is the second most common 
pattern. A type IV deformity consists of a metacarpal adduc¬ 
tion contracture combined with metacarpophalangeal and 
interphalangeal flexion deformities; this is believed to be the 
most severe deformity, being caused by spasticity in the flexor 
pollicis longus and in the intrinsic muscles in the thumb. 
Tonkin et al. divided thumb-in-palm deformities into three 
types: type 1, a flexed metacarpophalangeal joint and an 
extended interphalangeal joint; type 2, flexed metacarpopha¬ 
langeal and interphalangeal joints; and type 3, a flexed 
metacarpophalangeal and interphalangeal joint with an 
adduction contracture as well (Table 72-5). 

Although thumb-in-palm deformity can be caused prin- 
cipally by spasticity of the flexor pollicis longus muscle, it is 
not caused solely by this muscle. The flexor pollicis longus 
flexes the interphalangeal joint, the metacarpophalangeal 
joint, and the carpometacarpal joint and acts as an adductor 
of the thumb. To be certain that it is a principal deforming 
force, the patient should be able to decrease the flexion of 
these joints by flexing the wrist. Conversely, extending the 
wrist causes an increase in deformity. The examiner should 
détermine whether an accompanying severe adduction defor¬ 
mity, caused by contracture of muscle or other structures, is 
présent. A weak adductor pollicis may be overpowered by a 
tendon transfer; active adduction of the thumb by the adduc¬ 
tor pollicis should be checked with the wrist palmar flexed to 
détermine the strength of the muscle. Surgical correction of 
thumb-in-palm deformity has demonstrated both high clini¬ 
cal success rates and overall patient satisfaction in the short 
and long term. Although clinical correction was shown to 
diminish over time, there appeared to be minimal effect on 
patient satisfaction. 

■ TREATMENT 

Treatment of thumb-in-palm deformity must be individual- 
ized affer careful, repeated assessments of the overall hand 
function and function of the spécifie muscles contributing to 
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TABLE 72-5 


Classification of Thumb Deformity 

TYPE OF 
DEFORMITY 

DEFORMING 

FORCES 

THUMB POSITION 

1—intrinsic 

Adductor pollicis 

First dorsal 
interosseous 

Flexor pollicis 
brevis 

Metacarpal 

adduction 

MCP joint flexion 
IP joint extension 

2—extrinsic 

Flexor pollicis 
longus 

MCP joint flexion 
IP joint flexion 
Metacarpal 
adduction less 
marked 

3—combined 

Adductor pollicis 

First dorsal 
interosseous 

Flexor pollicis 
brevis 

Flexor pollicis 
longus 

Metacarpal 

adduction 

MCP joint flexion 
IP joint flexion 
(true "thumb- 
in-palm" 
deformity) 


IP, Interphalangeal; MCP, metacarpophalangeal. 

From Tonkin MA, Hatrick NC, Eckersley JRT, et al: Surgery for cérébral palsy, part 
3: classification and operative procedures for thumb deformity, J Hand Surg 
26B:465, 2001. 


the deformity. Currently, a dynamic approach is used in the 
surgical correction of this deformity, as described by House 
et al. This involves release of contractures, augmentation of 
weak muscles, and skeletal stabilization (Table 72-6), espe- 
cially of the metacarpophalangeal joint when necessary. A 
myotomy of the adductor pollicis may be done through a 
palmar incision as described by Matev in 1963 or through a 
Z-plasty incision placed in the first web if a skin contracture 
is présent. Preoperative electromyography of the adductor 
pollicis has been found to be useful in determining whether 
a partial or complété release of this muscle was necessary. If 
the adductor is active during grasp, the patients are said to 
hâve sélective control, and release of the transverse head of 
the muscle only should be considered because pinch may be 
weak if complété myotomy is performed. Release of the origin 
of the first dorsal interosseous muscle also may be required. 
In long-standing type II deformities, the origin of the adduc¬ 
tor and the flexor pollicis brevis may require release, as 
described by Matev. In type IV deformities, the flexor pollicis 
longus may require lengthening proximal to the wrist. Aug¬ 
mentation of a weak abductor pollicis longus may be neces¬ 
sary. The most common muscles used for this augmentation 
are the palmaris longus, the brachioradialis, and the flexor 
carpi radialis. Fusion of the thumb metacarpophalangeal 
joint is especially useful if a hyperextension deformity of that 
joint is présent. Arthrodesis may be performed without 
damage to the physis if only articular cartilage is removed, 
and a smooth Kirschner wire is used for fixation. Alterna- 
tively, if instability of the thumb metacarpophalangeal exten¬ 
sion is présent, a sesamoid metacarpal synostosis may be used 
as described by Zancolli et al. In this procedure, the radial 
sesamoid with the volar plate is advanced proximally and 
fused to the thumb metacarpal neck. 


_ TABLE 72-6 

Surgical Options 


Adductor release in palm 
Adductor tenotomy 
First interosseous release 
Flexor pollicis brevis (thenar) 
release 

FPL lengthening 
Thumb web z-plasty w/fascial 
release 
EPL rerouting 

To augment abductor pollicis 
longus, EPL, or extensor 
pollicis brevis 

Flexor digitorum superficialis 

Brachioradialis 

Palmaris longus 

Flexor carpi radialis 

Extensor carpi radialis longus 

CMC arthrodesis 

MCP arthrodesis 

MCP joint volar capsulodesis 

IP joint arthrodesis 


From: Van Heest AE: Surgical technique for thumb-in-palm deformity in cérébral 
palsy, J Hand Surg 36A:1526, 2011. 

CMC, carpometacarpal; EPL, extensor pollicis longus; FPL, flexor pollicis longus; 
IP, interphalangeal; MCP, metacarpophalangeal. 


Smith proposed transfer of the flexor pollicis longus 
tendon to the radial side of the thumb combined with teno- 
desis of the distal joint. He recommended the operation for 
patients who hâve some use of the affected hand, in addition 
to passive extension of the metacarpophalangeal joint and 
abduction of the carpometacarpal joint with the wrist in 
flexion. 

If the extensor pollicis longus contributes to the thumb 
deformity, it may be rerouted from the Lister tubercle as 
recommended by Manske in 1985. Significant improvement 
in functional activities was noted in 90% of his patients 
treated with this technique. 


MYOTOMY 


TECHNIQUE 72-9 


■ Make an incision bordering the thenar crease in the palm, 
but avoid damaging the récurrent branch of the médian 
nerve or the innervation of the adductor pollicis. 

■ Retract the long flexors of the fingers and strip from the 
third metacarpal the origin of the adductor pollicis. 

■ Cut from the deep transverse carpal ligament about two 
thirds of the origin of the abductor pollicis brevis and ail 
of the origins of the flexor pollicis brevis and opponens 
pollicis (Fig. 72-12). 


Surgical options for 
releases or lengthening 
of contracted or spastic 
muscles 


Surgical options for 
tendon transfers 


Surgical options for joint 
stabilization 
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Myotomies of intrinsic muscles of thumb for 
thumb-in-palm deformity. SEE TECHNIQUE 72-9. 


■ Strip from the first metacarpal the origin of the first dorsal 
interosseous. 

■ If necessary, do a capsulorrhaphy of the metacarpopha- 
langeal joint. 

POSTOPERATIVE CARE. A pressure dressing and a cast 
are applied holding the first metacarpal (not the phalan¬ 
ges) in wide abduction and opposition. At 3 weeks, the 
cast and sutures are removed and a splint is applied to 
hold the thumb in this same position. If tendon transfers 
hâve been necessary, the cast is retained for 6 weeks. 
Splinting at night may be necessary for a long time if the 
deformity tends to recur. 


RELEASE OF CONTRACTURES, 
AUGMENTATION OF WEAK MUSCLES, 
AND SKELETAL STABILIZATION 


TECHNIQUE 72-10 


(HOUSE ETAL) 

STEP 1: RELEASE OF CONTRACTURES 

■ Through a Z-plasty incision located along the first web 
space, release the origin of the first dorsal interosseous 
muscle from the thumb metacarpal (Fig. 72-13A). 

■ Expose the intramuscular portion of the tendon of the 
adductor pollicis and divide it obliquely to allow a relative 
lengthening of the tendon while preserving bridging 
muscle fibers. If a long-standing type II deformity exists 
with a flexion deformity of the metacarpophalangeal 
joint, release the origin of the adductor and the flexor 
pollicis brevis if necessary. For a type IV deformity with 


spasticity of the flexor pollicis longus muscle and inter- 
phalangeal flexion deformity, lengthen the tendon of the 
flexor pollicis longus proximal to the wrist. 

STEP 2: AUGMENTATION OF WEAK MUSCLES 

■ If adduction of the thumb at the carpometacarpal joint is 
considérable, with weakness of the abductor pollicis 
longus, release the abductor pollicis longus tendon from 
the first extensor compartment and allow the tendon to 
subluxate volarly. 

■ Divide the palmaris longus tendon at the level of the wrist 
and suture it into the abductor pollicis longus tendon in 
an end-to-side fashion (Fig. 72-13B). The brachioradialis 
and the flexor carpi radialis can be used instead of the 
palmaris longus if desired. 

■ If there is no suitable donor for active transfer, divide the 
abductor pollicis longus tendon and reroute its distal 
portion volarly, attaching it in an end-to-side fashion to 
the flexor carpi radialis tendon under sufficient tension to 
maintain metacarpal abduction (Fig. 72-1 3C). This pro¬ 
vides a dynamic abductor tenodesis. 

■ If the flexion deformity at the metacarpophalangeal joint 
is significant but joint stability is normal, a similar teno¬ 
desis of the extensor pollicis brevis tendon may be per- 
formed. Care must be taken not to create a disabling 
hyperextension deformity at this joint. 

STEP 3: SKELETAL STABILIZATION 

■ If there is a hyperextension deformity of the metacarpo¬ 
phalangeal joint (type III deformity), carefully remove the 
articular cartilage of the metacarpophalangeal joint 
without damaging the physis. 

■ Position the thumb and secure it with one centrally placed 
1-mm Kirschner wire (Fig. 72-13D). 

■ Alternative^, if thumb metacarpophalangeal extension 
instability is présent, advance the sesamoid with the 
palmar plate as described by Zancolli et al., and Lawson, 
and Tonkin (Fig. 72-14). Approach the metacarpophalan¬ 
geal joint through a dorsoradial incision. 

■ Divide the accessory collateral ligament insertion and 
mobilize the palmar plate. 

■ Dénudé the sesamoid of cartilage. 

■ Create a cortical defect at the head-neck junction of the 
metacarpal. 

■ Fix the sesamoid in the defect created at the head-neck 
junction of the metacarpal with the thumb in 30 degrees 
of flexion. Pass two intraosseous sutures across the sesa¬ 
moid and tie them over the dorsal surface of the 
metacarpal. 

■ Stabilize the joint with a Kirschner wire. (The wire is 
removed at 5 weeks.) 

POSTOPERATIVE CARE. The forearm and hand are 
immobilized for 4 weeks with the thumb held in abduc¬ 
tion and extension by a volar plaster splint. Then active 
and assisted exercises of the wrist, thumb, and fingers are 
started. A long opponens splint modified by the addition 
of a C-bar or molded plastic orthosis is worn between 
exercise periods for the next few weeks, after which 
splinting is continued at night only until growth is com- 
pleted or dynamic balance is attained and stabilized. 
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Dynamic approach to thumb-in-palm deformity. A f Release of adduction contracture through Z-plasty first web 
incision (see text). B f Transfer of palmaris longus to intact abductor pollicis longus, which has been released from first dorsal compart¬ 
iment. C, Transfer of distal portion of tendon of abductor pollicis longus to flexor carpi radialis, so-called dynamic tenodesis, and transfer 
of proximal segment of abductor pollicis longus into extensor pollicis brevis. D, Chondrodesis of thumb metacarpophalangeal joint for 
hyperextension deformity. SEE TECHNIQUE 72-10. 


FLEXOR POLLICIS LONGUS 
ABDUCTORPLASTY 


TECHNIQUE 72-11 


(SMITH) 

■ Make a radial midlateral incision from the middle of the 
distal phalanx of the thumb to the neck of the first 
metacarpal (Fig. 72-15A). 

■ Elevate a volar skin flap and transect the flexor pollicis 
longus tendon opposite the proximal phalanx (Fig. 
72-15B). 


■ Tenodese the flexor pollicis longus stump to the proximal 
phalanx, or arthrodèse the distal joint in 15 degrees of 
flexion (Fig. 72-15C to E). 

■ Make a longitudinal incision in the forearm just radial to 
the tendon of the flexor carpi radialis, curving its distal 
portion ulnarward. Identify the flexor pollicis longus 
tendon and draw it out through this incision. 

■ Tunnel subcutaneously by blunt dissection on the radial 
side of the thumb to the latéral side of the metacarpo¬ 
phalangeal joint and pass the flexor pollicis longus tendon 
through this tunnel. 

■ With the wrist in neutral position and the thumb at 50 
degrees of abduction, suture the tendon to the dorsora- 
dial aspect of the metacarpophalangeal joint with tension 

(Fig. 72-15F). 
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Cortical 

defect 


Palmar plate 
^ Sesamoid 



Extensor tendon 



Seam repair 
Periosteum 


Sesamoid arthrodesis. A f Palmar plate is mobi- 
lized by dividing accessory collateral ligament at its insertion into 
palmar plate. Articular surface of sesamoid is denuded of carti¬ 
lage. Cortical defect is created at head-neck junction of metacar- 
pal. B f Two straight needles (with Kirschner wire driver) are used 
to pass polypropylene (Prolene) suture through sesamoid-palmar 
plate complex and metacarpal neck to secure sesamoid into corti¬ 
cal defect created. C f Intraosseous suture is tied over metacarpal 
under extensor tendons as permanent suture. Kirschner wire is 
placed across metacarpophalangeal joint to maintain joint in 
approximately 30 degrees of flexion. Seam in collateral ligament 
is repaired, and proximal radial edge of palmar plate is sutured 
to metacarpal periosteum and aponeurotic fibers of abductor 
pollicis brevis. SEE TECHNIQUE 72-10. 


9 POSTOPERATIVE CARE. The hand is immobilized for 6 
weeks with the thumb in abduction and the wrist in 30 
degrees of flexion. The thumb is splinted with a C-bar in 
the web for an additional 6 weeks. 


REDIRECTION OF EXTENSOR 
POLLICIS LONGUS 


TECHNIQUE 72-12 


(MANSKE) 

■ Through a palmar incision, release the adductor pollicis 
and the deep head of the flexor pollicis brevis, as described 
by Matev and by Swanson. 


■ Release the first dorsal interosseous muscle at its origin 
from the first metacarpal through a longitudinal incision 
on the dorsum of the thumb. 

■ Extend the incision on the dorsum of the thumb distally 
to the proximal phalanx, exposing the extensor aponeu¬ 
rotic hood (Fig. 72-16A). 

■ Identify the extensor pollicis longus at the metacarpopha¬ 
langeal joint and dissect it out from the extensor aponeu- 
rosis for a distance of 10 mm distal to the joint. This leaves 
a longitudinal defect 4 mm wide in the extensor hood. 
Preserve the margins of the aponeurosis sufficiently for 
subséquent closure. 

■ Identify the extensor pollicis longus through a longitudinal 
incision at the distal radius and withdraw it into the 
forearm (Fig. 72-16B). 

■ Redirect the extensor pollicis longus tendon along the 
radial aspect of the wrist, using the first extensor retinacu- 
lar compartment as a pulley to maintain its position by 
passing a curved hemostat or tendon passer from the 
dorsal incision on the thumb along the course of the 
extensor pollicis brevis tendon through the first extensor 
compartment. 

■ Grasp the extensor pollicis longus tendon with the hemo¬ 
stat and retract it distally through the first extensor 
compartment (Fig. 72-16C). If redirecting the tendon 
through this compartment is difficult, the extensor pollicis 
longus can be routed around the extensor pollicis brevis 
and abductor pollicis longus tendons just proximal to the 
compartment and into the dorsal incision on the thumb. 

■ Pass the extensor pollicis longus tendon through a trans¬ 
verse tunnel made in the capsule of the metacarpopha¬ 
langeal joint and suture it under sufficient tension to 
advance it 1 to 2 cm from its original position (Fig. 
72-16D). If the metacarpophalangeal joint is hyperexten- 
sible, this tunnel should be placed proximal to the articular 
surface to prevent further hyperextension. In this situa¬ 
tion, a temporary Kirschner wire should be inserted across 
the slightly flexed metacarpophalangeal joint. 

■ Suture the distal portion of the extensor pollicis longus 
tendon into the extensor aponeurosis to close the longi¬ 
tudinal defect and prevent flexion deformity at the 
interphalangeal joint (Fig. 72-16E). 

■ Close the incisions in routine fashion. 

POSTOPERATIVE CARE. The thumb is immobilized in 
abduction and extension in a short arm-thumb spica cast 
for 4 weeks. If a Kirschner wire has been inserted in the 
metacarpophalangeal joint, it should be removed at 4 
weeks. A removable thumb spica splint is worn for 2 
weeks; this splint is removed three to four times daily for 
controlled active motion. 


SWAN-NECK DEFORMITY 

Compared with other deformities of the upper extremity in 
cérébral palsy, swan-neck deformities of the fingers are infre¬ 
quent; however, they can be quite disabling. They are second- 
ary to hand intrinsic muscle spasticity or extrinsic overpull, 
which causes intrinsic spasticity and by secondary ligamen- 
tous and capsular relaxation at the proximal interphalangeal 
joints, allowing these joints to hyperextend. In general, only 
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Before surgery: 
flexor pollicis 
longus adducts 
and flexes 

After surgery: 
flexor pollicis 
longus abducts 


Flexor pollicis longus abductorplasty. A f Incision to radial side of thumb exposes insertion of flexor pollicis longus, 
interphalangeal joint, and base of proximal phalanx. Second curved incision to radial side of wrist exposes flexor pollicis longus near 
its musculotendinous juncture and permits tendon to be withdrawn from carpal canal. B, Flexor pollicis longus is transected at its 
insertion and withdrawn from carpal canal through wrist incision. It is passed subcutaneously to radial side of base of proximal phalanx. 
C to E, Interphalangeal joint of thumb is arthrodesed in about 15 degrees of flexion in adult. In child with open physis, distal joint may 
be tenodesed in about 15 degrees of flexion. F, Transfer of flexor pollicis longus to radial side of proximal phalanx reduces adduction- 
flexion deformity and augments thumb abduction by transferred position of flexor pollicis longus. Interphalangeal arthrodesis improves 
metacarpophalangeal joint extension by increasing lever arm of extensor pollicis longus on metacarpophalangeal joint. SEE TECHNIQUE 
72-11. 
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FIGURE 


TECHNIQUE 72-12. 


A to E f Manske technique for redirecting extensor pollicis longus tendon to correct thumb-in-palm deformity. SEE 


a swan-neck deformity greater than 20 degrees should be 
considered for surgical treatment. In the involved finger, the 
middle extensor band is relatively short compared with the 
latéral bands because of tension exerted on the middle band 
by the long extensor and the intrinsic muscle. In this defor¬ 
mity, the Curtis sublimis tenodesis of the proximal interpha- 
langeal joint may improve function. Latéral band translocation 
originally described by Zancolli, and later by Tonkin, Hughes, 
and Smith, in which the radial latéral band is translocated 
volarly beneath a soff-tissue sling created by suturing the 
accessory collateral ligament to the radial slip of the sublimis 
also may be useful. The reported results by Tonkin, Hughes, 
and Smith in 12 patients were excellent; however, the 
follow-up was less than 1 year in most patients. More recently, 
de Bruin reported long-term results of latéral band transloca¬ 
tion for swan-neck deformity in patients with cérébral palsy 
and found that the success rate decreased from 84% at 1 year 
to 60% at 5 years. We hâve not used this technique. 


SUBLIMIS TENODESIS OF THE 
PROXIMAL INTERPHALANGEAL JOINT 


TECHNIQUE 72-13 


(CURTIS) 

■The Curtis technique employs one slip of the flexor 
digitorum sublimis that is left at its insertion on the bone 
and eut free at the bifurcation. 

■ Bring the tendon slip to the opposite side of the joint 
under the remaining tendons and insert it into the latéral 
aspect of the middle phalanx with a pull-out wire suture 
(Fig. 72-17). 

■ Hold the proximal interphalangeal joint in flexion with a 
traversing Kirschner wire for 6 weeks. 
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Curtis technique for correcting récurrent 
hyperextension and locking of proximal interphalangeal joint. 
A f Palmar view of flexor tendons. B f One half of flexor digitorum 
sublimis tendon has been divided at bifurcation of tendon. Hole 
has been drilled in proximal phalanx. C f Freed half of tendon has 
been carried deep to flexor digitorum profundus tendon to 
opposite side of proximal phalanx, threaded through hole in 
bone, and anchored with pull-out suture under enough tension 
to cause slight flexion contracture of proximal interphalangeal 
joint. SEE TECHNIQUE 72-13. 


INTRINSIC LENGTHENING 


Other surgical options include intrinsic lengthening or 
central slip tenotomy depending on the defining force. This 
can be differentiated by the position of the metacarpopha- 
langeal joint during active digital extension. Intrinsic spas- 
ticity will cause metacarpophalangeal joint flexion and 
hyperextension of the proximal interphalangeal joints. 
Patients with full metacarpophalangeal joint extension with 
active finger extension develop swan-neck deformity sec- 
ondary to extensor digitorum communis spasticity. A 
Bunnell test can confirm intrinsic spasticity. 


TECHNIQUE 72-14 


Figure 72-18 


(MATSUO ETAL AND CARLSON ETAL) 

■ Make a single transverse incision in the palm over the 
affected digits at the level of the distal palmar crease. 

■ Expose the intermetacarpal area. Identify and protect the 
neurovascular structures. 

■ Identify the lumbricals and perform fractional lengthen¬ 
ing with two ténotomies at the musculotendinous 
junction. 

■ Similarly perform fractional lengthening for the dorsal 
interossei. 

■ Confirm intrinsic release by gentle Bunnell testing. 

■ Do not overlengthen by flexing the proximal interphalan¬ 
geal joint greater than 70 degrees with the metacarpo¬ 
phalangeal joint extended. 


Flexor tendon 
Palmer interossei 

Dorsal interossei 



FIGURE 


Intrinsic lengthening. SEE TECHNIQUE 72-14 
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Midpoint 
proximal 
phalanx (A) 


Midpoint 
middle 
phalanx (B) 



band 


Palmar plate 


Collateral 

ligament 

Flexor digitorum superficialis 


Tonkin et al. latéral band translocation technique. Séparation of the latéral band from the midpoint of the proximal 
phalanx to the midpoint of the middle phalanx. Release of accessory collateral ligament. Suture of palmar plate to flexor digitorum 
superficialis tendon to create retaining sling. SEE TECHNIQUE 72-15. 


■ Avoid lengthening the first dorsal interossei because this 
will weaken pinch. 

■ Apply a soft dressing. 

POSTOPERATIVE CARE. Patients are encouraged to 
perform early range of motion as soon as possible after 
surgery with or without assisted therapy. 


LATERAL BAND TRANSLOCATION 


TECHNIQUE 72-15 


(TONKIN, HUGHES, AND SMITH) 

■ Make a midlateral incision on the radial side of the finger. 

■ Mobilize the latéral band of the extensor mechanism from 
the midpoint of the proximal phalanx to the midpoint of 
the middle phalanx by separating it from the central 
tendon mechanism dorsally and by dividing the transverse 
retinaculum ligament of Landsmeer on the palmar aspect 
of the latéral band. 

■ Divide the accessory collateral ligament at its insertion 
into the palmar plate, displaying the free latéral margin 
of that structure. The insertion of the palmar plate into 
the base of the middle phalanx and its origin from the 
proximal phalanx remain intact. A synovectomy of the 
proximal interphalangeal joint may be done if needed. 

■ Open the flexor tendon sheath between the A2 and A4 
pulleys and identify the radial slip of the superficialis 
insertion. 

■ Translocate palmarward the mobilized latéral band below 
the proximal interphalangeal joint axis. Create a sling, 
using two 4-0 sutures placed at the distal edge of the 
proximal interphalangeal joint, between the free margin 
of the palmar plate and the radial slip of the superficial 
tendon to maintain the position of the latéral band. 

■ Check the tension of the translocated tendon so that the 
proximal interphalangeal joint does not extend beyond 5 
degrees of flexion when the finger is supported at the 


finger pulp alone. The tension can be adjusted by chang- 
ing the position of the proximal point of dissection of the 
latéral band from the central tendon mechanism. To 
loosen tension, dissect farther proximally. To tighten the 
translocated band, resuture it to the central slip. To 
prevent subséquent splitting of the translocated tendon 
from the central tendon, place a single suture at the point 
of proximal and distal séparation (Fig. 72-19). 

■ If an extension lag remains at the distal interphalangeal 
joint, place a temporary Kirschner wire to maintain this 
joint in extension for 4 weeks. Alternative^, a distal 
interphalangeal joint arthrodesis may be considered. 

■ After hemostasis is obtained, suture the skin and place 
the forearm and hand in a palmar resting splint with the 
metacarpophalangeal joints flexed and the interphalan¬ 
geal joints in the position obtained after the procedure. 

POSTOPERATIVE CARE. The dressings are reduced at 
48 hours. Gentle, active mobilization should be started. 
A dorsal splint should be worn to protect the joint from 
hyperextension for 2 weeks. 
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RHEUMATOID ARTHRITIS 

Rheumatoid arthritis is the most common idiopathic inflam- 
matory arthritis, affecting approximately 0.8% of the popula¬ 
tion, and it is two to four times more common in women than 
in men. The disease is characterized by hypertrophie synovi¬ 
tis that leads to joint laxity from soff-tissue atténuation, which 
may lead to joint subluxation and dislocation. Joint cartilage 
destruction usually ensues and may lead to attritional tendon 
rupture. However, isolated nodular tendon involvement may 
exist independent of overt joint pathology, leading to joint 
motion limitation, such as triggering or locking of flexor 
tendons. Similarly, extensor tendon nodularity may limit 
wrist extension from impingement on the extensor retinacu- 
lum. Despite préservation of function, socialization some- 
times is altered by disfiguring deformities, especially of the 
hands. 

At various times in the disease course, treatment of 
patients with rheumatoid arthritis involves a management 
team, including a rheumatologist, internist, other medical 
specialists, surgeon, therapist, and counselor. Operative treat¬ 
ment should be considered a part of the general disease 
management. 

Since the introduction of medical thérapies, such as 
disease modifying antirheumatic drugs in the mid-1990s and 
biologics in the early 2000s, there has been an 83% réduction 
in rheumatoid hand surgery in the United Kingdom. 
This indicates that medical treatments and strategies hâve 
been successful at preventing disease progression, which has 
a major impact on patients and surgeons. Patients with 


rheumatologic diseases, however, may présent initially to a 
hand surgeon with varied symptoms and signs without a 
spécifie diagnosis. When a screening history, physical exami¬ 
nation, and radiographs suggest a rheumatologic explanation 
for their disorders, a more thorough évaluation and referral 
to physicians with expertise in évaluation and nonsurgical 
management may be appropriate. 

Because rheumatic diseases with systemic manifestations 
(e.g., diffuse connective tissue diseases, arthritis associated 
with spondylitis, metabolic and endocrine diseases) involve 
other organ Systems, necessary medical treatment should be 
started and continued during and affer surgery. 

Rheumatoid arthritis patients may be treated with one or 
more médications, including nonsteroidal antiinflammatory 
drugs (NSAIDs), corticosteroids, and disease-modifying 
antirheumatic drugs, that may hâve significant side effects. 
Because of their effect on platelets, salicylates usually are dis- 
continued 1 to 2 weeks before surgery; NSAIDs should be 
discontinued 2 to 5 days before surgery. Patients who hâve 
taken corticosteroids for more than a 3-week period in the 
previous 12 months should receive supplémentai corticoste- 
roid therapy before, during, and affer surgery. Side effects 
of patient prescription and nonprescription médications, 
including those used for their arthritic condition, should be 
considered before surgery. In some cases, perioperative 
medical management by an internist is warranted. 

If a general anesthetic is to be used during an operation 
on a patient with rheumatoid arthritis, the alignment and 
stability of the cervical spine should be investigated before 
surgery. If the disease has been generalized and prolonged, 
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radiographs of the cervical spine are indicated to discover any 
subluxations. The degree of cervical spine instability alerts the 
anesthesiologist to the possibility of spinal cord injury that 
may resuit from hyperextension or hyperflexion of the neck 
during intubation or while maintaining a free airway. Exten¬ 
sive involvement of the temporomandibular joint also may 
influence the approach to endotrachéal intubation. 

Procedures usually considered for patients with rheuma- 
toid arthritis include tenosynovectomy, tendon repair or 
realignment, synovectomy, arthroplasty, and arthrodesis. The 
goals of surgery are to relieve pain, restore function, correct 
or prevent deformity, and inhibit disease progression. If pain 
is not the primary considération, the surgeon should hâve a 
reasonable level of confidence that the selected procedure can 
restore enough function to justify the surgery. Conversely, if 
pain can be significantly relieved by a surgical procedure, it 
is worthwhile when adéquate medical treatment has failed to 
do so. Although patients may complain principally of pain, 
cosmesis is an important considération for some, if not most. 
Hand appearance and pain relief are highly correlated with 
patient satisfaction. If rheumatoid synovitis or tenosynovitis 
persists despite good medical treatment and supervision, 
synovectomy and tenosynovectomy are worthwhile prophy- 
lactic procedures that may help delay further distention of the 
joint capsule and ligament and prevent tendon rupture. 

Before surgery, the patient is advised of the details of the 
anticipated procedure. This usually includes information 
about (1) the insertion of pins, (2) the location of incisions, 
(3) the expected appearance after surgery, (4) the application 
of splints, (5) the expected stay in the hospital, (6) the type 
of anesthésia, (7) the approximate cost of the operation, (8) 
the alternatives to and risks of surgery, (9) the postoperative 
care and the réhabilitation period, and especially (10) the 


expected benefit from the operation. Patients with severe 
deformities may hâve developed substitution patterns that 
enable them to perform their daily tasks; these should not be 
interrupted without careful analysis of the pathologie anatomy 
and functional patterns. This is especially true in older, retired 
individuals who hâve no pain. The patient should be advised 
emphatically that surgery neither cures the disease nor 
restores the hand to normal. It is helpful for the patient to 
understand that although many deformities are correctable 
the local progression of the disease may not be altered by 
surgical procedures. 

Rheumatoid hand deformities usually are bilateral and 
symmetric. Each deformity must be analyzed in detail before 
surgery is considered. Although combinations of deformities 
occur, involvement of the Angers, thumb, and wrist is typical. 
The metacarpophalangeal joints and the wrist are affected 
early in rheumatoid arthritis, whereas the distal two joints 
usually are affected later. The metacarpophalangeal is the 
most important joint affecting finger function in rheumatoid 
disease. Ulnar déviation with metacarpophalangeal palmar 
subluxation or dislocation of the finger typifies the rheuma¬ 
toid hand deformity. Ligamentous, osteochondral, and 
intraarticular damage and the forces applied through the 
intrinsic and extrinsic muscles at the metacarpophalangeal 
joint affect the metacarpophalangeal joint deformities and at 
the proximal and distal interphalangeal joints. The disease 
extent and wrist deformity affect finger joint deformities. In 
addition to the typical metacarpophalangeal deformities, the 
proximal interphalangeal joints may develop boutonnière 
or swan-neck deformities, and the distal interphalangeal 
joints, when affected, usually develop a mallet or hyperflexed 
deformity, depending on the extent of capsular disruption 
(Fig. 73-1). 



A and B f Rheumatoid swan-neck deformities of varying severity in ail fingers. Metacarpophalangeal synovitis and 
subluxation and flexion contractures also are présent. 
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Thumb with fixed rheumatoid boutonnière 
deformity with metacarpophalangeal flexion and interphalan- 
geal hyperextension (type I deformity). 


Thumb involvement can cause a variety of deformities, 
depending on the joint in which synovitis begins. Synovitis 
beginning in the thumb metacarpophalangeal joint frequently 
leads to a boutonnière deformity of the thumb, with palmar 
subluxation of the proximal phalanx and subséquent meta¬ 
carpophalangeal joint flexion, and interphalangeal joint 
hyperextension (Fig. 73-2). When synovitis begins in the 
thumb carpometacarpal joint, the deformity includes dorsal 
subluxation of the metacarpal base and hyperextension of the 
metacarpophalangeal joint (swan-neck deformity). Another 
thumb deformity caused by synovitic destruction of the 
capsuloligamentous supports on the ulnar side of the 
metacarpophalangeal joint is the gamekeeper thumb, which 
results from laxity of the ulnar collateral ligament of the 
thumb metacarpophalangeal joint. Involvement of the meta¬ 
carpophalangeal joint also can resuit in laxity of the capsulo¬ 
ligamentous structures in the volar plate, leading to 
hyperextension of the metacarpophalangeal joint and inter¬ 
phalangeal hyperflexion, but with a stable carpometacarpal 
joint. Other, more severe deformities of the fingers and thumb 
can be caused by an erosive rheumatoid disease, leading to 
the “main en lorgnette” (opéra glass hand) (Fig. 73-3). 

Significant flexor and extensor tendon tenosynovitis in 
the digits, palm, and over the wrist flexor and extensor sur¬ 
faces can lead to erosive and attritional changes and tendon 
ruptures. Rheumatoid wrist deformities hâve a significant 
effect on hand function, especially the metacarpophalangeal 
joint finger position. Rheumatoid synovitis can resuit in 
intercarpal ligament disruption, especially the radioscapho- 
capitate ligament, leading to rotatory instability of the carpal 
scaphoid and subséquent destructive changes throughout the 
entire wrist. The distal radioulnar joint stabilizing ligaments 
are destroyed in a similar fashion, leading to ulnar head 



"Main en lorgnette" (opéra glass hand). 
changes in progressive rheumatoid arthritis. 


Late 


dorsal dislocation and subluxation of the extensor carpi 
ulnaris tendon with secondary ulnar translocation of the 
carpus. 


OSTEOARTHRITIS 

Osteoarthritis is the most common arthritic hand disorder. 
The condition may be unilatéral but occurs as frequently in 
the nondominant hand as in the dominant one. Although it 
can be associated with tendon ruptures and triggering of 
fingers, these are not seen as frequently in osteoarthritis as in 
rheumatoid arthritis. It frequently is seen at the trapeziometa- 
carpal joint, more often in women, sometimes as a single joint 
involvement. Osteophytes that form at the distal interphalan¬ 
geal joint are known as Heberden nodes. Mucoid cysts may 
form at the joint margins. At the proximal interphalangeal 
joint, such osteophytes are known as Bouchard nodes (Fig. 
73-4). Spur formation, cartilage fragmentation, and limited 
motion without dislocation are common. During the active 
phase, pain is severe and the joints and overlying skin may 
be inflamed; direct trauma to an inflamed joint is especially 
painful. 


SYSTEMIC LUPUS 
ERYTHEMATOSUS 

Systemic lupus erythematosus, one of the diffuse connective 
tissue diseases, can affect many organ Systems. Pericarditis, 
pleuritis, and rénal disease represent involvement of major 
organ Systems. Cutaneous involvement is présent in 85% of 
patients with this condition. Musculoskeletal involvement is 
characterized by stiffness, swelling, tenderness, and pain, 
with tendons, joint capsules, and ligaments particularly 
involved. Joint surface destruction can occur late in the 
disease process. Hand involvement may be among the earliest 
manifestations. Usually the metacarpophalangeal and proxi¬ 
mal interphalangeal joints are involved, as first manifested by 
ligamentous laxity. Raynaud phenomenon, with tissue necro- 
sis, ulcération, and cold intolérance, also is seen. Although 
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Osteoarthritic hands with Heberden (distal 
interphalangeal) and Bouchard (proximal interphalangeal) nodes 
on both index fingers and thumbs. Note angular changes at distal 
joints as resuit of loss of joint cartilage and instability. 



A and B f Typical radiographs of hand and wrist 
in patients with systemic lupus erythematosus. Note joint disloca¬ 
tions without erosive changes or joint space narrowing. (From 
Nalebuff EA: Surgery of psoriatic arthritis of the hand, Hand Clin 
12 : 603 , 1996 .) 


the hand deformities of systemic lupus erythematosus are 
similar to rheumatoid hand deformities, they resuit primarily 
from soff-tissue abnormalities unrelated to proliférative syno- 
vitis, and the articular cartilage is well preserved (Fig. 73-5). 
Soff-tissue procedures (capsulodesis, tenodesis, tendon 
realignment), bone procedures (arthrodesis, arthroplasty), 
and digital sympathectomy for relief of the digital ischemia 
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of Raynaud phenomenon may be necessary in patients with 
systemic lupus erythematosus. 

PSORIATIC ARTHRITIS 

An estimated 25% of patients with psoriatic arthritis hâve 
polyarthritis similar to rheumatoid arthritis; 5% to 10% hâve 
distal interphalangeal joint involvement. About 15% to 20% 
develop the typical psoriatic rash affer they develop the 
arthritis. Almost 95% of patients with psoriatic arthritis hâve 
asymmetric peripheral joint involvement. Fusiform swelling 
of the entire digit may occur. Uniquely, the nails may sepa- 
rate from the nail bed and hâve a white, flaking discoloration 
near their distal borders; they also may be ridged. Fingernail 
changes, the most common of which is pitting, are reported 
to be présent in about 15% of patients with joint involvement 
(Fig. 73-6). Radiographie changes in psoriatic arthritis of the 
hand include érosion of terminal phalangeal tuffs (acro- 
osteolysis), tapering of the phalanges and metacarpals, 
cupping of the proximal ends of phalanges and metacarpals 
(“pencil-in-cup” deformity), severe destruction or ankylosis 
of isolated small joints, and a prédilection for the interpha¬ 
langeal joints with sparing of the metacarpophalangeal 
joints. Contractures of the proximal interphalangeal joints 
most often require surgical treatment, usually arthrodesis. 
Patients with psoriatic arthritis can, in general, be placed 
into three groups, depending on the timing of the onset of 
the arthritis and the skin lésions. Patients with type 1 disease 
hâve early onset of joint involvement with late development 
of skin lésions. Those with type 2 disease hâve late joint 
involvement and early skin changes. In type 3 there is almost 
simultaneous onset of joint and skin involvement. In patients 
with type 1 the arthritic involvement is mild, whereas in 
type 2 the arthritis is more severe. In patients with type 3 
the severity of arthritic involvement is unpredictable. 
Although fusion or arthroplasty may improve hand function, 
infection may occur more frequently after implant arthro¬ 
plasty in these patients than in patients with rheumatoid 
disease. Scheduling surgical procedures during summer 
months has been recommended because the skin lésions 
tend to be smaller and may be less likely to pose a significant 
risk of infection. 


REITER SYNDROME 

Reiter syndrome is described as a triad of conjunctivitis, ure- 
thritis, and synovitis. The synovitis usually involves asym- 
metrically four or fewer joints. Heel pain, back pain, and nail 
deformities may occur in this syndrome, sometimes making 
it difficult to distinguish it from psoriatic arthritis. It affects 
the lower extremity more often than the upper, and 90% of 
patients hâve remission of symptoms after several weeks; in 
about 10% the disease may become chronic. It is typically 
found in young men. Surgery rarely is indicated. 

GOUT 

Goût usually causes an erythematous, painful joint in men. 
The attack often is sudden with severe pain around a single 
joint. The joint is swollen, hot, and tender, suggesting a severe 
cellulitis or abscess. In chronic goût, massive deposits of 
monosodium urate crystals can be found around the joints 
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Common findings of psoriatic arthritis. A f Pitted nail deformities. B f Metacarpophalangeal joint dislocations and 
thumb interphalangeal joint destruction. C f Typical psoriatic elbow lésion. D and E f Right-hand limited finger flexion and extension 
after metacarpometacarpal joint arthroplasty. 


and tendon sheaths, causing nerve compression, such as 
carpal tunnel syndrome. Intratendinous monosodium urate 
crystal déposition can lead to tendon rupture. The skin may 
be ulcerated by pressure from within (Fig. 73-7). Amputation 
may be necessary because of the extreme bony disruption 
resulting from goût. The deposits may be visible on radio- 
graphs. Women rarely hâve gouty arthritis until after méno¬ 
pausé; however, the typical patient with tophaceous goût is 
an elderly woman. The presence of hyperuricemia alone does 
not establish the diagnosis of goût; the uric acid level may be 
elevated, and an acute attack of goût may never occur. 


Conversely, during an acute attack of goût, the uric acid level 
may be normal. Joint aspiration provides the only definitive 
diagnosis of goût, and polarized microscopy usually shows 
negatively biréfringent crystals in the joint fluid. Surgery for 
tophaceous deposits rarely is indicated, unless an important 
structure is compressed or if the patient cannot tolerate uric 
acid-lowering measures. In addition to tophus excision and 
debridement, other procedures that may benefit a patient 
with goût include tenosynovectomy, tendon repair or transfer 
for tendon ruptures, carpal tunnel release, and appropriate 
management of destroyed gouty arthritic joints. 
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Severe goût in multiple joints of the hand of a 54-year-old man. Heavy calcium urate deposits hâve caused severe 
deformities of ail fingers. 


Pseudogout, also known as calcium pyrophosphate dihy- 
drate crystal déposition disease, although more common in 
the knee, may involve the hands and can mimic septic arthri- 
tis. Clinically, it is characterized by intermittent acute attacks 
resembling acute gouty arthritis. It may be associated with 
a flexor tenosynovitis, leading to carpal tunnel syndrome. 
Calcium pyrophosphate crystal déposition may be visible on 
routine radiographs as opaque areas in the articular cartilage 
or the fibrocartilaginous dise of the distal radioulnar joint. As 
with goût, definitive diagnosis is made by the identification 
of calcium pyrophosphate crystals in the joint aspirate; treat- 
ment of pseudogout is medical. 


SCLERODERMA (PROGRESSIVE 
SYSTEMIC SCLEROSIS) 

Two types of scleroderma are recognized: progressive sys- 
temic sclerosis and CREST (calcinosis, Raynaud phenome- 
non, esophageal dysmotility, sclerodactyly, and telangiectasia) 
syndrome. Diffuse scleroderma, or progressive systemic scle¬ 
rosis, is usually more severe and affects the extremities and 
the trunk. The disease may involve not only the skin but also 
the gastrointestinal tract, especially the esophagus, heart, 
lungs, and kidneys. Telangiectasia also may be seen. The hand 
surgeon may see these patients because of calcinosis of the 
fingertips, ulcérations, or Raynaud phenomenon. The âge at 
onset usually is older than 40 years. 

Arthritic involvement usually causes finger contractures, 
but synovial thickening is minimal. Involvement of hand 
tendons and tendon sheaths can cause a palpable tendon fric¬ 
tion rub or a leathery crepitus, as distinguished from the 
coarse, gritty crepitus palpable in osteoarthritis. Extensor 
tendons may rupture at the interphalangeal joint as they 
become attenuated, the overlying skin breaks down, and the 
joint may be exposed. Changes at the distal interphalangeal 
joint include skin ulcération, joint contracture, gangrené, and 
osteomyelitis. The usual surgical choices for these changes at 
the distal joint are amputation and arthrodesis. 


At the proximal interphalangeal joint, scleroderma 
changes lead to the previously mentioned flexion contrac¬ 
tures. Because the severe contracture of ail structures limits 
the potential for movement, arthrodesis is usually the best 
choice for the proximal interphalangeal joint. 

Metacarpophalangeal joint flexion or hyperextension 
deformities may occur. Resection arthroplasty has been 
found to be an effective method to preserve joint motion. If 
there is a flexion deformity, the metacarpophalangeal joint is 
approached through a dorsal incision. If the metacarpopha¬ 
langeal joint is hyperextended with proximal interphalangeal 
joint flexion, Nalebuff recommended approaching the meta¬ 
carpophalangeal joint through a palmar incision to perform 
the metacarpal head resection, followed by proximal inter¬ 
phalangeal joint fusion. 

Thumb web adduction contractures may require adduc- 
tor pollicis muscle release with trapezial excision. Thumb 
metacarpophalangeal and interphalangeal joint fusions may 
be added. 

Fingertip ulcération from vascular impairment is best 
treated by an extremely conservative approach, including 
waiting for the tips to amputate spontaneously because this 
retains digital length. Surgical sympathectomies and intraar- 
terial injection of vasodilating drugs hâve been effective in 
improving digital circulation. Although récurrence of isch¬ 
émie changes may follow procedures on the vessels, the short- 
term resuit can be bénéficiai for wound healing and pain 
relief. Calcification around the eroded fingertip pulps may be 
excised through a latéral incision, or they may be curetted, 
but healing may be slow. 

NONOPERATIVE TREATMENT OF 
SYNOVITIS AND TENOSYNOVITIS 

Persistent tenosynovitis or arthritis with obvious swelling that 
persists for several weeks even when treated with antiinflam- 
matory drugs can be treated by local injections of a steroid 
préparation and a local anesthetic. In many instances, pain 
may be relieved and surgery delayed by this technique. 
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_ TABLE 73-1 _ 

Grading of Surgical Procedures for Rheumatoid 
Arthritis (Souter) 


GROUP PROCEDURE 

I Fusion of thumb MCP joint 

Extensor synovectomy and Darrach procedure 

II Flexor synovectomy 
MCP joint arthroplasty 

III PIP joint fusion 
Wrist stabilization 

IV Swan-neck correction 
MCP, PIP joint synovectomy 
Thumb IP joint fusion 

V PIP joint arthroplasty 
Boutonnière correction 


Rheumatoid nodules in olecranon bursa and on 
subcutaneous surface of ulna. 


From Souter WA: Planning treatment of the rheumatoid hand, Hand 11:3,1979. 
IP, Interphalangeal; MCP, metacarpophalangeal; PIP, proximal interphalangeal. 


This treatment is especially applicable to trigger fingers, 
carpal tunnel syndrome, and trapeziometacarpal joint osteo- 
arthritis. Osteoarthritis of the distal interphalangeal joints 
and rheumatoid arthritis of the proximal interphalangeal 
joints also respond favorably to injections for several weeks; 
however, after repeated injections, the response may be less 
dramatic. If synovitis and tenosynovitis persist after 4 to 6 
months of adéquate medical therapy, considération should be 
given to synovectomy or tenosynovectomy. 

RHEUMATOID NODULES 

Rheumatoid subcutaneous nodules occur on the dorsum of 
the hand, palmar surface of the fingers, subcutaneous border 
of the ulna, and in the olecranon bursa (Fig. 73-8). They may 
interfère with finger motion because of their size; they may 
be uncomfortable and are at risk for ulcération. If the nodules 
cause sufficient symptoms, they can be removed. Care should 
be taken to use a skin graft, if needed, and to avoid injuring 
neurovascular structures, which may be adhèrent to the 
larger masses. 

STAGING OF OPERATIONS 

When considering operative procedures for patients with 
rheumatoid arthritis, ail aspects of the musculoskeletal 
involvement should be considered. The extent to which pain 
limits function is given high priority. Patients who function 
well despite significant deformity may be less inclined to hâve 
a surgical procedure than patients whose activities are limited 
by pain. Souter recommended starting with a procedure that 
is likely to succeed, beginning with the least involved hand. 
He grouped hand procedures from the most effective (group 
I) to the least effective (group V) (Table 73-1). In addition, 
Souter advocated correcting significant disease and deformity 
in the elbow and shoulder before correcting hand deformi- 
ties. Surgical priorities are, in descending order of impor¬ 
tance, the spine, foot, hip, knee, wrist, shoulder, thumb, 
elbow, and fingers. Each patient should be considered 


individually, and the patients requirements and the forces 
and demands on the extremity should be considered. 

When several operations are indicated on a single hand, 
their order of priority must be considered. Persistent tenosy¬ 
novitis, tendon rupture, and nerve compression are high- 
priority problems. In general, when wrist arthroplasty or 
arthrodesis is indicated, it should be done first because the 
position of the wrist détermines the balance of the digital 
flexor and extensor tendons. At the time of wrist surgery, an 
additional procedure, such as arthrodesis of the metacarpo¬ 
phalangeal joint of the thumb, can be done. Other, more 
extensive surgery usually is b est delayed. 

When multiple small joint procedures, such as metacar¬ 
pophalangeal arthroplasties or proximal interphalangeal joint 
fusions, are to be performed, they can be done at the same 
time. Frequently, a patient with rheumatoid arthritis requires 
surgery not only on the opposite hand but also on the feet, 
the hips, and other joints. Usually, surgery is performed on 
only one hand at a given time because of the requirements 
for daily independent living and personal hygiene. If the 
lower extremities require external support, a platform or 
forearm crutch should be provided. 

USE OF KIRSCHNER WIRES IN THE 
RHEUMATOID HAND 

In the rheumatoid hand, most Kirschner wires eventually 
loosen and require removal. Fusion occurs rapidly in most 
instances after arthrodesis; Kirschner wires usually are eut 
under the skin at a level that makes them easily recoverable. 
Sometimes they are left protruding at the proximal inter¬ 
phalangeal joints. The dressing is applied over the wires. 
Wires left embedded in the pulp of the fingers or near the 
metacarpophalangeal joint on the palmar side of the thumb 
may be extremely painful. Wires in these areas should be 
inserted with the end nearest the skin on the dorsal surface. 
Most wires can be removed in the office using a local 
anesthetic. 
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FINGER DEFORMITIES CAUSED BY 
RHEUMATOID ARTHRITIS 

Finger deformities can be caused by the normal forces applied 
to damaged joints by the extrinsic flexors and extensors, 
tightness of the intrinsic muscles, displacement of the latéral 
bands of the extensor hood, central slip rupture, or rupture 
of the long extensor or long flexor tendons. Here abnormal 
forces also act on joints already weakened by the disease. In 
addition, flexor tenosynovitis may produce limitation of 
interphalangeal joint motion, so the range of active flexion of 
these joints is significantly less than passive flexion. 

INTRINSIC PLUS DEFORMITY 

The intrinsic plus deformity is caused by intrinsic muscle 
where the proximal interphalangeal joint cannot be flexed 
while the metacarpophalangeal joint is fully extended. Offen, 
the deformity develops in combination with volar sublux¬ 
ation of the metacarpophalangeal joints and ulnar déviation 
of the Angers. The Bunnell test is a test for intrinsic tightness 
where the degree of passive proximal interphalangeal joint 
flexion is compared with the metacarpophalangeal joint in 
full extension (intrinsic muscles stretched) and full flexion 
(intrinsic muscles relaxed). Variable degrees of passive proxi¬ 
mal interphalangeal joint loss with the metacarpophalangeal 
joint in extension indicate intrinsic tightness (Fig. 73-9). 
With ulnar drift of the Angers, this intrinsic tightness may be 
présent only on the ulnar side. To test this accurately, axial 
alignment of the finger with the metacarpal should be main- 
tained in checking intrinsic tightness. Any ulnar déviation at 
the metacarpophalangeal joint during the test slackens the 
intrinsics on the ulnar side of the finger and may confuse 
the findings. A tight first volar interosseous muscle pulls the 
extended index finger ulnarward, but if the finger is held in 
line with the second metacarpal during the test then tight¬ 
ness of this muscle can be shown. The first volar interosseous 


is a flexor and an adductor of the second metacarpophalan¬ 
geal joint, and usually the first dorsal interosseous is an 
abductor only. Release of the volar intrinsics, especially of 
the abductor digiti quinti, previously thought to reduce ulnar 
drift when performed early, usually is ineflective in itself 
because factors other than tight intrinsics also contribute to 
the deformity. 

Tightness in the oblique retinacular ligament may be 
shown by maintaining the proximal interphalangeal joint in 
extension while testing the distal interphalangeal joint résis¬ 
tance to passive flexion (Fig. 73-10). This may be helpful 
when evaluating a digit with a boutonnière deformity. 

When indicated, intrinsic tightness may be released in 
conjunction with synovectomy by latéral band mobilization. 
When degeneration of the metacarpophalangeal joints 
requires arthroplasty, there may be sufficient resection of 
bone to relax the intrinsic mechanism; however, it must be 
determined specifically at the time of surgery when a release 
is necessary. A spécifie tendon release of the intrinsics may 
be indicated (see Technique 73-5). 

SWAN-NECK DEFORMITY 

Swan-neck deformity is described as a flexion posture of the 
distal interphalangeal joint and hyperextension posture of 
the proximal interphalangeal joint, at times with flexion of 
the metacarpophalangeal joint (Fig. 73-11). It is caused by 
muscle imbalance and may be passively correctable, depend- 
ing on the fixation of the original and secondary deformities 
(Fig. 73-12). Although usually associated with rheumatoid 
arthritis, swan-neck deformity may occur in patients with 
volar plate laxity and in patients with conditions such as 
Ehlers-Danlos syndrome. 

This deformity may begin as a mallet deformity associated 
with extensor tendon disruption at the distal joint with sec¬ 
ondary overpull of the central slip, causing secondary proxi¬ 
mal interphalangeal joint hyperextension This deformity also 



Test for intrinsic tightness. A, Proximal interphalangeal (PIP) joint passive flexion is limited with the metacarpopha¬ 
langeal (MP) joint in full extension. B, Full PIP joint flexion possible from intrinsic relaxation when the MP joint is fully flexed. 
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jjj Test for tightness of oblique retinacular ligament. Proximal interphalangeal joint held in maximal extension by 
examiner. Résistance to passive flexion of distal interphalangeal joint is evaluated. 



Swan-neck deformity. A f Terminal tendon 
rupture may be associated with synovitis of distal interphalangeal 
joint, leading to distal interphalangeal joint flexion and subsé¬ 
quent proximal interphalangeal joint hyperextension. Rupture of 
flexor digitorum superficialis tendon can be caused by infiltrative 
synovitis, which can lead to decreased volar support of proximal 
interphalangeal joint and subséquent hyperextension deformity. 
B, Lateral-band subluxation dorsal to axis of rotation of proximal 
interphalangeal joint. Contraction of triangular ligament and 
atténuation of transverse retinacular ligament are depicted. 
(Copyright 1999 by Jesse B. Jupiter, MD.) 


Fixed rheumatoid swan-neck deformity, with 
proximal interphalangeal joint hyperextension and distal inter¬ 
phalangeal joint flexion. 


may begin at the proximal interphalangeal joint because syno¬ 
vitis causes capsular disruption, tightening of the latéral bands 
and central tendon, and eventual adhérence of the latéral 
bands in a fixed dorsal position, so they can no longer slide 
over the condyles when the proximal interphalangeal joint is 
flexed, hence limiting proximal interphalangeal flexion. The 
dorsally and centrally displaced latéral bands become rela- 
tively slack and may be ineffective in extending the distal 
interphalangeal joint, which may secondarily assume a mallet 
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deformity. This mallet deformity usually is not as severe, 
however, as that produced by terminal slip tendon rupture. A 
swan-neck deformity may require proximal interphalangeal 
joint synovectomy, mobilization of the latéral bands, and 
release of the skin distal to the proximal interphalangeal joint. 
Wrinkles and normal laxity of the skin are lost at the proximal 
interphalangeal joint level after several weeks (see Technique 
73-2). Nalebuff, Feldon, and Millender categorized swan-neck 
deformities into four types and recommended treatment for 
each type. Type I deformities are flexible and require der- 
modesis, flexor tenodesis of the proximal interphalangeal 
joint, fusion of the distal interphalangeal joint, and recon¬ 
struction of the retinacular ligament. Type II deformities are 
caused by intrinsic muscle tightness and require intrinsic 
release in addition to one or more of the aforementioned 
procedures. Type III deformities are stiff and do not allow 
satisfactory flexion but do not hâve significant joint destruc¬ 
tion radiographically. These deformities require joint manipu¬ 
lation, mobilization of the latéral bands, and dorsal skin 
release. Type IV deformities hâve radiographie evidence of 
destruction of the joint surface and stiff proximal interpha¬ 
langeal joints, which usually can be best treated with arthro- 
desis of the proximal interphalangeal joint or, in the ring and 
small Angers, possibly proximal interphalangeal joint arthro- 
plasty if the metacarpophalangeal joints are well preserved. 
Proximal interphalangeal capsulotomy and latéral band 
mobilization may improve interphalangeal flexion by chang- 
ing the arc of motion of the proximal interphalangeal joint. 

Flexor tenosynovitis results in ineffective support by the 
flexor digitorum sublimis tendon and may be an important 
factor in initiating the development of swan-neck deformity 
in the rheumatoid hand. The overpull of the central tendon 
slip, combined with synovitis of the proximal interphalangeal 
joint, stretches the surrounding tissue, resulting in a swan- 
neck or hyperextended position. A tenodesis can be created 
across the proximal interphalangeal joint, using one half of 
the flexor sublimis tendon. If there is marked proximal inter¬ 
phalangeal joint hyperextension and a normal radiographie 
joint space appearance, tenodesis with the flexor sublimis 
tendon can be combined with release of the latéral bands and 
the distal skin. Either the Curtis technique of sublimis teno¬ 
desis (see Technique 72-13) or the technique described by 
Beckenbaugh (Fig. 73-13) can be used. 

Temporary pinning of the proximal interphalangeal joint 
may be indicated for most reconstructions; however, postop- 
erative immobilization of the joint may be unnecessary at 
times, allowing immédiate movement of the joint without 
protective splinting. A complication of this technique is 
flexion contracture of the proximal interphalangeal joint, 
which may exceed 30 degrees. If there is marked proximal 
interphalangeal joint extension associated with joint destruc¬ 
tion on radiographs, arthrodesis may be best if metacarpo¬ 
phalangeal joint arthroplasty is anticipated. Numerous 
fixation techniques hâve been described to obtain successful 
proximal interphalangeal joint arthrodesis in arthritic joints, 
including a single Kirschner wire, crossed Kirschner wires, 
intraosseous or tension band wiring, bone pegs, miniplates, 
compression plates, and subchondral screws. 


CORRECTION OF PROXIMAL 
INTERPHALANGEAL JOINT 
HYPEREXTENSION DEFORMITY 


TECHNIQUE 73-1 


(BECKENBAUGH) 

■ Make a zigzag incision over the proximal interphalangeal 
joint (Fig. 73-13A). Avoid damaging the digital nerves 
that may adhéré to the pulley System volar to the hyper¬ 
extended proximal interphalangeal joint. 

■ Expose the pulley System over the proximal and middle 
phalanges by elevating the neurovascular bundles medi- 
ally and laterally. 

■ Expose the A2 pulley (Fig. 73-13B). 

■ Incise the first cruciate pulley between the distal end of 
the A2 and proximal end of the A4 pullies and expose 
the flexor tendons. 

■ Retract the profundus tendon and release any adhesions; 
expose the sublimis tendon and its adhesions and perform 
a synovectomy (Fig. 73-13C). 

■ Pull the sublimis tendon distally and incise the décussa¬ 
tion, splitting the tendon into two slips. 

■ Pull the divided sublimis tendon distally and incise the 
ulnar slip, leaving a 5-cm slip of tendon attached to 
the ulnar side of the middle phalanx (Fig. 73-13D). Pull 
the slip firmly to ensure that its insertion is not weakened 
by synovitis. In the little finger, both slips are incised 
because a single slip usually is too small. 

■ Puncture the A2 pulley 3 to 4 mm from its distal border 
(Fig. 73-13E). 

■ Pass a small curved hemostat through the hole distally 
into the sheath and clamp the tip of the sublimis tendon 
slip and pull it proximally through the A2 pulley (Fig. 
73-13F). 

■ Bring the slip of tendon distally and suture it to itself with 
nonabsorbable 4-0 sutures (Fig. 73-13G and H). 

■Adjust the tension so that the proximal interphalangeal 
joint is held at only 5 degrees of flexion. A tenodesis is 
accomplished with this slip of tendon fixed across the 
joint. 

■ Repair the cruciate pulley if feasible. 

■ Several fingers can be operated on at one sitting. 

■ If the distal interphalangeal joints are fixed in a flexed 
position, they can be manipulated and pinned in exten¬ 
sion for 3 weeks. 

■ Close the skin over a small drain. Apply a bandage, sup- 
ported by a dorsal splint to prevent proximal interphalan¬ 
geal joint hyperextension. 

POSTOPERATIVE CARE. Motion is begun on day 3 
after removal of the dressing. A static splint is worn at 
night for 6 weeks to hold the metacarpophalangeal joints 
in extension and the proximal interphalangeal joints in 
slight flexion. 


■ INTRINSIC RELEASE 

For intrinsic release, see Chapter 74 (Fig. 74-11 and Tech¬ 
nique 74-7). 
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FIGURE 


A-H, Beckenbaugh technique for correcting hyperextension deformity of proximal interphalangeal joint. (Copyright 


Mayo Clinic, Rochester, Minn.) SEE TECHNIQUE 73-1. 
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LATERAL BAND MOBILIZATION AND 
SKIN RELEASE 


TECHNIQUE 73-2 


(NALEBUFFAND MILLENDER) 

■ Begin a slightly curved dorsal incision at the midportion 
of the proximal phalanx, continue it distally from this 
point over the dorsolateral aspect of the proximal inter- 
phalangeal joint and over the middle of the middle 
phalanx, and traverse obliquely dorsally to form the tail 
of a J (Fig. 73-14A). 

■ Elevate the skin carefully, taking with it the veins. 

■ Make a longitudinal incision between each latéral band 
and the central tendon, releasing them from their fixed 
dorsal position (Fig. 73-14B and C). 

■ Passively flex the proximal interphalangeal joint to observe 
that the latéral bands now slip volarward, sliding over the 
condyles of the joint (Fig. 73-14D). 

■ A synovectomy can now be done, and good passive 
motion usually is established unless there is a bulging 
synovitis of the flexors. 

■ Suture the skin incision proximally. Distally, suturing may 
not be possible; the distal incision, being placed obliquely 
across the middle phalanx, gapes open and accomplishes 
a skin release. If the distal portion of the skin incision is 
sutured routinely, it might contribute again to hyperex¬ 
tension of the joint. The open portion of the incision 
usually heals without a graft in about 2 weeks. 

■ Ensure in the preoperative évaluation that active motion 
can be established by evaluating active flexion of the joint 
by the profundus and sublimis tendons. When active 
flexor function is not confirmed, check the tendons by 
making an incision in the palm and pulling on the tendons 
through the palm to see that they are not stuck and are 
not held by rheumatoid nodules. 



A 


C 


■ Pass a Kirschner wire across the proximal interphalangeal 
joint to maintain this joint in flexion postoperatively for 
approximately 3 weeks. During this time, the open portion 
of the skin wound should close. 


BOUTONNIERE DEFORMITY 

A finger with the so-called boutonnière deformity has a 
flexed proximal interphalangeal joint, with a hyperextended 
distal interphalangeal joint. It is commonly seen in patients 
with rheumatoid arthritis, although this tendon imbalance is 
not unique to rheumatoid disease. In a patient with rheuma¬ 
toid arthritis, it is thought to be caused by synovitis of the 
proximal interphalangeal joint with a stretching out of the 
central slip, allowing the latéral bands to begin subluxating 
volarward. As the deformity progresses, the latéral bands are 
forced farther over the proximal interphalangeal joint con¬ 
dyles and become tightened by their new course and by pres¬ 
sure from the underlying swollen joint. They finally become 
fixed in a subluxated position volar to the joint rotation axis 
and act as proximal interphalangeal joint flexors. This tight- 
ening causes a secondary hyperextension deformity of the 
distal interphalangeal joint. The flexion deformity of the 
proximal interphalangeal joint is compensated for by an 
extension of the metacarpophalangeal joint (Fig. 73-15). The 
metacarpophalangeal joint deformity does not become fixed, 
as do the distal two joints. Nalebuff and Millender categorized 
boutonnière deformities on the basis of the radiographie 
appearance of the joint surface and the amount of active and 
passive motion. The mildest deformities, with satisfactory 
motion and normal-appearing radiographs, can be treated 
with repositioning of the latéral band portion of the extensor 
mechanism, proximal interphalangeal joint synovectomy, 
and extensor tenotomy over the middle phalanx ( Dolphin- 
Fowler procedure). For moderate deformities with a passively 
correctable proximal interphalangeal joint, normal flexor 





A-D f Nalebuff and Millender technique for correction of swan-neck deformity. Skin incision is shown curved to permit 
release of contracted skin. Incision should not be completely sutured. Latéral tendons are mobilized by two longitudinal releasing inci¬ 
sions, and joint is flexed. SEE TECHNIQUE 73-2. 
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Boutonnière deformity. A f Primary synovitis of proximal interphalangeal (PIP) joint can lead to atténuation of overly- 
ing central slip and dorsal capsule and increased flexion at PIP joint. Latéral band subluxation volar to axis of rotation of PIP joint can 
lead in time to hyperextension. Contraction of oblique retinacular ligament, which originates from flexor sheath and inserts into dorsal 
base of distal phalanx, can lead to extension contracture of distal interphalangeal joint. B and C f Clinical photographs illustrate flexion 
posture of PIP joint and hyperextension posture of distal interphalangeal joint in boutonnière deformity. 


tendon fonction, and satisfactory préservation of joint space 
radiographically, a soff-tissue procedure with central slip 
reconstruction using the latéral band or a tendon graft is an 
option. For severe deformities with stiff joints, the long, ring, 
and little fingers can be treated with extensor reconstruction 
and possible implant arthroplasty; in the index finger, arthro- 
desis of the proximal interphalangeal joint may be a more 
durable procedure. 

In mild boutonnière deformities, there is a flexion defor¬ 
mity at the proximal interphalangeal joint with lessened 
ability to flex the distal joint fully, but the joint is not fixed in 
hyperextension. The flexion deformity at the proximal inter¬ 
phalangeal joint is passively correctable from a position of 
approximately 15 degrees of flexion. In these deformities, 
treatment may consist of releasing the latéral tendons near 
their insertion into the distal phalanx. 

A moderate boutonnière deformity has an approximately 
40-degree proximal interphalangeal joint flexion contracture, 
most of which is passively correctable. The distal joint is 
hyperextended, and usually the metacarpophalangeal joint is 
correctable to full flexion passively. The latéral bands are fixed 
in their subluxated position volarward by virtue of the con- 
tracted transverse retinacular ligament. To correct this defor¬ 
mity, there must be functional restoration of the central slip 
and correction of the latéral band subluxation. Radiographs 


of these joints should show no severe joint destruction. If the 
proximal interphalangeal joint is destroyed and fixed, but the 
distal interphalangeal joint is preserved, this deformity can 
be treated with proximal interphalangeal joint arthroplasty or 
fusion. 

A fixed boutonnière deformity usually has joint changes 
on radiographs and a passively uncorrectable proximal inter¬ 
phalangeal joint flexion contracture. Kiefhaber and Strick- 
land found central extensor tendon reconstruction for 
rheumatoid boutonnière deformities unpredictable and rec- 
ommended arthrodesis for severe boutonnière deformities. 


CORRECTION OF MILD BOUTONNIERE 
DEFORMITY BY EXTENSOR 
TENOTOMY 


TECHNIQUE 73-3 


■ Make a dorsal transverse or oblique incision over the 
distal third of the middle phalanx and expose the extensor 
tendon. 
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■ Divide this tendon obliquely to enable it to lengthen and 
remain partially in apposition after the distal interphalan- 
geal joint is flexed. 

■ Carefully stretch the distal interphalangeal joint into 
flexion. This uncommonly may become overstretched and 
develop a mallet deformity that requires splinting. 

■ Do not suture the extensor tendon. 

■Close the wound and begin motion in the next several 
days, ensuring that active motion is carried out by the 
patient. Splint only if there is a mallet deformity. 


CORRECTION OF MODERATE 
BOUTONNIERE DEFORMITY 


TECHNIQUE 73-4 


■ Make a curved, dorsal, longitudinal incision over the 
proximal interphalangeal joint and extend it distally to the 
distal interphalangeal joint. 

■ Mobilize the latéral bands by incising the transverse reti- 
nacular ligament longitudinally and dissecting under- 
neath the displaced latéral slips. 

■ Tenotomize the terminal slips of the two latéral tendons 
just proximal to the distal interphalangeal joint. 

■ When the central tendon appears to be stretched, 
shorten it by suture after tenotomy, taking care not to 
create a proximal interphalangeal joint extension 
contracture. 

■ Align the latéral bands with the central slip at the middle 
phalanx base. 

■ Be certain of 80 degrees of proximal interphalangeal joint 
passive flexion to ensure that an extension contracture is 
not being created. Tendon balance is crucial in this 
operation. 

■ Perform a synovectomy after mobilizing the latéral 
bands. 

■ Pass a small-caliber transfixing Kirschner wire obliquely 
through the joint to hold it in extension. 

■ After 3 to 4 weeks, remove the wire and place the joint 
in a dynamic extension splint if it is indicated. Active 
motion should be initiated promptly to try to maintain 
active joint flexion. 


CORRECTION OF SEVERE 
BOUTONNIERE DEFORMITY 


TECHNIQUE 73-5 


■ When proximal interphalangeal joint arthrodesis is indi¬ 
cated, release the distal interphalangeal joint by oblique 
tenotomy of the latéral tendons just proximal to the joint 
and use the technique of arthrodesis described in Tech¬ 
nique 73-15. 


■ The resection arthroplasty and implant technique can be 
used as an option if the flexion contracture is not so 
severe that it requires extreme bone shortening to accom- 
modate the implant. 


■ INTERPHALANGEAL JOINT ARTHROPLASTY 

Proximal interphalangeal joint arthroplasties can be 
done when metacarpophalangeal joints are reasonably well 
preserved. Some surgeons consider the central two digits 
more suitable for proximal interphalangeal arthroplasty 
because latéral stability can be supported by digits on 
either side. We hâve found proximal interphalangeal joint 
arthroplasty satisfactory in the middle, ring, and small 
fingers. Distal interphalangeal joint or thumb interphalan¬ 
geal joint arthroplasty rarely is necessary because arthro¬ 
plasty of these joints results in limited motion and because 
function after arthrodesis is quite satisfactory and predict- 
able. Metacarpophalangeal joint and proximal interphalan¬ 
geal joint arthroplasties of the same finger rarely are 
indicated. 

Lin, Wyrick, and Stern reported 69 proximal interphalan¬ 
geal silicone arthroplasties and found that (1) an anterior 
approach (Schneider) preserved the extensor central slip, 
allowing earlier motion; (2) pain relief was achieved in 67 of 
69 patients; (3) coronal plane deformities were not easily cor- 
rected; and (4) total motion was not improved. 

Alternative arthroplasty implants continue to evolve with 
variable success. The surface replacement arthroplasty 
devices are, in general, two-piece constructs designed to 
replace the normal joint anatomy. Features common to these 
devices include minimal bone resection, motion center réc¬ 
réation, and soff-tissue préservation. Despite these intuitive 
advantages, categorically these hâve not proven superior to 
flexible implant arthroplasty. Dislocations, implant squeak- 
ing, loosening, and high révision rates are not uncommon, 
especially when used in the index proximal interphalangeal 
joint. Pelligrini and Burton compared the results of arthro¬ 
plasty and arthrodesis in 43 proximal interphalangeal joints. 
Ail cemented arthroplasty devices failed at an average of 2.25 
years after surgery. None of the flexible silicone interposition 
arthroplasties in ulnar digits required révision, but progres¬ 
sive bone résorption was évident radiographically adjacent 
to the implant. They concluded that no currently available 
cemented articulated device provides adéquate latéral 
stability in the radial proximal interphalangeal joints; arthro¬ 
desis remains their procedure of choice for the index and 
occasionally the long finger proximal interphalangeal 
joints with arthritic involvement that interfères with latéral 
pinch. 

The proximal interphalangeal joint volar plate may be 
used as an interposition arthroplasty in selected individu- 
als. Although technically demanding, this procedure may 
benefit patients who wish to retain motion but hâve con- 
traindications to or wish not to hâve a nonbiologic 
arthroplasty. Small patient sériés with proximal interpha¬ 
langeal joint volar plate arthroplasty hâve reported pain 
réduction and maintenance of the preoperative strength 
and motion. 
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PROXIMAL INTERPHALANGEAL JOINT 
VOLAR PLATE INTERPOSITION 
ARTHROPLASTY 


TECHNIQUE 73-6 


■ Approach the proximal interphalangeal joint through a 
volar incision and detach the volar plate from the middle 
phalanx base (Fig. 73-16A). 

■ Débridé the irregular surfaces of the proximal phalanx 
head and contour them to allow enough space for the 
interposition. 

■ Use a Kirschner wire to make two parallel 1,2-mm holes 
perpendicular to the middle phalanx base for passing 
sutures. Attach nonabsorbable sutures to the free distal 
end of the volar plate (Fig. 73-16B). Use fine needles to 
draw the sutures from dorsal to volar through the bone 
tunnels and tie the sutures on the volar side of the middle 
phalanx base. 

■ Obtain hemostasis and close the wound. 


Resection of the 



0.039 in (1.0 mm) 
K-wire 



Tie on volar side 


Proximal interphalangeal joint volar plate 
interposition arthroplasty. A f Through a proximal interphalangeal 
joint volar approach, the volar plate is detached from the middle 
phalanx base. Two holes are drilled perpendicular to the middle 
phalangeal base for passing sutures. B, Sutures are attached to 
the volar plate and drawn dorsal to volar through the bone 
tunnels and tied on the volar side of the middle phalangeal base. 
C, A 1-mm Kirschner wire is used to fix the joint in 20 degrees of 
flexion. (Redrawn from Lin SY, Chuo CY, Lin GT, et al: Volar plate 
interposition arthroplasty for posttraumatic arthritis of the finger joints, 
J Hand Surg 33A:35, 2008.) SEE TECHNIQUE 73-6. 


■ Use a 1-mm Kirschner wire to fix the joint in 20 degrees 
of flexion and apply a well-molded dorsal splint 
(Fig. 73-16C). 

POSTOPERATIVE CARE. The splint and sutures are 
removed at 2 weeks, and a proximal interphalangeal joint 
extension block splint is applied. Progressive range-of- 
motion exercises are begun with interval splinting. 


Both flexible implant and surface replacement metacar- 
pophalangeal joint arthroplasties hâve had better outcomes 
than proximal interphalangeal joint arthroplasty. When the 
metacarpophalangeal joints are stable, surface replacement 
arthroplasties may offer some advantages compared with the 
one-piece silicone implants, which, despite high fracture 
rates, still resuit in satisfactory outcomes. Ail surgical tech¬ 
niques, regardless of the device chosen, should preserve the 
joint soff-tissue restraints, especially with two-piece surface 
replacement arthroplasties (see Technique 73-7). We still 
tend to favor the flexible implant devices, especially in rheu- 
matoid arthritis patients, but the metacarpophalangeal joint 
surface replacement devices may yield some improvement in 
strength and motion and do not appear to hâve the same 
concerns as in the proximal interphalangeal joint. 

Metacarpophalangeal joint volar plate arthroplasty also 
can be done as a biologie alternative to implant arthroplasty. 
Again, small patient sériés indicate reasonable outcomes with 
resurfacing of either the proximal phalanx base or the meta- 
carpal head (see Technique 73-6). 

I PROXIMAL INTERPHALANGEAL JOINT IMPLANT 
ARTHROPLASTY 

If the index and middle finger proximal interphalangeal joints 
are involved, index finger proximal interphalangeal joint 
arthrodesis and middle finger proximal interphalangeal joint 
arthroplasty may be indicated. This procedure gives a more 
stable index finger for pinch and permits middle finger flexion 
for grasp. Ring and little finger resection arthroplasty also can 
be done when indicated. If the joint contracture is so tight 
that extensive bone resection is required for satisfactory 
implant placement, arthrodesis should be considered. 

Joint stiffness and angular and rotational instability may 
compromise outcomes when resection-interposition arthro¬ 
plasty is done for osteoarthritis or traumatic arthritis. Silicone 
arthroplasty for traumatic arthritis of the proximal interpha¬ 
langeal joint has been shown to work satisfactorily. Proximal 
interphalangeal joint silicone arthroplasty has been shown 
to provide pain relief without significant improvement in 
motion. Proximal interphalangeal silicone arthroplasty gen- 
erally produces better results in patients with traumatic 
arthritis than in patients with rheumatoid arthritis. High 
fracture rates hâve been reported with proximal interphalan¬ 
geal joint silicone spacers despite reasonable clinical out¬ 
comes. Patients should be clearly informed that ail arthroplasty 
procedures are done for pain réduction or élimination and 
not for improvement in motion or strength. Moreover, joint 
motion may be decreased affer the procedure, and some 
patients may elect to endure the pain rather than risk motion 
loss, especially of the dominant hand ring finger when loss of 
motion may significantly alter activities such as handwriting. 
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PROXIMAL INTERPHALANGEAL JOINT 
ARTHROPLASTY THROUGH A DORSAL 
APPROACH 


TECHNIQUE 73-7 


(SWANSON) 

■ Make a dorsal, longitudinal, slightly curved incision 
over the joint. Incise the central tendon longitudinally, 
preserving the insertion at the middle phalanx. Main- 
tain the collateral ligament insertions as much as 
possible. 

■ Resect the proximal phalanx head sufficiently to accom- 
modate the implant. 

■ Accurately détermine the proximal phalanx central canal 
axis with the awl (sometimes fluoroscopy is helpful in this 
step). Ream and broach the medullary canal with the 
provided instruments to accommodate the largest implant 
possible. 

■ Enter the middle phalangeal base with the awl or small 
power burr. The articular surface usually is not resected; 
however, sometimes bony distortion requires recontour- 
ing to remove osteophytes and make the base perpen- 
dicular to the middle phalanx long axis. Ream and 
broach to accommodate the largest implant possible 
in accordance with the proximal phalangeal canal 
préparation. 

■ With gentle traction and the joint in full extension, 
check that the distance between the prepared bone 
ends will accommodate the waist portion of the 
implant. Place a prosthetic implant trial in the newly 
created joint space by folding the implant and placing 
both stems in their respective canals simultaneously 
with the proximal interphalangeal joint flexed. The 
proximal and distal implant stems should be fully seated 
in the medullary canals and the waist not compressed 
with the joint in full extension. In flexion, the cortices 
of the phalanges should not abut. 

■ Reattach the central tendon, if necessary, through 
a hole drilled at the dorsal cortex of the proximal 
phalanx. 

■ In a swan-neck deformity (Fig. 73-17), a release of the 
triangular ligament and a release of the latéral tendon 
from the central tendon and élongation of the central 
tendon may be necessary. 

■ In a boutonnière deformity (Fig. 73-18), release and imbri¬ 
cation of the triangular ligament are necessary to permit 
proximal interphalangeal joint extension. The central 
tendon may hâve to be advanced and reinserted at the 
middle phalanx dorsum. 

■Collateral ligaments may require release or excision to 
permit satisfactory joint alignment. Fluoroscopie imaging 
may be helpful, especially in joints distorted by the 
arthritic process. 




Technique for swan-neck deformity. A f Swan- 
neck deformity of fingers. B f Central tendon is separated from 
latéral tendons by dividing connecting fibers. Central tendon is 
step-cut transversely and dissected proximally, lengthening it. 
C f Latéral tendons are relocated palmarward. After insertion of 
implant, eut ends of central tendon are approximated with inter- 
rupted sutures. Knots are buried. (Adapted from an original painting 
by Frank H. Netter, MD, from Clinical Symposia, copyright Elsevier.) SEE 
TECHNIQUE 73-7. 


PROXIMAL INTERPHALANGEAL JOINT 
ARTHROPLASTY THROUGH AN 
ANTERIOR (PALMAR) APPROACH 


TECHNIQUE 73-8 


(LIN, WYRICK, AND STERN; SCHNEIDER) 

■Select an appropriate anesthetic; Lin et al. used an inter- 
metacarpal block with intravenous sédation to allow 
assessment of proximal interphalangeal active motion. A 
stérile wrist tourniquet also can be used. 

■ Approach the joint through a V-shaped or similar incision, 
centered at the proximal interphalangeal joint crease (Fig. 
73-19A). 
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Technique for boutonnière deformity. A f Bou¬ 
tonnière deformity of index finger with swan-neck deformity of 
other fingers. B and C f Lengthened central tendon is advanced, 
and latéral tendons are released and relocated dorsally by sutur- 
ing their connecting fibers. (Adapted from an original painting by 
Frank H. Netter, MD, from Clinical Symposia, copyright Elsevier.) SEE 
TECHNIQUE 73-7. 


9 " Incise the A3 pulley of the flexor sheath on the side with 
the apex of the skin flap. 

■ Retract both flexor tendons and detach the palmar plate 
proximally (Fig. 73-19B). 

■ Release the collateral ligaments partially or completely 
from the proximal phalanx, allowing nearly 180 degrees 
of joint extension (Fig. 73-19C). 

■Cut through the neck of the proximal phalanx with an 
oscillating saw (Fig. 73-19D). Do not resect the base of 
the middle phalanx to preserve digital length. 

■ Préparé the medullary canals with square broaches to 
prevent malrotation (Fig. 73-19E). 

■ Insert provisional "sizing" implants (Fig. 73-19F). Insert 
the permanent implant without the métal grommets. 

■ If possible, reattach the collateral ligaments to the proxi¬ 
mal phalanx through drill holes. 

■Split the palmar plate longitudinally to reinforce the col¬ 
lateral ligaments (Fig. 73-19G). 


■ Close the skin and apply a nonadherent gauze bandage, 
supported by a splint. 

POSTOPERATIVE CARE. The dressing is removed within 
the first week. A dynamic proximal interphalangeal dorsal 
outrigger extension splint with a middle phalangeal block 
is used for 4 weeks. Active flexion against rubber bands 
allows graduated strengthening. Active and passive exer¬ 
cises are begun, and blocking techniques and resting 
extension splints to prevent flexion deformity are used. 
The dynamic extension splint is discontinued after 4 to 6 
weeks. Side-to-side "buddy" taping for 3 months is 
encouraged. 


Volar plate interposition into the proximal interphalangeal 
joint remains an alternative to implant arthroplasty (see Tech¬ 
nique 73-6). Although the procedure is technically more dif- 
ficult than implant arthroplasty, reports suggest that this 
technique can provide durable clinical results. 

DISTAL INTERPHALANGEAL 
JOINT DEFORMITIES 

The rheumatoid deformities at the distal joint include a 
mallet, hyperflexed distal interphalangeal joint (Fig. 73-20), 
which may occur in conjunction with a swan-neck deformity 
or as a resuit of atténuation of the terminal 1 slip, and a hyper- 
extensible distal interphalangeal joint, which also may be 
related to atténuation of capsuloligamentous structures or to 
flexor tendon rupture. Usually either of these deformities can 
be treated with distal interphalangeal joint arthrodesis. In a 
patient who has had a proximal interphalangeal joint arthro¬ 
desis, the distal interphalangeal joint mallet deformity might 
be leff untreated because the small amount of mobility 
remaining in the distal interphalangeal joint can contribute 
significantly to fingertip function. 

■ ULNAR DRIFT OR DEVIATION OF 
THE FINGERS 

Ulnar driff or déviation of the fingers (Fig. 73-21) is found 
in conditions other than rheumatoid arthritis. In the normal 
hand, predisposing factors include (1) metacarpophalangeal 
joint ulnar déviation, especially of the index finger; (2) 
smaller and sloping ulnar condyles of asymmetric metacar- 
pal heads, especially those of the index and middle fingers; 
(3) the approach of the long flexor and extensor tendons 
from the ulnar side of the metacarpophalangeal joints; (4) 
greater ulnar déviation than radial déviation of the digits 
permitted by the radial collateral ligaments when the meta¬ 
carpophalangeal joints are flexed; and (5) greater strength 
of the abductor digiti quinti and flexor digiti quinti than the 
third volar interosseous. Pathologie changes in the rheuma¬ 
toid hand accentuating ulnar déviation and driff include (1) 
metacarpophalangeal joint synovitis that weakens the dor- 
soradial capsular restraints; (2) stretching of the metacarpo¬ 
phalangeal joint collateral ligaments by the volarly directed 
forces of the flexor tendons, permitting volar displacement 
of the proximal phalanges; (3) stretching of the accessory 
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Anterior approach for proximal interphalangeal joint arthroplasty. A f V-shaped incision allows exposure of flexor 
tendon sheath and division of A3 pulley. B f Flexor tendons retracted to allow proximal detachment of palmar plate. C f Collateral liga¬ 
ment origins completely released. D f Proximal interphalangeal joint hyperextended to expose articular surfaces. Head of proximal 
phalanx removed with oscillating saw. E f Medullary canals prepared with properly sized burrs. F f Provisional implants are sized, and 
trial of active motion is shown. Permanent implant is then inserted. G f Palmar plate can be split and used to reconstruct collateral liga¬ 
ments. VP, volar plate. SEE TECHNIQUE 73-8. 




FIGURE 


^ Rheumatoid mallet finger in long finger. 


FIGURE 


^ Ulnar déviation of fingers in rheumatoid 


arthritis. 
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A f Subluxation of metacarpophalangeal joints 
in severe rheumatoid arthritis. B f Subluxations hâve been treated 
by resecting metacarpal heads because intrinsic release provides 
insufficient correction. 


collateral ligaments that permits ulnar displacement of the 
flexor tendons within their tunnels; (4) stretching of the 
flexor tunnels that permits even more ulnar displacement of 
the long flexor tendons; (5) interosseous muscle contracture 
that causes ulnar déviation and proximal interphalangeal 
joint hyperextension, as well as metacarpophalangeal joint 
flexion and eventually subluxation; (6) attenuated radial sag¬ 
ittal bands that allow long extensor tendon ulnar displace¬ 
ment; and (7) long extensor tendon rupture at the wrist level 
that increases the possibility of metacarpophalangeal joint 
dislocations. 

I MILD-TO-MODERATE ULNAR DRIFT 

In the surgical treatment of mild-to-moderate ulnar driff, 
reasonable success is possible only when the major deforming 
forces hâve been properly evaluated. This type of ulnar driff 
implies the absence of severely diseased articular surfaces of 
dislocated joints (Fig. 73-22). Offen, however, the flexor and 
extensor tendons are displaced ulnarward, the intrinsic 
muscles are imbalanced, and the joints are swollen. Surgical 
procedures that may be indicated are intrinsic release or 
transfer for balance, extensor tendon realignment, and meta¬ 
carpophalangeal joint synovectomy. No operation has been 
devised to realign easily the ulnarly displaced flexor tendons 
and their sheaths. 

Extensor tendon realignment procedures ideally are per- 
formed under local anesthésia so that the effectiveness of 
the construct can be verified. The presumed tension on the 
realigned tendon offen requires adjustment for proper 
tendon tracking over the metacarpophalangeal joint. Release 
of the tightened sagittal band and transfer of this into 
the radial collateral ligament or use of a distally based 
portion of the extensor tendon or juncture around the lum- 
brical tendon are common extensor tendon realignment 
techniques. 


EXTENSOR TENDON REALIGNMENT 
AND INTRINSIC REBALANCING 


TECHNIQUE 73-9 


■ Outline with a skin pen the major dorsal veins so that 
they can be located and preserved, if possible, after 
their collapse on application of the tourniquet. They 
usually are found in the "valleys" between the metacar¬ 
pal heads. 

■ Make a transverse dorsal incision over the metacarpal 
heads or longitudinal incisions between the metacarpo¬ 
phalangeal joints. If multiple common extensor tendons 
are to be realigned and longitudinal incisions are pre- 
ferred, incisions between the index and middle and ring 
and small metacarpophalangeal joints will allow access to 
ail four metacarpophalangeal joints. Identify and preserve 
the dorsal veins. 

■ Enter each metacarpophalangeal joint through a longitu¬ 
dinal incision on the ulnar side of the extensor hood 
(radial if the tendons are subluxing radially). 

■ Dissect the extensor hood from the underlying capsule to 
release the ulnarly displaced extensor mechanism. 

■ Dissect between the synovium and joint capsule, if pos¬ 
sible, and remove the synovium, especially that herniating 
out through the capsule and over the dorsal neck of the 
metacarpal. Usually most of the dorsal capsule must be 
removed in severe cases. 

■ Remove the synovium usually lying under the collateral 
ligaments at the metacarpal head by abrasion with two 
or three layers of gauze sponge wrapped over the point 
of a hemostat. 

■ Reposition the displaced extensor mechanism. 

■ Realign the extensor tendon over the metacarpophalan¬ 
geal joint by taking a distally based portion of the exten¬ 
sor tendon and passing it around the radial lumbrical 
tendon with nonabsorbable sutures. 

■ As an alternative a tenodesis of the extensor tendon to 
the base of the proximal phalanx can be performed, with 
suture anchors or with suture through drill holes to main- 
tain a centralized extensor mechanism. 

■ When the index finger is markedly deviated, a transfer 
of the extensor indicis proprius tendon to its radial side 
may be bénéficiai (Fig. 73-23). In addition, the intrinsic 
tendons can be transferred from the ulnar side of the 
digits to the radial side of the adjacent joint, as shown in 
Figure 73-24. 

■ Hâve the patient actively flex and extend the finger to 
ensure that the common extensor tendon remains over 
the metacarpophalangeal joint. 

POSTOPERATIVE CARE. At 2 weeks, the sutures are 
removed and the hand is continually supported in a 
splint to avoid récurrence of ulnar déviation for another 
week. Supervised therapy is then begun with intermit¬ 
tent splint wear and progressive metacarpophalangeal 
joint flexion. The splint is worn for another 3 to 4 
weeks. 
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Correction of mild to moderate ulnar drift. (1) 
Joint is entered through incision in radial side of hood. (2) Relax- 
ing incision is made in ulnar side of hood to permit repositioning 
of extensor tendon. (3) and (4) Incision in radial side of hood is 
closed after its edges are overlapped. (5) Extensor indicis proprius 
tendon is transferred to first dorsal interosseous muscle to rein¬ 
force it. SEE TECHNIQUE 73-9. 



Flatt transfer of released ulnar intrinsics to 
radial side of digits for ulnar drift. 7, Incision is made on ulnar 
side of central tendon, releasing ulnar intrinsic insertion. 2 , Ulnar 
intrinsic insertion is free. 3 , Insertion is sutured to capsule on 
radial side of metacarpophalangeal joint of adjacent finger. 4, 
Segment of abductor digiti quinti tendon is excised to relieve 
ulnar pull of muscle on little finger. 5, First dorsal interosseous 
tendon is shortened to increase radial pull of muscle on index 
finger. SEE TECHNIQUE 73-9. 


I SEVERE ULNAR DRIFT AND 
METACARPOPHALANGEAL DISLOCATION 

In severe ulnar drift, often one or more metacarpophalangeal 
joints hâve dislocated; consequently, this type of drift and 
dislocation of these joints are discussed together. Metacarpo¬ 
phalangeal joint dislocations in effect release the soft-tissue 
tension across the joint and thus decrease tension more dis- 
tally and protect, at least partially, the proximal interphalan- 
geal joint. Conversely, when proximal interphalangeal joints 
dislocate first, the metacarpophalangeal joints are partially 
protected. It should be emphasized, however, that the long 
flexor tendons are a major deforming force that drifts ulnar- 
ward, either within or without their sheaths, exerting an ulnar 
and palmarly directed force leading to metacarpophalangeal 
joint dislocation. For this type of ulnar drift, surgery is done 
mainly on the metacarpal head and its surrounding ligaments 
and tendons. 

Function of a dislocated and arthritic metacarpophalan¬ 
geal joint may be improved by interposition arthroplasty. 
Many different designs of metacarpophalangeal joint interpo¬ 
sition arthroplasty implants are available. We hâve had more 
expérience with the Swanson implant than any other. An 
average expected range of motion at the metacarpophalan¬ 
geal joint is about 55 degrees, and usually this occurs in the 
functional range. Complications include an infection rate 
between 0% and 3%, a breakage rate between 2% and 82%, a 
subluxation rate of 20%, and a dislocation rate of 5%. Although 
obvious fractures of the prosthesis may occur and occult frac¬ 
tures often can be shown on tomograms, the function of the 
joint usually is not impaired because it is not only the pros¬ 
thesis but also the encapsulating scar that provides stability 
and permits motion. Métal sleeves or grommets, which hâve 
been added to diminish abrasion at the bone-prosthesis inter¬ 
face, do not seem to make a significant différence in the 
fracture rate. The prostheses are easily removed when neces- 
sary. Of the many alternative designs for metacarpophalan¬ 
geal implant arthroplasty, the pyrolytic carbon design has 
shown promising results. 

Pyrolytic carbon metacarpophalangeal joint arthroplas- 
ties hâve fared better than their proximal interphalangeal 
joint counterparts. Wall and Stern found satisfactory out- 
comes in pyrolytic carbon metacarpophalangeal arthroplas- 
ties at an average 4-year follow-up, with improved joint 
motion, good pain relief and patient satisfaction, and few 
complications. Radiographie outcomes revealed a consistent 
asymptomatic surrounding lucency with no evidence of 
implant failure or migration. Dickson et al. reported a mean 
arc of motion of 54 degrees (20 to 80 degrees) in 35 index and 
16 middle metacarpophalangeal arthroplasties at an average 
follow-up of 103 months (range, 60 to 72 months). Good pain 
relief, a functional range of motion, and high satisfaction 
were seen in most patients, with an 88% survival rate at 10 
years and average subsidence of 2 mm in the proximal and 1 
mm in the distal component. 

Metacarpophalangeal joint arthroplasty reliably relieves 
pain, maintains stability and alignment, and permits accept¬ 
able motion. Results deteriorate over time, however, and the 
patient should be advised that révision may be necessary. The 
presence of active infection is a contraindication to implant 
arthroplasty. Loss of bone stock, skin changes that prohibit 
good closure, and irréparable tendon damage also compro¬ 
mise the outcome of implant arthroplasty. 
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METACARPOPHALANGEAL JOINT 
ARTHROPLASTY 


TECHNIQUE 73-10 


(SWANSON) 

■ Make a transverse incision on the dorsum of the hand, 
beginning on the radial aspect of the second metacarpo- 
phalangeal joint, and extend it ulnarward to the ulnar 
aspect of the fifth metacarpophalangeal joint. (Alterna¬ 
tive^ two longitudinal incisions can be used for the meta- 
carpophalangeal joint exposure, one between the index 
and middle and one between the ring and small fingers.) 
Preserve ail sensory nerves and carefully observe the 
pattern of the superficial veins; preserve them as well 
when possible. 

■ This transverse incision permits a slight flap that can be 
dissected proximally and folded back, exposing the heads 
of the metacarpals. Through this, incise the shroud liga¬ 
ment of the extensor mechanism on the radial aspect of 
each joint and, if necessary, on the ulnar aspect also. This 
permits entry into the joint capsule, which already may 
be ruptured dorsally with herniation of hypertrophied 
synovium. 

■ Incise the capsule longitudinally and perform a synovec- 
tomy with small rongeurs before and after metacarpal 
head resection. 

■ With a thin osteotome or a bone-biting instrument, resect 
each metacarpal head to shorten the bone sufficiently to 
permit easy réduction of the volarly dislocated proximal 
phalanx base. This may require resection proximal to the 
collateral ligaments origin, necessitating radial collateral 
ligament repair or reconstruction. 

■After synovectomy, introduce into the metacarpal medul- 
lary canal an awl or, if necessary, a reamer to provide 
space for the prosthesis stem. The metacarpal head-neck 
région should be eut carefully so that it is at a 90-degree 
angle with the axis of the metacarpal shaft. 

■ Do not resect the proximal phalanx base, although defor- 
mity from the arthritic process may require recontouring 
to make the base perpendicular to the phalangeal shaft. 
Soft-tissue dissection from the proximal phalangeal base 
should be sufficient to ensure that the entry point in the 
phalangeal canal is appropriate, centered from médial to 
latéral and more dorsal than volar to prevent volar cortex 
perforation. Préparé the base to accept the distal stem of 
the prosthesis by appropriate drilling, reaming, and 
broaching. 

■Select the largest implant that can be inserted 
comfortably. 

■ Place gentle traction on the finger with the metacarpo¬ 
phalangeal joint in full extension and examine the dis¬ 
tance between the metacarpal head and the phalangeal 
base. This should be sufficient to accommodate the 
implant midsection. Moreover, bone resection should be 
sufficient to prevent prosthesis buckling and volar abut- 
ment with joint flexion. 

■To help correct or avoid index finger pronation, Swanson 
recommended that a radial slip of the proximal 


phalangeal volar plate be split off proximally and reat- 
tached to the radial aspect of the metacarpal neck (Fig. 
73-25). 

■ Remove the prosthesis from the package after a trial 
prosthesis has been inserted and the desired size deter- 
mined. Handle the prosthesis with instruments without 
sharp edges to avoid scoring or other damage. 

■ Insert the prosthesis and check that metacarpophalangeal 
joint passive motion is from full extension to almost 90 
degrees of flexion. 

■ Check ail fingers carefully for alignment and for rotary 
deformity. 

■ Close any remaining capsule over the prosthesis and cen- 
tralize the extensor tendon over the metacarpophalan¬ 
geal joint. Ensure that an ulnar intrinsic release has 
been accomplished when the metacarpophalangeal joint 
ulnarly deviates with the joint in full extension. Note that 
ulnar intrinsic release is commonly required in rheumatoid 
arthritis patients, especially for the ring and small fingers. 

■ Insert a drain, close the wound, and apply a supportive 
dressing to splint the fingers in slight radial déviation. 

POSTOPERATIVE CARE. The splint is removed, and the 
dressing is changed at 5 to 7 days after surgery. The 
fingers are held in extension and deviated radially in 
the postoperative splint for 7 to 10 days until sutures are 
removed at about 10 days or longer, depending on 
wound healing. After suture removal, a program of 
passive and active motion is begun under the supervision 
of a therapist. Dynamic splinting is used to assist meta¬ 
carpophalangeal extension and radial déviation during 
the day and is combined with static volar wrist, metacar¬ 
pophalangeal, and proximal interphalangeal extension 
splinting at night. The daytime static splint is discontinued 
at 6 to 8 weeks, and supervised therapy with static splint¬ 
ing at night is continued for at least 3 months. 



Swanson technique for reconstruction of radial 
collateral ligament of index metacarpophalangeal joint by using 
slip of volar plate. SEE TECHNIQUE 73-10. 
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Surface replacement arthroplasty is reserved for patients with 
stable metacarpal joints. Most rheumatoid arthritis patients, 
however, are not candidates for this technique because joint 
instability much less joint dislocations are contraindications 
to this procedure. Thus surface replacement arthroplasty is 
more ideally suited for patients with osteoarthritis or post- 
traumatic disorders with intact and stable metacarpal joint 
collateral ligaments and volar plates. 


METACARPAL JOINT SURFACE 
ARTHROPLASTY 


TECHNIQUE 73-11 


(BECKENBAUGH) 

■ If a single joint is to be replaced, make a longitudinal 
incision over the metacarpal joint dorsally; if multiple 
joints are involved, make a curving transverse incision 
across the metacarpal joints dorsally. 


■ Incise the extensor hood on the radial side of the central 
tendon or through its center if no dislocation or sublux¬ 
ation of the tendon is présent. 

■ Dissect the extensor tendon free from the joint capsule 
when possible and split it longitudinally to expose the joint 
so that the proximal phalangeal dorsal base and the meta¬ 
carpal head with the collateral ligament origins are visible. 
Preserve the capsule as much as possible for later repair. 

■ Use an awl to puncture the metacarpal head in its dorsal 
third, centered in the width of the head and aligned with 
the long axis of the metacarpal medullary canal. 

■ Attach the alignment guide and insert into the puncture 
and advance it into the medullary canal one-half to two- 
thirds the length of the metacarpal. The alignment guide 
should be parallel to the dorsal surface of the metacarpal 
shaft and in line with the long axis of the bone. 

■ Begin a partial metacarpal osteotomy using the proximal 
osteotomy guide mounted on the alignment awl and 
complété it free hand by following the previously estab- 
lished osteotomy plane. Attach the proximal osteotomy 
guide (Fig. 73-26A) on the alignment awl and advance it 



FIGURE 


Metacarpal joint surface arthroplasty. SEE TECHNIQUE 73-11. 
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9 until the cutting plane of the guide is positioned 1 to 2 
mm distal to the dorsal attachments of the collateral liga¬ 
ments. Keep the volar surface of the guide parallel to the 
dorsal metacarpal surface to maintain proper rotational 
alignment. Remove the alignment awl and complété the 
osteotomy by following the plane established by the 
guided eut. 

■ Puncture the proximal phalangeal base volar to the dorsal 
surface of the proximal phalanx a distance one third of 
the sagittal height and centered across the base in line 
with the phalangeal medullary canal. 

■ Advance the alignment guide one-half to two-thirds the 
length of the phalangeal medullary canal and attach the 
distal osteotomy guide. Advance until the cutting plane 
of the guide is positioned 0.5 to 1.0 mm distal to the 
dorsal edge of the proximal phalanx. Keep the volar 
surface of the guide parallel to the phalanx dorsal surface. 
■ Make the phalangeal eut with a small sagittal saw through 
the blade slot of the osteotomy guide (Fig. 73-26B). Make 
the dorsal portion of the osteotomy, remove the align¬ 
ment awl, and complété the osteotomy free hand. 

■ Open the phalangeal opening with the starter awl and 
distally broach along the previously established medullary 
axis. Keep the dorsal surface of the broach parallel to the 
dorsal surface of the phalangeal bone. A side-cutting burr 
may be necessary to assist in proper seating of the 
broaches. Continue broaching until the seating plane of 
the broach is flush to 1 mm deeper than the osteotomy 
(Fig. 73-26C and D). During broaching, evaluate fit and 
movement résistance. Repeat the broaching process with 
the next larger size broach until the largest size possible 
can be inserted and properly seated. 

■ Broach the metacarpal beginning with the size 10 proxi¬ 
mal broach working up to the broach determined from 
the phalangeal broaching process. Continue broaching 
until the seating plane of the broach is 1 mm deeper than 
the osteotomy. Do not mismatch proximal and distal com- 
ponent sizes. 

■ Assess range of motion with trial components. Tightness 
in extension may be relieved by further impaction or 
removal of more bone. Insert and impact the appropriate 
size distal component until the component collar is flush 
with the proximal phalangeal base. 

■ Insert and impact the matching metacarpal component 
and assess stability and range of motion. 

■ Repair the capsule, centralize the common extensor 
tendon, and perform intrinsic releases and transfers when 
indicated. 

■ Apply a volar splint with the wrist in 10 to 15 degrees of 
extension, the metacarpal joints in full extension, and the 
proximal interphalangeal joints in slight flexion. 

POSTOPERATIVE CARE. Active and passive range- 
of-motion exercises are begun under the supervision 
of a therapist within the first week following the proce¬ 
dure. The sutures are removed at 10 to 14 days after 
surgery. Supervised physical therapy is continued until 
satisfactory motion has been achieved and the patient 
understands various exercises sufficiently to perform 
them independently. 


EXTENSOR TENOSYNOVITIS 

Wrist and digital extensor tenosynovitis causes visible swell- 
ing yet is usually relatively painless. This condition is more 
common at the wrist level, and mobile masses associated with 
the extensor tendons distinguish this from dorsal capsular 
synovitis and ganglion cysts. These extensor tendon nodules 
may impinge on the distal edge of the extensor retinaculum, 
producing discomfort and limiting concomitant wrist and 
finger extension. One or ail extensor tendons may be affected, 
and significant tendon involvement may lead to tendon 
rupture. Splinting and medical treatment should be used and 
may lead to symptom resolution. Corticosteroid injections 
hâve limited use because of the possibility of extensor tendon 
rupture, and an extensor tenosynovectomy usually is recom- 
mended if there has been no improvement in the tenosyno¬ 
vitis with nonoperative treatment. 

EXTENSOR TENDON RUPTURE 

Rheumatoid tenosynovitis is a common cause of tendon 
rupture and a major cause of deformity and disability. Distal 
ulna dorsal subluxation contributes to extensor tendon 
rupture because the extensor tendons usually glide between 
the arthritic distal ulnar head and the tight, intact dorsal 
carpal ligament. The small finger usually is involved first and 
subsequently the ring (Vaughn-Jackson syndrome) and then 
sequentially more radial digital extensors (Fig. 73-27). The 
long extensor tendon of the thumb, because of its tortuous 
course, frequently ruptures at Lister’s tubercle, where it 
angles through an enclosed tunnel or pulley. At surgery, 
white strips of pseudotendon connective tissue may be seen 
between the more normal proximal and distal tendon ends, 
and, although these are not true tendons, they may be 
responsible for some remaining limited metacarpophalan- 
geal joint extension. 

A ruptured extensor tendon can be repaired by direct 
suture if found within a few days and if the remaining tendon 
is adéquate. If surgery must be delayed for several days, it is 
well to splint the wrist in extension to relieve the constant 
tension on the remaining intact tendons. If the ruptured 
tendon is diagnosed after several weeks, a segmentai tendon 
graft or possibly tendon transfers of the proximal and distal 


Intact extensor 
indicis tendon 
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Ruptured tendons 
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FIGURE 


^ Rupture of extensor tendons at level of exten¬ 


sor retinaculum in rheumatoid arthritis. Most ruptures of common 
finger extensors occur at an abrasive point created by dorsally 


dislocated distal ulna. 
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Extensor tendon rupture under extensor reti- 
naculum. Repair can be accomplished by side-to-side repair to 
adjacent intact tendon. 


segments of the ruptured tendon to an adjoining intact 
tendon may be satisfactory treatment (Fig. 73-28). A syno- 
vectomy is always indicated in the région of the rupture and 
the repair. 

If the tendon of the ring finger or little finger alone is 
ruptured, repair of the ring finger tendon may be possible 
by suturing its distal and proximal segments to the intact 
middle finger extensor tendon under appropriate tension. 
The extensor indicis proprius might be transferred for use 
as a motor to the little finger. Transfer of the extensor pollicis 
brevis as a motor as an alternative is possible if it becomes 
necessary to arthrodèse the metacarpophalangeal joint of the 
thumb. When three extensor tendons, those of the middle, 
ring, and little fingers, hâve been ruptured for an extended 
period, the transfer of a motor usually is indicated. An 
acceptable source for this motor is the sublimis of the ring 
finger. This tendon has enough excursion and might be even 
more effective because of the tenodesing effect when the 
wrist is flexed. Extensor pollicis longus tendon rupture can 
be repaired by transfer of the extensor indicis proprius, a 
useful transfer when the extensor pollicis ruptures from 
other causes. 

The clinical examination usually underestimates the 
amount of tendon atténuation and rupture, and reconstruc¬ 
tion may be more complex than anticipated. Moreover, 
surgery may be done as an attempt to identify and eliminate 
the source of tendon degeneration to limit further loss of 
metacarpophalangeal joint extension. 

FLEXOR TENDON RUPTURE 

Flexor tendon rupture in rheumatoid patients is not as 
common as extensor tendon rupture but is much more dif- 
ficult to treat surgically. Rupture may occur within the digit 
as a resuit of infiltrative tenosynovitis or at wrist level, espe- 
cially of the flexor pollicis longus tendon, because of bony 


prominence. Triggering of the fingers commonly cornes from 
tendon nodularity within the zone II flexor sheath but may 
also be secondary to a sublimis slip rupture. Infiltration, 
weakening, and eventual rupture of the profundus tendons 
may likewise occur and are more obvious and disabling clini- 
cally. The location of either sublimis or profundus ruptures is 
variable and indeterminate on physical examination, and 
either may resuit in secondary joint stiffness. Graffing of rup¬ 
tured rheumatoid finger flexor tendons almost always fails. 
The exception is at the wrist, where a segmentai graff occa- 
sionally can be used as treatment for a ruptured flexor pollicis 
longus tendon. Another approach to flexor pollicis longus 
rupture is distal joint arthrodesis if hyperextension of the 
interphalangeal joint hampers thumb function. If the flexor 
profundus and superficialis are ruptured in the digit, proxi¬ 
mal and distal interphalangeal joint stabilization by arthro¬ 
desis may be preferred. 

PERSISTENT PROXIMAL 
INTERPHALANGEAL JOINT SYNOVITIS 

Synovectomy is a useful operation for persistent proximal 
interphalangeal joint synovitis and can be performed on ail 
four fingers of one hand at the same time and in conjunction 
with other synovectomies. Since the advent of disease- 
modifying antirheumatic drugs, the need for synovectomies 
has declined significantly. 


SYNOVECTOMY 


TECHNIQUE 73-12 


■ On one side of the finger (occasionally on both sides), 
make a midlateral incision (see Chapter 64) centered over 
the proximal interphalangeal joint, and on each side 
perform the following procedure. A curved dorsal incision 
centered over the proximal interphalangeal joint provides 
a more extensile approach and is preferred, especially 
when extensor tendon rebalancing procedures are 
needed. 

■ Locate the transverse retinacular ligament, sever its 
attachment, and elevate the extensor hood. 

■ Under the hood, identify the collateral ligament. Enter the 
joint dorsal to this ligament and latéral to the central 
tendon, explore the joint, and excise as much synovium 
as possible. 

■ Remove the synovium from the area behind the 
volar plate and the area inferior to the collateral liga¬ 
ment, dividing, if necessary, the accessory collateral 
ligament. 

■ Relocate the latéral tendon and transverse retinacular 
ligament. 

■ Close the incisions. Apply a dressing and a short-arm volar 
splint. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days after surgery. Active and passive range-of- 
motion exercises are begun under the supervision of a 
therapist at the time of suture removal. The supervised 
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S physical therapy is continuée! until satisfactory motion has 
been achieved and the patient understands various exer¬ 
cises sufficiently to perform them independently. 


FLEXOR TENOSYNOVITIS 

Although flexor tenosynovitis at the wrist may not be as 
apparent as that seen on the extensor surface, the bulk of the 
tenosynovium interfères with finger motion, compresses the 
médian nerve in the carpal tunnel, and leads to tendon 
rupture. Erosion of the volar capsule and ligaments over 
radial osteophytes contribute to flexor pollicis longus rupture 
in the carpal tunnel (Mannerfelt lésion). In the digits, flexor 
tenosynovitis may lead to triggering in the flexor sheath. The 
triggering may be caused by tenosynovium or tendon nodules 
catching on the sheath or at the décussation of the flexor 
sublimis as the flexor profundus passes through or from 
partial tendon ruptures such as a sublimis slip. 

Tenosynovitis occurs most often on the volar surface of 
the wrist and Angers and the wrist dorsal surface. Often there 
is a progressive fusiform swelling of one or more flexor 
tendon sheaths extending from the middle of the palm to the 
distal interphalangeal joint. The swelling is typically painful 
and causes a graduai decrease in finger flexion. On palpation, 
the synovium is thickened and nodules can be felt along the 
tendon sheath with tendon excursion; crepitus and grating 
usually are présent. Tenosynovectomies seem to hâve a lasting 
effect, and flexor sublimis ulnar slip removal has been sug- 
gested to reduce the récurrence and reoperation rates. 
Although tenosynovectomy and joint synovectomy usually 
can be expected to relieve pain, a concomitant improvement 
in joint motion may not be seen. 


FLEXOR TENDON SHEATH 
SYNOVECTOMY 


TECHNIQUE 73-13 


■ Make a long zigzag incision (Fig. 73-29) on the palmar 
surface of each involved finger. 

■ Expose the flexor tendon sheath by raising skin flaps 
and protect the anterolaterally oriented neurovascular 
bundles. 

■ Excise portions of the sheath, leaving as much of the 
pulley System as possible, especially the A2 and A4 pulleys 
over the middle of the proximal and middle phalanges. 

■ Excise as much synovium as possible, taking care to 
remove it from behind the slips of the sublimis and 
between the profundus and sublimis. 

■ Traction on the tendons individually proximal to the Al 
pulley will assist in identifying the source of triggering if 
présent. If triggering persists after a careful synovectomy 
and flexor tendon nodule debridement, excise the ulnar 
flexor sublimis slip. An Al annular pulley release should 
rarely be required. 

■ Close the incision with interrupted sutures, apply a com¬ 
pression dressing, support the wrist with a volar plaster 
splint, and elevate the hand. Motion of the fingers is 
started as soon as tolerated. 

POSTOPERATIVE CARE. The sutures are removed at 10 
to 14 days after surgery. Active and passive range-of- 
motion exercises are begun under the supervision of a 
therapist at the time of suture removal. Supervised 



FIGURE 


Discontinuous, extensile incision used in extended approach. Similar incisions for ring and little fingers are made as 


needed. SEE TECHNIQUE 73-13. 
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physical therapy is continuée! until satisfactory motion has 
been achieved and the patient understands various exer¬ 
cises sufficiently to perform them independently. 


■ FINGER JOINT ARTHRODESIS 

Thumb or finger joint arthrodèses may be indicated when 
arthroplasty cannot reliably restore stability and motion. 
Ligamentous instability and angular and rotational deformi- 
ties, especially those of the index and thumb, are more reli¬ 
ably treated by arthrodesis because the stress from pinch and 
grasp may further the deformity. Occasionally, a joint must 
be arthrodesed because the muscles that control the digit are 
not strong enough to stabilize and move ail joints. When the 
metacarpophalangeal joint is destroyed, if good muscle 
strength is présent, arthroplasty is indicated more often than 
arthrodesis. 

Following are the preferred positions for arthrodesis of 
the various joints. In the fingers, the metacarpophalangeal 
joint should be fixed in 20 to 30 degrees of flexion. The proxi¬ 
mal interphalangeal joints should be fixed from 25 degrees of 
flexion in the index finger to almost 40 degrees in the small 
finger (less flexion in the radial fingers than in the ulnar 
fingers). The distal interphalangeal joints are fixed in 0 to 20 
degrees of flexion depending on the patients preference and 
the method of fixation. Techniques for arthrodesis with inter¬ 
nai fixation include Kirschner wires, screws, and bone graft- 
ing techniques. Tension band wiring has been reported to 
provide reliable fixation for proximal interphalangeal and 
metacarpophalangeal joint arthrodesis (Fig. 73-30). Kirsch¬ 
ner wire fixation is rapid and simple and allows control of the 


fusion position in flexion, angulation, and rotation before 
fixation. It préserves maximal length, it allows early motion, 
and rapid union is achieved (Fig. 73-31). 


METACARPOPHALANGEAL JOINT 
ARTHRODESIS 


TECHNIQUE 73-14 


(STERN ETAL; SEGMÜLLER, MODIFIED) 

■ Make a transverse dorsal incision over the metacarpopha¬ 
langeal joint to be fused. 

■Split the extensor hood and joint capsule longitudinally 
in the center of the central extensor tendon. 

■ Remove sufficient capsule to gain exposure of the 
joint. 

■ Release the collateral ligaments to allow full flexion of 
the joint, exposing the joint surfaces proximally and 
distally. 

■ Remove any remaining articular cartilage from the 
destroyed joint and remove subchondral bone down to 
cancellous bone. 

■ Use one of two techniques to shape the articular surfaces: 
Resect the joint surfaces with an osteotome or oscillating 
saw to achieve the desired angle (20 to 30 degrees), or 
remove the metacarpal head and proximal phalangeal 
base to make a cup-and-cone or ball-and-socket fit. 

■ With a 0.028-inch Kirschner wire, drill a transverse hole 
5 to 10 mm distal to the fusion site slightly dorsal to the 
midaxial line. 



Tension band arthrodesis. A f Phalangeal osteotomy. Cuts are made parallel at desired angle with oscillating saw. 
B f Hole for 25-gauge or 26-gauge stainless Steel wire made through middle phalangeal base dorsal to midaxial line. C f Rétrogradé 
insertion of 0.028-inch or 0.035-inch Kirschner wire into proximal phalanx. D f Kirschner wire driven into anterior cortex of middle 
phalanx. E f Figure-of-eight tension band created and tightened. SEE TECHNIQUE 73-14. 
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A, Anteroposterior and latéral views of crossed 
Kirschner wires. B, Anteroposterior and latéral views of interfrag- 
mentary wire and longitudinal Kirschner wire. C f Anteroposterior 
and latéral views of an intramedullary screw. 


9 «Thread a 25-gauge or 26-gauge stainless Steel wire 
through this hole. 

■ Drive two 0.028-inch or 0.035-inch Kirschner wires rét¬ 
rogradé into the metacarpal to exit dorsally 10 to 15 mm 
proximal to the fusion site. 

■ Compress the eut bone surfaces; avoid malrotation. 

■ Drive the Kirschner wires antegrade into the proximal 
phalanx, seating them in the palmar cortex without pen- 
etrating it. 

■ Loop the Steel wire around the Kirschner wires in a figure- 
of-eight manner. Obtain biplanar radiographs to assess 
bony apposition, angle of fusion, and Kirschner wire posi¬ 
tion. Twist the ends of the Steel wire together with a 
needle holder. Bend the ends of the Kirschner wires over 
the Steel wire loops and eut the Kirschner wires close to 
bone (see Fig. 73-30). 

■ Close the extensor tendon with an absorbable suture, or 
use a continuous pull-out suture ("roll stitch") of nonab- 
sorbable material. 

■Close the skin and apply a dressing and a splint, usually 
a dorsal splint to block extension. 


POSTOPERATIVE CARE. The splint is removed in 3 
to 5 days, and active motion exercises are begun 
for mobile joints. Skin sutures are removed in 7 to 10 
days. Additional splinting is not needed for compliant 
patients. Internai fixation usually is not removed. Serial 
radiographs are obtained until healing is ascertained. It 
may be several months before solid bone union is appar¬ 
ent radiographically. 


PROXIMAL INTERPHALANGEAL 
JOINT ARTHRODESIS 


TECHNIQUE 73-15 


■ Open the joint through a dorsal midline incision over the 
proximal interphalangeal joint. Incise the extensor tendon 
and capsule longitudinally. 

■ Release the extensor central tendon from the middle 
phalanx. 

■ Release the collateral ligaments, allowing access to the 
joint surfaces with the joint flexed. 

■ Shape the joint surfaces by making fiat surfaces with an 
oscillating saw or by making a ball-and-socket shape so 
that the surfaces can be closely apposed at the proper 
angle (25 to 35 degrees for index and long fingers; 45 to 
50 degrees for ring and small fingers). The ball-and- 
socket effect allows changes in angulation without exces¬ 
sive bone removal. 

■ Leave the palmar cartilaginous plate; with a flexion con¬ 
tracture, the palmar plate may assist in joint compression 
as the joint is extended. 

■ Use either Kirschner wire fixation or the tension band 
technique described previously for the metacarpophalan- 
geal joint. 

■ The techniques of tendon repair, skin closure, and splint 
application and postoperative care are the same as for 
the metacarpophalangeal joint described previously. 


■ DISTAL INTERPHALANGEAL 
JOINT ARTHRODESIS 

Distal interphalangeal joint arthrodesis can be performed as 
described for the proximal interphalangeal joint. A number 
of dorsal approaches allow adéquate distal interphalangeal 
joint exposure, including longitudinal, V-shaped, and trans¬ 
verse curved incisions on contralatéral limbs. A transverse 
incision centered over the thumb interphalangeal or finger 
distal interphalangeal joint with proximal and distal exten¬ 
sions at right angles on contralatéral sides of the transverse 
limb heals with almost imperceptible scars (Fig. 73-32). Skin 
over the distal joint usually is insufficient to allow elaborate 
internai fixation. Because of ease of insertion, a buried head- 
less screw or Kirschner wires are preferred. Union rates are 
similar. In compliant patients, external splinting usually is not 
required for a prolonged period. 
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FIGURE 


Incision for distal interphalangeal joint arthrod- 


esis. SEE TECHNIQUE 73-16. 


DEFORMITIES OF THE THUMB 

CLASSIFICATION 

Rheumatoid thumb deformities frequently are complex and 
can involve the joints individually or in combination. The 
classification of rheumatoid thumb deformities proposed by 
Nalebuff is helpful in understanding the problems and devel- 
oping a plan for treatment. He described four types of rheu¬ 
matoid thumb deformities. Type I, the most common, is 
a boutonnière deformity; type II, which is rare, includes 
metacarpophalangeal joint flexion, interphalangeal joint 
hyperextension, and trapeziometacarpal joint subluxation or 
dislocation; type III, the second most common, is a swan- 
neck deformity; and type IV, which is unusual, results from 
ulnar collateral ligament laxity and includes abduction of the 
proximal phalanx with metacarpal adduction. Type I (bou¬ 
tonnière) deformity results from synovitis that begins at the 
metacarpophalangeal joint and bulges dorsally to stretch the 
capsule and extensor hood, with atténuation of the extensor 
pollicis brevis insertion. The extensor pollicis longus migrâtes 
medially. The deformities that eventually develop are meta¬ 
carpophalangeal joint flexion, palmar subluxation of the 
proximal phalanx on the metacarpal, and interphalangeal 
joint hyperextension. As the deformity begins to develop, the 
joints usually can be passively corrected; with progression, 
the deformities become fixed. 

■ TYPE I 

Treatment of type I thumb deformities dépends on the passive 
correctability of the joints and the extent of joint destruction. 


If the metacarpophalangeal subluxation and interphalangeal 
joint hyperextension are correctable, and radiographically 
the joints are normal, metacarpophalangeal synovectomy 
and extensor reconstruction may suffice. If the metacarpo¬ 
phalangeal contracture is fixed and the interphalangeal 
joint is correctable, but joint destruction is radiographically 
significant, then metacarpophalangeal arthrodesis is indi- 
cated. In the presence of joint destruction at the interphalan¬ 
geal and trapeziometacarpal joints, metacarpophalangeal 
arthroplasty may be more satisfactory, especially in older 
patients with fewer demands on their hands. If the deformi¬ 
ties at the metacarpophalangeal and interphalangeal 
joints are fixed, with a satisfactory trapeziometacarpal 
joint but interphalangeal and metacarpophalangeal joint 
damage, metacarpophalangeal motion may be preserved with 
arthroplasty and interphalangeal arthrodesis may provide a 
satisfactory thumb for patients with low demands. Metacar¬ 
pophalangeal and interphalangeal arthrodèses usually provide 
a satisfactory thumb when both joints are severely damaged 
radiographically. 

■ TYPE II 

Type II thumb deformities include metacarpophalangeal 
joint flexion, interphalangeal joint hyperextension, and dislo¬ 
cation or subluxation of the trapeziometacarpal joint. By 
using combinations of interphalangeal fusion and metacar¬ 
pophalangeal and trapeziometacarpal arthroplasty, type II 
deformities can be treated similar to type I and type III 
deformities. 

■ TYPE III 

Type III (swan-neck) thumb deformities generally are 
believed to begin with synovitis at the trapeziometacarpal 
joint. Eventually the trapeziometacarpal joint subluxates 
laterally because of joint destruction and capsular atténua¬ 
tion. An adduction contracture of the metacarpal develops, 
and the metacarpophalangeal joint hyperextends as a resuit 
of the metacarpophalangeal joint extension forces and volar 
plate laxity. The treatment of type III deformities dépends 
on the extent of metacarpophalangeal joint destruction, 
pain, the passive correctability of the metacarpophalangeal 
joint deformity and trapeziometacarpal subluxation, 
metacarpal adduction contractures, and metacarpophalan¬ 
geal joint hyperextension. For mild type III deformities, 
if conservative treatment fails and pain persists, trapezio¬ 
metacarpal hemiarthroplasty, without total excision of the 
trapezium, pro vides a satisfactory basal joint. If the meta¬ 
carpophalangeal deformity is mild, trapeziometacarpal 
implant hemiarthroplasty or resection arthroplasty can 
provide a satisfactory joint. If the deformity and metacar¬ 
pophalangeal joint destruction are advanced, however, 
metacarpophalangeal joint fusion can be added to the tra¬ 
peziometacarpal hemiarthroplasty or resection arthroplasty. 
In advanced metacarpophalangeal deformity with trapezio¬ 
metacarpal dislocation, a fixed thumb metacarpal adduc¬ 
tion contracture, and a fixed hyperextension of the 
metacarpophalangeal joint, better results can be obtained 
with trapeziometacarpal hemiarthroplasty or resection 
arthroplasty, combined with metacarpophalangeal fusion. 
This usually relieves the thumb metacarpal adduction 
posture without release of the first dorsal interosseous or 
first web space. 
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■ TYPE IV 

Type IV (gamekeeper) thumb deformity includes a thumb 
proximal phalanx abduction deformity and an adducted 
metacarpal caused by stretching of the ulnar collateral liga¬ 
ment and atténuation of the capsuloligamentous structures 
by chronic rheumatoid synovitis. Metacarpophalangeal syno- 
vectomy, ligament reconstruction, and adductor release may 
be sufficient for milder deformities. For more advanced 
deformities, metacarpophalangeal arthroplasty or arthrodesis 
may be required to stabilize the joint. Additional adduction 
deformity of the thumb metacarpal usually is avoided after 
metacarpophalangeal stabilization. 

Techniques for correction of rheumatoid thumb deformi¬ 
ties are described after the discussion of thumb osteoarthritic 
deformities. Although the pathomechanics may be different, 
techniques for treating the thumb, including soft-tissue pro¬ 
cedures, arthrodesis, and arthroplasty, are similar in both 
diseases. 

OSTEOARTHRITIS 

The thumb joints affected by osteoarthritis are, in descending 
order of frequency, the trapeziometacarpal, metacarpopha¬ 
langeal, and distal interphalangeal joints. The trapeziometa¬ 
carpal joint is most often affected by primary osteoarthritis 
or posttraumatic arthritis. Trapeziometacarpal osteoarthritis 
is a conséquence of a progressive volar trapezial articular 
surface eburnation, which is greater than that on the meta¬ 
carpal beak articular surface, supporting the concept of tra¬ 
peziometacarpal translational instability as a major factor in 
trapeziometacarpal joint osteoarthritis. The metacarpopha¬ 
langeal joint is most often disabled by ligament instability, 
usually of the ulnar collateral ligament. 

■ CORRECTION OF ARTHRITIC 
THUMB DEFORMITIES 

The operative techniques available for the treatment of 
arthritic thumb deformities include synovectomy, soft-tissue 
reconstructions, arthroplasty, and arthrodesis. The following 
techniques can be used for rheumatoid arthritis and osteoar¬ 
thritis. Although most of the soft-tissue procedures are used 
more frequently for rheumatoid arthritis, the bony proce¬ 
dures, including arthroplasty and arthrodesis, are used in the 
treatment of osteoarthritis as well. 

I SYNOVECTOMY 

Synovectomy may prevent rheumatoid capsular distention 
and capsuloligamentous destruction and atténuation and is 
effective especially in the absence of significant radiographie 
changes or joint instability. Synovectomy is done more com- 
monly for interphalangeal and metacarpophalangeal involve - 
ment and less often for trapeziometacarpal involvement. 


THUMB INTERPHALANGEAL 
JOINT SYNOVECTOMY 


TECHNIQUE 73-16 


■ Approach the thumb interphalangeal joint using a straight 
dorsal, longitudinal curved, or dual flap incision (Fig. 73-32). 


■ Carefully examine the radial and ulnar sides of the joint 
and perform synovectomy on either side of the extensor 
tendon as needed. 

■ If the radial collateral ligament is released, reattach the 
collateral ligament to bone with a pull-out wire or suture 
anchor and fix the joint with a Kirschner wire for tempo- 
rary stabilization. 

■ Close the wound and apply a splint with the interphalan¬ 
geal joint in extension. 

POSTOPERATIVE CARE. The sutures and Kirschner wire 
are removed at about 10 days, and active movement is 
begun. The finger is splinted in extension except for exer¬ 
cise periods for another 10 to 14 days. 


THUMB METACARPOPHALANGEAL 
JOINT SYNOVECTOMY 


TECHNIQUE 73-17 


■Approach the metacarpophalangeal joint through a 
dorsal curved incision. 

■ Expose the dorsal joint capsule between the extensor 
pollicis brevis and extensor pollicis longus tendons, 
retracting them to either side of the joint. Splitting the 
extensor pollicis brevis provides the same exposure and 
may resuit in better soft tissue for closure. 

■ Open the capsule dorsally and clean the joint using a 
rongeur and curet. 

■Apply traction to the proximal phalanx to open the joint 
and flex the joint to allow access to the more volar 
recesses. 

■Close the capsule, extensor mechanism, and skin. Apply 
a splint to maintain the metacarpophalangeal joint in 
extension. 

POSTOPERATIVE CARE. The splint and sutures are 
removed at 10 to 14 days, and exercises are begun. 
Splinting of the joint is continued for another 2 weeks 
except for exercise periods. 


THUMB TRAPEZIOMETACARPAL 
JOINT SYNOVECTOMY 


TECHNIQUE 73-18 


■ Approach the thumb trapeziometacarpal joint through a 
straight dorsal incision curving toward the palm over the 
trapeziometacarpal joint. 

■ Retract the skin, avoiding injury to the cutaneous nerve 
branches. 

■ Open the capsule to the dorsal side of the abductor pol¬ 
licis longus and clean the joint as much as possible with 
a rongeur and curet. 
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■ Close the capsule and skin and splint the thumb in exten¬ 
sion and abduction. 

■ If extensive ligamentous laxity is noted, reconstruction of 
the trapeziometacarpal capsuloligamentous structures 
may be required, as described subsequently. 


I SOFT-TISSUE RECONSTRUCTION 

Soft-tissue reconstruction may be required for rheumatoid 
deformities at the thumb interphalangeal, metacarpophalan- 
geal, and trapeziometacarpal joints or for joint instability 
related to osteoarthritic deformities, especially at the meta- 
carpophalangeal and trapeziometacarpal joints. 


INTERPHALANGEAL SOFT-TISSUE 
RECONSTRUCTION 


TECHNIQUE 73-19 


■ If the interphalangeal joint is passively correctable and 
there are no significant radiographie changes, release of 
this joint may be effective in restoring some of its flexion. 

■ Expose the joint; if there is a severe extension contracture 
deformity, convert the incision to a Z-plasty as the wound 
is closed. 

■ Perform an extensor tenolysis and release the dorsal 
capsule by retracting the extensor tendon to the side and 
incising the dorsal part of the metacarpophalangeal joint 
capsule along with the dorsal portions of the collateral 
ligaments. 

■ Flex the joint 20 to 30 degrees and pin it with a Kirschner 
wire. 

■ If there is a small portion of the wound that cannot 
be closed distally, leave it open; it usually heals in 10 to 
14 days. 

■ Apply a thumb spica splint. 

POSTOPERATIVE CARE. The splint and Kirschner wire 
are removed at 10 days, and gentle exercises are begun. 
The sutures are removed at about 14 days. The thumb is 
splinted for another 2 to 3 weeks except for periods of 
exercise. If an incomplète extension (extensor lag) devel- 
ops, splinting is continued for another 2 to 3 weeks. 
Normal motion rarely is regained. 


Soft-tissue reconstructions are effective for mild, easily 
correctable rheumatoid metacarpophalangeal joint deformi¬ 
ties without significant radiographie changes. Metacarpopha¬ 
langeal synovectomy and extensor tendon reconstruction 
usually restore metacarpophalangeal joint extension. Nale- 
buff and Inglis et al. described effective procedures for 
improving function in the rheumatoid thumb. In patients 
with long-standing posttraumatic ulnar collateral ligament 
laxity or ligament laxity related to osteoarthritis, ulnar col¬ 
lateral ligament reconstruction may be required to stabilize 


the joint if there is no significant radiographie joint 
destruction. 


METACARPOPHALANGEAL 
SYNOVECTOMY WITH EXTENSOR 
TENDON RECONSTRUCTION 


TECHNIQUE 73-20 


■ Détermine the passive correctability of metacarpophalan¬ 
geal flexion. 

■ Make either a straight or a curved incision over the 
dorsum of the metacarpophalangeal joint, and retract 
skin flaps, avoiding injury to cutaneous nerves. 

■ Identify the extensor pollicis brevis and longus tendons, 
which may be displaced medially, and make an incision 
between them. 

■ Incise along each side of the extensor pollicis longus to 
free it of its intrinsic muscle attachment. 

■ Transect the extensor pollicis longus over the distal third 
of the proximal phalanx. 

■ Dissect and release the extensor pollicis brevis from the 
base of the proximal phalanx and detach it from the 
extensor mechanism. 

■ Make a transverse incision in the capsule and mobilize a 
flap of capsule based distally at its attachment to the base 
of the proximal phalanx. 

■ Make a transverse slit incision in the base of the 
capsule to allow passage of the extensor pollicis 
longus. 

■ Remove the synovium from the joint with a rongeur and 
curet. 

■ Pass the extensor pollicis longus through the 
transverse slit incision in the capsule and reflect it over 
itself. 

■ Hold the joint in full extension and suture the extensor 
pollicis longus tendon to itself under tension. 

■ Apply traction to the extensor pollicis brevis distally and 
suture it into the side of the extensor pollicis longus. 

■ Ensure that the intrinsic tendon insertions into the 
extensor mechanism are properly positioned to maintain 
active extension of the distal phalanx and that the 
intrinsic tendons do not subluxate toward the 
palm. 

■ Tighten the transverse fibers of the extensor tendons over 
the dorsal aspect of the distal phalanx if needed. Insert a 
Kirschner wire across the metacarpophalangeal joint to 
maintain it in extension. 

■Apply a splint to maintain interphalangeal extension. 

POSTOPERATIVE CARE. The splint and sutures are 
removed at 10 to 14 days, and the splint is reapplied. The 
Kirschner wire across the metacarpophalangeal joint is 
removed at 4 weeks, and splinting of the metacarpopha¬ 
langeal joint in extension is continued for another 2 
weeks. Interphalangeal joint flexion and extension are 
maintained from the early postoperative period through- 
out recovery. 
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THUMB METACARPOPHALANGEAL 
JOINT RECONSTRUCTION FOR 
RHEUMATOID ARTHRITIS 


TECHNIQUE 73-21 


(INGLIS ETAL.) 

■ Make a longitudinal incision over the dorsum of the 
metacarpophalangeal joint from the middle of the proxi¬ 
mal phalanx to the midshaft of the first metacarpal. 

■ Observe the extensor pollicis brevis to détermine if it has 
become detached from the proximal phalangeal bone 
and retracted proximally (Fig. 73-33A). 


■ Split the extensor hood longitudinally between the exten¬ 
sor pollicis longus and extensor pollicis brevis. 

■ Detach the abductor pollicis brevis from the extensor 
hood on the radial side and the adductor pollicis from the 
ulnar side (Fig. 73-33B). 

■ Retract the remaining tendon structures laterally to 
expose the capsule and the synovium. 

■ Preserve the collateral ligaments, but excise ail the 
synovium within the joint (Fig. 73-33C); this may be facili- 
tated by flexing the joint. 

■Attach the extensor pollicis brevis (or extensor indicis 
proprius if indicated) to the proximal phalanx base 
dorsally. 

■Attach the extensor pollicis brevis with sufficient tension 
to maintain extension of the metacarpophalangeal joint, 
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Reconstruction of metacarpophalangeal joint of thumb in rheumatoid arthritis. A f Metacarpophalangeal joint of 
thumb with extensive tendon damage. After rupture of insertion of extensor pollicis brevis tendon proximal retraction, the extensor hood 
becomes attenuated and allows the abductor pollicis brevis and extensor pollicis longus to migrate volarward below center of rotation of 
metacarpophalangeal joint. B f Extensor pollicis brevis and adductor pollicis insertions are dissected freefrom remaining attenuated exten¬ 
sor tendon hood. C f Synovectomy isfacilitated by joint flexion. Collateral ligaments are preserved. D f Attachment of extensor pollicis brevis 
tendon into base of proximal phalanx. When extensor pollicis brevis cannot be advanced, the extensor indicis proprius can be transferred 
from index finger and inserted into base of proximal phalanx. (Redrawn from Inglis AE, FHamlin C, Sengelmann RP, et al: Reconstruction of the 
metacarpophalangeal joint of the thumb in rheumatoid arthritis, J Bone Joint Surg 54A:704, 1972.) SEE TECHNIQUE 73-21. 
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and attach the abductor pollicis brevis and adductor pol- 
licis dorsally to preserve the balance of this joint (Fig. 
73-33D). 

■ Maintain the metacarpophalangeal joint in extension by 
two transfixing Kirschner wires for 4 weeks. 

■Apply a splint to maintain the thumb in the desired 
position. 

POSTOPERATIVE CARE. The splint and sutures are 
removed at about 2 weeks, and the splint is reapplied. 
The Kirschner wires are removed at about 4 weeks, and 
splinting is continued except for exercise periods for 
another 2 to 3 weeks. 


Procedures for ulnar collateral ligament laxity are described 
in Chapter 67. 

ï ARTHROPLASTY 

Arthroplasty may be préférable to an attempt to maintain 
metacarpophalangeal joint motion if the interphalangeal joint 
is sufficiently damaged to require arthrodesis. Sufhcient bone 
stock should be présent to allow stable arthroplasty, and it 
should be possible to obtain reasonable joint stability with 
restoration or préservation of capsuloligamentous structures 
(Fig. 73-34). If restoration of joint stability is doubtful, arthro¬ 
desis is more predictable. Normal motion is not expected affer 
metacarpophalangeal arthroplasty. Silicone implant arthro¬ 
plasty can provide a satisfactorily functioning joint, although 
implant breakage, dislocation, and particulate synovitis 
related to the Silastic implant are potential problems. 



A and B f Type I thumb, fixed finger metacarpophalangeal joint subluxations with degenerative changes and ulnar 
translocation of the wrist with a relatively preserved midcarpal joint. C and D f Appearance after radioscapholunate fusion, metacar¬ 
pophalangeal implant arthroplasty, and thumb metacarpophalangeal joint fusion. 
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METACARPOPHALANGEAL 

ARTHROPLASTY 


TECHNIQUE 73-22 


■ Expose the metacarpophalangeal joint extensor mecha- 
nism through a longitudinal dorsal oblique or curved skin 
incision. 

■ Enter the metacarpophalangeal joint by longitudinally 
splitting the extensor pollicis brevis and the radial exten¬ 
sor expansion distally. Note that the extensor pollicis 
brevis typically does not hâve a phalangeal bony insertion. 
If the extensor pollicis longus is translocated ulnarward, 
then release the extensor expansion along the extensor 
pollicis longus ulnarly to centralize this tendon. 

■ Resect the metacarpal head perpendicular to the shaft, 
leaving the metaphyseal flare of the metacarpal. Preserve 
the collateral ligaments. 

■ If a flexion contracture persists, partially release the col¬ 
lateral ligament proximally. 

■ Leave the base of the proximal phalanx, unless additional 
space is required for the prosthesis, in which case remove 
a portion of the cartilage and subchondral bone. 

■ Ream the medullary canal of the metacarpal and the 
proximal phalanx using the temporary trial prostheses to 
détermine the largest size that the metacarpal shaft will 
accept. 

■ Drill small holes in the dorsal base of the proximal phalanx 
to allow attachment of the extensor pollicis brevis. 

■ Pass a suture through these holes so that it is in place for 
reattachment of the extensor pollicis brevis after the pros¬ 
thesis has been inserted. 

■ Insert the silicone implant. If needed, use the métal sleeve 
"grommets" to protect against irregular bony surfaces. 

■ Reattach the extensor pollicis brevis under sufficient 
tension to allow proximal phalangeal extension. 

■ Repair the extensor expansion over the insertion of the 
extensor pollicis brevis tendon. 

■ Advance and repair the extensor pollicis longus tendon 
centered over the extensor expansion. 

■ Close the skin and apply a splint to immobilize the hand 
and thumb with the metacarpophalangeal joint held in 
extension. 

■ Pin the distal joint if needed. 

POSTOPERATIVE CARE. The sutures are removed when 
the wound permits (10 to 14 days), and a splint is applied 
over the metacarpophalangeal joint to hold it in exten¬ 
sion. Interphalangeal joint motion is encouraged. The 
metacarpophalangeal joint is splinted in extension for 3 
to 4 weeks. Forceful, strenuous activities are avoided for 
at least 6 to 8 weeks. 


1 TRAPEZIOMETACARPAL LIGAMENT 
RECONSTRUCTION 

Trapeziometacarpal soft-tissue reconstruction is used for 
posttraumatic ligamentous laxity related to récurrent disloca¬ 
tion. It rarely is indicated for laxity related to rheumatoid 


changes because arthroplasty and arthrodesis usually are 
better options. Reconstruction of the trapeziometacarpal 
volar ligament in patients with hypermobile prearthritic 
joints may provide significant pain relief and reduce the 
chance of future progression of trapeziometacarpal arthritis. 


TRAPEZIOMETACARPAL LIGAMENT 
RECONSTRUCTION 


TECHNIQUE 73-23 


(EATON AND LITTLER) 

■ Expose the thumb carpometacarpal joint through an inci¬ 
sion along the radial border of the metacarpal, curving 
ulnarly in the distal wrist flexion crease as far as the flexor 
carpi radialis tendon. Three spécial structures should be 
protected: the superficial branch of the radial nerve, the 
superficial branch of the radial artery, and any sensory 
branches, especially the palmar cutaneous branch of the 
médian nerve (Fig. 73-35A). 

■ Reflect the thenar muscles extraperiosteally from the 
metacarpal and volar aspects of the trapezium. 

■ Deep dissection at the proximal border of the trapezium 
exposes a sheet of transverse fascial fibers that form a 
roof over the separate fibrous flexor carpi radialis tunnel. 
This tunnel is separated from the carpal tunnel by a 
septum parallel to and between the flexor carpi radialis 
and the flexor pollicis longus. 

■ A reflection of the transverse carpal ligament forms a roof 
over this fibroosseous tunnel (Fig. 73-35B). Incise this 
layer longitudinally, exposing the flexor carpi radialis 
tendon course, which disappears distally beneath a hori¬ 
zontal trapezial ridge projection. 

■ Free the tendon approximately 0.5 cm distal to this point 
by sharp release of the overlying muscle origins and the 
transverse carpal ligament, exposing the volar and radial 
aspect of the carpometacarpal joint. 

■ Perform an arthrotomy of the radial capsule to allow 
debridement of synovium and marginal osteophytes and 
inspection of the articular cartilage. 

■ Remove as much diseased synovium as possible. 

■ Create an extraarticular tunnel from the metacarpal 
dorsum to the metacarpal volar beak apex, in a plane 
perpendicular to the thumb nail. Start the tunnel just 
distal to the dorsal base of the metacarpal between the 
extensor pollicis brevis and extensor pollicis longus 
tendons (Fig. 73-35C). Do not enter the joint. 

■ To obtain a "new ligament" from the flexor carpi radialis, 
make two transverse incisions 3 cm and 6 cm proximal 
to the wrist crease over the flexor carpi radialis tendon. 

■ Split a strip of half its width away radially and tunnel 
beneath skin bridges to emerge beyond the wrist crease, 
remaining in continuity distally (Fig. 73-35D). 

■ Continue the split distal to the crest of the trapezium, at 
which point the free end is redirected across the crest to 
enter the volar portion of the previously created intra- 
medullary channel at the thumb metacarpal beak. 

■ Draw the tendon dorsally using a previously placed wire 
suture (Fig. 73-35E). The distal portion of the new 
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Superficial branch 






Reconstruction for painful thumb carpometacarpal joint. A f Incision for exposure. B f Schéma of ligament support. 
The volar ligament is a reflection of the transverse carpal ligament after insertion into crest of trapezium. Note flexor radialis passing 
directly beneath this ligament. C f Gouge track created in sagittal diameter of metacarpal, emerging at its volar beak. Small branch of 
radial nerve retracted volarly. D f A 6-cm to 8-cm strip, representing half width of flexor radialis tendon split away and remaining in 
continuity distally. Split continues 5 mm distal to crest of trapezium. E f Scissor point indicates path of flexor radialis strip rerouted to 
enter the channel at metacarpal beak. Emerging dorsally, the flexor carpi radialis is passed deep to extensor pollicis brevis and under 
insertion of abductor pollicis longus, also reinforcing dorsal capsule. F, Schéma of volar and radial ligament reconstruction. Course of 
tendon strip créâtes reinforcement in volar, dorsal, and radial aspect of joint. (Redrawn from Eaton RG, Littler JW: Ligament reconstruction 
for the painful thumb carpometacarpal joint, J Bone Joint Surg 55A: 1665, 1973.) SEE TECHNIQUE 73-23. 
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ligament should remain in continuity with the intact flexor 
carpi radialis tendon. 

■At this point, accurately reduce the joint under direct 
vision and hold it in extension-abduction, seating the 
metacarpal against the deep facet of the trapezium. 

■ Insert a Kirschner wire from the dorsum of the metacarpal 
into the trapezium to maintain the réduction. Do not 
impale the intramedullary portion of the tendon strip. 

■ With the réduction stabilized, draw the tendon strip taut. 
Ensure that it courses directly between its point of émer¬ 
gence from the flexor radialis tunnel to the beak of the 
metacarpal. 

■ Suture this tendon to the dorsal periosteum of the meta¬ 
carpal and route the remainder proximally to pass across 
the dorsal basal joint capsule and beneath the extensor 
pollicis brevis and abductor pollicis longus insertion. 
Suture this tendon strip under tension to the abductor 
pollicis longus bony insertion. 

■ Pass it beneath or through a short split in the remaining 
flexor carpi radialis tendon just proximal to the trapezium 
and back across the radial margin of the joint to insert 
into the metacarpal periosteum, suturing at each point 
where its direction is changed (Fig. 73-35F). 

■ Apply a short arm thumb spica splint. 


■ TRAPEZIOMETACARPAL ARTHROPLASTY 

Many surgical techniques hâve been described for thumb 
trapeziometacarpal joint arthritic deformity, including 
ligament reconstruction, open or arthroscopic partial or 
complété trapezial resection arthroplasty with or without 
interposition, metacarpal osteotomy, implant arthroplasty, 
and fusion. Although patients with rheumatoid arthritis 
involving the trapeziometacarpal joint seem to benefit more 
from resection arthroplasty, with or without tendon interpo¬ 
sition or ligament reconstruction, or from hemiarthroplasty, 
this seems to be related to joint laxity, destruction, and osteo- 
porosis. More treatment options are available for osteoar- 
thritic trapeziometacarpal deformities, including procedures 
mentioned previously for rheumatoid arthritis and trapezio¬ 
metacarpal arthrodesis in younger patients with heavy 
demands on their joints. 

Efforts to simplify the surgical techniques, lessen the 
potential complications, and shorten the usually prolonged 
recovery period continue to evolve. The observation that 
failed attempts to achieve a carpometacarpal arthrodesis 
usually resulted in a painless pseudarthrosis led Rubino et al. 
to a procedure designed to specifically achieve this resuit (Fig. 
73-36). Between 1 and 2 mm of the opposing carpometacar¬ 
pal joint surfaces are resected, and crossed Kirschner wires 
are removed at approximately 4 weeks. In a rétrospective 
review of 248 consecutive patients treated for Eaton stages II 
and III osteoarthritis, these authors observed a statistically 
significant improvement in mean appositional and opposi- 
tional pinch strength, mean disabilities of the arm, shoulder, 
and hand (DASH) score (63.8 preoperatively to 10.5 at final 
follow-up), and the mean pain score (8.3 to 0.2). No révisions 
were required. They concluded that trapeziometacarpal 
limited excision arthroplasty is a simple and reliable 


alternative to existing surgical techniques for treating stage II 
or III thumb carpometacarpal joint arthritis. 

Resection arthroplasty involving total trapeziectomy may 
relieve pain in patients with rheumatoid arthritis, but patients 
with extreme ligamentous laxity may not hâve as good results. 
Patients with advanced osteoarthritic changes may obtain 
satisfactory results. Resection arthroplasty allows early thumb 
mobilization and is technically easier than other arthroplasty 
methods. 

Gangopadhyay et al. compared simple trapeziectomy, 
trapeziectomy with palmaris longus interposition, and trape¬ 
ziectomy with ligament reconstruction and tendon interposi¬ 
tion using 50% of the flexor carpi radialis tendon in a group 
of 153 thumbs at a minimum follow-up of 5 years (5 to 18 
years). Ail thumbs were temporarily pinned for 4 weeks and 
had similar postoperative treatment protocols. Subjective and 
objective assessments of thumb pain, function, and strength 
in this randomized prospective study found no différences 
among the three treatment groups. Good results were 
achieved in 78 % of patients, and pain relief was maintained 
in the long term, regardless of the type of surgery. The authors 
concluded that there appears to be no benefit to tendon inter¬ 
position or ligament reconstruction in the longer term. The 
common step in ail three groups, however, is temporary 
Kirschner wire fixation that requires a second surgery for 
wire removal. Taking this in considération, as well as factors 
spécifie to surgeon preference, most surgeons prefer biologie 
reconstructions not requiring secondary procedures. 

Burton and Eaton and Littler proposed classification 
Systems of thumb trapeziometacarpal arthrosis (Table 73-2). 
The deformities are divided into four stages based on joint 
involvement, trapeziometacarpal joint subluxation, and joint 
débris. At best these Systems quantify the radiographie disease 
State; however, they do not reliably correlate with a patients 
symptoms or necessarily help select the best surgical proce¬ 
dure for a given condition. Nevertheless, more significant 
joint destruction, including pantrapezial arthritis, intermeta- 
carpal osteophyte formation, and adduction deformities, are 
end-stage findings usually best treated by complété trapezium 
techniques. 


DISTRACTION ARTHROPLASTY 


TECHNIQUE 73-24 


■ Make an incision parallel to the abductor pollicis longus 
tendon and extend it into the web space as far as neces- 
sary to release the soft tissue. 

■ Divide the superficial fascia and release the fascia over 
the abductor, the adductor insertion, and the part of the 
adductor origin on the third metacarpal. 

■ Reflect dorsally the dorsal branch of the radial artery and 
the sensory branch of the radial nerve and identify the 
first metacarpal base. 

■ Remove the periosteum and capsule to expose the first 
trapeziometacarpal joint and then the scaphotrapezial 
joint. 

■ With a small osteotome, split the trapezium into seg¬ 
ments and remove it. 
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Trapeziometacarpal pseudarthrosis. A, Percutaneous Kirschner wires allow pain-free mobilization of the thumb. 
B, Dorso-palmar radiograph showing advanced degenerative changes in the carpometacarpal joint. C, After surgery, before removal 
of Kirschner wires. D, Dorso-palmar radiograph 3 years after surgery; note maintenance of the trapeziometacarpal joint line. (From 
Rubino M, Civani A, Pagani D, Sansone V: Trapeziometacarpal narrow pseudarthrosis: a new surgical technique to treat thumb carpometacarpal 
joint arthritis, J Hand Surg Eur Vol 38:844, 2013.) 
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TABLE 73-2 


Classification Systems of Thumb Carpometacarpal Arthrosis 



EATON 

BURTON 

DELL 

STAGE 1 


No joint destruction 

Ligamentous laxity, pain, 

Symptoms with heavy use, positive grind 


Joint space widened if effusion 

positive grind test 

test 


présent 

Dorsoradial metacarpal 

Narrowed joint space, subchondral 


Less than one-third subluxation 

subluxation 

sclerosis 

STAGE II 


Slight decrease in joint space 

Crepitus, instability, chronic 

Pain with normal use, crepitus 


Marginal osteophytes < 2 mm 

subluxation 

Ulnar osteophyte, less than one-third 


May be one-third subluxation 

Degenerative changes on 
radiograph 

subluxation 

STAGE III 


Significant joint destruction with 

Pantrapezial degenerative 

CMC adduction deformity, MCP joint 


cysts and sclerosis 

Osteophytes > 2 mm 

Greater than one-third subluxation 

changes 

hyperextension 

May hâve pantrapezial arthritis and 
one-third subluxation 

STAGE IV 


Involvement of multiple joint 

Stage II or III with arthritis 

Cystic changes and total loss of joint space 


surfaces 

at the MCP joint 

CMC joint may be totally immobile 


From Wolock BS, Moore JR, Weiland AJ: Arthritis of the basal joint of the thumb: a critical analysis of treatment options, J Arthroplasty 4:65,1989. 
CMC, Carpometacarpal; MCP, metacarpophalangeal. 


9 " Maintain the intermetacarpal ligament so that the thumb 
metacarpal base retains its attachments to the index 
finger metacarpal. 

■ Remove small bone segments from the thumb metacarpal 
base and, if necessary, resect a part of the base of the 
index (second) metacarpal. 

■ Perform a tenolysis of the extensor pollicis longus and 
abductor pollicis longus if needed. 

■ Hold the thumb and index metacarpals with a Kirschner 
wire, maintaining the thumb in a rotated, abducted 
position. 

■ Thumb web space contractures may require skin grafting, 
rotation or pedicle flaps, or Z-plasties. 

■Close the skin and apply a compression dressing com- 
bined with a plaster splint to maintain thumb abduction 
and rotation. 

POSTOPERATIVE CARE. The splint or cast and sutures 
are removed at 2 weeks. If necessary, the Kirschner wire 
is removed at 4 to 6 weeks, and exercises are begun; the 
thumb is splinted between exercise sessions. 


After complété trapezial excision, surprising longitudinal sta- 
bility is sometimes retained as demonstrated by axial loading 
of the thumb metacarpal shaft. However, more commonly, 
once the trapezium has been excised, the thumb tends to 
shorten as the distance between the metacarpal base and distal 
scaphoid lessens. The Gothic arch relationship between the 
thumb and index metacarpals can be maintained in ways other 
than Kirschner wire fixation, as in Technique 73-24. Another 
option is to suspend the thumb metacarpal by a suture and 
button technique (Fig. 73-37). According to Yao and Song, 21 



Suture-button suspensionplasty for thumb car¬ 
pometacarpal arthritis. One button lies on the dorsoradial base 
of the thumb metacarpal and the other on the ulnar border of 
the second metacarpal. A suture between the two buttons pro¬ 
vides suspension of the thumb metacarpal (because the suture is 
radiolucent, it is not visible on the radiograph). (From Yao J, Song 
Y: Suture-button suspensionplasty for thumb carpometacarpal arthritis: 
a minimum 2-year follow-up, J Hand Surg 38A:1161, 2013.) 
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patients with a minimum 2-year follow-up had satisfactory 
results with this technique, although there was a 25% loss of 
trapezial height. Because biologie stabilization is not required 
for this method, earlier réhabilitation is possible. 


TENDON INTERPOSITION 
ARTHROPLASTY WITH LIGAMENT 
RECONSTRUCTION 

Biologie interposition materials used for resection arthro- 
plasty hâve included fascia lata, hematoma, Gelfoam, and 
the flexor carpi radialis or palmaris longus and the abductor 
pollicis longus tendons. Ligament reconstructions hâve 
included free grafts and strips of the flexor carpi radialis 
tendon, abductor pollicis longus tendon, and extensor 
carpi radialis longus tendon and abductor pollicis longus 
tendon shortening. Ligament reconstruction alone seems 
to be suitable for posttraumatic or early osteoarthritic 
changes at the trapeziometacarpal joint. 

This section on trapeziometacarpal arthroplasties pré¬ 
sents the procedures in current use that incorporate avail- 
able biologie structures. The following techniques hâve 
similarities, can be used for rheumatoid arthritis or osteo- 
arthritis, can provide predictable and reliable stability of the 
thumb metacarpal base, can provide pain relief, may be 
used with complété or partial trapezial excision, and hâve 
produced satisfactory results according to the reports of 
their proponents. 


TECHNIQUE 73-25 


(BURTON AND PELLEGRINI) 

■ With the patient under satisfactory anesthésia and a 
pneumatic tourniquet inflated, expose the trapeziometa¬ 
carpal joint with a dorsoradial incision in line with 
the thumb metacarpal, extending proximally across 
the trapeziometacarpal joint and medially toward the 
palm. 

■ Elevate the thenar muscles extraperiosteally and expose 
the trapezium by opening the capsule of the trapezio¬ 
metacarpal joint. 

■ Reflect the abductor pollicis longus palmarward. 

■ If preoperative radiographs reveal only trapeziometacar¬ 
pal arthrosis, excise the distal half of the trapezium. 

■ If there is pantrapezial involvement, or if there is a severe 
thumb-web contracture, excise the entire trapezium. 
Avoid damage to the flexor carpi radialis tendon during 
trapezial excision. 

■ Remove a portion of the trapezoid if needed to enlarge 
the trapezium fossa. 

■ Excise only the articular surface of the thumb metacarpal 
perpendicular to its long axis. 

■ Make the hole in the base of the radial cortex of the 
thumb metacarpal with a 6-mm gouge perpendicular to 
the plane of the thumbnail (Fig. 73-38A). 

■Split the flexor carpi radialis longitudinally and release a 
10- to 12-cm portion of the radial half of the flexor carpi 
radialis, leaving it attached distally. 


■ Harvest the flexor carpi radialis either through a sériés of 
short transverse incisions or through a single longitudinal 
incision. 

■ Split the flexor carpi radialis tendon to its insertion on the 
index metacarpal base and pass it into the dorsoradial 
wound through the trapezium fossa (Fig. 73-38B). Avoid 
transecting the flexor carpi radialis at its insertion. 

■ Place two nonabsorbable sutures in the deep capsule for 
later use. 

■ Seat the metacarpal in a médial direction toward the 
index metacarpal and stabilize it in the abducted position 
with a longitudinal Kirschner wire (Fig. 73-38C). 

■ Apply traction to the metacarpal and slide it on the 
Kirschner wire to preserve the arthroplasty space in the 
trapezium fossa. 

■ Pass the free end of the flexor carpi radialis from its distal 
insertion proximally to the base of the metacarpal cortex, 
into the medullary canal, and out the hole in the radial 
metacarpal cortex. 

■ Pull the tendon slip tight and suture it to the latéral peri- 
osteum and soft tissues around the metacarpal, then back 
onto itself to resurface the base of the metacarpal. 

■ Fold the remainder of the tendon to act as a spacer in 
the trapezium fossa and suture it to itself and the deep 
palmar capsule with one of the previously placed sutures. 

■ Use the second capsular suture to complété a two-layered 
latéral capsular closure over and including the tendon 
arthroplasty spacer (Fig. 73-38D). 

■The distal orientation of the flexor carpi radialis tendon 
slip from the base of the thumb metacarpal to its insertion 
on the base of the index metacarpal is important because 
this is the ligament reconstruction that supports the 
thumb metacarpal, preventing proximal migration and 
radial subluxation of the thumb. 

■ Transfer the extensor pollicis brevis proximally and insert 
it on the metacarpal shaft to augment the metacarpal 
abduction and remove the hyperextension-deforming 
force in the proximal phalanx at the metacarpophalangeal 
joint. 

■ Apply a short arm thumb spica splint. 

Following are modifications to this technique that are 
helpful in expediting the procedure and that do not seem 
to affect the outcome. 

■ We do not find it necessary to always use a Kirschner wire 
to stabilize the thumb. A thumb spica splint is used to 
maintain the thumb position. 

■ In most cases, the entire trapezium has to be removed to 
aid in mobilization of the flexor carpi radialis. Based on 
preoperative radiographs and intraoperative évaluations 
of the proximal trapezoid, if arthrosis is identified, the 
proximal portion of the trapezoid is resected. 

■ Rather than harvesting a longitudinal strip of the flexor 
carpi radialis through multiple transverse incisions, locate 
the musculotendinous junction of the flexor carpi radialis 
and transect the entire tendon from the muscle to allow 
the muscle to retract. Deliver the tendon into the distal 
incision at the base of the thumb metacarpal and into the 
defect left by trapezial excision. 

■To ease passage of the tendon through the tunnel in the 
thumb metacarpal, split the tendon longitudinally, leaving 
both halves attached to the base of the index metacarpal 
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Extensor 

pollicis 

brevis- 


Abductor 
pollicis 
longus - 




Thenar slip of 

C abductor pollicis longus D 


A f Incision. B f Distally based flap is raised over trapezium, and entire bone is removed piecemeal. C f Double figure- 
of-eight sling, using one half of flexor carpi radialis. D f Distal advancement of abductor pollicis longus onto periosteum of proximal 
portion of first metacarpal. SEE TECHNIQUES 73-25 AND 73-27. 


9 so that one half may be passed through the thumb 
metacarpal. 

■ Instead of removing the entire articular surface of the 
base of the thumb metacarpal, fashion a tunnel in the 
base of the thumb metacarpal using gradually larger drill 
points, entering the dorsum of the base of the thumb 
metacarpal about 1 cm distal to the articular margin. 
Orient the tunnel obliquely, medially, and proximally, 
allowing the drill point to exit through the joint surface 
at the médial (ulnar) side of the joint. Gradually enlarge 


the tunnel in the thumb metacarpal with drill points and 
curets until the tunnel is 4 to 5 mm in diameter. Avoid 
disrupting the dorsal bone bridge between the tunnel 
and the joint surface. Pass the tendon through the tunnel 
once; pull the tendon firmly enough to stabilize the base 
of the thumb metacarpal and pass the tendon through 
the tunnel again, securing the tendon to itself with non- 
absorbable mattress sutures. Fold and attach the remain- 
der of the tendon to the capsule deep in the trapezial 
defect with 4-0 nonabsorbable sutures. Fold and suture 
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the remaining half of the tendon to the deep capsule in 
a similar fashion. The folded tendon slips also can be 
secured to the trapezoid and the distal pôle of the scaph- 
oid using small suture anchors. 

POSTOPERATIVE CARE. The sutures are removed in 
about 10 days. A splint is worn for an additional 3 weeks, 
at which time the Kirschner wire is removed and a remov- 
able thumb spica splint is applied. Range-of-motion exer¬ 
cises are begun at about the end of the first month. 
Initially, range-of-motion exercises are focused on meta- 
carpal abduction and extension, avoiding flexion and 
adduction. Splinting is continued except for hand exer¬ 
cises and bathing for 2 to 4 weeks after the start of 
exercises. At about 6 weeks, thenar strengthening is 
begun and is continued for 4 to 6 months. Pinch and grip 
strengthening exercises are begun at about 8 weeks. 
Splinting is discontinued when range of motion and 
thenar strength are improved to a functional level, usually 
at 8 to 12 weeks. 


TECHNIQUE 73-26 


(EATON ET AL.) 

■ With the patient under satisfactory anesthésia and after 
inflation of a pneumatic tourniquet, expose the trapezio- 
metacarpal joint through a radiopalmar incision extend- 
ing from the thumb metacarpal proximally and then 
palmarward. 

■ Elevate the thenar muscles extraperiosteally from the base 
of the metacarpal and the trapezium. 

■ Make a transverse incision in the trapeziometacarpal and 
scaphotrapezial joints. If degenerative changes are présent 
in both joints by inspection and radiographs, trapezial 
resection is indicated, and considération might be given 
to trapezial replacement arthroplasty. If only the trapezio¬ 
metacarpal joint is involved, proceed with tendon inter¬ 
position arthroplasty. 

■ Remove prominent osteophytes. 

■ Minimally resect the base of the thumb metacarpal, creat- 
ing fiat surfaces perpendicular to the functional axis of 
the thumb ray. 

■ With a gouge, make an extraarticular hole in the sagittal 
plane from dorsal to palmar in the base of the thumb 
metacarpal, approximately 3 mm distal to the base of the 
thumb metacarpal. Align this hole perpendicular to the 
plane of the thumbnail. 

■ Pass a Kirschner wire from the center of the resected 
metacarpal base through the medullary canal from proxi¬ 
mal to distal, emerging distally through the metacarpal 
head. Withdraw the wire distal to the gouge hole in the 
metacarpal to avoid entanglement in the reconstructed 
ligament. 

■ Harvest the flexor carpi radialis tendon slip next. Split the 
tendon and dissect a strip consisting of about one half to 
two thirds of its width from distal to proximal, extending 
to the musculotendinous junction. Dissect the slip distally 


beneath the skin bridges and emerge just distal to the 
wrist flexion crease. 

■ Dissect the distal 4 cm of the flexor carpi radialis tendon 
slip, leaving it attached distally. Divide it from the proximal 
6 to 10 cm of tendon and set aside the free segment to 
use as a tendon "sandwich." Usually about 40% of the 
flexor carpi radialis strip is used for ligament reconstruc¬ 
tion, and 60% is used for tendon interposition. 

■ Pass the distally attached segment of the flexor carpi 
radialis through the gouge hole in the metacarpal base 
from palmar to dorsal. 

■ Leave this tendon protruding dorsally to suture it to the 
abductor pollicis longus tendon and capsule. 

■ Fold the remaining free segment of tendon and suture 
the free ends together with a nonabsorbable suture on a 
straight needle through the center of the folded and 
doubled tendon segment, passing the suture between 
the resected surfaces of the bone and out through the 
skin of the dorsal surface of the thumb web space. 

■ Pull on the suture ends to fold the tendon in half, creating 
a four-layered tendon "sandwich" lying between the 
resected base of the metacarpal and thumb trapezium. 

■ Tie the ends of the traction suture loosely on the dorsum 
of the thumb web, allowing the tendon "sandwich" to 
form a cushion between the resected bone surfaces. 

■ Reduce the trapeziometacarpal joint and maintain it in 
extension and abduction by passing the previously posi- 
tioned Kirschner wire down the metacarpal shaft proxi¬ 
mally into the trapezium. 

■ Pass the remaining stump of the flexor carpi radialis 
tendon beneath the abductor pollicis longus insertion and 
suture the flexor carpi radialis tendon to the abductor 
pollicis longus tendon and the dorsal capsule. Do not 
tighten the reconstructed ligament excessively. 

■Close the arthrotomy with absorbable sutures and 
approximate the thenar muscles. 

■ Close the skin and apply a bandage reinforced with a 
plaster splint, immobilizing the trapeziometacarpal and 
metacarpophalangeal joints of the thumb. 

POSTOPERATIVE CARE. If the wound is healing satis- 
factorily, the sutures are removed at about 10 days. The 
thumb is immobilized for 4 weeks, and then the cast and 
Kirschner wire are removed. If capsulodesis was done at 
the metacarpophalangeal joint at the time of the trape¬ 
ziometacarpal procedure, it is immobilized in a small alu- 
minum splint for an additional week. At 4 to 5 weeks, 
progressive range-of-motion exercises of the trapezio¬ 
metacarpal and metacarpophalangeal joints are begun. 
Extension and circumduction exercises are begun first, 
and then opposition, followed by thumb flexion toward 
the metacarpal heads and then pinch strengthening. 
Residual stiffness of the trapeziometacarpal joint can be 
expected for at least 6 to 10 weeks. 
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TECHNIQUE 73-27 


(KLEINMAN AND ECKENRODE) 

■ Use a régional or general anesthetic with a pneumatic 
tourniquet on the well-padded arm. 

■ Make a palmar curvilinear basilar thumb incision to 
extend proximally in a sufficient zigzag to allow access to 
the flexor carpi radialis and the tendons of the first exten- 
sor compartment (abductor pollicis longus, extensor pol- 
licis brevis) (Fig. 73-38A). 

■ If présent, transect the palmar slip of the abductor pollicis 
longus at the level of the trapeziometacarpal capsule and 
reflect the thenar muscles distally to expose the capsule 
of the trapeziometacarpal joint. 

■ Elevate a U-shaped, distally based flap of capsule, expos- 
ing the entire trapezium. 

■ Use an osteotome to fragment the trapezium carefully 
and remove the trapezium piecemeal, including ail médial 
osteophytes (Fig. 73-38B). 

■ Dissect the flexor carpi radialis distally to its insertion 
on the second metacarpal. Develop a distally based 8-cm 
slip of 50% of the flexor carpi radialis tendon (split 
longitudinally). 

■ Pass the slip of tendon through the trapezial space, 
around the abductor pollicis longus, and back around the 
intact 50% of flexor carpi radialis in a figure-of-eight 
pattern. 

■ Repeat this maneuver, completing a double figure-of- 
eight. Suture the tendon in place with several nonabsorb- 
able sutures (Fig. 73-38C). 

■ Advance the abductor pollicis longus tendon from a point 
proximal to the suspension sling to the proximal metacar¬ 
pal periosteum. Suture the tendon securely just distal to 
its usual insertion at the base of the thumb metacarpal 

(Fig. 73-38D). 

■ Repair the capsule, the thenar muscle mass, and the 
previously transected thenar slip of the abductor pollicis 
longus. Repair the latter by shortening with a weave. 
Imbricate the extensor pollicis brevis to take up any 
"slack." 

■ Close the skin and apply a bulky dressing supported by a 
short arm thumb spica splint. 

POSTOPERATIVE CARE. The dressing is replaced in 
about 10 days with a short arm thumb spica cast, which 
is worn another 3 weeks. Active-assisted and passive 
range-of-motion exercises are begun at 5 weeks. As the 
healing progresses, strengthening exercises are added. 


TECHNIQUE MODIFICATION (CALANDRUCCIO) 


■ After the trapezium has been excised through a volar 
incision along the flexor carpi radialis path and the thenar 
muscles hâve been reflected, use a 4-mm rough bur to 
make holes through the thumb metacarpal base proxi¬ 
mally and radially (Fig. 73-39A). Connect these holes with 
a sériés of curets, usually up to a No. 2. 


■ Pass the flexor carpi radialis tendon through the bone 
tunnel and hold it perpendicular to the index metacarpal 
shaft. Approximate the index and thumb metacarpal 
bases by slight ulnarly directed pressure while the flexor 
carpi radialis is firmly secured to the abductor pollicis 
longus bony insertion with 2-0 braided nonabsorbable 
sutures (Fig. 73-39B). 

■ Pass the flexor carpi radialis between the thumb and 
index and secure it to itself with the same suture (Fig. 
73-39C and D). 

■ Weave the remaining portion of the suture still attached 
to the deep intermetacarpal ligament through the remain¬ 
ing flexor carpi radialis tendon so that it can be bunched 
down to form a firm accordion-like interposition mass 

(Fig. 73-39E and F). 

■ Secure the folded flexor carpi radialis to the volar radial 
capsular tissue before approximation of the thenar mus¬ 
culature (Fig. 73-39G). 

POSTOPERATIVE CARE. After 4 weeks of immobiliza- 
tion, the Kirschner wire is removed and the basal joint is 
splinted by a short aluminum splint for an additional 
week, while the interphalangeal and metacarpophalan- 
geal joints are mobilized. 


When the flexor carpi radialis should be spared or is absent, 
structurally weakened by attrition, or ruptured, alternate 
tendons are available for biologie suspension. A slip of the 
abductor pollicis longus has been shown to be suitable (Fig. 
73-40 A) when a proximally detached section of the tendon is 
passed through drill holes in the thumb and index metacarpal 
bases (Fig. 73-40 B-E). Temporary pinning was used for 8 
weeks and a stable, pain-free thumb with excellent strength 
and motion were achieved at an average of 5.5 years after the 
procedure. 


ARTHROSCOPIC THUMB CMC 
ARTHROPLASTY 

Although more equipment-intensive and technically chal- 
lenging, arthroscopic techniques hâve been developed for 
treatment of peritrapezial thumb basal joint arthritis. Both 
early stage disease with thumb carpometacarpal debride- 
ment and late stage disease with arthroscopic resection of 
both the carpometacarpal and scaphotrapeziotrapezoidal 
joints hâve favorable patient outcomes. Moreover, materi- 
als interposed following resection do not appear to offer 
any additional benefit, but do increase the cost of the 
procedure, potentially increase the difficulty of the proce¬ 
dure, and introduce other sources of complications. Cobb 
étal, concluded from their findings in 144 arthroscopic 
resection arthroplasties with or without interposition mate- 
rials (52 and 73 patients at 7.4- and 5.6-year follow-up, 
respectively) that interposition was unnecessary. Changes 
in pinch and grip and postoperative mean satisfaction, in 
addition to complications, were similar in both groups. 
Similarly, Edwards and Ramsey found that the average 
DASFI score improved from 61 to 10 and pain scores 







Technique modification for tendon interposition arthroplasty with ligament reconstruction (see text). A f Holes made 
in the thumb metacarpal base. B f Flexor carpi radialis tendon passed through bone tunnel while index and thumb metacarpal bases 
are approximated. C and D f Flexor carpi radialis tendon passed between thumb and index bases and secured. E and F f Suture woven 
through remaining flexor carpi radialis tendon, which is bunched down to form the interposition mass. G, Folded flexor carpi radialis 
tendon secured to the volar radial capsular tissue. SEE TECHNIQUE 73-23. 





















Thumb arthroplasty using the abductor pollicis longus (APL) tendon. A, One leash of the APL tendon is harvested. A 
second incision is made over the tendon at the distal third of the forearm; one leash of the tendon is divided at the muscle junction 
and passed beneath the fascia distally into the incision. B, A 3.5-mm hole is drilled at the base of the thumb metacarpal from a point 
1 cm distal to the base, through the bone in a dorsal-to-volar fashion. A second 3.5-mm hole is drilled at the base of the index meta¬ 
carpal, 1 cm distal to its base in a radiovolar-to-ulnodorsal fashion. C, The APL tendon is passed through the holes in the index and 
thumb metacarpals and then pulled snugly outside the wrist to remove slack in the tendon. D, The APL graft is passed back inside the 
wrist above the extensor carpi radialis longus (ECRL) and volar to the dorsal radial artery (radial a), flexor carpi radialis (FCR), extensor 
pollicis longus (EPL), and extensor pollicis brevis (EPB) tendons. Numbers indicate sequence of construction. E, Thumb metacarpal is 
distracted to maintain the carpometacarpal joint space while a 1.6-mm (0.062 in) Kirschner wire is inserted percutaneously 1 cm distal 
to the thumb metacarpal and advanced through the index metacarpal. (From Kochevar AJ, Adham CN, Adham MN, et al: Thumb basal joint 
arthroplasty using abductor pollicis longus tendon: an average 5.5-year follow-up, J Hand Surg 36A:1326, 2011.) 
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9 decreased from 8.3 to 1.5 at 3 months after arthroscopic 
hemitrapeziectomy. Grip and key pinch strength improved 
6.8 kg and 1.9 kg, respectively, and wrist and digital motion 
were unchanged. Proximal migration of the first metacar- 
pal averaged 3 mm, and translation decreased from 30% 
to 10%. Nineteen of 23 patients were pleased with their 
overall outcomes, and patient satisfaction, radiographie 
subsidence, and translation remained unchanged for a 
minimum of 4 years. Similar to other reports, hemitrapezi¬ 
ectomy and thermal capsular modification were found to 
offer patients with Eaton stage III arthritis a minimally inva¬ 
sive alternative that can provide increased function and 
decreased pain by 3 months after surgery. These results 
appear to last for a minimum of 4 years and are compa¬ 
rable to those reported for open techniques involving 
trapeziectomy. 

Arthroscopic staging has been devised to direct treat- 
ment regimens. Stage I is characterized by diffuse synovitis 
without significant cartilage loss, and ligamentous laxity of 
the volar capsule is frequently présent; simple synovectomy 
with or without electrothermal shrinkage is the preferred 
treatment. Stage II is présent when there is focal wear of 
the central to dorsal articular surface of the trapezium. 
Although an osteotomy of the metacarpal base to place 
the thumb in a more extended and abducted position 
usually is recommended, this stage can also be treated with 
arthroscopically. Stage III has diffuse articular cartilage loss 
on the trapezium with or without metacarpal base articular 
cartilage loss. This stage can also be treated with 
arthroscopic hemiresection of the trapezium. 


TECHNIQUE 73-28 


(SLUTSKY) 

■ Position the patient supine on the operating table with 
the involved extremity supported on a hand table and the 
thumb suspended by Chinese finger traps with 10 to 15 
pounds (4.5 to 6.8 kg) of counter traction, which forces 
the wrist into ulnar déviation. 

■ Outline the relevant landmarks, including the proximal 
and dorsal edge of the thumb metacarpal base, the 
tendons of the abductor pollicis longus and the extensor 
pollicis longus, and the radial artery in the snuff box (Fig. 
73-41 A). 

■ Inflate a tourniquet to 250 mm Hg and establish saline 
inflow irrigation through the arthroscope and a small joint 
pump or pressure bag. 

■ To establish the 1 -R portai, palpate the thumb metacarpal 
base and identify the joint with a 22-gauge needle just 
radial to the abductor pollicis longus, followed by injec¬ 
tion of 2 mL of saline. This step may be facilitated by 
fluoroscopy. Make a small skin incision and spread the 
wound with tenotomy scissors. 

■ Pierce the capsule and insert a cannula and blunt trocar, 
followed by the arthroscope. 

■ Use an identical procedure to establish the 1 -U portai, just 
ulnar to the extensor pollicis brevis tendon, followed by 
insertion of a 3-mm hook probe. The portais are used 
interchangeably to systematically inspect the joint, which 
is facilitated by expédient use of a 2.0-mm synovial 
resector. 


■ The D-2 portai is used to facilitate resection of the médial 
osteophytes (Fig. 73-41A). To establish the D-2 portai, 
identify the intersection of the base of the index and 
thumb metacarpal just distal and ulnar to the extensor 
pollicis longus tendon. Insert a 22-gauge needle 1 cm 
distal to thisjuncture and angle it in a proximal, radial, and 
palmar direction, hugging the thumb metacarpal while 
viewing from either the 1-R or 1-U portai (Fig. 73-41 A). 

■ Make a small skin incision and use tenotomy scissors to 
spread the soft tissue and pierce the joint capsule. Then 
insert a blunt trocar and cannula, followed by the arthro¬ 
scope or a hook probe, motorized shaver, or 2.9-mm burr. 

ARTHROSCOPIC DEBRIDEMENT AND 
CAPSULAR SHRINKAGE 

■ The essence of arthroscopic capsular shrinkage is akin to 
that of an anterior oblique ligament reconstruction. It 
relies on thermal heating of the collagenous fibers in the 
surrounding ligaments and capsule, followed by a period 
of joint immobilization in a reduced position. 

■ Use a motorized shaver to débridé any synovitis and to 
expose the capsular ligaments. 

■ Then use a diathermy probe to "paint" the anterior 
oblique ligament and surrounding capsule, taking care to 
leave bands of tissue in between. Take care to keep the 
probe away from the joint surfaces to prevent cartilage 
necrosis. In light of the meager joint volume, the outflow 
fluid température can be monitored to prevent overheat- 
ing. Use an 18-gauge needle in an accessory portai to 
enhance fluid circulation, which minimizes this risk. 

ARTHROSCOPIC PARTIAL OR COMPLETE 
TRAPEZIECTOMY WITHOUT TENDON INTERPOSITION 

■ After joint debridement, use a 2.9-mm burr in a to-and- 
fro manner to resect 3 to 4 mm of the distal trapezium. 
The diameter of the bur along with fluoroscopy provides 
a gauge as to the amount of bony resection. A larger 
3.5-mm burr can be substituted as the space between 
the metacarpal base and distal trapezium enlarges. 

■ After the bony resection is complété, fix the thumb in a 
pronated and abducted position with a Kirschner wire 
(Fig. 73-41 B-E). 

■ If there is latéral subluxation of the metacarpal base, 
thermal shrinkage of the anterior oblique ligament can 
be done at this time. 


I IMPLANT ARTHROPLASTY 

Trapeziometacarpal implant arthroplasty may be indicated 
when pain from rheumatoid arthritis or osteoarthritis has not 
responded to conservative treatment. Several techniques are 
available that may provide stability and pain relief yet pré¬ 
serve some mobility and strength of pinch. The ligaments and 
capsule around this prosthesis must be reconstructed care- 
fully, and the position of the prosthesis must be immobilized 
in a cast for 6 weeks to prevent subluxation. This technique 
is generally used in patients with a subluxated trapeziometa¬ 
carpal joint with synovitis, joint narrowing, osteophytes, and 
a positive grind test. Complications include implant sublux¬ 
ation (5% to 20%) or dislocation (0% to 19%) and silicone 





3 


fBEl PART XVIII THE HAND 



A, Surface landmarks for the D-2 portai. B, Anteroposterior view showing advanced trapeziometacarpal osteoarthri- 
tis. C, Arthroscopic view of the right thumb from the 1-U portai shows the resection ( asterisks ) in the 1-R portai. D, Partial resection of 
the trapezium (7m). E, Completed hemitrapeziectomy. (From Slutsky DJ: The rôle of arthroscopy in trapeziometacarpal arthritis, Clin Orthop 
Relat Res 472:1173, 2014; with permission of David J. Slutsky.) 


synovitis (50%). Relief of pain has been excellent in most 
instances. Some motion and pinch power may be lost with 
various degrees of subluxation. Although various modifica¬ 
tions of the flexible silicone implant hâve been devised and 
their results satisfactory, the outcomes do not appear to differ 
significantly enough to recommend any particular device. 
Currently we favor nonimplant arthroplasty techniques, 
regardless of the arthritic condition, and find that these soft- 
tissue techniques are quite reliable. 

■ ARTHRODESIS OF THUMB JOINTS 

Arthrodesis may be required for thumb joint deformities 
caused by rheumatoid arthritis or osteoarthritic processes. 
Patients with rheumatoid arthritis often hâve soft and insuf- 
ficient bone that may limit the choice of internai fixation to 
small Kirschner wires and, in addition, may require bone 


grafting. If adéquate bone is présent, fixation can be obtained 
with Kirschner wires, plate, screws, or a tension band tech¬ 
nique. The more stable and rigid the fixation, the shorter the 
time for immobilization. Arthrodesis is indicated most often 
for the metacarpophalangeal joint, which greatly relieves pain 
and improves strength by rigid stabilization. Although the 
union and complication rates of tension band and headless 
compression screw fixation are similar, the need for removal 
of symptomatic implants appears to be greater with the 
tension band technique (Fig. 73-42). 

Interphalangeal joint arthrodesis is indicated mainly for 
painful deformed joints, and repositioning extremely devi- 
ated joints may require soft-tissue release or bone resection. 
Intramedullary screws placed rétrogradé and buried in the 
distal phalanx work well, although bone quality may dictate 
simple Kirschner wire fixation. The fusion position of the 
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Proximal interphalangeal arthrodesis with (A) tension-band and (B) compression-screw fixation. (From Breyer JM, Vergas 
P, Parra L, et al: Metacarpophalangeal and interphalangeal arthrodesis: a comparative study between tension band and compression screw fixation, 
J Hand Surg Eur Vol 40:374, 2015.) 


interphalangeal joint can be varied; however, fusion in 0 to 
15 degrees of flexion does not seem to compromise thumb 
function. 

Carpometacarpal joint arthrodesis can give very satisfac- 
tory outcomes if distal metacarpophalangeal and interpha¬ 
langeal joint mobility is satisfactory. Placing the thumb so 
that it overlies the fully flexed fingers (fist position) will ade- 
quately position it for a carpometacarpal joint fusion. 


INTERPHALANGEAL ARTHRODESIS OF 
THE THUMB 


TECHNIQUE 73-29 


■ Approach the interphalangeal joint through a dorsal inci¬ 
sion (see Fig. 73-32). 

■ Divide the extensor tendon, release and excise the col¬ 
lateral ligaments, and flex open the joint. 

■ Remove the articular surface and just enough subchon- 
dral bone from the distal and proximal phalanges for 
cancellous bone contact. 

■ Position the interphalangeal joint in 0 to 15 degrees of 
flexion and fix it with small Kirschner wires driven out 
through the distal phalanx distally and then proximally 
into the proximal phalanx after the interphalangeal joint 
has been appropriately positioned. 

■ Alternative^, cannulated headless screws can be used for 
fixation if the medullary canal allows; the medullary canal 
of the thumb proximal phalanx may be too large in some 
instances for interférence fit of some intramedullary 
screws. Moreover, screw fixation requiresthe interphalan¬ 
geal joint to be in full extension. 

■After the interphalangeal joint has been stabilized with 
the internai fixation, evaluate the thumb for appropriate 
position and length. If the thumb is shortened excessively, 
as may be seen in patients with arthritis mutilans, obtain 


a small corticocancellous iliac crest bone graft to restore 
length and transfix it with Kirschner wires. 


METACARPOPHALANGEAL 
ARTHRODESIS OF THE THUMB 


TECHNIQUE 73-30 


■ With an ostéotomie, oscillating saw, burr, or rongeurs, eut 
across the articular surface of the proximal phalanx in a 
straight line at 90 degrees to its long axis to expose the 
cancellous bone. The articular surfaces also can be 
removed in a "cup-and-cone" configuration. 

■ After the articular surface is resected, place the phalanx 
at an angle of 15 degrees of flexion with the metacar- 
pal. There is a tendency to osteotomize the distal meta- 
carpal also at 90 degrees; rather, make the osteotomy 
so that the metacarpophalangeal joint is flexed 15 
degrees. This requires removing more bone toward 
the palmar aspect. The two raw surfaces should fit 
flush. 

■ When this joint is subluxated, shortening of the bone may 
be required. 

■ Remove any protruding small edges of bone. 

■ Fix the arthrodesis with three Kirschner wires inserted 
longitudinally. Insert them first through the metacarpal 
and advance them through the phalanx. Ensure that the 
wires do not pierce the flexor tendon or the distal joint 
and eut them off under the skin. Pack small fragments of 
bone into any spaces around the joint margins. 

■Approximate the tendons with a small absorbable 
suture. 

■ Close the wound and place the hand in a small splint to 
be replaced later by a cast if indicated. 
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9 " Ensure that the thumb is in appropriate pronation so that 
the pulp of the thumb can be placed against the other 
digit. 

POSTOPERATIVE CARE. The splint and sutures are 
removed at 10 to 14 days. The thumb is protected in a 
short arm thumb spica cast for another 4 weeks or until 
union occurs. The Kirschner wires are removed at about 
6 weeks, and a splint is worn another 3 to 4 weeks. Active 
use of the thumb is resumed gradually. Sometimes despite 
the radiographie nonunion the joints are stable and pain 
free, allowing unprotected thumb use and resumption of 
daily activities. 


TENSION BAND ARTHRODESIS 
OF THE THUMB 

METACARPOPHALANGEAL JOINT 


TECHNIQUE 73-31 


■ Make a curved dorsal incision to allow safe dissection of 
sensory nerves from underlying extensor apparatus (Fig. 
73-43A). 

■ Make a longitudinal incision through the extensor pollicis 
brevis tendon and radial aponeurotic fibers to expose the 
dorsal capsule (Fig. 73-43B). 

■ Split the capsule longitudinally to expose the metacar- 
pal head and proximal phalanx base and excise osteo- 
phytes, collateral ligaments, and synovitic tissue (Fig. 
73-43C). 

■ With rongeurs, a coarse-tooth oscillating saw, or congru¬ 
ent reamers, préparé the subchondral bone such that a 
20-degree flexion angle is achieved with full contact of 
the raw cancellous metacarpal and proximal phalangeal 
surfaces (Fig. 73-43D). 

■ Make a transverse hole with a 0.045-inch Kirschner wire 
in the distal third of the proximal phalangeal neck to 
allow a 22-gauge spool wire to pass through this hole 

(Fig. 73-43E). 

■ Hold the metacarpophalangeal joint in the desired posi¬ 
tion and pass two 0.045-inch Kirschner wires longitudi¬ 
nally across the fusion site and into the proximal 
phalangeal medullary canal, verifying their position on 
fluoroscopy before completing the tension band 
construct. 

■Cross the 22-gauge wire and place one limb beneath 
the Kirschner wires projecting from the metacarpal 
neck. 

■ Take the slack out of the 22-gauge wire before twisting 
the wire and burying the end about the fusion site (Fig. 
73-43F). 

■ Hold the Kirschner wires and bend the ends with a neu- 
rotip sucker so that the hooked ends can be eut and 
tamped into the metacarpal neck (Fig. 73-43G). 

■Close the extensor pollicis brevis with a 4-0 nonabsorb- 
able braided suture afterthe capsule has been closed over 
the low-profile construct (Fig. 73-43H). 


POSTOPERATIVE CARE. A thumb spica splint or cast is 
worn until signs of radiographie union. The interphalan- 
geal joint is left free for range-of-motion exercises. 


THUMB METACARPOPHALANGEAL 
JOINT ARTHRODESIS WITH 
INTRAMEDULLARY SCREW FIXATION 


TECHNIQUE 73-32 


■ Make the skin and capsular exposures as described in 
Technique 73-31 . 

■ With rongeurs, a coarse-tooth oscillating saw, or congru¬ 
ent reamers, préparé the subchondral bone such that a 
20-degree flexion angle is achieved with full contact of 
the raw cancellous metacarpal and proximal phalangeal 
surfaces (Fig. 73-43D). 

■ Position the metacarpophalangeal joint at the desired 
angle with the cancellous surfaces in maximal contact. 
Verify the guidewire position with fluoroscopy. 

■ Perform reaming according to the screw diameter. 

■ Seat the screw(s) just beneath the metacarpal neck cortex 
and evaluate the stability of the construct (Fig. 73-44B). 

■ Obtain fluoroscopie images to verify position of the 
arthrodesis before routine wound closure. 

Thumb metacarpophalangeal joint arthrodesis can be 
accomplished using miniplate fixation (Fig. 73-45), and 
this may be préférable when other methods hâve failed 
or when intercalary bone grafting is required. In some 
situations, supplementary fixation is required for rigid 
fixation during the fusion period. 


■ TRAPEZIOMETACARPAL ARTHRODESIS 

Although trapeziometacarpal joint arthroplasty usually pro¬ 
vides stability and strength in most cases, arthrodesis may be 
recommended for joints affected by traumatic arthritis and 
osteoarthritis in younger patients. 

Arthrodesis can be expected to relieve pain and to provide 
a stable and strong joint at the expense of thumb mobility. It 
traditionally has been used for patients who require a strong, 
powerful, stable, and painless thumb. It also is useful in sta- 
bilizing the joint for congénital and paralytic deformities and 
in hands impaired by cérébral palsy. 

Careful considération should be given to other causes of 
pain in and around the trapeziometacarpal area. Pain on 
passive thumb adduction and wrist ulnar déviation (Finkel- 
stein test) suggests first extensor compartment tenosynovitis 
(de Quervain). Typical symptoms and signs of médian nerve 
compression (carpal tunnel syndrome), tenderness of the 
flexor carpi radialis at its fibro-osseous tunnel (flexor carpi 
radialis tunnel syndrome), and radiographie evidence of 
arthritis in adjacent joints suggest other potential sources of 
pain, whereas pain on passive rotation of the thumb metacar¬ 
pal with trapeziometacarpal compression (“grind test”) rea- 
sonably localizes the problem to the trapeziometacarpal joint. 
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Tension band technique for thumb metacarpophalangeal joint arthrodesis. A f Curved dorsal incision. B f Incision 
through extensor pollicis brevis tendon and radial aponeurotic fibers exposing dorsal capsule. C f Capsule split longitudinally to expose 
the metacarpal head and proximal phalanx base and excise osteophytes, collateral ligaments, and synovitic tissue. D, Exposure of sub- 
chondral bone to obtain full contact of the raw cancellous metacarpal and proximal phalangeal surfaces. E f Placement of Kirschner 
wire in distal third of proximal phalangeal neck completing the tension band construct. F, Wire twisted and ends buried about the 
fusion site. G, Ends of wires eut and tamped into the metacarpal over the low-profile construct. H, Postoperative radiographie appear- 
ance. SEE TECHNIQUES 73-31 AND 73-32. 
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Thumb metacarpophalangeal arthrodesis with intramedullary screw fixation. A f Preoperative radiograph showing 
severe involvement of thumb metacarpophalangeal joint. B f After arthrodesis with intramedullary screw fixation. SEE TECHNIQUE 73-32. 
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A f Incision. B f Air-driven burr used to remove articular surfaces town to cancellous bone. C f Osteotome used to make 
multiple small cuts into opposing articular surfaces. D f Fixation with plate and screws. (Redrawn from Doyle JR: Sliding bone graft technique 
for arthrodesis of the trapeziometacarpal joint of the thumb, J Hand Surg 16A:363, 1991). SEE TECHNIQUE 73-34. 


For any trapeziometacarpal arthrodesis technique, the thumb 
metacarpal position should permit pulp opposition to fingers. 

The “cône and cup,” sliding graft, and fixation techniques 
using Kirschner wires, screws, plates, and Staples are effective 
in achieving a fusion rate greater than 90%. Increased non- 
union rates hâve been reported when screws alone hâve been 
used to attempt fusion. 


TRAPEZIOMETACARPAL 

ARTHRODESIS 


TECHNIQUE 73-33 


(STARK ETAL) 

■ Expose the trapeziometacarpal joint through a curved 
volar incision at the thumb base at the level of the abduc- 
tor pollicis longus tendon insertion, avoiding the sensory 
branches of the superficial radial and latéral antebrachial 
cutaneous nerves. 

■ Divide this tendon and the origin of the opponens muscle 
at the first metacarpal base; open the joint capsule 
through a transverse incision. 

■ With an osteotome, bone-cutting instruments, and a 
rongeur, remove ail the articular cartilage and the sub- 
chondral cortical bone on both joint surfaces. 

■ Compress the bony surfaces in the position desired and 
maintain this by two or three small Kirschner wires. Can- 
nulated screws and blade plates also may provide satisfac- 
tory fixation. 

■ If more bony contact is needed, additional bone graft may 
be required. 


■ Repair the capsule and the abductor pollicis longus 
tendon and suture the skin. 

POSTOPERATIVE CARE. The thumb is maintained in a 
thumb spica cast for 2 weeks, after which the skin sutures 
are removed. The thumb spica cast is reapplied, and 
radiographs are used periodically to check healing until 
fusion is obtained, usually at 12 weeks. 


TRAPEZIOMETACARPAL 

ARTHRODESIS 


TECHNIQUE 73-34 


(DOYLE) 

■ With the patient supine and the hand supinated on the 
hand table, use a pneumatic tourniquet. 

■ Make a palmar curved incision exposing the proximal two 
thirds of the thumb metacarpal and the dorsal and palmar 
sides of the trapeziometacarpal joint (Fig. 73-45A). 

■ Identify and protect the branches of the superficial 
radial nerve and the extensor pollicis brevis 
tendon. 

■ Detach the abductor pollicis longus tendons with a 
portion of the joint capsule for later reattachment. 

■ Reflect the thenar muscles distally; incise the dorsal and 
palmar capsule and expose the joint. 
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9 " Use an air-driven bur to remove the articular cartilage and 
the subchondral bone down to cancellous bone (Fig. 
73-45B). 

■ Slightly round the base of the thumb metacarpal and 
make a matching shallow concavity in the trapezium. 
Preserve the overall shape of the joint to avoid undue 
shortening of the thumb. 

■ Use a small osteotome to make small, shallow cuts in the 
bone surface (Fig. 73-45C). 

■ Insert crossed Kirschner wires to hold the joint firmly in 
30 to 40 degrees of palmar abduction and 30 to 35 
degrees of radial abduction ("clenched fist")■ 

■ Using a small drill point or a Kirschner wire, make drill 
holes to outline a rectangular corticocancellous graft on 
the dorsum of the thumb metacarpal. 

■ Connect the drill holes with a small osteotome to mobi- 
lize the corticocancellous "sliding graft." 

■ Make a rectangular recess in the dorsum of the trapezium 
to receive the graft. 

■ Move the graft proximally into the trapezial recess and 
impact the graft. 

■ Stabilize the graft with an additional Kirschner wire or 
screws to avoid graft displacement. 

■ Reattach the abductor pollicis longus tendon and close 
the skin. Over a nonadhering dressing, apply cast padding 
and a thumb spica splint. 

POSTOPERATIVE CARE. At 10 days, the splint and skin 
sutures are removed, if wound healing permits. A thumb 
spica cast is applied. The cast and Kirschner wires are 
removed at 8 weeks after the operation. Arthrodesis is 
monitored with serial radiographs. Motion and strength- 
ening exercises are begun after successful arthrodesis and 
pin removal. 


THUMB CARPOMETACARPAL 
ARTHRODESIS WITH KIRSCHNER 
WIRE OR BLADE-PLATE FIXATION 


TECHNIQUE 73-35 


(GOLDFARB AND STERN) 

■ Make a longitudinal incision from the midpoint of the 
dorsal surface of the first metacarpal to the proximal 
aspect of the radial styloid. 

■ Identify and protect the superficial branches of the radial 
sensory nerve and the latéral antebrachial cutaneous 
nerve. 

■ Identify the abductor pollicis longus and extensor pollicis 
brevis and develop the interval between them to access 
the joint. 

■ Reflect the thumb carpometacarpal joint capsule and 
soft-tissue attachments sharply in a circumferential 
fashion from both the trapezium and metacarpal and 
deliver the metacarpal base into the wound with two 
small Flohmann retractors. 


■ Remove the remaining articular cartilage and dense sub¬ 
chondral bone from the base of the metacarpal with a 
rongeur, forming a cone-shaped surface of cancellous 
bone. 

■ Use a rongeur, curet, and small osteotome to shape the 
trapezium into a cup configuration of matching radius of 
curvature, and appose the prepared bone surfaces (Fig. 
73-46A). 

■ Place the thumb at approximately 45 degrees to the 
coronal and sagittal planes of the hand. Slight pronation 
of the thumb may improve digital opposition. In the idéal 
position, the thumb will overlie the dorsum of the index 
finger middle phalanx when the hand is held in a fist. 

■ Temporarily stabilize the joint with a 1.6-mm Kirschner 
wire and confirm bony apposition with fluoroscopy (Fig. 
73-46B). 

■Once satisfactory joint positioning is confirmed, evaluate 
the quality of the bony apposition. If areas of suboptimal 
contact are présent, supplémentai bone graft can be har- 
vested from the distal radius by extending the incision 
proximally. Protect the sensory nerves and release the first 
dorsal compartment. Mobilize the abductor pollicis longus 
and extensor pollicis brevis tendons and make a 5x5-mm 
cortical window in the radius to harvest the cancellous 
bone graft; pack the graft into any fusion defects. 

■ With the provisional Kirschner wire in place, position a 
2.4-mm T-plate or 2.0-mm/2.4-mm minicondylar blade 
plate (Synthes USA, Paoli, PA) and insert the screws (Fig. 
73-46C). Take care to use image intensification in multiple 
planes to ensure that the screws or blades do not pene- 
trate adjacent joints (Fig. 73-46D). 

■ If Kirschner wire fixation is chosen, drive three 1.1-mm 
wires rétrogradé from the metacarpal into the trapezium. 
The first pin follows the planned axis of the bone fusion, 
and the other two pins diverge 10 to 20 degrees from 
this axis (Fig. 73-46E). Take care to avoid pin pénétration 
of the scaphotrapeziotrapezoid joint. Leave the pins 
outside the skin for later removal. 

■Close the skin in routine fashion and apply a short arm 
thumb spica cast, leaving the interphalangeal joint free. 


RHEUMATOID DEFORMITIES OF 
THE WRIST 

SYNOVITIS OF THE WRIST 

Painful dorsal wrist swelling may be the presenting symptom 
in rheumatoid arthritis. The teno synovial swelling may con- 
tribute to de Quervain disease, trigger finger, or carpal tunnel 
syndrome, whereas rheumatoid arthritis as the underlying 
cause may not be suspected. The swelling may begin as a small 
soft mass at the distal end of the ulna; radiographs may reveal 
a small pit at the base of the ulnar styloid as the first radio¬ 
graphie evidence of the disease. The synovitis can spread and 
cause massive swelling in the shape of an hourglass, its middle 
being constricted by the extensor retinaculum. Eventually, 
destruction of joints may contribute to dorsal subluxation of 
the distal ulna, ulnar shifting of the carpal bones, radial angu¬ 
lation of the metacarpals, and ulnar déviation of the fingers. 
Finally, the wrist may subluxate volarly. Tendons, especially 
those of the three ulnar finger extensors, may rupture. 






CHAPTER 73 ARTHRITIC HAND 



Thumb carpometacarpal joint arthrodesis with plate fixation. A f Prepared surfaces of metacarpal and trapezium 
in cup-and-cone configuration. B f Radiographie confirmation of positioning with temporary Kirschner wire; note bony apposition. 
C, Application of 2-mm T-plate. D f Radiographie appearance after arthrodesis. E f Placement of Kirschner wires for arthrodesis. (A-D from 
Doyle JR: Sliding bone graft technique for arthrodesis of the trapeziometacarpal joint of the thumb, J Hand Surg 16A:383, 1991); E redrawn from 
Goldfarb CA, Stren PJ: Indications and techniques for thumb carpometacarpal arthrodesis, Tech Hand Upper Extremity Surg 6:178, 2001.) 


If the synovitis is only modératé, and if changes in the 
bones are absent, but pain is significant, dorsal synovectomy 
of the wrist may be of lasting benefit. Persistent swelling at 
the dorsum of the wrist that continues for 6 weeks or longer 
despite adéquate medical treatment may be an indication for 
a dorsal synovectomy. This may be considered a prophylactic 
measure to avoid extensor tendon rupture. Rupture of these 
tendons is quite disabling, and function can never be restored 
completely. Any tendons ruptured at the wrist level can be 
repaired or reconstructed at the time of synovectomy. Options 
include distal side-to-side suture of the ruptured to intact 
tendon, free tendon graft, and tendon transfers to bridge a 
defect in a tendon. If synovitis involves the wrist and the 
metacarpophalangeal joints, synovectomy often can be done 
at both levels during the same operation, usually only on one 
limb at a time. 

Hypertrophy of the volar wrist synovium even though 
undetectable clinically can cause médian nerve compression 
and symptoms of carpal tunnel syndrome. Synovitis is con¬ 
sidered one of the most frequent causes of the syndrome. 
Compression of the nerve in rheumatoid arthritis should be 
relieved surgically if conservative treatment with splinting 
and corticosteroid injections has been unsuccessful. If hyper- 
trophy of the tenosynovium on the volar aspect of the wrist 
is obvious clinically (Fig. 73-47), with or without symptoms 


of compression of the médian nerve, a palmar (flexor) teno- 
synovectomy may be useful in relieving pain and in prevent- 
ing rupture of tendons. The carpal tunnel is a frequent site of 
rupture of flexor tendons. Distal radius or scaphoid bony 
prominences in the floor of the carpal tunnel can cause 
fraying and eventual rupture of the thumb (Mannerfelt syn¬ 
drome) and other finger flexor tendons. More commonly, the 
flexor pollicis longus or index profundus is involved. Synovi¬ 
tis within the carpal articulations themselves and in the sur- 
rounding tendon sheaths is also common in rheumatoid 
arthritis. 

The various options for surgical treatment dépend on the 
pathologie process involved and the severity of the disease. 
As already mentioned, synovectomy of the dorsal compart- 
ment is a worthwhile procedure when indicated. Capsuloliga- 
mentous repairs may be required to stabilize joints. Repair of 
the extensor tendons is best done, if possible, by repair to an 
adjoining tendon rather than by segmentai graffing. Wrist 
level flexor tendon rupture is best repaired by suture to 
adjoining tendons or by segmentai graffs; however, in the 
thumb an arthrodesis of the distal joint may be a more pre- 
ferred procedure if the interphalangeal joint is unstable or 
degenerative. However, if the thumb interphalangeal joint is 
not arthritic and is stable, a ring flexor digitorum superficialis 
transfer can be considered. 
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A f Dorsum of left wrist with bulging of extensor tenosynovium and joint synovium. Thumb is to top right of picture. 
B f Medially based extensor retinacular flap has been raised to allow access to extensor tendons and dorsum of joint. Laterally based 
flap is described in Technique 73-36. C f Extensor tenosynovectomy completed. Tendons retracted to allow access to dorsum of wrist. 
Capsule opened for joint synovectomy. D f After synovectomy, extensor retinaculum is replaced beneath extensor tendons and secured 
laterally. SEE TECHNIQUE 73-36. 


DORSAL SYNOVECTOMY 


TECHNIQUE 73-36 


■ Make a dorsal longitudinal incision curved only slightly 
ulnarward and long enough to expose the distal ulna and 
the extensor retinaculum; avoid curving it sharply because 
the flap circulation may be impaired (Fig. 73-47A). Pré¬ 
serve the larger veins and ail identifiable sensory nerves. 

■ Raise a laterally based retinacular flap (Fig. 73-47B). 

■ Make transverse incisions at the proximal and distal ends 
of the retinaculum. 

■ At the proximal end, make the transverse incision so that 
a band 5 to 10 mm wide is preserved proximally. 

■ Connect the transverse, parallel retinacular incisions 
with a longitudinal incision over the extensor carpi 
ulnaris. 


■ Raise the flap from médial to latéral, dividing the septa 
between the compartments. Avoid injury to the extensor 
tendons, especially the extensor pollicis longus. 

■ Detach from the radial side and reflect as a sheet the 
extensor retinaculum. 

■ Carefully excise the synovium from around the finger and 
radial wrist extensor tendons. Excise any hypertrophied 
synovium from the distal ulna and the distal radioulnar 
joint. 

■ If the attachments of the distal ulna to the radius and 
carpus seem to be intact, do not disturb them, but if the 
distal ulna is found subluxated, excise about 1 cm of it, 
smooth off the remaining end, and cover the end with 
periosteum and surrounding soft tissues. 

■ Incise the sheath of the extensor carpi ulnaris tendon near 
its attachment to the base of the fifth metacarpal. 

■ If the sheath is disintegrated and the tendon is dislocated 
palmarward, it has become a flexor, causing palmar 







CHAPTER 73 ARTHRITIC HAND 


3 


flexion and ulnar déviation of the wrist. In this case, 
remove the tendon from the sheath as needed and return 
it to the dorsum of the wrist by création of a pulley with 
a strip of the extensor retinaculum. 

■ If before surgery the wrist is radially deviated, transfer the 
insertion of the extensor carpi radialis longus to the 
extensor carpi ulnaris tendon. 

■ While an assistant applies traction to the hand, remove 
the synovium from among the carpal bones (Fig. 73-47C). 
Pass the extensor retinacular flap deep to the long exten¬ 
sor tendons and suture its detached end in place medially 
(Fig. 73-47D). 

■ Elevate the hand and control bleeding. 

■ Close the skin with interrupted sutures over a drain. 

■ Apply a compression dressing and a volar plaster splint to 
hold the wrist in neutral position. 

POSTOPERATIVE CARE. Active motion of the finger 
joints is encouraged early. The drain is removed at 24 to 
48 hours, and the wound is inspected. Hematomas com- 
promising the skin are evacuated. At 10 to 14 days, the 
sutures are removed; at 3 weeks, the splint is removed. 


VOLAR SYNOVECTOMY 


TECHNIQUE 73-37 


Figure 73-48 


■ Make a volar longitudinal incision beginning distally at 
the middle of the palm and proceeding proximally to the 


wrist, and then curving slightly ulnarward, and ending 
about 7.5 cm proximal to the wrist. 

■ Open the deep fascia proximally and identify the médian 
nerve. It is safer to stay on the ulnar side of the médian, 
beginning proximally in the forearm and carefully freeing 
the nerve distally. 

■ Divide completely the transverse carpal ligament to 
expose the flexor tendons; its distal border is more distal 
in the palm than is usually realized. 

■ Beginning proximally and proceeding distally, and 
keeping constantly in mind the location of the 
médian nerve, dissect the synovium from each flexor 
tendon. Evaluate the flexor tendons for ruptures and 
érosions. 

■ Inspect the volar capsule and ligaments over the carpal 
bones for osteophytes, especially those from the distal 
radial rim and the scaphoid. Remove osteophytes with a 
rongeur and close the capsule-ligament layer over the 
carpal bones. Do not close the deep transverse carpal 
ligament. 

■ Release the tourniquet, obtain hemostasis, insert a drain, 
and close the wound. 

■Apply a compression dressing and a volar plaster 
splint from the proximal forearm to the distal palmar 
crease. 

■ Keep the wrist extended for a minimum of 3 weeks. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for dorsal synovectomy. 



A f Flexor surface, left hand and wrist with rheumatoid tenosynovium bulging to palmar and ulnar (médial) side of 
distal forearm. B f At flexor tenosynovectomy. Note extension of incision distally into palm and proximally into forearm. Excised teno- 
synovial mass lies to médial side of hand. SEE TECHNIQUE 73-37. 
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A f Radiograph of wrist affected by severe rheumatoid arthritis with carpal collapse and radiocarpal disease. B f Film 
obtained after replacement of wrist joint with Swanson silicone implant and titanium grommets. (From Carlson JR, Simmons BP: Total 
wrist arthroplasty, J Am Acad Orthop Surg 6:308, 1998.) 


WRIST ARTHRODESIS AND 
ARTHROPLASTY 

The reconstructive procedures available for an arthritic wrist 
joint include partial arthrodesis, total wrist arthrodesis, and 
arthroplasty. If bilateral wrist bony procedures are necessary, 
arthroplasty on at least one side should be considered. In 
some cases, arthroplasty may be indicated initially because 
eventual collapse of the opposite wrist may require recon¬ 
struction. Several types of arthroplasties are available. Resec¬ 
tion of the distal radius to form a shelf in cases of palmar 
dislocation to maintain some stability, increase motion, and 
relieve pain without the insertion of foreign material; however, 
resection arthroplasty does not produce a stable joint. 

Implant arthroplasties include silicone (Swanson) arthro¬ 
plasties and plastic and métal arthroplasties (Fig. 73-49). 
Swanson wrist arthroplasty does not require fixation, entails 
minimal bone resection, and usually is an easily salvaged 
procedure. Despite a prosthetic fracture rate of 10% to 52% 
and an overall révision rate of 14% to 41%, this can be con¬ 
sidered for low-demand patients and patients with insuffi- 
cient bone stock for insertion of a metal-on-plastic design. 
Other suggested indications for Silastic wrist implant include 
quiescent or inactive rheumatoid arthritis, low demand for 
the upper extremity (no ambulatory aids required), a well- 
aligned wrist, and good bone. 

Although total joint arthroplasty has the advantages of 
preserving motion, providing a fixed fulcrum, and obtaining 
stable fixation, problems such as distal component loosening 
compromise the results in 50% of patients. Complications 
lead to an overall révision rate of 9% to 35% for métal and 
plastic total wrist implants. Constrained designs, such as the 
Meuli and Volz wrist implants, allow excessive forces to be 
transmitted to the prosthesis, resulting in displacement of the 


distal portion of the prosthesis and leading to médian nerve 
compression and flexor tendon abrasion. Meuli and Fernan¬ 
dez found excellent results in 24 of 50 wrists treated for 
rheumatoid or traumatic arthritis with a Meuli III wrist pros¬ 
thesis (Fig. 73-50). Despite the excellent results, loosening 
occurred in eight wrists. Adéquate muscle balance and cor- 
rectable wrist contractures are important requirements for 
this implant to be successful. Beckenbaugh and Linscheid 
reported satisfactory preliminary results with a semicon- 
strained “biaxial” wrist implant. It is porous coated to improve 
cernent fixation or to eliminate the need for cernent. Rettig 
and Beckenbaugh evaluated 13 failed total wrist arthroplas¬ 
ties, salvaged with the biaxial total wrist implant (Fig. 73-51). 
Although improvement was achieved, loosening was a per¬ 
sistent problem, especially in patients with rheumatoid 
disease. Takwale et al. found that of 66 biaxial wrist replace¬ 
ments reviewed at an average of 52 months, five required 
révisions. An 8-year survivorship probability of 83% was 
seen. Menon and Divelbiss, Sollerman, and Adams reported 
that the Universal total wrist implant was promising in the 
early groups of patients with rheumatoid arthritis (Fig. 
73-52). Despite implant modifications, careful patient sélec¬ 
tion, close attention to meticulous surgical technique, and 
thoughtful considération of salvage options are important 
considérations when implant arthroplasty is considered for a 
patient with incapacitating wrist arthritis. According to 
Carlson and Simmons, contraindications to total wrist arthro¬ 
plasty include chronic subluxation, poor bone, prior infec¬ 
tion, impaired motor or neurologie function, use of a walker 
or cane, and impaired wrist extensor tendons. 

Whether wrist arthrodesis or arthroplasty is best in 
rheumatoid arthritis is controversial. Each procedure has an 
application. Rétention of wrist motion is désirable. Wrist 
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JjJ Correctly implanted Meuli III wrist prosthesis in 
55-year-old woman with rheumatoid arthritis. A f Radiographs 
before surgery. B f Radiographs 4 1/2 years after surgery. Note 
reconstruction of carpal height and axial alignment. Prosthesis is 
firmly fixed in carpal bone stock with no palmar protrusion. (From 
Meuli HC, Fernandez D: Uncemented total wrist arthroplasty, J Hand 
Surg 20A:115, 1995.) 


arthroplasty usually has a higher percentage of late complica¬ 
tions than does arthrodesis, however. Arthrodesis provides a 
painless and stable wrist after fusion has occurred. Most 
authors consider it the procedure of choice for marked flexion 
deformity of the wrist and Angers, for carpal dislocation, or 
for a painful wrist associated with multiple ruptures of 
tendons. This is especially true for ruptures of the extensor 
carpi radialis longus and brevis because they are necessary for 
wrist balance. Also, when wrist deformities are bilateral and 
require major procedures on both sides, one wrist can be 
arthrodesed to provide stability, especially when the use of 
crutches may be necessary; an arthroplasty can be performed 
on the other wrist. Successful wrist arthrodesis reliably 
relieves pain, corrects deformity, and maintains stability. 



Fracture of Swanson Silastic implant. A and 
B, Preoperative radiographs. C and D f Two years after biaxial total 
wrist arthroplasty. (From Rettig ME, Beckenbaugh RD: Révision total 
wrist arthroplasty, J Hand Surg 18A:798, 1993.) 


The position in which to fuse for maximal function also 
is controversial; recommended positions include 10 to 30 
degrees of extension. In bilateral fusions, some authors prefer 
to place one wrist in extension and the other in flexion. 
Usually, both wrists should not be fused in extension because 
this would make it difflcult for personal hygiene. Several 
satisfactory techniques are available for arthrodesis. Most 
require some type of internai fixation, including a pin inserted 
between the second and third metacarpal shafts, through the 
carpus, and then through the medullary canal of the radius, 
with a supplementary staple to prevent rotation; an intramed- 
ullary Steinmann pin and bone graffing of the dorsum of the 
wrist; and a Steinmann pin down the shaff of the third meta¬ 
carpal with additional fixation by a staple or oblique pin, 
which permits operations to be done on the metacarpopha- 
langeal joints at the same time. Because these procedures for 
fusion of the rheumatoid wrist are similar, the procedure of 
Millender and Nalebuff is described here. Radiocarpal fusions 
(radioscaphoid, radiolunate, radioscapholunate) are useful to 
preserve motion in relatively uninvolved midcarpal joints and 
to stabilize the radiocarpal joint against ulnar translation. 
Motomiya et al. used a half-slip of the extensor carpi ulnar is 
tendon to stabilize the distal ulnar stump (Fig. 73-53) and 
reported fusion in ail 22 wrists with radiolunate fusions. 
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A and B f Long-standing rheumatoid disease and symptomatic wrist arthritis. C and D f Two years after total 
arthroplasty. (From Divelbiss BJ, Sollerman C, Adams BD: Original communications: early results of the universal total wrist arthroplasty in 
matoid arthritis, J Hand Surg 27A:195, 2002.) 


wrist 

rheu- 


Moreover, at mean follow-up of 7 years, the average motion 
arc was just over 70 degrees and there was no progression in 
arthritis stage (Fig. 73-54). Similarly, Raven et al. found 
radiolunar fusion useful for both rheumatoid and psoriatic 
patients with painful ulnar translation and preserved midcar- 
pal joints, despite slight progression in Larsen stage at just 
over 11 years mean follow-up. For additional discussion of 
these and other techniques of wrist arthrodesis, see Chapter 
69. 


ARTHRODESIS OF THE WRIST 


TECHNIQUE 73-38 


(MILLENDERAND NALEBUFF) 

■ Make a dorsal, straight longitudinal incision and protect 
the wrist and finger extensor tendons. 
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■ Curet away the remaining cartilage and remove the scle- 
rotic bone from the carpus and radius down to cancellous 
bone. Varying amounts of bone may require resection for 
réduction of a dislocated wrist. 

■ Drill a Steinmann pin of appropriate size into the carpus 
and out distally between the second and third metacar- 
pals. Then drill it proximally into the medullary canal of 
the radius and eut off its end beneath the skin. 

■ As an alternative, resect the third metacarpal head for 
later insertion of a joint prosthesis. 

■ Insert the Steinmann pin through the medullary canal of 
the third metacarpal, through the carpus, and finally into 
the radius, leaving sufficient room distally in the metacar¬ 
pal to allow insertion of the proximal stem of a metacar- 
pophalangeal prosthesis. This places the wrist in neutral 
position. 

■ To avoid rotational deformities, drive a staple across the 
radiocarpal joint or insert an oblique Kirschner wire. 

■ Pack a small plug of polymethyl méthacrylate or bone 
from the resected metacarpal head into the metacarpal 
shaft to prevent the Steinmann pin from shifting and 
protruding. 

■ Close the wound loosely to permit ample drainage. 

■ Proceed with any other operations necessary on the 
digits. 


Radiolunate fusion. A half-slip of the extensor 
carpi ulnaris tendon ( asterisk ) is used to stabilize the distal ulnar 
stump. A Kirschner wire used to transfix the triquetrum, bone 
graft, and radius is removed 6 weeks after surgery. (From Motomiya 
M, Iwasaki N, Minami A, et al: Clinical and radiological results of radio¬ 
lunate arthrodesis for rheumatoid arthritis: 22 wrists followed for an 
average of 7 years, J Hand Surg 38A:1484, 2013.) 


POSTOPERATIVE CARE. For the first 2 weeks, a splint 
is preferred to avoid complications from swelling. The 
wrist is protected with a cast or splint until bony union 
has occurred. The extent and type of splinting dépend on 
the activities and needs of the patient. 



A, Larsen grade III involvement in a 36-year-old woman improved to grade II immediately after radiolunate arthrod¬ 
esis (B). C, Approximately 8 years after surgery, there is continued good condition of the preserved joints. (From Motomiya M, Iwasaki N, 
Minami A, et al: Clinical and radiological results of radiolunate arthrodesis for rheumatoid arthritis: 22 wrists followed for an average of 7 years, 
J Hand Surg 38A:1484, 2013.) 
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Implant Survival 

PROSTHESIS 

AUTHOR 

NUMBER 

LOSS TO FOLLOW-UP/DEATHS 

SURVIVAL 

Universal 

Ward et al., 2011 

24 

5 

75% at 5 yr 

Universal 2 

Morapudi et al., 2012 
Ferreres et al., 2011 

21 

3 

100% at 3-5 yr 

Remotion 

Boeckstyns et al., 2013 

65 

8 

90% at 6 yr 

Biaxial 

Krukhaug et al., 2011 

90 

NA 

85% at 5 yr 


Harlingen et al., 2011 

40 

1 

81% at 7 yr 

Motec 

Krukhaug et al., 2011 

76 

NA 

77% at 4yr 


Reigstad et al., 2012 

30 

1 

93.3% at 6 yr 

Elos 

Krukhaug et al., 2011 

23 

NA 

57% at 5 yr (Krukhaug) 

Maestro 

Nydick et al., 2012 

23 

0 

95.7% at 2.3 yr 


Ail prosthesis 57%-100% at 5 yr 


From Yeoh D, Tourret L: Total wrist arthroplasty: a systematic review of the evidence from the last 5 years, J Hand Surg Eur 40:458, 2015. 


■ TOTAL WRIST ARTHROPLASTY 

Total wrist arthroplasty designs continue to evolve, and func- 
tional results and survivorship remain variable. The soft 
tissues must be released adequately, the bones must be aligned 
correctly, and the musculotendinous units must be balanced 
if possible to prevent récurrence of deformity. Newer designs 
rely on shorter screw fixation in the carpals and osseous inté¬ 
gration to reduce distal component loosening. Complication 
rates remain high, and surface replacement arthroplasties 
must be used with caution especially in patients with rheu- 
matoid arthritis. Ward et al. reported a 50% failure rate in a 
5-year minimum follow-up study on a group of 20 rheuma- 
toid wrists undergoing replacement. Yeoh and Tourrett 
reported much higher survivorship in a literature review on 
fourth-generation wrist implants. The results of 405 prosthe- 
ses from eight articles were available, including seven differ¬ 
ent manufacturers (Table 73-3). The mean follow-up ranged 
from 2.3 to 7.3 years, and average patient âge from 52 to 63 
years. Rheumatoid arthritis was the indication in 42% of 
patients. Motec demonstrated the best postoperative DASH 
scores. Only Maestro achieved a defined functional range of 
motion postoperatively. Universal 2 displayed the highest 
survival rates (100% at 3 to 5 years), whereas Elos had the 
lowest (57% at 5 years). Biaxial had the highest complication 
rate (68.7%), whereas Remotion had the lowest (11%). Func¬ 
tional scores improved and were maintained over the mid- to 
long-term. Complication rates were higher than for wrist 
fusion, with reports of radiologie loosening and osteolysis. 
The evidence does not support the widespread use of arthro¬ 
plasty over arthrodesis, and careful patient sélection is 
essential. 
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DEFINITION AND HISTORY 

Compartment syndrome is a condition in which the circula¬ 
tion within a closed compartment is compromised by an 
increase in pressure within the compartment, causing necro- 
sis of muscles, nerves, and eventually the skin because of 
excessive swelling. Volkmann ischémie contracture is a 
sequela of untreated or inadequately treated compartment 
syndrome in which necrotic muscle and nerve tissue hâve 
been replaced with fibrous tissue. 

In the upper extremity, compartment syndrome is most 
common in the forearm. The intrinsic muscle compartments 
of the hand also may be involved, and compartment syn¬ 
drome of the upper arm has been reported. 

In 1881, Volkmann stated in his classic paper that the 
paralytic contractures that could develop only a few hours 
affer injury were caused by arterial insufficiency or ischemia 
of the muscles. He suggested that tight bandages were the 
cause of vascular insufficiency. This concept of extrinsic pres¬ 
sure as the primary cause of paralytic contracture persisted 
for some time in the English literature. In 1909, Thomas 
studied 107 paralytic contractures and found that some 
developed following severe contusions of the forearm in the 
absence of fractures, splints, or bandages. The idea was estab¬ 
lished that extrinsic pressure was not the sole cause of the 
ischemia. In 1914, Murphy reported that hemorrhage and 
effusion into the muscles could cause internai pressures to 
increase within the unyielding deep fascial compartments of 
the forearm, with subséquent obstruction of the venous 
return. In 1928, Jones concluded that Volkmann contracture 
could be caused by pressure from within, from without, or 
from both. Eichler and Lipscomb outlined the early tech¬ 
nique of fasciotomy as the primary surgical treatment. 

ANATOMY 

Four interconnected compartments of the forearm are recog- 
nized (Fig. 74-1): (1) the superficial volar compartment, (2) 
the deep volar compartment, (3) the dorsal compartment, 
and (4) the compartment containing the mobile wad of Henry 
(brachioradialis and extensor carpi radialis longus and 
brevis). The volar compartments are most commonly 
involved, but the dorsal and mobile wad compartments can 


be involved alone or in addition to the volar compartments. 
It is usually difficult to clinically differentiate between isolated 
or combined involvement of the deep and superficial volar 
compartments; however, the deep volar compartment (flexor 
digitorum profundus, flexor pollicis longus, and pronator 
quadratus) may be solely involved. 

In the hand, each interosseous muscle is surrounded by 
a tough, investing fascial layer, creating an individual com¬ 
partment, as shown by the injection dissections of Halpern 
and Mochizuki. The adductor pollicis, thenar, and hypothe- 
nar muscles form three separate compartments (Fig. 74-2). 
The neurovascular bundles of each digit also are compart- 
mentalized by fascial layers, making them vulnérable to 
excessive swelling (Fig. 74-3). 

ETIOLOGY 

Numerous injuries hâve been shown to resuit in compart¬ 
ment syndrome, including crush injuries, prolonged external 
compression, internai bleeding (especially affer injury in 
patients with hemophilia), fractures, excessive exercise, 
burns, snake bites, and intraarterial injections of drugs or 
sclerosing agents. Infections also hâve been noted to increase 
pressures within compartments. 

Elliott and Johnstone found that 18% of forearm com¬ 
partment syndromes were caused by fractures and 23% were 
caused by soff-tissue injuries without fractures. Although iso¬ 
lated distal radial fractures rarely were associated with com¬ 
partment syndrome (0.3%), an ipsilateral elbow injury 
resulted in forearm compartment syndrome in 15% of 
patients. Historically, supracondylar humerai fractures were 
most frequently associated with forearm compartment syn¬ 
drome in children; however, Grottkau et al. found that 
forearm fractures were actually more commonly associated 
(74% vs. 15%). 

Acute compartment syndrome of the intrinsic muscles of 
the hand, resulting in contracture or necrosis of the muscle 
bellies such as those in the larger muscles in the forearm, can 
occur affer compression injuries of the hand without fracture. 
Compartment syndrome has been noted in neonates follow¬ 
ing intrauterine malposition or strangulation of the extremity 
by the umbilical cord. 
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Direct trauma, crushing of the upper arm, shoulder dis¬ 
location, avulsion of the triceps muscle, pneumatic tourni¬ 
quet use, and arteriography hâve ail been reported as causes 
of compartment syndrome. Intravenous régional anesthésia 
has also been implicated as a cause when hypertonie saline is 
used to dilute an anesthetic. 

Although more common in the lower extremity, chronic 
exertional compartment syndrome (CECS) may also involve 
the upper extremity. CECS has been reported to involve the 
first dorsal interosseous muscle and the volar forearm, which 
occurs most frequently in motorcyclists. It has also been 
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reported in kayakers and elite rowers, and may occur in ado¬ 
lescents after puberty. 

Any situation that causes a decrease in compartment size, 
an increase in compartment pressure, or a decrease in soft- 
tissue compliance can initiate compartment syndrome. As the 
intracompartmental pressure increases, capillary blood per¬ 
fusion is reduced to a level that cannot maintain tissue viabil- 
ity. The increase in interstitial pressure overcomes the 
intravascular pressure of the small vessels and capillaries, 
which causes the walls to collapse and impedes local blood 
flow. In a canine model, muscle necrosis was shown to occur 
with a rise in pressure to within 20 mm Hg below the dia- 
stolic pressure. Local tissue ischemia leads to local edema, 
which increases the intracompartmental pressure. This cycle 
of increasing muscle ischemia was depicted by Eaton and 
Green, as shown in Figure 74-4. 

The tolérance of tissue to prolonged ischemia varies 
according to the type of tissue. Functional impairment in 
muscles has been demonstrated after 2 to 4 hours of ischemia, 
and irréversible functional loss occurs after 4 to 12 hours. 
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Cross section through hand. Dorsal and volar interosseous compartments and adductor compartment to thumb 


(B and C); thenar and hypothenar compartments (A and D). 
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Traumatic ischemia-edema cycle in Volkmann 


contracture. 


Nerve tissue shows abnormal function after 30 minutes of 
ischemia, with irréversible functional loss after 12 to 24 
hours. 


DIAGNOSIS 

A crush injury or fracture of the forearm or elbow, especially 
in the supracondylar area of the humérus, should raise sus¬ 
picion that a forearm compartment syndrome may develop. 
Early diagnosis of impending ischemia is essential because 
irréversible damage can occur quickly. Increasing pain that is 
out of proportion to the injury and worsens with passive 
stretching of the involved muscles is an early indication that 
a compartment syndrome is developing. The volar and/or 
dorsal forearm is tender and tense with swelling, and sensibil- 
ity of the fingertips may be diminished. Two-point discrimi¬ 
nation and 256-cycle vibratory testing can be helpful in 
determining nerve ischemia. Loss of the radial and/or ulnar 
puise usually develops later, unless there is direct arterial 
injury. Diagnosis of compartment syndrome in an individual 
interosseous muscle can be difficult. The hand is swollen and 
tense, and the fingers are held almost rigid in a partially flexed 
position with the wrist in neutral. Any passive movement of 
the fingers that causes metacarpophalangeal joint extension 
usually causes considérable pain. The adductor compartment 
of the thumb can be tested by pulling the thumb into palmar 
abduction and stretching the adductor muscle. The thenar 
muscles rarely are involved. Diagnosis in obtunded and pédi¬ 
atrie patients is more difficult. Compartment syndrome in a 
neonate may manifest as a sentinel bullous or ulcerative skin 
lésion, usually over the dorsum of the forearm, wrist, or hand. 
Unilatéral aplasia cutis congenita also must be considered in 
this setting. 

When compartment syndrome is suspected and the nec- 
essary equipment is available, compartment pressures should 
be obtained to confirm the diagnosis. Compartment pres¬ 
sures over 30 mm Hg or within 20 mm Hg of the diastolic 
pressure are indicative of compartment syndrome. Ail 
involved compartments should be measured, and the results 
should be interpreted with regard to the overall clinical 


picture. Forearm measurements can be obtained from the 
superficial and deep volar compartments, and the mobile wad 
and dorsal compartments. Hand measurements may be 
obtained from the thenar, hypothenar, adductor pollicis, and 
interosseous muscles. Digital pressures are not routinely 
obtained. 

In 1975, Whitesides et al. described a technique for mea- 
suring compartment pressures using an 18-gauge needle, 
saline syringe, three-way stopcock, and a mercury manom- 
eter; however, a handheld pressure monitoring device or an 
arterial line monitoring System, connected to either a straight 
needle, a side-port needle, or slit cathéter, is currently 
preferred. Boody and Wongworawat compared the intra- 
compartmental pressure monitoring System, an arterial line 
manometer, and the Whitesides apparatus, each with a 
straight needle, a side-port needle, and a slit cathéter, and 
found that the arterial line manometer with a slit cathéter was 
the most accurate technique. The handheld pressure monitor¬ 
ing System also was found to be accurate. Side-port needles 
and slit cathéters were more accurate, whereas straight needles 
tended to overestimate the pressure. We most commonly use 
the handheld pressure monitoring device to détermine intra- 
compartmental pressures. The arterial line monitoring System 
is useful if continuous monitoring is desired. 

To use the handheld pressure monitoring device (Stryker), 
the needle is placed firmly onto the chamber stem, a prefilled 
syringe is placed into the remaining chamber stem, and the 
chamber is firmly seated into the device. The needle is held 
at 45 degrees from horizontal and the System is purged of 
excess air. When the unit is turned on, the display should read 
0 to 9 mm Hg. To calibrate the System, the zéro button should 
be pressed and the display should read 00. The needle is then 
inserted into the desired compartment, and no more than 
0.3 mL of solution is injected. The device then displays the 
pressure of the compartment. In an experimental model, 
Doro et al. showed that measurement of intramuscular 
glucose levels can identify compartment syndrome with high 
sensitivity and specfficity. 


MEASURING COMPARTMENT 
PRESSURES IN THE FOREARM AND 
HAND USING A HANDHELD 
MONITORING DEVICE 


TECHNIQUE 74-1 


(LIPSCHITZ AND LIFCHEZ) 

MEASURING FOREARM COMPARTMENT PRESSURE 

■ Place the compartment to be measured at heart level. 

■ Use adéquate local analgesia infiltrated into the skin only, 
taking care to avoid the underlying muscle and fascia, to 
control discomfort and pressure spikes. 

■ To measure the volar compartment pressure, insert the 
needle just ulnar to the palmaris longus, to a depth of 1 
to 2 cm. Confirm proper needle depth by observing a rise 
in pressure during external compression of the volar 
forearm or passive extension of fingers. 
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■ To measure the dorsal compartiment, insert the needle 
just radial to the border of the ulna to a depth of 1 to 
2 cm. Confirm placement by external compression of the 
dorsal compartment with passive flexion of the wrist. 

■ To test the mobile wad, identify the radialmost portion of 
the forearm and insert the needle perpendicular to the 
skin to a depth of 1 to 1.5 cm. A rise in pressure is identi- 
fied by external pressure or passive flexion of the wrist. 

MEASURING HAND COMPARTMENT PRESSURE 

■ Insert the needle perpendicular to the skin. 

■ Evaluate the compartments individually. Pressure mea- 
surements are not obtained from the digits, but at the 
site of maximal swelling of the thenar, hypothenar, and 
interosseous compartments. 

■ If a single compartment pressure is elevated, release ail 
compartments and the carpal tunnel. 

■ To measure the dorsal interosseous compartment pres¬ 
sure, insert the needle through the dorsal hand 1 cm 
proximal to the metacarpal head until it rests in the 
muscle belly. To judge the depth, it is helpful to place 
identifiable marks on the needle at depths of 1.0, 1.5, 
and 2.0 cm. 

■ To measure the adductor pollicis compartment pressure, 
insert the needle on the radial side of the second meta¬ 
carpal in the substance of the thumb-index web space. 

■ To measure the thenar and hypothenar spaces, insert the 
needle at the junction of the glabrous and nonglabrous 
skin over the maximal bulk of the muscle compartment. 
Advance the needle at least 5 mm below the enveloping 
fascia for pressure assessment. 


MANAGEMENT 

ACUTE COMPARTMENT SYNDROME OF 
THE FOREARM 

Impending tissue ischemia may be considered when the 
tissue pressure reaches between 30 and 20 mm Hg below the 
diastolic blood pressure. A higher pressure is a strong indica¬ 
tion that fasciotomy should be recommended. In a hypoten- 
sive patient, the acceptable pressure is lower. Fasciotomy 
should be performed in (1) normotensive patients with posi¬ 
tive clinical findings and compartment pressures of greater 
than 30 mm Hg, and when the duration of the increased 
pressure is unknown or thought to be longer than 8 hours; 
(2) uncooperative or unconscious patients with compartment 
pressures of greater than 30 mm Hg; and (3) patients with 
low blood pressure and compartment pressures of greater 
than 20 mm Hg. As a general rule, when in doubt, the com¬ 
partment should be released. If it proves later to hâve been 
unnecessary, only a scar will resuit. However, if a fasciotomy 
should hâve been done but was not, loss of muscle tissue and 
worse may resuit. In one study, a delay in diagnosis was the 
most important determining factor for poor outcome. Com¬ 
partment pressure should be monitored in young patients 
with injury to the forearm diaphysis or distal radius, or in 
patients with significant soff-tissue injury and a bleeding dia- 
thesis. Normal function was regained in 68% of patients in 
one study when fasciotomy was performed within 12 hours 
of the onset of compartment syndrome. When performing a 


volar fasciotomy, a volar curvilinear incision is used; this 
allows release of the lacertus fibrosus proximally and the 
carpal tunnel distally. The interval between the flexor carpi 
ulnaris and the flexor digitorum sublimis is used for release 
of deep and superficial compartments. The dorsal forearm 
fascia is released through the interval between the extensor 
carpi radialis brevis and the extensor digitorum communis. 


FOREARM FASCIOTOMY AND 
ARTERIAL EXPLORATION 


TECHNIQUE 74-2 


■ For the volar fasciotomy (Fig. 74-5), make an anterior 
curvilinear skin incision médial to the biceps tendon, 
Crossing the elbow flexion crease at an angle. Carry the 
incision distally and radially over the brachioradialis, then 
distally and ulnarward, eventually coursing médial to the 
palmaris longus. Cross the wrist flexion crease at an angle 
and continue in the midline of the palm to allow for a 
carpal tunnel release. The underlying subcutaneous 
tissues should be spread longitudinally, protecting the 
latéral and médial antebrachial cutaneous nerves and the 
palmar cutaneous branch of the médian nerve. 

■ Divide the lacertus fibrosus proximally and evacuate any 
hematoma. 

■ In patients with suspected brachial artery injury, expose 
the brachial artery and détermine if there is free blood 
flow. If the flow is unsatisfactory, remove the adventitia 
to expose any underlying clôt, spasm, or intimai tear. 
Resect the adventitia, if necessary, and anastomose or 
graft the artery. 

■ Release the superficial volar compartment throughout its 
length with open scissors, freeing the fascia over the 
superficial compartment muscles. 

■ Identify the flexor carpi ulnaris and retract it with its 
underlying ulnar neurovascular bundle medially, and then 




Incisions used in forearm for severe Volkmann 
contracture. A f Extensive opening of fascia of the forearm dorsum 
in dorsal compartment syndromes. B f Incision used for anterior 
forearm compartment syndromes in which skin and underlying 
fascia are released completely throughout. SEE TECHNIQUES 74-2, 


74-4, AND 74-5. 
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9 retract the flexor digitorum superficialis and médian nerve 
laterally to expose the flexor digitorum profundus in its 
deep compartment. Check to see if the overlying fascia 
or épimysium is tight and incise it longitudinally. 

■ If the muscle is gray or dusky, the prognosis for recovery 
may be poor; however, the muscle may still be viable and 
should be allowed to perfuse. 

■ Continue the dissection distally by incising the transverse 
carpal ligament along the ulnar border of the palmaris 
longus tendon and médian nerve. 

■ In cases of médian nerve palsy or paresthesia, observe the 
médian nerve along the entire zone of injury to ensure 
that it is not severed, contused, or entrapped between 
the ulnar and humerai heads of the pronator teres. If it 
is, a partial pronator tenotomy is necessary. 

■ In a patient with a supracondylar fracture, reduce the 
fracture, pin it with Kirschner wires, and control the 
bleeding. 

■ Do not close the skin at this time; anticipate secondary 
closure later. 

■ If the médian nerve is exposed within the distal forearm, 
suture the distal, radial-based forearm flap loosely over 
the nerve. 

■Check the dorsal compartments clinically or repeat the 
pressure measurements. Usually, the volar fasciotomy 
décompresses the dorsal musculature sufficiently, but if 
involvement of the dorsal compartments is still suspected, 
release them also. 

■ Make the incision distal to the latéral épicondyle between 
the extensor digitorum communis and extensor carpi 
radialis brevis, extending approximately 10 cm distally. 
Gently undermine the subcutaneous tissue and release 
the fascia overlying the mobile wad of Henry and the 
extensor retinaculum. 

■ Apply a stérile moist dressing and a long-arm splint. The 
elbow should not be allowed to flex beyond 90 degrees. 

POSTOPERATIVE CARE. The arm is elevated for 24 to 
48 hours after surgery. If closure is not possible within 5 
days, a split-thickness skin graft should be applied. Alter¬ 
native^, closure of fasciotomy wounds can be accom- 
plished gradually, using vessel loops that are progressively 
tightened postoperatively during dressing changes. 
Wound closure using this method usually can be accom- 
plished in 2 weeks (Fig. 74-6). A vacuum-assisted wound 
closure System may be used to assist in wound manage¬ 
ment. The splint is worn until the sutures are removed, 
or as determined by fracture care requirements. 



Vessel loop shoelace technique for fasciotomy 
closure. SEE TECHNIQUE 74-2. 


HAND FASCIOTOMIES 


TECHNIQUE 74-3 


■ Make two dorsal parallel incisions through the skin overly¬ 
ing the second and fourth metacarpals, beginning at the 
level of the metacarpophalangeal joints and extending 
just distal to the wrist (Fig. 74-7A). Make each incision 
down to the musculofascial area. 

■ Incise the fascia and release the compression of the dis- 
tended muscles by allowing them to extrude into the 
wound if necessary. 

■ Identify each muscle individually to ensure that a com¬ 
plété release isachieved. Passively flex the metacarpopha¬ 
langeal joints and extend the proximal interphalangeal 
joints to stretch the muscles, ensuring that ail are ade- 
quately released. 

■ Release the thenar and hypothenar compartments by 
making additional palmar radial and palmar ulnar inci¬ 
sions along the glabrous and nonglabrous intervals to 
allow for their separate décompression. 

■ Release the carpal tunnel through a palmar midline incision. 

■ Do not attempt to débridé the interosseous muscles at 
this point. If the fingers are tensely swollen and capillary 
refill is delayed, continue with digital fasciotomies through 
midlateral incisions along the radial border of the ring and 
small fingers and the ulnar border of the index and long 
fingers (Fig. 74-7B). 

■ In general, it is prudent to release ail compartments, 
including the carpal tunnel if any of the hand compart¬ 
ments are involved. 

■ Do not attempt to close the wounds at this time. They 
may be permitted to granulate and heal, or after the 
swelling has decreased, they can be closed secondarily. A 
vacuum-assisted wound closure System may be used to 
assist in wound management. 


CHRONIC EXERTIONAL 
COMPARTMENT SYNDROME OF 
THE FOREARM 

The management of CECS of the forearm differs from acute 
compartment syndrome only in that a mini-open fasciotomy 
technique is recommended to allow a quicker recovery and 
improved cosmesis. Ail involved compartments should be 
fasciotomized, and the surgeon should hâve complété knowl¬ 
edge of the forearm anatomy to avoid complications with this 
technique because exposure is limited. 


MINI-OPEN FOREARM FASCIOTOMY 


TECHNIQUE 74-4 


(HARRISON ETAL) 

■ With the patient supine and the arm abducted on an arm 
table, exsanguinate the limb and apply a tourniquet. 
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FIGURE 


A f Longitudinal incisions over second and third metacarpals. B f Midaxial incision of finger. SEE TECHNIQUE 74-3. 




Incision for mini-open release of the extensor 
compartment (A) and the flexor compartment (B). (Redrawn from 
Harrison JWK, Thomas P, Aster A, et al: Chronic exertional compartment 
syndrome of the forearm in elite rowers: a technique for mini-open 
fasciotomy and a report of six cases, Hand 8:450, 2013.) SEE TECH¬ 
NIQUE 74-4. 


■ Perform a fasciotomy along the septum between the 
mobile wad and the extensor digitorum communis to 
release both extensor compartments. 

■ Once ail structures hâve been identified, extend the 
fascial incisions proximally and distally to fully release 
from the épicondyle to the musculotendinous junction. 

FLEXOR COMPARTMENT RELEASE 

■ Draw a line between the médial épicondyle to the junc¬ 
tion of the palmaris longus at the distal wrist crease and 
mark it at two thirds of its length for extensor compart¬ 
ment release. 

■ Make a skin incision from 5 cm distal to the épicondyle 
to 5 cm short of the two-thirds mark (Fig. 74-8B). 

■Split the fascia in line with the incision to release the 
superficial flexor compartment. 

■ Develop the interval between the flexor digitorum super- 
ficialis and flexor carpi ulnaris down to the deep fascia. 

■ Identify the ulnar nerve and release the deep fascia over 
the flexor digitorum profundus, taking care to protect the 
nerve and its branches. 

■ Extend the fascial releases proximally from the épicondyle 
and distally to the musculotendinous junction. 


EXTENSOR COMPARTMENT RELEASE 

■ Mark a line between the latéral épicondyle and Lister's 
tubercle and measure it at the junction of the middle and 
distal thirds. 

■ Make a skin incision from 5 cm distal to the épicondyle 
to 5 cm proximal of the two-thirds mark (Fig. 74-8A); the 
incision usually is about 8 cm long. 


ESTABLISHED VOLKMANN CONTRACTURE 
OF THE FOREARM 

If compartment syndrome is untreated or inadequately 
treated, compartment pressures continue to increase until 
irréversible tissue ischemia occurs. Volkmann ischémie con¬ 
tracture is the resuit of several different degrees of tissue 
injury; however, the earliest changes usually involve the flexor 
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Anatomy of Volkmann ischemia. A f "Collateral circulation" of elbow does not communicate with vessels within flexor 
compartment. These elbow collaterals join radial and ulnar arteries proximal to the pronator teres, the proximal guardian of the flexor 
compartment. B f Brachial artery and médian nerve enter forearm through tight opening formed by biceps tendon insertion latérally 
and pronator teres muscle medially and are tightly covered by lacertus fibrosus. Proximal angulation, hematoma, or muscle swelling 
within this cruciate tendon-muscle portai is capable of major compression of neurovascular bundle. C, Radial artery, arising from brachial 
artery, passes distally superficial to pronator teres and ail flexor muscles. It is not crossed by any structure along this route. Ulnar artery 
passes beneath pronator teres and lies in deepest portions of compartment. Médian nerve usually passes between humerai and ulnar 
heads of fleshy pronator teres, and, emerging, it becomes compressed against firm arcuate band of flexor sublimis origin (see text). 


digitorum profundus muscles in the middle third of the 
forearm (Fig. 74-9). The typical clinical picture of established 
Volkmann contracture includes elbow flexion, forearm pro- 
nation, wrist flexion, thumb adduction, metacarpophalangeal 
joint extension, and finger flexion. 

A mild contracture, also termed localized Volkmann con¬ 
tracture , results from partial ischemia of the profundus mass, 
with flexion contractures usually involving only two or three 
fingers. Sensory changes usually are mild or absent. Intrinsic 
muscle contractures and joint contractures are absent. During 
the early stages of a mild contracture, dynamic splinting to 
prevent wrist contracture, functional training, and active use 
of the muscles may be helpful. Affer 3 months, the involved 
muscle-tendon units can be released and lengthened. When 
multiple tendon units are involved, however, a muscle sliding 
operation is préférable to lengthening of multiple tendons, 
wrist resection, or other possible procedures. If involved, the 
pronator teres may require excision. 

A moderate contracture usually involves not only the 
long finger flexors, but also the flexor pollicis longus and pos- 
sibly the wrist flexors. Médian and ulnar nerve sensory 
changes and intrinsic minus deformities are présent. In this 
instance, the muscle sliding operation, careful neurolysis of 
the médian and ulnar nerves without injuring their branches, 
and the excision of any fibrotic muscle mass encountered can 
be done. When no useful movement of the finger flexors has 
been retained, volar transfers of dorsal wrist extensors, such 
as the brachioradialis and extensor carpi radialis longus, and 
a complété release of the wrist and finger flexors may be 
required. 


A severe contracture involves the flexors and extensors of 
the forearm. Fractures of the forearm bones and scars on the 
skin also may be présent. Sensory feedback is usually impaired 
because the nerves are strangulated by the contracted and 
scarred muscles surrounding them. The preferred treatment 
in these instances is early excision of ail necrotic muscles, 
combined with complété médian and ulnar neurolysis to 
restore sensibility and possibly intrinsic function. Although 
one author recommended this be done no sooner than 3 
months but no later than 1 year affer the ischémie event, 
others hâve recommended surgical intervention within 3 
weeks to prevent additional contractures from developing. 
Tendon transfers to restore function should be performed as 
a secondary procedure. These may include transfer of the 
brachioradialis to the flexor pollicis longus and the extensor 
carpi radialis longus to the flexor digitorum profundus 
tendons. If motors to restore finger flexion are unavailable, a 
free innervated muscle transfer using the gracilis muscle may 
be considered (see Chapter 63). In one long-term study (32 
years), substantial improvement was noted with excision of 
fibrotic muscle, neurolysis, and tendon or free gracilis trans¬ 
fers; however, tendon lengthening alone was rarely satisfac- 
tory. For severe Volkmann ischémie contracture, Oishi and 
Ezaki recommended a two-stage procedure with initial 
muscle debridement and neurolysis, followed by a free- 
functioning gracilis transfer affer return of sensation and 
intrinsic function to the hand. Satisfactory results hâve also 
been reported using a free médial gastroenemius myocutane- 
ous flap for reconstruction in patients with established Volk¬ 
mann contracture. 


























CHAPTER 74 COMPARTMENT SYNDROMES AND VOLKMANN CONTRACTURE ^ 


29 


■ MUSCLE SLIDING OPERATION OF FLEXORS 
FOR ESTABLISHED VOLKMANN 
CONTRACTURE 

The muscle sliding operation was first described by Page in 
1923 and was endorsed by Scaglietti in 1957. It has been used 
for Volkmann and other contractures caused by conditions 
such as brain damage and burns. In cases of Volkmann con¬ 
tracture, usually the muscle is fibrotic and noncontractile, 
and a muscle sliding operation alone is rarely indicated. For 
this technique, see Chapter 72. 


EXCISION OF NECROTIC MUSCLES 
COMBINED WITH NEUROLYSIS OF 
MEDIAN AND ULNAR NERVES FOR 
SEVERE CONTRACTURE 


TECHNIQUE 74-5 


■ Make an extensive volar forearm incision (see Fig. 74-5) 
and excise ail avascular masses of the flexor profundus 
and sublimis muscles, leaving any muscle that might 
survive or appears viable. 

■ Perform a neurolysis of the médian and ulnar nerves. The 
médian nerve usually is affected and may hâve an hour- 
glass deformity in the midforearm. Neuroma excision and 
secondary nerve grafting may be necessary. 

■ Correct finger and wrist flexion deformities by dividing 
the involved flexor tendons at the musculotendinous 
junctions and excising the fibrotic muscle. At this time, at 
least the functional position of the hand will hâve been 
restored. 

■ At a second-stage procedure, any viable extensor muscles 
can be transferred to the finger flexors. At least one wrist 
extensor must be retained, however. Otherwise, any wrist 
flexor or extensor muscle can be transferred to power the 
profundus and flexor pollicis longus tendons. Most com- 
monly, the brachioradialis is transferred to the flexor pol¬ 
licis longus and the extensor carpi radialis longus to the 
flexor digitorum profundus of ail four fingers. 


This is a salvage procedure that may resuit in only modest 
improvement. If the contracture is diffuse but incomplète 
throughout ail digital and wrist flexors, the muscle sliding 
technique may be considered (see Chapter 72). 


TWO-STAGED FREE GRACILIS 
TRANSFER 


TECHNIQUE 74-6 


(OISHI AND EZAKI) 

FIRST STAGE 

■ Widely expose the volar forearm compartiment from the 
elbow to the wrist (see Fig. 74-5B) and elevate the skin flaps. 


■ Identify and mobilize the ulnar nerve at the elbow. After 
isolating and protecting the médian nerve and brachial 
artery at the antecubital fossa, dissect the médian and 
ulnar nerves and vascular structures ail the way from the 
elbow to the wrist to free adhérences to fibrotic necrotic 
muscle. 

■ Débridé ail the involved muscle, including the deep layers. 
Sometimes the only structures remaining after debride- 
ment are the médian and ulnar nerves, the vascular struc¬ 
tures, and the tendon ends. 

■ Perform any necessary nerve grafting or vascular recon¬ 
struction at this point. 

■ Keep the proximal ends of the flexor tendon as long as 
possible (it is helpful to suture the proximal ends of the 
flexor digitorum profundus and the flexor pollicis longus 
together for later identification). In young or small chil- 
dren, suture these ends to an area proximal to the carpal 
tunnel to prevent retraction into the carpal tunnel. 

■ Close the skin and immobilize the arm in a cast for 3 
weeks to allow the wound to heal. After removal of the 
cast, begin passive range-of-motion exercises to the 
fingers and wrist. The patient is observed over the ensuing 
6 months for muscle and sensory recovery. 

SECOND STAGE 

For the second-stage procedure, a two-person team 
approach is used; one is responsible for exposing the 
forearm, including the neurovascular structures and tendi- 
nous ends, and the other for harvesting the gracilis muscle. 

■ Identify the brachial artery in the forearm and follow it 
distally to détermine its suitability or that of any of its 
branches. Also identify a vein for anastomosis because 
the vena comitantes or subcutaneous veins may not be 
suitable. 

■ Identify the anterior interosseous branch, and in the distal 
forearm, identify and préparé the ends of the flexor digi¬ 
torum profundus and flexor pollicis longus tendons. 

■ In the lower extremity, expose the gracilis muscle with or 
without an accompanying skin paddle. If a skin paddle is 
necessary, use only the proximal two thirds of overlying 
skin because the blood supply to the distal third of skin 
overlying the muscle is unreliable. 

■ Tag the anterior surface of the gracilis muscle with sutures 
at 2-cm intervals to correctly identify the resting tension 
of the muscle. 

■ Identify the neurovascular bundle and dissect it. Careful 
dissection is mandatory because the anterior branch of 
the obturator nerve runs superiorly from the muscle. 

■ When the forearm récipient site has been prepared, 
release the origin and divide the neurovascular bundle. 

■ If a vein graft is deemed necessary, microvascular anasto¬ 
mosis of the vein graft to the gracilis artery can be done 
on a back table using an operating microscope. 

■Suture the proximal gracilis to the médial épicondyle 
using nonabsorbable suture. Note the location of the 
ulnar nerve before carrying out this step. Also, take care 
to position the muscle so as not to cause undue tension 
on the upcoming microvascular work. 

■ Using an operating microscope, perform anastomoses of 
the artery, vein(s), and nerve. Examine the anterior inter¬ 
osseous nerve under the operating microscope and eut it 
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S back until good fascicles are seen. The doser the nerve 
coaptation is to the muscle, the shorter the distance 
necessary for reinnervation. 

■ Place an implantable Doppler probe around the artery for 
postoperative monitoring. After assessment of adéquate 
flow, suture the flexor digitorum profundus ends to each 
other and to the gracilis muscle at its resting tension 
(marked earlier). 

■ Suture the flexor pollicis longus tendon to a separate 
portion of the gracilis muscle with the wrist in 10 to 20 
degrees of extension and slight overcorrection of the 
normal finger cascade. 

■ Flex the wrist to ensure that the tenodesis allows the 
fingers to extend appropriately. 

■ Close the skin flaps and immobilize and elevate the upper 
extremity. Failure to elevate the extremity could jeopardize 
flap viability. 

POSTOPERATIVE CARE. The patient is placed in a 
warm room and started on one low-dose (81 mg) aspirin 
per day. The dressing is changed, and the Doppler device 
is removed at 6 to 7 days with the patient under anes¬ 
thésia. The upper extremity is immobilized for 4 weeks, 
and then range-of-motion exercises are begun. Protective 
splinting is used for the first few months. Muscle function 
may take up to 6 months to return. 


ESTABLISHED INTRINSIC MUSCLE 
CONTRACTURES OF THE HAND 

Proper surgical release of established intrinsic muscle contrac¬ 
tures dépends on the severity of the contractures. When the 
contractures are mild (Fig. 74-10), the metacarpophalangeal 



JJP Abduction contracture of fifth finger in patient 
who developed fibrosis in abductor digiti quinti, probably sec- 
ondary to ischémie myositis from compressive bandage. 


joints can be passively extended completely, but while they 
are held extended, the proximal interphalangeal joints cannot 
be flexed (positive intrinsic tightness test); in these instances, 
the distal intrinsic release of Littler may be indicated 
(Fig. 74-11). 

In contractures that are more severe, the interosseous 
muscles are viable but contracted, and the intrinsic tightness 
test is positive. Active spreading of the fingers may be pos¬ 
sible. In these instances, the contracted muscles may be 
released from the metacarpal shaffs by a muscle sliding oper¬ 
ation (Fig. 74-12 A). 

In the most severe contractures, the intrinsic muscles not 
only may be contracted, but also necrotic and fibrosed, so any 
useful muscle excursion is absent. In these instances, the 
tendon of each muscle must be divided to release the contrac¬ 
tures (Fig. 74-12B). Other procedures, such as capsulotomies 
and tendon transfers, also may be necessary. 


RELEASE OF ESTABLISHED 
INTRINSIC MUSCLE CONTRACTURES 
OF THE HAND 


TECHNIQUE 74-7 


(LITTLER) 

■ The same procedure is done on any finger as 
needed. 

■ Make a single midline incision on the dorsum of the 
proximal phalanx, extending from the metacarpopha¬ 
langeal joint to the proximal interphalangeal joint to 
allow good exposure of both sides of the extensor 




Littler release of intrinsic contracture. A f Exten¬ 
sor aponeurosis at level of metacarpophalangeal joint consists of 
long extensor tendon, transverse fibers (which flex the metacar¬ 
pophalangeal joint), and oblique fibers (which extend the inter¬ 
phalangeal joint). Crosshatched part is resected from each side of 
hood. B, Appearance of aponeurosis after release. SEE TECHNIQUE 
74 - 7 . 
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aponeurosis. Incise the insertion of the oblique fibers of 
the extensor aponeurosis into the extensor tendon; 
make the incision parallel with the tendon (see Fig. 
74-1 IA). 

■ Preserve the transverse fibers to avoid hyperextension of 
the metacarpophalangeal joint with its résultant clawhand 
deformity and limitation of extension of the interphalan- 
geal joints. 

■ After adéquate excision of the oblique fibers, the proxi¬ 
mal interphalangeal joint should hâve full passive flexion 
with the metacarpophalangeal joints in neutral (see Fig. 
74-1 IB). 

■ Close the incision. 

■ Apply a volar plaster splint from the elbow to the middle 
of the proximal phalanges, immobilizing the metacarpo¬ 
phalangeal joints in extension and permitting full motion 
of the interphalangeal joints. 

POSTOPERATIVE CARE. Active motion of the interpha¬ 
langeal joints is begun the day after surgery, and the 
splint and sutures are removed at 10 to 14 days. 



A f Method of stripping and advancing interos- 
seous muscles to slacken them, allowing proximal finger joints 
to extend and distal two to flex. Interosseous muscles of two 
clefts hâve been stripped. Stripping of interossei is done only 
when muscles still retain considérable function. Nerve supply 
should be spared. B f Complété intrinsic tenotomy for severe 
intrinsic contractures in which nonfunctioning interosseous 
muscle remains. 


RELEASE OF SEVERE INTRINSIC 
CONTRACTURES WITH MUSCLE 
FIBROSIS 


TECHNIQUE 74-8 


(SMITH) 

■ Make a dorsal transverse incision just proximal to the 
metacarpophalangeal joints. 

■ Resect the latéral tendons of ail the interossei and the 
abductor digiti quinti at the level of the metacarpopha¬ 
langeal joints. If these joints remain flexed, retract the 
sagittal bands distally, and divide each accessory collateral 
ligament at its insertion into the volar plate. 

■ Free the volar plate from its attachments to the base of 
the proximal phalanx, and with a blunt probe, separate 
any adhesions between the volar plate and the metacar- 
pal head. 

■ If maintaining extension of the proximal phalanx is diffi- 
cult after soft-tissue release, insert a Kirschner wire 
obliquely through the metacarpophalangeal joint with 
the joint in maximal extension. When the phalanx is 
extended, ensure that its base articulâtes properly with 
the metacarpal head before inserting the wire. 

■ If passive flexion of the proximal interphalangeal joints 
is incomplète with the metacarpophalangeal joints 
extended, resect the latéral bands at the distal half of the 
proximal phalanges through separate dorsal incisions. 

POSTOPERATIVE CARE. Passive and active flexion exer¬ 
cises of the proximal interphalangeal joints are begun 
within 1 day of surgery. The Kirschner wires are removed 
at about 3 weeks. 


ADDUCTED THUMB 

Only complété loss of the thumb causes more disability in the 
hand than a fixed severe adduction of the thumb (web con¬ 
tracture). The thumb is the only digit with the ability to bring 
its terminal sensory pad over the entire surface of any chosen 



One method of releasing dorsal skin of 
adducted thumb (see text) (Brand and Milford). A f Skin incision. 
B, Skin grafting covers defect after release has been accomplished 
by undermining dissection. 
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Cross-arm flap coverage of deepened thumb web. A f Web space deepening after skin division and muscle recession. 
B, Position of hand with triangular distal flap (b) sutured into dorsal thumb web defect. Outline of proximal triangular flap (a) that 
will be used for palmar web coverage. C f Web space reconstruction after transfer of palmar flap at second-stage operation 3 weeks 
later. 


finger or over the distal palmar eminence. The saddlelike first 
carpometacarpal joint provides the circumductive movement 
of the thumb necessary for pinch or grasp functions. The 
intrinsic muscles of the thumb and the extrinsic flexors and 
extensors ail are important in the balanced control required 
to perform these functions effectively. The short abductor 
muscle positions and stabilizes the thumb metacarpal for 
pinch; the adductor muscle supplies the power for pinch by 
acting on the proximal phalanx; the long extrinsic flexor 
muscle positions the distal phalanx in varying degrees of 
flexion and consequently Controls the type of pinch, whether 
it be fingernail-to-fingernail opposition or pulp-to-pulp 
opposition with another digit. The thumb web must be supple 
if these important movements of the thumb are to be possible. 
Any contracture of the thumb web causes limited opposition 
of varying degrees. In severe contracture, the thumb is in a 
position of adduction and external rotation. 

The thumb web consists of skin, subcutaneous tissue, 
muscle, fascia, and joint capsule. Contracture of any one of 
these tissues can cause a secondary contracture of the others; 
rarely is there contracture of only one. Causes of some inju¬ 
ries include scarring of the skin, burns, infection, crush inju¬ 
ries, congénital webbing, paralysis, Dupuytren contracture, 
and faulty immobilization. 

The proper treatment of a contracted web is determined 
by which structures of the web are involved; little is accom- 
plished by releasing the skin alone when deeper structures, 
such as muscle, fascia, or joint capsule, also are contracted. 
When the skin alone is contracted from a hypertrophie scar 
after a surgical incision or a lacération along the border of the 
web, it sometimes can be released by a Z-plasty or a local flap. 

Crushing injuries, infections, or deep burns resuit in 
extensive fibrosis within the thumb web that cannot be treated 
by release of the skin alone; rather, the scarred components 
of the contracted skin, muscle, fascia, and capsule must be 
excised with care to avoid damaging the radial artery near the 
carpometacarpal joint. This excision produces a deep fissure 
that must be filled with skin and subcutaneous fat to provide 


an elastic functioning web. Usually this can be accomplished 
by dorsal rotation or a sliding flap with supplémentai skin 
grafting (Figs. 74-13 and 74-14). If the adjacent dorsal skin is 
unsuitable for transfer, a cross-arm flap may be considered. 
The cross-arm flap is fashioned as a double triangle, one on 
the dorsal surface and one on the volar surface of the web, to 
eliminate any line of scar paralleling the border of the web. 
The first and second metacarpals are fixed in the desired posi¬ 
tion with Kirschner wires. When motion in the carpometa¬ 
carpal joint can be restored, any necessary tendon transfers 
for apposition can be done later, but if motion cannot be 
restored the carpometacarpal joint must be arthrodesed to 
maintain the new position of the thumb permanently. 

Paralysis of the muscles of apposition can resuit in sec¬ 
ondary contracture of the skin and joint capsule, and in con¬ 
tracture of the thumb web, requiring release by a Z-plasty or 
using a local flap and a skin graft as described by Brand and 
Milford (Fig. 74-14). Contracted fascia and bands of muscle 
must be released, and capsulotomy of the carpometacarpal 
joint must be done at the same time. 

Occasionally, a useless index finger may provide a filleted 
pedicle with which a satisfactory thumb web can be con- 
structed in one stage. This procedure not only widens the 
web, in that the index metacarpal is excised, but also provides 
skin that can be repositioned over a nearby defect or scar (see 
discussion of filleted graft in Chapter 65). 
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Dupuytren disease is a proliférative fibroplasia of the subcu- 
taneous palmar tissue occurring in the form of nodules and 
cords that may resuit in secondary progressive and irrévers¬ 
ible finger joint flexion contractures. Other secondary changes 
include thinning of the overlying subcutaneous fat, adhesion 
to skin, and later pitting or dimpling of the skin. The lésion 
activity and the ensuing deformity rate vary considerably. 
Occasionally, a finger may become markedly flexed within a 
few weeks or months, but development of severe deformity 
usually requires several years. In some patients, the lésion 
progresses steadily, whereas in others, exacerbations and 
remissions occur; however, régression is rare. 

Ectopic Dupuytren disease deposits may occur in a 
variety of areas (Fig. 75-1). Approximately 5% of patients with 
Dupuytren contractures hâve similar lésions in the médial 
plantar fascia of one or both feet, known as Ledderhose 
disease, and 3% of patients hâve plastic penile induration, 
known as Peyronie disease. Garrod nodules, “knuckle pads” 
are common on the dorsum of the proximal interphalangeal 
joints. Patients with these associated findings are considered 
to hâve a Dupuytren diathesis and are prone to progressive 
and récurrent disease. 

Commonly occurring in adults in their forties to sixties, 
Dupuytren contracture occurs 10 times more frequently in 
men than in women. According to McFarlane, the disease 
occurs significantly earlier in men (33 to 63 years old) than 
in women (46 to 70 years old). It is most common in white 
northern European individuals, although it has been reported 
occasionally in blacks and rarely in Asians. The lésion has 
been reported to be more frequent and severe in individuals 
with diabètes mellitus or with epilepsy (42%), and conflicting 
reports exist concerning the disease in individuals with alco- 
holism. The involvement, although offen bilateral (45%), 
rarely is symmetric (Fig. 75-2). Mikkelsen et al. found that 
mortality may be increased in men who develop the disease 
before âge 60. 

Although the causes of this disease are unknown, hand 
trauma and the type of manual labor performed by an indi- 
vidual may be contributing factors. The presence of hemosid- 
erin in these lésions suggests hemorrhage from tears; however, 
the nondominant hand is affected as offen as the dominant 
one, making trauma alone an unlikely cause. Occasionally 
a single injury may precipitate the onset of the disease in 
genetically susceptible individuals. Likewise, surgical trauma, 
even release of a trigger finger in susceptible patients, may 


precipitate significant pretendinous cords, palmar thickening, 
and subséquent troublesome contractures. Accordingly, 
minor palmar surgical procedures should be approached with 
caution when pretendinous cords are présent. 

According to McFarlane, a causal relationship may be 
assumed if consistent histologie changes occur within 2 years 
after a focal injury in women younger than 50 years of âge 
and men younger than 40 without a strong diathesis for 
Dupuytren disease. In patients with bilateral disease, the 
disease should develop in the uninjured hand after âge 40 
years in men and 50 years in women. 

Evidence also points to heredity as a predisposing factor 
in Dupuytren disease. The lésion seems to occur earlier and 
more frequently in some families, and an autosomal domi¬ 
nant pattern has been suggested. Vascular insufficiency and 
cigarette smoking hâve been linked to Dupuytren disease as 
possible causative factors. 

The lésion usually begins on the ulnar side of the hand at 
the distal palmar crease and progresses to involve the ring 
and little fingers, these being affected more frequently than 
ail other digits combined. Metacarpophalangeal and proxi¬ 
mal interphalangeal joint flexion contractures gradually 
develop; their severity dépends on the extent and maturity of 
the fibroplasia. The lésions are more commonly painless, 
although some patients may complain of itching or minor 
discomfort; however, nodules hâve been shown histologically 
to hâve neural entrapment and may produce higher pain level 
complaints in some individuals. 

PATHOGENESIS 

The cause of Dupuytren disease is unknown; however, much 
has been discovered about the cellular and connective tissue 
changes that occur with this disorder. Although it has some 
similarity to malignant tumors, it is a benign process. Dupuy¬ 
tren contracture begins with increased fibroblast prolifération 
followed by type 3 collagen déposition resulting in uncon- 
trolled palmar fascia growth ultimately causing flexion con¬ 
tractures. The exact reasons for this are unknown. Dupuytren 
disease has been compared with wound healing in that myo- 
fibroblasts, which produce type 3 collagen, are dominant in 
both granulation tissue and Dupuytren tissue. In addition, 
growth factors and their receptors hâve been shown to 
hâve increased expression in diseased fascia, especially trans- 
forming growth factor-(3 and basic fibroblast growth factor. 
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Ectopic deposits of Dupuytren disease. A f Bilateral médial plantar and médial great toe involvement. B f Right foot 
involvement (Ledderhose disease). C f Dorsal proximal interphalangeal joint nodules (Garrod nodules). 



Asymmetric hand involvement. A f Mild bilateral ulnar hand disease. B f More diffuse bilateral disease with severe 
contracture of the interphalangeal joint of the right small finger. 
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Transforming growth factor-(3 has been shown to induce dif¬ 
férentiation of fibroblasts into myofibroblasts. An increase in 
glycosaminoglycans, matrix metalloproteinase activity, the 
presence of fibrofatty tissue between the skin and fascia, 
trauma, and microtrauma caused by free radicals also hâve 
been theorized as playing a rôle in the development of 
Dupuytren contracture. 

Dupuytren disease progresses through several stages: pro¬ 
liférative, involutional, and residual. In the proliférative stage, 
nodules, composed of type III collagen and fibroblasts, 
develop and expand to displace the subcutaneous tissue and 
fuse to the skin. The nodules typically appear at the distal 
palmar crease over the metacarpophalangeal joints and dis- 
tally over the proximal interphalangeal joints but not over the 
distal interphalangeal joints. They eventually stop growing 
and begin to contract in the involutional stage. Stress align- 
ment of the fibroblasts occurs, and more collagen is produced. 
Myofibroblasts then replace the fibroblasts as the prédomi¬ 
nant cell type, producing type III collagen and causing con¬ 
traction. Nodule contraction places tension on the normal 
fascia proximally, producing fascial hypertrophy and nodule - 
cord units. In the residual phase, the nodules decrease in size 
and may become acellular fibrous cords. Contractures of the 
metacarpophalangeal and proximal interphalangeal joints 
and displacement of digital neurovascular bundles resuit from 
predictable patterns of fascial cord involvement. 

The fascial structures that may become involved in the 
fibroproliferative process hâve been clearly outlined by 
McFarlane (Fig. 75-3). Thomine described a longitudinally 
oriented fascia located dorsal to the neurovascular bundle, 
which he termed the retrovascular cord. This structure often 
is involved in the disease and may be implicated as a cause 
for récurrent proximal interphalangeal contractures. The 
Cleland ligament generally is believed to be spared. The 


pretendinous cord nearly always is responsible for primary 
contracture of the metacarpophalangeal joint. It may attach 
to the distal palmar crease skin, base of the proximal phalanx, 
or the tendon sheath at this level, or it may extend to attach 
to the flexor tendon sheath over the middle phalanx or the 
skin in this area. A spiral cord occurs when four normally 
existing structures (pretendinous band, spiral band, latéral 
digital sheet, and Grayson ligament) become diseased. The 
spiral cord runs dorsal to the neurovascular bundle proxi¬ 
mally and volar to it distally. When the spiral cord is con- 
tracted, the neurovascular bundle is drawn toward the midline 
of the finger (Fig. 75-4). Neurovascular displacement is found 
most commonly on the ulnar aspect of the little and ring 
fingers, and tedious dissection is required to prevent digital 
nerve injury. 

The latéral digital cord may extend distally and contribute 
to a flexion contracture of the distal interphalangeal joint. The 
plane between this cord and the overlying skin is minimal 
and must be developed sharply. The retrovascular cord is not 
believed to contribute significantly to flexion contracture of 
the proximal interphalangeal joint; however, it may be respon¬ 
sible for some residual flexion contracture or récurrence if 
not excised. 

Metacarpophalangeal and distal interphalangeal joint 
contractures seem to resuit from pretendinous and latéral 
cord development. Proximal interphalangeal joint contrac¬ 
tures may develop from isolated digital cords, however, in 
addition to central, spiral, or retrovascular cords (Fig. 75-5). 
The diseased tissue in this unusual form of Dupuytren con¬ 
tracture most commonly affects the small finger; however, 
any digit may be involved. The cord originates from the peri- 
osteum of the proximal phalanx and fascia overlying the 
intrinsic muscles and distally courses dorsal to the neuro¬ 
vascular bundles, inserting into the middle phalanx or the 
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A f Normal palmar and digital fascia. B f Diseased fascia in continuity with the pretendinous cord. C f Other common 
fascial disease patterns. 
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A f Normal parts of fascia that produce spiral 
cord: pretendinous band, spiral band, latéral digital sheet, and 
Grayson ligament. B f Spiral cord showing médial displacement of 
neurovascular bundle. (Diseased spiral band is not synonymous 
with spiral cord.) 


overlying flexor tendon sheath volar to the neurovascular 
bundles. Tins digital cord frequently displaces the neurovas¬ 
cular bundle superficially to the midline of the finger, similar 
to a spiral cord. 

Skoog suggested that, of the palmar fascia components, 
only the longitudinal pretendinous bands are involved and 
that the superficial transverse palmar ligaments are always 
spared. We agréé with McFarlane, however, that the superfi¬ 
cial transverse ligaments, in addition to natatory cord promi- 
nence, are frequently involved and require excision in 
symptomatic thumb web space contractures. 

PROGNOSIS 

The prognosis in Dupuytren contracture seems to dépend on 
the following factors, which may détermine the appropriate 
intervention: 

1. Heredity. A family history of the disease indicates that the 
lésion is likely to progress more rapidly than usual, espe- 
cially if the onset is early. 

2. Sex. The lésion usually begins later and progresses more 
slowly in women, who offen accommodate better to the 
resulting deformity; however, long-term results affer 
operation are worse in women than in men, with postop- 
erative flare reaction being twice as likely. 

3. Epilepsy. Despite earlier statements positively associating 
Dupuytren contracture with epilepsy, Geoghegan et al. 
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concluded that neither epilepsy nor antiepileptic médica¬ 
tions were associated with the disease. 

4. Diabètes mellitus. Diabètes mellitus is a risk factor for 
Dupuytren disease, especially in patients requiring 
medical management compared with patients with diet- 
controlled diabètes mellitus. According to Geoghegan 
et al., patients taking insulin were more likely to hâve 
Dupuytren disease than patients taking metformin or 
sulfonylureas. 

5. Alcoholism or smoking. The lésions are more severe, prog- 
ress more rapidly, and recur more frequently when asso¬ 
ciated with these conditions. Godtfredsen et al. found a 
dose-dépendent relationship to alcohol intake and 
smoking and concluded that the combination of these 
two factors conveys a high risk for the development of 
Dupuytren disease. 

6. Location and extent of disease. When the disease is bilat¬ 
eral and especially when it is associated with knuckle 
pads and nodules in the plantar fascia, progression is 
more rapid and récurrence is more frequent. Progression 
is more rapid on the ulnar side of the hand. 

7. Behavior of disease. How the disease has behaved in the 
past, whether treated or not, is an indication of its prob¬ 
able behavior in the future. 

NONOPERATIVE TREATMENT 

Various nonoperative treatment regimens for Dupuytren 
disease continue to focus on the fondamental disease histo- 
pathology (Box 75-1). 

EXTERNAL BEAM RADIATION 

Management of early stage Dupuytren disease by external 
beam radiation has been reported to regress the disease in up 
to 45% and stop progression in up to 80% of patients. Low 
dose radiation (less than 30 Gy) using various protocols hâve 
been published, and no protocol has reported any malignant 
transformation in up to 13 years after treatment. Chronic side 
effects that persisted more than 4 weeks after treatment were 
dryness of the skin (20%), skin atrophy (seven patients, 3%), 


Treatment of Dupuytren Disease 


Nonoperative 

■ External beam radiation 

■ Steroid injection 

■ Collagénase 

Operative 

■ Subcutaneous fasciotomy 

■ Scalpel 

■ Needle 

■ Partial (sélective) fasciectomy 

■ Complété fasciectomy 

■ Fasciectomy with skin grafting 

■ Staged external fixation 

■ Arthrodesis 

■ Amputation 


lack of sweating (4%), telangiectasia (3%), desquamation 
(2%), and sensory affection (2%). We hâve no expérience with 
this treatment method. 

Nodule-derived fibroblast contractile properties were 
shown by Bisson et al. to be greater than those of cord-derived 
fibroblasts, and both of these fibroblast lines had significantly 
greater force génération than carpal tunnel ligament fibro¬ 
blasts. Ketchum and Donahue found that after an average of 
3.2 injections per nodule of triamcinolone acetonide, 97% of 
75 hands had softening or flattening of the nodules. Although 
complété resolution of the disease was rare, only half of the 
patients had nodule réactivation within 3 years after the 
injections. 

COLLAGENASE INJECTIONS 

Clinical trials evaluating clostridial collagénase histolyticum 
(CCH) injections as a nonoperative treatment hâve indicated 
prompt and impressive metacarpophalangeal and proximal 
interphalangeal joint contracture release. Badalamente et al. 
reported on the safety and efficacy of this enzymatic dégrada¬ 
tion in studies, including a randomized placebo-controlled 
study in which Hurst et al. reported contracture réduction to 
0 to 5 degrees in 77% of metacarpophalangeal joint and 40% 
of proximal interphalangeal joint contractures in 204 joints 
receiving collagénase injections. Despite these results being 
significantly better than in the 104 joint placebo group, the 
30-day outcome did not allow the authors to comment in 
regard to récurrence. In a previous 2-month follow-up study, 
similar results were achieved compared with placebo and 
only 5 of 62 joints had récurrence. Transient side effects 
included localized swelling, pain, bruising, pruritus, régional 
lymph node enlargement, and tenderness; however, perma¬ 
nent adverse serious side effects were rare, aside from two 
flexor tendon ruptures in the prior study. Our expérience 
with collagénase injections has been limited but favorable. 
Best results are obtained in patients with a well-defmed pal¬ 
pable cord that is located away from the flexor tendon. Col¬ 
lagénase injection may be contraindicated in patients who are 
on anticoagulation or who hâve lymphedema, lymph node 
surgery, or implants. 

Publications involving CCH safety, tolerability, and effi¬ 
cacy continue to document the reliability of management of 
metacarpophalangeal contractures and the difhculty with 
proximal interphalangeal (PIP) joint contractures. Peimer 
et al. collected data on 463 patients (78% males with an 
average âge of 65 years) and found that 1.08 CCH injections 
were used per treated joint, compared with a mean of 1.7 
injections in registration trials. Ninety-three percent of joints 
received only one injection, and 67% of first injections 
resulted in full correction compared with the clinical trial rate 
of 39%. Atroshi et al., however, reported skin tears in 66 
hands (40%) of 164 treated with collagénase injections; only 
14 were larger than 1 cm, and ail healed without complica¬ 
tions. Although original labeling of CCH included a restric¬ 
tion that only one affected joint be treated at a time, Gaston 
et al., in a study of 714 patients (724 joint pairs), reported that 
CCH injections can be used to effectively treat two affected 
joints concurrently without increasing the risk of adverse 
events. The United States Food and Drug Administration 
(FDA) recently approved the use of CCH to treat two affected 
joints concurrently and to perform finger manipulations 1 to 
3 days after the injections. 
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COLLAGENASE INJECTIONS 


TECHNIQUE 75-1 


(HENTZ) 

■ Use a 1-mL syringe and a 0.5-in, 27-gauge needle. Local 
anesthésia is not recommended at the time of injection 
because of distortion of the soft-tissue anatomy and the 
potential for deactivation of the drug. 

■ Use the nondominant hand to apply gentle extension to 
the finger undergoing injection, displacing the cord 
superficially from the underlying flexor tendon 
mechanism. 

■ Insert the needle perpendicularly through the skin into 
the underlying cord. The tissue should be firm and resist 
easy passage of the needle. 

■ Use passive manipulation of the proximal or distal inter- 
phalangeal joint to ensure that the needle has not been 
improperly positioned within the underlying flexor 
tendon. 

■ Inject one third of the volume. Résistance to fluid flow 
indicates that the needle is within the cord. 

■ Withdraw the needle slightly, incline it distally, and rein- 
sert it into the cord approximately 3 mm from the site of 
the first insertion. Confirm proper positioning and inject 
one third of the dose. 

■ Reposition the needle 2 mm to 3 mm proximal to the 
initial injection site and administer the final one third of 
the dose (Figs. 75-6, 75-7). 

POSTOPERATIVE CARE. The hand is wrapped in a soft- 
dressing, and the patient is instructed to avoid hand- 
intensive activity for the next few hours. They can résumé 
a normal schedule that evening, but should be cautioned 
that this is not always possible. 


MANIPULATION 

Although current FDA guidelines stipulate that finger manip¬ 
ulation is done the day following injection, studies hâve 
shown that a delay in manipulation for up to 7 days does not 
increase adverse events or resuit in loss of efficacy. 

Finger extension without local anesthésia can be extremely 
painful; a midpalm (proximal to the area of swelling and 
ecchymosis), intermetacarpal, or wrist block can be used for 
anesthésia. Care should be taken during rupture of the cord 
because skin splitting can occur. Most skin tears are of the 
palmar skin with a contracture of more than 45 degrees, 
heavily calloused skin, or marked ecchymosis at the injection 
site. Tearing can be minimized by not pulling vigorously in 
the area of blood blisters and following a four-step protocol 
described by Meals and Hentz: 

1. Flex the proximal interphalangeal joint while extending 
the metacarpophalangeal joint. 

2. Flex the metacarpophalangeal joint while extending the 
PIP joint. 

3. Extend both joints together. 


4. While keeping the finger extended under moderate 

tension, press on and disrupt any residual intact cord 

fibers. 

If necessary, these four steps can be repeated at 5- to 10-minute 
intervals while observing carefully for skin tears; however, no 
more than three attempts are recommended. If a skin tear 
begins, manipulation should be stopped and the patient 
instructed to begin gentle progressive passive extension. After 
manipulation, the patient is fitted with a splint and instructed 
to use it at bedtime for up to 4 months to maintain finger 
extension. The patient also is instructed to perform finger 
extension and flexion exercises several times a day for several 
months. 

Coleman et al. and Verheyden reported success with 
CCH injections of multiple cords at the same time. Coleman 
et al. treated 60 patients with 2 concurrent injections; 88% 
were satisfied with their results, and 92% reported being very 
much or much improved. Adverse events (pruritus, lymph- 
adenopathy, blood blister, skin lacération) were more fre¬ 
quent than after single injections. Verheyden treated 144 
patients with the entire bottle of enzyme, approximately 
0.78 mg compared with 0.58 mg in other reports, using a 
novel slow intracord multicord technique. He found that the 
technique safely allowed injection of multiple Dupuytren 
contracture cords at one setting. Correction at the metacar¬ 
pophalangeal and PIP joints, taken individually, was compa¬ 
rable with the collagénase option for the réduction of 
Dupuytren contractures (43 degrees and 33 degrees, respec- 
tively). With multicord injections, Verhayden achieved 94 
degrees average immédiate and 76 degrees average final com- 
bined metacarpophalangeal and PIP joint contracture releases 
per bottle of enzyme. This may resuit in significant health care 
savings when CCH is the chosen treatment. 

PERCUTANEOUS NEEDLE APONEUROTOMY 

Percutaneous needle aponeurotomy (PNA) has had a resur- 
gence of interest since first being described by Lermusiaux 
and Debeyre in 1980. A 25-gauge needle mounted on a 10-mL 
syringe is used to divide the contractile cords after infiltra¬ 
tion with 1.0 mL or less of 1% lidocaine with 1:100,000 epi- 
nephrine. Multiple contractile cord areas are sectioned in the 
palm and fingers with spécial care to avoid sensory nerve 
injury in the distal palm. No splint or physiotherapy is used. 
PNA has been reported to give satisfactory short-term results 
in a group of 74 releases at 33-month follow-up, with an 
88% metacarpophalangeal joint and 46% proximal interpha¬ 
langeal joint contracture réduction. However, in this group 
the récurrence rate was 65%, where récurrence was defined 
as loss of 30 degrees or more from the immédiate postop- 
erative correction. Although sensory disturbance was noted 
in only two fingers, digital nerve stretch injury and needle 
trauma remain concerns. This may be an office procedure 
and repeated as necessary to gain extension. It appears to 
be effective for those who are elderly, patients who desire 
minimally invasive procedures, and those knowing addi- 
tional releases may be required in the near future. Several 
studies hâve shown PNA to be a cost-effective alternative to 
fasciectomy. 

More recently, Hovius et al. described combining PNA 
with lipofilling (injection of a lipoaspirate containing adipose- 
derived stem cells) to restore the subdermal fat deficiency 
présent in Dupuytren disease. Adipose-derived stem cells 
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Two-handed clostridial collagénase histolyticum injection technique. A f Cord is delineated by palpation. B f The needle 
is inserted into the cord while tension is applied to the cord. C f Both hands are used to support the syringe while the plunger is 
pressed. (From Hentz VR, Watt AJ, Desai SS: Advances in the management of Dupuytren's disease: collagénase, Hand Clin 28:552, 2012.) SEE 

TECHNIQUE 75-1. 
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Collagénase 


Two injection techniques; the goal is to inject the total volume into the cord over a distance of 5 to 6 mm. (Redrawn from 
Hentz VR, Watt AJ, Desai SS: Advances in the management of Dupuytren's disease: collagénase, Hand Clin 28:552, 2012.) SEE TECHNIQUE 75-1. 
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also hâve been shown in laboratory studies to inhibit the 
contractile myofibroblast in Dupuytren disease. In their tech¬ 
nique, multiple nicks are made with a 19-gauge needle from 
proximal to distal in the palpable cord, and a hooked needle 
is used to release the skin from the underlying tissue; when 
the cord is fully released, the lipoaspirate is diffusely injected 
through 2 or 3 needle entry sites in the palm and digit. Sug- 
gested advantages of this technique include the ability to treat 
multiple digits, shorter recovery time, restoration of déficient 
subcutaneous fat, and supple skin without scars. In a sériés 
of 91 patients (99 hands), 94% returned to normal use of the 
hand within 2 to 4 weeks, and 95% were very satisfied with 
their results. 

OPERATIVE TREATMENT 

Operative treatment is technically easier when joint contrac¬ 
tures are less severe; however, minor contractures are encoun- 
tered more often early in the disease progression where 
ill-defined planes between normal and abnormal tissue are 
encountered, the cellular process is more active, and récur¬ 
rence is more likely. Ideally, patients are operated on when 
their diseased tissues are more mature and the tendency for 
surgical trauma to accelerate the disease process is less. None- 
theless, proximal interphalangeal joint and metacarpopha- 
langeal joint contractures of 15 degrees and 30 degrees or 
more, respectively, may be disabling and warrant surgical 
intervention. Stiffening and increase in flexion contractures 
may occur when surgical intervention occurs in the proliféra¬ 
tive stage. Indications for and timing of surgery should also 
take into account the disability of the joint contracture, prés¬ 
ence of degenerative joint disease, and other predisposing 
factors for poor outcomes, rather than merely the degree of 
contracture. 

Operative procedures commonly used in treating Dupuy¬ 
tren contracture are (1) subcutaneous fasciotomy, (2) partial 
(sélective) fasciectomy, (3) complété fasciectomy, (4) fasciec- 
tomy with skin grafting, staged resection preceded by exter- 
nal fixation, (5) joint resection and arthrodesis, and (6) 
amputation. The appropriate procedure dépends on the 
degree of contracture; nutritional status of the palmar skin; 
the presence or absence of bony deformities; and the patients 
âge, occupation, and general health. Generally, more severe 
involvement requires more extensive surgery, done in stages 
if necessary, and preceded perhaps by a subcutaneous fasci¬ 
otomy and joint extension therapy. 

The least extensive procedure, subcutaneous fasciotomy, 
is commonly used for elderly patients who are not concerned 
with the appearance of the disease or in patients who hâve 
poor general health. The results of this procedure are better 
in the residual phase when dense, mature cords are présent 
than when the lésions are more immature and diffuse. 
However, many require repeat surgery. In subcutaneous 
tenotomy, the pretendinous cords are simply divided in an 
attempt to correct metacarpophalangeal joint contractures. 

Partial (sélective) fasciectomy usually is indicated when 
only the ulnar one or two fingers are involved. This operation 
is used more frequently because postoperative morbidity is 
less and complications are fewer than affer complété fasciec¬ 
tomy. Although the rate of récurrence affer partial fasciectomy 
is 50%, the need for another surgical procedure is only 15%. 
In this operation, only the mature deforming tissue is excised. 


Ail diseased tissue may not be removed, however, because 
biochemically or microscopically involved fascia may not be 
clinically apparent at the time of surgery. Various incisions 
can be used to expose the pathologie tissue (Fig. 75-8). When 
the proximal interphalangeal contracture is not significant, 
we prefer a zigzag incision on the fingers (Fig. 75-8B) or a 
variant of it because exposure of the diseased tissue is better. 
The incision should be fashioned to fit the needs of the indi- 
vidual patient, however, considering the contractures and the 
adhérence of skin to the underlying fascia. When tightness of 
the palmar skin limits extension of a finger or when there is 
a significant proximal interphalangeal joint contracture, a 
midline incision converted to appropriate Z-plasties is indi¬ 
cated (Fig. 75-8 A). Multiple transverse incisions can be used 
when the diseased tissue can be safely dissected free from the 
neurovascular bundles. Patients suitable for this surgical expo¬ 
sure hâve well-defined disease and minor proximal interpha¬ 
langeal joint contractures. Successful disease removal from 
this exposure frequently results in much faster recovery and 
good cosmetic results. Regardless of the incision, dissection 
is made easier by loupe magnification, and great care must be 
taken to avoid important neurovascular structures. 

Sometimes affer fasciectomy, extension of the proximal 
interphalangeal joint is incomplète. Projections of isolated 
cords passing volar to the rotation axis of the proximal inter¬ 
phalangeal joint are common causes of residual joint flexion 
deformity. These problematic cords offen insert onto the 
flexor tendon sheath laterally or the middle phalanx. Dissec¬ 
tion of faintly détectable deforming cords intimately associ- 
ated with the skin and skin Z-plasty may be required for 
sufficient correction of proximal interphalangeal joint con¬ 
tracture. Significant residual proximal interphalangeal flexion 
contractures may require volar joint capsulotomies. Proximal 
interphalangeal joint flexion contractures of more than 60 
degrees are correctable to about 50% of the existing contrac¬ 
ture, regardless of a concomitant proximal interphalangeal 
joint capsulotomy, according to Weinzweig, Culver, and 
Fleegler. These authors found an average 16-degree loss of 
preoperative flexion in the capsulotomy group compared 
with an 8-degree loss in the noncapsulotomy group. 

More severe PIP joint contractures may benefit from a 
staged procedure in which an external fixator is used to grad- 
ually correct the flexion contracture before the definitive sur¬ 
gical excision. Success with this method has been reported by 
Agee and Goss and White et al. White et al. treated 38 fingers 
in 27 patients with PIP joint contractures of more than 70 
degrees with a staged technique. The first stage involved 
applying a mini-external fixator across the PIP joint for con- 
tinuous extension over 6 weeks (Fig. 75-9). The tension of the 
elastic band across the minifixator was increased twice weekly, 
allowing full active flexion of the PIP joint against the elastic 
band. The second stage involved an open palm fasciectomy 
for the contracted cords restricting metacarpophalangeal 
joint movement and dermofasciectomy with full-thickness 
skin grafting over the proximal phalanx for bands restricting 
PIP joint movement. The external fixator was used to main- 
tain active extension force until the graff healed; it generally 
was removed in the outpatient clinic under ring block 2 weeks 
after the second-stage procedure. At a mean follow-up of 20.6 
(6 to 48) months, the mean preoperative PIP joint of 75 
degrees had improved to 37 degrees. Despite complications 
including pin site infection, pin loosening, and complex 
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A f Multiple Z-plasties can be used to provide exposure and convert longitudinal skin contractures to zigzag closures. 
Only one extension typically needs to be made into the palm because wide palmar exposure usually allows excision of adjacent diseased 
tissue. B, When joint or skin contracture is not a major problem, a zigzag pattern can be used for exposure, with extended corners as 
shown to make use of redundant skin. C f Extent of possible undermining of skin is shown in shaded area. D f When only the palm is 
involved, transverse incisions can be used. E and F, V-Y plasty method of Mukerjea. 


régional pain syndrome, the authors concluded that the 
staged procedure is a valid alternative in the management of 
severe Dupuytren PIP joint contracture. 

Skoog described a partial or sélective fasciectomy in 
which only the pretendinous fibers of the palmar fascia are 
excised. According to Skoog, there is a definite plane between 
the pretendinous longitudinal fibers of the palmar fascia and 
the transverse palmar ligament that is limited to the midpal- 
mar area. The pretendinous fibers may seem to be attached 
to the ligament. He suggested that the interdigital or natatory 
ligaments do become involved in Dupuytren contracture and 
prevent the fingers from spreading normally and are distin- 
guishable from the transverse palmar ligament by their more 
distal location. 

Complété fasciectomy rarely, if ever, is indicated because 
it frequently is associated with complications of hematoma, 


joint stiffness, and delayed healing and it does not completely 
prevent récurrence of the disease. 

Fasciectomy with skin graffing may be indicated for 
young people in whom the prognosis is poor because of such 
factors as epilepsy, alcoholism, the presence of the disease 
elsewhere in the body, and récurrence of the lésion after exci¬ 
sion. The skin and underlying abnormal fascia are excised, 
and a full-thickness or split-thickness skin graff is applied. 
Récurrence has not been reported in areas of the palm treated 
in this manner. 

Amputation, although rarely necessary, may be indicated 
if flexion contracture of the proximal interphalangeal joint, 
especially of the little finger, is severe and cannot be corrected 
enough to make the finger useful. A 40-degree flexion con¬ 
tracture usually is tolerated fairly well. The skin from the 
involved finger can be used to cover a palmar skin defect; the 
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Mini-external fixator applied on a patient with 
PIP joint contractures from Dupuytren disease. (From Agee JM, 
Goss BC: The use of skeletal tension torque in reversing Dupuytren 
contractures of the proximal interphalangeal joint, J Hand Surg 
37A:1467, 2012.) 


finger is filleted, and the skin is folded into the palm as a 
pedicle with its neurovascular bundles. 

Another alternative for a severely contracted proximal 
interphalangeal joint is joint resection and arthrodesis. This 
procedure results in a shortened finger but avoids the poten- 
tial for récurrent proximal interphalangeal joint contracture 
and a potential amputation neuroma. 

The scope of procedures for récurrent Dupuytren disease 
is essentially the same as for the initial intervention, which 
includes subcutaneous fasciotomy (scalpel, needle, or enzy- 
matic release), fasciectomy (limited, sélective, or complété), 
nodule fasciectomy and skin graff ing, arthrodesis, or amputa¬ 
tion. The procedure chosen for reoperation may not neces- 
sarily be similar to that chosen for the first procedure. Disease 
extension in régions remote from that previously excised may 
need to be treated and require a much more extensive 
approach, multiple incisions, and possibly a combination of 
procedures. 

Regardless of the treatment method, the most significant 
injury following cord management is digital nerve injury. 
Surface landmarks provide a good reference to the underlying 
proper digital nerves to the ulnar side of the small finger and 
radial side of the index finger. Great care should be taken in 
isolation of the pertinent digital nerves associated with a par- 
ticular cord. In general, cord excision should be preceded by 
nerve protection, and nerve dissection and isolation should 
proceed from areas nerve free of disease (Fig. 75-10). 
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Digital nerves 



Corrélation of digital nerves to skin surface 
creases. The small finger ulnar digital nerve courses obliquely 
across the hand under the line drawn from the small finger ulnar 
palmar crease to the intersection point of the Kaplan cardinal line 
and one parallel to the ulnar border of the ring finger. Similarly, 
the index radial digital nerve courses obliquely across the hand 
under the line drawn from the index finger radial palmar digital 
crease to the intersection point of the Kaplan cardinal line and 
one parallel to the radial border of the middle finger. (Redrawn 
from Calandruccio JH, Hecox SE: Reoperative Dupuytren's contracture. 
In Duncan SFM, editor: Reoperative Hand Surgery, Springer Science+ 
Business Media LLC, New York, 2012.) 


SUBCUTANEOUS FASCIOTOMY 


TECHNIQUE 75-2 


(LUCK) 

■ Using a pointed scalpel, make skin puncture wounds on 
the ulnar side of the diseased palmar fascia at the follow¬ 
ing levels: (1) just distal to the apex of the palmar fascia 
between the thenar and hypothenar eminences, (2) at or 
near the level of the proximal palmar crease, and (3) at 


the level of the distal palmar crease. Digital nerves are 
more likely to be eut at the distal palm where they become 
more superficial and may be intertwined with the dis¬ 
eased tissue. 

■ Insert a small tenotomy knife or a fasciotome (Luck) that 
resembles a myringotome, with its blade parallel with the 
palm, through each of the puncture wounds. A 15- or 
11-blade works satisfactorily for this purpose. Pass the 
cutting instrument across the palm beneath the skin but 
superficial to the fascia (Figs. 75-11 and 75-12). 
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Subcutaneous Dupuytren cordotomy. A f Well-defined pretendinous cord in ring finger with a 
phalangeal joint contracture. B f No. 15 scalpel blade inserted between the skin and the pretendinous cord. 
effectively delivers more superficially the abnormal cord onto the scalpel blade held at 90 degrees to the tight 
metacarpophalangeal joint extension achieved. SEE TECHNIQUE 75-2. 


60-degree metacarpo- 
C f Forceful extension 
cord. D, The résultant 




Luck subcutaneous fasciotomy. Top, Cross section of hand to show relations of palmar fascia and technique of sub¬ 
cutaneous fasciotomy. Palmar fascia (A), neurovascular bundle (B), flexor tendons (C), and metacarpal (D). Fasciotome is being pressed 
(arrow) through fascial cord. Bottom, Fasciotome (note that a No. 15 blade scalpel can be used for this purpose). SEE TECHNIQUE 75-2. 


























CHAPTER 75 DUPUYTREN CONTRACTURE ^ 


5 


■ Turn the edge of the blade dorsally toward the palmar 
fascia and extend the fingers to tighten the involved 
tissue. Carefully divide the fascial cords by pressing the 
blade onto the tense cords with gentle pressure over the 
blade or at most a gentle rocking motion; never use a 
sawing motion. Whenever a cord is divided, the sense of 
gritty, firm résistance disappears, indicating thatthe blade 
has passed completely through the diseased fascia. 

■ Using the fasciotome blade in a plane parallel with the 
skin, free the latter from the underlying fascia. The cor- 
rugated skin, although very thin at times, can be safely 
undermined and released as necessary with little fear of 
skin necrosis. 

■ In the fingers, subcutaneous fasciotomy is safe only for a 
fascial cord located in the midline. Insert the blade 
through a puncture wound adjacent to the cord and 
divide it obliquely. 

■ For a laterally placed cord, use a short longitudinal inci¬ 
sion, and excise or divide the diseased segment under 
direct vision. Also enucleate larger nodules in both fingers 
and palm under direct vision. 

POSTOPERATIVE CARE. A pressure dressing is used for 
24 hours; then a smaller dressing is applied, and active 
range of motion of the hand and fingers is encouraged. 
A night splint that conforms to the contracture correction 
is worn for 3 months, and progressive extension splinting 
and a formai physical therapy program often enhance the 
final resuit. 


PARTIAL (SELECTIVE) FASCIECTOMY 


TECHNIQUE 75-3 


■ Outline the proposed incision with a marking pen before 
inflation of the tourniquet (Figs. 75-13A-C and 75-14A- 
C). Take into considération the pits and other areas of 
skin with diminished vascularity by making an incision 
over or near these areas, avoiding their presence at the 
base of a flap. These areas sometimes can be excised 
when the final rotation of the skin takes place in closure. 

■ Make a zigzag or vertical incision over the deforming 
pathologie structure. Zigzag incisions tend to straighten 
out, causing tension lines at the creases; however, the 
flaps created by zigzag incisions may heal more securely. 

■ Design the Z-plasty flaps so that a transverse segment is 
within or near each joint crease. Continue the incision 
proximally into the palm, avoiding Crossing the palmar 
creases at right angles. 

■ Elevate the skin and underlying normal subcutaneous 
tissue from the pathologie fascia from proximal to distal 
(Figs. 75-13D and 75-14D). Create the Z-plasty flaps 
when the wound is ready for closure (Figs. 75-13E and 
75-14E). 

■ Excise the pathologie fascia proximal to distal, taking 
great care to isolate and protect the neurovascular 
bundles of each finger. Carefully cauterize small bleeding 
points. Excision of superficial transverse palmar fascial 


fibers may be unnecessary. Avoid entering tendon sheaths 
if possible because bleeding into the flexor tendon 
sheaths may cause adhesions. 

■ Carefully excise the pathologie fascia by sharp dissection. 
Avoid cutting displaced digital nerves by locating each 
nerve in the fatty pad at the level of the metacarpopha- 
langeal joint and following it distally. 

■ Excise the natatory ligament if it is contracted. 

■ Follow ail the contracted fascial cords to their distal inser¬ 
tions. Insertions may be into tendon sheaths, bone, and 
skin; occasionally, they are dorsolateral to the proximal 
interphalangeal joint. 

■ When excision of the diseased tissue has been completed, 
ail joints should permit full passive extension unless cap- 
sular contractures exist. 

■ Fashion the skin flaps. If there is any extra skin, the pitted 
or thinned areas can be excised (Figs. 75-13F and G and 
75-1 4F). 

■ Before closing, elevate the hand, compress the wound, 
release the tourniquet, hold for 10 minutes, and check 
for and control bleeding. 

■ Using skin hooks and with minimal handling of the flaps, 
suture them in place with 4-0 or 5-0 monofilament nylon. 
Place few sutures in the palm to allow necessary drainage 
around a rubber drain. 

■ Alternative^, a closed suction drainage System may be 
constructed with the use of butterfly cathéters and Vacu- 
tainer tubes (Fig. 75-15). One cathéter tube for each 
operated finger provides adéquate and efficient drainage. 
The likelihood of a flare reaction occurring 4 to 6 weeks 
postoperatively may be decreased by infusing 15 to 
20 mg of betamethasone (Celestone) into the cathéters 
before connecting the Vacutainer tubes. This also seems 
to decrease the amount of postoperative discomfort, 
decreasing the need for narcotic analgésies in many 
patients even after complex fasciectomies. 

■ Apply a layer of nonadherent gauze and a moist dressing 
compressed gently against the wound to conform to the 
contours of the palm and fingers. Apply a compression 
dressing over this and use a volar plaster splint to maintain 
the fingers in the degree of extension achieved at surgery. 

POSTOPERATIVE CARE. Drains usually are removed 
within 24 to 48 hours after surgery. The hand is kept 
elevated for a minimum of 48 hours. Early proximal inter¬ 
phalangeal motion is encouraged. The shoulder is moved 
actively at intervals during this period to avoid cramping. 
If there is undue pain in the hand or fever after 48 hours, 
the wound should be inspected. If a hematoma is found 
elevating the skin, it should be evacuated and the involved 
area of the wound should be left open. Otherwise, the 
first dressing change is done 3 to 5 days after surgery, 
and range-of-motion exercises are begun. A resting pan 
splint is fitted with the fingers in maximal extension to be 
worn at night. 


At 2 weeks, the sutures are removed and the hand is left free 
of ail dressings. The patient is warned not to place the hand 
in a dépendent position for rest and not to soak the hand in 
hot water. Active exercise in warm water is permissible, but 
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Isolated contracture of the proximal inter- 
phalangeal joint in a 71-year-old woman. A f Maximal passive 
proximal interphalangeal joint extension of 55 degrees. 
B, Palpable diseased cord and nodule denoted with planned 
longitudinal incision. C f Cord and digital nerve underlaid with 
blue plastic markers. D f Distal retraction of digital cord depict- 
ing underlying diseased Cleland ligament. E f Pathology 
pattern. F and G f Z-plasty skin flap design and closure. 


SEE TECHNIQUE 75-3. 
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More complex sélective fasciectomy. A f Disease involving the thumb, middle, ring, and small fingers. B, The cords to 
be released are dotted with a skin-marking pen. C f Planned incisions are solidly outlined before tourniquet inflation. D f The palmar 
and digital cords are exposed through the longitudinal incision. E f Exposure after cord excisions. Note the additional transverse incision 
required to excise the ring finger central cord and additional thumb cord incision. F, After meticulous hemostasis, the Z-plasty wounds 
are closed. SEE TECHNIQUE 75-3. 
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Closed suction drainage System for individual fingers and palm can be constructed from 21-gauge stérile cathéters 
and Vacutainer tubes. A f Multiple tubing holes are made with scissors, and cathéter is placed under skin flaps. B f After wound closure, 
25-gauge needle can be used to instill steroid préparation through 21-gauge cathéter needle. C f Vacutainer tube attached after dress- 
ing is applied and tourniquet is deflated. 


no passive stretching is allowed. Moderate use of the hand is 
permitted at 3 weeks; however, several months of réhabilita¬ 
tion may be necessary. The resting pan splint is worn for 3 
months after surgery. Silicone putty may be a valuable adjunct 
to an exercise program. 

Chronic proximal interphalangeal joint contractures 
of more than 60 degrees may hâve central slip atténuation. 
If a tenodesis test is positive (failure of the proximal inter¬ 
phalangeal joint to extend fully with full wrist and meta- 
carpophalangeal joint in full passive flexion), proximal 
interphalangeal joint splinting for 3 weeks postoperatively 
may be indicated. During these 3 weeks, distal interphalan¬ 
geal joint exercises are performed to mobilize the latéral 
bands dorsally. 

The Jacobsen flap technique has been described as a safe, 
simple alternative to open-palm procedures in the treatment 
of advanced Dupuytren disease of the little finger. Rather 
than a zigzag incision, the procedures créâtes an L-shaped 
full-thickness flap with two linear incisions, one in the trans¬ 
verse crease of the palm and the other in the midlateral line 
of the little finger to the distal interphalangeal joint (Fig. 
75-16). After contracture release, full extension of the finger 
moves the flap distally, and the longitudinal arm of the 
L-shaped incision is closed, leaving a 15-mm skin defect 
open in the palm, which is left open to heal by secondary 
intention within 4 to 6 weeks. When the palmar wound is 
healed, a dynamic extension splint is worn for 10 weeks. 
Suggested advantages of this technique are réduction of 
hematoma and edema, avoidance of skin grafting and donor 
site scars, and immédiate active mobilization of the hand. 
Disadvantages include the need for 10 weeks of splint wear 
and extensive (3 times weekly) physical therapy. The palm 
wound must be carefully monitored to avoid infections and 
delayed healing. Tripoli et al. reported only two complica¬ 
tions in 15 patients in whom the Jacobsen flap was used: 
chronic régional pain syndrome in one patient and delayed 
wound healing in another. 



Jacobsen flap. The L-shaped full-thickness flap 
is created by making two linear incisions: the first in the trans¬ 
verse crease of the palm, the second in the midlateral line of the 
little finger to the distal interphalangeal joint. (Redrawn from 
Tripoli M, Cordova A, Moschella F: The "Jacobsen flap" technique: a 
safe, simple surgical procedure to treat Dupuytren disease of the little 
finger in advanced stage, Tech Hand Up Extrem Surg 14:172, 2010.) 
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CARPAL TUNNEL SYNDROME 

Carpal tunnel syndrome, described by Paget in 1854, is the 
most common upper extremity compression neuropathy and 
results from médian nerve compression within the carpal 
tunnel. The carpal tunnel is bound by the carpal bones arching 
dorsally; the hook of the hamate and the pisiform medially; 
and the scaphoid tubercle and trapezial ridge laterally. The 
palmar aspect, or “roof,” of the carpal tunnel is formed by the 
flexor retinaculum, consisting of the deep forearm fascia 
proximally, the transverse carpal ligament over the wrist, and 
the aponeurosis between the thenar and hypothenar muscles 
distally. The most palmar structure in the carpal tunnel is the 
médian nerve. Lying dorsal (deep) to the médian nerve in the 
carpal tunnel are the nine long finger and thumb flexor 
tendons. 

Carpal tunnel syndrome is primarily a clinical diagnosis, 
with symptoms of tingling and numbness in the typical 
médian nerve distribution (thumb, index, long, and radial 
side of ring Angers). Pain, described as deep, aching, or throb- 
bing, occurs diffusely in the hand and may radiate up the 
forearm. Thenar muscle atrophy usually is seen in late-stage 
nerve compression. It occurs most offen in patients 30 to 60 
years old and is two to three times more common in women 
than in men. Carpal tunnel syndrome may affect 1% to 10% 
of the U.S. population. Older, overweight, and physically 
inactive individuals are more likely to develop carpal tunnel 
syndrome, and female sex, obesity, cigarette smoking, and 
vibrations associated with job tasks hâve been identified as 
carpal tunnel risk factors in industrial workers. 

Elévation of carpal tunnel pressures of more than 20 to 
30 mm Hg impedes epineurial blood flow, and nerve function 
is impaired. Réduction in cross-sectional area along the 
length of the carpal tunnel may resuit from various condi¬ 
tions such as malaligned Colles fractures, edema from infec¬ 
tion or trauma, tumors or tumorous conditions, and other 
space-occupying lésions. Distal radial fracture immobiliza- 
tion with the wrist in marked flexion and ulnar déviation can 
cause acute médian nerve compression immediately affer 
réduction. Systemic conditions, such as obesity, diabètes mel- 
litus, thyroid dysfunction, amyloidosis, rheumatoid arthritis, 
and Raynaud disease, sometimes are associated with the 
syndrome. Occasionally, a patient has carpal tunnel syndrome 
symptoms caused by a habituai sleeping posture in which the 


wrist is kept acutely flexed. Trauma caused by répétitive hand 
motions has been identified as a possible aggravating factor, 
especially in patients whose work requires repeated forceful 
finger and wrist flexion and extension. Laborers using 
vibrating machinery also are at risk. The causative effect of 
light, répétitive activities experienced by office workers is 
controversial and unresolved. Many factors are implicated in 
the causation and aggravation of carpal tunnel syndrome 
(Box 76-1). 

When carpal tunnel syndrome occurs in prégnant 
women, the symptoms usually résolve affer delivery. Aberrant 
muscles of the forearm and thrombosis of the médian artery 
also may contribute to médian nerve compression. The cause, 
however, in most patients is idiopathic, its direct association 
with work is difficult to substantiate, and involvement of the 
nondominant hand is frequent. 

In children, carpal tunnel syndrome is unusual. Macro- 
dactyly, lysosomal storage diseases, and a strong family 
history of carpal tunnel syndrome may be predisposing 
factors in children. Symptoms in children may be confusing 
and include decreased dexterity and diffuse pain. Findings 
such as thenar muscle atrophy and weakness suggest that 
the condition is severe by the time of présentation. The 
Phalen test and Tinel sign may be absent if the nerve com¬ 
pression has been présent for a long time. Carpal tunnel 
syndrome frequently is associated with nonspecific tenosy- 
novial edema and rheumatoid tenosynovitis, as are trigger 
finger and de Quervain disease. Flexor tendon synovium 
biopsy specimens from patients with idiopathic carpal tunnel 
syndrome show benign fibrous tissue without inflammatory 
changes. The tenosynovium in patients with carpal tunnel 
disease shows increased fibroblast density, collagen fiber size, 
vascular prolifération, and more type III collagen fibers than 
Controls. 

DIAGNOSIS 

Patients with carpal tunnel syndrome usually hâve symptoms 
of numbness, pain, or paresthesia in the médian nerve 
distribution. 

Paresthesia in the médian nerve sensory distribution is 
the most frequent symptom, offen awakening patients with 
burning and numbness of the hand that is relieved by exercise. 
The Tinel sign also may be shown in most patients by per- 
cussing the médian nerve at the wrist. Atrophy to some 
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Factors Involved in the Pathogenesis of Carpal 
Tunnel Syndrome 


Anatomy 

Decrease in Size of Carpal Tunnel 

■ Bony abnormalities of the carpal bones 

■ Acromegaly 

■ Flexion or extension of wrist 

Increase in Contents of Canal 

■ Forearm and wrist fractures (Colles fracture, scaphoid 
fracture) 

■ Dislocations and subluxations (scaphoid rotary sublux¬ 
ation, lunate volar dislocation) 

■ Posttraumatic arthritis (osteophytes) 

■ Musculotendinous variants 

■ Aberrant muscles (lumbrical, palmaris longus, palmaris 
profundus) 

■ Local tumors (neuroma, lipoma, multiple myeloma, 
ganglion cysts) 

■ Persistent médial artery (thrombosed or patent) 

■ Hypertrophie synovium 

■ Hematoma (hemophilia, anticoagulation therapy, 
trauma) 

Physiology 

Neuropathie Conditions 

■ Diabètes mellitus 

■ Alcoholism 

■ Double-crush syndrome 

■ Exposure to industrial solvents 

Inflammatory Conditions 

■ Rheumatoid arthritis 

■ Goût 

■ Nonspecific tenosynovitis 

■ Infection 

Alterations of Fluid Balance 

■ Pregnancy 

■ Ménopausé 

■ Eclampsia 

■ Thyroid disorders (especially hypothyroidism) 

■ Rénal failure 

■ Long-term hemodialysis 

■ Raynaud disease 

■ Obesity 

■ Lupus erythematosus 

■ Scleroderma 

■ Amyloidosis 

■ Paget disease 

External Forces 

■ Vibration 

■ Direct pressure 

From Kerwin G, Williams CS, Seiler JG: The pathophysiology of carpal tunnel 
syndrome, Hand Clin 12:243,1996. 


degree of the médian-innervated thenar muscles has been 
reported in about half of patients treated by operation. Acute 
flexion of the wrist for 60 seconds (Phalen test) or strenuous 
use of the hand increases the paresthesia in some but not ail 
patients. 

Evaluation of the clinical usefulness of several commonly 
used provocative tests, including wrist flexion, nerve percus¬ 
sion, and the tourniquet test, found the most sensitive test to 
be the wrist flexion test, whereas nerve percussion was the 
most spécifie and the least sensitive. Gellman et al. found that 
with the wrist in neutral position, the mean pressure within 
the carpal tunnel in patients with carpal tunnel syndrome was 
32 mm Hg. This pressure increased to 99 mm Hg with 90 
degrees of wrist flexion and to 110 mm Hg with the wrist at 
90 degrees of extension. The pressures in the control subjects 
were 25 mm Hg with the wrist in neutral position, 31 mm Hg 
with the wrist in flexion, and 30 mm Hg with the wrist in 
extension. 

A carpal compression test (Durkan test), in which direct 
compression is applied to the médian nerve for 30 seconds 
with the thumbs or an atomizer bulb attached to a manom- 
eter, was found to be more spécifie (90%) and more sensitive 
(87%) than either the Tinel or Phalen test. Szabo et al. evalu- 
ated the validity of tests for carpal tunnel syndrome, including 
Phalen wrist flexion, Tinel nerve percussion, Durkan com¬ 
pression, and Semmes-Weinstein monofilaments. Grip and 
pinch strength, a hand diagram, and patient symptoms were 
assessed. Durkan nerve compression, the hand diagram 
score, night pain, and Semmes-Weinstein testing affer a 
Phalen test had the highest sensitivity. The most spécifie tests 
were the hand diagram and Tinel sign. These authors con- 
cluded that a patient with an abnormal hand diagram, a posi¬ 
tive Durkan test, abnormal Semmes-Weinstein sensibility 
testing, and night pain had a very high probability of having 
carpal tunnel syndrome. Conversely, they found that if ail 
four of the just-mentioned examinations were normal, the 
probability of the patient having carpal tunnel syndrome was 
very low. 

Sensibility testing in peripheral nerve compression syn¬ 
dromes found that threshold tests of sensibility correlated 
accurately with symptoms of nerve compression and electro- 
diagnostic studies. Semmes-Weinstein monofilament pres¬ 
sure testing was the most accurate in determining early nerve 
compression. A combination of the Semmes-Weinstein 
monofilament test with the wrist flexion test for a “quantita¬ 
tive provocational” diagnostic test was reported to hâve 82% 
sensitivity and 86% specificity. 

According to some authors, electrodiagnostic studies 
including nerve conduction velocities and electromyography 
are reliable confirmatory tests. A distal motor latency of more 
than 4.5 milliseconds (ms) and a sensory latency of more than 
3.5 ms are considered abnormal. Electromyography may 
show increased insertional activity, positive sharp waves, 
fibrillations at rest, decreased motor recruitment, and complex 
répétitive discharges indicative of nerve damage. These 
studies are occasionally normal, however, even in patients 
with classic clinical signs and symptoms of carpal tunnel 
syndrome are présent. Similarly, electrodiagnostic tests may 
be abnormal in asymptomatic patients. Nerve conduction 
studies are reported to be 90% sensitive and 60% spécifie for 
the diagnosis of carpal tunnel syndrome. They also are helpful 
in evaluating the upper extremity for nerve compression at 



3 


m PART XVIII THE HAND 

the elbow, axilla, and cervical spine and for showing changes 
of peripheral neuropathy. Studies hâve shown, however, that 
electrodiagnostic testing provides no significant data for 
prédiction of functional recovery or reemployment after 
carpal tunnel release, nor does it increase the diagnostic value 
of the four commonly used tests (i.e., abnormal hand diagram, 
abnormal Semmes-Weinstein testing, positive Durkan com¬ 
pression, and night pain). These findings, combined with 
reported false-negative rates of 10%, limit the usefulness of 
this type of testing to détermine treatment. Postoperative 
electrodiagnostic testing may be helpful in assessing récur¬ 
rent symptoms. The various tests for nerve compression in 
the carpal tunnel are summarized in Table 76-1. 

Reports of MRI in carpal tunnel syndrome are promising, 
especially with newer techniques such as diffusion tensor 
imaging, but MRI is not routinely used for diagnosis. A major 
advantage of MRI is its high soft-tissue contrast, which gives 
detailed images of bones and soft tissues. Ultrasound sensitiv- 
ity for carpal tunnel syndrome has been reported to be over 
97% when the médian nerve diameter is greater than 10 mm 2 
at the level of the pisiform and is suggested to be a useful 
diagnostic technique by some authors. Nonetheless, the 
diagnosis of carpal tunnel syndrome should be based on 
clinical acumen and physical examination in the vast major- 
ity of patients, and ancillary tests should be reserved for 
patients without clear présentations. 

TREATMENT 

If mild symptoms hâve been présent, and there is no thenar 
muscle atrophy, the use of night splints and injection of 
cortisone préparations into the carpal tunnel may provide 
temporary relief, but long-term benefit is obtained in only 
about 10% of patients treated with corticosteroid injection 
and splinting. The response to injection treatment has been 
reported to be faster in men and in patients older than 40 
years old. Care should be taken not to inject directly into the 
nerve. Injection also can be used as a diagnostic tool in 
patients without osteophytes or tumors in the canal. Most of 
these cases are probably caused by a nonspecific synovial 
edema, and these seem to respond more favorably to injec¬ 
tion. Injection also helps to eliminate the possibility of other 
syndromes, especially cervical dise or thoracic outlet syn¬ 
drome. Some patients prefer to receive injections two or three 
times before a surgical procedure is done. If the symptoms 
and physical findings improve, and there is no muscle atrophy, 
conservative treatment with splinting and injection is 
reasonable. 

In a study of 331 patients with carpal tunnel syndrome, 
Kaplan, Glickel, and Eaton identified five important factors 
in determining the success of nonoperative treatment: (1) âge 
older than 50 years, (2) duration longer than 10 months, (3) 
constant paresthesia, (4) stenosing flexor tenosynovitis, and 
(5) a positive Phalen test resuit in less than 30 seconds. Two 
thirds of patients were cured by medical treatment when 
none of these factors was présent; 59.6% were cured when 
one factor was présent; and 83.3% when two factors were 
noted. Of patients with three factors, 93.2% did not expéri¬ 
ence any improvement. No patient with four or five factors 
was cured by medical management. 

Patients with intermediate and advanced (chronic) syn¬ 
dromes probably are better treated with early carpal tunnel 
release. Extensive neurolysis has not been shown to hâve any 


significant effect. Internai neurolysis does not improve the 
motor or sensory outcome of carpal tunnel release. Moreover, 
epineurotomy offers no clinical benefit to carpal tunnel 
release. Treatment of acute carpal tunnel syndrome should be 
individualized, depending on its cause. For carpal tunnel 
syndrome caused by an acute increase in carpal tunnel pres¬ 
sure (e.g., after a Colles fracture treated with flexed wrist 
immobilization), relief may be obtained by a change in wrist 
position without surgical release of the tunnel. 

Patients with florid tenosynovitis caused by rheumatoid 
arthritis or other inflammatory conditions are managed by 
tenosynovectomy at the time of carpal tunnel release. The 
palmaris longus opponensplasty (Camitz) may be bénéficiai, 
particularly in an elderly patient with thenar muscle wasting, 
weakness, and poor opposition. Trapeziometacarpal arthro- 
plasty and carpal tunnel release can be done safely through 
two incisions. 

Idiopathic carpal tunnel syndrome in the pédiatrie 
population is uncommon; however, night pain, hand clum- 
siness, and thenar atrophy may be the initial findings as 
these patients rarely présent with complaints of sensory 
disturbance. Congénital bone abnormalities, hypothyroid- 
ism, lysosomal storage disease, and myopathie contractures 
account for some of the predisposing étiologies in this âge 
group. 

If signs and symptoms are persistent and progressive, 
especially if they include thenar atrophy, then a carpal tunnel 
release should be performed. The results of surgery are good 
in most instances, and benefits seem to last in most patients. 
Maximal improvement is seen in the first 6 months after 
carpal tunnel release. After 6 months, there is no significant 
improvement in the Tinel and Phalen tests, pinch strength, 
motor latency, symptom severity, or functional scoring. 
Although thenar atrophy may disappear, it résolves slowly, if 
at ail. Surgical release might not achieve complété relief of ail 
symptoms for patients older than 70 years or those with 
advanced nerve compression. When symptoms of médian 
nerve compression develop during treatment of an acute 
distal radial fracture, the constricting bandages and cast 
should be loosened, and the wrist should be extended to 
neutral position. When médian nerve symptoms persist after 
a distal radial fracture and hâve not improved after positional 
change, surgery usually is indicated. 

Despite variable recovery periods, the results of carpal 
tunnel release in patients with idiopathic carpal tunnel syn¬ 
drome with intermittent symptoms usually are uniformly 
successful; however, carpal tunnel release in diabetic and 
nondiabetic patients was shown to be similarly bénéficiai in 
a prospective study with a follow-up period of 6 months. 
When the same patients were followed for long-term (10 
years), however, patients with diabètes had worse surgical 
outcomes compared with patients with idiopathic carpal 
tunnel syndrome when using the self-administered Boston 
Questionnaire to assess symptom severity and functional 
status. According to Roh et al., patients with a metabolic 
syndrome were found to hâve only a delay in the recovery 
process. Metabolic syndrome was defined by the presence of 
at least three of the five criteria: a clinical diagnosis of diabètes, 
hypertension, or use of antihypertensive médication, elevated 
plasma triglycéride level (150 mg/dL or higher), decreased 
high-density lipoprotein cholestérol levels (less than 50 mg/ 
dL for females or less than 40 mg/dL for males), increased 
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_ TABLE 76-1 _ 

Tests for Nerve Compression 


TEST 

HOW PERFORMED 

CONDITION TESTED 

POSITIVE RESULT 

INTERPRETATION OF 
POSITIVE RESULT 

Phalen test 

Elbows on table, forearms 
vertical, wrists flexed 

Paresthesia in 
response to position 

Numbness or tingling 
on radial digits within 
60 s 

Probable CTS 
(sensitivity 0.75, 
specificity 0.47) 

Percussion test 
(Tinel sign) 

Lightly tap along médian 
nerve from proximal to 
distal 

Site of nerve lésion 

"Electric" tingling 
response in fingers 

Probable CTS if positive 
at the wrist (sensitivity 
0.60, specificity 0.67) 

Carpal tunnel 

Direct compression of 

Paresthesia in 

Paresthesia within 

Probable CTS 

compression test 
(Durkan) 

médian nerve at carpal 
tunnel 

response to 
compression 

30 s 

(sensitivity 0.87, 
specificity 0.90) 

Hand diagram 

Patient marks site of pain 
or altered sensation on 
outlined hand diagram 

Patient's perception 
of symptoms 

Markings on palmar 
side of radial digits, 
without markings in 
palm 

Probable CTS 
(sensitivity 0.96, 
specificity 0.73, 
négative prédictive 
value 0.91) 

Hand volume stress 

test 

Hand volume measured by 
displacement, repeat after 
7-min stress test and 

10-min rest 

Hand volume 

Hand volume 
increased by > 10 mL 

Probable dynamic CTS 

Direct measurement 

Wick or infusion cathéter 

Hydrostatic pressure 

Resting pressure > 

Hydrostatic 

of carpal tunnel 
pressure 

placed in carpal tunnel 

in resting and 

provocative 

positioning 

25 mm Hg (variable 
and technique 
related) 

compression is 
probable cause of CTS 

Static two-point 

Détermine minimal 

Innervation density 

Failure to détermine 

Advanced nerve 

discrimination 

séparation of two distinct 
points when applied to 
palmar fingertip 

of slow-adapting 
fibers 

séparation of at least 

5 mm 

dysfunction 

Moving two-point 

As above, with movement 

Innervation density 

Failure to détermine 

Advanced nerve 

discrimination 

of the points 

of fast-adapting 
fibers 

séparation at least 

4 mm 

dysfunction 

Vibrometry 

Vibrometer placed on 
palmar side of digit, 
amplitude at 120 Hz, 
increased to threshold of 
perception; compare 
médian and ulnar 
bi latéral ly 

Threshold of 
fast-adapting fibers 

Asymmetry compared 
with contralatéral 
hand or médian to 
ulnar in ipsilateral 
hand 

Probable CTS 
(sensitivity 0.87) 

Semmes-Weinstein 

monofilaments 

Monofilaments of 
increasing diameter 
touched to palmar side of 
digit until patient can 
détermine which digit is 
touched 

Threshold of slowly 
adapting fibers 

Value > 2.83 

Médian nerve 
impairment (sensitivity 
0.83) 

Distal sensory 
latency and 
conduction velocity 

Orthodromie stimulus and 
recording across wrist 

Latency, conduction 
velocity of sensory 
fibers 

Latency > 3.5 ms or 
asymmetry of 
conduction velocity > 
0.5 m/s vs. opposite 
hand 

Probable CTS 

Distal motor latency 
and conduction 
velocity 

Orthodromie stimulus and 
recording across wrist 

Latency, conduction 
velocity of motor 
fibers of médian 

nerve 

Latency > 4.5 ms or 
asymmetry of 
conduction velocity 
>1 m/s 

Probable CTS 

Electromyography 

Needle électrodes placed 
in muscle 

Denervation of 
thenar muscles 

Fibrillation potentials, 
sharp waves, 
increased insertional 
activity 

Advanced motor 
médian nerve 
compression 


CTS, Carpal tunnel syndrome; ms, milliseconds; m/s, millimeter per second. 

From Abrams R # Meunier M: Carpal tunnel syndrome. In Trumble TE, editor: Hand surgery update 3, Rosemont, American Society for Surgery of the Hand, 2003. 
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waist size (greater than 80 cm for females or 90 cm for males), 
and body mass index of more than 30. These authors found 
that metabolic syndrome was related to a more severe grade 
of carpal tunnel syndrome and was a risk factor for delayed 
functional recovery at up to 6 months’ follow-up, yet signifi- 
cant improvements in symptom severity and hand function 
were similar in both groups after 12 months, except for pinch 
strength being higher in the control group. Similar findings 
were noted by Kronlage and Menendez when the results of 
carpal tunnel release were compared among moderate and 
severe electrophysiologic carpal tunnel syndrome patients. 
Patients with moderate disease (prolonged sensory and motor 
latencies) had nearly complété resolution of pain and pares- 
thesias at 3 months after surgery, whereas those with severe 
disease (prolonged sensory or motor latencies plus either 
absent sensory or mixed nerve action potential or low ampli¬ 
tude or absent compound motor action potential), despite 
considérable improvement, had prolonged and incomplète 
symptom réduction at 1 year after carpal tunnel release 

The surgical technique chosen for médian nerve décom¬ 
pression should be tailored by the surgeons expertise. 
Although minimally invasive techniques purport earlier 
return to work and less postoperative discomfort, the results 
suggest that outcomes are similar at 6 months. In a meta- 
analysis of high-level evidence (randomized controlled trials), 
Sayedh and Strauch found that endoscopie release allows 
earlier return to work and improved strength during the early 
postoperative period. Results at 6 months or later were similar 
according to current data except that patients with endoscopie 
release are at greater risk of nerve injury and lower risk of 
scar tenderness compared with open release. The authors 
concluded that, although endoscopie release may appeal to 
patients who require an early return to work and activities, 
surgeons should be cognizant of its elevated incidence of 
transient nerve injury amid its similar overall efhcacy to open 
carpal tunnel release. 

■ SURGICAL RELEASE 

Limited approaches, such as the “double incision” of Wilson 
(Fig. 76-1 A) and the “minimal incision” of Bromley (Fig. 
76- IB), may offer rapid recovery as ascribed to the endoscopie 



Two approaches for open carpal tunnel release. 

A f Transverse incision proximal to anterior wrist crease between 
flexor carpi ulnaris and flexor carpi radialis tendons. Distal longi¬ 
tudinal incision made between proximal palmar crease and 1 cm 
distal to hamate hook in line with radial border of ring finger. B, 
Incision used for minimal-incision approach. 


techniques. Similarly, the use of the “carpal tunnel tome” 
through a small palmar incision is a technical modification 
that may minimize the soff-tissue trauma of the traditional 
open technique and provides adéquate exposure in most 
cases. Regardless of the technique selected, ail structures 
to be incised should be seen and identified and safety of 
the médian nerve verified before carpal tunnel release 
(Fig. 76-2). 


"MINI-PALM" OPEN CARPAL 
TUNNEL RELEASE 


TECHNIQUE 76-1 


■ Mark the planned surgical incision with a skin pen so that 
the longitudinal incision begins just distal to the distal 
wrist flexion crease and slightly ulnar to the midline of 
the wrist (center dot reference point) and extends distally 
approximately 2.0 to 3.0 cm in line with the third web 
space (Fig. 76-3A). (Note: only rarely is it necessary to 
extend the incision into the distal forearm.) 

■ Exposure of the transverse carpal ligament (TCL) requires 
splitting of the parallel palmar fascia fibers and ulnar 
retraction of the hypothenar fat (Fig. 76-3B). Frequently, 
intrinsic muscles obscure the midline of the TCL and can 
be released from their origin and reflected away from the 
underlying TCL. 

■ Carefully open the carpel tunnel by division of the TCL 
with a no. 15 blade. The TCL division should be such that 
3 to 4 mm of it is left attached to the hamate hook to 
avoid flexor tendon ulnar subluxation. Make sure the 
contents of the carpal tunnel are not adhèrent to the 
undersurface of the TCL by gently spreading with a blunt 
instrument such as a mosquito hemostat the remaining 
portions of the distal and proximal portions of the undi- 
vided TCL and antebrachial fascia. The distal 2.0 cm of 
the antebrachial fascia can then be safely divided with 
blunt-tipped Metzenbaum or Mayo scissors (Fig. 76-3C). 

■ If the médian nerve is adhèrent to the divided radial TCL 
leaf (Fig. 76-3D), external neurolysis may be needed. 

■ Close the incision in routine fashion (Fig. 76-3E) and apply 
a compressive dressing (Fig. 76-3F to H). 


EXTENDED OPEN CARPAL 
TUNNEL RELEASE 


TECHNIQUE 76-2 


■ The thenar crease takes a variable course, and palmar 
incisions should be well ulnar to it to avoid the médian 
nerve palmar cutaneous branch. A curved incision ulnar 
and parallel to the thenar crease is not advisable because 
the palmar cutaneous branch of the médian nerve proxi- 
mally may be more at risk of injury. We prefer to use the 
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A f Anteroposterior radiograph of dissected right hand. Wires mark proximal and distal extents of classic flexor reti- 
naculum, which includes middle portion of flexor retinaculum (transverse carpal ligament) and distal portion of flexor retinaculum. 
Note proximal limit is at distal aspect of pisiform (P) and distal limit is distal to hook of hamate (H). B f Three portions of flexor retinacu¬ 
lum (1 to 3) consist of thick aponeurosis between thenar (A) and hypothenar (B) muscles. Thenar muscles attach to radial half of classic 
flexor retinaculum, composed of distal portion of flexor retinaculum (3); trapezial ridge (T) and scaphoid tubercle (S) also are shown. 
Proximal portion of flexor retinaculum (1) courses deep to flexor carpi ulnaris (U) and flexor carpi radialis (R). Flexor carpi radialis tendon 
is shown as it pierces flexor retinaculum at junction of proximal and middle portions to enter its fibroosseous canal. F, Antebrachial 
fascia; M, third metacarpal. (A from and B redrawn from Cobb TK, Dalley BK, Posteraro R, et al: Anatomy of the flexor retinaculum, J Hand Surg 
18A:91, 1993.) 


incision described for the mini-palm technique (see 
Technique 76-1). 

■ Extend the incision proximally to the flexor crease of the 
wrist, where it can be continued farther proximally if 
necessary. Angle the incision toward the ulnar side of the 
wrist to avoid Crossing the flexor creases at a right angle, 
but especially to avoid cutting the palmar cutaneous 
sensory branch, which lies in the interval between the 
palmaris longus and the flexor carpi radialis tendons 
(Fig. 76-4). Maintain longitudinal orientation so that the 
incision is generally to the ulnar side of the long finger 
axis or radial border of the ring fourth ray. When severed, 
the palmar sensory branch frequently causes a painful 
neuroma that may later require excision from the scar. 
Should this nerve be severed, we do not attempt to repair 
it but section it more proximally to be covered by the 
middle finger sublimis muscle. 

■ Incise and reflect the skin and subcutaneous tissue. 

■ Identify the palmar fascia from the wrist flexion crease 
distally and the distal forearm antebrachial fascia proxi¬ 
mally by subcutaneous blunt dissection. Split the palmar 
fascia and expose the underlying transverse carpal liga¬ 
ment, avoiding the médian nerve beneath it. 

■ Identify the transverse carpal ligament and carefully divide 
it and avoid damage to the médian nerve and its récurrent 
branch, which may perforate the ligament and leave the 
médian nerve on the volar side (Fig. 76-5). Fibers of the 


transverse carpal ligament can extend distally farther than 
expected (Fig. 76-6). 

■ The flexor retinaculum includes the distal deep fascia of 
the forearm proximally, the transverse carpal ligament, 
and the aponeurosis between the thenar and hypothenar 
muscles. A successful carpal tunnel release usually requires 
division of ail these components. 

■ Be aware of potential anomalies: connections between 
the flexor pollicis longus and the index flexor digitorum 
profundus tendons; anomalous flexor digitorum superfi- 
cialis; palmaris longus, hypothenar, lumbrical muscle 
bellies; and médian and ulnar nerve branches and 
interconnections. 

■ Avoid injury to the superficial palmar arterial arch, which 
is 5 to 8 mm distal to the distal margin of the transverse 
carpal ligament. 

■ Inspect the flexor tenosynovium. Tenosynovectomy occa- 
sionally may be indicated, especially in patients with 
rheumatoid arthritis. 

■ Close only the skin and drain the wound as needed. 

POSTOPERATIVE CARE. A light compression dressing 
and a volar splint may be applied. The hand is actively 
used as soon as possible after surgery, but the dépendent 
position is avoided. Usually the dressing can be removed 
by the patient at home 2 or 3 days after the surgery, and 
then gentle washing and showering of the hand is 



















3 


m PART XVIII THE HAND 


S permitted. Graduai resumption of normal hand use is 
encouraged. The sutures are removed after 10 to 14 days. 
A splint may be continued for comfort as needed for 14 
to 21 days. 


■ ENDOSCOPIC RELEASE 

Advocates of endoscopie carpal tunnel release cite less palmar 
scarring and ulnar “pillar” pain, rapid and complété return of 
strength, and return to work and activities at least 2 weeks 
sooner than for open release. Some studies comparing open 
and endoscopie carpal tunnel release found no significant 
différences in function. The advantages of the endoscopie 
technique in grip strength and pain relief are realized within 
the first 12 weeks and seem to benefit those patients not 
involved in compensable injuries. Anecdotal reports of intra¬ 
operative injury to flexor tendons; to médian, ulnar, and digital 
nerves; and to the superficial palmar arterial arch emphasize 
the need to exercise great care and caution when performing 


the endoscopie procedure. Cadaver studies hâve shown the 
close proximity of the médian and ulnar nerves, superficial 
palmar arterial arch, and flexor tendons to the endoscopie 
instruments. Problems related to endoscopie carpal tunnel 
release include (1) a technically demanding procedure; (2) a 
limited visual field that prevents inspection of other structures; 
(3) the vulnerability of the médian nerve, flexor tendons, and 
superficial palmar arterial arch; (4) the inability to control 
bleeding easily; and (5) the limitations imposed by mechanical 
failure. Agee, McCarroll, and North developed the following 
10 guidelines for the single-incision endoscopie technique to 
prevent injury to the carpal tunnel structures: 

1. Know the anatomy. 

2. Never overcommit to the procedure. 

3. Ascertain that the equipment is working properly. 

4. If scope insertion is obstructed, abort the procedure. 

5. Ascertain that the blade assembly is in the carpal tunnel 
and not in the Guyon canal. 

6. If a clear view cannot be obtained, abort the procedure. 

7. Do not explore the carpal canal with the scope. 



Mini-palm open release technique (see text). A, Incision is marked with skin pen (only rarely is it necessary to extend 
the incision into the distal forearm). B, Exposure of transverse carpal ligament (TCL) with parallel palmar fascia fibers and hypothenar 
fat retraction. C, After division of TCL, distal 2.0 cm of antebrachial fascia is divided with Metzenbaum scissors. D, In this patient, médian 
nerve is adhèrent to divided radial TCL leaf and was subsequently externally neurolyzed. 
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FIGURE 




E, Incision is closed and compressive dressing is applied (F to H). SEE TECHNIQUE 76-1. 


Motor branch 
of médian 
nerve 

Palmar 
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branch of 
médian nerve 
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FCU 

Ulnar nerve 
Ulnar artery 
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FIGURE 


Care should be taken in any wrist incision to 


avoid cutting palmar cutaneous branch of médian nerve. FCR, 
flexor carpi radialis; FCU , flexor carpi ulnaris; FDS , flexor digito- 


rum superficialis; FPL , flexor pollicis longus; PL, palmaris longus. 


SEE TECHNIQUE 76-2. 



46% 31% 



23% 


Incidence 
tous, and transligamentous 


of extraligamentous, subligamen- 
course of thenar branch. SEE TECH¬ 


NIQUE 76-2. 


8. If the view is not normal, abort the procedure. 

9. Stay in line with the ring finger. 

10. “When in doubt, get out.” 

Although this technique has proved to be effective, it may not 
be applicable to every patient with carpal tunnel syndrome. 
If an endoscopie release cannot be accomplished safely, the 
procedure should be converted to an open technique. 

There are various equipment manufacturers, but the 
two methods can be divided into single-portal (Chow) and 
two-portal (Agee) techniques. According to Chow, contrain- 
dications to endoscopie carpal tunnel release include 
the following: (1) the patient requires neurolysis, tenosyno- 
vectomy, Z-plasty of the transverse carpal ligament, or 
décompression of the Guyon canal; (2) the surgeon suspects 
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Anatomie relationships 
carpal ligament. SEE TECHNIQUE 76-2. 


of 


deep transverse 


a space-occupying lésion or other severe abnormality of the 
muscles, tendons, or vessels in the carpal tunnel; and (3) the 
patient has localized infection or severe hand edema, or 
the vascular status of the upper extremities is tenuous. Fischer 
and Hastings added the following contraindications to the 
use of endoscopie technique: (1) révision surgery for unre- 
solved or récurrent carpal tunnel syndrome; (2) anatomie 
variation in the médian nerve, suggested by clinical findings 
of wasting in the abductor pollicis brevis without significant 
médian sensory changes; and (3) previous tendon surgery or 
flexor injury that would cause scarring in the carpal tunnel, 
preventing the safe placement of the instruments for endo¬ 
scopie carpal tunnel release. Additionally, limitation of wrist 
extension is another contraindication to an endoscopie pro¬ 
cedure because the endoscopie instruments cannot be 
introduced into the carpal tunnel and remain juxtaposed to 
the dorsal surface of the transverse carpal ligament. The 
general scheme of the techniques is shown in Figures 76-7 
and 76-8. Before any surgeon attempts endoscopie carpal 
tunnel release, thorough familiarization with the technique 
through participation in “hands-on” laboratory practice ses¬ 
sions is recommended. 



A 


b 



B 


Transverse 
carpal ligament 
Thumb Skin 


Superficial 
palmar arch 


Palmaris 

brevis 



Forearm 

fascia 


Hook of 
hamate 


Communicating branch 
of ulnar nerve 


Agee technique. A, U-shaped flap elevated in palmar direction. Synovium elevator préparés wrist for optimal 
endoscopie view by separating synovium from deep side of ligament. B, Safe zone of blade élévation is triangle defined by ulnar half 
of distal edge of transverse carpal ligament (a) ulnar border of médian nerve, (b) médian nerve common digital branch to long/ring 
web space, and (c) superficial palmar arch. C, Longitudinal cross section through carpal tunnel depicts blade élévation in triangular 
safe zone. 
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D 


Monitor view 



Transverse — 
carpal ligament 


Disposable blade 
assembly 


Fat Palmaris 
brevis 



Release distal 1/2 to 2/3 of transverse carpal ligament 
completely before making a final pass to release the 
remainder of the ligament. This prevents fat located 
superficial to the proximal portion of the ligament from 
dropping into the wound and compromising the surgeon’s 
endoscopie view of the extent of the ligament division. 




D, Initial release facilitâtes accurate viewing and division of ligament. E f Inspection of incised transverse carpal 
ligament in which left view depicts incomplète release as V-shaped defect, with superficial fibers of transverse carpal ligament remaining 
intact. Center view depicts complété release of ligament after reinsertion of blade assembly. Fat and transverse fibers of palmar fascia 
that remain palmar to divided ligament can be noted. View on right shows that rotating blade assembly approximately 20 degrees in 
either direction causes separated eut edges of ligament to fall into window. F, Tenotomy scissors used to release forearm fascia proximal 
to skin incision. (Redrawn from Agee JM, McCarroll HR, North ER: Endoscopie carpal tunnel release using the single proximal incision technique, 
Hand Clin 10:647, 1994.) SEE TECHNIQUE 76-3. 
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ENDOSCOPIC CARPAL TUNNEL 
RELEASE THROUGH A 
SINGLE INCISION 


TECHNIQUE 76-3 


(AGEE) 

■ Ascertain that the operating room setup is satisfactory. 
Ensure there is an unobstructed view of the patient's hand 
and the télévision monitor. 


Use general or régional anesthésia. Although the proce¬ 
dure can be done safely using local anesthésia, the increase 
in tissue fluid can compromise endoscopie viewing. 
Exsanguinate the limb with an elastic wrap and inflate a 
pneumatic tourniquet applied over adéquate padding. 
Leave the arm exposed distal to the tourniquet. 

In a patient with two or more wrist flexion creases, make 
the incision in the more proximal crease between the 
tendons of the flexor carpi radialis and flexor carpi ulnaris 
(Fig. 76-7A). 

Use longitudinal blunt dissection to protect the subeuta- 
neous nerves and expose the forearm fascia. 





D Scope 


•Radial 

artery 


Médian 

nerve 



Triangle knife 


Chow technique. A, Incision for entry portai. B, Incision for exit portai. C, Following the proximal portai dissection 
and placement of the slotted cannula, the transverse fibers of the transverse carpal ligament are identified in its entirety, by caméra 
placement in the slotted cannula. D f First eut is made with probe knife, cutting distal to proximal, to release distal edge of carpal liga¬ 
ment. E, Second eut made with triangle knife, with eut made in midsection of the transverse carpal ligament. 
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Rétrogradé knife 


F 



Probe knife 

L. 


Scope 



Rétrogradé knife 


H 



F, Third eut made by placing rétrogradé knife in second eut and drawing it distally to join the 
G, Proximal section of carpal ligament is identified, and proximal edge is released; probe knife is used to make fourth eut. H, 
is made by reinserting rétrogradé knife into midsection and drawing it proximally to complété release of carpal ligament. 

from Chow JCY: Endoscopie carpal tunnel release: two-portal technique, Hand Clin 10:637, 1994.) SEE TECHNIQUE 76-4. 


first eut. 
Final eut 

(Redrawn 


■ Incise and elevate a U-shaped, distally based flap of 
forearm fascia (Fig. 76-7B), and retract it palmarward to 
facilitate dissection of the synovium from the deep surface 
of the ligament, creating a mouth-like opening at the 
proximal end of the carpal tunnel. 

■ When using the tunneling tools and the endoscopie blade 
assembly, keep them aligned with the ring finger, hug the 
hook of the hamate, and keep the tools snugly apposed 
to the deep surface of the transverse carpal ligament, 
maintaining a path between the médian and ulnar nerves 
for the instruments. 

■ Use the synovium elevator to scrape the synovium from 
the deep surface of the transverse carpal ligament. Extend 
the wrist slightly; insert the blade assembly to the carpal 
tunnel, pressing the viewing window snugly against the 
deep surface of the transverse carpal ligament (Fig. 
76-7C). While advancing the blade assembly distally, 
maintain alignment with the ring finger and hug the hook 
of the hamate, staying to the ulnar side. Make several 
proximal-to-distal passes to define the distal edge of the 
transverse carpal ligament with the fat overlying it. 

■ Define the distal edge of the transverse carpal ligament 
by viewing the video picture, ballottement, and light 
transilluminated through the skin. Correctly position the 
blade assembly and touch the distal end of the ligament 
with the partially elevated blade to judge its entry point 
for ligament division. Elevate the blade and withdraw the 
device, incising the ligament. 

■ Fat from the proximal palm may compromise endoscopie 
viewing by protruding through the divided proximal half 


of the ligament, leaving an oil layer on the lens. Avoid 
this by first releasing only the distal one half to two thirds 
of the ligament (Fig. 76-7D). 

■ Using the unobstructed path for reinsertion of the 
instrument, accurately complété the distal ligament 
division with good viewing. Complété proximal liga¬ 
ment division with a final proximal pass of the elevated 
blade. 

■ Assess the completeness of ligament division using the 
following endoscopie observations. 

■ Through the endoscope, note that the partially divided 
ligament séparâtes on the deep surface, creating a 
V-shaped defect (Fig. 76-7E). 

■ Make subséquent cuts viewing the trapezoidal defect 
created by complété division as the two halves of the 
ligament spring apart. Through this defect, observe the 
longitudinal palmar fascia fibers intermingled with fat 
and muscle. Force these structures to protrude by press¬ 
ing on the palmar skin. 

■ Confirm complété division by rotating the blade assembly 
in radial and ulnar directions, noting that the edges of 
the ligament abruptly "flop" into the window, obstruct- 
ing the view. 

■ Palpate the palmar skin over the blade assembly window, 
observing motion between the divided transverse carpal 
ligament and the more superficial palmar fascia, fat, and 
muscle. 

■ Ensure complété médian nerve décompression by releas¬ 
ing the forearm fascia with tenotomy scissors (Fig. 
76-7F). 
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9 " Use small right-angle retractors to view the fascia directly, 
avoiding nerve and tendon injury (Fig. 76-7G). 

■ Close the incision with subcuticular or simple stitches. 

■ Apply a nonadhering dressing. Apply a well-padded volar 
splint, or, in selected patients, leave the wrist unsplinted. 

POSTOPERATIVE CARE. The splint and sutures may 
be removed early or at 10 to 14 days. Active finger 
motion is allowed early in the postoperative period. Force- 
ful pulling with wrist flexion is discouraged for 4 to 6 
weeks to allow maturation of soft-tissue healing. Progres¬ 
sion of light activities of daily living is allowed at 2 to 3 
weeks, and more strenuous activities are gradually added 
in the next 4 to 6 weeks. 


TWO-PORTAL ENDOSCOPIC CARPAL 
TUNNEL RELEASE 


TECHNIQUE 76-4 


(CHOW) 

■ Perform the procedure using anesthésia believed most 
appropriate by the patient, surgeon, and anesthesiologist. 
Local anesthetic infiltration supplemented with intrave- 
nous sédation is commonly used, although régional block 
or even general anesthésia may be more suitable in some 
situations. 

■ With the patient supine, place the hand and wrist on a 
hand table. The surgeon usually sits on the axillary side, 
and an assistant should be on the cephalad side of the 
upper extremity; however, the endoscopie dissection is 
proximal to distal and the surgeon may elect to be on the 
cephalad side depending on his or her hand dominance. 

■ A well-padded pneumatic upper arm or forearm Esmarch 
tourniquet can be used. 

■ At least one télévision monitor should be placed on the 
extremity side opposite the surgeon (toward the head of 
the table), or, as preferred by Chow, two monitors should 
be used, one for the surgeon and the other for the 
assistant. 

■ Define the entry and exit portais with a marking pen. 
Begin at the pisiform proximally and, depending on the 
size of the hand, draw a line extending 1.0 to 1.5 cm 
radially. From the end of this line, extend a second line 
0.5 cm proximally. From the end of the second line, draw 
a third line extending about 1.0 cm radially. The third line 
is the entry portai (Fig. 76-8A). Passively, fully abduct the 
thumb. Draw a line along the distal border of the fully 
abducted thumb across the palm toward the ulnar border 
of the hand. Draw another line extending proximally from 
the web space between the long finger and the ring 
finger, intersecting the line drawn from the thumb. About 
1.0 cm proximal to the intersection of these lines, draw 
a third line about 0.5 cm long transverse to the long axis 
of the hand (Fig. 76-8B). 

■ Make an incision in the previously marked entry portai 
just through the skin and bluntly dissect down to the 


transverse fibers of the forearm fascia. If a palmaris 
tendon is présent, it should remain radial to the dissection 
field. Gently lift the forearm fascia and make a longitudi¬ 
nal incision through the fascia only. Only the distal 2.0 cm 
of forearm fascia typically needs to be released. Release 
the distal forearm fascia distally to the proximal edge of 
the transverse carpal ligament. 

■ Gently lift the distal edge of the entry portai incision with 
a small right-angle retractor, revealing the small space 
between the transverse carpal ligament and the ulnar 
bursa. Bluntly dissect and develop the space between the 
transverse carpal ligament and the underlying bursa. 

■ Use the curved dissector obturator/slotted cannula 
assembly with the pointed side toward the transverse 
carpal ligament to enter the space and to push the bursal 
tissue free from the deep surface of the transverse carpal 
ligament. 

■ Use the curved dissector to feel the curved shape of the 
deep surface of the transverse carpal ligament. Move the 
dissector back and forth to feel the "washboard" effect 
of the transverse fibers of the transverse carpal 
ligament. 

■ Apply a lifting force to the dissector to test the tightness 
of the ligament and to ensure that the dissector is deep 
to the ligament, rather than in the tissues superficial to 
the ligament. Ensure that the dissector and trocar are 
oriented in the longitudinal axis of the forearm. 

■ Touch the hook of the hamate with the tip of the assem¬ 
bly; lift the patient's hand above the table, extending the 
wrist and fingers over the hand holder. Gently advance 
the slotted cannula assembly distally and direct it toward 
the exit portai. Palpate the tip of the assembly in the 
palm. 

■ Make a second small incision as marked for the exit portai 
in the palm. Pass the assembly through the exit portai 
and secure the hand to the hand holder. 

■ Insert the endoscope at the proximal opening of the tube 

(Fig. 76-9). 

■ Examine the entire length of the slotted cannula opening 
to ensure that there is no other tissue between the slotted 
cannula and the transverse carpal ligament (Fig. 76-10A). 



FIGURE 


) Intraoperative photo: Chow technique. SEE 


TECHNIQUE 76-4. 







CHAPTER 76 CARPAL TUNNEL SYNDROME, ULNAR TUNNEL SYNDROME, AND STENOSING TENOSYNOVITIS ^ 


63 



JïJ Cadaver photos: Chow technique. A, Longitudinal section showing the slotted cannula beneath the transverse carpal 
ligament. B f Longitudinal wrist section showing two distinct layers of distal forearm fascia (pink triangle indicates superficial and green 
triangle indicates deep forearm fascia) which envelop the palmaris longus when présent. 


If there is any doubt, remove the tube and reevaluate for 
correct instrumentation placement. 

■ With the endoscope inserted from the proximal direction 
and remaining in the tube, insert a probe distally and 
identify the distal edge of the transverse carpal ligament 
(Figs. 76-8C and 76-1OB). 

■ Use the probe knife to eut from distal to proximal to 
release the distal edge of the ligament (Fig. 76-8D). 

■ Insert the triangle knife to eut through the midsection of 
the transverse carpal ligament (Fig. 76-8E). 

■ Insert the rétrogradé knife and position it in the second 
eut. Draw the rétrogradé knife distally to join the first eut, 
completely releasing the distal half of the ligament (Fig. 
76-8F). 

■ Remove the endoscope from the proximal opening of the 
open tube and insert the endoscope into the distal 
opening. 

■ Insert the instruments from the proximal opening. 

■ Identify the uncut proximal section of the ligament and 
use the probe knife to release the proximal edge (Fig. 
76-8G). Draw the rétrogradé knife proximally to complété 
the release of the ligament (Fig. 76-8H). 

■Choose the proper knife to make additional cuts to 
complété transection of the ligament as needed. 

■ Reinsert the trocar and remove the slotted cannula from 
the hand. 

■ If a tourniquet is used, deflate it, and then ascertain 
hemostasis and that there is no pulsatile or excessive 
bleeding. 

■ Suture the incisions and apply a soft dressing. 

POSTOPERATIVE CARE. Active movement is encour- 
aged immediately after surgery. The dressing usually is 
removed by the patient at home 2 to 3 days after the 
procedure, and sutures are removed at 10 to 14 days at 
the first postoperative visit. Direct pressure to the palm 
area and heavy lifting should be avoided for 2 to 3 weeks 
or until discomfort disappears. 


UNRELIEVED OR RECURRENT CARPAL 
TUNNEL SYNDROME 

The récurrence rate after primary carpal tunnel release is 
approximately 2%. Complications and failures are estimated 
to be 3% to 19%. Unrelieved symptoms may lead to repeat 
operation in 12% of patients. Because most patients obtain 
relief in the early postoperative period, it is difficult to attri- 
bute one anatomie cause to récurrent symptoms. Findings 
reported at reoperation include incomplète release of the 
transverse carpal ligament, re-formation of the flexor reti- 
naculum, scarring in the carpal tunnel, médian or palmar 
cutaneous neuroma, palmar cutaneous nerve entrapment, 
récurrent granulomatous or inflammatory tenosynovitis, and 
hypertrophie scar in the skin. Botte et al. categorized proce¬ 
dures for récurrent problems after carpal tunnel release as 
folio ws: 

Incomplète ligament release : reexploration, rerelease of trans¬ 
verse carpal ligament, excision, release of re-formed 
retinaculum 

Fibrosis or painful scar: epineurolysis, local muscle flaps, local 
or remote free fat or radial forearm fascial grafts, excision, 
Z-plasty of painful scar, nerve wrapping or interposition 
materials 

Récurrent tenosynovitis: tenosynovectomy, appropriate 
medical management (appropriate antibiotics in patients 
with infectious granulomatous tenosynovitis from fungi 
or mycobacteria) 

Patients with normal preoperative electrodiagnostic studies, 
patients who had filed for compensation, and patients with 
ulnar nerve symptoms hâve been reported to hâve resuit s 
significantly worse than patients without these findings. 
Careful patient évaluation must be done when considering 
reoperation for récurrent symptoms and complications after 
initial carpal tunnel release. Temporary relief following a 
corticosteroid injection is a good prognostic sign when 
considering reoperation. Récurrent carpal tunnel syndrome 
was demonstrated more often in patients with diabètes 
by Zeiske et al., and incomplète release of the flexor retinacu¬ 
lum and scarring of the médian nerve were common 
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Anatomie relationships of structures within 


ulnar tunnel. 


intraoperative findings in ail patients. Postoperative pinch 
strength, grip strength, and pain significantly improved from 
baseline, apart from strength measures in the récurrent group. 
Persistent symptoms and more than one prior carpal tunnel 
syndrome had higher odds of not changing or worsening 
postoperative pain. Higher preoperative pain, use of pain 
médication, and workers compensation were significant 
predictors of higher postoperative average pain according to 
these authors. Our expérience has been similar; however, we 
find the transverse carpal ligament that reforms indistin- 
guishable from the native ligament and thus, détermination 
of incomplète release is not possible. Moreover, neural adhe¬ 
sion lysis and early nerve gliding exercises are essential, and 
rarely do we find synovial or hypothenar fat pad flaps neces- 
sary in the management of these problematic cases. 

ULNAR TUNNEL SYNDROME 

Ulnar tunnel syndrome results from compression of the ulnar 
nerve within a tight triangular fibroosseous the Guyon tunnel 
or canal. The walls of the tunnel consist of the superficial 
transverse carpal ligament anteriorly, the deep transverse 
carpal ligament posteriorly, and the pisiform bone and piso- 
hamate ligament medially (Fig. 76-11). Similar to the médian 
nerve within the carpal tunnel, the ulnar nerve is subject to 
compression within this tunnel. Compared with carpal tunnel 
syndrome, ulnar tunnel syndrome is much less common 
because the space occupied by the ulnar nerve at the wrist is 
much more yielding. The more common location of ulnar 
nerve constriction is at the elbow. When both volar and 
dorsal sensory complaints are présent, the ulnar nerve 
involvement usually is proximal to the dorsal sensory branch 
division from the parent nerve, which is at least 8.0 cm 
proximal to the pisiform. 

The exact level of compression détermines whether 
symptoms are motor or sensory or both. Compression just 
distal to the tunnel affects the deep branch of the nerve that 
supplies most of the intrinsic muscles. A space-occupying 
lésion, such as a ganglion or tumor, can cause compression 
in this area. True or false aneurysm of the ulnar artery (Fig. 
76-12), thrombosis of the ulnar artery, or fracture of the 



iwo Types ot iraumauc aneurysms _ 

artery in hand. A, Saccular "false" aneurysm arising from ulnar 
artery. B, "True" fusiform aneurysm of ulnar artery. 


hamate with hemorrhage may be the cause of pressure on the 
ulnar nerve. Other reported causes are lipoma and aberrant 
muscles. Occasionally in rheumatoid disease, carpal tunnel 
and ulnar tunnel syndromes develop in the same hand. In the 
differential diagnosis, herniation of a cervical dise, thoracic 
outlet syndrome, and peripheral neuropathy must be consid- 
ered. Treatment consists of exploration of the ulnar nerve at 
the wrist and removal of any cause of compression. Should 
the ulnar artery be occluded for several millimeters, Raynaud 
syndrome may be produced in the ulnar three digits because 
the sympathetic nerve fibers to these digits pass along the 
ulnar artery. 

Segmentai resection of the occluded section and replace¬ 
ment with a vein graff is the preferred procedure when it is 
feasible (see Chapter 68). Usually symptoms are relieved, and 
weakened or atrophie intrinsic muscles may recover in 3 to 
12 months affer surgery. For the technique of exploration, see 
the approach described for repair of the deep branch of the 
ulnar nerve (see Chapter 68). 

STENOSING TENOSYNOVITIS 

Sténosing tenosynovitis in the hand and wrist are common 
conditions resulting in significant functional impairment for 
which treatments usually are straightforward; symptom reso¬ 
lution usually is complété with appropriate management. 
When the extensor pollicis brevis and the abductor pollicis 
longus tendons in the first dorsal compartment are affected, 
the condition is named affer the Swiss physician Fritz de 
Quervain, who described this malady in 1895. A peritendini- 
tis also may affect these tendons proximal to the extensor 
retinaculum, causing pain, swelling, and crepitus in some 
patients. Cysts attached to the first dorsal compartment reti¬ 
naculum and tendon triggering may also occur. 

The long flexor tendons to the thumb and fingers may 
develop focal areas of swelling resulting in mechanical symp¬ 
toms at various tendon pulley interfaces. Less often, the 
extensor pollicis longus may be affected at the level of Lister 
tubercle. Any of the other tendons that pass beneath the 
dorsal wrist retinaculum also may be involved. The tenosy¬ 
novitis that précédés the stenosis may resuit from an otherwise 
subclinical collagen disease or récurrent mild trauma, such 
as that experienced by carpenters and waitresses. Some case 
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historiés indicate that acute trauma may initiate the patho¬ 
logie condition; however, most commonly these conditions 
develop gradually with no known cause. The stenosis occurs 
at a point where the direction of a tendon changes, for here 
a fibrous sheath acts as a pulley and friction is maximal. 
Although the tenosynovium lubricates the sheath, friction 
can cause a reaction when the répétition of a particular move- 
ment is necessary. 

Many cases of tenosynovitis in various locations, even 
stenosing tenosynovitis, respond favorably to nonoperative 
intervention such as rest, antiinflammatory médications, and 
corticosteroid injections. Pain may increase temporarily 
during the initial 24 hours affer loss of the local anesthetic 
effect; the patient should be warned about this possibility. It 
may be 3 to 7 days before the steroid becomes effective, but 
surgery is avoided in many instances. Before injection, it 
should be determined that the tenosynovitis is not caused by 
other conditions, such as goût or infection, which could be 
worsened by steroid injections. Patients with diabètes mellitus 
should be counseled about the potential rise in blood sugars 
for days foliowing injection; patients with prior unfavorable 
response or brittle bone disease are not candidates for this 
treatment. 

Most offen, triggering digits are from flexor tendon- 
pulley pathology; however, it is important to evaluate for 
metacarpophalangeal joint arthritis and extensor tendon 
subluxation. Middle finger osteoarthritis may mimic middle 
trigger finger, and dorsal metacarpophalangeal joint swelling 
and joint space narrowing on radiographie examination 
usually clarify the distinction between these two entities. 
Oddly, trigger finger in conjunction with osteoarthritis is 
rare, and symptoms are unlikely to résolve with treatment of 
the trigger finger alone. Similarly, patients with extensor 
tendon subluxation may be mistaken for those with simple 
trigger finger conditions. A sudden radial or ulnar shiff of the 
finger associated with snapping or triggering of the finger 
should alert the examiner to check the dorsum of the hand 
for extensor tendon instability over the metacarpophalangeal 
joint. Similarly, coexistent trigger finger with extensor tendon 
subluxation is rare, and management of the extensor tendon 
alone usually is warranted. 

DE QUERVAIN DISEASE 

Stenosing tenosynovitis of the abductor pollicis longus and 
extensor pollicis brevis tendons occurs typically in adults 30 
to 50 years old; however, in women of childbearing âge radial- 
sided wrist pain is commonly related to de Quervain tenosy¬ 
novitis from répétitive ulnar déviation required in newborn 
care. Women are affected 6 to 10 times more frequently than 
men. The cause is almost always related to overuse, either in 
the home or at work, or is associated with rheumatoid arthri¬ 
tis. The presenting symptoms usually are pain and tenderness 
at the radial styloid. Sometimes a thickening of the fibrous 
sheath is palpable. The Finkelstein test usually is positive: “on 
grasping the patient s thumb and quickly abducting the hand 
ulnarward, the pain over the styloid tip is excruciating.” 
Although Finkelstein stated that this test is “probably the 
most pathognomonic objective sign,” it is not diagnostic; the 
patients history and occupation, the radiographs, and other 
physical fmdings also must be considered. Similar symptoms 
also can be caused by arthritis in the trapeziometacarpal, 
scaphotrapeziotrapezoid, and radiocarpal joints; superficial 


radial nerve entrapment or neuroma; and tenosynovitis at the 
Crossing of the extensor pollicis brevis and abductor pollicis 
longus over the extensor carpi radialis longus and brevis 
(intersection syndrome). 

Conservative treatment consisting of splint wear and the 
injection of a steroid préparation (Fig. 76-13) may be success- 
ful early affer onset. Initial treatment with steroid injections 
may yield complété pain relief in over 70% of patients. When 
pain persists, surgery is the treatment of choice. 

Anatomie variations are common in the first dorsal 
compartment, and separate compartments hâve been noted 
in 21% of anatomie specimens. Reports of separate compart¬ 
ments found at surgery vary from 20% to 58%. More than 
half of patients may hâve “aberrant” or duplicated tendons 
(usually the abductor pollicis longus). These tendons some¬ 
times insert more proximally and medially than usual, into 
the trapezium (Fig. 76-14), the abductor pollicis brevis muscle 



Injection for de Quervain tenosynovitis. Regard- 
less of whether the injection is given distal-to-proximal or 
proximal-to-distal, care should be made not to direct the needle 
past the radial styloid toward the radial artery. 


Abductor pollicis 
longus tendon inserted 
into first metacarpal 



FIGURE 


J During surgery for de Quervain disease, at least 


one aberrant tendon often is found. The abductor pollicis longus 
routinely inserts on the first metacarpal base and commonly has 


a thenar fascial slip. 
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Extensor pollicis 
longus tendon 



FIGURE 


U In rare cases, the abductor pollicis longus inserts 


onto the trapezium. 


(Fig. 76-15), the opponens pollicis muscle, or the muscle 
fascia. The extensor pollicis brevis is considered a “late” 
tendon phylogenetically and is absent in about 5% of wrists. 
The presence of these variations and failure to deal with them 
at the time of surgery may account for any persistence of pain. 


SURGICAL TREATMENT OF DE 
QUERVAIN DISEASE 


TECHNIQUE 76-5 


■ Use a local anesthetic and a tourniquet. 

■ Infiltrate the skin well proximal to the area of the first 
dorsal compartment with sufficient local anesthetic 
before skin préparation and draping. An Esmarch 
bandage on the proximal forearm usually suffices as a 
tourniquet. 

■ Make an incision carefully through the skin only. An 
oblique incision coursing along the extensor brevis tendon 
is preferred; however, a transverse, oblique, or longitudi¬ 
nal incision is also perfectly satisfactory (Fig. 76-16). The 
longitudinal incision advocated by some surgeons créâtes 
a longer area in which skin scar may make cutaneous 
nerves more subject to scar adhérence. 

■ Carry sharp dissection just through the dermis and 
not into the subcutaneous fat, avoiding the sensory 
branches (latéral antebrachial cutaneous nerve above the 
cephalic vein and superficial radial nerve branches more 
deeply). 



Surgical treatment of de Quervain disease. A, Skin incision. B, Dorsal carpal ligament has been exposed. C, First dorsal 
compartment has been opened on its ulnar side. D, Occasionally, separate compartments are found for the extensor pollicis brevis and 
abductor pollicis longus tendons. SEE TECHNIQUE 76-5. 
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■ After retracting the skin edges, use blunt dissection in the 
subcutaneous fat to expose clearly the retinaculum over 
the first dorsal compartment tendons. 

■ Identify the first dorsal compartment tendons proximal to 
the stenosing dorsal ligament and sheath and open the 
first dorsal compartment on its dorsoulnar side. The 
extensor pollicis brevis (EPB) tendon is most dorsal and 
can be identified by its distally oriented muscle fibers; the 
abductor pollicis longus (APL) tendon has no muscular 
fibers in this area. 

■ With the thumb abducted and the wrist flexed, lift the 
APL and the EPB tendons from their groove. If they cannot 
be easily retracted from the radial styloid, look for addi- 
tional "aberrant" tendons and separate compartments. 
Releasing the EPB tendon first and then the APL usually 
reveals the presence or absence of a septum. If there is 
no EPB présent, inspect the floor of the compartment for 
the footprint of the brachioradialis tendon. This has a 
Y-shaped tendinous insertion; and if this is clearly seen, 
release of this compartment is assured. Sometimes the 
septum is quite pronounced, and its resection is war- 
ranted, taking care not to injure the underlying radial 
artery coursing dorsally just beyond the radial styloid. 

■ Make sure that the volarly based retinacular flap remains 
over the released tendons to prevent volar tendon 
subluxation. 

■Close the skin incision only and apply a small pressure 
dressing. 

POSTOPERATIVE CARE. The small pressure dressing is 
removed after 48 hours; an additional dressing can be 
applied if needed. Thumb and hand motion is immedi- 
ately encouraged and is increased as tolerated, except for 
forceful wrist flexion, which may prédisposé the tendons 
toward subluxation during the first 2 weeks after surgery. 


Failure to obtain complété relief after surgery may resuit from 
(1) neural adhesions or neuroma formation, (2) volar tendon 
subluxation, (3) failure to find and release a separate aberrant 
tendon within a separate compartment, (4) scar hypertrophy, 
or (5) incorrect diagnosis such as a bone lésion in the distal 
radius, intersection syndrome, localized arthritic deformities, 
or more proximal nerve compression syndromes. For récur¬ 
rent subluxation of the EPB and APL tendons, a distally based 
brachioradialis tendon slip can be used to reconstruct a 
nonstenosing compartment to house the first dorsal compart¬ 
ment tendons. Ramesh and Britton used the extensor reti¬ 
naculum to prevent subluxation (Fig. 76-17). Littler et al. also 
described a reconstruction for the first compartment in which 
the septum dividing the first extensor compartment is 
removed, the extensor pollicis brevis is removed from the 
compartment, and the retinacular sheath is reapproximated 
loosely over the abductor pollicis longus tendon to prevent 
tendon subluxation. 

TRIGGER FINGER AND THUMB 

Trigger thumb in adults is a distinctly separate entity from 
“congénital” trigger thumb. Stenosing tenosynovitis, leading 
to inability to extend the flexed digit or flex the extended 



Part of extensor retinaculum is used to create 
a U-shaped sling to retain the tendons of the extensor pollicis 
brevis and abductor pollicis longus. 


digit often produces a palpable “triggering” and usually is 
seen in individuals older than 45 years of âge. When associ- 
ated with a collagen disease, several fingers may be involved 
(most often the long and ring fingers). Patients may note a 
lump or knot in the palm. The lump may be the thickened 
area in the first annular pulley or a nodule or fusiform 
swelling of the flexor tendon just distal to it. The nodule 
can be palpated by the examiner s fingertip and moves with 
the tendon. The tendon nodule usually is just proximal to 
the anulus at the metacarpophalangeal joint level; however, 
in a rheumatoid patient, a nodule distal to this point may 
cause triggering. Patients may expérience triggering after 
operative release because of catching of the tendon on the 
palmar aponeurosis transverse fibers, which usually résolves 
with time. Occasionally, a partially lacerated flexor tendon 
at this level heals with a nodule sufhciently large to cause 
triggering. Local tenderness may be présent but is not a 
prominent complaint. Pressure accentuâtes the apparent 
snapping or triggering of the more distal joints. Patients 
frequently State that the problem is in the proximal inter- 
phalangeal joint with trigger finger or in the interphalangeal 
joint with trigger thumb. Other conditions, such as intraar- 
ticular disorders (e.g., loose bodies, degenerative joint 
disease, and fractures) and common extensor tendon sub¬ 
luxation, can cause similar symptoms and must be consid- 
ered to détermine effective treatment for idiopathic trigger 
finger. 

Treatment of trigger digits usually is nonoperative, espe- 
cially in uncomplicated conditions in patients with a short 
duration of symptoms. Nonoperative methods include 
stretching, night splinting, and combinations of heat and ice. 
Corticosteroid injection is effective, with 60% achieving 
success after one injection. Patients with diabètes mellitus 
may be more refractory to nonoperative management; 
however, corticosteroid injections may elevate sérum glucose 
levels for 5 days or more, and patients with unstable diabètes 
may be better treated without injection. 
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Surgical release reliably relieves the problem for most 
patients: approximately 97% of patients hâve complété resolu¬ 
tion after operative treatment. Persistence of triggering is 
more common than récurrence. Trigger release should be 
done with a local block so that the cessation of triggering of 
a particular finger can be evaluated. Some adjacent finger 
triggering may become obvious only after a given finger is 
released; both can be released at the same surgical setting. 

The safety and effectiveness of percutaneous trigger finger 
release using a needle or a push knife has literature support. 
Incomplète pulley release and damage to the flexor tendons 
and digital nerves, especially in the index finger and thumb, 
remain of some concern, especially with limited exposure 
techniques. 


SURGICAL RELEASE OF 
TRIGGER FINGER 


TECHNIQUE 76-6 


■ Local anesthetic infiltration in the palm proximal to the 
incision site is preferred (Fig. 76-18). The use of a pneu- 
matic arm tourniquet may be helpful, although a high 
forearm Esmarch wrap usually is sufficient. 

■ Make a transverse incision about 2 cm long several mil- 
limeters distal to the distal palmar crease for middle, ring, 
and small trigger finger releases and several millimeters 
distal to the proximal palmar crease for index trigger 



FIGURE 


Local anesthetic for trigger finger release. SEE 


TECHNIQUE 76-6. 


finger releases (Fig. 76-19A). Trigger thumb releases can 
be done through incisions either distal or proximal to the 
metacarpophalangeal joint flexion crease (Fig. 76-20). 
Alternative incisions for the fingers can be made obliquely 
or longitudinally between the metacarpophalangeal and 
distal palmar creases and obliquely across the thumb 
metacarpophalangeal flexion crease. 

■ Avoid the digital nerves, which on the thumb are more 
palmar and doser to the flexor sheath than might be 
anticipated. The thumb radial digital nerve is especially 
vulnérable. 

■ Spread the subcutaneous tissues away from the underly- 
ing annular pulley System and make sure the digital 
nerves are safely protected. Trigger thumbs require release 
of only the Al pulley, whereas trigger digits require divi¬ 
sion of the Al and AO, or proximal palmar pulley. 

■ Pulley division usually is accomplished with an initial 
opening of the pulley with a 15 knife blade and a pair of 
tenotomy scissors. For trigger thumb release, avoid 
cutting too far distally and disrupting the oblique pulley 
(Fig. 76-19B). Incise the sheath from proximal to distal, 
approximately 1 cm, and reassess for triggering. 

■ Hâve the patient actively flex and extend the digit; per¬ 
sistent triggering implies that either the Al and palmar 
pulleys are incompletely released or an alternate site of 
triggering is présent. The distinction between the Al and 
A2 pulleys may not be apparent; however, when the 
distal Al pulley edge is released, the divided pulley leaves 
are parallel rather than ending in a V-shaped pattern. 

■ After the tendon sheath has been released, encourage 
the patient actively to flex and extend the digit to ensure 
that the release is complété. Sometimes other fingers can 
be found to trigger at the same surgical setting and can 
be managed at the same time. Close the skin and apply 
a small, dry, compression dressing. 

POSTOPERATIVE CARE. The compression dressing is 
removed after 48 hours. Sutures are removed at 10 to 14 
days. Normal use of the finger or thumb is encouraged. 



A, Surgical treatment of trigger finger. B, One 
blade of scissors has been placed beneath proximal edge of 
tendon sheath. SEE TECHNIQUE 76-6. 
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jjj A, Percutaneous release of long finger Al pulley. Metacarpophalangeal joint hyperextended and 19-gauge needle 
inserted just distal to the flexor crease. Bevel of needle oriented longitudinally with tendon. Skin markings indicate path of flexor 
tendons. B, Needle stabilized and pulley released from proximal to distal. Loss of grating sensation as pulley is eut indicates completion 
of release. SEE TECHNIQUE 76-6. 


PERCUTANEOUS RELEASE OF 
TRIGGER FINGER 


TECHNIQUE 76-7 


Figure 76-20 


■ Before attempting the percutaneous release, it is helpful 
to hâve the patient understand that the procedure might 
fail and that subséquent open release may be 
necessary. 

■ Inject local anesthetic into the palmar skin and more 
deeply proximal to the intended release site (between the 
proximal and distal palmar creases for the middle, ring, 
and small fingers and proximal to the proximal palmar 
crease for the index finger). Maintain an orientation along 
the flexor tendon sheaths in the midline of the digit being 
released. 

■ Although specialized instruments hâve been devised for 
trigger release, an 18- or 19-gauge needle may suffice. 

■ Turn the palm up, resting the hand on a folded towel to 
permit slight hyperextension of the metacarpophalangeal 
joint. 

■ Insert the needle onto the Al pulley and orient the bevel 
of the needle so that it is longitudinally aligned parallel 
to the flexor tendons. 

■ Move the needle proximally and distally along the 
Al pulley, pressing firmly proximally and distally. Feel 
for a scraping or grating sensation as the sheath is 
incised. 

■ When the grating is eliminated, remove the needle and 
check for triggering as the patient flexes and extends the 
digit. Additional needle passes might be needed. 

■ Injection of corticosteroid is optional. 

POSTOPERATIVE CARE. The needle entry site is 
covered with an adhesive bandage or light nonrestrictive 
dressing, and active hand and finger use is encouraged 
with stretching exercises. 

Normal use of the finger or thumb is encouraged. 



Perineural 

fibrosis 

Proper ulnar 
digital nerve 

Proper radial 
digital nerve 


First common 
palmar digital nerve 

Médian nerve 


FIGURE 


Bowler's thumb. Distal sensory branches of 


médian nerve in hand and location of perineural fibrosis of 


proper ulnar digital nerve of thumb are shown. 


BOWLER'S THUMB 

Bowler’s thumb is a perineural fibrosis caused by repetitious 
compression of the ulnar digital nerve of the thumb while 
grasping a bowling bail (Fig. 76-21). Bowlers with this condi¬ 
tion usually are those who bowl several times a week. Tingling 
and hyperesthesia around the pulp accompany this condition. 
A palpable lump that is exceedingly tender and at times 
accompanied by distal skin atrophy usually is présent. Early 
awareness of the cause can lead to protection of the thumb 
by a shield or splint and rest from bowling to help reduce the 
symptoms and to prevent the condition from becoming 
chronic. Occasionally, neurolysis and dorsal transfer of the 
nerve become necessary. 
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TUMORS AND TUMOROUS CONDITIONS OF 

THE HAND 
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CLASSIFICATION 
DIAGNOSIS 3774 

TREATMENT 3774 

BENIGN TUMORS 3774 

Lipoma 3774 

Infiltrating lipomas 
Lipoblastomas 
Intraneural lipofibromas 
Giant cell tumor of the tendon 
sheath (xanthoma) 

Benign tumors of fibrous origin 
Recurring digital fibrous tumor 
of childhood or infantile digital 
fibromatosis 3780 

Juvénile aponeurotic fibroma 
or calcifying aponeurotic 
fibroma 3780 

Fibroma 3781 

Desmoid tumor 3781 

Neurofibroma 3781 


Glomus tumor 

3782 

Flemangioma 

3784 

Lymphangioma 

3784 

Neurilemoma (schwannoma) 

3785 

Osteoid osteoma 

3785 

Enchondroma 

3786 

Benign osteoblastoma 

3789 

Aneurysmal bone cyst 

3789 

Giant cell tumors of bone 

3789 

Osteochondroma 

3790 

Synovial chondromatosis 

3790 

MALIGNANT TUMORS 

3791 

Ostéogénie sarcoma 

3793 

Chondrosarcoma 

3794 

Epithelioid sarcoma 

3794 

Squamous cell carcinoma 

3794 

Basal cell carcinoma 

3795 

Malignant melanoma 

3795 

Fibrosarcoma 

3796 

Metastatic tumors 

3796 


Rhabdomyosarcoma 
Ewing sarcoma 

TUMOROUS CONDITIONS 3797 

Ganglion 3797 

Epidermoid cyst (inclusion cyst) 

Sebaceous cyst 
Mucous cyst 

Congénital arteriovenous fistula 
Pyogénie granuloma 

Foreign body granuloma 3800 

Goût 3800 

Traumatic neuroma 3800 

Déjérine-Sottas disease 3800 

Calcinosis 3801 

Calcinosis circurnscripta 3801 

Turret exostosis 3803 

Carpometacarpal boss 3804 

Epidermolysis bullosa 3804 

Paget disease 3804 


Hand masses may resuit from tumors and tumorous condi¬ 
tions. Although most of these masses are benign, they should 
be considered potentially problematic and managed with 
great diligence. Because the hand has limited free space and 
exquisite sensitivity, small and histologically benign masses 
can cause pain and significantly impair function. However, 
most hand neoplasms develop insidiously without significant 
pain or tenderness (including those that are malignant) and 
thus cosmetic concerns may be the patients only presenting 
complaint. For this reason abnormal hand and finger growths 
should not be discharged as routinely benign. Malignant 
lésions that arise primarily from tissues other than the skin 
are rare, and our knowledge is derived mainly from small 
sériés and case reports. The hand may be the site of distant 
breast, lung, or kidney adenocarcinoma métastasés, most of 
which occur in the distal phalanges. 

CLASSIFICATION 

Tumors involving the hand are classified in a manner similar 
to that for tumors involving the rest of the body. Benign 
tumors are classified as latent, active, or aggressive, according 
to their local biologie activity (Table 77-1). Benign latent 
tumors are those in which tumor growth has occurred during 
childhood or adolescence and has subsequently entered an 
inactive or healing phase. Solitary and unicameral bone cysts 


are examples of benign latent tumors. A benign active tumor 
continues to enlarge and, although it is well encapsulated, 
may hâve an irregular or lumpy border. Most benign tumors 
of the hand fall into this category. A benign aggressive tumor, 
although nonmetastasizing and innocent appearing on histo¬ 
logie sections, is locally destructive and is surrounded by a 
thin, tenuous capsule that may not contain ail the tumor cells. 
A giant cell tumor of bone offen behaves in this aggressive 
manner. A wide margin offen is necessary for complété éradi¬ 
cation of benign aggressive tumors. 

Malignant tumors are classified as low grade (I), high 
grade (II), or associated with metastasis (III) (Table 77-2). 
Most malignant tumors of the hand are low-grade tumors 
and are classified further, according to the degree of local 
extension, as either intracompartmental (A) or extracom- 
partmental (B). In the hand, each ray forms a distinct com- 
partment. The individual phalanges are not considered 
separate compartments, but rather they, along with their cor¬ 
respondu^ intrinsic muscles, are included in the ray com¬ 
paraient. The ray compartment includes the flexor tendon 
and sheath of each finger as far proximally as the midpalmar 
space and the extensor tendon as far as the metacarpopha- 
langeal joint. Each metacarpal is a separate compartment. If 
a tumor involves the palmar space or the loose areolar tissue 
on the dorsum of the hand, it is considered extracompart- 
mental because proximal spread is unobstructed. Tumors 
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TABLE 77-1 


Classification of Benign Tumors 


STAGE 

TYPE 

1 

Latent 

2 

Active 

3 

Aggressive 

Modified from Enneking WE: Musculoskeletal tumor surgery, New York, 1983, 
Churchill Livingstone. 

r table 77-2 

Classification of Malignant Tumors 

STAGE 

TYPE 

IA 

Low grade, intracompartmental 

IB 

Low grade, extracompartmental 

MA 

High grade, intracompartmental 

MB 

High grade, extracompartmental 

III 

Either grade with régional or distant metastasis 


Modified from Enneking WF, Spanier SS, Goodman MA: The surgical staging of 
musculoskeletal sarcoma, Clin Orthop Relat Res 153:106,1980. 


arising in the digits remain confined to that compartment for 
long periods and then extend into the palm. 

DIAGNOSIS 

Usually a thorough history, physical examination, and plain 
radiographs are ail that are necessary to détermine adequately 
the diagnosis and appropriate treatment of benign-appearing 
tumors in the hand. If a more aggressive process is présent, 
causing considérable pain, inflammation, a large tumor, or 
bony destruction, further diagnostic and staging studies are 
warranted before biopsy or a definitive surgical procedure. 
Local imaging studies, including bone scans, angiograms, CT, 
and MRI, are more helpful in surgical planning than in 
obtaining a spécifie diagnosis. A metastatic workup is indi- 
cated in most malignant lésions, and a chest CT is necessary 
for those tumors with a propensity for metastasizing to the 
lungs. 

TREATMENT 

Generally, hand tumors are treated surgically. Biopsy is rarely 
needed in most tumors because complété excision usually is 
indicated, and the entire tumor is available for microscopie 
study. Incisional biopsy is advised if a malignant tumor is 
suspected, or if the morbidity of surgical excision outweighs 
the morbidity caused by the tumor itself, as may be true in 
some benign neural tumors. Incisions should be made directly 
over the mass to be harvested for biopsy and should be ori- 
ented so as not to jeopardize hand function or interfère with 
complété removal of the tumor. The way in which a tumor is 
removed dépends on its location, aggressiveness, potential for 
metastasizing, and, at times, sensitivity to adjuvant chemo- 
therapy and radiation therapy. The various surgical margins 
are summarized in Table 77-3. 


TABLE 77-3 


Classification of Surgical Margins 

TYPE 

PLANE OF DISSECTION 

Intracapsular 

Piecemeal, debulking, or curettage 

Marginal 

Shell out (en bloc) through 
pseudocapsule or reactive zone 

Wide 

Intracompartmental (en bloc) with euff of 
normal tissue 

Radical 

Extracompartmental (en bloc) with entire 
compartment 


Modified from Enneking WE: Musculoskeletal tumor surgery, New York, 1983, 
Churchill Livingstone. 


Benign soft-tissue tumors are treated by excisional biopsy 
(marginal excision). Benign tumors of bone often are treated 
by curettage (intracapsular) and, occasionally, bone grafting. 
Malignant tumors require a wide excision in which a 2-cm 
tumor-free euff of tissue is removed with the tumor. Malig¬ 
nant tumors involving the distal phalanx can be treated with 
a transdiaphyseal amputation through the middle phalanx. 
Malignant tumors of the middle phalanx can be treated with 
a transdiaphyseal amputation through the proximal phalanx. 
If the malignant tumor involves the proximal phalanx, a ray 
amputation usually is required. Malignant tumors of the 
metacarpals, especially if large and extracompartmental, 
often require adjacent amputations to achieve adéquate surgi¬ 
cal margins. Grade IIB lésions involving the hand may require 
amputation through the distal third of the forearm at a level 
just proximal to the musculotendinous junctions. Recon¬ 
struction after wide or radical excisions for malignant tumors 
of the hand should be delayed until tumor-free margins hâve 
been documented. 

BENIGN TUMORS 

A full list of benign tumors can be found in Table 77-4. 

LIPOMA 

Although lipomas are more common elsewhere in the body, 
they also are found in the hand and are common solid cellular 
hand tumors (Fig. 77-1). These lightly encapsulated tumors 
are composed of mature fatty tissue in which the central lipid 
droplet and peripherally located nucléus form the character- 
istic signet-ring cell. They arise from mesenchymal primor¬ 
dial fatty tissue cells. These tumors can be superficial, arising 
from the subeutaneous tissues and having the characteristic 
signs of a soft, fluctuant, bulging mass, or they can occur deep 
in the palm, arising within the Guyon canal, the carpal tunnel, 
or the deep palmar space. Usually, a painless mass is présent 
that impairs grasp. Latéral déviation of the Angers also may 
be présent when the tumor is located around the metacarpo- 
phalangeal joints. 

Médian or ulnar nerve compression from these tumors 
can cause muscular weakness or diminished sensibility. 
Lipomas project through spaces of least résistance, and those 
deep palmar space lésions tend to présent distally between 
the fingers and thumb because of the unyielding overlying 
palmar aponeurosis. Careful dissection is necessary for 











TUMOR AGE AT ONSET M:F LOCATION IMAGING TREATMENT RECURRENCE SPECIAL NOTES 

Lipoma Infiltrating lipoma Palm Radiograph: Bufalini Marginal excision Low: 60% No malignant 

occurs mostly in sign for transformation 

adults MRI: well infiltrating 

M=F marginated lipoma 
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Neurofibroma Solitary form first Deeper nerves Radiograph: normal Excision expendable nerves Rare after Common in 

decade; multiple fusiform nerve MRI: nerve fibers in excision neurofibromatosis 

form >30 yr tumor (possible malignant 

M=F degeneration 15%) 

Arise from nerve 
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CT, Computed tomography; MRI, magnetic résonance imaging; NSAID, nonsteroidal antiinflammatory drug. 
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A and B, Palmar lipoma with significant dorsal prominence of the middle finger causing interférence with grasp and 
finger adduction. C f Tumor with extensive lobulation around digital nerves and flexor tendons. D f Complété excision of lipoma with 
surgical sparing of flexor tendons and digital nerves. E f Closure of Bruner incision that allowed complété tumor excision. 


removal because the tumor often envelops digital nerves and 
is much larger than is clinically apparent. Récurrence after 
marginal excision is unlikely. 

■ INFILTRATING LIPOMAS 

Infiltrating lipomas are rare tumors that usually occur in 
adults. Two types, intermuscular and intramuscular, hâve 
been reported. Intermuscular lipomas grow between large 
muscles and arise from septa; intramuscular lipomas arise 
between muscle fibers. Despite tissue infiltration, no malig- 
nant transformation has been reported; however, these 
uncommon, nonencapsulated, benign tumors hâve a récur¬ 
rence rate of 60%. 

■ LIPOBLASTOMAS 

Lipoblastomas are rare, benign tumors composed of imma¬ 
ture, spindle-shaped cells that occur in children younger than 
7 years old with 90% occurring before âge 3 years. They 


usually grow rapidly and are painless. Two forms of this 
tumor exist; one is a diffuse infiltrative form, which is deeply 
seated and poorly circumscribed, and the other is more 
superficial and well circumscribed. Absence of cellular atypia 
and mitosis is necessary to differentiate them from the excep- 
tionally rare congénital liposarcomas. A cytogénie analysis 
may help to identify the lipoblastomas that hâve a character- 
istic chromosome abnormality found on the long arm of 
chromosome 8 (8qll-8ql3). Surgical excision after MRI to 
assess the extension of the mass usually is necessary. A récur¬ 
rence rate up to 22% after excision has been reported. 

■ INTRANEURAL LIPOFIBROMAS 

Intraneural lipofibromas or lipofibromatous hamartomas 
(LFH) are rare benign tumors that usually involve the médian 
nerve; one third of individuals also hâve macrodactyly. Males 
and females are equally afflicted, and nearly three fourths of 
LFH patients présent within the first 3 décades of life with a 
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Médian nerve lipofibroma. A, A 42-year-old woman with carpal tunnel syndrome récurrence 18 years postoperatively 
and incidental finding of médian nerve enlargement. B, Segmentai médian nerve lipofibromatous enlargement. Note sparing of the 
palmar cutaneous branch. C, Epineurotomy demonstrating fascicular enlargement and expansion of connective tissue. 


mass located in the palmar aspect of the hand or wrist, 
possibly with altered médian nerve function (Fig. 77-2). 
Microscopically, fibroadipose tissue is seen infiltrating the 
epineurium, separating and compressing the fascicles. A con¬ 
servative approach should be taken in treating these tumors. 
Histologie examination is definitive for LFH tumors; however, 
biopsy rarely is necessary because Tl- and T2-weighted MRI 
showing characteristic low-intensity serpentine nerve bundles 
embedded within abundant hyperintense adipose material, 
with fine fibrous tissue septa coursing along the médian 
nerve, is pathognomie (Fig. 77-3B and C). If extrinsic neural 
compression exists, surgical décompression should be per- 
formed by fasciotomy or carpal tunnel release (Fig. 77-3D 
and E). Intraneural excision may debulk the tumor, but this 
procedure is not recommended because intraneural fibrosis 
can increase the neural déficit. Malignant transformation has 
not been reported; however, intractable pain and expanding 
tumor size or increased firmness may warrant tumor biopsy 
and excision. If a digital nerve is involved, en bloc excision 
with nerve grafting may be successful, although sensation 
would be altered (Fig. 77-4). 

GIANT CELL TUMOR OF THE TENDON 
SHEATH (XANTHOMA) 

Giant cell tumors of tendon sheaths were first described by 
Targett in 1897, and some consider these to be the most 


common solid cellular hand tumors (Fig. 77-5). The reported 
âge distribution is 8 to 80 years, although most présent in 
middle-aged patients. These tumors may occur anywhere in 
the hand but more commonly présent as firm lobulated 
masses on the latéral side of the hand (index and middle 
fingers more so than the thumb). 

Giant cell tumors usually grow slowly and can remain the 
same size for many years. Pain and tenderness are rare. If 
these tumors occur at a joint (often the proximal interpha- 
langeal joint), they can enlarge enough to interfère with joint 
motion. They may rarely erode bone. Grossly, the tumors 
appear as well-encapsulated yellow or tan lobular masses. 
Histologie sections reveal spindle cells, fibrous tissue, 
cholesterol-laden histiocytes, multinucleated giant cells 
similar to osteoclasts, and hemosiderin. 

The lésions are benign, but récurrence is noted in up to 
40% of patients (10% to 20% more commonly reported) even 
after meticulous excision of the friable fragments. Risk factors 
for récurrence or persistence include adjacent degenerative 
joint disease, location at the finger distal interphalangeal and 
thumb interphalangeal joint, bony invasion, multifocal 
disease, tendon involvement, and poor surgical technique. 
Excision often is difficult because the tumors may wind in 
and around the flexor tendons and their sheaths, the digital 
nerves, and even the extensor tendons and may involve three 
fourths of the circumference of involved digits; however, this 
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Lipofibroma hamartoma. A, A 21-year-old man with progressive neurologie symptoms with palmar and thumb hyper- 
trophy since 5 years of âge. B and C, MRI with classic findings of a médian nerve lipofibromatous hamartoma. D and E, Médian nerve 
before and after division of transverse carpal ligament. 


benign lésion is considered surgically curable. Extensile sur- 
gical approaches are frequently required, and gentle blunt 
dissection should be performed to minimize fragmentation 
of the encapsulated tumor mass. Magnified vision is helpful 
to discover discolored synovial tumor, which should be 
removed during the marginal tumor resection. 

BENIGN TUMORS OF FIBROUS ORIGIN 

Fibrous tissue frequently proliférâtes in the hand as a response 
to local injury and is considered simple scar tissue; for this 
reason, the diagnosis of fibrous tumor must be made based 
on the appearance of the tumor, the âge of the patient, the 
clinical behavior of the tumor, and its histologie appearance. 
Ail tumors of fibrous origin may involve the hand; and 
although most are benign, they frequently are active or 
aggressive lésions with a tendency to recur after local exci¬ 
sion. The differential diagnosis in benign fibrous tumors 
includes simple fibroma, recurring digital fibrous tumor of 
childhood, juvénile aponeurotic fibroma, Dupuytren con¬ 
tractures or nodules, fibromatosis or desmoid tumors, and 
pseudosarcomatous fasciitis. Fibromatosis or extraabdominal 
desmoid and pseudosarcomatous fasciitis are especially 
aggressive tumors that usually involve the more proximal 
portions of extremities. 

■ RECURRING DIGITAL FIBROUS 

TUMOR OF CHILDHOOD OR INFANTILE 
DIGITAL FIBROMATOSIS 

In 1965, Reye described a benign fibrous tumor that develops 
in the fingers and toes of infants and young children. The 
distinguishing feature of this tumor is the presence 


of intracytoplasmic inclusion bodies within proliferating 
fibroblasts. These inclusion bodies are invisible with routine 
hematoxylin and eosin staining. A viral causative factor has 
been suggested, although this is uncertain. These tumors tend 
to be multicentric, occurring on several digits. The dermis 
appears to be the site of involvement with sparing of the 
overlying epidermis. No malignant potential is présent, and 
spontaneous régression has been reported. A marginal exci¬ 
sion is recommended when function seems compromised or 
appearance is bothersome, especially if tendons, joints, or 
nails are involved. Local récurrence after marginal excision is 
common, occurring in 60% of patients. 

■ JUVENILE APONEUROTIC FIBROMA OR 
CALCIFYING APONEUROTIC FIBROMA 

First described by Keasbey in 1953, juvénile aponeurotic 
fibroma is a benign fibrous tumor typically appearing in the 
hands or wrists of children and young adults. It also has been 
called calcifying aponeurotic fibroma because in older patients 
calcification of the cartilaginous component may be présent, 
a feature that distinguishes it from other benign tumors of 
fibrous origin. Clinically, it is a painless, solitary, and mobile 
mass less than 4 cm in diameter, usually involving the palm 
(Fig. 77-6). The tumor usually is on the volar side of the hand 
and is connected to peritendinous tissues and fascia. It has 
no gender prédilection and no tendency to involve the ulnar 
side of the hand, as do Dupuytren nodules. Juvénile aponeu¬ 
rotic fibromas tend to develop close to tendons and are able 
to infiltrate surrounding muscle and fat. On radiographs, cal¬ 
cifications can be seen within the soff-tissue mass. Because 
juvénile aponeurotic fibroma has a distinct tendency for local 
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FIGURE 


A f Récurrent intraneural lipofibroma of ulnar digital nerve to small finger. B f Surgical exposure showing 4-cm segment 


of involved ulnar digital nerve with normal-appearing proximal and distal segments. C f En bloc excision of digital nerve and tumor 


with nerve graft placed in proximity. D f Nerve graft sutured in place. 


récurrence after marginal excision, especially in younger chil- 
dren (50%), a wide excision, preferably without sacrifice of 
function, is recommended. 

■ FIBROMA 

Fibromas are rare in the hand and can be deep, arising from 
a joint capsule, or superficial. They tend to occur early in life, 
grow for a limited time, and then subside. There are no cal¬ 
cifications, as are seen in juvénile aponeurotic fibroma, unless 
they hâve been présent for a long time. Clinically, these 
tumors are distinguishable from Dupuytren nodules because 
they occur earlier in life, tend not to multiply, hâve no prédi¬ 
lection for the ulnar side of the hand, and are not associated 
with contractures. These tumors are well encapsulated and 
are easily dissected free from surrounding tissue by blunt 
dissection. They are firm, white, and composed of dense 
mature fibroblasts and fibrous tissue. Marginal extracapsular 
excision usually is curative. 

DESMOID TUMOR 

Extraabdominal desmoid tumors are benign, rare, aggressive, 
and infiltrative lésions that make surgical excision difhcult 


and récurrence common. There is no sex prédilection, and 
the tumors more commonly affect the forearm than the hand 
(Fig. 77-7). Tumor excision is the mainstay of treatment; 
however, disease-free margins may be difhcult to obtain. 
Nonetheless, récurrence rates in the forearm and hand are 
60% and 33%, respectively. Disease récurrence is more 
common in younger patients. Adjunctive radiation treatment 
does not appear to decrease the récurrence rate but does 
increase the 5-year disease-free interval. Hence, radiation 
therapy may be reasonable for patients with incomplète exci¬ 
sion or in whom tumor resection resulted in substantial 
morbidity. 

■ NEUROFIBROMA 

Neurohbromas rarely exist as solitary lésions, and most that 
occur as multiple lésions are associated with neurohbroma- 
tosis or von Recklinghausen disease. The solitary form usually 
occurs in the hrst decade of life, and the multiple form fre- 
quently manifests after 30 years of âge. These lésions in the 
hand involve the more distal digital nerve s (Fig. 77-8), where 
enlargement may produce grotesque hnger angulation and 
gigantism. They usually are centrally located, nontender, 
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Giant cell tumor. A and B, A 77-year-old woman with a 6-month history of enlarging nonpainful mass in right middle 
finger. C, Surgical dissection showing well-encapsulated giant cell tumor with typical yellowish brown color. D, Marginal tumor resec¬ 
tion. E, Finger appearance after flexor sheath and distal interphalangeal joint inspection for additional tumor. 


more nodular, and nonencapsulated and may involve the 
skin, making them less mobile than schwannomas. The lésion 
is not resectable without sacrificing nerve éléments because 
the nerve fibers intersperse in the tumor mass. Often these 
involve cutaneous nerves where proximal and distal to the 
lésion the nerve caliber appears normal. The solitary and 
multiple forms are histologically indistinguishable; both hâve 
a plexiform mass of irregular, thickened nerve fibers sepa- 
rated by increased endoneural matrix. Malignant transforma¬ 
tion in neurofibromatosis has been reported to occur in 15% 
of patients, and complété excision is necessary for lésions that 
enlarge and become painful. 


GLOMUS TUMOR 

A glomus body is a specialized neuromyoarterial receptor 
composed of an afferent arteriole, an anastomotic Sucquet- 
Hoyer canal, an afferent venule, actin-containing glomus cells 
surrounding the canals, intraglomerular retinaculum, and 
capsule. It functions as a dermal shunt that normally régulâtes 
skin température and blood pressure. Hyperplasia of one or 
more parts of the glomus body causes this tumor. Glomus 
cells are specialized perivascular muscle cells that are round 
or oval and hâve a dense, granular cytoplasm. Nonmyelinated 
nerve fibers that are intermixed with thick-walled capillaries 
are responsible for the lancinating pain. 
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A f and B f Fibroma resulting in graduai pulp enlargement and sensory nerve compromise. C and D f Midline palmar 
oblique approach and exposure of well-encapsulated tumor in situ. E and F, Marginal excision of tumor and distal interphalangeal joint 
inspection for additional deposits. 


Pain, cold sensitivity, and point tenderness are the char- 
acteristic symptoms of a glomus tumor, which was originally 
described by Wood in 1812 and histologically clarified by 
Masson in 1924. Direct pressure on the tumor by a small, firm 
object causes excruciating pain (Love test), whereas pressure 
applied slightly to one side of it elicits no pain. Immersing the 
involved hand or digit in ice water also causes discomfort. 

Glomus tumors usually are less than 1 cm in diameter, 
offen being only a few millimeters in diameter, and may be 


visible through the overlying tissues as a deep red or purple 
discoloration. They occur more often in the hand (75%) than 
elsewhere and are located beneath the fingernail in 25% to 
65% of patients (Fig. 77-9). Twenty-five percent are not sub- 
ungual, however, and these may pose a difficult diagnostic 
problem. MRI and bone scans may prove helpful in diagnos- 
ing these tumors. Most of these tumors are benign; however, 
if the lésion exceeds 2.0 cm and histologie parameters suggest 
malignancy, then metastatic rates exceed 25%. 
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These tumors can be removed with the patient under 
local anesthésia and should be accurately localized by marking 
the lésion just before surgery. Meticulous and complété exci¬ 
sion of the usually well-encapsulated lésions is curative, 
although reoperation rates of 12% to 24% hâve been reported. 
Unrecognized synchronous satellite lésions may explain 
tumors developing in new sites; however, récurrence has been 



Desmoid tumor of finger. (From Maher J, Smith 
D, Parker WL: Desmoid tumor of the hand: a case report, Ann Plast 
Surg 73:390, 2014.) 


associated with tumor beneath the nail bed and those poorly 
differentiated from the tumor bed. 

HEMANGIOMA 

The following remarks are limited to the cavernous heman- 
gioma and do not include the capillary superficial infantile 
hemangioma, which tends to involute by âge 7 years. A cav¬ 
ernous hemangioma can be slightly-to-moderately tender 
and may enlarge a digit with distended venous sinuses. It 
produces a bluish color when it occurs close to the surface, 
and it forms a soft, collapsible mass. Calcifications often are 
visible on radiographs. Custom-fitted compression garments 
can be a useful conservative treatment. Radiation therapy is 
discouraged. Surgery is the treatment of choice for cavernous 
hemangiomas if symptoms justify it. The tumor can be so 
extensive that a staged procedure is required for its removal. 
Sometimes vessel ligation can assist a second-stage lésion 
excision. A rare coagulopathy, Kasabach-Merritt syndrome, 
can occur with lésions larger than 5 cm as a resuit of second- 
ary platelet séquestration. Early treatment is indicated with 
this syndrome. With careful tourniquet control, blood par- 
tially fills the sinuses and outlines the extent of the tumor at 
the time of surgical excision. Complété excision usually is 
curative if the tumor is fairly well localized (Fig. 77-10); 
however, in diffuse lésions, persistence rather than récurrence 
is common. If complété excision is impossible, tumor debulk- 
ing should be the emphasis of the procedure. 

LYMPHANGIOMA 

Lymphangiomas are benign soft-tissue tumors that consist of 
an abnormal prolifération of lymph vessels and lymphoid 
tissue. They rarely occur in the hand. Their tendency to occur 
during childhood and to recur affer excision and the pain 
associated with the condition make them especially trouble- 
some for the patient, the patients parents, and the surgeon. 



FIGURE 


Neurofibroma. A f Café au lait spot. B f Multiple palmar neurofibromas. 
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A f Subungual glomus tumor with bluish discoloration. B f Nail removed and nail bed incised to expose underlying 
glomus tumor. C f Glomus tumor excised with préservation of nail bed. D f Nail bed sutured. 


They hâve no malignant potential, and overly aggressive 
surgery should be avoided because hypertrophie scarring 
may follow. Parents and surgeons should hâve realistic expec¬ 
tations and goals. Excisional biopsy is recommended for diag¬ 
nostic confirmation and tumor debulking. 

NEURILEMOMA (SCHWANNOMA) 

Neurilemomas arise from Schwann cells or sheath cells (Fig. 
77-11) and rarely are found in the hand despite being the 
most common solitary tumor of the peripheral nerves. Pro¬ 
lifération of the Schwann cells begins around one nerve fas- 
cicle and results in an eccentric or centrally located tumor. 
Two types of Schwann cells are présent: hypercellular (Antoni 
A) cells, which are arranged in palisades, composed of plump 
and fusiform nuclei known as Verocay bodies, and hypocel- 
lular (Antoni B) cells, which are nonuniform cells dispersed 
in a myxomatous matrix. These tumors are not extremely 
tender and are more mobile at right angles to the course of 
the nerve than in line with the nerve. Neurilemomas fre- 
quently are misdiagnosed as ganglions and rarely are multifo¬ 
cal. With careful microsurgical technique, these tumors 
usually can be dissected from the surrounding nerve. Malig¬ 
nant degeneration is rare, and excision is curative. An 


alternative diagnosis or malignancy should be considered if 
the mass cannot be dissected free from the nerve trunk or is 
adhèrent to adjacent tissue. In such situations, incisional 
biopsy is indicated. 

OSTEOID OSTEOMA 

Osteoid osteomas are characterized by pain that gradually 
increases from mild to severe and usually is worse at night. 
Although dramatic pain relief can be obtained with aspirin, 
a small proportion of patients get no or only partial relief with 
nonsteroidal antiinflammatory médications. In one study, 
more than half of upper extremity osteoid osteomas occurred 
in the wrist and hand; the lésion occurred twice as offen in 
men as in women, and the average âge at diagnosis was 19 
years (range 4 to 40 years). Some osteoid osteomas of the 
phalanges are painless, presumably because of the lack of 
nerve fibers trapped within the tumor. Generalized swelling 
of the involved part and tenderness to pressure are frequent 
findings. The carpus, especially the scaphoid, may be the site 
of involvement. The radiographie appearance dépends on the 
area of bone involved. A small oval or round sclerotic nidus 
(Fig. 77-12) is surrounded first by an area of less dense bone, 
similar to a halo, and then by an area of sclerotic bone. Lésions 
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JïJ Hemangioma. A, Intraosseous hemangioma of a ring finger proximal phalanx in a 14-year-old boy before and (B) 
after successful curettage and allograft bone grafting. C and D, MRI of palmar hemangioma in 59-year-old man before marginal 
resection. 


in cortical bone or near the cortex may exhibit extreme scle- 
rosis, requiring spécial imaging studies to reveal the nidus. A 
bone scan can be helpful in making the diagnosis. Treatment 
consists of creating a cortical window for complété removal 
of the nidus; récurrence may be expected if excision is 
incomplète. 

ENCHONDROMA 

Enchondromas are the most common and destructive 
primary bone tumors of the hand (Fig. 77-13). The most 
common location is the proximal metaphysis of the proximal 
phalanx, where the enchondroma is eccentric and expansile 
(Fig. 77-14). Occasionally, some enlargement of the finger is 
seen if the loculated medullary tumor has expanded the bony 
cortex. Pathologie fracture is a common complication because 
only minimal trauma is needed to fracture the thin shell of 
bone. The fracture usually is allowed to heal before the tumor 
is excised. For tumor excision, a window is typically made 
where the cortical bone is expanded maximally and is the 


weakest, and the soft, blue, friable cartilaginous material is 
curetted thoroughly. Although the lésion may treated suc- 
cessfully by curettage alone, we prefer to fill the cavity with 
bone graff and verify the filling by intraoperative imaging. 
Curettage and cementation supplemented with Kirschner 
wires, calcium phosphate defect packing, high-speed burring, 
and curettage with alcohol irrigation also hâve been described. 
Amputation may be necessary if ail useful finger function has 
been lost. Malignant degeneration of an isolated enchon¬ 
droma is rare; however, when these tumors are found in mul- 
tiplicity, as in Ollier disease (Fig. 77-15) and Maftucci 
syndrome, the incidence of sarcomatous degeneration 
increases. Only multiple enchondromas are associated with 
Ollier disease, and symmetric hemangiomas visible on 
the hand and legs are associated with Maftucci syndrome. The 
diagnosis usually can be made from radiographs and the 
physical examination, but other destructive lésions, such as 
inclusion cysts, giant cell tumors, and aneurysmal bone cysts, 
should be considered. 
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Schwannoma. A and B, MRI of elbow demonstrating a 1.3-cm painful mass in 60-year-old woman. C, Schwannoma 
of the latéral antebrachial nerve. D, Tumor freed from nerve trunk. 



FIGURE 


U Osteoid osteoma of middle finger proximal phalanx. 







FIGURE 


A f Enchondroma of proximal phalanx. B f After curettage and bone grafting. 


Digit = 21 



Location of enchondromas. (From Sassoon AA, Fitz-Gibbon PD, Harmsen WS, Moran SL: Enchondromas of the hand: factors 
affecting récurrence, healing, motion, and malignant transformation, J Hand Surg 37A:1229, 2012.) 
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BENIGN OSTEOBLASTOMA 

Benign osteoblastomas are rare, but when they do arise, they 
commonly occur in the small bones of the hands and feet. 
They are similar in appearance clinically and histologically 
to osteoid osteomas. In general, osteoblastomas tend to be 
larger than osteoid osteomas, cause less pain, and are more 
expansile radiographically (Fig. 77-16). These tumors hâve a 



Multiple enchondromatosis in metacarpals and 
phalanges of 6-year-old girl. 


ground-glass appearance, producing gross metacarpal defor- 
mities, although the cortical shells remain intact. Histologi¬ 
cally, areas of mature bone, osteoid, and plump osteoblasts 
are seen. Treatment is with curettage and bone grafting. 
Locally aggressive or récurrent lésions may require excision 
and interpositional bone grafting. 

ANEURYSMAL BONE CYST 

Aneurysmal bone cysts typically begin as eccentric balloon- 
ing lésions (metaphyseal, not epiphyseal) that enlarge to 
become centrally located, causing pain and limitation of 
motion (Fig. 77-17). Radiographically, they are almost indis- 
tinguishable from giant cell tumors or enchondromas. Tre- 
mendous cortical expansion and loss of mechanical stability 
make en bloc resection and autogenous bone grafting the 
treatment of choice for tubular bone involvement. 

GIANT CELL TUMORS OF BONE 

Giant cell tumors of bone are uncommon in the hand and 
hâve been reported more commonly in the distal radius than 
the carpal bones (hamate being most common) or phalanges. 
Despite being benign, these tumors are aggressive and 
respond poorly to marginal excision and hâve a tendency to 
metastasize. Multicentric tumors hâve been reported, sug- 
gesting that a full bone survey is indicated to discover remote 
sites of tumor when a giant cell tumor is suspected. This 
tumor should not be confused with an enchondroma, and a 
biopsy is indicated to confirm the diagnosis. The Campanacci 
classification System may help in guiding treatment. Grade I 
lésions are well marginated, and cortical margins are thinned 
but not deformed and become grade II lésions when the 
cortex is expanded. Grade III lésions resuit when there is 
soff-tissue invasion and cortical containment has been lost. 

Generally, curettage and bone grafting are insufficient 
treatment for this tumor. Giant cell tumors of the hand are 



A f Expanding intraosseous tumor of fifth metacarpal with ground-glass appearance. Cortical shell is intact and has 
caused deformity of fourth metacarpal from pressure. B, Partial-thickness fibular graft has been interposed after excision of osteoblas- 
toma. Epiphyseal plate and subchondral cortex of proximal metacarpal hâve been preserved. C f Graft has remodeled 15 months after 
operation. Evidence of tumor is absent, and growth plate and carpometacarpal joint hâve been maintained. (From Mosher JF, Peckham 
AC: Osteoblastoma of the metacarpal: a case report, J Hand Surg 3A:358, 1978.) 
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Aneurysmal bone cyst. A and B, Anteroposterior and latéral hand radiographs in 19-year-old woman with right hand 
mass. C, Surgical exposure of mass. D, Cavity after wide unroofing. E, Anteroposterior radiograph showing allograft strut reconstruction 
and incorporation 5 months after surgery. (From Crowe MM, Houdek MT, Moran SL, Kakar S: Aneurysmal bone cysts of the hand, wrist, and 
forearm, J Hand Surg Am 40:2052, 2015.) 


just as aggressive as those found elsewhere. If the cortex is 
not eroded, resection of the bone and reconstructive surgery 
are indicated. Cortical invasion and destruction and récur¬ 
rence may require en bloc excision and allograft reconstruc¬ 
tion or ablation of the part (Fig. 77-18). Radiation therapy for 
giant cell tumors of bone has proved ineffective and has 
resulted in radiation sarcoma in 20% of patients. Cryosurgery 
may be useful as adjunctive treatment when simple curettage 
and bone grafting are performed. 

OSTEOCHONDROMA 

Osteochondromas are rare in the hand but are seen occasion- 
ally on a phalanx (Fig. 77-19). They are most common in the 
metaphyseal area and can continue to grow until skeletal 
maturity. Excisional biopsy may be indicated because of pain, 
deformity, or mechanical symptoms. 

SYNOVIAL CHONDROMATOSIS 

Synovial chondromatosis is an unusual monarticular mechan¬ 
ical condition, usually of a large joint such as the knee, hip, 
elbow, or shoulder, caused by osteocartilaginous loose bodies 
that vary in size from microscopie to 2 cm in diameter. It 
most often affects middle-aged men and has been found in 
the proximal interphalangeal joint and wrist. Cartilaginous 
metaplasia from joint, tendon, or bursal synovial lining dif- 
ferentiates this entity from loose bodies arising from degen- 
erative arthritis, osteochondritis dissecans, and osteochondral 
fractures. The plain films usually are characteristic, portray- 
ing multiple loose bodies of various sizes. Noncalcified 



Giant cell tumor within base of proximal 
phalanx. (From Spiro AS, Pogoda P, Amling M, et al: Giant cell tumour 
of bone: reconstruction of the index metacarpophalangeal joint with an 
osteochondral graft from the latéral fémoral condyle, J Plast Reconstr 
Aesthet Surg 66:729, 2013.) 
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A f Latéral view of osteochondroma of long duration in 70-year-old man. B f Gross pathology of dense, white, well- 
encapsulated mass. 



Synovial chondromatosis. A, Anteroposterior and latéral radiographs of a 32-year-old man with insidious swelling of 
left middle finger. B, Multiple loose bodies removed from proximal interphalangeal joint and flexor sheath. 


cartilaginous bodies may be detected by arthrography or MRI 
with contrast enhancement. Treatment involves removal of 
the loose bodies and perhaps synovectomy (Fig. 77-20). 

MALIGNANT TUMORS 

Malignant hand tumors (Table 77-5) are rare, and of the 
primary bone malignancies of the hand, chondrosarcoma is 
the most common. The most common soft-tissue sarcomas 
are malignant fibrous histiocytoma (Fig. 77-21), liposarcoma, 
leiomyosarcoma, synovial sarcoma, fibrosarcoma, rhabdo- 
myosarcoma, epithelioid sarcoma, and malignant nerve 


sheath tumors. Epithelioid sarcoma in some sériés is reported 
just as frequently as fibrosarcoma and rhabdomyosarcoma. 

Proper surgical treatment of malignant hand tumors 
requires the removal of some normal hand tissue and occa- 
sionally a below-elbow amputation. The success of surgery 
dépends on whether residual tumor is left behind. Although 
some authors hâve stated that malignant bone tumors of the 
hand almost never metastasize, this can occur, especially after 
local récurrence. However, local récurrence of the tumor has 
not been shown to affect survival. Larger tumor size (>5 cm) 
and advanced tumor stage hâve been found to hâve a négative 
impact on survival. Although one study reported a 70% 
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CHAPTER 77 TUMORS AND TUMOROUS CONDITIONS OF THE HAND ^ 



Malignant fibrous histiocytoma. A f Radiographie appearance of malignant fibrous histiocytoma of middle metacarpal 
base. B, Wide surgical excision with ray amputation. 



(A) Ostéogénie sarcoma of proximal phalanx. Note irregular mass of new bone with sunburst appearance. (B) Tl- and 
T2-weighted MRI reveals extent inside and outside the cortex. (From Hanoki K, Miyauchi Y, Yajima H: Primary ostéogénie sarcoma of a finger 
proximal phalanx: a case report and literature review, J Hand Surg Am 26:1151, 2001.) 


survival rate at 5-year follow-up in patients with high-grade 
soft-tissue sarcomas of the extremity treated with limb- 
sparing surgery and brachytherapy, others found that ampu¬ 
tation was better than other forms of treatment. 

OSTEOGENIC SARCOMA 

Ostéogénie sarcoma rarely has been reported to occur in the 
hand (Fig. 77-22). Irradiation from overexposure to x-rays 


or ingestion of radium salts has been cited as causative 
in some patients. The average âge at présentation is 
49 years. Careful wide excision of the tumor offers a good 
prognosis. The periosteal variant of ostéogénie sarcoma can 
be treated by digital amputation, whereas ray and below- 
elbow amputation may be more appropriate for the other 
forms. The rarity of osteosarcoma in the hand makes treat¬ 
ment decisions based on data limited. The prognosis seems 
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Chondrosarcoma in preexisting enchondroma. Posteroanterior, latéral, and oblique views of right finger show greatly 
expanded proximal phalanx in which fluffy radiopacity is clearly visible. (From Wu KK, Frost HM, Guise EE: A chondrosarcoma of the hand 
arising from an asymptomatic benign solitary enchondroma of 40 years' duration, J Hand Surg 8A:317, 1983.) 


to be better, however, than for the same lésions located 
elsewhere. 

CHONDROSARCOMA 

Chondrosarcomas are the most common primary malignant 
bone tumors of the hand. Radiographically, chondrosarcoma 
may mimic osteoarthritis. Some chondrosarcomas hâve 
been reported in preexisting enchondromas (Fig. 77-23), but 
this is rare. 

Chondrosarcomas of the bones of the hands and feet are 
rare and can be difficult to differentiate from enchondromas. 
Pain is a presenting symptom, whereas it occurs rarely in 
other chondromas. A fracture may occur as the bone is weak- 
ened. A chondrosarcoma should be suspected if a lésion is 
painful or if it recurs affer routine curettage of an enchon¬ 
droma. When chondrosarcoma has been diagnosed, anything 
short of total or en bloc resection, such as ray resection, 
usually is unsuccessful. If radical surgery is the primary pro¬ 
cedure, however, récurrence of the tumor is unlikely and the 
prognosis is good. 

EPITHELIOID SARCOMA 

Epithelioid sarcomas commonly are misdiagnosed initially 
because of their benign course. They usually présent as unre- 
markable, subcutaneous, firm masses in young adults. They 
hâve a prédilection to grow along fascial or tendinous struc¬ 
tures, forming multiple nodules, and may appear to be a 
simple inflammatory process. At times, the overlying skin 
ulcérâtes with necrosis of the underlying lésion. The histo¬ 
logie appearance of these tumors also can be confusing, but 
there is a basic granulomatous pattern with central necrosis 
and surrounding inflammatory cells. Under high magnifica- 
tion, tumor cells take on the appearance of épithélial cells. 
Metastasis to régional lymph no des is common, and 


metastasis to the lungs usually follows multiple récurrences. 
Local récurrence has been noted in 85% of patients usually 
within 6 months affer excision. An inadéquate excision 
invariably is followed by récurrence. A primary wide excision 
or an amputation of a digit or entire ray is indicated (Fig. 
77-24). Even affer a wide excision, the tumor may be présent 
within the margins of the specimen, requiring further exci¬ 
sion. A below-elbow amputation may be necessary affer any 
récurrence in the hand proximal to the metacarpophalangeal 
joints. Régional node dissection in combination with the 
primary excision is recommended. The rôle of adjuvant che- 
motherapy currently is unclear. 

SQUAMOUS CELL CARCINOMA 

Squamous cell carcinomas usually occur in individuals in 
their 50s and are four times more common in men than in 
women. They account for 58% to 90% of ail hand malignan- 
cies and exceed malignant melanomas as the most common 
malignancy of the nail bed. Squamous cell carcinomas hâve 
a prédilection for the sun-exposed areas of skin and are 
uncommon on the palm. They vary in appearance from small, 
desquamating, and erythematous lésions to large, fungating, 
and ulcerative lésions. Histologie types include conventional 
(differentiated), spindle cell, acantholytic, and verrucous 
forms. They grow slowly, rarely metastasize, and usually are 
superficial and low grade. Récurrence rates vary from 7% to 
22%. Recurrence-free survival was 67% and 50% at 5 and 10 
years, respectively, according to Askari et al. in a 20-year 
review of 86 patients with squamous cell carcinomas. Rate of 
metastasis was 4%. Survival, free of squamous cell carcinoma 
in the same upper extremity, was 72% and 54% at 5 and 10 
years, respectively. Younger âge, history of transplantation, 
multiple tumors, and use of flap or skin graff for closure 
were associated with an increased risk of another squamous 
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A and B, A 17-year-old boy with a rapidly progressing 
C, After hand amputation. 


epithelioid sarcoma after middle finger ray amputation. 


cell carcinoma developing in the same extremity. Poor risk 
factors include size greater than 2 cm, poor différentiation, 
immunosuppression, increased depth of invasion, perineural 
involvement, and récurrence, which is the only factor that 
dépends on surgery. Tumor-free margins should be at least 
0.5 cm for small lésions and 3 cm for récurrent or fixed 
lésions; however, no benefit was noted with wide, Mohs, or 
shave resection in terms of overall survival, recurrence-free 
survival, or squamous cell occurrence in the ipsilateral upper 
extremity (Fig. 77-25). Skin graffing commonly is used after 
excision of larger tumors, and amputation may be required 
for fixed or récurrent lésions, especially when there is péné¬ 
tration into deeper structures. Lymph node dissection usually 
is reserved for patients with fixed or récurrent tumors or for 
patients presenting with lymph node enlargement. 

BASAL CELL CARCINOMA 

A raised, pearly-bordered lésion should make basal cell car¬ 
cinoma a likely diagnosis in a middle-aged, fair-skinned man. 
Basal cell carcinomas are far less common than the more 
aggressive squamous cell carcinomas. The tumor cells are 
located at the raised areas of the nodular tumors, which 
makes the excision boundaries fairly clear. These relatively 
benign tumors can be excised with a 0.5-cm free margin. 
Récurrence rates of 1% hâve been reported. 


MALIGNANT MELANOMA 

Melanomas are reported to occur in 1 in 70 white men, and 
the incidence continues to increase 6% per year, faster than 
any other cancer (Fig. 77-26). The death rate is increasing 2% 
per year. Exposure to ultraviolet radiation has been proposed 
to be the primary risk factor. Survival, which is related to 
tumor thickness, ranges from 97% for lésions 0.75 mm thick 
or less to 50% for lésions 3 mm thick or more. Melanomas 
generally are asymmetric and hâve irregular borders, uneven 
colors, and diameters larger than 6 mm. Awareness of these 
distinguishing characteristics is essential for early détection. 
An oncologist and a cancer surgeon should manage lésions 
that are thicker than 1 mm because chemotherapy and immu- 
notherapy regimens are still evolving, and lymph node biopsy 
and dissection may be intégral to the management, especially 
when the mitosis rate is greater than 1mm 2 . According to 
Yang et al., malignant melanoma of the finger is usually diag- 
nosed at a late stage. Nearly 60% of their 22 patients had 
métastasés at the time of présentation. Hence, a compréhen¬ 
sive approach is not limited to surgical intervention. Cytokine - 
induced killer (CIK) cell therapy uses tumor-specific T 
lymphocytes capable of effectively attacking tumors. At 
présent, CIK cell therapy achieves 60% to 90% cytotoxic 
activity in the treatment of kidney cancer, malignant mela¬ 
noma, leukemia, and malignant lymphoma. 
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A f Squamous cell carcinoma of nail bed. B f Wide excision with portion of underlying distal phalanx to allow margin 
and closure. C f Closure after wide excision. 



Malignant melanoma of the thumb. (From Yang 
Z, Xie L, Huant Y, et al: Clinical features of malignant melanoma of the 
finger and therapeutic efficacies of different treatments, Oncol Let 
2 : 811 , 2011 .) 


FIBROSARCOMA 

Fibrosarcomas are of mésothélial origin. The enlargement of 
a mass on the hand or pressure on peripheral nerves may 
cause the patient to seek help; however, painless masses are 
more common. Fibrosarcomas can occur years after radiation 
exposure and in scars from burn injuries. Congénital and 
infantile fibrosarcomas that occur in the extremity also are 
rare. Wide excision or amputation is indicated. 

METASTATIC TUMORS 

Metastatic tumors occurring in the hand hâve been reported 
as arising most frequently from bronchogenic carcinomas, 
but they also hâve been reported as arising from carcinoma 
of the kidney, prostate gland, breast, utérus, and colon. They 
are rare, representing about 0.1% of ail metastatic lésions, and 
occur in the distal phalanges most commonly, especially the 
thumb. They can be confused with infection because usually 
there is tenderness, swelling, and redness. Radiographs may 
show osteolytic lésions that usually are destroying the adja¬ 
cent cortical bone; however, prostate and breast tumors may 
produce osteoblastic lésions. Hand metastatic lésions are 
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accompanied 66% of the time by metastatic lésions elsewhere. 
Whole body bone scans are commonly employed in the 
workup, and local hand imaging should be performed. Other 
than infection, the differential diagnosis includes goût, giant 
cell tumor of bone, enchondroma, epidermoid cyst, and 
aneurysmal bone cyst. A tissue diagnosis is impérative. The 
patients general condition may détermine the treatment. If a 
phalangeal lésion is painful, an amputation through the joint 
proximal to the level of involvement should relieve pain and 
provide rapid healing. The presence of a metastatic lésion in 
the hand car ries an ominous prognosis for patient survival, 
with a médian survival of 5 to 6 months 

RHABDOMYOSARCOMA 

Another rare malignant tumor of the hand is rhabdomyosar- 
coma. Most rhabdomyosarcomas reported hâve been fatal, in 
contrast to other malignant bone tumors in the hand. Any 
one of the three types can occur (alveolar, embryonal, and 
pleomorphic). The alveolar form seems to be more common 
in the limbs. Most limb rhabdomyosarcomas are deeply situ- 
ated and intimately associated with striated muscle and are 
painless despite rapid growth. Bone érosion is common with 
tumors affecting the hands and feet. The location of these 
tumors in the extremities may account for an unfavorable 
prognosis. Survival rates in general hâve increased with a 
multidisciplinary approach that includes total excision of 
extremity tumors. 

EWING SARCOMA 

Ewing sarcoma, similar to other malignant tumors, rarely 
involves the hand. It occurs more frequently in males and 
usually manifests during the second decade of life. Clinically, 
the tumor often is mistaken for a local infection because the 
patient may report pain, swelling, fever, and general malaise. 
Leukocytosis and élévation in the érythrocyte sédimentation 
rate are common. Radiographs of the hand show a perme- 
ative pattern of bone destruction with periosteal reaction. 
Ewing sarcoma is a highly aggressive tumor. In the past, 
5-year survival rates were reported to be 10% to 15%; 
however, with newer chemotherapy and radiation thérapies 
combined with surgical excision, survival rates hâve improved 
to 50% to 75%. 

TUMOROUS CONDITIONS 

GANGLION 

Ganglions are the most common cause of focal hand masses 
and characteristically arise from the synovium of joints or 
tendon sheaths or from tendons, where they may cause snap- 
ping or trigger fingers (see Chapter 76). Although the cause 
of ganglions is unclear, a history of acute or récurrent chronic 
injury, possibly occupational, is common. 

Dorsal wrist ganglia are the most common upper extrem¬ 
ity ganglia and frequently originate from the distal dorsal 
portion of the scapholunate interosseous ligament. Ganglions 
frequently are palpable between the second and fourth exten- 
sor tendon compartments; however, their size is not propor- 
tional to the pain experienced, and small and imperceptible 
cysts may be incapacitating to patients. Dorsal wrist gangli¬ 
ons usually are firm, smooth, fluctuant, and round. The 
second most frequent site is volar just radial to the flexor carpi 


radialis tendon. Ganglions extending proximally along the 
extensor tendons are likely to be less firm, multilocular, and 
irregular but still contain the slightly yellow, gelatinous fluid 
common to ail ganglions. The most common site in a flexor 
tendon is near the metacarpophalangeal joint flexor skin 
crease. Here the masses are round and hard and often tender 
to firm pressure. Ganglions occasionally disappear spontané - 
ously but sometimes recur when treated by rupture or aspira¬ 
tion. Ganglions on the dorsum of the wrist can be ruptured 
by digital pressure or historically by striking the wrist cyst 
with a book. Cure rates of 94% hâve been reported when cysts 
are removed with the patient under general anesthésia or 
axillary block; 84%, with local anesthésia and tourniquet; and 
65%, with rupture by pressure or rupture with a needle after 
injection of cortisone. 

Ganglions of the flexor tendon sheaths of the digits may 
be cured by multiple punctures with an 18-gauge needle with 
the patient under local anesthésia, but we favor cyst excision. 
Ganglions on the radial aspect of the volar side of the wrist 
are not ruptured easily by pressure. Needle rupture is not 
advised because frequently the radial artery is intimately 
associated with the ganglion. 

Surgical excision of a ganglion should include the removal 
of a generous capsular margin around the cyst base, and no 
attempt should be made to close the joint capsule. Récurrence 
after complété excision is rare. 

Arthroscopic resection of dorsal wrist ganglions has been 
reported to hâve a low complication rate, but this more chal- 
lenging technique has not substantially lowered the récur¬ 
rence rate when compared with open techniques. Ganglions 
seldom occur in the palm. Here their presence is made known 
not by an external enlargement but by secondary changes 
caused by pressure. As reported by others, we also hâve seen 
atrophy of the ulnar intrinsic muscles from cysts in and distal 
to the Guyon canal. 


EXCISION OF A DORSAL WRIST 
GANGLION 


TECHNIQUE 77-1 


■ Under tourniquet control, make a 2.0- to 3.0-cm trans¬ 
verse incision in one of the dorsal wrist creases centered 
over the scapholunate interval. This incision will often be 
proximal to the cyst prominence and roughly along a line 
connecting the ulnar and radial styloids (Fig. 77-27A). The 
incision should not be too far radial or ulnar because the 
radial and ulnar dorsal sensory nerve branches, respec- 
tively, may be encountered. Carry the incision through 
the dermis only and spread the underlying subcutaneous 
tissues away from underlying extensor retinaculum. 

■ Protect ail cutaneous nerves by carefully elevating the 
soft tissues off the retinaculum, especially the often visible 
superficial sensory branch of the radial nerve (Fig. 77-27B 
and C). 

■ Open the ulnar border of extensor pollicis longus from 
the radiocarpal joint distally for several centimeters and 
retract this tendon and the underlying radial wrist exten¬ 
sor tendons radialward. 
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FIGURE 


A to E f Dorsal ganglion excision. SEE TECHNIQUE 77-1. 


■ Dissect out the extensor digitorum communis to the index 
finger and retract it with the remaining extensor digito¬ 
rum communis tendons ulnarward. 

■ Identify the dorsal intercarpal and radiocarpal ligaments 
and retract them distally and proximally, respectively. At 
this point, with sharp and blunt dissection, dissect the 
ganglion in its entirety, including a portion of its capsular 
origin at the dorsal scapholunate ligament (Fig. 77-27D). 
Do not injure the scapholunate ligament, especially the 
distal dorsal portion, which is where most of the cysts 
arise and is the most important portion of this ligament. 
Dissect this portion of the ligament cleanly to expose 
the scapholunate ligament. Remove redundant capsular 
tissue from the midcarpal and radiocarpal joints. 

■ On the radial floor of the fourth extensor compartment 
the posterior interosseous nerve terminal branch can be 
resected and its end allowed to retract proximal to the 
radiocarpal joint (Fig. 77-27E). 

■ Irrigate the wound and cauterize the remaining bleeding 
points. 

■ Close the incision with a running, subcuticular 4-0 or 5-0 
nylon or absorbable suture. Apply Steri-Strips over skin 
adhesive and give a régional block. Apply a soft compres¬ 
sive dressing. 

POSTOPERATIVE CARE. The patient removes the dress¬ 
ing at home 2 to 3 days after surgery and initiâtes 
a range-of-motion program. The first postoperative 
appointment is at 2 weeks, at which time the sutures can 
be removed, and a more aggressive therapy program is 
encouraged. 


EXCISION OF A VOLAR WRIST 
GANGLION 


TECHNIQUE 77-2 


■ Perform an Allen test preoperatively to assess the integrity 
of the radial and ulnar contributions to the hand. 

■ Under tourniquet control, make a longitudinal incision, 
centered over the ganglion, which usually is situated just 
radial to the flexor carpi radialis tendon. Avoid injury to 
the palmar cutaneous branch of the médian nerve. 

■ Carefully dissect the radial artery under loupe magnifica- 
tion. It is often found to course through several lobes of 
the ganglion cyst. 

■ Retract the radial artery radialward and dissect the gan¬ 
glion cyst, using blunt and sharp dissection in a proximal- 
to-distal direction. 

■ Carry the dissection down along the stalk of the ganglion 
to its origin, which may arise from several régions includ¬ 
ing the radioscaphoid, scapholunate, scaphotrapezial, 
trapeziometacarpal; on rare occasion it may be a projec¬ 
tion of a dorsal ganglion cyst coming under the first 
extensor compartment tendons. 

■ Excise the origin with a small portion of the surrounding 
capsule. 

■ Cauterize the capsular margins and irrigate the wound. 

■ Deflate the tourniquet to inspect the integrity of the 
radial artery. Use hemostats and electrocautery to control 
any further bleeding. 










CHAPTER 77 TUMORS AND TUMOROUS CONDITIONS OF THE HAND 


9 


■ After meticulous hemostasis is achieved, irrigate the 
wound and close with running 4-0 or 5-0 subcuticular 
monofilament suture reinforced with a skin adhesive and 
Steri-Strips before local block anesthetic is administered. 

■ Apply a soft, lightly compressive stérile dressing. 

POSTOPERATIVE CARE. The splint is worn for 2 weeks. 
The sutures are removed at 2 weeks, and active range- 
of-motion exercises are initiated. 


ARTHROSCOPIC RESECTION OF A 
DORSAL WRIST GANGLION 


TECHNIQUE 77-3 


(OSTERMAN AND RAPHAËL; LUCHETTI ETAL) 

■ Apply distraction by finger traps attached to the index, 
long, and ring fingers and countertraction of 3 to 4 kg 
at the arm. 

■ Use an axillary block or general anesthésia and a tourni¬ 
quet to allow good exposure of the joint. 

■ Make two portais for access to the radiocarpal joint. 

■ Place a 1.9- or 2.7-mm arthroscope into the 3-4 portai to 
examine the joint. If this portai does not offer clear expo¬ 
sure, move the arthroscope to the 4-5, 1-2, or 6R portais 
(see Chapter 69). 

■ Locate the scapholunate ligament and direct the arthro¬ 
scope dorsally to view the ganglion or its stalk. 

■ Introduce the probe through the 3-4 portai to palpate the 
scapholunate ligament and dorsal capsule to détermine 
the consistency of the ligament and the stalk of the 
ganglion. 

■ Use a 2.0- or 2.9-mm full-radius shaver or end-cutting 
resector to excise a 1-cm diameter area of dorsal capsule 
and the stalk. 

■ When the extensor tendon is seen, stop the capsular 
resection. Do not damage this tendon. 

■ If an intraligamentous ganglion is found, avoid damaging 
the scapholunate ligament during resection. Occasionally, 
midcarpal portais are necessary to locate the ganglion 
and identify its stalk. 

■ Convert to an open procedure if there is doubt about 
complété arthroscopic resection. 

■ Close the portais with a single stitch or Steri-Strip, or 
leave them open to allow drainage of the fluid. Apply a 
palmar wrist splint. 

POSTOPERATIVE CARE. The wrist is mobilized twice a 
day, and the splint is removed after 1 week. Physiotherapy 
is continued for 2 weeks. The patient is advised to avoid 
strenuous work for at least 3 weeks after arthroscopy. 


EPIDERMOID CYST (INCLUSION CYST) 

It is now generally accepted that epidermoid cysts can develop 
from implantation of épithélial cells by trauma. The history 
usually involves a penetrating wound around the palm or 


fingertip several months before a hard, rubbery, nontender 
subcutaneous mass develops. The distal phalanx is the most 
common osseous site (Fig. 77-28). The cyst occurs at the base 
of a fingernail and looks like an enchondroma on radio- 
graphs; the cortex is expanded, and a central lytic lésion is the 
only bony reaction. Surgical removal of the cyst is curative. 
If the bone is involved, curettage and bone graffing are 
recommended. 

SEBACEOUS CYST 

Sebaceous cysts are rare in the hand because the palmar skin 
contains no sebaceous glands. They can be confused with 
epidermoid cysts implanted in the subcutaneous tissues, with 
mobile overlying skin. 

MUCOUS CYST 

Mucous cysts occur frequently on the dorsum over the distal 
interphalangeal joints in women (Fig. 77-29). They are 
thought to resuit from myxomatous degeneration of the 
corneum. The overlying skin offen is so thin and translucent 
that clear mucoid fluid can be seen within. Mucous cysts 
frequently are associated with Heberden nodes. Anteroposte- 
rior, latéral, and oblique radiographie views almost always 
show an osteophyte near the cyst. This osteophyte should be 
sought and excised along with the cyst and its stalk, which 
frequently leads to the joint. A small split skin graff occasion¬ 
ally is required if the overlying skin requires excision. The 
skin graff is easily removed freehand from a variety of sites 
from the same arm. Some surgeons prefer to rotate a small 
local skin flap over the defect (Fig. 77-30). 

CONGENITAL ARTERIOVENOUS FISTULA 

Congénital arteriovenous fistulas are produced by lack of dif¬ 
férentiation of the common embryonic anlage into a true 
artery and vein. Shunts exist between the arterial and venous 
circulation. Several may extend over one small area, such as 
a finger, or over a large area or even involve an entire extrem- 
ity. Varicose veins of the upper extremity should suggest a 
congénital arteriovenous fistula, especially if healing is slow 
or absent after minor trauma. The température of the sur- 
rounding skin usually is elevated, and the limb may be 
hypertrophied. 

This lésion is not characterized by pain, as is the glomus 
tumor; however, secondary chronic ulcération can be painful. 
It is most accurately diagnosed by an arteriogram that reveals 
dilation of the arteries just proximal to the fistula, abnormal 
filling of the arteries distal to it, and presence of the contrast 
medium within the fistula. 

Ail communications between the arterial and venous 
parts of the fistula should be ligated. This is difficult because 
they are so small and numerous. Early surgery is indicated to 
prevent destruction by infection and gangrené. It may be 
necessary to perform surgery in stages and at times to replace 
the skin. 

PYOGENIC GRANULOMA 

Pyogénie granuloma is a prolifération of granulation tissue 
frequently overhanging normal skin (Fig. 77-31). Minimal 
trauma to this unstable tissue typically incites easy bleeding 
and may be preceded by trauma and infection. If the lésion 
is completely excised, including the vascular base, and the 
wound is closed, récurrence is unlikely. 






3: 


WTil PART XVIII THE HAND 



A, Epidermoid inclusion cyst after puncture wound to index finger. B f Radiograph shows soft-tissue mass and bony 
érosion. C f Excision of cyst. 


FOREIGN BODY GRANULOMA 

The granulomatous reaction to a bit of centralized foreign 
material is commonly surrounded by a firm, fibrous capsule. 
The diagnosis of a foreign body granuloma is easily estab- 
lished with an accurate history. Removal of the foreign body 
is curative. 

GOUT 

Some patients with advanced goût hâve such large deposits 
of urate crystals within the ligaments, tendons, tendon 
sheaths, and metaphysis, causing érosion of the diaphysis, 
that the résultant bone destruction may resemble a lytic 
tumor on radiographs (Fig. 77-32). Usually, soft-tissue swell- 
ing and other findings quickly establish the diagnosis. Clini- 
cally, the lésion can be easily confused with an infection 
because increased heat, swelling, and tenderness are présent. 

TRAUMATIC NEUROMA 

Traumatic neuromas resuit from an attempt by peripheral 
nerves to regenerate after their fibers hâve been interrupted. 
The tumor is a bundle of ail the nerve éléments in one tangled 
mass at the distal end of the proximal nerve segment. Because 
this attempted growth occurs to some degree in ail individu - 
als, it is not considered a true neoplasm. It can be extremely 


tender, especially if it involves a digital nerve and if it adhères 
to an amputation scar that is unprotected by a good pad of 
skin and fat. The tumor usually is invisible from the exterior 
and is detected by pressing on the suspected area with a firm 
object, such as a pinhead or pencil point. A painful neuroma 
at an amputation site should be resected so that its end can 
be well protected by a pad of subcutaneous fat and skin. A 
neuroma can regenerate but is not painful if sufficiently 
protected. 

DÉJÉRINE-SOTTAS DISEASE 

Déjérine-Sottas disease, a rare lésion, is a localized enlarge- 
ment of a peripheral nerve caused by hypertrophie interstitial 
neuropathy. It usually is présent as a tender mass at the wrist 
and sometimes is quite painful. Surgical exploration reveals 
enlargement of the médian nerve (Fig. 77-33). It cannot be 
excised without resecting the nerve, which definitely should 
not be done. Dividing the transverse carpal ligament may 
help to relieve pain and occasionally has decreased the size 
of the nerve distally. The swelling occasionally subsides spon- 
taneously after surgery. The lésion sometimes is associated 
with macrodactyly (see Chapter 79). The same clinical picture 
has been caused by infiltration of the nerve by various fatty 
tumors. 
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Relationship between mucous cyst and mar¬ 
ginal osteophyte of distal interphalangeal joint. Cyst communi- 
cates with joint. This thin communication may become pinched 
off, but at some stage in development it is in direct communica¬ 
tion with joint space. Marginal osteophyte produces attrition of 
extensor tendon expansion with motion. 


CALCINOSIS 

The exact cause of calcium deposits is unknown, but they may 
resuit from connective tissue degeneration, with amorphous 
calcium déposition developing secondarily. About one third 
of patients give a history of trauma. Calcium deposits occur 
in the hand much less frequently than around the shoulder 
and hip, but in the hand, pain, tenderness, and erythema are 
more alarming. They can easily be confused with an infection 
because of the inflammatory reaction. Radiographs taken 
soon after the onset of symptoms may show only a light cloud, 
suggesting a deposit, but later the picture usually is diagnos¬ 
tic. Calcium deposits around the hand are more common 
near the insertion of the flexor carpi ulnaris tendon; the wrist 
area accounts for about two thirds of the cases reported (Fig. 
77-34). Deposits do occur, however, in the collateral liga¬ 
ments of the fingers and thumb, the thumb extensor tendons, 
and the tendons of the intrinsic muscles. Rarely, multiple 
deposits are seen. 

Treatment usually consists of heat, rest, and injection of 
a local anesthetic with or without a steroid préparation. Aspi¬ 
ration of the deposit, if possible, may give more immédiate 
relief. The tension may be relieved, however, by spontaneous 
rupture or by graduai absorption. Only large deposits require 
surgical treatment. 

■ CALCINOSIS CIRCUMSCRIPTA 

Calcinosis circurnscripta is associated with collagen diseases, 
such as lupus erythematosus, rheumatoid arthritis, dermato- 
myositis, and especially scleroderma, with an incidence of 
50% in this disease. The pathologie mechanism of deposit of 
these calcifie lobules in the skin and subeutaneous tissues is 
unknown. Calcinosis circurnscripta is rare, but frequently is 



FIGURE 


Mucous cyst excision with skin graft. A f Mucous cyst with outlined surgical excision. B f Appearance after healed skin 


grafting. 
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FIGURE 


Pyogénie granuloma of finger. 



FIGURE 


Destructive lésions around distal interphalangeal joints in goût. 



Déjérine-Sottas disease. A f Severe enlargement of médian nerve. B f Closer view of extensive involvement of médian 
nerve coursing from distal third of forearm into palm. 
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preceded by Raynaud phenomenon for many years. Deposits 
occur more densely over pressure areas such as fingertips and 
sometimes may erode through the skin (Fig. 77-35). Partial 
excision may be indicated when the deposits cause pain or 
interfère with function, but wound breakdown and skin 
necrosis are common when dissection is extensive. 

TURRET EXOSTOSIS 

Turret exostosis is a smooth, dome-shaped extracortical mass 
of bone lying beneath the extensor apparatus on the middle 



Calcium deposit near flexor carpi ulnaris inser¬ 


tion into pisiform. 


or proximal phalanx of a finger. It is caused by traumatic 
subperiosteal hemorrhage that eventually ossifies. Clinically, 
a firm mass develops on the dorsum of the phalanx and limits 
excursion of the extensor apparatus (Fig. 77-36), limiting 
flexion of the interphalangeal joints distal to the lésion. 
Radiographs that reveal négative results during the first few 
weeks affer injury later reveal subperiosteal new bone located 
on the dorsum of the phalanx. Conservative treatment has 
not been bénéficiai. Any indicated surgery should be delayed 
until the subperiosteal bone becomes mature, usually 4 to 6 
months affer injury; at that time, récurrence is less likely. 

To excise the exostosis, a midlateral incision (see Chapter 
64) is made, the extensor apparatus is elevated, and the 



FIGURE 


Turret exostosis. 



FIGURE 


A and B f Calcinosis circurnscripta of hand. 
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FIGURE 


^ Carpometacarpal boss. 


periosteum is incised laterally and carefully elevated from the 
underlying bone; care is taken not to tear the periosteum 
dorsally, preserving a smooth surface over which the extensor 
apparatus can glide. The lésion is resected so that the perios¬ 
teum and the wound can be closed. 

CARPOMETACARPAL BOSS 

Carpometacarpal bosses are fixed dorsal osteophyte protu¬ 
bérances of mating (commonly the second and third) carpo¬ 
metacarpal joints. These tender osteophytes normally are 
visible on a tangential radiograph, a feature that distinguishes 
them from dorsal ganglions. 

Most lésions are relatively asymptomatic and constitute 
only a cosmetic problem; however, extensor tendons occa- 
sionally sublux over the dôme of the lésions causing pain. 
Pain also can be caused by local pressure over the lésion or 
by forced wrist extension. 

Récurrence affer excision is a concern, and repeat surgery 
for récurrence probably warrants carpometacarpal joint 
fusion. Whatever method is chosen, care must be taken to 
protect the insertion of the radial wrist extensor tendons, 
especially that of the extensor carpi radialis brevis 
(Fig. 77-37). 

EPIDERMOLYSIS BULLOSA 

The severe form of epidermolysis bullosa is a hereditary dis- 
order that occurs in one of every 300,000 births. At birth or 
soon affer, bullae are présent over the extremities because the 
process affects the entire dermis and sometimes the mucous 
membranes. Its ultimate course is chronic infection of the 
bullae and the continuing formation of a cocoon-like epider- 
mis over ail the fingers of each hand. Surgical release of these 
digits is discouraging because récurrence of the webbing and 
flexion contractures of the fingers is rapid. Free skin graffs 
and distant flaps hâve been used to limited advantage; no 
effective treatment of the disease process is known. These 


Paget disease of second metacarpal. (From 
Haverbush TJ, Wolde AH, Phalen GS: The hand in Paget's disease of 
bone: report of two cases, J Bone Joint Surg 54A:173, 1972.) 


patients are poor surgical risks because of chronic infection. 
Some authors hâve reported a death rate of 25% during child- 
hood or adolescence, apparently because of débilitation. Sur¬ 
gical procedures, if any are indicated, are repetitious degloving 
procedures that give limited hand function over a limited 
time. The less severe types of the disease may not need surgi¬ 
cal treatment; splinting affer degloving may be useful. 

PAGET DISEASE 

Paget disease may occur in the long bones of the hand, 
although this is very rare, especially compared with the inci¬ 
dence of Paget disease of bone in the general population. 
Radiographs reveal the same sclerotic fusiform enlargement 
of the long bones as elsewhere in the body. Paget disease 
should not be confused with fibrous dysplasia (Fig. 77-38). 


issnms^ 

GENERAL 

Farzan M, Ahangar P, Mazoochy H, Ardakani MV: Osseous tumours of the 
hand: a review of 99 cases in 20 years, Arch Bone Jt Surg 1:68, 2013. 

Henderson M, Neumeister MW, Bueno RA: Hand tumors: IL Benign 
and malignant bone tumors of the hand, Plast Reconstr Surg 133:814e, 
2014. 

Simon MJK, Pogoda P, Hôvelbom F, et al: Incidence, histopathologie and 
distribution of tumours of the hand, BMC Musculoskelet Disord 15:182, 
2014. 

BENIGN TUMORS 

Agarwal S, Haase SC: Lipofibromatous hamartoma of the médian nerve, 
J Hand Surg Am 38A:392, 2013. 

Al-Qattan MM: Biopolar electric cauterization as adjuvant treatment after 
curettage of aneurysmal bone cysts of the hand, Ann Plast Surg 72:348, 
2014. 












5 


CHAPTER 77 TUMORS AND TUMOROUS CONDITIONS OF THE HAND ^ 


Athanasian EA: Bone and soft tissue tumors. In Wolfe SW, Hotchkiss RN, 
Pederson WC, Kozin SH, editors: Operative hand surgery, Philadelphia, 
2011, Elsevier. 

Baumholtz M, Netscher D, Popek E, Schneider AM: Types of tumors and 
outcome of treatment of 12 patients with non-malignant fibrosing 
tumors in the pédiatrie hand, Ann Plast Surg 61:380, 2008. 

Cha SM, Shin HD, Kim KC, Park IY: Extensive curettage using a high-speed 
burr versus dehydrated alcohol instillation for the treatment of enchon- 
droma of the hand, / Hand Surg Eur Vol 40E:384, 2015. 

Crowe MM, Houdek MT, Moran SL, Kakar S: Aneurysmal bone cysts of the 
hand, wrist, and forearm, J Hand Surg Am 40:2052, 2015. 

Georgiannos D, Lampridis V, Bisbinas I: Phenolization and coralline 
hydroxyapatite grafting following meticulous curettage for the treatment 
of enchondroma of the hand. A case sériés of 82 patients with 5-year 
follow-up, Hand 10:111, 2015. 

Gruber G, Giessau C, Leithner A, et al: Bizarre parosteal osteochondroma- 
tous prolifération (Nora lésion): a report of 3 cases and a review of the 
literature, Can J Surg 51:486, 2008. 

Ho YY, Choueka J: Synovial chondromatosis of the upper extremity, / Hand 
Surg Am 38A:804, 2013. 

Houdek MT, Rose PS, Cakar S: Desmoid tumors of the upper extremity, 
/ Hand Surg Am 39:1761, 2014. 

Jafari D, Jamshidi K, Njdmazhar F, et al: Expansile aneurysmal bone cyst in 
the tubular bones of the hand treated with en bloc excision and autograff 
reconstruction: a report of 12 cases, / Hand Surg Eur Vol 36E:648, 2011. 

Lancigu R, Rabarin F, Jeudy J, et al: Giant cell tumors of the tendon sheaths 
in the hand: review of 96 patients with an average follow-up of 12 years, 
Orthop Traumatol Surg Res 995:5251, 2013. 

Lanzinger WD, Bindra R: Giant cell tumor of the tendon sheath, / Hand Surg 
Am 38A:154, 2013. 

Lin YC, Hsiao PF, Wu YH, et al: Récurrent digital glomus tumor: analysis of 
75 cases, Dermatol Surg 36:1396, 2010. 

Morii T, Mochizuki K, Tajima T, Satomi K: Treatment outcome of enchon¬ 
droma by simple curettage without augmentation, / Orthop Sci 15:112, 
2010 . 

Nazerani S, Motamedi MHK, Keramati MR: Diagnosis and management of 
glomus tumors of the hand, Tech Hand Up Extrem Surg 14:8, 2010. 

Parker WL, Beckenbaugh RR, Amrami KK: Calcifying aponeurotic fibroma 
of the hand: radiologie différentiation from giant cell tumors of the 
tendon sheath, / Hand Surg Am 31 A: 1024, 2006. 

Payne WT, Merrell G: Benign bony and soft tissue tumors of the hand, 
J Hand Surg Am 35A:1901, 2010. 

Sassoon AA, Fitz-Gibbon PD, Harmsen WS, Moran SL: Enchondromas of 
the hand: factors affecting récurrence, healing, motion, and malignant 
transformation, / Hand Surg Am 37A:1229, 2012. 


Sobanko JF, Dagum AB, Davis IC, Kriegel DA: Soff-tissue tumors of the 
hand: I. Benign, Dermatol Surg 33:651, 2007. 

Spingardi O, Zoccolan A, Venturino E: Infantile digital fibromatosis: our 
expérience and long-term results, Chir Main 30:62, 2011. 

Tahiri Y, Xu L, Kanevsky J, Luc M: Lipofibromatous hamartoma of the 
médian nerve: a comprehensive review and systematic approach to évalu¬ 
ation, diagnosis, and treatment, J Hand Surg Am 38A:2055, 2013. 

Toma R, Ferris S, Coombs CJ, et al: Lipoblastoma: an important differential 
diagnosis of tumours of the hand in children, / Plast Surg Hand Surg 
44:257, 2010. 

Williams J, Hodari A, Janevski P, Siddiqui A: Récurrence of giant cell tumors 
in the hand: a prospective study, / Hand Surg Am 35A:451, 2010. 

Yasuda M, Masada K, Takeuchi E: Treatment of enchondroma of the hand 
with injectable calcium phosphate bone cernent, / Hand Surg Am 31A:98, 
2006. 

MALIGNANT TUMORS 

Afshar A, Farhadnia P, Khalchali H: Métastasés to the hand and wrist: an 
analysis of 221 cases, / Hand Surg Am 39:923, 2014. 

Askari M, Kakar S, Moran SL: Squamous cell carcinoma of the hand: a 
20-year review, / Hand Surg Am 38A:2124, 2013. 

Kazakos CJ, Galanis VG, Giatromanolaki A, et al: Clear cell sarcoma of the 
scapula: a case report and review of the literature, World J Surg Oncol 
4:48, 2006. 

Martin DE, English JC, Goitz RJ: Squamous cell carcinoma of the hand, 
J Hand Surg Am 36A:1377, 2011. 

Martin DE, English JC, Goitz RJ: Subungual malignant melanoma, / Hand 
Surg Am 36A:704, 2011. 

Parida L, Fernandez-Pineda I, Uffman J, et al: Clinical management of Ewing 
sarcoma of the bones of the hands and feet: a rétrospective single- 
institution review, / Pediatr Surg 47:1806, 2012. 

Plate A-M, Steiner G, Posner MA: Malignant tumors of the hand and wrist, 
/ Am Acad Orthop Surg 14:680, 2006. 

Puhaindran ME, Athanasian EA: Malignant and metastatic tumors of the 
hand, J Hand Surg Am 35A:1895, 2010. 

Yang Z, Xie L, Huang Y, et al: Clinical features of malignant melanoma of 
the finger and therapeutic efficacies of different treatments, Oncol Lett 
2:811,2011. 

The complété list of references is availahle online at expertconsult 

.inkling.com. 



CHAPTER 77 TUMORS AND TUMOROUS CONDITIONS OF THE HAND e-jr 


Sel 


SUPPLEMENTAL REFERENCES 


GENERAL 

Capelastegui A, Astigarraga E, Fernandez-Canton G, et al: Masses and pseu¬ 
domasses of the hand and wrist: MR findings in 134 cases, Skeletal Radiol 
28:498, 1999. 

Carroll RE: Juvénile aponeurotic fibroma, Hand Clin 3:219, 1987. 

Enneking WE: Musculoskeletal tumor surgery , New York, 1983, Churchill 
Livingstone. 

Idler RS: Benign and malignant nerve tumors, Hand Clin 11:203, 1995. 

Leit ME, Tomaino MM: Principles of limb salvage surgery of the upper 
extremity, Hand Clin 20:167, 2004. 

Murray PM: Free vascularized bone transfer in limb salvage surgery of the 
upper extremity, Hand Clin 20:203, 2004. 

Parsons TW III, Filzen TW: Evaluation and staging of musculoskeletal neo- 
plasia, Hand Clin 20:137, 2004. 

Peterson JJ, Bancroff LW, Kransdorf MJ: Principles of bone and soft tissue 
imaging, Hand Clin 20:147, 2004. 

Talbot SG, Athanasian EA, Cordeiro PG, et al: Soft tissue reconstruction 
following tumor resection in the hand, Hand Clin 20:181, 2004. 

Trigg SD: Biopsy of hand, wrist, and forearm tumors, Hand Clin 20:131, 
2004. 

Vandevender DK, Daley RA: Benign and malignant vascular tumors of the 
upper extremity, Hand Clin 11:161, 1995. 

BENIGN TUMORS 

Ablove RH, Moy OJ, Peimer CA, et al: Early versus delayed treatment of 
enchondroma, Am J Orthop 29:771, 2000. 

Acharya G, Merritt WH, Theogaraj SD: Hemangioendotheliomas of the 
hand: case reports, J Hand Surg Am 5A: 181, 1980. 

Al-Qattan MM, Weinberg M, Clarke HM: Two rapidly growing fatty tumors 
of the upper limb in children: lipoblastoma and infiltrating lipoma, 
/ Hand Surg Am 20A:20, 1995. 

Amadio PC, Reiman HM, Dobyns JH: Lipofibromatous hamartoma of nerve, 
J Hand Surg Am 13A:67, 1988. 

Athanasian EA: Aneurysmal bone cyst and giant cell tumor of bone of the 
hand and distal radius, Hand Clin 20:269, 2004. 

Averill RM, Smith RJ, Campbell CJ: Giant-cell tumors of the bones of the 
hands, J Hand Surg Am 5A:39, 1980. 

Barre PS, Shalfer JW, Carter JR, et al: Multiplicity of neurilemmomas in the 
upper extremity, J Hand Surg Am 12A:307, 1987. 

Baruch A, Haas A, Lifschitz-Mercer B, et al: Simple bone cyst of the meta- 
carpal, J Hand Surg Am 12A:1103, 1987. 

Bauer RD, Lewis MM, Posner MA: Treatment of enchondromas of the hand 
with allograff bone, J Hand Surg Am 13A:908, 1988. 

Bednar MS, Maywood IL, McCormack RR, et al: Osteoid osteoma of the 
upper extremity, J Hand Surg Am 18A:1019, 1993. 

Bickels J, Witting JC, Kollender Y, et al: Enchondromas of the hand: treat¬ 
ment with curettage and cemented internai fixation, J Hand Surg Am 
27A:870, 2002. 

Blair WF: Granular cell schwannoma of the hand, J Hand Surg Am 5:51,1980. 

Blair WF, Buckwalter JA, Mickelson MR, et al: Lymphangioma of the forearm 
and hand, J Hand Surg Am 8A:399, 1983. 

Davidson SF, Das SK, Smith EE: Cellular schwannoma of the hand, J Hand 
Surg Am 14A:907, 1989. 

DiFazio F, Mogan J: Intravenous pyogénie granuloma of the hand, J Hand 
Surg Am 14A:310, 1989. 

Doyle JR: Tendon xanthoma: a physical manifestation of hyperlipidemia, 
J Hand Surg Am 13A:238, 1988. 

Duinslaeger L, Vierendeels T, Wylock P: Vascular leiomyoma in the hand, 
J Hand Surg Am 12A:624, 1987. 

Eisenbaum SL, Eversmann WW Jr: Juvénile aponeurotic fibroma of the hand, 
/ Hand Surg Am 10A:622, 1985. 

Forthman CL, Blazar PE: Nerve tumors of the hand and upper extremity, 
Hand Clin 20:233, 2004. 

Gruber G, Giessau C, Leithner A, et al: Bizarre parosteal osteochondroma- 
tous prolifération (Nora lésion): a report of 3 cases and a review of the 
literature, Can J Surg 51:486, 2008. 


Houpt P, Storm van Leeuwen JB, van den Bergen HA: Intraneural lipofi- 
broma of the médian nerve, J Hand Surg Am 14A:706, 1989. 

Ingari JV, Faillace JJ: Benign tumors of fibrous tissue and adipose tissue in 
the hand, Hand Clin 20:243, 2004. 

Jablon M, Horowitz A, Bernstein DA: Magnetic résonance imaging of a 
glomus tumor of the fingertip, J Hand Surg Am 15A:507, 1990. 

Jacob RA, Buchino JJ: Lipofibroma of the superficial branch of the radial 
nerve, J Hand Surg Am 14A:704, 1989. 

Keasbey LE: Juvénile aponeurotic fibroma (calcifying fibroma): a distinctive 
tumor arising in the palms and soles of young children, Cancer 6:338, 
1953. 

Lafferty KA, Nelson EL, Demuth RJ, et al: Juvénile aponeurotic fibroma with 
disseminated fibrosarcoma, J Hand Surg Am 11A:737, 1986. 

Langa V, Posner MA, Steiner GE: Lipofibroma of the médian nerve: a report 
of two cases, J Hand Surg Am 12B:221, 1987. 

Leffert RD: Lipomas of the upper extremity, J Bone Joint Surg 54A:1262, 
1972. 

Louis DS, Hankin FM, Braunstein EM: Giant cell tumour of the triquetrum, 
J Hand Surg Am 11B:279, 1986. 

Louis DS, Hankin FM, Greene TL, et al: Lipofibromas of the médian nerve: 
long-term follow-up of four cases, J Hand Surg Am 10A:403, 1985. 

Maher DP: Granular cell tumor in the hand, J Hand Surg Am 12A:800, 1987. 

Marcuzzi A, Acciaro AL, Landi A: Osteoid osteoma of the hand and wrist, 
7 Hand Surg Am 27B:440, 2002. 

Marsh BW, Bonfiglio M, Brady LW, Enneking WF: Benign osteoblastoma: 
range of manifestations, J Bone Joint Surg 57:1, 1975. 

Marshall JH, Sonsire JM, Neilsen PE, et al: Digital angiography and osteo¬ 
blastoma of the triquetrum, J Hand Surg Am 12A:256, 1987. 

Match RM, Leffert RD: Massive neurofibromatosis of the upper extremity 
with paralysis, J Hand Surg Am 12A:718, 1987. 

Meals RA, Mirra JM, Bernstein AJ: Giant cell tumor of metacarpal treated 
by cryosurgery, J Hand Surg Am 14A:130, 1989. 

Murphey MD, Smith WS, Smith SE, et al: Imaging of musculoskeletal neu- 
rogenic tumors: radiologie-pathologie corrélation, Radiographies 
19:1253, 1999. 

Murray JA, Schlafly B: Giant-cell tumors in the distal end of the radius: treat¬ 
ment by resection and fibular autograft interpositional arthrodesis, 
7 Bone Joint Surg 68A:687, 1986. 

O’Connor MI, Bancroff LW: Benign and malignant cartilage tumors of the 
hand, Hand Clin 20:317, 2004. 

Olazabal A, Sormann GW: A giant cell tumor of the thumb: a case report, 
J Hand Surg Am 11A:56, 1986. 

Ono H, Yajima H, Fukui A, et al: Locking wrist with synovial chondroma- 
tosis: report of two cases, J Hand Surg Am 19A:797, 1994. 

Oster LH, Blair WF, Steyers CM: Large lipomas in the deep palmar space, 
7 Hand Surg Am 14A:700, 1989. 

Parker WL, Beckenbaugh RR, Amrami KK: Calcifying aponeurotic fibroma 
of the hand: radiologie différentiation from giant cell tumors of the 
tendon sheath, J Hand Surg Am 31 A: 1024, 2006. 

Patel MR, Desai SS, Gordon SL, et al: Management of skeletal giant cell 
tumors of the phalanges of the hand, J Hand Surg Am 12A:70, 1987. 

Peled I, Iosipovich Z, Russo M, et al: Hemangioma of the médian nerve, 
J Hand Surg Am 5A:363, 1980. 

Reilly KE, Stern P J, Dale JA: Récurrent giant cell tumors of the tendon sheath, 
J Hand Surg Am 24A:1298, 1999. 

Reye RDK: Recurring digital fibrous tumors of childhood, Arch Pathol 
80:228, 1965. 

Rock MG, Pritchard DJ, Unni KK: Métastasés from histologically benign 
giant-cell tumor of bone, J Bone Joint Surg 66:269, 1984. 

Silverman TA, Enzinger FM: Fibrolipomatous hamartoma of nerve, Am J 
Surg Pathol 9:7, 1985. 

Sobanko JF, Dagum AB, Davis IC, Kriegel DA: Soff-tissue tumors of the 
hand: I. Benign, Dermatol Surg 33:651, 2007. 

Sondergaard G, Mikkelsen S: Fibrolipomatous hamartoma of the médian 
nerve, J Hand Surg Am 12B:224, 1987. 

Tang J, Ishii S, Usui M, et al: Multifocal neurilemmomas in different nerves 
of the same upper extremity, J Hand Surg Am 15A:788, 1990. 

Walsh JJ, Eady JL: Vascular tumors, Hand Clin 20:261, 2004. 



PART XVIII THE HAND 



Wenner SM, Johnson K: Giant cell reparative granuloma of the hand, J Hand 
Surg Am 12A:1097, 1987. 

Yasuda M, Masada K, Takeuchi E: Treatment of enchondroma of the hand 
with injectable calcium phosphate bone cernent, J Hand Surg Am 31A:98, 
2006. 

MALIGNANT TUMORS 

Alektiar KM, Leung D, Zelefsky MJ, et al: Adjuvant brachytherapy for 
primary high-grade soft tissue sarcoma of the extremity, Ann Surg Oncol 
9:48, 2002. 

Amadio PC, Lombardi RM: Metastatic tumors of the hand, J Hand Surg Am 
12A:311, 1987. 

Aubry MC, Bridge JA, Wickert T, Tazelaar HD: Primary monophasic syno¬ 
vial sarcoma of the pleura: five cases confirmed by the presence of 
SYT-SSX fusion transcript, Am J Surg Pathol 25:776, 2001. 

Dagher R, Helman L: Rhabdomyosarcoma: an overview, Oncologist 4:34, 
1999. 

Enneking WF, Spanier SS, Goodman MA: The surgical staging of musculo- 
skeletal sarcoma, Clin Orthop Relat Res 153:106, 1980. 

Enneking WF, Spanier SS, Goodman MA: The surgical staging of musculo- 
skeletal sarcoma, J Bone Joint Surg 62A:1027, 1980. 

Euler E, Wilhelm K, Permanetter W, et al: Ewing’s sarcoma of the hand: 
localization and treatment, J Hand Surg Am 15A:659, 1990. 

Fink JA, Akelman E: Nonmelanotic malignant skin tumors of the hand, Hand 
Clin 11:255, 1995. 

Frassica FJ, Amadio PC, Wold LE, et al: Primary malignant bone tumors of 
the hand, J Hand Surg Am 14A:1022, 1989. 

Granberry WM, Bryan W: Chondrosarcoma of the trapezium: a case report, 
J Hand Surg Am 3A:277, 1978. 

Hankin FM, Hankin RC, Louis DS: Malignant fibrous histiocytoma involving 
a digit, J Hand Surg Am 12A:83, 1987. 

Hayden RJ, Sullivan LG, Jebson PJL: The hand in metastatic disease and acral 
manifestations of paraneoplastic syndromes, Hand Clin 20:335, 2004. 

Heymans M, Jardon-Heghers C, Vanwijck R: Hand métastasés from urothé¬ 
lial tumor, / Hand Surg Am 15A:509, 1990. 

Hindley CJ, Metcalfe JW: A colonie metastatic tumor in the hand, J Hand 
Surg Am 12A:803, 1987. 

Kazakos CJ, Galanis VG, Giatromanolaki A, et al: Clear cell sarcoma of the 
scapula: a case report and review of the literature, World J Surg Oncol 
4:48, 2006. 

Kerin R: The hand in metastatic disease, J Hand Surg Am 12A:77, 1987. 

Maples WJ, Buskirk SJ: Multimodality treatment of upper extremity bone 
and soft tissue sarcomas, Hand Clin 20:221, 2004. 

Marcove RC, Lyden JP, Huros AG, Bullough PB: Giant-cell tumors treated 
by cryosurgery: a report of twenty-five cases, J Bone Joint Surg 55A:1633, 
1973. 


McPhee M, McGrath BE, Zhang P, et al: Soft tissue sarcoma of the hand, 
/ Hand Surg Am 24:1001, 1999. 

Mohler CG, Jensen C, Steyers CM, et al: Osteosarcoma of the hand: a case 
report and review of the literature, J Hand Surg Am 19A:287, 1994. 

Nelson DL, Abdul-Karim FW, Carter JR, et al: Chondrosarcoma of small 
bones of the hand arising from enchondroma, J Hand Surg Am 15A:655, 
1990. 

Plate A-M, Steiner G, Posner MA: Malignant tumors of the hand and wrist, 
7 Am Acad Orthop Surg 14:680, 2006. 

Schiavon M, Mazzoleni F, Chiarelli A, et al: Squamous cell carcinoma of the 
hand: fifty-five case reports, J Hand Surg Am 13A:413, 1988. 

Sforzo CR, Scarborough MT, Wright TW: Bone-forming tumors of the upper 
extremity and Ewing’s sarcoma, Hand Clin 20:303, 2004. 

Tamurian RM, Gutow AP: Amputations of the hand and upper extremity in 
the management of malignant tumors, Hand Clin 20:213, 2004. 

TerKonda SP, Perdikis G: Non-melanotic skin tumors of the upper extremity, 
Hand Clin 20:293, 2004. 

Urist MM: Surgical management of primary cutaneous melanoma, CA 
Cancer J Clin 46:217, 1996. 

Wilson KM, Jubert AV, Joseph JI: Sweat gland carcinoma of the hand (malig¬ 
nant acrospiroma), J Hand Surg Am 14A:531, 1989. 

TUMOROUS CONDITIONS 

Altner PC, Singh SK: An unusual case of ectopic ossification in a finger, 
7 Hand Surg Am 6A:142, 1981. 

Bowers WH, Hurst LC: An intraarticular-intraosseous carpal ganglion, 
J Hand Surg Am 4A:375, 1979. 

Eaton RG, Dobranski AI, Littler JW: Marginal osteophyte excision in treat¬ 
ment of mucous cysts, J Bone Joint Surg 55A:570, 1973. 

Ho PC, Lo WN, Hung LK: Arthroscopic resection of volar ganglion of the 
wrist: a new technique, Arthroscopy 19:218, 2003. 

Luchetti R, Badia A, Alfarano M, et al: Arthroscopic resection of dorsal wrist 
ganglia and treatment of récurrences, J Hand Surg Am 25B:38, 2000. 

Maguire JK, Milford LW, Pitcock JA: Focal myositis in the hand, J Hand Surg 
Am 13A:140, 1988. 

Nahra ME, Bucchieri JS: Ganglion cysts and other tumor related conditions 
of the hand and wrist, Hand Clin 20:249, 2004. 

Osterman AL, Raphaël J: Arthroscopic resection of dorsal ganglion of the 
wrist, Hand Clin 11:7, 1995. 

Rizzo M, Berger RA, Steinmann SP, et al: Arthroscopic resection in the 
management of dorsal wrist ganglions: results with a minimum 2-year 
follow-up period, J Hand Surg Am 29A:59, 2004. 

Shih JT, Hung ST, Lee HM, et al: Dorsal ganglion of the wrist: results of 
treatment by arthroscopic resection, Hand Surg 7:1, 2002. 

Westbrook AP, Stephen AB, Oni J, et al: Ganglia: the patients perception, 
J Hand Surg Am 25B:566, 2000. 



CHAPTER 78 ■ 

HAND INFECTIONS 

David L. Cannon 


FACTORS INFLUENCING 
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GENERAL APPROACH TO 
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Tuberculosis 3822 

Nontuberculous mycobacterial 
infections 3822 

Fungal infections 
Pyoderma gangrenosum 


FACTORS INFLUENCING HAND 
INFECTIONS 

The clinical course of most hand infections is affected by 
anatomie, local, and systemic factors, in addition to bacterial 
virulence and the size of the inoculum. Anatomie factors that 
to some extent détermine the ease of pénétration, localiza- 
tion, and spread of infection include: (1) the thin layer of skin 
and subeutaneous tissue over the tendons, bones, and joints; 
(2) the closed space of the distal digital pulp; (3) the proxim- 
ity of the flexor tendon sheath to bone and joint; (4) the 
proximal extent of the flexor sheath into the palm, connecting 
with the radial and ulnar bursae; and (5) the location of the 
thenar and midpalmar spaces in the hand and the space of 
Parona proximal to the wrist near the flexor tendon sheaths. 

Local factors predisposing to infection include: (1) the 
extent and nature of soff-tissue damage, (2) the amount and 
virulence of bacterial contamination, and (3) the type and 
amount of foreign material présent and persistent in the 
wound. Systemic factors generally are considered to be factors 
that hâve an effect on the immunocompétence of the patient 
and include (1) malnutrition, (2) alcoholism, (3) intravenous 
drug abuse, (4) diabètes mellitus, (5) long-term use of corti- 
costeroids and antitumor necrosis factor-a medicines, (6) 
immunosuppression following solid organ and bone marrow 
transplant, and (7) infection with human immunodeficiency 
virus. Surgical site infections are uncommon affer hand 
surgery. A database study that included 44,305 patients who 
had outpatient hand surgery procedures identified infections 
in fewer than 1%. Prédictive factors were government-funded 
insurance and résidence in a rural area; diabètes, obesity, and 
tobacco use were not associated with an increased risk of 
infection. The use of preoperative prophylactic antibiotics for 
small elective soff-tissue procedures, such as carpal tunnel or 
trigger finger release, remains an area of some debate; 


however, most agréé that prophylactic antibiotics are not nec- 
essary for clean, elective procedures lasting less than 2 hours, 
even in patients with diabètes. A study of 125 patients with 
simple hand lacérations found an infection rate of 5%, with 
no significant différence between those who received prophy¬ 
lactic antibiotics and those who did not. 

Treatment of hand infections dépends on the identifica¬ 
tion of the spécifie organism, the spécifie anatomie area 
involved, the location of the infection in the hand and fingers, 
and the type of inflammation and areas of tenderness and 
erythema, as determined by palpation and observation. Iden¬ 
tification of organisms with culture and antibiotic sensitivity 
studies allows proper medical treatment. Surgical procedures, 
including drainage of abscesses and debridement of necrotic 
tissues, also may be required. 


GENERAL APPROACH TO HAND 
INFECTIONS 

With a careful history and physical examination, the location 
of the infection, the extent of spread, and the presence of 
swelling, lymphangitis, lymphadenitis, and joint involvement 
can be determined. Considération should be given to other 
conditions that can be confused with infections, including 
goût, acute calcium déposition, pseudogout, pyogénie granu- 
loma, insect bites, pyoderma gangrenosum, foreign bodies, 
factitious lésions, herpetic lésions, metastatic lésions, silicone 
synovitis, granuloma annulare, rheumatoid arthritis, nonspe- 
cific tenosynovitis, reactions to intravenous médications (e.g., 
chemotherapeutic agents), and Sweet syndrome, an aseptie 
neutrophilie dermatosis affecting the hand and resembling an 
infection. If the likelihood of infection is high, an attempt 
should be made to détermine whether an abscess is présent 
that requires drainage. Fluctuance can be difficult to identify 
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in the hand. Radiographs are helpful in revealing bone injury. 
Radionuclide scanning may show bone infection, and MRI 
and ultrasound may localize an abscess. A complété blood 
cell count is obtained, along with détermination of the sérum 
C-reactive protein level and érythrocyte sédimentation rate. 
Strub et al. found significantly higher C-reactive protein 
levels in patients with infection “mimickers” (goût and pseu- 
dogout), and slightly fewer than half of patients with finger 
infections had elevated C-reactive protein levels. These 
authors concluded that the specificity of ail inflammation 
markers (WBC, C-reactive protein, ESR) was inadéquate for 
diagnosis. If any fluid or tissue is obtained, it is sent to the 
laboratory for Gram stain, culture, and antibiotic sensitivity 
déterminations. Spécifie requests usually are made of the 
laboratory to culture for aérobic and anaérobie bacteria and 
for mycobacteria and fungi. In some cases, viral testing also 
can be helpful. 

Initial antibiotic therapy traditionally has been empirical, 
depending on the results of the Gram stain and the most 
likely organism. Considération should be given to the pos- 
sibility of mixed flora as the cause of hand infections. Reviews 
of surgical infections of the hand and upper extremity hâve 
shown an increase in the incidence of gram-negative enteric 
and anaérobie organisms, even though the most common 
organisms were gram-positive aerobes (streptococcal species, 
Staphylococcus aureus , and coagulase-negative Staphylococ¬ 
cus ). Generally, the organism most commonly isolated from 
community-acquired hand infections is S. aureus. Typically, 
80% or more of wounds cultured from swabs produce mul¬ 
tiple organisms, whereas tissue specimens may produce a 
single causative organism in about 75%. Other organisms that 
commonly cause hand infections include streptococci, 
enterobacteria, Pseudomonas , enterococci, and Bacteroides. 
Less common causes include the various mycobacteria, gono- 
coccus, Pasteurella multocida (in cat or dog bites), Eikenella 
corrodens (in human bites), Aeromonas hydrophila from 
standing fresh water (e.g., ditches, puddles, and ponds), Hae- 
mophilus influenzae (in children 2 months to 3 years old), a 
variety of anaérobie organisms (including clostridia), and 
other rare bacteria, such as those that cause anthrax, erysip- 
eloid, and brucellosis. Postoperative or surgical site infections 
of the hand usually are caused by gram-positive organisms, 
including S. aureus and Staphylococcus epidermidis. Gram- 
negative organisms also may be isolated from surgical site 
infections. Community-acquired MRSA has become the 
most common cause of culture-positive hand infections in 
the United States. 

Antibiotics traditionally recommended for hand infec¬ 
tions include a penicillinase-resistant penicillin or cephalo- 
sporin. When selecting antibiotics, it is important to be aware 
of the prevalence of antibiotic-resistant bacteria, such as 
methicillin-résistant S. aureus (MRSA). Vancomycin is effec¬ 
tive against gram-positive organisms, whereas ciprofloxacin 
is most effective against gram-negative organisms. The addi¬ 
tion of antibiotics effective against gram-negative organisms 
has been recommended for high-risk situations, such as 
infections in intravenous drug users and contaminated 
outdoor or farm injuries (Table 78-1). Antibiotic options 
for outpatient coverage of community-acquired MRSA 
include clindamycin (although clindamycin résistance is 
increasing), trimethoprim-sulfamethoxazole, a tétracycline 
(doxycycline or minocycline), and linezolid. A recent study 


found clindamycin résistance in 16% of 103 MRSA abscesses, 
primarily in patients with a history of intravenous drug use 
and hospital-acquired MRSA. The authors suggest that 
clindamycin should not be used as an empiric antibiotic in 
these patients. Another study identified an increase in clinda¬ 
mycin résistance, which approached 20% in 2012; levofloxa- 
cin résistance increased linearly from 12% to 50% over the 
8-year study period. The authors suggest that empiric therapy 
with these drugs may hâve limited efficacy in the treatment 
of MRSA, especially in urban centers. 

Because of the constantly changing inventory of antibiot¬ 
ics and the variations in patient populations and wound flora, 
antibiotic sélection should be based on a variety of considér¬ 
ations and include the assistance of an infectious disease spe- 
cialist when needed. 

A protocol of early, aggressive surgical incision and 
drainage combined with intravenous antibiotic therapy 
should resuit in a shorter hospital stay, faster healing, and 
fewer complications. A randomized trial comparing cefazo- 
lin to vancomycin as a first-line agent in patients with 
community-acquired MRSA found no statistically significant 
différences in outcomes or cost of treatment. The authors 
emphasized the importance of early aggressive empiric anti¬ 
biotic therapy with coverage for MRSA in ail hand infections. 
Current recommendations for outpatient antibiotic treat¬ 
ment include amoxicillin and clavulanate plus trimethoprim 
and sulfamethoxazole. A comparison of patients who had 
differing antibiotic regimens affer surgical treatment of 
simple hand infections (systemic cephalosporins and genta- 
micin bead chain, gentamicin bead chain alone, and no anti¬ 
biotics) found no différence in outcomes, leading the authors 
to conclude that the use of antibiotics affer surgical treatment 
of simple hand infection seems to be unnecessary. 

Failure to recognize the polymicrobial nature of hand 
infections and inadéquate surgical debridement are frequent 
causes of poor results. The importance of adéquate surgical 
treatment cannot be overemphasized because antibiotics 
alone may be insuffreient to control the infection. 


INCISION AND DRAINAGE OF HAND 
INFECTION 


TECHNIQUE 78-1 


■ Use a general anesthetic or distant régional block because 
a local anesthetic may not function in the septic environ¬ 
ment, may spread the infection, and add to an already 
swollen part. 

■ Use a tourniquet, but before inflating it, elevate the hand 
for 3 to 6 minutes to avoid limb exsanguination with an 
elastic wrap and the potential for the proximal spread of 
the infection. 

■ After properly preparing and draping the area, make the 
incision for drainage as described for spécifie infections. 

■ After making the skin incision, always spread the deeper 
structures with blunt dissection to avoid injury to impor¬ 
tant nerves, vessels, and tendons. 

■ Although an incision for drainage relieves pain and 
reduces the spread of infection, it also créâtes an open 
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TABLE 78-1 


Antibiotic Recommendations for Common Organisms 

ORGANISM 

ANTIBIOTIC 

ADDITIONAL INFORMATION 

Methicillin-sensitive 
Staphylococcus aureus 

Cephalexin, amoxicillin clavulanate (orally) 


Methicillin-resistant 

S aureus 

Trimethoprim/sulfamethoxazole (orally), linezolid 
(orally or IV) 

If sulfa allergy, clindamycin or doxycycline 

Linezolid: expensive, avoid in 
endocarditis or meningitis, weekly 
complété blood cell monitoring 


Vancomycin (IV), daptomycin (IV) 
Quinupristin/dalfopristin (IV) 

Tigecycline (IV) 

Ceftaroline (IV) 

Dapto: weekly créatinine 
phosphokinase monitoring 

Vancomycin-resistant 

Enterococci 

Daptomycin, linezolid (orally or IV), tigecycline 
(IV), quinupristin/dalfopristin (IV) 


Gram négative 

Piperacillin/tazobactam 

Ceftriaxone 

Ertapenem 

Quinolones/ciprofloxacin 


Pseudomonas 

Piperacillin/tazobactam 

Cefepime 

Meropenem 


Anaérobie infections 

Ampicillin/sulbactam, Piperacillin/tazobactam, 
Ertapenem, meropenem 

Metronidazole 

Clindamycin 

Tigecycline 


Vibrio vulnificus 

Ceftriaxone and doxycycline 

Imipenem and doxycycline 


Nocardia 

Trimethoprim/sulfamethoxazole 

If sulfa allergy: imipenem, ceftriaxone, amikacin 

6 mo of treatment in immune- 
suppressed patients 

Sporothrix schenckii 

Itraconazole 

Fluconazole and voriconazole 


Mycobacterium marinum 

Clarithromycin/azithromycin 
Trimethoprim/sulfamethoxazole minocycline 
Ethambutol 


Aeromonas hydrophilia 

Ciprofloxacin 

Imipenem 

Trimethoprim/sulfamethoxazole 


Cutaneous anthrax 

Ciprofloxacin 

Doxycycline 

Treatment for 60 d to treat any 
remaining spores 

Tularemia 

Gentamicin and doxycycline 



From Osterman M, Draeger R, Stern P. Acute hand infections. J Hand Surg 39:1628, 2014. 
IV, Intravenously. 


infected wound subject tofurther contamination. Copious 
irrigation with a pulsatile irrigator is an effective way to 
decrease contamination. Although wound closure after 
abscess drainage has been advocated, it probably is safer 
to return to the operating room in 3 to 5 days and close 
the wound secondarily, if the condition of the wound 
permits. If joints or flexor tendons hâve been exposed by 
skin necrosis, however, cover them at once to preserve 
their vital functions. In most instances, leave the wound 
open. Infections involving the tendon sheaths and joints 
usually resuit in some loss of function. Such loss of func- 
tion is seen less often in superficial infections, unless 
surgical scars hâve adhered to adjacent structures, such 
as nerves or tendons. 


POSTOPERATIVE CARE. Immediately after surgery, the 
hand is wrapped with bulky layers of gauze to hold it in 
the position of function and to pad the wound. A métal, 
plaster, or fiberglass splint is applied to support the wrist 
in about 30 degrees of extension, the metacarpophalan- 
geal joints in about 60 to 70 degrees of flexion, the 
interphalangeal joints in full extension, and the thumb in 
a palmar abducted-opposed position. The hand is con- 
tinuously elevated after surgery. Active motion of digits is 
begun as soon as possible. Therapist-supervised dressing 
changes in a Whirlpool bath are included in the réhabilita¬ 
tion routine. Usually, the dressing is first changed 24 to 
48 hours after drainage and then is changed daily or 
every other day. Moist dressings may help remove infected 
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Diagram of nail and nail bed. A f Nail. B f Eponych¬ 
ium. C f Dorsal roof of nail fold. D f Ventral floor of nail fold (ger¬ 
minal matrix). E f Nail bed (stérile matrix). (From Bednar MS, Lane 
LB: Eponychial marsupialization and nail removal for surgical treatment 
of paronychia, J Hand Surg 16A:314, 1991.) 


drainage. Stérile technique should be observed during 
dressings to prevent further contamination. After several 
days, further debridement of necrotic material may be 
necessary if the infection is extensive. As soon as drainage 
has ceased and healthy granulation tissue appears, the 
wound is closed secondarily; a free skin graft or flap 
coverage may be necessary, but usually only when a skin 
slough has occurred. 


PARONYCHIA 

A paronychia (“runaround”) infection usually is caused by 
the introduction of S. aureus into the soft-tissue fold around 
the fingernail (éponychium) associated with a hangnail 
or poor nail hygiene (Fig. 78-1). In three studies of paro¬ 
nychia, with a total of 61 patients, 25% were caused by anaér¬ 
obie bacteria, 25% by aérobic bacteria, and 50% by mixed 
aérobic and anaérobie bacteria. Nonbacterial pathogens such 
as yeast and viruses also hâve been identified as causative 
organisms. 

When an abscess forms in the eponychial or paronychial 
fold, it usually begins at one corner of the horny nail and 
travels under either the éponychium or the nail toward the 
opposite side. If an abscess is on one side only, it should be 
incised, angling the knife away from the nail to avoid cutting 
the nail bed, which would cause a ridge later. If the abscess is 
under one corner of the nail root, this corner should be 
removed. If it has already migrated to the opposite side and 
under the nail, a second incision should be made there, the 
skin folded back proximally, and the proximal one third of 
the nail excised. The wound is loosely packed with iodoform 
gauze for 48 hours for drainage (Fig. 78-2). 

Ogunlusi et al. described using the tip of a 21- or 23-gauge 
needle to lift the nail fold and drain the abscess; drainage was 
followed by oral antibiotic therapy. Resolution of acute paro¬ 
nychia occurred within 2 days in 8 of 10 patients. No anes¬ 
thésia or daily dressing changes were required. 

Infections caused by herpes simplex virus type 1 or 2 may 
be confused with bacterial paronychia. The “herpetic whitlow” 
is seen more often in health care workers and in immuno- 
compromised patients and begins as a localized area of 



Incision and drainage of paronychia (see text). 


swelling with clear vesicle formation. Lymphangitis and 
lymphadenopathy may be présent. The diagnosis can be con- 
firmed with viral cultures of fluid from the vesicles, a Tzanck 
smear, and sérum antibody titers. The condition is self- 
limiting, usually resolving over 3 to 4 weeks, and does not 
require surgical treatment. 

CHRONIC PARONYCHIA 

Chronic paronychia typically occurs in patients whose activi¬ 
tés require prolonged exposure to water. With chronic 
inflammation and recurring infection, the éponychium 
appears thickened and prominent. Organisms obtained from 
the cultures of these lésions include Staphylococcus pyogenes, 
S. epidermidis , Candida albicans , colonie gram-negative bac¬ 
teria, or a mixture of these. Tosti et al. compared topical 
méthylprednisolone with two oral antifungal medicines in 
the treatment of chronic paronychia of 45 patients with mul¬ 
tiple nail involvement. Méthylprednisolone cured or improved 
85% of the nails. Of the oral antifungal médications, terbin- 
afine was effective in 52% and itraconazole in 45%, suggesting 
the possibility that a chronic paronychia is more likely a der- 
matitis related to environmental exposure. 


EPONYCHIAL MARSUPIALIZATION 

Bednar and Lane found the eponychial marsupialization 
technique of Keyser and Eaton to be effective in curing 
patients of chronic paronychia. They further noted that if 
nail irregularities are présent, removing the nail leads to 
healing without récurrence. 


TECHNIQUE 78-2 


(BEDNAR AND LANE; KEYSER AND EATON) 

■ After administering a digital block anesthetic, cleanse the 
finger with antiseptie and drape it appropriately. 
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Eponychial marsupialization for treatment of 
paronychia. Symmetric, crescent-shaped segment of skin is excised 
from dorsum of distal phalanx, leaving adéquate bridge of skin 
and cuticle. SEE TECHNIQUE 78-2. 


■ Excise a crescent of skin 3mm wide parallel to the 
éponychium and extending from the radial to the ulnar 
borders (Fig. 78-3). 

■ When using the Keyser and Eaton technique, remove ail 
thickened tissue from the skin. Bednar and Lane leave the 
subcutaneous fat intact. 

■ If nail irregularities are présent, remove the nail. 

■ Cover the wound with petroleum/bismuth tribromo- 
phenate-impregnated gauze (Xeroform). If the nail is 
removed, place this gauze beneath the nail fold. 

POSTOPERATIVE CARE. Therapy with an oral antibiotic 
(cephalexin or erythromycin) is begun postoperatively. 
The patient is instructed to soak the finger in hydrogen 
peroxide and to wash it with chlorhexidine gluconate skin 
cleanser (Hibiclens) three times daily, beginning on post- 
operative day 3. The daily washings are continued until 
ail drainage stops. Antibiotics should be continued for 2 
weeks. If the culture results are négative, antibiotics can 
be discontinued in 3 to 5 days. 

Pabari et al. described a "Swiss roi P' technique for the 
treatment of both acute and chronic paronychia in which 
the nail fold is elevated and reflected proximally over a 
nonadherent dressing and secured to the skin with a 
nonabsorbable suture (Fig. 78-4). Cited advantages of 
this technique are the rétention of the nail plate, rapid 
healing, and avoidance of a skin defect in the finger. 


FELON 

A félon is an abscess in the subcutaneous tissues of the distal 
pulp of a finger or thumb. The distal digital pulp is divided 
into tiny compartments by strong fibrous septa that traverse 
it from skin to bone. A transverse fibrous curtain also is 
présent at the distal flexor finger crease. Because of these 
septa, any swelling causes immédiate pain that is intensified 
because of increased pressure within the pulp. Infection can 
be caused by a penetrating injury from a foreign body or from 
“finger sticks” for medical reasons (e.g., hematocrit and blood 
glucose déterminations). S. aureus is the organism most com- 
monly isolated from fingertip infections. Swelling, redness, 




"Swiss roiI" technique for treatment of paro¬ 
nychia. A f Inflamed germinal matrix is exposed and thoroughly 
irrigated. B f Elevated nail fold is reflected proximally over a non¬ 
adherent dressing, rolled like a Swiss roiI, and secured to the skin 
with nonabsorbable suture. (From Pabari A, lyer S, Khoo CT: Swiss 
roll technique for treatment of paronychia, Tech Pland Up Extrem Surg 
15:75, 201 1.) 


and pain, typical of cellulitis, are présent initially. Abscess 
formation may follow rapidly. The pulp abscess (félon) can 
extend into the periosteum, around the nail bed, or proxi¬ 
mally through the fibrous curtain into the flexor sheath or 
through the skin to the exterior over the pulp. Abscesses 
beginning deep, especially if untreated, penetrate the perios¬ 
teum and cause osteomyelitis; the more superficial ones cause 
skin necrosis. Abscesses may form occasionally in the middle 
and proximal digital pulps. 

Treatment consists of antibiotics and incision for drain¬ 
age. Because MRSA is becoming much more frequent, 
empiric treatment with antibiotics that cover MRSA is 
prudent until cultures dictate treatment. The diagnosis of an 
abscess in this area is sometimes difficult, but one usually is 
présent if severe pain has lasted for 12 hours or longer. 


INCISION AND DRAINAGE OF FELONS 


TECHNIQUE 78-3 


■ When the abscess points volarly, causing necrosis of the 
overlying skin, drain it by excising the necrotic skin. 

■ When the abscess is in the distal pulp area pointing volarly 
toward the whorl of the fingerprint, it is best drained by 
a vertical incision begun distal to the skin crease and 
placed precisely in the midline to avoid the latéral branches 
of the digital nerve and allow healing with minimal scar- 
ring (Fig. 78-5). 
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POSTOPERATIVE CARE. The finger is splinted, and 
élévation is maintained. The bandage is changed at about 
48 hours. Dressing changes are then begun, soaking the 
hand in saline solution and allowing secondary healing. 
Active range-of-motion exercises, edema control, and 
graduai reincorporation of the finger into activities of 
daily living are emphasized. Antibiotic treatment with 
first-generation cephalosporins has usually been suffi- 
cient; however, changes in antibiotic therapy should be 
made on the basis of the results of culture and sensitivity 
studies. Infections in patients with diabètes or immuno¬ 
suppression may be difficult to control, and amputation 
may be the end resuit. 


Midline vertical incision for drainage of abscess 
pointing volarly in distal pulp of finger. SEE TECHNIQUE 78-3. 




Ail septa divided 



FIGURE 


Incision and drainage of félon. SEE TECHNIQUE 


78-3. 


■ If the abscess is deep and partitioned by the septa, make 
a longitudinal incision, usually away from the contact area 
of the finger, cutting through the partitions (Fig. 78-6). 

■ This incision must be accurate. Make the incision dorsal 
to the tactile surface of the finger and not more than 
3 mm from the distal free edge of the nail; otherwise, the 
ends of the digital nerve would be painfully damaged. 
Blunt dissection with the tip of a small pair of scissors or 
a mosquito hemostat avoids sharp injury to nerve endings, 
allowing disruption of the fibrous septa and adéquate 
drainage. A J-shaped incision is sufficient; a fish mouth 
incision around the whole fingertip is slow to heal and 
can resuit in painful scarring, especially if it is placed too 
far palmarly. 

■ Irrigate the wound copiously and pack it with iodoform 
gauze or stérile gauze bandage. 


SUBFASCIAL SPACE INFECTIONS 

The potential spaces in the subfascial and deeper layers of the 
hand are infrequently infected (Table 78-2). A high level of 
suspicion should lead to their détection and treatment. The 
recognized deep spaces of the hand include the interdigital 
web spaces, the midpalmar space, the thenar space, a less 
well-defined hypothenar space, the Parona space, and the 
dorsal subaponeurotic space (Fig. 78-7). 

WEB SPACE INFECTION (COLLAR 
BUTTON ABSCESS) 

Web space infection usually localizes in one of the three fat- 
filled interdigital spaces just proximal to the superficial trans¬ 
verse ligament at the level of the metacarpophalangeal joints. 
Typically, the infection begins beneath palmar calluses in 
laborers. It may begin near the palmar surface, but because 
the skin and fascia here are less yielding, it may localize to 
drain dorsally. Here the tissue becomes obviously swollen, but 
the greater part of the abscess remains nearer the palm. This 
may be the more dangerous part because, unless drained, it 
may spread through the lumbrical canal into the middle 
palmar space. Two longitudinal incisions usually are neces- 
sary for drainage: one on the dorsal surface between the 
metacarpal heads and the other on the palm, beginning distal 
to the distal palmar crease and curving proximally. Crossing 
the palmar creases at right angles to the crease should be 
avoided (Fig. 78-8). The web should not be incised. 

■ DEEP FASCIAL SPACE INFECTIONS 

The palmar fascial space lies between the fascia covering the 
metacarpals and their contiguous muscles and the fascia 
dorsal to the flexor tendons. Its ulnar border is the fascia of 
the hypothenar muscles, and its radial border is the fascia of 
the adductor and other thenar muscles. This space is divided 
into a middle palmar space and a thenar space by a fascial 
membrane that passes obliquely from the third metacarpal 
shaff to the fascia dorsal to the flexor tendons of the index 
finger (Fig. 78-9). The hypothenar space has as its boundaries: 
the hypothenar septum laterally, the fifth metacarpal dorsally, 
and the hypothenar muscle fascia medially and palmarly. The 
space of Parona is bordered by the pronator quadratus dor¬ 
sally, the flexor pollicis longus laterally, the flexor carpi ulnaris 
medially, and the flexor tendons on the palmar aspect; it 
rarely is the site of abscess formation. Infections in these 
spaces are now rare because less extensive infections nearby 
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__ TABLE 78-2 ^ 

Anatomy, Présentation, and Treatment of Deep Hand Space Infections 


DEEP HAND SPACE 

BORDERS 

PRESENTATION 

SURGICAL POINTS 

Dorsal 

subaponeurotic 

Dorsal: extensor tendons; 
volar: metacarpals and 
interossei 

Dorsal hand swelling and 
fluctuans 

Longitudinal incisions over 
index and ring metacarpals, 
not directly over extensor 
tendons 

Thenar 

Dorsal: adductor pollicis; volar: 
index flexor tendons; ulnar: 
septum of Legueu and Juvara; 
radial: adductor pollicis 
insertion at PI of thumb 

Thenar and first webspace 
swelling; thumb abduction 
with painful adduction or 
opposition; pantaloons-shaped 
abscess if involvement of first 
dorsal webspace through 
contiguous spread (Burkhalter) 

Palmar, dorsal, or 2-incision 
approaches; for pantaloons, 
abscess may drain through 
dual incisions or single 
incision perpendicular to 
first webspace to minimize 
webspace contracture 

Midpalmar/deep 

palmar 

Dorsal: middle and ring finger 
metacarpals and second and 
third interossei; volar: flexor 
tendons and lumbricales; ulnar: 
hypothenar muscles; radial: 
septum of Legueu and Juvara 

Loss of normal palmar 
concavity with marked palm 
tenderness, painful passive 
motion of middle and ring 
fingers; substantial dorsal 
swelling may be présent 

Transverse incision in distal 
palmar crease; curvilinear 
incision along thenar crease 

Webspace 

Subfascial palmar space 
between digits 

Abducted posture of adjacent 
digits with accompanying 
dorsal swelling and volar 
tenderness at webspace 

Must drain both dorsal and 
volar aspects of abscess; 
incisions both dorsally and 
volarly; avoid webspace 
incisions to prevent 
contracture 

Parona 

Volar: pronator quadratus; 
dorsal: digital flexor tendons; 
ulnar: flexor carpi ulnaris; 
radial: flexor pollicis longus 

Pain with passive finger 
flexion; acute carpal tunnel 
syndrome may be présent 

Avoid placing incisions 
directly over flexor tendons 
or médian nerve to avoid 
desiccation. 


From Osterman M, Draeger R, Stern P. Acute hand infections. J Hand Surg 39:1628, 2014. 



Thenar 

space 


Adductor 

pollicis 


Midpalmar (oblique) 
septum 


Hypothenar 

septum 


Hypothenar 

space 


Midpalmar 

space 


Extensor 

tendon 


Dorsal 

subaponeurotic 

space 


FIGURE 


Cross-sectional anatomy of hand showing 


thenar, midpalmar, hypothenar, interdigital (web), and dorsal 
subaponeurotic spaces. (Redrawn from Jebson PJ: Deep subfascial 


space infections, Hand Clin 14:557, 1998.) 


usually are controlled by antibiotics before they spread. 
Abscesses in these spaces usually resuit from the spread of 
infection from other parts of the hand, typically from puru¬ 
lent flexor tenosynovial infections. 

A middle palmar abscess can cause a severe systemic 
reaction, local pain and tenderness, inability to move the long 


and ring fingers actively because of pain, and generalized 
swelling of the hand and fingers, which resembles an inflated 
rubber glove. A thenar abscess causes similar symptoms, but 
the thumb web is more swollen, the index finger is held 
flexed, and active motion of the index finger and the thumb 
is impaired because of pain. 


INCISION AND DRAINAGE OF DEEP 
FASCIAL SPACE INFECTION 


TECHNIQUE 78-4 


■ Drain the middle palmar space through a curved incision 
beginning at the level of the distal palmar crease, in line 
with the long finger and extending ulnarly to just inside 
the hypothenar eminence (Fig. 78-10). Other options 
include the longitudinal distal palm incision and the trans¬ 
verse palm incision. 

■ Enter the space on either side of the long flexor tendon 
of the ring finger with a blunt instrument, such as a 
hemostat, to avoid injury to the neurovascular structures. 
Leave a drain in place if necessary. 

■ Drain the thenar space through a curved incision in the 
thumb web parallel to the border of the first dorsal 
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FIGURE 


A f Lines show palmar incisions for web abscess drainage. B f Dorsal incision. 



Abscess in 
thenar space 



Abscess in 
midpalmar space 



FIGURE 


Boundaries of deep palmar space, which is 


divided into thenar space and middle palmar space (see text). 


A, Abscess in thenar space. B, Abscess in middle palmar space. 


C, Relationships of spaces when not distended by pus. 


interosseous muscle or along the médial side of the 
thenar crease (Fig. 78-1 1). Avoid the récurrent branch of 
the médian nerve at the proximal end of this crease. 
Avoid sharp, deep dissection, using blunt dissection to 
delineate the extent of the abscess. 


■ Drain Parona space infections through a straight or curved 
incision on the palmar forearm. Begin the incision just 
proximal to the wrist flexion crease, slightly médial to the 
midaxial line. Extend the incision proximally and suffi- 
ciently to allow exposure of the flexor tendons and 
médian nerve that lie immediately beneath the fascia. 

■ Retract the flexor tendons and médian nerve, protecting 
them. 

■ Drain the abscess, and irrigate the wound. If needed, 
place a Penrose drain or tube for irrigation in the wound. 

■Apply a nonadherent gauze and bulky absorbent dress- 
ing. Splint the wrist in a position to allow functional 
motion of the fingers. 

■ Change the bandage frequently, irrigating as required. 
Usually, healing by secondary intention is satisfactory. If 
the infection and drainage can be controlled rapidly, sec¬ 
ondary closure or skin grafting may be appropriate. 

■ If the infection and drainage cannot be controlled rapidly, 
healing by secondary intention is preferred. 


■ SUBAPONEUROTIC SPACE INFECTIONS 

Subaponeurotic space infections on the dorsum of the hand 
and wrist can be caused by penetrating injury and local 
spread from other infection in the hand. Dorsal hand swell- 
ing, redness, increased heat, tenderness to palpation, painful 
finger extension, and purulent drainage from areas of péné¬ 
tration may be seen. Although difficult in the presence of 
cellulitis, it is important to détermine the presence of an 
abscess. If this cannot be done with palpation, needle aspira¬ 
tion can be used to locate a purulent collection. Radionuclide 
scanning, MRI, and ultrasound may be helpful, but usually 
are not needed. Most dorsal subaponeurotic abscesses can be 
drained through one dorsal incision, although the presence 
of a large dorsal abscess may require two dorsal parallel inci¬ 
sions, usually placed over the second metacarpal and between 
the fourth and fiffh metacarpals. If necessary, these incisions 
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FIGURE 


TECHNIQUE 78-4. 


A f Distal longitudinal palmar incision. B f Transverse palmar incision. C f Extended longitudinal palmar incision. SEE 



usually are short (2 to 3 cm) and should not compromise the 
circulation of the skin between them. A single incision is 
made longitudinally and dorsally, centered over the abscess. 
Sharp deep dissection is avoided so as not to injure the 
tendons. The abscess is located and drained with blunt dis¬ 
section, and the wound is thoroughly irrigated. A drain is 
placed if the cavity is sufficiently large to create a “dead space.” 
A bulky absorbent bandage with a splint is applied to support 
the wrist and allow free movement of the fingers. 

TENOSYNOVITIS 

An infection within the flexor tendon sheath may be the 
resuit of the spread of adjacent pulp infections or puncture 
wounds in the flexor creases. Although the flexor sheath 
usually is involved, the radial and ulnar bursae may be 


involved as well. Kanavel considered tenderness over the 
involved sheath, rigid positioning of the finger in flexion, pain 
on attempts to hyperextend the fingers, and swelling of the 
involved part to be the four cardinal signs of suppurative 
tenosynovitis. Of these, tenderness over the flexor sheath is 
considered the most significant. When early tenosynovitis is 
suspected, immédiate treatment with antibiotics and splint- 
ing may abort the spread of infection if the patients symp- 
toms hâve been présent for less than 48 hours. If nonsurgical 
treatment is selected, these patients should be followed 
closely, because the conséquences of noncompliance can be 
devastating to the digit and hand. Good results hâve been 
reported in patients with pyogénie flexor tenosynovitis treated 
with surgical drainage, followed by outpatient management 
with intravenous antibiotics, wound care, and réhabilitation. 
Patients with infection affer penetrating injuries usually are 
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infected with S. aureus. However, Streptococcus also may be 
found. Under idéal circumstances, fluid should be obtained 
from the sheath for Gram stain, culture, and antibiotic sensi- 
tivity testing. If gross pus is obtained from the aspiration of 
the digital flexor sheath, surgical drainage usually is indi- 
cated. Purulent fluid might not be présent in the flexor sheath 
with overlying cellulitis; however, needle aspiration of the 
sheath through cellulitic tissue créâtes the risk of inoculating 
the uninfected sheath with bacteria. An increasing frequency 
of MRSA hand infections has been documented in clinical 
studies. Vancomycin is effective for infections caused by 
gram-positive bacteria, whereas ciprofloxacin is most effec¬ 
tive for gram-negative organisms, including Pseudomonas. 
With persistent tenosynovial infection, pressures within the 
flexor sheath can exceed 30 mm Hg, rendering the tendons 
ischémie in the presence of infection. Delay in treatment may 
lead to damage to the flexor tendon and sheath, with resulting 
adhesion, loss of excursion, finger stiffness, and impaired 
function. The prognosis for function is poor if an infection 
here produces pus that must be drained. If drainage is 
required, an open or closed irrigation technique can be used. 
If an open technique is used, healing and réhabilitation are 
prolonged and full motion may not be regained. 


POSTOPERATIVE CLOSED IRRIGATION 

Closed postoperative irrigation is appropriate and effective 
for infections that yield serous exudate or purulent fluid on 
opening the flexor sheath and for infections that are rela- 
tively acute. Some hâve found that closed cathéter irriga¬ 
tion is as effective as open drainage of pyogénie flexor 
tenosynovitis. Chung and Foo modified the closed irriga¬ 
tion technique by introducing an intraluminal 24-gauge 
wire to stiffen the cathéter for easier cannulation and 
manipulation; they also fenestrated the cathéter along its 
middle portion to increase the turbulence of intrathecal 
flow. Jing and lyer described the use of a métal ear suction 
cathéter for irrigation of a flexor tendon sheath infection, 
citing ease of insertion under direct vision, effectiveness, 
and low cost among its advantages. If the infection is 
chronic, or if the flexor tendon is grossly necrotic, open 
drainage may be necessary. 


TECHNIQUE 78-5 


(NEVIASER, MODIFIED) 

■ With the patient under suitable anesthésia and after 
appropriately preparing and draping the hand and arm, 
inflate a pneumatic tourniquet. However, to reduce the 
risk of spreading the infection, do not wrap the limb. 

■ Expose the proximal end of the flexor sheath in the région 
of the Al pulley making a straight transverse incision 
parallel to the distal palmar crease or a zigzag incision in 
this area (Fig. 78-12). Expect to see serosanguineous or 
purulent fluid in the sheath. 

■ Open the sheath proximal to the Al pulley, and swab the 
fluid to send for cultures. 

■ Make a second incision in the midaxial line on either side 
of the finger in the distal portion of the middle segment 
of the digit. 



Closed irrigation for tenosynovitis (modified 
Neviaser technique). SEE TECHNIQUE 78-5. 



■ As an alternative, carefully make a transverse incision over 
the distal flexion crease. 

■ Open the flexor sheath distal to the A4 pulley. 

■ Using smooth forceps or hemostats, pass a 16-gauge or 
18-gauge polyethylene cathéter beneath the Al pulley 
from proximal to distal in the flexor sheath for 1.5 to 
2 cm. Distally place a small piece of rubber drain beneath 
the A4 pulley and bring it out through the skin incision. 
Irrigate the sheath from proximal to distal with saline. 

■ Close the wounds around the cathéter and the rubber 
drain, leaving the distal wound sufficiently loose to allow 
fluid to drain. Suture the cathéter to the palmar skin. Test 
the System for patency by irrigating freely with saline. 

■Wrap the hand in a bulky dressing supported with a 
splint, leaving the tip of the rubber drain exposed to 
observe the outflow. Bring the inflow cathéter out 
through the dressing, tape it to the dressing, and attach 
it to a 30-mL syringe. 

■ When the radial or ulnar bursa is involved, place a second 
cathéter in the palmar wound and pass it proximally in 
the sheath, securing it to the palmar skin with a suture 
to prevent dislodgment. 

■Open the respective bursa proximally through a longitu¬ 
dinal incision on the radial or ulnar side of the distal 
forearm just proximal to the wrist. Place a piece of rubber 
drain in the bursa, and bring it out through the skin. 

■ Irrigate in proximal and distal directions for these com- 
bined digital and bursal infections. 

POSTOPERATIVE CARE. The wounds are irrigated with 
30 mL of saline every 2 hours, and the wound at the 
distal end of the finger is checked for cathéter patency 
and flow of irrigant. After 48 hours, the dressing is 
removed so that the fingers can be examined. If signs of 
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9 persistent infection are présent, irrigation is continuée! for 
another 24 hours. The dressings are removed at that time, 
and the fingers are examined. If no residual signs of infec¬ 
tion remain, the cathéter and drain are removed, a lighter 
dressing is applied, and active motion exercises are begun. 
If pain or drainage persists, irrigation may be necessary 
for several days. Lille et al. found no significant différ¬ 
ences in outcome between patients who received only 
intraoperative irrigation and patients who received post- 
operative irrigation for 24 to 48 hours. 


OPEN DRAINAGE 

Open drainage rarely is used but may be necessary in 
fingers with advanced infection and necrosis of the tendon 
and sheath that requires debridement. 


TECHNIQUE 78-6 


■ With the patient under suitable anesthésia, inflate the 
tourniquet but do not wrap the limb. 

■ Use two incisions. Make the first incision midaxial on 
either side of the finger, extending from the distal flexion 
crease nearly to the web, staying dorsal to the neurovas- 
cular bundles (Fig. 78-13). Avoid injury to the annular 
pulleys, opening the sheath at the cruciform pulleys and 
debriding the flexor tenosynovium. Make the second inci¬ 
sion on the palm, parallel to and near the palmar crease 
over the Al pulley. 

■ Identify the flexor sheath in the distal wound, open the 
sheath, and obtain swab specimens or fluid to send for 
culture détermination. 



Open drainage for advanced infection and 
necrosis of tendon and sheath. SEE TECHNIQUE 78-6. 


■ If the thumb or small finger flexor tendons are involved, 
make an additional longitudinal incision over the respec¬ 
tive flexor tendons proximal to the wrist flexion crease. 

■ Carefully identify the radial or ulnar bursa with blunt dis¬ 
section, and débridé the infected flexor tenosynovium 
(see next section on infections of the radial and ulnar 
bursae). 

■ Irrigate from the proximal wound distally with saline. 
Leave the wound open, wrap the hand in a bulky dress¬ 
ing, and place it in a splint. 

POSTOPERATIVE CARE. Active finger motion is encour- 
aged as soon as possible after 36 to 48 hours. The ban¬ 
dages are removed, the wounds inspected, and Whirlpool 
treatments begun daily or twice daily. Active motion exer¬ 
cises are encouraged during and between treatments. 
Although delayed closure may be considered, usually the 
resolution of drainage is so prolonged that secondary 
healing is allowed to occur to minimize the récurrence of 
infection. 


INFECTIONS OF RADIAL AND 
ULNAR BURSAE 

The radial and ulnar bursae are the tenosynovial sheaths of 
the flexor tendons at the wrist (Fig. 78-14). The proximal 
prolongation of the thumb flexor sheath is the radial bursa 
(Fig. 78-15). The flexor sheaths communicate from the proxi¬ 
mal palmar crease to the level of the pronator quadratus and 
extend distally as the tendon sheath of the little finger to form 
the ulnar bursa. Often the two bursae communicate with one 



FIGURE 


Flexor tendon sheaths and proximal extensions 


into radial and ulnar bursae. (Redrawn from Neviaser RJ, Gunther SF: 


Tenosynovial infections of the hand-diagnosis and management: I. 
Acute pyogénie tenosynovitis of the hand, Instr Course Lect 29:108, 
1980.) 
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Passage of instrument from thenar space to 
radial bursa in cadaver specimen demonstrates how easily infec¬ 
tions can propagate proximally. (From McDonald LS, Bavaro MR, 
Hofmeister EP, Kroonen LT: Current concepts. Hand infections, J Hand 
Surg 36A:1403, 2011.) 


another and allow infection to spread from one to the other 
in a “horseshoe abscess.” 


INCISION AND DRAINAGE OF RADIAL 
AND ULNAR BURSAE 


TECHNIQUE 78-7 


■ To drain the radial bursa, first make a latéral incision along 
the proximal phalanx of the thumb and open the bursa 
at its distal end. 

■ Introduce a probe here, advance it proximally to the wrist, 
and make a second incision over its end. 

■ Insert small 16- or 18-gauge polyethylene drainage tubes 
proximally and rubber drains distally for irrigation. 

■ Make a palmar incision, and pass drainage tubes proxi¬ 
mally as described for tenosynovitis. 

■ Open the ulnar bursa on the ulnar side of the little finger 
and again proximal to the wrist with the help of a probe. 
If both bursae are involved, one proximal ulnar incision 
may be sufficient to drain both because the two bursae 
communicate proximally in most patients. 


SEPTIC ARTHRITIS 

FINGER JOINT INFECTIONS 

Finger joint infections usually resuit from the spread of infec¬ 
tion in adjacent structures, direct pénétration of the joint, and 
less commonly, hematogenous spread. When hematogenous 
spread occurs, the primary source should be identified. The 
involved joints usually are swollen, tender, and warm, and the 
finger usually is held in slight flexion. Careful inspection and 
palpation may reveal a fluctuant joint effusion, and active and 
passive motions usually are quite painful. In addition to the 


history, physical examination, and radiographie évaluation, 
diagnosis is accomplished by joint aspiration and synovial 
fluid analysis, Gram stain, and cultures. Fluid obtained from 
a septic joint usually is turbid, opaque, or grossly purulent. 
The joint fluid WBC usually is greater than 50,000/mm 3 . 
More recent studies hâve shown that lowering the cell count 
threshold to 17,500 increases the sensitivity of the diagnosis 
to 83%. The polymorphonuclear count usually is greater than 
75%, and the synovial fluid glucose is 40 mg or less. S. aureus 
usually is the organism isolated from septic hand and wrist 
joints. 

Because septic arthritis can cause articular cartilage 
destruction and osteomyelitis in the underlying phalanx, it 
should be treated as an emergency when pus has been identi¬ 
fied in the joint. Cartilage destruction and osteomyelitis can 
be delayed or avoided if aggressive treatment with incision 
and drainage and the appropriate antibiotics is pursued. If the 
joint and adjacent bone hâve been destroyed and require 
removal, antibiotic-impregnated polymethyl méthacrylate 
spheres can be a useful adjunct in reconstruction with 
arthrodesis or bone graffing. Amputation may be required to 
salvage the hand. Usually little is lost by such an amputation 
because the chronically infected finger retains little useful 
function. In children, antibiotics, drainage, and splinting are 
continued longer than in adults in an attempt to salvage 
the hand. 


OPEN DRAINAGE OF SEPTIC FINGER 
JOINTS 


TECHNIQUE 78-8 


■ With the patient under appropriate anesthésia, apply and 
inflate a tourniquet but do not wrap the arm. 

■ To drain the metacarpophalangeal joint, make an incision 
on either side of the metacarpal head, retract the exten- 
sor expansion distally, and open the joint capsule dorsal 
to the collateral ligament sufficiently to allow free drain¬ 
age and irrigation of the joint. 

■ Leave the capsule and skin incisions open. 

■ To drain the thumb and finger interphalangeal joints and 
the thumb metacarpophalangeal joint, use a midaxial 
incision on either side of the joint. Avoid injury to the 
neurovascular bundles. 

■ In the fingers, section the transverse retinacular ligament, 
retract the extensor latéral band dorsally, and retract the 
neurovascular bundle toward the palm. 

■ Identify the collateral ligament and make a longitudinal 
incision parallel to the ligament and palmar to it, separat- 
ing the accessory collateral ligament from it. 

■ Remove a portion of the accessory collateral ligament, 
drain the joint, and send specimens for aérobic and 
anaérobie cultures. 

■ Irrigate the wound with saline and leave it open. 

■Apply a bulky dressing and a splint. 

POSTOPERATIVE CARE. The hand is elevated for about 
24 hours. The bandage is changed, and motion exercises 
begun. The dressing is changed daily or twice daily, and 
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9 exercise periods in a Whirlpool bath begun. When the 
wound is satisfactorily clean, it can be closed secondarily; 
otherwise, it should be allowed to heal by secondary 
intention. 


WRIST INFECTIONS 

The incidence of septic arthritis of the wrist is unknown, but 
the wrist is less frequently involved than other large joints. 
Approximately 25% of cases of septic arthritis in the upper 
extremity occur in the wrist. As in the finger, septic arthritis 
of the wrist usually results from the spread of infection in 
adjacent structures, direct pénétration of the joint, and, less 
commonly, hematogenous spread. In patients older than 60 
years, comorbidities such as rheumatoid arthritis, diabètes, 
and goût or pseudogout, and immunosuppression are known 
risk factors. Immunosuppressive drugs used for inflamma- 
tory arthritis, corticosteroids, and chemotherapy also may 
prédisposé patients to septic arthritis. S. aureus is the most 
common organism, with an almost 40% frequency of MRSA 
reported. Localized warmth, swelling, tenderness, and painful 
passive motion are typical presenting signs. Prompt irrigation 
and debridement, along with the appropriate antibiotic 
therapy, are indicated to prevent articular destruction. Open 
arthrotomy may include the radiocarpal, ulnocarpal, midcar- 
pal, and distal radioulnar joints and can be accomplished 
through a standard dorsal approach (see Techniques 69-5 and 
69-6). A transverse skin incision also can be used, with better 
cosmetic results, but may not provide adéquate exposure. 
Arthroscopic irrigation and debridement hâve been shown to 
produce outcomes similar to those obtained with open pro¬ 
cedures, with fewer operations and shorter hospital stays. 
Contraindications to arthroscopic irrigation and debride¬ 
ment include postoperative infections, previous wrist surgery, 
osteomyelitis, purulence that has extended outside of the 
radiocarpal and midcarpal joints, and an arthroscopically 
inaccessible joint. Techniques of wrist arthroscopy are 
described in Chapter 69. Regardless of the procedure, open 
or arthroscopic, 90-day perioperative mortality has been 
reported to be approximately 20%, likely because of the sever- 
ity of the disease process and the high rate of comorbidities. 

OSTEOMYELITIS 

Osteomyelitis of the metacarpals and phalanges can be caused 
by infection of the neighboring soft tissues; an open fracture; 
the open treatment of a closed fracture; and the conséquences 
of peripheral vascular disease, diabètes mellitus, and immu- 
nodeficiency States. Hematogenous osteomyelitis is rare in 
the hand and is more likely in immunocompromised patients. 
S. aureus is reported as the most commonly isolated organ¬ 
ism. The principles of diagnosis and treatment, including 
drainage, intravenous antibiotics, and early mobilization, that 
apply to large bones apply here (see Chapter 21). If diagnostic 
measures, including radiographs and radionuclide studies 
(technetium-labeled, gallium-labeled, and indium-labeled 
leukocyte scans), suggest bone infection with no sequestrum 
formation, the process is considered acute or subacute and 
may résolve without surgical drainage if appropriate antibiot¬ 
ics are instituted for organisms obtained by needle aspiration. 



Osteitis of distal phalanx caused by infection in 


finger pulp. 


If no organisms can be obtained, open drainage of pus and 
debridement of necrotic material provide adéquate material 
for culture and ensure décompression of the abscesses. If the 
process has lingered and séquestra hâve formed, it is consid¬ 
ered a chronic infection. Although salvage of the digits is 
possible with diaphysectomy, sequestrectomy, external fixa¬ 
tion, the use of antibiotic-impregnated polymethyl méthac¬ 
rylate, and subséquent bone graffing, frequently it is difficult 
to preserve a functioning digit and hand because of the severe 
stiffness that develops in the involved digit and in the remain - 
ing digits. Especially in adults, unless the infection can be 
controlled to preserve satisfactory function in the involved 
digit and hand, amputation should be considered. The ampu¬ 
tation should be at the joint proximal to the involved bone. 

Infection of the distal finger pulp may erode the distal 
phalanx, as radiographs would show, especially if the abscess 
is deep and located proximally (Fig. 78-16). This area of oste¬ 
itis regenerates to some extent affer the abscess is drained, 
especially in children, and should not be confused with 
sequestrating osteomyelitis (Fig. 78-17). 

HUMAN BITE INJURIES 

Human bite injuries occur in two ways. The first is inadver- 
tent and relatively innocent, involving nail biting and similar 
activities. The second, although at times accidentai, usually 
involves intentionally violent attacks and includes the more 
common full-thickness bites, bite amputations, and injuries 
related to striking a tooth with the clenched fist. Clenched-fist 
injuries account for some of the most severe infections related 
to human tooth wounds. Most often, the third and fourth 
digits are injured at the metacarpophalangeal joint. Although 
fractures of the metacarpal neck may occur, chondral and 
osteochondral fractures are présent in 6% to 59% of patients. 
The chance of inoculating the hand with virulent organisms 
is great because 42 different bacterial species hâve been 
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FIGURE 


Sequestrating osteomyelitis of middle phalanx. 


identified in the normal human mouth flora. Although 
many reports cite S. aureus as the most common infecting 
organism, followed by streptococci, others hâve found 
a-streptococcus to be the most common single organism in 
24 patients. Other organisms found are E. corrodens, Micro- 
coccus, Clostridium, Spirochaeta, and Neisseria. An average 
2.5-day delay in seeking medical attention has been reported, 
and patients frequently are noncompliant. Reported compli¬ 
cations from the injury include osteomyelitis, fracture, pain, 
permanent joint stiffness, arthritis, digital amputation, sys- 
temic sepsis, and death. The incidence of complications 
ranges from 25% to 50%. 

The mechanism for introducing anaérobie bacteria into 
the joint is understood best by realizing that the injury occurs 
when the hand is in a fist. When the finger is next extended, 
the injured joint is closed because the tendon that was lacer- 
ated by the tooth glides proximally (Fig. 78-18). This provides 
an anaérobie environment for growth of the bacteria 
introduced. 

Generally, ail patients with small lacérations over the 
metacarpophalangeal joint should be assumed to hâve tooth 
injuries, regardless of the history given. Radiographs should 
be obtained to rule out fractures and foreign bodies, and the 
wound should be explored to rule out intraarticular injury. 
Several authors hâve observed that patients who seek treat- 
ment less than 24 hours affer injury usually do not hâve signs 
of sepsis, so joint exploration, swabbing for cultures (aérobic 
and anaérobie with attention to E. corrodens ), treatment with 
antibiotics, and close observation usually are sufficient. Some 
surgeons advise ail patients who hâve sustained human bites 
to be admitted to the hospital. Patients who seek treatment 
24 hours or more affer injury may hâve definite signs and 
symptoms of sepsis and may require open joint drainage and 
irrigation, close observation (usually in the hospital), and 
intravenous antibiotics. Patients presenting with bite infec¬ 
tions more than 8 days affer the initial injury hâve been 
reported to hâve an 18% chance of requiring amputation. At 
this time, the antibiotics usually recommended include peni- 
cillin G, ampicillin, carbenicillin, or tétracycline for infection 



Tooth pénétrâtes skin, tendon, and joint 
capsule while metacarpophalangeal joint is flexed. When joint is 
extended, these tissues shift to occupy different sites; this results 
in inoculated, closed, intraarticular wound. 


with E. corrodens and a cephalosporin for infection with 
Staphylococcus organisms. It is necessary to be aware of the 
prevalence of penicillin-resistant organisms when antibiotics 
are selected. Antibiotics can be changed at 36 to 48 hours, 
depending on the culture and sensitivity results. Tetanus pro- 
phylaxis is ensured, and the wound is leff open. 

If the healing is progressing satisfactorily, motion exer¬ 
cises can be started at 24 hours affer drainage. Daily washing 
of the wound with soap and water usually provides sufficient 
cleansing. In some patients with other conditions, such as 
diabètes, and in patients taking corticosteroids, final resolu¬ 
tion and healing may be prolonged, leading to some of the 
previously mentioned complications. Depending on the clini- 
cal course of the infection, antibiotics usually are continued 
for 7 to 10 days. 

ANIMAL BITE INJURIES 

Dog bites to the hand may appear as puncture wounds or as 
superficial or deep lacérations. Canine oral flora include 
S. aureus, Streptococcus viridans, Bacteroides, and Pasteurella 
multocida. Most of these organisms usually are sensitive to 
penicillin. Tetanus prophylaxis should be accompanied by the 
use of antibiotics in healing dog bites. Deep wounds should 
be debrided, cleansed, irrigated, and leff open for secondary 
closure. More superficial lacérations can be loosely closed 
affer the wound has been thoroughly cleansed, the margins 
debrided, and the wound irrigated thoroughly with copious 
amounts of normal saline. 
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Cat bites more often are seen as puncture wounds and 
can progress to serious infections requiring hospitalization. 
In a group of 193 patients with cat bites to the hand, 30% were 
hospitalized for an average of 3 days. P. multocida is com- 
monly isolated from cat bites and usually is sensitive to peni- 
cillin. If the bites are minor or superficial, treatment includes 
cleansing and observation. If the cat bites are deep, they can 
be connected with a scalpel blade to allow thorough wound 
debridement and irrigation. A severe wound is left open, 
whereas more superficial wounds can be loosely closed. 


MISCELLANEOUS AND UNUSUAL 
INFECTIONS 

HERPETIC INFECTIONS 

Herpes simplex was first reported by Adamson in 1909. It 
often resembles a pyogénie infection and frequently involves 
the paronychial région, but it may involve the palm, usually 
distal to the metacarpophalangeal joint. It occurs most often 
on the thumb and index finger. Herpes simplex virus types 1 
and 2 are the most common in the hand. The lésions begin 
as swelling with pain and the development of vesicles. The 
vesicles progress to ulcers over about 2 weeks. In the next 7 
to 10 days, the vesicles begin to dry and heal; however, viral 
shedding may make the lésions infective for another 12 days 
or so (Fig. 78-19). The reported récurrence rate is 20%. Labo- 
ratory techniques to confirm the diagnosis include viral cul¬ 
tures, Tzanck and other smears and stains, and sérologie tests 
for primary infections. The diagnosis can be confirmed by 
herpes antibody titers. It is often found in individuals involved 
in the care of the oral or respiratory System, such as dental 
hygienists and medical personnel. It may be accompanied by 
axillary and epitrochlear adenopathy with lymphangitis of the 
forearm. The lésions should be kept clean to avoid bacterial 
infection. Current treatment is medical and includes the use 



Vesicle éruption typical of herpetic infection. 

(From McCarthy JJ, Dormans JP, Kozin SH, Pizzutillo PD. Musculoskeletal 
infections in children, J Bone Joint Surg 86A:850-863, 2004.) 


of acyclovir in some patients. Although surgical drainage is 
not usually indicated for herpetic infections, concomitant 
pyogénie infection with abscess formation may require inci¬ 
sion and drainage. Intravenous antibiotics and acyclovir are 
added to their treatment. 

INFECTIONS IN DRUG ADDICTS 

Intravenous drug users are more likely to hâve MRSA as the 
organism of infection. The lack of asepsis in cleaning the skin 
and preparing injectable substances probably accounts for 
most infections associated with intravenous drug abuse. 
Although infection may appear as septicemia, usually the 
sepsis is localized because of subeutaneous extravasation. 
These hand infections hâve been categorized into four types, 
depending on the depth and location of infection. Type I 
infection is in the skin and subeutaneous tissues, usually on 
the dorsum of the fingers. Type II infection includes the 
extensor tendon and possibly the periosteum and bone. Type 
III involves the flexor tendon sheath of the finger and has the 
worst prognosis. Type IV includes the sequelae of arterial 
injection, such as digital necrosis and pain. Dorsal swelling 
may be caused by chronic lymphedema and fibrosis instead 
of infection. Treatment includes hospitalization; aggressive 
incision, drainage, and debridement; culturing for aérobic 
and anaérobie organisms; copious lavage; open treatment of 
the wound; splinting; multiple daily dressing changes; appro- 
priate intravenous antibiotics; and progressive réhabilitation 
of the hand. 

INFECTIONS IN PATIENTS WITH ACQUIRED 
IMMUNODEFICIENCY SYNDROME 

Patients with hand infections and acquired immunodefi- 
ciency syndrome (AIDS) or AIDS-related complex may hâve 
an atypical présentation and course of the infections. Her¬ 
petic infections can be more virulent than usual and may not 
résolve spontaneously; intravenous antiviral therapy may be 
necessary. Dorsal bacterial abscesses may not respond to 
early drainage and can progress to osteomyelitis. 

NECROTIZING FASCIITIS 

During the late 1800s, necrotizing infections were known as 
“hospital gangrené.” Other terms were used until necrotizing 
fasciitis was used by Wilson in 1952. The term necrotizing 
fasciitis generally has been used to describe streptococcal 
infections of the soft tissues; however, some severe infections 
are caused by streptococci in combination with anaérobie and 
other aérobic bacteria. These infections hâve been placed into 
two groups, depending on the causative organisms. Type 1 
infection is caused by non-group A streptococci with anaéro¬ 
bie or facultative anaérobie organisms, and type 2 is caused 
by group A streptococci alone or by group A streptococci 
with a species of Staphylococcus. Enterobacteriaceae (Esche- 
richia coli , Klebsiella pneumoniae, Serratia marcescens) also 
are commonly found in necrotizing infections. Other organ¬ 
isms found less often, include various anaérobie species, E. 
corrodens , Neisseria meningitidis, Haemophilus aphrophilus, 
Zygomycetes, and Saksenaea vasiformis. 

Although commonly related to traumatic events, such as 
open fractures, lacérations, contusions, cutaneous abscesses, 
steroid injections, insect bites, burns, and frostbite, necrotiz¬ 
ing infections may occur in the absence of known trauma. 
Patients who may be susceptible to necrotizing infections 
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include those who are immunosuppressed as a resuit of AIDS 
or chemotherapy. Patients with a history of diabètes, periph- 
eral vascular disease, alcoholism, intravenous drug abuse, 
multiple myeloma, discoid lupus, and porphyria cutanea 
tarda may also be at increased risk. A systematic review iden- 
tified a history of intravenous drug use, smoking, and trauma 
as the most common associated risk factors and diabètes as 
the most common comorbidity. Although the skin may 
appear normal early in the course of the illness, the clinical 
course of a necrotizing infection is one of rapid progression 
from a skin abscess with redness around it accompanied by 
pain and swelling to severe, nonpitting edema. Skin bullae 
and blue discoloration in the skin may develop over several 
days; however, lymphangitis and lymphadenopathy may not 
be présent. Similarly, the WBC and body température may be 
normal. A WBC of more than 15,400 cells/mm 3 and sérum 
sodium concentration of less than 135 mmol/L hâve been 
reported to hâve a sensitivity of 90%, specificity of 76%, a 
négative prédictive value of 99%, and a positive prédictive 
value of 26%. Radiographs may reveal subcutaneous gas. 
Computed tomography scanning has been reported to be 
100% sensitive and 81% spécifie in identifying necrotizing 
fasciitis, with a positive prédictive value of 76% and négative 
prédictive value of 100%. Magnetic résonance imaging has 
not been found to be helpful and may even confound the 
diagnosis, because many of the findings with necrotizing fas¬ 
ciitis can overlap with other soft-tissue infections. 

Progressing from the skin and subcutaneous tissue, the 
necrotizing infection spreads along the fascial planes, liquefy- 
ing the fascia, producing a thin exudate that may be foui 
smelling with anaérobie infections. Bruising and irregular 
areas of skin necrosis are apparent, but the extent of fascial 
involvement extends beyond the area of the apparent skin 
involvement, and myonecrosis may follow bacterial spread to 
muscle. When it is well established, necrotizing fasciitis 
spreads rapidly. In the upper extremity, the proximal spread 
to the chest wall may hâve a mortality rate of 75%. Although 
thrombosis of digital vessels leads to gangrené, necrotizing 
fasciitis also may be complicated by abscess formation in the 
liver, spleen, brain, and lungs; disseminated intravascular 
coagulopathy; septic shock; and death. Mortality rates range 
from 23% to 76%, with organ failure and sepsis the major 
causes. Delays in diagnosis and appropriate treatment are 
significantly associated with increased mortality. 

Successful treatment is aided by the prompt récognition 
of the spreading soft-tissue involvement. Several studies hâve 
determined that the time from diagnosis to first debridement 
is a primary factor in outcome, with 93% chance of survival 
when debridement is done within 24 hours, decreasing to 
75% at 48 hours. Aggressive debridement of ail the necrotic 
tissue, especially the liquefying fascia, is essential (Fig. 78-20). 
Cultures for anaérobie organisms should be obtained from 
the areas of worst involvement. The use of extensile incisions 
préserves skin flaps and decreases the risk of injury to viable 
underlying structures. Wounds are left open, and patients are 
returned to the operating room for repeat inspection and 
debridement every 24 to 48 hours, depending on the appear- 
ance of the wound. When ail the necrotic tissue has been 
removed, and the infection is under control with a healthy, 
granulating wound, closure with direct suture, skin grafts, or 
flaps can be done. Amputations may be required to remove 
necrotic tissue and to control infection; reported amputation 



jjj Necrotizing fasciitis in 78-year-old man. Early 
and aggressive management with serial wide surgical debride¬ 
ment, négative pressure therapy, and subséquent delayed closure 
allowed préservation of the limb. (From McDonald LS, Bavaro MR, 
Hofmeister EP, Kroonen LT: Current concepts. Hand infections, J Hand 
Surg Am 36:1403, 2011.) 


rates in patients with necrotizing fasciitis of the extremities 
range from 18% to 28%. 

While bacterial cultures are pending, Gram stains help to 
détermine the initial antibiotic sélection. General recommen¬ 
dations include intravenous broad-spectrum antibiotics for 
Staphylococcus and Streptococcus (cephalosporin), penicillin 
for anaérobie organisms, and gentamicin for gram-negative 
organisms. An awareness of the prevalence of penicillin- 
resistant organisms and the assistance of an infectious disease 
consultant help in determining the most appropriate antibi¬ 
otic therapy. 

Hyper alimentation has been bénéficiai in helping patients 
heal wounds and combat infection. Hyperbaric oxygen treat- 
ments may be helpful with difficult anaérobie infections. 

GAS GANGRENE (CLOSTRIDIAL 
MYONECROSIS) 

Gas gangrené, although rarely encountered, when estab¬ 
lished, threatens life and limb. In a 1947 report, Altmeier and 
Furste estimated the incidence of gas gangrené to be 0.03% 
to 5.2%. More recently, the occurrence in the United States 
has been estimated to be 1000 to 3000 cases per year. Clos¬ 
tridium perfringens (C. welchii), the organism most often 
associated with gas gangrené, was first isolated in the late 
1800s in the United States, Germany, and France. Other clos- 
tridial species produce toxins and may be associated with gas 
gangrené. Nonclostridial organisms are found in an estimated 
85% of gas gangrené infections. Readily found in the environ¬ 
ment and on human mucous membranes, clostridia are 
anaérobie, saprophytic gram-positive rods that grow best in 
necrotic tissue and blood and in conditions of low oxygen 
concentration, where spores become végétative and produce 
a variety of toxins. Toxins produced by clostridia include 
alpha toxin (myonecrosis and hemolysis), thêta toxin (hemo- 
lysis and cardiotoxicity), kappa toxin (collagénase), nu toxin 
(deoxyribonuclease), and mu toxin (hyaluronidase). The pro¬ 
duction of toxins results in necrosis of muscle, fat, and sub¬ 
cutaneous tissue and in the production of hydrogen sulfide 
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and carbon dioxide. Laboratory isolation of clostridial organ- 
isms requires an anaérobie environment and a medium con- 
taining a reducing agent (sodium thioglycolate). 

Although frequently associated with open fractures, gas 
gangrené also may be seen with closed fractures. Crushing 
injuries, soil contamination, and primary closure of contami- 
nated wounds are major factors contributing to the develop¬ 
ment of gas gangrené. Other predisposing factors include 
surgery, immunosuppression, penetrating foreign body, 
chronic edema, shock, and infection with aérobic organisms. 
Three types of clostridial infections hâve been described: type 
1, clostridial contamination with a positive bactériologie 
culture without clinical signs of infection; type 2, clostridial 
cellulitis, in which the infection of tissue produces foul- 
smelling gas but there is no systemic infection; and type 3, 
gas gangrené, clostridial myonecrosis, and systemic signs of 
severe infection. 

The onset and clinical course of gas gangrené is rapid. 
Rapidly progressing edema, severe and worsening pain in the 
limb, soft-tissue gas that is visible on radiographs early, and 
palpable within 24 hours (Fig. 78-21), mild fever, tachycardia, 
and anxiety may occur early in the course of the infection. 
Myonecrosis, occurring in the first few days affer the initiat- 
ing lésion, leads to limb edema and the subséquent develop¬ 
ment of hémorrhagie skin bullae, and blebs, and foul-smelling 
purulent drainage. Progressive systemic sepsis, leading to 
hemolysis, rénal failure, and septic shock, may lead rapidly 



Radiographie appearance of gas gangrené in 
left hand. (From Goyal RW, Ng ABY, Baie RS: Case report: bilateral gas 
gangrené of the hand—a unique case, Ann R Coll Surg Engl 85:408, 
2003.) 


to an overall mortality of 19%, with a 5% mortality in 
patients with posttraumatic clostridial myonecrosis of the 
extremities. 

Patients with clostridial infections require close monitor- 
ing for hemolysis and rénal failure. For severe involvement in 
patients with septic shock, endotrachéal intubation and 
intensive supportive measures may be required. Proper man¬ 
agement of wounds susceptible to clostridial infections 
includes prompt and thorough debridement of ail open 
wounds, especially open fractures, followed by repeat wound 
debridement every 24 to 48 hours depending on the wound 
condition. Gram stains, obtained from drainage and from 
wound debridements, usually are helpful in identifying clos¬ 
tridial infections. Ail necrotic skin, subeutaneous tissue, 
muscle, and bone should be debrided initially. Tissue with 
questionable viability may be left and reinspected at the time 
of subséquent debridements. Amputation may be required in 
extreme cases. Ail wounds suspected to hâve clostridial infec¬ 
tion and questionable tissue, including amputation stumps, 
should be left open until the infection is controlled. 

The assistance of an infectious disease consultant may be 
helpful in determining appropriate antibiotic therapy. Patients 
with straightforward, open fractures should receive intrave- 
nous cephalosporins. Patients with large dirt-contaminated 
or grease-contaminated wounds should receive cephalospo- 
rin and aminoglycoside. Patients with crushing wounds or 
farm contamination, especially with a positive Gram stain, 
should receive penicillin, cephalosporin, and aminoglyco¬ 
side. Although hyperbaric oxygen is a controversial treat- 
ment, several reports suggest that it may be an effective 
adjunct. Administered at 2 to 2.5 atm, three times daily for 
acute infections, hyperbaric oxygen has been found to help 
stabilize limb amputations secondary to clostridial 
infections. 

MYCOBACTERIAL INFECTIONS 

■ TUBERCULOSIS 

The most common présentation of Mycobacterium tuberculo- 
sis in the hand is tenosynovitis (Fig. 78-22). Appearing as an 
extensive palmar “ganglion,” it can cause compression of the 
médian nerve in the carpal tunnel. Although uncommon in 
the hand, tuberculosis infection should be considered when 
unexplained tenosynovitis is encountered, and tissue cultures 
and specimens should be examined for M. tuberculosis. A 
combination of antituberculous médication and tenosyno- 
vectomy generally is recommended. M. tuberculosis also may 
manifest as osteomyelitis, septic arthritis, and dactylitis in the 
hand and involve the bones of the wrist. When the hand and 
wrist bones and joints are involved, treatment frequently 
includes debridement of bone and joint, and arthrodesis. In 
some cases of tuberculosis that are refractory to antitubercu¬ 
lous médication and radical surgery, amputation may be 
required. 

■ NONTUBERCULOUS MYCOBACTERIAL 
INFECTIONS 

The nontuberculous mycobacteria that most commonly 
infect the hand are M. marinum and M. kansasii. Hand infec¬ 
tions by M. fortuitum, M. chelonei, and other mycobacterial 
species rarely hâve been reported. M. marinum and M. kan¬ 
sasii may cause infections in the skin, tenosynovium, and 
deeper structures. 
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Any poorly healing ulcer on the hand should hâve a 
culture for M. marinum at 30°C to 32°C on Lowenstein- 
Jensen medium. Skin testing is not as reliable for this organ- 
ism as it is for tuberculosis. In the early stages, the infection 
frequently is confused with goût or rheumatoid arthritis, and 
nearly ail the reported cases hâve had a cortisone injection. 
Typically, the organism is found around swimming pools or 
fish tanks, from whence it dérivés its name, “swimming pool 



Tuberculous tenosynovitis presenting as a com- 
pound palmar ganglion and carpal tunnel syndrome. Note the 
multiple rice bodies. (From Al-Qattan MM, Al-Namla A, Al-Thunayan 
A, Al-Omawi M. Tuberculosis of the hand. J Hand Surg Am 36:1413, 
2011 .) 


granuloma,” and may infect an open wound or abrasion. It 
can attack bone, joint, synovium, or skin (Fig. 78-23). 

M. kansasii may behave in a similar manner and should 
be considered when chronic synovitis is not obviously a com¬ 
plication of rheumatoid arthritis, especially if only a single 
digit or joint is involved. A typical case is one in which a 
synovectomy of the wrist has been done for compression of 
the médian nerve, only to be followed by the récurrence of 
swelling and compression of the nerve several weeks later. A 
slowly healing sinus may also be présent. When persistent or 
recurring synovitis of the wrist or finger is encountered, a 
mycobacterial infection should be suspected. In a study of 
166 patients with M. marinum tenosynovitis of the hand, an 
initial wrong diagnosis resulted in a delay in the appropriate 
management in 60% of patients, resulting in established stiff- 
ness and flexion contractures at présentation of these patients 
to a hand specialist. When a part is aspirated for routine 
bacterial cultures, fungus cultures and cultures for tubercu¬ 
losis also should be ordered. The results of the cultures may 
not be known for several weeks because these organisms 
grow slowly. MRI may show changes consistent with tenosy¬ 
novitis; however, typical rice bodies may be mistaken for 
synovial chondromatosis. 

Treatment is by synovectomy or other excisional surgery 
for diagnostic and therapeutic reasons. If the diagnosis has 
not already been established, material is sent for bactériologie 
and histologie identification of the organisms. When the 
diagnosis has been established, the appropriate antimicrobial 
therapy is started. Infectious disease consultation frequently 
is helpful. 

FUNGAL INFECTIONS 

Three types of manifestations of fungal infections in the 
extremities hâve been described: (1) cutaneous infections 
caused by dermatophytes, (2) subeutaneous infections, and 
(3) deep or systemic infections. Fungal infections of the hand 
may mimic other conditions, such as neoplasms, and hand 
surgeons should be aware of the characteristic clinical fea- 
tures of these infections to ensure early diagnosis and 



A f Three erythematous, tender, exophytic nodules on dorsum of hand caused by Mycobacterium marinum infection. 
B f Histopathology shows suppurative and granulomatous inflammation with central necrosis. (From Cassetty CT, Sanchez M: Mycobacterium 
marinum infection, Dermatol Online J 10:21, 2004.) 
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__ TABLE 78-3 WIBw WJJWW iWMW 

Characteristic Clinical Features/Signs of 
Subcutaneous and Deep Fungal Infections of 
the Hand 


TYPE OF INFECTION 

Lymphocutaneous 

sporotrichosis 

CHARACTERISTIC FEATURE/SIGN 

Multiple nodules along the 
lymphatics (lymphatic résider) 

Dematiaceous fungal 

AN are subcutaneous tissue 

infections 

residers 

Eumycetoma 

Chronic inflammatory mass of 
the skin and subcutaneous tissue 
with multiple sinuses and 
granular discharge 

Phaeohyphomycosis 

Localized multiple subcutaneous 
masses with dermal 
microabscesses 

Chromoblastomycosis 

Localized subcutaneous mass 
with wart-like epidermis 

Deep candidiasis 

Chronic arthritis/tenosynovitis 
(synovial résider) 

Invasive aspergillosis 

Necrotic ulcer or necrotic muscle 
(soft-tissue necrotizer) 

Mucormycosis 

Subdermal plexus invasion 
resulting in skin necrosis 
followed by invasion of major 
blood vessels (blood vessel 
résider) 

Cryptococcosis 

Tenosynovitis or osteomyelitis 
(synovial or bone résider) 

Deep sporotrichosis 

Variable sites (joint, bursa, bone, 
muscle, tenosynovium). Rice 
bodies are common in 
tenosynovial disease. 

Coccidioidomycosis 

Osteomyelitis of ends of long 
bones and bony prominences. 
Symmetric bilateral involvement 
may be seen (red marrow 
résider) 

Histoplasmosis 

Granulomatous tenosynovitis 
(sarcoidosis mimic) 

Deep blastomycosis 

Commonly présents as 
osteomyelitis that may mimic 
sarcoma (sarcoma mimic) 


From Al-Qattan MM, Helmi AA. Chronic hand infections. J Hand Surg 39:1636, 
2014. 


treatment (Table 78-3). Usual causes of deep or systemic 
infections include sporotrichosis, maduromycosis, histoplas- 
mosis, coccidioidomycosis, and blastomycosis; these infec¬ 
tions frequently occur in immunocompromised hosts and 
hâve a poor prognosis. In addition to the appropriate medical 
treatment, surgical therapy is indicated for flexor or extensor 
tenosynovitis, fungal arthritis, and osteomyelitis. 

PYODERMA GANGRENOSUM 

Pyoderma gangrenosum is a cutaneous ulcer that develops 
rapidly and can be mistaken for an infection, leading to 
unsuccessful surgical treatment. There may be associated 


systemic conditions, such as ulcerative colitis. Dermatologie 
consultation may help avoid inappropriate surgical 
treatments. 
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PRINCIPLES OF MANAGEMENT 

The difficulties in treating congénital anomalies of the hand 
hâve long been recognized. Milford observed, “a single surgi- 
cal procedure cannot be standardized to suit even similar 
anomalies” 

Treatment of a congénital hand deformity may be sought 
at birth or later in the child s development. Involvement may 
be unilatéral or bilateral; the anomaly may be an isolated 
condition, or it may be a single manifestation of a malforma¬ 
tion syndrome or skeletal dysplasia. Early évaluation by a 
hand surgeon usually is désirable, not because of urgency to 
begin treatment but to help parents with their concerns. 
Parents usually hâve considérable anxiety concerning the 
appearance of the hand, the future function of the hand, and 
the possibility of subséquent siblings being similarly affected; 
they also may feel a sense of guilt. To inform the parents 
adequately and to dispel as much anxiety as possible, it is 
helpful for the surgeon to be familiar with the modes of 
inheritance and the preferred treatment and prognosis of each 
condition. Although spécifie considérations and indications 
for surgical and nonsurgical treatment are discussed for each 
individual condition, the amazing ability of children to com- 
pensate functionally for deformity should be remembered. 


INCIDENCE AND CLASSIFICATION 

Congénital malformations of the hand encompass myriad 
deformities, ail of which carry different functional and cos- 
metic implications for the patient and parents. Congénital 
malformations occur with relative infrequency and hâve 
remained unchanged in recent épidémiologie studies. Inci¬ 
dences of 5.25 to 19 per 10,000 live births hâve been reported. 
Up to two thirds of patients with congénital hand defects hâve 
additional birth defects. The 1-year mortality of live infants 
with congénital upper limb anomalies has been reported as 
14% to 16%. Tfierefore, early récognition of associated syn¬ 
dromes and appropriate workup is of substantial importance. 
The most commonly encountered anomalies of the hand are 
syndactyly, polydactyly, congénital amputations, camptodac- 
tyly, clinodactyly, and radial clubhand (Tables 79-1 and 79-2). 
Approximately 10% of patients with congénital anomalies of 
the upper extremity hâve significant cosmetic or functional 
déficits. 

The classification System devised by Swanson, Barsky, 
and Entin, which is accepted by the American Society for 
Surgery of the Hand and the International Fédération of 
Societies for Surgery of the Hand, séparâtes congénital 
anomalies of the hand into seven categories (Box 79-1). Tfiis 
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_ TABLE 79-1 _ 

Distribution of Primary Diagnoses in Descending 
Order of Incidence 


TYPE OF ANOMALY 

NO. 

CASES 

% 

Syndactyly 

443 

17.5 

Polydactyly—ail 

361 

14.3 

Polydactyly, radial 

162 

6.4 

Polydactyly, ulnar 

130 

5.2 

Polydactyly, central 

69 

2.7 

Amputation—ail 

179 

7.1 

Amputation, hand/digits 

77 

3.0 

Amputation, arm/forearm 

75 

3.0 

Amputation, wrist 

27 

1.1 

Camptodactyly 

173 

6.9 

Clinodactyly 

142 

5.6 

Brachydactyly 

131 

5.2 

Radial clubhand 

119 

4.7 

Central defects 

99 

3.9 

Thumb, hypoplastic 

90 

3.6 

Acrosyndactyly 

83 

3.3 

Trigger digit 

59 

2.3 

Poland syndrome 

56 

2.2 

Apert syndrome 

52 

2.1 

Constriction bands 

51 

2.0 

Musculotendinous defects 

49 

1.9 

Madelung deformity 

43 

1.7 

Thumb, absent 

34 

1.4 

Ulnar finger/metacarpal absent 

31 

1.2 

Ulnar hypoplasia 

31 

1.2 

Synostosis, radioulnar 

29 

1.2 

Ulnar clubhand 

25 

1.0 

Thumb, triphalangeal 

21 

0.8 

Hypoplasia, whole hand 

21 

0.8 

Macrodactyly 

21 

0.8 

Phocomelia 

19 

0.8 

Thumb, adducted 

18 

0.7 

Radial hypoplasia 

17 

0.7 

Symphalangism 

13 

0.5 

Other 

115 

4.6 

Total 

2525 

100 

From Flatt A: The care of congénital hand anomalies, 

r St. Louis, Mosby, 1977. 


classification is based on spécifie embryologie failures. It is 
based in part on the System outlined by Frantz and O’Rahilly, 
in which four patterns of deficiencies were identified on the 
basis of certain skeletal deficiencies: terminal transverse, 
terminal longitudinal, intercalary transverse, and intercalary 
longitudinal. Affer extensive clinical application and testing, 
Flatt found that this System permitted full categorization of 
complex deformities. It does not delineate étiologie factors, 
treatment, or prognosis, and there is ongoing work to further 
revise this System. Isolated deformities that commonly are 
nongenetic include unilatéral transverse failure of formation, 
deficiencies as a resuit of constriction bands, longitudinal 


_ TABLE 79-2 

Diagnoses in Yokohama Patients 


NO. 


TYPE OF ANOMALY 

CASES 

% 

Syndactyly 

23 

10.1 

Polydactyly 

65 

28.6 

Brachydactyly 

19 

8.4 

Brachysyndactyly 

10 

4.4 

Symphalangism 

1 

0.5 

Annular grooves 

3 

1.3 

Ectrodactyly 

— 

— 

Cleft hand 

12 

5.3 

Ectrosyndactyly 

17 

7.5 

Amputation 

16 

7.0 

Microdactyly 

5 

2.2 

Floating thumb 

5 

2.2 

Hypoplasia of the thumb 

3 

1.3 

Five finger 

2 

0.9 

Monodactyly 

1 

0.5 

Floating small finger 

1 

0.5 

Defect of fifth metacarpus 

1 

0.5 

Macrodactyly 

3 

1.3 

Clinodactyly 

3 

1.3 

Clubhand 

14 

6.1 

Phocomelia 

2 

0.9 

Other 

21 

9.3 


Modified from Yamaguchi S, et al: Incidence of various congénital anomalies of 
the hand from 1961 to 1972. In Proceedings of the Sixteenth Annual Meeting of 
the Japanese Society for Surgery of the Hand, Fukuoka, 1973. 



Classification of Congénital Anomalies of the 
Hand 


Failure of formation of parts (arrest of development) 

Failure of différentiation (séparation) of parts 

Duplication 

Overgrowth 

Undergrowth 

Congénital constriction band syndrome 
Generalized skeletal abnormalities 


radial and ulnar dysplasias, macrodactyly, and preaxial poly- 
dactyly. Isolated deformities that usually are autosomal 
dominant include lobster claw deformity, symphalangism, 
brachydactyly, triphalangeal thumb, camptodactyly, and 
postaxial polydactyly. Syndactyly may occur sporadically or 
as a dominant trait. The malformation syndromes and skeletal 
dysplasias hâve different patterns of inheritance. 

EMBRYOLOGY 

The arm arises as a small bud of tissue on the latéral body 
wall beginning on day 26 of gestation, preceding leg bud 
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formation by only 24 hours. Normal limb bud growth and 
development occur by a complicated and coordinated col¬ 
laboration between three distinct signaling centers. Each 
signaling center is responsible for its own axis of growth but 
can also interact with the remaining centers to influence 
genetic expression. This coordinated effort produces a pro- 
portionate functional limb. The apical ectodermal ridge 
(AER) is the primary signaling center of proximal to distal 
growth. Its location is seated at the very tip, or apex, of the 
limb bud. A family of fibroblast growth factors (FGFs), most 
commonly FGF8, médiates AER activity and can influence 
core-polarizing activity. FGFs also hâve been shown to influ¬ 
ence interdigital necrosis. The zone of polarizing activity 
(ZPA) located at the ulnarmost portion of the limb bud 
Controls development primarily in the anteroposterior or 
radioulnar axis (Fig. 79-1). The ZPA produces a family of 
proteins called “sonie hedgehog (SHH).” Signaling by the ZPA 
can be divided further into distinct zones that influence 
spécifie portions of radial and ulnar limb development. Zone 
I, the ulnar portion of the limb bud, contains primarily SHH 
expressing cells and is responsible for development of the 
small finger, ring finger, and ulnar half of the middle finger. 
Zone II is responsible for development of the radial half of 
the middle finger and index finger and is influenced by long- 
range diffusion of SHH proteins. Zone III develops only in 
the absence of SHH proteins and is under the influence of 
other signaling factors (SALI4, HOXA13, and FGF8). This 
zone is responsible for the development of the radial column 
of the carpus, radius, and thumb. The WNT signaling pathway 
Controls the development of the dorsoventral axis. Specifi- 
cally, the primary signaling protein WNT 7a guides dorsaliza- 
tion. Restricted to the dorsum of the limb bud by FN-1, WNT 
7a influences the expression of the HOX gene LMX1, which 
is responsible for dorsal hand development (i.e., dorsal hairy 
skin, nails, and extensor tendons). LMX1 also is important in 


the maintenance of SHH expression. EN 1 is expressed in the 
palmar ectoderm and is essential to the growth of palmar 
structures, such as glabrous skin and flexor tendons. By day 
31 of gestation, the hand paddle is présent. Through a process 
of programmed cellular death, fissuring of the hand paddle is 
completed by day 36, with central rays forming first, followed 
by preaxial and postaxial digits. Formation of the chondral 
éléments; endochondral ossification; and joint, muscle, and 
vascular development follow, with the entire process com¬ 
pleted by 8 weeks of gestation (Table 79-3). 

FAILURE OF FORMATION (ARREST 
OF DEVELOPMENT) 

TRANSVERSE DEFICIENCES 

Transverse deficiencies include deformities in which there is 
complété absence of parts distal to some point on the upper 
extremity, producing amputation-like stumps that allow 
further classification by naming the level at which the remain¬ 
ing stump terminâtes. Wynne-Davies and Lamb reported the 
incidence of transverse deficiencies to be 6.8 per 10,000. Most 
transverse deficiencies (98%) are unilatéral, and the most 
common level is the upper third of the forearm. There is no 
particular sex prédilection. The cause generally has been 
believed to be a failure of the apical ectodermal ridge possibly 
secondary to infarct. The use of misoprostol to induce abor- 
tion has been shown to cause vascular disruption in utero 
and transverse deficiencies in infants. In the usual unilatéral 
transverse deficiency, there is no genetic basis, although 
rare bilateral or multiple transverse deficiencies may be 
inherited as an autosomal récessive trait. Transverse deficien¬ 
cies usually do not occur in association with malformation 
syndromes, but anomalies reported to occur in association 
with transverse deficiencies include hydrocephalus, spina 



Dorsal 


Proximal «■ 


Ulnar 


, Radial 
Distal 


Mesoderm 


Ventral 


Apical ectoderm 
ridge 

Progress zone 


Ectoderm 


Zone of polarizing 
activity 


Limb bud. Apical ectodermal ridge extends from anterior to posterior along dorsal/ventral boundary of growing limb 
bud. Proximal to apical ectodermal ridge is progress zone (an area of proliferating mesodermal cells). Within posterior mesoderm is 
zone of polarizing activity, which is important signaling center. These centers are interconnected, so limb patterning and growth partly 
dépend on coordinated function. 
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_ TABLE 79-3 _ '-\ ; i v i .> 

Important Steps of Upper Limb Development in the Human Embryo 


EMBRYO 

STAGE 

INTRAUTERINE 
AGE (D) 

EVENTS 

9 

21-22 

Notochord expressing SHH 

12 

26 

Limb bud appears 

14 

31 

Limb bud curves, marginal vessel appears 

15 

33 

Hand "paddle" appears; subclavian-axillary-brachial axial arteries appear 

16 

36 

Nerve trunks enter the arm; chondrification of the humérus, radius, and ulna; shoulder joint 
interzone is apparent 

17 

41 

Digital rays évident within the hand paddle; chondrification of the metacarpals; ulnar artery 
appears 

18 

44 

Splitting of pectoral muscle mass into a clavicular head and a costal head; chondrification of 
the proximal phalanges; radial artery appears 

19 

47 

Splitting of the costal head of the pectoral mass into the pectoralis minor and the sternocostal 
head of the pectoralis major; chondrification of the middle phalanges; initial séparation of the 
fingers; joint interzones are apparent in the hand 

20 

50 

Chondrification of the proximal parts of the distal phalanges; further séparation of the fingers 

22 

54 

Ossification of the humérus; fingers are completely separated 

23 

56 

Nutrient vessel pénétrâtes the humérus; the tips of the distal phalanges ossify 
(intramembranous ossification) 


SHH, Sonic hedgehog. 

From Al-Qattan M, Kozin SH: Update on embryology of the upper limb, J Hand Surg 38A:1835, 2013. 


bifida, myelomeningocele, clubfoot, radial head dislocation, 
and radioulnar synostosis. 

A newborn with a transverse deficiency usually has a 
slightly bulbous, well-padded stump. In the more distal 
deficiencies, rudimentary vestigial digital “nubbins” are 
common (Fig. 79-2). Hypoplasia of the more proximal 
muscles helps differentiate these deficiencies from deficien¬ 
cies associated with congénital bands. In the more common 
upper forearm amputation, the forearm usually is no more 
than 7 cm long at birth and can be expected to measure no 
more than 10 cm by skeletal maturity. In midcarpal amputa¬ 
tions, the second most frequent level of deficiency, the rudi¬ 
mentary digital remnants usually are nonfunctional. Although 
the affected forearm may be relatively shorter than the normal 
side, pronation and supination usually are possible. 

■ PROSTHETIC MANAGEMENT 

For patients who do not require surgery, treatment usually 
consists of early prosthetic fitting of the déficient limb, prefer- 
ably by the time the child is crawling and certainly by the 
time of independent ambulation. The childs development of 
manual and bimanual skills progresses in an orderly and pre- 
dictable pattern. Until the âge of 9 months, préhension is 
achieved primarily by bilateral palmar grasp. Single-hand 
grasp develops next, and by âge 12 to 18 months, thumb-to- 
finger pinch is possible. The ability to grasp an obj ect is believed 
to précédé the ability to release. By âge 24 months, the child 
should hâve developed coordinated shoulder positioning, 
grasp, and release. The fitting of the upper limb prosthesis 
should complément and enhance these developmental mile- 
stones and improve the chances of myoelectric prosthetic use 
in the future. The choice of prosthetic design is based on the 
level of amputation and the âge and function of the child. 



Failure of formation (digital nubbins). Wrist 
motion allows use as assisting hand. 


For the rare child with complété arm amputation, espe- 
cially if the amputation is bilateral, conventional body- 
powered prostheses that include an elbow are unlikely to be 
of functional benefit. For most children with congénital 
above-elbow amputations, a rigid elbow is used initially. 
When the passive mitten initially used as a terminal device is 
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exchanged for an actively opened split hook, usually at âge 18 
months, the rigid elbow is replaced by a friction elbow. At 
about 3 years of âge, dual-terminal devices and elbow Controls 
may be tried. For bilateral above-elbow amputations, only 
the preferred or dominant side is fitted with a dual-control, 
articulated prosthesis. For a child with an amputation at the 
upper third of the forearm, a passive plastic mitten prosthesis 
is introduced between the âges of 3 and 6 months or when 
the child has achieved sitting balance (sit to fit). This is fol- 
lowed by the addition of an actively opened, plastisol-covered, 
split hook at 12 to 18 months of âge. A Child Amputee 
Prosthetic Program (CAPP) terminal device may be substi- 
tuted if preferred. Training with a functional device is begun 
at 18 months of âge. The CAPP device can be used until the 
child is about 6 years old. The prosthesis also is bénéficiai in 
providing stability during sitting and may assist the child in 
pulling to a standing position. Although standard prosthetic 
fitting usually is satisfactory, a myoelectrical prosthesis (Fig. 
79-3) has been shown to be useful and appropriate for pre- 
school children and may be considered between the âges of 
2 and 4 years. 

Prosthetic treatment for a child with a midcarpal ampu¬ 
tation is more controversial. Although the carpal bones 
cannot be seen radiographically until about âge 6 to 8 
months, their presence improves the prognosis because 
minimal shortening of the forearm can be expected. Delay 
in carpal bone maturation rarely is encountered. The long, 
below-elbow stump is so useful for stabilizing objects and 
assisting in bimanual functions for which sensibility is 
required that the benefits of a prosthesis are debatable. 
Options include an open-ended volar plate secured to the 
forearm that permits simple grip between stump and plate, 
an open-ended volar plate with a terminal hook, and an 
artificial hand driven by the radiocarpal motion. Terminal 
sensibility is sacrificed with the last option, but a good cos- 
metic effect is achieved. Regardless of the prosthesis chosen, 


therapist-supervised training sessions are essential. These 
sessions should be scheduled at regular intervals, particu- 
larly when a new prosthesis is introduced, and coordinated 
follow-up should be maintained among the patient, family 
members, therapist, orthotist, and physician. Most children 
do well with prostheses, although it is common for adoles¬ 
cents, particularly boys, to reject the prosthesis for a time 
before resuming its use. 

■ SURGICAL TREATMENT 

There are few indications for surgical intervention in children 
with transverse deficiencies of the upper extremity. Amputa¬ 
tion of nonfunctional digital remnants offen is performed for 
psychologie and cosmetic benefits. Complété amputation of 
ail digits offen gives the hand the bizarre appearance of a little 
paw with small nubbins attached. As stated by Littler and 
emphasized by Flatt, it offen is wise to alter the “stigma of 
congenitalism” and make the deformity appear acquired. 
Simple elliptical excision is appropriate. 


METACARPAL LENGTHENING 

Metacarpal lengthening usually is reserved for transverse 
deficiencies at the level of the metacarpophalangeal joints 
in a child with at least one remaining digit. Matev first 
described in 1967 osteotomy of a digital ray with graduai 
distraction and subséquent bone grafting for a déficient 
thumb, and a few reports hâve advocated this procedure 
for congénital absence of fingers. The procedure requires 
judgment and expérience and should be performed by 
surgeons knowledgeable in the spécial needs and expecta¬ 
tions of these patients and in the techniques and realistic 
results of the procedure. Metacarpal lengthening is best 
performed in patients between âges 5 and 11 years. An 
average of 4 to 5 cm of length can be gained, but improved 



FIGURE 


prosthesis. 


A and B f Early fitting of passive prosthesis in child with congénital forearm amputation may encourage use of 
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function and cosmesis may not be achieved. Complications 
include pin track infection, neurovascular compromise, and 
distal ulcérations. Ilizarov et al. reported gains in length and 
improved function with his distraction/fixation apparatus. 


TECHNIQUE 79-1 


(KESSLER ET AL.) 

■ Under tourniquet control, make longitudinal dorsal 
incisions over or between the metacarpals to be 
lengthened. 

■ Perform an osteotomy of the appropriate metacarpals 
and insert two wires transversely through the skin and 
metacarpals, proximal and distal to the osteotomy. 

■ Close the incisions in a routine manner and apply the 
distraction apparatus. 

POSTOPERATIVE CARE. The hand is elevated continu- 
ously for 48 hours. Distraction is done at a rate of 1 mm 
per day and should be painless. Distraction is terminated 
at any sign of vascular or neurologie impairment. Bone 
grafting is performed after maximal safe lengthening has 
been accomplished. 


LONGITUDINAL DEFICIENCES 

Longitudinal deficiencies include ail failure-of-formation 
anomalies that are not considered transverse deficiencies. In 
this category are phocomelia, radial ray dysplasia, ulnar ray 
dysplasia, and central dysplasia. To identify these malforma¬ 
tions further, ail absent or déficient bones are named. Any 
bone not named is assumed to be présent. These deformities 
constitute 9.3% of reported malformations compared with 
the 7.1% incidence of transverse deficiencies. 

■ PHOCOMELIA 

The term phocomelia is derived from the Greek words 
for “seal limb” or “flipper.” It represents the most profound 


expression of longitudinal réduction of a limb because an 
intercalated segment is absent. The defect does not repo¬ 
sent a true intercalary defect but rather a proximal contin¬ 
uum of radial or ulnar longitudinal dysplasia. The term is 
used to describe a condition in which the hand is sus- 
pended from the body near the shoulder; the hand usually 
is deformed and contains only three or four digits. No defi- 
nite inheritance pattern has been established; the anomaly 
was extremely rare (0.8% of congénital hand malforma¬ 
tions) until the appearance of thalidomide-related deformi¬ 
ties in the 1950s. Sixty percent of infants born to mothers 
taking thalidomide between days 38 and 54 after concep¬ 
tion had this deformity. 

Frantz and O’Rahilly described three anatomie types of 
phocomelia: (1) complété phocomelia with absence of ail 
limb bones proximal to the hand, (2) absence or extreme 
hypoplasia of proximal limb bones with forearm and hand 
attached to the trunk, and (3) hand attached directly to the 
humérus (Fig. 79-4). Associated deformities include radial 
ray deficiencies in thalidomide-related phocomelia and cleft 
lip and cleft palate (Robert syndrome). Scoliosis and cardiac, 
skin, chromosomal, and calcification aberrations also hâve 
been reported. 

Although children with phocomelia show slight différ¬ 
ences in the overall length and appearance of the limb and 
different degrees of humerai, forearm, and hand deficiencies, 
the clavicle and scapula always are présent. The scapula offen 
is déficient laterally, and active abduction of the extremity is 
difhcult; it is usually achieved by a sudden, jerking type of 
motion. The abducted position usually can be maintained 
only by the patient gripping his or her ear. There is no true 
elbow joint. The hand usually has only three or four digits, 
and the thumb usually is absent. Active and passive motion 
at the metacarpophalangeal and proximal interphalangeal 
joints varies considerably. Marked difhculty in moving the 
hand to the midline progresses as the patient grows and the 
chest widens. By maturity, the patient usually is unable to 
reach the mouth, face, and genitalia and is unable to clasp the 
hands together, resulting in considérable functional and 
psychologie impairment. 


A 



Three types of phocomelia described by Frantz and O'Rahilly. A f Hand attached to shoulder with no intermediate 
humerai or forearm segment. B f Hand attached to shoulder with abnormal humerai, radial, and ulnar segment intervening. C, Hand 
attached to shoulder with intervening humerai segment without forearm segment. 
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1 TREATMENT 

Treatment of these patients generally is conservative. Various 
ingenious devices hâve been developed to assist in hygiene, 
feeding, and dressing, and these play a major rôle in the 
child’s achieving independence. Conventional prostheses 
designed to increase length usually are rejected. Surgery plays 
a minor rôle in treatment of phocomelia and generally is 
indicated only for shoulder instability, limb shortening, or 
inadéquate thumb opposition. Rotational osteotomy of one 
of the digits with web space deepening may improve thumb 
opposition, but the spécifie technique for phocomelia has not 
been well described or tested. 

■ RADIAL CLUBHAND—RADIAL DEFICIENCES 

Radial ray deficiencies include ail malformations with longi¬ 
tudinal failure of formation of parts along the preaxial or 
radial border of the upper extremity: déficient or absent 
thenar muscles; a shortened, unstable, or absent thumb; and 
a shortened or absent radius, commonly referred to as radial 
clubhand. These conditions may occur as isolated deficien¬ 
cies, but more commonly they occur to some degree in 
association with each other. Radial clubhand occurs in an 
estimated one per 50,000 live births. Bilateral deformities 
occur in approximately 50% of patients; when the deformity 
is unilatéral, the right side is more commonly affected. Both 
sexes are equally affected. Complété radial absence is more 
common than partial absence. 

In most cases of radial clubhand the cause is unknown 
and the deformities are believed to occur sporadically outside 
of the cases caused by thalidomide use, although genetic and 
environmental factors hâve been suggested. Radial deficien¬ 
cies in association with Fanconi anémia and thrombocytope- 
nia are inherited as an autosomal récessive trait; in association 
with Holt-Oram syndrome, they are inherited in an autoso¬ 
mal dominant pattern (Table 79-4). 

The currently accepted and most useful classification of 
the congénital radial dysplasias is a modification of that 
proposed by Heikel, in which four types are described (Fig. 
79-5). In type I (short distal radius), the distal radial physis 
is présent but is delayed in appearance, the proximal radial 
physis is normal, the radius is only slightly shortened, and the 
ulna is not bowed. In type II (hypoplastic radius), distal and 
proximal radial physes are présent but are delayed in appear¬ 
ance, which results in moderate shortening of the radius and 


r TABLE 79-4 

Common Syndromes Associated with Radial 

Longitudinal Deficiency 


ASSOCIATED SYNDROMES 

INHERITANCE PATTERN 

Holt-Oram 

AD 

Thrombocytopenia absent radius 

AR 

Fanconi anémia 

AR 

VACTERL association 

Sporadic 


AD, Autosomal dominant; AR, autosomal récessive; VACTERL, vertébral defects, 
anal atresia, cardiac defects, tracheoesophageal fistula, rénal anomalies, and 
limb abnormalities. 

From Wall LB, Ezaki M, Oishi SN: Management of congénital radial longitudinal 
deficiency: controversies and current concepts, Plast Reconstr Surg 132:122, 
2013. 


thickening and bowing of the ulna. Type III deformity (partial 
absence of the radius) may be proximal, middle, or distal, 
with absence of the distal third being most common; the 
carpus usually is radially deviated and unsupported, and the 
ulna is thickened and bowed. The type IV pattern (total 
absence of the radius) is the most common, with radial dévia¬ 
tion of the carpus, palmar and proximal subluxation, frequent 
pseudoarticulation with the radial border of the distal ulna, 
and a shortened and bowed ulna. 

Variable degrees of thumb deficiencies are frequent with 
ail patterns. Manske and Halikis devised a classification 
System that incorporâtes thumb and carpal deficiencies (Table 
79-5). Associated cardiac, hematopoietic, gastrointestinal, 
and rénal abnormalities occur in approximately 25% to 44% 




Heikel's classification of radial dysplasia. A f Type 
I: short distal radius. B, Type II: hypoplastic radius. C f Type III: partial 
absence of radius. D f Type IV: total absence of radius. 
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_ TABLE 79-5 _ 

Modified Classification of Radial Longitudinal Deficiency 


TYPE 

THUMB 

CARPUS 

DISTAL RADIUS 

PROXIMAL RADIUS 

N 

Hypoplastic or absent 

Normal 

Normal 

Normal 

0 

Hypoplastic or absent 

Absence, hypoplasia, 
or coalition 

Normal 

Normal, radioulnar synostosis, or 
congénital dislocation of the radial head 

1 

Hypoplastic or absent 

Absence, hypoplasia, 
or coalition 

>2 mm shorter 
than ulna 

Normal, radioulnar synostosis, or 
congénital dislocation of the radial head 

2 

Hypoplastic or absent 

Absence, hypoplasia, 
or coalition 

Hypoplasia 

Hypoplasia 

3 

Hypoplastic or absent 

Absence, hypoplasia, 
or coalition 

Physis absent 

Variable hypoplasia 

4 

Hypoplastic or absent 

Absence, hypoplasia, 
or coalition 

Absent 

Absent 


(From James MA, McCarroll R, Manske PR: The spectrum of radial longitudinal deficiency: a modified classification, J Hand Surg 24A:1145, 1999.) 


of patients with radial clubhand and may pose significant 
morbidity and mortality risks. The most frequently associ- 
ated syndromes are Holt-Oram syndrome, Fanconi anémia, 
thrombocytopenia-absent radius (TAR) syndrome, and the 
VACTERL syndrome (vertébral defects, anal atresia, cardiac 
malformation, tracheoesophageal fistula, esophageal atresia, 
rénal abnormalities, and limb anomalies). In Holt-Oram 
syndrome, the cardiac abnormality (most commonly an atrial 
septal defect) requires surgical correction before any upper 
limb reconstruction. The extremity in Holt-Olram syndrome 
also may hâve an atypical présentation component to the 
classic radial longitudinal deficiency. Radioulnar synostosis 
often is présent with syndactyly of the radial two digits. 
Presence of this combination should prompt workup for 
Holt-Olram syndrome. Fanconi anémia, which présents at 
2 to 3 years of birth, is characterized by pancytopenia of 
early childhood and has a very poor prognosis. Historically, 
this condition has been fatal. However, early détection by 
chromosomal challenge tests and bone marrow transplants 
hâve contributed to a longer life expectancy. In TAR 
syndrome, the thrombocytopenia usually résolves by âge 
4 to 5 years, and although it may delay reconstruction, it 
is not a contraindication to surgical treatment. The radii 
are typically absent bilaterally but the thumbs are always 
présent, although lacking in extension. Oishi et al. reported 
the consistent presence of a brachiocarpalis muscle in TAR 
infants that arises from the humérus and inserts onto the 
radial carpus, contributing significantly to the deformity of 
both the wrist and elbow. In a sériés of 164 patients with 
radial longitudinal deficiency, 25 were found to hâve TAR 
syndrome, 22 VACTERL syndrome, 7 Holt-Oram syndrome, 
and 1 Fanconi anémia. Radial deficiency also is associated 
with trisomy 13 and trisomy 18; these children hâve multiple 
congénital defects and mental deficiency that may make 
reconstruction inappropriate despite significant deformity 
(Box 79-2). 

The anatomie abnormalities of congénital absence of the 
radius hâve been extensively reviewed. The scapula, clavicle, 
and humérus often are reduced in size, and the ulna is char- 
acteristically short, thick, and curved, with an occasional 
synostosis with any radial remnant. Total absence of the 



Recommended Tests for Evaluation of Radial 
Longitudinal Deficiency Patient at Initial 
Evaluation 


Complété blood count 
Echocardiogram 
Abdominal ultrasound 
Scoliosis radiograph* 

With or without diepoxybutane for Fanconi anémia 
*To be performed at an older âge 

From Wall LB, Ezaki M, Oishi SN: Management of congénital radial longitudinal 
deficiency: controversies and current concepts, Plast Reconstr Surg 132:122, 
2013. 


radius is most frequent, but in partial deficiencies the proxi¬ 
mal end of the radius is présent most often. The scaphoid and 
trapezium are absent in more than half of these patients; the 
lunate, trapezoid, and pisiform are déficient in 10%; and the 
thumb, including the metacarpal and its phalanges, is absent 
in more than 80%, although a rudimentary thumb is common. 
The capitate, hamate, triquetrum, and ulnar four metacarpals 
and phalanges are the only bones of the upper extremity that 
are présent and free from deficiencies in nearly ail patients. 
The muscular anatomy always is déficient, although the 
deficiencies vary. Muscles that frequently are normal are the 
triceps, extensor carpi ulnaris, extensor digiti quinti proprius, 
lumbricals, interossei (except for the first dorsal interosse- 
ous), and hypothenar muscles. The long head of the biceps 
almost always is absent, and the short head is hypoplastic. The 
brachialis often is déficient or absent as well. The brachiora- 
dialis is absent in nearly 50% of patients. The extensors carpi 
radialis longus and brevis frequently are absent or may be 
fused with the extensor digitorum communis. The pronator 
teres often is absent or rudimentary, inserting into the inter- 
muscular septum, and the palmaris longus often is defective. 
The flexor digitorum superficialis usually is présent and is 
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abnormal more frequently than is the flexor digitorum pro- 
fundus. The pronator quadratus, extensor pollicis longus, 
abductor pollicis longus, and flexor pollicis longus muscles 
usually are absent. The peripheral nerves generally hâve an 
anomalous pattern, with the médian nerve being the most 
clinically significant. The nerve is thicker than normal and 
runs along the preaxial border of the forearm just beneath the 
fascia. In 25% of patients, it bifurcates distally, with a dorsal 
branch running a course similar to that of the dorsal cutane- 
ous branch of the superficial radial nerve, which frequently 
is absent. This nerve is at considérable risk during radial 
dissections because it is quite superficial and, as stated by 
Flatt, “represents a strong and unyielding bowstring of the 
radially bowed forearm and hand.” The radial nerve frequently 
terminâtes at the level of the latéral épicondyle just affer 
innervating the triceps. The ulnar nerve characteristically is 
normal according to most authors, and the musculocutane- 
ous nerve usually is absent. The vascular anatomy usually is 
represented by a normal brachial artery, a normal ulnar 
artery, a well-developed common interosseous artery, and an 
absent radial artery. 

The obvious deformity of a short forearm and radially 
deviated hand is almost invariably présent at birth. A promi¬ 
nent knob at the wrist usually is caused by the distal end of 
the ulna. The forearm is between 50% and 75% of the length 
of the contralatéral forearm, a ratio that usually remains the 
same throughout periods of growth. The thumb characteristi¬ 
cally is absent or severely déficient; the contralatéral thumb 
is déficient in unilatéral and bilateral cases. Duplication of the 
thumb also has been reported. The hand offen is relatively 
small. The metacarpophalangeal joints usually hâve limited 
flexion and some hyperextensibility. Flexion contractures 
often occur in the proximal interphalangeal joints. Stiffness 
of the elbow in extension, probably the resuit of weak elbow 
flexors, frequently is associated with a radial clubhand. Most 
authors emphasize the elbow extension contracture as an 
extremely important considération in evaluating these 
patients for reconstruction. Because of the radial déviation of 
the hand, the child usually can reach the mouth without 
elbow flexion. If untreated, the deformity does not seem to 
worsen over time, but préhension is limited and the hand is 
used primarily to trap objects between it and the forearm. 
Lamb found that unilatéral involvement did not significantly 
affect the activities of daily living, but bilateral involvement 
reduced activities by one third. Associated cardiac or héma¬ 
tologie problems may worsen the overall prognosis. 

I NONOPERATIVE MANAGEMENT 

Immediately affer birth, the radial clubhand offen can be 
corrected passively, and early casting and splinting generally 
are recommended (Fig. 79-6). A light, molded plastic, short 
arm splint is applied along the radial side of the forearm and 
is removed only for bathing until the infant begins to use the 
hands; then the splint is worn only during sleep. Riordan 
recommended applying a long arm corrective cast as soon 
affer birth as possible. The cast is applied in three stages by 
means of a technique similar to that used for clubfoot casting. 
The hand and wrist are corrected first, and the elbow is cor¬ 
rected as much as possible. Although correction usually is 
achieved in an infant, Milford concluded that casting and 
splinting in a child younger than 3 months old offen is 
impractical. Lamb reported that elbow extension contracture 



Plastic splint for congénital absence of radius. 
Note especially middle strap that is placed over wrist at apex of 
angulation. Splint is useful for hands that can be properly aligned 
passively and for maintaining proper position after surgery. 


can be improved by splinting with the hand and wrist in 
neutral position; 20 of his 27 patients improved to 90 degrees. 
He cautioned that elbow flexion never improves affer central- 
ization procedures. As the child matures and ulnar growth 
continues, splinting is inadéquate to maintain correction. 
There is no satisfactory conservative therapy for the signifi¬ 
cant thumb deformities associated with radial clubhand. 

I OPERATIVE TREATMENT 

Although surgery may be postponed for 2 to 3 years with 
adéquate splinting, there is general agreement favoring opéra¬ 
tive correction at 3 to 6 months of âge in children with 
inadéquate radial support of the carpus. Pollicization, when 
indicated, follows at 9 to 12 months of âge if possible. The 
management of neglected deformities might include external 
distraction fixation before formai centralization. Spécifie 
contraindications to operative treatment include severe 
associated anomalies not compatible with long life, inadéquate 
elbow flexion, mild deformity with adéquate radial support 
(type I and some type II deformities), and older patients who 
hâve accepted the deformities and hâve adjusted accordingly. 
Reconstruction of these limbs requires familiarity with the 
concepts and surgical details of three types of procedures: 
centralization of the carpus on the forearm, thumb recon¬ 
struction, and occasionally transfer of the triceps to restore 
elbow flexion. 

Centralization of the Hand. In 1893, Sayre first reported 
centralization of the hand over the distal ulna; he suggested 
sharpening the distal end of the ulna to fit into a surgically 
created carpal notch. Lidge modified this method by leaving 
the ulnar epiphysis intact, providing the forerunner of 
modem centralization techniques. 

Incisions and surgical approaches hâve varied. Manske 
and McCarroll used transverse ulnar incisions, as described 
by Riordan, removing an ellipse of skin. Watson, Beebe, and 
Cruz recommended ulnar and radial Z-plasty incisions to 
allow removal of the distal radial anlage, which they believe 
is essential. Evans et al. described a clever bilobed incision 
that allows the rotation of dorsal skin into the radial incision 
and excessive ulnar skin into the dorsal defect (Fig. 79-7). Van 
Heest described a simple dorsal rotation flap that allows rota¬ 
tion of the skin in a radial direction while the hand and 
carpus are rotated in an ulnar direction (Fig. 79-8). 

The création of a carpal notch to stabilize the carpus on 
the ulna is controversial. Although some authors do not 
recommend removing the carpus because of the possibility of 
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Evans technique. A f The incision should start at point of greatest tension when ulnar force is applied to radial 
of wrist. The defect that opens up should be length of a proximal flap A and another flap B at 90 degrees on the ulnar side. B f 
after transposition. Flap A has been rotated from dorsal to radial on the wrist and flap B rotated from ulnar to dorsal. 


side 

Flap 



Van Heest technique. A f Incision for dorsal rotation flap, extending from ulnar midlateral border of wrist, transversely 
across the dorsum of wrist in Langer's lines and to radial midlateral border of wrist. B f Dorsal rotation flap allowing for rotation of 
skin in radial direction while hand and carpus are rotated ulnarly. Redundant skin on ulnar side of wrist rotated to compensate for 
shortage of skin on radial side. Flap naturally falls into place as hand and carpus are rotated ulnarly for centralization. 


affecting growth, Lamb believed it to be essential and that the 
depth of the notch should equal the transverse diameter of 
the distal ulna, which usually requires removal of ail the 
lunate and most of the capitate. Results hâve been comparable 
with or without création of a notch. Buck-Gramcko promoted 
overcorrection or radialization. 

When a carpal notch is not created, the distal ulna is 
reported to broaden and take on the radiographie appearance 
of a normal distal radius. Bora et al. recommended adjunctive 
tendon transfers in which the flexor digitorum superficialis 
from the central digits is transferred around the postaxial side 
of the forearm into the dorsal aspect of the metacarpal shafts, 
the hypothenar muscles are transferred proximally along the 
ulnar shaft, and the extensor carpi ulnaris is transferred 


distally along the shaft of the metacarpal of the little finger; 
however, according to their report, this procedure failed to 
prevent 25 to 35 degrees of récurrent radial déviation. Bayne 
and Klug recommended transfer of the flexor carpi ulnaris 
into the distally advanced extensor carpi ulnaris to help 
prevent radiovolar deformity. Most authors agréé that it is 
bénéficiai to use a Kirschner wire to secure alignment of the 
long or index metacarpal with the ulna for at least 6 weeks. 
Ulnar osteotomy is required if the ulna is so bowed that the 
Kirschner wire cannot be passed along its medullary canal; 
this usually is when bowing is greater than 30 degrees. When 
the radius is absent bilaterally, one hand should be surgically 
fixed in about 45 degrees of pronation and the other in about 
45 degrees of supination. 
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FIGURE 


in 9-year-old girl. 


A and B f Thin-wire circular external fixator used for graduai distraction and correction of radial clubhand deformity 


Circumferential and unilatéral external fixators can be 
used to stretch the soft tissues gradually and facilitate central- 
ization (Fig. 79-9). We hâve found them mostly useful in 
older children in whom a single-stage centralization proce¬ 
dure would not be possible. Manske et al. evaluated soft-tissue 
distraction and its effect on récurrence and concluded that, 
although distraction facilitated correction, récurrence was 
not prevented and was associated with worse final radial 
déviation and volar subluxation when compared with central¬ 
ization alone. 

Centralization has been shown to improve function, par- 
ticularly in bilateral involvement. Bora et al. reported total 
active digital motion of 54% of normal after surgery compared 
with 27% in untreated patients. Forearm length was function- 
ally doubled, and the metacarpal-ulnar angle averaged 35 
degrees after surgery compared with 100 degrees in untreated 
patients. Bayne and Klug reported that 52 of 53 patients 
believed cosmesis and function had been improved by central¬ 
ization. Good results had the following factors in common: (1) 
ail had adéquate preoperative soft-tissue stretching; (2) surgi - 
cal goals were obtained; (3) there were no problems with 
postoperative bracing; (4) most had less severe soft-tissue 
contractures; and (5) most were younger than 3 years old at the 
time of centralization. Others hâve found no corrélation 
between improved wrist alignment or increased forearm 
length and improved upper extremity function. Despite func- 
tional gains, one study found that only half of the patients were 
satisfied with the resuit. In a large rétrospective review, surgi - 
cally treated patients exhibited improved function and appear- 
ance when compared with patients treated nonoperatively. 

Complications of centralization include growth arrest of 
the distal ulna, ankylosis of the wrist, récurrent instability of 
the wrist, damage to neural structures (particularly the 
anomalous médian nerve), vascular insufficiency of the hand, 
wound infection, necrosis of wound margins, fracture of the 
ulna, and pin migration and breakage. Major neurovascular 


complications are rare. Récurrence of the deformity is 
expected regardless of the procedure and tends to correlate 
with the severity of the initial deformity. In recent studies 
evaluating patient function as adulthood is reached, activity 
and participation was influenced primarily by grip, key pinch, 
forearm length, and elbow motion as opposed to wrist 
angulation. 


CENTRALIZATION OF THE HAND 
USING TRANSVERSE 
ULNAR INCISIONS 


TECHNIQUE 79-2 


(MANSKE, MCCARROLL, AND SWANSON) 

■ Begin the incision just radial to the midline on the dorsum 
of the wrist at the level of the distal ulna and proceed 
ulnarward in a transverse direction to a point radial to the 
pisiform at the volar wrist crease. Pass the incision through 
the bulbous soft-tissue mass on the ulnar side of the 
wrist, incising considérable fat and subcutaneous tissue 
(Fig. 79-1 OA). 

■ Identify and preserve the dorsal sensory branch of the 
ulnar nerve, which is deep in the subcutaneous tissue and 
lies near the extensor retinaculum. 

■ Expose the extensor retinaculum and the base of the 
hypothenar muscles. It is not necessary to identify the 
ulnar artery or nerve on the volar aspect of the wrist 
(Fig. 79-10B). 

■ Identify and dissect free the extensor carpi ulnaris tendon 
at its insertion on the base of the fifth metacarpal and 
detach and retract it proximally. 
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■ Identify and retract radially the extensor digitorum com- 
munis tendons. This exposes the dorsal and ulnar aspects 
of the wrist capsule. Incise the capsule transversely, 
exposing the distal ulna (Fig. 79-1 OC). 

■ The carpal bones are a cartilaginous mass deep in the 
wound on the radial side of the ulna. The carpoulnar 
junction is most easily identified by dissecting from proxi¬ 
mal to distal along the radial side of the distal ulna. Do 
not mistake one of the intercarpal articulations for the 
carpoulnar junction. 

■ Define the cartilaginous mass of carpal bones and excise 
a square segment of its midportion (measuring approxi- 
mately 1 cm) to accommodate the distal ulna. 

■ Dissect free the distal ulnar epiphysis from the adjacent 
soft tissue and square it off by shaving perpendicular to 
the shaft (Fig. 79-1OD). Avoid injury of the physis or the 
attached soft tissue. 

■ Place the distal ulna in the carpal defect and stabilize it 
with a smooth Kirschner wire (Fig. 79-1OE). In practice, 
this is usually accomplished by passing the Kirschner wire 
proximally down the shaft of the distal ulna to emerge at 
the olecranon (or at the midshaft if the ulna is bowed). 
Pass the wire distally across the carpal notch into the third 
metacarpal. Cut off the proximal end of the wire beneath 
the skin. 

■ Stabilize the ulnar side of the wrist by imbricating the 
capsule or by suturing the distal capsule to the periosteum 
of the shaft of the distal ulna. (If there is insufficient distal 
capsule, suture the cartilaginous carpal bones to the 
periosteum.) 

■ Obtain additional stabilization by advancing the extensor 
carpi ulnaris tendon distally and reattaching it to the base 
of the fourth or fifth metacarpal (Fig. 79-1 OF). 

■ Advance the origin of the hypothenar musculature proxi¬ 
mally and suture it to the ulnar shaft to provide additional 
stability to the wrist. 

■ Excise the bulbous excess of the skin and soft tissue 
and suture the skin. This results in a pleasing cosmetic 
closure and helps stabilize the hand in the ulnar position 

(Fig. 79-11). 

POSTOPERATIVE CARE. The wrist is immobilized in a 
plaster cast for 6 weeks and then is placed in a removable 
Orthoplast splint. The Kirschner wire is removed at 6 to 
12 weeks. Children are encouraged to wear the splint 
until they reach skeletal maturity. 



Dorsal sensory branch 
ulnar nerve 



Extensor 





CENTRALIZATION OF THE HAND 
WITH REMOVAL OF THE DISTAL 
RADIAL ANLAGE 


TECHNIQUE 79-3 


(WATSON, BEEBE, AND CRUZ) 

■ Under pneumatic tourniquet control, make two skin inci¬ 
sions (Fig. 79-12A). On the radial aspect, perform a 


JJ Manske et al. centralization arthroplasty tech¬ 
nique, transverse ulnar approach (see text). A f Incision. B f Exposure 
of muscle, tendon, and nerve. C f Capsular incision. D f Exposure of 
carpoulnar junction and excision of segment of carpal bones. 
E f Insertion of Kirschner wire. F, Reattachment of extensor carpi 
ulnaris tendon. SEE TECHNIQUE 79-2. 
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A f Radial clubhand deformity. B f Intraoperative photograph during centralization. C f Correction of deformity after 
insertion of smooth pin. D f One year after surgery. SEE TECHNIQUE 79-2. 


standard 60-degree Z-plasty with a longitudinal central 
limb to obtain lengthening along the longitudinal axis of 
the forearm. On the ulnar aspect, perform a similar 
Z-plasty, but with a transverse central limb to take up skin 
redundancy in this area, transposing the excess tissue to 
the déficient radial wrist area (Fig. 79-12B). 

■ When the skin incisions are completed, carry the dissec¬ 
tion along the radial side, identifying the médian nerve 
(Fig. 79-12C). The médian nerve is more radially located 
than usual and may be the most superficial structure 
encountered after the radial skin incision is made. Iden¬ 
tification and préservation of the "radial-median" nerve 
are vital to the resulting functional capacity of the 
hand. 

■ Continue the dissection ulnarward, resecting the fibrotic 
distal radial anlage, which may act as a restricting band 
to maintain the hand in radial déviation (Fig. 79-12D). 

■ Identify and protect the ulnar nerve and artery through 
the ulnar incision to allow complété dissection around 
the distal ulna without damage to crucial structures 
(Fig. 79-12E). 

■ Perform a complété capsular release of the ulnocarpal 
joint, avoiding injury to the ulnar physis. At this point, the 
hand should be fully movable, attached to the forearm 


only by the skin, the dorsal and palmar tendons, and the 
preserved neurovascular structures. 

■ Remove ail the fibrotic material in the "center" of the 
wrist and forearm area. The ulna and ulnar incision should 
be clearly visible through the radial incision, and the 
reverse should be true. It should not be necessary to 
remove any carpal bones or to remodel the distal ulna to 
maintain the hand in a centralized position. 

■ Pass a 0.045-inch Kirschner wire through the lunate, 
capitate, and long finger metacarpal, exiting through the 
metacarpophalangeal joint (Fig. 79-12F). 

■Centralize the hand in the desired position and pass the 
Kirschner wire in a rétrogradé fashion into the ulna to 
maintain the position of the hand (Fig. 79-12G). 

■ Deflate the tourniquet and obtain hemostasis before skin 
closure, or deflate the tourniquet immediately after the 
application of the dressing and splint. 

■Apply a bulky hand dressing with a dorsal plaster splint 
extending above the elbow. 

■ Before discontinuing anesthésia, ensure that circulation 
in the hand is satisfactory. 

POSTOPERATIVE CARE. The hand is elevated for 24 
to 48 hours. The dressing is changed and sutures are 
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Watson et al. centralization of radial clubhand (see text). A f Z-plasties on radial and ulnar sides of wrist. B f Incisions 
allow lengthening on radial side. Ulnar incision takes up skin redundancy, transposing it to déficient radial side. C f Radial incision in 
wrist for identification of médian nerve. D f View from ulnar incision across wrist to radial incision after resection of ail nonessential 
central structures. E f Distal ulna seen through radial incision at wrist. F, Kirschner wire passed through lunate, capitate, and long finger 
metacarpal. G f After centralization, Kirschner wire passed into ulna to maintain position. SEE TECHNIQUE 79-3. 
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9 removed 2 weeks after surgery. A long arm cast is applied 
and worn for an additional 4 weeks. The Kirschner wire 
is removed at 6 weeks, and a short arm cast is worn for 
an additional 3 weeks. Night splinting is continued until 
physeal closure to avoid récurrence of radial déviation. 


CENTRALIZATION OF THE HAND AND 
TENDON TRANSFERS 

Bora et al. suggested that treatment be started immediately 
after birth with corrective casts to stretch the radial side of 
the wrist. When the patient is 6 to 12 months old, the hand 
is centralized surgically over the distal end of the ulna and 
tendon transfers are done 6 to 12 months later. 


TECHNIQUE 79-4 


(BORA ET AL.) 

STAGE I 

■ Make a radial S-shaped incision and excise the radiocarpal 
ligament. Isolate and excise the lunate and capitate. 

■ Make a longitudinal incision over the distal ulnar epiphy- 
sis, free it from the surrounding tissue, and preserve the 
tendons of the extensor carpi ulnaris and extensor digi- 
torum quinti minimus. 

■ Transpose the distal end of the ulna through the plane 
between the flexor and extensor tendons and into a slot 
formed by the removal of the lunate and capitate. 

■ With the distal end of the ulna at the base of the long 
finger metacarpal, transfix it with a smooth Kirschner 
wire. 

■ Check the position of the ulna and carpus by radiographs 
in the operating room to ensure that the ulna is aligned 
with the long axis of the long finger metacarpal. 

■ Suture the dorsal radiocarpal ligament over the neck of 
the ulna, close the skin, and apply a long arm cast with 
the elbow at 90 degrees. 

■ If the deformity is unilatéral, the wrist and hand should 
be placed in neutral; and if it is bilateral, they should be 
placed in 45 degrees of pronation on one side and 45 
degrees of supination on the other. The cast is removed 
at 6 weeks, and a splint is applied at night. 

STAGE II 

■ Three tendon transfers are performed 6 to 12 months 
after the centralization procedure (Fig. 79-13B). 

■ Before attempting to transfer the flexor digitorum subli- 
mis tendons, test for function because in some instances 
the sublimis tendon is nonfunctioning in one or more of 
the three ulnar digits. 

■ Passively maintain the metacarpophalangeal joints and 
the wrist joint in hyperextension and the interphalangeal 
joints in extension, and release one finger at a time. An 
intact sublimis tendon flexes the proximal interphalangeal 
joint of the released finger. 

■ Make a midlateral incision on the ulnar side of the long 
finger at the level of the proximal interphalangeal joint. 




Bora et al. centralization of hand and tendon 
transfer (see text). A f Volar aspect of radial clubhand deformity 
showing right-angle relationship of hand and forearm and acute 
angulation of extrinsic flexor tendons. B f Volar aspect after cen¬ 
tralization and transfer of sublimis tendons of ring and long 
fingers. SEE TECHNIQUE 79-4. 


■ Divide the sublimis tendon at the level of the middle 
phalanx and divide the chiasm of the decussating fibers. 
Perform a similar procedure on the ring finger. 

■ Make a short transverse incision on the volar aspect of 
the forearm and pull the two tendons into it. At the site 
of the previous dorsal incision, reenter the wrist and 
transfer the sublimis tendons subcutaneously around the 
ulnar side of the ulna to the dorsum of the hand. 

■ Loop the tendon from the long finger around the shaft 
of the index finger metacarpal and the tendon from the 
ring finger around the shaft of the long finger metacarpal 
(Fig. 79-13B). 

■ Transpose the tendons extraperiosteally and suture them 
back to themselves with the wrist in 15 degrees of dor- 
siflexion and maximal ulnar déviation. 

■ Transfer the extensor carpi ulnaris tendon distally along 
the shaft of the little finger metacarpal and transfer the 
origin of the hypothenar muscles proximally along the 
ulnar shaft. An effort is made to maintain balance and 
prevent récurrence of the deformity. 

POSTOPERATIVE CARE. A cast is applied after the 
procedure and is worn for 1 month; after this, a night 
splint is worn for at least 3 months. Careful follow-up is 
recommended to observe for possible récurrence of 
deformity. A night splint can be used for several years. 
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CENTRALIZATION WITH TRANSFER OF 
THE FLEXOR CARPI ULNARIS 


TECHNIQUE 79-5 


(BAYNEAND KLUG) 

■ Make a transverse wedge incision over the end of the ulna 
to excise the redundant skin and fibrofatty tissue (Fig. 
79-14A). A Z-plasty incision also may be necessary on the 
radial surface of the distal forearm and wrist to give extra 
length to the tight skin on the radial side and make the 
wrist flexors and tight capsular attachments more acces¬ 
sible. If the radial contracture has been corrected before 
surgery, a Z-plasty incision may not be necessary. 

■ Through the ulnar incision, identify the dorsal sensory 
branch of the ulnar nerve, the extensor carpi ulnaris, and 
the flexor carpi ulnaris. 

■ Expose the distal ulna, avoiding damage to the epiphyseal 
blood supply. 

■ Develop a distally based ulnocarpal flap. Locate the 
interval between the carpus and the radial aspect of the 
ulna. Using sharp dissection, free the capsular attach¬ 
ments to the carpal structures, flex the elbow, and reduce 
the carpus over the end of the ulna. If this cannot be 
done easily, use the radial incision. 

■ Elevate the skin flaps and identify and protect the anoma- 
lous superficial branch of the médian nerve. 

■ The flexor carpi radialis and frequently the brachioradialis 
are attached to the radial carpal bones, producing a 
strong tethering force; release these if necessary. 


■ If réduction is still difficult, lightly shave the cartilage of 
the distal ulna to flatten the surface, avoiding exposure 
of the epiphyseal bone. Because carpal bone excision or 
excessive shaving often leads to intercarpal fusion and a 
stiff wrist, Bayne and Klug recommend ulnar osteotomy 
rather than carpal bone excision if réduction cannot be 
obtained. 

■ Select a Kirschner wire slightly smaller than the one to be 
used for final fixation and use it to make a pilot channel 
from distal to proximal through the center of the ulna. 

■ Introduce the larger Kirschner wire into the carpal bones 
and the third metacarpal, Crossing the metacarpophalan- 
geal joint. 

■ Place the proximal end of the wire in the pilot hole in the 
central portion of the end of the ulna and drive it rétro¬ 
gradé proximally through the ulna (Fig. 79-14B). 

■ Withdraw the pin so that it does not block motion of the 
third metacarpophalangeal joint. 

■ Obtain radiographs to ensure that the carpus is perfectly 
centralized on the distal ulna; failure to achieve perfect 
réduction is a common cause of subséquent loss of 
centralization. 

■ After fixation of the hand, advance the ulnocarpal flap 
proximally and suture it in place. 

■ Advance the extensor carpi ulnaris as far distally as pos¬ 
sible on the fifth metacarpal. 

■ Suture the flexor carpi ulnaris into the extensor carpi 
ulnaris as far distally and dorsally as possible (Fig. 79-14C). 
The force of the transfer should be directed dorsally and 
ulnarward to counteract the palmar- and radial-deviating 
structures and balance the hand dynamically on the end 
of the ulna. 



Advance 

tendon 


carpi 
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| —Tenotomy 



Flexor 

muscles 


Bayne and Klug centralization of radial clubhand. A f Radial release and resection of redundant soft tissue. B f Cen¬ 
tralization and pin fixation with ulnar osteotomy. C f Radial capsular release and tendon transfer. SEE TECHNIQUE 79-5. 
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■ Close the incisions. 

■ Place the hand in a neutral position, release the tourni¬ 
quet and evaluate circulation, and apply a bulky dressing 
and long arm plaster splint. 

■ If the ulna is severely bowed, a closing wedge osteotomy 
may be necessary; bowing of more than 30 degrees 
should be corrected. Make the osteotomy at the apex of 
angulation of the ulna. 

POSTOPERATIVE CARE. The dressing is changed in 2 
weeks, and sutures are removed. A long arm plaster cast 
is applied. Mobilization of the fingers is encouraged. The 
cast and Kirschner wire are removed at 6 to 8 weeks. A 
short arm Orthoplast splint is applied with the fingers and 
elbow free. The splint is worn full time until the child is 
6 years old, after which time it is used at night until 
skeletal maturity is reached. 


CENTRALIZATION OF THE HAND 


TECHNIQUE 79-6 


(BUCK-GRAMCKO) 

■ With the use of general anesthésia and a tourniquet, 
make an S-shaped incision from the dorsum of the hand 
to the proximal third of the forearm (Fig. 79-15A), care- 
fully preserving the superficial vessels and nerves, espe- 
cially the most radial branch of the médian nerve and its 
artery. 

■ Incise the extensor retinaculum from the radial side in an 
ulnar direction. 

■ Identify and preserve the extensor tendons. 

■ Generally, the radial extensor and flexor muscles hâve a 
common muscle mass with almost no tendon and can be 
detached from the radial carpal bones; occasionally, they 
hâve separate masses and a true tendon and should be 
detached from their metacarpal insertion. 

■ Incise the dorsal and palmar joint capsule transversely; 
préparé one or two flaps that can be transposed later in 
the new joint. 

■ Save the well-developed ulnar collateral ligament. 

■ Excise most of the fibrosed and contracted tissue and 
muscle fasciae because they prevent the necessary exten¬ 
sive mobilization of the hand. 

■ If a fibrocartilaginous anlage of the distal radius is présent, 
excise it because it would prevent the distal and ulnar 
movement of the hand. 

■ Free the distal end of the ulna, carefully preserving the 
cartilage and ail the arteries supplying the epiphysis. 

■ Position the hand with its radial carpal bones over the 
head of the ulna. Position the hand in slight ulnar 
déviation. Insert a Kirschner wire in a rétrogradé 
fashion through the full length of the ulna and, under 
image control, pass it distally through the radial carpal 
bones and obliquely through the second metacarpal 
(Fig. 79-15B). 



Buck-Gramcko centralization (radialization) of 
radial clubhand. A f S-shaped incision. B f Rétrogradé insertion of 
Kirschner wire. ECR, extensor carpi radialis; ECU, extensor carpi 
ulnaris; FCR, flexor carpi radialis. SEE TECHNIQUE 79-6. 


■ If marked curvature of the ulna is présent, make a wedge 
osteotomy in its middle third before the Kirschner wire is 
inserted (Fig. 79-1 5A). 

■ Suture the ulnar ligaments and capsular flap to the 
periosteum as a new collateral ligament. Reinforce the 
muscles on the ulnar side by transposing as many radial 
muscles as are available, including the extensor carpi 
radialis and flexor carpi radialis. Pass these muscles 
between the ulna and the extensor tendons to the ulnar 
side and suture them end-to-side to the extensor carpi 
ulnaris tendon that also is shortened by reefing. 

■ Bring the retinaculum back over the radial carpal bones 
and place it between joint and tendons to prevent 
adhesions. 

■ After careful hemostasis, excise the excess skin on the 
ulnar side of the wrist; preserve the dorsal branch of the 
ulnar nerve. 

■ Apply a long arm plaster splint. 

POSTOPERATIVE CARE. The cast is worn for 3 weeks. 
The Kirschner wire usually is removed at the time of 
pollicization of the second metacarpal (at least 4 weeks 
after centralization). After wire removal, a night splint is 
worn for several months. 


OPPONENSPLASTY 

Abductor digiti minimi opponensplasty, as described by 
Huber, may be appropriate for a rare patient with only 
isolated thenar aplasia in association with the radial club¬ 
hand or for patients with weakness in apposition after 
pollicization. Manske and McCarroll reported improvement 
in appearance, dexterity, strength, and usefulness of the 
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thumb in 20 of 21 patients with an average âge at opera¬ 
tion of 4 years, 9 months. 


TECHNIQUE 79-7 


(MANSKEAND MCCARROLL) 

■ Make an incision beginning over the ulnar border of the 
proximal phalanx of the little finger and palm, curving 
radialward proximal to the metacarpophalangeal joint 
and Crossing the wrist crease on the radial side of the 
pisiform (Fig. 79-16A). 

■ Detach the tendinous insertions into the extensor hood 
and the proximal phalanx of the little finger, retaining as 
much tendon length as possible (Fig. 79-16B). 

■ Starting distally, dissect the abductor digiti minimi muscle 
out of its fascial sheath to its origin at the pisiform, 
avoiding dissection on the proximal and radial sides of 
the muscle where the neurovascular structures enter. 

■ Make a second incision over the dorsoradial aspect of the 
metacarpophalangeal joint of the thumb and pass the 
muscle through a large subcutaneous tunnel between 
the thumb incision and the proximal ulnar incision (Fig. 
79-16C). Ensure that the muscle glides freely in the tunnel 
and is not restricted by soft tissue. 

■ The method of insertion of the transferred tendon at the 
metacarpophalangeal joint (Fig. 79-17) dépends on the 
patient's deformity. In patients with thenar aplasia with 
other radial anomalies, suture one of the transferred slips 
to the soft tissue at the radial aspect of the base of the 
proximal phalanx and the other to the extensor pollicis 
longus muscle at the level of the metacarpophalangeal 
joint as recommended by Riordan, Powers, and Hurd 
(Fig. 79-17B). 

■ In patients with isolated thenar aplasia, stabilize the 
metacarpophalangeal joint by imbricating the ulnar 
capsule in a pants-over-vest fashion (Fig. 79-17C). Suture 
one of the tendinous insertions to the radial capsule and 
the other to the imbricated ulnar capsule and to the 
extensor pollicis longus tendon (Fig. 79-17D). 

■ If the opponensplasty is performed after pollicization, 
suture one slip to the radial latéral band and the other to 
the central slip at the proximal interphalangeal joint of 
the pollicized finger (Fig. 79-17E). 

■Close the incisions in routine fashion and apply a bulky 
dressing and splint, holding the thumb in opposition. 

POSTOPERATIVE CARE. Three weeks after surgery, the 
bulky dressing is removed and the thumb is taped into 
opposition for an additional 3 weeks; the child is encour- 
aged to use the hand. Six weeks after surgery, ail dressings 
are discontinued. Formai retraining of the transfer usually 
is unnecessary. 


TRICEPS TRANSFER TO RESTORE 
ELBOW FLEXION 

An elbow stiff in extension is a contraindication to central- 
ization; rarely, a child may hâve passive elbow flexion but 
minimal or no active flexion because of complété absence 


A 





Tendons 
abductor digiti V 


Ulnar nerve 
(artery not 
shown) 


Flexor carpi 
ulnaris 


Pisiform 


FIGURE 


^ Manske and McCarroll abductor digiti minimi 


opponensplasty (see text). A f Incisions. B f Detachment of tendi¬ 


nous insertions. C f Abductor digiti minimi passed through subcu¬ 
taneous tunnel. SEE TECHNIQUE 79-7. 


of elbow flexors. Menelaus performed triceps transfer to 
restore elbow flexion 2 to 3 months after centralization. 


TECHNIQUE 79-8 


(MENELAUS) 

■ Make a latéral incision to expose the lower end of the 
triceps muscle and the anterior, latéral, and posterior 
aspects of the proximal end of the ulna. Identify the 
triceps insertion and dissect a tongue of periosteum from 
the proximal end of the ulna in continuity with the triceps 
tendon. 

■ Dissect the triceps proximally to the midarm level. Identify 
and mobilize the ulnar nerve; perform a posterior capsu- 
lotomy of the elbow. 

■ Roll the periosteal tongue and the triceps tendon and 
pass this through a tunnel created in the coronoid process 
of the ulna. 
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Extensor pollicis 
longus (EPL) 


Radial side 
MP capsule 
insertion—/ 


AD V 



EPL 

Ulnar MP 

capsule 

imbrication 




Manske and McCarroll technique. A f Tendon insertion at thumb metacarpophalangeal joint dépends on patient's 
deformity. B f Insertion in patients with thenar aplasia and other radial anomalies. C and D f Insertion in patients with isolated thenar 
aplasia. E f Insertion when opponensplasty follows pollicization. SEE TECHNIQUE 79-8. 


3 " Secure the transfer with a nonabsorbable suture. 

■ Close the wound and apply a splint or cast with the elbow 
in 120 degrees of flexion. 

POSTOPERATIVE CARE. The transfer is protected in a 
long arm cast for 4 to 6 weeks. The sutures are removed 
at 2 weeks. After cast removal, gentle active exercises are 
begun, supporting the limb in a 90-degree, long arm, 
posterior splint that is worn between exercise periods and 
during sleep. 


■ CLEFT HAND—CENTRAL DEFICIENCIES 

Central deficiencies of the hand include malformations in 
which there is a longitudinal failure of formation of the 
second, third, or fourth ray. Also included in this category are 
deformities in which there is severe suppression of the radial 
four rays, leaving a one-digit (fiffh-ray) hand. Further sup¬ 
pression that results in a digitless hand is considered a 
transverse deficiency. Common names for this deformity 
include ectrodactyly, crab claw, lobster claw, and cleft hand. 


It is exceedingly rare, with an incidence of approximately 1 
per 90,000 live births. 

Central deficiencies commonly are classified into two 
main patterns of deformity: typical and atypical. The typical 
pattern is a central V-shaped cleft with variable degrees of 
deficiency of the long ray (Fig. 79-18). Syndactyly between the 
ulnar and radial two digits is common. The deformity typically 
is bilateral with similar bilateral foot deformities. The atypical 
pattern, initially described by Lange, is a severe U-shaped 
deficiency that involves the index, long, and ring ray, leaving 
only a thumb and little finger attached to the hand (Fig. 79-19). 
This deformity usually is unilatéral without associated foot 
deformities. According to Ogino, the atypical pattern should 
be considered a form of symbrachydactyly. Flatt suggested that 
the typical and atypical forms are distinctly different, not only 
in appearance but also in cause, and that the term cleft hand 
should refer only to typical patterns and the term lobster claw 
should refer to the fully developed atypical pattern. Flatfs 
classification of these malformations includes four groups: 
group 0, ail bones présent; group 1, one ray involved; group 2, 
two rays involved; and group 3, three rays involved. These 
groups are divided further into three subgroups based on the 
degree of finger involvement (Fig. 79-20). 
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Typical 
central V-shaped cleft. 


pattern of central deficiency with 



Atypical pattern of central deficiency with 
U-shaped deficiency involving index, long, and ring fingers. 


Examples of Classification Groups 



Classifications 1 a-c 



Classifications 3 a-d 


jjj Flatt's classification of central deficiencies. Group 0, ail bones présent; group 1, one ray involved; group 2, two rays 
involved; and group 3, three rays involved. 
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The cause of central deficiencies is unknown, and most 
cases occur sporadically. An autosomal dominant mode of 
inheritance frequently is seen in the typical pattern, but 
penetrance often is incomplète. Maisels suggested a centrip- 
etal suppression theory according to which milder deformi- 
ties hâve only a simple cleft without significant tissue loss, but 
as the severity of suppression increases, absence of the central 
ray is seen first, followed by loss of the radial rays and eventu- 
ally loss of ail rays (Fig. 79-21). Müller emphasized the étio¬ 
logie différences between cleft hand and symbrachydactyly, 
noting that cleft hand seems to resuit from primary insuffi- 
ciency of the central ectodermal ridge, whereas symbrachy¬ 
dactyly may resuit from primary failure of formation of the 
underlying bone. This would explain the absence of terminal 
digital remnants in pure central longitudinal deficiencies. The 
association of cleft hand and central polydactyly also has been 
established, emphasizing the complexity of these deformities. 
A rarer ulnar-sided cleft hand also has been described. These 
patients hâve clefting between the small and ring fingers or 
the small and long fingers with possible absence of the ring 
ray and hypoplasia of the small finger. 

Anomalies that occur most often in association with 
central hand deficiencies include cleft foot, cleft lip, and cleft 
palate; congénital heart disease, imperforate anus, anonychia, 
cataracts, and deafness also hâve been reported. Reported 
major musculoskeletal anomalies in addition to hand defor¬ 
mities hâve included hypoplasia or pseudarthrosis of the 
clavicle, absent pectoralis major muscle, short humérus, 
synostosis of the elbow, short forearm, absent ulna, radioul- 
nar synostosis, bilateral absence of the tibia, bilateral disloca¬ 
tion of the hip, short fémur, hypoplastic patella, clubfoot, 


calcaneovalgus foot, cavovarus foot, deviated nasal septum, 
and congénital ptosis; genitourinary System anomalies also 
hâve been reported. 

The typical cleft hand pattern of a central V-shaped defect 
in the palm is présent at birth. The long finger usually is 
entirely missing, and frequently the two remaining digits on 
each side of the cleft hâve varying degrees of syndactyly and 
a déficient first web. Similar foot deformities are frequent. 
Occasionally, the index finger also may be missing, but rarely 
are the ring and long fingers absent. In the atypical pattern, 
only two fingers are présent, one along the radial border and 
one along the ulnar border. A shallow U-shaped defect 
intervenes along the distal palm. The most latéral (radial) ray 
often lies in the same plane as the most médial (ulnar) ray. 
The deformity usually is unilatéral, without associated foot 
deformity. In the most severe forms ail digits except for the 
small finger may be absent. 

Radiographie findings vary. Transversely oriented bones 
and occasionally a delta phalanx may be seen. There may 
appear to be two metacarpals supporting one digit or a split 
metacarpal supporting two digits. Goldfarb et al. described 
and used a metacarpal and phalangeal divergence angle 
measured between the index and ring finger to assist in 
preoperative planning and postoperative assessment (Fig. 
79-22). Carpal coalition is présent in older children. 

Children with these deformities develop amazing dexter- 
ity but frequently hide their hand in a pocket to avoid drawing 
attention to its clawlike appearance. This is particularly true 
in grade school and in new surroundings but seems to dimin- 
ish as the patient matures. Even patients with the atypical 
pattern may develop adéquate pinch and grasp. 



Maisels' suppression theory. Milder deformities hâve only simple cleft without significant tissue loss, but as severity 
of suppression increases, absence first of central ray is followed by loss of radial rays and eventually loss of ail rays. 
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Radiographie measurement technique for (A) metacarpal and (B) phalangeal divergence angles. C f Radiographie 
divergence measurement after reconstruction. 


I TREATMENT 

No appropriate nonoperative treatment is available for 
these deformities, and prostheses hâve been essentially aban- 
doned except on rare occasions when they are requested for 
cosmesis. The operative management must be individualized 
according to the deformity and available anatomy. A single 
cleft can be highly functional. Adaptive function can be sig¬ 
nifiant even in the presence of significant bilateral deformi¬ 
ties. General principles of hand surgery are applicable, in that 
good pinch and grasp are the primary goals, followed by 
acceptable cosmesis if possible. Surgical reconstruction 
should maintain or improve hand function and include 
cio sure of the cleft, release of syndactyly, correction of thumb 
adduction contracture, removal of transverse or other 
deforming bony éléments, and correction of delta phalanx. 
Golfarb et al. rétrospectively reviewed reconstruction with 
and without a transverse bone within the cleft, finding similar 
outcomes between the groups. Worse functional outcomes 
were associated with preoperative first web space narrowing 
and postoperative index metacarpophalangeal joint abnor- 
malities. In the atypical pattern, deepening of the palm for 
grasp, ostéotomies of the ulnar or radial metacarpals to allow 
better opposition, tendon transfers in the hypoplastic hand to 
restore digital motion, and possibly single-stage toe-to-hand 
transfer for the one-digit hand occasionally are needed. 

In planning the sequence and timing of surgery, the rec¬ 
ommendations of Flatt should be carefully reviewed. Syndac¬ 
tyly should be released in the normal time sequence: the 
border digits by 6 months of âge and the central digits by 18 
months of âge. After a recovery period of 6 months, closure of 
the cleft alone or closure of the cleft with correction of thumb 
adduction contracture can be performed. It is often difficult to 
détermine the extent of thumb mobility required by the 
patient. A minor adduction contracture usually do es not 
require correction. To close the cleft, bony éléments that block 


closure should be removed sparingly because central metacar¬ 
pal loss may weaken the palm and lead to cleft récurrence. If 
cleft closure is performed simultaneously with first web space 
deepening, the index metacarpal can be transferred to the 
long metacarpal position by means of the Snow and Littler or 
Miura and Komada technique. The technique described by 
Miura and Komada is less demanding technically and pro- 
duces comparable results with less risk of complications. 
Recent reports of 20-year outcomes hâve shown long-term 
functional success. Ueba also described a technique helpful 
for palmar cleft with absence of the long finger, especially 
when the cleft hand is combined with a narrow thumb web. 
Upton and Taghinia hâve suggested avoiding ail complicated 
dorsal and volar flaps because of possible flap necrosis and 
using a simple incision separating the glabrous from the dorsal 
skin surfaces (Fig. 79-23). Ail functioning digits with any 
proximal phalanx should be spared because these usually 
significantly improve grasp. A delta phalanx should be cor- 
rected at about 3 years of âge, especially if it is causing radial 
déviation of the thumb or ulnar déviation of the little finger. 

In the atypical pattern, the thumb or little finger or both 
usually are hypoplastic to some extent, making pinch impos¬ 
sible. Deepening of the palm and possibly metacarpal osté¬ 
otomies performed between âge 2 and 3 years should improve 
grasp. In hands of nearly normal size, tendon transfers usually 
are unnecessary; however, in severely hypoplastic hands 
(<50% of normal), tendon transfers may be needed to supplé¬ 
ment the available motors. These transfers should be delayed 
until âge 3 years. 

If only one digit exists, a single-stage toe-to-hand transfer 
may be performed around âge 18 months. The strongest 
indications for this procedure in a child are complété adactyly, 
complété absence of a thumb, or a nonfunctional thumb with 
two or fewer fingers on the same hand. Although success has 
been reported with this technique, numerous problems are 
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Upton and Taghinia technique for type II cleft hand. A f Incisions within cleft are at juncture of glabrous and dorsal 
skin. B f Small trap door flap is used for commissure lining between ring and transposed index finger. Fibrous band is in contracted first 
web space. AN neurovascular structures isolated on both sides of the index digit. C f Flap élévation provides wide exposure to entire 
palm, including the ring ray. Subperiosteal dissection and removal of long metacarpal. Intrinsic muscles exposed. D f Bipennate first 
dorsal interosseous muscle released from thumb and index ray transposed into long ray position at carpometacarpal level. E f Flaps are 
draped into new first web space and closed. Z-plasties and other local flaps can be used as appropriate. F, Final appearance. (From Upton 
J, Taghinia AH: Correction of the typical cleft hand, J Hand Surg 35A:480, 2010.) SEE TECHNIQUE 79-10. 


r 

TABLE 79-6 


Surgical Recommendations 


TYPE 

THUMB WEB RECONSTRUCTION 

CENTRAL DEFICIENCY CLOSURE 

1 

None 

Cleft closure with local tissue réduction of intermetacarpal 
space; circumferential tendon graft; local tissue attached 
to heads (index to middle metacarpal transposition); 
excise polydactylous bony ossicles when needed 

MA 

Local pedicle flaps (Z-plasty) 

As noted above 

IIB 

Dorsal/volar pedicle flaps 

As noted above 

III 

Syndactyly release with skin grafts dorsal/volar pedicle 
flaps from cleft or excise index bony éléments 

As noted above or excise index bony éléments 

IV 

None or tissue réduction with metacarpophalangeal 
stabilization 

None (cleft is web space) 

V 

Consider toe-to-hand transfer or metacarpal 
lengthening 

None 


(From Manske PR, Halikis MN: Surgical classification of central deficiency according to the thumb web, J Hand Surg 20:687,1995.) 


associated with the procedure: incorporation of the trans- 
ferred digit into a functional pattern may be difficult for a 
child who has never had a thumb, tendon transfers may be 
required because of déficient donor tendons, anomalous 
vascular patterns may be présent, identification of a récipient 
branch of the médian nerve may be difficult, and a branch of 
the superficial radial nerve or an adjacent digital nerve may 
be required to reinnervate the transferred toe. 


Manske and Halikis proposed a classification System 
based on the condition of the thumb-index web that can be 
used to guide surgical decisions. They identified five progres¬ 
sive narrowings of the thumb web: type 1, normal web 
(Fig. 79-24); type 2, narrowed web; type 3, syndactylized web; 
type 4, merged web; and type 5, absent web. Surgical recom¬ 
mendations based on this classification are summarized in 
Table 79-6. 
















CHAPTER 79 CONGENITAL ANOMALIES OF THE HAND ^ 


9 



A and B f Preoperative appearance of type I central deficiency. C f Incision marked for cleft reconstruction. D f Exposure 
for metacarpal excision and index transposition. E and F f Postoperative appearance. 
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CLEFT CLOSURE 


TECHNIQUE 79-9 


(BARSKY) 

■ Under tourniquet control, sharply elevate a distally based, 
diamond-shaped flap from one side of the opposing sides 
of the involved fingers (Fig. 79-25A). Place the flap slightly 
dorsally to allow for a gentle slope of the commissure. 
Make the flap approximately 1 cm at the base and 1.5 
times longer than wide. Defat the flap down to the 
subdermal vascular plexus. 

■ Make an incision from the free end of the flap along the 
opposing surfaces of the cleft. 

■ Expose the metacarpals extraperiosteally. 

■ Excise excess soft tissue and bony éléments that would 
prevent apposing of the metacarpals. 

■ Drill two holes in each metacarpal just proximal to the 
heads and place a heavy suture through the holes 
(Fig. 79-25B). 

■ Approximate the metacarpals and tie the suture to secure 
the correction. 

■ Close the dorsal and palmar skin incisions from proximal 
to distal. 

■ Excise excess skin to create interdigitating flaps along the 
dorsal and palmar surfaces. 

■ Place the finger flap into the commissure, and before 
suturing the flap, excise excess skin from the dorsum of 
the hand, rather than from the flap (see Fig. 79-25C). 

■ Apply a well-molded, long arm cast to the level of the 
metacarpal heads over a minimal amount of bandages. 

POSTOPERATIVE CARE. The cast is worn for 3 to 4 
weeks. If the thumb tends to separate excessively, another 
cast is applied for an additional 2 to 3 weeks and then 
regular use of the hand is allowed. Spécial therapy usually 
is not required. 


SIMPLE CLOSURE OF TYPE I AND II 
CLEFT HANDS 


TECHNIQUE 79-10 


(UPTON AND TAGHINIA) 

■ Make a simple incision around the index ray and a 
straight-line incision within the cleft. 

■ Create a new index-to-ring space by raising a small flap 
on the radial side of the ring ray with a 45-degree dorsal- 
to-palmar inclination (Fig. 79-23A). 

■ Create dorsal and volar skin flaps (Fig. 79-23C) 

■ If the first dorsal interosseous muscle is présent, release it 
from the radial origin or ulnar side of the thumb metacar¬ 
pal. Preserve attachments of the adductor pollicis if présent. 

■ If the metacarpal is hypoplastic, excise the metacarpal 
subperiosteally and leave the muscle attached to the 
periosteum. 



Barsky technique of cleft closure. A f Skin inci¬ 
sion. B, Approximation of metacarpals with heavy sutures passed 
through holes drilled in bone. C f Flap used to create new web 
and skin on dorsal and palmar surfaces. SEE TECHNIQUE 79-9. 


■Transpose the index metacarpal at the carpometacarpal 
level and seat it within the long metacarpal periosteal 
sleeve. 

■ The index ray should be pronated to allow good thumb- 
to-pulp contact. Release of flexion contractures, Z-plasty, 
or skin grafting may be required. 

■ After skeletal transposition and fixation (see Fig. 79-23D), 
secure the transposed index finger with nonabsorbable 
sutures as close as possible to the adjacent digit. 

■ Use Kirschner wires to maximally abduct the thumb and 
index rays (see Fig. 79-23D). 

■ Drape the dorsal and volar flaps without tension into the 
first web space (Fig. 79-23E) and close the web commis¬ 
sure between the index and ring fingers. 

POSTOPERATIVE CARE. A dressing and long arm cast 
are applied. Kirschner wires are removed at 3 to 4 weeks, 
and a well-contoured spacer or splint is fabricated and 
worn at night for an additional 6 weeks. Yearly follow-up 
with radiographs is recommended. 


COMBINED CLEFT CLOSURE AND 
RELEASE OF THUMB ADDUCTION 
CONTRACTURE 


TECHNIQUE 79-11 


(SNOWAND LITTLER) 

■ Make incisions that outline the sides of the cleft on the 
dorsal surfaces of the index and ring fingers, joining the 
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incisions where the V-shaped apex extends proximal to 
the level of the metacarpal head. 

■ Make a small, straight incision on the ulnar side of the 
index finger to accommodate a small flap that will be 
used to make a commissure (Fig. 79-26A). Raise this flap 
on the radial side of the ring finger. 

■ As the incisions pass the metacarpal heads, curve them 
back proximally onto the palm, almost parallel with each 
other and lying to the cleft side of the midline of the two 
fingers (Fig. 79-26B). Do not extend the incisions any 
farther into the palm than a point opposite the V-shaped 
apex of the dorsal incision. This is the palmar flap to 
create the new thumb web. 

■To release the thumb adduction contracture, make 
another incision beginning on the dorsum of the thumb 
web at the same level as the V-shaped cleft incision. 

■ Extend the incision distally, parallel with the index split 
incision until it reaches the distal edge of the thumb-index 


web. This créâtes a strip of dorsal skin that is left con- 
nected to the index finger and the dorsum of the hand 
and that covers the dorsal veins and extensor tendons of 
the index finger. 

■ Develop the split flap from the dorsum, carefully tying the 
dorsal veins in the incision; do not dissect them off the 
flap. The flap becomes compromised unless venous drain¬ 
age is good. Also carefully protect and preserve the 
branches of the médian nerve. 

■ Develop the thumb-index incision and release the fibrous 
bands between the two metacarpals. 

■Detach the origins of the first dorsal interosseous from 
these bones. 

■ The adductor muscle and the radial belly of the flexor 
pollicis brevis muscle may hâve to be elevated from their 
origins; the radial artery must be protected during this 
step. Occasionally, the dissection has to be carried down 
to the capsule of the carpometacarpal joint, and 



Snow and Littler technique of combined cleft closure and release of thumb adduction contracture (see text). A f Dorsal 
view. Skin incisions, flap élévation, and wound closure. B f Palmar view. Skin incisions, flap élévation, and wound closure. C f Index finger 
is transposed after osteotomy of base of index metacarpal and release of first dorsal interosseous muscle. D f Additional release of first 
dorsal interosseous subperiosteally from base of index allows transposition of index metacarpal to ring metacarpal base. Inset shows 
rotation necessary (possibly 45 degrees) for transposed digit to prevent overlap. E f Relationship of thumb adduction contracture release 
and palmar flap. Although release allows thumb mobility, area at C may not be covered by palmar flap and may require skin grafting. 
SEE TECHNIQUE 79-11. 
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S sometimes the capsule must be incised to permit full 
thumb abduction. 

■ Perform an osteotomy of the index ray at its base and 
transfer it to the third metacarpal (Fig. 79-26C). 

■ If the third metacarpal is small, shape the index ray 
into a peg and impale it into the base of the third 
metacarpal. 

■ If enough bone is présent, fix the index metacarpal to 
the base of the third metacarpal with a Kirschner wire 
(Fig. 79-26D). Carefully align the metacarpals so that the 
transposed ray maintains the transverse and longitudinal 
arches of the hand and allows the fingers to flex into the 
palm normally without overlap. 

■ Suture the skin between the ring and index fingers. Inset 
the small, longitudinal incision on the ulnar side of the 
index finger to make a commissure. Use a small drain in 
the wound as needed. 

■ Place the large palmar-based cleft flap between the index 
finger and the newly abducted thumb (Fig. 79-26E). If 
this flap does not completely cover the area of defect, 
use a split skin graft for complété coverage. Never place 
these flaps under tension; if necessary, use a skin graft 
over the index finger. 

■Apply a well-padded long arm cast, maintaining the 
arches of the hand and leaving the fingers and thumb 
enough freedom to move. 

POSTOPERATIVE CARE. The cast is worn for 6 weeks. 
Sutures are removed at about 2 weeks, and the Kirschner 
wire is removed at about 6 weeks or after bone healing 
has occurred. After cast and pin removal, normal activities 
are permitted on a graduated basis over 6 to 8 weeks. 


CLEFT CLOSURE AND RELEASE OF 
THUMB ADDUCTION CONTRACTURE 


TECHNIQUE 79-12 


Figure 79-27 


(MIURA AND KOMADA) 

■ Make a linear incision beginning on the radial side of the 
base of the ring finger and continuing to the ulnar side of 
the base of the index finger and Crossing the cleft space. 

■ Make a curved incision around the base of the index 
finger at the level desired for the new thumb web space. 

■ Detach the index metacarpal at its base, along with the 
first dorsal interosseous muscle. 

■ If exposure is inadéquate, make another dorsal skin inci¬ 
sion to expose just the bases of the index and long 
metacarpals. 

■ Release the fascia of the adductor pollicis and the first 
dorsal interosseous. 

■ If the base of the third metacarpal is présent, impale the 
index ray on the base of the third metacarpal and fix it 
with Kirschner wires. 



Miura and Komada reconstruction of cleft hand 
with adducted thumb. A f Initial skin incision on dorsum of hand. 
B, Additional incisions (broker) line) to expose metacarpal dorsally 
and finger on palmar surface. C f Index finger skin flaps. D f Scheme 
for transposing index metacarpal to middle metacarpal position. 
E f Bone transposition: fasciae of first dorsal interosseous and 
adductor pollicis are released, and muscle may require release. 
F f Transposition of index and release of thumb completed. 
G f Appearance after wound closure. SEE TECHNIQUE 79-12. 


■ Reconstruct the transverse metacarpal ligament with two 
or three soft-tissue sutures between the index and ring 
fingers. 

■ Fashion the flap for the thumb web from the skin radial 
to the curved incision along the original cleft. 

■ Close the skin. Apply a long arm cast molded over the 
metacarpals to prevent séparation of the cleft. 
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POSTOPERATIVE CARE. The cast and skin sutures are 
removed at 3 weeks. Additional casting may be required 
if there is any laxity in the cleft. After final cast removal, 
graduai resumption of normal activities is permitted over 
6 to 8 weeks. 


PALMAR CLEFT CLOSURE 


TECHNIQUE 79-13 


(UEBA) 

■ Make a V-shaped skin incision in the form of a triangular 
skin flap on the radial side of the ring finger (Fig. 79-28A). 
This flap is used to form the commissure. 

■ Make a second skin incision beginning from the palmar 
end of the previous skin incision and extending to the 
ulnar side of the palm (Fig. 79-28B). 

■ Make a third skin incision around the base of the index 
finger; place an incision at the bottom of the cleft to 
connect the previous incisions (Fig. 79-28C). 

■ Elevate the interdigital palmar and dorsal skin flaps and 
sever the fibrous bands between the thumb and index 
finger to widen the thumb web as much as possible 
(Fig. 79-28D). 


■ Elevate the periosteum around the second metacarpal 
and transfer the metacarpal ulnarward, avoiding injury to 
the ulnar nerve. 

■ Shift the second metacarpal slightly ulnarward and supi- 
nate it so that the index finger flexes without overlapping 
the ring finger. 

■ Fix the second metacarpal to the fourth metacarpal with 
one or two Kirschner wires and a nonabsorbable suture 
or long-lasting absorbable suture around the metacarpal 
necks. 

■ Connect the common extensor tendons to the index and 
ring fingers with a free tendon graft taken from the 
palmaris longus muscle. Pass this tendon graft through 
the extensor tendons at the level of the metacarpopha- 
langeal joints, reflect its ends, and suture them to the 
extensor aponeurosis (Fig. 79-28E). 

■ After rotating the flaps (Fig. 79-28F), make suture lines 
transversely to conceal the original cleft and deepen the 
thumb web (Fig. 79-28G). 

■ Close the skin with absorbable sutures. 

■Apply a long arm cast, molded to avoid récurrence of 
the cleft. 

POSTOPERATIVE CARE. The cast and any remaining 
sutures are removed at 3 weeks, when a second cast is 
applied. The cast and Kirschner wires are removed at 
about 6 weeks or when bone healing is complété. 
Resumption of normal activities is allowed during the next 
4 to 6 weeks. 



Ueba technique for cleft hand. A f Dorsal view of incisions. Solid line indicates dorsal incisions; broken line indicates 
palmar incisions. B f Palmar view of incisions. Solid line indicates palmar incisions; broken line indicates dorsal incisions. C f Incisions from 
web space. Solid line indicates dorsal incisions; broken line indicates palmar incisions. D f Flaps developed and elevated. E f Reconstruction 
of extensor tendon with graft; Kirschner wire stabilizes index to ring metacarpal. F, Flaps rotated. G f Appearance of palm after wound 
closure. SEE TECHNIQUE 79-13. 
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DEEPENING OF WEB AND 
METACARPAL OSTEOTOMY 


TECHNIQUE 79-14 


■ It usually is safer to undertake correction in two stages. 

■ First, deepen the web by Z-plasty and remove any redun- 
dant bone segments or rudimentary digits. 

■ Later, shorten a metacarpal if needed or rotate one or 
both to provide oppositional pinch between the digits. 

■ Apply a long arm cast. 

POSTOPERATIVE CARE. The sutures are removed at 2 
weeks, and the cast is removed at 4 to 6 weeks. Normal 
activities are resumed during the next 4 to 6 weeks. 


TENDON TRANSFER FOR 
TYPE II DEFORMITIES 


TECHNIQUE 79-15 


(FLATT) 

■ This procedure requires good, stable, passive range of 
motion in the border digits. 

■ Identify the donor tendons, either wrist flexors or exten- 
sors, through appropriate incisions. 

■ Harvest the palmaris longus tendon to be used as a graft 
for the transfers. 


■ Secure the graft to the donor tendons with a Pulvertaft 
weave and secure the distal ends into the terminal pha¬ 
langes of the border digits with a pull-out wire. 

POSTOPERATIVE CARE. The wrist is splinted in mild 
flexion for 3 weeks, and then the pull-out wire and skin 
sutures are removed. Normal activities are resumed 
gradually during the next 4 to 6 weeks. 


■ ULNAR CLUBHAND—ULNAR DEFICIENCES 

Ulnar deficiencies are malformations in which there is longi¬ 
tudinal failure of formation along the postaxial border of the 
upper extremity. The most common form is a partial defi- 
ciency of the ulna and the ulnar two digits, commonly referred 
to as ulnar clubhand. Other terms for this deformity include 
ulnar dysmelia, paraxial ulnar hemimelia, and congénital 
absence of the ulna. Ulnar deficiencies are rare congénital 
hand anomalies, with a relative incidence one tenth to one 
third that of radial deficiencies. 

The cause of this rare anomaly is unknown, and its occur¬ 
rence is sporadic. The only report that suggests a familial 
pattern is that of Roberts in 1886, in which he reported the 
deformity in three successive générations. 

Swanson, Tada, and Yonenobu described four types of 
ulnar deficiency (Fig. 79-29): type 1, hypoplasia or partial 
defect of the ulna; type 2, total defect of the ulna; type 3, total 
or partial defect of the ulna with humeroradial synostosis; and 
type 4, total or partial defect of the ulna associated with con¬ 
génital amputation at the wrist. A type 0 has been proposed by 
Havenhill et al. to describe a subgroup of patients with an 
ulnar déficient ray and carpus but normal ulna. Partial absence 
of the ulna is more common than total absence, the reverse of 



Swanson classification of ulnar deficiency. A f Type 1: hypoplasia or partial defect of ulna. B f Type 2: total defect of 
ulna. C, Type 3: total or partial defect of ulna with humeroradial synostosis. D f Type 4: total or partial defect of ulna with congénital 
amputation at wrist. 
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_ TABLE 79-7 Jjpj 

Classification of Ulnar Deficiency 


TYPE DESCRIPTION 

A Normal first web space and thumb 

B Mild first web and thumb deficiency 

C Moderate-to-severe first web and thumb 

deficiency; potential loss of opposition, 
malrotation of the thumb into the plane of 
the other digits, thumb-index syndactyly, 
absent extrinsic tendon function 
D Absent thumb 


(Modified from Cole RJ, Manske PR: Classification of ulnar deficiency according 
to the thumb first web, J Hand Surg 22A:479, 1997.) 



radial deficiencies. Cole and Manske classified ulnar-déficient 
hands based on the involvement of the thumb and first web 
(Table 79-7). In their sériés, 73% of ulnar-déficient limbs had 
thumb and first web abnormalities. 

Anomalies associated with ulnar deficiencies, in contrast 
to radial deficiencies, are almost solely limited to the 
musculoskeletal System and include clubfoot, fibular deficien¬ 
cies, spina bifida, fémoral agenesis, mandibular defects, and 
absence of the patella. Carpal bone deformities are common 
because of severe deformity and coalition. Digital malforma¬ 
tion occurs in 89% of patients, and radial head dislocation is 
frequent. 

Varying degrees of deficiency along the ulnar side of the 
hand are présent at birth. The forearm usually is shortened 
and frequently bowed. The small and ring fingers usually are 
absent. Syndactyly of the remaining digits is common. The 
long and index fingers and the thumb are absent in about two 
thirds of patients. Forearm bowing with radial convexity is 
caused by the tethering effect of the ulnar anlage. Ulnar dévia¬ 
tion of the hand usually correlates with the degree of radial 
bowing and increased ulnar slope to the distal radius, as does 
supination deformity of the forearm. The elbow usually is 
restricted in motion and may be fused. El Hassan et al. 
reported 14 patients with associated radiohumeral synostosis 
and noted that the elbow was fixed on average at 63 degrees 
of flexion (10 to 90 degrees). Nine of 11 patients with unilat¬ 
éral deformity reported no limitations in their activities of 
daily living, and five participated in sports. The deformity is 
more commonly unilatéral. 

Radiographs usually show a typical pattern (Fig. 79-30) 
of an absent distal ulna and a bowed radius with an increased 
ulnar slope along its distal articular surface. The pisiform and 
hamate usually are absent, and coalitions of the other carpal 
bones frequently are présent. It often is difficult to détermine 
the presence or absence of the proximal ulna because miner- 
alization may not occur until the child is 1 year old. 

I NONOPERATIVE MANAGEMENT 

Initial management of ulnar clubhand in infants consists of 
corrective casting and splinting. A long arm cast is applied in 
the method of Riordan, applying the hand section first, then 
joining the hand to the forearm in the corrected position, and 
finally joining the forearm to the arm in 90 degrees of elbow 


Radiographie appearance of type I ulnar 


clubhand. 


flexion. Frequent cast changes are necessary and should be 
continued until correction is achieved. Removable splints can 
be used to maintain correction. This should be continued 
until the child is 6 months old, at which time exploration and 
excision of the ulnar anlage should be considered if significant 
radial bowing is présent. 

I OPERATIVE TREATMENT 

Indications for surgical intervention are syndactyly, radial 
bowing and presence of an ulnar anlage, dislocation of the 
radial head with limited elbow extension and forearm prona¬ 
tion and supination, and internai rotation deformity of the 
humérus. Surgical séparation of the syndactyly should be 
performed in accordance with standard syndactyly protocol: 
séparation of the thumb and index finger by 6 months of âge 
and of the central syndactyly by 18 months of âge. Malrota¬ 
tion and syndactyly of the thumb may require first metacarpal 
derotational osteotomy to correct the supination deformity. 
This procedure usually requires a local rotational flap to 
create the web and should be performed 6 months affer 
syndactyly release. 

Most authors agréé that an ulnar anlage should be excised 
to prevent further radial bowing and shortening. Straub first 
called attention to the fibrocartilage anlage that spans the gap 
between proximal ulna and distal radius and ulnar carpus. 
This anlage does not seem to grow and acts as a tether to 
deform the radius and carpus with subséquent bowing of the 
radial shaff and dislocation of the radial head. Resection of 
the distal end of the fibrocartilaginous mass before âge 2 to 3 
years or as early has 6 has been recommended, especially if 
there is progressive or severe ulnar déviation of the hand at 
the radiocarpal joint, increased radial bowing, or graduai 
dislocation of the radial head. If bowing is severe, wedge 
osteotomy of the radius may be necessary at the time of 
anlage excision. 

If radial head dislocation blocks extension of the elbow, 
création of a one-bone forearm should be considered. If the 
block in extension is acceptable and functional pronation and 
supination are preserved, surgical treatment probably would 
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not improve function. If marked shortening and bowing of 
the radius with considérable forearm instability and restric¬ 
tion of elbow motion are présent, création of a one-bone 
forearm probably would improve function. For this procedure 
to be successful, some proximal ulna must be présent. The 
proximal radius usually is excised several months before the 
création of the one-bone forearm because simultaneous 
performance of the two procedures might be too extensive. 
Internai rotation deformity of the humérus may be présent 
with humeroradial synostosis and requires correction if it 
impairs function. 


ROTATIONAL OSTEOTOMY OF THE 
FIRST METACARPAL 


TECHNIQUE 79-16 


(BROUDYAND SMITH) 

■ Under tourniquet control, make a transverse, racquet- 
shaped skin incision on the volar aspect and extend it to 
a V-shaped tongue at the middorsum of the first meta- 
carpal. The apex of the "V" lies at the level of the first 
metacarpal base (Fig. 79-3IA) to allow adéquate expo- 
sure for osteotomy. 

■ Make a proximal longitudinal incision on the radiovolar 
side of the first metacarpal, 120 degrees from the apex 
of the "V" (Fig. 79-31 B). 

■ Perform an osteotomy of the base of the first metacarpal 
and position the metacarpal in the desired amount of 
pronation. 



Broudy and Smith rotational osteotomy of 
first metacarpal. A f Incision. B f After osteotomy, dorsal V-flap is 
rotated volarly. SEE TECHNIQUE 79-16. 


■ Fixthe metacarpal in position with Kirschner wires, suture 
the V flap into the opened linear incision, and close the 
V defect in a side-to-side manner. 

■ Apply a long arm cast. 

POSTOPERATIVE CARE. The cast is removed 6 weeks 
after surgery, and progressive activity is allowed. Kirschner 
wires are removed 6 weeks after surgery or when bone 
healing is complété. A removable, short arm-thumb spica 
splint is worn during sleep for another 6 weeks. 


EXCISION OF AN ULNAR ANLAGE 


TECHNIQUE 79-17 


(FLATT) 

■ Under tourniquet control, make a lazy-"S" incision along 
the postaxial border, carrying it across the wrist crease to 
the midcarpal level. 

■ Because of the absence of the extrinsic flexor muscles, 
the ulnar neurovascular bundle and the anlage lie close 
together in the subcutaneous tissues. Free and protect 
the neurovascular bundle before dissecting the anlage off 
its carpal attachment. 

■ Remove at least one third of the forearm length. Incise 
the soft tissues on the ulnar side of the wrist joint suffi- 
ciently to allow full correction of the hand on the distal 
radial articular surface. 

■ The hand should flop over into neutral or even slight 
radial déviation; if it must be pushed into neutral, release 
more soft tissue. 

■Close the wound with nonabsorbable sutures and apply 
a well-molded, long arm cast. 

POSTOPERATIVE CARE. The sutures are removed at 
3 weeks, and the cast is changed. The cast is removed 
6 weeks after surgery, and normal activities are resumed 
gradually during the next 4 to 6 weeks. 


CREATION OF A ONE-BONE FOREARM 


TECHNIQUE 79-18 


(STRAUB) 

■ Make a curved longitudinal dorsoradial incision beginning 
just proximal to the elbow and ending at the middle or 
distal third of the forearm. 

■ Expose and excise the fibrocartilaginous band that extends 
distally from the ulnar fragment; in excising this band, 
free its proximal end by performing an osteotomy on the 
distal end of the fragment. 

■ Expose the radial nerve at the elbow and trace it distally 
to its interosseous branch; this branch and its enclosing 













CHAPTER 79 CONGENITAL ANOMALIES OF THE HAND 


Distal resection 
of ulna including 
ulnar anlage 


Resection of 
proximal radius 
(extraperiosteal) — l—L —i 



Radius and 
ulna resected 
at same level 



Création of one-bone forearm. A, Resection of distal ulnar anlage and proximal radius (shaded areas). B, Align- 
ment of distal radius and proximal ulna. C f Kirschner wire extending into carpals used to stabilize radial and ulnar segments. SEE 

TECHNIQUE 79-18. 


supinator muscle may be grossly displaced by the disloca¬ 
tion of the proximal radius. 

■ Develop the cleavage between the dorsal and volar 
muscles of the forearm, while carefully protecting the 
important neurovascular structures in the antecubital 
area. 

■ At the level of the distal end of the ulnar fragment, divide 
the radial shaft and excise its proximal part, including the 
radial head (Fig. 79-32A). 

■ Place the proximal end of the distal radial fragment 
against the distal end of the ulnar fragment (Fig. 79-32B) 
and fix them together with a Kirschner wire passed distally 
through the olecranon (Fig. 79-32C). 

■ Close the skin with absorbable or nonabsorbable sutures. 

■ Apply a long arm cast with the elbow flexed about 90 
degrees. 

POSTOPERATIVE CARE. The cast is changed 2 weeks 
after surgery, and any remaining sutures are removed. A 
long arm cast is worn for 8 weeks after surgery. The cast 
and Kirschner wire or Steinmann pin fixation are removed 
at 8 weeks or when bone healing is complété. Normal 
activities are resumed after another 6 to 8 weeks. 


FAILURE OF DIFFERENTIATION 

SYNDACTYLY 

Syndactyly, or “webbed fingersis caused by the failure of the 
fingers to separate during embryologie development. It is the 


most common congénital anomaly of the hand, with an 
occurrence of one per 2000 births. The spécifie cause is 
unknown, but syndactyly is believed to resuit from an abnor¬ 
mal slowing of growth and development of the finger buds 
during weeks 7 and 8 of gestation. Although most are sporadic 
occurrences, Flatt found a family history of syndactyly in 40% 
of his patients, which suggests heredity as one factor. Several 
pedigrees hâve shown an autosomal dominant trait for long- 
ring finger syndactyly, but penetrance has been incomplète. 

Syndactylies are classified as complété or incomplète and 
as simple or complex. Complété syndactyly is présent when 
the fingers are joined from the web to the fingertip; incom¬ 
plète syndactyly indicates that the fingers are joined from 
the web to a point proximal to the fingertips. Simple syndac¬ 
tyly exists when only skin or other soft-tissue bridges the 
fingers (Fig. 79-33); complex syndactyly occurs when there 
are common bony éléments shared by involved fingers (Fig. 
79-34). Acrosyndactyly refers to latéral fusion of adjacent 
digits at their distal ends with proximal fenestrations between 
the joined digits. Brachysyndactyly dénotés associated short- 
ening of the syndactyly digits. Anomalies that may be found 
in association with syndactyly include webbing of the toes, 
polydactyly, constriction rings, brachydactyly, cleft feet, 
hemangioma, absence of muscles, spinal deformities, funnel 
chest, and heart disorders. In Poland syndrome, the sterno- 
costal portion of the ipsilateral pectoralis major muscle is 
absent. The hand deformity includes unilatéral shortening 
of the index, long, and ring fingers; multiple simple incom¬ 
plète syndactylies; and hypoplasia of the hand (Fig. 79-35). 
Apert syndrome also characteristically includes multiple 
syndactylies. 
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Simple syndactyly. Fingers are bridged only by 
graph. Note angular deformity of ring finger. 


skin and other soft tissues. A f Palmar view. B f Dorsal view. C f Radio- 



Complex syndactyly. Common bony éléments 
are shared by involved fingers. 


Syndactyly occurs between the long and ring fingers 
in more than 50% of patients (Fig. 79-36); the fourth web, 
second web, and first web are affected in diminishing fré¬ 
quences. The syndactyly is bilateral in about half of patients, 
and boys are more frequently affected than girls. The inter- 
vening skin usually is normal, although déficient in surface 
area compared with the normal hand, a fact that is important 
in the considération of surgical correction. The two nails may 
be completely separate, or the digits may share a common nail 
without intervening éponychium referred to as synonychia. If 


the fingers are of relatively similar length, flexion and exten¬ 
sion usually are normal. Abnormally tight fascial bands 
usually are présent within the web, minimizing any latéral 
movement between the involved digits. Frequently, there 
are anomalous sharings of musculotendinous units, nerves, 
and vessels between joined digits. The phalanges usually are 
normal in the simple pattern; in the complex pattern, however, 
various interosseous connections range from duplication 
patterns, to branching patterns, to shared patterns. Différen¬ 
tiation of the joints also may be incomplète. Rarely is there 
any angular deformity of the digits at birth, unless a delta 
phalanx is présent. If a central syndactyly involves the long 
and ring or long and index fingers, angular deformities 
develop slowly. If the syndactyly involves the ring and little 
fingers or index finger and thumb, however, a graduai flexion 
contracture, latéral déviation, and rotation deformity usually 
develop in the longer of the two digits within the first year 
of life. 

■ TREATMENT 

Surgical intervention is not urgent. While waiting for their 
child to reach the appropriate âge for reconstruction, parents 
should be encouraged to massage the web in an attempt to 
stretch the intervening skin to facilitate later surgery. Surgical 
reconstruction is best done before the child is of school âge. 
Results are reportedly better in children older than 18 months 
at the time of correction, especially in the final appearance of 
the commissure. There is a tendency for the web to migrate 
distally and the commissure to contract if surgery is per- 
formed at an earlier âge. If the syndactyly involves the second 
or third web space, and there are no other deformities of the 
involved fingers, surgery should be delayed until the child is 
at least 18 months old. When digits of different sizes are 
completely involved, whether the syndactyly is simple or 
complex, early séparation, between âge 6 and 12 months, 
is best because of the likelihood of angular, rotational, and 
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FIGURE 


Poland syndrome in 18-month-old child. A and B f Brachysyndactyly. C f Hypoplasia of pectoralis major muscle. 




Site of syndactyly. A f Percentage incidence 
when only true syndactyly of simple or complex type is consid- 
ered. B f Total count incidence in which associated conditions (ail 
webbed digits) are included. 


flexion deformities. These deformities are difficult to correct, 
and preventing them takes precedence over the possibility of 
distal web migration and commissure contracture. When 
multiple digits are involved, the border digits should be 
released early, followed by subséquent releases affer a 6-month 
waiting period. Simultaneous releases of the radial and ulnar 
sides of a finger are contraindicated and may jeopardize the 
viability of the finger. 

The surgical procedure includes three technical steps: 
(1) séparation of the digits, (2) commissure reconstruction, 
and (3) resurfacing of the intervening borders of the digits. 
Early attempts at séparation incorporated such techniques as 
passage of sétons, use of ligatures, and straight linear inci¬ 
sions. Pieri, in 1949, condemned the use of straight incisions 
and favored a zigzag incision to prevent linear contracture 
along the long axis of the finger; ail currently accepted 
methods incorporate this principle. Shared digital nerves are 
carefully split longitudinally to preserve innervation to both 
digits. Common digital arteries may extend into the web and 
require ligation of one or more branches. Care should be 
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taken to avoid devascularizing the digit. When the nail is 
shared, an additional longitudinal strip of nail and underlying 
matrix usually must be removed to match the normal nail 
width. Osseous structures usually are divided longitudinally 
with a scalpel if the procedure is performed at an early âge. 

Spécial attention must be given to the reconstruction of 
the web commissure. The normal commissure has a sloping 
configuration from proximal dorsal to distal palmar. Dorsally, 
it begins at about the level of the transverse metacarpal liga¬ 
ment and extends distally and palmarward to about the level 
of the proximal digital flexion crease, usually at about the 
midpoint of the bony proximal phalanx. Distally, the com¬ 
missure forms a rectangle between the small, ring, index, and 
long fingers. In some hands, the commissure between the 
long and ring fingers forms a “V” or “U” shape. The distal 
web span must be greater than the proximal web span to 
allow abduction of the fingers around the axis of the meta- 
carpophalangeal joint. In re-creating a commissure with 
normal appearance and function, a properly designed local 
flap generally is préférable to a skin graft to minimize com¬ 
missure contracture. Numerous local flaps hâve been 
designed, but the most commonly used are the dorsal “pan- 
taloon” flap described by Bauer, Tondra, and Trusler; the 
matching volar and dorsal proximally based V-shaped flaps 
popularized by Cronin and by Skoog; and the “butterfly” flap 
devised by Shaw et al. Woolf and Broadbent described the 
butterfly flap as useful for partial simple syndactyly that ends 
proximal to the proximal interphalangeal joint (Fig. 79-37). 
Mericili et al. rétrospectively reviewed 30-year outcomes of a 
tapered M to V flap for commissure reconstruction, reporting 
14% web creep without flap loss. Miyamoto et al. performed 
a finite element analysis using CT reconstruction to assess 
wound stress or web displacement. A dorsal rectangular flap 
demonstrated greater stress than a dorsal flap with a palmar 
rectangular tip or dorsal flap with a V-shaped tip. In a review 
of 131 web reconstructions, Vekris et al. found that the dorsal 
rectangular flap required révision less often (3%) than volar 
and dorsal triangular flaps (63%). 

Regardless of flap design, in resurfacing the intervening 
borders of the digits there usually is not enough skin for 
primary closure of each digit. This phenomenon can be 
clearly demonstrated to the patients parents by comparing 
the sum of the circumferences of two individual fingers with 
that of the circumference of two fingers held together; the 
latter is always less. Occasionally, there is redundant skin 
between the syndactylized digits, which may make primary 


closure possible. Rarely, defatting allows for primary closure 
without grafting. The zigzag incision is designed to create 
interdigitating volar and dorsal flaps for one finger; the other 
finger requires either full-thickness or split-thickness skin 
grafting (full-thickness grafting usually is preferred). More 
contracture has been shown to occur in webs that are split 
grafted; however, more web creep, hyperpigmentation, and 
hair hâve been reported in full-thickness grafts. To minimize 
ectopic hair growth, the skin from the volar médial wrist or 
latéral inguinal région should be chosen. Grafts should be 
avoided at the base of the ring finger where wearing of a ring 
may be bothersome. 

When synonychia is présent, eponychial folds are recon- 
structed. Balic et al. demonstrated improved asthetic out¬ 
comes utilizing Buck-Gramcko flaps (Fig. 79-38) when 
compared with full-thickness skin grafts. 

The patients parents should be informed that récurrence 
and angular deformity are possible despite a well-designed 
and well-executed reconstruction and that future révision 
may be necessary. Reoperation has been reported to be neces- 
sary in 59% of patients with major associated anomalies 
and in 30% of patients with syndactyly as the primary 
abnormality. 



Woolf and Broadbent butterfly flap technique 
for release of syndactyly. Flaps are designed in web space to form 
dorsal rectangle and then flaps are rotated to deepen web. 



FIGURE 


A, Buck-Gramcko nail fold flaps. B, Postoperative resuit. (From Tonkin M: Failure of différentiation part I: syndactyly, Hand 


Clin 25:171, 2009.) 
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The most common complication of syndactyly recon¬ 
struction is scar deformity of the digit or web. Distal migra¬ 
tion of the web may occur, particularly if surgery is performed 
before the child is 18 months old. The most catastrophic 
complication is circulatory insufhciency to the finger, resuit - 
ing in loss of the digit. This rarely has been reported and 
should not occur if the syndactyly on each side of the finger 
is released in stages. 


OPEN FINGER SYNDACTYLY RELEASE 

Withey et al. described an open finger technique. They 
compared eight patients who had the open technique with 
12 patients who had the standard closed grafting tech¬ 
nique. No defatting of the flaps was performed in the open 
technique, and flap design allowed for more numerous and 
narrow flaps. The flaps were secured without tension using 
one stitch, and no grafting was performed. Scar quality and 
contracture were significantly better with the open-finger 
technique. 


TECHNIQUE 79-19 


(WITHEY ET AL. MODIFIED) 

■ Create a proximally based rectangular flap dorsally 
for web commissure coverage. The flap should extend 
approximately two thirds the length of the metacarpo- 
phalangeal joint to the proximal interphalangeal joint. 

■ Dorsally, carry the incision distally in a zigzag pattern 
until the nail bed is reached. The incision should 
extend to but not beyond the midsagittal lines of each 
digit. 

■ Continue the incision to the volar aspect of the finger, 
mirroring the zigzag incision of the corresponding dorsal 
flaps. 

■At the proper height make a reciprocating incision to 
accept the dorsal web commissure flap. 

■ Raise the dorsal flaps first, preserving the veins 
when possible. Neurovascular bundles can be identified 
in a dorsal to ventral manner or through the volar 
aspect. 

■ Once the neurovascular bundles are identified raise the 
volar skin flaps. 

■ Release the fibrous connections between the digits, 
distal-to-proximal, protecting the neurovascular bundles. 

■ Insert the dorsal web commissure flaps. 

■ Allow the skin flaps to interdigitate and secure into place 
with simple interrupted suture. 

■ Harvest full-thickness skin grafts from the inguinal area, 
antecubital fossa, or hypothenar eminence and use to 
cover the dorsoradial and dorsoulnar aspects of the ulnar 
and radial digits, respectively. 

■ Release the tourniquet and confirm vascularity. 

■ Place Xeroform gauze on the graft and apply a moistened 
cotton dressing between the fingers over the grafts. 

POSTOPERATIVE CARE. The patient is placed in a 
long arm cast for 4 to 6 weeks. The cast is then discon- 
tinued, and the patient is released to unrestricted 
activity. 


SYNDACTYLY RELEASE WITH 
DORSAL FLAP 


TECHNIQUE 79-20 


(BAUER ETAL) 

■Outline ail incisions carefully with a skin-marking pen 
(Figs. 79-39A and B and 79-40A and B). It also is helpful 
to draw a dotted line along the central axis of each 
involved digit to détermine the limits of the triangular 
flaps. Draw the dorsal flap "A" so that it begins at the 
level of the metacarpal heads and extends two thirds of 
the length of the proximal phalanx. 

■ Incise the dorsal flaps and defat the proximal flap, care¬ 
fully identifying the neurovascular bundles through the 
dorsal incision. 

■ Incise the palmar flaps, taking care during the midline 
dissection to spare the neurovascular bundles. The proxi¬ 
mal limb of the palmar flap "B" should be just proximal 
to the adjacent commissures (Fig. 79-40B). 

■ Remove the dorsal fat from the web space and suture the 
dorsal flap "A" first to restore the commissure; suture the 
proximal ring finger flap "B" to resurface the radial and 
proximal border of the ring finger. 

■Suture the triangular flaps to resurface as much of the 
intersurface of the digits as possible (Fig. 79-40C). 

■ Release the tourniquet and ensure that perfusion to the 
triangular flaps is adéquate; if perfusion is inadéquate 
after the hand is slightly warmed, resuture the flaps under 
less tension. 

■ Cover the remaining defects with a full-thickness skin 
graft taken from the groin or elbow crease. 

■ If the fingernails are confluent, separate them and remove 
the matrix at their margins so that the grafts can be 
brought around to the edge of each nail. 

■ When a finger is webbed on both sides, it is safer to 
separate only one side at a time. 

■ Place Xeroform gauze over the grafts and carefully insert 
a wet contour dressing between the fingers; begin at the 
web space and pack distally so that the fingers are held 
in wide abduction and extension. Apply a dry dressing 
and a plaster splint to immobilize the fingers and wrist. 



Withey et al. open technique of syndactyly 
release (see text). A f Dorsal incisions. B f Palmar incisions. SEE 

TECHNIQUES 79-19 AND 79-20. 
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jlj Bauer et al. syndactyly release. A f Dorsal skin 
incisions. Rectangular dorsal flap (A) is designed for web; alter- 
nating flaps (C, D, and E) are arranged to interdigitate with volar 
flaps. B f Palmar skin incisions. Rectangular flap (B) is arranged 
to cover radial side of ring finger; remaining flaps (C 7 , D' and E') 
are arranged to interdigitate with dorsal flaps. C f Séparation is 
completed; flaps hâve been sutured into place, covering radial 
side of ring finger and web. Skin graft is required for ulnar side 
of long finger. SEE TECHNIQUE 79-20. 


POSTOPERATIVE CARE. The hand is elevated for 1 
week or more before redressing (Fig. 79-41). 


SYNDACTYLY RELEASE WITH 
MATCHING VOLAR AND 
DORSAL PROXIMALLY 
BASED V-SHAPED FLAPS 


TECHNIQUE 79-21 


(SKOOG) 

■ With a skin pencil, outline the incisions to be made on 
the fingers. Design dorsal and volar flaps so that when 
mobilized they cover most of the denuded side of one 
finger without tension (Fig. 79-42A and B). Make the free 
borders of the flaps irregular by designing small triangular 
points at the level of the interphalangeal joints. 

■ In planning the flaps so that they fit each other, first 
outline the incision on one side and then establish the 
key points for the incision on the opposite side by pushing 
straight needles vertically through the web. 

■ Inflate the tourniquet and raise the flaps consisting mainly 
of the skin that forms the abnormal web. 

■ In raising the flaps, preserve ail subcutaneous tissue and 
take care not to sever digital nerves and arteries. 

■ Release the tourniquet and control ail bleeding. 

■ Using the triangular flaps, reconstruct the web space 
(Fig. 79-42C). 

■ On one finger, close the flaps as planned and cover the 
small remaining defect at the dorsomedial aspect of the 



FIGURE 


A, Complété simple syndactyly. B, After syndactyly release. SEE TECHNIQUE 79-20. 
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Skoog technique for syndactyly. A and B f Dorsal 
and volar skin incisions. C f Web space reconstruction; closure of 
ring finger. D and E f Dorsal and volar views: skin graft in place 
on little finger and graft in web space. SEE TECHNIQUE 79-21. 


base of this finger (Fig. 79-42D) by a full-thickness skin 
graft obtained from the inguinal région. 

■ Make a pattern of the denuded area on the adjacent 
finger and on the new web and obtain a matching full- 
thickness graft again from the inguinal région. 

■ Carefully suture the graft in place (Fig. 79-42E) and close 
the donor area. 

■ Apply a pressure dressing: place Xeroform gauze over the 
grafts and suture Unes, spread the fingers widely and 
place between them wet cotton pressed to fit the con¬ 
tours of the fingers and web, and wrap on dry gauze and 
Webril. Apply a plaster splint; extend it proximal to the 
elbow if necessary to ensure sufficient immobilization. 

■ If more than two fingers are involved in the syndactyly, it is 
safer to separate only one side of a single finger at a time. 

POSTOPERATIVE CARE. The hand is elevated for at 
least 3 days after surgery. At 10 to 14 days, the dressing 
is changed, with the patient under general anesthésia if 
necessary. Sutures can be removed at this time. Another 
bandage is maintained for an additional 10 to 14 days, 
and graduai resumption of normal activities is allowed. 
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APERT SYNDROME 

In 1906, Apert described a patient with a group of deformities 
that included atypical faciès and multiple complex syndacty- 
lies of the hand, which he called acrocephalosyndactyly 
Despite its rarity (one per 200,000 births), much has been 
written about the management of the complex hand deformi¬ 
ties in this syndrome. The condition is believed to resuit from 
a single gene mutation in one of the parents and can be passed 
in dominant and récessive forms; sporadic occurrences also 
are possible. The abnormal gene is located on chromosome 
10q26 and has been identified as FGFR-2. Apert syndrome 
was classified into two main categories by Blank: (1) true, or 
typical, characterized by multiple complex syndactylies, and 
(2) atypical, with only partial syndactylies. 

At birth, these patients hâve a high, broad forehead and 
a flattened occiput. The eyes are widely set, with the outer 
canthus lower than the inner canthus. The lower jaw is promi¬ 
nent, and the maxilla is shortened (Fig. 79-43 A). Mental 
retardation is common but not universal. There may be 
associated viscéral abnormalities. These patients usually can 
be expected to live well into adulthood. The hand deformities 
are typically symmetrical. Upton classified the Apert hand 
into three types. Type 1 or “spade hand” has a separate thumb 
with complété syndactyly of the remaining digits. Type 2 or 
“spoon hand” has syndactyly involving ail the digits. The 
hand is spoon shaped, with a tapering terminal end and 
complex syndactyly of the index, long, and ring fingers (Fig. 
79-43B). The little finger usually shows complété simple 
syndactyly with the ring finger. Offen a nail is shared between 
the index, long, and ring fingers. The fingers hâve limited 
motion because of incomplète joint development, and they 
usually are shortened. Type 3 or “rosebud hand” has complex 
syndactyly with distal synostosis between the thumb and the 
index finger with a broad conjoined nail overlying the thumb, 
index long, and ring fingers. Five digits usually are présent, 
distinguishing Apert syndrome from Carpenter syndrome 
(acrocephalopolysyndactyly), in which polydactyly also is 
présent. The arm and forearm frequently are shortened with 
limited elbow motion. The untreated hand functions in a 
spoonlike fashion with either a two-handed or a thumb-to- 
side-of-index finger prehensile pattern. 

■ TREATMENT 

Reconstructive surgery usually improves hand function in 
these patients by creating a three-fingered hand with an 
opposable thumb. Early cranial surgery if recommended 
should take priority over hand surgery and should not be 
performed simultaneously. The surgical management should 
follow the protocol outlined by Flatt. In children younger 
than 2 years old, bilateral simultaneous reconstructive proce¬ 
dures may be performed because children at this âge are not 
dépendent on self-care. In older children, only one hand at a 
time should be reconstructed. The border digits should be 
released before 1 year of âge. If the thumb is not included in 
the syndactyly, a simple four-part Z-plasty is used to deepen 
the first web; 6 to 9 months later, release of the central syn¬ 
dactylies and délétion of the middle finger at the metacarpo- 
phalangeal joint are performed. This délétion provides the 
necessary skin coverage and good sensibility to the remaining 
digits. Flatt found more deformity in patients with a ray 
amputation of the long finger and ulnar transposition of the 
index finger, and this procedure is not recommended. 
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Apert syndrome. A f Characteristic facial features of high forehead and wide-set eyes. B f Complex syndactyly involving 
ail fingers of both hands; left hand has had syndactyly release. 


Split grafts can be used to cover any residual defect. Ring 
and small metacarpal synostosis release should be done at the 
time of digital séparation. For radially angulated thumbs, Dao 
recommended a release of the abnormal abductor pollicis 
brevis tendon insertion into the distal phalanx and reinser¬ 
tion into the proximal phalanx, excision of the metacarpal 
head ulnar prominence, and pinning of the interphalangeal 
and metacarpophalangeal joints. Oishi and Ezaki proposed 
that the thumb be reconstructed by releasing the abnormal 
abductor pollicis brevis insertion, opening or closing wedge 
osteotomy of the proximal phalanx, and a V-Y advancement 
flap on the radial side of the thumb. 


standard dorsally based flaps for restoration of the web 
commissure. 

■ Close the flaps with simple interrupted sutures. 

■ Use full-thickness skin grafts for coverage of remaining 
defects. 

STAGE II 

■ This stage is performed 6 to 9 months after the 
initial operation to allow for scar maturation and 
revascularization. 

■ Release the fourth and second web spaces as described 
by Bauer et al., using ail the skin on the middle digit. 

■ After flap élévation and when necessary, amputate the 
long digit below the metacarpophalangeal joint. 

■ Use the remaining skin to reconstruct the remaining web 
commissure and for coverage of remaining digits. 

■ Interdigitate the flaps and close in routine fashion. Use a 
full-thickness skin flap to cover any remaining defect as 
necessary. 

■ Dress the wounds with moistened nonstick stérile dress- 
ing and apply a long arm cast. 

POSTOPERATIVE CARE. The splint is worn for 4 weeks. 
Active motion of the hand is encouraged. 


DUPLICATION (POLYDACTYLY) 

Duplication of digits, or polydactyly, is a common and con- 
spicuous hand anomaly. It was recorded in biblical literature 
3000 years ago, and 9000 to 10,000 new cases are recorded 
each year. Polydactyly is classified into three main categories: 
(1) preaxial—duplication of the thumb (bifid thumb); (2) 
central—duplication of the index, long, or ring fingers; and 


RECONSTRUCTION OF THE HAND IN 
APERT SYNDROME 


TECHNIQUE 79-22 


(FLATT) 

STAGE I 

■ Release of the border digits is performed before 1 year 
of âge. 

■ Begin with the first web space opening. 

■ For partial syndactyly, a four-flap Z-plasty can be used. 

■ For complété syndactyly, a dorsal flap as described by 
Buck-Gramcko can be useful to restore the first web. 

■ Perform a simple release of the aberrant distal adductor 
pollicis brevis insertion on the distal phalanx when neces¬ 
sary and repair it to the base of the proximal phalanx. 

■ Release the fourth web space as described by Bauer 
et al. (see Technique 79-20) using zigzag incisions and 
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(3) postaxial— duplication of the small finger. Also included 
in the general category of duplication is ulnar dimelia, or 
mirror hand, an exceedingly rare anomaly. 

PREAXIAL POLYDACTYLY (BIFID THUMB) 

The bifid thumb represents a complété or partial duplication 
of the thumb (Fig. 79-44). It is the most common duplication 
pattern in white and Asian populations, occurring in one per 
10,000 births. It usually is unilatéral. The cause of the bifid 
thumb is unknown. Most occur sporadically, which suggests 
environmental factors rather than genetic prédisposition. 
Preaxial polydactyly has been produced in the offspring of 
rats by the administration of cytarabine during pregnancy. 
When the thumb duplication is associated with a triphalan- 
geal thumb, an autosomal dominant pattern and sporadic 
occurrence hâve been identified. Bifid thumb typically occurs 
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as an isolated deformity unassociated with other malforma¬ 
tion syndromes, but viscéral anomalies, although rare, hâve 
been reported, particularly hand-heart or Holt-Oram 
syndrome. 

Wassel presented a now widely used classification (Fig. 
79-45): 

Type I: partial duplication of the distal phalanx and a common 
epiphysis 

Type II: complété duplication, including the epiphysis of the 
distal phalanx 

Type III: duplication of the distal phalanx and bifurcation of 
the proximal phalanx 

Type IV: complété duplication of the distal and proximal 
phalanges 

Type V: complété duplication of the distal and proximal 
phalanges with bifurcation of the metacarpal 



FIGURE 


Bifid thumb. A and B f Type II. C and D f Type IV (most common). 
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FIGURE 


Wassel classification of thumb polydactyly. 


Type VI: complété duplication of the distal and proximal 
phalanges and the metacarpal 

Type VII: variable degrees of duplication associated with a 
triphalangeal thumb 

In Wassels sériés, type IV was the most common pattern 
(47%), followed by type VII (20%) and type II (15%). Wood 
found that type IV and type VII deformities hâve been sub- 
divided further, depending on the extent of duplication and 
triphalangism. 

The deformity usually is unilatéral, and clinical appear- 
ance varies from mild widening of the thumb tip to complété 
duplication of the entire thumb. Typically, there is some 
degree of hypoplasia of both duplicates, and, more commonly, 
the radial duplicate is the more hypoplastic. Duplication of 
the thumb can occur in both divergent-convergent and paral- 
lel forms. In the divergent-convergent or zigzag pattern, the 
deformity is secondary to abnormal extrinsic insertion and 
bony alignment. Affer connection of a zigzag pattern, a higher 
frequency of récurrent deformity can occur. Spécial attention 
is needed to ensure proper extrinsic tendon rebalancing and 
bony alignment. There may be convergence or divergence of 
the duplications. Occasionally, the thumb has decreased 
pronation, placing it in the same plane as the other digits. 
Anatomie dissections hâve revealed fibrous interconnections 
between the two thumbs. The nail may be one large, conjoined 
nail with a central longitudinal groove, or it may be com- 
pletely duplicated. The ulnar-innervated intrinsic muscles to 
the thumb (adductor pollicis and deep head of the flexor 
pollicis brevis) typically insert on the ulnarmost thumb 
duplicate, and the médian-innervated intrinsic muscles to the 
thumb (abductor pollicis, superficial head of the flexor pol¬ 
licis brevis, and opponens pollicis) typically insert on the 
radialmost thumb duplicate. Extrinsic flexor and extensor 
tendons may be duplicated and usually are eccentrically 
placed along each thumb. The phalanges may be angulated, 
and there may be an associated delta phalanx. The joints 
usually are stiff, with a widened joint surface. Thumb poly¬ 
dactyly with true symphalangism occurs rarely. The collateral 
ligaments of the duplicated joints offen are shared, with insuf- 
ficiency in the space along the adjacent sides. Wide variations 
may occur in the neurovascular anatomy. Radial and ulnar 
neurovascular bundles to the digits may be completely 


duplicated or may be shared with small separate branches 
that supply the individual digits. 

■ TREATMENT 

Surgical correction of the bifid thumb almost always is indi- 
cated, not only for the obvious cosmetic improvement but 
also for better function. Occasionally, if the thumb appears 
only slightly broader than expected, with underlying radio¬ 
graphie evidence of duplication, surgery might not improve 
the condition. Surgical reconstruction generally is performed 
when the child is about 18 months old, but no later than 5 
years old if possible. Later révisions may be required, and 
fusions needed for late angular deformities and instability 
may be performed at 8 to 10 years old. Simple excision of the 
more hypoplastic digit rarely results in a satisfactory thumb 
because of progressive angulation and instability. For type I 
and possibly type II bifid thumbs in which there is only 
partial duplication of the nail, a combination procedure 
(Bilhaut-Cloquet) is recommended. This technique is useful 
when there is a conjoined nail. Baek recommended a modi¬ 
fication of this procedure in Wassel type II thumbs in which 
one epiphysis is preserved with a portion of its diaphysis 
(Fig. 79-46). More proximal duplication requires excision of 
the most hypoplastic thumb, narrowing of the widened 
proximal articular surface, ligament reconstruction, intrinsic 
transfer, and centralization of the extrinsic flexor and exten¬ 
sor tendons if necessary. In general, the ulnarmost thumb 
should be preserved. Preoperative splinting, as recommended 
by Iwasawa et al., may be bénéficiai; however, we hâve not 
attempted this. Long-term results of duplicate thumb recon¬ 
struction hâve shown excellent functional and cosmetic 
outcomes as the patient matures. However, révision rates tend 
to rise and are performed at an average of 8 years affer the 
primary procedure. Parents should also be counseled that the 
treated thumb will, as a rule, remain weaker than the untreated 
“normal” thumb in the long term. Révision rates hâve been 
reported to be from 19% to 40% over time. 

Late angular deformity and instability are the most 
frequent complications, and these may require further liga¬ 
ment reconstruction, corrective closing wedge osteotomy, or 
perhaps arthrodesis. Miura has treated this Z-collapse at the 
thumb interphalangeal joint successfully with a rotation skin 
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flap on the concave side of the deformity, combined with 
excision of the radial half of the extensor tendon and transfer 
of the flexor tendon into the ulnar side of the distal phalanx. 
Other reported complications include infection and defor¬ 
mity, scar contracture, joint stiffness, inadéquate tendon 
excursion, residual prominence at the previous site of dupli¬ 
cation, and a narrowed first web space. Loss of sensibility 



Baek et al. modified Bilhaut-Cloquet procedure 
applied to a Wassel type II bifid thumb. Shaded area resected and 
two distal phalangeal bones combined extraarticularly. 


or viability of the digit rarely is encountered if surgical 
details are carefully observed. Unsatisfactory results are 
reportedly relatively high in Wassel types III, V, and VI and 
triphalangeal-type thumbs. Goldfarb et al. attempted to 
measure the appearance of reconstructed thumbs in 26 chil- 
dren and concluded that the appearance was quite satisfactory 
despite the narrowed nail. Residual angulation significantly 
affected the appearance and parental satisfaction. Wassel type 
VII thumbs had lower ratings using a visual analog scale. 
When both thumbs in types I and II are notably small without 
a clear dominant thumb, a modified Bilhaut-Cloquet proce¬ 
dure is recommended. However, when the duplicated thumbs 
are of normal size, as seen more frequently in type II deformi- 
ties, reconstruction can be performed through a zigzag inci¬ 
sion and standard reconstruction procedures. The soft tissues 
can be preserved to restore the thumb to a more normal- 
appearing girth. 


CORRECTION OF TYPES I AND II 
BIFID THUMBS 


TECHNIQUE 79-23 


(Figure 79-47) 


(BILHAUT-CLOQUET) 

■ Under tourniquet control, make a central wedge-shaped 
incision from dorsal to palmar over the involved thumb 
tip, extending proximally to the level of bifurcation. The 




A f Bilhaut-Cloquet technique for symmetric thumb duplication in which duplicate digits are joined at midline after 
excision of excess central soft and osseous tissue. B f Planned resection. C f Wedge-shaped portion of central soft and osseous tissue 
removed. D f After closure. SEE TECHNIQUE 79-23. 
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9 dorsal component of the incision passes through the nail 
and nail bed. 

■ Incise the central component of the underlying tendon 
and bone of the duplicated structures in line with the skin 
incision. 

■ Carefully approximate the articular surface and epiphysis 
of the remaining parts of the distal phalanx and secure 
them with a transverse Kirschner wire. This may be dif- 
ficult because of tightening of the collateral ligaments. 

■ Carefully suture the nail bed with 6-0 absorbable suture 
and close the skin with interrupted sutures. 

■ Apply a short or long arm-thumb spica cast, depending 
on the patient's âge. Younger children require a long arm 
cast. 

POSTOPERATIVE CARE. The cast is removed 4 to 6 
weeks after surgery, and the Kirschner wire can be 
removed 6 weeks after surgery. Progressively increased 
use is allowed after removal of the cast and wire. 


CORRECTION OF TYPES III THROUGH 
VI BIFID THUMBS 


TECHNIQUE 79-24 


(LAMB, MARKS, AND BAYNE) 

■ Under tourniquet control, make a racquet-shaped inci¬ 
sion over the most hypoplastic thumb (usually the radial- 
most digit). The tail of the incision can be extended in a 
zigzag or a curvilinear fashion proximally and distally for 
better exposure. 

■ If the ulnar thumb is the more affected, it should be 
removed instead. 

■ Through the incision, expose the abductor pollicis brevis 
tendon as it inserts into the proximal phalanx of the 
radialmost thumb and carefully preserve this tendon. 
Identify the neurovascular bundles. The radial bundle is 
often hypoplastic or may be absent. 

■ Identify the nerve of the thumb to be excised and sharply 
incise. 

■ If the ulnar thumb is to be excised, identify the adductor 
pollicis and carefully preserve it. 

■ Detach the collateral ligament distally from the phalanx 
that is to be excised. Remove with the periosteum to 
extend the relative length of the collateral ligament if 
needed. 

■ Strip the collateral ligament proximally off the metacarpal 
or phalanx with a strip of periosteum to allow adéquate 
exposure of the joint. 

■ Excise the supernumerary digit with the part of 
the metacarpal or phalanx with which it articulâtes 

(Fig. 79-48A). 

■ Examine the metacarpal head and, if widened or bifid, 
narrow it with a scalpel or osteotome, reserving the 
proximal attachment of the collateral ligament. 

■ Assess bony alignment and perform closing or opening 
wedge ostéotomies of the proximal phalanges or 
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FIGURE 


Lamb, Marks, and Bayne technique for asym- 


metric duplication (see text). A f Removal of less functional com¬ 


ponent. B f Transfer of collateral ligament. C f Osteotomy of 
proximal phalanx. D f Kirschner wire fixation. SEETECHNIQUE 79-24. 


metacarpal as necessary. Kirschner wires are used for 
stabilization. 

■ Centralize the remaining digit over the remaining articular 
surface (Fig. 79-48B) and suture the collateral ligament 
and intrinsic tendon securely to the phalanx (Fig. 79-48C). 

■Secure this alignment with a longitudinal Kirschner wire 
placed across the joint (Fig. 79-48D). 

■ Check the alignment of the extensor and flexor tendons 
to ensure that they track centrally along the digit. Partial 
resection or transfer of the tendons may be required to 
achieve a central line of pull. 

■Close the skin with simple interrupted sutures. 

■ A Z-plasty also may be required if the skin is inadéquate 
along the ulnar border for a tension-free closure. 

POSTOPERATIVE CARE. The thumb is immobilized for 
4 to 6 weeks, at which time the wire can be removed and 
the hand mobilized. A protective splint may be required 
for another 3 to 4 weeks. 


TRIPHALANGEAL THUMB 

As the name implies, the triphalangeal thumb has three 
phalanges instead of the normal two. This uncommon 
anomaly, which can be inherited as an autosomal dominant 
trait, has been associated with the maternai use of thalido- 
mide. Two major types of triphalangeal thumbs are most 
common: one has a small, wedge-shaped extra ossicle 
(delta phalanx; Fig. 79-86) that causes an angular deformity 
without significantly increasing thumb length; the other 
has an extra phalanx that is normal or nearly normal and 
créâtes the appearance of a five-fingered hand (Fig. 79-49). 
Buck-Gramcko described a transitional type in which a 
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Clinical appearance of triphalangeal thumb 
associated with duplication (Wassel type VII). 



FIGURE 


thumb. 


^ Radiographie appearance of triphalangeal 


trapezoidal extra phalanx causes increased length and angular 
deformity (Fig. 79-50). The triphalangeal thumb also has 
been classified as opposable or nonopposable. The most 
common hand anomaly associated with a triphalangeal 
thumb is a bifid thumb; other associated conditions include 
cleft foot, tibial defects, congénital heart disease, Fanconi 
anémia, anomalies of the gastrointestinal tract, and chromo¬ 
somal anomalies. 

In type I deformities (delta phalanx), the thumb is devi- 
ated ulnarward in the area of the interphalangeal joint. 
Radiographs show a delta phalanx or a trapezoidal extra 


phalanx. In type II deformities (five-fingered hand), the 
thumb is longer than normal and lies in the same plane as the 
other fingers. Extra skin creases overlie the additional inter¬ 
phalangeal joint. Patients with type II deformities are unable 
to oppose the thumb to the other digits and tend to use 
side-to-side préhension. Hypoplasia of the thenar muscles 
often is associated with type II deformities and further 
hinders opposition. Polydactyly usually is présent, and 60% 
of patients hâve significant web space contractures. Radio¬ 
graphs show a complété extra, rectangular phalanx; the 
duplicated phalanx typically is the middle phalanx. 

■ TREATMENT 

Although nonoperative treatment does not correct the condi¬ 
tion, operative intervention is not required for ail children 
with triphalangeal thumbs, especially children with type I 
deformities. The goals of operative treatment are correction 
of angular deformity, restoration of normal length, correction 
of web contracture, and improvement of opposition. Removal 
of the abnormal phalanx along with reconstruction of the 
collateral ligament allows remodeling of the joint surfaces 
and usually provides adéquate stability, especially if performed 
during the first year of life; however, late instability and 
angular deformity hâve been reported affer ligamentous 
reconstruction. Réduction osteotomy, as described by Peimer, 
corrects the angulation deformity with less chance of liga¬ 
mentous instability. This osteotomy is best performed when 
the child is 24 to 30 months old and the physis is clearly 
visible on the radiograph. Late instability can be treated with 
arthrodesis. Contracture of the first web space may be released 
with a four-part Z-plasty as described by Woolf and Broad- 
bent. Severe contracture may require a dorsal rotation flap as 
described by Strauch and Spinner. Thenar hypoplasia may 
require opponensplasty with the use of the abductor digiti 
minimi (see Technique 79-38) or ring sublimis (see Technique 
79-36). For type II deformity (five-fingered hand), polliciza- 
tion of the radialmost digit, as described by Buck-Gramcko 
(see Technique 79-42), is recommended. 

Surgical correction also may be required for associated 
anomalies, such as polydactyly. If the duplication is a Wassell 
type IV, the radialmost digit should be excised when the child 
is about 6 months old. In a Wassell type VII duplication 
(complété duplication), the triphalangeal thumb should be 
removed. The remaining thumb may require web reconstruc¬ 
tion and metacarpal osteotomy to complété the pollicization. 
For a nonopposable triphalangeal thumb, a two-stage proce¬ 
dure has been described by El-Karef. The first stage consists 
of excision of the extra joint, metacarpal shortening osteotomy 
in pronation and abduction, and web deepening. The second 
stage includes an opponensplasty and any necessary révision 
of the first stage. 


REDUCTION OSTEOTOMY 


TECHNIQUE 79-25 


(PEIMER) 

■ Mark the preoperative radiographs, or make a sketch of 
the phalangeal and epiphyseal deformities, to plan the 
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location of the ostéotomies and the amount to be 
resected. Use a skin-marking pen to mark the curved 
dorsal incision, including the nail and matrix that must be 
removed (Fig. 79-5IA). 

■ Make a curved incision through the nail, matrix, and skin 
down to the level of the paratenon. 

■ Elevate skin flaps and expose the middle and distal pha¬ 
langes by dividing and reflecting the extensor pollicis 
longus tendon just proximal to its insertion on the distal 
phalanx. 

■ Use a scalpel or fine bone-cutting forceps to narrow the 
distal phalanx to the desired width; avoid fragmenting 
the phalanx. 

■ Expose the distal phalangeal epiphysis with the first lon¬ 
gitudinal eut (Fig. 79-51 B). 

■ With a scalpel, make a transverse osteotomy, completely 
excising the epiphysis (Fig. 79-51 C). 

■ Make a second transverse osteotomy in the middle of the 
middle phalanx distal to the normal horizontal portion 
of the epiphysis. Confirm that the second osteotomy is 
parallel with the proximal interphalangeal joint by insert- 
ing a thin hypodermic needle into the joint to détermine 
the joint line (Fig. 79-51 D). 

■ With the second transverse osteotomy, expose the abnor¬ 
mal longitudinal portion of the C-shaped middle phalan¬ 
geal epiphysis, and completely excise the distal portion of 
the middle phalanx and the abnormal epiphysis without 
cutting the collateral ligament (Fig. 79-51 E). 

■ After removing the bone fragments, place the remaining 
bone in a closing-wedge position to realign and shorten 
the thumb (Fig. 79-51 F). 

■ If necessary, use bone-cutting forceps or a small rasp to 
contour the bony surfaces. 

■ Align the bone ends and fix them with one or two smooth 
0.028-inch or 0.035-inch Kirschner wires (Fig. 79-51 G). 
Transfix the retained interphalangeal joint if additional 
stability is needed. 

■Check the adequacy of resection and realignment and 
confirm the Kirschner wire placement and phalangeal 
position with radiographs. 

■ Shorten and repair the extensor pollicis longus tendon 
with fine sutures. 


■ Release the tourniquet, excise redundant skin, and close 
the wound. 

■ Cut and bend the Kirschner wires, leaving them protrud- 
ing through the skin. 

■Apply a long, plaster, opponens gauntlet splint that 
extends above the elbow. 

POSTOPERATIVE CARE. If necessary, the splint can be 
removed for wound inspection during the first 2 to 3 
weeks after surgery, but the hand is kept well splinted for 
6 to 8 weeks. The Kirschner wires are removed after 6 to 
8 weeks, or when bone healing is évident on radiographs. 
Splinting usually is not required after pin removal. Physical 
therapy may be helpful in regaining motion in older 
patients. 


POSTAXIAL POLYDACTYLY 

Duplication of the small finger is the most common pattern 
of duplication in the black population. It occurs in approxi- 
mately one per 300 black births, with a relative frequency 
of 8:1 compared with duplication of other digits. The true 
incidence is impossible to détermine because many of these 
children hâve the extra digit removed in the nursery, although 
this probably is done less frequently than in the past. Stelling 
and Turek originally classified postaxial polydactyly into 
three subtypes based on the degree of duplication: type 1, 
duplication of soft parts only; type 2, partial duplication of 
the digit, including osseous structures (Fig. 79-52); and type 
3, complété duplication of the ray. Later, Temtamy and McKu- 
sick simplified the classification into type A, a fully developed 
extra digit; or type B, a rudimentary supernumerary digit 
attached to the small finger in a pedunculated manner. Pritsch 
et al. further classified type A into five subgroups based on 
osseous anatomy. Hypoplasia of both subtypes with angular 
deformity is common. 

Duplication of the small finger is believed to be geneti- 
cally determined. Type B patterns offen are multifactorial 
involving two genes with incomplète penetrance. It is 10 
times more common in people of African descent. In isolated 
nonsyndromic cases of postaxial polydactyly, the inheritance 









Peimer réduction osteotomy. A f Dorsal incision. B f Narrowing of distal phalanx. C f Excision of distal epiphysis. D f 
Needle placed across interphalangeal joint to orient transverse osteotomy. E f Completion of osteotomy. F, Combined ostéotomies form 
closing wedge to shorten and realign thumb. G f Bone ends are fixed with smooth wires. SEE TECHNIQUE 79-25. 
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Type 2 postaxial polydactyly: partial duplication 
of digit, including osseous structures. 


pattern appears to be autosomal. Type A patients typically 
produce offspring of both types, whereas type B patients 
produce offspring with type B patterns only. Autosomal 
récessive inheritance has been identified in association with 
multiple abnormalities. Type A postaxial polydactyly is rare 
and has equal incidence in black and white races. In the black 
population, supernumerary digits are common and usually 
are not associated with more serious anomalies. However, 
postaxial polydactyly in the white population is frequently 
associated with more serious abnormalities, most commonly 
syndactyly, although multiple deformities and chromosomal 
abnormalities can be présent. 

Infants with postaxial polydactyly may hâve a well-formed 
extra digit along the ulnar border of the small finger (type 2) 
or may hâve only a rudimentary soft-tissue tag (type 1). Both 
digits usually are hypoplastic to some degree. Angular defor- 
mity may be présent at birth or may occur later during growth 
(Box 79-3). 

■ TREATMENT 

The use of ligatures around the base of type B postaxial 
duplication is commonly performed in the nursery with 
sutures or a vascular clip such that blood flow is ceased. 
The digit becomes necrotic and falls off. Although good to 
excellent results hâve been reported with these techniques, 
complications can occur, including failure of the digit to fall 
off, infection, traction neuroma, or most commonly resid- 
ual bumps. Surgical excision also can be performed in the 
operating room. Katz and Linder reported a prospective 
sériés of 11 infants having pedunculated extra digits in 
which they simply excised the digit at its base, while main- 
taining digital traction under topical anesthésia with a 
single swipe of the scalpel. They used pressure to control 
the bleeding and closed the skin with a stérile adhesive 
strip. Ail infants cried for “a few seconds after the excision,” 



Associated Anomalies With Type A Postaxial 
Polydactyly 


Cornelia de Lange 
Chondroectodermal dysplasia 
Schinzel syndrome 

Clubfeet, tracheomalacia, rénal reflux 
Clubfeet 

Tongue malformation, gastroesophageal reflux, aortic 
insufficiency 

Imperforated anus, rénal insufficiency, sacral agenesis, verté¬ 
bral anomalies 
Pectus excavatum 

Tracheomalacia, gastroesophageal reflux, developmental 
delay 

Modified from: Pritsch T, Ezaki M, Mills J, Oishi SN: Type A ulnar polydactyly of 
the hand: a classification System and clinical sériés, J Hand Surg 38A:453, 2013. 


but no complications were encountered, and at 1 year 
follow-up the site of excision was barely seen. Type B dupli¬ 
cations should be excised in the operating room under 
tourniquet control because of the complexity of the duplica¬ 
tion when the patient is about 1 year old. A frequent com¬ 
plication is an unsightly bump caused by a retained 
segment of duplicated metacarpal head. 


EXCISION OF EXTRA DIGIT 


TECHNIQUE 79-26 


■ Under tourniquet control, make an elliptical incision 
around the base of the extra digit. Leave excess skin at 
the time of initial incision and excise this as appropriate 
at the time of closure. 

■ Identify, ligate, and divide the neurovascular bundle to 
the extra digit. 

■ For type 1 duplication, complété the excision at this point 
and close the skin with simple closure. 

■ For type 2 duplication, identify and preserve the abductor 
digiti quinti minimi tendon. 

■ Expose the area of bone bifurcation subperiosteally. 

■ Identify and preserve the ulnar collateral ligament if the 
bifurcation is in the area of the joint. 

■ Amputate the extra digit and trim any excess bone in the 
area of the bifurcation. 

■ Reconstruct the collateral ligament and abductor inser¬ 
tion if violated. 

■ Close the skin with simple interrupted sutures and apply 
a soft bandage. 

POSTOPERATIVE CARE. A very young child may require 
a cast for a short time (10 days), but generally no immo- 
bilization is necessary. Sutures are removed at 2 weeks, 
and unlimited activity is allowed. 
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CENTRAL POLYDACTYLY 

Central polydactyly refers to duplication of the index, long, 
or ring finger. It rarely occurs as a solitary deformity and 
usually is associated with complex syndactyly. The most 
typical pattern is type 2 central polydactyly concealed within 
a syndactyly between the long and ring fingers. Polydactyly 
of the index finger and polysyndactyly of the long and ring 
fingers probably are inherited as autosomal dominant traits. 
Associated anomalies include polydactyly and syndactyly of 
the toes. 

■ TREATMENT 

In isolated central polydactyly, excision of the most hypo- 
plastic digit is performed in keeping with surgical principles 
of polydactyly reconstruction. In the central polysyndactyly 
pattern, surgical options include syndactyly reconstruction 
with excision of the extra digit or création of a three-fingered 
hand. The complexity of these deformities requires astute 
surgical judgment and an individualized approach. Surgical 
reconstruction should be performed by the time the child is 
6 months old to prevent further angular deformity. As many 
normal-appearing fingers as possible should be recon- 
structed. Amputation of a functionless digit may be per¬ 
formed later. 

ULNAR DIMELIA 

Ulnar dimelia, commonly called mirror hand, refers to 
radial and ulnar clusters of fingers in the same hand that are 
near-mirror images of each other (Fig. 79-53). It is consid- 
ered a duplication phenomenon of the ulnar half of the 
forearm, wrist, and hand, but because there is complété 
substitution of the radial components as well, this anomaly 
is not so easily classified as pure duplication. It is an exceed- 
ingly rare anomaly, with few reports in the literature. The 
largest reported sériés is that of Harrison, Pearson, and Roaf, 
in which they describe the deformity in three patients. The 
cause is unknown, but its occurrence usually is sporadic. 
It is believed to resuit from an aberration in the control 
process of the apical ectodermal ridge of the limb bud. 
When associated with fibular dimelia, it may be explained 
as a single gene mutation transmitted as an autosomal 
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^ Duplication of ulna (mirror hand). 


dominant trait. Ulnar dimelia usually is associated with 
some degree of hypoplasia of the arm and scapula. The only 
distant associated anomaly is fibular dimelia with absence of 
the tibia. 

The deformity usually is unilatéral and grotesque, with 
multiple fingers dangling from a normal palm. The hand 
usually has six to eight well-formed fingers that ail may lie in 
nearly the same plane or with slight opposition between the 
two halves. The postaxial digits appear slightly more normal 
than the preaxial digits; there is no thumb, and syndactyly 
may be présent. The digits may be flexed because of déficient 
extensors, the hand usually is radially deviated at the wrist, 
and extension of the wrist may be impossible. The wrist and 
elbow appear thick, elbow motion is decreased, and the arm 
is shortened. The ulna and ulnar carpal bones are completely 
duplicated, the scaphoid and trapezium are replaced, and the 
distal ulnar epiphysis is broadened. At the elbow, each of the 
duplicated ulnae articulâtes with the distal humérus sepa- 
rately and they tend to face each other. There is no capitellum 
on the distal humérus. 

■ TREATMENT 

Parents should be encouraged to maintain passive range of 
motion in the fingers, wrist, elbow, and shoulder by gentle 
stretching exercises until the child reaches an appropriate âge 
for reconstruction, usually âge 2 years. During this period, 
the child should be carefully observed during play to déter¬ 
mine which radial digit may function best as the thumb. 
Surgical intervention should be performed early to prevent 
the inévitable psychologie trauma to the parents, which also 
may be sensed by the child. No single surgeon has accumu- 
lated enough expérience to delineate clearly the best method 
of treating the many complex problems involved with this 
deformity. Problems that require correction include limited 
movement of the elbow, limited pronation and supination, 
limited movement of the wrist, excessive number of fingers, 
inadéquate finger extension, absence of the thumb, and 
inadéquate first web space. 

To improve elbow flexion, Harrison et al. excised the 
upper 1-inch portion of the latéral ulna in a 1-year-old 
patient and achieved 40 degrees of elbow flexion; by the 
time the child was 12 years old, however, the elbow again 
had stiffened into extension. Most authors recommend this 
treatment method for limited elbow flexion but emphasize 
postoperative muscle strengthening. Pronation and supina¬ 
tion also may be improved, but rotation osteotomy may be 
required to place the forearm in a more functional position. 
Limitation of wrist extension by palmar and radial contrac¬ 
tures may require Z-plasty and lengthening of the con- 
tracted tendons and capsule. The flexor carpi radialis 
muscle may be transferred to the dorsum to aid extension. 
Transferring the flexor digitorum superficialis of the polli- 
cized finger to the dorsum of the index metacarpal also has 
been recommended. Wrist arthrodesis may be necessary for 
récurrent wrist instability; this procedure can be performed 
when the child is about 12 years old. Pollicization can be 
done in one stage according to the principles of Buck- 
Gramcko, using the most functional of the radial digits. The 
excess radial digits are deleted, including the metacarpal 
and carpal bones. The excess skin is used as a filleted flap to 
re-create a first web space. Entin recommended deleting the 
first and third rays, with pollicization of the second digital 


FIGURE 
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Entin reconstruction for duplication of ulna (mirror hand). A f Appearance of mirror hand with extra digits. Digits I 
and III were discarded; digit II was retained for pollicization. B, Pollicization of digit II. This digit was properly positioned by osteotomy 
through base of its metacarpal and by intermetacarpal graft eut from metacarpal of discarded digit III. C f Filleted skin of digit III was 
used as flap to cover space created by pollicization. 


ray (Fig. 79-54). Tendon transfers, with the use of donor 
tendons from the amputated digits or the flexor carpi 
ulnaris if duplicated, may be necessary to improve finger 
extension. 


EXCISION OF THE PROXIMAL ULNA 


TECHNIQUE 79-27 


■ Under tourniquet control if possible, place a longitudinal 
incision over the proximal aspect of the preaxial ulnar 
bone. 

■ Expose the proximal ulna extraperiosteally, preserving a 
sufficient periosteal and ligamentous strip to reconstruct 
a collateral ligament. 

■ Excise a sufficient amount of the ulna, along with its 
remaining periosteum, to allow adéquate extension and 
flexion, usually approximately 1 inch of bone. 

■ Check the stability of the elbow, close the incision in 
layers, and apply a long arm cast with the elbow in 90 
degrees of flexion. 

POSTOPERATIVE CARE. The cast is worn for 3 to 6 
weeks depending on the stability of the elbow. The 
neurovascular status must be carefully monitored. After 
the cast is removed, active assisted flexion and exten¬ 
sion exercises are begun. A night splint is recom- 
mended to hold the elbow in 90 degrees of flexion 
until the child can actively flex the elbow against résis¬ 
tance. Emphasis should be placed on strengthening the 
elbow flexors and extensors to maintain the motion 
achieved at surgery. 


RECONSTRUCTION OF THE HAND 
AND WRIST 


TECHNIQUE 79-28 


■ Before inflation of the tourniquet, carefully plan the inci¬ 
sion to allow pollicization of the most functional digit and 
fillet-type amputations of the excessive digits and expo- 
sure of the neurovascular bundles to the digit chosen for 
pollicization. 

■After the incisions and skin flaps hâve been designed, 
exsanguinate the limb and inflate the tourniquet. 

■ Make the incisions and carefully dissect the common 
neurovascular bundles to the middle digit in each web 
space. 

■ Ligate the bifurcation to each adjacent digit. 

■ Carefully dissect the common digital nerves to the thenar 
level before division. Carefully preserve the digital nerves 
and dorsal veins to the pollicized digit. 

■ Dissect out the tendons to the pollicized digit; if there are 
bifurcations of these tendons, divide the abnormal inser¬ 
tions to the neighboring tendons. 

■ Amputate the extra digits, including the metacarpal and 
articulating carpal bones. Preserve the extensor tendons 
to the excised digits, if présent, to use later to reinforce 
finger extension or thumb abduction. 

■ Shorten the metacarpal of the pollicized digit by perform- 
ing an osteotomy just proximal to the metacarpal neck 
and scarring the remaining shaft. 

■ Rotate the head of the metacarpal into 120 degrees of 
flexion and 90 degrees of pronation and secure it in this 
position with two sutures or a Kirschner wire, which 
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allows appropriate shortening and opposition of the pol- 
licized digit. 

■ Suture the intrinsic muscles to the latéral bands of the 
extensor mechanism of the pollicized digit to augment 
adduction and abduction. 

■ Use the fillet flaps from the deleted digits to reconstruct 
a first web space. 

■ Remove any excess skin to allow appropriate closure of 
the shortened, pollicized digit. 

■ If increased extension of the wrist is needed, divide the 
flexor digitorum sublimis muscle at the level of the Al 
pulley into the pollicized digit and transfer it to the dorsal 
base of the second metacarpal. 

■ Deflate the tourniquet, check the viability of the remain- 
ing digits and flaps, and apply a bulky dressing with a 
long arm posterior splint supporting the elbow at 90 
degrees, the wrist at neutral or in slight extension, and 
the thumb in the abducted position. 

POSTOPERATIVE CARE. The splint is worn for 3 weeks 
but can be changed for suture removal and wound 
inspection. After splint removal, an exercise program is 
begun, and a removable night splint is used to hold 
the thumb in the opposed position for an additional 
3 months. 


OVERGROWTH (MACRODACTYLY) 

Macrodactyly is a rare congénital anomaly (0.9%) in which 
there is enlargement of the finger. The index finger is involved 
most frequently (Fig. 79-55). Macrodactyly does not seem to 
be an inherited condition. Although its cause is uncertain, 
three possible factors are strongly suspected: abnormal nerve 
supply, abnormal blood supply, and abnormal humoral 
mechanism. S orne authors hâve postulated that macrodactyly 
is an aborted type of neurofibromatosis; however, other 
manifestations of this disease usually are not seen in these 
patients. Recent studies hâve implicated a proto-oncogene 


mutation resulting in abnormal régulation of growth. Barsky 
described two types of true macrodactyly: static enlargement 
of the digit without progression as the child grows and pro¬ 
gressive enlargement out of proportion to normal growth. 
The latter form may not enlarge during infancy but begins to 
enlarge rapidly during early childhood; this form frequently 
is associated with angular deformity. Macrodactyly most 
commonly exists without other conditions, but syndactyly is 
associated with macrodactyly in about 10% of patients. 
Macrodactyly involving the hands and the feet has been 
reported by Keret, Ger, and Marks. Some patients with neu¬ 
rofibromatosis develop macrodactyly. 

In static macrodactyly, the deformity is présent in infancy. 
There usually is diffuse enlargement of the digit; however, the 
distal and palmar tissues usually appear more enlarged than 
the dorsal and proximal tissues. The finger grows, but in 
proportion to normal digital growth. Progressive macrodac¬ 
tyly occurs in early childhood as a rapidly enlarging digit, 
frequently with an angular deformity that makes the finger 
banana shaped (Fig. 79-56). The skin may be thickened, and 
the nails may be hypertrophied. The phalanges always are 
involved, and the metacarpals may be enlarged. With matu- 
rity, the enlarged digit begins to lose motion. Later in life, 
symptoms of carpal tunnel syndrome may develop, with 
complaints of paresthesias and hypesthesias. Trophic ulcers 
also may develop over the involved digit. Involvement usually 
is unilatéral, and multiple digits are affected two to three 
times as offen as single digits. If the thumb is involved, a 
characteristic abduction and hyperextension deformity 
results. It generally is believed that ail the tissues of the 
involved finger are enlarged; however, some authors hâve 
noted sparing of the tendons and vessels. The nerves that 
innervate the involved territory are characteristically enlarged. 
In a rare type of macrodactyly (hyperostotic), there may be 
osteocartilaginous deposits around the joints; a traumatic 
cause for this condition has been reported. 

■ TREATMENT 

There are no satisfactory nonsurgical methods of controlling 
macrodactyly. Attempts to compress the digit with elastic 



FIGURE 


A and B f Macrodactyly of index finger and thumb. 
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A f Récurrent macrodactyly in 6-year-old child 2 years after debulking procedure of ring finger and amputation of 
long finger. B f Intraoperative photograph shows enlargement of digital nerve. C f Wound closure after debulking. 


wrapping hâve been unsuccessful. Indications for surgery 
include enlargement, angulation, carpal tunnel syndrome, 
and causalgia. For a progressively enlarging digit, a debulking 
procedure usually is needed. With this procedure, as much 
excess tissue as possible is excised from one half of the digit; 
3 months later, the other half is debulked. This procedure may 
be required several times during the growth period. Tsuge 
proposed that the disproportionate growth is a resuit of 
excessive neural input and recommended that the digital 
nerves be stripped of one half their fascicles at the time of 
debulking. He also recommended complété excision of the 
enlarged digital nerves during debulking as the most effective 
way to control progressive macrodactyly, believing that this 
causes only minimal neural impairment in children. Kelikian 
recommended segmentai resection of the tortuous digital 
nerves with end-to-end repair. 

Physeal arrest by drilling holes through the physes, 
resection of the physes, or epiphysiodesis of ail phalanges 


frequently is recommended after the digit has reached esti- 
mated adult length. Various methods of digital shortening 
also hâve been described, including simple amputation of the 
distal phalanx and filleting of the distal phalanx, with transfer 
of the nail and matrix onto the end of the middle phalanx, 
with or without some of the underlying distal phalanx. In 
the angulated finger, closing wedge ostéotomies through the 
proximal or middle phalanx are necessary for correction. 
Tan et al. performed middle phalangectomy in one patient 
with macrodactyly as their preferred surgical option. Millesi 
described a complicated technique for shortening the enlarged 
thumb, in which parts of the distal and middle phalanges are 
removed and the distal interphalangeal joint is preserved. 
Shortening procedures, however, are prone to stiffness and 
development of contractures. Amputation is used to provide 
relief only as a last resort in an adult with a severe and 
bothersome deformity. Although not routinely performed, 
long finger pollicization has been reported for severe, 
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nonreconstructable macrodactyly of the index finger and 
thumb. 

The most common complication is récurrence, which is 
expected after debulking. Flap necrosis is a major surgical 
complication, and some authors hâve recommended excision 
of the overlying skin and replacement with a full-thickness 
skin graft to avoid this problem. Careful attention to flap 
design may help prevent skin necrosis. Operating on only one 
side of the finger at a time minimizes the risk of circulatory 
disturbance. 


DEBULKING 


TECHNIQUE 79-29 


(TSUGE) 

■ Under tourniquet control, make a midlateral incision the 
length of the involved digit. 

■ Identify and dissect out the digital nerve. 

■ Excise ail excessive adipose tissue. 

■ If the digital nerve is grossly enlarged, half the fascicles 
may be stripped and excised as recommended by Tsuge. 
If the digital nerve is excessively tortuous, a section can 
be resected and an end-to-end repair performed as 
described by Kelikian. 

■ Resect matching sections of the volar half of the distal 
phalanx and the dorsal half of the middle phalanx (Fig. 
79-57A) and reduce the fragments (Fig. 79-57B). 



FIGURE 


A, Matching sections (shaded areas) of volar half of distal phalanx 
and dorsal half of middle phalanx are removed. B f Distal phalanx 
is reduced on middle phalanx, with préservation of dorsal skin 
bridge, but removal of excess soft tissue. C, Soft-tissue closure is 
completed, accepting some excess dorsal soft tissue. SEE TECH¬ 
NIQUE 79-29. 


■ Remove excessive skin, close the incision (Fig. 79-57C), 
and apply a bulky hand dressing. 

■No particular postoperative protection is required. 

■ Debulking of the opposite side of the digit can be done 
3 months after the first procedure. 



EPIPHYSIODESIS 


TECHNIQUE 79-30 

| _ 


■ Under tourniquet control, make a midlateral incision the 
length of the entire finger. 

■ Identify the physes of the proximal, middle, and distal 
phalanges, and perform epiphysiodesis of these with a 
high-speed burr or curet and cautery. 

■ Close the incision and apply a finger splint, which is worn 
for 3 weeks. 


DIGITAL SHORTENING 


TECHNIQUE 79-31 


(BARSKY) 

■ Under tourniquet control, make an L-shaped incision 
beginning at the midlateral aspect of the proximal inter- 
phalangeal joint and extending distally to a level just 
proximal to the germinal matrix (Fig. 79-58A). 


il 

* — —— 

A 




FIGURE 


A, L-shaped midlateral and dorsal incisions allow removal of 
excess dorsal tissue, distal half of middle phalanx, and proximal 
portion of distal phalanx (shaded area). B, Bone ends are prepared 
for pencil-cone réduction. C, Distal phalanx is reduced on middle 
phalanx and secured with Kirschner wire. SEE TECHNIQUE 79-31. 
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■ Carry the incision transversely across the dorsum of the 
finger. 

■ Remove the distal half of the middle phalanx and the 
proximal part of the distal phalanx. 

■ Using a rongeur, sharpen the distal end of the remaining 
middle phalanx to a point to fit into the medullary canal 
of the distal phalanx (Fig. 79-58B). 

■ Place the distal phalanx onto the middle phalanx and fix 
it with a Kirschner wire to recess the finger (Fig. 79-58C). 

■ Excess volar soft tissue can be removed at a later stage. 
■Close the incision and apply a finger splint to be worn 

for 3 weeks. 


THUMB SHORTENING 


TECHNIQUE 79-32 


(MILLESI) 

■ Under tourniquet control, excise the distal half of the nail 
and nail matrix and the underlying distal phalangeal tuft 

(Fig. 79-59A). 

■ Through a dorsal longitudinal incision overlying the 
proximal and distal phalanx, remove the middle third of 
the distal phalanx and the middle third of the overlying 
nail and matrix. 

■ Remove the middle third of the proximal phalanx by 
making parallel oblique ostéotomies (Fig. 79-59B). 

■ Reduce the two remaining longitudinal components of 
the distal phalanx and pin them with a transverse Kirsch¬ 
ner wire. 

■ Reduce the distal and proximal fragments of the proximal 
phalanx in a shortened fashion and pin them with an 
oblique Kirschner wire (Fig. 79-59C). 

■Close the wound by carefully approximating the skin 
edges and the nail matrix, leaving the Kirschner wires 
protruding through the skin. 

■ Apply a thumb splint. 

POSTOPERATIVE CARE. The splint is worn for 3 weeks. 
The Kirschner wires are removed when the osteotomy 
incisions are healed, usually by 4 to 6 weeks. 



Thumb réduction for macrodactyly (Millesi). 
A f Removal of distal half of nail and distal phalanx, preserving 
eponychial tissue. B f Réduction ostéotomies performed through 
dorsal incision. C f Remaining bone reduced and pinned. SEE 

TECHNIQUE 79-32. 


UNDERGROWTH 

Congénital hand anomalies classified as undergrowth defor- 
mities are anomalies in which development is incomplète, 
making the entire upper extremity or any of its parts smaller 
or déficient. Hypoplasia of digital parts often occurs with 
other deformities of the hand, such as radial clubhand, syn- 
dactyly, and macrodactyly. Its use as a separate category is 
best limited to deformities that présent a formed but déficient 
part without other anomalies. 

HYPOPLASTIC THUMB 

The désignation “hypoplastic thumb” generally applies to any 
thumb with some degree of deficiency in any of its anatomie 
parts—osseous, musculotendinous, or ectodermal. The thumb 
may be functional but simply shorter than normal or, in the 
most severe manifestation, totally absent. The hypoplastic 
thumb constituted 3.6% of anomalies in Flatts sériés and 1.3% 
in the Yokohama sériés; hypoplasia of the whole hand repre- 
sented 0.8% in Flatts sériés, and absence of the thumb repre- 
sented 1.4%. Because of the wide variety of deformities 
produced by hypoplasia of the thumb, étiologie factors also 
vary. Many of these deformities are sporadic occurrences, but 
some are transmitted genetically or are associated with spécifie 
syndromes. Thumb hypoplasia can occur with radial hypopla¬ 
sia and is bilateral in 20% to 60% of cases. The six types of 
hypoplastic thumb are based on the appearance of the defor- 
mity and the déficient structures and include short thumb, 
adducted thumb, abducted thumb, floating thumb, absent 
thumb, and clasped thumb. An alternative classification System 
that has become popular is the Blauth System, in which the 
hypoplastic thumb is classified into five types: type I, minor 
generalized hypoplasia (short thumb); type II, adduction 
contracture with déficient intrinsics and an unstable metacar- 
pophalangeal joint (adducted thumb or abducted thumb); 
type III, déficient extrinsic muscles; type IV, déficient osseous 
structures, specifically the thumb metacarpal (floating thumb); 
and type V, absent. Manske suggested dividing the type III 
thumbs into type IIIA, which has thumb metacarpal hypopla¬ 
sia with a stable carpometacarpal joint, and type IIIB, which 
has partial metacarpal aplasia and an unstable carpometacar¬ 
pal joint. In this classification scheme, the presence of a stable 
carpometacarpal joint détermines whether the thumb should 
be reconstructed or amputated and pollicization done (Table 
79-8). McDonald étal, recommended a staged procedure to 
reconstruct type IIIA thumbs at 2 years of âge, with the first 
stage including web space deepening, stabilization of the 
metacarpophalangeal joint, and transfer of the flexor digito- 
rum sublimis to flexor pollicis longus followed later by an 
extensor indicis proprius to extensor pollicis longus transfer 
and Huber opponensplasty (see Technique 79-38). 

■ TYPE I HYPOPLASIA (SHORTENED THUMB) 

The normal thumb extends to about the level of the proximal 
interphalangeal joint of the index finger; a thumb is considered 
“short” if its length is less than this. Hypoplasia of any or ail 
osseous components produces a thumb that is significantly 
shorter than normal. The short thumb frequently is associated 
with other anomalies and syndromes. When the metacarpal is 
short and slender, it may be a manifestation of a syndrome 
such as Fanconi, Holt-Oram, or Juberg-Hayward syndrome; it 
also may be associated with other malformations of the spine 
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and cardiovascular and gastrointestinal Systems. When the 
metacarpus is short and broad, it may be associated with 
Cornelia de Lange syndrome, hand-foot-uterus syndrome, 
diastrophic dwarfism, or myositis ossificans progressiva. 
Shortening of the proximal phalanx of the thumb may be 
associated with brachydactyly. The distal phalanx may be 
broad and short in association with Rubinstein-Taybi, Apert, 
Carpenter, or hand-foot-uterus syndrome. The thumb may be 
radially deviated (“hitchhiker’s thumb”) or very short and 
stubby (“potters thumb” or “murderers thumb”). A slender 
distal phalanx may be associated with Fanconi or Holt-Oram 
syndrome. 


TABLE 79-8 


Thumb Deficiency Classification and Treatment 
Paradigm 

TYPE 

FINDINGS 

TREATMENT 

1 

Minor generalized 
hypoplasia 

No treatment 

II 

Intrinsic thenar muscles 
hypoplasia 

First web space narrowing 

UCL insufficiency 

Opponensplasty 
First web release 
UCL reconstruction 

III 

Similar findings as type II 
plus: 

Extrinsic muscle and tendon 
abnormalities 

Bone deficiency 

A: Stable TMC joint 

B: Unstable TMC joint 

A: Reconstruction 

B: Pollicization 

IV 

Pouce flottant or floating 
thumb 

Pollicization 

V 

Absent thumb 

Pollicization 


TMC, Trapeziometacarpal; UCL, ulnar collateral ligament. 

From Soldado F, Zlotolow DA, Kozin SH: Thumb hypoplasia, J Hand Surg 38A: 
1435, 2013. 


1 TREATMENT 

If a hypoplastic thumb is only short, surgical correction rarely 
is indicated. If préhension is significantly limited, deepening 
of the web space may be sufficient to create a relative length- 
ening of the thumb in relation to objects that are grasped. 
This can be achieved with a two-limb or four-limb Z-plasty. 

■ TYPE II HYPOPLASIA (ADDUCTED THUMB) 

An adducted thumb usually is caused by absence or partial 
absence of the thenar muscles, which results in déficient 
opposition. These thumbs often lack a functional flexor pol- 
licis longus muscle. The radial collateral ligament of the 
thumb metacarpophalangeal joint also may be déficient. The 
thumb usually is shortened and tapered, with a flattened 
thenar eminence and a déficient first web space. The defor- 
mity usually is transmitted as an autosomal dominant trait 
and usually is unilatéral. 

■ TREATMENT 

The goals of surgical reconstruction of the adducted thumb 
are correction of the adduction contracture and restoration 
of opposition. The adduction contracture can be corrected 
by a two-limb or four-limb Z-plasty or a sliding dorsal flap 
raised from the radial side of the index finger. The two-limb 
Z-plasty rarely attains adéquate correction. Less than 50% of 
web space spread generally is considered inadéquate. The 
two most popular techniques for restoration of opposition 
are the ring flexor superficialis tendon opponensplasty and 
the abductor digiti quinti opponensplasty, as described by 
Huber and popularized by Littler and Cooley. The Huber 
procedure allows création of a more nearly normal-appearing 
thenar eminence. An overlying hypothenar skin paddle can 
be incorporated with the abductor digiti minimi as described 
initially by Chase and more recently by Upton and Taghinia. 
This éliminâtes routing the muscle through tight palmar 
tissues and improves thenar bulk and appearance. Littler and 
Cooley also described the use of an abdominal flap (Fig. 
79-60) for reconstruction of the adducted thumb. Upton 





FIGURE 


Littler correction of adduction contracture of thumb using abdominal flap based on thoracoepigastric vessels. 
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Flexor 

with collateral ligament 


digitorum sublimis opposition transfer 
repair. 



Simple Z-plasty of thumb web. A f Incisions. 
B, Closure after reversai of flaps. SEE TECHNIQUE 79-35. 


et al. reported excellent results after the use of pedicled, dis- 
tally based radial and dorsal interosseous forearm fasciocu- 
taneous island flaps. Tins technique is described in Chapter 
65. Often the metacarpophalangeal joint is unstable and the 
ulnar collateral ligament is in need of reconstruction. This 
can be accomplished by reefing the ulnar ligamentous tissues, 
advancing them distally, and augmenting them with the 
distal portion of the sublimis tendon when performing an 
opponensplasty, free tendon reconstruction, or metacarpo¬ 
phalangeal chondrodesis (Fig. 79-61). 


SIMPLE Z-PLASTY OF THE 
THUMB WEB 


TECHNIQUE 79-33 


■ Before inflating the tourniquet, diagram the appropriate 
skin incision, designing the flap with its longitudinal axis 
along the distal ridge of the first web space and extend- 
ing from the proximal thumb crease to approximately 
1 cm proximal to the proximal digital crease of the index 
finger at a point that corresponds to the radial confluence 
of the proximal and middle palmar creases. Draw an 
oblique proximal palmar limb and a distal dorsal limb at 
an approximately 60-degree angle, with the lengths of 
both limbs corresponding to the longitudinal incision (Fig. 
79-62A). In designing these flaps, keep in mind the basic 
principle of ail Z-plasty procedures: ail flap sides must be 
of equal lengths. 

■ Inflate the tourniquet and make the appropriate incisions 
as outlined. 

■ Elevate the flaps sharply, carefully undermining to avoid 
vascular compromise. 

■ If additional depth is needed, sharply dissect the distal 
edge of the web space musculature to obtain a partial 
recession. 

■ Reverse the flaps and carefully suture them with inter- 
rupted 6-0 nylon sutures or absorbable skin sutures (Fig. 


79-62B). Mattress sutures can be used to help prevent tip 
necrosis. 

■ Deflate the tourniquet, check for adéquate blood supply 
to the flaps, and apply a stérile dressing with the thumb 
splinted in the abducted, opposed position. 

POSTOPERATIVE CARE. The splint and sutures are 
removed 2 weeks after surgery, and free use of the hand 
is allowed if healing has progressed adequately. 


FOUR-FLAP Z-PLASTY 


TECHNIQUE 79-34 


(BROADBENT AND WOOLF, MODIFIED) 

■ Before inflating the tourniquet, outline the flaps. 

■ Make the longitudinal axis of the Z-plasty along the distal 
edge of the thumb web ridge, extending from the ulnar 
margin of the proximal thumb crease to an area approxi¬ 
mately 1 cm proximal to the proximal digital crease of the 
index finger. 

■ Draw proximal palmar and distal dorsal limbs at 90-degree 
angles to the longitudinal axis; the lengths of these limbs 
should equal that of the longitudinal incision (Fig. 
79-63A). Bisect each angle with an additional oblique 
limb, again with the length corresponding to the length 
of the other flap margins (Fig. 79-63B). 

■ Inflate the tourniquet and make the appropriate 
incisions. 

■ Sharply elevate the flaps, elevating the skin and a small 
amount of subcutaneous tissue. 

■ For further deepening, perform a small recession of the 
thumb web musculature in its midsubstance. Do not 
perform a complété myotomy. 

■ Interdigitate the appropriate flaps and suture them with 
6-0 monofilament nylon. It is helpful to label the flaps 
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Broadbent and Woolf four-flap Z-plasty for 
lengthening first web in adducted thumb. A f Ninety-degree 
dorsal and volar flaps are marked in first web. B f These two flaps 
are bisected to create four flaps. C f Flaps are elevated, transposed, 
and interdigitated to complété lengthening. SEE TECHNIQUE 
79-34. 


before incision; if the flaps are labeled 1, 2, 3, and 4, 
beginning from the radialmost flap and ending at the 
ulnarmost flap, the sequence after interdigitation should 
be 3, 1, 4, 2 (Fig. 79-63C). 

■ Deflate the tourniquet, inspect the flaps for viability, and 
apply a bulky dressing with the thumb splinted in the 
abducted position. 

POSTOPERATIVE CARE. The sutures and splint are 
removed 2 weeks after surgery. If desired, a small web- 
spacer splint can be used for an additional 2 weeks. 


WEB DEEPENING WITH A SLIDING 
FLAP 


TECHNIQUE 79-35 


Figure 79-64 


(BRANDAND MILFORD) 

■ Before inflating the tourniquet, design the flaps by 
drawing a line dorsally from the apex of the first and 
second metacarpals and extending it distally to the 
radial side of the proximal phalanx of the index finger. 
Curve the line back across the web space into the palm 




Dorsal sliding flap for correction of adduction 
deformity of first web. A f Incision. B, Radial flap is undermined, 
and dorsal defect is covered with split-thickness skin graft. SEE 

TECHNIQUE 79-35. 


proximally to the apex of the first and second 
metacarpals. 

■ Exsanguinate the arm, inflate the tourniquet, and make 
the skin incisions as outlined. 

■ Sharply elevate the skin flaps with a small amount of 
subcutaneous tissue. 

■ Release any thickened dorsal and volar fascia carefully to 
avoid injury to the neurovascular structures. 

■ If severe contracture is présent, incise the capsule of the 
carpometacarpal joint of the thumb. 

■ Pull the thumb away from the palm and hold it with a 
Kirschner wire. 

■ Allow the flap to slide with the thumb and use it to cover 
the thumb and palmar web. 

■ Cover the dorsal defect with a split-thickness skin graft. 

■ Suture the flaps in place with interrupted 6-0 nylon 
sutures and secure and bolster the skin graft. 

■ Deflate the tourniquet, inspect the flaps for viability, and 
apply a stérile dressing with the thumb splinted in the 
abducted position. 

POSTOPERATIVE CARE. Sutures are removed at 2 
weeks, and the Kirschner wire is removed at 4 weeks, 
after which unrestricted motion of the thumb is allowed. 


RING SUBLIMIS OPPONENSPLASTY 


TECHNIQUE 79-36 


(RIORDAN) 

■ Expose the sublimis tendon of the ring finger through an 
ulnar midlateral incision overthe proximal interphalangeal 
joint and divide the tendon at the level of the joint or just 
proximal to it. 

■ Divide the chiasm, separating the two slips of tendon at 
the level of the joint so that they pass around the pro- 
fundus and can be easily withdrawn at the wrist. 

■ Expose the flexor carpi ulnaris tendon through an 
L-shaped incision that extends proximally along the flexor 
carpi ulnaris tendon and distally turns radialward, parallel 
with the flexor creases of the wrist. 
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■ To make a pulley, eut halfway through the flexor carpi 
ulnaris tendon at a point approximately 6.3 cm proximal 
to the pisiform (Fig. 79-65). 

■ Strip the radial half of the tendon distally almost to the 
pisiform and create a loop large enough for the sublimis 
tendon to pass through easily; carry the end of the radial 
segment of the flexor carpi ulnaris through a split in the 
remaining half of the tendon, loop it back, and suture it 
to the remaining half. 

■ Make a wide C-shaped incision on the thumb as follows. 
Begin on the dorsum of the thumb just proximal to the 
interphalangeal joint and proceed proximally and volar- 
ward around to the radial aspect of the thumb. At a point 
just proximal to the metacarpophalangeal joint, curve the 
incision dorsalward in line with the major skin creases of 
the thenar eminence. 

■ Preserve on the dorsoradial aspect of the thumb the fine 
sensory nerve from the superficial branch of the radial 
nerve. 

■ Expose and define the extensor pollicis longus tendon 
over the proximal phalanx, the extensor aponeurosis over 
the metacarpophalangeal joint, and the tendon of the 
abductor pollicis brevis. 

■ At the wrist, identify the sublimis tendon to the ring 
finger and withdraw it into the forearm incision. 

■ Pass the tendon through the loop fashioned from the 
flexor carpi ulnaris. 

■ With a small hemostat or a tendon carrier, pass the 
tendon subcutaneously across the thenar eminence in line 
with the fibers of the abductor pollicis brevis. 



Opponensplasty of ring sublimis for adduction 
contracture of thumb. SEE TECHNIQUE 79-36. 


■ Make a small tunnel for insertion of the transfer by bur- 
rowing between two small parallel incisions in the abduc¬ 
tor pollicis brevis tendon. 

■ Split the end of the sublimis tendon for approximately 
2.5 cm, or more if necessary, and pass one half of it 
through the tunnel. 

■ Separate the extensor aponeurosis from the periosteum 
of the proximal phalanx of the thumb, make a small 
incision in it 6 mm distal to the first tunnel, and pass the 
same strip of sublimis through it. 

■ Bring the slip out from beneath the aponeurosis through 
a small longitudinal slit in the long extensor tendon about 
3 mm proximal to the interphalangeal joint. 

■ Détermine the proper tension for the transfer. Grasp the 
two slips of sublimis with small hemostats and cross 
them. With the thumb in full opposition and the wrist in 
a straight line, place the two overlapping slips of sublimis 
under some tension. Releasing the thumb and passively 
flexing the wrist should completely relax the transfer so 
that the thumb can be brought into full extension and 
abduction; extending the wrist 45 degrees should place 
enough tension on the transfer to bring the thumb into 
complété opposition and the tip of the thumb into 
complété extension. 

■ If the tension is insufficient, increase it and repeat the 
test. 

■ When the correct tension has been determined, suture 
the slips of sublimis together with the eut ends buried 

(Fig. 79-65, inset). 

■ Anchor the transfer and the tendon of the abductor 
pollicis brevis to the joint capsule with a single nylon or 
wire suture so that the transfer passes over the exact 
middle of the metacarpal head; this prevents later dis¬ 
placement of the tendon toward the palmar aspect of the 
joint during opposition. 

■ Close the wound with nonabsorbable sutures and immo- 
bilize the hand in a pressure dressing and a dorsal plaster 
splint as follows. 

■ Place the wrist in 30 degrees of flexion, the fingers in the 
functional position, and the thumb in full opposition with 
the distal phalanx extended; place a few layers of gauze 
between the individual fingers to prevent macération of 
the skin. 

POSTOPERATIVE CARE. At 3 weeks, the dressing and 
splint are removed and active motion is begun, but the 
thumb is supported with an opponens splint for an 
additional 6 weeks. Many patients can oppose the thumb 
as soon as the splint is removed. When the sublimis of 
the ring finger has been used for the transfer, as in the 
Riordan technique, training in its use may be facilitated 
by asking the patient to place the tip of the thumb 
against the ring finger; this maneuver produces flexion of 
the ring finger and an automatic attempt to oppose the 
thumb with the transferred sublimis. In patients with 
weak quadriceps muscles who habitually rise from a 
sitting position by pushing up with the flattened hands 
or in patients who use crutches, the transfer must be 
protected for 3 months or longer, or it becomes over- 
stretched and ceases to function. 
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RING SUBLIMIS OPPONENSPLASTY 
WITH ULNAR COLLATERAL LIGAMENT 
RECONSTRUCTION 


TECHNIQUE 79-37 


(KOZIN AND EZAKI) 

■ To widen the narrow thumb index web space, create a 
four-flap Z-plasty 7 extending the radial limb proximally to 
expose the ulnar collateral ligament and the metacarpo- 
phalangeal joint (Fig. 79-66A). 

■ Isolate the ring finger flexor digitorum superficialis tendon 
at the base of the finger and in the distal forearm. Make 
a short oblique incision at the base of the ring finger and 
a zigzag or oblique incision along the ulnar portion of 
the volar forearm. Isolate the flexor carpi ulnaris tendon. 


Make an additional skin incision along the radial side of 
the thumb metacarpophalangeal joint to expose the site 
for the flexor digitorum superficialis tendon attachment 

(Fig. 79-66B). 

Identify the ring finger flexor digitorum superficialis in 
the base of the finger and within the forearm (Fig. 
79-66C). Tag the flexor digitorum superficialis with a 
suture and eut it at the base of the ring finger while 
protecting the underlying flexor digitorum profundus 
tendon. 

Place a forceps around the ring flexor digitorum superfi¬ 
cialis tendon in the forearm and use it to roll the tendon 
through the carpal tunnel and into the forearm. 

Use a loop of flexor carpi ulnaris tendon to construct a 
pulley for the flexor digitorum superficialis tendon. Isolate 
the distal 2 to 3 cm of flexor carpi ulnaris tendon and 
harvest one half of the tendon preserving its distal attach¬ 
ment. Pass the harvested half through the retained flexor 



Flexor carpi 



Kozin and Ezaki flexor digitorum superficialis opponensplasty with ulnar collateral ligament reconstruction. 
A f Four-flap Z-plasty. B f Incisions. C f Ring finger flexor digitorum superficialis identified at base of finger. D and E f Pulley construction. 
E f Ring finger flexor digitorum passed through flexor carpi ulnaris loop. F, Flexor digitorum superficialis tendon passed through sub- 
cutaneous tunnel to radial side of thumb. G f Kirschner wire drilled across metacarpal head. H f Flexor digitorum superficialis tendon 
passed through metacarpal head to ulnar side of thumb. SEE TECHNIQUE 79-37. 
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carpi ulnaris at the pisiform to create a loop. Suture the 
tendon weave with nonabsorbable braided suture. Pass 
the ring finger flexor digitorum superficialis through the 
flexor carpi ulnaris (Fig. 79-66D and E). 

■ Create a subcutaneous tunnel between the radial side of 
the thumb and volar forearm incision for passage of the 
ring finger flexor digitorum superficialis tendon. Pass the 
flexor digitorum superficialis tendon under the skin to the 
radial side of the thumb (Fig. 79-66F). 

■ Isolate the metacarpal head and drill a 0.45-inch Kirschner 
wire across the metacarpal head parallel to the joint 
surface. Using mini-fluoroscopy to ensure proper wire 
placement, direct the wire from the volar aspect of the 
radial side of the metacarpal to the ulnar and dorsal 
aspects. Enlarge the hole with a drill bit to allow passage 
of the flexor digitorum superficialis tendon (Fig. 79-66G). 

■ Reduce the metacarpophalangeal joint and stabilize it 
with a longitudinal 0.45-inch Kirschner wire drilled ante- 
grade from the tip of the thumb. Cut the wire short and 
apply a Jurgan Pin Bail (RFO Medical, London, UK). 

■ Pass the flexor digitorum superficialis through the drill hole 
to the ulnar side of the thumb for ligament reconstruction 
(Fig. 79-66H). If the tendon is too large in diameter, one 
flexor digitorum superficialis slip can be removed. 

■ Place the wrist into slight extension and tension the flexor 
digitorum superficialis tendon until the thumb moves into 
opposition. Tenodesis is used to assess tension; once 
correct tension has been achieved, suture the flexor 
digitorum superficialis tendon to the surrounding bone 
and periosteum along the radial side of the thumb. This 
maneuver sets the tension in the opposition transfer. 

■ Use the remaining flexor digitorum superficialis tendon 
along the ulnar side of the thumb to reconstruct the ulnar 
collateral ligament. Direct the flexor digitorum superficia¬ 
lis tendon to the base of the proximal phalanx and suture 
it directly onto bone. Usually there is adéquate length to 
pass the extra flexor digitorum superficialis tendon back 
onto itself to complété a double-stranded repair. 

■ Close the skin with absorbable suture and immobilize the 
limb in a long arm-thumb spica cast. 

POSTOPERATIVE CARE. The thumb spica cast and 
Kirschner wire are removed at 3 weeks. A short arm- 
thumb spica splint is then applied. Active motion and 
therapy are initiated at this time. 


ABDUCTOR DIGITI QUINTI 
OPPONENSPLASTY 


TECHNIQUE 79-38 


(HUBER; LITTLER AND COOLEY) 

■ Make a curved palmar incision along the radial border of 
the abductor digiti quinti muscle belly, extending from the 
proximal side of the pisiform proximally to the ulnar 
border of the little finger distally. 


■ Free both tendinous insertions of the muscle, one from 
the extensor expansion and the other from the base of 
the proximal phalanx. 

■ Lift the muscle from its fascial compartment and carefully 
expose its neurovascular bundle. Isolate the bundle, 
taking care not to damage the veins. 

■ Free the origin of the muscle from the pisiform, but retain 
the origin on the flexor carpi ulnaris tendon; now the 
muscle can be mobilized enough for its insertion to reach 
the thumb. 

■ Make a curved incision on the radial border of the thenar 
eminence and create across the palm a subcutaneous 
pocket to receive the transfer. 

■ Fold the abductor digiti quinti muscle over about 170 
degrees (like a page of a book) and pass it subcutaneously 
to the thumb. 

■Suture its tendons of insertion to the insertion of the 
abductor pollicis brevis. 

■ Throughout the procedure, avoid compression of and 
undue tension on the muscle and its neurovascular 
pedicle. 

■ Apply a carefully formed light compression dressing and 
a volar plaster splint to hold the thumb in abduction and 
the wrist in slight flexion. 

POSTOPERATIVE CARE. The plaster splint is removed 
in 4 weeks, at which time active motion and active- 
assisted range of motion are begun. A removable thumb 
splint is worn for 3 months during sleep. 


■ TYPE II AND TYPE III HYPOPLASIA 
(ABDUCTED THUMB) 

The abducted thumb deformity was described in 1969 by 
Tupper, who reported four patients with mildly hypoplastic 
thumbs and associated abduction deformities. He called this 
pollex abductus and believed it resulted from an abnormal 
insertion of the flexor pollicis longus muscle into an otherwise 
normal extensor pollicis longus muscle, causing marked 
abduction of the proximal phalanx of the thumb. This was 
verified at the time of reconstruction, when he also noted 
deficiencies in the thenar musculature, adduction contracture 
of the first metacarpal with web space deficiency, marked 
laxity of the ulnar collateral ligament, radial and superficial 
displacement of the flexor pollicis longus, and inability to flex 
the interphalangeal joint of the thumb. This is an extremely 
rare deformity, and few cases hâve been reported. In some 
cases of type IIIA hypoplasia, extrinsic tendons may be 
severely hypoplastic or absent. When absent, the flexor pol¬ 
licis longus (FPL) can be reconstructed from the sublimis of 
the long finger, and pulley reconstruction is done with a 
tendon graft. A Huber opponensplasty can then be performed 
in a staged manner. In the presence of an extensor pollicis 
longus (EPL) deficiency an extensor indicis proprius transfer 
to the base of the distal phalanx can be performed in staged 
fashion at the time of opponensplasty. Offen, severe limita¬ 
tion of interphalangeal joint motion is présent. Appropriate 
passive range of motion must exist for extrinsic tendon 
reconstruction. Some authors advocate passive range of 
motion of at least 35 degrees. 
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I TREATMENT 

There hâve been almost as many surgical procedures 
described for an abducted thumb as there hâve been cases 
reported: release of the bifurcated tendon insertion and 
reattachment to the metacarpal neck; release of the tendon 
distally, withdrawal at the wrist, and reattachment to the 
distal phalanx; and release of the anomalous slip to the 
extensor pollicis longus muscle, with an ulnarward shift of 
the extensor pollicis longus at the metacarpophalangeal 
joint. Ail procedures hâve been combined with release of 
the radial collateral ligament and reefing of the ulnar collat¬ 
eral ligament of the metacarpophalangeal joint, and some 
hâve required a secondary opponensplasty. Blair and Orner 
described a technique in which the flexor pollicis longus is 
released from its abnormal tendinous insertion and central- 
ized by being moved ulnarward. To complété the transfer, 
the abductor pollicis brevis musculotendinous junction is 
divided, the flexor pollicis longus tendon is transferred 
under the intrinsic muscle, and the intrinsic muscle is reat- 
tached. They did not find it necessary to reconstruct the 
ulnar collateral ligament. For severe web space contracture, 
Bayne recommended a staged procedure in which the web 
space is first released and maintained with a Kirschner wire 
(Fig. 79-67), followed in 6 weeks by a Riordan opponens¬ 
plasty that uses the ring sublimis and by reconstruction 
of the ulnar collateral ligament that uses one slip of the 
sublimis. 

Type IIIB hypoplastic thumbs are best characterized by 
type IIIA deficiencies with extrinsic tendon abnormalities, 
partial metacarpal aplasia and, most important, instability of 
the first carpometacarpal joint. Much like types IV and V 
hypoplasia, type IIIB hypoplasia is best treated with polliciza- 
tion attempts at thumb préservation. Reconstructive proce¬ 
dures hâve afforded inferior functional and cosmetic results 
when compared with pollicization. The most difhcult portion 
of care is management of parental émotions and expectations. 
Before proceeding with pollicization, multiple office visits, 
multiple opinions, postoperative photographs, and referral to 
reputable websites or support groups may be required before 
the parents settle on a final surgical plan. 

Although reconstruction procedures exist, the procedure 
of choice is amputation of the hypoplastic thumb and index 
finger pollicization. Further discussion of pollicization is in 
the treatment of type IV and type V hypoplastic thumbs. 



Staged reconstruction for abducted thumb in 
which adduction contracture is released and maintained with 
interposed Kirschner wire; this may be followed in 6 weeks by 
reconstruction of ulnar collateral ligament and ring sublimis 
opponensplasty. 


REROUTING OF THE FLEXOR 
POLLICIS LONGUS 


TECHNIQUE 79-39 


(BLAIR AND OMER) 

■ Under tourniquet control, make a zigzag palmar incision 
along the thumb to allow exploration of the flexor pollicis 
longus, the ulnar collateral ligament, and the extensor 
pollicis longus. 

■ Develop the flaps and identify and protect the digital 
nerves. 

■ Identify the abnormal tendinous slip of the flexor pollicis 
longus that passes over the radial border of the thumb 
and into the extensor pollicis longus, usually between the 
metacarpophalangeal joint and the interphalangeal joint. 
Release this abnormal insertion sharply. 

■ Release the insertion of the abductor pollicis brevis (Fig. 
79-68A). 

■ Transfer the flexor pollicis longus tendon ulnarward under 
the abductor pollicis brevis tendon (Fig. 79-68B). If the 
abduction deformity of the thumb metacarpophalangeal 
joint cannot be corrected, release the radial collateral 
ligament. 

■ Suture the abductor pollicis brevis tendon into its normal 
insertion (Fig. 79-68C). This technique centralizes the 
flexor pollicis longus and constructs a sling at the meta¬ 
carpophalangeal joint. 



FIGURE 


^ A to C, Rerouting of flexor pollicis longus for 


abducted thumb (Blair and Orner; see text). Flexor pollicis is 
centralized after tenotomy and reattachment of abductor pollicis 


brevis. SEE TECHNIQUE 79-39. 
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■ If there is continuée! laxity of the ulnar collateral ligament 
of the thumb metacarpophalangeal joint, use the abnor¬ 
mal tendon slip to reinforce the ligament. 

■ Suture the skin with simple interrupted sutures and 
apply a modified thumb spica cast that extends beyond 
the interphalangeal joint dorsally and stops proximal to 
the metacarpophalangeal joint on the volar side. This 
prevents hyperextension and abduction of the thumb but 
allows metacarpophalangeal flexion and flexor tendon 
excursion. 

POSTOPERATIVE CARE. The cast is removed at 6 
weeks, and unlimited motion of the hand is allowed. 


■ TYPE IV HYPOPLASIA (POUCE FLOTTANT OR 
FLOATING THUMB) 

“Floating thumb” refers to a small, slender thumb that appears 
to dangle from the radial border of the hand. Typically, there 
are two phalanges, a fingernail, no metacarpophalangeal 
joint, and no first metacarpal (Fig. 79-69). The trapezium and 
scaphoid also often are absent. The thumb originates more 
distally than usual, and there is neither extrinsic nor intrinsic 
muscle function. 

I TREATMENT 

Amputation is the treatment of choice, followed by index 
finger pollicization. Despite valiant attempts to restore stabil- 
ity and function to these severely déficient and useless 
thumbs, the results hâve not been as rewarding as with pol¬ 
licization. In bilateral cases, pollicization of one side should 
be performed early; the parents may décidé what to do con- 
cerning the other side. 

■ TYPE V HYPOPLASIA (ABSENT THUMB) 

Absent thumb is the most severe manifestation of the hypo- 
plastic thumb and may be associated with radial ray deficien- 
cies, ring D chromosome abnormalities, Holt-Oram syndrome, 
trisomy 18 syndrome, Rothmund-Thomson syndrome, and 
thalidomide use. Radial clubhand also is associated with an 



absent thumb except in the thrombocytopenia-absent radius 
(TAR) syndrome. Absence of the thumb créâtes an extreme 
functional impairment, particularly if the anomaly is bilateral. 
The development of a strong latéral pinch between the index 
and long fingers compensâtes for the absence of the thumb, 
and a fairly strong grip may be developed. Rotational defor- 
mity of the fingers allows limited opposition. 

I TREATMENT 

Function and appearance can be improved with satisfactory 
pollicization of the index finger. The timing of pollicization 
is based on the childs natural development of prehensile 
activities. Because this occurs early, beginning at âge 3 
months, the best time for pollicization is between âge 6 and 
12 months to allow some growth of the hand before surgery. 
Staines et al. reviewed functional outcomes in children having 
pollicization for thumb aplasia and found that grip and pinch 
strengths were about half of the uninvolved hand. Activities 
that required simultaneous pinch and manipulation of small 
objects such as buttoning clothes were the most difiicult. The 
choice of procedure usually is between recession and pollici¬ 
zation of the index finger. Recession is préférable in an older 
child with a strong latéral pinch between the index and long 
fingers because this pattern may persist despite pollicization. 
This operation recesses the index finger to make it resemble 
a thumb more and provides a wider gap between the index 
and long fingers. 


RECESSION OF THE INDEX FINGER 


TECHNIQUE 79-40 


(FLATT) 

■ Under tourniquet control, make a dorsal longitudinal 
1-cm incision in the first web space. 

■ Divide the deep transverse metacarpal ligament, palmar 
and dorsal fascia, and intertendinous connections 
between the index and middle finger metacarpals. Avoid 
injury to the neurovascular structures. 

■ Make a second short, curved dorsoradial incision at the 
base of the index metacarpal. 

■ Expose the base of the index metacarpal and perform an 
osteotomy (Fig. 79-70A). The metacarpal may be easily 
grasped and maneuvered. 

■ Reposition the metacarpal into 20 degrees of radial 
abduction, 35 degrees of palmar abduction, and 100 to 
110 degrees of axial rotation (Fig. 79-70B). 

■ Recess the metacarpal by removing 1.5 to 2.0 cm of the 
metacarpal shaft. 

■ When the desired position and recession are achieved, 
pass a Kirschner wire into adjacent metacarpals to fix the 
index metacarpal in this position. 

■ Close the incision routinely (Fig. 79-70C) and apply a 
well-padded, long arm cast that holds the repositioned 
index finger in abduction. 

POSTOPERATIVE CARE. The cast is changed 2 weeks 
after the operation, and the skin sutures are removed. A 
long arm cast that supports the pollicized index finger is 


FIGURE 


^ Floating thumb (pouce flottant) deformity. 
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gp Flatt recession of index finger. A f Two incisions are required: 
and osteotomy of index metacarpal is performed through proximal incision, 
abducted 20 degrees radialward. C f Skin closure. SEE TECHNIQUE 79-40. 


intermetacarpal ligament is eut through distal incision, 
B, Distal portion of index is rotated 110 degrees and 


applied and worn for 4 more weeks. The Kirschner wire 
is removed when bone healing is complété, usually 4 to 
6 weeks after the operation, and progressively increasing 
activities are allowed. The thumb is splinted in a resting 
position for another 4 to 6 weeks. 


I POLLICIZATION FOR RECONSTRUCTION OF 
THE THUMB 

Pollicization or transposition of a finger to replace an absent 
or severely hypoplastic thumb is the procedure of choice for 
types IIIB, IV, and V thumb hypoplasia. The thumb frequently 
is absent in patients with radial hypoplasia. Children can 
adapt to a thumbless hand, with préhension possible using 
the ulnar side of the index finger and radial side of the long 
finger. Despite this adaptability, overall function and self-care 
activities are impaired and can be drastically improved with 
successful pollicization. Because normal and compensatory 
prehensile patterns are firmly established within the first year 
of life, it is désirable that surgical reconstruction be performed 
early. Pollicization is recommended for unilatéral and bilat¬ 
eral cases. If a “floating” thumb deformity is présent, with 
inadéquate musculotendinous and bony éléments, the 
remnant should be amputated before pollicization to allow 
reconstruction of a stable thumb. The parents must be clearly 
informed that the floating thumb is of no functional use and 
will be discarded after the operation. 


is converted to an adductor pollicis. The technique as 
described is for an immature hand with congénital absence 
of the thumb, including the greater multangular bone, but 
it can be modified appropriately for other hands. 


TECHNIQUE 79-41 


(RIORDAN) 

■ Beginning on the proximal phalanx of the index finger, 
make a circumferential oval incision (Fig. 79-71A and B) 
on the dorsal surface. 

■ Place the incision level with the middle of the phalanx 
and on the palmar surface level with the base of the 
phalanx. From the radiopalmar aspect of this oval, 
extend the incision proximally, radially, and dorsally to 
the radial side of the second metacarpal head, then 
palmarward and ulnarward to the radial side of the third 
metacarpal base in the middle of the palm, and finally 
again radially to end at the radial margin of the base of 
the palm. 

■ Dissect the skin from the proximal phalanx of the index 
finger, leaving the fat attached to the digit and creating 
a full-thickness skin flap. 

■ Isolate and free the insertion of the first dorsal interosse- 
ous and strip from the radial side of the second metacarpal 
shaft the origin of the muscle. 

■ Isolate and free the insertion of the first volar interosseous 
and strip from the ulnar side of the metacarpal shaft the 
origin of this muscle. Take care to preserve the nerve and 
blood supplies to the muscle in each instance. 

■ Separate the second metacarpal head from the metacar¬ 
pal shaft by cutting through its epiphysis with a knife; 
preserve ail of its soft-tissue attachments. 

■ Divide the second metacarpal at its base, leaving intact 
the insertions of the extensor carpi radialis longus and 
flexor carpi radialis; discard the metacarpal shaft. 

■ Carry the index finger proximally and radially and relocate 
the second metacarpal head palmar to the second meta¬ 
carpal base so that it simulâtes a trapezium (Fig. 79-71 C); 


RIORDAN POLLICIZATION 

In the Riordan technique, the index ray is shortened by 
resection of its metacarpal shaft. To simulate the trapezium, 
the second metacarpal head is positioned palmar to the 
normal plane of the metacarpal bases, and the metacarpo- 
phalangeal joint acts as the carpometacarpal joint of the 
new thumb. The first dorsal interosseous is converted to 
an abductor pollicis brevis, and the first volar interosseous 
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Riordan pollicization for congénital absence of thumb, including greater trapezium, in an immature hand. A and 
B, Incision (see text). Skin of proximal phalanx (blue area in A) is elevated as full-thickness skin flap. C and D, Second metacarpal has 
been resected by dividing base proximally and by cutting through epiphysis distally, and finger has been relocated proximally and 
radially. Second metacarpal head has been anchored palmar to second metacarpal base and simulâtes greater trapezium (see text). 
E, Insertion of first dorsal interosseous has been anchored to radial latéral band of extensor mechanism of new thumb and origin to 
soft tissues at base of digit; insertion of first volar interosseous has been anchored to opposite latéral band and origin to soft tissues. 
SEE TECHNIQUE 79-41. 


take care to rotate and angulate it so that the new thumb 
is properly positioned. 

■ Anchor it in this position with a wire suture (Fig. 79-71 D). 
Anchor the insertion of the first dorsal interosseous to the 
radial latéral band of the extensor mechanism of the new 
thumb and its origin to the soft tissues at the base of the 
digit; this muscle now functions as an abductor pollicis 
brevis (Fig. 79-71 E). 

■ Anchor the insertion of the first volar interosseous to the 
opposite latéral band and its origin to the soft tissues; this 
muscle now functions as an adductor pollicis. Shorten the 
extensor indicis proprius by resecting a segment of its 
tendon; this muscle now functions as an extensor pollicis 
brevis. Also, shorten the extensor digitorum communis by 
resecting a segment of its tendon. 

■ Anchor the proximal segment of the tendon to the base 
of the proximal phalanx; this muscle now functions as an 
abductor pollicis longus. 

■ Trim the skin flaps appropriately; fashion the palmar flap 
so that when sutured it places sufficient tension on the 
new thumb to hold it in opposition. 

■ Suture the flaps, but avoid a circumferential closure at the 
base of the new thumb. 

■ Apply a pressure dressing of wet cotton and a plaster 
cast. 

POSTOPERATIVE CARE. At 3 weeks, the cast is removed, 
and motion therapy is begun. The thumb is appropriately 
splinted. 


BUCK-GRAMCKO POLLICIZATION 

Buck-Gramcko reported expérience with 100 operations 
for pollicization of the index finger in children with con¬ 
génital absence or marked hypoplasia of the thumb. Fie 
emphasized a réduction in length of the pollicized digit 
trapezium. For best results, the index finger has to be 
rotated initially approximately 160 degrees during the 
operation so that it is opposite the pulp of the ring finger. 
This position changes during the suturing of the muscles 
and the skin so that at the end of the operation there is 
rotation of approximately 120 degrees. In addition, the 
pollicized digit is angulated approximately 40 degrees into 
palmar abduction. 


TECHNIQUE 79-42 


(BUCK-GRAMCKO) 

■ Make an S-shaped incision down the radial side of the 
hand just onto the palmar surface. 

■ Begin the incision near the base of the index finger on 
the palmar aspect and end it just proximal to the wrist. 

■ Make a slightly curved transverse incision across the base 
of the index finger on the palmar surface, connecting at 
right angles to the distal end of the first incision. Connect 
both ends of the incision on the dorsum of the hand 
(Fig. 79-72A). 

■ Make a third incision on the dorsum of the proximal 
phalanx of the index finger from the proximal 
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Buck-Gramcko pollicization of index finger. A and B, Palmar and dorsal skin incisions. C, Rotation of metacarpal head 
into flexion to prevent postoperative hyperextension. D, Index finger rotated about 160 degrees along long axis to place finger pulp 
into position of apposition. E, Final position of skeleton in about 40 degrees of palmar abduction with metacarpal head secured to 
metacarpal base or carpus. F, Reattachment of tendons to provide control of new thumb. First palmar interosseous (PI) functions as 
adductor pollicis (AP); first dorsal interosseous (DI) as abductor pollicis brevis (APB); extensor digitorum communis (EDC) as abductor 
pollicis longus (APL); and extensor indicis proprius (EIP) as extensor pollicis longus (EPL). G and H, Appearance after wound closure. SEE 
TECHNIQUE 79-42. 


interphalangeal joint extending proximally to end at the 
incision around the base of the index finger (Fig. 79-72B). 

■ Through the palmar incision, free the neurovascular 
bundle between the index and middle fingers by ligating 
the artery to the radial side of the middle finger. 

■ Separate the common digital nerve carefully into its 
component parts for the two adjacent fingers so that no 
tension is présent after the index finger is rotated. 

■ Sometimes an anomalous neural ring is found around the 
artery; split this ring carefully so that angulation of the 
artery after transposition of the finger does not occur. If 
the radial digital artery to the index finger is absent, it is 
possible to perform the pollicization on a vascular pedicle 
of only one artery. On the dorsal side, preserve at least 
one of the great veins. 

■ On the dorsum of the hand, sever the tendon of the 
extensor digitorum communis at the metacarpophalan- 
geal level. 

■ Detach the interosseous muscles of the index finger from 
the proximal phalanx and the latéral bands of the dorsal 
aponeurosis. 


■ Partially strip subperiosteally the origins of the interosse¬ 
ous muscles from the second metacarpal, being careful 
to preserve the neurovascular structures. 

■ Osteotomize and resect the second metacarpal as follows. 
If the phalanges of the index finger are of normal length, 
the whole metacarpal is resected with the exception of 
its head. When the phalanges are relatively short, the 
base of the metacarpal must be retained to obtain the 
proper length of the new thumb. 

■ When the entire metacarpal is resected except for the 
head, rotate the head as shown in Figure 79-72C and 
attach it by sutures to the joint capsule of the carpus and 
to the carpal bones, which in young children can be 
pierced with a sharp needle. 

■ Rotate the digit 160 degrees to allow opposition 
(Fig. 79-72D). 

■ Bony union is not essential, and fibrous fixation of 
the head is sufficient for good function. When the 
base of the metacarpal is retained, fix the metacarpal 
head to its base with one or two Kirschner wires in 
the previously described position. In attaching 
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the metacarpal head, bring the proximal phalanx into 
complété hyperextension in relation to the metacarpal 
head for maximal stability of the joint. Unless this is 
done, hyperextension is likely at the new "carpometa- 
carpal" joint (Fig. 79-72E). 

■ Suture the proximal end of the detached extensor digito- 
rum communis tendon to the base of the former proximal 
phalanx (now acting as the first metacarpal) to become 
the new "abductor pollicis longus." 

■ Section the extensor indicis proprius tendon, shorten it 
appropriately, and suture it by end-to-end anastomosis. 

■Suture the tendinous insertions of the two interosseous 
muscles to the latéral bands of the dorsal aponeurosis by 
weaving the latéral bands through the distal part of the 
interosseous muscle and turning them back distally to 
form a loop that is sutured to itself. In this way, the first 
palmar interosseous becomes an "adductor pollicis" and 
the first dorsal interosseous becomes an "abductor 
brevis" (Fig. 79-72F). 

■ Close the wound by fashioning a dorsal skin flap to close 
the defect over the proximal phalanx and fashion the rest 
of the flaps as necessary for skin closure as in Figure 
79-72G and H. 

POSTOPERATIVE CARE. The hand is immobilized for 3 
weeks, and then careful active motion is begun. 


FOUCHER POLLICIZATION 

Despite good sensibility, mobility, growth, and intégration 
of pollicized digits, grip and pinch strength réduction 
(55% and 42% of the uninvolved side, respectively) hâve 
prompted technique modifications. Weakness in abduction 
and adduction, as well as the slenderness and cleftlike 
appearance of the pollicized digit, are corrected with the 
Foucher technique. 


TECHNIQUE 79-43 


(FOUCHER ETAL) 

■ Outline the incisions on the index finger and palm (Fig. 
79-73A). Line AB, as depicted in Figure 19-31 A, is situ- 
ated on the midlateral line and crosses the proximal 
interphalangeal joint. Line DE is on the volar aspect of the 
index-middle web, and line EF is volar to the midlateral 
line elongating the web incision. Line F is more distal than 
line A. Line GHI is a longitudinal incision to the volar wrist 
crease. Begin the dissection volarly to allow refilling of the 
dorsal veins and simplify the dorsal dissection. Elevate 
the arteries and veins, noting absence or hypoplasia of 
the radial digital artery. Preserve the fat around the digital 
arteries to protect the small vena comitantes. Divide the 
radial digital artery to the middle finger and be aware of 
the Hartmann boutonnière deformity (nerve loop around 
artery). Divide the intermetacarpal ligament and resect 
the lumbrical. 


■ Dissect the first dorsal interosseous muscle from distal to 
proximal to avoid denervation. 

■ Begin the dorsal dissection over the proximal interphalan¬ 
geal joint and preserve the veins and sensory branches. 
Expose the extensor mechanism. Longitudinally separate 
the extensor indicis proprius and extensor indicis com¬ 
munis and extensor digitorum communis tendons along 
the length of the proximal phalanx to form two separate 
bands that are sectioned at the proximal phalangeal base. 

■ Separate the metacarpal head from its shaft through the 
physis, which is destroyed by curettage to prevent over- 
growth of the pollicized finger. Dissect the first palmar 
osseous muscle from the index metacarpal shaft and 
remove the shaft by sectioning the bone with a palmar 
slope at its base. Maintain 1 cm of bone at the metacarpal 
base to preserve the flexor carpi radialis and extensor 
carpi radialis longus insertions. If présent, destroy the 
pseudoepiphysis at the metacarpal base and open the 
base like a flower to provide stability for the metacarpal 
head. Shift the metacarpal head onto the metacarpal base 
and avoid kinking of the vessels. Rotate the metacarpal 
head to allow opposition and fix in flexion to prevent 
hyperextension of the new carpometacarpal joint (Fig. 
79-73B). A suture anchor may facilitate this fixation. 

■ Next, balance the thumb through tendon transfers (Fig. 
79-73C). To provide adduction strength, attach the hypo- 
plastic adductor pollicis, which often is présent, to the 
extensor indicis communis and attach the second palmar 
interosseous muscles to the distal tendon ulnar slip. 

■ Abduction and pronation are achieved by transfer of the 
extensor indicis proprius (through a proximoradial fibrous 
sling of the first dorsal interosseous muscle) and the first 
dorsal interosseous muscle to the radial half of the distal 
tendon slip over the proximal phalanx. The thumb should 
rest in 135 degrees of pronation and 45 degrees of 
palmar abduction. 

■ Suture the skin, maintaining some tension on the dorsal 
web fold from the dorsal flap. To prevent circular scarring, 
make a Z-plasty on the radial aspect of the thumb (Fig. 
79-73D and E). 

POSTOPERATIVE CARE. A fluffy dressing is placed in 
the new web space, and a drop of super glue maintains 
contact between the new thumb and middle finger. A 
dorsal plaster shell is applied, incorporating the elbow 
with two straps of Elastoplast to prevent escape. No 
therapy is used, and an opposition splint is used nightly 
for 2 months. Scar compression may be required if the 
pollicization is performed early because scar hypertrophy 
is more common in younger children. At 6 weeks if 
interphalangeal and metacarpophalangeal joint flexion 
are limited, a splint is worn for 1 hour in the morning 
and evening until full active flexion is achieved (in 4 
to 5 months). 


I COMPLICATIONS 

Pollicization is a complex, demanding, and intricate proce¬ 
dure. Complications, although rarely reported, can occur. 
Minor complications stem from wound problems, such as 
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Foucher index pollicization. A, Proposed skin incisions providing a large dorsal flap and a distally based palmar flap, 
which provide a more weblike fold. B, Metacarpal head rotated into flexion and fixed into the metacarpal base with a bone anchor. 
C, New thumb balanced by tendon transfers; adduction is provided by the extensor indicis communis (EIC), second volar interosseous 
muscle (2 nd VI), and adductor pollicis (not shown), and abduction is provided by extensor indicis proprius (EIP) and first dorsal interos¬ 
seous muscle (1 st DI). D, Suture skin flaps showing weblike space between new thumb and middle finger and circular scar prévention 
by the radially based Z-plasty. E-H, New thumb at 3 months postoperatively. (E from Foucher G, Médina J, Lorea P, Pivato G: Principalization 
of pollicisation of the index finger in congénital absence of the thumb, Tech Hand Upper Extr Surg 9:96, 2005.) SEE TECHNIQUE 79-43. 


contracture or necrosis. Early major complications are related 
to rare vascular compromise. Long-term complications are 
more frequent and stem from suboptimal functional results 
(Table 79-9). 

■ CONGENITAL CLASPED THUMB 

Congénital clasped thumb is an unusual condition in which 
the thumb is positioned in adduction and extreme flexion at 
the metacarpophalangeal joint. Underlying hypoplasia or 
absence of the extensor pollicis brevis muscle is usual, and 
the extensor pollicis brevis or extensor pollicis longus may 
be absent. Some degree of total thumb hypoplasia may be 
présent. This may be an isolated deformity or associated with 
clubfoot deformities and several well-defined syndromes. 
There is no single cause; the deformity results from an imbal¬ 
ance between the flexors and extensors of the thumb. 
Weckesser, Reed, and Heiple called this deformity a syndrome 
and classified it into four distinct types on the basis of étio¬ 
logie factors: group 1, déficient extension only; group 2, 
flexion contracture combined with déficient extension; group 
3, hypoplasia of the thumb, including tendon and muscle 


deficiencies (Fig. 79-74A); and group 4, deformities that do 
not fit easily into any of the other three categories. Group 1 
syndrome seems to be transmitted as a sex-linked récessive 
gene because it is more common in boys and frequently is 
bilateral. 

At birth, the thumb usually is flexed into the palm, with the 
deformity typically located at the metacarpophalangeal joint 
(Fig. 79-74B), in contrast to trigger thumb deformity. During 
the first few weeks of life, it is typical for an infant to clutch the 
thumb, but normally the thumb is released intermittently. If no 
active extension at the metacarpophalangeal joint is shown 
affer prolonged observation and particularly by âge 3 months, 
the diagnosis of congénital clasped thumb is established. 

I NONOPERATIVE MANAGEMENT 

Most clasped thumb deformities are deficiencies of extension 
only (group 1) and usually respond to early splinting in exten¬ 
sion and abduction. A plaster splint may be applied. It is 
changed every 6 weeks and continued for 3 to 6 months. The 
long-term results of this protocol seem satisfactory if the 
initial response to splinting is good. If at the end of 3 to 6 
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TABLE 79-9 


Pollicization Pitfalls and Complications 

TYPE OF FAI LU RE 

ETIOLOGY 

TREATMENT 

First web space 
contracture 

Insufficient web space reconstruction or loss of skin 
flap 

Révision web space deepening via Z-plasty 
or dorsal rotational flap 

Stiffness 

May be ascribed to preoperative condition of index 
finger or secondary to scarring related to surgery 

Inhérent stiffness not correctable. Surgical 
adhesions can be treated by tenolysis. 

Excessive length 

Failure to ablate index metacarpal physis 

Epiphysiodesis and ostectomy of metacarpal 

Malrotation 

Technical error (under or over rotation) or loss of 
fixation during postoperative care 

Rotational osteotomy 

Lack of opposition 

Primary deficiency in intrinsic muscles or inability to 
reconstruct interossei 

Opposition transfer 


From Kozin SH: Pollicization: the concept, technical details, and outcome, Clin Orthop Surg 4:18, 2012. 



A and B f Appearance of thumb after second metacarpal transfer in child with open physes. C f Intraoperative photo- 
graph of Huber opponensplasty. D f Postoperative appearance of hand. 
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months of splinting there is no evidence of active extension 
of the metacarpophalangeal joint, further splinting probably 
would not be bénéficiai. This lack of response to splinting 
usually indicates that the extrinsic extensors are extremely 
déficient (the usual case) or totally absent and that a tendon 
transfer is required to restore function. 

i OPERATIVE TREATMENT 

Useful donor tendons for an inadéquate extensor pollicis 
longus muscle are the palmaris longus, brachioradialis, exten¬ 
sor carpi radialis longus, extensor indicis proprius, and flexor 
superficialis muscles. The extensor pollicis longus is an idéal 
motor muscle, but it may be absent as well. The brachioradia¬ 
lis with a tendon graft may be used. The extensor pollicis 
brevis muscle may be replaced with the extensor indicis 
proprius muscle. Significant web space contracture also may 
require reconstruction. 

For group 3 deformities with significant hypoplasia of the 
thenar muscles and abductor pollicis longus and instability of 
the metacarpophalangeal joint (Fig. 79-74B), Neviaser rec- 
ommended a single-stage operation involving chondrodesis 
of the metacarpophalangeal joint, replacement of the exten¬ 
sor pollicis longus with the extensor indicis proprius, replace¬ 
ment of the abductor pollicis longus with the palmaris longus, 
and a Huber opponensplasty (see Technique 79-38). Web 
space reconstruction usually is necessary in these patients. 
With this protocol, Neviaser obtained useful grasp and pinch 
in eight patients with no complications, despite the magnitude 
of the surgery (Fig. 79-74C and D). These procedures should 
be done after the first year of life and before the child reaches 
school âge. 


GROUP 2 CLASPED THUMB 
DEFORMITY 


TECHNIQUE 79-44 


■ Stage I is release of web space contracture, which is 
performed as described elsewhere (see Technique 79-33). 
Stage II is restoration of thumb extension (Fig. 79-75) with 
the use of the extensor indicis proprius. 

■ Under tourniquet control, make a short transverse inci¬ 
sion at the base of the index metacarpal and locate the 
extensor indicis proprius tendon. 

■ Divide the tendon at its confluence with the extensor 
hood. 

■ Make a short transverse incision over the dorsum 
of the wrist in line with the extensor indicis proprius 
tendon and withdraw the tendon into this 
wound. 

■ Make a bayonet-shaped incision over the dorsoulnar 
aspect of the thumb centered over the metacarpophalan¬ 
geal joint. Identify the extensor pollicis longus tendon, if 
présent, and retract it to one side. 

■ Create a tunnel through the base of the proximal phalanx 
from the ulnar aspect to the radial aspect distal to the 
epiphysis. 

■ Reroute the tendon of the extensor indicis proprius sub- 
cutaneously from the wrist to the base of the thumb, 


passing it through the osseous tunnel and suturing it back 
onto itself. 

■ If the extensor pollicis longus is absent or severely défi¬ 
cient, choose either the flexor digitorum sublimis to the 
ring finger or the brachioradialis, with a palmaris longus 
tendon graft for the donor muscle. 

■ If the flexor digitorum sublimis is selected, make a trans¬ 
verse incision at the base of the ring finger on the palmar 
aspect and release the sublimis tendon just proximal to 
the Camper chiasm. 

■ Make a short longitudinal incision over the palmar aspect 
of the wrist proximal to the flexion crease and identify 
the ring sublimis tendon (Fig. 79-75A). 

■ Deliver the sublimis tendon into this wound, reroute it 
subcutaneously around the radial border of the wrist 
deep to the abductor pollicis longus tendon, and suture 
it into the remnants of the extensor pollicis longus at the 
distal phalanx (Fig. 79-75B). 

■ If there is no distal tendon in which to suture the donor, 
create a periosteal flap to anchor the distal insertion of 
the tendon. 

■ Fix the thumb in extension with a Kirschner wire, close 
the incision in routine fashion, and apply a splint with the 
thumb in extension and abduction. 

POSTOPERATIVE CARE. Six weeks after surgery, the 
Kirschner wire is removed. The hand is held in a plaster 
splint for an additional 2 months. Some type of thumb 
support, such as a removable splint, should be continued 
for about 4 months before unrestricted activity is allowed. 


GROUP 3 CLASPED THUMB 
DEFORMITY 


TECHNIQUE 79-45 


(NEVIASER, MODIFIED) 

■ Under tourniquet control, make a dorsal incision over the 
thumb metacarpophalangeal and interphalangeal joints 

(Fig. 79-76A). 

■ If the metacarpophalangeal joints are unstable to radial 
and ulnar stresses, perform a dorsal capsulotomy and 
identify the articular surfaces of the metacarpal and 
proximal phalanx. 

■ Shave the articular cartilage with a scalpel to expose the 
epiphyseal bone and pin the joint with a Kirschner wire. 

■ Make a short transverse dorsal incision at the base of the 
index fingerto expose the extensor indicis propriustendon. 

■ Make a transverse dorsal incision over the wrist in line 
with the tendon, divide the tendon distally, and deliver it 
into the wound (Fig. 79-76B). 

■ Reroute the tendon subcutaneously and suture it into the 
soft tissue around the base of the distal phalanx or 
beneath a periosteal flap. 

■ Make a short transverse palmar incision at the wrist over 
the palmaris longus tendon. 
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■ Divide this tendon at its insertion into the palmar fascia 
and route it subcutaneously, passing it through an osseous 
tunnel created at the base of the thumb proximal phalanx 
just distal to the epiphysis; suture the tendon back onto 
itself (Fig. 79-76C). 

■ Perform an opponensplasty (see Technique 79-38), 
perform a Z-plasty reconstruction of the web space con¬ 
tracture (see Technique 79-34), and derotate the thumb 
metacarpal, if necessary, by sharply incising the capsule of 
the trapeziometacarpal joint and pronating the thumb 90 
degrees. 

■ Fix this with a Kirschner wire. 

■ Close the incisions in routine fashion and apply a splint 
with the thumb in the corrected position. 

POSTOPERATIVE CARE. The Kirschner wires are 
removed 6 weeks after surgery, and progressive motion 
is allowed. The thumb is protected in a night splint for 
another 3 to 4 weeks. 



Littler technique for correction of congénital 
clasped thumb. A f Path of transferred tendon. B f Suture of trans- 
ferred tendon. SEE TECHNIQUE 79-44. 


HYPOPLASTIC HANDS AND DIGITS 

Hypoplastic hands or digits are those in which development 
of the part is defective or incomplète. Similar to syndactyly, 
éléments of hypoplasia are seen in almost ail hand deformi- 
ties, and this term is best limited to fingers and hands in 
which there is relatively symmetric deficiency of the part 
without associated deformity. Hypoplasia of the entire hand 
accounted for 0.8% of the deformities in the Iowa sériés, and 
brachydactyly (“short fingers”) accounted for 5.2%. The most 
common hypoplastic bony segment is the middle phalanx 
(brachyphalangia or brachymesophalangia). Brachymetacar- 
pia (“short metacarpal”) also is included with the hypoplastic 
deformities if it is présent early, but this is extremely rare; 
it usually is not noted until after the adolescent growth 
spurt. 

Brachydactyly has played an important rôle in the genetic 
literature as the first example of mendelian inheritance shown 
in humans. Shortening of the fingers usually is considered a 
dominant trait, but further genetic variations also hâve been 
described. If an individual with brachydactyly marries an 
individual without this anomaly, their offspring hâve a 50% 
chance of having brachydactyly. Sporadic cases do occur, but 
no spécifie causative factor has been identified. 

Brachyphalangia usually occurs alone, but it may occur 
in association with similar toe deformities. Shortening 
of the middle phalanges is common in malformation 
syndromes, such as Treacher Collins, Bloom, Cornelia de 
Lange, Holt-Oram, Silver, and Poland syndromes. In Poland 
syndrome, the shortening usually is unilatéral. Brachydac¬ 
tyly E, as defined by Bell, consists of brachymetacarpia 
of the long, ring, and little fingers in association with pseu- 
dohypoparathyroidism. Other conditions associated with 
brachymetacarpia include Turner, Biemond, and Silver 
syndromes. 

There is no useful classification for the hypoplastic hand 
or digits. Geneticists hâve devised several detailed groupings 
of this disorder in an attempt to record patterns of inheritance 
better, but for the most part these serve no useful purpose in 
determining management of the deformities. 

Hypoplasia of the digits may range from simple shorten¬ 
ing (most common) to a small hand with nothing more than 
nubbins for fingers. In some patients, this may represent 
an intermediate entity between congénital amputation and 
hypoplastic digits. There usually is some degree of hypoplasia 
of ail tissues, not just the osseous structures. Except for 



Neviaser transfer of extensor 
indicis proprius for absent extensor pollicis brevis. 
A f Incisions. B and C f Extensor indicis proprius is 
passed through bony tunnel in proximal phalanx 
of thumb (B) and sutured to itself (C). SEE 
TECHNIQUE 79-45. 
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the nubbin-like fingers, function usually is near-normal. 
Brachymetacarpia usually is noted during the teenage growth 
spurt as a dépréssion of one or more metacarpal heads with 
the fist clenched. The ulnar two fingers are most commonly 
affected. 

■ NONOPERATIVE MANAGEMENT 

Single-digit shortening, particularly of the little finger, 
requires no surgical correction. Although a single short digit 
surrounded by digits of normal length may be cosmetically 
unsatisfactory, functional limitation usually is minimal; also, 
digital lengthening would not improve function and may 
resuit in stiffness. 

■ OPERATIVE TREATMENT 

Lengthening procedures hâve been recommended for 
brachymetacarpia to improve the appearance of the metacar¬ 
pal row and to increase grip strength. More than 1 cm of 
shortening can disrupt the metacarpal arch and cause 
decreased grip strength. Tajima described a single-stage 
lengthening using a V-shaped metacarpal osteotomy with an 
interpositional bone graff. Buck-Gramcko detached the 
interossei and intermetacarpal ligaments at the time of oste¬ 
otomy (Fig. 79-77). Single-stage procedures usually are 
limited to about 1 cm of lengthening. Graduai callotasis 
lengthening has been described, achieving 10 to 19 mm 
(average 15.2 mm) of additional length. Two-stage procedures 
can be done with graduai lengthening and bone graffing. 
Despite success with lengthening procedures, these should be 
discouraged for adult patients whose only concern is the 
appearance of the hand. 

For a hypoplastic hand with no functioning digits or with 
préservation of only one digit, more complex and less predict- 
able procedures may be considered, but this is a controversial 
area of reconstructive hand surgery. It generally is accepted 
that, with the exception of the soff-tissue nubbin, any digit 
regardless of size would be of some use to the patient. The 
musculotendinous structures in these fingers usually are 
extremely déficient, with little, if any, excursion. Added length 
created by distraction techniques or web deepening may 
produce a sense of improved function. Even if the periosteum 



Buck-Gramcko technique for lengthening 
brachymetacarpia in hypoplastic hand. A f Detachment of interos¬ 
sei and intermetacarpal ligaments and metacarpal osteotomy. 
B f Interposition bone graft fixed with Kirschner wire. 


and physis are preserved, growth of the transferred phalanx 
is limited. The usual technique of thumb metacarpal length¬ 
ening includes division of the metacarpal bone and perios¬ 
teum, application of external fixation, and graduai distraction 
of approximately 1 mm per day until the desired length is 
achieved or neurovascular or cutaneous limits are reached. 
Cowen and Loffus reported lengthening of the entire palm 
through the carpometacarpal joints with the use of distal 
metacarpal and proximal carpal pins. Although the usual 
length achieved is 25 to 50 mm, Cowen and Loffus reported 
gaining 7 cm. Lengthening of hand and forearm bones with 
an Ilizarov distraction apparatus has been reported. Length¬ 
ening within a digit should be avoided; the shortest bone to 
which the device can be applied is about 3 cm. 

A one-stage, nonvascularized, extraperiosteal toe-phalanx 
transplantation as an interpositional or terminal graff may be 
bénéficiai for the extremely hypoplastic digit. Physeal patency 
has been shown in 90% of children operated on between 6 
and 18 months of âge, in 67% of children 18 months to 5 years 
old, and in 50% of children 5 to 13 years old. Radiographie 
growth measurements hâve shown an average phalangeal 
growth of 90%, provided that the physis remained open. If a 
suitable soff-tissue envelope and adéquate bony support are 
available in a child younger than 18 months old, phalangeal 
transfer can be performed with a reasonable expectation that 
digital length would be improved. Goldberg and Watson 
described a dorsal approach for inserting the phalanges, 
as opposed to Toby et al., who used a volar approach for 
identification of the flexor tendon, tenolysis and attachment 
to the phalangeal transfer, and reconstruction of the joint 
volar plate and collateral ligament complex. Radocha et al. 
reported mean growth rates of 1 mm per year in 73 children 
who had toe phalangeal transplantation on or before 1 year 
of âge; tendon and collateral ligament reattachment was 
bénéficiai. 


METACARPAL LENGTHENING 


TECHNIQUE 79-46 


(TAJIMA) 

■ Under tourniquet control, make a dorsal longitudinal 
incision over the shortened metacarpal. 

■ Retract the extensor tendon to one side and expose the 
metacarpal shaft subperiosteally. 

■ Make two V-shaped ostéotomies at the junction of the 
proximal and middle thirds of the bone. 

■ Expose the deep transverse metacarpal ligament distally 
and incise it. 

■Sharply detach the interosseous muscle on both sides of 
the metacarpal. 

■ Manually distract the metacarpal to ensure that the 
osteotomy incisions are adéquate. 

■ Harvest the iliac crest bone graft and fashion it to fill the 
gap in the lengthened bone. 

■ Insert the graft and secure it with a longitudinal Kirschner 
wire. 

■ Reattach the interosseous muscle to the periosteum 
through separate drill holes into either the bone graft or 
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Tajima technique for metacarpal lengthening 
in hypoplastic hand. A f Chevron osteotomy is made in shortened 
metacarpal; interosseous muscle and transverse metacarpal liga¬ 
ments are released. B, Bone graft is interposed and secured with 
axial Kirschner wire; transverse metacarpal ligaments are repaired 
if possible. SEE TECHNIQUE 79-46. 


the metacarpal, depending on where the interosseous 
muscle falls into place after lengthening. 

■Suture the skin in routine fashion and apply a cast or 
splint. 

POSTOPERATIVE CARE. The osteotomy is protected 
with a cast or splint until union occurs, but motion of the 
finger is begun 3 weeks after surgery. The Kirschner wire 
can be removed at 6 weeks. 


LENGTHENING WITH DISTRACTION 
STAGE I 


TECHNIQUE 79-47 


(COWEN AND LOFTUS) 

■ In stage I under tourniquet control, make a Z-type incision 
on the dorsum of the hand and make an osteotomy of 
the involved metacarpals. 

■ Manually distract the bone to ensure complété release of 
the soft tissues. 

■ Insert a transverse 0.062-inch Kirschner wire through the 
metacarpal distal to the osteotomy site. Insert this wire 
into the rectangular blocks of the distraction device. 

■ Using the device as a drill guide, place two additional 
Kirschner wires transversely through the metacarpal if 
possible. 

■ Use the same technique to insert the proximal wires. 

■ Release the tourniquet and observe circulation. 

■ Make a few turns of the distraction device. 

■Close the incision in routine fashion. 

■ If complété closure is impossible after distraction, the 
open portion of the incision can be allowed to granulate 
or can be covered with a split-thickness graft. 


POSTOPERATIVE CARE. The patient is kept in the hos¬ 
pital for a few days after the procedure for carefui observa¬ 
tion. The patient or parents are instructed to increase the 
distraction by one third of a turn three times daily or by 
one-half turn twice daily. This amounts to approximately 1 
mm of lengthening per day. This process is continued until 
the desired length is achieved and may require 3 months. 
Close observation by the surgeon and the parents during 
this process is mandatory to recognize any neurovascular 
compromise. When desired lengthening is obtained or 
neurovascular or cutaneous limits hâve been reached, the 
second stage of the procedure is performed. 


LENGTHENING WITH DISTRACTION 
STAGE II 


TECHNIQUE 79-48 


(COWEN AND LOFTUS) 

■ In stage II, make a dorsal incision over the metacarpals 
that are to be grafted. 

■ Harvest donor bone graft from the iliac crest, ulna, fibula, 
or toe phalanx, and insert this into the bony defect 
created by distraction. 

■ Stabilize the graft with a longitudinal Kirschner wire, or 
leave the external fixator in place. 

■Close the incision, deflate the tourniquet, and apply a 
short arm cast with a protective plaster bow in older 
children or a long arm cast in infants. 

POSTOPERATIVE CARE. After 1 to 2 weeks, the cast is 
replaced by a sling or wrap that covers the entire hand 
and distraction device. The apparatus and Kirschner wires 
are removed when sufficient time has passed to allow 
bone healing (usually >8 weeks). The hand is protected 
with a cast or splint as needed, depending on the radio¬ 
graphie and clinical progress. 


CALLOTASIS METACARPAL 
LENGTHENING 


TECHNIQUE 79-49 


(KATO ET AL.) 

■ For lengthening of the long finger, make a straight skin 
incision on the dorsoradial side; for the little finger, make 
the incision on the dorsoulnar side. 

■ Preserve and retract the subeutaneous sensory nerve and 
the extensor tendons. 

■ Incise the periosteum longitudinally at the intended 
osteotomy site and carefully retract it. 

■ Apply a unilatéral external fixation with four half-pins (1.5 
or 2.0 mm) 
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9 " Under fluoroscopie control, using the external fixator 
frame as a guide, insert two half-pins into the distal 
metacarpal and two into the proximal metacarpal. These 
pins should be placed so as not to impinge on the exten- 
sor mechanism of the metacarpophalangeal joint or irri- 
tate the extensor or flexor tendon. Insert them from a 
slight radial-to-ulnar direction in the long finger and from 
an ulnar-to-radial direction in the little finger. 

■ After ail four pins are inserted, mount the external fixator 
and adjust ail blocks and screws. 

■ Remove the frame and use an osteotome to make a 
transverse osteotomy between the center of the distal 
and proximal pins. 

■Adjust the fixator and firmly secure ail clamps. 

■ Close the bone gap caused by the osteotomy, suture the 
periosteum and close the skin. 

POSTOPERATIVE CARE. Lengthening is begun 5 days 
after the operation. Patients are discharged for home 
recovery and resumption of school activities. Parents 
conduct lengthening at a rate of 0.25 mm twice a day. 
For the first 3 weeks, the distance of the distraction gap, 
the alignment of the metacarpal, and the callus formation 
are monitored with twice-weekly radiographs. Based on 
the status of the callus formation, the rate of distraction 
is increased from 0.25 to 1 mm per day. Four weeks after 
surgery, radiographs are obtained once a week. Through- 
out the period of fixator wear, patients are encouraged 
to move the elongated digits through a full range of 
motion and to use the hand actively in daily life. When 
the expected length is achieved and abundant callus 
formation is présent, the fixator and pins are removed. 


TOE-PHALANX TRANSPLANTATION 


TECHNIQUE 79-50 


■ Under tourniquet control, make a dorsal longitudinal 
incision over the second toe, which usually is excessively 
long and is the donor of choice; similar grafts can be 
harvested from the third or fourth toes if desired. Carry 
the incision through the skin, subeutaneous tissue, and 
extensor mechanism. 

■ Flarvest the proximal phalanx, including the periosteum, 
as described by Goldberg and Watson, in an attempt to 
retain physeal growth. 

■ Close the donor site with simple sutures. 

■ The cartilage over each end of the donor phalanx may or 
may not be retained, depending on whether some pseu¬ 
dojoint function is désirable. 

■ Make a dorsal longitudinal incision over the hypoplastic 
digit, which may be represented only by an empty skin 
tube. 

■ Place the toe phalanx within the hypoplastic digit in axial 
alignment with the adjacent bone and secure it with a 
longitudinal Kirschner wire. This can be used as an inter- 
positional graft or terminal graft. 


■ Close the skin with interrupted sutures and apply a sup¬ 
portée dressing. 

■ After the digit viability is certain, apply a cast of appropri- 
ate length. 

POSTOPERATIVE CARE. The cast is maintained for 
approximately 6 weeks. Kirschner wires are removed, and 
activities are increased gradually. 


TOE-PHALANX TRANSPLANTATION 


TECHNIQUE 79-51 


(TOBY ET AL.) 

■ Make a volar zigzag incision over the distal palm and 
soft-tissue bud of the absent digit. Protect the neurovas- 
cular éléments. 

■ Using a small hemostat, gently spread the soft tissue to 
produce a cavity where the toe phalanx is to be placed. 

■ Dissect the flexor tendons and their anlagen to the absent 
digit and preserve the attachments to the soft-tissue 
pouch. 

■ Lyse adhesions proximal to the distal insertion to improve 
excursion of the flexor tendon. 

■ Select a suitable proximal toe phalanx from the third or 
fourth toe. Make a dorsal diagonal incision over the 
proximal phalanx of the toe and harvest the phalanx 
extraperiosteally. 

■ Incise the soft-tissue attachments of the proximal inter- 
phalangeal joint close to the bone. 

■ Incise the volar plate and collateral ligaments at the 
metatarsal origin en bloc. 

■ Remove the toe phalanx capsule, volar plate, médial and 
latéral collateral ligaments, and accessory collateral liga¬ 
ment of the metatarsophalangeal joint as a single unit. 

■ Pass a small Kirschner wire proximally into the harvested 
toe phalanx. 

■After placing the composite phalanx transfer into the 
soft-tissue pouch, advance the Kirschner wire distally and 
pass it in a rétrogradé manner into the récipient metacar¬ 
pal so that the skin of the pouch is not compromised by 
the pin. 

■ Align the volar plate and collateral ligament structures of 
the toe phalanx in a nearly anatomie position over the 
metacarpal head. 

■ Because of their secured position with the Kirschner wire, 
the volar plate and collateral ligaments can be sutured to 
adjacent soft tissue or left to heal to the adjacent tissue. 

■ Center the flexor tendon over the transferred phalanx by 
suturing it to the periosteum. 

■ Fix the donor toe with a longitudinal Kirschner wire 
holding the middle phalanx at a distance from the meta¬ 
tarsal head. 

POSTOPERATIVE CARE. The pins are removed from the 
hand and the foot at 6 weeks, and the child is encour¬ 
aged to actively flex and extend the digits of both. 
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CONGENITAL RING SYNDROME 

Congénital ring, or congénital constriction band, syndrome 
occurs when deep cutaneous creases encircle a limb as 
if a string were tightly tied around the part (Fig. 79-79). 
Its frequent association with congénital amputations and 
acrosyndactyly led to this malformations désignation as 
a syndrome. Other terms used to describe this condition 
include Streeter bands or dysplasia, annular grooves or 
defects, and intrauterine amputation. Patterson reported 
an incidence of one per 15,000 births. Constriction bands 
represented 2% of anomalies in Flatts sériés. More distal 
rings are more common, as is involvement of the central 
digits. 

There is no evidence that congénital ring syndrome 
is an inherited condition. An external effect of amniotic 
adhesions formed in utero after hemorrhages in the distal 
rays has been suggested as a cause as has failure of devel¬ 
opment of subcutaneous tissue in the same manner that 
normal skin creases are formed. There is general agreement 
that these malformations occur later than at 5 to 7 weeks 
of gestation, when most hand anomalies occur; the young- 
est fétus described with this anomaly was at 10 weeks of 
gestation. 

Patterson included four types of deformity in congénital 
ring syndrome: (1) a simple ring usually occurring trans- 
versely, but occasionally obliquely, around the limb or digit; 
(2) a deeper ring often associated with abnormality of the part 
distally, usually lymphedema; (3) fenestrated syndactyly 
(acrosyndactyly) or latéral fusion of adjacent digits at their 
distal ends with proximal fenestrations between the interven- 
ing skin and soft tissue; and (4) intrauterine amputation, in 
which the soft tissues are more affected than the bone, which 
may protrude as in a guillotine amputation—there are no 
rudimentary parts distally and the proximal limb parts are 
normally developed. These four types may be présent in any 
combination in a single child, but they do not occur constantly 
with any other type of anomaly of the limbs. Syndactyly, 
hypoplasia, brachydactyly, symphalangism, symbrachydac- 
tyly, and camptodactyly hâve been reported in 80% of patients 
with congénital ring syndrome, and clubfoot, cleft lip, cleft 
palate, and cranial defects hâve been reported in 40% to 50% 
of patients with this syndrome. Generally, there are no associ¬ 
ated viscéral malformations, but one of Flatt s patients had a 
patent ductus arteriosus. 

These malformations usually are asymmetric. The 
grooves, or rings, vary in circumferential extent and depth 
and at times appear as normal but misplaced skin creases. 
Lymphedema distal to the crease is frequent. With shallow 
rings, the skin often is normal, but subcutaneous tissue 
usually is déficient. With deeper rings, the superficial blood 
vessels that run across the ring are absent, although deep 
vessels are intact. Digits distal to the rings may be shortened 
or completely amputated. Terminal simple syndactyly with 
small fenestrations through the proximal web is frequent. The 
rings are not static in their effect. If the ring is deep and 
unrelenting, there may be progressive necrosis beneath the 
ring, with increased scarring, constriction, and vascular 
impairment. Distal lymphedema, cyanosis, and worsening at 
the site of constriction hâve been reported before surgical 
intervention; rarely does the ring progress to cause frank 
necrosis of the distal part. 


■ TREATMENT 

For shallow, incomplète creases with no distal lymphedema, 
surgical intervention usually is unnecessary except to improve 
appearance. The creases should be observed for graduai 
improvement in appearance, which may occur as “baby fat” 
is lost. If creases are deep enough to cause lymphedema or 
impairment of circulation, they should be excised down to 
normal tissue, and the defect should be closed with multiple 
Z-plasty procedures. If the ring completely encircles the part, 
the safer approach is staged excision of one half of the groove 
with Z-plasty closure, followed by a second operation 2 to 3 
months later. Lymphedema and cyanosis usually improve 
gradually after release. Simple excision of the groove with 
simple everting closure generally is inadéquate because cir¬ 
cumferential scar contracture may occur. In réfuté of this 
principle, several investigators hâve been pleased with exci¬ 
sion of the scar and simple advancement of the normal 
proximal and distal fasciocutaneous tissue. The approach 
described includes simple excision with direct closure com- 
bined with limited Z-plasty. Ulnar nerve palsy was associated 
with congénital ring syndrome in one study. 

Acrosyndactyly is a frequent component of this syndrome. 
Because ail fingertips frequently are bound together, perma¬ 
nent deformity results, unless early syndactyly reconstruction 
is performed. Release of the border digits should be done 
within the first 6 months of life, followed by release of the 
central digits when the child is about 18 months old. Finger 
stiffness at the proximal interphalangeal joints is common 
after syndactyly release. Short digits may require lengthening 
by osteotomy and distraction. The shortened thumb may 
require deepening of the web space or lengthening by the 
method of Soiland, in which an extremely shortened index 
finger is added to the top of the thumb. Amputations in this 
syndrome usually hâve adéquate or abundant soft-tissue 
coverage and rarely require surgical reconstruction. 


MULTIPLE Z-PLASTY RELEASE OF A 
CONGENITAL RING 


TECHNIQUE 79-52 


■ If the congénital ring is deep and completely encircles the 
limb or finger, plan to correct only half of the ring in the 
initial procedure. 

■ Before inflating the tourniquet, mark out the multiple 
Z-plasty sites along the constricting ring (Fig. 79-80A). 

■ Exsanguinate the limb and inflate the tourniquet. 

■ Excise half the constricting ring and sharply incise the 
Z-plasty sites to elevate the flaps. 

■ Suture the flaps in an appropriate interdigitating fashion to 
allowfor lengthening of the constricting ring (Fig. 79-80B). 

■ Deflate the tourniquet and apply a bulky dressing with a 
short arm or long arm splint. 

POSTOPERATIVE CARE. The splinting is maintained for 
2 to 3 weeks. Sutures are removed after 10 to 14 days. 
The other half of the constricting ring can be similarly 
reconstructed after 2 to 3 months. 




3: 
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A f Congénital ring syndrome with amputation of index finger and severe lymphedema of long finger. Good capillary 
refill was présent at birth despite severe lymphedema; surgery was postponed for 1 month to lessen surgical risk. B f Radiograph showing 
hourglass deformity of proximal phalanx. C f Staged multiple Z-plasties performed. D f Lymphedema gradually diminished after Z-plasties. 
Active flexion and extension of digit were présent. E to G f At 2 years' follow-up. 
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jjjj Multiple Z-plasties for severe congénital ring 
syndrome. A f Band is completely excised after it is ascertained 
that no deep fascial constriction remains. Only volar half of ring 
should be corrected at initial procedure. B f Z-plasty closure. SEE 

TECHNIQUE 79-52. 


MISCELLANEOUS ANOMALIES 

CONGENITAL TRIGGER DIGITS 

Congénital trigger digit occurs when the normal gliding 
movement of the flexor tendon is impeded within the digital 
flexor sheath. In contrast to the situation in adults with ste- 
nosing tendovaginitis, the congenitally involved finger usually 
shows a persistent flexion deformity, rather than actual “trig¬ 
gering” (Fig. 79-81 A). This is a relatively rare condition 
(2.3%). It occurs far more commonly in the thumb and is 
bilateral in about 25% of patients. The condition occurs 
sporadically and is not believed to be an inherited trait. 
Trigger digits typically occur without other anomalies, but an 
association with trisomy 13 has been reported. Its association 
with mucopolysaccharidosis also has been described. 

Trigger digits in children are more commonly acquired; 
25% are noted at birth. A prospective study of 5765 newborns 
did not reveal a single case of congénital trigger thumb. 
Frequently, the condition is not noted until âge 1 or 2 years, 
at which time the child has a relatively fixed flexion posture 
of the interphalangeal joint of the thumb. Even with some 
force, it may be impossible to extend the interphalangeal joint 
of the thumb fully, although an occasional extension posture 
of the thumb and involvement of multiple digits hâve been 
reported. The abnormal clicking or snapping usually is not 
the presenting complaint as seen in adults. This condition 
must be differentiated from the clasped thumb deformity, in 
which there is primarily metacarpophalangeal flexion. 

The pathologie anatomy responsible for trigger digits 
includes narrowing and thickening of the sheath, with occa¬ 
sional formation of a ganglion cyst. An intratendinous nodule 
may be présent proximal to the first annular pulley offen 
referred to as Nottas nodule. Chronic inflammation also is 
frequent. Fixed contractures are unlikely if the condition 
résolves or is corrected before the child is 3 years old. Spon- 
taneous resolution occurs in about 30% of children in whom 
the condition appears within the first year of life and in about 
12% of children in whom it appears between 6 months and 2 
years of âge. Baek et al. noted spontaneous resolution in 63% 
over a médian of 48 months. Timing of surgical intervention 
has been called into question. Han et al. reported excellent 
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results in surgical Al pulley release in children with an 
average âge of 7.5 years. He noted return of motion to near 
normal by an average of 2.7 weeks postoperatively. Several 
articles hâve emphasized the différences between the con¬ 
génital trigger finger and trigger thumb. Trigger finger is not 
often associated with a fixed flexion deformity, and, more 
importantly, it may not respond to a simple A-pulley release. 
When surgical intervention for trigger finger is undertaken, 
the surgeon should be prepared for a more extensive explora¬ 
tion of the flexor mechanism, which may include excision of 
one or both slips of the flexor digitorum superficialis tendon 
and release of the A3 pulley. 

■ TREATMENT 

Because spontaneous resolution can be expected in about 
30% of children whose condition becomes apparent within 
the first year of life, observation and gentle manipulation are 
appropriate. Splinting can be attempted; a success rate of 92% 
has been reported. If the thumb is locked or painful, then 
surgical release is recommended. Intermittent nonpainful 
triggering can be followed safely in hopes of resolution if this 
is preferred by the parents; the timing of surgery probably has 
no effect on the ultimate outcome. Shiozawa et al. showed 
improvement in 20 of 24 patients with splinting. Only seven 
patients required surgery. However, there is little justification 
in subjecting a child to years of triggering, especially because 
surgical release has been found safe and effective. Early surgi¬ 
cal intervention should be considered in patients with bilateral 
locked trigger thumb because conservative treatment fre¬ 
quently fails. Ignoring the problem in hopes of resolution is 
not appealing. Surgical release of the first annular pulley 
should be performed at about âge 2 years if spontaneous reso¬ 
lution has not occurred. In the rare instance in which multiple 
trigger digits fixed in extension prevent the child from making 
a fist, surgical intervention should be earlier (around 1 year 
of âge). In recent low-powered studies, open Al pulley release 
has shown more reliable and rapid recovery when compared 
with nonoperative treatment. Accidentai nerve injury may be 
avoided by first making a shallow incision and identifying the 
digital nerves. Lacerated digital nerves and tendons should 
be repaired. Percutaneous trigger thumb release in children 
has been reported without complications, although we cannot 
recommend this currently. Récurrence is unlikely if release is 
adéquate. 


RELEASE OF A CONGENITAL 
TRIGGER THUMB 


TECHNIQUE 79-53 


■ Under tourniquet control, make a transverse incision at 
the volar crease of the metacarpophalangeal joint of the 
thumb. 

■ Carefully protect the two digital nerves. 

■ The flexor sheath usually is quite prominent just beneath 
the subeutaneous fat. 

■ Identify the proximal edge of the first annular pulley and 
completely incise it longitudinally under direct vision. 









FIGURE 


A, Trigger thumb in 2-year-old child. B f After release. SEE TECHNIQUE 79-53. 


9 "Shaving the nodule and excising a segment of the Al 
pulley usually are unnecessary. 

■ Close the wound (Fig. 79-81 B) and apply a soft dressing. 

No particular immobilization is required. 

■ This procedure can be done in a similar fashion in other 
involved digits. 


RELEASE OF A TRIGGER FINGER 


TECHNIQUE 79-54 


■ Make a Bruner incision centered over the Al pulley to 
allow for proximal and distal exposure of the flexor 
tendon sheath and its contents. 

■ Identify and protect the digital nerves. 

■ Incise the Al pulley completely and assess the finger for 
further triggering. 

■ Inspect the flexor tendons for nodules. 

■ Passively flex and extend the digit and inspect the motion 
of the flexor tendons. 

■ If there is no triggering and normal gliding of flexor 
digitorum superficialis and profundus is présent, routine 
closure is carried out. 

■ If further triggering or abnormal motion is observed, 
inspect the superficialis tendon for a more proximal than 
normal décussation or an abnormal insertion into the 
flexor digitorum profundus tendon. 

■ Excise a slip of the flexor digitorum superficialis tendon if 
necessary. 


■ Inspect the A3 pulley area and release the A3 pulley if 
there is triggering at this level. Place the finger through 
a passive range of motion to ensure that the triggering 
has resolved. 

■ Apply proximal traction to both flexor tendons together 
and individually and passively extend the finger to verify 
that there is no further triggering. 

■ Close the skin and apply a soft hand dressing. 


CAM PTO D ACTYLY 

Camptodactyly is a flexion deformity of the proximal inter- 
phalangeal joint that usually involves only the little finger 
(Fig. 79-82). This type of bent finger deformity should be 
distinguished from clinodactyly, in which the finger is bent 
either radialward or ulnarward. Camptodactyly occurs in less 
than 1% of the population and was found in 6.9% of the 
anomalies in Flatt s sériés. There is a strong hereditary prédis¬ 
position in many patients, in whom the deformity is transmit - 
ted as an autosomal dominant trait. Sporadic cases also occur. 
Ail structures that could possibly cause flexion deformity at 
the proximal interphalangeal joint hâve been considered as 
possible causative factors, including a stout band of tissue in 
association with the Landsmeer ligament, an abnormal inser¬ 
tion of the lumbrical tendon into the flexor superficialis 
tendon, the capsule of the metacarpophalangeal joint, or the 
extensor expansion of the adjacent finger. This finding seems 
to support that camptodactyly is caused by a relative imbal¬ 
ance between the flexors and extensors. Relative shortening 
in the flexor superficialis muscle-tendon unit has been sug- 
gested as a cause because the deformity usually can be cor- 
rected with simultaneous flexion of the wrist (Fig. 79-83). 
Other théories include contractures of the collateral ligaments 
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Camptodactyly (flexion deformity of proximal 
interphalangeal joint) involving little finger only. 


or volar plate, insufficient palmar skin, and congénital fibrous 
substrata in the subcutaneous tissues. 

There seem to be two types of camptodactyly, based on 
the âge at which the deformity occurs. The first type occurs 
in infancy and affects both sexes equally. This is the more 
common type and occurs in about 80% of patients. The 
second type occurs during adolescence and affects mostly 
girls. Camptodactyly commonly is associated with many 
syndromes, including trisomy 13, oculodentodigital, orofa- 
ciodigital, Aarskog, and cerebrohepatorenal syndromes. A 
subgroup of camptodactyly has been reported in which severe 
flexion deformities of the proximal interphalangeal joints are 
présent at birth. Offen several digits of the same hand are 
affected, and there is no prédilection for the small finger. 
Pathologie findings in this subtype primarily involve the 
extensor mechanism (atténuation of the central slip, palmar 
subluxation of the latéral bands, and hypoplasia of the radial 
extensor structure). Postoperative impingement has been 
noted only in patients whose extensor mechanism was 
realigned and augmented by release or transfer of the flexor 
digitorum superficialis. 

Most patients are seen with a flexion deformity of the 
proximal interphalangeal joint during the first year of life. 
About two thirds hâve bilateral deformities, which are 
not symmetric in severity. The metacarpophalangeal joint 
usually is held in hyperextension to compensate for the flexed 
posture. Rotational deformity can cause mild overlapping of 
fingers. In young children the deformity disappears when the 
wrist is flexed, but in older children the flexion deformity 
usually is fixed. If left untreated, 80% worsen, especially 
during the period of growth accélération. The deformity 
usually does not progress affer âge 18 to 20 years. Rarely, pain 
and swelling are présent. 

■ TREATMENT 

Neither nonoperative nor operative treatment of camptodac¬ 
tyly has been particularly predictable or satisfying. Twenty 


percent of patients improve with nonoperative treatment and 
only 35% with operative treatment. Good results hâve been 
obtained with dynamic splinting, but some flexion deformity 
recurred when splinting was discontinued. Baek reported the 
results of passive stretching in children younger than 3 years 
of âge. A fairly time intense protocol of 5-minute stretches 20 
times each daily (i.e., 1 hour and 40 minutes per day) was 
found to improve mild camptodactyly from 20 degrees to 1 
degree, moderate camptodactyly from 39 to 12 degrees, and 
severe camptodactyly from 75 to 28 degrees. It is reasonable 
to advise patients with mild deformities to live with their 
deformities. For young children in whom the deformity dis¬ 
appears with wrist flexion and for whom the parents desire 
surgical correction, release of the sublimis tendon may correct 
the deformity and prevent worsening during growth. This 
usually should be performed by 4 years of âge. In older 
children and young adults in whom the deformity can be 
corrected with splinting, but who continue to hâve weak 
extension at the proximal interphalangeal joint, release of the 
flexor digitorum sublimis muscle and transfer into the exten¬ 
sor apparatus is advised. A volar release, including local skin 
flap and volar plate release, has been used before tendon 
transfer to allow passive correction of the flexion deformity. 
Smith emphasized the importance of treating ail abnormal 
structures related to camptodactyly. The relative frequency of 
abnormalities is shown in Table 79-10. With Smiths approach, 
the postoperative arc of motion was 85 degrees (range 45 to 
100 degrees). 


TENDON RELEASE 


TECHNIQUE 79-55 


(SMITH) 

■ Make a volar linear incision and convert it to multiple 
Z-plasties, placing the central limbs over the flexion 
creases of the joints. 

■ Reflect the skin and release the tough linear fibrous bands 
of the digital fascia, including the bony attachment of 
Grayson ligaments. 

■ Free the latéral bands of the intrinsic apparatus and 
the interosseous muscles from their abnormal and 
widespread attachments to the sides of the proximal 
phalanx, which may prevent extension of the proximal 
interphalangeal joint. Proximal pull on the latéral bands 
confirms that proximal interphalangeal joint extension can 
occur. 

■ To détermine if there is atténuation of the central slip, 
flex the wrist and the metacarpophalangeal joints. 
If atténuation is présent, there is an extensor lag at 
the proximal interphalangeal joint. Do not surgically 
explore or expose the central slip. Atténuation of 
the central slip responds to postoperative extension 
splinting. 

■ The lumbrical muscle is abnormally inserted and often 
adhèrent to the proximal phalanx. It also may hâve an 
abnormal origin and occasionally may be inserted into the 
flexor digitorum superficialis tendon proximal to the Al 
pulley. 
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A f Camptodactyly with flexion deformity of 80 degrees with wrist in extension. B f With wrist in flexion, deformity 
measures 40 degrees. C, After superficialis tenotomy, flexion deformity measures 40 degrees and is unrelated to wrist position. D and 
E f After postoperative réhabilitation, active proximal interphalangeal joint motion from 20 to 90 degrees. 
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TABLE 79-10 


Structures Involved in Patients 
With Camptodactyly 


NO. 

DIGITS 

STRUCTURES INVOLVED 

% OF 
CASES 

18 

Skin 

100 

12 

Flexor digitorum superficialis 
and tendon sheaths 

66.6 

10 

Retinaculum cutis 

55.5 

4 

Lumbricals 

22.0 

3 

Bone (abnormal proximal 
interphalangeal joint surfaces 
and neck of proximal phalanx) 

16.6 

3 

Volar plate 

16.6 

2 

Central slip 

11.0 

2 

Adhérence of latéral bands to 
proximal phalanx 

11.0 

1 

Accessory collateral ligaments 

5.6 


(From Smith PJ, Grobbelaar AO: Camptodactyly: a unifying theory and approach 
to surgical treatment, J Hand Surg 23A:14,1998.) 


■ Test the flexor digitorum superficialis tendon by a teno- 
desis test to détermine whether it is short. If the proximal 
interphalangeal joint cannot be fully extended when the 
wrist is in extension, the flexor digitorum superficialis is 
short and must be released. Two types of flexor digitorum 
superficialis abnormalities exist: (1) the flexor digitorum 
superficialis is shortened and (2) when there is proximal 
aplasia, only the distal portion of the flexor digitorum 
superficialis is présent, and this distal part produces a 
flexion contracture of the proximal interphalangeal 
joint. If the latter is the case, release completely by 
division. 

■ If the flexor digitorum superficialis tendon is normal 
proximally (no aplasia), perform a lengthening and trans¬ 
position of the insertions at a chiasma level. Divide both 
flexor digitorum superficialis insertions eccentrically so 
that a long proximal and radial insertion can be sutured 
to the ulnar insertion in such a way that lengthening is 
achieved. 

■ In some patients, release of the flexor tendon sheath, 
volar plate, or accessory collateral ligaments may be 
necessary. Do not explore any preoperatively detected 
bony abnormalities at the neck of the proximal phalanx 
or involving the articular surfaces of the proximal inter¬ 
phalangeal joint because there does not seem to be any 
benefit. 

POSTOPERATIVE CARE. The proximal interphalangeal 
joint is maintained in extension for 4 weeks after surgery 
in a cast. After that time, a splint is applied that allows 
active-resisted flexion, unless the flexor digitorum super¬ 
ficialis was lengthened, in which case this should be 
delayed another 8 weeks. At 6 weeks, daytime motion is 
allowed with splinting at night. The postoperative regimen 
corrects any central slip atténuation. 


TRANSFER OF THE FLEXOR 
SUPERFICIALIS TENDON TO THE 
EXTENSOR APPARATUS 


TECHNIQUE 79-56 


(Fig. 79-84) 


(MCFARLANE ETAL) 

■ Under tourniquet control, make a straight midline incision 
over the finger so that a Z-plasty closure can be achieved 
as necessary. 

■ Divide the flexor digitorum sublimis tendon just proximal 
to the vinculum longum and transfer it through the 
lumbrical canal to the dorsal surface of the finger. 

■ Suture the sublimis tendon to the extensor apparatus 
with nonabsorbable sutures. Tension the transferred 
tendon so that normal stance of the digit is achieved in 
ail wrist positions. 

■ If correction of the deformity is incomplète, considération 
can be given to a proximal release of the volar plate; 
however, it is best to accept a flexion deformity of 
approximately 20 degrees. 

■ Insert a Kirschner wire through the proximal interphalan¬ 
geal joint to maintain extension. 

■ Close the skin with single or multiple Z-plasty procedures. 

■ Apply a short arm cast with the metacarpophalangeal 
joints in 90 degrees of flexion and the digits fully extended. 

POSTOPERATIVE CARE. The cast and Kirschner wire 
are removed 4 weeks after surgery. A dorsal splint with 
a metacarpal stop to prevent overstretching of the trans¬ 
ferred tendon is worn for another 4 weeks. 


KIRNER DEFORMITY 

The Kirner deformity, originally described in 1927, consists 
of palmar and radial curving of the distal phalanx of the little 
finger. It is an unsightly deformity that occurs infrequently 
(one per 410 live births). The deformity occurs more fre- 
quently in girls and rarely may affect several fingers. Sporadic 
and familial occurrences hâve been reported, and there is no 
known spécifie causative factor. A similar deformity may 
resuit from frostbite, physeal fracture, and infection. Kirner 
deformity has been associated with Cornelia de Lange, Silver, 
and Turner syndromes. 

The deformity typically is seen when the child is 8 to 10 
years old and appears as a beaked little fingertip with increased 
convexity of the fingernail. The fingertip curves radially and 
toward the palm. The deformity usually is bilateral and sym- 
metric. Although it can be progressive, usually it is not 
painful. Radiographs reveal a broadened epiphysis with 
irregularities of the metaphysis. The typical curvature can be 
seen within the distal phalanx (Fig. 79-85 A). 

■ TREATMENT 

For mild deformities, either splinting or no treatment may be 
appropriate. More severe deformities in skeletally mature 
patients require one or more ostéotomies of the terminal 
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band 




FIGURE 


Technique for correction of camptodactyly. 


Flexor sublimis tendon is transferred to extensor apparatus. SEE 


TECHNIQUE 79-56. 


phalanx, as described by Carstam and Eiken. No effective 
treatment has been described for correction of the nail 
deformity. 


OPENING WEDGE OSTEOTOMY OF 
THE TERMINAL PHALANX 


TECHNIQUE 79-57 


(CARSTAM AND EIKEN) 

■ Under tourniquet control, make a radial midlateral inci¬ 
sion over the distal phalanx of the involved finger. 

■ Expose the distal phalanx subperiosteally and perform 
two ostéotomies through the volar three fourths of the 
diaphysis. 

■ Using a periosteal hinge left intact on the dorsum of the 
phalanx, correct the deformity. This periosteal hinge also 
helps control rotation of the fragments. 

■ Complété correction of the deformity may be blocked by 
a curved nail deformity. 

■ Place a longitudinal Kirschner wire through the pha¬ 
lanx and the distal interphalangeal joint to hold the 
correction (Fig. 79-85B). 

■ If the phalanx is extremely small, insert a Kirschner wire 
extraperiosteally along the volar aspect of the phalanx to 
act as an internai splint. 

■ Close the incisions in routine fashion and apply a long or 
short arm splint. 

POSTOPERATIVE CARE. The splint and Kirschner wire 
are removed 4 to 6 weeks after surgery. Usually no spécifie 
postoperative therapy is necessary. Activities are permitted 
dependingontheclinicaland radiographicsignsof healing. 



Carstam and Eiken correction of Kirner defor¬ 
mity. A f Deformity. B f Multiple opening wedge osteotomy cuts in 
distal phalanx fixed with Kirschner wire. SEE TECHNIQUE 79-57. 


DELTA PHALANX 

The delta phalanx is an abnormal, trapezoidal phalanx that 
appears triangular on radiographs (Fig. 79-86) and dérivés its 
name from the Greek letter delta. The abnormal epiphysis is 
C-shaped or J-shaped and tends to bracket the shorter side of 
the phalanx. The incidence of this deformity in the general 
population has not been established. The spécifie cause is 
unknown, but in 44% of patients there is a strong family 
history and autosomal dominant transmission. Delta phalanx 
rarely is an isolated anomaly and usually occurs in association 
with polydactyly, syndactyly, symphalangism, cleft foot, 
triphalangeal thumb, central hand deficiency, ulnar clubhand, 
Apert syndrome, Poland syndrome, diastrophic dwarfism, 
and Holt-Oram syndrome. 

The delta phalanx causes an angular deformity of the digit 
in the frontal plane (clinodactyly). When the deformity is in 
the border digits, the finger tends to deviate toward the hand. 
The angulation frequently is mild, but when it is severe it may 
cause an unacceptable appearance. This anomaly most com- 
monly occurs in the proximal phalanx of the thumb in 
association with triphalangeal thumb and in the middle 
phalanx of the small finger. The next most frequent location 
is the proximal phalanx of the ring finger. Progressive angula¬ 
tion is inévitable. 

■ TREATMENT 

Moderate angulation of the finger produced by the delta 
phalanx is awkward and unsightly. Nonoperative treatment 
would not alter progression, and operative intervention 
should be aimed at narrowing the digit, straightening the 
phalanx, and destroying the abnormal portion of the epiphy¬ 
sis. If it is associated with central polydactyly, the delta 
phalanx should be excised along with the extra digit with a 
syndactyly-type reconstruction. If it is associated with a 
triphalangeal thumb, the delta phalanx should be excised and 
the joint ligaments should be reconstructed. The deformity 
may recur after osteotomy. Reverse wedge osteotomy, as 
described by Carstam and Theander, is préférable to simple 
opening wedge osteotomy. Carstam and Theander reported 
élimination or marked réduction of clinodactyly in ail of their 
patients. Vickers described a procedure in which he resected 
the isthmus of the continuous epiphysis and inserted an 
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FIGURE 


Radiographie appearance of delta phalanx. 


interpositional fat graft. He reported spontaneous angular 
correction and growth of the phalanx in 11 patients. Caouette- 
Laberge et al. also reported spontaneous improvement affer 
physiolysis. Strauss and Goldfarb recommended a Vickers 
type procedure in younger children (<5 years) and an opening 
wedge osteotomy in older children (Fig. 79-87). Others hâve 
described opening or closing wedge osteotomy with or 
without bone graffing with satisfactory results. 


REVERSE WEDGE OSTEOTOMY 


TECHNIQUE 79-58 


(Fig. 79-88) 


(CARSTAM AND THEANDER) 

■ Under tourniquet control, make a curved dorsal incision 
over the involved phalanx, extending from the distal 
portion of the proximal phalanx, over the entire length of 
the middle phalanx, and onto the proximal portion of the 
distal phalanx. 

■ Carefully mobilize the edges of the extensor tendon so 
that both borders of the delta phalanx in the middle 
phalanx can be seen. 

■ Identify and protect the insertion of the central extensor 
slip. 

■ Remove a wedge-shaped piece of bone from the central 
portion of the delta phalanx, either by using a scalpel if 
it is mostly cartilaginous or by carefully picking away at it 
with sharp bone cutters, as described by Flatt. 

■ Reverse this wedge-shaped piece of bone and insert it 
into the defect after correcting the angular deformity. 

■ Place a longitudinal Kirschner wire through the distal 
phalanx and into the proximal phalanx to hold the cor- 
rected position; leave the wire protruding through the 
distal end of the finger. 


■ Close the incision in routine fashion and apply a long or 
short arm splint. 

POSTOPERATIVE CARE. The splint and Kirschner wire 
are removed 4 to 6 weeks after surgery. Gradually 
increased activity is permitted depending on clinical and 
radiographie healing. 


MADELUNG DEFORMITY 

Madelung deformity is an abnormality of the palmar ulnar 
part of the distal radial physis in which progressive ulnar and 
volar tilt develops at the distal radial articular surface, with 
dorsal subluxation of the distal ulna. The deformity probably 
was first described by Malgaigne in 1855 and later by Mad¬ 
elung in 1878. It is believed to be a congénital disorder, 
although it seldom is obvious until late childhood or adoles¬ 
cence. It is a rare anomaly, accounting for only 1.7% of hand 
anomalies. The cause of Madelung deformity is uncertain; 
however, it has been transmitted in an autosomal dominant 
pattern. Vickers described an abnormal ligament that tethers 
the lunate to the distal radius proximal to the physis. This 
ligament is believed to impede the growth of the ulnopalmar 
aspect of the distal radius and is commonly known as the 
ligament of Vickers. Other Madelung-like deformities hâve 
occurred affer trauma and also affer infection or neoplasm. 
There is no definitive method of distinguishing these defor¬ 
mities from idiopathic Madelung deformity. Vender and 
Watson classified Madelung and Madelung-like deformities 
into four groups: posttraumatic, dysplastic (dyschondroste- 
osis or diaphyseal aclasis), genetic (e.g., Turner syndrome), 
and idiopathic. They suggested that acquired deformities 
usually can be distinguished by a lack of appropriate physical 
findings, unilaterality, less severe carpal deformities, and the 
appropriate history of répétitive injury or stress. 

A deformity of the wrist similar to Madelung deformity 
frequently is associated with dyschondrosteosis, the most 
common form of mesomelic dwarfism. This disorder consists 
of mild shortness of stature, shortness of the middle segment 
of the upper and lower extremities, and Madelung deformity. 
Mutations in the homeobox gene SHOX, which is located 
at the pseudoautosomal région 1 of both the X and Y 
chromosomes, hâve been shown to be causative. Other asso¬ 
ciated conditions include mucopolysaccharidosis, Turner 
syndrome, achondroplasia, multiple exostoses, multiple 
epiphyseal dysplasia, and dyschondroplasia (Ollier disease). 

Madelung deformity typically consists of volar sublux¬ 
ation of the hand, with prominence of the distal ulna and 
volar and ulnar angulation of the distal radius. It is more 
commonly bilateral and affects girls more frequently than 
boys. Bilateral deformities often are more severe at présenta¬ 
tion. If bilateral deformities and short stature are présent, 
Leri-Weill dyschondrosteosis should be suspected, especially 
if atypical deformities are présent. A family history of the 
deformity often is présent. The deformity usually manifests 
in late childhood or early adolescence, with decreased motion 
and minimal pain. As growth occurs, the deformity worsens 
in appearance. Radiographie abnormalities are seen in the 
radius, ulna, and carpal bones (Fig. 79-89). The radius is 
curved, with its convexity dorsal and radial, and there is a 
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Strauss and Goldfarb procedure for right small finger clinodactyly. A f Physiolysis. B f Osteotomy. (Redrawn from Strauss 
NL, Goldfarb CA: Surgical correction of clinodactyly: two straightforward techniques, Tech Hand Up Extrem Surg 14:54, 2010.) 


similar angulation of the distal radial articular surface. A 
“flame-shaped” notch at the ulnar metaphysis of the radius 
can indicate the presence of a Vickers ligament. The forearm 
is relatively short. The distal radial epiphysis is triangular 
because of the failure of growth in the ulnar and volar aspects 
of the physis; early closure of these aspects of the physis also 
is frequent. Osteophyte formation may be visible at the volar 
ulnar border of the radius. The ulna is subluxated dorsally, 
the ulnar head is enlarged, and the overall length of the ulna 
is decreased. The carpus appears to hâve subluxated ulnar- 
ward and palmarward into the distal radioulnar joint, which 
usually is spread apart. The carpus appears wedge shaped, 
with its apex proximal within the lunate. Advanced imaging 
rarely is required. 

■ TREATMENT 

Because children with Madelung deformity usually hâve 
minimal pain and excellent function, a conservative approach 
is warranted initially. Surgery should be considered for 
severe deformity or persistent pain, usually from ulnocarpal 
impingement of the carpus. Vickers and Nielson reported 
some success with resection of the abnormal portion of the 
radial physis and insertion of fat as a form of surgical 


prophylaxis. In their sériés, ail 17 patients had pain relief and 
no progression of the deformity after surgery. Distal radial 
osteotomy with ulnar shortening (Milch recession) is a pre- 
ferred treatment in skeletally immature patients. The radial 
osteotomy may be a closing or opening wedge as needed for 
alignment. Osteotomy combined with a judicious Darrach 
excision of the distal ulnar head may be used in skeletally 
mature patients. Watson, Pitts, and Herber performed bal- 
anced radial ostéotomies combined with a matched ulnar 
resection in 10 patients. They reported that radial length was 
preserved better using this technique; we hâve had no expéri¬ 
ence with this technique (Fig. 79-90). 

Carter and Ezaki recommended excision of the ligament 
of Vickers alone in very young patients or in combination 
with a dôme distal radial osteotomy if considérable deformity 
already exists. The dôme osteotomy tends to provide better 
volar coverage to the lunate and corrects some of the ulnar 
positive variance. Ulnar shortening may be required at a later 
date if ulnar wrist pain persists in association with positive 
ulnar variance. In their sériés of 23 wrists, they noted a 
Vickers ligament in 91%, 10 of which required ulnar shorten¬ 
ing to relieve persistent ulnar-sided wrist pain. Dôme oste¬ 
otomy was used in 16 wrists and relieved pain in ail. Long-term 
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Carstam and Theander reverse wedge osteot- 
omy for correction of delta phalanx. A f Delta phalanx involving 
middle phalanx. B f Wedge-shaped piece of bone is removed from 
central portion. C f Wedge is reversed and reinserted after correc¬ 
tion of angular deformity; Kirschner wire is used for fixation. SEE 
TECHNIQUE 79-58. 



Radiographie appearance of Madelung defor¬ 
mity. Note abnormalities of radius, ulna, and carpal bones. 


follow-up at an average of 25 years demonstrated maintenance 
of correction and good-to-excellent functional results. In 
more severe disease, however, poorer outcomes hâve been 
reported. Farr et al. reviewed radiographie criteria for requir- 
ing ulnar shortening osteotomy. These criteria included 



Watson et al. balanced radial osteotomy. 
A, Ostéotomies marked on distal radius with radial-sided bone 
wedge. B, Bone wedge inserted into opening osteotomy on ulnar 
side. Matched ulnar resection has been performed; radial spike 
must be excised. 


lunate subsidence, ulnar variance, and palmar displacement 
and were associated with a higher rate of ulnar shortening. 
An ulnar epiphysiodesis performed at the time of radial 
osteotomy can prevent the need for ulnar shortening in 
skeletally immature patients over the âge of 10 years. 


RESECTION OF A 
DYSCHONDROSTEOSIS LESION 


TECHNIQUE 79-59 


(VICKERS AND NIELSEN) 

■ Under tourniquet control, make a volar transverse incision 
1.5 cm proximal to the most proximal wrist crease, 
passing either on the ulnar side to the flexor carpi radialis 
and palmaris longus or on the radial side. Protect the 
médian nerve and radial artery. 

■ Continue the approach radial to the mass of the digital 
flexor tendons to the distal edge of the pronator quadra- 
tus muscle, some of which can be mobilized at the radial 
end. 

■ Using an osteotome, make the initial longitudinal oste¬ 
otomy in the radius, parallel to the long axis of the 
forearm, about 5 mm from the radioulnar joint. In patients 
with extreme volar subluxation of the carpus, take care 
not to mistake the lunate for the underlying radius. 

■ Reflect the small fragment of the distal radius ulnarward 
with the osteotome to preserve what exists of the flimsy 
connections between it and the ulna and to leave some 
support for the lunate. A sagittal section of the distal 
radius should be visible. 

■ Ma g n if i cation is recommended. 

■ If the initial osteotomy is too shallow, a white sheet of 
fibrous tissue and cartilage is seen. 

■ Make successive osteotomy cuts 1 mm thick until the 
physis is clearly identified. When first seen, the physis 
is thin and wavy and significantly narrowed. When the 
physeal cartilage is clearly defined, carefully remove 
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9 bone from the metaphyseal side with a gouge or 
burr so that the profile of the cartilage is above the 
bone and is intact from the dorsal periosteum to the 
volar periosteum to prevent a new bar of bone from 
forming. 

■ Identify and excise the abnormal volar ligament tethering 
the lunate to the radius. 

■ Deflate the tourniquet and obtain hemostasis, using bone 
wax if necessary. 

■ Reinflate the tourniquet and flush with normal saline to 
remove ail bone chips and blood. 

■Obtain a generous quantity of fat from the proximal 
forearm medially and insert to fill the surgical cavity 
completely. This fat must make intimate contact with the 
entire length of the physeal cartilage, isolating the bony 
epiphysis from the bony metaphysis. Soft tissues fall 
together to hold the fat in place. 

■ Suture the skin and apply a short arm volar slab or a crepe 
bandage. 

POSTOPERATIVE CARE. The bandage should be worn 
for 2 weeks depending on the degree of the deformity. 


CLOSING WEDGE OSTEOTOMY 
COMBINED WITH DARRACH EXCISION 
OF THE DISTAL ULNAR HEAD 


TECHNIQUE 79-60 


Figure 79-91 


(RANAWAT, DEFIORE, AND STRAUB) 

■ Make a dorsal longitudinal incision overthe distal forearm, 
detach the extensor retinaculum from the radius over the 
extensor digitorum communis tendons, and reflect the 
retinaculum and the tendon of the extensor digiti minimi 
ulnarward. 

■ If the patient is skeletally mature, expose the distal radio- 
ulnar joint and excise about 1 cm of the distal ulna. 

■ If the patient is skeletally immature, expose the ulnar 
shaft and perform an appropriate cuff recession as 
described by Milch. 

■ Perform an osteotomy parallel with the distal articular 
surface of the radius. 

■ Resect an appropriate wedge of bone based radially and 
dorsally from the distal end of the proximal fragment of 
the radius and appose the raw surfaces. 

■ Stabilize the osteotomy with Kirschner wires so that the 
distal articular surface of the radius is facing volarward 0 
to 15 degrees to the long axis of the radius and ulnarward 
60 to 70 degrees. 

■ Close the incision in routine fashion and apply a long arm 
cast. 

POSTOPERATIVE CARE. The cast and pins are removed 
4 weeks after surgery, and active exercises of the wrist are 
begun. The osteotomy incision is protected with a cast 
or splint until there are sufficient radiographie and clinical 
signs of bone healing. Normal activities are progressively 



Ranawat et al. reconstruction of Madelung 
deformity. Dorsal-based and radial-based closing wedge osteot¬ 
omy of radius is performed in conjunction with Darrach excision. 
Correct alignment is obtained, and plate and screws are used for 
fixation. SEE TECHNIQUE 79-60. 


resumed. After the final cast is removed, protective 
splinting may be necessary for 8 to 10 weeks after 
surgery. 


DOME OSTEOTOMY AND EXCISION 
OF VICKERS LIGAMENT 


TECHNIQUE 79-61 


(CARTER AND EZAKI) 

■ Under tourniquet control, expose the distal radius through 
a standard anterior approach in the interval between the 
flexor carpi radialis and radial artery. 

■ Incise the pronator quadratus along its radial border and 
retract ulnarward. 

■ Identify the Vickers ligament and reflect it off the distal 
radius beginning proximal to the physis and continue 
distally until it is released off the physis and the epiphysis 

(Fig. 79-92A). 

■ Remove any fibrous tissue or bone noted within the 
physis. 

■ Fat can be placed within the physeal defect. 

■ With curved osteotomes, create a biplanar dôme oste¬ 
otomy in the metaphysis (Fig. 79-92B). 

■ Rotate the distal radial fragment by pronating it at the 
osteomy site and secure it with a Steinmann pin 
(Fig. 79-92C). 

■ Remove any palmar step-off of the proximal fragment 
with a rongeur. 

■ Repair the pronator quadratus and do a routine closure. 

■ Apply a long arm splint. 

POSTOPERATIVE CARE. The long arm splint is worn for 
6 weeks. Sutures are removed at 2 weeks, and the pin is 
removed at 6 weeks, followed by a short arm cast or 
splint until the osteomy is healed. 
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Carter and Ezaki dôme osteotomy for reconstruction of Madelung deformity. A f Ligament of Vickers is excised. 
B f Biplanar dôme osteotomy is made in metaphysis. Inset, Fat can be placed in physeal defect. C f Distal fragment is rotated at osteotomy 
and secured with Steinmann pins. SEE TECHNIQUE 79-61. 
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PREOPERATIVE PREPARATION 

Careful preoperative planning, a thorough knowledge of the 
pertinent anatomy, good surgical exposure, skill in the use of 
equipment, and élimination of distraction reduce the likeli- 
hood of an undesirable outcome affer foot surgery. Careful 
preoperative planning requires knowledge of the indications 
and operative techniques, but it also consists of instrument 
sélection, patient positioning, antiseptie préparation, prophy- 
lactic antibiotics, tourniquet use, anesthésia, and postopera- 
tive anticoagulation. 

INSTRUMENTS 

Two trays of instruments, designated as “foot tray—soft 
tissue” and “foot tray—bone,” are helpful. The instruments in 
the soft-tissue foot tray should include délicate forceps with 
and without teeth for soft-tissue handling (i.e., Adson and 
Brown-Adson forceps). Fine, two-tooth skin hooks, narrow 
and wide-neck mini-Hohmann retractors, and small double - 
ended, right-angle retractors (i.e., Ragnell and Senn retrac¬ 
tors) allow the assistants hand to be positioned outside the 
field of dissection, and yet afford excellent exposure. A No. 
15 Bard-Parker blade attached to a multisided handle facili¬ 
tâtes quick changes during dissection. Sharp dissection is 
indicated whenever practical to prevent tearing of the tissue 
and the edematous reaction that follows indélicate dissection. 
When blunt dissection is required, small scissors (i.e., Met- 
zenbaum scissors) with gently curved and slightly blunted 
tips are helpful. Mosquito hemostats for small vessel occlu¬ 
sion, Webster needle holders with smooth jaws for grasping 
fine suture, and a freer elevator complété the foot tray for use 
in soft tissues. 

The foot tray for bony procedures has many of the same 
instruments but on a larger scale. Heavier blades, forceps, 
dissecting scissors, retractors, and needle holders may be 
required for procedures that include bone and large tendon 
surgery. Thin osteotomes, a small mallet, small curettes, 
heavy-duty two-tooth retractors, a wide dissecting probe, and 
an Inge retractor, with arms that hâve been thinned and teeth 
that hâve been narrowed, ail facilitate bony procedures. 

Two power instruments are helpful in surgery of the foot. 
A power drill with varying chucks (wire driver, AO chuck, 
and key chuck) allows versatility for bone drilling, screw 
advancement, and efficient Kirschner wire placement. A 
power oscillating saw with thin, narrow blades is also helpful 
for ostéotomies and other bony procedures. 


Lighting that reduces shadows and focuses sharply on the 
foot is necessary. A high-intensity headlight is useful, espe- 
cially during deep plantar dissections. Magnification with 
loupes may also improve visualization. Last, a caméra that is 
simple and easy to use by the operating room personnel is 
recommended for recording key findings before, during, and 
affer surgery. 

PATIENT POSITIONING 

The level of exposure required will generally guide patient 
positioning, but positioning should always maintain patient 
safety and comfort. Usually, patients are secured in a latéral 
decubitus position, either supine or prone. Ail bony promi- 
nences should be well padded, and the patient and his 
extremities should be secured to the operative table. Superfi- 
cial nerves, such as the ulnar nerve or superficial peroneal 
nerve, should be well padded or floated. Chest rolls should 
be used when the patient is prone to allow adéquate chest wall 
expansion. Other less common positions may include “sloppy 
latéral,” which allows médial and postérolatéral hindfoot 
access through hip rotation. Soft bumps under the ipsilateral 
hip assist with fine-tuning the rotation of the leg. Elevating 
the operative leg on a stack of linen or “bone foam” facilitâtes 
keeping the contralatéral limb out of the way, which improves 
access to the operative field and aids with imaging. 

TOURNIQUET 

The use of a tourniquet allows dissection in a bloodless field, 
thereby improving visualization and efficiency while decreas- 
ing the likelihood of injury to nerves, vessels, and tendons. 
However, adéquate surgery of the foot can be performed 
without a tourniquet and, in selected patients, a tourniquet 
might be contraindicated. When the blood supply to the foot 
is questionable, a tourniquet is not recommended. Deleteri- 
ous effects of prolonged tourniquet time hâve been well docu- 
mented. Furthermore, patients undergoing open réduction 
and internai fixation of an ankle fracture with a tourniquet 
demonstrated greater pain and swelling up to 6 weeks post- 
operatively (Konrad et al.), but no différences in complication 
rates were reported with the use of a tourniquet. In a system- 
atic review analyzing the available clinical and basic science 
data, Fitzgibbons et al. reported that typical tourniquet usage 
in orthopaedic surgery is safe without significant risk of com¬ 
plications, but noted that each case must be analyzed indi- 
vidually. Most surgeons consider blood pressure, limb size, or 
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both in determining the amount of cuff pressure to apply. For 
calf and ankle cuffs, the pressures most commonly used by 
surgeons in a survey of members of the American Orthopae- 
dic Foot and Ankle Society (AOFAS) ranged from 201 to 
250 mm Hg, and thigh cuff pressures most commonly used 
ranged from 251 to 351 mm Hg. Fitzgibbons et al. recom- 
mended that tourniquet duration be assessed at 2 hours. If a 
tourniquet time of more than 2.5 hours is anticipated, then a 
10-minute déflation interval should be employed every hour. 
If the tourniquet time is anticipated to be less than 2.5 hours, 
the pressure should remain lower than 300 mm Hg, and if 
over 2.5 hours, then 50-75 mmHg above the limb occlusion 
pressure should be considered. 

Rather than using a pneumatic thigh cuff, an ankle cuff 
or elastic wrap around the ankle permits most forefoot and 
midfoot procedures to be performed in a bloodless field. The 
patient expériences little tourniquet discomfort provided the 
tourniquet does not reach the musculotendinous junction at 
the middle third of the leg, which allows for the use of régional 
anesthésia instead of general anesthésia. Rudkin et al. audited 
1000 patients who had undergone foot and ankle surgery with 
ankle block anesthésia and an ankle cuff tourniquet. Only 8 
of the 1000 patients had significant tourniquet pain that inter- 
rupted surgery without any significant complications. The 
safety and efficacy of elastic wrap ankle tourniquets was eval¬ 
uated by Grebing and Coughlin. They evaluated pressures 
beneath 4- and 6-inch elastic rubber bandages (Esmarch), 
applied using three and four tensioned wraps around the 
ankle, followed by tucking the remainder of the bandage 
beneath the proximal end of the wrap. Three wraps with a 
tuck produced an average pressure of 222 mm Hg (range, 146 
to 319 mm Hg), and four wraps around the ankle with a tuck 
generated an average pressure of 288 mm Hg (range, 202 to 
405 mm Hg). The investigators concluded that the clinical 
expérience has shown this technique of exsanguination to be 
safe and effective. A survey of 140 members of the American 
Orthopaedic Foot and Ankle Society (AOFAS) showed that 
20% of surgeons use an elastic wrap for ankle tourniquets. 
Ankle tourniquets, whether pneumatic cuffs or elastic wraps, 
are safe and convenient for procedures on the foot. 


APPLICATION OF A TOURNIQUET 


TECHNIQUE 80-1 


■ Instruct an assistant to hold the end of the wrap at a 
45-degree angle to the foot and to place tension on the 
free end while the surgeon's thumb holds the wrap firmly 
against the skin. 

■ Do not overlap each turn more than half the width of the 
tourniquet. Wrap the tourniquet above the ankle, taking 
care not to leave any skin uncovered and not to allow the 
edges to roll back on themselves. 

■ When above the ankle, proceed proximally, no more than 
8 to 10 cm proximal to the malleoli, staying distal to the 
muscle mass. Do not continue proximally because this will 
increase the discomfort caused by the tourniquet. 

■ Complété the exsanguination with no more than three or 
four "cinches" around the ankle, followed by a tuck. 
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SURGICAL ANTISEPTIC 

Due to the normally high bacterial flora residing on the foot, 
particularly in the web spaces, the extremity to be operated 
on is scrubbed for 8 to 10 minutes from toes to knee with an 
antibacterial soap of the surgeons choice that the patients 
skin can tolerate, followed by application of an antiseptie 
solution. Particular attention is directed to the web spaces. 
Quantitative analysis of positive cultures has shown signifi¬ 
cant réductions in heavy bacterial growth when bristled 
brushes or toe cleft scrubbing are employed with an antiseptie 
before surgery. 

Presently, no consensus has been reached regarding the 
best skin préparation in foot and ankle surgery, although 
several studies hâve compared different types of solutions and 
préparation methods (Table 80-1). In Yammine and Harvey s 
meta-analysis of randomized and quasi-randomized con- 
trolled trials, using a modified version of the Cochrane Col¬ 
laborations tool, 716 feet evaluated across 8 trials met the 
study criteria. Analysis of the postpreparation culture data 
revealed that alcohol-based chlorhexidine had better efficacy 
than alcoholic povidone-iodine at the hallux nail fold. Fur- 
thermore, povidone-iodine followed first by an alcohol appli¬ 
cation or chlorhexidine scrub and then by an alcohol 
application was better than povidone-iodine (scrub and 
paint) alone. In hindfoot procedures, Goucher and Coughlin 
found no benefit in covering the toes affer the forefoot had 
been prepped with chlorhexidine gluconate and isopropyl 
alcohol. Only 2 of 40 patients had positive cultures affer 
surgery, and neither patient developed an infection. Hence, 
foot and ankle surgical préparation should include toe cleft 
scrubbing using isopropyl alcohol with either chlorhexidine 
gluconate or povidone-iodine solutions. 

PROPHYLACTIC ANTIBIOTICS 

Prophylactic antibiotics are used routinely in foot and 
ankle procedures, but few studies hâve examined the effect 
of antibiotics on surgical site infection rates exclusively 
in the foot and ankle. Currently, we follow the American 
Academy of Orthopaedic Surgery (AAOS), American Society 
of Health-System Pharmacists (ASHP), and Surgical Care 
Improvement Project (SCIP) guidelines which recommend 
administration of cefazolin or cefuroxime within 1 hour of 
incision, with no postoperative prophylaxis. If the patient 
is allergie to penicillin or cephalosporin, then clindamycin 
is the recommended antibiotic (Prokuski). When survey- 
ing members of AOFAS, 75% of respondents reported the 
use of postoperative prophylactic antibiotics. Of these, only 
16% routinely prescribed postoperative antibiotics. The data 
are insufficient to support or réfuté the use of postopera¬ 
tive antibiotics. Although not routinely prescribed, postop¬ 
erative prophylactic antibiotics are administered in spécial 
circumstances. 

PROPHYLACTIC ANTICOAGULATION 

Although routine prophylactic postoperative anticoagulation 
is offen recommended affer hip or knee surgery, especially 
affer joint replacement surgery, its use affer foot and ankle 
surgery is not as widespread. In large populations undergoing 
elective or nonelective foot and ankle surgery, rates of deep 
venous thrombosis (DVT) hâve been reported to range from 
6% to 34%, but the rates of symptomatic DVT and pulmonary 
embolism are low (<1%). Patients with increased risk factors 
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_ TABLE 80-1 _ 

Studies of Different Skin Préparation Methods 


CHARACTERISTICS 

CHENG ETAL 

KEBLISH ETAL 

BIBBO ET AL. 

OSTRANDER ET AL. 

No. of subjects 

50 

50 

127 

125 

Age (years), mean ± SD 

51.1 ± 17.4 

— 

46 (16-85) 

48 (19-78) 

Healthy volunteers or 
patients 

Patients 

Healthy volunteers* 

Patients 

Patients 

Solutions used 1 

Povidone-iodine (1%) 
with isopropyl alcohol 
(23%) 

Povidone-iodine 

Povidone-iodine 

(7.5-10%) 

Povidone-iodine 
(0.7%) with isopropyl 
alcohol (74%) 

Solutions used 2 

Chlorhexidine 
gluconate (0.5%) with 
isopropyl alcohol (70%) 

Alcohol prewash then 
povidone-iodine 

Chlorhexidine 
gluconate (4%) 
with isopropyl 
alcohol (70%) 

Chlorhexidine 
gluconate (2%) with 
isopropyl alcohol 
(70%) 

Solutions used 3 

— 

Alcohol only 

— 

Chloroxylenol (3%) 

Préparation methods 

Comparison of 
scrubbing and painting 
with painting only 

Comparison of 
scrubbing and painting 
with painting only 

Scrubbing only 

Painting only 

Duration of scrub (min) 

3 

5 

7 

— 

Type of analysis 

Quantitative and 
qualitative 

Quantitative and 
qualitative 

Qualitative 

Qualitative 

Postoperative infection 
rate (%) 

0 

— 

0 

7.5 


Modified from Cheng K, Robertson H, St. Mart JP, et al: Quantitative analysis of bacteria in forefoot surgery: a comparison of skin préparation techniques, Foot Ankle 
Int 30: 992, 2009. 

*Swabbed after skin préparation to détermine rates of positive cultures at various sites in the foot and ankle. 


should receive prophylaxis, but significant risk factors hâve 
varied within the literature. Obesity, current history of 
smoking, history of a thromboembolie event, neoplasia, 
hormone use, paralysis, and âge hâve been suggested to 
increase the risk of thromboembolie events. We do not rou- 
tinely use prophylactic anticoagulation after foot and ankle 
surgery at our institution, but the use of prophylaxis should 
be determined on an individual basis. 

REGIONAL ANESTHESIA 

Régional anesthésia has many advantages and is gaining 
interest and use by surgeons. It decreases length of hospital 
stay without increasing complication rates. Furthermore, it 
improves patient pain control, improves patient satisfaction 
and recovery times, reduces postoperative narcotic use, and 
reduces the need for general anesthésia. Depending on the 
location and involvement of the procedure, varying types of 
régional anesthésia are used, such as forefoot blocks, ankle 
blocks, or more proximal popliteal and saphenous blocks. 
Details on differing techniques for régional anesthésia within 
the literature are beyond the scope of this chapter. However, 
we include some commonly used techniques by foot and 
ankle surgeons. 

The patient should always be counseled regarding the use 
of general anesthésia if the block fails. Anesthésia personnel 
should be présent in the operating room to sedate and 
monitor the patient during procedures completed under local 
or régional anesthésia. The same précautions are used in foot 
surgery performed with local anesthésia as with general anes¬ 
thésia; appropriate laboratory data, history, and physical 
examination are ail documented, and the patient is required 
to abstain from food or drink at least 8 hours before surgery. 


■ FOREFOOT BLOCK AND ANKLE BLOCK 

The forefoot block is safe and effective for distal forefoot 
procedures, including first metatarsal ostéotomies, arthrod¬ 
èses, and lesser toe procedures. Ptaszek et al. prospectively 
reported 50 patients undergoing elective forefoot surgery. The 
forefoot block was successful in 92% of the patients, and no 
complications related to the block were reported. 

Likewise, numerous hindfoot procedures can be per¬ 
formed with ankle block anesthésia. Rudkin et al. reported a 
95% success rate in a prospective analysis of 1000 patients 
who had undergone foot or ankle surgery with ankle block 
anesthésia. White et al. compared intraarticular block with 
conscious sédation and found that the intraarticular block 
provided sufficient analgesia for closed réduction of ankle 
fracture-dislocations. The average time for réduction and 
splinting was 63.8 minutes for the block group and 81.5 
minutes for the sédation group. 

A mixture of short- and long-acting anesthetic agents 
given in a recommended volume provides adéquate anesthé¬ 
sia for most forefoot and hindfoot surgeries. The dose for 
each patient must be calculated and must remain less than 
the maximum recommended dosage, but in most adults, 
30 mL of 1% lidocaine with 0.25% bupivacaine is usually a 
safe and effective volume (Ptaszek et al.). Once the block has 
been administered, the time it takes to préparé and drape the 
patient is usually long enough to allow the block to take effect. 

■ POPLITEAL SCIATIC NERVE BLOCK (PRONE) 

For procedures above the hindfoot, a popliteal sciatic nerve 
block has been reported to be safe and effective. Provenzano 
et al. reported no neurapraxia or other complications with 
the use of popliteal fossa nerve blocks in 439 patients. Others 
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hâve reported rare complications with peripheral blocks, 
including infection, nerve injury, and systemic toxicity. Nerve 
injury is the most commonly reported complication, with 
rates ranging from 0% to 24%, and smokers may hâve an 
increased risk for neuropathy symptoms. The use of a nerve 
stimulator or ultrasound to guide the injection improves 
block success. Evidence suggests that ultrasound decreases 
the procedure time and procedure-related pain when com- 
pared with nerve stimulation techniques for popliteal blocks, 
but both techniques offer effective analgesia. The use of con- 
tinuous cathéters increases the longevity of the popliteal 
block, but visual analog pain scores do not significantly differ 
until the third postoperative day when compared with single 
bolus blocks. Furthermore, cathéters are associated with 
minor complications, including leakage, bubble blockage, 
and inadvertent removal. Thus the small improvement in 
pain scores may not justify the cost and complications associ¬ 
ated with cathéters. Multiple factors affect block longevity, but 
single bolus popliteal blocks last approximately 18 hours. 

■ LATERAL POPLITEAL NERVE BLOCK 

Grosser et al. recommended a preoperative latéral popliteal 
nerve block in sedated patients in the operating room for 
postoperative pain control. Patients reported no pain imme- 
diately postoperatively. The average time the block lasted was 
14 hours. They reported no complications following use of 
this technique. 


FOREFOOT BLOCK 


TECHNIQUE 80-2 


■ Palpate the dorsalis pedis artery as it reaches the first 
intermetatarsal space (Fig. 80-1 A). The deep peroneal 
nerve to the first web space accompanies this artery. 

■ Using a 25-gauge needle and avoiding the artery, inject 
2 to 3 mL of a mixture of short- and long-acting local 
anesthetic agents subcutaneously. 

■ If a second or third hammer toe procedure is planned, 
direct the needle laterally just beneath the dorsal veins 
from the same entrance point and block the common 
digital branches of the superficial peroneal nerve to the 
second (and, if required, the third) intermetatarsal space 
(Fig. 80-1 B). Injection of another 2 to 3 mL should be 
adéquate. 

■ Return to the same entrance point, but direct the needle 
medially. Stay immediately beneath the dorsal veins and 
superficial to the extensor hallucis longus tendon to block 
the médial hallucal branch of the dorsomedial superficial 
peroneal nerve. This is the nerve commonly encountered 
dorsal and médial to the "bunion" during surgery for 
hallux valgus. 

■ Conclude the dorsal sensory block at the dorsomedial 
aspect of the forefoot approximately 1 cm distal to the 
first metatarsomedial cuneiform articulation. By this time, 
6 to 8 mL of anesthetic agents hâve been administered 

(Fig. 80-1 C). 

■ Entering the anesthetized area on the dorsomedial aspect 
of the forefoot, proceed plantarward in the subcutaneous 


space superficial to the abductor hallucis muscle until the 
plantar surface of the médial side of the foot is reached 
(Fig. 80-1 D). Inserting a small amount of anesthetic 
agent as the needle progresses plantarward lessens the 
discomfort. 

■ The proper plantar branch to the médial side of the hallux 
is superficial at that level, having penetrated the deep 
fascia over the abductor hallucis and flexor hallucis brevis 
at about the level of the first metatarsomedial cuneiform 
articulation. 

■ Palpate the tip of the needle subcutaneously and with- 
draw it 2 to 3 mm. Instill 2 to 3 mL of anesthetic agent. 

■ Complété the block by anesthetizing the common digital 
branch of the médial plantar nerve to the first web space 
as follows (Fig. 80-1E and F): 

■ Return to the dorsal surface of the base of the first 
intermetatarsal space. 

■ The dorsalis pedis artery bifurcates at this point into the 
first dorsal intermetatarsal artery and the plantar pen- 
etrating branch, which turns immediately plantarward, 
almost at a right angle to its origin, to communicate 
with the deep plantar arch (Fig. 80-1 G). This is similar 
to the dorsal branch of the radial artery in the hand. To 
avoid this arterial bifurcation, move the entrance point 
distally 1 to 1.5 cm, and, angling obliquely 10 to 20 
degrees to the skin, pass the 1,5-inch, 25-gauge needle 
plantarward between the first and second metatarsals 
until its tip can be felt subcutaneously on the plantar 
surface of the foot. Instilling a small amount of the 
anesthetic agent as the needle passes plantarward 
and moving slowly lessens the discomfort. Withdraw 
the needle tip 2 to 3 mm, and instill 4 to 5 mL of 
solution. 

■ If a hammer toe procedure is planned, repeat the same 
technique between the second and third metatarsals. 
This should provide adéquate anesthésia for the third 
toe, if required. Supplementing the block with 1 mL of 
anesthetic agent at the base of the third toe near the 
web space may be necessary. 

■ The recommended total maximum dose of anesthetic 
agents should be calculated for each patient. The patient 
should hâve no history of allergy to a local anesthetic 
agent. 


ANKLE BLOCK 


TECHNIQUE 80-3 


SUPERFICIAL PERONEAL NERVE 

■ Palpate the tip of the latéral malleolus, and proceed proxi- 
mally 8 to 10 cm anterior to the subcutaneous border of 
the shaft of the fibula (Fig. 80-2A). 

■ Instill 5 to 7 mL of local anesthetic agent subcutaneously. 
The superficial peroneal nerve will hâve penetrated the 
deep fascia and lies subcutaneously at this level in most 
patients. It may hâve divided into médial and latéral 
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FIGURE 


IjiSI Forefoot block (see text). SEE TECHNIQUE 80-2. 
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branches, but their proximity to one another ensures that 
both will be reached with this volume of agent. 

DEEP PERONEAL NERVE 

■ The anterior tibial artery can usually be palpated beneath 
the superior extensor retinaculum 4 to 5 cm proximal 
to the distal articular surface of the tibia. This artery and 
the deep peroneal nerve that accompanies it lie between 
the tendons of the anterior tibial and the extensor digi- 
torum longus, and just latéral to the extensor hallucis 
longus, which is more deeply situated. The nerve usually 
lies just latéral to the artery. 

■ If the artery is not palpable, the tendon of the anterior 
tibia, which is large and lies adjacent to the subcutaneous 
border of the tibia, can serve as a landmark. Enter the 
skin just latéral to this tendon; the nerve is located at a 
depth of 1 to 1.5 cm into the skin (Fig. 80-2B and C). 

■ The anesthetic agent should flow freely. If not, reposition 
the needle slightly and insert 3 to 5 mL of the agent, 
being careful to aspirate before the injection. 

SAPHENOUS NERVE 

■ Palpate the tip of the médial malleolus and 3 to 5 cm 
proximal to this landmark, and enter the subcutaneous 
space, directing the needle anteriorly (Fig. 80-2D). The 
saphenous nerve is located just médial or posterior to the 
saphenous vein and in a slightly deeper plane. 

■Aspirate and inject 2 mL of the anesthetic agent. 

SURAL NERVE 

■ Palpate the tip of the latéral malleolus, and at 5 cm 
proximal to this point, palpate the peroneus longus 
tendon along the posterior subcutaneous border of the 
fibula (Fig. 80-2E). Approximately half way between this 
tendon and the latéral border of the Achilles tendon, the 
sural nerve passes just antérolatéral to the small saphe¬ 
nous vein. These two structures usually cross one another 
behind the latéral malleolus such that the nerve lies pos¬ 
terior to the vein. 

■ Inject 2 to 3 mL of solution subcutaneously at this 
point. 

TIBIAL NERVE 

■ The tibial nerve is the most difficult but most important 
nerve to block to ensure adéquate surgical anesthésia. 

■ Palpate the posteromedial border of the tibia approxi¬ 
mately 5 cm proximal to the tip of the médial malleolus. 
Allow the index and middle fingers to slide over the flexor 
digitorum longus and (deeper) posterior tibial tendons. 
At the posterior border of these tendons, mark a point 
of reference with a pen. 

■ Palpate the médial border of the Achilles tendon. Half 
way between these two points lies the tibial artery, which 
is palpable at this level and serves as a helpful 
landmark. 

■ Point the needle inferiorly at about 60 degrees to the skin, 
penetrating 1 to 1.5 cm (Fig. 80-2F). 

■ Aspirate to ensure that the posterior tibial artery or veins 
hâve not been entered, and then instill 8 to 10 mL of the 
anesthetic agent. 


POPLITEAL SCIATIC NERVE 
BLOCK (PRONE) 


TECHNIQUE 80-4 


■ With the patient prone, draw a line across the popliteal 
crease, extending between the tendons of the biceps 
femoris and the semitendinosus muscles, and identify 
the midline of the crease. The popliteal fossa triangle is 
bordered by the semitendinosus-semimembranosus, the 
biceps femoris, and the popliteal crease. 

■ Measure exactly 7 cm cephalad along a midline axis and 
1 cm latéral to the axis (Fig. 80-3A). 

■ After stérile préparation, raise a skin wheal with 1 % plain 
lidocaine. 

■Attach a nerve simulator in accordance with the manu¬ 
facturer^ instructions, placing the négative lead on the 
involved leg and the positive lead on the ipsilateral leg. 
Direct the needle cephalad and parallel to the fémur, at 
a 45-degree angle to the skin, and advance it slowly with 
continuous aspiration (Fig. 80-3B). 

■Apply an electrical current of 1 mA at 1 Hz until a brisk 
contraction of the gastrocnemius is observed, and then 
decrease the current to 0.3 mA. 

■ Slowly advance the needle until a brisk muscle twitch 
is visible, and inject a test dose of 1 mL of local 
anesthetic. 

■ Following cessation of the twitch and confirmation 
that the patient did not expérience any pain with the 
injection, administer 35 mL of local anesthetic in 5-mL 
incréments. 

■ With the patient supine, use an additional 5 mL of anes¬ 
thetic to block the saphenous nerve and its infrapatellar 
branches at the level of the tibial tuberosity. 

■ Postoperatively, patients should not be allowed to bear 
weight on the operated limb for 12 to 18 hours to allow 
return of neurologie function in the foot and ankle. 


LATERAL POPLITEAL NERVE BLOCK 


TECHNIQUE 80-5 


(GROSSER) 

■ Place the patient supine, with a 10-lb sand bag placed 
under the proximal calf as a fulcrum to increase tension 
on the biceps femoris. 

■ Instruct an assistant to stabilize the ankle and keep the 
patella in a neutral position to about 10 degrees of inter¬ 
nai rotation. 

■ Use 30 mL of 0.5% bupivacaine with epinephrine: 20 mL 
for the peroneal and tibial injection sites and 10 mL for 
the saphenous nerve site. 

■ Identify the proximal pôle of the patella and the fibular 
head. 
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A, Posterior view of popliteal fossa of right knee, with popliteal triangle outlined; the c/'rc/e indicates the injection 
site for sciatic nerve block. B f Nerve stimulator used to aid in locating sciatic nerve before injection. SEE TECHNIQUE 80-4. 


■ Draw an axial line from the proximal pôle of the patella 
posteriorly to bisect another line drawn horizontally from 
the fibular head proximally. The intersection of these two 
lines is the point of initial needle insertion to anesthetize 
the peroneal and tibial divisions of the sciatic nerve. 

■ Direct the needle 30 degrees proximally. Set a nerve stim¬ 
ulator at 5 mA, and advance the needle slowly until the 
biceps twitch is encountered, and insert further until the 
peroneal division is localized in eversion and dorsiflexion, 
and then until the tibial division is in inversion and plan- 
tarflexion of the foot (Fig. 80-4). 

■ When both nerve branch contractions are demonstrated, 
decrease the nerve stimulator level until the toes are no 
longer in plantarflexion. A level of more than 1.0 mA is 
optimal for twitch absence. In a sedated patient who 
cannot provide feedback, it is concerning if the amplitude 
drops below 1 mA. 

■ To localize the nerves, withdraw the needle from the skin 
to redirect the needle in an anteroposterior plane. In a 


larger leg, judging the depth of the needle may be 
difficult, but the tibial division typically is 0.5 to 1 cm 
latéral to the midline and 1.5 to 2 cm posterior to the 
fémur. 

■ When the needle is in the proper location, turn the 
stimulator back up to 3 to 4 mA to elicit twitches and, 
after négative aspiration for blood, inject 20 mL of anes- 
thetic. Anesthésia is adéquate when the contractions 
cease. 

■ Disconnect the stimulator and remove the needle. 

■ If saphenous nerve anesthésia is required, identify the 
tibial tubercle and sterilize the médial aspect of the knee 
with povidone-iodine. 

■ Insert the needle subdermally and inject the remaining 
10 mL while advancing the needle medially, creating a 
wheal around the saphenous nerve course. 

■ Remove the needle and rub the wheal to disperse the 
anesthetic (McLeod maneuver). 
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Latéral popliteal nerve block. SEE TECHNIQUE 80-5. 
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HALLUX VALGUS (BUNION) 

Hallux valgus (latéral déviation of the great toe) is not a single 
disorder, as the name implies, but a complex deformity of the 
first ray that frequently is accompanied by deformity and 
symptoms in the lesser toes. Offen the angle between the first 
and second metatarsals is more than the 8 to 9 degrees usually 
considered to be the upper limits of normal. The valgus angle 
of the first metatarsophalangeal joint also is more than the 15 
to 20 degrees considered to be the upper limits of normal 
(Fig. 81-1). If the valgus angle of the first metatarsophalangeal 
joint exceeds 30 to 35 degrees, pronation of the great toe 
usually results. With this abnormal rotation, the abductor 
hallucis, which is normally plantar to the flexion-extension 
axis of the first metatarsophalangeal joint, moves farther 
plantarward (Fig. 81-2). In this case, the only restraining 
médial structure is the médial capsular ligament with its 
capsulosesamoid portion (inserting into the base of the 
proximal phalanx) and capsulophalangeal portion (inserting 
into the plantar plate). The adductor hallucis, which is unop- 
posed by the abductor hallucis, pulls the great toe farther into 
valgus, stretching the médial capsular ligament (particularly 
the capsulosesamoid), attenuating this structure, and allow- 
ing the metatarsal head to driff medially from the sesamoids. 
In addition, the flexor hallucis brevis, flexor hallucis longus, 
adductor hallucis, and extensor hallucis longus increase the 
valgus moment at the metatarsophalangeal joint, further 
deforming the first ray. The deep transverse intermetatarsal 
ligament runs between the plantar plates at the metatarsopha¬ 
langeal joints and does not insert into bone on the adjacent 


sides of the metatarsal heads. Finally, the sesamoid ridge on 
the plantar surface of the first metatarsal head (the crista) 
flattens because of pressure (abutment) from the tibial sesa¬ 
moid (Fig. 81-3). With this restraint lost, the fibular sesamoid 
displaces partially or completely into the first intermetatarsal 
space (see Fig. 81-1). In this situation, the patient is bearing 
less weight on the first ray and more on the lesser metatarsal 
heads, increasing the likelihood of transfer metatarsalgia, 
callosities, and stress fracture of a lesser metatarsal. 

Two other anatomie variants involving the articular 
surface of the first metatarsophalangeal joint can lead to 
hallux valgus. In the first variant, the articular surface of the 
metatarsal head is offset, resembling a scoop of ice cream 
sitting at an angle on a cône (Fig. 81-4). This has been 
described as the distal metatarsal articular angle (Fig. 81-5). 
In the second, the articular angle of the base of the proximal 
phalanx in relation to its longitudinal axis is offset. This has 
been described as the phalangeal articular angle (Fig. 81-6). 
Although the normal range of these angles is generally con¬ 
sidered to be 7 to 10 degrees for the phalangeal articular angle 
and 10 to 15 degrees for the distal metatarsal articular angle, 
exact measurements are difficult to reproduce because of the 
variability of radiographie and measurement techniques (Fig. 
81-6). Increasing evidence indicates, however, that the failure 
to correct these two deformities, especially the distal meta¬ 
tarsal articular angle, can cause unsatisfactory results after 
surgery in s orne patients. Forceful straightening of the hallux 
should be avoided if it sacrifices a congruent metatarsopha¬ 
langeal articulation; phalangeal osteotomy or distal metatarsal 
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Hallux valgus complex. Note increase in inter- 
metatarsal angle, latéral dislocation of sesamoids, subluxation of 
first metatarsophalangeal joint (leaving metatarsal head uncov- 
ered), and pronation of great toe associated with marked hallux 
valgus. 



AdH 

FHBM FHBL 


Médial 


Latéral 



FHBM 




Pronation of hallux. A, Normal. B, Note plantar 
shift of abductor hallucis and latéral shift of sesamoids with 
associated intrinsic muscles of hallux. AbH, Abductor hallucis; 
AdH, adductor hallucis; EHB, extensor hallucis brevis; FHBL, flexor 
hallucis brevis latéral; FHBM, flexor hallucis brevis médial. (Redrawn 
from Miller J: Acquired hallux varus a preventable and correctable dis- 
order, J Bone Joint Surg 57A:183, 1975.) 


Abductor 

hallucis 

Intersesamoid 

ligament 


Plantar plate 


Crista 


Médial head— 
flexor hallucis 
brevis 



Latéral head— 
flexor hallucis 
brevis 

Oblique head— 
adductor hallucis 

Transverse head- 
adductor hallucis 


— Deep transverse 
metatarsal 
ligament 


Groove for 
sesamoid 



A, Plantar surface of first metatarsal head. Entire sesamoid sling with attached intrinsic musculature has been rotated 
distally off metatarsal head to présent schematically relationships of muscle, tendon, capsule, ligaments, and articular configuration of 
first metatarsophalangeal joint. B, As metatarsal head moves medially, sesamoid sling apparatus becomes valgus deforming force, and 
metatarsal rotâtes (prônâtes) on its longitudinal axis. Intrinsic and extrinsic muscle balance is lost, and deformity increases. (A after 
Beverly Kessler; courtesy of LTI Medica and The Upjohn Company.) 
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A, Note valgus orientation of articular surface of first metatarsal head. B f After proximal metatarsal osteotomy on 
right foot. Sesamoid sling remains dislocated, articular surface of metatarsal head maintains valgus posture, and joint is congruous in 
valgus. Double osteotomy of first metatarsal (proximally for varus correction and distally for valgus correction of articular surface) and 
soft-tissue realignment are necessary. Alternatively, arthrodesis of first metatarsophalangeal joint or distal metatarsal osteotomy 
(chevron) can be performed. Without anatomie réduction of sesamoid sling apparatus, distal metatarsal osteotomy would fail. 



A, Détermination of position of articular surface of metatarsal head in relation to longitudinal axis of first metatarsal. 
B f Measurement of distal metatarsal articular angle at time of surgery. Markings are at médial and latéral margins of articular surface 
of first metatarsal head and longitudinal axis of first metatarsal shaft. 


osteotomy, rather than tightening of the médial capsular 
repair, should be used for further correction. 

The valgus posture of the great toe frequently causes a 
hammer toe-like deformity of the second toe (Fig. 81-7). In 
addition, the splaying of the forefoot makes the wearing of 
shoes more difficult; with shoes that hâve a narrow toe box, 
corns offen develop, as does bursal hypertrophy over the 
médial eminence of the first metatarsal head (bunion). With 
valgus subluxation of the first metatarsophalangeal joint, 
osteoarthritis frequently develops. In this case, the entire 


spectrum of hallux valgus is présent: varus deformity of the 
first metatarsal, valgus of the great toe, bunion formation, 
arthritis of the first metatarsophalangeal joint, hammer toe of 
one or more toes, corns, calluses, and metatarsalgia. The 
entire forefoot must be evaluated for these multiple compo- 
nents of hallux valgus before surgical planning is complété 
and recommendations can be made to the patient. 

The controversy continues over which deformity is the 
essential lésion in hallux valgus: metatarsus primus varus or 
latéral déviation of the great toe. Each is incriminated as the 
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FIGURE 


Proximal phalangeal articular angle. 



Hammer toe deformity. Note severe crossover- 
toe deformity of second toe associated with severe hallux valgus. 
Primary complaint frequently is not severe hallux valgus defor¬ 
mity but pain beneath second metatarsal head. 


cause of the other. The strongest data probably support latéral 
déviation of the great toe as the primary deformity in most 
patients, followed by médial angulation of the first metatarsal, 
but metatarsus primus varus may be the principal cause in 
adolescents. Further controversy surrounds the rôle of foot- 
wear as the prime offender in the development of hallux 
valgus. Most orthopaedic surgeons hâve seen unilatéral hallux 
valgus when both feet are clinically and radiographically the 
same structurally except that one foot has a bunion deformity 
and the other foot is normal. Evidence supports that hallux 
valgus may be familial, especially when it occurs in adoles¬ 
cents. Although no study of shod and unshod societies has 


implicated inappropriate footwear as the sole cause of hallux 
valgus, affer genetic factors and binding, unphysiologically 
designed footwear probably is the major cause in modem 
societies. 

Hypermobility of the first ray also has been suggested as 
a causative factor in the development of hallux valgus and 
first metatarsal varus, but this is controversial. Dietz et al. 
reviewed pedobarographic studies, clinical examinations, and 
standard weight-bearing radiographs in patients with hallux 
valgus, correlating the findings with radiokinematic first 
ray instability in the sagittal plane. Their analysis showed 
an association between a wide intermetatarsal angle and 
increased maximal dorsiflexion of the first ray during walking. 
They noted that first tarsometatarsal joint instability increased 
the maximum transfer of force to the central forefoot, which 
increases the risk of metatarsalgia. 

Finally, anatomie and structural abnormalities almost 
certainly play a causative rôle in hallux valgus. Pronated 
flatfeet, abnormal insertion of the posterior tibial tendon, 
increased obliquity of the first metatarsomedial-cuneiform 
joint, an abnormally long first ray, incongruous articular 
surfaces of the first metatarsophalangeal joint, and excessive 
valgus tilt of the articular surface of the first metatarsal head 
and proximal phalangeal articular surface may contribute 
alone or in combination to the deformity and influence the 
recommended treatment. Hypertrophy of the médial emi- 
nence has been described as a component of hallux valgus 
deformity since the earliest reports; however, more recent 
investigations hâve found that bony prolifération is not a 
component of the pathoanatomy of hallux valgus and that the 
prominence of the médial eminence results from the combi¬ 
nation of metatarsus primus varus and médial déviation that 
uncovers the articular surface. 

With more than 130 operations recommended for the 
treatment of hallux valgus, it is practical to describe only a 
few. Although Spiers made the following observation in 1920, 
most procedures to correct hallux valgus still use one or more 
of the components he described: 

An operative attempt to relieve the pain and disability 
accompanying hallux valgus is far from a new procedure. 

Removal of the exostosis, dissection of the bursa, tenotomy and 
transplantation of the tendons, removal of the sesamoids, partial 
and complété removal of the head of the first metatarsal, and 
removal of the proximal end of the proximal phalanx, together 
with numerous combinations of the foregoing, hâve ail been 
advocated and practiced. 

This chapter présents in detail the soff-tissue proce¬ 
dures, bony procedures, and procedures combining soff- 
tissue and bony correction that hâve endured the clinical 
test of adéquate numbers of patients, lengthy and detailed 
review, and reports by multiple observers using essentially 
the same techniques. Different groups of procedures are 
successful for different surgeons, and none of the following 
treatment recommendations is meant to be the conclusive 
opinion on “bunion surgery.” Surgeons should be techni- 
cally comfortable with several different procedures for the 
correction of hallux valgus, including one or more bony, 
soff-tissue, or combined procedures. Mann described an 
excellent algorithm for selecting the appropriate operative 
procedure in the treatment of hallux valgus and hallux 
rigidus (Box 81-1). 
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Treatment of Hallux Valgus and Hallux Rigidus 


Hallux Valgus < 25 Degrees 

Congruent Joint 
Chevron osteotomy 
Mitchell osteotomy 
Incongruent Joint 

Distal soft-tissue realignment (subluxation) 

Chevron osteotomy 
Mitchell osteotomy 

Hallux Valgus 25-40 Degrees 

Congruent Joint 

Chevron osteotomy with Akin procedure 
Mitchell osteotomy 
Incongruent joint 

Distal soft-tissue realignment with proximal osteotomy 
Mitchell osteotomy 

Severe Hallux Valgus > 40 Degrees 

Congruent Joint 
Double osteotomy 
Akin and chevron osteotomy 
Akin and first metatarsal osteotomy 
Akin and first cuneiform opening wedge osteotomy 
Incongruent Joint 

Distal soft-tissue realignment with proximal osteotomy 
First metatarsal crescentic osteotomy 
First cuneiform opening wedge osteotomy 

Hypermobile First Metatarsocuneiform Joint 

Distal soft-tissue realignment and fusion first metatarsocu¬ 
neiform joint 

Modified from Mann RA: Decision making in bunion surgery, Instr Course Lect 
39:3,1990. 


PREOPERATIVE ASSESSMENT 
AND MANAGEMENT 

No procedure should be recommended until the entire foot, 
not just the first ray, is thoroughly examined clinically while 
the patient is standing, sitting, and lying supine and prone 
(if practical). Particular attention should be given to the 
remainder of the forefoot, and corns, calluses, warts, inter¬ 
digital neuromas, bunionettes, hammer toes, and claw toes 
should be identified. Although pain and deformity may be 
relieved affer correction of the hallux valgus, the resuit can 
be marred if symptoms in the lesser toes or the metatarsals 
remain. This should be explained carefully to the patient 
before surgery to avoid false expectations and disappoint- 
ment. Finally, the midfoot and hindfoot must be examined 
carefully before making treatment recommendations for 
forefoot surgery 

Initially, most patients can be treated nonoperatively with 
appropriate shoe modifications, exercises, and activity adjust- 
ments. Operative treatment of hallux valgus for cosmetic 
reasons alone is seldom indicated except in an adolescent with 
a significant progressive deformity Even the mildest symptoms 
in an adolescent often worsen, especially when there is a family 
history of hallux valgus. Correction of hallux valgus in adoles¬ 
cents can be difficult and often disappointing. 


Any procedure chosen must take into account the follow- 
ing physical examination components: 

1. Patient desires for activity and shoe requirements 

2. Morphology of the toe (i.e., a short, wide toe as opposed 
to a long, thin toe) 

3. Lesser toe deformities, especially varus or valgus of the 
second toe (quality-of-life measures are significantly 
worse with lesser toe deformity or metatarsalgia than 
with hallux valgus alone) 

4. Plantar callosities of the forefoot or tenderness under the 
lesser metatarsal heads 

5. Arch height 

6. Clinical pronation of the great toe 

7. Range of motion of the toe (the toe prônâtes as it is 
extended, an indication of intrinsic malalignment) 

8. Sensation about the toe, especially the dorsal médial 
hallucal nerve (terminal branch of the dorsal médial 
cutaneous nerve) 

9. Contracture of the gastrocsoleus complex 

10. Smoking status 

11. Patient weight 

12. Patient âge and sex (men and adolescents commonly hâve 
congruent joints) 

13. Generalized hypermobility (Fig. 81-8) 

The following radiographie parameters should be taken 
into account: 

1. Valgus déviation of the great toe (hallux valgus) 

2. Varus déviation of the first metatarsal 

3. Pronation of the hallux or first metatarsal, or both 

4. Hallux valgus interphalangeus 

5. Arthritis and limitation of motion of the first metatarso- 
phalangeal joint 

6. Length of the first metatarsal relative to lesser 
metatarsals 

7. Excessive mobility or obliquity of the first metatarso- 
medial cuneiform joint 

8. The médial eminence (bunion) 

9. The location of the sesamoid apparatus 

10. Intrinsic and extrinsic muscle-tendon balance and 
synchrony 

11. Presence of metatarsus adductus 

12. Width of the first metatarsal (wider metatarsal in the 
presence of the same intermetatarsal angle will allow 
greater latéral translation of a distal osteotomy) 

13. Deformity of the lesser toes 

Inadéquate vascularity or sensibility should be investi- 
gated thoroughly before bunion surgery is considered. In 
addition, the position of the articular surface of the metatarsal 
head in relation to the longitudinal axis of the first metatarsal 
should be determined (see Fig. 81-5). 

Standard preoperative radiographs should include stand¬ 
ing dorsoplantar and latéral views, a nonstanding latéral 
oblique view, and axial sesamoid views. Some authors hâve 
found a discrepancy between anteroposterior and axial views 
in determining the tibial sesamoid position, especially in 
sesamoid positions 4 and 5 of the Hardy and Clapham 
scale. We believe that an axial sesamoid view helps to déter¬ 
mine the extent of intrinsic malalignment, especially if the 
tibial sesamoid is in position 4 or 5 on an anteroposterior 
view. The hallux valgus angle and the first-second intermeta¬ 
tarsal angle should first be drawn on the standing dorsoplantar 
view by bisecting the shaffs of the bones (Fig. 81-9), with an 
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Beighton score. An answer of yes to two or more indicates hypermobility. A f 1 point if while forward bending and 
legs straight palms can be placed on ground. B f 1 point for each elbow that can bend backward. C f 1 point for each knee that can 
bend backward. D f 1 point for each thumb that can touch the forearm when forward bending. E f 1 point for each finger that can bend 
more than 90 degrees backward. 



Method of measuring hallux valgus angle and intermetatarsal angle. A f Center points are connected; if lines are 
extended, angles are defined. Most current PACS hâve functions that détermine angles. B and C f Center-head technique of intermeta¬ 
tarsal angle measurement versus preoperative shaft measurement technique. 
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awareness of the normal ranges. These angles are most fre- 
quently cited as guidelines for treatment decisions, but Don- 
nelly et al. reported that interobserver measurements of the 
hallux valgus angle varied by approximately 6 degrees and 
those of the intermetatarsal angle by 4 degrees. They cau- 
tioned that potential errors in measurement should be con- 
sidered when these parameters are used to make treatment 
decisions. The hallux valgus interphalangeus angle and any 
evidence of degenerative arthritic changes at the first meta- 
tarsophalangeal or metatarsocuneiform joints should be 
documented. Oddities may be présent and, if overlooked, 
may compromise a technically well-done procedure. The 
presence of an os intermetatarseum between the bases of the 
first and second metatarsals might preclude the effectiveness 
of a soff-tissue procedure alone to provide sufficient correc¬ 
tion of the increased intermetatarsal angle. Likewise, acces- 
sory sesamoids and prominent ungual tuberosities at the 
interphalangeal joint contribute to a painful callus at the tibial 
side of this joint. An os tibiale externum frequently is associ- 
ated with excessive hallux valgus interphalangeus. Varus of 
the first metatarsal might be a significant part of the overall 
deformity of the foot even with an intermetatarsal angle of 
less than 10 degrees. Metatarsus varus with a relatively small 
hallux valgus angle (15 to 20 degrees) may produce significant 
deformity even though the angles are not excessive. 

The usefulness of computer-assisted compared with 
manual measurement of the intermetatarsal angle, hallux 
valgus angle, and distal metatarsal articular angle is still 
uncertain. Both methods hâve doser interobserver and 
intraobserver corrélation in measurement of the intermeta¬ 
tarsal angle and hallux valgus angle than in measurement of 
the distal metatarsal articular angle. The reliability of either 
method has such a wide range (5 degrees). Measurements of 
these angles, although useful as a guide, do not provide a 
completely reliable indication of the magnitude of deformity. 
Schneider et al. reported two methods of determining angular 
measurements based on distinctly different reference points: 
(1) a longitudinal axis of the first metatarsal using middiaphy- 
seal reference points and (2) a center-head technique using a 
center head (center of the articular surface) and center base 
(center of the proximal diaphysis) as reference points. They 
found that measured correction of the hallux valgus and 
intermetatarsal angles varied by approximately 9 degrees 
depending on which reference points were used. Recom¬ 
mendations of Coughlin, Saltzman, and Nunley (American 
Orthopaedic Foot and Ankle Society Ad Hoc Committee on 
Angular Measurements) included standardized radiographie 
technique, spécifie placement of reference points, use of a 
protractor rather than a goniometer for measurements, and, 
after distal ostéotomies, dual measurements using a center- 
head technique and a Mose sphere. More recently, Farber 
et al. determined that the use of a computer-assisted angle 
measurement on digital radiographs provided more reliable 
results than use of a goniometer and plain films: interobserver 
and intraobserver agreement improved from 66% to 80% 
(Box 81-2). 

It seems convincing that correction of the sesamoid posi¬ 
tion in hallux valgus surgery occurs by placing the metatarsal 
head over the sesamoid rather than by reducing the sesamoids 
by pulling them under the metatarsal head. A study by Huang 
et al. of 165 patients with hallux valgus treated with recon¬ 
struction found that sesamoid correction correlated with first 



Observations on Weight-Bearing 
Anteroposterior Views 


Varus of first metatarsal (normal intermetatarsal angle is < 9 
degrees) 

Severity of valgus of hallux (normal hallux valgus angle is < 
15 degrees) 

Congruity or incongruity of first metatarsophalangeal joint 
(hallux valgus deformity can exist even in a congruous 
joint) 

Length of first metatarsal relative to second (is second 
metatarsal > 6 to 7 mm longer than first?) 

Subluxation of sesamoid bones (if présent, to what extent?) 

Well-developed facet between first and second metatarsals, 
suggesting difficulty displacing first metatarsal laterally at 
first metatarsocuneiform joint 

Sloping of first metatarsocuneiform articulation laterally to 
medially at a severe angle 

Degenerative arthritic changes at interphalangeal, metatar¬ 
sophalangeal, or metatarsocuneiform articulations 

Hallux valgus interphalangeus of < 10 degrees in neutral 
flexion and extension of interphalangeal joint 

Excessive distal metatarsal articular angle (normal distal 
metatarsal angle is < 15 degrees) 

Convex médial bowing of proximal phalanx 


to second intermetatarsal correction. Their results did not 
support the concept that médial plication pulls the sesamoids 
under the first metatarsal. 

SOFT-TISSUE PROCEDURES 

The usual candidate for soft-tissue correction of the hallux 
valgus complex is a 30- to 50-year-old woman with clinical 
symptoms and a valgus angle at the metatarsophalangeal joint 
of 15 to 25 degrees, an intermetatarsal angle of less than 13 
degrees, valgus of the interphalangeal joint of less than 15 
degrees, no degenerative changes at the metatarsophalangeal 
joint, and a history of conservative management failure. The 
modified McBride procedure is basically a combination of the 
procedures described by Silver in 1923 and McBride in 1928 
and later modified by DuVries and popularized by Mann. The 
results of this procedure are successful in properly selected 
patients (Fig. 81-10). Stress view radiographs can help déter¬ 
mine which patients can be treated with a modified McBride 
procedure. “Booking open” of the médial side of the metatar¬ 
socuneiform joint on stress views may indicate incongruous 
motion, latéral impingement, and loss of bony support and 
the médial capsule acting as a spring on stretch. Osteotomy 
usually is indicated in patients with this médial wedged 
opening of the joint. If a firm forefoot wrap reduces the 
intermetatarsal angle to a normal value and decreases 
the hallux valgus angle, however, while congruously rotating 
the base of the first metatarsal on the médial cuneiform 
without levering the joint open medially, the McBride proce¬ 
dure can correct the deformity. Correction is improved by 
excision of the fibular (latéral) sesamoid because the adductor 
hallucis and latéral head of the flexor hallucis brevis are 
released, markedly reducing the valgus moment at the first 
metatarsophalangeal joint. In addition, the pull of the fibular 
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JjJ Hallux valgus treated by modified McBride procedure. A f Preoperative deformity in 30-year-old patient. B f Correction 
obtained at surgery. C f Preoperative and postoperative radiographs (note fibular sesamoid was not removed). More deformity can 
becorrected by fibular sesamoidectomy, but overcorrection (hallux varus) is a risk. If fibular sesamoid is excised, médial capsule should 
be closed while holding hallux in 5 to 10 degrees valgus and kept in that position until capsular healing. 
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sesamoid on the flexor hallucis longus through its tendon 
sheath and pulley System is prevented, reducing another 
important valgus-producing force on the hallux at the meta- 
tarsophalangeal joint. If the fibular sesamoid is excised, the 
médial capsule should be repaired with the hallux held in 10 
to 15 degrees of valgus. This position must be maintained by 
a postoperative dressing for 3 or 4 weeks. 


MODIFIED MCBRIDE BUNIONECTOMY 


TECHNIQUE 81-1 


ANESTHESIA 

■ For a mild or moderate deformity, a régional anesthetic 
can be used. For severe deformity, the patient should be 
placed under general anesthésia with a supplémentai 
block given. 

TOURNIQUET 

■ For a mild or moderate deformity, an ankle tourniquet 
can be used; however, it should be released before final 
closure of the capsule because the tension on the long 
flexor and extensor to the toe limit the assessment of the 
final position of the toe. For severe deformity, we advise 
using a thigh tourniquet so that intraoperative decision 
making and technique are not influenced by the ankle 
tourniquet producing contracture of the flexor hallucis 
longus or extensor hallucis longus. 

SKIN AND CAPSULAR INCISION 

■ With the patient supine and a tourniquet on the limb, 
extend a midline, straight, médial incision from the middle 
of the proximal phalanx to 2 cm proximal to the junction 
of the médial eminence with the metatarsal shaft (Fig. 
81-11). This incision usually is in an internervous plane 
between the most médial branches of the superficial 
peroneal nerve dorsally and the médial proper digital 
branch of the médial plantar nerve plantarward. (McBride 
recommended a single incision beginning at the first web 
space and extending proximally and medially across the 
metatarsal, ending on the médial side of the first meta¬ 
tarsal proximal to the exostosis.) 

■ Mobilize the skin 2 to 3 mm dorsally and plantarward to 
ensure that no sensory nerve would be injured by the 
capsular incision. 

■ Coagulate the superficial veins as encountered to mini- 
mize postoperative bleeding. 



Modified McBride procedure: first incision. 
Dotted line dénotés dorsally curved incision; solid line indicates 
preferred incision (internervous plane). SEE TECHNIQUE 81-1. 


■ Use délicate, two-tooth retractors and 1.5-mm forceps in 
this initial dissection to avoid unnecessary skin trauma. 

■ Make a longitudinal capsular incision (the original McBride 
capsular incision was transverse) 3 to 4 mm plantar to the 
line of the skin incision (Fig. 81-12). 

■ By sharp dissection, raise the periosteum and the capsule 
dorsally and plantarward from the base of the proximal 
phalanx to the proximal edge of the médial eminence 
(Fig. 81 -1 3). At the proximal end of the médial eminence, 
avoid releasing the proximal bony attachments of the 
médial capsule on the metatarsal neck (especially in the 
dorsal direction) in an attempt to expose the médial 
eminence. To ensure adéquate exposure without disrup- 
tion of this proximal attachment, a longitudinal capsular 
incision is suggested. 

■ Elevate the capsule by sharp dissection dorsalward and 
plantarward to expose the dorsal aspect of the metatarsal 
head, the entire médial eminence, and the plantar plate. 
A periosteal elevator is not recommended because of the 
possibility that the proximal attachments of the capsule 
may be released. 

L-SHAPED CAPSULAR INCISION 

■ Alternative^, a capsular incision in an inverted-L shape 
can be made (Fig. 81-14A). 



Modified McBride procedure. Longitudinal 
capsular incision is 3 to 4 mm plantar to skin incision. SEE TECH¬ 


NIQUE 81-1. 



Modified McBride procedure, 
opened, and attachment of capsule on metatarsal 
is carefully preserved. SEE TECHNIQUE 81-1. 


Capsule is 
neck (arrow) 
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Inverted-L capsulotomy. A f Skin incision. B f Most médial branch of superficial peroneal nerve. C f Limits of capsulotomy 
with medial-based wedge. D f Capsule raised to expose articular surface of metatarsal head for assessment of orientation on metatarsal 
head. E f Closure of L-shaped capsulotomy holding first metatarsophalangeal joint reduced. SEE TECHNIQUE 81-1. 


■ Make an incision (Fig. 81-14A) and raise the dorsal flap 
deep to the nerve and veins until the accessory slip of the 
extensor hallucis longus tendon is seen in the proximal 
portion of the incision where it is easier to identify (Fig. 
81-14B). The tendon almost always can be located with 
careful searching. If it is not seen at the dorsomedial 
aspect of the first metatarsal, however, begin the longi¬ 
tudinal limb of the incision at this slope of the metatarsal 
from dorsal to médial. 

■ Begin the incision proximally on the dorsomedial side of 
the first metatarsal shaft and 2 to 3 mm médial to the 
accessory slip of the extensor hallucis longus tendon. 
Carry the incision to the bone at the level of the first 
metatarsal joint, extending proximally 4 to 6 cm (Fig. 
81-14C). 

■ Make the transverse limb of the capsular incision at the 
level of the joint, stopping 2 to 3 mm from the tibial 


sesamoid bone; this limb transects the capsular insertion 
of the abductor hallucis muscle (see Fig. 81-14C). 

■ Beginning on the plantar aspect of the incision, remove 
the capsule from the médial eminence from the 
inside out. Avoid buttonholing the capsule at the junc- 
tion of the médial eminence and the metatarsal by 
directing the small-bladed knife down the slope of the 
eminence. 

■ Free the capsule subperiosteally on its dorsomedial surface 
and retract it proximally and plantarward (Fig. 81-14D). 

■ Insert one small Hohmann retractor over the dorsolateral 
surface of the metatarsal head and another beneath the 
head at the head and neck junction, while distracting and 
plantarflexing the hallux to expose the articular surface 
of the metatarsal head for évaluation of its condition and 
orientation. Reduce the hallux congruently on the meta¬ 
tarsal head. 
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Modified McBride procedure. Médial eminence 
is removed. SEE TECHNIQUE 81-1. 


■ If the hallux is in more than 15 degrees of valgus after 
réduction, a distal metatarsal osteotomy is needed. 

MEDIAL EMINENCE REMOVAL 

■ After inspecting the metatarsophalangeal joint for degen- 
erative changes, loose bodies, or synovial abnormalities, 
remove the médial eminence by first scoring with an 
osteotome its proximal edge where the eminence meets 
the shaft. Always consult the preoperative radiographs to 
détermine how much of the médial eminence should be 
removed. 

■ Using the same osteotome or a power saw, begin the 
exostectomy distally at the parasagittal groove and direct 
it medially toward the scored area on the metatarsal shaft 
(Fig. 81-1 5). If a power saw is used, a 9-mm blade, rather 
than a 4- to 5-mm blade, is preferred. The médial direc¬ 
tion of the osteotomy prevents splitting of the metatarsal 
shaft, especially if the proximal edge of the osteotomy 
has been scored as recommended. 

■ After the médial eminence has been removed, use a small 
rongeur to round off the dorsal and plantar edges of the 
médial aspect of the metatarsal head. Rasping the raw 
bone concludes the initial stage of the procedure. Use 
bone wax on the raw surfaces of bone of the metatarsal 
head. 

ADDUCTOR TENDON AND LATERAL 
CAPSULAR RELEASE 

■ Begin the second stage with a dorsal longitudinal incision 
beginning 2 to 3 mm proximal to the dorsal aspect of the 
first web space to avoid web contracture postoperatively; 
extend it proximally between the first and second meta¬ 
tarsal heads for 3 to 4 cm (Fig. 81-16). This allows adé¬ 
quat e exposure of the adductor insertion into the base of 
the proximal phalanx, the latéral head of the flexor hal- 
lucis brevis muscle converging on the fibular sesamoid, 
and the entire latéral capsule from the extensor hallucis 
longus muscle to the plantar plate. 

■ Délicate retraction of the skin exposes the dorsal 
digital branches of the veins, which should be cauterized 
if they obscure the deeper dissection. The terminal 
branches of the first dorsal intermetatarsal artery may be 
encountered at a location adjacent to the proper digital 



Modified McBride procedure: second incision. 
Deep peroneal nerve branch to first web space is avoided, and 
terminal portion of first dorsal intermetatarsal artery is exposed. 

SEE TECHNIQUE 81-1. 


branches of the deep peroneal nerve to the first web 
space. 

■ The main portion of the adductor tendon inserts into the 
base of the proximal phalanx just plantar to the longitu¬ 
dinal axis of the phalanx. It also has a smaller insertion, 
along with the latéral head of the flexor hallucis brevis 
muscle, into the fibular sesamoid. The simplest technique 
to identify the insertion of the adductor hallucis tendon 
is to place a small, pointed, curved hemostat on the 
dorsolateral base of the proximal phalanx, slide it firmly 
plantarward, and lift the hemostat dorsally and laterally; 
the tip of the instrument usually rests in the axilla of the 
insertion of the adductor tendon (Fig. 81-17A). This is 
comparable to securing the iliopsoas tendon for tenotomy 
at the lesser trochanter. 

■ When the primary insertion is released, grasp the tendon 
with forceps or a hemostat and, with traction, displace it 
dorsally and laterally toward the second metatarsal so 
that further dissection is on the médial side of the adduc¬ 
tor, or push the sesamoid sling laterally through the previ- 
ously placed médial incision to aid exposure. 

■ While spreading the first and second metatarsal heads 
with a small Inge retractor, heavy-duty two-tooth retrac- 
tors, or a Weitlaner retractor, hold the adductor tendon 
under tension, which facilitâtes exposure. The latéral 
head of the flexor hallucis brevis muscle, the latéral border 
of the fibular sesamoid, and the slip of the adductor 
tendon (confluent with the latéral head of the flexor 
hallucis brevis muscle) corne into view in the depths of 
the wound. 

■ Ail attachments of the adductor into its conjoined inser¬ 
tion with the latéral head of the flexor hallucis brevis 
muscle into the fibular sesamoid must be severed; with 
traction on the adductor, it freely and independently 
moves without tethering the fibular sesamoid (Fig. 
81-17B). 

■ This deep transverse intermetatarsal ligament, which lies 
just plantar to the adductor, may be released by the 
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A 



B 



FIGURE 


Modifiée! MeBride procedure. A and B f Adductor hallucis is exposed and released (see text). SEE TECHNIQUE 81-1. 


incision along the latéral border of the sesamoid. If not, 
release this ligament, carefully preserving the neurovas- 
cular bundle immediately beneath it and incise the latéral 
capsule. Mann emphasized that release of the deep 
transverse metatarsal ligament endangers the neurovas- 
cular bundle to the first web space, which lies immediately 
beneath this ligament. Sliding a small Freer elevator 
between this ligament and the neurovascular bundle 
would protect the latter structures. 

FIBULAR (LATERAL) SESAMOIDECTOMY: 

DORSAL APPROACH 

■ If after complété adductor hallucis release, and preferably 
after a latéral capsular release, a fibular sesamoidectomy 
is needed to correct the valgus deformity of the great toe 
fully, it should be done at this time. 

■ Adequately separate the first and second metatarsal 
heads for exposure. 

■ Plantarflex the metatarsophalangeal joint 10 to 20 
degrees, which reduces tension on the sesamoids. 

■ Grasp the fibular sesamoid with a small Kocher clamp or 
sturdy tissue forceps and pull it laterally into the inter- 
metatarsal space (Fig. 81-18). 

■ Release the intersesamoid ligament. When this ligament 
has been incised, bring the fibular sesamoid into the 
intermetatarsal space, where its removal is straightfor- 
ward. Care must be taken when incising the intersesamoid 
ligament to avoid severing the flexor hallucis longus 
tendon immediately plantar to it. If the tendon is severed, 
it probably should not be repaired at this level; loss of the 
tendon causes little if any functional impairment, and 
repair may resuit in a fixed flexion contracture of the 
interphalangeal joint. 

■ An alternative to fibular sesamoidectomy was recom- 
mended by Mauldin, Sanders, and Whitmer, who released 
part or ail of the flexor hallucis brevis latéral head at its 
insertion into the fibular sesamoid. This release of the 
sesamoid is needed only if fixed valgus remains after the 
adductor hallucis has been released, a latéral capsulotomy 
has been performed, and the fibular sesamoid has been 



Modified MeBride procedure. Fibular sesamoid 
is removed. SEE TECHNIQUE 81-1. 


mobilized. Also, in this situation, a metatarsal osteotomy 
may be needed, rather than a fibular sesamoidectomy. 
Performing both may cause hallux varus. 

MEDIAL CAPSULAR IMBRICATION AND 
WOUND CLOSURE 

■ With an assistant holding the metatarsophalangeal joint 
in a congruously reduced position in the varus-valgus and 
flexion-extension planes, imbricate the médial capsule in 
the following manner (Fig. 81-19). 

■ Using absorbable 3-0 or interrupted sutures, place the 
initial suture through the plantar flap of the capsule at a 
point 4 to 5 mm médial to the proximal médial border of 
the médial (tibial) sesamoid and in an outside-to-inside 
direction. 

■ Turn the needle on itself and pass it through the dorsal 
flap at the same level in an outside-to-inside direction. 
Immediately pass the suture back through the dorsal flap 
from inside out and finally through the plantar flap from 
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Modified McBride procedure. Médial capsule is 
imbricated, with plantar flap over dorsal flap. Inset, Cross section 
through metatarsal head. SEE TECHNIQUE 81-1. 



JjJ Hallux varus deformity after McBride bunionec- 
tomy and fibular sesamoidectomy through plantar incision. SEE 

TECHNIQUE 81-1. 


inside out (a swedged-on needle would suffice # but a 
small cutting needle is recommended). 

■ With the hallux held in the desired position, tie this 
suture, bringing the plantar flap over the dorsal flap and 
pulling the plantar-displaced abductor hallucis toward the 
midline of the longitudinal axis of the proximal phalanx 
and first metatarsal. 

■ Allow the toe to rest unassisted to judge its resting 
posture and the tension on the capsular repair. 

■ If the fibular sesamoid has been removed, do not imbri- 
cate the médial capsule to avoid pulling the tibial sesamoid 
médial to the metatarsal head (Fig. 81-20). If a large 



Dislocation of tibial sesamoid caused by over- 
tightening of médial capsule and too much latéral shift of capital 
fragment (left). Right foot has correct sesamoid position. SEE 

TECHNIQUE 81-1. 


médial eminence has persisted for many years with 
increased capsular reaction and redundancy, a portion of 
the dorsal flap may need to be excised before closure. 

■ It is impérative to avoid pulling the médial side of the 
tibial sesamoid médial to the articular surface of the first 
metatarsal head; do not uncover the tibial sesamoid 
(Fig. 81-21). 

■ If the resting posture of the hallux is acceptable, close the 
remaining portion of the capsule with interrupted 2-0 or 
3-0 absorbable sutures. 

CLOSURE OF THE INVERTED-L CAPSULOTOMY 

■ Begin the closure proximally using 3-0 sutures on a small 
swedged-on needle; bending the needle to increase the 
curve makes passage easier in a small wound (see Fig. 
81-14E). 

■ While an assistant applies tension distally on the free 
corner of the capsule, place the most proximal suture in 
the longitudinal limb of the capsular incision; place two 
or three sutures at 5-mm intervals. Do not place the 
corner suture. 

■ Begin to close the transverse limb of the incision at the 
médial plantar corner. 

■ Hold the hallux reduced on the metatarsal head while 
tying ail sutures. 

■ Unless the capsule is redundant, do not imbricate the 
médial capsule over the area of eminence removal. Close 
this portion of the transverse limb with side-to-side 
sutures and place the imbricating suture in the dorsome- 
dial corner of the capsulotomy. 

■ Begin this final suture distally on the transverse limb of 
the inverted L, passing the needle from the outside in. 

■ Reverse the needle and enter the capsular flap from the 
outside in on the transverse limb. 

■ Reverse the needle and reenter the capsular flap from the 
inside out on the longitudinal limb of the flap. 

■ Make the final pass of the needle from the inside out on 
the dorsal side of the longitudinal limb of the incision. 
Holding the joint in its reduced position, tie the suture. 
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■ If the joint réduction is congruent but the hallux is still in 
an unacceptable valgus position, metatarsal osteotomy 
should be considered. 

■ If the transverse limb of the capsular repair is too loose, 
allowing the hallux to slide into valgus, remove the 
midline médial suture in the transverse limb. While 
holding the hallux in the proper position, place the suture 
2 to 3 mm farther away from the incision or excise more 
capsule from the proximal portion. Take care in removing 
any extra capsule because removal of even a small portion 
results in a significant correction of capsular laxity and 
may cause varus of the hallux. 

■ At the conclusion of the procedure, the hallux should rest 
on the metatarsal head in about 5 degrees of valgus and 
10 degrees of extension. 

■ If an elastic wrap has been used as a tourniquet, remove 
it and hâve the patient flex and extend the toe (if a local 
anesthetic has been used) to assess function and congru¬ 
ence of the repositioned hallux. 

■ Lavage the wound, secure hemostasis, and close the skin 
with interrupted or simple mattress sutures. If simple 
sutures are used, ensure that the skin edges are not 
inverted or overlapped. If everted mattress sutures are 
used, do not evert the edges so much that they do not 
approximate evenly. 

POSTOPERATIVE CARE. A bulky compression dressing 
is applied to the forefoot, and the foot is placed in a 
position of maximal élévation for 48 to 72 hours. Bath- 
room privilèges only are allowed, and the patient must 
wear a wooden-soled shoe. Increased ambulation after 
72 hours is allowed as tolerated by the patient. The need 
for crutches or a walker varies, but assisted ambulation 
is not encouraged unless the patient is unsteady. 

At 3 weeks, if the wounds are healed, the sutures are 
removed and adhesive strips are applied if needed; leaving 
the sutures in longer has no untoward effect. Some type 
of immobilizer or toe spacer to hold the toe in proper 
alignment is used (Fig. 81-22). The wooden-soled shoe is 
used for 3 to 4 weeks, at which time a deep shoe with 
a wide toe box is recommended; a jogging shoe is suf- 
ficient; an extradepth orthopaedic shoe with a soft toe 
box also is permissible. The toe spacer is worn for 6 
weeks. At 12 to 14 weeks, a reasonably attractive shoe 
usually can be worn. The period of postoperative edema 
varies, however, and it may take 4 to 6 months before 
this type of shoe is tolerated. This is explained to the 
patient before surgery. 


DuVries and Mann made major modifications in the 
McBride bunionectomy, including the following: 

1. Reattach the adductor hallucis muscle to the periosteal 
cuff on the latéral aspect of the first metatarsal head. 

2. Suture the médial capsule of the second metatarsal head 
to the latéral capsule of the first metatarsal, with interpo¬ 
sition of the released adductor hallucis tendon. 

3. Perform a coronal or vertical médial capsulotomy begin- 
ning 2 to 3 mm proximal to the base of the proximal 
phalanx. This initial capsular incision is the most distal 
limb of a partial capsulectomy. The proximal incision is 



Toe spacer is worn for 6 weeks after surgery to 
maintain médial capsular stabilization. 


parallel to the first and 5 to 8 mm proximal to it. The two 
parallel incisions are joined by an inverted-V incision 
made dorsally with its apex ending 5 mm médial to the 
extensor hallucis longus tendon. The plantar V incision, 
joining the plantar ends of the parallel incisions, ends at 
the médial margin of the tibial sesamoid. The intervening 
capsule is removed and rarely exceeds 8 mm in width. 

4. Close the capsule while the hallux is held in a varus angle 
of 5 degrees. 

5. Weekly postoperative dressing changes for 6 to 8 weeks 
are emphasized, followed by use of a night splint that 
holds the hallux in position until the end of the third 
month (Fig. 81-23). 

The McBride procedure rarely is used alone (10% to 15% 
of patients) for hallux valgus correction. The decision is made 
intraoperatively by checking réduction of the intermetatarsal 
angle with manual latéral displacement of the first metatarsal. 
If the réduction is secure, no proximal metatarsal osteotomy 
is necessary; if it is not secure, proximal crescentic first 
metatarsal osteotomy is done in addition to the distal soff- 
tissue realignment. 

COMBINED SOFT-TISSUE AND 
BONY PROCEDURES 


KELLER RESECTION ARTHROPLASTY 

The Keller procedure combines resection hemiarthroplasty 
of the first metatarsophalangeal joint with removal of the * 
médial eminence of the first metatarsal (Fig. 81-24). 
Although removing the base of the proximal phalanx ê 
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A and B f Hallux valgus night splint to be worn for 6 to 8 weeks after dressing changes are completed. 



A, Anteroposterior radiograph of right foot of 
65-year-old patient shows mild-to-moderate deformity and mild 
degenerative changes at first metatarsophalangeal joint; patient 
had intraarticular and periarticular symptoms. B f Twelve years 
after Keller procedure with excision of fibular sesamoid; note 
correction of first metatarsal varus and maintenance of enough 
joint space to allow functional range of motion. 


décompresses the joint and mobilizes the hallux, allowing 
marked correction of valgus, the varus of the first metatar¬ 
sal is not corrected and therefore maintaining correction of 
the valgus of the hallux is difficult. Other complications of 
the Keller procedure hâve been emphasized in the literature 
to such an extent (with neither the incidence nor the sever- 
ity of such complications clearly documented) that the 


indications for this procedure hâve been limited severely. In 
our expérience, however, complications are uncommon if 
patients are selected carefully. Modifications in the original 
technique also hâve allowed expansion of the indications 
for the Keller bunionectomy. 

Candidates for the Keller procedure are generally over 
the physiologie âge of 70 years, hâve a more sedentary 
lifestyle, hâve a hallux valgus angle of over 30 degrees, 
hâve a moderate intermetatarsal angle (13 to 16 degrees), 
and often hâve mild to moderate arthritis of the first 
metatarsophalangeal joint. An incongruous first metatar¬ 
sophalangeal joint caused by latéral subluxation of the 
phalanx on the metatarsal head, severe latéral displace¬ 
ment of the sesamoids, and any evidence of degenerative 
cartilage changes in the joint ail are radiographie indica¬ 
tions for the Keller procedure. 

Two modifications in technique can expand these 
indications, however, to include patients with more severe 
deformities (Fig. 81-25) (but not to include younger 
patients): fibular sesamoidectomy and latéral displacement 
of the first metatarsal. Patients with 50 degrees or more of 
valgus of the hallux (18 to 20 degrees of varus of the first 
metatarsal), complété latéral dislocation of the sesamoids, 
marked degenerative changes, and severe pronation of the 
hallux may benefit functionally and cosmetically from 
alterations of the standard technique. 

Whether the Keller resection arthroplasty is useful in 
patients with hallux valgus and hallux rigidus is still unde- 
termined. Putti et al., in a rétrospective review of 32 
patients, reported excellent and good subjective results in 
39% and 37% of patients, respectively. They did hâve a 
significant number of complications; however, these did 
not affect the final resuit. Their study suggests a rôle for 
Keller arthroplasty in patients with hallux valgus and hallux 
rigidus. 
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Severe hallux valgus with bursa 
photographs of patient's right foot. C f Correction 
weight-bearing radiographs of same patient. 


formation in 70-year-old woman. A and B f Anteroposterior and latéral clinical 
of deformity by modified Keller procedure. D f Preoperative and postoperative 


TECHNIQUE 81-2 


■ If pedal puises are good, use an Esmarch wrap tourni¬ 
quet (see Technique 81-1 for tourniquet use and 
anesthetic). 

■ Use 1% lidocaine (Xylocaine) and 0.5% bupivacaine 
(Marcaine) in equal portions within standard dose limits 
for the forefoot block. 

■ Make a straight midline médial incision 1 cm proximal to 
the interphalangeal joint of the hallux and extend it 
proximally to the junction of the distal and middle thirds 
of the first metatarsal. This lengthy incision is made to 
avoid excessive traction tension on the skin. 


■ By blunt dissection, locate the most médial branch of the 
superficial peroneal nerve at the proximal-dorsal edge of 
the médial eminence and retract it for protection. 

■ Carry the dissection to the first metatarsal in the midline 
medially, beginning in the proximal limit of the wound 
and extending distally across the midline of the médial 
eminence and along the proximal phalanx to the distal 
extent of the wound. 

■ Raise the deep flap of tissue by sharp dissection dorsally, 
beginning at the junction of the médial eminence and 
shaft of the first metatarsal. 

■ Raise the periosteum and capsule dorsally up to one third 
to one half the width of the metatarsal. 
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9 " At the joint, continue the capsular élévation along the 
extensor hallucis brevis insertion until the proximal third 
of the proximal phalanx is exposed as far laterally as 
possible under direct vision. To make exposure easier, 
hâve an assistant pronate the hallux as the dissection 
proceeds laterally. Subperiosteal dissection should expose 
only the portion of the proximal phalanx that is to be 
removed. 

■ Plantarly dissect just enough to expose the plantar aspect 
of the médial eminence proximally, the tibial sesamoid in 
the center of the wound, and the plantar-medial corner 
of the proximal phalanx. 

■ Supinate the proximal phalanx to expose the plantar 
corner and proximal third of the shaft for the sharp dissec¬ 
tion. The proximal phalanx is round on three sides, but its 
plantar surface is fiat and even concave in the midline 
where the flexor hallucis longus tendon passes. This 
change in contour must be taken into account when dis- 
secting to avoid injury of the flexor hallucis longus tendon. 
■ By blunt dissection, identify the flexor hallucis longus 
tendon and retract it plantarward with a small right-angle 
retractor to protect it throughout the dissection of the 
proximal phalanx. 

■ Resect the médial eminence at the sagittal groove, begin- 
ning dorsally at its distal edge and directing a 9-mm 
oscillating blade (or osteotome) plantarward and slightly 
medially (5 to 10 degrees). 

■ Remove the base of the proximal phalanx at the 
metaphyseal-diaphyseal junction, which usually consti¬ 
tues the proximal third of the phalanx (Fig. 81-26A and 
B). To prevent damage to the flexor hallucis longus and 
the neurovascular bundles, place a retractor over the 
bone dorsally and plantarward and rotate the phalanx 
into view. Also, do not allow the saw blade to exit bone 
more than 1 to 2 mm. 

■ When the osteotomy has been completed, grasp the 
basilar fragment with a small Kocher clamp or towel clip 
and rotate the fragment while applying médial pull to 
excise it. Lift it away from its latéral attachments, which 
are primarily the latéral collateral ligaments and the 
adductor muscle tendinous insertion (Fig. 81-26C). 

■ With the ankle at 90 degrees, bring the hallux into a 
corrected position while manually pushing the first meta- 
tarsal as far laterally as possible. Evaluate the alignment, 
keeping the metatarsal and hallux straight. 

■ Grasp the hallux in one hand and displace the proximal 
remnant medially so that, under direct vision, two longi¬ 
tudinal 0.062-inch Kirschner wires can be inserted. 

■ Hold the interphalangeal joint straight while drilling the 
wires from proximal to distal, emerging a few millimeters 
plantar to the nail plate. 

■ Return the foot to the corrected position and drill the 
wires into the metatarsal head. 

■ While holding the metatarsal as far laterally as possible, 
cross the joint and drive the wires out the plantar cortex 
just proximal to the head, while holding the hallux in 10 
to 15 degrees of extension, neutral abduction, adduction, 
and rotation and with no translation dorsally or plantar¬ 
ward on the metatarsal head. The wires should penetrate 
only 2 to 3 mm past the cortex to avoid tenderness over 
the wires with weight bearing. 





Keller technique. A f Resection of proximal 
phalanx, release of adductor tendon, and resection of médial 
eminence. B f Metaphyseal-diaphyseal junction of proximal 
phalanx (arrow). C, Note concave plantar aspect of proximal 
phalanx for course of flexor hallucis longus tendon (arrow). SEE 
TECHNIQUE 81-2. 


■ If the Kirschner wires tend to "walk" on the rounded 
articular surface of the metatarsal head, use a small 
hemostat snugged up against the wire while it is being 
drilled to allow accurate placement. Proper placement of 
the wires and the desired position of the hallux on the 
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metatarsal may require several attempts. The médial 
aspect of the proximal phalanx should not rest médial to 
the médial aspect of the metatarsal head. 

■ Place the hallux in the neutral mediolateral plane and in 
10 degrees of extension. 

■ Before the second wire is driven into the first metatarsal 
head, place the hallux in proper rotation, using the plane 
of the nail as a guide. The initial length of the hallux is 
maintained by the wires. Later, collapse occurs when the 
wires are removed, but improved encapsulation of the 
hemiarthroplasty, by maintaining length for the first few 
weeks, may help maintain a more désirable position long 
term. 

■ Cut the wires 2 to 3 mm distal to the skin edge. 

■ Remove the tourniquet and secure hemostasis. 

■ Close the capsule with interrupted 2-0 or 3-0 absorbable 
sutures. A firm, complété capsular closure is impérative. 
A box stitch is recommended. Increasing the curve of the 
needle manually is helpful. 

■ Starting proximal and plantarward, pass the suture 
through the capsule from the outside in. 

■ The second pass of the suture is from the inside out 
through substantial soft tissue on the plantar-medial 
aspect of the phalangeal base. 

■ Reenter the soft tissue at the base of the proximal phalan¬ 
geal remnant dorsomedially for the third pass. Move the 
suture back and forth to ensure uninhibited excursion. 

■ Make the fourth pass from inside out through the dorsal 
capsule in line with the initial plantar capsular suture. 
Hâve an assistant grasp the ends of the capsule, pulling 
them together, while the tie is completed. This is basically 
a four-corner box stitch, which may leave a small area of 
capsule in the middle that cannot be approximated, but 
this is of no conséquence. 

■ Intersperse interrupted sutures as needed to complété a 
firm closure. 

■ Release the tourniquet and close the skin with nonab- 
sorbable 4-0 sutures. 

■Apply a compression forefoot dressing extending just 
distal to the tarsonavicular tuberosity so that only the 
toenails are exposed and no loose edges of gauze are 
raised above the dressing. A snug but nonconstricting, 
layered, contoured forefoot dressing is vital to reduce 
edema. 

■ Cover the tips of the wires with circular adhesive ban¬ 
dages or commercially available "pin balls." 

Several modifications of the Keller technique can 
expand the indications for its use with more severe 
deformities. 

REMOVAL OF THE FIBULAR SESAMOID 

■ When the médial eminence and phalangeal base hâve 
been excised, remove the fibular sesamoid. 

■ Place a sturdy two-toothed retractor beneath the meta¬ 
tarsal head and hâve an assistant lift it dorsally. 

■ Using a Freer elevator or a small osteotome for its 
strength, mobilize the fibular sesamoid (Fig. 81-27A to 
C). This may be difficult in elderly patients with significant 
deformity and adhérence of the sesamoid to the meta¬ 
tarsal head. Lift the metatarsal dorsally for exposure (Fig. 
81-27D and E). 


■ When the sesamoid is mobile, identify the flexor hallucis 
longus tendon by placing traction on the hallux and 
flexing and extending the interphalangeal joint of the 
hallux. The tendon is visible just distal to and in alignment 
with the sesamoids, which straddle it. 

■ Identify and expose the latéral neurovascular bundle just 
latéral to the tendon by blunt dissection. 

■ Pull the plantar-medial capsule medially. This requires a 
firm grasp on the capsule. The médial traction brings the 
intersesamoid "ligament" into better view. 

■ Incise the intersesamoid ligament longitudinally with a 
No. 67 Beaver or No. 15 Bard-Parker blade. If tenotomy 
scissors are used, place one arm of the scissors under 
the ligament (this arm rests on the dorsal side of the 
flexor hallucis longus) and the other arm dorsal to the 
ligament. 

■ When the intersesamoid ligament is incised, grasp the 
sesamoid firmly with forceps or a small Kocher clamp, flex 
the toe at the interphalangeal and metatarsophalangeal 
joints to relax the flexor hallucis longus tendon, and pull 
the fibular sesamoid distally and medially. 

■ With release of the intersesamoid ligament, the médial 
surface of the fibular sesamoid is free from soft tissue. 
Distally, the sesamoid is free because of resection of the 
base of the proximal phalanx. This leaves two sides of the 
sesamoid, distal and médial, free of soft tissue. 

■ While pulling the sesamoid distally and medially, use a 
small blade to incise along the latéral margin of the sesa¬ 
moid under direct vision. Keep pulling the head of the 
metatarsal dorsally and holding the hallux distracted and 
in flexion. This greatly aids in identification of the margins 
of the fibular sesamoid, particularly laterally and 
proxi ma lly. 

■ The most difficult part of the sesamoidectomy and that 
which should be done last is release of the proximal 
latéral corner of the sesamoid where the flexor hallucis 
brevis latéral head inserts. While incising the latéral cap¬ 
sular attachments to the sesamoid, do not bury the blade 
of the knife because the neurovascular bundle to the 
latéral side of the hallux is just latéral to the capsule. 

■ Now ail attachments to the fibular sesamoid hâve been 
removed except the latéral head of the flexor hallucis 
brevis, which inserts on the proximal latéral margin of the 
sesamoid. This is a difficult section to remove; however, 
this section can be released under direct vision by pulling 
the sesamoid distally and medially and lifting the meta¬ 
tarsal head dorsally with a strong two-toothed retractor. 

■ When the sesamoid has been removed, insert two 0.062- 
inch Kirschner wires rétrogradé from the tip of the toe 2 
to 3 mm plantar to the nail bed, leaving about 5 to 7 mm 
of the pins exposed at the base of the phalangeal remnant 
to help align the phalanx on the metatarsal before ante- 
grade passage of the pins into the metatarsal (Fig. 
81-27F). 

LATERAL DISPLACEMENT OF THE FIRST METATARSAL 

■ Push the metatarsal laterally several times. Occasionally, 
this does not move the metatarsal, but some latéral 
mobility usually is présent. 

■ While standing next to the patient looking distally at the 
dorsum of the foot, dorsiflex the ankle to neutral. 
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Latéral sesamoid 
excised 

Adductor hallucis 
(transverse head) 

Adductor hallucis 
(oblique head) 

Flexor hallucis 
brevis (latéral 
head) 




Excision of fibular sesamoid in modified Keller procedure. With base of proximal phalanx removed and médial 
eminence excision, exposure of fibular sesamoid is not as difficult from médial incision. A, Operative photograph showing élévation 
of first metatarsal with strong two-tooth retractor and use of small osteotome to mobilize fibular sesamoid and latéral capsuloliga- 
mentous (frequently contracted) structures. Osteotome is between metatarsal head and latéral sesamoid. When mobilization of fibular 
sesamoid is complété, entire sesamoid is visible for excision. Note chondromalacia of tibial sesamoid articular surface médial to 
osteotome. B, Fibular sesamoid has been excised, and latéral capsular structures and conjoined tendon (in forceps) hâve been released. 
Neurovascular bundle to latéral side of hallux is adjacent to these structures. C, Diagrammatic représentation of modified Keller pro¬ 
cedure. By excising fibular sesamoid, valgus moment of conjoined tendon of flexor hallucis brevis and adductor hallucis no longer pulls 
flexor hallucis longus tendon laterally (carrying hallux with it) through capsulosesamoid plantar plate and pulley System. D, Metatarsal 
head must be lifted dorsally to excise fibular sesamoid under direct vision. E, Note exposure of fibular sesamoid after mobilization of 
metatarsal head. 
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F f Two 0.062-inch Kirschner wires are drilled distally. G f First metatarsal head is manually displaced latérally # 
and hallux is placed end-on the first metatarsal. Kirschner wires are drilled proximally across joint. H, Capsule is mobilized dorsally and 
plantarward. I f 2-0 or 3-0 absorbable sutures placed in purse-string fashion are used for capsular closure. J, Capsule must be closed over 
joint. Note pins eut off at skin level; they also can be bent at skin level. SEE TECHNIQUE 81-2. 


9 "Viewing the foot as the patient would, hold the first 
metatarsal firmly and move its distal end laterally. Hold 
this position with one hand and use the other hand to 
place the hallux on the metatarsal head and out to length. 
■ While holding the first ray straight with the foot vertical, 
hâve an assistant insert the wires from distal to proximal 
(Fig. 81-27G). Often these wires, which run through the 


first metatarsal and hallux, hold the first ray straight, and 
most of this correction is maintained after the wires hâve 
been removed. 

■ Close the capsule with a purse-string suture as previously 
described in the original technique (Fig. 81-27H to J). 

■ Presumably, the laterally displaced fibular sesamoid, when 
pulled proximally by the latéral head of the relaxed flexor 
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Firm fibrous band connects fibular sesamoid to 
base of proximal phalanx. Traction on band pulled hallux into 
valgus. Removing fibular sesamoid and holding hallux straight for 
4 weeks improved results. SEE TECHNIQUE 81-2. 


hallucis brevis, pulls the flexor hallucis longus laterally 
through the sesamoid apparatus, which encases it and 
contributes to récurrent hallux valgus. In addition, while 
reoperating after a failed Keller procedure, we observed 
a strong, linear, fibrous attachment of the fibular sesa¬ 
moid to the proximal phalangeal remnant (Fig. 81-28), 
which pulled the hallux into valgus when tension was 
applied to it. For these reasons, when the deformity is 
severe, the hallux and first metatarsal maintain better 
alignment if excision of the fibular sesamoid and latéral 
displacement of the metatarsal are added to the 
procedure. 

See a/so Video 81-1. 

POSTOPERATIVE CARE. A firm-soled, postoperative 
shoe is worn, and weight bearing is allowed to tolérance 
with or without the assistance of crutches or a walker. 
Bathroom privilèges only are allowed for the first 72 
hours. The foot is elevated except during meals and 
bathroom visits. After this period, the patient may be up 
and about as symptoms allow. Taking more pain médica¬ 
tion to allow increased activity is discouraged. For 7 to 10 
days after surgery, the foot should be elevated when the 
patient is sitting. 

The dressing is changed at 19 to 23 days, and the 
wires remain in place for 21 to 28 days. If the hallux 
migrâtes proximally on the wires and the wires protrude 
too far before time to remove them, the tips are eut 1 to 
2 mm distal to the skin edge. The Kirschner wires are 
removed in the office by placing a large or medium-sized 
needle holder longitudinally over the tip of the wire, 
rotating it back and forth gently, and pulling with gentle 
traction. To prevent excessive bleeding, the foot is elevated 
for 5 minutes after the wires hâve been removed. A good 
method of élévation is to place the patient supine with 
the unoperated knee flexed 90 degrees and the foot fiat 


on the table and then to place the ankle of the operated 
foot on the flexed knee. A small plastic strip bandage is 
placed over the holes when the bleeding has stopped. 

A small or medium-sized toe spacer (commercially 
available) is worn in the first web for an additional 4 to 
6 weeks; this spacer is removed only for bathing. A wide, 
soft shoe is allowed after the pins hâve been removed. 
Dress shoes are allowed only after most of the edema has 
resolved, which may take 3 to 4 months. The expected 
results are a satisfactorily well-aligned hallux with 40 to 
50 degrees of motion at the metatarsophalangeal joint, 
relief of pain, and some improvement in the variety of 
shoes that can be worn. 


OSTEOTOMY OF THE DISTAL 
FIRST METATARSAL 

Although distal metatarsal ostéotomies were described by a 
number of authors, including Reverdin, Hohmann, Tre- 
thowan, and Truslow, a report by Mitchell of 100 ostéotomies 
gave the procedure his name. The Mitchell osteotomy proce¬ 
dure consists of (1) removal of the médial eminence, (2) an 
osteotomy of the distal portion of the first metatarsal shaft, 
(3) latéral displacement and angulation of the capital frag¬ 
ment, and (4) médial capsulorrhaphy. Several large rétrospec¬ 
tive reviews of the Mitchell operation reported satisfactory 
results ranging from 74% to 94%, with a negligible nonunion 
rate and infrequent récurrence. However, the procedure is not 
without complications, the most troublesome being metatar- 
salgia, attributable to dorsiflexion malunion of the distal 
fragment or excessive shortening of the metatarsal, or both 
(Fig. 81-29). Metatarsalgia also has been reported after the 
peg-in-hole procedure. The Mitchell osteotomy, described in 
previous éditions, is now rarely used. 

A closing wedge osteotomy at the subcapital level of the 
first metatarsal to correct valgus of the hallux has its propo- 
nents. Although some emphasize that metatarsus primus 
varus is worsened, and récurrence of the valgus deformity of 
the great toe is likely, published sériés hâve not confirmed 
this. The issue of when a latéral release is indicated in the 
setting of a distal osteotomy remains. Schneider evaluated 
three techniques of latéral release in 15 cadaver feet and 
found that release of the deep transverse metatarsal ligament 
and the adductor hallucis muscle did not contribute to cor¬ 
rection of the valgus deformity. Transection of the latéral 
metatarsosesamoid suspensory ligament, however, led to 
successful release in this study. Much has been written in 
recent years about transarticular release with distal metatarsal 
osteotomy. The studies found that limited transarticular 
release provides comparable outcomes to a classic latéral 
release, with the advantage that it is a simple technique, 
patients can ambulate early, and there is no dorsal scarring. 
Ahn et al. emphasized that different précautions need to be 
taken for each procedure to avoid complications. As a general 
guide, we use the following: 

Open dorsal release (adductor hallucis, latéral metatarsal 
sesamoid ligament, transverse metatarsal ligament, and 
latéral collateral ligament) 

1. The toe is pronated in the resting position 

2. Worsening pronation of the toe as it is extended 





CHAPTER 81 DISORDERS OFTHE HALLUX ^ 


3 



A and B f Anteroposterior and latéral weight-bearing radiographs of Mitchell procedure that, through excessive 
shortening and dorsally angulated malunion, has resulted in transfer metatarsalgia. This biplanar deformity is most difficult to correct. 


3. Sesamoid view indicates the tibial sesamoid is latéral 
to the crista; the crista is completely eroded 

4. Sesamoid view indicates the fibular sesamoid is 
located in the first web space and likely will block any 
attempted latéral translation of the metatarsal head 

Transarticular release of the latéral structures 
(latéral metatarsal sesamoid ligament and latéral collateral 
ligament) 

1. Minimal resting position of the toe in pronation 

2. Mild pronation of the toe as it is extended 

3. Tibial sesamoid position at or médial to the crista on 
the sesamoid view 

Open dorsal release with removal of fibular sesamoid 

1. Keller procedure (see Technique 81-2) 

2. Severe récurrent deformity with persistent intrinsic 
malalignment (increases risk of subséquent varus) 


angle (instead of a 45- to 60-degree angle) and using a 
2-mm drill hole as a marker at the apex of the intended 
V-shaped osteotomy (Home et al.); placing the bone 
wedge taken from the exostosis into the dorsal limb of the 
osteotomy to supinate, plantarflex, and distract the meta¬ 
tarsal (Borton and Stephens); increasing the latéral dis¬ 
placement of the osteotomy to more than 50% of the 
width of the metatarsal head to expand its use to deformi- 
ties with an intermetatarsal angle of up to 18 degrees 
(Murawski and Beskin; see Technique 81-6); and inclusion 
of an intracapsular-to-extracapsular extension of the 
osteotomy cuts, with the apex of the osteotomy at or 
slightly proximal to the center of the metatarsal head. The 
angle of the osteotomy is about the same (50 to 70 
degrees), but the length of the two cuts can be modified 
to accommodate the small amounts of bone removal 
needed to correct metatarsals with excessive valgus posi¬ 
tion of the articular surface of the metatarsal head. Some 
stability is sacrificed at the osteotomy site, however, and 
internai fixation is recommended. Shifting the capital frag¬ 
ment laterally more than 5 to 6 mm is not recommended 
because of the loss of bone apposition. The primary 
advantage of the slightly more proximal placement of the 
osteotomy cuts is the correction of a wider range of 
deformities. 

The chevron osteotomy generally is recommended for 
patients younger than 50 years old with a hallux valgus 
angle of less than 40 degrees and an intermetatarsal angle 
of less than 20 degrees. Advantages of the chevron oste¬ 
otomy over metatarsal neck osteotomy (the Mitchell pro¬ 
cedure and its modifications) include its location through 
cancellous bone, less shortening of the metatarsal, and its 
inhérent stability. If the hallux valgus angle is more than 35 
degrees, however, the hallux frequently is pronated and 
cannot be corrected by médial capsulorrhaphy alone or at 
the osteotomy. A hallux valgus angle of more than 30 
degrees is not consistently correctable to a cosmetically 
acceptable angle (10 to 20 degrees), especially if the 
intermetatarsal angle is more than 12 degrees. 


DISTAL CHEVRON METATARSAL 
OSTEOTOMY 

A popular osteotomy of the distal metatarsal is the chevron 
intracapsular osteotomy, which was described by Corless 
in 1976 as a modification of the Mitchell procedure to 
correct the bunion associated with mild-to-moderate 
metatarsus primus varus. The procedure consists of two 
parts: (1) correction of metatarsus primus varus by a 
V-shaped osteotomy in the sagittal plane through the 
metatarsal head and neck, followed by latéral shifting of 
the metatarsal head and trimming of the proximal frag¬ 
ment without internai fixation (because of the inhérent 
stability of the osteotomy) and (2) correction of the hallux 
valgus by suturing a previously raised flap of joint capsule 
into the abductor hallucis tendon. 

Several sériés of this osteotomy with adéquate clinical 
follow-up hâve been published, with most reporting good 
results in 85% to 95% of patients, regardless of âge. 
Modifications of the chevron osteotomy hâve included 
placing the arms of the V-shaped osteotomy at a 90-degree 
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This procedure is most useful for younger patients 
(adolescence through the 30s) with a hallux valgus angle 
of 30 degrees or less and an intermetatarsal angle of less 
than 13 degrees, although equally successful outcomes 
hâve been reported in patients 50 years old or older. It 
narrows the forefoot, brings the hallux into cosmetically 
acceptable valgus (when combined with a médial capsulor- 
rhaphy), and maintains adéquate dorsiflexion of the first 
metatarsophalangeal joint to allow some variety in 
footwear. 

The procedure consists of (1 ) médial eminence removal, 
(2) a V-shaped intracapsular osteotomy through the first 
metatarsal head, (3) latéral displacement of the capital 
fragment, (4) removal of the resulting projection of the first 
metatarsal, and (5) médial capsulorrhaphy. Fixation of the 
osteotomy with one ortwo Kirschner wires, a cortical screw, 
or a biodégradable pin adds stability to the osteotomy. 

Although the intracapsular chevron procedure is 
included because of its longevity and results, in practice 
this osteotomy is rarely used at our institution. The modi- 
fied extracapsular chevron isthe workhorse distal osteotomy 
for mild to moderate deformity. It is most useful in the 
patient with a wide metatarsal and an intermetatarsal 
angle of less than 16 degrees, and can be used with or 
without a latéral release as long as care is taken not to 
overly strip the dorsal capsule from the head of the meta¬ 
tarsal (see Technique 81-4). 

See a/so Video 81-2. 


TECHNIQUE 81-3 


(JOHNSON; CORLESS) 

SKIN INCISION 

■ For tourniquet use and anesthésia, see Technique 81-1. 
Begin a dorsomedial incision at the midportion of the 
proximal phalanx and gently curve it dorsally and proxi- 
mally over the médial eminence so that, coursing plan- 
tarward, it ends 2 cm proximal to the médial eminence 
along the médial subcutaneous surface of the first meta¬ 
tarsal shaft. Currently, we use a straight midline médial 
incision. 

■ Raise the skin flap gently, being careful to preserve the 
sensory nerve (the terminal branch of the médial division 
of the superficial peroneal nerve) to the dorsomedial 
aspect of the hallux. Protect as many branches of the 
superficial venous System as possible to decrease postop- 
erative edema. 

■ Make a longitudinal capsular incision in the midline 
(médial) of the médial eminence and extend it distally 
along the shaft of the proximal phalanx and proximally 
along the metatarsal shaft until the médial eminence is 
exposed. 

■ Be careful not to loosen ail the proximal attachments of 
the capsule on the metatarsal neck (an alternative capsu¬ 
lar incision is the Y-shaped capsular incision). 

■ In addition, to preserve vascularity to the capital frag¬ 
ment, do not strip the capsule from the dorsolateral and 
latéral aspects of the metatarsal head and neck. 


MEDIAL EMINENCE REMOVAL 

■ Begin the osteotomy dorsomedially at the parasagittal 
groove and direct the blade (9 mm wide) proximally and 
medially, angled toward the junction of the médial emi¬ 
nence with the metatarsal shaft. 

■ If using a power saw with a small blade (4 mm wide), 
take care not to scoop out a portion of the cancellous 
bone in the metatarsal head because this decreases the 
surface contact of the osteotomy and can delay union. 

V-SHAPED OSTEOTOMY IN TRANSVERSE PLANE 

■ Using a power saw with a 9-mm-wide blade, begin the 
dorsal arm of the osteotomy in the metatarsal head 
near the subchondral bone. This usually is 3 to 4 mm 
proximal to the médial edge of the articular surface of 
the head of the first metatarsal. Angle the blade dorsally 
about 30 degrees from the longitudinal plane of the 
metatarsal. 

■ In a similar manner, angle the plantar arm of the oste¬ 
otomy 30 degrees from the longitudinal plane of the 
metatarsal, making the angle between the two limbs 60 
to 70 degrees. This angle is suggested to maximize meta- 
physeal cancellous bone contact while maintaining stabil¬ 
ity of the osteotomy when it is displaced. The stability 
decreases as the angle increases. An angle of less than 
50 to 60 degrees places the proximal ends of the oste¬ 
otomy limbs in the cortical bone of the metatarsal neck 
instead of in the cancellous bone of the metatarsal head. 

■ When making the second limb of the osteotomy, avoid 
diverging the blade from or converging it toward the first 
eut because this makes displacement of the capital frag¬ 
ment difficult. 

■ The arms of the V usually are 10 to 12 mm long. Do not 
overpenetrate the bone with the blade to avoid placing 
the blood supply to the head of the metatarsal further 
at risk. 

LATERAL SHIFT OF THE CAPITAL FRAGMENT 

■ Stabilize the metatarsal shaft manually or with a towel 
clip while shifting the capital fragment laterally by thumb 
pressure. This latéral displacement should be 4 to 5 mm 
and no more than 40% to 50% of the width of the 
metatarsal. 

■ Care should be taken to avoid making the osteotomy 
unstable, which may occur if an instrument is used to 
lever the osteotomy open to facilitate displacement. 

REMOVAL OF THE METATARSAL PROJECTION 

■ After displacement of the capital fragment laterally, a 
médial projection of the metatarsal on the proximal side 
of the osteotomy remains. Shape this projection into the 
contour of the metatarsal neck and distal shaft by begin- 
ning a saw eut dorsomedially and directing it medially and 
proximally. 

■ A small rongeur can be used, taking small bites with its 
beveled side, to smooth the médial surface of the two 
fragments further. 

MEDIAL CAPSULORRHAPHY 

■ Bring the hallux into 5 degrees of valgus and inspect the 
osteotomy. 
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■ If it is stable, proceed with the capsulorrhaphy; if not, 
internally fix the osteotomy and perform the capsulor¬ 
rhaphy, which holds the hallux in 5 to 10 degrees of 
valgus. 

■ We prefer the pants-over-vest technique because of its 
strength, but excising a portion of the capsule dorsally 
and closing the capsule side-to-side also is appropriate. 
Pulling the plantar flap of the capsule dorsally (instead of 
vice versa) repositions the sesamoids if no contracture 
exists. 

■ Release of the adductor through the joint before the 
osteotomy is suggested if the hallux valgus angle is 30 
degrees or more. 

POSTOPERATIVE CARE. Three days after surgery, the 
bulky soft dressing is removed, a small dressing and a 
short leg walking cast with dorsal and plantar toe plates 
are applied, and touch-down weight bearing is allowed 
with crutches until the osteotomy has healed (6 to 8 
weeks). 


MODIFIED CHEVRON DISTAL 
METATARSAL OSTEOTOMY 

The modified chevron osteotomy is simply a more proximal 
placement of the apex of the osteotomy in the metatarsal 
head. Potential problems of this modification of the chevron 
osteotomy are instability of the osteotomy and insufficient 
metaphyseal bony contact. Proper placement of the oste¬ 
otomy cuts is mandatory. The metatarsal osteotomy must 
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be internally fixed. With some modifications, however, the 
chevron osteotomy can be used for more severe deformi- 
ties (up to 35 degrees of hallux valgus and up to 15 degrees 
of first to second intermetatarsal diversion) (Fig. 81-30). As 
an alternative, the valgus appearance of the hallux can be 
corrected by an additional few degrees with an additional 
osteotomy of the proximal phalanx (see Akin procedure). 

This phalangeal osteotomy augments cosmetic correction 
only if the metatarsophalangeal joint has been rendered 
congruent in the corrected position. Also, a basal osteotomy 
of the proximal phalanx adjacent to the distal metatarsal 
osteotomy may cause more limitation of motion of the first 
metatarsophalangeal joint than a single osteotomy. The 
patient should be informed of this possibility. 

In patients with mild to moderate deformity in whom 
a wide metatarsal is présent, an absorbable pin is used for 
fixation (Fig. 81-31). For more severe deformity or in 
patients in whom there is a narrow metatarsal, fixation 
with Kirschner wires or screws is recommended as described 
below. Recent reports, as well as our expérience, indicate 
significant patient satisfaction with this procedure even in 
more severe deformity. A more précisé détermination of 
the upper limits of deformity that can be treated with this 
procedure remains to be defined. Park et al. compared 
clinical and radiographie results of proximal and distal 
chevron ostéotomies (both with soft-tissue release) in 110 
patients with severe hallux valgus. They noted comparable 
results, with both methods resulting in significant improve- 
ment. Kim et al. also obtained good results in 56 patients 
with moderate or severe deformity. They noted that distal 
chevron osteotomy with latéral soft-tissue release can be 
useful in severe deformity if the latéral soft-tissue contrac- \ 
ture is not severe and if the metatarsocuneiform joint is 
adequately flexible. w 



A, This degree of deformity (left foot) is difficult to correct with standard chevron osteotomy when apex is at sub- 
chondral bone of capital fragment. B f Standing radiograph of left foot before correction. C f Standing radiograph 1 year after chevron 
osteotomy, release of adductor hallucis, Akin osteotomy, and correction of hammer toe. 
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TECHNIQUE 81-4 


■ See Technique 81-1 for use of the tourniquet and anes¬ 
thésia. Make a médial midline incision as described in 
Technique 81-3, protecting the dorsal veins and dorsal 
and plantar sensory nerves to the médial side of the hallux 
(Fig. 81-32A). 

■ When the capsule is exposed, make a longitudinal 
incision along the dorsomedial aspect of the first 
metatarsal. 

■ Begin the second limb of the capsulotomy 1 to 2 mm 
proximal to the base of the proximal phalanx and in a 
coronal plane at right angles to the first limb of the 
capsulotomy (Fig. 81-32B). 

■ Extend the coronal incision plantarward 1 to 2 mm proxi¬ 
mal to the junction with the tibial sesamoid (Fig. 81-32C). 

■ Raise the capsule, beginning medially and plantarward, 
by sharply dissecting it from the inside out and off the 
most prominent part of the médial eminence until its 
dorsal aspect is reached (Fig. 81-32D). 

■ Maintain the incision close to bone, curving over the 
médial eminence as the contour demands, and take a 
full-thickness piece of capsule from the médial eminence 
and proximally along the metatarsal shaft for 3 to 4 cm. 
This should leave the fascial attachment of the abductor 
hallucis in continuity with the periosteum and fascial 
covering of the first metatarsal shaft. 

■ Ensure that the plantar aspect of the metatarsal head 
where it meets with the shaft is adequately exposed so 
that the plantar osteotomy eut can be made under direct 
vision. Remove the médial eminence. 

■ Using a 0.062-inch Kirschner wire, and starting 1 to 
1.3 cm proximal to the subchondral bone and in the 
center of the first metatarsal head, drill a hole from 


médial to latéral marking the apex of the intended oste¬ 
otomy (Fig. 81-32E and F). 

■ Mark the limbs of the osteotomy with a sharp osteotome 
or a marking pen and begin the osteotomy with the 
dorsal eut. Avoid pushing the saw blade in and out of the 
bone; slowly glide the blade across the head-neck frag¬ 
ment with gentle back-and-forth rather than in-and-out 
movements. 

■ When there is no further résistance to the blade laterally, 
extract it and return to the centering hole. Ensure that 
the dorsal and latéral aspects of the cortical bone hâve 
been incised. 

■ Begin the plantar limb of the osteotomy at a point 
approximately 30 degrees from the midline or 60 degrees 
from the original dorsal osteotomy. Make this eut slowly 
and deliberately at right angles to the bone, exiting 
plantarward 2 to 3 mm proximal to where the articular 
surface of the metatarsal head meets the shaft (Fig. 
81-32G). A small, right-angle retractor pulling the capsule 
plantarward increases exposure. 

■ If the osteotomy cuts hâve been made appropriately, the 
capital fragment usually displaces laterally with minimal 
latéral pressure; if this is not the case, either the osteotomy 
cuts are not parallel, or the plantar cortex or dorsal cortex, 
or both, has not been penetrated laterally. 

■ If gentle pressure on the head fragment does not displace 
it laterally while the shaft fragment is held stable, reposi¬ 
tion the saw blade, being careful not to start the saw until 
the blade is in the depths of the osteotomy eut. 

■ When the capital fragment has been freed from the 
proximal fragment, shift it laterally 4 to 5 mm (Fig. 
81 -32 H). 

■ Impact the head fragment on the shaft by applying gentle 
pressure to the hallux. 
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Modified chevron distal metatarsal osteotomy. A f Sensory branch of superficial peroneal nerve (left arrow) and 
accessory extensor hallucis longus (right arrow). B, Inverted L-shaped capsulotomy. C f Transverse limb of L-capsulotomy. D, Reflection 
of capsule. Continued 
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capital fragment 
laterally 


E f Apex of osteotomy is 1 to 1.3 cm proximal to articular surface, depending on size of metatarsal head. 
F, Dorsal limb of osteotomy and width of saw blade. G, Completion of osteotomy. H f Latéral translation of capital fragment. Note 
overhang of proximal metatarsal (arrow). 
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I and J, Kirschner wire in place (top arrow); resection of overhang of proximal metatarsal (bottom arrow). 
K f Completed osteotomy. L f Hallux is placed in corrected position while dressing is applied. M f Absorbable pins that can be trimmed 
may be used as alternative. 









PART XIX THE FOOT AND ANKLE 


■ While holding the capital fragment straight on the meta- 
tarsal shaft, internally fix the osteotomy. Insert one or two 
0.062-inch Kirschner wires obliquely across the osteotomy 
site (Fig. 81-321). 

■ Begin inserting the first wire dorsomedially and far 
enough proximally in the shaft to leave cortical bone 
between the pin and the cancellous portion of the distal- 
medial shaft when the overhanging ridge of bone is made 
flush with the capital fragment. Direct the wire so that it 
reaches the latéral aspect of the capital fragment. 

■ Insert the second wire into the metatarsal head at a point 
3 to 4 mm plantar and parallel to the first. 

■ Test the osteotomy for stability and gently open the 
metatarsophalangeal joint by pushing the toe laterally. 

■ Examine the entire surface of the metatarsal head with a 
small Freer elevator to locate any Kirschner wire points. 
If the joint has been entered, retract the wire slightly so 
that it rests in subchondral bone. Because the entrance 
of the wire into subchondral bone and its exit through 
the cartilage of the head usually can be felt while drilling, 
withdrawing the wire about 2 mm usually places it in the 
proper position. 

■ Circumduct the hallux on the first metatarsal head; if any 
catching occurs, reinspect the joint for wire points. If 
there is any doubt, obtain radiographs. 

■ Incise the overhanging segment on the médial side of the 
proximal fragment and with a rasp smooth it flush with 
the capital fragment (Fig. 81-32J and K). 

■ Place the hallux on the metatarsal head in a congruous 
position, which can be determined by flexing, extending, 
abducting, adducting, and rotating the hallux on the first 
metatarsal head and observing the foot from the top (Fig. 
81-32L). 

■ While an assistant holds the toe reduced, close the cap- 
sular incision by first closing its proximal part with two or 
three interrupted 2-0 or 3-0 absorbable sutures. 

■ Dorsally, pass the needle through the periosteum and 
deep fascia, over the metatarsal shaft, and through the 
accessory extensor hallucis longus tendon. 

■ Plantarward, the strong tissue is the deep, investing fascia 
over the abductor hallucis and the tendinous edge of this 
muscle; anchoring the capsular repair proximally before 
beginning the distal repair is important. Close the plantar- 
medial corner of the capsule with one or two interrupted 
sutures. 

■ The most important sutures, which hold the hallux con- 
gruously on the metatarsal head, form a pants-over-vest 
closure as follows. Enter the transverse limb of the cap¬ 
sular incision 2 to 3 mm plantar to the apex of the incision 
from the outside in; turn the needle 180 degrees, and 
reenter the corner of the capsule from the outside in. 
Reverse the needle 180 degrees and reenter it from the 
inside out, still on the proximal part of the capsule. Place 
the final pass of the stitch through the distal capsule on 
the dorsal side of the apex of the incision. Pull the capsule 
into the corner in a pants-over-vest manner and suture it. 
During capsular closure, observe the dorsal aspect of the 
foot while an assistant externally rotâtes the foot slightly 
to judge the proper alignment of the hallux. 

■To obtain more correction of the valgus deformity, care- 
fully imbricate the transverse or coronal limb of the 


capsulotomy. Do not attempt to correct hallux valgus 
interphalangeus by pulling the hallux into a more varus 
position at the metatarsophalangeal joint with imbricat- 
ing sutures during capsular repair because hallux varus 
can develop if the imbrication is too tight. In most 
instances, close the transverse limb by approximating the 
edges, unless the capsule is so redundant that it requires 
partial excision. Finish closing the capsule at any weak 
points. 

■ The hallux should be in neutral to 5 degrees of valgus at 
completion of the capsulorrhaphy. Correct any varus by 
removing capsular sutures one at a time and observing 
the position of the hallux. Begin by removing one or more 
transverse limb sutures. If necessary, remove ail of the 
distal capsular repair and start over. 

■ Secure hemostasis and close the wound in layers. Apply 
a forefoot dressing with the hallux taped in the proper 
position. 

■ Alternative^, an absorbable pin that can be trimmed may 
be used for fixation (Figure 31-32M). 

POSTOPERATIVE CARE. The dressing and sutures are 
removed at 19 to 23 days, and a toe spacer is worn to 
hold the hallux in the proper position. A wooden-soled 
shoe is worn for 4 weeks, and then a deep, wide jogging 
shoe with a toe spacer is worn for the next 6 to 8 weeks. 
Usually by the third or fourth month a reasonably attrac¬ 
tive shoe can be worn, but this varies. A short leg walking 
cast worn for 4 weeks after surgery is an alternative, but 
it is not routinely recommended except in adolescents. 
The Kirschner wires can be removed at 3 months or earlier 
if they cause symptoms, or they may be left if the patient 
is asymptomatic. 


JOHNSON MODIFIED CHEVRON 
OSTEOTOMY 

Johnson, who popularized the chevron osteotomy, also 
modified it by changing the length and position of the 
limbs of the osteotomy in the metatarsal head, which 
extended the indications for the osteotomy to severe 
deformities with intermetatarsal angles of 15 or 16 degrees. 
Also, in the modified procedure, a 2.7-mm screw is used 
for internai fixation. Johnson did not recommend this 
osteotomy for patients older than 60 years or for patients 
who had previous hallux valgus surgery or diminished joint 
mobility with crepitance. 


TECHNIQUE 81-5 


(JOHNSON) 

■See Technique 81-1 for tourniquet use and anesthésia. 
Make a midline, longitudinal, médial capsular incision and 
expose the médial eminence. 

■ Expose the metatarsal head dorsally and plantarward just 
enough to see the dorsal and plantar limbs of the oste¬ 
otomy, laterally enough to place a 2.7-mm screw. Avoid 
excessive stripping of the capsule. 
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■ Using a power saw with a 9-mm blade, remove the 
médial eminence at an angle that is parallel to the médial 
border of the foot as opposed to the médial border of 
the cortical shaft or metatarsal. 

■ Begin the inferior or plantar limb of the osteotomy 5 or 
6 mm proximal to the médial articular surface of the first 
metatarsal and midway between the superior and inferior 
margins of the metatarsal head in its center portion. This 
plantar extension of the osteotomy exits extracapsularly 
at the inferior aspect of the metatarsal head and neck 
junction or just proximal to that. 

■The latéral portion of this osteotomy eut can be difficulté 
so ensure that it is completely through the bone before 
attempting to shift the metatarsal head laterally. 

■ Make the second limb of the osteotomy from the apex 
or distal extension of the first osteotomy and direct it 
dorsally at an approximate angle of 70 degrees to the first 
limb of the osteotomy. Exit this limb of the osteotomy 
dorsally just proximal to the dorsal border of the articular 
surface of the head of the metatarsal. 

■ Stabilize the metatarsal shaft proximally with a manual 
grip or a towel clip while the capital fragment is displaced 
laterally 4 to 6 mm without any tilting or opening of the 
osteotomy site medially, laterally, superiorly, or inferiorly. 

■ Compress the great toe longitudinally on the head of the 
metatarsal shaft fragment to impact the osteotomy site. 

■ For insertion of a 2.7-mm screw, use a 2-mm bit to drill 
a hole in the dorsal surface of the distal shaft of the 
metatarsal just proximal to the dorsal limb of the oste¬ 
otomy. Leave an approximately 3-mm ledge of bone 
between the drill hole and the superior arm of the 
osteotomy. 

■ Direct the drill bit from proximal to distal at about a 
10-degree angle and 10 to 15 degrees lateralward to 
place the screw in the substance of the transposed capital 
fragment. 

■ Pass the 2-mm drill bit through the dorsal cortex of the 
distal shaft of the metatarsal and then through the can- 
cellous bone of the capital fragment into subchondral 
bone of the fragment. 

■ Ream the proximal aspect of the hole with a 2.7-mm drill 
bit to create a lag effect at the osteotomy and then 
measure the screw length (usually 16 to 18 mm) with a 
depth gauge. 

■Tap the drill hole with a 2.7-mm tap. Insert the 2.7-mm 
screw and tighten it to close the osteotomy. Do not allow 
the screw to exit through the articular surface of the 
metatarsal head because it may impair sesamoid glide. 

■ Use a power saw to contour the overhang of the médial 
aspect of the distal metatarsal that resulted from latéral 
shift of the capital fragment with the médial aspect of 
the first metatarsal shaft. Do not skive laterally into the 
center of the shaft of the metatarsal. Use a small rongeur 
to smooth the dorsomedial aspect of the metatarsal 
head. 

■ Overlap the capsule while holding the hallux in neutral 
flexion and extension and about 10 degrees of varus and 
excise any excess capsule (usually 3 to 5 mm). Close the 
capsule with multiple 2-0 or 3-0 nonabsorbable sutures. 

■ After capsular closure is completed, the hallux should rest 
in a straight position with the médial aspect of the 


proximal phalanx resting against the médial aspect of the 
displaced capital fragment. 

■ Apply the dressing in such a way as to hold the hallux in 
proper position and to take some of the pressure off the 
médial capsular repair (see Fig. 81-32L). 

POSTOPERATIVE CARE. The patient is allowed partial 
weight bearing with crutches for the first 3 to 4 days; 
then the dressing is changed, and a short leg walking cast 
is applied. The cast, which should extend distal to the 
great toe for gentle support, is primarily for comfort and 
patient mobility, allowing ambulation without crutches or 
a walker. It is removed approximately 1 week later, and 
gentle exercises of the great toe are begun. A hallux 
valgus night splint is applied to protect the médial cap¬ 
sular repair, and a stiff-soled postoperative shoe is worn 
for approximately 3 weeks; after this a deep, wide, soft 
shoe can be worn. 


INCREASED DISPLACEMENT, DISTAL 
CHEVRON OSTEOTOMY 

The correction obtained by distal ostéotomies is limited by 
the fact that approximately 1 mm of latéral translation 
corresponds to 1 degree of intermetatarsal angle correc¬ 
tion. Murawski and Beskin described increasing the amount 
of displacement at the osteotomy more than 6 mm or the 
50% maximum generally recommended in the literature 
for correction of severe deformities. Their indications for 
this procedure were symptomatic moderate-to-severe 
hallux valgus with an intermetatarsal angle of 18 degrees 
or less. They reported correction similar to that obtained 
with proximal crescentic osteotomy and chevron osteotomy 
with latéral soft-tissue release; however, the risk of hallux 
varus appears to be increased with their technique. A 
"médial diaphyseal bump" also was présent in 5 of their 
33 patients and was symptomatic in three. This procedure 
is technically difficult, and meticulous surgical technique is 
required. 


TECHNIQUE 81-6 


(MURAWSKI AND BESKIN) 

■ See Technique 81-1 for tourniquet use and anesthésia. If 
a latéral soft-tissue release is required for marked sesa¬ 
moid subluxation, expose the latéral capsule through a 
dorsal first web space incision and use a Freer elevator to 
identify the dorsal margin of the subluxed latéral sesa¬ 
moid. Incise the capsule longitudinally from the phalanx 
to well proximal to the latéral sesamoid, which will allow 
medialization of the sesamoid complex during médial 
capsular repair at the end of the procedure. 

■ Make a standard médial incision centered over the 
metatarsophalangeal joint, followed by a longitudinal 
capsulotomy slightly plantar to the midaxis of the 
metatarsal. 
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Increased displacement distal chevron osteotomy. A, Exposure and marking for osteotomy cuts. B, Sagittal view 
showing latéral translation of the distal fragment. C, Dorsal view showing latéral translation of approximately 9 mm. White arrow 
points to the mark on the center of the metatarsal head; black arrow dénotés the latéral spike on which the head fragment is perched. 
D, After placement of Kirschner wires and resection of residual médial bone flush with metatarsal head. (From Murawski DE, Beskin JL: 
Increased displacement maximizes the utility of the distal chevron osteotomy for hallux valgus deformity correction, Foot Ankle Int. 29:156, 2008.) 
SEE TECHNIQUE 81-6. 


■ Reflect the capsule and remove the médial eminence with 
a sagittal saw, 1 to 2 mm médial to the articular margin 
or sagittal groove. 

■ Mark the apex and the limbs of the osteotomy with a 
surgical pen. The apex is 15 to 20 mm proximal to the 
joint, and the limbs are made with an angle of 35 to 45 
degrees, exiting the diaphysis of the metatarsal (Fig. 
81-33A). The position of the limbs is important: if they 
are too short, instability may be excessive, and if they are 
too long, translation or rotation of the distal head portion 
is difficult. 

■ Use a Freer elevator to gently strip the periosteum and 
soft tissue over the anticipated osteotomy cuts. To mini- 
mize vascular compromise, leave intact tissues distal to 
the ostéotomies on the metatarsal head. 

■ Complété the osteotomy with a sagittal saw and gently 
translate the distal head fragment laterally while applying 
traction to the toe (Fig. 81-33B). Position the head frag¬ 
ment on the latéral spike of the proximal fragment (Fig. 
81-33C). Up to 90% translation is possible and can be 
satisfactorily stabilized by two 0.054-inch smooth Kirsch¬ 
ner wires. 

■ Insert the Kirschner wires percutaneously from the médial 
aspect of the proximal fragment, across the osteotomy 
site, and into the head fragment. Bend the pins and leave 
them percutaneous for ease in later removal. 


■ Cut and contour the large bony prominence on the 
proximal-medial metatarsal so that it is in line with the 
distal head at the médial margin (Fig. 81-33D). 

■ During closure of the médial capsule, remove a U-shaped 
wedge of tissue from the plantar portion near the level 
of the médial sesamoid. Close this defect with figure-of- 
eight sutures to correct the hallux valgus. 

■ Use a pants-over-vest suture configuration to close the 
plantar capsule to the dorsal capsule to improve sesamoid 
position. 

■ After closure, apply a standard soft dressing that gently 
supports the hallux in the corrected position. 

POSTOPERATIVE CARE. Patients are allowed to bear 
weight immediately on their heels with a stiff-soled 
postoperative shoe and crutches as needed. At 2 weeks, 
the sutures are removed and another bunion dressing 
is applied. Pins are removed 5 to 6 weeks after surgery, 
at which time the dressing and stiff shoe are dis- 
continued. With larger osteotomy correction, radio¬ 
graphie healing can take 3 months or more, but the 
osteotomy usually is stable enough for normal activities 
of daily living within 2 months. Sports and strenuous 
activities should be delayed until 3 to 5 months after 
surgery. 
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CHEVRON-AKIN DOUBLE OSTEOTOMY 

Mitchell and Baxter described a combination of the chevron 
and Akin ostéotomies to gain greater correction of mild- 
to-moderate hallux valgus deformities. They reported sat- 
isfactory results in 95% of 24 feet in 16 patients using this 
combined procedure. They cautioned, however, that this 
procedure should not be used in feet that hâve advanced 
sesamoid subluxation with wide intermetatarsal angles. 


TECHNIQUE 81-7 


(MITCHELL AND BAXTER) 

■ See Technique 81-1 for tourniquet use and anesthésia. 
Make a longitudinal médial skin and capsular incision to 
expose both ostéotomies, and make the distal metatarsal 
osteotomy first (Fig. 81-34A). 

■ Perform the chevron osteotomy as described in Technique 
81-3 except place a single 0.045-inch smooth pin percu- 
taneously dorsal to plantar and in a slightly more proximal 
position to secure the distal metatarsal osteotomy (Fig. 
81-34B and C). 

■ The latéral displacement of the metatarsal head is 
approximately 3 mm. 

■ Do not perform an adductor tenotomy. 

■ Expose the proximal phalanx subperiosteally and perform 
a phalangeal closing wedge osteotomy as described in 
Technique 81-11. Direct the eut away from the articular 
surface so as to parallel the concavity of the base of the 
proximal phalanx, and remove a 1-mm wedge of bone 
(Fig. 81-34D). Do not attempt to remove the contiguous 
lip of the proximal phalanx. 


■ Place a 3-0 polyglactin 910 (Vicryl) suture from the peri- 
osteum on the distal side of the eut through the proximal 
undisturbed capsular tissues to maintain the osteotomy 
closure (Fig. 81-34E). 

■Carefully imbricate the capsular incision with absorbable 
sutures to hold the toe in the corrected position. 

■ Close the skin with interrupted silk sutures and apply a 
bulky compressive dressing. 

POSTOPERATIVE CARE. Ambulation is allowed in a 
postoperative sandal the day of surgery as tolerated by 
the patient. The gauze wrap dressing is changed weekly 
for 2 weeks. The pin is removed, and an elastic bandage 
is used to hold the corrected toe position. Passive and 
active plantarflexion and dorsiflexion exercises of the 
great toe are encouraged at 2 weeks after surgery. At 4 
weeks, the wearing of shoes is gradually resumed. 


PERCUTANEOUS DISTAL METATARSAL 
OSTEOTOMY 

A percutaneous technique for a simple linear distal meta¬ 
tarsal osteotomy has been described, with cited advantages 
of minimal soft-tissue dissection; avoidance of capsular 
disruption and latéral cortex pénétration with the saw, 
which decreases the risk of vascular disruption; reduced 
operating time; the use of distal ankle-block anesthetic 
techniques; high union rates; reduced risk of complications; 
and early weight bearing. Clinical results similar to those 
obtained with traditional open techniques hâve been 



Chevron-Akin double osteotomy. A f Resection of médial eminence parallel to médial border of foot. B f Chevron 
osteotomy eut is made, and metatarsal head is shifted latérally 2.5 to 3.0 mm. C f Osteotomy is fixed with 0.045-inch smooth pin, and 
protruding médial border of metatarsal is osteotomized flush with metatarsal head. D f Akin eut parailels concavity at base of proximal 
phalanx, and 1-mm wedge of bone is removed. E f Suture closure of Akin osteotomy corrects residual valgus of hallux. (From Mitchell 
LA, Baxter DE: A chevron-Akin double osteotomy for correction of hallux valgus, Foot Ankle 12:7, 1991.) SEE TECHNIQUE 81-7. 
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reported, with patient satisfaction rates of approximately 
90% (107 of 118 procedures reported by Magnan et al.). 
Kadakia, Smerek, and Myerson, however, found the percu- 
taneous distal metatarsal osteotomy to be associated with 
an unacceptable rate of complications, specifically osteo- 
necrosis, nonunion, malunion, and récurrence of deformity, 
and they discontinued their use of this procedure. We hâve 
no expérience with the percutaneous technique. 


TECHNIQUE 81-8 


(MAGNAN ETAL) 

■ For tourniquet use and anesthésia see Technique 81-1. 
Position the patient supine, with a below-the-knee wedge 
bracket allowing 90 degrees of knee flexion and a 
plantigrade position of the foot on the operating table 

(Fig. 81-35A). 


■ Position the fluoroscopie image intensifier to the side of 
the patient and stand in front of the patient at the end 
of the table. 

WIRE INSERTION 

■ After administration of ankle-block anesthésia, insert a 
2-mm-diameter Kirschner wire, starting from the médial 
corner of the nail of the hallux (Fig. 81-35B). Avoid the 
distal corner of the nail to prevent skin slough while the 
wire is in position. 

■ Be sure the wire is placed in an extraperiosteal position 
to allow latéral displacement of the capital fragment at 
the osteotomy site. The wire must be midway between 
the dorsal and plantar aspects of the great toe to correctly 
engage the metatarsal head (Fig. 81-35C). This allows the 
hallux to "guide the correction" and is one of the most 
important biomechanical aspects of the technique. The 



Percutaneous distal metatarsal osteotomy. A, Patient positioning. B f Kirschner wire is inserted from médial corner of 
great toe nail. C, Extraperiosteal position of the Kirschner wire centered between the dorsal and plantar aspects of the metatarsal 
head. D and E f The periosteum is detached around the osteotomy site. F, The level of the osteotomy eut is verified with fluoroscopy. 
G f The osteotomy is made with corticotomy technique from within the medullary canal. (From Magnan B, Bortolazzi R, Samaila E, 
étal: Percutaneous distal metatarsal osteotomy for correction of hallux valgus: surgical technique, J Bone Joint Surg 88A:135, 2006.) SEE 
TECHNIQUE 81-8. 
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Percutaneous distal metatarsal osteotomy. A and B, The curved end of a grooved instrument is introduced into the 
diaphysis of the first metatarsal. C, Kirschner wire is pushed into the groove of the device. (From Magnan B, Bortolazzi R, Samaila E, et al: 
Percutaneous distal metatarsal osteotomy for correction of hallux valgus: surgical technique, J Bone Joint Surg 88A:135, 2006.) SEE TECHNIQUE 
81 - 8 . 


médial aspect of the metatarsal head must be firmly 
engaged to avoid loss of contact, which can resuit in 
uncontrolled displacement of the capital fragment. 

■ If the metatarsal head is to be translated plantarly (which 
is more common), it should be engaged more dorsally; if 
translation is to be dorsal, the metatarsal head should be 
engaged more plantarly. 

SKIN INCISION 

■ About 1 cm proximal to the end of the wire (which 
must not penetrate the skin), make a 3- to 5-mm skin 
incision. 

■ Carry the incision directly to bone, cutting the periosteum. 
To avoid the neurovascular bundle, take care to remain 
in the midline equally between the dorsal and plantar 
aspects of the metatarsal neck. 

PERIOSTEAL DETACHMENT 

■ Detach the periosteum around the osteotomy site dorsally 
and plantarly with the use of small scissors inserted 
through the skin incision (Fig. 81-35D and E). This allows 
the soft tissues surrounding the metatarsal shaft to be 
kept away from the bone cutter. 

OSTEOTOMY 

■ Use a 2.33-mm-diameter micromotorized Lindemann 
bone cutter (Aesculap, Tuttlingen, Germany) to make the 
osteotomy through the subcapital région of the first 
metatarsal. First, check the level of the eut with fluoros- 
copy (Fig. 81-35F). Make the osteotomy perpendicular to 
the long axis of the shaft of the first metatarsal in the 
sagittal plane. In the frontal plane, make the osteotomy 
with a slight mediolateral obliquity to facilitate lengthen- 
ing or shortening as needed. 


■ Taking into account that the burr removes about 2 to 
3 mm of bone, a slight inclination is recommended. Irri¬ 
gation of the burr during osteotomy is advisable to avoid 
skin damage or wound breakdown. 

■ To avoid damage by the bone cutter to the surrounding 
structures, make the osteotomy by drilling the médial 
cortex first and then the latéral cortex (Fig. 81-35G), 
keeping the bone cutter in the same médial entry hole 
and its tip inside the medullary canal of the first 
metatarsal. 

■ Drill multiple holes circumferentially to complété the eut 
with a corticotomy technique. 

■ After the osteotomy is completed, check manually and 
radiographically to confirm that it is complété and that 
the metatarsal head can be mobilized. 

CORRECTION 

■ Insert the curved end of the specially designed, grooved 
instrument (Tecres, Verona, Italy) into the diaphysis of the 
first metatarsal (Fig. 81-36A and B) and advance the 
Kirschner wire manually until the tip of the wire can be 
seen in the groove of the instrument (Fig. 81-36C). 

■ To correct the alignment of the first metatarsophalangeal 
joint, lever the grooved instrument distally (Fig. 81-37A) 
to displace the metatarsal head segment laterally while 
using the hand holding the wire (and the hallux) to tilt 
the metatarsal head (Fig. 81-37B). 

■ Take care to displace the capital fragment gradually to 
avoid having it fall off laterally into the intermetatarsal 
space. If this occurs, manually reposition the metatarsal 
head on the top of the diaphyseal fragment. 

■ Confirm correction with fluoroscopy (Fig. 81-37C). 

■ Correction usually is satisfactory when contact between 
the médial aspect of the metatarsal head and the latéral 
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Percutaneous distal metatarsal osteotomy. A f Latéral displacement of the metatarsal head is used to correct alignment 
of the hallux. B, A Kirschner wire is inserted from distal to proximal in the medullary canal to maintain realignment. C f The corrected 
position is confirmed fluoroscopically. (From Magnan B, Bortolazzi R, Samaila E, et al: Percutaneous distal metatarsal osteotomy for correction 
of hallux valgus: surgical technique, J Bone Joint Surg 88A:135, 2006.) SEE TECHNIQUE 81-8. 


9 cortex of the metatarsal neck is achieved in the frontal 
plane. Slight overcorrection is advisable to allow early 
removal of the Kirschner wire. 

STABILIZATION 

■ Use a hammer to drive the Kirschner wire from distal to 
proximal into the medullary canal of the first metatarsal. 
To ensure stability, drive the wire as far as the base of the 
first metatarsal (Fig. 81-38). 

■ No soft-tissue procedures, including latéral release, are 
done. 

FINAL ADJUSTMENTS 

■ Carefully remove the grooved instrument and obtain a 
latéral fluoroscopie image to check the position of the 
wire (Fig. 81-39). 

■ Release the soft tissue at the level of the skin incision (Fig. 
81 -40 A). 

■ Bend the Kirschner wire before cutting it so that can be 
used for postoperative anchorage of the tape (Fig. 
81-40B). 

■ Close the incision with one suture. 

POSTOPERATIVE CARE. The hallux is taped in the cor¬ 
rected position for 6 weeks, with the tape replaced every 
week. A plantar kidney-shaped pad is used, with its 
concavity surrounding the plantar aspect of the head of 
the first metatarsal to reduce local weight-bearing pres¬ 
sure beneath the capital fragment and prevent dorsiflexion 
of the fragment. The taping should maintain a slight 
hypercorrection of the hallux to counter récurrence of the 
deformity. Patients are allowed to walk on the day after 



Percutaneous distal metatarsal osteotomy. The 
Kirschner wire is driven firmly as far as the base of the first 
metatarsal to improve stabilization. (From Magnan B, Bortolazzi R, 
Samaila E, et al: Percutaneous distal metatarsal osteotomy for correction 
of hallux valgus: surgical technique, J Bone Joint Surg 88A:135, 2006.) 
SEE TECHNIQUE 81-8. 
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surgery with the use of a postoperative shoe with a fiat 
rigid sole. After the tape is removed at 6 weeks, patients 
are encouraged to exercise the first metatarsophalangeal 
joint, taking particular care to obtain full dorsiflexion 
within 4 to 6 weeks. 


OSTEOTOMY OF THE PROXIMAL 
FIRST METATARSAL 

If varus of the first metatarsal, whether primary or secondary, 
contributes to the hallux valgus complex, correction near the 



Percutaneous distal metatarsal osteotomy. 
Latéral fluoroscopie view shows the position of the Kirschner 
wire. (From Magnan B, Bortolazzi R, Samaila E, et al: Percutaneous 
distal metatarsal osteotomy for correction of hallux valgus: surgical 
technique, J Bone Joint Surg 88A:135, 2006.) SEE TECHNIQUE 81-8. 


origin of the deformity is reasonable, combined with a soff- 
tissue procedure at the first metatarsophalangeal joint to 
correct the valgus of the hallux. In addition, a few degrees’ 
shiff of the metatarsal at its base causes marked improvement 
at the distal end of the metatarsal; the forefoot is narrowed, 
and the chance of pressure symptoms over the former bunion 
is reduced. A patient without significant degenerative arthritis 
in the first metatarsophalangeal joint and with hallux valgus 
of more than 35 degrees and an intermetatarsal angle of more 
than 10 degrees (or a first to fiffh intermetatarsal angle of 
> 30 degrees with a hallux valgus of > 35 degrees) may benefit 
from a proximal metatarsal osteotomy and a distal soff-tissue 
procedure at the metatarsophalangeal joint. Deformities with 
intermetatarsal angles of 13 degrees or less and hallux valgus 
angles of 30 degrees or less can be corrected by a less techni- 
cally demanding procedure. 

An osteotomy at the base of the metatarsal has the fol- 
lowing advantages: 

■ Cancellous bone and broad contact surfaces of the frag¬ 
ments promote early stability (3 to 5 weeks) and union (6 
to 8 weeks). 

■ Small changes in position at the osteotomy produce excel¬ 
lent correction at the distal end of the metatarsal where 
symptoms are most often located. 

■ The metatarsal is shortened minimally, if at ail, unless the 
surgeon chooses a technique that intentionally shortens it 
(the width of the osteotomy eut itself is more than com- 
pensated for by the “straightening of the bone”). 

■ Large angles between the first and second metatarsals can 
be corrected. 

■ Slightly tilting the distal fragment plantarward reduces 
load bearing by the second metatarsal, decreasing the 
chance of transfer metatarsalgia. 

■ Narrowing of the forefoot improves the variety of footwear 
possible and gives an excellent cosmetic resuit. 



A, The soft tissue is released at the level of the skin incision. B, The tip of the Kirschner wire is bent before cutting. 

(From Magnan B, Bortolazzi R, Samaila E, et al: Percutaneous distal metatarsal osteotomy for correction of hallux valgus: surgical technique, J Bone 
Joint Surg 88A:135, 2006.) SEE TECHNIQUE 81-8. 
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Four commonly used metatarsal shaft ostéotomies. A f Proximal crescentic osteotomy. B f Proximal chevron osteotomy. 
C f Ludloff osteotomy. D f Scarf osteotomy. (From Trnka HG, Parks BG, Ivanic G, et al: Six first metatarsal shaft ostéotomies: mechanical and 
immobilization comparisons, Clin Orthop Relat Res 381:256, 2000.) 


This type of osteotomy has the following disadvantages: 

■ Extensive soft-tissue dissection is required. 

■ The distal fragment tends to displace dorsally or migrate 
medially to its original position unless securely fixed 
internally. 

■ The second ray may be overloaded if the fragment dis¬ 
places or migrâtes. 

■ Three incisions are required if the basilar osteotomy is 
performed dorsally. 

■ The procedure is more difficult to perform with régional 
block anesthésia. 

■ The immédiate convalescence usually is characterized by 
more pain, swelling, and immobility than the convales¬ 
cence that follows a distally placed osteotomy. 

■ Cast immobilization is more frequently needed. 

Currently, the most frequently used proximal metatarsal 
ostéotomies are the crescentic, chevron, Ludloff, and scarf 
ostéotomies (Fig. 81-41). The spécifie technique of a proximal 
osteotomy probably is not as important as is meticulous 
attention to detail. Any proximal osteotomy that allows the 
first metatarsal to deviate laterally and remain stable in that 
position with no dorsal tilt to the distal fragment should 
accomplish the goal of narrowing the intermetatarsal angle. 
Overcorrection of this angle is possible, but this should not 
occur with careful attention to detail. If, however, the hallucal 
sesamoids are not reduced into their respective facets on the 
metatarsal head, récurrent metatarsus primus varus and 
hallux valgus may occur regardless of the degree of bony 
correction. 


valgus angles of 40 to 50 degrees. For patients with mild- 
to-moderate deformity, however, a simpler procedure may 
provide similar good results. 

Most hallux valgus deformities that require a distal 
soft-tissue procedure also require a proximal osteotomy. 
This procedure is not recommended if excessive valgus 
posturing (>15 degrees) of the distal metatarsal articular 
angle is présent on the weight-bearing radiograph or in 
patients with moderate-to-severe degenerative arthritic 
changes of the metatarsophalangeal joint. The decision to 
perform an osteotomy should be made at the time of 
surgery by passively reducing the intermetatarsal angle. If 
the first metatarsal does not move laterally, or if it springs 
back quickly into varus after the laterally directed pressure 
is released, a basilar osteotomy should be done. 


TECHNIQUE 81-9 


(MANN AND COUGHLIN) 

■For tourniquet use and anesthésia, see Technique 81-1. 
This procedure is performed through three incisions. The 
first incision is made dorsally in the intermetatarsal space 
to release the adductor hallucis, the deep transverse 
intermetatarsal ligament, and the latéral capsule of the 
first metatarsophalangeal joint. The second incision is 
made midline-medial over the médial eminence to remove 
the médial eminence and perform a capsulorrhaphy. The 
third incision is made dorsally over the proximal end of 
the first metatarsal and extends a few millimeters over 
the médial cuneiform. 

■ Make the first incision in the first intermetatarsal space 
beginning at the proximal end of the web space and 
extending proximally 3 to 4 cm. 

■ Dissect the soft tissue with scissors to identify the 
branches of the deep peroneal nerve and be sure to 
protect them. 

■ Place a Weitlaner retractor in the first intermetatarsal 
space and widen this space to expose the adductor 
hallucis. 

■ Use a sponge to clear away the soft tissue in the first web 
space. 


PROXIMAL CRESCENTIC OSTEOTOMY 
WITH A DISTAL SOFT-TISSUE 
PROCEDURE 

Mann, Rudicel, and Graves popularized the proximal cres¬ 
centic osteotomy with a distal soft-tissue repair and docu- 
mented their results in 109 feet. Of their patients, 93% 
had satisfactory results; only 7% were dissatisfied and 
continued to hâve pain or récurrence of the deformity. 
Although this procedure is technically demanding, it cor¬ 
rects intermetatarsal angles of 20 to 25 degrees and hallux 
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A f Adductor tendon released from insertion into latéral aspect of fibular sesamoid and base of proximal phalanx. 
B, Transverse metatarsal ligament has been transected. Inset shows that at this point, contracted latéral joint capsule, adductor hallucis, 
and transverse intermetatarsal ligament hâve been released. C, If metatarsal head springs back medially when pushed laterally, oste- 
otomy should be considered. D, Médial capsular incision, beginning 2 to 3 mm proximal to base of proximal phalanx. Second incision 
is made 3 to 8 mm more proximal, removing flap of tissue. Size of flap is determined by severity of deformity. Wedge of tissue 
approximately 6 mm is removed. Capsular eut is V-shaped through abductor hallucis tendon with apex at tibial sesamoid. Médial 
eminence is exposed by making incision along dorsomedial aspect of capsule and peeling it off médial eminence with sharp dissection. 
E, Removal of médial eminence is done on line projected along médial aspect of the first metatarsal shaft, and exostectomy should be 
done 1 to 2 mm médial to sagittal sulcus. Continued 


■ The adductor hallucis approaches the base of the proximal 
phalanx in an oblique direction. When it has been identi- 
fied, release it completely from the base of the proximal 
phalanx and from the latéral edge of the fibular sesamoid 

(Fig. 81-42A). 

■ Release the deep transverse intermetatarsal ligament that 
is plantar to this tendon (Fig. 81-42B). Because the neu- 
rovascular bundle to the first web space is immediately 
plantar to the transverse intermetatarsal ligament, use 
just the tip of the blade to release this. Placing a small 
Freer elevator on the plantar surface of this ligament 
helps avoid the neurovascular bundle as the incision is 
made. 


■ Make multiple small stab wounds in the latéral 
capsule. 

■Complété the capsular release by manually forcing the 
hallux into 25 to 30 degrees of varus and pushing the 
first metatarsal lateralward. 

■ When the latéral release has been completed, release the 
deep transverse intermetatarsal ligament that attaches to 
the fibular sesamoid. Releasing the deep transverse 
intermetatarsal ligament prevents its deforming force on 
the fibulosesamoid from pulling the sesamoid apparatus 
laterally from under the metatarsal head. 

■ Push the first metatarsal head laterally. If it tends to rest 
in that position, an osteotomy is not necessary; however, 
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E3S311EE332D F f Knife blade is in metatarsocuneiform joint, and two lines marked on metatarsal represent osteotomy site 
(proximal line) and location of screw for fixation (distal line). G, Final position of screw and position of metatarsal after correction of 
first metatarsal. H, Note Freer elevator is displacing or rotating proximal fragment medially whereas first metatarsal head and distal 
fragment are being angulated latérally by manual pressure. (A-D from Mann RA, Coughlin MJ: The video textbook of foot and ankle surgery, 
St. Louis, 1991, Medical Video Productions; E from Mann RA, Coughlin MJ, editors: Surgery of the foot and ankle, ed 6, St. Louis, 1993, Mosby.) 
SEE TECHNIQUE 81-9. 


if it springs back to the varus position, an osteotomy 
should be performed (Fig. 81-42C). 

■ Return to the adductor hallucis, which is completely 
freed, and lift it up into the wound from the bottom of 
the foot. 

■ Pass three absorbable 2-0 sutures first through the latéral 
capsule on the first metatarsal head just proximal to the 
latéral capsular release. Make a second throw of the 


suture through the adductor hallucis tendon and a third 
throw through the capsuloligamentous intrinsic tendinous 
tissue on the médial side of the second metatarsal head. 
Do not tie these sutures, but hold them with hemostats 
and allow them to fall into the first web space. 

■ Make a second midline incision (Fig. 81-42D), avoiding 
the dorsal sensory branch of the superficial peroneal 
nerve dorsalward and the proper branch of the médial 
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plantar nerve to the médial side of the hallux plantarward. 
Continue this incision down to the capsule and raise the 
dorsal flap deep to the dorsal sensory nerve. 

■ Raise the plantar flap on the capsule until the plantar 
aspect of the abductor hallucis muscle is reached, which 
is just a few millimeters from the tibial sesamoid. This is 
best done with the hallux in about 30 degrees of flexion, 
which relaxes the digital nerve just plantar to the 
dissection. 

■ Make a vertical incision in the capsule 2 to 3 mm proximal 
to the base of the proximal phalanx extending from a few 
millimeters médial to the extensor hallucis longus tendon 
in a plantar direction through the médial capsule and 
through the thickened portion of the capsule plantar¬ 
ward, which is actually the abductor hallucis tendon 
capsule junction. This vertical limb ends 2 mm médial to 
the tibial sesamoid. The most inferior portion of this verti¬ 
cal limb is best made from plantar to dorsal to avoid the 
digital nerve. 

■ Depending on the enlargement of the médial eminence 
and the subséquent redundancy and stretching of the 
médial capsule, remove an elliptical wedge of capsule, 
measuring 4 to 8 mm wide at its widest section. Dorsally 
and plantarward, taper this incision into a V shape and 
excise the elliptical wedge of capsule. 

■ Extend the capsular incision proximally, beginning at the 
dorsal edge of the vertical limb. This limb of the incision 
(an inverted L) should end 2 to 3 mm proximal to the 
junction of the médial eminence with the metatarsal 
shaft. 

■ Raise this capsular flap from dorsal distal to plantar proxi¬ 
mal to expose the entire médial eminence. 

■ Remove the médial eminence. Do this in a plane parallel 
to the shaft of the first metatarsal and begin just médial 
to the sagittal groove (Fig. 81-42E). 

■ Begin a third incision on the dorsal aspect of the proximal 
third of the metatarsal. Extend this incision proximally 
over the dorsal surface of the médial cuneiform. Avoid 
the superficial peroneal nerve sensory branch to the 
hallux. Retract or ligate the dorsal venous arch. 

■ Identify the metatarsocuneiform joint and incise the 
periosteum of the first metatarsal and médial cuneiform 
longitudinally médial to the extensor hallucis longus 
tendon. 

■ Score the dorsal aspect of the metatarsal transversely at 
1- and 2-cm levels distal to the metatarsocuneiform 
articulation. The first scored mark represents the osteot- 
omy site, and the second represents the area for place¬ 
ment of the screw for internai fixation of the osteotomy 
(Fig. 81-42F). 

■ Release the soft tissue dorsally, medially, and laterally, 
being careful to avoid the penetrating branch of the 
dorsalis pedis artery in the proximal part of the first 
intermetatarsal space. 

■ If a screw is to be used for fixation, make a glide hole. 
This is much easier to do at this point than when the 
metatarsal becomes less stable after the osteotomy. 

■ Drill a 3.5-mm hole 1 cm distal to the osteotomy site in 
the center of the metatarsal shaft and direct it proximally 
45 degrees to the metatarsal shaft, penetrating only the 
dorsal cortex. 


■ Use a countersink to enlarge the entrance hole. It is 
important to enlarge this at its most distal extension 
rather than at the proximal edge of the drill hole because 
it gives the screw head a place to sit and does not permit 
it to rise dorsally, which might crack the cortical bridge 
into the osteotomy site as the screw is tightened. 

■ If a Xe-inch smooth Steinmann pin is to be placed in an 
oblique direction from distal médial to proximal latéral, 
drill the hole in the médial aspect of the metatarsal before 
the osteotomy. 

■ Using a Xô -inch drill bit, drill a hole in the médial aspect 
of the metatarsal in an oblique direction, Crossing the 
osteotomy site. 

■After the osteotomy is complété and the intermetatarsal 
angle has been corrected, the pin is placed through the 
drill hole into the proximal fragment and into the tarsus 
if necessary (Fig. 81-42G). 

■ Using an oscillating saw with a crescent-shaped saw 
blade (Fig. 81-43) placed convex distally, begin the oste¬ 
otomy on the most proximal scored mark. 

■ The initial eut should just be a deeper scoring. Place the 
saw blade gently into the first metatarsal base without 
oscillation or manual turning of the blade. 

■ When this superficial scoring has been performed with 
the crescentic blade, evaluate the angle of the osteotomy 
carefully. It should not be perpendicular to the first 
metatarsal shaft, and it should not be perpendicular to 
the sole of the foot but should bisect that angle. 

■ Drop the handle of the saw 10 to 15 degrees proximally 
to direct the osteotomy correctly. 

■ When the dorsal cortex has been scored, complété the 
osteotomy by gently rocking the blade medially and 



Curved saw blade is held firmly with one hand 
and stabilized with opposite hand. SEE TECHNIQUE 81-9. 
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laterally. Mann emphasized that the latéral aspect of the 
blade must exit the latéral side of the metatarsal shaft. It 
is not as important that the blade exit the médial side 
because a small osteotome can be used to complété that 
part of the osteotomy. 

■ When the osteotomy is completed, use a Freer elevator 
to ensure that there are no periosteal attachments medi- 
ally or laterally that would prevent displacement of the 
osteotomy (see Fig. 81-42H). 

The following steps are crucial: 

■ Displace the proximal fragment medially and hold with a 
Freer elevator or some other instrument. 

■ While holding the proximal fragment medially displaced, 
rotate the distal fragment around the osteotomy site 
(usually 2 to 4 mm of latéral displacement or rotation of 
the distal fragment). 

■ Do not let the distal fragment slide dorsally or 
planta rward. 

■ Hâve an assistant complété the drilling, tapping, and 
placing of the screw while the surgeon holds the oste¬ 
otomy in the corrected position. 

■ With the osteotomy held reduced, enter the initial hole 
with a centering device, sometimes referred to as a "golf 
tee" or "mushroom," which guides the 2- or 2.5-mm drill 
bit into the basilar fragment. 

■ Use a 4-mm tap and insert a 4-mm fully threaded cancel- 
lous screw (usually 26 mm long). 

■ Be careful on the last few turns of the screw that the 
head of the screw does not rise dorsally on the cortex, 
because this would fracture the intervening cortical 
bridge. If this appears to be happening, remove the screw 
and countersink deeper so that part of the head of the 
screw would rest just plantar to the cortex. 

■ According to Mann, making the osteotomy convex distally 
should prevent overcorrection of the intermetatarsal 
angle. 

■ A useful technical tip is to use the countersink in the drill 
hole before placing the screw. This gently removes bone 
from the distal part of the screw hole, allowing the screw 
to sit firmly in the metatarsal (Fig. 81-44A). If this is not 



done, as the screw is placed the screw head abuts 
this bone distally and the screw displaces dorsally. 
This causes the fragile dorsal lip of bone between the 
screw hole and the osteotomy to break and lose the 
ability to achieve stable fixation with a screw. Because 
the screw is placed at an angle to the cortex, a true 
countersinking is not actually done but a pathway for the 
screw head to travel is created (Fig. 81-44B); a small burr 
can be used for this. 

■ After completing screw or pin fixation of the osteotomy, 
return to the dorsal wound in the first intermetatarsal 
space and tie the three sutures to bind the adductor 
hallucis and the first and second metatarsal heads 
together. The first ray should rest in a corrected 
position. 

■ Close the médial capsule to hold it in place. Excise only 
the capsular overlap. Mann emphasized the importance 
of passing the sutures through the abductor hallucis 
tendon and capsule toward the plantar aspect of the 
vertical limb of the capsulotomy. Place the hallux in about 
5 degrees of varus while the sutures are tied. It is unnec- 
essary to close the dorsal proximal limb of the inverted-L 
capsulotomy. 

■Apply a bulky compression dressing and remove the 
tourniquet. 

POSTOPERATIVE CARE. It is our practice after a 
proximal procedure to place the patient in a bulky 
bandage and a short leg walking cast and allow 
weight bearing, changing the cast at 2 weeks and 
allowing a postoperative shoe at 4 weeks. No benefit 
has been found to using postoperative taping after 
surgery. 

The major complications of this procedure hâve been 
hallux varus, dorsiflexion malunion of the osteotomy site 
with transfer metatarsalgia, and limitation of motion of 
the first metatarsophalangeal joint; however, these com¬ 
plications are infrequent, and most patients are satisfied 
with their outcomes. 



Screw hole préparation. A f Notch is made for passage of screw head. Drilling should begin near surface of bone, not 
in depths of notch. B f Screw head sits in untapered end of notch after passing through it. Joint or fusion surfaces remain well reduced. 

(From Manoli A, Hansen S: Screw hole préparation in foot surgery, Foot Ankle 11:105, 1990.) SEE TECHNIQUE 81-9. 
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Scarf osteotomy. A f Placement of Kirschner wires at corner point of planned osteotomy. Standard orientation for 
latéral translation is 90 degrees to longitudinal axis of second metatarsal (A) and in approximately 20 degrees horizontal inclination 
to plantar surface (XY). B f Osteotomy cuts. C f Latéral displacement is obtained if short osteotomy cuts are perpendicular to longitudinal 
axis of foot. D f Proximally oriented inclination of short osteotomy cuts caused shortening depending on angle of inclination and amount 
of translation. E f After latéral displacement, osteotomy is fixed with two minifragment screws. (A-D redrawn from Kristen KH, Berger C, 
Stelzig S, et al: The scarf osteotomy for the correction of hallux valgus deformities, Foot Ankle Int 23:221,2002; E redrawn from Jones S, Al Hussainy 
HA, Ali F, et al: Scarf osteotomy for hallux valgus: a prospective clinical and pedobarographic study, J Bone Joint Surg 86B:830, 2004.) Copyright 
British Editorial Society of Bone and Joint Surgery. SEE TECHNIQUE 81-10. 


SCARF OSTEOTOMY 

The scarf osteotomy is a horizontally directed displacement 
Z-osteotomy made at the diaphyseal level (Fig. 81-45). In 
architectural and carpentry terminology, "scarf" refers to a 
joint made by notching, grooving, or otherwise cutting the 
ends of two pièces and fastening them together so that 
they overlap and join to form one continuous piece. This 
configuration has a high level of intrinsic stability, particu- 
larly in the sagittal plane, and provides a broad surface area 
for bony healing. Cadaver studies confirmed that under 
loaded conditions the scarf osteotomy has double the 
stability of a distal chevron or proximal crescentic osteotomy. 
Another reason for the popularity of the scarf osteotomy 
is its versatility. It allows latéral displacement of the plantar 
bone fragment to reduce the intermetatarsal angle, médial 


displacement of the capital fragment to correct hallux 
varus, plantar displacement to increase the load of the first 
ray, and élongation or shortening of the first metatarsal. 
The stability of the osteotomy allows early weight bearing 
and return to activities. The scarf osteotomy usually is 
combined with a latéral soft-tissue release, excision of the 
médial bony eminence, and médial capsulorrhaphy, and 
occasionally with a proximal phalangeal osteotomy. 

Reported patient satisfaction with the outcomes of the 
scarf osteotomy is approximately 90%; however, a fre- 
quently reported complication has been "troughing" ofthe 
metatarsal with loss of height resulting in functional mal¬ 
union with élévation of the first ray, occurring in as many 
as a third of patients. Other reported complications include 
delayed union, rotational malunion, proximal fracture, 
infection, early deformity récurrence, transfer metatarsal- 
gia, osteonecrosis of the first metatarsal head, prominent 
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screw causing irritation, screw back-out, neuralgia, and 
complex régional pain syndrome (CRPS). In a more recent 
report of 150 patients followed for at least 2 years, 91% 
were satisfied with their results; only 14 patients had 
"significant" complications, which included severe under- 
correction or overcorrection, pain, osteoarthritis, metatarsal 
head osteonecrosis, troughing, and récurrence of the 
deformity. Choi et al. evaluated the clinical and radiographie 
results in 51 patients after the scarf osteotomy of the first 
metatarsal with soft-tissue realignment, noting that it was 
a reliable procedure with a low rate of complications and 
récurrence. AOFAS hallux score, SF-36 score, and visual 
analog scores improved postoperatively, reaching statistical 
significance. In addition, statistically significant improve- 
ment was noted in ail radiographie measures, including 
hallux valgus angle, intermetatarsal angle, and médial sesa- 
moid position. The complication rate was 15% and included 
symptomatic hardware for which four patients required 
reoperation, hallux varus, and progression of first metatar- 
sophalangeal joint arthritis. 

Current indications for the scarf osteotomy are mild- 
to-moderate deformities (intermetatarsal angle of 11 to 18 
degrees and hallux valgus angle of 20 to 40 degrees). 
Because the scarf osteotomy is an "overlapping" osteotomy, 
the limit of correction is not primarily the intermetatarsal 
angle but the width of the first metatarsal (the wider the 
metatarsal, the more correction possible). The minimal 
overlapping between the two fragments that still allows 
sufficient stability is one third of the metatarsal width, 
although very experienced surgeons might push this to 
one-fourth overlap. First ray instability caused by ligamen- 
tous laxity around the first Lisfranc joint rather than failure 
of the windlass mechanism secondary to hallux valgus 
deformity is a contraindication to the scarf osteotomy, but 
this is rare. Other contraindications are osteoarthritis of the 
metatarsophalangeal joint and severe osteoporosis. 

This procedure is technically demanding, and there is 
a steep learning curve. Suggested methods for preventing 
"troughing" include avoiding the cancellous bone with the 
step-cuts, using a noncompressing screw, making the long 
limb of the osteotomy from the first metatarsal head to 
its base parallel to the inferior metatarsal shaft, and 
making the short limbs of the osteotomy 45 degrees to the 
long limb. 


TECHNIQUE 81-10 


(COETZEE AND RIPPSTEIN) 

■ With the patient supine, administer general or régional 
anesthésia and apply a thigh tourniquet (see Technique 
81-1). 

■ Make a skin incision that runs medially and longitudinally 
over the first metatarsophalangeal joint, extending from 
about the proximal half of the proximal phalanx to the 
middle part of the first metatarsal. 

■ Subperiosteally free the dorsal aspects of the proximal 
phalanx and first metatarsal from the overlying soft 
tissues. To preserve the blood supply to the distal frag¬ 
ment, do not detach the soft tissues on the plantar aspect 
of the first metatarsal. 


■ With the médial aspect of the first metatarsal exposed, 
make a three-cut Z-shaped osteotomy. 

■ Begin the longitudinal eut at the level of the metatarsal 
head, 5 mm from the joint at the junction between the 
dorsal third and the plantar two thirds of the metatarsal. 
Depending on the severity of the deformity to be cor- 
rected, make this eut longer or shorter, but generally 
reaching the proximal part of the diaphysis. In the 
frontal plane, this eut is parallel to the weight-bearing 
plane or slightly oblique from dorsomedial to plantar- 
lateral to bring the metatarsal head more plantar if 
required. 

■ Make the first transverse eut distally and dorsally, perpen- 
dicular to the long axis of the second metatarsal if the 
length of the first metatarsal has to remain equal. The 
transverse eut usually runs parallel to the cartilage line of 
the metatarsal head. To lengthen the metatarsal, orient 
the transverse (short) eut in the horizontal plane from 
medial-proximal to distal-lateral at an angle that will allow 
distal translation. If shortening of the first metatarsal is 
desired, orient the transverse eut from medial-distal to 
lateral-proximal in the horizontal plane; the more oblique 
the eut and the larger the latéral shift, the more shorten¬ 
ing will occur. 

■ Alternative^, shorten the metatarsal by removing a 
segment of bone of the amount of desired shortening by 
making a second eut just proximal to the first one. This 
is a more predictable method of obtaining shortening. 

■ Make the second transverse eut strictly parallel to the first 
transverse eut, plantar at the proximal end of the longi¬ 
tudinal eut (Fig. 81-46A). Take care to avoid making this 
eut convergent to the first one because this would prevent 
the shifting of the head fragment (locking effect) (Fig. 
81-46B). 

■ Translate the plantar-distal portion laterally to close the 
intermetatarsal gap (Fig. 81-46C). If necessary, rotation 
can be done to correct any pathologie distal metatarsal 
angle. 

■ If the required distal metatarsal articular angle correction 
is important, the proximal-lateral corner of the head 
fragment can impinge on the second metatarsal, prevent¬ 
ing full correction; in this situation, resect this corner. 

■ Insert a Kirschner wire from the proximal fragment distally 
into the distal fragment, taking care to not place it where 
the distal screw will be placed for definitive fixation. The 
use of a wire instead of a clamp prevents stripping of the 
soft tissues beneath the distal fragment, better preserving 
its vascularity (Fig. 81-47A and B). 

■ Perform a simulated loading test on the forefoot. The 
hallux should be reduced or nearly reduced on the meta¬ 
tarsal head, and the metatarsal head should be reduced 
over the sesamoids. If this is not the case, either an Akin 
osteotomy or an additional latéral soft-tissue release with 
tenotomy of the adductor tendon is done, depending on 
the cause of the residual subluxation. Check the sesamoid 
réduction either clinically or radiographically with a mini 
C-arm. 

■ Use two minifragment screws (2 or 2.7 mm) to secure the 
osteotomy. 

■ Remove the exposed médial eminence and dorsal-medial 
metatarsal shaft. 
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Scarf osteotomy. A f The two short arms of the Z-cut should be perfectly parallel to allow the capital fragment to 
displace latérally. To lengthen the metatarsal, both short arms should project from medioproximal to laterodistal and remain parallel. 
B, If the short arms converge, the osteotomy is impossible to displace laterally. C f With the short arms of the Z parallel, the capital 
fragment is easily displaced laterally. (From Coetzee JC, Rippstein P: Surgical strategies: scarf osteotomy for hallux valgus, Foot Ankle Int 28:529, 
2007 ) SEE TECHNIQUE 81-10. 



Scarf osteotomy. A, The capital fragment is displaced laterally while the proximal fragment is held with a clamp. The 
osteotomy is temporarily stabilized with a Kirschner wire. B, Two screws are used to securely stabilize the osteotomy. (From Coetzee JC, 
Rippstein P: Surgical strategies: scarf osteotomy for hallux valgus, Foot Ankle Int 28:529, 2007.) SEE TECHNIQUE 81-10. 















PART XIX THE FOOT AND ANKLE 



A f Patient with moderate metatarsus primus varus and hallux valgus deformity. B f Both the intermetatarsal angle 
and the hallux valgus are corrected; an Akin osteotomy also was done to obtain complété correction of the hallux valgus. (From Coetzee 
JC, Rippstein P: Surgical strategies: scarf osteotomy for hallux valgus, Foot Ankle Int 28:529, 2007.) SEE TECHNIQUE 81-10. 


9 " If any hallux valgus deformity remains, the cause of this 
residual deformity should be treated before closing the 
capsule medially, because the capsule will not be able to 
hold the correction over time if the hallux valgus defor¬ 
mity is not adequately corrected by osteotomy and soft- 
tissue release (Fig. 81-48). 

■ Repair the médial joint capsule, deflate the tourniquet, 
obtain hemostasis, and close the incisions in routine 
fashion. 

POSTOPERATIVE CARE Patients are allowed heel-touch 
weight bearing for 2 weeks in a postoperative shoe fol- 
lowed by 4 weeks of partial weight bearing before 
starting a réhabilitation program. 

After many years of expérience with the scarf oste¬ 
otomy, Coetzee et al. made several recommendations for 
changes to the technique. 

The distal and proximal arms of the Z should be limited 
to 2 to 3 mm in depth. Although this theoretically reduces 
the stability of the osteotomy, this has not been observed 
clinically, and the short cuts avoid the cancellous portion 
of the metatarsal, thus reducing the risk of troughing (Fig. 
81-49), which is the most frequent problem with this 
osteotomy. Troughing occurs when the cortices wedge 
into the softer cancellous bone of the metatarsal shaft, 
causing a functional élévation or dorsiflexion of the first 
ray that can lead to a pronated first metatarsal and lesser 
metatarsal overload (Fig. 81-50). Shortening the short 



Shortening the depth of the short arms of the 
Z osteotomy limits the amount of metatarsal collapse, avoiding 
"troughing." (From Coetzee JC, Rippstein P: Surgical strategies: scarf 
osteotomy for hallux valgus, Foot Ankle Int 28:529, 2007.) 



jjj Troughing can lead to functional élévation of 
the first ray or rotational malunion. (From Coetzee JC, Rippstein P: 
Surgical strategies: scarf osteotomy for hallux valgus, Foot Ankle Int 
28:529, 2007.) 
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Depending on the direction of the long arm of 
the Z osteotomy, the capital fragment of the first metatarsal can 
be displaced plantar, dorsal, or neutral. (From Coetzee JC, Rippstein 
P: Surgical strategies: scarf osteotomy for hallux valgus, Foot Ankle Int 
28:529, 2007.) 


arms of the osteotomy either éliminâtes the problem or 
allows only 2 mm of subsidence. Another way to limit 
troughing is to keep the long arm of the Z as long as 
possible, which allows the short arms to be in the 
metaphysis that has a less dense cortex. 

The procedure should be limited to younger people 
with strong healthy bone that prevents troughing. In 
elderly patients, the cancellous bone may be very soft and 
unable to support the cortical overlay. 

Multiple adjustments should be made as needed. 
Depending on the direction of the long arm of the Z, the 
distal (capital) fragment can be displaced in a plantar or 
dorsal direction. Angling the long arm from dorsomedial 
to plantarlateral displaces the capital fragment plantarly 
by 1 to 2 mm, increasing the weight bearing under the 
first metatarsal (Fig. 81-51). Plantarflexing or dorsiflexing 
the first metatarsal or adding a rotational component to 
the osteotomy increases its stability and versatility. The 
metatarsal can be lengthened a few millimeters without 
compromising the stability of the osteotomy by cutting 
the short arms of the Z parallel from proximal-medial to 
distal-lateral. Although seldom necessary, the metatarsal 
can be shortened by removing equal segments on the 
short arms of the Z. 


LUDLOFF OSTEOTOMY 

In 1918, Ludloff described an oblique osteotomy of the first 
metatarsal oriented from dorsal-proximal to distal-plantar. 
He originally shortened the metatarsal without using 
internai fixation; this technique was abandoned for many 
years because of its inhérent instability. With the develop¬ 
ment of newer fixation methods that added stability, the 
technique has gained popularity. Biomechanical studies 
hâve shown that the Ludloff osteotomy fixed with lag 
screw compression is more rigid than proximal crescentic 
and other proximal first metatarsal ostéotomies and that it 
provides latéral and angular correction similar to those of 
crescentic and closing wedge ostéotomies with less éléva¬ 
tion and shortening. In addition to mechanical stability that 
allows early ambulation, suggested advantages of the 
Ludloff osteotomy include simplicity (involving only a single 
eut in the bone), angular correction through bony rotation 
that allows the surgeon to "dial in" the précisé amount of 


correction desired, and slight supination of the eut (8 
degrees) that allows plantarflexion of the first metatarsal, 
theoretically minimizing the risk of transfer metatarsalgia 
further. Reported complications include prominent hard¬ 
ware requiring removal, hallux varus, delayed union, 
superficial infection, and neuralgia. 


TECHNIQUE 81-11 


(CHIODO, SCHON, AND MYERSON) 

■ For tourniquet use and anesthésia, see Technique 81-1. 
Separate dorsal and médial incisions are used. 

■ First make the dorsal incision aligned over the 
first web space and then release the transverse meta¬ 
tarsal ligament, adductor hallucis tendon, and latéral 
capsule. 

■ Make an 8-cm médial longitudinal incision next, extend- 
ing from the metatarsocuneiform joint to the base of the 
proximal phalanx, to expose the médial aspect of the first 
metatarsal and metatarsophalangeal joint. 

■ Make a cruciate or L-shaped médial capsulotomy. 

■ Begin the oblique osteotomy approximately 2 mm distal 
to the metatarsocuneiform joint and extend it from 
dorsal-proximal to plantar-distal; the plane of the oste¬ 
otomy should be oriented at an angle approximately 30 
degrees from the long axis of the first metatarsal so that 
it exits the plantar-distal metatarsal a few millimeters 
proximal to the sesamoids. 

■ When the proximal three fourths of the osteotomy has 
been completed, loosely fix it with a cannulated lag screw 
(3 or 3.5 mm) placed perpendicular to the plane of the 
eut (Fig. 81-52A). Position this screw within the proximal 
rather than the middle portion of the osteotomy to bring 
the center of correction proximally toward the apex of 
the deformity to increase the correction and minimize 
shortening of the first metatarsal. 

■Complété the osteotomy and rotate the distal frag¬ 
ment around the axis of the screw until the desired 
correction of the intermetatarsal angle is obtained 
(Fig. 81-52B). 

■ When the desired correction is obtained, tighten the 
screw. 

■ Insert a second, more distal screw perpendicularly across 
the osteotomy (Fig. 81-52C). 

■ If there is space, a third screw can be added. If screw 
purchase is poor for the second screw, two supplémentai 
axial Kirschner wires can be used without significant loss 
of fixation strength. Fixation with threaded Kirschner 
wires alone provides adéquate strength when screw fixa¬ 
tion is impossible because of a short osteotomy or an 
intraoperative metatarsal fracture. 

POSTOPERATIVE CARE. Patients are allowed to bear 
weight as tolerated immediately on the heel and latéral 
forefoot in an open, hard-soled surgical shoe, followed 
by graduai resumption of full weight bearing on the fiat 
foot as tolerated. Dressing changes are done at 7 to 10 
days, and the postoperative shoe is discontinued at 4 to 
6 weeks when evidence of bone healing and stability of 
the osteotomy are noted radiographically. 
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FIGURE 


Ludloff osteotomy. A f Placement of first screw after osteotomy and before rotation of distal fragment. B f Rotation 


of distal fragment. C f Placement of supplementary Kirschner wires after placement of second screw and resection of bone. (From Schon 


LC, Dorn KJ, Jung HG: Clinical tip: stabilization of the proximal Ludloff osteotomy, Foot Ankle Int 26:579, 2005.) SEE TECHNIQUE 81-11. 


OPENING WEDGE OSTEOTOMY OF 
THE METATARSAL 

As an isolated procedure or in combination with additional 
ostéotomies, the proximal opening wedge osteotomy has 
gained some favor in the literature. As a practical matter, 
it lengthens the first metatarsal, making it useful for situ¬ 
ations in which there is a short first ray and preexisting 
transfer metatarsalgia. Although it is a potentially powerful 
operation, our expérience is that it is difficult to correct an 
intermetatarsal angle of more than 16 degrees without 
overtightening the intrinsic complex of the toe. In fact, lyer 
et al. reported a high rate of récurrence of va Ig us after the 
procedure and cautioned its use in feet with a high distal 
metatarsal articular angle. The technique has been 
described with the use of both locking and nonlocking 
plates and with and without bone graft. At our institution 
it is used very selectively in patients in whom there is pre¬ 
existing shortening of the first ray and not as a substitute 
for another proximal osteotomy. 


TECHNIQUE 81-12 


■For tourniquet use and anesthésia, see Technique 81-1. 
Make a 2- to 3-cm médial longitudinal incision. 

■ Create the oblique osteotomy, starting 1.5 cm distal to 
the first tarsometatarsal joint on the médial side of the 
first metatarsal and directed just distal and intracapsular 
to the latéral aspect of the first tarsometatarsal joint. 

■ Make the osteotomy perpendicular to the sagittal meta¬ 
tarsal axis and leave the latéral cortex to serve as a hinge. 

■ Open the osteotomy site and check the intermetatarsal 
angle with fluoroscopy. 

■ Select the appropriate size of wedge plate based on the 
amount of intermetatarsal angle correction necessary. 
Each millimeter of wedge corresponds to 3 degrees of 
correction of the intermetatarsal angle. 


■ Insert the wedge plate into the osteotomy site to maintain 
the corrected intermetatarsal angle. 

■Secure the plate with 2.3-mm self-tapping screws. 

■ Place autograft or bone-graft substitute into the osteot¬ 
omy site to fill the void. 

■ Perform necessary soft-tissue procedures. 

POSTOPERATIVE CARE. A dry dressing is applied to the 
foot and a plaster cast is used to maintain correction. 
Patients should not bear weight for 4 to 6 weeks to 
prevent displacement. Progressive weight bearing may 
then be allowed for 2 to 4 weeks, followed by full weight 
bearing as tolerated. 


MEDIAL CUNEIFORM OSTEOTOMY 

Médial cuneiform osteotomy, first described by Riedl, was 
originally used for the correction of primus varus but sub- 
sequently has been used to treat hallux valgus deformity in 
adolescents with open proximal metatarsal physes, espe- 
cially patients with an abnormally wide intermetatarsal 
angle (Fig. 81-53). The osteotomy is combined with removal 
of the médial eminence and imbrication of the médial 
capsule. This procedure is particularly useful in combination 
with a closing wedge distal metatarsal osteotomy and 
proximal phalangeal osteotomy for more severe deformi- 
ties, especially those with a congruent metatarsophalangeal 
joint. 


TECHNIQUE 81-13 


(RIEDL; COUGHLIN) 

■ For tourniquet use and anesthésia, see Technique 81-1. 
Center a médial longitudinal incision over the first cunei¬ 
form. The médial cuneiform is approximately 2 cm long, 
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A f Metatarsus primus varus and open physis in an adolescent. B f After opening wedge cuneiform osteotomy and 
distal soft-tissue realignment. C f At 18-month follow-up visit. Note incongruous metatarsophalangeal joint. (From Coughlin MJ: Juvénile 
bunions. In Mann RA, Coughlin MJ, editors: Surgery of the foot and ankle, ed 6. St. Louis, 1993, Mosby.) 



A f Anteroposterior projection of médial cuneiform osteotomy before distraction. B f Latéral view of cuneiform 
osteotomy. C f Osteotomy site distracted, and bone graft impacted. (From Coughlin MJ: Juvénile bunions. In Mann RA, Coughlin MJ, editors: 
Surgery of the foot and ankle, ed 6. St. Louis, 1993, Mosby.) SEE TECHNIQUE 81-13. 


and the osteotomy should be centered in the middle of 
the bone. 

■ Identify the navicular-cuneiform and the metatarsocunei- 
form joints. 

■ Direct the osteotomy in a mediolateral plane and carry it 
to a depth of 1.5 cm (Fig. 81-54A and B), ensuring that 
the dorsal and plantar cortices are transected. 

■ The médial eminence of the metatarsal head can be used 
as an interposition graft, or, in adolescents with little 
médial eminence, a wedge-shaped piece of bone from 
the iliac crest or lyophilized, freeze-dried iliac bicortical 
graft can be used. A 3-cm-long graft is required because 
of the height of the first cuneiform. The base of the graft 
should be 1 cm or less and should taper to a fine point 
at the apex. Remove ail cortical bone. 

■ Distract the osteotomy site with a lamina spreader and 
impact the bone graft (Fig. 81-54C). 


■ Fix the osteotomy with crossed 0.062-inch Kirschner 
wires (or a 3.5 to 4.5 mm fully threaded cortical or cancel- 
lous screw) and close the wound in the routine manner. 

POSTOPERATIVE CARE. A short leg, well-padded, 
nonwalking cast is worn for 6 weeks, followed by a 
removable walking boot until both ends of the graft are 
incorporated. This may take 4 to 6 months. 


PROXIMAL PHALANGEAL OSTEOTOMY 

In 1925, Truslow popularized the term metatarsus primus 
varus , or varus of the first metatarsal, and recommended 
correcting this component to treat hallux valgus. In the same 
year, Akin suggested a medially based closing wedge osteot¬ 
omy at the base of the proximal phalanx, combined with 
médial eminence removal to correct the deformity of the 
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hallux. He also suggested removal of the médial condylar flare 
of the base of the proximal phalanx. With minor modifica¬ 
tions, this procedure has proved helpful in correcting hallux 
valgus in selected patients, mostly as an adjunctive procedure 
to the primary bunion repair; it rarely is indicated alone for 
correction of hallux valgus deformity, and in most patients 
this procedure should be performed along with some other 
procedure to correct ail components of the hallux valgus. 

The degree of deformity should be measured on weight- 
bearing anteroposterior radiographs. The intermetatarsal 
angle, the metatarsophalangeal angle, and the interphalangeal 
joint angle ail are measured to détermine the degree of meta- 
tarsus primus varus, hallux valgus, and hallux valgus inter- 
phalangeus. Persistent latéral displacement of the sesamoids 
affer completion of the bunion procedure prédisposés to 
récurrence of the valgus deformity The Akin procedure is of 
limited value if the sesamoid apparatus is subluxed. The 
phalangeal articular angle and degree of hallux valgus inter- 
phalangeus can be determined by measuring on the weight- 
bearing anteroposterior radiograph the degrees of différence 
between a perpendicular line drawn among fines parallel to 
the phalangeal articular surfaces (Fig. 81-55). The Akin 
osteotomy corrects approximately 8 degrees of valgus for each 
2.5 to 3 mm of wedge removal at the base of the proximal 
phalanx. Measurement of the distal metatarsal articular angle 
also is recommended in determining if the Akin osteotomy 
is indicated. If this is more than 10 to 15 degrees and a basilar 
osteotomy has been used to correct the excessive intermeta¬ 
tarsal angle, the Akin procedure may gain an additional 
correction of the valgus of the hallux without disrupting joint 
congruity. This procedure was not originally combined with 
adductor tenotomy or latéral capsulotomy, but this modifica¬ 
tion is attractive for elderly patients who primarily desire that 
the hallux and second toe do not impinge on each other. 

In two radiograph studies, Dixon et al. and Park et al. 
found an increased incidence of hallux valgus interphalan- 
geus affer hallux valgus correction on postoperative radio¬ 
graphs. These studies underscore the need for attention to 
detail in the preoperative assessment of this component of the 
deformity and perhaps the more aggressive use of the Akin 
osteotomy. 



A and B f Measurement of phalangeal articular 
angle to assess hallux valgus interphalangeus and amount of 
correction postoperatively. (From Beskin JL: Akin's phalangeal oste¬ 
otomy for bunion repair. In Myerson M, editor: Current therapy in foot 
and ankle surgery, St. Louis, 1993, Mosby.) 


The patient profile for the procedure if used alone is as 
folio ws: 

■ Patient older than 55 years 

■ Excessive hallux valgus interphalangeus (in patient of any 
âge) 

■ Hallux valgus of no more than 25 degrees 

■ Intermetatarsal angle of less than 13 degrees 

■ Good metatarsophalangeal joint motion without localized 
joint pain 

Contraindications for the procedure are the following: 

■ Rheumatoid arthritis 

■ Moderate-to-severe osteoarthritis at the metatarsophalan¬ 
geal joint 

■ Intermetatarsal angle more than 13 degrees 

■ Hallux valgus angle more than 30 degrees 

■ Subluxation laterally of the tibial sesamoid more than 50% 
of its width 

■ Open physis of the proximal phalanx 

Although the originally described osteotomy at the base 
of the phalanx is contraindicated if the physis is open, an 
osteotomy at the neck of the phalanx can be performed to 
correct hallux valgus interphalangeus even in adolescents. 
Combining this procedure with another bunion procedure, if 
the primary one does not correct the deformity sufficiently 
or if a patient has severe hallux valgus interphalangeus, is 
reasonable (Fig. 81-56). 

The Akin procedure is most useful to correct hallux 
valgus interphalangeus or to add 5 to 10 degrees of additional 
correction if the primary procedure has not satisfactorily 
corrected the deformity and if the aforementioned criteria 
regarding correction of the intermetatarsal angle and sesa¬ 
moid position hâve been achieved. The procedure often is 
appropriate in elderly patients with moderate deformities 
when combined with adductor release and médial eminence 
removal and with médial capsular imbrication if the capsule 
is strong enough to suture. It must be emphasized to the 
patient, however, that the cosmetic appearance of the toe 
would not be appreciably changed, although the hallux should 
fit in a shoe better and should not cause symptomatic 
impingement of the second toe. 


AKIN PROCEDURE 


TECHNIQUE 81-14 


■For tourniquet use and anesthésia, see Technique 81-1. 
This procedure can be done with ankle-block anesthésia. 
Make a longitudinal médial incision along the proximal 
two thirds of the proximal phalanx and extend it over the 
médial eminence to expose the distal metatarsal shaft 
capsule 2 to 3 mm proximal to its attachment on the 
metatarsal neck. 

■ Expose the proximal phalanx by sharp dissection (not with 
a periosteal elevator) just enough to make the osteotomy 
cuts. Avoid stripping the periosteum any more than is 
necessary because delayed union or nonunion may resuit. 
Also, raise the capsule surrounding the exostosis by sharp 
dissection and expose the médial eminence, but preserve 
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FIGURE 


A f Mild hallux valgus and significant hallux valgus interphalangeus is a deformity that can be corrected with an Akin 


osteotomy. B f Deformity that is not appropriate for Akin osteotomy. 






Akin procedure. A f Médial eminence removal and adductor tenotomy. B f Basilar osteotomy and removal of médial 
condyle. Shaded area shows alternative location of phalangeal closing wedge osteotomy. C f Final position of hallux. SEE TECHNIQUE 
81-14. 


as much of the proximal capsular attachment to the 
metatarsal neck as possible. 

■ Remove the médial eminence as previously described, 
using the parasagittal groove as a starting mark. Smooth 
the rough margins of the cancellous bone remaining after 
exostectomy with a rongeur or rasp (Fig. 81-57A). 

■ Make a midline incision as a continuation of the médial 
incision from the bunionectomy, extending to the inter- 
phalangeal joint. Protect the plantar and dorsal cutaneous 
nerves to the hallux. 

■ Elevate the periosteum medially as much as necessary to 
expose the flexor hallucis longus and extensor hallucis 
longus so that they can be protected with a small 
Hohmann retractor. 

■ Make the first osteotomy eut parallel to the Kirschner wire 
from médial to latéral, not penetrating the far cortex. A 


medium-sized blade should be used because a fine 
blade may burn the bone and cause delayed union 

(Fig. 81-57B). 

■ Make a second osteotomy eut 2 to 5 mm from the first 
(depending on the deformity that requires correction) and 
angle the eut toward the same point on the latéral cortex 
as the first. Ideally, do not penetrate the latéral cortex but 
just weaken it so that only minimal force is necessary to 
close the osteotomy medially. Passing the saw blade 
along the two cuts will accomplish this. Correct residual 
pronation of the hallux by rotating the distal part of the 
proximal phalanx. 

■ If an ankle tourniquet was placed, remove it at this point 
to assess the alignment of the toe. Also remove the 
Kirschner wire used to détermine alignment of the oste¬ 
otomy. If an adéquate bone bridge is présent, the hole 
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S left by Kirschner wire removal can be used for suture 
fixation. 

■ Détermine rotation of the toe and use a Kirschner wire 
to make a corresponding hole opposite the first hole. Pass 
a 2-0 braided nonabsorbable suture through the holes. 

■ Close the osteotomy and advance a 0.045-inch Kirschner 
wire from proximal to distal, plantar to the midline of the 
phalanx (Fig. 81-57C). 

■ Confirm the position of the wire, bend it at bone level, 
and eut and bury it. Tie the suture securely. 

■ Close the periosteum with 2-0 braided absorbable suture 
to cover the knot of bone fixation suture and close the 
skin with 5-9 nylon sutures. Apply a forefoot bandage, 
incorporating the interphalangeal joint of the hallux. 

POSTOPERATIVE CARE. The patient is instructed to rest 
and elevate the extremity for 72 hours, with bathroom 
privilèges only, but weight bearing to tolérance is allowed. 
Generally, no cast is needed. In adolescent patients with 
excessive hallux valgus interphalangeus, however, it is 
best to use a short leg walking cast that extends past the 
toes for the first month. The sutures and pins are removed 
at 3 to 4 weeks, and a deep, wide, soft shoe can be worn. 
After the pins hâve been removed, gentle active and 
passive ranges of motion are begun. The osteotomy 
usually is clinically stable at 4 to 6 weeks, but radiographie 
healing may take 3 to 6 months or longer. Nonunion is 
uncommon, occurring in only 1 % of patients. 


ARTHRODESIS OF THE FIRST 
METATARSOPHALANGEAL JOINT 

In properly selected patients, arthrodesis of the first metatar- 
sophalangeal joint for hallux valgus is the most appropriate 
operation (Figs. 81-58 and 81-59). Mann and Katchurian 
reported a 4- to 5-degree average réduction in the intermeta- 
tarsal angle after arthrodesis alone, suggesting that proximal 
metatarsal osteotomy combined with arthrodesis is not 
indicated except for the most severe deformities. Grimes and 
Coughlin reported excellent or good outcomes in 24 (72%) 
of 33 feet an average of 8 years after arthrodesis for treatment 
of a variety of failed hallux valgus procedures, including the 
proximal and distal ostéotomies, McBride procedure, exos- 
tectomy, and resection arthroplasty. As in ail foot and ankle 
arthrodesis procedures, care should be taken in patients who 
smoke because of the increased risk of nonunion. Ail patients 
undergoing bony procedures, especially arthrodesis, are 
advised to take vitamin D suppléments unless they are medi- 
cally contraindicated. 

Arthrodesis of the first metatarsophalangeal joint for 
hallux valgus is indicated in the following circumstances: 

■ Severe deformity (an intermetatarsal angle > 20 to 22 
degrees, a hallux valgus angle > 45 degrees, and severe 
pronation of the hallux) (Fig. 81-60), especially when 
painful callosities are présent beneath the second and third 
metatarsal heads with an atrophie forefoot pad 

■ Degenerative arthritis with hallux valgus. Although 
uncommon, érosion along the latéral aspect of the sagittal 
groove with loss of articular cartilage occasionally is seen 
in patients older than 60 years. 



A f Hallux valgus in 46-year-old woman. B f One 
year after arthrodesis. 



Severe hallux valgus is good indication for 
arthrodesis of first metatarsophalangeal joint, particularly in 
récurrent hallux valgus after previous attempt at correction (left 
foot). 


■ Possibly for mild-to-moderate deformity when motion 
of the metatarsophalangeal joint is limited and painful. 
Resection arthroplasty is a reasonable alternative. 

■ Récurrent hallux valgus. The McBride procedure, a meta¬ 
tarsal osteotomy, or a Keller procedure may be used 
instead. 
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JU A f Severe hallux valgus with severe metatarsus 
primus varus. B f After proximal metatarsal osteotomy and 
arthrodesis of first metatarsophalangeal joint. 


■ Hallux valgus caused by muscle imbalance in patients with 
neuromuscular disorders, such as cérébral palsy, to prevent 
récurrence 

■ Posttraumatic hallux valgus with severe disruption of ail 
médial capsular structures that cannot be adequately 
reconstructed 

■ Hallux valgus in patients with rheumatoid arthritis. 
Arthrodesis of the first metatarsophalangeal joint is pre- 
ferred to resection arthroplasty, particularly in patients 
younger than 55 to 60 years. 

The surgical technique for arthrodesis of the first meta¬ 
tarsophalangeal joint may vary according to the type of 
osteotomy and the kind of fixation used. Joint surfaces may 
be eut fiat or tapered, or reamers may be used to create a 
“cup-and-cone” configuration. Fixation may include Kirsch- 
ner wires, cortical or lag (compression) screws, or dorsal 
plates. Biomechanical assessment of five commonly used 
arthrodesis techniques determined that the most stable con- 
struct was obtained with an oblique lag screw and a dorsal 
plate. Various arthrodesis plates are now manufactured with 
contoured dorsiflexion angles of 9 to 10 degrees. These low- 
profile plates in combination with a lag or compression screw 
provide strong fixation that allows immédiate full weight 
bearing without a cast. Specially designed, precontoured 
plates are preferred to improvised plates because bending 
leads to poor control over dorsiflexion and may increase the 
incidence of plate failure. After préparation of the joint for 
arthrodesis, a crossed screw configuration is used, either a 
variable pitch headless compression screw or a partially 
threaded compression screw followed by a Crossing fully 
threaded screw for increased stability and thread purchase. 
Ideally, one screw passes plantar to the axis of motion 
of the metatarsophalangeal joint (on the tension side of the 


construct). This procedure avoids potential hardware promi- 
nence dorsally but is not indicated in osteoporotic bone. It is 
easier to perform with a straight médial approach as opposed 
to a dorsal or dorsomedial approach (Fig. 81-61). 


ARTHRODESIS OF THE FIRST 
METATARSOPHALANGEAL JOINT 
WITH SMALL PLATE FIXATION 


TECHNIQUE 81-15 


(MANKEYAND MANN) 

■ For tourniquet use and anesthésia, see Technique 81-1. 
Begin a dorsal incision on the médial edge of the extensor 
hallucis longus tendon a few millimeters proximal to the 
interphalangeal joint of the hallux, and extend it proxi- 
mally 5 to 6 cm (Fig. 81-62A). Incise the skin and subeu- 
taneous tissue and the extensor mechanism. Identify and 
preserve the proper branch of the superficial peroneal 
nerve to the dorsomedial aspect of the hallux. Carry the 
incision through the extensor mechanism at the base of 
the proximal phalanx and through the periosteum over 
the first metatarsal. 

■ With sharp dissection, expose the first metatarsophalan¬ 
geal joint dorsally, medially, and laterally. 

■ Uncover the médial eminence, using small, right-angle 
retractors to expose fully three sides of the metatarsopha¬ 
langeal joint. 

■ Remove any dorsal osteophytes at the base of the proxi¬ 
mal phalanx or over the metatarsal head with a rongeur. 

■ Using a 9-mm-wide blade in a power saw, remove the 
distal surface of the first metatarsal 3 to 4 mm proximal 
to the articular cartilage, making the eut perpendicular to 
the shaft of the first metatarsal (Fig. 81-62B). 

■ Align the hallux with the first metatarsal in 15 degrees of 
dorsiflexion to the plantar surface of the foot or 25 to 30 
degrees of dorsiflexion to the inclination angle of the first 
metatarsal and approximately 15 degrees of valgus and 
neutral rotation (Fig. 81-62C and D). 

■ With the hallux in this position, remove the base of the 
proximal phalanx parallel to the previous eut in the first 
metatarsal. Leave as much metaphyseal flare of the base 
as possible for later screw fixation. 

■ In severely eburnated bone, drill multiple small holes in 
the base of the proximal phalanx and in the head of the 
first metatarsal with a 0.062-inch Kirschner wire; if can- 
cellous bone is reached after making the osteotomy cuts, 
this step is unnecessary. 

■ When the hallux is aligned properly, fix it temporarily with 
one or two 0.045-inch Kirschner wires placed from dorsal 
distal to proximal médial. These wires must be placed in 
the upper quarter of the phalanx and metatarsal head to 
leave room for the interfragmentary screw to be placed 
just plantar to the midline of the proximal phalanx (Fig. 
81-62E). 

■ Ensure that ail soft tissue has been excised around the 
base of the proximal phalanx, with no soft tissues invagi- 
nated in the arthrodesis site, and that the flexor hallucis 
longus tendon has been preserved. 
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FIGURE 


A and B f Hallux valgus. C and D f Crossed-screw fixation. 


■ Place an interfragmentary 4-mm cancellous screw 
through the plantar-medial aspect of the base of the 
proximal phalanx directed laterally into the metatarsal 
head. Using a drill guide, drill a glide hole with a 3.5-mm 
bit and then drill the hole with a 2-mm bit. This should 
be placed at the flare of the base of the proximal 
phalanx where there is good bone stock. Measure the 
length of the screw, tap the hole, and insert the screw. 
A countersink usually is not required for the screw head 
but can be used if there is concern that the head of the 
screw would lever in a dorsal direction and crack 
through the cortical bridge. Just before final tightening 
of the screw, remove the Kirschner wires to maximize 
compression. 

■ Remove the médial eminence and ensure that no osteo- 
phytes remain on the latéral side. 


■ Mann emphasized that in rheumatoid feet the bone stock 
may be so poor that interfragmentary screw fixation is 
impossible. In that case, use a dorsal plate or intramedul- 
lary Steinmann pins. 

■ When limited fixation with the interfragmentary screw is 
achieved, place a one-quarter tubular AO plate or its 
équivalent dorsally. Usually, three holes are made in the 
metatarsal and two in the proximal phalanx, but in some 
patients the phalanx is long enough to place three screws 
on each side of the arthrodesis site. Secure the plate 
proximally with a 4-mm cancellous screw. No lag tech¬ 
nique is needed, and no compression is gained with this 
type of plate. If the bones are quite small, use 2.7-mm 
screws designed for the one-quarter tubular plate. First 
secure the plate proximally through the screw hole closest 
to the arthrodesis site (Fig. 81-62F). 










CHAPTER 81 DISORDERS OFTHE HALLUX ^ 


5 



Technique for arthrodesis of first metatarsophalangeal joint. A f Dorsal skin incision. B, Excision of metatarsal head. 
C f Fusion site placed in 15 to 20 degrees of valgus. D f Approximately 30 degrees of dorsiflexion in relation to metatarsal shaft or 10 
to 15 degrees of dorsiflexion in relation to floor. E f Kirschner wire placed. F f Six-hole, one-quarter tubular plate in place. (From Mann 
RA, Coughlin MJ, eds: Surgery of the foot and ankle, ed 7. St. Louis, 1999, Mosby; C and D from Mann RA, Coughlin MJ: The video textbook of 
foot and ankle surgery, St. Louis, 1991, Medical Video Productions.) SEE TECHNIQUE 81-15. 


■ Before the final seating of the screw, check the position 
of the arthrodesis and the plate. The plate should rest in 
the midline of the hallux and proximal phalanx, and the 
latéral edge of the proximal phalanx should line up with 
the latéral edge of the first metatarsal head. 

■ Place another screw in the metatarsal and two or three 
screws in the proximal phalanx. Measure the screw 
lengths accurately so that they do not impinge on the 


flexor hallucis longus. Place the final screw in the most 
proximal hole in the plate. 

■ If there are any small areas of unapposed bone, use the 
deep surface of the médial eminence for cancellous bone 
graft. 

■ Close the capsule with 2-0 absorbable suture, reposition- 
ing the extensor hallucis longus dorsally, and close the 
skin with nonabsorbable sutures. 
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9 " Apply a compression dressing to the foot and secure it 
around the ankle using multiple unfluffed fluffs and 
gauze wrap. 

POSTOPERATIVE CARE. The dressing is changed to a 
more snug-fitting dressing at the first postoperative visit, 
and the patient is allowed to bear weight to tolérance 
with a postoperative shoe. Assisted walking with crutches 
or a walker is optional. Fusion usually is complété by 12 
weeks after surgery, and the patient is allowed to wear 
any shoes that accommodate the foot. 


ARTHRODESIS OF THE FIRST 
METATARSOPHALANGEAL JOINT 
WITH LOW-PROFILE CONTOURED 
DORSAL PLATE AND COMPRESSION 
SCREW FIXATION 


TECHNIQUE 81-16 


(KUMAR, PRADHAN, AND ROSENFELD) 

■ For tourniquet use and anesthésia, see Technique 81-1. 
Through a dorsal approach (or through previous incision 
if a révision), expose the joint capsule and divide it longi¬ 
tudinal^ médial to the extensor hallucis longus; retract 
the tendon laterally. 

■ Reflect the capsule and collateral ligaments from the 
metatarsal head and mobilize the flexor hallucis longus 
inferiorly. 

■ Préparé the joint surfaces using spherical reamers to 
create concentric concave-convex surfaces (see Technique 
81-17). 

■ Appose the joint surfaces in optimal position and tempo- 
rarily fix them with a Kirschner wire. 

■Check sagittal alignment using a fiat tray to simulate 
weight bearing. Position the metatarsophalangeal joint to 
allow a heel clearance of approximately 1 inch with simu- 
lated weight bearing. 

■ Remove any dorsal prominences. 

■ Détermine valgus alignment by comparison to the oppo¬ 
site hallux; keep rotation to neutral using the nail plate 
as a guide. 

■ Confirm by direct observation that the dorsiflexion angle 
is 15 to 25 degrees and secure the réduction with an 
interfragmentary compression screw. 

■ Apply a precontoured titanium alloy low-profile plate 
dorsally and fix with standard screws. 

■ Fill any minor local defects or cysts with bone graft taken 
from the reamers, close the wound in layers, and apply a 
compression bandage. 

POSTOPERATIVE CARE. Patients are allowed full 
weight bearing immediately in a fiat postoperative shoe, 
using crutches if needed. The compression bandage is 
removed at 2 weeks. At 6 weeks, wearing of normal 
shoes is permitted. 


TRUNCATED CONE ARTHRODESIS OF 
THE FIRST METATARSOPHALANGEAL 
JOINT 

Multiple manufacturers produce reaming Systems designed 
for this procedure. Alternative^, this procedure may be 
performed by fashioning cup-and-cone surfaces by hand. 


TECHNIQUE 81-17 


(JOHNSON AND ALEXANDER) 

■ With the patient under régional or general anesthésia 
(see Technique 81-1 for tourniquet use and anesthésia), 
make a médial midline incision over the metatarsopha¬ 
langeal joint between the branch of the superficial 
peroneal nerve dorsally and the proper branch of the 
médial plantar nerve plantarly. Begin the incision over the 
proximal half of the proximal phalanx and extend it 
proximally over the médial eminence and along the shaft 
of the first metatarsal. 

■ Do not raise any flaps until bone is reached. We recom- 
mend raising a small flap at this point to ensure that the 
superficial peroneal nerve, which is vulnérable at the level 
on the metatarsal where the médial eminence enters the 
shaft, is not tethered in the midline medially because the 
protruding médial eminence displaces the nerve dorsally 
at the site of the bunion. 

■ By sharp dissection, dénudé the base of the proximal 
phalanx and the metatarsal head of soft tissue, being 
careful to preserve the flexor hallucis longus tendon. The 
base of the proximal phalanx must be visible end on. 

■ Place a guidewire in the center of the base of the proximal 
phalanx and drill it into the subchondral bone of the head 
of the proximal phalanx. 

■ With a conical reamer, ream the proximal phalanx 
(Fig. 81-63A). 

■ Expose the metatarsal head and insert a guide pin into it. 
This guide pin must be placed at an appropriate angle in 
reference to the dorsal aspect of the first metatarsal. Use 
an angle guide to ensure dorsiflexion of the hallux 25 to 
30 degrees to the inclination angle of the first metatarsal 
(Fig. 81-63B). 

■ When the guide pin has been properly positioned in the 
metatarsal head, place the truncated cône reamer System 
for the metatarsal head over the guide pin (Fig. 81-63C) 
and use it to produce a truncated cône configuration of 
the distal metatarsal for optimal cancellous bone contact 
(Fig. 81-63D). 

■ Impact the two prepared surfaces and place a fully 
threaded 4-mm cancellous screw from the médial base 
of the proximal phalanx laterally into the metatarsal head. 
Countersink the screw head and avoid fracture through 
the cortical bridge of the médial aspect of the base of the 
proximal phalanx. Use a lag technique by overreaming the 
phalangeal side of the arthrodesis. 

■ Before placement of the screw, temporary fixation with 
one or two 0.062- or 0.045-inch Kirschner wires may be 
needed. Occasionally, in osteoporotic bone, two crossed 
screws may be needed for secure fixation. 
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Truncated cône arthrodesis. A f Préparation of phalangeal base with end-cutting reamer. B f Metatarsal angle guide 
for reaming. C f Cutting truncated cône with side-cutting reamer. D f Base of proximal phalanx after reaming. (From Johnson KA, editor: 
Master techniques in orthopaedic surgery: the foot and ankle, New York, 1994, Raven.) SEE TECHNIQUE 81-17. 


POSTOPERATIVE CARE. The patient may walk flat- 
footed, bearing weight to tolérance, in a postoperative 
shoe with spécifie instructions not to load the hallux. The 
dressing is changed at 2-week intervals, and the arthro¬ 
desis is manually tested each time. If the fixation is not 
rigid, the patient wears a cast for 6 weeks. If an interposi¬ 
tion graft was necessary, such as for marked bone loss at 
the first metatarsophalangeal joint from previous total 
joint replacement or hemiarthroplasty, the postoperative 
management is altered. No weight bearing is allowed for 
3 months, during which time the patient wears a cast. A 
walking cast is applied until the arthrodesis is solid. 


the deformity is enough to require a proximal metatarsal 
osteotomy. It provides powerful correction of varus of the 
first ray and allows improved stability of the médial column 
of the foot. It is often helpful in combined flatfoot defor¬ 
mity in the setting of posterior tibial tendon insufficiency, 
instability of the first ray, and corresponding moderate to 
severe hallux valgus (Fig. 81-64). McAlister et al. evaluated 
the corrective ability of this arthrodesis in 99 patients based 
on the first intermetatarsal angle, hallux valgus angle, and 
tibial sesamoid position. They found a significant decrease 
in ail three parameters from preoperative to ail postopera¬ 
tive time periods. Faber et al. compared the Lapidus pro¬ 
cedure with a simple Hohmann distal closing wedge 
metatarsal osteotomy in 101 feet. At a mean follow-up of 
9.25 years, they found no différence in clinical or radio¬ 
graphie outcomes between the two procedures. Ellington 
et al. evaluated 32 feet with récurrent hallux valgus in 
which preoperative évaluation determined clinical hyper- 
mobility in 96% and radiographie signs of instability in 
52%. The average preoperative hallux valgus angle, inter¬ 
metatarsal angle, and distal metatarsal angle showed 
statistically significant correction postoperatively from pre¬ 
operative values. Good to excellent results were reported 
by 87% of patients. 


ARTHRODESIS OF THE FIRST 
METATARSOCUNEIFORM 
ARTICULATION (LAPIDUS 
PROCEDURE) 

Arthrodesis of the first metatarsal cuneiform joint is 
included in the section on arthrodesis for convenience but 
could properly be listed as an option in patients in whom 
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TECHNIQUE 81-18 


9 (MYERSON ETAL; SANGEORZAN AND HANSEN; 

MAULDIN ETAL) 

■For tourniquet use and anesthésia, see Technique 81-1. 
The procedure is performed through three incisions: over 
the médial eminence, dorsally in the first web space, and 
dorsally over the metatarsocuneiform articulation. 


■ Make the first incision medially over the médial eminence 
and incise the capsule in an inverted-L shape distally (Fig. 
81-65A and B). Remove the médial eminence. 

■ Make a second incision dorsally in the first web space and 
release the adductor hallucis from its attachments at the 
base of the proximal phalanx and the latéral margin of 
the fibulosesamoid ligament. Incise the capsulosesamoid 
ligament in an axial plane, and mobilize the sesamoids 
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Lapidus procedure. A f Capsular flap is inverted-L with apex dorsal and proximal. B, Médial eminence exposed after 
peeling flap. Flap can be resutured or attached to neck of metatarsal through drill hole. C and D f Correction of metatarsus primus 
varus achieved by translation and slight rotation of metatarsal. E f Screw position. F f Correction obtained. (A-D from Myerson M, editor; 
Current therapy in foot and ankle surgery St. Louis, 1993, Mosby.) SEE TECHNIQUE 81-18. 
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beneath the metatarsal head. Do not resuture the adduc- 
tor hallucis in the first intermetatarsal space. 

■ Make a third incision dorsally over the first metatarsocu- 
neiform articulation. This should be long enough to 
expose adequately the dorsal venous arch and the most 
médial branch of the superficial peroneal nerve. To find 
the joint, make a longitudinal incision with a small blade 
over the base of the first metatarsal onto the médial 
cuneiform with gentle subperiosteal dissection medially 
and laterally. Avoid the penetrating branch of the dorsalis 
pedis artery during the latéral dissection. 

■ Remove the small wedge of bone from the articulation 
laterally and plantarward to ensure plantarflexion of the 
first metatarsal (Fig. 81-65C and D). Remove as little bone 
as possible. Myerson recommended removing only the 
articular cartilage laterally and plantarward, leaving the 
articular surface of the médial aspect of the joint intact. 

■ The first metatarsal should plantarflex and adduct, and 
the dorsal part of the arthrodesis site should never be 
wider than the plantar part, which is difficult to achieve 
because of the deep plantar recession at the base of the 
first metatarsocuneiform articulation. 

■ Use a small, flexible, thin chisel blade or a long-handled, 
small rongeur to reach deep within the joint. Osteotomes, 
even thin ones, are not recommended because too much 
bone is removed dorsally. 

■ Hold the metatarsal in the corrected position with a 
0.062-inch Kirschner wire and verify correct positioning 
of the metatarsal with radiographs or fluoroscopy. 

■ Insert two 3.5-mm cortical screws (if room allows) dorsal 
to plantar from the médial cuneiform proximally into the 
first metatarsal distally, using a lag screw technique by 
overdrilling the proximal cortex. Tighten the screws 
sequentially (Fig. 81-65E). 

■ Use a small burr to create two or three small troughs on 
the dorsal and médial sides of the arthrodesis site and fill 
them with autogenous bone graft. The small quantity of 
bone graft required can be obtained from one of the 
adjacent tarsal bones, the calcaneus, or the distal tibia. 

■ Move the first metatarsophalangeal joint through a range 
of motion to locate the exact position in which the joint 
is most congruent. This step is important because if the 
intermetatarsal angle is undercorrected, or if the hallux 
valgus angle is excessive, placing the hallux in a straight 
position may cause impingement or incongruency, result- 
ing in loss of motion of the first metatarsophalangeal 
joint. 

■ When the position of first metatarsophalangeal joint 
congruency is located, repair the capsule in that 
position. 

■ If the hallux impinges on the second toe or is in unat- 
tractive valgus, perform an Akin basal phalangeal oste- 
otomy, rather than force the hallux into a straight position, 
producing incongruency of the joint. 

■ If the corner of the L-shaped capsulotomy cannot be 
resutured because of a lack of soft tissue, use a Kirschner 
wire to drill a small hole in the metatarsal neck for attach- 
ment of the capsule. 

POSTOPERATIVE CARE. Initially, a non-weight-bearing 
cast is used. When the patient can bear weight to comfort 


in the cast, a walking cast is applied and is worn until 6 
weeks after surgery. A removable walking cast can be 
used for the next 3 to 6 weeks. Myerson et al. empha- 
sized that swelling can be bothersome for 4 to 6 months, 
and the patient cannot expect to wear normal shoes until 
this period is over (Fig. 81-65F). 


ARTHRODESIS OF THE FIRST 
METATARSOCUNEIFORM 
ARTICULATION (LAPIDUS 
PROCEDURE) WITH PLATE FIXATION 


TECHNIQUE 81-19 


(SORENSEN, HYER, BERLET) 

■ After administration of a popliteal block and induction of 
general anesthésia, préparé and drape the limb using 
standard stérile technique. Exsanguinate the operative 
limbandapplyand inflateathightourniquet(300 mm Hg) 
(see Technique 81-1 for tourniquet use and anesthésia). 

■ For the sequential latéral release, make the first incision 
over the first intermetatarsal space to allow fibular sesa- 
moid ligament recession, conjoined adductor tenotomy, 
deep transverse metatarsal ligament transection, and 
latéral capsular "pie crusting" with atténuation by putting 
the hallux into 45 degrees of varus stress. 

■ Make the second incision over the médial first metatar¬ 
sophalangeal joint. 

■ Make an inverted-L médial capsular incision and resect 
any hypertrophie médial eminence. 

■ Make the third incision over the dorsomedial aspect of 
the first metatarsocuneiform joint. 

■ Expose the joint through a transverse capsulotomy and 
distract the joint with Steinmann pins and a Hintermann 
retractor to increase exposure. 

■ Use an osteotome and mallet to dénudé the correspond- 
ing surfaces of the joint of articular cartilage, taking care 
to maintain the subchondral plate. Make sure the joint is 
fully exposed, as deep as 3 cm, to ensure adéquate 
removal of the entire cartilaginous surface. 

■ Scallop and fenestrate the subchondral plate to promote 
angiogenic and osseous growth. 

■ Preserve the peripheral rim of subchondral bone to retain 
as much length as possible and to provide added stability 
for internai fixation. 

■ If bone graft or bone marrow aspirate is used, place it 
within the fusion site. 

■ Manually reduce the first metatarsal in the transverse 
plane and attain sagittal position by engaging the wind- 
lass mechanism through dorsiflexion of the hallux. If 
necessary, use a large bone réduction clamp to hold the 
first metatarsal to the second in the transverse plane. 

■ With the metatarsal in the corrected position, place a 
guide pin across the joint for insertion of a partially 
threaded cannulated, titanium screw. Use fluoroscopy to 
ensure adéquate correction and guide pin placement in 
ail planes. 
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Anteroposterior (A) and latéral (B) radiographs 
of first metatarsophalangeal arthrodesis fixed with a dorsal plate 
and screws. (From Berlet GC, Hyer CF, Glover JP: A rétrospective review 
of immédiate weightbearing after first metatarsophalangeal joint 
arthrodesis, Foot Ankle Spec 1:24, 2008.) SEE TECHNIQUE 81-19. 


■ Measure the guide pin and place the cannulated screw 
using standard AO technique. 

■Apply a four-hole locking plate over the dorsomedial 
aspect of the joint, placing four corresponding locked 
screws of varying lengths according to standard AO 
technique (Fig. 81-66). 

■ Close the incisions in standard fashion and apply a modi- 
fied Jones compression posterior splint. 

POSTOPERATIVE CARE. Patients remain strictly non- 
weight bearing for the first 10 to 14 days, followed by 4 


weeks of protected weight bearing as tolerated in a cam- 
walker, with transition into regular shoes at about 6 
weeks. 

Because of the challenging technique and prolonged 
convalescence of this procedure, it is most bénéficiai for 
patients with récurrence of the metatarsus primus varus 
component of the hallux valgus complex after failed 
bunion surgery; for patients with marked ligamentous 
laxity; or for patients with cérébral palsy who hâve spastic 
equinovalgus, metatarsus primus varus, and hallux valgus. 
Because of improvements in surgical technique and fixa¬ 
tion methods, which hâve reduced the nonunion rate 
from as high as 20% in earlier sériés to less than 5% in 
more recent ones, the necessity for cast immobilization 
has been questioned, and immédiate protected weight 
bearing in a postoperative shoe has been described after 
the Lapidus arthrodesis. 


MOLDED (BALL-AND-SOCKET) 
ARTHRODESIS OF THE FIRST 
METATARSOPHALANGEAL JOINT 


TECHNIQUE 81-20 


■For tourniquet use and anesthésia, see Technique 81-1. 
Make a midline médial incision from the midportion of 
the proximal phalanx to the junction of the neck and shaft 
of the metatarsal. Raise the skin and capsule in one piece 
dorsal and plantarward far enough to expose the articular 
surfaces. 

■ Using a small rongeur and, following the natural contours 
of the metatarsal head, remove ail cartilage and subchon- 
dral bone. 

■ Préparé the base of the proximal phalanx by deepening 
the natural concave surface with a small rongeur. If the 
subchondral bone of the base of the proximal phalanx is 
eburnated, use a small / 8 - to %-inch osteotome to fish 
scale the surfaces and then use a rongeur to reach cancel- 
lous bone. 

■ Drill multiple holes with a 0.062-inch Kirschner wire in 
the base of the proximal phalanx and into the metatarsal 
head. 

■ Align the joint surfaces in the proper position of dorsi- 
flexion, valgus, and neutral rotation. 

■ Impact the surfaces and hold them with two 0.062-inch 
Kirschner wires drilled from the metatarsal head into the 
proximal phalanx from médial to latéral. This wire is dorsal 
to the midline. The second Kirschner wire is placed plantar 
to the midline, usually in the flare of the plantar surface 
of the metatarsal head. Evaluate the final position of the 
metatarsophalangeal joint (15 degrees of valgus, 25 
degrees of extension to the longitudinal axis of the first 
metatarsal and neutral rotation). If changes in position 
need to be made, do them now and then reinsert the 
Kirschner wires. 
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■ Drill a hole with a 2-mm bit and a drill sleeve through the 
metatarsal head into the proximal phalanx. 

■ Overream the metatarsal side of the arthrodesis with a 
3.5-mm bit. 

■ Measure the screw length and tap the hole with a 4-mm 
cancellous tap. Before placing the screw, use a counter- 
sink to allow the head of the screw to rest just inside the 
cortex of the metatarsal without levering distally and 
breaking the cortical bridge. 

■ Insert a full-threaded, 4-mm cancellous screw from the 
metatarsal head into the proximal phalanx. It also is 
important in the initial préparation not to remove so 
much from the médial eminence that no shoulder is left 
where the médial eminence meets the shaft because this 
ridge of bone acts as a buttress for the screw head. This 
usually provides enough fixation so that the Kirschner 
wires can be removed, but one or both wires can be left 
in place for additional fixation if needed. If the wires are 
left in place, eut them off beneath the skin. 

POSTOPERATIVE CARE. The patient is allowed to bear 
weight to tolérance in a removable short leg walking 
boot. Thedressing ischanged 14 to 21 days after surgery, 
and the removable walking boot is used for another 3 
weeks. Ail protection can be removed by 6 to 12 weeks 
after surgery. A short leg nonwalking cast for 3 to 4 
weeks and a walking cast for 3 to 4 additional weeks are 
advised if patient compliance is a concern. 


PERCUTANEOUS HALLUX VALGUS REPAIR 

In recent years there has been an interest in percutaneous 
techniques for hallux valgus repair, including large patient 
sériés. Some authors hâve reported satisfactory results with 
the procedure similar to the more invasive techniques; 
however, others hâve had mixed or less than favorable 
results with similar procedures. Although we hâve no 
expérience with this technique, the reader is referred to 
Technique 81-8 and the article by Magnan et al. Until a 
more diverse group of surgeons report improvement of 
outcomes over more traditional surgery, we continue to 
maintain a cautious approach to these procedures. 

SPECIAL CIRCUMSTANCES 
■ HALLUX VALGUS IN THE CASE OF 
METATARSUS ADDUCTUS 

The association of metatarsus adductus with hallux valgus is 
relatively uncommon; however, when présent, treatment of 
the hallux valgus deformity can be difficult because of the 
complex issues involved. Obtaining correct measurement of 
the first to second intermetatarsal angle is challenging, and it 
makes transposition of the first metatarsal head difficult. 
Also, patients may hâve additional associated problems from 
altered biomechanics of the foot and instability of the meta- 
tarsophalangeal joint, including metatarsalgia, pes planoval- 
gus, and lesser toe deformities. There is a paucity of literature 
on the exact treatment of hallux valgus with associated 
metatarsus adductus. Sharma and Aydogan hâve provided 
a comprehensive surgical algorithm that they used in 


Algorithm for Severe Hallux Valgus 
Associated With Metatarsus Adductus 
(Sharma and Aydogan) 


Reconstruction is done in the following order: 

1. If pes planovalgus deformity is présent, perform a 
médial sliding calcaneal osteotomy. 

2. Perform distal soft-tissue release of the first metatar- 
sophalangeal joint. 

3. Perform a bunionectomy. 

4. Préparé the tarsometatarsal joint surface for 
arthrodesis. 

5. For metatarsus adductus correction, perform 
second and third metatarsal base oblique rotational 
ostéotomies. 

6. For hallux valgus correction, reduce the first tarso¬ 
metatarsal joint and perform arthrodesis. 

7. Fix the second and third metatarsal base oblique 
rotational osteotomy. 

8. For correction of coronal metatarsophalangeal joint 
subluxation, perform Weil shortening ostéotomies 
with latéral collateral ligament release. 

9. If hallux valgus interphalangeus correction is neces- 
sary, perform an Akin closing wedge osteotomy of the 
proximal phalanx. 

From Sharma J, Aydogan U: Algorithm for severe hallux valgus associated with 
metatarsus adductus, Foot Ankle Int 36(12):1499, 2015. 


four patients who had significant relief of pain (Box 81-3; 
Fig. 81-67). 

■ HALLUX VALGUS DEFORMITY IN MEN 

It is well known that hallux valgus occurs more frequently in 
women than men at a ratio of 15:1, according to Nery et al. 
However, when it occurs in men, there are several notable 
différences. A family history of hallux valgus was noted by 
these researchers in 68% of men compared with 35% of 
women. Age at onset also was earlier in men, and they had a 
higher severity of deformity and increased radiographie angle 
measurements, especially the distal metatarsal articular angle. 
As opposed to women, no corrélation with type of shoes worn 
was found among the men. In another study, the same authors 
also found that the scarf osteotomy produced inferior results 
in men. 

■ HALLUX VALGUS IN CEREBRAL PALSY 

Symptomatic hallux valgus in patients with cérébral palsy is 
uncommon. It occurs most commonly in spastic diplegic 
patients with equinovalgus deformity. Varus of the first 
metatarsal may contribute to the hallux valgus deformity. A 
symptomatic dorsal bunion also may occur if extension of the 
first metatarsal develops secondary to muscle imbalance. 
Indications for surgery include pain (usually at the first 
metatarsophalangeal joint), inability to find properly fitting 
shoes, interférence with walking, and récurrent skin break- 
down because of pressure from bony deformity. 

Arthrodesis of the first metatarsophalangeal joint is most 
frequently recommended for this condition because it is the 
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Sharma operative technique. A f Médial sliding calcaneal osteotomy, distal soft-tissue release of first metatarsopha- 
langeal joint, first tarsometatarsal joint arthrodesis, second and third metatarsal base oblique rotational osteotomy with fixation and 
metatarsal neck Weil shortening osteotomy with latéral collateral ligament release, and Akin closing wedge osteotomy of proximal 
phalanx. Overall improvement in physical appearance of foot, including overall width. Arrows indicate Weil shortening ostéotomies 
and metatarsal base oblique rotational ostéotomies with fixation. B, Latéral view of operative technique. Arrows indicate médial sliding 
calcaneal osteotomy, first tarsometatarsal joint arthrodesis, and Akin closing wedge osteotomy of proximal phalanx of hallux. (From 
Sharma J, Aydogan U: Algorithm for severe hallux valgus associated with metatarsus adductus, Foot Ankle Int 36(12): 1499, 2015.) 


most reliable and enduring procedure for hallux valgus in 
patients with spastic cérébral palsy. Good results hâve been 
reported at 3 to 5 years after arthrodesis; Bishay et al. reported 
excellent or good results in ail 24 feet treated with arthrodesis 
in adolescents with spastic cérébral palsy. A combination of 
proximal ostéotomies of the first metatarsal and proximal 
phalanx, with appropriate tendon transfers, also has been 
bénéficiai. 

If the hindfoot is not in marked valgus, a proximal oste¬ 
otomy of the first metatarsal or an arthrodesis of the first 
metatarsocuneiform joint to correct metatarsus varus com- 
bined with an Akin osteotomy of the proximal phalanx, 
transfer of the adductor hallucis to the first metatarsal, and 
latéral capsular release to correct the hallux valgus deformity 
may resuit in permanent correction. If a first metatarsal 
extension posture causes a dorsal bunion, the distal fragment 
can be plantarflexed at the same time the varus is corrected. 
If arthrodesis of the first metatarsophalangeal joint is per- 
formed, the recommended position is 15 to 20 degrees of 
valgus and 10 to 15 degrees of extension, as measured by the 
plantar surface of the foot and hallux. The operative tech¬ 
niques for the metatarsal and phalangeal ostéotomies are 
described earlier in this chapter, as is the technique for 
arthrodesis of the first metatarsophalangeal joint. When an 
osteotomy is combined with a soft-tissue procedure, the latter 
should be performed before the metatarsal is inclined 
laterally. 


JUVENILE AND ADOLESCENT HALLUX 
VALGUS (10 TO 19 YEARS OLD) 

It is helpful for the surgeon to consider adolescents with 
hallux valgus separately from adults with the deformity for 
the following reasons: 

■ Pain, either at the metatarsophalangeal joint or beneath 
the lesser metatarsal heads, may not be the primary com- 
plaint in many instances. 

■ A bunion secondary to the médial eminence and bursal 
hypertrophy may be a minor part of the deformity. 

■ Varus of the first metatarsal with a widened intermetatar- 
sal angle is almost always présent. 

■ Hypermobile flatfoot with pronation of the foot during 
weight bearing frequently is associated with the deformity. 

■ Récurrence of the deformity is more frequent, especially 
in the presence of flatfoot deformity. 

■ Hallux valgus interphalangeus may be prominent, yet 
easily overlooked, and may cause unsatisfactory correc¬ 
tion of the deformity. 

■ The family history frequently is positive for hallux valgus. 

■ Soft-tissue procedures alone are unlikely to resuit in per¬ 
manent correction. 

■ Osteotomy, single or double, of the first metatarsal is 
almost always necessary to obtain and maintain correction 
of the deformity. 

The indications for surgical correction of a hallux valgus 
deformity in an adolescent are neither rigid nor clearly 
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defined, and the timing of the procedure during adolescence 
is not agreed on. Debate continues over whether the proce¬ 
dure should be postponed until the physes of the phalanx and 
metatarsal are closed, whether radiographie confirmation of 
progression should be documented before recommending 
surgery, and whether pain should be a primary indication for 
operative treatment, as in adults. Several well-documented 
sériés recommend operative correction only for adolescents 
with painful, progressive deformity after the physes hâve 
closed. Other well-documented, rétrospective studies indicate 
that surgery before 15 years of âge, with or without open 
physes, yields the best long-term results, especially if préser¬ 
vation of normal metatarsophalangeal motion is considered 
an essential element of acceptable results. 

Any adolescent 12 to 18 years old with cosmetically unat- 
tractive hallux valgus deformity that the patient and family 
report to be progressive and whose family history is positive 
for hallux valgus is considered a candidate for surgery. Pain 
and shoe-fitting problems are even stronger indications for 
operative correction of the deformity. The patient and family 
must be informed of the chance of récurrence of the deformity 
and, if the patient is free of pain before surgery, that no 
guarantee can be made that pain will not develop after surgery. 

Valgus angulation of the metatarsophalangeal joint can 
be caused not only by displacement of the hallux in a latéral 
direction on the metatarsal head but also by tilting of the 
articular surfaces of the respective sides of the joint in relation 
to the long axis of the metatarsal or phalanx, and an increased 
distal metatarsal articular angle may be the defining charac- 
teristic of juvénile hallux valgus. Récognition of this distinc¬ 
tion is important to avoid excessive latéral tilt of the distal 
articular surface of the metatarsal after correction of 
the hallux valgus angle. An abnormal obliquity to the 
metatarsocuneiform articulation, allowing the first metatarsal 
to slide into varus, also has been implicated as a primary 
deforming factor in adolescent hallux valgus. 

The médial eminence may or may not require excision, 
depending on its size. Any intermetatarsal angle of 10 degrees 
or more requires a metatarsal osteotomy. If the intermetatar¬ 
sal angle is corrected to 6 degrees or less, and the hallux 
valgus angle is corrected to 15 degrees or less, the likelihood 
of unattractive, symptomatic récurrence is rare. Pronation of 
the great toe in juvénile and adolescent patients is uncommon 
but may resuit from pronation of the first ray and not simply 
of the hallux. If this is true, derotation to the neutral position 
should be performed at the time the varus inclination of the 
metatarsal is corrected. In addition, an osteotomy of the 
proximal phalanx may be required to correct residual hallux 
valgus not corrected by the primary procedure. 

The most difficult combination of deformities to correct 
is hypermobile flatfoot, metatarsus primus varus, and hallux 
valgus; récurrence is common. Often, proximal metatarsal 
osteotomy or distal metatarsal osteotomy, or both, is required. 
The patient and parents should be fully advised that no opera¬ 
tive procedure always prevents récurrence of the deformity in 
this particular anatomie configuration. 

Any procedure that relieves discomfort, retains a func- 
tional range of motion of the metatarsophalangeal joint, 
corrects the excessive valgus posture of the hallux, and 
narrows the forefoot probably would please the patient and 
the family. Considering these criteria, the following proce¬ 
dures are useful, alone or in combination, for correcting 


hallux valgus in juvéniles and adolescents. Adductor tenotomy, 
latéral capsulotomy, médial eminence removal, and médial 
capsulorrhaphy are recommended in patients with lesser 
deformity and lower intermetatarsal angle, hallux valgus 
angle, and distal metatarsal articular angle. 

If the first metatarsal physis is fully open in an immature 
foot, a médial opening wedge osteotomy distal to it, with use 
of the resected médial eminence for a graft, is recommended. 
If the metatarsal physis is closed or near cio sure, a proximal 
crescentic osteotomy is recommended because it changes the 
metatarsal length little if at ail. Internai fixation is used (Fig. 
81-68; see Technique 81-9). Proximal crescentic osteotomy 
and a distal soft-tissue procedure can be used for older ado¬ 
lescent patients with moderate-to-severe deformities, but this 
procedure is contraindicated in juvénile and adolescent 
patients who hâve increased distal metatarsal articular angles. 
This procedure is recommended for older adolescent patients 
who are near the end of foot growth and who hâve moderate- 
to-severe deformities. 

The chevron osteotomy (Technique 81-4) has been rec¬ 
ommended for deformities with a hallux valgus angle of 30 
degrees and an intermetatarsal angle of 15 degrees. The modi- 
fied chevron osteotomy may be helpful in moderate deformity 
(Fig. 81-69). If the physis is open, this location for the oste¬ 
otomy is even more advantageous. Most published sériés do 
not recommend the chevron osteotomy for hallux valgus with 
intermetatarsal angles of more than 12 degrees. 

The scarf osteotomy (Technique 81-10) also has been 
used for correction of moderate to severe adolescent hallux 
valgus, with contradictory outcomes reported. Some authors 
recommend the scarf osteotomy because of its stability and 
low récurrence rate and others urge caution in the use of this 
technique because of the high rate of récurrence. Suggested 
advantages of the scarf osteotomy include its stability (which 
allows unlimited weight bearing at 1 week after surgery) and 
its versatility (which obviâtes the need for a second osteot¬ 
omy). Currently, reports in the literature provide little guid¬ 
ance about its usefulness in adolescents with hallux valgus 
because the numbers are too small and follow-up too short. 

Mild-to-moderate deformities in adolescents can be cor¬ 
rected by proximal or distal metatarsal osteotomy combined 
with soft-tissue realignment, but care must be taken not to 
disturb the physis of the first metatarsal. In more severe 
deformities (hallux valgus angle >30 degrees and intermeta¬ 
tarsal angle >13 degrees), the cosmetic correction using 
either one of those procedures has not been consistently 
satisfactory. Peterson and Newman described double first 
metatarsal ostéotomies, an opening wedge proximally, and a 
closing wedge distally to correct the abnormal distal metatar¬ 
sal articular angle and the abnormal intermetatarsal angle. 
The technique has been modified by using plate and screw 
fixation with an osteoperiosteal flap to decrease laxity in the 
médial capsular repair. The use of Steinmann pins distally 
ensures optimal alignment but also can resuit in first meta¬ 
tarsophalangeal joint stiffness, and longitudinal pin fixation 
is not recommended. 

Latéral hemiepiphysiodesis has been described as an 
alternative to osteotomy for the treatment of symptomatic or 
progressive juvénile hallux valgus. The rationale for latéral 
hemiepiphysiodesis is that graduai correction of the more 
proximal metatarsal deformity will lead to improved forefoot 
loading during gait and resuit in correction of the more distal 


CHAPTER 81 DISORDERS OF THE HALLUX 



Adolescent hallux valgus treated by proximal osteotomy, adductor tendon release, médial capsular imbrication, and 
médial eminence removal. A, Preoperative standing radiographs. B, Postoperative standing radiographs. Note incongruous metatarso- 
phalangeal joint on right probably from overcorrection of intermetatarsal angle. 



A, Moderately severe hallux valgus in 17-year-old 
radiograph. C, After chevron osteotomy and adductor release. 


patient. B, Note congénital shortening of second metatarsal on 


metatarsophalangeal deformity. Most reports of this proce¬ 
dure are anecdotal, with short foliow-up times and no objec¬ 
tive assessment of outcomes. The largest sériés to date is that 
of Davids et al., which included seven children (11 feet) with 
a 4-year follow-up. They concluded that this procedure is 
appropriate for symptomatic or progressive hallux valgus in 


children with 2 years or more of growth remaining in whom 
nonoperative methods hâve failed. In their patients, however, 
the average corrections of the hallux valgus and first-second 
intermetatarsal angles were small (2.3 degrees and 3.5 degrees, 
respectively), and a significant correction was obtained in 
only six of 11 feet. 
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For severe deformities in adolescents, a triple osteotomy 
may be necessary: a médial cuneiform opening wedge oste¬ 
otomy, a distal metatarsal osteotomy to correct the abnormal 
distal metatarsal articular angle, and an Akin osteotomy. This 
procedure is recommended only for patients with markedly 
splayed forefeet and a widened first to fifth metatarsal angle 
of more than 30 degrees, an excessive first to second inter- 
metatarsal angle of more than 15 degrees, a hallux valgus 
angle of more than 35 degrees, and a distal metatarsal articu¬ 
lar angle of more than 15 degrees. The Akin osteotomy is 
described in Technique 81-14. 

If the deformity at the interphalangeal joint is prominent 
when the metatarsus primus varus and hallux valgus hâve 
been corrected, a proximal phalangeal osteotomy may be 
needed. The osteotomy can be performed near the base of the 
proximal phalanx if the physis is closed or at the neck if the 
physis is open. If a phalangeal osteotomy is required, the 
pronation and the valgus at the distal hallux must be cor¬ 
rected. The patient and the family should be informed before 
surgery that two separate ostéotomies may be needed to 
correct the deformity. 

The original rationale for arthrodesis of the first metatar- 
socuneiform articulation was an assumed developmental 
varus posture of the first metatarsal as the prime offender in 
the hallux valgus complex; currently it generally is reserved 
for severe deformity. Although good or excellent results hâve 
been reported in about 75% of patients, primary complica¬ 
tions include nonunion (approximately 10%), malunion with 
associated dorsal bunion of the first metatarsal and transfer 
metatarsalgia to the lesser metatarsals, hallux varus, and 
traumatic cutaneous neuromas. Dorsiflexion of the first 
metatarsal resulting from a malunion at the arthrodesis site 
can cause a dorsal bunion that severely limits first metatarso- 
phalangeal motion, and transfer metatarsalgia may occur 
from decreased weight bearing on the first ray. Technical 
aspects reported to improve results include the use of bone 
grafts to preserve metatarsal length, rigid fixation with a two- 
screw technique, and avoidance of dorsiflexion at the 
arthrodesis site by placing the first metatarsal in approxi¬ 
mately 5 degrees of plantarflexion compared with the preop- 
erative weight-bearing angle of inclination of the first 
metatarsal. 


DOUBLE FIRST METATARSAL 
OSTEOTOMIES 


TECHNIQUE 81-21 


(PETERSON AND NEWMAN) 

■ For tourniquet use and anesthésia, see Technique 81-1. 
Begin a longitudinal incision over the médial side of the 
first metatarsal, and curve it dorsally over the metatarso- 
phalangeal joint onto the médial side of the base of the 
proximal phalanx. 

■ Incise the periosteum in the midline longitudinally and 
create a distally based, Y-shaped capsular flap, which is 
retracted distally. 

■ Expose the metatarsal diaphysis and both metaphyses 
subperiosteally on the dorsal, médial, and volar surfaces, 



FIGURE 


A and B f Double first metatarsal ostéotomies 


(see text). SEE TECHNIQUE 81-21. 


leaving the periosteum intact laterally (i.e., three fourths 
of the circumference of the metatarsal is exposed). 

■ Excise the médial eminence and preserve the médial 
sulcus if présent (Fig. 81-70A). 

■ Remove a wedge of bone with its base médial from the 
junction of the head and neck of the metatarsal to create 
a transverse closing wedge osteotomy (Fig. 81-70B). The 
width of the base of the wedge medially is 5 to 8 mm, 
depending on the size of the bone and the amount of 
correction desired. In adolescent patients, the size of the 
bone does not vary much, although that of boys usually 
is larger than that of girls. The angle of the apex differs 
with the degree of deformity, but usually it is approxi¬ 
mately 20 degrees. The angle should be measured care- 
fully with a stérile goniometer. This closing wedge allows 
the entire head of the metatarsal, the metatarsal and 
proximal phalangeal joint surfaces, and the great toe to 
angle medially to a neutral position, placing the phalanges 
in line with the first metatarsal shaft. This procedure 
corrects the hallux valgus deformity without disturbing 
the capsular or articular surface relationships of the 
metatarsophalangeal joint. At this point, any malrotation 
of the toe can be corrected. 

■ Leaving the distal osteotomy without fixation, hold the 
diaphysis of the metatarsal with a bone clamp and make 
a second transverse osteotomy perpendicular to the 
metatarsal about 1.5 cm distal to the proximal articular 
surface of the metatarsal. 

■ Insert the 20-degree wedge that was removed from the 
distal end of the bone into this proximal opening wedge 
osteotomy to correct the abnormally wide first to second 
intermetatarsal angle. 

■ Insert a 3 / 6 -\nch smooth Steinmann pin under direct 
vision, beginning at the tip of the great toe 2 or 3 mm 
below the end of the nail in its midpoint. 

■ Drive the pin through the distal phalanx, the proximal 
phalanx, and ail four pièces of the metatarsal. When the 
pin gets to the metatarsal, its position in the closing 
wedge osteotomy can be seen. Close the osteotomy and 
drill the pin down the shaft of the metatarsal. 
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Intramedullary fixation with Steinmann pin 
secures longitudinal alignment of metatarsal and both phalanges. 

SEE TECHNIQUE 81-21. 


■ Similarly, at the proximal osteotomy, the tip of the pin can 
be seen as it is carried into the proper position. Place the 
bone graft and drive the pin into the graft and into the 
proximal metatarsal fragment to provide firm fixation. 
This prevents malunion in the sagittal and axial planes. It 
does not control rotation in the frontal (coronal) plane 
(Fig. 81-71). Rotation of the fragment and the hallux is 
prevented by holding the hallux in neutral rotation while 
the Y capsular flap is resutured (into the bone if neces- 
sary). A well-applied forefoot dressing also helps to 
control rotation. 

■ Apply a bulky compression bandage, and a few days after 
surgery apply a short leg, non-weight-bearing cast. 

POSTOPERATIVE CARE. Six weeks after surgery, the 
cast and pin are removed (without anesthésia), and a 
short leg walking cast is applied, which is worn approxi- 
mately 5 weeks. 


MODIFIED PETERSON PROCEDURE 


TECHNIQUE 81-22 


(ARONSON, NGUYEN, ANDARONSON) 

■For tourniquet use and anesthésia, see Technique 81-1. 
Make a straight médial incision from the palpable base 
of the first metatarsal to the midproximal phalanx. While 
retracting the veins and nerves dorsally and plantarly, use 
blunt dissection to expose the periosteum of the meta¬ 
tarsal. Raise flaps dorsal to the extensor hallucis longus 
tendon and plantar to the tibial sesamoid, exposing the 
plantarly subluxed abductor hallucis tendon. 


■ With a marking pen, identify the location of the médial 
periosteal incision. The incision extends from just distal to 
the physis to the base of the bunion and branches in a 
U-shaped fashion to include the bunion and the proximal 
phalanx (Fig. 81-72A). Sharply incise the periosteum from 
the physis to the U and incise the U dorsally and plantar- 
ward across the metatarsophalangeal joint to the base of 
the proximal phalanx. 

■ Use a beveled osteotome or oscillating saw to raise an 
osteoperiosteal distally based flap over the bunion (Fig. 
81-72B). Raise the flap from distal to proximal with a 
1-mm thickness of bone. 

■ Retract the flap distally and incise the residual capsular 
attachments to expose the metatarsal head (Fig. 81-72C). 

■ Add Hohmann retractors subperiosteally at the metatarsal 
neck and use an oscillating saw to remove the remaining 
bunion at the sulcus. Save the bone wafer for possible 
bone grafting. 

■ Calculate the size of the closing wedge using preopera- 
tive standing radiographs and intraoperative fluoroscopy. 
This calculation is based on exact measurement of the 
hallux valgus angle, either on the preoperative radiograph 
(taking into account any magnification) or by determining 
the sine of the angle using the diameter of the metatarsal 
at the level of the eut as the hypoténuse. 

■ Make the distal eut at the base of the previous bunion 
eut and base the proximal eut on the previously calculated 
number of millimeters. For example, the width of the 
wedge is exactly half the diameter of the metatarsal for 
a 30-degree hallux valgus angle (sine 30 = 0.5). Leave 
enough distal metatarsal head to allow insertion of a 
single 3.5-mm screw (Fig. 81-72D). Make the osteotomy 
with an attempt to greenstick the latéral cortex. Save the 
wedge for later bone grafting. 

■ Make a second eut transversely in the proximal metatar¬ 
sal, leaving enough space for another 3.5-mm screw 
between the eut and the physis. Lever open the proximal 
osteotomy with a straight osteotome, again attempting 
to greenstick the latéral cortex. The precalculated wedge 
(degrees to millimeters) is derived from the prior bone 
wedges to equal the intermetatarsal angle exactly. Insert 
this wedge into the proximal osteotomy, creating an 
opening wedge medially to reduce the intermetatarsal 
angle. Close the distal osteotomy manually. 

■ Stabilize the ostéotomies with a four-hole small fragment 
tubular plate or a five- or six-hole mini tubular plate 
with three to five 3.5-mm screws (Fig. 81 -72 E). Plate 
size is determined by the space available between the 
physis and the metatarsal head. Insert the first screw 
into the proximal hole, loosely fixing the plate. The distal 
hole of the plate must fit exactly over the metatarsal 
head. 

■ Reduce the sesamoids indirectly by manually supinating 
the great toe. 

■ Pull the distally based osteoperiosteal flap under the plate 
to cover the distal osteotomy and pull it slightly dorsal to 
hold the supination correction. Be careful that the flap is 
not too tight, or it would decrease metatarsophalangeal 
motion. 

■ Place the distal screws across the osteoperiosteal flap into 
the metatarsal head. 
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Modified Peterson bunion procedure. A f Médial 
longitudinal incision extendsfrom base of first metatarsal to base 
of proximal phalanx with flaps from extensor hallucis longus 
tendon plantarward. B f Distally based osteoperiosteal flap is 
raised with 1-mm-thick bone eut after subperiosteal stripping of 
first metatarsal. C f Flap is retracted distally, exposing sulcus to 
remove remaining bunion. D, Distal closing wedge at base of 
bunion eut. Width of médial wedge equal to sine of hallux valgus 
angle multiplied by diameter of metatarsal. Attempt is made to 
greenstick osteotomy laterally. E f Proximal osteotomy made with 
saw and "greensticked" laterally allows space for one 3.5-mm 
screw. Plate is selected that fits adjusted length of metatarsal with 
proximal opening wedge graft inserted and distal osteotomy 
closed. Proximal screw is placed loosely into plate, allowing 
osteoperiosteal flap to be pulled under distal end of plate, while 
correcting great toe into supination. F, Periosteum closed over 
proximal plate and distally to osteoperiosteal flap. Abductor 
tendon is pulled up to its normal médial position. G, Appearance 
of foot after completed ostéotomies and plate fixation. (A-F from 
Aronson J, Nguyen LL, Aronson EA: Early results of the modified Peter- 
son bunion procedure for adolescent hallux valgus, J Pediatr Orthop 
21:65, 2001; G courtesy of Dr. James Aronson, Little Rock, AK.) SEE 
TECHNIQUE 81-22. 



Opening wedge cuneiform osteotomy. (Redrawn 
from Coughlin MJ, Mann RA: Hallux valgus. In Mann RA, Coughlin MJ, 
editors: Surgery of the foot and ankle, 8th ed., Philadelphia, Elsevier, 
2007, p 319 ) SEE TECHNIQUE 81-23. 


■ Place the remaining two or three central screws with 
inboard compression of each osteotomy. 

■ Close the periosteum over the plate up to the distal end, 
where it is approximated to the osteoperiosteal flap (Fig. 
81 -72F and G). 

■ Transfer the abductor hallucis tendon from the plantar to 
médial base of the proximal phalanx or to the extensor 
hallucis longus over the periosteal closure. 

■ It is impérative to confirm metatarsophalangeal motion 
before closing. 

■ Apply a short leg cast to the toes over loosely placed 
cotton gauze over the wound and in the first web space. 

POSTOPERATIVE CARE. The patient remains non- 
weight bearing in the short leg cast for 6 weeks, at which 
time radiographs are obtained. If healing is évident, 
weight bearing to tolérance is allowed in a hard-soled 
shoe or sandal, which is worn for 4 weeks. Active range 
of motion of the ankle, foot, and toes is begun when the 
cast is removed. 


FIRST CUNEIFORM OSTEOTOMY 

Coughlin recommended the first cuneiform osteotomy (Fig. 
81-73) for severe deformities with a hypermobile first ray. 
It can be combined with a distal first metatarsal osteotomy 
and an Akin proximal phalangeal osteotomy (triple 
osteotomy). 


TECHNIQUE 81-23 


(COUGHLIN) 

■ For tourniquet use and anesthésia, see Technique 81-1. 
Make a médial longitudinal incision over the médial 
cuneiform. 

■ Dissect the tibialis anterior subperiosteally and lift it 
anteriorly, leaving its remaining portion intact on the base 
of the first metatarsal. 

■ Identify the cuneiform-navicular and cuneiform-first 
metatarsal articulations with a small knife blade. The 
médial cuneiform is 3 cm wide x 3 to 3.5 cm long. 

■ Use a 9-mm-wide saw blade on a power sagittal saw to 
make the osteotomy in the center of the cuneiform, 
parallel to the cuneiform-metatarsal joint, which would 
be at an angle of 10 to 15 degrees distal to the coronal 
plane. This angle of the osteotomy would give the least 
disruption of the intermediate cuneiform-second meta¬ 
tarsal and médial cuneiform articulations. 

■ Because the médial cuneiform is only about 1.5 cm deep, 
carry the saw blade through a little more than 1 cm and 
use a small blade (4 mm wide) to create perforations 
through the latéral cortex. This maintains some stability 
of the bony fragments and prevents them from shifting 
in a dorsoplantar direction. 

■ Open the plantar aspect of the osteotomy with a small, 
smooth-tipped lamina spreader or small osteotome. 

■ Using iliac crest allograft material, eut a 1-cm, wedge- 
shaped graft. (We hâve found these allografts to be 
useful in procedures around the foot.) Tap the graft in 
place, reducing the first metatarsal varus. Although this 
usually is stable, Coughlin recommended using crossed 
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0.062-inch Kirschner wires to ensure that the graft does 
not slip. 

■ If the distal metatarsal articular angle is excessive, perform 
a closing wedge osteotomy at the metatarsal head and 
neck junction. 

■ Make a médial incision over the médial eminence and 
remove any médial eminence présent (usually there is 
little médial eminence in juvénile patients). 

■ Make a 5- to 8-mm-wide, laterally based wedge osteot¬ 
omy in a transverse or axial direction. Ensure that the 
width of the blade (1 mm) is included in the measure- 
ments on each side of the wedge (the wedge itself should 
not be more than 4 to 7 mm wide). 

■ Remove the medially based wedge of bone. If needed, 
the wedge can be used as additional bone graft in the 
cuneiform osteotomy. 

■Correct the distal metatarsal articular angle and fix the 
osteotomy with two 0.062-inch Kirschner wires inserted 
from proximal to distal. If the wires penetrate the joint, 
they can be backed out into subchondral bone. 

■ If excessive hallux valgus interphalangeus remains, or if 
the double osteotomy at the cuneiform and distal first 
metatarsal does not adequately correct the deformity 
even with soft-tissue repair, perform a third osteotomy at 
the base of the proximal phalanx. The Akin osteotomy 
(see Technique 81-14) consists of a 3- to 4-mm wedge, 
based medially, just distal to the insertion of the extensor 
hallucis brevis and held with either sutures or crossed 
pins. We use pins placed longitudinally across the inter- 
phalangeal joint from distal to proximal, ending in the 
subchondral bone of the base of the proximal phalanx. 


COMPLICATIONS AFTER SURGERY FOR 
HALLUX VALGUS 

Complications after hallux valgus procedures can be discour- 
aging for patients and physicians. Long-time practice expéri¬ 
ence, detailed physical and radiographie évaluations, excellent 
surgical technique, and careful postoperative care do not 
guarantee that a complication will not occur. Récurrence of 
the original hallux valgus deformity or development of the 
opposite deformity (hallux varus), malunion, clawed hallux, 
transfer keratotic lésions that cause intractable discomfort, 
and other complications ail hâve been reported to occur after 
surgery. 

■ PREVENTING COMPLICATIONS 

In the treatment of hallux valgus, preventing a complication 
begins at the time of initial évaluation of a patient. A careful 
physical examination can identify problems that ultimately 
may lead to failure in certain patients. Before any decision is 
made regarding treatment of hallucal disorders, the feet 
should be examined carefully with the patient sitting, stand¬ 
ing, and lying supine and prone. As much or more time 
should be spent evaluating the deformity clinically as is spent 
reviewing the radiographs. 

Although a bunion typically is présent with hallux valgus 
deformity, this is not always the case. Also, first metatarsal 
varus is not always présent. Rotation of the hallux is an 
important element of the deformity and may tell a great deal 


Observations on Weight-Bearing Latéral Views 


Observations on weight-bearing latéral views that help 
détermine the degree of valgus thrust on hallux metatar- 
sophalangeal joint during the stance phase of gait, which 
influences treatment decisions 
Collapse deformity of metatarsocuneiform, cuneiform- 
navicular, or naviculotalar articulation 
Increased talocalcaneal angle, suggesting valgus posture of 
hindfoot 

Calcaneal inclination angle (>10 degrees is normal; reduced 
angle indicates valgus hindfoot and possibly pes planus) 
Dorsiflexion of first metatarsal, indicating incongruous 
réduction into concavity of base of proximal phalanx 
Angle between diaphysis of proximal phalanx and diaphysis 
of first metatarsal (>20 degrees is normal) 

Délinéation of cortical outlines of fifth, fourth, and third 
metatarsals even if overlapped (if fifth and fourth meta¬ 
tarsal cortical borders are not clearly outlined on weight- 
bearing latéral radiograph, pronation of foot should be 
suspected) 


about the prospects for a successful outcome, as would the 
condition of the entire capsulosesamoid apparatus. Récur¬ 
rence of hallux valgus deformity is more likely when sublux¬ 
ation or dislocation of the first metatarsophalangeal joint is 
présent. 

Sensory nerve dysfunction has been noted in patients 
with hallux valgus both as a symptom of the deformity and 
after surgery. Jastifer et al. prospectively evaluated 57 feet 
undergoing surgery for hallux valgus deformity to détermine 
if surgery and correction of the deformity had any effect on 
these symptoms. They found that sensory déficits can be 
caused by the deformity and can improve up to 24 months 
after correction. In a separate study, Jastifer et al. also found 
a high prevalence of osteochondral lésions in patients with 
hallux valgus, the significance of which was unknown. They 
did not see a corrélation between these osteochondral lésions 
and the severity of the deformity or clinical outcome. 

Pronation of the hallux (frequently an indication of severe 
deformity), dislocation of the sesamoids laterally, fixed defor¬ 
mity, pes planus, joint hypermobility, and a tight heel cord 
may increase the likelihood of récurrence of the deformity 
after hallux valgus repair. Pentikainen et al. found récurrence 
of hallux valgus deformity in 73% of patients (mild 14%, 
moderate 57%, and severe 1%). The preoperative congruence, 
distal metatarsal articular angle, sesamoid position, hallux 
valgus angle, and first to second intermetatarsal angle ail had 
an effect on récurrence. Noting these clinical points may help 
to avoid failed hallux valgus surgery. 

As in the physical examination, radiographie examina¬ 
tion of the feet is incomplète without weight-bearing views 
(see Box 81-2, Boxes 81-4 to 81-6). The différence in the 
magnitude of the deformity on non-weight-bearing and 
weight-bearing views often is striking. A concise, detailed 
évaluation of weight-bearing radiographs is impérative before 
planning a procedure to correct hallux valgus deformity. 
Correction of each anatomie component contributing to the 
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Observations on Non-Weight-Bearing Médial 
Oblique Views 


Arthritic changes in first metatarsal-medial cuneiform 
articulation 

Calcaneonavicular tarsal coalition not visible on other views 



Observations on Weight-Bearing Sesamoid View 


Observations on weight-bearing sesamoid view (especially 
useful in évaluation of récurrent hallux valgus deformity): 
Repositioning the intrinsic and extrinsic muscles and the 
capsulosesamoid apparatus into their anatomie positions 
is the key to correction, and the weight-bearing sesamoid 
view is helpful in planning the best means to accomplish 
this. 

Location of sesamoid bones in relation to their facets on first 
metatarsal (often difficult on an anteroposterior view) 

hallux valgus deformity is necessary to avoid or correct a 
complication. 

Long-term assessment of radiographie outcomes of distal 
metatarsal ostéotomies has revealed that the incidence of 
récurrent deformity may be considerably higher than previ- 
ously thought but may actually be well tolerated by the 
patient. 

■ TRANSFER METATARSALGIA 

Postoperative development of pain or a callus under the 
second metatarsal head is not common but may be more 
common than previously thought. Care in the preoperative 
assessment to take into considération the presence of a short, 
hypoplastic metatarsal or the presence of a callosity under the 
adjacent metatarsal head may suggest a bunion correction 
that either lengthens, or at any rate, does not shorten, the 
metatarsal. Even with careful planning, a transfer callosity 
happens occasionally preoperatively. 

The condition of the plantar skin and the presence and 
location of callosities provide dues as to the biomechanical 
cause of transfer metatarsalgia. It is important to observe 
the contact pattern and presence and location of kératoses 
during examination. Weight-bearing dorsoplantar, latéral, 
and oblique non-weight-bearing views should be obtained. 
MRI may help to détermine if there is bone, cartilage, or soft- 
tissue damage and to rule out stress fracture of the lesser rays 
or Freiberg disease. CT is helpful in detecting subchondral 
cysts, osteophytes, loss of bone, nonunion or malunion, or 
alterations in the metatarsal heads. 

Maceira et al. noted that nonoperative treatment should 
be attempted first, including analgésies, off-loading of the 
painful joint, padding, orthoses, shoe modifications (i.e., 
wider toe box, rocker-bottom), and stretching exercises. 
When these fail, surgery of the first toe or lesser toes may be 
necessary. The type of surgery will dépend on the pathology 
(i.e., shortening lesser toe metatarsal ostéotomies when there 
is only shortening of the first metatarsal, proximal gastroene- 
mius release for a second toe rocker metatarsalgia, combined 


procedures of the first metatarsal and lesser metatarsals). 
Rose et al. reported significant improvement both clinically 
and radiographically in 31 patients affer a scarf procedure 
for récurrent hallux valgus secondary to iatrogénie first 
brachymetatarsia with résultant transfer metatarsalgia. They 
believe that the scarf osteotomy reduces the load transferred 
to the lesser metatarsal heads by restoring the length and 
alignment to a short metatarsal, allowing weight bearing 
under the first metatarsal head. 

■ RECURRENT DEFORMITY AFTER SIMPLE 
BUNIONECTOMY 

Récurrence of the deformity is a frequent complication affer 
simple bunionectomy (médial eminence excision and capsu- 
lar imbrication). Although it is tempting to do a minor pro¬ 
cedure for a minor deformity, soff-tissue repair alone should 
not be done except in elderly patients with skin breakdown 
over the médial eminence even if the hallux is congruously 
reduced on the first metatarsal head and the hallux valgus and 
intermetatarsal angles are normal. A first web space dissec¬ 
tion and latéral release always should be done with médial 
eminence removal and médial capsular imbrication. 

If the hallux does not remain in the desired position at 
the conclusion of surgery, adduction of the hallux recurs. The 
adductor must be released not only from the proximal 
phalanx but also from its conjoined insertion with the latéral 
head of the flexor hallucis brevis on the fibular sesamoid. 
Whether reattaching the adductor to the capsule at the latéral 
side of the first metatarsal head (or through a tunnel in the 
metatarsal neck) is an improvement over adductor tenotomy 
alone in correcting the deformity and preventing récurrence 
is inconclusive. Tenotomy alone probably is effective, but the 
entire adductor insertion must be incised, and a section must 
be removed proximal to the metatarsophalangeal joint. 

The capsular release and repair also are important factors 
that may contribute to récurrence. The latéral capsule is 
incised beginning at the latéral margin of the extensor hal¬ 
lucis longus tendon and progressing plantarward to the latéral 
edge of the fibular sesamoid, or multiple perforations are 
made in the latéral capsule and the capsulotomy is completed 
by manually placing the hallux in 20 to 25 degrees of varus 
before returning it to a normal position. Also, if the excessive 
médial capsule is not trimmed to hold the hallux in correct 
alignment, récurrence is likely. 

Failure to reposition the articular surface of the metatar¬ 
sal head to a normal 5- to 15-degree alignment with the 
metatarsal shaff (see Fig. 81-5) would compromise correc¬ 
tion. If the metatarsophalangeal joint is congruent but is in a 
position of unacceptable valgus, correction can be obtained 
by a proximal phalangeal osteotomy or distal metatarsal 
osteotomy, or both if needed. The distal metatarsal osteotomy 
(chevron configuration) allows for a slight tilting of the 
metatarsal head to correct the valgus position of the articular 
surface if a medially based sliver of bone no wider than the 
saw blade is removed from the dorsal proximal side of the 
chevron eut. A phalangeal osteotomy corrects another 3 to 4 
degrees of valgus of the hallux, but this is primarily for 
interphalangeal joint valgus and most often is used as supplé¬ 
mentai correction with a soff-tissue procedure. 

Failure to reduce the sesamoid sling allows the latéral 
head of the flexor hallucis brevis muscle to pull the hallux into 
valgus along with the extensor hallucis longus and flexor 
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A f Failure to reduce sesamoid sling apparatus after soft-tissue procedure for hallux valgus. B, Récurrence of deformity 
caused pain beneath tibial sesamoid. 


hallucis longus muscles (Fig. 81-74). These extrinsic muscles, 
particularly the flexor hallucis longus, bowstring laterally 
across the metatarsophalangeal joint, increase the valgus 
moment, and increase the chances of récurrence of the defor¬ 
mity. Releasing the capsulosesamoid ligament in an axial 
plane is intégral to repositioning the sesamoid apparatus. 

Postoperative care may be as crucial to success of hallux 
valgus surgery as the actual procedure, especially after soft- 
tissue repair. Adéquate serial dressing changes and taping 
(with X-inch adhesive tape) maintain the hallux in the desired 
position (0 to 5 degrees of valgus or 10 to 15 degrees of valgus 
if the fibular sesamoid has been excised). These dressing 
changes must continue until the hallux rests unattended in 
the proper alignment, which usually takes 4 to 8 weeks. A toe 
spacer is worn for another month. In addition, an abnormally 
long first ray, made even longer by straightening of the toe, 
can contribute to the récurrence of the deformity. Stockings 
and narrow shoes must be avoided for at least 12 weeks 
because of their deforming force. 

I RECURRENT HALLUX VALGUS WITH NORMAL 
DISTAL METATARSAL ANGLE AFTER 
BUNIONECTOMY 

The magnitude and rigidity of the récurrent deformity should 
be used as guides to treatment. As a rule, a deformity that 
occurred after a soft-tissue procedure should not be treated 
with another soft-tissue procedure unless the deformity is 
completely flexible (the hallux can be easily reduced into varus, 
and the first metatarsal freely translates laterally by manual 
pressure). First web space dissection, latéral release, and repeat 
médial capsular imbrication with manual médial displace¬ 
ment of the first metatarsal are recommended in patients with 
mild, flexible deformity that is symptomatic despite appropri- 
ate shoes. For severe deformity, Kitaoka and Patzer recom¬ 
mended proximal first metatarsal osteotomy with distal 
soft-tissue reconstruction (see Technique 81-9). They empha- 
sized, however, that although their results were satisfactory, 
they were not as successful as well-performed primary surger- 
ies that appropriately corrected the valgus deformity. Indica¬ 
tions for a soft-tissue repair are listed in Box 81-7. 



Indications for Soft-Tissue Repair for Récurrent 
Hallux Valgus 


First-second intermetatarsal angle of < 13 degrees 
Hallux valgus angle of < 30 degrees 
Normal distal metatarsal articular angle (<10-15 degrees) 
Minimal degenerative changes at first metatarsophalangeal 
joint 

Fifty to 60 degrees of passive motion of first metatarsopha¬ 
langeal joint 

Subluxation but not complété dislocation of sesamoid bones 
Ability to displace first metatarsal laterally at metatarsocu- 
neiform joint from its abnormal varus inclination 
Some degree of longitudinal arch présent when weight 
bearing, determined clinically and radiographically 
If arch is improved with passive dorsiflexion of hallux while 
standing, deformity is not fixed (structural pes planus) 
and a soft-tissue repair is likely to endure 


FIRST WEB SPACE DISSECTION, 
LATERAL RELEASE, AND REPEAT 
CAPSULAR IMBRICATION (HALLUX 
VALGUS ANGLE LESS THAN 30 
DEGREES AND FIRST-SECOND 
INTERMETATARSAL ANGLE LESS 
THAN 15 DEGREES) 


TECHNIQUE 81-24 


■ Make a straight midline médial incision, extending from 
the middle of the proximal phalanx to 3 to 4 cm proximal 
to the first metatarsophalangeal joint. This incision is in 
the plane between the most médial branch of the 
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superficial peroneal nerve and the dorsomedial aspect of 
the hallux and the proper branch of the médial plantar 
nerve to the médial side of the hallux. This nerve rests 
plantarmedially and blends with overlying superficial 
fascia so well that it is quite vulnérable to injury. 

■ Raise a dorsal flap the entire length of the incision until 
the extensor hallucis longus tendon and dorsal aspect of 
the first metatarsophalangeal joint are exposed proximally 
and the extensor hood is exposed distally. The plane of 
dissection of the dorsal flap is important. Do not enter 
the extensor mechanism, but raise the flap adjacent to it 
so that the flap would carry with it the dorsal veins and 
dorsal sensory nerve. Use blunt dissection proximally 
because the dorsal nerve frequently is in the center of the 
incision where the médial eminence joins the metatarsal 
shaft. 

■ Using an inverted-L configuration, extensively expose the 
area dorsally (relative to the initial procedure) to maximize 
the effectiveness of the capsular imbrication. Commonly, 
a thin slip of accessory extensor tendon is visible. This is 
a helpful landmark; however, if it is not présent, locate 
the dorsal and médial juncture of the rounded distal first 
metatarsal head. 

■ Using either the médial aspect of the accessory tendon 
or the dorsomedial border of the first metatarsal as a 
starting point, complété a capsular-periosteal excision 
from the first metatarsophalangeal joint line to the junc- 
tion of the middle and distal thirds of the metatarsal. 

■ Begin the transverse limb of this incision at the joint line. 
Traction on the hallux helps to identify the distal edge of 
the metatarsal head and avoid injury to the articular 
cartilage. The transverse limb extends from dorsal to 
plantar through the capsule and the conjoined capsular- 
abductor hallucis tendon insertion and terminâtes 2 to 
3 mm médial to the tibial sesamoid. 

■ With a small, pointed blade, carefully raise the médial 
capsule from bone. Begin at the plantar aspect and 
develop the capsular flap until the junction of the 
inverted-L is reached. Dorsally, at the joint line, raise the 
flap by sharp dissection with the point of the small bladed 
knife. Avoid penetrating or placing a buttonhole in the 
capsule because an intact flap results in stronger capsular 
repair. 

■ When this capsular flap is elevated and the hallux is 
placed in marked valgus, almost the entire head of the 
metatarsal can be seen by distracting, dorsiflexing, and 
plantarflexing the hallux. Avoid the temptation to reach 
across the joint to release the latéral capsuloligamentous 
structures and continuous intrinsic tendon insertion 
through the médial incision. Although occasionally it may 
be successful, the predictability of permanent correction 
is improved with a formai web space dissection and direct 
exposure of the structure to be released. This surgery is 
for récurrence of valgus deformity, so every effort must 
be made to decrease the likelihood of a second failure. 
A second incision in the first web space into the first 
intermetatarsal space allows more complété latéral 
release. 

■ Return the dorsal skin flap to its anatomie position. 

■ Bring the hallux to neutral and begin an incision 2 to 
3 mm proximal to the web space. With varus tension on 


the hallux, make an incision proximally 4 to 5 cm. 
Although this seems to be a lengthy incision just to 
release the latéral structures, exposure must be complété, 
and with a shorter incision the skin would be under 
constant tension. The deeper dissection is kept at or distal 
to the metatarsal head. 

■ When the skin incision is complété, cauterize any dorsal 
veins inhibiting deeper dissection. Using blunt dissection, 
expose and retract the subeutaneous fat and deep pero¬ 
neal nerve. 

■ Clear the distal aspect of the web space of the transverse 
cutaneous ligaments (natatory ligaments) with blunt dis¬ 
section to expose the first dorsal interosseous muscle 
and overlying fascia, the superficial transverse intermeta¬ 
tarsal ligaments, and the depth of the web space plan- 
tarward. In this space, the neurovascular bundle emerges 
from beneath the distal aspect of the intermetatarsal 
ligament. 

■ The adductor hallucis tendon rests dorsal to the deep 
transverse intermetatarsal ligament. To expose the adduc¬ 
tor muscle-tendon unit, place a small self-retaining 
retractor between the first and second metatarsals with 
the distal edge of the retractor proximal to the deep 
transverse intermetatarsal ligament and its latéral arm 
beneath or deep to the first dorsal interosseous muscle. 
Spread the first and second metatarsals and continue 
blunt dissection, exposing the adductor hallucis, the 
conjoined tendon and its muscle belly, the juncture of 
the adductor hallucis muscle with the latéral head of the 
flexor hallucis brevis, the adductor hallucis tendon with 
the latéral capsule of the first metatarsophalangeal joint, 
and the latéral border of the fibular sesamoid. It is difficult 
to distinguish the adductor tendon from the capsule and 
fibular sesamoid; the easiest way is to find the junction 
proximal to the joint where the adductor muscle becomes 
confluent with the muscle belly of the latéral head of the 
flexor hallucis brevis (Fig. 81-75). 

■ With the adductor hallucis muscle-tendon unit clearly 
demarcated and retracted laterally, remove the tendon 
from the capsule and the capsulosesamoid ligament and 
the latéral border of the fibular sesamoid. This tendon's 
insertion is more plantar than anticipated. Ensure that ail 
of it is resected, particularly from its fibular sesamoid 
attachment. 

■ Displace the tendon laterally and remove it by sharp dis¬ 
section from its insertion into the base of the proximal 
phalanx. This is a wider insertion than anticipated. 

■ Bring the tendon proximally, dissecting on its deep or 
plantar surface. 

■ When proximal to the metatarsophalangeal joint, eut out 
a section of the tendon and place the muscle in the depths 
of the wound. Removing the adductor tendon without 
severing the deep transverse intermetatarsal ligament 
contiguous with its plantar surface is difficult. Section this 
ligament to allow médial mobility of the fibular sesamoid; 
remember that the neurovascular bundle to the first web 
space is immediately plantar to the ligament. 

■ With the fibular sesamoid visible in an axial plane, release 
it from the capsulosesamoid ligament, exposing the 
articular surface of the fibular sesamoid. This allows 
évaluation of the mobility of the sesamoid. 
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9 « If the fibular sesamoid cannot be placed into its facet on 
the inferior surface of the first metatarsal head or the 
hallux reduced on the first metatarsal head, section the 
latéral capsule from dorsal (at the level of the extensor 
hallucis brevis and extensor hallucis longus tendons) to 
the fibular sesamoid. This release is in the frontal or 
coronal plane. 

■ At this point, evaluate the mobility of the first metatarsal, 
the hallux, and the sesamoids. If ail components contrib- 
uting to the deformity can be corrected passively, most 
of the correction probably would be maintained. (This 
repair for récurrent hallux valgus does not consider the 
variant of excessive valgus posture of the articular surface 
of the first metatarsal head [distal metatarsal articular 
angle]). If the fibular sesamoid is excised, however, even 



Adductor muscles become confluent 
latéral head of flexor hallucis brevis. SEE TECHNIQUE 81-24. 


with 


more caution is required to avoid overtightening the 
médial capsule, which would cause a varus deformity. 

■ While an assistant displaces the first metatarsal laterally 
and places the hallux congruously reduced on the first 
metatarsal head under direct view, begin the capsular 
repair. Do not displace the first metatarsal too far laterally 
because this may lead to a hallux varus deformity. When 
the hallux is placed in a neutral position and held there 
with a capsular repair, the hallux rests in varus relative to 
the articular surface of the first metatarsal, even though 
it appears to be well aligned. Initially, displace the first 
metatarsal completely laterally, until it abuts the second 
metatarsal. This position of the first metatarsal produces 
a négative intermetatarsal angle. Allow the first metatar¬ 
sal to spring back about one half of the total displacement 
and reduce the hallux on the first metatarsal head under 
direct observation. Close the capsule to maintain this 
position. 

■ Place two sutures proximally to anchor the capsule to the 
proximal confluence of the first metatarsal periosteum 
and the tendon of the abductor hallucis (Fig. 81-76A). 
This proximal anchoring would allow the transverse limb 
of the repair to hâve a stable base against which to pull, 
allowing the capsular repair to exert maximal restraints 
on the hallux and first metatarsal. Use 3-0 absorbable 
sutures on a small needle and increase the curve of the 
needle maximally to facilitate passage through cramped 
areas. Use the "two-bite" technique in suture passing; 
otherwise, the strength of repair may be compromised. 

■To close the dorsal capsule, the corner of the raised 
capsular flap is tucked under the dorsal corner of the 
capsule. To accomplish this, start the dorsal capsule 
closure through the transverse limb, 3 to 4 mm from its 
junction with the longitudinal limb of the dorsal capsule. 
This is an outside-in stitch. Reverse the needle and enter 
the raised capsular flap on its transverse limb 3 to 4 mm 
from its junction with the longitudinal limb of the capsular 
flap. This also is an outside-in stitch. Reverse the needle 
again and reenter the capsular flap that was just exited; 
however, reenter it on the opposite side (its longitudinal 
limb), from inside out. At this point, ensure that the 
suture moves freely in the dorsal and the distal sides of 
the raised capsular flap. To lock this stitch at any passage 
would compromise not only the strength of the capsular 
repair but also the entire procedure. 

■ When it is known that the suture is freely movable, make 
the last stitch by reversing the needle for a final time and 



A f Two proximal sutures anchor capsule to proximal confluence of first metatarsal periosteum and tendon of abductor 
hallucis. B, Corner of raised capsular flap is sutured beneath corner of stationary dorsal capsule. C f Two or three sutures are placed in 
transverse limb of incision. SEE TECHNIQUE 81-24. 
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passing an inside-out suture through the stationary dorsal 
capsule, 3 to 4 mm proximal to the junction of dorsal 
limb and stationary transverse limb. Pull on each end of 
the suture, in turn, ensuring that the suture moves 
through the flaps freely. Maintaining the exact position 
of correction regarding the first metatarsal and hallux 
alignment, pull the corner of the raised capsular flap 
beneath the corner of the stationary dorsal capsule (Fig. 
81-76B). 

■ Place two or three sutures in the transverse limb not more 
than 2 to 3 mm from the joint (Fig. 81-76C). Occasionally, 
2 to 3 mm of excessive capsule must be excised from the 
transverse side of the raised capsular flap. Do not excise 
too much of the capsule or place the sutures in the 
transverse capsular limb too far from the joint. Overtight- 
ening of the transverse capsular repair can pull the hallux 
into varus, which may not be recognized until weight- 
bearing radiographs are obtained postoperatively. 

■ This repair should maintain acceptable alignment while 
allowing 40 to 50 degrees of passive motion. Do not try 
to move the joint passively through a greater arc of 
motion because the strength of capsular repair may be 
compromised. 

■ Dorsiflex the foot to neutral by pushing up on the arch, 
not the forefoot, and inspect the forefoot. Gently push 
the hallux medially and laterally to détermine if the hallux 
stays in the corrected position. 

■ If the médial capsular repair is not tight enough and the 
hallux drifts laterally, add one transverse stitch at a time 
until this laxity is corrected. Remove a stitch and replace 
it if necessary until the tension is sufficient for the hallux 
to remain reduced on the first metatarsal head without 
drifting medially or laterally. 

■ If the hallux is pulled medially by the capsular repair, 
remove one suture from the transverse limb of the cap¬ 
sular repair. Continue to alter the tension on the capsular 
repair until the hallux remains in the correct position. 

■ Before skin closure, obtain a radiograph with the foot 
placed fiat on a cassette or transparent image board to 
ensure the hallux is congruously reduced. 

■As crucial to success as repair of the capsule is the 
meticulous application of a forefoot dressing holding the 
hallux in the corrected position. Use 4 x 4-inch gauze 
sponges, unfolded (some sectioned) for the interdigital 
spaces, and 2- and 3-inch rolling gauze, wrapped over 
the conforming dressing. Apply a 3- or 4-inch elastic 
gauze wrap, placed loosely on the forefoot with a dress¬ 
ing to avoid constriction but to allow gentle pressure as 
the edema résolves. 

POSTOPERATIVE CARE. The patient wears a rigid- 
soled, loosely applied shoe for 3 weeks. Weight bearing 
to tolérance is allowed immediately but limited to the 
bathroom. For 3 days after surgery, the patient should 
rest supine with the foot elevated 18 inches. After this, 
the patient can be up and about to tolérance. Driving is 
allowed when the patient can drive with confidence. The 
same dressing is kept dry and left in place for 19 to 23 
days. The sutures are removed at 3 weeks, and a medium 
toe spacer is placed in the first metatarsal space for 
another 3 weeks. Shoes should not place pressure on the 


great toe. Wearing of dress shoes, even ones with a low 
heel and round toe box, is discouraged for at least 3 
months. For postoperative management, a "rule of 
three" applies: 3 days of rest and élévation, 3 weeks in a 
postoperative shoe and dressing, and 3 months before 
the swelling is sufficiently reduced to attempt wearing a 
low-heeled, round toe box dress shoe with a soft, yielding 
material for the box. 


I RECURRENT VALGUS DEFORMITY WITH 
ABNORMAL DISTAL METATARSAL 
ARTICULAR ANGLE 

When an increased distal metatarsal articular angle is présent 
in récurrent hallux valgus, reducing the hallux would place 
the metatarsophalangeal joint incongruously on the metatar¬ 
sal head (Fig. 81-77). The phalanx would rest in varus on the 
first metatarsal head and would leave the latéral aspect of the 
first metatarsal head uncovered. This deformity is corrected 
with médial capsulorrhaphy, distal metatarsal displacement 
osteotomy (chevron; see Technique 81-4), and first web space 
dissection with latéral soft-tissue release. Osteonecrosis of the 
first metatarsal head is a risk with distal metatarsal osteotomy 
and latéral release, but the extent of necrosis and its clinical 
significance are unknown. This complication probably is not 
to be feared as much as previously thought. 



Anteroposterior weight-bearing radiograph in 
elderly woman, 20 years after McBride bunionectomy. In reality, 
this is congruous hallux valgus that assumed its normal position 
on first metatarsal head after a soft-tissue realignment for hallux 
valgus. Biplanar correcting distal metatarsal osteotomy is needed. 
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CORRECTING DISTAL METATARSAL 
OSTEOTOMY 


TECHNIQUE 81-25 


■ The incision, inverted-L capsulotomy, élévation of the 
capsular flap, web space dissection, latéral release, partial 
adductor resection, and capsular flap closure are the 
same as in the soft-tissue repair technique previously 
described (see Technique 81-24). The web space dissec¬ 
tion, latéral release, and adductor release and tendinous 
resection should be done before the osteotomy because 
the displaced metatarsal head after the osteotomy mark- 
edly limits exposure of the tissues to be released or 
resected. Keep the dissection distal to the neck of the first 
metatarsal when the soft-tissue release is performed. This 
préserves some perfusion to the first metatarsal head. 

■ Perform a chevron osteotomy as described in Technique 
81-4. One reason for récurrence is an unrecognized and 
uncorrected excessive distal metatarsal articular angle. 
The goal is to reduce the valgus tilt of the articular surface 
of the first metatarsal head to approximately 10 degrees 
and bring the hallux into a congruous position on the 
metatarsal head by a médial capsulorrhaphy with or 
without a first web space dissection and latéral soft-tissue 
release. 

■To reduce the distal metatarsal articular angle to an 
acceptable value, remove a 1- to 2-mm, wedge-shaped 
sliver of bone from the médial aspect of the distal meta¬ 
tarsal (or from the capital fragment), a "closing wedge 
osteotomy." The size of the wedge is deliberately small 
because slight impaction occurs medially as the surfaces 
are manually pressed together. 

■ Use small absorbable or nonabsorbable pins to secure the 
osteotomy. 

■ Reduce the hallux congruously on the articular surface of 
the metatarsal head and maintain the position with 
capsulorrhaphy. 

■ Evaluate the repair radiographically by imaging or plain 
films. Obtain an anteroposterior radiograph with the foot 
resting fiat (flex the knee) on a cassette or radiolucent 
image board. Although this is not routinely necessary 
with an initial repair, it should always be done when surgi- 
cally treating récurrence of a hallux valgus deformity. 


I RECURRENT DEFORMITY AFTER BASILAR 
METATARSAL OSTEOTOMY AND FIRST WEB 
SPACE DISSECTION OR RELEASE 

Récurrent deformity after basilar metatarsal osteotomy and 
first web space dissection or release should be treated with a 
second basilar metatarsal osteotomy, médial capsular imbri¬ 
cation of the first metatarsophalangeal joint, and first web 
space dissection with release of the contracted latéral struc¬ 
tures. Alternatively, in selected patients, particularly men, an 
arthrodesis of the first metatarsophalangeal joint is reason- 
able. Indications for this procedure include (1) an intermeta- 
tarsal angle of 14 degrees or more, (2) a hallux valgus angle 


of more than 30 degrees, (3) a normal distal metatarsal 
articular angle (10 to 15 degrees), (4) a splayed forefoot, (5) 
minimal-to-mild osteoarthritic changes at the first metatar¬ 
sophalangeal joint (arthrodesis is indicated if the articular 
cartilage is damaged), (6) markedly subluxed or dislocated 
sesamoid bones, (7) 50 to 60 degrees of passive range of 
motion of the first metatarsophalangeal joint, and (8) arch 
structures that increase valgus stress on the metatarsophalan¬ 
geal joint. 

A combination of chevron and Akin ostéotomies can be 
used for greater correction of valgus deformity, but this 
combined procedure should be used with caution if sesamoid 
subluxation and a wide intermetatarsal angle are présent. 

For severe récurrent deformity after basilar metatarsal 
osteotomy, arthrodesis of the first metatarsophalangeal joint 
often is the most appropriate operation. The surgical tech¬ 
nique varies according to the type of osteotomy and the kind 
of fixation used. Nonunion, malunion, and degenerative 
arthritis of the interphalangeal joint of the hallux are the most 
frequent complications after arthrodesis of the first metatar¬ 
sophalangeal joint. Accurate positioning of the hallux is 
essential during the procedure. Lapidus recommended com- 
bining arthrodesis of the first metatarsal-medial cuneiform 
joint with distal soft-tissue release for treating severe récur¬ 
rent deformities. 

I RECURRENT DEFORMITY IN ELDERLY 
PATIENTS WITH OSTEOARTHRITIS 

Resection and Arthrodesis or Replacement Arthroplasty of 
the First Metatarsophalangeal Joint. Resection (Keller) 
arthroplasty can be used for correction of récurrent deformity 
in elderly patients who hâve limited physical demands on 
their feet and hâve some degree of osteoarthritis at the first 
metatarsophalangeal joint. Its usefulness may be expanded if 
the hallux, after resection of its base, is secured to the first 
metatarsal with two longitudinal Kirschner wires (see Tech¬ 
nique 81-2) after the metatarsal is manually displaced laterally 
as far as possible. Excision of the fibular sesamoid bone is 
recommended before the hallux is secured to the first 
metatarsal. 

The results of replacement arthroplasty of the first meta¬ 
tarsophalangeal joint for correction of récurrent hallux valgus 
hâve varied. Replacement arthroplasty of the first metatarso¬ 
phalangeal joint has been recommended for patients with 
rheumatoid arthritis and severe destruction of the metatar¬ 
sophalangeal joints, but in most patients resection of the base 
of the proximal phalanx, latéral displacement of the first 
metatarsal, temporary internai fixation after fibular sesamoid 
excision, and médial capsular repair provide just as good 
results as replacement arthroplasty with less expense and 
fewer complications. Arthrodesis of the first metatarsopha¬ 
langeal joint is a good choice for récurrent hallux valgus in 
elderly patients (see Fig. 81-59). 

■ COMPLICATIONS AFTER 
CHEVRON OSTEOTOMY 

Johnson described several complications of the chevron 
osteotomy and suggested the following ways to avoid them: 

■ Récurrent metatarsophalangeal joint valgus can be pre- 
vented by ensuring the médial capsular imbrication is firm 
and by maintaining the hallux in the proper position 
before skin closure. 
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Safe zones for chevron osteotomy and latéral capsular release. Médial view shows that sites of cortical osteotomy 
must remain in interval between pericapsular perforators distally and nutrient artery proximally. Safe zone for latéral capsular release 
spares ail perforators into metatarsal head proximally and ail perforators into proximal phalanx distally, as long as capsulotomy is 
performed in line with metatarsophalangeal joint in coronal plane. Dorsal view shows relationship between osteotomy and nutrient 
artery and distal pericapsular perforators. First dorsal metatarsal artery and its branches are especially vulnérable to overpenetration 
of latéral cortex by oscillating saw. (From Jones KJ, Feiwell LA, Freedman EL, et al: The effects of chevron osteotomy with latéral capsular release 
on the blood supply to the first metatarsal head, J Bone Joint Surg 77A:197, 1995.) 


■ Insufficient narrowing of the forefoot, most often associ- 
ated with preoperative metatarsus adductus and insuffi¬ 
cient room to shift the metatarsal head laterally, can be 
avoided by paying careful attention to the preoperative 
radiographs. 

■ Osteonecrosis can be prevented by preserving the latéral 
blood supply to the capital fragment. 

■ Incongruity at the metatarsophalangeal joint results from 
failure to recognize a valgus posture of the articular surface 
before surgery or from closure of the osteotomy medially, 
placing the capital fragment in a straight or a varus 
position. 

■ Unfulfilled patient expectations can be minimized by pro- 
viding a detailed explanation of the benefits and draw- 
backs of bunion surgery. A common mistake is trying to 
correct too much valgus deformity with this procedure; it 
is most useful in mild-to-moderate deformities. 

If latéral capsular perforation distal to the metatarsal 
head and release of the adductor hallucis tendon across the 
joint are required, they should be done distal to the vascular 
supply of the metatarsal head; however, these seldom are 
necessary for the degree of deformity described for this 
procedure. Two technical errors can resuit in damage to the 
vessels that supply the metatarsal head: cutting of the first 
dorsal metatarsal artery by overpenetration of the saw blade 
and incorrect placement of the proximal arms of the osteot¬ 
omy inside the joint capsule. A correctly performed chevron 


osteotomy, with or without a latéral capsular release, should 
not disrupt the vascular supply to the first metatarsal head, 
and a “safe zone” for performance of the chevron osteotomy 
and the latéral capsular release was identified by Jones et al. 
(Fig. 81-78). A cadaver study identified the plantarlateral 
corner of the metatarsal neck as the major site of vascular 
ingress into the first metatarsal head, suggesting that the long 
plantar limb of a chevron osteotomy should exit well proximal 
to the capsular attachment to decrease the risk of postopera- 
tive osteonecrosis. 

Malunion affer a chevron osteotomy is uncommon if 
three steps in operative technique are followed: (1) The 
osteotomy is internally fixed and manually tested, and fixa¬ 
tion is augmented with additional fixation if any movement 
occurs; (2) the distal fragment is placed plantar or inferior to 
the proximal fragment and secured in that position with 
internai fixation; and (3) weight bearing is guarded if fixation 
is not rigid. 

The difficulty in correcting a dorsal malunion affer 
chevron osteotomy is preserving length. The initial chevron 
osteotomy often shortens the hallux 3 to 5 mm, and impac¬ 
tion and necrosis at the osteotomy site can decrease length 
another 3 to 5 mm, resulting in 6 to 10 mm of shortening that 
causes transfer metatarsalgia beneath the second metatarsal 
head or prevents relief of existing metatarsalgia. Varus or 
valgus malunion can occur affer a chevron osteotomy, but 
this is not as common as dorsal malunion. Varus or valgus 
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malunion of a chevron osteotomy, even with mild-to-moder- 
ate incongruity of the first metatarsophalangeal joint, is toler- 
ated better by the patient than a dorsal malunion with transfer 
metatarsalgia. Regardless of the plane of the malunion, the 
surgical technique to correct the deformity is basically the 
same. 


CORRECTION OF MALUNION OF THE 
CHEVRON OSTEOTOMY 


TECHNIQUE 81-26 


■ Expose the distal metatarsal from the junction of the 
middle and distal thirds to the base of the proximal 
phalanx. 

■ Inspect the previous osteotomy, but do not allow its 
"limbs" to prédéterminé the plane of the corrective 
osteotomy. 

■ With a 2-mm drill bit (even smaller if available), make a 
semicircle of unicortical holes from dorsal to plantar 
adjacent to or within the previous osteotomy site (an arc 
of approximately 150 degrees). 

■ Connect these holes using only the corner of a 5- or 
6-mm sharp, straight, thin osteotome as a cutting edge. 
Do not penetrate the latéral cortex with the osteotome. 

■ Using the 2-mm (or smaller) drill bit, make numerous 
holes in the latéral cortex through the unicortical osteoto- 
mized semicircle, and complété the osteotomy with a thin 
(4-mm-wide) blade on a small power saw. This technique 
reduces the amount of shortening. 

■ Manually rotate the head plantarward until the dorsal 
cortex of the capital (distal) fragment is inferior (plantar) 
to the dorsal cortex of the shaft (proximal) fragment. This 
slightly plantarflexes the first metatarsal head, allowing it 
to assume more of the weight-bearing load across the 
metatarsal heads. 

■ If the capital fragment has healed in varus or valgus, 
reverse the deformity until the capital fragment is reduced 
to normal anatomie alignment with the shaft. The mal¬ 
union may be in two or more planes, but this "broom- 
stick" osteotomy would allow correction of ail planes of 
deformity. 

■ Internally fix the osteotomy with Kirschner wires, small 
screws, or absorbable pins. Interfragmentary wires are 
technically difficult to use in this location but are not 
contraindicated. 

POSTOPERATIVE CARE. Depending on the rigidity of 
fixation and body habitus of the patient and the antici- 
pated compliance by the patient, protected weight 
bearing can begin immediately. A short leg cast that 
extends distal to the toes and crutches or a walker may 
be necessary. The patient should be told before surgery 
that permanent loss of some metatarsophalangeal joint 
motion is possible, but that function should not be 
compromised. Full, unprotected weight bearing is allowed 
when union of the osteotomy is apparent clinically and 
radiographically. Final range of motion often is not 
reached for 12 to 18 months postoperatively. 


METATARSAL SHORTENING 

Some shortening of the first metatarsal can occur with 
both proximal and distal chevron ostéotomies, as well as 
with other types of osteotomy. The average shortening is 
reported to be 2 to 6 mm with distal ostéotomies and 
nearly 3 mm with proximal ostéotomies. Shortening of the 
first metatarsal may disrupt the normal weight-transfer 
mechanism, resulting in overload of the adjacent metatar- 
sals with metatarsalgia and forefoot pain. Transfer meta¬ 
tarsalgia generally is treated conservatively with various 
orthoses, but when this treatment fails and symptoms 
are severe, operative treatment is indicated. Shortening 
or elevating ostéotomies of the lesser metatarsals often 
are recommended. Although these ostéotomies may be 
successful, the potential exists for several complications, 
including nonunion, floating-toe deformity, persistent 
metatarsalgia, and marked forefoot shortening. Rather 
than shortening the normal metatarsals and further alter- 
ing the normal anatomy of the foot, distraction osteogen- 
esis of the first metatarsal has been recommended to more 
closely restore normal foot anatomy and biomechanics. 
Hurst and Nunley described their technique using a unilat¬ 
éral, single-plane external fixator. There are few reports of 
the outcomes of this procedure, and we hâve no expéri¬ 
ence with it. 


DISTRACTION OSTEOGENESIS FOR 
METATARSAL SHORTENING 


TECHNIQUE 81-27 


■ After induction of anesthésia and stérile préparation of 
the foot, use fluoroscopie control and the fixator chosen 
for distraction to détermine proper position of the holes 
for fixator placement. 

■ With a 1.5-mm Kirschner wire, drill the holes percutane- 
ously along the médial side of the first metatarsal; insert 
four self-tapping pins with 2.5-mm tapered threads and 
3-mm- diameter shafts into the holes. Place the distal two 
pins first and then the proximal pins. 

■ Orient the pins in the metatarsal so that the distraction 
force of the fixator will provide relative plantarflexion to 
the metatarsal head. To achieve this orientation, place the 
two distal pins in the plantar half of the distal metatarsal 
fragment, which will create a relatively plantarward dis¬ 
traction vector. 

■ Make a 2-cm incision along the médial border of the 
metatarsal between the second and third pins. 

■ Carry dissection down to the bone and sharply incise the 
periosteum longitudinally, leaving it intact laterally, ante- 
riorly, and posteriorly. 

■ In the area of the proposed osteotomy, minimally strip 
the periosteum with a periosteal elevator and preserve it 
for later closure. 
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■ Use a mini-sagittal saw to make a transverse osteotomy 
between the second and third pins, cooling the blade 
with normal saline irrigation. 

■ Confirm the adequacy and distractibility of the osteotomy 
by distracting the fixator 5 mm and obtaining a fluoro¬ 
scopie image. 

■ Compress the distractor to achieve bone-on-bone contact 
and tighten it. 

■Approximate the periosteum with 4-0 absorbable poly- 
glactin suture and close the skin with simple sutures of 
4-0 nylon; apply a soft dressing. 

POSTOPERATIVE CARE. The patient is discharged 
home on the day of surgery, with instructions to remain 
non-weight bearing on the operated foot. The dressing 
is removed at the first clinic visit 1 week after surgery, at 
which time the sutures are removed and radiographs are 
obtained. At this visit, patients are taught to distract the 
fixator at home by turning the external fixator key one- 
quarter turn four times a day to equal a distraction rate 
of 1 mm of lengthening per day. The goal is to obtain 
equal lengths of the first and second metatarsals to 
restore the normal "windlass" mechanism. Patients are 
kept non-weight bearing during the entire lengthening 
phase. When there is radiographie evidence of consolida¬ 
tion in the distracted segment, partial weight bearing is 
permitted. Daily passive range of motion of the metatar- 
sophalangeal joint is encouraged during both the distrac¬ 
tion and consolidation phases to prevent joint stiffness. 
The external fixator is kept in place until full consolidation 
is seen on multiple radiographie views. After removal of 
the fixator, full weight bearing and normal shoe wear are 
allowed as tolerated. 


■ ACQUIRED HALLUX VARUS AND INTRINSIC 
MINUS HALLUX 

Hallux varus (Figs. 81-79 and 81-80) is a complication of 
hallux valgus surgery that was not widely recognized until 
McBride in 1935 reported its occurrence in 5% of patients 
treated with his procedure (médial eminence removal, médial 
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capsulorrhaphy, and fibular sesamoidectomy) (Fig. 81-81). 
Since then, many authors hâve reported this complication, 
with incidences ranging from 2% (Peterson et al.) to 17% 
(Trnka et al.) after almost ail operations for hallux valgus, 
including distal and proximal metatarsal ostéotomies. Few 
patients with hallux varus complain about appearance (only 
if varus is > 10 to 15 degrees) or discomfort (rare and usually 
associated with degenerative changes of the first metatarso- 
phalangeal joint). The main causes for hallux varus after 
hallux valgus surgery are (1) complété release of the latéral 
structures of the metatarsophalangeal joint combined with 
excessive plication of the médial capsule, which pulls the 
sesamoids too far medially; (2) excessive resection of the 
médial eminence, leading to loss of médial bony buttress for 
the proximal phalanx; (3) excision of the fibular sesamoid; (4) 
release of the latéral head of the flexor hallucis brevis at its 
insertion into the fibular sesamoid; and (5) closure of the 
intermetatarsal angle to neutral or a négative value. 

Hallux varus can be classified into two types: static 
(supple) and dynamic (fixed). There are two reasons to divide 
hallux varus deformities. The first is to place the focus on the 
intrinsic and extrinsic muscle imbalance, which explains the 
single and multiplanar types of deformity, and the second is 
to alert the surgeon that presurgical planning for correction 
would be different. Static hallux varus, which is supple, uni- 
planar, and passively correctable, usually is asymptomatic and 
mainly is a cosmetic complication. When the foot is viewed 
in a weight-bearing position, the hallux rests in varus, the 
metatarsophalangeal joint rests in a normal position in the 
sagittal plane (10 degrees to the plantar surface of the foot or 
20 to 25 degrees to the first metatarsal), and the interphalan- 
geal joint is in a normal position. Most offen, the hallux is not 
rotated abnormally in an axial plane and does not assume a 
“snake-in-the-grass” appearance in the frontal plane. Ail the 
deformity occurs at the metatarsophalangeal joint, but only 
in the transverse or frontal plane. Dynamic hallux varus 
deformity is a multiplanar deformity that offen is fixed, 
symptomatic, and difficult to correct surgically (Fig. 81-82). 

The term that best describes the deformity is intrinsic minus 
deformity of the hallux with a varus component. This is a true 
intrinsic-extrinsic muscle imbalance. In dynamic hallux 
varus, the first metatarsophalangeal joint is hyperextended 



FIGURE 


Keller procedure. 


A f Hallux varus after McBride bunionectomy with subluxation of tibial sesamoid. B f Correction of hallux varus after 
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jjjj A f Relatively mild hallux varus with symptomatic degenerative arthritis of first metatarsophalangeal joint. B and 
C f Arthrodesis was chosen because of degenerative joint disease. 



A f Fixed hallux varus after McBride bunionectomy. B f Hallux varus after McBride bunionectomy with fibular sesamoid 
excision. Removing fibular sesamoid removes valgus-producing moments of adductor hallucis and flexor hallucis brevis (latéral head) 
muscles. 


(usually with some degree of fixed soft-tissue contracture) 
and the interphalangeal joint is acutely flexed. The hallux is 
rotated, and its varus and extended posture makes shoe wear 
difficult. The most common complaint is that the toe box of 
the shoe rubs on the dorsomedial surface of the interphalan¬ 
geal joint. A keratotic lésion may be présent beneath the first 
metatarsal head, caused by the extended hallux pushing the 
first metatarsal head plantarward. The lesser toes may develop 
a hammer deformity and metatarsalgia as the hallux assists 
less and less in the stance phase of the gait cycle. 


1 ANATOMY AND PATHOGENESIS 

The intrinsic muscles balance the hallux on the first metatarsal 
head, whereas the extrinsic muscles add gross balance and 
greatly increase the mobility of the hallux. The first metatar¬ 
sophalangeal joint is a shallow, ball-and-socket joint with 
little stability from bony configurations. The tendon inser¬ 
tions of the abductor-adductor hallucis, the flexor hallucis 
brevis (both components), and the extensor hallucis brevis 
balance the hallux congruently on the first metatarsal head 
and act synchronously with the extrinsic muscle-tendon units 
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of the extensor flexor hallucis longus. This balance is dis- 
rupted if the positions of these tendon insertions are altered 
relative to the axis of rotation in flexion or extension at the 
metatarsophalangeal joint. 

The pathogenesis of hallux varus can best be explained 
affer a McBride procedure with a fibular sesamoidectomy. 
Fibular sesamoidectomy and release of the adductor tendon 
can allow the tibial sesamoid (médial head flexor hallucis 
brevis) to drift medially, exerting a varus movement on the 
proximal phalanx (Fig. 81-83), and allow the abductor tendon 
to overpower its antagonist, the released adductor tendon. 
With varus of the metatarsophalangeal joint, the extensor 
hallucis longus, the flexor hallucis longus, and the flexor 



FIGURE 


^ Passively correctable dynamic hallux varus. 


hallucis brevis médial head are positioned médial to the 
midline in the axial plane, increasing the varus deformity. 
This is exactly the opposite of the mechanism of action in 
hallux valgus, in which the musculotendinous structures of 
the metatarsophalangeal joint accentuate the hallux valgus 
when they are positioned latéral to the axial midline of the 
metatarsophalangeal joint. Affer release of the latéral head of 
the flexor hallucis brevis from the fibular sesamoid (fibular 
sesamoidectomy) and médial subluxation of the médial head 
of the flexor hallucis brevis (tibial sesamoid), the médial head 
of the flexor hallucis brevis is no longer an efficient flexor of 
the metatarsophalangeal joint and is overpowered by the 
retained extensors of the metatarsophalangeal joint, creating 
an extension deformity of the metatarsophalangeal joint. As 
extension of the metatarsophalangeal joint increases, the 
flexor hallucis longus tightens, and the extensor hallucis 
longus loosens, creating a flexion deformity of the interpha- 
langeal joint (Fig. 81-84). This deformity may quickly become 
fixed and is described as clawed hallux deformity or intrinsic 
minus hallucal deformity. 

Uniplanar deformity most commonly occurs when a 
mild-to-modératé hallux valgus deformity is treated with a 
latéral soff-tissue release combined with médial capsular 
imbrication and médial eminence excision. Excision of too 
much of the médial eminence (within or immediately latéral 
to the sagittal groove) has been cited as a major contributing 
factor to hallux varus. Excision of the fibular sesamoid and 
overcorrection of the first intermetatarsal angle to less than 5 
degrees also can produce hallux varus uniplanar deformity. 
Normally, the hallux rests on the first metatarsal head in 
about 10 degrees of valgus. If the intermetatarsal angle is 
reduced to less than 5 degrees, and the hallux is reduced 
congruously on the metatarsal head, the necessary valgus 
angulation must be 15 degrees (5 degrees varus of the first 
metatarsal plus 10 degrees distal metatarsal articular angle). 
Offen the hallux is aligned parallel to the second toe if that 



FIGURE 


A f Hallux valgus deformity. B f Dislocation of tibial sesamoid after distal metatarsal osteotomy and fibular 


sesamoidectomy. 
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A and B f Hyperextension of metatarsophalangeal joint and hyperflexion of interphalangeal joint, in addition to varus 
and rotation of hallux. C and D f Dynamic (supple) deformity treated by arthrodesis of first metatarsophalangeal joint and plantar 
release of interphalangeal joint. 


toe is straight or to the médial border of the foot if it is not, 
but this clinically straight posture places the hallux into varus 
in relation to the articular surface of the first metatarsal head. 
When the latéral restraining structures are released and the 
médial eminence is removed, the hallux is at risk of driffing 
further into varus. Overcorrection of the intermetatarsal 
angle and removal of the médial eminence at the sagittal 
groove instead of médial to it may contribute to the develop¬ 
ment of hallux varus deformity. Correction of the intermeta¬ 
tarsal angle to less than 5 degrees, excision of the fibular 
sesamoid, latéral capsulotomy, adductor release, and imbrica¬ 
tion of the médial capsule, in combination or alone, may 


contribute to a hallux varus deformity. The powerful flexor 
hallucis brevis can be a significant valgus- or varus-deforming 
force if the sesamoid is not in its facet. 


CORRECTION OF UNIPLANAR 
(STATIC) HALLUX VARUS DEFORMITY 

Not ail patients with acquired hallux varus require operative 
treatment. Varus deformity of 5 to 6 degrees is minimal 
and generally is only a radiographie finding, rather than a 
deformity that compromises the clinical resuit. In addition 
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to an unsatisfactory appearance of the toe, some patients 
complain of difficulty wearing shoes, pain, instabilité 
weakness with push-off, and metatarsalgia. A conservative 
program of modified shoe wear and taping of the hallux 
should be attempted in ail patients before surgery is 
contemplated. 

If uniplanar hallux varus develops after a soft-tissue 
procedure alone and is not fixed, weekly dressings and 
tapings of the hallux in a valgus posture of 10 to 15 
degrees may correct the deformity if this treatment begins 
within the first 4 to 6 weeks, continues for 8 to 12 weeks, 
and is followed by treatment with a night splint that holds 
the hallux in slight valgus for an additional 3 months. If the 
deformity goes unnoticed for 2 months or longer after 
surgery and is symptomatic, however, surgical correction is 
required. This should be delayed until the soft tissue has 
no evidence of inflammation from the first procedure. A 
médial capsulotomy in the sagittal plane, placing the sesa- 
moids in their proper location if subluxed medially, and 
holding the hallux in 10 to 15 degrees of valgus with a 
Kirschner wire for 6 weeks may be ail that is necessary, 
especially if the deformity is passively correctable and 10 
to 15 degrees of valgus is achievable. The success or failure 
rests almost entirely on the position and the moment of 
the flexor hallucis brevis. The surgical treatment of this 
deformity is straightforward, and results are predictable. 


TECHNIQUE 81-28 


SOFT-TISSUE CORRECTION 

■ Make an incision on the médial side of the hallux at the 
midline in the internervous plane, extending from the 
midportion of the diaphysis of the proximal phalanx to 4 
to 5 cm proximal to the metatarsophalangeal joint. Raise 
a dorsal skin flap (on the capsule) 4 to 5 mm and a 
plantar flap 2 to 3 mm. Do not injure the dorsal sensory 
nerve near the junction of the (former) médial eminence 
and first metatarsal. 

■ Make a capsular incision in the midline medially. 

■ Elevate the dorsal and plantar capsular flaps until the 
dorsomedial corner of the first metatarsal and the tibial 
sesamoid plantarward are clearly exposed. 

■ After the hallux is adducted to the midline, flex and 
extend the first metatarsophalangeal joint. Carry the 
soft-tissue release dorsally and plantarward until the 
hallux can be placed into 10 to 15 degrees of valgus on 
the first metatarsal head. Flex and extend the hallux and 
passively dorsiflex it 40 to 50 degrees in this valgus 
position. 

■ Place a small osteotome or periosteal elevator between the 
articular surface of the tibial sesamoid and the first meta¬ 
tarsal head. If the tibial sesamoid slides back into its facet 
on the metatarsal head with passive valgus of the hallux 
or requires only gentle levering and pushing to reduce and 
maintain it in the facet, the correction will be long lasting. 
If the tibial sesamoid cannot be reduced and maintained 
in its facet, soft-tissue balance and realignment will fail, 
and an arthrodesis or hemiresection arthroplasty to loosen 
the soft tissue must be performed. 

■ With the hallux positioned in 15 degrees valgus, 10 
degrees extension, and neutral rotation, place a 0.062- 


inch Kirschner wire obliquely from distal médial in the 
proximal phalanx to proximal latéral in the first metatarsal, 
starting at the metaphyseal-diaphyseal flair of the proxi¬ 
mal phalanx. 

■ Cut the wire beneath the skin so that it can be removed 
in the office under local anesthésia. Leaving it external to 
the skin is more likely to cause prématuré removal from 
pin track soft-tissue irritation. 

■ Release the tourniquet and obtain hemostasis. Do not 
dose the capsule. Close the skin with permanent 4-0 
monofilament nylon sutures in one layer. Place simple 
stitches near the wound margins because the skin is 
under tension, and mattress sutures may compromise the 
blood supply to the skin margins further. Because neither 
capsular nor subcutaneous sutures are allowed, use more 
stitches than usual to avoid gaps between the stitches 
that could cause a synovial fistula or an infection. 

■ Apply a forefoot dressing. The dressing does not hâve to 
help maintain the reduced position of the hallux because 
of the articular wire but should be gently conforming and 
snug to reduce edema. 

■ In the Hawkins technique, the latéral structures are 
released and the muscle-tendon unit of the abductor 
hallucis is transferred to the base of the proximal phalanx 
plantar to the transverse intermetatarsal ligament and 
through a long bone tunnel and sutured to the soft tissue 
medially. The adductor hallucis and flexor hallucis brevis 
conjoined tendon is moved proximally and sutured into 
the latéral aspect of the metatarsal head dorsal to the 
transferred abductor hallucis tendon (Fig. 81-85). 

POSTOPERATIVE CARE. The initial dressing is main¬ 
tained for 10 to 14 days (19 to 21 days is permissible) to 
ensure skin healing without interruption of the dermal 
adhesion. A removable short leg walking boot is preferred 
to immobilize the ankle, but it is optional. The patient is 
allowed touch-down weight bearing with crutches for 3 
weeks and then weight bearing to tolérance without 
crutches another 3 weeks in the removable walking boot. 
The boot can be removed only to bathe the first 3 weeks, 
after which it can be removed during bed and bath 
periods. The pin is removed in the office in 4 to 6 weeks. 
(If réduction was difficult, the pin should be left in for 6 
weeks.) The pin should not be removed before 3 weeks 
unless pressing circumstances require it. If it is necessary 
to remove the pin earlier than planned, the hallux is taped 
to the second and third toes until the hallux has no 
tendency to drift medially from its valgus posture when 
the patient is standing. 


DISTAL METATARSAL OSTEOTOMY, 
MEDIAL CAPSULAR RELEASE 
WITHOUT TENDON TRANSFER 

Choi et al. described an alternative procedure for hallux 
varus after hallux valgus surgery in 19 patients (20 to 
65 years of âge). Thirteen patients had been treated by a 
scarf osteotomy, and six underwent a proximal chevron 
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Hawkins technique for correction of hallux varus. A f Hallux varus secondary to muscle imbalance. B f Repositioning 
of abductor hallucis to remnant of adductor hallucis. C f Suturing of abductor hallucis lengthened by tendon graft into base of proximal 
phalanx and repositioning of conjoined tendon. (Redrawn from Hawkins FB: Acquired hallux varus: cause, prévention and correction, Clin 
Orthop Relat Res 76:169, 1971). SEE TECHNIQUE 81-28. 


9 osteotomy initially. Aftertheir corrective surgery, 11 patients 
were very satisfied, 7 were satisfied, and 1 was very dis- 
satisfied. The mean hallux valgus angle, intermetatarsal 
angle, and distal metatarsal articular anlage improved sig- 
nificantly from preoperative to postoperative, and the 
mean relative length ratio of the metatarsus decreased 
significantly. Two patients had récurrences of the hallux 
varus deformity, one required no further procedures, and 
the other required repeat distal metatarsal osteotomy. No 
other complications were reported. 


TECHNIQUE 81-29 


■ To expose the head of the first metatarsal, make a médial 
longitudinal incision through the previous scar. Make a 
T-shaped capsular incision, the horizontal one along the 
metatarsophalangeal joint line and the vertical one along 
the shaft of the first metatarsal. 

■ Perform a distal metatarsal chevron osteotomy at an 
angle of 60 degrees to the apex of the distal portion (Fig. 
81-86A). 

■ Translate the distal fragment medially. Create a 1- to 
3-mm médial biplanar closing wedge 8 to 10 mm proxi¬ 
mal from the first metatarsophalangeal joint line. The 
degree of the médial closing wedge is based on the distal 
metatarsal articular angle. 

■ Fix the osteotomy with one or two Kirschner wires (Fig. 
8-86B and C). 

■ Do not repair the médial capsules to allow for médial 
release. 

■ If severe varus instability remains, make a 2- to 3-mm 
transverse capsular excision through the previous scar 


over the dorsum of the first web. Tighten the latéral 
capsule. 

POSTOPERATIVE CARE. Immédiate weight bearing is 
allowed in a wooden-soled rocker-bottom shoe for 
6 to 8 weeks postoperatively. Passive exercises of the 
metatarsophalangeal joint are started at 2 weeks 
postoperatively. 


TRANSFER OF EXTENSOR HALLUCIS 
LONGUS WITH ARTHRODESIS OF 
THE INTERPHALANGEAL JOINT 
OF THE HALLUX 

Occasionally, an arthrodesis or tendon transfer may be 
required in a static, uniplanar deformity, but the patient 
must be informed preoperatively that one or the other may 
be required if the deformity cannot be corrected otherwise. 
When the metatarsophalangeal joint deformity is static, 
usually the interphalangeal joint deformity also is static. 
Extensor hallucis longus transfer usually is recommended 
for supple deformity of the metatarsophalangeal joint (Fig. 
81-87), combined with interphalangeal joint fusion whether 
the interphalangeal joint deformity is dynamic or static. For 
a combined supple interphalangeal and metatarsophalan¬ 
geal joint deformity, transfer of only half of the extensor 
hallucis longus tendon without arthrodesis of the hallux 
interphalangeal joint is recommended to allow free inter¬ 
phalangeal joint motion; if the extensor hallucis longus 










A f Distal chevron metatarsal osteotomy with médial translation of distal fragment. B, Hallux varus deformity with 
négative intermetatarsal angle that occurred after proximal chevron osteotomy. C f Twenty-four-month follow-up showing correction 
and congruent metatarsophalangeal joint. (From Choi KJ, Lee HS, Yoon YS, et al: Distal metatarsal osteotomy for hallux varus following surgery 
for hallux valgus, J Bone Joint Surg 93B:1079, 2011. Copyright British Editorial Society of Bone and Joint Surgery.) SEE TECHNIQUE 81-29. 




A-D, Transfer of extensor hallucis longus (Johnson and Spiegl technique) for correction of hallux varus (see text). 

(From Johnson KA, Spiegl P: Extensor hallucis longus transfer for hallux varus deformity, J Bone Joint Surg 66A:681, 1984.) SEE TECHNIQUE 81-30. 
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transfer fails to correct the hallux varus and a subséquent 
metatarsophalangeal joint fusion is necessary, a better 
resuit will be obtained if the interphalangeal joint retains 
some motion. Fusion of the interphalangeal joint aids in 
the correction of the metatarsophalangeal joint extension 
by having the flexor hallucis longus flex the great toe at 
the metatarsophalangeal joint, rather than at the interpha¬ 
langeal joint. Transfer of only half of the extensor hallucis 
longus is inappropriate, however, because it requires the 
extensor hallucis longus to perform two actions simultane- 
ously: extension of the interphalangeal joint and adduction 
of the metatarsophalangeal joint. Both techniques correct 
the deformity, and both reduce motion at the metatarso¬ 
phalangeal joint, occasionally severely. The patient must be 
informed that a correction of deformity may produce a 
réduction in motion. 


TECHNIQUE 81-30 


(JOHNSON AND SPIEGL) 

■ Begin an L-shaped incision between the midportions of 
the first and second metatarsals, extend it distally along 
the dorsolateral aspect of the great toe, and curve it 
medially near the insertion of the extensor hallucis longus 
tendon (Fig. 81-88A). 

■ Divide the extensor hallucis tendon at its insertion on the 
base of the distal phalanx. Avoid the dorsal sensory nerve 
and the nail bed. 

■ Perform an arthrodesis of the interphalangeal joint after 
removing the articular surfaces to permit a neutral posi¬ 
tion in the sagittal and coronal planes (Fig. 81-88B to D). 
The use of a 4-mm cancellous bone screw, advocated by 
Shives and Johnson, has proved bénéficiai. 

■ Drill a 2-mm-diameter hole longitudinally in a rétrogradé 
manner at the denuded articular surface of the distal 
phalanx (Fig. 81-88E). The drill should exit at a point 
5 mm plantar to the tip of the nail in the midline of 
the toe. 

■ Appose the denuded articular surfaces, insert the drill bit 
distally at the tip of the phalanx, and, following the previ- 
ously placed hole, drill into the base of the proximal 
phalanx and down the center of its medullary canal (Fig. 
81-88F and G). 

■ Overdrill the distal phalanx with a 2.7-mm drill bit and 
tap the entire drill path with a 3.5-mm tap. 

■ Following the drill bit in a proximal direction, insert the 
4-mm cancellous bone screw (Fig. 81-88H). The lag effect 
of this screw produces compression and firm fixation of 
the arthrodesis (Fig. 81-881 to M). 

■ When the arthrodesis is completed, dissect the extensor 
hallucis longus free from the extensor mechanism and 
proximal fascial attachments to 5 to 6 cm proximal to the 
metatarsophalangeal joint. The tendon should exhibit 
free excursion with gentle traction and relaxation. 

■ Pass a nonabsorbable suture back and forth through the 
distal 1.5 cm of tendon and lay it aside temporarily. 

■ Drill a 3.6-mm hole in the dorsoplantar direction in the 
latéral side of the proximal phalanx (see Fig. 81-87B). 

■ With a hemostat, grasp the suture in the end of the 
tendon and pass it plantar to the deep transverse inter- 
metatarsal ligament (see Fig. 81-87B). The transferred 


tendon cannot correct the hallux extensus or hallux varus 
if it is not passed plantar to a pulley that is plantar to the 
flexion-extension axis of the first metatarsophalangeal 
joint. Johnson and Spiegl stated that the earlier formed 
surgical scar in this région never interfered with use of 
the ligament as a suitable pulley. 

■ Pass the tendon through the hole in the phalanx from the 
plantar to the dorsal direction and place the hallux in the 
desired position (a médial capsulotomy and possibly a 
tibial sesamoidectomy may be required before the hallux 
can be positioned properly). 

■ Pull the extensor hallucis longus distally and suture it to 
itself (see Fig. 81-87C). 

■ Insert a 0.062-inch Kirschner wire obliquely across the 
joint, taking care not to impale the tendon and weaken 
it (see Fig. 81-87D). 

POSTOPERATIVE CARE. A compression dressing is 
worn for 2 days, followed by a short leg, non-weight- 
bearing cast, which is worn for 3 weeks. The cast is 
changed, and weight bearing is allowed in the new cast, 
which is worn for 3 more weeks. The Kirschner wire is 
removed, and weight bearing is allowed without a cast 
(night splinting of the hallux in the desired position for 
another 10 to 12 weeks should be considered). 


EXTENSOR HALLUCIS BREVIS 
TENODESIS 


TECHNIQUE 81-31 


(MYERSON AND KOMENDA; JULIANO ETAL) 

■ Make a dorsal longitudinal incision in the first web space, 
extending proximally 2 inches. 

■ Retract the terminal branch of the deep peroneal nerve 
and transect the extensor hallucis brevis at the musculo- 
tendinous junction (Fig. 81-89A). 

■ Insert a 4-0 monofilament suture into the stump of the 
extensor hallucis brevis tendon and dissect it free of soft 
tissues to its distal attachment into the extensor hood. 
Do not interrupt this attachment. 

■ Free the proximal end of the extensor hallucis brevis from 
its attachment to the extensor hallucis longus tendon. 

■ Perform a dorsal and médial capsulotomy, or capsulec- 
tomy if required, to correct the extension deformity at the 
metatarsophalangeal joint. 

■ Release the abductor tendon with the médial capsulotomy. 
Before performing the extensor hallucis brevis tenodesis, 
completely release the dorsal and médial soft-tissue 
contractures, and assess the resting position of the hallux 
after this release. The deformity should now be passively 
correctable. If not, complété the capsulotomy or capsu- 
lectomy from sesamoid to sesamoid. 

■ Pass the stump of the extensor hallucis brevis tendon 
plantar to the deep transverse metatarsal ligament from 
distal to proximal (Fig. 81-89B). 
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Johnson and Spiegl arthrodesis technique for correction of hallux varus. A-C f L-shaped skin incision, release of 
extensor hallucis longus, and préparation of joint for arthrodesis. D-F, Apposition of surfaces to confirm good bony apposition and 
rétrogradé drilling with 2-mm bit. G, Antegrade drilling of proximal phalanx. H, Insertion of 4-mm cancellous screw. I, Compression of 
arthrodesis site as lag effect is created. J, Closure. K-M, Radiographs of interphalangeal joint arthrodesis of great toe. (A-J redrawn from 
Shives TC, Johnson KA: Arthrodesis of the interphalangeal joint of the great toe: an improved technique, Foot Ankle 1:26, 1980.) SEE TECHNIQUE 
81-30. 
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Hallux varus correction using extensor hallucis brevis tenodesis. A f Dorsal incision and transection of extensor hallucis 
brevis tendon. B, Transected tendon is passed deep to transverse metatarsal ligament from distal to proximal. C f Hole is drilled in 
dorsomedial first metatarsal. D f Extensor hallucis brevis tendon is pulled through drill hole and secured with sutures to periosteum or 
bone. (Redrawn from Juliano PJ, Meyerson MS, Cunningham BW: Biomechanical assessment of a new tenodesis for correction of hallux varus, Foot 
Ankle Int 17:17, 1996.) SEE TECHNIQUE 81-31. 


■ Apply tension to the extensor hallucis brevis tendon and 
assess alignment and rotation of the hallux. Because of 
the dorsal insertion of this tendon, there is a tendency to 
supinate (internally rotate) the hallux as the extensor 
hallucis brevis tendon is proximally redirected. If this 
occurs, partially release the distal insertion of the tendon 
so that the attachment is not as dorsally located. 

■ Attach the extensor hallucis brevis tendon to the first 
metatarsal shaft under tension. 

■ With the tendon pulled in a proximal direction, assess the 
range of motion of the hallux metatarsophalangeal joint 
and compare with the motion with no tension on the 
tenodesis. Expect mild loss of passive flexion. The patient 


should be made aware of this preoperatively. Because the 
extensor hallucis brevis transfer is to function as a teno¬ 
desis and not as a dynamic tendon transfer, the goal is 
to apply the maximal tension on the tendon that would 
interfère the least with range of motion at the metatar¬ 
sophalangeal joint. 

■ The desired position of the hallux after correction is 5 
degrees of valgus. Secure the extensor hallucis brevis 
tendon to the first metatarsal through a bone tunnel 
1.5 cm proximal to the joint, or use a bone suture anchor 
(Fig. 81-89C and D). Use temporary pin fixation across 
the metatarsophalangeal joint for further stabilization if 
needed. 
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POSTOPERATIVE CARE. Weight bearing is permitted in 
a wooden-soled surgical shoe immediately after surgery. 
The shoe is used for an additional 4 weeks, after which 
time a comfortable stiff-soled shoe is permitted. The 
hallux is taped into valgus for 2 months after surgery. At 
that time, the patient is permitted to pursue any desired 
activity. Range-of-motion exercises of the hallux metatar- 
sophalangeal joint are encouraged as soon as the wound 
permits, unless a pin across the metatarsophalangeal joint 
was required for stability. If used, the pin should be 
removed in 7 to 10 days and motion begun. 


CORRECTION OF DYNAMIC 
(MULTIPLANAR) HALLUX VARUS 

Treatment of dynamic deformity of the metatarsophalan¬ 
geal joint is most often either resection arthroplasty (resect- 
ing the proximal third of the phalanx) or arthrodesis of 
the metatarsophalangeal joint (Fig. 81-90). If ail compo- 
nents in the axial, coronal, and sagittal planes are correct- 
able passively, however, and passive motion at the 
metatarsophalangeal joint approaches normal in flexion 
and extension, soft-tissue repair of the deformity may be 
successful. 

The "hanging toe" procedure (resection of ail intrinsic 
muscle attachments to the base of the proximal phalanx 
when the proximal third is removed) should include the 
insertion of two longitudinal, parallel Kirschner wires to 
maintain the position in 5 to 10 degrees of valgus for 6 
weeks. Before placing the Kirschner wires in a rétrogradé 
direction through the proximal and distal phalanges and 
then in an antegrade direction into the metatarsal head, 
tension on the extensor hallucis lonqus tendon should be 


evaluated by holding the foot and ankle in the neutral 
position and judging if this tendon is causing an extensor 
posture of the hallux. If so, the tendon should be length- 
ened no more than 1 cm before fixation. If a fixed flexion 
contracture of the interphalangeal joint has caused symp- 
tomatic dorsal calluses, one of two procedures is recom- 
mended: (1) an arthrodesis of the interphalangeal joint at 
the time of resection arthroplasty of the metatarsophalan¬ 
geal joint or (2) a plantar plate release at the interphalangeal 
joint with pin fixation holding the joint in a neutral 
position. 

Techniques of arthrodesis of the metatarsophalangeal 
and interphalangeal joints are described in Techniques 
81-16 to 81-20. The technique of resection arthroplasty is 
described in the section on Keller bunionectomy. 


TECHNIQUE 81-32 


■ Make a midline médial incision and expose the metatarsal 
head by incising the capsule 2 to 3 mm plantar to where 
the skin incision was centered. 

■ Elevate the capsule from the head of the metatarsal 
and the base of the proximal phalanx dorsally and 
planta rward. 

■ Expose the tibial sesamoid. 

■ If the deformity is fixed in extension at the metatarsopha¬ 
langeal joint, perform a wider resection of the soft tissue 
to the junction of the neck and shaft of the first 
metatarsal. 

■ Manually reduce the hallux into a valgus position and 
release the capsule to evaluate the tightness. 

■ If ail components of the deformity were not completely 
correctable passively, soft-tissue correction alone would 
be unsuccessful. 

■ Examine the articular surfaces, and if the head of the 
first metatarsal shows loss of articular cartilage or 



A and B f Preoperative and postoperative radiographs of middle-aged woman with multiplanar hallux varus deformity 
(clawed hallux) corrected by resection arthroplasty. 
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unhealthy-appearing articular cartilage, presumably 
from chronic pressure placed against it, perform an 
arthrodesis. 

■ If the articular cartilage appears reasonably normal and 
passive motion is full and unimpeded, fix the hallux in 10 
degrees of valgus with a 0.062-inch Kirschner wire placed 
across the joint obliquely from the base of the proximal 
phalanx medially to the head and neck junction of the 
first metatarsal laterally. 

■ Place the sesamoids beneath the head of the 
metatarsal. 

■ Release the interphalangeal joint contracture through a 
dorsal inverted-L incision with the transverse limb across 
the dorsum of the interphalangeal joint and the proximal 
limb extending 2 to 3 cm proximally along the dorsolat- 
eral border of the head and neck of the proximal phalanx. 

■ If the metatarsophalangeal joint requires arthrodesis, 
correct the interphalangeal joint flexion contracture by 
releasing the plantar plate and both collateral ligaments, 
bringing the interphalangeal joint into a corrected posi¬ 
tion and holding it with a 0.062-inch Kirschner wire. 

■ If the metatarsophalangeal joint does not require arthrod¬ 
esis, remove the articular surfaces of the interphalangeal 
joint in préparation for an arthrodesis. This serves two 
purposes: it corrects a dynamic deformity of the interpha¬ 
langeal joint, or, if the deformity is static, it allows relative 
shortening of the extensor and flexor hallucis longus 
muscle-tendon units, decreasing their deforming forces. 

■ Fix the interphalangeal joint arthrodesis with crossed 
Kirschner wires or a small intramedullary fragment screw. 
The technique of Johnson is recommended if a screw is 
used. Drill a hole into the distal phalanx from the articular 
surface through the tip of the hallux just beneath the nail 
and reverse the drill bit into the proximal phalanx. Use a 
4-mm partially threaded, cancellous, small fragment 
screw (40 to 50 mm) or Kirschner wires. 

■ Remove the tourniquet and evaluate the vascularity of the 
hallux. 

■ Fix the hallux in 10 to 15 degrees of valgus with the 
interphalangeal joint arthrodesed in neutral position and 
close the skin with simple, interrupted, small sutures. 
Place the stitches close to the skin edge because bringing 
the hallux from a varus to a valgus posture places the skin 
under tension. Some wound necrosis medially frequently 
occurs after hallux varus repair, and the patient should be 
advised of this. Apply a forefoot dressing. 

POSTOPERATIVE CARE. The patient is encouraged to 
rest and elevate the foot above heart level for several 
days. For the first 3 weeks after surgery, only non-weight- 
bearing or touch-down weight-bearing ambulation on 
crutches is allowed. If the patient is allowed to bear 
weight, a short leg cast that extends past the toes is 
recommended, and even with this protection only partial 
weight bearing is allowed. Weight bearing to tolérance 
in a removable walking boot is allowed for the next 3 
weeks. The Kirschner wire is removed at 4 to 6 weeks, 
depending on how difficult it was to correct the defor¬ 
mity; the more difficult the deformity correction, the 
longer the fixation should remain. 


PLANTAR PLATE RELEASE 


TECHNIQUE 81-33 


■ Begin a 3-cm médial incision at the midshaft of the 
proximal phalanx and extend it distally to the level of the 
base of the nail. This incision avoids the sensory branches 
of the médial proper plantar digital nerve to the pulp of 
the hallux. 

■ Locate the sheath of the flexor hallucis longus and incise 
it longitudinally for 1 cm centered over the interphalan¬ 
geal joint. 

■ Using a small-bladed knife, remove 2 to 3 mm of the 
insertion of the tendon onto the base of the distal 
phalanx. The insertion is broad and tenacious, and this 
much release does not disrupt the tendon attachment 

(Fig. 81-91 A). 

■ Gently flexing and extending the joint even a few degrees 
helps locate the plantar plate insertion on the neck of the 
proximal phalanx. Using a small-bladed knife, completely 
incise the plantar plate from the neck of the proximal 
phalanx, allowing it to slide distally to expose the inter¬ 
phalangeal joint (Fig. 81-91 B). 

■ If this does not allow passive correction of the joint to the 
neutral position, release of the accessory portion of 
the collateral ligaments inserting into the plantar plate 
is necessary. This usually fully corrects the flexion 
deformity. 

■ Hold the interphalangeal joint in the neutral position with 
one or two 0.062-inch Kirschner wires for 4 to 6 weeks. 
Leave these wires protruding 2 to 3 mm from the skin 
and cover them with a plastic strip or adhesive tape. 




Plantar plate release. A f Exposure of plantar 
plate and partial release of flexor hallucis longus tendon. B f Exci¬ 
sion of plantar plate from proximal phalanx. (Intramedullary 
Kirschner wire is recommended for 4 weeks.) SEE TECHNIQUE 
81-33. 
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ICLAWTOE (INTRINSIC IMBALANCED HALLUX) 

In claw toe, the metatarsophalangeal joint is hyperextended 
and the interphalangeal joint is flexed with or without a fixed 
contracture of either joint. Hallux extensus frequently is 
présent, resulting in the inability of the patient to place the 
pulp of the great toe to the floor or to the sole of a shoe when 
standing; the pulp of the great toe misses the ground during 
the stance phase of gait. The crucial loss is the intrinsic muscle 
flexion moment at the metatarsophalangeal joint. This results 
in hyperextension of the metatarsophalangeal joint by the 
unopposed extensor hallucis longus and brevis tendons and 
in the inability of the extensor hallucis longus tendon to 
extend the interphalangeal joint because of loss of excursion 
(slackness), which is caused by hyperextension of the first 
metatarsophalangeal joint. The loss of intrinsic muscle control 
usually is secondary to bilateral sesamoidectomy or fibular 
sesamoidectomy and dorsomedial subluxation of the tibial 
sesamoid affer médial capsular imbrication (Fig. 81-92). 

Arthrodesis of the interphalangeal joint, transfer of the 
extensor hallucis longus tendon into the neck of the metatar- 
sal, and dorsal capsulotomy of the metatarsophalangeal joint 
constitute the treatment of choice to preserve metatar¬ 
sophalangeal joint motion. Simple arthrodesis of the inter¬ 
phalangeal joint does not correct hyperextension of the 
metatarsophalangeal joint. In effect, the dorsal capsulotomy 
also lengthens the extensor hallucis brevis tendon when it 
heals with scar tissue in continuity. A Kirschner wire should 
be inserted to hold the metatarsophalangeal joint in the 
neutral position for 4 weeks. If degenerative articular changes 
are apparent radiographically, an arthrodesis of the first 
metatarsophalangeal joint is indicated. 



Dorsomedial subluxation of hallux after fibular 
sesamoidectomy, médial capsular imbrication, and displacement 
of tibial sesamoid medially. 


I LIMITATION OF METATARSOPHALANGEAL 
JOINT MOTION 

An essential part of any soff-tissue procedure for hallux 
valgus is imbrication, or “reefing,” of the médial capsule to 
correct the deformity without osteotomy or resection arthro- 
plasty. Whether this capsulorrhaphy is performed coronally 
in the plane of the first metatarsophalangeal joint or longitu- 
dinally (sagittally) in the long axis of the first ray, the final 
outcome is soff-tissue plication around a mobile articulation. 
To maintain correction of the valgus, the capsulorrhaphy 
must be snug, which decreases metatarsophalangeal joint 
motion. 

In our expérience, even without intrinsic imbalance, loss 
of full flexion of the metatarsophalangeal joint is common 
affer médial capsular plication but is seldom of clinical sig- 
nificance. Before any type of bunion surgery, patients should 
be informed that some loss of motion of the metatarsopha¬ 
langeal joint may occur but that it should not decrease func- 
tion or, in itself, produce symptoms. Wrapping the hallux 
during the postoperative period to hold the metatarsophalan¬ 
geal joint in a neutral position or in 5 degrees of flexion is 
bénéficiai. 

I HALLUX EXTENSUS 

Hallux extensus as an isolated deformity (i.e., without being 
a part of the hallux varus complex or a clawed hallux) is rare. 
One cause of such a deformity is lacération of the flexor 
hallucis longus tendon during sesamoidectomy or Keller 
resection arthroplasty. Consequently, the surgeon must 
ensure that the flexor hallucis longus tendon is intact by 
inspection and passive excursion affer the sesamoid has been 
removed. 

I NEUROMA AND HEMATOMA 

Neuroma and hematoma, inhérent in any procedure on the 
foot, are largely avoidable with attention to anatomie detail 
and release of the tourniquet (if used), followed by meticulous 
hemostasis before wound closure. Because a neuroma of the 
foot may be a debilitating problem, illustrations of these 
cutaneous nerves are shown in Figure 81-93. 

I STRESS FRACTURES OF THE LESSER METATARSAL 

Stress fractures occasionally occur in the second, third, or, in 
rare cases, fourth metatarsal, most offen in postmenopausal 
women. Attempting to reduce weight on the first ray may 
overload the lesser metatarsals and cause a stress fracture. 
Protected weight bearing or use of a wooden-soled shoe 
usually relieves symptoms within 3 to 4 weeks. Occasionally, 
a stress fracture of the second or third metatarsal angulates 
apex plantar, however, resulting in dorsiflexion of the meta¬ 
tarsal head. This malunion shiffs weight to the adjacent 
metatarsal heads, producing painful calluses. In osteoporotic 
patients when no callus is seen on radiographs, protection of 
a suspected fracture in a short leg walking boot or wooden 
(rigid) sole shoe is indicated to avoid this complication. 

■ COMPLICATIONS OF RESECTION 
ARTHROPLASTY OF THE FIRST 
METATARSOPHALANGEAL JOINT 
(KELLER PROCEDURE) 

Resection arthroplasty continues to be recommended 
in certain patients with hallux valgus, especially elderly 
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A 


D 



Two main branches of superficial peroneal 
nerve: médial (intermediate) branch to médial side of hallux and 
second and third dorsal web spaces and latéral branch to third 
and fourth dorsal web spaces (A). Deep peroneal nerve courses 
between first and second metatarsals to innervate skin of first 
web space dorsally (B). Saphenous nerve courses anterior to 
médial malleolus and innervâtes skin over dorsomedial aspect of 
hindfoot and midfoot (C). Sural nerve passes posterior to latéral 
malleolus and divides near calcaneocuboid joint into dorsal 
branch (which innervâtes fourth web space dorsally) and main 
trunk (which continues distally to supply skin of latéral side of 
fifth toe) (D). In practice, however, branch of superficial peroneal 
nerve to dorsomedial aspect of hallux is most vulnérable to injury. 


individuals with limited physical demands on their feet and 
some degree of osteoarthritis of the first metatarsophalangeal 
joint. The procedure has not been embraced widely by ortho- 
paedists, but it may hâve some merit in select patients, such 
as those with rheumatoid arthritis and severe destruction of 
the joints. 

ICOCK-UP HALLUX 

Complications of the Keller procedure are related to the 
intrinsic muscle attachments to the phalangeal base. Without 
the intrinsic muscles flexing the hallux, an extension defor- 
mity or contracture may develop at the first metatarsophalan¬ 
geal joint with a concomitant flexion deformity at the 
interphalangeal joint. A callus that develop s at the dorsum of 
the interphalangeal joint of the hallux is best treated by 
arthrodesis of the joint. 

If the cock-up deformity of the hallux is severe and 
more than one third of the proximal phalanx has been excised 



Hallux extensus on right foot and hallux exten- 
sus and récurrent valgus on left foot. These complications should 
be preventable when suggested techniques are used. (From Rich¬ 
ardson EG, Graves SC: Keller bunionectomy. In Myerson M, editor: 
Current therapy in foot and ankle surgery, St. Louis, 1993, Mosby.) 


(Fig. 81-94), an interposition corticocancellous bone graff 
may be necessary to correct the deformity at the metatarso¬ 
phalangeal joint. This restores some length to the hallux and 
stabilizes the first metatarsophalangeal joint. This is a tedious 
procedure with a long recuperative period, however, and the 
arthrodesis commonly fails to unité. A simpler procedure 
should be chosen for patients with lesser degrees of bone 
shortening. 

I METATARSALGIA 

Metatarsalgia présent before surgery may be exacerbated by 
the Keller procedure. Because of unloading of the médial 
column by extreme varus of the first metatarsal, painful cal- 
losities often develop beneath one or more metatarsal heads. 
Realigning the first ray (bringing the first metatarsal doser to 
the second metatarsal) reduces the lesser metatarsal load and 
the likelihood of painful callosities beneath the second and 
third metatarsals. Patients should be instructed that the pain 
beneath the lesser metatarsal heads may not improve affer the 
Keller procedure and possibly could worsen and require a pad 
relief inside the shoe. 

■ COMPLICATIONS AFTER ARTHRODESIS OF 
THE FIRST METATARSOPHALANGEAL JOINT 

The primary complications of arthrodesis of the first meta¬ 
tarsophalangeal joint are nonunion, malunion, and degenera- 
tive arthritis of the interphalangeal joint of the hallux. 
Accurate positioning of the hallux at the time of surgery is 
essential, and repositioning may be necessary affer temporary 
fixation. The plane of the nail of the hallux should be in the 
plane of the lesser toes. In reconstruction of a rheumatoid 
forefoot, the lesser metatarsophalangeal joints must be cor- 
rected before final positioning of the hallux. The proper 
position of the hallux is 15 degrees of dorsiflexion at the 
metatarsophalangeal joint relative to the plantar surface of 
the foot and 25 to 30 degrees of dorsiflexion relative to the 
inclination angle of the first metatarsal. In addition, 15 
degrees of valgus is recommended to reduce the risk of 
degenerative changes in the interphalangeal joint and callus 
formation over the interphalangeal and metatarsophalangeal 
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joints. Nonunion occurs in less than 10% of patients and 
usually is not painful. 

HALLUX RIGIDUS 

Hallux rigidus, a term coined by Cotterill in 1888, refers to 
limitation of motion of the metatarsophalangeal joint of the 
great toe. Although he did not call it hallux rigidus , in 1887 
Davies-Colley reported the first resection of the base of the 
proximal phalanx for this disorder, which he called hallux 
flexus because of the flexion posture of the metatarsophalan¬ 
geal joint with the foot plantigrade and the limited extension 
of the joint (Fig. 81-95). Although understanding of the 



Hallux rigidus. A f Marked limitation of metatar¬ 
sophalangeal extension. B and C f Dorsal osteophyte and degen- 
erative changes. D f Increased extension after joint debridement. 


condition has advanced through radiographie and histologie 
techniques, the pathogenesis of hallux rigidus is still not 
clearly defined, but its unrelenting destructive course is well 
appreciated. Cartilage damage is believed to initiate the 
synovitis, which leads to further cartilage destruction, osteo¬ 
phyte prolifération, and subchondral bone destruction. 

The process may begin in adolescence when a single 
traumatic event at the metatarsophalangeal joint damages the 
dorsal articular surface of the metatarsal head. Repeated 
microtrauma also may cause articular cartilage damage. 
Other suggested causes include osteochondritis dissecans of 
the first metatarsal head secondary to an osteochondral 
fracture over the dorsal convexity of the joint surface, hyper¬ 
extension of the first metatarsal, an abnormally long first 
metatarsal, and severe pronation of the foot. Adult hallux 
rigidus most offen is caused by degenerative arthritis of the 
first metatarsophalangeal joint, whereas in adolescents, hallux 
rigidus usually results from localized cartilage damage to the 
first metatarsal head. 

A System for grading the severity of hallux rigidus (Table 
81-1) uses passive range-of-motion, clinical, and radiographie 
examinations to assign a grade from 0 to 4. This classification 
System has been reported to reliably predict the outcome of 
operative treatment of hallux rigidus. 

Although metatarsus primus elevatus (dorsal position of 
the first metatarsal on a weight-bearing latéral radiograph) 
has been suggested as a primary causative factor in the 
pathogenesis of hallux rigidus, this has not been clearly 
proven. No association has been identified between hallux 
rigidus and primus elevatus, first ray hypermobility, a long 
first metatarsal, Achilles or gastroenemius tendon tightness, 
abnormal foot posture, symptomatic hallux valgus, adolescent 
onset, shoes, or occupation. Usuelli et al. reviewed clinical 
and radiographie data from 297 patients and found no étio¬ 
logie corrélation between primus elevatus and hallux rigidus. 
It is, however, associated with hallux valgus interphalangeus, 
bilateral involvement in patients with a familial history, uni¬ 
latéral involvement in patients with a history of trauma, and 
female sex. 

McMaster reported that the most common microscopie 
finding in seven patients with hallux rigidus was a cleavage 
lésion in the articular cartilage of the first metatarsal head 
without any detached subchondral bone and that the earliest 
radiographie finding was a small dépréssion in the dôme of 
the metatarsal head (Fig. 81-96). This finding is subtle and 
easily overlooked, however. The cleavage lésion on the meta¬ 
tarsal head is always between the apex of the dôme and the 
dorsal margin of the articular surface. McMaster postulated 
that the characteristic tenderness over the dorsum of the first 
metatarsophalangeal joint and the limited dorsiflexion of the 
joint could be explained by the classic site of this lésion. 
When the hallux is extended, abutment of the proximal 
phalanx against the cleavage lésion in the articular cartilage 
produces pain and instinctive flexion of the joint, limiting 
extension. As the disease worsens, an osteophyte at the dorsal 
articular margin of the metatarsal head présents a mechanical 
abutment to extension. This is the usual condition of the 
patient at the initial présentation: degenerative arthritic 
changes in and around the first metatarsophalangeal joint. 
Offen the first metatarsal is forced dorsally, decreasing its 
inclination angle on the weight-bearing latéral radiograph 
(primus elevatus). The élévation of the first metatarsal 
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TABLE 81-1 


Grading of Severity of Hallux Rigidus (Coughlin and Shurnas) 

GRADE 

RADIOGRAPH 

PAIN 

MTP JOINT MOTION 

0 

Normal 

None 

Stiffness or slight loss 

1 

Minor narrowing of MTP joint space 

Intermittent 

Mild restriction 

2 

Moderate joint space narrowing, 
osteophyte formation 

More constant 

Moderate restriction 

3 

Severe joint space narrowing, 
extensive osteophyte formation 

Constant (no pain at midrange of 
MTP joint motion) 

Moderately severe restriction 
(<20 degrees total motion) 

4 

Same as grade 3 

Pain at midrange of passive MTP 
joint motion 

Same as grade 3 


Modified from Coughlin MJ, Shurnas PS: Hallux valgus in men: II. First ray mobility after bunionectomy and factors associated with hallux valgus deformity, Foot Ankle 
Int 24:73, 2003. 

MTP, metatarsophalangeal. 



Location of chondral or osteochondral lésion 
produced by forceful extension and impaction of metatarsal 
head. (Redrawn from McMaster MJ: The pathogenesis of hallux rigidus, 
J Bone Joint Surg 60B:82, 1978.) 



probably is secondary to the arthritic first metatarsophalan¬ 
geal joint rather than causal. 

NONOPERATIVE TREATMENT 

In most patients, operative correction is required to relieve 
pain and improve function; however, Yee and Lau, in a review 
of the literature on hallux rigidus, determined that the 
evidence supports the use of nonoperative measures such as 
foot orthoses, shoe modifications, and injections of cortico- 
steroid or sodium hyaluronate before surgery is considered 
(Fig. 81-97). 

OPERATIVE TREATMENT 

Although many operations hâve been recommended for the 
treatment of hallux rigidus, including dorsal wedge osteotomy 
at the base of the proximal phalanx or distal first metatarsal, 
the Keller procedure, and arthrodesis of the first metatarso¬ 
phalangeal joint (Fig. 81-98), no one procedure has proved 
superior. Suggested indications for arthrodesis of the first 
metatarsophalangeal joint include loss of joint space évident 
not only on anteroposterior and latéral views but also on an 
oblique view of the first metatarsophalangeal joint, because 
the oblique view frequently shows remaining joint space not 
visible on the other two views and grade 4 or grade 3 hallux 
rigidus with more than half of the metatarsal head cartilage 
remaining (Fig. 81-99). Modem fixation techniques with 
interfragmentary compression screws or dorsal plates hâve 


FIGURE 


Spring Lite Plate. 


produced high rates of fusion (94% to 98%) and patient sat¬ 
isfaction after arthrodesis for hallux rigidus. Gait studies hâve 
shown significant improvements in propulsive power, weight- 
bearing function of the foot, and stability during gait after 
arthrodesis for hallux rigidus. 

The rationale for cheilectomy is relief of a painful 
mechanical impingement of the proximal phalanx on a dorsal 
osteophyte at the first metatarsal head. This is accomplished 
by removing the osteophyte and bony excrescences on each 
side of the articular margin and as much of the dorsal lip of 
articular cartilage as necessary to allow at least 70 degrees of 
dorsiflexion. Reported success rates of cheilectomy range 
from 56% to 92%, with better results in less severe grades of 
involvement (grade 1 or 2) and in patients older than 60 
years. Nicolosi et al. evaluated the long-term efficacy of 
cheilectomy for hallux rigidus in 58 patients. Results were 
good in 88%, with only 3% requiring subséquent arthrodesis. 
Gait analysis has shown that increased latéral metatarsal-head 
loading may occur after cheilectomy, and these alterations in 
kinematics may resuit in further degenerative joint changes. 
However, Smith et al. reported their results of gait analysis in 
17 patients 4 weeks before surgery and 1 year after surgery. 
They noted that cheilectomy resulted in significant increases 
in first metatarsophalangeal joint motion and AOFAS hallux 
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McKeever arthrodesis. A and B f Four-millimeter 
cancellous screw for internai fixation. C f Completed arthrodesis. 


scores. In addition, peak sagittal plane push-off power of the 
ankle improved. 

A modification of the Keller procedure (resection arthro- 
plasty) in which the extensor hallucis brevis and capsular 
tissue are used as interposition materials has been described 
for the treatment of severe hallux rigidus, but, as with chei- 
lectomy, reported results vary. Sanhudo et al. reported good 
surgical outcomes in 75% of 25 feet. Schneider et al. reported 
a 23-year follow-up study on 87 Keller resection arthroplas- 
ties. The average AOFAS score was 83 points. SF-36 scores 
showed normal values, and pedobarographic assessment 
revealed only moderate alterations in weight bearing. Five 
feet required révision. Of those who did not require révision, 
94% said they would hâve this procedure again. Johnson and 
McCormick reported a significantly higher postoperative 
AOFAS score affer the modified oblique Keller capsular 
interposition arthroplasty compared with arthrodesis. Passive 
range of motion measured 54 degrees and active motion 30 
degrees affer the Keller arthroplasty, whereas affer arthrodesis, 
range of motion was nonexistent. There was no différence 
between the two procedures in plantar pressure under the 
second metatarsal head, but the arthrodesis group had greater 
plantar pressure under the first metatarsal head. 

Interposition arthroplasty has been modified by making 
an oblique proximal phalangeal resection that exits at the 
subchondral bone of the plantar aspect of the proximal 
phalanx in an attempt to preserve the attachment of the flexor 
hallucis brevis on the base of the proximal phalanx. 



A and B f Anteroposterior and oblique views of 
severe hallux rigidus. C-E f Postoperative radiographs; note angle 
of arthrodesis. 
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JjgJ Hallux rigidus treated with silicone-rubber 
spacers; note érosion of bone at metatarsal head and thickening 
of the soft tissue of the hallux from silicone synovitis and edema. 
Prosthesis had to be removed. 


Silicone-rubber, single-stem replacement arthroplasty 
components hâve been reported to produce satisfactory 
results, but the concern with this technique is silicone-rubber 
synovitis (Fig. 81-100). Hemiarthroplasty of the proximal 
phalanx with a metallic resurfacing component also has been 
described, with high success rates reported, but large, con- 
trolled studies with long-term follow-up remain unavailable 
for évaluation of this procedure. One study of 23 hemiarthro- 
plasties reported that 91% of patients were satisfied with their 
outcomes at 5.7-year follow-up and ail had made significant 
gains in AOFAS scores. Despite continued interest in resur¬ 
facing procedures and total joint arthroplasty, there is a need 
for rigorous scientific study before implant arthroplasty can 
be recommended. Early results from metatarsal head resur¬ 
facing and ceramic total joint replacement seem encouraging, 
but more research is necessary. 


CHEILECTOMY 

The goal of this procedure is to remove the proliférative 
bone from around the metatarsal head so as to remove the 
buttress preventing dorsiflexion of the proximal phalanx on 
the metatarsal head (Figs. 81-101 and 81-102A). 


TECHNIQUE 81-34 


(MANN, CLANTON, AND THOMPSON) 

■ Make a dorsal skin incision about 1 cm proximal to the 
interphalangeal joint and continue it proximally about 
5 cm across the metatarsophalangeal joint (Fig. 81-102B). 

■ Deepen the incision through the subcutaneous tissue and 
fat to expose the extensor tendon and hood (Fig. 81-102C). 

■ Latéral to the extensor hallucis longus, open the extensor 
hood and joint capsule to expose the dorsal, médial, and 
latéral aspects of the metatarsophalangeal joint (Fig. 
81-102D). 

■ Remove any synovium and locate the dorsal and dorso- 
lateral osteophytes on the metatarsal and the phalanx. 


Assess the degree of cartilage loss and remove any loose 
bodies (Fig. 81-102E). 

■ Plantarflex the metatarsophalangeal joint and remove 
20% to 30% of the dorsal metatarsal head with a 6-mm 
osteotome (Fig. 81-102F). The amount of bone to be 
removed from the metatarsal head dépends on the size 
of the dorsal exostosis and the severity of articular carti¬ 
lage destruction. If the articular cartilage damage is 
minimal and the main problem is the dorsal exostosis, 
approximately 20% of the dorsal aspect of the metatarsal 
head is removed. If more articular damage is présent, 
more of the metatarsal head should be removed. If articu¬ 
lar damage is severe, one third of the dorsal aspect of the 
metatarsal head can be removed. 

■ Begin the resection just dorsal to the edge of what 
appears to be viable articular cartilage. Remove the 
osteophytes on the latéral aspect of the joint in line with 
the long axis of the metatarsal. This narrows the meta¬ 
tarsal head less medially to laterally than dorsally to 
plantarly. 

■Correct any irregularities in the articular cartilage and 
remove remaining synovial tissue. 

■ Dorsiflexion of the metatarsophalangeal joint should now 
be possible to approximately 70 degrees (Fig. 81-102G). 
If this degree of dorsiflexion cannot be achieved, probably 
more bone needs to be removed from the metatarsal 
head. Remove any dorsal osteophyte on the proximal 
phalanx. 

■Sharply plantarflex the metatarsophalangeal joint and 
inspect the sesamoid area. If the sesamoid bones do not 
freely move distally as the hallux is extended, place a 
smooth instrument (Freer elevator) between the head of 
the metatarsal and sesamoids. Gently lever the instru¬ 
ment up and down until the contracted volar capsulo- 
sesamoid apparatus is more mobile. This usually allows a 
few degrees more dorsiflexion. 

■ Apply bone wax to the raw bone surfaces (if the patient 
is not allergie to bee venom) and close the joint capsule 
beneath the extensor tendon. 

■ Close the skin in a single layer. Apply a tight, well-padded 
compression dressing. 

POSTOPERATIVE CARE. After 12 to 18 hours, the 
compression dressing is removed and a smaller, snug 
dressing is applied. Patients are allowed to bear weight 
on the heel and as much of the foot as is comfortable. 
Crutches are not needed unless for patient comfort and 
are discontinued as soon as possible. At 10 to 14 days, 
the sutures are removed and active and gentle passive 
range-of-motion exercises are begun. 



CHEILECTOMY 


TECHNIQUE 81-35 

| _ 


(PFEFFER) 

■ Using a No. 15 blade, make a 5- to 6-cm incision centered 
over the first metatarsophalangeal joint along the médial 
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FIGURE 


Hallux rigidus of left foot treated with cheilectomy. A-C f After surgery. D and E f One year after surgery. 


border of the extensor hallucis longus tendon. Protect the 
dorsocutaneous sensory nerves, although they are not 
routinely exposed in this approach. 

■ Divide the extensor hood 2 mm médial to the border of 
the extensor hallucis longus, keeping the tendon within 
its sheath to minimize postoperative adhesions. 

■ Retract the tendon laterally and carefully dissect the joint 
capsule longitudinally to expose the médial, dorsal, and 
latéral aspects of the metatarsal head and the base of the 
proximal phalanx. 

■ Perform a complété synovectomy. A cartilaginous loose 
body may be présent and should be removed. 

■ Plantarflex the toe at the metatarsophalangeal joint 
approximately 45 degrees to inspect the metatarsal head. 
To gain adéquate exposure, further dissection of the 
capsule may be necessary. The large dorsal ridge bone 
and the prédominant latéral osteophytes are readily 


apparent, and the pathologie changes of the cartilage on 
the metatarsal head can be seen; often these are worse 
than expected. The cartilage on the proximal phalanx 
usually is intact, although central fibrillation and slight 
dorsal loss can occur. 

■ If a prominent dorsal ridge of bone at the base of the 
proximal phalanx is présent, remove it with a needle- 
nosed rongeur. 

■ Excise the dorsal bony prominence of the metatarsal 
and 35% of the metatarsal head. The amount of 
metatarsal head that is excised dépends on the degree 
of cartilage destruction and the amount of bone 
removal that is required to allow passive dorsiflexion of 
the toe. 

■ Slope the line of resection upward from distal to proximal, 
extending from just dorsal to the edge of viable cartilage 
to the dorsal prominence. 



PART XIX THE FOOT AND ANKLE 



Cheilectomy. A f Patient with stage II (radiographically) hallux rigidus; note dorsal osteophyte over first metatarsal. 
B f Incision is placed at latéral border of extensor hallucis longus. C f Dorsal sensory nerve to hallux is protected. D f First metatarsopha- 
langeal joint is exposed. E f Dorsal osteophytes are removed from metatarsal head and base of proximal phalanx. Dorsolateral osteophyte 
frequently is présent and must be removed. F, Twenty to 25 percent of metatarsal head is removed dorsally. G f Joint is distracted, any 
loose cartilage and bone are removed, and joint is moved through 60 to 70 degrees of motion. Palpation through skin is done to ensure 
that no abnormal bony prominences remain. Capsule is closed with two or three absorbable sutures, and skin is closed with nylon 
sutures. SEE TECHNIQUE 81-34. 


9 " Drill any exposed bone that remains on the metatarsal 
head several times with a small Kirschner wire to induce 
fibrocartilage growth. 

■ Carefully trim any small irregularities along the cartilage 
using a No. 15 blade or small rongeur. 

■ Use a small power saw or a 6-mm osteotome for the 
bone eut. A small amount of irrigation can be used with 
the saw to avoid burning the articular cartilage. Make the 
bone eut from proximal to distal, especially if 25% or 
more of the head is to be removed. When less of the 
head is excised, it is difficult to place a power saw suffi- 
ciently parallel to the metatarsal shaft, and the eut is 
made more easily from distal to proximal. 

■ After excision of the metatarsal, use two small Hohmann 
retractors to expose the metatarsal head. 

■ With a microsagittal saw, excise the osteophytes flush 
with the metatarsal shaft, unless there is loss of médial 
or latéral cartilage; in this situation, remove 2 to 3 mm 
of the metatarsal head in the sagittal plane (Fig. 81-103). 



Pfeffer cheilectomy line of resection. (From 
Pfeffer GB: Cheilectomy. In Johnson KA, editor: Master techniques in 
orthopaedic surgery: the foot and ankle, New York, 1994, Raven.) SEE 


TECHNIQUE 81-35. 
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Use a rongeur or a micro-reciprocating rasp to smooth 
the sharp borders left by the saw cuts. Trim the prominent 
dorsal lip on the proximal phalanx in a similar fashion. 

■ After the bony cuts hâve been made, examine the 
sesamoid-metatarsal complex, although degenerative 
changes here are rare. Break up any adhesions on the 
plantar aspect of the metatarsal head with a small Freer 
elevator. 

■At this point, passive dorsiflexion to 70 degrees should 
be possible. If not, examine the joint to détermine if 
further bony resection is needed. 

■ Irrigate the joint with antibiotic solution and close the 
capsule with absorbable suture. 

■ Realign and repair the extensor mechanism with 4-0 
absorbable sutures, sewing into the médial border of the 
extensor hallucis longus sheath that remains from the 
operative approach. 

■ Deflate the tourniquet and obtain hemostasis with com¬ 
pression and cautery. 

■ No subcutaneous sutures are required. Close the skin with 
interrupted 4-0 horizontal nylon mattress sutures. Place 
an antibiotic ointment and a nonadherent 4 x 4-inch 
gauze pad over the wound and apply a stérile, bulky 
dressing. 

POSTOPERATIVE CARE. The dressing is changed 3 to 
5 days after surgery. The patient is instructed to wear a 
wooden-soled postoperative shoe for 10 days until the 
wound has healed and the sutures are removed. Gentle 
range-of-motion exercises are started the second postop¬ 
erative week as tolerated. The patient should be able to 
wear flexible-soled sneakers 14 days after surgery. 


■ ARTHRODESIS OF THE FIRST 
METATARSOPHALANGEAL JOINT 

The techniques of arthrodesis for hallux rigidus are the same 
as those described for hallux valgus. 

■ RESECTION ARTHROPLASTY (KELLER 
PROCEDURE) 

For resection arthroplasty, see Technique 81 - 2 . 

■ PROXIMAL PHALANGEAL EXTENSION 
OSTEOTOMIES 


EXTENSION OSTEOTOMY OF THE 
PROXIMAL PHALANX 

The purpose of this operation is to change unnecessary 
plantarflexion to needed dorsiflexion by a dorsal, closing 
wedge osteotomy of the proximal phalanx of the hallux. 
Combining cheilectomy with extension osteotomy of the 
proximal phalanx has been reported to improve patient 
satisfaction over that obtained with cheilectomy alone. 
O'Malley et al. reported their results with combined chei¬ 
lectomy and osteotomy of the proximal phalanx in 81 
patients at 4-year follow-up. Eighty-five percent of patients 
were satisfied with the resuit and only 5% required 
arthrodesis for persistent symptoms. Hunt and Anderson 


reported good or excellent results in 90% of 34 patients 
after a combined dorsal cheilectomy and a Moberg-Akin 
procedure. None of their patients required additional surgi- 
cal procedures for ongoing symptoms. Perez-Aznar et al. 
reported a dorsal wedge phalangeal osteotomy in 42 feet 
(40 patients). Eighty-one percent had good or excellent 
results according to the AOFAS and visual analog scores. 
Two patients required révision for screw irritation. 


TECHNIQUE 81-36 


(THOMAS AND SMITH) 

■ Make a dorsomedial incision. Identify and protect the 
dorsomedial cutaneous nerve. 

■ Perform a metatarsophalangeal capsulotomy in line with 
the skin incision and reflect it dorsally and plantarly. 

■ Using a reciprocating saw, resect the médial eminence 1 
to 2 mm to promote healing of capsule to bone after 
closure. 

■To perform a limited dorsal cheilectomy, resect the dorsal 
portion of the distal first metatarsal with a power sagittal 
saw. This is less than the amount resected for traditional 
cheilectomy and is not based on the need for dorsiflexion 
to 60 degrees relative to the weight-bearing surface. 

■ Resect any osteophytes that may be présent on the latéral 
aspects of the metatarsal head and the proximal phalanx. 

■ Identify and protect the flexor hallucis longus tendon. 

■ Place a 0.062-inch Kirschner wire transversely from médial 
to latéral, parallel to and as close to the articular surface 
of the proximal phalanx as possible without entering the 
joint or cartilaginous surface. This provides a marker to 
prevent pénétration of the joint during the proximal 
phalangeal osteotomy (Fig. 81-104A). 

■ Make the proximal osteotomy immediately along the 
distal surface of the 0.062-inch Kirschner wire using an 
oscillating saw with a 0.5-mm blade width. To maintain 
stability of the osteotomy site, it is helpful if the first 
osteotomy is not completed until the second eut (more 
oblique and distal to the first) is made. The second, 
oblique eut allows removal of a measured 6-mm dorsal 
wedge of bone. 

■ Drill multiple 1.5-mm holes into the plantar cortex to 
weaken it and protect the flexor hallucis longus tendon. 

■Close the osteotomy manually and secure it with a 3-0 
wire placed through the 1.5-mm drill holes at the dorso¬ 
medial aspect of the osteotomy (Fig. 81-104B). Start the 
proximal drill hole just adjacent to the articular cartilage 
at the base of the proximal phalanx, 2 to 3 mm from the 
osteotomy. This avoids breaking the fragile suture tunnel. 

■ Pass the wire from proximal to distal, placing most of the 
tension on the distal side to prevent fracturing the délicate 
proximal hole. 

■ Close the capsule with interrupted nonabsorbable sutures. 
If possible, completely cover the osteotomy with soft 
tissue. 

POSTOPERATIVE CARE. Patients are placed in a wooden- 
soled shoe for 6 weeks and are allowed to bear weight. 
At 1 to 2 weeks after surgery, passive dorsiflexion exercises 
are begun and plantarflexion is started at 3 to 4 weeks. 
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Jjg Thomas and Smith extension osteotomy of proximal phalanx. A f Amount of bone resected from first metatarsal. 
Bone is resected in line with dorsal metatarsal shaft. Dorsal width of proximal phalangeal osteotomy measures 6 mm. Care is taken to 
protect flexor hallucis longus (FHL) tendon. B f Latéral view of metatarsophalangeal joint after proximal phalangeal dorsal closing wedge 
osteotomy with 3-0 wire fixation in place. (From Thomas PJ, Smith RM: Proximal phalanx osteotomy for the surgical treatment of hallux rigidus, 
Foot Ankle Int 20:3, 1999.) SEE TECHNIQUE 81-36. 


EXTENSION OSTEOTOMY OF 
PROXIMAL PHALANX 


TECHNIQUE 81-37 


(KESSEL AND BONNEY; MOBERG) 

■ Expose the proximal half of the proximal phalanx through 
a midline dorsal longitudinal incision. 

■ Split the extensor mechanism longitudinally and retract it 
to either side with small Hohmann retractors. 

■ Drill two holes (one on either side of the proposed wedge) 
in a medial-to-lateral direction nearthe dorsal cortex. The 
proximal hole should be 3 mm distal to the articular 
surface of the phalanx and should be only large enough 
to allow free passage of a 24-gauge wire. 

■ Beginning 2 to 3 mm distal to the proximal drill hole, slant 
an osteotomy in a plantar distal direction using a small 
blade in a power saw or a small, sharp chisel. 

■ Begin the second osteotomy at a point 5 to 6 mm distal 
to the first and direct it proximally and plantarward to 
meet the other osteotomy eut and to form the apex of 
the wedge near the base of the proximal phalanx. Avoid 
penetrating the plantar cortex with the saw or the chisel. 
Ensure that 2 to 3 mm of cortex remain between the 
distal osteotomy and the distal fixation hole; otherwise, 
the wire may eut through the bone (Fig. 81-105). 

■ Place a single wire through both holes, remove the wedge 
with a rongeur or a chisel, fracture the plantar cortex, 
appose the bone surfaces, and tie the wire suture on the 
latéral side of the phalanx. 

■ Deflate the tourniquet, secure hemostasis, and repair the 
extensor tendon with a roll stitch. 

■Close the skin in routine fashion and apply a short leg 
walking cast with dorsal and plantar toe extensions. 

POSTOPERATIVE CARE. Partial weight bearing with 
crutches is allowed in the walking cast. At 3 weeks, the 
cast, roll stitch, and skin sutures are removed and a similar 
cast is applied and is worn for another 3 weeks or until 
the osteotomy is united. 



Kessel, Bonney, and Moberg extension oste¬ 
otomy of proximal phalanx. Wedge of bone (green) is removed, 
and osteotomy is closed and internally fixed with nonabsorbable 
sutures. SEE TECHNIQUE 81-37. 


CONDITIONS OF THE SESAMOID 

Because of increased awareness of pathologie conditions of 
the hallux sesamoids, injuries to the sesamoids during sports 
activities or falls from heights are recognized quickly, but 
more subtle pathologie conditions may escape diagnosis. 
Chronic inflammatory conditions of a traumatic, infectious, 
or arthritic origin are grouped under the diagnosis of sesa- 
moiditis. Inflamed bursae, intractable plantar kératoses, or 
diffuse callus beneath the tibial sesamoid may herald under- 
lying sesamoid pathologie conditions. In addition, chondro- 
malacia, flexor hallucis brevis tendinitis, osteochondritis 
dissecans, and fracture ail occur in the sesamoids. 

The tibial sesamoid is the most commonly injured of the 
two because of its central location beneath the first metatarsal 
head. Hyperextension and axial loading are the most common 
mechanisms of injury resulting in fracture (or sprain of the 
capsuloligamentous complex). Répétitive stress through a 
syndesmotic union of a bipartite sesamoid can weaken the 
junction, however, and a displaced “fracture” can resuit. 
Favinger et al. noted a 14.3% prevalence of bipartite and 
multipartite hallux sesamoid in a sériés of 671 foot 
radiographs. 

On physical examination, diffuse tenderness may be 
présent around the metatarsophalangeal joint, but with 
careful palpation of each sesamoid, the tenderness becomes 
more localized. Any patient complaining of pain around the 
first metatarsophalangeal joint should hâve a thorough évalu¬ 
ation of the sesamoids. 
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A f Standing anteroposterior view of both feet on same cassette allows comparison of sesamoids. This is especially 
helpful if fracture is suspected but bipartite sesamoid is présent. Accessory sesamoids (arrows) are normal, although uncommon, 
findings. B, Oblique view profiles fibular sesamoid. Note cystic fibular sesamoid on right foot. This probably represents old fracture 
through syndesmotic union of bipartite sesamoid. 


Routine radiographs, including anteroposterior and 
oblique views, may be helpful (Fig. 81-106). The standard 
latéral view of the foot usually is not revealing. The médial 
oblique (sesamoid) view (Fig. 81-107) is helpful for evaluat- 
ing a tibial sesamoid. The axial sesamoid view should always 
be obtained if a sesamoid pathologie condition is suspected 
(Fig. 81-108). The techniques for obtaining these views are 
shown in Figure 81-109. 

If these radiographie views are normal but a sesamoid 
pathologie condition is suspected, a bone scan may be helpful. 
The nuclear medicine department should be informed that 
the sesamoids are under question so that they can modify the 
projections accordingly. A bone scan may be helpful, but the 
projections are important to rule out intraarticular metatar- 
sophalangeal joint pathologie conditions. 

A bipartite tibial sesamoid is présent in about 10% of the 
population, and in 25% of these people the condition is 
bilateral. For this reason, the surgeon must be certain that a 
tender sesamoid with a division through it, as seen on the 
radiographs, is a fracture and not a bipartite sesamoid. The 
fibular sesamoid rarely is bipartite, and if clinical symptoms 
and routine radiographs suggest a fracture of this sesamoid, 
one is usually présent. A bone scan is an excellent means of 
confirming this. 

TREATMENT 

The initial treatment dépends on the severity of the clinical 
and radiographie findings (Fig. 81-110). Such diagnoses as 
sesamoiditis (the only positive finding being tenderness over 
the sesamoid), osteochondritis (Fig. 81-111), acute calcifie 
tendinitis (usually of the latéral head of the flexor hallucis 
brevis), chronic tendinitis of the flexor hallucis brevis with 
occasional calcifie tendinitis or a traction osteophyte in its 
insertion into the sesamoid, and bursitis can be treated 
with nonsteroidal antiinflammatory drugs, modification of 
activity, full-length shoe orthoses with a metatarsal pad and 
a relief beneath the first metatarsal head, a metatarsal bar on 
the sole of the shoe, or cast immobilization. This treatment is 



Tibial sesamoid is profiled on médial oblique 
view. A, Position of foot. B, Sesamoid in profile. 
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continued for several months. If no relief is obtained, excision 
of the sesamoid is indicated. 

For fractures (Fig. 81-112), exostoses (Fig. 81-113), per¬ 
sistent bursitis, and painful kératoses (Figs. 81-114 and 81- 
115), excision of the involved sesamoid may be required. A 
lengthy (6 months) trial of nonoperative treatment may be 
tried first. Sesamoidectomy is most often done in athletically 
active patients who wish to return to their sports more 
rapidly; however, complications of surgery can delay return 
to activity. Bichara et al. demonstrated good results after sesa¬ 
moidectomy for sesamoid fractures in 24 athlètes at a 



Hallux valgus (A), and, on axial sesamoid 
view (B), degenerative changes présent with subluxation of 
sesamoids. 


follow-up of 35 months (range 8 to 70 months). Although 
they reported reliable pain relief and return to activity in 
patients, progressive hallux valgus occurred in 1 of 24 cases. 
Lee et al. reported their outcomes in 20 of 32 patients who 
had isolated tibial sesamoidectomies. Postoperative outcome 
measurements (visual analog scale, SF-36, and Foot Function 
Index) showed significant improvement in pain and function. 
Eighteen patients indicated that they could perform; six could 
not stand on their tiptoes, but this did not affect their activi¬ 
tés of daily living or athletic pursuits; two patients developed 
transfer metatarsalgia, but only one had symptoms. No sig¬ 
nificant différences were noted between preoperative and 
postoperative radiographs in regard to the intermetatarsal 
angle, hallux valgus angle, distal metatarsal articular angle, or 
sesamoid alignment. 


EXCISION OF THE SESAMOID 


TECHNIQUE 81-38 


■ Make a 3-cm incision as shown in Figure 81-116A; 
alternative^, make an incision in the midline if the capsule 
is to be opened and turned plantarward and the sesamoid 
removed from inside out. The proper digital branch of the 
médial plantar nerve to the médial side of the pulp of the 
hallux is vulnérable with this incision, more so than with 
the straight médial incision in the midline, which is an 
internervous plane (Fig. 81-116B). With the incision more 
plantar, however, less capsular disruption is needed to 
remove the sesamoid. 

■ Locate the sesamoid by palpation to differentiate it from 
the metatarsal head. 

■ "Shell" the sesamoid out of the capsule and plantar plate 
by incising across its plantar surface and articular surface, 
remaining ever aware of the flexor hallucis longus. 



Techniques for obtaining axial sesamoid views. A, View may be taken with patient standing on inclined plane. 
B and C, Axial sesamoid view taken from front while patient stands on inclined plane. 
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A and B f Plantarflexed first ray with callus beneath tibial sesamoid. C f On Harris pressure mat, note increased pressure 
beneath tibial sesamoid. D, Tibial sesamoid has been removed, and articular surface and corresponding facet of metatarsal head show 
degenerative changes. 



A and B, Oblique radiography is helpful for evaluating fibular sesamoid that rests between first and second 
metatarsals; note irregular lucency, indicating traumatic etiology. 
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9 «When the flexor hallucis longus is identified, while 
keeping the great toe flexed 20 to 30 degrees, incise the 
intersesamoid ligament, grasp the tibial sesamoid and 
pull it medially, and complété the excision by releasing 
the flexor hallucis brevis médial head and its continuation 
distally to the base of the proximal phalanx of the hallux 
(Fig. 81-116C). 

■Close the médial (not plantar) side of the capsule with 
absorbable sutures and close the skin with nonabsorbable 
sutures. A careful énucléation of the sesamoid can leave 
intact, small, thin slips of tendon of the flexor hallucis 
brevis, not losing ail its flexion moment. 

POSTOPERATIVE CARE. A compressive forefoot dress- 
ing and postoperative rigid-soled shoe are worn for 12 
to 16 days, and weight bearing to tolérance is permitted 
on the operated foot. The use of crutches or a walker is 
optional. The sutures are removed, and a wide, deep shoe 
of the patient's choice is allowed. Occasionally, a short leg 
walking cast is applied if the patient wants to be more 
active during the first 2 to 3 weeks. A metatarsal pad 
inside the shoe or metatarsal bar on the outside of the 



Axial sesamoid view showing fracture of tibial 


sesamoid. 


shoe is recommended for several months. These shoe 
modifications should hâve been used preoperatively so 
that the patient is not disturbed by their continuai use 
until symptom free. 


FIBULAR SESAMOIDECTOMY: 
PLANTAR APPROACH 


TECHNIQUE 81-39 


■ If a plantar approach (Fig. 81-117A) is chosen for fibular 
sesamoidectomy, hâve an assistant hold the ankle dorsi- 
flexed and use a headlight to see into the full depth of 
the wound. Avoid the flexor hallucis longus tendon and 
the neurovascular bundle to the first web space. 

■ Flex and extend the hallux and inspect the radiograph to 
locate the sesamoid. Beginning 1 to 1.5 cm distal to the 
metatarsophalangeal joint, make a longitudinal incision 
in the plantar surface of the foot, extending the incision 
proximally 3.5 to 4 cm between the first and second 
metatarsals. 

■ If the fibular sesamoid requires excision, it usually is 
subluxed. 

■ When the skin and fascial septa within the forefoot pad 
hâve been separated, insert a small self-retaining 
retractor. 

■ Using small, blunt-tip dissecting scissors, identify the 
neurovascular bundle to the first web space and retract 
it laterally or medially, depending on the position of the 
sesamoid (Fig. 81-117B). 

■ Palpate the sesamoids and flex and extend the hallux to 
locate the flexor hallucis longus tendon. 

■ Open the pulley over the flexor hallucis longus tendon 
and retract the tendon medially. This maneuver is made 
easier by having an assistant hold the foot in dorsiflexion 
at the arch with one hand and flexing the metatarsopha¬ 
langeal joint to relax the flexor hallucis longus tendon 
with the opposite hand. 



A f Exostosis on plantar surface of tibial sesamoid. B f Patient had keratotic lésion with intermittent ulcération. 
Excision of sesamoid is indicated. 
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A and B, Persistent keratotic lésion and bursa beneath tibial sesamoid. C f Sesamoid and overlying bursa removed. 
Radiographs (not shown), including axial sesamoid view, were normal. 



FIGURE 


Diffuse keratosis that persisted over protracted period and was unresponsive to nonoperative management. 
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Removal of tibial sesamoid. A f Optional incision. B f Arrow and suture delineate proper digital nerve to médial side 
of hallux. Nerve blends with capsule and subcutaneous tissue, making it vulnérable by position and appearance. C f Excised sesamoid, 
tendon of flexor hallucis longus, and undersurface (tibial sesamoid facet) of metatarsal head. SEE TECHNIQUE 81-38. 


9 "At this point, the intersesamoid ligament should corne 
into view; divide it completely (Fig. 81-117C). This may 
require moving the scalpel 1 or 2 mm laterally or medially 
to find the groove between the sesamoids. 

■ Incise the cleavage plane between the two sesamoids 
while retracting the flexor hallucis longus muscle medially 
and the neurovascular bundle laterally. 

■ Grasp the fibular sesamoid with a strong pick-up or small 
Kocher clamp and remove the latéral head insertion of 
the flexor hallucis brevis muscle on the proximal end of 
the sesamoid using direct vision (loupe magnification 
makes this easier but is not necessary). 

■ When the médial and proximal restraints of the sesamoid 
hâve been released, sever the attachment of the adductor 
hallucis muscle to its latéral distal edge close to the bone 
with a scalpel or scissors. 

■ Sever the last attachment of the sesamoid distally where 
the plantar plate continues its distal insertion into the 
proximal phalanx (Fig. 81-117D). 

■ When the sesamoid has been removed, inspect the 
wound carefully for any bleeding. Pressing on the edges 
of the wound helps identify any potential bleeding 
vessels, which should be cauterized. 

■ Excising the sesamoid does not release the adductor 
insertion on the base of the proximal phalanx. This 


can be released through the plantar incision. Continu- 
ing to retract the neurovascular bundle laterally 
and the flexor hallucis longus muscle medially, and 
adducting the hallux, while the opposite index finger 
palpâtes the adductor, helps identify the structure 
(Fig. 81-117E). 

■ Using right-angle retractors, expose the adductor, excise 
a small section of the tendon, and move the hallux 
medially. 

■ At the conclusion of this procedure, the surgeon should 
be unable to palpate any restraining structures on the 
fibular side of the metatarsophalangeal joint. The trans¬ 
verse natatory fibers in the dorsal aspect of the web space 
should be released manually. Ail restraints pulling the 
hallux laterally (except the extrinsic tendons) must be 
removed. 

■ Inspect the neurovascular bundle and the flexor hallucis 
longus tendon.* 


*McBride recommended an additional step: approximate the first and 
second metatarsal heads by passing a heavy suture either through the 
capsules of the adjacent first and second metatarsal heads or circumfer- 
entially around the metatarsal necks. 
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FIGURE 


Fibular sesamoidectomy (plantar approach). A f Incision. B f Common digital nerve to first web space. 

Continued 
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miBBEEESESD C f Flexor hallucis longus tendon is retracted medially, and neurovascular bundle is retracted latérally; inters- 
esamoid ligament is divided. D f Fibular sesamoid ligament is removed, and latéral border of tibial sesamoid is exposed. E f Tendon of 
oblique head of adductor hallucis. F f Healed plantar incision. SEE TECHNIQUE 81-39. 
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FIGURE 


Headless compression screw in interphalangeal joint arthrodesis. 


ARTHRITIS OF THE 
INTERPHALANGEAL JOINT 

Arthritis of the interphalangeal joint, with or without flexion 
contracture, is common and often is preceded by trauma. It 
is occasionally well tolerated if a normally functioning first 
metatarsophalangeal joint is présent, but pain and limitation 
of footwear often require an arthrodesis of the joint. A single 
headless compression screw has been quite satisfactory in our 
hands (Fig. 81-118). 
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Disorders of the anterior and posterior tibial tendons and the 
peroneal tendons, as well as injuries of the flexor tendons of 
the toes, are discussed in this chapter. Ruptures of the Achilles 
tendon are discussed in Chapter 48. 

DISORDERS OF TENDONS 

DISORDERS OF THE POSTERIOR TIBIAL 
TENDON 

Chronic tenosynovitis (either traumatic, degenerative, or 
secondary to inflammatory arthritis), loss of continuity of the 
tendon (either complété or incomplète), and loss of the 
normal anatomie relationships of the tendon to its insertion 
or insertions (the accessory navicular) may render the poste¬ 
rior tibial tendon insufficient to perform its tasks of plantar- 
flexion and inversion and stabilization of the médial 
longitudinal arch. For this reason, the term insufficiency ofthe 
posterior tibial tendon is descriptive. Further classification 
according to the just-mentioned étiologie factors is essential 
for communicating the pathologie findings of this essential 
tendon of the foot. Other than the Achilles tendon, no other 
muscle-tendon unit distal to the knee can cause as many 
symptoms and functional déficits as loss of the posterior tibial 
tendon. 

Any pathologie condition that reduces effective excursion 
of this tendon can produce the typical deformity of asym- 
metric flatfoot. The components of the deformity are hindfoot 
valgus, midfoot abduction at the midtarsal joint, and forefoot 
pronation, primarily at the midtarsal joint. This description 
applies best to the weight-bearing posture of the foot, 
and each component may vary in severity depending on 
the magnitude of posterior tibial dysfunction, the degree 
and location of the bony collapse of the médial longitudinal 
arch, the chronicity of the insufficiency, the rigidity of the 


deformity, and the configuration of the arch before the onset 
of posterior tibial tendon dysfunction. 

The loss of the médial longitudinal arch can occur at the 
talonavicular, navicular-cuneiform, or cuneiform-metatarsal 
articulation or at more than one of these points. The weight- 
bearing latéral radiograph may show no collapse and may 
appear the same as the radiograph of the opposite, asymp- 
tomatic foot even with obvious clinical evidence of an asym- 
metric pes planus. To further complicate any discussion of 
posterior tibial tendon insufficiency, the nomenclature 
describing the components of the deformity is confusing. For 
example, it is obvious in the weight-bearing position that the 
heel is in valgus, the midfoot is in abduction, and the forefoot 
is in pronation. However, in reality, with the subtalar and 
midtarsal joints reduced anatomically (if the deformity is 
supple enough to allow it), the forefoot is not pronated but 
supinated, and in severe deformity this supination may be 60 
to 70 degrees in the non-weight-bearing position. Restated 
in a different way, when examining the foot end-on with the 
hindfoot corrected to a neutral position, there is relative éléva¬ 
tion of the first ray out of the neutral plane 60 to 70 degrees. 
Moreover, the terms forefoot varus and supination can be 
used interchangeably. 

Récognition of secondary changes that occur in the 
hindfoot and forefoot with long-standing posterior tibial 
tendon insufficiency is important. As the hindfoot moves into 
valgus with midfoot pronation, changes occur in the ligamen- 
tous supporting structures of the médial arch, especially the 
spring ligament (calcaneonavicular ligament) in which sig- 
nificant stretching and élongation occur as it gradually loses 
support of the talar head. With increasing pressure and strain 
over the médial arch, the ligaments supporting the naviculo- 
cuneiform and cuneiform first metatarsal joints also may be 
elongated. In more severe cases, the deltoid ligament, espe¬ 
cially the anterior or tibionavicular portion of the superficial 
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deltoid ligament, may elongate, becoming a significant com- 
ponent of médial ankle instability. Deland et al. found that 
the most commonly involved ligament abnormality in this 
disease was the spring ligament but also demonstrated 
abnormalities in the anterior band of the superficial deltoid 
ligament, the plantar metatarsal ligaments, and the naviculo- 
cuneiform ligament. 

■ CLASSIFICATION 

Classification Systems in general are useful only to the extent 
that they assist in planning treatment or in predicting the 
outcome of the condition. The classification System originally 
developed by Johnson and Strom in 1989 is useful in the 
management of posterior tibial tendon insufficiency. Stage I 
disease is characterized by swelling, pain, inflammation, and 
often effusion within the posterior tibial tendon sheath. 
Irritability is noted with passive eversion of the foot along the 
course of the posterior tibial tendon. Mild weakness to 
manual testing may be présent; however, no deformity of the 
foot is demonstrated when compared with the opposite foot. 
The patient is able to invert the foot actively on a double-leg 
toe raise test and is able to perform a single-leg toe raise as 
described in the next section. Stage II disease is characterized 


by the loss of function of the posterior tibial tendon and 
inability to perform a single-leg toe raise. There is attempted 
compensation by use of the anterior tibial muscle and tendon 
unit as an accessory inverter of the hindfoot. In stage II 
disease the hindfoot remains flexible. With the hindfoot in 
neutral the forefoot can be brought into neutral. Generally, 
mild latéral or sinus tarsi impingement pain is présent. 
Bluman et al. added two subcategories to Johnson and 
Strongs original classification: in stage IIA, less than 30% of 
the talar head is uncovered on standing anteroposterior 
radiographs and abduction deformity is minimal; in stage 
IIB, more than 30% of the talar head is uncovered and the 
abduction deformity is severe. In stage III disease, function 
of the posterior tibial tendon is lost, and a semirigid or rigid 
hindfoot deformity with valgus abduction occurs and degen- 
erative changes may be apparent on radiographs. Significant 
latéral sinus tarsi pain is présent. Stage IV disease was 
described by Myerson et al. and involves valgus positioning 
and incongruence of the ankle joint in addition to stage III 
findings. 

The pertinent physical findings accompanying posterior 
tibial tendon insufficiency are illustrated in Figures 82-1 
to 82-3. 



A f Patient with bilateral pes planus. B f Talus slides distally, medially, and plantarward with loss of posterior tibial 
tendon and probable insufficiency of plantar calcaneonavicular ligament. C f Weight-bearing posterior view shows three components 
of deformity. Achilles tendon tightens in long-standing deformity, exacerbating heel valgus. D, In sitting position, when asked to hold 
foot in plantarflexion-inversion after being placed there passively by examiner, patient unconsciously used anterior tibial. Also note 
increased supination (forefoot varus relative to longitudinal axis of calcaneus). 
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Patients with posterior tibial tendon insufficiency as resuit of attritional loss of continuity. Note that one or more of 
three major components of deformity may be excessive. A f Right heel is in some valgus and forefoot is pronated, but note marked 
midfoot abduction. This is important to note because not only would tendon transfer-substitute for posterior tibial tendon not correct 
this deformity but subtalar arthrodesis with heel in neutral would leave this component uncorrected. B f Standing position emphasizes 
multiple-plane deformity. C f Note convexity of médial side and concavity of latéral side on left foot. 


■ DIAGNOSIS 

A patient may hâve a variety of symptoms depending on the 
cause and chronicity of the insufficiency. If récurrent bouts of 
tenosynovitis are the cause, médial ankle and hindfoot pain 
may predominate. If the tenosynovitis goes unchecked, loss 
of excursion of the tendon may resuit either from mechanical 
blockage beneath the laciniate ligament that prevents the 
inflamed, edematous tendon and sheath from moving within 
the pulley System or from loss of voluntary contraction of the 
muscle-tendon unit because of pain. In other words, the 
patient “decommissions” the muscle-tendon unit because 
contraction is painful. With time, this becomes involuntary. 
The tendon can be palpated by the examiner at the médial 
malleolus by placing the foot in equinovarus and asking the 
patient to hold it there. Usually the deformity is not severe in 
tenosynovitis as long as continuity of the tendon is not lost 
(Fig. 82-4). 

Patients may report foot and ankle fatigue affer only 
limited activity, lack of support during ambulation, and limi¬ 
tation of footwear as a resuit of the foot “rolling out.” However, 
pain is the most common primary complaint. This pain is 
médial at first, but with long-standing pronation it localizes 
laterally where the anterior surface of the latéral process of 


the talus impinges on the floor of the sinus tarsi (see Fig. 
82-1 B). The deformity can become fixed, in which case latéral 
pain may become the presenting complaint. There may be a 
history of an acute injury with rapid collapse of the arch, but 
usually no traumatic event is noted by the patient, and graduai 
collapse of the arch is recalled. 

Many authors hâve added to our understanding of the 
physical examination oftheposterior tibial tendon-insufficient 
foot, but Mann, Specht, and Johnson emphasized that heel 
varus while toe standing is difficult at best and virtually 
impossible if standing only on the affected foot. Therefore, in 
addition to examining the characteristic posture of the foot 
on weight bearing, the examiner should hâve the patient toe- 
stand while holding on to the examiner or the examining 
table for balance only and not support. Some patients with 
supple deformities are able on toe-stand to “throw” the 
hindfoot-midfoot into a locked position, thereby inverting 
the heel even in the presence of complété loss of continuity 
of the tendon, but careful observation reveals the foot 
“jumping” into that position while gaining momentary 
support from the examiner or the examining table and using 
the gastrocsoleus muscle as the motor unit. Gradually rising 
on only the affected foot to the tip-toe position and inverting 
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Posterior tibial tendon inserts into médial 
tuberosity of navicular (one main slip) and continues through 
second slip into plantar surface of foot, where it arborizes and 
inserts into ail three cuneiforms, cuboid, and bases of second, 
third, fourth, and fifth metatarsals. 



Patient with mild unilatéral pes planus with 
tenosynovitis that was récalcitrant to ail conservative treatment. 
Inflamed synovium is obvious along tendon, as is continuity of 
tendon. Loss of excursion and résultant deformity were caused 
by inflammatory synovial prolifération with its obstructive, 
painful sequelae at pulley. Radiographs were normal. 


the heel at the end stage without concomitant external support 
is not possible for a patient with complété loss of continuity 
of the tendon. 

DeOrio et al. described the “posterior tibial edema sign” 
in which the presence of subcutaneous pitting edema along 
the course of the posterior tibial tendon correlated with MRI 


findings of disease in 88% of patients. It is also important to 
evaluate the gait of patients with a suggested posterior tibial 
tendon pathologie process. In a normal, unaffected hindfoot 
the stance phase of gait begins with the hindfoot in a neutral 
to slightly inverted position. Through midstance a valgus 
hindfoot position is obtained, and at terminal stance or 
toe-off position the hindfoot inverts, locking the midtarsal 
joint to produce a rigid lever for push-off. For the patient with 
posterior tibial tendon insufficiency, failure to invert the foot 
at the terminal stance position occurs. The inability to lock 
the hindfoot and produce a rigid lever during the point of 
gait at which most stress is placed through the arch of the foot 
créâtes a high strain level and ultimately pain through the 
arch. Contracture of the gastrocsoleus complex frequently 
accompanies this condition early in the course of the disease 
and in the late stages when collapse of the hindfoot into 
valgus occurs. The hindfoot valgus position shortens the 
moment arm for the heel cord, leading the contracture. The 
Silfverskiôld test is used to détermine sélective gastro soleus 
muscle tightness and contracture (Fig. 82-5). Treating the 
contracture conservatively or surgically is vital for successful 
treatment of posterior tibial tendon insufficiency. 

Radiographie évaluation with standing anteroposterior 
and latéral views may or may not be helpful even with obvious 
clinical evidence of asymmetric pes planus. If the tendon is 
intact and the diagnosis is récurrent tenosynovitis, radio¬ 
graphs usually are normal even with some degree of flattening 
of the médial longitudinal arch clinically. More commonly, 
radiographs demonstrate changes as deformity occurs from 
tendon insufficiency. Radiographie parameters commonly 
used in the évaluation of posterior tibial tendon dysfunction 
include the latéral talus-first metatarsal angle, hindfoot align- 
ment angle, hindfoot moment arm, calcaneal pitch, and 
talonavicular coverage angle. In a normal foot, the talus-first 
metatarsal angle is 0 to 10 degrees on a standing latéral view. 
An increased angle indicates loss of the médial longitudinal 
arch. Overlapping metatarsals or loss of height of the médial 
cuneiform also indicates dépréssion of the médial longitudi¬ 
nal arch. Loss of the calcaneal pitch angle may indicate both 
loss of the longitudinal arch and contracture of the gastroc¬ 
soleus complex. The standing latéral tibial-calcaneal angle 
(Fig. 82-6) has been found to be significantly increased in 
adults with flatfeet and Achilles tendon contracture, suggest- 
ing that this angle is a sensitive, reproducible, cost-effective 
method of identifying and quantifying Achilles tendon 
contracture in patients with adult acquired flatfoot. On the 
standing anteroposterior view, abduction of the forefoot 
through the midfoot may be characterized by an increase of 
the talus-first metatarsal angle, which normally should be 0. 
Additionally, a line drawn through the shaff of the second 
metatarsal should bisect the hindfoot angle that is formed by 
the intersection of fines along the longitudinal axis of the 
talus and calcaneus. Ellis et al. described two measurements 
for differentiating between mild (type lia) and severe (type 
Ilb) posterior tibial tendon insufficiency based on the degree 
of talonavicular abduction: latéral talonavicular incongru- 
ency angle and incongruency distance. The latéral talonavicu¬ 
lar incongruency angle was significantly increased in those 
with type Ilb insufficiency (Fig. 82-7), whereas the incongru¬ 
ency distance did not vary significantly between the two 
groups. Saltzman et al. modified Cobey s method for radio- 
graphically imaging the coronal plane alignment of the 
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Silfverskiôld test to détermine sélective gastro soleus muscle tightness and contracture. Passive range of dorsiflexion 
of the ankle is measured with the knee flexed (A) and extended (B). Significant réduction of dorsiflexion with knee extended may 
indicate need for gastrocnemius recession. 



Mea sure ment of standing latéral tibial-calcaneal angle (see text). (From Arangio GA, Wasser T, Rogman A: The use of 
standing latéral tibial-calcaneal angle as a quantitative measurement of Achilles tendon contracture in adult acquired flatfoot, Foot Ankle Int 27:685, 
2006.) 


hindfoot to quantify hindfoot valgus with the hindfoot 
moment arm measurement. More recently, Williamson et al. 
described the hindfoot alignment angle (Fig. 82-8), which 
correlated signfficantly with the hindfoot moment arm and 
was found to be a reliable measure of hindfoot valgus. In 
addition to standing foot radiographs, standing ankle radio - 
graphs are also useful in the diagnosis of tibiotalar joint 
valgus présent in stage IV disease. 

MRI has become a useful tool in évaluation of posterior 
tibial tendon insufficiency. Often it is helpful to know if a 
patient with a swollen, painful tendon and tendon sheath has 
degenerative changes within the tendon, tearing of the 
tendon, or simply peritendinitis with synovial effusion 
without tendon degeneration. MRI can aid in making the 
diagnosis. T2-weighted and fat-suppressed images are helpful 
in showing peritendinous effusions, as well as cystic degen¬ 
eration within the tendon (Fig. 82-9). Tl-weighted images are 


helpful in showing the anatomie contours of the tendon and 
whether a disruption of the tendon has occurred. 

If the weight-bearing films corroborate the clinical fmd- 
ings and locate the articular area of instability, preoperative 
counseling and surgical planning are facilitated if, indeed, 
surgical treatment is warranted (Figs. 82-10 and 82-11). 
However, the physician must be certain of the pathologie 
condition even if an expensive radiographie évaluation with 
MRI is necessary, because other entities can mimic the 
posture of a foot with posterior tibial tendon insufficiency 
(Fig. 82-12). For example, degenerative arthritic deformities 
(Figs. 82-13 and 82-14), traumatic collapse distal to the 
midtarsal joint (Fig. 82-15), and tarsal coalitions, especially 
unilatéral with a normal arch on the unaffected foot (Fig. 
82-16), can cause such a deformity. Another entity that may 
confuse the examiner is the foot that has collapsed from 
neuropathie arthropathy (Fig. 82-17). Although the clinical 
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Incongruency angle is determined by drawing a line joining the latéral extent of the talar articular surface (point A) 
and the latéral extent of the navicular surface (point B). A second line is drawn between the latéral aspect of the talar neck at its 
narrowest segment (point C) and the latéral extent of the talar articular surface (point A). The distal and latéral interval between these 
two lines forms the incongruency angle. A f Incongruency angle in normal foot. B, Incongruency angle in type Mb flatfoot deformity. 

(From Ellis SJ, Yu JC, Williams BR, et al: New radiographie parameters assessing forefoot abduction in the adult acquired flatfoot deformity, Foot 
Ankle Int 30:1168, 2009.) 



Depiction of the hindfoot alignment angle 
measurements taken on a patient with flatfoot (A) and a normal 
control patient (B). (From Williamson ERC, Chan JY, Burket JC, et al: 
New radiographie parameter assessing hindfoot alignment in stage II 
adult-acquired flatfoot deformity, Foot Ankle Int 36:417, 2015.) 


examination may be strikingly similar, the radiographie 
examination should clarify the diagnosis (Fig. 82-18). Finally, 
idiopathic flexible pes planus must be excluded (Fig. 82-19). 
The association of the accessory navicular with posterior 
tibial tendon insufficiency is discussed in the following 
section on treatment. 

■ TREATMENT 

Although surgical management is highlighted in each section, 
conservative treatment often is successful in managing asso- 
ciated pain. Expectations of the patient regarding return to 
previous level of function should be ascertained before any 
treatment decisions are made. O’Connor et al. identified the 
following factors as positive predictors of successful surgical 
treatment: lower body mass index, prior corticosteroid injec¬ 
tions, initial use of a brace, and longer duration of 
symptoms. 

I STAGE I DISEASE (TENOSYNOVITIS) 

Tenosynovitis is treated with rest, nonsteroidal antiinflamma- 
tory agents, and supportive modalities. Modalities may 
include walking boot with added médial longitudinal arch 
support, ankle corset, or short leg walking cast. Affer the 
acute inflammation of the tenosynovium subsides, réhabilita¬ 
tion of the calf and leg with physical therapy often is helpful. 
Success has been demonstrated with a comprehensive calf 
and leg réhabilitation program that emphasizes graduated 
isométrie strengthening exercises and gastrocsoleus complex 










CHAPTER 82 DISORDERS OF TENDONS AND FASCIA AND ADOLESCENT AND ADULT PES PLANUS ^ 


39 



FIGURE 


tendon (B). 


Magnetic résonance imaging is helpful to identify peritendinous effusion (A) and degeneration within the 



JïJ On anteroposterior view of both feet, note in symptomatic left foot uncovering of talar head as navicular and 
remaining part of foot move latérally into abduction. Intermetatarsal spaces at their base appear slightly widened; metatarsal-tarsal 
articulations appear in fact better than in right asymptomatic foot as resuit of pronation of forefoot. A f Divergence of anteroposterior 
talocalcaneal angle (Kite angle) is présent. B f Standing latéral view shows plantarflexion of talus (head of talus moves plantarward, 
medially, and distally), loss of normal calcaneal pitch (and concomitant tightening of Achilles tendon), secondary collapse of navicular- 
cuneiform articular surfaces, and overlapping of médial four metatarsals from pronation of forefoot in weight bearing position. This 
patient had traumatic rupture of posterior tibial tendon many years previously while engaging in sports. C, Traumatic arthritic changes 
followed, and eventually triple arthrodesis was required. 
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Attritional rupture of posterior tibial tendon at médial malleolus with arch collapse of unknown duration. A f Typical 
clinical findings of complété rupture of this tendon. B, Radiograph shows almost 90-degree rotation of talus. 



This foot mimicked arch collapse secondary to 
posterior tibial tendon disruption. Primary collapse was tarso- 
metatarsal with secondary hindfoot collapse from osteoarthritis. 



FIGURE 


latéral view. 


Collapse at navicular-cuneiform articulation on 



Anteroposterior and oblique radiographs showing degenerative arthritic changes at Lisfranc joints with résultant 
collapse deformity at these articulations. This probably represents erosive osteoarthritis with secondary enthesopathy and weakening 
of plantar metatarsal cuneiform, metatarsal cuboid, and intermetatarsal basilar ligaments. (Courtesy of W. Kenneth Bell, MD.) 
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This 64-year-old carpenter felt pop in midfoot 
and noticed some time later flattened, pronated foot. Clinically, 
picture resembled posterior tibial tendon insufficiency, but 
tendon was intact. A f Radiographie weight-bearing view showed 
widening of metatarsal-cuneiform articulation plantarward and 
collapse at this articulation. B f Note also overlapping of metatar- 
sals compared with uninjured right foot, indicating pronation of 
forefoot. 



Middle facet tarsal coalition; note beaking of 


neck of talus. 


stretching. Preventing récurrence of stage I disease can be 
assisted with the use of an orthotic device that incorporâtes 
a médial heel wedge and médial forefoot post to place the 
hindfoot in neutral, decreasing force requirements for the 
posterior tibial muscle and tendon unit. If conservative treat- 
ment fails, tenosynovectomy is indicated (Figs. 82-20 and 
82-21). Open synovectomy remains our surgical treatment of 



Collapse of médial longitudinal arch (left foot) 
resulting from diabetic neuropathy. 



Standing latéral radiograph showing fracture 
and fragmentation of navicular with collapse of talus into result¬ 
ing defect. Arrow points to attempted healing of fractures. 


choice for stage 1 disease, but tendoscopy has been reported 
to produce good results. 


SYNOVECTOMY WITH REPAIR OF 
INCOMPLETE TEARS 


TECHNIQUE 82-1 


■ Allow the foot to rest in gravity equinus. 

■ Starting at the inferior edge of the navicular tuberosity, 
carry a straight incision proximally 1 cm posterior to the 
prominence of the médial malleolus and continue it 3 to 
4 cm proximal to the flexor retinaculum. 

■ Identify the tendon at the inferior margin of the wound 
and trace it proximally until the muscle is seen. 

■ Release the pulley behind the médial malleolus and the 
deep investing fascia of the distal leg (Fig. 82-21). 
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FIGURE 


Idiopathic flexible flatfoot in adolescent patient. 



FIGURE 82-2 


^ A f Persistent posterior tibial tenosynovitis on left was unresponsive to many weeks of casting and several months of 
double upright brace wear with médial T-strap. Note fullness behind médial malleolus on left not seen on right. B f Closer view of 
médial aspect of left ankle showing area of tenosynovitis. 


■ By sharp dissection remove ail abnormal-appearing 
synovium. 

■ Inspect the tendon for longitudinal tears and intratendi- 
nous fibrosis. 

■Trace the plantar slip of the tendon 1 cm distal to the 
tuberosity to be certain it is intact. 

■ If the tendon insertion into the navicular and the slip 
plantar to it appear intact, imbricate the tendon across 
the abnormal-appearing area. This imbrication is over a 
length of 1.0 to 1.5 cm. 

■ Leave the flexor retinaculum open and close the wound. 

POSTOPERATIVE CARE. The length of cast immobiliza- 
tion and protected weight-bearing varies depending on 
the appearance of the tendon at surgery, that is, the 
évaluation of its structural integrity and the extent of 
dissection necessary to rid the tendon of inflamed 
synovium. In most cases, weight bearing is delayed for 4 


to 6 weeks and the leg is immobilized in a splint until the 
wound is healed (2 weeks). Mobilization of the tendon 
in the sheath is encouraged with minimal résistance 
exercises in a removable splint or boot to prevent intra- 
sheath adhesions. In some markedly overweight patients 
with an abnormal-appearing tendon, after this extended 
period of support a double upright brace with a médial 
T-strap should be worn for 3 months. 


If the involvement is less severe, the foot should be left in 
resting equinovarus in a non-weight-bearing cast for 2 weeks 
to allow the incision to heal. Then, the sutures can be removed 
and a walking boot worn for another 3 to 4 weeks. Edema 
about the ankle, especially medially, may continue for a 
prolonged period after surgery The patient should be 
informed of this and assured that it will résolve. Use of a 
support hose for 2 to 3 months may be helpful after cast 
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Abundant synovium surrounding posterior 
tibial tendon. This extended from inferior edge of flexor retinacu- 
lum to tuberosity of navicular. Evaluation for rheumatoid arthritis 
and séronégative spondyloarthropathy was négative. Patient was 
large-framed man who had mild unilatéral pes planus and poste¬ 
rior tibial insufficiency secondary to tenosynovitis and loss of 
tendon excursion through pulley of flexor retinaculum (laciniate 
ligament). SEE TECHNIQUE 82-1. 


removal. If flattening of the arch was mild and the tendon 
appeared reasonably normal at surgery, the deformity 
should correct with time. Récurrence of the tenosynovitis is 
uncommon. 

I STAGE II DISEASE 

Stage II disease, in which the hindfoot remains flexible and 
passively correctable, encompasses a wide spectrum of symp- 
toms and varying physical and radiographie findings. Bluman 
et al. refined the classification System to reflect this spectrum 
in subtypes lia and Ilb. The principal différence between the 
subtypes is the amount of abduction of the midfoot through 
the talonavicular joint, with Ilb being more severe (see Fig. 
82-7). Conservative management of stage II disease offen is 
successful, and most patients obtain pain relief with applica¬ 
tion of an orthotic device that has a médial post and an 
ankle-foot orthosis. A double upright ankle-foot orthosis 
with a médial T-strap works well. The brace is configured to 
allow 20 to 30 degrees of plantarflexion and 10 degrees of 
ankle extension; however, despite its effectiveness, this large 
brace may not be acceptable to patients. In these circum- 
stances, a hinged polypropylene short leg ankle-foot orthosis 
may be more acceptable. Although it is not as comfortable, it 
is lighter, can be used in a variety of shoes, and is more cos- 
metically acceptable. Patients who obtain significant relief 
with brace wear offen find that affer 9 to 12 months of routine 
brace use, they are able to wear regular shoes with insoles for 
longer periods of time without pain. At our institution, Lin 
et al. found that 70% of patients treated with a double-upright 
ankle-foot orthoses (average duration of bracing, 15 months) 
were brace free and had not required surgery at 7-year 
follow-up; 61% of patients were “satisfied” with their out- 
comes, and 33% were “satisfied with minor réservations.” 


A patient who complétés a structured physical therapy 
program also may avoid surgery. Alvarez et al. reported that 
affer a médian of 10 physical therapy visits over 4 months, 
83% of patients had successful subjective and functional 
outcomes; 89% were satisfied with their outcomes. The réha¬ 
bilitation protocol included the use of a short, articulated 
ankle-foot orthosis or foot orthosis, high-repetition exercises, 
aggressive plantarflexion activities, and an aggressive high- 
repetition home exercise program that included gastrocsoleus 
tendon stretching. 

Surgical reconstruction is indicated for patients in whom 
conservative management is not acceptable or fails. Initial 
enthusiasm for isolated transfer of the flexor digitorum 
longus tendon to the navicular, with or without side-to-side 
augmentation using a remnant of the posterior tibial tendon, 
has waned because of reports in the literature of détérioration 
of results over time if the flatfoot deformity is not corrected 
at the same time. Therefore, in addition to reconstruction of 
the tendinous portion of the pathologie process, correction 
of the flatfoot deformity is indicated. Satisfactory results hâve 
been obtained with lengthening of the latéral column of the 
calcaneus (LCL), médial displacement of the tuberosity of the 
calcaneus (MDCO), a Z-shaped calcaneal osteotomy, or a 
combination of LCL and MDCO. Latéral column lengthening 
is achieved through an osteotomy of the body of the calcaneus 
between the anterior and middle facets of the subtalar joint, 
osteotomy between the posterior and middle facets, or a 
distraction arthrodesis at the calcaneocuboid joint. Malerba 
and De Marchi described a Z-shaped osteotomy that allows 
for rotation (lengthening) and translation. MDCO improves 
hindfoot alignment, but multiple authors hâve reported limi¬ 
tations of these ostéotomies in stage Ilb deformities. Iossi el 
al. proposed an algorithm to aid with surgical decision- 
making in which stage IIB deformities require the addition 
of a latéral column lengthening procedure; however, this 
algorithm is based on radiographie parameters and has not 
been validated with patient outcomes. Despite the power of 
LCL procedures to correct abduction deformities, they are 
associated with a higher rate of complications than MDCO 
and should be used judiciously; MDCO is a safe option for 
correction of mild abduction deformities. LCL through cal¬ 
caneal cuboid arthrodesis is effective for correction, but it 
also has high complication rates. No one bony procedure is 
best, and surgeons should be familiar with both MDCO and 
LCL procedures. 

Tendon transfer for reconstruction of the musculotendi- 
nous portion of the deformity is described first, followed by 
descriptions of each of the calcaneal ostéotomies. Attention 
to the médial structures is important as well, with repair of 
the spring ligament, arthrodesis of one or more midfoot 
joints, or cuneiform opening osteotomy (Cotton procedure) 
as adjunctive procedures to improve the integrity of the 
médial column. 


TRANSFER OF FLEXOR DIGITORUM 
LONGUS OR FLEXOR HALLUCIS 
LONGUS TO TARSAL NAVICULAR 

Although the flexor hallucis longus has superior strength * 
characteristics compared with the flexor digitorum longus, 
Wapner et al. demonstrated that the flexor digitorum è 
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longus may be more appropriate for reconstruction for 
posterior tibial tendon insufficiency because of its position. 
Rosenfeld et al. demonstrated muscle hypertrophy on MRI 
after transfer of the flexor digitorum longus tendon, but 
functional scores were significantly improved after this 
procedure. 

We believe that it is important to evaluate the posterior 
tibial muscle belly when performing this transfer. With 
long-standing disease, the posterior tibial muscle becomes 
inelastic and fails to contract when touched with electro- 
cautery and loses its normal color. In this case, it is inadvis- 
able to supplément the flexor digitorum longus tendon 
with the remnant of the posterior tibial tendon. However, 
if the muscle appears normal, resection of the entire dis- 
eased segment of the posterior tibial muscle and side-to- 
side transfer using a Pulvertaft weave of the flexor digitorum 
longus and posterior tibial tendon are recommended. 


TECHNIQUE 82-2 


■ Expose the posterior tibial tendon through an incision 
beginning 3 to 4 cm proximal to the tip of the médial 
malleolus. Curve it posterior to the malleolus and extend 
it to 3 to 4 cm distal to the navicular tuberosity (Fig. 
82-22). This extensive incision is necessary to allow adé¬ 
quate évaluation of the condition of the posterior tibial 
muscle-tendon unit proximal to the flexor retinaculum. 
The incision should be distal enough not to compromise 
dissection around the médial plantar neurovascular 
bundle while reaching the Henry knot and exposing the 
crossover of the flexor digitorum longus and flexor hal- 
lucis longus. 

■ The posterior tibial tendon may be completely disrupted, 
with rounding of the proximal stump. The proximal stump 
may appear to end in hypertrophie synovial tissue (Fig. 
82-23), but once the synovium is removed there may be 
a flimsy scar in continuity or a strong, dense, solid band 
of scar in continuity. 



Posterior tibial 
tendon 

Flexor digitorum 
longus tendon 


Flexor 

hallucis 

longus 

tendon 


FIGURE 


U Technique for tendon transfer. Incision starts 


just behind musculotendinous border of posterior tibial tendon 


and courses behind médial malleolus to base of first metatarsal 


medially. SEE TECHNIQUE 82-2. 


■ If the tendon, once freed from its bed and with sustained 
slow tension, regains sufficient length, suture it with 
nonabsorbable suture to the undersurface of the navicular 
after the transfer is performed. Rarely can the tendon be 
advanced in this manner. Usually it is debrided and 
removed from its pulley proximal to the laciniate ligament 
and sutured to the adjacent tendon transfer under mod- 
erate tension. 

■ If the posterior tibial muscle-tendon unit has no excur¬ 
sion, which is uncommon even in long-standing deformity 
if dissected far enough proximally, then eut it short and 
discard it. 

■ Expose the flexor digitorum longus and flexor hallucis 
longus at the Henry knot latéral to the tuberosity of the 
navicular by dissecting along the superior border of the 
abductor hallucis muscle and retracting it plantarward. 
Branches of the médial plantar neurovascular bundle are 
along the path of dissection and about 2 cm latéral to 
the distal edge of the navicular. This dissection is tedious, 
and the distance to the tendons is surprisingly great. 

■ Using a right-angle smooth retractor to pull the intrinsic 
muscles plantarward, expose the tendons with blunt 
dissection. The flexor hallucis longus crosses dorsal to the 
flexor digitorum longus. Sever the tendon to be used at 
this point while flexing the toes. The strong tendinous 
cross ties will allow some active flexion by using the 
remaining intact muscle-tendon unit. Rerouting the 
transferred tendon through the pulley of the posterior 
tibial tendon is unnecessary. 

■ Using successively larger drill bits (1/8 inch to 5/16 inch), 
drill a hole perpendicular to the navicular in its midportion 
dorsal to plantar. Dissecting dorsally and plantarward to 
the midportion of the bone requires patience, but to stop 
short of this point may leave insufficient bony support 



Complété rupture of posterior tibial tendon 
with proximal tendon ending within hypertrophied synovium. 
Once synovium was excised, complété rupture of posterior tibial 
tendon with healing by thin strand of scar in continuity was 
évident. Toes are to right. SEE TECHNIQUE 82-2. 
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FIGURE 


Repair of spring ligament. A f Portion of spring ligament to be excised. B f Repaired ligament. SEE TECHNIQUE 82-3. 


medially to prevent the drill from cracking through the 
bone medially. 

■ Weave a 0 or 2-0 nonabsorbable suture through the distal 
1.0 to 1.5 cm of the tendon and pass a straight hemostat 
or tendon passer with loop from dorsal to plantar. 

■ Holding to the suture ends, work the tendon up through 
the hole from plantar to dorsal until ail slack is taken up. 
Then place the foot in equinovarus and further tighten 
the tendon. 

■ Using a small, free-cutting needle, suture the tendon to 
the adjacent periosteum. The foot should remain in this 
position when relaxed. 

■ Finally, if possible, advance the posterior tibial tendon and 
suture it to the adjacent periosteum and deep fascia. 
Wukich et al. described the use of a biotenodesis or 
interférence screw to anchor the tendon in the tunnel. 

■ Holding the foot in equinovarus, apply a bulky dressing 
and a short leg splint. 

POSTOPERATIVE CARE. The splint is changed at 14 
days after surgery, but the foot is maintained in equin¬ 
ovarus for 4 to 5 weeks. Over the next 2 weeks the foot 
is raised to neutral by serial casting. At 6 weeks a short 
leg walking cast is applied and worn for an additional 3 
to 4 weeks. A molded arch support is encouraged after 
the cast is discontinued. 


REPAIR OF SPRING LIGAMENT 

Elongation and incompétence of the spring ligament from 
the loss of protective support of the posterior tibial tendon 
also contribute to the deformity. Many authors hâve sug- 
gested that the spring ligament should be routinely repaired 
as part of the médial soft-tissue procedure. 


TECHNIQUE 82-3 


■ After exposure and debridement of the posterior 
tibial tendon, locate the superomedial portion of the 


calcaneonavicular ligament just inferior to the head of the 
talus where it attaches to the plantar aspect and plantar- 
medial aspect of the tarsal navicular. 

■ Adduct the foot and forefoot into a neutral and slightly 
adducted position and excise a wedge of this ligament 
and plantar talonavicular capsule (Fig. 82-24A). The 
wedge should be 8 to 10 mm, depending on the magni¬ 
tude of the deformity. 

■ Repair the spring ligament with multiple interrupted 2-0 
braided, nonabsorbable sutures (Fig. 82-24B). 


If the spring ligament is so attenuated that it cannot be 
repaired, reconstruction of the ligament may be considered 
as an alternative to arthrodesis. A calcaneal osteotomy is 
almost always performed with this procedure to support the 
soft-tissue repair. 


RECONSTRUCTION OF THE 
SPRING LIGAMENT USING THE 
PERONEUS LONGUS 


TECHNIQUE 82-4 


(WILLIAMS ETAL) 

■ Make a longitudinal incision over the fibula beginning 6 
to 8 cm proximal to the tip of the latéral malleolus. 

■ Identify the peroneus longus and section it just proximal 
to the peroneal retinaculum. Tenodese the proximal end 
of the peroneus longus to the peroneus brevis. 

■ Make a 3-cm longitudinal incision along the plantarlateral 
aspect of the foot from the base of the fifth metatarsal 
proximally toward the cuboid tunnel. 

■ Release the attachments of the peroneus longus at the 
cuboid tunnel. Through the médial incision, use a right- 
angle clamp to hook around the peroneus longus tendon 
near its insertion site and deliver it gently through the 
médial incision. Leave the tendon attached to the base 
of the first metatarsal. 
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Reconstruction of spring ligament using peroneus longus autograft tendon transfer. A f Latéral view showing calcaneal 
bone tunnel reconstruction. B f Anteroposterior view showing tibial bone tunnel reconstruction. C f Latéral view of tibial bone tunnel 
reconstruction. (Redrawn from Williams BR, Ellis SJ, Deyer TW, et al: Reconstruction of the spring ligament using a peroneus longus autograft 
tendon transfer, Foot Ankle Int 31:567, 2010.) SEE TECHNIQUE 82-4. 


■ Choose the location of the proximal tunnel according to 
the type of talonavicular deformity présent. If significant 
plantar sag is présent at the talonavicular joint, create a 
calcaneal tunnel (Fig. 82-25A); if only abduction is présent 
through the talonavicular joint, create a tibial tunnel 
(Fig. 82-25B). 

■ For a calcaneal tunnel, place a Kirschner wire in the cal- 
caneus immediately inferior to the sustentaculum tali, 
taking care not to damage the flexor hallucis longus 
tunnel. Advance the wire posteriorly and laterally across 
the calcaneus, exiting above the medializing calcaneal 
osteotomy incision on the latéral side of the foot without 
violating the subtalar joint. 

■ For a tibial tunnel, identify a point between the anterior 
and posterior colliculi of the médial malleolus. Use a small 


Bennett retractor through the fibular incision to gain 
access to the latéral tibia just anterior to the fibula. Under 
fluoroscopie guidance, place a Kirschner wire from the 
médial malleolus directed proximally and laterally, taking 
care to avoid the ankle joint. 

■ For either tunnel placement, check the position with fluo- 
roscopy, replace the Kirschner wire with a guidewire, and 
use a cannulated drill to create a tunnel 8 to 9 mm in 
diameter. 

■ Pass the graft from dorsal to plantar through the navicular 
tunnel and then through the calcaneal (Fig. 82-25A) or 
tibial (Fig. 82-25B and C) tunnel. Tension the graft after 
fixation of the ostéotomies. 

■ Place the foot in slight inversion and plantarflexion and 
in 5 to 10 degrees of adduction through the talonavicular 
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joint as seen on a simulated weight-bearing view. Preten- 
sion the graft to remove creep before fixation. 

■ Place screws in the fibula or latéral calcaneus as posts to 
tie down the graft sutures. For a graft passed through a 
calcaneal tunnel, place a 3.5-mm screw anterior to the 
latéral exit of the tunnel. For a graft passed through a 
tibial tunnel, place the screw laterally on the fibula several 
centimeters proximal to the exit of the tibial tunnel. 

■ Use two sets of sutures to secure the graft while an 
assistant applies tension. 

■ Place bone graft from the medializing heel slide osteotomy 
in the tunnels. 

POSTOPERATIVE CARE. Non-weight bearing in a cast 
is continued for 12 weeks (cast changes at 6 and 10 
weeks). If healing is évident on CT at 12 weeks, a remov- 
able boot is fitted, progressive weight bearing is allowed, 
and gentle stretching and strengthening are begun. 


ANTERIOR CALCANEAL OSTEOTOMY 
(LATERAL COLUMN LENGTHENING) 

Anterior calcaneal osteotomy has been studied extensively 
in the laboratory and has been shown to significantly 
improve the forefoot deformity, as well as the height of the 
arch. Although clinical studies could be characterized as 
intermediate at best, we hâve had significant success with 
this procedure. Hinterman and Gachter reviewed 19 
patients treated with latéral column lengthening and 
reconstruction of the médial soft tissues for stages II and 
III posterior tibial tendon insufficiency. At mean follow-up 
of approximately 2 years, 18 of 19 patients were satisfied 
with the resuit and the clinical resuit was rated as excellent 
in 6, good in 11, and fair in 2 patients. In a comparison of 
latéral column lengthening and calcaneal osteotomy, Boit 
et al. found that latéral column lengthening achieved 
greater realignment initially and maintained correction 
better over time while having a lower reoperation rate 
despite more frequent nonunion and radiographie progres¬ 
sion of adjacent joint arthritis. In our expérience, this pro¬ 
cedure has been most helpful in patients who hâve an 
abduction deformity of the forefoot on standing antero- 
posterior radiographs and a flexible hindfoot without fixed 
forefoot supination. Complications such as graft collapse, 
nonunion, latéral column pain, development of arthritis at 
the calcaneocuboid joint, sural neuritis, and painful hard¬ 
ware are relatively frequent and should be discussed with 
the patient. The use of tricortical allograft (Fig. 82-26) 
instead of autograft was described by Grier et al. and 
Dolan et al., with roughly équivalent healing and complica¬ 
tion rates. 


TECHNIQUE 82-5 


■After préparation of the médial soft tissues and before 
final tensioning of the flexor digitorum longus tendon 
into the navicular, make a longitudinal incision over the 



A and B f Latéral column lengthening with 
allograft in patient with severe decompensated flatfoot defor¬ 
mity; patient also had médial displacement calcaneal osteotomy 
and naviculocuneiform arthrodesis. SEE TECHNIQUE 82-5. 


latéral anterior process of the calcaneus. Take care to 
avoid injury to the sural nerve. 

■ Perform an osteotomy 1.0 to 1.5 cm proximal to the 
articular surface at the calcaneocuboid joint with a sagit¬ 
tal saw, taking care to aim the saw between the anterior 
facet and middle facet of the calcaneus. Avoid injuring 
the soft tissues just on the médial side of the calcaneus 
and the médial plantar nerve and artery. 

■ Distract the area using a combination of manual adduc¬ 
tion of the forefoot and placement of 3/32-inch Stein- 
mann pins into the anterior process and the anterior body 
of the calcaneus. A hinged cervical lamina spreader, either 
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S smooth or with very small teeth, can be used to help 
distract the osteotomy. 

■ Harvest an appropriately sized graft from the iliac crest. 
Depending on the size of the patient, it should be 8 to 
10 cm in width. Alternative^, cadaver bone can be used. 
■Assess the foot for clinical and radiographie alignment 
before inserting the graft. Be certain that there is no 
overcorrection of the deformity. 

■ Fix the graft with either Steinmann pins that can be 
buried beneath the skin or with bone Staples. Alterna¬ 
tive^, a cervical H plate can be used. The subeutaneous 
nature of implants in this area often nécessitâtes removal 
at a later date. 

■ Sangeorzan et al. and others demonstrated success with 
latéral column lengthening through the calcaneocuboid 
joint. If this procedure is used, carry the incision more 
distally. Remove the opposing cartilaginous surface of the 
calcaneus and cuboid to cancellous bone and use a larger 
graft. In general, a 1.5-cm graft is routinely used in this 
situation. A cervical H plate generally is used for distrac¬ 
tion. In our expérience, it is more difficult to obtain union 
with this osteotomy. 

■ Tension the soft tissues, close the wound, and apply a 
short leg non-weight-bearing cast. 

POSTOPERATIVE CARE. Sutures are removed 2 weeks 
after surgery. Continued use of a non-weight-bearing 
cast is recommended for 8 to 10 weeks until evidence of 
bony union is présent on anteroposterior and latéral 
radiographs. The patient then progresses to a weight- 
bearing cast, followed at 3 to 3.5 months by a prefabri- 
cated walking boot. Appropriate calf strengthening is 
performed at that time. 


MEDIAL CALCANEAL 
DISPLACEMENT OSTEOTOMY 

Médial calcaneal displacement osteotomy was popularized 
by Myerson as an alternative to lengthening of the latéral 
column. Myerson and Corrigan reviewed 32 patients 
treated with médial calcaneal displacement osteotomy and 
a médial soft-tissue procedure for stage II posterior tibial 
tendon dysfunction. At an average of 20 months after 
surgery, 30 of 32 patients were satisfied with the outcome 
of surgery, had improved function, and exhibited radio¬ 
graphie correction of the foot deformity. Ninety-four 
percent of the patients had pain relief and improvement in 
the arch of the foot and were able to wear regular shoes 
without orthotic support. Using three-dimensional gait 
analysis, Brodsky et al. determined that posterior tibial 
tendon reconstruction consisting of transfer of the flexor 
digitorum longus tendon to the navicular, reconstruction 
of the calcaneonavicular ligament, and médial displace¬ 
ment calcaneal osteotomy produced objective improve- 
ments in walking velocity, hindfoot motion, and power (see 
also Video 82-1). The placement of the tuberosity of the 
calcaneus and the gastrocsoleus complex more médial to 
the axis of the subtalar joint improves the function of the 
gastrocsoleus complex as an inverter of the hindfoot, 


thereby assisting with the force necessary to invert the foot 
with less reliance on the transferred flexor digitorum longus 
tendon. We hâve found this procedure most useful in 
patients in whom standing anteroposterior radiographs do 
not demonstrate severe abduction deformity through the 
midfoot (Fig. 82-27). Advantages of this osteotomy include 
predictable healing of the osteotomy without the complica¬ 
tion of increased calcaneocuboid joint pressure, which has 
been noted to occur with a latéral column lengthening. 


TECHNIQUE 82-6 


■ Position the patient in the latéral decubitus position on a 
bean bag. 

■ Make an incision inferior and parallel to the peroneal 
tendons and posterior and inferior to the path of the sural 
nerve. Extend the excision from the upper border of the 
calcaneus anterior to the retrocalcaneal space to the 
inferior border of the calcaneus deep to the plantar fascia. 

■ Carry the dissection down to the periosteum and reflect 
the periosteum at the proposed osteotomy site. 

■ Make a transverse osteotomy in line with the skin incision 
using an oscillating saw blade (Fig. 82-28A). Make the 
eut at a right angle to the latéral border of the calcaneus 
and incline it posteriorly at an angle of approximately 45 
degrees to the plane of the foot. 

■ Remove the wedge from the calcaneus. Do not shift the 
tuberosity into varus. 

■ Place a toothless lamina spreader in the osteotomy site 
and spread to relax the médial soft-tissue attachments to 
the calcaneus. 

■ Withdraw the lamina spreader and translate the posterior 
calcaneal tuberosity 10 mm medially (Fig. 82-28B) and 
secure it with a 6.8-mm cannulated self-tapping screw 
(Fig. 82-28C). Take care to keep the posterior tuberosity 
from sliding proximally. To ensure rigid fixation, avoid 
inserting the screw into the posterior facet of the subtalar 
joint. Insert the screw from posteromedial and inferior to 
antérolatéral and superior, that is, direct it toward the 
sinus tarsi. 

■ Close the latéral incision, deflate the bean bag, and turn 
the patient supine for the tendon transfer. 


I STAGE III DISEASE 

In patients with stage III disease—rigid fixed deformity of the 
hindfoot, some degree of arthrosis, and degenerative changes 
of the triple joint complex—arthrodesis is indicated if con¬ 
servative measures, including a double upright ankle-foot 
orthosis, hâve failed. Multiple arthrodèses hâve been described 
for treatment of this deformity, including isolated talonavicu- 
lar, talonavicular and calcaneocuboid arthrodesis, triple 
arthrodesis, and isolated subtalar arthrodesis. Historically, 
triple arthrodesis is the procedure of choice for this condi¬ 
tion. However, Harper found that in elderly, low-demand 
patients, isolated talonavicular arthrodesis produced signifi- 
cant correction of the deformity with satisfactory pain relief. 
He reviewed the results in 29 patients treated with an isolated 
talonavicular arthrodesis with an average follow-up of 26 
months; 25 of 29 patients (86%) were satisfied with no or 
minor réservations and achieved good or excellent results. 
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FIGURE 82-2 


^ A and B f Clinical appearance of flatfoot deformity in 39-year-old man; note that the midfoot abduction deformity 
is not severe. C and D f Preoperative radiographs. E to G f After médial calcaneal displacement osteotomy. SEE TECHNIQUE 82-6. 
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Médial displacement osteotomy. A f Transverse 
osteotomy made with oscillating saw. B, Posterior tuberosity 
displaced medially. C f Fixation with cannulated screw. (From Ste- 
phenson KA: Médial displacement calcaneal osteotomy, Tech Foot Ankle 
Surg 8:2, 2009.) SEE TECHNIQUE 82-6. 


Isolated subtalar arthrodesis also has been shown to be effec¬ 
tive in this condition (Fig. 82-29). Kitaoka and Patzer reported 
excellent or good results in 16 of 21 patients at an average 
follow-up of 3 years; however, they noted that 11 of the 21 
patients continued to hâve some pain. Sammarco et al., in an 
effort to preserve the flexibility of the latéral column, cor- 
rected the deformity with subtalar and talonavicular arthrod¬ 
esis without calcaneocuboid arthrodesis. They reported 
improvements in pain, function, cosmesis, and shoewear, 
with only one nonunion in 16 feet, and recommended the 
procedure for patients whose calcaneocuboid joints are not 
involved in the primary disease. Denuding and compressing 
the talonavicular joint while preserving the calcaneocuboid 
joint was suggested to provide a relative latéral column 
lengthening, facilitating correction of forefoot abduction in 
flatfeet. This is now our procedure of choice in severe cases. 
The procedure for arthrodesis of the hindfoot is described in 
Chapter 84 (Fig. 82-30). 

I MEDIAL COLUMN STABILIZATION 

Stabilization of the médial column in flatfoot deformity, if not 
possible by soft-tissue procedures, may be achieved by either 
arthrodesis or osteotomy. Greisberg et al. described an 
isolated médial column arthrodesis to improve hindfoot 
alignment and reported improvement in ail radiographie 
parameters in 19 patients. 


ISOLATED MEDIAL COLUMN 
ARTHRODESIS 


TECHNIQUE 82-7 


(GREISBERG ETAL) 

■ After induction of spinal or general anesthésia and appli¬ 
cation of a thigh tourniquet, assess the calf musculature 
to détermine if a gastroenemius slide (Strayer) procedure 
is needed for contracture. 

■ Inflate the tourniquet and make a médial utility 
incision. 

■ If instability is présent at the naviculocuneiform joint, use 
osteotomes to dénudé the médial and middle naviculo¬ 
cuneiform joints of cartilage and préparé them for fusion 
by perforating the subchondral bone with a small drill. 
The latéral naviculocuneiform joint usually is not included 
in the fusion. Reduce and stabilize the joints with multiple 
3.5-mm lag screws passed from the navicular into the 
cuneiform. 

■ Treat any posterior tibial tendon degeneration as needed 
with tendon debridement or augmentation with the 
flexor digitorum longus. 
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A and B f Flexible, mild pes planus in 55-year-old woman; on left, superimposed complété rupture of posterior tibial 
tendon. Note hindfoot valgus but rather mild midfoot and forefoot deformity (compare with Figure 82-2). AN components of patient's 
deformity on symptomatic foot were flexible. However, with pes planus présent bilaterally, tendon transfer alone probably is not 
sufficiently helpful to warrant procedure. 



•JjJ A, Patient with erosive osteoarthritis and posterior tibial tendon insufficiency. Note fixed hindfoot, midfoot, and 
forefoot deformities. Patient required triple arthrodesis. B, Posterior clinical view showing marked heel valgus bilaterally, worse on 
left. C, Weight-bearing anteroposterior view. With this degree of fixed deformity, "reconstructive" triple arthrodesis is required. Bone 
grafting is frequently needed. 


■ If the first tarsometatarsal joint is subluxed, approach 
it through a separate dorsal longitudinal incision to 
avoid injury to the anterior tibial tendon. Open the joint 
between the extensor hallucis longus and brevis tendons 
and préparé it for fusion with osteotomes and a small drill 
to perforate subchondral bone. Reduce and hold the joint 
with multiple 3.5-mm lag screws (Fig. 82-31). Typically, 
one screw is passed antegrade and the second rétrogradé. 


A third screw is then used to hold the first metatarsal 
reduced to the second, especially when the area between 
the bases of the metatarsals is included in the fusion. 

■ Use a small burr to create small gaps for placement of 
cancellous bone graft, usually harvested from the proxi¬ 
mal tibia. 

■ Deflate the tourniquet, close the wounds in routine 
fashion, and apply a cast. 







PART XIX THE FOOT AND ANKLE 



A, Patient with sag at naviculocuneiform and first tarsometatarsal joints; latéral process of talus is abutting anterior 
process of calcaneus. B f Varus of first metatarsal is consistent with instability of first tarsometatarsal joint; subluxation of talonavicular 
joint also is présent. C f Latéral view 6 months after médial column arthrodesis shows improvement in talometatarsal angle and opening 
of sinus tarsi. D f Anteroposterior view shows improved talonavicular coverage. (From Greisberg J, Assal M, Hansen ST Jr, Sangeorzan BJ: 
Isolated médial column stabilization improves alignment in adult-acquired flatfoot, Clin Orthop Relat Res 435:197, 2005.) SEE TECHNIQUE 82-7. 


9 POSTOPERATIVE CARE. The patient is kept non-weight 
bearing in the cast for 6 weeks. If radiographs at that 
time show early consolidation of the fusions, weight 
bearing is advanced as tolerated. Patients usually can fully 
bear weight in regular shoes by 10 to 12 weeks after 
surgery. 


OPENING WEDGE MEDIAL 
CUNEIFORM (COTTON) OSTEOTOMY 

Hirose and Johnson reported excellent results with no 
major complications in 16 patients treated with opening 
wedge osteotomy of the médial cuneiform as an adjunctive 
procedure in flatfoot correction (Fig. 82-32). Suggested 
advantages of this procedure over first tarsometatarsal 
arthrodesis include predictable union, préservation of first 
ray mobility, and the ability to easily vary the amount of 
correction. 


TECHNIQUE 82-8 


(HIROSE AND JOHNSON) 

■ Position the patient supine on the operating table with a 
pad under the ipsilateral buttock to internally rotate the 
affected leg. 

■ Préparé and drape the ipsilateral iliac crest donor site and 
the affected leg. 


■ Under tourniquet control, make a dorsal longitudinal 
incision over the médial cuneiform and the base of the 
first metatarsal and dissect through the skin and subcu- 
taneous tissue. 

■ Retract the extensor hallucis longus medially to expose 
the dorsal portion of the médial cuneiform; identify the 
midportion of the bone with fluoroscopy. 

■ Use a microsagittal saw to make a transverse osteotomy 
from dorsal to plantar through the midportion of the 
médial cuneiform at the level of the second tarsometa¬ 
tarsal joint (Fig. 82-33A). 

■ Place an osteotome in the osteotomy and pull it distally 
to lever open the médial cuneiform osteotomy and 
plantarflex the first ray. Measure the amount of opening 
of the osteotomy to obtain the desired plantarflexion of 
the first ray; usually a 5- to 6-mm wedge of autograft 
bone is needed. The goal is plantarflexion of the first ray 
to the level of the fifth metatarsal to restore the normal 
"tripod" configuration (Fig. 82-34). 

■ Remove a tricortical iliac crest wedge of the measured 
width and dénudé it of soft tissue; trim the wedge with 
a microsagittal saw until it fits into the space created by 
opening the osteotomy (Fig. 82-33B). 

■ Place a small amount of cancellous bone graft into the 
most inferior aspects of the osteotomy. 

■ Use a bone tamp to impact the tricortical iliac crest graft 
from dorsal to plantar into the médial cuneiform oste¬ 
otomy while the osteotomy is levered open with a narrow 
osteotome and a plantarflexion force is placed on the first 
metatarsal. 









Opening-wedge médial cuneiform (Cotton) osteotomy. Preoperative radiographie (A) and clinical (B) appearance. 
C f Osteotomy made with microsagittal saw. D f Lamina spreaders used to open osteotomy. E f Graft in place in osteotomy. F f Fixation 
with "claw" plate and two cannulated screws. G f Postoperative appearance of foot. SEE TECHNIQUE 82-8. 
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Opening wedge médial cuneiform osteotomy. 
A f Location of osteotomy. B f Insertion of bone wedge. (Re-drawn 
from Hirose CB, Johnson JE: Plantarflexion opening wedge médial 
cuneiform osteotomy for correction of fixed forefoot varus associated 
with flatfoot deformity, Foot Ankle Int 25:568, 2004.) SEE TECHNIQUE 
82 - 8 . 


9 " Drive a guide pin for a 4.0-mm or 3.5-mm cannulated 
screw from the dorsal aspect of the distal portion of the 
cuneiform across the osteotomy and into the plantar 
aspect of the proximal fragment of the cuneiform. Insert 
a screw of the appropriate length and countersink it. 

■ Use the microsagittal saw to contour any portion of the 
iliac crest graft that protrudes outside the contours of the 
cuneiform. 

■To avoid impingement against the second cuneiform, 
take care that the graft is not placed too far laterally. 

■ Close the incisions in routine fashion and apply a com¬ 
pressive dressing with plaster. 

POSTOPERATIVE CARE. At 7 to 14 days, the compres¬ 
sive dressing is changed for a non-weight-bearing cast. 
At 6 weeks, if fusion is évident on radiographs, weight 
bearing as tolerated is allowed. 


I STAGE IV 

Chronic posterior tibial tendon deformity in which ankle 
joint incongruency in valgus is présent is a most difficult 
problem. Although bracing is the mainstay of treatment, a 


subset of these patients will not hâve substantial pain relief 
and will require surgical repair and stabilization. For rigid 
deformities, the procedure of choice usually is arthrodesis 
of the ankle or tibiotalocalcaneal arthrodesis (see Chapter 
11) or, if the hindfoot deformity can be corrected, total 
ankle arthroplasty (see Chapter 10). In a select group of 
patients with flexible, reducible deformity, less than 10 degrees 
of tibiotalar tilt, and minimal latéral ankle joint arthrosis, 
considération can be given to reconstruction of the deltoid 
ligament. Jeng et al. described a “minimally invasive” allograff 
technique for deltoid ligament reconstruction for stage 
IV flatfoot deformity done in conjunction with triple 
arthrodesis. 


MINIMALLY INVASIVE DELTOID 
LIGAMENT RECONSTRUCTION 


TECHNIQUE 82-9 


(JENG ETAL) 

ALLOGRAFT PREPARATION 

■ Before création of the bone tunnels, préparé the allograft 
hamstring tendon. 

■ From a fully thawed allograft tendon, use about 20 cm 
for the reconstruction. 

■Split the graft longitudinally, leaving approximately 6 cm 
intact. Place Krackow stitches of a no. 00 Orthocord 
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Reconstruction of deltoid ligament. Fluoro¬ 
scopie view of guidewire for drilling of tibial tunnel for insertion 
of tibial limb of reconstruction. (From Jeng CL, Bluman EM, Myerson 
MS: Minimally invasive deltoid ligament reconstruction for stage IV 
flatfoot deformity, Foot Ankle Int 32:21, 2011.) SEE TECHNIQUE 82-9. 


(Ethicon, Somerville, NJ) nonabsorbable suture in ail three 
limbs of the tendon graft and apply a preload to stretch 
the tendon and minimize creep after insertion. 

DELTOID LIGAMENT RECONSTRUCTION 

■Create a tibial tunnel by inserting a guidewire parallel to 
the joint surface at the level of the distal tibial physeal 
scar and centered in the sagittal plane within the tibia 

(Fig. 82-35). 

■ Confirm guidewire position with fluoroscopy, then drill a 
6.5-mm tunnel 25 mm deep over the wire. 

■ Insert the nonsplit end of the tendon graft into this blind 
tunnel and fix it in place with a biotenodesis screw. Bio¬ 
absorbable polylactic acid interférence screws of 6.25- to 
8.0-mm diameter are used for tendon fixation depending 
on bone quality. 

■ With blunt dissection, create a subeutaneous tunnel from 
the insertion site inferiorly to the tip of the médial malleo- 
lus and pass the distal tendon limbs through this tunnel 
with a hemostat clamp. 

■ Make a longitudinal incision extending from the distal 
end of the médial malleolus to approximately 1 cm 
inferior to the sustentaculum tali. 

■ Excise the posterior tibial tendon and the remaining soft 
tissues (e.g., tendon sheaths and attenuated superficial 
deltoid fibers) as needed to gain access to the médial talar 
dôme and sustentaculum. Take care not to damage the 


flexor digitorum longus or flexor hallucis longus tendons. 
The posteromedial neurovascular bundle of the ankle 
should remain posterior to ail tunnels at the level of the 
ankle and posteroinferior to them at the level of the 
sustentaculum. 

■Create a talar tunnel beginning at the médial center of 
tibiotalar rotation; approximate this position through the 
footprint of the previously transected deep deltoid fibers. 

■ Locate the junction of the latéral talar neck and body by 
palpation and make the latéral exit of the tunnel here 
(Fig. 82-36A). 

■ Taking care not to damage branches of the superficial 
peroneal nerve, use a small hemostat to bluntly dissect 
down to the most proximal portion of the latéral talar 
neck. 

■ Advance a guidewire along this axis and confirm its posi¬ 
tion with anteroposterior and latéral fluoroscopy. 

■ With a cannulated drill, drill a 5-mm tunnel over the 
guidewire in an anterograde direction. 

■ With a suture passer, pass the talar limb of the sutured 
tendon through the tunnel from médial to latéral. 

■ Hand-tension this limb of the tendon graft while holding 
the ankle and hindfoot in maximal inversion and place a 
5.5-mm interférence screw in the médial aspect of the 
tunnel to secure the graft. 

■ With digital palpation, locate the médial border of the 
sustentaculum tali. Advance a guidewire for a biotenode¬ 
sis screw along an axis from the sustentaculum tali 
to a point approximately 1 cm superior to the peroneal 
tubercle on the latéral side of the calcaneus (Fig. 82-36B). 

■ Confirm position of the guidewire with fluoroscopy and 
create a 5-mm tunnel over the guidewire. 

■ Pass the free end of the remaining limb of the tendon 
graft through this calcaneal tunnel. 

■ Manually tension the graft to obtain congruent tibiotalar 
joint position on fluoroscopy and insert a 5.5-mm inter¬ 
férence screw from médial to latéral into the calcaneal 
tunnel (Fig. 82-37). 

■ Close the incisions in routine fashion and apply a plaster 
splint. 

POSTOPERATIVE CARE. At 2 weeks after surgery, splint 
immobilization is removed and a cast boot is fitted. 
Weight bearing is begun 6 weeks after surgery, and 
immobilization is discontinued at 12 weeks. 


I INSUFFICIENCY OF POSTERIOR TIBIAL TENDON 
SECONDARY TO ACCESSORY NAVICULAR 

Insufficiency of the posterior tibial tendon secondary to an 
accessory navicular présents unique problems. It would seem 
reasonable that if unilatéral pes planus develops, excising the 
accessory navicular and advancing the posterior tibial tendon 
should suffice (provided the deformity is not severe and the 
opposite foot has an accessory navicular but no pes planus) 
(Fig. 82-38A and B); however, this most often is not the case. 
Whether excision of the accessory navicular and advance- 
ment of the posterior tibial tendon alters the médial longitu¬ 
dinal arch is doubtful. The efhcacy of simple excision of the 
accessory navicular in a symptomatic foot, with or without 
pes planus, has been affirmed; however, through a thorough 
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FIGURE 82-3 


^ Reconstruction of deltoid ligament. Disarticulated superior views of talus (A) and calcaneus (B) show path of graft 
limbs. Arrows indicate entry points. Talar tunnel starts at footprint of deep deltoid ligament and exits at proximal latéral talar neck. 
Calcaneal tunnel starts at sustentaculum and exits 1 cm superior to peroneal tubercle. (From Jeng CL, Bluman EM, Myerson MS: Minimally 
invasive deltoid ligament reconstruction for stage IV flatfoot deformity, Foot Ankle Int 32:21, 2011.) SEE TECHNIQUE 82-9. 



FIGURE 82-3 


^ Coronal (A) and médial (B) views of completed reconstruction of deltoid ligament. (From 
MS: Minimally invasive deltoid ligament reconstruction for stage IV flatfoot deformity, Foot Ankle Int 32:21, 2011.) 


Jeng CL, Bluman EM, Myerson 

SEE TECHNIQUE 82-9. 


history and examination, the symptoms must be correlated 
to the accessory ossicle because 10% to 14% of normal feet 
hâve an accessory navicular. Kidner believed that the support 
to the médial longitudinal arch offered by the posterior tibial 
tendon was compromised by its abnormal insertion into the 
accessory navicular, and he devised a procedure intended to 
correct this loss of suspension by the posterior tibial tendon. 
However, a cause-and-effect relationship between the acces¬ 
sory navicular and pes planus is doubtful because many 
people with an accessory navicular hâve a normal médial 
longitudinal arch. Any improvement in the médial longitudi¬ 
nal arch affer a Kidner procedure may occur because of 
continued growth in the immature foot. 

An asymptomatic accessory navicular bone may become 
symptomatic affer mild trauma, causing instability of the 


synchondrosis. The accessory navicular bone has been classi- 
fied by various authors into three primary types. Type I 
occurs primarily as a round sesamoid within the substance of 
the distal posterior tibial tendon. It rarely is associated with 
symptoms. Type II is associated with a synchondrosis within 
the body of the navicular at risk for disruption from traction 
injury or shear forces in the région. Type III, also known as 
a navicular beak or a cornuate navicular (Fig. 82-39), occurs 
with fusion of the accessory navicular bone to the body of the 
navicular. The presence of an accessory navicular bone likely 
is an autosomal dominant trait with incomplète penetrance. 
Récognition of the loss of structural integrity of the longitu¬ 
dinal arch is important because this component of the 
deformity would not be corrected by excising the accessory 
navicular and reinserting or even advancing the posterior 
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A f Bilateral cornuate navicular (black arrows) and, on left, accessory navicular (white arrow) in 19-year-old woman. 
Note on left pronation of forefoot (evidenced by opening up of metatarsal-tarsal joint spaces), apparent widening of intermetatarsal 
spaces, and uncovering of fibular sesamoid compared with right foot. On standing latéral views of left foot, which had unilatéral pes 
planus, talus is plantarflexed (B) compared with asymptomatic right foot (C). D f After excision of navicular flush with médial cuneiform, 
advancement of posterior tibial tendon distally, and lengthening of latéral column of foot with calcaneal opening wedge osteotomy 
(Evans procedure). Talonavicular joint reduced congruously but not with just advancement of posterior tibial tendon. 



Classification of accessory navicular. Type 1, small oval-to-round ossicle within the posterior tibial tendon; no bony 
or cartilaginous attachment to the navicular. Type 2, larger latéral projection from the médial aspect of the navicular; fibrocartilaginous 
plate less than 2 mm wide and with an irregular outline séparâtes tuberosity from body of the navicular. Type 3, "horrT-shaped promi- 
nence connected to the navicular by a bony bridge. (Redrawn from Pretell-Mazzini J, Murphy RF, Sawyer JR, et al: Surgical treatment of 
symptomatic accessory navicular in children, Am J Orthop (Belle Mead NJ) 43:110, 2014.) 


tibial tendon. In a skeletally mature foot, unilatéral pes planus 
with a plantarflexed talus (see Fig. 82-38C and D) secondary 
to posterior tibial tendon insufficiency associated with a 
prehallux foot (accessory navicular implying abnormal inser¬ 
tion and function of the posterior tibial tendon) may require 
a combination of advancement of the tendon, excision of the 
extended corner or accessory navicular on the médial side, 


and lengthening of the latéral column of the foot with a 
bicortical bone graff (Evans procedure) (Fig. 82-40). 

Cha et al., in a prospective study, compared two groups 
of patients (50 feet) with type 2 accessory navicular. Group 1 
had simple excision of the accessory navicular, and group 2 
had accessory navicular excision with advancement of the 
tendon. At a minimum of 3 years’ follow-up, both groups 
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Evans anterior calcaneal osteotomy helps 
restore and stabilize longitudinal arch by elongating latéral 
column of foot. 


showed improvement and no significant différences were 
présent between the two groups. 

Nakayama et al. described a percutaneous drilling tech¬ 
nique to induce union of the synchondrosis that produced 
excellent or good results in 30 of 31 feet; however, preopera- 
tive conservative management did not consist of casting or 
boot immobilization, and postoperative management 
included 3 weeks of cast immobilization. 

Malicky et al. described accessory navicular fusion to the 
native navicular body as an alternative to excision. This 
technique leaves the posterior tibial tendon attachment intact, 
removes the synchondrosis, and relies on bony union of the 
accessory navicular. Chung and Chu reported excellent or 
good results in 27 of 34 feet with fusion of the accessory 
navicular, but 6 feet developed a nonunion, resulting in a 
poor resuit. 

I KIDNER PROCEDURE 

The Kidner procedure consists of excising the accessory 
navicular and rerouting the posterior tibial tendon into a 
more plantar position. The parents should be informed before 
surgery, however, that permanent correction of the arch sag 
cannot be certain. Relief of symptoms around the prominent 
tuberosity and réduction or élimination of fatigue from arch 
strain are predictable. Indications for the Kidner procedure 
include symptomatic accessory navicular bone with point 
tenderness in the région. In most patients with an acute 
injury to the synchondrosis, 6 to 8 weeks of cast or boot 
immobilization is recommended as a trial before surgical 
intervention. 


LATERAL COLUMN LENGTHENING 
AND EXCISION OF ACCESSORY 
NAVICULAR 


TECHNIQUE 82-10 


INCISION AND REMOVAL OF 
ACCESSORY NAVICULAR 

■ Beginning 1.0 to 1.5 cm inferior and distal to the tip of 
the médial malleolus, arch the skin incision slightly dor- 
salward, peaking at the médial prominence of the acces¬ 
sory navicular, and sloping distally to the base of the first 
metatarsal (Fig. 82-41 A). 

■ After ligating the plantar communicating branches 
of the saphenous System, identify the posterior tibial 
tendon as it approaches the accessory navicular 

(Fig. 82-41 B). 

■ Identify the dorsal and plantar margins of the tendon 
2 cm proximal to the accessory navicular and expose the 
tendon distally, ending at the bone. By this means, the 
entire tendon can be exposed and the part extending 
plantarward toward its multiple insertions is not disturbed 
(see Fig. 82-3). 

TRANSPOSITION AND ADVANCEMENT OF THE SLIP 
OF THE POSTERIOR TIBIAL TENDON 

■ Using sharp dissection, shell the accessory navicular from 
the posterior tibial tendon, attempting to leave a small 
sliver of bone within the tendon if transposition of the 
tendon is planned (Fig. 82-41C). 

■ Resect the médial prominence of the main navicular flush 
with the médial border of the first cuneiform using a 
rongeur and rasp (Fig. 82-41D). Remove the portion of 
cuneiform using sharp dissection and shift it plantarward 
and laterally as far as possible. 

Suture the tendon to the apex of the médial longitu¬ 
dinal arch using periosteum and ligamentous tissue to 
secure the transposed tendon slip or by passing the 
sutures through holes drilled in the center of the navicular 
and tying them dorsally. Try to advance this slip of tendon 
while the talonavicular joint is reduced and the médial 
longitudinal arch is reestablished by holding the midfoot 
and forefoot in a cavovarus position. 

EVANS LATERAL COLUMN LENGTHENING 

This graft usually is 8 to 10 mm wide and is placed 
1 cm proximal to the calcaneocuboid articulation. It is 
internally fixed with a single 3/32-inch pin from the 
fourth intermetatarsal space, distal to proximal, Crossing 
the calcaneocuboid articulation and eut beneath the 
skin. The pin is removed in 6 to 8 weeks using local 
anesthésia, and a short leg weight-bearing cast is worn 
for another 6 to 8 weeks. This should restore the arch 
(Fig. 82-38D). 

SKIN CLOSURE AND CASTING 

■Close the skin and subeutaneous tissue with absorbable 
sutures or adhesive skin strips so that the postoperative 
cast can remain in place for 4 weeks. 
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Kidner procedure. A f Incision. Inset, Location of accessory navicular. B f Exposure of posterior tibial tendon and 
accessory navicular. C f Removal of accessory navicular. D f Accessory navicular removed and tuberosity of navicular eut flush with adjacent 
cuneiform and talus. SEE TECHNIQUE 82-10. 


■ Apply a long leg, bent-knee cast in two parts. The cast is 
well padded and gently molded into the longitudinal arch 
with the talonavicular joint reduced and the foot inverted. 
Extend the short leg cast above the knee with this joint 
flexed 45 degrees. 

■ If the patient is reliable and the parents are informed, 
a short leg cast with the foot in equinovarus is a 
reasonable alternative, but it must be a nonwalking 
cast. 

POSTOPERATIVE CARE. The cast applied in the oper- 
ating suite is left on for 4 weeks, unless neurovascular 
signs or evidence of infection demand its removal. At 4 
weeks, a short leg cast, well molded into the arch with 
the foot plantigrade, is applied and partial weight 
bearing is allowed. At 8 weeks, full weight bearing is 
allowed. At 10 weeks, a firm arch support is fitted in a 
leather oxford shoe. It has been our expérience that 
many patients require 6 to 12 months to be completely 
asymptomatic at the site of the tendon repair and 
advancement. 


ACCESSORY NAVICULAR FUSION 


TECHNIQUE 82-11 


(MALICKY ET AL.) 

■ Approach the posterior tibial tendon in a manner similar 
to that described for the Kidner procedure (see Technique 
82-10). 

■ Expose the tendon just proximal to its insertion onto the 
navicular, maintaining the tendon attachment to the 
accessory navicular bone. 

■ Through the dorsal aspect of the interface between 
the primary and accessory navicular bones, excise 
the intervening soft tissue to expose the bony 
surfaces. 

■ Leave the plantar distal extension of the posterior tibial 
tendon intact. 

■ Use a small saw or osteotome to remove enough of the 
prominent part of the primary navicular to create a fiat 
surface at the distal plantar segment. 
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9 " Advance the accessory bone into the distal plantar aspect 
of the primary navicular and stabilize it with either a 
2.7-mm or 3.5-mm lag screw. A washer can be used to 
better distribute the compressive forces. 

POSTOPERATIVE CARE. A short leg non-weight-bear- 
ing cast is worn for 6 weeks. Then progressive weight 
bearing is started in a removable cast boot and advanced 
to full weight bearing at 10 to 12 weeks. 


DISORDERS OF THE ACHILLES TENDON 

The Achilles tendon is the largest and most powerful tendon 
in the ankle, formed from the fibers of two muscle units: the 
gastrocnemius muscle, which attaches above the knee to the 
posterior aspect of the médial and latéral fémoral condyles, 
and the soleus muscle, which originates from the upper part 
of the posterior tibia, fibula, and interosseous membrane. The 
gastrocnemius muscle is most effective in plantarflexion of 
the ankle with the knee extended, whereas the soleus muscle 
is most effective in plantarflexion of the ankle with the knee 
flexed. Affer coursing through the calf in the superficial 
posterior compartment, the fibers of the Achilles tendon 
rotate 90 degrees toward the insertion into the calcaneal 
tuberosity, with the gastrocnemius fibers lying latéral and the 
soleus fibers lying médial to the insertion point. 

Vascularity is supplied to the tendon through the 
paratenon on the deep surface of the tendon, through mus- 
cular arterial branches within the gastrocsoleus complex 
proximally, and through small interosseous vessels at the 
insertion of the tendon into the calcaneus distally. There is a 
zone of relative avascularity 2 to 6 cm proximal to its inser¬ 
tion into the calcaneus. The vascular arrangement for the 
Achilles tendon is satisfactory for the low demand of the 
tendon sites in normal conditions, but increased demand 
from excessive use or overuse may lead to inadéquate vascular 
supply and subséquent degeneration and fibrosis of the 
involved segment of tendon. 

In the classification of Achilles tendon disorders, it is 
helpful to divide the conditions into locality (i.e., insertional 
and noninsertional) and acuity. It also is helpful to distinguish 
“tendinitis” from “tendinosis.” Tendinitis typically refers to an 
acute, réversible inflammatory process with healing potential, 
whereas tendinosis refers to a chronic, irréversible process 
characterized by fibrous degeneration without reparative, 
inflammatory cells. These terms are used to describe two 
distinct pathologie processes, but clinically these terms rep¬ 
osent differing ends of a continuai spectrum. Tendinopathy 
is a broad term used to describe both tendinitis and 
tendinosis. 

■ DIFFERENTIAL DIAGNOSIS 

Differential diagnoses of Achilles tendon disorders include 
posterior tibial tendinitis, flexor hallucis longus tendinitis, 
peroneal tendinopathy, posterior ankle impingement syn¬ 
drome, posterior subtalar or ankle arthritis, sciatica, 
exertional compartment syndrome of the calf, and tarsal 
tunnel syndrome. Systemic disorders also may manifest as 
Achilles tendon problems, including séropositive inflamma¬ 
tory arthritis, such as rheumatoid arthritis or lupus, but more 


commonly as séronégative arthritis such as Reiter syndrome 
and ankylosing spondylitis. 

■ INSERTIONAL ACHILLES TENDINOPATHY 

Insertional tendinopathy may be characterized by one or a 
combination of conditions. A large exostosis may be présent 
off the posterosuperior aspect of the calcaneal tuberosity, 
termed Haglund deformity or “pump bump” (Fig. 82-42). This 
bony prominence may be associated with inflammation of the 
rétro calcaneal bursa, which normally protects the Achilles 
tendon from the superolateral portion of the calcaneal tuber¬ 
osity. A Haglund prominence or insertional calcifications also 
may cause more superficial inflammation, in which a preten- 
dinous Achilles bursa superficial to the Achilles becomes 
inflamed from récurrent pressure with shoe wear. With pro- 
longed inflammation and worsening symptoms, degenerative 
changes occur and osteophytes form within the tendon. 

I DIAGNOSIS 

The patient rarely gives a history of acute injury in this condi¬ 
tion; rather it is a slow, insidious process of graduai enlarge- 
ment and pain at the insertion of the Achilles tendon. 
Progressive difhculty with wearing closed-backed shoes and 
pain affer a period of rest, such as when first arising in the 
morning, are noted. With direct palpation, pain is located in 
the retrocalcaneal bursa just anterior to the Achilles tendon, 
centralized over the Achilles insertion, or more superficially 
over the pretendinous bursa. This condition usually is associ¬ 
ated with a clinical prominence of the bone and, in severe 
cases, enlarged thickening and bogginess of the Achilles 
tendon. Examination offen reveals a significant contracture 
of the gastrocsoleus complex, especially with the knee in 
extension. Radiographie évaluation should include a standing 
latéral view of the heel to evaluate for the presence of calcifie 
spurs and the presence of a large posterosuperior process of 
the calcaneal tuberosity; however, the size of the Haglund 
deformity in symptomatic patients has not been statistically 
different from control groups. 

1 TREATMENT 

Prolonged conservative treatment is necessary for ail Achilles 
tendon disorders. Simple measures include a heel lift placed 
in the shoe, oral antiinflammatory médications, compréhen¬ 
sive stretching exercises for the calf, ice applied to the région 
daily, and a protective silicone pad to allow the patient to wear 
closed-backed shoes. Specifically, eccentric exercises hâve 
been shown to improve insertional and noninsertional Achil¬ 
les tendinopathy. In a blinded, randomized, controlled trial, 
topical nitrate application with therapy was better than 
placebo with therapy for noninsertional Achilles tendinopa¬ 
thy. Furthermore, in a follow-up study, these effects were still 
lasting at 3 years. Six weeks of short leg casting may be neces¬ 
sary to résolve acute inflammation. Only with failure of 
conservative treatment is surgical treatment indicated. 

As in the treatment of plantar fasciitis, there is likely a 
place for extracorporeal shock wave therapy (ECSWT) in the 
treatment of this condition. A recent systematic review 
showed satisfactory (but limited) evidence supporting the use 
of low-energy ECSWT for chronic insertional and noninser¬ 
tional Achilles tendinopathy. 

Other reported modalities include injection treatments 
such as platelet-rich plasma (PRP), autologous blood, 
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Insertional Achilles tendinitis. A and B f Clinical appearance. C and D f Radiographs show intratendinous 


calcification. 


corticosteroids, prolotherapy, sclerosing agents, and protease 
inhibitors. Although the biologie principles involved seem 
sound, the clinical studies are, as yet, inconclusive. In a ran- 
domized controlled trial, de Vos et al. found that PRP injec¬ 
tion did not resuit in more improvement in pain and activity 
than a saline injection. Both groups also entered an eccentric 
strengthening program, and both showed significant symptom 
improvement, but no différence existed between those with 
PRP and saline injections. These results may indicate the 
effectiveness of eccentric strengthening in noninsertional 
tendinitis more than the apparent lack of benefit from PRP 
injection. Furthermore, because of the lack of evidence, a 


recent systematic review could not make recommendations 
supporting any injectable treatments (PRP, autologous blood, 
sclerosing agents, corticosteroids, prolotherapy, hemodialy- 
sate, and protease inhibitors) for noninsertional Achilles 
tendinosis. 

Several different procedures hâve been described for the 
treatment of insertional Achilles tendinopathy. Several case 
sériés support gastroenemius lengthening in insertional and 
noninsertional tendinopathy. Elias et al. described good 
results in 40 patients after debridement and flexor hallucis 
longus (FHL) augmentation for chronic insertional tendino¬ 
sis. If debridement of the tendon for insertional Achilles 
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tendon disease and tendinitis is necessary, the question arises 
about how much tendon can be removed before risk of 
rupture. Evaluation of anatomie parameters of the insertion 
of the Achilles tendon found that the average height of the 
insertion measured 19.8 mm, the average width at the proxi¬ 
mal aspect of the insertion measured 23.8 mm, and distally 
it measured 32.1 mm. With release of the tendon from supe- 
rior to inferior, as much as 50% of the tendon could be 
resected safely. 


DEBRIDEMENT OF THE TENDON FOR 
INSERTIONAL ACHILLES TENDON 
DISEASE 


TECHNIQUE 82-12 


■ Place the patient prone after adéquate administration of 
a general anesthetic. If a tendon transfer is not necessary, 
local anesthetic can be used satisfactorily in the région, 
with care taken to block the sural nerve, the tibial nerve, 
and the médial calcaneal nerve branches. 

■ Make a longitudinal incision 1 cm latéral to the Achilles 
tendon and extend it from 3 to 4 cm proximal to the 
superior calcaneal tuberosity to 2 to 3 cm distal to the 
superior tuberosity of the calcaneus. Alternative^, a 
central splitting approach described by Johnson et al. was 
reported to improve cosmetic results (Fig. 82-43). 

■ Incise the paratenon in the area and plantarflex the ankle. 

■ Retract the tendon posteriorly, exposing the retrocalca- 
neal bursa and bony prominence. Remove the bursa with 




Central tendon splitting approach for treat- 
ment of Achilles tendinopathy. SEE TECHNIQUE 82-12. 


a rongeur and remove the offending bony prominence 
using a 1/2-inch osteotome. The most common error is 
not resecting enough bone. Therefore, a generous resec¬ 
tion of bone should be accomplished. 

■ If necessary, elevate the tendon for 1 cm, removing any 
diseased segment, including osteophytes within the 
central aspect of the tendon. 

■ After a thorough debridement of the tendon for osteo¬ 
phytes and excision of the retrocalcaneal bursa and 
Haglund deformity, Achilles tendon lengthening may be 
indicated if substantial preoperative gastrocsoleus con¬ 
tracture is still présent. Perform this lengthening in the 
coronal plane and repair it with interrupted nonabsorb- 
able polyethylene suture. The lengthening is performed 
primarily in more elderly sedentary patients with severe 
insertional calcaneal tendinitis. 

■ Alternative^, complété detachment of the tendon, V-Y 
lengthening, and repair with suture anchors can be done. 

POSTOPERATIVE CARE. A non-weight-bearing cast is 
applied at surgery and remains in place for 3 weeks, and 
then a weight-bearing cast is worn for another 3 weeks. 
At the end of 6 weeks, a prefabricated walking boot is 
applied. The patient may begin active and passive exer¬ 
cises and calf strengthening. At 3 months, a heel lift is 
used and the patient is allowed to return gradually to 
previous activities. 


■ CHRONIC NONINSERTIONAL 
ACHILLES TENDINOSIS 

Noninsertional tendinosis, with or without peritendinitis, 
typically occurs in the watershed area of the vascular supply 
to the Achilles tendon, 2 to 6 cm proximal to the insertion of 
the Achilles tendon into the calcaneus. Noninsertional disor- 
ders may be one of three types: peritendinitis, which involves 
inflammation primarily of the paratenon and peritendinous 
structures; peritendinitis with tendinosis, which involves 
inflammation of the paratenon and degenerative changes 
within the Achilles tendon; and tendinosis, which is typically 
asymptomatic and involves swelling and degenerative changes 
within the Achilles tendon. As in the case of insertional 
Achilles tendon disorders, treatment may be prolonged and 
difficult. 

Clinical examination is useful in differentiating between 
the above disorders. Chronic tendinosis of the Achilles 
tendon is a relatively nontender condition involving a bulbous 
nodularity that moves with passive flexion and extension of 
the ankle (Fig. 82-44). Peritendinitis may or may not involve 
underlying tendinosis, but the area of tenderness does not 
move with ankle flexion and extension. Chronic degenerative 
tendinosis may produce calcification that is visible on latéral 
standing radiographs. MRI is helpful in evaluating the extent 
of the degenerative changes and is helpful in preoperative 
counseling. If substantially more than 50% of the tendon 
shows degenerative changes on the MRI, discussion with the 
patient regarding tendon transfer may be necessary. 

Surgical management is indicated for patients in whom 
conservative treatment of at least 6 months has failed. Recon¬ 
struction procedures hâve excellent results and remain the 
gold standard but are accompanied by significant recovery 
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Bulbous nodularity 
noninsertional Achilles tendinitis. 


in patient with chronic 


times. With less morbidity and good results, a gastrocnemius 
recession is becoming more popular as an alternative surgical 
treatment. 

Patients with extensive disease on clinical examination or 
MRI or for whom surgical treatment has failed may be can¬ 
didates for flexor hallucis longus transfer (Fig. 82-45). Martin 
et al. reported decreased pain in 42 of 44 patients (average 
âge, 58 years) treated with complété excision of the diseased 
Achilles tendon and transfer of the FHL tendon. Richardson 
et al. demonstrated decreased hallux pressure and FHL weak- 
ness affer a single incision FHL transfer, but minimal patient 
morbidity was noted. Furthermore, no différences were noted 
in the lst and 2nd metatarsal head pressures when compared 
with the unaffected foot. 

Schon et al. prospectively reported the results of surgical 
treatment in 46 patients with insertional or midsubstance 
tendinosis. Affer failed conservative treatment (1 month of 
immobilization and more than 6 weeks of physical therapy), 
patients were treated with Achilles debridement and FHL 
transfer. At 24 months affer surgery, significant improvement 
was recorded in visual analogue scale (VAS) scores, Short 
Form Health Survey (SF-36) physical scores, Ankle Osteoar- 
thritis Scale, and performance of a single-leg heel rise. 


FLEXOR HALLUCIS LONGUS 
TRANSFER FOR CHRONIC 
NONINSERTIONAL ACHILLES 
TENDINOSIS 


TECHNIQUE 82-13 


■ Place the patient prone on the operating table after 
administering a satisfactory general anesthetic. 

■ Make an incision just médial to the Achilles tendon for a 
total length of approximately 10 cm centered over the 
diseased section of tendon (Fig. 82-45A). 

■ Carefully incise the paratenon and remove any inflamma- 
tory peritendinitis with a rongeur. 


■ Retract the médial border of the tendon posteriorly with 
a double skin hook retractor for access to the deep 
involved portion of the tendon (Fig. 82-46A). 

■ Débridé the area of degeneration sharply until normal 
tendon is présent. If less than 50% of the tendon is 
involved, close the wound with interrupted 2-0 braided, 
nonabsorbable suture. Do not excessively strip the vascu- 
lar supply of the mesotenon on the deep surface of the 
Achilles tendon. If substantially more than 50% of the 
tendon is involved, flexor hallucis longus transfer may be 
indicated. 

■ Make a longitudinal incision just deep to the Achilles 
tendon. Numerous small veins are présent in the area and 
must be cauterized. 

■ Develop the interval between the flexor hallucis longus 
and peroneal tendons. Take care to avoid the neurovas- 
cular structures by staying at or latéral to the flexor hal¬ 
lucis longus tendon. 

■ After identifying the flexor hallucis longus tendon, make 
a longitudinal incision over the médial aspect of the 
dorsal arch of the abductor hallucis muscle. Deepen the 
incision with plantar retraction of the abductor hallucis 
muscle. 

■ Identify the master knot of Flenry proximally. Avoid the 
médial plantar nerve and artery, which generally lie 
just deep and latéral to the flexor hallucis longus 
tendon. 

■ Dissect distally to allow sufficient harvest of the tendon, 
depending on just how much will be needed to augment 
the repair. If the entire insertion of the Achilles tendon is 
removed, a longer tendon graft will be needed. 

■ With the toes in flexion, suture the flexor digitorum 
longus tendon and flexor hallucis longus tendon together 
with interrupted 2-0 Vicryl suture (Fig. 82-45C). 

■ Harvest the flexor hallucis longus tendon (Fig. 82-46B). 
Release ail connections between the flexor hallucis longus 
and the flexor digitorum longus and deliver the flexor 
hallucis longus into the posterior calf incision. 

■ For noninsertional Achilles tendinosis debridement, sew 
the flexor hallucis longus muscle belly and tendon into 
the defect created by the debridement (Fig. 82-46C). 

■ Use successively larger drill bits to drill a tunnel from 
médial to latéral in the tuberosity of the calcaneus. Gener¬ 
ally a 3/8-inch tunnel is satisfactory to allow passage of 
the tendon with ease. 

■ For insertional Achilles tendinosis, after complété debride¬ 
ment of the Achilles tendon insertion, weave (Pulvertaft) 
the flexor hallucis longus tendon through the Achilles 
tendon and then pass it through the bone tunnel and 
suture it onto itself with interrupted no. 2 Ethibond or 
nonabsorbable sutures (Fig. 82-45D). 

■ If complété debridement of the Achilles tendon has been 
done, tension the graft with the ankle in moderate 
equinus provided that the ankle can be brought to neutral 
after final suturing of the graft. This helps to provide 
sufficient push-off power postoperatively. 

■ Alternative^, an interference-type absorbable screw can 
be used in the bone tunnel to secure the flexor hallucis 
longus tendon to the calcaneus. 

■Close the paratenon with interrupted 2-0 absorbable 
sutures and close the skin in a routine fashion. 
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A f Incisions for exposure and harvest of flexor hallucis longus tendon. B, Plantar view of flexor digitorum longus 
(FDL) and adjacent flexor hallucis longus (FHL) tendon. C f Anastomosis of distal stump of FHL tendon to FDL tendon. D f FHL is pulled 
through transverse drill hole in calcaneus. SEE TECHNIQUE 82-13. 


See a/so Video 82-2. 

POSTOPERATIVE CARE. Without tendon transfer, 
postoperative care is as described for Technique 82-12. 
With flexor hallucis longus tendon transfer, a non-weight- 
bearing cast is worn for 4 weeks in slight equinus. After 
4 weeks a prefabricated walking brace is applied with 
multiple heel lifts, approximately 2 1/2 to 3 inches in total 
height. One wedge of heel lift is removed each week as 
the patient begins bearing weight on the foot. The ankle 
is in neutral in the prefabricated walking boot until about 
8 weeks. At this point, general calf stretching and range- 


of-motion exercises are started. Graduai return to activi¬ 
tés is delayed until 3 1/2 months. 


HAGLUND DEFORMITY (PUMP BUMP) AND 
RETROCALCANEAL BURSITIS 

A Haglund deformity, or pump bump, is caused by chronic 
inflammation of the adventitious superficial pretendinous 
Achilles bursa that séparâtes the Achilles tendon from the 
overlying skin (see Fig. 82-42). According to Jones, this bursa 
is présent in about 50% of patients. This pretendinous bursitis 
usually is caused by chronic irritation from a shoe heel 
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Flexor hallucis longus transfer for chronic noninsertional Achilles tendinosis. A f Exposure of involved portion of 
tendon. B f Harvest of flexor hallucis longus tendon. C f Flexor hallucis longus muscle belly sutured into defect. SEE TECHNIQUE 82-13. 


counter, and modification of shoe wear usually relieves 
symptoms. This deformity usually occurs in young women in 
their twenties or thirties. Although surgery infrequently is 
required, the following technique is recommended if conser¬ 
vative measures fail. Brunner et al. reported that 6 of 36 
patients in whom calcaneal osteotomy was done were dis- 
satisfied with their outcomes, primarily because of the pro- 
longed recovery time. Although these authors concluded that 
calcaneal osteotomy can obtain good results when appropri- 
ate amounts of bone are excised, they warned that patients 
must be made aware of the lengthy recovery time, which is 
between 6 months and 2 years. 


CALCANEAL OSTEOTOMY FOR 
HAGLUND DEFORMITY 


TECHNIQUE 82-14 


■ Place the patient prone and after administration of a 
general or local anesthetic make a longitudinal latéral 
incision 1 cm latéral to the Achilles tendon, extending 
distally from 3 to 4 cm proximal to the superior tuberosity 
of the calcaneus to 2 to 3 cm distal to the superior 
tuberosity of the calcaneus. 


■ Plantarflex the ankle joint and, by sharp and blunt dissec¬ 
tion, identify the Achilles tendon. 

■ Place a right-angle retractor between the Achilles tendon 
and posterior and superior borders of the calcaneal 
tuberosity. With the foot plantarflexed this usually affords 
enough exposure to remove the superior border of the 
calcaneal tuberosity without raising any of the Achilles 
tendon off the calcaneus. However, the Achilles tendon 
has such an extensive insertion into the posterior and 
plantar aspect of the calcaneal tuberosity that raising a 
1- to 2-cm long portion of the tendon may be necessary 
to resect the bone adequately. 

■ Remove the superior aspect of the tuberosity with a 
microsagittal saw or an osteotome. Placing several drill 
holes along the proposed osteotomy site makes this 
resection easier. 

■ Lavage the wound and close in layers. Apply a well- 
padded, short leg, non-weight-bearing cast with the 
ankle in approximately 20 degrees of plantarflexion. 

POSTOPERATIVE CARE. The cast and sutures are 
removed at 3 weeks. The sutures can be removed earlier 
if indicated, but the non-weight-bearing cast remains on 
for 3 weeks. Then a removable weight-bearing cast boot 
is applied, and active plantarflexion and dorsiflexion 
exercises are begun. It is important in the preoperative 
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S counseling to explain to a young woman with a pump 
bump that it might be 3 to 6 months before she can wear 
a stylish shoe and that there is no guarantee that she will 
ever be able to do so comfortably. 


DISORDERS OF THE ANTERIOR 
TIBIAL TENDON 

Tenosynovitis and rupture are the most common disorders of 
the anterior tibial tendon. However, compared with the 
peroneal tendons and especially the posterior tibial tendon, 
clinical problems with this tendon are rare. In general, the 
anterior tibial tendon loses continuity in two situations. In 
the first situation, a patient older than 45 years of âge has a 
predisposing disease that contributes to attritional rupture; 
this spontaneous rupture has been associated with inflamma- 
tory arthritis, steroid injections, and diabètes. In the second 
situation, a young adult forcefully dorsiflexes the acutely 
plantarflexed foot against résistance, such as in soccer or 
American football. Distance runners most often expérience 
tenosynovitis rather than rupture. 

The tendon typically ruptures at one of two locations: its 
insertion into the adjacent surface of the médial cuneiform 
(Fig. 82-47) or beneath the superomedial limb of the inferior 
extensor retinaculum. This second location is relatively 
avascular and is associated with attritional ruptures. Synovitis 
around the ankle joint may further constrict the tendon in 
the retinacular envelope, further contributing to ischémie 
changes and attritional tendon ruptures. 

■ DIAGNOSIS 

In complété ruptures, the presenting complaint is weakness 
of dorsiflexion of the foot and, to a lesser degree, pain over 
the anterior aspect of the ankle. On physical examination the 
toe extensors are used to dorsiflex the foot. There may or may 
not be a palpable defect in the tendon, depending on the 
chronicity of the rupture. The tendon may hâve healed in a 
lengthened position by scar in continuity. 

Beischer et al. described the clinical features of distal 
anterior tibial tendinosis in 29 patients: nocturnal burning 



FIGURE 


tendon. 


^ Bursa beneath insertion of anterior tibial 


pain localized to the médial midfoot, point tenderness over 
the insertion of the anterior tibial tendon, and often subtle 
swelling over the distal tendon. They developed an examina¬ 
tion technique to aid in diagnosis of distal tendinosis of the 
anterior tibial tendon. The ankle is plantarflexed, the hindfoot 
everted, the midfoot abducted, and the foot pronated in an 
attempt to passively stretch the anterior tibial tendon. Repro¬ 
duction or aggravation of the patients pain at the insertion 
of the anterior tibial tendon constitutes a positive test. 
According to Beischer et al., the test has a sensitivity of 90% 
and a specificity of 95%. The positive prédictive value was 
found to be 95% and the négative prédictive value 90% for 
distal anterior tibial tendinosis that was confirmed with MRI. 
In tenosynovitis, pain over the anterior ankle and foot is the 
primary complaint. Crepitance is common in florid tenosy¬ 
novitis. Night pain also may be présent from passive plan- 
tarflexion, placing the inflamed tendon on stretch. 

■ TREATMENT 
1 TENOSYNOVITIS 

Tenosynovitis is treated by oral antiinflammatory médica¬ 
tions and immobilization in a removable or nonremovable 
walking cast. The benefits of the prefabricated, removable cast 
are obvious, but the removable cast should be worn continu- 
ously for 3 weeks except while bathing and another 3 weeks 
while ambulating. When the disease is résistant (rarely), a 
corticosteroid injection judiciously placed within the tendon 
sheath but not within the tendon is the basic conservative 
management. Ultrasound guidance assists with injection 
accuracy. Synovectomy of this tendon is seldom required, 
except when associated with one of the inflammatory arthri- 
tides. If tenosynovectomy is required, the sheath of the 
anterior tibial tendon is situated so that one or both limbs 
of the inferior extensor retinaculum can be preserved 
(Fig. 82-48). 



1, Sheath of anterior tibial tendon; 2, sheath of 
extensor digitorum longus; 3, sheath of extensor hallucis longus; 
4, inferior extensor retinaculum; 5, superomedial arm of inferior 
extensor retinaculum; 6, inferomedial arm of inferior extensor 
retinaculum. 
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SYNOVECTOMY OF THE ANTERIOR 
TIBIAL TENDON 


TECHNIQUE 82-15 


■ Beginning just distal to the ankle joint, carry the incision 
médial and posterior to the anterior tibial tendon 5 to 
6 cm distally. Stay 2 to 3 mm médial to the tendon almost 
to its insertion (Fig. 82-49). 

■ Isolate the communicating branches of the saphenous 
vein as they course plantarward and preserve as many of 
them as possible. The terminal branch or branches of the 
saphenous nerve may lie just deep to the saphenous vein. 

■ Raise the anterior flap no more than is necessary to 
expose the tendon. Open the sheath; débridé it and the 
synovium. By dorsiflexing the ankle and pulling distally on 
the tendon, most of the synovium (even that proximal to 
the ankle) can be removed. 

■ Incise the superomedial band of the inferior anterior reti- 
naculum if necessary; resuturing it is unnecessary and 
technically difficult. 

■ Obtain hemostasis. Close the skin only and apply a bulky 
compression dressing and a short leg walking cast. 

POSTOPERATIVE CARE. Crutches are used the first 5 
to 7 days, and weight bearing to tolérance is permitted. 
The cast is changed at 12 to 16 days, when the sutures 
are removed. Another cast is applied and is worn for 4 
to 6 weeks, after which time a compressive ankle corset 
is worn for an additional 4 to 6 weeks. 


IINSERTIONAL TENDINOSIS 

Grundy et al. reported good results after debridement and 
repair of the distal anterior tibial tendon with extensor hal- 
lucis longus augmentation in patients with more than 50% 



Incision 


Note that incision does not cross ankle joint 
and courses médial to anterior tibial tendon. SEE TECHNIQUE 
82-15. 


tendon involvement in whom nonoperative treatment had 
failed. 


DEBRIDEMENT AND REPAIR OF THE 
DISTAL ANTERIOR TIBIAL TENDON 


TECHNIQUE 82-16 


(GRUNDY ET AL.) 

■ After administration of a combination of general anes- 
thetic and either a local anesthetic, popliteal block, or 
ankle block, place the patient supine on the operating 
table with a sandbag under the ipsilateral hip. Apply and 
inflate a thigh tourniquet. 

■ Make a curvilinear incision over the anterior tibial tendon, 
taking care to protect the cutaneous nerve. 

■ Open the tendon sheath and examine the tendon for 
evidence of tendinosis and a split tear (Fig. 82-50A). 

■ Excise any degenerated tendon, exostosis of the médial 
cuneiform at the tendon insertion, and prominent osteo- 
phytes of the adjacent midfoot joints (first tarsometatarsal, 
naviculocuneiform, talonavicular). 

■ If more than 50% of normal tendon remains after 
debridement, repair the longitudinal split with No. 0 
Ethibond sutures. Use a Bio-Corkscrew FT suture anchor 
with no. 2 FiberWire (Arthrex, Naples, FL) at the tendon 
insertion into the médial cuneiform. 

■ If less than 50% of normal tendon remains after debride¬ 
ment, augment the tendon with an extensor hallucis 
longus tendon transfer. 

■ Make an incision longitudinally over the dorsolateral 
aspect of the first metatarsophalangeal joint and identify 
the extensor hallucis brevis and longus. Scrape their sur¬ 
faces with a no. 15 scalpel blade to facilitate tendon 
adhesion. 

■ Suture the extensor hallucis longus to the extensor hal¬ 
lucis brevis (Fig. 82-50B) with no. 0 polydioxanone (PDS) 
and no. 0 polyglactin 910 (Vicryl) with the hallux inter- 
phalangeal joint held in 20 degrees of dorsiflexion. 

■ Identify the extensor hallucis longus tendon in the 
proximal incision and transect it immediately proximal 
to the site of tenodesis to the extensor hallucis brevis 
tendon. 

■ Pull the extensor hallucis longus tendon into the proximal 
incision and tag its eut end with a Krakow suture. 

■ Close the distal incision. 

■ Drill a 4.5-mm hole in the médial cuneiform from dorsal 
to plantar. 

■ Pass the extensor hallucis longus tendon through the split 
in the remaining anterior tibial tendon and then through 
the drill hole from plantar to dorsal (Fig. 82-50C and D) 

■Secure the extensor hallucis longus tendon with a 
5.5-mm Bio-Interference screw under firm but not 
maximal tension with the ankle held in a plantigrade 
position. 

■ Repair the remaining anterior tibial tendon with no. 0 
Vicryl sutures, close the wound in layers with interrupted 
sutures, and apply a well-padded plaster splint with the 
ankle plantigrade. 
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JjJ Repair of chronic anterior tibial tendon rupture. A f Ruptured anterior tibial tendon. B f Extensor hallucis longus 
tendon identified distally and anastomosed to extensor hallucis brevis before transection. C f Extensor hallucis longus passed through 
drill hole in cuneiform. D f Close-up of the transfers. (From Coughlin MJ, Schon LC: Disorders of tendons. In Coughlin MJ, Mann RA, Saltzman 
CL, editors: Surgery of the foot and ankle, 8 th ed, Philadelphia, Elsevier, 2007.) SEE TECHNIQUE 82-16. 
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POSTOPERATIVE CARE. The leg is kept elevated, and 
the dressing is left undisturbed for 2 weeks, at which time 
the sutures are removed and a full light-weight weight- 
bearing below-knee cast is applied. This cast is worn for 
an additional 4 weeks. At 6 weeks, a controlled ankle 
motion walker with a custom full-length médial longitu¬ 
dinal arch support orthosis is fitted and physical therapy 
is begun. After 4 weeks, the walker is discontinued and 
the patient can wear normal shoes with the orthosis and 
gradually return to normal activities. 


I COMPLETE RUPTURE 

Operative treatment of a rupture of the anterior tibial tendon 
is determined entirely by the patient s symptoms and degree 
of functional impairment. This impairment usually can be 
tolerated well as opposed to that caused by posterior tibial 
tendon rupture. A short leg brace with a 90-degree downstop 
for 3 to 6 months may allow enough “healing” of the tendon 
that the patient will not desire operative treatment. Among 
others, Sammarco et al. reported significant improvement in 
hindfoot scores in 18 patients with both early (3 days to 6 
weeks) and delayed (7 weeks to 5 years) repairs or reconstruc¬ 
tions. An interpositional autogenous tendon graff (plantaris, 
extensor digitorum longus, peroneus tertius, or Achilles 
tendon) was used for four early repairs and eight delayed 
reconstructions. A semitendinosus graff also is an option. 
Michels et al. reported good results in 12 patients with a 
minimally invasive reconstruction with semitendinosus 
autograff. The technique involves minimal disturbance of the 
extensor retinaculum which minimizes recovery time, adhe¬ 
sions, and wound problems. 


REPAIR OF COMPLETE RUPTURE OF 
THE ANTERIOR TIBIAL TENDON 


TECHNIQUE 82-17 


■ Use the same incision as for synovectomy (see Technique 
82-1). 

■ If the tendon is ruptured beneath the inferomedial limb 
of the inferior extensor retinaculum, incise this band and 
advance the tendon as far distally as possible. 

■ Drill a hole in the médial cuneiform from dorsal to plantar 
and raise the inferior flap and abductor hallucis muscle 
plantarward enough to see the drill bit emerge. The hole 
usually must be enlarged incrementally to 1/4 inch or 
5/16 inch. 

■ With a Bunnell weave of 0 nonabsorbable suture on free 
straight needles, pass the tendon through this hole. This 
step is made easier by passing one end of the suture at 
a time using the straight needle. Pull the tendon into the 
hole and, while dorsiflexing the ankle 20 to 30 degrees, 
suture the edge of the tendon to the adjacent periosteum 
and deep fascia. 

■ If the tendon is ruptured beneath the superomedial limb 
of the inferior extensor retinaculum, incise this limb. The 
tendon may be more difficult to advance at this level. 


However, by slowly passing a hemostat or small tendon 
passer proximally through the sheath, it usually can be 
advanced. If not, rather than Crossing the ankle joint with 
the incision, make a small (2- to 3-cm) incision anterome- 
dially above the ankle and identify the tendon at the 
anteromedial border of the tibia. 

■ Pass a long, curved clamp along the tendon from proximal 
to distal. Grasp the end of this clamp with another clamp 
end on and reverse the direction. Discard the initial clamp, 
grasp the tendon, and bring it into the distal wound. 

■ Ifthismethod of passing the tendon is difficult, redirect the 
clamp proximal to distal. Grasp a rubber urinary cathéter, 
bringing it proximally. Suture the tendon to the cathéter 
and pull the tendon distally into the inferior wound. 

■ If the tendon cannot reach the médial cuneiform, use the 
navicular as the bony insertion. The same technique is 
used as for the médial cuneiform insertion, but the dissec¬ 
tion plantarward is more tedious as a resuit of the inter- 
vening posterior tibial tendon. Stay plantar to this tendon, 
dissecting the abductor hallucis plantarward and being 
aware of the long toe flexor tendons laterally as they cross 
one another. The tendon is more difficult to suture at this 
location once passed through the navicular. 

■ Using a small, free, curved, cutting needle is helpful (a no. 
7 Murphy needle is suggested). Pass the tendon through 
the middle of the navicular and dorsiflex the ankle as it is 
sutured under tension to the inferior surface of the bone. 

■ Bring the abductor hallucis fascia and muscle dorsally to 
their normal positions and attach them with absorbable 
sutures. 

TENDON RECONSTRUCTION WITH AUTOGENOUS 
TENDON GRAFT (SAMMARCO ET AL.) 

■ If the tendon ends cannot be approximated or the tendon 
cannot be apposed onto its insertion site, use an interpo¬ 
sitional graft to bridge the gap and reinforce the repair. 
Autogenous tendon graft sources include the plantaris 
(preferred), the extensor digitorum, the peroneus tertius, 
and Achilles tendons; a semitendinosus allograft also can 
be used. 

■ If the plantaris is absent and the extensor digitorum or 
peroneus tertius tendon is used as graft, harvest 8 to 
10 cm of tendon and suture the remaining free segment 
of the distal part of the tendon to the intact extensor 
digitorum communis tendons. 

■ Because these grafts are much smaller in diameter than 
the anterior tibial tendon, fold the grafts over two or 
three times to achieve a satisfactory diameter (Fig. 82-51 ). 

■ Repair the extensor retinaculum to prevent bowstringing 
and adhesion of the reconstructed tendon to the subcu- 
taneous tissue. 

See also Video 82-5. 

POSTOPERATIVE CARE. A short leg cast with the ankle 
in 0 degrees of dorsiflexion is worn for 4 to 6 weeks; 
weight bearing in the cast is allowed after 3 weeks. The 
duration of cast immobilization is determined in part 
by the perceived quality of the repair. Patients with an 
autograft-augmented reconstruction wear the cast for 6 
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Tendon reconstruction with autogenous tendon graft. A f Remaining portion of anterior tibial tendon after excision 
of degenerated portion and interposed scar tissue. Suture anchors hâve been placed. B f Tripled interpositional plantaris tendon graft 
used to reconstruct defect in anterior tibial tendon. (From Sammarco VJ, Sammarco GJ, Henning C, Chaim S: Surgical repair of acute and 
chronic tibialis anterior tendon ruptures, J Bone Joint Surg 91 A:325, 2009.) SEE TECHNIQUE 82-17. 


weeks after surgery. Once the cast is discontinued, the 
patient is allowed to bear full weight in a boot with a 
hinged ankle joint that allows full dorsiflexion but pre- 
vents planar flexion. Plantarflexion is gradually increased, 
and the boot is eventually discontinued 10 to 12 weeks 
after surgery. 


MINIMALLY INVASIVE TENDON 
RECONSTRUCTION WITH 
SEMITENDINOSUS AUTOGRAFT 


TECHNIQUE 82-18 


(MICHELS ETAL) 

■ If 5 degrees of dorsiflexion cannot be achieved, perform 
a gastrocnemius recession. 

■ Harvest the semitendinosus tendon with a tendon strip- 
per (as in an anterior cruciate ligament reconstruction). 

■ Make a small longitudinal incision above the superior 
extensor retinaculum, leaving the extensor retinaculum 
intact. 

■ With severe adhesions to the retinaculum, limit the opening 
of the extensor retinaculum to a window that avoids 
bowstringing and minimizes reoccurrence of adhesions. 

■ Pull the proximal tendon end out the proximal incision 
and débridé the degenerative portion. 

■Suture the semitendinosus autograft into the proximal 
end using a Pulvertaft weave (see Chapter 66). 


■ Make a second incision, localized with fluoroscopy over 
the médial cuneiform. 

■ Identify the distal tendon end and elevate the periosteum 
from the médial side of the médial cuneiform. 

■ Drill a tunnel for an interférence screw from médial to 
latéral under fluoroscopie guidance. 

■ Use a clamp with a looped suture end to pull the anas- 
tomosed tendon distally (Fig. 82-52A). 

■ If necessary to create enough space for the graft, use 
dissecting scissors to release the scar tissue beneath the 
extensor retinaculum. 

■ Hold the ankle in maximal dorsiflexion and the foot in 
maximal supination to détermine the final length of 
tendon graft. 

■ Pass the graft and secure it in the bony tunnel with an 
interférence screw (Fig. 82-52B). 

POSTOPERATIVE CARE. For the first 2 weeks, non- 
weight bearing is enforced with cast immobilization in 
neutral position. During the following 4 weeks, weight 
bearing is allowed in an ankle-foot orthosis, and gentle 
dorsiflexion and plantarflexion exercises are started. At 6 
weeks postoperatively, weight bearing without an ortho¬ 
sis is allowed and exercises against résistance are contin- 
ued with physical therapy for 3 to 4 months 
postoperatively. 


DISORDERS OF THE PERONEAL TENDONS 

Disorders of the peroneal tendons fall primarily into three 
types. The first is peroneal tendinitis or peroneal tendon tears 
without subluxation of the peroneal tendons. This condition 
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Minimally invasive tendon reconstruction with semitendinosus autograft. A, Anastomosed tendon is pulled distally. 
B, Tendon is secured in bony tunnel with an interférence screw. SEE TECHNIQUE 82-18. 



FIGURE 


A ar| d B, Clinical appearance of peroneal tenosynovitis; note swelling just posterior to latéral malleolus. 


is seen primarily in middle-aged athlètes during répétitive 
activities or in patients with chronic underlying hindfoot 
malalignment. A second type of peroneal pathology is hall- 
marked by associated instability of the peroneal tendons at 
the level of the superior peroneal retinaculum. This condition 
frequently is seen in athlètes after acute ankle injury, causing 
rupture of the superior peroneal retinaculum and instability 
of the tendons, but it also may be présent in more chronic 
settings. Frequently, it is associated with chronic latéral ankle 
instability The third type is stenosing tenosynovitis of the 
peroneus longus tendon, which may be associated with a 
painful os perineum, an enlarged peroneal tubercle, or a 
pathologie process at the cuboid joint, including complété 
encasement of the peroneus longus tendon in a bony tunnel 
at the level of the cuboid. Associated physical findings often 
include a cavovarus foot and limitation of eversion. 

■ DIAGNOSIS 

The diagnosis of peroneal pathology is made primarily on 
clinical évaluation of the patient. Evaluation with the patient 


standing is essential to détermine biomechanical abnormali- 
ties of the hindfoot, including a varus or, less commonly, 
valgus hindfoot. Symptoms include swelling (Fig. 82-53), 
tenderness, popping, and crepitance just posterior to the 
latéral malleolus as the two tendons course beneath the 
superior peroneal retinaculum. Fluid often is palpable within 
the tendon sheath. Manual testing of eversion strength may 
reveal weakness, but more commonly eversion strength is 
painful but maintained. Sélective testing of the peroneus 
longus tendon is done with the ankle in active eversion 
while the examiner pushes up on the plantarflexed first 
metatarsal head. 

Diagnosis of peroneal tendon pathology may be aided by 
plain radiographs (bone avulsion) (Figs. 82-54 and 82-55), 
bone scans, CT (Fig. 82-56), tenography, MRI (Fig. 82-57), or 
ultrasound, but clinical awareness coupled with a detailed 
history and physical examination should suggest the diagno¬ 
sis. With peroneal tendon instability, radiographs may show 
bony avulsion of the superior peroneal retinaculum (SPR) 
attachment from the latéral malleolus, known as th efleck sign. 
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FIGURE 82-5 


^ A f Sixty-one-year-old man with rupture of peroneus longus tendon and varus of right foot. Peroneus brevis tendon 
had longitudinal split tear but was intact. B f Note hypertrophie os peroneum and its proximal migration after rupture. He also had 
latéral ankle instability compared with opposite side. SEE VIDEO 82-4. 



A and B f Radiographs of patient with tear of peroneus longus and retraction of sesamoid bone (os peroneum). 
C, T2-weighted magnetic résonance image of type I tear of both peroneus longus and peroneus brevis tendons. Peroneus brevis disease 
was best seen at inferior aspect of latéral malleolus, and peroneus longus disease was best seen at latéral border of foot near cuboid 
groove. 
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FIGURE 82-5 


A f Elderly patient with spiral fracture of shaft of fifth metatarsal. B f Standing latéral view 15 months later. Posterior 
arrow indicates avulsed os peroneum from rupture of peroneus longus. Plantar arrow indicates second fracture at base of fifth 
metatarsal; oblique fracture has healed. Note cavus and varus posture of heel. C f Eighteen months after initial fracture and extended 
period of casting, fracture is uniting. Note new stress fracture at base of fifth metatarsal. D f Twenty-one months after initial fracture, 
union progressed sufficiently that patient is pain free; note osteopenia of fifth metatarsal. E, Bone scan shows uptake isolated to fifth 
metatarsal. F, Proximal arrow indicates bony avulsion by peroneus longus on opposite foot; distal arrow indicates stress fracture. 
G, Computed tomography (CT) scan; note in right foot bony fragment laterally at level of sustentaculum tali. H, CT scan shows bony 
fragment farther posteriorly with peroneus longus more proximal on left. 
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FIGURE 82-5 


Magnetic résonance imaging appearance 
peroneal tendon rupture (arrow) with tenosynovitis. 


CT depicts the bony characteristics of the peroneal tubercle, 
cuboid groove, and os perineum. Dynamic ultrasound aids 
with identification of subluxation and tears. Preoperative 
MRI may be helpful in determining the amount of expected 
debridement and location of any pathologie process; however, 
MRI has moderate sensitivity (60% to 83%) in detecting 
tears and should be used as an adjunct to clinical examination 
and history in diagnosis. Peroneal tendon symptoms from 
encroachment affer calcaneal fractures are discussed in 
Chapter 88. 

■ TREATMENT 
I PERONEAL TENDINITIS 

Peroneal tendinitis occurring as an isolated entity without 
direct observable evidence of peroneal subluxation is uncom- 
mon. Krause and Brodsky found that many patients with a 
diagnosis of primary peroneal tendinitis did not hâve clinical 
instability, but subluxation of the tendons was found intraop- 
eratively. Every effort should be made to look for and correct 
subluxation of the peroneal tendons as described in the next 
section. 

Conservative treatment of isolated peroneal tendinitis 
can be effective. Cast or boot immobilization, oral antiinflam- 
matory médications, and subséquent physical therapy can 
relieve tendinitis symptoms. However, for long-term benefit, 
biomechanical corrections need to be made to the foot, 
generally with an orthosis or use of an ankle brace for 4 to 6 
months affer resolution of the acute inflammation. 

For patients who do not respond to conservative treat¬ 
ment, tenosynovectomy with repair and stabilization as 



Incision for tenosynovectomy for tear of pero¬ 
neal tendons. SEE TECHNIQUE 82-19. 


needed is indicated. Surgical findings vary, constituting a 
progression from clear fluid and relatively normal-appearing 
tendons and tendon sheaths to small linear tears in one or 
both tendons (usually the brevis) to thickened, fibrotic tendon 
sheaths and grayish-appearing but intact tendons. 


SYNOVECTOMY OF THE PERONEAL 
TENDONS 


TECHNIQUE 82-19 


■ With a bolster beneath the ipsilateral hip and the foot 
held in equinovalgus, begin an incision 10 to 12 cm 
proximal to the tip of, and 1 cm posterior to, the subeu- 
taneous border of the fibula. Continue the incision distally 
and slightly obliquely to accommodate the bulbous pos¬ 
terior aspect of the latéral malleolus. Curve the incision 
gently 1 cm distal to the tip of the latéral malleolus 
toward the base of the fifth metatarsal for another 3 to 
4 cm (Fig. 82-58). The sural nerve and small saphenous 
vein course just posterior to the tendons and are subeu- 
taneous at this level (Fig. 82-59). 

■ Open the sheath of the peroneal tendons proximally and 
trace the tendons to the superior peroneal retinaculum 
(Fig. 82-60). 

■ If the tendons appear normal both proximal and distal to 
this structure, incise only half of the retinaculum (about 
1 cm or less). 

■ If this pulley is thickened or the sheath is thickened, 
suggesting that excursion is impaired, incise the entire 
retinaculum and inspect the inferior peroneal retinaculum. 
In tenosynovitis, it is unusual to hâve to release both. Be 
careful at the septum that goes from the fibula to the 
superior peroneal retinaculum and séparâtes the peroneus 
longus and brevis because an accessory peroneal tendon 
may be présent in a separate compartment. Release this 
septum and inspect the peroneus brevis while looking for 
any accessory slips of either tendon. 

■ After a complété tenosynovectomy, sharply débridé por¬ 
tions of the tendon sheath using a small rongeur. Inspect 
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the tendons for the presence of attritional, longitudinal 
fissuring (Fig. 82-61 A), which is most commonly located 
on the deep surface of the peroneus brevis tendon. If the 
tear involves less than 50% of the tendon, remove the 
smaller section of the tendon completely. Tubularize 
the remaining viable portion with a running 3-0 absorb¬ 
able, braided suture. 

■ If more than 50% of the peroneus brevis tendon is dis- 
rupted and fissured, the remaining section generally is too 
small to be tubularized and the entire diseased segment 
of the peroneus brevis is resected. 

■ Tenodese (side-to-side) the peroneus longus and brevis 
tendons both proximally and distally (Fig. 82-61B and C). 
The tenodesis should be well proximal to the level of the 
superior peroneal retinaculum, 3 to 4 cm proximal to the 



Latéral aspect of foot and ankle. 1, Sural nerve 
dividing into latéral branch (2), forming dorsolateral cutaneous 
nerve (4) and médial branch (3) uniting with intermediate dorsal 
cutaneous nerve (5) of superficial peroneal nerve; 6, shorter 
saphenous vein; 7, peroneal tendons. SEE TECHNIQUE 82-19. 


ankle joint, generally at the musculotendinous junction 
of the peroneus brevis. 

■Complété the repair using 2-0 nonabsorbable, braided 
sutures. Distally, leave the tendon sheaths for both the 
brevis and longus open and suture the brevis and longus 
tendons together with 2-0 nonabsorbable sutures. Other 
than the superior peroneal retinaculum, which is repaired 
with 2-0 absorbable sutures, leave the remainder of the 
tendon sheath open and close the skin and subcutaneous 
tissues. 

POSTOPERATIVE CARE. A posterior plaster splint is 
applied over a bulky dressing in the operating room. The 
patient is seen 2 weeks postoperatively at which time the 
sutures are removed. If the wound is healed, early active 
motion without résistance is started to prevent adhesions 
of the tendons within the sheath. Only partial weight 
bearing is allowed for an additional 2 to 4 weeks, 
depending on the severity of the tendinopathy and the 
amount of repair required. More aggressive strengthen- 
ing is allowed, with a planned return to full activities at 
3 months, depending on the return of motion and calf 
strength. 


I SUBLUXATION OF THE PERONEAL TENDONS 

Peroneal tendon instability is discussed separately for empha- 
sis; however, it should be recognized that peroneal tendinitis, 
tears, and instability often occur together, and a combination 
of techniques is required for complété resolution. 

If instability is recognized early, non-weight-bearing 
casting with the foot in neutral to slight inversion may be 
helpful in allowing the superior peroneal retinaculum to 
adhéré to the postérolatéral aspect of the fibula. Most often, 
however, patients with chronic laxity of the superior peroneal 
retinaculum develop a pouch between the normal attachment 
of the superior peroneal retinaculum and the fibula that 
allows subluxation of the peroneal tendons, especially the 
peroneus brevis. This may be demonstrated clinically by 
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^ A f Superior peroneal retinaculum (SPR) opened. B f Superior extensor retinaculum (SER). SEE TECHNIQUE 82-19. 
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Debridement of peroneus brevis tendon and tenodesis to peroneus longus tendon. A f Longitudinal fissuring of 
tendon. B and C f Proximal and distal tenodesis. SEE TECHNIQUE 82-19. 


resisted eversion of the ankle with the examiners fingers 
placed on the peroneal tendon sheath at the level of the 
superior peroneal retinaculum. Patients often complain of a 
pop associated with pain in the région. Once the condition is 
fully developed and is chronic, it has been our expérience that 
conservative treatment to prevent subluxation of the tendons 
with the associated tendinitis rarely is successful. Many 
techniques hâve been described for the treatment of chronic 
subluxation of the peroneal tendons. As the main stabilizer 
for the peroneal tendons, repair of the SPR to the posterior 
latéral fibula remains the surgical focus. Adding further 
stability, deepening procedures of the posterior fibular 
sulcus also prevent récurrent dislocation. Although common 
wisdom suggests that a shallow or convex posterior sulcus of 
the fibula is associated with peroneal tendon instability, 
Adachi et al. demonstrated no significant différence in the 
morphologie shape of the posterior latéral malleolus in 
patients with and without dislocation of the peroneal tendons. 
A fibrocartilage rim located on the postérolatéral aspect of 
the latéral malleolus adds depth to the retromalleolar groove, 
placing less emphasis on the bony morphology. Porter et al. 
reported no récurrent subluxation or dislocation and a return 
to sports by 3 months affer fibular groove deepening and 
retinacular reconstruction in 13 athlètes, and Maffulli et al. 


described anatomie reattachment of the retinaculum with 
soff-tissue anchors in 14 patients, ail of whom returned to 
their normal activities with no further épisodes of tendon 
subluxation. Cho et al. compared retinacular repair alone (16 
patients) to retinacular repair with a groove deepening pro¬ 
cedure (15 patients) and found no différence between the 
groups, but a power analysis was not completed in the statisti- 
cal analysis. 


FIBULAR GROOVE DEEPENING 
AND REPAIR OF THE SUPERIOR 
RETINACULUM 


TECHNIQUE 82-20 


(RAIKIN) 

■Approach the peroneal tendons through a curvilinear 
incision over the path of the peroneal tendon, immedi- 
ately posterior to the fibula (Fig. 82-62A). 

■ Inspect for a peroneus quartus tendon or low-lying muscle 
belly of the peroneus brevis, and, if found, remove the 
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FIGURE 


Repair of subluxation of peroneal tendons. A f Incision (solid black line) between peroneal tendons (solid blue Unes). 


B f Incision into retinaculum, leaving 1-mm rim of retinacular tissue attached to fibula. (From Raikin SM: Intrasheath subluxation of the 


peroneal tendons: surgical technique, J Bone Joint Surg 91A[Suppl 2 pt 1 ]: 146, 2009.) SEE TECHNIQUE 82-20. 
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Repaired peroneal retinaculum attached under deep anterior surface of groove with pants-over-vest suture repair. 
(From Raikin SM: Intrasheath subluxation of the peroneal tendons: surgical technique, J Bone Joint Surg 91A[Suppl 2 pt 1 ]: 146, 2009.) SEE 

TECHNIQUE 82-20. 


accessory peroneal tendon or a portion of the distal 
muscle of the peroneus brevis. 

■ After completion of any repair of the peroneus brevis and 
tenosynovectomy as indicated, inspect the postérolatéral 
sulcus and the peroneal tendons on the posterior aspect 
of the fibula. In most instances, this groove is shallow or 
even convex. 

■ To deepen the grove, use a small osteotome to elevate 
the cartilaginous surface of the sulcus from its most 
latéral margin, leaving it attached at its most médial 
margin (Fig. 82-62B). 

■ Elevate the cartilaginous flap out of the bed for a total 
of 1.5 to 2.0 cm in length. 

■ With a curet or a gouge, remove the underlying cancel- 
lous bone to a depth of 4 to 5 mm. Depress the osteo- 
cartilaginous flap back into the groove. 


■Treat the remaining cancellous surfaces generously with 
bone wax. 

■ Recess the peroneus longus and brevis tendons back into 
the groove. Roughen the postérolatéral ridge of the fibula 
with a small rasp and suture the posterior flap of the 
superior peroneal retinaculum to the fibular ridge, com- 
pleting the reconstruction (Fig. 82-63). 

■ Use 2-0 nonabsorbable suture for repair of the superior 
peroneal retinaculum. The remainder of the peroneal 
tendon sheath is left open. 

■ If insufficient tissue is available for reconstruction of the 
superior peroneal retinaculum, additional options include 
detachment of the calcaneofibular ligament from its 
fibular attachment and rerouting the peroneal tendons 
beneath it and latéral to the subtalar capsule. The calca¬ 
neofibular ligament also can be taken off its calcaneal 
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attachment. A posterior bone block procedure can be 
done with an osteotomy of the latéral fibula, rotation of 
the bone block, and fixation with small fragment com¬ 
pression screws. In the absence of any other reconstruc¬ 
tion options, a slip of the Achilles tendon can be harvested 
and brought anteriorly in place of the superior peroneal 
retinaculum and sutured to the postérolatéral fibula. 
Finally, in the case of the chronic split of the peroneus 
brevis tendon, the anterior half of the split can be rerouted 
through the fibula (as in a Chrisman-Snook operation) 
with the proximal limb passing overthe peroneal tendons 
after its course through the bone tunnel in the fibula and 
attached to the latéral aspect of the calcaneus. 

POSTOPERATIVE CARE. Postoperative care is the same 
as that after primary repair of the peroneal tendons (see 

Technique 82-21). 


I INTRASHEATH PERONEAL 
TENDON SUBLUXATION 

This condition, originally described by Bassett in 1985, 
involves subluxation of the peroneal tendons within the 
peroneal tendon sheath without subluxation over the pos¬ 
térolatéral fibular groove. Subluxation of the tendons occurs 
as the foot is brought into extension and eversion. Popping 
or snapping of the peroneal tendons is noted on physical 
examination, but the tendons do not sublux around the 
postérolatéral fibular ridge. Dynamic sonography aids with 
diagnosis. We hâve had some success in treating this condi¬ 
tion with the previously described methods. With tendon 
subluxation in the groove, a segment of the SPR (approxi- 
mately half) is left with its posterior attachment and is brought 
up between the two tendons and sutured to the postérolatéral 
aspect of the fibula, in effect creating separate tendon sheaths 
for the longus and brevis tendons at the proximal level of the 
SPR (Fig. 82-64). Raikin described a technique for correction 
of this disorder and reported good-to-excellent results in 13 
of 14 patients with intrasheath subluxation of the peroneal 
tendons (see Technique 82-20). 

1 TEARS AND RUPTURES OF THE 
PERONEAL TENDONS 

The tendons may hâve a single, longitudinal tear, multiple 
or large longitudinal tears, or complété ruptures. To aid 
with surgical decision-making, tears of the peroneus brevis 
are classified into two types: grade I, tears that involve 50% 
or less of the peroneus brevis cross section, and grade II, 
tears that involve more than 50% of the tendon. Grade 1 
tears generally are debrided and repaired with tubulariza- 
tion. In grade II tears insufficient viable tendon remains for 
repair; the diseased segment is excised, and the remaining 
proximal and distal limbs are tenodesed to the peroneus 
longus. 

Steel and DeOrio evaluated 26 patients at an almost 
3-year average folio w-up after operative treatment of peroneal 
tendon tears. Over half had complaints of scar tenderness, 
latéral ankle swelling, numbness over the latéral ankle, pain 
at rest, or shoewear limitations. Only 5 of 26 patients were 
able to return to participation in sports with no limitations; 


an additional 7 patients returned to participation in some 
sport or recreational activity. At an average follow-up of 6.5 
years, 17 of 18 patients treated by Demetracouploulos et al. 
with debridement and primary repair of peroneal tears 
returned to full sports activity without limitations and no 
reoperations. More recently, Mook et al. described allograff 
reconstruction of 14 nonrepairable tears, avoiding tenodesis. 
At an average follow-up of 17 months, no complications were 
reported and ail patients had returned to their previous levels 
of activity. 

Rarely, both tendons may hâve significant tears or 
complété ruptures, making tenodesis impractical. Redfern 
and Myerson described an algorithm to aid in choosing 
surgical treatment for severe, concomitant peroneal tendon 
tears (type III) (Fig. 82-65). These tears are further classi¬ 
fied into type Ilia, in which no proximal muscle excursion 
is présent, and type Illb, in which proximal muscle excur¬ 
sion exists. They recommended tendon transfer for Ilia, 
allograff reconstruction or tendon transfer for Illb, and 
staged procedures with silicone rods for scarred tendon 
beds. Jockel and Brodsky described eight patients with 
severe concomitant tears that were treated with single-stage 
FHL transfer with good results. Wapner et al. reported 
satisfactory results in seven patients who had a staged 
procedure using Hunter rods for chronic ruptures with 
scarred peroneal sheaths. 


REPAIR OF RUPTURE OF THE 
PERONEAL TENDONS 


TECHNIQUE 82-21 


■ If physical examination localizes the site of rupture to the 
latéral aspect of the hindfoot distal to the superior pero¬ 
neal retinaculum, the entire incision described for teno- 
synovectomy may not be necessary. Usually, however, it 
is required for suture of the proximal end of the ruptured 
tendon to the remaining intact tendon. 

■ If both tendons are ruptured, which is uncommon in 
traumatic injuries, attempt to repair both with 2-0 or 0 
nonabsorbable suture, again not repairing the superior 
peroneal retinaculum. 

■ If the peroneus longus tendon has an attritional rupture 
beneath the cuboid, resect the distal end 1 to 2 cm 
plantarward along with its sesamoid, if présent (Fig. 

82-66 and 82-67). 

■ Suture the proximal end of the peroneus longus to the 
peroneus brevis under moderate tension while the foot is 
held in mild equinovalgus. 

See also Video 82-3. 

POSTOPERATIVE CARE. The postoperative care is the 
same as after tenosynovectomy, but a double-upright 
brace with limited ankle motion and an outside T-strap is 
worn for 3 to 6 months if a tendon was repaired end-to- 
end at an attritional rupture site. 






Groove deepening for intrasheath peroneal tendon subluxation. A f Detachment of superior peroneal retinaculum. 
B f Osteotomy of posterior fibula. C f Elévation of posterior fibular bone for groove deepening. D f Removal of cancellous bone with burr. 
E f Bone tamp used to impact bone flap into deepened groove. F and G f Séparation of superior peroneal retinaculum into two segments 
to place superior limb between subluxating peroneal tendons. H, Holes drilled into latéral fibula for attachment of retinaculum. 
I f Superior limb of retinaculum passed deep to peroneus longus, inferior limb passed over peroneus longus. J, Completed repair. 
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neus longus and brevis tendons, Foot Ankle Int 25:695, 2004.) 



Plantar surface of foot. 1, Reflected peroneus 
longus with intratendinous sesamoid; 2, cuboid groove for pero¬ 
neus longus; 3, long calcaneocuboid ligament; 4, posterior tibial 
tendon. SEE TECHNIQUE 82-21. 


PERONEAL TENDON 
REPAIR-RECONSTRUCTION 


TECHNIQUE 82-22 


(SOBELAND BOHNE) 

■ Position the patient supine on the operating table with a 
sandbag under the ipsilateral greater trochanter. 

■ Make a curved 7-mm incision through the skin and 
subcutaneous tissue along the posterior third of the fibula 
off its central prominence. 



Plantar surface of foot. 1, Peroneus brevis 
tendon; 2, reflected peroneus longus tendon with sesamoid; 
3, inferior peroneal retinaculum with dividing septum; 4, deep 
surface of superior peroneal retinaculum; 5, sulcus of fibula for 
peroneal tendons. SEE TECHNIQUE 82-21. 


■ Expose the superior peroneal retinaculum and elevate 
full-thickness flaps. Subluxation of the anterior portion of 
the peroneus brevis tendon sometimes can be demon- 
strated with the superior peroneal retinaculum exposed. 
Détermine the compétence of the superior peroneal 
retinaculum. 

■ Sharply incise the peroneal sheath near its anterior attach- 
ment to the fibula (Fig. 82-68A). 

■ When surgically treating peroneal tendon injuries, do not 
violate the synovial and vascular attachments to the 
peroneal tendons. Proximal traction on the peroneus 
longus tendon can cause subluxation of the anterior 
portion of a split peroneus brevis tendon. 

■ Inspect the peroneus brevis tendon; if attrition or a split 
is évident, débridé the attenuated or degenerated tissue 
and repair and tubulate the tendon (Fig. 82-68B). 
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Peroneal tendon repair-reconstruction. A f Incision in superior peroneal retinaculum along posterior ridge of fibula 
to expose peroneal tendons. B f Peroneus brevis split is debrided along margins of split, sutured along split, then tubularized. Alterna¬ 
tive^, if split is very anterior within tendon, it simply can be debrided. C f Severely degenerated peroneus brevis tendon split can be 
resected and remaining tendon tenodesed proximally and distally to peroneus longus tendon. D, Suture anchors can be used for superior 
peroneal retinaculum repair. SEE TECHNIQUE 82-22. 


■ If the peroneus brevis muscle belly is low lying and 
encroaching on the peroneal tunnel, remove it to create 
more space for the peroneal tendons within the fibular 
groove. If an anomalous peroneus quartus tendon 
encroaches on the fibular groove, remove it also. Failure 
to identify and remove anomalous tissue allows an over- 
packing phenomenon that places excessive stress on the 
superior peroneal retinaculum. 

■ Other surgical treatment options that can be undertaken 
at this time are (1) excision of the diseased peroneus 
brevis segment and suture of the proximal and distal 
stumps to the peroneus longus tendon (an option that 
should be reserved for patients in whom the peroneus 
tendon is severely degenerated); (2) resection of a thick- 
ened area of the peroneus brevis tendon, leaving the 
tendon in continuity (Fig. 82-68C); (3) use of the anterior 
half of the split peroneus brevis tendon for a modification 


of the Chrisman-Snook or other tendon-weaving recon¬ 
structive procedure; and (4) transfer of the flexor hallucis 
longus tendon to repair combined tears of the peroneus 
brevis and peroneus longus tendons. Création of a proper 
gliding tunnel for such a free tendon transfer is accom- 
plished by inserting a Hunter rod in the area of the 
peroneal tendons in a first procedure and by doing a 
tendon transfer in a second procedure. 

■ Remove the sharp posterior ridge of the fibula with a 
rongeur and file the area smooth to create a fresh bony 
bed for the repair of the superior peroneal retinaculum. 
Careful anatomie reconstruction of this structure may be 
necessary to ensure stability of the tendons within the 
groove. Advance the superior peroneal retinaculum into 
the fresh bony bed on the posterior aspect of the fibula 
and firmly secure it to the fibula with an Acuflex anchor 
or suture it to the periosteum (Fig. 32-68D). 
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9 «Create a posteriorly based trapdoor by using the perios- 
teum anteriorly and the repaired superior peroneal reti- 
naculum. Turn the trapdoor back and suture it on top of 
the superior peroneal retinaculum to reinforce it. 

■ Distal extension of the incision with anterior retraction of 
full-thickness flaps allows primary repair of the attenu- 
ated anterior talofibular and calcaneofibular ligaments. 

■ After the repair, test for peroneal tendon subluxation by 
placing eversion stress and tension on the peroneus longus 
tendon. Test the tightness of the latéral ankle ligament 
repair with gentle anterior drawer testing and compare 
with the preoperative laxity under anesthésia. Failure to 
recognize concurrent latéral ankle instability can lead to 
récurrent laxity and subséquent peroneal tendon injury. 

■ Perform routine closure and apply a compressive soft- 
tissue dressing and a posterior splint or cast. 

POSTOPERATIVE CARE. The patient is kept non-weight 
bearing for 2 weeks. At that time, a short leg walking 
cast is applied and is worn for 4 weeks. After the cast is 
removed, an air splint is applied and is worn for another 
4 weeks, at which time peroneal strengthening exercises 
are begun. 


I DISTAL PERONEAL LONGUS TENDINITIS 
ASSOCIATED WITH OS PERONEUM: THE PAINFUL 
OS PERONEUM SYNDROME 

Patients occasionally may hâve localized inflammation and 
tendinitis at the peroneus longus tendon as it curves around 
the tunnel through the postérolatéral aspect of the cuboid (Fig. 
82-69A and B). The os peroneum in this area may be painful 
and may appear sclerotic on plain radiographs (Fig. 82-69C to 
E). Prolonged immobilization in a cast is recommended, as 
well as oral antiinflammatory médication. A very proximal 
position of the os peroneum or migration from its normal 
position, latéral and plantar to the cuboid tunnel, may indicate 
rupture of the peroneus longus tendon distal to the cuboid 
tunnel. MRI may show rupture of the peroneus longus tendon 
(Fig. 82-69F). In either event, chronic reproducible tenderness 
in the plantarlateral aspect of the latéral midfoot in the région 
of the peroneal groove despite conservative treatment may be 
an indication for debridement of the peroneus longus tendon, 
removal of the os peroneum, and, if necessary, tenodesis of the 
peroneus longus to the peroneus brevis. 


DEBRIDEMENT OF THE PERONEUS 
LONGUS TENDON, REMOVAL OF OS 
PERONEUM, AND TENODESIS OF 
PERONEUS LONGUS TENDON TO 
PERONEUS BREVIS TENDON 


TECHNIQUE 82-23 


■ Place the patient in a latéral decubitus position on a sand- 
bag. Préparé and drape the limb in the usual fashion. Use 
a thigh tourniquet for better exposure. 


■ Make an incision over the latéral aspect of the foot lon¬ 
gitudinal^ for approximately 4 cm. Take care to protect 
the branches of the sural nerve that cross the peroneal 
tendon sheath in the région. 

■ Reflect the abductor digiti quinti muscle and fascia plan- 
tarly, exposing the peroneus longus tendon from the 
inferior peroneal retinaculum and peroneal tubercle of 
the calcaneus to the peroneal tunnel in the latéral plantar 
aspect of the cuboid. 

■ Excise the os peroneum. 

■ If the remainder of the tendon appears normal other than 
tenosynovitis, perform a tenosynovectomy. 

■ Repair small tears in the peroneus longus tendon, and if 
the cuboid tunnel is constricted, enlarge it with a small 
osteotome and rasp, using bone wax to cover the exposed 
cancellous surfaces. 

■ Alternative^, if the tendon appears to be degenerated or 
there is insufficient tendon left for repair after excision of 
the os peroneum, perform a side-to-side tenodesis with 
the peroneus brevis, leaving the tendon sheath open. 

■ Thoroughly irrigate the wound, obtain meticulous hemo- 
stasis, close the subcutaneous tissue in a routine fashion, 
and apply a bulky, short leg non-weight-bearing cast. 

POSTOPERATIVE CARE. The non-weight-bearing cast 
is worn for 4 weeks, and then protected weight bearing 
in a walking boot is allowed. Gentle range-of-motion 
exercises of the ankle and subtalar joints are done. Formai 
physical therapy is started at 8 weeks after surgery. 


INJURIES OF THE FLEXOR TENDONS 
■ FLEXOR HALLUCIS LONGUS TENDINITIS 
AND IMPINGEMENT 

Injuries to the flexor tendons are not common, especially in 
comparison with injuries and disorders of the posterior tibial 
and peroneal tendons. Flexor hallucis longus tendinitis has 
been thought to occur primarily in dancers and athlètes 
whose sports require répétitive forefoot push-off, but some 
authors hâve suggested that flexor hallucis longus tendinitis 
is not rare among nonathletes and should be considered 
in the differential diagnosis of posteromedial ankle pain. 
Michelson and Dunn described the varied clinical présenta¬ 
tions in 81 patients with flexor hallucis longus tendon 
pathologie processes. The most common presenting symptom 
was pain with activity, most often posterior ankle pain (50% 
of patients). Heel pain and midfoot pain were reported in 
28% and 27%, respectively. Tenderness of the tendon usually 
was elicited at its musculotendinous junction behind the 
médial malleolus (approximately 60%) or where it crossed the 
flexor digitorum longus tendon at the knot of Henry (approxi¬ 
mately 40%). Restriction of flexor hallucis longus excursion 
was demonstrated in 37% of patients by limited first metatar- 
sophalangeal joint dorsiflexion with the ankle dorsiflexed 
(flexor hallucis longus stretch test). Of plain radiographs 
available for 50 patients, 70% were completely normal, 14% 
demonstrated an os trigonum, and 8% showed mild degen- 
erative changes in the first metatarsophalangeal joint; 82% of 
magnetic résonance images showed synovitis associated with 
the flexor hallucis longus tendon. 






Painful os peroneus syndrome. A and B, Note subtle cavovarus foot and swelling inferior to latéral malleolus on 
right. Left foot was treated 3 years earlier for same problem. C to E, Sclerotic appearance of os peroneum on radiographs. F, Magnetic 
résonance image shows closing wedge calcaneal osteotomy and dorsiflexion osteotomy of the first metatarsal. 
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FIGURE 


trigonum. 


Radiograph (A) and magnetic résonance imaging scan (B) of patient with flexor hallucus longus tendinitis with os 


I DIAGNOSIS 

On physical examination, careful différentiation should be 
made between posterior compression syndrome, which 
involves an elongated Steida (trigonal) process or an enlarged 
os trigonum in the posterior aspect of the ankle, flexor hal- 
lucis longus tendinitis, and compression tendinopathy with 
sténo sis of the flexor hallucis longus tendon sheath in the 
posterior aspect of the ankle. Reproduction of pain in the 
posterior aspect with forced plantarflexion is more suggestive 
of a posterior ankle compression syndrome. Flexor hallucis 
longus tendinitis is characterized by pain posterior to the 
médial malleolus and often is misdiagnosed as posterior tibial 
tendinitis. The tendon may be palpated posterior to the ankle. 
The diagnosis is confirmed if pain is reproduced with passive 
extension of the great toe with compression of the postero- 
medial tendon sheath of the flexor hallucis longus in the 
posterior aspect of the ankle. MRI may be helpful in the 
diagnosis of this disease, often showing fluid around 
the flexor hallucis longus tendon and occasionally intraten- 
dinous degenerative changes (Fig. 82-70). Plain latéral stand¬ 
ing radiographs of the ankle are helpful in differentiating a 
painful os trigonum from flexor hallucis longus tendinitis. 

1 TREATMENT 

Conservative management consists of rest, modification of 
dance technique or sporting activity, oral antiinflammatory 
médication, and stretching exercises. Most authors hâve 
reported conservative treatment to be largely unsuccessful, 
but Michelson and Dunn reported successful nonoperative 
treatment in 64% of patients with a stretching program and 
short-term immobilization; ail patients treated operatively 


with décompression and synovectomy had successful out- 
comes. Operative treatment has been reported to achieve 
good or excellent results in 82% to 100% of patients. 


RELEASE OF THE 
FIBROOSSEOUS TUNNEL 


TECHNIQUE 82-24 


(HAMILTON ETAL.) 

A médial approach was recommended when both tendi¬ 
nitis and posterior impingement are présent; the latéral 
approach is used for treatment of isolated posterior 
impingement without tendinitis. 

MEDIAL APPROACH 

■ For the médial approach, make a 4-cm curvilinear incision 
posterior to the malleolus at the level of the superior 
border of the calcaneus, following the course of the 
underlying neurovascular bundle. 

■ Retract the neurovascular bundle posteriorly with a blunt 
retractor and identify the underlying tunnel by motion of 
the great toe. 

■ Release the tunnel, proximal to distal, to the level of the 
sustentaculum tali and débridé or repair as needed (Fig. 
82-71 A). Nodules on or within the flexor hallucis tendon 
usually are not excised because after the fibroosseous 
tunnel has been released the excursion of the tendon is 
no longer restricted (Fig. 82-71 B). 
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A f Flexor hallucis longus constricted at entrance of fibroosseous tunnel. Tendon is completely free with ankle and 
great toe in neutral. Flexor digitorum longus anterior to flexor hallucis longus. B f Large nodule within fibroosseous tunnel. Despite 
size of nodule, there is free excursion of tendon after release of tunnel. SEE TECHNIQUE 82-24. 


■ Evaluate functional hallux rigidus intraoperatively to 
ensure complété release and free excursion of the tendon. 

■ Retract the released tendon posteriorly with the neuro- 
vascular bundle and remove the os trigonum on the 
latéral side of the entrance of the fibroosseous tunnel. 

■ Examine the ankle in full plantarflexion and remove 
remaining bone or soft-tissue impingement. The ankle 
should be in a neutral position of flexion and extension 
during closure so that the skin is aligned properly. 

LATERAL APPROACH 

■ Because of increased external rotation of the lower 
extremities of dancers, the patient should be placed in a 
latéral decubitus position on the operating table for the 
latéral approach to this procedure. 

■ Make a curvilinear incision at the posterior aspect of the 
ankle mortise in line with the posterior border of the 
peroneal tendons. Take care to avoid the sural nerve. 

■ Perform a capsulotomy with the ankle in slight dorsi- 
flexion and identify the latéral tubercle or os trigonum 
latéral to the tunnel. 

■Assess adéquate osseous décompression by plantarflex- 
ing the foot and palpating for any bone-on-bone 
impingement. Occasionally, loose bodies, calcaneal pro¬ 
tubérances, or portions of the posterior part of the tibia 
need to be debrided. 

POSTOPERATIVE CARE. A compression dressing should 
be applied and weight bearing allowed as tolerated with 
crutches. The dressing is removed in 1 week. An active 
range of motion is initiated as tolérance to pain permits. 
At 2 weeks, the patient begins physical therapy consisting 
of progressive active and passive range-of-motion and 
strengthening exercises. Swimming is encouraged after 
the wound has healed. The patient is progressed to 
higher levels of activity under supervision of a physical 
therapist. An average of 6 months should be expected 
for full recovery. 


■ FLEXOR HALLUCIS LONGUS TEAR 

If the flexor hallucis longus is torn proximal to the metatar- 
sophalangeal joint so that the repair site will not move 


through the pulley System, repair may be justified; however, 
the exposure in the plantar surface of the forefoot proximal 
to the metatarsophalangeal joint is difficult. Floyd et al. sug- 
gested repair of the flexor hallucis longus in the foot. We do 
not repair this tendon within the pulley System of the hallux; 
with an intact flexor hallucis brevis in the forefoot-midfoot 
area, repair of the flexor hallucis longus probably is not 
needed for function. However, if repair is chosen, the follow- 
ing exposure is recommended. 


REPAIR OF FLEXOR HALLUCIS TEAR 


TECHNIQUE 82-25 


■ Begin a plantar longitudinal incision on the sole of the 
foot between the first and second metatarsals just latéral 
and distal to the fibular sesamoid. Continue this incision 
proximally 4 to 5 cm (Fig. 82-72). 

■ Bluntly remove the fibrous connections between the slips 
of plantar fascia to the first and second toes. 

■ Using small, blunt-tipped dissecting scissors, expose the 
common digital nerve and accompanying vessels to the 
first web space (Fig. 82-73). Retract these laterally 
and toward the distal part of the wound to expose 
the latéral head of the flexor hallucis brevis tendon 
(Fig. 82-74). 

■ Develop this plane between the two muscle bellies 
throughout the length of the wound and acutely flex the 
great toe. The distal tendon stump should appear in the 
wound. (This should guide the surgeon toward the proxi¬ 
mal course of the retracted tendon, particularly if dark 
hematoma or scar directs the way.) 

■ Use a tendon passer or hemostat to probe proximally 
along the suspected path with the ankle in equinus. The 
tendon should not retract past the navicular because of 
the tethering by the cross connection with the flexor 
digitorum longus at this level. 

■ Once the tendon is located and brought into the wound 
and with the ankle plantarflexed, pass a straight needle 
through the skin and flexor hallucis longus tendon and 
into the skin on the other side. 
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Incision on plantar surface of foot for repair of 
flexor hallucis longus. SEE TECHNIQUE 82-25. 



1, Pulley of flexor hallucis longus at first meta- 
tarsophalangeal joint; 2, flexor hallucis longus; 3, latéral head of 
flexor hallucis brevis. SEE TECHNIQUE 82-25. 



1, Médial proper branch of médial plantar 
nerve to tibial side of hallux; 2, common digital branch of médial 
plantar nerve to first web; 3, flexor hallucis longus tendon. SEE 

TECHNIQUE 82-25. 


9 " Flex the toe and repair the tendon end-to-end with a 
double right-angle stitch using 2-0 nonabsorbable mate- 
rial swedged to a tapered, atraumatic needle. Do not 
"accordion" the tendon any more than is necessary to 
hâve adéquate tension to approximate the tendon ends. 
■ Close the skin with 2-0 or 3-0 nylon. Simple sutures are 
désirable, but vertical mattress sutures are acceptable if 


the approximation is offset. Apply a bulky soft-tissue 
wrap and a short leg cast with mild equinus at the ankle 
and neutral position of the hallux. The cast should extend 
distal to the toes. 

POSTOPERATIVE CARE. The patient is kept non- 
weight-bearing for 3 weeks with the ankle in mild 
equinus; then the foot is brought to neutral position at 
the ankle and another short leg cast is applied, extending 
past the toes. Weight bearing to tolérance in the cast is 
allowed. Sutures are removed at the time of cast change. 
The short leg walking cast is removed at 6 weeks, and 
active toe flexion is begun both at the interphalangeal 
and metatarsophalangeal joints while one or the other 
joint is blocked manually. With repair of the tendon 2 cm 
or more proximal to the metatarsophalangeal joint, the 
interphalangeal joint should recover independent flexion. 


■ FLEXOR DIGITORUM LONGUS 
TENDON INJURY 

Repair of an isolated injury of the flexor digitorum longus in 
the toes or in the midfoot is not indicated. If a deep plantar 
lacération near the midfoot-hindfoot junction occurs proxi¬ 
mal to the junction of the quadratus plantae and flexor 
digitorum longus and the flexor hallucis longus also is lacer- 
ated (usually with concomitant médial or latéral plantar nerve 
injury), then repair may be indicated along with the other 
structures. 

PAINFUL HEEL 

In 1922, Stiell stated, “painful heel appears to be a condition 
which is seldom efficiently treated, for the simple reason that 
the causation is not exactly diagnosed.” Forty-three years later 
Lapidus and Guidotti stated, “the name of painful heel is used 
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FIGURE 


Painful heel. Most common location of heel pain. 


deliberately in preference to any other more précisé étiologie 
diagnosis, since the cause of this definite clinical entity still 
remains unknown.” Now, nearly 50 years later, we still do not 
know the précisé, inclusive cause of pain beneath the antero- 
medial prominence of the calcaneal tuberosity (Fig. 82-75). 
A variety of other causes of heel pain are better understood, 
such as heel cord tendinitis, retrocalcaneal bursitis, and 
posterior tibial tendinitis, but plantar heel pain remains 
enigmatic. Despite being poorly understood, plantar heel 
pain is very common, creating frustration for both physician 
and patient. Tong and Furia reported that more than 2 million 
patients are treated for plantar fasciitis every year in the 
United States and estimated the cost of treatment in 2007 as 
ranging from $192 to $376 million. 

■ ETIOLOGY 

The differential diagnosis of plantar heel pain should include 
heel pad atrophy, plantar fasciitis (plantar fasciopathy), 
entrapment of the first branch of latéral plantar nerve, calca¬ 
neal stress fracture, and tarsal tunnel syndrome. Other more 
uncommon étiologies include rheumatoid arthritis, ankylos- 
ing spondylitis, and Reiter syndrome. In addition, especially 
in patients with diabètes, deep soft-tissue abscess should be 
considered. In men younger than 40 years of âge with bilateral 
painful heels, ankylosing spondylitis and Reiter syndrome 
should be ruled out. Women with bilateral symptoms should 
be evaluated for rheumatoid arthritis. 

Degenerative changes with increasing âge are the most 
constant fmdings in the elastic adipose tissue of the heel pad. 
Aging also brings about a graduai réduction in collagen and 
water content, as well as elastic fibrous tissue. This degenera¬ 
tive process in the calcaneal heel pad can account in part for 
soreness under the heel, which is more consistent with heel 
pad atrophy. 

Another possible cause of symptoms involves the wind- 
lass mechanism of the plantar fascia as the toes are dorsiflexed. 
The plantar fascia originates from the anteromedial plantar 
aspect of the calcaneal tuberosity and inserts through several 



aponeurosis longus 



Painful heel. Windlass mechanism, placing 
tension on origin of plantar fascia (see text). 


slips into the plantar plates of the metatarsophalangeal joints, 
the flexor tendon sheaths, and the bases of the proximal 
phalanges of the digits. It is under constant traction as it is 
pulled distally around the drum of the windlass (metatarsal 
heads). This tightening of the cable, so to speak, elevates the 
longitudinal arch and in so doing places traction on the origin 
of the plantar fascia (Fig. 82-76). 
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Another finding that supports this theory is that the most 
dense, unyielding section of the plantar aponeurosis origi- 
nates from the location on the tuberosity of the calcaneus 
where the most common point of local tenderness is found 
during physical examination. It is not farfetched to compare 
this to “tennis elbow.” In fact, this entity has been called 
“tennis heel,” in which répétitive traction and aging produce 
microscopie tears, myxoid degeneration with disorientation 
of collagen fibers, and angiofibroblastic hyperplasia in the 
origin of the plantar fascia. 

Other than the plantar fascia origin, a neurogenic cause 
of painful heel syndrome involving entrapment of the first 
branch of the latéral plantar nerve to the abductor digiti 
minimi was proposed by Schon and Baxter. After reviewing 
this in the laboratory and clinically, they concluded that a few 
patients (1% to 2%) hâve a neurogenic pathologie condition 
associated with painful heel syndrome. They differentiated 
neurogenic causes from others by localizing tenderness along 
the latéral plantar nerve inferior to the flexor retinaculum as 
the nerve approaches the calcaneal tuberosity. Patients with 
plantar fasciitis describe tenderness only at the médial 
tubercle, but patients with a neurogenic component hâve 
tenderness ail along this nerve. Schon and Baxter emphasized 
release of the deep fascial edge of the abductor hallucis 
muscle. 

Significant research has been done in the past few years 
regarding the conséquences of surgical treatment for plantar 
fasciitis. The rôle of the plantar fascia as a supporting struc¬ 
ture of the longitudinal arch of the foot also has been exten- 
sively studied, and it has been found to be the most important 
static support for the arch. Significant changes hâve been 
shown to occur in the longitudinal arch after sectioning of 
the plantar fascia. These laboratory studies help us to under- 
stand the clinical picture of arch pain in patients who hâve 
had either rupture or surgical release of the plantar fascia. 

It is important to note the association between chronic 
heel pain and heel cord insufficiency. In the âge where it has 
become popular to perform heel cord lengthening for a 
variety of problems, it must be stressed that an overly aggres- 
sive lengthening may resuit in a particularly difficult type of 
heel overload and pain. Chilvers et al. described heel overload 
associated with heel cord insufficiency in nine patients after 
heel cord lengthening. They identified diabètes and an insen- 
sate heel as risk factors. 

■ CLINICAL AND RADIOGRAPHIC FINDINGS 

Most often, patients with heel pain are between 40 and 70 
years of âge and hâve unilatéral symptoms in a normally 
arched foot. Obesity is a predisposing factor, and the symp¬ 
toms are even more difficult to control when a patient is 
overweight. It is uncertain if pes planus or pes cavus prédis¬ 
posés to this condition. Decreased ankle dorsiflexion and 
decreased knee extension are associated with plantar heel 
pain. 

The major complaint is pain beneath the heel that is 
worse on rising in the morning or after sitting for a while. 
After a few steps the pain diminishes, and the patient is rea- 
sonably comfortable during the day. Toward the end of the 
day, the discomfort becomes more of an aching that is relieved 
by absence of weight bearing. 

The most common physical finding is localized tender¬ 
ness at the inferomedial aspect of the calcaneal tuberosity. If 


the symptomatic heel is compared with the asymptomatic 
one, mild swelling and erythema often are apparent. The 
duration of symptoms varies from a few weeks to several 
months or even years. Radiographs reveal a calcaneal spur in 
about 50% of patients, but the exact significance of this 
finding is uncertain. Because MRI can reliably delineate both 
the soff-tissue and bony anatomy of the foot, it can be helpful 
in the évaluation of récalcitrant or atypical heel pain. Although 
it rarely changes the management, MRI may demonstrate 
other pathologie processes such as plantar fascia tearing, 
calcaneal edema, or space-occupying lésions. 

■ TREATMENT 

Rarely does a patient with a painful heel require surgery to 
relieve the symptoms. Orthoses, night splints, spécifie plantar 
fascia stretching regimen, oral nonsteroidal antiinflammatory 
agents, local injections, extracorporeal shockwave therapy, 
and low-level laser therapy ail hâve been reported to be suc- 
cessful. More commonly, corticosteroid injections hâve been 
used successfully, but other injections such as PRP and whole 
blood also hâve relieved symptoms. Rupture of the plantar 
fascia has been reported after corticosteroid injection so 
patients should be warned of this complication. Furthermore, 
corticosteroids may provide only brief, temporary relief. A 
prospective, randomized controlled trial comparing intrale- 
sional autologous blood injection with corticosteroid injec¬ 
tion found that the blood injection was effective in reducing 
pain and tenderness but that corticosteroid was superior in 
onset of relief. At 6-month follow-up, both groups maintained 
improved VAS scores. In another prospective trial, Monto 
randomized 43 patients to corticosteroid or PRP injections. 
At 3 months, both showed improved AOFAS scores; however, 
the corticosteroid group steadily declined to baseline levels 
while the PRP group improvement persisted at 2 years. 
Reports in the literature indicate that more than 90% of 
patients with plantar fasciitis can be successfully treated 
nonoperatively. At our institution, the most common foot 
complaint in adults is a painful heel, yet surgery for this 
disorder is extremely rare. In a survey of AOFAS members, 
74% of respondents prefer surgery or ECSWT for patients 
with symptoms présent for more than 10 months. High- 
energy ECSWT has been reported to be effective for plantar 
fasciitis, but level 1 evidence also demonstrates no différence 
between plantar fascia-spécifie stretching and shockwave 
therapy as initial treatment. For chronic plantar fasciitis, a 
meta-analyses of randomized controlled trials and quasi- 
randomized trials supported the use of ECSWT. Other 
reported treatments include botulinum toxin A, radiofre- 
quency electromagnetic field therapy, and low-level laser 
therapy, but no large randomized trials hâve confirmed their 
effectiveness. Jastifer et al. reported the use of low-level laser 
therapy in 30 patients with récalcitrant plantar fasciitis. At 
6-month and 12-month follow-up, VAS and foot function 
index scores were improved significantly. 

In some patients, symptoms persist over an extended 
time despite ail forms of conservative management. If the 
patient is made fully aware of the possibility that no improve¬ 
ment may occur after surgery, then surgery can be recom- 
mended. Recommended procedures include neurolysis of a 
single nerve, gastroenemius lengthening, partial plantar fas- 
ciectomy (open and endoscopie), and exosteotomy of the 
calcaneus. If the procedure chosen does not involve removing 
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the calcaneal spur, if présent, the patient must be informed 
of this before surgery to avoid confusion, disappointment, 
and possibly a poor resuit from a psychologie perspective 
alone. Isolated gastroenemius recession has been shown to 
improve symptoms of plantar fasciitis with less morbidity 
than traditional open, partial plantar fascia release. 

Ward and Clippinger described a proximal médial longi¬ 
tudinal arch incision for plantar fascia release and reported 
that this limited, noninvasive procedure allowed release of the 
central cord of the plantar fascia while leaving the latéral 35% 
to 50% intact, reducing the recovery time required after an 
open procedure. Because no dissection was done through the 
underlying flexor digitorum brevis muscle, no neurolysis or 
tendinous release over the course of the nerve to the abductor 
digiti minimi was necessary. The incisional scar caused no 
complaints. 

The use of endoscopy for plantar fascia release also is 
based on limited release of the central cord of the fascia. 
Although earlier reports in the orthopaedic literature empha- 
sized complications of this procedure, more recent studies 
hâve reported that endoscopie plantar fasciotomy is an effec¬ 
tive procedure with reproducible results, a low complication 
rate, and little risk of iatrogénie nerve injury. Anatomie dis¬ 
sections hâve shown that, if properly performed, endoscopie 
plantar fascia release appears to be a reasonably safe proce¬ 
dure. Saxena reported excellent or good results with single - 
portal endoscopie release in 16 athletic patients, ail of whom 
returned to sports (primarily running) within 3 months of 
surgery. Half of patients with a body mass index of more than 
27 had poor results. We hâve no expérience with endoscopie 
technique and prefer open plantar fascia and nerve release. 

Most patients with heel pain syndrome who ultimately 
require surgery hâve some evidence of entrapment of the first 
branch of the latéral plantar nerve. For these few patients, the 
procedure described below, which includes décompression of 
the first branch of the latéral plantar nerve, removal of the 
insertion of a portion of the plantar fascia, and removal of the 
heel spur, seems to be more of a complété procedure than a 
simple incision of the plantar fascia with the endoscopie 
method. Because release of the plantar fascia from the tuber- 
osity of the calcaneus, removal of any calcaneal spur, neuroly¬ 
sis of the nerve to the abductor digiti minimi, release of the 
flexor digitorum brevis, and excision of the anterior tuberos- 
ity of the calcaneus can ail be done through one incision, only 
one procedure is described. Several authors hâve reported 
good results after neurolysis of the nerve to the abductor 
digiti minimi combined with partial plantar fascia release. 


PLANTAR FASCIA AND 
NERVE RELEASE 


TECHNIQUE 82-26 


(SCHON; BAXTER) 

■ A tourniquet is not required for this procedure but can 
be used if desired. Place the patient supine so that the 
affected foot can be rotated externally. A 2.5x loupe 
magnification routinely is used for the surgery. If no 
tourniquet is used, the patient may be put in a slight 


Trendelenburg position to reduce venous backflow. Pro- 
phylactic intravenous antibiotics can be used at the discré¬ 
tion of the surgeon. 

■ Make an oblique 3- to 4-cm incision along the médial 
aspect of the heel overlying the course of the first branch 
of the latéral plantar nerve and the proximal edge of the 
belly of the abductor hallucis muscle (Fig. 82-77A). The 
starting point of the incision can be located by bisecting 
a longitudinal axial line that runs 1 cm from the posterior 
edge of the médial malleolus. Direct the incision obliquely 
in a distal and plantar direction, ending at the junction of 
the plantar and médial skin. 

■ Carry sharp dissection through the subeutaneous fat, 
paying careful attention to the superficial branch of the 
calcaneal nerves. Occasionally, before the superficial 
fascia of the abductor is encountered, subeutaneous 
fascia is seen and often is confused with the abductor 
hallucis fascia. 

■ Identify the superficial fascia of the abductor hallucis and 
insert a self-retaining retractor into the wound. 

■ Identify the plantar fascia by passing a Freer elevator from 
the médial distal edge of the abductor in a plantar and 
latéral direction. Insert a small lamina spreader with teeth 
at this junction of the abductor fascia and plantar fascia 
and place a Senn retractor distally between the two arms 
of the lamina spreader for better exposure of the plantar 
fascia. 

■ Once exposure is complété, sharply release the superficial 
fascia of the abductor (Fig. 82-77B). 

■ Identify the deep fascia of the abductor, using a Freer 
elevator. This fascia is concave and must be identified 
clearly before the release is performed. 

■ Using a Senn retractor, pull the abductor muscle superiorly 
and release the deep fascia of the abductor with a scalpel 
(Fig. 82-77C). Beneath this fascia there is fat, an artery, a 
vein, and the first branch of the latéral plantar nerve. 
Place the Senn retractor superiorly and pull the abductor 
muscle distally to permit complété release of the deep 
fascia of the abductor from this direction and thus release 
the latéral plantar nerve (Fig. 82-77D). In about 20% of 
patients the nerve can be seen without dissection. It is 
not recommended to routinely dissect out the nerve 
because this may cause unnecessary bleeding and trauma 
to the structures. Careful release of fascia is warranted 
when a sharp edge of the médial caudal border of the 
quadratus planae is palpated (Fig. 82-77E). 

■Attention now should be turned to the inferior 
aspect of the wound, where the plantar fascia can be 
seen medially. Resect a 2 to 3 x 4-mm rectangle of 
médial plantar fascia (Fig. 82-77F). An entire plantar 
fasciotomy may be performed in some nonathletic 
patients who hâve pain throughout the entire insertion 
of the plantar fascia medially and laterally. If the entire 
plantar fascia is to be released, insert a lamina spreader 
in the resected area and eut the remaining portion of 
the plantar fascia. 

■ If a large spur is présent preoperatively and is thought to 
contribute to symptoms, resect the spur by gently reflect- 
ing the flexor digitorum brevis off the exostosis. Place a 
Freer elevator superior and inferior to the spur and 
transect it with a 1/4-inch osteotome. Take care not to 
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FIGURE 


Plantar fascia and nerve release. A f Incision is made over first branch of latéral plantar nerve. B f Superficial fascia of 


abductor hallucis muscle is released. C f Abductor hallucis muscle is reflected proximally. D f Abductor hallucis muscle is retracted distally. 
E f Cross-sectional anatomy of heel along course of first branch of latéral plantar nerve. F, Resection of small médial portion of plantar 


fascia. (From Schon LC: Plantar fascia and Baxter's nerve release. In Myerson M, editor: Current therapy in foot and ankle surgery, St. Louis, Mosby, 


1993 ) SEE TECHNIQUE 82-26. 


damage the first branch of the latéral plantar nerve that 
lies just superior to the spur. After the spur is eut, remove 
it with a rongeur and smooth the bone edges. Several 
authors recommend packing thrombin or bone wax at 
the eut edge of the bone. 

■ Check the release by placing a small, curved hemostat 
deep to the deep fascia of the abductor and gently 
spreading it, palpating for any tight bands. 

■ Irrigate the wound copiously and achieve hemostasis. 
Close the skin with 4-0 nylon mattress sutures. Apply a 


compression dressing consisting of 4 x 4-inch sponge 
gauzes, 4-inch Kerlix bandage, 4-inch Kling bandage, and 
then a 4-inch elastic bandage. 

POSTOPERATIVE CARE. The patient is kept non-weight 
bearing for 2 weeks after surgery. The sutures are then 
removed, and graduai weight bearing to tolérance is 
begun. Resumption of heel cord stretching and increased 
activity are encouraged. 
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TWO-PORTAL ENDOSCOPIC PLANTAR 
FASCIA RELEASE 


TECHNIQUE 82-27 


(BARRETT ET AL.) 

■ After administration of an intravenous sédative and local 
anesthésia, préparé and drape the patient in the usual 
manner. Exsanguinate the foot and inflate a pneumatic 
ankle tourniquet. 

■ Make a reference point for incision immediately anterior 
and inferior to the inferior aspect of the médial calcaneal 
tubercle, as viewed on a non-weight-bearing latéral 
projection. 

■ Make a 5-mm vertical stab incision and bluntly dissect to 
the level of the plantar fascia (Fig. 82-78A). Because direct 
observation through this small incision is impossible, 
palpation is necessary. 

■ The Endotrac (Instratek, Houston, TX) consists of a fascial 
elevator, hook probe, slotted obturator-cannula System, 
and two blade handles for disposable hook and triangle 
blades. 

■ Palpate the médial investment of the plantar fascia with 
the fascial elevator. 

■ Create a channel immediately inferior to the plantar fascia 
with the fascial elevator (Fig. 82-78B). Introduce the 
obturator-cannula System into this channel and advance 
it across the inferior surface of the plantar fascia to the 
latéral aspect of the foot. 

■ Palpate the obturator and make a 5-mm vertical incision 
over its tip, allowing the obturator-cannula to be passed 
through the skin. 

■ Remove the obturator from the slotted cannula, leaving 
the cannula in place. 

■ Introduce the endoscope medially and the fascial probe 
laterally. 

■ Using the endoscope, view the entire inferior surface of 
the plantar fascia on the monitor. Double marks on the 
interior wall of the cannula indicate the approximate 
location of the médial plantar fascia investment. Pro- 
ceeding laterally, a single mark indicates the approxi¬ 
mate location of the médial intermuscular septum. The 
first two marks are 9 mm and 11 mm from the médial 
dermis, respectively, whereas the third mark is 13.5 mm 
from the midpoint of the first two marks. These marks 
correspond to average dermal and médial band widths 
obtained from cadaver dissections and should be used 
only as guides. 

■ While viewing the médial investment of the plantar fascia 
through the endoscope, use the probe to palpate its 
fibers. Introduce the rétrogradé knife to this anatomie 
reference point and sever the médial band of the plantar 
fascia (Fig. 82-78C). 

■ Insert the endoscope laterally and the fascial probe medi¬ 
ally to allow a 180-degree perspective. If any remaining 
plantar fascial fibers are palpated, introduce the triangle 
blade medially to release them. It is important to see the 
complété thickness of the plantar fascia on the video 
monitor to ensure a proper release (Fig. 82-78D). 


■ After fasciotomy, irrigate the area with stérile saline and 
remove the slotted cannula. 

■Approximate the two incisions with two 5-0 Prolene 
sutures and infiltrate the area with 0.5% bupivacaine and 
1 mL of dexamethasone to decrease postoperative dis- 
comfort. Apply a stérile compressive gauze dressing and 
deflate the tourniquet. 

POSTOPERATIVE CARE. Patients are allowed full 
weight bearing immediately after surgery but should 
avoid excessive ambulation. The dressings are removed 
on the third day after surgery, and stérile cloth adhesive 
bandages are applied. The patient may return to regular 
shoes fitted with an orthotic appliance as soon as 
tolerated. 


SINGLE-PORTAL ENDOSCOPIC 
PLANTAR FASCIA RELEASE 


TECHNIQUE 82-28 


(SAXE NA) 

■ Make an incision on the médial aspect of the foot, 1 cm 
distal to the médial tubercle of the calcaneus just above 
the junction of the plantar skin. Dorsiflex the hallux to 
identify the médial portion of the plantar fascia, and 
make the incision within the slightly oblique skin lines 
that run dorsal-proximal to plantar-distal. 

■ Use a hemostat to bluntly dissect down to the plantar 
fascia. 

■ Use a fascial elevator to separate the subeutaneous layer 
from the plantar fascia on the inferior heel and introduce 
an obturator cannula from médial to latéral in the 
pathway created by the fascial elevator. 

■ Remove the obturator and place a 30-degree 4.0-mm 
endoscope within the cannula to view the plantar fascia 
superiorly. 

■ Remove the endoscope and apply the cannulated depth 
gauge with a stop device. Reintroduce the endoscope 
with the depth gauge from médial to latéral. 

■ Identify the médial half of the central plantar fascia band 
by rotating the cannula 180 degrees and viewing this 
location externally by transillumination on the inferior 
heel. 

■ Note the measurement corresponding to the appropriate 
level of transection, usually 7 to 8 on the depth gauge. 

■ Withdraw the endoscope, remove the depth gauge and 
attach a disposable cannulated knife with the stop device 
at the appropriate number to allow transection of the 
médial half of the central plantar fascia. Reinsert the 
endoscope and use the knife to transect the fascia. 
Dorsiflexing the toes can aid in the transection. 

■ After transection, examine the eut ends of the plantar 
fascia, as well as the first plantar muscle layer. When 
appropriate fasciotomy is confirmed, remove ail instru¬ 
mentation and irrigate the surgical site. 
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Endoscopie plantar fascia release with two- 
portal technique (see text). A f Médial portai is determined by 
extending line distally along posterior aspect of médial malleolus, 
where it intersects with médial origin of plantar fascia at calca¬ 
neal tuberosity. B, Latéral portai is made by placing blunt trocar 
superficial and perpendicular to plantar fascia. C, With ankle 
dorsiflexed and toes extended, médial aspect of plantar fascia is 
released with hook knife. D, When appropriate amount of plantar 
fascia is released, underlying flexor digitorum brevis muscle 
can be seen. (From Ferkel RD, Hommen JP: Arthroscopy of the 
ankle and foot. In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery 
of the foot and ankle, 8 th ed, Philadelphia, Elsevier, 2007.) SEE 
TECHNIQUE 82-27. 
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9 " Use small scissors to transect any palpable taut fibers of 
the médial band under direct vision. 

■Close the incision with one or two horizontal mattress 
sutures. 

POSTOPERATIVE CARE. A short below-knee cast boot 
is worn for 4 weeks, with the sutures removed at about 
2 weeks. Patients are kept non-weight bearing on 
crutches for the first 2 weeks and are advised to use a 
foot orthosis during initiation of weight bearing. Physical 
therapy, consisting of stretching, massage, ultrasound, 
and graduai strengthening is begun at 4 weeks. Running 
is resumed when the patient can tolerate 30 to 40 
minutes of continuous walking and has no daily 
symptoms. 


PES PLANUS AND 
TARSAL COALITION 

Although tarsal coalition has long been cited as a cause of 
congénital rigid pes planus, this is inaccurate. Some patients 
with a tarsal coalition, especially calcaneonavicular coalition, 
hâve little deformity suggestive of pes planus. Slight heel 
valgus and minimal loss of the longitudinal arch may be 
présent but frequently are not among the patients complaints. 
In addition, any deformity may not be rigid. This is especially 
true of calcaneonavicular coalition, which might allow 
enough subtalar motion to delude the examiner before radio¬ 
graphie évaluation. Most patients with tarsal coalition do 
hâve a fixed hindfoot valgus of varying severity, however, and 
some loss of the normal longitudinal arch. For this reason, 
tarsal coalition has been included in the discussion of rigid 
pes planus. 

Tarsal coalition, rigid pes planus, and peroneal muscle 
spasm frequently are discussed together as essential compo- 
nents of peroneal spastic pes planus. However, peroneal 
spasm actually is an acquired or adaptive shortening of the 
muscle-tendon units of the peroneal muscles. Inversion stress 
by the examiner, producing an unsustained three-beat or 
four-beat clonus of the peroneal muscles, is the stretch reflex 
of a shortened muscle-tendon unit. That peroneal muscle 
tightness is the frequent resuit of tarsal coalition and not the 
cause must be emphasized. 

Peroneal muscle tightness is seen in many clinical disor- 
ders other than tarsal coalition. Common among these are 
rheumatoid arthritis, osteochondral fracture, and infection in 
the subtalar joint, or neoplasm adjacent to the subtalar 
joint in the talus or calcaneus. The relaxed position of the 
subtalar joint is valgus, which places the least strain on the 
talocalcaneal interosseous ligament according to Lapidus. 
Presumably, through an ill-defined mechanism, the peroneal 
muscles are reflexively stimulated to evert the hindfoot, 
“decompressing” the subtalar joint, and with time, this posi¬ 
tion becomes fixed. 

The true incidence of tarsal coalition is greater than the 
1% usually quoted. Tarsal coalition appears to be inherited, 
probably as a unifactorial disorder of autosomal dominant 
inheritance with nearly fu.ll penetrance. The spécifie type 
of coalition probably represents a genetic mutation that 
is responsible for failure of the primitive mesenchyme to 


segment. Symptomatic tarsal coalitions, other than calcaneo¬ 
navicular and talocalcaneal coalitions, are exceedingly rare. 
Talonavicular coalition (Fig. 82-79A to C) probably is much 
more common than calcaneocuboid, naviculocuboid, navicu- 
locuneiform, or massive tarsal coalition, but it, too, is rare. 

CALCANEONAVICULAR COALITION 

Although probably présent since birth, the calcaneonavicular 
bar does not ossify until a person is 8 to 12 years old. Before 
this period, presumably because of the malleability of the 
cartilage surrounding the primary ossification centers of the 
peritalar complex, significant symptoms are rare. It is believed 
that, as the cartilage ossifies, hindfoot stiffness results; thus, 
the patients ability to withstand the stress of vigorous child- 
hood activity déclinés. The coalition might be bony (synos- 
tosis), cartilaginous (synchondrosis), or fibrous (syndesmosis). 
Incomplète coalitions (Fig. 82-79D), that is, cartilaginous or 
fibrous, usually are the more symptomatic. The 45-degree 
latéral oblique radiographie examination is the most useful 
in diagnosing calcaneonavicular coalition, whether it is 
complété (bony) or incomplète (cartilaginous or fibrous). 

The abnormal bar runs from the anterior process of the 
calcaneus just latéral to the anterior facet dorsally and medi- 
ally to the latéral and dorsolateral extraarticular surface of the 
navicular. It usually is 1.0 to 2.0 cm long x 1.0 to 1.2 cm wide. 
In a bar with a cartilaginous or fibrous interface, the adjacent 
bony margins are irregular and indistinct. The talar head 
might appear small and underdeveloped. Beaking of the 
dorsal articular margin of the talus, so common in talocalca¬ 
neal coalition, is uncommon in calcaneonavicular coalition. 

The symptoms usually are vague dorsolateral foot pain 
centering around the sinus tarsi, difficulty walking on uneven 
surfaces, foot fatigue, and occasionally a painful limp. The 
physical examination may or may not show significant réduc¬ 
tion of subtalar motion or flattening of the longitudinal arch, 
so a high index of suspicion is necessary in this patient profile. 
In our expérience, if the condition is unilatéral, careful 
examination of subtalar motion shows a definite différence in 
the two feet in most patients. In addition to varying degrees 
of loss of subtalar motion, tenderness usually is présent in the 
sinus tarsi and along the course of the bar. Hindfoot valgus, 
some loss of the longitudinal arch, and peroneal spasm are 
présent in most adolescent patients who are symptomatic to 
varying degrees. 

■ TREATMENT 

Although a calcaneonavicular coalition may not appear until 
adulthood, most patients with symptomatic calcaneonavicu¬ 
lar coalition are 8 to 12 years old, corresponding to the period 
in which ossification of the cartilaginous precursor occurs. 
Parents should be educated regarding its congénital nature, 
the reason for the delay in symptoms until adolescence, its 
hereditary pattern, and the fact that some coalitions never 
become symptomatic. This discussion with the patient and 
family members is an important part of the treatment. 

A trial of reduced activity or cast immobilization or both 
is recommended. A patient may be rendered asymptomatic 
for varying periods or even indefinitely after 4 to 6 weeks in 
a cast. Intermittent casting for short periods, with lengthy 
intervals of noncasting, might be ail that is required. The mere 
presence of a tarsal coalition does not mean surgery should 
be recommended; if patients with tarsal coalition reach their 
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A to C f Congénital talonavicular tarsal coalition (anteroposterior, latéral, and oblique views). D, Calcaneonavicular 
incomplète tarsal coalition. 


20s with few or no symptoms, they frequently remain asymp- 
tomatic or are only mildly symptomatic. If a trial period of 
casting and the use of a molded arch support do not allow 
an adolescent to participate in activities he or she enjoys, 
however, surgical treatment can be recommended with a 
high expectation of success in reducing or eliminating the 
symptoms. 

For children and young adults, resection of the calcaneo¬ 
navicular bar with interposition of muscle or fat at the site of 
resection is recommended. For adults, however, the literature 
is conflicting as to the efficacy of calcaneonavicular bar exci¬ 
sion, with good results reported from 68% to 92% of patients, 
but with récurrence rates of 67% and osteoarthritic changes 
in 96% reported by some. Other authors, however, hâve 
reported restoration of subtalar motion, relief of symptoms, 
and improved function after resection and filling of the defect 
with muscle (extensor digitorum brevis) or fat (Fig. 82-80). 


CALCANEONAVICULAR 
BAR RESECTION 


TECHNIQUE 82-29 


EXPOSURE OF BAR 

■ Make an Ollier incision (see Chapter 1); preserve the 
branches of the intermediate dorsal cutaneous branch of 
the superficial peroneal nerve Crossing the incision, and 
try to preserve the sheaths of the extensor digitorum 
longus and peroneus tertius tendons anteriorly and the 
peroneal tendons posteriorly. 

■ Identify the muscle belly of the extensor digitorum brevis. 
Raise the muscle by sharp dissection from the confines of 
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jjïj Resection of calcaneonavicular tarsal coalition. 
A f Before surgery. B f After surgery. 


the sinus tarsi in a proximal-to-distal direction until the 
entire sinus tarsi and anterior process of the calcaneus are 
identified. 

RESECTION OF BAR 

■ Identify the talonavicular and calcaneocuboid joints by 
manually rocking the forefoot-midfoot segment on the 
hindfoot. The bar runs from the anterior process of the 
calcaneus just latéral to the anterior facet anteriorly and 
medially to the latéral and dorsolateral margin of the 
navicular. If the exact location of the articular margins of 
the calcaneocuboid or talonavicular joints is questionable, 
open the capsules of these joints just enough to identify 
the articular surfaces. 

■ Use small Hohmann retractors around the waist of the 
bar to improve exposure. At the calcaneal origin of the 
bar, place a 1/2-inch osteotome parallel to the floor 
of the sinus tarsi and eut up to but not through the 
médial cortex of the bar. Direct the upper eut at the 
dorsolateral aspect of the navicular medially, plantarward, 
and obliquely at about 30 degrees from the vertical plane. 


Complété this osteotomy through the bar. By placing the 
osteotome in the inferior eut, fracture the bar through its 
médial cortex and smooth it with a rongeur. A rectangular 
piece of bone should be excised. In this manner, the 
chance of damaging the anterior facet of the subtalar 
joint or the inferior aspect of the head and neck of the 
talus is reduced (Fig. 82-81). 

■ Generous resection of the bar is recommended. Because 
the tendency is to remove less than an optimal amount 
of bone, we recommend a latéral oblique radiographie 
examination on the operating table after resection. 
Usually, a 1.5- to 2.5-cm segment of bar is removed. 
Leave the latéral fourth of the articular surface of the talus 
uncovered by navicular to ensure adéquate removal. 

INTERPOSITION OF MUSCLE 

■ Using an absorbable suture woven through the proximal 
margin of the extensor digitorum brevis muscle, interpose 
the muscle in the depths of the defect by passing a small, 
straight needle medially through the defect, carrying the 
suture and the muscle with it into the defect. 

■ Bring the ends of the suture out through the skin medi¬ 
ally, pass them through a broad felt pad, and tie them 
firmly. 

■ Deflate the tourniquet, secure hemostasis, and close the 
skin with absorbable sutures. 

■Apply a well-padded, short leg cast in the operating 
room. 

■The use of bone wax with Gelfoam on the raw surfaces 
after resection is an alternative to muscle interposition. 

POSTOPERATIVE CARE. The initial cast (nonwalking) 
remains in place 3 weeks, provided that the neurovascular 
status of the foot is satisfactory. At 3 weeks, the cast is 
removed and active plus gentle, active-assisted, inversion- 
eversion exercises are begun. Weight bearing to tolérance 
with the aid of crutches is begun; the crutches are 
discontinued when full weight bearing is comfortable. 
Although subtalar motion improves, we hâve not had it 
equal that of the uninvolved side in unilatéral cases 
and 50% of normal is, in our opinion, a good resuit. The 
patient and parents should understand this before surgery. 


I ARTHRODESIS FOR CALCANEONAVICULAR 
COALITION 

In adults, resection of a complété bony bar between the cal¬ 
caneus and the navicular may not improve subtalar motion 
or relieve the symptoms. This is especially true if there is 
radiographie evidence of degenerative arthritis in the subtalar 
or talonavicular joints. If the findings of arthritis are mild and 
consist primarily of talonavicular beaking, the option of bar 
resection or arthrodesis is given to these patients. Salvage of 
the failed bar resection, regardless of âge, is a triple arthrod¬ 
esis. We prefer select arthrodèses in adult patients with 
degenerative changes in the peritalar joint complex. 

If the hindfoot is in an acceptable position, an in situ 
arthrodesis is performed. If the position of the hindfoot 
must be changed, however, the bar is removed and the appro- 
priate resection of the articular surfaces at the subtalar 
and midtarsal joints is made to reposition the hindfoot. The 
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TECHNIQUE 82-29. 


Resection of calcaneonavicular tarsal coalition. A f Before surgery. B f Direction of osteotome. C f After resection. SEE 






A f Harris-Beath axial calcaneal (coalition) view to identify middle facet tarsal coalition. Note normal middle facet on 
right and incomplète middle facet coalition on left. B f Latéral radiograph of hindfeet of same patient. Note normal middle and posterior 
facets on right but following conditions on left: loss of normal "space" at middle facet, rounding of latéral process of talus, and sclerotic 
semicircle in calcaneus inferior to middle facet, representing overlap of cortical margins of sustentaculum and bony bar. 


surgical techniques of hindfoot arthrodèses are described in 
Chapter 84. 

TALOCALCANEAL COALITION 

The talocalcaneal bridge ossifies either completely or incom- 
pletely when an individual is between 12 and 16 years old, 
which is later than the ossification of the calcaneonavicular 
bar and usually is diagnosed in older adolescents or adults. 
CT of a symptomatic hindfoot in children may identify the 
coalition earlier. The symptoms are similar to those of calca¬ 
neonavicular coalition and include foot fatigue and pain 
around the hindfoot on increased activity. Loss of the longi¬ 
tudinal arch, although présent, usually is not a complaint. 
Peroneal spasm frequently is présent, but the cardinal sign on 
physical examination is marked réduction or absence of 
subtalar motion. This is in contrast to the calcaneonavicular 
bar, which may allow varying degrees of subtalar motion. 
Tenderness in the sinus tarsi, over the talonavicular joint, 
along the peroneal tendons, and especially medially over the 
sustentaculum tali, may be présent. Heel valgus and loss 
of the normal longitudinal arch usually occur in varying 
severity. 


■ RADIOGRAPHIC FINDINGS 

The Harris and Beath radiographie projection (i.e., postero- 
superior oblique projection) passes between the sustentacu¬ 
lum and the neck of the talus. In a talocalcaneal coalition, the 
joint space is replaced by a bony bridge (Fig. 82-82) or the 
distinct articular margins are lost, implying a fibrous or car- 
tilaginous bridge. This view is taken with the patient standing 
on the cassette, with the knees flexed enough to remove the 
calf shadow from the beam and the cône angled 45 degrees 
to the cassette and directed toward the heel. We hâve found 
in taking the coalition view that 35- to 40- to 45-degree angles 
to the long axis of the calcaneus are the most common angles 
showing the coalition (see Fig. 82-82). Jayakumar and Cowell 
recommended a standing latéral radiograph, from which the 
angles made by the posterior and médial facets with the floor 
are determined. The angle of inclination of the projection can 
be determined for the coalition view. 

Other helpful radiographie signs include beaking of the 
head of the talus at the dorsal articular margin (Fig. 82-83), 
broadening or rounding of the latéral process of the talus as 
it impinges on the calcaneal sulcus, narrowing of the posterior 
talocalcaneal joint space, and loss of the middle subtalar joint, 
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FIGURE 


Note beaking of anterior aspect of neck of talus 


associated with middle facet tarsal coalition. 



FIGURE 


^ Computed tomography scan shows middle 


facet coalition. 
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FIGURE 


Angles of middle and posterior subtalar facets. 


ail seen on the latéral view of the foot (see Fig. 82-82). In 
addition, on the latéral oblique view, the anterior facet of the 
subtalar joint is asymmetric. CT scans also are helpful in 
characterizing the extent of coalition, especially for operative 
planning. 

Normal variations in the osseous anatomy of the hindfoot 
make radiographie standardization difficult for diagnosing 
talocalcaneal coalition. Normally, the médial and posterior 
subtalar joint facets lie in planes at 35 to 45 degrees and 45 
to 60 degrees to the long axis of the calcaneus, but this is 
highly variable (Fig. 82-84). One reason for the difhculty in 
diagnosing this disorder is that the bridge, which may be 
bony, fibrous, or cartilaginous, is not seen in ordinary radio¬ 
graphie projections of the foot, including the latéral oblique 
view, which is needed to diagnose calcaneonavicular 


coalitions. CT in the coronal plane at 3-mm incréments is 
recommended. Instructions should be explicit to the radiog- 
raphy technician that the primary cuts of the CT should be 
perpendicular to the posterior and middle facets of the sub¬ 
talar joint, that is, in the semicoronal plane. This not only aids 
in the diagnosis of talocalcaneal coalition but also defines 
the exact location and margins of the coalition and shows the 
condition of the remaining subtalar articulations at the 
middle and posterior facets. Although CT sets the standard 
for diagnosis of talocalcaneal coalitions (Fig. 82-85), MRI 
may be helpful in depicting ail types of coalitions, including 
fibrous coalitions. 

■ TREATMENT 

A trial of conservative treatment is recommended, including 
reduced activity, 4 to 6 weeks in a short leg walking cast 
followed by a period of wearing molded arch supports, and 
possibly a corticosteroid injection within the sinus tarsi. If 
this form of treatment fails, operative treatment is indicated. 
Wilde found that coalitions with more than 50% involvement 
of the subtalar joint were associated with more than 16 
degrees of heel valgus, which resulted in poor results after 
resection, and he recommended subtalar fusion. More 
recently, however, authors hâve reported comparable results 
with resection despite the size of the coalition. Mosca reported 
satisfactory results and deformity correction with the use of 
a latéral column lengthening with or without talocalcaneal 
coalition resection. 

In older patients, especially patients in whom degenera- 
tive changes hâve occurred (see Fig. 82-87), sélective hindfoot 
arthrodesis is indicated. A triple arthrodesis has been 
described for this condition through either an antérolatéral 
or an Ollier approach (see Chapter 1), supplemented by a 
médial approach, if needed, to expose the médial aspect of 
the talonavicular joint, the coalition at the sustentaculum, or 
both (Fig. 82-86). A subtalar fusion alone has been reported 
effective, unless degenerative arthritic changes are présent in 
one or both of the midtarsal joints. If subtalar arthrodesis 
alone is chosen, the technique is as described in Chapter 84. 
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A f Standing latéral radiograph of right foot. 
Note middle facet tarsal coalition with talar beaking. B, Note 
middle facet coalition bilaterally. C f Several years after triple 
arthrodesis. D f Computed tomography scans after triple arthrod- 
esis of right foot; left foot has not been treated. 


To aid with hindfoot deformity correction, resection of the 
coalition may be needed, allowing rotation of the calcaneus 
under the talus. 

In a younger patient (9 to 12 years old) with symptomatic 
middle facet tarsal coalition, resection of the bar has gained 
popularity (Fig. 82-87A). This is done through a médial inci¬ 
sion over the sustentaculum tali. This is our treatment of 
choice in younger patients (10 to 15 years old). For some 
patients who hâve significantly increased heel valgus or 
forefoot abduction in combination with a middle facet coali¬ 
tion, corrective ostéotomies of the calcaneus can be used in 
addition to resection of the middle facet. Anterior lengthen- 
ing osteotomy of the calcaneus is used when the deformity 
is primarily abduction through the midfoot. A médial dis¬ 
placement posterior calcaneal osteotomy is used when the 
deformity is primarily heel valgus without severe forefoot 
abduction. 


RESECTION OF A MIDDLE FACET 
TARSAL COALITION 


TECHNIQUE 82-30 


■ Begin an incision at the proximal margin of the navicular, 
curving it slightly dorsally, passing distal to the tip of the 
médial malleolus 1 to 2 cm plantar to its distal tip. At that 
point, curve the incision slightly plantarward, ending 3 to 
4 cm proximal to the tip of the médial malleolus. The 
neurovascular bundle should course obliquely across the 
proximal end of the incision. 

■ When skin, subcutaneous tissue, and superficial veins 
(which may be large) are exposed, palpate the susten¬ 
taculum tali about 2 cm plantarward from the tip of the 
médial malleolus. 

■ The flexor digitorum longus tendon passes over the 
central portion of the coalition. Open the sheath and 
retract it dorsally or plantarly (Fig. 82-88A). 

■ Incise the periosteum of the coalition, defining its proxi¬ 
mal and distal margins. Expose the entire coalition and a 
limited area of the posterior facet to avoid injury with the 
osteotome. The flexor hallucis longus tendon is at the 
plantar margin of the coalition with the coalition over it. 

■ With the proximal and distal margins and the dorsal and 
plantar margins of the facet exposed, begin the resection. 
Use of a 1/4- to 1/2-inch osteotome is helpful in deter- 
mining the margins of the resection; however, use a 3- to 
4-mm burr for final resection until cartilage is présent on 
the talus and calcaneal surfaces (Fig. 82-88B). The most 
common error is not extending the resection distally and 
proximally sufficiently to view cartilage on both sides of 
the joint. Cartilage should be seen throughout the entire 
coalition after resection, leaving no areas of fibrous or 
bony connection. Subtalar stress should reveal some 
motion at the subtalar joint. 

■ Use bone wax on the opposing surfaces of the middle 
facet and take a free fat graft locally if available or 
through a small incision in the thigh and hold in place 
with small sutures through the bone of the adjacent 
periosteum of the middle facet. 
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FIGURE 82-8 


^ A f Latéral radiograph of immature foot with middle facet tarsal coalition. B f Latéral radiograph of patient in late 
20s showing adaptive changes in middle facet. C f Harris axial calcaneal view. D f Computed tomography scan confirms degenerative 
changes in middle and posterior facets; note adaptive changes of entire shape of calcaneus. E f Oblique radiograph of same foot as in 
B and D, showing coalition extending distal to middle facet. 


■Apply a well-padded, short leg, non-weight-bearing 
cast. 

POSTOPERATIVE CARE. The cast and sutures are 
removed in 10 to 12 days. The patient should begin active 
range of motion of the ankle, subtalar, and midtarsal 
joints if the wound has healed. A non-weight-bearing, 
removable, short leg cast is worn for another 2 to 3 
weeks. Partial weight bearing is allowed at 4 weeks, and 
full weight bearing is allowed at 6 weeks. 


SUBTALAR ARTHROEREISIS 

The concept of arthroereisis probably dates to Grices descrip¬ 
tion of an extraarticular arthrodesis with insertion of bone 
graff into the sinus tarsi. The concept was that by limiting the 
ability of the calcaneus to externally rotate and the talus to 
internally rotate, maintenance of correction of the arch was 
possible. This has evolved currently to the use of various types 
of implants in the sinus tarsi to block external rotation of the 
calcaneus relative to the talus or to prevent the anterior 
process of the calcaneus from abutting the latéral process of 
the talus as the foot prônâtes. 
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Resection of middle facet tarsal coalition. A f Sheath is opened and retracted dorsally or plantarly. B f Coalition is 
removed with osteotome until it is flush with posterior facet. SEE TECHNIQUE 82-30. 





FIGURE 


Maxwell and Cerniglia biomechanical classification of sinus tarsi 


device. C f Impact-blocking device. 


implants. A f Self-locking wedge. B f Axis-altering 


As described by Maxwell and Cerniglia, there are three 
biomechanical types of sinus tarsi implants. The first is a 
self-locking wedge, which is inserted in a screw fashion 
between the latéral process of the talus and the anterior 
process of the calcaneus and prevents external rotation of the 
calcaneus on the talus (Fig. 82-89A). The second is described 
as an axis-altering device (Fig. 82-89B). This device is an 
intraarticular device that is inserted under the latéral process 
of the talus in the lateralmost portion of the subtalar joint and 
elevates the latéral aspect of the talus. The third type is an 
impact-blocking device, which is inserted in bone in the floor 
of the sinus tarsi and acts in a fashion similar to the self- 
locking wedge by preventing external rotation of the calcaneus 
under the talus (Fig. 82-89C). Various materials are used for 
these implants, including a polyethylene device (STAY-peg 
implant, Wright Medical, Arlington, TN), which is an axis- 
altering device; a titanium device with or without an outer 
polyethylene cylinder, which typically is used as a self-locking 
wedge and inserted extraarticularly into the sinus tarsi; and 
a bioabsorbable implant such as the Giannini polylactic acid 
device, which acts similar to a dry wall fastener in which an 
outer plug is inserted into the sinus tarsi and fins are expanded 


after insertion of an inner screw. An overview of the subject 
concluded that there may be a place for subtalar arthroereisis 
in overall management of pes planus deformity in adults and 
children, but proper patient sélection is crucial. 

A review of the literature on the use of subtalar arthro¬ 
ereisis devices continues to reflect conflicting outcomes. In 
2001, Giannini et al. reviewed the surgical treatment of 
bilateral functional flexible pes planus in children from 8 to 
15 years old using a polylactic acid résorbable implant. They 
found significant improvement in radiographie and clinical 
parameters of the deformity and a low complication rate. 
Vedantam et al. evaluated the use of the STAY-peg device in 
140 planovalgus foot deformities in 78 children with neuro- 
muscular disorders. Most patients had concomitant soff-tissue 
procedures to balance the foot. The patients were evaluated 
for the presence of pain and residual hindfoot valgus defor¬ 
mity, with satisfactory results reported in 135 (96%) feet. 
More recently, in a critical review of the literature, Metcalfe 
et al. found patient satisfaction rates of 79% to 100% in 
pédiatrie patients; however, arthroereisis was associated with 
a number of complications, including sinus tarsi pain, device 
extrusion, talar fracture, and undercorrection. Complication 
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rates ranged from 5% to 18%. With a mean follow-up of 1 
year, Chong et al. compared latéral column lengthening and 
arthroereisis in pédiatrie flexible fiat foot deformity. Both 
groups demonstrated clinical and radiographie improvement 
with minimal complications, and the authors recommended 
arthroereisis as a less-invasive alternative to latéral column 
lengthening. Because their configuration closely resembles 
the subtalar implants used for arthroereisis, bioabsorbable 
interférence screws hâve been suggested to possibly better fit 
the tarsal canal and decrease the need for implant removal. 
Of six adult patients reported by Saxena and Nguyen, however, 
two requested implant removal, one at 3 months affer surgery 
and one 1 year after surgery because of significant collapse 
and fragmentation; another patient with persistent pain and 
fragmentation of the implant refused removal. 

In summary, affer review of the literature, several findings 
seem to be consistent: 

1. Insertion of a sinus tarsi blocking implant, whichever 
design is used, seems consistently to reduce the pes 
planus deformity and, at least in short-term follow-up 
studies, hold the réduction, especially when combined 
with other procedures. Satisfactory radiographie and 
clinical correction can be expected with the use of these 
devices. 

2. A significant incidence of sinus tarsi pain requiring 
implant removal has been noted, and this pain does not 
always résolve with removal of the implant. 

3. Follow-up can be characterized as midterm at best with 
no truly long-term studies available at this point. 

4. The incidence of complications with other forms of pes 
planus deformity is significant. Further studies are needed 
before these devices can be recommended for general 
use. 

5. The literature appears to indicate that the best use of these 
implants is in children with symptomatic pes planus who 
hâve combined neuromuscular disorders. 
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METATARSOPHALANGEAL 
JOINT INSTABILITY 

ETIOLOGY 

Deformity of the lesser toes, particularly of the second toe, 
sometimes is related to instability of the metatarsophalangeal 
joint. This disorder, which ranges in severity from synovitis 
of the metatarsophalangeal joint to dislocation and chronic 
deformity (hammer toe, claw toe, or crossover toe), has 
become a well-recognized problem. Lesser toe deformities are 
frequent in women older than the âge of 50 years who wear 
constrictive high-heeled shoes and in athlètes with chronic 
overuse and hyperextension of the toes. Coughlins extensive 
review of crossover toe deformity (which commonly involves 
some element of metatarsophalangeal synovitis) found the 
following associative factors: women older than âge 50 years, 
hallux valgus, and degenerative changes in the first metatar¬ 
sophalangeal joint. The most consistent physical finding was 
the presence of a positive drawer sign or Lachman test (Fig. 
83-1). Although the commonly held belief is that instability 
and synovitis are associated with an excessively long second 
metatarsal, this has been called into question. The traditional 
technique of measurement of second metatarsal length 
described by Morton involves a line drawn across the articular 
surfaces of metatarsals 1 and 3 (Fig. 83-2 A). The Hardy and 
Clapham method (Fig. 83-2B) gives a different analysis of 
second metatarsal length. Weber et al., in a cadaver study 
evaluating the length of the second metatarsal, found a sig- 
nificant corrélation between increased forefoot pressure and 
médial déviation of the second toe. Bhutta et al. found that a 
corrélation between second metatarsal length as a causative 


factor and a metatarsophalangeal pathologie process dépends 
largely on the method of measurement. This question is not 
a trivial one because the treatment decision offen involves 
whether to shorten the metatarsal. Hallux valgus offen is 
associated with metatarsophalangeal joint instability, but the 
most likely causes of instability are attritional changes in the 
latéral collateral ligament, capsule, and plantar plate. These 
changes more likely are caused by chronic synovitis and not 
by pressure from the deformity of the hallux. Other causes of 
instability include chronic synovitis from systemic arthritis, 
neuromuscular disease causing muscular imbalance, and 
acute traumatic disruptions of the plantar plate and collateral 
ligaments. 

ANATOMY AND BIOMECHANICS 

The most common site of synovitis, instability, and develop¬ 
ment of fixed toe deformity is the second metatarsophalangeal 
joint. Normal toe position dépends on dynamic and static 
restraints. The most powerful extension force on the joint is 
delivered by the extensor digitorum longus tendon, which 
extends the metatarsophalangeal joint through a fibroapo- 
neurotic sling that attaches plantarly to the plantar plate and 
capsule and suspends the phalanx (Fig. 83-3). The extensor 
digitorum longus tendon is able to extend the interphalangeal 
joints of the toe only when the metatarsophalangeal joint is 
in a neutral or flexed position. If a toe is held in an extended 
position, such as in a high-heeled shoe, the extensor digito¬ 
rum longus becomes a deforming force on the metatarsopha¬ 
langeal joint. 

Flexion of the metatarsophalangeal joint primarily is a 
function of the intrinsic muscles. The second toe is unique in 
that there are two dorsal interossei and no plantar interossei. 
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Lachman test of metatarsophalangeal joint stability. A f Starting position. B f Positive Lachman test of metatarsopha- 
langeal joint. C f Starting position for examination. D f Positive test with visible and palpable subluxation of joint. (A and B from Thompson 
FM, Hamilton WG: Problems of the second metatarsophalangeal joint, Orthopedics 10:83, 1987.) 



Measurement of metatarsal length accordi 
to the methods of Morton (A) and Hardy and Clapham (B). ( 
calcaneocuboid joint; TN, talonavicular joint. 


Normally, the axis of the pull of these muscles is plantar to 
the center of rotation of the metatarsophalangeal joint. As the 
metatarsophalangeal joint becomes chronically extended, 
however, the line of action moves dorsal to the center of 
rotation of the metatarsophalangeal joint, and these tendons 
become a deforming force for dorsal subluxation. 



Lumbrical m. 


FIGURE 


Anatomy of extrinsic and intrinsic musculature 


of metatarsophalangeal joint. 


The lumbrical muscle is located on the médial side of the 
joint and axis and acts as an unopposed adductor of the toe. 
Although the lumbrical muscle normally passes plantar to the 
transverse intermetatarsal ligament and acts as a plantar 
flexor of the metatarsophalangeal joint, with chronic exten¬ 
sion deformity it becomes ineffective as a plantar flexor. 

Static restraints for joint stability include the collateral 
ligaments and the plantar plate, coupled with dynamic pull 
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from the intrinsic muscles. The plantar plate, which originates 
partially as a thin synovial attachment in continuity with the 
periosteum of the metatarsal metaphysis, provides most of 
the stabilizing force. A firm fibrocartilaginous attachment 
inserts onto the base of the proximal phalanx adjacent to the 
articular cartilage. A cadaver study determined that the 
plantar plate is approximately 2 cm long, 1 cm wide, and 2 to 
5 mm thick. The médial and latéral borders of the plate are 
thicker than the central portion, except for a broad thickened 
portion directly plantar to the metatarsal head. 

The plantar plate has a number of important attachments, 
including the collateral ligaments, the plantar fascia, the 
fibrous sheath of the flexor tendons, the interossei tendons, 
and the deep transverse metatarsal ligament. Several cadaver 
studies hâve evaluated the effects on joint stability of section- 
ing various structures around the lesser metatarsophalangeal 
joints. Reported contributions to dorsal translation stability 
for the plantar plate hâve ranged from 19% to 34% and for 
the collateral ligaments, 37% to 46%. Wang et al. found that 
bilateral sectioning of the deep transverse metatarsal liga¬ 
ment produced significant instability of the lesser metatarso¬ 
phalangeal joints. Each of the collateral ligaments that insert 
onto the plantar plate has two distinct portions: the proper 
collateral ligament, which inserts at the base of the proximal 
phalanx, and the accessory collateral ligament, which inserts 
onto the plantar plate (Fig. 83-4). Barg et al. found that insuf- 
ficiency of the accessory collateral ligament leads to the most 
severe instability. 

Chronic irritation of the joint and subséquent synovitis 
and joint effusion cause attritional degeneration, lengthening, 
and eventual rupture of these structures, especially the latéral 
collateral ligament and plantar plate, and subséquent instabil¬ 
ity. On the basis of their research and the research of other 
authors, Doty and Coughlin concluded that the plantar plate 
is the primary stabilizing structure that is the first to fail. The 
collateral ligaments also may fail in time, contributing to the 
tr ans ver se and sagittal plane malalignment of the toe. 

DIAGNOSIS 

Patients with synovitis and instability of the metatarsopha¬ 
langeal joint usually hâve an insidious, slowly progressive 


course of metatarsalgia, especially when wearing high-heeled 
shoes. Occasionally, neuritic symptoms may be présent in the 
second web space, with radiation into the second and third 
toes. It must be emphasized that pain in this area is far more 
likely to be from the metatarsophalangeal joint than from an 
associated interdigital neuroma. Some patients, especially 
athlètes, may remember an acute hyperextension injury to the 
foot that began the cycle of pain. Initially, pain occurs with 
weight bearing, but as the problem progresses, some patients 
hâve pain with rest. In the later stages of deformity, patients 
may hâve an antalgie gait pattern and compensate by shiffing 
weight to the latéral column of the foot. 

On examination, a hammer toe or crossover toe may or 
may not be présent. Usually, some swelling of the joint mani- 
fests by the loss of contour of the long extensor tendon 
compared with the adjacent toes. Offen a palpable effusion is 
présent in the joint (Fig. 83-5). Tenderness may be présent in 
the dorsofibular side of the joint or the plantar plate directly 


Proper Accessory 

collateral collateral 



Location of the plantar plate, flexor tendons, 
and collateral ligaments in relation to the metatarsophalangeal 
joint. (Redrawn from Doty JF, Coughlin MJ: Metatarsophalangeal joint 
instability of the lesser toes and plantar plate deficiency, J Am Acad 
Orthop Surg 22:235, 2014.) 



FIGURE 


A and B, Effusion in joint of patient with hammer toe deformity. 
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r TABLE 83-1 IjPBlPM 

Clinical Staging System for Metatarsophalangeal Joint Instability ] 

STAGE 

ALIGNMENT 

PHYSICAL EXAMINATION 

0 

No malalignment, prodromal phase with pain 

Joint pain, swelling, diminished toe purchase, 
négative drawer test 

1 

Mild malalignment, widening of the web space, 
médial déviation 

Joint pain, swelling, diminished toe purchase, mildly 
positive drawer test (< 50% subluxation) 

2 

Moderate malalignment; médial, latéral, or dorsal 
deformity; hyperextension 

Joint pain, diminished swelling, no toe purchase, 
moderately positive drawer test (> 50% subluxation) 

3 

Severe malalignment, dorsal deformity, toes may 
overlap, possible hammer toe 

Joint and toe pain, little swelling, no toe purchase, 
dislocatable on drawer test 

4 

Severe malalignment, dislocation, fixed hammer toe 

No toe purchase, dislocated toe 


From Coughlin MJ, Baumfeld DS, Nery C: Second MTP joint instability: grading of the deformity and description of surgical repair of capsular insufficiency, Phys 
Sportsmed 39:132, 2011. 



High-grade tear of the second metatarsopha- 
langeal joint plantar plate in a patient with déviation of the third 
metatarsophalangeal joint. 


beneath and just proximal to the metatarsal head. The 
Lachman (drawer) test is helpful in assessing dorsal-plantar 
instability (see Fig. 83-1). Limited motion of the joint usually 
is apparent, especially in flexion, compared with the contra¬ 
latéral toe. Clinical staging of instability defines the severity 
of the subluxation and is rated on a scale of 0 to 4 (Table 83-1). 
Interestingly, Klein et al. found that a positive drawer test and 
déviation of the third metatarsophalangeal joint suggested a 
high-grade tear of the second metatarsophalangeal joint 
plantar plate (Fig. 83-6). 

The paper pull-out test can be used to evaluate toe 
strength and dynamic digital purchase on the ground. A 
narrow strip of paper is placed between the affected toe and 
the ground. The patient grasps the paper by plantarflexing the 


toe, resisting the examiner s attempts to pull the paper from 
beneath the toe. The test is positive when the patient is unable 
to resist this pull. 

As deformity progresses, a plantar callus may develop. 
Although the diagnoses of metatarsophalangeal joint instabil¬ 
ity and plantar plate rupture are made primarily by clinical 
examination, MRI using a small receiver coil, as described by 
Yao et al., can be used for évaluation (Fig. 83-7). Ultrasound 
imaging has been found to hâve comparable sensitivity to 
MRI in the identification of lesser metatarsophalangeal joint 
plantar plate tears (Fig. 83-8). Gregg et al. prospectively 
evaluated 160 patients with symptoms of plantar plate tears 
using ultrasonography and MRI; the sensitivity of MRI with 
surgical corrélation was 87% and ultrasound demonstrated a 
sensitivity of 96%. Feuerstein et al. found that, although both 
static and dynamic ultrasound techniques were highly sensi¬ 
tive, the sensitivity and accuracy of ultrasound examination 
were better with dynamic techniques. 

TREATMENT 

In the early stages of synovitis when minimal deformity is 
présent, a single intraarticular cortisone injection, oral anti- 
inflammatory agents, metatarsal supports, taping of the toe 
in a neutral position, and use of stiff-soled shoes may elimi- 
nate pain and prevent deformity. The addition of a spring Steel 
plate to the orthosis or directly to the sole of the shoe may 
help to eliminate extension forces on the toe. Peck et al., in a 
study of 154 patients with lesser metatarsophalangeal insta¬ 
bility, found that 64% were managed nonoperatively with 
these methods and 36% were managed operatively with a 
combination of a flexor-to-extensor transfer, a Weil osteotomy, 
and a Stainsby procedure (which involved removal of the base 
of the proximal phalanx). They reported no significant différ¬ 
ence in improvement between patients treated operatively 
and those treated nonoperatively. When significant deformity 
or instability is présent, however, conservative treatment may 
be insufficient. 

For chronic synovitis of the joint that is unresponsive to 
conservative treatment when no significant instability is 
présent, extensor longus lengthening, dorsal capsulotomy, 
and synovectomy are indicated. Very occasionally, a second 
web space neuroma is présent and should be resected if 
preoperative symptoms suggest neuritic pain. 
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FIGURE 


A and B f Small receiver coil used for MRI évaluation of instability. 



Appearance of plantar plate tear on 


ultrasound. 


If the joint subluxates more than 50%, a stabilizing pro¬ 
cedure should be added to the synovectomy. Attritional 
rupture of the plantar plate has been reported to occur pri- 
marily at the attachment into the plantar aspect of the proxi¬ 
mal phalanx. Direct repair of the plantar plate to the base of 
the proximal phalanx using a plantar approach to the meta- 
tarsophalangeal joint has been reported, but no long-term 
outcome studies are available. Plantar plate repair through a 
dorsal approach is now our preferred treatment method for 
this condition. Although tedious, it can be accomplished with 
correction of the primary problem: disruption of ail or a 
portion of the plantar plate. Devices are now available that 
significantly improve the technique, making it faster and 
easier to perform. Although we believe that in most patients 
a Weil osteotomy is important, Saltzman has described a 
technique that does not call for the routine use of the oste¬ 
otomy. The Weil shortening osteotomy corrects what is offen 
the underlying problem, excessive metatarsal length, but also 
significantly improves visualization of the plantar plate. It is 
important not to overshorten the second metatarsal, because 
this will limit the ability to obtain tension on the repair. 



A and B f Segmentai osteotomy for correction 
of metatarsophalangeal instability (see text). 


Removing a small slice of bone from the osteotomy and then 
restoring most of the length usually is sufficient to decompress 
the joint. Flexor-to-extensor transfer is still a very useful 
technique, especially in severe dislocations where there is 
little remaining plantar plate for repair. Garg et al. described 
a modification of the Weil osteotomy, a “segmentai” osteotomy 
(Fig. 83-9), that effectively shortens the metatarsal and 
reduces the plantar load under the metatarsal head. Although 
technically easier than the Weil osteotomy, the segmentai 
osteotomy had frequent complications, including transfer 
metatarsalgia, floating toe, infection, and wound healing 
problems. 

Flexor-to-extensor transfer or rerouting of the extensor 
digitorum brevis tendon underneath the second intermeta- 
tarsal ligament has been reported to be effective in the treat¬ 
ment of crossover second toe deformity, as has transfer of the 
flexor digitorum longus. Myerson and Jung reported combin- 
ing flexor digitorum longus tendon transfer with proximal 
interphalangeal resection arthroplasty, proximal interphalan- 
geal fusion, and/or Weil osteotomy of the metatarsal. 
Although many patients were pleased with the pain relief 
obtained, frequent complications, such as residual extension 
contractures at the metatarsophalangeal joint, médial dévia¬ 
tion of the joint, and stiffness of the toe, resulted in 14% of 
patients being dissatisfied with the procedure. It cannot be 
emphasized enough that with lesser toe surgery, preoperative 
counseling regarding patient expectations is mandatory. 
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PRIMARY PLANTAR PLATE REPAIR 
THROUGH A DORSAL APPROACH 

Although direct repair of a plantar plate detachment can 
be technically challenging, it can provide stability to the 
joint. Cooper and Coughlin described an approach for 
adéquate exposure of the plantar plate, and Gregg et al. 
reported the results of plantar plate repair combined with 
Weil osteotomy. 


TECHNIQUE 83-1 


■ Make a dorsal incision over the related interspace and a 
longitudinal capsulotomy at the affected metatarsopha- 
langeal joint. 

■ Divide the extensor digitorum brevis and make a 
Z-tenotomy of the extensor digitorum longus. 

■ After full collateral release of the metatarsophalangeal 
joint, use a microsagittal saw to remove a small wedge 
of bone. 

■ Provisionally fix the toe in a maximally shortened position 
with a 1.2-mm Kirschner wire. 

■ Pull on the toe to expose the plantar plate. 

■ If the plantar plate is partially or completely detached 
from the base of the proximal phalanx, freshen the 
plantar rim of the proximal phalanx. 

■ With a 1.6-mm Kirschner wire, drill two holes from the 
dorsal cortex to the plantar rim of the proximal phalanx, 
medially and laterally (Fig. 83-1 OA). 

■Pass a 1/10 Ethibond suture across the plantar plate 
proximal to the disruption and back through the holes in 
the proximal phalanx (Fig. 83-10B). 

■ Fix the Weil osteotomy in optimal position with a 1.3-mm 
titanium "twist-off" screw (DePuy/Johnson & Johnson, 
Leeds, UK). 


Weil osteotomy 



Tear plantar plate 



■ Tie the two suture ends over the dorsal phalangeal cortex 
to advance the plantar plate onto the base of the proximal 
phalanx. 

■ Pass a 1.6-mm Kirschner wire through the toe and across 
the metatarsophalangeal joint, holding the toe in a 
neutral position. 

POSTOPERATIVE CARE. The foot is kept elevated. The 
wound is inspected at 7 to 10 days. Weight bearing is 
allowed in a multipurpose medical/surgical shoe for the 
first 6 weeks after surgery. The Kirschner wire is removed 
at 4 weeks. 


PRIMARY PLANTAR PLATE REPAIR 
THROUGH A DORSAL APPROACH 


TECHNIQUE 83-2 


(COUGHLIN) 

■ Place the patient supine on the operating table; place and 
inflate a tourniquet. 

■ Make a dorsal longitudinal incision just inferior to the 
tendons of the extensor digitorum longus and brevis 
to expose the affected second metatarsophalangeal 
joint. 

■ Partial release of the collateral ligament off of the proxi¬ 
mal phalanx of the metatarsophalangeal joint improves 
exposure. 

■ Use a sagittal saw to make a Weil osteotomy (Fig. 
83-1 IA). Make the eut parallel to the plantar aspect of 
the foot, starting at a point 2 to 3 mm below the top of 
the metatarsal articular surface. 



FIGURE 


^ A and B f Primary plantar plate repair for metatarsophalangeal joint instability. SEE TECHNIQUE 83-2. 
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Primary plantar plate repair through a dorsal approach. A f Weil osteotomy. B f Miniature joint distractor (Arthrex, 
lnc. f Naples, FL). C, Fixation of plantar plate to its insertion point at the plantar base of the phalanx. SEE TECHNIQUE 83-2. 
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9 " Push the capital fragment proximally about 10 mm and 
fix it with a temporary vertical Kirschner wire to hold it in 
a retracted position. 

■ Place a second vertical Kirschner wire in the base of the 
proximal phalanx. Place a spécial miniature joint distractor 
(Arthrex, Inc., Naples, FL) over the vertical wires and 
spread them to expose the plantar plate (Fig. 83-1 IB). 

■ Evaluate and grade the plantar plate. 

■ Repair longitudinal tears (grade 3) with a side-to-side 
interrupted nonabsorbable suture. 

■ Repair transverse tears (grades 1 and 2) by placing non¬ 
absorbable suture in the distal plantar plate. Roughen the 
distal plantar edge of the proximal phalanx with a burr 
or curet to préparé a surface for reimplantation of the 
plantar plate. 

■ Transfix the distal plantar plate just proximal to the 
transverse tear using a small curved needle or spécial 
curved Micro SutureLasso (Arthrex, Inc., Naples, FL) or 
suture punch (Mini Scorpion, Arthrex) to pass the suture 
within the restricted metatarsophalangeal joint surgical 
area of exposure. 

■ Use a 1.6-mm drill to create two parallel holes medially 
and laterally on the proximal phalanx, directed from the 
dorsal cortex of the proximal phalanx to its plantar rim. 
This allows passage of a suture, plantar to dorsal, to fix 
the plantar plate to its insertion point at the plantar base 
of the phalanx (Fig. 83-1 IC). 

■ Reduce the Weil osteotomy, shortening the toe only 1 to 
2 mm. Fix the toe in optimal position with one or two 
small compression screws. 

■ Hold the toe reduced on the metatarsal articular surface, 
in 15 degrees of plantarflexion and with tension on the 
sutures, which hâve been pulled through the holes in the 
proximal phalanx. Tie the sutures over the dorsal phalan- 
geal cortex, advancing the plantar plate onto the base of 
the proximal phalanx. 

■ Perform a latéral soft-tissue reefing with 2-0 nonabsorb¬ 
able sutures to repair the latéral collateral ligament 
release. 

■ Close the wound in usual fashion and apply a gauze-and- 
tape compression dressing with the toe held in 10 to 15 
degrees of plantarflexion. 

POSTOPERATIVE CARE. The dressing is changed at 1 
and 2 weeks after surgery and then discontinued. The 
foot is placed in a compression wrap with a dynamic toe 
exercise strap. Ambulation is allowed in a postoperative 
shoe with weight bearing only on the heel. Comfortable 
shoes are permitted at 6 weeks after surgery. Passive and 
active range-of-motion exercises are begun at 2 weeks to 
recondition the short and long flexors and extensors of 
the lesser toes. 


AXIAL PLANE DEFORMITY OF THE 
METATARSOPHALANGEAL JOINT 

One of the more challenging deformities of the forefoot is the 
medially or laterally deviated toe. Médial déviation is most 
offen seen in crossover toe deformities, with or without 
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associated hallux valgus, and sometimes involves multiple 
toes, not just the second. The valgus second toe deformity 
also may be associated with hallux valgus and also may 
involve multiple toes. In both cases, attention to the lesser toe 
deformity is critical because failure to correct this may lead 
to récurrence of the hallux deformity 

In the mildest cases of either varus or valgus deformity, 
simple release of the contracted collateral ligament may be 
ail that is necessary. Imbrication of the opposite side may 
provide an additional measure of correction. For varus 
deformity, satisfactory results hâve been reported with the 
use of the extensor digitorum brevis tendon rerouted 
underneath the transverse metatarsal ligament. It is impor¬ 
tant to note that a competent intermetatarsal ligament is a 
prerequisite for this procedure. Ellis et al. described an 
extensor digitorum brevis reconstructive technique com- 
bined with a médial collateral ligament and partial plantar 
plate release for correction of multiplanar deformity of the 
second metatarsophalangeal joint. Also, while a shortening 
osteotomy of the metatarsal may be necessary to correct the 
deformity and instability of the metatarsophalangeal joint, 
this osteotomy will prevent the use of the extensor digito¬ 
rum brevis transfer. 

Klinge et al. described a modification of the Weil oste¬ 
otomy to address this issue, and we hâve found it to be par- 
ticularly successful and powerful in procedures involving 
varus or valgus angulation of the toe not corrected with 
simple ligament balancing. It is our preferred procedure of 
the following three, but we still find it useful to be familiar 
with a number of techniques to deal with this challenging 
problem. As a technical tip, when managing complex forefoot 
deformity it can be useful to use a proximal thigh tourniquet 
and general anesthésia so that the ankle tourniquet do es not 
produce tension on the long extensor and flexor tendons to 
the toe while attempting to balance alignment of the toe. 

Finally, the complexity of this problem gives rise to the 
question of whether a simple arthrodesis might suffice in 
patients with more severe or récurrent deformities. Although 
we hâve no expérience with this procedure, Joseph et al. 
reported a statistically significant réduction in pain, improve- 
ment in alignment, and full return to unrestricted weight- 
bearing activities in 31 patients with metatarsophalangeal 
joint fusions. Complications were, however, relatively fre¬ 
quent: 13% with nonunions, 6% with implant breakage, and 
3% with soft-tissue infection. 


MODIFIED WEIL OSTEOTOMY 


TECHNIQUE 83-3 


(KLINGE ETAL) 

■ First, restore first ray alignment with either a modifiée! 
McBride procedure (see Technique 81-1) or a transarticu- 
lar soft-tissue release, followed by a chevron or scarf 
osteotomy (see Techniques 81-3 and 81-10). If needed to 
correct residual hallux valgus interphalangeus, an Akin 
procedure (see Technique 81-14) can be done. 

■ To ameliorate extensor overrecruitment and extrinsic- 
intrinsic imbalance (tightness), transect the long extensor 
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to the second ray proximally and eut the short extensor 
distally, just proximal to its insertion. 

■ Perform a complété médial or latéral capsular and 
collateral ligament release to the level of, but not includ- 
ing, the plantar plate for varus or valgus deformities, 
respectively. 

■ If residual metatarsophalangeal joint contracture remains, 
perform a modified Weil three-step shortening osteotomy 
(see Technique 83-11) to further decompress the joint, 
allow congruent réduction, and restore dorsal-plantar 
compétence. 

■ If adjacent lesser rays remain malaligned or of an inap- 
propriate length, similar procedures should be done on 
them. 

■ For persistent coronal plane metatarsophalangeal joint 
drift and malalignment, obtain more anatomie realign- 
ment by displacing the metatarsal head in the coronal 
plane before fixation. 

■ Use a dental pick, anteater rongeur, or Freer elevator to 
adjust and maintain proper metatarsal head position 
while coronal plane alignment is checked clinically and 
radiographically. Make coronal plane adjustments as 
necessary. 

■ For fixation, place a single 2-mm solid cortical screw in 
lag fashion across the osteotomy site after satisfactory 
réduction. Slightly offset the screw trajectory from the 
pure sagittal plane in the direction of translation to maxi- 
mize central purchase within the metatarsal head. Take 
care to ensure that the metatarsal head shift resulted in 
a purely translational rather than an angular (coronal 
plane) realignment, making adjustments as necessary 
before fixation until the final metatarsophalangeal joint 
alignment is deemed anatomically congruent. 

■ Evaluate the foot clinically and with fluoroscopy to ensure 
satisfactory alignment of the metatarsals and congruent 
réduction of the metatarsophalangeal joints. 

■ When bony realignment is completed, transfer the short 
extensor to the long extensor for effective intrinsicplasty 
and close ail incisions. 


CORRECTION OF MULTIPLANAR 
DEFORMITY OF THE SECOND TOE 
WITH METATARSOPHALANGEAL 
RELEASE AND EXTENSOR BREVIS 
RECONSTRUCTION 


TECHNIQUE 83-4 


(ELUS ETAL) 

■ Make an incision over the dorsal aspect of the metatar¬ 
sophalangeal joint and identify the extensor digitorum 
brevis and longus tendons. 

■ Lengthen the extensor digitorum longus with a Z-plasty 
technique and release the extensor digitorum brevis 
0.5 cm proximal to the metatarsophalangeal joint. 


■ Release the dorsal capsule and the médial collateral 
ligament. 

■ If not reduced, release the plantar plate on the contracted 
side (Fig. 83-12A) until the metatarsophalangeal joint is 
reduced on the anteroposterior fluoroscopie view taken 
with the ankle in neutral and the foot and toes planti¬ 
grade to simulate gentle weight bearing. 

■ Because the authors noted that such a release tended to 
overcorrect the deformity once the reconstruction was 
added, they hâve subsequently performed the release 
sequentially until the multiplanar subluxation was nearly 
but not fully corrected on fluoroscopy. 

■ If full correction is obtained with release of one third the 
width of the plantar plate or less, a tendon reconstruction 
is not added. 

■ If tendon reconstruction is necessary, leave the extensor 
digitorum brevis tendon attached distally; this éliminâtes 
the need for it to heal to bone at the proximal phalanx. 

■ Pass the extensor digitorum brevis tendon through a drill 
hole in the proximal phalanx from dorsal-medial to 
plantar-lateral and under the soft tissue dorsal to the 
transverse metatarsal. 

■ Pass the tendon back up through a second drill hole from 
plantar-lateral to dorsal-medial through the metatarsal 
neck, replicating the plantar course of the involved latéral 
collateral (Fig. 83-12B). 

■ Tension the tendon appropriately with the toe in a cor¬ 
rected position (Fig. 83-12C) and secure it over a small 
screw post (2 or 2.4 mm) placed in the metatarsal shaft 
(Fig. 83-12D). 

■ If the toe remains slightly extended at the metatarsopha¬ 
langeal joint, add a plantar dermodesis. 


FLEXOR-TO-EXTENSOR TRANSFER 


TECHNIQUE 83-5 


■ On each toe to be corrected, make a transverse plantar 
incision at the proximal flexion crease of the toe (Fig. 
83-13A), taking care to preserve the digital arteries and 
nerves. 

■ Retract the skin and subeutaneous tissue with small 
hooked retractors and expose the underlying flexor 
tendons and their fibrous sheaths. 

■Open the proximal 3 to 4 mm of pulley to expose the 
flexor digitorum longus immediately under it. This is best 
done by opening the pulley to one side and dissecting 
over the underlying tendons, removing a small segment 
of pulley. This dissection is made easier by the use of 
magnification loupes and a small round-end knife. 
Topographically, this dissection is located at about the 
middle third of the proximal phalanx. The central tendon 
should be the flexor digitorum longus; gentle, passive 
flexion and extension of the distal interphalangeal joint 
while the proximal interphalangeal joint is held straight 
confirms this. 
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Metatarsophalangeal release and extensor brevis reconstruction. A f Second metatarsophalangeal joint after plantar 
plate release (arrow), but before extensor digitorum brevis reconstruction. B f Path of the extensor digitorum brevis tendon: through 
the proximal phalanx (1), under the soft tissue dorsal to the transverse ligament on the latéral side of the joint (2), and through the 
neck of the second metatarsal (3). C, Extensor digitorum brevis tendon has been passed through the proximal phalanx and metatarsal. 
Position of the toe before (A) and after (B) tensioning shows correction of second toe varus. D f Arrow below nonabsorbable suture 
shows the vector of tensioning used before the reconstruction is secured to the screw post in the metatarsal shaft. (From Ellis SJ, Young 
EM, Endo Y, et al: Correction of multiplanar deformity of the second toe with metatarsophalangeal release and extensor brevis reconstruction, Foot 
Ankle Int 34:792, 2013.) SEE TECHNIQUE 83-4. 


■ While lifting the flexor digitorum longus tendon, the 
vinculum longum, if présent, appears under tension and 
should be severed after electrocautery. 

■ Make a second transverse plantar incision at the distal 
interphalangeal joint and perform a tenotomy of the 
flexor digitorum longus, taking care not to violate the 
plantar plate of this joint (Fig. 83-13A and B). 

■ Returning to the proximal incision, hook (but do not 
clamp) the flexor digitorum longus with a small hemostat 


and deliver the distal segment into the wound. If the 
vincula between the two incisions are tenacious, this step 
might require force. 

■ When the flexor digitorum longus is delivered from the 
proximal incision, inspect the wound again to ensure that 
the two latéral slips of the flexor digitorum brevis are 
intact (Fig. 83-13C). 

■ Careful inspection of the flexor digitorum longus shows 
a shallow, linear furrow running longitudinally along its 
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plantar surface. Using small forceps, hold one side of 
the delivered tendon at its free end, while an assistant 
holds the other, and split the tendon longitudinally 
along this natural cleavage plane for 1.5 to 2.5 cm 

(Fig. 83-13D). 

■ Pull the tendon distally with the ankle plantarflexed to 
see clearly both sides of the tendon during this step 
and to prevent inadvertent sectioning of half of the 
tendon. Other helpful points are to hold the two seg¬ 
ments apart only enough to fit a small pair of straight 
scissors in the axilla of dissection and to use the tips of 
the scissors. 

■ Moisten the tendon with saline and make a second 
skin incision longitudinally in the midline on the dorsum 
of the proximal phalanx, 1.5 to 2 cm in length (Fig. 
83-13E). The dorsal digital veins usually are to each side 
of this incision, but if they are in line with the incision, 
cauterize them. 

■ By sharp dissection, identify the trailing edge of each 
latéral band of the extensor mechanism while the skin is 
retracted, including the superficial veins and nerves to 
either side, using two-pronged skin hooks. 


■ Make 3- to 4-mm longitudinal incisions into the extensor 
mechanism halfway between the midline dorsally and 
the trailing edge of the latéral band plantarward on each 
side. These incisions should be at the level of the middi- 
aphysis of the proximal phalanx (see Fig. 83-1 3E). 

■ Pass a small hemostat through one incision in the exten¬ 
sor mechanism to emerge into the plantar incision, 
staying close to bone. This technique avoids the digital 
neurovascular bundle. 

■ Grasp one slip of the split flexor digitorum longus at its 
tip with a hemostat and bring it into the dorsal wound 
through the extensor mechanism. 

■ Repeat the same procedure on the other side of the 
phalanx, always ensuring that the slips remain plantar to 
the deep transverse intermetatarsal ligament. 

■ With an assistant holding the ankle joint at 90 degrees 
(neutral dorsiflexion and plantarflexion), tighten the 
tendon slips sufficiently to hold the metatarsophalangeal 
joint at neutral to 5 degrees of plantarflexion (Fig. 83-13F 
and G). 

■ An alternative technique is to overlap the tendon slips 
dorsally. Occasionally, the flexor digitorum longus needs 




FIGURE 


A-G f Flexor-to-extensor tendon transfer to dorsum of second toe. SEE TECHNIQUE 83-5. 
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to be split further linearly. If so, the tendon slips must be 
returned to the plantar incision to avoid severing one half. 

■ With the tendon slips held at the desired tension, use 3-0 
or 4-0 nonabsorbable sutures to fasten each slip of the 
flexor digitorum longus under tension to the extensor 
mechanism, while the assistant continues to hold the 
ankle in neutral position. 

■ Loop the tip of each slip back on itself and secure it to 
the trailing edge of each side of the latéral band and to 
itself. Section any excess tendon. 

■ Alternative^, suture the two tendon slips to one another 
over the dorsum of the phalanx. This leaves a small knot 
beneath the skin (Fig. 83-14). 

■ With the ankle extended to neutral, the metatarsopha- 
langeal joint should rest in the neutral or slightly flexed 
position and the proximal interphalangeal joint should 
rest in the neutral position or in a position with less than 
10 degrees of flexion. 

■ If the same procedure is being done for the central three 
digits, correct the second toe first because it usually is the 
most severely affected. The flexor digitorum longus of the 
third and fourth digits will hâve been pulled distally 
through the common tendon in the midsole as the second 
toe flexor digitorum longus is sutured under tension. This 
makes tension adjustment easier in the third and fourth 
toes. 

■ In a modification of the technique, after distal release of 
the flexor digitorum longus, it can be put through a hole 
in the proximal phalanx and sutured to the extensor at 
the appropriate tension. 

■ Before closing the skin, remove any tourniquet and obtain 
hemostasis by cautery or compression. Close the wounds 
with 4-0 monofilament nylon or suture of the surgeon's 
choice. 

POSTOPERATIVE CARE. A short leg, well-padded cast 
extending past the toes is applied in the operating room. 
The foot is elevated for 48 to 72 hours, and bathroom 
privilèges are allowed. Crutches are optional, and weight 
bearing to tolérance is allowed. The patient usually is off 


crutches within 1 week. The cast is removed and replaced 
at 2 weeks, and at 4 weeks, a deep, wide toe box, 
soft-vamp shoe is allowed. Active toe exercises are 
encouraged at 6 weeks. 


EXTENSOR DIGITORUM BREVIS 
TRANSFER FOR CROSSOVER 
TOE DEFORMITY 


TECHNIQUE 83-6 


(HADDAD) 

■ Begin a dorsal approach just distal to the proximal inter¬ 
phalangeal joint, with a gentle curve at the level of the 
metatarsophalangeal joint along the latéral border of 
the metatarsal shafts and extending 5 cm proximal to the 
metatarsophalangeal joint. 

■ Dissect the dorsal digital nerves free and protect them 
during dissection to preserve postoperative sensation. 

■ Identify the extensor digitorum brevis to the musculoten- 
dinous junction proximally and place two stay sutures (3.0 
Ethibond) on either side of the proposed sectioning of 
the tendon. Note that this is a proximal sectioning, near 
the musculotendinous junction (Fig. 83-15A). 

■ Section the tendon. 

■ Identify the extensor digitorum brevis tendon distally to 
its insertion and free it from the capsular aponeurosis 
(extensor hood) proximally to the transverse metatarsal 
ligament. 

■ Completely section the médial collateral ligament and the 
dorsal capsule of the metatarsophalangeal joint; make 
sure that the médial sectioning does not violate the 
plantar plate. 

■ Use a McGIamry elevator or gouge to strip the volar plate 
at itsorigin. This will allow the plate to scartothe metatarsal 
proximal to its current insertion, assisting with stability. 



FIGURE 


Flexible hammer toe. A f During transfer of flexor to extensor tendon. B f After surgery. Note small knot beneath skin. 


SEE TECHNIQUE 83-5. 
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■ Examine the latéral collateral ligament for rupture. If it is 
attenuated, excise redundant tissue. Place, but do not tie, 
permanent sutures in a figure-of-eight configuration to 
repair the latéral collateral ligament. 

■ If a hammer toe deformity is présent, perform minimal 
resection of the distal and proximal condyle to stimulate 
proximal interphalangeal fusion. 

■ Suture the distal extensor digitorum brevis tendon to the 
plantarlateral base of the proximal phalanx with a perma¬ 
nent suture to eliminate a rotary force on the toe after 
transfer. 

■ Identify the transverse metatarsal ligament between the 
second and third metatarsal heads. It is critical not to 
mistake the more dorsal fascia for the transverse meta¬ 
tarsal ligament because it does not hâve the integrity of 
this structure. Use a lamina spreader to place tension on 
this ligament. 

■ Place a 90-degree right-angle clamp from proximal to 
distal deep to the transverse metatarsal ligament. 

■ Pass the extensor digitorum brevis tendon from distal to 
proximal deep to the transverse metatarsal ligament by 
grasping the previously placed stay suture (Fig. 83-15B). 

■Tie the sutures repairing the latéral collateral ligament. 

■ Place a 0.062-inch Kirschner wire across the metatarso- 
phalangeal joint to hold the joint reduced. This takes the 
tension off the latéral collateral ligament repair by placing 
the toe in some valgus and plantarflexion. 

■ Tie the tendon transfer end to end, completing the 
anastomosis (Fig. 83-15C). 

■ Release the tourniquet and evaluate vascularity of the 
digit before closing the incision with a layered closure 
using 4-0 Monocryl and 4-0 nylon. 

POSTOPERATIVE CARE. The pin is removed at 6 weeks 
after surgery, and the toe is taped into slight valgus for 
an additional 6 weeks. 


CLOSING WEDGE OSTEOTOMY OF 
THE PROXIMAL PHALANX FOR 
CORRECTION OF AXIAL DEFORMITY 

For residual deformity in the axial plane, an osteotomy at the 
proximal metaphysis of the proximal phalanx can provide 
realignment of either valgus or varus malalignment of the 
toe. The technique described by Kilmartin and O'Kane is 
described. We prefer to use a 2- or 3-mm burr to make the 
osteotomy, leaving the opposite cortex intact, "greenstick" 
the osteotomy closed, and fix the basilar osteotomy with the 
Kirschner wire inserted to provide stability for the proximal 
interphalangeal resection done for hammer toe correction. 


TECHNIQUE 83-7 


(KILMARTIN AND O'KANE) 

■ Make a 3-cm "lazy-S" incision extending from the mid- 
point of the second toe proximal phalanx medially into 
the metatarsophalangeal joint. 

■ Deepen the incision to bone, passing médial and plantar 
to the extensor tendon. 

■ Divide the joint capsule to expose the base of the phalanx 
only; do not extend the capsular incision onto the meta¬ 
tarsophalangeal joint. 

■ Use a power saw to make a eut where the flare of the 
base of the phalanx meets the shaft. Make the first 
osteotomy eut parallel with the base of the phalanx, 
passing through the dorsal, plantar, and médial cortices 
but leaving the latéral cortex intact. 

■ Make the second distal eut parallel with the distal end of 
the toe so that the distal eut converges with the proximal 
eut, leaving the latéral cortex intact (Fig. 83-16). This 
créâtes a triangular wedge, generally 3 to 4 mm wide at 
the base. 



FIGURE 


^ A-C f Extensor digitorum brevis transfer for crossover toe deformity. SEE TECHNIQUE 83-6. 
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Closing wedge osteotomy of proximal phalanx 
for correction of axial deformity. SEE TECHNIQUE 83-7. 


Fixed flexion contracture of proximal interpha- 
langeal joint with flexible metatarsophalangeal and distal inter- 
phalangeal joints. 


■ Feather the latéral cortex and close the osteotomy with 
finger pressure. 

■Close the deep structures with 3-0 Vicryl interrupted 
sutures and the skin with 4-0 Monocryl subcuticular 
sutures. 

POSTOPERATIVE CARE. The second toe is "buddy 
taped" to the first toe with up to six 12-mm-wide strips 
of adhesive surgical tape, which are placed dorsally and 
plantarly on the hallux and second toe. The tape is kept 
in place for 2 weeks. A stiff-soled postoperative shoe is 
worn for 2 weeks, and then patients are allowed to return 
to wearing running shoes and to slowly return to normal 
activities. 


HAMMER TOE AND CLAW TOE 

The term hammer toe is used most often to describe an 
abnormal flexion posture of the proximal interphalangeal 
joint of one of the lesser four toes (Fig. 83-17). The 
flexion deformity may be fixed (i.e., not passively correct- 
able to the neutral position) or flexible (i.e., passively cor- 
rectable). If the flexion contracture at this middle joint of 
the digit is severe and of long duration, the metatarsopha¬ 
langeal joint usually is deformed in the opposite direction 
(i.e., extension). The distal joint usually stays supple, but 
it also may develop a flexion or an extension deformity. 
The terms claw toe and hammer toe are differentiated 
from one another by the following: claw toes frequently 
are caused by neuromuscular diseases, and often a similar 
deformity is présent in ail toes, whereas in hammer toe 
deformity only one or two toes are involved; claw toes 
always hâve extension deformity at the metatarsophalan¬ 
geal joint, but in hammer toe deformity, extension of the 
metatarsophalangeal joint may or may not be présent; and 
claw toes often hâve a flexion deformity at the distal 


interphalangeal joint, but this usually do es not occur in 
hammer toes (Fig. 83-18). 

ETIOLOGY 

Claw toes can be caused by neuromuscular diseases. The 
intrinsic muscles of the foot, specifically the interossei, pass 
plantar to the axis of rotation of the metatarsophalangeal 
joint, causing flexion of this joint. Loss of intrinsic function 
of the foot leads to an imbalance, allowing the extensor 
digitorum longus to extend the metatarsophalangeal joint 
and the flexor digitorum longus to flex the interphalangeal 
joints. Although the long extensors of the toes may extend 
the interphalangeal joints with the metatarsophalangeal joint 
in neutral, when an extension posture of the metatarsopha¬ 
langeal joint develops, the long extensor loses its excursion 
and no longer can extend the interphalangeal joints. The 
powerful flexors of the toe, specifically the long flexor, which 
attaches to the base of the distal phalanx, accentuate the 
deformity, causing flexion of the interphalangeal joints. 

Although the causes of claw toe deformity can be easily 
understood, most hammer toes hâve no underlying intrinsic 
imbalance. The use of électrodes to evaluate the phasic activity 
of the intrinsic muscles of the foot found no activity of the 
intrinsic muscles during the first 35% of the gait cycle. With 
quiet standing, intrinsic muscle activity was absent. Hammer- 
ing of the toes usually is accentuated by standing, and the lack 
of activity of the intrinsics during quiet standing implies that 
loss of intrinsic function is not the cause of the deformity. 

Factors commonly thought to contribute to hammer toe 
deformity include the long-term use of poorly fitting shoes. 
Crowding of the toes within an excessively tight toe box 
causes some deformation of the metatarsophalangeal and 
interphalangeal joints that over time can lead to flexible and 
eventually fixed deformities at these joints. Anatomie factors 
that can cause lesser toe deformities include a “two-bone toe” 
and a long second ray, which may resuit in buckling of the 
toe, and hallux valgus, causing pressure against the second 
toe. Other factors include connective tissue disorders and 
trauma. 
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A, Claw toes, right foot, secondary to médial and latéral plantar nerve lacération. B f Metatarsophalangeal joints of 
second and third toes could not be flexed to neutral position, and none could be flexed past neutral. C, Extension posture of claw toes 
increases plantar pressure on metatarsal heads. 



Site of tenderness with interdigital neuroma of 
second web space (A). Site of tenderness in idiopathic synovitis 
of second metatarsophalangeal joint: dorsofibular capsule and 
fibular collateral ligament (B). 


CLINICAL FINDINGS 

Three areas may be painful in hammer toe deformity. The 
most common area is the dorsum of the proximal interpha- 
langeal joint, where a hard corn caused by pressure from the 
toe box or vamp of the shoe develops. When a flexion posture 
or end-bearing posture of the distal interphalangeal joint is 
présent, a painful callus develops just plantar to the nail end. 
This is called an end corn. Finally, a painful callus may develop 
beneath the metatarsal head if the proximal phalanx sublux- 
ates dorsally. In a patient with decreased sensibility, such as 
occurs in diabètes mellitus or myelomeningocele, ulcération 
and deep infection can develop at one or more of these areas 
of pressure, complicating the treatment plan and endangering 
the toe or foot. Sometimes the dorsofibular side of the second 
metatarsophalangeal joint is tender (Fig. 83-19). 

TREATMENT 

Conservative treatment of hammer toe usually is disappoint- 
ing. Various pads and strappings are commercially available 
to reduce the deformity and relieve pressure over painful 
points. If the deformity is not of long duration and an exten¬ 
sion deformity at the metatarsophalangeal joint is not présent, 


daily manipulations and taping the toe so that the metatarso¬ 
phalangeal joint is not extended occasionally can correct the 
flexion deformity at the proximal interphalangeal joint. This 
is because the extensor digitorum longus can forcefully 
extend the middle phalanx only if the metatarsophalangeal 
joint is in neutral or some degree of flexion. Récurrence is 
likely, however, when the passive stretching and taping cease, 
and most patients with symptomatic hammer toe eventually 
require surgery. The following procedures are not ail of the 
operations available for treating hammer toes; rather, they are 
the most commonly recommended procedures that hâve 
follow-up data to support the recommendations (Table 83-2). 

■ SOFT-TISSUE PROCEDURES (GIRDLESTONE; 
TAYLOR; PARRISH; MANN AND COUGHLIN) 

The use of soff-tissue procedures alone without bone shorten- 
ing or arthrodesis may or may not resuit in permanent cor¬ 
rection. In a skeletally immature foot with symptomatic 
flexible hammer toe or in a young adult foot with dynamic 
flexible deformities of one or more toes (prominent hammer- 
ing only with weight bearing) that interfère with shoe wear, 
flexor-to-extensor transfer is indicated, based on the assump- 
tion that the flexor digitorum longus contributes to deformity. 
The rôle of the flexor digitorum longus in causing flexion 
contracture at the proximal interphalangeal joint has been 
questioned, but several authors hâve advocated the procedure 
for flexible hammer toes. 

A soff-tissue procedure is most reliable in patients with 
planovalgus or normal arches as opposed to cavus feet. In 
addition, patients should be younger than 30 years old, hâve 
no deformity at the metatarsophalangeal joint (can flex the 
joints beyond neutral position), and hâve no fixed flexion 
deformity at the proximal interphalangeal joints. In other 
words, a symptomatic, idiopathic, mild, flexible hammer toe 
deformity in a young patient is most likely to benefit from 
flexor-to-extensor transfer. To decrease the frequency of 
“floating toe” after flexor digitorum longus transfer, Boyer 
and DeOrio modified the technique by placing the plantar 
incision for harvest of the flexor digitorum longus longitudi- 
nally at the metatarsophalangeal joint crease rather than 
transversely, using larger (0.54-mm) Kirschner wires for fixa¬ 
tion, using absorbable sutures for tenodesis, and passing the 
transferred tendon deep to the dorsal hood rather than 
superficial to it. They reported no floating toe deformities in 
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TABLE 83-2 


Procedures for Hammer Toe Deformities 

DEFORMITY 

CHARACTERISTICS 

TREATMENT 

Flexible hammer toe 

No fixed contracture at MTP or 

PIP joint 

Usually nonoperative; rarely, flexor-to-extensor 
transfer using FDL 

Fixed hammer toe with fixed 
extension of MTP 

Fixed flexion contracture at PIP; 

MTP subluxation in extension 

Resection of condyles of proximal phalanx, 
dermodesis; lengthening of EDL, tenotomy of 
EDB; MTP capsulotomy, collateral ligament 
sectioning 

Fixed hammer toe with MTP 
subluxation 

Fixed flexion contracture at PIP; 

MTP subluxation in extension 

Plantar plate repair after Weil osteotomy 

Crossover toe 

Fixed flexion contracture at PIP; 

MTP subluxation in varus or 
valgus 

Resection of condyles of proximal phalanx, 
dermodesis; collateral ligament/capsular repair; 
EDB transfer 

Mallet toe 

Fixed flexion contracture at DIP 

Resection of condyles of middle phalanx, 
dermodesis; FDL tenotomy 


DIP, distal interphalangeal joint; EDB, extensor digitorum brevis; EDL, extensor digitorum longus; FDL, flexor digitorum longus; MTP, metatarsophalangeal joint; PIP f 
proximal interphalangeal joint. 


their 38 patients (79 toes) and an 89% patient satisfaction 
rate. 

■ BONE AND JOINT PROCEDURES 

The most commonly used procedures for the correction of 
hammer toe are resection of the proximal interphalangeal 
joint, resection of the base of the proximal phalanx, resection 
of the distal third or fourth of the proximal phalanx, complété 
proximal phalangectomy, and arthrodesis of the proximal 
interphalangeal joint. 

The following recommendations are not unique, and they 
are not intended to be absolute or universal in the surgical 
treatment of hammer toe. Only a symptomatic toe should 
undergo surgery. An unattractive deformity is not a strong 
enough indication for surgical correction. Hammer toe 
encompasses a spectrum of deformities, and the indicated 
procedure varies, depending on the stage of the deformity 
when first seen and the diagnosis, as follows: 

I MILD DEFORMITY 

No fixed contracture at the metatarsophalangeal or proximal 
interphalangeal joint is évident. The deformity increases on 
weight bearing. In a young adult with a mild deformity, a 
flexor-to-extensor transfer using the flexor digitorum longus 
is recommended, as previously described. 

I MODERATE DEFORMITY 

There is a fixed flexion contracture at the proximal interpha¬ 
langeal joint and no extension contracture at the metatarso¬ 
phalangeal joint. In moderate deformity, resection of the head 
and neck of the proximal phalanx and dermodesis are recom¬ 
mended. A percutaneous extensor digitorum longus tenotomy 
is performed in the presence of extensor tightness with the 
ankle held in the neutral position. A Kirschner wire may be 
needed to maintain réduction. We hâve found that resection 
of only the head of the proximal phalanx without arthrodesis 
has been more successful and use permanent implantable 
devices primarily for révision surgery. Patients are counseled 
before surgery that some “molding” of the toe to fit 


comfortably between the adjacent toes can be expected. In 
our expérience, most patients prefer to hâve some limited 
mobility of the proximal interphalangeal joint as opposed to 
a completely fused proximal interphalangeal joint. 

In recent years, there has been a focus on alternative fixa¬ 
tion techniques for hammer toe correction, with the goal of 
reducing the development of récurrent deformity of the toe. 
In their extensive review of 1115 procedures, Kramer et al. 
concluded that Kirschner wire fixation resulted in good 
maintenance of correction with a relatively low complication 
rate; they suggested that Kirschner wires remain an effective, 
low-cost method of fixation for hammer toe correction. 

Good results hâve been reported in 90% of patients with 
the use of an absorbable intramedullary pin for proximal 
interphalangeal joint arthrodesis. Cited advantages of this 
technique include avoidance of pins penetrating the skin, less 
restriction on activity, and a decrease in complications such 
as floating toe. The authors cautioned, however, that the 
2-mm absorbable pins may not provide adéquate fixation in 
larger, longer toes. 

I SEVERE DEFORMITY 

There is a fixed flexion contracture at the proximal interpha¬ 
langeal joint, with a fixed extension contracture at the 
metatarsophalangeal joint. (Subluxation or dislocation of the 
proximal phalanx on the metatarsal head may be présent in 
addition to the fixed extension contracture at the metatarso¬ 
phalangeal joint and fixed flexion contracture at the proximal 
interphalangeal joint.) In severe deformity without sublux¬ 
ation or dislocation of the metatarsophalangeal joint, it is 
necessary to resect the head and neck of the proximal phalanx 
through a dorsal elliptical skin window (and dermodesis), 
lengthen the extensor digitorum longus, tenotomize the 
extensor digitorum brevis, and perform a dorsal capsulotomy 
at the metatarsophalangeal joint. If the extension posture of 
the metatarsophalangeal joint is not corrected after extensor 
tenotomy and dorsal capsulotomy, both collateral ligaments 
should be sectioned, the joint should be brought to neutral 
position, and the extensor digitorum longus should be 
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repaired in its lengthened position. The metatarsophalangeal 
joint must be reduced not only in the anteroposterior plane 
but also in the mediolateral plane, and the réduction of the 
proximal interphalangeal and metatarsophalangeal joints 
must be maintained with a longitudinal Kirschner wire. (A 
carefully applied soft dressing that holds the toe in the 
corrected position may preclude the use of a Kirschner wire; 
this dressing must be changed frequently as swelling sub¬ 
sides.) In severe deformity with subluxation or dislocation of 
the metatarsophalangeal joint, a metatarsophalangeal joint 
arthroplasty or distal metatarsal osteotomy (Weil) may be 
needed to decompress the metatarsophalangeal joint (see 
Technique 83-11). 


CORRECTION OF MODERATE 
HAMMER TOE OR CLAW 
TOE DEFORMITY 


TECHNIQUE 83-8 


■ Make an elliptical incision over the proximal interphalan¬ 
geal joint that measures 5 to 6 mm wide and has a 2- or 
3-mm latéral extension on either side. 

■ Remove the skin only initially and cauterize the vessels 

(Fig. 83-20A to C). 

■ Remove a slightly smaller segment of extensor tendon 
and dorsal capsule of the proximal interphalangeal joint, 
leaving a 2-mm remnant of extensor tendon attached to 
the base of the middle phalanx. The proximal end of the 
extensor tendon usually retracts beneath the proximal 
skin flap, but it can be easily pulled distally at the appro- 
priate time. 

■ Flex the proximal interphalangeal joint about 20 
degrees while putting traction on the distal and middle 
phalanges. 

■ Using a small-blade knife, section the collateral ligaments 
from outside in on both sides of the joint by placing the 
blade between the skin and the ligament and turning the 
cutting edge toward the joint. The proximal interphalan¬ 
geal joint can be flexed to 90 degrees (Fig. 83-20D), and 
the head and neck of the proximal phalanx is clearly 
exposed (Fig. 83-20E). 

■ With a rongeur or small-blade power saw, remove 
the head and neck of the proximal phalanx and smooth 
any sharp points of bone with a rasp or rongeur 

(Fig. 83-20F). 

■ Extend the toe to neutral position at the proximal inter¬ 
phalangeal joint and feel for tightness with abutment of 
the articular surface of the middle phalanx on the distal 
end of the proximal phalangeal remnant. If it feels tight, 
remove 2 or 3 mm more of bone. 

■ Use a 3-0 or 4-0 nonabsorbable suture to enter the 
proximal skin edge and pass through the proximal end of 
the extensor tendon. 

■ Enter the distal remnant of the extensor tendon on its 
joint surface and exit through the skin. By canting the 
stitch, a few degrees of latéral deformity also would be 
corrected. 


■ Suture the corners of the wound with a simple stitch (Fig. 
83-20G). An initial mattress stitch can be used if deemed 
appropriate. 

■ A supportive forefoot dressing to the tips of the toes is 
crucial (Fig. 83-21). 

■ This technique usually holds the proximal interphalangeal 
joint in acceptable alignment with only a few degrees of 
flexion. 

■ If needed, perform a percutaneous extensor digitorum 
longus tenotomy over the neck of the metatarsal, avoid- 
ing the dorsal veins (see Fig. 83-20F). 

■ When the ankle is held in neutral position, if the meta¬ 
tarsophalangeal joint rests in extension, the tenotomy is 
performed. The toe is flexed at least 60 to 70 degrees at 
the metatarsophalangeal joint to allow the metatarso¬ 
phalangeal joint to flex to neutral position with the ankle 
joint at neutral in a moderate hammer toe deformity. 

■ Occasionally, an extensor digitorum brevis tenotomy also 
is required. At the neck of the metatarsal, the extensor 
digitorum brevis tendon is immediately latéral and slightly 
plantarward to the extensor digitorum longus. 

■ Use a soft dressing (2-inch gauze is helpful) and X -inch 
tape to hold the toe in the desired position, wrapping it 
to an adjacent toe. 

POSTOPERATIVE CARE. Weight bearing to tolérance is 
allowed after 48 to 72 hours of élévation of the foot. A 
wooden-soled shoe is worn for 4 weeks. The sutures are 
removed at 12 to 16 days, and a carefully applied dressing 
maintains the toe in the corrected position for another 2 
weeks. At 4 weeks, the dressing and taping usually can 
be discontinued, but they should be continued another 
2 to 4 weeks if the deformity has any tendency to recur. 
The proximal interphalangeal joint usually retains a few 
degrees of active motion and is gently flexed, which 
seems to be more pleasing than a fused, straight toe at 
the proximal interphalangeal joint. 


CORRECTION OF SEVERE DEFORMITY 

Because a severe deformity by définition has a fixed exten¬ 
sion contracture at the metatarsophalangeal joint and a 
fixed flexion contracture at the proximal phalangeal joint, 
both joints require correction (Fig. 83-22). 


TECHNIQUE 83-9 


■ Begin at the metatarsophalangeal joint with a straight or 
angled incision centered over the fibular aspect of the 
metatarsophalangeal joint (Fig. 83-23A). 

■ Cauterize or retract the branches of the dorsal venous 
arch returning from the toe to expose the extensor 
tendons. 

■ The extensor digitorum brevis is slightly fibular and deep 
to the extensor digitorum longus. The extensor digitorum 
brevis joins the extensor digitorum longus and extensor 
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FIGURE 83-2 


A, Moderate hammer toe deformity with fixed contracture at proximal interphalangeal joint but only extensor 
tightness at metatarsophalangeal joint with no fixed extension contracture. B f Dorsal elliptical incision over proximal interphalangeal 
joint. C f Superficial dissection leaving dorsal veins visible to make cauterization easier. D f Dorsal capsule, both collateral ligaments, and 
extensor tendon are sectioned transversely, and toe is acutely flexed. E f Extensor tendon is dissected proximally to junction of middle 
and distal thirds of proximal phalanx. F, Distal 25% to 30% of proximal phalanx is excised and rests on middle phalanx. Small dorsal 
incision for extensor tenotomy. G, Closure of wound. SEE TECHNIQUE 83-8. 
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Postoperative dressing must be conforming 
and binding enough to hold toe in exact position; if not, Kirschner 
wire should be used. SEE TECHNIQUE 83-8. 



■ Usually, if the extension contracture is less than 20 to 30 
degrees and there is no dorsal subluxation of the proximal 
phalanx on the metatarsal head, firmly flex the toe 30 to 
40 degrees. If the toe rests in neutral position at the 
metatarsophalangeal joint with the ankle at 90 degrees, 
this is ail that is required at this joint except suturing the 
extensor digitorum longus in its lengthened position with 
3-0 or 4-0 absorbable suture after the proximal interpha- 
langeal joint has been corrected. 

■ If after the just-described procedure the toe still rests in 
10 to 20 degrees of extension, perform a dorsal capsu- 
lotomy transversely while the toe is flexed 40 to 50 
degrees (Fig. 83-23C, inset). This much flexion of the toe 
pulls the extensor expansion distally, giving better expo- 
sure of the dorsal capsule. The capsule may vary from a 
thin, filmy, pliable, synovial-like covering to a dense, thick, 
fibrous encapsulation of the joint, depending on the 
chronicity of the deformity, the number of récurrent 
synovial inflammatory épisodes, and the congruency of 
the joint. 

■ When the capsule is divided, flex the toe acutely again 
and return the ankle to 90 degrees, observing the resting 
posture of the toe. If the posture is acceptable (neutral 
to 10 degrees of metatarsophalangeal joint extension 
with the ankle at 90 degrees), ail that is needed is to 
suture the extensor digitorum longus in its lengthened 
position. 

■ If the toe still has an unacceptable extension posture, 
acutely flex the toe and use a small blade to incise the 
collateral ligaments on both sides of the metatarsal head 
down to, but not through, the plantar plate of the 
metatarsophalangeal joint. This should allow the toe to 
assume a neutral to slightly flexed position at the meta¬ 
tarsophalangeal joint even if the toe was subluxed dorsally 
(Fig. 83-23D). 

■ Suture the extensor digitorum longus after correcting the 
proximal interphalangeal joint contracture. 


FIGURE 


Severe crossover hammer toe deformity. SEE 


TECHNIQUE 83-9. 


expansion at the neck of the metatarsal (Fig. 83-23B). 
Before this confluence, dissect the extensor digitorum 
brevis from the extensor digitorum longus and remove a 
2- to 3-mm segment of extensor digitorum brevis. 

■ Perform a Z-plasty lengthening of the extensor digitorum 
longus. The use of a small blade (No. 67 Beaver or similar 
cutting edge) is helpful. 

■ From the proximal part of the skin incision until the exten¬ 
sor digitorum longus joins with the extensor expansion, 
make a longitudinal incision into the extensor digitorum 
longus, exiting at a right angle at the junction of the 
extensor digitorum longus and the extensor expansion. 
Sever the tendon proximally at a right angle in the oppo¬ 
site direction. 

■ Lift the tendon away from other soft-tissue attachments. 
This maneuver lengthens the extensor digitorum longus 
by 8 to 12 mm (Fig. 83-23C). 


■ CORRECTION OF SEVERE DEFORMITY WITH 
DISLOCATION OF THE 
METATARSOPHALANGEAL JOINT 

Severe deformity with dislocation of the metatarsophalangeal 
joint is difficult to correct. Ail of the aforementioned recom¬ 
mendations are applicable—extensor digitorum longus 
lengthening, extensor digitorum brevis tenotomy, dorsal 
capsulotomy, and bilateral collateral ligament release—but, in 
addition, décompression of the metatarsophalangeal joint 
usually is required. This can be done on the phalangeal or 
metatarsal side of the joint; however, because of the difficulty 
in maintaining the position of the toe, even with pinning of 
the reduced joint for several weeks, and the probability of a 
metatarsal head plantar callus developing laterally, resecting 
the base of the proximal phalanx is not preferred. Décom¬ 
pression on the metatarsal side of the joint can be achieved 
with a metatarsophalangeal joint arthroplasty or shortening 
(Weil) osteotomy of the distal metatarsal. 
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A-D, Technique for correction of severe hammer toe deformity. EDB, extensor digitorum brevis; EDL, extensor digi- 
torum longus. SEE TECHNIQUE 83-9. Continued 


METATARSOPHALANGEAL JOINT 
ARTHROPLASTY 


TECHNIQUE 83-10 


■ For metatarsophalangeal joint arthroplasty, resect 
(contour) the metatarsal head 3 to 4 mm, including its 
plantar projection (Fig. 83-24). This resection does not 
return the joint to normal, but it usually restores 10 to 20 
degrees of motion in an acceptable plane, and the toe 
remains reduced on the metatarsal head. 


■Contouring the metatarsal head enough to allow réduc¬ 
tion of the toe and passively moving the toe 30 to 40 
degrees without grating or forceful impingement of the 
adjacent surfaces should provide an acceptable resuit in 
a difficult deformity. The position must be held 3 to 4 
weeks with a medullary pin (Fig. 83-25). 

■ Pin the metatarsophalangeal joint in 10 degrees of exten¬ 
sion with the ankle held at 90 degrees. Ensure that the 
joint is reduced in the mediolateral plane, again while 
holding the ankle at 90 degrees. 

■ A word of caution concerning palpable grating of the 
"arthroplasty": if after contouring the metatarsal head 
the metatarsophalangeal joint still feels tight, with the 
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FIGURE 




proximal phalanx grating on the contoured metatarsal 
head, more bone should be removed until the grating 
stops. 

■ The technique of pinning varies, but one suggestion is to 
insert the pin antegrade through the middle and distal 
phalanges, exiting in the midline 2 to 3 mm plantar to 
the nail (Fig. 83-26A). Reverse the pin to drive it rétro¬ 
gradé through the remaining portion of the shaft of 
the proximal phalanx (the head and neck of the phalanx 
hâve been resected through a separate dorsal elliptical 
incision over the proximal interphalangeal joint) 
(Fig. 83-26B). 

■ Exit the articular surface of the proximal phalanx near its 
center, and, while standing at the head of the table 
holding the toe reduced at the metatarsophalangeal joint 


(as the patient would see the toe), hâve an assistant drill 
the pin into the metatarsal. 

■ Finding the medullary canal of the proximal phalanx 
occasionally is difficult. Take a free 0.062-inch or 0.045- 
inch Kirschner wire or a small straight hemostat and open 
the canal of the proximal phalanx. This allows the Kirsch¬ 
ner wire to find its way without exiting the cortex before 
reaching the proximal articular surface. 

■ In moderate or severe deformity, the metatarsophalangeal 
joint is not pinned until the proximal interphalangeal joint 
contracture is corrected. This technique is the same as 
described in Technique 83-9. 

■ Remove the tourniquet and obtain hemostasis. 

■ Resuture the extensor digitorum longus in a lengthened 
position end to end. Bring the ankle joint to 90 degrees 


























CHAPTER 83 LESSER TOE ABNORMALITIES 




FIGURE 83-2 


^ Resection (contouring) of metatarsal head for 
correction of severe hammer toe deformity with dislocation of 
metatarsophalangeal joint. SEE TECHNIQUE 83-10. 


and put just enough tension on the proximal end of the 
extensor digitorum longus to bring it out to its resting 
length. Where the severed ends of the extensor digitorum 
longus overlap, excise the overlapping proximal portion 
and continue the repair with 3-0 or 4-0 absorbable 
suture. 

■ Close the skin with 4-0 or 5-0 nonabsorbable suture and 
place a forefoot dressing, taking care not to constrict the 
vascularity of the toe. 

■ In a chronically dislocated toe, reducing contractures at 
the metatarsophalangeal and proximal interphalangeal 
joints may place tension on the neurovascular bundles. 
Particularly vulnérable is the reoperated toe, with its 
attendant scarring and compromised dorsal venous 
return. If the toe looks vascularly impaired, remove the 
Kirschner wire and allowthe toeto "settle" in a shortened 
position. This places additional demands on the dressing, 
which must be meticulously applied to hold the toe in an 
acceptable position. 

■A patient who requires extensive dissection on adjacent 
joints of the same toe must be advised preoperatively that 
loss of the toe from vascular compromise could occur. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for a moderate deformity except that the Kirschner 
wire almost always is used in a severe deformity, unless 
compromised vascularity prevents it. The Kirschner wire 
is removed at 3 to 4 weeks, and the toe is maintained in 
the corrected position at the metatarsophalangeal and 
proximal interphalangeal joints with a gauze wrap and 
y 2 -inch tape. A wooden-soled shoe usually is worn for 4 
weeks, and a deep, wide, soft shoe is worn for another 
4 to 6 weeks. Weight bearing to tolérance is allowed after 
the foot is kept elevated for 48 to 72 hours. The use of 
crutches is optional. 


■ CORRECTION OF A DISLOCATED SECOND 
METATARSOPHALANGEAL JOINT WITH 
SHORTENING METATARSAL OSTEOTOMY 

As an alternative to contouring or resection arthroplasty of 
the second metatarsal head for a dislocated second metatar¬ 
sophalangeal joint, a shortening osteotomy of the metatarsal 
head and neck région is reasonable, and satisfactory results 
hâve been described. An advantage of this technique is that 
it préserves the articular surface while decompressing the 
joint, making this a more popular procedure. This procedure 
is especially useful if the length of the second metatarsal is 
excessive in relation to the first and third metatarsals. 
Reports in the literature suggest a small incidence of transfer 
metatarsalgia or récurrent instability. Stiffness of the meta¬ 
tarsophalangeal joint may occur postoperatively but is 
usually not a cause of patient dissatisfaction. Complications 
including floating toe, récurrence of metatarsalgia, and 
transfer metatarsalgia hâve been reported in 7% to 15% of 
patients. Strategies to reduce the frequency of these compli¬ 
cations include removal of a slice of bone to prevent exces¬ 
sive plantar translation, repair of the plantar plate when 
indicated or possible (see Technique 83-1), transfer of the 
long flexor tendon dorsally, and, occasionally, transarticular 
pinning across the metatarsophalangeal joint for temporary 
stabilization. 


SHORTENING METATARSAL 
(WEIL) OSTEOTOMY 


TECHNIQUE 83-11 


(WEIL) 

■ Make a 3-cm longitudinal incision over the second meta¬ 
tarsophalangeal joint. 

■ After identification of the metatarsal head and neck, 
incise the joint capsule. 

■ Dissect the collateral ligaments of the metatarsophalan¬ 
geal joint from the base of the proximal phalanx. 

■ Partly reduce the dislocation of the metatarsophalangeal 
joint and plantarflex the toe for optimal exposure of the 
metatarsal head. 

■ Use a small sagittal saw to create the osteotomy. The 
plane of the osteotomy should be parallel to the ground 
from the dorsal portion of the metatarsal head proximally 
(Fig. 83-27). Before this first eut is complété, create a 
second eut parallel to the first, removing a slice of bone 
2 to 3 mm thick, depending on the amount of shortening 
desired. 

■ Shift the plantar fragment proximally to achieve the 
requisite amount of shortening measured preoperatively 
on dorsoplantar radiographs. The shortening should 
range from 3 to 8 mm and is determined by the length 
of the involved and adjacent metatarsals and by the 
severity of the dislocation. Attempt to make the lengths 
of the metatarsals equal. 

■ Secure the osteotomy with a single screw from the 
minifragment AO/ASIF set. Measure the length of the 
screw precisely and evaluate with intraoperative radio¬ 
graphs. Take care to countersink the screw head. 
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Reconstruction for severe hammer toe deformity with dislocation of metatarsophalangeal joint. A and B f Clinical 
appearance and planned operative incision. C f Radiographie évaluation of dislocation. D f After resection of proximal phalanx, dorsal 
capsulotomy at metatarsophalangeal joint, and extensor tendon lengthening. E, Resection of distal portion of metatarsal head. 
F, Plantar condylectomy of metatarsal head. G, Antegrade pinning through proximal interphalangeal joint with 0.045-inch Kirschner 
wire. H, Rétrogradé pinning through proximal phalanx across metatarsophalangeal joint. I, Postoperative appearance. SEE 
TECHNIQUE 83-10. 
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Pinning of metatarsophalangeal joint after contouring. A f Pin inserted antegrade through middle and distal phalan¬ 
ges. B f Pin reversed and driven rétrogradé through remaining portion of shaft of phalanx. SEE TECHNIQUE 83-10. 



FIGURE 83-2 


Weil osteotomy. A f Before surgery. B f After 
proximal displacement of metatarsal head. C f After resection of 
distal tip of dorsal fragment. SEE TECHNIQUE 83-11. 


■ Remove the resulting dorsal protubérance over the meta¬ 
tarsal head remnant. 

■ Consider advancing the Kirschner wire holding the proxi¬ 
mal interphalangeal joint correction across the metatar¬ 
sophalangeal joint and performing the osteotomy under 
fluoroscopie guidance. The wire must be 0.062 inch or 
greater to transfix the metatarsophalangeal joint or risk 
of pin breakage is great. 

POSTOPERATIVE CARE. If fixation is secure, a lightly 
compressive forefoot dressing is applied and the patient 
is allowed to bear weight as tolerated in a postoperative 


stiff-soled shoe. The bandages are replaced 2 weeks after 
surgery and are worn for 4 weeks. If radiographs show 
satisfactory healing, a supportive, stiff-soled running shoe 
may be worn 4 to 6 weeks after surgery. 


■ AMPUTATION FOR SEVERE DEFORMITY 

Removal of the second toe has been recommended for severe 
hammer toe deformity in low-demand elderly patients. Gal- 
lentine and DeOrio reported amputation at the metatarso¬ 
phalangeal joint of 17 toes in 12 patients, 10 of whom were 
satisfied with their outcomes and 2 of whom were satisfied 
with réservations. Associated hallux valgus was not corrected 
surgically, and at an average follow-up of 33 months, progres¬ 
sion of deformity did not appear to be a problem. 


MALLET TOE 

ETIOLOGY 

Mallet toe refers to a flexion posture of the distal interpha¬ 
langeal joint (Fig. 83-28); it can occur as an isolated deformity 
or in conjunction with hammer toe deformity at the proximal 
interphalangeal joint (Fig. 83-29). The cause of mallet toe is 
uncertain; however, it occurs most often in the second toe, 
which is frequently the longest toe. This projection of the 
second toe distal to the other toes can cause pressure at the 
tip of the toe and buckling at the distal interphalangeal joint 
in a shoe with a narrow or short toe box. With time, this 
flexion posture can attenuate the terminal extensor tendon 
until it no longer can extend the distal joint. The flexor 
digitorum longus, in the absence of a strong antagonist, holds 
the distal interphalangeal joint in flexion until the deformity 
becomes fixed. Mallet toe is common in diabetic patients with 
peripheral neuropathy; the exact reason is uncertain. In feet 
with normal sensibility, the most frequent complication of a 
mallet toe is a painful end corn just beneath the nail (Fig. 
83-30). The end corn results from chronic pressure at the tip 
of the toe, which is habitually flexed into the sole of the shoe. 
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FIGURE 


Mallet toe. 



FIGURE 83-2 


^ Mallet deformity of third and fourth digits; hammer toe deformity of second digit. A f Mallet deformity of third toe 
with dorsal callus. B f Dorsal elliptical skin excision. C f Mallet toe correction by dermodesis and hemiphalangectomy. 
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In diabetic patients, the corn can ulcerate and progress to a 
deep infection before the patient is aware of the problem. As 
in congénital hammer toe, congénital mallet toe usually 
requires no treatment. 

TREATMENT 

The use of pads and splints for conservative treatment of mallet 
toe is difficult and generally unrewarding. Extra-depth shoes 
can be helpful, along with the use of a toe crest to relieve 
pressure at the tip of the toes by elevating them. If symptoms 
warrant surgical treatment, the alternatives are (1) flexor 
tenotomy at the distal interphalangeal flexion crease, (2) sub¬ 
total or total resection of the middle phalanx with dorsal der- 
modesis (a tenotomy of the flexor digitorum longus can be 
added if the bony resection and dermodesis do not hold the toe 
in the corrected position), or (3) amputation of the distal half 
of the distal phalanx to include the nail and the matrix. 

Transfer of the deforming flexor digitorum longus to the 
extensor mechanism to correct a flexion deformity this far 
distal is technically difficult with little to recommend it over 
simpler and more dependable procedures. In elderly patients, 
a flexor tenotomy at the distal interphalangeal flexion crease 
may be ail that is needed to relieve the symptoms. The flexor 
tenotomy usually is combined with manual correction of any 
fixed flexion contracture at this joint. The wound is closed 
with one or two sutures, and a wooden-soled shoe is recom- 
mended until the sutures are removed at 2 weeks. The patient 
is encouraged to wear adequately long shoes with wide toe 
boxes after the sutures are removed. We also hâve used this 
procedure in diabetic patients because of its simplicity. The 
tenotomy is performed percutaneously in the office in the 
midline of the distal interphalangeal crease. A compression 
forefoot dressing is applied, and the foot is elevated for 5 
minutes by placing it on the opposite knee, which has been 
flexed with the patient supine. One or two sutures are used 
for hemostasis if needed. 

If the mallet deformity is of long duration and fixed in 
severe flexion, resection of a portion or ail of the middle 
phalanx, tenotomy of the flexor digitorum longus, and dorsal 
dermodesis are necessary to maintain correction. A terminal 
Syme procedure, analogous to that described for the hallux, 
also can be used for a severe fixed flexion contracture at the 
distal interphalangeal joint (Technique 83-13; Fig. 83-31). A 
flexor tenotomy should not be necessary, because the symp- 
tomatic end-bearing pulp of the toe is brought dorsally to 
close the wound. In most instances, we prefer the resection 
dermodesis procedure for a severe mallet toe with an end 
corn because it préserves the nail. Coughlin reported a 
slightly higher satisfaction rate with successful arthrodesis of 
the distal interphalangeal joint after resection of the head of 
the middle phalanx. 


RESECTION DERMODESIS 


TECHNIQUE 83-12 


■ Make a 5- to 6-mm transverse incision in the flexion 
crease of the distal interphalangeal joint, avoiding the 
neurovascular bundles at the ends of the incision. 



Terminal Syme procedure. A f Incision. B f After 
removal of nail matrix and distal half of distal phalanx, ensuring 
no nail matrix remains. C f Closure, bringing pulp dorsally. SEE 

TECHNIQUE 83-13. 


■ Use a small, single-pronged hook to bring the flexor 
digitorum longus into the wound and sharply divide it. 

■ Center a dorsal, transverse, elliptical incision over the 
distal interphalangeal joint and resect the skin in the 
ellipse (Fig. 83-32A). Short (2- to 3-mm) extensions of 
the elliptical incision on each side facilitate exposure of 
the collateral ligaments, which are divided along with the 
terminal extensor tendon and dorsal capsule (Fig. 83-32B). 

■ Acutely flex the distal phalanx and remove the head and 
neck of the middle phalanx (Fig. 83-32C and D). 

■ If a tourniquet has been used, secure hemostasis before 
wound closure. (By spreading longitudinally with scissors 
or a small hemostat, the flexor digitorum longus can be 
exposed through the dorsal incision after bony resection; 
however, if the tenotomy is performed first, as described, 
the amount of bone that needs to be resected to correct 
the deformity is better gauged.) 

■ Alternative^, after resection of the head and neck of the 
distal phalanx, remove the base of the distal phalanx with 
a small saw or rongeur (Fig. 83-32E). 

■ Use a 0.045-inch Kirschner wire to secure the position of 
the arthrodesis (Fig. 83-32F); remove it in 3 to 4 weeks. 

■ Close the dorsal incision with a horizontal mattress stitch 
in the center and simple sutures on each side. 

■ Close the plantar wound with simple interrupted sutures 
and apply a dressing that maintains the toe in the desired 
position by splinting it to an adjacent toe. 

POSTOPERATIVE CARE. The sutures are removed at 2 
weeks, and the affected toe is kept splinted with a soft 
dressing to an adjacent toe for another week. 












PART XIX THE FOOT AND ANKLE 





Resection dermodesis. A f Elliptical skin incision. B f Extensor tendon and dorsal capsule are excised. C f Collateral liga¬ 
ments are severed, exposing condyles of middle phalanx. D f Condyles of middle phalanx are excised in supracondylar région with 
rongeur. E f Articular surface of distal phalanx is excised. F f Placement of Kirschner wire. SEE TECHNIQUE 83-12. 


TERMINAL SYME PROCEDURE 


TECHNIQUE 83-13 


■ Make an incision that encircles the nail of the affected 
toe to include 2 to 3 mm of nail fold on each side and 
distally and 3 to 4 mm proximally to ensure complété 
removal of the nail matrix (see Fig. 83-31 A). 

■ Carry the incision to bone proximally. Skirt the side and 
tip of the tuft of the phalanx until the pulp tissue is freed 
from the distal half of the distal phalanx. Do not disturb 
the flexor digitorum longus tendon. 


■ Using a small bone biter or rongeur, remove the exposed 
bone (usually the distal half). 

■ Carefully inspect the proximal margin of the wound to 
ensure no matrix tissue remains (see Fig. 83-31 B). 

■ Bring the pulp flap dorsally and suture it to the proximal 
skin margin with interrupted 4-0 nonabsorbable sutures 
(see Fig. 83-31C). 

POSTOPERATIVE CARE. The postoperative care is 
essentially the same as for resection dermodesis, but the 
dressing can be removed at 2 weeks when the sutures 
are removed. No splinting is necessary because the distal 
interphalangeal joint is stable. 
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COMBINED HAMMER TOE AND 
MALLET TOE DEFORMITY WITH 
ASSOCIATED DOUBLE CORNS 

Combined hammer toe and mallet toe deformity with associ- 
ated double corns differs from the traditional claw toe 
deformity in that there is minimal to no extension deformity 
at the metatarsophalangeal joint. Large prominent corns 
usually are over the proximal and distal interphalangeal 
joints. The approximately 10% récurrence rate affer combined 
distal interphalangeal and proximal interphalangeal resection 
arthroplasties has been attributed to inadéquate bone 
resection. 

COMPLICATIONS AND REVISION 
SURGERY OF HAMMER TOE 
DEFORMITIES 

Certainly, the most immédiate complication of lesser toe 
surgery is postoperative ischemia of the toe. Fortunately, this 
is rare in patients with adéquate vascularity preoperatively. It 
seems to be more common in révision procedures and in 
patients who are active smokers. The patients should be 
counseled before surgery about this potential problem. We 
do not use epinephrine in forefoot blocks if a tourniquet is 
to be used. If a toe exhibits ischemia in the immédiate post¬ 
operative period, the dressing can be loosened and the 
Kirschner wire can be removed if needed. Offen the toe will 
hâve some venous engorgement and not true ischemia, 
which can be managed with observation only. Boyce and 
Dhukaram described three patients in whom glyceryl trini- 
trate patches successfully reversed ischémie épisodes affer 
correction of toe deformities. 

Unfortunately, not ail hammer toe operations produce a 
nicely aligned, painless toe that is comfortable in a variety of 
shoes. Decision making for a patient with a less than perfect 
outcome begins with a thorough analysis of the problem. 
Were there unrealistic expectations to begin with? What are 
the spécifie complaints of the patient? Has there been suffr- 
cient time for the particular problem to résolve? Where is the 
deformity and is there satisfactory structural support for a 
révision procedure? 

Many of the previously discussed procedures may be 
appropriate for a révision situation, but care must be taken to 
correct the spécifie problem(s). Probably the most common 
problem is the development of varus or valgus deformity at 
the proximal interphalangeal joint affer a hammer toe proce¬ 
dure. This offen is the resuit of an overly aggressive resection 
of the head of the proximal phalanx. Bone overgrowth affer 
the resection can produce deformity as well. The patient 
should understand before any hammer toe procedure that 
some mild residual deformity offen occurs as the toe “molds” 
into a position between the adjacent toes. Postoperative swell- 
ing and edema in the toe can be protracted, and the final size 
and shape of the toe offen are not completely defined for 
about a year affer the procedure. 

For récurrent deformity, an internai stent offen can be 
helpful in producing lasting deformity correction. We hâve 
been pleased with the results of using an absorbable intra- 
medullary device for this purpose. It is important to correct 
any metatarsophalangeal joint instability before révision of 


CHAPTER 83 LESSER TOE ABNORMAUTIES ^ 

the toe deformity. Konkel et al. recently reported improved 
results with the use of stiffer poly-L-lactate absorbable pins 
over those obtained with more flexible polydioxanone 
absorbable pins. 


PROXIMAL INTERPHALANGEAL JOINT 
ARTHRODESIS WITH AN ABSORBABLE 
INTRAMEDULLARY PIN 


TECHNIQUE 83-14 


(KONKEL ET AL.) 

■ After mild to moderate sédation is obtained with an ankle 
block and an Esmarch ankle tourniquet is applied, make 
a 2-cm dorsal longitudinal incision over the proximal 
interphalangeal joint and carry dissection down to the 
bone. 

■ Release the extensor hood, capsule, synovium, and col¬ 
lateral ligaments; do not eut the volar plate or expose or 
release the flexor tendon. 

■ Use a mini—oscillating saw to eut the cartilage and sub- 
chondral bone from the distal proximal phalanx at a right 
angle to the longitudinal axis of the proximal phalanx and 
remove it from the field. 

■ Use the mini—oscillating saw to eut the cartilage and sub- 
chondral boneat rightanglestothe longitudinal axisofthe 
middle phalanx and remove this piece from the field. 

■ If the proximal interphalangeal joint is easily corrected 
with the bone ends apposed without tension, no further 
resection is necessary. If it is not easily corrected, remove 
more of the distal proximal phalanx as needed to correct 
the deformity without force. Avoid excessive resection to 
minimize the risk of an unstable construct. 

■ Use a 2-mm drill rétrogradé to drill through the middle 
phalanx and into the distal phalanx, taking care to avoid 
drilling through the tuft of the distal phalanx. Be sure to 
hold the distal phalanx straight and aligned to the longi¬ 
tudinal axis of the middle phalanx during rétrogradé 
drilling. 

■ Use a 2-mm smooth spike to slightly overream the areas 
of drilling proximally and distally to allow rod insertion. 

■ Carefully measure the lengths of the drillings with a depth 
gauge and eut a 2-mm absorbable pin to the proper 
length; bevel the eut ends to avoid sharp edges. 

■ Insert the pin into the middle phalanx. 

■ While holding the dorsal phalanx straight in relation to 
the middle phalanx, slide the distal pin through the 
intramedullary canal of the middle phalanx and into the 
distal phalanx until the distal interphalangeal joint is 
straight and the pin is secure in the distal phalanx. 

■ Use a moderate-size needle holder or hemostat to bend 
and curl the pin until its distal tip enters the hole drilled 
in the proximal phalanx. The raw bone ends of the middle 
phalanx and proximal phalanx should be opposed as the 
pin is placed into the proximal phalanx. 

■ Release the toe and check for position. Bring the foot and 
ankle into standing position; if the toe is hyperextended 
at the metatarsophalangeal joint, use a No. 11 scalpel 
blade to make a percutaneous extensor tenotomy 
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9 proximal to the metatarsophalangeal joint. If the toe is 
flexed, release the Esmarch tourniquet before closure to 
relax flexion. Flexor tendon release is not necessary. 

■ Close the wound in layers with 3-0 Dexon used for the 
extensor hood and subcutaneous tissue and 4-0 nylon 
running suture for the skin. Apply a soft dressing with a 
4-inch elastic wrap to hold the toe in the corrected 
position. 

POSTOPERATIVE CARE. An open-toe postoperative 
shoe is used constantly for the first 2 weeks. The patient 
is advised to elevate the foot above the heart as much as 
possible for the first 48 hours and to keep the dressings 
clean, dry, and intact during the first 2 weeks. After the 
first 2 weeks, a light dressing is worn until ail eschars are 
gone and the wound is completely healed. There are no 
restrictions on weight bearing. At 10 to 14 days the 
sutures are removed and adhesive strips are applied; 10 
days after suture removal, showers are allowed with air 
drying. No soaking or tub baths are allowed for the first 
6 weeks. Comfort shoes with extra depth are recom- 
mended for the next 4 to 6 weeks, with any shoes allowed 
at 10 to 14 weeks. 


CORNS (HELOMATA AND CLAVI) 

ETIOLOGY AND CLINICAL FINDINGS 

Corns are hyperkeratotic lésions occurring over bony promi- 
nences and involving the stratum corneum, or horny layer, of 
the skin. Clinically, corns usually are classified as hard or soft. 
Both types are caused by pressure from unyielding structures. 
In hard corns, the phalangeal condyle beneath the skin and 
an unyielding shoe toe box over the skin generate pressure 
and friction. With time, a painful lésion develops, usually 
over the dorsolateral aspect of the proximal interphalangeal 
joint of the fifth toe. The lésion is firm, dry, and tender. Sur- 
rounding erythema and heat are présent if the corn is acutely 
irritated, and a bursa may develop (Fig. 83-33). A wart should 
not be mistaken for a hard corn (Fig. 83-34). 

In contrast, a soft corn usually is interdigital. An inter¬ 
digital corn probably is a more descriptive term than a soft 
corn. There are two types of interdigital corns, the most 
common of which is in the distal portion of the web and 
involves the base of the distal phalanx of the shorter toe and 
abuts the head of the proximal phalanx of the longer toe. 
Occasionally, a dystrophie nail can produce the pressure 
necessary for an interdigital corn to develop. A slightly less 
common, but more troublesome, soft corn occurs in the base 
of the web space, most commonly in the fourth web space 
(Fig. 83-35A). These corns are associated with an abnormally 
short fifth metatarsal and occasionally are associated with 
hallux valgus, which causes adduction pressure on the fifth 
toe from the shoe (Fig. 83-35B and C). They resuit from 
pressure imposed by the latéral side of the base of the fourth 
proximal phalanx or the médial condyle of the head of the 
fifth proximal phalanx, or both. Moisture softens the hyper¬ 
keratotic area, and occasionally a sinus develops between the 
central part of the corn and the web space. When this happens, 
suppuration usually follows (Fig. 83-36). In a diabetic or any 
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Acutely inflamed hard corn over dorsolateral 
surface of fifth toe with swelling, heat, and erythema. 



FIGURE 83-3 


_ Lésion appeared to be plantar keratosis until 

pared down to reveal wart. 


immunocompromised patient, this relatively minor lésion 
can produce catastrophic problems. 

The plantar corn is another example of a hard corn 
(heloma durum and clavus durus). Patients occasionally 
présent with a circumscribed plug of keratin that recently has 
been plucked from the center of these isolated, hyperkeratotic 
lésions. They are located beneath a metatarsal head, usually 
of the lesser toes, just plantar to the prominent fibular side of 
the condyle of the metatarsal head, which projects more 
plantar than the tibial side. If the lésion occurs beneath the 
first metatarsal head, it usually is under the tibial sesamoid. 
Mann and DuVries referred to a plantar corn that failed to 
respond to conservative treatment as an intractable plantar 
keratosis, or a localized invaginated callus, and distinguished 
between localized and diffuse lésions (Fig. 83-37). Plantar 
hyperkeratotic lésions are common in older people, causing 
pain, mobility impairment, and functional limitation. One 
study found plantar hyperkeratotic lésions in 60% of 301 
patients older than the âge of 70 years, most often in women 
and those with hallux valgus or other toe deformities. Cor¬ 
rection of the hallux valgus deformity alone, without lesser 
metatarsal osteotomy, has been reported to improve painful 
plantar callosities under the lesser metatarsals. 
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A, Fourth web space interdigital corn. B f Cor- 
responding radiograph with marker overlying corn. Note two- 
boned fifth toe and abnormally short fifth metatarsal. C f Oblique 
view showing apposition of base of fourth proximal phalanx and 
head of fifth proximal phalanx. 


Finally, a rare lésion is the neurovascular corn, which is 
very painful and usually is located beneath the first or fifth 
metatarsal head. It frequently is confused with a plantar wart. 
Gentle paring of the lésion reveals poorly demarcated edges 
with blood vessels that lie parallel to the plantar surface of the 
foot, however, as opposed to the vertical orientation of vessels 
in a plantar wart. 

TREATMENT 

Keratotic lésions should be managed nonoperatively until the 
patient has tried a variety of self-help aids widely available in 
foot care sections of retail stores. (We keep a small variety of 
these aids in the office for instruction and initial treatment.) 
We hâve had some success using a sleeve with a friction- 
absorbing pad consisting of medical-grade parafhn (Silipos). 
If this fails to relieve symptoms or is time-consuming for the 
patient on a daily basis, surgical treatment is warranted. Lee 
et al. reported that over 90% of patients with lesser metatarsal 
callosities had improvement of their pain affer correction of 
the hallux valgus deformity. Although symptoms associated 



FIGURE 83-3 


Infected soft corn. Note opaque material for 
sinogram and lytic changes at base of proximal phalanx (box). 


with lesser metatarsal callosities may improve, deformity of 
the lesser toe at the metatarsophalangeal joint must be cor- 
rected at the time of hallux valgus correction to obtain 
complété long-term relief. 

■ HARD CORN 

Because the most common location of a hard corn is over the 
dorsolateral side of the proximal interphalangeal joint of the 
little toe, the procedure for this location is described; however, 
it can be used in other lesser toes. 


HARD CORN TREATMENT 


TECHNIQUE 83-15 


■ Use local anesthésia and a local tourniquet if needed, to 
make a dorsolateral incision skirting the médial border of 
the corn, beginning 5 to 6 mm proximal to the nail and 
extending proximally 1.5 cm. 

■ Remove the bony prominence on the dorsolateral aspect 
of the condyle of the proximal phalanx by sharp dissection 
with a small-blade knife, and, with a rongeur or small 
sagittal saw, resect any bony prominence from the adja¬ 
cent side of the middle phalangeal base. 

■ Palpation of this area after removing the prominence is 
more revealing than inspection to détermine the com- 
pleteness of removal. Ensure that no bony prominence 
remains, even if this means resecting the entire head and 
neck of the proximal phalanx. 

■ Resection of the head and neck of the proximal phalanx 
more reliably prevents récurrence, and it is the most com- 
monly used procedure at this clinic. Instability at the 
resected proximal interphalangeal joint occurs, however. 
This annoyance has been lessened by appropriate dress- 
ings worn for 3 to 4 weeks and then tape splinting for 
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FIGURE 83-3 


^ Plantar keratosis. A f Intractable plantar keratosis; note prominent latéral condyle of second metatarsal head. 
B, Intractable plantar keratosis beneath second metatarsal head. 


S an additional 3 to 4 weeks. If only the bony prominence 
is removed, it is wise to inform the patient of possible 
récurrence and later need for resection arthroplasty. 

POSTOPERATIVE CARE. A wooden-soled shoe or any 
shoe with the toe box removed laterally is worn for 3 to 
4 weeks, at which time a shoe with a wide toe box usually 
is comfortable. 

A note of caution: Enlargement of the toe frequently 
persists for weeks or even months after the procedure. 
Swelling is visible because of the lack of a soft-tissue 
envelope of the toes; acute or chronic edema has no place 
to hide. This swelling résolves for the most part, but 
informing the patient preoperatively of enlargement of the 
toe for an extended period prevents misunderstanding. 


■ SOFT CORN (INTERDIGITAL CORN) 

Soft corns usually are located in the fourth interdigital space 
and are caused by underlying pressure from the médial flare 
of the base of the distal phalanx of the fiffh toe abutting the 
proximal interphalangeal joint of the fourth toe. This problem 
can be resolved surgically by removing the underlying bony 
problem. Usually only one side of the opposing prominence 
requires removal; however, in severe cases, resection of both 
sides may be necessary. A “web corn,” or a soft corn located 
deep in the fourth web space, is caused when the latéral 
condyle of the base of the proximal phalanx of the fourth toe 
and the médial side of the head of the proximal phalanx of 


the fiffh toe pinch the adjacent skin surfaces together. Appré¬ 
ciatif bony prominences by palpation and inspection often 
is difficult. Separating the toes draws the corn into the center 
of the web space, when actually, in a shod, weight-bearing 
position, the corn is superficial to the latéral base of the 
proximal phalanx of the fourth toe. A callosity develops, and 
this callosity can ulcerate and become infected by the normal 
flora occupying the moist interdigital web space. The usual 
treatment is to wash the web spaces twice a day with house- 
hold soap; dry the web completely; and apply an antifungal, 
antibacterial powder and lambs wool or a self-adherent 
rubber web spacer (doughnut), which can be found in any 
foot care section in a retail store. 

If the corn remains painful, becomes infected again, or 
ulcérâtes despite preventing bony impingement, or if the 
patient tires of the time and care necessary to control the 
corn, operative treatment is justified. 

A web space corn can be most troublesome, and récur¬ 
rence is likely if adéquate bone is not removed. Resecting 
the latéral flare of the base of the proximal phalanx of 
the fourth toe flush with the diaphysis or removing the head 
and neck of the proximal phalanx of the fiffh toe may be 
curative. Occasionally, however, both may need resecting. If 
the hyperkeratotic area of ulcération is located more on the 
fiffh toe side of the web, the head and neck of the proximal 
phalanx of the fiffh toe should be resected through either a 
dorsal, transverse, elliptical incision over the proximal inter¬ 
phalangeal joint or a dorsolateral, gently curved incision. If 
the center of the hyperkeratotic area or ulcération is more on 
the fourth phalangeal side of the web, however, the latéral 
flare of the base of the fourth phalanx should be resected flush 
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with the diaphysis. Either way, the web space should be pal- 
pated after the resection to détermine whether there will be 
any residual bony impingement. If the resection seems inad¬ 
équate, the opposite bony offender must be resected. The toes 
are kept dressed for 3 weeks, holding them in the proper 
position, followed by 3 weeks of taping the toes together 
loosely with lambs wool between them. 

Ulcers should not be closed because they heal quickly 
when the bony pressure is removed. The surgical portion of 
the wound can be closed. Surgery should never be done 
through a moist, weeping ulcer. The web space can be treated 
with drying agents, antibacterial solutions, and a spacer such 
as lambs wool until the web space is dry. 

For a récurrent or intractable interdigital corn, a partial, 
simple syndactylization can be effective. Placing the digital 
limbs of the incision on the adjacent plantar sides of the toes 
retains some of the cosmetic cleff the patient sees from the 
dorsal aspect of the toe. 


■ Extend the two limbs into the adjacent sides of the 
plantar third of the opposing toes. 

■ Resect the latéral flare of the base of the proximal phalanx 
of the fourth toe (Fig. 83-38A) and the médial portion of 
the head of the proximal phalanx of the fifth toe (Fig. 
83-38B). 

■ Close the wound beginning proximally and extending 
distally, suturing the dorsal limbs together (Fig. 83-38C). 

■ Excise a small amount of skin at the apex of the dorsal 
skin flaps, including the web corn if necessary. 

■Close the plantar limbs, partially syndactylizing the toe 
(Fig. 83-38D). 

POSTOPERATIVE CARE. A soft compressive dressing is 
applied, and a broad-spectrum antibiotic is given for 2 
days. Sutures are removed at 2 weeks. With lamb's wool 
in the interdigital space overlying the incision, the toes 
are buddy taped for an additional 2 weeks. 


■ PLANTAR CORN (INTRACTABLE PLANTAR 
KERATOSIS) 

A plantar corn usually can be made asymptomatic by conser¬ 
vative care. Patient éducation and physician assiduity are 
essential for the method to succeed. If a lengthy course of 
conservative care fails, the following procedures hâve given 


PARTIAL SYNDACTYLIZATION FOR 
INTRACTABLE INTERDIGITAL CORN 


TECHNIQUE 83-16 


■ Make a dorsal longitudinal incision extending to the 
plantar portion of the interdigital space. 



FIGURE 83-3 


_^ A f Exposure of web space and resection of latéral base of fourth phalanx. B f Exposure and resection of médial aspect 

of proximal fifth toe. Dorsal (C) and plantar (D) appearance of closure. SEE TECHNIQUE 83-16. 
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the best results. Regardless of the procedure chosen, récur¬ 
rence or transfer of the lésion occurs in 10% to 15% of 
patients, emphasizing the need for using ail conservative 
measures before surgery. Careful physical and radiographie 
évaluation of the callus and the metatarsal head are essential 
in choosing the correct procedure. For a small, intractable 
plantar keratosis, arthroplasty usually is preferred. A diffuse 
callosity in which the involved metatarsal head is more 
prominent or plantarflexed relative to the adjacent heads may 
require dorsiflexion osteotomy. For a diffuse callosity in 
which the radiograph shows an abnormally long metatarsal, 
a shortening osteotomy may be indicated. 


■ Retract the extensor tendon to one side and enter the 
metatarsophalangeal joint through a longitudinal 
incision. 

■ Sever the collateral ligaments and firmly plantarflex the 
involved toe while pushing dorsally on the distal metatar¬ 
sal shaft (Fig. 83-39B). 

■ Remove 2 to 3 mm of the distal portion of the metatarsal 
head with a thin, small osteotome or power saw with a 
4-mm blade. 

■ By placing traction on the toe while it is flexed and 
pushing dorsally under the distal metatarsal, the plantar 
lip of the condyle is visible. Remove the plantar lip so that 
approximately 50% of the metatarsal head is excised. 

■ Smooth the metatarsal head with a rongeur or rasp and 
reduce the joint. 

POSTOPERATIVE CARE. A wooden-soled shoe is worn 
for 4 weeks, and active range-of-motion exercises are 
begun. Usually about 25% of joint motion is lost after 
this procedure, but this rarely is of clinical significance. 
Transfer lésions beneath an adjacent metatarsal head 
occur in fewer than 5% of patients. 


We hâve modified this procedure in several ways. An 
extension posture to the metatarsophalangeal joint frequently 
is présent and must be relieved by dorsal capsulotomy (also 
by a collateral ligament incision, if necessary). The toe is held 
in the proper position on the metatarsal head by the dressing 
or a small Kirschner wire. It is not necessary to remove the 
articular surface of the metatarsal head if the metatarsal is 
liffed dorsally with a curved Hohmann retractor and the toe 
is acutely flexed more than 90 degrees. This allows exposure 
of the plantar projection of the metatarsal head so that only 


ARTHROPLASTY OF THE 
METATARSOPHALANGEAL JOINT 

Arthroplasty is indicated for a small, isolated, intractable 
plantar keratosis beneath the latéral condyle of one of the 
second to fifth metatarsals, resulting in a reported 85% to 
90% satisfaction rate. Complications of the procedure 
include dorsal contracture of the metatarsophalangeal 
joint, with hammering of the affected toe, fracture of the 
metatarsal head, osteonecrosis of the metatarsal head, and 
médial or latéral drift of the toe and limitation of motion 
of the metatarsophalangeal joint. 


TECHNIQUE 83-17 


(MANN AND DUVRIES) 

■ Make a hockey-stick incision, starting in the web space, 
and carry it down over the metatarsal head and distal 
third of the metatarsal shaft (Fig. 83-39A). 

■ Identify the transverse metatarsal ligament on both 
sides of the involved metatarsal head and eut the 
ligament. 



Arthroplasty of metatarsophalangeal joint. A f Incision over second metatarsophalangeal joint with apex at joint level. 
B f Acute flexion of second toe after sectioning of collateral ligaments. SEE TECHNIQUE 83-17. 
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the projecting plantar portion of the condyle is osteotomized 
flush with the metatarsal shaft. A small key elevator placed 
behind the plantar condyles of the metatarsal heads may 
prevent migration of the fragment affer osteotomy. 

This procedure can be done through a plantar approach 
with a longitudinal incision set a few millimeters médial to 
the weight-bearing portion of the metatarsal head and 4 to 
5 cm long. When deep to the skin and subcutaneous tissue, 
the neurovascular bundle is retracted medially, and the 
sheath of the flexor tendons is incised longitudinally. The 
flexor tendons are retracted laterally, and the plantar plate is 
incised longitudinally This gives excellent exposure of the 
projecting condyle and allows removal without disrupting 
the dorsal capsule, collateral ligaments, deep transverse 
intermetatarsal ligaments, or articular surface of the meta¬ 
tarsal head. 

The plantar plate is closed with 3-0 absorbable sutures 
affer the curved needle is bent more acutely to facilitate 
passage in a tight space. The flexor tendons are allowed to 
résumé their normal course, and the pulley is not repaired. 
The skin is closed with nonabsorbable 2-0 or 3-0 monofila¬ 
ment nylon. The sutures are removed affer 14 to 21 days. 
Weight bearing to tolérance in a postoperative stiff-soled shoe 
is allowed immediately. 

We hâve found the plantar incision useful in many 
instances of foot surgery; it affords excellent exposure that 
would hâve been unobtainable through a dorsal incision and 
results in no more incisional complications than the dorsal 
approach. 

■ EXCESSIVE METATARSAL LENGTH 
AND DIFFUSE PLANTAR KERATOSIS 
AND METATARSALGIA 

Many procedures hâve been developed for diffuse plantar 
kératoses associated with metatarsalgia and a long metatarsal. 
Because of satisfactory results in the literature, several options 
for treatment are presented. Our expérience with metatarsal 
osteotomy for plantar kératoses has been unsatisfactory 
because of complications, and ail conservative measures 
should be exhausted. Resection of the plantar aspect of the 
metatarsal head, although less likely to yield a bad resuit, may 
cause symptoms to shiff to the adjacent metatarsal head. In 
some patients, especially women who must wear fashionable 
shoes, intractable pain under a long second metatarsal 
requires surgical intervention. We recommend the Weil 
osteotomy for these patients (see Technique 83-11) because 
it has fewer complications and better results than other 
shortening ostéotomies. There is less chance of transfer 
symptoms to adjacent metatarsal heads than with shortening 
ostéotomies of the metatarsal shaff. In addition, the Weil 
osteotomy incorporâtes the metaphyseal bone, so there is less 
chance of delayed union or nonunion. With a dorsiflexion 
osteotomy through the metaphyseal bone at the base of the 
metatarsal, controlling the amount of dorsiflexion and the 
relative position of the metatarsal head can be difficult, and 
this procedure is not as effective in shortening the metatarsal 
as others. 

Although we prefer the Weil osteotomy to treat excessive 
length of the metatarsal associated with metatarsalgia and 
diffuse plantar callosity with or without instability of the 
metatarsophalangeal joint, the following two procedures are 
included based on reported satisfactory results. 


DORSAL CLOSING WEDGE 
OSTEOTOMY OF THE METATARSALS 
FOR INTRACTABLE PLANTAR 
KERATOSIS 


TECHNIQUE 83-18 


■ Use an Esmarch wrap exsanguination to ankle level after 
administering an ankle block régional anesthetic for 
hemostasis and analgesia. 

■ If the keratosis is beneath the second metatarsal (most 
commonly), begin the incision 1 cm proximal to the 
articulation of the second metatarsal with the intermedi- 
ate cuneiform and continue it distally over the second 
metatarsal for 3 cm. This articulation is palpable by 
lifting up and down on the second metatarsal head 
while palpating the base of the metatarsal. This articula¬ 
tion is recessed proximally about 0.5 cm to the third 
metatarsal base and about 1 cm to the first metatarsal 
base. 

■ Incise just the skin because a branch of the superficial 
peroneal nerve, extensor hallucis brevis, deep peroneal 
nerve, and accompanying dorsalis pedis artery ail may be 
encountered through this incision. The same incision 
placed more laterally in the third or fourth metatarsal is 
not anatomically encumbered. 

■ Identify the joint. 

■ Using motion or a straight needle, measure 6 to 7 mm 
distal to the joint and score the bone at this point. 

■ Remove a dorsal wedge 2 mm wide and penetrate the 
plantar cortex just enough to allow the wedge to be closed 
by pushing dorsally on the second metatarsal head. 

■ The osteology of the base of the second metatarsal is 
such that it is shaped on its plantar surface similar to the 
keel of a boat. The apex of this keel is slightly latéral to 
the midline of the dorsal base. Aim the osteotome or 
power saw (4-mm blade) slightly (10 to 20 degrees) 
latéral when making the dorsal-to-plantar eut. The height 
of the base of the second metatarsal is about 1.5 cm. 

■ Hold the osteotomy with crossed Kirschner wires or a 
2.7-mm screw. If the screw is used, it is helpful to drill 
the near cortex before the osteotomy and place the screw 
dorsomedial to plantar-lateral to ensure bony purchase. 

■ Remove the tourniquet wrap, obtain hemostasis, and 
apply a short leg cast to extend beyond the toes over a 
soft compression dressing. 

POSTOPERATIVE CARE. Weight bearing is not allowed 
on the cast for 3 weeks, and only partial weight bearing 
is allowed for another 3 weeks. If union is apparent at 6 
weeks, a stiff-soled shoe is permitted. If not, a short leg 
walking cast is worn another 4 weeks. Union may require 
3 to 5 months. 

For a well-localized, intractable keratosis beneath 
the tibial sesamoid, Mann and DuVries recommended 
resecting the sesamoid or skiving off its plantar half. An 
alternative treatment is a dorsal closing wedge (2 to 
3 mm) proximal osteotomy of the first metatarsal with 
pin fixation. In either instance, a short leg cast is 
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FIGURE 


A and B f Bunionette with metatarsus quintus valgus and fifth toe varus. 



FIGURE 


Bunionette-hallux valgus-splay foot complex. 


Note latéral angulation of shaft of fifth metatarsal at distal third 


(arrows). 


Metatarso- 

phalangeal-5 

angle 


4-5 

intermetatarsal 

angle 



Measurement of metatarsophalangeal-fifth 
and fourth-fifth intermetatarsal angles for évaluation of bunio¬ 
nette deformity. (Redrawn from Cohen BE, Nicholson CW: Bunionette, 
J Am Acad Orthop Surg 15:300, 2007.) 


recommended for 6 weeks, with partial weight bearing 
allowed in the last 3 weeks. 


BUNIONETTE (TAILOR'S BUNION) 

The bony prominence on the latéral side of the fifth metatarsal 
head often is called a tailors bunion, referring to the position 
in which tailors would sit on the floor with their legs crossed, 
forcing the latéral border of the foot against the floor (Fig. 


83-40). It often is seen in splay foot combined with hallux 
valgus, or the head of the fifth metatarsal may be congenitally 
or traumatically enlarged. Also, the shaft may be angulated 
laterally, making the fifth metatarsal head more prominent 
(Fig. 83-41). Standard weight-bearing views of the foot, 
including dorsoplantar, latéral, and oblique, should be 
obtained for measurement of the 4-5 intermetatarsal angle 
(4-5 IM A). This angle is formed by two Unes that bisect the 
fourth and fifth metatarsals (Fig. 83-42). The normal 4-5 IMA 
is less than 6.5 to 8 degrees; the average 4-5 IMA is 6.5 degrees 
in normal feet and 9.6 degrees in feet with a symptomatic 
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Classification of bunionette deformity. A f Type I, latéral prominence of metatarsal head. B f Type II, latéral bowing of 
fifth metatarsal. C, Type III, widening of fourth-fifth intermetatarsal angle. (From Cohen BE, Nicholson CW: Bunionette, J Am Acad Orthop 
Surg 15:300, 2007.) 


bunionette. Bunionettes also are classified based on these 
weight-bearing radiographs (Fig. 83-43): type I, enlargement 
of the fifth metatarsal head or a latéral exostosis; type II, 
abnormal latéral bend to the distal fifth metatarsal with a 
normal 4-5 IMA; and type III, an increased 4-5 IMA (> 8 
degrees) that results in a widened forefoot. Type III is the most 
common deformity. Other angles that may be useful are the 
latéral déviation angle (Fig. 83-44), which is formed by a line 
from the center of the metatarsal head and neck to the meta¬ 
tarsal base and a line along the médial cortex of the fifth 
metatarsal (normal, 2.6 degrees; with bunionette, 8 degrees), 
and the fifth metatarsophalangeal angle (see Fig. 83-42), 
which usually is more than 14 degrees in symptomatic patients. 

Constricting shoes are the main source of discomfort. 
With continuous pressure over this bony prominence, a bursa 
develops and enlarges because of chronic irritation (Fig. 
83-45). Ulcération may ensue. An intractable keratosis may 
develop over a prominent bunionette because of shoe pres¬ 
sure. In diabètes, advanced Charcot-Marie-Tooth disease, or 
certain types of spinal dysraphism with poor sensibility, this 
complication can resuit in loss of the entire fifth ray or even 
the foot. 

In addition to a symptomatic bursa over the latéral aspect 
of the prominent fifth metatarsal head, a diffuse callus or 
localized intractable keratosis can develop beneath the plantar 
aspect of the fifth metatarsal head (Fig. 83-46). 

TREATMENT 

Treatment with metatarsal pads or bars, wide toe box shoes, 
semirigid shoe inserts with a relief (or “well”) beneath the 
plantar aspect of the condyle, or % - to X -inch foam rubber 
between the prominence and the shoe may relieve the symp- 
toms. If surgical treatment becomes necessary, the choices are 

(1) resection of the latéral third of the fifth metatarsal head, 

(2) osteotomy of the fifth metatarsal (Fig. 83-47), and (3) 
resection of the fifth metatarsal head. 



Latéral 

déviation 

angle 


Width of 

metatarsal 

head 


Measurement of latéral déviation angle in 
évaluation of bunionette deformity. (Redrawn from Cohen BE, 


Nicholson CW: Bunionette, J Am Acad Orthop Surg 15:300, 2007.) 
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FIGURE 


Bunionette deformity with bursa formation. 



Callus beneath fifth metatarsal head. If exten¬ 
sion deformity is présent at fifth metatarsophalangeal joint, 
painful callus may develop beneath fifth metatarsal head. 


■ RESECTION 


PARTIAL RESECTION OF THE LATERAL 
CONDYLE OF THE FIFTH METATARSAL 
HEAD 

Partial resection of the latéral condyle of the fifth metatarsal 
head probably is the most commonly used procedure. It 
relieves the pressure symptoms and allows a slightly greater 
variety of shoe wear. The cosmetic correction is not always 
pleasing, however. Causes of failure may include inadéquate 
resection, metatarsophalangeal joint subluxation, and 
forefoot splaying. The patient must be warned before 
surgery that only the painful bony prominence will be 



FIGURE 


varus. 


Diaphyseal osteotomy for metatarsus quintus 



Plantar aspect of fifth metatarsal head should 
be removed in addition to latéral flare. 


removed and that the width of the forefoot will not be 
altered appreciably. In addition, if there is a painful callosity 
beneath the metatarsal head, the plantar aspect of the 
condyle also should be removed (Fig. 83-48). The presence 
of a plantar keratosis suggests that an osteotomy of the 
metatarsal may be necessary for satisfactory correction of 
the deformity. 


TECHNIQUE 83-19 


■ Make a dorsolateral or straight latéral (preferred) incision 
extending from the junction of the middle and distal 
thirds of the fifth metatarsal shaft to the midshaft of the 
proximal phalanx. 

■ Incise only the skin. 

■ If the dorsolateral incision is used, identify and protect 
the dorsolateral cutaneous branch of the sural nerve (Fig. 
83-49A and B). 

■ The straight latéral incision should pass between this 
nerve dorsally and the proper digital branch of the latéral 
plantar nerve to the fifth toe plantarward. 
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Bunionette removal. A and B f Skin incision. C and D f Excision of latéral prominence of fifth metatarsal head to include 
40% of articular surface. E f Capsular closure, carefully preserving abductor digiti minimi insertion. F and G f Skin closure. SEE TECHNIQUE 


83-19. 
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9 «The tendon of insertion of the abductor digiti minimi 
passes just plantar to the midline of the latéral aspect of 
the fifth metatarsal head. If the periosteal and capsular 
incision is in a straight line 2 or 3 mm dorsal to the 
midline, this tendon is preserved. This is important 
because the fifth toe can subluxate or dislocate medially 
if the tendon of insertion is lost (Fig. 83-50). 

■ By sharp dissection, elevate the capsule dorsally and 
plantarward until the fifth metatarsal head can be made 
visible by delivering it laterally as the phalanx is pushed 
medially. More metatarsal head can be removed than is 
intended if the médial edge of the articular cartilage is 
not exposed. Approximately 35% to 40% of the meta¬ 
tarsal head usually is removed to excise the bony promi- 
nence. A thin osteotome or a small blade on a power saw 
is mandatory. 

■Score the proximal margin of the proposed osteotomy 
and direct the eut in a dorsal distal-to-plantar proximal 
direction (Fig. 83-49C and D). 

■ Reduce the phalanx over the remaining part of the fifth 
metatarsal head and palpate the latéral flare of the base 
of the phalanx. If this produces a projecting bony promi- 
nence that may cause symptoms, excise the prominence 
with a rongeur or bone-biter in the same manner as a 
web corn is treated medially. 

■ This procedure removes the origin and possibly the inser¬ 
tion of the latéral collateral ligament of this joint. Conse- 
quently, an imbricating capsular closure and préservation 
of the abductor digiti minimi insertion are impérative (Fig. 
83-49E). 



FIGURE 


3 


Médial dislocation of fifth toe after bunionette 


excision. 


■ Before closing the capsule, round off the bone edges with 
a rasp, and if a plantar callus coexists beneath the meta¬ 
tarsal head, smooth the plantar projection of the condyle 
flush with the shaft. 

■Close the skin with interrupted, nonabsorbable sutures 
(Fig. 83-49F and G). 

■ The dressing should hold the fifth toe in slight abduction 
to release the tension on the capsular repair. 

POSTOPERATIVE CARE. Bathroom privilèges and 
weight bearing to tolérance are allowed the first postop- 
erative day in a firm-soled shoe with open toe box. The 
fifth toe is kept in a dressing that holds it in the proper 
position for 2 weeks. The sutures are removed at 2 weeks, 
and a spacer is placed in the fourth web space to prevent 
strain on the latéral capsular repair. The spacer is used for 
an additional 4 weeks, and fashionable shoes are allowed 
at 6 weeks. 


RESECTION OF THE FIFTH 
METATARSAL HEAD FOR BUNIONETTE 
DEFORMITY 

We do not recommend this procedure for initial operative 
treatment of bunionette deformity, and generally reserve it 
for an insensitive foot with callus formation and ulcération 
beneath the fifth metatarsal head in conjunction with a 
bunionette. 


TECHNIQUE 83-20 


■ Make a midlateral incision over the distal third of the 
metatarsal to expose the metatarsal head and remove it 
obliquely 5 mm proximal to the capsular insertion at the 
head-neck junction (Fig. 83-51). 

■Close the capsule with absorbable sutures and the skin 
with nonabsorbable sutures. 

POSTOPERATIVE CARE. Weight bearing to tolérance in 
a wooden-soled shoe is allowed immediately, but éléva¬ 
tion of the extremity is encouraged for 48 to 72 hours. 
The patient usually is able to wear a lace-up shoe with a 
metatarsal pad at 4 weeks. 


■ OSTEOTOMY OF THE METATARSAL 

If the metatarsal at the distal shaft or neck is significantly 
deviated laterally, an osteotomy may be indicated. Only 2 to 
3 mm to include the latéral eminence and 1 to 2 mm of 
articular cartilage of the metatarsal head should be removed, 
however. Otherwise, bony contact at the osteotomy site would 
be poor because of reduced surface area. The osteotomy can 
be made distally or proximally. Cooper and Coughlin 
described a subcapital oblique osteotomy, similar to the Weil 
osteotomy, for bunionette correction. They recommended 
this procedure for type I deformity in which there is a 
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Resection of fifth metatarsal head. Metatarsal 
head is removed by oblique osteotomy well proximal to head- 
neck junction. SEE TECHNIQUE 83-20. 


prominent latéral eminence of the fifth metatarsal head 
without significant increase in the fourth-to-fifth intermeta- 
tarsal angle or latéral bowing of the metatarsal shaft. 

The chevron osteotomy is useful in metatarsus quintus 
valgus or in a splay foot with symptomatic bunionette and 
latéral splaying of the entire fifth ray. It is technically demand- 
ing because of small bony contact and because the cuts must 
be précisé and calculated. It is a useful procedure, however, 
that can be used not only to narrow the forefoot slightly and 
relieve latéral pressure but also to reduce pressure plantar- 
ward if a concomitant symptomatic fifth metatarsal head 
callus is présent. In this case, the head fragment is rotated 
dorsally 2 to 3 mm and shifted medially. More recently, an 
alternative distal transverse osteotomy with longitudinal pin 
fixation has been described by several authors. We do not 
hâve adéquate expérience with this procedure to recommend 
it over the chevron osteotomy, but it is included here because 
of its simplicity and the good outcomes (80% to 86% excellent 
or good) reported at long-term foliow-up (3 to 8 years). The 
most frequent complication appears to be skin irritation or 
infection around the pin. 

Minimally invasive and percutaneous techniques also 
hâve been described for distal osteotomy of the metatarsal for 
the correction of bunionette deformity. These techniques 
hâve been suggested to reduce complications because of the 
limited surgical exposure. Magnan et al. reported a 93% 
patient satisfaction rate with no nonunions, récurrences, 
osteonecrosis, or deep infection after 30 consecutive percuta¬ 
neous fifth metatarsal distal ostéotomies for bunionette cor¬ 
rection. The subcapital linear ostéotomies were stabilized 
with a single Kirschner wire, and no soff-tissue procedures 
were done. Deformity correction was comparable with that 
reported with traditional open distal ostéotomies. 



Subcapital oblique osteotomy for bunionette 
deformity. Saw eut is made from the latéral aspect, oriented from 
dorsal and distal to plantar and proximal. The blade is parallel to 
the plantar foot. (Redrawn from Cooper MT, Coughlin MJ: Subcapital 
oblique osteotomy for correction of bunionette deformity: medium- 
term results, Foot Ankle Int 34:1376, 2013.) SEE TECHNIQUE 83-21. 


SUBCAPITAL OBLIQUE OSTEOTOMY 
FOR BUNIONETTE DEFORMITY 


TECHNIQUE 83-21 


(COOPER AND COUGHLIN) 

■ After administration of an appropriate dose of periopera- 
tive antibiotics, perform a régional popliteal anesthetic 
block and use an Esmarch bandage to exsanguinate the 
foot. Tie the Esmarch bandage about the ankle to serve 
as a tourniquet. 

■ Make a longitudinal skin incision centered over the latéral 
eminence of the metatarsal head, starting proximal to the 
latéral eminence and extending distally to the midportion 
of the proximal phalanx. Take care to protect the distal 
branches of the sural nerve. 

■ Incise the capsule of the fifth metatarsophalangeal joint 
in a L-shape along the dorsal and proximal margin, 
forming a flap; detach this flap from the periosteum 
dorsally and the abductor digiti quinti muscle proximally 
and reflect it distally and plantarward to expose the joint 
and latéral eminence. 

■ With a sagittal saw, resect the latéral eminence in a line 
parallel with the latéral border of the fifth metatarsal 
diaphysis. 

■ Make an oblique osteotomy from latéral to médial, start¬ 
ing 2 to 3 mm plantar to the dorsal margin of the 
metatarsal head articular cartilage, with the orientation 
parallel to the plantar surface of the foot (Fig. 83-52). 

■ Shift the capital fragment medially 2 to 4 mm, taking care 
not to overshift the metatarsal head and create an 
unstable construct. 

■ Secure the osteotomy with two dorsal-plantar 2-mm 
mini-fragment screws oriented from dorsal-lateral to 
plantar-medial to capture the fragment. 

■ Shave the overhanging latéral bone with the saw and 
repair the latéral joint capsule with absorbable sutures 
through a drill hole in the metatarsal neck. 
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POSTOPERATIVE CARE. The patient is allowed immédi¬ 
ate heel weight bearing in a postoperative hard-soled 
shoe, unless other concomitant procedures prohibit this. 
The postoperative shoe is worn for 6 weeks, at which 
point the patient is transitioned to regular shoe wear with 
graduai resumption of normal activities. 


TRANSVERSE MEDIAL SLIDE 
OSTEOTOMY FOR BUNIONETTE 
DEFORMITY 


TECHNIQUE 83-22 


■ After induction of general anesthésia and application of 
a tourniquet, make a latéral approach to the fifth meta- 
tarsal neck. Local or block anesthésia also can be used in 
carefully selected patients. 

■ Make the osteotomy cuts with a standard pneumatic saw 
with a 9.5 x 25 x 0.4-mm blade. Incline the osteotomy 
in the latéral to médial direction so that it is perpendicular 
to the fourth ray if the length of fifth metatarsal bone is 
to be maintained. Incline the osteotomy in a distal- 
proximal direction up to 25 degrees if shortening of the 
metatarsal or décompression of the metatarsophalangeal 
joint is necessary (as in patients with mild arthritis). If 
lengthening of the fifth metatarsal is necessary (rare), 
incline the osteotomy in a proximal-distal direction up to 
15 degrees. 

■ Insert a 1,6-mm Kirschner wire rétrogradé through the 
latéral soft tissues of the toe and pass it through the 
medullary canal into the base of the fifth metatarsal to act 
as a buttress to prevent loss of position of the distal 
fragment. 

■ Cut the wire, leaving it protruding distally. 

POSTOPERATIVE CARE. A hard-soled postoperative 
shoe is worn for 6 weeks, at which time the wire is 
removed in the outpatient surgery department. 


A long, oblique, diaphyseal osteotomy of the fifth meta¬ 
tarsal for severe splay foot or metatarsus quintus valgus can 
correct a great degree of deformity. Although delayed union 
and even nonunion are more common than with ostéotomies 
in the metaphyseal head segment, good or excellent results, 
with no delayed unions or nonunions, hâve been reported 
with longitudinal diaphyseal osteotomy, latéral condylectomy, 
and distal metatarsal joint soft-tissue realignment. If diaphy¬ 
seal osteotomy is chosen, internai fixation with 2.7-mm 
screws using lag technique for compression, cast immobiliza- 
tion for 6 to 8 weeks (4 of which are non-weight bearing), 
and reduced activity level for 3 to 4 months are recommended. 
Vienne et al. reported good or excellent results in 97% of 33 
feet treated with diaphyseal realignment osteotomy and 
compression screw fixation. 


OBLIQUE DIAPHYSEAL 
OSTEOTOMY OF THE FIFTH 
METATARSAL FOR SEVERE 
SPLAY FOOT OR METATARSUS 
QUINTUS VALGUS 


TECHNIQUE 83-23 


(COUGHLIN) 

■ Make a longitudinal incision centered on the dorsolateral 
aspect of the fifth metatarsal extending from the base 
of the fifth metatarsal to the middle of the proximal 
phalanx. Protect the dorsolateral cutaneous nerve during 
dissection. 

■ Reflect the abductor digiti quinti muscle plantarward to 
expose the fifth metatarsal diaphysis. Leave the soft-tissue 
attachments to the médial aspect intact. 

■ Expose the metatarsophalangeal joint capsule and make 
an L-shaped incision along the dorsal and proximal 
aspects to expose the latéral eminence. 

■ After the capsule is detached, use a sagittal saw to resect 
the latéral condyle of the metatarsal head. 

■ Distract the metatarsophalangeal joint by applying distal 
traction to the fifth toe and release the médial capsule of 
the metatarsophalangeal joint so that it can be realigned 
after the osteotomy is made. 

■ Use a sagittal saw to make an osteotomy in the fifth 
metatarsal diaphysis. For pure latéral keratosis, direct the 
cut from latéral to médial, with the obliquity oriented 
from a dorsal-proximal to a plantar-distal direction (Fig. 
83-53A). If plantar and latéral kératoses are présent, 
angle the saw blade slightly upward to elevate the fifth 
metatarsal head (Fig. 83-53B). For a pure plantar kerato¬ 
sis, when more élévation of the distal fragment is desired, 
increase the obliquity of the osteotomy. 

■ Before completing the osteotomy, drill fixation holes in 
the proximal and distal fragments. Because the diaphysis 
is so narrow, placement of the holes after osteotomy can 
be difficult. 

■ Complété the osteotomy and rotate the distal fragment 
medially so that it is parallel with the fourth metatarsal 
(Fig. 83-53C), using the fixation hole as the axis for rota¬ 
tion. It is important that the osteotomy is rotated rather 
than translated to ensure maximal bony contact; rotation 
also maintains metatarsal length. 

■ Fix the osteotomy with a small fragment screw, screw and 
Kirschner wire, or multiple Kirschner wires. Alternative^, 
use one or two dorsoplantar 2.4- or 2.7-mm titanium 
compression screws. 

■ Realign the fifth toe by reefing the latéral capsule to the 
fifth metatarsal metaphyseal periosteum and the abduc¬ 
tor digiti quinti. If tissue is insufficient to attach the 
metatarsophalangeal capsule, place interrupted sutures 
through holes drilled in the metaphysis. This capsular 
plication allows significant correction of axial malalign- 
ment or malrotation. 

■ Close the incision in the usual manner and apply a gauze 
and tape dressing. 
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FIGURE 


plantar-distal. B f 
site is rotated. C f 


Diaphyseal osteotomy. A f Saw eut directed from latéral to médial with obliquity oriented from dorsal-proximal to 
In presence of plantar callosity, saw blade is directed cephalad so that fifth metatarsal is elevated when osteotomy 
Osteotomy is rotated in diaphyseal région until distal fragment is parallel with fourth metatarsal. SEE TECHNIQUE 


83-23. 


POSTOPERATIVE CARE. The dressing is changed 
weekly for 6 weeks. Ambulation is allowed in a wooden- 
soled shoe. Casting is recommended for unreliable 
patients or patients who are unsteady when walking. 


CHEVRON OSTEOTOMY OF THE FIFTH 
METATARSAL FOR BUNIONETTE 
DEFORMITY 


TECHNIQUE 83-24 


■ Begin the incision laterally in the midline 1 cm distal to the 
fifth metatarsophalangeal joint and extend it proximally in 
line with the metatarsal shaft for 3 to 4 cm (Fig. 83-54A). 
Enter the metatarsophalangeal joint through a midlateral 
or L-shaped capsulotomy, exposing the entire fifth meta¬ 
tarsal head (Fig. 83-54B). 

■ Sublux the toe medially to improve exposure. 

■ Expose the distal 2 cm of metatarsal shaft dorsally, later¬ 
ally, and enough plantarward to see clearly the plantar 
limb of the proposed osteotomy. Leave the soft tissue 
intact medially. Use sharp dissection for exposure so that 
periosteal élévation does not become necessary. 

■ Remove the latéral 1 to 2 mm of latéral eminence (Fig. 
83-54C). 

■ Make a centering hole with a 0.045-inch Kirschner wire 
5 mm proximal to the articular surface of the metatarsal 
head and equal distances from the dorsal and plantar 
cortices. This hole serves as the apex of the osteotomy. 

■ Using a 4-mm blade on a power saw, start the dorsal limb 
of the osteotomy angled 30 to 40 degrees from the 


midlateral longitudinal axis of the fifth metatarsal. Proceed 
cautiously with little pushing of the saw. The area for the 
double-limb osteotomy is constrained, so précision is 
necessary. 

The plantar limb of the osteotomy is eut, again about 30 
degrees to the midline. Exposure of the distal shaft dor¬ 
sally, laterally, and plantarward affords more control and 
précision over the cuts (Fig. 83-54D). As in the first 
metatarsal chevron osteotomy, the cuts should be at right 
angles to the shaft. 

Translate the fifth metatarsal head medially 2 to 4 mm 
depending on the size of the metatarsal. If there is a 
plantar callosity, tilt the metatarsal head dorsally 2 to 
3 mm (Fig. 83-54E). 

Because this osteotomy is not as stable as in the first 
metatarsal and can tilt unexpectedly medially, plantar¬ 
ward, or dorsally, appose the osteotomy surfaces as much 
as possible with the head in line with the shaft of the 
metatarsal and use one or two 0.045-inch Kirschner wires 
for stability. These wires are started proximally just dorsal 
and plantar to the midline of the shaft and are driven 
obliquely into the metatarsal head (Fig. 83-54F). 

Use a small rongeur to smooth the latéral overhang of 
the metatarsal shaft, taking care not to remove the cortex 
adjacent to the Kirschner wires. 

The capsular closure is important to prevent médial sub¬ 
luxation of the fifth toe. Using 3-0 absorbable suture 
while holding the toe congruously on the metatarsal 
head, repair the latéral capsule, bringing the tendon of 
the abductor digiti minimi dorsally into the midline. After 
completing the capsular repair, the toe should remain in 
proper position without any extraneous support (Fig. 
83-54G). 

Apply a dressing to hold the toe in the proper position 
and relieve tension on the capsular repair. 
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FIGURE 83-5 


^ Chevron osteotomy of fifth metatarsophalangeal joint. A f Suggested incision. B f Inverted-L-shaped capsular incision 
transecting abductor digiti minimi. C f Amount of latéral eminence removed, not quite flush with shaft. D f Dorsal limb of osteotomy 
begins at centering hole; care is taken to prevent blade from "walking" into capital fragment distally. E f Translation of capital fragment 
medially 2 to 4 mm; it is tilted dorsally if callus is beneath fifth metatarsal head. F, Two small Kirschner wires improve stability. Overhang- 
ing latéral wedge of proximal fragment is removed, taking care not to enter entrance portai of Kirschner wires. G, Abductor digiti 
minimi is repositioned latérally to prevent médial subluxation of toe. SEE TECHNIQUE 83-24. 


POSTOPERATIVE CARE. Activity is reduced for 72 
hours, and the foot is elevated. A postoperative shoe is 
worn, and weight bearing to tolérance is allowed for 4 
weeks. The dressing is changed at 1 week, being carefully 
reapplied to maintain proper position of the toe and 
relieve tension on the capsular repair. At 2 weeks, the 
sutures are removed and a web spacer of gauze or foam 
rubber and narrow tape is used to maintain the proper 
position of the toe. A wide toe box, firm-soled shoe can 
be worn at 4 weeks. The pins are removed in the office 
using a local anesthetic after the osteotomy has healed, 


usually 6 to 8 weeks after surgery. A short leg walking 
cast extending distal to the toes occasionally is worn for 
1 month if the patient must be more active than a post¬ 
operative shoe would allow. 


FREIBERG INFRACTION 

In 1914, A.H. Freiberg reported six infractions (incomplète 
fracture of a bone without displacement of the fragments) of 
the second metatarsal head. Three of these had a single 
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significant traumatic event to the toe before the symptoms 
developed. For this reason, Freiberg considered this disorder 
to be secondary to acute trauma. In 1917, Campbell reported 
the same condition in the third metatarsal head. Since then, 
several large sériés hâve been published, but the exact cause 
remains uncertain. 

Because it is most commonly recognized in the second 
decade of life and radiographically resembles other examples 
of the osteochondroses, it presumably falls into this category: 
osteonecrosis of subchondral cancellous bone followed by a 
reparative process. A misshapen metatarsal head frequently 
is an incidental radiographie finding, and careful questioning 
of the patient often reveals a period during adolescence when 
pain was noted in the forefoot. 

Because the second toe frequently is the longest and the 
second ray the least mobile, excessive pressure on the meta¬ 
tarsal head on weight bearing could cause répétitive micro - 
fractures, loss of blood supply to subchondral bone, collapse 
of this cancellous bone, and cartilage deformation. Synovitis 
accompanies the process, and if it is prolonged and severe, 
limitation of motion, especially in extension, results. With 
this loss of extension of the metatarsophalangeal joint, weight 
bearing causes abnormal stress to be applied to the metatarsal 
shaft, which becomes widened from bicortical thickening. In 
addition to irregular ossification of the primary ossification 
center of the metatarsal head and widening of the metatarsal 
shaft, osteochondral fragmentation can occur around the 
metatarsal head (Fig. 83-55). 

The symptoms include pain around the involved metatar¬ 
sophalangeal joint primarily on weight bearing, local tender- 
ness around the metatarsophalangeal joint, and limitation of 
motion. If a synovitis is présent, swelling becomes apparent. 

Most patients with Freiberg infraction can be treated 
conservatively with modification of activities, semirigid 
orthoses, and metatarsal bars. A short leg walking cast with 
a toe extension may be needed if other nonoperative treat- 
ment fails. Occasionally, crutches are needed to rest the 
painful foot completely. 

If conservative management fails, surgical treatments 
include (1) resection of the metatarsal head (Giannestras), (2) 
élévation of the depressed fragment of the metatarsal head 
and bone graffing of the defect (Smillie), (3) resection of the 
base of the proximal phalanx with syndactylization of the 
second and third toes (Trott), (4) dorsal closing wedge oste- 
otomy of the metatarsal head (Gauthier and Elbay), and (5) 
joint debridement and metatarsal head remodeling (Freiberg 
and Mann). Hélix-Giordanino et al. reported good results in 
28 of 30 patients treated with the Gauthier dorsal cuneiform 
osteotomy, and Pereira et al. described excellent or good 
results in 20 patients evaluated at 23 years affer dorsal wedge 
osteotomy. A systematic review identified a more than 90% 
resolution of pain and full return to activity in patients treated 
with joint-sparing procedures. 

Kilic et al. compared cheilectomy and microfracture to 
cheilectomy and dorsal crescentic osteotomy and found no 
significant différences in outcomes; both techniques obtained 
significant improvements in pain and range of motion. More 
recently, transplantation of an osteochondral plug from the 
ipsilateral knee to the second metatarsal head has been 
described in a few patients with late-stage Freiberg disease. 

We hâve been pleased with the joint debridement and 
metatarsal head remodeling and use it most often. We hâve 



Freiberg infraction. Note flattening of second 
and third metatarsal heads and irregularity and separated bone 
fragment (arrows). (Courtesy of Steve Ikard, MD.) 


used MRI to evaluate the metatarsal head. If the lésion is 
localized to the dorsum of the metatarsal head with the 
remainder of the metatarsal head not involved, a dorsiflexion 
closing wedge osteotomy of the metatarsal neck has been 
used with some success. Rarely we hâve added resection of 
the base of the proximal phalanx. This shortens the toe sig- 
nificantly, and because 90% of the patients are in late adoles¬ 
cence or early adulthood, we try to avoid this resection. Joint 
debridement and remodeling of the metatarsal head should 
suffice. A number of other treatments hâve been proposed for 
the treatment of this condition, but lack numbers or long- 
term follow-up to give clear guidance that they are superior 
to current recommendations. The patient must be informed 
before surgery that some permanent limitation of motion is 
usual. Because motion in the affected joint frequently is 
limited anyway, this usually is not a deterrent to surgery. 
Metatarsal bars or pads should be used for 3 to 6 months affer 
surgery. 


DORSAL CLOSING WEDGE 
OSTEOTOMY FOR FREIBERG DISEASE 


TECHNIQUE 83-25 


(CHAO ET AL.) 

■ Use a dorsal approach to expose the metatarsal head. 
Make a longitudinal incision in the capsule and débridé 
the joint, removing loose fragments. Perform a partial 
synovectomy. 
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9 " Make a dorsal closing wedge osteotomy over the distal 
normal metaphysis, removing sufficient bone to bring the 
healthy plantar part of the metatarsal head into articula¬ 
tion with the phalanx (Fig. 83-56). 

■ Do not remove the lésion, but rotate it proximally and 
dorsally. 

■ The angle of the closing wedge should maintain the 
length of the involved metatarsal bone as much as 
possible. 

■ Temporarily fix the osteotomy with crossed percutaneous 
Kirschner wires. As an alternative, absorbable pins can be 
used for fixation, avoiding a second procedure for removal 
of the Kirschner wires. 

POSTOPERATIVE CARE. A light compressive dressing is 
applied, and the foot is immobilized in a short leg walking 
cast for 4 weeks. Pins are removed at 4 weeks, and 
weight bearing is allowed as tolerated. Patients are not 
allowed to run or engage in any strenuous physical activ- 
ity for 8 weeks after surgery. 


JOINT DEBRIDEMENT AND 
METATARSAL HEAD REMODELING 
FOR FREIBERG DISEASE 


TECHNIQUE 83-26 


■ Through an angled incision, the apex of which is the 
latéral margin of the metatarsophalangeal joint, expose 
the extensor hood. 

■ Ligate any Crossing veins returning to the dorsal venous 
arch. 

■ Expose the entire extensor expansion over the metatar¬ 
sophalangeal joint. 

■ Identify the extensor digitorum brevis as it joins the exten¬ 
sor digitorum longus and section the former at this 
juncture. 




FIGURE 83-5 


Dorsal closing wedge osteotomy and cross- 
pinning. SEE TECHNIQUE 83-25. 


■ Incise the extensor hood just latéral to the extensor 
digitorum longus and retract this tendon medially. 

■ Through a longitudinal capsulotomy, enter the metatar¬ 
sophalangeal joint and reflect the capsule medially 
and laterally by sharp dissection to expose the metatarsal 
head. The degree of degeneration of the metatarsal 
head often is striking compared with the radiographie 
findings. 

■ Remove ail osteochondral fragments. A small 0.045-inch 
Kirschner wire may be used to microfracture the base of 
the defect at this point. 

■ Distract the toe manually, and by flexing it acutely, expose 
the entire metatarsal head. Both collateral ligaments may 
require division to allow this. 

■ At this point, use judgment to détermine the degree of 
arthroplasty needed. At times, the articular surface has 
remodeled and appears surprisingly good. In this instance, 
débridé the joint of ail loose fragments, remove inflamed 
synovium if necessary, and perform a Z-plasty lengthening 
(8 to 12 mm) of the extensor digitorum longus to relieve 
extensor pressure on the joint. The extensor digitorum 
brevis should be tenotomized. 

■ If the metatarsal head is pitted, contour it by removing 
the articular cartilage. When remodeling the metatarsal 
head with a rongeur, ensure that no osteophytes remain 
on its plantar aspect. 

■ The surface of the metatarsal head usually is depressed 
dorsally and centrally. Round the remainder of the head 
to this depth; this usually requires 3 to 4 mm of bone 
removal circumferentially. 

■ Irrigate the joint while flexing and extending it to flush 
any remaining cartilage or bony fragments. 

■ Secure hemostasis by direct pressure. This is an important 
step. 

■ Close the capsule with fine absorbable sutures and apply 
a dressing that holds the joint reduced. 

POSTOPERATIVE CARE. Continuous élévation of the 
foot for 48 hours is recommended, followed by walking 
in a wooden-soled shoe. At 2 weeks, the skin sutures are 
removed and the forefoot is redressed, holding the toe in 
the desired position. At 4 weeks, a wide toe box shoe is 
allowed, and active and gentle active-assisted range of 
motion of the second metatarsophalangeal joint is 
encouraged (Fig. 83-57). 


BRACHYMETATARSIA 

Brachymetatarsia is a condition in which one of the metatar- 
sals is abnormally short. The fourth ray is most commonly 
involved, followed by the first and fifth rays. The shortening 
may be congénital or caused by prématuré physeal closure 
resulting from trauma, surgery, infection, or pathologie 
conditions. In children, brachymetatarsia often occurs in 
association with disease processes such as Down syndrome, 
Apert syndrome, Albright osteodystrophy, sickle cell anémia, 
diastrophic dwarfism, and poliomyelitis. Brachymetatarsia 
disrupts the normal parabolic arc of the metatarsals (Fig. 
83-58), but it rarely causes pain or functional impairment, 
and most patients seek treatment because of the appearance 
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FIGURE 83-5 


^ Freiberg infraction. A f Uncommon location. B f Three years after joint debridement and remodeling of metatarsal 
head, motion is limited but patient is active and asymptomatic. C f Freiberg infraction of third metatarsal head in teenage girl (arrow). 
D, One year later, second metatarsal head also is involved; arrows show Freiberg infractions on second and third metatarsal heads. 
Patient had hemoglobinopathy. (C and D courtesy of Steve Ikard, MD.) 


of the foot. Nonoperative measures, such as padding and use 
of accommodative devices in a shoe, can relieve pain in 
adjacent joints but do not correct the deformity or improve 
the appearance of the foot. Surgery usually is indicated for a 
metatarsal that is 10 mm or more shorter than the adjacent 
metatarsal. Surgical options include one-stage lengthening 
with the use of an interpositional bone graff, graduai length¬ 
ening by distraction osteogenesis with or without shortening 
of the adjacent toes, and shortening of the adjacent toes. 
Generally, metatarsals that need to be lengthened less 
than 15 mm can be successfully treated with a one-stage 


lengthening procedure, whereas graduai distraction is neces- 
sary for more length gains. Shortening of the adjacent 
metatarsals can be done with lengthening to restore the 
normal parabolic arc of the metatarsal heads. 

Cited advantages of one-stage lengthening, with or 
without bone graffing, include the short time required to 
achieve union, the small surgical scar, and avoidance of 
neurovascular impairment and excessive soft-tissue stretch- 
ing. In a systematic review, Jones et al. found that single- 
stage lengthening with a bone graft was associated with 
fewer complications and faster healing times than callus 





PART XIX THE FOOT AND ANKLE 



FIGURE 83-5 


Brachymetatarsia disrupts normal parabolic arc of metatarsal heads. A f Normal toe-tip and metatarsal head parabolas 
(dotted Unes). B f Disruption with brachymetatarsia of first metatarsal. C f Disruption with brachymetatarsia of fourth metatarsal. Distance 
marked "A" represents length needed to obtain idéal parabola. (From Lee KB, Park HW, Chung JW, et al: Comparison of the outcomes of 
distraction osteogenesis for first and fourth brachymetatarsia, J Bone Joint Surg 92A:2709, 2010.) 
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distraction, but with lesser gains in length. If an autograft is 
used, operative times are longer and a second incision is 
required for graff harvest; donor site morbidity, such as pain 
and local infection, also may complicate the procedure. 
Shortening of the adjacent metatarsals reduces the “target 
length” and can avoid some of the complications of one-stage 
lengthening. Giannini et al. described a one-stage lengthen- 
ing with allograft interposition that was successful in 50 
metatarsals, gaining an average of 13 mm in length. The 
procedure consists of a transverse proximal osteotomy of the 
metatarsal shaff and interposition of a metatarsal allograft 
fixed with an intramedullary Kirschner wire (Fig. 83-59). For 
patients with multiple-metatarsal involvement, a one-stage 
combined shortening and lengthening procedure has been 
described in which intercalary autogenous bone grafts from 
the shortened metatarsals are used for lengthening. 

Good or excellent results hâve been reported in 80% to 
100% of patients treated with distraction osteogenesis. Dis¬ 
traction osteogenesis has several reported advantages over 
one-stage lengthening: no bone graffing is required, tendons 
are gradually stretched, neurovascular complications are less 
frequent, weight bearing can be begun sooner, and more 
length can be gained. Lee et al. reported patient satisfaction 
and bone union in ail 74 metatarsals they treated with distrac¬ 
tion osteogenesis for brachymetatarsia of the first and/or 
fourth metatarsals. The mean gains in length were 17.2 mm in 
the first metatarsal and 16.3 in the fourth metatarsal. Compli¬ 
cations were frequent, however, and there was no improvement 
in foot function. The most common complication was meta- 
tarsophalangeal joint stiffness; others included malalignment 
of the lengthened metatarsal, fracture through the callus, pin 
breakage, and pin track infections. Barbier et al. reported a 
48% complication rate (26 complications) in 30 patients 
treated with graduai metatarsal lengthening by a circular 



Lengthening of metatarsal with one-stage 
allograft interposition (see text). (Redrawn from Giannini S, Faldini 
C, Pagkrati S, et al: One-stage metatarsal lengthening by allograft 
interposition: a novel approach for congénital brachymetatarsia, Clin 
Orthop Relat Res 468:1933, 2010.) 
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external fixator; however, 20 of the complications were consid- 
ered “benign.” Complications hâve been suggested to be more 
frequent in metatarsals lengthened more than 40%. 


DISTRACTION OSTEOGENESIS FOR 
LENGTHENING OF THE METATARSAL 
IN BRACHYMETATARSIA 


TECHNIQUE 83-27 


(LEE ETAL) 

■ Under fluoroscopie guidance, insert two mini-Schanz 
half-pins (3 mm in diameter) into the proximal metaphysis 
and two more into the distal metaphysis of the 
metatarsal. 

■ For brachymetatarsia of the first metatarsal ' direct the 
distal pins from médial to latéral. 

■ Apply a unilatéral external fixator to the médial aspect of 
the metatarsal, as parallel to the plantar surface of the 
foot as possible in the transverse plane to prevent 
malalignment during lengthening (Fig. 83-60A). 

■ Make a 1.5-cm médial longitudinal incision at the meta¬ 
tarsal shaft and longitudinally incise and carefully elevate 
the periosteum. 

■ With a motorized saw with continuous cooling, make a 
transverse corticotomy perpendicular to the plantar 
surface of the foot. 

■ For fourth brachymetatarsia , insert two mini-Schanz half- 
pins (2 mm in diameter) into the proximal metaphysis and 
two more into the distal metaphysis on the dorsolateral 
aspect of the metatarsal. Take care to ensure that the pins 
do not entrap the extensor digitorum longus tendon to 
the fifth toe. Position the proximal two pins latéral to the 
fifth extensor digitorum longus tendon and the two distal 
pins médial to it. 

■ Apply a unilatéral external fixator as parallel to the plantar 
surface of the foot as possible in the sagittal plane (Fig. 
83-60B) and parallel to the insertion of the axes of the 
third and fifth metatarsals in the transverse plane. 

■ Confirm the proper direction of metatarsal lengthening 
by distracting the osteotomy approximately 5 mm and 
assessing the direction of the distraction with 
fluoroscopy. 

■ Restore the bone surfaces to apposition. 

POSTOPERATIVE CARE. Postoperatively, 0.25 mm of 
distraction is applied three times daily after a 7-day 
latency period. Distraction rate and rhythm are controlled 
according to the radiographie findings and the patient's 
clinical conditions. Radiographs are checked every other 
week to evaluate the degree of osteogenesis and the 
condition of the adjacent joint. Distraction is continued 
until a satisfactory parabola incorporating ail five meta¬ 
tarsal heads has been obtained. The external fixator is 
removed when the callus surrounding the osteotomy 
has matured. Full weight-bearing, heel-touch ambulation 
with the use of a postoperative shoe is allowed beginning 
on the second day after surgery. 
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Distraction osteogenesis for metatarsal lengthening. External fixator is applied as parallel as possible to the axis of 
the second metatarsal in the transverse plane (A) and to the plantar surface of the foot in the sagittal plane (B). (Redrawn from Lee KB, 
Park HW, Chung JW, et al: Comparison of the outcomes of distraction osteogenesis for first and fourth brachymetatarsia, J Bone Joint Surg 92A:2709, 
2010 ) SEE TECHNIQUE 83-27. 
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INFLAMMATORY AND 
DEGENERATIVE ARTHRITIS 

Arthritis is a term used broadly to refer to joint pain and 
subséquent joint destruction, and it often is used to describe 
several different conditions that hâve the common character- 
istic of joint pain and destruction but different histopathology 
and underlying mechanisms. Because of these différences, the 
pharmaceutical treatment varies dramatically, but surgical 
treatment is relatively uniform and dépends largely on under¬ 
lying stability, amount of joint involvement, and patient 
symptoms. 

The inflammatory arthritides include goût, lupus, psori- 
atic arthritis, and rheumatoid arthritis. For the foot and ankle 
surgeon, rheumatoid arthritis is one of the most common 
chronic inflammatory causes of patients seeking care. It is 
characterized by synovitis, rheumatoid nodules, and vasculi- 
tis. In the musculoskeletal System, rheumatoid arthritis mani- 
fests as a persistent, symmetric polyarthritis of the hands and 
feet or any synovial-lined joint. A genetic component is 
known, but rheumatoid arthritis does not show ségrégation 
patterns seen in single and high-penetrance genes, and most 
studies support the concept that the actual disease-conferring 
sequence encompasses amino acids 67 through 74 of the 
HLA-DRB1 gene. Joint destruction results primarily from T 
cells and B cells, inciting a cascade that leads to the release of 
proteases and collagénases from chondrocytes and synovial 
fibroblasts. At least four of seven criteria must be présent for 
the diagnosis of rheumatoid arthritis: (1) morning stiffness, 
(2) arthritis of three or more joint areas, (3) arthritis of the 
hand joints (swelling), (4) symmetric arthritis, (5) rheuma¬ 
toid nodules, (6) sérum rheumatoid factor positive, and (7) 
radiographie changes of the hand and wrist associated with 
rheumatoid arthritis (must include érosions and décalcifica¬ 
tion of involved joints). Episodic pain is more often associ¬ 
ated with an inflammatory process, and this history should 
lead the clinician to further investigate if the diagnosis of 
osteoarthritis is not certain. No test resuit is absolutely con- 
firmatory for rheumatoid arthritis; the diagnosis is made 
based on clinical, laboratory, and imaging features. Certain 
sérologie studies may be helpful and should be included if an 
inflammatory process is suspected (Box 84-1). 


Almost 90% of adult patients with rheumatoid arthritis 
will hâve symptomatic arthritis of the feet of varying severity. 
Approximately 17% of patients with rheumatoid arthritis 
présent initially with symptoms affecting the joints of the feet, 
and even mild-to-moderate rheumatoid arthritis has a sig- 
nificant négative impact on an individuals mobility and func- 
tional capacity. Therefore a high index of suspicion should be 
maintained. 

In contrast to rheumatoid arthritis, séronégative arthritis 
often involves the insertion of tendons into bone (the enthe- 
sis). The most common séronégative arthritides include 
Reiter syndrome, psoriatic arthritis, and ankylosing spondy- 
litis. Unlike rheumatoid arthritis, which has a female pré¬ 
dominance, there is a male prédominance in each of these 
except psoriatic arthritis, which has a male to female ratio of 
1:1. These diseases hâve an association with HLA genes, par- 
ticularly HLA-B27. In young patients with bilateral disease, 
one should be cognizant of the possibility of a causative 
inflammatory process. 

SIGNS AND SYMPTOMS 

Early clinical manifestations are similar for both inflamma¬ 
tory and degenerative arthritis. Pain typically is exacerbated 
with activity and relieved with rest. Patients, especially those 
with inflammatory arthropathy, typically consider their ankle 
rather than forefoot complaints to be more consequential. 
With more advanced disease, less activity causes pain and 
many patients describe pain with rest or at night. A typical 
patient with arthritis in the foot and ankle will describe pain 
with stair climbing, extremes of motion such as with squat- 
ting or toe raises, and rotational movement (e.g., during a golf 
swing). Weather patterns often hâve been reported to influ¬ 
ence pain in this group of patients, and although the literature 
is conflicting, it appears that changes in barometric pressure 
may affect patients with arthritis. Disease and inflammation 
of the soft tissue often accompany joint disease; however, they 
may be independent of one another. This is an important 
distinction because radiographie osteoarthritis or rheuma¬ 
toid arthritis may in fact be an incidental finding unrelated 
to the true cause of symptoms, especially in patients with 
inflammatory arthritis. Treating the extraarticular causes of 
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Sérologie Studies Helpful in the Diagnosis 
of Rheumatoid Arthritis 


■ Erythrocyte sédimentation rate (ESR)—inflammation. 

■ C-reactive protein (CRP)—inflammation. 

■ Complété blood cell count (CBC)—anémia of chronic 
disease. 

■ Rheumatoid factor (RF) assay—positive in 60% to 80%, 
false-positive in 25%, positive in fewer than 40% with 
early rheumatoid arthritis, not spécifie for rheumatoid 
arthritis. 

■ Antinuclear antibody (ANA) assay—présent in 25% to 
30% of patients with rheumatoid arthritis, not spécifie for 
rheumatoid arthritis (95% of those are positive for sys- 
temic lupus erythematosus). 

■ Anticyclic citrullinated peptide (anti-CCP) assay—98% 
spécifie for rheumatoid arthritis. 

■ Anti-RA33 antibody assay—85% spécifie for rheumatoid 
arthritis. 



Orthoses, such as those shown here, can miti- 
gate pain and improve function in some patients with rheuma¬ 
toid deformities of the foot. 


pain, such as synovitis or bursitis, may significantly relieve 
symptoms while preserving the joint space. 

NONOPERATIVE TREATMENT 

Arthritis in most patients can be managed nonoperatively. 
Activity modification emphasizing low impact exercises 
should be encouraged. Exercise is important for the overall 
health of the patient, and a decrease in activity should be 
avoided if possible. If the patient is overweight, diet counsel- 
ing is appropriate. Shoe modification also may benefit the 
patient significantly. Wide toe-box, rocker-bottom shoes 
offen are very successful for patients with midfoot and fore- 
foot arthritis. Adding a carbon plate insert or built-in Steel 
sole will limit motion by stiffening the shoe, thus preventing 
painful motion at the midfoot and forefoot. Custom foot 
orthotics seem to improve pain and relieve plantar forefoot 
pressure; however, the literature is inconclusive regarding 
orthotics improving foot function, walking speed, gait, or 
progression of the hallux valgus angle. Braces and orthotics 
may significantly mitigate pain and improve function 
(Fig. 84-1). 

Antiinflammatory médication can be tried in patients in 
whom it is not contraindicated. Corticosteroid injections can 
be used for both diagnosis and therapy. Studies hâve shown 
that fluoroscopie or CT-guided intraarticular injections with 
local anesthetic, with or without corticosteroid, can assist in 
determining which joints are symptomatic. This is particu- 
larly useful when the small joints of the midfoot are involved. 
Caution is necessary in patients whose pain is unrelieved, 
even for a brief period, with a local anesthetic intraarticular 
injection. It is unlikely that surgery on this joint will signifi¬ 
cantly improve symptoms. 

FOREFOOT 

Hallux rigidus refers to arthritis of the first metatarsophalan- 
geal joint. Described by Davies-Colley as a plantarflexed 
proximal phalanx relative to the metatarsal head, he coined 
the term hallux flexus. Cotterill, in 1888, referred to the 


limitation of motion in the first metatarsophalangeal joint as 
hallux rigidus. Understanding of this condition has advanced 
over time, but the true etiology remains elusive. It is thought 
to begin with damage to the cartilage by a traumatic event, 
most offen in adolescence, or répétitive stress caused by 
hyperextension of the first metatarsophalangeal joint in activ¬ 
ités involving running, hallux valgus interphalangeus, or an 
abnormally long first metatarsal. Family history usually is 
positive in patients with bilateral hallux rigidus. Injury to the 
soft tissue of the great toe, such as turf toe, also may resuit in 
progressive arthritis. Increased stress, whether due to a carti¬ 
lage lésion or abnormal mechanics of the joint, leads to syno¬ 
vitis, joint destruction, and pain. Treatment of hallux rigidus 
is described in Chapter 81, and treatment of arthritis involv¬ 
ing the lesser toes is discussed in Chapter 83. 

ETIOLOGY OF JOINT DESTRUCTION 

The etiology of joint destruction in rheumatoid arthritis 
differs from that of the degenerative or traumatic process seen 
in patients without inflammatory changes. The effect of 
osteoarthritis is large and seems to be increasing in the 
general population. The risk of developing osteoarthritis is 
complex and multifactorial, but several factors hâve strong 
evidence supporting their contributions. Increasing âge, 
female sex, lower socioeconomic status, obesity, family 
history, joint injury and alignment, and occupational joint 
loading hâve been associated with osteoarthritis. Many other 
factors are being investigated, including metabolic pathways 
(e.g., sérum leptin), joint shape, limb-length inequality, bone 
density, and more. Well-controlled studies are still needed to 
assess the prevalence of risk factors spécifie to the foot and 
ankle. 

The frequency of orthopaedic surgery has been decreas- 
ing in patients with rheumatoid arthritis. There is also a trend 
toward improved long-term outcomes. Improvements in 
medical treatment partially explain this trend. However, drug 
therapy cannot perfectly suppress disease activity, and there- 
fore many patients progress to more aggressive intervention. 
The trend toward milder disease because of advances in drug 
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A, Normal alignment and balance of metatarsophalangeal joints and toes. B, As rheumatoid deformity progresses, 
imbalance occurs with progressive dorsal subluxation of metatarsophalangeal joint and deformity of lesser toes. C, End-stage deformity 
with dislocation of metatarsophalangeal joint and proximal phalanx ankylosed to dorsal aspect of metatarsal head. D, Severe claw toe 
deformity in right foot of patient with rheumatoid arthritis; left foot has been surgically corrected. 


therapy may lead patients to seek treatment for better func- 
tion as measured by activities of daily living. In rheumatoid 
arthritis, immune complexes within the synovial membrane 
lead to an inflammatory cell response that causes synovial 
hyperplasia and joint destruction. Hallux valgus is the pré¬ 
dominant clinical manifestation of rheumatoid arthritis and 
may not be associated with significant joint destruction. Mar¬ 
ginal articular érosions are noted on early radiographs, fol- 
lowed by progressive deformity of the joint. Synovitis resulting 
in release of inflammatory enzymes causes weakening of the 
capsular ligaments. This leads to not only valgus of the first 
metatarsophalangeal joint but also weakening of the intrinsic 
muscles of the lesser toes, causing metatarsophalangeal 
joint hyperextension. Chronic dorsal subluxation of the 


metatarsophalangeal joints leads to imbalance between the 
intrinsic (the interossei and lumbricals) and extrinsic (flexor 
digitorum longus and flexor hallucis longus) muscles. The 
interossei are pulled dorsal to the axis of rotation, thereby 
converting them to weak extensors. The deformity is com- 
pounded by the loss of excursion of the extensor digitorum 
brevis and longus, which can no longer extend the middle 
and distal interphalangeal joints, leading to a claw toe defor¬ 
mity. Over time the proximal phalanx of the lesser toes dis- 
locates completely and cornes to lie on the dorsal aspect of 
the metatarsophalangeal neck while the first metatarsopha¬ 
langeal joint offen deforms into a valgus posture (Fig. 84-2). 

Several clinically important deformities stem from hyper¬ 
extension of the metatarsophalangeal joints, including distal 
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Rheumatoid foot. Note multiple deformities of 
rheumatoid arthritis of forefoot with hallux valgus, subluxed and 
dislocated metatarsophalangeal joints, claw toes, hammer toes, 
and bursal formation. 


migration of the forefoot pad, painful plantar callosities over 
protruding metatarsal heads (Fig. 84-3), skin ulcération over 
bony prominences, flexion contracture of the middle and 
distal digital joints of the lesser toes and interphalangeal joint 
of the hallux, painful corns over the dorsum of the middle 
joints, and end corns at the nail-pulp junction (Fig. 84-4). 
Although hammer toes can occur as isolated deformities 
unassociated with metatarsophalangeal joint synovitis and 
deformity, their isolated occurrence is uncommon in patients 
with rheumatoid arthritis. In séronégative spondyloarthropa- 
thies, such as psoriatic arthropathy, arthritic deformity of the 
proximal interphalangeal joints and résultant hammer toe 
deformity is common; however, it may be unassociated 
with metatarsophalangeal joint involvement. Hallux valgus 
deformity is présent in most patients with inflammatory 
arthritis and may be due to the lack of a second digit buttress 
when a claw toe is présent. The fifth digit often is in a varus 
position. 

TREATMENT 

Conservative options should be offered before surgical treat- 
ment. Pain and swelling in the ankle hâve been correlated 
with limitation and disability more than pain and swelling of 
the forefoot. Pain and disease duration, more than radio¬ 
graphie damage, influence disability. Conservative treatment 
may be more effective for forefoot disease than for hindfoot 
or ankle pathology. Patients with rheumatoid arthritis hâve 
been found to hâve an altered “plantar pressure pain thresh- 
old”: decreased plantar foot sensitivity in ail régions com- 
pared with a control group. Because of this decreased 
sensitivity, pedobarography may be useful early in the disease 
process to correct excessive plantar loading before symptoms 



A, Small prolifération of bone at end of fifth 
metatarsal (right foot). Joint spaces 1 year after surgery are main- 
tained because of adéquate bone resection. B, Inadéquate bone 
resection with loss of joint space. 


become significant. Due to the association between rheuma¬ 
toid arthritis and neuropathy, one should be aware of the 
possibility of Charcot neuroarthropathy in this population. 
Medical management should be optimized in ail patients. 
Despite the significant progress made in the treatment of 
rheumatoid arthritis, foot pain remains common and dis- 
abling. After inflammatory disease in the foot is diagnosed, 
treatment should be coordinated with a rheumatologist. 

Initially, patients are treated in extra-deep shoes with a 
wide, high toe-box and a molded insert that accommodâtes 
bony prominences. Several studies hâve shown that support- 
ive shoes and foot orthoses can produce significant improve- 
ment of symptoms in patients with arthritis. Semirigid 
orthoses appear to be more effective than soft orthoses. 
Early use is recommended. Rocker soles and Steel shanks 
may help relieve midfoot pain and counteract stiffness. Toe 
sleeves and spacers, corn pads, and debridement of plantar 
callosities also may help. These treatments can be used 
indefinitely, but surgery usually is required because of con- 
tinued pain, increasing deformity, and patient dissatisfaction 
with unattractive footwear that needs frequent modifica¬ 
tions as old deformities progress or new deformities develop. 
Additionally, if the tibiotalar joint is involved, the use of a 
double upright brace with a limited-motion or locked ankle 
joint and an inside (valgus-correcting) T-strap may aid in 
the nonoperative management. Before forefoot arthroplasty 
is recommended, the patient must understand that the 
disease process is progressive and that surgical correction of 
deformity should be considered palliative rather than defini¬ 
tive or curative. If the patient and physician enter surgical 
management of the arthritic rheumatoid forefoot with this 
perspective, both should be rewarded with the outcome, 
provided that an uncommon or unexpected complication 
does not develop. 
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■ AVOIDING COMPLICATIONS IN FOOT 
SURGERY 

Complications can be reduced to a minimum if the following 
recommendations are carefully considered: 

1. Clean the skin meticulously, especially between the toes 
and around the nails, for 10 to 15 minutes before surgery, 
and apply a stérile wrap. This procedure is repeated in the 
operating room, but less scrub time is needed. 

2. Use a prophylactic broad-spectrum antibiotic routinely, 
usually 30 minutes before the incision is made, intraop- 
eratively, and 48 to 72 hours postoperatively. 

3. Pay careful attention to the presence and intensity of the 
pedal puises. If there is asymmetry between the pedal 
puises of the two feet, ask a peripheral vascular consultant 
to see the patient before surgery. Alternatively, if it is pos¬ 
sible to measure peripheral pressures, request ankle- 
brachial pressure ratios or toe pressures. In nondiabetic 
patients, an ankle pressure of 90 mm Hg or more, or an 
ankle-brachial pressure ratio of 0.7 or more, should allow 
forefoot wound healing. 

4. Carefully inspect the skin of the foot and distal leg for 
any evidence of vasculitis, which manifests as macules 
and papules, usually over the antérolatéral border of the 
distal tibia and dorsolateral surface of the foot. They are 
slightly raised, do not blanch with pressure, and 
occasionally hâve a small necrotic preulcerative center. 
Rheumatoid nodules are caused by vasculitis of the sub- 
cutaneous connective tissue and should alert the exam¬ 
iner if found on the foot. Mononeuritis multiplex is the 
resuit of immune complex-mediated vasculitis of the 
peripheral nerves of the lower extremities. A patient with 
hyperesthesia of the skin of the foot (not simply painful 
joints from synovitis or painful callosities) should be 
examined carefully for impaired sensation; the abnor- 
malities may be sensory, motor, or mixed. In patients with 
inflammatory arthritis, if doubt exists after carefully 
examining the feet for evidence of vasculitis, a rheuma- 
tology consultation or a skin biopsy is warranted before 
surgery. 

5. If a patient is taking an immune suppressive médication, 
consider removing the sutures at 3 weeks or longer 
instead of the customary 2 weeks. 

6. Elevate the feet to the maximal level for 48 to 72 hours 
postoperatively. 

The use of methotrexate, gold, nonsteroidal antiinflammatory 
médications, steroids, or hydroxychloroquine in the periop- 
erative period was not found to contribute to postoperative 
healing or infectious complications in 30 patients with rheu¬ 
matoid arthritis. Also, âge, sex, and the presence of rheuma¬ 
toid nodules, either alone or in conjunction with médications, 
did not increase the risk of postoperative healing or infectious 
complications. The 32% overall complication rate empha- 
sizes, however, the need for patient éducation and preopera- 
tive planning in patients with rheumatoid inflammatory 
arthritis. 

■ FOREFOOT ARTHROPLASTY 

Provided adéquate bone resection is performed, the clinical 
results of forefoot arthroplasty, regardless of the spécifie tech¬ 
nique, are rewarding, especially in patients with inflamma¬ 
tory arthritis. Reduced pain, increased ambulatory function, 
improved appearance, and the ability to wear a variety of 


footwear should be the resuit in 80% to 90% of patients. After 
3 to 5 years, this percentage begins to decrease, however, 
especially if objective measures, such as récurrence of hallux 
valgus and callosities, dorsal posturing of the toes on meta- 
tarsal remnants, and bony prolifération on the distal end of 
the metatarsals, are considered (see Fig. 84-4). Although the 
patients subjective assessment of the arthroplasty may remain 
good, it is likely that, with enough time, these récurrent 
deformities will become symptomatic. 

Many patients gradually reduce their level of activity 
because of the generalized nature of the disease, and this 
might explain the good subjective results despite poor 
objective outcomes: the deformity has been reported to 
recur in more than 50% of patients with rheumatoid arthri¬ 
tis, although up to 97% of patients are satisfied with their 
results. 

In patients with inflammatory arthritis, forefoot arthro¬ 
plasty is directed primarily at the metatarsophalangeal joint 
deformity. Although the exact technique varies according to 
the training of the surgeon and the severity of the deformities, 
adéquate bony resection to allow the phalanges to realign 
loosely with the metatarsals is mandatory. Resection of ail five 
metatarsal heads (Fig. 84-5), as well as fusion of the first 
metatarsal and resection of metatarsals two through five, hâve 
both been shown to produce adéquate results (Fig. 84-6). In 
addition, ail four of the lesser toes must be treated in the same 
manner, regardless of the varying severity of involvement of 
each ray. There are occasional exceptions to this axiom, with 
removal of only one or two of the lesser metatarsal heads 
required, but the patient must be informed that removal of 
the remaining lesser metatarsal heads may be necessary. In 
patients with osteoarthritis of the lesser toes, there has been 
a trend toward joint préservation. These techniques are 
described elsewhere (Chapter 81). 

The goals of forefoot arthroplasty are to relieve pain, 
correct deformity with concomitant cosmetic improvement, 
improve ambulatory function, and, ideally, allow a reason- 
able variety of footwear. Several reported sériés confirm 
these goals as realistic and attainable if patients are carefully 
selected, operative and postoperative care is meticulously 
performed, and patients are adequately informed of the 
progressive nature of this disease. Satisfactory outcomes 
hâve been reported in 54% to 96% of patients after resection 
of ail five metatarsal heads, with poor results attributed 
to insufficient resection of bony éléments or an irregular 
line of resection. A comparison of the various arthroplasty 
techniques found good pain relief and more normal shoe- 
wear in 97% of patients, regardless of the type of arthro¬ 
plasty, as long as adéquate bone was removed and the 
metatarsal remnant did not protrude into the plantar 
weight-bearing pad. 

Resection, interpositional, and replacement arthroplas- 
ties and hemiarthroplasty are discussed in Chapter 81. Early 
results of silicone-rubber, single-stem replacement arthro¬ 
plasty were satisfactory, but concerns about silicone synovitis 
hâve made this procedure obsolète. Hemiarthroplasty, resur- 
facing of the proximal phalangeal or metatarsal joint surface, 
has been reported to be successful but should be performed 
with caution because no long-term studies are yet available. 
Currently, the long-term survival and outcomes of the newer 
first metatarsophalangeal prostheses hâve not been clearly 
established. 


FIGURE 


Forefoot arthroplasty, with resection of metatarsal heads 1 through 5. 


FIGURE 



A and B, First metatarsophalangeal joint arthrodesis fixed with plate and one oblique screw. 


■ ARTHRODESIS OF THE FIRST 

METATARSOPHALANGEAL JOINT IN THE 
RHEUMATOID PATIENT 

Arthrodesis of the first metatarsophalangeal joint with 
varying degrees of bony shortening at the metatarsophalan¬ 
geal joints of the lesser toes, as needed, has been reported to 
obtain satisfactory results in 80% to 90% of patients with 
inflammatory arthropathy. Treatment of hallux rigidus is dis- 
cussed in Chapter 81. 

Many recommendations hâve been made concerning the 
valgus alignment of the hallux (15 to 30 degrees) and the 
amount of dorsiflexion (10 to 30 degrees) to be obtained at 
arthrodesis. We recommend approximately 15 to 20 degrees 
of valgus and 30 degrees of dorsiflexion from the first meta¬ 
tarsal axis (approximately 15 degrees of dorsiflexion in refer- 
ence to the plantar aspect of the foot). The hallux should be 
placed in neutral rotation also. Excellent gait patterns hâve 
been described after first metatarsophalangeal joint arthrod¬ 
esis, as well as improved first-second intermetatarsal angles. 
Rarely is a metatarsal osteotomy necessary in conjunction 


with the arthrodesis. Comparisons of arthrodesis and arthro¬ 
plasty hâve found that pain relief, balance, cosmesis, and 
ability to fit the foot in a normal shoe were better after 
arthrodesis than after excisional arthroplasty. 

From review of published sériés on rheumatoid forefoot 
procedures, several conclusions emerge: 

1. In 80% to 90% of patients, a satisfactory resuit can be 
expected. 

2. Inadéquate relaxation of the soft tissues around the meta¬ 
tarsophalangeal joints from insufficient bony resection 
can compromise the resuit (Fig. 84-7). 

3. Unequal lengths of the metatarsal remnants or metatar- 
sals that do not cascade in a gentle curve from metatarsals 
two through five are likely to compromise the resuit. 

4. Bony fragments remaining in the forefoot weight-bearing 
pad after removal of the metatarsophalangeal joints may 
compromise an otherwise good outcome. 

5. Dorsal or plantar incisions are reasonable, but délicate 
care of the soft tissue during dissection and adéquate 
hemostasis is mandatory. 
















CHAPTER 84 ARTHRITIS OF THE FOOT ^ 


63 



FIGURE 


Insufficient resection of lesser metatarsals. 


6. Pain relief, walking endurance, and footwear variety 
should be improved enough to warrant the procedure. 

7. A satisfactory resuit may deteriorate with time. 

8. Arthrodesis of the first metatarsophalangeal joint com- 
bined with lesser metatarsophalangeal joint resections 
may reduce the complications of récurrence of deformity, 
painful callosities beneath the lesser metatarsal remnants, 
and détérioration of a satisfactory resuit with time. Joint 
préservation should usually be limited to patients with 
mild to moderate deformity. 

9. Surgical intervention for the rheumatoid foot should 
involve a multidisciplinary approach with medical control 
of the disease and associated disorders and close com¬ 
munication with a knowledgeable orthotist. 


ARTHRODESIS OF THE FIRST 
METATARSOPHALANGEAL JOINT 
WITH RESECTION OF THE LESSER 
METATARSOPHALANGEAL JOINTS 

Arthrodesis of the first metatarsophalangeal joint with 
resection of the lesser metatarsal heads reestablishes the 
fat pad beneath the metatarsal heads and allows a greater 
variety of footwear, as observed in 25 patients with rheu¬ 
matoid arthritis. Even though the tips of the toes may not 
touch the ground when the patient stands, balance is not 
impaired. Osteoclasis may be used to try to correct the 
proximal interphalangeal joint deformity. However, most 
surgeons now recommend interphalangeal arthroplasty 
with removal of the head and neck of the proximal pha¬ 
langes for fixed deformities. 


TECHNIQUE 84-1 


(THOMPSON AND MANN) 

■ Make a dorsal longitudinal incision centered over the first 
metatarsophalangeal joint and just médial to the extensor 
hallucis longus tendon. In patients who are at risk for 


problems with wound healing, a médial approach may be 
préférable. 

■ Protect the dorsomedial branch of the superficial pero- 
neal nerve. 

■ Open the capsule in line with the skin incision, and 
remove any hypertrophie synovium (Fig. 84-8A). 

■ Release the joint capsule medially and laterally sufficiently 
to expose the articular surfaces. 

■ Préparé the metatarsophalangeal joint using a sagittal 
saw to create a fiat eut (Fig. 84-8B) and remove the distal 
portion (5 mm) of the first metatarsal head. Make the eut 
with the toe in about 20 degrees of valgus and approxi- 
mately 15 degrees of dorsiflexion from the plantar aspect 
of the foot (Fig. 84-8B). 

■ Completely free the base of the proximal phalanx of its 
soft-tissue attachments and excise the proximal portion 
(3 to 5 mm) of the proximal phalanx. 

■ Hold the great toe in 20 degrees of valgus and 15 degrees 
of dorsiflexion in relation to the plantar aspect of the foot 
and make the osteotomy parallel to the one in the meta¬ 
tarsal head (Fig. 84-8C). 

■ Appose the two fiat surfaces and observe the alignment. 

■ Alternative^, use commercially available cannulated 
conical reamers to create a cône arthrodesis (see Tech¬ 
nique 84-2). This allows for easier placement of the meta¬ 
tarsophalangeal joint in the correct position and provides 
excellent bony contact, although it may not be as stable 
as a congruent fiat eut. 

■ Usually, more bone must be removed for arthrodesis in 
patients with rheumatoid arthritis than in patients with 
hallux rigidus to compensate for removal of the other 
metatarsal heads so that the hallux is not too long. 

■Approach the lesser metatarsophalangeal joints through 
two dorsal longitudinal incisions in the second and fourth 
web spaces (Fig. 84-8D). Begin each incision in the web 
space and continue it proximally for 3 to 4 cm. Identify 
the extensor tendons (Fig. 84-8E). Trace the tendons dis- 
tally to the base of the proximal phalanx (the extensor 
digitorum brevis is slightly latéral and deep to the exten¬ 
sor digitorum longus). Transect or lengthen the extensor 
digitorum longus if needed. Enter the metatarsophalan¬ 
geal joint on the médial side of the extensor tendons to 
joints two and three and latéral to the extensor digitorum 
in toes four and five. 

■ After identifying the base of the proximal phalanx beneath 
the extensor tendons, free contracted soft-tissue attach¬ 
ments to the base of the proximal phalanx with sharp 
dissection. 

■ Perform synovectomy if needed; this may be difficult 
because of the degree of dislocation. Occasionally, the 
base of the proximal phalanx is ankylosed to the neck of 
the metatarsal and must be pried off the neck before the 
soft tissue is detached. 

■ When the base of the proximal phalanx is free of its soft- 
tissue attachments, pull the toe distally and make a lon¬ 
gitudinal eut along the dorsal aspect of the distal portion 
of the metatarsal. Strip the soft tissue medially and later¬ 
ally off the distal portion of the metatarsal and with sharp 
dissection eut any remaining capsular tissue. Strip the soft 
tissue circumferentially around the distal portion of the 
metatarsal head and neck. 
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A f Metatarsophalangeal joint is exposed through dorsal approach. B f Distal 3 to 5 mm of metatarsal head is removed 
with sagittal saw. C f Base of proximal phalanx is removed. D f Incisions for excisional arthroplasty. E, Lesser metatarsophalangeal joints 
are approached through dorsal incisions in second and fourth web spaces. F f Diagram showing resection of metatarsal heads. G f After 
fusion site has been stabilized with Kirschner wires, interfragmentary screw is inserted if bone stock is strong enough. H f Fixation of 
arthrodesis site with six-hole, one quarter tubular AO plate. I f Pinning of arthrodesis site with %-inch threaded Steinmann pins. SEE 


TECHNIQUE 84-1. 
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■ Preserve the common digital nerves and arteries in the 
respective intermetatarsal spaces by limiting dissection to 
the shafts of the metatarsals. Preserve the dorsal nerves 
if possible; if not 7 coagulate them carefully. 

■ When ail the soft tissues around the lesser metatarsopha- 
langeal joints are released, remove the lesser metatarsal 
heads at the level of the neck of the metatarsal, produc- 
ing a gentle slope laterally (Fig. 84-8F). A curved McGIamry 
or Hohmann retractor is often helpful to obtain exposure. 
If less than the complété metatarsal head is removed, 
stiffness or plantar callus may resuit. 

■ If any significant synovial cysts are présent on the plantar 
aspect of the foot, remove the dorsal half of the cyst and 
use a rongeur to remove the soft tissues beneath. To 
ensure adéquate plantar padding, do not remove too 
much tissue and fat. 

■ Realign the lesser toes and collapse the joint space to see 
how much more shortening of the first metatarsophalan- 
geal joint is necessary to accommodate the loss of the 
metatarsal heads. Usually, about 1 cm more shortening is 
required, and this can be removed from the metatarsal 
rather than from the base of the proximal phalanx. At this 
time, make any necessary adjustment in the alignment of 
the first metatarsophalangeal joint. When this has been 
done, the first and second toes should be about the same 
length and the other lesser toes should hâve a smooth, 
laterally sloping cascade. 

■ Stabilize the first metatarsophalangeal joint with guide 
pins for two 3.5- to 4.5-mm cannulated screws 
(Fig. 84-8G). If the bone is not too soft, place the two 
interfragmentary screws across the metatarsophalangeal 
joint in a crossed fashion to gain interfragmentary 
compression. 

■ Alternative^, in patients with osteopenia, apply a precon- 
toured, nonlocking low-profile metatarsophalangeal joint 
fusion plate to the dorsal aspect of the metatarsophalan¬ 
geal joint, and secure it with a 3.2- or 4.0-mm cancellous 
screw (Fig. 84-8H). An interfragmentary screw should be 
used for rotational stability. 

■ If the bone is too soft for screw placement, use two / 8 - 
inch, double-threaded Steinmann pins. Drill the pins out 
in a rétrogradé fashion, starting at the base of the proxi¬ 
mal phalanx through the tip of the toe. Position the toe 
and drive the pins back across the metatarsophalangeal 
joint into the metatarsal. Although this gives excellent 
fixation in patients with soft bone, it is not recommended 
in patients with good bone stock because the pins violate 
the interphalangeal joint (Fig. 84-81). 

■ Stabilize each lesser metatarsophalangeal joint with a 
0.054-inch (1.4-mm) Kirschner wire placed through the 
tip of the toe in a rétrogradé fashion. Hold the interpha¬ 
langeal joint previously straightened by osteoclasis (the 
technique used in mild fixed proximal interphalangeal 
flexion deformities), or more commonly by proximal inter¬ 
phalangeal joint arthroplasty, in proper alignment while 
placing the pin across the toe. Advance the wire proxi- 
mally down the metatarsal shaft. Use a wire that is long 
enough to allow its tip to become embedded in the base 
of the metatarsal. 

■Close the capsules and wounds with interrupted 
2-0 sutures (Monocryl; Ethicon, Piscataway, NJ) placed 


subcutaneously and simple interrupted nylon sutures on 
the skin. Apply a stérile compression dressing. 

POSTOPERATIVE CARE. The circulatory status of the 
toes should be monitored carefully after surgery, espe- 
cially after correction of severe deformity. If the toe 
remains blanched, this may indicate that the arterial cir¬ 
culation has not returned because the toe was stretched 
too far longitudinally along the Kirschner wire. If the toe 
is cyanotic, it may hâve been shortened too much, with 
multiple folds in the vein. If the color does not normalize 
within 30 minutes, the postoperative compression dress¬ 
ing should be released. If after 2 hours the color is still 
unsatisfactory, the pin should be removed. The patient 
should wear the firm compression dressing for 18 to 24 
hours, after which time a lighter weight compression 
dressing is applied. The patient is allowed to walk in a 
postoperative shoe. The pins are left in place for 4 to 6 
weeks. Immobilization in the postoperative shoe is con- 
tinued until the arthrodesis is complété, usually at 10 to 
12 weeks. 


CONE ARTHRODESIS OF THE FIRST 
METATARSOPHALANGEAL JOINT 


TECHNIQUE 84-2 


■ Make a dorsal longitudinal incision centered over the first 
metatarsophalangeal joint and just médial to the extensor 
hallucis longus tendon (Fig. 84-9A). Begin the incision just 
proximal to the interphalangeal joint and extend it to 
3 cm proximal to the metatarsophalangeal joint. If it is 
expected that the patient will hâve problems with wound 
healing, use of a médial approach is reasonable. 

■ Protect the dorsomedial branch of the superficial pero- 
neal nerve. 

■ Open the capsule in line with the skin incision and remove 
any hypertrophie synovium. 

■ Release the joint capsule medially and laterally on the 
phalangeal and metatarsal sides of the joint to expose the 
articular surfaces sufficiently and to allow for at least 3 
to 5 mm of bony resection. 

■ Displace the proximal phalanx plantarly to expose the 
metatarsal head. Use a sagittal saw to remove the articu¬ 
lar cartilage of the metatarsal head in a circumferential 
manner to create the shape of a cône. 

■ Use a sagittal saw to remove the articular cartilage from 
the base of the proximal phalanx. The eut should be 
perpendicular to the base of the phalanx and only thick 
enough to reach subchondral bone at the center of this 
concave surface. 

■ With a Freer elevator, gently create a concave surface in 
this soft cancellous bone. The metatarsal head should be 
congruent to the surface of the proximal phalanx. 

■ Alternative^, use a commercially available metatarsopha¬ 
langeal joint cone-arthrodesis System. First, place a guide 
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Cône arthrodesis of first metatarsophalangeal joint. A f Metatarsophalangeal joint is exposed through dorsal longi¬ 
tudinal incision just médial to extensor hallucis longus tendon. B f First metatarsal is prepared by insertion of guide pin down shaft and 
use of appropriate-sized female (concave) reamer to remove cartilage and expose subchondral bone. Care must be taken not to leave 
hallux too long if lesser metatarsal heads are removed. C f Proximal phalanx is prepared with different guide pin placed down shaft 
and corresponding-sized male (convex) reamer. D f Dorsal plate is used as guide for alignment of metatarsophalangeal joint arthrodesis 
and to place provisional Kirschner wire across joint for stability. E and F f After confirmation of appropriate alignment, contoured plate 
is secured with multi-use compression screws. SEE TECHNIQUE 84-2. 


pin proximally through the center of the metatarsal head 
and into the diaphysis using a drill. Use the largest female 
(concave) reamer over the guide pin to ream the meta¬ 
tarsal head gently (Fig. 84-9B). Use progressively smaller 
reamers until the appropriate size is used to remove the 
entire articular surface. Note the size of the final female 
reamer. 

■ After removing the guide pin from the metatarsal, place 
another pin in the center of the proximal phalanx. We 
recommend using a different guide pin from the one used 
in the metatarsal because it may hâve been notched and 
thus be prone to break. Gently ream the base of the 
proximal phalanx starting with the smallest male (convex) 
reamer. Progress through the reamer sizes until the 
matching size reamer has been used on the metatarsal 
and phalangeal sides of the joint (Fig. 84-9C). The articu¬ 
lar surfaces should be congruent now and allow signifi- 
cant freedom of motion to place the hallux in the 
appropriate position. 

■After joint préparation by either method, provisionally 
secure the hallux metatarsophalangeal joint with a 


Kirschner wire. The method of internai fixation dépends 
on the surgeon's expérience and preference. We most 
often use an obliquely placed headless compression screw 
with the addition of a precontoured dorsal plate. 

■ If using a System with precontoured plates, use this plate 
as a template when positioning the metatarsophalangeal 
joint (Fig 84-9D). Place the compression screw distal- 
medial to proximal-lateral to engage the latéral cortex of 
the metatarsal (Fig. 84-9E). Predrill before placement 
of the headless screw. Completely countersink the head 
of the screw in the proximal phalanx. 

■Secure the precontoured, low-profile fusion plate to 
the dorsal aspect of the metatarsophalangeal joint 
with 2.7- to 4.0-mm cancellous screws (Fig. 84-9F). In 
patients with poor bone quality, use the larger screw sizes 
to gain additional purchase. Locking screws may be 
necessary. 

■Close the capsules and wounds with interrupted 2-0 
sutures (Monocryl; Ethicon, Piscataway, NJ) placed subcu- 
taneously and simple interrupted nylon sutures on the 
skin. Apply a stérile compression dressing. 
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POSTOPERATIVE CARE. Antibiotics are administered 
orally for 48 hours, and the foot is elevated. The dressings 
are removed after 48 to 72 hours, the wounds are 
inspected, and a new dressing and a short leg cast with 
a toe plate are applied. Weight bearing is not allowed for 
4 weeks, but the heel may be rested on the ground when 
the patient is seated. Radiographs should be obtained out 
of the cast at 4 and 8 weeks. Usually, by 4 weeks, the 
arthrodesis has Consolidated enough to allow ambulation 
in a hard postoperative shoe. At 8 weeks, the dressings 
are removed and the patient may begin to wear loose 
sneakers or extra-deep shoes. In the rheumatoid foot, 
swelling may take several months to résolve, and patients 
often hâve some initial difficulty with balance because 
reconstructive surgery changes the forefoot anatomy 
considerably. First metatarsophalangeal arthrodesis limits 
heel height and shoe sélection, and patients often require 
new orthoses or shoes after surgery. 


RESECTION OF THE LESSER 
METATARSAL HEADS THROUGH A 
PLANTAR APPROACH WITH 
ARTHRODESIS OF THE FIRST 
METATARSOPHALANGEAL JOINT 

We hâve found that the degree of deformity can be used 
to décidé whether a dorsal or plantar approach is indicated. 
In subluxed but passively reducible metatarsophalangeal 
joints, dorsal longitudinal incisions allow easy access to the 
metatarsal heads and proximal phalanges without concern 
for the plantar neurovascular bundles. If the metatarsopha¬ 
langeal joints are completely dislocated and not passively 
reducible, however, the metatarsal heads are quite promi¬ 
nent and may be exposed readily on the plantar surface of 
the foot. In addition, the flexor tendons and neurovascular 
bundles are out of harm's way in most severe claw deformi- 
ties, having been brought deeply into the intermetatarsal 
spaces by the deformity of the metatarsophalangeal joint. 

The technique used most frequently at this clinic is 
resection of up to 20% of the entire second, third, and 
fourth metatarsal, with a generous portion of the fifth 
metatarsal (30%) removed; arthrodesis of the first meta¬ 
tarsophalangeal joint; excision of both sesamoids; and cor¬ 
rection of fixed hammer toes by resection of 30% to 40% 
of the distal aspect of the proximal phalanx (Fig. 84-10). 
The phalangeal bases are not resected. 


TECHNIQUE 84-3 


■ Mark the metatarsal heads and outline the proposed skin 
ellipse as shown in Figure 84-1 IA. 

■ When the skin ellipse has been removed, approach the 
metatarsal heads longitudinally through the overlying 
bursa and flexor tendon sheaths. If the flexor tendons are 
not subluxated into the intermetatarsal spaces, open the 
sheaths and retract them to whichever side of the meta¬ 
tarsal head gives the best exposure. Do not injure the 



A f Multiple deformities in rheumatoid forefoot 
with previous basilar metatarsal osteotomy and distal soft-tissue 
procedure. Hallux varus developed. B f One year after arthrodesis 
of first metatarsophalangeal joint and resection of head and neck 
of proximal phalanx of digits two through five. Lesser metatarsal 
heads were removed. 


flexor tendons, which are now vulnérable in the proximal 
incision. 

■ Expose the sides and dorsum of the metatarsal head by 
sharp dissection, staying close to bone (Fig. 84-1 IB). 

■ Remove the metatarsal head, neck, and distal shaft with 
a bone-biter or power saw and small blade. The osteot¬ 
omy should proceed in a slightly oblique angle, plantar- 
proximal to dorsal-distal, to minimize edge loading during 
the push-off phase of gait. 

■ Repeat this procedure on each lesser metatarsal, but on 
the fifth metatarsal remove the entire distal 30% of the 
metatarsal. A bursa is common on the fifth metatarsal 
head, and it may recur on the distal remnant after surgery 
if sufficient bone is not resected. Palpate each metatarsal 
head to ensure no bony ridge remains and no bony frag¬ 
ments are in the soft tissue. Do not excise the sesamoids 
through this approach. 

■ Approach the first metatarsophalangeal joint through a 
médial incision. Carry the incision to bone, staying directly 
in the midline of the proximal phalanx, metatarsal head, 
and distal half of the first metatarsal. Raise the dorsal and 
plantar flaps at the bone level and not extracapsularly. 

■ Remove the médial eminence. 

■ Excise the metatarsal head and bone of the proximal 
phalanx with an osteotome, saw, or commercial conical 
reamers at an angle that places the arthrodesis in 10 to 
15 degrees of valgus and 15 to 20 degrees of dorsiflexion 

(Fig. 84-1 IC). 

■ The amount of dorsiflexion often is difficult to judge. To 
avoid malposition, place a Kirschner wire along the joint, 
and with a large, sterilized goniometer, measure the 
plane of the heel pad and forefoot pad beneath the first 
metatarsal head with the pulp pad of the distal phalanx 
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A f Metatarsal heads are dislocated plantarward and are marked; area of skin removed should be no more than 2.5 cm 
at widest anteroposterior diameter. B f Fourth metatarsal head is exposed, and small right-angle retractor is placed plantarward to 
expose neck and distal shaft. C f Articular surfaces of first metatarsophalangeal joint are shaped to allow arthrodesis in 10 to 15 degrees 
of valgus and 15 to 20 degrees of dorsiflexion. First ray should hâve been shortened more. SEE TECHNIQUE 84-3. 


S while holding the interphalangeal joint in neutral posi¬ 
tion. This measurement should be no more than 10 
degrees, which usually places the dorsiflexion angle at the 
first metatarsophalangeal joint at 18 to 25 degrees. 

■ Removal of the articular surfaces of the first metatarso¬ 
phalangeal joint makes exposure of the sesamoids easier. 
■To help with this often difficult dissection and excision, 
place a strong, two-toothed retractor beneath the meta¬ 
tarsal head and lift the first metatarsal. 

■ With a small curved elevator, disengage any adhesions of 
the sesamoids to the metatarsal head. The fibular sesa- 
moid usually is the most adhèrent. 

■ Incise the intersesamoid ligament and remove the tibial 
sesamoid. Do not injure the flexor hallucis longus tendon, 
which is especially vulnérable during this step. 

■ Clasp the fibular sesamoid with a Kocher clamp and pull 
it medially. Free the soft tissue around the fibular sesa¬ 
moid by blunt dissection and excise the sesamoid by 
sharp dissection. Avoid injury to the neurovascular bundle 


to the first web, which is vulnérable at the proximal latéral 
border of the fibular sesamoid. 

■ When the sesamoids hâve been removed, inspect the 
flexor hallucis longus and cauterize vessels as necessary. 

■ The method of internai fixation dépends on the surgeon's 
expérience and preference. We most often use an 
obliquely placed headless compression screw with a pre- 
contoured nonlocking dorsal plate. The hallux should not 
be more than 6 to 8 mm longer than the second toe (see 
Fig. 84-1 IC). 

■ Release the tourniquet or Esmarch wrap, carefully inspect 
the wound for pulsatile bleeding, and cauterize vessels as 
needed. Diffuse bleeding is common in these patients 
because of prolonged use of antiinflammatory agents. 
Placing the patient in the Trendelenburg position as the 
wounds are closed usually is sufficient to obtain hemo- 
stasis after pulsatile bleeding has been controlled. 

■ Close the capsule with 2-0 or 3-0 absorbable sutures and 
close the skin with 3-0 or 4-0 monofilament nylon. Close 
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the plantar wound with 3-0 monofilament nylon, evert- 
ing the edges. Use 4-0 nylon for filler stitches if protrud- 
ing fat is a problem; try to preserve as much fat as 
possible. 

■Apply a conforming, nonconstricting, compression fore- 
foot dressing. 

POSTOPERATIVE CARE. The foot is elevated for 72 
hours. Initially, ambulation is allowed only for bathroom 
privilèges; after 72 hours, ambulation to tolérance is per- 
mitted. A firm-soled shoe is used for 6 weeks. A walker 
or crutches usually are not needed. A deep, wide, jogging- 
type shoe is worn for an additional 6 to 8 weeks. An 
extra-deep shoe with a deerskin upper is recommended 
for long-term use. 


CORRECTION OF FLEXION 
DEFORMITIES OF THE PROXIMAL 
INTERPHALANGEAL JOINTS 


TECHNIQUE 84-4 


■ Through a dorsal elliptical or longitudinal incision, excise 
the head and neck of the proximal phalanx (Fig. 84-12). 

■ Before closing the dorsal wound over the lesser toe proxi¬ 
mal interphalangeal joints, insert 0.054-inch Kirschner 
wires in a rétrogradé fashion from the proximal interpha¬ 
langeal joint distally and through the proximal phalangeal 
medullary canal and into the lesser metatarsal remnant. 
Often the Kirschner wires are not necessary if the elliptical 



Dorsal elliptical incision for excision of head 
and neck of the proximal phalanx for correction of flexion defor- 
mity. SEE TECHNIQUE 84-4. 


incision is used at the proximal interphalangeal joint to 
provide stability and if a painstakingly applied forefoot 
dressing is worn for 3 weeks after surgery. 

■ Remove the tourniquet and obtain hemostasis. Close the 
wounds with nonabsorbable 3-0 sutures; apply a bulky 
forefoot compression dressing; and if wires hâve been 
used, bend the ends to avoid migration or cover them 
with commercially supplied protective balls. Close the 
plantar skin wound with 3-0 nonabsorbable sutures. This 
brings the metatarsophalangeal joints into a neutral or 
slight flexion position. 

■ If the first metatarsophalangeal joint is treated with a 
Keller arthroplasty or an arthrodesis, a separate midline 
médial incision is recommended. 

POSTOPERATIVE CARE. Using a walker or with some 
assistance, the patient is allowed to walk to the bathroom 
or to a bedside commode on the day of surgery. After 72 
hours, the patient is allowed to be up and to bear weight 
to tolérance. 


MIDFOOT 

Arthritis of the midfoot is not uncommon, yet the literature 
spécifie to this entity is limited. Much of the literature relates 
to treating sequelae of Lisfranc injuries. Arthritis of the 
midfoot may resuit not only from trauma but also as a resuit 
of osteoarthritis or inflammatory disease. Instability of the 
tarsometatarsal joint may resuit in progressive collapse of the 
midfoot and degenerative changes to the joints. This is most 
often seen in the first tarsometatarsal joint and may or may 
not be associated with hallux valgus. Regardless of the under- 
lying cause, significant disability may resuit from this condi¬ 
tion due to the collapse of the longitudinal arch with weight 
bearing. This results in pain due to abnormal joint mechanics. 
Bony prominences, both dorsally and plantarly, make shoe- 
wear difficult. 

The midfoot is composed of three columns: the first tar¬ 
sometatarsal joint forms the médial column, the second and 
third tarsometatarsal joints the middle column, and the 
fourth and fiffh tarsometatarsal joints the latéral column (Fig. 
84-13). The midfoot is aligned when the médial border of the 
first metatarsal joint aligns with the médial border of the 
médial cuneiform, the médial border of the second metatar¬ 
sal joint aligns with the médial border of the middle cunei¬ 
form, and the médial border of the fourth metatarsal joint is 
aligned with the médial border of the cuboid (see Fig. 84-13). 
The Lisfranc articulation comprises the tarsometatarsal joints 
(first through third metatarsocuneiform and the fourth and 
fiffh metatarsocuboid). In the coronal plane, each of the 
cuneiforms is wedge shaped with the dorsal aspect wider than 
plantar. This forms a “Roman arch,” providing inhérent stabil¬ 
ity due to the bony architecture (Fig. 84-14). The second 
metatarsal base is recessed between the médial and latéral 
cuneiforms, creating stability at the second metatarsal joint. 
Tight ligamentous attachments, as well as the peroneus 
longus, adductor hallucis, flexor hallucis brevis, plantar 
fascia, and tibialis posterior and anterior, contribute to stabil¬ 
ity. There is no ligamentous attachment from the base of the 
first metatarsal to the second metatarsal joints. The Lisfranc 
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text). 


"Piano key" test for évaluation of midfoot (see 


Three columns of the midfoot. The midfoot is 
aligned when the médial borders of the médial cuneiform and 
the second metatarsal joint are aligned with the médial border 
of the middle cuneiform and the médial border of the fourth 
metatarsal joint is aligned with the médial border of the cuboid. 



Coronal section through the metatarsal bases 
illustrating the Roman arch configuration. 



CT-guided differential injection can be helpful 
in diagnosis of midfoot arthritis. 


ligament (three components) courses from the middle cunei¬ 
form to the base of the second metatarsal joint and provides 
significant stability in this région. The fairly rigid midfoot 
connects the mobile hindfoot to the mobile forefoot. 

Despite the relative lack of mobility in the midfoot, arc of 
motion in the latéral column is approximately 20 degrees and 
therefore important to proper biomechanics. Préservation of 
the fourth and fifth tarsometatarsal joints should be consid- 
ered a priority. Fusion of these joints results in a rigid midfoot, 
and even severe arthritis offen is not symptomatic. In an 
attempt to avoid arthrodesis of an arthritic painful latéral 
column, techniques for arthroplasty of these joints hâve been 
devised, including tendon arthroplasty and spherical ceramic 
interpositional arthroplasty Despite réluctance to fuse the 
latéral midfoot joints, good results hâve been reported affer 
arthrodesis of the fourth and fifth tarsometatarsal joints. 
Although most of these patients had neuropathy, pain, fonc¬ 
tion, and American Orthopaedic Foot and Ankle Society 
scores also improved significantly in those with normal sen¬ 
sation. Multiple methods of fixation hâve been used for 


tarsometatarsal arthrodesis, including plantar plating, crossed 
screws, and external fixation; external fixation is not recom- 
mended except in the presence of ulcération. Another area of 
controversy is whether to reduce midfoot deformity before 
fusion. Midfoot arthritis offen leads to an abduction, prona¬ 
tion, and dorsiflexion deformity. Most studies suggest better 
results with improved alignment and restoration of bony 
architecture. 

Examination of the arthritic midfoot is difficult. Small 
joints with limited motion make differentiating pain a chal¬ 
lenge. Provocative maneuvers about the midfoot offen cause 
diffuse pain. Keiserman et al. described a “piano key” test in 
which pushing the metatarsal head in a plantar direction 
causes cantilever stress at the corresponding tarsometatarsal 
joint (Fig. 84-15). Anteroposterior, latéral, and oblique radio- 
graphs should be obtained in a weight-bearing position to 
assess for joint destruction, instability, and deformity. CT 
may be usefol also, but most centers do not hâve the ability 
to obtain these with weight-bearing simulation. Differential 
injections using an anesthetic also can be helpful and can be 
done under fluoroscopie or CT guidance (Fig. 84-16). Adding 
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a steroid to the injection may provide therapeutic as well as 
diagnostic benefits. Hindfoot deformity often accompanies a 
midfoot pathologie process and must be carefully evaluated 
and treated surgically, if needed. 

TREATMENT 

Conservative treatment of midfoot arthritis includes steroid 
injections, physiotherapy, shoe modification, use of orthoses, 
and bracing. Rocker soles on extra-depth stiff shoes with 
accommodative inserts (Fig. 84-17) may improve pain and 
ambulation significantly. For more advanced arthritis, an 
ankle-foot orthosis can be used to support the longitudinal 



Extra-depth stiff shoes with rocker soles can be 
effective nonoperative treatment for midfoot arthritis. 


arch (Fig. 84-18). Arthritis of the midfoot often progresses, 
however, and surgery may become necessary to relieve pain. 

■ FIRST METATARSAL-MEDIAL CUNEIFORM 
ARTHRODESIS 

The technique for first metatarsal-medial cuneiform arthro- 
desis is described in Chapter 81. 

■ MIDFOOT ARTHRODESIS 

Surgery is indicated for patients for whom conservative man¬ 
agement fails. Preoperative planning is based on the symp- 
tomatic joints as determined by physical examination and 
differential injections. Although radiographs and CT scans 
play an important rôle in planning, especially in patients with 
posttraumatic deformity, they must be interpreted with 
care. Arthritic joints may be asymptomatic, especially in the 
more mobile latéral column. Alternatively, joints with 
minimal arthritic changes may be quite symptomatic and 
need to be included in the fusion. Patients with posttraumatic 
arthritis tend to be younger than those with atraumatic 
degeneration. 

Multiple joints often are included in the fusion, with the 
médial and middle columns most often involved. If the 
navicular-medial cuneiform joint is involved, the navicular- 
middle cuneiform joint usually should be included in the 
fusion as well. The intercuneiform joint should be included if 
both tarsometatarsal joints are fused (e.g., ifboth the first and 
second tarsometatarsal joints are fused, the medial/middle 
intercuneiform joint should be included). Préservation of the 
joints of the latéral column is désirable, but fusion may be 



A and B f For more advanced arthritis, an ankle-foot orthosis, such as this double-upright brace, can be used for 
support of the longitudinal arch. 
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needed for stability, especially in the neuropathie foot. Defor- 
mity correction is a priority and may be difficult after trau- 
matic collapse. 


MIDFOOT ARTHRODESIS 


TECHNIQUE 84-5 


■ Place the patient supine on the operating table. Usually 
a hip bump is not needed because the fusion involves 
only the médial and middle columns. 

■ After induction of spinal or general anesthésia and 
administration of a popliteal block for postoperative pain 
control, place a well-padded thigh tourniquet. 

■ Make a dorsal longitudinal incision just médial to the 
second metatarsal joint (Fig. 84-19A) to allow access to 
the first and second tarsometatarsal joints and the 
intercuneiform joints. The incision can be extended 
if the naviculocuneiform joints are to be included in the 
fusion. 

■ If the third tarsometatarsal joint is to be included in the 
fusion, make a curvilinear incision with the apex laterally. 
If necessary, make a separate incision centered just médial 
to the fourth metatarsal joint (Fig. 84-19A). 

■ If the fourth and fifth tarsometatarsal joints must be 
approached, a third incision may be needed dorsolater- 
ally, centered over the fifth tarsometatarsal joint (Fig. 
84-19A). Take care to avoid damage to branches of the 
sural or intermediate branch of the superficial peroneal 
nerves. 

■ Protect the dorsomedial cutaneous branch of the super¬ 
ficial peroneal nerve. 

■ Retract the extensor hallucis longus medially and mobilize 
the extensor hallucis brevis so that it can be retracted 
either medially or laterally depending on whether the first 
or second tarsometatarsal joint needs to be exposed (Fig. 
84-19B). 

■ The dorsalis pedis and deep peroneal nerve lie just plantar 
to the extensor hallucis brevis and must be mobilized. 
Place a vessel loop to protect these structures. 

■ Release the joint capsule in line with the incision and raise 
full-thickness flaps in a subperiosteal fashion. 

■ Identify the joints to be fused with fluoroscopy. 

■ Thoroughly dénudé the joint to expose subchondral 
bone. Take care when preparing the tarsometatarsal 
joints to avoid removing excess bone dorsally, thus hyper- 
extending the metatarsal joint. 

■ Once the joints hâve been prepared and adequately 
mobilized, place the foot in a plantigrade position and 
provisionally secure this position with Kirschner wires. 

■ Begin with réduction of the first tarsometatarsal joint, 
which usually is in some abduction and dorsiflexion. Then 
reduce other joints to this now-stable médial column. Pay 
close attention to the sagittal plane réduction to avoid 
metatarsalgia. 

■Obtain fluoroscopie images in multiple planes to ensure 
that ail deformity has been corrected and there is good 
bone apposition. Bone graft (autologous or bone substi- 
tute) may be needed. 
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Midfoot arthrodesis (see text). A f Dorsal longi¬ 
tudinal incision is made just médial to second metatarsal. If a 
médial plate is used, a separate médial incision is made extending 
from mid-first metatarsal to the navicular tuberosity. If exposure 
of the fourth and fifth tarsometatarsal joints is needed, a dorso¬ 
lateral incision is made over the fifth tarsometatarsal joint. 
B, Extensor hallucis longus is retracted medially, and extensor 
hallucis brevis is retracted medially or laterally depending on 
exposure needed. SEE TECHNIQUE 84-5. 
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FIGURE 


A and B f Midfoot arthrodesis with médial plate fixation. 


■ Multiple forms of fixation are available. We prefer 4.0-mm 
cannulated screws placed in a lagged technique. Specially 
designed dorsal plates, and modular foot trays also are 
available. Occasionally, the addition of a médial plate is 
needed for stability. This requires a separate incision, 
careful dissection, and placement of the plate deep to the 
anterior tibial tendon (Fig. 84-20). 

■ We prefer to use two Crossing screws or a plate to secure 
the first tarsometatarsal joint. The other joints usually 
require only one screw. A smaller screw may be needed 
across the third tarsometatarsal joint. 

■ Headed screws placed from the metatarsal into the cunei- 
form require countersinking into the bone to avoid frac¬ 
ture of the dorsal cortex as the screw head is seated. A 
bur can be used to facilitate this. 

■ Usually only one screw is needed across the intercunei- 
form joint. 

■ Release the tourniquet, obtain hemostasis, and close the 
subcutaneous tissue with absorbable sutures. Close the 
skin with nylon sutures in a nontensioned, everted 
fashion. 

POSTOPERATIVE CARE. A compressive dressing and 
well-padded posterior splint are placed. The patient is 
instructed to elevate the extremity above the level of the 
heart for several days. Non-weight-bearing ambulation 
with an assistive device is then gradually advanced. 
Sutures are removed after 12 to 14 days, and a short leg 
non-weight-bearing cast is placed. At 8 weeks after 
surgery, the patient is allowed to gradually increase 



Carbon inserts used for 12 months postopera- 
tively. A custom-molded orthosis also may be bénéficiai. 


weight bearing in a boot walker, assuming radiographs 
show at least partial union. At 12 weeks, the patient is 
transitioned into a wide toe-box shoe with a carbon insert 
(Fig. 84-21). A custom-molded orthotic device also may 
be bénéficiai. 


TARSOMETATARSAL 
INTERPOSITIONAL ARTHROPLASTY 

If possible, the articulation of the cuboid with the fourth 
and fifth metatarsals should be spared from fusion. 
Stiffness of these usually mobile joints may lead to 
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carbon insert is begun 6 weeks postoperatively if the 
procedure is isolated. If the procedure was done in addi¬ 
tion to a midfoot fusion, weight bearing is determined 
by radiographie union of the fusion site, usually at 8 to 
10 weeks (Fig. 84-22G and H). 


complications, including stress fractures and broken 
implants. Despite reports of good results with fusion of 
these joints, we try to preserve this motion if possible. If 
stability is required, as in a neuropathie arthropathy, fusion 
is acceptable. Tarsometatarsal interpositional arthroplasty 
can be done as an isolated procedure or, more often, in 
conjunction with arthrodesis of the médial and middle 
columns. Arthroplasty has been described using either a 
soft tissue "anchovy" or a spherical ceramic implant. 
Results were better with the ceramic implant. The amount 
of motion retained after this procedure has not been 
quantified. 


TECHNIQUE 84-6 


(ANDERSON, DAVIS, AND COHEN) 

■ Place the patient supine with a hip bump or in a semilat- 
eral position on a beanbag. 

■ After induction of spinal or general anesthésia and 
administration of a popliteal block for postoperative pain 
control, place a well-padded thigh tourniquet. 

■ Make a longitudinal dorsolateral incision in line with the 
médial aspect of the fifth metatarsal (Fig. 84-22A). Take 
care to avoid injury to branches of the intermediate 
branch of the superficial peroneal or sural nerve. 

■ Retract the extensor tendons and expose the joint by 
creating subperiosteal flaps. 

■ Débridé any osteophytes and perform a synovectomy 
(Fig. 84-22B). 

■Once exposure is achieved, use a small round burr to 
create a center hole in the opposing joint surfaces of the 
latéral metatarsal-cuneiform joint (Fig. 84-22C). Take care 
to preserve the cortical rim and plantar ligaments to main- 
tain stability. 

■Create hemispherical recesses on both sides of the joint 
(Fig. 84-22D). Hemispherical power burrs are available to 
facilitate préparation of the joint(s). 

■ Use either a tendon (peroneus tertius or extensor digito- 
rum longus from the fourth digit) rolled in an "anchovy" 
fashion or a spherical ceramic implant (Orthosphere; 
Wright Manufacturing, Memphis, TN) and insert it into 
the recessed sphere created at the tarsometatarsal joint(s). 

■ Size the joint with a trial sizing tool (Fig. 84-22E). 

■ Once the size has been determined, create an appropri- 
ately sized tendon anchovy or choose the corresponding 
ceramic implant. Place the implant in the spherical recess 
by plantarflexing the metatarsal to open the joint dorsally 
(Fig. 84-22F). 

■ Verify stability of the joint through range-of-motion exer¬ 
cises and radiographs. 

■ Release the tourniquet, obtain hemostasis, copiously irri- 
gate the wound, and close the soft tissue in standard 
fashion. Apply a soft fluff dressing. 

POSTOPERATIVE CARE. Immobilization and weight- 
bearing status are most often dictated by concomitant 
procedures, such as médial column fusion. If the latéral 
joint arthroplasty was done in isolation, the patient is kept 
non-weight bearing for 2 weeks. If the wound is healed, 
sutures are removed and weight bearing is advanced in 
a boot walker. Transition to a wide toe-box shoe with a 


HINDFOOT 

Primary dégénérâtive arthritis with good alignment may 
occur in the hindfoot but is usually associated with some 
instability or deformity. This often is due to imbalance of 
dynamic stabilizers of the hindfoot (e.g., the posterior tibial 
or peroneal tendon). However, ankle, midfoot, and forefoot 
pathologie processes may lead to abnormal alignment of an 
otherwise normal hindfoot and eventually contribute to 
insufficiency of the static stabilizers and degeneration of the 
transverse tarsal and subtalar joints. Subtalar motion is most 
commonly affected, and most patients being considered for 
subtalar or triple arthrodesis présent with a contracture of the 
gastrocsoleus complex. Examination with the patient bearing 
weight is required to détermine the structures affected. 

The ankle and hindfoot are involved in 30% to 60% of 
rheumatoid arthritis patients. Hindfoot deformity often is the 
most limiting aspect to ambulation. The most important 
clinical problems of the rheumatoid hindfoot are heel valgus 
with résultant midfoot arch collapse and forefoot rotation in 
an axial plane. These problems may be caused by synovitis, 
synovial hypertrophy, or articular destruction of the tibiotalar 
(ankle), subtalar, and talonavicular joints. 

Patients often présent with a complaint of aching pain in 
the sinus tarsi and subfibular région, often activity related and 
associated with swelling. Any indication of an inflammatory 
arthropathy such as bilateral or multiple joint complaints or 
joint degeneration in a young patient with no history of 
trauma must be investigated. Steroid injections and bracing 
often are quite bénéficiai, especially in early stages. Progres¬ 
sive arthritis often results in increased deformity, causing 
pain and making shoewear or even bracing difficult. 

TREATMENT 

Failure of conservative treatment or persistent synovitis and 
synovial hypertrophy that are unrelieved after 6 months of 
medical therapy is an indication for surgery. Combined bony 
and soft-tissue procedures often are bénéficiai to realign the 
hindfoot in patients with a flexible deformity. In patients with 
inflammatory arthropathy, however, tendon transfer, tendon 
graft, or tendon advancement should be used with caution 
because of the destructive underlying disease process. Bony 
stabilization is needed to maintain correction and relieve 
symptoms (most commonly, pain and tenderness in the sinus 
tarsi and along the peroneal tendons from calcaneal and 
fibular abutment). An exception to this is heel valgus with 
symptoms only along the course of the posterior tibial tendon 
with obvious tenosynovitis and synovial hypertrophy of this 
structure. A tenosynovectomy of the posterior tibial tendon 
may relieve symptoms if no latéral hindfoot pain is présent 
and the deformity of the subtalar and midtarsal joints is com- 
pletely reducible. 

If symptomatic hindfoot valgus is unrelieved by arch sup¬ 
ports, appropriate footwear, ankle and hindfoot bracing, and 
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Tarsometatarsal interpositional arthroplasty (see text). A f Longitudinal dorsolateral incision is made in line with the 
médial aspect of the fifth metatarsal joint. B, Osteophytes are debrided and a synovectomy is done. C f Small round burr is used to 
create a center hole in the opposing joint surfaces. D f Hemispherical recesses are created on both sides of the joint. E f Trial sizing tool 
is used to size the joint. F, Implant is placed in the spherical recess. Continued 


oral antiinflammatory médication, an arthrodesis is indi- 
cated, provided that the tibiotalar joint is stable. A subtalar 
joint arthrodesis is indicated to correct heel valgus if the 
midtarsal joint has been spared by the rheumatoid destructive 
process; if not, a triple arthrodesis is indicated. The standard 
technique for triple arthrodesis is described later in this 
chapter, and other techniques for triple arthrodesis are 


described elsewhere (see Chapters 29, 34, 82, and 86). As the 
effect of fusion on adjacent joints has become better under- 
stood, there has been interest in more limited arthrodesis 
techniques. For patients without involvement of the calcaneo- 
cuboid joint, Sammarco et al. described “double” arthrodesis, 
with fusion of the talonavicular and subtalar joints, and 
Wachter et al. described arthrodesis of the talonavicular and 
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G and H f Appearance 10 months after tarsometatarsal arthroplasty. (A-F courtesy of Wright Manufacturing, 

Arlington, TN.) SEE TECHNIQUE 84-6. 



Total ankle arthroplasty and double hindfoot 
arthrodesis performed in patient with pantalar arthritis. 


talocalcaneal joints through a single médial incision. As adja¬ 
cent joint arthritis occurs after arthrodesis of the ankle and 
hindfoot, motion-sparing procedures may be useful to help 
mitigate progression in select patients (Fig. 84-23). 

A weight-bearing anteroposterior radiograph of the ankle 
joint aids in the diagnosis of ankle joint instability. The goal 
of surgical treatment is to restore hindfoot stability in the 
appropriate position; 5 to 10 degrees of hindfoot valgus 
should remain. This may require manually lifting the head 


and neck of the talus dorsally and laterally and bringing the 
forefoot medially and plantarward until the position of the 
hindfoot is corrected. Forefoot supination must be avoided 
when final fixation is placed across the talonavicular joint. A 
percutaneous lengthening of the Achilles tendon may be 
required if réduction places the ankle in equinus. Two inci¬ 
sions are used, one antérolatéral and one médial, combined 
with internai fixation of the talonavicular and calcaneocuboid 
joints with Staples, screws, or plates. 


SUBTALAR ARTHRODESIS 


TECHNIQUE 84-7 


■ For postoperative pain control, a popliteal block is placed 
in preoperative holding. 

■ Begin a straight latéral incision 1 cm inferior to the tip of 
the fibular malleolus, extending distally over the antéro¬ 
latéral border of the calcaneus and cuboid (Fig. 84-24A). 
Protect the sural nerve and peroneal tendons in the pos- 
terior aspect of the wound. 

■ Abduct and adduct the midfoot to locate the calcaneo¬ 
cuboid joint and invert and evert the subtalar joint for 
location. 

■ Locate the proximal tendons of origin of the extensor 
digitorum brevis and extensor hallucis brevis and with 
sharp dissection lift them from the sinus tarsi under the 
latéral border of the muscle belly. 

■ Extend the dissection, lifting the extensor digitorum brevis 
from proximal to distal until the calcaneocuboid joint is 
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Posteriorfacet facets of talus 




FIGURE 


Subtalar arthrodesis. A f Skin incision. B f Excision 


of portion of articular surface of posterior facet. C f Cannulated 


screw from neck-body juncture to calcaneal tuberosity. SEE TECH¬ 


NIQUE 84-7. 


exposed. Do not open the calcaneocuboid joint, but use 
a small-blade knife to identify the joint. This would not 
violate the dorsolateral calcaneocuboid ligament or the 
latéral calcaneocuboid ligament. 

■ Enter the joint just superior to the latéral calcaneocuboid 
ligament. These two important ligaments, along with the 
bifurcate ligament and a portion of the short plantar liga¬ 
ment, are stabilizers of the calcaneocuboid joint. 

■ Identify the subtalar joint and remove the deep compo- 
nents of the inferior extensor retinaculum from the floor 
of the sinus tarsi. Also release the talocalcaneal interos- 
seous ligament that is médial and posterior to the cervical 
ligament. 

■ When this area is cleaned of ail soft tissue, place a right- 
angle retractor or a curved Hohmann retractor parallel to 
the posterior facet to lift the peroneal tendons laterally 
and posteriorly to allow better exposure of the subtalar 
joint. 

■ Place a lamina spreader into the depths of the sinus tarsi 
so that it rests on the inferior or plantar aspect of the 
talar neck and just latéral to the middle and anterior facet 
components of the talocalcaneal articulation. 


■ Depending on the condition of the joint surfaces, start 
debridement with a curet or an osteotome and begin 
anterolaterally over the talar side. 

■ If the posterior facet cannot be seen, distract further with 
the lamina spreader to allow joint préparation under 
direct vision. If the joint is so fibrosed and scarred that 
this is difficult to do, drill multiple holes on both surfaces 
to make some room for further debridement of the joint. 
Posteromedially, as the posterior facet curves downward 
or plantarward, the flexor hallucis longus tendon is 
vulnérable. 

■ Remove ail eburnated or subchondral bone down to 
bleeding, cancellous bony surfaces (Fig. 84-24B). Small, 
thin osteotomes, both curved and straight, and curets are 
helpful. 

■ When the posterior facet has been prepared for arthrod¬ 
esis, evaluate the position of the foot with the denuded 
surfaces apposed. If the subluxation is severe (more than 
one third of the latéral surface of the calcaneus is exposed 
and abutting against the fibula), a subtalar arthrodesis 
alone would not correct this deformity. If subluxation of 
the joint is not severe (less than one third of the latéral 
surface of the calcaneus is exposed and abutting against 
the fibula), adéquate dissection, distraction, and manual 
translation can correct the deformity. 

■ Place the calcaneus in the proper position of 8 to 10 
degrees of valgus and the tibiotalar joint at 90 degrees 
to the leg. 

■ Use one or two 0.062-inch Kirschner wires for temporary 
fixation, or insert a guidewire over which a cannulated 
screw can be passed. 

■ At this point, décidé if a bone graft is needed. This deci¬ 
sion is based on position and apposition. If the heel is 
in too much valgus when the denuded surfaces are 
apposed, a bone graft is required to fill the gap produced 
by placing the heel in the correct position (5 to 10 degrees 
of valgus). 

■ Although there are several acceptable techniques of fixa¬ 
tion, two methods are described. In patients with rheu- 
matoid arthritis, the bones are at times so ostéopénie that 
good fixation by any means is difficult if not impossible. 
Large, smooth Steinmann pins are easiest to use and can 
be inserted quickly, especially with image intensification. 

■ If good bone stock is présent, place a cannulated or 
noncannulated 7.0- or 6.5-mm, partially threaded screw 
from the posterior aspect of the tuberosity of the calca¬ 
neus into the body of the talus in an oblique direction 
while the subtalar joint is held reduced. The entrance 
point for the screw or Steinmann pin is approximately 
1 cm latéral to the midline of the tuberosity of the calca¬ 
neus near the junction of the heel pad and the skin cover- 
ing the hindfoot. The best fixation is obtained by having 
the screw or pin exit the talus just distal to the body-neck 
junction so that the threads of the screw can grip the 
superior cortex of the talar neck. 

■ If a large cannulated screw is used, place it parallel to or 
over a guidewire. The threads should rest just distal to 
the arthrodesis site (Fig. 84-24C). This allows some com¬ 
pression and slightly plantarflexes the talar head, thereby 
improving the talar déclination angle. This will decrease 
the risk of anterior ankle impingement. 
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9 « For more secure fixation in ostéopénie bone, use a washer 
on the head of the screw. 

■ Look at the position of the arthrodesis from the plantar 
aspect and also medially and laterally. 

■ Deflate the tourniquet, obtain hemostasis, and apply a 
large, bulky compression dressing and short leg cast. If 
significant bleeding is expected, place a %-inch drain with 
continuous suction for 24 hours. 

■ If a popliteal block has not been used, perform an ankle 
block with 0.5% bupivacaine (Marcaine) for pain control 
in the immédiate postoperative period. 

POSTOPERATIVE CARE. Although patients with comor- 
bidities may need to be admitted for 1 to 2 days, in most 
patients this technique can be done as an outpatient 
procedure. If the patient is frail or has an unstable gait, 
touch-down weight bearing is allowed or the patient is 
encouraged to use a wheelchair for the first 4 to 6 weeks. 
At 14 to 17 days, the sutures are removed and another 
short leg cast is applied. Full weight bearing without 
assistance is not allowed for 6 to 8 weeks. The arthrodesis 
usually has progressed to early fusion by 12 weeks post- 
operatively, at which time a support stocking is applied 
and is worn with a removable walking boot or a sup¬ 
portée comfortable shoe, depending on the radiographie 
appearance of the arthrodesis site. 


ARTHROSCOPIC SUBTALAR 
ARTHRODESIS 

Advances in techniques and instrumentation for foot and 
ankle arthroscopy hâve allowed the development of 
arthroscopic techniques for subtalar arthrodesis. In the 
years since the first reports of arthroscopic subtalar arthrod¬ 
esis (ASTA) in the mid-1990s, the technique has gained 
credibility as an acceptable procedure for isolated subtalar 
arthritis, with reported fusion rates of 91% to 100%. 
Arthroscopic subtalar arthrodesis may resuit in faster recov- 
ery, less pain, and fewer postoperative complications in 
properly selected patients. Significant deformity correction 
is not possible with this technique. 

Originally, the technique described arthroscopic arthrod¬ 
esis through antérolatéral, postérolatéral, and accessory 
latéral portais with the patient supine or in the latéral decu- 
bitus position. More recently, posterior arthroscopic subtalar 
arthrodesis (PASTA) techniques hâve used two or three 
portais with the patient prone. Suggested advantages for 
prone positioning include better and safer access to the 
posteromedial corner, better understanding of the shape of 
the posterior subtalar joint, easier placement of screws from 
the calcaneus posteriorly toward the neck of the talus, and 
easier intraoperative fluoroscopie imaging than are provided 
by the conventional latéral portais. Amendola and others 
hâve demonstrated good results when only the posterior 
facet is fused. Several clinical and cadaver studies hâve 
shown that injury to the posterior neurovascular bundles 
may be avoided with this approach as long as one is familiar 
with the anatomy and debridement is conducted latéral to 



Arthroscopic subtalar arthrodesis. Locations of 
the sural nerve, peroneal tendons, and posteromedial neurovas¬ 
cular bundle are marked. Portais are shown with patient in the 
latéral position. A, Accessory sinus tarsi portai; B , antérolatéral 
portai; C, postérolatéral portai. SEE TECHNIQUE 84-8. 


the flexor hallucis longus. Distances from the posteromedial 
portai and the tibial nerve (6.4 mm), posterior tibial artery 
(9.6 mm), and médial calcaneal nerve (17.1 mm) allow suf- 
ficient space for the arthroscopic procedure. We recommend 
that the surgeon be a skilled arthroscopist and familiar with 
foot and ankle anatomy before proceeding with this 
technique. 


TECHNIQUE 84-8 


■ Administer a general anesthetic combined with a régional 
nerve block. 

■ Place the patient in a latéral or prone position, depending 
on which portais are chosen, and drape the operative 
extremity free. 

■ After standard préparation and draping, including preop- 
erative antibiotics, mark on the skin the locations of the 
Achilles tendon and the médial and latéral malleoli. 

■ Mark the estimated locations of the sural nerve, peroneal 
tendons, and the posteromedial neurovascular bundle 
(Fig. 84-25). 

■ Apply and inflate a thigh tourniquet. 

■Soft-tissue distraction may be useful. Bony distraction is 
not recommended. 

■ With the patient in the latéral position, the most common 
portais are the antérolatéral and postérolatéral portais: 

■ The antérolatéral portai is 1 cm anterior to the tip of 
the fibula (Fig. 84-255). 

■ The postérolatéral portai is just latéral to the Achilles 
tendon and 2 cm proximal to the tip of the fibula 
(Fig. 84-25Q- The sural nerve is at risk with this portai. 

■ If needed, an accessory sinus tarsi portai can be made 
just anterior and distal to the tip of the latéral malleolus 
(Fig. 84-26). 

■ With the patient prone, the most common portais are the 
postérolatéral and posteromedial portais: 

■ The postérolatéral portai is as just described (Fig. 84-25Q- 
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Arthroscopic subtalar arthrodesis with the 
patient prone. A, Posteromedial portai; B, accessory latéral portai. 

SEE TECHNIQUE 84-8. 



Arthroscopic subtalar arthrodesis. Cannulated 
screws placed through calcaneus into talar neck. SEE TECHNIQUE 84-8. 


■ The posteromedial portai is 1 cm médial to the Achilles 
tendon and at the level of the tip of the médial malleo- 
lus (Fig. 84-26A). The tibial nerve and posterior tibial 
artery are at risk with this approach. 

■ An accessory latéral portai can be made 1 cm posterior 
and 1 cm proximal to the tip of the latéral malleolus (Fig. 
84-265). 

■ With the patient prone, working space must be created 
by removing part of the posterior fat pad. This is com- 
monly accomplished with 3.5-mm instruments. The flexor 
hallucis longus should be located using the arthroscopic 
instruments, and ail work should be performed latéral to 
this anatomie landmark. The posterior ligaments and 
capsule must be partially debrided to allow access to the 
talocalcaneal joint. 

■The posterior approach allows better access to the pos¬ 
terior facet and rétention of the interosseous ligament, 
and perhaps improved blood supply. 

■ Small 2.7- to 3-mm instruments with a 30-degree scope 
often are necessary to begin intraarticular debridement, 
but larger (3.5- to 4-mm) instruments can be used once 
space is created. 

■ Identify exact portai position with an 18-gauge spinal 
needle. 

■ Inflate the joint with 10 to 20 mL of lidocaine with epi- 
nephrine. Inversion of the foot indicates successful joint 
instillation. 

■Create the portais by making a small incision in the skin 
and gently spreading the subeutaneous tissue with a 
straight hemostat. 

■ For the latéral approach, enter the joint with the clamp. 

■ For the posterior approach, create the postérolatéral 
portai first by directing the arthroscope in line with the 
second metatarsal when the hindfoot is in neutral 
position. 

■ Establish the posteromedial portai under direct vision, 
taking care to direct ail instruments latéral to the flexor 
hallucis longus. 


■ Use the two portais in an alternating fashion for viewing 
and instrumentation. 

■ If needed for distraction of the joint, establish a third 
portai approximately 1 cm proximal and 1 cm posterior 
to the tip of the latéral malleolus. Insert a large blunt 
trocar through this portai for distraction of the joint. 

■ Perform initial synovectomy and debridement with a 
4.0-mm full-radius resector. 

■ Use an acromioplasty burr, a shaver, and curved curets to 
remove the articular cartilage from the entire posterior facet. 

■ Remove 1 to 2 mm of subchondral bone posterior to the 
interosseous ligament until cancellous bone is visible. Take 
care not to alter the geometry of the joint. 

■ If necessary, insert allograft bone. 

■ Insert a guide pin at the postérolatéral calcaneus and 
angle it anterosuperiorly toward the talar neck. The best 
fixation is obtained by having the screw exit the talus just 
distal to the body-neck junction so that the threads of 
the screw can grip the superior cortex of the talar neck. 
Place this pin proximal to the weight-bearing surface of 
the heel and distal to the initial attachment of the Achilles 
tendon. Confirm pin placement with fluoroscopy. 

■ Place a second guide pin just médial and superior to 
the first. 

■ Place a 6.5- to 8.0-mm cannulated cancellous screw over 
each guide pin (Fig. 84-27). 

■ Examine the arthrodesis clinically for subtalar motion and 
hindfoot position and fluoroscopically for proper screw 
placement. 

■Close the skin incisions with nylon sutures and apply a 
bulky dressing and posterior splint. 

POSTOPERATIVE CARE. Patients are instructed to 
remain non-weight bearing with crutch ambulation for 
5 to 7 days. Then the splint is removed and a short leg 
removable cast is applied. The patient is kept non-weight 
bearing for 6 weeks, followed by graduai weight bearing 
until radiographs show complété union and the patient 
has no pain with ambulation. 
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TALONAVICULAR JOINT 
ARTHRODESIS 


TECHNIQUE 84-9 


■ Make an incision distal to the tip of the médial malleolus 
along the médial or dorsomedial aspect of the talonavicu- 
lar joint and ending at the naviculocuneiform joint (Fig. 
84-28A). Carry the dissection through subcutaneous 
tissue and fat to expose the capsule. Protect the anterior 
tibial tendon beneath the dorsal skin flap. 

■ Release the capsule medially, dorsally, and plantarward. 

■ Using a small, curved osteotome or curet, remove the 
articular cartilage from the talonavicular joint. Place a 
towel clip on the dorsomedial surface of the navicular, 
and use it to apply traction to increase exposure of the 
talonavicular joint. 

■ Remove as much of the articular surface as possible 
through this incision (Fig. 84-28B). Abducting, adducting, 
plantarflexing, and dorsiflexing the ankle during distrac¬ 
tion allows préparation of 90% of the talonavicular 
articulation. 

■ Place the foot into satisfactory alignment with the calca- 
neus in 5 to 10 degrees of valgus and the forefoot in 
neutral abduction and adduction. Do not leave the fore¬ 
foot supinated. Derotate it when the heel is in the proper 
position and the talonavicular joint is apposed. 

■ Make a small trough in the dorsomedial edge of the 
médial cuneiform where the screw head would rest 
without levering on the cortex. 

■ Place a guidewire from médial plantar to latéral and 
dorsal, entering the head and neck portion of the talus. 

■ Drill parallel to the wire, or ream over it if a cannulated 
screw System is used. 

■ Measure the length of the screw and tap the screw 
path (tapping usually is not needed in patients with 
rheumatoid arthritis but is needed in patients with 
osteoarthritis). 


■ Using a partially threaded, 6.5- or 7-mm screw, lag the 
surfaces together (Fig. 84-28C). Occasionally, the bone is 
so ostéopénie that a washer is needed. Two 4-mm, fully 
threaded cancellous screws using the lag technique (over- 
drilling the near cortex) can be used instead of the single 
large screw. 

■ Release the tourniquet, insert a drain if necessary, close 
the wound in layers, and apply a large compression dress- 
ing and splint. 

POSTOPERATIVE CARE. If placed, the drain is removed 
the day after surgery. The dressing is changed at 10 to 
14 days after surgery, and a short leg, non-weight-bear- 
ing cast is applied and worn for 5 weeks. At that time, 
the cast is removed and radiographs are obtained. If early 
union is évident, the patient is allowed to walk in a short 
leg walking cast for the next 6 weeks. At 12 weeks after 
surgery, if union of the arthrodesis site is évident, no 
further immobilization is required; however, if the arthro¬ 
desis site is not solid, another short leg walking cast 
should be applied and the arthrodesis should be evalu- 
ated in 1 month. 


CALCANEOCUBOID JOINT 
ARTHRODESIS 


TECHNIQUE 84-10 


■ On the dorsolateral surface of the calcaneocuboid joint 
(located by abducting and adducting the forefoot on the 
hindfoot), begin a straight incision that extends from 2 
to 3 cm proximal to 2 to 3 cm distal to the calcaneocu¬ 
boid joint. Protect any branches of the sural nerve and 
raise dorsal and plantar flaps sharply from the bone. This 
lifts the extensor digitorum brevis dorsally. 



Talonavicular arthrodesis. A f Incision. B f Articular surfaces of joint are 
bone. C f Compression screw in place. SEE TECHNIQUE 84-9. 


removed with osteotome down to subchondral 
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■ Expose the plantar aspect of the calcaneocuboid joint by 
elevating the full-thickness plantar flap. The articular 
surface of the calcaneocuboid joint is saddle shaped or 
sinusoid and extends farther plantarward and medially 
than expected. 

■Open the capsule dorsally and laterally, removing the 
bifurcate, dorsolateral, and latéral calcaneocuboid 
ligaments. 

■ Using a curet and a small, thin ostéotomie, préparé the 
surfaces for arthrodesis. We routinely use a 2.0- or 
2.5-mm bit to drill holes into the calcaneus and cuboid 
and crosshatch the surfaces with a %-inch osteotome. 

■ Perform talonavicular joint arthrodesis as described in 
Technique 84-9. 

■ When the talonavicular joint has been internally fixed, 
return to the calcaneocuboid joint and arthrodèse it with 
a partially threaded, 6.5- or 7.0-mm cancellous screw 
placed from the distal dorsal surface of the cuboid and 
directed posteriorly and plantarward into the calcaneus. 
Countersink the drill hole so that the head of the screw 
does not fracture the dorsal cortex of the cuboid. Two 
4.0-mm, fully threaded cancellous screws can be used 
instead of one large screw. 

■ Drain the wounds, if indicated, when the tourniquet has 
been released, and close the wounds in layers. Apply a 
large compression dressing and a short-leg postérolatéral 
splint. 

POSTOPERATIVE CARE. A short leg, nonwalking cast 
is applied 2 to 3 weeks after surgery and is worn until 
the end of the sixth week. Depending on the radiographie 
appearance of the arthrodesis, a short leg walking cast 
may be applied and use of crutches discontinued. At 3 
months, the arthrodesis is evaluated clinically and radio- 
graphically. Usually, support hose and a well-padded, 
soft-soled shoe can be worn. The transition from cast to 
shoe may be made easier by short-term use of a remov- 
able, prefabricated, short leg walking cast. 


TRIPLE ARTHRODESIS 


TECHNIQUE 84-11 


■ Begin a straight latéral incision 1 cm inferior to the tip of 
the fibular malleolus. Extend it distally over the antérolat¬ 
éral border of the calcaneus and cuboid (Fig. 84-29A). 

■ Protect the peroneal tendons and the common branch of 
the sural nerve at the posterior or proximal end of the 
incision. Also be aware of the dorsal branch of the sural 
nerve, including the communicating branch to the most 
latéral branch of the superficial peroneal nerve and the 
common digital branch to the fourth web space. If neces- 
sary for exposure, transect the communicating branch 
(Fig. 84-29B). 

■ Abduct and adduct the midfoot to locate the calcaneo¬ 
cuboid joint and invert and evert the subtalar joint for 
location. 


■ Locate the proximal tendons of origin of the extensor 
digitorum brevis and extensor hallucis brevis and with 
sharp dissection lift them from the sinus tarsi and dissect 
along the latéral or inferior border of the muscle belly. 
The motor nerve to the short extensors enters from the 
deep peroneal nerve in the médial part of the muscle and 
is not vulnérable. 

■ Extend the dissection, lifting the extensor digitorum brevis 
from proximal to distal until the calcaneocuboid joint is 
well exposed. 

■ Expose the calcaneocuboid joint, debriding it with a curet 
and osteotome, and drill multiple small holes on both 
sides of the joint. Ensure that the entire surface of the 
calcaneocuboid joint is debrided, especially medially and 
inferiorly. Use a lamina spreader or a heavy-duty rake 
retractor to help with the deep exposure of this 
articulation. 

■ Identify the subtalar joint and remove the deep compo- 
nents of the inferior extensor retinaculum from the floor 
of the sinus tarsi. Release the talocalcaneal interosseous 
ligament. 

■ When this area has been cleaned of ail soft tissue, place 
a right-angle retractor or a curved Hohmann retractor 
parallel to the posterior facet to lift the peroneal tendons 
laterally and posteriorly, allowing better exposure of the 
subtalar joint. 

■ Place a lamina spreader into the depths of the sinus tarsi 
so that it rests on the inferior or plantar aspect of the 
talar neck and just latéral to the middle and anterior facet 
components of the talocalcaneal articulation (see Fig. 
84-25B). 

■ Depending on the condition of the joint surfaces, start 
with a curet or an osteotome and begin debridement 
anterolaterally over the talar side. 

■ If the posterior facet cannot be seen, distract with a 
laminar spreader so that the joint préparation is done 
under direct vision. If the joint is so fibrosed and scarred 
that this is difficult, use a % 4 - or %-inch bit to drill multiple 
holes on both surfaces to make some room for further 
debridement of the joint. Posteromedially, as the poste¬ 
rior facet curves downward or plantarward, the flexor 
hallucis longus tendon is vulnérable. 

■ Remove ail eburnated or subchondral bone down to 
bleeding, cancellous bony surfaces. Small, thin ostéo¬ 
tomies, both curved and straight, are helpful. A bur also 
is useful if cold irrigation is used to prevent thermal 
necrosis. 

■ When the posterior facet has been prepared for arthrod¬ 
esis, evaluate the position of the foot with the posterior 
facet apposed. If the subluxation is severe (more than one 
third of the latéral surface of the calcaneus is exposed 
and abutting against the fibula), the subtalar portion of 
the triple arthrodesis alone would not correct this defor- 
mity. If subluxation of the joint is not severe (less than 
one third of the latéral surface of the calcaneus is 
exposed), adéquate dissection, distraction, and manual 
translation can correct the deformity. Place the calcaneus 
in the proper position of 8 to 10 degrees of valgus and 
the tibiotalar joint at 90 degrees. 

■To expose the talonavicular joint, make a straight or 
gently curved anteromedial incision extending from the 
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Triple arthrodesis. A f Skin incision. B f Distal communicating branch of sural nerve. C f Dorsomedial skin incision. 
D, Talonavicular fixation. E f Calcaneocuboid and talonavicular cannulated screw fixation. Latéral (F) f anteroposterior (G) f and oblique 
(H) views of completed arthrodesis. SEE TECHNIQUE 84-11. 


9 distal anterior aspect of the médial malleolus distally to 
the anterior tibial tendon (Fig. 84-29C). 

■ If a branch of the saphenous nerve is identified and com¬ 
promises exposure, it can be sacrificed. Tie or coagulate 
the branches of the saphenous vein to the médial tarsus 


and the communicating veins Crossing the wound more 
or less at right angles. 

■ Abduct and adduct the foot until the talonavicular 
joint can be clearly identified. When the médial aspect 
of the talonavicular joint has been identified, raise a 
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full-thickness flap dorsally and plantarly. The deep pero- 
neal nerve and dorsalis pedis artery would be in the dorsal 
flap. 

■ Expose the dorsomedial and plantar aspects of the talo- 
navicular joint and remove ail capsular tissue. 

■ Inspect the joint surfaces and clear them with a curet or 
an ostéotomie, depending on the condition of the articu- 
lar surfaces (see Fig. 84-28B). A curved osteotome may 
be helpful. 

■ Expose the entire articular surface of the navicular and 
clean it of ail eburnated and subchondral bone. 

■ Using a rongeur, mold the surface of the talus until it rests 
in the depths of the concavity of the navicular. 

■ Through the latéral incision, place a right-angle retractor 
under the full-thickness flap to expose the most latéral 
aspect of the talonavicular joint. Débridé as much as pos¬ 
sible from the latéral side of the talonavicular joint. 

■ Reduce ail the joints in an anatomie plantigrade position 
or as close to that as possible. Be careful to hold the 
hindfoot in 8 to 10 degrees of valgus and the talonavicu¬ 
lar and calcaneocuboid joints in not only proper sagittal 
and axial planes but also proper rotation. Do not allow 
the forefoot to be fixed in supination or varus. 

■ Fix the talonavicular joint first, using a partially threaded, 
large cancellous screw (6.5 or 7.0 mm) over a guidewire 
that has been placed under image intensification across 
the navicular and into the talus. Check the position of the 
talonavicular arthrodesis site when only one 0.062-inch 
Kirschner wire or the guidewire for the cannulated screw 
has been inserted. It is easy to adjust the position at this 
point but difficult if the final fixation is in place. Two 
screws may be needed. Removing a small portion of the 
superomedial articular surface of the médial cuneiform 
allows a better angle of pin or screw placement. Coun- 
tersink the drill hole. Pass the fixation from inferomedial 
to superolateral (Fig. 84-29D). 

■ Fix the calcaneocuboid joint in the following manner. 
Through a separate incision (approximately 2 cm) between 
the base of the fourth and fifth metatarsals, clear the 
extensor digitorum brevis muscle fibers in their most 
latéral aspects to locate the articulations with the cuboid. 
Protect any branches of the sural nerve. Using a small, 
straight rongeur, make a starting hole in the superior 
surface of the cuboid at its distal margin. Place a guide¬ 
wire through that hole and drill across the calcaneocu¬ 
boid joint toward the posterior aspect of the tuberosity 
of the calcaneus. Drill and tap over the guide pin. Coun- 
tersink the drill hole. Before final fixation, ensure that the 
joint surfaces are apposed (Fig. 84-29E). 

■ Fill any gaps with cancellous bone chips. 

■ Do not sacrifice proper alignment in any plane because 
the surfaces are not completely apposed. 

■ Place the hindfoot and midfoot in proper position and fill 
any gaps with bone graft. This usually is taken from the 
iliac crest, but if only a small amount is needed, the 
tuberosity of the calcaneus or the anteromedial surface 
of the distal metaphysis of the tibia can be used for bone 
graft harvest, or cancellous bank bone can be used. 

■ Deflate the tourniquet and place a suction drain in the 
latéral wound. Place the extensor digitorum brevis back 
into the sinus tarsi and close the wound in layers. Apply 


a large, bulky compression dressing and a short leg cast 
or splint. 

POSTOPERATIVE CARE. The drain is removed on the 
following day, and the patient is allowed to be out of 
bed. Non-weight bearing on the operated extremity is 
encouraged unless the patient is too frail. If the patient 
cannot stand without touch-down weight bearing, this is 
allowed, but most patients should be encouraged to use 
a wheelchair for the first 4 to 6 weeks. At 3 weeks, the 
sutures are removed and a short leg cast is applied. Full 
weight bearing is not allowed until 6 weeks after surgery. 
The walking cast is worn for another 6 weeks, or until 
the arthrodesis is solid (Fig. 84-29F-H). At the end of 12 
weeks, the cast is removed and the patient is placed in 
support hose and a large, soft-soled, cushioned shoe. A 
short-leg, removable walking boot may be used at this 
time and worn for 4 to 6 weeks. The patient must be 
informed that swelling may persist for 1 year and that 
occasionally it persists indefinitely. 


ISOLATED MEDIAL INCISION FOR 
TRIPLE ARTHRODESIS 

Myerson described a médial approach to triple arthrodesis 
for patients at risk for latéral wound complications. This 
technique may be useful in patients with previous infection 
or surgery rendering the latéral skin tenuous. Also, patients 
with systemic disease associated with wound healing prob- 
lems (e.g., rheumatoid arthritis) may benefit from a single 
incision around the foot. 


TECHNIQUE 84-12 


(MYERSON) 

■ Make a 2-cm longitudinal incision over the peroneal 
tendons approximately 10 cm proximal to the level of the 
ankle joint. To avoid wound problems, do not make the 
incision on the latéral aspect of the foot. 

■ Use a mosquito clamp to deliver the peroneus longus and 
brevis tendons out of the incision (Fig. 84-30A); divide 
both tendons sharply. We do not recommend leaving the 
peroneus longus tendon intact despite some potential 
bénéficiai effect on the first metatarsal because it still may 
limit inversion. 

■ Make an 8-cm médial longitudinal incision extending 
from the undersurface of the médial malleolus and cen- 
tered over the talonavicular joint (Fig. 84-30B). 

■ Divide the subeutaneous tissue and talonavicular joint 
capsule longitudinally. If a branch of the saphenous nerve 
is identified and compromises exposure, it can be 
sacrificed. 

■ Tie or coagulate the branches of the saphenous vein to 
the médial tarsus and the communicating veins Crossing 
the wound more or less at right angles. 

■ Abduct and adduct the foot until the talonavicular joint 
can be clearly identified. 
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[jj Triple arthrodesis through single médial incision. A f Mosquito clamp is used to deliver peroneus longus and brevis 
tendons out of a 2-cm longitudinal incision approximately 10 cm proximal to the ankle. B f Eight-centimeter médial longitudinal incision 
is centered over talonavicular joint. C f AN eburnated or subchondral bone is removed from talonavicular joint to expose bleeding, 
cancellous bony surfaces. D f Lamina spreader is placed in talonavicular joint for exposure of calcaneocuboid joint. E f Posteriorly directed 
4.5- or 5.0-mm screw is inserted percutaneously across calcaneocuboid joint. F f Completed fixation includes two cannulated screws in 
talonavicular joint and one larger (6.5-mm) screw through posterior calcaneus into talar body. (Courtesy of Dr. Mark S. Myerson, Baltimore, 
MD ) SEE TECHNIQUE 84-12 
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9 " Remove any remnant of the posterior tibial tendon from 
its insertion on the navicular. 

■ Use subperiosteal exposure of the talonavicular joint to 
gain the necessary exposure. Use a retractor to protect 
the flexor hallucis longus, the flexor digitorum longus, 
and the neurovascular bundle. 

■ With the anterior, middle, and posterior facets of the 
subtalar joint exposed, use a curved osteotome and 
lamina spreader to expose and débridé the talonavicular 
joint, subtalar joint, and sinus tarsi. Pay spécial attention 
to the latéral aspect of the talonavicular joint. 

■ Remove ail eburnated or subchondral bone down to 
bleeding, cancellous bony surfaces (Fig. 84-30C). Small, 
thin osteotomes, both curved and straight, are helpful. 

■ Drill multiple small holes on both sides of the joint. 

■ Préparation of the calcaneocuboid joint is the most chal- 
lenging aspect of the médial single-incision triple arthrod- 
esis. Sharply release the capsule of the calcaneocuboid 
joint and the bifurcate ligament by feel with a knife. Place 
a lamina spreader in the talonavicular joint for exposure 
(Fig. 84-30D). The relatively fiat surface ofthis joint makes 
debridement and scaling easier. 

■ Reduce the subtalar joint and fix it with a single 6.5-mm 
or larger cannulated screw extending from the posterior 
calcaneus into the talar body. 

■ Paying careful attention to any residual forefoot supina¬ 
tion, realign the transverse tarsal joints, and fix the talo¬ 
navicular joint with two 4.5- or 5.0-mm cannulated 
screws. 

■ Place a posteriorly directed percutaneous 4.5- or 5.0-mm 
screw across the calcaneocuboid joint beginning at the 
dorsal anterior cuboid (Fig. 84-30E and F). 

POSTOPERATIVE CARE. A splint is worn for 14 days, 
and then the sutures are removed. Touch-down weight 
bearing may be permitted, but often non-weight bearing 
is encouraged. Full weight bearing may occur at 6 weeks. 
A cast is used for 12 weeks. At the end of 12 weeks, the 
cast is removed and the patient is placed in support hose 
and a large, soft-soled, cushioned shoe. A short-leg 
removable walking boot can be used at this time and 
worn for 4 to 6 weeks. The patient must be informed 
that swelling may persist for 1 year and that occasionally 
it persists indefinitely. 


■ TIBIOCALCANEAL AND ANKLE ARTHRODESES 

Tibiocalcaneal and ankle arthrodèses are described in 
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DIABETIC FOOT 

EPIDEMIOLOGY 

The American Diabètes Association estimâtes that in 2012, 
29.1 million people in the United States (9.3% of the popula¬ 
tion) had diabètes, with 8.1 million undiagnosed. The preva- 
lence has been increasing, from 24 million people in 2007 to 
25.8 million in 2010. Approximately 26% of Americans aged 
65 and older hâve diabètes and another 86 million Americans 
aged 20 and older hâve prediabetes. Complications associated 
with diabètes are numerous and include hypoglycemia, 
hypertension, dyslipidemia, stroke, heart attack, retinopathy, 
and kidney disease. In 2010, there were 73,000 nontraumatic 
lower-limb amputations performed in adults aged 20 and 
over with a diagnosis of diabètes. 

The often-reported direct costs of diabètes include médi¬ 
cations, dressings, and surgical procedures. The indirect costs, 
though, are more difficult to define and include work time lost 
due to illness, loss of productivity, patient anxiety, and the 
effect on family members. In 2012, the total cost of diagnosed 
diabètes in the US was $245 billion, with $176 billion for 
direct medical costs and $69 billion in reduced productivity. 
This represents a 250% increase in spending since 1997. After 
adjusting for population différences, the average expenditures 
for medical costs are 2.3 times higher in patients with diabètes 
than those without. Up to 25% of the annual expenditures on 
diabetic care are due directly to foot ulcers and their complica¬ 
tions, including infection and amputation. A diabetic patient 
has a lifetime risk of developing a diabetic foot ulcer of 15%, 
with an annual incidence of 2%. Medicare patients with a 
diabetic foot ulcer are seen by a health care provider an 
average of 14 times per year and hâve 1.5 hospitalizations each 
year at a reimbursed cost of $33,000 annually. Those with a 
lower extremity amputation hâve over $52,000 in reimbursed 
costs for Medicare services each year. 

Diabètes mellitus impacts numerous body Systems, and 
the orthopaedist must be aware of its manifestations and 
impact on the entire patient, not just on the treatment of foot 
and ankle conditions. In 2008, 29% of patients with diabètes 
aged 40 years and over had diabetic retinopathy, leading to 
20,000 new cases of blindness each year. Combined with the 
loss of tactile sensation from peripheral neuropathy, this loss 


of vision leads to an increased risk of falls and may make the 
daily inspection of the foot difficult or impossible. 

BASIC SCIENCE 

On a basic science level, the increased concentration of 
glucose in the body has numerous deleterious effects. A his¬ 
tologie examination of the plantar skin of diabetic and non- 
diabetic patients showed signfficantly thicker elastic septae 
and dermal layers in diabetic tissue, which may play a rôle in 
the biomechanical changes leading to ulcer formation. Ultra- 
sound examinations of Achilles tendons hâve shown disorga- 
nized tendon fibers and calcification in 75% of diabetic 
patients without foot problems. A study examining peak 
midfoot joint pressures in diabetic and nondiabetic cadaver 
feet during simulated walking showed 46% higher dynamic 
pressures in the first metatarsocuneiform, médial and middle 
naviculocuneiform, and the first intercuneiform joints in 
specimens from diabetic patients. 

Studies hâve estimated that as many as 65% of people 
with type 1 or 2 diabètes hâve evidence of peripheral neurop¬ 
athy and that its presence is the most prédictive factor for the 
development of diabetic foot ulcers. Neuropathy also is an 
independent predictor of increased complications after foot 
and ankle surgery. The length of time that a patient has had 
diabètes and the level of metabolic control are the main 
predictors for the development, progression, and extent of 
neuropathy. No consensus exists on the mechanism for 
development of peripheral neuropathy in diabetic patients; it 
is likely multifactorial with roots in both vascular and 
metabolic processes. With high levels of blood glucose, 
hemoglobin and proteins become glycosylated and form end 
products that precipitate in the walls of small peripheral 
vessels and in nerve tissue. Investigators hâve demonstrated 
that diabetic patients hâve glycation of the arterial vessel 
walls, thickening of the basement membranes, and reduced 
endothélial nitric oxide activity. Examination of the nerves 
has shown multifocal ischémie proximal nerve lésions and 
epineural vessel atherosclerosis. Metabolic causes include 
accumulation of sorbitol, enzyme deficiencies, and increased 
oxygen free radical activity. Chronically elevated glucose 
levels worsen this process for prolonged time periods with 
the end resuit of motor, sensory, and autonomie nerve 
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dysfunction. The absence of skin oils released by autonomie 
signais leads to increased susceptibility to fissuring of the skin 
from mild trauma. Joint contractures develop around the toes 
due to muscle imbalance from motor neuropathy. Weak 
intrinsic muscles become overpowered by stronger extrinsic 
muscles, leading to development of hammertoes, claw toes, 
and distal migration of the fat pad (Fig. 85-1). Muscle con¬ 
tractures of the gastrocsoleus complex increase the force load 
transmitted to the forefoot. The loss of protective sensation is 
pivotai because it blunts the patients awareness of something 
being wrong and delays the request for care because of the 
absence of pain. 

The effects of end products of glycosylation deposited 
into the artérioles also lead to heart disease and hypertension. 
Diabetic individuals are four times more likely to suffer 
a stroke than nondiabetic ones and are twice as likely to 
develop peripheral arterial disease. Peripheral arterial disease 
increases susceptibility to ischémie ulcers and compounds 
the effect of diabètes; diabetic patients with peripheral arterial 


disease are nine times more likely to develop a foot ulcer. The 
small vessels in the kidneys also are affected, and diabètes 
continues to be the leading cause of end-stage rénal disease. 
Diabètes also impairs the immune System because of altera¬ 
tions in the chemotaxis abilities of polymorphonuclear cells 
and cell wall abnormalities that make patients susceptible to 
secondary infections. 

HISTORY AND PHYSICAL EXAMINATION 

A thorough history should be obtained from ail patients pre- 
senting for treatment of diabetic foot problems. The physician 
should inquire about any épisodes of ulcération, prior ampu¬ 
tations, known neuropathie arthropathy, impaired vision, 
rénal history, presence of paresthesias or numbness, and any 
symptoms of claudication. Because of impaired sensation, 
patients may deny any history of trauma or pain before the 
development of a foot ulcer. 

The first portion of the physical examination begins 
with inspection of the patients footwear. Shoes should be 



A and B f Fixed flexion deformities of interpha- 
langeal joint of hallux and proximal interphalangeal joint of 
second toe on left foot. C f Neither first nor second metatarso- 
phalangeal joint could be passively flexed to neutral. 
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well-fitting and in good repair. Undersized shoes increase 
pressure over bony prominences and lead to ulcération and 
infection. An adéquate toe-box is important to allow room 
for forefoot deformities if présent. Abnormal wear patterns 
suggest a structural or dynamic foot deformity. The inside of 
the shoe should be inspected to evaluate for prominent seams 
or foreign bodies, which may not be felt due to neuropathy. 
Next is a careful inspection of the patients feet. Atrophy of 
the extensor digitorum brevis, the presence of claw toes or 
hammertoes, and/or foot drop indicates motor neuropathy. 
Any corns or calluses should be noted as these are signs of 
increased pressure, both internai and external, and may be 
the precursor to later ulcer formation. Any ulcers présent 
should be measured in cross-section and depth. The simplest 
method is to measure the longest part of the ulcer and mul- 
tiply this by the widest part to obtain a cross-sectional area. 
A stérile cotton swab can be used to probe the wound to 
détermine the depth and extent of any exposed structures. 
The wound bed should be described in terms of granulation, 
fibrous or necrotic tissue, and the presence or absence of 
probed bone. In a study of 1666 patients, Lavery et al. found 
the ability to probe bone in the ulcer to hâve a 57% positive 
prédictive value for the presence of osteomyelitis and a néga¬ 
tive prédictive value of 96%. The presence or absence of hair 
growth and shiny skin should be documented; taut, shiny 
skin and an absence of hair may be signs of peripheral arterial 
disease. Autonomie dysfunction leads to dry, scaly skin and 
should be noted. Any erythema or swelling should be noted, 
as these may be signs of infection or Charcot neuroarthropa- 
thy. The clinical appearance of a foot affected by Charcot 
neuroarthropathy may be indistinguishable from that of an 
infected foot: both will hâve calor, edema, and erythema. 
Elévation of the leg may assist in the diagnosis, because the 
edema from Charcot neuroarthropathy typically subsides 
with élévation while that from infection remains localized to 
the foot. With the patient standing, inspection of the foot 
reveals any abnormalities in the arch of the foot and hindfoot 
alignment that will alter plantar pressures. Range of motion 
of the ankle should be recorded with the knee extended and 
flexed to assess for contracture of the gastroenemius (Silfver- 
skiôld test). Contracture of the gastroenemius is évident 
when ankle dorsiflexion is less with the knee extended than 
with the knee flexed because of its insertion proximal to the 
knee joint. Equal decreases in dorsiflexion with the knee 
flexed and extended indicate Achilles tendon contracture. 
Gait should be observed to assess the patients balance and 
safety mobilizing. 

A différence in skin température of the foot may indicate 
the presence of a vascular disease. The ability or inability to 
palpate puises, along with the quality of the puise, should be 
documented. Diminished or absent puises require further 
testing with a Doppler examination. The ankle-brachial index 
(ABI) is a useful noninvasive screening tool that is prédictive 
of wound healing. A normal ABI is 0.9 to 1.2 while values 
over 1.3 suggest noncompressible vessels due to calcification. 
An ABI of less than 0.5 suggests that an ulcer is unlikely to 
heal without vascular intervention as ankle systolic pressures 
of more than 60 mmHg and 90 mmHg hâve been reported as 
necessary for healing in diabetic patients. A différence in ABI 
of more than 0.15 between extremities is a significant finding 
and should be further investigated. In patients with incom¬ 
pressible vessels, toe pressures may be more reliable because 



Measurement of toe systolic pressure with 
manual PPG unit (Smartdop 45, Hadeco Inc., Kawasaki, Japan). 

(From Romanos MT, Raspovic A, Perrin BM: The reliability of toe systolic 
pressure and the toe brachial index in patients with diabètes, Foot Ankle 
Res 3:31, 2010.) 


the most distal vessels often are spared (Fig. 85-2). Absolute 
toe pressures should be higher than 70 mmHg, and a normal 
toe/brachial index of more than 0.7 is normal. Toe pressures 
of more than 40 mmHg are associated with wound healing. 

A neurologie examination évaluâtes for the presence or 
absence of peripheral neuropathy. With a thorough physical 
examination, electrodiagnostic studies rarely are necessary to 
assist in the diagnosis or treatment of neuropathy. Although 
the severity of neuropathy is on a spectrum, the threshold of 
importance to the clinician is the inability to feel the Semmes- 
Weinstein 5.07 monofilament (Fig. 85-3). The inability to feel 
the 10 g of pressure from this monofilament is one of the 
most prédictive risk factors for development of foot morbid- 
ity. Typical screening involves 10 g monofilament testing of 
10 sites on the foot; however, équivalent results can be 
obtained more quickly using a 4.5 g monofilament beneath 
both first metatarsal heads. Decreased perception of the 
vibration of a 128 Hz tuning fork at the tip of the great toe 
also is used in clinical practice. Absence of an ankle reflex is 
one of the earliest signs of neuropathy and has been associ¬ 
ated with increased foot ulcération. 

ULCER CLASSIFICATION 

Determining ulcer size at each visit is useful for evaluating 
healing progress and for prédictive value. In a study of 203 
diabetic patients with foot ulcers, Sheehan et al. found that 
ulcers that showed at least a 50% réduction in size affer 4 
weeks had significantly higher healing rates at 12 weeks than 
those that did not. Ince et al. found that of 410 diabetic foot 
ulcers, 96% of those less than 1 cm 2 in dimension eventually 
healed without any form of amputation, while only 72% of 
ulcers larger than 3 cm 2 did so. 

Classifying the ulcer is useful to guide treatment deci¬ 
sions. The most commonly used classification System was 
initially described by Meggitt and later expanded by Wagner 
(Table 85-1). Brodsky noted that Wagner grades IV and V 
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Evaluating protective sensation with 5.07 
Semmes-Weinstein monofilament. 



Deep (Wagner grade II) ulcer with exposed 
tendon and joint capsule. (From Brodsky JW: The diabetic foot. In 
Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot and 
ankle, ed 8, Philadelphia, 2007, Elsevier.) 



FIGURE 


Superficial (Wagner grade I) ulcer. 


TABLE 85-1 


Wagner Classification for Foot Ulcers 

GRADE 

DESCRIPTION 

0 

Skin at risk 

1 

Superficial ulcer (Fig. 85-4) 

II 

Exposed tendon and deep structures (Fig. 85-5) 

III 

Deep ulcers with abscess or osteomyelitis 

(Fig. 85-6) 

IV 

Partial gangrené 

V 

More extensive gangrené 



Wagner grade III ulcer (A) with underlying 
osteomyelitis (B). (From Brodsky JW: The diabetic foot. In Coughlin 
MJ, Mann RA, Saltzman CL, editors: Surgery of the foot and ankle, ed 
8, Philadelphia, 2007, Elsevier.) 
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TABLE 85-2 


Brodsky Depth-ischemia Classification for Foot Ulcers 

DEPTH 

Classification 

Description 

0 

At risk foot, no ulcération 

1 

Superficial ulcération, no infection 

2 

Deep ulcération, tendons or joint exposed 

3 

Extensive ulcération or abscess 

ISCHEMIA 

A 

Not ischémie 

B 

Ischemia without gangrené 

C 

Partial forefoot gangrené 

D 

Complété gangrené 




Grade 1 

Superficial 

ulcer 



Grade 2 

Exposed 

tendons, 

joints 



Grade 3 

Exposed bone 
and/or abscess/ 
osteomyelitis 




Grade D 

Complété 

gangrené 


Modified from Brodsky JW: The diabetic foot. In: Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the Foot and Ankle, Philadelphia, Mosby, 2007, p. 1297. 


ulcers were ischémie and modified this classification by dif- 
ferentiating between ischémie and neuropathie ulcers with 
the depth-ischemia classification (Table 85-2). Ulcers that are 
infected and ischémie are 90 times more likely to be treated 
with an amputation than ulcers without infection or isch- 
emia. The presence of an infected ulcer portends a 40% to 
55% of some form of amputation. 

LABORATORY EVALUATION 

If infection is suspected clinically, complété blood count 
(CBC), érythrocyte sédimentation rate (ESR), and C-reactive 
protein (CRP) tests are bénéficiai to establish baseline para- 
meters to which comparisons can be made during treatment. 
The primary care practitioner or orthopaedist should obtain 
hemoglobin Aie levels every 3 months. A prospective 
study of 1285 vétérans with diabètes showed that higher 


hemoglobin Aie levels were an independent risk factor for 
the development of a diabetic foot ulcer, as were impaired 
vision, monofilament insensitivity, and history of prior ulcer. 
Several longitudinal observational investigations hâve shown 
that maintenance of a lower hemoglobin Aie level is related 
to less development of peripheral neuropathy and lower sub¬ 
jective pain scores. Patients with hemoglobin Aie levels 
higher than 7% or preoperative glucose levels of more than 
200 mg/dL before ankle or hindfoot arthrodesis hâve a higher 
rate of complications, including nonunion, infection, and 
wound healing problems. 

IMAGING 

Diagnostic imaging provides useful information in differen- 
tiating soff-tissue infection from osteomyelitis and Charcot 
arthropathy from infection. Numerous imaging modalities 
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A and B f Anteroposterior and latéral radiographs show destruction of tarsometatarsal joints. Note equinus deformity 
on latéral view. C and D f Technetium (R3) and indium scans strongly suggest osteomyelitis in addition to neuropathy. 


are available, and it is important to understand the advantages 
and drawbacks of each to avoid multiple costly and perhaps 
unnecessary examinations. 

Radiographs generally are the first imaging modality 
used because of their widespread availability. Although many 
of these findings are not spécifie to osteoarthropathy or 
osteomyelitis, radiographie examination should look for 
demineralization, loss of normal bone trabecular pattern, 
periosteal reaction, and joint destruction (Fig. 85-7). These 
findings also can be présent in trauma, systemic illness, and 
oncologie diagnoses. The presence of air in the soft tissues 
may be a sign of local ulcération or the presence of a gas- 
producing organism. The early stages of osteomyelitis are not 
détectable on radiographs, as it often takes weeks to months 
before changes in the bone are évident. There is insufhcient 
evidence to recommend plain radiographs as the sole imaging 
modality to diagnose osteomyelitis or distinguish it from 
neuroarthropathy. Because Charcot arthropathy progresses 
in radiographically identifiable stages, radiographs are the 


imaging modality of choice to détermine stage and to guide 
treatment. 

CT scanning is useful to provide details about the bone 
architecture in multiple planes and to show subtle changes, 
and séquestra and cortical disruptions. Différentiation 
between inflammation, fibrosis, granulation tissue, and puru¬ 
lence, though, is not possible with this modality. CT scanning 
may be useful to guide planning for bony surgery, but is not 
routinely used in isolation for évaluation of diabetic feet. 

Various scintigraphy studies are available with 
Technetium-99, gallium citrate, indium-tagged white blood 
cells, sulfur colloid, and human immune globulin. Techne¬ 
tium and gallium scans involve directly injecting a tracer 
into the bloodstream, while tagged scans require a preimage 
blood draw to label white blood cells with a radioactive 
tracer before recirculating the blood through the patient. 
Combinations of these tests hâve been used to attempt 
to distinguish osteomyelitis from Charcot arthropathy. 
Early inflammatory changes in Charcot arthropathy involve 
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99m Te WBC SPECT/CT hybrid imaging of diabetic foot with osteomyelitis of first digit terminal tuft. Extent, depth, 
severity, and bone involvement of infection were not clinically apparent. (From Erdman WA, Buethe J, Bhore R, et al: Indexing severity of 
diabetic foot infection with 99m Te WBC SPECT/CT hybrid imaging, Diabètes Care 35:1826, 2012.) 


accumulation of white blood cells even in the absence of 
infection, which is why tagged white blood cell scans may 
show a false positive for infection. A three-phase bone scan 
involves an initial perfusion phase imaged a few seconds 
after injection of a tracer, a blood-pool image obtained 5 
minutes later, and a static bone image obtained 3 hours later 
after urinary excrétion decreases tracer levels. This test can 
be significantly impacted by local blood flow and capillary 
permeability. Classically, cellulitis causes increased uptake in 
the first two phases but uptake is normal in the third phase, 
while osteomyelitis and Charcot arthropathy often resuit in 
abnormal uptake in ail three phases. The blood-pool phase 
shows the amount of hyperemia such as occurs with trauma 
and degenerative joint diseases; however, the inflammation, 
fractures, and chronic infections of a Charcot foot also 
increase the local hyperemia. Changes caused by infection 
are visible sooner on scintigraphy than on radiographs, and 
pooled data hâve shown scintigraphy to hâve an 81% sensi- 
tivity but only 28% specificity. With ail scintigraphy, decreased 
spatial resolution and bone overlap lead to difficulty in deter- 
mining which bones are affected rather than broad régions 
(e.g., hindfoot, midfoot, forefoot). 

Positron émission tomography (PET) scanning is a tech¬ 
nique in which a radiotracer (fluorine-18 fluorodeoxyglu¬ 
cose) is injected and is taken up by areas of higher metabolic 
activity. Sites of active inflammation show increased uptake 
because of hypercellular marrow, while areas of marrow sup¬ 
pression such as with osteomyelitis show decreased uptake. 
Several small studies hâve compared PET combined with 
CT scanning (PET/CT) to MRI for détection or exclusion 
of osteomyelitis with mixed results; at this time there is 


insufhcient evidence to recommend PET/CT for routine 
imaging in diabetic feet. Some recent studies hâve reported 
that a hybrid technique—Tc-99m WBC-labeled single photon 
émission computed tomography (SPECT/CT) imaging—is 
useful in the diagnosis of osteomyelitis in diabetic feet and in 
determining the effectiveness of treatment (Fig. 85-8). This is 
relatively new technology, and research is limited at this time; 
further research is warranted to détermine the rôle of Tc-99m 
WBC SPECT/CT in the diabetic foot. 

MRI has numerous advantages in that it avoids radiation, 
can be completed in a relatively short amount of time, dif- 
ferentiates soff-tissue processes in multiple planes, and is 
widely available. MRI findings of osteomyelitis in the foot 
are decreased signal intensity on Tl-weighted images and 
increased signal activity on T2-weighted or fat-suppressed 
images. Localized edema from an ulcer adjacent to bone may 
be misinterpreted as osteomyelitis, and distinguishing osteo¬ 
myelitis from Charcot changes is difhcult if not impossible. 
In biopsy-proven osteomyelitis of diabetic feet, MRI has been 
reported to show 90% sensitivity and 79% specificity in 
detecting the correct diagnosis; however, in the presence of 
an ulcer sensitivity decreases. In a meta-analysis, Dinh et al. 
found MRI to be the most accurate imaging test for diagnosis 
of osteomyelitis in a diabetic foot (Table 85-3). MRI is useful 
to détermine the extent of osteomyelitis for surgical planning 
after the diagnosis has already been confirmed. Although 
both scintigraphy and MRI are sensitive, false positives may 
exist at sites of active arthropathy. A négative resuit, however, 
does suggest that osteomyelitis is unlikely to be présent. Ail 
results must be considered in the context of the clinical 
findings. 






PART XIX THE FOOT AND ANKLE 


TREATMENT 

The primary goals of treatment of diabetic foot ulcers are 
healing of the ulcer, prévention of secondary infection and 
récurrence, and avoidance of amputation. Recognizing and 
conveying the significance of a foot ulcer to the patient are 
important: a 44% 5-year mortality and mean survival of 50 
months after onset of a new diabetic foot ulcer hâve been 
reported. Assal demonstrated that the cost savings in avoid- 
ing amputation are significant: in 1995, the direct cost of nine 
below-knee amputations was équivalent to the salaries of 
three physicians, five nurses, one dietitian, one secretary, and 
three auxiliary staff combined. In a more recent study from 
the Vétérans Health Administration, the cost associated with 
a single lower-limb amputation was $60,647. 

Existing treatments are numerous and include newer 
ideas such as bioengineered skin, platelet-derived growth 
factor, and collagen-calcium alginate dressings. The most 
standard treatments are debridement and off-loading of the 
affected area. Because of the complexities of treating diabetic 
feet, including impaired blood supply, osteoporotic bone, and 


_ TABLE 85-3 _ 

Imaging Modalities for Diagnosis of 
Osteomyelitis Associated With Diabetic 
Foot Ulcer 


DIAGNOSTIC MODAUTY 

SENSITIVITY 

SPECIFICITY 

Probe-to-bone test or 
exposed bone 

60% 

91% 

Radiography 

54% 

68% 

MRI 

90% 

79% 

Bone scan 

81% 

28% 

Leukocyte scan 

74% 

68% 


Modified from Dinh MT, Abad CL, Safdar N: Diagnostic accuracy of the physical 
examination and imaging tests for osteomyelitis underlying diabetic foot ulcers: 
meta-analysis, Clin Infect Dis 47:519, 2008. 


neuropathy, a multidisciplinary approach is most bénéficiai. 
Multidisciplinary care has been shown to be cost-effective, to 
decrease the future amputation rate, and to be especially bén¬ 
éficiai for patients over the âge of 70 years. Expertise offen is 
needed from subspecialists in orthopaedics, vascular surgery, 
orthotics, infectious disease, endocrinology, and wound 
nursing. Vascular consultation should be considered when 
rest pain, claudication, or ischémie ulcers are présent. Endo¬ 
crinology may assist if blood glucose levels cannot be con- 
trolled by the primary care practitioner or if the patient shows 
unusual response to standard glycémie control measures. 
Infectious disease consultation may be helpful when a patient 
fails to respond to empiric antibiotic therapy or if there is 
potential for rénal or hepatic toxicity with culture-spécifie 
antibiotic therapy. 

Primary responsibility for the patient remains with the 
surgeon; however, other office personnel who are appropri- 
ately trained may enhance routine foot care and patient 
éducation. A nurse with advanced training in wound care, 
ostomy, and continence is an asset to both the treating surgeon 
and the patient. 

Evaluation of a foot ulcer begins with identification of 
any underlying conditions (Fig. 85-9). Any evidence of 
ischemia, venous stasis, or pressure from shoes must be iden- 
tified and treated. Systemic factors, including glucose control, 
smoking, and diet, should be controlled to optimize the 
wound-healing environment. Ail areas surrounding the 
wound should be inspected for periwound callus and necrotic 
tissue. A thickened callus will increase pressure on the 
underlying tissue when the patient bears weight on the foot 
and may prevent the inward epithelialization of the ulcer 
from the border area. Thickened callus also may be the pre- 
cursor of an ulcer. 

Using the Wagner classification of foot ulcers (see Table 
85-1), grade 0 ulcers should be treated with serial examina¬ 
tions, patient éducation, and accommodative footwear. Grade 
I ulcers can be treated with debridement in the clinic and 
off-loading with a total contact cast, walking brace, or other 
custom footwear. Grade II ulcers require surgical debride¬ 
ment, culture-spécifie antibiotics, and off-loading with total 



Plantar ulcération due to fixed interphalangeal joint flexion. A f Dorsal view. B f Plantar view. (From Brodsky JW: The 
diabetic foot. In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot and ankle, ed 8, Philadelphia, 2007, Elsevier.) 
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Grade II 
extends into metatarsal 
osteomyelitis. 


ulcer under second metatarsal head 
head with presumptive contiguous 


contact casting. Grade III ulcers (Fig. 85-10) require surgical 
debridement or partial amputation with off-loading and 
culture spécifie antibiotics. Grades IV and V ulcers require 
local or larger amputation based on the extent of infection. 
In the ischémie classification of Brodsky et al. (see Table 
85-2), type B ischemia should be considered for noninvasive 
vascular testing and reconstruction with bypass or angio- 
plasty. Type C involvement may require reconstructive vas¬ 
cular surgery with partial amputation, while type D requires 
thorough vascular évaluation and likely major extremity 
amputation. 

Debridement, whether done in the clinic or operating 
room, involves sharply removing ail hypertrophie callus and 
nonviable tissue. The goal is to convert a chronic nonhealing 
wound into an acute wound capable of progressing through 
the natural phases of wound healing. Ail infected tissue, 
including soft tissue and bone, must be excised. This decreases 
the bacterial load and the detrimental cellular breakdown 
products such as matrix metalloproteinases from the wound 
bed. Wagner grade I ulcers can be debrided in the office, 
while those with deeper exposed structures warrant opéra¬ 
tive debridement. The most important aspect in the treat- 
ment of grade I ulcers is off-loading of the aftected région, 
rather than the type of dressing used. Any necrotic tissue 
présent serves as a medium for bacterial growth and should 
be excised. Ulcers should be probed with a stérile swab; if 
bone is encountered, osteomyelitis may be presumed. Ulcers 
with direct communication to bone generally require surgi¬ 
cal debridement. 

A scalpel can be used in the office to thin thick peri- 
wound callus, or a pumice stone may suffice if the callus is 
thin. The scalpel is held with the blade roughly parallel to the 
callus edge, and thin layers are removed until the entire callus 
has been excised. In patients with intact plantar sensation, 
this may be painful and difficult to tolerate without a local 
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anesthetic. Insensate diabetic patients may not require any 
additional anesthésia for callus thinning in the office. 

Numerous products are available to deal with the fluid 
exudate from chronic ulcers. This exudate has been shown to 
contain numerous cellular breakdown products, including 
metalloproteinases that inhibit cellular prolifération. Removal 
of this fluid is thought to promote wound healing. Ulcers with 
fibrinous débris may be best treated by moist-to-dry gauze 
dressing changes. A moist piece of gauze placed on the wound 
and allowed to dry provides a mechanical debridement when 
it is removed. This is a nonselective debridement, though, and 
healthy viable tissue also may be removed during this process. 
Wet-to-dry dressings of saline-soaked gauze hâve shown an 
aggregate mean healing rate of 24% at 12 weeks and 31% at 
20 weeks. Collagenase-based enzymatic cleaners also are an 
option in the management of foot ulcers. They are sélective 
for nonviable tissue but are ineffective at removing callus. 
Daily dressing changes with foams, hydrofibers, calcium algi- 
nates, hydrocolloids, négative pressure sponges, and crystal¬ 
line sodium chloride gauze for exudative wounds and 
hydrogels for dry wounds hâve been reported. Although 
studies exist for each of these showing improvement com- 
pared with a control group, no study to date has shown supe- 
riority to the healing rates of a total contact cast and no study 
has directly compared the dressing change protocol to a total 
contact cast protocol. Négative pressure wound therapy 
(NPWT) devices are another option to assist in ulcer healing. 

The exact mechanism of action of NPWT is unknown; 
however, studies hâve shown that it may increase local blood 
flow, decrease edema, and increase the concentration of 
growth factors in the local wound fluid. 

Erythema, induration, increased exudate, and pain are 
symptoms of an infected ulcer. Infection significantly slows 
the healing process and must be treated with systemic anti¬ 
biotics in addition to debridement. Cultures of the ulcer gen¬ 
erally are not recommended because the sensitivity in 
isolating the causative organism is low. Most ulcers are colo- 
nized with bacteria that has not invaded the deep tissue and 
do not require antibiotics. When wound cultures are obtained, 
this should be done affer thorough debridement of the wound. 

The goal is to identify the organism invading the viable tissue 
rather than that occurring in the necrotic areas; viable tissue 
should be swabbed, not the tissue to be debrided. 

Wounds should be cleansed with saline irrigant using a 
syringe and needle to increase the pressure applied. This 
decreases local bacteria levels and removes any local débris. 
Harsh Chemicals such as hydrogen peroxide and betadine 
should not be applied because these can damage the viable 
tissue in the ulcer and further delay healing. A dressing 
applied daily to maintain a moist environment in the ulcer 
will minimize desiccation and facilitate healing. The dressing 
used should be based on the characteristics of the ulcer. 
Ulcers with large quantities of exudate require a more absorp- 
tive dressing, while low exudative ulcers should hâve mois- 
ture added (moist-to-dry dressing). 

Routine nail care may be provided by the physician or 
nurse if the patient is unable to do so. A straight nail clipper 
should be used to transversely eut the nail to avoid any skin 
overgrowth at the médial and latéral borders, which may 
increase the chance of developing an ingrown nail. 

Hyperbaric oxygen (HBO) has been used as a treatment 
for diabetic foot ulcers, and randomized trials hâve shown 
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54% healing using HBO compared with 25% for standard 
methods. Several important issues remain to be solved, 
including the économies, access, and sélection criteria for 
which patients would benefit most from HBO. It currently 
appears that HBO is an option for patients with difficult-to- 
heal diabetic foot ulcers. 

■ PATIENT EDUCATION 

Patient éducation for diabetic patients has been shown to be 
cost-effective, improve patient quality of life, and reduce the 
risk of lower extremity amputation by 50% to 85%. Regular 
éducation is important; research has shown that 20% of dia¬ 
betic patients lack basic knowledge about the risk their 
disease poses to their feet, with rétention of the information 
decreasing over time. Basic guidelines recommended by the 
American Orthopaedic Foot and Ankle Society should be 
reviewed and reinforced at each patient visit. Patients should 
be reminded to wear shoes at ail times and to never use corn 
or callous removers. Feet should be inspected daily, and any 
signs of erythema, ulcération, or nail problems should be 
brought to the attention of the care provider. Feet should be 
bathed daily with mild soap and a soft brush for the areas 
around the nails. When drying the feet, attention should be 
paid to the web spaces because these areas often trap mois- 
ture. If the web spaces remain overly moist, lambs wool may 
be placed in between the toes to avoid macération. Lotion of 
lanolin cream should be applied, and cotton or other natural 
fiber socks should be worn to absorb perspiration. White 
socks are helpful to quickly identify any areas of drainage or 
bleeding. Idéal shoes are those made of soft leather with 
adjustable lacing or straps over the instep and a wide toe box. 

Diabetic patients with normal sensation and minimal to 
no deformity should be provided basic éducation and should 
hâve an annual examination. Normal footwear can be used 
with caution, avoiding any shoes with a narrow toebox or that 
are undersized. Patients with insensate feet but no deformity 
require a daily self-examination, pressure-relieving custom 
insoles replaced every 6 months, and an examination twice 
annually. Oxford leather shoes with laces and adéquate size 
to accommodate a pressure-relieving insole are recom¬ 
mended. Insensate feet with deformity are considered “at 
risk” and need custom insoles with an Oxford-style shoe and 
follow-up every 4 months. At-risk patients with any history 
of ulcération should be evaluated every 2 months and con¬ 
sidération should be given to referral to an orthopaedic foot 
and ankle specialist. 

■ TOTAL CONTACT CASTING 

Reducing pressure on plantar ulcers is crucial to aid healing. 
Forefoot pressures can be reduced with prefabricated shoes 
more easily than midfoot or hindfoot ulcers. Total contact 
casting is more effective than prefabricated shoes for the 
midfoot and hindfoot (Fig. 85-11). A total contact cast redis- 
tributes forces from the plantar surface of the foot to the leg, 
which reduces the force on the foot even with weight-bearing 
activity. Total contact casting also is bénéficiai in that it 
reduces edema in the extremity, which is why the cast must 
be changed regularly to prevent loosening that can lead to 
further ulcération. Patients are unable to remove the cast so 
there is a forced compliance aspect compared with a prefab¬ 
ricated shoe or boot. Total contact casting for plantar ulcers 
(Fig. 85-12) showed significantly better healing (89.5%) than 


removable prefabricated walking boots (65%) or shoes (58%). 
This is similar to the 88% healing rate reported at 41 days with 
total contact casting alone in a study comparing casting alone 
to casting with percutaneous Achilles lengthening. Patients 
may bear weight in a total contact cast as moderate annula¬ 
tion has not been shown to increase healing times of foot 
ulcers in a cast. Patients hâve been shown to decrease their 
activity over the course of a day in a total contact cast, which 
reduces the stress on the foot. 

Total contact casting is not a benign treatment, however; 
it has been shown to hâve a 6% to 17% occurrence of new 
ulcer formation and a 0.25% rate of permanent sequelae. 
Although there are numerous studies reporting success with 
total contact casting, some centers do not use this technique 
regularly, opting instead for removable prefabricated boots. 
These removable boots do provide off-loading in patients 
with mild deformity, but multiple studies hâve shown reduced 
efficacy when compared with total contact casting. One study 
of patients with mild deformities showed équivalent results 
between total contact casting and a removable walking boot 
that was wrapped in fiberglass to force patient compliance, 
emphasizing the importance of patient compliance on 
outcome. In patients with moderate to severe deformities, 
prefabricated boots are unable to provide the same outcomes 
as a custom molded total contact cast because of issues with 
fit and less ability to accommodate the fluid shifts. 

TREATMENT OF PERIPHERAL NEUROPATHY 

Numerous classes of pharmacologie agents hâve been devel- 
oped to treat peripheral neuropathy, including anticonvul- 
sants (gabapentin and pregabalin), tricyclic antidepressants, 
serotonin reuptake inhibitors, mild analgésies (tramadol), 
and topical agents (capsaicin). These agents hâve been shown 
to perform better than placebo, but head-to-head trials hâve 
shown more significant différences in costs than in effective - 
ness. Nonpharmacologic modalities, such as nerve stimula¬ 
tion and ultrasound, hâve not shown consistent results. Nerve 
conduction déficits hâve been identified in the periphery in 
this population and surgical release of the entrapment has 
been suggested to be of benefit, but no outcomes-oriented 
prospective randomized trials hâve been reported to date. 

■ SURGICAL MANAGEMENT 

Indications for surgical management are grossly contami- 
nated wounds, unbraceable deformity, gastroenemius con¬ 
tracture, underlying bone prominence that impedes wound 
healing, and failure of conservative management. The goal is 
to provide a stable, braceable foot with a healed soff-tissue 
envelope. Prophylactic surgery may be considered in patients 
who are at risk for wound breakdown because of joint insta- 
bility or bony prominence. Hammertoes and clawtoes can be 
corrected if they cannot be accommodated by shoe wear or 
if correction will assist in healing of a forefoot ulcer. 

Flexor tenotomy as treatment for isolated toe ulcérations 
showed over 90% healing rates in a mean of 40 days, with a 
12% récurrence rate at 2-year follow up. Ulcérations at the 
médial interphalangeal joint of the hallux can be treated 
by resection of the médial condyles of the proximal and distal 
phalanges. Ulcérations at the tip of the hallux are often due 
to flexion deformity of the interphalangeal joint. Plantar 
metatarsophalangeal joint ulcérations are common, difhcult 
to heal, and associated with a high risk of amputation. 
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Technique for application of total contact cast. A f Stockinette applied and eut to eliminate wrinkles. B and C f Vertical 
felt strips placed down médial and latéral sides of leg and malleoli, and cast padding applied over them. D f Felt pad made for plantar 
surface; note radial cuts to aid contouring around heel. E and F f Self-adhesive foam placed over toes and trimmed. G and H, Casting 
tape applied over ail layers. (From Brodsky JW: The diabetic foot. In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot and ankle, 
ed 8, Philadelphia, 2007, Elsevier.) 





























FIGURE 


A f Plantar ulcer healed (B) after 2 months in total contact cast. 


Pressure often is due to sesamoids underlying the joint, and 
treatment may involve partial or complété resection of the 
médial sesamoid through a médial incision, dorsiflexion oste- 
otomy of the first metatarsal, and resection of the joint. If the 
médial sesamoid is resected, the intersesamoidal ligament 
must be preserved and sutured to the abductor hallucis to 
prevent postoperative hallux valgus. Resection of both sesa¬ 
moids is contraindicated because it will lead to dorsal sublux¬ 
ation of the hallux and increase the plantar pressures at the 
metatarsophalangeal joint. Arthrodesis ofthe interphalangeal 
joint should be considered to relieve plantar pressure at the 
tip of the hallux. 

Achilles tendon lengthening and/or gastrocnemius reces¬ 
sion should be considered for patients with forefoot ulcers in 
whom conservative management has failed and contractures 
hâve developed. Use of Achilles tendon lengthening proce¬ 
dures as part of the treatment of diabetic foot ulcers in the 
US increased 143% between 2000 and 2010. Contracture of 
the Achilles increases forefoot pressure, with subséquent 
ulcération. In one study, peak plantar pressures and ulcer 
récurrence rates were decreased by 25% to 50% 2 years after 
an Achilles lengthening. In a study comparing total contact 
casting alone to casting with percutaneous Achilles tendon 
lengthening, similar wound healing rates were reported; 
however, patients treated surgically had significantly fewer 
récurrences of ulcération at 2-year follow-up (38% compared 
with 81%). Gastrocnemius recession also been reported to 
increase healing rates in midfoot ulcérations. Lengthening of 
the Achilles is not without drawbacks because, although the 
forefoot pressures normalize, plantarflexion strength remains 
weakened. 

Exostectomy may be required in patients with bony 
deformity and ulcération. A sufficient period of off-loading 
with total contact casting should be completed before surgery. 


The bony prominence is excised through a direct plantar 
approach or a médial or latéral incision parallel to the plantar 
surface of the foot with full-thickness flaps. After the promi¬ 
nence is excised, the surrounding bone is leveled to avoid 
creating any new ridges of bone that could cause further 
ulcération. Evidence of infection on preoperative imaging 
may necessitate wider surgical excision. Major tendon attach- 
ments (anterior and posterior tibial tendons, peroneus longus 
tendon) may require release to allow complété excision of 
the exostosis, followed by re-anchoring of the tendons. If 
stability of the foot is compromised by excision of the exos¬ 
tosis, arthrodesis is indicated. In patients with neuropathie 
arthropathy, arthrodesis in conjunction with osteotomy may 
be required to achieve a plantigrade, braceable foot. 

For patients in whom other surgical management fails, 
who hâve nonreconstructable vascular disease, or in whom 
infection is uncontrollable, amputation is the last surgical 
option. The National Diabètes Advisory Board estimâtes that 
approximately 5% to 15% of diabetic patients will require a 
lower-extremity amputation in their lifetime. Query of the 
Medicare daims database, however, shows a trend in the US 
over the past decade of more limb-sparing procedures: the 
total number of amputations decreased by 28% and more 
amputations were performed distally at limb-preserving 
locations. 

The level of amputation dépends on the location of infec¬ 
tion and likelihood of healing of the surgical wound. Salvage 
of the foot should be attempted whenever possible because 
transtibial amputation alters the biomechanics of the extrem- 
ity, which increases oxygen consumption and energy expen- 
diture while decreasing motivation for ambulation secondary 
to the inconvenience of a prosthesis or psychologie stress. 
One-year mortality after transtibial amputation is 20%, with 
a 5-year mortality of 65%. Préservation of a portion of the 
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foot gives the patient an end-bearing limb that facilitâtes 
ambulation without a prosthesis and improves functional 
outcome. In the forefoot, ray resection or transmetatarsal 
amputation may be sufficient in a patient with palpable 
puises; however, the same wound in a patient with vascular 
pathology may require transtibial amputation. In the midfoot, 
a talonavicular-calcaneocuboid disarticulation (Chopart) or 
Syme amputation may allow ambulation without prosthesis. 
A viable heel pad is required for a Syme amputation. In the 
hindfoot, other than partial calcanectomy for isolated infec¬ 
tion of the posterior calcaneal tubercle, below-knee amputa¬ 
tion is generally recommended. Partial calcanectomy has 
been shown to hâve an unpredictable postoperative course, 
questionable durability, and increased mortality rate long 
term compared with transtibial amputation. A comparison of 
partial foot amputations to transtibial amputation found 
transmetatarsal amputation to be associated with a statisti- 
cally lower mortality rate at 1 and 3 years after surgery, with 
transmetatarsal and Chopart amputations having high ambu- 
latory levels and the longest durability. The single most 
important factor predicting success of a partial foot amputa¬ 
tion is the hemoglobin A1C level at time of surgery, with 
some authors recommending no elective or trauma surgery 
for a diabetic patient with an A1C level of more than 8% 
unless necessary to save life or limb. 

Nerve décompression in the treatment of diabetic periph- 
eral neuropathy is controversial. Proponents of décompres¬ 
sion point out that nerves in diabetic patients are more 
susceptible to compression because of increased water content 
of the nerve and that surgical décompression may increase 
nutrient flow and decrease récurrence of symptoms. One 
study of 42 patients treated with nerve décompression in 
addition to standard ulcer treatment showed a 4.8% récur¬ 
rence rate on the operative leg compared with 21.4% on the 
contralatéral (nonoperative) leg at 3-year foliow-up. The pro¬ 
cedure may be indicated in a patient with symptoms in a 
spécifie dermatome (not a global neuropathy) with a Tinel 
sign on the nerve for that dermatome. This technique has not 
gained wide acceptance and should be done only in carefully 
selected patients. A 2008 Cochrane review demonstrated that 
evidence to support nerve décompression for diabetic neu¬ 
ropathy is limited. Surgical treatment of diabetic peripheral 
neuropathy remains a controversial issue at this time and 
cannot be recommended without further study. 

TRAUMA IN DIABETIC PATIENTS 

The reported rates of total complications in diabetic patients 
with traumatic injuries range from 14% to 43%, with diabetic 
patients three times more likely to develop a complication 
than nondiabetic patients. These patients often hâve poor 
vascularity, tenuous soff-tissue envelopes, and reduced capac- 
ity to heal from a surgical insult. Fracture healing in diabetic 
patients is slowed from impaired vascular prolifération, cel¬ 
lular prolifération, and mineralization of fracture callus. Basic 
science research using diabetic rat models hâve demonstrated 
decreased callus size, stiffness, and tensile strength compared 
with nondiabetic rats, with severity correlating to the degree 
of glycémie control. Normalization of glycémie levels in these 
poorly controlled rat models also has shown normalization 
of callus mechanical properties, which emphasizes the impor¬ 
tance of perioperative glucose control. Complications from 
treatment are frequent and include nonunion, malunion, loss 
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of fixation, infection, poor wound healing, and secondary 
Charcot arthropathy. When examining the patient, it is 
important to note the presence or absence of puises in addi¬ 
tion to the integrity of the skin. If puises are absent, vascular 
consultation for possible reconstruction should be under- 
taken urgently before any operative fixation of the traumatic 
injury. Surgical fixation of a traumatic injury in an extremity 
lacking the capacity to heal will most likely end in amputa¬ 
tion; however, nonoperative management is not a benign 
treatment, as complications can occur with prolonged casting 
as well. 

Most stable fractures are treated nonoperatively with pro¬ 
longed immobilization. A general rule is to double the immo- 
bilization time for diabetic patients with fractures. 

Unstable ankle fractures in patients without peripheral 
vascular disease are treated surgically to restore stability and 
alignment and to provide a stable environment for the soft 
tissues to heal. Stable fixation may be difficult to obtain 
because of poor bone quality. Larger implants are désirable 
for strength, but this increases the local insult to the soft 
tissues and may compromise wound healing. Fixation can be 
supplemented by transarticular screws, additional syndes- 
motic screws, and/or external fixation (Fig. 85-13 and 
85-14). Regardless of the method of fixation chosen, the 
period of immobilization postoperatively must be increased 
significantly from that of a nondiabetic patient. Neuropathie 
patients should be non-weight bearing in a cast for 3 months, 
followed by weight bearing in a cast for an additional 2 to 3 
months, and then braced for 1 year. 

CHARCOT ARTHROPATHY 

BACKGROUND 

Charcot arthropathy is a neurodegenerative process that 
occurs in phases that include bony destruction, résorption, 
and resulting deformity that can threaten both the function 
and viability of the limb. Jean-Martin Charcot first described 
it in 1868 in the setting of tabes dorsalis. Diabètes is the most 
common cause of Charcot arthropathy today, but other éti¬ 
ologies include syphilis, heavy métal poisoning, alcoholic or 
congénital neuropathy, leprosy, rheumatoid arthritis, and 
idiopathic causes. Diabetic patients with Charcot arthropathy 
hâve a lower quality of life than diabetic patients without 
arthropathy. 

NATURAL HISTORY 

The natural history of Charcot arthropathy begins with acute 
inflammation and swelling and progresses to bone résorp¬ 
tion. As swelling decreases, the bones begin to consolidate 
and increase the stability of the foot. Development of Charcot 
arthropathy in diabetic patients does not appear to be related 
to body weight, even though mechanical stress plays a signifi- 
cant rôle in its pathogenesis. Récurrence of Charcot arthropa¬ 
thy has been linked to a higher body mass index along with 
patient. Radiographie parameters such as the Meary angle, 
cuboid height, calcaneal pitch, and hindfoot-forefoot angle, 
worsen over time, and generally the médial column of the 
foot fails before the latéral column from the pull of the pos¬ 
terior tibial tendon. Sagittal plane deformities are more likely 
to be associated with ulcération than transverse plane abnor- 
malities. Intervention with immobilization early in the disease 
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A and B f Preoperative radiographs of bimalleolar ankle fracture-subluxation in 19-year-old man with 12-year history 
of insulin-dependent diabètes mellitus. C-E f Fixation with fibular plating, médial malleolar screw fixation, and supplémentai syndesmotic 
screws. (From Gandhi A, Liporace F, Azad V, et al: Diabetic fracture healing, Foot Ankle Clin North Am 11:805, 2006.) 
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FIGURE 


A and B f Percutaneous fixation of ankle fracture in diabetic patient. 


process is recommended to avoid future progression to 
advanced stages that are prone to complications and need for 
surgical intervention. 

PATHOGENESIS 

Joints in the body are formed of synovium, tendons, liga¬ 
ments, cartilage, and bone, ail of which are innervated except 
articular cartilage. Each of these structures contains mecha- 
noreceptors, nociceptors, and free nerve endings that are sen¬ 
sitive to and respond to tensile stress. There also exists a reflex 
arc from these structures to surround muscles that assist in 
maintaining joint stability. This complex interplay between 
joint tissue receptors and muscle is disrupted by neuropathy, 
which forms the basis of joint destruction caused by chronic 
neuropathy. Many of the free nerve endings in joints contain 
inflammatory modulators, such as substance P, which hâve a 
vasodilatory effect and induce mast cell degranulation. His¬ 
tologie examination of bone samples from diabetic patients 
with and without Charcot arthropathy showed inflammatory 
myxoid infiltration with disorganized trabecular patterns in 
Charcot bone but not in diabetic Controls. A study examining 
the histologie qualifies of trabecular bone in diabetic and 
nondiabetic patients and those with Charcot arthropathy 
demonstrated an inflammatory myxoid infiltrate, a statisti- 
cally significant decrease in the number of trabeculae, and 
disorganized trabecular patterns in diabetics with Charcot 
arthropathy. The trabeculae in the Charcot bone had poorer 
quality than the other groups. These findings reinforce the 
clinical findings of more fragile bone and more susceptibility 
to fracture in diabetic patients with Charcot arthropathy. 

Although the exact etiology is unknown, Charcot 
arthropathy likely is multifactorial with cellular, biomechani- 


cal, and environmental variables. Increased mechanical forces 
are created from altered joint morphology resulting from 
periarticular osteopenia and lack of proprioceptive feedback. 
These increased forces lead to further joint détérioration in a 
négative feedback loop. There are two théories regarding the 
pathogenesis of Charcot arthropathy. The neurovascular, or 
French, theory was first proposed by Charcot and suggests 
that neurologie damage précédés and is responsible for the 
destructive changes. It proposes that damage to the nervous 
System causes autonomie dysfunction, which increases local 
blood flow due to arteriovenous shunting and leads to bone 
résorption. The neurotraumatic, or German, theory sup- 
ported by Virchow and Volkman suggests that répétitive 
microtrauma causes the bony changes due to absent protec- 
tive mechanisms. It proposes that the body does not respond 
to these microtraumatic stresses because the joint is insensi¬ 
tive from neuropathy and the stress is not perceived. The true 
pathogenesis likely is a combination of these théories. An 
early animal study in which sectioning of the posterior nerve 
roots was followed by activity showed bony changes consis¬ 
tent with Charcot arthropathy in 71%. A later similar study 
of denervation of animal limbs followed by casting of the 
limbs noted a différence in response to immobilization 
between the denervated and nondenervated groups. This sug¬ 
gests that trauma, although important, is not primarily 
responsible for the changes seen in Charcot arthropathy. 

CLASSIFICATION 

Charcot arthropathy can be classified by the anatomie site of 
involvement (Figs. 85-15). Type 1 involving the tarsometatar- 
sal and naviculocuneiform joints is most common (60%). 
Midfoot involvement, specifically the tarsometatarsal joints, 
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Dorsal (A) and latéral (B) views showing anatomie classification of Charcot arthropathy (see text). (Redrawn from 
Brodsky JW: The diabetic foot. In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot and ankle, ed 8, Philadelphia, 2007, Elsevier.) 


is most frequent and is characterized by hindfoot valgus as a 
resuit of forefoot abduction with a contracted gastrocsoleus 
complex (Fig. 85-16). This combined pathoanatomy generally 
leads to a stable rocker-bottom deformity with possible sec- 
ondary plantar ulcérations in this area. Type 2 is the second 
most common type (25%) and primarily involves the hind¬ 
foot, including the subtalar, talonavicular, and calcaneocu- 
boid joints, and may also progress to a rocker-bottom 
deformity from plantarflexion of the talar head, but typically 
develops marked varus or valgus alignment of the hindfoot. 
Type 3A (10%) involves the ankle and often results in ulcér¬ 
ations over the prominent malleoli. Ankle involvement gen¬ 
erally requires operative intervention because of marked 
instability. Type 3B (5%) présents as a pathologie fracture of 
the calcaneal tuberosity from avulsion. Primary hindfoot and 
ankle involvement are not well tolerated and conservative 
management often fails. 

Eichenholtz developed a commonly used classification 
System based on the stage of healing as assessed by radio- 
graphs and clinical signs of inflammation (Table 85-4). Some 
authors hâve questioned the validity of the Eichenholtz clas¬ 
sification System and prefer an MRI or PET/CT-based clas¬ 
sification to detect earlier changes that may be missed on 
initial radiographs. 

TREATMENT 

Combined, the anatomie and Eichenholtz staging Systems 
are useful in guiding treatment decisions for patients with 
Charcot arthropathy. Immobilization remains the primary 
treatment method, with the goal of maintaining a plantigrade 
foot with a closed soft-tissue envelope that is able to with- 
stand weight-bearing forces. Stage 1 disease is treated with a 
total contact cast, which ofiloads the involved région and 
provides stability and alignment through the healing phases. 
As radiographie and clinical signs of healing become évident 
(stage 2), patients can be transitioned into a prefabricated 
boot or a custom-molded ankle-foot-orthosis. When consoli¬ 
dation is complété and swelling résolves completely (stage 3), 


an accommodative shoe with molded orthosis is sufficient. 
Patients should be counseled from the outset that even with 
intensive treatment, up to 50% may require surgical interven¬ 
tion. Vitamin D supplémentation should be considered for ail 
patients because research has shown frequent hypovitamino- 
sis D in diabetic patients and clarified its rôle in the patho- 
genesis and treatment of Charcot arthropathy. Recent studies 
on the use of calcitonin and bisphosphonates hâve shown 
limited effectiveness, and these médications currently are not 
considered standard of care. 

Traditionally, elective surgery was avoided in this high- 
risk group because of increased rates of infection, nonunion, 
and delayed wound healing. Over the past decade, however, 
operative management has become more frequent due to 
improvements in glycémie control, methods of fixation, and 
vascular. Surgical management of Charcot arthropathy may 
be cautiously considered for instability with resulting soft- 
tissue compromise. Although some studies hâve shown ben- 
efits with early surgical intervention, most surgeons prefer to 
delay surgery until the inflammatory phase has resolved, 
because bone in this phase has poor healing and osteoclastic 
résorption, making it insufficient to hold fixation. 

The decision to operate is made only after considération 
of each individual patients situation, including comorbidi- 
ties, severity and location of deformity, compliance, stability, 
and condition of the soft-tissue envelope. A systematic review 
of the literature showed primarily low-level evidence, with no 
studies comparing different techniques, methods of fixation, 
or outcomes between surgically and nonsurgically treated 
patients. The review concluded that the evidence for acute 
phase surgical intervention is inconclusive, and there is insuf¬ 
ficient evidence to recommend one form of fixation over 
another. 

The primary goals of surgical intervention are to prevent 
ulcération, infection, and amputation by decreasing sites 
of underlying pressure and improving alignment and 
stability of the foot. Sites of pressure from underlying bone 
that cannot be accommodated or relieved by prostheses or 
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A and B f Collapse at Lisfranc joints, valgus posturing of forefoot, and shortening of first ray. Prominence medially is 
médial cuneiform. C f Same foot with subluxations at tarsometatarsal joints, fragmentation of bone, shortening and angulation of first 
ray, and new bone formation. 


TABLE 85-4 


Eichenholtz Classification of Charcot Arthropathy in the Diabetic Foot 

STAGE 

RADIOGRAPHIC SIGNS 

CLINICAL SIGNS 

0 

No osteoporosis noted 

Unilatéral edema, erythema; warm, intact skin 

1 

Fragmentation 

Osseous destruction, joint 
subluxation/dislocation 

Similar to stage 0 

2 

Coalescence 

Absorption of bone débris with 
coalescence of small fracture 
fragments 

Decreased erythema, warmth, edema 

3 

Consolidation 

Consolidation and remodeling 
fracture fragments 

No edema, warmth, or erythema 
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A f Incision for removal of plantar bony prominence. B f Chronic plantar ulcer in neuropathie foot résistant to conser¬ 
vative treatment. C f Radiograph shows plantar bony prominence (arrow). D and E f Mass is exposed circumferentially. F, Wound is closed 
with large sutures in single layer, closing dead space. Percutaneous lengthening of Achilles tendon frequently is needed. G f Twenty-one 
months after bony resection and use of protective insert and shoe. 


orthoses are best treated with exostectomy (Fig. 85-17). 
Exostectomy is most bénéficiai in Brodsky type 1 deformi- 
ties in which tarsometatarsal destruction leads to rocker- 
bottom deformity and increased midfoot plantar pressures. 
Care must be taken to remove enough bone to relieve the 
underlying pressure without further disrupting the stability 
of the foot. 

Patients with instability and résultant pain or ulcération 
may be best treated with arthrodesis (Fig. 85-18). Despite a 
high rate of partial unions (24%), the literature does demon- 
strate success with arthrodesis in patients in whom conserva¬ 
tive management fails. Many patients with diabetic Charcot 
arthropathy are unable to follow protected weight bearing 
regimens after surgery, which may explain both the increased 
nonunion rate and the relatively high rate of asymptomatic 
fibrous unions (Fig. 85-19). The procedure chosen dépends 
on the location and severity of disease, in addition to surgeon 
preference. Type 1 deformities generally require midfoot 
arthrodesis, while type 2 deformities require triple arthro¬ 
desis. Ostéotomies and wedge resections may be required to 


improve alignment before arthrodesis and can be done in a 
single procedure or staged procedures. In general, internai 
fixation methods are used in the absence of infection, while 
multiplanar external fixation is useful in the presence of 
infection or a poor soff-tissue envelope (Fig. 85-20). Stronger 
fixation with thicker plates combined with larger screws is 
required in patients with Charcot arthropathy because of 
their ostéopénie bone. In the midfoot, a plate applied on the 
plantar surface takes advantage of the tension-band principle 
to increase compressive forces at the site of arthrodesis 
(Fig. 85-21). 

In patients with uncontrollable infection or failed opéra¬ 
tive treatment, amputation preserving as much length as pos¬ 
sible may be the best option (Fig. 85-22). An estimated 2% to 
3% of patients with Charcot arthropathy hâve amputations 
each year, while nearly a third of patients with arthropathy 
and an ulcer require major amputations. Although amputa¬ 
tion offen is incorrectly viewed as a failure, studies hâve 
shown improved quality of life and satisfaction in this diffi- 
cult patient population. 
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FIGURE 


A and B, Charcot arthropathy. C and D f After tibiotalocalcaneal arthrodesis with intramedullary nail. 
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FIGURE 


A and B f Charcot arthropathy of forefoot. 
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A and B f Charcot arthropathy of ankle with osteomyelitis. C f Clinical appearance of foot with médial ulcer. D and E f 
Removal of infected talus. Continued 
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FIGURE 


mmŒ* F, Application of hybrid external fixator. G and H f Postoperative radiographs showing hybrid fixator in place. 
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A f Charcot arthropathy of midfoot. B, Use of plate on plantar surface takes advantage of tension band principle to 
provide stronger fixation. 



FIGURE 


^ A and B f Charcot arthropathy with severe infection and instability. 
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TARSAL TUNNEL SYNDROME 

ANATOMY AND ETIOLOGY 

The tarsal tunnel is a fibroosseous tunnel within the pos- 
teromedial ankle and hindfoot in which the tibial nerve, 
posterior tibial artery, accompanying veins, posterior tibial 
tendon, flexor digitorum longus, and flexor hallucis longus 
tendons pass into the foot. The flexor retinaculum acts as 
the roof of this tunnel and extends from the médial malleo- 
lus to the médial side of the calcaneal tuberosity. The médial 
distal tibia, talus, and calcaneus make up the tunnels floor. 
Septa, which separate the posterior tibial, flexor digitorum 
longus, and flexor hallucis longus tendons, project from the 
fibrous roof to the calcaneus. Between the flexor digitorum 
longus and flexor hallucis longus tendons, the tibial nerve, 
posterior tibial artery, and accompanying veins pass to enter 
the foot. 

Before reaching the foot, the tibial nerve divides into 
three terminal branches: the médial calcaneal nerve (MCN), 
latéral plantar nerve (LPN), and médial plantar nerve (MPN). 
Tibial nerve branch morphology varies, but typically the 
tibial nerve branches within the tunnel just proximal and 
deep to the upper edge of the abductor hallucis muscle. The 
MCN branches first, traveling posteriorly to the subeutane- 
ous tissue. Corning off posteriorly, the first branch of the LPN 
passes under the abductor, over the médial fascia of the quad- 
rates plantae, deep to the plantar fascia, and under the heel 
to the flexor digitorum brevis, where it sends a sensory branch 
to the central heel skin, and terminâtes in the abductor digiti 
quinti. The first branch of the LPN may branch from the main 
tibial nerve but still travels under the abductor with the LPN. 
Anterior to its first branch, the LPN passes deep to the abduc¬ 
tor fascia and plantar fascia and over the quadrates plantae. 
Then it continues distally under the flexor digitorum brevis, 
terminating in the fourth webspace and supplying a branch 


to the third webspace. The LPN also supplies motor branches 
to the intrinsic muscles. Finally, the MPN innervâtes the 
abductor and continues under the abductor and the plantar 
fascia to form the common digital nerves, which terminate 
to the first, second, and third web spaces and motor branches 
to the interossei and lumbricals. 

Historically, the term tarsal tunnel syndrome referred to 
tibial nerve entrapment beneath the flexor retinaculum. This 
syndrome was first described by Kopell and Thompson in 
1960 and named tarsal tunnel syndrome by Keck and Lam a 
few years later. In 1987, Heimkes and colleagues first 
described distal tarsal tunnel syndrome, in which the distal 
tibial nerve branches are entrapped as they enter the foot. 
Together, proximal and distal tarsal tunnel syndromes 
encompass a spectrum of tibial nerve entrapment within the 
tarsal canal. 

Sources of constriction beneath and adjacent to the tarsal 
tunnel include bone fragments from displaced distal tibial, 
talar, or calcaneal fractures tenosynovitis or ganglia of an 
adjacent tendon sheath or from the subtalar or tibiotalar 
joints and bone and soft-tissue encroachment in rheumatoid 
arthritis or ankylosing spondylitis, varicosities, neural tumor 
(neurilemoma; Fig. 86-1), perineural fibrosis, tarsal coalition, 
and calcaneal ostéotomies. Furthermore, a fixed valgus hind¬ 
foot can prédisposé to chronic traction neuropathy of the 
posterior tibial nerve or one of its branches. 

CLINICAL FINDINGS AND DIAGNOSIS 

Clinical symptoms of tarsal tunnel syndrome vary, and this 
disorder should be kept in mind whenever unexplained dys- 
thesias are présent in the plantar aspect of the foot, in the toes, 
or over the médial distal calf (Valleix phenomenon). Symp¬ 
toms may be similar to those of plantar fasciitis, but unlike 
plantar fasciitis, nerve entrapment symptoms do not résolve 
quickly. Making the diagnosis difficult, typical neurogenic 
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CT scan (A) and MRI (B) clearly identify neurilemoma in a 40-year-old man with positive Tinel sign. Note fullness in 
posterior soft tissues. Gross specimen: unsectioned (C) and sectioned (D). Microscopically, mass was neurilemoma. Although they are 
nerve sheath tumors, some neurilemomas cannot be removed without excision of nerve branch. 


symptoms are not always présent and symptoms may be 
présent at night, during exercise, or at rest. Symptoms can be 
confined to the latéral plantar nerve, médial plantar nerve, or 
médial calcaneal nerve. 

A thorough, detailed examination, aided with a good 
patient history, improves diagnostic accuracy. Careful exam¬ 
ination for subtle sensory abnormalities or différences in 
température, sweating pattern, and skin abnormalities may 
lead to the correct diagnosis. Although a common com- 
plaint, detecting sensory abnormalities often is difficult. 
Dryness and scaliness of the skin may be présent over only 
the latéral or médial plantar nerve distribution. Atrophy of 
the abductor hallucis, abductor digiti minimi, or both, often 
a difficult finding to detect, may be obvious compared with 
the asymptomatic foot. Point tenderness of the médial heel 
in the soft spot at the lower edge of the abductor hallucis 
may indicate distal entrapment of the tibial branches, and a 
Tinel sign over the flexor retinaculum may indicate proxi¬ 
mal entrapment. 


Abouelela and Zohiery described a “triple compression 
test” for diagnosing tarsal tunnel syndrome: the ankle is plan- 
tarflexed and the foot is inverted (increasing the tarsal tunnel 
compartment pressures), then digital compression is applied 
over the tibial nerve. Fifty patients with symptoms suggestive 
of tarsal tunnel syndrome and 40 asymptomatic patients were 
tested, and the tarsal tunnel diagnosis was confirmed with 
electrophysiologic testing. Test sensitivity was 86% and speci- 
ficity was 100%. 

Kinoshita et al. described another provocative maneuver 
to elicit symptoms suggesting tarsal tunnel syndrome. The 
dorsiflexion-eversion test is done by maximally everting and 
dorsiflexing the ankle passively, while ail the metatarsopha- 
langeal joints also are maximally dorsiflexed. This position is 
held for 5 to 10 seconds. In a comparison of 100 feet in 
asymptomatic volunteers with 44 feet in symptomatic patients, 
the authors found that the patients symptoms were exacer- 
bated in 36 of the 44 feet. None of the feet in the control group 
exhibited symptoms with this maneuver. Affer release of the 
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tarsal tunnel, the dorsiflexion-eversion test elicited tarsal 
tunnel symptoms in only three feet, ail of which had calcaneal 
fractures. 

Imaging modalities can assist the évaluation of tarsal 
tunnel syndrome. Plain radiographs demonstrate osseous 
abnormalities (e.g., fractures or talocalcaneal coalitions) that 
may contribute to tarsal tunnel symptoms. The use of ultra- 
sound in the évaluation of tarsal tunnel has been reported; 
however, we prefer MRI because of the improved detail of the 
tarsal contents. MRI has been shown to identify the cause of 
the tarsal tunnel syndrome in up to 88% of patients. More 
important, MRI aids with surgical planning by providing 
detailed characteristics and location of space-occupying 
lésions. 

Electrodiagnostic testing is indicated for any patient sus- 
pected of having compression of the tibial nerve beneath the 
flexor retinaculum. In an evidence-based review of the use- 
fulness of electrodiagnostic testing in suspected tarsal tunnel 
syndrome, Patel et al. recommended the use of nerve conduc¬ 
tion studies but found insufficient data to recommend the use 
of electromyography. Electrical studies also are useful in iden- 
tifying an unsuspected peripheral neuropathy suggestive of a 
systemic, rather than localized, nerve injury. Despite evidence 
demonstrating their usefulness, electrodiagnostic studies can 
be normal in patients with tarsal tunnel syndrome, and néga¬ 
tive electrodiagnostic testing does not provide a contraindica- 
tion for surgery. 

TREATMENT 

Initially, 6 to 12 weeks of ankle immobilization in a night 
splint, antiinflammatory agents, and a wide, cushioned, com- 
fortable shoe are recommended. If distal tarsal tunnel syn¬ 
drome is suspected, an orthosis with a relief channel within 
the médial arch may be effective; a standard orthosis with a 
longitudinal arch may worsen symptoms. Caution is recom¬ 
mended in advising surgical treatment of tarsal tunnel syn¬ 
drome in patients who are older (60 to 80 years old), 
hâve posttraumatic scarring within the tarsal canal, hâve no 
objective cause for symptoms (idiopathic), and those with 
protracted psychiatrie illness. Symptoms caused by space- 
occupying lésions should be treated surgically. When conser¬ 
vative treatment fails, surgical treatment is indicated. 

If surgical treatment is indicated, the tibial nerve and its 
branches must be meticulously exposed and unroofed. The 
release must include incision of 1 to 2 cm of the deep fascia 
above the proximal edge of the flexor retinaculum and fol- 
lowing the médial and latéral plantar nerves beneath the 
abductor hallucis because one or both of these branches may 
pass through fascial slings as they enter the plantar surface of 
the foot. The dissection is refined by the use of magnification, 
a tourniquet, small dissecting scissors, and nontoothed 
forceps. Space-occupying lésions should be excised and align- 
ment disorders corrected. 

Patients with definite lésions generally respond better to 
surgical décompression than those with idiopathic or trau- 
matic étiologies. With no identifiable cause, however, the 
relief of symptoms is less predictable, with approximately 25% 
of patients achieving little or no relief. Rarely, symptoms may 
even worsen affer surgical release. Symptom duration of less 
than 1 year also has been cited as a predictor of better out- 
comes. There are few outcome studies of tarsal tunnel release, 
and the evidence generally is level IV or V. 
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Even doser scrutiny of the clinical factors that can influ¬ 
ence a surgical decision is required for révision tarsal tunnel 
release because diagnosing an “inadéquate release” offen is 
difficult, even with knowledge of the original procedure. Fail- 
ures can occur from incorrect diagnosis, inadéquate release, 
poor technique, or a combination of any of these. To mini- 
mize the probability of inadéquate release, a complété release 
of the tibial nerve and its branches is recommended, except 
in the case of a space-occupying lésion, for which a smaller, 
lésion-spécifie release is acceptable. Nerve scarring is likely in 
patients who had relief affer their initial surgery but then 
experienced a slow return of symptoms. Neurolysis with 
saphenous vein or collagen wrapping to prevent nerve adhér¬ 
ence has been recommended in this situation. Worsening 
symptoms immediately affer surgery may indicate an iatro¬ 
génie nerve injury, from which a painful neuroma may 
develop. Despite careful attention to patient history and phys- 
ical examination findings, combined with meticulous surgical 
technique, the outcomes of révision tarsal tunnel release are 
unpredictable, and appropriate counseling and caution are 
recommended before treatment. 


TARSAL TUNNEL RELEASE 


TECHNIQUE 86-1 


■ Extend the incision from 1 cm plantar to the navicular 
tuberosity in a proximal direction, bisecting the area 
between the médial malleolus and the médial aspect of 
the tuberosity of the calcaneus, and ending 1 cm anterior 
to the Achilles tendon. With the foot in the gravity 
equinus position, this is almost a straight line (Figs. 86-2A 
and 86-3A). Do not undermine the incision. 

■ Coagulate or tie the superficial veins connecting the 
plantar and saphenous Systems and deepen the incision 
through the investing fascia of the calf proximally and the 
médial side of the foot distally. This allows identification 
of the proximal and distal (posterior and anterior) borders 
of the flexor retinaculum and the neurovascular bundle 
before the bundle disappears beneath the retinaculum. 

■ Occasionally, the nerve is enlarged at the upper border of 
the retinaculum. Release the retinaculum from a proximal 
to a distal direction until the muscle fibers of the abductor 
hallucis are reached. 

■ Sometimes a médial calcaneal branch pénétrâtes the reti¬ 
naculum, and care must be taken to avoid severing one 
or more branches of this nerve (médial calcaneal) to 
prevent a painful neuroma (Fig. 86-2B). 

■ The tibial nerve divides beneath the flexor retinaculum 
into the médial and latéral plantar branches. The médial 
calcaneal branch may arise from the main tibial nerve or 
its latéral plantar branch (Fig. 86-3B and C). The tibial 
nerve bifurcates into its médial and latéral components 
beneath the laciniate ligament in most individuals. When 
the médial and latéral plantar nerves reach the médial 
border of the abductor hallucis, they turn plantarward 
and latéral deep to this muscle. 

■ Trace each nerve well distal to the inferior edge of the 
flexor retinaculum until it is certain that no tethering by 
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Abductor hallucis 


flexor retinaculum 
removed 


Tarsal tunnel release. A f Skin incision. B f Note branches of médial calcaneal nerve and artery penetrating retinaculum. 
Broken line indicates incision for reflecting abductor hallucis muscle. C f Abductor hallucis is reflected plantarward, and section of flexor 
retinaculum to be removed is outlined. SEE TECHNIQUE 86-1. 


the fascial origin of the abductor hallucis exists. This is 
made easier by releasing part of the origin of the abduc¬ 
tor hallucis. 

■ If the epineurium appears unequally thickened, it should 
be incised. 

■ Remove a section of the flexor retinaculum over the neu- 
rovascular bundle (Fig. 86-2C). 

■ Remove the tourniquet and secure hemostasis before 
closing the wound (skin and subcutaneous tissue only). 
Apply a stérile compression dressing. 

■Apply a short leg posterior splint to "rest" the wound 
while the incision is in the initial stages of healing (10 to 
14 days). 

POSTOPERATIVE CARE. A bulky compression dressing 
and short leg plaster splint are applied with the foot 
in mild equinovarus and worn for 7 to 10 days. The 
sutures are removed, and adhesive strips are applied. The 
foot is brought to a neutral position, and a fiberglass 


prefabricated short leg cast-brace is worn for an addi- 
tional 10 to 14 days while the wound matures. Ankle 
edema persisting for many weeks is common if the dis¬ 
section has been extensive, and complété recovery may 
require 6 to 12 months. 


ANTERIOR TARSAL TUNNEL 
SYNDROME (DEEP PERONEAL 
NERVE ENTRAPMENT) 

The anterior tarsal tunnel syndrome, denoting entrapment of 
the deep peroneal nerve beneath the inferior extensor reti¬ 
naculum, also has been described (Fig. 86-4). The symptoms 
are dysesthesias in the first web space, and the physical find- 
ings are decreased touch and pinprick in the first web space, 
a possible Tinel sign over the deep peroneal nerve beneath 
the inferior extensor retinaculum, and rarely, atrophy of the 
extensor digitorum brevis muscle if the motor branch of the 
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A f Incision for 
Tumor involves médial calcaneal 


release of tarsal tunnel. Note fullness outlined by dots. B and C f Arrow points to latéral plantar nerve. 
branch of nerve. Tumor was resectable leaving most of this branch intact. SEE TECHNIQUE 86-1. 
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FIGURE 


Anatomy of anterior tarsal tunnel syndrome. 
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small studies hâve reported good results in 80% to 100% of 
patients after surgical décompression for anterior tarsal 
tunnel syndrome. 



FIGURE 


Deep peroneal nerve entrapment. 


dénoté areas of impingement. 


Circles 


deep peroneal nerve arises more distally than normal (i.e., 
proximal to the inferior extensor retinaculum). Proximally 
radiating dysesthesias into the anterior compartment of 
the leg also may occur. The examination should include 
the assessment of extensor digitorum brevis and extensor 
hallucis brevis muscles, and sensation should be compared 
with that of the opposite, asymptomatic foot. If bilateral ante¬ 
rior tarsal tunnel syndrome is présent, a diffuse peripheral 
neuropathy must be suspected. 

Mann and Baxter stated that this syndrome most com- 
monly occurs in runners or in patients with dorsal osteo- 
phytes at the ankle, midtarsal, or metatarsocuneiform 
articulation. The most common areas of nerve entrapment 
are shown in Figure 86-5. Tight-fitting shoes or ski boots, a 
key that is tied into the lacing of a running shoe, hooking the 
feet under a bar or bench when doing sit-ups, and a ganglion 
cyst with or without the presence of traumatic osteophytes 
hâve also been reported as causes. 

Electrical studies may confirm the diagnosis with fibril¬ 
lations, positive sharp waves, and reduced motor action 
potentials in the extensor digitorum brevis and increased 
distal motor and sensory latencies in the presence of a normal 
nerve conduction velocity in the deep peroneal nerve from 
the fibular neck to the ankle. The entrapment offen occurs 
distal to the branch to the extensor digitorum brevis. 

Successful outcomes hâve been reported with both opéra¬ 
tive and nonoperative treatments. Similar to tarsal tunnel 
syndrome, nonoperative management is the first line of 
therapy, with the exception that space-occupying lésions can 
be removed before an extensive course of nonoperative man¬ 
agement. Conservative treatment consists of immobilization, 
identification and removal of external pressure étiologies 
(e.g., overly tightened shoe laces), neurologics (e.g., gabapen- 
tin), and occasional corticosteroid injections. If conservative 
treatment fails, surgical management is indicated; several 


ANTERIOR TARSAL TUNNEL RELEASE 


TECHNIQUE 86-2 


(MANN) 

■ Before surgery, locate the area of compression at the 
anterior ankle joint or the dorsal talonavicular joint. 

■ Make a longitudinal incision 5 to 7 cm long over the 
dorsum of the foot from the talonavicular joint to the first 
intermetatarsal space. 

■ Identify the deep peroneal nerve and dorsalis pedis artery. 
Identify the deep peroneal nerve as it courses beneath 
the extensor hallucis brevis and release the constricting 
portion of the inferior extensor retinaculum. 

■ Mann and Baxter recommend releasing only the portion 
of the retinaculum that seems to be constricting the 
nerve. 

■ Remove any underlying lésion, such as a ganglion cyst or 
osteophyte. 

POSTOPERATIVE CARE. The patient is placed in a cast 
or removable walking boot and begins weight bearing 
to tolérance. The sutures are removed at 2 weeks, and 
immobilization is discontinued unless tenderness persists. 
If the patient is an athlete, training can résumé 4 to 6 
weeks after surgery. 


INTERDIGITAL NEUROMA 

HISTORICAL BACKGROUND 

Interdigital neuroma was first described in 1845 by 
Durlacher, and in 1876, Morton expanded the clinical descrip¬ 
tion and gave the condition its eponym, Morton toe. He pos- 
tulated that the neuroma resulted from pinching of the 
common digital branch of the latéral plantar nerve to the 
fourth web space between the mobile fourth and fifth meta- 
tarsal heads. His theory was not widely accepted, however. 
Other théories hâve included laxity of the transverse metatar- 
sal ligament, instability of the fourth metatarsophalangeal 
joint, development of a “pressure neuralgia,” a tumor involv- 
ing the lateralmost branch of the médial plantar nerve, and 
lumen occlusion in the common digital artery adjacent to 
the nerve. 

The singular anatomy of the fourth digital branch of the 
médial plantar nerve has also been cited as a possible cause. 
This branch emerges from beneath the médial side of the 
flexor digitorum brevis, and while coursing obliquely across 
the plantar surface of the muscle, receives a communicating 
branch from the common digital branch of the latéral plantar 
nerve (Fig. 86-6). This communicating branch emerges from 
the latéral side of the flexor digitorum brevis. It, too, crosses 
obliquely on the surface of this muscle deep to the plantar 
aponeurosis to join the most latéral branch of the médial 
plantar nerve 2 to 3 cm before branching into the proper 
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FIGURE 


Most common anatomie location of interdigital 


neuroma. 


digital branches to the adjacent surfaces of the third and 
fourth toes. Because of this additional branch, which the 
other common digital nerves do not receive, the common 
digital nerve to the third web has been suggested to be thicker 
and more likely to be compressed against the unyielding deep 
transverse intermetatarsal ligament dorsal to it. Levitsky 
et al., however, found this communicating branch to be 
absent in 73% of cadaver feet, and neuromas were identified 
in almost equal distribution between the second and third 
web. None of the théories has been universally accepted, and 
opinions differ regarding even the underlying pathologie 
process in neuroma specimens removed from patients diag- 
nosed as having interdigital neuromas. 

PATHOLOGIC FINDINGS 

The following list summarizes reported pathologie findings: 

■ Perineural fibrosis (Fig. 86-7A) 

■ Increased number of intrafascicular artérioles with thick- 
ened and hyalinized walls caused by multiple layers of 



Pathologie findings of interdigital neuroma. A f Interdigital nerve is greatly thickened by perineural fibrous tissue 
(hematoxylin and eosin stain). B f Vessels in région often show degenerative changes such as fraying and duplication of internai elastic 
lamina (Verhoeff-van Gieson stain). C f Some axons are missing, and others show degenerative changes (Bielschowsky stain). D f Small 
bursa may be found in région (hematoxylin and eosin stain). (Courtesy of Bruce Webber, MD.) 
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basement membranes (Fig. 86-7B). Demyelinization and 
degeneration of nerve fibers with a decrease in the number 
of axis cylinders (Fig. 86-7 C) 

■ Endoneural edema 

■ Absence of inflammatory changes 

■ Frequent presence of bursal tissue accompanying the 
specimen (Fig. 86-7D) 

With the aid of électron microscopy, Lassmann added dépo¬ 
sition of an amorphous, éosinophilie material built up by fila¬ 
ments of tubular structure. This finding is présent in normal 
nerves, but not to the extent that it is présent in interdigital 
neuroma. 

Su et al. examined 674 consecutive pathologie specimens 
obtained after neurectomy for interdigital neuroma and 
found a digital artery accompanying the nerve in 39% of 
specimens. No clinical complications were apparent in the 
patients, probably because of the extensive vascular collater- 
alization of the digital vessels. 

In a strict sense, the term neuroma is incorrect because 
the haphazard prolifération of axons seen in a traumatic 
neuroma is not found and the déposition of hyaline and 
collagenous material accounts for the enlargement. The 
pathologie process probably is degenerative, rather than pro¬ 
liférative, with répétitive trauma against the deep transverse 
intermetatarsal ligament being the most likely cause, but 
even this is uncertain. Répétitive microtrauma, perineural 
fibrosis, ischemia from vasa nervorum occlusion, and endo¬ 
neural edema probably are ultimately responsible for the 
symptoms of interdigital neuroma. The term interdigital neu- 
ritis or neuralgia, rather than interdigital neuroma , has been 
suggested. 

SIGNS AND SYMPTOMS 

The primary symptom of interdigital neuroma is pain, which 
is most often located in the région of the metatarsal heads, 
usually the third and fourth, and frequently described as 
burning, aching, or cramping. Trauma may initiate the symp¬ 
toms, and the duration of pain varies from a few weeks to 
many years. It is increased on walking and relieved by rest, 
removing the shoe, or massaging the forefoot. The most fre¬ 
quent area of tenderness is in the third web space just distal 
to the transverse intermetatarsal ligament. The palpable and 
audible click described by Mulder is helpful for diagnosis 
when présent; however, this sign is frequently positive on the 
opposite asymptomatic foot. This click is best appreciated 
when the patient lies prone, and the examiner places the 
thumb dorsally and the index finger plantarward over the 
appropriate web space (usually the third) and gently rocks 
the hand back and forth. Although a similar finding at an 
asymptomatic interspace may be présent, it usually is not as 
painful. If an enlarged intermetatarsal bursa is présent, or the 
neuroma is exceptionally thick, spreading of the toes at the 
affected web space may be présent. 

Tenderness in the web space is believed to be the most 
common finding in interdigital neuroma. Palpating the web 
spaces with the patient standing sometimes is helpful in dif- 
ferentiating a second web space neuroma from a plantar plate 
lésion at the second metatarsophalangeal joint. If the tender¬ 
ness is mostly in the web space and not in the plantar aspect 
of the base of the proximal phalanx or the dorsolateral aspect 
of the second metatarsophalangeal joint, a neuroma is likely. 
When the patient stands, tenderness in the third web space 


may become more pronounced, indicating a third web space 
neuroma as opposed to a traumatic inflammatory injury 
around the second metatarsophalangeal joint. Palpation in 
the web space with the patient sitting or supine also is helpful 
(Fig. 86-8). Subjective numbness of the toes of the involved 
interspace is common, but objective signs of decreased sen- 
sibility are less common. Women are more commonly affected 
than men (8:1), and the condition usually is unilatéral. The 
use of sensory action potentials to confirm the diagnosis 
objectively has yielded variable results, and the pathologie 
findings also occasionally are found in asymptomatic inter¬ 
digital nerves, so the diagnosis of interdigital neuroma is still 
a clinical one. Although MRI and sonography hâve been rec- 
ommended for diagnosing interdigital neuroma, they hâve 
been shown to be of limited value. 

TREATMENT 

Numerous reports hâve confirmed the efficacy of neuroma 
excision in the third web space. The results of nonoperative 
treatment, consisting of metatarsal bars or pads, local injec¬ 
tion of a steroid préparation into the affected web space, and 
wide toe box shoes, hâve been unpredictable but successful 
often enough to warrant at least a trial period. 

In a level 1 prospective, randomized study, Thomson 
et al. found that at 3-month follow-up, corticosteroid injec¬ 
tions produced significantly improved Visual analog scale 
(VAS) scores compared to the control group. However, 
caution is advised with the répétitive use of steroids, which 
can cause atrophy of the plantar fat pad or disruption of the 
adjacent joint capsule with résultant toe déviation. Alcohol 
injections hâve been reported to improve symptoms in 
short-term follow-up, but Gurdezi et al. found no improve - 
ment at long-term follow-up (average, 61 months) in a study 
of 45 patients: only 29% reported improvement and 36% 
proceeded with surgical excision. Furthermore, 12 of the 45 
patients had minor complications. Epinosa et al. found 
similar results: only 22% of their 32 patients reported 
improvement after alcohol-sclerosing injections. Because of 
these poor results, we do not use sclerosing agents for 
neuroma treatment. 

Most patients hâve considérable improvement after exci¬ 
sion of an interdigital neuroma; however, an accurate diag¬ 
nosis and patient counseling are critical to ensure optimal 
outcomes. In most of the sériés reported, 80% to 95% of the 
patients are completely asymptomatic and pleased with the 
resuit of surgery. However, Mann and Reynolds reported that 
65% of patients still noted some local plantar tenderness after 
surgery, and 20% subjectively rated their resuit as less than a 
50% improvement in symptoms. Another study reported 
limitation in footwear in 70% of patients, and Womack et al. 
found that the long-term outcomes of neuroma excision were 
not as successful as previously reported. More recently, 
Kasparek and Schneider reported that 76% of 98 feet had an 
excellent or good resuit an average of 15 years after neuroma 
excision. Detailed preoperative examination and careful 
patient sélection for surgery are recommended. In addition, 
the patient must be informed before surgery that some symp¬ 
toms may remain after surgery. The surgeon should look care- 
fully for other causes of metatarsalgia that might coexist in a 
patient with an interdigital neuroma and should explain that 
any symptoms other than those caused by the interdigital 
neuroma would not be improved by its excision. 
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FIGURE 


index finger and 
opposite hand. 


A f Digital manipulation with pressure applied just proximal to metatarsal heads by squeezing forefoot between 
thumb. B f Simultaneous compression of forefoot with one hand and compression of web space with two fingers of 


Opinions vary as to whether excision is the operative 
treatment of choice for interdigital neuroma. Gauthier per- 
formed epineural neurolysis using a longitudinal dorsal 
approach. The deep transverse intermetatarsal ligament was 
released to facilitate neurolysis. Overall, 28% of the patients 
either were unimproved or had enough continued symptoms 
to warrant further treatment. We hâve had no expérience 
with this technique. Furthermore, the division of the deep 
transverse intermetatarsal ligament during this procedure is 
controversial. Whether its division results in a “dropped” 
metatarsal or splaying of the forefoot remains uncertain. 
Through the dorsal approach, the nerve is better exposed in 
its proximal portion if the ligament is divided. Through the 
plantar approach, the ligament does not impair exposure 
of the neuroma in its proximal portion and usually is leff 
intact. 

The choice of a dorsal or plantar incision for removing a 
neuroma probably is determined by the surgeons training. 
Either approach can be satisfactory, but patients with a 
plantar incision complain of soreness around the wound for 
many weeks, which gradually résolves. Each approach has 
advantages and disadvantages. For a récurrent interdigital 
neuroma, a plantar approach is recommended because the 
exposure is excellent. With a dorsal approach, identifying 
the stump of the neuroma amid the scar tissue can be diffi- 
cult. The plantar approach allows the surgeon to identify the 
nerve in normal tissue and dissect it out to the involved 
tissue. Dorsal and plantar longitudinal approaches were 
compared in one study that assessed sensory loss, number of 
sick leave weeks, and further treatments. The overall patient 
satisfaction was not significantly different between the two 
approaches. Infection, missed nerves, and nerve stump 


neuroma occurred in the dorsal group, and three minor (2 X 
3 mm) intraincisional kératoses occurred in the plantar 
group. More recently, Nery et al. reported 89% good results, 
7% fair results, and 4% poor results at 7-year follow-up of 
168 patients who had neuroma excision through a plantar 
incision. 

Regardless of the approach, the nerve is transected as far 
proximally as the incision allows, but care must be taken not 
to injure the common digital branches to the second or fourth 
web spaces. Several plantarly directed nerve branches run 
from the common digital nerve into the forefoot pad. They 
are found in the highest concentration in the distal aspect of 
the common digital nerve, just proximal to its bifurcation 
into the proper branches. If the nerve is not transected well 
proximal to the deep transverse intermetatarsal ligament, 
these plantarly directed nerve fibers can tether or prevent 
retraction of the common digital nerve, leading to its adhér¬ 
ence near the metatarsal head and causing recurring symp¬ 
toms. Careful localization of the most tender area, and 
presumably the neuroma stump, before surgery helps the 
surgeon to locate the nerve during the dissection. Mann rec¬ 
ommended the dorsal approach for a récurrent neuroma and 
for the original excision. 

The results of surgery for “récurrent” interdigital neuroma 
or resection of a neuroma stump are not as predictably satis¬ 
factory as the results of primary resection. Forty-three percent 
of patients in one study were dissatisfied with their clinical 
outcome or had major réservations about the efficacy of the 
procedure. Révision surgery for neuroma excision should be 
approached cautiously, and the patient should be counseled 
regarding the possibility of an unsatisfactory resuit affer révi¬ 
sion surgery for interdigital neuroma. 
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INTERDIGITAL NEUROMA EXCISION 
(DORSAL) 


TECHNIQUE 86-3 


(AMIS) 

■ Make a dorsal longitudinal incision 3 to 4 cm proximal 
to the web and extend it distally, ending just proximal to 
the web space. It is important not to follow the extensor 
tendons because they take a more latéral direction. The 
incision, when properly made, is slightly oblique and 
médial in relation to the course of the extensor tendons. 

■ Deepen the dissection and retract the dorsal sensory 
nerves to the side of least résistance. 

■ Proximally identify the dorsal interosseous fascia. Follow 
the dorsal interosseous fascia and muscle distally directly 
tothe bursa overlying the intermetatarsal ligament. Open 
the bursa and identify the intermetatarsal ligament. 

■ Bluntly dissect proximally between the third and fourth 
metatarsals, retracting the corresponding dorsal interos¬ 
seous muscle medially and opening the web space for 
better exposure proximally. 

■ Place a small lamina spreader between the metatarsal 
necks and spread them apart (Fig. 86-9A). 

■ Retract the web space fat pad distally with the deep blade 
of a Senn retractor. 

■Sometimes a larger interdigital neuroma can be seen at 
this point (Fig. 86-10). Do not press up beneath the foot 
to extrude the neuroma distal to the intermetatarsal liga¬ 
ment because this gives a false sense of exposure and 
probably is one reason why récurrence or incomplète 
resection occurs. 

■ Dissect the intermetatarsal ligament at its distal portion 
and divide along the entire length longitudinally. 

■ While protecting the underlying structures, release the 
intermetatarsal ligament using scissors or a No. 15 blade. 
Be careful not to damage the lumbrical tendon beneath. 



A f Lamina spreader used to expose neuroma. 
B f Latéral view of plantar branches of digital nerve. 1, Previously 
recommended level of neurectomy; 2, currently recommended 
level of neurectomy (3 cm proximal to ligament) to avoid plan- 
tarly directed nerve branches. SEE TECHNIQUE 86-3. 


■ When the distal portion of the intermetatarsal ligament 
is identified, free the neurovascular bundle, using scissors 
to spread under the intermetatarsal ligament from a distal 
to proximal direction. 

■ Release the intermetatarsal ligament and remove it proxi¬ 
mally with digital manipulation to identify any remaining 
intermetatarsal ligament that may not hâve been released. 
A complété release of the intermetatarsal ligament is 
essential to the success of this surgery. 

■ Although the intermetatarsal nerve may not be enlarged 
to a great degree, the nerve should be dissected and 
resected as planned regardless of its size. Structures that 
could be mistaken for the nerve in the web space include 
the lumbrical tendon, which passes medially to the base 
of the fourth proximal phalanx, and the common digital 
artery, which usually crosses proximal médial to distal 
latéral lying dorsally over the nerve. Often the artery 
cornes out from under the médial metatarsal neck. If 
identified, dissect the artery away from the nerve and 
preserve it. 

■ Dissect the nerve more distally, but not to the two proper 
digital branches (Fig. 86-11). 

■ The neuroma usually is at or just distal to the intermeta¬ 
tarsal ligament. Extend the dissection to the distal aspect 
of the neuroma, dividing it at that point. 

■ Dissect the nerve circumferentially to 3.0 to 3.5 cm proxi¬ 
mal to the neuroma (Fig. 86-9B). 

■ If the dissection is carried through to the adductor hallucis 
muscle, partially divide or retract it dorsally with a small 
right-angle (Ragnell) retractor. 

■ Divide the plantar-directed branches of the intermetatar¬ 
sal nerve to the forefoot pad so that the nerve is easily 
traced proximally. Ensure that the area of transection cor¬ 
responds to the région of the non-weight-bearing part 
of the foot, 1 to 2 cm proximal to the weight-bearing 
pad of the forefoot, by placing a blunt instrument in the 



FIGURE 


Interdigital neuroma (dorsal approach). SEE 


TECHNIQUE 86-3. 
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same location where the nerve will be transected and 
palpating it in the plantar aspect of the foot. Dissect more 
proximally if this non-weight-bearing area is not achieved. 

■ Divide the nerve at its proximal resting place and remove 
the nerve that was circumferentially dissected and the 
neuroma. 

■ Cauterize the neuroma stump and use a small hemostat 
to place the nerve stump well proximally and dorsally into 
the interosseous muscles, preventing it from reaching a 
weight-bearing area. Send the specimen to the pathology 
department for biopsy. 

■ With the lamina spreader still in place, release the tour¬ 
niquet to détermine whether arteries or larger vessels 
hâve been transected during the procedure. 



Common digital nerve with two proper digital 
branches and neuroma at their junction. SEE TECHNIQUE 86-3. 


■ Remove the lamina spreader and place light compression 
on the forefoot for 5 to 10 minutes while the reactive 
hyperemia time passes. As an alternative, close the wound 
under tourniquet control and release the tourniquet after 
placement of stérile dressings. 

■Close the skin loosely using 4-0 nylon sutures in a hori¬ 
zontal mattress suture fashion. If subcutaneous closure is 
performed, do not include the dorsal sensory nerves 
within the closure. 

■ Place a slightly bulky "sandwich" dressing over a Petro¬ 
leum jelly-impregnated gauze pad and wrap with an 
elastic bandage with only mild compression. 

POSTOPERATIVE CARE. For 48 hours, the patient rests 
with maximal élévation of the extremity and bathroom 
privilèges only. Walking is then allowed as tolerated. 
Sutures are removed at 2 to 3 weeks, and plastic strips 
are placed across the wound for another week. A post- 
operative wooden-soled shoe usually is needed for 2 to 
3 weeks, followed by a wide toe box, soft-vamp shoe for 
an additional 3 to 4 weeks. 


INTERDIGITAL NEUROMA EXCISION 
(LONGITUDINAL PLANTAR INCISION) 


TECHNIQUE 86-4 


■ Under tourniquet control with the patient supine and an 
assistant dorsiflexing the ankle to neutral position, begin 
a 3- to 4-cm plantar longitudinal incision just proximal to 
the web space and continue in a proximal direction (Fig. 
86-1 2A). A small, self-retaining retractor is an excellent 
aid at this point because of fat overlying the plantar 
aponeurosis. 



Interdigital neuroma. A f Plantar incision for "récurrent" interdigital neuroma with communicating nerve entering 
neuroma (arrow). B f Closure after neuroma excision. SEE TECHNIQUE 86-4. 
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■ Make a longitudinal incision in line with the skin incision 
through the plantar aponeurosis. 

■ Using blunt dissection in a longitudinal plane, identify the 
common digital nerve proximally; dissect it distally to the 
neuromatous enlargement just proximal to the émer¬ 
gence of the proper digital branches to the adjacent sides 
of the toes. 

■ Excise the neuroma, being careful to resect the nerve 2 
to 3 cm proximal to the deep transverse intermetatarsal 
ligament. Incising the deep transverse intermetatarsal 
ligament that lies dorsal to the neuroma is unnecessary. 

■ Remove the tourniquet, achieve hemostasis, and close 
the skin with interrupted nonabsorbable sutures only 
(Fig. 86-12B). 

POSTOPERATIVE CARE. A bulky compression dressing 
is applied to the forefoot, and the extremity is elevated 
for 24 hours before beginning ambulation in a wooden- 
soled shoe. We hâve not seen wound complications as a 
resuit of early weight bearing when a postoperative 
wooden-soled shoe has been used and the patient has 
been instructed to walk on the heel of the affected foot. 
If the patient cannot cooperate, however, crutch walking 
is encouraged until the sutures are removed 2 weeks later, 
at which time adhesive strips are applied to the wound 
for another week. The remaining management is the 
same as described for the dorsal incision. 


We currently do not use endoscopy for décompression 
(release of the transverse metatarsal ligament) or excision of 
an interdigital neuroma because of a lack of evidence regard- 
ing its efficacy and safety. Encouraging results, however, hâve 
been reported. 

CAVUS FOOT 

In its simplest form, a cavus foot is one with an abnormally 
high arch. This high arch usually accompanies a spectrum of 
deformities, including hyperextension of the toes at the 
metatarsophalangeal joints and hyperflexion at the interpha- 
langeal joints, pronation and adduction of the forefoot (fore¬ 
foot valgus), a “bony” dorsum of the midfoot with wrinkled 
skin folds on the médial plantar aspect, lengthened latéral 
border of the foot and shortened médial border, calluses 
beneath the metatarsal heads, varied stiffness of the subtalar 
joint, fixed or flexible varus deformity of the heel, and tight- 
ness of the Achilles tendon with or without an equinus con¬ 
tracture. Although pes cavus with multiple deformities is 
difficult to define, it is easily recognized (Fig. 86-13); 
however, it is definitely not easy to treat operatively or 
nonoperatively. 

ETIOLOGY 

What causes such a combination of deformities? How does a 
mildly elevated médial longitudinal arch progress to a rigid 
equinovarus deformity with fixed claw toes? In most patients, 
this progression does not occur. The progression of deformity 
is related to its cause. 

Until more recently, in 80% of patients the cause of 
cavus deformity was unknown. Now, with a detailed physical 


examination, supplemented by electrodiagnostic studies, 
MRI, myelography, arteriography, and even genetic studies, 
the cause can be determined in 80% to 90% of patients. In 
skeletally mature patients, the cause is most frequently neu- 
romuscular disease or trauma. The most common neuromus- 
cular diseases causing pes cavus in skeletally mature feet are 
Charcot-Marie-Tooth disease and poliomyelitis. Patients with 
spinal dysraphism, cérébral palsy, primary cerebellar disease, 
arthrogryposis, or severe clubfeet may develop cavus defor¬ 
mity, but these conditions usually are recognized and treated 
before skeletal maturity. 

Traumatic cavus deformity can be caused by deep poste - 
rior compartment syndrome after fracture of the tibia or 
fibula or by malunion of midfoot fractures or fracture- 
dislocations. The deformity may not appear for several 
months after the local ischemia and muscle fibrosis of the 
deep posterior compartment, or it may appear as a mild, 
barely perceptible abnormality that progresses relentlessly to 
a rigid cavovarus-claw toe deformity. Whether the fibrosis 
and contracture of the posterior tibial, flexor digitorum 
longus, and flexor hallucis longus are caused by ischemia 
from arterial disruption, elevated compartment pressures 
with myonecrosis, or lacération of muscle-tendon units, the 
resuit is a combination of deformities ranging from mild 
clawing of the toes (probably a checkrein deformity caused 
by adhérence of tendons around a fibrotic area of fracture 
healing) to rigid cavovarus-claw toe deformity. 

The exact rôle of the intrinsic muscles in the production 
of the cavus deformity is unclear, especially in traumatic pes 
cavus. Electromyography and nerve conduction velocity 
studies may help to diagnose neurologie abnormalities in the 
intrinsic muscles if a sensory déficit to touch and pinprick 
over the pulps of one or more toes is présent or if tenderness 
is présent beneath the flexor retinaculum along the course of 
the tibial nerve and over the interdigital nerves to the second 
and third interspaces. Posttraumatic cavus deformity usually 
is a hindfoot-midfoot deformity caused by malunion of a 
fracture, such as in the talar neck. 

In some patients with symptomatic cavus deformities, no 
definite cause is discovered (Fig. 86-14). In patients with neu- 
romuscular diseases and patients with idiopathic deformities, 
the underlying pathologie mechanism of the cavus deformity 
is believed to be an imbalance of the extrinsic-intrinsic 
muscles. The intrinsic muscles in the plantar aspect of 
the foot generally flex the metatarsophalangeal joints and 
extend the interphalangeal joints. Any weakness of these 
muscles—absolute or relative to their antagonists—disrupts 
the intrinsic-extrinsic muscle balance, similar to the hand. In 
progressive neuromuscular disease, such as Charcot-Marie- 
Tooth disease, the forefoot assumes an equinus position, with 
a plantarflexed and pronated first metatarsal (Fig. 86-15) and 
concomitant extension at the metatarsophalangeal joint and 
flexion at the interphalangeal joint. In Charcot-Marie-Tooth 
disease, a plantarflexed first ray, presumably caused by pero- 
neus longus sparing, at least relative to the anterior tibial and 
peroneus brevis, causes fixed pronation of the forefoot (fore¬ 
foot valgus). With peroneus brevis weakness, the posterior 
tibial muscle exacerbâtes the forefoot equinus and inverts the 
foot at the midtarsal joints. Further progression of the defor¬ 
mity, especially under the influence of the strong posterior 
tibial muscle, leads to varus deformity of the heel. The plantar 
fascia, in the meantime, has also contracted (Fig. 86-16). 
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A f Mild cavus deformity and clawing of toes in patient in whom no cause could be found. B f Calluses beneath meta- 
tarsal heads are most common symptom prompting orthopaedic consultation. C f Marked forefoot equinus and resulting dorsal promi- 
nence of tarsus in patient with residual poliomyelitis deformity. D f Forefoot is pronated in relation to hindfoot during weight bearing; 
note clawing of toes. E, Shortening of médial column of foot. 
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FIGURE 


A and B f Fifteen-year-old boy with "idiopathic" pes cavus diagnosed after extensive neurologie évaluation. 





Eighteen-year-old man with Charcot-Marie- 
Tooth disease with fixed hindfoot varus, marked forefoot equinus, 
plantarflexed first ray, forefoot pronation during weight bearing, 
tight plantar fascia, and contracted Achilles tendon but no pal¬ 
pable contraction of peroneus longus. 


Latéral and frontal view of plantarflexed first 
ray as seen in Charcot-Marie-Tooth disease as compared with 
normal. 


The principle that the hindfoot deformity follows forefoot 
equinus is supported by the observations of Paulos et al.: the 
rigid plantarflexed first ray forces the heel into varus, and 
eventually the deformity becomes fixed (Fig. 86-17). The 
Coleman and Chestnut block test (Fig. 86-18) is an excellent 


method of determining the hindfoot-forefoot relationship in 
pes cavus and determining whether the hindfoot component 
is flexible. Other than the cause and possibly the âge of the 
patient, the flexibility of any or ail of the anatomie compo- 
nents of a cavus foot is the most important factor for deter¬ 
mining persistence of symptoms and appropriate treatment. 

CLINICAL FINDINGS 

A variety of reasons may cause patients with cavus deformity 
to seek orthopaedic treatment. Patients with idiopathic, 









CHAPTER 86 NEUROGENIC DISORDERS 




A and B f When plantarflexed, first ray strikes 
the ground (A), heel is forced into varus (B). 



Latéral blocktest. Plantarflexed first metatarsal 
is allowed to hang free from block; supple hind part of foot then 
corrects. 


nonprogressive cavus deformities, whose claw toes correct 
with weight bearing or passive élévation of the metatarsal 
heads (flexible deformity), most offen are concerned about 
their ability to work at jobs that require long periods of 
standing. These patients almost invariably do well with 


conservative treatment. Proper callus care, proper shoe wear, 
and metatarsal bars or insoles with metatarsal pads can 
control mild metatarsalgia. Idiopathic pes cavus with claw toe 
deformities that are not corrected with weight bearing or 
passive élévation of the metatarsal heads, fixed pronation of 
the forefoot, and painful callosities usually resuit in increas- 
ing symptoms and progression of part or ail of the compo- 
nents of the cavus deformity 

The diagnosis of idiopathic pes cavus must be one of 
exclusion affer thorough diagnostic efforts. A few patients 
hâve no discernible neuromuscular or other disease and no 
history of trauma to explain the deformity These patients 
with normal sensory and proprioceptive feedback usually 
respond well, even with chronic deformities, if surgical pro¬ 
cedures are carefully chosen to correct spécifie components 
of the deformity 

A patient with progressive muscular and sensory déficits 
with or without fixed deformity présents an entirely different 
clinical problem. Charcot-Marie-Tooth disease is more 
common in males (2:1), but more severe in females. It may 
cause profound sensory déficits that eventually require ampu¬ 
tation. A detailed family history should be obtained from ail 
patients with Charcot-Marie-Tooth disease and a chronologie 
history of the course of the deformities, including time and 
location of the first symptoms, gait changes, and activity level. 
Ail types are inheritable, but nearly half of the cases resuit 
from a new mutation. Resulting from demyelination, CMT-1 
is the most common type, occurring in over 50% of ail cases. 
CMT-1 can be further subdivided into CMT-1 A, CMT-1 B, or 
CMT-1 C. CMT-2 is the second most common type and may 
hâve near normal nerve conduction velocities. There is strik- 
ing variability of pénétration and clinical expression of this 
autosomal dominant disease, even in immédiate family 
members and extended family. CMT-X is found in 10% to 
20% of ail CMT cases and demonstrates an X-linked inheri- 
tance pattern. CMT-4 exhibits an autosomal récessive inheri- 
tance pattern and is very rare. 

A detailed motor-sensory examination must précédé any 
treatment plan. A patient presenting with spasticity, even of 
the mildest degree, or with a preulcerative or ulcerative lésion 
of the plantar surface of the foot must be offered nonoperative 
treatment with shoe or ankle-foot orthoses. Surgery in the 
presence of decreased plantar sensation is fraught with com¬ 
plications that are most difficult to overcome. 

Patients with cavus deformity as a residual of poliomyeli- 
tis usually hâve different physical findings from patients with 
Charcot-Marie-Tooth disease. The postpoliomyelitis cavus 
foot has anterior and posterior (or forefoot and hindfoot) 
components to the deformity, in contrast to patients with 
Charcot-Marie-Tooth disease, who usually hâve no fixed 
hindfoot calcaneal deformity (Fig. 86-19 A). Depending on 
the level of injury and inconsistent recovery, poliomyelitis can 
cause differing patterns of muscle imbalance and subséquent 
deformity. Unlike CMT, a weak gastrocnemius-soleus muscle 
opposite a strong anterior tibial muscle may cause a calcaneal 
deformity of the hindfoot, with or without hindfoot varus or 
valgus, depending on which muscle groups around the ankle 
are strong. Because of intact sensation and the nonprogres¬ 
sive nature of the deformities, patients with postpoliomyelitis 
cavus feet hâve a better, or at least more predictable, prognosis 
than patients with Charcot-Marie-Tooth disease, with or 
without treatment. 
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A f Normal calcaneal pitch, but forefoot equinus in patient with Charcot-Marie-Tooth disease (left). Calcaneal pitch 
angle measures degree of calcaneus deformity (right). B and C f Calcaneal pitch in idiopathic (B) and postpoliomyelitis (C) 
deformities. 


Posttraumatic cavovarus results from injury to the 
extrinsic foot musculature, creating an imbalance with the 
intrinsic musculature. Affecting the deep posterior leg com- 
partment, compartment syndrome and subséquent Volk- 
mann contracture can lead to a cavus foot with claw toe 
deformities. Soft-tissue injuries from crush mechanisms or 
severe burns can lead to muscle imbalance that results in 
cavus deformity. 

RADIOGRAPHIC FINDINGS 

A standing latéral view allows assessment of ankle joint 
position, calcaneal pitch (Fig. 86-19B), and midfoot and 
forefoot position, especially the degree of plantarflexion of 
the first ray (Fig. 86-19C). This information is invaluable in 
preoperative planning. Forefoot equinus may require only 
release of the plantar fascia and intrinsic muscles, with or 
without an osteotomy of the first metatarsal or possibly 
multiple closing wedge ostéotomies at the Lisfranc or mid- 
tarsal joints. The standing latéral radiograph also allows 
estimation of the contribution of the hindfoot (talus and 
calcaneus), midfoot (navicular and cuboid-cuneiform), and 
forefoot (Lisfranc) to the cavus deformity. The extension 
deformity of the phalanges on the metatarsal heads during 
weight bearing helps détermine the severity of the fixed 
deformity (Fig. 86-20). 

Standing anteroposterior views with the hindfoot in as 
neutral a position as possible help corroborate any metatarsus 
adductus component suspected clinically (Fig. 86-21). The 
talocalcaneal angle (Kite angle) is determined on this view. 
The doser the talocalcaneal angle approaches zéro, the more 
parallel the talus is in relation to the calcaneus, indicating 



’jfj) A, Non-weight-bearing view of cavus and claw 
toe deformities in patient with Charcot-Marie-Tooth disease. 
B f On weight-bearing view, plantarflexion of first ray is less 
noticeable but clawed hallux remains, indicating fixed extension 
contracture at first metatarsophalangeal joint. 
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Weight-bearing anteroposterior view of cavus 
foot in patient with Charcot-Marie-Tooth disease; note forefoot 
adduction and supination. Radiographie metatarsus adductus is 
partially positional and partially true adductus. 


hindfoot varus. The normal Kite angle is between 25 and 40 
degrees. The weight-bearing sesamoid view from a frontal 
projection has been helpful in assessing first and second 
metatarsal plantarflexion. 

Other radiographie findings that may be helpful include 
(1) degenerative changes, even slight, in the tibiotalar, subta- 
lar, or midtarsal Lisfranc joints; (2) rotation of the talus in the 
ankle mortise, which probably is caused by talar dorsiflexion 
and varus at the subtalar joint (Fig. 86-19C); and (3) dystro¬ 
phie ossification in soft tissue suggesting tendon or ligament 
injury on the oblique view (Fig. 86-22). 

TREATMENT 

The operative treatment of cavus deformity requires correc¬ 
tion of the separate components within the foot and ankle. A 
thorough physical examination is mandatory to understand 
the deforming forces because not ail cavovarus deformities 
can be treated the same. Flexible deformities can be treated 
with joint-saving procedures, such as tendon transfers and 
ostéotomies, while more rigid deformities may require 
arthrodesis. The recommended techniques are described for 
each component. 

■ CLAW TOES 

In patients with traumatic pes cavus, only the claw toe defor¬ 
mities and possibly tight plantar fascia may require surgical 
treatment, leaving the bony midfoot deformity to appropriate 
shoe and orthotic management. For fixed contractures at the 
metatarsophalangeal and interphalangeal joints, the follow- 
ing are recommended: 

1. Lengthening of the extensor hallucis longus and extensor 
digitorum longus. 

2. Tenotomy of the extensor digitorum brevis and the exten¬ 
sor hallucis brevis. 

3. Dorsal capsulotomy of the metatarsophalangeal joints. 

4. Resection of the head and neck of the proximal 
phalanges. 

5. Release of the plantar fascia, if indicated. 



Dystrophie ossification in patient with Charcot- 
Marie-Tooth disease. No peroneus longus function was palpable. 
Ossification was believed to be caused by répétitive small tears in 
peroneal tendons. 


6. Arthrodesis of the interphalangeal joint of the hallux or 
plantar plate release and sectioning of the collateral liga¬ 
ments at the interphalangeal joint of the hallux with tem- 
porary Kirschner wire fixation. 


PLANTAR FASCIA RELEASE 


TECHNIQUE 86-5 


■ Make a longitudinal incision along the médial side of the 
calcaneus and carry it distally to a point 4 cm anterior to 
the médial tubercle (Fig. 86-23). 

■ Separate the superficial and deep surfaces of the plantar 
fascia from the muscle and fat and free it throughout its 
breadth. 

■ Incise the fascia transversely close to where it blends into 
the plantar surface of the calcaneus. 

■ Place a periosteal elevator or retractor on the deep surface 
of the fascia as it is released. 

■ If the plantar fascia still feels tight, incise the médial band 
again through a separate incision 2 cm proximal to the 
first metatarsal head. Protect the flexor hallucis longus 
while releasing the médial band of the plantar fascia 
down to, but not through, the flexor hallucis brevis, and 
dorsiflex the first metatarsal by pushing up on the meta¬ 
tarsal head. 

■ Secure hemostasis and close the wound with nonabsorb- 
able sutures in adult patients. 
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FIGURE 


Technique of plantar fascia release. SEE TECH¬ 


NIQUE 86-5. 


9 POSTOPERATIVE CARE. Release of the plantar fascia 
seldom is performed as an isolated procedure. If it is, 
however, a short leg cast is applied and molded gently 
into the arch, and the patient is kept non-weight bearing 
for 3 weeks. A well-molded weight-bearing cast is worn 
for another 3 weeks. 


CORRECTION OF CLAWING OF THE 
GREAT AND SECOND TOES 


TECHNIQUE 86-6 


■ Through a longitudinal incision in the first intermetatarsal 
space (Fig. 86-24A), extending from just proximal to the 
first web proximally to the midshaft of the respective 
metatarsals, expose the extensor tendons to the great 
and second toes. The terminal branch of the deep pero- 
neal nerve and accompanying first dorsal intermetatarsal 
artery occupy a slightly deeper plane than the tendons. 

■ By minimal undermining of each side of the incision, 
expose the extensor hallucis longus and brevis tendons 
and the extensor digitorum longus and brevis tendons. 

■ Lengthen the extensor hallucis longus with a 3-cm coronal 
(preferred) or sagittal Z-plasty (Fig. 86-24B). Keep in mind 
that overlapping the tendons during repair is much easier 
than having insufficient length for the repair when the 
metatarsophalangeal joint is in neutral position. 

■ Remove a 5- to 8-mm section of the extensor digitorum 
brevis and extensor hallucis brevis. These tendons are 


immediately latéral and deep to the extensor digitorum 
longus and extensor hallucis longus as they approach the 
metatarsophalangeal joints. 

■ The correction of the extension posture by tendon length- 
ening alone can be remarkable. If the deformity is not 
corrected to neutral position at the metatarsophalangeal 
joint, proceed with dorsal capsulotomy. 

■ With the extensor hallucis longus and extensor digitorum 
longus resting beneath the skin edges, incise the dorsal 
capsule and both collateral ligaments at the metatarso¬ 
phalangeal joint (Fig. 86-24C). 

■ Forcefully flex the metatarsophalangeal joint past neutral, 
dorsiflex the ankle to neutral, and observe the resting 
posture of the toes at the metatarsophalangeal joint level. 
The fixed contracture of the proximal interphalangeal 
joints is corrected later. 

■ If the metatarsophalangeal joint can be flexed past 
neutral, turn attention to the interphalangeal joint of the 
hallux and the proximal interphalangeal joint of the 
second toe. 

■ Approach the interphalangeal joint of the hallux through 
an L-shaped incision (Fig. 86-24D), with the transverse 
limb at the joint. The usual error is to place the transverse 
incision too far proximally; however, if placed too far 
distally, the germinal matrix of the nail may be damaged. 
Incise the dorsal capsule (including the extensor hallucis 
longus terminal tendon) and both collateral ligaments, 
and acutely flex the distal phalanx. 

■ With a Freer elevator, release the plantar plate from its 
proximal attachment and dorsiflex the interphalangeal 
joint. 

■ If the neutral position can be attained, hold the interpha¬ 
langeal joint straight with two longitudinal transarticular 
Kirschner wires or one obliquely placed wire. 

■ If the neutral position cannot be attained, arthrodèse the 
interphalangeal joint by removing enough bone to allow 
the joint to assume a neutral position. 

■ Drive the Kirschner wires rétrogradé through the distal 
phalanx so that they emerge 2 to 3 mm plantar to the 
nail and drive them proximally across the joint into the 
subchondral bone of the proximal phalanx. Occasionally, 
the wires must cross the first metatarsophalangeal joint, 
but usually the bulky forefoot dressing holds that joint in 
the proper position (Fig. 86-24E). 

■ Return to the first intermetatarsal space incision and 
lengthen the extensor digitorum longus, tenotomize the 
extensor digitorum brevis, and incise the dorsal capsule 
and collateral ligaments at the metatarsophalangeal 
joint. 

■Approach the second toe proximal interphalangeal joint 
through a dorsal elliptical incision (Fig. 86-24F). 

■ Incise the dorsal capsule and collateral ligaments. 

■ Raise the extensor tendon proximally and remove the 
distal third of the proximal phalanx. Remove enough 
bone so that the toe can be held in neutral position at 
the proximal interphalangeal joint without bony impinge- 
ment. This joint can be held in the proper position (0 to 
15 degrees of flexion) with a suture passed through the 
skin and tendon and back through the tendon and skin, 
and then reverse skin-to-skin in a mattress configuration 
(Fig. 86-24G). 
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Surgical technique for clawing of great and second toes. A f Incision. B f Extensor hallucis longus is lengthened in 
coronal or sagittal plane, and extensor hallucis brevis is tenotomized. C, Dorsal capsulotomy and collateral ligament release. D, Approach 
to interphalangeal joint through separate dorsal incision. E f Corrected position on latéral view; arthrodesis of interphalangeal joint of 
great toe with longitudinal wire down to base of proximal phalanx. F, Correction of second toe by excision of head and neck of proxi¬ 
mal phalanx, dorsal capsulotomy at metatarsophalangeal joint, lengthening of extensor digitorum longus, and tenotomy of extensor 
digitorum brevis. G, Correction at metatarsophalangeal and proximal interphalangeal joints. SEE TECHNIQUE 86-6. 
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■ Perform the procedure at the third and fourth toes in a 
similar manner, approaching them through a similar lon¬ 
gitudinal incision in the third intermetatarsal space. 

■ Approach the fifth toe through a straight latéral incision. 
The fifth toe has no extensor digitorum brevis tendon. If 
the callosity beneath the fifth metatarsal head is more 
prominent than beneath the other metatarsal heads, 
remove the plantar projection of the head flush with the 
shaft. Suture the tendon of the abductor digiti minimi at 
the metatarsophalangeal joint to avoid médial sublux¬ 
ation of the fifth toe. 

■Approach the proximal interphalangeal joints of the 
latéral three toes through the same type of dorsal ellipti- 
cal incision described for the second toe. Straight inci¬ 
sions over these joints may be used if preferred, but the 
dermodesis effect after removal of the dorsal skin bridge 
helps hold the proximal interphalangeal joint in good 
alignment. 

■ Repair the extensor digitorum longus and extensor hal- 
lucis longus tendons with 4-0 nonabsorbable sutures on 
a small, curved needle while the metatarsophalangeal 
joint is held in 0 to 10 degrees of extension. 

■ Close the skin with 4-0 or 5-0 nonabsorbable sutures and 
apply a compressive, but not constricting, bulky forefoot 
dressing to the tips of the toes to hold the toes in the 
desired position at the metatarsophalangeal and inter¬ 
phalangeal joints. 

■ Alternative^, use longitudinal Kirschner wires to maintain 
position, but this usually is unnecessary if the dressing is 
carefully applied and left in place for 3 weeks. 

POSTOPERATIVE CARE. The dressing is left in place 3 
weeks if possible. If the dressing needs changing before 
that time, the same meticulous attention is required 
during application of a new dressing. At 3 weeks, another 
forefoot dressing, less bulky, but holding the toes in the 
proper position, is applied and remains in place for another 
7 to 10 days. At 1 month, a deep, wide toe box shoe is 
allowed and toe exercises are begun. Weight bearing to 
the bathroom is allowed immediately after surgery. The 
use of a walker or crutches dépends on whether both feet 
were operated on and the balance of the patient. Shuf- 
fling to the bathroom in wooden-soled shoes is permitted 
without a walker or crutches if the patient desires. 

If plantar fascia release is required, the skin only is 
sutured using 3-0 nonabsorbable sutures. The hindfoot 
dressing is applied separately after the forefoot dressing 
is in place. 


TENDON SUSPENSION OF THE FIRST 
METATARSAL AND INTERPHALANGEAL 
JOINT ARTHRODESIS 

The Jones procedure, which is basically a tendon suspen¬ 
sion of the first metatarsal combined with arthrodesis of 
the interphalangeal joint, has proved valuable over many 
décades. Instead of Z-lengthening of the extensor hallucis 
lonqus, the proximal end is placed through a hole in the 


first metatarsal neck (Fig. 86-25). The Hibbs procedure and 
variations of the extensor digitorum longus tendon suspen¬ 
sion are used for the lesser metatarsals. The added benefits 
of the tendon suspensions, especially in the lesser metatar¬ 
sals, should be weighed against the added technical 
demands. 


TECHNIQUE 86-7 


(JONES) 

■ Expose the interphalangeal joint of the great toe through 
an L-shaped incision (Fig. 86-25A and B). 

■ Retract the flap of skin and subcutaneous tissue medially 
and proximally and expose the tendon of the extensor 
hallucis longus. 

■Cut the tendon transversely 1 cm proximal to the joint 
and expose the joint. 

■ Excise the cartilage, approximate the joint surface, and 
insert a medullary Steinmann pin or two rétrogradé med- 
ullary 0.062-inch Kirschner wires for fixation. Clip the 
wire off just beneath the skin. 

■ Expose the neck of the first metatarsal through a 2.5-cm 
dorsomedial incision extending distally to the proximal 
extensor skin crease (see Fig. 86-25B). 

■ Dissect free the extensor hallucis longus tendon, but 
protect the short extensor tendon. 

■ Cleanly and carefully excise the sheath of the extensor 
hallucis longus tendon throughout the length of the 
proximal incision. 

■ Beginning at the inferomedial aspect of the first metatar¬ 
sal neck, drill a hole transverse to the long axis of the 
bone to emerge on the dorsolateral aspect of the neck. 

■ Pass the tendon through the hole and suture it to itself 
with interrupted sutures (Fig. 86-25C). The same proce¬ 
dure can be performed on adjacent toes with clawing. 

■ Close the wounds and apply a short leg walking cast with 
the ankle in neutral position. 

POSTOPERATIVE CARE. Walking on crutches is allowed 
in a few days. At 3 weeks, the cast and skin sutures are 
removed, and a short leg walking cast is applied. At 6 
weeks, the walking cast and Kirschner wires are removed, 
and active exercises are started. 


■ CHARCOT-MARIE-TOOTH CAVOVARUS 
DRIVEN BY PLANTARFLEXED FIRST RAY 
I FOREFOOT EQUINOVARUS 

Occasionally in an adolescent foot, even in mild Charcot- 
Marie-Tooth pénétration, if the peroneus longus is transferred 
to the peroneus brevis accompanied by plantar fascia release, 
soft-tissue procedures alone correct the forefoot equinus suf- 
ficiently to avoid osteotomy or arthrodesis; however, usually 
one of the procedures described here is indicated. 

Proximal First Metatarsal Osteotomy and Plantar 
Fasciotomy. This combined procedure is applicable in 
hereditary motor sensory neuropathy, after trauma and 
peripheral nerve injury, although today it is probably used 
more often in Charcot-Marie-Tooth disease to correct a 
predominantly forefoot (first ray) driven cavus deformity. 
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B 



Skin incision 


Extensor hallucis 
longus muscle 

Extensor hallucis 
brevis muscle 

Skin incision 



Modified Jones procedure 
for clawing of great toe. A f Clawing of great 
toe. B, Skin incisions. C f Extensor hallucis 
longus tendon is attached to neck of first 
metatarsal; interphalangeal joint is arthrod- 
esed and fixed by medullary wire and by 
suturing distal end of extensor hallucis 
longus tendon to soft tissues over proximal 
phalanx. SEE TECHNIQUE 86-7. 


Appropriate ténotomies or tendon transfer may be required. 
In Charcot-Marie-Tooth disease, the correction of the fore- 
foot equinus should proceed in an orderly fashion, beginning 
with the plantar fascia release and transfer of the peroneus 
longus to the peroneus brevis affer transecting the peroneus 
longus as it enters the cuboid groove while holding the foot 
and ankle in equinovalgus. While holding the ankle in neutral 
dorsiflexion, if the cavus deformity is not corrected by these 
two procedures, a basilar closing wedge osteotomy of the first 
metatarsal is done. If the hallux is still in a clawed position, 
transfer of the extensor hallucis longus to the neck of the first 
metatarsal, and in skeletally mature patients, an arthrodesis 
of the interphalangeal joint of the hallux, complété the 
procedure. 


tibial tendon to the latéral cuneiform if grade 4 or 5 
strength was présent. Later in the study, this transfer was 
done for a tenodesis to negate any residual deforming 
force that the anterior tibial muscle may hâve on the varus 
component of the cavovarus deformity. 


TECHNIQUE 86-8 


(WARD ETAL) 

PLANTAR FASCIOTOMY 

■ Make a 1-cm incision on the médial side of the midfoot 
over the palpable plantar fascia. 

■ Bluntly dissect above and below the fascia with a hemo- 
stat and divide the plantar fascia with a No. 11 blade, 
while protecting the skin and adjacent structures with 
small- to medium-sized right-angle retractors. 

PERONEUS LONGUS TO PERONEUS BREVIS 

TENDON TRANSFER 

■ Make a curvilinear incision laterally over the peroneal 
tendons from 2 cm proximal to 2 cm distal to the distal 
tip of the fibular malleolus. 


COMBINED PROXIMAL FIRST 
METATARSAL OSTEOTOMY, PLANTAR 
FASCIOTOMY, AND TRANSFER OF THE 
ANTERIOR TIBIAL TENDON 

Ward et al., in treatment for cavus deformity secondary to 
Charcot-Marie-Tooth, also included transfer of the anterior 
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■ Identify and gently retract the sural nerve. 

■ Using a scalpel, open the sheaths of the peroneus longus 
and brevis tendons. 

■ Transect the peroneus longus tendon as distally as pos¬ 
sible through this same incision at its entrance into the 
cuboid groove while holding the ankle and foot in equinus 
and valgus. 

■ Weave the peroneus longus tendon through the pero¬ 
neus brevis tendon with a Pulvertaft weave and suture it 
with multiple No. 0 polyglactin 910 (Vicryl) sutures under 
moderate tension. 

PROXIMAL FIRST METATARSAL OSTEOTOMY 

■ Make a longitudinal incision over the dorsum of the 
first ray from 2 cm proximal to the first metatarsopha- 
langeal joint to 1 cm proximal to the tarsometatarsal 
joint. 

Create a 3- to 5-mm dorsal closing wedge osteotomy in 
the proximal third of the metatarsal shaft. Remove more 
bone dorsally if needed to "level the tread" with the 
adjacent second or third metatarsal heads while closing 
the osteotomy by dorsiflexing the distal fragment. 

If clawing of the hallux exists, then add the following 
Jones procedure. 

JONES PROCEDURE 

■ Extend the incision distally to the neck of the proximal 
phalanx of the hallux. 

■ Divide the extensor hallucis longus tendon near its 
insertion. 

■ Drill a hole through the neck of the first metatarsal with 
serial sized drill bits to avoid fracturing the metatarsal. 

■ Pass the extensor hallucis longus tendon from médial to 
latéral through the metatarsal neck. 

■Suture the extensor hallucis longus tendon to itself with 
an absorbable suture so that it holds the metatarsal in 
the proper position while placing tension on the basilar 
osteotomy. 

■ A small Steinmann pin is usually needed to temporarily 
stabilize the osteotomy. 

TRANSFER OF THE ANTERIOR TIBIAL TENDON 

■ Make a dorsomedial incision over the insertion of the 
anterior tibial tendon on the navicular. 

■ Carry the dissection distally to obtain as much length as 
possible on the tendon stump. 

■ Divide the anterior tibial tendon at its insertion. 

■ Pass a No. 2 nonresorbable suture through the tendon 
stump in a Bunnell fashion. 

■ Under fluoroscopie control, make a 2-cm longitudinal 
incision over the latéral cuneiform. 

■ Pass an 8- or 9-mm drill bit through both cortices of the 
cuneiform from dorsal to plantar. 

■ With the use of Keith needles (or a suture anchor), pass 
the suture ends through this hole. Hold the hindfoot in 
neutral in the varus/valgus plane and neutral dorsiflexion 
and tie the sutures over a padded button on the plantar 
surface of the foot. A suture anchor can be used in lieu 
of a padded button; however, the tendon transfer must 
hold the ankle in neutral 65 degrees dorsiflexion with 
either technique. 


POSTOPERATIVE CARE. A short leg cast is applied. 
Weight bearing is not allowed for 6 weeks. Remove the 
button (if used) and apply a short leg walking cast for 
another month. 


PLANTAR FASCIOTOMIES AND 
CLOSING WEDGE OSTEOTOMY 


TECHNIQUE 86-9 


(GOULD) 

DOUBLE PLANTAR FASCIOTOMIES (IF REQUIRED— 

MOST OFTEN IN ADULTS AND AFTER TRAUMA) 

■ Through a latéral heel approach, identify the plantar apo- 
neurosis in a line with the tubercle of the calcaneus (Fig. 
86-26). With the points of curved scissors, eut across the 
aponeurosis near the tuberosity of the calcaneus to avoid 
damage to the neurovascular bundle on the médial side. 

■ Make an incision along the médial border of the longitu¬ 
dinal arch and identify the aponeurosis. 

■ Identify the médial plantar nerve and retract it upward. 
Under direct vision, transect the aponeurosis with scis¬ 
sors, which may open only sufficiently to receive the 
fascia. 

CLOSING WEDGE GREENSTICK DORSAL PROXIMAL 

METATARSAL OSTEOTOMIES 

■ Make three incisions on the dorsum of the foot: one 
between the bases of the fourth and fifth metatarsals, 



Plantar 

aponeurosis 


Gould technique for double plantar fascioto¬ 
mies. (Redrawn from Gould N: Surgery in advanced Charcot-Ma rie- 
Tooth disease, Foot Ankle 4:267, 1984.) SEE TECHNIQUE 86-9. 
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A 




B 




Gould closing wedge greenstick dorsal proximal metatarsal ostéotomies. A f Ostéotomies. B f Closure of gaps in bone. 

(Redrawn from Gould N: Surgery in advanced Charcot-Marie-Tooth disease, Foot Ankle 4:267, 1984.) SEE TECHNIQUE 86-9. 


one between the bases of the second and third metatar- 
sals, and one over the base of the first metatarsal. 

■ Continue soft-tissue dissection to about 1 cm distal to the 
tarsometatarsal joints. 

■ Retract the tendons medially or laterally, make a sharp 
longitudinal eut into the periosteum, strip the periosteum 
medially and laterally, leaving it attached in the plantar 
région, and insert curved retractors. 

■ With a thin-bladed power saw, make the proximal eut 
vertical, two thirds to three fourths of the way through 
the bone (Fig. 86-27A). Make the distal eut about 4 mm 
from and angled toward the first eut, cutting about two 
thirds of the way through and joining the first eut. With 
a thin-bladed osteotome, carefully remove the interven- 
ing wafer of bone. 

■ Several additional précautions must be taken. When 
making the distal eut in the first metatarsal, angle it 
obliquely to correct the metatarsus primus varus that 
usually exists, creating a biplane osteotomy. Make the 
osteotomy of the fifth metatarsal near the base so 
that a plantar ridge does not develop on the weight- 
bearing surface. After ail the ostéotomies hâve been 
made, each metatarsal is "cracked up" dorsally in turn 
(Fig. 86-27B), closing the gaps. 

■ When the foot is plantigrade and no adjustments to the 
ostéotomies are necessary, close the wounds in the usual 
manner, and apply a short leg walking cast with the ankle 
in neutral position. 

■ Gould added the Jones procedure (see Technique 86-7) 
to increase and maintain correction of the first ray. His 
technique for this does not vary appreciably from the 
description given. 


■ Equinus of the forefoot also may require the Hibbs pro¬ 
cedure (Technique 86-10), which involves transfer of the 
extensor digitorum longus to the middle cuneiform. In 
skeletally mature feet, however, plantar fascial release, 
appropriate ostéotomies, and arthrodèses, with or 
without the Jones procedure, usually correct the forefoot 
equinus; the claw toe deformity also must be corrected. 


EXTENSOR TENDON TRANSFER 


TECHNIQUE 86-10 


(HIBBS) 

■ Make a curved incision 7.5 to 10 cm long on the dorsum 
of the foot latéral to the midline and expose the common 
extensor tendons (Fig. 86-28A). 

■ Divide the tendons as far distally as feasible, draw their 
proximal ends through a tunnel in the third cuneiform, 
and fix them with a nonabsorbable suture (Fig. 86-28B). 

■ As an alternative, use a plantar button and felt with a 
Bunnell pull-out stitch. 

■ Close the wounds and apply a plaster boot cast with the 
foot in the corrected position. 

POSTOPERATIVE CARE. The plantar button is removed 
at 6 weeks. A walking cast is worn for another 3 weeks. 
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Transfer of extensor tendons to middle cunei- 
form for claw toe deformity (Hibbs procedure). A f Incisions, a and 
c, Incisions for Jones procedure, b, Incision for Hibbs procedure. 
B f Completed procedure combined with Jones procedure. SEE 

TECHNIQUE 86-10. 


TARSOMETATARSAL TRUNCATED- 
WEDGE ARTHRODESIS 

Another procedure for forefoot equinus advocated by Jahss 
is arthrodesis of ail tarsometatarsal joints. Jahss did not 
recommend plantar fascial release as a separate procedure; 
rather than internai fixation, he used the shortened plantar 
fascia to add stability to the ostéotomies when the forefoot 
was dorsiflexed. Jahss listed the indications for this proce¬ 
dure as follows: 

1. Equinus deformity of the forefoot with persistent painful 
metatarsalgia and associated plantar kératoses, unre- 
lieved by conservative management. Such patients 
usually hâve more than 10 degrees of equinus 
angulation. 

2. Pes cavus with normal muscle balance and without 
advanced metatarsal fat pad atrophy. 


3. Equinovarus or equinoadductovarus deformity of the 
forefoot with the heel in neutral or almost neutral posi¬ 
tion. This group includes the residual clubfoot deformi- 
ties and compartment syndromes. If the lésion is caused 
by neuromuscular disease, such as poliomyelitis, the 
foot should be stable. 

4. Normal vascular status and normal skin coverage. 

5. The procedure preferably is done at an early stage. If 
the associated hammertoes are still flexible, the toes 
straighten as the dorsal wedge is closed and do not 
require separate surgery. 

Jahss listed as contraindications the following: 

1. When skin coverage of the forefoot is poor from previ- 
ous surgery, or vascularity of the skin is questionable, 
no surgery should be performed. 

2. Surgery should not be done before skeletal maturity. 


TECHNIQUE 86-11 


(JAHSS) 

■ Préparé and drape the lower extremity in the usual 
manner; do not use a tourniquet. 

■ With the tip of a finger, palpate the indentation of the 
first metatarsal-medial cuneiform joint and make a 3.8-cm 
vertical skin incision on the dorsum of the foot 0.6 cm 
médial to the extensor hallucis longus (Fig. 86-29A). 
Center the incision over the joint and, if necessary, extend 
it slightly proximally and medially. 

■ Using a thin, sharp, curved 4.8-mm chisel, expose sub- 
periosteally the area to be resected, staying deep to the 
dorsalis pedis artery. 

■ With a thin, fiat, sharp 2.5-cm osteotome, make the distal 
osteotomy through the base of the first metatarsal. The 
osteotome should be as wide as the bone to be eut to 
avoid piecemeal resection and step-cutting; flush apposi¬ 
tion of the osteotomized surfaces increases stability and 
promûtes rapid union. 

■ Make the proximal osteotomy of the médial cuneiform 
so that a dorsal truncated wedge can be removed (Fig. 
86-29B and C). Avoid any médial wedge that would 
increase any adductus. It is safer to be conservative, 
removing 6 to 7 mm as a dorsal wedge; the size can 
always be increased. Excise truncated rather than trian- 
gular wedges of bone, or the plantar fascia will be too 
tight when the osteotomy is closed, or it may not even 
permit closure (a truncated wedge does not shorten the 
overall length of the foot but only lowers the height of 
the foot to make shoe wear more comfortable). 

■ Make a second vertical skin incision the same length as 
the first between the bases of the second and third meta- 
tarsals, slightly doser to the third, and their cuneiforms. 
The base of the second metatarsal tends to extend more 
proximally than the others. 

■ Expose the second metatarsal-middle cuneiform joint by 
similar subperiosteal stripping extending to the first inci¬ 
sion to produce a médial longitudinal skin flap. Handle 
this skin flap and the subsequently developed latéral skin 
flap with care. Do not retract them or exert more than 
gentle pressure with a finger to insert the osteotomes. 

■ Remove a dorsal truncated wedge from the second 
metatarsal-middle cuneiform joint. 


















CHAPTER 86 NEUROGENIC DISORDERS 



Jahss technique for tarsometatarsal truncated wedge arthrodesis. A f Skin incision. B f Amount of bone resected. 
C-E, Truncated wedge principle permitting ready closure. Plantar fascia tightens up when wedge is closed, adding stability and elimi- 
nating need for internai fixation. F, Checking level of metatarsal heads. SEE TECHNIQUE 86-11. 


■ Working laterally through the same incision, expose and 
resect the third metatarsal-lateral cuneiform joint. 

■ Make a third vertical incision just médial to the base of 
the fifth metatarsal and, in a similar fashion, take wedges 
from the fourth and fifth metatarsocuboid joints, leaving 
a second latéral skin flap between the second and third 
incisions. If the third incision must be extended, lengthen 
the wound proximally and laterally to permit a better 
blood supply to the second flap; however, the longer the 
skin incision, the less blood supply to the flaps. 

■ Dorsiflex the forefoot to close the dorsal wedges (Fig. 
86-29D and E). 

■ Use a finger to palpate in ail the wounds and under the 
flaps to check for any small bone fragments that may 
block réduction; confirm this by visual inspection. 


■ Close the osteotomy sites again and palpate the plantar 
surface of each metatarsal head, feeling for residual 
dépréssion while keeping the ankle in maximal dorsiflex- 
ion. More bone may need to be removed proximally to 
permit the forefoot to form a right angle with the tibia, 
while ensuring that ail metatarsal heads remain absolutely 
level (Fig. 86-29F). 

■ Correct any rotation and adduction deformity. 

■ The amount of bone removed does not dépend on the 
degree of pes cavus alone, traditionally measured by the 
angle between the calcaneus and the shaft of the first 
metatarsal. It is equally dépendent on the amount of 
equinus angulation of the forefoot and any compensatory 
laxity of the hindfoot, plus the amount of relative fixed 
dépréssion of each metatarsal head. In general, about 
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19 mm of bone usually is removed from the second and 
third metatarsotarsal joints, slightly less from the first 
metatarsal-medial cuneiform, and progressively less from 
the fourth and fifth joints. 

■To détermine if the foot is plantigrade, measure func- 
tional correction by the angle of the plantar surface of 
the foot to the tibia with the knee in extension and the 
foot in maximal dorsiflexion. Ideally, this should measure 
90 degrees; 5 degrees may be lost after surgery when 
relaxation of the ankle from general anesthésia has 
disappeared. 

■ In severe cavus deformities, do not remove too large a 
wedge to bring up the forefoot completely; this would 
resuit in a rocker-bottom laterally when the wedge is 
closed. Avoid this by gradually increasing the size of the 
wedges and repeatedly checking by closing the osteot- 
omy sites. 

■ If a prominence occurs at the base of the fifth metatarsal 
when the wedge is closed, excise it with a rongeur 
through the third skin incision. Removal of the plantar 
latéral portion of the base of the fifth metatarsal does 
not disturb peroneus brevis function. Because the dorsal 
wedge is taken distal to the apex of the longitudinal arch, 
the tendency for création of a rocker bottom is increased. 
This complication also has been noted after triple 
arthrodesis. 

■ Do not attempt to correct adduction of the forefoot 
completely and definitely do not overcorrect it because 
this would cause an annoying prominence medially just 
proximal to the osteotomy over the médial aspect of the 
médial cuneiform that is not obvious at surgery. 

■ Irrigate the wounds and close the skin without subcuta- 
neous sutures. 

■ Hold the foot in the corrected position and apply a short- 
leg cast with the foot held at a right angle to the tibia. 
Keep the metatarsals equally plantigrade and without 
excess abduction or rotation. Ensure the base of the fifth 
metatarsal does not slip plantarward, which would cause 
a latéral rocker-bottom deformity. 

POSTOPERATIVE CARE. The limb is elevated for 4 to 6 
days to decrease postoperative discomfort and swelling. 
The sutures are removed, and the cast is changed at 2 to 
3 weeks. Minor adjustment of the forefoot can be made 
at this time, especially of residual adductus angulation. 
Crutch walking without weight bearing is permitted at 
about 10 days, and full weight bearing is allowed at 2 
months. The cast is removed at 10 to 12 months, and full 
weight bearing is allowed in a removable cast after 
another 2 to 3 weeks. Active ankle and subtalar joint 
exercises are begun. 


Jahss performed this procedure in 34 feet in 25 patients with 
varied diagnoses; none had cérébral palsy. Complications 
included rotatory valgus deformity of the forefoot that 
required compensatory dorsal wedge osteotomy of the first 
metatarsal (one foot), incomplète correction (one foot), 
rocker-bottom deformity (two feet), nonunions (two feet), 


and fifth metatarsal-cuboid arthrodesis (one foot). Jahss did 
not recommend this procedure for significant cavus defor¬ 
mity at the midtarsal articulation because so much bone must 
be removed that a rocker-bottom deformity, especially on the 
latéral side, would resuit. 

We hâve had no expérience with this procedure, but 
believe it to be technically demanding because of the articular 
anatomy. Also, Jahss recommended that, on average, 19 mm 
of bone should be removed from the second and third 
metatarsal-cuneiform joints, slightly less from the first 
metatarsal-cuneiform joint, and progressively less from the 
fourth and fifth joints. This is a large wedge of bone, indicat- 
ing that the procedure should not be used for severe cavus 
deformity, with which Jahss agréés. Internai fixation with 
Steinmann pins through the first and fifth rays seems reason- 
able. With the proximal metatarsal closing wedge osteotomy 
or resection-arthrodesis of the tarsometatarsal joints, a 
bayonet-shaped foot or even a rocker-bottom deformity is 
possible. Attention to detail is required. 

■ MIDFOOT CAVUS 

Cavus deformity can occur at the midtarsal joints 
(talonavicular-calcaneocuboid) or naviculocuneiform joints, 
but is most common at the former. Depending on the rigidity 
of the deformity, plantar fascia release combined with calca- 
neal or metatarsal osteotomy may correct the deformity suf- 
ficiently to achieve a plantigrade foot. For mild-to-moderate 
fixed cavus deformity at the midfoot, the following ostéoto¬ 
mies hâve been described. Any of these midfoot ostéotomies 
may produce a short, wide, unattractive foot, depending on 
how much bone is removed. 

Sometimes extensor tendons should be transferred; in 
these instances, the tendons may be anchored into the oste¬ 
otomy site at the midline of the foot. Usually, however, unless 
clawing of the toes is fixed, it corrects after correction of the 
cavus deformity. 


ANTERIOR TARSAL WEDGE 
OSTEOTOMY 


TECHNIQUE 86-12 


(COLE) 

■ Make a dorsal longitudinal incision in the midline of the 
foot beginning just proximal to the midtarsal joints and 
extending distally to the level of the middle of the meta¬ 
tarsal shafts. 

■ Separate the extensor tendons, usually between those of 
the third and fourth toes. Incise the periosteum longitu¬ 
dinal^ and elevate it medially and laterally. 

■ Identify the tarsal bones with certainty. 

■ Make an almost vertical transverse osteotomy eut from 
near the center of the navicular and cuboid to the inferior 
surface of the tarsus; make a second osteotomy eut, 
beginning distal to the first and connecting with it at the 
inferior surface of the tarsus. The distance from the proxi¬ 
mal to the distal osteotomy (the width of the wedge) is 
determined by the severity of the deformity to be cor¬ 
rected (Fig. 86-30). 
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Cole anterior tarsal wedge osteotomy for cavus 
deformity. Colored area is where wedge is removed. Midtarsal 
joints are preserved. Plantar fascial release may be required. SEE 

TECHNIQUE 86-12. 


■ Elevate the forefoot and close the defect made by removal 
of the wedge. 

■Close the periosteum with interrupted sutures. 

■ Apply a plaster cast from the toes to the knee. 

POSTOPERATIVE CARE. The limb is elevated for 4 to 6 
days. Postoperative discomfort and swelling usually are 
minimal. The sutures are removed, and the cast is changed 
at 2 weeks. Minor adjustment of the forefoot can be 
made at this time, especially of residual adductus angula¬ 
tion. Crutch walking without weight bearing is permitted 
at about 10 days, and full weight bearing is allowed at 2 
months. The cast is removed at 2.5 months, and full 
weight bearing is allowed. Active ankle and subtalar joint 
exercises are begun. 


V-OSTEOTOMY OF THE TARSUS 

The disadvantage of the anterior tarsal wedge osteotomy 
is that the deformity is corrected by shortening the convex 
dorsal surface of the foot, rather than by lengthening the 
concave plantar surface; consequently, the foot is short- 
ened, widened, and thickened. Japas described a tech¬ 
nique to produce a more normal-appearing foot. It consists 
of a V-osteotomy in which the apex of the V is proximal 
and at the highest point of the cavus, usually within the 
navicular. One limb of the V extends laterally and the other 
medially through the first cuneiform to the médial border. 
No bone is excised; instead, the proximal border of the 
distal fragment of the osteotomy is depressed plantarward 
while the metatarsal heads are elevated, correcting the 
deformity and lengthening the plantar surface of the foot. 
The technique is recommended for moderate deformity in 
children 6 years old or older. Deformities of the hindfoot 
or midtarsal joint are not corrected by this osteotomy and 
may require later correction by triple arthrodesis or the 
Dwyer osteotomy. 


TECHNIQUE 86-13 


(JAPAS) 

■ Perform a Steindler plantar fasciotomy through a médial 
incision on the heel. 

■ On the dorsum of the foot, make a longitudinal incision 
6 to 8 cm long (Fig. 86-3IA). 

■ Carry the dissection between the long extensor tendons 
of the second and third toes. 

■ Retract laterally the extensor digitorum brevis and expose 
extraperiosteally the dorsum of the foot from the talona- 
vicular joint to the tarsometatarsal joints. 

■ Using a power saw or chisel and osteotome, make the 
V-osteotomy as follows (Fig. 86-31 B). Begin the médial 
limb of the osteotomy in the first cuneiform immediately 
proximal to the first metatarsal cuneiform joint and the 
latéral limb in the cuboid immediately proximal to the 
joint between this bone and the fifth metatarsal; carry 
these limbs proximally to join in the midline of the foot 
at the apex of the cavus deformity, usually within the 
substance of the navicular. Do not enter the midtarsal 
joint (Fig. 86-31B and C). 

■ After the osteotomy has been completed, apply traction 
to the distal fragment and, using a periosteal elevator, 
depress its proximal margin plantarward, while elevating 
the metatarsal heads. If the first metatarsal is in marked 
equinus, carry the médial limb of the osteotomy through 
the base of this bone to correct the deformity. Correct 
any abduction or adduction deformity of the forefoot by 
simple manipulation. 

■ When proper alignment has been obtained, fix the oste¬ 
otomy with one or two Steinmann pins inserted in a 
posterior direction. 

■ Remove the tourniquet, obtain hemostasis, and close the 
incisions. 

■ If lengthening of the Achilles tendon is necessary, perform 
this procedure after the tarsal osteotomy. 

■Apply a cast from the base of the toes to the tibial 
tuberosity. 

POSTOPERATIVE CARE. Immediately after surgery, the 
limb is elevated. At 2 months, the cast and Steinmann 
pins are removed and the foot is examined clinically and 
by radiographs. A walking boot cast is applied and is 
worn for 1 month; then the cast is removed, and physical 
therapy is begun. 


■ COMBINED CAVUS (CALCANEOCAVUS 
DEFORMITY) 

Although a hindfoot crescentic calcaneal osteotomy, with or 
without midtarsal osteotomy, has been recommended for cal- 
caneocavus deformity, the indications are rare. Most offen 
there is an associated varus of the heel, and the entire cavus 
foot deformity is seen. If appropriate bony wedges are 
removed, however, the Dwyer procedure can, at least par- 
tially, correct the varus and calcaneus posture of the hindfoot. 
Only a certain amount of midfoot-forefoot cavus can be cor¬ 
rected by any calcaneal osteotomy, and a triple arthrodesis 
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Japas V-osteotomy of tarsus for 
cavus deformity. A f Skin incisions. B, Anterior view 
of osteotomy. C f Latéral view of osteotomy. SEE 

TECHNIQUE 86-13. 


c 



usually is a better choice for severe, fixed equinocavovarus 
deformity, along with concomitant correction of claw toe 
deformities. 


OSTEOTOMY OF THE CALCANEUS 


TECHNIQUE 86-14 


(DWYER) 

■ Divide the plantar fascia subcutaneously to reduce the 
drop of the forefoot. 

■ Expose the latéral aspect of the calcaneus through a 
curved incision paralleling the peroneus longus tendon 
but 1 cm posterior and inferior to it. 

■ Turn the entire flap anteriorly until the tendon of the 
peroneus longus muscle is exposed. 

■ Strip the periosteum from the superior, latéral, and infe¬ 
rior surfaces of the calcaneus. 

■ Remove a wedge of bone from the calcaneus just inferior 
and posterior to the peroneus longus tendon and parallel 
with it (Fig. 86-32A); make the base of the wedge 8 to 
12 mm wide, and taper the wedge to, but not through, 
the médial cortex. 


■ Break the médial cortex and close the gap; bring the bony 
surfaces snugly together by pressing the forefoot into 
dorsiflexion against the pull of the Achilles tendon (Fig. 
86-32B). Failure to obtain closure of the gap is caused by 
a small piece of bone left behind at the apex of the 
wedge. 

■ Ensure that the varus deformity has been corrected and 
that the heel is in a neutral or even slightly valgus posi¬ 
tion; failure to correct the varus deformity completely 
would lead to an increase in the deformity. 

■ Close the wound and immobilize the foot in a cast from 
the tibial tuberosity to the toes until the osteotomy is 
solid. 


CRESCENTIC CALCANEAL 
OSTEOTOMY 

Samilson recommended crescentic calcaneal osteotomy 
for ambulatory patients with symptomatic calcaneocavus 
feet. On a latéral radiograph, the calcaneus must be rela- 
tively vertical, and the apex of the cavus must be posterior 
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Dwyer osteotomy of calcaneus for cavus defor- 
mity. A, Wedge of bone with its base latéral (colored area) is 
resected just inferior and posterior to peroneus longus tendon 
and parallel to it. B f Médial cortex of calcaneus is not divided but 
is broken manually to close gap. SEE TECHNIQUE 86-14. 


to the midtarsus. The operation does not correct midtarsal 
or forefoot cavus but does correct hindfoot cavus 
(calcaneocavus). 


TECHNIQUE 86-15 


(SAMILSON) 

■ Under tourniquet control, after préparation and draping 
in the usual manner, make an obliquely placed latéral 
incision over the posterior tuberosity of the calcaneus, 
posterior to the subtalar joint. The peroneal tendons 
should be anterior to the posterior portion of the 
incision. 

■ Carry the dissection down to the latéral aspect of the 
calcaneus. 

■ Identify and protect the peroneal tendons. 

■ Perform a plantar fasciotomy. 

■ Make a crescentic osteotomy in the calcaneus, posterior 
to the subtalar joint with a curved blade on a Stryker saw 
or by joining multiple drill holes in the calcaneus with a 
large curved osteotome (Fig. 86-33). 

■ Shift the freed posterior tuberosity posterosuperiorly 
along the osteotomy line to correct the calcaneocavus 
(Fig. 86-33). 

■ Secure the fragment with Staples or Kirschner wires. 


Samilson crescentic osteotomy of calcaneus 
with displacement of posterior fragment. SEE TECHNIQUE 86-15. 


■ Close the wound in the usual manner and apply a non- 
weight-bearing short leg cast. 

POSTOPERATIVE CARE. Weight bearing should not be 
allowed for 6 weeks. At that time, a short leg walking 
cast is applied and is worn for another 4 weeks until the 
osteotomy site has healed. 


■ CALCANEOCAVOVARUS AND CAVOVARUS 
DEFORMITY 

In adolescent or adult feet, calcaneocavovarus and cav- 
ovarus deformity is most often seen in patients with 
Charcot-Marie-Tooth disease, but occasionally this defor¬ 
mity occurs after poliomyelitis or malunion of displaced 
fractures of the talus. In traumatic cavovarus feet, with fore¬ 
foot adduction and supination and radiographically intact 
talonavicular and calcaneocuboid joints (Fig. 86-34), subta¬ 
lar arthrodesis (removing more bone laterally) combined 
with latéral closing wedge (7 to 10 mm) osteotomy of the 
anterior aspect of the calcaneus 1 cm proximal to the calca¬ 
neocuboid joint (reverse Evans osteotomy) may correct the 
deformities, while allowing some degree of midtarsal 
motion. If the talonavicular or calcaneocuboid joints show 
arthritic changes, triple arthrodesis is indicated. The wedges 
of bone must be planned carefully to correct the multiplane 
deformity (Fig. 86-35). In neuromuscular cavovarus or cal¬ 
caneocavovarus deformities, one of the following methods 
is recommended. 
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A f Forty-year-old woman with Charcot-Marie-Tooth disease; note varus posture of heel. B f Triple arthrodesis was 
required, although most of cavus deformity was in forefoot. In addition, dorsal closing wedge osteotomy was performed at base of 
first metatarsal. Right, Initial small wedge (3 to 4 mm) is increased as necessary to bring first metatarsal to plantigrade position. 



Triple arthrodesis for varus deformity. A, Wedge with its base latéral (colored area) is resected from midtarsal région 
to correct deformity of forefoot. B, Wedge with its base latéral (colored area) is resected from subtalar région to correct varus deformity 
of hindfoot. C and D, Position of bones after surgery. 


TRIPLANAR OSTEOTOMY AND 
LATERAL LIGAMENT 
RECONSTRUCTION 

For unstable ankle joints without significant degenerative 
changes associated with calcaneocavovarus deformity, 
Saxby and Myerson recommended performing a latéral 
ligament reconstruction at the time of calcaneal triplanar 


osteotomy. If degenerative changes are noted in the 
midtarsal or subtalar joints, they recommend a triple 
arthrodesis with latéral ligament reconstruction. Saxby and 
Myerson emphasized that in hereditary sensorimotor neu- 
ropathy (Charcot-Marie-Tooth disease), the peroneus brevis 
is not functioning and the entire tendon can be used to 
help stabilize the ankle joint that tilts into varus. The tripla¬ 
nar osteotomy corrects ail three planes of the cavovarus 
deformity by latéral translation of the tuberosity fragment, 
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a closing wedge osteotomy laterally to correct the varus, 
and a proximal sliding of the tuberosity fragment to correct 
the calcaneal posture of the hindfoot. 


TECHNIQUE 86-16 


(SAXBY AND MYERSON) 

■ Place the patient in the latéral decubitus position. The 
foot should remain internally rotated but preferably 
should be perfectly latéral so that the position of the foot 
is not greatly distorted. 

■ Make an incision 3 to 4 cm anterior to the insertion of 
the Achilles tendon and 1 cm inferior to the tip of the 
fibula (Fig. 86-36A) so that the sural nerve and peroneal 
tendons are superior or anterior to the incision. 

■ Extend the oblique incision plantarward from the superior 
border of the calcaneus to the plantar aspect of the foot 
so that the inferior aspect meets the margin between the 
normal and plantar skin. At this point, the incision should 
be in line with the fibula. 

■ Carry the dissection through subcutaneous tissue and 
identify the sural nerve, which may be running in an 
aberrant course, and retract it superiorly. 

■ Deepen the incision to the periosteum and calcaneus. 
Identify the periosteum and divide it with sharp 


dissection. The entire calcaneus should now be visible 
from its superior to plantar edges. 

■ Insert a small, spiked Hohmann retractor into the dorsal 
and inferior margins of the wound and retract the soft 
tissue. 

■ Use a periosteal elevator to strip the periosteum 1 cm on 
either side to expose the calcaneus further. It is important 
to expose the calcaneus from its superior to inferior 
margins. 

■ Using an oscillating saw, perform the osteotomy in line 
with the skin incision. Divide the calcaneus, beginning 
superiorly and moving toward the inferior margin. Do not 
extend the saw eut into the médial soft tissues. Either the 
saw can be used and careful attention paid to the exact 
point at which the saw exits medially, or the médial cortex 
can be perforated with a large blunt osteotome. Prefer¬ 
ably, the triangular wedge of bone laterally should be 
removed with an oscillating saw before completion of the 
osteotomy medially (Fig. 86-36B and C). The size of the 
wedge varies but is approximately 6 mm in width from 
its superior to inferior margins, tapering to its apical 
surface medially. 

■ When a wedge of bone has been removed, remove ail 
remaining cancellous bone chips or fragments, using a 
curet or rongeur, and complété the osteotomy as described 




Saxby and Myerson triplanar osteotomy and latéral ligament reconstruction. A f Skin incision beneath both peroneal 
tendons and sural nerve and in line with peroneal tendons. B f Wedge is removed with apex latéral. C and D, Calcaneal tuberosity is 
translated laterally, simultaneously closing wedge. E f Tuberosity is secured with a cannulated 7-mm screw. Note dorsal translation of 
tuberosity. SEE TECHNIQUE 86-16. 
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S earlier. It is important to divide the médial periosteum to 
allow translation of the osteotomy. 

■ In severe deformities, the médial soft tissues are extremely 
taut, and the osteotomy does not close laterally unless 
this is completely released. To release the médial soft 
tissue from the latéral side, insert a large lamina spreader 
into the latéral aspect of the osteotomy and, with distrac¬ 
tion, gradually stretch and divide the periosteum. It 
should be possible to open the médial surfaces approxi- 
mately 1 cm using this distraction. 

■ If the periosteum is divided medially, the osteotomy 
should close and translate correctly; if not, the contour 
of the wedge probably is too angulated and more bone 
should be removed medially. 

■ Remove any small bone fragments because these prevent 
apposition of the osteotomy. 

■ Grasp the posterior portion of the tuberosity and translate 
it laterally several millimeters and superiorly several milli- 
meters (Fig. 86-36D). The superior translation is impor¬ 
tant because it changes the calcaneal pitch angle and 
decreases tension on the Achilles tendon. It is easy to 
palpate this dorsal overhang, and the latéral translation 
is done under direct vision. 

■ While holding the osteotomy in the desired position, hâve 
an assistant insert one or two guide pins to détermine 
the correct position for insertion of one or two cannu- 
lated cancellous screws. Check the position of the oste¬ 
otomy fluoroscopically after insertion of the guide pins 
and evaluate pin position. The screw or screws should 
cross at a right angle to the osteotomy and start slightly 
posteriorly and laterally on the tuberosity segment, angled 
anteriorly and slightly medially. 

■ When this position has been determined, fix the osteot¬ 
omy with 6.5- or 7-mm cancellous screws with a 16-mm 
thread length so that the shanks and not the threads of 
the screw traverse the osteotomy (Fig. 86-36E). These 
screws are typically 60 mm long. Excellent compression 
usually is obtained with one screw, but if sufficient com¬ 
pression is not achieved, a second parallel screw can be 
inserted easily. 

■Close the wound with interrupted 2-0 polyglactin 910 
(Vicryl) sutures in the subcutaneous tissue and 4-0 nylon 
sutures in the skin. 

■ Apply a posterior plaster splint with the foot in a neutral 
position. 

POSTOPERATIVE CARE. Weight bearing is not allowed 
for 10 days until the sutures are removed. A short leg 
walking cast is then applied and is worn for 4 weeks. 


Z-SHAPED CALCANEAL OSTEOTOMY 

Knupp et al. described a procedure using a step-cut (scarf) 
osteotomy that allows correction of the heel in frontal and 
transverse planes. The main indications for this procedure 
are a rigid varus hindfoot combined with forefoot valgus 
and an excessively plantarflexed first ray. Osteotomy of the 
calcaneus is necessary if the varus deformity is caused by 


metatarsus primus flexus without a rigid hindfoot defor¬ 
mity. Likewise, additional tendon transfers may be required 
in an excessively pronated forefoot. Degenerative disease 
and coalitions are contraindications to this procedure. A 
neurologie assessment should be done, especially if 
Charcot-Marie-Tooth disease is suspected. 


TECHNIQUE 86-17 


(KNUPP ET AL.) 

■ Place the patient supine on the operating table with a 
sandbag under the buttock of the affected side to bring 
the latéral aspect of the hindfoot forward. Exsanguinate 
the limb. 

■ To expose the latéral aspect of the calcaneus, make a 
slightly curved incision, parallel and about 1 cm posterior 
to the peroneus longus tendon (Fig. 86-37A). Take care 
not to damage the latéral dorsal cutaneous branch of the 
sural nerve. 

■ Strip the periosteum from the latéral wall. 

■ Make a 2-cm long horizontal osteotomy eut parallel to 
the plantar fascia (Fig. 86-37B) and then make a vertical 
eut slightly anterior to the tuberosity (Fig. 86-37C). Use a 
Hohmann retractor to protect the plantar structures. 
Make another vertical eut in the posterior half of the 
concavity of the tuberosity (Fig. 86-37D). Take care not 
to carry the eut too posteriorly to avoid injuring the Achil¬ 
les tendon, which should be protected with a second 
Hohmann retractor. 

■ Place four Kirschner wires to mark the corners of the bony 
wedge to be removed. 

■ Complété the osteotomy using an oscillating saw or an 
osteotome (Fig. 86-37E) and remove the bone wedge 
(Fig. 86-37F). 

■ Displace the tuberosity laterally and close the gap in the 
desired position (Fig. 86-38). If needed, the calcaneus can 
be lengthened by displacing the tuberosity posteriorly. 

■ Remove the Hohmann retractors and secure the osteot¬ 
omy with one or two Kirschner wires. 

■ Check the réduction fluoroscopically before inserting one 
or two cannulated screws over the Kirschner wires for 
fixation. 

■ Close the subcutaneous tissue and the skin with inter¬ 
rupted sutures. 

POSTOPERATIVE CARE. Apply a compressive dressing 
and splint to decrease swelling for 2 to 4 days, and then 
apply a short leg walking cast to be worn for a total of 
6 weeks. After the cast is removed, the patient can gradu¬ 
ally return to full activity as tolerated. 


PERONEUS BREVIS TENODESIS 

When the ankle joint is unstable in varus from chronic 
weakness of the peroneal tendons, Myerson recommended 
a tenodesis using the peroneus brevis tendon because it 
has no active function. Before surgery, it is important to 
obtain weight-bearing radiographs and stress views in 
patients with hindfoot varus and ankle instability. If the 
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Knupp et al. Z-shaped calcaneal osteotomy. A f Exposure of latéral wall of calcaneus. B and C f First horizontal eut. 
D f Two vertical cuts. E f Completion of osteotomy with chisel. F f After wedge removal and before closing of the osteotomy and lateral- 
ization of the tuberosity. (From Knupp M, Horisberger M, Hintermann B: A new Z-shaped calcaneal osteotomy for 3-plane correction of severe 
varus deformity of the hindfoot. Tech Foot Ankle Surg 7:90, 2008.) SEE TECHNIQUE 86-17. 
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Knupp et al. Z-shaped calcaneal osteotomy. 
A f Lateralization and valgus placement of tuberosity after 
Z-osteotomy and translation of calcaneus. B f Site of osteotomy 
and removal of bone wedge. C f Latéral translation of calcaneal 
tuberosity from posterior and from proximal. (Redrawn from 
Knupp M, Horisberger M, Hintermann B: A new Z-shaped calcaneal 
osteotomy for 3-plane correction of severe varus deformity of the hind- 
foot, Tech Foot Ankle Surg 7:90, 2008.) 


S tibiotalar joint is tilted into varus, usually degenerative 
articular changes hâve occurred; however, Myerson sug- 
gested that mild changes are not a contraindication for 
either calcaneal osteotomy or triple arthrodesis combined 
with a tenodesis of the peroneus brevis. Although an ankle 
arthrodesis rarely is necessary, debridement, synovectomy, 
and removal of osteophytes and loose bodies may be 
required. Realignment of the hindfoot with an osteotomy 
or arthrodesis may correct the tibiotalar tilt by shifting the 
weight-bearing axis of the leg laterally. In patients with 


hereditary sensorimotor neuropathy, the entire peroneus 
brevis tendon can be used because it does not function. In 
patients with hindfoot varus and ankle instability not asso- 
ciated with any neuromuscular imbalance, the peroneus 
brevis tendon is split and reconstruction is performed 
(Chrisman and Snook). If the talar tilt is fixed and rigid and 
articular pain is présent, a pantalar arthrodesis should be 
performed. 


TECHNIQUE 86-18 


(MYERSON) 

■ Make an incision postérolatéral to the fibula, extending 
8 to 10 cm proximal to the tip of the fibula just posterior 
to the peroneal tendon (Fig. 86-39A). Continue the inci¬ 
sion along the latéral border of the hindfoot to the 
cuboid. 

■ Identify the peroneus brevis tendon proximally. Transect 
the peroneus brevis tendon at the musculotendinous 
junction, removing the origin of the tendon from its 
muscle. 

■ Open the peroneal tendon sheath proximally but do not 
divide the superior peroneal retinaculum. At the superior 
peroneal retinaculum, the longus and brevis tendons are 
in the same compartment, but at the distal peroneal reti¬ 
naculum, each tendon is enclosed in a separate sheath 
and pulley. Immediately posterior to the fibula, the pero¬ 
neus longus lies anterior or superficial to the brevis 
tendon. This relationship changes distal to the fibula as 
the tendons rotate, and the brevis tendon lies superfi- 
cially. The brevis tendon can be easily identified because 
its muscle fibers extend distally on the tendon, in contrast 
to the peroneus longus tendon, which has no attached 
muscle at this level. 

■ In patients with hereditary sensorimotor neuropathy, tran¬ 
sect the (entire) tendon 8 to 10 cm proximal to the tip of 
the fibula and peel the muscle fibers off the tendon 
sharply. 

■ If only half the tendon is to be used in patients without 
motor neuropathy, split off the anterior half, leaving the 
posterior half intact because this segment has a more 
direct insertion onto the muscle. 

■ Near the calcaneocuboid joint, identify the peroneus 
brevis tendon and deliver it into the distal aspect of the 
wound. Divide the separate sheath with the peroneus 
brevis tendon distally. Split the peroneus brevis tendon 
longitudinally, leaving the distal 1 to 2 inches of the 
tendon intact to the base of the fifth metatarsal. 

■ Drill a 4.5-mm hole into the fibula from anterior to pos¬ 
terior approximately 1 cm proximal to the tip of the fibula 
(Fig. 86-39B). 

■ Pass the tendon through the hole from anterior to 
posterior. 

■ With the ankle in the neutral position, suture the tendon 
to the periosteum over the anterior aspect of the fibula. 

■ Pass the tendon deep to the peroneus longus tendon and 
attach the whole or split tendon to the calcaneus with a 
4-mm cancellous screw and a spiked ligament washer. 

■ Drill a hole in firm subchondral bone of the latéral aspect 
of the calcaneus and select a screw of the appropriate 
length to ensure purchase in the médial calcaneal cortex. 
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Myerson peroneus brevis tenodesis for ankle instability. A f Skin incision immediately posterior to peroneal tendon. 
B f Four-and-one-half-millimeter drill hole through which peroneal tendon is passed. C f Completed tenodesis. Tendon is passed deep to 
both peroneal tendons, secured to calcaneus with a 4-mm cancellous screw and spiked ligament washer, and passed superficial to 
peroneal tendons and secured to itself at tip of fibula. SEE TECHNIQUE 86-18. 


Usually, a screw 30 mm long is sufficient, but when mea- 
suring, be sure to add 3 to 4 mm to accommodate the 
thickness of the washer. Ensure that the screw is not so 
long that it pénétrâtes the médial calcaneal cortex and 
damages the flexor hallucis longus tendon. 

■ Pull the tendon inferior to the fibula. 

■ Pass a No. 11 or No. 15 blade through the tendon. 

■ Insert the screw and washer through the tendon; while 
maintaining traction on the tendon, advance the screw 
until it gains firm purchase in the médial cortex. Although 
it is not necessary to tap the bone, if the screw is difficult 
to insert, tap the latéral cortex. 

■ Obtain a firm purchase with the screw. If fixation is even 
slightly tenuous, redrill the calcaneus in a different 
direction. 

■ Pass the free end of the tendon, which usually is 2 cm 
long, superficial to the peroneus longus tendon, and 
attach it to itself at the tip of the fibula (Fig. 86-39C). 

■ Close the wound after hemostasis is achieved. 

POSTOPERATIVE CARE. A short leg, nonwalking cast 
is worn for 4 weeks and then changed to a removable 
walking cast, which is worn for 4 weeks. During this time, 
range-of-motion exercises of the ankle are begun. 


■ CALCANEOCAVOVARUS AND CAVOVARUS 
DEFORMITY ASSOCIATED WITH ARTHRITIC 
CHANGES OF THE SUBTALAR AND 
MIDTARSAL JOINTS 


TRIPLE ARTHRODESIS 


TECHNIQUE 86-19 


(SIFFERT, FORSTER, AND NACHAMIE) 

■ Expose the calcaneocuboid, talonavicular, and subtalar 
joints through the incision used for ordinary triple 
arthrodesis. 

■ Dénudé the calcaneocuboid and subtalar joints of 
cartilage. 

■ Excise the dorsal cortex of the navicular. 

■ Plan the wedge of bone to be removed by osteotomy of 
the anterior aspect of the calcaneus, the posterior aspect 
of the navicular, and the inferior aspect of the talar head 
and neck (Fig. 86-40A); start the osteotomy inferiorly and 
carry it superiorly to the inferior surface of the talus. 

■ Resect the inferior part of the talar head and neck to form 
a beak, leaving undisturbed the soft tissue structures on 
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Siffert, Forster, and Nachamie triple arthrodesis for severe cavus deformity. A f Wedge of bone to be removed by 
osteotomy. Superior part of talar head is retained to form "beak." Bone to be resected from région of midtarsal and subtalar joints is 
indicated by colored areas . Dorsal cortex of navicular is included. B f Soft-tissue structures anterior to ankle joint are left undisturbed. 
C f Final position of foot; forefoot has been displaced plantarward, and navicular has been locked beneath remaining part of talar head. 

SEE TECHNIQUE 86-19. 



Triple arthro¬ 
desis for calcaneocavus deformity. 
A f Amount of bone resected 
(colored area). B f Position of bones 
after surgery; foot has been dis¬ 
placed posteriorly at subtalar 
joint. SEE TECHNIQUE 86-19. 


B 




the superior aspect of the talus anterior to the ankle joint 
(Fig. 86-40B). 

■ Displace the forefoot plantarward and lock the navicular 
beneath the remaining part of the talar head and neck 

(Fig. 86-40C). 

■ When the bones fit together snugly, maintain the position 
manually by applying slight pressure beneath the forefoot 
while the cast is being applied; when the fit is not so 
snug, fix the navicular in proper relationship to the talus 
by a staple if desired; occasionally, fixing the talus to the 
calcaneus may be wise. 

POSTOPERATIVE CARE. A cast is applied with the foot 
in moderate equinus position and the knee in slight 
flexion. Firm pressure is exerted on the sole of the foot 
while the plaster is setting to stretch the plantar structures 
as much as possible. 


An alternative method is shown in Figure 86-41. Occa¬ 
sionally, the deformity is so severe (Fig. 86-42) that the entire 
navicular is removed (Dunn technique; Fig. 86-43). 


TRIPLE ARTHRODESIS 


TECHNIQUE 86-20 


(LAMBRINUDI) 

■ With the foot and ankle in extreme plantarflexion, make 
a latéral radiograph and trace the film. Cut the tracing 
into three pièces along the outlines of the subtalar and 
midtarsal joints; from these pièces, the exact amount of 
bone to be removed from the talus can be determined 
accurately before operation. In the tracing, the line rep- 
resenting the articulation of the talus with the tibia is left 
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Médial (A) and frontal (B) views and 
radiograph (C) of severe calcaneocavovarus deformities as 
sequelae of poliomyelitis. Entire navicular must be excised 
to correct cavus deformity. SEE TECHNIQUE 86-19. 





Dunn arthrodesis. A f Position of skin incision 
(broken line) and amount of bone resected (colored area). 
B f Position of bones after surgery. Foot (except for talus) has been 
displaced posteriorly at subtalar joint so that head of talus is 
apposed to cuneiform. SEE TECHNIQUE 86-19. 


undisturbed; however, the line corresponding to its 
plantar and distal parts is to be eut so that, when the 
navicular and the calcaneocuboid joint are later fitted to 
it, the foot is in slight equinus in relation to the leg (Fig. 
86-44A). Five to ten degrees is best; if the extremity has 
shortened, more may be désirable. 

■ Expose the tarsus through a long latéral curved incision. 

■ Section the peroneal tendons by a Z-shaped eut, open 
the talonavicular and calcaneocuboid joints, and divide 
the interosseous and fibular collateral ligaments of the 
ankle to permit complété médial dislocation of the tarsus 
at the subtalar joint. 

■ With a small power saw (more accurate than a chisel or 
ostéotomie), remove the predetermined wedge of bone 
from the plantar and distal parts of the neck and body of 
the talus. 

■ Remove the cartilage and bone from the superior surface 
of the calcaneus to form a plane parallel with the longi¬ 
tudinal axis of the foot. 

■ Make a V-shaped trough transversely in the inferior part 
of the proximal navicular and dénudé the calcaneocuboid 
joint of enough bone to correct any latéral deformity. 

■ Firmly wedge the sharp distal margin of the remaining 
part of the talus into the prepared trough in the navicular 
and appose the calcaneus and talus (Fig. 86-44B). Place 
the distal margin of the talus well medially in the trough; 
otherwise, the position of the foot would not be satisfac- 
tory. (No attempt should be made to compensate in the 
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Lambrinudi arthrodesis. A f Part of talus to be resected (colored area). B, Sharp distal margin of remaining part of 
talus has been wedged into prepared trough in navicular, and raw osseous surfaces of talus, calcaneus, and cuboid hâve been apposed. 

SEE TECHNIQUE 86-20. 


9 foot for any tibial torsion.) The talus is now locked in the 
ankle joint in complété equinus, and the foot cannot be 
plantarflexed farther. 

■ Suture the peroneal tendons and close the wound in the 
routine manner. 

POSTOPERATIVE CARE. The cast is suspended by slings 
to an overhead frame for 48 to 72 hours. After 10 to 14 
days, the cast is changed, sutures are removed, and non- 
weight-bearing ambulation on crutches is allowed. This 
cast is worn for a further 4 weeks, and radiographs are 
made out of the cast. Weight bearing to tolérance is 
allowed in a short leg walking cast. This cast is worn until 
solid bony union is shown clinically and radiographically, 
usually 12 weeks after surgery. 


SUMMARY OF CAVUS FOOT EVALUATION 
AND TREATMENT 

The important déterminants of prognosis and treatment of 
the cavus foot are as follows: 

1. Is the deformity multiplanar or single planar? 

2. Is the deformity primarily forefoot, midfoot, hindfoot, or 
a combination of these? 

3. Is one or more of the components fixed? 

4. Is the underlying cause one of a progressive, severe 
course, with or without treatment? 

5. Are tendon transfers required to maintain the correction 
gained by arthrodesis or osteotomy? 

6. Is there a sensory déficit? 

Triple arthrodesis in patients with neuromuscular disease 
ultimately may resuit in degenerative arthritis of adjacent 


joints. Triple arthrodesis in adolescents with Charcot-Marie - 
Tooth disease is less likely to produce long-term satisfactory 
results than when performed in adults of 40 years or older. If 
the patient has no sensory déficit, however, triple arthrodesis 
is a reasonable choice for severe cavus or cavovarus deformity 
and may be the only procedure that would produce a planti¬ 
grade foot. In general, the least that can be done to alleviate 
a certain symptom is the best treatment for cavus foot defor¬ 
mity, especially in feet with sensory déficits. 
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Deformities and diseases of the toenails are some of the most 
common and most disabling foot problems in infants to the 
elderly. They range from minor annoyances to severe life- or 
limb-threatening conditions, and abnormalities of the toe¬ 
nails can be a sign of a systemic disease process. Offen the 
pain associated with nail disorders has a marked effect on 
individuals’ daily lives. A study of 55 patients with nail disor¬ 
ders found that they were significantly correlated with dys- 
function of the lower extremities and, in elderly patients, were 
likely to increase the risk of falling. 

ANATOMY 

The normal nail complex consists of the nail plate, the nail 
bed, and the surrounding skin. The nail plate is the nail 
proper and consists of two components: the root, the portion 
of the nail plate that is beneath the skin, and the body, the 
exposed portion of the nail plate. The nail bed, has two com¬ 
ponents, the stérile matrix and the germinal matrix. In the 
skeletally mature foot, the germinal matrix extends from 
just distal to the lunula 5 to 8 mm proximally and deep to 
the éponychium or proximal nail fold. It is smoother and 
paler than the stérile matrix, unless the nail has recently 
been avulsed. The germinal matrix sends projections into 
the adjacent soft tissue that make complété nail ablation dif- 
ficult. The germinal matrix contributes to longitudinal 
growth of the nail plate (Fig. 87-1 A). The skin surrounding 
the nail plate includes the nail walls (labia ungues), the 
margins of skin that overhang the two latéral borders of the 
nail body; éponychium (proximal nail fold), the distal exten¬ 
sion of the stratum corneum of skin that covers the nail 
root; and cuticle, the distal edge of the éponychium. It is 
doubtful that the éponychium, latéral nail folds, or nail bed 
(stérile matrix) contribute to longitudinal new growth of the 
nail plate, but this issue is not completely settled. Finally, 
the hyponychium is the horny thickening of the skin at the 
distal margin of the nail. 


INGROWN TOENAIL 
(ONYCHOCRYPTOSIS, UNGUIS 
INCARNATUS) 

ETIOLOGY 

The term ingrown toenail is misleading. If used to designate 
a hook of nail caused by improper nail care growing into an 
overlapping nail fold that has obliterated the latéral nail 
groove, the term is acceptable (Fig. 87-1 B). The most prob¬ 
able cause of the symptom complex is a combination of 
factors, however, only one of which may be an improperly 
trimmed nail. The condition is rare in people who do not 
wear shoes, and the most likely explanation is the absence of 
extrinsic pressure. Within the confines of the shoe toe box, 
the great toe is pushed toward the second toe, resulting in 
pressure against the latéral border of the nail, while the shoe 
itself exerts pressure on the médial side of the nail. This 
extrinsic pressure causes the nail fold to push into the sharp 
edge of an improperly eut nail, breaking the skin. The bacte- 
rial and fungal flora on the skin enter the open wound, albeit 
a small one, and inflammation results. A bottlenecked, poorly 
draining abscess follows, causing erythema, edema, hyperhi- 
drosis, and tenderness. Finally, hypertrophie granulation 
tissue complétés the clinical picture of the familiar infected 
ingrown toenail (Fig. 87- IC). The hypertrophie granulation 
tissue is slowly covered by epithelium, further inhibiting 
drainage and promoting edema. This process makes the nail 
even more vulnérable to injury by extrinsic pressure, and the 
cycle repeats itself. 

NONOPERATIVE MANAGEMENT 
■ STAGE I (INFLAMMATORY STAGE) 

In stage I, the patient has mild erythema, swelling, and ten¬ 
derness along the latéral nail fold (Fig. 87-2 A). The treatment 
involves lifting the latéral edge of the nail plate from its 
embedded position in the dermis of the latéral nail fold. This 
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FIGURE 


A, Anatomy of normal toenail (see text). B f Ingrown toenail (see text). C f Cross-section of ingrown toenail (see text). 



Different stages of présentation of ingrown toenail. A, Stage I: pain, swelling, erythema. B, Stage II: signs of inflam¬ 
mation with active or acute infection. C, Stage III: chronic infection leading to granulation tissue formation at the nail folds. (From Park 
DH, Singh D: The management of ingrowing toenails, BMJ 344:e2089, 2012.) 


is easier to perform if done after soaking the foot, which 
makes the nail softer and more pliable. Nonabsorbent cotton, 
wool, or acrylic mesh is passed beneath the corner of the nail 
(Fig. 87-3). This is done gently because it is frequently painful. 
The patient may need a few days of intermittent warm soaks, 
a cutout shoe, and modification of activity before the local 
inflammation is reduced enough to allow this treatment. 
Once begun, however, the patient usually can introduce more 
material beneath the nail corner than can the physician. The 
patient repeats the treatment daily until the nail grows out 
and can then be trimmed properly. Proper trimming of the 
nail at right angles to the distal edge of the nail plate is shown 
in Figure 87-4, with the goal being a squared nail with corners 
protruding distal to the hyponychium. This treatment usually 


is successful in 2 to 3 weeks if as much material as is comfort- 
able to the patient is placed beneath the nail edge each day. 

Another conservative treatment option is nail splinting, 
which séparâtes the nail plate from the soft tissue to provide 
a channel in which the nail can grow. A “gutter splint” that is 
affixed to the ingrown nail edge with adhesive tape or a form¬ 
atée acrylic resin such as cyanoacrylate can be fashioned from 
a sterilized vinyl intravenous drip infusion tube slit from top 
to bottom with one end eut diagonally for smooth insertion 
(Fig. 87-5). Gutter splints can be used with or without the 
application of an acrylic nail. The use of a resin splint also has 
been reported to be successful, although the duration of 
application was lengthy (9 months). Reported récurrence 
rates with various splinting techniques range from 8% to 48%. 
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Treatment of stage I ingrown toenail. Nail is 
lifted from embedded position with cotton. 



Correct 


Incorrect 


Ingrown toenail. Proper and improper trim- 


ming of toenail. 


A dynamic correction technique, orthonyxia, uses direct 
force to lift the nail from the nail fold and release the pressure 
exerted on the inflamed soft tissue. Generally, orthonyxia 
devices consist of two hooks placed on the sides of the nail and 
connected under tension by wire (Fig. 87-6), “super-elastic” 
wire, or shape-memory segments. Correction of the nail 
deformity has been reported to occur within 3 weeks in most 
patients. Cited advantages of splinting and orthonyxia tech¬ 
niques over operative treatment are less postoperative morbid- 
ity, shorter time to recovery, and better cosmetic results. 

The “band-aid” method (Fig. 87-7) pulls the nail fold 
away from the nail to relieve pressure. 



Gutter splint for treatment of ingrown toenail. 

(From Eekhof JA, Van Wijk B, Knuistingh Neven A, van der Wouden JC: 
Interventions for ingrowing toenails. Cochrane Database Syst Rev 
4:CD001 541, 2012.) 



Orthonyxia uses hooks placed on sides of the 
nail connected under tension. (From Eekhof JA, Van Wijk B, Knuistingh 
Neven A, van der Wouden JC: Interventions for ingrowing toenails. 
Cochrane Database Syst Rev 4:CD001541, 2012.) 


■ STAGE II (ABSCESS STAGE) 

Stage II is an advancement of stage I. The erythema, edema, 
hyperhidrosis, and tenderness increase; the nail fold bulges 
over the nail plate edge; and drainage begins (Fig. 87-2B). At 
first, the drainage is a thin, sticky, serous sécrétion. Because 
of the abundance of microorganisms normally présent on the 
skin, infection rapidly follows, and the drainage becomes 
purulent and has a fetid odor. Walking becomes difficult, and 
shoe wear is almost impossible. It is possible to treat this stage 
nonoperatively by removing ail pressure from the toe, includ- 
ing that from hosiery, and soaking the foot 10 to 15 minutes 
in warm water four or five times a day. The drainage is cul- 
tured, and sensitivities are determined, and a broad-spectrum 
antibiotic is begun. When the swelling recedes, tenderness 
should decrease, and the use of material beneath the distal 
nail corner as described in stage I can be started. This must 
not be used, however, if the drainage has not stopped and 
inflammation has not significantly decreased. 

■ STAGE III (GRANULATION STAGE) 

In stage III, granulation tissue covers the latéral nail fold and 
inhibits free drainage (Fig. 87-2C). If this stage is leff untreated, 
epithelium creeps over the edge of the granulations, further 
inhibiting drainage and precluding any chance of elevating 
the nail edge from the dermis of the latéral nail fold. This stage 
can progress into a chronic, relatively asymptomatic condition 
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"Band-aid" method pulls the nail fold away from the nail to relieve pressure. (From Eekhof JA, Van Wijk B, Knuistingh 
Neven A, van der Wouden JC: Interventions for ingrowing toenails. Cochrane Database Syst Rev 4:CD001541, 2012.) 


during several weeks, usually followed by récurrent, acute 
inflammatory épisodes. It is doubtful that this stage can be 
treated nonoperatively with lasting bénéficiai results. In stage 
III and in many patients in stage II, surgical management is 
preferred. Nonsurgical management of late stage II and stage 
III lésions is time consuming for the patient and the physi- 
cian, and patient compliance is unpredictable. Récurrence 
also is likely after nonsurgical (and some surgical) treatment 
when the lésion has progressed this far. The surgical treatment 
choices are many, but only a few of the most commonly used are 
described. The recommended anesthetic is local (lidocaine or 
mepivacaine), without epinephrine, introduced with a small - 
gauge needle 1 cm distal to the first web space, and ensuring 
that plantar digital nerves and the dorsal sensory branches of 
the superficial peroneal nerve are well anesthetized. 

OPERATIVE MANAGEMENT 

The operative treatment of ingrown toenails is based on two 
viewpoints of etiology: the nail is the offender and the soft 
parts are offended, requiring removal of ail or part of the nail 
and the germinal matrix, or vice versa. In the view that the 
nail folds are the offender, procedures are used to remove or 
debulk the nail fold. 


TOTAL NAIL PLATE REMOVAL 

Total nail plate removal without concomitant matrix removal 
is rarely indicated, unless the abscess has circumducted the 
nail on both sides and beneath the éponychium so that 
partial nail plate removal would not provide adéquate 
drainage. 


TECHNIQUE 87-1 


■ When the great toe has been anesthetized, pass a 
straight, thin hemostat or small, fiat nasal elevator 
beneath the nail in the midline from the hyponychium 
several millimeters proximal to the nail fold adjacent to 
the lunula (Fig. 87-8). 

■ Do not shift the hemostat or elevator back and forth; 
withdraw and insert it in a similar longitudinal manner 
beneath each latéral margin of the nail adjacent to the 
latéral nail fold. 



FIGURE 


Total nail plate removal. SEE TECHNIQUE 87-1. 


■ The nail should become loose enough to extract with a 
distal pull, unless the nail root still adhères to the éponych¬ 
ium. In this instance, instead of forcefully jerking the nail 
root loose, sharp dissection with a small blade between 
the nail plate and éponychium would allow the former 
to be gently lifted from its bed with little chance of 
damage to the germinal matrix and would reduce bleed- 
ing from the nail bed. 

■ Another choice to remove the last moorings of the nail 
is the use of a wide, fiat, nasal elevator. 

POSTOPERATIVE CARE. A nonadherent, single-layer 
dressing is applied to the nail bed followed by a gently 
wrapped compression bandage. The foot is elevated for 
24 hours, and then the dressing is removed and warm 
soaks are begun. No constricting hosiery or shoes should 
be worn for 1 week. The nail takes 4 to 6 months to 
re-form completely, depending on the patient's âge. The 
patient must be informed of this before surgery and 
forewarned that an upward-turned deformity of the 
distal nail bed and pulp may develop. This deformity is 
more likely to occur if the patient has had multiple nail 
avulsions (Fig. 87-9). 










PART XIX THE FOOT AND ANKLE 




A and B f Turned up pulp deformity after mul¬ 
tiple nail avulsions for treatment of ingrown toenail. C f Turned 
up deformity after several nail avulsions. SEE TECHNIQUE 87-1. 


The récurrence rate of ingrown toenail after total nail removal 
ranges from 32% to 78% in published reports; the récurrence 
rate after a second avulsion is 70% to 80%. The benefits of 
total nail avulsion are uniformly rapid relief of symptoms and 
resolution of infection. 



0 Inadéquate partial nail plate removal. Latéral 
fourth of nail plate should be removed beneath éponychium. SEE 

TECHNIQUE 87-2. 



PARTIAL NAIL PLATE REMOVAL 

Partial nail plate removal differs little from total nail plate 
removal. 


TECHNIQUE 87-2 


■ Lift the latéral fourth of the nail from its bed with a small, 
angled probe or one arm of a narrow, smooth, straight 
hemostat, and remove it. Do not lift too firmly to avoid 
detaching the nail from its bed in a latéral direction. 

■ Using straight scissors, eut the nail plate longitudinally 
while lifting the latéral fourth off its bed. A curved tip on 
the scissors is less likely to damage the matrix. 

■ The nail must be incised to its proximal end beneath the 
éponychium. 

■ Remove the granulation tissue by gently scraping with a 
scalpel or by removing it totally by elliptically excising part 
of the nail fold. 


FIGURE 


matrix. 


Q Deformity of nail bed after lacération of nail 


POSTOPERATIVE CARE. Postoperative care is the same 
as after complété nail plate removal except that the 
patient can wear a closed, wide toe box shoe by the third 
or fourth day. 


The récurrence rate is even higher after partial nail plate 
removal than after complété removal. In adolescents, however, 
this minor procedure, even if it must be repeated, is an attrac¬ 
tive alternative to changing the appearance of the nail perma- 
nently. The patient, and especially the parents of an adolescent, 
must be told récurrent nail spiculés may form, the nail- 
forming matrix may be injured, and some permanent defor¬ 
mity, even if minor, may resuit (Figs. 87-10 and 87-11). 
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REMOVAL OF THE NAIL EDGE AND 
ABLATION OF THE NAIL MATRIX 

Phénol ablation of nail matrix of ingrown toenails is prob- 
ably the most common procedure for onychocryptosis and 
can be done in the office setting. 


TECHNIQUE 87-3 


■Ail personnel involved in the procedure should wear 
gloves to avoid direct contact with phénol, which is 
caustic. 

■ Place a tourniquet (Tourni-cot; Mar-Med Company, Grand 
Rapids, Michigan), Penrose drain, or a gloved finger at 
the base of the great toe to ensure a relatively dry dis- 
secting area after placement of local anesthésia. Elevate 
the latéral fourth to fifth of the nail edge longitudinally 
from distal to proximal, including the few millimeters of 
nail that are beneath the éponychium (Fig. 87-12A). 

■ When the nail plate has been removed, place antibiotic 
gel around the nail fold to protect the skin from the 
effects of the phénol. Place a small piece of cotton 
pledget that has been dipped in 80% to 89% phénol 
solution into the nail groove, extending beneath the 
éponychium to ensure that the pocket of germinal matrix 
is exposed to the phénol (Fig. 87-12B). The field should 
be bloodless, or the phénol will coagulate the blood 
instead of affecting the nail tissue. Phénol is useful as it 
is necrotizing, disinfecting, and anesthetic. 

■ Rotate the cotton applicator for 30 to 40 seconds, and 
repeat three more times for a total of 2 to 3 minutes, 
which is the optimal application time. This is followed by 
application of 70% isopropyl alcohol to dilute the phénol 
(Fig. 87-12C). 

POSTOPERATIVE CARE. The nail edge is covered with 
nonadherent gauze and a toe dressing (Fig. 87-12D), fol¬ 
lowed by release of the tourniquet. The patient is placed 
in a postoperative shoe and instructed to elevate the foot. 
The patient should be warned about the charred appear- 
ance of the skin that is évident when they remove their 
dressing after 2 to 3 days. Warm Epsom sait soaks are 
started once the dressing is removed, until the tissues 
hâve healed. Nonconstricting shoes are worn until ail 
tenderness and drainage hâve ceased (Fig. 87-12E). Some 
oozing may occur for 3 to 6 weeks. 


A systematic review of the literature determined that récur¬ 
rence of the ingrown nail is less frequent after phenolization 
with simple avulsion of the nail than after more invasive 
excisional surgical procedures, and reported success rates 
with this technique hâve been as high as 98%. A comparison 
of surgical and phénol matricectomy in 72 patients, however, 
found a significantly higher récurrence rate in those with 
phénol matricectomy (32%) than in those with surgical 
matricectomy (7%). Trichloroacetic acid and sodium hydrox- 
ide hâve also been used for ablation of the nail matrix instead 
of phénol. Other methods used for ablation of the nail matrix 
include electrocoagulation, cryotherapy, and carbon dioxide 


laser vaporization. Laser ablation was reported to signifi¬ 
cantly reduce operative time and duration of postoperative 
pain, and to allow a quicker return to daily activities. 

The following procedures are probably better performed 
in the operating room, as opposed to the office setting. 


PARTIAL NAIL PLATE AND MATRIX 
REMOVAL 

Probably the most frequently done operative procedure for 
ingrown toenail is that described by Winograd. Although 
his report involved only five patients, numerous subséquent 
reports hâve affirmed the usefulness of the technique. The 
Winograd technique is useful in late stage II or stage III 
disorders, especially after a previous, unsuccessful partial 
or complété nail removal. We hâve not found it necessary 
to treat the wound for several days before the procedure 
to reduce local infection, but hâve no objection to this 
being done. 


TECHNIQUE 87-4 


(WINOGRAD) 

■ Beginning 5 to 8 mm proximal to the lunula, make a 
longitudinal incision in the éponychium extending distally 
(Fig. 87-13A) while scoring, but not penetrating, the nail 
plate until its distal edge is reached (Fig. 87-13B). 

■ Lift the eponychial flap by sharp dissection to reveal the 
nail root overlying the latéral margin of the germinal 
matrix. The remainder of the éponychium should be left 
undisturbed. 

■ Using a small nasal elevator or small, straight hemostat, 
lift the latéral border of the nail out of the nail fold by 
passing the instrument beneath the latéral fourth of the 
exposed nail. 

■ Incise this nail margin with a nail splitter (Fig. 87-13C) 
along the previously scored mark, being sure to reach the 
most proximal edge of the nail plate. 

■ With its eponychial cover already reflected and the under- 
surface of the nail plate lifted off its bed (Fig. 87-13D), 
gently remove this segment of nail, exposing the underly- 
ing matrix (Fig. 87-13E). 

■ Remove the exposed matrix by sharp dissection using the 
scalpel. 

■ Retract the latéral nail fold to expose the latéral margin 
of the matrix. Remove the entire matrix, the stérile and 
germinal portions; take spécial care to remove the proxi¬ 
mal portion of the germinal matrix to reduce the likeli- 
hood of récurrent nail formation (Fig. 87-13F). 

■ Even after great care, the patient occasionally develops a 
tiny nail remnant that may or may not be symptomatic. 
An attempt to bring the latéral margin of the nail fold to 
the remaining nail is optional; Heifetz recommended exci¬ 
sion of part of the nail fold. The surgeon should be certain 
that the periosteum of the phalanx has been removed 
with the matrix (Fig. 87-13G) because this is the most 
certain means of matrix ablation. 

■ Return the proximal eponychial flap to its original 
location. Sutures to hold it there are optional (Fig. 
87-13H). 
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Removal of the nail edge and ablation of the nail matrix. A f Nail edge 
is elevated longitudinally. B f Phénol is applied to the nail fold three times with a narrow 
cotton swab. C f Alcohol is applied to neutralize the phénol. D f Nail is covered with 
nonadherent gauze and toe dressing is applied. E f Appearance of nail after phénol abla¬ 


tion. SEE TECHNIQUE 87-3. 
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9 " Apply a nonadherent dressing over the exposed phalanx, 
followed by a nonconstricting gauze wrap (Fig. 87-131). 

POSTOPERATIVE CARE. The extremity is elevated 48 
hours, at which time the dressing is removed. Soaks are 
begun for 10 minutes several times a day, and the wound 
is covered with only an adhesive bandage. No shoe or 
hosiery is worn for 5 to 7 days except a postoperative 
wooden-soled shoe that has no toe box. Later, a wide toe 
box shoe usually can be worn without discomfort. 


Récurrence rates vary in the literature from 0% to 86%. This 
rate can be lowered by full exposure of the germinal matrix, 
followed by its complété removal. Récurrence rates are higher 
in patients with previous nail ablations, likely secondary to 
scarring and therefore incomplète exposure of the germinal 
matrix. Nail deformity may also resuit from this procedure 
(Fig. 87-14). 


NAIL PLATE AND GERMINAL MATRIX 
REMOVAL 

The procedure for nail plate and germinal matrix removal 
was originally described by Quenu in 1887 and popular- 
ized by Wilson in 1944. The essentials of this procedure 
are removal of the entire nail plate and germinal matrix 
while not disturbing the stérile matrix distal to the lunula 
(Fig. 87-15). The stérile matrix does not form true nail but 
continues to form flaky cornifications that might be cos- 
metically displeasing (Fig. 87-16). This procedure is rarely 
used but can be employed in middle-aged or elderly 
patients with multiple occurrences of nail problems from 
a variety of causes (incurvatum, onychogryposis, onycho- 
mycosis). Younger patients (usually male) with less 
concern for cosmesis who hâve had multiple operations 
for ingrown toenail also are good candidates for this pro¬ 
cedure. It is often a good alternative to the terminal Syme 
procedure. 



Winograd technique. A f Eponychium is incised. B f Nail plate is scored. C f Nail splitter is used to divide nail. D f Small 
elevator lifts plate atraumatically from underlying matrix. Continued 







PART XIX THE FOOT AND ANKLE 



■awnaaEgCTgBTBÎfc E f Entire portion of plate, which has been removed from body of nail, is removed using straight hemostat. F, 
Pearly colored matrix is exposed. Matrix curves on undersurfaces of paronychium and éponychium. This must be thoroughly removed. 
G, Germinal matrix folding on éponychium and paronychium must be removed by sharp dissection from around nail horns. Nail plate 
and matrix hâve been removed completely. H f Closing wound is optional, but convalescence is shortened. I, Dressing remains in place 

for 24 to 48 hours. SEE TECHNIQUE 87-4. 





CHAPTER 87 DISORDERS OF N Al LS AND SKIN 



Postoperative appearance of the toenail of a 
16-year-old girl after wedge excision and nail avulsion. (From 
Haneke E: Nail surgery, Clin Dermatol 31:516, 2013.) 


TECHNIQUE 87-5 


(QUENU; FOWLER; ZADIK) 

■ Remove the nail plate initially in the same manner as 
previously described (Fig. 87-8). 

■ Raise the éponychium as a full-thickness flap by extend- 
ing oblique incisions from both corners of the proximal 
nail fold approximately 1 cm proximally (Fig. 87-17A). 

■ Excise the inner 1 or 2 mm of nail fold on both sides of 
the nail. 

■ Excise the germinal matrix (Fig. 87-17B). Begin this inci¬ 
sion 1 to 2 mm distal to the lunula or, if the lunula is 
indistinct, begin the incision one third the distance from 
the cuticle to the distal nail edge and make it transverse 
across the stérile matrix. 

■ Retracting the latéral nail fold, remove each edge of the 
matrix from the distal phalanx by sharp dissection, being 
careful not to leave any germinal matrix in the recesses 
of the latéral grooves. The matrix follows the latéral cur- 
vature of the phalanx almost to the midlateral line, and 


this must be kept in mind during the latéral dissection to 
remove the matrix. 

■ With the distal edge and both latéral margins of the 
germinal matrix detached from the phalanx, the proximal 
edge and corners can be seen better. Retract the proximal 
nail fold proximally and complété the removal of the 
matrix by sharp dissection (Fig. 87-17C). 

■ The extensor hallucis longus insertion centrally and fat 
and subcutaneous tissue at the corners must be exposed 
before adéquate excision of the germinal matrix is pos¬ 
sible. In addition, the periosteum on the dorsal and latéral 
borders of the distal phalanx should be removed by sharp 
dissection when the germinal matrix is excised. 

■ Return the eponychial flap to its previous location (Fig. 
87-17D and E). Usually, it does not reach the remaining 
nail bed, but the gap is small and quickly closes with 
wound contraction; use of sutures is optional. 

POSTOPERATIVE CARE. A nonadherent dressing and 
gently rolled gauze wrap are placed over the wound, and 
the foot is elevated for 48 hours, at which time the dress¬ 
ing is changed. Warm soaks are started, and an open toe 
shoe is worn with a light dressing over the phalanx. If the 
procedure is performed in the presence of gross infection, 
healing may be delayed but should be complété by 6 to 
8 weeks. The patient must be informed before surgery 
that the new "nail" over the stérile matrix will not look 
like or grow like the previous normal nail (Fig. 87-1 7E). 


PARTIAL NAIL FOLD AND NAIL 
MATRIX REMOVAL 

The rationale for partial nail fold removal in addition to 
matrix removal as in the Winograd procedure and its modi¬ 
fications is to eliminate ail parts of the pathologie condi¬ 
tion that are causing the symptoms yet leave the normal 
nail and soft tissue intact. The procedure involves wedge 
resection of the nail, nail bed, and nail fold (Fig. 87-18A). 
The chief complication of wedge resection has been récur¬ 
rence of nail spiculés (Fig. 87-19). The crucial factor in 
preventing spiculés is removal of the germinal matrix. As 
Figure 87-20 shows, however, the apex of the wedge 
and the narrowest area of resection is at the most crucial 
tissue requiring removal—the matrix. The portion of the 
nail plate and latéral nail fold removed with the wedge is 
adéquate. We hâve had no expérience with the procedure 
but believe it to be based on sound reasoning. If the patient 
understands that a part or ail of the nail may regrow 
and be mildly deformed, the procedure is an acceptable 
treatment. 


TECHNIQUE 87-6 


(WATSON-CHEYNE AND BURGHARD; O'DONOGHUE; 
MOGENSEN) 

■ Remove the latéral fourth of the nail plate by lifting it 
from its bed with a small, fiat dissector that reaches the 











PART XIX THE FOOT AND ANKLE 



Chronic, symptomatic stage III ingrown toenail treated with total germinal matrix excision (Quenu). A f Skin incisions. 
B f Total nail plate is removed. C f Germinal matrix protruding from beneath éponychium can be differentiated from dormant matrix, 
which is abnormal. D, AN germinal matrix must be removed. E, Eponychium is replaced adjacent to dormant matrix, which remains. In 
this instance, it has been damaged by the mycotic process. 
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After germinal matrix nail removal, flaky corni- 
fications may continue to form. 



Nail plate and germinal matrix removal by Quenu technique (Fowler; Zadik). A f Skin incision. B f Eponychium is raised, 
and germinal matrix is exposed. C f Germinal matrix is removed. D f Sagittal section of germinal matrix. E f Five years after Quenu tech¬ 
nique. SEE TECHNIQUE 87-5. 
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Récurrence of 


resection. 


nail spiculés after wedge 




Soft-tissue wedge resection for ingrown 
toenail. A f Triangular section is removed from latéral aspect of 
nail groove. B f Cross-section after removal. C f Nail lip and groove 
are pulled down after nail margins are sutured. D f Cross-section 
after suturing. (From DeOrio JK, Coughlin MJ: Toenail abnormalities. 
In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot 
and ankle, ed 8, Philadelphia, 2007, Elsevier.) SEE TECHNIQUE 87-7. 


POSTOPERATIVE CARE. The foot is elevated for 48 
hours after surgery. The dressing is removed, and warm 
soaks for 10 to 15 minutes several times a day are begun. 
The patient should not wear a closed toe shoe, even if 
the toe box is wide, for 10 to 14 days. The patient should 
be informed before surgery that it may be 3 to 4 weeks 
before a shoe can be worn comfortably for 8 hours a day. 


FIGURE 


^ Watson-Cheyne technique of wedge resection. 


SEE TECHNIQUE 87-6. 


9 most proximal end of the nail root. Using straight scissors, 
remove this portion of the nail. 

■ With a knife, make a linear incision parallel to the latéral 
nail fold, extending from 1 cm proximal to the lunula to 
the hyponychium. Carry this incision to bone. 

■ Begin the second incision 2 to 3 mm latéral to the inner 
edge of the latéral nail fold and curve it obliquely at a 
45-degree angle to the initial incision to reach the most 
latéral margin of the germinal matrix. Exposure and 
removal of this corner of the germinal matrix is important. 
The whitish hue of the germinal matrix usually contrasts 
with the reddish color of the stérile matrix, helping delin- 
eate the latéral border of the entire nail bed. 

■ Remove the periosteum with the matrix and expose the 
fat and subcutaneous tissue in the proximal corner to 
ensure removal of the germinal matrix. 

■ When the wedge of nail plate, matrix, and nail fold is 
removed, cover the wound with a nonadherent dressing 
followed by a stérile compression wrap. 


NAIL FOLD REMOVAL OR REDUCTION 

Nail fold removal or réduction procedures consist of either 
removal of the nail fold and a small border of normal tissue 
with it or resection of a wedge of normal tissue at a dis¬ 
tance from the involved nail fold. By closing the wedge, 
the nail fold is pulled from the latéral nail border, allowing 
free drainage if infection is présent or reducing the source 
of irritation if the part is only inflamed. In addition, it is 
assumed that with réduction in the size of the nail wall, 
unobstructed growth of the nail is allowed. By reducing the 
convexity of the nail fold and displacing it laterally, the nail 
plate grows over its underlying plate, rather than penetrat- 
ing the nail fold (Fig. 87-21). 


TECHNIQUE 87-7 


(PERSICHETTI ETAL) 

■ Collect cultures of the material in patients with seropu- 
rulent drainage before surgery (.Staphylococcus au reus is 
the most common organism identified.) 

■ Mark an ellipse of skin beginning 4 mm latéral to the nail 
fold (Fig. 87-2IA) to maintain viability of the nail fold. 
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■ Completely remove the nail plate and ail granulation 
tissue (Fig. 87-21 B). 

■ Remove the outlined wedge-shaped ellipse of skin and 
subcutaneous tissue, with the apex of the wedge deep 
in the subcutaneous layer. 

■ Approximate the margins of the resulting defect, everting 
the nail fold and reducing its convexity (Fig. 87-21C and 
D). The width of the ellipse and consequently the extent 
of the eversion dépend on the size of the nail fold. 

■ Remove the sutures at 10 to 15 days after surgery. 


LONG-TERM FOLLOW-UP 

Long-term follow-up data on these two procedures are diffi- 
cult to find. One report of partial nail avulsion and elliptical 
latéral nail fold excision had a récurrence rate of 16.6%. 
Another study of nail fold excision without nail plate excision 
had no récurrences in 23 patients. We hâve had no expérience 
with the nail fold procedures without concomitant nail plate 
or matrix removal. The procedures would seem to be indi- 
cated more with incurvated nails (Fig. 87-22), however, in 
which the nail plate is usually narrow, and further réduction 



FIGURE 


^ Incurvatum of nail. 
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in size by nail plate procedures might not be cosmetically 
pleasing. 

A more extensive procedure for severe stage III disease 
with extensive granulation tissue was described by Vanden- 
bos and Bowers in which wide debulking of the latéral nail 
folds is done, leaving an open wound that heals by secondary 
intention (Figs. 87-23 and 87-24). They reported no récur¬ 
rences in 124 patients with 212 surgical sites. 


TERMINAL SYME PROCEDURE 

The terminal Syme (Thompson-Terwilliger) procedure 
involves amputating the distal half of the distal phalanx, 
including the nail plate, matrix, nail folds, and underlying 
bone on which these structures rest. The procedure is rec- 
ommended for adults who hâve had récurrent bouts of 
infected ingrown toenails that are unrelieved by less exten¬ 
sive procedures. It also can be used for various bone or 
soft-tissue tumors around the nail and distal phalanx. 

Complications of the terminal Syme procedure include 
osteomyelitis of the distal phalanx, epidermal inclusion 
cysts along the suture line, and troublesome nail spiculés. 
In our expérience, however, this is a dependable proce¬ 
dure, producing an excellent functional and acceptable 
cosmetic resuit in most patients (Fig. 87-25). Although the 
tip of the toe is initially bulbous and unattractive, the final 
appearance is rarely offensive to the patient. Meticulous 
technique and attention to detail are mandatory to avoid 
nail horns. In the presence of an abscess, drainage should 
be instituted first, and the local wound condition should 
be improved before performing the procedure. This step 
should not delay the procedure for more than 2 weeks and 
usually less. 


TECHNIQUE 87-8 


■ Use sharp dissection throughout the procedure except 
during the use of a bone cutter or saw to transect the 
distal phalanx 1 to 2 mm distal to the extensor and flexor 
hallucis longus insertions. The skin incision is illustrated 

in Figure 87-26A and B. 

■ Thompson and Terwilliger recommended that a skin 
margin of 4 mm be removed with the entire nail bed and 



Ingrown toenails corrected with soft tissue nail-fold excision. A, Preoperative appearance with extensive médial and 
latéral nail-fold granulation tissue. B and C, After nail-fold excision. (From Chapeskie Fl, Kovac JR: Case Sériés: Soft-tissue nail-fold excision: 
a definitive treatment for ingrown toenails, Can J Surg 53:282, 2010.) 
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Soft-tissue nail-fold excision. 1, Toe is anesthetized, and a tourniquet is applied. 2, Incision 5-10 mm long is made 
proximally from the base of the nail and 3 to 5 mm from the latéral border of the nail encompassing the proximal nail fold; care is 
taken to leave the nail matrix intact. 3 and 4, Latéral nail fold is excised with a latéral elliptical sweep that proceeds distally to encom- 
pass ail involved granulation tissue and adjacent soft tissues. 5 and 6, AN skin and subcutaneous tissues at the edge of the nail are 
removed. 7, After excision of soft-tissue nail folds; note intact nail and préservation of the nail matrix. 8, Electrocautery is used to 
obtain hemostasis, and the wound is left open to heal by secondary intension. (From Chapeskie H, Kovac JR: Case Sériés: Soft-tissue nail-fold 
excision: a definitive treatment for ingrown toenails, Can J Surg 53:282, 2010.) 



FIGURE 


^ Resuit after terminal Syme procedure. 


S transected part of the phalanx. The proximal margin of 
skin overlying the germinal matrix may extend more than 
4 mm proximal to the cuticle, and it is recommended that 
the skin margin proximally measure 6 to 7 mm because 
the plantar flap would be long enough to reach the skin 
dorsally, and the extrinsic tendon insertions lie proximal 
to this point. In addition, a 2- to 3-mm skin margin distal 
to the hyponychium would suffice. The goal is to remove 
the matrix, nail, and bone in one piece and reduce the 
chance of troublesome nail récurrence. 

■ Make the incision straight to bone proximally, but on the 
sides, do not bevel the blade toward the center until 
plantar to the latéral flares of the phalanx. 



Terminal Syme procedure. A and B f Skin inci¬ 
sion. C and D f Removal of distal half of phalanx and closure. SEE 

TECHNIQUE 87-8. 


■ Using a clamp, firmly grasp the phalanx and, with skin 
hooks retracting the plantar flap, continue sharp dissec¬ 
tion along the plantar surface of the phalanx in a distal- 
to-proximal direction. 

■ Transect the phalanx and release any soft tissue remaining 
to complété the amputation (Fig. 87-26C and D). This 
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method of dissection is similar to removing the heel pad 
from the calcaneus in a Syme amputation, which is how 
it got the name terminal Syme procedure. 

■ Smooth any irregularity of the remaining phalanx with a 
rongeur. 

■ Maintain strict hemostasis, and close the wound with 
nonabsorbable sutures without trimming the "dog ears." 

The use of a tourniquet was not encouraged by 
Thompson and Terwilliger. A tourniquet allows more 
précisé dissection, however. It reduces the chance of 
injury to proper plantar digital nerves at the proximal part 
of the dissection and aids in identifying small vessels that 
can be cauterized, reducing the chance of hematoma 
after surgery. 

POSTOPERATIVE CARE. The foot is elevated for 48 
hours. The dressing is changed, and walking in a wooden- 
soled or firm-soled shoe with no toe box is allowed. The 
sutures are removed at 14 to 16 days, and a wide toe 
box shoe usually can be worn within the next week. 


DYSTROPHIC N Al LS 

(ONYCHOGRYPOSIS, 

ONYCHOMYCOSIS) 

Deformed nails in elderly and diabetic patients can be diffi- 
cult to manage at best and catastrophic at worst, especially 
when associated with an insensitive foot. Having a small 
double-action rongeur and nail splitter-cutter in the office is 
recommended. These nails can be reduced quickly and safely 
with these instruments (Fig. 87-27). 

Other than réduction of the nail mass, onychomycosis, or 
fungal infection of the nails, can offen be treated with benign 
neglect, because its main effect is a cosmetic one. If treatment 
is desired to eradicate the fungal infection, referral to a derma- 
tologist may be warranted in order that the appropriate cul¬ 
tures can be obtained, followed by medical treatment, either 
by topical or oral agents. Most treatment regimens can be 
prolonged because it is difficult for various médications to 


penetrate the nail, and some oral médications hâve serious side 
effects and patients should be appropriately monitored for this. 

OTHER LESIONS OF THE NAILS 

SUBUNGUAL EXOSTOSIS 

This entity is not a primary nail abnormality; however, it 
usually is presented as a painful and deformed nail, leaving 
the examiner perplexed as to the cause of the pain and defor- 
mity (Fig. 87-28). The exostosis of the distal phalanx is formed 
from fibrous tissue and has a fibrocartilage cap, as opposed 
to an osteochondroma, which is formed from enchondral 
ossification and has a hyaline cartilage cap. The chromosomal 
translocation t(X:6)(q22;ql3-14) is linked to this entity, sug- 
gesting a neoplastic origin. Routine radiographs of the feet 
may not show the exostosis because the technique does not 
emphasize the distal phalanx. Radiographs taken at oblique 
angles and magnffied are helpful. Conservative treatment is 
not usually successful as this lésion is progressive, and surgi- 
cal excision is the treatment of choice. If the exostosis has not 
disrupted the nail bed, the incision should be made latéral or 
médial to the nail bed, elevating it off the exostosis to remove 
it to preserve the nail bed (Fig. 87-28). If, however, the nail 
bed is disrupted, a dorsal incision to remove the exostosis 
should be used (Fig. 87-29). The most common complication 
from surgical excision is nail deformity. Récurrence has been 
reported at 4%. 


TECHNIQUE FOR SUBUNGUAL 
EXOSTOSIS 


TECHNIQUE 87-9 


(LOKIEC ETAL) 

■ After the administration of general anesthésia (young 
children) or ankle block (adolescents), apply a toe or ankle 
tourniquet. 



FIGURE 


A f Onychomycosis. Ram's horn nails in 90-year-old man. B f After nail réduction. 
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Subungual exostosis in the right hallux of a 15-year-old girl who presented with a 3-month history of pain and an 
enlarging mass. A and B, Clinical photographs. C and D, Radiographs. (From DaCambra MP, Gupta SK, Ferri-de-Barros F: Subungual exostosis 
of the toes: a systematic review, Clin Orthop Relat Res 472:1251, 2014.) 


■ Remove a narrow strip of nail (less than one fourth of the 
nail width) on the médial side of the toe (Fig. 87-30A) to 
expose the exostosis. 

■ Carefully dislodge part of the remaining nail from 
its proximal attachments at the larger side of the 
exostosis, leaving the remainder of the nail in place, to 
expose fully the exostosis abutting and penetrating the 
nail bed. 

■ Make a small osteotomy paralleling the distal phalanx to 
remove the exostosis in one piece (Fig. 87-30B). 

■ Use a fine rongeur or a burr to produce a smooth surface 
and remove any residual osteochondroma tissue. 

■ Irrigate the wound with saline, relocate the elevated 
nail and suture the nail fold with two small absorbable 
stitches (Fig. 87-30C) to cover the raw bone of the 
phalanx. 

POSTOPERATIVE CARE. The nonadhesive dressings are 
changed every 3 days during the next 3 weeks. At 3 
weeks, the sutures are removed and graduai return to 
normal-width shoes is allowed. 


TECHNIQUE FOR SUBUNGUAL 
EXOSTOSIS 


TECHNIQUE 87-10 


(MULTHOPP-STEPHENS AND WALLING) 

■ Expose the lésion by removing a portion of the nail, or 
the entire nail if necessary (Fig. 87-31A and B). 

■ Ellipse the exostosis and carry dissection down to the 
phalanx where the stalk or base is attached. Do not try 
to preserve the overlying nail bed (Fig. 87-31 C). 

■ Remove the exostosis, including the cartilaginous cap and 
the overlying nail bed at its base from the distal phalanx. 

■ Use a small burr to remove 1 to 2 mm of normal bone 
at the base of the lésion and smooth the contour of the 
distal phalanx (Fig. 87-31 D). 

■ Place an Adaptic, nonstick dressing beneath the nail fold. 

■ Allow the defect to granulate and heal secondarily. 

POSTOPERATIVE CARE. Patients are placed in a post- 
operative shoe and allowed to bear weight as tolerated. 
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Marginal excision of a subungual exostosis. 
A, Because the lésion had invaded the nail bed, making it 
unsalvageable, direct dorsal exostectomy was done. B, Osteocar- 
tilaginous lésion was marginally resected, and the base of the 
stalk was curetted, ronguered, and burred down to create a 
"saucer-like" defect. (From DaCambra MP, Gupta SK, Ferri-de-Barros 
F Subungual exostosis of the toes: a systematic review, Clin Orthop Relat 
Res 472:1251, 2014.) 


SUBUNGUAL AND PERIUNGUAL 
FIBROMAS 

Subungual and periungual fibromas can be most difficult 
to diagnose preoperatively. A history of long-standing 
symptoms, several physicians having seen the patient, local 
tenderness beneath a particular portion of the nail, and a 
frustrated patient ail reinforce the suspicion of this diag- 
nosis. If the mass is readily seen, as it occasionally is, the 
diagnosis is straightforward. A high index of suspicion for 
this rare tumor is warranted in patients with tuberous 
sclerosis, because up to 80% may hâve ungual fibromas 
(Fig. 87-32). 


TECHNIQUE FOR SUBUNGUAL AND 
PERIUNGUAL FIBROMAS 


TECHNIQUE 87-11 


■ If the mass is beneath the nail, remove the portion overly- 
ing the area of tenderness. 

■ Magnification and high-intensity lighting are helpful for 
locating a small, pearly whitish change in color compared 
with the surrounding matrix. Excise this portion down to 
the phalanx with a small margin of what appears as 
normal matrix and then section the tissue. It has a gritty 
feel when sectioned. 

■ Send the specimens to pathology with the suspected 
diagnosis. 

POSTOPERATIVE CARE. The postoperative care is the 
same as after incomplète matrixectomy, and permanent 
deformity of the nail may occur. This is less likely, however, 
than after removal of a large subungual exostosis. 


GLOMUS TUMOR 

The glomus tumor is an enigmatic, painful tumor that is 
rarely seen and represents a prolifération of the normal 
capsular-neural glomus apparatus. Patients commonly 
présent with a painful, exquisitely tender mass beneath the 
nail that is accompanied by a faint bluish hue. Except for the 
slight change in color of the nail overlying the tumor, the nail 
may appear normal. The nail is normal, and the mass seen 
through the nail plate is abnormal. Radiographs may reveal a 
semi-spherical cortical lésion that, when présent, is pathog- 
nomonic for a glomus tumor (Fig. 87-33). 

Removal of the portion of the nail plate over the area of 
tenderness and excision of the matrix that appears involved 
along with a margin of normal-appearing matrix is the treat- 
ment of choice. The nail that returns should hâve a normal 
appearance, but the patient must be warned that this is unpre- 
dictable. Magnification and high-intensity lighting facilitate 
excision of these periungual and subungual masses. 

Horst and Nunley described a technique for removal of 
glomus tumors that uses a full-thickness vascular skin flap to 
expose the tumor while preserving the nail and nail matrix. 
They reported complété relief of pain, no wound healing 
problems, and no récurrences in seven patients in whom this 
technique was used. 


TECHNIQUE FOR GLOMUS TUMOR 


TECHNIQUE 87-12 


(HORST AND NUNLEY) 

■ Make an inverted-L-shaped incision around the nail with 
the short leg of the L parallel to and 5 mm distal to the 
distal end of the nail and the long leg of the L 5 mm 
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JjJ A f Narrow strip of nail over médial side of 
exostosis is removed, and nail is dislodged to expose exostosis. 
B, Small osteotome paralleling distal phalanx removes exostosis 
in one piece. C f Nail is relocated to cover raw phalanx bone and 
stitched in place. (From Lokiec F, Ezra E, Krasin E, et al: A simple and 
efficient surgical technique for subungual exostosis, J Pediatr Orthop 
21 76, 2001 ) SEE TECHNIQUE 87-9. 



Surgical excision of subungual 
exostosis. A, Toenail is completely avulsed to 
expose exostosis. B f Longitudinal incision is made 
in nail bed, avoiding injury to nail matrix. C f Nail 
bed is reflected. D f Exostosis is excised with wide 
margins, and nail bed is repaired. (From Walling AK: 
Soft tissue and bone tumors. In Coughlin MJ, Mann 
RA, Saltzman CL, editors: Surgery of the foot and 
ankle, ed 8, Philadelphia, 2007, Elsevier.) SEE TECH¬ 
NIQUE 87-10. 
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Periungual fibroma and subungual fibroma in tuberous sclerosis complex. A, Ungual fibromas involving ail nails. 
B, Third toe shows clove-like periungual fibroma, nail-like periungual fibroma, and subungual fibroma. C, Fourth toe shows globoid 
periungual fibroma and longitudinal groove without visible fibroma. D, Three fusiform periungual fibromas filling one longitudinal 
groove. E, Vermiform periungual fibromas. F, Longitudinal groove without visible fibroma. G, Subungual fibroma protruding from 
under nail plate. H, Elévation of nail plate from subungual fibroma. (From Aldrich CS, Hong CH, Graves L, et al: Acral lésions in tuberous 
sclerosis complex: insights into pathogenesis, J Am Acad Dermatol 63:244, 2010.) 


9 médial or latéral to the nail, extending proximal to the 
nail matrix, usually ail the way to the joint (Fig. 87-34A). 
■ Create a full-thickness flap down to bone and sharply 
elevate it without injuring the nail matrix (Fig. 87-34B). 

■ Reflect the skin and matrix flap and inspect the interior 
side. Usually the glomus tumor is obvious within the 
tissue or nail matrix as a ball-shaped or egg-shaped 
opaque, semielastic structure (Fig. 84-34C). Occasionally, 
the tumor has eroded into the distal phalanx. 


■ Excise the tumor (which usually is well encapsulated) with 
a small knife or curet. 

■ Release the tourniquet, control bleeding with bipolar 
electrocautery, and close the wound in one layer with 
nylon interrupted suture. 

POSTOPERATIVE CARE. The patient is given a hard- 
soled shoe to wear until the wound heals. Regular shoes 
generally can be worn at 4 to 6 weeks. 
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MALIGNANT MELANOMA 

The orthopaedist seldom makes the initial diagnosis of malig- 
nant melanoma (Fig. 87-35). To overlook this diagnosis, 
however, or not hâve this diagnosis in the differential could 
lead to a poor prognosis because a delay in treatment leads 



Latéral radiograph of érosion in the distal 
hallux caused by a glomus tumor. (From Polo C, Borda D, Poggio D, 
et al: Glomus tumor of the hallux. Review of the literature and report 
of two cases, Foot Ankle Surg 18:89, 2012.) 


to worse outcomes. The standard ABCDE acronym (Box 
87-1) is useful for the diagnosis of melanoma but may not be 
adéquate for the foot. Some hâve suggested the CUBED 
acronym to aid in the diagnosis in the foot (Box 87-2) because 
présentation in the foot may be atypical. 

Only 2% to 3% of melanomas occur in the nail apparatus, 
and the occurrence is more common in individuals of Asian 
or African descent, groups that hâve a lower incidence of 
melanoma at other sites. Subungual melanomas are usually 
painless black discolorations under the nail, but they can also 
be amelanotic, and they may or may not involve nail plate 
changes (Fig. 87-36). Warning signs that may indicate a sub¬ 
ungual melanoma as opposed to subungual hematoma or 
onychomycosis include Hutchinsons sign (Fig. 87-36), in 
which discoloration of the nail bed is differentiated from 
subungual hematoma (Fig. 87-37) by involvement of the 
proximal nail fold. Another indication is discoloration that 
does not move distally as the nail grows. When diagnosis and 
staging are finalized, the surgical treatment is a proximal 
amputation at the metatarsophalangeal joint or proximal 
metatarsal. For those techniques, see Chapter 15. 



A f L-shaped full-thickness flap. B f Elévation of nail with nail matrix and glomus tumor. C f Glomus tumor in épithélial 
bed underneath flap. D f Postoperative photograph. (A-C from Horst F, Nunley JA: Technique tip: glomus tumors in the foot: a new surgical 
technique for removal, Foot Ankle Int 24:949, 2003.) SEE TECHNIQUE 87-12. 
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Various présentations of melanoma on the skin of the foot. (From Bristow JR, de Berker DA, Acland KM, et al: Clinical 
guidelines for the récognition of melanoma of the foot and nail unit, J Foot Ankle Res 3:25, 2010.) 



ABCDE Acronym for Diagnosis of Melanoma 


A Asymmetry: one half of the lésion is not identical to the 
other 

B Border: irregular, ragged, or indistinct border 
C Color: more than one color présent within the lésion 
D Diameter: larger than 6 mm in diameter 
E Evolution: any change in the lésion in size, shape, or 
color 



CUBED Acronym for Diagnosis of Melanoma 
of the Feet 


C Color: lésions where any part is not skin color 

U Uncertain diagnosis; any lésion that does not hâve a 
definitive diagnosis 

B Bleeding lésions on the foot or under the nail, whether 
direct bleeding or oozing of fluid; includes chronic 
"granulation tissue" 

E Enlargement or détérioration of a lésion or ulcer despite 
therapy 

D Delay in healing of any lésion beyond 2 months 
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Subungual hematoma. (From Bristow IR, de 
Berker DAR, Acland KM, et al: Clinical guidelines for the récognition of 
melanoma of the foot and nail unit, J Foot Ankle Res 3:25, 2010.) 
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FRACTURES OF THE CALCANEUS 

INTRAARTICULAR FRACTURES 

Studies in fracture patterns, soft-tissue management, and 
outcomes of calcaneal fractures hâve given a clear under- 
standing of which injuries are likely to benefit from early 
surgical intervention and which are likely to hâve high rates 
of complications and poor outcomes. Regardless of the treat¬ 
ment, calcaneal fractures are associated with numerous 
complications and guarded outcomes with significant long- 
term quality-of-life issues. Outcomes in patients with calca¬ 
neal fractures hâve been shown to be not as good as outcomes 
in patients with other orthopaedic conditions and were sig- 
nificantly worse than in patients with other major health 
issues, including organ transplants and myocardial infarc- 
tions. Patients with calcaneal fractures should be informed of 
the potential life-changing nature of this injury, especially if 
they work at a job that requires being on their feet, and of the 
prolonged recovery time that is required. 

■ MECHANISM 

Intraarticular fractures account for approximately 75% of 
calcaneal fractures and historically hâve been associated with 
poor functional outcomes. These fractures are uniformly 
caused by an axial load mechanism, such as a fall or a motor 
vehicle accident, and may be associated with other axial load 


injuries, such as lumbar, pelvic, and tibial plateau fractures. 
Cadaver studies, anatomie dissections, and the use of CT hâve 
allowed a detailed description of the mechanism of injury and 
the resulting fracture patterns (Fig. 88-1). The contact point 
of the calcaneus is situated latéral to the weight-bearing axis 
of the lower extremity. As an axial load force is applied to 
the posterior facet of the calcaneus through the talus, shear 
forces are directed through the posterior facet toward the 
médial wall of the calcaneus (Fig. 88-2). The ensuing fracture 
(primary fracture line) is almost always présent and extends 
from the proximal-medial aspect of the calcaneal tuberosity, 
through the antérolatéral wall, usually in the vicinity of the 
crucial angle of Gissane. The most variable aspect of this 
fracture line is its position through the posterior facet of the 
calcaneus; it can be located in the médial third near the 
sustentaculum tali, the central third, or the latéral third near 
the latéral wall. 

As the axial force continues, two things happen: (1) the 
médial spike attached to the sustentaculum is pushed farther 
toward the médial heel skin, and (2) various secondary 
fracture lines occur in the région of the posterior facet. Offen 
an anterior fracture extends toward the anterior process and 
may exit into the calcaneocuboid joint. The additional frac¬ 
tures of the posterior facet can be divided into two types, as 
described by Essex-Lopresti (Fig. 88-3). If the fracture line 
producing the posterior facet fragment exits behind the 
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Dorsal and plantar views illustrating common 
fracture lines in intraarticular fractures of calcaneus. A f Dorsal 
view: 1, sagittal fracture through posterior facet; 2, latéral wall 
fracture; 3, fracture line separating remainder of calcaneus from 
sustentaculum fragment; 4, transverse fracture through sinus 
tarsi; 5, fracture extending into calcaneocuboid joint. B f Plantar 
view: 1, médial wall fracture in which tuberosity fragment shifts 
distally and laterally with médial overlap; 2, tuberosity fragment 
has variable fracture line or lines. 



A-D f Essex-Lopresti classification of fractures of 
calcaneus (see text). 



FIGURE 


force. 


Primary fracture line occurs as resuit of shear 


posterior facet and anterior to the attachment of the Achilles 
tendon, the injury is called a joint dépréssion type (Fig. 88-3C). 
If it exits distal to the Achilles tendon insertion, it is called a 
tongue type (Fig. 88-3D). 

As the talus pushes the posterior facet and the underlying 
thalamic fragment into the body of the calcaneus, it also 
pushes out the latéral wall, closing down the space for the 
peroneal tendons and occasionally abutting the fibula. As the 
force is removed, recoil of the talus occurs, leaving a depressed, 
thalamic fragment, and the médial spike is retracted into the 


soft tissues. For this reason, medially open fractures of the 
calcaneus require deep dissection to expose and irrigate the 
médial spike thoroughly. Simply excising the skin wound in 
this injury results in inadéquate debridement. 

■ RADIOGRAPHIC EVALUATION 

Radiographie évaluation of the fracture should include five 
views. A latéral radiograph is used to assess height loss (loss 
of Bôhlers angle) (Fig. 88-4) and rotation of the posterior 
facet. The axial (or Harris) view is made to assess varus posi¬ 
tion of the tuberosity and width of the heel. Anteroposterior 
and oblique views of the foot are made to assess the anterior 
process and calcaneocuboid involvement. A single Brodén 
view, obtained by internally rotating the leg 40 degrees with 
the ankle in neutral, and then angling the beam 10 to 15 
degrees cephalad, is made to evaluate congruency of the 
posterior facet (Fig. 88-5). For surgeons experienced in the 
care of these fractures, these radiographs may be sufficient, 
but most often CT scans are obtained to evaluate the injury 
completely. The scans should be ordered in two planes: the 
semicoronal plane, oriented perpendicular to the normal 
position of the posterior facet of the calcaneus (Fig. 88-6), 
and the axial plane, oriented parallel to the sole of the foot. 

■ CLASSIFICATION 

With increasing use of CT, more complex classification 
Systems hâve been developed for these fractures that hâve 
been shown to hâve prognostic value in the treatment of these 
injuries. Although the Essex-Lopresti System has been used 
for many years and is useful in describing the location of the 
secondary fracture line, it does not describe the overall energy 
absorbed by the posterior facet, shown by comminution or 
displaced fragments (see Fig. 88-3). Classification Systems by 
Crosby and Fitzgibbons and Sanders hâve become more 
widely accepted in évaluation of these fractures (Fig. 88-7). 
Both classifications are based on CT scans and describe com¬ 
minution and displacement of the posterior facet. The 
advantage of the Sanders classification is its précision regard- 
ing the location and number of fracture lines through the 
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Brodén view. Three internai rotation views taken in 45 degrees of internai rotation with 10 to 40 degrees of 
radiographie tube angulation. External rotation view is taken at 45 degrees of external rotation and 30 degrees of radiographie tube 
angulation. 



Scanner 

gantry 


Foot 

support 



FIGURE 


hindfoot. 


Patient 


positioning for coronal 


CT of 


posterior facet. Both Systems lack descriptions of other 
important aspects of these fractures, however, including heel 
height and width, varus-valgus alignment, and calcaneocu- 
boid involvement. 

Although CT scans hâve become valuable in the évalua¬ 
tion and classification of these fractures, corrélation with 


plain radiographs is mandatory because a CT scan may 
underestimate sagittal plane rotation of the depressed frag¬ 
ment. For this reason, plain latéral radiographs must be used 
to scrutinize the displacement seen on a CT scan. 

■ TREATMENT 

Closed treatment of intraarticular calcaneal fractures includes 
closed manipulation and casting, compression dressing 
and early mobilization, traction-fixation, manipulation as 
recommended by Bôhler, and pin fixation as recommended 
by Essex-Lopresti. Manual réduction methods hâve been 
successful in some studies, with 90% of patients obtaining 
a satisfactory réduction and 10% undergoing operative 
treatment. 

I DECISION MAKING IN CALCANEAL FRACTURES 

Goals common to ail types of treatment of calcaneal fractures 
are as follows: (1) restoration of congruency of the posterior 
facet of the subtalar joint, (2) restoration of the height of the 
calcaneus (Bôhlers angle), (3) réduction of the width of the 
calcaneus, (4) décompression of the subfibular space available 
for the peroneal tendons, (5) realignment of the tuberosity 
into a valgus position, and (6) réduction of the calcaneocu- 
boid joint if fractured. Factors to be considered in formulating 
a treatment plan are as follows. 
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Type INB 




Type MIC 




Type IV 


FIGURE 


CT classification of intraarticular calcaneal fractures. 


Age of the Patient. Most injuries occur in patients 
younger than the physiologie âge of 50 to 55 years. Older 
patients generally should hâve closed treatment. Good results 
can be obtained with operative treatment of older patients 
with calcaneal fractures with appropriate patient sélection, 
but nonoperative treatment is advised in patients with severe 
osteopenia, those with limited ambulatory abilities, and those 
with significant medical comorbidities. 

Health Status. An insensate limb caused by either 
trauma (sciatic or tibial nerve disruption) or disease (diabètes 
or other neuropathy) is a strong relative contraindication to 
open treatment. Patients with limited ambulation as a resuit 
of other medical conditions likewise should be treated with a 


closed réduction method. Tobacco use is another relative 
contraindication for surgery. 

Fracture Pattern. Sanders type I or nondisplaced 
fractures should be treated by a closed method. Type II and 
type III fractures can be treated with open réduction. Type 
IV fractures can be treated with either a closed technique or, 
in experienced hands, open réduction and immédiate 
arthrodesis. 

I SOFT-TISSUE INJURY (OPEN 
CALCANEAL FRACTURES) 

Basic open fracture care principles apply to calcaneal frac¬ 
tures. Most open injuries are caused by pénétration of the 
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sustentacular spike through the plantar médial aspect of the 
heel. These fractures must be treated aggressively with 
debridement and irrigation. There is a significant rate of deep 
infection in patients with open calcaneal fractures, as high as 
39%, occasionally necessitating amputation. This complica¬ 
tion can be minimized with aggressive soft-tissue manage¬ 
ment and debridement. 

Because of the increased complication rates seen with 
open calcaneal fractures, a treatment algorithm has been 
developed to minimize wound problems and subséquent 
infection. Ail injuries should undergo the usual care for open 
fractures, including antibiotics and urgent irrigation and 
debridement, with subséquent serial irrigation and débridé - 
ments until the wound is clean. According to this protocol, 
ail patients with latéral wounds should hâve open réduction 
through the open wound and percutaneous fixation. Open 
calcaneal fractures with a médial wound should hâve the 
same treatment if the wound is larger than 4 cm, cannot be 
closed, or is not stable after 7 to 10 days. Otherwise, open 
calcaneal fractures with médial wounds that are less than 

4 cm with closeable, stable wounds can be treated with stan¬ 
dard open réduction and internai fixation (ORIF) as done for 
closed fractures once the soft-tissue swelling subsides. This 
approach can decrease infection and improve outcomes. 
Metha et al. reported a 7% deep infection rate using a similar 
approach with initial percutaneous provisional fixation and 
delay of definitive fixation through an extensile latéral 
approach for an average of 18 days (range, 10 to 28 days) for 
patients with open types II and IIIA médial wounds. 

Sanders et al. confirmed that the learning curve for 
operative treatment of this fracture is steep. With substantial 
literature supporting closed methods of treatment, a thorough 
knowledge of the anatomy and clearly defined goals are 
necessary for a successful outcome. 

Open Réduction Techniques. Four techniques for 
operative treatment of calcaneal fractures are presented. They 
are based on substantial outcome studies, showing a satisfac- 
tory percentage of good results with reasonably low morbid- 
ity. For open réduction techniques, patients either are operated 
on within the first 12 to 24 hours or, more commonly, surgery 
is delayed 10 to 14 days to allow soft-tissue swelling to résolve 
enough for the skin to wrinkle. A bulky Jones dressing is 
applied. The foot is elevated, ice is applied, and a CT scan is 
obtained. In a controlled, randomized study, the use of a 
pneumatic intermittent compression foot pump resulted in 
statistically significant edema resolution and no significant 
différences in wound complications. The foot is checked 
before surgery to ensure that no fracture blebs are présent and 
that swelling has started to résolve. After 3 weeks, open 
réduction becomes more difficult, but it is possible up to 4 to 

5 weeks. 

The latéral extensile exposure technique has become very 
popular, especially among foot and ankle surgeons and trau- 
matologists. Advantages include wide exposure of the subtalar 
joint allowing more accurate réduction of the facet fragments, 
ability to decompress the latéral wall, exposure of the calca- 
neocuboid joint, and sufficient area laterally for plate fixation. 
Disadvantages include inability to assess réduction of the 
médial wall directly and inability to restore height and length 
of the calcaneus accurately. More importantly, more soft- 
tissue dissection and a higher incidence of wound problems 
and skin necrosis occur with this exposure. The latter problem 


can be decreased, as discussed in the complications section. 
Fundamentals for success with this approach include careful 
flap élévation, mobilization, and anatomie restoration of the 
posterior facet; adéquate mobilization and réduction of the 
tuberosity fragment through the primary fracture line; and 
stabilization with plate and screws. 

Multiple orthopaedic manufacturers now produce plates 
specifically for use in latéral exposure and ORIF techniques. 
Plates allowing locking of the screws to the plate hâve become 
popular for this fracture. Although there are studies support¬ 
ing the use of locking plates, more recent studies hâve shown 
no biomechanical advantage to locking plates in a cadaver 
model. The disadvantage of the plate is its increased thickness 
and the possibility of a subséquent painful implant that 
requires removal. 

If a large defect remains after the procedure, which often 
is the case, most surgeons recommend the use of autogenous 
iliac crest bone graft; however, if internai fixation is secure 
and the fracture is stable, the defect may be accepted. No 
significant différence has been found in the maintenance of 
réduction or subséquent settling of the fracture between fixa¬ 
tion with or without bone graft, and good results hâve been 
reported with ORIF without the use of bone graft. In a cadaver 
study, specimens with calcium phosphate bone cernent 
injected into the osseous defect had decreased deformation 
to cyclical loading when compared with specimens with bone 
graft. The use of bone graft substitutes may allow patients to 
bear weight earlier, without loss of réduction and with similar 
outcomes to those in patients treated with bone graft. 


OPEN REDUCTION OF CALCANEAL 
FRACTURE 


TECHNIQUE 88-1 


(BENIRSCHKE AND SANGEORZAN) 

■ Administer preoperative antibiotics and apply a 
tourniquet. 

■ Place the patient in a true latéral position and use the 
latéral approach. 

■ Carry the incision directly down to the periosteum of 
the latéral wall with no blunt soft-tissue dissection in the 
midportion of the wound. The sural nerve may cross the 
incision at its proximal and its distal end, so soft-tissue 
dissection should be done in these areas to avoid cutting 
the nerve (Fig. 88-8A). 

■ Gently retract the flap while performing subperiosteal 
dissection along the latéral wall. It is essential to follow 
the contours of the blown-out latéral wall and not stray 
into the soft tissues to avoid damage to the peroneal 
tendons. These tendons should be contained in the flap. 
Elevate the entire flap in one piece and hold it out of the 
way with a Kirschner wire placed longitudinally into the 
fibula, one from latéral to médial in the talus, and one 
into the cuboid. Bend these wires back to retract the flap, 
which does not need to be touched again for the remain- 
der of the procedure (Fig. 88-8B). 

■ Expose the entire latéral wall of the calcaneus distally to 
the calcaneocuboid joint. 
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Open réduction of calcaneal fracture (see text). A f Incision. B f Retraction of full-thickness flap with Kirschner wires. 
C f Large pin used to manipulate tuberosity fragment. D f Provisional fixation from heel into sustentacular fragment. E f Réduction and 
provisional fixation of posterior facet. SEE TECHNIQUE 88-1. 


■ Carry the dissection above and below the peroneal 
tendons at the level of the calcaneocuboid joint if neces- 
sary. This extensile latéral approach exposes the latéral 
wall of the calcaneocuboid joint and posterior facet. 
Réduction of the tuber-sustentacular fragment is done 
indirectly. 

■ When the exposure is completed, remove the latéral wall 
and place it in a secure place on the back table for later 
replacement because this fragment blocks direct observa¬ 
tion of the posterior facet. Do not reduce the posterior 
facet immediately because room for the piece must first 
be created. 


■ When a fracture line séparâtes the anterior process from 
the sustentacular fragment, reduce this part first to allow 
better exposure of the relationship between the médial 
part containing the sustentacular fragment and the latéral 
part with the posterior facet and tuberosity (Fig. 88-8C). 

■ Reduce the tuberosity to the sustentacular fragment with 
manipulation of a large threaded Steinmann pin placed 
into the tuberosity fragment from either latéral to médial 
or directed posteriorly to correct the varus and loss of 
height and length; perform a provisional fixation using 
axially directed Kirschner wires introduced from the heel 
into the sustentacular fragment (Fig. 88-8D). 
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■ With the bone now out to length from these two réduc¬ 
tion maneuvers, turn attention to the dépréssion of the 
posterior facet, reducing it to the intact médial piece and 
holding it with provisional fixation (Fig. 88-8E). 

■ Obtain intraoperative radiographs to assess overall 
réduction. 

■ A large defect often remains in the substance of the 
calcaneus beneath the reduced posterior facet. If good 
stability of the fracture and secure internai fixation are 
obtained, this defect can be accepted or bone graft or 
bone cernent can be used to fill the void. 

■ Reduce the latéral wall along the outer edge of the 
posterior facet and perform fixation, which should take 
advantage of the known anatomy. The thickened bone 
in the thalamic portion, which supports the posterior 
facet, provides the most reliable fixation in most instances. 

■ Insert small cortical lag screws (3.5 mm) into the susten- 
tacular fragment to maintain the réduction of the 


posterior facet. A cadaver study showed that the widest 
safe zone for the starting point of the lag screw is 15 mm 
below the joint line of the posterior facet, dropping the 
hand 20 degrees from the perpendicular to the axis of 
the leg, and aiming from 6 degrees anteriorly at the most 
anterior starting point to 36 degrees anteriorly from the 
most posterior starting point to get the sustentaculum 
without violating the joint. 

■ Apply a latéral plate that extends from the anterior process 
of the calcaneus into the most posterior aspect of the 
tuberosity (Fig. 88-9A and B). The plate helps to maintain 
a neutral alignment of the calcaneus. When contouring 
the plate, be careful not to fix the heel in varus. Obtain an 
intraoperative axial view to confirm neutral alignment 
before application of the plate. When possible, direct 
screws from the plate into the sustentacular fragment for 
maximal fixation (Fig. 88-9C). Place the most anterior 
screw into the subchondral bone supporting the 



Latéral plate fixation of calcaneal fracture (see text). A and B f Plate application and provisional fixation. C f Screws 
are directed into sustentacular fragment for maximal fixation. (From DeOrio M, Easley ME: Intra-articular calcaneus fractures. In Pfeffer G, 
Easley M, Frey C, et al, editors: Operative techniques: foot and ankle surgery, Philadelphia, Saunders, 2009.) SEE TECHNIQUE 88-1. 
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calcaneocuboid articular surface. Place the most posterior 
screw into the thickened bone at the posterior aspect of 
the calcaneus. Contour the plate into a "frown" shape 
(concave plantarly) and fill the remaining holes. 

■ Close the flap over a deep drain. Apply a short leg splint. 

See also Video 88-1. 

POSTOPERATIVE CARE. Closed suction drainage is 
used for 24 to 48 hours. Strict icing and élévation proto- 
cols should be maintained to minimize swelling and pain. 
At the second postoperative week, active range of motion 
of the ankle and subtalar joint is instituted if the flap 
shows uncomplicated healing and the wound is sealed. 
Patients learn to draw the alphabet with the hallux of 
their injured limb or make progressively larger circles with 
their feet. No weight bearing is allowed for 12 weeks. 
Protection is provided by the use of a removable posterior 
splint. Weight bearing is instituted at 10 to 12 weeks, 
extensive physical therapy is started, and implants can be 
removed if the injury is symptomatic at 1 year. 


SUBTALAR ARTHRODESIS 


TECHNIQUE 88-2 


■ Carry out ORIF of the calcaneus as described in Technique 
88 - 1 . 

■ Major bone voids in the posterior side of the calcaneus 
may require tricortical iliac crest bone graft to restore the 
normal orientation and height of the calcaneus. 

■ After internai fixation, use a burr to remove the cartilage 
and subchondral bone from the posterior facet of the 
calcaneus and posterior facet of the talus. 

■ Use extensive autogenous iliac crest bone graft to fill the 
defect. 

■ Dénudé the latéral aspect of the talus to obtain an 
intraarticular and an extraarticular arthrodesis. 

■ Fix the arthrodesis with two fully threaded, 6.5-mm 
cancellous screws (Fig. 88-10). 

POSTOPERATIVE CARE. The drain is removed on the 
first postoperative day, and the sutures are removed at 2 
to 3 weeks. A short leg cast is worn until evidence of 
union is apparent, generally between 10 and 12 weeks. 
A prefabricated walking brace is applied, and the patient 
is gradually allowed to return to full activities. 


The limited latéral approach, also known as the sinus tarsi 
approach, has become more widely used and can avoid some 
of the wound complications associated with the extensile 
latéral approach. The latéral approach is familiar to most 
surgeons, and this method of open réduction may be techni- 
cally easier for orthopaedists who treat only an occasional 
calcaneal fracture. The major disadvantage of this approach 
is that latéral wall décompression can be more difficult, and 



JJ Primary arthrodesis may be most appropriate 
treatment of open calcaneal fracture. (From Lawrence SJ: Open 
calcaneal fractures: assessment and management, Foot Ankle Clin 
North Am 10:491, 2005.) SEE TECHNIQUE 88-2. 


thus less space is available for fixation of the tuberosity frag¬ 
ment to the sustentacular fragment. Although, in most cases 
the latéral approach provides enough expo sure for fracture 
fixation, this can be combined with a médial approach and 
has been used at the Campbell Clinic for many years with 
satisfactory results. Advantages include direct réduction of 
the sustentacular fragment, which may be displaced in 42% 
of patients according to one study. The médial approach 
requires careful exposure and mobilization of the médial 
neurovascular bundle. 


OPEN REDUCTION OF CALCANEAL 
FRACTURE: LIMITED LATERAL 
APPROACH WITH OR WITHOUT 
MEDIAL APPROACH 


TECHNIQUE 88-3 


■ Two incisions, one médial and one latéral, can be used, 
although usually the latéral incision provides enough 
exposure to reduce the major fragments (Fig. 88-11A to C). 

■ Place a sandbag beneath the ipsilateral buttock and apply 
a tourniquet. Place the patient in a mildly inclined Tren- 
delenburg position and rest the foot on towels or sheets, 
which at varying times in the procedure allow the foot to 
hang freely without support when the towels are moved 
proximal to the ankle joint. 

■ Make the latéral incision from the tip of the fibula toward 
the base of the fourth metatarsal. 

■ Identify the sural nerve in the posterior portion of the 
incision; it usually lies in a small amount of fat just anterior 
to the small saphenous vein and overlying the combined 
sheath of the peroneal tendons. Dissect it distally. Try to 
preserve both main branches, but if exposure of the 
latéral aspect of the sinus tarsi and calcaneocuboid joint 
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A f Preoperative radiograph. Médial and latéral incisions were chosen in this patient because of his significant smoking 
history. B f Latéral incision. C f Médial incision. D and E f Postoperative radiographs. SEE TECHNIQUE 88-3. 


is incomplète, the médial branch, which usually joins with 
the lateralmost branch of the superficial peroneal nerve, 
can be sacrificed without causing significant numbness at 
the fourth web. 

■ When the sural nerve and small saphenous vein are 
retracted, open the inferior peroneal retinaculum on its 
anterior border where it meets the stem of the inferior 
extensor retinaculum to expose the antérolatéral ridge of 
the anterior third of the calcaneus, which is the most 
latéral border of the sinus tarsi. 

■ Reflect the origin of the extensor digitorum brevis distally 
to expose the calcaneocuboid joint. Elevate the extensor 
digitorum brevis only as much as necessary to expose the 
calcaneocuboid joint. A large, threaded Steinmann pin 
can be placed into the posterior tuberosity for traction 
and manipulation of the large tuberosity fragment. 

■ Expose the latéral wall of the calcaneus by sharp dissec¬ 
tion or with a thin osteotome or periosteal elevator. A 
small Hohmann retractor can be placed under the pero¬ 
neal tendons to retract them posteriorly. This is the 
"door" to the anterior two thirds of the latéral surface of 
the calcaneus. Stay in this plane with the foot held in 
valgus and equinus. The latéral wall is thin and frequently 
comminuted. Distally, the fracture may enter the calca¬ 
neocuboid joint. 

■ Remove the latéral wall and save it on the back table for 
later use. 


■ Suction or manually remove any further hematoma and 
inspect the posterior facet. If inspection is difficult, place 
a lamina spreader into the depths of the sinus tarsi, 
pressing up on the neck of the talus and down on the 
sinus tarsi portion of the calcaneus to give a better view 
of the posterior facet. This is a pivotai point in the pro¬ 
cedure, at which time it should be possible to form a 
good mental image of the fractures through the posterior 
facet (usually sagittal) and transversely across the junction 
of the posterior facet articular surface and the proximal 
border of the sinus tarsi. This latter fracture frequently 
communicates medially with the oblique fracture that 
splits off the large anteromedial sustentacular fragment. 

■ Gently tap a 5- to 6-mm osteotome deep to the depressed 
fragment and, holding the foot in varus for better expo- 
sure, lift the posterior facet into its proper position, 
manipulating the tuberosity piece with the Steinmann pin 
to create room for the réduction. Ensure that a second 
sagittal fracture through the posterior facet médial to the 
first fracture is not overlooked because, if présent, both 
depressed fragments need élévation and fixation. Reduc- 
ing the posterior facet can leave a gap in the cancellous 
bone beneath the facet; bone grafting of the defect is 
optional. Provisional fixation can be placed, with pins 
from the posterior tuberosity to the anterior calcaneus 
and latéral to médial, to hold the posterior facet fragment 
to the sustentaculum. 





■ If a satisfactory médial wall réduction cannot be obtained 
with manipulation of the tuberosity with the Steinmann 
pin, a médial approach should be considered. 

■ For the médial incision , tilt the operating table laterally, 
flex the knee, and abduct the hip. Dorsiflex the foot to 
90 degrees at the ankle joint. 

■ Palpate the most prominent portion of the subcutaneous 
edge of the tarsal navicular and 1 cm anterior to this 
begin an incision straight posteriorly that crosses the 
sustentaculum tali. If the sustentaculum cannot be pal- 
pated because of swelling, hâve the incision cross a point 
2 cm distal to the subcutaneous tip of the médial malleo- 
lus. Continue the incision posteriorly to 1.5 to 2.0 cm 
anterior to the Achilles tendon. 

■ Identify the anterior (distal) and posterior (proximal) 
borders of the flexor retinaculum (laciniate ligament) that 
runs from the médial malleolus obliquely plantarward and 
posteriorly to the posterosuperior border of the calcaneus. 
The superficial fascia of the leg and foot is continuous 
with the flexor retinaculum, and this also must be opened 
the entire length of the incision. 

■ Dissect the retinaculum anteriorly 1 cm and plantarward 
to the upper border of the abductor hallucis. 

■ Identify the neurovascular bundle at the posterior or 
proximal edge of the flexor retinaculum. Bluntly delineate 
the posterior aspect of the bundle, ensuring that the 
latéral plantar artery, vein, and nerve are included in the 
dissection. 

■ Pass a Penrose drain around the bundle and gently retract 
it anteriorly for further exposure of the posterior border 
of the bundle. Dissect this until it is lost beneath the 
abductor hallucis. 

■ Retract the posterior tibial neurovascular bundle anteriorly 
(usually one or more médial calcaneal branches must be 
retracted posteriorly) and expose the médial surface of 
the calcaneus by lifting the abductor hallucis and flexor 
accessory muscles off the calcaneus with a periosteal 
elevator. 

■ Palpate the sustentaculum tali of the calcaneus and clear 
ail soft tissues from the médial surface of the calcaneus 
from the sustentaculum to the médial ridge of the calca¬ 
neal tuberosity. 

■ The fracture lines delineating the anteromedial and 
tuberosity fragments should corne into view. 

■ Pass an instrument or finger over the tuberosity fragment 
and communicate with the latéral wound. Using an 
instrument or finger, pull down on the tuberosity frag¬ 
ment, disimpacting and dorsiflexing it while holding the 
ankle in equinus. 

■ Return to the médial wall of the calcaneus and inspect 
the fracture lines again. The tuberosity fragment is dis- 
placed laterally and distally and must be pulled posteriorly, 
translated medially, and taken out of varus with help of 
the Steinmann pin. 

■ Make a final évaluation of the fracture patterns and plan 
the fixation. 

■ While holding the médial wall reduced manually, direct 
one or two pins from the postérolatéral aspect of the 
posterior tuberosity just latéral to the Achilles tendon and 
direct the pins upward and medially to engage the sus- 
tentacular fragment. 
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Fixation of calcaneal fracture with médial and 
latéral plates. SEE TECHNIQUE 88-3. 


■ Through the latéral incision, lift the posterior facet into 
position and pin it to the sustentacular fragment with two 
0.062-inch Kirschner wires. Place these wires just below 
the articular surface in subchondral bone for good pur- 
chase. Pass the wires to the médial side, directed distally 
about 10 to 20 degrees, and locate them by palpation. 

■ The anteromedial and tuberosity fragments and the 
posterior facet are reduced, and the tuber-joint angle 
should be within normal limits. 

■ A small two-hole plate can be used medially, but this is 
difficult if the temporary fixation pins hâve been placed 
too close together or are in the way of optimal plate 
placement; keep this in mind when placing the wires 
(Fig. 88-12). 

■ Return to the latéral incision and conclude the procedure 
by reducing any remaining fractures. Two or three frac¬ 
tures may need fixation: the latéral wall, the waist 
(transverse) fracture at the junction of the middle and 
anterior thirds of the calcaneus (where the anterior border 
of the posterior facet meets the sinus tarsi portion of the 
calcaneus), and possibly a sagittal fracture into the calca- 
neocuboid joint. 

■ Lag screws can be used across the posterior facet 
fragment to fix it to the sustentacular fragment. The 
latéral wall is paper thin and frequently comminuted, 
precluding the use of lag screws. A small 1/3 tubular plate 
can be used, or a Wave plate (Tornier, Inc., Edina, MN) 
can be placed and screws inserted subcutaneously (Fig. 
88-13). The calcaneocuboid joint usually requires little 
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after tuberosity avulsion fractures unless prompt réduction is 
performed (see Figs. 88-21 and 88-22). 



Fixation of calcaneal fracture with one-third 
tubular plate and percutaneous screws. SEE TECHNIQUE 88-3. 


manipulation, and a lag screw can effect réduction if the 
fracture has been cleared of hematoma. 

■ Alternative fixation consists of holding the fracture 
reduced and driving a 3/32-inch or 1/8-inch Steinmann 
pin through the depth of the fourth intermetatarsal space 
posteriorly and slightly medially across the calcaneocuboid 
joint and then across the fracture and into the tuberosity 
fragment. 

■ Cut the pin beneath the skin. 

■ Take axial and latéral radiographs (Fig. 88-11D and E), 
lavage the wounds, remove the tourniquet, and close the 
wounds, leaving a drain under the flap. 

■ Wrap large, bulky gauze dressings from the toes to the 
tibial tuberosity, and apply a short leg cast. 

POSTOPERATIVE CARE. The extremity is elevated for 
72 hours. At 3 weeks, the sutures are removed and gentle 
range of motion is initiated. Non-weight bearing is 
continued until 8 to 12 weeks postoperatively, depending 
on bone quality and strength of fixation. 


Tongue Fracture of the Calcaneus. Although the previ- 
ously described technique works for joint dépréssion and 
tongue-type fractures, occasionally a tongue-type fracture 
does not involve additional fracture Unes, widening of the 
latéral wall, or significant displacement at the primary frac¬ 
ture line. The tongue fracture in this case can be treated by 
the axial pin fixation described by Gissane, and popularized 
by Essex-Lopresti, who achieved satisfactory results. Tornetta 
reported successful outcomes with this technique in 41 
patients. 

A subset of patients with calcaneal fractures is prone to 
skin breakdown over the fracture fragment posteriorly. These 
tend to be patients who did not sustain the injury from a fall, 
who smoked, who had greater fracture displacement 
(although it can happen even with minimal displacement), 
and who were evaluated after a delay. If the threatened soft 
tissue is recognized early and prompt intervention is insti- 
tuted, wound problems can be avoided otherwise, these 
patients may require soft-tissue coverage and may eventually 
require amputation. Similar soft-tissue problems can occur 


AXIAL FIXATION OF 
CALCANEAL FRACTURE 


TECHNIQUE 88-4 


(ESSEX-LOPRESTI) 

■ With the patient prone, make a small incision over the 
displaced tuberosity of the calcaneus just latéral to the 
attachment to the Achilles tendon. 

■ Introduce a heavy Steinmann pin or Gissane spike into 
the tongue fragment in a longitudinal direction, angling 
slightly to the latéral side. Use radiographie or image 
intensifier control during the insertion of the pin and 
manipulation of the fracture (Fig. 88-14A). 

■ With the knee flexed, reduce the fracture by lifting 
upward on the pin until the knee clears the table; hold 
the forefoot at the level of the midtarsal joints with the 
opposite hand and avoid creating a cavus deformity by 
hyperflexing the forefoot. By this maneuver, the tongue 
fragment is elevated from its depressed position in the 
body of the calcaneus. 

■ Reduce the spreading of the calcaneus by applying pres¬ 
sure on each side of the bone with the heels of the 
clasped hands. Clear the inferior aspect of the latéral 
malleolus from contact with any bulging bone fragments 
that may encroach on the peroneal tendons and produce 
chronic tenosynovitis. 

■ Gently rock the calcaneus to settle the smaller fragments 
into position. 

■ Make final radiographs to confirm the position (Fig. 
88-1 4B). 

■ Advance the pin or spike across the fracture into the 
anterior fragment of the calcaneus. 

POSTOPERATIVE CARE. The foot is carefully padded, 
and a splint is applied, incorporating the protruding 
portion of the pin or spike. The initial cast and pin usually 
are removed at 4 to 6 weeks, and a cast is applied from 
the tibial tuberosity to the toes. If radiographs confirm 
union and reconstitution of the depressed cancellous 
bone beneath the elevated articular surface, weight 
bearing can be started 8 to 10 weeks after réduction (Fig. 
88-14C and D). 


Percutaneous Techniques. To minimize wound compli¬ 
cations, closed réduction and percutaneous fixation of calca¬ 
neal fractures has become popular. The disadvantage of this 
approach is an inaccurate réduction of the posterior facet and 
therefore it should be attempted only by those who hâve 
enough expérience and a thorough knowledge of the anatomy 
to gain the appropriate réduction and fixation. This technique 
may not be appropriate in patients with more severe fractures, 
such as Sanders type III or IV fractures, and may not be 
adéquate in a type II fracture when there is deep impaction 
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Essex-Lopresti réduction of fracture of calcaneus by manipulation and pin fixation. A f Correct position of pin. 
B, Postoperative radiograph through cast. C and D f Resuit after 1 year. Patient returned to work as deckhand on barge. SEE TECHNIQUE 
88-4. 


of the posterior facet fracture fragment. Arthroscopic évalu¬ 
ation may be helpful in evaluating the réduction. It is helpful 
to perform the surgery as soon as feasible after the injury, 
before the fracture becomes “sticky,” thus making réduction 
more difficult. The patient should be counseled on the pos¬ 
sible need to convert to an open procedure if the fracture 
cannot be reduced through indirect means, either at the 
initial surgery or if the foot is too swollen at a second surgery. 


■ Place the patient in the latéral decubitus position with a 
thigh tourniquet in place. 

■ Place a large threaded Steinmann pin into the tuberosity 
fragment for traction and manipulation of the 
fragment. 

■ If necessary, use an external fixator for traction. 

■ Reduce the posterior facet with an elevator placed 
through a small stab incision under fluoroscopie guid¬ 
ance. Arthroscopy can be helpful in evaluating the réduc¬ 
tion, especially in Sanders types MA and MB fractures (Fig. 
88-15A and B). 

■ After fracture réduction isobtained, insert Kirschner wires 
for provisional fixation (Fig. 88-15C to F). 

■ Place percutaneous screws for fixation as needed 
depending on the fracture pattern. This usually consists 


of 3.5-mm cortical screws placed from latéral to médial, 
holding the posterior facet to the sustentacular fragment. 
Additionally, place fully-threaded screws parallel to the 
Steinmann pin to maintain the tuberosity position (Fig. 
88-1 5G and H). 


■ COMPLICATIONS AND PREVENTION 
ÏWOUND NECROSIS, DEHISCENCE, AND 
INFECTION 

Soft-tissue edema and contusion are inhérent aspects of cal- 
caneal fractures. Operating through such soft tissue, especially 
in an area such as this with a tenuous blood supply and no 
muscle between the skin and bone, entails a fair risk of 
marginal wound necrosis. After a standard, extensile, 
L-shaped approach with two-layer flap closure, wound com¬ 
plications developed in 25% of patients, with 21% requiring 
surgery for these complications. Other reported rates of 
marginal wound necrosis vary from 2 % to 11%, and soft- 
tissue infection rates can be as high as 7%. Risk factors for 
wound complications include diabètes, smoking, open frac¬ 
ture, single layer closure, extended time between injury and 
surgery, and high body mass index. Although the incidence 
of mild wound problems is high, serious complications can 
be minimized in several ways: 

1. Wound problems, particularly with fractures of the cal¬ 
caneus, occur more frequently in active smokers. Patients 
should be advised not to smoke until the wound has 
healed and should be informed of the conséquences of 
doing so before surgery is planned. 


PERCUTANEOUS REDUCTION AND 
FIXATION OF CALCANEAL FRACTURE 


TECHNIQUE 88-5 
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Percutaneous réduction and fixation of calcaneal fracture (see text). A and B f Posterior facet is reduced through small 
stab incision. C-F f Provisional fixation with Kirschner wires. 


2. Carefully retracting the soft tissues and maintaining a 
full-thickness flap with the extensile approach are crucial. 

3. Drains should be used under the latéral flap to prevent 
hematoma formation postoperatively. 

4. A two-layer closure should be performed, closing the 
wound from both ends to the middle. 

5. Sutures should be left in place for 2 to 3 weeks, and 
motion exercises should be avoided during that time to 
lessen shear forces under the flap. 

I LOSS OF REDUCTION OF MAJOR FRAGMENTS 

Loss of réduction of major fragments can occur if weight 
bearing is initiated too early. Patients should be kept non- 
weight bearing for a minimum of 8 weeks to prevent this 
complication. 

I MALREDUCTION 

Accurately restoring the proper valgus alignment of the 
tuberosity fragment is essential. Patients tolerate varus mal¬ 
rotation poorly. Intraoperative Harris radiographs should be 
obtained to avoid this complication. 


I SURAL NERVE AND PERONEAL 
TENDON INJURIES 

Sural nerve and peroneal tendon injuries are more common 
with the extensile approach. The sural nerve should be pro- 
tected at the proximal and distal extremes of the wound. 
Peroneal tendons are particularly vulnérable because the flap 
is elevated over a protruding latéral wall, especially if the 
tendons are dislocated by the wall. Limited periosteal éléva¬ 
tion and careful retraction should prevent this complication. 
Peroneal tendons also can subluxate or dislocate out of the 
fibular groove from the force of the injury. In one study, this 
occurred in 28% of patients with calcaneal fractures but was 
addressed in only about 10% of the patients who were treated 
operatively. Peroneal subluxation or dislocation may lead to 
later symptoms if missed. 

■ RESULTS 

Significant controversy remains over the results of nonopera- 
tive versus operative treatment. Lack of standardization of 
results has made it difficult to compare studies that hâve 
evaluated outcomes. Numerous studies support the principle 
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G and H f Definitive fixation with cannulated screws. I f Skin incision after réduction and fixation. (From Banerjee 
R, Nickisch F, Easley ME, DiGiovanni CW: Foot injuries. In Browner BD, et al. Skeletal trauma, Philadelphia, Saunders, 2009.) SEE TECHNIQUE 88-5. 
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that if nonoperative treatment is chosen, early mobilization 
improves long-term results. Although long-term studies hâve 
shown up to 76% good results with early mobilization of 
displaced intraarticular fractures, other, more recent studies 
hâve been considerably more pessimistic about closed 
treatment. 

The results after operative treatment also vary, but most 
authors judge results by the quality of réduction of the pos- 
terior facet. Essex-Lopresti stated that 80% of patients younger 
than âge 50 years who had “successful réduction” had satisfac- 
tory results. Follow-up studies of treatment using modem 
techniques are now available. 

Most studies that directly compare operative and nonop¬ 
erative treatment conclude that functional outcomes are 
similar for both groups, but that complication rates are sig- 
nificantly higher in patients treated operatively. One study 
suggested, however, that there may be a trend for better 
outcomes in operatively treated patients in longer term (8 to 
10 year) follow-up, and another study showed that early 
complications do not affect long-term outcomes. These and 
other studies focusing on operative treatment show that 
patients with worse functional outcomes include those with 
a greater severity of injury, those with workers compensation 
daims, those involved in heavy labor, and those with bilateral 
injuries. 

Although the debate over open or closed treatment of 
calcaneal fractures may continue for some time, most authors 
agréé that the inability to surgically obtain an anatomie 
réduction of the posterior facet is probably associated with a 
worse outcome than closed treatment. Overall, although 
there is moderate evidence that there is not a significant dif¬ 
férence in pain and functional outcome between operatively 
treated and nonoperatively treated patients, operative treat¬ 
ment may improve the ability to return to work and to wear 
regular shoes. Overall économie impact may be less in opera¬ 
tively treated fractures, especially when costs related to time 
off from work are included. 

Other studies of ORIF through an extensile latéral 
approach show 73% to 75% good or excellent results, with 
subjective results clearly better at 10-year than 3-year 
follow-up. In a study with 10- to 20-year follow-up, 29% of 
patients required an arthrodesis procedure, with a higher 
percentage for patients with Sanders type III fractures than 
those with type II fractures. Patients did reasonably well if 
they did not develop posttraumatic arthritis, with 77% scoring 
within the normal range on the 36-Item Short Form Health 
Survey (SF-36). A steep learning curve exists for operative 
treatment of calcaneal fractures, with significantly greater 
percentages of good and excellent results with further expéri¬ 
ence; even with greater expérience, however, it is difficult to 
obtain good results with Sanders type IV fractures. In a small 
prospective, randomized study in which patients with Sanders 
type IV fractures were treated with either ORIF or ORIF with 
primary arthrodesis, outcomes were similar for both groups, 
but patients with ORIF and primary arthrodesis had a shorter 
healing time. 

Operative fixation through a limited latéral approach can 
produce outcomes similar to those of the extensile latéral 
approach, with good or excellent results in 59% to 84% of 
patients, a high accuracy of réduction, and a wound compli¬ 
cation rate of 0% to 15%. In a rétrospective review comparing 
outcomes of calcaneal fractures treated with an extensile 


latéral approach with those treated with a limited latéral 
approach, functional and radiographie outcomes were 
similar; however, those treated with the limited latéral 
approach had a lower incidence of wound complications and 
secondary surgeries. With a combined médial and latéral 
approach, 77% good or excellent results hâve been achieved. 

Percutaneous fixation, with and without the use of 
arthroscopy, external fixation, and/or dual C-arms, has been 
reported to lead to reasonable functional outcomes, with 74% 
to 100% of patients returning to work and a 0% to 15% 
infection rate. Results were similar when compared with a 
historical control of patients who had standard ORIF, but 
patients with percutaneous réductions went back to work 
earlier and had better range of motion of the subtalar joint. 
When calcium sulfate cernent grafting was added to percuta¬ 
neous fixation, patients could bear weight earlier and had 
better range of motion and better outcome scores than those 
with open réduction without a différence in the quality of 
réduction. 

Most authors reported that regardless of the type of treat¬ 
ment, symptoms should improve for at least 2 years and 
possibly 6 years. Although anatomie réduction of the poste¬ 
rior facet is correlated with better functional outcomes, 
eventually enough pain develops in some patients to warrant 
subtalar arthrodesis. 

■ LATE COMPLICATIONS 

Regardless of treatment method, chronic pain develops 
in some patients, limiting their capacity to work and enjoy 
life. Late problems leading to a painful outcome include 
posttraumatic arthrosis of the subtalar joint, latéral sub- 
fibular impingement with or without problems of the 
peroneal tendons, anterior ankle impingement from loss 
of the normal plantarflexed position of the talus, tibial or 
sural nerve complications, fat pad atrophy, and chronic 
régional pain syndrome. Classification of calcaneal mal¬ 
unions includes type I, latéral wall exostosis without subtalar 
arthrosis (Fig. 88-16A); type II, latéral wall exostosis with 
subtalar arthrosis (Fig. 88-16B); and type III, latéral wall 
exostosis, subtalar arthrosis, and varus malunion of the cal- 
caneus (Fig. 88-16C). 

I CALCANEAL FRACTURE MALUNION 

Patients with chronic latéral subtalar pain should be evalu- 
ated for two problems: posttraumatic arthrofibrosis or 
arthrosis and latéral calcaneofibular impingement, the latter 
of which rarely occurs in isolation. A combination of CT and 
sélective subtalar injection of a local anesthetic can be helpful 
in determining the cause of the pain. Some patients hâve a 
congruous subtalar joint but hâve impingement or displace¬ 
ment of the peroneal tendons by the extruded latéral calcaneal 
wall, a type I malunion. This excess bone can be removed 
through a curved latéral incision. Removing this bone allows 
the peroneal tendons to assume a more normal position 
inferior to the fibula and narrows the heel, which assists with 
shoe fitting and lessens irritation from the latéral shoe 
counter; this was helpful in 79% of patients in one report. In 
another report, patients who had this procedure in isolation 
did not do well if they had concomitant subtalar arthrosis. 
More commonly, this procedure is done in conjunction with 
subtalar arthrodesis because many patients hâve both subtalar 
arthrosis and latéral impingement. 
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Classification of calcaneal malunions (Stephens and Saunders). A f Type I, latéral wall 
arthrosis. B f Type II, significant subtalar arthrosis. C, Type III, varus angulation and subtalar arthrosis. 

Calcaneal malunions: results of a prognostic computed tomography classification System, Foot Ankle Int 17:395, 


bulge and far latéral subtalar 

(From Stephens HM, Sanders R: 
1996.) 


LATERAL DECOMPRESSION OF A 
MALUNITED CALCANEAL FRACTURE 


TECHNIQUE 88-6 


(BRALY, BISHOP, AND TULLOS) 

■ Place a roll under the ipsilateral hip for greater exposure 
of the latéral aspect of the foot and ankle. Apply and 
inflate a pneumatic thigh tourniquet. 

■ Make a curved incision just plantar to the course of the 
peroneal tendons, extending from the posterior aspect of 
the latéral malleolus to the région of the calcaneocuboid 
joint (Fig. 88-17A). If previous subtalar fusion or open 
réduction has been performed, attempt to use the exist- 
ing incision. 

■ Identify and release the sural nerve from surrounding scar 
tissue to more normal anatomy proximally and distally 
(Fig. 88-17B). 


■ Excise any neuromas présent and dissect the nerve back 
to areas where the potential for external irritation over 
bony prominences during shoe wear is minimized. 

■ Incise the peroneal tendon sheath, if intact, taking care 
not to divide completely the superior retinaculum 
proximally. 

■ Perform a tenolysis (Fig. 88-17C). 

■ With the peroneal tendons and sural nerve retracted, 
incise the calcaneofibular ligament (Fig. 88-17D). 

■ Incise longitudinally the floor of the peroneal tendon 
sheath and the periosteum over the latéral calcaneus. 

■ With subperiosteal dissection, expose the prominent 
latéral bony mass of the calcaneus and excise it (Fig. 
88-17E). Do not attempt to reconstruct the calcaneofibu¬ 
lar ligament. 

■ The amount of bone removed from the calcaneus dépends 
on the degree of latéral impingement of the peroneal 
tendons and sural nerve évident intraoperatively and on 
preoperative radiographs. Attempt to narrow the heel, at 
least laterally, to a more normal width, avoiding violating 
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Osteotomized 



Technique for malunion of calcaneal fracture (Braly, Bishop, and Tullos). A f Incision just plantar to course of peroneal 
tendons. B f Sural nerve décompression. C f Inferior retinaculum incised, and peroneal tenolysis performed. D f Calcaneofibular ligament 
is eut to expose latéral calcaneus. E f Latéral calcaneal osteotomy. F f Z-lengthening of peroneal tendons for anterior dislocation. G f Repair 
or reconstruction of inferior retinaculum with lengthened peroneal tendons relocated. (Redrawn from Braly WG, Bishop JO, Tullos HS: 
Latéral décompression for malunited os calcis fractures, Foot Ankle 6:90, 1985.) SEE TECHNIQUE 88-6. 


the subtalar and calcaneocuboid joints during bony resec¬ 
tion. Smooth ail rough edges with a rongeur and a rasp. 

■ Repair the reflected overlying periosteum or tendon 
sheath over the bed of the ostectomy. 

■ If any raw cancellous bone is left exposed, apply bone 
wax for hemostasis. 

■ Close the wounds in routine fashion and apply a soft, 
compressive dressing. 

■ If the peroneal tendons are dislocated, Braly et al. recom- 
mended Z-lengthening of both tendons before locating 
them behind the latéral malleolus (Fig. 88-1 7F); we do 
not routinely lengthen these tendons. 

■ Repair the retinaculum or reconstruct it using an osteo- 
periosteal strip from the latéral malleolus, as described by 
Zoellner and Clancy (Fig. 88-17G), after the ostectomy. 

■ If peroneal tendon lengthening or relocation and repair 
or reconstruction of the retinaculum are done, apply a 
short leg cast and split it anteriorly in the recovery room. 

POSTOPERATIVE CARE. Early motion and progressive 
weight bearing as tolerated are encouraged 2 to 3 days 
after surgery. If a cast has been applied after tendon 
lengthening or relocation, this is changed to a short leg, 


nonwalking cast before discharge and is worn for 3 
weeks, followed by a short leg walking cast for another 
3 weeks. Range-of-motion and strengthening exercises of 
the ankle are begun, and full activity is allowed 8 to 12 
weeks after surgery. 


I SUBTALAR ARTHRODESIS 

With the realization that symptoms should improve for at 
least 2 years, and as long as a patient is progressing in activity 
level and work capability, arthrodesis should be avoided, 
although the psychosocial complications of prolonged dis- 
ability are profound. If a patient fails to progress with conser¬ 
vative treatment (e.g., bracing, antiinflammatory médications), 
arthrodesis should be done. It has been shown that the longer 
the interval between the injury and the salvage procedure, the 
longer the interval until the patient returns to full activity or 
work. 

In patients who are candidates for subtalar arthrodesis, a 
latéral standing radiograph should be scrutinized carefully. 
The talar angle of déclination should be evaluated because 
it measures excursion of the tibiotalar joint in extension 
(Fig. 88-18). For patients with a depressed talar angle of 
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Radiographie measurements. A, Talocalcaneal height. B, Cuboid-to-floor distance. C, Navicular-to-floor distance. D, 
Calcaneal pitch angle. E, Talocalcaneal angle. F, First talometatarsaI angle. G, Talar déclination angle. (From Buch BD, Myerson MS, Miller 
SD: Primary subtalar arthrodesis for the treatment of comminuted calcaneal fractures, Foot Ankle 17:61, 1996.) 



Subtalar arthrodesis with double interposition 
graft for late pain and deformity after calcaneal fracture (see 
text). (Redrawn from Chan SCF, Alexander IJ: Subtalar arthrodesis with 
interposition tricortical iliac crest graft for late pain and deformity after 
calcaneus fracture, Foot Ankle Int 18:613, 1997.) 


déclination, Carr et al. modified a procedure originally 
described by Gallie, the subtalar distraction bone block 
arthrodesis (Fig. 88-19). Although technically demanding, 
postoperative appearance of the foot and improved ankle 
dorsiflexion may be impressive. A number of studies hâve 
demonstrated the usefulness of subtalar distraction bone 
block arthrodesis for the late complications of calcaneal 
fractures. Failures occurred in patients with transverse tarsal 
joint arthritis, malunions, and nerve problems. Functional 
outcomes were better in patients who had a late subtalar 
arthrodesis after ORIF than in those who were initially treated 
nonoperatively. 

If calcaneal height is normal or minimally depressed and 
there are no anterior ankle joint impingement symptoms, 
we prefer in situ subtalar arthrodesis. Latéral wall décompres¬ 
sion can be added if widening of the calcaneus is causing 
subfibular impingement. This procedure can be helpful for 
patients with subtalar arthrosis after calcaneal fractures. No 


corrélation has been identified between final outcome and 
talar angle déclination, talar height, or calcaneal width. 
Peroneal tendon and subfibular impingement, ankle tender- 
ness, sural nerve injury, and patient smoking ail were statisti- 
cally associated with lower scores. 


SUBTALAR DISTRACTION BONE 
BLOCK ARTHRODESIS 


TECHNIQUE 88-7 


(CARR ET AL.) 

■ Position the patient in the latéral decubitus position with 
the affected side up. Préparé and drape the posterior iliac 
crest and leg. 

■ Under tourniquet control, use a longitudinal postérolat¬ 
éral Gallie type of approach to the subtalar joint. Identify 
the sural nerve in the proximal incision, excise, and bury 
it in muscle; alternative^, protect the sural nerve. 

■ Subperiosteally expose the latéral calcaneal wall and 
excise to a more normal width. This step should ensure 
peroneal and fibular décompression. 

■ Identify the subtalar joint. 

■ A fémoral distractor or external fixator with half-pins in 
the médial subeutaneous tibia and médial calcaneus may 
need to be applied for exposure. The médial application 
helps to correct hindfoot varus. 

■ Apply distraction and dénudé the subtalar joint to sub- 
chondral bone. Use a laminar spreader to aid in subtalar 
joint exposure. Direct attention to any heel varus or valgus 
at this point and, if necessary, correct by manipulation. 
Obtain intraoperative radiographs to ensure correction of 
the latéral talocalcaneal angle (normal 25 to 45 degrees). 

■ Measure the subtalar joint gap and harvest an appropriately 
sized tricortical posterior iliac crest graft. A block 2.5 cm in 
height may be required for severe deformities. Two sepa- 
rate pièces may be required to fill the gap completely and 
help prevent late collapse into varus or valgus. 
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■ Release the distraction forces. 

■ Insert two fully threaded 6.5-mm AO cancellous screws 
through stab incisions into the heel to fix the calcaneus 
and the talus firmly. Two screws provide more rigid fixa¬ 
tion and help to prevent rotatory movements around the 
axis of subtalar motion. 

■ Obtain final radiographs (latéral and axial views) to 
confirm correct positioning. 

■ Close the wound in layers with interrupted nylon on the 
skin. 

POSTOPERATIVE CARE. The patient is kept in a short 
leg cast for 12 weeks. Weight bearing as tolerated is 
permitted after 6 weeks. 


EXTRAARTICULAR FRACTURES 

Calcaneal fractures can be extraarticular (not involving the 
subtalar joint) or intraarticular (involving the subtalar joint). 
Extraarticular fractures include fractures of the calcaneal 
tuberosity, the sustentaculum tali, and the anterior process of 
the calcaneus. 

■ FRACTURES OF THE CALCANEAL TUBEROSITY 

Avulsion fractures of the calcaneal tuberosity are rare and are 
thought to be insufficiency fractures through osteoporotic 
bone. A classification scheme has been proposed, with three 
types (Fig. 88-20): type I is a sleeve fracture in which a small 
piece of cortical bone is avulsed; type II is a beak fracture with 
an oblique fracture line that exits close but posterior to the 
posterior facet; and type III is an infrabursal fracture that is 
an avulsion off the middle third of the posterior aspect of the 
tuberosity. Type II fractures may require prompt réduction 
and fixation because the fracture fragment may cause soft- 
tissue compromise (Figs. 88-21 and 88-22). Fixation often is 
carried out with screws and plates (Fig. 88-23). Loss of réduc¬ 
tion can occur because of the strong pull of the Achilles 
tendon; suturing the tendon to bone using suture anchors 
or bone tunnels to augment screw fixation can provide 
greater fixation strength. In addition, lengthening of the 
gastrocnemius-soleus muscle (Strayer procedure, see Chapter 
33) in patients with gastrocnemius tightness can help to 
reduce the deforming force. Because of dissatisfaction with 
the maintenance of réduction with screws and plates, a latéral 
tension band technique also has been used (Fig. 88-24). 

■ FRACTURES OF THE SUSTENTACULUM TALI 

Isolated fractures of the sustentaculum tali are rare and often 
are missed on initial radiographs (Fig. 88-25). Although this 
is considered to be an extraarticular fracture, it can often 
involve the joint. These fractures often are associated with 
ipsilateral foot and ankle fractures, and direct ORIF, although 
a médial approach, yields good results. If not treated opera- 
tively, migration of the fragment from nonunion of this 
fracture can cause tarsal tunnel syndrome. 

■ FRACTURES OF THE ANTERIOR PROCESS 
OF THE CALCANEUS 

Fracture of the anterior process of the calcaneus occurs with 
an inversion injury where the bifurcate ligament causes an 


avulsion of a bony fragment (Fig. 88-26). Delayed diagnosis 
is common, and the fracture often is found after continued 
symptoms from what was assumed to be a simple ankle 
sprain. A type 1 fracture is a nondisplaced fracture, type 2 is 
a displaced avulsion fracture, and type 3 is a larger fragment 
involving the calcaneocuboid joint. Most fractures can be 
treated with cast immobilization; larger displaced fractures 
can be treated with ORIF. If a symptomatic nonunion occurs, 
excision of the fracture fragment can be helpful unless delayed 
excision has allowed arthrosis to occur at the calcaneocuboid 
joint. 

TALAR FRACTURES 

The rôle of the talus in lower extremity function, the com- 
plexity of the anatomy, and the variability of fracture patterns 
often complicate treatment of talar fractures and often frus- 
trate orthopaedists. To gain fu.ll confidence in the treatment 
of these injuries, one must hâve thorough knowledge of the 
osseous and vascular anatomy, hâve expérience with modem 
methods of fixation, and be prepared to deal with the com¬ 
plications that often occur with talar injuries. 

ANATOMY 

The vascular anatomy of the talus has been extensively studied 
(Fig. 88-27). The three major arteries of the leg contribute to 
a rich, extraosseous, anastomotic plexus, supplying blood to 
the head, neck, and body of the talus. The head and neck 
régions are richly supplied by the superior neck vessels, 
branching off the dorsalis pedis artery and the artery of the 
sinus tarsi. Osteonecrosis of these areas is extremely rare. The 
tarsal canal is formed by the sulcus on the inferior surface of 
the talus and the superior sulcus of the calcaneus and contains 
the artery of the tarsal canal and the talocalcaneal intraosse- 
ous ligament. The tarsal canal runs from posteromedial to 
antérolatéral, where it opens into the tarsal sinus. The talar 
body is vulnérable because of its blood supply. Related pri- 
marily to the degree of displacement of the body, the osteo¬ 
necrosis rates can be 100%. The vascular supply to the talar 
body can be summarized as follows (Fig. 88-28). 

The artery of the tarsal canal, which branches off the 
posterior tibial artery approximately 1 cm proximal to the 
division into médial and latéral plantar arteries, is the most 
consistent major supplier of blood to the body of the talus. In 
the tarsal canal, it sends four to six direct vessels into the body 
of the talus. 

The deltoid artery, which branches off the artery of the 
tarsal canal and directly supplies blood to the médial one 
fourth to one half of the talar body, is the second major 
blood supply to the talar body. Through intraosseous anas¬ 
tomoses, it has the potential to supply blood to a much 
greater area. 

The artery of the sinus tarsi, which is more variable in its 
size and origin, supplies the latéral one eighth to one fourth 
of the talar body. It is formed by branches of the perforating 
peroneal artery, the dorsalis pedis (or anterior tibial) artery, 
or anastomoses between the two. The artery of the sinus tarsi 
forms an anastomosis with the artery of the tarsal canal and 
has the potential to supply blood to more of the talus. 

The posterior tubercle of the talus is supplied by direct 
branches from the posterior tibial artery (most common) 
or the peroneal artery. Although quite small, because of 
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FIGURE 88-2 


F, Type I 


J Classification of calcaneal tuberosity fractures. A and B f Type I 
infrabursal fracture. 


sleeve fracture. C and D f Type II, beak fracture. E and 
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A f Calcaneal avulsion with large fragment. B f Open wound on posterior heel that developed when fracture was not 
treated expediently. 



FIGURE 


A f Displaced beak fracture. B f Skin necrosis 1 month after initial injury. 


intraosseous anastomoses, this région also has the potential 
to supply blood to more of the body. 

A newly described direct branch to the médial talar neck 
cornes from the posterior tibial artery as demonstrated in a 
gadolinium-enhanced MRI cadaver study. This artery is at 
risk during the anteromedial approach for a talar neck frac¬ 
ture but appears to be preserved if a médial malleolar 


osteotomy is performed for exposure. Also in this study, the 
antérolatéral approach to the talar neck did not appear to 
disrupt any major blood supply The contribution of the blood 
supply to the talus was 16.9% for the peroneal artery, 36.2% 
for the anterior tibial artery, and 47.0% for the posterior tibial 
artery, with the anterior tibial artery being the main blood 
supply to the anteromedial quadrant of the talus and the 
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posterior tibial artery being the main blood supply to the 
other three quadrants. 

TALAR HE AD FRACTURES 

Fractures of the head of the talus hâve been reported to 
constitute 5% to 10% of talar injuries. Two mechanisms of 
injury hâve been suggested in the literature: axially directed 
loading and compression of the talar head and a dorsal 
compression fracture of the anterior tibial plafond. A high 
index of suspicion should be maintained for posttraumatic 
tenderness in the anterior ankle région because récognition 
of this fracture can be difficult. Plain radiographs may define 
the fracture clearly, but CT often is necessary for definitive 
diagnosis and évaluation of displacement. The head of the 
talus with loss of support of the talonavicular joint may be 
associated with clinical instability of the triple joint complex. 



Injuries to the calcaneocuboid and subtalar joints are common 
with this injury. 

■ TREATMENT 

Displaced fractures of the head of the talus often are a shear 
type of injury or an impacted injury and should be treated 
with ORIF. Care should be taken not to strip any remaining 



Plate and screw fixation of type II calcaneal 


avulsion fracture. 


Internai fixation of sustentaculum fracture with 


single screw. 



FIGURE 88-2 


^ A f Proximally displaced avulsion fracture of the calcaneus. B f Latéral tension band fixation. (From Nagura I, Fjuioka H, 
Kurosaka M, et al: Modified tension band wiring fixation for avulsion fractures of the calcaneus in osteoporotic bone: a review of three patients, J 
Foot Ankle Surg 51:330, 2012.) 
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Fracture of anterior 
A, Latéral radiograph. B, CT scan. 


process of calcaneus. 


vascular supply of the head. For impacted fractures, the 
articular fragment should be elevated, with bone graffing 
behind the fragment to minimize collapse. Internai fixation 
should be used if the fragments are large enough. Shear 
fractures, although usually médial, often can be adequately 
exposed through a dorsal incision. Fixation can be placed 
directly or percutaneously from the médial side as needed 
(Fig. 88-29). Stable fixation of the talar head is accomplished 
with partially threaded cancellous lag screws, headless com¬ 
pression screws, or bioabsorbable pins. Care must be taken 
to be sure that the talonavicular joint is reduced; if the joint 
is unstable, it may be necessary to place a Kirschner wire 
across the joint to hold it reduced. Fracture-dislocation of the 
talar head with shortening of the médial column may require 
use of an intraoperative external fixator to gain length and 
reduce the fracture. There is very little in the literature regard- 
ing this injury. 

Early motion can be started at approximately 2 weeks 
after surgery if secure fixation has been obtained, with delayed 
weight bearing at a minimum of 6 weeks. If fixation is mar¬ 
ginal, a short leg cast is used for 6 weeks with no weight 
bearing. The reported rate of osteonecrosis of this segment of 
the head is 10%, and if degenerative arthrosis occurs, talona¬ 
vicular arthrodesis may be indicated. Arthrodesis of the 
talonavicular joint is reserved for severe fractures because it 
éliminâtes triple joint complex motion. If isolated talonavicu¬ 
lar arthrodesis is necessary, shortening the médial column of 


the foot must be avoided. An inlay tricortical graff described 
by Adelaar can be used to avoid médial column shortening 
of the foot and placement of the hindfoot into varus. 

TALAR NECK FRACTURES 

Many controversies surround the treatment of talar neck 
fractures, which reflects the difficulty of assessment, surgical 
approaches, fixation methods, and frequency of postoperative 
complications. In 1919, Anderson, having observed 18 
patients with talar injuries in the Royal Flying Corps, coined 
the term aviators astragalus. In 1952, Coltart reviewed 25,000 
fractures sustained during World War II. He found 228 talar 
fractures, 106 of which were classified as talar neck fractures. 
He reported osteonecrosis rates of 35% with subtalar disloca¬ 
tion and 95% with ankle and subtalar dislocation. 

Since Coltart s report, the incidence of osteonecrosis after 
talar neck injuries has been widely disputed. Although the 
actual percentage of osteonecrosis varies among investigators, 
increasing levels of displacement and dislocation progrès- 
sively disrupt more vasculature and increase the incidence of 
this complication. 

In 1970, Hawkins published a landmark paper on the 
results of 57 talar neck fractures in 55 patients. His classifica¬ 
tion of talar neck fractures, the most widely used today, is 
simple, provides guidelines for treatment, and is prognostic 
for development of osteonecrosis and the likelihood of suc- 
cessful outcome. In nondisplaced vertical fractures of the 
neck (group I fractures), osteonecrosis did not occur and ail 
fractures united. Ail displaced fractures with subluxation or 
dislocation of the subtalar joint (group II fractures) united, 
although osteonecrosis subsequently developed in 42%. In 
fractures with dislocation of the subtalar and the ankle joints 
(group III fractures), nonunion occurred in 11% and osteo¬ 
necrosis developed in 91%. An increasing percentage of fair 
and poor results (75%) was noted in group III fractures 
compared with group II fractures. The presence of osteone¬ 
crosis also correlated with fair or poor results (88%). 

Canale and Kelly at this clinic clinically and radiographi- 
cally reviewed 71 fractures of the neck of the talus in 70 
patients with an average follow-up of 12.7 years. Using the 
Hawkins classification (Fig. 88-30), there were 15 type I 
fractures, 30 type II fractures, and 23 type III fractures. An 
additional type of fracture was described, in which not only 
the body of the talus was extruded from the ankle mortise 
but also the head of the talus was subluxed or dislocated from 
the navicular articulation. They called this a type IV fracture, 
and there were three. In 2 of 13 nondisplaced fractures, 
osteonecrosis developed, but both had excellent results. The 
one poor resuit in a type I fracture was caused by severe 
degenerative changes in the ankle joint secondary to an 
unrecognized fracture through the dôme of the talus. It is 
important to tell patients, even patients with type I fractures, 
that subséquent arthritis and a poor resuit can occur after a 
nondisplaced fracture. Of the 30 type II fractures, osteone¬ 
crosis developed in 50% and 47% had an unsatisfactory resuit. 
Of 23 patients with type III fractures, 52% had an unsatisfac¬ 
tory resuit, with satisfactory results directly related to ana¬ 
tomie réduction of the fracture and the subtalar dislocation. 

In early studies, prompt ORIF was advocated for good 
results. More recent studies suggest that, although prompt 
réduction is important to relieve tension on the soft tissues, 
definitive internai fixation can be delayed until soft-tissue 
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Dorsal view of the talus 
showing the areas covered 
by the following sections 




Tarsal sinus 
branches- 
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FIGURE 


Blood supply to talus in sagittal and coronal sections (see text). (Redrawn from Mulfinger GL, Trueta J: The blood supply 


of the talus, J Bone Joint Surg 52B:160, 1970.) 
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A, Schematic drawing of médial ankle and foot showing extraosseous arterial supply to talus: 1, anterior tibial artery; 
2, médial récurrent tarsal artery; 3, médial talar artery; 4, posterior tibial artery; 5, posterior tubercle artery; 6, deltoid branches; 7, 
artery of tarsal canal; 8, médial plantar artery; 9, latéral plantar artery. B f Schematic drawing of latéral ankle and foot with extraosseous 
arterial supply to talus: 1, anterior tibial artery; 2, latéral talar artery; 3 # latéral tarsal artery; 4, posterior récurrent branch of latéral 
tarsal; 5, artery of tarsal sinus; 6, perforating peroneal; 7, anterior latéral malleolar artery. 



FIGURE 88-2 


^ A f CT scan of talar head fracture with médial dislocation of navicular. B f Postoperative radiograph showing screw 
placement. (From Early JS: Talus fracture management, Foot Ankle Clin North Am 13:635, 2008.) 


swelling has subsided. In a military study in which internai 
fixation was delayed due to transport times out of theater, 
fixation was performed an average of 12.9 days affer injury. 
There was no corrélation between the time to fixation and the 
development of osteonecrosis or posttraumatic arthritis. 
Other studies hâve confirmed these findings. 

In clinical outcome studies, the rate of osteonecrosis 
ranged from 20% to 49%, with higher rates in patients 
with comminuted or open fractures and higher Hawkins 
classifications. Not ail patients with osteonecrosis are symp- 
tomatic, especially if collapse does not occur. The rate of 
posttraumatic arthritis varied from 36% to 94% and again 
was more common in patients with comminuted and open 
fractures. Approximately 17% to 44% of patients require 
secondary surgery, usually for posttraumatic arthritis or 
malalignment. 


■ TREATMENT 

Any fracture that involves a joint is a difficult problem, and 
this is especially true of a weight-bearing joint. Much of 
the surface of the talus is covered by articular cartilage. 
For this reason, almost any fracture of the talus involves a 
joint surface. More weight per unit of area is borne by the 
superior surface of the talus than by any other bone. In 
fractures of the talus, accurate réduction is essential to rees- 
tablish the position of its articular surfaces. Any residual 
irregularity of the joint surfaces can produce arthritic 
changes with resumption of motion and weight bearing. 
Impacted fractures of the head, usually associated with 
compression fractures of the navicular, should be treated 
nonoperatively. Because of irregularity in the talonavicular 
joint, pain can persist and arthrodesis eventually may be 
necessary for relief. 
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FIGURE 88-3 


^ A, Type I talar neck fracture. B f Type II. C f Type 
III. D f Type IV. (From Canale ST, Kelly FB Jr: Fractures of the neck of 
the talus: long-term évaluation of 71 cases, J Bone Joint Surg 60A:143, 
1978.) 



FIGURE 


Canale view of talar neck (see text). 


Care must be taken to search for local and remote associ- 
ated fractures. A médial malleolar fracture commonly is 
associated with a displaced talar neck fracture. As with any 
axial loading injury, the lumbar spine should be evaluated 
thoroughly. 

Radiographie évaluation of talar neck injuries should 
include anteroposterior, latéral, and oblique views of the 
ankle and an anteroposterior view of the foot. Intraopera- 
tively, the view described by Canale, in which the foot is 
internally rotated 15 degrees and the x-ray beam angled 75 
degrees from horizontal, is especially helpful because it pro¬ 
files the talar neck (Fig. 88-31). This can help prevent mal¬ 
union and varus. 

Although the development of osteonecrosis of the talus 
may or may not ultimately affect the outcome, most authors 
agréé that varus malunion even of a few degrees is almost 
uniformly associated with a poor outcome. Because the talar 
neck is commonly comminuted medially, care must be taken 
to restore the anatomie alignment of the neck. 


1 TYPE I FRACTURES 

Type I fractures, by définition, are nondisplaced. A talar neck 
fracture must be thoroughly evaluated before labeling it as a 
type I. Many fractures, if examined closely by CT scans or 
tomograms, display subtle displacement. If any doubt exists 
about the presence of the displacement, one of these tests 
should be obtained. Alternatively, gentle manipulation under 
fluoroscopie control can be used to evaluate the stability of 
these injuries. If the subtalar joint is free of displacement and 
fragments, the fracture should be immobilized in a below- 
knee cast for 8 to 12 weeks, with weight bearing delayed until 
trabeculation across the fracture is seen. 

1 TYPES II, III, AND IV FRACTURES 

Although there are reports of closed réduction and percuta- 
neous pinning of these fractures, as a rule, displaced fractures 
of the neck of the talus should be treated with prompt ORIF 
because it is difhcult to obtain an anatomie réduction by 
closed means. In the past, a postérolatéral approach had been 
advocated and was supported by a biomechanical study 
showing that the greatest strength of fixation was achieved 
with screws placed from a posterior to anterior direction, as 
opposed to the usual method of fixation, which involved 
anterior to posterior screws, one médial and one latéral. The 
current literature, however, supports the use of anterior 
approaches. The anteromedial approach offers good fracture 
exposure and is easily extended for médial malleolar osteot- 
omy. Offen the médial neck is the location of the comminu- 
tion of the fracture, however, and fracture alignment and 
réduction can be difhcult to assess. This area also may offer 
only limited access for fixation. We do not hesitate to add an 
antérolatéral approach, which may help to assess réduction 
and to offer a région for screw fixation (Fig. 88-32). Alterna¬ 
tive fixation techniques include the use of mini-fragment 
plates and screws (Fig. 88-33). 

Type III and type IV fractures constitute an orthopaedic 
emergency for two reasons. First, pressure from the dislocated 
body on the skin and neurovascular structures can lead to 
skin slough, neurovascular insult, or both. Second, in theory, 
the only remaining blood supply to the talus, the deltoid 
branch, may be rotated and occluded, correctable only 
through emergency réduction of the talar body. Open réduc¬ 
tion, usually with the help of médial malleolar osteotomy, 
generally is necessary (Fig. 88-34). The use of a médial mal¬ 
leolar osteotomy for exposure of complex talar fractures has 
been described. We hâve found this approach exceptionally 
useful in type III and type IV fractures and in talar body 
fractures in which access to the fracture is difhcult through 
standard incisions. 


OPEN REDUCTION OF THE 
TALAR NECK 


TECHNIQUE 88-8 


■ Expose the head and neck of the talus through an inci¬ 
sion, 7.5 to 10 cm long, beginning proximal and just 
anterior to the médial malleolus, curving distalward and 
plantarward toward the sole of the foot, and ending on 













PART XIX THE FOOT AND ANKLE 



FIGURE 


A and B f Talar neck fracture. C and D f Fixation with cannulated screws. 


the médial side of the body of the navicular, using the 
interval between the anterior and posterior tibial tendons 
(Fig. 88-35A). Avoid incising the posterior tibial tendon 
and neurovascular structures inferior to the médial 
malleolus. 

■ If the body of the talus is extruded from the ankle mortise, 
osteotomy of the médial malleolus may make exposure 
and réduction easier. 

■ Expose the fracture and the anteromedial aspect of 
the neck and body of the talus. Preserve intact as much 
soft tissue as possible around the head and neck of the 
talus. 

■ Reduce the fracture and irrigate the joint to remove bone 
fragments and débris. 

■ If an antérolatéral approach is necessary, expose the 
latéral neck through a 5-cm incision over the sinus tarsi, 
extending toward the base of the fourth metatarsal (Fig. 
88-35B). Protect the dorsal intermediate cutaneous nerve 
in this région. 

■ After incising the inferior extensor retinaculum, reflect the 
extensor digitorum brevis plantarly to expose the fracture. 


Careful réduction is important because slight varus 
at the fracture can produce a malunion that is quite 
disabling. 

■ Try to locate interdigitating fracture lines medially or later- 
ally for a guide to réduction, even if a gap remains in the 
opposite cortex. 

■ Beginning just posterior to the articular surface of the 
head on the médial or latéral aspect of the neck, drill two 
or three small Kirschner wires through the neck and into 
the body to hold the réduction. Depending on the avail- 
able space for fixation, a 4.0-mm, 4.5-mm, or 6.5-mm 
partially threaded cannulated screw can be used (Fig. 
88-32). In each case, care must be taken to countersink 
the screw head to provide a fiat area for seating of the 
screw head. Alternative^, minifragment plates and screws 
can be placed laterally, especially if there is excessive 
comminution or limited space for fixation in the head 
fragment (Fig. 88-33). 

■ Check the final position with radiographs. A Canale view 
(Fig. 88-31) should be obtained to evaluate for varus 
malreduction. 
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FIGURE 


A and B f Talar neck fracture. C and D f Fixation with mini-fragment plate and screws. 


■ For placement of posterior-to-anterior screws, use the 
Henry approach from the latéral side of the Achilles 
tendon and develop the interval between the flexor hal- 
lucis longus and the peroneal tendons (Fig. 88-35C). 

■ Place the guidewire above the latéral projection of the 
posterior process and direct it toward the latéral talar 
head. Fluoroscopie guidance is essential to avoid the 
subtalar joint. 

■ If the cortex is fragile, as in an elderly patient, or if the 
fracture is more distal, firm fixation may not be secured 
by placing a screw obliquely. In such patients, drill two 
Steinmann pins, 3/32-inch or larger, passing proximally 


from the navicular into the head of the talus, through the 
fracture site, and deep into the body of the talus. This 
usually affords good fixation. Transfixing the talonavicular 
joint in the fracture in this manner is préférable to 
attempting to countersink screws below the surface of 
the articular cartilage of the head of the talus. 

■ If the médial malleolus was osteotomized to improve 
exposure, reduce it and fix it with a malleolar screw. 

POSTOPERATIVE CARE. The foot is held in a neutral 
position in a cast, and the ankle is immobilized in a cast 
from below the knee to the toes, well molded into the arch 
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FIGURE 88-3 


Type IV talar fracture. A and B, Injury radiographs showing dislocation of talar body and talar head from talonavicular 
joint. C and D f After closed réduction and percutaneous Hoffman pin through tuberosity of calcaneus for leverage. E and F f Latéral 
and Canale anteroposterior views after open réduction and internai fixation. 


9 of the foot. After 6 to 8 weeks, depending on radiographie 
signs of early union, a walking boot is applied and weight 
bearing is permitted; however, some patients may hâve to 
wait 12 weeks before weight bearing can start. 


■ MALUNION OF THE TALAR NECK 

Malunion or nonunion of the talar neck is a relatively rare 
but disabling complication. Zwipp and Rammelt developed a 
classification System for these complications and proposed 
treatment for each type of talar malunion (Table 88-1). To 
avoid arthrodesis, corrective osteotomy and/or révision of the 
malunion/nonunion can be done for types I, II, and III if the 
articular cartilage remains in good condition. This offen 
involves recreating the original fracture, bone graffing to fill 
the space after realignment of the malunion or debridement 
of the nonunion, and stable internai fixation. Médial 


malleolar osteotomy may be needed to obtain adéquate 
exposure and to avoid damage to the médial blood supply to 
the talus. Studies hâve shown that good results can be obtained 
with 90% to 100% patient satisfaction rates and no osteone- 
crosis, although patients may require further surgery includ- 
ing arthrodesis. 

■ OSTEONECROSIS OF THE TALAR BODY AFTER 
TALAR NECK FRACTURE 

In the treatment of fractures and fracture-dislocations of the 
neck of the talus, satisfactory primary treatment must be 
emphasized, but early récognition and management of 
osteonecrosis that may follow also must be considered. It 
can reasonably be predicted that with fractures of the neck 
of the talus, a very small percentage of nondisplaced frac¬ 
tures and a very large percentage of fractures with complété 
dislocation of the body will be complicated by osteonecrosis. 
Between 6 and 8 weeks after injury, a thin line of 
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FIGURE 


A f Anteromedial approach to ankle. Exposure can be extended from limited capsulotomy in interval between anterior 


and posterior tibial tendons to wide exposure with malleolar osteotomy. B f Antérolatéral approach to talus. C f Postérolatéral approach 
to talus. (From Mayo KA: Fractures of the talus: Principles of management and techniques of treatment, Tech Orthop 2:42, 1987.) SEE TECHNIQUE 


88 - 8 . 


TABLE 88-1 


Classification and Treatment Algorithm for Talar Malunions 

TREATMENT OPTIONS 

Type 

Features 

Active, Reliable Patients With 

No Symptomatic Arthritis 

Noncompliant Patient With 
Comorbidities, Arthritis 

1 

II 

III 

Malunion with joint displacement 
Nonunion with displacement 

Type 1 or II with partial osteonecrosis 

Osteotomy, secondary 
reconstruction, and internai 
fixation with joint 
préservation 

Corrective fusion of the 
affected joint(s) 

IV 

Type 1 or II with complété osteonecrosis 

Neurectomy, (vascularized) bone graft, corrective fusion 

V 

Type 1 or II with septic osteonecrosis 

Radial debridement(s), bone grafting, corrective fusion 


Modified from Zwipp H, Rammelt S: Secondary reconstruction for malunions and nonunions of the talar body, Foot Ankle Clin 21:95, 2016. 


subchondral atrophy along the dôme of the talus (Hawkins 
sign) seen on an anteroposterior radiograph indicates the 
presence of vascularity and excludes the diagnosis of osteo- 
necrosis (Fig. 88-36). If the Hawkins sign is not présent, 
however, osteonecrosis may or may not occur; the sign is 
sensitive but not spécifie. With osteonecrosis, the bone 
becomes dense and sclerotic as seen on radiographs but may 
not be évident for several months (Fig. 88-37). MRI can be 
used to further evaluate for osteonecrosis but should not be 


obtained for 2 or 3 months postoperatively to allow postop- 
erative edema to résolve. 

Bone graffs across the fracture site in the neck of the talus, 
primary or early subtalar fusion, and ankle fusion generally 
hâve been unsuccessful in speeding the revascularization of 
the body of the talus. Prolonged non-weight bearing in hopes 
of preventing collapse of the dôme of the talus has not been 
sufficiently predictable to justify it. In many cases, the talus 
collapses even though weight bearing is not permitted. In one 
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FIGURE 88-3 


^ A f Displaced type II talar fracture. B and C f CT scans show comminution of médial aspect of talar neck and additional 
fracture of latéral process. D and E f After open réduction through anteromedial and latéral Ollier approaches, fixation of talar neck 
with non-lagging fragment screw and latéral process with mini-fragment screws. F, Positive Hawkins sign at 6 weeks. (From Rammelt S, 
Zwipp H: Talar neck and body fractures, Injury 40:120, 2009.) 


study, talar revascularization occurred in 44% of those 
with osteonecrosis, and in another, 59% of patients with 
osteonecrosis were asymptomatic. When pain develops after 
osteonecrosis, excision alone of the necrotic body of the talus 
has not proved useful. Arthrodesis is most often used to treat 
this condition, either ankle or subtalar joint (see Chapter 11), 
depending on which joint is more involved. Occasionally, 
tibiotalocalcaneal fusion or tibiocalcaneal fusion (see Chapter 


11) after excision of the talus is necessary. The Blair type of 
ankle fusion with a sliding graft from the anterior aspect of 
the tibia into the viable neck of the talus with excision of the 
necrotic body can also be useful (Fig. 88-38). 

In addition to the usual approaches for arthrodesis, we 
hâve obtained arthrodesis of this région using an onlay graft 
technique through a posterior approach as described by 
Johnson. This procedure allows the placement of much more 
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FIGURE 88-3 


^ Anteroposterior (A) and latéral (B) radiographs of displaced talar neck fracture show bony sclerosis of latéral aspect 
of talar body, indicative of osteonecrosis, 3 months after injury. (From DiGiovanni CW, Patel A, Calfee R, Nickisch F: Osteonecrosis in the foot, 
J Am Acad Orthop Surg 15:208, 2007.) 


bone graft than arthrodesis done through other approaches 
and gives a satisfactory arthrodesis rate, maintaining 
the length of the limb and the contours of the malleoli 
(Fig. 88-39). 


ONLAY GRAFT TECHNIQUE THROUGH 
A POSTERIOR APPROACH 


TECHNIQUE 88-9 


(JOHNSON) 

■ Using tourniquet control with the patient in the prone 
position, make a midline incision protecting the sural 
nerve. 

■ Enter the Achilles tendon sheath and carefully protect it. 
Divide the Achilles tendon in the coronal plane to allow 
better exposure of the posterior ankle and subtalar joints. 

■ After the deep compartment is entered, develop the 
interval between the flexor hallucis longus medially and 
the peroneus longus and brevis laterally. 

■ Elevate the periosteum from the posterior aspect of the 
tibia and the dorsal aspect of the tuberosity of the calca- 
neus. A fémoral distractor should be used to assist in the 
distraction of the ankle and subtalar joints. 

■ Débridé the cartilage from the surfaces of the ankle and 
subtalar joint with a curet and rongeur. 

■ Use a 1/2-inch osteotome to create a trough, incorporat- 
ing the posterior aspect of the tibia, the posterior half 
of the talar body, the superior portion of the calcaneal 


tuberosity, and the posterior facet of the calcaneus. This 
créâtes one long trough for the onlay graft. 

■ Harvest cancellous and cortical strips of bone from the 
posterior superior iliac crest. 

■ At this point, use the technique for the introduction of 
an intramedullary arthrodesis nail (see Chapter 11). 

■ After stabilization of the arthrodesis in a neutral position 
with the intramedullary nail, apply the bone graft through 
the entire posterior aspect of the tibia, talus, and 
calcaneus. 

■ Place a drain in the deep wound and repair the Achilles 
tendon with multiple interrupted 0 braided, absorbable 
sutures. 

POSTOPERATIVE CARE. A plaster splint is applied. At 
2 weeks sutures are removed if the wound has healed, 
and the extremity is placed in a short leg, non-weight- 
bearing cast. Weight bearing is delayed until there is 
evidence of union at 10 to 12 weeks. A prefabricated 
walking boot is applied, and the patient is gradually able 
to bear weight and transfer to a shoe that has been 
modified with a full-length Steel shank and rocker sole. 


TALAR BODY FRACTURES 

It is important to distinguish talar body fractures from talar 
neck fractures. Although the incidence of osteonecrosis is 
similar between talar neck and talar body fractures without 
displacement or displacement without dislocation, a higher 
incidence of posttraumatic subtalar osteoarthrosis has been 
noted after talar body fractures. Nondisplaced talar body 
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FIGURE 88-3 


Blair fusion for comminuted fractures and 
fracture-dislocations of body of talus. A f Line of skin incision. B, 
Sliding graft removed from distal anterior surface of tibia and 
comminuted fragments excised. C f Graft embedded in slot in neck 
of talus. (From Blair HC: Comminuted fracture and fracture-dislocations 
of the body of the astragalus: operative treatment, Am J Surg 59:37, 
1943 ) SEE TECHNIQUE 88-11. 


fractures hâve a reported incidence of osteonecrosis of 25%; 
however, with displacement, the rate of osteonecrosis is 50%. 
Injuries are considered to be talar body fractures if the inferior 
fracture line is proximal to the latéral process of the talus and 
as talar neck fractures if the inferior fracture line is distal to 
the latéral process of the talus. 

Sneppen et al. classified talar body fractures into five 
major types based on anatomie location: type I, osteochondral 
or transchondral; type II, coronal-sagittal, horizontal, non- 
comminuted, shear; type III, posterior tubercle; type IV, 
latéral process; and type V, crush. The noncomminuted, shear 
fractures may be in the coronal, sagittal, or transverse plane. 
More recent classification Systems include the AO classifica¬ 
tion (Fig. 88-40) in which fractures are grouped according to 
increasing severity, with increasing treatment difficulty and 
worse prognosis. Diagnosis should be made with a plain 
radiograph, although CT may be indicated for complété 
évaluation of the fracture pattern and displacement. Displaced 
fractures should be treated with ORIF. Frequently, these 
injuries require médial malleolar osteotomy for exposure to 
obtain an adéquate réduction. Use of bioabsorbable pins or 
headless compression screws may be helpful in fixation. A 
review of the surgical treatment of talar body fractures con- 
firmed the morbidity of these injuries. An 88% incidence of 
osteonecrosis or posttraumatic arthritis was noted on radio- 
graphs, and worse results occurred with comminuted and 
open fractures. This study found that ail patients who had 
open fractures and osteonecrosis experienced collapse of the 
talar body. Another study found only 53% good or excellent 
results, with worse outcomes in crush injuries, open fractures, 
and those associated with a talar neck fracture. 

The approach to surgical correction of these fractures 
dépends on the fracture pattern. A médial malleolar osteotomy 
may be needed to expose the fracture (Fig. 88-41). Because 
the surfaces for fixation in the talar body almost always 
contain articular cartilage, fixation usually consists of head¬ 
less compression screws or bioabsorbable pins, making 
sure that the implants are not prominent within the joint 
(Fig. 88-42). 

Comminuted fractures of the body of the talus with gross 
displacement are difficult to treat. The long-term resuit is 



FIGURE 


subtalar joints. 


A f Posterior extraarticular arthrodesis of ankle and subtalar joints. B f Posterior intraarticular arthrodesis of ankle and 
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prognosis. 



Chevron osteotomy of médial malleolus pro¬ 
vides exposure of talar body fracture. Note predrilled holes 
(arrows) for fixation with small-fragment screws. (From Rammelt 
S, Zwipp H: Talar neck and body fractures, Injury 40:120, 2009.) 


almost always uniformly bad. Accurate replacement of the 
fragments offen is impossible or impracticable. In adults, the 
results of talectomy usually are poor because of pain on 
weight bearing, instability, and lack of endurance. The results 
of calcaneotibial fusion combined with talectomy are superior 
to the results of talectomy alone because the foot is painless 
and stable and because enough compensatory movement 
usually develops in the midtarsal joints to enable the patient 
to walk with a fairly elastic gait and only a slight limp 
(Fig. 88-43). 


CALCANEOTIBIAL FUSION 


TECHNIQUE 88-10 


■ Expose the operative field through an antérolatéral 
incision. 

■ Remove the fragments of the body of the talus. 

■ In comminuted fractures of the talus several months old, 
or when the junction of the body and neck is intact, 
divide the talus with an osteotome into as many pièces 
as necessary for easy removal. Drive an osteotome 
through the proximal part of the navicular to remove the 


proximal articular cartilage and subchondral bone 
together with the head and neck of the talus. 

■ Excise the articular surfaces of the tibia and calcaneus. 
Roughen the médial surface of the latéral malleolus. 

■ Strip the soft-tissue attachments around both malleoli 
enough to allow posterior displacement of the foot until 
the navicular cornes in contact with the tibia. It may be 
necessary to resect a part of both malleoli because the 
soft tissues collapse like an accordion and resist efforts to 
appose the calcaneus properly to the tibia. 

■ Dénudé the tibia at the point of contact with the 
navicular. 

■ If infection is not a concern, a fémoral head allograft can 
be placed into the defect after appropriate contouring of 
the graft and tibia and calcaneus for proper fit. 

■ While the foot is held at a right angle to the leg or in 5 
degrees of dorsiflexion, insert two Steinmann pins trans- 
versely through the calcaneus and tibia, as described for 
arthrodesis of the ankle, and apply arthrodesis plates, an 
intramedullary nail, or an external fixation device to 
maintain firm contact between the two bones. Fix the 
navicular to the tibia with a screw. 

■ Dénudé bone chips obtained during the operation and 
pack them around the junction of the calcaneus, the 
navicular, and the tibia. 

POSTOPERATIVE CARE. The patient is kept non-weight 
bearing for 6 to 8 weeks and then may bear weight in a 
cast for another 6 to 8 weeks. The limb is protected for 
the next several months by a short leg double-upright 
brace with a locked ankle. 


Because of the decrease in height and the rigidity of the ankle 
joint after calcaneotibial fusion, Blair suggested an alternative 
procedure: the comminuted fragments of the body of the 
talus are removed, and a sliding graft from the anterior 
surface of the tibia is inserted into the remnant of the head 
and neck of the talus in an attempt to obtain fusion across 
this area (Fig. 88-44). Blair reported these advantages: the 
position of the foot is unchanged, backward displacement is 
unnecessary, the extremity is not shortened, the relationships 
of the foot and ankle remain near normal, and the weight- 
bearing thrust is placed on more or less normal, undisturbed 
joint tissue. After this operation, there is still slight flexion 
and extension of the foot on the leg, the two subtalar facets, 
and the talonavicular joint, allowing a rocking motion. 
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A, Talar body fracture with associated fibular fracture. B and C f Fixation of talar body with headless compression 
screws and of fibula with plate and screws. 



A f Four years after tibiocalcaneal fusion by compression arthrodesis and autogenous iliac bone grafting. B f Sixteen 
years after fusion, degenerative changes at midtarsal joints are présent but patient is active with mild symptoms. 



Results of Blair fusion. A, Type III fracture-dislocation of talus. B, Immediately after Blair fusion. C, Fusion at 3 months. 

(From Shrivastava MP, Shah RK, Singh RP: Treatment of fracture dislocation of talus by primary tibiotalar arthrodesis [Blair fusion], Injury 36:823, 
2005.) 
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TIBIOTALAR ARTHRODESIS 


TECHNIQUE 88-11 


(BLAIR) 

■ Expose the ankle through an antérolatéral incision. 
Remove the fragments of the fractured body of the talus 
but leave the head and neck fragments undisturbed (see 
Fig. 88-38). Remove a sliding graft 2.5 cm wide x 5.0 cm 
long from the anterior aspect of the distal tibia and 
remove the cartilaginous tip from its end. Introduce the 
graft into a previously prepared hole about 1.8 cm deep 
in the neck of the talus. 

■ With the foot plantarflexed 10 degrees, fix the proximal 
end of the graft to the tibia with a screw. 

■ Pack the cancellous chips around the distal end of the 
graft. 

POSTOPERATIVE CARE. A cast is applied from the 
groin to the toes with the knee in extension and is worn 
for 4 to 6 weeks. A short leg cast is applied, and protected 
walking is allowed depending on the appearance of 
healing on radiographs. Cast immobilization usually is 
required for 12 to 16 weeks. 


FRACTURES OF THE LATERAL OR 
POSTERIOR PROCESS OF THE TALUS 

Fractures of the talus may involve the latéral or posterior 
process of the body. Latéral process fractures probably are 
more common. 

■ LATERAL PROCESS FRACTURES 

Latéral process fractures hâve been specifically associated 
with ankle injuries incurred while snowboarding and offen 
are initially missed in up to 50% of patients. Von Knoch et al. 
described the V sign as a radiographie indication of latéral 
process fracture: if the normal V contour of the process is 
disrupted, the sign is positive (Fig. 88-45). The mechanism of 
injury is axial loading, dorsiflexion, external rotation, and 
eversion. A latéral subtalar dislocation may shear off the 
latéral process of the talus (Fig. 88-46). The latéral process is 
the site of attachment of three ligaments: the latéral talofibular 
ligament, the anterior talofibular ligament, and the posterior 
talofibular ligament. Removing an ununited latéral process 
fragment can disrupt these attachments but does not cause 
any ankle or subtalar instability. In the classification of these 
fractures by Hawkins (Fig. 88-47), type I is a large fragment 
that involves the talofibular articulation and the subtalar 
joint, type II is a comminuted fracture that involves these two 
articulations, and type III is a nonarticular avulsion type of 
fracture. 

Type I latéral process fractures can be treated in a non- 
weight-bearing cast for 6 weeks, unless they are displaced or 
involve a significant portion of the talar side of the posterior 
facet, in which case they should be treated by ORIF. In a 
review of 109 latéral process fractures, 88% of operatively 
treated patients had mild or no symptoms, whereas 38% of 
nonoperatively treated patients had moderate or severe 


symptoms. Type II fractures may benefit from debridement 
if the fragments are displaced, which is most offen the case. 
Type III fractures usually are treated nonoperatively. In ail 
types, if a symptomatic nonunion occurs, debridement of the 
fracture can be done. Using this approach, good outcomes 
can be obtained, with most patients going back to sporting 
activities. 


OPEN REDUCTION AND INTERNAL 
FIXATION OF FRACTURES OF THE 
LATERAL PROCESS OF THE TALUS 


TECHNIQUE 88-12 


■ Approach the latéral process of the talus through a sinus 
tarsi incision, beginning at the tip of the fibula and 
extending toward the fourth metatarsal base. 

■ Protect the communicating branch of the sural nerve and 
dorsal intermediate cutaneous branch, which sometimes 
crosses the space. 

■ Retract the peroneus brevis tendon plantarly and reflect 
a portion of the extensor brevis origin dorsally, providing 
exposure to the latéral subtalar joint. 

■ Reduce the fracture and fix it with standard AO screws, 
countersinking the heads. Alternative^, use full counter- 
sinking screws (Herbert [Acumed, Hillboro, OR], Acutrak 
[Zimmer, Warsaw, IN]) (Fig. 88-48). 

■ Apply a bulky compression dressing and a short leg 
nonwalking cast. 

POSTOPERATIVE CARE. The compression dressing and 
short leg nonwalking cast are worn for 3 weeks, and then 
a walking cast is applied and worn for 3 additional weeks. 


■ POSTERIOR PROCESS FRACTURES 

The posterior process of the talus has two tubercles, latéral 
and médial, with the flexor hallucis longus running between 
the two. There may be an os trigonum posterior to the latéral 
tubercle. Posterior process fractures offen are difficult to 
diagnose. Significant attention has been given to posterome- 
dial process fractures, which can resuit in significant long- 
term disability if not recognized. These fractures offen are 
associated with subtalar dislocations but can occur with lesser 
injuries. If a patient has sustained an ankle injury and has not 
improved affer 6 to 8 weeks of conventional treatment, the 
posterior or latéral talar process may be fractured. CT and 
bone scans may identify posterior process fractures. A latéral 
radiograph of the opposite foot for comparison also is helpful. 
A trial of nonoperative treatment is indicated, but persistence 
of symptoms and localized tenderness at the posterior 
process of the talus are indications for excision of the frag¬ 
ment (Fig. 88-49). 

In a report on avulsion fractures of the médial tubercle 
of the posterior process of the talus, patients did well with 
immobilization and limited weight bearing when the fracture 
was diagnosed acutely. Fractures that were missed initially 
did poorly, but when the fractures were discovered, they did 
well with operative excision. 
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V-sign for radiographie diagnosis of latéral process fractures. A and B, Intact latéral process has symmetric V-shaped 
contour (négative V sign). C and D, Disruption or asymmetry of V shape indicates latéral process fracture (positive V sign). (B and D 

from von Knoch F, Reckord U, von Knoch M, Sommer C: Fracture of the latéral process of the talus in snowboarders, J Bone Joint Surg 89B:772, 
2007. Copyright British Editorial Society of Bone and Joint Surgery.) 


Posteromedial talar facet fracture also can be associated 
with a médial subtalar dislocation and often is missed on 
initial postreduction évaluation. It can be confused with an 
os trigonum, demonstrating the fact that patients with médial 
subtalar dislocations should hâve additional diagnostic 
imaging studies, such as coronal CT scan. Prognosis is poor 
if the fracture is through the médial side of the talar body. A 
fracture through an incomplète médial facet tarsal coalition, 
easily seen on CT, can be confused with a médial wall fracture 
of the body of the talus; however, treatment recommenda¬ 
tions are the same. Fractures of the entire posterior process 
of the talus are rare and may need ORIF because the fragment 
may involve a large portion of the articular surface. In general, 
posterior process fractures, if small and/or minimally dis- 
placed, can be treated nonoperatively. If the fragment is large 
enough to involve a significant portion of the articular surface 
and/or is displaced, surgical fixation through a postérolatéral 
or posteromedial approach can lead to good outcomes. Late 
excision of symptomatic fractures can be helpful. 


TRANSCHONDRAL FRACTURES 
OF THE TALUS 

See Chapter 50 for a discussion of arthroscopic treatment of 
transchondral fractures of the talus. 

TALAR BODY EXTRUSION 

Extrusion of the talar body or entire talus typically occurs 
with high-energy trauma and usually is associated with 
severely displaced open fractures, severe soff-tissue injury, 
contamination, and disruption of the talar blood supply (Fig. 
88-50A and B). Consensus on the treatment of a completely 
extruded talar body is lacking. Because the results of talar 
body excision with or without tibiocalcaneal fusion are most 
often poor, we believe that maintenance of the limb length 
and height of the ankle is important enough to warrant 
replacement of the body. The body should not be replaced in 
two situations: severe contamination or severe comminution 
and crushing of the talar body. Open réduction is almost 
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Neutral Inversion 


Eversion 






Possible mechanisms of injury in fractures of 
posterior facet of talus. Probable mechanism is compression. 
Fragment is sheared off posterior facet by corresponding area of 
calcaneus as foot is forced into dorsiflexion and slight external 
rotation. (Redrawn from Dimon JH: Isolated displaced fracture of the 
posterior facet of the talus, J Bone Joint Surg 43A:275, 1961.) 


always required, and a fixator or transfixion pins should be 
used to hold the réduction for 6 to 12 weeks (see Fig. 88-50C 
and D). In one small sériés, there was an 83% rate of partial 
or total osteonecrosis, with two good and four poor results. 
Although infection rates hâve been reported to be as high as 
50% in some studies, other reports suggest much lower infec¬ 
tion rates of 0% to 10%. Total or partial osteonecrosis varies 
from 11% to 83%. Rates are higher when the extruded talus 
is fractured: 22 % to 37% of patients require subséquent 
surgery, some requiring multiple procedures. Patients may 
hâve persistent disability affer this injury, although reason- 
able results can be obtained. 

If the patient présents without a talus, we hâve had success 
with initial treatment that consists of irrigation and debride- 
ment, placement of antibiotic beads or a spacer, external 


Type I Type II 

Simple Comminuted 




A 


42% 


B 


34% 


Type III 
Chip 



FIGURE 


Hawkins 


process of talus (see text). 


classification of fractures 


of latéral 



Displaced latéral process fracture of talus. A f Preoperative coronal CT scan showing displacement of latéral process. 
B and C f Anteroposterior and latéral views show réduction and stabilization with fully countersinking screws. SEE TECHNIQUE 88-12. 
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Posterior process fracture of talus. A f Preoperative radiograph. B f CT scan showing large posterior process and 
additional fracture. C f Postoperative latéral radiograph after excision. Patient became asymptomatic. 


fixation, and intravenous antibiotics. If the patient remains 
free of infection, the external fixator can be removed at 2 
weeks, with cultures taken of the pin sites and the ankle joint, 
and the extremity is placed in a splint or cast. If the cultures 
are négative, a tibiocalcaneal arthrodesis with fémoral head 
allograff can be done (see Fig. 88-50E and F). If the patient 
does develop an infection, a tibiocalcaneal arthrodesis can be 
done with external fixation that provides compression on 
both sides of the fusion, after long-term intravenous antibiot¬ 
ics hâve been administered. 

SUBTALAR DISLOCATIONS 

In dislocation of the subtalar joint, the calcaneus, cuboid, 
navicular, and ail of the forefoot become displaced from the 
talus. Most often, the foot is dislocated médial to the talus, 
although latéral, anterior, and posterior dislocations occur 
(Fig. 88-51). 

Médial subtalar dislocations without marginal fractures 
of the calcaneus or talus, almost always are reducible by 
closed means, unless the extensor retinaculum or extensor 
digitorum brevis becomes interposed and blocks réduction. 
Open réduction often requires a latéral approach. Latéral 
subtalar dislocations frequently are irreducible by closed 
manipulation, and the most common offending structures 
blocking réduction are the posterior tibial tendon and osteo- 
chondral fracture of the talus (Fig. 88-52) that can usually be 
approached medially. The following treatment algorithm has 


been outlined: closed dislocations that are reducible should 
be treated with a non-weight-bearing cast for 6 weeks; open 
dislocations, dislocations that require operative réduction, 
and dislocations with severe soft-tissue swelling may require 
an external fixator or pinning for instability for 6 weeks. For 
both groups, full weight bearing and réhabilitation should 
start at 6 weeks, although one study suggests that mobiliza- 
tion at 2 weeks for uncomplicated médial dislocation can lead 
to successful recovery. 

The importance of obtaining a CT scan after réduction of 
the subtalar dislocation has been emphasized, because 
patients who hâve a subtalar dislocation often hâve additional 
abnormalities identified on CT scans that are initially missed 
on plain radiographs. We routinely use CT for further évalu¬ 
ation of these injuries and often find fractures that require 
treatment because of intraarticular displacement or frag¬ 
ments blocking congruent réduction of the subtalar joint (see 
Fig. 88-51). If a congruent réduction is obtained and verified 
on CT, and there are no intraarticular fragments or displaced 
bone fragments requiring repair, we routinely treat subtalar 
dislocations nonoperatively. 

Latéral dislocations tend to hâve a poorer prognosis than 
médial dislocations because there usually is more soft-tissue 
damage and associated fractures, although in some reports, 
outcomes are similar for médial and latéral injuries. For both 
injuries, there is a high incidence of arthritis and associated 
stiffness of the subtalar joint. Patients with open fractures and 
associated fractures generally do worse than those with 
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FIGURE 88-5 


_ ^ A and B, Open fracture with extrusion of talus. C and D f Fixator applied to hold réduction. E and F, Tibiocalcaneal 

arthrodesis with intramedullary nail and fémoral head allograft. 
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FIGURE 




E f CT scans, however, show talar fracture. F f After réduction and fixation of fracture. 


isolated closed dislocations. In a study of 23 isolated subtalar 
dislocations with no associated fracture, 21 patients had 
good results and 2 had satisfactory results. In a long-term 
review of severe open subtalar dislocations, results were 
considerably worse than in closed injuries. Associated injuries 
included tibial nerve injuries, posterior tibial tendon ruptures, 
and articular fractures. Osteonecrosis occurred in the body 
of the talus in one third of the patients. Approximately half 
of the patients eventually had some form of arthrodesis 
procedure. 


OPEN REDUCTION OF SUBTALAR 
DISLOCATION 


TECHNIQUE 88-13 


■ Make a longitudinal antérolatéral incision 7.5 cm long 
from just proximal to the ankle joint to the cuboid. 






PART XIX THE FOOT AND ANKLE 



FIGURE 88-5 


^ A and B f Latéral subtalar dislocation. C f Radiographs before and after réduction. D f Posterior tibial tendon can be 
an obstacle to réduction. E f Posterior tibial tendon is marked with rubber band. F f After removal of tendon and réduction of fracture. 

(From Wagner R, Blattert TR, Weckbach A: Talar dislocations, Injury 35:S-B36, 2004.) SEE TECHNIQUE 88-13. 


Carefully protect the médial and latéral dorsal cutaneous 
branches of the superficial peroneal nerve. 

■ Retract the extensor digitorum longus and extensor hal- 
lucis longus tendons medially and the peroneus tertius 
tendon laterally and expose the talus and midtarsal joints. 

■ Incise the capsule over the head and neck of the talus 
and extend the incision into the midtarsus. 

■ Insert a bone skid or periosteal elevator into the subtalar 
joint and by leverage and traction reduce the dislocation 


of the subtalar and the talonavicular joints. When the 
dislocation is médial, hâve an assistant simultaneously 
abduct and evert the foot; when it is latéral, hâve the 
assistant adduct and invert the foot. In a latéral disloca¬ 
tion, the posterior tibial tendon frequently blocks réduc¬ 
tion and must be lifted out of the talonavicular joint 
before réduction is possible (see Fig. 88-52). Also, by 
extending the médial wound seen in latéral subtalar 
dislocations and lifting the dorsal neurovascular bundle 
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and offending tendons, the dorsal capsule of the talona- 
vicular joint can be incised. With this structure loosened, 
the navicular can be levered around the head of the talus 
with a periosteal elevator. This may require a separate 
antérolatéral incision. 

■ If necessary, hold the réduction with an external fixator 
or longitudinally placed Steinmann pins across the calca- 
neocuboid and talonavicular joints for 4 to 6 weeks. 

POSTOPERATIVE CARE. A cast is applied from the base 
of the toes to the tibial tuberosity over a bulky compres¬ 
sion dressing. The cast is bivalved to allow for swelling, 
and active exercises of the metatarsophalangeal joints are 
encouraged. At 6 weeks, cast immobilization is discon- 
tinued; a lace-up foot and ankle leather corset is applied; 
active inversion, eversion, dorsiflexion, and plantarflexion 
of the foot and ankle are encouraged; and weight bearing 
is allowed. The corset is worn for 1 month to control 
edema, and weight bearing to tolérance with crutches is 
allowed. Full weight bearing should be comfortable by 6 
to 8 weeks after injury. Patients must be advised, however, 
that the foot and ankle may swell and that the midfoot 
and hindfoot may feel stiff for several months. 


MIDFOOT FRACTURES AND 
DISLOCATIONS 

NAVICULAR/CUBOID/CUNEIFORM 

FRACTURES 

Fractures of the tarsal navicular can be divided into three 
types, and ail can be treated in a cast with protected weight 
bearing as long as fracture displacement is minimal, which is 
rare. Displaced fractures of the body of the navicular should 
be treated with ORIF; the goals are to maintain length of the 
médial column and to restore articular congruity. Sangeorzan 
et al. classified navicular body fractures into three types and 
recommended treatment based on fracture type (Fig. 88-53). 
In type I fractures, in which the fracture plane is transverse, 
a satisfactory réduction usually was obtainable. In type II and 
type III fractures, réduction was more difficult. In each case, 
an approach was made over the anteromedial hindfoot in the 
interval between the anterior and posterior tibial tendons. 
The periosteum of the navicular was not elevated, and the 
joints were inspected and cleared of débris before fixation. 
Fixation usually was obtained with smooth Kirschner wires 
and small fragment AO screws when the size of the fragment 
permitted (Fig. 88-54). Good results were obtained in only 
67% of patients. In a more recent study using mini-fragment 
plates for fixation, there were no nonunions or loss of réduc¬ 
tion; one patient developed osteonecrosis of the navicular. 
Another study showed 61% good results, with 31% of patients 
needing secondary surgery and 43% of patients with continu - 
ing pain. 

If collapse of the navicular occurs with médial column 
shortening, bone graffing (including vascularized pedicle 
bone graffing), temporary fixation to the talus or cuneiforms, 
or application of a small external fixator is used for additional 
fixation. Two incisions, one médial and one dorsolateral, may 
be necessary to fully expose the navicular, and plate fixation 
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may be needed because comminution may preclude the use 
of screws. If an external fixator is used to maintain médial 
column length (Fig. 88-55), it can be removed at 6 weeks to 
start range of motion, but the patient is kept non-weight 
bearing for 12 weeks. Temporary bridge plating from the talar 
neck to the first metatarsal also can maintain length in cases 
of severe comminution but requires a second surgery for 
removal of hardware (Fig. 88-56). Alternatively, bridge plating 
from the navicular to the médial and middle cuneiforms can 
be used, which does not interfère with talonavicular motion 
(Fig. 88-57). A prolonged recovery and persistent symptoms 
are the rule in these injuries. 

Navicular stress fractures are frequent causes of arch pain 
in athlètes. Because many of these fractures are not clearly 
identified on routine radiographs, a high index of suspicion 
is necessary for accurate diagnosis. The midfoot may be 
tender over the navicular, and the foot may be irritable with 
eversion and inversion stress. Radiographs may be normal 
initially, but a bone scan frequently is positive (Fig. 88-58A), 
and CT (see Fig. 88-58B) or MRI may confirm the diagnosis. 

The fractures usually are located in the sagittal plane, involv- 
ing the central third of the navicular bone where there is a 
relatively avascular zone, although a newer study shows that 
this avascular zone is not common, suggesting that other 
factors play a rôle in the etiology of these stress fractures. The 
trend has been toward surgical intervention for this condi¬ 
tion; however, in a meta-analysis, 6 to 8 weeks of non-weight- 
bearing cast immobilization was found to be the standard of 
care. There is a trend for better outcomes with non-weight - 
bearing treatment than with surgery, and allowing the patient 
to bear weight clearly is inferior to both non-weight-bearing 
and surgical treatment. Although some studies suggest earlier 
return to activities with surgical treatment, others hâve found 
more long-term pain with surgical than with conservative 
treatment. If surgical treatment is done, a percutaneous 
technique can be used for nondisplaced fractures and an open 
technique for displaced fractures or if bone graffing is required 
for nonunions. 

Cuboid and cuneiform fractures are rare as isolated 
injuries and offen are missed on initial présentation. Suspi¬ 
cion should be heightened for these injuries if the patient 
présents with ecchymosis in the plantar arch, a sign that was 
originally described for Lisfranc injuries but can be applied 
here also. These bones frequently are injured as part of a 
wider injury pattern involving the Lisfranc (most common) 
or Chopart joint. 

Cuboid fractures can be classified into avulsion or com¬ 
pression types. Small avulsions may occur with inversion-type 
ankle sprains and generally respond to conservative treat¬ 
ment. Compression, or “nutcracker,” fractures of the cuboid 
are associated with Lisfranc and midtarsal disruptions. Most 
are minimally displaced and can be treated in a non-weight 
bearing cast for 4 weeks followed by weight-bearing casts for 
4 weeks. A well-molded arch support offen is used afferward. 

For severe displacement with shortening of the latéral column, 
considération should be given to ORIF (Fig. 88-59). External 
fixation may be necessary to restore latéral column length 
before graffing and fixation (Fig. 88-60). Operative treatment 
can lead to good results, with minimal long-term pain and 
disability. 

Isolated cuneiform fractures are rare with only a few case 
reports in the literature. Return to activities can be obtained 





A f Type I fracture. Dorsal fragment usually consists of less than 50% of body of tarsal navicular. Anteroposterior 
radiographs show only subtle double cortical shadow at joint line. B, Type II fracture. Talonavicular joint is most often subluxated 
dorsally and medially with adduction of forepart of foot. C f Type III fracture. Comminuted fracture of body of navicular is associated 
with disruption of cuneiform-navicular joint, latéral déviation of forepart of foot, and injuries to cuboid or anterior process of calcaneus. 

(From Sangeorzan BJ, Benirschke SK, Mosca V, et al: Displaced intraarticular fractures of the tarsal navicular, J Bone Joint Surg 7IA: 1504, 1989.) 



FIGURE 88-5 


^ A and B, Fracture of the navicular. C, After réduction and fixation of navicular with small-fragment screws. Concomi¬ 
tant talar fracture and repair of anterior tibial tendon also required fixation. 
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A f Temporary use of external fixator to maintain médial column length in severely comminuted navicular fracture. 
B and C f At 2-year follow-up, after implant removal médial column is maintained despite navicular collapse secondary to original injury. 

(From Apostle KL, Younger ASE: Technique tip: open réduction internai fixation of comminuted fracture of the navicular with bridge plating to the 
médial and middle columns, Foot Ankle Int 29:739, 2008.) 


with nonoperative treatment of nondisplaced fractures and 
operative treatment of displaced fractures (Fig. 88-61). If the 
fracture is comminuted, temporary bridge plating or external 
fixation may be needed to maintain médial column length. 

In a review of 155 patients with midfoot fractures and 
dislocations, there was a relative incidence of isolated midfoot 
fractures of 35.5%; Lisfranc fracture-dislocations, 31%; 
Chopart-Lisfranc fracture-dislocations, 16.8%; and pure 
Chopart fracture-dislocations, 16%. The incidence of this 
injury at our institution has been markedly higher, especially 
since the introduction and routine use of airbags in motor 
vehicles. Patients who may not previously hâve survived 
injuries now sustain severe blunt force trauma to the feet, 
offen resulting in dislocations of the Chopart and Lisfranc 
joints in addition to other injuries. In this study and a similar 
study from the same authors, there seemed to be significant 
improvement in the scores in patients who were treated with 
early operative intervention and anatomie or near-anatomie 
alignment and réduction of the joints. The lowest scoring 
results occurred in patients who had combined Chopart and 
Lisfranc fracture-dislocations. These injuries offen are missed 
on initial présentation. Most offen, the exposure of the 
Chopart joint is a combination of that described for subtalar 
dislocation with an antérolatéral incision as described for the 
Lisfranc fracture-dislocation and a dorsomedial incision. 
Patients should be counseled about the potential for long- 
term functional impairment because in one study most 
patients were not able to return to their preinjury levels of 
activity affer 2 years. 


FRACTURE-DISLOCATIONS OF THE 
TARSOMETATARSAL ARTICULATION 
(LISFRANC JOINT) 

Injuries of the tarsometatarsal articulation encompass a wide 
spectrum ranging from mild sprains or subtle subluxations 
to widely displaced debilitating injuries. This part of the foot 
at the apex of the arch can be difhcult to heal because a sig¬ 
nificant amount of stress passes through this area with weight 
bearing. The anatomy is unique in this area, with transverse 
stability provided by the wedge-shaped metatarsal bases and 
their corresponding cuneiform-cuboid articulations, with the 
second metatarsal recessed between the médial and latéral 
cuneiforms as the keystone. These joints hâve little longitudi¬ 
nal stability, provided only by strong ligamentous support. 
There are multiple intermetatarsal ligaments at the metatarsal 
bases except between the first and second metatarsals. Stabil¬ 
ity in this area is provided by the Lisfranc ligament, which 
runs from the médial cuneiform to the second metatarsal. 
The middle column consists of the first metatarsal, médial 
cuneiform, and navicular facet; the middle column refers to 
the second and third metatarsals with their corresponding 
cuneiforms and navicular articulations; and the latéral 
column refers to the fourth and fiffh metatarsals and their 
cuboid articulations. 

■ CLASSIFICATION 

Classification of this injury is useful for communication 
between orthopaedists and for determining the plane of 
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FIGURE 88-5 


Bridge plating for midfoot injuries. Stabiliza¬ 
tion of médial column between talar neck and first metatarsal 
using 10-hole 2.7-mm reconstruction plate. Screws extend into 
latéral cuneiform and base of second and third metatarsals for 
better stability. (Adapted from Schildhauer TA, Nork SE, Sangeorzan 
BJ: Technical tricks. Temporary bridge plating of the médial column in 
severe midfoot injuries, J Orthop Trauma 17:513, 2003.) 


displacement and magnitude of soft-tissue injury. The clas¬ 
sification is not prognostic for the resuit, however. Myersons 
modification of the original classification of Quénu and Küss 
and Hardcastle et al. is presented because it incorporâtes 
more proximal injuries to the médial column of the foot (Fig. 
88-62). Subtle injuries through the intercuneiform région and 
the naviculocuneiform joint probably are more common than 
previously thought. 

Type A injuries: Displacement of ail five metatarsals with or 
without fracture of the base of the second metatarsal. The 
usual displacement is latéral or dorsolateral, and the 
metatarsals move as a unit. These injuries are referred to 
as homolateral. 

Type B injuries: One or more articulations remain intact. 
Type B1 injuries are medially displaced, sometimes 
involving the intercuneiform or naviculocuneiform joint. 
Type B2 injuries are laterally displaced and may involve 
the first metatarsal-cuneiform joint. 

Type C injuries: Divergent injuries that can be partial (Cl) or 
complété (C2). These generally are high-energy injuries, 
associated with significant swelling, and are prone to 
complications, especially compartment syndrome. 


■ EVALUATION AND TREATMENT 

Any injury resulting in midfoot tenderness and swelling 
merits a careful physical and radiographie examination. 
Grossly displaced fracture-dislocations are obvious on exami¬ 
nation, and closed réduction should be performed urgently 
to minimize soft-tissue compromise. Care should be taken 
with subtle injuries to palpate each articulation for tenderness 
and swelling, especially the médial cuneiform-first metatarsal 
joint, which offen appears nondisplaced on radiographs. 
Careful observation of the plantar aspect of the foot may 
reveal ecchymosis, indicating a significant injury. The inabil- 
ity to bear weight on the foot is another sign of potential 
instability. 

Radiographs must be obtained with the patient bearing 
weight. If the radiograph reveals no displacement and the 
patient cannot bear weight, a short leg cast should be used 
for 2 weeks, and the radiographs should be repeated with 
weight bearing, including a standing radiograph of both feet 
on the same cassette, which allows for comparison and can 
highlight subtle injuries. Evaluation should be directed to the 
following areas: 

1. The médial shaff of the second metatarsal should be 
aligned with the médial aspect of the middle cuneiform 
on the anteroposterior view. 

2. The médial shaff of the fourth metatarsal should be 
aligned with the médial aspect of the cuboid on the 
oblique view. 

3. The first metatarsal-cuneiform articulation should hâve 
no incongruency. 

4. A “fleck sign” should be sought in the médial cuneiform- 
second metatarsal space. This represents an avulsion of 
the Lisfranc ligament. 

5. Loss of the arch and/or loss of alignment between the 
plantar aspect of the fifth metatarsal and médial cunei¬ 
form on the latéral view. 

6. The naviculocuneiform articulation should be evaluated 
for subluxation. 

7. A compression fracture of the cuboid should be sought. 
CT can identify subtle subluxations and occult fractures, and 
MRI of the Lisfranc ligament can be obtained in the acute 
setting and if the level of injury cannot be determined by 
plain radiographs. 

Compartment syndrome, although rare and usually seen 
only with higher-energy fracture-dislocations, can cause 
severe, difficult-to-treat clawing of the toes and chronic pain. 
We routinely obtain compartmental pressures in patients who 
hâve severe swelling, but individual compartments can be 
difhcult to assess (Fig. 88-63), and clinical suspicion alone is 
enough to warrant décompression. We prefer a long médial 
incision to decompress the abductor hallucis and deep com¬ 
partments of the foot, including the calcaneal compartment. 
In addition, two incisions—one between the second and third 
metatarsals and one between the fourth and fifth metatarsals— 
are used for the dorsal intrinsic compartments. 

The key to successful outcome in Lisfranc injuries 
is anatomie alignment of the involved joints. Closed, non¬ 
displaced (<2 mm) injuries can be treated with a non- 
weight-bearing cast for 6 weeks followed by use of a 
weight-bearing cast for an additional 4 to 6 weeks. Repeat 
radiographs should be obtained to ensure that no displace¬ 
ment is occurring in the cast. Displaced fractures should be 
treated operatively (Fig. 88-64). Closed réduction, using 
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FIGURE 88-5 


^ A and B f Fixation of navicular fracture with bridging plates to cuneiforms but not talus; associated calcaneal fracture 
also fixed with mini-fragment plates and screws. C and D f At latest follow-up fracture had healed and hardware removal was planned. 

(From Apostle KL, Younger ASE: Technique tip: open réduction internai fixation of comminuted fracture of the navicular with bridge plating to the 
médial and middle columns, Foot Ankle Int 29:739, 2008.) 
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FIGURE 


Although radiographs may be normal initially, navicular stress fracture may be évident on bone scan (A and B) and 


CT scan (C and D). 
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A and B f Cuboid fracture was not apparent on radiographs, but because of ecchymosis in area, CT scans (C and D) 
were obtained, which showed fracture. E and F, After open réduction and internai fixation. 
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jJU A f External fixator can be used to restore 
normal anatomy after "nutcracker" fracture of cuboid. B f Réduc¬ 
tion can be maintained with 3.5-mm tubular plate. 


finger traps, countertraction, and/or percutaneous bone 
clamps, can be successful if displacement is not severe, 
although open réduction is generally preferred and can lead 
to better outcomes. Fixation should be used to maintain the 
réduction. Kirschner wires can be used, especially for the 
latéral two joints, but may resuit in loss of réduction if used 
in the médial and middle columns; 4-mm cannulated or 
4-mm standard, partially threaded cancellous screws provide 
excellent fixation and can be inserted under image control. 
Using cannulated screws makes removal easier by employing 
a guide pin to find the screw head and ultimately to seat with 
the screwdriver. If the réduction is inadéquate or significant 
comminution is présent, open réduction should be performed, 
especially in partial (type B) or divergent (type C) patterns. 

Dorsal and/or médial plating also can be used for fixa¬ 
tion, which avoids damage to articular surfaces. Studies show 
that the strength of fixation is similar to that of transarticular 
screws in cadaver models and that clinically anatomie réduc¬ 
tion can be obtained with good clinical outcomes. Fixation 
with tensioned suture devices also has been described, but 
there is some controversy in the literature as to whether the 
biomechanical strength is equal to that of screw fixation, and 


there is limited information on clinical outcomes. For high- 
energy injuries in which soft-tissue compromise is significant, 
considération should be given to temporary external fixation 
after closed réduction until the soft tissues allow for definitive 
fixation. In one study using this staged treatment, the external 
fixator was on for an average of 21 days (range, 7 to 144 days) 
before open réduction and internai fixation or arthrodesis 
could be performed. For open high-energy injuries, fixation 
with a Kirschner wire may be the only option, since delayed 
fixation may interfère with early soft-tissue coverage. 
However, this may lead to loss of anatomie réduction. 

Although the prognosis for this injury is guarded, the 
literature confirms that the ability to obtain and maintain an 
anatomie réduction of a fracture-dislocation is associated 
with improved outcome over nonanatomic réduction. In 
one study, nonanatomic réduction was associated with the 
presence of posttraumatic arthrosis in 60%. In patients with 
anatomie réduction, posttraumatic arthrosis occurred in 
only 16%. There was a trend toward poorer outcomes for 
patients with purely ligamentous injuries. Patients with 
higher-energy injuries, ipsilateral injuries, and type C2 
injuries also seemed to fare worse. More recently, primary 
arthrodesis has been recommended for this injury. A pro¬ 
spective randomized study showed better outcomes for 
patients who had primary arthrodesis for purely ligamen¬ 
tous Lisfranc injuries than those who had ORIF. Another 
prospective, randomized study of ligamentous and bony 
Lisfranc injuries found similar outcomes for both open 
réduction and primary arthrodesis groups, although patients 
with ORIF required more secondary surgeries, including 
routine hardware removal. 

Low-energy tarsometatarsal injuries such as those 
incurred by athlètes can be difficult to detect. Physical 
examination findings include pain with pronation and 
abduction of the forefoot while the hindfoot is stabilized, 
pain with compression of the midfoot, pain with manipula¬ 
tion of the first metatarsal in the sagittal plane while holding 
the second metatarsal still, and pain with squeezing of the 
first and second intermetatarsal space. These subtle injuries 
are classified as follows: stage I —patients can bear weight 
but are unable to play sports, and there is little or no dis¬ 
placement seen on weight-bearing radiographs; stage II— 
similar physical findings to stage I, but radiographs show 2 
to 5 mm of diastasis between the first and second metatar- 
sals but no loss of arch height; or stage III—more displace¬ 
ment and collapse of the arch. Stage I injuries can be treated 
nonoperatively with immobilization and 2 to 6 weeks of 
non-weight bearing. Stages II and III injuries should be 
treated operatively. Percutaneous réduction with bone 
clamps can be attempted. If adéquate réduction is obtained, 
cannulated screws can be placed percutaneously. Open 
réduction, when necessary, is similar to that for traumatic 
injuries. Screw fixation is the standard, but dorsal plates can 
be applied to avoid damage to articular cartilage with trans¬ 
articular screws (Fig. 88-65). Alternatively, tensioned suture 
devices hâve been used for fixation. Postoperative treatment 
is similar to that for traumatic injuries, although one study 
has suggested that weight bearing can be started at 3 weeks 
after these low-energy injuries. Athlètes should not return to 
cutting activities until at least 6 months after treatment and 
should be protected with a full-length rigid carbon plate in 
the shoe. 
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Appearance of fracture of médial cuneiform on anteroposterior and oblique radiographs (A) (arrows) and CT scan 
(B) (asterisk). Postoperative radiographs (C and D) and CT scan (E). (From Guler F, Baz AB, Turan A, et al: Isolated médial cuneiform fractures: 
report of two cases and review of the literature, Foot Ankle Spec 4:306, 2011.) 
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Latéral 



Type A: Total incongruity 



Type B1 : Partial incongruity 



Classification of tarsometatarsal fracture-dislocations. (From Myerson M, Fisher R, Burgess A, et al: Dislocations of the 


tarsometatarsal joints: end results correlated with pathology and treatment, Foot Ankle 6:225, 1986.) 
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FIGURE 


Cross section of foot showing release of four fascial compartments of forefoot. 


Degenerative posttraumatic arthrosis can be managed 
successfully with tarsometatarsal and intermetatarsal 
arthrodesis as necessary for stabilization of the arthritic joints 
and réduction of posttraumatic flatfoot deformity. Affer 
midfoot arthrodesis, there is significant improvement in the 
American Orthopaedic Foot and Ankle Society (AOFAS) 
score for the midfoot and there is a 93% patient satisfaction 
rate. Arthrodesis of the fourth and fifth tarsometatarsal joints 
leads to poorer outcomes. 


to allow the space to be reduced. Reduce the first tarso- 
metatarsal joint and hold itwith guidewires for cannulated 
screws. Place a screw from the dorsal aspect of the first 
metatarsal into the médial cuneiform (Fig. 88-66C). A 
second screw can be placed from proximal to distal across 
the first tarsometatarsal joint. 

■ Under fluoroscopie guidance, pass a guidewire from the 
médial cuneiform into the base of the second metatarsal 
while holding the réduction with a towel clip. Place the 
appropriate 4.0-mm cannulated screw over the guidewire 
(Fig. 88-66D). 

■ The second and third metatarsal-cuneiform joints can be 
reduced and fixed similarly with one screw across the 
joint. Occasionally, bony comminution may preclude 
screw fixation. In this case, fixation can be accomplished 
with dorsal plates (Fig. 88-67). 

■ If an intercuneiform screw is needed, insert it under fluo¬ 
roscopie guidance from the médial side of the médial 
cuneiform into the middle cuneiform. 

■ Reduce latéral metatarsocuboid disruptions either closed 
or open through a parallel incision centered dorsolaterally 
over the articulations, with fixation with Kirschner wires 
(Fig. 88-68). 

■ Close the dorsal skin with interrupted nylon sutures. 

POSTOPERATIVE CARE. A bulky dressing and posterior 
splint are applied postoperatively. These are converted 
to a short leg, non-weight-bearing cast at 7 to 10 days 
postoperatively. Weight bearing may be allowed at 6 to 8 
weeks, and laterally placed Kirschner wires are removed at 
6 to 8 weeks. Médial screws are removed at 4 to 5 months. 


Because many of these injuries are initially missed, the ques¬ 
tion is at what point should ORIF without arthrodesis still be 


OPEN REDUCTION AND INTERNAL 
FIXATION OF TARSOMETATARSAL 
(LISFRANC) FRACTURES 


TECHNIQUE 88-14 


■ With the patient under a régional or general anesthetic, 
make a dorsal incision latéral to the extensor hallucis 
longus tendon over the interval between the base of the 
first and second metatarsals, slightly more latéral if access 
to the third tarsometatarsal joint is necessary. At the distal 
extent of the excision, preserve the most médial branch 
of the dorsal médial cutaneous nerve. 

■A second incision may be needed more laterally if open 
réduction of the fourth and fifth tarsometatarsal joints is 
necessary (Fig. 88-66A). 

■ Locate and incise the inferior extensor retinaculum. 

■ Isolate the dorsalis pedis artery and deep peroneal nerve 
and use a vessel loop for retraction of these structures 
medially or laterally to allow inspection of different areas 
of the Lisfranc joint (Fig. 88-66B). 

■ Remove any débris from the Lisfranc région between the 
base of the second metatarsal and the médial cuneiform 
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Subtle Lisfranc instability. A f Intraoperative 
fluoroscopie radiograph showing fleck sign at médial cuneiform- 
second metatarsal articulation. Patient was taken to operating 
room because standing radiographs in office showed subtle 
subluxation, swelling, and tenderness and pointed to more 
serious instability. B, Intraoperative stress radiographs showing 
subluxation of first through third tarsometatarsal articulations. C, 
Provisional stabilization with guidewires inserted under fluoro¬ 
scopie control. D f Final fixation with cannulated screws. 


attempted. We attempt ORIF without arthrodesis 8 weeks 
after injury in a patient weighing less than 150 to 160 lb and 
having little or no comminution. Patients who weigh more 
are treated earlier with arthrodesis of the médial three joints 
and rarely, if ever, with arthrodesis of the latéral two joints. 
Mobility is important in the fourth and fifth metatarsal- 
cuboid articulation, and posttraumatic arthrosis may cause 
only mild symptoms in this région. 


METATARSALS 

FRACTURE OF THE PROXIMAL PORTION OF 
THE FIFTH METATARSAL 

A great deal of attention has been directed toward the treat- 
ment of fractures of the proximal portion of the fifth meta¬ 
tarsal because of the potentially poor healing in this bone 
secondary to a watershed area of the blood supply. Three 
fracture zones hâve been described (Fig. 88-69). Zone I is the 


most proximal zone and includes the metatarsocuboid articu¬ 
lation, but it is proximal to the fourth and fifth metatarsal 
articulation. Fractures in this area are avulsion types of 
injuries, usually secondary to an inversion injury to the foot. 
Zone II extends from zone I to the metaphyseal/diaphyseal 
junction and includes the fourth and fifth metatarsal articula¬ 
tion. This is the area of the true Jones fracture. The mechanism 
of injury is usually that of a strong abduction force to the 
forefoot, causing a bending moment at the metaphyseal- 
diaphyseal junction. Zone III is the proximal 1.5 cm of the 
diaphysis and is the area where stress fractures usually occur. 
The Torg classification of stress fractures in zone III includes 
type I, which is an acute fracture; type II, which is a delayed 
union with some periosteal reaction, widening of the fracture 
site, and some intramedullary sclerosis; and type III, which 
is a nonunion with intramedullary sclerosis and blunted 
fracture edges. One study suggested that no distinction needs 
to be made between zone II and zone III fractures because 
treatment and outcomes are the same in the two groups. 

Fractures in zone I generally are treated satisfactorily in a 
postoperative shoe, walking boot, or short leg walking cast 
depending on the level of symptoms of the patient. Although 
nonunions of these fractures may occur, they rarely are painful 
and can be treated with excision of the fragment. In a study 
of this fracture of the proximal fifth metatarsal, the fracture 
healed in ail 60 patients at an average of 44 days, with no 
fracture taking longer than 65 days to heal. Patients were 
randomly assigned to a soft Jones type of dressing or a short 
leg cast. Patients treated with a compressive soft dressing and 
allowed to bear weight in a cast boot required a significantly 
shorter récupération time and had a better modified foot 
score than patients treated with cast immobilization. Patients 
on average missed 22 days of work, and it took 6 months or 
more for most patients to return to preinjury levels of activi¬ 
tés. Another study confirms the shorter récupération time for 
patients treated with a walking boot instead of a walking cast. 

Treatment of Jones fractures and Torg type I diaphyseal 
fractures dépends on the type of fracture and the activity 
demands of the patient. An initial non-weight-bearing, short 
leg cast is worn for 6 to 8 weeks followed by a weight-bearing 
cast until union has been achieved. In compétitive athlètes, 
considération should be given to early ORIF to decrease dis- 
ability time. Even with non-weight-bearing immobilization 
for 6 to 8 weeks, Jones fractures hâve a reported nonunion 
rate of 7% to 28%. The use of electrical and pulsed ultrasound 
bone stimulation for these fractures may improve healing of 
the fracture; however, they cannot take the place of internai 
fixation in a high-performance athlete. 

In zone III, fractures with clinical or radiographie évi¬ 
dence of chronic injury manifested by partial or complété 
canal oblitération and sclerosis, non-weight-bearing casting 
may yield satisfactory results. Generally, the period of immo¬ 
bilization and non-weight bearing is approximately 8 weeks. 
Refracture is common in this category. 

Surgery should be considered for zone II and III fractures 
that are not healing clinically at 8 to 12 weeks and for acute 
fractures in compétitive athlètes and others whose occupa- 
tional demands do not allow prolonged non-weight-bearing 
immobilization. ORIF for zone I fractures rarely are neces- 
sary and generally are reserved for displaced intraarticular 
fractures in highly compétitive individuals (Fig. 88-70). 

Text continued on page 4335 
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A and B, Subtle Lisfranc dislocation. C and D, After réduction and fixation withi dorsal plate and screws. 
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Open réduction and internai fixation of Lisfranc fracture-dislocation (see text). A f Dorsomedial and dorsolateral 
incisions. B f Isolation and retraction of dorsalis pedis artery and deep peroneal nerve. C f Réduction and provisional fixation of first 
tarsometatarsal joint. D f Final fixation. (From Sands AK: Open réduction and internai fixation of Lisfranc/tarsometatarsal injuries. In Pfeffer G, 
Easley M, Frey C, et al, editors: Operative techniques: foot and ankle surgery, Philadelphia, Saunders, 2009.) SEE TECHNIQUE 88-14. 
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FIGURE 


A and B f Comminuted Lisfranc fracture. C and D f Dorsal plate fixation. SEE TECHNIQUE 88-14. 
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FIGURE 


A and B f Homolateral Lisfranc dislocation. C-E, After réduction and fixation. SEE TECHNIQUE 88-14. 
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B Tuberosity avulsion fracture 

□ Jones fracture 

□ Diaphyseal stress fracture 


FIGURE 


Fractures of the fifth metatarsal. 
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For zones II and III fractures that require surgical inter¬ 
vention, two operative treatments hâve proved successful: (1) 
fixation with an intramedullary screw and (2) corticocancel- 
lous inlay bone grafting with clearing of the medullary canal 
of ail sclerotic bone. We and most authors currently use an 
intramedullary screw technique, but we présent both 
methods, each of which has a satisfactory success rate. We 
hâve had success using a variety of screw types, including 
variable pitched compression screws, 5.5-mm and larger can- 
nulated screws, and noncannulated screws with low-profile 
heads. We believe that there are many options for screw fixa¬ 
tion of the fifth metatarsal, depending on the surgeons prefer- 
ence and the size of the canal on the preoperative template; 
however, using a screw smaller than 4.5 mm is not recom- 
mended. The largest diameter screw to fill the canal should 



FIGURE 


Bl A to C f Zone I fifth metatarsal fracture. D to F f After screw fixation. 
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be used to minimize the risk of refracture. In comparing 
nonoperative and operative treatment of Jones fractures, one 
study found that up to one fourth of patients treated nonop- 
eratively required later surgical intervention. Another study 
had a 44% failure rate in patients treated with a cast; patients 
treated operatively had a quicker time to union and earlier 
return to sports. Failure rates for refracture or symptomatic 
nonunion affer operative fixation range from 0% to 40%, 
although in most studies the failure rate is less than 5%, and 
almost ail athlètes return to sports. Care should be taken 
regarding return to full activity because full return to activity 
before full radiographie union was prédictive of failure in 
operatively treated patients. Intramedullary screw fixation 
can be used for fractures with fracture site sclerosis or medul- 
lary canal oblitération seen on radiographs; however, these 
patients hâve a higher complication rate and lower satisfac¬ 
tion than patients without these radiographie changes. Con¬ 
sidération should be given to adding cancellous graff or bone 
marrow aspirate to the fracture site, especially when treating 
a nonunion or refracture. 


fracture has healed clinically and radiographically, which 
usually takes 10 to 12 weeks. 


■ INLAY BONE GRAFT 

A consistent finding in the presence of nonunion of this 
fracture is oblitération of the medullary canal by dense, 
sclerotic bone along the margins of the fracture. Torg et al. 
suggested that the tendency of this fracture toward nonunion 
or delayed union or refracture after healing is the resuit of the 
formation at the fracture of this poorly organized, sclerotic 
bone, which impairs healing and the strength of the union. 
They described a technique to reestablish the continuity of 
the medullary canal by removing the sclerotic bone and to 
facilitate healing of the fracture by inserting an inlay bone 
graft taken from the proximal or distal tibia. 

DISTAL FIFTH METATARSAL FRACTURE 

Spiral fractures of the distal fifth metatarsal are common and 
occur frequently in dancers and professional athlètes. The 
mechanism of injury has been reported to be rotational, with 
rolling over on the outer border of the foot while standing on 
the bail of the foot with the ankle fully plantarflexed (demi 
pointe position). A study of dancers with this injury treated 
both operatively and nonoperatively found that, even in dis- 
placed fractures, cast immobilization or symptomatic treat¬ 
ment with bandaging and full weight bearing had no 
long-term conséquences. They reported one delayed union 
and one refracture, both of which subsequently healed. Ail of 
the ballet dancers returned to professional performance 
without limitations, and no patient reported pain with per¬ 
formance at follow-up. Good functional outcomes also can 
be obtained with nonoperative treatment of these fractures in 
nondancers, with a 2% nonunion rate. 

STRESS FRACTURES OF THE METATARSALS 

A variety of factors lead to the development of stress fractures 
of the metatarsals. They occur most commonly in women, 
especially during the early years of ménopausé in the phase 
of rapid bone résorption. Postmenopausal women often are 
counseled to begin weight-bearing exercises to diminish loss 
of bone mass. Stress fractures also hâve been noted to occur 
in athlètes, especially ballet dancers and athlètes engaged in 
cutting and jumping sports; amenorrheic female athlètes are 
of particular concern. Military recruits in their first few weeks 
of training also are vulnérable to so-called march fractures. 
Individuals with diabètes and sensory and motor neuropathy, 
rheumatoid arthritis, Charcot-Marie-Tooth disease, or stroke 
may be at risk as well. 

Patients often note the graduai onset of pain directly over 
the second metatarsal neck région 2 to 4 weeks after begin- 
ning a running or aérobics program. Swelling over the area 
usually is noted. The diagnosis is suspected on history and 
physical examination. Initial radiographs made within 2 
weeks after the onset of symptoms may be négative, and bone 
scan or MRI may assist in the diagnosis in questionable cases. 
Generally, repeat radiographs at 4 to 6 weeks after injury 
reveal periosteal new bone formation. Difterential diagnoses 
include entrapment neuritis of the superficial peroneal nerve, 
radiating pain from a more proximal tarsometatarsal joint 


INTERNAL FIXATION WITH AN 
INTRAMEDULLARY SCREW 

As Donley et al. showed, the sural nerve, in particular the 
dorsolateral branch, lies very close to the insertion point of 
the screw. Sufficient exposure must be obtained to identify 
and protect this cutaneous nerve branch. 


TECHNIQUE 88-15 


(KAVANAUGH, BROWER, AND MANN) 

■ Incise the skin and observe and protect the two branches 
of the sural nerve (one dorsal and one straight latéral) 
that are vulnérable. If the peroneus brevis obscures the 
portai for the drill, raise a portion of it from the bone. 

■ Use a guidewire to find the medullary canal. This can be 
difficulté and the drill must lie almost parallel to the 
hindfoot. Starting slightly dorsal and médial to what 
appears to be the center of the bone also helps. 

■ Drive a drill bit into the medullary canal and confirm 
its location by anteroposterior and latéral radiographs 
(Fig. 88-71C). 

■ Intramedullary taps can be used to measure for the 
largest screw diameter that can be placed. 

■ Estimate the length of the screw from the intraoperative 
radiographs and place the screw over the guidewire, 
making sure that the head of the screw is buried and that 
the screw threads are distal to the fracture site (Fig. 
88-71D). 

■ Verify screw placement with radiographs and close the 
wound (Fig. 88-71E). 

■ Exposing a nonunion and applying a small cancellous 
bone graft may or may not enhance union; if cortical 
thickening and sclerosis are présent, we usually do so. 

POSTOPERATIVE CARE. A well-padded, short leg, 
nonwalking cast, extending to the toes, is applied. Weight 
bearing in a cast may be started 2 weeks postoperatively. 
Return to compétitive sports is discouraged until the 
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FIGURE 


A and B f Fifth metatarsal fracture. C f Percutaneous screw insertion. D and E f After fixation. SEE TECHNIQUE 88-15. 


arthrosis, and idiopathic or overuse synovitis of the adjacent 
metatarsophalangeal joint. 

A subset of fractures that can be especially difficult to 
manage are stress fractures of the proximal second metatarsal. 
In a study of ballet dancers with a stress fracture at the base 
of the second metatarsal, conservative management with rela¬ 
tive rest and boot or cast immobilization resulted in resolu¬ 
tion of symptoms. Another study had a 50% nonunion rate 
in nondancers treated nonoperatively who were successfully 
treated with surgical fixation. It is important to inform the 
patient that a stress fracture at the second metatarsal occa- 
sionally may resuit in a slight dorsiflexion malunion and 
transfer of weight to the third metatarsal, which is at risk for 
the development of a stress fracture. Surgical intervention 
rarely is required for stress fractures; however, open 


réduction and plating may be required if there is a nonunion 
or if significant bony healing has occurred in a malunion (Fig. 
88-72A and B). 


OPEN REDUCTION AND PLATING 
OF LESSER METATARSAL STRESS 
FRACTURE 


TECHNIQUE 88-16 


■ After régional or general anesthésia, place an ankle 
tourniquet. 
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A and B f Preoperative oblique and anteroposterior radiographs of lesser metatarsals. C f Curettage and préparation 
of second metatarsal. Note vessel loop around dorsalis pedis and deep peroneal nerve. D f Plating of second metatarsal. E f Exposure of 
fourth metatarsal. F and G f Postoperative anteroposterior and latéral radiographs. (From Murphy GA: Operative treatment of stress fractures 
of the metatarsals, Op Tech Sports Med 14:239, 2006.) SEE TECHNIQUE 88-16. 


9 " Make a longitudinal incision over the fractured metatar- 
sal. Identify and protect the dorsal médial (superficial 
peroneal), dorsal intermediate (superficial peroneal), and 
dorsal latéral (sural) nerves. For fractures at the base of 
the second metatarsal, avoid injury to the deep peroneal 
nerve and dorsalis pedis artery, which lie just médial to 
the metatarsal. 


■ Gently elevate the periosteum and expose the fracture. 
Use a small curet to remove fibrous tissue if présent. 
Préparé and "freshen" the fracture with a small drill bit 

(Fig. 88-72C). 

■ If bone graft is to be used, pack it into the fracture at this 
point. Bone graft (3 to 5 cm 2 ) can be obtained from the 
calcaneus or the distal tibia. 
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■ Use a small fragment plate for fixation (Fig. 88-72D). 
When selecting an implant System, choose a low-profile 
design. Locking plates generally are not required. 
Although contouring of the plate is unnecessary for the 
second and third metatarsals, some contouring may be 
required for fractures of the fourth or fifth metatarsals, 
especially if metatarsus adductus is présent (Fig. 88-72E). 
Four cortices of purchase on each side of the metatarsal 
are idéal (Fig. 88-72F and G). 

■ Close the periosteum over the plate and bone if possible. 
Close the skin with a few subcutaneous 4-0 or 5-0 nylon 
sutures if necessary. 

POSTOPERATIVE CARE. A well-padded cast or splint is 
applied over a stérile dressing and sutures are removed 
at 10 to 14 days. Weight bearing is allowed depending 
on perceived fracture stability. Pulsing electromagnetic 
field or ultrasound may be used for high-risk fractures, 
such as fractures in the base of the fourth or fifth meta¬ 
tarsal and fractures in patients who smoke or hâve sys- 
temic illnesses. 


■ COMPLICATIONS 

The most frequent complication of open réduction and 
plating is painful, prominent implants. Generally, this should 
not be removed earlier than 1 year affer surgery, and the 
mechanical issues that contributed to the fracture in the first 
place should be treated. Nonunion despite adéquate fixation 
may occur, and if it does, care should be taken to treat ail 
reasons for the nonunion (smoking, poor nutrition [especially 
vitamin D deficiency], improper shoe gear, and lack of 
orthotic management). 

ACUTE FRACTURES OF THE METATARSALS 

Relatively few articles in the literature hâve addressed frac¬ 
tures of the metatarsals. Because the first metatarsal sup¬ 
ports one third of the weight-bearing forces across the 
forefoot, operative treatment should be considered if there is 
significant displacement. Because of the potential promi- 
nence of implants placed dorsally, médial fixation may be 
considered. Minimally displaced lesser metatarsal fractures 
are usually treated nonoperatively and may do better with 
an elasticized bandage than a short leg weight-bearing cast. 
Although these fractures generally do well with nonopera- 
tive treatment, outcome scores are negatively correlated with 
increased body mass index and are lower in females, patients 
with diabètes, and those with fractures with more than 2 
mm of displacement. For high-energy fractures of the 
central metatarsals, treated operatively and nonoperatively, 
only 32% of patients obtain a good resuit regardless of the 
type of treatment. Factors cited as contributing to the poor 
outcome include sagittal plane displacement, open fracture, 
and severe soff-tissue injury. It has been our expérience that 
mild latéral plane displacement may be tolerated; however, 
sagittal plane displacement of a metatarsal head either in 
extension or plantarflexion or excessive shortening of a 
metatarsal leads to metatarsalgia and chronic forefoot pain. 
For this reason, closed réduction and percutaneous pinning 
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from a dorsal approach is recommended. Occasionally, the 
displacement is severe enough to require ORIF (Fig. 88-73). 
Care must be taken to realign the metatarsal in the sagittal 
plane, and this assessment is done primarily while palpating 
the levels of the metatarsal heads to ensure they are in the 
same plane. 

PHALANGEAL DISLOCATIONS 

INTERPHALANGEAL JOINT OF 
THE HALLUX 

Dislocation of the interphalangeal joint of the hallux usually 
is caused by hyperextension, with the distal phalanx posi- 
tioned dorsal to the proximal phalanx. Tearing of the plantar 
skin at the interphalangeal joint flexion crease is common, 
rendering this an open injury. Most of these dislocations can 
be reduced closed. If the dislocation is irreducible, two 
obstacles to réduction may be présent: a sesamoid bone or 
the plantar plate of the interphalangeal joint may be inter- 
posed. The flexor hallucis longus also can be displaced into 
the joint but generally is not the primary deterrent to réduc¬ 
tion. Finally, at least one collateral ligament (usually the 
médial) is torn. 

Two types of interphalangeal dislocations of the hallux 
hâve been identified. In the first, the plantar plate, ruptured 
from one or both of its phalangeal attachments (usually 
proximally), is trapped within the joint; the interphalangeal 
joint space is widened (Fig. 88-74), and the deformity is 
minimal, even deceiving. In the second, more common, type, 
the distal phalanx lies dorsal to the proximal phalanx, locking 
the joint in hyperextension. The deformity is obvious. The 
sesamoid bone within the plantar plate prevents réduction 
(Fig. 88-75). 

Closed réduction under digital block should be 
attempted. The dislocation can be reduced easily if one or 
more collateral ligaments are torn and there is no interposi¬ 
tion of a sesamoid or plantar plate. Longitudinal traction is 
applied first in the axial plane of the deformity, followed 
by flexion when the distal phalanx is level with the 
articular surface of the proximal phalanx. If the radiograph 
after réduction shows widening of the joint space, the 
plantar plate still may be interposed and open réduction is 
indicated. 

Although it had been our expérience that interphalangeal 
joint dislocations of the lesser toes are reducible by closed 
methods and do well with buddy taping to the adjacent toe 
for 3 weeks, one study reported that nearly ail dislocated 
lesser toe interphalangeal joints in their study required 
an open réduction. Approximately 30% of dislocated lesser 
toe metatarsophalangeal joints required open réduction 
because they were not reducible by closed means. Lesser toe 
interphalangeal joints that were reduced were virtually 
asymptomatic at follow-up; however, residual dislocations at 
the metatarsophalangeal joints were persistently painful. In 
most of their patients, the plantar plate prevented closed 
treatment by being incarcerated within the joint. These 
injuries can be reduced through a dorsal midline incision. 
Open réduction is performed for irreducible dislocations or 
if joint space widening is obvious on radiographs after closed 
réduction, even if the toe rests in the proper position clini- 
cally (Fig. 88-76). 
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A and B f Displaced first metatarsal fracture and fractures of the second to fourth metatarsals. C and D f After plate 
and screw fixation of first metatarsal and Steinmann pin fixation of lesser metatarsals. 


OPEN REDUCTION OF DISLOCATION 
OF THE INTERPHALANGEAL JOINTS 
OF THE HALLUX 


TECHNIQUE 88-17 


■ Make a dorsal inverted L-shaped incision with the trans¬ 
verse limb at the joint and the longitudinal limb dorsolat- 
eral. Preserve the extensor hallucis longus insertion into 
the distal phalanx. 

■ On one side of the extensor hallucis longus, identify the 
plantar plate (identification is easier if the sesamoid is 
within it) and make a 3- to 4-mm longitudinal incision in 
it. Reduce the joint with traction. 


■ If réduction cannot be accomplished, use a probe or small 
Freer elevator to displace the sesamoid and plantar plate 
distally while placing traction on the great toe. 

■ If the joint is stable, no transarticular pin is needed. If the 
réduction is unstable, hold the joint reduced and drill one 
or two 0.062-inch Kirschner wires longitudinally distal to 
proximal to rest in subchondral bone at the base of the 
proximal phalanx. 

■Cut the wires off 2 mm outside the skin and apply a 
well-padded short leg cast extending past the toes. 

POSTOPERATIVE CARE. The patient is instructed to rest 
and elevate the extremity for 3 days and then to begin 
partial weight bearing with crutches. At 3 weeks, the 
wires are removed and weight bearing to tolérance is 
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A f Anteroposterior radiograph shows marked 
widening of interphalangeal joint. B f Latéral view shows wide 
joint space; distal phalanx is not hyperextended. (From Miki T, 
Yamamuro T, Kitai T: An irreducible dislocation of the great toe: report 
of two cases and review of the literature, Clin Orthop Relat Res 230:200, 
1988.) 



Anteroposterior radiograph shows overlapping 
of proximal phalangeal head and distal phalangeal base. (From 
Miki T, Yamamuro T, Kitai T: An irreducible dislocation of the great toe: 
report of two cases and review of the literature, Clin Orthop Relat Res 
230:200, 1988.) 


allowed in a postoperative wooden-soled shoe. Active 
and active-assisted range of motion of the interphalan¬ 
geal joint is begun at that time. At 6 weeks, wearing of 
a shoe with a wide toe box is allowed. 


Marginal wound necrosis and prolonged swelling of the 
toe are common; however, with rest, élévation, réduction of 
edema, and time, these are not alarming problems. Some 



Interphalangeal joint space remains wider than 
normal after closed réduction; this is an indication for open 
réduction. (From Miki T, Yamamuro T, Kitai T: An irreducible dislocation 
of the great toe: report of two cases and review of the literature, Clin 
Orthop Relat Res 230:200, 1988.) 


permanent limitation of interphalangeal joint motion is 
common after this injury. Initial radiographs should be 
reviewed carefully because other injuries to the forefoot are 
common. 

FIRST METATARSOPHALANGEAL JOINT 
DISLOCATION 

Dislocation of the first metatarsophalangeal joint is rare. The 
mechanism of injury is hyperextension of the great toe, 
causing displacement of the proximal phalanx onto the 
dorsum of the first metatarsal head and neck (Fig. 88-77). 
The head of the first metatarsal becomes trapped between the 
flexor hallucis brevis and abductor hallucis tendons medially 
and the latéral head of the flexor hallucis brevis and adductor 
tendons laterally. Dorsally, the metatarsal head is held by the 
plantar plate and the deep transverse metatarsal ligament. On 
the plantar surface, the plantar aponeurosis prevents further 
réduction. The flexor hallucis longus tendon usually lies 
latéral to the metatarsal head. Type I dislocations are those in 
which the intersesamoid ligament is intact but displaced 
dorsally over the metatarsal neck, making this irreducible by 
closed means; in type IIA injuries, the intersesamoid ligament 
is ruptured, causing widening of the sesamoids; in type IIB 
injuries, the intersesamoid ligament is intact but there is a 
sesamoid fracture, usually of the tibial sesamoid, and the 
distal fragment is pulled distally (Fig. 88-78). 

In a report of 11 complex dislocations of the metatarso¬ 
phalangeal joints, tarsometatarsal joint injuries frequently 
were présent, and more than half of the injuries were open 
dislocations that required open debridement and relocation. 
One closed injury required open réduction, but the remain- 
ing five were reduced by closed methods. One récurrent 
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dislocation was noted in a patient who went back to jogging 
too soon. Ail patients except one complained of decreased 
metatarsophalangeal joint motion, however, not to the extent 
of significantly reducing endurance to work or exercise. Many 
patients had plantar sensitivities; four required the use of a 
full-time orthosis. 

According to Jahss, closed réduction usually is impossible 
in dorsal dislocations of the great toe in which the intersesa- 
moid ligament is not disrupted. If this ligament is torn with 



Dorsomedial dislocation of first metatarsopha¬ 
langeal joint. A f Dislocation could not be reduced by closed 
means. B f After open réduction, joint was stable. 


wide séparation of the tibial and fibular sesamoids, or if one 
of the sesamoids is fractured transversely, the dislocation 
frequently can be reduced closed. We recommend a midline 
médial approach. 


OPEN REDUCTION OF FIRST 
METATARSOPHALANGEAL JOINT 
DISLOCATION USING A MIDLINE 
MEDIAL APPROACH 


TECHNIQUE 88-18 


■ Make a médial longitudinal incision on the great toe 
about 5 cm long centered over the first metatarsophalan¬ 
geal joint. Use sharp dissection through the skin only to 
avoid injuring any displaced cutaneous nerves. 

■ Elevate the dorsal flap in the same manner as in hallux 
valgus repair and assess the magnitude of injury to the 
collateral ligaments, the plantar plate with the enclosed 
sesamoids, and the dorsal capsule. 

■ Use a small Freer or periosteal elevator while hyperex- 
tending the great toe and applying traction and guide the 
base of the proximal phalanx over the metatarsal head 
and into the reduced position. 

■ Repair the collateral ligament (usually the tibial collateral) 
and dorsal capsule with absorbable sutures. 

■ Assess the stability of the metatarsophalangeal joint by 
gentle flexion and extension and by flexing and extending 
the ankle to produce a pull on the long flexor tendons. 

■ If the réduction appears unstable, drill a small Kirschner 
wire across the joint to maintain réduction. It should be 
removed 3 weeks after surgery. 

■ Remove the tourniquet, secure hemostasis, and close the 
skin with nonabsorbable, interrupted sutures. 

POSTOPERATIVE CARE. Apply a short leg cast that 
extends distal to the toes over a bulky forefoot dressing 




FIGURE 


dislocation. 


A, Normal anatomy of first metatarsophalangeal joint. B f Type I dislocation. C, Type MA dislocation. D, Type MB 
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that has been applied to hold the toe congruously on the 
metatarsal head and in 10 to 15 degrees of extension. 
Partial weight bearing with crutches is allowed during the 
first 3 weeks, after which time the cast is removed and 
full weight bearing is allowed while wearing a shoe with 
a wide toe box. Active and active-assisted range of motion 
of the first metatarsophalangeal joint is begun, and a toe 
spacer in the first web space is used for another 3 weeks. 
Permanent réduction in range of motion of the first 
metatarsophalangeal joint can be expected, but functional 
motion should be regained after several months. 


FIRST METATARSOPHALANGEAL 
JOINT SPRAIN 

If the hyperextension force at the first metatarsophalangeal 
joint is not enough to cause a dislocation, it may resuit in a 
sprain of that joint, also known as turf toe. It offen is an athletic 
injury and occurs with an axial load to a dorsiflexed forefoot 
(Fig. 88-79). Turf toe is classified as grade 1—minimal stretch, 
plantar/medial tenderness, no ecchymosis, and minimal 
restriction of range of motion of the joint; grade 2—partial 
tear of the plantar plate, with swelling and ecchymosis and 
restriction of range of motion, and patient walks with a limp; 
or grade 3—complété tear of the plantar plate that may be 
associated with a sesamoid fracture or diastasis of a bipartite 



Turf toe injury occurs with an axial load to a 
dorsiflexed forefoot. 
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sesamoid, and patient is unable to bear weight. Radiographs 
may show an avulsion fracture of the proximal phalanx, an 
impacted fracture of the metatarsal, or sesamoid fracture. 
There also may be proximal migration of the sesamoids, which 
is easier to detect when compared with radiographs of the 
uninjured foot. Examination of the joint under fluoroscopy 
may demonstrate lack of migration of the sesamoids when the 
joint is dorsiflexed, suggestive of plantar plate rupture, espe- 
cially when compared with the contralatéral side. A cadaver 
study suggests that when measuring the distance from the 
distal margin of the sesamoids to the most proximal margin 
of the proximal phalanx on a latéral dorsiflexion stress view, a 
3-mm différence when compared with the contralatéral foot 
may be indicative of injury to three of the four ligaments of the 
plantar plate complex. MRI may demonstrate rupture of the 
plantar plate (Fig. 88-80). Grade 1 and 2 injuries usually are 
treated nonoperatively, with initial rest, followed by mobiliza- 
tion of the joint and protection with a full-length rigid carbon 
plate. If the patients symptoms persist, further workup should 
be done to exclude other conditions, such as an osteochondral 
lésion of the metatarsal head, loose body, sesamoid fracture, 
or plantar plate rupture. Grade 3 injuries are initially treated 
with cast or boot immobilization and rarely may require 
operative treatment to repair the plantar plate. 

Follow-up after turf toe injuries has shown that 50% of 
patients continue to expérience some pain and stiffness. In a 
study of 19 patients, 9 of whom were treated operatively, ail 
but 2 returned to full athletic activities. 


PLANTAR PLATE REPAIR (ANDERSON) 


TECHNIQUE 88-19 


■ Make médial and plantar-lateral incisions for full access 
to the plantar plate (Fig. 88-81 A). 

■ On the médial side, identify and protect the plantar- 
medial nerve (Fig. 88-81 B), while deeper dissection 
exposes the plantar plate rupture. 

■ With the plantar-lateral incision, take care to avoid injury 
to the common plantar digital nerve and the branch to 
the great toe. 



Sagittal fast-spin-echo MRI of an elite athlete 
with clinically suspected turf toe demonstrates disruption of the 
plantar plate ( arrow ) and full-thickness cartilage loss over the first 
metatarsal head. (From McCormick JJ, Anderson RB: The great toe: 
failed turf toe, chronic turf toe, and complicated sesamoid injuries, Foot 
Ankle Clin 14:135, 2009.) 
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Open repair of turf toe injury. A, Placement of incisions. B, Médial exposure with arrow identifying the plantar-medial 
digital nerve. (From McCormick JJ, Anderson RB: The great toe: failed turf toe, chronic turf toe, and complicated sesamoid injuries, Foot Ankle 
Clin N Am 14:135, 2009.) SEE TECHNIQUE 88-19. 


■ Expose the defect in the plantar plate. 

■ Through both incisions, pass sutures to repair the capsule 
and then tie them with the toe in 15 degrees of plan- 
tarflexion (Fig. 88-82A-C). If there is not enough tissue 
présent on the proximal phalanx for a direct repair, suture 
anchors or bone tunnels may be needed. 

■ If there is a sesamoid fracture or diastasis of a bipartite 
sesamoid, partial or complété sesamoidectomy may be 
needed. Repair the soft-tissue defect, and if the defect is 
too large for direct repair, transfer of the abductor hallucis 
can be done. 

POSTOPERATIVE CARE. The toe is immobilized in 5 to 
10 degrees of plantarflexion, and the patient is non- 
weight bearing. Careful joint mobilization, avoiding 
excessive dorsiflexion, can be started at 1 week in a 
reliable patient. Weight bearing can be initiated at 4 
weeks in a boot, with further careful joint mobilization. 
Approximately 1 month later, the patient can be weaned 
from the boot into a shoe with a full-length rigid carbon 
plate. Full recovery may take 6 to 12 months. 


PHALANGEAL FRACTURES 

Surgical treatment of phalangeal fractures of the toes is rarely 
required because most phalangeal fractures can be treated 
successfully by conservative measures. Occasionally, an 
intraarticular fracture severely displaced into the inter- 
phalangeal or metatarsophalangeal joint of the great toe 
may require ORIF to prevent deformity and arthritic changes. 
The fracture and the joint are exposed, the fracture is 
reduced anatomically, and, with a power drill, small 0.045- 
inch Kirschner wires are inserted for internai fixation (Fig. 
88-83). These pins are bent and left outside the skin and 
generally removed 3 to 4 weeks after surgery when the frac¬ 
ture has stabilized. Alternatively, mini-fragment screws may 


be used for fixation. No cast is required, and protected weight 
bearing can begin as soon as soft-tissue healing permits. 

SESAMOID FRACTURES 

Fractures of the hallucal sesamoids most often are seen in an 
acute setting with dislocations of the metatarsophalangeal 
joint after high-energy injuries. Chronic stress fractures of the 
sesamoids, most commonly seen in long-distance runners 
and ballet dancers, can be difficult to diagnose and differenti- 
ate from other conditions affecting the hallucal sesamoids. 
The médial or tibial sesamoid is the more commonly injured 
sesamoid because it generally is larger than the fibular sesa¬ 
moid and is seated more directly beneath the metatarsal head. 
The sesamoids are reported to be multipartite in 5% to 30% 
of asymptomatic individuals. Although the bipartite sesamoid 
can be bilateral, a singular sesamoid in the contralatéral foot 
does not absolutely confirm the presence of fracture and can 
represent symptomatic synchondrosis of the bipartite sesa¬ 
moid in an injured foot. Fractures and the bipartite condition 
occur more frequently in the tibial sesamoid. 

Two features might distinguish a fracture from a bipartite 
sesamoid. Fractured sesamoid bones tend to be roughly 
divided into equally sized sections; bipartite sesamoids tend 
to hâve one larger fragment and one smaller fragment. Bipar¬ 
tite sesamoids tend to hâve smooth, rounded edges; fractured 
sesamoids tend to hâve irregular, jagged edges. Simple sépara¬ 
tion of a synchondrosis of a bipartite sesamoid may hâve 
symptoms similar to a fractured sesamoid. If the fracture is 
not widely displaced, the differential diagnosis of a fractured 
sesamoid includes a painful bipartite sesamoid, osteochon- 
dritis dissecans, and osteonecrosis of the sesamoid. 

The mechanism of injury to the sesamoids can be either 
direct, which generally involves an axial loading force on the 
sesamoid and produces a comminuted multifragmented 
bone, or indirect, in which the first metatarsophalangeal joint 
is hyperextended violently, as can be seen most commonly in 
football and soccer players. Physical examination usually 
shows tenderness and swelling in the région of the sesamoid. 
Limited extension of the great toe and pain with passive 
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Open repair of turf toe injury. A, Latéral exposure with sutures in place. B, Médial exposure with sutures in place. 
Arrow points to the abductor hallucis tendon, which was avulsed in this patient. C, Médial view with sutures tied (three knots are 
visible). (From McCormick JJ, Anderson RB: The great toe: failed turf toe, chronic turf toe, and complicated sesamoid injuries, Foot Ankle Clin N 
Am 14:135, 2009.) SEE TECHNIQUE 88-19. 



Phalangeal fracture, 
postoperative (B) radiographs. 


Preoperative (A) and 


extension of the great toe usually are présent. The patient may 
hâve a shortened stance phase of gait and usually descends 
stairs with the injured foot leading. Radiographie évaluation 
should include standard anteroposterior and latéral views 
along with other specialized views. The forefoot should be in 
slight pronation while obtaining a latéral radiograph to profile 
the sesamoids. The médial oblique sesamoid view is helpful 
in evaluating the tibial sesamoid, and the latéral oblique view 
is helpful in evaluating the fibular sesamoid. In addition, the 
axial sesamoid view can be helpful in showing sclerosis and 
joint space narrowing associated with osteochondritis of the 
sesamoid. MRI or CT scans can be of assistance. Radionuclide 
bone scanning can be used in confirming the diagnosis; 
however, caution is recommended in interpreting increased 
bone scan activity because a significant percentage (26% to 
29%) of asymptomatic individuals had some increased activ¬ 
ity and because the différence between one foot and the other 
was significant. 

TREATMENT 

Widely displaced tibial or fibular sesamoid fractures generally 
are associated with either dislocation or traumatic sublux¬ 
ation with spontaneous réduction of the metatarsophalangeal 
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Mini-fragment screw fixation of sesamoid 
fracture (see text). (From Pagenstret Gl, Valderrabano V, Hintermann 
B: Internai fixation of the sesamoid bone of the hallux. In Pfeffer G, 
Easley M, Frey C, et al, editors: Operative techniques: foot and ankle 
surgery, Philadelphia, Saunders, 2009.) 


joint. Disruption of the flexor brevis musculotendinous unit 
with wide displacement of the sesamoid is not tolerated well 
by patients. If the sesamoid fragments are of roughly equal 
size and the displacement is significant (>5 mm), open réduc¬ 
tion with internai fixation using the approach described 
subsequently is necessary. Internai fixation generally involves 
mini-fragment screws (Fig. 88-84) or use of an 18-gauge wire 
looped around the proximal and distal pôles and placed in a 
figure-of-eight over the sesamoid. Bone grafting from the 
calcaneus or the supramalleolar area of the distal tibia may 
be helpful in achieving union. 

Minimally displaced or nondisplaced fractures of the 
sesamoid and stress fractures can be treated initially with cast 
immobilization, incorporating a toe plate for 3 to 4 weeks. 
Repeat casting for another 3 to 4 weeks may be necessary if 
symptoms hâve not resolved. After this, the toe is protected 
by placing a full-length rigid carbon plate and an orthotic 
with a dancer s pad in an athletic shoe. Patients who do not 
respond to this treatment are candidates for operative treat- 
ment of the sesamoid. The following options are available for 
surgical treatment: (1) complété excision of the sesamoid, (2) 
partial excision of a painful bipartite sesamoid or nonunion 
of a sesamoid fracture, and (3) cancellous bone grafting to 
promote union. Although traditionally we hâve excised 
the involved sesamoid after failure of conservative treatment, 
the tibial sesamoid has a significant function in increasing the 
lever arm and action of the flexor hallucis brevis muscle and 
in protecting the flexor hallucis longus tendon. 

We hâve been gaining expérience with excising the 
smaller fragment of a painful bipartite sesamoid or trying to 
preserve most of the sesamoid with a nonunion. If a partial 
sesamoid excision is done, the patient should be informed 
preoperatively that the remaining sesamoid fragment may 
need to be excised as well. Repairing the flexor hallucis brevis 
mechanism is crucial regardless of which treatment method 
is chosen. In one report, ail patients returned to sports after 
excision of the proximal pôle of the sesamoid. Indications for 


complété sesamoidectomy are comminuted fractures with no 
large fragments and the loss of articulating cartilage, either 
on the articular side of the sesamoid or on the overlying 
surface of the metatarsal head. 

In a review of sesamoidectomies in athletically active 
patients, athlètes were able to return to sports at a mean time 
of 7.5 weeks and the remainder of “active” patients returned 
to activity at 12 weeks. Complications included hallux varus 
in one and postoperative scarring with neuroma-like symp¬ 
toms in two patients after fibular sesamoidectomy, and hallux 
valgus deformity developed late in one patient after tibial 
sesamoidectomy. In another report on tibial sesamoidecto¬ 
mies, 90% of patients returned to preoperative activity levels, 
and there were no cases of hallux varus or valgus, which was 
attributed to careful soff-tissue repair. In a more recent report, 
22 of 24 patients returned to activities after sesamoidectomy; 
1 patient developed hallux valgus. 


SESAMOIDECTOMY 


TECHNIQUE 88-20 


■ Make a médial longitudinal incision centered just plantar 
to midline and incise the capsule longitudinally in line 
with the skin. 

■ Evaluate the intraarticular portion of the tibial sesamoid 
for the quality of the cartilage and mobility of the 
fragments. 

■ Examine the plantar surface of the metatarsal head for 
cartilage damage. 

■Approach the sesamoid through an extracapsular 
approach. Protect the proper médial plantar nerve to the 
hallux, which emerges plantarly at the musculotendinous 
junction of the abductor hallucis muscle. 

■ Retract this nerve plantarly. 

■ Make an incision over the sesamoid and perform 
either a complété sesamoidectomy or a partial 
sesamoidectomy. 

■ Repair the flexor brevis defect using 2-0 nonabsorbable 
polyethylene suture. If a portion of the sesamoid is left, 
use suture or a mini-suture anchor to secure the flexor 
hallucis brevis tendon to the cancellous surface of the 
remaining sesamoid fragment. 

■ Repair the capsule with 2-0 absorbable sutures and close 
the skin with nylon. 

POSTOPERATIVE CARE. A short leg cast with a toe 
plate is applied over a bulky dressing. Weight bearing is 
delayed for 2 to 3 weeks, followed by weight bearing in 
a walking brace. Range-of-motion exercises are performed 
at 2 to 3 weeks, and the resumption of light jogging is 
allowed at 8 weeks. 


Anderson and McBryde reported their expérience with 
autogenous bone grafting for nonunions of the hallux sesa¬ 
moid in 21 patients. They reported successful bony union in 
ail but two patients, and most patients obtained pain relief 
and returned to their preinjury level of activity. These authors 
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advocated bone grafting as opposed to sesamoid excision in 
select patients. 


BONE GRAFTING OF SESAMOID 
NONUNION 


TECHNIQUE 88-21 


(ANDERSON AND MCBRYDE) 

■ Make a 5-cm longitudinal skin incision along the médial 
plantar aspect of the first ray centered in the metatarso- 
phalangeal joint. Identify the capsule and abductor hal- 
lucis tendon and subsequently divide them in line with 
the skin incision, entering the joint dorsal to the tibial 
hallucal sesamoid. 

■ Use retraction to expose the articular surface of each 
sesamoid. 

■ Excision is justified when severe cartilaginous destruction 
is présent. 

■ If the surface is intact, as is usually the case, proceed with 
bone grafting through an extraarticular approach. 

■ Through the same skin incision, dissect plantar to the 
abductor hallucis tendon for extraarticular exposure of 
the tibial sesamoid. Avoid injury to the plantar digital 
nerve. 

■After sharp periosteal élévation, identify the nonunion 
within the midportion of the sesamoid. Gross motion at 
the nonunion site may be seen. 

■ Avoiding disruption of the articular surface, curet fibrous 
and necrotic tissue with a small dental curet. 

■ Pack the defect with autogenous bone graft, harvested 
locally through a cortical window in the médial eminence 
of the first metatarsal head. As a resuit of the tendinous 
expansion that surrounds the sesamoid, the proximal and 
distal fragments remain in close apposition. 

■ Approximate the periosteal layers and close the wound 
with an absorbable suture. 

POSTOPERATIVE CARE. The patient is placed immedi- 
ately into a short leg plaster splint, rendering the entire 
hallux immobile. The patient remains non-weight bearing 
for 3 to 4 weeks, at which time a short leg walking cast 
is applied, again immobilizing the hallux. The cast is 
removed at 8 weeks. A soft médial longitudinal arch 
support is prescribed and used in conjunction with a 
firm-soled shoe. Active exercises are initiated, followed by 
gentle passive range of motion if symptoms permit. 


OSTEOCHONDRITIS OF THE SESAMOID 

Osteochondritis of the sesamoid is characterized by a 
deformed sesamoid with irregular areas of increased bone 
density modeling a fragmentation. This may be apparent on 
an axial radiograph or a CT scan of the sesamoid. Although 
the exact cause is unknown, trauma probably is the most 
frequent cause. As in ail sesamoid disorders, nonsurgical 
treatment consisting of a well under the sesamoid or a dancer s 
pad and full-length rigid carbon plate should be used before 
sesamoidectomy is recommended. 


OTHER CONDITIONS OF THE SESAMOID 

Other conditions associated with sesamoids include sesa- 
moiditis, which is a poorly understood and fairly vague 
diagnosis. Surgical treatment should be delayed until ail 
conservative measures hâve been exhausted. Arthritis, intrac- 
table plantar kératoses, and nerve impingement also may 
affect the sesamoid. 
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Other than fractures or dislocations, trauma produces at least 
three kinds of joint affections: (1) acute severe ligamentous 
injuries with joint disruptions, (2) ligamentous injuries of 
lesser magnitude from a single épisode or from répétitive 
“overuse” producing nondisruptive and microscopie abnor- 
malities of the joint, and (3) aggravation of preexisting joint 
abnormalities. Also, some conditions may hâve trauma as a 
cause, but the history of the condition may be nonspecific and 
symptoms of injury may hâve subsided (e.g., chondromalacia 
or osteochondritis dissecans of the ankle). Miscellaneous 
affections of joints probably not caused by trauma but pos- 
sibly aggravated by athletic, recreational, or occupational 
activities are discussed in Chapter 48. 

ACUTE LIGAMENTOUS INJURIES 

Sprains constitute 85% of ail ankle injuries, and 85% of those 
involve a latéral inversion mechanism. Ankle injuries account 
for 14% to 21% of ail sports-related injuries; approximately 
40% of basketball injuries and 25% of soccer injuries involve 
the ankle. Volleyball and football also hâve especially high 
risks of ankle ligament injury. Compared with men, women 
hâve a slightly higher overall incidence of ankle injuries in 
similar sports activities. Men, however, hâve a higher inci¬ 
dence of médial ankle and syndesmotic sprains. Greater 
mean height and weight, increased body mass index, and 
certain athletic activities (e.g., basketball, cheerleading, 
rugby) may be risk factors for ankle sprains as well. 

Ankle ligamentous injuries, as classified by O’Donoghue, 
occur as minor ligamentous “stretch” injuries (type I sprain), 
incomplète ligamentous tears (type II sprain), or complété 
disruption of the ligament or ligaments (type III sprain). 
Clanton and McGarvey suggested that a more practical clas¬ 
sification is based on the stability of the ankle as determined 


by stress testing and the functional level of the patient (Box 
89-1). Eversion and abduction of the foot may resuit in dis¬ 
ruption of the deltoid ligament; however, more commonly the 
inversion stress results in ligamentous disruption on the 
latéral side of the ankle. Diagnosis and treatment dépend on 
an understanding of the ligamentous and muscular structures 
around the ankle. 

ANATOMY 

Stabilizing the médial side of the ankle anteriorly and poste - 
riorly is the strong, fiat, triangular deltoid ligament consisting 
of five components. The deep portion of the deltoid ligament 
is probably the most important and provides the greatest 
restraint against latéral translation. The two components, the 
anterior and posterior deep tibiotalar ligaments, attach to 
the undersurface of the médial malleolus and the body of the 
talus (Fig. 89-1). Both deep components are intraarticular but 
extrasynovial. The posterior deep tibiotalar ligament is the 
strongest of the entire deltoid complex. The superficial portion 
of the deltoid ligament consists of the other three compo¬ 
nents: the tibionavicular component anteriorly, the tibiocal- 
caneal component in the middle, and the posterior tibiotalar 
component posteriorly. The superficial and deep components 
equally resist valgus tilting of the talus and are secondary 
restraints against anterior translation of the talus. 

Laterally, the three primary ligaments that stabilize the 
ankle vary in structure (Fig. 89-2). The anterior talofibular 
ligament is 2.0 to 2.5 mm thick, 15 to 20 mm long, and 6 to 
8 mm wide and is attached posteriorly to the anterior border 
of the latéral malleolus and anteriorly to the neck of the talus, 
where it blends with the antérolatéral joint capsule. It is the 
weakest and most often injured of the latéral ligaments. It 
primarily functions to resist anterior translation of the talus 
when the ankle is in a relatively neutral position. The 
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component 


FIGURE 


Anatomy of médial part of ankle to show superficial (A) and deep (B) deltoid ligament. 



Classification of Ankle Ligament Injury 
and Treatment Recommendations (Clanton 
and McGarvey) 


Type I —stable ankle to clinical testing (with anesthésia, if 
necessary); symptomatic treatment 
Type II —unstable ankle with positive anterior drawer test or 
positive talar tilt test or both 

Group 1 —nonathlete or older patient; functional 
treatment 

Group 2 —athlete or high-demand patient 

Type A —négative radiographie stress test; functional 
treatment 

Type B —positive tibiotalar radiographie stress test; 
surgical repair 

Type C —subtalar instability; functional treatment 

Modified from Clanton TO, McGarvey W: Athletic injuries to the soft tissues of 
the foot and ankle. In Coughlin MJ, Mann RA, Saltzman CJ, editors: Surgery of 
the foot and ankle, ed 8, Philadelphia, 2007, Elsevier. 


calcaneofibular ligament is 20 to 25 mm long, 6 to 8 mm 
thick, and 3 to 4 mm thick and is stronger than the anterior 
talofibular ligament. It is attached superiorly to the tip of the 
latéral malleolus, extends deep to the peroneal tendons, and 
inserts inferiorly on the latéral surface of the calcaneus (it is 
the only latéral ligament that is extracapsular). The posterior 
talofibular ligament is 30 mm long, 5 mm wide, and 5 to 
8 mm thick and is the strongest of the latéral ligaments. It is 
attached anteriorly to the digital fossa of the fibula and pos- 
teriorly to the latéral tubercle on the posterior aspect of the 
talus. The bifurcate ligament does not assist in maintaining 
stability of the ankle, but injury to this ligament often is mis- 
diagnosed because of its proximity to the latéral ankle liga¬ 
ments. The bifurcate ligament is attached to the anterior 
process of the calcaneus. Just distal to the origin, the ligament 
divides in a Y-shaped manner to insert on both the dorsome- 
dial aspect of the cuboid and the dorsolateral aspect of the 
navicular. 

The relationship of the distal tibiofibular syndesmosis is 
maintained by four ligaments (Fig. 89-3). The anterior infe- 
rior tibiofibular ligament attaches medially to the anterior 
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FIGURE 


Latéral ligaments of ankle. 


tibial tubercle, extends inferior and latéral, and inserts on the 
anterior fibula. Occasionally, a slip of this ligament (Baxter s 
ligament) inserts distally on the fibula and may cause impinge- 
ment symptoms at the antérolatéral aspect of the talus. The 
posteroinferior tibiofibular ligament is the strongest compo¬ 
nent (the interosseous membrane is not part of the distal 
tibiofibular syndesmosis) and runs in a similar direction as 
the anteroinferior tibiofibular ligament. The inferior trans- 
verse tibiofibular ligament is deep and inferior to the postero¬ 
inferior tibiofibular ligament. On its anterior surface, the 
inferior transverse tibiofibular ligament forms a labrum that 
articulâtes with the postérolatéral talus, effectively deepening 
the tibiotalar joint. The interosseous tibiofibular ligament 
attaches to the contiguous rough surfaces of the tibia and 
fibula and is continuous with the interosseous membrane 
proximally. With dorsiflexion of the ankle, the syndesmosis 
allows the fibula to translate, rotate, and proximally migrate. 
This ligamentous complex also allows the fibula to share 
approximately 16% of the axial load. 

DIAGNOSIS 

A careful physical examination is essential to avoid misdiag- 
nosis. The following structures must be palpated because they 
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FIGURE 


Ligamentous attachments of syndesmosis. A and B f Anterior view. C f Posterior view. 


may be associated with a complaint of ankle pain: the anterior 
tibiofibular, calcaneofibular, bifurcate, syndesmotic, and 
deltoid ligaments; the médial and latéral malleoli; the fifth 
metatarsal base and the insertion of the peroneus tertius onto 
the dorsal fifth metatarsal base; the anterior process of the 
calcaneus and latéral process of the talus; and the Achilles, 
peroneal, posterior tibial, flexor hallucis longus, and flexor 
digitorum longus tendons. Frey et al. found that physical 
examination was 100% accurate in the diagnosis of grade III 
ligament injuries but only 25% accurate in the diagnosis of 
grade II injuries compared with MRI findings. Clinicians 
most often underestimate the damage with a grade II liga¬ 
ment tear. Van Dijk et al. suggested that a more accurate 
diagnosis is possible if physical examination is performed 
5 days after injury rather than within 48 hours. 

Diagnosis by stressing the ankle for instability without 
general anesthésia is often difficult even with an appropriate 
régional block. Injection of local anesthetic into the peroneal 
sheath and latéral gutter of the ankle before provocative 
maneuvers of the ankle often improves the examination of 
the latéral ligaments by decreasing guarding and muscle 
spasm. Inversion-eversion and anteroposterior stress testing 
(anterior drawer sign) can be used to evaluate acute and 
chronic instability and to help détermine the extent of the 
injury, but stress tests must clearly show a significant différ¬ 
ence between the abnormal and normal ankles before they 
can be considered diagnostic. 

■ INVERSION AND EVERSION STRESS TESTS 

Complété rupture of the deltoid ligament, including the deep 
portion, is rare. When the deltoid ligament is completely 
disrupted with rupture of the tibiofibular syndesmosis or 
fracture of the latéral malleolus, the talus can shift laterally 
with eversion stress. External rotation stress radiographs 
allow the accurate diagnosis of deltoid incompétence in 
patients with supination-eversion (Lauge-Hansen) fibular 
fractures with a reduced mortise. Direct examination around 
the médial malleolus for tenderness, swelling, and ecchymo- 
sis are poor predictors of instability. Some shift of the talus 
laterally may occur when the syndesmosis alone has been 
ruptured. Eversion stress radiographs of normal ankles hâve 
been reported to reveal little talar shift or tilt. 

If the latéral ligaments are completely disrupted, the talus 
tilts with inversion stress (Fig. 89-4). Inversion stress is best 



FIGURE 


Positive inversion stress test. 


applied with the ankle plantarflexed. Tilting of the talus 15 
degrees may indicate rupture of the anterior talofibular liga¬ 
ment alone, tilting 15 to 30 degrees indicates rupture of the 
anterior talofibular and calcaneofibular ligaments, and tilting 
more than 30 degrees may indicate that ail three of the latéral 
ligaments were ruptured. However, there is no absolute end 
point to distinguish a positive talar tilt from a négative one. 
At our institution, we stress both ankles and believe that more 
than 10 degrees of talar tilt over that of the normal side indi¬ 
cates a significant latéral ligamentous injury. Stress radio¬ 
graphs do not need to be obtained routinely because most 
unstable ligamentous injuries are treated functionally with 
good results. “Functional” treatment usually refers to the use 
of RICE (rest, zce, compression, élévation) and a short 
semirigid brace. This is followed by early range-of-motion 
exercises and early weight bearing with an emphasis on neu- 
romuscular training. 

An os subfibulare (an ossicle adjacent to the fibula infe- 
riorly) may represent an avulsion fracture instead of a normal 
variant and may or may not be associated with laxity of the 
anterior talofibular ligament. Récurrent inversion sprains of 
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the ankle and continuons discomfort are indications for stress 
films to détermine any tibiotalar joint laxity and any move- 
ment of the os subfibulare. 

■ ANTEROPOSTERIOR STRESS TEST 
(ANTERIOR DRAWER SIGN) 

The anterior drawer sign (Fig. 89-5) indicates a tear of the 
anterior talofibular ligament. Clinically, it is helpful to place 


the tip of the thumb on the tip of the latéral malleolus while 
palpating the latéral talar process with the base of the thumb. 
The ankle is held in neutral or slight plantarflexion and is 
allowed to internally rotate. With gentle stress, one can assess 
the degree of anterior displacement of the talus relative to the 
tibia (Fig. 89-5C). A sulcus sign may be présent with disrup- 
tion of the anterior talofibular ligament (Fig. 89-5D). A rela- 
tively low-magnitude load is ail that is required when 



A f Démonstration of anterior drawer sign positioning for radiograph. B f Positive anterior drawer test. C f Clinical 
démonstration of anterior draw sign. D f Sulcus, or suction, sign (arrow) indicating disruption of the anterior talofibular ligament. 
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evaluating the integrity of the anterior talofibular ligament in 
an acute ligamentous ankle injury. More important than the 
number of millimeters of displacement is the clinical impres¬ 
sion that the talus is subluxating out of the mortise. 

Recently, subtalar sprains hâve garnered more attention. 
Although it is difficult to differentiate between a subtalar and 
ankle sprain, négative stress films in the presence of a clini- 
cally serious ankle injury should arouse suspicion of an 
underlying subtalar sprain. However, most subtalar ligamen¬ 
tous injuries occur in combination with injuries of the latéral 
ligament of the ankle. Sectioning of the interosseous talocal- 
caneal ligament along with the anterior talofibular ligament 
produces a significant change in subtalar motion compared 
with injury to the anterior talofibular ligament alone. To 
détermine the appropriate treatment in a symptomatic 
patient, subtalar stress radiographs (inversion stress Broden 
view) in addition to routine talar stress radiographs to quan- 
tify the relative contributions of each of these joints to inver¬ 
sion laxity may be useful. Several authors, however, hâve 
questioned the validity of these tests to diagnose subtalar 
instability. 

■ MAGNETIC RESONANCE IMAGING 

More powerful and three-dimensional MRI studies hâve 
allowed for greater accuracy in the diagnosis of ankle and 
hindfoot injuries. Axial MRI with a local gradient provides 
optimal views of the anterior and posterior talofibular liga¬ 
ments, the deep layers of the médial collateral ligament, and 
the tibionavicular ligament, whereas MRI coronal imaging 
allows a complété view of the calcaneofibular, posterior talo¬ 
fibular, tibiocalcaneal, and posterior tibiotalar ligaments. In 
both imaging planes, différentiation of the deep and superfi- 
cial layers of the médial collateral ligament, as well as between 
the syndesmotic complex and the latéral collateral ligaments, 
was possible. Nielson et al. found no corrélation between tib- 
iofibular clear space and overlap measurements in patients 
with syndesmotic injuries seen on MRI (Fig. 89-6). A médial 
clear space measurement of more than 4 mm correlated 
with disruption of the deltoid and tibiofibular ligaments 
(Fig. 89-7). 

MRI has been shown to be more spécifie than sensitive, 
especially as it relates to the calcaneofibular ligament. Note 
that bone bruises occur in a significant number of ankle 
sprains and that multiple bone bruises occur more frequently 
in patients with multiple ligaments injured. Although bone 
bruise-like lésions may be seen at an average of 8.4 weeks, 
they often are présent more than 1 year affer injury. MRI has 
been shown to be effective by several authors in identifying 
and differentiating latéral ankle ligament injuries; however, 
many believe that the costs outweigh the benefits. If a pero- 
neal pathologie process is suspected, MRI may be bénéficiai, 
but it should not be used routinely to diagnose latéral liga¬ 
ment injury. 

TREATMENT 

Most type I and type II sprains or ligamentous injuries can 
be treated by functional bracing and early réhabilitation. This 
treatment allows stretched and attenuated ligaments to be 
in reasonable anatomie alignment and length during the 
healing process. Although immobilization quickly relieves 
pain and may be bénéficiai in reducing the swelling, early 
mobilization for these injuries produces results that are 



FIGURE 


MRI of patient with syndesmosis injury; note 


tear of the anterior tibiofibular ligament (arrow). 



A = Latéral border of posterior tibial malleolus 
B = Médial border of fibula 
C = Latéral border of anterior tibial prominence 
D = Latéral border of fibula 
E = Médial border of talus 
F = Latéral border of médial malleolus 
AB = Tibiofibular clear space 
BC = Tibiofibular overlap 
EF = Médial clear space 


FIGURE 


Radiographie relationships important in evalu¬ 


ating tibiofibular articulation. Line EF represents médial clear 
space; line AB represents tibiofibular clear space. 
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superior to immobilization. Proprioceptive training after 
usual care appears bénéficiai as well. Regardless, most sprains 
do not need surgical repair. Most patients with complété 
grade III tears obtain good results regardless of the type of 
treatment. For those patients with complété tears of the latéral 
ligaments, functional treatment should be initiated consisting 
of a short period of protection with taping or bracing that 
allows early weight bearing, followed by functional range-of- 
motion exercises and neuromuscular training of the ankle. 
High-demand athlètes will benefit from a sport-spécifie réha¬ 
bilitation program developed with the collaboration of the 
physician, trainer, therapist, and coaches. Advantages of this 
method include a quick recovery of functional range of 
motion and early return to work and physical activity. Late 
mechanical stability of the ankle is not compromised any 
more than with other treatment methods, and late symptoms 
(giving way, pain, swelling, stiffness, and muscular weakness) 
occurred no more frequently than after surgery or cast immo¬ 
bilization. Secondary operative reconstruction or delayed 
repair of the ruptured ligaments can be done years after the 
injury if necessary, and the results are as good as after primary 
repair. Even compétitive athlètes can be treated functionally, 
although 10% to 20% require later secondary repair. Func¬ 
tional treatment avoids the additional trauma to the tissues 
and complications inhérent in surgical treatment. Indications 
for possible surgical treatment are large bony avulsions; 
severe ligamentous damage on the médial and the latéral 
sides of the ankle, indicating a major joint injury; and severe 
récurrent injuries. 

The goal of treatment is to prevent chronic instability of 
the ankle. A 1-mm latéral shiff of the talus in the mortise has 
been shown to produce a 42% réduction in the area of contact 
between the tibia and the talus. Because stress per unit area 
increases as the total contact area decreases, displacement 
may contribute to a poor resuit and give support to the con¬ 
tention that joint instability leads to traumatic arthritis. Ankle 
instability may resuit from fracture or ligamentous injury or 
a combination of both, and what may appear at the ankle to 
be a pure ligamentous injury with talar shiff may include a 
fracture of the proximal fibula (e.g., Maisonneuve fracture). 

■ REPAIR OF ACUTE RUPTURE OF THE 
DELTOID LIGAMENT 

In young and middle-aged patients, acute ruptures of the 
deltoid ligament, shown by abnormal tilt or shiff of the talus 
in the ankle mortise and a palpable defect in the ligament, 
usually should be repaired. Usually, the latéral malleolus is 
fractured or the distal tibiofibular joint is disrupted (Fig. 
89-8). Crim et al., in a review of patients with chronic latéral 
ankle instability, found that 72% had an injury of the deltoid 
ligament as seen on MRI; 43% of ail patients had injuries to 
both the deep and superficial components. Isolated partial 
ruptures of the deltoid ligament hâve been reported, but iso¬ 
lated complété ruptures are rare. Varus and valgus stress 
testing may show some widening of the clear space of the 
médial malleolus and some tilting of the talus in deltoid liga¬ 
ment rupture without fracture, and comparison MRI can 
détermine the extent and location of the deltoid tear. For 
isolated complété disruption, immobilization in a below- 
knee, non-weight-bearing plaster cast for 4 to 6 weeks, fol¬ 
lowed by use of a molded shoe orthosis for 4 to 6 months has 
been recommended. Surgical exploration for patients with 



A, Acute tear of deltoid ligament with oblique 
fracture of fibula and latéral shift of talus in ankle mortise. 
B, After repair of deltoid ligament. 


evidence of severe irreducible displacement at the time of 
injury may be necessary. This condition should not be con- 
fused with isolated rupture of the posterior tibial tendon, 
which probably is more common and also causes médial 
ankle pain in pronation. 

Satisfactory functional results hâve been reported after 
surgical treatment in patients with complété disruption or 
incompetency of the deltoid ligament, without deltoid repair 
as part of the initial operation as long as surgical réduction 
of the médial joint space and latéral malleolus was accurate 
and maintained until bone repair was complété. Hsu et al. 
reviewed 14 cases of direct repair of the deltoid ligament in 
professional American football athlètes after ankle fracture 
fixation. Each patient underwent a dynamic arthroscopic 
examination with removal of loose bodies and debridement 
of osteochondral lésions as indicated followed by fixation of 
the latéral malleolar fracture. The deltoid ligament was then 
repaired directly by approximating the tibionavicular and 
tibial spring portion of the deltoid to its native attachment on 
the médial malleolus. Each patient followed a standard post- 
operative réhabilitation protocol. Good results were noted in 
these high performance athlètes after this treatment regimen. 
Note that the posterior tibial tendon or the proximal end of 
the avulsed deltoid ligament may be caught between the 
médial malleolus and the talus with attempted réduction of 
the laterally displaced talus (see Figure 89-8). The technique 
of repair of acute rupture of the deltoid ligament is described 
in Chapter 54. 

■ REPAIR OF ACUTE RUPTURE OF 
THE LIGAMENTS OF THE DISTAL 
TIBIOFIBULAR JOINT 

When the ligaments binding the distal tibia to the fibula are 
ruptured, the médial malleolus usually is fractured or the 
fibula is fractured proximal to the latéral malleolus or both 
injuries may occur. Occasionally, however, the associated 
injury is rupture of the deltoid ligament. Syndesmotic sprains 
reportedly account for approximately 1% of ail ankle injuries 
and 18% of ail ankle sprains; however, because diastasis is rare 
in isolated injuries, this may be underreported. Male sex and 
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Tear of deltoid ligament associated with fibular 
fracture. A f Anteroposterior view shows small fragment off 
médial malleolus and shift of talus within ankle mortise. 
B f Oblique view shows widening of joint space on médial side 
of ankle. C and D f Open réduction and internai fixation of frac¬ 
ture of latéral malleolus, with réduction of talus into ankle 
mortise; deltoid ligament was not repaired. 


higher level of compétition are risks factors for syndesmotic 
ankle sprain during athletics. Diastasis after an isolated syn¬ 
desmotic injury is rare, and rupture of the ligaments of the 
distal tibiofibular joint usually can be treated by closed 
methods. However, if widening of the ankle mortise remains 
after manipulation, surgery is necessary (Fig. 89-9). In surgi- 
cally treated syndesmosis injuries, malreduction results in 
poor functional outcomes. Open réduction of the syndesmo¬ 
sis results in a significantly lower incidence of malreduction 
compared with closed réduction with percutaneous fixation 
(Fig. 89-10). In patients treated operatively and with accept¬ 
able risks for a larger incision, we advocate open treatment of 
the syndesmosis. 

Several authors hâve described the sequelae of syndesmo¬ 
sis ankle sprains in military cadets and professional and 
college football players. They concluded that this is a more 
serious injury with a longer recovery time than a third-degree 
latéral ankle sprain. Accurate diagnosis of a syndesmosis 
sprain can be made by a positive squeeze test (Fig. 89-11), but 
this should be done only after other injuries to the leg are 
ruled out by examination and radiographs. According to the 
study by Teitz and Harrington, compression (squeezing) of 
the calf caused séparation of the distal fibula and tibia. Exter- 
nal rotation stress testing (Fig. 89-12) also is helpful in making 
the diagnosis. At follow-up, many patients in these sériés 
had developed ossification of the syndesmosis (Fig. 89-13); 



JjJ Disruption of the syndesmotic ligaments is 
directly visualized. 



Squeeze test is performed by compressing 
fibula to tibia above midpoint of calf. Test is considered positive 
if proximal compression produces distal pain in interosseous liga¬ 
ments or supporting structures. 


however, in the absence of frank synostosis, functional ankle 
results were excellent or good. Chronic ankle instability did 
not seem to resuit from the syndesmosis sprains, but récur¬ 
rent sprains were common if hétérotopie ossification occurred. 
In some patients syndesmosis ossification may be symptom- 
atic, thus requiring surgical excision. Yasui et al. reported 
good results with anatomie reconstruction of the antero- 
inferior tibiofibular ligament using an autologous gracilis 
tendon in six patients with chronic disruption of the syndes¬ 
mosis after a pronation and external rotation type IV injury. 
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External rotation testing is performed by apply- 
ing external rotation stress to involved foot and ankle while knee 
is held in 90 degrees of flexion and ankle is in neutral position. 
Positive test produces pain over anterior or posterior tibiofibular 
ligaments and over interosseous membrane. 



FIGURE 


Fixation of syndesmosis with suture button. 



Syndesmosis disruption with deltoid 


incompétence. 


Surgical fusion of the syndesmosis may be required in patients 
with chronic instability. 

Most authors hâve advocated the use of métal screws for 
the stabilization of syndesmotic injuries with persistent dias- 
tasis. The outcomes with titanium or stainless Steel screws, as 
well as with tricortical or quadricortical fixation, hâve not 
been shown to be significantly different. Although 4.5-mm 
screws hâve not demonstrated improved biomechanical 
properties when placed in a tricortical fashion, they hâve 
demonstrated improved résistance to shear stress on the 
distal tibiofibular joint when placed across four cortices. Idéal 
placement of the fixation device has not been established. We 
advocate placement of the screw 2 to 3 cm proximal and 
parallel to the distal tibial articular surface, angled 20 to 30 
degrees anteromedially and starting on the postérolatéral 
aspect of the fibula. Recently there has been increased interest 
in and reports of suture button repair of the syndesmosis 
(Fig. 89-14). The most common device (Arthrex Tightrope, 
Arthrex, Naples, FL) uses two endobuttons placed on the 
médial aspect of the distal tibia and the latéral aspect of the 
distal fibula at the level of the syndesmosis. The endobuttons 
are used to secure a No. 5 braided ultra-high-molecular- 
weight polyethylene and polyester suture across the syndes¬ 
mosis. In theory, this provides secure, but not rigid, fixation 
of the syndesmosis. Several studies hâve demonstrated good 
results at mid-range follow-up (average 19 months). In 2010, 
Bava et al., in a survey of orthopaedic trauma and foot 
and ankle surgeons, found that 14% routinely use suture 
button fixation for syndesmotic injuries. Hardware removal 
is common for both screw and suture button techniques. A 
recent review found that approximately 50% of screws and 
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10% of suture buttons were removed. When screw removal is 
planned, it most often is done before weight bearing, 3 to 4 
months after the initial procedure. Screw breakage, button 
subsidence, and early or late loss of réduction hâve been 
reported as some of the most common complications after 
surgical repair of the syndesmosis. We do not recommend 
suture button fixation when a fibular fracture is not rigidly 
fixed (e.g., Maisonneuve fractures). Suture fixation allows for 
a small amount of motion and may resuit in the fibula healing 
slightly shortened. In athletic patients and those with chronic 
syndesmotic injuries who wish to hâve their implant removed, 
we use both a métal screw and a suture button. This allows 
rigid fixation of the syndesmosis for 10 to 12 weeks, early 
weight bearing (after screw removal), and a checkrein against 
late loss of réduction when the screw is removed. 


REPAIR OF ACUTE RUPTURE 
OF LIGAMENTS OF DISTAL 
TIBIOFIBULAR JOINT 


TECHNIQUE 89-1 


■ Make an incision 5 cm long parallel to the anterior border 
of the distal fibula and expose the distal tibiofibular joint. 

■ Press the fibula into the groove in the tibia (incisura 
fibularis) to shift the fibula and the talus medially into 
normal position. Suturing or reattaching the ligaments is 
unnecessary. 

■ Once reduced, maintain the syndesmosis in position with 
a large clamp and ensure that the fibula does not sublux 
or rotate. Use intraoperative fluoroscopy to further assess 
fibular position and réduction of the syndesmosis and 
ankle mortise. 

■ Under fluoroscopie visualization, drill an appropriate-sized 
tunnel for placement of either a screw or a suture button. 
This can be placed through a vacant hole of a fibular plate 
or directly against the fibula. Direct the drill in a 25% 
anteromedial direction beginning on the posterior aspect 
of the fibula. Drill 2 cm proximal and parallel to the tibial 
plafond. In athletic patients and those with chronic inju¬ 
ries in whom the screw is to be removed, use of a métal 
screw and a suture button provides rigid fixation for 10 
to 12 weeks and protects against late loss of réduction. 

■ If the screw is to be removed, placement across four 
cortices may facilitate retrieval should the screw break 
(Fig. 89-15). 

■ Check the position of the implant and the réduction of 
the talus by radiographs in the operating room to ensure 
that the talus has been replaced precisely against 
the médial malleolus; if not, it is likely that some soft 
structure, such as a tendon or the deltoid ligament, is 
obstructing réduction (Fig. 89-16) (see discussion of irre- 
ducible fracture or fracture-dislocation of the ankle in 
Chapter 88). 

■ For an associated proximal fibular fracture, apply a small, 
lightweight, semitubular plate to fix the fracture. One of 
the screws for the plate on a more distal fracture can be 
used to transfix the distal tibiofibular joint. This AO tech¬ 
nique is described in Chapter 53. 



In active young individual who wishes to hâve 
syndesmosis screw removed, we often add suture button fixation 
to allow earlier removal of métal screw without risk of loss of 
réduction. Placement of syndesmotic screw across four cortices to 
allow retrieval from médial aspect of ankle in case of screw break¬ 
age. SEE TECHNIQUE 89-1. 



Médial 




Proximal 


Distal 


Médial malleolus 


Deltoid ligament 
interposed 




Latéral 


Deltoid ligament preventing réduction of ankle 
fracture-dislocation. SEE TECHNIQUE 89-1. 


POSTOPERATIVE CARE. A splint is applied from the 
base of the toes to the tibial tuberosity. At 2 weeks, 
the splint is removed, and a cast is applied and worn 
for an additional 4 weeks. At 6 weeks, a walking 
boot is placed and the patient is instructed on active, 
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9 non-weight-bearing range-of-motion exercises. Weight 
bearing in the boot is begun at 10 to 12 weeks. At this 
time, the screw across the joint can be removed; because 
its head is just beneath the skin, its removal is usually 
fairly easy. Weight bearing should be limited until/if hard¬ 
ware is removed because it may become loose or break 
within the tibiofibular joint. 


■ REPAIR OF ACUTE RUPTURE OF THE 
LATERAL LIGAMENTS 

The anterior talofibular ligament is the most important stabi- 
lizing ligament of the ankle; however, isolated rupture of the 
anterior talofibular ligament can be treated by immobiliza- 
tion. Although 10% to 20% of athlètes may hâve chronic 
symptoms related to an ankle sprain, the cause of functional 
instability of the ankle after injury of the ligaments is 
unknown. Even after healing of a rupture of the anterior 
talofibular ligament, some patients still hâve latéral pain and 
swelling even though they can return to full activity. It has 
been postulated that the presence of a localized synovitis, 
painful scar in the ligament, weakness of the peroneal mus¬ 
culature, or even a proprioceptive déficit involving the nerves 
of the ankle joint may be the cause of residual symptoms. 
Articular cartilage lésions also may cause pain after healing 
or stabilization of the joint. Intraarticular chondral lésions 
larger than one half the thickness of the articular cartilage 
and more than 5 mm in diameter are associated with 
postoperative pain, indicating that ligament reconstruction 
alone may not relieve pain if large intraarticular lésions are 
présent and that the two problems (ligamentous insufficiency 
and intraarticular lésion) must be evaluated and treated 
separately. 

When at least two of the latéral ligaments, the anterior 
talofibular and the calcaneofibular, are torn, support exists 
for surgical repair. Several authors hâve reported better 
results with surgical repair of ruptured latéral ligaments, 
especially in young athletic patients. One study of 388 
patients randomized to functional treatment (taping or 
elastic bandaging, followed by functional réhabilitation) or 
operative treatment found that the risk of giving way, récur¬ 
rent sprains, and residual pain was reduced in the surgically 
treated group. Tfiere was no différence in swelling, subjective 
outcome, or return to sports. Despite the better results, the 
authors did not recommend routine primary repair of the 
latéral ankle ligaments, partly because of the higher costs 
involved and the risk of complications associated with 
surgery. In other sériés of patients, not necessarily athlètes, 
operative repair resulted in a higher incidence of early com¬ 
plications that slightly delayed the patients’ return to work, 
and there was no evidence that operative repair offered 
improved symptomatic or functional benefit. A compréhen¬ 
sive literature évaluation and meta-analysis concluded that 
conservative treatment of acute latéral ligament tears results 
in outcomes similar to those with surgical treatment. The 
excellent results found after delayed repairs or reconstruction 
of the latéral ligaments perhaps allow for a more conservative 
approach to acute injuries. Conservative treatment should 
consist of functional therapy. Rest, ice, compression, and 
élévation (RICE) should begin immediately after injury. In 


most instances, a functional brace should be placed and 
physical réhabilitation begun as soon as weight bearing is 
tolerated. Athlètes with a type II injury should consider the 
indefinite use of a functional brace because they are at 
increased risk of récurrent sprains. 


REPAIR OF ACUTE RUPTURE OF 
LATERAL LIGAMENTS 


TECHNIQUE 89-2 


(STAPLES, BLACK; BROSTRÔM) 

■ To avoid venous stasis and necrosis of skin edges and 
nerve disruption, begin a curved incision 5 cm proximal 
to the distal tip of the fibula and 1.5 cm anterior to its 
margin and curve it distally and posteriorly to end distal 
to the fibula half the distance from the tip of the fibula 
to the tip of the heel. 

■ Identify and preserve the branches of the superficial pero¬ 
neal nerve anteriorly and the sural nerve distally and 
preserve as many superficial veins as possible. 

■ Section the aponeurotic tissue overlying the tibiofibular 
joint and the ankle joint capsule and expose tears in these 
areas by blunt dissection. Incise the peroneal sheath and 
retract the peroneal tendons to expose the calcaneofibu¬ 
lar ligament and the anterior portion of the posterior 
talofibular ligament. 

■ Stress the latéral ligaments for stability at the ankle and 
subtalar joints by forcibly inverting the foot while they are 
exposed. 

■ With appropriate nonabsorbable suture material, approxi- 
mate the torn ends of the ligaments, or when ligaments 
are avulsed from the bone, suture the ends of the liga¬ 
ments to adjacent aponeurotic tissue or through small 
holes drilled into the bone. 

■ When the talocalcaneal ligament is torn and there 
is subtalar instability, stabilize the subtalar joint by 
suturing the calcaneofibular ligament only and, if 
necessary, reinforce it with a flap of adjacent aponeurotic 
tissue. 

■ Repair the joint capsule and peroneal sheath, close the 
wound, and apply a plaster posterior splint with a 
U-shaped stirrup with the ankle in a neutral position in 
the sagittal plane and mildly everted. 

POSTOPERATIVE CARE. Sitting is allowed with the leg 
dépendent for 30 to 60 seconds each half hour, and 
when dependency is tolerated well, crutch walking is 
instituted. The initial splint should be changed to a cast 
after 2 weeks, and the sutures should be removed. After 
2 more weeks, weight bearing in a walking boot with 
crutches is allowed. At 6 weeks, the patient should be 
fully weight bearing with no crutches and range-of- 
motion exercises and manual résistive exercises to gain 
eversion strength are begun. Inversion past neutral is 
not allowed until 8 weeks after surgery. Dorsiflexion 
and plantarflexion exercises are prescribed as soon as 
practical. 
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CHRONIC INSTABILITY AFTER INJURY 

Chronic instability of the ankle from an earlier rupture of a 
ligament should first be treated conservatively if it is symp- 
tomatic. Symptoms in women often may be decreased by 
broadening and lowering the heel of the shoe and in men by 
applying a latéral wedge to the shoe heel. A laced leather or 
polychloroprene (Neoprene) ankle corset or a stirrup brace 
may help, especially for walking on irregular surfaces or 
engaging in strenuous activity. In sports activities, high-top 
athletic shoes or taping of the ankle for chronic instability 
may be bénéficiai, although taping may provide only limited 
protection. A semirigid orthosis has been found to be more 
effective than taping in providing initial ankle protection and 
in guarding against reinjury and has a higher satisfaction rate 
among athlètes. 

For severe disability and instability, a muscle- 
strengthening program should be tried for several months, 
and some patients may improve enough to make a recon¬ 
structive operation unnecessary. When disabling pain and 
instability persist, however, reconstruction of the latéral liga¬ 
ments should be considered. With mechanical instability, 
stress radiographs should show 8 to 10 degrees of increased 
tilt of the talus in the ankle mortise compared with the normal 
ankle. When this is not the case, other causes for the disabil¬ 
ity, such as a stress fracture, should be sought (Fig. 89-17). 
Functional instability may occur as well and is defined as 
the subjective feeling of ankle instability or récurrent ankle 
sprain caused by neuromuscular or proprioceptive déficits. 
Dixon et al. described an excrescent lésion, a symptomatic 
antérolatéral exostosis at the insertion of the anterior talo- 
fibular ligament, found by a CT scan in patients with chronic 
ankle pain affer an inversion injury. Physical examination 
and oblique radiographs were suggestive in most cases. Surgi- 
cal excision and, in some cases, repair of the anterior talofibu- 
lar ligament (Brostrôm procedure) usually were required. 
Arthroscopic examination at the time of ligament reconstruc¬ 
tion has been recommended to détermine if symptoms are 
caused by a chondral lésion that requires treatment in addi¬ 
tion to the ligament reconstruction. Others hâve suggested, 
however, that arthroscopic examination of the ankle joint is 
unnecessary in the absence of any defined intraarticular 
pathologie process clinically and affer imaging, and extrava¬ 
sation of fluid into the latéral soft tissues makes defining 
tissue planes more difficult at surgery. 

■ LATERAL REPAIR OF CHRONIC INSTABILITY 

Satisfactory results hâve been obtained from the Watson- 
Jones, Evans, and Elmslie operations (Fig. 89-18). These pro¬ 
cedures use the peroneus brevis tendon to reconstruct the 
anterior talofibular and the calcaneofibular ligaments. The 
Watson-Jones technique may présent two technical difficul- 
ties: the tunnel in the neck of the talus may be difficult to drill, 
and the peroneus brevis tendon may be too short. The Evans 
technique was designed to overcome these difficulties, but it 
reconstructs only the calcaneofibular ligament, whereas the 
Watson-Jones technique attempts reconstruction of the cal¬ 
caneofibular and the anterior talofibular ligaments. Chrisman 
and Snook showed experimentally that subtalar instability 
still may be présent affer the Watson-Jones procedure. They 
postulated that with this reconstruction the line of pull of the 
peroneus brevis to the base of the fiffh metatarsal is at a right 



A and B f Plain films of fibula in patient with 
chronic, récurrent pain over distal third of leg and ankle and long 
history of chronic ankle sprains. C and D, Bone scans reveal 
increased uptake in middle third of fibula, indicating stress 
fracture. 


angle to the fibers of the original calcaneofibular ligament. 
For this reason, they modified the Elmslie procedure to 
enhance latéral ankle and subtalar stability (Fig. 89-19). 

Excellent and good results hâve been reported in 80% to 
93% of patients affer the Watson-Jones procedure. Fair and 
poor results generally were attributed to preexisting arthritis 
in the ankle or subtalar joint, because the ankles were stable 
affer surgery. The Evans procedure has been reported to 
obtain excellent or good results in 80% to 95% of patients; 
however, in one sériés of 42 patients, only 50% had satisfac¬ 
tory long-term results. A comparison of the Watson-Jones 
and Evans procedures determined that long-term clinical 
results were similar but that the Evans technique controlled 
talar tilt better and the Watson-Jones procedure was more 
effective in reducing anteroposterior instability. 

Several modifications of the Evans and Watson-Jones 
procedures hâve been described. Larsen reported 73 patients 
treated with transfer of the distal part of the peroneus brevis 
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FIGURE 


Elmslie procedure. A f Placement of drill holes. B f Passing and suturing strip of fascia. 



A, Stress radiograph showing latéral tilt of talus 
caused by chronic latéral instability of ankle joint. B f Two years 
after Chrisman-Snook procedure. 


tendon (Fig. 89-20). The tendon was pulled through two 
canals in the latéral malleolus and fixed in a hole in the cal- 
caneus. The direction of the tendon in relationship to the 
calcaneus and talus varied depending on the type of instabil¬ 
ity. Results were satisfactory in ail but two patients. 
Kaikkonen et al. and Rosenbaum et al. stated that although 
surgical treatment of chronic ankle instability using the mod- 
ified Evans procedure restored the mechanical stability of the 
joint, too frequently the function of the ankle did not return 
to the preinjury level. Persistent clinical problems and func- 
tional changes indicated that the disturbed ankle joint kine- 
matics permanently altered foot function and may hâve 
contributed to the development of arthrosis. They recom- 
mended that the Evans procedure be used only if anatomie 
reconstruction of the latéral ankle ligaments is not feasible. 

Sammarco et al. described a split peroneus brevis tendon 
graff routed through osseous tunnels in the talus, fibula, and 
calcaneus and sutured to the reconstructed anterior talofibu- 
lar and calcaneofibular ligaments (Fig. 89-21). The tunnel 
locations, transfer routes, and tendon reinforcements were 
modifications based on the Elmslie procedure. They reported 
94 excellent results and 31 good results and recommended 
this procedure for individuals with high-demand ankles, 
long-standing ankle instability with or without subtalar insta¬ 
bility, or failed primary reconstruction. 

In 1969, Snook, Chrisman, and Wilson described a modi¬ 
fication of the Elmslie procedure in which the anterior 


iu 



JJ Larsen technique of transfer of peroneus brevis 
tendon for chronic latéral ankle instability. A and B f Direction of 
canals bored in latéral malleolus (see text). 


talofibular and calcaneofibular ligaments were reconstructed 
using half of the peroneus brevis tendon. Their long-term 
results reported in 1985 indicated that 45 of 48 ankles had 
excellent or good results. The three fair and poor results were 
caused by persistent latéral instability. They modified the pro¬ 
cedure by (1) drilling a tunnel in the calcaneus that is stronger 
and easier to make than the original “trapdoor” tunnel; 
(2) suturing the end of the graff in front of the latéral 
malleolus, rather than at the base of the fiffh metatarsal, pro- 
viding a stronger repair; and (3) putting the foot and ankle 
in mild rather than forced eversion while the graff is sutured 
in place. According to these investigators, these minor 
changes in technique did not make any différence in the 
results compared with those obtained in their original study. 
A cadaver study comparing the Evans, Watson-Jones, and 
Chrisman-Snook procedures found that, with inversion- 
eversion loading, ail three reconstructions increased ankle 
stability over the anterior talofibular and calcaneofibular liga¬ 
ment eut State. Only the Chrisman-Snook reconstruction 
resulted in a significantly more stable ankle joint complex 
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Latéral 

malleolus 

Talus 


Calcaneus 



Latéral 

malleolus 


Talus 


Calcaneus 


Sammarco and DiRaimondo modification of Elmslie technique. Al and A2 f Two incisions are used. B1 f Split peroneus 
brevis tendon taken proximally from musculotendinous junction is pulled beneath skin into distal incision. B2 f Arrow indicates harvested 
peroneus brevis with distal insertion maintained. C f Placement of holes drilled in talar neck, latéral malleolus, and calcaneus; these are 
connected beneath 1.0- to 1.5-cm bony bridges. D, Tendon graft is passed through bony tunnels and sutured to itself to reinforce both 
ligaments. 


than the ankles with eut anterior talofibular ligaments; 
however, it resulted in ankles with significantly less motion 
than intact ankles. 

Reconstruction of chronically lax latéral ligaments by 
shortening procedures has been described. The primary 
advantages of these procedures are that they attack the basic 
defect and morbidity is less because part or ail of a tendon is 
not sacrificed. A simple reconstructive procedure similar to 
that described by Brostrôm in which the distal part of the 
latéral malleolus was released subperiosteally was reported to 
obtain excellent or good results in most patients. The released 
flap, including insertion of the anterior talofibular and 


calcaneofibular ligaments, was reattached to the malleolus 
more proximally (Fig. 89-22). 

Karlsson et al. transected the latéral ligaments and imbri- 
cated the talofibular ligament. Many patients also had tran- 
section and imbrication of the calcaneofibular ligament. 
Excellent or good results were obtained in 80% of patients 
who had improved mechanical stability évident on radio - 
graphs. Most of the unsatisfactory results occurred in patients 
with generalized joint hypermobility or long-standing liga- 
mentous laxity or both. Unsatisfactory results also were fre¬ 
quent in patients with prior ankle surgery. Better functional 
results were obtained with reconstruction of both ligaments 
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Reconstruction for latéral ligament injuries of the ankle, as described by Ahlgren and Larsson. A f Skin incision. 
B, Channels for sutures are made in decorticated distal fibula. C f Flap consisting of periosteum, ligament, and retinaculum is sutured 
to periosteum. 


than with reconstruction of the anterior talofibular ligament 
alone. Karlsson et al. recommended combined reconstruc¬ 
tion if there is any doubt regarding the involvement of both 
ligaments. 

Several authors hâve reported good results with the 
Gould modification of the Brostrôm procedure. This modifi¬ 
cation includes mobilization and reattachment of the latéral 
portion of the extensor retinaculum to the tip of the fibula 
affer direct capsular reefing or repair of the anterior talofibu¬ 
lar and calcaneofibular ligaments as originally described by 
Brostrôm. This procedure usually is recommended for any 
patient who needs a stable ankle with a full range of plantar- 
flexion and dorsiflexion and normal peroneal function. 

Karlsson et al. compared their procedure with the modi- 
fied Brostrôm approach and found that most patients with 
chronic ankle instability were successfully treated with ana¬ 
tomie reconstruction of the latéral ankle ligaments by either 
procedure, although the surgical exposure was greater, length 
of operation longer, and complications more frequent with 
the modified Brostrôm technique. 

Eyring and Guthrie described augmentation of the col¬ 
lateral ligament System by passing the anterior portion of the 
peroneus brevis tendon forward to the fibula and securing it 
to the talocalcaneal interosseous ligament (Fig. 89-23). Of 
107 ankles treated with this procedure, 97 (91%) obtained 
clinic stability. Eyring and Guthrie recommended this proce¬ 
dure for patients of ail âges and cited as advantages technical 
simplicity, préservation of potentially useful tendons, and 
avoidance of postoperative stiffness. 

Liu and Baker used cadaver specimens to test stability 
affer the Chrisman-Snook, Watson-Jones, and modified 
Brostrôm procedures. They found that ail three procedures 
reduced anterior drawer and talar tilt. The modified Brostrôm 
procedure produced the least amount of anterior talar dis¬ 
placement and talar tilt angle and the greatest mechanical 
strength. No significant différences were noted between 
the Watson-Jones and Chrisman-Snook procedures. First 
described by Mukherjee and Gangopadhyay in 1983, transfer 
of the extensor digitorum brevis has been used to strengthen 
the latéral ligament and to add proprioceptive protection to 
the ankle. 

Historically, we hâve had satisfactory results with the 
Watson-Jones procedure; however, when subtalar instability 
and ankle instability can be shown and the patient is engaged 



Augmentation of collateral ligaments with 
peroneus brevis as described by Eyring and Guthrie. 


in strenuous activities, the modified Elmslie procedure 
(Chrisman-Snook) may be considered. We hâve obtained 
good results using the modified Brostrôm procedure in 
patients with moderate or severe instability (Fig. 89-24). The 
modified Brostrôm technique is our treatment of choice and 
produces good results and fewer complications. We reserve 
tendon augmentation for patients with hypermobility, long- 
standing ligamentous insufhciency, high body mass index 
(usually > 240 lb), or as a salvage procedure in patients with 
a failed modified Brôstrom procedure. Tendon augmentation 
usually is accomplished using a third to half of the peroneus 
brevis left attached to the base of the fiffh metatarsal and 
placed through a bone tunnel in the distal fibula. 


LATERAL REPAIR OF CHRONIC 
INSTABILITY (WATSON-JONES, 
MODIFIED) 


TECHNIQUE 89-3 


■ Make a latéral incision over the ankle beginning proxi- 
mally at the junction of the middle and distal thirds of 
the fibular shaft, continue it distally along the anterior 
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FIGURE 89-2 


A and B f Stress views of right and left ankles 
with chronic, récurrent sprains. C and D f Stress views after 
Brostrôm procedure on right ankle and modified Watson-Jones 
procedure on left ankle. (Note fibular drill hole for Watson-Jones 
procedure.) 



Reconstruction of latéral ligaments of ankle 
(see text). A, Modified Watson-Jones technique. B, Evans tech¬ 
nique. SEE TECHNIQUES 89-3 AND 89-4. 


border of the shaft, curve it gently anteriorly, and end it 
5 cm anterior to the tip of the latéral malleolus. 

■Open the peroneal sheath as far proximally as possible, 
sharply separate the peroneus brevis tendon from the 
muscle, and dissect proximally an extension of the muscle 
fascia with the tendon to make the transfer long enough. 

■ Suture the severed end of the muscle to the adjacent 
peroneus longus tendon. 

■ Free the peroneus brevis tendon as far distally as the 
latéral malleolus, but do not disturb the peroneal 
retinaculum. 

■ Drill two tunnels through the bone as follows, making 
them large enough to receive the tendon. Drill the first 
tunnel in an oblique anteroposterior direction through 
the latéral malleolus about 2.5 cm proximal to its tip 
(Fig. 89-25A). Drill the second in the longitudinal axis of 
the leg through the latéral part of the neck of the talus 
just anterior to the talofibular joint; here it is easier to drill 
a hole in the superolateral margin of the neck and another 
in the inferolateral margin so that they join to form the 
tunnel. 

■ Guide the peroneus brevis tendon through the first tunnel 
from posterior to anterior and through the second from 
inferior to superior; finally, unroll the remainder of the 
tendon to make it fiat and carry it posteroinferiorly across 
the latéral surface of the malleolus after making an 
oblique incision through the periosteum at this level. 


■ Suture the tendon to itself and to the periosteum on the 
posterior aspect of the malleolus. 

■ Suture the periosteum to the tendon on the latéral side 
of the malleolus. 

POSTOPERATIVE CARE. A cast or splint is applied from 
the base of the toes to the tibial tuberosity and is worn 
for 6 weeks. At 6 weeks, a boot is placed to permit 
walking and weight bearing is begun. Functional réhabili¬ 
tation after immobilization should be emphasized. 


LATERAL REPAIR OF CHRONIC 
INSTABILITY (EVANS) 


TECHNIQUE 89-4 


■ Approach, divide, and mobilize the peroneus brevis 
tendon as described in the Watson-Jones technique. 

■ Suture the free end of the peroneus brevis muscle to the 
peroneus longus tendon. 

■ Drill a tunnel through the fibula large enough to receive 
the tendon, beginning at the tip of the fibula and emerg- 
ing posteriorly 3.2 cm proximal to the tip. 
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■ Guide the tendon through the tunnel from inferior to 
superior (Fig. 89-25B) and suture it under tension to the 
adjacent soft tissue at both ends of the tunnel. 

POSTOPERATIVE CARE. Postoperative care is the same 
as for the modified Watson-Jones technique. 


LATERAL REPAIR OF CHRONIC 
INSTABILITY (CHRISMAN-SNOOK) 


TECHNIQUE 89-5 


■ Make a long, curved incision over the course of the pero- 
neal tendons from their musculotendinous junctions to 
the base of the fifth metatarsal. 

■ Divide the ligament holding the tendons in their groove 
behind the fibula. 

■ Identify the sural nerve and dissect it from above down- 
ward, leaving some fatty subcutaneous tissue around it. 
Free the nerve sufficiently to allow gentle retraction. 

■ Retract the peroneus longus tendon, which overlies the 
peroneus brevis tendon in the groove, and expose the 
peroneus brevis. 

■ Split the peroneus brevis in half longitudinally from its 
insertion upward to its musculotendinous junction. Leave 
the anterior and posterior halves of the tendon attached 
to the base of the fifth metatarsal. Divide the half with 
the longest tendon component at the musculotendinous 
junction (Fig. 89-26A and B). Clean most of the muscle 
tissue away from the eut end proximally. 

■ Alternative^, a semitendinosus or gracilis autograft or 
allograft can be used to avoid harvesting a tendon that 
contributes to the stability of the latéral ankle. 

■ If a free graft is used, it must be first secured in the neck 
of the talus using a drill to create a bone tunnel large 
enough to accept the graft. The Arthrex biotenodesis set 
(Arthrex, Naples, FL) allows précisé measurement of the 
tendon diameter and multiple drill sizes to create the 
tunnel. A biotenodesis screw is used for graft fixation in 
the talus. 

■ Drill an appropriate-sized tunnel through the fibula in an 
anteroposterior direction at or just proximal to the level 
of the tibiotalar joint (see Fig. 89-26A and B). 

■ Pass a suture through the end of the graft in a grasping 
fashion and use a suture passer to thread it through 
the tunnel. Thread the graft from anterior to posterior. 
Make the hole slightly larger than the diameter of the 
graft. 

■ After the tendon graft has been pulled through the 
tunnel (Fig. 89-26C), place the ankle in neutral position 
and the foot in mild eversion, obtained by gentle manual 
positioning. 

■ Pull the graft taut and, using a strong, nonabsorbable 
suture, secure the graft to the periosteal ligamentous 
tissues adjacent to the anterior end of the drill hole. 
Alternative^, use a biotenodesis screw in the bone tunnel 


to secure the graft. This portion of the tendon graft 
replaces the anterior talofibular ligament. 

■ If a stump of the original ligament on the talus remains, 
suture it firmly to the contiguous tendon graft. 

■ Return the peroneus longus tendon and the remaining 
half of the peroneus brevis tendon to the fibular groove, 
allowing the graft to pass superficial to them to prevent 
dislocation of the tendons. 

■ Expose by dissecting distally and posteriorly the latéral 
border of the calcaneus. Periosteal élévation reveals a 
constant vertical ridge. 

■ Drill two holes, 1.5 cm apart and the same size as the 
hole in the fibula, anterior and posterior to the ridge 
(Fig. 89-26D), and join them using curved curets. 

■ Pass the tendon through this tunnel from posterior to 
anterior (Fig. 89-26D and E) and place sutures at both 
ends of the tunnel through the graft and adjacent soft 
tissues. The posterior and inferior direction of the graft 
from the fibula to the calcaneus duplicates that of the 
original fibulocalcaneal ligament. 

■ If the graft is short, drill a single hole completely through 
the calcaneus from the latéral to the médial side and then 
make a stab wound on the médial side of the heel and 
use the suture to pull the graft tautly into the hole. Tie 
the suture to a padded button on the médial side of the 
heel or use a biotenodesis screw to secure the graft to 
the calcaneus. 

■ If the remaining graft is long enough, suture it at the 
insertion of the peroneus brevis on the fifth metatarsal 
(Fig. 89-26F), as Chrisman and Snook originally described, 
or suture it onto itself at the anterior end of the fibula 
tunnel, as is now recommended, to gain additional 
support (Fig. 89-26F and G). 

■ After the graft is sutured in place, close the fascia and 
ligament over the fibular groove and close the skin in a 
routine fashion. 

POSTOPERATIVE CARE. A nonwalking cast or splint is 
applied and worn for 2 weeks. After the sutures are 
removed, another nonwalking cast is worn for 4 more 
weeks, followed by a walking boot for 4 weeks. Physical 
therapy may begin at this time. Functional réhabilitation 
is emphasized. A functional brace is used for 4 months, 
and a latéral heel wedge is recommended for 6 more 
months. 


LATERAL REPAIR OF CHRONIC 
INSTABILITY: MODIFIED BROSTRÔM 


TECHNIQUE 89-6 


(HAMILTON, THOMPSON, AND SNOW; GOULD ETAL) 

■ After administration of general or spinal anesthésia, place 
the patient on his or her side, apply a tourniquet to the 
thigh, and exsanguinate the extremity. 
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Modified Elmslie operation (Chrisman-Snook). A f Split of peroneus brevis tendon. B f Mobilized half of peroneus brevis 
tendon threaded through anterior talocalcaneal ligament (held by sutures) and through hole in fibula. C f Completed reconstruction 
(see text). D f Modification of original operation with end of graft sutured to its anterior portion at anterior end of fibular tunnel. E 
to G f As an alternative, a semitendinosus allograft can be used. SEE TECHNIQUE 89-5. 
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FIGURE 89-2 


^ Modified Brostrôm procedure. A f Skin incision. B f Mobilization of latéral extensor retinaculum. C f Capsular incision 
with small cuff remaining. D f Trimming of stretched calcaneofibular ligament; anterior talofibular ligament can be seen as thickening 
in capsule (arrow). E f Shortening and reattachment of attenuated anterior talofibular and calcaneofibular ligaments. F f Suture of exten¬ 
sor retinaculum over repair. SEE TECHNIQUE 89-6. 


■ Make a curvilinear incision along the inferior border of 
the latéral malleolus, ending when the peroneal tendons 
are encountered (Fig. 89-27A). 

■ Divide and ligate the lesser saphenous vein, which usually 
crosses the field. Avoid the intermediate dorsal cutaneous 
nerve (the latéral branch of the superficial peroneal 
nerve), which often lies near the talar end of the anterior 
talofibular ligament, and the sural nerve lying over 
the peroneal tendons. Identify the latéral portion of the 


extensor retinaculum and mobilize it for attachment 
to the distal fibula at the end of the procedure 

(Fig. 89-27B). 

■ Make a capsular incision along the anterior border of the 
fibula, leaving a small cuff (3 to 4 mm) on the fibula for 
reattachment (Fig. 89-27C). 

■ Identify the attenuated anterior talofibular ligament, 
which usually is a thickening in the anterior capsule 

(Fig. 89-27D). 
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■ Find the calcaneofibular ligament in the distal portion of 
the wound under the tip of the fibula, running deep 
to the peroneal tendons. The calcaneofibular ligament 
usually is attenuated or avulsed from the fibula. It may 
be torn from the calcaneus rather than from the fibula, 
making repair more difficult. Inspect the talofibular and 
tibiotalar joints for loose bodies, soft-tissue entrapment, 
and articular damage, such as traumatic osteochondritis 
dissecans. 

■ Place the ankle in valgus and the foot in eversion- 
abduction and hâve an assistant hold this position for the 
rest of the procedure. 

■ With the foot in position, trim any redundancy in the 
calcaneofibular and anterior talofibular ligaments and 
repair the ligaments with permanent sutures by excision 
and end-to-end repair, a "vest-over-pants" technique, or 
through drill holes in the bone (Fig. 89-27E). 

■ Gently test ankle stability with anterior drawer and talar 
tilt tests. Move the ankle through a full range of motion 
in plantarflexion and dorsiflexion to ensure that these 
motions hâve not been compromised by the repair. 

■ Pull the previously identified retinaculum tightly over the 
distal fibula to limit inversion and stabilize the subtalar 
joint; suture the retinaculum in place with 2-0 chromic 
sutures (Fig. 89-27F). 

■ The foot should now be limited in inversion and adduc¬ 
tion to just past neutral. Move the ankle again through 
a full range of plantarflexion and dorsiflexion and check 
dorsal tilt and talar tilt. 

■ If an ossicle has been avulsed with one of the ligaments, 
instability may exist between the ossicle and the fibula. If 
the ossicle is large, freshen the bone and reattach the 
ossicle with a screw. If the ossicle is small, it can be used 
as a guide to suture the ligament in its anatomie location; 
it can be left in place or excised. 

■ Irrigate the wound with bacitracin and with 0.25% bupi- 
vacaine for postoperative pain relief. 

■ Close the wound in layers and approximate the skin with 
an absorbable subeutaneous stitch and adhesive strips 
while the ankle is held in neutral dorsiflexion. Place the 
ankle in anteroposterior plaster splints. 

POSTOPERATIVE CARE. Crutches are used for the first 
4 to 7 days until swelling subsides and then a short leg 
nonwalking cast is applied with the ankle in neutral. The 
cast is removed at 4 weeks, and an air splint is worn 2 
to 4 more weeks for protection. At 6 weeks after surgery, 
gentle range-of-motion exercises and isométrie peroneal 
strengthening are begun. At 8 to 12 weeks after surgery, 
the patient is encouraged to return to dancing or sports 
if peroneal strength is normal. Complété réhabilitation of 
the peroneal tendons is essential. 


Karlsson et al. compared their results after anatomie 
reconstruction of the latéral ankle ligaments using early 
mobilization, range of motion, and air casting with ligaments 
treated with 6 weeks of immobilization in a plaster cast. 
They concluded that after the reconstruction the functional 
and stability results were equally good with early postopera¬ 
tive mobilization and 6-week immobilization. With early 
mobilization, however, plantarflexion strength was regained 
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earlier than with cast immobilization, without any risk of 
short-term or medium-term complications, such as increased 
ankle laxity. They recommended early mobilization after 
latéral ankle reconstruction. 

Split lésions of the peroneal brevis tendon can be associ- 
ated with chronic ankle instability and should be checked 
during every surgical procedure for ankle laxity. After liga- 
mentous repair, residual pain can be caused by neglected 
peroneus brevis “split” tear. 

■ MEDIAL REPAIR OF CHRONIC INSTABILITY 

Because chronic médial instability offen does not cause severe 
disability that cannot be treated conservatively, and because 
the reconstructive options hâve had less success than those 
laterally, there is little information concerning the best treat- 
ment options for this difficult problem. Patients with chronic 
médial ankle instability may give a history of a pronation- 
type injury, but more often report having had multiple ankle 
sprains without clearly remembering the mechanism. One 
cadaver study found that sectioning of the deltoid ligament 
resulted in a 43% increase in tibiotalar contact area while 
peak pressures increased 30%. Sectioning of the deltoid liga¬ 
ment alone results in valgus tilt of the talus and therefore 
chronic incompétence, which may lead to tibiotalar arthrosis. 

It is important to assess for incompétence of the médial 
tendons of the ankle, especially the posterior tibial tendon. 

The combination of posterior tibial insufficiency and deltoid 
incompétence has been described previously and categorized 
by Myerson as a stage IV adult-acquired flatfoot. This com¬ 
bination is most commonly seen in the older population. 
Médial ankle ligament reconstruction is indicated after failed 
conservative treatment in patients with chronic symptomatic 
mechanical instability. 

We agréé with Myerson that primary repair of a chronic 
deltoid tear, either end-to-end, “vest-over-pants,” or advance- 
ment to bone, does not usually work. Because of the short 
fibers of the deep deltoid and the increased tension placed on 
the médial aspect of the ankle, anatomie primary repair of 
the chronically déficient deltoid ligament is less satisfactory 
than repair of the latéral ankle ligament. Several authors hâve 
described reconstructive techniques for chronic deltoid insta¬ 
bility. Deland described a deltoid ligament reconstruction 
with a peroneus longus autograff. The peroneus longus was 
used instead of the peroneus brevis because of its insertion 
on the médial aspect of the foot and increased length. The 
peroneus longus is difficult to reach on the plantar aspect of 
the foot, and we recommend cadaver dissection to become 
familiar with the anatomy. 


DELTOID LIGAMENT 
RECONSTRUCTION WITH PERONEUS 
LONGUS AUTOGRAFT 


TECHNIQUE 89-7 


(DELAND) 

■ Make an incision 6 to 8 cm proximal to the fibular tip. 

■ Transect the peroneus longus and tenodese the proximal 
end to the peroneus brevis. 
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FIGURE 


Reconstruction of deltoid ligament with pero- 


neus longus autograft. SEE TECHNIQUE 89-7. 


Make an incision over the cuboid groove at the latéral 
border of the foot and free the peroneus longus at 
this level, leaving it attached to the base of the first 
metatarsal. 

■ Make incisions over the sinus tarsi and anterior border of 
the deltoid ligament. 

■ Create a bone tunnel in the talar neck from latéral to 
médial and nearly parallel to the dôme of the talus, 
slightly angled plantar to dorsal from the latéral inferior 
talar neck to the approximate center of rotation in the 
talus medially (Fig. 89-28). An interférence screw set 
(such as the Arthrex biotenodesis set) can be used for 
sizing of the graft to more exactly fit the bone tunnels. 

■ Pass the peroneus longus through the talus from latéral 
to médial, tension it, and place an interférence screw 
from the médial end of tunnel to secure the graft. 

■ Create a second tunnel in the tip of the médial malleolus, 
in the intercollicular groove. Angle this tunnel proximally 
and laterally to exit in the distal third of the tibia anterior 
to the fibula. This tunnel is angled approximately 60 
degrees (see Fig. 89-28). Take care during the placement 
of this tunnel not to violate the médial articular tibial 
surface. 


■ Bring the peroneus longus through the tibial tunnel from 
médial to latéral. Use graft tensioning to reduce the 
valgus tilt of the talus. 

■ Secure the peroneus longus graft on the latéral border of 
the tibia with a tenodesis screw and/or a staple. We prefer 
to use both. Alternately, the graft can be secured to the 
fibula with a screw post or spiked washer. 

■ Correction of foot deformities that may cause récurrence 
(hindfoot valgus, midfoot abduction, first ray élévation) is 
essential. 

POSTOPERATIVE CARE. Awell-padded posterior splint 
with U-shaped stirrups is applied with the ankle in neutral 
position. The sutures are removed at 2 weeks, and a solid 
cast is applied with the ankle in neutral position. Patients 
are kept non-weight bearing for 10 weeks until the trans¬ 
fer and ostéotomies hâve healed. Flowever, at 8 weeks 
after surgery a removable boot may be worn to begin 
gentle active range of motion without weight bearing. 
Physical therapy is begun at 10 weeks with progressive 
weight bearing in the boot with an orthotic. At 12 weeks, 
the patient is advanced to wearing of a regular shoe with 
an orthotic insert. 


PERONEAL TENDON 
SUBLUXATION AND DISLOCATION 

Subluxation and dislocation of the peroneal tendons are dis- 
cussed in Chapter 82. 

INTERNAL DERANGEMENTS 

As mentioned previously, if stress tests of the ankle are néga¬ 
tive, some occult dérangement other than ligamentous insta- 
bility may be causing pain and disability. These conditions 
include (1) occult hindfoot lésions, (2) sinus tarsi syndrome, 
(3) osteochondral ridges (impingement overuse syndromes), 
and (4) osteochondritis dissecans of the talus. 


OCCULT LESIONS OF THE TALUS 
AND CALCANEUS 

Tarsal coalition may produce symptoms that mimic chronic 
ankle sprain. Snyder et al. also noted that adolescents with 
tarsal coalitions had an increased number of ankle sprains. 
Peroneal spasm may be noted, and CT scans are helpful 
in determining the type and location of the tarsal coalition 
(Fig. 89-29). Techniques for treatment of tarsal coalition are 
described in Chapter 82. 

We hâve seen osteoid osteoma (Fig. 89-30), éosinophilie 
granuloma (Fig. 89-31 A), and simple bone cyst ail mimic 
symptoms of chronic ankle sprain. Finally, fractures of the 
latéral process of the talus or anterior process of the calcaneus 
(Fig. 89-32) may mimic chronic ankle sprain. Treatment of 
these injuries is described in Chapter 88. Bone scanning as a 
screening technique may be helpful in determining the loca¬ 
tion of the fracture (Fig. 89-33A), and CT can disclose the 
type of fracture (Fig. 89-33B). 

















CHAPTER 89 SPORTS INJURIES OF THE ANKLE 



CT scan shows médial facet tarsal coalition of 
calcaneus and talus in young patient with frequent ankle sprains. 



FIGURE 89-3 


_ B Osteoid osteoma of navicular. After excision 

and bone grafting, patient was asymptomatic. 


SINUS TARSI SYNDROME 

In 1958, O’Connor described what he called the “sinus tarsi 
syndrome,” in which pain in the sinus tarsi persists for many 
months or years after nonoperative treatment of an ankle 
sprain. Since then, very little has been written about sinus 
tarsi syndrome, and the condition is poorly defined. Pain in 
the latéral région of the ankle and sinus tarsi usually is listed 
as the characteristic physical finding. S orne authors hâve sug- 
gested that sinus tarsi syndrome is a subtle variation of 
subtalar instability, although anatomie studies hâve shown 
scarring, fat atrophy, or degenerative changes in the soft- 
tissue éléments of the sinus tarsi. Others hâve proposed nerve 



Talar neoplasms, which may mimic chronic 
ankle sprain. A f Eosinophilie granuloma. B f Pigmented villonodu- 
lar synovitis. 



Fracture of anterior process of calcaneus. After 
conservative treatment failed, fracture fragment was excised with 
good results. 


injury that results in loss of proprioceptive function as con- 
tributing to the development of the syndrome. Subtalar 
arthrography has been suggested as a modality for establish- 
ing the diagnosis. An absence of microrecesses and an abrupt 
cutoff of dye at the interosseous ligament correlate with sinus 
tarsi syndrome; however, this has not been fully substanti- 
ated. Ganglions at the anterior aspect of the subtalar joint, 
retraction of the joint recesses, a smooth and rounded 
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appearance of the capsule, and a frozen subtalar joint also 
hâve been described. On normal MRI studies, the absence of 
the anterior microrecesses of the posterior subtalar joint is a 
common finding (i.e., 46 of 90 studies) suggesting that this 
may reflect a lack of iatrogénie joint distention. In addition, 
MRI studies consistent with fibrosis, chronic synovitis, non- 
specific inflammatory changes, and synovial cysts hâve been 
noted. Initial and reconstructed MRI arthrograms along and 
perpendicular to the interosseous talocalcaneal and cervical 
ligaments are useful for diagnosing tears in patients with 
sinus tarsi syndrome. Ganglions in the sinus tarsi also hâve 
been cited as a potential source of pain. 

If injection of an anesthetic agent and cortisone into the 
sinus tarsi does not provide at least temporary relief, the 
diagnosis is questionable. Often, this treatment provides per¬ 
manent resolution of symptoms. If significant pain recurs 
despite temporary relief after injection, surgery may be indi- 
cated. Results after surgery are good, with complété or partial 
pain relief after excision of the fat pad and resection of the 
superficial ligaments, taking care to avoid damage to the talar 
blood supply. Others advised curettage of the fatty neurovas- 
cular tissue of the sinus with préservation of the interosseous 
ligament unless it is obviously damaged. Yet others preserve 
the interosseous talocalcaneal and cervical ligaments if pos¬ 
sible and resect the fibrofatty tissue and the extensions from 
the inferior extensor retinaculum. 

We hâve had three patients who might hâve been consid- 
ered to hâve sinus tarsi syndrome because for many months 
after sprain of the ankle they continued to hâve pain in the 
région of the sinus tarsi for which no reason could be found. 
Eventually each calcaneus developed a discrète osteoblastic 
lésion that was excised, with subséquent relief. 


OSTEOCHONDRAL RIDGES OF THE TALUS 
AND TIBIA (ANTERIOR AND POSTERIOR 
IMPINGEMENT SYNDROMES) 

In 1957, O’Donoghue called attention to a cause of disability 
in the ankle that had previously been reported but had 
received little attention. Osteochondral ridges (exostoses) 
may form just proximal to the anterior lip of the distal articu- 
lar surface of the tibia and on the opposing area of the dorsal 
surface of the neck of the talus. They develop most often in 
athlètes and, according to O’Donoghue, are caused by direct 
injury during strong dorsiflexion of the foot in which the 
neck of the talus is thrust against the tibia. Repeated minor 
injuries cause the ridges to become larger and make collision 
between the talus and tibia easier. Such a ridge may develop 
on the tibia or talus or both. 

This condition has been termed an anterior impingement 
syndrome caused by overuse of the dorsiflexors in athlètes. 
When posterior, it is termed posterior compression syndrome 
or os trigonum syndrome in athlètes who constantly plantar- 
flex the ankle. The patient complains of an aching in the ankle 
that is greatly increased by strong dorsiflexion of the foot. 
Examination usually reveals tenderness in the antérolatéral 
part of the ankle joint and pain in this région when the foot 
is strongly dorsiflexed or plantarflexed. Radiographs reveal 
either that the anterior margin of the distal tibia has lost its 
rounded character and is sharp or that a distinct ridge or 
bony spur projects anteriorly from this margin (Fig. 89-34). 
A similar ridge or spur of varying size may or may not be 
présent on the dorsal surface of the neck of the talus. “Tram 
track” lésions often are présent and aid in locating the cor¬ 
respondis impingement lésion. Scranton and McDermott 
categorized ankle spurs according to their size and degree of 
involvement of the ankle and showed that treatment and 
recovery correlated with the grade (Fig. 89-35). 

Both these overuse syndromes usually can be treated with 
antiinflammatory médication, immobilization, and curtail- 
ment of the aggravating activity. O’Donoghue recommended 
excising the ridges or spurs when they cause a definite dis¬ 
ability. The ankle is exposed arthroscopically or through an 
open antérolatéral approach. 

Successful arthroscopic resection of anterior bone spurs 
causing anterior impingement syndrome has resulted in sig¬ 
nificant pain relief; decreased swelling, stiffness, and limping; 
and increased activity and range of dorsiflexion, although 
plantarflexion may not improve and numbness of the anterior 
foot has been described. 

Anterior latéral impingement caused by chronic synovitis 
from overuse syndromes, chronic ankle sprains, and non- 
displaced fractures hâve been noted. Excellent results hâve 
been reported after arthroscopic synovectomy. According to 
Hauger et al., CT arthrography provided evidence of antéro¬ 
latéral soft-tissue impingement and corresponded to that 
seen at arthroscopy: nodular formation in the latéral groove 
(discoid meniscal lésions) and irregular appearance of the 
edges of the latéral groove (abundant fibrous reaction). 

A separate distal fascicle of the anterior inferior 
tibiofibular ligament présent in most human ankles may 
cause talar impingement, abrasion of the articular cartilage, 
and pain in the anterior aspect of the ankle. Resection of 
this ligament and any abraded cartilage, either arthroscopi¬ 
cally or by arthrotomy, usually alleviates pain caused by the 
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FIGURE 


osteophyte. 


Anterior impingement syndrome. A f MRI shows osteophyte on distal tibia. B f Radiograph after excision of 




Scranton and McDermott classification of ankle spurs. A f Grade l f synovial impingement. Radiographs show inflam- 
matory reaction with spurs 3 mm. B f Grade II, osteochondral reaction exostosis. Radiographs show spurs larger than 3 mm. No talar 
spur is seen. C, Grade III, severe exostosis with or without fragmentation. Secondary spur is noted on dorsum of talus, often with frag¬ 
mentation of osteophytes. D, Grade IV, pantalocrural osteoarthrotic destruction. Radiographs suggest degenerative osteoarthritic 
changes medially, latérally, or posteriorly. 
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Latéral aspect of ankle joint. A f Distal fascicle of anteroinferior tibiofibular ligament is parallel and distal to anterior 
tibiofibular ligament proper and is separated from it by fibrofatty septum. B, With dorsiflexion of ankle, distal fascicle may impinge 
on antérolatéral aspect of talus. 




FIGURE 


Anterior soft-tissue impingement is observed 


through anteromedial portai while probe is inserted through 
antérolatéral portai to palpate area of synovitis and fibrosis in 
antérolatéral gutter. 


impingement. The amount to be resected can be determined 
by dorsiflexing the ankle during the operative procedure (Fig. 
89-36). Adjacent talar or fibular chondromalacia and inflam- 
matory synovitis also may be présent (Fig. 89-37). 


TECHNIQUE 89-8 


(OGILVIE-HARRIS) 

■ With the patient under general anesthésia, apply and 
inflate a thigh tourniquet. 

■ Insert a needle just médial to the anterior tibial tendon 
and distend the ankle joint with 15 to 20 mL of saline. 

■ Make a small longitudinal incision to allow insertion of a 
2.7- or 4.0-mm, 30-degree angle arthroscope through an 


anteromedial portai just médial to the anterior tibial 
tendon. Take care to pass the arthroscope across the 
anterior aspect of the joint and not across the dôme of 
the talus. 

■ Make a separate antérolatéral portai just latéral to the 
peroneus tertius tendon to allow inflow and outflow of 
saline. Be aware of the superficial peroneal nerve in this 
area. Instruments and the arthroscope can be switched 
to either portai as necessary. 

■ Fully examine the ankle with the use of a noninvasive 
ankle distraction device as necessary (Fig. 89-38). Distrac¬ 
tion may need to be removed to identify and gain access 
to large anterior osteophytes, especially on the talus, 
because distraction may cause the anterior capsule to 
tighten. 

■ Use a pressure irrigation System with a 3.5-mm full-radius 
resector to clear the anterior synovium and define the 
anterior tibial and superior talar bony spurs. 

■ Use a 3-mm burr to remove the spurs, resecting them 
back to the level of normal cartilage. 

■Smooth off the tibial surface with a 3.5-mm full-radius 
resector. 

■ Carry out a similar procedure on the superior neck of the 
talus. 

■ Examine the whole ankle by passing the arthroscope 
gently over the dôme of the talus. This can be accom- 
plished with the use of manual distraction in mid- 
plantarflexion or with a commercially available noninvasive 
ankle distraction device. 

■ After irrigation, place 20 mL of 0.25% bupivacaine into 
the joint, suture the incision and apply a compression 
dressing. 

■ Davis described a modification of this technique in which 
a trough is made with a 3-mm arthroscopic burr approxi- 
mately 1 mm proximal and parallel to the anterior edge 
of the tibia. This trough is taken down to subchondral 
bone to the level of surrounding normal cartilage. An 
arthroscopic bone-biter is used to remove the bony spur. 
This allows for more control of the burr with less potential 
for inadvertent damage to the articular surface than may 
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FIGURE 


89 - 8 . 


Noninvasive ankle distraction. SEE TECHNIQUE 



Normal 



Stage 



Stage II 



Stage III 


Stage IV 


FIGURE 


talus. 


Four stages 


of osteochondritis dissecans of 


occur with the use of an arthroscopic shaver, with which 
it often is difficult to gain purchase on the intact chondral 
surface of a spur. 

POSTOPERATIVE CARE. Ambulation is allowed imme- 
diately. A vigorous réhabilitation program is begun at 1 
week, including ice packs and active and passive range- 
of-motion exercises. A tilt board is used for proprioceptive 
training and to strengthen the anterior and posterior 
muscles of the calf and foot. At 6 weeks, sports activities 
can be resumed in a graduai, protected fashion, taking 
care that the footwear is adéquate for its purpose (e.g., 
properly fitted running shoes). 


OSTEOCHONDRAL LESIONS OF THE 
TALUS (OSTEOCHONDRAL FRACTURE, 
TRANSCHONDRAL FRACTURE, DOME 
FRACTURE OF THE TALUS) 

In 1959, Berndt and Harty, in an exhaustive review, deter- 
mined that osteochondritis dissecans of the talus was in 
reality a “transchondral” (osteochondral) fracture caused by 
trauma. They classified the “lésion” into four different stages: 
stage I, a small area of compression of subchondral bone; 
stage II, a partially detached osteochondral fragment; stage 
III, a completely detached osteochondral fragment remaining 
in the crater; and stage IV, a displaced osteochondral frag¬ 
ment (Fig. 89-39). 

A number of studies hâve documented that médial lésions 
are more common than latéral lésions. In cadaver experi- 
ments, the latéral lésion was produced by inversion and 



ÿf Osteochondritis dissecans of talus. Latéral 
lésions characteristically appear shallow and horizontal and fre- 
quently are elevated or detached. Médial lésions are characteristi¬ 
cally deeper; and although they may appear to be detached, most 
frequently they sit in their crater. 


strong dorsiflexion, whereas the mechanism of injury in the 
médial lésion was inversion, plantarflexion, and latéral rota¬ 
tion of the tibia on the talus. In general, médial lésions are 
more posterior and latéral lésions are more anterior. Morpho- 
logically, médial lésions tend to be deeper and cup-shaped, 
whereas latéral lésions are usually shallow and wafer-shaped 
(Fig. 89-40). Médial lésions usually are nondisplaced, and 
latéral lésions often are displaced. 
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Suggested causes of osteochondral lésions of the talus 
hâve included local osteonecrosis, systemic vasculopathies, 
acute trauma, chronic microtrauma, endocrine or metabolic 
factors, degenerative joint disease, joint malalignment, and 
genetic prédisposition. A history of trauma is documented in 
more than 85% of patients with osteochondral lésions of the 
talus (98% of latéral lésions and 70% of médial lésions). 

Although the incidence of osteochondral lésions of the 
talus has been reported as approximately 4% of ail osteochon¬ 
dral lésions, the true incidence may be higher. Some studies 
hâve suggested that osteochondral lésions of the talus may 
occur in up to 50% of acute ankle sprains and fractures, par- 
ticularly in association with sports injuries. Nearly half of 
osteochondral lésions of the talus were reported to be missed 
on radiographs by emergency department physicians, who 
usually make a diagnosis of “sprained ankle.” 

Persistent effusion, delayed synovitis, and locking or 
giving way of the joint 4 to 5 weeks affer ankle injury 
are indications for radiographie examination. Oblique and 
plantarflexion views that avoid tibial overlap generally show 
the osteochondral lésion more clearly than standard plain 
films. If osteochondral fracture is suspected, a technetium 
bone scan should be done. If the bone scan is positive, a CT 
scan helps détermine the exact size and location of the lésion 
and any related cystic lésions. CT scans should be made with 
2-mm cuts in the axial and coronal planes to help détermine 
the location of the lésion. CT scans also should be ordered 
with contrast medium if possible. MRI also is useful in 
patients who hâve not responded adequately to conservative 
management. Advantages of MRI include its ability to iden- 
tify Berndt and Hardy stage I lésions and provide detail of the 
articular cartilage. Several useful imaging classifications hâve 
been developed. The arthroscopic staging Systems described 


by Pritsch et al. and Cheng et al. are the most definitive, 
however, because they use direct inspection and probing of 
the lésion. These classifications are based on inspection of the 
articular cartilage (see Table 89-1). 

Treatment of an osteochondral lésion dépends on a 
variety of factors, including the characteristics of the patient 
(activity level, general health, âge) and the lésion (size, loca¬ 
tion, associated degenerative changes). Most lésions initially 
should be treated conservatively with immobilization and 
physical therapy. Operative treatment is of three general 
types: debridement of the lésion with stimulation of the 
underlying subchondral bone (microfracture, drilling, abra¬ 
sion, curettage), direct repair of the lésion (rétrogradé drilling 
and bone graffing, internai fixation), or repair of the lésion 
with osteochondral autografts or allograffs or chondrocyte 
transplantation. If surgery is considered, preoperative plan¬ 
ning can be aided by CT; axial and coronal 2-mm cuts déter¬ 
mine the location of the lésion (anterior, médial, or posterior) 
and the necessity of osteotomy of the médial malleolus. If the 
fragment appears to be floating in the crater, it usually is 
inverted so that cartilage apposes the crater and cancellous 
bone apposes the ankle joint. MRI is helpful in localizing a 
floating lésion (Fig. 89-41) and may help to détermine 
whether a lésion is still attached or loose in the crater. 

Several authors hâve reported that a trial of conservative 
therapy does not affect the outcome in patients requiring 
future surgery. In one sériés of 35 ankles with chronic, cystic 
talar lésions, only 54% had good or excellent results with 
nonoperative treatment, and a systematic review of the litera- 
ture found that only 45% of those treated nonoperatively had 
successful outcomes. We believe, however, ail displaced 
lésions with symptoms should hâve the fragment excised and 
the crater curetted and drilled to prevent the development of 



A, CT of stage IV osteochondral lésion of talus; note that fragment is flipped, with articular cartilage adjacent to 
subchondral bone. B f Stage IV osteochondral lésion as seen arthroscopically. 
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_ TABLE 89-1 _^ 

Classification Systems for Osteochondral Lésions of the Talus 


PLAIN RADIOGRAPHS COMPUTED TOMOGRAPHY 

Brendt & Harty (1959) Ferkel & Sgaglione (1994) 


I: Compressée! 

Il: Chip avulsed but attachée! 

III: Chip detached but undisplaced 
IV: Chip detached and displaced 


I: Cystic lésion within dôme of talus, intact roof on ail views 

MA: Cystic lésion with communication to talar dôme surface 

MB: Open articular surface lésion with overlying nondisplaced fragment 

III: Undisplaced lésion with lucency 

IV: Displaced fragment 


Loomer et al. (1993) 

V: Radiolucent cystic lésion seen on CT 


MRI 


Anderson (1989) Dipaola et al. (1991) Taranow et al. (1999) Hepple et al. (1999) Mintz et al. (2003) 


1: Bone marrow 

1: Thickening of 

1: 

Subchondral 

1: 

Articular cartilage 

0: 

Normal 

edema 

articular cartilage 


compression/bone 


damage only 

1: 

Hypointense but 

(subchondral 

and low signal 


bruise appearing 

2a: 

Cartilage injury 


morphologically 

trabecular 

changes on 


as high signal on 


with underlying 


intact cartilage 

compression; 

intermediate/spin 


T2-weighted 


fracture and 


surface 

radiographs 

density images 


images 


surrounding bony 

2: 

Fibrillation or 

négative, bone 

II: Articular cartilage 

2: 

Subchondral 


edema 


fissures not 

scan positive) 

breached with 


cysts that are not 

2b: 

Stage 2a without 


extending to bone 

Ma: Subchondral cyst 

low-signal rim 


seen acutely (arise 


surrounding bony 

3: 

Flap présent or 

Mb: Incomplète 

behind fragment 


from stage 1) 


edema 


bone exposed 

séparation of 

indicating fibrous 

3: 

Partially separated 

3: 

Detached but 

4: 

Loose undisplaced 

fragment 

attachment 


or detached 


undisplaced 


fragment 

III: Fluid around 

III: Articular cartilage 


fragments in situ 


fragment 

5: 

Displaced fragment 

undetached, 

breached high- 

4: 

Displaced 

4: 

Detached and 



undisplaced 

signal changes 


fragments 


displaced 



fragment 

behind fragment 




fragment 



IV: Displaced 

indicating synovial 



5: 

Subchondral cyst 



fragment 

fluid between 




formation 




fragment and 
underlying 
subchondral bone 


ARTHROSCOPY 

Pritsch et al (1986) 

Cheng et al (1995) 

1: Intact overlying cartilage 

II: Soft overlying cartilage 

III: Frayed overlying cartilage 

A: Smooth, intact but soft or ballottable 

B: Rough surface 

C: Fibrillation/f issuring 

D: Flap présent or bone exposed 

E: Loose, undisplaced fragment 

F: Displaced fragment 


arthritis. Completely detached (stage III) latéral lésions, 
because of their high rate of failure to unité and high inci¬ 
dence of becoming displaced and causing early arthritis, also 
should be considered for early surgery (Fig. 89-42). In acute 
stage III and IV lésions, the osteochondral fragment offen can 
be reattached and internally fixed with rétrogradé Kirschner 
wires or bioabsorbable screws or pins. 

Incomplète médial and latéral lésions (stage II), com¬ 
pletely detached but undisplaced (stage III) médial lésions, 
and lésions occurring in children (Fig. 89-43) may be treated 
by plaster immobilization or by a patellar tendon-bearing 


brace. If affer 4 to 6 months the lésion is not healing or 
has progressed, surgical excision and curettage should be 
performed. 

As an alternative to surgical excision in the early stages 
and for médial lésions and lésions in children that hâve not 
healed, percutaneous arthroscopic drilling has been recom- 
mended to promote healing. Arthroscopic drilling for the 
treatment of médial osteochondral lésions of the talus does 
not require osteotomy of the médial malleolus or postopera- 
tive immobilization; the procedure is less invasive than other 
types of operative treatment for the condition, and it allows 
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A f Large osteochondral lésion on médial aspect of talus in patient with bimalleolar ankle fracture. B f Osteochondral 
lésion secured with absorbable pin. C f Healed ankle fracture and osteochondral lésion several months postoperatively. 



A, Early evidence of osteochondritis dissecans 
of talus in child with open physes. B f After 6 months of conserva¬ 
tive treatment, area of osteochondritis is smaller and appears to 
be consolidating. 


early resumption of daily activities and sports. The procedure 
is reported to be as effective and useful in young patients, 
especially patients with open physes. A spécifie indication for 
the procedure is an early lésion with only mild osteosclerosis 
of the surrounding talar bone, continuity of the cartilaginous 
surface, and stability of the osteochondral fragment. Rétro¬ 
gradé percutaneous drilling through the sinus tarsi préserves 


the intact articular cartilage (Figs. 89-44 and 89-45). Because 
of the difhculty of adequately filling the contours of the lésion, 
bone graffs hâve been used in conjunction with rétrogradé 
drilling to prevent articular collapse. More recently, surgical- 
grade calcium sulfate in a liquid form has been injected into 
the defect after drilling, and some authors hâve reported the 
use of a bone-marrow aspirate harvested from the iliac crest, 
centrifuged to isolate pluripotent cells, and mixed with the 
calcium graft to promote more rapid healing. 

When surgery is planned, CT with 2-mm cuts in the 
coronal and axial planes détermines whether the lésion is in 
the anterior third, middle third, or posterior third of the talar 
dôme. This is especially helpful in planning surgery on the 
médial side, where an osteotomy of the médial malleolus may 
be necessary (Fig. 89-46). Because the latéral malleolus is 
posterior to the tibia, latéral lésions, even when they are in 
the middle or posterior third, usually can be approached 
anteriorly and removed without an osteotomy. Flick and 
Gould described an anteromedial approach for posterome- 
dial lésions, “grooving” the anteromedial distal tibial articular 
surface 6 to 8 mm to expose the lésion without osteotomy of 
the médial malleolus (Fig. 89-47A). A gouge is used to make 
a groove in the tibia 5 to 6 mm wide and 6 to 8 mm long (Fig. 
89-47B). At foliow-up, no ankle arthritis was noted as a resuit 
of the “grooving” of the distal tibia. We hâve had only limited 
expérience with this procedure. Several authors hâve reported 
good results with the use of an inverted-V type of osteotomy 
or a proximally based chevron médial malleolar osteotomy. 
If a talar osteochondral lésion occurs with an ankle fracture, 
it is offen relatively easy to gain access and treat (Fig. 89-48). 

Thompson and Loomer described a posteromedial 
arthrotomy through an anteromedial approach to expose 
posteromedial lésions of the talus and avoid a médial malleo¬ 
lar osteotomy. Bassett et al. described a simple approach to 
the posteromedial ankle through the posterior portion of the 
posterior tibial tendon sheath (see Fig. 89-54). This approach 
allows exposure of the talar dôme and the tibial articular 
surface of the posterior joint and the posterior capsule while 
protecting the posteromedial tendons, the neurovascular 
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Arthroscopic drill- 
ing and bone grafting for osteo- 
chondral lésion of posteromedial 
talar dôme as described by Stone and 
Gould. A f Through a small incision, a 
guide pin is placed through sinus 
tarsi with use of modified ligament 
guide. B, Graft is placed into channel 
and gently compressed into position 
with tamp and mallet. 



Rétrogradé drilling of osteochondral lésion. 
A, After confirming intact articular cartilage, subchondral lésion 
was drilled in rétrogradé fashion (B) and bone grafted. 


structures, and the deep posterior fibers of the deltoid 
ligament. 

Healing is uneventful for most patients in whom osteot- 
omy of the médial malleolus is used to approach a postero¬ 
medial lésion (Fig. 89-49). The malleolar screw often needs 
to be removed (Fig. 89-50A-C). Patients are immobilized in 
a cast for 6 weeks and then allowed weight bearing in a 
walking boot until 12 weeks after surgery. A patellar tendon- 
bearing brace is sometimes used after surgery to unload 
the ankle joint and decrease pressure on the defect (Fig. 
89-51). The surgical approaches to médial and latéral lésions 
and the techniques for osteotomy of the médial malleolus are 
described subsequently. We hâve limited expérience with the 
combined anteromedial and posteromedial approach of 
Thompson and Loomer; it is a “large” exposure but may be 
necessary in some patients. 

Large lésions can be replaced and fixed with pinning and 
grafting similar to the techniques used for osteochondral 
lésions in the knee (see Chapter 45), but the fragment must 
hâve viable subchondral cancellous bone. Kumai et al. 
reported treating 27 large lésions (>8 x 8 mm) with cortical 
bone pegs harvested from the distal tibia. They reported 89% 
good clinical results at an average 7 years of follow-up. 
Pinning and grafting are technically difficult, and nonunion 
may necessitate later removal of the pins and the fragment. 

More recent reconstructive methods for large lésions 
(>5 mm) involve transplantation of autogenous osteochon¬ 
dral grafts into the defect. A single plug of bone is obtained 
in the osteochondral autograft or allograft transplantation 
(OATS) procedure; mosaicplasty refers to harvesting and 
transplanting multiple smaller plugs. For very large lésions 
(>12 mm), a “mega-OATS” fresh talar allograft is often 
needed. Several authors hâve shown good results using talar 
allograft (Fig. 89-52), which avoids the risks associated with 
harvesting from the ipsilateral fémur or talus. The allograft 
usually can be obtained from the same-side talus to allow for 
matched grafts. Fresh allografts are typically harvested within 
24 hours after death, and testing of the graft is undertaken to 
assess for disease and sterility. Although often not possible, 
fresh allografts should be implanted within 1 week. There 
is no clear evidence that fresh allografts provide superior 
results to fresh-frozen allografts. Fresh-frozen allografts are 
processed and kept refrigerated at 2 to -4 degrees until 
shipment. 
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FIGURE 


A f Anteroposterior radiograph shows stage III lésion of médial talus. B f CT scan reveals extent and depth of lésion. 


C f Scan eut in coronal plane shows location of lésion anteriorly. 



Groove in distal 
tibia overlying 
talar fragment 



Flick and Gould technique of "grooving" of distal tibia for exposure of posteromedial lésions without osteotomy of 
médial malleolus. A f Groove used to expose posterior lésions better. B f Gouge used on médial tibia to avoid osteotomy of médial 


malleolus. 


A mosaicplasty technique can be performed for defects 
larger than 10 mm. Osteochondral cylindrical grafts from the 
ipsilateral knee were delivered into the talar defect using spe- 
cially designed tube chisels. Good-to-excellent results hâve 
been reported in as many as 94% of patients with this tech¬ 
nique; however, some hâve emphasized the technical chal¬ 
lenge of reproducing a smooth articular surface with the 
protruding plugs. Latt et al. noted increased contact pressure 
when the graft is leff elevated. These authors recommended 
making as much of the graft flush as possible, but slight recess 
was noted to be better than élévation. 


Autologous chondrocyte transplantation has been used 
more often in the knee, but good results in the ankle hâve 
been reported at up to 5-year follow-up. An arthroscopic 
technique for placement of autologous chondrocytes also has 
been described. The matrix-associated chondrocyte implan¬ 
tation (MACI) technique has shown promising results, but 
studies are limited. With this arthroscopic technique, autolo¬ 
gous chondrocytes are cultured in a biologie matrix that 
doubles as both the delivery System for the chondrocytes and 
the scaffold for repair. For large lésions, cancellous bone graft - 
ing may be placed in the defect followed by two periosteal 
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A f Osteochondral lésion on latéral border of talus extending posteriorly. Even with maximal plantarflexion, access is 
suboptimal for microfracture. B f After grooving of distal latéral tibia, access is significantly improved. 


A 


C 


A, Drill hole through médial malleolus into tibia. B, Oblique osteotomy of médial malleolus to expose tibiotalar joint. 
C f Reattachment of osteotomy fragment with malleolar screw. 






FIGURE 89-5 


^ Osteochondritis of talus. A, CT of grade MB lésion. B f Médial malleolar osteotomy and talar lésion healed 6 months 
after surgery. Screws were used for fixation and were subsequently removed. 
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patches with the chondrocytes placed between the patches 
(“sandwich technique”). 


MEDIAL MALLEOLAR OSTEOTOMY 


TECHNIQUE 89-9 


(COHEN ETAL) 

■ Make a 6- to 8-cm apex-posterior curved incision cen- 
tered over the médial malleolus (Fig. 89-53A). 

■ Open the posterior tibial tendon sheath at the level of the 
mortise. The posterior tibial tendon must be retracted and 
protected at ail times. 





■ Predrill the médial malleolus with a 2.5-mm drill and 
tap it. 

■ Incise the periosteum, but do not reflect it. 

■ Use a microsagittal saw to create a chevron-type oste- 
otomy with the apex directed proximally (Fig. 89-53B). In 
the anteroposterior plane, angle the osteotomy toward 
the junction of the médial malleolus and tibial plafond 
articular surface (Fig. 89-53C). It is bénéficiai to obtain a 
fluoroscopie image at the start of the osteotomy to ensure 
the correct angle. It is important to angle neither too 
obliquely and enter the weight-bearing surface of the 
tibia nor too vertically and limit visualization. Also, direct 
visualization is obtained from the anteromedial gutter. 

■ Complété the osteotomy with a fine hand osteotome. 

■ Reflect the médial malleolus inferiorly. 

■ Release capsular attachments as necessary for visualiza¬ 
tion, maintaining the attachments of the superficial and 
deep deltoid. 

■ At the conclusion of the procedure, stabilize the osteot¬ 
omy with two 4.0-mm partially threaded cancellous 
screws. 



Patellar tendon-bearing 
surgery to decrease pressure on defect. 


brace used after 


Harvest of allografts for large talar defects. 

SEE TECHNIQUE 89-12. 



Chevron transmalleolar osteotomy. A f Incision. B f Orientation of osteotomy in latéral plane (apex proximally and 
limbs of chevron extending from mortise level). C f Orientation of osteotomy in anteroposterior plane (angled toward junction of médial 
malleolus and tibial plafond articular surface). (From Cohen BE, Anderson RB: Chevron-type transmalleolar osteotomy: an approach to médial 
talar dôme lésions, Tech Foot Ankle Surg 1:158, 2002.) SEE TECHNIQUE 89-9. 
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POSTOPERATIVE CARE. A plaster splint is worn for 10 
to 14 days. Range of motion is begun while maintaining 
non-weight-bearing status until radiographs confirm 
maintenance of réduction (approximately 6 weeks). 


POSTEROMEDIAL ARTHROTOMY 
THROUGH ANTEROMEDIAL 
APPROACH 


TECHNIQUE 89-10 


(THOMPSON AND LOOMER) 

■ Make a 10-cm curved incision, convex posteriorly, cen- 
tered posterior to the médial malleolus, and expose the 
médial capsule. 

■ Make a 2-cm longitudinal incision in the anteromedial 
capsule extending from the tibia to the talus (Fig. 89-54A). 

■ Maximally plantarflex the foot and inspect the anterior 
half to two thirds of the superomedial rim of the talus. 

■ If the defect cannot be completely inspected, curetted, 
and drilled from this approach, make a curved incision 
directly over the posterior tibial tendon. 

■ Retract anteriorly and make an incision in the deep 
surface of the flexor retinaculum (Fig. 89-54B). 

■ Do not expose or examine but gently posteriorly retract 
the remainder of the contents of the tarsal tunnel. 

■ By maximally dorsiflexing the foot, observe the posterior 
one half of the superomedial border of the talus, inspect 
the lésion, and treat it appropriately by excision and 
curettage. 

POSTOPERATIVE CARE. A soft dressing is used with 
immédiate range-of-motion exercises, weight bearing as 
tolerated, and return to function as soon as tolerated. 


APPROACH TO POSTEROMEDIAL 
ANKLE THROUGH POSTERIOR TIBIAL 
TENDON SHEATH 


TECHNIQUE 89-11 


(BASSETT ET AL.) 

■ Place the patient either prone, to allow access to the 
posteromedial ankle, or supine with the hip and knee 
flexed and externally rotated; the latter position is more 
commonly used. 

■ Palpate the médial malleolus and the Achilles tendon. 

■ Make a 5- to 8-cm incision immediately overlying the 
posterior tibial tendon behind the médial malleolus 
(Fig. 89-55A) and curve it distally and slightly anteriorly, 
following the contour of the médial malleolus. 

■ Deepen the incision through the subcutaneous tissue 
down to the flexor retinaculum overlying the posterior 
tibial tendon. Do not damage the long saphenous vein 
and nerve, which lie anteriorly, during the dissection. 

■ Palpate the posterior tibial tendon posterior to the médial 
malleolus. Make a 5- to 8-cm longitudinal incision in the 
flexor retinaculum and follow the contour of the posterior 
tibial tendon (Fig. 89-55B). 

■ Retract the tendon posteriorly to expose the deep flexor 
retinaculum and the joint capsule. This also protects the 
posterior neurovascular bundle from injury. 

■ Make a 3- to 5-cm longitudinal incision in the deep 
layer of the posterior tibial tendon sheath and joint 
capsule; this is crucial to the précisé entrance into the 
joint. 

■ Place a retractor through this incision and retract the 
capsule and the posterior tibial tendon (Fig. 89-55C). 

■ Move the foot into dorsiflexion and plantarflexion and 
inversion and eversion to allow complété examination of 


A 



Talus 


Posterior 

tibial 


Deltoid 

ligament 



Posterior tibial 
vessels and 
tibial nerve 


Flexor digitorum 
longus 

Flexor hallucis 
longus 


FIGURE 89-5 


A f Anteromedial exposure of talus with foot in maximal plantarflexion. B f Posteromedial exposure through same 
skin incision with foot in maximal dorsiflexion. SEE TECHNIQUE 89-10. 
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Posterior tibial 
tendon sheath 

Posterior tibial 
tendon 



Médial 

malleolus 

Talus, 

superior 

surface 

Posterior tibial 
tendon 


Approach to posteromedial ankle. A f Skin incision posterior to médial malleolus and in line with posterior tibial 
tendon. B f Incision in posterior tibial flexor tendon sheath. C f Retraction of posterior tibial tendon and deep layer of flexor tendon 
sheath and incision of joint capsule. D f View of superior articular surface of talus as seen through posteromedial approach. SEE TECH¬ 
NIQUE 89-11. 


the articular surface of the posterior talus and tibia and 
the posterior joint capsule (Fig. 89-55D). In this manner, 
approximately 60% of the posterior talar dôme and 50% 
of the posterior tibial surface can be exposed, whereas 
the posterior fibers of the deltoid ligament are spared. 


OSTEOCHONDRAL AUTOGRAFT/ 
ALLOGRAFT TRANSPLANTATION 


TECHNIQUE 89-12 


(HANGODY ETAL) 

■ With the patient under general anesthésia, préparé the 
affected lower extremity from the ankle to the knee. 
Examine the ankle arthroscopically to delineate the chon- 
dral lésion further. 

■ Harvesters are made for lésions 5 to 11 mm (larger sizes 
also are available). 

■Approach latéral lésions through an anterior sagittal inci¬ 
sion and perform a médial malleolar osteotomy for médial 


lésions (see Technique 89-9) (Fig. 89-56A-D). Rarely, a 
latéral malleolar osteotomy is needed to access postéro¬ 
latéral lésions. 

■ Use a commercially available récipient sizer and harvester 
to create a récipient hole for the donor osteochondral 
plug. Extract the plug to a depth of 10 mm (Fig. 89-56E 
and F). Place the harvester perpendicular for dôme lésions 
(Fig. 89-56G to I) and at 45 degrees for talar shoulder 
lésions (see Fig. 89-52). 

■ Drill multiple holes into the subchondral bone of the 
récipient hole (Fig. 89-56J). 

■ Obtain a graft from the ipsilateral knee, arthroscopically 
from the médial fémoral condyle or latéral fémoral 
condyle (Fig. 89-56K and L). For talar shoulder lésions, 
obtain a graft from the latéral trochlea. Alternately, a talar 
allograft has been shown to be effective and removes the 
risk of iatrogénie injury during harvesting. 

■ Use the specially designed donor harvester to obtain 
osteochondral grafts that measure 5 to 11 mm in diam- 
eter and 10 to 12 mm in depth (slightly deeper than the 
récipient hole). 

■ Insert the cylindrical grafts carefully into the récipient hole 
using the designed extruder or collared pin through the 
donor harvester (Fig. 89-56M and N). If the defect is large 


















CHAPTER 89 SPORTS INJURIES OF THE ANKLE 



Osteochondral autograft/allograft transplantation (see text). A f Posteromedial osteochondral lésion of talus (arrow). 
B, Coronal and axial plane CT images. C f Médial malleolar chevron-type osteotomy. D f Shoulder lésion of talus. E f Trial sizer for récipi¬ 
ent harvester. F, Récipient harvester. G f Plug 10 to 12 mm in depth removed from récipient hole. Continued 
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Prepared récipient hole. I f Excised osteochondral lésion. J, Multiple holes drilled at base of lésion. 
K f Autograft obtained from fémoral condyle using donor harvester (for talar shoulder lésions, graft is obtained from corner of trochlea). 
L f Donor graft in harvester. M and N, Graft placed in récipient hole. O, Osteotomy secured with two partially threaded cancellous screws 
(holes predrilled before osteotomy). (Courtesy of Robert B. Anderson, Charlotte, NC.) SEE TECHNIQUE 89-12. 
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A f Multiple osteochondral allografts are harvested when large defects are encountered. Note two plugs obtained 
from shoulder of talus for doser morphology. B f Overlapping allograft placed to avoid leaving damaged tissue between plugs. 



FIGURE 89-5 


A f Note slight mismatch after osteochondral implantation. B f Second-look arthroscopy 15 months after the index 
position. Note slight irregularity of the articular surface. 


9 (greater than 11 mm in diameter), it is best to use an 
allograft. A mosaicplasty may be needed in which mul¬ 
tiple grafts are used (Figs. 89-57 and 89-58). Do not 
remove the OATS harvester before completion of full 
graft extrusion. Do not allow the harvester to deviate 
from the insertion angle. Either of these may cause frac¬ 
ture of the donor core. 

■ Use the sizer-tamp to tamp the core gently flush with the 
surrounding cartilage. 

■ Test range of motion of the ankle to ensure that the graft 
is well seated and secured. 

■ Close the incision and secure the osteotomy in the usual 
fashion (Fig. 89-560). Place one drain in the knee and 
apply a compressive dressing to the ankle. Apply a pos- 
terior splint with strips. 


POSTOPERATIVE CARE. The patient is kept non-weight 
bearing for 10 weeks. At 2 weeks, the sutures are 
removed and a short leg non-weight-bearing cast is 
applied. At 4 weeks, a boot is fitted; the patient is kept 
non-weight bearing, and range-of-motion exercises are 
begun. At 6 to 8 weeks, pool therapy and stationary 
biking can be instituted. 


■ ARTHROSCOPIC TREATMENT 

Arthroscopic treatment of transchondral fractures (osteo- 
chondritis dissecans) of the talar dôme consists of partial 
synovectomy, debridement of the osteochondral lésion with 
removal of any loose fragments, curettage, abrasion, and occa- 
sionally drilling of the lésion. Excellent and satisfactory results 
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FIGURE 


^ Positioning of patient for ankle arthroscopy. 


hâve been reported with minimal complications. Arthroscopic 
excision was recommended because of decreased morbidity, 
brief hospitalization, and rapid recovery by avoiding long skin 
incisions, deep soff-tissue dissection, grooving of the distal 
tibia, and osteotomy of the médial malleolus. Ogilvie-Harris 
described arthroscopic treatment that consisted of removal of 
the osteocartilaginous fragments, debridement of disrupted 
cartilage, and abrasion of the base to bleeding subchondral 
bone that produced significant improvement of pain, swelling, 
stiffness, limp, and activity level. 

Arthroscopy of the ankle is technically difficult and 
requires considérable expertise to work in such a tight space. 
The dôme of the talus also is difficult to work over and around. 
A well-done arthrotomy is superior to a poorly-done arthros¬ 
copy. We routinely place the patient supine with the knee and 
ankle in extension and foliow the principles of knee arthros¬ 
copy (Fig. 89-59). A 4-mm arthroscope with 30- to 70-degree 
angles generally should be used; however, we hâve used a 
larger 4.5-mm scope. We routinely begin by using a large- 
bore needle to distend the joint and make an anteromedial 
portai (Fig. 89-60 A). When this portai is established, an 
antérolatéral portai can be made (see Fig. 89-60B). The light 
from the anteromedial portai against the skin laterally out- 
lines the dorsal cutaneous nerve, allowing it to be avoided 
when making the anteromedial portai. The postérolatéral 
portai offen is used to gain exposure to posterior structures 
or for more efficient inflow by having this dedicated portai. 
Because so much synovium is présent in the anterior portion 
of the ankle joint, we routinely remove much of it with a 
motorized shaver. Latéral lésions are more easily exposed 
because the latéral malleolus is more posterior than the 
médial malleolus. The use of invasive ankle distractors is dis- 
couraged. Complications can occur with the use of a nonin- 
vasive ankle distractor as well because much force can be 
exerted across the ankle joint during distraction, causing neu- 
rovascular complications. We routinely excise the area of 
osteochondritis dissecans, contour the sides of the crater, and 



JJ Anteromedial (A) and antérolatéral (B) portais 
for arthroscopic excision of osteochondritis dissecans of ankle. 



Arthroscopic drilling of osteochondritis disse¬ 
cans of talus. Single Kirschner wire through hole drilled in malleo¬ 
lus produces multiple holes in crater of talus when ankle is flexed 
at different degrees. 


drill multiple holes in the crater to promote vascularization. 
These holes can be drilled transmalleolarly under direct 
vision through the arthroscope or with image intensification. 
Multiple holes can be drilled in the crater in the talus through 
one hole drilled through the malleolus, combined with dor- 
siflexion and plantarflexion of the ankle (Fig. 89-61). 

Bryant and Siegel described an arthroscopic technique 
that avoids a transmalleolar portai by using meniscal repair 
instrumentation for accurate arthroscopic localization and 
drilling of osteochondral lésions. The preattached suture is 
removed from a 25-cm trocar point needle, and the needle is 
tightened on a power drill. With arthroscopic observation 
through the antérolatéral portai, a curved cannula is inserted 
into the joint through the anteromedial portai and placed on 
the posteromedial defect. The needle is inserted through the 
curved cannula, and the lésion is drilled. Additional drill 
holes are created by moving the cannula to other sites on the 
lésion. Bleeding usually is observed from the multiple perfo¬ 
rations in the subchondral bone. Affer arthroscopic drilling 
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is completed, the wounds are closed and a stérile dressing is 
applied. 

Whether open or arthroscopic techniques are used, the 
best results are obtained with excision and drilling of the 
crater. In the Campbell Clinic sériés, 87% of patients had 
satisfactory results with this procedure and récurrences were 
rare. Transmalleolar drilling (proximal to distal) can be done 
arthroscopically or percutaneously with the aid of image 
intensification. Multiple drill holes Crossing the physis should 
be avoided if the distal tibial physis is open. 
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Total Ankle Arthroplasty 

10- 1 Total Ankle Arthroplasty, 514 

10-2 Dôme Osteotomy for Correction of Varus Deformity Above the 
Ankle Deformity (Tan and Myerson), 515 

10-3 Médial Distal Plafondplasty for Varus Deformity at the Ankle Joint 
(Tan and Myerson), 516 

10-4 Reconstruction of Latéral Ankle Ligaments for Chronic 
Instability as an Adjunct to Total Ankle Arthroplasty 
(Coetzee), 517 

10-5 Révision Total Ankle Arthroplasty (Meeker et al.), 529 


Ankle Arthrodesis 

11-1 Opening Wedge Osteotomy of the Tibia for Varus Deformity and 
Médial Joint Arthrosis, 537 

11-2 Intraarticular Opening Médial Wedge Osteotomy (Plafondplasty) of 
the Tibia for Intraarticular Varus Arthritis and Instability(Mann, 
Filippi, and Myerson), 539 

11-3 Distraction Arthroplasty of the Ankle, 540 

11-4 Mini-Incision Technique, 546 

11-5 Transfibular (Transmalleolar) Arthrodesis with Fibular Strut 
Graft, 548 

11-6 Tibiotalocalcaneal Arthrodesis, 550 

11-7 Technique Modifications, 552 

11-8 Latéral Approach with Fibular Sparing (Smith, Chiodo, Singh, 
Wilson), 555 

11- 9 Posterior Approach for Arthrodesis of Ankle and Subtalar Joints 

(Campbell), 555 

11-10 Tibiocalcaneal Arthrodesis with a Thin-Wire External Fixation 
(Eylon et al.), 555 

11-11 Tibiotalar Arthrodesis with a Sliding Bone Graft (Blair; Morris 
et al.), 559 

11-12 Tibiotalar or Tibiotalocalcaneal Fusion with Structural Allograft 

and Internai Fixation for Salvage of Failed Total Ankle Arthroplasty 
(Berkowitz et al.), 560 

11-13 Bone Graft Harvest from the Proximal Tibia (Whitehouse 
et al.), 562 

Shoulder and Elbow Arthroplasty 

12- 1 Hemiarthroplasty, 578 

12-2 Total Shoulder Arthroplasty, 583 

12-3 Reverse Shoulder Arthroplasty, 587 

12-4 Debridement Arthroplasty (Wada et al.), 601 

12-5 Interposition Arthroplasty, 603 

12-6 Radial Head Arthroplasty, 607 

12-7 Coonrad-Morrey Prosthesis, 609 

12- 8 Elbow Resection Arthroplasty (Campbell), 615 

Arthrodesis of the Shoulder and Elbow 

13- 1 External Fixation (Charnley and Houston), 626 

13-2 Plate Fixation (AO Group), 627 

13-3 Pelvic Reconstruction Plate (Richards et al.), 628 

13-4 Shoulder Arthrodesis After Failed Prosthetic Shoulder Arthroplasty 
(Scalise and Iannotti), 629 

13-5 Elbow Arthrodesis (Staples), 632 

13-6 Elbow Arthrodesis (Müller et al.), 632 

13-7 Elbow Arthrodesis (Spier), 633 

Amputations of the Foot 

15-1 Terminal Syme Amputation, 653 

15-2 Amputation at the Base of the Proximal Phalanx, 654 

15-3 Metatarsophalangeal Joint Disarticulation, 655 

15-4 Metatarsophalangeal Joint Disarticulation, 657 

15-5 First or Fifth Ray Amputation (Border Ray 
Amputation), 657 
15-6 Central Ray Amputation, 658 
15-7 Transmetatarsal Amputation, 661 
15-8 Chopart Amputation, 662 

15- 9 Syme Amputation, 666 

15-10 Two-Stage Syme Amputation (Wyss et al.; Malone et al.; 

Wagner), 671 

15-11 Boyd Amputation, 671 

Amputations of the Lower Extremity 

16- 1 Transtibial Amputation, 675 

16-2 Transtibial Amputation Using Long Posterior Skin Flap 
(Burgess), 677 

16-3 Knee Disarticulation (Batch, Spittler, and McFaddin), 679 

16-4 Knee Disarticulation (Mazet and Hennessy), 679 

16-5 Knee Disarticulation (Kjoble), 681 
16-6 Transfemoral (Above-Knee) Amputation of Nonischemic 
Limbs, 682 

16-7 Transfemoral (Above-Knee) Amputation of Nonischemic Limbs 
(Gottschalk), 683 

16-8 Transfemoral (Above-Knee) Amputation for Ischémie 
Limbs, 684 


Amputations of the Hip and Pelvis 

17-1 Anatomie Hip Disarticulation (Boyd), 686 

17-2 Posterior Flap (Slocum), 687 

17-3 Standard Hemipelvectomy, 688 

17-4 Anterior Flap Hemipelvectomy, 690 

17- 5 Conservative Hemipelvectomy, 691 

Amputations of the Upper Extremity 

18- 1 Amputation at the Wrist, 695 

18-2 Disarticulation of the Wrist, 695 

18-3 Distal Forearm (Distal Transradial) Amputation, 696 

18-4 Proximal Third of Forearm (Proximal Transradial) 

Amputation, 696 

18-5 Disarticulation of the Elbow, 697 
18-6 Supracondylar Area, 698 

18-7 Amputation Proximal to the Supracondylar Area, 698 
18-8 Amputation Through the Surgical Neck of the Humérus, 699 

18- 9 Disarticulation of the Shoulder, 701 
18-10 Anterior Approach (Berger), 701 
18-11 Posterior Approach (Littlewood), 705 

18- 12 Targeted Reinnervation After Transhumerai Amputation 

(O’Shaughnessy et al.), 707 

Amputations of the Hand 

19- 1 Kutler V-Y or Atasoy Triangular Advancement Flaps (Kutler; 

Fisher), 715 

19-2 Atasoy Triangular Advancement Flaps (Atasoy et al.), 717 

19-3 Bipedicle Dorsal Flaps, 718 

19-4 Adipofascial Turnover Flap, 719 

19-5 Thenar Flap, 719 

19-6 Local Neurovascular Island Flap, 720 

19-7 Island Pedicle Flap, 720 

19-8 Rétrogradé Island Pedicle Flap, 722 

19-9 Ulnar Hypothenar Flap, 722 

19- 10 Index Ray Amputation, 722 

19-11 Transposing the Index Ray (Peacock), 725 
19-12 Advancement Pedicle Flap for Thumb Injuries, 727 
19-13 Phalangization of Fifth Metacarpal, 729 
19-14 Krukenberg Reconstruction (Krukenberg; Swanson), 730 
19-15 Lengthening of the Metacarpal and Transfer of Local Flap (Gillies 
and Millard, Modified), 732 

19-16 Ostéoplastie Reconstruction and Transfer of Neurovascular Island 
Graft (Verdan), 733 

19-17 Riordan Pollicization (Riordan), 735 

19-18 Buck-Gramcko Pollicization (Buck-Gramcko), 736 

19-19 Foucher Pollicization, 737 

Osteomyelitis 

21-1 Drainage of Acute Hematogenous Osteomyelitis, 769 
21-2 Sequestrectomy and Curettage for Chronic Osteomyelitis, 775 
21-3 Open Bone Grafting (Papineau et al.; Archdeacon and 
Messerschmitt), 776 

21-4 Antibiotic Bead Pouch (Henry, Ostermann, and 
Seligson), 776 

21-5 Intramedullary Antibiotic Cernent Nail, 777 
21-6 Split-Heel Incision (Gaenslen), 781 
21-7 Distal Third of the Fémur, 782 
21-8 Drainage, 782 

21- 9 Resection of the Metatarsals, 783 
21-10 Partial Calcanectomy, 784 
21-11 Resection of the Fibula, 784 

21-12 Resection of the Iliac Wing (Badgley), 785 

Infectious Arthritis 

22- 1 Surgical Drainage of the Tarsal Joint, 792 
22-2 Antérolatéral Drainage of the Ankle, 792 
22-3 Postérolatéral Drainage of the Ankle, 793 
22-4 Anteromedial Drainage of the Ankle, 793 
22-5 Posteromedial Drainage of the Ankle, 793 
22-6 Arthroscopic Drainage of the Knee, 794 
22-7 Anterior Drainage of the Knee, 795 

22-8 Postérolatéral and Posteromedial Drainage of the Knee 
(Henderson), 795 

22-9 Posteromedial Drainage of the Knee (Klein), 795 


22-10 Posteromedial and Postérolatéral Drainage of the Knee 
(Kelikian), 795 

22-11 Latéral Aspiration of the Hip, 796 

22-12 Anterior Aspiration of the Hip, 796 

22-13 Médial Aspiration of the Hip, 797 

22-14 Posterior Drainage of the Hip (Ober), 797 

22-15 Anterior Drainage of the Hip, 797 

22-16 Latéral Drainage of the Hip, 798 

22-17 Médial Drainage of the Hip (Ludloff), 798 

22-18 Resection of the Hip (Girdlestone), 800 

22-19 Anterior Drainage of the Shoulder, 802 

22-20 Posterior Drainage of the Shoulder, 802 

22-21 Médial Drainage of the Elbow, 802 

22-22 Latéral Drainage of the Elbow, 802 

22-23 Posterior Drainage of the Elbow, 803 
22-24 Latéral Drainage of the Wrist, 804 
22-25 Médial Drainage of the Wrist, 804 
22-26 Dorsal Drainage of the Wrist, 804 
22-27 Osteotomy of the Ankle, 804 

22-28 Transverse Supracondylar Osteotomy of the Fémur, 805 

22-29 V-Osteotomy of the Fémur (Thompson), 805 

22-30 Supracondylar Cuneiform Osteotomy of the Fémur, 805 

22-31 Supracondylar Controlled Rotational Osteotomy of the Fémur, 806 

22-32 Intraarticular Osteotomy, 807 

22-33 Reconstruction After Hip Sepsis (Harmon), 808 

22-34 Transverse Opening Wedge Osteotomy of the Hip, 810 

22-35 Transverse Closing Wedge Osteotomy of the Hip, 810 

22-36 Brackett Osteotomy of the Hip (Brackett), 810 

Tuberculosis and Other Unusual Infections 

23-1 Curettage for Tuberculous Lésions in the Foot, 814 

23-2 Excision of Metatarsal, 816 

23-3 Excision of Cuneiform Bones, 816 

23-4 Excision of Navicular, 816 

23-5 Excision of Cuboid, 816 

23-6 Excision of Calcaneus, 817 

23-7 Excision of Talus, 817 

23-8 Partial Synovectomy and Curettage (Wilkinson), 819 

23-9 Lésions above Acetabulum, 820 


23-10 Lésions of the Fémoral Neck, 820 

23-11 Lésions of the Trochanteric Area (Ahern), 820 

23-12 Excision of the Hip Joint, 820 

23-13 Excision of Elbow Joint, 821 

23- 14 Excision of Wrist Joint, 822 

General Principles of Tumors 

24-1 Resection of Shoulder Girdle (Marcove, Lewis, and Huvos), 851 

24-2 Scapular Resection (Das Gupta), 858 

24-3 Resection of the Proximal Humérus, 858 

24-4 Resection of Proximal Humérus (Gebhardt et al.), 860 

24-5 Intercalary Resection of the Humerai Shaft (Lewis), 860 

24-6 Resection of the Distal Humérus, 861 

24-7 Resection of the Proximal Radius, 863 

24-8 Resection of the Proximal Ulna, 863 

24-9 Resection of the Distal Radius, 863 

24- 10 Resection of the Pubis and Ischium (Radley, Liebig, and 

Brown), 871 

24-11 Resection of the Acetabulum, 871 

24-12 Resection of the Innominate Bone (Internai Hemipelvectomy) 
(Karakousis and Vezeridis), 874 

24-13 Resection of the Sacroiliac Joint, 874 

24-14 Resection of the Sacrum (Stener and Gunterberg), 877 
24-15 Resection of the Sacrum (Localio, Francis, and Rossano), 877 
24-16 Resection of Sacrum Through Posterior Approach (MacCarty 
et al.), 878 

24-17 Resection of the Proximal Fémur (Lewis and Chekofsky), 880 
24-18 Resection of Entire Fémur (Lewis), 880 

24-19 Intraarticular Resection of the Distal Fémur with Endoprosthetic 
Reconstruction, 881 

24-20 Resection of the Proximal Tibia (Malawer), 883 
24-21 Resection of the Proximal Fibula (Malawer), 884 
24-22 Resection of the Distal Third of the Fibula, 887 
24-23 Rotationplasty for a Lésion in the Distal Fémur (Kotz and 
Salzer), 887 

24-24 Rotationplasty for a Lésion of the Proximal Fémur Without 
Involvement of the Hip Joint (Winkelmann), 891 
24-25 Rotationplasty for a Lésion of the Proximal Fémur Involving the 
Hip Joint (Winkelmann), 892 


Campbell’s Operative Orthopaedics, 13 th ed. 

List of Techniques 


VOLUME II 

Congénital Anomalies of the Lower Extremity 

29-1 Amputation of an Extra Toe (Simple Postaxial Polydactyly), 1016 

29-2 Tsuge Ray Réduction (Tsuge), 1018 

29-3 Ray Réduction, 1019 

29-4 Ray Amputation, 1019 

29-5 Simplified Cleft Closure (Wood, Peppers, and Shook), 1021 

29-6 Correction of Angulated Toe, 1023 
29-7 Arthroplasty of the Fifth Metatarsophalangeal Joint 
(Butler), 1024 

29-8 Création of Syndactyly of the Great Toe and Second Toe for Hallux 
Varus (Farmer), 1025 

29-9 Dome-Shaped Ostéotomies of Metatarsal Bases (Berman and 
Gartland), 1028 

29-10 Cuneiform and Cuboid Ostéotomies (McHale and 
Fenhart), 1030 

29-11 Transverse Circumferential (Cincinnati) Incision (Crawford, 
Marxen, and Osterfeld), 1038 

29-12 Extensile Posteromedial and Postérolatéral Release (McKay, 
Modified), 1038 

29-13 Achilles Tendon Fengthening and Posterior Capsulotomy, 1040 
29-14 Osteotomy of the Calcaneus for Persistent Varus Deformity of the 
Heel (Dwyer, Modified), 1043 

29-15 Médial Release with Osteotomy of the Distal Calcaneus 
(Fichtblau), 1044 

29-16 Sélective Joint-Sparing Ostéotomies for Residual Cavovarus 
Deformity (Mubrak and Van Valin), 1045 
29-17 Triple Arthrodesis, 1046 
29-18 Talectomy (Trumble et al.), 1047 

29-19 First Metatarsal Osteotomy and Tendon Transfer for Dorsal Bunion 
(Smith and Kuo), 1049 

29-20 Open Réduction and Realignment of Talonavicular and Subtalar 
Joints (Kumar, Cowell, and Ramsey), 1050 
29-21 Open Réduction and Extraarticular Subtalar Fusion (Grice- 
Green), 1051 

29-22 Tibiofibular Synostosis (Fangenskiôld), 1055 
29-23 Insertion of Williams Intramedullary Rod and Bone Grafting 
(Anderson et al.), 1057 

29-24 One-Stage or Two-Stage Release of Circumferential Constricting 
Band (Greene), 1060 

29-25 Capsular Release and Quadriceps Fengthening for Correction of 
Congénital Knee Dislocation (Curtis and Fisher), 1041 
29-26 Fateral Release and Médial Plication (Beaty; Modified from Gao 
et al. and Fangenskiôld), 1064 
29-27 Distal Fibulotalar Arthrodesis, 1069 
29-28 Proximal Tibiofibular Synostosis, 1069 
29-29 Varus Supramalleolar Osteotomy of the Ankle (Wiltse), 1074 
29-30 Knee Fusion for Proximal Fémoral Focal Deficiency (King), 1079 
29-31 Rotationplasty (Van Nés), 1081 
29-32 Syme Amputation, 1085 
29-33 Boyd Amputation, 1085 

29-34 Physeal Exposure Around the Knee (Abbott and Gill, 

Modified), 1093 

29-35 Epiphysiodesis (Phemister), 1093 
29-36 Percutaneous Epiphysiodesis (Canale et al.), 1094 
29-37 Percutaneous Transepiphyseal Screw Epiphysiodesis (Métaizeau 
et al.), 1095 

29-38 Tension Plate Epiphysiodesis, 1097 

29-39 Proximal Fémoral Metaphyseal Shortening (Wagner), 1097 
29-40 Distal Fémoral Metaphyseal Shortening (Wagner), 1097 
29-41 Proximal Tibial Metaphyseal Shortening (Wagner), 1098 
29-42 Tibial Diaphyseal Shortening (Broughton, Olney, and 
Menelaus), 1098 

29-43 Closed Fémoral Diaphyseal Shortening (Winquist, Hansen, and 
Pearson), 1099 

29-44 Transiliac Fengthening (Millis and Hall), 1101 

29-45 Tibial Fengthening (DeBastiani et al.), 1103 

29-46 Tibial Fengthening (Ilizarov, Modified), 1103 

29-47 Tibial Fengthening Over Intramedullary Nail (PRECICE 

Intramedullary Fengthening System, Ellipse Technologies, Irvine, 
CA, USA; Herzenberg, Standard, Green), 1106 


29-48 Fémoral Fengthening (DeBastiani et al.), 1108 
29-49 Fémoral Fengthening (Ilizarov, Modified), 1108 

29- 50 Fémoral Fengthening Over Intramedullary Nail (PRECICE; 

(Standard, Herzenberg, and Green), 1111 

Congénital and Developmental Abnormalities of the Hip and Pelvis 

30-1 Arthrography of the Hip in DDH, 1124 

30-2 Application of a Hip Spica Cast (Kumar), 1125 

30-3 Anterior Approach (Beaty; After Somerville), 1128 

30-4 Anteromedial Approach (Weinstein and Ponseti), 1130 

30-5 Médial Approach (Fudloff), 1131 

30-6 Trochanteric Advancement (Floyd-Roberts and Swann), 1133 
30-7 Varus Derotational Osteotomy of the Fémur in Hip Dysplasia, with 
Pédiatrie Hip Screw Fixation, 1134 
30-8 Primary Fémoral Shortening, 1137 

30- 9 Innominate Osteotomy Including Open Réduction (Salter), 1140 

30- 10 Pericapsular Osteotomy of the Ilium (Pemberton), 1142 
30-11 Triple Innominate Osteotomy (Steel), 1145 

30-12 Transiliac (Dega) Osteotomy (Grudziak and Ward), 1146 
30-13 Slotted Acetabular Augmentation (Staheli), 1148 
30-14 Chiari Osteotomy, 1152 

30-15 Valgus Osteotomy for Developmental Coxa Vara, 1155 
30-16 Bilateral Anterior Iliac Ostéotomies (Sponseller, Gearhart, and 
Jeffs), 1157 

Congénital Anomalies of the Trunk and Upper Extremity 

31- 1 Woodward Operation, 1162 

31-2 Morcellation of the Clavicle, 1163 

31-3 Unipolar Release, 1166 

31-4 Bipolar Release (Ferkel et al.), 1167 

31-5 Open Réduction and Iliac Bone Grafting for Congénital 
Pseudarthrosis of the Clavicle, 1169 

31- 6 Radial and Ulnar Ostéotomies for Correction of Congénital 

Radioulnar Synostosis (Two-Stage) (Fin et al.), 1173 

Osteochondrosis or Epiphysitis and Other Miscellaneous Affections 

32- 1 Tibial Tuberosity and Ossicle Excision (Pihlajamàki et al.), 1179 

32-2 Excision of Ununited Tibial Tuberosity for Osgood-Schlatter 

Disease (Ferciot and Thomson), 1180 

32-3 Arthroscopic Ossicle and Tibial Tuberosity Debridement for 
Osgood-Schlatter Disease, 1181 

32-4 Extraarticular Drilling for Stable Osteochondritis Dissecans of the 
Knee (Donaldson and Wojtys), 1182 

32-5 Reconstruction of the Articular Surface with Osteochondral 
Plug Grafts for Osteochondrosis of the Capitellum (Takahara 
étal.), 1186 

32-6 Innominate Osteotomy for Fegg-Calvé-Perthes Disease (Canale 
étal.), 1192 

32-7 Fateral Shelf Procedure (Fabral Support) for Fegg-Calvé-Perthes 
Disease (Willett et al.), 1193 

32-8 Varus Derotational Osteotomy of the Proximal Fémur for 
Fegg-Calvé-Perthes Disease (Stricker), 1195 
32-9 Reversed or Closed Wedge Technique for Fegg-Calvé-Perthes 
Disease, 1198 

32-10 Arthrodiastasis for Fegg-Calvé-Perthes Disease (Segev et al.), 1199 
32-11 Osteochondroplasty Surgical Dislocation of the Hip (Ganz), 1200 
32-12 Trochanteric Advancement for Trochanteric Overgrowth 
(Wagner), 1203 

32-13 Trochanteric Advancement for Trochanteric Overgrowth (MacNicol 
and Makris), 1204 

32-14 Greater Trochanteric Epiphysiodesis for Trochanteric 
Overgrowth, 1204 

32-15 Synovectomy of the Knee in Hemophilia, 1208 
32-16 Synoviorthesis for Treatment of Hémophilie Arthropathy, 1209 
32-17 Open Ankle Synovectomy in Hemophilia (Greene), 1209 
32-18 Metaphyseal Osteotomy for Tibia Vara (Rab), 1216 
32-19 Chevron Osteotomy for Tibia Vara (Greene), 1218 
32-20 Epiphyseal and Metaphyseal Osteotomy for Tibia Vara (Ingram, 
Canale, Beaty), 1220 

32-21 Intraepiphyseal Osteotomy for Tibia Vara (Siffert, Storen, Johnson 
et al.), 1220 


32-22 Hemielevation of the Epiphysis Osteotomy with Leg Lengthening 
Using an Ilizarov Frame for Tibia Vara (Jones et al., Hefney 
et al.), 1222 

32-23 Modified Sofield-Millar Operation in the Fémur and Tibia in 
Osteogenesis Imperfecta (Fi et al.), 1228 

32-24 Osteotomy and Medullary Nailing with a Telescoping Rod in the 
Fémur for Osteogenesis Imperfecta (Bailey and Dubow), 1229 

32-25 Modified Rod with Interlocking Obturator for Osteogenesis 
Imperfecta (Cho et al.), 1229 

32-26 Fassier-Duval Telescoping Rod, Fémur, 1230 

32-27 Tibial Fengthening Over an Intramedullary Nail with External 
Fixation in Dwarfism (Park et al.), 1236 

32-28 Bony Bridge Resection for Physeal Arrest (Fangenskiôld), 1238 

32-29 Bony Bridge Resection and Angulation Osteotomy for Physeal 
Arrest (Ingram), 1239 

32-30 Peripheral and Finear Physeal Bar Resection for Physeal Arrest 
(Birch et al.), 1239 

32- 31 Central Physeal Bar Resection for Physeal Arrest (Peterson), 1239 

Cérébral Palsy 

33-1 Adductor Tenotomy and Release, 1263 

33-2 Iliopsoas Recession, 1263 

33-3 Iliopsoas Release at the Fesser Trochanter, 1265 

33-4 Combined One-Stage Correction of Spastic Dislocated Hip (San 
Diego Procedure), 1267 

33-5 Proximal Fémoral Resection, 1270 

33-6 Hip Arthrodesis, 1271 

33-7 Fractional Fengthening of Hamstring Tendons, 1273 

33-8 Distal Fémoral Extension Osteotomy and Patellar Tendon 
Advancement (Stout et al.), 1276 

33- 9 Rectus Femoris Transfer (Gage et al.), 1278 

33- 10 Open Fengthening of the Achilles Tendon (White 

Modification), 1280 

33-11 Z-Plasty Fengthening of the Achilles Tendon, 1281 

33-12 Percutaneous Fengthening of the Achilles Tendon, 1282 

33-13 Gastrocnemius-Soleus Fengthening, 1283 

33-14 Z-Plasty Fengthening of the Posterior Tibial Tendon, 1284 

33-15 Step-Cut Fengthening of the Posterior Tibial Tendon, 1284 

33-16 Musculotendinous Recession of the Posterior Tibial Tendon, 1285 

33-17 Split Posterior Tibial Tendon Transfer, 1285 

33-18 Split Anterior Tibial Tendon Transfer (Hoffer et al.), 1286 

33-19 Fateral Closing-Wedge Calcaneal Osteotomy (Dwyer), 1288 

33-20 Médial Displacement Calcaneal Osteotomy, 1289 

33-21 Subtalar Arthrodesis, 1290 

33-22 Crescentic Osteotomy of the Calcaneus, 1291 

33-23 Release of Elbow Flexion Contracture, 1294 

33-24 Correction of Talipes Equinovarus, 1297 

33-25 Release of Internai Rotation Contracture of the Shoulder, 1299 

33- 26 Fractional Fengthening of Pectoralis Major, Fatissimus Dorsi, Teres 

Major, 1299 

Paralytic Disorders 

34- 1 Posterior Transfer of Anterior Tibial Tendon (Drennan), 1309 

34-2 Subtalar Arthrodesis (Grice and Green), 1311 

34-3 Subtalar Arthrodesis (Dennyson and Fulford), 1312 

34-4 Triple Arthrodesis, 1313 

34-5 Correction of Cavus Deformity, 1315 

34-6 Fambrinudi Arthrodesis (Fambrinudi), 1316 

34-7 Anterior Transfer of Posterior Tibial Tendon (Barr), 1317 

34-8 Anterior Transfer of Posterior Tibial Tendon (Ober), 1318 

34-9 Split Transfer of Anterior Tibial Tendon, 1318 

34- 10 Peroneal Tendon Transfer, 1320 

34-11 Peroneus Fongus, Flexor Digitorum Fongus, or Flexor or Extensor 
Hallucis Fongus Tendon Transfer (Fried and Hendel), 1320 
34-12 Tenodesis of the Achilles Tendon (Westin), 1321 
34-13 Posterior Transfer of Peroneus Fongus, Peroneus Brevis, and 
Posterior Tibial Tendons, 1322 

34-14 Posterior Transfer of Posterior Tibial, Peroneus Fongus, and Flexor 
Hallucis Fongus Tendons (Green and Grice), 1323 
34-15 Transfer of Biceps Femoris and Semitendinosus 
Tendons, 1325 

34-16 Osteotomy of the Tibia for Genu Recurvatum (Irwin), 1326 
34-17 Triple Tenodesis for Genu Recurvatum (Perry, O’Brien, and 
Hodgson), 1326 

34-18 Complété Release of Hip Flexion, Abduction, and External Rotation 
Contracture (Ober; Yount), 1329 

34-19 Complété Release of Muscles from Iliac Wing and Transfer of Crest 
of Ilium (Campbell), 1330 


34-20 Posterior Transfer of the Iliopsoas for Paralysis of the Gluteus 
Médius and Maximus Muscles (Sharrard), 1331 
34-21 Trapezius Transfer for Paralysis of Deltoid (Bateman), 1337 
34-22 Trapezius Transfer for Paralysis of Deltoid (Saha), 1337 
34-23 Transfer of Deltoid Origin for Partial Paralysis (Harmon), 1338 
34-24 Transfer of Fatissimus Dorsi or Teres Major or Both for Paralysis of 
Subscapularis or Infraspinatus (Saha), 1338 
34-25 Flexorplasty (Bunnell), 1339 
34-26 Anterior Transfer of the Triceps (Bunnell), 1340 
34-27 Transfer of the Pectoralis Major Tendon (Brooks and Seddon), 1341 
34-28 Transfer of the Fatissimus Dorsi Muscle (Hovnanian), 1341 
34-29 Rerouting of Biceps Tendon for Supination Deformities of Forearm 
(Zancolli), 1344 
34-30 V-O Procedure, 1353 
34-31 Antérolatéral Release, 1354 

34-32 Transfer of the Anterior Tibial Tendon to the Calcaneus, 1354 

34-33 Screw Epiphysiodesis, 1358 

34-34 Supramalleolar Varus Derotation Osteotomy, 1358 

34-35 Radical Flexor Release, 1360 

34-36 Anterior Hip Release, 1362 

34-37 Fascial Release, 1363 

34-38 Adductor Release, 1363 

34-39 Transfer of Adductors, External Oblique, and Tensor Fasciae Fatae 
(Phillips and Findseth), 1364 

34-40 Proximal Fémoral Resection and Interposition Arthroplasty (Baxter 
and DAstous), 1365 

34-41 Pelvic Osteotomy (Findseth), 1366 

34-42 Correction of Knee Flexion Contracture with Circular-Frame 
External Fixation (Van Bosse et al.), 1371 
34-43 Correction of Knee Flexion Contracture with Anterior Stapling 
(Palocaren et al.), 1374 

34-44 Posterior Elbow Capsulotomy with Triceps Fengthening for Elbow 
Extension Contracture (Van Heest et al.), 1375 
34-45 Posterior Release of Elbow Extension Contracture and Triceps 
Tendon Transfer (Tachdjian), 1375 

34-46 Dorsal Closing Wedge Osteotomy of the Wrist (Van Heest and 
Rodriguez, Ezaki, and Carter), 1377 
34-47 Anterior Shoulder Release (Fairbank, Sever), 1382 
34-48 Rotational Osteotomy of the Humérus (Rogers), 1383 
34-49 Derotational Osteotomy with Plate and Screw Fixation (Abzug 
et al.), 1383 

34-50 Glenoid Antéversion Osteotomy and Tendon Transfer (Dodwell 
et al.), 1383 

34-51 Release of the Internai Rotation Contracture and Transfer of 
the Fatissimus Dorsi and Teres Major (Sever-F’Episcopo, 

Green), 1385 

34- 52 Arthroscopic Release and Transfer of the Fatissimus Dorsi (Pearl 

et al.), 1387 

Neuromuscular Disorders 

35-1 Open Muscle Biopsy, 1396 

35-2 Percutaneous Muscle Biopsy (Mubarak, Chambers, and 
Wenger), 1396 

35-3 Percutaneous Release of Hip Flexion and Abduction Contractures 
and Achilles Tendon Contracture (Green), 1400 

35-4 Transfer of the Posterior Tibial Tendon to the Dorsum of the Foot 
(Greene), 1401 

35-5 Transfer of the Posterior Tibial Tendon to the Dorsum of the Base 
of the Second Metatarsal (Mubarak), 1402 

35-6 Scapulothoracic Fusion (Diab et al.), 1406 

35-7 Plantar Fasciotomy, Ostéotomies, and Arthrodesis for Charcot- 
Marie-Tooth Disease (Faldini et al.), 1411 

35-8 Radical Plantar-Medial Release and Dorsal Closing Wedge 
Osteotomy (Coleman), 1414 

35- 9 Transfer of the Extensor Hallucis Fongus Tendon for Claw Toe 

Deformity (Jones), 1414 

35- 10 Transfer of the Extensor Tendons to the Middle Cuneiform 

(Hibbs), 1415 

35-11 Stepwise Joint-Sparing Foot Ostéotomies (Mubarak and Van 
Valin), 1415 

Fractures and Dislocations in Children 

36- 1 Closed Réduction and Percutaneous Pinning of Proximal 

Humérus, 1432 

36-2 Closed Réduction and Intramedullary Nailing of Proximal 
Humérus, 1433 

36-3 Closed/Open Réduction and Intramedullary Nailing of Proximal 
Humérus, 1433 


36-4 Closed Réduction and Percutaneous Pinning of Supracondylar 
Fractures (Two Latéral Pins), 1437 

36-5 Anterior Approach, 1438 

36-6 Latéral Closing Wedge Osteotomy for Cubitus Varus, 1439 

36-7 Open Réduction and Internai Fixation of Latéral Condylar 
Fracture, 1441 

36-8 Osteotomy for Established Cubitus Valgus Secondary to Nonunion 
or Growth Arrest, 1446 

36- 9 Open Réduction and Internai Fixation of Médial Condylar 

Fracture, 1448 

36-10 Open Réduction and Internai Fixation for Displaced or Entrapped 
Médial, 1450 

36-11 Closed and Open Réduction of Radial Neck Fractures, 1455 

36-12 Percutaneous Réduction and Pinning, 1455 
36-13 Closed Intramedullary Nailing, 1456 
36-14 Overcorrection Osteotomy and Ligamentous Repair or 
Reconstruction (Shah and Waters), 1464 
36-15 Intramedullary Forearm Nailing, 1466 

36-16 Closed Réduction and Percutaneous Pinning of Fractures of the 
Distal Radius, 1469 

36-17 Open Réduction and Internai Fixation of Physeal Fractures of 
Phalanges and Metacarpals, 1472 
36-18 Closed Réduction and Internai Fixation, 1489 
36-19 Open Réduction and Internai Fixation (Weber et al.; Boitzy), 1489 
36-20 Valgus Subtrochanteric Osteotomy for Acquired Coxa Vara or 
Nonunion, 1489 

36-21 Modified Pauwels Intertrochanteric Osteotomy for Acquired Coxa 
Vara or Nonunion (Magu et al.), 1492 
36-22 Determining the Entry Point for Cannulated Screw Fixation of a 
Slipped Epiphysis (Canale et al.), 1497 
36-23 Determining the Entry Point for Cannulated Screw Fixation of a 
Slipped Epiphysis (Morrissy), 1499 

36-24 Positional Réduction and Fixation for SCFE (Chen, Schoenecker, 
Dobbs, et al.), 1501 

36-25 Subcapital Realignment of the Epiphysis (Modified Dunn) for SCFE 
(Leunig, Slongo, and Ganz), 1502 

36-26 Compensatory Basilar Osteotomy of the Fémoral Neck (Kramer 
et al.), 1504 

36-27 Extracapsular Base-of-Neck Osteotomy (Abraham et al.), 1505 

36-28 Intertrochanteric Osteotomy (Imhàuser), 1507 

36-29 Spica Cast Application, 1515 

36-30 Flexible Intramedullary Nail Fixation, 1520 

36-31 Closed or Open Réduction, 1524 

36-32 Reconstruction of the Patellofemoral and Patellotibial Ligaments 
with a Semitendinosus Tendon Graft (Nietosvaara et al.), 1527 
36-33 3-In-l Procedure for Récurrent Dislocation of the Patella: Latéral 
Release, Vastus Medialis Obliquus Muscle Advancement, and 
Transfer of the Médial Third of the Patellar Tendon to the Médial 
Collateral Ligament (Oliva et al.), 1528 
36-34 Open Réduction and Internai Fixation of Sleeve Fracture 
(Houghton and Ackroyd), 1530 

36-35 Open Réduction and Internai Fixation of Tibial Eminence 
Fracture, 1532 

36-36 Arthroscopic Réduction of Tibial Eminence Fracture and Internai 
Fixation with Bioabsorbable Nails (Liljeros et al.), 1532 
36-37 Open Réduction and Internai Fixation, 1536 
36-38 Open Réduction and Removal of Interposed Tissue (Weber 
et al.), 1541 

36-39 Elastic Stable Intramedullary Nailing of Tibial Fracture (O’Brien, 
Weisman, Ronchetti, et al.), 1544 
36-40 Open Réduction and Internai Fixation, 1547 
36-41 Open Réduction and Internai Fixation, 1550 
36-42 Excision of Osteochondral Fragment of the Talus, 1556 
36-43 Open Réduction and Internai Fixation of Cuboid Compression 
(Nutcracker) Fracture (Ceroni et al.), 1557 

Spinal Anatomy and Surgical Approaches 

37- 1 Anterior Transoral Approach (Spetzler), 1578 

37-2 Anterior Retropharyngeal Approach (McAfee et al.), 1579 

37-3 Subtotal Maxillectomy (Cocke et al.), 1581 

37-4 Extended Maxillotomy, 1583 

37-5 Anterior Approach, C3 to C7 (Southwick and Robinson), 1583 

37-6 Antérolatéral Approach to C2 to C7 (Bruneau et al., Chibbaro 
et al.), 1585 

37-7 Low Anterior Cervical Approach, 1587 

37-8 High Transthoracic Approach, 1588 


37- 9 Transsternal Approach, 1588 

37-10 Modified Anterior Approach to Cervicothoracic Junction (Darling 
et al.), 1589 

37-11 Anterior Approach to the Cervicothoracic Junction Without 
Sternotomy (Pointillart et al.), 1590 
37-12 Anterior Approach to the Thoracic Spine, 1591 
37-13 Video-Assisted Thoracic Surgery (Mack et al.), 1592 
37-14 Anterior Approach to the Thoracolumbar Junction, 1593 
37-15 Minimally Invasive Approach to the Thoracolumbar 
Junction, 1594 

37-16 Anterior Rétropéritonéal Approach, L1 to L5, 1594 
37-17 Percutaneous Latéral Approach, L1 to L4-5 (Ozgur et al.), 1597 
37-18 Anterior Transperitoneal Approach, L5 to SI, 1598 
37-19 Video-Assisted Lumbar Surgery (Onimus et al.), 1600 
37-20 Posterior Approach to the Cervical Spine, Occiput to C2, 1602 
37-21 Posterior Approach to the Cervical Spine, C3 to C7, 1602 
37-22 Posterior Approach to the Thoracic Spine, Tl to T12, 1603 
37-23 Costotransversectomy, 1604 

37-24 Posterior Approach to the Lumbar Spine, L1 to L5, 1605 
37-25 Paraspinal Approach to Lumbar Spine (Wiltse and Spencer), 1606 
37-26 Posterior Approach to the Lumbosacral Spine, L1 to Sacrum 
(Wagoner), 1607 

37-27 Posterior Approach to the Sacrum and Sacroiliac Joint (Ebraheim 
et al.), 1608 

Degenerative Disorders of the Cervical Spine 

38- 1 Interlaminar Cervical Epidural Injection, 1616 

38-2 Cervical Médial Branch Block Injection, 1617 

38-3 Cervical Discography (Falco), 1618 

38-4 Removal of Postérolatéral Herniations by Posterior Approach 
(Posterior Cervical Foraminotomy), 1623 

38-5 Minimally Invasive Posterior Cervical Foraminotomy with Tubular 
Distractors (Gala, O’Toole, Voyadzis, and Fessier), 1625 

38-6 Full-Endoscopic Posterior Cervical Foraminotomy (Ruetten 
et al.), 1627 

38-7 Smith-Robinson Anterior Cervical Fusion (Smith-Robinson 
et al.), 1629 

38-8 Anterior Occipitocervical Arthrodesis by Extrapharyngeal Exposure 
(De Andrade and MacNab), 1632 

38- 9 Fibular Strut Graft in Cervical Spine Arthrodesis with Corpectomy 

(Whitecloud and Larocca), 1633 

Degenerative Disorders of the Thoracic and Lumbar Spine 

39- 1 Myelography, 1649 

39-2 Interlaminar Thoracic Epidural Injection, 1653 

39-3 Interlaminar Lumbar Epidural Injection, 1654 

39-4 Transforaminal Lumbar and Sacral Epidural Injection, 1654 

39-5 Caudal Sacral Epidural Injection, 1655 

39-6 Lumbar Intraarticular Injection, 1657 

39-7 Lumbar Médial Branch Block Injection, 1657 

39-8 Sacroiliac Joint Injection, 1658 

39-9 Lumbar Discography (Falco), 1659 
39-10 Thoracic Discography (Falco), 1661 
39-11 Thoracic Costotransversectomy, 1663 
39-12 Thoracic Discectomy—Anterior Approach, 1663 
39-13 Endoscopie Thoracic Discectomy (Rosenthal et al.), 1665 
39-14 Minimally Invasive Thoracic Discectomy, 1665 
39-15 Microscopie Lumbar Discectomy, 1671 
39-16 Durai Repair Augmented with Fibrin Glue, 1676 
39-17 Repeat Lumbar Disc Excision, 1678 
39-18 Transthoracic Approach to the Thoracic Spine, 1679 
39-19 Anterior Interbody Fusion of the Lumbar Spine (Goldner 
et al.), 1680 

39-20 Percutaneous Anterior Lumbar Arthrodesis—Latéral Approach to 
L1 to L4-5, 1681 

39-21 Hibbs Fusion (Hibbs, as Described by Howarth), 1682 
39-22 Postérolatéral Lumbar Fusion (Watkins), 1683 
39-23 Intertransverse Lumbar Fusion (Adkins), 1684 
39-24 Minimally Invasive Transforaminal Lumbar Interbody Fusion 
(Gardock), 1685 

39-25 Pseudarthrosis Repair (Ralston and Thompson), 1687 

39-26 Midline Décompression (Neural Arch Resection), 1704 

39-27 Spinous Process Osteotomy (Décompression) (Weiner et al.), 1705 

39-28 Micro décompression (McCulloch), 1706 

39-29 Pedicle Subtraction Osteotomy (Bridwell et al.), 1717 

39-30 Coccygeal Injection, 1719 


Spondylolisthesis 

40-1 Repair of Pars Interarticularis Defect, 1737 

40-2 In Situ Postérolatéral Instrumented Fusion: Wiltse and Spencer 
Approach, 1741 

40-3 Posterior Instrumented Fusion with Interbody Fusion (PLIF and 
TLIF), 1742 

40-4 Anterior Lumbar Interbody Fusion, 1744 

40-5 Lumbar Décompression, 1748 

40-6 Lumbar Décompression and Postérolatéral Fusion with or without 
Instrumentation, 1749 

40- 7 Lumbar Décompression and Combined Postérolatéral and 

Interbody Fusion (TLIF or PLIF), 1750 

Fractures, Dislocations, and Fracture-Dislocations of the Spine 

41- 1 Application of Gardner-Wells Tongs, 1762 

41-2 Stretch Test, 1763 

41-3 Halo Vest Application, 1771 

41-4 Occipitocervical Fusion Using Modular Plate and Rod Construct, 
Segmentai Fixation with Occipital Plating, Cl Latéral Mass Screw, 
C2 Isthmic (Pars) Screws, and Latéral Mass Fixation, 1774 

41-5 Occipitocervical Fusion Using Wires and Bone Graft (Wertheim 
and Bohlman), 1776 

41-6 Posterior C1-C2 Fusion Using Rod and Screw Construct with Cl 
Latéral Mass Screws (Harms), 1779 

41-7 Posterior C1-C2 Fusion Using the Modified Gallie Posterior Wiring 
Technique (Gallie, Modified), 1780 

41-8 Anterior Odontoid Screw Fixation (Etter), 1783 

41- 9 Posterior C1-C2 Transarticular Screws (Magerl and Seemann), 1785 

41-10 Posterior C1-C2 Fusion with C2 Translaminar Screws 

(Wright), 1786 

41-11 Posterior C1-C2 Wiring (Brooks and Jenkins), 1787 

41-12 Anterior Cervical Discectomy and Fusion with Locking Plate, 1795 

41-13 Anterior Cervical Corpectomy and Fusion with Anterior Locking 
Plate, 1798 

41-14 Posterior Subaxial Fixation and Fusion (Magerl), 1799 

41-15 Thoracic and Lumbar Segmentai Fixation with Pedicle Screws, 1809 

41-16 Anterior Plating, 1811 

41- 17 Lumbopelvic Fixation (Triangular Osteosynthesis) 

(Shildhauer), 1817 

Infections and Tumors of the Spine 

42- 1 Drainage of a Retropharyngeal Abscess, 1833 

42-2 Drainage of an Abscess of the Posterior Triangle of the Neck, 1833 

42-3 Alternative Approach for Drainage of a Retropharyngeal 
Abscess, 1834 

42-4 Costotransversectomy for Drainage of Dorsal Spine Abscess, 1835 

42-5 Alternative Costotransversectomy for Drainage of Dorsal Spine 
Abscess (Seddon), 1835 

42-6 Drainage of Paravertebral Abscess, 1836 

42-7 Drainage Through the Petit Triangle, 1836 

42-8 Drainage by Latéral Incision, 1837 

42-9 Drainage by Anterior Incision, 1837 

42- 10 Coccygectomy for Drainage of a Pelvic Abscess (Lougheed and 

White), 1838 

42-11 Radical Debridement and Arthrodesis (Hodgson et al.), 1838 

42-12 Dorsolateral Approach (Roaf et al.), 1841 

42-13 Antérolatéral Décompression (Latéral Rhachotomy) 

(Capener), 1844 

42-14 Alternative Antérolatéral Décompression (Latéral Rhachotomy) 
(Seddon), 1845 

42-15 Anterior Décompression for Tumor of the Spine, 1853 

42-16 Costotransversectomy for Tumor of the Spine, 1854 

42- 17 Postérolatéral Décompression for Tumor of the Spine, 1854 

Pédiatrie Cervical Spine 

43- 1 Posterior Atlantoaxial Fusion (Gallie), 1861 

43-2 Posterior Atlantoaxial Fusion Using Laminar Wiring (Brooks and 
Jenkins), 1863 

43-3 Translaminar Screw Fixation of C2, 1864 

43-4 Occipitocervical Fusion, 1865 

43-5 Occipitocervical Fusion Passing Wires Through Table of Skull 
(Wertheim and Bohlman), 1866 

43-6 Occipitocervical Fusion Without Internai Fixation (Koop 
et al.), 1866 


43-7 Occipitocervical Fusion Using Crossed Wiring (Dormans 
et al.), 1868 

43-8 Occipitocervical Fusion Using Contoured Rod and Segmentai Rod 
Fixation, 1869 

43-9 Occipitocervical Fusion Using a Contoured Occipital Plate, Screw, 
and Rod Fixation, 1869 

43-10 Transoral Approach (Fang and Ong), 1870 

43-11 Transoral Mandible-Splitting and Tongue-Splitting Approach (Hall, 
Denis, and Murray), 1871 

43-12 Latéral Retropharyngeal Approach (Whitesides and Kelly), 1872 

43-13 Anterior Retropharyngeal Approach (McAfee et al.), 1873 

43-14 Sternal-Splitting Approach (Mulpuri et al.), 1876 

43-15 Application of Halo Device (Mubarak et al.), 1877 

43-16 Posterior Fusion of C3-7, 1886 

43-17 Posterior Fusion of C3 to C7 Using 16-Gauge Wire and Threaded 
Kirschner Wires (Hall), 1887 

43-18 Posterior Fusion with Latéral Mass Screw Fixation (Roy- 
Camille), 1887 

43-19 Posterior Fusion with Latéral Mass Screw and Rod Fixation, 1888 
43-20 Rib Resection (Bonola), 1888 

43- 21 Posterior Spinal Fusion for Cervical Kyphosis Through a Latéral 

Approach (Sakaura et al.), 1893 

Scoliosis and Kyphosis 

44-1 Casting for Idiopathic Scoliosis, 1901 

44-2 Dual Growing Rod Instrumentation Without Fusion, 1906 

44-3 Shilla Guided Growth System (McCarthy et al.), 1907 

44-4 Growing Rod Attachment Using Rib Anchors (Sankar and 
Skaggs), 1909 

44-5 Intervertébral Stapling, 1911 

44-6 Anterior Vertébral Tethering, 1912 

44-7 Underarm Casts, 1928 

44-8 Posterior Approach, 1930 

44-9 Facet Fusion (Moe), 1932 

44- 10 Facet Fusion (Hall), 1932 

44-11 Autogenous Iliac Crest Bone Graft, 1933 

44-12 Pedicle Hook Implantation, 1939 

44-13 Transverse Process Hook Implantation, 1939 

44-14 Lamina Hook Implantation, 1939 

44-15 Thoracic Pedicle Screw Insertion Techniques, 1945 

44-16 Sublaminar Wires, 1946 

44-17 Sublaminar Cables, 1950 

44-18 Instrumentation Sequence in Typical Lenke IA Curve, 1951 
44-19 Deformity Correction by Use of Translational Techniques with 
Multiple Thoracic Pedicle Screws, 1855 
44-20 Deformity Correction by Direct Vertébral Rotation, 1958 
44-21 Halo-Gravity Traction (Sponseller and Takenaga), 1961 
44-22 Temporary Distraction Rod (Buchowski et al.), 1962 
44-23 Anterior Release (Letko et al.), 1963 

44-24 Osteotomy in Complex Spinal Deformity (Ponte, Smith-Petersen 
Osteotomy), 1963 

44-25 Posterior Thoracic Vertébral Column Resection (Powers et al.), 1963 

44-26 Thoracoplasty (Betz), 1969 

44-27 Osteotomy of the Ribs (Mann et al.), 1971 

44-28 Thoracoabdominal Approach, 1974 

44-29 Lumbar Extraperitoneal Approach, 1975 

44-30 Disc Excision, 1975 

44-31 Anterior Instrumentation of a Thoracolumbar Curve with 
Dual-Rod Instrumentation, 1976 
44-32 Anterior Thoracoplasty (Shufflebarger), 1980 
44-33 Video-Assisted Thoracoscopie Discectomy (Crawford), 1981 
44-34 CD Horizon Eclipse Spinal Instrumentation (Picetti), 1983 
44-35 Luque Rod Instrumentation and Sublaminar Wires Without Pelvic 
Fixation, 1994 

44-36 Sacropelvic Fixation (McCarthy), 1995 
44-37 Galveston Sacropelvic Fixation (Allen and Ferguson), 1996 
44-38 Unit Rod Instrumentation with Pelvic Fixation, 1999 
44-39 Iliac Fixation with Iliac Screws, 2000 

44-40 Iliac and Lumbosacral Fixation with Sacral-Alar-Iliac Screws, 2002 
44-41 Transpedicular Convex Anterior Hemiepiphysiodesis and Posterior 
Arthrodesis (King), 2020 

44-42 Convex Anterior and Posterior Hemiepiphysiodeses and Fusion 
(Winter), 2021 

44-43 Hemivertebra Excision: Anteroposterior Approach (Hedequist and 
Emans), 2024 


44-44 Hemivertebra Excision: Latéral-Posterior Approach (Li 
et al.), 2026 

44-45 Transpedicular Eggshell Ostéotomies with Frameless Stereotactic 
Guidance (Mikles et al.), 2028 

44-46 Expansion Thoracoplasty (Campbell), 2031 

44-47 Anterior Release and Fusion, 2041 

44-48 Posterior Multiple-Elook and Screw Segmentai Instrumentation 
(Crandall), 2042 

44-49 Posterior Column Shortening Procedure for Scheuermann Kyphosis 
(Ponte), 2045 

44-50 Anterior Osteotomy and Fusion (Winter et al.), 2052 

44-51 Anterior Cord Décompression and Fusion (Winter and 
Lonstein), 2052 

44-52 Anterior Vascular Rib Bone Grafting (Bradford), 2052 

44-53 Circumferential Décompression and Cantilever Bending (Chang 
et al.), 2055 

44-54 Posterior Hemivertebra Resection with Transpedicular 
Instrumentation (Ruf and Harms), 2056 


44-55 Spondylolysis Repair (Kakiuchi), 2065 
44-56 Modified Scott Repair Technique (Van Dam), 2066 
44-57 Intralaminar Screw Fixation of Pars Defect (Buck Screw 
Technique), 2067 

44-58 Spondylolysis Repair with U-Rod or V-Rod (Sumita et al.), 2067 
44-59 Postérolatéral Fusion and Pedicle Screw Fixation (Lenke and 
Bridwell), 2070 

44-60 Instrumented Réduction (Crandall), 2071 
44-61 Partial Réduction and Interbody Fusion (Smith et al.), 2073 
44-62 One-Stage Décompression and Postérolatéral Interbody Fusion 
(Bohlman and Cook), 2075 

44-63 Uninstrumented Circumferential in Situ Fusion (Helenius 
et al.), 2077 

44-64 L5 Vertebrectomy (Gaines), 2078 
44-65 Posterior Instrumentation and Fusion, 2083 
44-66 Vertébral Excision and Réduction of Kyphosis (Lindseth and 
Selzer), 2086 

44-67 Open Biopsy of Thoracic Vertebra (Michèle and Krueger), 2098 


Campbell’s Operative Orthopaedics, 13 th ed. 

List of Techniques 


VOLUME III 

Knee Injuries 

45-1 Open Meniscal Repair, 2150 

45-2 Arthroscopic Partial Meniscectomy and Décompression of Meniscal 
Cyst, 2153 

45-3 Excision of Meniscal Cyst, 2154 

45-4 Repair of Médial Compartment Disruptions, 2173 

45-5 Reconstruction of Médial Compartment (Slocum), 2181 

45-6 Repair of Posteromedial Corner, 2184 

45-7 Reconstruction of Posteromedial Corner (Hughston), 2186 

45-8 Reconstruction of the Antérolatéral Ligament, 2188 

45- 9 Repair of Latéral Compartment Disruptions, 2188 

45-10 Reconstruction of the Postérolatéral Structures for Mild-to- 

Moderate Postérolatéral Instability (Hughston and Jacobson), 2196 

45-11 Reconstruction of the Popliteal Tendon Using the Iliotibial Band for 
Postérolatéral Instability (Müller), 2199 

45-12 Rerouting of the Biceps Tendon to the Fémoral Epicondyle for 
Postérolatéral Instability (Clancy), 2202 

45-13 Anatomie Postérolatéral Knee Reconstruction for Grade III 
Postérolatéral Injury (LaPrade et al.), 2204 

45-14 Postérolatéral Corner Reconstruction with a Single Allograft Fibular 
Sling (Yang et al.), 2205 

45-15 Valgus Tibial Osteotomy and Postérolatéral Reconstruction, 2206 
45-16 Allograft Reconstruction of the Latéral Collateral Ligament 
(Noyés), 2208 

45-17 Reconstruction of Postérolatéral Structures with Semitendinosus 
Tendon (Larson), 2210 

45-18 Repair of Bony Tibial Avulsions of Anterior Cruciate 
Ligament, 2215 

45-19 Extraarticular Procedures (Iliotibial Band Tenodesis) 

(Macintosh), 2216 

45-20 Extraarticular Procedures (Iliotibial Band Tenodesis) (Macintosh, 
Modified by Losee), 2217 

45-21 Extraarticular Procedures (Iliotibial Band Tenodesis) 

(Andrews), 2218 

45-22 Anterior Cruciate Ligament Reconstruction with Bone-Patellar 
Tendon-Bone Graff (Clancy, Modified), 2224 
45-23 Anterior Cruciate Ligament Reconstruction with Hamstrings (with 
Proximal Release of Hamstrings), 2229 
45-24 Repair of Bony Avulsion, 2241 

45-25 Reconstruction of Posterior Cruciate Ligament with Patellar Tendon 
Graff (Clancy), 2246 

45-26 Reconstruction of Posterior Cruciate Ligament with Patellar Tendon 
Graff (Sallay and McCarroll), 2247 

45-27 Reconstruction of Posterior Cruciate Ligament with Bone-Patellar 
Tendon-Bone or Achilles Tendon-Bone Grafts (Berg), 2252 
45-28 Reconstruction of Posterior Cruciate Ligament with Bone-Patellar 
Tendon-Bone or Achilles Tendon-Bone Grafts (Burks and 
Schaffer), 2254 

45-29 Subperiosteal Release of the Latéral Quadriceps Mechanism 
(Ogata), 2273 

45-30 Advancement of the Tibial Tuberosity (Maquet), 2276 
45-31 Patellectomy (Soto-Hall), 2277 
45-32 Thompson Quadricepsplasty (Thompson), 2278 
45-33 Mini-Invasive Quadricepsplasty (Wang, Zhao, He), 2279 
45-34 Posterior Capsulotomy (Putti, Modified), 2281 
45-35 Posterior Capsulotomy (Yount), 2281 

Shoulder and Elbow Injuries 

46- 1 Open Anterior Acromioplasty, 2309 

46-2 Open Repair of Rotator Cuff Tears, 2313 

46-3 Latissimus Dorsi Transfer (Gerber et al.), 2319 

46-4 Décompression and Debridement of Massive Rotator Cuff Tears 
(Rockwood et al.), 2320 

46-5 Closed Manipulation, 2323 

46-6 Posterior Surgical Approach for Quadrilatéral Space Syndrome 
(Cahill and Palmer), 2327 

46-7 Posterior Surgical Approach for Subscapular Nerve Entrapment 
(Post and Mayer), 2328 


46-8 Suprascapular Notch Décompression, 2329 

46-9 Spinoglenoid Notch Décompression, 2329 

46-10 Removal of a Ganglion from the Inferior Branch of the 

Suprascapular Nerve (Thompson, Schneider, and Kennedy), 2330 

46-11 Correction of Tennis Elbow (Nirschl, Modified), 2333 

46-12 Correction of Médial Epicondylitis (Nirschl), 2336 

46-13 Anterior and Posterior Release of Elbow Contracture (Morrey), 2337 

46- 14 Excision of Hétérotopie Ossification (Morrey and Harter), 2339 

Récurrent Dislocations 

47- 1 Open Repair of the Médial Patellofemoral Ligament and Vastus 

Medialis Obliquus Muscle, 2352 

47-2 Open Latéral Release, 2355 

47-3 Mini Open Médial Reefing and Arthroscopic Latéral Release (Nam 
and Karzel), 2355 

47-4 Médial Patellofemoral Ligament Reconstruction (Phillips), 2357 

47-5 Elmslie-Trillat Operation (Modified by Shelbourne, Porter, and 
Rozzi), 2359 

47-6 Fulkerson Osteotomy, 2360 

47-7 Derotational High Tibial Osteotomy (Paulos et al.), 2360 

47-8 Trochleoplasty (Dejour et al.), 2361 

47-9 Modified Bankart Repair (Montgomery and Jobe), 2375 

47-10 Anterior Stabilization with Associated Glenoid Deficiency (Laterjet 
Procedure) (Walch and Boileau), 2377 

47-11 Reconstruction of Anterior Glenoid Using Iliac Crest Bone 
Autograff (Warner et al.), 2380 

47-12 Capsular Shift (Neer and Foster), 2381 

47-13 Neer Inferior Capsular Shift Procedure Through a Posterior 
Approach (Neer and Foster), 2384 

47-14 Tibone and Bradley Technique (Tibone and Bradley), 2386 
47-15 Capsular Shift Reconstruction with Posterior Glenoid Osteotomy 
(Rockwood), 2387 

47-16 McLaughlin Procedure (McLaughlin), 2389 
47-17 Ulnar Collateral Ligament Reconstruction—Jobe Technique, 2394 
47-18 Ulnar Collateral Ligament Reconstruction—Andrews et al. 
Technique, 2395 

47-19 Ulnar Collateral Ligament Reconstruction—Altchek et al. 

Technique, 2397 

47- 20 Latéral Ulnar Collateral Ligament Reconstruction for Postérolatéral 

Rotatory Instability (Nestor, O’Driscoll, and Morrey), 2399 

Traumatic Disorders 

48-1 Fasciotomy for Acute Compartment Syndrome of the Thigh (Tarlow 
et al.), 2408 

48-2 Single-Incision Fasciotomy for Lower Leg Compartment Syndrome 
(Davey et al.), 2409 

48-3 Double-Incision Fasciotomy for Lower Leg Compartment 
Syndrome (Mubarak and Hargens), 2410 

48-4 Double Mini-Incision Fasciotomy for Chronic Anterior 
Compartment Syndrome (Mouhsine et al.), 2412 

48-5 Single-Incision Fasciotomy for Chronic Anterior and Latéral 
Compartment Syndrome (Fronek et al.), 2413 

48-6 Double-Incision Fasciotomy for Chronic Posterior Compartment 
Syndrome (Rorabeck), 2415 

48-7 Open Repair of Acute Achilles Tendon Rupture, 2418 

48-8 Open Repair of Achilles Tendon Rupture—Krackow 
et al., 2419 

48-9 Open Repair of Achilles Tendon Rupture—Lindholm, 2419 

48- 10 Repair of Acute Achilles Tendon Rupture Using Plantaris Tendon 

(Lynn), 2420 

48-11 Dynamic Loop Suture Technique for Acute Achilles Tendon 
Rupture—Teuffer, 2421 

48-12 Minimally Invasive and Percutaneous Repair of Acute Achilles 
Tendon Rupture (Ma and Griffith), 2422 

48-13 Transfer of the Peroneus Brevis Tendon for Neglected Achilles 
Tendon Ruptures (Maffulli et al.), 2424 

48-14 Direct Repair of Neglected Achilles Tendon Ruptures, 2425 
48-15 Repair of Neglected Achilles Tendon Ruptures Using Peroneus 
Brevis And Plantaris Tendons (White and Kraynick; Teuffer, 
Modified), 2425 


48-16 Repair of Neglected Achilles Tendon Ruptures Using 

Gastrocnemius-Soleus Turn-Down Graft (Bosworth), 2426 
48-17 V-Y Repair of Neglected Achilles Tendon Ruptures (Abraham and 
Pankovich), 2426 

48-18 Repair of Neglected Achilles Tendon Ruptures Using Flexor 
Hallucis Longus Tendon Transfer (Wapner et al.), 2427 
48-19 Tenotomy and Repair for Chronic Patellar Tendinosis, 2430 
48-20 Fixation of Patellar Stress Fracture, 2431 
48-21 Suture Repair of Patellar Tendon Rupture, 2432 
48-22 Suture Anchor Repair of Patellar Tendon Rupture (DeBerardino 
and Owens), 2434 

48-23 Achilles Tendon Allograft for Chronic Patellar Tendon 
Rupture, 2434 

48-24 Hamstring (Semitendinosus and Gracilis) Autograff Augmentation 
for Chronic Patellar Tendon Rupture (Ecker, Lotke, and 
Glazer), 2436 

48-25 Hamstring Autograff Augmentation for Chronic Patellar Tendon 
Rupture (Mandelbaum et al.), 2436 

48-26 Repair of Acute Rupture of the Tendon of the Quadriceps Femoris 
Muscle, 24337 

48-27 Repair of Proximal Biceps Tendon Rupture, 2441 
48-28 Subpectoral Biceps Tenodesis (Mazzoca et al.), 2441 
48-29 Two-Incision Technique for Repair of the Distal Biceps Tendon 
(Boyd and Anderson), 2444 

48-30 Single-Incision Technique for Repair of the Distal Biceps 
Tendon,2445 

48-31 Repair of the Superior Peroneal Retinaculum, 2448 
48-32 Fibular Groove Deepening with Tissue Transfer (Periosteal Flap) 
for Récurrent Peroneal Tendon Dislocation (Zoellner and 
Clancy), 2448 

48-33 Indirect (Impaction) Fibular Groove Deepening for Peroneal 
Tendon Dislocation (Shawen and Anderson), 2449 
48-34 Achilles Tendon Augmentation of Superior Peroneal Retinaculum 
Repair (Jones), 2450 

48-35 Treatment of Biceps Brachii Tendon Displacement, 2451 

Arthroscopy of the Foot and Ankle 

50-1 Arthroscopic Examination and Debridement of the Ankle 
Joint, 2471 

50-2 Posterior Debridement for Ankle Impingement, 2475 

50-3 Subtalar Arthroscopy, 2478 

50- 4 First Metatarsophalangeal Joint Arthroscopy, 2480 

Arthroscopy of the Lower Extremity 

51- 1 Resection of Bucket-Handle Tear, 2495 

51-2 Removal of Posterior Horn Tear, 2497 

51-3 Treatment of Partial Depth Meniscal Tears, 2498 

51-4 Partial Excision of the Discoid Meniscus, 2499 

51-5 Inside-To-Outside Technique, 2502 

51-6 Outside-To-Inside Technique (Johnson), 2504 

51-7 Latéral Meniscal Suturing, 2505 

51-8 Transtibial Pull-out Repair of Radial or Meniscal Root Tear 
(Phillips), 2508 

51-9 Meniscal Replacement, 2509 
51-10 Removal of Loose Bodies, 2511 
51-11 Resection of Plica, 2513 

51-12 Arthroscopic Drilling of an Intact Lésion of the Fémoral 
Condyle, 2515 

51-13 Arthroscopic Screw Fixation for Osteochondritis Dissecans Lésions 
in the Médial Fémoral Condyle, 2516 
51-14 Osteochondral Autograff Transfer, 2516 

51-15 Anatomie Single-Bundle Endoscopie Anterior Cruciate Ligament 
Reconstruction Using Bone-Patellar Tendon-Bone Graft, 2521 
51-16 Two-Incision Technique for Anterior Cruciate Ligament 

Reconstruction Using Bone-Patellar Tendon-Bone Graft, 2527 
51-17 Endoscopie Quadruple Hamstring Graft, 2528 
51-18 Anatomie Double-Bundle Anterior Cruciate Ligament 
Reconstruction (Karlsson et al.), 2529 
51-19 Transepiphyseal Replacement of Anterior Cruciate Ligament Using 
Quadruple Hamstring Grafts (Anderson), 2530 
51-20 Physeal-Sparing Reconstruction of the Anterior Cruciate Ligament 
(Kocher, Garg, and Micheli), 2533 

51-21 Anterior Cruciate and Antérolatéral Ligament Reconstruction in 
Athlètes with 3+ Pivot Shift and Révisions (Phillips), 2534 
51-22 Single-Tunnel Posterior Cruciate Ligament Reconstruction, 2536 


51-23 Double-Tunnel Posterior Cruciate Ligament Reconstruction 
(Clancy and Bisson), 2539 
51-24 Latéral Retinacular Release, 2541 
51-25 Synovectomy, 2543 

51-26 Drainage and Debridement in Pyarthrosis, 2543 
51-27 Arthroscopically Assisted Fracture Réduction and Percutaneous 
Fixation (Caspari et al.), 2544 

51-28 Arthroscopic Lysis and Excision of Adhesions (Sprague), 2544 

51-29 Supine Position Arthroscopy (Byrd), 2548 

51-30 Latéral Position Arthroscopy (Glick et al.), 2550 

51-31 Arthroscopic Repair of Labral Tears (Kelly et al.), 2554 

51-32 Arthroscopic Treatment of Pincer Impingement (Larson), 2558 

51-33 Arthroscopic Treatment of Cam Impingement (Mauro et al.), 2559 

51-34 Abductor Tendon Tears (Byrd), 2559 

51- 35 Treatment of External Snapping Hip (Ilizaliturri et al.), 2561 

Arthroscopy of the Upper Extremity 

52-1 Establishing a Posterior Portai, 2571 

52-2 Antegrade Method, 2572 

52-3 Rétrogradé Method, 2572 

52-4 Establishing the Superior Portai (Neviaser), 2573 

52-5 Arthroscopic Removal of Loose Body, 2576 

52-6 Arthroscopic Fixation of Type II Slap Lésions (Modified from 
Burkhart, Morgan, and Kibler), 2578 
52-7 Biceps Tendon Release, 2583 

52-8 Arthroscopic Biceps Tenodesis with a Percutaneous Intraarticular 
Tendon (Sekiya et al.), 2585 

52- 9 Biceps Tenodesis: Arthroscopic or Mini-Open Technique (Romeo 

et al., Modified), 2585 

52- 10 Arthroscopic Bankart Repair Technique, 2588 

52-11 Arthroscopic Bankart-Bristow-Latarjet Technique (Tasaki 
et al.), 2595 

52-12 Posterior Shoulder Stabilization (Kim et al.), 2597 
52-13 Capsular Shift, 2599 

52-14 Arthroscopic Repair of Posterior Humerai Avulsion of the 
Glenohumeral Ligament, 2599 
52-15 Remplissage (Purchase et al. [Wolf] Technique), 2600 
52-16 Transosseous Bony Bankart Repair (Driscoll, Burns, and 
Snyder), 2602 

52-17 Arthroscopic Acromioplasty, 2606 
52-18 Chock-Block Method for Acromioplasty, 2608 
52-19 Debridement of Partial-Thickness Rotator Cuff Tears, 2608 
52-20 Repair of Délamination and Localized, Articular-Side Partial- 
Thickness Cuff Tears, 2608 

52-21 Transtendinous Repair of a Partial Articular-Side Supraspinatus 
Tendon Avulsion Lésion, 2614 
52-22 Rotator Cuff Repair, 2616 

52-23 Repair of Large or Massive Contracted Tears Using the Interval 
Slide Technique (Tauro et al.), 2621 
52-24 Subscapularis Tendon Repair (Burkhart and Tehrany), 2622 
52-25 Arthroscopic Resection of the Distal End of the Clavicle (Mumford 
Procedure) (Tolin and Snyder), 2624 
52-26 Superior Approach (Flatow et al.), 2625 
52-27 Arthroscopic Acromioclavicular Joint Reconstruction, 2626 
52-28 Release of Calcifie Tendinitis, 2626 
52-29 Capsular Release (Scarlat and Harryman), 2627 
52-30 Suprascapular Nerve Release (Lafosse, Tomasi, and Corbett), 2629 
52-31 Arthroscopic Elbow Examination, 2636 
52-32 Arthroscopic Treatment of Osteochondritis Dissecans, 2641 
52-33 Osteochondral Autograff Transfer (Yamamoto et al.), 2642 
52-34 Removal of Olecranon Tip and Osteophytes, 2643 
52-35 Resection of Thickened Pathologie Synovial Plica, 2643 
52-36 Arthroscopy for Arthrofibrosis (Phillips and Strasburger), 2645 
52-37 Arthroscopic Tennis Elbow Release (Baker and Cummings), 2646 
52-38 Arthroscopic Bursectomy (Baker and Cummings), 2647 

General Principles of Fracture Treatment 

53- 1 Percutaneous Drainage of a Morel-Lavallée Lésion (Tseng and 

Tornetta), 2669 

53-2 Irrigation and Debridement of Open Wounds, 2673 

53-3 Harvest of Fémoral or Tibial Bone Graft with the RIA 
Instrumentation, 2677 

53-4 Screw Fixation, 2689 

53-5 ASIF Cancellous Screw Technique, 2690 

53-6 Pin Insertion, 2703 


Fractures of the Lower Extremity 

54-1 Fixation of the Latéral Malleolus, 2718 

54-2 Fixation of the Médial Malleolus, 2719 

54-3 Repair of the Deltoid Ligament and Internai Fixation of the Latéral 
Malleolus, 2721 

54-4 Réduction and Fixation of Posterior Malleolar Fracture, 2724 

54-5 Réduction and Fixation of Anterior Tibial Margin Fractures, 2725 

54-6 Stabilization of Unstable Ankle Fracture-Dislocation, 2726 

54-7 Staged Minimally Invasive Open Réduction and Internai 
Fixation, 2731 

54-8 Postérolatéral Approach to Pilon Fractures, 2733 

54- 9 Spanning External Fixation of Tibial Pilon Fracture (Bonar and 

Marsh), 2735 

54-10 Definitive Ring External Fixation of Tibial Pilon Fractures 
(Watson), 2737 

54-11 Intramedullary Nailing of Tibial Shaft Fractures, 2749 
54-12 External Fixation for Tibial Shaft Fractures, 2755 
54-13 Ilizarov External Fixation for Tibial Shaft Fractures, 2759 
54-14 Open Réduction and Fixation of a Latéral Tibial Plateau 
Fracture, 2770 

54-15 Posteromedial Exposure, 2773 

54-16 Open Réduction and Internai Fixation of Bicondylar Injuries, 2773 

54-17 Circular External Fixation (Watson), 2774 

54-18 Common Approach and Technique for Patellar Fractures, 2777 

54-19 Circumferential Wire Loop Fixation (Martin), 2778 

54-20 Tension Band Wiring Fixation, 2778 

54-21 Partial Patellectomy, 2780 

54-22 Partial Patellectomy Using Figure-of-Eight Load-Sharing Wire or 
Cable (Perry et al.), 2781 
54-23 Total Patellectomy, 2782 
54-24 Fracture Fixation of the Médial Condyle, 2788 
54-25 Fracture Fixation of the Posterior Part of the Médial Condyle, 2789 
54-26 Swashbuckler Approach to the Distal Fémur (Starr et al.), 2791 
54-27 Submuscular Minimally Invasive Locking Condylar Plate 
Application, 2792 

54-28 Double Plate Fixation (Chapman and Henley), 2793 
54-29 Plate and Screw Fixation of Fémoral Shaft Fractures, 2798 
54-30 Antegrade Fémoral Nailing, 2802 
54-31 Rétrogradé Fémoral Nailing, 2808 

54-32 Extraction of an Unbroken Antegrade Fémoral Nail, 2811 

54- 33 Extraction of a Broken Fémoral Antegrade Nail, 2811 

Fractures and Dislocations of the Hip 

55- 1 Fixation of Fémoral Neck Fracture with Cannulated Screws, 2820 

55-2 Open Réduction and Internai Fixation (Modified 

Smith-Petersen), 2822 

55-3 Fluoroscopically Guided Capsulotomy of the Hip, 2827 

55-4 Compression Hip Screw Fixation of Intertrochanteric Fémoral 
Fractures, 2830 

55-5 Intramedullary Nailing of Intertrochanteric Fémoral Fractures, 2835 

55-6 Intramedullary Nailing of Intertrochanteric Fémoral Fractures with 
Integrated Proximal Interlocking Screws (Intertan), 2840 

55-7 Intramedullary Nailing in Reconstruction Mode, 2844 

55-8 Fixation of Subtrochanteric Fémoral Fracture with a Proximal 
Fémoral Locking Plate, 2849 

55- 9 Fixation of Subtrochanteric Fémoral Fracture with a Blade 

Plate, 2849 

55- 10 Open Réduction of Posterior Hip Dislocation Through a Posterior 

Approach, 2856 

Fractures of Acetabulum and Pelvis 

56- 1 Stoppa Approach (AO Foundation), 2977 

56-2 Fixation of Comminuted Posterior Wall Fracture with or without a 
Transverse Component, 2890 

56-3 Anterior Approach for Total Hip Arthroplasty for Fractures 
Involving Primarily the Anterior Wall and Column 
(Beaulé et al.), 2891 

56-4 External Fixation, 2906 

56-5 Supraacetabular External Fixation, 2907 

56-6 Anterior Subcutaneous Internai Fixation (Vaidya et al.), 2907 

56-7 Pelvic Clamps (Ganz et al.), 2909 

56-8 Open Réduction and Internai Fixation of the Pubic 
Symphysis, 2912 

56-9 Internai Fixation: Posterior Screw Fixation of Sacral Fractures and 
Sacroiliac Dislocations (Prone) (Matta and Saucedo), 2916 


56-10 Percutaneous Iliosacral Screw Fixation of Sacroiliac Disruptions and 
Sacral Fractures (Supine), 2918 

56- 11 Anterior Approach and Stabilization of the Sacroiliac Joint 

(Simpson et al.), 2921 

Fractures of the Shoulder, Arm, and Forearm 

57-1 Open Réduction and Internai Fixation of Clavicular Fractures 
(Collinge et al., Modified), 2928 

57-2 Intramedullary Fixation with a Headed, Distally Threaded Pin 
(Rockwood Clavicle Pin), 2930 

57-3 Intramedullary Nailing of a Proximal Humerai Fracture, 2945 

57-4 Open Réduction and Internai Fixation of Proximal Humerai 
Fractures, 2949 

57-5 Antérolatéral Acromial Approach for Internai Fixation of Proximal 
Humerai Fracture (Gardner et al.; Mackenzie), 2950 

57-6 Open Réduction and Internai Fixation of the Humerai Shaft 

Through a Modified Posterior Approach (Triceps-Reflecting), 2955 

57-7 Antegrade Intramedullary Nailing of Humerai Shaft Fractures, 2957 

57-8 Open Réduction and Internai Fixation of the Distal Humérus with 
Olecranon Osteotomy, 2964 

57- 9 Open Réduction and Internai Fixation of Radial Head 

Fracture, 2970 

57- 10 Stabilization of “Terrible Triad” Elbow Fracture-Dislocation (McKee 

et al.), 2977 

57-11 Open Réduction and Internai Fixation of Olecranon Fracture, 2980 
57-12 Open Réduction and Internai Fixation of Both-Bone Forearm 
Fractures, 2987 

57-13 Closed Réduction and Percutaneous Pinning of Distal Radial 
Fracture (Glickel et al.), 2994 

57-14 External Fixation of Fracture of the Distal Radius, 2996 

57-15 Volar Plate Fixation of Fracture of the Distal Radius (Chung), 2999 

57- 16 Distraction Plate Fixation (Burke and Singer as Modified by Ruch 

et al.), 3002 

Malunited Fractures 

58- 1 Correction of Metatarsal Angulation, 3019 

58-2 Correction of Tarsal Malunion, 3019 

58-3 Posterior Subtalar Arthrodesis (Galbe), 3022 

58-4 Distraction Arthrodesis (Carr et al.), 3023 

58-5 Resection of Latéral Prominence of Calcaneus (Kashiwagi, 
Modified), 3024 

58-6 Correction of Calcaneal Malunion Through Extensile Latéral 
Approach (Clare et al.), 3024 

58-7 Correction of Valgus Malunion of Extraarticular Calcaneal Fracture 
(Aly), 3027 

58-8 Osteotomy for Bimalleolar Fracture, 3028 

58-9 Correction of Diastasis of the Tibia and Fibula, 3029 

58- 10 Supramalleolar Osteotomy, 3030 

58-11 Oblique Tibial Osteotomy (Sanders et al.), 3033 
58-12 Clamshell Osteotomy (Russell et al.), 3036 

58-13 Subcondylar Osteotomy and Wedge Graff for Malunion of Latéral 
Condyle, 3038 

58-14 Osteotomy and Internai Fixation of the Latéral Condyle, 3039 
58-15 Open Réduction and Internai Fixation, 3040 
58-16 Osteotomy for Fémoral Malunion, 3044 
58-17 Osteotomy for Fémoral Malunion in Children, 3045 
58-18 Correction of Cervicotrochanteric Malunion, 3047 
58-19 Osteotomy and Reorientation of Scapular Neck (Cole et al.), 3049 
58-20 Osteotomy and Plate Fixation, 3051 
58-21 Osteotomy and Elastic Intramedullary Nailing of Midshaft 
Clavicular Fracture (Smekal et al.), 3054 
58-22 Closing Wedge Valgus Osteotomy for Varus Malunion of Proximal 
Humérus (Benegas et al., Modified), 3058 
58-23 Correction of Proximal Third Humerai Malunion, 3058 
58-24 Correction of Radial Neck Malunion (Inhofe and Moneim, 
Modified), 3059 

58-25 Osteotomy and Fixation of Monteggia Fracture Malunion, 3060 
58-26 Resection of Proximal Part of Radial Shaft (Kamineni et al.), 3061 
58-27 Osteotomy and Plating for Forearm Malunion (Trousdale and 
Linscheid, Modified), 3062 

58-28 Correction of Forearm Malunion with Distal Radioulnar Joint 
Instability (Trousdale and Linscheid, Modified), 3063 
58-29 Drill Osteoclasis (Blackburn et al.), 3064 

58-30 Opening Wedge Metaphyseal Osteotomy with Bone Grafting and 
Internai Fixation with Plate and Screws (Fernandez), 3068 


58-31 Volar Osteotomy (Shea et al.), 3070 

58-32 Intramedullary Fixation, 3071 

58-33 External Fixation (Melendez), 3073 

58-34 Osteotomy for Intraarticular Malunion (Marx and Axelrod), 3074 

58-35 Radiolunate Arthrodesis (Saffar), 3075 

58-36 Ulnar Shortening Osteotomy (Milch), 3076 

58- 37 Resection of the Distal Ulna (Darrach), 3077 

Delayed Union and Nonunion of Fractures 

59-1 Décortication, 3087 

59-2 Fibular Autograff, 3088 

59-3 Intramedullary Fibular Strut Allograft (Humérus) (Willis 
et al.), 3089 

59-4 Resection of the Distal Fragment of the Médial Malleolus, 3098 

59-5 Sliding Graft, 3099 

59-6 Bone Graft of Médial Malleolar Nonunion (Banks), 3099 

59-7 Postérolatéral Bone Graffing, 3101 
59-8 Anterior Central Bone Graffing, 3101 

59- 9 Percutaneous Bone Marrow Injection (Connolly et al., Brinker 

étal.), 3102 

59- 10 Tibial Exchange Nailing, 3103 

59-11 Plate Fixation and Bone Graffing of the Clavicle, 3110 

Acute Dislocations 

60- 1 Open Réduction and Repair of Patellar Dislocation, 3119 

60-2 Graffing of the Médial Patellar Retinaculum, 3120 

60-3 Open Réduction and Repair of the Extensor Mechanism, 3120 

60-4 Open Réduction of Hip Dislocation, 3124 

60-5 Anatomie Reconstruction of the Conoid and Trapezoid Ligaments 
(Mazzocca et al.), 3130 

60-6 Distal Clavicular Excision (Stewart), 3131 

60-7 Open Réduction of Radial Head Dislocation, 3133 


Old Unreduced Dislocations 

61-1 Ligamentous Reconstruction for Old Unreduced Dislocation of the 
Proximal Tibiofibular Joint, 3138 

61-2 Open Réduction for Old Unreduced Dislocation of the Knee, 3138 

61-3 Open Réduction for Old Unreduced Dislocation of the Patella, 3140 

61-4 Intertrochanteric Osteotomy for Chronic Anterior Dislocation of 
the Hip (Aggarwal and Singh), 3140 

61-5 Traction and Abduction for Chronic Posterior Hip Dislocation 
(Gupta and Shravat), 3141 

61-6 Resection of the Médial End of the Clavicle for Old Sternoclavicular 
Joint Dislocation, 3142 

61-7 Resection of the Latéral End of the Clavicle for Old Unreduced 
Acromioclavicular Joint Dislocation (Mumford; Gurd), 3143 
61-8 Reconstruction of the Superior Acromioclavicular Ligament for Old 
Unreduced Acromioclavicular Joint Dislocation (Neviaser), 3144 
61-9 Transfer of the Coracoacromial Ligament for Chronic 
Acromioclavicular Joint Dislocation (Rockwood), 3145 
61-10 Arthroscopic Transfer of the Coracoacromial Ligament for Chronic 
Acromioclavicular Joint Dislocation (Boileau et al.), 3147 
61-11 Open Réduction of Chronic Anterior Shoulder Dislocations (Rowe 
and Zarins), 3151 

61-12 Open Réduction of Chronic Posterior Shoulder Dislocation from a 
Superior Approach (Rowe and Zarins), 3152 
61-13 Open Réduction of Chronic Posterior Shoulder Dislocation 
Through an Anteromedial Approach (McLaughlin), 3153 
61-14 Deltopectoral Approach for Chronic Posterior Shoulder Dislocation 
(Keppler et al.), 3153 

61-15 Open Réduction and V-Y Lengthening of Triceps Muscles for 
Chronic Elbow Dislocation (Speed), 3156 
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Peripheral Nerve Injuries 

62-1 Epineurial Neurorrhaphy, 3182 

62-2 Perineurial (Fascicular) Neurorrhaphy, 3183 

62-3 Interfascicular Nerve Grafting (Millesi, Modified), 3183 

62-4 Approach to the Brachial Plexus, 3190 

62-5 Transfer of the Ulnar Nerve Fascicles to Nerve of the Biceps Muscle 
(Oberlin et al.), 3193 

62-6 Double Fascicular Transfer from Ulnar and Médian Nerves to 

Nerve of the Brachialis Branches (MacKinnon and Colbert), 3194 
62-7 Neurotization of the Suprascapular Nerve with the Spinal Accessory 
Nerve (MacKinnon and Colbert), 3195 
62-8 Neurotization of the Axillary Nerve with Radial Nerve (MacKinnon 
and Colbert), 3196 

62- 9 Posterior Approach for Division of the Transverse Scapular 

Figament (Swafford and Fichtman), 3197 
62-10 Approach to the Axillary Nerve, 3199 
62-11 Approach to the Musculocutaneous Nerve, 3199 
62-12 Approach to the Radial Nerve, 3201 
62-13 Approach to the Ulnar Nerve, 3204 

62-14 Nerve Transfer for Ulnar Nerve Reconstruction (MacKinnon and 
Novak), 3206 

62-15 In Situ Décompression of the Ulnar Nerve, 3207 
62-16 Endoscopie Cubital Tunnel Release (Cobb), 3207 
62-17 Médial Epicondylectomy, 3208 
62-18 Transposition of the Ulnar Nerve, 3208 
62-19 Approach to the Médian Nerve, 3212 
62-20 Approach to the Fémoral Nerve, 3215 
62-21 Approach to the Sciatic Nerve, 3217 
62-22 Approach to the Common, Superficial, and Deep Peroneal 
Nerves, 3220 

62- 23 Approach to the Tibial Nerve Deep to the Soleus Muscle, 3222 

Microsurgery 

63- 1 Microvascular Anastomosis (End-to-End), 3227 

63-2 Microvascular End-to-Side Anastomosis, 3228 
63-3 Microvascular Vein Grafting, 3229 

63-4 Epineurial Neurorrhaphy, 3230 

63-5 Perineurial (Fascicular) Neurorrhaphy, 3231 

63-6 Epiperineurial Neurorrhaphy, 3231 

63-7 Interfascicular Grafting (Millesi, Modified), 3232 

63-8 Préparation for Replantation, 3240 

63-9 Vessel Repair in Replantation, 3243 

63- 10 Nerve Repair for Replantation, 3244 
63-11 Reoperation, 3246 

63-12 Pocket Technique for Microvascular Anastomosis 
(Arata et al.), 3247 

63-13 Dissection for Free Groin Flap, 3253 

63-14 Dissection for Antérolatéral Thigh Flap (Javaid and Cormack), 3255 
63-15 Dissection for Scapular and Parascapular Flap (Gilbert; Urbaniak 
et al.), 3257 

63-16 Dissection for Latéral Arm Flap, 3258 

63-17 Dissection for Latissimus Dorsi Transfer, 3260 

63-18 Dissection for Serratus Anterior Flap, 3262 

63-19 Dissection for Pectoralis Major Transfer (Manktelow; Ikuta), 3264 

63-20 Dissection for Tensor Fasciae Latae Muscle Flap, 3265 

63-21 Dissection for Gracilis Muscle Transfer, 3267 

63-22 Dissection for Rectus Abdominis Transfer, 3268 

63-23 Transfer of Functioning Muscle, 3270 

63-24 Posterior Approach for Harvesting Fibular Graft (Taylor), 3273 
63-25 Latéral Approach for Harvesting Fibular Graft (Gilbert; Tamai et al.; 
Weiland), 3274 

63-26 Distal Tibiofibular Fusion to Prevent Progressive Valgus 
Deformity, 3277 

63-27 Free Iliac Crest Bone Graft (Taylor, Townsend, and Corlett; Daniel; 
Weiland et al.), 3277 


63-28 Harvesting of Médial Fémoral Condyle Corticoperiosteal Free 
Flap, 3278 

63-29 Composite Rib Graft Harvest (Ostrup), 3279 
63-30 Dorsalis Pedis Free Tissue Transfer, 3281 
63-31 Neurovascular Free Flap Transfer First Web Space, 3284 
63-32 Great Toe Wraparound Flap Transfer (Morrison et al., Urbaniak 
et al., Steichen), 3286 

63-33 Single-Stage Great Toe Transfer (Buncke, Modified), 3289 
63-34 Trimmed-Toe Transfer (Wei et al.), 3291 
63-35 Second or Third Toe Transplantation, 3294 

Basic Surgical Technique and Postoperative Care 

64-1 Midlateral Finger Incision, 3311 

64- 2 Z-Plasty, 3313 

Acute Hand Injuries 

65- 1 Applying Split-Thickness Grafts, 3329 

65-2 Applying Full-Thickness Grafts, 3330 
65-3 Applying Cross Finger Flaps, 3337 

65-4 Applying a Radial Forearm Graft (Foucher et al.), 3339 
65-5 Applying a Posterior Interosseous Flap (Zancolli and Angrigiani; 
Chen et al.), 3340 

65-6 Applying a Random Pattern Abdominal Pedicle Flap, 3341 

65-7 Groin Pedicle Flap, 3342 

65-8 Hypogastric (Superficial Epigastric) Flap, 3343 

65- 9 Applying a Filleted Graft, 3345 

Flexor and Extensor Tendon Injuries 

66- 1 Modified Kessler-Tajima Suture (Strickland, 1995), 3354 

66-2 Flexor Tendon Repair Using Six-Strand Repair (Adelaide 

Technique) (Savage), 3355 

66-3 Four- or Six-Strand Repair (Chung, Modified Tsuge), 3355 
66-4 Multiple Looped Suture Tendon Repair (Tang et al.), 3355 
66-5 Six-Strand Double-Loop Suture Repair (Lim and Tsai), 3355 
66-6 Eight-Strand Repair (Winters and Gelberman), 3356 
66-7 End-to-Side Repair, 3356 
66-8 Roll Stitch, 3357 

66-9 Pull-Out Technique for Tendon Attachment, 3358 
66-10 Repair in Zones I and II, 3364 
66-11 Repair in Zones III, IV, and V, 3367 
66-12 Profundus Advancement (Wagner), 3374 

66-13 Reconstruction of Finger Flexors: Single-Stage Tendon Graft, 3374 
66-14 Reconstruction of Flexor Tendon Pulleys, 3380 
66-15 Stage 1: Excision of Tendon and Scar and Reconstruction of Flexor 
Pulley, 3383 

66-16 Stage 2: Rod Removal and Tendon Graft Insertion, 3383 
66-17 Flexor Tendon Graft, 3384 

66-18 Two-Stage Flexor Tendon Graft for Flexor Pollicis Longus 
(Hunter), 3385 

66-19 Transfer of Ring Finger Flexor Sublimis to Flexor Pollicis 
Longus, 3385 

66-20 Flexor Tenolysis After Repair and Grafting, 3386 
66-21 Freeing of Adhèrent Tendon (Howard), 3387 
66-22 Tenodesis, 3387 

66-23 Chronic Mallet Finger (Secondary Repair), 3391 
66-24 Chronic Mallet Finger (Secondary Repair) (Fowler), 3391 
66-25 Tendon Transfer for Correction of Old Mallet Finger Deformity 
(Milford), 3392 

66-26 Tendon Graft for Correction of Old Mallet Finger 
Deformity, 3393 

66-27 Repair of Central Slip of the Extensor Expansion Causing 
Boutonnière Deformity, 3394 

66-28 Reconstruction of the Extensor Mechanism for Chronic 
Boutonnière Deformity (Littler, Modified), 3396 
66-29 Repair of Traumatic Dislocation of the Extensor 
Tendon, 3397 


Fractures, Dislocations, and Ligamentous Injuries 

67-1 Closed Pinning (Wagner), 3407 

67-2 Open Réduction (Wagner), 3409 

67-3 Corrective Osteotomy, 3410 

67-4 Open Réduction and Internai Fixation (Foster and Hastings), 3413 

67-5 Open Réduction and Internai Fixation (Buchler et al.), 3413 

67-6 Ligament Reconstruction for Récurrent Dislocation (Eaton and 
Littler), 3414 

67-7 Open Réduction—Volar Approach, 3416 

67-8 Repair by Suture, 3419 

67- 9 Anatomie Graft Reconstructions (Glickel), 3420 

67-10 Jobe Four-Limb Reconstruction, 3421 

67-11 Open Réduction (Kaplan), 3423 

67-12 Open Réduction—Dorsal Approach (Becton et al.), 3426 
67-13 Open Réduction and Fixation of Metacarpal Shaft 
Fracture, 3427 

67-14 Percutaneous Pinning of Metacarpal Shaft Fracture, 3427 
67-15 Percutaneous Pinning of a Metacarpal Shaft Fracture, 3427 
67-16 Open Réduction and Plate Fixation, 3431 
67-17 Open Réduction and Screw Fixation, 3432 
67-18 Open Réduction (Pratt), 3434 
67-19 Hemi-Hamate Autograff (Williams et al.), 3438 
67-20 Open Réduction (Eaton and Malerich), 3441 
67-21 Dynamic Distraction External Fixation (Ruland et al.), 3444 
67-22 Dynamic Intradigital External Fixation, 3445 
67-23 Tendon Graft to Replace Ruptured Collateral Ligament, 3447 
67-24 Open Réduction and Fixation with a Kirschner Wire, 3448 
67-25 Open Réduction and Fixation with a Pull-Out Wire and 
Transarticular Kirschner Wire (Doyle), 3451 
67-26 Correction of Metacarpal Neck Malunion, 3453 
67-27 Correction of Nonunion of the Metacarpals (Littler), 3456 
67-28 Metacarpophalangeal Joint Capsulotomy, 3457 
67-29 Proximal Interphalangeal Joint Capsulotomy (Curtis), 3458 

67- 30 Proximal Interphalangeal Joint Capsulotomy (Watson 

et al.), 3459 

Nerve Injuries 

68- 1 Two-Point and Moving Two-Point Discrimination 

Testing, 3464 

68-2 Polyglycolic Acid and Digital Nerve Repair (Weber et al.), 3468 

68-3 Tension-Free Nerve Graft (Millesi, Modified), 3468 

68-4 Suture of Digital Nerves, 3469 

68-5 Transfer of the Proper Digital Nerve Dorsal Branch (Chen 
et al.), 3471 

68-6 Repair of the Ulnar Nerve, 3471 

68-7 Repair of the Deep Branch of the Ulnar Nerve (Boyes, 

Modified), 3473 

68-8 Repair of the Médian Nerve, 3473 

68- 9 Repair of the Superficial Radial Nerve, 3475 

68- 10 Neurovascular Island Graft Transfer, 3476 

Wrist Disorders 

69- 1 Patient Positioning for Wrist Arthroscopy, 3486 

69-2 Radiocarpal Examination, 3487 

69-3 Midcarpal Examination, 3489 

69-4 Distal Radioulnar Examination, 3489 

69-5 Open Réduction and Internai Fixation of Acute Displaced Fractures 
of the Scaphoid—Volar Approach, 3493 

69-6 Open Réduction and Internai Fixation of Acute Displaced Fractures 
of the Scaphoid—Dorsal Approach, 3494 

69-7 Open Réduction and Internai Fixation of Acute Displaced Fractures 
of the Scaphoid—Volar Approach, 3494 

69-8 Percutaneous Fixation of Scaphoid Fractures (Slade et al.), 3495 

69-9 Styloidectomy (Stewart), 3501 

69- 10 Excision of the Proximal Fragment, 3502 
69-11 Proximal Row Carpectomy, 3503 

69-12 Proximal Row Carpectomy (Neviaser), 3504 

69-13 Arthroscopic Proximal Row Carpectomy (Weiss et al.), 3505 

69-14 Grafting Operations (Matti-Russe), 3505 

69-15 Grafting Operations (Fernandez), 3508 

69-16 Grafting Operations (Tomaino et al.), 3508 

69-17 Grafting Operations (Stark et al.), 3510 

69-18 Vascularized Bone Grafts (Kawai and Yamamoto), 3511 

69-19 Vascularized Bone Grafts (Zaidemberg et al.), 3511 


69-20 Wrist Denervation, 3513 

69-21 Excision or Réduction and Fixation of the Hook of the 
Hamate, 3517 

69-22 Capitate Shortening with Capitate-Hamate Fusion, 3522 
69-23 Radial Décompression for Treatment of Kienbôck Disease 
(Illarramendi and De Carli), 3523 
69-24 Radial Shortening, 3524 

69-25 Arthroscopic Debridement of Triangular Fibrocartilage 
Tears, 3528 

69-26 Arthroscopic Repair of Class IB Triangular Fibrocartilage Complex 
Tears from the Ulna, 3528 

69-27 Arthroscopic Transosseous Repair of Foveal Detachment of the 
TFCC, 3529 

69-28 Open Repair of Class IB Injury, 3530 

69-29 Open Repair of Class IC Injury (Culp, Osterman, and Kaufmann, 
Modified), 3530 

69-30 Arthroscopic Repair of Class 1D Injury (Sagerman and Short; 

Trumble et al.; Jantea et al., Modified), 3531 
69-31 Open Repair of Class 1D Injuries (Cooney et al.), 3533 
69-32 Anatomie Reconstruction of the Distal Radioulnar Ligaments 
(Adams and Berger), 3535 

69-33 Reconstruction of the Dorsal Ligament of the Triangular 
Fibrocartilage Complex (Scheker et al.), 3537 
69-34 Ulnar Shortening Osteotomy (Chun and Palmer), 3539 
69-35 Limited Ulnar Head Excision: Hemiresection Interposition 
Arthroplasty (Bowers), 3541 

69-36 “Matched” Distal Ulnar Resection (Watson et al.), 3542 
69-37 “Wafer” Distal Ulnar Resection (Feldon, Terrono, and 
Belsky), 3543 

69-38 Combined Arthroscopic “Wafer” Distal Ulnar Resection and 

Triangular Fibrocartilage Complex Debridement (Tomaino and 
Weiser), 3544 

69-39 Distal Radioulnar Arthrodesis with Distal Ulnar Pseudarthrosis 
(Baldwin; Sauvé-Kapandji; Lauenstein) (Sanders et al.; Vincent 
et al.; Lamey and Fernandez), 3545 
69-40 Tenodesis of the Extensor Carpi Ulnaris and Transfer of the 
Pronator Quadratus (Kleinman and Greenberg), 3547 
69-41 Combination Tenodesis of the Flexor Carpi Ulnaris and the 
Extensor Carpi Ulnaris (Jupiter and Breen, Modified), 3548 
69-42 Arthrodesis of the Wrist (Haddad and Riordan), 3550 
69-43 Compression Plate Technique, 3551 
69-44 Arthrodesis of the Wrist (Weiss and Hastings), 3551 
69-45 Ligament Repair, 3557 

69-46 Ligament Reconstruction (Palmer, Dobyns, and Linscheid), 3557 
69-47 Ligament Reconstruction (Almquist et al.), 3560 
69-48 Ligament Reconstruction (Brunelli and Brunelli), 3561 
69-49 Dorsal Capsulodesis (Blatt with Berger Modification), 3563 
69-50 Scaphotrapezial-Trapezoid Fusion (Watson), 3564 
69-51 Scaphocapitate Arthrodesis (Sennwald and Ufenast), 3566 
69-52 Scaphocapitolunate Arthrodesis (Rotman et al.), 3566 
69-53 Lunotriquetral Arthrodesis (Kirschenbaum et al.; Nelson 
et al.), 3567 

Spécial Hand Disorders 

70-1 Escharotomy (Sheridan et al.), 3581 

70-2 Tangential Excision (Ruosso, Wexler, Brcic, Modified), 3582 

70- 3 Full-Thickness Excision, 3582 

Paralytic Hand 

71- 1 Transfer of the Sublimis Tendon (Riordan), 3600 

71-2 Transfer of the Sublimis Tendon (Brand), 3601 

71-3 Transfer of the Extensor Indicis Proprius (Burkhalter et al.), 3602 

71-4 Transfer of the Flexor Carpi Ulnaris Combined with the Sublimis 
Tendon (Graves and Goldner), 3603 

71-5 Transfer of the Palmaris Longus Tendon to Enhance Opposition of 
the Thumb (Camitz), 3603 

71-6 Muscle Transfer (Abductor Digiti Quinti) to Restore Opposition 
(Littler and Cooley), 3603 

71-7 Transfer of the Brachioradialis or Radial Wrist Extensor to Restore 
Thumb Adduction (Boyes), 3607 

71-8 Transfer of the Extensor Carpi Radialis Brevis Tendon to Restore 
Thumb Adduction (Smith), 3607 

71-9 Royle-Thompson Transfer (Modified), 3609 
71-10 Transfer of the Extensor Indicis Proprius Tendon, 3609 


71-11 Transfer of a Slip of the Abductor Pollicis Longus Tendon (Neviaser, 
Wilson, and Gardner), 3610 

71-12 Transfer of the Flexor Digitorum Sublimis of the Ring Finger 
(Bunnell, Modified), 3614 

71-13 Transfer of the Extensor Carpi Radialis Longus or Brevis Tendon 
(Brand), 3615 

71-14 Transfer of the Extensor Indicis Proprius and Extensor Digiti Quinti 
Proprius (Fowler), 3615 

71-15 Capsulodesis (Zancolli), 3616 

71-16 Tenodesis (Fowler), 3617 

71-17 Transfer of Pronator Teres to Extensor Carpi Radialis Brevis, the 
Flexor Carpi Radialis to Extensor Digitorum Communis, and 
Palmaris Longus to Extensor Pollicis Longus, 3618 

71-18 Transfer of Pronator Teres to Extensor Carpi Radialis Longus and 
Extensor Carpi Radialis Brevis, Flexor Carpi Radialis to Extensor 
Pollicis Brevis and Abductor Pollicis Longus, Flexor Digitorum 
Sublimis Middle to Extensor Digitorum Communis, and Flexor 
Digitorum Sublimis Ring to Extensor Pollicis Longus and Extensor 
Indicis Proprius (Boyes), 3620 

71-19 Distal Biceps-to-Triceps Transfer, 3626 

71-20 Posterior Deltoid-to-Triceps Transfer (Moberg, Modified), 3628 

71-21 Transfer of the Brachioradialis to the Extensor Carpi Radialis 
Brevis, 3629 

71-22 Moberg Key Grip Tenodesis, 3630 

71-23 Two-Stage Reconstruction to Restore Digital Flexion and Key 
Pinch—Extensor Phase, 3631 

71-24 Two-Stage Reconstruction to Restore Digital Flexion and Key 
Pinch—Flexor Phase, 3632 

71-25 Zancolli Reconstruction, First Step, 3633 

71- 26 Zancolli Reconstruction Second Step, 3634 

Cérébral Palsy of the Hand 

72-1 Transfer of the Pronator Teres, 3642 

72-2 Brachioradialis Rerouting (Ozkan et al.), 3642 

72-3 Fractional Lengthening of the Flexor Carpi Radialis Muscle and 
Finger Flexors, 3644 

72-4 Release of the Flexor-Pronator Origin (Inglis and Cooper), 3645 

72-5 Extensive Release of the Flexor Pronator Origin (Williams and 
Haddad), 3646 

72-6 Transfer of the Flexor Carpi Ulnaris (Green and Banks), 3646 

72-7 Wrist Arthrodesis, 3649 

72-8 Carpectomy (Orner and Capen), 3649 

72- 9 Myotomy, 3651 

72- 10 Release of Contractures, Augmentation of Weak Muscles, and 

Skeletal Stabilization (House et al.), 3652 

72-11 Flexor Pollicis Longus Abductorplasty (Smith), 3653 

72-12 Redirection of Extensor Pollicis Longus (Manske), 3654 

72-13 Sublimis Tenodesis of the Proximal Interphalangeal Joint 
(Curtis), 3656 

72-14 Intrinsic Lengthening (Matsuo et al.; Carlson et al.), 3657 

72- 15 Latéral Band Translocation (Tonkin, Hughes, and 

Smith), 3658 

Arthritic Hand 

73- 1 Correction of Proximal Interphalangeal Joint Hyperextension 

Deformity (Beckenbaugh), 3669 

73-2 Latéral Band Mobilization and Skin Release (Nalebuff and 
Millender), 3671 

73-3 Correction of Mild Boutonnière Deformity by Extensor 
Tenotomy, 3672 

73-4 Correction of Moderate Boutonnière Deformity, 3673 

73-5 Correction of Severe Boutonnière Deformity, 3673 

73-6 Proximal Interphalangeal Joint Volar Plate Interposition 
Arthroplasty, 3674 

73-7 Proximal Interphalangeal Joint Arthroplasty Through a Dorsal 
Approach (Swanson), 3675 

73-8 Proximal Interphalangeal Joint Arthroplasty Through an Anterior 
(Palmar) Approach (Lin, Wyrick, and Stern; Schneider), 3675 

73-9 Extensor Tendon Realignment and Intrinsic Rebalancing, 3678 

73- 10 Metacarpophalangeal Joint Arthroplasty (Swanson), 3680 

73-11 Metacarpal Joint Surface Arthroplasty (Beckenbaugh), 3681 

73-12 Synovectomy, 3683 

73-13 Flexor Tendon Sheath Synovectomy, 3684 

73-14 Metacarpophalangeal Joint Arthrodesis (Stern et al.; Segmüller, 
Modified), 3685 

73-15 Proximal Interphalangeal Joint Arthrodesis, 3686 
73-16 Thumb Interphalangeal Joint Synovectomy, 3688 
73-17 Thumb Metacarpophalangeal Joint Synovectomy, 3688 


73-18 Thumb Trapeziometacarpal Joint Synovectomy, 3688 
73-19 Interphalangeal Soft-Tissue Reconstruction, 3689 
73-20 Metacarpophalangeal Synovectomy with Extensor Tendon 
Reconstruction, 3689 

73-21 Thumb Metacarpophalangeal Joint Reconstruction for Rheumatoid 
Arthritis (Inglis et al.), 3690 
73-22 Metacarpophalangeal Arthroplasty, 3692 
73-23 Trapeziometacarpal Ligament Reconstruction (Eaton and 
Littler), 3692 

73-24 Distraction Arthroplasty, 3694 

73-25 Tendon Interposition Arthroplasty with Ligament Reconstruction 
(Burton and Pellegrini), 3697 

73-26 Tendon Interposition Arthroplasty with Ligament Reconstruction 
(Eaton et al.), 3699 

73-27 Tendon Interposition Arthroplasty with Ligament Reconstruction 
(Kleinman and Eckenrode), 3700 
73-28 Arthroscopic Thumb CMC Arthroplasty (Slutsky), 3700 
73-29 Interphalangeal Arthrodesis of the Thumb, 3705 
73-30 Metacarpophalangeal Arthrodesis of the Thumb, 3705 
73-31 Tension Band Arthrodesis of the Thumb Metacarpophalangeal 
Joint, 3706 

73-32 Thumb Metacarpophalangeal Joint Arthrodesis with Intramedullary 
Screw Fixation, 3706 

73-33 Trapeziometacarpal Arthrodesis (Stark et al.), 3709 
73-34 Trapeziometacarpal Arthrodesis (Doyle), 3709 
73-35 Thumb Carpometacarpal Arthrodesis with Kirschner Wire or 
Blade-Plate Fixation (Goldfarb and Stern), 3710 
73-36 Dorsal Synovectomy, 3712 
73-37 Volar Synovectomy, 3713 

73-38 Arthrodesis of the Wrist (Millender and Nalebuff), 3716 

Compartment Syndromes and Volkmann Contracture 

74-1 Measuring Compartment Pressures in the Forearm and Hand 
Using a Handheld Monitoring Device (Lipschitz and 
Lifchez), 3724 

74-2 Forearm Fasciotomy and Arterial Exploration, 3725 

74-3 Hand Fasciotomies, 3726 

74-4 Mini-Open Forearm Fasciotomy (Harrison et al.), 3726 

74-5 Excision of Necrotic Muscles Combined with Neurolysis of Médian 
and Ulnar Nerves for Severe Contracture, 3729 

74-6 Two-Staged Free Gracilis Transfer (Oishi and Ezaki), 3729 

74-7 Release of Established Intrinsic Muscle Contractures of the Hand 
(Littler), 3730 

74- 8 Release of Severe Intrinsic Contractures with Muscle Fibrosis 

(Smith), 3731 

Dupuytren Contracture 

75- 1 Collagénase Injections (Hentz), 3739 

75-2 Subcutaneous Fasciotomy (Luck), 3743 

75- 3 Partial (Sélective) Fasciectomy, 3745 

Carpal Tunnel Syndrome, Ulnar Tunnel Syndrome, and Stenosing 
Tenosynovitis 

76- 1 “Mini-Palm” Open Carpal Tunnel Release, 3754 

76-2 Extended Open Carpal Tunnel Release, 3754 

76-3 Endoscopie Carpal Tunnel Release Through a Single Incision 
(Agee), 3760 

76-4 Two-Portal Endoscopie Carpal Tunnel Release (Chow), 3762 
76-5 Surgical Treatment of De Quervain Disease, 3766 
76-6 Surgical Release of Trigger Finger, 3768 

76- 7 Percutaneous Release of Trigger Finger, 3769 

Tumors and Tumorous Conditions of the Hand 

77- 1 Excision of a Dorsal Wrist Ganglion, 3797 

77-2 Excision of a Volar Wrist Ganglion, 3798 

77- 3 Arthroscopic Resection of a Dorsal Wrist Ganglion (Osterman and 

Raphaël; Luchetti et al.), 3799 

Hand Infections 

78- 1 Incision and Drainage of Hand Infection, 3807 

78-2 Eponychial Marsupialization (Bednar and Lane; Keyser and 
Eaton), 3809 

78-3 Incision and Drainage of Félons, 3810 
78-4 Incision and Drainage of Deep Fascial Space Infection, 3812 
78-5 Postoperative Closed Irrigation (Neviaser, Modified), 3815 
78-6 Open Drainage, 3816 

78-7 Incision and Drainage of Radial and Ulnar Bursae, 3817 
78-8 Open Drainage of Septic Finger Joints, 3817 


Congénital Anomalies of the Hand 

79-1 Metacarpal Lengthening (Kessler et al.), 3830 

79-2 Centralization of the Hand Using Transverse Ulnar Incisions 
(Manske, McCarroll, and Swanson), 3836 

79-3 Centralization of the Hand with Removal of the Distal Radial 
Anlage (Watson, Beebe, and Cruz), 3837 

79-4 Centralization of the Hand and Tendon Transfers (Bora 
et al.), 3840 

79-5 Centralization with Transfer of the Flexor Carpi Ulnaris (Bayne and 
Klug), 3841 

79-6 Centralization of the Hand (Buck-Gramcko), 3842 
79-7 Opponensplasty (Manske and McCarroll), 3842 
79-8 Triceps Transfer to Restore Elbow Flexion (Menelaus), 3843 
79-9 Cleff Closure (Barsky), 3850 
79-10 Simple Closure of Type I and II Cleff Hands (Upton and 
Taghinia), 3850 

79-11 Combined Cleff Closure and Release of Thumb Adduction 
Contracture (Snow and Littler), 3850 

79-12 Cleff Closure and Release of Thumb Adduction Contracture (Miura 
and Komada), 3852 

79-13 Palmar Cleff Closure (Ueba), 3853 
79-14 Deepening of Web and Metacarpal Osteotomy, 3854 
79-15 Tendon Transfer for Type II Deformities (Flatt), 3854 
79-16 Rotational Osteotomy of the First Metacarpal (Broudy and 
Smith), 3856 

79-17 Excision of an Ulnar Anlage (Flatt), 3856 
79-18 Création of a One-Bone Forearm (Straub), 3856 
79-19 Open Finger Syndactyly Release (Withey et al., Modified), 3861 
79-20 Syndactyly Release with Dorsal Flap (Bauer et al.), 3861 
79-21 Syndactyly Release with Matching Volar and Dorsal Proximally 
Based V-Shaped Flaps (Skoog), 3862 
79-22 Reconstruction of the Hand in Apert Syndrome (Flatt), 3864 
79-23 Correction of Types I and II Bifid Thumbs (Bilhaut-Cloquet), 3867 
79-24 Correction of Types III Through VI Bifid Thumbs (Famb, Marks, 
and Bayne), 3868 

79-25 Réduction Osteotomy (Peimer), 3869 
79-26 Excision of Extra Digit, 3871 
79-27 Excision of the Proximal Ulna, 3873 
79-28 Reconstruction of the Hand and Wrist, 3873 
79-29 Debulking (Tsuge), 3876 
79-30 Epiphysiodesis, 3876 
79-31 Digital Shortening (Barsky), 3876 
79-32 Thumb Shortening (Millesi), 3877 
79-33 Simple Z-Plasty of the Thumb Web, 3879 
79-34 Four-Flap Z-Plasty (Broadbent and Woolf, Modified), 3879 
79-35 Web Deepening with a Sliding Flap (Brand and Milford), 3880 
79-36 Ring Sublimis Opponensplasty (Riordan), 3880 
79-37 Ring Sublimis Opponensplasty with Ulnar Collateral Figament 
Reconstruction (Kozin and Ezaki), 3882 
79-38 Abductor Digiti Quinti Opponensplasty (Huber; Fittler and 
Cooley), 3883 

79-39 Rerouting of the Flexor Pollicis Fongus (Blair and Orner), 3884 

79-40 Recession of the Index Finger (Flatt), 3885 

79-41 Riordan Pollicization (Riordan), 3886 

79-42 Buck-Gramcko Pollicization (Buck-Gramcko), 3887 

79-43 Foucher Pollicization (Foucher et al.), 3889 

79-44 Group 2 Clasped Thumb Deformity, 3892 

79-45 Group 3 Clasped Thumb Deformity (Neviaser, Modified), 3892 

79-46 Metacarpal Fengthening (Tajima), 3894 

79-47 Fengthening with Distraction Stage I (Cowen and Foffus), 3895 

79-48 Fengthening with Distraction Stage II (Cowen and Foffus), 3895 

79-49 Callotasis Metacarpal Fengthening (Kato et al.), 3895 

79-50 Toe-Phalanx Transplantation, 3896 

79-51 Toe-Phalanx Transplantation (Toby et al.), 3896 

79-52 Multiple Z-Plasty Release of a Congénital Ring, 3897 

79-53 Release of a Congénital Trigger Thumb, 3899 

79-54 Release of a Trigger Finger, 3900 

79-55 Tendon Release (Smith), 3901 

79-56 Transfer of the Flexor Superficialis Tendon to the Extensor 
Apparatus (McFarlane et al.), 3903 

79-57 Opening Wedge Osteotomy of the Terminal Phalanx (Carstam and 
Eiken), 3904 

79-58 Reverse Wedge Osteotomy (Carstam and Theander), 3905 
79-59 Resection of a Dyschondrosteosis Fesion (Vickers and 
Nielsen), 3907 

79-60 Closing Wedge Osteotomy Combined with Darrach Excision of the 
Distal Ulnar Head (Ranawat, DeFiore, and Straub), 3908 


79-61 Dôme Osteotomy and Excision of Vickers Figament (Carter and 
Ezaki), 3908 

The Foot: Surgical Techniques 

80-1 Application of a Tourniquet, 3913 

80-2 Forefoot Block, 3915 

80-3 Ankle Block, 3915 

80-4 Popliteal Sciatic Nerve Block (Prone), 3918 

80- 5 Fateral Popliteal Nerve Block (Grosser), 3918 

Disorders of the Hallux 

81- 1 Modified McBride Bunionectomy, 3930 

81-2 Keller Resection Arthroplasty, 3935 

81-3 Distal Chevron Metatarsal Osteotomy (Johnson; Corless), 3943 

81-4 Modified Chevron Distal Metatarsal Osteotomy, 3945 

81-5 Johnson Modified Chevron Osteotomy (Johnson), 3950 
81-6 Increased Displacement, Distal Chevron Osteotomy (Murawski and 
Beskin), 3951 

81-7 Chevron-Akin Double Osteotomy (Mitchell and Baxter), 3953 
81-8 Percutaneous Distal Metatarsal Osteotomy (Magnan et al.), 3953 
81-9 Proximal Crescentic Osteotomy with a Distal Soft-Tissue Procedure 
(Mann and Coughlin), 3958 
81-10 Scarf Osteotomy (Coetzee and Rippstein), 3963 
81-11 Fudloff Osteotomy (Chiodo, Schon, and Myerson), 3967 
81-12 Opening Wedge Osteotomy of the Metatarsal, 3968 
81-13 Médial Cuneiform Osteotomy (Riedl; Coughlin), 3968 
81-14 Akin Procedure, 3970 

81-15 Arthrodesis of the First Metatarsophalangeal Joint with Small Plate 
Fixation (Mankey and Mann), 3973 

81-16 Arthrodesis of the First Metatarsophalangeal Joint with Fow-Profile 
Contoured Dorsal Plate and Compression Screw Fixation (Kumar, 
Pradhan, and Rosenfeld), 3976 

81-17 Truncated Cône Arthrodesis of the First Metatarsophalangeal Joint 
(Johnson and Alexander), 3976 

81-18 Arthrodesis of the First Metatarsocuneiform Articulation (Fapidus 
Procedure) (Myerson et al.; Sangeorzan and Hansen; Mauldin 
et al.), 3977 

81-19 Arthrodesis of the First Metatarsocuneiform Articulation (Fapidus 
Procedure) with Plate Fixation (Sorensen, Hyer, Berlet), 3980 
81-20 Molded (Ball-and-Socket) Arthrodesis of the First 
Metatarsophalangeal Joint, 3981 

81-21 Double First Metatarsal Ostéotomies (Peterson and Newman), 3986 
81-22 Modified Peterson Procedure (Aronson, Nguyen, and 
Aronson), 3987 

81-23 First Cuneiform Osteotomy (Coughlin), 3989 
81-24 First Web Space Dissection, Fateral Release, and Repeat Capsular 
Imbrication (Hallux Valgus Angle Fess Than 30 Degrees and 
First-Second Intermetatarsal Angle Less Than 15 Degrees), 3992 
81-25 Correcting Distal Metatarsal Osteotomy, 3996 
81-26 Correction of Malunion of the Chevron Osteotomy, 3998 
81-27 Distraction Osteogenesis for Metatarsal Shortening, 3998 
81-28 Correction of Uniplanar (Static) Hallux Varus Deformity, 4002 
81-29 Distal Metatarsal Osteotomy, Médial Capsular Release Without 
Tendon Transfer, 4003 

81-30 Transfer of Extensor Hallucis Fongus with Arthrodesis of the 
Interphalangeal Joint of the Hallux (Johnson and Spiegl), 4004 
81-31 Extensor Hallucis Brevis Tenodesis (Myerson and Komenda; Juliano 
et al.), 4006 

81-32 Correction of Dynamic (Multiplanar) Hallux Varus, 4009 
81-33 Plantar Plate Release, 4010 

81-34 Cheilectomy (Mann, Clanton, and Thompson), 4016 
81-35 Cheilectomy (Pfeffer), 4016 

81-36 Extension Osteotomy of the Proximal Phalanx (Thomas and 
Smith), 4019 

81-37 Extension Osteotomy of the Proximal Phalanx (Kessel and Bonney; 
Mob erg), 4020 

81-38 Excision of the Sesamoid, 4022 

81- 39 Fibular Sesamoidectomy: Plantar Approach, 4024 

Disorders of Tendons and Fascia and Adolescent and Adult Pes Planus 

82- 1 Synovectomy with Repair of Incomplète Tears, 4041 

82-2 Transfer of Flexor Digitorum Fongus or Flexor Hallucis Fongus to 
Tarsal Navicular, 4043 

82-3 Repair of Spring Figament, 4045 

82-4 Reconstruction of the Spring Figament Using the Peroneus Fongus 
(Williams et al.), 4045 


82-5 Anterior Calcaneal Osteotomy (Latéral Column 
Lengthening), 4047 

82-6 Médial Calcaneal Displacement Osteotomy, 4048 

82-7 Isolated Médial Column Arthrodesis (Greisberg et al.), 4050 

82-8 Opening Wedge Médial Cuneiform (Cotton) Osteotomy (Hirose 
and Johnson), 4052 

82-9 Minimally Invasive Deltoid Ligament Reconstruction (Jeng 
et al.), 4054 

82-10 Latéral Column Lengthening and Excision of Accessory 
Navicular, 4058 

82-11 Accessory Navicular Fusion (Malicky et al.), 4059 

82-12 Debridement of the Tendon for Insertional Achilles Tendon 
Disease, 4062 

82-13 Flexor Hallucis Longus Transfer for Chronic Noninsertional 
Achilles Tendinosis, 4063 

82-14 Calcaneal Osteotomy for Haglund Deformity, 4065 

82-15 Synovectomy of the Anterior Tibial Tendon, 4067 

82-16 Debridement and Repair of the Distal Anterior Tibial Tendon 
(Grundy et al.), 4067 

82-17 Repair of Complété Rupture of the Anterior Tibial Tendon, 4069 
82-18 Minimally Invasive Tendon Reconstruction with Semitendinosus 
Autograff (Michels et al.), 4070 
82-19 Synovectomy of the Peroneal Tendons, 4074 

82-20 Fibular Groove Deepening and Repair of the Superior Retinaculum 
(Raikin), 4076 

82-21 Repair of Rupture of the Peroneal Tendons, 4078 

82-22 Peroneal Tendon Repair-Reconstruction (Sobel and Bohne), 4080 

82-23 Debridement of the Peroneus Longus Tendon, Removal of Os 

Peroneum, and Tenodesis of Peroneus Longus to Peroneus Brevis 
Tendon, 4082 

82-24 Release of the Fibroosseous Tunnel (Hamilton et al.), 4084 

82-25 Repair of Flexor Hallucis Tear, 4085 

82-26 Plantar Fascia and Nerve Release (Schon; Baxter), 4089 

82-27 Two-Portal Endoscopie Plantar Fascia Release (Barrett et al.), 4091 

82-28 Single-Portal Endoscopie Plantar Fascia Release (Saxena), 4091 

82-29 Calcaneonavicular Bar Resection, 4094 

82- 30 Resection of a Middle Facet Tarsal Coalition, 4098 

Lesser Toe Abnormalities 

83- 1 Primary Plantar Plate Repair Through a Dorsal Approach, 4111 

83-2 Primary Plantar Plate Repair Through a Dorsal Approach 

(Coughlin), 4111 

83-3 Modified Weil Osteotomy (Klinge et al.), 4113 

83-4 Correction of Multiplanar Deformity of the Second Toe with 

Metatarsophalangeal Release and Extensor Brevis Reconstruction 
(Ellis et al.), 4114 

83-5 Flexor-to-Extensor Transfer, 4114 

83-6 Extensor Digitorum Brevis Transfer for Crossover Toe Deformity 
(Haddad), 4117 

83-7 Closing Wedge Osteotomy of the Proximal Phalanx for Correction 
of Axial Deformity (Kilmartin and O’Kane), 4118 

83-8 Correction of Moderate Hammer Toe or Claw Toe Deformity, 4122 

83-9 Correction of Severe Deformity, 4122 

83-10 Metatarsophalangeal Joint Arthroplasty, 4125 

83-11 Shortening Metatarsal (Weil) Osteotomy (Weil), 4127 

83-12 Resection Dermodesis, 4131 
83-13 Terminal Syme Procedure, 4132 

83-14 Proximal Interphalangeal Joint Arthrodesis with an Absorbable 
Intramedullary Pin (Konkel et al.), 4133 
83-15 Hard Corn Treatment, 4135 

83-16 Partial Syndactylization for Intractable Interdigital Corn, 4137 
83-17 Arthroplasty of the Metatarsophalangeal Joint (Mann and 
Duvries), 4138 

83-18 Dorsal Closing Wedge Osteotomy of the Metatarsals for Intractable 
Plantar Keratosis, 4139 

83-19 Partial Resection of the Latéral Condyle of the Fifth Metatarsal 
Head, 4142 

83-20 Resection of the Fifth Metatarsal Head for Bunionette 
Deformity, 4144 

83-21 Subcapital Oblique Osteotomy for Bunionette Deformity (Cooper 
and Coughlin), 4145 

83-22 Transverse Médial Slide Osteotomy for Bunionette Deformity, 4146 
83-23 Oblique Diaphyseal Osteotomy of the Fifth Metatarsal for Severe 
Splay Foot or Metatarsus Quintus Valgus (Coughlin), 4146 
83-24 Chevron Osteotomy of the Fifth Metatarsal for Bunionette 
Deformity, 4147 


83-25 Dorsal Closing Wedge Osteotomy for Freiberg Disease (Chao 
et al.), 4149 

83-26 Joint Debridement and Metatarsal Head Remodeling for Freiberg 
Disease, 4150 

83- 27 Distraction Osteogenesis for Lengthening of the Metatarsal in 

Brachymetatarsia (Lee et al.), 4153 

Arthritis of the Foot 

84-1 Arthrodesis of the First Metatarsophalangeal Joint with Resection of 
the Lesser Metatarsophalangeal Joints (Thompson and Mann), 4163 

84-2 Cône Arthrodesis of the First Metatarsophalangeal Joint, 4165 

84-3 Resection of the Lesser Metatarsal Heads Through a Plantar 
Approach with Arthrodesis of the First Metatarsophalangeal 
Joint, 4167 

84-4 Correction of Flexion Deformities of the Proximal Interphalangeal 
Joints, 4169 

84-5 Midfoot Arthrodesis, 4172 

84-6 Tarsometatarsal Interpositional Arthroplasty (Anderson, Davis, and 
Cohen), 4173 

84-7 Subtalar Arthrodesis, 4176 

84-8 Arthroscopic Subtalar Arthrodesis, 4178 

84-9 Talonavicular Joint Arthrodesis, 4180 

84- 10 Calcaneocuboid Joint Arthrodesis, 4180 

84-11 Triple Arthrodesis, 4181 

84-12 Isolated Médial Incision for Triple Arthrodesis (Myerson), 4183 

Neurogenic Disorders 

86-1 Tarsal Tunnel Release, 4215 

86-2 Anterior Tarsal Tunnel Release (Mann), 4218 

86-3 Interdigital Neuroma Excision (Dorsal) (Amis), 4222 

86-4 Interdigital Neuroma Excision (Longitudinal Plantar Incision), 4223 

86-5 Plantar Fascia Release, 4229 

86-6 Correction of Clawing of the Great and Second Toes, 4230 
86-7 Tendon Suspension of the First Metatarsal and Interphalangeal Joint 
Arthrodesis (Jones), 4232 

86-8 Combined Proximal First Metatarsal Osteotomy, Plantar 

Fasciotomy, and Transfer of the Anterior Tibial Tendon (Ward 
et al.), 4233 

86-9 Plantar Fasciotomies and Closing Wedge Osteotomy (Gould), 4234 
86-10 Extensor Tendon Transfer (Hibbs), 4235 
86-11 Tarsometatarsal Truncated-Wedge Arthrodesis (Jahss), 4236 
86-12 Anterior Tarsal Wedge Osteotomy (Cole), 4238 
86-13 V-Osteotomy of the Tarsus (Japas), 4239 
86-14 Osteotomy of the Calcaneus (Dwyer), 4240 
86-15 Crescentic Calcaneal Osteotomy (Samilson), 4240 
86-16 Triplanar Osteotomy and Latéral Ligament Reconstruction (Saxby 
and Myerson), 4242 

86-17 Z-Shaped Calcaneal Osteotomy (Knupp et al.), 4244 

86-18 Peroneus Brevis Tenodesis (Myerson), 4244 

86-19 Triple Arthrodesis (Siffert, Forster, and Nachamie), 4247 

86- 20 Triple Arthrodesis (Lambrinudi), 4248 

Disorders of Nails and Skin 

87-1 Total Nail Plate Removal, 4255 

87-2 Partial Nail Plate Removal, 4256 

87-3 Removal of the Nail Edge and Ablation of the Nail Matrix, 4257 
87-4 Partial Nail Plate and Matrix Removal (Winograd), 4257 
87-5 Nail Plate and Germinal Matrix Removal (Quenu; Fowler; 

Zadik), 4259 

87-6 Partial Nail Fold and Nail Matrix Removal (Watson-Cheyne and 
Burghard; O’Donoghue; Mogensen), 4261 
87-7 Nail Fold Removal or Réduction (Persichetti et al.), 4264 
87-8 Terminal Syme Procedure, 4265 

87- 9 Technique for Subungual Exostosis (Lokiec et al.), 4267 

87- 10 Technique for Subungual Exostosis (Multhopp-Stephens and 

Walling), 4268 

87-11 Technique for Subungual and Periungual Fibromas, 4269 
87-12 Technique for Glomus Tumor (Horst and Nunley), 4269 

Fractures and Dislocations of the Foot 

88- 1 Open Réduction of Calcaneal Fracture (Benirschke and 

Sangeorzan), 4280 

88-2 Subtalar Arthrodesis, 4283 

88-3 Open Réduction of Calcaneal Fracture: Limited Latéral Approach 
with or without Médial Approach, 4283 


88-4 Axial Fixation of Calcaneal Fracture (Essex-Lopresti), 4286 
88-5 Percutaneous Réduction and Fixation of Calcaneal Fracture, 4287 
88-6 Latéral Décompression of a Malunited Calcaneal Fracture (Braly, 
Bishop, and Tullos), 4291 

88-7 Subtalar Distraction Bone Block Arthrodesis (Carr et al.), 4293 
88-8 Open Réduction of the Talar Neck, 4301 
88-9 Onlay Graft Technique Through a Posterior Approach 
(Johnson), 4307 

88-10 Calcaneotibial Fusion, 4309 

88-11 Tibiotalar Arthrodesis (Blair), 4311 

88-12 Open Réduction and Internai Fixation of Fractures of the Latéral 
Process of the Talus, 4311 

88-13 Open Réduction of Subtalar Dislocation, 4317 

88-14 Open Réduction and Internai Fixation of Tarsometatarsal (Lisfranc) 
Fractures, 4329 

88-15 Internai Fixation with an Intramedullary Screw (Kavanaugh, 
Brower, and Mann), 4336 

88-16 Open Réduction and Plating of Lesser Metatarsal Stress 
Fracture, 4337 

88-17 Open Réduction of Dislocation of the Interphalangeal Joints of the 
Hallux, 4340 

88-18 Open Réduction of First Metatarsophalangeal Joint Dislocation 
Using a Midline Médial Approach, 4342 

88-19 Plantar Plate Repair (Anderson), 4343 

88-20 Sesamoidectomy, 4346 


88- 21 Bone Grafting of Sesamoid Nonunion (Anderson and 

McBryde), 4347 

Sports Injuries of the Ankle 

89-1 Repair of Acute Rupture of Ligaments of Distal Tibiofibular 
Joint, 4359 

89-2 Repair of Acute Rupture of Latéral Ligaments (Staples, Black; 
Brostrom), 4360 

89-3 Latéral Repair of Chronic Instability (Watson-Jones, 

Modified), 4364 

89-4 Latéral Repair of Chronic Instability (Evans), 4365 
89-5 Latéral Repair of Chronic Instability (Chrisman-Snook), 4366 
89-6 Latéral Repair of Chronic Instability: Modified Brostrom (Hamilton, 
Thompson, and Snow; Gould et al.), 4366 
89-7 Deltoid Ligament Reconstruction with Peroneus Longus Autograff 
(Deland), 4369 

89-8 Bone Spur Resection and Anterior Impingement Syndrome 
(Ogilvie-Harris), 4374 

89-9 Médial Malleolar Osteotomy (Cohen et al.), 4382 

89- 10 Posteromedial Arthrotomy Through Anteromedial Approach 

(Thompson and Loomer), 4383 

89-11 Approach to Posteromedial Ankle Through Posterior Tibial Tendon 
Sheath (Bassett et al.), 4383 

89-12 Osteochondral Autograff/Allograff Transplantation (Hangody 
et al.), 4384 


